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�Q�D�W�X�X�U�O�L�M�N�H�� �D�J�J�U�H�J�D�W�H�Q���� �+�H�W�� �K�R�R�I�G�G�R�H�O�� �Y�D�Q�� �G�H�]�H�� �G�L�V�V�H�U�W�D�W�L�H�� �Z�D�V�� �W�H��
�E�H�S�D�O�H�Q���R�I���$�$�0���J�U�R�W�H���K�R�H�Y�H�H�O�K�H�G�H�Q���5�$�3���N�D�Q���E�H�Y�D�W�W�H�Q���H�Q���J�H�E�U�X�L�N�W��
�N�D�Q�� �Z�R�U�G�H�Q�� �D�O�V�� �I�X�Q�G�H�U�L�Q�J�V�O�D�D�J�� �Y�R�R�U�� �Y�H�U�K�D�U�G�L�Q�J�H�Q�� �]�R�Q�G�H�U�� �D�I�E�U�H�X�N��
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�H�Q�� �J�H�E�U�X�L�N�W�� �D�O�V�� �D�O�W�H�U�Q�D�W�L�H�I�� �Y�R�R�U�� �G�H�� �P�H�W�K�R�G�H�Q�� �R�P�� �S�R�U�W�O�D�Q�G�E�H�W�R�Q�� �W�H��
�R�Q�G�H�U�]�R�H�N�H�Q���� �7�H�Q�� �H�H�U�V�W�H�� �Z�H�U�G�� �G�H�� �R�E�V�H�U�Y�D�W�L�H�� �Y�D�Q�� �G�H��
�J�U�H�Q�V�Y�O�D�N�R�Y�H�U�J�D�Q�J�V�]�R�Q�H�� ���,�7�=���� �Y�H�U�E�H�W�H�U�G�� �G�R�R�U�� �H�H�Q�� �O�D�V�H�U�V�F�D�Q�Q�L�Q�J��
�F�R�Q�I�R�F�D�O�� �P�L�F�U�R�V�F�R�S�H�� ���/�6�&�0���� �H�Q�� �H�H�Q�� �V�F�D�Q�Q�L�Q�J�� �H�O�H�F�W�U�R�Q�� �P�L�F�U�R�V�F�R�S�H��
���6�(�0�����W�H���F�R�P�E�L�Q�H�U�H�Q�����'�H�]�H���F�R�P�E�L�Q�D�W�L�H���Y�H�U�E�H�W�H�U�G�H���G�H���R�E�V�H�U�Y�D�W�L�H���Y�D�Q���G�H��
�K�H�W�H�U�R�J�H�Q�H�� �D�V�I�D�O�W�F�R�D�W�L�Q�J�� �Y�D�Q�� �G�H�� �5�$�3���G�H�H�O�W�M�H�V���� �G�H�� �D�D�Q�Z�H�]�L�J�K�H�L�G�� �Y�D�Q��
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�Q�D�W�U�L�X�P�V�L�O�L�F�D�D�W�� �E�H�Y�D�W���� �'�H�]�H�� �N�H�X�]�H�� �Z�D�V�� �J�H�E�D�V�H�H�U�G�� �R�S�� �G�H�� �P�L�Q�L�P�D�O�H��
�K�R�H�Y�H�H�O�K�H�L�G���D�F�W�L�Y�D�W�R�U���G�L�H���Q�R�G�L�J���L�V���R�P���G�H���E�H�R�R�J�G�H���G�U�X�N�V�W�H�U�N�W�H���W�H���E�H�U�H�L�N�H�Q��
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  1 
1 INTRODUCTION 

1.1 Background & Motivation 

The United Nations set up 17 interlinked global goals, known as 
Sustainable Development Goals; they work as a guideline to help achieve 
a more sustainable future for everyone (Figure 1.1). Every economic 
sector can - or needs to - relate and contribute to one or more of the 
goals. The development of sustainable construction materials using 
recycling materials fits goals number 9, 11, and 12. 

 

Figure 1.1. Sustainable Development Goals (United Nations, n.d.) 
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We consume vast quantities of construction materials and, at the same 
time, produce large amounts of construction and demolition waste. In 
most countries, construction and demolition waste surpass the quantities 
of municipal solid waste (Kaza et al., 2018). Reclaimed asphalt 
pavement, also known as RAP, is one of the waste materials generated 
by construction activities that could return as an alternative source of 
aggregates. 

RAP is a milled granular waste, a product from removing distressed 
asphalt pavement sections for renovation, and can be used as a 
replacement for natural aggregates (NA). However, it is considered an 
inferior material compared to NA due to (i) the presence of agglomerated 
particles and bitumen coating and (ii) the impact that the milling 
procedure may have on its gradation and incorporation of dust (Arulrajah 
et al., 2014; Debbarma et al., 2019; Saride et al., 2016). 

Recently, a considerable effort to promote a higher use of this material in 
new pavement layers (e.g. base course and top layers) has been 
observed. Recycling RAP reduces the need for disposal and demand for 
virgin materials, and the overall cost of pavement sections could reduce 
by 40-46% (Debbarma et al., 2019; Singh et al., 2018c). However, 
recyclable materials in pavement sections should not compromise their 
service life, durability or increase the need for maintenance.  

It is already standard practice to use RAP in new asphalt mixes in many 
countries. The recycled material can be added cold or preheated; 
however, when cold recycling is used, most standards set a maximum of 
20% of bitumen replacement (Anthonissen et al., 2016). But not all RAP 
products get recycled in asphalt, and more recycling alternatives are 
necessary to maximise the use of this material. 

Another recycling possibility for RAP is as unbound and stabilised 
base/subbase material. Several road agencies make provisions to use 
unbound layers with RAP aggregates, but values vary between them, 
ranging from 10% to 100% by weight (Hoppe et al., 2015). The biggest 
challenge when using RAP as stabilised base material is ascribed to the 
thin, aged bitumen coating on the surface of the aggregate, which leads 
to inferior properties (Arulrajah et al., 2014; Saride et al., 2016). Hence, 
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RAP´s performance needs to be improved by blending it with natural 
aggregates (NA). Still, some transportation/road agencies recommend a 
maximum RAP content of about 30% by weight of VA. However, the 
material usually does not reach the minimum strength requirement when 
stabilised with low-calcium sources (such as fly ash, bottom ash, and 
blast furnace slag) and alkaline activation could be used to increase the 
reactivity of the binder and its strength (Avirneni et al., 2016). 
Mohammadinia et al. (2016) observed higher compressive strength of 
alkali-activated samples stabilised with slag than fly ash.  

Many authors investigated the use of RAP in Portland Cement (PC)-
based concrete mixes for road application (Boussetta et al., 2018; 
Pasetto and Baldo, 2017; Van den bergh et al., 2017). Most studies 
indicated a negative effect on the fresh and mechanical properties of the 
concrete due to the bitumen coating layer on the surface of the aggregate 
(Debbarma et al., 2019; Singh et al., 2018a). An even more pronounced 
reduction was observed when only RAP aggregates' fine fraction was 
used (Abraham and Ransinchung, 2018; Singh et al., 2018b, 2018a). 
Hence, the coarser fraction has a higher potential for replacing VA than 
the finer fraction.  

Nevertheless, the poor performance of RAP-PC concrete should not 
discourage the use of RAP in pavements: one viable alternative could be 
the employment of RAP as aggregates for alkali-activated matrices. 
Studies about the use of RAP in alkali-activated concretes are still scarce.  

Alkali-activated materials or binders (AAM or AAB), when properly 
designed are sustainable binding systems resulting from the reaction of 
an aluminosilicate and an alkaline activator (Provis, 2018). AAM may also 
be referred to as geopolymers when it is the product of the activation of 
low-calcium aluminosilicate precursors (Provis, 2014). A binder has a 
high calcium content if the Ca/(Si+ Al) ratio is approximately 1 (Provis 
and Bernal, 2014). The aluminosilicate is usually an industrial by-product 
or wastes supplied in powder form, such as: fly ash (low and high 
calcium), coal bottom ash, rice husk ash, palm oils fuel ash, blast furnace 
slag, phosphorus slag, steel slag, silico-manganese slag, metakaolin, 
natural minerals (albite, volcanic ashes /natural pozzolans, kaolinite), 
volcanic glass, zeolite, silica fume, non-ferrous slag, mineral processing 
tailings (such as coal gangue, red mud and mine tailings), catalyst 
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residues (from crude oil processing in petroleum refineries), waste glass, 
waste ceramics, incinerated sludges such as paper sludge, water 
treatment sludge (Provis et al., 2015; Shi et al., 2011). 

In the production of AAM, the aluminosilicates need an alkaline source to 
reduce their usually very long setting time and increase their early 
strength. The alkaline source may come from adding a strong alkaline 
solution as a solid or even from the dissolved PC clinker (Provis et al., 
2015). The most used alkali hydroxide is sodium hydroxide, followed by 
potassium hydroxide and calcium hydroxide. It is also possible to activate 
with alkali silicates - such as sodium silicate or potassium silicate -  alkali 
carbonate and alkali sulphate. 

The hardened activated product may have high mechanical strength, 
chemical resistance (acidic and sulphate environments), and comparable 
chloride ingress to PC-based materials (Provis, 2018).

