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Abstract

This thesis presents a study of the kinematics, physical conditions and chem-

ical abundances for a sample of Galactic planetary nebulae (PNe) with Wolf-

Rayet (WR) and weak emission-line stars (wels), based on optical integral field

unit (IFU) spectroscopy obtained with the Wide Field Spectrograph (WiFeS)

on the Australian National University 2.3 telescope at Siding Spring Observa-

tory, and complemented by spectra from the literature. PNe surrounding WR-

type stars constitute a particular study class for this study. A considerable frac-

tion of currently well-identified central stars of PNe exhibit ‘hydrogen-deficient’

fast expanding atmospheres characterized by a large mass-loss rate. Most of

them were classified as the carbon-sequence and a few of them as the nitrogen-

sequence of the WR-type stars. What is less clear are the physical mechanisms

and evolutionary paths that remove the hydrogen-rich outer layer from these

degenerate cores, and transform it into a fast stellar wind. The aim of this thesis

is to determine kinematic structure, density distribution, thermal structure and

elemental abundances for a sample of PNe with different hydrogen-deficient

central stars, which might provide clues about the origin and formation of their

hydrogen-deficient stellar atmospheres.

The Hα and [N II] emission features were used to measure the nebular ra-

dial velocities. Based on the spatially resolved velocity distributions of these

emission lines combined with archival Hubble Space Telescope imaging for com-

pact PNe, the kinematic structures of these PNe were determined. Comparing

the velocity maps observed by the IFU spectrograph with those predicted by

morpho-kinematic models excluded the projection effect from the nebula’s ap-

pearance and identified the morphology of most PNe, apart from the compact

objects. The results indicate that these PNe have axisymmetric morphologies,

either bipolar or elliptical. In many cases, the associated kinematic maps for
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PNe around hot WR-type stars also show the presence of so-called fast low-

ionization emission regions (FLIERs).

The WiFeS observations, complemented with archival spectra from the liter-

ature, have been used to carry out plasma diagnostics and abundance analysis

using both collisionally excited lines (CELs) and optical recombination lines

(ORLs). ORL abundances for carbon, nitrogen and oxygen have been derived

where adequate recombination lines were available. The weak temperature de-

pendence of ORLs has also been used to determine the thermal structure. It is

found that the ORL abundances are several times higher than the CEL abun-

dances, whereas the temperatures derived from the He I recombination lines

are typically lower than those measured from the collisionally excited nebular-

to-auroral forbidden line ratios. The abundance discrepancy factors (ADFs) for

doubly-ionized nitrogen and oxygen are within a range from 2 to 49, which are

closely correlated with the dichotomy between temperatures derived from for-

bidden lines and those from He I recombination lines. The results show that the

ADF and temperature dichotomy are correlated with the intrinsic nebular Hβ

surface brightness, suggesting that the abundance discrepancy problem must

be related to the nebular evolution.

Three-dimensional photoionization models of four Galactic PNe have been

constructed, constrained by the WiFeS observations (Abell 48 and SuWt 2) and

the double echelle MIKE spectroscopy from the literature (Hb 4 and PB 8). The

WiFeS observations have been used to perform the empirical analysis of Abell

48 and SuWt 2. The spatially resolved velocity distributions were used to deter-

mine the kinematic structures of Hb 4 and Abell 48. The previously identified

non-LTE model atmospheres of Abell 48 and PB 8 have been used as ionizing

fluxes in their photoionization models. It is found that the enhancement of the

[N II] emission in the FLIERs of Hb 4 is more attributed to the geometry and

density distribution, while the ionization correction factor method and electron

temperature used for the empirical analysis are mostly responsible for apparent
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inhomogeneity of nitrogen abundance. However, the results indicate that the

chemically inhomogeneous models, containing a small fraction of metal-rich in-

clusions (around 5 percent), provide acceptable matches to the observed ORLs

in Hb 4 and PB 8. The observed nebular spectrum of Abell 48 was best produced

by using a nitrogen-sequence non-LTE model atmosphere of a low-mass progen-

itor star rather than a massive Pop I star. For Abell 48, the helium temperature

predicted by the photoionization model is higher than those empirically de-

rived, suggesting the presence of a fraction of cold metal-rich structures inside

the nebula. It is found that a dual-dust chemistry with different grain species

and discrete grain sizes likely produces the nebular Spitzer mid-infrared con-

tinuum of PB 8. The photoionization models of SuWt 2 suggest the presence

of a hot hydrogen-deficient degenerate core, compatible with what is known

as a PG 1159-type star, while the nebula’s age is consistent with a born-again

scenario.
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✔✏ ❈✑✍☞✎✒✠ ▼✒✠✠✟✒☞ ✟✕ ✜✼✻✹✱ ✍✕✛ ✖✍✠ ✛✒✠✟❣✕✍✡✒✛ ✍✠ ▼✷✼ ✟✕ ✑✟✠ ✌✍✡✍✎☛❣✓✒ ✭✕☛✖

