
A Kaleckian approach to the financialization–distribution–inflation nexus:

Germany and Austria in comparative perspective

Cara Dabrowski

Berlin School of Economics and Law

Abstract:

In this paper, I extend the Hein and Stockhammer model of distribution and inflation by in-

corporating structural trends of financialization through three Kaleckian channels: (1) sectoral

recomposition, (2) financial overhead costs and rentiers’ profit claims, and (3) the bargaining

power of trade unions and workers. The model is calibrated to two scenarios that reflect the in-

stitutionalized fear experienced by workers under neoliberal income policies. Following a theo-

retical exploration of potential inflationary shocks, an empirical case study comparing Germany

and Austria is conducted. The analysis validates the relevance of all three Kaleckian channels,

though their individual strength varies. The findings indicate that while rising import prices

triggered the initial inflationary shock, firms subsequently increased unit profits. An inflation

decomposition suggests a more pronounced class conflict in Austria, potentially attributable to

less severe labor market deregulation.
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1 Introduction

Inflation has always been and always will be conflict: Conflicting claims of income distribution

between different social classes drive inflationary dynamics (Hein, 2024). During the period

of the Great Moderation (1980–2007), scholars have focused on other topics, and inflation has

faded into the background of academic research. However, recent inflationary shocks, taking

off in the second half of 2021, have put inflation back on the agenda and have occupied scholars

ever since (e.g., Ferguson & Storm, 2023; Setterfield, 2023; Storm, 2022a, 2022b; Bernanke &

Blanchard, 2023; Kilian & Zhou, 2022; Weber & Wasner, 2023). While some orthodox schol-

ars still argue that inflation is caused by excess demand created through excess money supply

or government deficits, there has been large agreement among heterodox scholars that inflation

is created by conflict between workers and capitalists. Another commonality of arguments re-

garding the recent inflationary dynamics is that they are rooted in the aftermath of the pandemic

and the war in Ukraine, resulting in supply bottlenecks and hiking energy prices (e.g., Weber,

2022).

Nevertheless, the current dynamics have given rise to much discussion within the heterodox

paradigm. Some authors, most prominently Isabella Weber, have stated that we are witnessing

so-called sellersô inflation. The concept derives from microeconomics and refers to a situation

where firms with market power can increase their prices in crisis times (Weber &Wasner, 2023).

However, other scholars such as Lavoie (2023) have argued that the term profit inflation is

misleading since, among other causes, a rise in imported raw material costs will necessarily

increase the profit share even if the percentage mark-up remains constant. Furthermore, recent

debates have focused on whether current inflation is transitory or persistent. Since accelerating

inflation has eased towards the end of 2022, many scholars have argued that the process was

transitory in its nature; apart from the price-setting behavior of firms, the weakness of organized

labor is one of the potential explanations (Weber &Wasner, 2023). Nevertheless, given the fact

that inflationary processes are likely to occur again because of climate change and geopolitical

tensions (Ferguson & Storm, 2023) and considering the substantial harm and socio-economic

instability, especially for (low-income) workers who have been disproportionally affected by

the price rise in essential goods and services (Storm, 2022a), such transitory shocks cannot be

taken lightly.

This now begs the question of what has changed compared to the period of the Great Moderation

or whether structural changes that created the possibility of this period in the first place may also

impact the current dynamic. Post-Keynesian scholars have argued that the continuous downward

trend in inflation and volatility during this period was only possible because of stagnating wage

growth of workers and falling import prices (Perry & Cline, 2016). Put differently, workers

paid the price for this period of low and rather constant inflation. Therefore, incorporating

redistribution dynamics due to financialization into the income claims of firms and workers is a

crucial piece of the puzzle to explain the recent evolution in inflationary dynamics. Embedding

the current dynamics into a long-term context of financialization and neoliberalism can provide

important insights for developing strategies to deal with future inflationary impulses to avoid or

at least limit their detrimental consequences.

Financialization, which is defined as “the increasing role of financial motives, financial mar-

kets, financial actors and financial institutions in the operation of the domestic and international

economies” (Epstein, 2005, p. 3), has been connected to a diminishing wage share across OECD

countries by various authors (e.g., Guschanski & Onaran, 2022; Kohler et al., 2019). Heterodox

scholars argue that the rise of neoliberal economic policies implemented since the late 1970s
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can partly explain the intensifying income inequality between workers and capitalists. Dereg-

ulation and financial liberalization gave rise to the era of finance-dominated capitalism (e.g.,

Akçay et al., 2022; Lapavitsas, 2009). Additionally, the institutionalization of ”neoliberal in-

come policies of fear”, which created severe income and employment insecurity for workers,

can lend explanatory power to understanding the decrease in the wage share (Setterfield, 2007,

2021).

By incorporating the three Kaleckian channels of income redistribution (Hein, 2015), namely the

sectoral composition of the economy, gross profit targets/rentiers’ income claims and workers’

bargaining power, as well as neoliberal income policies (Setterfield, 2007) into the Hein and

Stockhammer approach to an open macroeconomic model with conflict inflation (Hein, 2023),

changes in income targets and inflationary conflict can be analyzed. The contribution of this

thesis is two-fold. First, I add to the literature by integrating financialization dynamics into the

income targets of the theoretical model. Furthermore, to explain country heterogeneity, I provide

two possible scenarios to gain a better understanding of the consequences of institutionalized

fear of workers in the model. Second, a comparative case study is conducted to verify the

theoretical elaborations.

Drawing on post-Keynesian theory, I hypothesize that financialization has affected income tar-

gets of social classes, thereby facilitating the period of the Great Moderation. Furthermore, due

to shifted power relations in favor of profits, the inflationary shock enabled firms to raise their

profits during times of emergency. Finally, differences in wage developments after the initial

shock may be explained by neoliberal income policies. A descriptive empirical analysis is con-

ducted incorporating multiple data sources. The remainder of the thesis is structured as follows.

Section 2 provides a delineation of the Hein and Stockhammer model and Kaleckian mark-up

pricing theory, where three redistributive channels of financialization to functional income dis-

tribution are discussed. After incorporating the impacts of financialization into the respective

income targets in the theoretical framework and calibrating the model to two scenarios in sec-

tion 3, the comparative case study in section 4 examines the inflationary dynamics and the three

Kaleckian channels for Germany and Austria. Section 5 concludes.

2 Distribution and inflation as joint outcomes of conflict

In line with post-Keynesian theory, I argue that distribution and inflation must be seen as joint

outcomes of conflict between social groups. Inflationary shocks can be initiated by either a sup-

ply or demand shock (Hein, 2023, chapter 5). In the following, I will outline a Kaleckian theory

of financialization and income distribution, discuss the Hein and Stockhammer model of con-

flict inflation and provide a brief overview on empirical literature regarding the financialization–

distribution–nexus.

2.1 Kaleckian theory of financialization and functional income distribution

While a vast amount of literature has explored various aspects of financialization including

structural changes along socio-economic dimensions (see e.g. Epstein, 2021; Van Der Zwan,

2014), authors such as Hein (2012) have argued that it has three distinct features regarding

macroeconomics. First, changes in income distribution have been attributed to rising inequality

in functional as well as personal income distribution (Hein &Detzer, 2015). Second, investment

in the capital stock has decreased significantly due to rising shareholder value orientation and

short-termism (Hein, 2012). Third, finance-dominated capitalism has entailed new opportunities

2



for wealth-based and debt-financed consumption, which created the potential to compensate for

depressed aggregated demand caused by financialization. Especially the availability of credit

to low-wealth and low-income households added to increasing debt-to-income ratios of private

households and abided rising financial fragility and social unrest (Setterfield, 2020).