1.2 Objectives & Justification 

The use of RAP as an aggregate replacement in pavement layers is a 
great recycling opportunity but it may require the use of cement-based 
materials to compensate for strength loss. The combination of RAP with 
alkali-activated matrices may be an even more environmentally-friendly 
solution, in addition to the recycled aggregate,  since PC is absent from 
the matrix. Properly designed AAMs are stronger and more durable than 
PC-based materials (Provis, 2014; Singh and Middendorf, 2020; Van 
Deventer et al., 2012). Hence, one can expect that the employment of 
RAP in AAM achieves the typical minimum requirements for hydraulically 
bound lean concrete mixes for road applications, as described in Table 
1.1. 

In addition to being a recycling alternative, the study of RAP-AAM may 
maximise the use of RAP granulates by either using higher replacement 
levels or using it in a thicker pavement layer (such as base layers). 
Maximising the use of recycling aggregates is of great importance to the 
Belgium pavement sector due to the high cost of NA and sustainability 
efforts. Still, the global transportation infrastructure is largely based on 
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flexural pavements, which will inevitably become RAP, and therefore, the 
research of RAP recycling alternatives is of global interest.  

Table 1.1. Typical minimal properties for PC-based lean concrete (Nick Thom, 
2015) 

Mixture type Compressive Cement Content Water Content 
28 days, MPa kg/m3 l/m3 

Medium lean 
concrete 10 220 150 

Weak lean 
concrete 5 150 150 

 
The amount of research on RAP-AAM is limited; most studies used only 
pulverised fly ash (PFA) as a precursor, and still little is known about 
mechanical and durability properties. Studies on RAP-AAM based on the 
alkaline activation of ground granulated blast furnace slag (BFS) are 
scarce. Nevertheless, BFS is one of the main precursors for AAM and a 
byproduct of the steel industry that represents interest for Belgium and 
Brazil, the countries involved in this joint doctoral research. In addition, it 
is also considered a precursor that required low activation level and can 
react without the need of thermal treatment. 

This research will study AAM containing fine or coarse RAP aggregates 
as a replacement for NA, hereafter referred to as RAP-AAM, used as 
hydraulically bound base layers of pavements. The investigation will 
target the maximisation of RAP granules without compromising the 
performance of the material. The main objective of this thesis is to 
understand the mechanisms behind RAP-AAM to guide the future design 
of adequately strong, durable, and sustainable pavement base layers. 
The main research question is: 

Could AAM incorporate high amounts of RAP, and be used as 
pavement base layers without compromising mechanical and 

durability performance? 

The specific objectives of the study are: 
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- Chapter 2 offers an extensive state-of-the-art review on the use 

of RAP in cementitious systems and how it could be applied in 
pavement layers. Due to the lack of studies on the use of RAP in 
AAM, the review also focused on PC systems and contemplates 
similarities between them. The conclusion of this chapter offers a 
reflection on the potential, challenges, and research needs of 
RAP-AAM.  
 

- Chapter 3 is the materials and methods section. It characterises 
the raw materials used (aggregates, binders, and chemicals), a 
detailed description of the manufacture of the samples (concrete, 
mortar, and pastes), and the general test methods. Some special 
methods are described in their corresponding chapter.  
 

- The objective of Chapter 4 is to investigate the impact of replacing 
NA with RAP in BFS-based alkali-activated mortar. The effect of 
different activator dosages is assessed, i.e., either 4% or 6% Na2O 
(wt. slag) combined with a modulus of silica (Ms) equal to 0, 0.5, 
and 1.0. The results are compared to control samples produced 
with NA. The investigation was performed by looking into hydration 
kinetics (Isothermal Calorimetry), pore size distribution (Mercury 
Intrusion Porosimetry), mechanical performance (Compressive 
and Flexural strength), and microstructure analysis. 
 

- The aluminosilicate aluminosil is a crucial consideration for AAM, 
and blended systems with metakaolin (MK) may have an improved 
microstructure (fewer pores) and better mechanical performance. 
Chapter 5 studies the partial replacement of BFS by MK (10 and 
20 vol.%) in the properties of mortars activated with solutions 
prepared with Ms 0 and 1.0. The total shrinkage of the samples 
was observed using digital image correlation and the reaction 
products using FTIR (Fourier Transform Infrared Microscopy). A 
combination of Scanning Electron Microscopy and Confocal Laser 
Scanning Microscopy offered a better way to observe the interface 
between aggregates, bitumen, and alkali-activated matrices.  

- The impact of different bitumen content on RAP granules is 
investigated in Chapter 6. RAP with lower bitumen content could 
bind better to the matrix and therefore have better mechanical 
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performance. Concrete samples were studied using two lab-
produced RAP (with low and high bitumen content) and a 
commercially sourced RAP. The mechanical properties of RAP-
AAM concrete were compared to RAP-PC to assess any possible 
improvement of the alternative material. AAM often has better 
chemical stability and thus durability than PC. The second part of 
this chapter investigates durability using an accelerated freeze 
and thaw test.  
 

Finally, Chapter 7 summarises the findings, conclusions, and 
recommendations for future research.  

