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This thesis aims to design an optimal charging infrastructure network for heavy-duty battery electric
vehicles in the Netherlands. This involves determining the distribution of demand between private
and public charging and identifying the best locations for public charging facilities based on scenarios
evolving over the years to come.

The Current State of HD BEVs and charging infrastructure shows limited market penetration of HD
BEVs, with around 1,000 registered in the Netherlands but is expected to increase over the coming
years. Existing charging infrastructure includes approximately 125 public locations with around 350
charging points. Private charging is the most cost-effective but faces challenges like high installation
costs and limited space.

Analysing the logistics sector reveals that trucks typically cover around 70,000 km annually, with newer
trucks averaging 100,000 km. The sector includes city logistics, regional logistics, and long-haul lo-
gistics, each with distinct driving patterns and refuelling needs. Most trucks currently refuel at public
stations, with some using private refuelling at their facilities.

After interviewing and having a survey send out to fleet owners tot test their preferences. Fleet owners
prefer private charging due to lower operational costs and greater control. High initial investment costs,
limited space, and grid capacity issues are significant barriers for private charging. Public charging
offers flexibility but comes with higher per-kWh costs and potential reliability and availability issues.

A demand distribution estimation model has been developed and allocates charging demand between
private and public facilities based on cost efficiency, operational constraints, and fleet ownersô prefer-
ences. As battery capacity increases, the demand shifts from public to private charging. With a 350
kWh battery, 63% of the demand is met by private charging, 4% by semi-public, and 33% by public
charging. This shifts to 82% private, 5% semi-public, and 14% public with a 650 kWh battery.

The developed location model maximizes the captured flow of electric trucks while minimizing installa-
tion costs. Constraints include budget limitations, and the range of HD BEVs. Scenarios were devel-
oped to test the model under different future conditions, ensuring a robust and cost-effective charging
infrastructure which can be found in Figure 7.6.

This research provides a comprehensive framework for developing an optimal charging infrastructure
network for HD BEVs in the Netherlands. By understanding the distribution of demand between pri-
vate and public charging and incorporating relevant constraints into a mathematical model, the study
offers valuable insights for energy providers. The findings highlight the importance of strategic plan-
ning in charging infrastructure to support the transition to electric transport and reduce greenhouse gas
emissions.
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1
This Chapter will give an introduction to the problem, provide a brief technical and economic perspec-
tive on Heavy Duty Battery Electric Vehicles (HD BEVôs), and the challenges in designing a charging
facility network for HD BEVôs, thereafter the research problem and objective will be described an the
outline of the this thesis will be given.

The effects of climate change that scientists predicted can already be seen, such as melting glaciers,
rising sea level, the loss of sea ice and intense heat waves [1]. Scientists predict that global tempera-
tures will continue to rise due to increases from human emitted green house gases [1]. To address and
reduce the impacts of climate change, governments are implementing new regulations. The European
Union introduced the European Green Deal which aims to become the first climate neutral continent in
the world by 2050 [2]. Emissions from road transport account for 6% of total European green house
gas emissions [2]. From all green house gas emissions by road transport around a quarter is emitted
by heavy duty trucking (HDT) [3], HDT for example make use of tractor trailer combinations, dump
trucks and tanker trucks to transport all sorts of goods over different distances, including city, regional,
and long-haul logistics. For this research vehicles of class N3 with a weight over 12 ton will be seen
as heavy duty [4]. For city logistics, vehicles are typically involved in short-distance deliveries within ur-
ban areas. Regional logistics covers medium-distance transportation between cities or within a specific
region. Long-haul logistics, on the other hand, involves transporting goods over long distances, often
across national borders. Part of the European Green Deal is reducing the green house gas emissions
by HDT, a 45% reduction from 2030, a 65% reduction from 2035 and a 90% reduction from 2040 [3].
These reduction targets bring new challenges and opportunities to all stakeholders involved with HDT
such as, truck manufacturers, logistics companies and energy providers. One of the solutions these
stakeholders are pursuing to be able to reduce emissions from HDT is transitioning from conventional
trucks with internal combustion engines to the use of HD BEVôs.

This section will provide a brief technical and economic perspective on HD BEVs, the role of Shell in
the eMobility sector as an energy provider, and the challenges in providing a charging facility network
for HD BEVôs.

According to Liimatainen, Vliet, and Aplyn [5], the recent developments of battery technology make HD
BEVôs technically viable and several manufacturers have introduced their first HD BEVôs. Research by
Nykvist and Olsson [6] shows that, new developments in charging technology makes it possible to use
smaller batteries. The ability to utilise smaller batteries is advantageous because it reduces vehicle
weight, improves energy efficiency, and lowers production costs. Which makes HD BEVôs possibly
more competitive in HDT [6]. In the Netherlands there are currently around 1000 registered HD BEVôs



on the road, this is 0.6% of the total registered trucks according to the CBS [4]. There are many different
HD BEVôs manufacturers with different specification for electric trucks. In Table 1.1 an overview is given
of the specifications for a HD BEVôs used today and build by Mercedes [7].

Table 1.1: Specifications Mercedes eActros 400[7]

Description Value [unit]
Max. power output 400 [kW]
Battery capacity 336 [kWh]
Range 300 [km]
Costs 350.000 [Euro]

With the adaptation of HD BEVôs, logistics companies and energy providers are still facing challenges.
Currently HD BEVôs are limited in their range compared to conventional trucks, which can have a range
of over 1000km.

Logistics companies are in need of a good network to charge their trucks and continue their operations
smoothly. This is where energy providers come in to play, they want to establish a good network
of charging facilities to provide in the supply of energy that matches the demand coming from HD
BEVôs.Because of the fast pace of developments around charging and the energy supply market energy
providers are implementing a learning by doing strategy [8]. This strategy is a combination of research
and development, and during the research already deploying in the market. This means that while the
charging infrastructure is already being deployed there is still research that needs to be done. Some of
the research that still needs to be done regarding charging infrastructure and need a scientific approach
for example is:

Å Understanding the fleet owners attitude towards the use of HD BEVôs and their implications
(choosing between depot charging or on-the-go charging, public charging network design, etc.).

Å Deploying and testing chargers with capacities of over 1 MW for very fast charging of HD BEVôs.

Doing more scientific research on one of these topics can possibly help with the roll-out strategy of
energy providers. The design of an optimal network of charging facilities is mentioned in the first
research topic that needs a scientific approach. The design of this optimal network depends on the
distribution between private and public charging demand in the future and the fleet owners attitude
towards the use of HD BEVôs and there expected charging behaviour.

As mentioned in the previous section there is the need for better scientific research for the design of
the optimal charging network for HD BEVôs in the Netherlands. The main problem is that it is not yet
known what demand for charging at public facilities will be as it is expected that most of HD BEVôs
will charge at private locations. The choices fleet owners will make on charging private or publicly will
influence this demand. The first part of the problem is to estimate this demand distribution, as it will
serve as a basis for determining the optimal locations, which is the second part of the problem. For the
second part in determining the optimal locations from the viewpoint of an energy provider, on the one
hand you want to minimise the cost for realising the charging infrastructure, but want to maximise the
number of trucks being able to recharge at your facilities. Some constraints in determining the locations
could be for example a given budget for installation or the range of HD BEVôs. For a problem like this
an optimisation model could be developed taking into account these objectives and constraints. In the
next chapter a literature review will be conducted to understand the current body of knowledge and be
able to develop a scientific approach in solving this problem.

It has been discussed that there is a problem which requires the development of a charging infrastruc-
ture network by energy providers in the Netherlands to support the adoption of HD BEVôs by logistics
companies, in order to reduce green house gas emissions. However, as mentioned the current strat-



egy for developing a charging facility network needs to be backed by scientific research. The research
objective is to determine the demand distribution between private/public charging by considering the
charging behaviour of fleet owners. Furthermore, an optimisation model will be developed that deter-
mines the optimal locations for public charging facilities, while balancing the objectives of minimising
the cost of infrastructure installation and maximising the number of trucks that can recharge at the fa-
cilities. The model will need to take into account constraints such as budget limitations and the range
of HD BEVôs.

The research problem from section 1.2 serves as a basis for the development of the research question.
The question should also attempt to fill the identified research gaps in in chapter 2. The main research
question that aims to do both will be:

How can the the distribution of demand between private and public charging be determined and
be used to determine the optimal locations in the Netherlands for a heavy duty battery electric
vehicle public charging facility network?

To come to an answer of this main research question the following sub-questions have been developed,
these will help indicating research activities and a constructive research setup:

1. What is the current state of charging facilities and HD BEVôs in the Netherlands?
The purpose of this question is to develop a general understanding of the current state of charging
infrastructure and battery electric trucks. It will provide general insight on a technical, economic
and geographical perspectives.

2. What is the current state of the logistics sector, what distances do they drive, where do
they drive where do they refuel?
The answer to this question will give general understanding of the current state of the logistics
sector in the Netherlands, and insights on a technical, economical and geographic perspective

3. What are the reasons, constraints and needs from fleet owners to install private charging
facilities or make use of public charging facilities?
This question will provide insights into the technical, economic and subjective choices fleet owners
will need to make for their regarding the use of HD BEVôs. The insights serve as a basis for the
constraints and decisions for the demand distribution model.

4. How can the reasons, constraints and needs to install private charging facilities or use
public charging facilities be translated into the demand distribution between private and
public charging facilities for battery electric trucks?
The result from this model will determine the distribution between the private and public charging
demand. The answer to this question will also be the answer to the first part of the main research
question.

5. What are relevant technical and economic constraints for the location of on-the-go charg-
ing facilities for battery electric trucks?
The outcomes of this question will provide the constraints to the location model in question 6.

6. How can these constraints be translated into a mathematical model or scenarios?
A mathematical model will need to be developed to give an answer to the second part of this
research in determining the locations for on-the-go charging.

7. How can the modelling results be related to determining the optimal locations for on-the-
go charging facilities for battery electric trucks?
The results from the developed model should be analysed to gain an understanding in what the
optimal locations will be and give a final answer to the main research question.



This thesis has the following structure: Chapter 2 presents a comprehensive literature review, focusing
on charging infrastructure and strategies, charging demand estimation, and locationmodelling. Chapter
3 outlines the research methodology, presenting the research framework and different methodologies
used for this thesis. Chapter 4 is a case study on the current state of the logistics sector and HD BEVs in
the Netherlands, providing insights into truck operations, distances driven, and refuelling patterns and
the evolving market. Chapter 5 develops the demand distribution model, integrating theoretical and
expert knowledge to estimate the distribution of charging demand between private and public facilities.
Chapter 6 optimizes the location of charging facilities, incorporating flow data, grid congestion, and
existing infrastructure into a mathematical model. Chapter 7 conducts numerical experiments to test
the model under different scenarios, to be able to develop a charging infrastructure network over the
coming years. Finally, Chapter 8 concludes the thesis, summarizing the key findings, discussing the
implications, and providing recommendations for future research.



2
The methodology for this literature review is based on the guidelines provided by Snyder [9] . This
literature review aims to conduct a comprehensive review of articles focusing on HD BEVôs, charging
infrastructure and strategies, charging distribution between private and public facilities, charging de-
mand estimation and location modelling. It will encompass an exploration of recent literature to identify
what are gaps on this topics. The keywords used for the literature search are shown in Table 2.1, with
Google Scholar and Scopus selected as the search engines. To enhance the search backward and
forward snowballing techniques were employed to find additional relevant literature.

Table 2.1: Keywords used

Section Keywords
Charging infrastructure and strategies truck AND charging AND strategies
Distribution private/public demand charging AND private AND public AND demand
Charging demand estimation charging AND demand AND estimation
Location Modelling location AND Modelling

Providing charging infrastructure for HD BEVôs brings complex challenges with many stakeholders in-
volved [10]. These stakeholders range from energy supply markets to those who facilitate the provision
of energy to end-users [11]. Challenges that have to be dealt with are for example issues with: suffi-
cient capacity in the local grid, ensuring a stable grid and matching supply-demand [12]. The charging
service providers that provide semi-public access chargers, with different kind of services such as fast
or smart charging and dynamic pricing, will need to make sure that their placement of chargers corre-
spondents with the needs and preferences of the users [13], it is crucial to understand the behaviour
of users to design the charging infrastructure. The reasons for the use of public charging infrastruc-
ture underlie in insufficient range, availability and opportunity, and the lack of the ability to charge at
the next destination [14]. The charging strategy is what is underlying of the choices and behaviour of
users [13]. According to Teoh [15] charging strategies are described very differently in the literature,
they may emphasise on technology (fast charging or battery swapping), the location of charging (depot
charging, destination charging or on-the-go) and ownership of the charging service (public, semi-public
or private). For this literature review the charging strategies based on the location and ownership are of
relevance. According to Kin, Hopman, and Quak [16] a distinction can be made between low capacity
and high capacity charging and four types of charging stations: home (private), depot (private), road
(public), at premises (semi-public). This together has an effect on the type of charging station, the
charging moment, costs for electricity and investments. The profile of the mission, vehicle type, battery
size and charging infrastructure together relate to the charging strategy [16]. It has been demonstrated
that overnight charging at home or at a depot is the most cost-effective strategy, as long as the daily
operations will fit within the battery range. It hardly affects the way of operating based on conventional



�������� �'�L�E�V�K�M�R�K �(�I�Q�E�R�H ��

�W�U�X�F�N�V �>���� �@�� �.�L�Q�� �+�R�S�P�D�Q�� �D�Q�G �4�X�D�N �>���� �@ �V�W�D�W�H�V �W�K�H�U�H �D�U�H �V�H�Y�H�U�D�O �U�H�D�V�R�Q�V �Z�K�\ �R�S�S�R�U�W�X�Q�L�W�\ �F�K�D�U�J�L�Q�J �R�Q
�W�K�H �U�R�D�G �L�V �Q�R�W �W�K�H �S�U�H�I�H�U�U�H�G �V�W�U�D�W�H�J�\�� �H�O�H�F�W�U�L�F�L�W�\ �F�R�V�W�V �D�U�H �K�L�J�K�H�U �Z�K�H�Q �F�K�D�U�J�L�Q�J �R�Q���W�K�H���J�R�� �L�Q�F�U�H�D�V�H �L�Q
�G�U�L�Y�H�U �F�R�V�W�V �E�H�F�D�X�V�H �W�K�H �G�U�L�Y�H�U �L�V �L�Q�D�F�W�L�Y�H �G�X�U�L�Q�J �F�K�D�U�J�L�Q�J�� �S�R�W�H�Q�W�L�D�O �T�X�H�X�L�Q�J �W�L�P�H �Z�K�H�Q �X�V�L�Q�J �F�K�D�U�J�L�Q�J
�L�Q�I�U�D�V�W�U�X�F�W�X�U�H �>���� �@�� �F�K�D�O�O�H�Q�J�H�V �R�I �L�Q�W�H�J�U�D�W�L�Q�J �R�Q���W�K�H���J�R �F�K�D�U�J�L�Q�J �L�Q�W�R �G�D�L�O�\ �U�R�X�W�H�V �P�L�Q�L�P�L�V�L�Q�J �G�L�V�U�X�S�W�L�R�Q�V
�L�Q �R�S�H�U�D�W�L�R�Q�V �>���� �@�� �7�K�H �U�H�Y�L�H�Z �R�Q �O�L�W�H�U�D�W�X�U�H �D�E�R�X�W �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �D�Q�G �V�W�U�D�W�H�J�L�H�V �V�K�R�Z�V �W�K�D�W
�F�K�R�R�V�L�Q�J �W�K�H �U�L�J�K�W �O�R�F�D�W�L�R�Q�V �I�R�U �F�K�D�U�J�L�Q�J �V�H�U�Y�L�F�H �S�U�R�Y�L�G�H�U�V �L�V �D �F�K�D�O�O�H�Q�J�H�� �D�Q�G �W�K�D�W �I�U�R�P �D �I�O�H�H�W �R�S�H�U�D��
�W�R�U �S�H�U�V�S�H�F�W�L�Y�H �L�W �L�V �D �F�K�D�O�O�H�Q�J�H �W�R �F�K�R�R�V�H �D �V�W�U�D�W�H�J�\ �E�H�W�Z�H�H�Q �S�U�L�Y�D�W�H �D�Q�G �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �Z�L�W�K �S�U�L�Y�D�W�H
�F�K�D�U�J�L�Q�J �E�H�L�Q�J �W�K�H �S�R�W�H�Q�W�L�D�O �S�U�H�I�H�U�U�H�G �R�S�W�L�R�Q��

���������'�L�E�V�K�M�R�K �(�I�Q�E�R�H
�7�K�L�V �V�H�F�W�L�R�Q �Z�L�O�O �G�L�Y�H �L�Q�W�R �W�K�H �O�L�W�H�U�D�W�X�U�H �R�Q �W�Z�R �W�R�S�L�F�V �R�I �F�K�D�U�J�L�Q�J �G�H�P�D�Q�G�� �W�K�H �I�L�U�V�W �R�Q�H �E�H�L�Q�J �W�K�H �G�L�V�W�U�L��
�E�X�W�L�R�Q �E�H�W�Z�H�H�Q �S�U�L�Y�D�W�H �D�Q�G �S�X�E�O�L�F �F�K�D�U�J�L�Q�J�� �W�K�H �V�H�F�R�Q�G �R�Q�H �D�E�R�X�W �W�K�H �H�V�W�L�P�D�W�L�R�Q �R�I �F�K�D�U�J�L�Q�J �G�H�P�D�Q�G��
�7�K�H�V�H �D�U�H �U�H�O�H�Y�D�Q�W �W�R�S�L�F�V �W�R �I�L�Q�G �D �U�H�V�H�D�U�F�K �J�D�S �W�K�D�W �V�X�L�W�V �W�K�H �I�L�U�V�W �S�D�U�W �R�I �W�K�H �U�H�V�H�D�U�F�K �S�U�R�E�O�H�P �V�W�D�W�H�G
�L�Q�V�H�F�W�L�R�Q ��������

�������������(�M�W�X�V�M�F�Y�X�M�S�R �F�I�X�[�I�I�R �T�V�M�Z�E�X�I �E�R�H �T�Y�F�P�M�G �G�L�E�V�K�M�R�K �H�I�Q�E�R�H
�7�K�H�U�H �K�D�Y�H �E�H�H�Q �P�D�Q�\ �V�W�X�G�L�H�V �D�E�R�X�W �S�U�H�G�L�F�W�L�Q�J �F�K�D�U�J�L�Q�J �G�H�P�D�Q�G �I�R�U �G�L�I�I�H�U�H�Q�W �W�\�S�H�V �R�I �H�O�H�F�W�U�L�F �Y�H�K�L�F�O�H�V
���(�9�V���� �V�X�F�K �D�V �S�D�V�V�H�Q�J�H�U �(�9�V �>���� �@ �D�Q�G �H�O�H�F�W�U�L�F �E�X�V�H�V �>���� �@�� �E�X�W �Q�R�W �D �O�R�W �R�I �U�H�V�H�D�U�F�K �K�D�V �E�H�H�Q �G�R�Q�H
�V�S�H�F�L�I�L�F�D�O�O�\ �R�Q �+�' �%�(�9�¶�V�� �$ �V�W�X�G�\ �E�\ �%�R�U�O�D�X�J�� �0�R�Q�L�R�W�� �%�L�U�N�\���H�W �D�O���>���� �@ �P�D�G�H �D �P�R�G�H�O �W�R �S�U�H�G�L�F�W �W�K�H
�F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U �I�R�U �+�' �%�(�9�¶�V �L�Q �W�K�H �8�6�$�� �7�K�H �U�H�V�H�D�U�F�K�H�U�V �X�V�H�G �W�H�O�H�P�H�W�L�F�V �G�D�W�D �R�I �D�U�R�X�Q�G ������������
�W�U�X�F�N�V �W�R �F�O�D�V�V�L�I�\ �W�K�H�P �L�Q �G�L�I�I�H�U�H�Q�W �R�S�H�U�D�W�L�Q�J �V�H�J�P�H�Q�W�V�� �7�K�H�\ �P�R�G�H�O�O�H�G �W�Z�R �W�\�S�H�V �R�I �F�K�D�U�J�L�Q�J �P�L�G���V�K�L�I�W
���V�O�R�Z�� �D�Q�G �R�Q���V�K�L�I�W ���I�D�V�W�� �D�Q�G �W�K�U�H�H �R�S�H�U�D�W�L�Q�J �V�H�J�P�H�Q�W�V�� �O�R�F�D�O �U�D�Q�J�H� 100 �P�L�O�H�V�� �U�H�J�L�R�Q�D�O �U�D�Q�J�H ������
�P�L�O�H�V �W�R ������ �P�L�O�H�V �D�Q�G �O�R�Q�J���K�D�X�O �U�D�Q�J�H �! ������ �P�L�O�H�V�� �7�K�H�\ �I�R�X�Q�G �W�K�D�W �Z�L�W�K �L�Q�F�U�H�D�V�L�Q�J �U�D�Q�J�H�V �R�I �+�'
�%�(�9�¶�V �W�K�H �F�K�D�U�J�L�Q�J �V�K�D�U�H �R�I �P�L�G���V�K�L�I�W �F�K�D�U�J�L�Q�J �G�H�F�U�H�D�V�H�V �D�Q�G �R�I�I���V�K�L�I�W �F�K�D�U�J�L�Q�J �L�Q�F�U�H�D�V�H�V�� �Z�K�H�U�H �Z�L�W�K
�O�R�F�D�O �R�S�H�U�D�W�L�Q�J �W�U�X�F�N�V �W�K�H �V�K�D�U�H �R�I�I���V�K�L�I�W �F�K�D�U�J�L�Q�J �Z�L�O�O �E�H �D�U�R�X�Q�G �������� �%�R�U�O�D�X�J�� �0�R�Q�L�R�W�� �%�L�U�N�\���H�W �D�O���>���� �@
�U�H�F�R�P�P�H�Q�G�V �I�X�U�W�K�H�U �U�H�V�H�D�U�F�K �R�Q �W�K�H �W�U�D�G�H���R�I�I�V �E�H�W�Z�H�H�Q �G�L�I�I�H�U�H�Q�W �Q�H�W�Z�R�U�N �G�H�V�L�J�Q�V�� �I�R�U �H�[�D�P�S�O�H �F�R�P��
�S�D�U�L�Q�J �D �Q�H�W�Z�R�U�N �F�R�P�S�U�L�V�H�G �R�I �K�L�J�K�O�\ �G�L�V�W�U�L�E�X�W�H�G �O�R�Z���S�R�Z�H�U �I�R�U �R�I�I���V�K�L�I�W �F�K�D�U�J�L�Q�J �R�U �D �P�R�U�H �F�H�Q�W�U�D�O�L�V�H�G
�Q�H�W�Z�R�U�N �Z�L�W�K �K�L�J�K���S�R�Z�H�U �I�R�U �P�L�G���V�K�L�I�W �F�K�D�U�J�L�Q�J�� �7�K�L�V �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q �R�Q �I�X�U�W�K�H�U �U�H�V�H�D�U�F�K �D�E�R�X�W �W�U�D�G�H��
�R�I�I�V �D�Q�G �Q�H�W�Z�R�U�N �G�H�V�L�J�Q �I�R�U �+�' �%�(�9�¶�V �D�O�L�J�Q�V �Z�L�W�K �W�K�H �U�H�V�H�D�U�F�K �S�U�R�E�O�H�P�� �7�K�L�V �V�K�R�Z�V �W�K�H�U�H �D�U�H �S�R�W�H�Q�W�L�D�O
�J�D�S�V �L�Q �W�K�L�V �W�R�S�L�F �R�I �U�H�V�H�D�U�F�K�� �$�Q�R�W�K�H�U �V�W�X�G�\ �R�Q �W�K�H �G�L�V�W�U�L�E�X�W�L�R�Q �E�H�W�Z�H�H�Q �S�U�L�Y�D�W�H �D�Q�G �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �L�Q
�W�K�H �8�6�$ �E�\ �.�D�P�S�V�K�R�I�I�� �.�X�P�D�U�� �3�H�O�R�T�X�L�Q���H�W �D�O���>���� �@ �H�V�W�L�P�D�W�H�V �W�K�D�W �D�U�R�X�Q�G ������ �R�I �F�K�D�U�J�L�Q�J �Z�L�O�O �E�H �D�W
�S�X�E�O�L�F �V�L�W�H�V�� �%�X�W �W�K�L�V �V�W�X�G�\ �K�D�V �V�R�P�H �V�K�R�U�W�F�R�P�L�Q�J�V �L�Q �Q�R�W �H�[�S�O�D�L�Q�L�Q�J �Z�K�H�U�H �W�K�L�V ������ �L�V �H�[�D�F�W�O�\ �E�D�V�H�G
�R�Q �D�Q�G �G�L�G �Q�R�W �I�R�F�X�V �V�S�H�F�L�I�L�F�D�O�O�\ �R�Q �+�' �%�(�9�¶�V�� �7�K�H �U�H�Y�L�H�Z�H�G �O�L�W�H�U�D�W�X�U�H �R�Q �G�H�P�D�Q�G �G�L�V�W�U�L�E�X�W�L�R�Q �V�K�R�Z�V
�W�K�H�U�H �L�V �D �V�L�J�Q�L�I�L�F�D�Q�W �J�D�S �L�Q �U�H�V�H�D�U�F�K �V�S�H�F�L�I�L�F�D�O�O�\ �Z�L�W�K �D �I�R�F�X�V �R�Q �+�' �%�(�9�¶�V�� �7�K�H �V�W�X�G�\ �E�\ �%�R�U�O�D�X�J�� �0�R��
�Q�L�R�W�� �%�L�U�N�\���H�W �D�O���>���� �@ �G�L�G �D �U�H�V�H�D�U�F�K �R�Q �+�' �%�(�9�¶�V �E�X�W �L�V �I�R�F�X�V�H�G �R�Q �W�K�H �8�6�$�� �W�U�X�F�N�V �L�Q �W�K�H �8�6�$ �D�Q�G �W�K�H
�1�H�W�K�H�U�O�D�Q�G�V �K�D�Y�H �G�L�I�I�H�U�H�Q�W �R�S�H�U�D�W�L�R�Q �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �%�R�U�O�D�X�J�� �0�R�Q�L�R�W�� �%�L�U�N�\���H�W �D�O���>���� �@ �U�H�F�R�P�P�H�Q�G�V
�I�X�U�W�K�H�U �U�H�V�H�D�U�F�K �L�Q �W�K�L�V �D�U�H�D�� �$�O�O �W�K�L�V �W�R�J�H�W�K�H�U �P�D�N�H �L�W �V�F�L�H�Q�W�L�I�L�F�D�O�O�\ �U�H�O�H�Y�D�Q�W �W�R �G�R �P�R�U�H �U�H�V�H�D�U�F�K �R�Q �W�K�H
�G�L�V�W�U�L�E�X�W�L�R�Q �E�H�W�Z�H�H�Q �S�U�L�Y�D�W�H �D�Q�G �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �G�H�P�D�Q�G �R�I �+�' �%�(�9�¶�V �L�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V��

�������������'�L�E�V�K�M�R�K �(�I�Q�E�R�H �)�W�X�M�Q�E�X�M�S�R
�3�U�H�Y�L�R�X�V �U�H�V�H�D�U�F�K �R�Q �H�V�W�L�P�D�W�L�Q�J �(�9 �F�K�D�U�J�L�Q�J �G�H�P�D�Q�G �R�I�W�H�Q �U�H�O�L�H�G �R�Q �G�D�W�D�� �V�X�F�K �D�V �W�K�H �Q�X�P�E�H�U �R�I
�U�H�V�L�G�H�Q�W�V �>���� �@�� �Y�H�K�L�F�O�H �R�Z�Q�H�U�V�K�L�S �>���� �@�� �D�Q�G �W�K�H �G�L�V�W�U�L�E�X�W�L�R�Q �R�I �J�D�V �V�W�D�W�L�R�Q�V �>���� �@�� �6�R�P�H �V�W�X�G�L�H�V �K�D�Y�H
�F�R�Q�V�L�G�H�U�H�G �G�H�V�W�L�Q�D�W�L�R�Q�V�� �Q�R�W�L�Q�J �W�K�D�W �(�9�V�� �X�Q�O�L�N�H �F�R�Q�Y�H�Q�W�L�R�Q�D�O �Y�H�K�L�F�O�H�V�� �D�U�H �P�R�U�H �O�L�N�H�O�\ �W�R �F�K�D�U�J�H �D�W �W�K�H
�H�Q�G �R�I �D �W�U�L�S �G�X�H �W�R �O�R�Q�J�H�U �F�K�D�U�J�L�Q�J �W�L�P�H�V �>���� �@�� �)�R�U �H�[�D�P�S�O�H�� �&�K�H�Q�� �.�R�F�N�H�O�P�D�Q�� �D�Q�G �.�K�D�Q �>���� �@ �X�V�H�G
�K�R�X�V�H�K�R�O�G �W�U�D�Y�H�O �G�D�W�D �W�R �H�V�W�L�P�D�W�H �S�D�U�N�L�Q�J �D�Q�G �F�K�D�U�J�L�Q�J �G�H�P�D�Q�G�� �Z�K�L�O�H �R�W�K�H�U�V �X�V�H�G �G�D�L�O�\ �V�F�K�H�G�X�O�H�V
�D�Q�G �D�F�W�L�Y�L�W�L�H�V �>���� �@ �R�U �K�R�X�V�H�K�R�O�G �V�X�U�Y�H�\�V �>���� �@��

�+�R�Z�H�Y�H�U�� �P�R�V�W �R�I �W�K�L�V �U�H�V�H�D�U�F�K �I�R�F�X�V�H�V �R�Q �S�H�U�V�R�Q�D�O �(�9�V�� �Z�K�L�F�K �W�\�S�L�F�D�O�O�\ �K�D�Y�H �V�P�D�O�O�H�U �E�D�W�W�H�U�L�H�V �D�Q�G
�D�U�H �F�K�D�U�J�H�G �R�Y�H�U�Q�L�J�K�W �D�W �K�R�P�H �R�U �R�F�F�D�V�L�R�Q�D�O�O�\ �D�W �S�X�E�O�L�F �V�W�D�W�L�R�Q�V�� �,�Q �F�R�Q�W�U�D�V�W�� �+�' �%�(�9�V �U�H�T�X�L�U�H �O�D�U�J�H�U
�E�D�W�W�H�U�L�H�V �D�Q�G �K�L�J�K���S�R�Z�H�U �'�& �I�D�V�W �F�K�D�U�J�L�Q�J �W�R �P�L�Q�L�P�L�]�H �G�R�Z�Q�W�L�P�H �D�Q�G �P�H�H�W �G�H�P�D�Q�G�L�Q�J �V�F�K�H�G�X�O�H�V�� �7�K�L�V
�G�L�I�I�H�U�H�Q�F�H �L�Q �R�S�H�U�D�W�L�R�Q�D�O �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �P�H�D�Q�V �W�K�D�W �H�[�L�V�W�L�Q�J �(�9 �F�K�D�U�J�L�Q�J �G�H�P�D�Q�G �H�V�W�L�P�D�W�L�R�Q�V �F�D�Q�Q�R�W
�E�H �G�L�U�H�F�W�O�\ �D�S�S�O�L�H�G �W�R �+�' �%�(�9�V�� �K�L�J�K�O�L�J�K�W�L�Q�J �W�K�H �Q�H�H�G �I�R�U �V�S�H�F�L�I�L�F �U�H�V�H�D�U�F�K �L�Q �W�K�L�V �D�U�H�D��



�������� �'�L�E�V�K�M�R�K �*�E�G�M�P�M�X�] �0�S�G�E�X�M�S�R �1�S�H�I�P�P�M�R�K ��

���������'�L�E�V�K�M�R�K �*�E�G�M�P�M�X�] �0�S�G�E�X�M�S�R �1�S�H�I�P�P�M�R�K
�$�F�F�R�U�G�L�Q�J �W�R �6�S�H�W�K�� �3�O�|�W�]�� �)�X�Q�N�H���H�W �D�O���>���� �@ �W�K�H�U�H �D�U�H �W�Z�R �P�D�L�Q �P�R�G�H�O�O�L�Q�J �D�S�S�U�R�D�F�K�H�V �L�Q �G�H�W�H�U�P�L�Q�L�Q�J �W�K�H
�O�R�F�D�W�L�R�Q�V �R�I �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �7�K�H �I�L�U�V�W �R�Q�H �L�V �D �F�R�Y�H�U�D�J�H���R�U�L�H�Q�W�H�G �D�S�S�U�R�D�F�K �E�D�V�H�G �R�Q �G�L�V�W�U�L�E�X�W�L�Q�J
�F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �D�V �H�Y�H�Q�O�\ �D�V �S�R�V�V�L�E�O�H�� �Z�K�L�F�K �J�X�D�U�D�Q�W�H�H�V �P�D�[�L�P�D�O �J�H�R�J�U�D�S�K�L�F �F�R�Y�H�U�D�J�H�� �7�K�H
�V�H�F�R�Q�G �R�Q�H �L�V �D �G�H�P�D�Q�G���R�U�L�H�Q�W�H�G �D�S�S�U�R�D�F�K �E�D�V�H�G �R�Q �W�K�H �F�K�D�U�J�L�Q�J �G�H�P�D�Q�G �Z�K�L�F�K �U�H�V�X�O�W�V �L�Q �D �K�L�J�K�H�U
�X�W�L�O�L�V�D�W�L�R�Q �R�I �F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V�� �)�R�U �W�K�L�V �U�H�V�H�D�U�F�K �D �G�H�P�D�Q�G���R�U�L�H�Q�W�H�G �D�S�S�U�R�D�F�K �V�H�H�P�V �P�R�U�H �U�H�O�H�Y�D�Q�W
�D�V �W�K�H �R�E�M�H�F�W�L�Y�H �L�V �W�R �P�D�[�L�P�L�V�H �W�K�H �Q�X�P�E�H�U �R�I �W�U�X�F�N�V �F�R�P�L�Q�J �W�R �W�K�H �F�K�D�U�J�L�Q�J �V�W�D�W�L�R�Q�V �I�U�R�P �D�Q �H�Q�H�U�J�\
�S�U�R�Y�L�G�H�U�V �S�H�U�V�S�H�F�W�L�Y�H�� �,�Q �W�K�H �O�L�W�H�U�D�W�X�U�H �S�U�H�Y�L�R�X�V �V�W�X�G�L�H�V �R�Q �U�H�I�X�H�O�O�L�Q�J �O�R�F�D�W�L�R�Q�V �I�R�F�X�V�H�G �R�Q �O�R�F�D�W�L�Q�J
�I�D�F�L�O�L�W�L�H�V �Z�L�W�K �W�K�H �R�E�M�H�F�W�L�Y�H �R�I �F�D�S�W�X�U�L�Q�J �P�D�[�L�P�D�O �I�O�R�Z�� �7�K�L�V �D�S�S�U�R�D�F�K �L�V �N�Q�R�Z�Q �D�V �W�K�H �I�O�R�Z���F�D�S�W�X�U�L�Q�J
�O�R�F�D�W�L�R�Q �P�R�G�H�O ���)�&�/�0�� �>���� �@�� �7�K�H �I�X�Q�G�D�P�H�Q�W�D�O�V �R�I �W�K�L�V �P�R�G�H�O �D�U�H �W�K�H �L�Q�G�L�Y�L�G�X�D�O �W�U�D�I�I�L�F �I�O�R�Z�V �W�K�U�R�X�J�K �D
�Q�H�W�Z�R�U�N�� �7�K�L�V �P�R�G�H�O �K�D�V �E�H�H�Q �H�[�W�H�Q�G�H�G �E�\ �.�X�E�\ �D�Q�G �/�L�P �>���� �@ �L�Q�W�R �W�K�H �I�O�R�Z���U�H�I�X�H�O�O�L�Q�J �O�R�F�D�W�L�R�Q �P�R�G�H�O
���)�5�/�0�� �W�D�N�L�Q�J �L�Q�W�R �D�F�F�R�X�Q�W �P�X�O�W�L�S�O�H �V�W�R�S�V�� �Z�K�L�F�K �L�V �Q�H�F�H�V�V�D�U�\ �I�R�U �Y�H�K�L�F�O�H�V �Z�L�W�K �D �O�L�P�L�W�H�G �U�D�Q�J�H�� �)�R�U
�7�K�H �)�5�/�0 �K�D�V �W�K�H�Q �E�H�H�Q �I�X�U�W�K�H�U �G�H�Y�H�O�R�S�H�G �L�Q�W�R �W�K�H �Q�R�G�H �F�D�S�D�F�L�W�D�W�H�G �I�O�R�Z �U�H�I�X�H�O�O�L�Q�J �O�R�F�D�W�L�R�Q �P�R�G�H�O
���1�&���)�5�/�0�� �E�\ �1�&���)�5�/�0�� �F�R�Q�V�L�G�H�U�L�Q�J ���V�W�D�W�L�R�Q�� �O�R�F�D�W�L�R�Q �F�D�S�D�F�L�W�\ �U�H�V�W�U�L�F�W�L�R�Q�V �>���� �@�� �7�K�H �)�5�/�0 �K�D�V �E�H�H�Q
�X�V�H�G �E�\ �5�R�V�H �D�Q�G �1�H�X�P�D�Q�Q �>���� �@ �W�R �G�H�Y�H�O�R�S �D �K�\�G�U�R�J�H�Q �U�H�I�X�H�O�O�L�Q�J �V�W�D�W�L�R�Q �Q�H�W�Z�R�U�N �L�Q �*�H�U�P�D�Q�\�� �%�X�W �K�D�V
�Q�R�W �\�H�W �E�H�H�Q �X�V�H�G �W�R �G�H�Y�H�O�R�S �D �Q�H�W�Z�R�U�N �R�I �F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V�� �7�K�H �L�G�H�Q�W�L�I�L�H�G �J�D�S�V �L�Q�F�O�X�G�H �W�K�H �S�R�W�H�Q�W�L�D�O �W�R
�H�[�W�H�Q�G �W�K�H �)�5�/�0 �E�\ �L�Q�F�R�U�S�R�U�D�W�L�Q�J �R�E�M�H�F�W�L�Y�H�V �D�Q�G �F�R�Q�V�W�U�D�L�Q�W�V �U�H�O�D�W�H�G �W�R �W�K�H �F�R�V�W�V �R�I �L�Q�V�W�D�O�O�L�Q�J �F�K�D�U�J�L�Q�J
�L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �D�V �K�L�J�K�O�L�J�K�W�H�G �L�Q �W�K�H �S�U�R�E�O�H�P �V�W�D�W�H�P�H�Q�W�� �D�Q�G �W�K�H �V�S�H�F�L�I�L�F �D�S�S�O�L�F�D�W�L�R�Q �R�I �W�K�L�V �P�R�G�H�O �I�R�U
�+�' �%�(�9�¶�V �L�Q �W�K�H �F�R�Q�W�H�[�W �R�I �W�K�H �1�H�W�K�H�U�O�D�Q�G�V��

���������'�S�R�G�P�Y�W�M�S�R �E�R�H �(�M�W�G�Y�W�W�M�S�R �S�R �X�L�I �0�M�X�I�V�E�X�Y�V�I
�7�K�H �O�L�W�H�U�D�W�X�U�H �U�H�Y�L�H�Z �U�H�Y�H�D�O�V �V�X�E�V�W�D�Q�W�L�D�O �S�U�R�J�U�H�V�V �L�Q �W�K�H �V�W�X�G�\ �R�I �(�9 �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �Z�L�W�K �H�[��
�W�H�Q�V�L�Y�H �U�H�V�H�D�U�F�K �R�Q �F�K�D�U�J�L�Q�J �G�H�P�D�Q�G �H�V�W�L�P�D�W�L�R�Q �D�Q�G �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �S�O�D�F�H�P�H�Q�W�� �+�R�Z�H�Y�H�U�� �W�K�H�U�H �L�V �D
�Q�R�W�D�E�O�H �J�D�S �L�Q �W�K�H �O�L�W�H�U�D�W�X�U�H �U�H�J�D�U�G�L�Q�J �+�' �%�(�9�V�� �'�X�H �W�R �W�K�H�L�U �G�L�V�W�L�Q�F�W �R�S�H�U�D�W�L�R�Q�D�O �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �W�K�H
�F�K�D�U�J�L�Q�J �G�H�P�D�Q�G �P�R�G�H�O�V �G�H�Y�H�O�R�S�H�G �I�R�U �(�9�V �F�D�Q�Q�R�W �E�H �G�L�U�H�F�W�O�\ �D�S�S�O�L�H�G �W�R �+�' �%�(�9�V�� �7�K�L�V �K�L�J�K�O�L�J�K�W�V �W�K�H
�Q�H�H�G �I�R�U �I�X�U�W�K�H�U �U�H�V�H�D�U�F�K �V�S�H�F�L�I�L�F�D�O�O�\ �I�R�F�X�V�H�G �R�Q �+�' �%�(�9�V�� �S�D�U�W�L�F�X�O�D�U�O�\ �L�Q �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �W�K�H �G�L�V�W�U�L�E�X�W�L�R�Q
�R�I �S�U�L�Y�D�W�H �Y�H�U�V�X�V �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �G�H�P�D�Q�G �D�Q�G �L�W�V �L�P�S�D�F�W �R�Q �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �G�H�Y�H�O�R�S�P�H�Q�W��

�.�H�\ �J�D�S�V �L�G�H�Q�W�L�I�L�H�G �L�Q�F�O�X�G�H �W�K�H �O�D�F�N �R�I �V�W�X�G�L�H�V �R�Q �+�' �%�(�9 �F�K�D�U�J�L�Q�J �G�H�P�D�Q�G�� �7�K�L�V �V�X�J�J�H�V�W�V �D �F�U�L�W�L�F�D�O
�Q�H�H�G �I�R�U �G�H�Y�H�O�R�S�L�Q�J �Q�H�Z �P�H�W�K�R�G�V �R�U �D�G�D�S�W�L�Q�J �H�[�L�V�W�L�Q�J �R�Q�H�V �W�R �D�F�F�X�U�D�W�H�O�\ �H�V�W�L�P�D�W�H �+�' �%�(�9 �F�K�D�U�J�L�Q�J
�G�H�P�D�Q�G�� �F�R�Q�V�L�G�H�U�L�Q�J �I�O�H�H�W �R�Z�Q�H�U�V�¶ �S�U�H�I�H�U�H�Q�F�H�V �I�R�U �S�U�L�Y�D�W�H �R�U �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �O�R�F�D�W�L�R�Q�V��

�$�G�G�L�W�L�R�Q�D�O�O�\�� �H�[�L�V�W�L�Q�J �P�R�G�H�O�V �I�R�U �O�R�F�D�W�L�Q�J �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �V�X�F�K �D�V �W�K�H �)�5�/�0�� �F�D�Q �E�H �H�[�W�H�Q�G�H�G
�W�R �E�H�W�W�H�U �V�H�U�Y�H �H�Q�H�U�J�\ �S�U�R�Y�L�G�H�U�V �E�\ �L�Q�F�R�U�S�R�U�D�W�L�Q�J �R�E�M�H�F�W�L�Y�H�V �D�Q�G �F�R�Q�V�W�U�D�L�Q�W�V �U�H�O�D�W�H�G �W�R �L�Q�V�W�D�O�O�D�W�L�R�Q �F�R�V�W�V��
�$�S�S�O�\�L�Q�J �W�K�H�V�H �P�R�G�H�O�V �W�R �W�K�H �J�H�R�J�U�D�S�K�L�F�D�O �F�R�Q�W�H�[�W �R�I �W�K�H �1�H�W�K�H�U�O�D�Q�G�V �K�D�V �Q�R�W �\�H�W �E�H�H�Q �H�[�S�O�R�U�H�G��

�$�G�G�U�H�V�V�L�Q�J �W�K�H�V�H �J�D�S�V �W�K�U�R�X�J�K �W�D�U�J�H�W�H�G �U�H�V�H�D�U�F�K �Z�L�O�O �H�Q�K�D�Q�F�H �W�K�H �V�F�L�H�Q�W�L�I�L�F �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �+�' �%�(�9
�F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �D�Q�G �V�X�S�S�R�U�W �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �R�I �H�I�I�L�F�L�H�Q�W �D�Q�G �F�R�V�W���H�I�I�H�F�W�L�Y�H �F�K�D�U�J�L�Q�J �Q�H�W�Z�R�U�N�V��
�7�K�L�V �L�V �S�D�U�W�L�F�X�O�D�U�O�\ �F�U�X�F�L�D�O �I�R�U �U�H�J�L�R�Q�V �O�L�N�H �W�K�H �1�H�W�K�H�U�O�D�Q�G�V�� �Z�K�H�U�H �V�W�U�D�W�H�J�L�F�D�O�O�\ �S�O�D�F�H�G �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F��
�W�X�U�H �F�R�X�O�G �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �L�Q�I�O�X�H�Q�F�H �W�K�H �V�X�F�F�H�V�V�I�X�O �D�G�R�S�W�L�R�Q �R�I �+�' �%�(�9�V�� �'�H�Y�H�O�R�S�L�Q�J �D �U�H�V�H�D�U�F�K �V�W�U�X�F�W�X�U�H
�W�K�D�W �F�R�Q�V�L�G�H�U�V �X�V�H�U �Q�H�H�G�V �W�R �G�H�W�H�U�P�L�Q�H �G�H�P�D�Q�G �G�L�V�W�U�L�E�X�W�L�R�Q �D�Q�G �F�R�P�E�L�Q�H�V �W�K�L�V �Z�L�W�K �R�S�W�L�P�D�O �O�R�F�D�W�L�R�Q
�S�O�D�F�H�P�H�Q�W �L�V �H�V�V�H�Q�W�L�D�O �I�R�U �D�G�Y�D�Q�F�L�Q�J �W�K�L�V �I�L�H�O�G��



��
�1�I�X�L�S�H�S�P�S�K�] �E�R�H �V�I�W�I�E�V�G�L �J�V�E�Q�I�[�S�V�O

�7�K�L�V �V�H�F�W�L�R�Q �Z�L�O�O �R�X�W�O�L�Q�H �W�K�H �U�H�V�H�D�U�F�K �P�H�W�K�R�G�R�O�R�J�L�H�V �W�K�D�W �Z�L�O�O �E�H �X�V�H�G �W�R �J�L�Y�H �D�Q �D�Q�V�Z�H�U �W�R �W�K�H �U�H�V�H�D�U�F�K
�T�X�H�V�W�L�R�Q�V �L�Q�V�H�F�W�L�R�Q �������� �)�R�U �W�K�L�V �U�H�V�H�D�U�F�K �E�R�W�K �T�X�D�O�L�W�D�W�L�Y�H �D�Q�G �T�X�D�Q�W�L�W�D�W�L�Y�H �P�H�W�K�R�G�R�O�R�J�L�H�V �Z�L�O�O �E�H �X�V�H�G��
�7�D�E�O�H �������J�L�Y�H�V �D�Q �R�Y�H�U�Y�L�H�Z �R�I �Z�K�L�F�K �P�H�W�K�R�G�R�O�R�J�L�H�V �Z�L�O�O �E�H �X�V�H�G �W�R �D�Q�V�Z�H�U �W�K�H �V�S�H�F�L�I�L�F �U�H�V�H�D�U�F�K �T�X�H�V��
�W�L�R�Q�V�� �7�K�H �F�R�P�L�Q�J �V�X�E�V�H�F�W�L�R�Q�V �Z�L�O�O �G�H�V�F�U�L�E�H �L�Q �G�H�W�D�L�O �L�Q �Z�K�L�F�K �Z�D�\ �W�K�H �G�L�I�I�H�U�H�Q�W �U�H�V�H�D�U�F�K �P�H�W�K�R�G�R�O�R�J�L�H�V
�Z�L�O�O �E�H �F�D�U�U�L�H�G �R�X�W�� �,�Q�V�H�F�W�L�R�Q �������Z�L�O�O �E�H �H�[�S�O�D�L�Q�H�G �K�R�Z �D�O�O �W�K�H �G�L�I�I�H�U�H�Q�W �P�H�W�K�R�G�R�O�R�J�L�H�V �Z�L�O�O �F�R�P�H �W�R�J�H�W�K�H�U
�L�Q �R�Q�H �U�H�V�H�D�U�F�K �I�U�D�P�H�Z�R�U�N�� �7�K�H �S�U�R�Y�L�G�H�G �U�H�V�H�D�U�F�K �I�U�D�P�H�Z�R�U�N �D�Q�G �P�H�W�K�R�G�R�O�R�J�\ �Z�L�O�O �E�H �D�S�S�O�L�H�G �W�R �D
�F�D�V�H �V�W�X�G�\ �D�W �6�K�H�O�O��

�7�D�E�O�H ���������2�Y�H�U�Y�L�H�Z �R�I �P�H�W�K�R�G�R�O�R�J�L�H�V

�4�X�H�V�W�L�R�Q �0�H�W�K�R�G�R�O�R�J�L�H�V
���� �:�K�D�W �L�V �W�K�H �F�X�U�U�H�Q�W �V�W�D�W�H �R�I �F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V �D�Q�G �+�' �%�(�9�¶�V �L�Q
�W�K�H �1�H�W�K�H�U�O�D�Q�G�V�"

�/�L�W�H�U�D�W�X�U�H �5�H�Y�L�H�Z�� �0�D�U�N�H�W �$�Q�D�O�\�V�L�V

�����:�K�D�W �L�V �W�K�H �F�X�U�U�H�Q�W �V�W�D�W�H �R�I �W�K�H �O�R�J�L�V�W�L�F�V �V�H�F�W�R�U�� �Z�K�D�W �G�L�V�W�D�Q�F�H�V
�G�R �W�K�H�\ �G�U�L�Y�H�� �Z�K�H�U�H �G�R �W�K�H�\ �G�U�L�Y�H �Z�K�H�U�H �G�R �W�K�H�\ �U�H�I�X�H�O�"

�/�L�W�H�U�D�W�X�U�H �5�H�Y�L�H�Z�� �(�[�S�H�U�W �,�Q�W�H�U�Y�L�H�Z�V��
�0�D�U�N�H�W �$�Q�D�O�\�V�L�V

���� �:�K�D�W �D�U�H �W�K�H �U�H�D�V�R�Q�V�� �F�R�Q�V�W�U�D�L�Q�W�V �D�Q�G �Q�H�H�G�V �I�U�R�P �I�O�H�H�W �R�Z�Q�H�U�V
�W�R �L�Q�V�W�D�O�O �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V �R�U �P�D�N�H �X�V�H �R�I �S�X�E�O�L�F �F�K�D�U�J�L�Q�J
�I�D�F�L�O�L�W�L�H�V�"

�/�L�W�H�U�D�W�X�U�H �5�H�Y�L�H�Z�� �(�[�S�H�U�W �,�Q�W�H�U�Y�L�H�Z�V��
�6�X�U�Y�H�\

�����+�R�Z �F�D�Q �W�K�H �U�H�D�V�R�Q�V�� �F�R�Q�V�W�U�D�L�Q�W�V �D�Q�G �Q�H�H�G�V �W�R �L�Q�V�W�D�O�O �S�U�L�Y�D�W�H
�F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V �R�U �X�V�H �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V �E�H �W�U�D�Q�V�O�D�W�H�G
�L�Q�W�R �W�K�H �G�H�P�D�Q�G �G�L�V�W�U�L�E�X�W�L�R�Q �E�H�W�Z�H�H�Q �S�U�L�Y�D�W�H �D�Q�G �S�X�E�O�L�F �F�K�D�U�J�L�Q�J
�I�D�F�L�O�L�W�L�H�V �I�R�U �E�D�W�W�H�U�\ �H�O�H�F�W�U�L�F �W�U�X�F�N�V�"

�'�H�P�D�Q�G �(�V�W�L�P�D�W�L�R�Q �0�H�W�K�R�G

���� �:�K�D�W �D�U�H �U�H�O�H�Y�D�Q�W �W�H�F�K�Q�L�F�D�O �D�Q�G �H�F�R�Q�R�P�L�F �F�R�Q�V�W�U�D�L�Q�W�V �I�R�U �W�K�H
�O�R�F�D�W�L�R�Q �R�I �R�Q���W�K�H���J�R �F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V �I�R�U �E�D�W�W�H�U�\ �H�O�H�F�W�U�L�F �W�U�X�F�N�V�"

�/�L�W�H�U�D�W�X�U�H �5�H�Y�L�H�Z

���� �+�R�Z �F�D�Q �W�K�H�V�H �F�R�Q�V�W�U�D�L�Q�W�V �E�H �W�U�D�Q�V�O�D�W�H�G �L�Q�W�R �D �P�D�W�K�H�P�D�W�L�F�D�O
�P�R�G�H�O �R�U �V�F�H�Q�D�U�L�R�V�"

�)�D�F�L�O�L�W�\ �/�R�F�D�W�L�R�Q �0�R�G�H�O

���� �+�R�Z �F�D�Q �W�K�H �P�R�G�H�O�O�L�Q�J �U�H�V�X�O�W�V �E�H �U�H�O�D�W�H�G �W�R �G�H�W�H�U�P�L�Q�L�Q�J �W�K�H
�R�S�W�L�P�D�O �O�R�F�D�W�L�R�Q�V �I�R�U �R�Q���W�K�H���J�R �F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V �I�R�U �E�D�W�W�H�U�\ �H�O�H�F��
�W�U�L�F �W�U�X�F�N�V�"

�)�D�F�L�O�L�W�\ �/�R�F�D�W�L�R�Q �0�R�G�H�O�� �6�F�H�Q�D�U�L�R �$�Q�D�O��
�\�V�L�V

���������6�I�W�I�E�V�G�L �*�V�E�Q�I�[�S�V�O
�$ �F�R�P�S�U�H�K�H�Q�V�L�Y�H �U�H�V�H�D�U�F�K �I�U�D�P�H�Z�R�U�N �K�D�V �E�H�H�Q �H�V�W�D�E�O�L�V�K�H�G �W�R �J�X�L�G�H �W�K�H �S�U�R�J�U�H�V�V�L�R�Q �R�I �W�K�L�V �V�W�X�G�\ �D�Q�G �L�V
�V�K�R�Z�Q �L�Q�)�L�J�X�U�H �������� �7�K�H �L�Q�L�W�L�D�O �S�K�D�V�H �L�Q�Y�R�O�Y�H�V �G�H�Y�H�O�R�S�L�Q�J �D�Q �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �W�R �W�K�H �F�R�Q�W�H�[�W �R�I �W�K�H �V�W�X�G�\
�W�K�U�R�X�J�K �H�[�S�H�U�W �L�Q�W�H�U�Y�L�H�Z�V�� �P�D�U�N�H�W �D�Q�D�O�\�V�L�V�� �D�Q�G �D �F�R�P�S�U�H�K�H�Q�V�L�Y�H �O�L�W�H�U�D�W�X�U�H �U�H�Y�L�H�Z�� �7�K�L�V �W�K�H�R�U�H�W�L�F�D�O
�I�R�X�Q�G�D�W�L�R�Q �Z�L�O�O �D�G�G�U�H�V�V �V�X�E���T�X�H�V�W�L�R�Q�V ���� �� �D�Q�G �� �S�U�R�Y�L�G�L�Q�J �F�U�L�W�L�F�D�O �L�Q�S�X�W �I�R�U �W�K�H �V�X�E�V�H�T�X�H�Q�W �P�R�G�H�O�O�L�Q�J
�E�D�V�H �D�Q�G �H�V�W�L�P�D�W�L�R�Q �P�H�W�K�R�G�� �,�Q �W�K�H �H�V�W�L�P�D�W�L�R�Q �P�H�W�K�R�G�� �W�K�H �G�H�P�D�Q�G �G�L�V�W�U�L�E�X�W�L�R�Q �E�H�W�Z�H�H�Q �S�U�L�Y�D�W�H �D�Q�G
�S�X�E�O�L�F �F�K�D�U�J�L�Q�J �Z�L�O�O �E�H �G�H�W�H�U�P�L�Q�H�G�� �D�G�G�U�H�V�V�L�Q�J �V�X�E���T�X�H�V�W�L�R�Q ���� �7�K�H �P�R�G�H�O�O�L�Q�J �E�D�V�H �Z�L�O�O �L�Q�W�H�J�U�D�W�H �D�O�O

��



�������� �%�T�T�P�M�G�E�X�M�S�R �S�J �X�L�I �Q�I�X�L�S�H�S�P�S�K�] ��

�R�E�M�H�F�W�L�Y�H�V�� �G�H�F�L�V�L�R�Q�V�� �D�Q�G �F�R�Q�V�W�U�D�L�Q�W�V �D�Q�V�Z�H�U�L�Q�J �V�X�E���T�X�H�V�W�L�R�Q ���� �D�Q�G �Z�L�O�O �O�H�D�G �W�R �W�K�H �F�U�H�D�W�L�R�Q �R�I �D
�P�D�W�K�H�P�D�W�L�F�D�O �P�R�G�H�O �D�Q�V�Z�H�U�L�Q�J �V�X�E���T�X�H�V�W�L�R�Q ���� �7�K�H �O�R�F�D�W�L�R�Q �P�R�G�H�O �Z�L�O�O �W�K�H�Q �X�Q�G�H�U�J�R �Y�H�U�L�I�L�F�D�W�L�R�Q �D�Q�G
�Y�D�O�L�G�D�W�L�R�Q�� �)�L�Q�D�O�O�\�� �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �P�R�G�H�O �Z�L�O�O �E�H �X�V�H�G �R�Q �G�L�I�I�H�U�H�Q�W �Q�X�P�H�U�L�F�D�O �H�[�S�H�U�L�P�H�Q�W�V �R�I �Z�K�L�F�K �W�K�H
�U�H�V�X�O�W�V �Z�L�O�O �E�H �D�Q�D�O�\�V�H�G �W�R �D�Q�V�Z�H�U �V�X�E���T�X�H�V�W�L�R�Q�V ���� �X�O�W�L�P�D�W�H�O�\ �S�U�R�Y�L�G�L�Q�J �D �F�R�Q�F�O�X�V�L�Y�H �D�Q�V�Z�H�U �W�R �W�K�H
�P�D�L�Q �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q��

�)�L�J�X�U�H ���������5�H�V�H�D�U�F�K �I�U�D�P�H�Z�R�U�N

���������%�T�T�P�M�G�E�X�M�S�R �S�J �X�L�I �Q�I�X�L�S�H�S�P�S�K�]
�7�K�L�V �P�H�W�K�R�G�R�O�R�J�\ �D�Q�G �U�H�V�H�D�U�F�K �I�U�D�P�H�Z�R�U�N �Z�L�O�O �E�H �X�V�H�G �I�R�U �D �U�H�D�O �Z�R�U�O�G �F�D�V�H �V�W�X�G�\ �D�W �6�K�H�O�O�� �6�K�H�O�O�V �3�R�Z��
�H�U�L�Q�J �3�U�R�J�U�H�V�V �V�W�U�D�W�H�J�\ �D�L�P�V �W�R �E�H�F�R�P�H �D �Q�H�W���]�H�U�R �H�P�L�V�V�L�R�Q�V �H�Q�H�U�J�\ �E�X�V�L�Q�H�V�V �E�\ ���������� �7�R �D�F�K�L�H�Y�H �W�K�L�V
�J�R�D�O �S�D�U�W �R�I �W�K�H �V�W�U�D�W�H�J�\ �L�V �W�R �G�H�F�D�U�E�R�Q�L�V�H �F�R�P�P�H�U�F�L�D�O �U�R�D�G �W�U�D�Q�V�S�R�U�W �E�\ �S�U�R�Y�L�G�L�Q�J �F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V �I�R�U
�+�' �%�(�9�¶�V �>���� �@�� �6�K�H�O�O�V �H�0�R�E�L�O�L�W�\ �W�H�D�P �L�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V �L�V �U�H�V�H�D�U�F�K�L�Q�J �W�K�H �R�S�S�R�U�W�X�Q�L�W�L�H�V �D�Q�G �K�H�O�S�L�Q�J
�I�O�H�H�W �R�Z�Q�H�U�V �L�Q �W�U�D�Q�V�L�W�L�R�Q�L�Q�J �I�U�R�P �W�K�H �X�V�H �R�I �I�R�V�V�L�O���I�X�H�O �W�U�X�F�N�V �W�R �W�K�H �X�V�H �R�I �+�' �%�(�9�¶�V�� �:�L�W�K �W�K�H �W�U�D�Q�V�L�W�L�R�Q
�W�R �H�O�H�F�W�U�L�F �W�U�X�F�N�L�Q�J �W�K�H �O�R�F�D�W�L�R�Q�V �Z�L�W�K �G�H�P�D�Q�G �I�R�U �H�Q�H�U�J�\ �Z�L�O�O �S�R�V�V�L�E�O�\ �F�K�D�Q�J�H�� �6�K�H�O�O �L�V �R�I�I�H�U�L�Q�J �W�K�U�H�H
�W�\�S�H�V �R�I �F�K�D�U�J�L�Q�J �R�S�W�L�R�Q�V �I�R�U �I�O�H�H�W �R�Z�Q�H�U�V�� �W�K�H �H�'�H�S�R�W �D�W �W�K�H�L�U �R�Z�Q �I�D�F�L�O�L�W�\ ���S�U�L�Y�D�W�H���� �F�K�D�U�J�L�Q�J �V�W�D�W�L�R�Q�V
�D�O�R�Q�J �W�K�H �U�R�D�G ���S�X�E�O�L�F�� �D�Q�G �W�K�H �D�E�L�O�L�W�\ �W�R �F�K�D�U�J�H �D�W �W�K�H �O�R�F�D�W�L�R�Q �Z�K�H�U�H �W�K�H �W�U�X�F�N �L�V �O�R�D�G�L�Q�J �D�Q�G �X�Q�O�R�D�G�L�Q�J
�J�R�R�G�V �H�'�H�S�R�W�� ���V�H�P�L���S�X�E�O�L�F�� �>���� �@�� �7�K�H �H�O�H�F�W�U�L�F�L�W�\ �S�U�L�F�H�V �D�W �D�O�O �W�K�H�V�H �O�R�F�D�W�L�R�Q�V �Z�L�O�O �E�H �G�L�I�I�H�U�H�Q�W�� �$�W �W�K�H
�I�O�H�H�W �R�Z�Q�H�U�V �R�Z�Q �I�D�F�L�O�L�W�\ �W�K�H �H�O�H�F�W�U�L�F�L�W�\ �S�U�L�F�H�V �Z�L�O�O �P�R�V�W �O�L�N�H�O�\ �E�H �W�K�H �O�R�Z�H�V�W�� �7�K�L�V �P�H�D�Q�V �W�K�D�W �I�R�U �D �I�O�H�H�W
�R�Z�Q�H�U �L�W �L�V �P�R�V�W �L�Q�W�H�U�H�V�W�L�Q�J �W�R �F�K�D�U�J�H �W�K�H�L�U �W�U�X�F�N�V �D�W �W�K�H�L�U �R�Z�Q �I�D�F�L�O�L�W�\�� �E�X�W �L�Q �U�H�D�O�L�W�\ �W�K�L�V �Z�L�O�O �Q�R�W �D�O�Z�D�\�V �E�H
�S�R�V�V�L�E�O�H�� �&�R�Q�V�W�U�D�L�Q�W�V �V�X�F�K �D�V �O�L�P�L�W�H�G �V�S�D�F�H �I�R�U �L�Q�V�W�D�O�O�L�Q�J �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �D�W �W�K�H�L�U �R�Z�Q �I�D�F�L�O�L�W�L�H�V��
�F�R�Q�J�H�V�W�L�R�Q �R�Q �W�K�H �H�O�H�F�W�U�L�F�L�W�\ �J�U�L�G�� �R�U �W�K�H �L�Q�V�X�I�I�L�F�L�H�Q�W �U�D�Q�J�H �R�I �+�' �%�(�9�V �I�R�U �G�D�L�O�\ �R�S�H�U�D�W�L�R�Q�V �F�R�X�O�G �F�R�P�S�H�O
�I�O�H�H�W �R�Z�Q�H�U�V �W�R �V�H�H�N �F�K�D�U�J�L�Q�J �R�S�W�L�R�Q�V �D�W �S�X�E�O�L�F �R�U �V�H�P�L���S�X�E�O�L�F �O�R�F�D�W�L�R�Q�V��

���������8�L�I�S�V�I�X�M�G�E�P �F�E�W�I
�)�R�U �W�K�H �W�K�H�R�U�H�W�L�F�D�O �E�D�V�H �G�L�I�I�H�U�H�Q�W �P�H�W�K�R�G�R�O�R�J�L�H�V �Z�L�O�O �E�H �X�V�H�G �R�I �Z�K�L�F�K �D �O�L�W�H�U�D�W�X�U�H �U�H�Y�L�H�Z �L�V �R�Q�H�� �$
�O�L�W�H�U�D�W�X�U�H �U�H�Y�L�H�Z �F�D�Q �E�H �D�Q �H�[�F�H�O�O�H�Q�W �U�H�V�H�D�U�F�K �P�H�W�K�R�G�R�O�R�J�\ �I�R�U �V�H�Y�H�U�D�O �U�H�D�V�R�Q�V�� �L�G�H�Q�W�L�I�\�L�Q�J �J�D�S�V �L�Q
�H�[�L�V�W�L�Q�J �U�H�V�H�D�U�F�K�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �W�K�H�R�U�L�H�V �D�Q�G �F�R�Q�F�H�S�W�V �D�Q�G �H�Q�K�D�Q�F�L�Q�J �N�Q�R�Z�O�H�G�J�H �R�Q �V�S�H�F�L�I�L�F �W�R�S�L�F�V��
�7�K�H�V�H �D�U�H �D�O�O �U�H�D�V�R�Q�V �Z�K�\ �D �O�L�W�H�U�D�W�X�U�H �K�D�V �E�H�H�Q �F�K�R�V�H�Q �D�V �R�Q�H �R�I �W�K�H �P�H�W�K�R�G�R�O�R�J�L�H�V �W�R �K�H�O�S �D�Q�V�Z�H�U
�V�R�P�H �R�I �W�K�H �V�X�E���T�X�H�V�W�L�R�Q�� �H�V�S�H�F�L�D�O�O�\ �W�K�H �P�R�U�H �T�X�D�O�L�W�D�W�L�Y�H �R�Q�H�V�� �)�R�U �D�O�O �W�K�H �O�L�W�H�U�D�W�X�U�H �U�H�Y�L�H�Z�V �L�Q �W�K�L�V
�U�H�V�H�D�U�F�K�� �W�K�H �P�H�W�K�R�G�R�O�R�J�\ �X�V�H�G �L�V �D�V �G�H�V�F�U�L�E�H�G �E�\ �6�Q�\�G�H�U �>���@�� �7�K�H �W�K�H�R�U�H�W�L�F�D�O �E�D�V�H �Z�L�O�O �D�O�V�R �L�Q�F�O�X�G�H
�V�R�P�H �L�Q�V�L�J�K�W�V �I�U�R�P �H�[�S�H�U�W�V �I�R�U �Z�K�L�F�K �W�K�H �P�H�W�K�R�G�R�O�R�J�\ �L�V �H�[�S�O�D�L�Q�H�G �L�Q�V�X�E�V�H�F�W�L�R�Q ������������ �$ �P�D�U�N�H�W
�D�Q�D�O�\�V�L�V �Z�L�O�O �D�O�V�R �E�H �F�R�Q�G�X�F�W�H�G �W�R �S�U�R�Y�L�G�H �Y�D�O�X�D�E�O�H �L�Q�V�L�J�K�W�V �L�Q�W�R �W�K�H �F�X�U�U�H�Q�W �V�W�D�W�H �D�Q�G �F�R�Q�W�H�[�W �R�I �W�K�H
�O�R�J�L�V�W�L�F�V �P�D�U�N�H�W �D�Q�G �W�K�H �V�W�D�W�X�V �R�I �+�' �%�(�9�¶�V �L�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V�� �7�K�H �I�L�Q�G�L�Q�J�V �I�U�R�P �W�K�L�V �W�K�H�R�U�H�W�L�F�D�O �E�D�V�H
�D�U�H �S�U�H�V�H�Q�W�H�G �L�Q�F�K�D�S�W�H�U ���� �7�K�H�V�H �I�L�Q�G�L�Q�J�V �Z�L�O�O �I�R�U�P �W�K�H �I�R�X�Q�G�D�W�L�R�Q �I�R�U �W�K�H �U�H�V�W �R�I �W�K�H �S�U�R�S�R�V�H�G �U�H�V�H�D�U�F�K
�I�U�D�P�H�Z�R�U�N �D�Q�G �P�H�W�K�R�G�R�O�R�J�\��

���������(�I�Q�E�R�H �(�M�W�X�V�M�F�Y�X�M�S�R �)�W�X�M�Q�E�X�M�S�R
�$�V �F�R�Q�F�O�X�G�H�G �I�U�R�P �W�K�H �O�L�W�H�U�D�W�X�U�H �U�H�Y�L�H�Z �L�Q�F�K�D�S�W�H�U ���� �H�[�L�V�W�L�Q�J �V�W�X�G�L�H�V �K�D�Y�H �H�[�S�O�R�U�H�G �F�K�D�U�J�L�Q�J �G�H�P�D�Q�G
�H�V�W�L�P�D�W�L�R�Q �I�R�U �(�9�V�� �+�R�Z�H�Y�H�U�� �G�X�H �W�R �W�K�H �G�L�V�W�L�Q�F�W �R�S�H�U�D�W�L�R�Q�D�O �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �+�' �%�(�9�¶�V�� �W�K�H �F�K�D�U�J�L�Q�J
�G�H�P�D�Q�G �P�R�G�H�O�V �G�H�V�L�J�Q�H�G �I�R�U �(�9�V �D�U�H �Q�R�W �G�L�U�H�F�W�O�\ �D�S�S�O�L�F�D�E�O�H �W�R �+�' �%�(�9�¶�V�� �7�K�H �E�H�I�R�U�H �P�H�Q�W�L�R�Q�H�G
�R�E�M�H�F�W�L�Y�H �L�Q�V�H�F�W�L�R�Q �������V�K�R�Z�V �W�K�H �P�H�W�K�R�G�R�O�R�J�\ �V�K�R�X�O�G �L�Q�F�O�X�G�H �W�K�H �E�H�K�D�Y�L�R�X�U �R�I �I�O�H�H�W �R�Z�Q�H�U�V�� �)�R�U



�������� �(�I�Q�E�R�H �(�M�W�X�V�M�F�Y�X�M�S�R �)�W�X�M�Q�E�X�M�S�R ����

�U�H�V�H�D�U�F�K �R�Q �E�H�K�D�Y�L�R�X�U �R�I �F�K�R�L�F�H�V �D �G�L�V�F�U�H�W�H �F�K�R�L�F�H �P�R�G�H�O �F�R�X�O�G �E�H �G�H�Y�H�O�R�S�H�G �>���� �@�� �7�K�H �G�R�Z�Q�V�L�G�H �R�I
�D �G�L�V�F�U�H�W�H �F�K�R�L�F�H �P�R�G�H�O �L�V �L�W �R�I�W�H�Q �U�H�T�X�L�U�H�V �D �O�D�U�J�H �D�Q�G �G�H�W�D�L�O�H�G �G�D�W�D�V�H�W �W�R �S�U�R�G�X�F�H �U�H�O�L�D�E�O�H �H�V�W�L�P�D�W�H�V��
�2�E�W�D�L�Q�L�Q�J �V�X�F�K �G�D�W�D �F�D�Q �E�H �F�R�V�W�O�\ �D�Q�G �W�L�P�H���F�R�Q�V�X�P�L�Q�J�� �H�V�S�H�F�L�D�O�O�\ �L�I �W�K�H �P�R�G�H�O �Q�H�H�G�V �W�R �D�F�F�R�X�Q�W �I�R�U �D
�Z�L�G�H �U�D�Q�J�H �R�I �I�D�F�W�R�U�V �D�Q�G �D�O�W�H�U�Q�D�W�L�Y�H�V �>���� �@�� �7�K�L�V �P�D�N�H�V �W�K�L�V �P�H�W�K�R�G�R�O�R�J�\ �Q�R�W �V�X�L�W�D�E�O�H �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K��
�F�R�Q�V�L�G�H�U�L�Q�J �W�K�H �D�Y�D�L�O�D�E�O�H �W�L�P�H��

�$ �W�D�L�O�R�U�H�G �P�H�W�K�R�G�R�O�R�J�\ �L�V �G�H�Y�H�O�R�S�H�G �W�R �W�K�L�V �V�S�H�F�L�I�L�F �S�U�R�E�O�H�P �D�Q�G �U�H�V�H�D�U�F�K�� �7�K�H �P�H�W�K�R�G�R�O�R�J�\ �Z�L�O�O �E�H �R�I
�D �P�R�U�H �T�X�D�O�L�W�D�W�L�Y�H �D�S�S�U�R�D�F�K �L�Q �G�H�W�H�U�P�L�Q�L�Q�J �W�K�H �I�O�H�H�W �R�Z�Q�H�U�V �S�U�R�I�L�O�H�V �D�Q�G �H�[�S�H�F�W�H�G �F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U��
�4�X�D�O�L�W�D�W�L�Y�H �U�H�V�H�D�U�F�K �P�H�W�K�R�G�R�O�R�J�L�H�V �D�U�H �S�D�U�W�L�F�X�O�D�U�O�\ �Z�H�O�O���V�X�L�W�H�G �I�R�U �V�W�X�G�L�H�V �Z�K�H�U�H �O�L�W�W�O�H �L�V �N�Q�R�Z�Q �D�E�R�X�W
�W�K�H �V�X�E�M�H�F�W �P�D�W�W�H�U �>���� �@ �Z�K�L�F�K �L�V �W�K�H �F�D�V�H �L�Q �W�K�L�V �U�H�V�H�D�U�F�K �D�V �V�H�H�Q �L�Q�F�K�D�S�W�H�U ���� �7�K�H �W�D�L�O�R�U�H�G �P�H�W�K�R�G
�D�O�O�R�Z�V �I�R�U �D�Q �L�Q���G�H�S�W�K �H�[�S�O�R�U�D�W�L�R�Q �R�I �W�K�H �S�H�U�V�S�H�F�W�L�Y�H�V �R�I �V�W�D�N�H�K�R�O�G�H�U�V�� �Z�K�L�F�K �L�V �F�U�X�F�L�D�O �L�Q �F�R�P�S�O�H�[ �D�Q�G
�O�H�V�V���G�R�F�X�P�H�Q�W�H�G �V�H�F�W�R�U�V �V�X�F�K �D�V �W�K�H �W�U�D�Q�V�L�W�L�R�Q �W�R �W�K�H �X�V�D�J�H �R�I �+�' �%�(�9�¶�V �E�\ �O�R�J�L�V�W�L�F�V �F�R�P�S�D�Q�L�H�V�� �%�\
�X�V�L�Q�J �D �T�X�D�O�L�W�D�W�L�Y�H �D�S�S�U�R�D�F�K�� �W�K�H �D�L�P �L�V �W�R �X�Q�F�R�Y�H�U �L�Q�V�L�J�K�W�V �L�Q�W�R �Z�K�D�W �Z�R�U�N�V�� �I�R�U �Z�K�R�� �X�Q�G�H�U �Z�K�D�W �F�L�U��
�F�X�P�V�W�D�Q�F�H�V �D�Q�G �Z�K�\�� �Z�K�L�F�K �D�U�H �F�U�L�W�L�F�D�O �L�Q �G�H�Y�H�O�R�S�L�Q�J �H�I�I�H�F�W�L�Y�H �V�W�U�D�W�H�J�L�H�V �>���� �@��

�7�K�H �W�D�L�O�R�U�H�G �P�H�W�K�R�G�R�O�R�J�\ �W�R �H�V�W�L�P�D�W�H �W�K�H �G�H�P�D�Q�G �G�L�V�W�U�L�E�X�W�L�R�Q �E�H�W�Z�H�H�Q �S�U�L�Y�D�W�H �D�Q�G �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �L�V
�E�D�V�H�G �R�Q �� �V�W�H�S�V �D�Q�G �H�[�S�O�D�L�Q�H�G �E�H�O�R�Z���)�L�J�X�U�H �������J�L�Y�H�V �D �Y�L�V�X�D�O �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �W�K�H �S�U�R�S�R�V�H�G �P�H�W�K�R�G��
�R�O�R�J�\�� �7�K�H �R�X�W�F�R�P�H�V �R�I �W�K�L�V �P�H�W�K�R�G �J�L�Y�H�V �D�Q �D�Q�V�Z�H�U �W�R �W�K�H �I�L�U�V�W �S�D�U�W �R�I �W�K�H �P�D�L�Q �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q��

�)�L�J�X�U�H ���������'�H�P�D�Q�G �G�L�V�W�U�L�E�X�W�L�R�Q �H�V�W�L�P�D�W�L�R�Q �P�H�W�K�R�G

�������������8�L�I�S�V�I�X�M�G�E�P �F�E�W�I
�7�R �G�H�Y�H�O�R�S �D �F�R�P�S�U�H�K�H�Q�V�L�Y�H �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �W�K�H �H�[�S�H�F�W�H�G �F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U �R�I �I�O�H�H�W �R�Z�Q�H�U�V�� �D �W�K�H�R��
�U�H�W�L�F�D�O �I�R�X�Q�G�D�W�L�R�Q �Z�L�O�O �I�L�U�V�W �E�H �H�V�W�D�E�O�L�V�K�H�G �W�K�U�R�X�J�K �O�L�W�H�U�D�W�X�U�H �U�H�V�H�D�U�F�K �D�Q�G �P�D�U�N�H�W �D�Q�D�O�\�V�L�V �D�V �H�[�S�O�D�L�Q�H�G
�L�Q�V�H�F�W�L�R�Q �������� �7�K�L�V �I�R�X�Q�G�D�W�L�R�Q �Z�L�O�O �L�G�H�Q�W�L�I�\ �W�K�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �L�Q�S�X�W�V�� �D�Q�G �I�D�F�W�R�U�V �W�K�D�W �L�Q�I�O�X�H�Q�F�H �I�O�H�H�W
�R�Z�Q�H�U�V�¶ �F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �Y�D�U�L�R�X�V �I�O�H�H�W �R�Z�Q�H�U �S�U�R�I�L�O�H�V �Z�L�O�O �E�H �F�U�H�D�W�H�G �W�R �S�U�R�Y�L�G�H �L�Q�V�L�J�K�W�V
�L�Q�W�R �Z�K�D�W �W�K�H�L�U �W�K�H�R�U�H�W�L�F�D�O �F�K�D�U�J�L�Q�J �S�D�W�W�H�U�Q�V �F�R�X�O�G �E�H�� �7�K�H �U�H�V�X�O�W�V �W�R �W�K�H �W�K�H�R�U�H�W�L�F�D�O �E�D�V�H �F�D�Q �E�H �I�R�X�Q�G
�L�Q�V�H�F�W�L�R�Q ��������

�������������)�\�T�I�V�X �O�R�S�[�P�I�H�K�I
�,�Q �S�D�U�D�O�O�H�O �Z�L�W�K �W�K�H �W�K�H�R�U�H�W�L�F�D�O �E�D�V�H�� �D �S�U�D�F�W�L�F�D�O �I�R�X�Q�G�D�W�L�R�Q �Z�L�O�O �E�H �E�X�L�O�W �X�V�L�Q�J �H�[�S�H�U�W �N�Q�R�Z�O�H�G�J�H�� �(�[��
�S�H�U�W �L�Q�W�H�U�Y�L�H�Z�V �D�Q�G �V�X�U�Y�H�\�V �Z�L�O�O �E�H �F�R�Q�G�X�F�W�H�G �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �D�Q�W�L�F�L�S�D�W�H�G �F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U �R�I �I�O�H�H�W
�R�Z�Q�H�U�V �D�Q�G �F�R�P�S�D�U�H �W�K�H�V�H �Z�L�W�K �W�K�H �W�K�H�R�U�H�W�L�F�D�O �H�V�W�D�E�O�L�V�K�H�G �F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U��

�)�\�T�I�V�X �-�R�X�I�V�Z�M�I�[�W
�(�[�S�H�U�W �L�Q�W�H�U�Y�L�H�Z�V �D�U�H �D �Y�D�O�X�D�E�O�H �U�H�V�H�D�U�F�K �P�H�W�K�R�G�R�O�R�J�\ �I�R�U �V�H�Y�H�U�D�O �U�H�D�V�R�Q�V�� �D�V �R�X�W�O�L�Q�H�G �E�\ �9�R�Q �6�R�H�V�W
�>���� �@�� �7�K�H�\ �S�U�R�Y�L�G�H �G�H�W�D�L�O�H�G �D�Q�G �Q�X�D�Q�F�H�G �L�Q�V�L�J�K�W�V �W�K�D�W �D�U�H �R�I�W�H�Q �Q�R�W �D�Y�D�L�O�D�E�O�H �W�K�U�R�X�J�K �R�W�K�H�U �P�H�W�K�R�G�V��
�R�I�I�H�U�L�Q�J �G�H�H�S �N�Q�R�Z�O�H�G�J�H �D�Q�G �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �F�R�P�S�O�H�[ �L�V�V�X�H�V�� �Z�K�L�F�K �L�V �F�U�X�F�L�D�O �I�R�U �H�[�S�O�R�U�L�Q�J �L�Q�W�U�L�F�D�W�H
�W�R�S�L�F�V�� �(�Q�J�D�J�L�Q�J �Z�L�W�K �H�[�S�H�U�W�V �D�O�O�R�Z�V �W�R �W�H�V�W �D�Q�G �U�H�I�L�Q�H �D�V�V�X�P�S�W�L�R�Q�V�� �D�V�N �V�S�H�F�L�I�L�F �T�X�H�V�W�L�R�Q�V�� �D�Q�G �I�L�O�O �L�Q



�������� �(�I�Q�E�R�H �(�M�W�X�V�M�F�Y�X�M�S�R �)�W�X�M�Q�E�X�M�S�R ����

�D�Q�\ �J�D�S�V �L�Q �W�K�H�L�U �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �H�[�S�H�U�W�V �R�I�W�H�Q �K�D�Y�H �I�L�U�V�W���K�D�Q�G �H�[�S�H�U�L�H�Q�F�H �Z�L�W�K �G�H�F�L�V�L�R�Q��
�P�D�N�L�Q�J �S�U�R�F�H�V�V�H�V�� �S�U�R�Y�L�G�L�Q�J �Y�D�O�X�D�E�O�H �L�Q�V�L�J�K�W�V �L�Q�W�R �K�R�Z �G�H�F�L�V�L�R�Q�V �D�U�H �P�D�G�H �D�Q�G �W�K�H �I�D�F�W�R�U�V �L�Q�I�O�X�H�Q�F�L�Q�J
�W�K�H�P��

�7�K�H �J�R�D�O �R�I �W�K�H�V�H �L�Q�W�H�U�Y�L�H�Z�V �L�V �W�R �Y�H�U�L�I�\�� �Y�D�O�L�G�D�W�H�� �D�Q�G �H�[�W�H�Q�G �W�K�H �W�K�H�R�U�H�W�L�F�D�O �I�R�X�Q�G�D�W�L�R�Q �R�I �W�K�H �F�K�D�U�D�F��
�W�H�U�L�V�W�L�F�V �D�Q�G �F�K�D�U�J�L�Q�J �V�F�H�Q�D�U�L�R�V �H�V�W�D�E�O�L�V�K�H�G �Z�L�W�K �W�K�H �P�H�W�K�R�G �I�R�U �W�K�H �W�K�H�R�U�H�W�L�F�D�O �E�D�V�H ���V�H�H�V�H�F�W�L�R�Q ����������
�7�R �D�F�K�L�H�Y�H �W�K�L�V�� �D �V�H�P�L���V�W�U�X�F�W�X�U�H�G �I�R�U�P�D�W �L�V �X�V�H�G�� �D�O�O�R�Z�L�Q�J �I�R�U �R�S�H�Q �G�L�V�F�X�V�V�L�R�Q�V �R�Q �W�K�H �W�R�S�L�F�� �:�K�L�O�H �W�K�H
�T�X�H�V�W�L�R�Q�V �J�X�L�G�H �W�K�H �G�L�U�H�F�W�L�R�Q �R�I �W�K�H �L�Q�W�H�U�Y�L�H�Z�� �W�K�H�\ �D�U�H �I�O�H�[�L�E�O�H �H�Q�R�X�J�K �W�R �J�D�W�K�H�U �X�Q�H�[�S�H�F�W�H�G �L�Q�I�R�U�P�D��
�W�L�R�Q�� �$�Q �L�Q�W�H�U�Y�L�H�Z �J�X�L�G�H �Z�D�V �G�H�Y�H�O�R�S�H�G �I�R�U �W�K�H �H�[�S�H�U�W �L�Q�W�H�U�Y�L�H�Z�V�� �I�R�O�O�R�Z�L�Q�J �W�K�H�V�H �I�R�X�U �V�W�H�S�V�� �X�W�L�O�L�]�L�Q�J
�S�U�H�Y�L�R�X�V�O�\ �D�F�T�X�L�U�H�G �N�Q�R�Z�O�H�G�J�H �R�Q �W�K�H �W�R�S�L�F �I�R�U �H�[�D�P�S�O�H �I�U�R�P�F�K�D�S�W�H�U ���D�Q�G�V�H�F�W�L�R�Q �������� �I�R�U�P�X�O�D�W�L�Q�J �D
�G�U�D�I�W �R�I �W�K�H �L�Q�W�H�U�Y�L�H�Z �J�X�L�G�H�� �S�L�O�R�W �W�H�V�W�L�Q�J �W�K�H �G�U�D�I�W�� �D�Q�G �F�R�P�S�O�H�W�L�Q�J �W�K�H �L�Q�W�H�U�Y�L�H�Z �J�X�L�G�H �>���� �@�� �7�K�H �L�Q�W�H�U�Y�L�H�Z
�J�X�L�G�H �F�R�Y�H�U�V �W�K�H �P�D�L�Q �W�R�S�L�F�V �R�I �W�K�H �U�H�V�H�D�U�F�K �D�Q�G �S�U�R�Y�L�G�H�V �D �V�W�U�X�F�W�X�U�H �W�R �J�X�L�G�H �W�K�H �L�Q�W�H�U�Y�L�H�Z�V�� �H�Q�V�X�U�L�Q�J
�G�D�W�D �L�V �F�R�O�O�H�F�W�H�G �L�Q �D �F�R�Q�V�L�V�W�H�Q�W �P�D�Q�Q�H�U �I�U�R�P �H�D�F�K �S�D�U�W�L�F�L�S�D�Q�W �>���� �@�� �7�K�H �L�Q�W�H�U�Y�L�H�Z �J�X�L�G�H �X�V�H�G �I�R�U �W�K�H�V�H
�V�H�P�L���V�W�U�X�F�W�X�U�H�G �L�Q�W�H�U�Y�L�H�Z�V �F�D�Q �E�H �I�R�X�Q�G �L�Q�$�S�S�H�Q�G�L�[ �%�� �$�O�O �L�Q�W�H�U�Y�L�H�Z�V �Z�H�U�H �D�X�W�R�P�D�W�L�F�D�O�O�\ �W�U�D�Q�V�F�U�L�E�H�G
�X�V�L�Q�J �0�L�F�U�R�V�R�I�W �7�H�D�P�V���:�R�U�G �W�R �V�X�S�S�R�U�W �W�K�H �D�Q�D�O�\�V�L�V �R�I �W�K�H �L�Q�W�H�U�Y�L�H�Z�V��

�7�R �D�V�V�H�V�V �Z�K�H�W�K�H�U �W�K�H �Q�X�P�E�H�U �R�I �L�Q�W�H�U�Y�L�H�Z�V �F�R�Q�G�X�F�W�H�G �L�V �V�X�I�I�L�F�L�H�Q�W�� �Z�H �F�D�Q �H�[�D�P�L�Q�H �W�K�H �V�D�W�X�U�D�W�L�R�Q
�U�D�W�H�� �7�K�H �F�R�Q�F�H�S�W �R�I �V�D�W�X�U�D�W�L�R�Q �Z�D�V �I�L�U�V�W �L�Q�W�U�R�G�X�F�H�G �L�Q �T�X�D�O�L�W�D�W�L�Y�H �U�H�V�H�D�U�F�K �D�V �³�W�K�H�R�U�H�W�L�F�D�O �V�D�W�X�U�D�W�L�R�Q�´
�E�\ �*�O�D�V�H�U �D�Q�G �6�W�U�D�X�V�V �>���� �@�� �W�K�H�\ �G�H�I�L�Q�H�G �L�W �D�V �W�K�H �S�R�L�Q�W �D�W �Z�K�L�F�K �³�Q�R �D�G�G�L�W�L�R�Q�D�O �G�D�W�D �D�U�H �E�H�L�Q�J �I�R�X�Q�G
�Z�K�H�U�H�E�\ �W�K�H �U�H�V�H�D�U�F�K�H�U �F�D�Q �G�H�Y�H�O�R�S �S�U�R�S�H�U�W�L�H�V �R�I �W�K�H �F�D�W�H�J�R�U�\�´�� �7�K�L�V �G�H�I�L�Q�L�W�L�R�Q �L�V �V�S�H�F�L�I�L�F�D�O�O�\ �D�L�P�H�G
�D�W �W�K�H �S�U�D�F�W�L�F�H �R�I �E�X�L�O�G�L�Q�J �D�Q�G �W�H�V�W�L�Q�J �W�K�H�R�U�H�W�L�F�D�O �P�R�G�H�O�V �X�V�L�Q�J �T�X�D�O�L�W�D�W�L�Y�H �G�D�W�D�� �U�H�I�H�U�U�L�Q�J �W�R �W�K�H �S�R�L�Q�W �D�W
�Z�K�L�F�K �W�K�H �W�K�H�R�U�H�W�L�F�D�O �P�R�G�H�O �E�H�L�Q�J �G�H�Y�H�O�R�S�H�G �V�W�D�E�L�O�L�]�H�V��

�*�X�H�V�W�� �1�D�P�H�\�� �D�Q�G �&�K�H�Q �>���� �@ �G�H�V�F�U�L�E�H�G �D �P�H�W�K�R�G �W�R �F�D�O�F�X�O�D�W�H �V�D�W�X�U�D�W�L�R�Q�� �Z�K�L�F�K �L�Q�Y�R�O�Y�H�V �G�H�W�H�U�P�L�Q�L�Q�J
�W�K�H �E�D�V�H �V�L�]�H�� �U�X�Q �O�H�Q�J�W�K�� �D�Q�G �Q�H�Z �L�Q�I�R�U�P�D�W�L�R�Q �W�K�U�H�V�K�R�O�G�� �7�K�H�V�H �H�O�H�P�H�Q�W�V �D�U�H �V�X�E�M�H�F�W�L�Y�H�O�\ �G�H�W�H�U�P�L�Q�H�G
�D�V �W�K�H �U�H�V�H�D�U�F�K �L�V �T�X�D�O�L�W�D�W�L�Y�H�� �7�K�H �E�D�V�H �V�L�]�H �U�H�I�H�U�V �W�R �W�K�H �Q�X�P�E�H�U �R�I �W�K�H�P�H�V �L�Q�W�U�R�G�X�F�H�G �E�\ �W�K�H �L�Q�L�W�L�D�O
�L�Q�W�H�U�Y�L�H�Z�V�� �Z�K�L�O�H �W�K�H �U�X�Q �O�H�Q�J�W�K �L�V �W�K�H �Q�X�P�E�H�U �R�I �V�X�E�V�H�T�X�H�Q�W �L�Q�W�H�U�Y�L�H�Z�V �H�[�D�P�L�Q�H�G �W�R �V�H�H �K�R�Z �P�X�F�K
�Q�H�Z �L�Q�I�R�U�P�D�W�L�R�Q �H�P�H�U�J�H�V�� �7�K�H�V�H �V�X�F�F�H�V�V�L�Y�H �U�X�Q�V �R�Y�H�U�O�D�S �H�D�F�K �R�W�K�H�U�� �7�K�H �Q�H�Z �L�Q�I�R�U�P�D�W�L�R�Q �W�K�U�H�V�K�R�O�G
�H�V�W�D�E�O�L�V�K�H�G �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K �L�V ������ �D�V �W�K�H�U�H �L�V �Q�R�W �H�Q�R�X�J�K �W�L�P�H �W�R �D�F�K�L�H�Y�H �I�X�O�O �V�D�W�X�U�D�W�L�R�Q�� �7�K�H �E�D�V�H �V�L�]�H
�L�V �W�K�H �G�H�Q�R�P�L�Q�D�W�R�U �L�Q �W�K�H �V�D�W�X�U�D�W�L�R�Q �F�D�O�F�X�O�D�W�L�R�Q�� �D�Q�G �W�K�H �Q�H�Z �L�Q�I�R�U�P�D�W�L�R�Q �I�U�R�P �W�K�H �U�X�Q �L�V �W�K�H �Q�X�P�H�U�D�W�R�U��
�7�K�H �W�K�H�P�H�V �D�U�H �W�K�H �I�D�F�W�R�U�V �D�Q�G �F�K�D�O�O�H�Q�J�H�V �P�H�Q�W�L�R�Q�H�G �W�K�D�W �F�D�Q �L�Q�I�O�X�H�Q�F�H �W�K�H �F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U�� �W�K�H
�E�D�V�H �V�L�]�H �Z�L�O�O �E�H �E�D�V�H�G �R�Q �W�K�H �W�K�H�R�U�H�W�L�F�D�O �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �H�V�W�D�E�O�L�V�K�H�G �L�Q �W�K�H �W�K�H�R�U�H�W�L�F�D�O �E�D�V�H��

�7�Y�V�Z�I�]
�7�R �F�R�O�O�H�F�W �G�D�W�D �I�R�U �W�K�H �P�R�G�H�O�� �H�V�S�H�F�L�D�O�O�\ �R�Q �D �W�R�S�L�F �W�K�D�W �K�D�V �Q�R�W �E�H�H�Q �H�[�W�H�Q�V�L�Y�H�O�\ �U�H�V�H�D�U�F�K�H�G �R�U �O�D�F�N�V
�H�[�L�V�W�L�Q�J �G�D�W�D�V�H�W�V�� �F�R�Q�G�X�F�W�L�Q�J �D �V�X�U�Y�H�\ �L�V �D�Q �H�I�I�H�F�W�L�Y�H �D�S�S�U�R�D�F�K�� �$�V �Q�R�W�H�G �E�\ �5�R�R�S�D �D�Q�G �5�D�Q�L �>���� �@��
�T�X�H�V�W�L�R�Q�Q�D�L�U�H�V �D�U�H �F�R�P�P�R�Q�O�\ �X�W�L�O�L�V�H�G �L�Q �P�D�U�N�H�W�L�Q�J �D�Q�G �V�R�F�L�D�O �U�H�V�H�D�U�F�K�� �$ �T�X�H�V�W�L�R�Q�Q�D�L�U�H �F�R�Q�V�L�V�W�V �R�I �D
�V�H�U�L�H�V �R�I �T�X�H�V�W�L�R�Q�V �S�R�V�H�G �W�R �L�Q�G�L�Y�L�G�X�D�O�V �W�R �J�D�W�K�H�U �Y�D�O�X�D�E�O�H �L�Q�I�R�U�P�D�W�L�R�Q �R�Q �D �V�S�H�F�L�I�L�F �W�R�S�L�F�� �:�K�H�Q �G�H��
�V�L�J�Q�H�G �D�Q�G �D�G�P�L�Q�L�V�W�H�U�H�G �F�R�U�U�H�F�W�O�\�� �T�X�H�V�W�L�R�Q�Q�D�L�U�H�V �E�H�F�R�P�H �H�V�V�H�Q�W�L�D�O �W�R�R�O�V �I�R�U �P�D�N�L�Q�J �V�W�D�W�H�P�H�Q�W�V �D�E�R�X�W
�S�D�U�W�L�F�X�O�D�U �J�U�R�X�S�V �R�U �H�Q�W�L�U�H �S�R�S�X�O�D�W�L�R�Q�V�� �7�K�H �V�X�F�F�H�V�V �R�I �D �V�X�U�Y�H�\ �K�H�D�Y�L�O�\ �G�H�S�H�Q�G�V �R�Q �W�K�H �F�R�Q�V�W�U�X�F�W�L�R�Q
�R�I �W�K�H �T�X�H�V�W�L�R�Q�Q�D�L�U�H�� �&�U�D�I�W�L�Q�J �D�S�S�U�R�S�U�L�D�W�H �T�X�H�V�W�L�R�Q�V�� �R�U�G�H�U�L�Q�J �W�K�H�P �F�R�U�U�H�F�W�O�\�� �X�V�L�Q�J �S�U�R�S�H�U �V�F�D�O�L�Q�J�� �D�Q�G
�K�D�Y�L�Q�J �D �Z�H�O�O���G�H�V�L�J�Q�H�G �I�R�U�P�D�W �F�D�Q �P�D�N�H �W�K�H �V�X�U�Y�H�\ �Y�D�O�X�D�E�O�H �E�\ �D�F�F�X�U�D�W�H�O�\ �U�H�I�O�H�F�W�L�Q�J �W�K�H �U�H�V�S�R�Q�G�H�Q�W�V
�Y�L�H�Z�V �D�Q�G �R�S�L�Q�L�R�Q�V �>���� �@��

�7�K�H �V�X�U�Y�H�\ �Z�K�L�F�K �Z�L�O�O �E�H �G�H�Y�H�O�R�S�H�G �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K �Z�L�O�O �W�U�\ �W�R �J�D�W�K�H�U �G�D�W�D �R�Q �W�K�H �L�Q�S�X�W�V �D�Q�G �F�R�Q�V�W�U�D�L�Q�W�V
�G�H�W�H�U�P�L�Q�H�G �D�Q�G �G�H�V�F�U�L�E�H�G �L�Q�V�X�E�V�H�F�W�L�R�Q ������������ �D�Q�G �K�D�Y�H �V�R�P�H �T�X�H�V�W�L�R�Q�V �W�R �U�H�Y�H�D�O �W�K�H �S�U�H�I�H�U�H�Q�F�H �R�I
�I�O�H�H�W �R�Z�Q�H�U�V �W�R�Z�D�U�G�V �F�H�U�W�D�L�Q �F�K�D�U�J�L�Q�J �O�R�F�D�W�L�R�Q�V�� �7�K�H �T�X�H�V�W�L�R�Q�V �R�Q �U�H�Y�H�D�O�L�Q�J �W�K�H �F�K�R�L�F�H �S�U�H�I�H�U�H�Q�F�H �K�D�Y�H
�E�H�H�Q �E�D�V�H�G �R�Q �W�K�D�W �R�I �D �D �V�W�D�W�H�G �S�U�H�I�H�U�H�Q�F�H �V�X�U�Y�H�\ �>���� �@�� �+�R�Z�H�Y�H�U�� �D�V �H�[�S�O�D�L�Q�H�G �E�H�I�R�U�H �W�K�H�U�H �Z�L�O�O �Q�R�W �E�H
�D�Q �D�F�W�X�D�O �V�W�D�W�H�G �S�U�H�I�H�U�H�Q�F�H �V�X�U�Y�H�\ �Z�L�W�K �D �F�K�R�L�F�H �P�R�G�H�O�� �7�K�H �F�R�Q�V�W�U�X�F�W�L�R�Q �D�Q�G �M�X�V�W�L�I�L�F�D�W�L�R�Q �R�I �F�K�R�V�H�Q
�T�X�H�V�W�L�R�Q �W�\�S�H�V �I�R�U �W�K�H �V�X�U�Y�H�\ �F�D�Q �E�H �I�R�X�Q�G �L�Q�$�S�S�H�Q�G�L�[ �&�� �7�K�H �F�R�P�S�O�H�W�H �I�R�U�P�D�W �R�I �W�K�H �T�X�H�V�W�L�R�Q�Q�D�L�U�H
�F�D�Q �E�H �I�R�X�Q�G �L�Q�$�S�S�H�Q�G�L�[ �'��

�$�F�F�R�U�G�L�Q�J �W�R �7�D�K�H�U�G�R�R�V�W �>���� �@�� �W�K�H �V�D�P�S�O�H �V�L�]�H �L�V �D �V�L�J�Q�L�I�L�F�D�Q�W �I�H�D�W�X�U�H �R�I �D�Q�\ �V�X�U�Y�H�\ �L�Q �Z�K�L�F�K �W�K�H �J�R�D�O �L�V
�W�R �P�D�N�H �L�Q�I�H�U�H�Q�F�H�V �D�E�R�X�W �D �S�R�S�X�O�D�W�L�R�Q �I�U�R�P �D �V�D�P�S�O�H�� �,�Q �R�U�G�H�U �W�R �E�H �D�E�O�H �W�R �J�H�Q�H�U�D�O�L�]�H �I�U�R�P �D �V�D�P�S�O�H
�D�Q�G �D�Y�R�L�G �H�U�U�R�U�V �R�U �E�L�D�V�H�V�� �D�Q �D�G�H�T�X�D�W�H �V�D�P�S�O�H �V�L�]�H �Q�H�H�G�V �W�R �E�H �G�H�W�H�U�P�L�Q�H�G �>���� �@�� �7�K�H �V�D�P�S�O�H �V�L�]�H
�F�D�Q �E�H �G�H�W�H�U�P�L�Q�H�G �X�V�L�Q�J �W�K�H �I�R�O�O�R�Z�L�Q�J �I�R�U�P�X�O�D��

n =
p(100� p)z2

E 2 ����������



�������� �*�E�G�M�P�M�X�] �0�S�G�E�X�M�S�R �1�S�H�I�P�P�M�R�K ����

�:�K�H�U�Hn �L�V �W�K�H �U�H�T�X�L�U�H�G �V�D�P�S�O�H �V�L�]�H��p �L�V �W�K�H �S�H�U�F�H�Q�W�D�J�H �R�F�F�X�U�U�H�Q�F�H �R�I �D �V�W�D�W�HE �L�V �W�K�H �S�H�U�F�H�Q�W�D�J�H
�P�D�[�L�P�X�P �H�U�U�R�U �D�Q�Gz �L�V �W�K�H �Y�D�O�X�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �W�K�H �O�H�Y�H�O �R�I �F�R�Q�I�L�G�H�Q�F�H�� �2�Q�H �L�V�V�X�H �L�V �K�R�Z �W�K�H
�Y�D�O�X�H �R�Ip �F�D�Q �E�H �H�V�W�L�P�D�W�H�G �E�H�I�R�U�H �F�R�Q�G�X�F�W�L�Q�J �W�K�H �V�X�U�Y�H�\ �>���� �@�� �L�W �L�V �V�X�J�J�H�V�W�H�G �E�\ �%�D�U�W�O�H�W�W�� �.�R�W�U�O�L�N�� �D�Q�G
�+�L�J�J�L�Q�V �>���� �@ �W�K�D�W ������ �V�K�R�X�O�G �E�H �X�V�H�G �D�V �W�K�L�V �Z�L�O�O �U�H�V�X�O�W �L�Q �P�D�[�L�P�L�V�D�W�L�R�Q �R�I �W�K�H �Y�D�U�L�D�Q�F�H �D�Q�G �S�U�R�G�X�F�H
�W�K�H �P�D�[�L�P�X�P �V�D�P�S�O�H �V�L�]�H��

�)�R�U �W�K�L�V �U�H�V�H�D�U�F�K�� �W�K�H �S�R�S�X�O�D�W�L�R�Q �F�R�Q�V�L�V�W�V �R�I ���������� �I�O�H�H�W �R�Z�Q�H�U�V�� �7�R �D�F�K�L�H�Y�H �D ������ �F�R�Q�I�L�G�H�Q�F�H �L�Q�W�H�U�Y�D�O
�Z�L�W�K �D �S�R�S�X�O�D�W�L�R�Q �Y�D�U�L�D�Q�F�H �R�I ������ �D�Q�G �D �P�D�U�J�L�Q �R�I �H�U�U�R�U �R�I ������ �W�K�H �U�H�T�X�L�U�H�G �V�D�P�S�O�H �V�L�]�H �L�V �������� �*�L�Y�H�Q
�W�K�H �W�L�P�H �I�U�D�P�H �R�I �W�K�L�V �U�H�V�H�D�U�F�K�� �L�W �P�D�\ �Q�R�W �E�H �I�H�D�V�L�E�O�H �W�R �R�E�W�D�L�Q ������ �U�H�V�S�R�Q�G�H�Q�W�V�� �+�R�Z�H�Y�H�U �W�K�H �V�X�U�Y�H�\
�Z�L�O�O �S�U�R�Y�L�G�H �Q�H�Z �L�Q�V�L�J�K�W�V �L�Q�W�R �D �W�R�S�L�F �Z�K�L�F�K �K�D�V �Q�R�W �E�H�H�Q �U�H�V�H�D�U�F�K�H�G �L�Q �W�K�H �E�R�G�\ �R�I �O�L�W�H�U�D�W�X�U�H �D�V �H�[�S�O�D�L�Q�H�G
�L�Q�F�K�D�S�W�H�U ��

�������������(�M�W�X�V�M�F�Y�X�M�S�R �I�W�X�M�Q�E�X�M�S�R
�7�K�H �L�Q�V�L�J�K�W�V �I�U�R�P �W�K�H �W�K�H�R�U�H�W�L�F�D�O �E�D�V�H �D�Q�G �H�[�S�H�U�W �N�Q�R�Z�O�H�G�J�H �Z�L�O�O �E�H �L�Q�W�H�J�U�D�W�H�G �L�Q�W�R �D �T�X�D�O�L�W�D�W�L�Y�H �G�H�F�L��
�V�L�R�Q �P�R�G�H�O�� �7�K�L�V �P�R�G�H�O�� �U�H�V�H�P�E�O�L�Q�J �V�R�U�W �R�I �D �G�H�F�L�V�L�R�Q �W�U�H�H���I�O�R�Z �F�K�D�U�W�� �D�Q�G �Z�L�O�O �S�U�H�G�L�F�W �W�K�H �H�[�S�H�F�W�H�G
�F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U �I�R�U �H�D�F�K �I�O�H�H�W �R�Z�Q�H�U�� �7�K�H �V�X�U�Y�H�\ �G�H�V�L�J�Q�H�G �W�R �X�Q�G�H�U�V�W�D�Q�G �I�O�H�H�W �R�Z�Q�H�U�V�¶ �E�H�K�D�Y�L�R�X�U
�Z�L�O�O �D�O�V�R �F�R�O�O�H�F�W �G�D�W�D �L�Q�S�X�W�V �I�R�U �W�K�H �T�X�D�O�L�W�D�W�L�Y�H �G�H�F�L�V�L�R�Q �P�R�G�H�O�� �%�\ �F�R�P�E�L�Q�L�Q�J �W�K�H�R�U�H�W�L�F�D�O �U�H�V�H�D�U�F�K �Z�L�W�K
�H�[�S�H�U�W �L�Q�V�L�J�K�W�V�� �D �U�R�E�X�V�W �T�X�D�O�L�W�D�W�L�Y�H �P�R�G�H�O �F�D�Q �E�H �G�H�Y�H�O�R�S�H�G�� �7�K�L�V �D�S�S�U�R�D�F�K �H�Q�V�X�U�H�V �W�K�D�W �W�K�H �P�R�G�H�O
�L�V �J�U�R�X�Q�G�H�G �L�Q �E�R�W�K �H�[�L�V�W�L�Q�J �O�L�W�H�U�D�W�X�U�H �D�Q�G �S�U�D�F�W�L�F�D�O �H�[�S�H�U�W�L�V�H�� �7�K�H �G�H�Y�H�O�R�S�H�G �P�R�G�H�O �D�Q�G �U�H�V�X�O�W�V �D�U�H
�G�H�W�D�L�O�H�G �L�Q�F�K�D�S�W�H�U ���� �7�K�H�V�H �G�L�V�W�U�L�E�X�W�L�R�Q �U�H�V�X�O�W�V �Z�L�O�O �E�H �X�W�L�O�L�]�H�G �L�Q�F�K�D�S�W�H�U ���W�R �H�Y�D�O�X�D�W�H �W�K�H �R�S�W�L�P�D�O
�F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �I�R�U �+�' �%�(�9�¶�V��

���������*�E�G�M�P�M�X�] �0�S�G�E�X�M�S�R �1�S�H�I�P�P�M�R�K
�7�R �D�G�G�U�H�V�V �W�K�H �V�H�F�R�Q�G �S�D�U�W �R�I �W�K�H �P�D�L�Q �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q�� �D �I�D�F�L�O�L�W�\ �O�R�F�D�W�L�R�Q �P�R�G�H�O �Z�L�O�O �E�H �G�H�Y�H�O�R�S�H�G
�Z�L�W�K �W�K�H �R�E�M�H�F�W�L�Y�H �R�I �P�D�[�L�P�L�]�L�Q�J �W�K�H �X�W�L�O�L�]�D�W�L�R�Q �R�I �W�K�H �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �Z�K�L�O�H �P�L�Q�L�P�L�]�L�Q�J �L�Q�V�W�D�O�O�D�W�L�R�Q
�F�R�V�W�V�� �%�D�V�H�G �R�Q �W�K�H �O�L�W�H�U�D�W�X�U�H �U�H�Y�L�H�Z�� �W�K�H �)�5�/�0 �E�\ �.�X�E�\ �D�Q�G �/�L�P �>���� �@ �D�S�S�H�D�U�V �Z�H�O�O���V�X�L�W�H�G �I�R�U �W�K�L�V
�S�X�U�S�R�V�H�� �D�V �L�W�V �S�U�L�P�D�U�\ �J�R�D�O �L�V �W�R �P�D�[�L�P�L�]�H �W�K�H �I�O�R�Z �F�D�S�W�X�U�H�G �I�U�R�P �W�K�H �Q�H�W�Z�R�U�N�� �+�R�Z�H�Y�H�U�� �I�R�U �W�K�L�V
�U�H�V�H�D�U�F�K�� �W�K�H �P�R�G�H�O �Z�L�O�O �E�H �H�[�W�H�Q�G�H�G �W�R �L�Q�F�O�X�G�H �F�R�V�W �P�L�Q�L�P�L�]�D�W�L�R�Q �D�V �D�Q �D�G�G�L�W�L�R�Q�D�O �R�E�M�H�F�W�L�Y�H�� �7�K�H�V�H
�H�[�W�U�D �R�E�M�H�F�W�L�Y�H�V �K�D�Y�H �E�H�H�Q �H�V�W�D�E�O�L�V�K�H�G �Z�L�W�K�L�Q �W�K�H �H�D�U�O�L�H�U �V�W�H�S �L�Q �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �W�K�H �W�K�H�R�U�H�W�L�F�D�O �E�D�V�H �L�Q
�W�K�H �I�R�U�P �R�I �W�K�H �F�R�Q�W�H�[�W �F�D�V�H �V�W�X�G�\�F�K�D�S�W�H�U ����

�7�K�H �O�R�F�D�W�L�R�Q �P�R�G�H�O �Z�L�O�O �U�H�T�X�L�U�H �V�H�Y�H�U�D�O �G�D�W�D �L�Q�S�X�W�V�� �L�Q�F�O�X�G�L�Q�J �I�O�R�Z �G�D�W�D �D�Q�G �F�R�V�W �G�D�W�D �U�H�O�D�W�H�G �W�R �J�U�L�G �F�R�Q��
�J�H�V�W�L�R�Q�� �6�K�H�O�O �W�U�X�F�N �G�L�H�V�H�O �V�L�W�H�V�� �D�Q�G �V�P�D�O�O �L�Q�G�X�V�W�U�\ �V�L�W�H�V �Z�K�L�F�K �Z�L�O�O �D�O �E�H �H�[�S�O�D�L�Q�H�G �L�Q�V�X�E�V�H�F�W�L�R�Q ����������
�W�K�H�V�H �G�L�I�I�H�U�H�Q�W �G�D�W�D �V�R�X�U�F�H�V �K�D�Y�H �E�H�H�Q �H�V�W�D�E�O�L�V�K�H�G �L�Q �W�K�H �H�D�U�O�L�H�U �S�D�U�W�V �R�I �W�K�L�V �U�H�V�H�D�U�F�K �P�H�W�K�R�G�R�O�R�J�\��

�K�H �P�R�G�H�O �Z�L�O�O �Q�H�H�G �W�R �X�Q�G�H�U�J�R �Y�H�U�L�I�L�F�D�W�L�R�Q �D�Q�G �Y�D�O�L�G�D�W�L�R�Q�� �9�H�U�L�I�L�F�D�W�L�R�Q �H�Q�V�X�U�H�V �W�K�H �P�R�G�H�O �P�H�H�W�V �W�K�H
�G�H�Y�H�O�R�S�H�U�¶�V �L�Q�W�H�Q�W �E�\ �L�Q�F�R�U�S�R�U�D�W�L�Q�J �D�O�O �V�S�H�F�L�I�L�H�G �U�H�T�X�L�U�H�P�H�Q�W�V �D�Q�G �F�R�Q�I�L�U�P�L�Q�J �W�K�H �I�L�Q�D�O �E�X�L�O�G �L�Q�F�O�X�G�H�V
�R�Q�O�\ �Z�K�D�W �L�V �V�S�H�F�L�I�L�H�G�� �Z�K�L�O�H �Y�D�O�L�G�D�W�L�R�Q �G�H�W�H�U�P�L�Q�H�V �L�I �W�K�H �P�R�G�H�O �H�I�I�H�F�W�L�Y�H�O�\ �I�X�O�I�L�O�O�V �L�W�V �L�Q�W�H�Q�G�H�G �S�X�U�S�R�V�H
�E�\ �H�Y�D�O�X�D�W�L�Q�J �W�K�H �F�R�Q�F�H�S�W�X�D�O �G�H�V�L�J�Q�¶�V �I�L�G�H�O�L�W�\ �D�Q�G �F�R�P�S�D�U�L�Q�J �W�K�H �P�R�G�H�O�¶�V �R�X�W�F�R�P�H�V �D�J�D�L�Q�V�W �D �V�X�L�W�D�E�O�H
�U�H�I�H�U�H�Q�F�H �>���� �@��

�7�R �S�H�U�I�R�U�P �W�K�H �Y�H�U�L�I�L�F�D�W�L�R�Q �D�Q�G �Y�D�O�L�G�D�W�L�R�Q�� �W�K�H �I�R�O�O�R�Z�L�Q�J �V�W�H�S�V �Z�L�O�O �E�H �X�Q�G�H�U�W�D�N�H�Q�� �)�R�U �Y�H�U�L�I�L�F�D�W�L�R�Q �U�X�Q�Q�L�Q�J
�W�H�V�W �F�D�V�H�V �W�R �H�Q�V�X�U�H �W�K�D�W �W�K�H �P�R�G�H�O �E�H�K�D�Y�H�V �D�V �H�[�S�H�F�W�H�G �X�Q�G�H�U �G�L�I�I�H�U�H�Q�W �F�R�Q�G�L�W�L�R�Q�V�� �Y�H�U�L�I�\�L�Q�J �W�K�D�W �L�W
�P�H�H�W�V �W�K�H �G�H�Y�H�O�R�S�H�U�¶�V �L�Q�W�H�Q�W�� �7�R �H�Y�D�O�X�D�W�H �D�Q�G �W�H�V�W �W�K�H �P�R�G�H�O�¶�V �S�H�U�I�R�U�P�D�Q�F�H�� �W�K�H �S�U�R�E�O�H�P �Z�L�O�O �D�O�V�R �E�H
�V�R�O�Y�H�G �X�V�L�Q�J �D �J�U�H�H�G�\ �D�O�J�R�U�L�W�K�P�� �D�Q�G �W�K�H �U�H�V�X�O�W�V �Z�L�O�O �E�H �F�R�P�S�D�U�H�G �W�R �W�K�R�V�H �R�E�W�D�L�Q�H�G �I�U�R�P �W�K�H �P�R�G�H�O��
�)�R�U �Y�D�O�L�G�D�W�L�R�Q �D �V�H�Q�V�L�W�L�Y�L�W�\ �D�Q�D�O�\�V�L�V �Z�L�O�O �E�H �F�R�Q�G�X�F�W�H�G �W�R �W�H�V�W �W�K�H �P�R�G�H�O�¶�V �U�H�V�S�R�Q�V�H�V �W�R �F�K�D�Q�J�H�V �L�Q
�L�Q�S�X�W �S�D�U�D�P�H�W�H�U�V �D�Q�G �V�H�H �L�I �W�K�H�\ �D�O�L�J�Q �Z�L�W�K �U�H�D�O���Z�R�U�O�G �E�H�K�D�Y�L�R�X�U �>���� �@�� �7�R �H�Y�D�O�X�D�W�H �D�Q�G �W�H�V�W �W�K�H �P�R�G�H�O�¶�V
�S�H�U�I�R�U�P�D�Q�F�H�� �W�K�H �S�U�R�E�O�H�P �Z�L�O�O �D�O�V�R �E�H �V�R�O�Y�H�G �X�V�L�Q�J �D �J�U�H�H�G�\ �D�O�J�R�U�L�W�K�P�� �D�Q�G �W�K�H �U�H�V�X�O�W�V �Z�L�O�O �E�H �F�R�P�S�D�U�H�G
�W�R �W�K�R�V�H �R�E�W�D�L�Q�H�G �I�U�R�P �W�K�H �P�R�G�H�O��

�������������(�E�X�E
�7�K�L�V �V�H�F�W�L�R�Q �Z�L�O�O �G�H�V�F�U�L�E�H �D�O�O �W�K�H �G�D�W�D �J�D�W�K�H�U�L�Q�J �I�R�U �W�K�H �P�R�G�H�O �D�Q�G �Z�K�D�W �R�S�H�U�D�W�L�R�Q�V �K�D�Y�H �E�H�H�Q �G�R�Q�H �W�R
�F�U�H�D�W�H �W�K�H �G�D�W�D�V�H�W �Z�K�L�F�K �K�D�V �E�H�H�Q �X�V�H�G �D�V �D�Q �L�Q�S�X�W �I�R�U �W�K�H �P�R�G�H�O �L�Q �W�K�L�V �U�H�V�H�D�U�F�K��

�*�P�S�[ �H�E�X�E
�2�Q�H �R�I �W�K�H �G�D�W�D�V�H�W�V �X�V�H�G �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K �Z�D�V �G�H�Y�H�O�R�S�H�G �E�\ �6�S�H�W�K�� �6�D�X�W�H�U�� �3�O�|�W�]���H�W �D�O���>���� �@ �D�Q�G �L�V
�S�X�E�O�L�F�O�\ �D�Y�D�L�O�D�E�O�H �I�R�U �U�H�V�H�D�U�F�K �S�X�U�S�R�V�H�V�� �7�K�H �G�D�W�D�V�H�W �S�U�R�Y�L�G�H�V �F�R�P�S�U�H�K�H�Q�V�L�Y�H �L�Q�I�R�U�P�D�W�L�R�Q �R�Q �(�X�U�R��



�������� �*�E�G�M�P�M�X�] �0�S�G�E�X�M�S�R �1�S�H�I�P�P�M�R�K ����

�S�H�D�Q �U�R�D�G �I�U�H�L�J�K�W �W�U�D�I�I�L�F�� �L�Q�F�O�X�G�L�Q�J �W�U�X�F�N �I�O�R�Z�V �E�H�W�Z�H�H�Q ���������� �U�H�J�L�R�Q�V �D�F�U�R�V�V �(�X�U�R�S�H�� �,�W �F�R�Y�H�U�V �U�R�D�G
�I�U�H�L�J�K�W �I�O�R�Z�V �L�Q �W�R�Q�V �D�Q�G �Y�H�K�L�F�O�H �F�R�X�Q�W�V�� �D�V �Z�H�O�O �D�V �W�K�H �V�K�R�U�W�H�V�W �S�D�W�K�V �E�H�W�Z�H�H�Q �U�H�J�L�R�Q�V �R�Q �W�K�H �(�X�U�R�S�H�D�Q
�K�L�J�K�Z�D�\ �Q�H�W�Z�R�U�N ���(���U�R�D�G�V���� �(�D�F�K �H�Q�W�U�\ �L�Q�F�O�X�G�H�V �I�L�I�W�H�H�Q �Y�D�U�L�D�E�O�H�V�� �V�X�F�K �D�V �U�H�J�L�R�Q �,�'�V�� �S�D�W�K �G�H�W�D�L�O�V�� �G�L�V��
�W�D�Q�F�H�V�� �D�Q�G �I�U�H�L�J�K�W �D�Q�G �Y�H�K�L�F�O�H �I�O�R�Z�V �I�R�U ���������� ���������� �D�Q�G �D �I�R�U�H�F�D�V�W �I�R�U ���������� �7�K�H �G�D�W�D �D�O�V�R �L�Q�F�O�X�G�H�V �D
�P�R�G�H�O �R�I �W�K�H �(���U�R�D�G �Q�H�W�Z�R�U�N �D�Q�G �U�H�J�L�R�Q�D�O �L�Q�I�R�U�P�D�W�L�R�Q�� �,�Q�L�W�L�D�O�O�\ �F�R�O�O�H�F�W�H�G �L�Q �������� �W�K�U�R�X�J�K �W�K�H �(�7�,�6�S�O�X�V
�S�U�R�M�H�F�W�� �Z�K�L�F�K �D�J�J�U�H�J�D�W�H�G �D�Q�G �F�D�O�L�E�U�D�W�H�G �I�U�H�L�J�K�W �Y�R�O�X�P�H�V �X�V�L�Q�J �(�X�U�R�S�H�D�Q �D�Q�G �Q�D�W�L�R�Q�D�O �G�D�W�D�� �W�K�H �G�D�W�D�V�H�W
�Z�D�V �O�D�W�H�U �X�S�G�D�W�H�G �Z�L�W�K �(�X�U�R�V�W�D�W �I�L�J�X�U�H�V �I�U�R�P �������� �D�Q�G �������� �S�U�R�M�H�F�W�L�R�Q�V�� �'�L�M�N�V�W�U�D�¶�V �D�O�J�R�U�L�W�K�P �Z�D�V �X�V�H�G
�W�R �D�O�O�R�F�D�W�H �R�U�L�J�L�Q���G�H�V�W�L�Q�D�W�L�R�Q �Y�R�O�X�P�H�V �W�R �W�K�H �Q�H�W�Z�R�U�N�� �J�H�Q�H�U�D�W�L�Q�J �V�\�Q�W�K�H�W�L�F �W�U�D�I�I�L�F �Y�R�O�X�P�H�V�� �$�F�F�R�U�G�L�Q�J
�W�R �6�S�H�W�K�� �6�D�X�W�H�U�� �3�O�|�W�]���H�W �D�O���>���� �@ �W�K�L�V �G�D�W�D�V�H�W �F�D�Q �E�H �X�V�H�G �I�R�U �S�O�D�Q�Q�L�Q�J �I�X�W�X�U�H �(�X�U�R�S�H�D�Q �U�R�D�G �L�Q�I�U�D�V�W�U�X�F��
�W�X�U�H�� �V�X�F�K �D�V �K�\�G�U�R�J�H�Q �U�H�I�X�H�O�O�L�Q�J �D�Q�G �H�O�H�F�W�U�L�F �W�U�X�F�N �F�K�D�U�J�L�Q�J �V�W�D�W�L�R�Q�V�� �P�D�N�L�Q�J �L�W �Y�D�O�X�D�E�O�H �I�R�U �U�H�V�H�D�U�F�K
�D�Q�G �S�U�D�F�W�L�F�D�O �D�S�S�O�L�F�D�W�L�R�Q�V�� �7�K�L�V �G�D�W�D�V�H�W �V�H�H�P�V �D�S�S�U�R�S�U�L�D�W�H �W�R �X�V�H �D�V �L�W �F�R�Q�W�D�L�Q�V �I�O�R�Z �E�H�W�Z�H�H�Q �R�U�L�J�L�Q
�D�Q�G �G�H�V�W�L�Q�D�W�L�R�Q �S�D�L�U�V �Z�K�L�F�K �L�V �Q�H�H�G�H�G �I�R�U �W�K�H �I�O�R�Z �U�H�I�X�H�O�O�L�Q�J �O�R�F�D�W�L�R�Q �P�R�G�H�O�� �7�K�H�U�H �D�U�H �V�R�P�H �R�S�H�U�D�W�L�R�Q�V
�Q�H�H�G�H�G �W�R �F�R�Q�V�W�U�X�F�W �D �X�V�D�E�O�H �G�D�W�D�V�H�W �I�R�U �W�K�H �P�R�G�H�O �L�Q �W�K�L�V �U�H�V�H�D�U�F�K �I�U�R�P �W�K�H �G�D�W�D�V�H�W �E�\ �6�S�H�W�K�� �6�D�X�W�H�U��
�3�O�|�W�]���H�W �D�O���>���� �@�� �)�L�U�V�W�� �W�K�H �G�D�W�D �L�V �I�L�O�W�H�U�H�G �W�R �I�R�F�X�V �R�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V�� �7�K�H�Q�� �X�V�L�Q�J �W�K�H �Q�R�G�H�� �H�G�J�H��
�D�Q�G �I�O�R�Z �G�D�W�D�� �W�Z�R �R�U�L�J�L�Q���G�H�V�W�L�Q�D�W�L�R�Q ���2�'�� �P�D�W�U�L�F�H�V �D�U�H �F�R�Q�V�W�U�X�F�W�H�G�� �R�Q�H �U�H�S�U�H�V�H�Q�W�L�Q�J �W�K�H �G�L�V�W�D�Q�F�H�V
�E�H�W�Z�H�H�Q �Q�R�G�H�V �D�Q�G �W�K�H �R�W�K�H�U �F�D�S�W�X�U�L�Q�J �W�K�H �I�O�R�Z �E�H�W�Z�H�H�Q �W�K�H �Q�R�G�H�V�� �$�O�O �W�U�L�S�V �Z�L�W�K �O�H�V�V �W�K�D�Q ������ �N�P �D�U�H
�G�H�O�H�W�H�G �D�V �L�W �F�D�Q �E�H �H�[�S�H�F�W�H�G �W�K�H�\ �G�R �Q�R�W �Q�H�H�G �W�R �U�H�F�K�D�U�J�H �D�W �S�X�E�O�L�F �O�R�F�D�W�L�R�Q�V �I�R�U �D �U�R�X�Q�G �W�U�L�S �E�D�V�H�G
�R�Q �W�K�H �E�H�I�R�U�H �P�H�Q�W�L�R�Q�H�G �I�L�Q�G�L�Q�J�V �L�Q �W�K�L�V �U�H�V�H�D�U�F�K�� �7�K�L�V �U�H�V�X�O�W�H�G �L�Q �D �2�' �I�O�R�Z �P�D�W�U�L�[ �Z�L�W�K �W�K�H �D �V�L�]�H �R�I
�������[������ �E�D�V�H�G �R�Q �W�K�H �W�U�X�F�N �W�U�D�I�I�L�F �I�O�R�Z �R�I �������� �D�V �L�W �L�V �W�K�H �P�R�V�W �U�H�F�H�Q�W �I�O�R�Z��

�,�Q�)�L�J�X�U�H �������D �I�L�J�X�U�H �L�V �V�K�R�Z�Q �R�I �D�O�O �Q�R�G�H�V �D�Q�G �H�G�J�H�V �Z�L�W�K�L�Q �W�K�H �G�D�W�D�V�H�W �W�K�D�W �Z�L�O�O �E�H �X�V�H�G �D�V �W�K�H �Q�H�W�Z�R�U�N
�I�R�U �W�K�L�V �U�H�V�H�D�U�F�K��

�)�L�J�X�U�H ���������7�K�H �Q�H�W�Z�R�U�N �Z�L�W�K �D�O�O �Q�R�G�H�V �D�Q�G �H�G�J�H�V

�+�V�M�H �G�S�R�K�I�W�X�M�S�R
�7�R �L�Q�F�R�U�S�R�U�D�W�H �J�U�L�G �F�R�Q�J�H�V�W�L�R�Q �D�V �D �F�R�V�W �L�Q�S�X�W �I�R�U �W�K�H �P�R�G�H�O�� �D �G�D�W�D�V�H�W �G�H�W�D�L�O�L�Q�J �J�U�L�G �F�R�Q�J�H�V�W�L�R�Q �D�W �W�K�H
�Q�R�G�H �O�R�F�D�W�L�R�Q�V �L�V �U�H�T�X�L�U�H�G�� �7�K�H �'�X�W�F�K �J�U�L�G �R�S�H�U�D�W�R�U�V �K�D�Y�H �S�X�E�O�L�V�K�H�G �D �P�D�S �V�K�R�Z�L�Q�J �F�R�Q�J�H�V�W�L�R�Q �D�W
�W�K�H �S�R�V�W�D�O �F�R�G�H �O�H�Y�H�O�� �7�K�H �V�R�X�U�F�H �G�D�W�D �I�R�U �W�K�L�V �P�D�S �F�D�Q �E�H �G�R�Z�Q�O�R�D�G�H�G �I�U�R�P �>���� �@�� �7�K�H �V�R�X�U�F�H �G�D�W�D
�F�R�Q�W�D�L�Q�V �W�K�H �I�R�O�O�R�Z�L�Q�J �F�R�O�X�P�Q�V �W�K�D�W �F�D�Q �E�H �X�V�H�G �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K�� �S�R�V�W�D�O �F�R�G�H �D�Q�G �R�I�I �W�D�N�H �Z�K�L�F�K �K�D�V
�D ���� �Q�R �L�Q�I�R�U�P�D�W�L�R�Q �D�Y�D�L�O�D�E�O�H�� �� �Q�R �Z�D�L�W�L�Q�J �W�L�P�H �I�R�U �Q�H�Z �F�R�Q�Q�H�F�W�L�R�Q �D�Q�G �W�U�D�Q�V�S�R�U�W �F�D�S�D�F�L�W�\ �D�Y�D�L�O�D�E�O�H�� ��
�W�U�D�Q�V�S�R�U�W �F�D�S�D�F�L�W�\ �O�L�P�L�W�H�G �E�X�W �Q�R �Z�D�L�W�L�Q�J �W�L�P�H�V �\�H�W�� �� �D�U�H�D �K�D�V �D �Z�D�L�W�L�Q�J �W�L�P�H �D�Q�G �U�H�V�H�D�U�F�K �W�R �W�U�D�Q�V�S�R�U�W
�F�D�S�D�F�L�W�\�� �� �W�K�H �D�U�H�D �K�D�V �Q�R �W�U�D�Q�V�S�R�U�W �F�D�S�D�F�L�W�\ �D�Q�G �W�K�H�U�H �L�V �D �Z�D�L�W�L�Q�J �W�L�P�H�� �$ �S�\�W�K�R�Q �V�F�U�L�S�W �L�V �X�V�H�G
�W�K�D�W �X�W�L�O�L�V�H�V �W�K�H �J�H�R�S�\ �O�L�E�U�D�U�\ �*�H�R�S�\ �&�R�Q�W�U�L�E�X�W�R�U�V �>���� �@ �W�R �U�H�W�U�L�H�Y�H �S�R�V�W�D�O �F�R�G�H�V �E�D�V�H�G �R�Q �O�D�W�L�W�X�G�H �D�Q�G



�������� �*�E�G�M�P�M�X�] �0�S�G�E�X�M�S�R �1�S�H�I�P�P�M�R�K ����

�O�R�Q�J�L�W�X�G�H �F�R�R�U�G�L�Q�D�W�H�V�� �,�W �S�U�R�F�H�V�V�H�V �W�K�H �Q�R�G�H �G�D�W�D �W�R �D�G�G �D �Q�H�Z �F�R�O�X�P�Q �F�R�Q�W�D�L�Q�L�Q�J �W�K�H�V�H �S�R�V�W�D�O �F�R�G�H�V��
�6�X�E�V�H�T�X�H�Q�W�O�\�� �W�K�H �F�R�Q�J�H�V�W�L�R�Q �G�D�W�D �L�V �P�H�U�J�H�G �Z�L�W�K �W�K�H �Q�R�G�H �G�D�W�D �X�V�L�Q�J �W�K�H �S�R�V�W�D�O �F�R�G�H �D�V �W�K�H �N�H�\��
�H�Q�D�E�O�L�Q�J �W�K�H �L�Q�W�H�J�U�D�W�L�R�Q �R�I �J�U�L�G �F�R�Q�J�H�V�W�L�R�Q �L�Q�I�R�U�P�D�W�L�R�Q �L�Q�W�R �W�K�H �Q�R�G�H �G�D�W�D�V�H�W��

�,�Q�)�L�J�X�U�H �������D �I�L�J�X�U�H �L�V �V�K�R�Z�Q �R�I �D�O�O �Q�R�G�H�V �D�Q�G �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �J�U�L�G �F�R�Q�J�H�V�W�L�R�Q �Z�K�H�U�H �Z�K�L�W�H �L�V ����
�\�H�O�O�R�Z �L�V ���� �R�U�D�Q�J�H �L�V ���� �D�Q�G �U�H�G �L�V ����

�)�L�J�X�U�H ���������7�K�H �Q�H�W�Z�R�U�N �Z�L�W�K �D�O�O �Q�R�G�H�V �D�Q�G �W�K�H�L�U �F�R�U�U�H�V�S�R�Q�G�L�Q�J �J�U�L�G �F�R�Q�J�H�V�W�L�R�Q �F�R�O�R�U

�'�Y�V�V�I�R�X �7�L�I�P�P �X�V�Y�G�O �H�M�I�W�I�P �W�M�X�I�W
�6�K�H�O�O �K�D�V �S�U�R�Y�L�G�H�G �D �G�D�W�D�V�H�W �F�R�Q�W�D�L�Q�L�Q�J �D�O�O �F�X�U�U�H�Q�W �6�K�H�O�O �W�U�X�F�N �G�L�H�V�H�O �V�L�W�H�V �D�O�R�Q�J �Z�L�W�K �W�K�H�L�U �F�R�U�U�H�V�S�R�Q�G�L�Q�J
�O�R�Q�J�L�W�X�G�H �D�Q�G �O�D�W�L�W�X�G�H�� �7�K�H�V�H �V�L�W�H�V �G�R �Q�R�W �G�L�U�H�F�W�O�\ �P�D�W�F�K �W�K�H �F�R�R�U�G�L�Q�D�W�H�V �R�I �W�K�H �Q�R�G�H�V �L�Q �W�K�H �Q�H�W�Z�R�U�N
�X�V�H�G �I�R�U �W�K�H �P�R�G�H�O�� �6�K�H�O�O �W�U�X�F�N �G�L�H�V�H�O �V�L�W�H�V �Z�L�W�K�L�Q ������ �G�H�J�U�H�H�V �R�I �D �Q�H�W�Z�R�U�N �Q�R�G�H �Z�L�O�O �E�H �D�V�V�L�J�Q�H�G �W�R
�W�K�D�W �Q�R�G�H�� �,�I �D �6�K�H�O�O �W�U�X�F�N �G�L�H�V�H�O �V�L�W�H �L�V �D�V�V�L�J�Q�H�G�� �W�K�H �Q�R�G�H �Z�L�O�O �U�H�F�H�L�Y�H �D �V�F�R�U�H �R�I ���� �Z�K�L�O�H �D�O�O �R�W�K�H�U
�Q�R�G�H�V �Z�L�O�O �U�H�F�H�L�Y�H �D �V�F�R�U�H �R�I ���� �7�R �D�V�V�L�J�Q �6�K�H�O�O �W�U�X�F�N �G�L�H�V�H�O �V�L�W�H�V �W�R �Q�R�G�H�V�� �D �Q�H�D�U�H�V�W �Q�H�L�J�K�E�R�X�U �D�O�J�R��
�U�L�W�K�P �L�V �S�D�U�W�L�F�X�O�D�U�O�\ �X�V�H�I�X�O�� �,�W �H�I�I�L�F�L�H�Q�W�O�\ �L�G�H�Q�W�L�I�L�H�V �W�K�H �F�O�R�V�H�V�W �Q�R�G�H �W�R �H�D�F�K �6�K�H�O�O �W�U�X�F�N �G�L�H�V�H�O �V�L�W�H �E�D�V�H�G
�R�Q �J�H�R�J�U�D�S�K�L�F�D�O �F�R�R�U�G�L�Q�D�W�H�V�� �H�Q�V�X�U�L�Q�J �R�S�W�L�P�D�O �F�R�Q�Q�H�F�W�L�R�Q �W�R �W�K�H �Q�H�W�Z�R�U�N�� �7�K�L�V �P�L�Q�L�P�L�V�H�V �G�L�V�W�D�Q�F�H��
�S�R�W�H�Q�W�L�D�O�O�\ �U�H�G�X�F�L�Q�J �F�R�V�W�V �D�Q�G �L�P�S�U�R�Y�L�Q�J �V�H�U�Y�L�F�H �H�I�I�L�F�L�H�Q�F�\�� �%�\ �I�L�Q�G�L�Q�J �W�K�H �Q�H�D�U�H�V�W �Q�R�G�H�� �W�K�H �D�O�J�R�U�L�W�K�P
�P�D�L�Q�W�D�L�Q�V �V�S�D�W�L�D�O �S�U�R�[�L�P�L�W�\ �>���� �@�� �7�K�H �&�.�'���7�U�H�H ���&�R�U�H�V�H�W �.�'���7�U�H�H�� �D�O�J�R�U�L�W�K�P �L�V �F�K�R�V�H�Q �I�R�U �W�K�L�V �W�D�V�N �G�X�H
�W�R �L�W�V �H�Q�K�D�Q�F�H�G �H�I�I�L�F�L�H�Q�F�\ �>���� �@�� �7�K�H �&�.�'���7�U�H�H �P�D�L�Q�W�D�L�Q�V �K�L�J�K �D�F�F�X�U�D�F�\ �L�Q �Q�H�D�U�H�V�W �Q�H�L�J�K�E�R�X�U �V�H�D�U�F�K�H�V��
�H�Q�V�X�U�L�Q�J �W�K�D�W �V�W�G �O�R�F�D�W�L�R�Q�V �D�U�H �O�L�Q�N�H�G �W�R �W�K�H �P�R�V�W �D�S�S�U�R�S�U�L�D�W�H �Q�H�W�Z�R�U�N �Q�R�G�H�V�� �W�K�X�V �S�U�H�V�H�U�Y�L�Q�J �W�K�H �Q�H�W��
�Z�R�U�N�¶�V �L�Q�W�H�J�U�L�W�\ �D�Q�G �S�H�U�I�R�U�P�D�Q�F�H�� �7�K�H �V�F�L�S�\ �S�D�F�N�D�J�H �L�Q �3�\�W�K�R�Q�� �I�U�R�P �9�L�U�W�D�Q�H�Q�� �*�R�P�P�H�U�V�� �2�O�L�S�K�D�Q�W���H�W
�D�O���>���� �@�� �L�Q�F�O�X�G�H�V �D �E�X�L�O�W���L�Q �I�X�Q�F�W�L�R�Q �I�R�U �W�K�H �F�.�'�7�U�H�H�� �7�K�L�V �I�X�Q�F�W�L�R�Q �Z�L�O�O �E�H �X�W�L�O�L�V�H�G �W�R �O�L�Q�N �W�K�H �6�K�H�O�O �W�U�X�F�N
�G�L�H�V�H�O �V�L�W�H�V �W�R �W�K�H �Q�R�G�H�V �L�Q �W�K�H �Q�H�W�Z�R�U�N�� �,�Q�)�L�J�X�U�H �������W�K�H �Q�H�W�Z�R�U�N �Z�L�W�K �Q�R�G�H�V �D�V�V�L�J�Q�H�G �W�R �W�K�H �6�K�H�O�O
�W�U�X�F�N �G�L�H�V�H�O �V�L�W�H�V �D�U�H �V�K�R�Z�Q��



�������� �*�E�G�M�P�M�X�] �0�S�G�E�X�M�S�R �1�S�H�I�P�P�M�R�K ����

�)�L�J�X�U�H ���������6�K�H�O�O �W�U�X�F�N �G�L�H�V�H�O �V�L�W�H�V �L�Q �W�K�H �Q�H�W�Z�R�U�N

�7�Q�E�P�P �M�R�H�Y�W�X�V�] �P�S�G�E�X�M�S�R�W
�)�R�U �W�K�H �L�Q�G�X�V�W�U�\ �O�R�F�D�W�L�R�Q�V �L�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V �D �G�D�W�D�V�H�W �I�U�R�P �,�%�,�6 ���,�Q�W�H�J�U�D�D�O �%�H�G�U�L�M�Y�H�Q�W�H�U�U�H�L�Q�H�Q �,�Q�I�R�U��
�P�D�W�L�H �6�\�V�W�H�H�P�� �X�V�H�G �D�Q�G �X�S�G�D�W�H�G �E�\ �W�K�H �S�U�R�Y�L�Q�F�H�V �R�I �W�K�H �1�H�W�K�H�U�O�D�Q�G�V �D�Q�G �R�S�H�Q �I�R�U �X�V�H �I�R�U �R�W�K�H�U
�U�H�V�H�D�U�F�K �>���� �@�� �7�K�L�V �G�D�W�D�V�H�W �S�U�R�Y�L�G�H�V �Y�D�O�X�D�E�O�H �L�Q�I�R�U�P�D�W�L�R�Q �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K�� �L�Q�F�O�X�G�L�Q�J �W�K�H �O�R�F�D�W�L�R�Q �R�I �L�Q��
�G�X�V�W�U�\ �V�L�W�H�V�� �S�D�U�N�L�Q�J �D�Y�D�L�O�D�E�L�O�L�W�\�� �U�R�D�G �D�F�F�H�V�V�L�E�L�O�L�W�\�� �D�Q�G �V�L�]�H �L�Q �K�H�F�W�D�U�H�V�� �7�K�H �G�D�W�D �L�V �I�L�O�W�H�U�H�G �W�R �L�Q�F�O�X�G�H
�R�Q�O�\ �H�Q�W�U�L�H�V �Z�L�W�K �W�K�H �K�L�J�K�H�V�W �V�F�R�U�H �R�I �¶�$�¶ �L�Q �W�K�H �S�D�U�N�L�Q�J �D�Y�D�L�O�D�E�L�O�L�W�\ �D�Q�G �U�H�D�F�K�D�E�L�O�L�W�\ �F�R�O�X�P�Q�V�� �D�V �W�K�H�V�H
�I�D�F�W�R�U�V �D�U�H �F�U�X�F�L�D�O �I�R�U �V�H�O�H�F�W�L�Q�J �V�L�W�H�V �I�R�U �S�X�E�O�L�F �U�H�F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V�� �7�R �W�K�H�Q �G�H�W�H�U�P�L�Q�H �L�I �W�K�H �L�Q�G�X�V�W�U�\
�V�L�]�H �L�V �V�P�D�O�O �D �S�O�R�W �L�V �V�K�R�Z�Q �L�Q�)�L�J�X�U�H �������R�I �W�K�H �V�L�]�H �G�L�V�W�U�L�E�X�W�L�R�Q�� �W�R�J�H�W�K�H�U �Z�L�W�K �W�K�H �����W�K �S�H�U�F�H�Q�W�L�O�H �D�Q�G
�����W�K �S�H�U�F�H�Q�W�L�O�H��

�)�L�J�X�U�H ���������'�L�V�W�U�L�E�X�W�L�R�Q �R�I �V�X�U�I�D�F�H �D�U�H�D �I�R�U �L�Q�G�X�V�W�U�\ �V�L�W�H�V



�������� �*�E�G�M�P�M�X�] �0�S�G�E�X�M�S�R �1�S�H�I�P�P�M�R�K ����

�7�K�H �����W�K �S�H�U�F�H�Q�W�L�O�H �Z�L�O�O �E�H �X�V�H�G �D�V �W�K�H �X�S�S�H�U �O�L�P�L�W �I�R�U �D �V�P�D�O�O �L�Q�G�X�V�W�U�\ �V�L�W�H�� �W�K�H �����W�K �S�H�U�F�H�Q�W�L�O�H �L�V �� �K�D
�V�R �H�Y�H�U�\ �L�Q�G�X�V�W�U�\ �V�L�W�H �O�D�U�J�H�U �Z�L�O�O �E�H �I�L�O�W�H�U�H�G �R�X�W �R�I �W�K�H �G�D�W�D�V�H�W�� �7�K�H�Q �W�K�H �O�R�F�D�W�L�R�Q�V �R�I �W�K�H �L�Q�G�X�V�W�U�\ �V�L�W�H�V
�Q�H�H�G �W�R �E�H �F�R�Q�Q�H�F�W�H�G �W�R �W�K�H �Q�R�G�H�V �L�Q �W�K�H �Q�H�W�Z�R�U�N�� �W�K�L�V �Z�L�O�O �E�H �G�R�Q�H �L�Q �W�K�H �V�D�P�H �Z�D�\ �Z�D�V �H�[�S�O�D�L�Q�H�G
�L�Q�)�L�J�X�U�H ������������ �:�K�H�U�H �W�K�H �Q�R�G�H �F�R�Q�W�D�L�Q�L�Q�J �D �V�P�D�O�O �L�Q�G�X�V�W�U�\ �V�L�W�H �J�H�W�V �D �V�F�R�U�H �R�I �� �D�Q�G �Z�L�W�K�R�X�W �D �V�P�D�O�O
�L�Q�G�X�V�W�U�\ �V�L�W�H �J�H�W�V �D �V�F�R�U�H �R�I ���� �,�Q�)�L�J�X�U�H �������D �I�L�J�X�U�H �L�V �V�K�R�Z�Q �R�I �W�K�H �Q�H�W�Z�R�U�N �Z�L�W�K �W�K�H �Q�R�G�H�V �W�K�D�W �F�R�Q�W�D�L�Q
�D �V�P�D�O�O �L�Q�G�X�V�W�U�\ �V�L�W�H��

�)�L�J�X�U�H ���������1�H�W�Z�R�U�N �Q�R�G�H�V �Z�L�W�K �D �V�P�D�O�O �L�Q�G�X�V�W�U�\ �V�L�W�H

�*�M�R�E�P �H�E�X�E�W�I�X
�$�V �I�L�Q�D�O �G�D�W�D �L�Q�S�X�W �I�R�U �W�K�H �P�R�G�H�O �W�K�H �I�O�R�Z �P�D�W�U�L�[ �D�Q�G �I�L�Q�D�O �Q�R�G�H �G�D�W�D �I�U�D�P�H �Z�L�O�O �E�H �X�V�H�G �Z�K�H�U�H �W�K�H
�Q�R�G�H �G�D�W�D�I�U�D�P�H �Z�L�O�O �K�D�Y�H �W�K�H �I�R�O�O�R�Z�L�Q�J �F�R�O�X�P�Q�V�� �1�H�W�Z�R�U�N�B�1�R�G�H�B�,�'�� �1�H�W�Z�R�U�N�B�1�R�G�H�B�; ���/�R�Q�J�L�W�X�G�H����
�1�H�W�Z�R�U�N�B�1�R�G�H�B�< ���/�D�W�L�W�X�G�H���� �*�U�L�G�B�R�I�I�W�D�N�H�� �&�X�U�U�H�Q�W�B�V�W�G�� �,�Q�G�X�V�W�U�\ �D�Q�G �W�K�H �7�R�W�D�O�B�)�O�R�Z �W�K�U�R�X�J�K �W�K�H �Q�R�G�H��
�7�D�E�O�H �������V�K�R�Z�V �W�K�H �I�L�U�V�W �� �U�R�Z�V �R�I �W�K�H �G�D�W�D �I�U�D�P�H �F�R�Q�V�W�U�X�F�W�H�G�� �7�K�H �Y�D�O�X�H�V �� �D�Q�G �� �Z�H�U�H �F�K�R�V�H�Q �I�R�U
�W�K�H �F�R�O�X�P�Q�V �U�H�S�U�H�V�H�Q�W�L�Q�J �F�X�U�U�H�Q�W �V�W�G �D�Q�G �L�Q�G�X�V�W�U�\ �V�L�W�H�V �W�R �D�O�L�J�Q �W�K�H�P �Z�L�W�K �W�K�H �U�D�Q�J�H �R�I �Y�D�O�X�H�V �X�V�H�G �I�R�U
�J�U�L�G �R�I�I���W�D�N�H�� �7�K�L�V �F�R�Q�V�L�V�W�H�Q�F�\ �V�L�P�S�O�L�I�L�H�V �W�K�H�L�U �L�Q�W�H�J�U�D�W�L�R�Q �L�Q�W�R �W�K�H �P�R�G�H�O�¶�V �F�R�V�W �I�X�Q�F�W�L�R�Q��

�7�D�E�O�H ���������'�D�W�D�I�U�D�P�H �Q�R�G�H �L�Q�I�R�U�P�D�W�L�R�Q

�1�H�W�Z�R�U�N�B�1�R�G�H�B�,�' �1�H�W�Z�R�U�N�B�1�R�G�H�B�; �1�H�W�Z�R�U�N�B�1�R�G�H�B�< �*�U�L�G�B�R�I�I�W�D�N�H �&�X�U�U�H�Q�W�B�V�W�G �,�Q�G�X�V�W�U�\ �7�R�W�D�O�B�)�O�R�Z
������������ ���������������� ������������������ ������ �� �� ������������������
������������ ���������������� ������������������ ������ �� �� ��������������������
������������ ���������������� ������������������ ������ �� �� ��������������������
������������ ���������������� ������������������ ������ �� �� ��������������������
������������ ���������������� ������������������ ������ �� �� ��������������������

�������������+�V�I�I�H�] �E�P�K�S�V�M�X�L�Q
�$�F�F�R�U�G�L�Q�J �W�R �0�H�V�W�U�H �>���� �@�� �D �J�U�H�H�G�\ �D�O�J�R�U�L�W�K�P �L�V �S�H�U�K�D�S�V �W�K�H �P�R�V�W �Q�D�W�X�U�D�O �I�L�U�V�W �D�W�W�H�P�S�W �D�W �V�R�O�Y�L�Q�J �D�Q�\
�R�S�W�L�P�L�V�D�W�L�R�Q �S�U�R�E�O�H�P�� �7�K�L�V �J�U�H�H�G�\ �D�O�J�R�U�L�W�K�P �F�D�Q �E�H �X�V�H�G �D�V �D �E�H�Q�F�K�P�D�U�N �W�R �H�Y�D�O�X�D�W�H �Z�K�H�W�K�H�U �W�K�H �O�D�W�H�U
�G�H�Y�H�O�R�S�H�G �0�,�/�3 �S�U�R�Y�L�G�H�V �D�G�G�L�W�L�R�Q�D�O �Y�D�O�X�H �L�Q �V�R�O�Y�L�Q�J �W�K�L�V �S�U�R�E�O�H�P�� �$ �V�W�U�D�L�J�K�W�I�R�U�Z�D�U�G �J�U�H�H�G�\ �D�O�J�R�U�L�W�K�P
�F�R�X�O�G �L�Q�Y�R�O�Y�H �V�R�U�W�L�Q�J �W�K�H �G�D�W�D�V�H�W �E�\ �F�H�U�W�D�L�Q �F�R�O�X�P�Q�V �W�R �P�D�[�L�P�L�V�H �W�K�H �I�O�R�Z �Z�K�L�O�H �P�L�Q�L�P�L�V�L�Q�J �W�K�H �Y�D�O�X�H�V
�I�R�U �R�S�H�Q�L�Q�J �D �I�D�F�L�O�L�W�\�� �7�K�L�V �P�H�D�Q�V �S�U�L�R�U�L�W�L�]�L�Q�J �K�L�J�K�H�U �I�O�R�Z �Y�D�O�X�H�V �D�Q�G �O�R�Z�H�U �V�F�R�U�H�V �I�R�U �J�U�L�G �R�I�I�W�D�N�H�� �F�X�U�U�H�Q�W
�V�W�G�� �D�Q�G �L�Q�G�X�V�W�U�\ �F�R�O�X�P�Q�V��
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�7�R �D�F�K�L�H�Y�H �W�K�L�V�� �\�R�X �F�D�Q �I�L�U�V�W �Q�R�U�P�D�O�L�V�H �W�K�H �Y�D�O�X�H�V �W�R �P�D�N�H �V�X�U�H �W�K�H�\ �D�U�H �Z�L�W�K�L�Q �H�T�X�D�O �U�D�Q�J�H �R�I �H�D�F�K
�R�W�K�H�U�� �Z�L�W�K�L�Q �H�D�F�K �F�R�O�X�P�Q �D�Q�G �W�K�H�Q �D�S�S�O�\ �D �Z�H�L�J�K�W�H�G �V�R�U�W�L�Q�J �D�O�J�R�U�L�W�K�P�� �7�K�H �Q�R�U�P�D�O�L�V�D�W�L�R�Q �L�V �S�H�U�I�R�U�P�H�G
�X�V�L�Q�J �W�K�H �I�R�O�O�R�Z�L�Q�J �I�R�U�P�X�O�D �Z�K�L�F�K �L�V �W�K�H �P�L�Q���P�D�[ �Q�R�U�P�D�O�L�V�D�W�L�R�Q �P�H�W�K�R�G �>���� �@��

xnormalised =
(x � min )

(max � min )
����������

�Z�K�H�U�Hx �L�V �W�K�H �R�U�L�J�L�Q�D�O �Y�D�O�X�H �L�Q �W�K�H �F�R�O�X�P�Q��min �L�V �W�K�H �P�L�Q�L�P�X�P �Y�D�O�X�H �L�Q �W�K�H �F�R�O�X�P�Q�� �D�Q�Gmax �L�V
�W�K�H �P�D�[�L�P�X�P �Y�D�O�X�H �L�Q �W�K�H �F�R�O�X�P�Q�� �7�K�L�V �Q�R�U�P�D�O�L�V�D�W�L�R�Q �V�F�D�O�H�V �D�O�O �Y�D�O�X�H�V �W�R �D �U�D�Q�J�H �E�H�W�Z�H�H�Q �� �D�Q�G ����
�H�Q�V�X�U�L�Q�J �F�R�P�S�D�U�D�E�L�O�L�W�\ �D�F�U�R�V�V �G�L�I�I�H�U�H�Q�W �F�R�O�X�P�Q�V��

�2�Q�F�H �W�K�H �F�R�O�X�P�Q�V �D�U�H �Q�R�U�P�D�O�L�V�H�G�� �D �W�R�W�D�O �Z�H�L�J�K�W�H�G �V�F�R�U�H �L�V �F�D�O�F�X�O�D�W�H�G �I�R�U �H�D�F�K �U�R�Z�� �7�K�L�V �V�F�R�U�H �L�V
�F�R�P�S�X�W�H�G �E�\ �P�X�O�W�L�S�O�\�L�Q�J �H�D�F�K �Q�R�U�P�D�O�L�V�H�G �Y�D�O�X�H �E�\ �L�W�V �F�R�U�U�H�V�S�R�Q�G�L�Q�J �Z�H�L�J�K�W �D�Q�G �V�X�P�P�L�Q�J �W�K�H �U�H�V�X�O�W�V��

scoreweighted =
nX

i =1

xnormalised;i � weight i ����������

�Z�K�H�U�Hn �L�V �W�K�H �Q�X�P�E�H�U �R�I �F�R�O�X�P�Q�V��xnormalised;i �L�V �W�K�H �Q�R�U�P�D�O�L�]�H�G �Y�D�O�X�H �R�I �W�K�Hi ���W�K �F�R�O�X�P�Q�� �D�Q�Gweight i

�L�V �W�K�H �Z�H�L�J�K�W �D�V�V�L�J�Q�H�G �W�R �W�K�Hi ���W�K �F�R�O�X�P�Q�� �7�K�H �U�R�Z�V �D�U�H �W�K�H�Q �V�R�U�W�H�G �E�D�V�H�G �R�Q �W�K�L�V �W�R�W�D�O �Z�H�L�J�K�W�H�G �V�F�R�U�H
�L�Q �D�V�F�H�Q�G�L�Q�J �R�U�G�H�U��

�������������8�L�I �Q�S�H�I�P
�7�K�H �I�O�R�Z �U�H�I�X�H�O�O�L�Q�J �O�R�F�D�W�L�R�Q �P�R�G�H�O�� �Q�H�H�G�V �W�R �E�H �H�[�W�H�Q�G�H�G �Z�L�W�K �D �F�R�V�W �I�X�Q�F�W�L�R�Q �W�R �P�L�Q�L�P�L�]�H �W�R�W�D�O �F�R�V�W�V��
�7�K�L�V �H�[�W�H�Q�V�L�R�Q �H�Q�V�X�U�H�V �W�K�D�W �W�K�H �P�R�G�H�O �V�H�O�H�F�W�V �O�R�F�D�W�L�R�Q�V �W�K�D�W �P�D�[�L�P�L�]�H �W�K�H �F�D�S�W�X�U�H�G �I�O�R�Z �Z�K�L�O�H �P�L�Q�L�P�L�]��
�L�Q�J �W�K�H �F�R�V�W�V �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �L�Q�V�W�D�O�O�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �R�U �S�U�H�I�H�U�U�L�Q�J �F�H�U�W�D�L�Q �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �,�Q�V�W�D�O�O�D�W�L�R�Q
�F�R�V�W�V �F�D�Q �E�H �L�Q�I�O�X�H�Q�F�H�G �E�\ �I�D�F�W�R�U�V �V�X�F�K �D�V �J�U�L�G �F�R�Q�J�H�V�W�L�R�Q�� �W�K�H �D�Y�D�L�O�D�E�L�O�L�W�\ �R�I �H�[�L�V�W�L�Q�J �6�K�H�O�O �V�L�W�H�V�� �R�U
�W�K�H �S�U�H�V�H�Q�F�H �R�I �V�P�D�O�O �L�Q�G�X�V�W�U�\ �O�R�F�D�W�L�R�Q�V �Z�L�W�K �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �S�R�W�H�Q�W�L�D�O �F�D�Q �E�H �S�U�H�I�H�U�U�H�G �D�Q�G �W�K�X�V �K�D�Y�H
�D �O�R�Z�H�U �F�R�V�W�� �7�K�H�U�H�I�R�U�H�� �W�K�H �R�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q �Z�L�O�O �K�D�Y�H �W�Z�R �J�R�D�O�V�� �P�D�[�L�P�L�]�L�Q�J �W�K�H �F�D�S�W�X�U�H�G �I�O�R�Z �D�Q�G
�P�L�Q�L�P�L�]�L�Q�J �W�R�W�D�O �F�R�V�W�V�� �7�K�L�V �D�S�S�U�R�D�F�K �L�V �F�K�R�V�H�Q �R�Y�H�U �D �F�R�Q�V�W�U�D�L�Q�W �D�S�S�U�R�D�F�K �E�H�F�D�X�V�H �L�W �D�O�O�R�Z�V �I�R�U �D
�P�R�U�H �I�O�H�[�L�E�O�H �D�Q�G �E�D�O�D�Q�F�H�G �R�S�W�L�P�L�]�D�W�L�R�Q �R�I �E�R�W�K �R�E�M�H�F�W�L�Y�H�V�� �%�\ �L�Q�W�H�J�U�D�W�L�Q�J �W�K�H �Q�H�Z �S�D�U�D�P�H�W�H�U�V �G�L�U�H�F�W�O�\
�L�Q�W�R �W�K�H �R�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q�� �W�K�H �P�R�G�H�O �F�D�Q �V�L�P�X�O�W�D�Q�H�R�X�V�O�\ �D�G�G�U�H�V�V �E�R�W�K �J�R�D�O�V�� �S�U�R�Y�L�G�L�Q�J �D �P�R�U�H �F�R�P��
�S�U�H�K�H�Q�V�L�Y�H �V�R�O�X�W�L�R�Q �W�K�D�Q �L�I �F�R�V�W �P�L�Q�L�P�L�]�D�W�L�R�Q �Z�H�U�H �W�U�H�D�W�H�G �D�V �D �V�H�S�D�U�D�W�H �F�R�Q�V�W�U�D�L�Q�W��

�)�R�U �W�K�L�V �P�X�O�W�L���R�E�M�H�F�W�L�Y�H �R�S�W�L�P�L�]�D�W�L�R�Q �S�U�R�E�O�H�P�� �W�K�H �V�F�D�O�D�U�L�]�D�W�L�R�Q �P�H�W�K�R�G �X�V�L�Q�J �W�K�H �Z�H�L�J�K�W�H�G �V�X�P �D�S��
�S�U�R�D�F�K�� �D�V �G�H�Y�H�O�R�S�H�G �E�\ �=�D�G�H�K �>���� �@�� �Z�L�O�O �E�H �H�P�S�O�R�\�H�G�� �7�K�L�V �P�H�W�K�R�G �F�R�P�E�L�Q�H�V �P�X�O�W�L�S�O�H �R�E�M�H�F�W�L�Y�H�V �L�Q�W�R
�D �V�L�Q�J�O�H �R�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q �Z�L�W�K �G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W�V �D�V�V�L�J�Q�H�G �W�R �H�D�F�K �H�O�H�P�H�Q�W�� �$�F�F�R�U�G�L�Q�J �W�R �0�D�U�O�H�U �D�Q�G
�$�U�R�U�D �>���� �@�� �W�K�H �Z�H�L�J�K�W�H�G �V�X�P �P�H�W�K�R�G �L�V �V�W�U�D�L�J�K�W�I�R�U�Z�D�U�G �D�Q�G �H�I�I�H�F�W�L�Y�H �I�R�U �P�X�O�W�L���R�E�M�H�F�W�L�Y�H �R�S�W�L�P�L�]�D�W�L�R�Q��
�E�X�W �L�W �R�Q�O�\ �Z�R�U�N�V �I�R�U �F�R�Q�Y�H�[ �S�U�R�E�O�H�P�V�� �6�L�Q�F�H �W�K�H �P�R�G�H�O �E�\ �.�X�E�\ �D�Q�G �/�L�P �>���� �@ �L�V �D �O�L�Q�H�D�U �P�R�G�H�O �D�Q�G
�W�K�H�U�H�I�R�U �F�R�Q�Y�H�[�� �W�K�L�V �P�H�W�K�R�G �L�V �F�K�R�V�H�Q �L�Q�V�W�H�D�G �R�I �W�K�H �3�D�U�H�W�R �R�S�W�L�P�X�P�� �Z�K�L�F�K �D�O�O�R�F�D�W�H�V �U�H�V�R�X�U�F�H�V �L�Q
�V�X�F�K �D �Z�D�\ �W�K�D�W �L�P�S�U�R�Y�L�Q�J �R�Q�H �R�E�M�H�F�W�L�Y�H �Z�R�X�O�G �Z�R�U�V�H�Q �D�Q�R�W�K�H�U �>���� �@��

�7�K�H �U�D�Q�N�H�G �V�X�P �P�H�W�K�R�G �>���� �@ �Z�L�O�O �E�H �X�V�H�G �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �Z�H�L�J�K�W�V�� �Z�K�L�F�K �H�Q�D�E�O�H�V �W�R �G�L�I�I�H�U�H�Q�W�L�D�W�H �W�K�H
�U�D�Q�N�V �R�I �S�D�U�D�P�H�W�H�U�V �D�Q�G �W�K�U�R�X�J�K �W�K�D�W �W�K�H �Z�H�L�J�K�W�V �I�R�U �G�L�I�I�H�U�H�Q�W �Q�X�P�H�U�L�F�D�O �H�[�S�H�U�L�P�H�Q�W�V �L�Q�F�K�D�S�W�H�U ����

�7�K�H �Z�H�L�J�K�W �S�D�U�D�P�H�W�H�U�V �F�D�Q �E�H �G�H�W�H�U�P�L�Q�H�G �Z�L�W�K �W�K�H �I�R�O�O�R�Z�L�Q�J �H�T�X�D�W�L�R�Q �>���� �@��

wi =
2(n + 1 � i )

n(n + 1)
����������

�:�K�H�U�Hwi �L�V �W�K�H �Z�H�L�J�K�W �R�I �W�K�H �V�S�H�F�L�I�L�F �S�D�U�D�P�H�W�H�U�� �L �L�V �W�K�H �U�D�Q�N �R�I �W�K�D�W �S�D�U�D�P�H�W�H�U �D�Q�G �Q �L�V �W�K�H �W�R�W�D�O �Q�X�P�E�H�U
�R�I �U�D�Q�N�H�G �S�D�U�D�P�H�W�H�U�V��

�:�K�H�Q �X�V�L�Q�J �W�K�H �V�F�D�O�D�U�L�]�D�W�L�R�Q �P�H�W�K�R�G�� �W�K�H �P�L�Q�L�P�L�V�L�Q�J �I�X�Q�F�W�L�R�Q �V�K�R�X�O�G �E�H �P�D�U�N�H�G �Q�H�J�D�W�L�Y�H�� �Z�K�L�O�H �W�K�H
�P�D�[�L�P�L�V�L�Q�J �I�X�Q�F�W�L�R�Q �L�V �P�D�U�N�H�G �S�R�V�L�W�L�Y�H �>���� �@��

�7�R �S�U�R�Y�L�G�H �D �V�H�Q�V�H �R�I �I�D�L�U�Q�H�V�V �E�H�W�Z�H�H�Q �H�D�F�K �R�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q�� �L�W �L�V �Q�H�F�H�V�V�D�U�\ �W�R �Q�R�U�P�D�O�L�V�H�� �7�K�H
�Q�R�U�P�D�O�L�V�D�W�L�R�Q �L�V �S�H�U�I�R�U�P�H�G �X�V�L�Q�J �W�K�H �V�D�P�H �I�R�U�P�X�O�D �D�V �Z�L�W�K�L�Q �W�K�H �J�U�H�H�G�\ �D�S�S�U�R�D�F�K �>���� �@��
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�2�S�X�E�X�M�S�R�W �S�J �X�L�I �Q�S�H�I�P
�,�Q�7�D�E�O�H �������D�O�O �6�H�W�V�� �3�D�U�D�P�H�W�H�U�V �D�Q�G �'�H�F�L�V�L�R�Q �9�D�U�L�D�E�O�H�V �R�I �W�K�H �P�R�G�H�O �D�U�H �S�U�H�V�H�Q�W�H�G��

�7�D�E�O�H ���������1�R�W�D�W�L�R�Q �R�I �W�K�H �P�R�G�H�O

�6�H�W�V �D�Q�G �,�Q�G�L�F�H�V
Q �V�H�W �R�I �D�O�O �2�±�' �S�D�L�U�V q 2 Q
K �V�H�W �R�I �D�O�O �S�R�W�H�Q�W�L�D�O �I�D�F�L�O�L�W�\ �O�R�F�D�W�L�R�Q�V k 2 K
H �V�H�W �R�I �D�O�O �S�R�W�H�Q�W�L�D�O �I�D�F�L�O�L�W�\ �F�R�P�E�L�Q�D�W�L�R�Q�V h 2 H
�3�D�U�D�P�H�W�H�U�V
f q �I�O�R�Z �Y�R�O�X�P�H �R�Q �W�K�H �V�K�R�U�W�H�V�W �S�D�W�K �E�H�W�Z�H�H�Q �2�±�' �S�D�L�Uq �Q�X�P�E�H�U �R�I �Y�H�K�L�F�O�H�V
ahk �D �F�R�H�I�I�L�F�L�H�Q�W �H�T�X�D�O �W�R �� �L�I �I�D�F�L�O�L�W�\k �L�V �L�Q �F�R�P�E�L�Q�D�W�L�R�Qh �D�Q�G �� �R�W�K�H�U�Z�L�V�H �^�������`
bqh �D �F�R�H�I�I�L�F�L�H�Q�W �H�T�X�D�O �W�R �� �L�I �I�D�F�L�O�L�W�\ �F�R�P�E�L�Q�D�W�L�R�Qh �F�D�Q �U�H�I�X�H�O �2�±�' �S�D�L�Uq �D�Q�G �� �R�W�K�H�U�Z�L�V�H �^�������`
c1k �F�R�V�W �S�D�U�D�P�H�W�H�U �J�U�L�G �X�Q�L�W �R�I �F�R�V�W
c2k �F�R�V�W �S�D�U�D�P�H�W�H�U �F�X�U�U�H�Q�W �V�W�G �X�Q�L�W �R�I �F�R�V�W
c3k �F�R�V�W �S�D�U�D�P�H�W�H�U �V�P�D�O�O �L�Q�G�X�V�W�U�\ �V�L�W�H �X�Q�L�W �R�I �F�R�V�W
B �%�X�G�J�H�W �I�R�U �L�Q�V�W�D�O�O�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �X�Q�L�W �R�I �F�R�V�W
w1 �Z�H�L�J�K�W �I�R�U �P�D�[�L�P�L�V�L�Q�J �I�O�R�Z
w2 �Z�H�L�J�K�W �I�R�U �P�L�Q�L�P�L�V�L�Q�J �J�U�L�G �F�R�V�W�V
w3 �Z�H�L�J�K�W �I�R�U �P�L�Q�L�P�L�V�L�Q�J �F�X�U�U�H�Q�W �V�W�G �F�R�V�W�V
w4 �Z�H�L�J�K�W �I�R�U �P�L�Q�L�P�L�V�L�Q�J �V�P�D�O�O �L�Q�G�X�V�W�U�\ �V�L�W�H �F�R�V�W�V
�'�H�F�L�V�L�R�Q �9�D�U�L�D�E�O�H�V
yq �� �L�If q �L�V �F�D�S�W�X�U�H�G�� �� �R�W�K�H�U�Z�L�V�H �^�������`
xk �� �L�I �D �I�D�F�L�O�L�W�\ �L�V �O�R�F�D�W�H�G �D�Wk�� �� �R�W�K�H�U�Z�L�V�H �^�������`
vh �� �L�I �D�O�O �I�D�F�L�O�L�W�L�H�V �L�Q �F�R�P�E�L�Q�D�W�L�R�Qh �D�U�H �R�S�H�Q�� �� �R�W�K�H�U�Z�L�V�H �^�������`

�6�H�W�VQ �D�Q�GK �F�D�Q �E�H �G�L�U�H�F�W�O�\ �G�H�U�L�Y�H�G �I�U�R�P �W�K�H �2�' �P�D�W�U�L�F�H�V�� �D�Q�G �W�K�H �S�D�U�D�P�H�W�H�U�Vf q�� c1k �� c2k �� c3k

�D�U�H �Z�L�W�K�L�Q �W�K�H �2�' �P�D�W�U�L�F�H�V �R�U �L�Q �W�K�H �Q�R�G�H �L�Q�I�R�U�P�D�W�L�R�Q �G�D�W�D �I�U�D�P�H�� �+�R�Z�H�Y�H�U�� �J�H�Q�H�U�D�W�L�Q�J �V�H�WH �D�Q�G �W�K�H
�S�D�U�D�P�H�W�H�U�Vahk �D�Q�Gbqh �U�H�T�X�L�U�H�V �U�X�Q�Q�L�Q�J �D�Q �D�O�J�R�U�L�W�K�P�� �7�K�L�V �D�O�J�R�U�L�W�K�P �Z�D�V �R�U�L�J�L�Q�D�O�O�\ �G�H�Y�H�O�R�S�H�G �E�\ �.�X�E�\
�D�Q�G �/�L�P �>���� �@ �D�Q�G �L�V �V�K�R�Z�Q �E�H�O�R�Z��

�6�W�H�S ���� �,�Q�L�W�L�D�O�L�]�D�W�L�R�Q�V

���� �*�H�Q�H�U�D�W�H �W�K�H �V�K�R�U�W�H�V�W �S�D�W�K �I�R�U �D�O�O �R�U�L�J�L�Q�±�G�H�V�W�L�Q�D�W�L�R�Q �S�D�L�U�Vq�� �6�W�R�U�H �W�K�H �Q�R�G�H�V �D�Q�G �O�L�Q�N�V �R�I �W�K�H �S�D�W�K��

���� �(�V�W�D�E�O�L�V�K �D�Q �H�P�S�W�\ �P�D�V�W�H�U �O�L�V�W �R�I �D�O�O �F�R�P�E�L�Q�D�W�L�R�Q�Vh��

�6�W�H�S ���� �*�H�Q�H�U�D�W�H �&�R�P�E�L�Q�D�W�L�R�Q�V

���� �)�R�U �H�D�F�K �S�D�W�Kq�� �J�H�Q�H�U�D�W�H �D�O�O �S�R�V�V�L�E�O�H �F�R�P�E�L�Q�D�W�L�R�Q�Vh �R�I �W�K�H �Q�R�G�H�V �R�Q �W�K�H �S�D�W�K �F�D�S�D�E�O�H �R�I �U�H�I�X��
�H�O�O�L�Q�J �W�K�H �S�D�W�K��

�6�W�H�S ���� �(�Y�D�O�X�D�W�H �&�R�P�E�L�Q�D�W�L�R�Q�V

���� �5�H�P�R�Y�H �I�D�F�L�O�L�W�\ �F�R�P�E�L�Q�D�W�L�R�Q�V �W�K�D�W �F�D�Q�Q�R�W �U�H�I�X�H�O �D �Y�H�K�L�F�O�H �R�Q �W�K�H �J�L�Y�H�Q �S�D�W�K��

���D���6�W�D�U�W �D�W �W�K�H �R�U�L�J�L�Q �Q�R�G�H�� �6�H�W �W�K�H �U�H�P�D�L�Q�L�Q�J �I�X�H�O �U�D�Q�J�H �D�W �I�X�O�O �R�U �K�D�O�I �E�D�V�H�G �R�Q �Z�K�H�W�K�H�U �W�K�H�U�H
�L�V �D �I�D�F�L�O�L�W�\ �D�W �W�K�H �R�U�L�J�L�Q��

���E���0�R�Y�H �W�R �W�K�H �Q�H�[�W �Q�R�G�H�� �V�X�E�W�U�D�F�W �W�K�H �G�L�V�W�D�Q�F�H �W�U�D�Y�H�O�O�H�G �I�U�R�P �W�K�H �U�H�P�D�L�Q�L�Q�J �I�X�H�O �U�D�Q�J�H�� �D�Q�G
�F�K�H�F�N��

�‡�,�I �W�K�H �U�H�P�D�L�Q�L�Q�J �I�X�H�O �U�D�Q�J�H �L�V �O�H�V�V �W�K�D�Q �]�H�U�R�� �U�H�P�R�Y�H �W�K�H �F�R�P�E�L�Q�D�W�L�R�Q��

�‡�,�I �W�K�H �Q�R�G�H �L�V �W�K�H �G�H�V�W�L�Q�D�W�L�R�Q �D�Q�G �K�D�V �D �U�H�I�X�H�O�O�L�Q�J �V�W�D�W�L�R�Q�� �N�H�H�S �W�K�H �F�R�P�E�L�Q�D�W�L�R�Q��

�‡�,�I �W�K�H �Q�R�G�H �L�V �W�K�H �R�U�L�J�L�Q�� �N�H�H�S �W�K�H �F�R�P�E�L�Q�D�W�L�R�Q��

�‡�,�I �W�K�H �Q�R�G�H �K�D�V �D �U�H�I�X�H�O�O�L�Q�J �V�W�D�W�L�R�Q�� �U�H�V�H�W �W�K�H �U�H�P�D�L�Q�L�Q�J �I�X�H�O �U�D�Q�J�H��

�6�W�H�S ���� �5�H�P�R�Y�H �6�X�S�H�U�V�H�W�V

���� �5�H�P�R�Y�H �F�R�P�E�L�Q�D�W�L�R�Q�V �W�K�D�W �D�U�H �V�X�S�H�U�V�H�W�V �R�I �D�Q�\ �R�W�K�H�U �U�H�P�D�L�Q�L�Q�J �F�R�P�E�L�Q�D�W�L�R�Q��

���D���6�R�U�W �F�R�P�E�L�Q�D�W�L�R�Q�V �E�\ �W�K�H �Q�X�P�E�H�U �R�I �Q�R�G�H�V �L�Q �G�H�V�F�H�Q�G�L�Q�J �R�U�G�H�U��

���E���5�H�P�R�Y�H �V�X�S�H�U�V�H�W�V �I�U�R�P �W�K�H �O�L�V�W��
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�6�W�H�S ���� �5�H�F�R�U�G �9�L�D�E�O�H �&�R�P�E�L�Q�D�W�L�R�Q�V

���� �5�H�F�R�U�G �W�K�H �I�D�F�L�O�L�W�L�H�Vk �L�Q �H�D�F�K �Y�L�D�E�O�H �F�R�P�E�L�Q�D�W�L�R�Qh �D�Q�G �W�K�H �Y�L�D�E�O�H �F�R�P�E�L�Q�D�W�L�R�Q�Vh �I�R�U �S�D�W�Kq�� �8�V�H
�F�R�H�I�I�L�F�L�H�Q�W�Vbqh �D�Q�Gahk �W�R �V�W�R�U�H �W�K�H�V�H �U�H�O�D�W�L�R�Q�V�K�L�S�V��

�6�W�H�S ���� �5�H�S�H�D�W

���� �5�H�S�H�D�W �6�W�H�S�V ���±�� �I�R�U �D�O�O �S�D�W�K�Vq��

�$ �N�H�\ �V�W�H�S �L�Q �W�K�H �D�O�J�R�U�L�W�K�P �L�Q�Y�R�O�Y�H�V �G�H�W�H�U�P�L�Q�L�Q�J �Z�K�L�F�K �U�H�I�X�H�O�O�L�Q�J �F�R�P�E�L�Q�D�W�L�R�Q�V �D�U�H �I�H�D�V�L�E�O�H �I�R�U �H�D�F�K
�S�D�W�K�� �)�R�U �H�Y�H�U�\ �S�D�W�K�� �L�W �J�H�Q�H�U�D�W�H�V �S�R�W�H�Q�W�L�D�O �F�R�P�E�L�Q�D�W�L�R�Q�V �D�Q�G �Y�D�O�L�G�D�W�H�V �W�K�H�P �D�J�D�L�Q�V�W �W�K�H �2�' �P�D�W�U�L�[��
�Z�K�L�F�K �L�Q�F�O�X�G�H�V ������ �Q�R�G�H�V �D�Q�G �D�Q �D�Y�H�U�D�J�H �S�D�W�K �O�H�Q�J�W�K �R�I ������ �7�K�L�V �S�U�R�F�H�V�V �L�V �F�R�P�S�X�W�D�W�L�R�Q�D�O�O�\ �L�Q�W�H�Q�V�L�Y�H
�E�H�F�D�X�V�H �L�W �L�Q�L�W�L�D�O�O�\ �F�R�Q�V�L�G�H�U�V �D�O�O �F�R�P�E�L�Q�D�W�L�R�Q�V �D�O�R�Q�J �D �S�D�W�K�� �H�Y�H�Q �W�K�R�V�H �Z�L�W�K ���� �S�R�V�V�L�E�O�H �U�H�I�X�H�O�O�L�Q�J �S�R�L�Q�W�V��
�+�R�Z�H�Y�H�U�� �L�Q �V�X�E�V�H�T�X�H�Q�W �V�W�H�S�V�� �W�K�H �D�O�J�R�U�L�W�K�P �H�O�L�P�L�Q�D�W�H�V �V�X�S�H�U �V�H�W�V �R�I �F�R�P�E�L�Q�D�W�L�R�Q�V �Z�K�H�Q �W�K�H�\ �D�U�H
�X�Q�Q�H�F�H�V�V�D�U�\�� �)�R�U �L�Q�V�W�D�Q�F�H�� �L�I �D �S�D�W�K �L�V ������ �N�P �O�R�Q�J �D�Q�G �D �Y�H�K�L�F�O�H�¶�V �U�D�Q�J�H �L�V ������ �N�P�� �U�H�I�X�H�O�O�L�Q�J �D�W �D�O�O ����
�Q�R�G�H�V �Z�R�X�O�G �D�O�O�R�Z �L�W �W�R �U�H�D�F�K �L�W�V �G�H�V�W�L�Q�D�W�L�R�Q�� �<�H�W�� �L�W �F�R�X�O�G �D�O�V�R �F�R�P�S�O�H�W�H �W�K�H �W�U�L�S �Z�L�W�K �R�Q�O�\ �� �U�H�I�X�H�O�O�L�Q�J
�S�R�L�Q�W�V�� �I�R�U�P�L�Q�J �D �V�P�D�O�O�H�U �F�R�P�E�L�Q�D�W�L�R�Q�� �7�K�X�V�� �U�H�F�R�U�G�L�Q�J �D�O�O �F�R�P�E�L�Q�D�W�L�R�Q�V �L�Q�L�W�L�D�O�O�\ �D�Q�G �W�K�H�Q �U�H�P�R�Y�L�Q�J
�W�K�H �V�X�S�H�U�V�H�W�V �L�V �U�H�G�X�Q�G�D�Q�W�� �*�L�Y�H�Q �W�K�D�W�� �L�Q �W�K�L�V �G�D�W�D�V�H�W�� �W�K�H �P�D�[�L�P�X�P �S�D�W�K �O�H�Q�J�W�K �L�V ������ �N�P �D�Q�G �W�K�H
�P�L�Q�L�P�X�P �Y�H�K�L�F�O�H �U�D�Q�J�H �L�V ������ �N�P�� �R�Q�O�\ �F�R�P�E�L�Q�D�W�L�R�Q�V �R�I �X�S �W�R �� �Q�R�G�H�V �Q�H�H�G �W�R �E�H �F�R�Q�V�L�G�H�U�H�G �I�R�U �W�K�H
�U�R�X�Q�G �W�U�L�S �D�Q�G �H�Y�H�Q �Z�K�H�Q �W�K�H �Y�H�K�L�F�O�H �V�W�D�U�W�V �Z�L�W�K �K�D�O�I �D �U�D�Q�J�H�� �7�K�L�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �D�F�F�H�O�H�U�D�W�H�V �W�K�H �S�U�R�F�H�V�V
�R�I �J�H�Q�H�U�D�W�L�Q�J �V�H�WH �D�Q�G �W�K�H �S�D�U�D�P�H�W�H�U�Vahk �D�Q�Gbqh �� �7�K�L�V �D�O�J�R�U�L�W�K�P �K�D�V �E�H�H�Q �U�X�Q �I�R�U �U�D�Q�J�H�V �R�I ��������
�������� �������� �������� ������ �D�Q�G ������ �N�P �W�R �E�H �D�E�O�H �W�R �G�H�Y�H�O�R�S �D �V�R�O�X�W�L�R�Q �R�Y�H�U �W�K�H �F�R�P�L�Q�J �\�H�D�U�V �L�Q�F�K�D�S�W�H�U ����
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�1�S�H�I�P �J�S�V�Q�Y�P�E�X�M�S�R
�7�K�H �P�R�G�H�O�O�L�Q�J �R�E�M�H�F�W�L�Y�H�V �R�I �P�D�[�L�P�L�V�L�Q�J �I�O�R�Z �D�Q�G �P�L�Q�L�P�L�V�L�Q�J �F�R�V�W�V �D�U�H �G�H�I�L�Q�H�G �E�H�O�R�Z��

�)�O�R�Z �P�D�[�L�P�L�V�D�W�L�R�Q��
f 1(x) =

X

q2 Q

f q;normalised yq ����������

�&�R�V�W �P�L�Q�L�P�L�V�D�W�L�R�Q��
f 2(x) =

X

k2 K

c1k;normalised xk ����������

f 3(x) =
X

k2 K

c2k;normalised xk ����������

f 4(x) =
X

k2 K

c3k;normalised xk ����������

F (x) = w1f 1(x) � w2f 2(x) � w3f 3(x) � w4f 4(x) ����������

�Z�K�H�U�HF (x) �L�V �W�K�H �I�L�W�Q�H�V�V �I�X�Q�F�W�L�R�Q��f 1(x)�� f 2(x)�� f 3(x)�� f 4(x) �D�U�H �R�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q�V ���� ���� ���� �� �D�Q�Gw1��
w2��w3��w4 �D�U�H �W�K�H �Z�H�L�J�K�W�V �I�R�U �W�K�H �U�H�V�S�H�F�W�L�Y�H �R�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q�V��

�2�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q��

maxZ = F (x) ������������

�6�X�E�M�H�F�W �W�R��

X

h2 H

bqhvh � yq 8q 2 Q ������������

ahk xk � vh 8h 2 H ������������

X

k2 K

(c1k + c2k + c3k ) xk � B ������������

xk ; vh ; yq 2 0; 1 8k; h; q ������������

�(�T�X�D�W�L�R�Q ���������L�V �W�K�H �R�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q �W�K�D�W �P�D�[�L�P�L�V�H�V �W�K�H �W�R�W�D�O �I�O�R�Z �W�K�D�W �F�D�Q �E�H �U�H�I�X�H�O�O�H�G �Z�K�L�O�H �P�L�Q�L�P�L�V��
�L�Q�J �W�K�H �R�S�H�Q�L�Q�J �F�R�V�W�V �Z�L�W�K �W�K�H �V�H�O�H�F�W�H�G �I�D�F�L�O�L�W�L�H�V���(�T�X�D�W�L�R�Q ���������H�Q�V�X�U�H�V �W�K�D�W �I�R�U �H�D�F�K �S�D�W�Kq�� �D�W �O�H�D�V�W
�R�Q�H �H�O�L�J�L�E�O�H �F�R�P�E�L�Q�D�W�L�R�Q �R�I �I�D�F�L�O�L�W�L�H�Vh �L�V �R�S�H�Q �W�R �D�O�O�R�Z �U�H�I�X�H�O�O�L�Q�J �R�Q �W�K�D�W �S�D�W�K���(�T�X�D�W�L�R�Q ���������H�Q�V�X�U�H�V
�W�K�D�Wvh �L�V �]�H�U�R �X�Q�O�H�V�V �D�O�O �I�D�F�L�O�L�W�L�H�V �L�Q �W�K�H �F�R�P�E�L�Q�D�W�L�R�Qh �D�U�H �R�S�H�Q���(�T�X�D�W�L�R�Q ���������H�Q�V�X�U�H�V �W�K�D�W �W�K�H �W�R�W�D�O
�F�R�V�W �R�I �W�K�H �R�S�H�Q�H�G �I�D�F�L�O�L�W�L�H�V �G�R�H�V �Q�R�W �H�[�F�H�H�G �W�K�H �E�X�G�J�H�WB �� �(�T�X�D�W�L�R�Q ���������V�S�H�F�L�I�L�H�V �W�K�D�W �W�K�H �G�H�F�L�V�L�R�Q
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�;�;�/ �G�L�V�W�U�L�E�X�W�L�R�Q �F�H�Q�W�U�H�V ���'�&���� �Z�K�L�F�K �K�D�Y�H �D �V�X�U�I�D�F�H �D�U�H�D �R�I �R�Y�H�U ������������ �P�ð �F�R�X�O�G �D�O�V�R �V�H�U�Y�H �D�V �S�R�W�H�Q�W�L�D�O
�O�R�F�D�W�L�R�Q�V �I�R�U �W�U�X�F�N�V �W�R �E�H �E�D�V�H�G �>���� �@�� �,�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V �W�K�H�U�H �D�U�H �L�Q �W�R�W�D�O ������ �;�;�/ �G�L�V�W�U�L�E�X�W�L�R�Q �F�H�Q�W�U�H�V
�R�I �Z�K�L�F�K �P�R�U�H �W�K�D�Q �K�D�O�I �R�I �W�K�H�P �D�U�H �L�Q �W�K�H �V�D�P�H �� �&�2�5�2�3 �U�H�J�L�R�Q�V�� �7�K�H�V�H �&�2�5�2�3 �U�H�J�L�R�Q�V �D�U�H�� �*�U�R�R�W��
�5�L�M�Q�P�R�Q�G�� �1�R�R�U�G���/�L�P�E�X�U�J�� �0�L�G�G�H�Q���1�R�R�U�G���%�U�D�E�D�Q�W �D�Q�G �:�H�V�W���1�R�R�U�G���%�U�D�E�D�Q�W �>���� �@

�$�Q�R�W�K�H�U �O�R�F�D�W�L�R�Q �Z�K�H�U�H �W�U�X�F�N�V �S�R�V�V�L�E�O�\ �Z�L�O�O �E�H �E�D�V�H�G �R�U �R�U�J�L�Q�D�W�H �R�U �G�H�V�W�L�Q�D�W�H �I�U�R�P �D�U�H �L�Q�G�X�V�W�U�\ �V�L�W�H�V
�Z�L�W�K�L�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V�� �D�V �W�K�H�V�H �D�U�H �W�K�H �S�O�D�F�H�V �Z�K�H�U�H �J�R�R�G�V �D�U�H �S�U�R�G�X�F�H�G�� �,�Q�)�L�J�X�U�H �������D �I�L�J�X�U�H �L�V
�V�K�R�Z�Q �Z�L�W�K �D�O�O �D�U�H�D�V �L�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V �P�D�U�N�H�G �D�V �L�Q�G�X�V�W�U�L�D�O �V�L�W�H �>���� �@�� �,�W �F�D�Q �E�H �V�H�H�Q �W�K�D�W �V�R�P�H �D�U�H�D�V
�K�D�Y�H �O�D�U�J�H�U �L�Q�G�X�V�W�U�L�D�O �V�L�W�H�V �W�K�D�Q �R�W�K�H�U �D�U�H�D �Z�L�W�K�L�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V��
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�6�L�Q�F�H �W�K�L�V �U�H�V�H�D�U�F�K �D�L�P�V �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �R�S�W�L�P�D�O �O�R�F�D�W�L�R�Q�V �I�R�U �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V�� �L�W �L�V �H�V�V�H�Q�W�L�D�O
�W�R �X�Q�G�H�U�V�W�D�Q�G �Z�K�H�U�H �D�Q�G �K�R�Z �P�X�F�K �W�U�X�F�N�V �W�U�D�Y�H�O�� �$�V �P�H�Q�W�L�R�Q�H�G �L�Q�V�X�E�V�H�F�W�L�R�Q �����������W�K�H�U�H �D�U�H �V�R
�F�D�O�O�H�G �;�;�/ �G�L�V�W�U�L�E�X�W�L�R�Q �F�H�Q�W�U�H�V �Z�K�L�F�K �D�U�H �S�R�W�H�Q�W�L�D�O �O�R�F�D�W�L�R�Q�V �Z�K�H�U�H �W�U�X�F�N�V �R�U�L�J�L�Q�D�W�H �D�Q�G �D�U�H �G�H�V�W�L�Q�H�G�� �,�Q
�)�L�J�X�U�H �������W�K�H�V�H �U�H�J�L�R�Q�V �K�D�Y�H �E�H�H�Q �K�L�J�K�O�L�J�K�W�H�G �L�Q �O�L�J�K�W �E�O�X�H�� �,�Q �W�K�H �V�D�P�H �I�L�J�X�U�H �W�K�H �W�U�X�F�N �I�O�R�Z�V �I�U�R�P �W�K�H
�G�D�W�D�V�H�W �Z�K�L�F�K �K�D�V �E�H�H�Q �H�[�S�O�D�L�Q�H�G �L�Q�"�" �D�U�H �V�K�R�Z�Q�� �,�Q�)�L�J�X�U�H �������F�D�Q �E�H �V�H�H�Q �W�K�D�W �D�U�R�X�Q�G �(�L�Q�G�K�R�Y�H�Q
�W�K�H�U�H �L�V �D �O�R�W �R�I �W�U�X�F�N �W�U�D�I�I�L�F �Z�K�L�F�K �F�R�L�Q�F�L�G�H�V �Z�L�W�K �W�K�H �U�H�J�L�V�W�H�U�H�G �W�U�X�F�N�V �R�Y�H�U �W�K�H�U�H�� �7�K�H �R�W�K�H�U �S�O�D�F�H�V
�Z�K�H�U�H �D �O�R�W �R�I �W�U�X�F�N �W�U�D�I�I�L�F �F�D�Q �E�H �V�H�H�Q �L�V �E�H�W�Z�H�H�Q �W�K�H �&�2�5�2�3 �U�H�J�L�R�Q�V �Z�K�L�F�K �K�D�Y�H �E�H�H�Q �K�L�J�K�O�L�J�K�W�H�G
�L�Q �O�L�J�K�W �E�O�X�H �Z�K�L�F�K �K�D�Y�H �W�K�H �O�D�U�J�H�V�W �S�D�U�W �R�I �;�;�/ �'�L�V�W�U�L�E�X�W�L�R�Q �F�H�Q�W�U�H�V �D�V �P�H�Q�W�L�R�Q�H�G �E�H�I�R�U�H�� �7�K�H �W�U�X�F�N
�I�O�R�Z �D�O�V�R �R�F�F�X�U�V �R�Q �W�K�H �(�8�¶�V �7�U�D�Q�V���(�X�U�R�S�H�D�Q �7�U�D�Q�V�S�R�U�W �1�H�W�Z�R�U�N ���7�(�1���7�� �>���� �@�� �Z�K�L�F�K �S�O�D�\�V �D �F�U�X�F�L�D�O
�U�R�O�H �L�Q �I�D�F�L�O�L�W�D�W�L�Q�J �H�I�I�L�F�L�H�Q�W �W�U�D�Q�V�S�R�U�W�D�W�L�R�Q �R�I �S�H�R�S�O�H �D�Q�G �J�R�R�G�V�� �V�X�S�S�R�U�W�L�Q�J �D�F�F�H�V�V �W�R �H�P�S�O�R�\�P�H�Q�W �D�Q�G
�V�H�U�Y�L�F�H�V�� �D�Q�G �S�U�R�P�R�W�L�Q�J �W�U�D�G�H �D�Q�G �H�F�R�Q�R�P�L�F �J�U�R�Z�W�K�� �7�K�H �7�(�1���7 �I�U�D�P�H�Z�R�U�N �D�O�V�R �V�H�U�Y�H�V �D�V �D �I�R�X�Q�G�D�W�L�R�Q
�I�R�U �U�H�J�X�O�D�W�L�R�Q�V �R�Q �W�K�H �H�V�W�D�E�O�L�V�K�P�H�Q�W �R�I �U�H�F�K�D�U�J�L�Q�J �V�W�D�W�L�R�Q�V �>���� �@�� �$�F�F�R�U�G�L�Q�J �W�R �W�K�R�V�H �U�H�J�X�O�D�W�L�R�Q�V�� �I�U�R�P
�������� �R�Q�Z�D�U�G�V�� �W�K�H�U�H �P�X�V�W �E�H �D �U�H�F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�\ �Z�L�W�K �D �P�L�Q�L�P�X�P �S�R�Z�H�U �R�X�W�S�X�W �R�I ������ �N�: �H�Y�H�U�\ ����
�N�P �D�O�R�Q�J �W�K�H �7�(�1���7 �Q�H�W�Z�R�U�N��
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�������������,�S�[ �J�E�V �H�S �X�V�Y�G�O�W �H�V�M�Z�I�#
�)�R�U �W�K�L�V �U�H�V�H�D�U�F�K �L�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �N�Q�R�Z �K�R�Z �I�D�U �W�U�X�F�N�V �G�U�L�Y�H�� �D�V �W�K�H �U�D�Q�J�H �R�I �+�' �%�(�9�¶�V �L�V �D �S�R�W�H�Q�W�L�D�O
�F�R�Q�V�W�U�D�L�Q�W �L�Q �W�K�H�L�U �R�S�H�U�D�W�L�R�Q�� �W�K�L�V �U�D�Q�J�H �W�R�J�H�W�K�H�U �Z�L�W�K �W�K�H �G�L�V�W�D�Q�F�H �D �W�U�X�F�N �G�U�L�Y�H�V �D�O�V�R �L�Q�I�O�X�H�Q�F�H�V �Z�K�H�U�H
�L�W �Q�H�H�G�V �W�R �U�H�F�K�D�U�J�H�� �$�F�F�R�U�G�L�Q�J �W�R �&�%�6 �>���@�� �W�U�X�F�N�V �L�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V �W�\�S�L�F�D�O�O�\ �W�U�D�Y�H�O �D�U�R�X�Q�G ������������ �N�P
�D�Q�Q�X�D�O�O�\�� �D�Y�H�U�D�J�L�Q�J �D�E�R�X�W ������ �N�P �S�H�U �G�D�\�� �D�V�V�X�P�L�Q�J �W�K�H�\ �S�U�L�P�D�U�L�O�\ �R�S�H�U�D�W�H �R�Q �Z�R�U�N�L�Q�J �G�D�\�V�� �1�H�Z�H�U
�W�U�X�F�N�V �W�H�Q�G �W�R �F�R�Y�H�U �P�R�U�H �G�L�V�W�D�Q�F�H�� �D�Y�H�U�D�J�L�Q�J �D�S�S�U�R�[�L�P�D�W�H�O�\ �������������� �N�P �D�Q�Q�X�D�O�O�\�� �R�U ������ �N�P �S�H�U �G�D�\
�G�X�U�L�Q�J �W�K�H�L�U �I�L�U�V�W �W�K�U�H�H �\�H�D�U�V �>���@�� �,�Q�)�L�J�X�U�H �������D �I�L�J�X�U�H �L�V �S�O�R�W�W�H�G �Z�L�W�K �D �V�W�D�W�L�V�W�L�F �I�U�R�P �W�K�H �&�%�6 �>���@�� �7�K�L�V
�I�L�J�X�U�H �V�K�R�Z�V �D �E�D�U �S�O�R�W �R�I �D�O�O �W�U�D�Q�V�S�R�U�W�H�G �J�R�R�G�V �L�Q �Z�H�L�J�K�W �E�\ �G�L�V�W�D�Q�F�H �F�O�D�V�V�� �,�W �F�D�Q �E�H �V�H�H�Q �W�K�D�W �D�O�P�R�V�W
������ �R�I �W�U�D�Q�V�S�R�U�W�H�G �J�R�R�G�V �G�R �W�U�D�Y�H�O �O�H�V�V �W�K�H�Q ������ �N�L�O�R�P�H�W�U�H�V�� �:�L�W�K �W�K�H �F�X�U�U�H�Q�W �U�D�Q�J�H �R�I �+�' �%�(�9�¶�V �D
�U�R�X�J�K �D�V�V�X�P�S�W�L�R�Q �F�D�Q �E�H �P�D�G�H �W�K�D�W ������ �R�I �W�U�X�F�N�V �Z�L�O�O �E�H �D�E�O�H �W�R �G�R �W�K�L�V �R�Q �R�Q�H �F�K�D�U�J�H�� �+�R�Z�H�Y�H�U��
�W�K�L�V �D�V�V�X�P�S�W�L�R�Q �K�D�V �I�O�D�Z�V �L�Q �W�K�D�W �W�K�L�V �V�W�D�W�L�V�W�L�F�V �D�O�V�R �F�R�Q�W�D�L�Q �W�U�D�Q�V�S�R�U�W�D�W�L�R�Q �R�I �J�R�R�G�V �E�\ �Y�D�Q�V �D�Q�G �F�D�U
�W�U�D�L�O�H�U�V�� �)�X�U�W�K�H�U�P�R�U�H �G�R �W�U�X�F�N�V �V�R�P�H�W�L�P�H�V �G�U�L�Y�H �H�P�S�W�\ �O�H�J�V �D�I�W�H�U �G�H�O�L�Y�H�U�L�Q�J �W�K�H�L�U �J�R�R�G�V �Z�K�L�F�K �P�H�D�Q�V
�W�K�H�\ �W�U�D�Q�V�S�R�U�W �Q�R �Z�H�L�J�K�W �R�Y�H�U �W�K�H �Z�D�\ �E�D�F�N��

�)�L�J�X�U�H ���������7�U�D�Q�V�S�R�U�W�H�G �Z�H�L�J�K�W �E�\ �G�L�V�W�D�Q�F�H �F�O�D�V�V
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�7�K�H �S�U�H�Y�L�R�X�V �V�H�F�W�L�R�Q �R�Q �W�U�X�F�N �W�U�D�Y�H�O �G�L�V�W�D�Q�F�H�V �R�I�I�H�U�V �D �J�H�Q�H�U�D�O �R�Y�H�U�Y�L�H�Z �R�I �K�R�Z �I�D�U �W�U�X�F�N�V �W�\�S�L�F�D�O�O�\
�G�U�L�Y�H�� �+�R�Z�H�Y�H�U�� �O�R�J�L�V�W�L�F�V �F�R�P�S�D�Q�L�H�V �G�L�I�I�H�U �L�Q �W�K�H�L�U �R�S�H�U�D�W�L�R�Q�V�� �Z�L�W�K �G�L�V�W�L�Q�F�W �F�D�W�H�J�R�U�L�H�V �V�X�F�K �D�V �F�L�W�\��
�U�H�J�L�R�Q�D�O�� �D�Q�G �O�R�Q�J���K�D�X�O �W�U�D�Q�V�S�R�U�W�� �(�D�F�K �R�I �W�K�H�V�H �K�D�V �X�Q�L�T�X�H �G�U�L�Y�L�Q�J �S�D�W�W�H�U�Q�V�� �R�S�H�U�D�W�L�R�Q�D�O �F�R�Q�V�W�U�D�L�Q�W�V��
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�D�Q�G �U�H�T�X�L�U�H�P�H�Q�W�V�� �8�Q�G�H�U�V�W�D�Q�G�L�Q�J �W�K�H�V�H �G�L�I�I�H�U�H�Q�W �R�S�H�U�D�W�L�R�Q�D�O �W�\�S�H�V �L�V �Y�L�W�D�O �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K�� �D�V �W�K�H�\
�V�L�J�Q�L�I�L�F�D�Q�W�O�\ �L�Q�I�O�X�H�Q�F�H �G�U�L�Y�L�Q�J �G�L�V�W�D�Q�F�H�V �D�Q�G �Q�H�H�G�V�� �Z�K�L�F�K �L�Q �W�X�U�Q �D�I�I�H�F�W�V �W�K�H �G�H�P�D�Q�G �I�R�U �S�U�L�Y�D�W�H �Y�H�U�V�X�V
�S�X�E�O�L�F �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H��

�'�M�X�]
�&�L�W�\ �O�R�J�L�V�W�L�F�V �R�I�W�H�Q �U�H�S�U�H�V�H�Q�W �W�K�H �I�L�Q�D�O �V�W�D�J�H �R�I �W�K�H �O�R�J�L�V�W�L�F�V �S�U�R�F�H�V�V�� �Z�K�H�U�H �I�R�U �H�[�D�P�S�O�H �J�R�R�G�V �D�U�H
�W�U�D�Q�V�S�R�U�W�H�G �I�U�R�P �D �'�& �W�R �D �V�X�S�H�U�P�D�U�N�H�W �R�U �V�W�R�U�H �O�R�F�D�W�H�G �L�Q �D �F�L�W�\ �F�H�Q�W�U�H�� �E�\ �D �+�' �%�(�9�� �7�K�H�V�H �R�S�H�U�D�W�L�R�Q�V
�J�H�Q�H�U�D�O�O�\ �L�Q�Y�R�O�Y�H �G�U�L�Y�L�Q�J �G�L�V�W�D�Q�F�H�V �R�I �X�S �W�R ������ �N�P �S�H�U �G�D�\ �>���� �@�� �2�Y�H�U �W�K�H �F�R�P�L�Q�J �\�H�D�U�V�� �D�Q �L�Q�F�U�H�D�V�L�Q�J
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�W�K�H �U�D�Q�J�H �R�I �D �+�' �%�(�9 �L�V �V�X�I�I�L�F�L�H�Q�W �H�Q�R�X�J�K �I�R�U �W�K�H �G�D�L�O�\ �R�S�H�U�D�W�L�R�Q��

�‡�1�X�P�E�H�U �R�I �W�U�L�S�V �S�H�U �G�D�\���$ �W�U�L�S �L�V �D �U�R�X�W�H �R�I �D �W�U�X�F�N �W�K�D�W �O�H�D�Y�H�V �L�W �G�H�S�R�W �D�Q�G �F�R�P�H�V �E�D�F�N �W�R �D
�G�H�S�R�W �R�I �W�K�H �F�R�P�S�D�Q�\�� �7�K�L�V �F�D�Q �V�H�U�Y�H �D�V �D�Q �L�Q�S�X�W �I�R�U �W�K�H �S�U�L�Y�D�W�H �G�H�P�D�Q�G�� �,�I �D �W�U�X�F�N �L�V �P�D�N�L�Q�J
�P�X�O�W�L�S�O�H �W�U�L�S�V �D �G�D�\ �W�K�L�V �F�R�X�O�G �O�H�D�G �W�R �U�H�F�K�D�U�J�L�Q�J �D�W �W�K�H �G�H�S�R�W �L�Q �E�H�W�Z�H�H�Q �W�U�L�S�V �D�Q�G �W�K�X�V �Q�R�W �X�V�L�Q�J
�S�X�E�O�L�F �L�Q�I�U�D�V�W�U�X�F�W�X�U�H��

�‡�0�D�Q�G�D�W�R�U�\ �G�U�L�Y�H�U �E�U�H�D�N�V���%�\ �O�D�Z �W�U�X�F�N �G�U�L�Y�H�U�V �Z�L�O�O �K�D�Y�H �P�D�Q�G�D�W�R�U�\ �V�W�R�S�S�L�Q�J �E�U�H�D�N�V�� �,�Q �W�K�H
�1�H�W�K�H�U�O�D�Q�G�V �D �G�U�L�Y�H�U �Q�H�H�G�V �W�R �K�D�Y�H �D �P�D�Q�G�D�W�R�U�\ �V�W�R�S�S�L�Q�J �E�U�H�D�N �R�I ���� �P�L�Q�X�W�H�V �H�Y�H�U�\ ������ �K�R�X�U�V
�>���� �@�� �7�K�L�V �P�D�Q�G�D�W�R�U�\ �E�U�H�D�N �F�R�X�O�G �E�H �X�V�H�G �I�R�U �F�K�D�U�J�L�Q�J �R�I �D �+�' �%�(�9 �D�Q�G �D�V �W�K�H �G�U�L�Y�H�U �L�V �R�Q �W�K�H
�U�R�D�G �W�K�L�V �S�U�R�E�D�E�O�\ �Z�L�O�O �E�H �D�W �D �S�X�E�O�L�F �O�R�F�D�W�L�R�Q�� �E�X�W �L�I �D �G�U�L�Y�H�U �V�H�U�Y�H�V �L�W�V �E�U�H�D�N�V �D�W �W�K�H �F�R�P�S�D�Q�\
�G�H�S�R�W �W�K�H �W�U�X�F�N �F�R�X�O�G �S�R�W�H�Q�W�L�D�O�O�\ �U�H�F�K�D�U�J�H �D�W �W�K�H �S�U�L�Y�D�W�H �I�D�F�L�O�L�W�\��

�3�V�M�K�M�R �0�S�G�E�X�M�S�R
�,�Q �W�K�L�V �F�D�W�H�J�R�U�\�� �W�K�H �I�R�O�O�R�Z�L�Q�J �I�D�F�W�R�U�V �K�D�Y�H �E�H�H�Q �L�G�H�Q�W�L�I�L�H�G �D�V �S�R�W�H�Q�W�L�D�O�O�\ �X�V�H�I�X�O �I�R�U �G�H�W�H�U�P�L�Q�L�Q�J �F�K�D�U�J�L�Q�J
�E�H�K�D�Y�L�R�X�U��



�������� �8�L�I�S�V�I�X�M�G�E�P �F�E�W�I ����

�‡�+�R�P�H �W�R �K�R�P�H �N�L�O�R�P�H�W�U�H�V���7�K�L�V �F�D�Q �V�H�U�Y�H �D�V �D�Q �L�Q�S�X�W���F�R�Q�V�W�U�D�L�Q�W �I�R�U �W�K�H �P�R�G�H�O�� �D�V �L�W �L�V �S�R�V�V�L�E�O�H
�W�K�D�W �D �W�U�L�S �L�V �Z�L�W�K�L�Q �U�D�Q�J�H �R�I �W�K�H �+�' �%�(�9�� �7�K�L�V �F�R�X�O�G �O�H�D�G �W�R �U�H�F�K�D�U�J�L�Q�J �D�W �D�W �S�U�L�Y�D�W�H �G�H�S�R�W �L�Q�V�W�H�D�G
�R�I �Q�H�H�G�L�Q�J �W�R �U�H�F�K�D�U�J�L�Q�J �D�W �D �S�X�E�O�L�F �O�R�F�D�W�L�R�Q��

�‡�2�Y�H�U�Q�L�J�K�W �L�G�O�L�Q�J �W�L�P�H �D�W �G�H�S�R�W���:�L�W�K �W�K�L�V �F�K�D�U�D�F�W�H�U�L�V�W�L�F �F�D�Q �E�H �G�H�W�H�U�P�L�Q�H�G �L�I �L�W �L�V �S�R�V�V�L�E�O�H �W�R
�F�K�D�U�J�H �D �+�' �%�(�9 �L�Q �W�K�H �W�L�P�H �L�W �L�V �D�W �W�K�H �G�H�S�R�W �R�Y�H�U�Q�L�J�K�W �>���� �@�� �,�W �F�R�X�O�G �S�R�V�V�L�E�O�\ �E�H �D �F�R�Q�V�W�U�D�L�Q�W �I�R�U
�Q�R�W �F�K�D�U�J�L�Q�J �D�W �D �S�U�L�Y�D�W�H �O�R�F�D�W�L�R�Q �L�I �W�K�H �U�H�V�W�L�Q�J �W�L�P�H �D�W �D �G�H�S�R�W �L�V �Q�R�W �V�X�I�I�L�F�L�H�Q�W �I�R�U �I�X�O�O�\ �F�K�D�U�J�L�Q�J �W�K�H
�E�D�W�W�H�U�\�� �,�W �L�V �D�O�V�R �L�P�S�R�U�W�D�Q�W �W�R �G�H�W�H�U�P�L�Q�H �Z�K�H�W�K�H�U �D�O�O �W�U�X�F�N�V �D�U�H �U�H�V�W�L�Q�J �D�W �W�K�H �G�H�S�R�W �V�L�P�X�O�W�D�Q�H�R�X�V�O�\��

�‡�%�H�W�Z�H�H�Q �W�U�L�S �L�G�O�L�Q�J �W�L�P�H���7�K�L�V �L�V �W�K�H �V�D�P�H �D�V �Z�L�W�K �R�Y�H�U�Q�L�J�K�W �L�G�O�L�Q�J �W�L�P�H�� �L�W �F�R�X�O�G �E�H �D �F�R�Q�V�W�U�D�L�Q�W
�R�U �R�S�S�R�U�W�X�Q�L�W�\ �W�R �E�H �D�E�O�H �W�R �F�K�D�U�J�H �Z�L�W�K�L�Q �W�K�H �L�G�O�L�Q�J �W�L�P�H �E�H�W�Z�H�H�Q �W�U�L�S�V �D�W �W�K�H �G�H�S�R�W�� �>���� �@

�‡�3�X�E�O�L�F �F�K�D�U�J�H�U �Q�H�D�U�E�\���:�K�H�Q �D �S�X�E�O�L�F �F�K�D�U�J�H�U �L�V �D�Y�D�L�O�D�E�O�H �Q�H�D�U �W�K�H �G�H�S�R�W �R�I �D �I�O�H�H�W �R�Z�Q�H�U�� �W�K�H
�I�O�H�H�W �R�Z�Q�H�U �P�D�\ �F�K�R�R�V�H �W�R �X�V�H �W�K�L�V �R�Q�H �L�Q�V�W�H�D�G �R�I �L�Q�V�W�D�O�O�L�Q�J �S�U�L�Y�D�W�H �F�K�D�U�J�H�U�V��

�‡�$�Y�D�L�O�D�E�O�H �V�S�D�F�H �I�R�U �S�U�L�Y�D�W�H �F�K�D�U�J�H�U�V���7�K�H �V�S�D�F�H �W�K�D�W �L�V �D�Y�D�L�O�D�E�O�H �I�R�U �S�U�L�Y�D�W�H �F�K�D�U�J�H�U�V �F�D�Q �E�H �D
�F�R�Q�V�W�U�D�L�Q�W �L�Q �W�K�H �X�V�D�J�H �R�I �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J �>���� �@�� �,�Q�V�L�J�K�W �I�U�R�P �I�O�H�H�W �R�Z�Q�H�U�V �D�I�W�H�U �W�H�V�W�L�Q�J �+�' �%�(�9�V
�U�H�V�H�D�U�F�K�H�G �E�\ �8�. �*�R�Y�H�U�Q�P�H�Q�W �>���� �@ �D�O�V�R �U�H�Y�H�D�O�H�G �W�K�D�W �D�Y�D�L�O�D�E�O�H �V�S�D�F�H �L�V �V�H�H�Q �D�V �D �S�R�W�H�Q�W�L�D�O
�F�R�Q�V�W�U�D�L�Q�W �E�\ �I�O�H�H�W �R�Z�Q�H�U�V�� �7�K�H�U�H �L�V �D�O�V�R �W�K�H �F�R�Q�V�L�G�H�U�D�W�L�R�Q �Z�L�W�K�L�Q �W�K�L�V �I�D�F�W�R�U �R�I �W�K�H �G�H�V�L�U�H �W�R �X�W�L�O�L�V�H
�W�K�H �D�Y�D�L�O�D�E�O�H �V�S�D�F�H �I�R�U �F�K�D�U�J�H�U�V��

�‡�$�Y�D�L�O�D�E�O�H �J�U�L�G �F�R�Q�Q�H�F�W�L�R�Q���7�K�H �J�U�L�G �F�R�Q�Q�H�F�W�L�R�Q �W�K�D�W �L�V �D�Y�D�L�O�D�E�O�H �F�D�Q �E�H �D �F�R�Q�V�W�U�D�L�Q�W �L�Q �W�K�H �X�V��
�D�J�H �R�I �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J �>���� �@�� �,�Q�V�L�J�K�W �I�U�R�P �I�O�H�H�W �R�Z�Q�H�U�V �D�I�W�H�U �W�H�V�W�L�Q�J �+�' �%�(�9�V �U�H�V�H�D�U�F�K�H�G �E�\ �8�.
�*�R�Y�H�U�Q�P�H�Q�W �>���� �@ �D�O�V�R �U�H�Y�H�D�O�H�G �W�K�D�W �W�K�H�U�H �D�U�H �F�R�Q�F�H�U�Q�V �D�E�R�X�W �D�Y�D�L�O�D�E�O�H �J�U�L�G �F�R�Q�Q�H�F�W�L�R�Q�V

�(�I�W�X�M�R�E�X�M�S�R �0�S�G�E�X�M�S�R
�,�Q �W�K�L�V �F�D�W�H�J�R�U�\�� �W�K�H �I�R�O�O�R�Z�L�Q�J �W�Z�R �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �K�D�Y�H �E�H�H�Q �L�G�H�Q�W�L�I�L�H�G �D�V �S�R�W�H�Q�W�L�D�O�O�\ �X�V�H�I�X�O �I�R�U �G�H�W�H�U��
�P�L�Q�L�Q�J �F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U��

�‡�1�X�P�E�H�U �R�I �V�W�R�S�V �S�H�U �W�U�L�S���6�W�R�S�V �F�D�Q �V�H�U�Y�H �D�V �D�Q �R�S�S�R�U�W�X�Q�L�W�\ �W�R �F�K�D�U�J�H �S�X�E�O�L�F�O�\ �R�U �V�H�P�L���S�X�E�O�L�F�O�\��
�I�R�U �L�Q�V�W�D�Q�F�H �Z�K�H�Q �D �W�U�X�F�N �L�V �O�R�D�G�L�Q�J���X�Q�O�R�D�G�L�Q�J �L�W �J�R�R�G�V �D�W �D �'�& �L�W �F�D�Q �S�R�V�V�L�E�O�H �U�H�F�K�D�U�J�H�� �7�K�L�V �F�D�Q
�J�L�Y�H �D �J�H�Q�H�U�D�O �L�Q�V�L�J�K�W �R�I �W�K�H �R�S�H�U�D�W�L�R�Q �D�Q�G �W�K�H �F�K�R�L�F�H �W�R �P�D�\�E�H �U�H�F�K�D�U�J�H �D�W �H�Y�H�U�\ �V�W�R�S �Z�K�L�F�K �D�O�V�R
�W�D�N�H�V �G�H�P�D�Q�G �I�U�R�P �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J��

�‡�$�Y�H�U�D�J�H �V�W�R�S�S�L�Q�J �W�L�P�H���7�K�L�V �L�V �W�K�H �V�D�P�H �D�V �R�Y�H�U�Q�L�J�K�W �L�G�O�L�Q�J �W�L�P�H �D�Q�G �L�Q �E�H�W�Z�H�H�Q �W�U�L�S �L�G�O�L�Q�J �W�L�P�H��
�7�K�H �W�L�P�H �W�K�H �W�U�X�F�N �L�V �V�W�D�Q�G�L�Q�J �V�W�L�O�O �Z�L�O�O �L�Q�I�O�X�H�Q�F�H �W�K�H �D�P�R�X�Q�W �R�I �N�:�K �L�W �L�V �D�E�O�H �W�R �U�H�F�K�D�U�J�H�� �>���� �@

�‡�'�L�V�W�D�Q�F�H �G�U�L�Y�H�Q �E�H�W�Z�H�H�Q �V�W�R�S�V���6�D�P�H �U�H�D�V�R�Q �D�V �Z�L�W�K �K�R�P�H �W�R �K�R�P�H �W�U�L�S�V��

�‡�3�X�E�O�L�F �F�K�D�U�J�H�U �Q�H�D�U�E�\���:�K�H�Q �D �S�X�E�O�L�F �F�K�D�U�J�H�U �L�V �D�Y�D�L�O�D�E�O�H �Q�H�D�U �W�K�H �G�H�V�W�L�Q�D�W�L�R�Q �O�R�F�D�W�L�R�Q�� �W�K�H �I�O�H�H�W
�R�Z�Q�H�U �P�D�\ �F�K�R�R�V�H �W�R �X�V�H �W�K�L�V �R�Q�H �Z�K�H�Q �W�K�H�U�H �L�V �Q�R �F�K�D�U�J�H�U �D�Y�D�L�O�D�E�O�H �D�W �W�K�H �H�[�D�F�W �G�H�V�W�L�Q�D�W�L�R�Q��

�‡�3�U�L�Y�D�W�H �F�K�D�U�J�H�U �D�Y�D�L�O�D�E�O�H���:�K�H�Q �D �S�U�L�Y�D�W�H �F�K�D�U�J�H �L�V �D�Y�D�L�O�D�E�O�H �D�W �W�K�H �G�H�V�W�L�Q�D�W�L�R�Q �V�X�F�K �D�V �D �'�&��
�L�W �P�D�\ �E�H �S�R�V�V�L�E�O�H �W�R �X�V�H �L�W �Z�K�L�F�K �Z�L�O�O �W�K�H�Q �E�H �V�H�P�L���S�X�E�O�L�F �G�H�P�D�Q�G��

�3�X�L�I�V �*�E�G�X�S�V�W
�7�K�H �S�U�H�Y�L�R�X�V �I�R�X�U �F�D�W�H�J�R�U�L�H�V �K�L�J�K�O�L�J�K�W �W�K�H �P�R�U�H �W�H�F�K�Q�L�F�D�O �U�H�D�V�R�Q�V �W�K�D�W �F�R�X�O�G �E�H �X�V�H�G �D�V �L�Q�S�X�W �I�R�U �G�H��
�P�D�Q�G �R�U �F�R�Q�V�W�U�D�L�Q �I�O�H�H�W �R�Z�Q�H�U�V �I�U�R�P �F�K�D�U�J�L�Q�J �D�W �S�U�L�Y�D�W�H �I�D�F�L�O�L�W�L�H�V�� �+�R�Z�H�Y�H�U�� �I�O�H�H�W �R�Z�Q�H�U�V �P�L�J�K�W �D�O�V�R
�K�D�Y�H �V�R�P�H �R�W�K�H�U �U�H�D�V�R�Q�V �I�R�U �F�K�R�R�V�L�Q�J �S�X�E�O�L�F �R�Y�H�U �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J�� �7�K�H�V�H �R�W�K�H�U �I�D�F�W�R�U�V �K�D�Y�H �E�H�H�Q
�H�V�W�D�E�O�L�V�K�H�G �E�\ �W�D�O�N�L�Q�J �W�R �H�[�S�H�U�W�V �Z�L�W�K�L�Q �W�K�H �I�L�H�O�G �R�I �H�0�R�E�L�O�L�W�\ �D�Q�G �H�O�H�F�W�U�L�I�\�L�Q�J �I�O�H�H�W�V�� �D�Q�G �I�U�R�P �W�K�H �V�W�X�G�\
�E�\ �%�D�H�� �5�L�Q�G�W�� �0�L�W�U�D���H�W �D�O���>���� �@ �R�Q �I�O�H�H�W �R�Z�Q�H�U�V �G�H�F�L�V�L�R�Q�V �U�H�J�D�U�G�L�Q�J �F�R�P�S�U�H�V�V�H�G �Q�D�W�X�U�D�O �J�D�V �I�X�H�O�O�L�Q�J
�L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �L�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �D�Q�D�O�\�V�H �W�K�H �S�D�U�D�O�O�H�O�V �Z�L�W�K �W�K�H �L�Q�V�W�D�O�O�D�W�L�R�Q �R�I �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �%�R�W�K
�L�Q�Y�R�O�Y�H �V�L�P�L�O�D�U �G�H�F�L�V�L�R�Q���P�D�N�L�Q�J �S�U�R�F�H�V�V�H�V�� �L�Q�F�O�X�G�L�Q�J �F�R�Q�V�L�G�H�U�D�W�L�R�Q�V �V�X�F�K �D�V �F�R�V�W�� �V�S�D�F�H �X�W�L�O�L�]�D�W�L�R�Q�� �D�Q�G
�O�R�Q�J���W�H�U�P �R�S�H�U�D�W�L�R�Q�D�O �E�H�Q�H�I�L�W�V��

�‡�,�Q�Y�H�V�W�P�H�Q�W �F�R�V�W�V���7�K�L�V �L�Q�F�O�X�G�H�V �W�K�H �L�Q�L�W�L�D�O �H�[�S�H�Q�V�H�V �I�R�U �V�H�W�W�L�Q�J �X�S �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J �V�W�D�W�L�R�Q�V��
�V�X�F�K �D�V �S�X�U�F�K�D�V�L�Q�J �F�K�D�U�J�H�U�V�� �X�S�J�U�D�G�L�Q�J �H�O�H�F�W�U�L�F�D�O �V�\�V�W�H�P�V�� �D�Q�G �S�R�V�V�L�E�O�\ �L�Q�V�W�D�O�O�L�Q�J �U�H�Q�H�Z�D�E�O�H
�H�Q�H�U�J�\ �V�R�X�U�F�H�V �O�L�N�H �V�R�O�D�U �S�D�Q�H�O�V�� �7�K�H�V�H �F�R�V�W�V �F�D�Q �E�H �V�X�E�V�W�D�Q�W�L�D�O �E�X�W �D�U�H �D �R�Q�H���W�L�P�H �L�Q�Y�H�V�W�P�H�Q�W��
�+�R�Z�H�Y�H�U�� �W�K�H�V�H �F�R�V�W�V �F�R�X�O�G �O�H�D�G �W�R �I�O�H�H�W �R�Z�Q�H�U�V �F�K�R�R�V�L�Q�J �I�R�U �S�X�E�O�L�F �R�Y�H�U �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J�� �D�V
�W�K�H�V�H �U�H�T�X�L�U�H �D �V�L�J�Q�L�I�L�F�D�Q�W �D�P�R�X�Q�W �R�I �L�Q�L�W�L�D�O �F�D�S�L�W�D�O��

�‡�&�R�V�W �'�H�O�W�D���7�K�L�V �U�H�I�H�U�V �W�R �W�K�H �F�R�V�W �F�R�P�S�D�U�L�V�R�Q �E�H�W�Z�H�H�Q �N�:�K �S�U�L�F�H�V �I�R�U �X�V�L�Q�J �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J
�I�D�F�L�O�L�W�L�H�V �Y�H�U�V�X�V �S�X�E�O�L�F �R�Q�H�V�� �3�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J �P�L�J�K�W �K�D�Y�H �O�R�Z�H�U �S�H�U���N�:�K �F�R�V�W�V�� �E�X�W �S�X�E�O�L�F �F�K�D�U�J��
�L�Q�J �F�D�Q �E�H �P�R�U�H �H�[�S�H�Q�V�L�Y�H �S�H�U �X�V�H�� �+�R�Z�H�Y�H�U�� �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �H�O�L�P�L�Q�D�W�H�V �W�K�H �Q�H�H�G �I�R�U �X�S�I�U�R�Q�W



�������� �)�\�T�I�V�X �O�R�S�[�P�I�H�K�I ����

�L�Q�I�U�D�V�W�U�X�F�W�X�U�H �L�Q�Y�H�V�W�P�H�Q�W�� �7�K�H �K�H�L�J�K�W �R�I �W�K�L�V �F�R�V�W �G�H�O�W�D �F�R�X�O�G �L�Q�I�O�X�H�Q�F�H �W�K�H �F�K�R�L�F�H �I�R�U �F�K�D�U�J�L�Q�J
�S�U�L�Y�D�W�H�O�\��

�‡�/�R�F�D�W�L�R�Q �R�Z�Q�H�U�V�K�L�S���,�I �W�K�H �I�O�H�H�W �R�Z�Q�H�U �R�Z�Q�V �W�K�H �G�H�S�R�W�� �W�K�H�\ �K�D�Y�H �P�R�U�H �F�R�Q�W�U�R�O �R�Y�H�U �W�K�H �L�Q�V�W�D�O��
�O�D�W�L�R�Q �D�Q�G �P�D�L�Q�W�H�Q�D�Q�F�H �R�I �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �,�I �W�K�H �G�H�S�R�W �L�V �U�H�Q�W�H�G �R�U �O�H�D�V�H�G�� �W�K�H�U�H
�P�L�J�K�W �E�H �U�H�V�W�U�L�F�W�L�R�Q�V �R�U �D�G�G�L�W�L�R�Q�D�O �Q�H�J�R�W�L�D�W�L�R�Q�V �U�H�T�X�L�U�H�G �Z�L�W�K �W�K�H �S�U�R�S�H�U�W�\ �R�Z�Q�H�U�� �7�K�L�V �F�R�X�O�G �O�H�D�G
�W�R �X�V�L�Q�J �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H��

�‡�0�R�Y�L�Q�J �R�X�W���,�I �W�K�H �E�X�V�L�Q�H�V�V �L�V �F�R�Q�V�L�G�H�U�L�Q�J �U�H�O�R�F�D�W�L�Q�J�� �L�Q�Y�H�V�W�L�Q�J �L�Q �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H
�P�L�J�K�W �Q�R�W �E�H �S�U�D�F�W�L�F�D�O�� �3�X�E�O�L�F �F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V �R�I�I�H�U �P�R�U�H �I�O�H�[�L�E�L�O�L�W�\ �L�Q �V�X�F�K �V�F�H�Q�D�U�L�R�V�� �D�V �W�K�H�\
�D�U�H �Q�R�W �W�L�H�G �W�R �D �V�S�H�F�L�I�L�F �O�R�F�D�W�L�R�Q��

�‡�)�O�H�[�L�E�L�O�L�W�\���7�K�L�V �L�V �D �I�D�F�W�R�U �U�H�O�D�W�H�G �W�R �W�K�H �I�O�H�[�L�E�L�O�L�W�\ �R�I �W�K�H�L�U �R�S�H�U�D�W�L�R�Q�V�� �:�L�W�K �S�U�L�Y�D�W�H �L�Q�I�U�D�V�W�U�X�F�W�X�U�H��
�I�O�H�H�W �R�Z�Q�H�U�V �J�D�L�Q �P�R�U�H �F�R�Q�W�U�R�O �R�Y�H�U �W�K�H�L�U �F�K�D�U�J�L�Q�J �V�F�K�H�G�X�O�H�V�� �,�Q �F�R�Q�W�U�D�V�W�� �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �I�D�F�L�O�L�W�L�H�V
�R�I�I�H�U �I�O�H�[�L�E�L�O�L�W�\ �L�Q �W�H�U�P�V �R�I �O�R�F�D�W�L�R�Q�� �D�O�O�R�Z�L�Q�J �W�K�H�P �W�R �F�K�D�U�J�H �D�W �Y�D�U�L�R�X�V �V�L�W�H�V �D�Q�G �D�O�L�J�Q �F�K�D�U�J�L�Q�J �Z�L�W�K
�W�K�H�L�U �R�S�H�U�D�W�L�R�Q�D�O �Q�H�H�G�V �L�Q �W�K�D�W �Z�D�\��

�‡�)�O�H�H�W �W�U�D�Q�V�L�W�L�R�Q�V���7�K�H �I�D�F�W�R�U �R�I �I�O�H�H�W �W�U�D�Q�V�L�W�L�R�Q�V �F�D�Q �J�L�Y�H �V�R�P�H �L�Q�V�L�J�K�W �L�Q �L�I �D �I�O�H�H�W �R�Z�Q�H�U �Z�L�O�O �I�L�U�V�W
�F�K�D�U�J�H �S�X�E�O�L�F�O�\ �D�Q�G �O�D�W�H�U �R�Q �S�U�L�Y�D�W�H�O�\ �R�U �Y�L�F�H �Y�H�U�V�D��

�‡�'�U�L�Y�H�U �I�D�F�W�R�U�V���,�W �F�R�X�O�G �E�H �W�K�D�W �I�O�H�H�W �R�Z�Q�H�U�V �W�D�N�H �L�Q�W�R �D�F�F�R�X�Q�W �W�K�D�W �W�K�H�L�U �G�U�L�Y�H�U�V �Z�L�O�O �K�D�Y�H �E�U�D�N�H�V
�D�W �F�H�U�W�D�L�Q �O�R�F�D�W�L�R�Q�V �D�W �Z�K�L�F�K �W�K�H�Q �D �U�H�F�K�D�U�J�H �F�D�Q �E�H �G�R�Q�H��

�������������*�P�I�I�X �S�[�R�I�V�W �T�V�S�h�P�I�W �[�M�X�L �G�L�E�V�K�M�R�K �W�G�I�R�E�V�M�S�W
�%�D�V�H�G �R�Q �W�K�H �H�D�U�O�L�H�U �H�[�S�O�D�L�Q�H�G �R�S�H�U�D�W�L�R�Q�D�O �W�\�S�H�V �L�Q �W�K�H �O�R�J�L�V�W�L�F�V �V�H�F�W�R�U �L�Q�V�X�E�V�H�F�W�L�R�Q �����������D�Q�G �W�K�H �I�D�F��
�W�R�U�V �S�U�R�Y�L�G�H�G �L�Q�V�X�E�V�H�F�W�L�R�Q �����������I�O�H�H�W �R�Z�Q�H�U �S�U�R�I�L�O�H�V �W�R�J�H�W�K�H�U �Z�L�W�K �W�K�H�L�U �H�[�S�H�F�W�H�G �W�K�H�R�U�H�W�L�F�D�O �F�K�D�U�J�L�Q�J
�E�H�K�D�Y�L�R�X�U �Z�L�O�O �E�H �G�H�Y�H�O�R�S�H�G�� �7�K�H �S�U�R�I�L�O�H�V �D�Q�G �W�K�H�R�U�H�W�L�F�D�O �E�H�K�D�Y�L�R�X�U �Z�L�O�O �O�D�W�H�U �E�H �X�V�H�G �W�R�J�H�W�K�H�U �Z�L�W�K
�W�K�H �H�[�S�H�U�W �N�Q�R�Z�O�H�G�J�H �L�Q �G�H�Y�H�O�R�S�L�Q�J �W�K�H �T�X�D�O�L�W�D�W�L�Y�H �G�L�V�W�U�L�E�X�W�L�R�Q �P�R�G�H�O�� �7�K�H�V�H �S�U�R�I�L�O�H�V �D�Q�G �F�K�D�U�J�L�Q�J
�E�H�K�D�Y�L�R�X�U �D�U�H �D�O�V�R �E�D�V�H�G �R�Q �W�K�H �F�X�U�U�H�Q�W �U�D�Q�J�H �R�I ������ �N�L�O�R�P�H�W�U�H�V �R�I �D �+�' �%�(�9 �D�V �H�[�S�O�D�L�Q�H�G �L�Q�V�X�E�V�H�F��
�W�L�R�Q ������������ �,�Q�$�S�S�H�Q�G�L�[ �$�D �F�R�P�S�O�H�W�H �R�Y�H�U�Y�L�H�Z �R�I �W�K�H �G�H�Y�H�O�R�S�H�G �W�K�H�R�U�H�W�L�F�D�O �F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U �F�D�Q �E�H
�I�R�X�Q�G�� �)�R�U �F�L�W�\ �O�R�J�L�V�W�L�F�V�� �I�O�H�H�W �R�Z�Q�H�U�V �Z�L�W�K �D�P�S�O�H �V�S�D�F�H �D�Q�G �F�K�D�U�J�H�U�V�� �O�L�N�H �S�U�R�I�L�O�H �&���� �F�D�Q �U�H�O�\ �H�Q�W�L�U�H�O�\
�R�Q �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J�� �Z�K�L�O�H �W�K�R�V�H �I�D�F�L�Q�J �V�S�D�F�H �O�L�P�L�W�D�W�L�R�Q�V�� �V�X�F�K �D�V �S�U�R�I�L�O�H �&���� �Z�L�O�O �Q�H�H�G �W�R �P�D�N�H �X�V�H
�R�I �S�X�E�O�L�F �F�K�D�U�J�L�Q�J�� �,�Q �U�H�J�L�R�Q�D�O �R�S�H�U�D�W�L�R�Q�V�� �S�U�R�I�L�O�H �5�� �F�D�Q �P�H�H�W �P�R�V�W �R�I �W�K�H �F�K�D�U�J�L�Q�J �Q�H�H�G�V �D�W �S�U�L�Y�D�W�H
�I�D�F�L�O�L�W�L�H�V �E�X�W �P�D�\ �U�H�T�X�L�U�H �D�G�G�L�W�L�R�Q�D�O �F�K�D�U�J�L�Q�J �D�W �F�X�V�W�R�P�H�U �O�R�F�D�W�L�R�Q�V �R�U �G�X�U�L�Q�J �W�U�L�S�V�� �)�O�H�H�W �R�Z�Q�H�U�V �S�U�R�I�L�O�H
�5���� �K�R�Z�H�Y�H�U�� �U�H�O�L�H�V �P�R�U�H �K�H�D�Y�L�O�\ �R�Q �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �G�X�H �W�R �W�K�H �O�R�Q�J�H�U �G�L�V�W�D�Q�F�H�V �D�Q�G �W�K�H �F�R�Q�V�W�U�D�L�Q�W�V
�R�I �K�D�Y�L�Q�J �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �D�W �F�R�Q�V�W�U�X�F�W�L�R�Q �V�L�W�H�V�� �)�R�U �O�R�Q�J���K�D�X�O �R�S�H�U�D�W�L�R�Q�V�� �S�U�R�I�L�O�H �/�+�� �X�W�L�O�L�V�H�V
�D �F�R�P�E�L�Q�D�W�L�R�Q �R�I �S�U�L�Y�D�W�H�� �S�X�E�O�L�F�� �D�Q�G �V�H�P�L���S�X�E�O�L�F �F�K�D�U�J�L�Q�J �R�S�W�L�R�Q�V�� �H�Q�D�E�O�H�G �E�\ �G�H�G�L�F�D�W�H�G �U�R�X�W�H�V �D�Q�G
�S�O�D�Q�Q�H�G �V�W�R�S�V�� �Z�K�L�O�H �S�U�R�I�L�O�H �/�+���� �Z�L�W�K �Y�D�U�\�L�Q�J �U�R�X�W�H�V �D�Q�G �L�Q�V�X�I�I�L�F�L�H�Q�W �J�U�L�G �F�R�Q�Q�H�F�W�L�R�Q�V�� �G�H�S�H�Q�G�V �H�Q�W�L�U�H�O�\
�R�Q �S�X�E�O�L�F �F�K�D�U�J�L�Q�J��

�������������'�S�R�G�P�Y�W�M�S�R �S�R �X�L�I�S�V�I�X�M�G�E�P �G�L�E�V�K�M�R�K �F�I�L�E�Z�M�S�Y�V
�,�Q �F�R�Q�F�O�X�V�L�R�Q�� �W�K�H �W�K�H�R�U�H�W�L�F�D�O �F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U �R�I �W�K�H �Y�D�U�L�R�X�V �I�O�H�H�W �R�Z�Q�H�U �S�U�R�I�L�O�H�V �L�V �L�Q�I�O�X�H�Q�F�H�G �E�\
�R�S�H�U�D�W�L�R�Q�D�O �W�\�S�H�V�� �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �D�Y�D�L�O�D�E�L�O�L�W�\�� �D�Q�G �G�U�L�Y�L�Q�J �G�L�V�W�D�Q�F�H�V �D�Q�G �W�K�L�V �Z�L�O�O �O�H�D�G �W�R �G�L�I�I�H�U�H�Q�W �V�W�U�D�W�H��
�J�L�H�V�� �7�K�H�V�H �Y�D�U�L�H�G �F�K�D�U�J�L�Q�J �V�W�U�D�W�H�J�L�H�V �V�K�R�Z �W�K�D�W �L�W �L�V �Q�R�W �I�H�D�V�L�E�O�H �W�R �D�S�S�O�\ �D �V�L�Q�J�O�H �F�K�D�U�J�L�Q�J �S�U�R�I�L�O�H �W�R
�D�O�O �I�O�H�H�W �R�Z�Q�H�U�V �L�Q �W�K�H �O�R�J�L�V�W�L�F�V �V�H�F�W�R�U�� �D�V �W�K�H�L�U �R�S�H�U�D�W�L�R�Q�V �G�L�I�I�H�U �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �7�K�H �W�K�H�R�U�H�W�L�F�D�O �F�K�D�U�J�L�Q�J
�E�H�K�D�Y�L�R�X�U �S�U�H�V�H�Q�W�H�G �K�H�U�H �L�V �E�D�V�H�G �R�Q �W�K�H �D�V�V�X�P�S�W�L�R�Q �W�K�D�W �I�O�H�H�W �R�Z�Q�H�U�V �Z�L�O�O �S�U�L�R�U�L�W�L�]�H �W�K�H �P�R�V�W �F�R�V�W��
�H�I�I�H�F�W�L�Y�H �R�S�W�L�R�Q�� �Z�L�W�K �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J �J�H�Q�H�U�D�O�O�\ �E�H�L�Q�J �F�K�H�D�S�H�U �W�K�D�Q �S�X�E�O�L�F �F�K�D�U�J�L�Q�J�� �7�K�L�V �D�V�V�X�P�S�W�L�R�Q��
�Z�L�W�K �W�K�H �F�R�V�W �I�D�F�W�R�U �D�V �D �N�H�\ �P�R�W�L�Y�D�W�R�U�� �Z�L�O�O �E�H �I�X�U�W�K�H�U �Y�D�O�L�G�D�W�H�G �D�Q�G �H�[�S�O�R�U�H�G �L�Q �W�K�H �H�[�S�H�U�W �N�Q�R�Z�O�H�G�J�H
�F�K�D�S�W�H�U��

���������)�\�T�I�V�X �O�R�S�[�P�I�H�K�I
�%�H�I�R�U�H �G�H�Y�H�O�R�S�L�Q�J �D �T�X�D�O�L�W�D�W�L�Y�H �P�R�G�H�O �E�D�V�H�G �R�Q �W�K�H�R�U�H�W�L�F�D�O �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �D�Q�G �F�K�D�U�J�L�Q�J �V�F�H�Q�D�U�L�R�V�� �L�W�¶�V
�H�V�V�H�Q�W�L�D�O �W�R �U�H�V�H�D�U�F�K �W�K�H �U�H�D�O���Z�R�U�O�G �S�U�H�I�H�U�H�Q�F�H�V �R�I �I�O�H�H�W �R�Z�Q�H�U�V�� �7�K�L�V �V�H�F�W�L�R�Q �Z�L�O�O �S�U�H�V�H�Q�W �W�K�H �U�H�V�X�O�W�V
�R�Q �W�K�H �H�[�S�H�U�W �N�Q�R�Z�O�H�G�J�H �P�H�W�K�R�G�R�O�R�J�\ �I�U�R�P�V�X�E�V�H�F�W�L�R�Q ����������

�������������-�R�X�I�V�Z�M�I�[ �V�I�W�Y�P�X�W
�$�O�O �L�Q�W�H�U�Y�L�H�Z �W�U�D�Q�V�F�U�L�S�W�L�R�Q�V �Z�H�U�H �V�X�P�P�D�U�L�]�H�G �D�Q�G �D�Q�D�O�\�V�H�G �W�R �H�[�W�U�D�F�W �N�H�\ �O�H�D�U�Q�L�Q�J�V �D�Q�G �L�Q�V�L�J�K�W�V �W�K�D�W
�V�K�R�X�O�G �E�H �L�Q�W�H�J�U�D�W�H�G �L�Q�W�R �W�K�H �G�L�V�W�U�L�E�X�W�L�R�Q �P�R�G�H�O �D�Q�G �F�D�Q �F�D�Q �E�H �I�R�X�Q�G �L�Q�"�"��



�������� �)�\�T�I�V�X �O�R�S�[�P�I�H�K�I ����

�)�L�U�V�W �L�W �L�V �Q�H�F�H�V�V�D�U�\ �W�R �V�H�H �L�I �W�K�H �D�P�R�X�Q�W �R�I �L�Q�W�H�U�Y�L�H�Z�V �J�R�W �W�R �W�K�H �V�D�W�X�U�D�W�L�R�Q �W�K�U�H�V�K�R�O�G���7�D�E�O�H �������S�U�H�V�H�Q�W
�W�K�H �D�P�R�X�Q�W �R�I �Q�H�Z �W�K�H�P�H�V �H�P�H�U�J�L�Q�J �L�Q �H�Y�H�U�\ �L�Q�W�H�U�Y�L�H�Z�� �7�K�H �E�D�V�H �D�P�R�X�Q�W �R�I �W�K�H�P�H�V �L�V �G�H�W�H�U�P�L�Q�H�G �E�\
�W�K�H �W�K�H�R�U�H�W�L�F�D�O �E�D�V�H��

�7�D�E�O�H ���������1�H�Z �W�K�H�P�H�V

�7�K�H�R�U�H�W�L�F�D�O �E�D�V�H �,�Q�W�H�U�Y�L�H�Z �� �,�Q�W�H�U�Y�L�H�Z �� �,�Q�W�H�U�Y�L�H�Z �� �,�Q�W�H�U�Y�L�H�Z �� �,�Q�W�H�U�Y�L�H�Z ��
�1�H�Z �I�D�F�W�R�U�V �D�Q�G �F�K�D�O�O�H�Q�J�H�V���� �� �� �� �� ��

�7�D�E�O�H �������S�U�H�V�H�Q�W�V �W�K�H �F�D�O�F�X�O�D�W�H�G �V�D�W�X�U�D�W�L�R�Q �I�R�U �H�D�F�K �U�X�Q�� �Z�K�H�U�H �U�X�Q �R�Q�H �L�Q�F�O�X�G�H�V �L�Q�W�H�U�Y�L�H�Z�V �� �D�Q�G ����
�U�X�Q �W�Z�R �L�Q�F�O�X�G�H�V �L�Q�W�H�U�Y�L�H�Z�V �� �D�Q�G ���� �D�Q�G �V�R �I�R�U�W�K�� �$�I�W�H�U �W�K�H �I�R�X�U�W�K �U�X�Q�� �W�K�H �V�D�W�X�U�D�W�L�R�Q �I�D�O�O�V �E�H�O�R�Z �W�K�H ����
�W�K�U�H�V�K�R�O�G�� �7�K�L�V �L�Q�G�L�F�D�W�H�V �W�K�D�W �W�K�H �I�L�Y�H �L�Q�W�H�U�Y�L�H�Z�V �F�R�Q�G�X�F�W�H�G �Z�H�U�H �V�X�I�I�L�F�L�H�Q�W �W�R �D�F�K�L�H�Y�H �D �V�R�O�L�G �T�X�D�O�L�W�D�W�L�Y�H
�X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �W�K�H �I�D�F�W�R�U�V �L�Q�I�O�X�H�Q�F�L�Q�J �W�K�H �F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U �R�I �I�O�H�H�W �R�Z�Q�H�U�V��

�7�D�E�O�H ���������6�D�W�X�U�D�W�L�R�Q �&�D�O�F�X�O�D�W�L�R�Q

�%�D�V�H�5�X�Q �� �� �� ��
�1�H�Z �W�K�H�P�H�V���� �� �� �� ��
�6�D�W�X�U�D�W�L�R�Q ������ ���� ���� ����

�7�K�H �L�Q�W�H�U�Y�L�H�Z�V �Z�L�W�K �I�O�H�H�W �R�Z�Q�H�U�V �S�U�R�Y�L�G�H �Y�D�O�X�D�E�O�H �L�Q�V�L�J�K�W�V �L�Q�W�R �W�K�H�L�U �F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U�V�� �S�U�H�I�H�U�H�Q�F�H�V��
�D�Q�G �F�K�D�O�O�H�Q�J�H�V �U�H�O�D�W�H�G �W�R �F�K�D�U�J�L�Q�J �+�' �%�(�9�V�� �$�F�U�R�V�V �D�O�O �L�Q�W�H�U�Y�L�H�Z�V�� �F�R�V�W �F�R�Q�V�L�V�W�H�Q�W�O�\ �H�P�H�U�J�H�G �D�V �D
�S�U�L�P�D�U�\ �I�D�F�W�R�U �L�Q �F�K�D�U�J�L�Q�J �G�H�F�L�V�L�R�Q�V�� �7�K�H �H�[�S�H�Q�V�H �R�I �L�Q�V�W�D�O�O�L�Q�J �S�U�L�Y�D�W�H �F�K�D�U�J�H�U�V�� �S�D�U�W�L�F�X�O�D�U�O�\ �G�X�H �W�R
�L�Q�I�U�D�V�W�U�X�F�W�X�U�H �X�S�J�U�D�G�H�V�� �F�D�Q �E�H �K�L�J�K�� �S�U�R�P�S�W�L�Q�J �V�R�P�H �I�O�H�H�W �R�Z�Q�H�U�V �W�R �H�[�S�O�R�U�H �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �R�S�W�L�R�Q�V
�G�H�V�S�L�W�H �K�L�J�K�H�U �S�H�U���N�:�K �F�R�V�W�V�� �)�R�U �R�W�K�H�U�V�� �W�K�H �D�E�L�O�L�W�\ �W�R �P�D�Q�D�J�H �F�R�V�W�V �W�K�U�R�X�J�K �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V��
�W�U�X�F�W�X�U�H �L�V �S�U�H�I�H�U�D�E�O�H�� �H�V�S�H�F�L�D�O�O�\ �Z�K�H�Q �H�O�H�F�W�U�L�F�L�W�\ �U�D�W�H�V �D�U�H �O�R�Z�H�U �F�R�P�S�D�U�H�G �W�R �S�X�E�O�L�F �V�W�D�W�L�R�Q�V�� �)�O�H�[�L�E�L�O�L�W�\
�L�V �D�Q�R�W�K�H�U �F�U�L�W�L�F�D�O �I�D�F�W�R�U�� �S�D�U�W�L�F�X�O�D�U�O�\ �I�R�U �I�O�H�H�W �R�Z�Q�H�U�V �Z�L�W�K �W�L�J�K�W �V�F�K�H�G�X�O�H�V �R�U �G�L�Y�H�U�V�H �U�R�X�W�H�V�� �3�X�E�O�L�F �F�K�D�U�J��
�L�Q�J �R�I�I�H�U�V �V�R�P�H �I�O�H�[�L�E�L�O�L�W�\ �G�X�H �W�R �L�W�V �S�R�W�H�Q�W�L�D�O �Z�L�G�H�V�S�U�H�D�G �D�Y�D�L�O�D�E�L�O�L�W�\�� �E�X�W �F�R�Q�F�H�U�Q�V �Z�H�U�H �U�D�L�V�H�G �D�E�R�X�W
�W�K�H �D�Y�D�L�O�D�E�L�O�L�W�\ �R�I �S�X�E�O�L�F �V�W�D�W�L�R�Q�V�� �S�D�U�W�L�F�X�O�D�U�O�\ �G�X�U�L�Q�J �S�H�D�N �W�L�P�H�V�� �,�Q �F�R�Q�W�U�D�V�W�� �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J �S�U�R�Y�L�G�H�V
�P�R�U�H �F�R�Q�W�U�R�O �E�X�W �L�V �R�I�W�H�Q �F�R�Q�V�W�U�D�L�Q�H�G �E�\ �O�L�P�L�W�D�W�L�R�Q�V �L�Q �S�K�\�V�L�F�D�O �V�S�D�F�H �D�Q�G �J�U�L�G �F�D�S�D�F�L�W�\��

�6�H�Y�H�U�D�O �F�K�D�O�O�H�Q�J�H�V �Z�H�U�H �L�G�H�Q�W�L�I�L�H�G�� �S�D�U�W�L�F�X�O�D�U�O�\ �L�Q �U�H�O�D�W�L�R�Q �W�R �V�S�D�F�H �D�Q�G �J�U�L�G �F�D�S�D�F�L�W�\�� �0�D�Q�\ �I�O�H�H�W �R�Z�Q�H�U�V
�S�R�L�Q�W�H�G �R�X�W �W�K�H �O�D�F�N �R�I �V�S�D�F�H �I�R�U �L�Q�V�W�D�O�O�L�Q�J �S�U�L�Y�D�W�H �F�K�D�U�J�H�U�V�� �O�L�P�L�W�L�Q�J �W�K�H �V�F�D�O�D�E�L�O�L�W�\ �R�I �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J
�L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �O�L�P�L�W�H�G �J�U�L�G �F�R�Q�Q�H�F�W�L�R�Q�V �F�D�Q �K�L�Q�G�H�U �W�K�H �V�L�P�X�O�W�D�Q�H�R�X�V �F�K�D�U�J�L�Q�J �R�I �P�X�O�W�L�S�O�H
�Y�H�K�L�F�O�H�V �D�W �S�U�L�Y�D�W�H �I�D�F�L�O�L�W�L�H�V�� �3�X�E�O�L�F �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �U�H�O�L�D�E�L�O�L�W�\ �D�O�V�R �U�D�L�V�H�G �F�R�Q�F�H�U�Q�V�� �Z�L�W�K �S�X�E�O�L�F �F�K�D�U�J�L�Q�J
�V�W�D�W�L�R�Q�V �V�H�H�Q �D�V �S�R�W�H�Q�W�L�D�O�O�\ �R�Y�H�U�F�U�R�Z�G�H�G �D�W �S�H�D�N �W�L�P�H�V�� �7�K�L�V �L�V �D �N�H�\ �L�V�V�X�H �I�R�U �I�O�H�H�W �R�Z�Q�H�U�V �Z�K�R �Q�H�H�G
�W�R �F�K�D�U�J�H �G�X�U�L�Q�J �P�D�Q�G�D�W�R�U�\ �E�U�H�D�N�V �R�U �R�Y�H�U�Q�L�J�K�W �D�W �W�K�H�V�H �S�X�E�O�L�F �I�D�F�L�O�L�W�L�H�V�� �(�Q�V�X�U�L�Q�J �W�K�H �U�H�O�L�D�E�L�O�L�W�\ �D�Q�G
�X�S�W�L�P�H �R�I �F�K�D�U�J�L�Q�J �H�T�X�L�S�P�H�Q�W �L�V �F�U�X�F�L�D�O�� �D�V �D�Q�\ �G�R�Z�Q�W�L�P�H �F�D�Q �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �L�P�S�D�F�W �R�S�H�U�D�W�L�R�Q�V�� �0�R�V�W
�R�I �W�K�H �F�K�D�O�O�H�Q�J�H�V �L�G�H�Q�W�L�I�L�H�G �U�H�J�D�U�G�L�Q�J �W�K�H �X�V�H �R�I �S�U�L�Y�D�W�H �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �D�U�H �W�H�F�K�Q�L�F�D�O �L�Q �Q�D�W�X�U�H �D�Q�G �D�U�H
�S�R�V�V�L�E�O�H �W�R �E�H �U�H�V�R�O�Y�H�G �L�Q �W�K�H �I�X�W�X�U�H��

�0�R�V�W �I�O�H�H�W �R�Z�Q�H�U�V �H�[�S�U�H�V�V�H�G �D�Q �L�Q�W�H�U�H�V�W �L�Q �H�[�S�D�Q�G�L�Q�J �W�K�H�L�U �H�O�H�F�W�U�L�F �I�O�H�H�W�V �D�Q�G �D�G�R�S�W�L�Q�J �D �K�\�E�U�L�G �D�S��
�S�U�R�D�F�K �W�R �F�K�D�U�J�L�Q�J�� �F�R�P�E�L�Q�L�Q�J �S�U�L�Y�D�W�H�� �S�X�E�O�L�F�� �D�Q�G �V�H�P�L���S�X�E�O�L�F �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �)�R�U �O�R�Q�J���K�D�X�O �R�S�H�U�D�W�L�R�Q�V��
�S�X�E�O�L�F �F�K�D�U�J�L�Q�J �L�V �H�[�S�H�F�W�H�G �W�R �S�O�D�\ �D �O�D�U�J�H�U �U�R�O�H �G�X�H �W�R �W�K�H �O�R�Q�J �G�L�V�W�D�Q�F�H�V �D�Q�G �I�H�Z�H�U �R�S�S�R�U�W�X�Q�L�W�L�H�V �W�R
�U�H�W�X�U�Q �W�R �W�K�H �K�R�P�H �E�D�V�H �I�R�U �F�K�D�U�J�L�Q�J�� �)�R�U �P�R�U�H �O�R�F�D�O�L�V�H�G �R�S�H�U�D�W�L�R�Q�V�� �S�U�L�Y�D�W�H �F�K�D�U�J�L�Q�J �U�H�P�D�L�Q�V �W�K�H
�S�U�H�I�H�U�U�H�G �R�S�W�L�R�Q �G�X�H �W�R �F�R�V�W �V�D�Y�L�Q�J�V�� �E�H�W�W�H�U �F�R�Q�W�U�R�O �R�Y�H�U �V�F�K�H�G�X�O�L�Q�J�� �D�Q�G �W�K�H �U�H�O�L�D�E�L�O�L�W�\ �R�I �W�K�H �H�T�X�L�S�P�H�Q�W��
�7�K�H�U�H �Z�D�V �D�O�V�R �L�Q�W�H�U�H�V�W �L�Q �V�H�P�L���S�X�E�O�L�F �F�K�D�U�J�L�Q�J �D�W �F�X�V�W�R�P�H�U �O�R�F�D�W�L�R�Q�V�� �S�D�U�W�L�F�X�O�D�U�O�\ �G�X�U�L�Q�J �O�R�D�G�L�Q�J �D�Q�G
�X�Q�O�R�D�G�L�Q�J �W�L�P�H�V�� �7�K�L�V �Z�R�X�O�G �S�U�R�Y�L�G�H �D �E�D�O�D�Q�F�H �E�H�W�Z�H�H�Q �F�R�Q�W�U�R�O �D�Q�G �I�O�H�[�L�E�L�O�L�W�\�� �H�Q�D�E�O�L�Q�J �I�O�H�H�W �R�Z�Q�H�U�V �W�R
�F�K�D�U�J�H �Y�H�K�L�F�O�H�V �Z�L�W�K�R�X�W �G�L�V�U�X�S�W�L�Q�J �R�S�H�U�D�W�L�R�Q�V�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �Z�K�H�Q �F�K�D�U�J�L�Q�J �D�W �W�K�L�U�G���S�D�U�W�\ �O�R�F�D�W�L�R�Q�V�� �L�W �L�V
�H�V�V�H�Q�W�L�D�O �W�R �K�D�Y�H �D �F�O�H�D�U �F�R�Q�W�U�D�F�W �R�X�W�O�L�Q�L�Q�J �U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V �L�Q �F�D�V�H �R�I �D�Q�\ �P�D�O�I�X�Q�F�W�L�R�Q�V �R�U �L�V�V�X�H�V��

�7�K�H �L�Q�W�H�U�Y�L�H�Z�V �F�R�Q�I�L�U�P �W�K�D�W �Q�R �V�L�Q�J�O�H �F�K�D�U�J�L�Q�J �V�R�O�X�W�L�R�Q �I�L�W�V �D�O�O �I�O�H�H�W �R�Z�Q�H�U�V �G�X�H �W�R �G�L�I�I�H�U�H�Q�F�H�V �L�Q �R�S��
�H�U�D�W�L�R�Q�V�� �Y�H�K�L�F�O�H �W�\�S�H�V�� �D�Q�G �J�H�R�J�U�D�S�K�L�F �O�R�F�D�W�L�R�Q�V�� �+�R�Z�H�Y�H�U�� �H�D�F�K �I�O�H�H�W �R�Z�Q�H�U �V�H�H�N�V �W�R �E�D�O�D�Q�F�H �F�R�V�W��
�F�R�Q�W�U�R�O�� �R�S�H�U�D�W�L�R�Q�D�O �H�I�I�L�F�L�H�Q�F�\�� �D�Q�G �W�K�H �W�U�X�V�W�Z�R�U�W�K�L�Q�H�V�V �R�I �H�T�X�L�S�P�H�Q�W �Z�K�L�O�H �P�D�Q�D�J�L�Q�J �W�K�H �F�K�D�O�O�H�Q�J�H�V �R�I
�E�R�W�K �S�U�L�Y�D�W�H �D�Q�G �S�X�E�O�L�F �F�K�D�U�J�L�Q�J �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �7�K�H �L�Q�W�H�U�Y�L�H�Z�V �D�O�V�R �L�Q�G�L�F�D�W�H �W�K�D�W �I�O�H�H�W �R�Z�Q�H�U�V�¶ �F�K�D�U�J�L�Q�J
�S�U�H�I�H�U�H�Q�F�H�V �D�O�L�J�Q �Z�L�W�K �W�K�H �H�V�W�D�E�O�L�V�K�H�G �W�K�H�R�U�H�W�L�F�D�O �F�K�D�U�J�L�Q�J �E�H�K�D�Y�L�R�X�U��

�,�Q�7�D�E�O�H �������D�Q �R�Y�H�U�Y�L�H�Z �L�V �J�L�Y�H�Q �R�I �W�K�H �N�H�\ �O�H�D�U�Q�L�Q�J�V �I�U�R�P �W�K�H �L�Q�W�H�U�Y�L�H�Z�V �Z�L�W�K �I�O�H�H�W �R�Z�Q�H�U�V��



Table 5.3: Overview of Key Learnings from Fleet Owners

Key Factors Influencing
Charging Behaviour

Challenges Faced Future Plans Preferred Charging
Setup

Fleet Owner 1 Cost, flexibility, opera-
tional efficiency, control

High installation costs for
private chargers, space
constraints

Expand electric fleet, hy-
brid charging approach

Hybrid setup: private,
public, and semi-public
charging

Fleet Owner 2 Cost, space and grid con-
gestion, security of loca-
tion

Space limitations, grid ca-
pacity, electricity cost

Expand electric vehicle
operations, address
space and grid limitations

Private charging preferred

Fleet Owner 3 Cost, flexibility, opera-
tional efficiency

High installation costs,
space and network ca-
pacity

Expand fleet, consider
public charging, explore
semi-public charging

Private charging pre-
ferred, semi-public charg-
ing at customer locations
under consideration

Fleet Owner 4 Cost, flexibility, opera-
tional efficiency, control

Lack of electric vehicles
currently, reliability of pub-
lic charging

Electrify specific routes
when feasible, use public
infrastructure

Public charging preferred,
potential use of private
and semi-public charging

Fleet Owner 5 Control, cost, operational
efficiency, trustworthiness
of equipment

High installation costs for
private chargers, relia-
bility issues with public
charging

Use private charging se-
tups at own facility, semi-
public options at customer
locations, public only for
emergencies

Private charging pre-
ferred, semi-public
charging at customer
locations, public charging
for emergencies

All results from the questions used to gather input for the distribution model will be presented in subsec-
tion 5.3.2. This subsection will detail the findings regarding preferences for charging at private or public
locations. The survey ultimately had 10 respondents, with fleet sizes ranging from 45 to 670 trucks.
Although the number of respondents does not meet the required sample size as discussed in subsec-
tion 3.4.2, the total number of trucks they represent, 2,092, is a substantial number but not statistically
significant, as they are not individual independent trucks. The sample includes small, medium-sized,
and large companies, as well as businesses operating in various sectors such as city logistics, regional
logistics, and long-haul operations. While the results can provide some insights, they should be inter-
preted with caution due to the limited number of respondents, making it challenging to generalize the
findings to the entire population.