Heterodox and in particular post-Keynesian scholars have relied on Kaleckian mark-up pricing

theory to establish a link between the long-run effects of financialization and functional income

distribution. According to Kalecki (1954, chapters 1 & 2, 1971, chapters 5 & 6), income dis-

tribution between factors of production is determined by active mark-up pricing of firms in the

industrial sectorunder monopolistic or oligopolistic competition. In the following, it is assumed

that the mark-up is applied over marginal costs, which are assumed to be constant until full

capacity output. The mark-up has to cover both firms’ gross profits, which include retained

earnings as well as interest and dividend payments, and overhead costs, which are constituted

by the depreciation of capital and salaries of overhead labor (Hein, 2015, pp. 920f.).

Following Hein (2015, pp. 922f.), the pricing equation of a vertically integrated domestic in-

dustrial or service sector j, which employs fixed capital, labor, and imports raw materials and

semi-finished goods used as inputs, can be written as:

pj = (1 + mj)(
w

y
+ pfa�j); m > 0 (1)

in which pj denotes the output price in sector j, mj corresponds to the mark-up in the sector,

w the nominal wage rate, y labor productivity, pf the unit price of imported raw materials and

semi-finished products denoted in foreign currency, a denotes the exchange rate, and �j denotes

unit raw material and semi-finished product inputs per unit of output imported. Assuming the

relation between unit material costs and unit labor costs to be given as:

zj =
pfa�j

w
y

; (2)

The gross profit share (hj) for sector j, including overhead costs, in gross value added of the
corresponding sector can be written as:

hj =
�j

(� + W )j

=
1

1
(1+zj)mj

+ 1
=

(1 + zj)mj

(1 + zj)mj + 1
: (3)

where �j is gross profits and Wj wages for direct labor in sector j. The related wage share of
direct labor in gross value added (1 � h)j can be derived as:

(1 � h)j =
Wj

� + W j
=

1

(1 + zj)mj + 1
: (4)

The economy-wide gross profit share (h) and wage share (
 = 1�h) are both weighted averages
of the sector shares:

h =
�

(� + W )
=

1
1

(1+z)m
+ 1

=
(1 + z)m

(1 + z)m + 1
: (5)
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 = (1 � h) =
W

� + W
=

1
(1 + z)m + 1

: ������

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

�+�H�L�Q ������������ �S�� �������� �D�U�J�X�H�V �W�K�D�W �P�X�O�W�L�S�O�H �I�D�F�W�R�U�V �D�I�I�H�F�W �W�K�H �P�D�U�N���X�S �R�U �W�K�H �³�G�H�J�U�H�H �R�I �P�R�Q�R�S�R�O�\�´��
�D�V �.�D�O�H�F�N�L ������������ �F�K�D�S�W�H�U�V �� �	 �������������� �F�D�O�O�V �L�W�� �%�X�L�O�G�L�Q�J �R�Q �W�K�H �Y�D�V�W �E�R�G�\ �R�I �O�L�W�H�U�D�W�X�U�H �R�Q �W�K�H
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������������ �7�K�H �F�X�P�X�O�D�W�L�Y�H �S�R�Z�H�U �R�I �W�K�R�V�H �G�H�Y�H�O�R�S�P�H�Q�W�V �Q�R�W �R�Q�O�\ �F�R�U�U�R�G�H�G �E�D�U�J�D�L�Q�L�Q�J �S�R�Z�H�U �R�I
�W�U�D�G�H �X�Q�L�R�Q�V �E�X�W �D�O�V�R �L�Q�F�U�H�D�V�H�G �H�P�S�O�R�\�P�H�Q�W �L�Q�V�H�F�X�U�L�W�\��

������ �7�K�H �+�H�L�Q �D�Q�G �6�W�R�F�N�K�D�P�P�H�U �D�S�S�U�R�D�F�K �W�R �G�L�V�W�U�L�E�X�W�L�R�Q �D�Q�G �L�Q�I�O�D�W�L�R�Q

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

���� �,�Q�F�U�H�D�V�L�Q�J
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���� �5�L�V�L�Q�J �G�L�Y�L�G�H�Q�G
�S�D�\�P�H�Q�W�V

��

���� �,�Q�F�U�H�D�V�L�Q�J
�L�Q�W�H�U�H�V�W �U�D�W�H�V
�R�U �L�Q�W�H�U�H�V�W
�S�D�\�P�H�Q�W�V

��

���� �,�Q�F�U�H�D�V�L�Q�J �W�R�S
�P�D�Q�D�J�H�P�H�Q�W
�V�D�O�D�U�L�H�V

��

���� �,�Q�F�U�H�D�V�L�Q�J
�U�H�O�H�Y�D�Q�F�H �R�I
�I�L�Q�D�Q�F�L�D�O �W�R �Q�R�Q��
�I�L�Q�D�Q�F�L�D�O �V�H�F�W�R�U
���L�Q�Y�H�V�W�P�H�Q�W��
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�1�R�W�H�V���� �S�R�V�L�W�L�Y�H �H�I�I�H�F�W �R�Q �W�K�H �J�U�R�V�V �S�U�R�I�L�W �V�K�D�U�H�� �± �Q�H�J�D�W�L�Y�H �H�I�I�H�F�W �R�Q �W�K�H �J�U�R�V�V �S�U�R�I�L�W �V�K�D�U�H
�6�R�X�U�F�H���+�H�L�Q ������������ �S�� ��������
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�W�K�H �H�P�S�O�R�\�P�H�Q�W �U�D�W�H �E�\ �L�Q�F�O�X�G�L�Q�J �S�R�V�V�L�E�O�H �L�Q�I�O�D�W�L�R�Q �H�[�S�H�F�W�D�W�L�R�Q�V���� �7�K�L�V �F�K�R�L�F�H �L�V �P�D�G�H �W�R �H�Q��
�V�X�U�H �F�R�Q�V�L�V�W�H�Q�F�\ �Z�L�W�K �W�K�H �.�D�O�H�F�N�L�D�Q �F�K�D�Q�Q�H�O�V ���+�H�L�Q������������ �D�Q�G �G�X�H �L�W�V �F�O�H�D�U �G�L�V�W�L�Q�F�W�L�R�Q �E�H�W�Z�H�H�Q
�S�R�Z�H�U �U�H�O�D�W�L�R�Q�V �D�Q�G �H�[�S�H�F�W�D�W�L�R�Q�V ���+�H�L�Q �	 �+�l�X�V�O�H�U��������������

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

F ���� �R�U
�W�K�H�L�U �W�D�U�J�H�W �Z�D�J�H �V�K�D�U�H ��
 T

F = 1 � hT
F ���� �Z�K�L�F�K �L�Q�F�O�X�G�H�V �U�H�W�D�L�Q�H�G �H�D�U�Q�L�Q�J�V �D�Q�G �L�Q�W�H�U�H�V�W �S�D�\�P�H�Q�W�V

�W�R �U�H�Q�W�L�H�U�V�� �L�V �G�H�W�H�U�P�L�Q�H�G �E�\ �P�D�U�N���X�S �S�U�L�F�L�Q�J �R�Y�H�U �X�Q�L�W �O�D�E�R�U �F�R�V�W�V ��h0���� �7�K�L�V �L�P�S�O�L�H�V �W�K�D�W �W�K�H�L�U
�W�D�U�J�H�W �S�U�R�I�L�W �V�K�D�U�H �L�V �L�Q�I�O�X�H�Q�F�H�G �E�\ �W�K�H �G�H�J�U�H�H �R�I �S�U�L�F�H �F�R�P�S�H�W�L�W�L�R�Q �L�Q �W�K�H �J�R�R�G�V �P�D�U�N�H�W �D�Q�G
�R�Y�H�U�K�H�D�G �F�R�V�W�V�� �,�Q �W�K�H �V�K�R�U�W �U�X�Q�� �E�R�W�K �W�K�H �I�L�U�P�V�¶ �W�D�U�J�H�W �Z�D�J�H �D�Q�G �S�U�R�I�L�W �V�K�D�U�H �D�U�H �F�R�Q�V�W�D�Q�W �X�Q�W�L�O
�I�X�O�O �F�D�S�D�F�L�W�\ �R�X�W�S�X�W�� �+�R�Z�H�Y�H�U�� �L�Q �W�K�H �P�H�G�L�X�P �U�X�Q�� �W�K�H �W�D�U�J�H�W �S�U�R�I�L�W �V�K�D�U�H �R�I �I�L�U�P�V �Z�L�O�O �E�H �D�I�I�H�F�W�H�G
�E�\ �L�Q�I�O�D�W�L�R�Q���W�D�U�J�H�W�L�Q�J �L�Q�W�H�U�H�V�W �U�D�W�H �S�R�O�L�F�L�H�V �E�\ �W�K�H �F�H�Q�W�U�D�O �E�D�Q�N �D�Q�G �W�K�X�V �E�\ �S�H�U�V�L�V�W�H�Q�W �F�K�D�Q�J�H�V �L�Q
�W�K�H �³�H�[ �D�Q�W�H�´ �L�Q�W�H�U�H�V�W �U�D�W�H�� �V�L�Q�F�H �I�L�U�P�V �S�H�U�F�H�L�Y�H �L�Q�W�H�U�H�V�W �S�D�\�P�H�Q�W�V �D�V �F�R�V�W�V ��h3���� �)�X�U�W�K�H�U�P�R�U�H�� �W�K�H
�W�D�U�J�H�W �S�U�R�I�L�W �V�K�D�U�H �R�I �I�L�U�P�V �Z�L�O�O �L�Q�F�U�H�D�V�H �Z�L�W�K �D �K�L�J�K�H�U �Q�R�P�L�Q�D�O �H�[�F�K�D�Q�J�H �U�D�W�H �R�U �K�L�J�K�H�U �I�R�U�H�L�J�Q
�W�U�H�Q�G �L�Q�I�O�D�W�L�R�Q �U�H�O�D�W�L�Y�H �W�R �G�R�P�H�V�W�L�F �W�U�H�Q�G �L�Q�I�O�D�W�L�R�Q ��h5���� �7�K�H �W�D�U�J�H�W �S�U�R�I�L�W �V�K�D�U�H �F�D�Q �E�H �W�K�X�V �Z�U�L�W�W�H�Q
�D�V��

hT
F = 1 � 
 T

F = h0 + h3i e
r + h5ae

r ; 1 > h 0 > 0; h3; h5 � 0 ������

�$�F�F�R�U�G�L�Q�J �W�R �+�H�L�Q ������������ �F�K�D�S�W�H�U ������ �W�K�H �Z�R�U�N�H�U�V�¶ �W�D�U�J�H�W �Z�D�J�H �V�K�D�U�H�� �Z�K�L�F�K �D�O�V�R �L�P�S�O�L�H�V �W�K�H�L�U
�W�D�U�J�H�W �S�U�R�I�L�W �V�K�D�U�H ��
 T

W = 1 � hT
W ���� �L�V �R�Q �W�K�H �R�Q�H �K�D�Q�G �G�H�W�H�U�P�L�Q�H�G �E�\ �W�K�H �Z�D�J�H �E�D�U�J�D�L�Q�L�Q�J �D�Q�G �V�R��

�F�L�D�O �E�H�Q�H�I�L�W�V �V�\�V�W�H�P�� �V�X�F�K �D�V �X�Q�L�R�Q �G�H�Q�V�L�W�\�� �Z�D�J�H �E�D�U�J�D�L�Q�L�Q�J �F�R�Y�H�U�D�J�H �D�Q�G �F�R�R�U�G�L�Q�D�W�L�R�Q�� �H�P�S�O�R�\��
�P�H�Q�W �S�U�R�W�H�F�W�L�R�Q �O�H�J�L�V�O�D�W�L�R�Q�� �P�L�Q�L�P�X�P �Z�D�J�H�V�� �R�U �X�Q�H�P�S�O�R�\�P�H�Q�W �E�H�Q�H�I�L�W�V�� �D�Q�G �V�R�F�L�R���L�Q�V�W�L�W�X�W�L�R�Q�D�O
�F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �W�K�H �O�D�E�R�U �P�D�U�N�H�W �L�Q �W�K�H �P�H�G�L�X�P �U�X�Q�� �D�Q�G �R�Q �W�K�H �R�W�K�H�U �K�D�Q�G �E�\ �W�K�H �U�D�W�H �R�I �H�P��
�S�O�R�\�P�H�Q�W �D�Q�G �W�K�X�V �W�K�H �U�D�W�H �R�I �X�Q�H�P�S�O�R�\�P�H�Q�W�� �7�K�H �H�P�S�O�R�\�P�H�Q�W �U�D�W�H �L�V �G�H�I�L�Q�H�G �D�Ve = N / L�� �Z�L�W�K
N �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �H�P�S�O�R�\�P�H�Q�W �D�Q�GL �W�R �W�K�H �O�D�E�R�U �I�R�U�F�H�� �&�R�Q�Y�H�U�V�O�\�� �W�K�H �X�Q�H�P�S�O�R�\�P�H�Q�W �U�D�W�H �L�V
�G�H�I�L�Q�H�G �D�Vue = U/ L�� �Z�K�H�U�HU �G�H�Q�R�W�H�V �X�Q�H�P�S�O�R�\�P�H�Q�W�� �(�P�S�O�R�\�P�H�Q�W ��N �� �D�Q�G �X�Q�H�P�S�O�R�\�P�H�Q�W
��U�� �V�X�P �X�S �W�R �W�K�H �O�D�E�R�U �I�R�U�F�H ��L ���� �,�Q �W�K�L�V �D�S�S�U�R�D�F�K�� �L�W �L�V �D�V�V�X�P�H�G �W�K�D�W �W�K�H �U�H�D�O �H�[�F�K�D�Q�J�H �U�D�W�H
�G�R�H�V �Q�R�W �K�D�Y�H �D �G�L�U�H�F�W �H�I�I�H�F�W �R�Q �W�U�D�G�H �X�Q�L�R�Q�V�¶ �D�Q�G �Z�R�U�N�H�U�V�¶ �W�D�U�J�H�W �Z�D�J�H �V�K�D�U�H�� �V�L�Q�F�H �Z�R�U�N�H�U�V
�R�Q�O�\ �F�R�Q�V�X�P�H �G�R�P�H�V�W�L�F�D�O�O�\ �S�U�R�G�X�F�H�G �J�R�R�G�V �W�K�D�W �D�U�H �Q�R�W �G�L�U�H�F�W�O�\ �D�I�I�H�F�W�H�G �E�\ �W�K�H �U�H�D�O �H�[�F�K�D�Q�J�H
�U�D�W�H����


 T
W = 1 � hT

W = 
 0 + 
 1e; 1 > 
 0 > 0; 
 1 � 0 ������

�,�W �L�V �D�V�V�X�P�H�G �W�K�D�W �L�Q�V�W�L�W�X�W�L�R�Q�D�O �F�L�U�F�X�P�V�W�D�Q�F�H�V �D�U�H �F�R�Q�V�W�D�Q�W �L�Q �W�K�H �V�K�R�U�W �U�X�Q�� �Z�K�L�F�K �D�U�H �G�H�Q�R�W�H�G �E�\
�W�K�H �F�R�Q�V�W�D�Q�W
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�Y�L�D �W�K�H �S�D�U�D�P�H�W�H�Uh0�� �W�K�H�L�U �W�D�U�J�H�W �Z�D�J�H �V�K�D�U�H �V�K�L�I�W�V �G�R�Z�Q�Z�D�U�G�V�� �6�L�Q�F�H �W�K�H �D�F�W�X�D�O �Z�D�J�H �V�K�D�U�H �L�V
�G�H�S�H�Q�G�H�Q�W �R�Q �W�K�H �F�R�P�S�R�Q�H�Q�W�V �R�I �W�K�H �W�D�U�J�H�W�V�� �L�W �D�O�V�R �V�K�L�I�W�V �G�R�Z�Q�Z�D�U�G�V�� �7�K�H �U�H�V�X�O�W �L�V �D �Q�H�Z �6�,�5�(
�D�WeN