❦✕☛✖✕ ✍✠ ✡✑✒ ▼✒✠✠✟✒☞ ❈✍✡✍✎☛❣✓✒❀ ▼✒✠✠✟✒☞ ✜✼✽✜✮✢ ❚✑✒ ✗✕✍✎ ✚✒☞✠✟☛✕ ☛❢ ▼✒✠✠✟✒☞

✌✍✡✍✎☛❣✓✒ ♣✓✔✎✟✠✑✒✛ ✟✕ ✜✼✽✹ ✌☛✕✡✍✟✕✒✛ ✡✑☞✒✒ ☛✡✑✒☞ ✘✎✍✕✒✡✍☞✏ ✙✒✔✓✎✍✒✱ ▼✺✼✱

▼✼✻ ✍✕✛ ▼✾✼✢ ❚✑✒ ❘✟✕❣ ✙✒✔✓✎✍ ✭▼✺✼✮ ✖✍✠ ✟✕✛✒♣✒✕✛✒✕✡✎✏ ✛✟✠✌☛✚✒☞✒✛ ✔✏ ❆✕✲

✡☛✟✕✒ ❉✍☞q✓✟✒☞ ✍✕✛ ▼✒✠✠✟✒☞ ✟✕ ✜✼✼✾✢ ❚✑✒ ▲✟✡✡✎✒ ❉✓♠✔✔✒✎✎ ✙✒✔✓✎✍ ✭▼✼✻✮ ✍✕✛ ✡✑✒

❖✖✎ ✙✒✔✓✎✍ ✭▼✾✼✮ ✖✒☞✒ ✛✟✠✌☛✚✒☞✒✛ ✔✏ ✘✟✒☞☞✒ ▼➫✒✌✑✍✟✕✱ ✍✕✛ ✑✍✚✒ ✔✒✒✕ ✍✛✛✒✛

✡☛ ✡✑✒ ▼✒✠✠✟✒☞ ❈✍✡✍✎☛❣✓✒ ✔✏ ✜✼✽✷✢ ❚✑✒ ✕✍♠✒ ✣✤✥✦✧★✥✩✪ ✫✧✬✯✤✥ ✖✍✠ ✌☛✟✕✒✛ ✔✏

❲✟✎✎✟✍♠ ❍✒☞✠✌✑✒✎ ✟✕ ✡✑✒ ✜✽✡✑ ✌✒✕✡✓☞✏ ✟✕ ☞✒❢✒☞✒✕✌✒ ✡☛ ✡✑✒✟☞ ☞✒✠✒♠✔✎✍✕✌✒ ✡☛ ✑✟✠

☞✒✌✒✕✡✎✏ ✛✟✠✌☛✚✒☞✒✛ ♣✎✍✕✒✡ ❯☞✍✕✓✠✱ ✖✑✟✎✒ ✑✒ ✠✡✓✛✟✒✛ ✡✑☛☞☛✓❣✑✎✏ ✡✑✒ ▼✒✠✠✟✒☞

❈✍✡✍✎☛❣✓✒✢ ❚✑✒✠✒ ✘✙✒ ✍♣♣✒✍☞✒✛ ✍✠ ✍ ☞✒✠☛✎✚✒✛ ✛✟✠✌ ✟✕ ✍ ✠♠✍✎✎ ✡✒✎✒✠✌☛♣✒ ✍✕✛ ✡✑✒

✠✡☞☛✕❣ ❬❖ ✰✰✰❪ ✍✕✛ ❍✴ ✒♠✟✠✠✟☛✕ ✎✟✕✒✠ ✚✟✠✓✍✎✎✏ ✒♠✒☞❣✒ ✡✑✒♠ ✍✠ ❣✑☛✠✡✎✏ ❣☞✒✒✕✟✠✑✲

✔✎✓✒ ☛✔❥✒✌✡✠✱ ✠✟♠✟✎✍☞ ✡☛ ✡✑✒ ♣✎✍✕✒✡ ❯☞✍✕✓✠✢

❚✑✒ ✗☞✠✡ ✠♣✒✌✡☞☛✠✌☛♣✟✌ ☛✔✠✒☞✚✍✡✟☛✕ ☛❢ ✘✙✒ ✖✒☞✒ ✛☛✕✒ ✔✏ ❍✓❣❣✟✕✠ ✵ ▼✟✎✎✒☞

✭✜✽✻✹✮✱ ☛✕✒ ✑✓✕✛☞✒✛ ✏✒✍☞✠ ✍❢✡✒☞ ✡✑✒ ✗☞✠✡ ✛✟✠✌☛✚✒☞✏✢ ❚✑✒✏ ❢☛✓✕✛ ✡✑✍✡ ✡✑✒ ✠♣✒✌✲

✡☞✓♠ ☛❢ ✡✑✒ ❈✍✡✸✠ ❊✏✒ ✭✙●❈✻✺✹❁✮ ✠✑☛✖✠ ✍ ✠✟✕❣✎✒ ✔☞✟❣✑✡ ✒♠✟✠✠✟☛✕ ✎✟✕✒ ✖✟✡✑☛✓✡
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❛♥② ❝♦♥t✐♥✉✉♠ ❡♠✐ss✐♦♥ ❛♥❞ ❛❜s♦r♣t✐♦♥ ❢❡❛t✉r❡s✱ ✇❤✐❝❤ ✇❛s ✐♥ ❝♦♥tr❛st t♦ t❤♦s❡