In this sub subsection the results to the more general questions in the survey are presented. 50% of the
respondents currently operate battery electric vehicles within their fleet. Of all respondents, 44% have
operations in regional logistics, 31% in long-haul logistics, 13% in city logistics, and 13% in other types
of transport (such as garbage trucks and delivery of building materials). Regarding where their drivers
take mandatory breaks: 20% do so at their own depot, 40% at public locations, 20% at destination
locations, and 20% at other locations, with the specific choice depending on planning. Additionally, 90%
of respondents indicated they would recharge their trucks during these mandatory breaks, although this
depends on planning and the cost of charging at the location. The use of charging during mandatory
breaks could have an upside potential to the usage of public charging as a significant amount of the fleet
owners serve the breaks at public locations. While 30% of companies have sufficient physical space
at their depot, the rest are constrained by space. None of the respondents would use all their available
space to install chargers. When asked about using destination charging at customersô locations, most
respondents answered they would use it, as long as it is available, but noted that this again depends on
price and planning. Other factors mentioned as possible influencing the choice for charging at private
locations were the ownership of the depot location and the extension of the fleet in the future.

In this sub subsection the results to the scenario stated preference like questions are presented. The
full scenario explanations can be found in Appendix D.

Scenario 1:
10 HD BEVs driving 100,000 km a year, private kWh price 20 cents, public kWh price 60 cents.

Å Private charging yearly costs including depreciation: 315,000 euro, capital needed for installation
550,000 euro

Å Public charging yearly costs: 780,000, no capital needed



Of all respondents 90% opted for private charging in this situation.

Scenario 2:
25 HD BEVs driving 50,000 km a year, private kWh price 20 cents, public kWh price 40 cents.

Å Private charging yearly costs including depreciation: 417,500 euro, capital needed for installation
925,000 euro

Å Public charging yearly costs: 650,000, no capital needed

Of all respondents 80% opted for private charging in this situation.

Scenario 3:
10 HD BEVs driving 100,000 km a year, private kWh price 20 cents, public kWh price 30 cents.

Å Private charging yearly costs including depreciation: 315,000 euro, capital needed for installation
550,000 euro

Å Public charging yearly costs: 390,000, no capital needed

Of all respondents 70% opted for private charging in this situation.

Scenario 4:
10 HD BEVs driving 100,000 km a year, private kWh price 30 cents, public kWh price 20 cents.

Å Private charging yearly costs including depreciation: 445,000 euro, capital needed for installation
550,000 euro

Å Public charging yearly costs: 390,000, no capital needed

Of all respondents 60% opted for private charging in this situation.

Scenario 5:
maintenance costs and availability.

Å Private charging: fully responsible for maintenance and costs, availability 24/7 without waiting
times.

Å Public charging: no maintenance responsibility or costs, availability might be lower during peak
times, resulting in waiting time.

Of all respondents 90% opted for private charging in this situation.

Scenario 6:
maintenance costs and availability.

Å Private charging: fully responsible for maintenance and costs, availability 24/7 but during mainte-
nance not available.

Å Public charging: no maintenance responsibility or costs, availability based on bookable time slots.

Of all respondents 70% opted for private charging in this situation.

Scenario 7:
kWh price versus availability.

Å Private charging: 20 cents per kWh, availability 24/7 without waiting times.
Å Public charging: 45 cents per kWh, unpredictable availability possible waiting times.

Of all respondents 100% opted for private charging in this situation.

Scenario 8:
kWh price versus availability.

Å Private charging: 35 cents per kWh, availability 24/7 without waiting times, fully control over
charging planning.

Å Public charging: 25 cents per kWh, unpredictable availability possible waiting times.



Of all respondents 60% opted for private charging in this situation.

Based on these results, it shows that a significant majority of respondents prefer private charging across
various scenarios, primarily due to the control over costs, availability, and planning it offers. Even when
public charging is less expensive, the predictability and convenience of private charging make it the
favoured option for many. These insights suggest that while private charging is generally preferred, the
decision ultimately depends on a balance of cost, convenience, and operational flexibility.

In conclusion, the research reveals that fleet owners face several constraints when it comes to charg-
ing their HD BEVs. Key challenges include the high costs associated with installing private chargers,
limited physical space at depots, and grid capacity issues that can hinder the simultaneous charging
of multiple vehicles. Despite these constraints, a significant majority of respondents prefer private
charging due to the control it offers over costs, availability, and scheduling. Overall, the preference for
private charging is strong, but it is constraint by practical considerations such as installation costs and
space limitations. Some fleet owners are interested in a hybrid approach that combines private, public,
and semi-public charging infrastructure to balance cost, convenience, and operational efficiency. This
strategy might help mitigating the constraints associated with each charging method, ensuring a more
reliable and flexible charging solution for their diverse operational needs. Overall the results from the
expert knowledge do align with the established theoretical base of charging behaviour.

This section will present the developed qualitative distribution model, the inputs of the model and the
results coming out of the model.

Based on the theoretical framework for charging behaviour and expert knowledge, it can be said that
fleet prioritize cost and control, while operating within their constraints. This leads to the assumption in
the distribution model that fleet owners will opt for cost-effective and controllable options first. Conse-
quently, fleet owners are expected to prefer private charging over semi-public charging, and semi-public
charging over public charging. However, these preferences are subject to limitations imposed by their
operational behaviour. The factors limiting this behaviour are detailed in subsection 5.1.1. To model
this behaviour, a qualitative Excel model has been developed. This model uses specific decision rules,
structured as a decision tree or flow chart, to allocate the total energy demand of a fleet owner, based
on their preference for private charging, followed by semi-public and public charging, while considering
operational and other constraints.

The model begins by calculating the total energy demand based on the number of trucks and the total
kilometres driven. It assumes that each truck leaves the depot with a full state of charge whenever
possible. Trucks will charge whenever necessary and feasible. The primary constraints for meeting
this demand are based on the total kilometres driven, whether for home-to-home routes or stop-to-stop
routes. When the kilometres driven exceed the truckôs range, charging becomes necessary. Following
this, other constraints are considered, such as the availability of space for chargers at private locations
and sufficient time for recharging during stops. The flow chart does not explicitly account for the op-
portunity to charge during mandatory breaks. However, as noted in the previous section, this could
potentially increase public charging. Given the operational constraints outlined in the flow chart, it is
assumed that charging occurs at the most convenient times. It is assumed that driver breaks coincide
with these moments, as companies aim to avoid unnecessary downtime for their trucks.

In Figure 5.1 the flow chart for the decisions in charging at private, public and semi-public are shown
with the calculation for the amount of demand at these charging locations.



Figure 5.1: Flow chart for decision making demand model

The input for the model has been retrieved with the survey, from the interviews or data available form
Shell on some of their customers. All inputs can be seen in ??, the needed inputs were based on the
theoretical charging behaviour and asked in the survey or interviews. The model can also take the
battery capacity of the vehicles as an input. For this research is chosen to use three inputs 350 kWh,
500 kWh and 650 kWh. As they represent the batteries in HD BEVs getting larger over the coming
years.

This subsection will present the results of the demand model on the three different battery size cases.
In Table 5.4 are the results of the model given for a battery size of 350 kWh. It shows that potentially
63% of charging will be private, 4% will be semi-public and 33% will be public. The demand for private
charging in this case is mostly constraint by the limited range of the vehicle to return to the home base.

Table 5.4: Results of demand model 350 kWh

Fleet owner Total demand [kWh] Private demand [kWh] Semi-public demand [kWh] Public demand [kWh] % Private % Semi-public % Public
1 178750 38500 16500 123750 21.5% 9.2% 69.2%
2 161200 43400 0 117800 26.9% 0.0% 73.1%
3 87100 34840 13400 38860 40.0% 15.4% 44.6%
4 18200 18200 0 0 100.0% 0.0% 0.0%
5 65000 35000 1500 28500 53.8% 2.3% 43.8%
6 65000 35000 8000 22000 53.8% 12.3% 33.8%
7 110500 47600 5100 57800 43.1% 4.6% 52.3%
8 58500 31500 0 27000 53.8% 0.0% 46.2%
9 17550 9450 3600 4500 53.8% 20.5% 25.6%
10 468000 468000 0 0 100.0% 0.0% 0.0%
11 31200 26400 1600 3200 84.6% 5.1% 10.3%
12 50700 36400 2600 11700 71.8% 5.1% 23.1%
13 36270 26040 1162.5 9067.5 71.8% 3.2% 25.0%

Total 1347970 850330 53462.5 444177.5 63% 4% 33%

In Table 5.5, the results for a battery size of 500 kWh are presented. It indicates that the proportion of
private demand is higher at 76%, while the proportion of public charging decreases to 20% compared
to the 350 kWh battery scenario.



Table 5.5: Results of demand model 500 kWh

Fleet owner Total demand [kWh] Private demand [kWh] Semi-public demand [kWh] Public demand [kWh] % Private % Semi-public % Public
1 178750 116875 16500 45375 65.4% 9.2% 25.4%
2 161200 62000 0 99200 38.5% 0.0% 61.5%
3 87100 34840 13400 38860 40.0% 15.4% 44.6%
4 18200 18200 0 0 100.0% 0.0% 0.0%
5 65000 50000 1500 13500 76.9% 2.3% 20.8%
6 65000 50000 8000 7000 76.9% 12.3% 10.8%
7 110500 68000 5100 37400 61.5% 4.6% 33.8%
8 58500 45000 13500 0 76.9% 23.1% 0.0%
9 17550 10530 3600 3420 60.0% 20.5% 19.5%
10 468000 468000 0 0 100.0% 0.0% 0.0%
11 31200 24960 1600 4640 80.0% 5.1% 14.9%
12 50700 40560 2600 7540 80.0% 5.1% 14.9%
13 36270 29016 1162.5 6091.5 80.0% 3.2% 16.8%

Total 1347970 1017981 66962.5 263026.5 76% 5% 20%

In Table 5.6, the results for a battery size of 650 kWh are presented. It indicates that the proportion of
private demand is higher at 82%, while the proportion of public charging decreases to 14% compared
to the 500 kWh battery scenario.

Table 5.6: Results of demand model 650 kWh

Fleet owner Total demand [kWh] Private demand [kWh] Semi-public demand [kWh] Public demand [kWh] % Private % Semi-public % Public
1 178750 133375 16500 28875 74.6% 9.2% 16.2%
2 161200 64480 18600 78120 40.0% 11.5% 48.5%
3 87100 34840 13400 38860 40.0% 15.4% 44.6%
4 18200 18200 0 0 100.0% 0.0% 0.0%
5 65000 65000 0 0 100.0% 0.0% 0.0%
6 65000 65000 0 0 100.0% 0.0% 0.0%
7 110500 88400 5100 17000 80.0% 4.6% 15.4%
8 58500 58500 0 0 100.0% 0.0% 0.0%
9 17550 10530 3600 3420 60.0% 20.5% 19.5%
10 468000 468000 0 0 100.0% 0.0% 0.0%
11 31200 24960 1600 4640 80.0% 5.1% 14.9%
12 50700 40560 2600 7540 80.0% 5.1% 14.9%
13 36270 29016 1162.5 6091.5 80.0% 3.2% 16.8%

Total 1347970 1100861 62562.5 184546.5 82% 5% 14%

As battery size increases, the demand shifts from public charging to private charging. This aligns
with expectations from interviews, surveys, and theoretical foundations. Fleet owners prefer private
charging due to its potentially lower cost and greater control. Public charging is only utilised when
operational constraints necessitate it. It can be observed that the percentage of private charging is
eventually constrained to percentages such as multiples of 20%. This is potentially due to the survey
asking for available physical space on a scale of 1-5. In the future, this question may need to be asked
differently to obtain a more accurate distribution. However, for the purpose of this study, it provides
insight into how fleet owners are constrained and how this develops over time.

Concluding this chapter, research questions 3 and 4 can be answered.

What are the reasons, constraints, and needs for Installing Private or Using Public Charging
Facilities?

Fleet owners face a variety of technical, economic, and subjective factors when deciding whether to
install private charging facilities or use public charging facilities. The primary reasons for preferring pri-
vate charging include lower operational costs, greater control over charging schedules, and enhanced
operational efficiency as result. Private charging allows fleet owners to avoid the higher per-kWh costs
associated with public charging and reduces dependency on the availability and reliability of public in-
frastructure.

However, several constraints limit the feasibility of private charging. High initial investment costs for
installing private chargers, limited physical space at depots and grid capacity issues can restrict the
number of chargers that can be installed and used simultaneously. These constraints can leead to
fleet owners to consider public charging as an option.



Some fleet owners also express a need for flexibility in their operations. Public charging offers this
flexibility, especially for long-haul operations where returning to the depot for charging is not feasible.
Public charging is also seen as a necessary backup when private charging infrastructure is insufficient
or unavailable due to space or grid limitations.

How can the reasons, constraints, and needs be translated into Demand Distribution model?

The reasons, constraints, and needs identified for installing private charging facilities or using public
charging facilities can be translated into a demand distribution model that allocates charging demand
between private and public facilities. This model considers the following factors:

Å Cost Efficiency: Fleet owners prioritize private charging due to its lower cost per kWh compared
to public charging. The model assumes that fleet owners will maximise the use of private charging
until constrained by space or grid capacity.

Å Operational Constraints: The model incorporates constraints such as the range of HD BEVs
and the availability of space for chargers. When these constraints limit private charging, themodel
shifts the demand to public charging facilities.

Å Flexibility and Control: The preference for private charging is driven by the need for control over
charging schedules and operational efficiency. However, the model accounts for the necessity of
public charging in scenarios where operational flexibility is required due to operational constraints
while using HD BEVs.

Å Survey and Interview Insights: Data from surveys and interviews with fleet owners provide
support for the modelôs assumptions. Fleet ownersô preferences and constraints, as revealed
through these methods, are integrated into the model to ensure it reflects real-world decision-
making processes. The survey and interviews also generated the data needed to use in the
model.

The demand distribution model reveals the following allocation of charging demand between private
and public facilities:

Table 5.7: Demand Distribution for Different Battery Scenarios

Battery Scenario Private Demand Semi-Public Demand Public Demand
350 kWh 63% 4% 33%
500 kWh 76% 5% 20%
650 kWh 82% 5% 14%

These results show that private demand is the preferred option, but it is constrained by operational and
depot location characteristics. However, as battery sizes increase, the demand shifts from public to
private charging, as the operational constraints become less restrictive. This aligns with expectations
from interviews, surveys, and theoretical foundations. Fleet owners prefer private charging due to its
potentially lower cost and greater control. Public charging is only utilised when operational constraints
necessitate it. The demand distribution model effectively translates the reasons, constraints, and needs
of fleet owners into a practical framework for allocating charging demand between private and public
facilities.

To obtain more accurate results, a larger survey should be conducted, as this research was limited by
time and did not achieve statistical significance. Some questions, such as those regarding available
physical space, could be asked differently, as the private demand is currently constrained by multiples
of 20%. However, a solid framework for researching the distribution of demand has been established,
and the outcomes and framework can serve as a basis for further research on this topic.
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This chapter will present the solution to the greedy algorithm and the solution to the model, as well
as verify and validate the model for determining the optimal locations of charging infrastructure. The
used model and greedy approach together with the explanation of the data sources can be found in
chapter 3. This chapter will eventually answer research questions 5 and 6.

The developed greedy algorithm in subsection 3.5.2 will be used to obtain three different results. First
the top 5 locations will be determined with all weights assigned equally to 0.25. In Table 6.1 the solution
is shown. It can be seen that the total costs for the three cost columns is 28 and the total flow that passes
these locations yearly is 8354878.75. In Figure 6.1 a figure of the chosen locations is shown.

Figure 6.1: Greedy solution 5 locations equal weights



Table 6.1: Top 5 locations greedy algorithm

Network_Node_ID Network_Node_X Network_Node_Y Grid_offtake Current_std Industry Total_Flow
116822 5.657752 52.619594 3.0 1 1 1306349.00
116878 5.008787 52.804469 3.0 1 1 278418.00
111192 5.846700 51.179100 1.0 4 1 2305745.00
196008 5.994942 51.970424 4.0 1 1 2248331.00
113615 4.444600 51.867100 1.0 1 4 2216033.00
Total 12.0 8 8 8354876.00

In the second solution the top 10 locations will be determined while assigned equal weights. It can be
seen in Table 6.2 that the total costs for the three cost columns is 58 and the total flow that passes
these locations yearly is 16551976.00. In Figure 6.2 a figure of the chosen locations is shown.

Figure 6.2: Greedy solution 10 locations equal weights

Table 6.2: Top 10 locations greedy algorithm

Network_Node_ID Network_Node_X Network_Node_Y Grid_offtake Current_std Industry Total_Flow
116822 5.657752 52.619594 3.0 1 1 1306349.00
116878 5.008787 52.804469 3.0 1 1 278418.00
111192 5.846700 51.179100 1.0 4 1 2305745.00
196008 5.994942 51.970424 4.0 1 1 2248331.00
113615 4.444600 51.867100 1.0 1 4 2216033.00
116739 5.619100 52.330300 4.0 1 4 2202436.00
113516 5.836800 51.770500 4.0 1 1 1844792.00
116847 4.902239 52.069980 4.0 4 1 1700074.00
195998 4.411253 51.923868 1.0 1 4 1319138.00
113480 6.005700 52.251200 4.0 1 1 1130656.00
Total 29.0 13 16 16551976.00



The third solution uses the weights based on the ranked approach, as explained in subsection 3.5.3,
to benchmark the ranked weights approach. With the ranks in the following order rank 1: flow, rank 2:
grid, rank 3: current std, rank 4: industry locations. It can be seen in Table 6.3 that the total costs for
the three cost columns is 33 and the total flow that passes these locations yearly is 11586842.00. In
Figure 6.3 a figure of the chosen locations is shown.

Figure 6.3: Greedy solution 5 locations ranked weights

Table 6.3: Top 5 locations greedy algorithm ranked weights

Network_Node_ID Network_Node_X Network_Node_Y Grid_offtake Current_std Industry Total_Flow
113615 4.444600 51.867100 1.0 1 4 2216033.00
195944 4.735079 51.486016 1.0 4 4 4902582.00
195998 4.411253 51.923868 1.0 1 4 1319138.00
114179 5.348896 51.683377 1.0 1 4 843342.00
111192 5.846700 51.179100 1.0 4 1 2305745.00
Total 5.0 11 17 11586842.00

The three different solutions demonstrate that achieving a higher amount of flow in the solution involves
incurring higher costs. The ranked solution indicates that with only slightly more cost units than the
equal weights top 5 solution, a significantly larger amount of flow is captured. This suggests that the
greedy algorithm can provide a solution where, if flow is ranked higher, it can capture more flow without
substantially increasing the cost.



This section will present the results of the model, starting with verification and then moving on to val-
idation. It will assess whether the model performs better than the greedy algorithm benchmark and
behaves as intended.

To verify the model, it will be compared to the greedy algorithm described in section 6.1. The inputs for
the model will be aligned with those used in the greedy algorithm, with all objective function weights
set to 0.25. The budget will be set at 28, matching the total cost of the greedy solution with 5 locations.
Figure 6.4 shows the chosen locations obtained from the model.

Figure 6.4: Model test solution

The results presented in Table 6.4 demonstrate that the model captures a significantly higher flow of
13,208,572.0 units compared to 8,354,876.00 units achieved by the greedy solution. Additionally, the
total cost of 27 units is 1 unit lower than that of the greedy solution. This test indicates that the model
provides a better solution.

Table 6.4: Test solution with equal weights and budget 28

Network_Node_ID Network_Node_X Network_Node_Y Grid_offtake Current_std Industry Total_Flow
195932 5.431533 51.405376 4.0 4 4 6235060.0
116739 5.619100 52.330300 4.0 1 1 2202436.0
114232 6.128000 51.393200 4.0 1 4 4771076.0
Total 12.0 6 9 13208572.0



The budget is thereafter set at 58, matching the total cost of the greedy solution with 10 locations. Fig-
ure 6.5 shows the chosen locations obtained from the model. The results presented in Table 6.5 demon-
strate that the model captures a significantly higher flow of 25407938.0 units compared to 16551976.00
units achieved by the greedy solution. Additionally, the total cost of 53 units is 5 units lower than that
of the greedy solution. This test indicates that the model provides a better solution also in this case.

Figure 6.5: Model test solution with equal weights and budget 58

Table 6.5: Test solution with equal weights and budget 58

Network_Node_ID Network_Node_X Network_Node_Y Grid_offtake Current_std Industry Total_Flow
195932 5.431533 51.405376 4.0 4 4 6235060.0
116739 5.619100 52.330300 4.0 1 1 2202436.0
114232 6.128000 51.393200 4.0 1 4 2305745.0
114212 5.501600 51.404100 4.0 4 4 6235060.0
113664 4.883500 51.686400 4.0 1 4 3527300.0
116822 5.657752 52.619594 3.0 1 1 1306349.0
Total 23.0 12 18 25407938.0



The budget is thereafter set at 33, matching the total cost of the greedy solution with ranked weights
and 5 locations. With the ranks in the following order rank 1: flow, rank 2: grid, rank 3: current std,
rank 4: industry locations. Figure 6.6 shows the chosen locations obtained from the model. The
results presented in Table 6.6 demonstrate that the model captures a higher flow of 15780956.0 units
compared to 11586842.00 units achieved by the greedy solution. Additionally, the total cost of 33 units
which is equal to the greedy solution. This test shows that the model also performs better with the
ranked weights and is able to capture more flow with the same budget.

Figure 6.6: Model test solution with ranked weights and budget 33

Table 6.6: Test solution with ranked weights and budget 33

Network_Node_ID Network_Node_X Network_Node_Y Grid_offtake Current_std Industry Total_Flow
196037 5.144816 52.055205 4.0 4 4 4774820.0
195932 5.431533 51.405376 4.0 4 4 6235060.0
114232 6.128000 51.393200 4.0 1 4 4771076.0
Total 12.0 9 12 15780956.0

Overall, these results indicate that the model provides a superior solution by capturing more flow at
lower or equivalent costs compared to the greedy solution in all different test cases. This verifies the
effectiveness of the model in optimizing the locations for charging infrastructure.

To thoroughly evaluate the robustness and performance of the model, a sensitivity analysis will be
conducted on both the flow parameter and the cost parameters. This analysis aims to understand how
variations in these parameters affect the modelôs outcomes [81]. For this sensitivity analysis a one at a
time approach will be used, with this method a sensitivity ranking can be obtained quickly by increasing
or decreasing each parameter by a given percentage while leaving all others constant, and quantifying
the change in model output [81].

The cost parameters will be systematically varied by increasing and decreasing them by 10%. This
approach helps in assessing the modelôs sensitivity to changes in costs, which is crucial given the
budget constraint. Specifically, the following steps will be taken:



1. Baseline Costs: Themodel will first be run with the original cost parameters to establish a baseline
performance.

2. Increased Costs: The costs will be increased by 10%, and the model will be re-evaluated to
observe the impact on the total flow captured and the selection of facilities.

3. Decreased Costs: Similarly, the costs will be decreased by 10%, and the model will be run again
to compare the results with the baseline and increased cost scenarios.

The given budget for the model is set at 28 units, which is the same as in the greedy solution and
the test case. The sensitivity analysis results, as shown in Table 6.7, indicate the following: With the
original cost parameters, the model opens 3 facilities, incurs a total cost of 27 units, and captures a total
flow of 13,311,882.00 units. Decreased Costs (Sensitivity 0.9): the model still opens 3 facilities and
incurs a total cost of 27 units, but captures a higher total flow of 14,533,436.00 units. This shows that
the model can utilise the budget more effectively when costs are lower. Increased Costs (Sensitivity
1.1): the model can only afford to open 2 facilities within the budget, leading to a slightly lower total cost
of 26.4 units and a reduced total flow captured of 12,470,120.00 units. This demonstrates the impact
of higher costs on the modelôs ability to capture flow within the budget constraint.

Table 6.7: Cost Sensitivity Analysis

Sensitivity Number of Opened Facilities Total Costs Total Flow Captured
0.9 3 27 14,529,429.00
1 3 27 13,208,572.0
1.1 2 26.4 11,887,715.00

These results highlight the impact of cost variations on the modelôs performance. The model adheres
to the budget constraint in all scenarios, but the number of facilities opened and the total flow captured
vary with changes in costs. The sensitivity analysis demonstrates that the model is robust under varying
cost conditions. It consistently adapts to changes in costs by adjusting the number of facilities opened
and the total flow captured, while still operating within the given budget constraint. This robustness
ensures that the model can provide reliable and effective solutions even when faced with fluctuations
in cost parameters.

For the flow parameter the same structured sensitivity analysis will be done increasing and decreasing
the values by 10

The given budget for the model is set at 28 units, which is the same as in the greedy solution and
the test case. The sensitivity analysis results, as shown in Table 6.8, indicate the following: With the
original flow parameters, the model opens 3 facilities, incurs a total cost of 27 units, and captures a
total flow of 13,311,882.00 units. Decreased Flow (Sensitivity 0.9): the model still opens 3 facilities and
incurs a total cost of 27 units, but captures a lower total flow of 11,820,494.00 units. This shows that
the modelôs performance decreases with lower flow values. Increased Flow (Sensitivity 1.1): the model
opens 3 facilities, incurs a total cost of 27 units, and captures a higher total flow of 14,447,270.00 units.
This demonstrates the modelôs ability to capture more flow when the flow is increasing.

Table 6.8: Flow Sensitivity Analysis

Sensitivity Number of Opened Facilities Total Costs Total Flow Captured
0.9 3 27 11,887,715.00
1 3 27 13,208,572.0
1.1 3 27 14,529,429.00

These results highlight the impact of flow variations on the modelôs performance. The model adheres to
the budget constraint in all scenarios, but the total flow captured varies with changes in flow values. The
sensitivity analysis demonstrates that the model is robust under varying flow conditions. It consistently
adapts to changes in flow by adjusting the total flow captured, while still operating within the given
budget constraint.



This section will provide a sensitivity analysis on theweight parameters. By establishing a base scenario
and then systematically changing the weight parameters by decreasing or increasing them by 0.1 while
maintaining a total weighted sum of 1.

Table 6.9: Sensitivity Analysis on Weight Parameters

Scenario Weights [w1; w2; w3; w4] Total Cost Total Flow Number of Facilities
Base Scenario [0.25, 0.25, 0.25, 0.25] 27 13,208,572.0 3
Scenario 1 [0.15, 0.2833, 0.2833, 0.2833] 11 3,612,095.0 2
Scenario 2 [0.35, 0.2167, 0.2167, 0.2167] 27 13,208,572.0 3
Scenario 3 [0.2833, 0.15, 0.2833, 0.2833] 27 13,208,572.0 3
Scenario 4 [0.2167, 0.35, 0.2167, 0.2167] 27 11,851,642.0 3
Scenario 5 [0.2833, 0.2833, 0.15, 0.2833] 28 11,716,263.0 4
Scenario 6 [0.2167, 0.2167, 0.35, 0.2167] 26 11,631,469.0 3
Scenario 7 [0.2833, 0.2833, 0.2833, 0.15] 27 13,222,169.0 4
Scenario 8 [0.2167, 0.2167, 0.2167, 0.35] 28 11,716,263.0 4

The impact on total cost varies across different scenarios. In Scenario 1, lowering the weight for flow
maximization to 0.15 and increasing the weights for cost minimization to 0.2833 significantly reduced
the total cost to 11 and the number of facilities to 2, indicating a strong focus on cost minimization. In
Scenarios 2, 3, 4, 6, and 7, the total cost remained stable around 26-27, showing the modelôs robust-
ness to weight changes within this range. In contrast, Scenarios 5 and 8 saw the total cost increase
slightly to 28, suggesting that higher weights for specific cost components can lead to marginally higher
costs.

The impact on total flow also shows notable differences. In Scenario 1, the total flow dropped sig-
nificantly to 3,612,095.0, highlighting the trade-off between cost minimization and flow maximization.
In Scenarios 2 and 3, the total flow remained unchanged at 13,208,572.0, indicating that changes in
weights for flow maximization or cost components do not significantly impact the flow. Scenarios 4, 5, 6,
and 8 saw the total flow decrease to around 11,716,263.0 - 11,851,642.0, showing that higher weights
for cost minimization can reduce the flow captured. Scenario 7, however, saw a slight increase in to-
tal flow to 13,222,169.0, suggesting that balanced increases in weights for cost minimization do not
drastically affect the flow.

The number of facilities also varied across scenarios. In Scenario 1, the number of facilities decreased
to 2, reflecting the modelôs focus on minimizing costs. In Scenarios 2, 3, 4, and 6, the number of
facilities remained at 3, indicating stability in the modelôs performance. In Scenarios 5, 7, and 8, the
number of facilities increased to 4, showing that higher weights for specific cost components can lead
to opening more facilities.

The sensitivity analysis on the weights reveals that the model is robust to small changes in weights
but shows significant variations in total cost and flow when weights are adjusted more substantially.
Decreasing the weight for flow maximization and increasing the weights for cost minimization can lead
to lower costs but also significantly reduce the total flow captured. Conversely, increasing the weight
for flow maximization does not lead to more flow, possibly due to the budget constraint. This behaviour
aligns with the expected trade-offs between cost minimization and flow maximization, as well as the
impact of weight adjustments on total cost, flow, and the number of facilities.



In this thesis, a comprehensive location model has been developed for the optimal placement of on-
the-go charging facilities for HD BEVs. The model integrates various data inputs, including flow data,
grid congestion, current Shell truck diesel sites, and small industry locations, to ensure a robust and
practical solution. In this conclusive section research questions 5 and 6 can be answered.

What are relevant technical and economic constraints for the location of on-the-go charging
facilities for battery electric trucks?
The relevant technical and economic constraints for the location of on-the-go charging facilities include:

Å Grid Congestion: The availability and capacity of the electrical grid at potential charging lo-
cations are critical. Areas with high grid congestion may face challenges and higher costs for
infrastructure upgrades, making them less suitable for new charging facilities.

Å Proximity to Existing Infrastructure: Locations near existing Shell truck diesel sites or small in-
dustry sites with high accessibility and parking availability are preferred. These sites can leverage
existing infrastructure, reducing the need for extensive new installations.

Å Flow Data: The volume of truck traffic and the flow of goods between regions are essential for
determining the demand for charging facilities. High-traffic routes are prioritized to maximise the
utilization of the charging infrastructure.

Å Range of HD BEVs: The driving range of HD BEVs is a crucial factor. Charging facilities need
to be strategically placed within the range limits to ensure that trucks can complete their routes
without running out of power.

How can these constraints be translated into a mathematical model or scenarios? To address
these constraints, a mathematical model is developed that incorporates the following elements:

Å Objective Function: The model aims to maximise the captured flow of electric trucks while min-
imising the total costs associated with installing the charging facilities. This dual objective ensures
that the selected locations are both economically viable and meet the demand.

Å Constraints: The model includes constraints for budget limitations, and the range of HD BEVs.
These constraints ensure that the selected locations are feasible, cost-effective, and within the
operational range of the vehicles.

To ensure the reliability and effectiveness of the model, verification and validation processes were
conducted:

Å Verification: Themodelôs performance was evaluated against a greedy algorithm, and the results
demonstrated that the model consistently outperformed the greedy solution. It captured more flow
at lower or equivalent costs across all test cases, confirming its effectiveness in optimizing the
locations for charging infrastructure.

Å Validation: A sensitivity analysis was performed on both the flow and cost parameters to assess
the modelôs robustness. The analysis involved varying these parameters by �10% and observing
the impact on the modelôs outcomes. The results showed that the model consistently adhered
to the budget constraint and adapted to changes in costs and flow, demonstrating its robustness
under varying conditions. The sensitivity analysis on the weights showed that the model is robust
to small changes in weights but exhibits significant variations in total cost and flow when weights
are adjusted more substantially. Reducing the weight for flow maximization and increasing the
weights for cost minimization can lead to lower costs but also significantly reduce the total flow
captured. Conversely, increasing the weight for flow maximization does not result in more flow,
possibly due to the budget constraint. This behaviour does align with the expected trade-offs
between cost minimization and flow maximization, as well as the impact of weight adjustments
on total cost, flow, and the number of facilities. So the model is robust for determining the optimal
locations.
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For the case study on developing the optimal charging infrastructure network for (HD BEVs, a scenario
analysis will be conducted using the model. Scenarios are employed in decision-making and strategic
planning. They enable the development of options and indicators for action [82]. Additionally, scenar-
ios facilitate the evaluation of decision-making processes, actions, and strategies. Typically, multiple
alternative scenarios are compared to illustrate different future developments and to assess the con-
sequences of various decisions against a virtual backdrop. This approach helps test the reliability,
robustness, and effectiveness of decisions [82]. According to Kosow and GaÇner [82], scenarios are
defined as possible future situations, or conceptual futures, which include the paths of development
that may lead to those situations. Therefore, the scenarios aim to provide insights into the develop-
ment of the optimal charging network over the coming years.These scenarios are developed based on
the knowledge gained during this research, current conditions, expert insights, market predictions, and
findings from earlier stages of the study.

Grid congestion significantly limits the power available for new charging stations. Shell chooses to build
chargers at its own locations due to their established infrastructure and reliability. The adoption rate
of HD BEVs remains low, indicating the market is still in its early stages. Public charging is preferred
because the investment for private depot charging is substantial. Companies are exploring the use
of HD BEVs, but range limitations necessitate public charging to fulfil operations, affecting the turn-in
ratio. Smaller trucking companies have not yet transitioned to HD BEVs due to higher costs, making
smaller industry sites less appealing. Equation 3.4.

Table 7.1: Model Input scenario 1

Parameter Value
Flow weight Rank 1
Grid weight Rank 2
Current Std weight Rank 3
Industry Sites Weight 0
Budget 10
Range of HD BEV 350 km

Figure 7.1 and Table 7.2 show that the model picked 4 locations with a total potential yearly traffic flow
passing by of 7711607.00 trucks.



Figure 7.1: Results for scenario 1

Table 7.2: Solution scenario 1

Network_Node_ID Network_Node_X Network_Node_Y Grid_offtake Current_std Total_Flow
195998 4.411253 51.923868 1.0 1 1319138.00
116672 6.153900 52.531200 3.0 1 3333092.00
114179 5.348896 51.683377 1.0 1 843342.00
113615 4.444600 51.867100 1.0 1 2216033.00
Total 6 4 7711607.00

Grid congestion remains an issue, though less severe than in scenario 1. Some Shell sites have been
selected, but they are still favoured over other locations. The adoption of heavy-duty BEVs by smaller
companies is increasing, making small industrial sites somewhat appealing. As the market for HD
BEVs grows and their range improves, depot charging is becoming more relevant for larger companies
affecting the turn in ratio.

Table 7.3: Model Input scenario 2

Parameter Value
Flow weight Rank 1
Grid weight Rank 2
Current Std weight Rank 3
Industry Sites Weight Rank 4
Budget 40
Range of HD BEV 400 km

Figure 7.2 and Table 7.4 show that the model picked 4 locations with a total potential yearly traffic flow
passing by of 17866529.00 trucks.



Figure 7.2: Results for scenario 2

Table 7.4: Solution scenario 2

Network_Node_ID Network_Node_X Network_Node_Y Grid_offtake Current_std Industry Total_Flow
195932 5.431533 51.405376 4.0 4 4 6235060.00
116672 6.153900 52.531200 3.0 1 4 3333092.00
114232 6.128000 51.393200 4.0 1 4 4771076.00
113664 4.883500 51.686400 4.0 1 4 3527300.00
Total 15 7 16 17866529.00

Compared to scenario 2, the budget is doubled to 80 for scenario 2a while the other inputs remain the
same, allowing for more investments in locations due to the rising heavy-duty BEV market.

Figure 7.3 and Table 7.5 show that the model picked 4 locations with a total potential yearly traffic flow
passing by of 35995025.00 trucks.
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