2 �� �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �D �O�R�Z�H�U �H�P�S�O�R�\�P�H�Q�W �O�H�Y�H�O �W�K�D�Q �W�K�H �L�Q�L�W�L�D�O �V�L�W�X�D�W�L�R�Q �D�WeN
1 �� �)�X�U�W�K�H�U�P�R�U�H��

�W�K�H�V�H �V�W�U�X�F�W�X�U�D�O �F�K�D�Q�J�H�V �Z�L�O�O �U�H�V�X�O�W �L�Q �D �Q�H�Z �3�K�L�O�O�L�S�V �F�X�U�Y�H��p̂u
2(e)��

�7�K�H �H�I�I�H�F�W�V �R�I �G�L�P�L�Q�L�V�K�L�Q�J �W�K�H�E�D�U�J�D�L�Q�L�Q�J �S�R�Z�H�U �D�Q�G �D�F�W�L�Y�L�W�\ �R�I �W�U�D�G�H �X�Q�L�R�Q�V�R�Q �W�K�H �Z�R�U�N�H�U�V�¶
�W�D�U�J�H�W �Z�D�J�H �V�K�D�U�H �D�U�H �Y�L�V�X�D�O�L�]�H�G �L�Q �)�L�J�X�U�H�������� �,�Q �W�K�L�V �F�D�V�H�� �W�K�H �Z�R�U�N�H�U�V�¶ �W�D�U�J�H�W �Z�D�J�H �V�K�D�U�H �V�K�L�I�W�V
�G�R�Z�Q�Z�D�U�G�� �E�D�V�H�G �R�Q �D �I�D�O�O �L�Q �W�K�H
 0 �S�D�U�D�P�H�W�H�U���� �$�F�F�R�U�G�L�Q�J�O�\�� �W�K�H �U�H�D�O�L�]�H�G �Z�D�J�H �V�K�D�U�H �G�H�F�U�H�D�V�H�V��
�U�H�V�X�O�W�L�Q�J �L�Q �D �Q�H�Z �6�,�5�( �D�WeN

2 �� �8�Q�O�L�N�H �L�Q �W�K�H �I�L�U�V�W �W�Z�R �F�D�V�H�V�� �W�K�H �Q�H�Z �6�,�5�( �F�R�U�U�H�V�S�R�Q�G�V �W�R �D �K�L�J�K�H�U
�H�P�S�O�R�\�P�H�Q�W �O�H�Y�H�O �W�K�D�Q �W�K�H �L�Q�L�W�L�D�O �V�L�W�X�D�W�L�R�Q �D�WeN

1 �� �0�R�U�H�R�Y�H�U�� �W�K�H �3�K�L�O�O�L�S�V �F�X�U�Y�H �V�K�L�I�W�V �W�Rp̂u
2(e)��

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

����



�7�D�E�O�H ���������)�L�Q�D�Q�F�L�D�O�L�]�D�W�L�R�Q�� �Q�H�R�O�L�E�H�U�D�O�L�V�P�� �D�Q�G �W�D�U�J�H�W �L�Q�F�R�P�H �F�O�D�L�P�V

�.�D�O�H�F�N�L�D�Q �F�K�D�Q�Q�H�O�V
�R�I �L�Q�F�R�P�H
�U�H�G�L�V�W�U�L�E�X�W�L�R�Q

�'�H�W�H�U�P�L�Q�D�Q�W�V �R�I �I�L�U�P�V�¶ �D�Q�G �Z�R�U�N�H�U�V�¶ �L�Q�F�R�P�H �W�D�U�J�H�W�V

�)�L�U�P�V�¶ �W�D�U�J�H�W �S�U�R�I�L�W �V�K�D�U�H �:�R�U�N�H�U�V�¶ �W�D�U�J�H�W �Z�D�J�H �V�K�D�U�H

h0 h3 h5 
 0 
 1

�6�H�F�W�R�U�D�O �F�R�P�S�R�V�L�W�L�R�Q

�,�Q�F�U�H�D�V�L�Q�J �U�H�O�H�Y�D�Q�F�H
�R�I �I�L�Q�D�Q�F�L�D�O �F�R�P�S�D�U�H�G �W�R
�Q�R�Q���I�L�Q�D�Q�F�L�D�O �V�H�F�W�R�U

��

�'�R�Z�Q�V�L�]�L�Q�J �R�I
�J�R�Y�H�U�Q�P�H�Q�W

��

�2�Y�H�U�K�H�D�G �F�R�V�W�V �D�Q�G
�J�U�R�V�V �S�U�R�I�L�W �W�D�U�J�H�W

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

��

�5�L�V�L�Q�J �G�L�Y�L�G�H�Q�G
�S�D�\�P�H�Q�W�V

��

�,�Q�F�U�H�D�V�L�Q�J �L�Q�W�H�U�H�V�W
�U�D�W�H�V �R�U �L�Q�W�H�U�H�V�W
�S�D�\�P�H�Q�W�V

��

�,�Q�F�U�H�D�V�L�Q�J �W�R�S
�P�D�Q�D�J�H�P�H�Q�W �V�D�O�D�U�L�H�V

��

�%�D�U�J�D�L�Q�L�Q�J �S�R�Z�H�U �D�Q�G
�D�F�W�L�Y�L�W�\ �R�I �W�U�D�G�H �X�Q�L�R�Q�V

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

�±

�,�Q�F�U�H�D�V�L�Q�J �U�H�O�H�Y�D�Q�F�H
�R�I �I�L�Q�D�Q�F�L�D�O �W�R
�Q�R�Q���I�L�Q�D�Q�F�L�D�O �V�H�F�W�R�U

�±

�/�L�E�H�U�D�O�L�]�D�W�L�R�Q �D�Q�G
�J�O�R�E�D�O�L�]�D�W�L�R�Q �R�I
�I�L�Q�D�Q�F�H �D�Q�G �W�U�D�G�H

�±

�'�H�U�H�J�X�O�D�W�L�R�Q �R�I
�W�K�H �O�D�E�R�U �P�D�U�N�H�W

�±

�'�R�Z�Q�V�L�]�L�Q�J �R�I
�J�R�Y�H�U�Q�P�H�Q�W

�±

�1�R�W�H�V���� �S�R�V�L�W�L�Y�H �H�I�I�H�F�W �R�Q �W�K�H �W�D�U�J�H�W �L�Q�F�R�P�H �V�K�D�U�H�� �± �Q�H�J�D�W�L�Y�H �H�I�I�H�F�W �R�Q �W�K�H �W�D�U�J�H�W �L�Q�F�R�P�H �V�K�D�U�H
�6�R�X�U�F�H���D�X�W�K�R�U�¶�V �G�H�S�L�F�W�L�R�Q

����



�)�L�J�X�U�H ���������&�K�D�Q�J�H�V �L�Q �V�H�F�W�R�U�D�O �F�R�P�S�R�V�L�W�L�R�Q �	 �L�Q�F�U�H�D�V�H�V �L�Q �R�Y�H�U�K�H�D�G �F�R�V�W�V �� �J�U�R�V�V �S�U�R�I�L�W �W�D�U�J�H�W�V
�D�Q�G �W�K�H �6�,�5�(
�1�R�W�H�V�� �%�D�V�H�G �R�Q �+�H�L�Q ������������ �F�K�D�S�W�H�U ������ �D�X�W�K�R�U�¶�V �G�H�S�L�F�W�L�R�Q

�)�L�J�X�U�H ���������'�H�F�U�H�D�V�H �L�Q �Z�R�U�N�H�U�V�¶ �E�D�U�J�D�L�Q�L�Q�J �S�R�Z�H�U �D�Q�G �W�K�H �6�,�5�(
�1�R�W�H�V�� �%�D�V�H�G �R�Q �+�H�L�Q ������������ �F�K�D�S�W�H�U ������ �D�X�W�K�R�U�¶�V �G�H�S�L�F�W�L�R�Q