st❛rs ♣r❡✈✐♦✉s❧② ♦❜s❡r✈❡❞� ❆ ②❡❛r ❧❛t❡r t❤❛t ❧✐♥❡ ✇❛s ✐❞❡♥t✐✂❡❞ ❛s ❛ ❇❛❧♠❡r ❧✐♥❡

♦❢ ❤②❞r♦❣❡♥ ✭❍✁✮ ❜② t❤❡♠✱ ❛♥❞ ✐t ❜❡❝❛♠❡ ❛♣♣❛r❡♥t t❤❛t t✇♦ ♦t❤❡r ❜r✐❣❤t ❧✐♥❡s

s♦ ❝❛❧❧❡❞ ➇♥❡❜✉❧✐✉♠➈ ❛❧s♦ ❡①✐st ✐♥ t❤❡s❡ ♦❜❥❡❝ts� ✄❤❡ ♥❛♠❡ ✇❛s ❛ttr✐❜✉t❡❞ t♦

❛ ❤②♣♦t❤❡t✐❝❛❧ ✉♥❦♥♦✇♥ ❡❧❡♠❡♥t ♥❡❜✉❧✐✉♠✱ ✇❤✐❝❤ ✇❡r❡ ♠✉❝❤ ❧❛t❡r ❢♦✉♥❞ t♦

❜❡ ♣r♦❞✉❝❡❞ ❜② ❢♦r❜✐❞❞❡♥ tr❛♥s✐t✐♦♥s ❢r♦♠ ♠❡t❛st❛❜❧❡ st❛t❡s ♦❢ ❞♦✉❜❧②✲✐♦♥✐③❡❞

♦①②❣❡♥ ✭❇♦✇❡♥ ☎✾✷✼❛✱❜✱ ☎✾✷✽✮� ❙♣❡❝tr♦s❝♦♣✐❝ ♦❜s❡r✈❛t✐♦♥s ♦❢ ♦t❤❡r ❜r✐❣❤t❡st

♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ❜② ♦t❤❡rs ❛str♦♥♦♠❡rs✱ ❡�❣� ❙❡❝❝❤✐ ✭☎✽✻✼✮✱ s❤♦✇❡❞ t❤❛t t❤❡s❡

t❤r❡❡ ❧✐♥❡s ❛r❡ ❛❧♠♦st ❝♦♠♠♦♥ ✐♥ t❤❡s❡ ♦❜❥❡❝ts�

▼♦r❡ ♦❜s❡r✈❛t✐♦♥s s❤♦✇❡❞ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♦t❤❡r ❢❛✐♥t❡r ❧✐♥❡s✱ ❛❧t❤♦✉❣❤ ❍✉❣✲