A graphical description of the thesis and its chapters is presented in 
Figure 1.2. 
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Figure 1.2. Research plan
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�F�R�Q�Y�H�U�V�H�O�\���L�Q�F�U�H�D�V�H�G���W�K�H���I�O�H�[�X�U�D�O���V�W�U�H�Q�J�W�K�����6�H�W�W�D�U�L���H�W���D�O���������������������$�F�F�R�U�G�L�Q�J��
�W�R�� �'�H�E�E�D�U�P�D�� �H�W�� �D�O���� ���������������� �5�$�3�� �D�J�J�U�H�J�D�W�H�V�� �D�O�V�R�� �K�H�O�S�� �U�H�G�X�F�H�� �W�K�H��
�S�H�U�P�H�D�E�O�H���Y�R�L�G�V�����D�Q�G���Z�D�W�H�U���D�E�V�R�U�S�W�L�R�Q���L�Q���5�&���F�R�Q�F�U�H�W�H�����D�V���Z�H�O�O���D�V���O�R�Z�H�U�L�Q�J��
�W�K�H�� �F�R�V�W�� �S�H�U�� �F�X�E�L�F�� �P�H�W�H�U�� �E�\�� �������� �+�R�Z�H�Y�H�U���� �W�K�H�� �F�R�V�W�� �U�H�G�X�F�W�L�R�Q�V�� �E�\��
�H�P�S�O�R�\�L�Q�J���5�$�3���D�J�J�U�H�J�D�W�H�V���P�D�\���E�H���R�Y�H�U�W�D�N�H�Q���E�\���W�K�H���Q�H�H�G���W�R���L�Q�F�U�H�D�V�H���W�K�H��
���P�R�U�H�� �F�R�V�W�O�\���� �E�L�Q�G�H�U�� �F�R�Q�W�H�Q�W���� �6�L�Q�J�K�� ���6�L�Q�J�K�� �D�Q�G�� �5�D�Q�V�L�Q�F�K�X�Q�J���� ������������
�L�Q�Y�H�V�W�L�J�D�W�H�G�� �G�U�\�� �O�H�D�Q�� �F�R�Q�F�U�H�W�H�� �D�Q�G�� �R�E�V�H�U�Y�H�G�� �W�K�D�W�� �W�K�H�� �P�L�[�H�V�� �U�H�T�X�L�U�H�G�� �D�W��
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�7�K�H�� �W�H�U�P�� �I�X�O�O���G�H�S�W�K�� �U�H�F�O�D�P�D�W�L�R�Q�� ���)�'�5���� �L�V�� �I�R�X�Q�G�� �L�Q�� �W�K�H�� �O�L�W�H�U�D�W�X�U�H�� �W�R��
�G�H�V�L�J�Q�D�W�H���V�W�D�E�L�O�L�V�H�G���E�D�V�H�V���F�R�P�S�R�V�H�G���R�I���U�H�F�\�F�O�H�G���5�$�3���W�R�J�H�W�K�H�U���Z�L�W�K���S�D�U�W�V��
�R�I���X�Q�G�H�U�Q�H�D�W�K���D�J�J�U�H�J�D�W�H�V�����$�Q�W�X�Q�H�V���H�W���D�O�������������������*�K�D�Q�L�]�D�G�H�K���H�W���D�O��������������������
�7�K�H�� �V�W�X�G�\�� �E�\�� �&�D�V�W�D�x�H�G�D�� �/�y�S�H�]�� �H�W�� �D�O���� �������������� �V�K�R�Z�V�� �W�K�D�W�� �W�K�H�� �D�G�G�L�W�L�R�Q�� �R�I��
�5�$�3���L�Q���W�K�H���F�H�P�H�Q�W���W�U�H�D�W�H�G���E�D�V�H���D�V���)�'�5���P�D�\���U�H�G�X�F�H���W�K�H���I�O�H�[�X�U�D�O���V�W�U�H�Q�J�W�K��
�E�X�W�� �O�H�D�G�V�� �W�R�� �P�R�U�H�� �G�X�F�W�L�O�H�� �E�H�K�D�Y�L�R�X�U���� �7�K�H�� �I�D�W�L�J�X�H�� �O�L�I�H�� �R�I�� �F�H�P�H�Q�W���W�U�H�D�W�H�G��
�5�$�3�� �G�H�S�H�Q�G�V�� �P�X�F�K���R�Q�� �W�K�H�� �F�R�P�S�R�V�L�W�L�R�Q�� ���3�&�� �D�Q�G�� �5�$�3�� �F�R�Q�W�H�Q�W���� �D�Q�G�� �W�K�H��
�W�K�L�F�N�Q�H�V�V�� �R�I�� �W�K�H�� �O�D�\�H�U���� �&�R�Q�V�H�T�X�H�Q�W�O�\���� �L�W�� �L�V�� �S�R�V�V�L�E�O�H�� �W�R�� �X�V�H�� �K�L�J�K�H�U�� �5�$�3��
�F�R�Q�W�H�Q�W���E�\���S�O�D�\�L�Q�J���Z�L�W�K���R�W�K�H�U���Y�D�U�L�D�E�O�H�V�����3�&���F�R�Q�W�H�Q�W���D�Q�G���W�K�L�F�N�Q�H�V�V��������
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�0�R�V�W�� �V�W�X�G�L�H�V�� �R�Q�� �5�$�3�� �D�V�� �D�Q�� �D�J�J�U�H�J�D�W�H�� �U�H�S�O�D�F�H�P�H�Q�W�� �F�K�R�R�V�H�� �E�H�W�Z�H�H�Q��
�U�H�S�O�D�F�L�Q�J���H�L�W�K�H�U���W�K�H���I�L�Q�H���R�U���W�K�H���F�R�D�U�V�H���I�U�D�F�W�L�R�Q�����V�H�H���7�D�E�O�H���������������7�K�H���O�H�Y�H�O��
�R�I�� �U�H�S�O�D�F�H�P�H�Q�W�� �D�O�V�R�� �Y�D�U�L�H�V���� �D�Q�G�� �D�� �F�R�P�E�L�Q�D�W�L�R�Q�� �R�I�� �5�$�3�� �D�J�J�U�H�J�D�W�H�V�� �D�Q�G��
�Q�D�W�X�U�D�O�� �D�J�J�U�H�J�D�W�H�V�� �L�V�� �R�I�W�H�Q�� �H�P�S�O�R�\�H�G���� �2�Y�H�U�D�O�O���� �W�K�H�� �H�P�S�O�R�\�P�H�Q�W�� �R�I�� �5�$�3��
�D�J�J�U�H�J�D�W�H�V�� �L�Q�� �3�&���E�D�V�H�G�� �P�D�W�U�L�F�H�V�� �K�D�V�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W�� �H�I�I�H�F�W�� �R�Q�� �E�R�W�K�� �I�U�H�V�K��
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�6�L�Q�J�K���H�W���D�O���������������D�����V�W�X�G�L�H�G���W�K�H���L�Q�F�R�U�S�R�U�D�W�L�R�Q���R�I���F�R�D�U�V�H���D�Q�G���I�L�Q�H���5�$�3���L�Q�W�R��
�3�&�� �F�R�Q�F�U�H�W�H�� �D�Q�G�� �I�R�X�Q�G�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W�� �U�H�G�X�F�W�L�R�Q�� �L�Q�� �W�K�H�� �Z�R�U�N�D�E�L�O�L�W�\�� �R�I��
�V�D�P�S�O�H�V���� �7�K�H�� �V�W�U�H�Q�J�W�K�� �U�H�G�X�F�W�L�R�Q�� �Z�D�V�� �P�R�U�H�� �V�X�E�V�W�D�Q�W�L�D�O�� �Z�L�W�K�� �W�K�H��
�H�P�S�O�R�\�P�H�Q�W�� �R�I�� �W�K�H�� �I�L�Q�H�� �I�U�D�F�W�L�R�Q���� �:�K�H�Q�� �F�R�P�S�D�U�H�G�� �Z�L�W�K�� �F�R�Q�F�U�H�W�H�V��
�F�R�Q�W�D�L�Q�L�Q�J���1�$�����W�K�H���U�H�S�O�D�F�H�P�H�Q�W���R�I�������������F�R�D�U�V�H���5�$�3���U�H�G�X�F�H�G���W�K�H���V�O�X�P�S��
�E�\�������������Z�K�L�O�H�������������I�L�Q�H���5�$�3���U�H�G�X�F�H�G���W�K�H���V�O�X�P�S���E�\���������������7�K�H���D�X�W�K�R�U�V��
�D�W�W�U�L�E�X�W�H�G�� �W�K�L�V�� �W�R�� �W�K�H�� �D�E�V�R�U�S�W�L�R�Q�� �R�I�� �W�K�H�� �P�L�[�L�Q�J�� �Z�D�W�H�U�� �E�\�� �W�K�H�� �G�X�V�W�� �W�K�D�W��
�D�F�F�X�P�X�O�D�W�H�G�� �R�Q�� �5�$�3�� �G�X�U�L�Q�J�� �V�W�R�F�N�S�L�O�L�Q�J���� �$�� �U�H�G�X�F�W�L�R�Q�� �L�Q�� �Z�R�U�N�D�E�L�O�L�W�\�� �Z�D�V��
�D�O�V�R���R�E�V�H�U�Y�H�G���E�\���R�W�K�H�U���D�X�W�K�R�U�V�����*�X�R���H�W���D�O�������������������6�X���H�W���D�O���������������������D�O�W�K�R�X�J�K��
�R�S�S�R�V�L�W�H�� �I�L�Q�G�L�Q�J�V�� �Z�H�U�H�� �D�O�V�R�� �U�H�S�R�U�W�H�G�� ���%�U�D�Q�G�� �H�W�� �D�O������ ������������ �+�X�D�Q�J�� �H�W�� �D�O������
������������ �6�K�L�� �H�W�� �D�O������ �������������� �,�Q�� �J�H�Q�H�U�D�O���� �L�W�� �L�V�� �V�W�L�O�O�� �Q�R�W�� �F�O�H�D�U�� �K�R�Z�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J��
�G�L�I�I�H�U�H�Q�W�� �S�D�U�D�P�H�W�H�U�V�� �D�I�I�H�F�W�� �W�K�H�� �Z�R�U�N�D�E�L�O�L�W�\�� �R�I�� �W�K�H�� �I�U�H�V�K�� �S�U�R�G�X�F�W���� ���L����
�K�\�G�U�R�S�K�R�E�L�F���S�U�R�S�H�U�W�L�H�V���D�Q�G���W�K�H���K�L�J�K���Y�L�V�F�R�V�L�W�\���R�I���W�K�H���E�L�W�X�P�H�Q���O�D�\�H�U���R�Q���W�K�H��
�D�J�J�U�H�J�D�W�H���V�X�U�I�D�F�H�������L�L�����K�L�J�K���Z�D�W�H�U���G�H�P�D�Q�G���R�I���W�K�H���D�G�K�H�U�H�G���G�X�V�W���O�D�\�H�U���D�Q�G��
���L�L�L�����W�K�H���S�D�U�W�L�F�O�H���V�K�D�S�H���R�I���W�K�H���D�J�J�U�H�J�D�W�H�V��

�7�K�U�R�X�J�K���W�K�H���S�U�R�G�X�F�W�L�R�Q���R�I���5�$�3���3�&�����L�W���L�V���S�R�V�V�L�E�O�H���W�R���R�E�V�H�U�Y�H���W�K�H���I�R�U�P�D�W�L�R�Q��
�R�I���W�K�U�H�H���L�Q�W�H�U�I�D�F�L�D�O���W�U�D�Q�V�L�W�L�R�Q���]�R�Q�H�V�����,�7�=�����L�Q���W�K�H���P�L�F�U�R�V�W�U�X�F�W�X�U�H�����E�H�W�Z�H�H�Q�����L����
�W�K�H���D�J�J�U�H�J�D�W�H�V���D�Q�G���E�L�W�X�P�H�Q���O�D�\�H�U�������L�L�����D�J�J�U�H�J�D�W�H�V���D�Q�G���F�H�P�H�Q�W�L�W�L�R�X�V���P�D�W�U�L�[����
�D�Q�G�� ���L�L�L���� �W�K�H�� �E�L�W�X�P�H�Q�� �O�D�\�H�U�� �D�Q�G�� �F�H�P�H�Q�W�L�W�L�R�X�V�� �P�D�W�U�L�[�� ���)�L�J�X�U�H�� ������������ �7�K�H��
�Z�H�D�N�H�V�W���,�7�=���L�V���W�K�H���R�Q�H���I�R�U�P�H�G���E�H�W�Z�H�H�Q���E�L�W�X�P�H�Q���D�Q�G���F�H�P�H�Q�W�L�W�L�R�X�V���P�D�W�U�L�[��
���(�O���(�X�F�K���%�H�Q���6�D�L�G���H�W���D�O�������������������6�L�Q�J�K���H�W���D�O���������������D�������%�U�D�Q�G���D�Q�G���5�R�H�V�O�H�U��
�����������D���� �R�E�V�H�U�Y�H�G���W�K�D�W���,�7�=�� �F�K�D�Q�J�H�G���D�V���W�K�H�� �V�D�P�S�O�H�V���D�J�H�G�����R�Y�H�U���W�L�P�H���W�K�H��
�V�D�P�S�O�H�V���Z�L�W�K���5�$�3���G�H�Y�H�O�R�S�H�G���K�L�J�K�H�U���S�R�U�R�V�L�W�\�����O�D�U�J�H�U���,�7�=���Z�L�G�W�K���D�Q�G���I�H�Z�H�U��
�K�\�G�U�D�W�H�V���� �7�K�H�� �D�X�W�K�R�U�V�� �V�X�J�J�H�V�W�H�G�� �W�K�D�W�� �W�K�H�� �K�L�J�K�� �S�+�� �R�I�� �W�K�H�� �S�R�U�H�� �V�R�O�X�W�L�R�Q��
�F�R�X�O�G���O�H�D�F�K���R�U�J�D�Q�L�F���F�R�P�S�R�X�Q�G�V���I�U�R�P���W�K�H���D�V�S�K�D�O�W�����Z�K�L�F�K���F�R�P�S�U�R�P�L�V�H�V���W�K�H��
�K�\�G�U�D�W�L�R�Q���S�U�R�F�H�V�V���D�Q�G���I�R�U�P�D�W�L�R�Q���R�I�� �F�D�O�F�L�X�P���K�\�G�U�R�[�L�G�H�����&�+�����D�Q�G���F�D�O�F�L�X�P��
�V�L�O�L�F�D�W�H�� �K�\�G�U�D�W�H�� ���&���6���+������ �7�K�H�� �F�R�Q�V�H�T�X�H�Q�F�H�� �L�V�� �W�K�H�� �Z�H�D�N�H�Q�L�Q�J�� �R�I�� �W�K�H�� �,�7�=��
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�R�I�� ���R�U�� �O�R�Z�� �F�R�Q�W�H�Q�W���� �F�D�O�F�L�X�P�� �K�L�Q�G�H�U�V�� �W�K�H�� �I�R�U�P�D�W�L�R�Q�� �R�I�� �F�U�\�V�W�D�O�O�L�Q�H�� �S�K�D�V�H�V��
�D�V�V�R�F�L�D�W�H�G���Z�L�W�K���H�[�S�D�Q�V�L�R�Q�V�����H�W�W�U�L�Q�J�L�W�H���D�Q�G���J�\�S�V�X�P�������D�Q�G���W�K�H���H�Q�G���S�U�R�G�X�F�W�V��
�K�D�Y�H�� �E�H�W�W�H�U�� �F�K�H�P�L�F�D�O�� �V�W�D�E�L�O�L�W�\�� ���$�O�F�D�P�D�Q�G�� �H�W�� �D�O������ �������������� �:�K�H�Q�� �S�U�R�S�H�U�O�\��
�G�H�V�L�J�Q�H�G���� �W�K�H�� �I�L�Q�D�O�� �S�R�O�\�P�H�U�L�F�� �S�U�R�G�X�F�W�� �K�D�V�� �D�� �T�X�L�F�N�H�U�� �V�H�W�W�L�Q�J�� �W�L�P�H���� �K�L�J�K�H�U��
�F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K�����E�H�W�W�H�U���U�H�V�L�V�W�D�Q�F�H���W�R���V�H�D�Z�D�W�H�U���D�Q�G���V�X�O�S�K�D�W�H���D�W�W�D�F�K����
�D�Q�G�� �K�L�J�K�H�U�� �K�H�D�W�� �U�H�V�L�V�W�D�Q�F�H�� �W�K�D�Q�� �3�&�� �V�\�V�W�H�P�V�� ���$�O�F�D�P�D�Q�G�� �H�W�� �D�O������ ������������
�5�D�V�K�D�G�������������D������

�1�H�Y�H�U�W�K�H�O�H�V�V���� �W�K�H�� �D�O�N�D�O�L�Q�H�� �D�F�W�L�Y�D�W�L�R�Q�� �R�I�� �0�.�� �U�H�S�U�H�V�H�Q�W�V�� �D�� �K�L�J�K�H�U��
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �L�P�S�D�F�W�� �W�K�D�Q�� �W�K�H�� �D�F�W�L�Y�D�W�L�R�Q�� �R�I�� �%�)�6���� �)�L�U�V�W���� �N�D�R�O�L�Q�� �F�O�D�\�� �L�V�� �D��
�Q�D�W�X�U�D�O�� �P�D�W�H�U�L�D�O���� �D�Q�G�� �L�W�V�� �X�W�L�O�L�V�D�W�L�R�Q�� �U�H�S�U�H�V�H�Q�W�V�� �W�K�H�� �G�H�S�O�H�W�L�R�Q�� �R�I�� �Q�D�W�X�U�D�O��
�U�H�V�R�X�U�F�H�V�����6�H�F�R�Q�G�O�\�����W�K�H���F�D�O�F�L�Q�D�W�L�R�Q���R�I���N�D�R�O�L�Q�L�W�H���G�H�P�D�Q�G�V���W�K�H���E�X�U�Q�L�Q�J���R�I��
�F�R�P�E�X�V�W�L�E�O�H���I�X�H�O�V�����Z�K�L�F�K���W�K�H�Q���U�H�O�H�D�V�H���&�2�������0�.���D�F�W�L�Y�D�W�L�R�Q���P�D�L�Q�O�\���U�H�T�X�L�U�H�V��
�V�R�G�L�X�P���V�L�O�L�F�D�W�H���W�R�� �S�U�R�Y�L�G�H�� �W�K�H�� �V�R�O�X�E�O�H���V�L�O�L�F�D���W�R���D�F�F�H�O�H�U�D�W�H�� �W�K�H���K�D�U�G�H�Q�L�Q�J����
�K�R�Z�H�Y�H�U�����W�K�H���S�U�R�G�X�F�W�L�R�Q���R�I���V�L�O�L�F�D�W�H�V���L�V���L�W�V�H�O�I���D���K�H�D�Y�\���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���E�X�U�G�H�Q����
���+�D�E�H�U�W�� �H�W�� �D�O������ �������������� �%�H�F�D�X�V�H�� �R�I�� �D�O�O�� �W�K�D�W���� �%�)�6�� �L�V�� �W�K�H�� �S�U�H�I�H�U�D�E�O�H��
�D�O�X�P�L�Q�R�V�L�O�L�F�D�W�H���R�Y�H�U���0�.�����Z�K�H�Q���W�K�H���I�L�U�V�W���L�V���D�Y�D�L�O�D�E�O�H�����7�K�H���P�L�[���R�I���%�)�6���D�Q�G��
�0�.�����E�L�Q�D�U�\���V�\�V�W�H�P�����L�V���D���S�R�W�H�Q�W�L�D�O���V�R�O�X�W�L�R�Q���W�R���D�F�K�L�H�Y�H���D�Q���H�Q�G���P�D�W�H�U�L�D�O���Z�L�W�K��
�K�L�J�K���F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K�����O�R�Z�H�U���S�R�U�R�V�L�W�\�����%�R�U�J�H�V���H�W���D�O�������������������D�Q�G���O�R�Z�H�U��
�V�K�U�L�Q�N�D�J�H���W�K�D�Q���D�O�N�D�O�L���D�F�W�L�Y�D�W�H�G���V�O�D�J�����/�L���H�W���D�O���������������������%�L�Q�D�U�\���V�\�V�W�H�P�V���V�K�R�Z��
�L�P�S�U�R�Y�H�P�H�Q�W�� �L�Q�� �S�U�R�S�H�U�W�L�H�V�� �Z�K�L�O�H�� �V�W�L�O�O�� �U�H�G�X�F�L�Q�J�� �W�K�H�� �D�P�R�X�Q�W�� �R�I�� �D�O�N�D�O�L�Q�H��
�D�F�W�L�Y�D�W�R�U�� �Q�H�H�G�H�G�� �I�R�U�� �Q�H�D�W�� �0�.�� �D�F�W�L�Y�D�W�L�R�Q���� �)�L�J�X�U�H�� �������� �V�K�R�Z�V�� �W�K�D�W�� �W�K�H��
�D�F�W�L�Y�D�W�L�R�Q�� �R�I�� �E�O�H�Q�G�H�G�� �0�.���%�)�6�� �I�D�Y�R�X�U�V�� �W�K�H�� �I�R�U�P�D�W�L�R�Q�� �R�I�� �D�� �G�H�Q�V�H�U�� �P�D�W�U�L�[��
�F�R�P�S�R�V�H�G�� �R�I�� �&���$���6���+�� �D�Q�G�� �1���$���6���+�� �J�H�O�V���� �Z�K�L�F�K�� �L�P�S�U�R�Y�H�V�� �W�K�H�� �R�Y�H�U�D�O�O��
�S�U�R�S�H�U�W�L�H�V�����%�R�U�J�H�V���H�W���D�O�������������������/�L���H�W���D�O��������������������
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�������������5�$�3���D�Q�G���D�O�N�D�O�L���D�F�W�L�Y�D�W�H�G���P�D�W�H�U�L�D�O�V��

�0�D�Q�\���U�H�V�H�D�U�F�K�H�U�V���K�D�Y�H���V�X�F�F�H�V�V�I�X�O�O�\���V�W�X�G�L�H�G���W�K�H���L�Q�F�R�U�S�R�U�D�W�L�R�Q���R�I���5�$�3���L�Q��
�E�D�V�H���O�D�\�H�U�V���I�R�U���S�D�Y�H�P�H�Q�W���V�H�F�W�L�R�Q�V���� �I�R�U���K�L�J�K���U�H�S�O�D�F�H�P�H�Q�W���O�H�Y�H�O�V�����W�K�H���O�R�V�V��
�R�I�� �P�H�F�K�D�Q�L�F�D�O���S�U�R�S�H�U�W�L�H�V���Q�H�H�G�V���W�R���E�H���F�R�P�S�H�Q�V�D�W�H�G���E�\���X�V�L�Q�J�� �V�W�D�E�L�O�L�V�H�U�V����
�L���H�����D�J�H�Q�W�V���W�K�D�W���L�Q�F�U�H�D�V�H���W�K�H���F�R�P�S�U�H�V�V�L�Y�H���D�Q�G���L�P�S�D�F�W���V�W�U�H�Q�J�W�K�����D�V���Z�H�O�O���D�V��
�W�K�H�� �R�Y�H�U�D�O�O�� �L�Q�W�H�J�U�L�W�\�� �R�I�� �W�K�H�� �O�D�\�H�U�V�� ���U�H�G�X�F�W�L�R�Q�� �R�I�� �V�Z�H�O�O�L�Q�J���� �V�K�U�L�Q�N�D�J�H����
�D�E�U�D�V�L�R�Q���� ���$�U�X�O�U�D�M�D�K�� �H�W�� �D�O������ ������������ �$�Y�L�U�Q�H�Q�L�� �H�W�� �D�O������ �������������� �,�W�� �L�V�� �S�R�V�V�L�E�O�H�� �W�R��
�V�W�D�E�L�O�L�V�H���5�$�3���X�V�L�Q�J���P�D�W�H�U�L�D�O�V���V�X�F�K���D�V���O�L�P�H�����F�H�P�H�Q�W�����I�O�\���D�V�K�����E�O�D�V�W���I�X�U�Q�D�F�H��
�V�O�D�J�����U�L�F�H���K�X�V�N���D�V�K�����V�X�J�D�U���F�D�Q�H���E�D�J�D�V�V�H���D�V�K�����D�P�R�Q�J���R�W�K�H�U�V�����$�G�K�L�N�D�U�L���H�W��
�D�O������ ������������ �&�R�Q�V�R�O�L�� �H�W�� �D�O������ ������������ �3�R�O�W�X�H�� �H�W�� �D�O������ ������������ �6�L�Q�J�K�� �H�W�� �D�O������ ���������D������
�7�K�H�� �V�W�D�E�L�O�L�V�H�U�
�V�� �F�R�Q�W�H�Q�W�� �Y�D�U�L�H�V�� �G�H�S�H�Q�G�L�Q�J�� �R�Q�� �W�K�H�� �W�\�S�H�� �R�I�� �V�W�D�E�L�O�L�V�H�U��
�H�P�S�O�R�\�H�G���� �E�X�W�� �L�W�� �X�V�X�D�O�O�\�� �U�D�Q�J�H�V�� �I�U�R�P�� ������ �W�R�� �������� �L�Q�� �P�D�V�V�� �R�I�� �5�$�3�� ���V�H�H��
�7�D�E�O�H���������������:�K�L�O�H���W�K�H���K�L�J�K���G�R�V�D�J�H���R�I���&�D���U�L�F�K���V�W�D�E�L�O�L�V�H�U�V���L�V���G�L�V�F�R�X�U�D�J�H�G�������L�W��
�F�D�X�V�H�V���V�K�U�L�Q�N�D�J�H�����F�U�D�F�N�L�Q�J���D�Q�G���I�D�L�O�X�U�H���R�I���W�K�H���S�D�Y�H�P�H�Q�W�������W�K�H���X�V�H���R�I���O�R�Z��
�&�D���V�W�D�E�L�O�L�V�H�U���P�D�\���Q�R�W���L�P�S�D�L�U���V�X�I�I�L�F�L�H�Q�W���V�W�U�H�Q�J�W�K�����7�K�H�U�H�I�R�U�H�����V�R�P�H�W�L�P�H�V�����L�W��
�L�V���S�R�V�V�L�E�O�H���W�R���H�P�S�O�R�\���D�O�N�D�O�L���D�F�W�L�Y�D�W�L�R�Q���W�R���P�H�H�W���W�K�H���V�W�U�H�Q�J�W�K���U�H�T�X�L�U�H�P�H�Q�W���I�R�U��
�E�D�V�H���P�D�W�H�U�L�D�O�V�����$�Y�L�U�Q�H�Q�L���H�W���D�O���������������������7�K�H���X�V�H���R�I���D�O�N�D�O�L���D�F�W�L�Y�D�W�L�R�Q���L�Q���5�$�3��
�E�D�V�H���O�D�\�H�U�V���P�D�\���K�H�O�S���F�R�P�S�H�Q�V�D�W�H���I�R�U���W�K�H���V�W�U�H�Q�J�W�K���O�R�V�V����



�����&�H�P�H�Q�W�L�W�L�R�X�V���E�L�Q�G�H�U�V���D�Q�G���5�$�3���D�J�J�U�H�J�D�W�H�G���I�R�U���S�D�Y�H�P�H�Q�W���O�D�\�H�U�V��

������
��

��



�6�W�D�W�H���R�I���W�K�H���D�U�W��

������
��

��



�����&�H�P�H�Q�W�L�W�L�R�X�V���E�L�Q�G�H�U�V���D�Q�G���5�$�3���D�J�J�U�H�J�D�W�H�G���I�R�U���S�D�Y�H�P�H�Q�W���O�D�\�H�U�V��

������
��

�7�K�H�� �O�L�W�H�U�D�W�X�U�H�� �R�Q�� �W�K�H�� �D�O�N�D�O�L�Q�H�� �D�F�W�L�Y�D�W�L�R�Q�� �R�I�� �E�D�V�H�� �S�D�Y�H�P�H�Q�W�� �O�D�\�H�U�V��
�F�R�Q�W�D�L�Q�L�Q�J���5�$�3���P�D�W�H�U�L�D�O�V���L�V���V�W�L�O�O���O�L�P�L�W�H�G�����+�R�\���H�W���D�O�������+�R�\���H�W���D�O���������������E�����D�Q�G��
�+�R�U�S�L�E�X�O�V�X�N�� �H�W�� �D�O���� �������������� �S�U�H�V�H�Q�W�H�G�� �U�H�V�X�O�W�V�� �R�I�� �D�O�N�D�O�L���D�F�W�L�Y�D�W�H�G�� �E�D�V�H��
�F�R�X�U�V�H�V�� �P�D�G�H�� �Z�L�W�K�� �5�$�3�� �D�Q�G�� �V�W�D�E�L�O�L�V�H�G�� �Z�L�W�K�� �K�L�J�K�� �F�D�O�F�L�X�P�� ���&�D�2�� �!����������
�3�)�$���� �7�K�H�� �6�(�0�� �D�Q�G�� �;�5�'�� �D�Q�D�O�\�V�L�V�� �L�Q�G�L�F�D�W�H�� �W�K�D�W�� �W�K�H�� �P�D�L�Q�� �D�F�W�L�Y�D�W�L�R�Q��
�S�U�R�G�X�F�W�V�� �Z�H�U�H�� �&���$���6���+�� �D�Q�G�� �1���$���6���+�� �J�H�O�V���� �D�Q�G�� �W�K�D�W�� �W�K�H�� �F�R�H�[�L�V�W�H�Q�F�H�� �R�I��
�E�R�W�K�� �K�\�G�U�D�W�H�V�� �L�Q�F�U�H�D�V�H�G�� �W�K�H�� �V�W�U�H�Q�J�W�K���� �Z�K�L�F�K�� �Z�D�V�� �S�U�R�S�R�U�W�L�R�Q�D�O�� �W�R�� �W�K�H��
�1�D���6�L�2���� �F�R�Q�W�H�Q�W���� �7�K�H�� �D�E�V�H�Q�F�H�� �R�I�� �V�L�O�L�F�D�W�H�V�� �U�H�V�X�O�W�H�G�� �L�Q�� �O�R�Z��
�J�H�R�S�R�O�\�P�H�U�L�V�D�W�L�R�Q�� �I�R�U�� �5�$�3���3�)�$�� �V�\�V�W�H�P�V���� �D�V�� �L�Q�� �F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �D�O�N�D�O�L��
�D�F�W�L�Y�D�W�H�G���F�R�Q�F�U�H�W�H�V�����+�R�\���H�W���D�O���������������E�������7�K�H���D�X�W�K�R�U�V���D�O�V�R���I�R�X�Q�G���W�K�D�W���&���6��
�+���D�V���D���K�\�G�U�D�W�L�R�Q���S�U�R�G�X�F�W���L�Q���V�\�V�W�H�P�V���Z�L�W�K���D���K�L�J�K�H�U���F�D�O�F�L�X�P���F�R�Q�W�H�Q�W���V�X�F�K���D�V��
�W�K�R�V�H���Z�L�W�K���%�)�6�����+�R�\���H�W���D�O����������������������

�7�K�H�V�H�� �S�U�H�O�L�P�L�Q�D�U�\�� �V�W�X�G�L�H�V�� �D�O�V�R�� �F�R�Q�F�O�X�G�H�� �W�K�D�W�� �V�L�P�L�O�D�U�O�\�� �W�R�� �W�K�H�� �5�$�3���3�&��
�V�\�V�W�H�P�V�����W�K�H���S�U�H�V�H�Q�F�H���R�I���W�K�H���E�L�W�X�P�H�Q���O�D�\�H�U���L�V���G�H�W�U�L�P�H�Q�W�D�O���W�R���W�K�H���E�L�Q�G�L�Q�J���R�I��
�5�$�3�� �W�R�� �W�K�H�� �P�D�W�U�L�[���� �,�Q�� �R�W�K�H�U�� �Z�R�U�G�V���� �W�K�H�� �5�$�3�� �S�D�U�W�L�F�O�H�V�� �S�U�H�V�H�Q�W�H�G�� �E�H�W�W�H�U��
�E�R�Q�G�L�Q�J�� �W�R�� �W�K�H�� �P�D�W�U�L�[�� �I�R�U�� �H�[�S�R�V�H�G�� �D�J�J�U�H�J�D�W�H�� �V�X�U�I�D�F�H�V���� �+�H�Q�F�H���� �E�H�W�W�H�U��
�S�H�U�I�R�U�P�D�Q�F�H���P�D�\���E�H���D�F�K�L�H�Y�H�G���L�I���D���P�L�O�O�L�Q�J���S�U�R�F�H�G�X�U�H���J�X�D�U�D�Q�W�H�H�V���D���K�L�J�K�H�U��
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�D�O�N�D�O�L���D�F�W�L�Y�D�W�H�G���J�H�O���F�R�X�O�G���\�L�H�O�G���V�L�P�L�O�D�U���V�W�U�H�Q�J�W�K���L�Q���W�K�H���S�U�H�V�H�Q�F�H���R�I���1�$���R�U��
�5�$�3�����7�K�H���J�H�O���V�W�U�H�Q�J�W�K���L�V���S�D�U�W�O�\���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���W�K�H���5�$�3���$�$�0���F�R�P�S�R�V�L�W�H��
�V�W�U�H�Q�J�W�K���� �W�R�J�H�W�K�H�U�� �Z�L�W�K�� �R�W�K�H�U�� �I�D�F�W�R�U�V�� �V�X�F�K�� �D�V�� �D�J�J�U�H�J�D�W�H�� �V�W�U�H�Q�J�W�K����
�D�G�K�H�V�L�R�Q���D�Q�G���,�7�=����

�������������&�R�P�S�U�H�V�V�L�Y�H���D�Q�G���)�O�H�[�X�U�D�O���6�W�U�H�Q�J�W�K��

�)�L�J�X�U�H�� �������� �V�K�R�Z�V�� �W�K�H�� �D�Y�H�U�D�J�H�� �U�H�V�X�O�W�V�� �I�R�U�� �F�R�P�S�U�H�V�V�L�Y�H�� �V�W�U�H�Q�J�W�K�� �R�I�� �W�K�H��
�P�R�U�W�D�U�V���S�U�R�G�X�F�H�G���Z�L�W�K���1�$���D�Q�G���5�$�3�����Z�K�L�O�H���)�L�J�X�U�H�����������V�K�R�Z�V���W�K�H���I�O�H�[�X�U�D�O��
�V�W�U�H�Q�J�W�K�� �U�H�V�X�O�W�V���� �7�K�H�� �H�U�U�R�U�� �E�D�U�V�� �L�Q�G�L�F�D�W�H�� �W�K�H�� �V�W�D�Q�G�D�U�G�� �G�H�Y�L�D�W�L�R�Q���� �7�K�H��
�P�R�U�W�D�U�V�� �F�R�Q�W�D�L�Q�L�Q�J�� �5�$�3�� �D�J�J�U�H�J�D�W�H�V�� �D�U�H�� �U�H�S�U�H�V�H�Q�W�H�G�� �D�V�� �K�D�W�F�K�H�G�� �E�D�U�V��
�D�O�R�Q�J�V�L�G�H�� �W�K�H�L�U�� �F�R�X�Q�W�H�U�S�D�U�W�� �P�R�U�W�D�U�� �P�D�G�H�� �Z�L�W�K�� �Q�D�W�X�U�D�O�� �D�J�J�U�H�J�D�W�H�V�� �D�V�� �D��
�V�R�O�L�G���E�D�U����

�,�W�� �L�V�� �S�R�V�V�L�E�O�H�� �W�R�� �Q�R�W�L�F�H�� �W�K�D�W�� �W�K�H�� �L�Q�F�U�H�D�V�H�� �L�Q�� �1�D���2�� �I�U�R�P�� ������ �W�R�� ������ �K�D�G�� �D��
�Q�H�J�O�L�J�L�E�O�H���L�P�S�D�F�W���R�Q���I�O�H�[�X�U�D�O���D�Q�G���F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K���D�W���D�O�O���D�J�H�V���Z�K�H�Q��
�0�V��� ���������1�D�2�+���D�F�W�L�Y�D�W�H�G���I�R�U�P�X�O�D�W�L�R�Q�V�������:�D�Q�J���H�W���D�O�������������������V�W�X�G�L�H�G���Q�H�D�W��
�1�D�2�+���D�F�W�L�Y�D�W�H�G�� �V�O�D�J�V���� �W�K�H�\�� �F�R�Q�F�O�X�G�H�G�� �W�K�D�W�� �D�E�R�Y�H�� �D�� �F�H�U�W�D�L�Q�� �Y�D�O�X�H�� �R�I��
�1�D���2�������L�W���L�V���Q�R�W���U�H�F�R�P�P�H�Q�G�H�G���W�R���L�Q�F�U�H�D�V�H���W�K�H���D�O�N�D�O�L���G�R�V�D�J�H���D�V���L�W���Z�L�O�O���Q�R�W��
�E�U�L�Q�J���D�Q�\���V�L�J�Q�L�I�L�F�D�Q�W���L�Q�F�U�H�D�V�H���L�Q���V�W�U�H�Q�J�W�K���D�Q�G���P�L�J�K�W���E�H���I�R�O�O�R�Z�H�G���E�\���V�R�P�H��
�Q�H�J�D�W�L�Y�H���S�U�R�S�H�U�W�L�H�V���V�X�F�K���D�V���H�I�I�O�R�U�H�V�F�H�Q�F�H���D�Q�G���E�U�L�W�W�O�H�Q�H�V�V�����$�F�F�R�U�G�L�Q�J�� �W�R��
�.�R�P�Q�L�W�V�D�V�� �D�Q�G�� �=�D�K�D�U�D�N�L�� ���������������� �.�2�+���D�F�W�L�Y�D�W�H�G�� �V�O�D�J�� �L�Q�� �W�K�H�� �D�E�V�H�Q�F�H�� �R�I��
�V�L�O�L�F�D�W�H�V�� �W�D�N�H�V�� �O�R�Q�J�H�U�� �W�R�� �V�R�O�L�G�L�I�\���� �D�Q�G�� �D�Q�� �L�Q�F�U�H�D�V�H�� �L�Q�� �W�K�H�� �D�O�N�D�O�L��
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �Z�L�O�O�� �Q�R�W�� �E�U�L�Q�J�� �V�L�J�Q�L�I�L�F�D�Q�W�� �F�K�D�Q�J�H�V�� �W�R�� �W�K�H�� �F�R�P�S�U�H�V�V�L�Y�H��
�V�W�U�H�Q�J�W�K�����Z�L�O�O���Q�R�W���H�[�F�H�H�G���������0�3�D���D�W���W�Z�R���G�D�\�V������

�$�� �E�H�W�W�H�U�� �V�W�U�H�Q�J�W�K�� �S�H�U�I�R�U�P�D�Q�F�H�� �I�U�R�P�� �W�K�H�� �F�R�P�E�L�Q�H�G�� �V�R�X�U�F�H�� �R�I�� �D�F�W�L�Y�D�W�L�R�Q��
���V�R�G�L�X�P���V�L�O�L�F�D�W�H�������V�R�G�L�X�P���K�\�G�U�R�[�L�G�H�����L�V���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���O�L�W�H�U�D�W�X�U�H��
���)�H�U�Q�i�Q�G�H�]���-�L�P�p�Q�H�]���H�W���D�O�������������������3�D�O�D�F�L�R�V���D�Q�G���3�X�H�U�W�D�V�������������������$�W���O�D�W�H�U��
�D�J�H�V�� ������ �D�Q�G�� ������ �G�D�\�V������ �W�K�H�U�H�� �L�V�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W�� �L�Q�F�U�H�D�V�H�� �L�Q�� �F�R�P�S�U�H�V�V�L�Y�H��
�V�W�U�H�Q�J�W�K�� �Z�L�W�K�� �V�R�G�L�X�P�� �V�L�O�L�F�D�W�H�²�W�K�H�� �P�R�U�H�� �V�R�G�L�X�P�� �V�L�O�L�F�D�W�H�� �L�V�� �X�V�H�G���� �W�K�H��
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�K�L�J�K�H�U�� �W�K�H�� �F�R�P�S�U�H�V�V�L�Y�H�� �V�W�U�H�Q�J�W�K�� �U�H�V�X�O�W�V�� ���)�L�J�X�U�H�� ������������ �+�R�Z�H�Y�H�U���� �W�K�H��
�D�G�G�L�W�L�R�Q�� �R�I�� �V�R�G�L�X�P�� �V�L�O�L�F�D�W�H�� ���0�V�� �!�� ������ �G�R�H�V�� �Q�R�W�� �K�D�Y�H�� �D�� �S�R�V�L�W�L�Y�H�� �H�I�I�H�F�W�� �D�W��
�H�D�U�O�\���D�J�H�V���������G�D�\�����I�R�U���D�O�O���P�L�[�H�V�����%�)�6���D�F�W�L�Y�D�W�H�G���Z�L�W�K���1�D���2��� �����������D�Q�G���0�V��
� �����������G�L�G���Q�R�W���V�X�I�I�L�F�L�H�Q�W�O�\���U�H�D�F�W���I�R�U���W�K�H�������G�D�\���D�V�V�H�V�V�P�H�Q�W�����Z�K�L�O�H���W�K�H���R�W�K�H�U�V��
�V�K�R�Z�H�G�� �D�� �V�O�L�J�K�W�� �L�Q�F�U�H�D�V�H�� �L�Q�� �F�R�P�S�U�H�V�V�L�Y�H�� �V�W�U�H�Q�J�W�K���� �(�D�U�O�\�� �V�W�U�H�Q�J�W�K�� �L�V�� �D�Q��
�L�P�S�R�U�W�D�Q�W�� �S�U�R�S�H�U�W�\�� �I�R�U�� �S�D�Y�H�P�H�Q�W�� �O�D�\�H�U�� �P�D�W�H�U�L�D�O�V�� �D�V�� �L�W�� �L�V�� �P�D�\�� �U�H�G�X�F�H��
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�7�K�H���L�Q�F�U�H�D�V�H���L�Q���D�F�W�L�Y�D�W�R�U���G�R�V�D�J�H�V���Z�D�V���O�H�V�V���V�L�J�Q�L�I�L�F�D�Q�W�������������W�R�����������O�R�Z�H�U��
�D�W���������G�D�\�V�����R�Q���I�O�H�[�X�U�D�O���V�W�U�H�Q�J�W�K���R�Q���P�R�U�W�D�U�V���S�U�R�G�X�F�H�G���Z�L�W�K���E�R�W�K���1�$���D�Q�G��
�5�$�3�����)�L�J�X�U�H�����������$�J�H�L�Q�J���D�O�V�R���S�O�D�\�H�G���D���O�H�V�V���L�P�S�R�U�W�D�Q�W���U�R�O�H�����D�V���D�I�W�H�U���W�K�U�H�H��
�G�D�\�V�����W�K�H���U�H�V�X�O�W�V���V�K�R�Z�H�G���O�L�W�W�O�H���G�L�I�I�H�U�H�Q�F�H�����W�D�N�L�Q�J���L�Q�W�R���D�F�F�R�X�Q�W���W�K�H���V�W�D�Q�G�D�U�G��
�G�H�Y�L�D�W�L�R�Q������ �7�K�H�� �K�L�J�K�� �V�W�D�Q�G�D�U�G�� �G�H�Y�L�D�W�L�R�Q�� �R�I�� �W�K�H�� �V�D�P�S�O�H�V�� �L�V�� �O�L�N�H�O�\�� �G�X�H�� �W�R��
�I�O�D�Z�V�� �L�Q�� �W�K�H�� �P�R�U�W�D�U�
�V�� �S�D�V�W�H���� �V�X�F�K�� �D�V�� �D�L�U���H�Q�W�U�D�L�Q�H�G�� �S�R�U�H�V���� �7�K�H�V�H�� �I�O�D�Z�V��
�D�O�O�R�Z�� �I�R�U�� �W�K�H�� �S�U�R�S�D�J�D�W�L�R�Q�� �R�I�� �F�U�D�F�N�V�� �D�Q�G�� �F�R�P�S�U�R�P�L�V�H�� �W�K�H�� �U�H�V�X�O�W�V���� �7�K�H��
�D�S�S�D�U�H�Q�W���G�H�F�U�H�D�V�H���L�Q���I�O�H�[�X�U�D�O���V�W�U�H�Q�J�W�K���D�W���������G�D�\�V���L�V���O�L�N�H�O�\���W�R���E�H���U�H�O�D�W�H�G���W�R��
�W�K�D�W������

�7�K�H�� �V�X�E�V�W�L�W�X�W�L�R�Q�� �R�I�� �1�$�� �I�R�U�� �5�$�3�� �F�D�X�V�H�G�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W�� �U�H�G�X�F�W�L�R�Q�� �L�Q�� �W�K�H��
�P�R�U�W�D�U�V�
���F�R�P�S�U�H�V�V�L�Y�H���D�Q�G���I�O�H�[�X�U�D�O���V�W�U�H�Q�J�W�K�����$���V�L�P�L�O�D�U���U�H�V�X�O�W���Z�D�V���U�H�S�R�U�W�H�G��
�I�R�U���3�R�U�W�O�D�Q�G���F�H�P�H�Q�W�����$�E�U�D�K�D�P���D�Q�G���5�D�Q�V�L�Q�F�K�X�Q�J�����������������6�K�L���H�W���D�O������������������
�D�Q�G�� �D�O�N�D�O�L���D�F�W�L�Y�D�W�H�G�� ���+�R�V�V�L�Q�H�\�� �H�W�� �D�O������ ������������ �P�D�W�U�L�F�H�V���� �7�K�H�� �5�$�3��
�D�J�J�U�H�J�D�W�H�V���F�R�P�S�U�R�P�L�V�H�G���V�D�P�S�O�H�V�¶���D�E�L�O�L�W�\���W�R���J�D�L�Q���V�W�U�H�Q�J�W�K���R�Y�H�U���W�L�P�H�����L�W���L�V��
�S�R�V�V�L�E�O�H���W�R���R�E�V�H�U�Y�H���W�K�D�W���W�K�H���G�L�I�I�H�U�H�Q�F�H���L�Q���V�W�U�H�Q�J�W�K���E�H�W�Z�H�H�Q���W�K�H���1�$���E�D�V�H�G��
�D�Q�G���W�K�H���5�$�3���E�D�V�H�G���P�R�U�W�D�U�V���L�Q�F�U�H�D�V�H�V���D�V���W�K�H�� �D�J�H���R�I�� �W�K�H�� �V�D�P�S�O�H�V���� �7�K�H��
�D�G�G�L�W�L�R�Q���R�I���V�R�G�L�X�P���V�L�O�L�F�D�W�H���S�U�R�P�R�W�H�V���D���U�L�V�H���L�Q���F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K�����E�X�W��
�W�K�L�V�� �L�V�� �O�H�V�V�� �V�L�J�Q�L�I�L�F�D�Q�W�� �I�R�U�� �5�$�3���$�$�0���� �)�L�J�X�U�H�� �������� �V�K�R�Z�V�� �W�K�H�� �L�P�S�D�F�W�� �R�I��
�L�Q�F�U�H�D�V�L�Q�J�� �W�K�H�� �0�V�� �U�D�W�L�R�� �R�Q�� �F�R�P�S�U�H�V�V�L�Y�H�� �V�W�U�H�Q�J�W�K�� �J�D�L�Q�� �D�Q�G�� �O�R�V�V���� �,�Q�� �W�K�L�V��
�I�L�J�X�U�H�����������U�H�S�U�H�V�H�Q�W�V���W�K�H���V�W�U�H�Q�J�W�K���I�R�X�Q�G���I�R�U���0�V��� ���������,�Q���J�H�Q�H�U�D�O�����D�G�G�L�Q�J��
�V�R�G�L�X�P���V�L�O�L�F�D�W�H���W�R���W�K�H���5�$�3���V�\�V�W�H�P�V���K�D�G���K�D�O�I���R�I���W�K�H���H�I�I�H�F�W���R�Q���F�R�P�S�U�H�V�V�L�Y�H��
�V�W�U�H�Q�J�W�K�� �F�R�P�S�D�U�H�G�� �Z�L�W�K�� �1�$�� �V�\�V�W�H�P�V���� �)�R�U�� �H�[�D�P�S�O�H���� �W�K�H�� ������ �G�D�\�V��
�F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K���R�I���1�$���E�D�V�H�G���P�R�U�W�D�U���U�R�V�H�������������Z�K�H�Q���W�K�H���0�V���U�D�W�L�R��
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�V�X�E�V�W�L�W�X�W�L�R�Q���R�I���5�$�3���G�H�F�U�H�D�V�H�V�����7�K�H���O�R�Z�H�U���S�R�U�R�V�L�W�\���D�Q�G���K�L�J�K�H�U���V�W�U�H�Q�J�W�K���R�I��
�W�K�H�� �P�R�U�W�D�U�� �V�S�H�F�L�P�H�Q�V�� �L�Q�� �W�K�H�� �S�U�H�V�H�Q�F�H�� �R�I�� �V�L�O�L�F�D�W�H�V�� �D�U�H�� �D�W�W�U�L�E�X�W�H�G�� �W�R�� �D��
�K�L�J�K�H�U�� �G�H�J�U�H�H�� �R�I�� �%�)�6�� �D�F�W�L�Y�D�W�L�R�Q���� �W�K�X�V�� �I�R�U�P�L�Q�J�� �D�� �G�H�Q�V�H�U�� �S�R�U�H�� �V�W�U�X�F�W�X�U�H��
���6�K�L���H�W���D�O����������������������

�7�K�H�� �F�X�P�X�O�D�W�L�Y�H�� �L�Q�W�U�X�V�L�R�Q�� �F�X�U�Y�H�V�� ���)�L�J�X�U�H�� �������E���� �K�D�Y�H�� �G�L�I�I�H�U�H�Q�W�� �V�K�D�S�H�V��
�D�F�F�R�U�G�L�Q�J���W�R���W�K�H���W�\�S�H�V���R�I���D�J�J�U�H�J�D�W�H���X�V�H�G�����7�K�H���P�R�U�W�D�U�V���F�R�Q�W�D�L�Q�L�Q�J���5�$�3��
���R�U�D�Q�J�H�� �D�Q�G�� �O�L�J�K�W�� �J�U�H�H�Q�� �F�X�U�Y�H�V���� �K�D�Y�H�� �F�R�D�U�V�H�� �S�R�U�R�V�L�W�\���� �Z�L�W�K�� �P�R�U�H�� �W�K�D�Q��
���������S�R�U�H�V���D�E�R�Y�H�����������—�P�����7�K�H���F�X�P�X�O�D�W�L�Y�H���F�X�U�Y�H�V���G�L�G���Q�R�W���F�K�D�Q�J�H���P�X�F�K��
�I�R�U�� �G�L�I�I�H�U�H�Q�W�� �0�V�� �L�Q�� �W�K�H�� �D�F�W�L�Y�D�W�R�U�� ���0���� �D�Q�G�� �0�������� �Z�K�L�F�K�� �V�K�R�Z�V�� �W�K�D�W�� �W�K�H��
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�3�R�U�H���G�L�V�W�U�L�E�X�W�L�R�Q�����)�L�J�X�U�H���������F���G�����V�K�R�Z�H�G���D���S�U�H�G�R�P�L�Q�D�Q�F�H���R�I���P�L�F�U�R�S�R�U�H�V��
������������ �—�P������ ������������ �D�Q�G�� �������������� �U�H�V�S�H�F�W�L�Y�H�O�\���� �I�R�U�� �5���0���� �D�Q�G�� �5���0���� �D�Q�G��
������������ �D�Q�G�� �������������� �I�R�U�� �1���0���� �D�Q�G�� �1���0������ �7�K�H�� �V�L�J�Q�L�I�L�F�D�Q�W�� �L�Q�F�U�H�D�V�H�� �L�Q��
�P�D�F�U�R�S�R�U�H�V�� ���!������ �—�P���� �I�R�U�� �5�$�3�� �P�R�U�W�D�U�V�� �L�V�� �F�R�Q�I�L�U�P�H�G���� �L���H������ ������������ �D�Q�G��
�������������D�J�D�L�Q�V�W�������������D�Q�G���������������I�R�U���P�R�U�W�D�U�V���Z�L�W�K���1�$�����)�L�J�X�U�H���������G�������7�K�H��
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�G�H�O�D�\�H�G���I�R�U�P�D�W�L�R�Q���R�I���P�D�L�Q���U�H�D�F�W�L�R�Q���S�U�R�G�X�F�W�V�����6�X�F�K���O�R�Z���V�W�U�H�Q�J�W�K���D�W�������G�D�\�V��
�L�V���X�Q�G�H�V�L�U�D�E�O�H���I�R�U���H�Q�J�L�Q�H�H�U�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q�V�����L�Q�F�O�X�G�L�Q�J���S�D�Y�H�P�H�Q�W�����D�Q�G���F�R�X�O�G��
�F�R�P�S�U�R�P�L�V�H�� �W�K�H�� �H�[�S�H�U�L�P�H�Q�W�D�O�� �G�H�V�L�J�Q���� �W�K�H�U�H�I�R�U�H���� �D�� �K�L�J�K�H�U�� �D�O�N�D�O�L��
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �������� �1�D���2���� �Z�D�V�� �F�K�R�V�H�Q�� �W�R�� �F�R�Q�W�L�Q�X�H�� �W�K�H�� �V�W�X�G�\�� �R�I�� �E�O�H�Q�G�H�G��
�5�$�3���$�$�0����
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�������������6�W�X�G�\���R�Q�������1�D���2���D�F�W�L�Y�D�W�H�G���V�D�P�S�O�H�V��

���������������� �&�D�O�R�U�L�P�H�W�U�\��

�7�K�H�� �K�H�D�W�� �R�X�W�S�X�W�� �D�Q�G�� �F�X�P�X�O�D�W�L�Y�H�� �K�H�D�W�� �R�I�� �W�K�H�� �V�W�X�G�L�H�G�� �$�$�0�� �D�U�H�� �V�K�R�Z�Q�� �L�Q��
�)�L�J�X�U�H�����������D�Q�G���)�L�J�X�U�H�������������7�K�H���V�K�D�U�S���S�H�D�N�V���D�W���W�K�H���E�H�J�L�Q�Q�L�Q�J���R�I���W�K�H���F�X�U�Y�H�V��
���X�S���W�R�����K���R�I���W�H�V�W�L�Q�J���±���]�R�R�P�H�G���D�U�H�D���L�Q���)�L�J�X�U�H�������������U�H�I�H�U���W�R���W�K�H���Z�H�W�W�L�Q�J���D�Q�G��
�S�D�U�W�L�D�O�� �G�L�V�V�R�O�X�W�L�R�Q�� �R�I�� �W�K�H�� �%�)�6�� �D�Q�G�� �W�K�H�� �W�H�P�S�H�U�D�W�X�U�H�� �V�W�D�E�L�O�L�]�D�W�L�R�Q�� �R�I�� �W�K�H��
�H�[�W�H�U�Q�D�O�O�\�� �P�L�[�H�G���V�S�H�F�L�P�H�Q�V���� �7�K�H�� �L�Q�L�W�L�D�O���S�H�D�N���L�V���I�R�O�O�R�Z�H�G�� �E�\�� �D�Q�� �L�Q�G�X�F�W�L�R�Q��
�S�H�U�L�R�G�� �Z�L�W�K�� �O�R�Z�� �U�H�D�F�W�L�Y�L�W�\�� �X�Q�W�L�O�� �D�� �V�H�F�R�Q�G�� �S�H�D�N���� �7�K�H�� �V�H�F�R�Q�G�� ���P�D�L�Q���� �S�H�D�N��
�F�R�U�U�H�V�S�R�Q�G�V���W�R���W�K�H���P�D�V�V�L�Y�H���S�U�H�F�L�S�L�W�D�W�L�R�Q���R�I���U�H�D�F�W�L�R�Q���S�U�R�G�X�F�W�V�����$�I�W�H�U�Z�D�U�G�V����
�W�K�H�U�H�� �L�V�� �D�� �S�H�U�L�R�G�� �R�I�� �O�R�Z�� �U�H�D�F�W�L�Y�L�W�\�� �X�Q�W�L�O�� �W�K�H�� �U�H�D�F�W�L�R�Q�� �U�H�D�F�K�H�V�� �W�K�H�� �H�Q�G��
���)�H�U�Q�D�Q�G�H�]���-�L�P�H�Q�H�]���H�W���D�O�������������������+�X�D�Q�K�D�L���H�W���D�O��������������������

�7�K�H���D�F�W�L�Y�D�W�R�U���W�\�S�H���S�O�D�\�V���D���V�L�J�Q�L�I�L�F�D�Q�W���U�R�O�H���L�Q���W�K�H���L�Q�W�H�Q�V�L�W�\���R�I���W�K�H���P�D�L�Q���S�H�D�N����
�0�R�U�W�D�U�V�� �D�F�W�L�Y�D�W�H�G�� �R�Q�O�\�� �Z�L�W�K�� �1�D�2�+�� �S�U�H�V�H�Q�W�H�G�� �D�� �P�R�U�H�� �L�Q�W�H�Q�V�H�� �P�D�L�Q�� �S�H�D�N��
�Z�K�H�Q�� �F�R�P�S�D�U�H�G�� �Z�L�W�K�� �W�K�R�V�H�� �D�F�W�L�Y�D�W�H�G�� �Z�L�W�K�� �1�D���6�L�2���� ���� �1�D�2�+���� �7�K�H�V�H��
�I�L�Q�G�L�Q�J�V�� �D�U�H�� �L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �R�W�K�H�U�� �V�W�X�G�L�H�V�� ���&�R�V�W�D�� �H�W�� �D�O������ ������������
�)�H�U�Q�D�Q�G�H�]���-�L�P�H�Q�H�]���H�W���D�O�������������������*�H�E�U�H�J�]�L�D�E�L�K�H�U���H�W���D�O�������������������.�D�V�K�D�Q�L���H�W��
�D�O���������������������Z�K�L�F�K���U�H�O�D�W�H���W�K�H���X�V�H���R�I���V�L�O�L�F�D�W�H�V���Z�L�W�K���Z�R�U�N�D�E�L�O�L�W�\���U�H�W�H�Q�W�L�R�Q���D�Q�G���D��
�F�R�Q�V�H�T�X�H�Q�W���G�H�O�D�\���R�I���W�K�H���P�D�L�Q���S�H�D�N��������
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