����



������ �7�Z�R �V�F�H�Q�D�U�L�R�V�� �I�L�Q�D�Q�F�L�D�O�L�]�D�W�L�R�Q �D�Q�G �Q�H�R�O�L�E�H�U�D�O �S�R�O�L�F�L�H�V �R�I �I�H�D�U

�7�R �P�D�N�H �V�H�Q�V�H �R�I �W�K�H �G�\�Q�D�P�L�F�V �R�I �W�K�H �O�D�V�W �I�L�Y�H �G�H�F�D�G�H�V�� �L�W �L�V �F�U�X�F�L�D�O �W�R �L�Q�F�O�X�G�H �D�G�G�L�W�L�R�Q�D�O �D�U��
�J�X�P�H�Q�W�V �U�H�J�D�U�G�L�Q�J �W�K�H �G�L�P�L�Q�L�V�K�P�H�Q�W �L�Q �Z�R�U�N�H�U�V�¶ �E�D�U�J�D�L�Q�L�Q�J �S�R�Z�H�U �V�X�F�K �D�V �Q�H�R�O�L�E�H�U�D�O �L�Q�F�R�P�H
�S�R�O�L�F�L�H�V �R�I �I�H�D�U ���6�H�W�W�H�U�I�L�H�O�G������������������������ �8�W�L�O�L�]�L�Q�J �W�K�H �S�U�R�S�R�V�H�G �F�K�D�Q�Q�H�O�V �D�V �Z�H�O�O �D�V �W�K�H �D�U�J�X��
�P�H�Q�W �R�I �Q�H�R�O�L�E�H�U�D�O �L�Q�F�R�P�H �S�R�O�L�F�L�H�V �D�O�O�R�Z�V �P�H �W�R �F�D�O�L�E�U�D�W�H �W�K�H �P�R�G�H�O �W�R �W�Z�R �S�R�W�H�Q�W�L�D�O �V�F�H�Q�D�U�L�R�V��
�)�L�U�V�W�� �R�Q�O�\ �H�I�I�H�F�W�V �R�I �I�L�Q�D�Q�F�L�D�O�L�]�D�W�L�R�Q �D�F�F�R�U�G�L�Q�J �W�R �W�K�H �.�D�O�H�F�N�L�D�Q �F�K�D�Q�Q�H�O�V �Z�L�O�O �E�H �F�R�Q�V�L�G�H�U�H�G��
�I�R�O�O�R�Z�H�G �E�\ �D �V�H�F�R�Q�G �F�D�O�L�E�U�D�W�L�R�Q �R�I �W�K�H �P�R�G�H�O �W�K�D�W �L�Q�F�O�X�G�H�V �Q�H�R�O�L�E�H�U�D�O �L�Q�F�R�P�H �S�R�O�L�F�L�H�V��

�7�K�H �I�L�U�V�W �V�F�H�Q�D�U�L�R �V�X�P�P�D�U�L�]�H�V �W�K�H �U�H�G�L�V�W�U�L�E�X�W�L�Y�H �F�K�D�Q�J�H�V �G�X�H �W�R �I�L�Q�D�Q�F�L�D�O�L�]�D�W�L�R�Q �Y�L�D �W�K�H �W�K�U�H�H
�L�G�H�Q�W�L�I�L�H�G �.�D�O�H�F�N�L�D�Q �F�K�D�Q�Q�H�O�V ���)�L�J�X�U�H���������� �7�R �H�[�S�O�D�L�Q �W�K�H �S�H�U�L�R�G �R�I �W�K�H �*�U�H�D�W �0�R�G�H�U�D�W�L�R�Q�� �,
�D�U�J�X�H �W�K�D�W �W�K�H �H�I�I�H�F�W �R�I �W�K�H �E�D�U�J�D�L�Q�L�Q�J �S�R�Z�H�U �F�K�D�Q�Q�H�O �Z�L�O�O �G�R�P�L�Q�D�W�H �L�Q �W�K�H �P�R�G�H�O�� �7�K�L�V �F�O�D�L�P
�L�V �E�D�V�H�G �R�Q �W�K�H �D�U�J�X�P�H�Q�W �W�K�D�W �V�W�D�J�Q�D�W�L�Q�J �U�H�D�O �Z�D�J�H �J�U�R�Z�W�K �O�H�Q�G�V �J�U�H�D�W �H�[�S�O�D�Q�D�W�R�U�\ �S�R�Z�H�U �W�R
�X�Q�G�H�U�V�W�D�Q�G�L�Q�J �W�K�L�V �S�H�U�L�R�G ���3�H�U�U�\ �	 �&�O�L�Q�H�������������� �7�K�H �I�L�U�V�W �W�Z�R �W�K�H�R�U�H�W�L�F�D�O �F�K�D�Q�Q�H�O�V �D�I�I�H�F�W �W�K�H
�W�D�U�J�H�W �Z�D�J�H �V�K�D�U�H �R�I �I�L�U�P�V �Q�H�J�D�W�L�Y�H�O�\�� �U�H�V�X�O�W�L�Q�J �L�Q �D �F�X�P�X�O�D�W�L�Y�H �G�R�Z�Q�Z�D�U�G �V�K�L�I�W �I�U�R�P
 T

F 1 �W�R

 T

F 2�� �7�K�H �W�K�L�U�G �F�K�D�Q�Q�H�O �D�I�I�H�F�W�V �W�K�H �W�D�U�J�H�W �Z�D�J�H �V�K�D�U�H �R�I �Z�R�U�N�H�U�V �Q�H�J�D�W�L�Y�H�O�\�� �V�K�L�I�W�L�Q�J
 T
W 1 �W�R


 T
W 2�� �6�L�Q�F�H �W�K�H �D�F�W�X�D�O �Z�D�J�H �V�K�D�U�H �L�V �D�I�I�H�F�W�H�G �E�\ �F�K�D�Q�J�H�V �L�Q �E�R�W�K �W�D�U�J�H�W�V�� �Z�H �F�D�Q �R�E�V�H�U�Y�H �D �V�K�L�I�W

�I�U�R�P
 1(e) �W�R
 2(e)�� �7�K�H �F�X�P�X�O�D�W�L�Y�H �H�I�I�H�F�W �R�I �W�K�H�V�H �U�H�G�L�V�W�U�L�E�X�W�L�Y�H �F�K�D�Q�J�H�V �U�H�V�X�O�W�V �L�Q �D �K�L�J�K�H�U
�6�,�5�( ��eN

2 ���� �&�R�U�U�H�V�S�R�Q�G�L�Q�J�O�\�� �W�K�H �3�K�L�O�O�L�S�V �F�X�U�Y�H �V�K�L�I�W�V �G�R�Z�Q�Z�D�U�G �W�Rp̂u
2(e)�� �,�Q �W�K�L�V �F�D�O�L�E�U�D�W�L�R�Q

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

���D���6�F�H�Q�D�U�L�R ������ �%�D�V�H �O�L�Q�H ���E���6�F�H�Q�D�U�L�R ������ �1�H�R�O�L�E�H�U�D�O �L�Q�F�R�P�H �S�R�O�L�F�L�H�V �R�I �I�H�D�U

�)�L�J�X�U�H ���������&�X�P�X�O�D�W�L�Y�H �H�I�I�H�F�W �R�I �I�L�Q�D�Q�F�L�D�O�L�]�D�W�L�R�Q �R�Q �W�K�H �6�,�5�(
�1�R�W�H���%�D�V�H�G �R�Q �+�H�L�Q ������������ �F�K�D�S�W�H�U ������ �D�X�W�K�R�U�¶�V �G�H�S�L�F�W�L�R�Q