❣✐♥s ✫ ▼✐❧❧❡r ✇❡r❡ ♥♦t ❛❜❧❡ t♦ ❝♦rr❡❧❛t❡ t❤❡♠ ✇✐t❤ t❤♦s❡ ❛❧r❡❛❞② ✐❞❡♥t✐✂❡❞ ✐♥

❡❛rt❤ ❧❛❜♦r❛t♦r✐❡s� ❍♦✇❡✈❡r✱ t❤❡ ❡♠❡r❣❡♥❝❡ ❛♥❞ ❞❡✈❡❧♦♣♠❡♥t ♦❢ t❤❡ ❛t♦♠✐❝ t❤❡✲

♦r② ✐♥ t❤❡ ✷✵t❤ ❝❡♥t✉r② ❛❧❧♦✇❡❞ t♦ ✐❞❡♥t✐❢② ♠❛♥② ❧♦✇ ❛t♦♠✐❝ ♥✉♠❜❡r ❡❧❡♠❡♥ts

✐♥ P✆❡✱ s✉❝❤ ❛s ❤②❞r♦❣❡♥✱ ❤❡❧✐✉♠✱ ♥✐tr♦❣❡♥ ❛♥❞ ♦①②❣❡♥� ✝✉ss❡❧❧ ❡t ❛❧� ✭☎✾✷✻✮

❛r❣✉❡❞ t❤❛t t❤❡ ♥❡❜✉❧✐✉♠ ❧✐♥❡s ❝♦✉❧❞ ❜❡ ♠♦r❡ ❛ttr✐❜✉t❡❞ t♦ ❛ ✈❡r② ❛❜✉♥❞❛♥t ❡❧✲

❡♠❡♥t ♦❢ ❧♦✇ ❛t♦♠✐❝ ♥✉♠❜❡r✱ ❛♥❞ ♠✐❣❤t ❜❡ ❡♠✐tt❡❞ ❢r♦♠ tr❛♥s✐t✐♦♥s ♦❢ ❤✐❣❤ ❧❡✈✲

❡❧s ♦❢ ❝♦❧❧✐s✐♦♥❛❧ ❞❡✲❡①❝✐t❛t✐♦♥✱ ✇❤✐❝❤ ❝❛♥♥♦t ❜❡ ♣r♦❞✉❝❡❞ ✐♥ ❧❛❜♦r❛t♦r② ❝♦♥❞✐✲

t✐♦♥s� ❇♦✇❡♥ ✭☎✾✷✽✮ ✇❛s t❤❡ ✂rst t♦ ✐❞❡♥t✐❢② t❤❡ ♣r❡✈✐♦✉s❧② ✉♥❦♥♦✇♥ ♥❡❜✉❧✐✉♠

❧✐♥❡s ❛s ❬✞ ✟✟✟❪ ✠✠✹✾✺✾✱✺✵✵✼ ✡❆ ♦①②❣❡♥ ❡♠✐ss✐♦♥ ❧✐♥❡s✱ ❛♥❞ ❝♦♥✈✐♥❝✐♥❣❧② ✐❞❡♥t✐✲

✂❡❞ ♦t❤❡r ❧✐♥❡s✱ ♥❛♠❡❧② ❬✆ ✟✟❪ ✠✠✻✺✹✽✱✻✺✽✸ ✡❆ ✭♥✐tr♦❣❡♥✮✱ ❬✞ ✟✟❪ ✠✠✸✼✷✻✱✸✼✷✾ ✡❆✱

❬✞ ✟✟❪ ✠✹✸✻✹ ✡❆ ❛♥❞ ❬✞ ✟✟❪ ✠✼✸✷✺ ✡❆� ❇♦✇❡♥ ❜❡❧✐❡✈❡❞ t❤❛t t❤❡ ❡♠✐ss✐♦♥ ❧✐♥❡s ♠♦r❡

❧✐❦❡❧② ❛r✐s❡ ❢r♦♠ t❤❡ ❛t♦♠✐❝ tr❛♥s✐t✐♦♥s✱ ✇❤✐❝❤ ✐s ♥♦t ❛s ❞♦♠✐♥❛♥t ❛s ♦♥ ❡❛rt❤

❧❛❜♦r❛t♦r✐❡s� ✆♦✇ ✇❡ ❦♥♦✇ t❤❛t t❤❡s❡ tr❛♥s✐t✐♦♥s ❛r❡ ♦♥❧② ❛✈❛✐❧❛❜❧❡ ✐♥ ❧♦✇

❞❡♥s✐t② r❡❣✐♦♥s ✇❤❡r❡ ❝♦❧❧✐s✐♦♥❛❧ ❞❡✲❡①❝✐t❛t✐♦♥ ❜❡❝♦♠❡ ❞♦♠✐♥❛♥t✱ s♦ ✇❡ ❝❛♥♥♦t

♦❜s❡r✈❡ t❤❡♠ ✐♥ ❧❛❜♦r❛t♦r② ❝♦♥❞✐t✐♦♥s�

❆t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ t❤❡ ✷✵t❤ ☛❡♥t✉r②✱ ▼❡♥③❡❧ ✭☎✾✷✻✮ s✉❣❣❡st❡❞ t❤❛t t❤❡

❡♥t✐r❡ ☞✉① ❜❡②♦♥❞ t❤❡ ▲②♠❛♥ ❧✐♠✐t ✭✾☎✷ ✡❆✮ ♠✉st ❜❡ ❛❜s♦r❜❡❞ t♦ ♣r♦❞✉❝❡ t❤❡

❇❛❧♠❡r ❍✁ ❡♠✐ss✐♦♥ ☞✉①� ✄❤✐s ✐❞❡❛ ✇❛s ✐♥✐t✐❛❧❧② ❝♦✐♥❡❞ ❜② ❍❡rs❝❤❡❧ ✭☎✼✾☎✮✱

✇❤♦ ♣♦st✉❧❛t❡❞ t❤❛t P✆❡ r❡❝❡✐✈❡ t❤❡✐r ❡♥❡r❣② ❢r♦♠ ❛ ♥❡❛r❜② st❛r� ✄❤✐s ✐❞❡❛ ✇❛s

✷ ❊✌✍✎✏✑✒✍✓ ✍✔ ✕✎✖✓✗✑✖✘✙ ✓✗✚✏✎✖✗ ✛✒✑✜ ❲✢✣✑✙✕✗ ✤✗✓✑✘✖✎ ✥✑✖✘✥



✶✳✶✳ P�❆◆❊❚❆❘❨ ◆❊❇❯�❆✿ ❆ ❍■❙❚❖❘■❈❆� ❖❱❊❘❱■❊❲

♥♦t t❛❦❡♥ s❡r✐♦✉s❧② ❢♦r ♦♥❡ ❝❡♥t✉r②✱ ✉♥t✐❧ ✁✉❜❜❧❡ ✭✂✾✷✷✮ ❢♦✉♥❞ t❤❛t t❤❡ ♥❡❜✉✲

❧❛r ❞✐❛♠❡t❡r ✐s ❝❧♦s❡❧② ❝♦rr❡❧❛t❡❞ ✇✐t❤ t❤❡ st❡❧❧❛r ♠❛❣♥✐t✉❞❡ ♦❢ t❤❡ ❝❡♥tr❛❧ st❛r✱

❛♥❞ ❛r❣✉❡❞ t❤❛t t❤❡ ♥❡❜✉❧❛ ✐s ♣r♦❜❛❜❧② ♣r♦❞✉❝❡❞ ❜② st❡❧❧❛r ❝♦♥t✐♥✉♦✉s r❛❞✐❛✲

t✐♦♥✄ ☎ ♠❡t❤♦❞ ♦❢ ❞❡r✐✈✐♥❣ t❤❡ ❝❡♥tr❛❧ st❛r t❡♠♣❡r❛t✉r❡ ❞❡✈❡❧♦♣❡❞ ❜② ❩❛♥str❛

✭✂✾✷✼✮✱ ✇❤✐❝❤ ❝❛♥ ❜❡ ✉s❡❞ t♦ ❞❡t❡r♠✐♥❡ t❤❡ ♥✉♠❜❡r ♦❢ ▲②♠❛♥ ❝♦♥t✐♥✉✉♠ ♣❤♦✲

t♦♥s ❡♠✐tt❡❞ ❢r♦♠ t❤❡ ✆✉① r❛t✐♦ ♦❢ t❤❡ ✝❛❧♠❡r ✁✞ ❧✐♥❡ t♦ t❤❡ st❡❧❧❛r ❝♦♥t✐♥✉✉♠✄

✁♦✇❡✈❡r✱ t❤❡ ❩❛♥str❛ t❡♠♣❡r❛t✉r❡s ♦❢ ✟✠❡ ✇❡r❡ ❢♦✉♥❞ t♦ ❜❡ s✐❣♥✐✡❝❛♥t❧② ❤✐❣❤❡r

t❤❛♥ t❤♦s❡ ♦❜s❡r✈❡❞ ❛t t❤❡ t✐♠❡✄ ☛♥ ❡❛r❧② ✷✵t❤ ❝❡♥t✉r②✱ ✐t ✇❛s t❤♦✉❣❤t t❤❛t st❛rs

❡✈♦❧✈❡ ❢r♦♠ ❤✐❣❤ t♦ ❧♦✇ t❡♠♣❡r❛t✉r❡s✄ ☞❤❡r❡❢♦r❡✱ ❤✐❣❤ st❡❧❧❛r t❡♠♣❡r❛t✉r❡s ♦❢

✟✠❡ ✇❡r❡ ❜❡❧✐❡✈❡❞ t♦ ❜❡ r❡❧❛t❡❞ t♦ ②♦✉♥❣ st❛rs✄ ✁♦✇❡✈❡r✱ ✌✉rt✐s ✭✂✾✂✽✮ ❢♦✉♥❞

t❤❛t t❤❡ ✈❡❧♦❝✐t② ❞✐str✐❜✉t✐♦♥s ♦❢ ✟✠❡ ❝♦✉❧❞ ♥♦t ❜❡ ❛ss♦❝✐❛t❡❞ ✇✐t❤ ②♦✉♥❣ ♦❜✲

❥❡❝ts✱ s♦ t❤❡② s❤♦✉❧❞ ❝♦♥t❛✐♥ ❧❛t❡✲t②♣❡ st❛rs r❛t❤❡r t❤❛♥ ②♦✉♥❣ st❛rs✄

☞❤❡ ✡rst st❡♣ t♦✇❛r❞ t❤❡♦r❡t✐❝❛❧ ❡①♣❧❛♥❛t✐♦♥ ♦❢ t❤❡ ♦r✐❣✐♥ ♦❢ ✟✠ ✇❛s ♠❛❞❡

❜② ✍❤❦❧♦✈s❦② ✭✂✾✺✻✮✱ ✇❤♦ ♣♦st✉❧❛t❡❞ t❤❛t ✟✠❡ ❛r❡ ❞❡s❝❡♥❞❛♥ts ♦❢ r❡❞ ❣✐❛♥ts✱

❛♥❞ t❤❡✐r ❝❡♥tr❛❧ st❛rs ❛r❡ ❜❡❝♦♠✐♥❣ ✇❤✐t❡ ❞✇❛r❢s✄ ✝② ❝♦♠♣❛r✐s♦♥ t❤❡ ♥❡❜✉✲

❧❛r ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t✐❡s ✇✐t❤ ❡s❝❛♣❡ ✈❡❧♦❝✐t✐❡s ♦❢ r❡❞ ❣✐❛♥ts✱ ☎❜❡❧❧ ✫ ●♦❧❞r❡✐❝❤