�$�Q�R�W�K�H�U �D�V�S�H�F�W �W�R �F�R�Q�V�L�G�H�U �L�V �L�Q�V�W�L�W�X�W�L�R�Q�D�O �F�K�D�Q�J�H�V �L�Q �L�Q�F�R�P�H �S�R�O�L�F�L�H�V �G�X�H �W�R �Q�H�R�O�L�E�H�U�D�O�L�V�P�� �'�L�V��
�H�P�E�D�U�N�L�Q�J �I�U�R�P �W�K�H �K�L�V�W�R�U�L�F �F�R�P�S�U�R�P�L�V�H �E�H�W�Z�H�H�Q �O�D�E�R�U �D�Q�G �F�D�S�L�W�D�O �R�I �W�K�H �S�R�V�W���Z�D�U�*�R�O�G�H�Q �$�J�H
�S�H�U�L�R�G�� �V�W�D�W�H �D�Q�G �F�R�U�S�R�U�D�W�H �U�H�V�S�R�Q�V�H�V �W�R �W�K�H �F�K�D�Q�J�H �L�Q �P�D�F�U�R�H�F�R�Q�R�P�L�F �F�L�U�F�X�P�V�W�D�Q�F�H�V �L�Q �W�K�H
���������V �U�H�V�X�O�W�H�G �L�Q �U�H�V�W�U�L�F�W�L�Y�H �P�D�F�U�R�H�F�R�Q�R�P�L�F �S�R�O�L�F�L�H�V �D�Q�G �W�R �F�K�D�Q�J�H�V �L�Q �L�Q�F�R�P�H �S�R�O�L�F�L�H�V ���&�R�U�Q��
�Z�D�O�O�������������� �$�X�W�K�R�U�V �V�X�F�K �D�V �6�H�W�W�H�U�I�L�H�O�G ������������ �K�D�Y�H �D�U�J�X�H�G �W�K�D�W �Y�D�U�L�R�X�V �S�R�O�L�F�L�H�V �Z�H�U�H �L�Q�L�W�L�D�O�L�]�H�G
�W�K�D�W �P�D�G�H �Z�R�U�N�H�U�V�¶ �H�P�S�O�R�\�P�H�Q�W �D�Q�G �L�Q�F�R�P�H �P�R�U�H �L�Q�V�H�F�X�U�H�� �W�K�H�U�H�E�\ �D�L�P�L�Q�J �D�W �U�H�G�X�F�L�Q�J �Z�R�U�N�H�U�V�¶
�D�E�L�O�L�W�\ �D�Q�G �D�V�S�L�U�D�W�L�R�Q�V �W�R �I�L�J�K�W �I�R�U �K�L�J�K�H�U �Z�D�J�H�V �D�W �D�Q�\ �J�L�Y�H�Q �H�P�S�O�R�\�P�H�Q�W �O�H�Y�H�O�� �6�X�F�K �S�R�O�L�F�L�H�V

����



�D�U�H �V�X�P�P�D�U�L�]�H�G �X�Q�G�H�U �W�K�H �W�H�U�P �³�L�Q�F�R�P�H �S�R�O�L�F�L�H�V �R�I �I�H�D�U�´ ���6�H�W�W�H�U�I�L�H�O�G������������ �S�� ���������� �:�K�L�O�H �,
�Z�L�O�O �I�R�F�X�V �R�Q �W�K�L�V �S�D�U�W�L�F�X�O�D�U �D�U�J�X�P�H�Q�W �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J�� �, �D�F�N�Q�R�Z�O�H�G�J�H �W�K�D�W �R�W�K�H�U �D�X�W�K�R�U�V �K�D�Y�H
�S�R�L�Q�W�H�G �R�X�W �W�K�H �F�R�Q�Q�H�F�W�L�R�Q �E�H�W�Z�H�H�Q �Q�H�R�O�L�E�H�U�D�O�L�V�P�� �I�L�Q�D�Q�F�L�D�O�L�]�D�W�L�R�Q�� �D�Q�G �L�Q�V�H�F�X�U�L�W�\�� �W�R�R ���H���J����
�:�K�D�O�H�Q��������������

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

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

������ �5�L�V�L�Q�J �R�L�O �S�U�L�F�H�V �D�Q�G �P�D�U�N���X�S�V �L�Q �D�Q �H�Q�Y�L�U�R�Q�P�H�Q�W �R�I �I�L�Q�D�Q�F�L�D�O�L�]�D�W�L�R�Q

�7�R �J�D�L�Q �D �E�H�W�W�H�U �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �S�R�V�V�L�E�O�H �L�Q�I�O�D�W�L�R�Q�D�U�\ �G�\�Q�D�P�L�F�V �L�Q �W�K�H �W�Z�R �V�F�H�Q�D�U�L�R�V�� �W�K�H �I�R�O�O�R�Z��
�L�Q�J �G�H�S�L�F�W�L�R�Q�V �Y�L�V�X�D�O�L�]�H �W�Z�R �V�K�R�F�N�V�� �$�Q�D�O�\�]�L�Q�J �W�K�H �W�Z�R �V�\�V�W�H�P�V �L�Q �V�X�F�F�H�V�V�L�R�Q �D�O�O�R�Z�V �L�Q�V�L�J�K�W�V
�L�Q�W�R �Z�K�\ �F�R�X�Q�W�U�L�H�V �P�L�J�K�W �H�[�S�H�U�L�H�Q�F�H �G�L�I�I�H�U�H�Q�W �L�Q�I�O�D�W�L�R�Q�D�U�\ �G�\�Q�D�P�L�F�V�� �0�H�W�K�R�G�R�O�R�J�L�F�D�O�O�\�� �W�K�H
�V�X�E�V�H�T�X�H�Q�W �L�Q�Y�H�V�W�L�J�D�W�L�R�Q �I�R�O�O�R�Z�V �+�H�L�Q �������������� �Z�K�R �S�U�R�Y�L�G�H�V �D �G�H�W�D�L�O�H�G �D�Q�D�O�\�V�L�V �R�I �W�K�H �U�H�F�H�Q�W
�L�Q�I�O�D�W�L�R�Q�D�U�\ �V�K�R�F�N �L�Q �D �V�W�\�O�L�]�H�G �Y�H�U�V�L�R�Q �R�I �W�K�H �+�H�L�Q �D�Q�G �6�W�R�F�N�K�D�P�P�H�U �P�R�G�H�O �D�Q�G �G�L�V�F�X�V�V�H�V �W�K�H
�S�R�W�H�Q�W�L�D�O �H�I�I�H�F�W�V �R�I �D�Q �L�Q�I�O�D�W�L�R�Q���W�D�U�J�H�W�L�Q�J �F�H�Q�W�U�D�O �E�D�Q�N �D�V �Z�H�O�O �D�V �D �S�R�V�W���.�H�\�Q�H�V�L�D�Q �D�O�W�H�U�Q�D�W�L�Y�H
�V�W�U�D�W�H�J�\�� �(�P�S�O�R�\�P�H�Q�W �L�V �D�V�V�X�P�H�G �W�R �V�W�D�\ �F�R�Q�V�W�D�Q�W ��e2 = e3 = e4�� �V�L�Q�F�H �Q�R �V�W�U�R�Q�J �L�Q�F�U�H�D�V�H �L�Q
�X�Q�H�P�S�O�R�\�P�H�Q�W �K�D�V �E�H�H�Q �R�E�V�H�U�Y�H�G �L�Q �W�K�H �G�D�W�D��

�)�L�J�X�U�H�������Y�L�V�X�D�O�L�]�H�V �W�K�H �H�I�I�H�F�W �R�I �D�Q �L�P�S�R�U�W�H�G �R�L�O �S�U�L�F�H �V�K�R�F�N �L�Q �D�Q �H�Q�Y�L�U�R�Q�P�H�Q�W �R�I �I�L�Q�D�Q�F�L�D�O�L��
�]�D�W�L�R�Q�� �7�K�H �V�W�D�U�W�L�Q�J �S�R�L�Q�W �R�I �V�F�H�Q�D�U�L�R �R�Q�H �L�V �W�K�H �H�T�X�L�O�L�E�U�L�X�P �D�W �W�K�H �Q�H�Z �6�,�5�( �D�WeN