✭✂✾✻✻✮ ❛r❣✉❡❞ t❤❛t ✟✠❡ ❛r❡ t❤❡ r❡s✉❧t ♦❢ t❤❡ ❡❥❡❝t❡❞ r❡❞ ❣✐❛♥t ❛t♠♦s♣❤❡r❡s✱

❛♥❞ ♣r♦♣♦s❡❞ ❛ ♥✉♠❜❡r ♦❢ ♣❤②s✐❝❛❧ ♣r♦❝❡ss❡s t♦ ❡❥❡❝t t❤❡ st❡❧❧❛r s❤❡❧❧s✄ ✁♦✇✲

❡✈❡r✱ t❤❡ tr❛♥s✐t✐♦♥ ❢r♦♠ r❡❞ ❣✐❛♥t st❛rs t♦ ✟✠ t♦ ✇❤✐t❡ ❞✇❛r❢s r❡♠❛✐♥❡❞ ♣♦♦r❧②

✉♥❞❡rst♦♦❞ ❢♦r ♠♦r❡ t❤❛♥ ❛ ❞❡❝❛❞❡✄

✟❛❝③②➫♥s❦✐ ✭✂✾✼✂✮ ❢♦✉♥❞ t❤❛t t❤❡ st❡❧❧❛r t❡♠♣❡r❛t✉r❡ ♦❢ ❛ r❡❞ ❣✐❛♥t st❛r ❞♦❡s

♥♦t ❝❤❛♥❣❡ ✉♥t✐❧ t❤❡ st❡❧❧❛r ❡♥✈❡❧♦♣❡ ✐s ❛❧r❡❛❞② r❡♠♦✈❡❞✄ ☞❤✐s ♠❡❛♥t t❤❛t t❤❡

st❛r st❛rts t♦ ♠♦✈❡ t♦✇❛r❞ t❤❡ ✟✠ ♣❤❛s❡✱ ✇❤❡♥ t❤❡ st❡❧❧❛r ❡♥✈❡❧♦♣❡ ✐s ❡❥❡❝t❡❞✄

✎❡❞ ❣✐❛♥t st❛rs s❤♦✇ ❛ t②♣✐❝❛❧ ♠❛ss ❧♦ss r❛t❡ ♦❢ ✏✑✒✓ ▼ ②r✒✔✱ ❛♥❞ ❛ ✇✐♥❞ ✈❡❧♦❝✐t②

❛r♦✉♥❞ ✂✵ ❦♠s✒✔✄ ✁♦✇❡✈❡r✱ ✍♠✐t❤ ✫ ☎❧❧❡r ✭✂✾✻✾✮ ❢♦✉♥❞ t❤❛t ❝❡♥tr❛❧ st❛rs ♦❢

♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ s❤♦✇ ❛ ❤✐❣❤❡r ✇✐♥❞ ✈❡❧♦❝✐t② ♦❢ ✘ ✏✑✑✑ ❦♠ s✒✔✄ ☎ ✇✐♥❞ ♠♦❞❡❧

♦❢ t❤❡ ❢♦r♠❛t✐♦♥ ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✇❛s ♣r♦♣♦s❡❞ ❜② ❑✇♦❦ ❡t ❛❧✄ ✭✂✾✼✽✮✱ ✇❤✐❝❤

✐♥❞✐❝❛t❡❞ t❤❛t t❤❡ ♥❡❜✉❧❛r s❤❡❧❧ ✐s ♣r♦❞✉❝❡❞ ❜② t❤❡ ✐♥t❡r❛❝t✐♦♥ ♦❢ t❤❡s❡ t✇♦

✇✐♥❞s✄

❆✕✖✗✙✚✛ ❉✜✢✣✖✗✜✤ ✸



✶✳ ■◆❚❘❖❉❯❈❚■❖◆

�✁✷ P❧❛♥❡t❛r② ✂❡❜✉❧❛✿ ❛ t❤❡♦r❡t✐❝❛❧ ♦✈❡r✈✐❡✇

❆ ♣✄☎✆✝✞☎✟✠ ✆✝✡☛✄☎ ✭☞✌✮ ✍s ✍✎✆✍③✝❞ ✏✍✟✏☛♠s✞✝✄✄☎✟ ♠☎✞✝✟✍☎✄ ✝❥✝✏✞✝❞ ✑✍☎ s✞✝✄✄☎✟

✒✍✆❞s ✡✠ ✞✓✝ ♣✟✝✏☛✟s✎✟ ☎s✠♠♣✞✎✞✍✏ ❣✍☎✆✞ ✡✟☎✆✏✓ ✭❆●❇✮ s✞☎✟ ✒✍✞✓ ✍✆✍✞✍☎✄ ♠☎ss✝s

✡✝✞✒✝✝✆ ✔ ☎✆❞ ✽▼❏ ✭❙✏✓➝✎✆✡✝✟✆✝✟ ✔✾✕✔❀ ✖✡✝✆ ✔✾✾✺✮✗ ✘✓✝ s✞✝✄✄☎✟ ✝✑✎✄☛✞✍✎✆

✎❢ ✄✎✒ ☎✆❞ ✍✆✞✝✟♠✝❞✍☎✞✝ ♠☎ss s✞☎✟s ✓☎s ✡✝✝✆ ✟✝✑✍✝✒✝❞ ✡✠ ❱☎ss✍✄✍☎❞✍s ✫ ❲✎✎❞

✭✔✾✾✸✮❀ ❇✄➝✎✏❦✝✟ ✭✔✾✾✺☎✱✡✮✗ ✘✓✝ ☎s✠♠♣✞✎✞✍✏ ❣✍☎✆✞ ✡✟☎✆✏✓ ✝✑✎✄☛✞✍✎✆ ✎❢ ✞✓✝s✝

s✞☎✟s ✓☎s ✡✝✝✆ ❞✍s✏☛ss✝❞ ✡✠ ❇✝✏❦✝✟ ✫ ✖✡✝✆ ✭✔✾✼✾✱ ✔✾✕✵✮❀ ✖✡✝✆ ✫ ✙✝✆③✍✆✍ ✭✔✾✕✸✮❀

❙✏✓➝✎✆✡✝✟✆✝✟ ✭✔✾✕✸✮❀ ❱☎ss✍✄✍☎❞✍s ✫ ❲✎✎❞ ✭✔✾✾✸✮❀ ✖✡✝✆ ✭✔✾✾✺✮❀ ❍✝✟✒✍❣ ✭✚✵✵✺✮❀

❑☎✟☎❦☎s ✝✞ ☎✄✗ ✭✚✵✵✾✱ ✚✵✔✵✱ ✚✵✔✚✮✗ ✛✝s✏✟✍♣✞✍✎✆s ✎❢ ✞✓✝ ✞✓✝✟♠☎✄ ♣☛✄s✝s ☎✆❞ ✜✲

♣✟✎✏✝ss ✆☛✏✄✝✎s✠✆✞✓✝s✍s ✓☎✑✝ ✡✝✝✆ ❣✍✑✝✆ ✡✠ ✖✡✝✆ ✭✔✾✼✺✮❀ ✖✡✝✆ ✫ ✙✝✆③✍✆✍ ✭✔✾✕✸✮❀

✖✡✝✆ ✭✔✾✾✺✮❀ ❑☎✟☎❦☎s ✝✞ ☎✄✗ ✭✚✵✵✚✮❀ ❍✝✟✒✍❣ ✭✚✵✵✺✮✗ ✘✓✝✍✟ ♣✎s✞✲☎s✠♠♣✞✎✞✍✏ ❣✍✲

☎✆✞ ✡✟☎✆✏✓ ✝✑✎✄☛✞✍✎✆ ✓☎s ✡✝✝✆ ❞✍s✏☛ss✝❞ ✡✠ ❙✏✓➝✎✆✡✝✟✆✝✟ ✭✔✾✕✔✱ ✔✾✕✸✮❀ ✖✡✝✆

✫ ✙✝✆③✍✆✍ ✭✔✾✕✸✮❀ ❱☎ss✍✄✍☎❞✍s ✫ ❲✎✎❞ ✭✔✾✾✹✮❀ ❇✄➝✎✏❦✝✟ ✭✔✾✾✺☎✱✡✮❀ ✖✡✝✆ ✭✔✾✾✺✮❀

❲✝✟✆✝✟ ✫ ❍✝✟✒✍❣ ✭✚✵✵✻✮✗ ✘✓✝ ✡✎✟✆✲☎❣☎✍✆ s✏✝✆☎✟✍✎ ☎✆❞ ✢✆☎✄ ✞✓✝✟♠☎✄ ♣☛✄s✝ ✓☎✑✝