2 = e2 = e3��

 2 = 
 T

W 2 = 
 T
F 2��p̂u

2(e) = 0 �� �$�Q �L�Q�F�U�H�D�V�H �L�Q �L�P�S�R�U�W�H�G �H�Q�H�U�J�\ �S�U�L�F�H�V �D�I�I�H�F�W�V �W�K�H �W�D�U�J�H�W �Z�D�J�H
�V�K�D�U�H �R�I �I�L�U�P�V �V�L�Q�F�H �V�X�F�K �D�Q �L�Q�F�U�H�D�V�H �U�H�O�D�W�L�Y�H �W�R �G�R�P�H�V�W�L�F �Q�R�P�L�Q�D�O �Z�D�J�H�V �D�Q�G �S�U�L�F�H�V �U�D�L�V�H�V �W�K�H
�U�H�D�O �H�[�F�K�D�Q�J�H �U�D�W�H ��ae

r �� �D�Q�G �W�K�X�V �O�R�Z�H�U�V �W�K�H �I�L�U�P�V�¶ �W�D�U�J�H�W�� �7�K�H �U�L�V�H �L�Q �W�K�H �U�H�D�O �H�[�F�K�D�Q�J�H �U�D�W�H �V�K�L�I�W�V
�W�K�H �W�D�U�J�H�W �Z�D�J�H �V�K�D�U�H �R�I �I�L�U�P�V �G�R�Z�Q�Z�D�U�G�V �I�U�R�P
 T

F 2 �W�R
 T
F 3�� �D�Q�G �W�K�H �D�F�W�X�D�O �Z�D�J�H �V�K�D�U�H �V�K�L�I�W�V

�I�U�R�P
 2(e) �W�R
 3(e)�� �7�K�H �3�K�L�O�O�L�S�V �F�X�U�Y�H �P�R�Y�H�V �I�U�R�Pp̂u
2(e) �W�R̂pu
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�W�K�H �S�U�R�S�R�V�H�G �F�K�D�Q�Q�H�O�V �R�I �L�Q�I�O�X�H�Q�F�H�� �)�X�U�W�K�H�U�P�R�U�H�� �D �F�R�P�S�D�U�D�W�L�Y�H �D�Q�D�O�\�V�L�V �R�I �W�K�H �L�Q�I�O�D�W�L�R�Q�D�U�\ �D�Q�G
�U�H�G�L�V�W�U�L�E�X�W�L�Y�H �G�\�Q�D�P�L�F�V �L�Q �$�X�V�W�U�L�D �D�Q�G �*�H�U�P�D�Q�\ �L�V �F�R�Q�G�X�F�W�H�G��
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������ �'�D�W�D �D�Q�G �P�H�W�K�R�G�R�O�R�J�\

�, �V�H�O�H�F�W �W�Z�R �2�(�&�' �F�R�X�Q�W�U�L�H�V�� �Q�D�P�H�O�\ �*�H�U�P�D�Q�\ �D�Q�G �$�X�V�W�U�L�D�� �Z�K�L�F�K �V�K�D�U�H �P�D�Q�\ �V�L�P�L�O�D�U�L�W�L�H�V �V�X�F�K
�D�V �D �V�W�U�R�Q�J �L�Q�G�X�V�W�U�L�D�O �V�H�F�W�R�U �D�Q�G �D �F�R�P�S�D�U�D�E�O�H �L�Q�V�W�L�W�X�W�L�R�Q�D�O �I�U�D�P�H�Z�R�U�N ���6�W�R�F�N�K�D�P�P�H�U �H�W �D�O����
������������ �D�U�H �E�R�W�K �F�O�D�V�V�L�I�L�H�G �D�V �D �&�R�Q�W�L�Q�H�Q�W�D�O �(�X�U�R�S�H�D�Q���&�R�U�S�R�U�D�W�L�Y�H �Z�H�O�I�D�U�H �V�W�D�W�H ���+�D�\ �	 �:�L�Q�F�R�W�W��
������������ �D�Q�G �H�[�K�L�E�L�W �H�[�S�R�U�W���O�H�G �P�H�U�F�D�Q�W�L�O�L�V�W �J�U�R�Z�W�K �U�H�J�L�P�H�V ���+�H�L�Q �H�W �D�O���������������� �+�R�Z�H�Y�H�U�� �W�K�H�\
�K�D�Y�H �H�[�S�H�U�L�H�Q�F�H�G �G�L�I�I�H�U�H�Q�W �L�Q�I�O�D�W�L�R�Q�D�U�\ �G�\�Q�D�P�L�F�V ���)�U�L�W�]�H�U�������������� �)�X�U�W�K�H�U�P�R�U�H�� �V�L�Q�F�H �W�K�H �*�)�&
�D�Q�G �W�K�H �I�R�O�O�R�Z�L�Q�J �*�U�H�D�W �5�H�F�H�V�V�L�R�Q �����������±������ �F�D�Q �E�H �F�O�D�V�V�L�I�L�H�G �D�V �D �F�U�L�V�L�V�R�I�I�L�Q�D�Q�F�L�D�O�L�]�D�W�L�R�Q �D�Q�G
�L�V�� �W�K�H�U�H�I�R�U�H�� �D �S�R�W�H�Q�W�L�D�O �E�U�H�D�N �L�Q �W�K�H �I�L�Q�D�Q�F�L�D�O�L�]�D�W�L�R�Q�±�G�L�V�W�U�L�E�X�W�L�R�Q �Q�H�[�X�V ���+�H�L�Q������������ �F�K�D�S�W�H�U ������
�U�H�G�L�V�W�U�L�E�X�W�L�Y�H �W�U�H�Q�G�V �E�H�I�R�U�H �D�Q�G �D�I�W�H�U �W�K�H �F�U�L�V�L�V �Z�L�O�O �E�H �D�Q�D�O�\�]�H�G��

�7�K�L�V �S�D�S�H�U �F�R�P�S�L�O�H�V �Y�D�U�L�R�X�V �G�D�W�D �V�R�X�U�F�H�V�� �)�L�U�V�W�� �W�R �J�D�L�Q �D �E�H�W�W�H�U �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �W�K�H �L�Q�I�O�D�W�L�R�Q��
�D�U�\ �G�\�Q�D�P�L�F�V �L�Q �W�K�H �W�Z�R �V�H�O�H�F�W�H�G �2�(�&�' �F�R�X�Q�W�U�L�H�V�� �, �D�Q�D�O�\�]�H �G�D�W�D �I�U�R�P �W�K�H �(�X�U�R�V�W�D�W �����������E�� �D�Q�G
�$�0�(�&�2 �����������D�� �G�D�W�D�E�D�V�H�V �S�U�R�Y�L�G�H�G �E�\ �W�K�H �(�X�U�R�S�H�D�Q �&�R�P�P�L�V�V�L�R�Q�� �7�R �H�[�S�O�D�L�Q �F�R�X�Q�W�U�\ �K�H�W�H�U�R��
�J�H�Q�H�L�W�\ �D�Q�G �W�R �L�Q�F�R�U�S�R�U�D�W�H �W�K�H �R�Q�J�R�L�Q�J �G�L�V�F�X�V�V�L�R�Q �U�H�J�D�U�G�L�Q�J �W�K�H �G�U�L�Y�H�U�V �R�I �L�Q�I�O�D�W�L�R�Q�� �W�K�H �F�K�R�L�F�H
�R�I �L�Q�G�L�F�D�W�R�U�V �L�Q�F�O�X�G�H�V �D �*�'�3 �G�H�I�O�D�W�R�U�� �D �X�Q�L�W �O�D�E�R�U �F�R�V�W �G�H�I�O�D�W�R�U�� �D�Q�G �D �X�Q�L�W �L�P�S�R�U�W�H�G �P�D�W�H�U�L�D�O
�F�R�V�W �G�H�I�O�D�W�R�U�� �)�X�U�W�K�H�U�P�R�U�H�� �D �S�U�R�[�\ �I�R�U �D �X�Q�L�W �S�U�R�I�L�W �G�H�I�O�D�W�R�U �L�V �F�D�O�F�X�O�D�W�H�G�� �,�Q �W�K�H �I�R�O�O�R�Z�L�Q�J�� �D�Q
�L�Q�I�O�D�W�L�R�Q �G�H�F�R�P�S�R�V�L�W�L�R�Q �I�R�O�O�R�Z�L�Q�J �W�K�H �.�D�O�H�F�N�L�D�Q �S�U�L�F�H �V�H�W�W�L�Q�J �H�T�X�D�W�L�R�Q �H�V�W�D�E�O�L�V�K�H�G �L�Q �V�H�F�W�L�R�Q��
�Z�L�O�O �E�H �S�U�R�Y�L�G�H�G�� �)�R�U �D �G�H�W�D�L�O�H�G �P�H�W�K�R�G�R�O�R�J�\ �V�H�H �W�K�H�$�S�S�H�Q�G�L�[��

�6�H�F�R�Q�G�� �W�R �R�S�H�U�D�W�L�R�Q�D�O�L�]�H �W�K�H �W�K�U�H�H �.�D�O�H�F�N�L�D�Q �F�K�D�Q�Q�H�O�V �R�I �L�Q�F�R�P�H �U�H�G�L�V�W�U�L�E�X�W�L�R�Q�� �, �F�R�P�E�L�Q�H �G�D�W�D
�I�U�R�P �W�K�H �2�(�&�' �$�Q�Q�X�D�O �1�D�W�L�R�Q�D�O �$�F�F�R�X�Q�W�V�� �7�D�E�O�H �����$ �����������D���� �2�(�&�' �/�D�E�R�U �6�W�D�W�L�V�W�L�F�V �R�Q
�(�P�S�O�R�\�P�H�Q�W �3�U�R�W�H�F�W�L�R�Q �����������E���� �2�(�&�' �6�R�F�L�D�O �3�U�R�W�H�F�W�L�R�Q �D�Q�G �:�H�O�O �%�H�L�Q�J �6�W�D�W�L�V�W�L�F�V �R�Q �%�H�Q�H��
�I�L�W�V�� �7�D�[�H�V �D�Q�G �:�D�J�H�V �����������F���� �W�K�H �(�X�U�R�V�W�D�W �D�Q�G �$�0�(�&�2 �G�D�W�D�E�D�V�H�V �S�U�R�Y�L�G�H�G �E�\ �W�K�H �(�X�U�R�S�H�D�Q
�&�R�P�P�L�V�V�L�R�Q �����������D���� �D�Q�G �W�K�H �2�(�&�'���$�,�$�6 �G�D�W�D�E�D�V�H �R�Q �,�Q�V�W�L�W�X�W�L�R�Q�D�O �&�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �7�U�D�G�H
�8�Q�L�R�Q�V�� �:�D�J�H �6�H�W�W�L�Q�J�� �6�W�D�W�H �,�Q�W�H�U�Y�H�Q�W�L�R�Q �D�Q�G �6�R�F�L�D�O �3�D�F�W�V ���,�&�7�:�6�6�� �������������� �7�K�H �F�K�R�L�F�H �R�I
�L�Q�G�L�F�D�W�R�U�V �I�R�U �W�K�H �.�D�O�H�F�N�L�D�Q �F�K�D�Q�Q�H�O�V �L�V �E�D�V�H�G �R�Q �W�K�H �H�P�S�L�U�L�F�D�O �O�L�W�H�U�D�W�X�U�H �L�Q �F�K�D�S�W�H�U���� �6�L�Q�F�H
�, �R�Q�O�\ �F�R�Q�V�L�G�H�U �P�H�G�L�X�P�� �W�R �O�R�Q�J���U�X�Q �W�U�H�Q�G�V �F�R�Q�F�H�U�Q�L�Q�J �W�K�H �.�D�O�H�F�N�L�D�Q �F�K�D�Q�Q�H�O�V�� �, �Z�L�O�O �D�E�V�W�U�D�F�W
�I�U�R�P �F�\�F�O�L�F�D�O �I�O�X�F�W�X�D�W�L�R�Q�V��

������ �,�Q�I�O�D�W�L�R�Q�D�U�\ �D�Q�G �U�H�G�L�V�W�U�L�E�X�W�L�Y�H �W�U�H�Q�G�V �L�Q ���������±��������

�,�Q�I�O�D�W�L�R�Q�D�U�\ �S�U�H�V�V�X�U�H �W�U�L�J�J�H�U�H�G �E�\ �V�X�S�S�O�\ �E�R�W�W�O�H�Q�H�F�N�V �D�Q�G �K�L�N�L�Q�J �H�Q�H�U�J�\ �S�U�L�F�H�V �K�D�V �E�H�H�Q �D�Q �L�Q��
�W�H�U�Q�D�W�L�R�Q�D�O �S�K�H�Q�R�P�H�Q�R�Q ���H���J���� �)�H�U�J�X�V�R�Q �	 �6�W�R�U�P������������ �6�W�R�U�P�����������D���� �7�K�L�V �G�\�Q�D�P�L�F �K�D�V �D�O�V�R
�E�H�H�Q �R�E�V�H�U�Y�H�G �L�Q �*�H�U�P�D�Q�\ �D�Q�G �$�X�V�W�U�L�D�� �7�K�H �U�D�W�H �R�I �F�K�D�Q�J�H �R�I �W�K�H �*�'�3 �G�H�I�O�D�W�R�U �W�R �W�K�H �S�U�H�Y�L�R�X�V
�\�H�D�U �I�R�U �E�R�W�K �F�R�X�Q�W�U�L�H�V �L�V �Y�L�V�X�D�O�L�]�H�G �L�Q �)�L�J�X�U�H�������� �8�Q�W�L�O ���������� �W�K�H �U�D�W�H �R�I �F�K�D�Q�J�H �R�I �W�K�H �*�'�3
�G�H�I�O�D�W�R�U �I�O�X�F�W�X�D�W�H�G �D�U�R�X�Q�G �W�K�H ���� �W�D�U�J�H�W �R�I �W�K�H �(�&�%�� �$�I�W�H�U�Z�D�U�G�V�� �L�Q�I�O�D�W�L�R�Q �V�N�\�U�R�F�N�H�W�H�G �I�R�U �E�R�W�K
�F�R�X�Q�W�U�L�H�V�� �7�K�H �K�L�J�K�H�V�W �F�K�D�Q�J�H�V �Z�H�U�H �U�H�F�R�U�G�H�G �I�U�R�P �������� �W�R ���������� �S�H�D�N�L�Q�J �Z�L�W�K �D�Q�Q�X�D�O �F�K�D�Q�J�H�V
�L�Q �U�D�W�H�V �R�I �������� �L�Q �*�H�U�P�D�Q�\ �D�Q�G �������� �L�Q �$�X�V�W�U�L�D���� �%�H�W�Z�H�H�Q �������� �D�Q�G �������� �W�K�H �J�U�R�Z�W�K �U�D�W�H �R�I
�W�K�H �*�'�3 �G�H�I�O�D�W�R�U �L�Q �$�X�V�W�U�L�D �V�X�U�S�D�V�V�H�G �W�K�H �*�H�U�P�D�Q �R�Q�H�� �7�K�L�V �W�U�H�Q�G �K�D�V �Q�R�W �U�H�Y�H�U�V�H�G�� �D�V �W�K�H �U�D�W�H
�R�I �F�K�D�Q�J�H �R�I �W�K�H �*�'�3 �G�H�I�O�D�W�R�U �K�D�V �E�H�H�Q �F�R�Q�V�W�D�Q�W�O�\ �K�L�J�K�H�U �L�Q �$�X�V�W�U�L�D �W�K�D�Q �L�Q �*�H�U�P�D�Q�\��

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

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