✡✝✝✆ ❞✝s✏✟✍✡✝❞ ✡✠ ✖✡✝✆ ✝✞ ☎✄✗ ✭✔✾✕✸☎✮❀ ❇✄➝✎✏❦✝✟ ✭✚✵✵✔✮❀ ❍✝✟✒✍❣ ✭✚✵✵✔✮❀ ❲✝✟✆✝✟

✭✚✵✵✔✮❀ ❲✝✟✆✝✟ ✫ ❍✝✟✒✍❣ ✭✚✵✵✻✮✗ ✖✆ ✞✓✝ ❢✎✄✄✎✒✍✆❣ s☛✡s✝✏✞✍✎✆s✱ ✒✝ ✡✟✍✝✣✠ s☛♠✲

♠☎✟✍③✝ ✞✓✝ s✞✝✄✄☎✟ ✝✑✎✄☛✞✍✎✆ ✎❢ ✄✎✒ ☎✆❞ ✍✆✞✝✟♠✝❞✍☎✞✝✲♠☎ss s✞☎✟s ❢✟✎♠ ✞✓✝ ♠☎✍✆

s✝q☛✝✆✏✝ ✞✎ ✞✓✝ ✒✓✍✞✝ ❞✒☎✟❢ ♣✓☎s✝✗

✤✥✦✥✤ ❋✧★✩ ✪✬✯ ✩✰✴❁ ❂✯❃❄✯❁❅✯ ✪★ ✪✬✯ ✧✯❊ ▲✴✰❁✪ ◗✧✰❁❅✬

❙✞☎✟s ☎✟✝ ✡✎✟✆ ✎❢ ♠✎✄✝✏☛✄☎✟ ✏✄✎☛❞s ✏✎✆s✍s✞✍✆❣ ♠✎s✞✄✠ ✎❢ ✓✠❞✟✎❣✝✆ ✭❳ ❨❩❬✮ ☎✆❞

✓✝✄✍☛♠ ✭❳ ❭❩❬✮✱ ☎✄✎✆❣ ✒✍✞✓ s♠☎✄✄ q☛☎✆✞✍✞✍✝s ✎❢ ✎✞✓✝✟ ✝✄✝♠✝✆✞s ✎❢ ✄✎✒ ☎✞✎♠✍✏

✆☛♠✡✝✟✱ ✆☎♠✝✄✠ ✏☎✟✡✎✆✱ ✆✍✞✟✎❣✝✆ ☎✆❞ ✎①✠❣✝✆✱ ☎s ✒✝✄✄ ☎s ☎ ❢✟☎✏✞✍✎✆ ✎❢ ✓✝☎✑✍✝✟ ✝✄✲

✝♠✝✆✞s✗ ❆ s✞☎✟ ✍s ❢✎✟♠✝❞ ✍✆ ☎ ♠✎✄✝✏☛✄☎✟ ✏✄✎☛❞ ✒✓✝✆ ☎ ♣☎✟✞ ✎❢ ✍✞ s✞☎✟✞s ✞✎ ✏✎✄✄☎♣s✝

☛✆❞✝✟ ✍✞s ✎✒✆ ❣✟☎✑✍✞✠✱ ✒✓☎✞ ✍s ✆✎✒ ✟✝❢✝✟✟✝❞ ✞✎ ☎s ✞✓✝ ❪❫❴❵④⑤⑥⑦ ✜❴⑧⑨❴⑦⑩❴ s✞☎❣✝✗

❆s ✞✓✝ ♠✎✄✝✏☛✄☎✟ ✏✄✎☛❞ ✏✎✆✞✟☎✏✞s ☛✆❞✝✟ ✍✞s ✎✒✆ ✒✝✍❣✓✞✱ ✞✓✝ ❣✟☎✑✍✞✠ ✍✆✏✟✝☎s✝s

s✎ ♠✎✟✝ ♠☎✞✝✟✍☎✄ ✍s ☎✞✞✟☎✏✞✝❞✗ ✘✓✍s ♣✟✎✏✝ss ✟✝s☛✄✞s ✍✆ ✍✆✏✟✝☎s✍✆❣ ✞✝♠♣✝✟☎✞☛✟✝

✍✆ ✞✓✝ ✍✆✆✝✟ ✟✝❣✍✎✆s ☛✆✞✍✄ ✍✞ ✟✝☎✏✓✝s ☎✟✎☛✆❞ ❶❷❸ ❑✗ ❆✞ ✞✓✍s ♣✎✍✆✞ ♣✟✎✞✎✆✲✡☛✟✆✍✆❣

✹ ❹❺❻❼⑨❽⑥❻⑦ ❻❾ ❪❼⑤⑦❴❽⑤❫❿ ⑦❴➀⑨❼⑤❴ ➁⑥❽➂ ➃➄❵❽❿❪❴ ⑩❴⑦❽❫⑤❼ ✜❽⑤❫✜



✶✳✷✳ P�❆◆❊❚❆❘❨ ◆❊❇❯�❆✿ ❆ ❚❍❊❖❘❊❚■❈❆� ❖❱❊❘❱■❊❲

❋✐❣✉r❡ ✁✂✁✄ ☎✈♦❧✉t✐♦♥❛r② tr❛❝❦s ♦❢ ❛ ♣r♦❣❡♥✐t♦r st❛r ✇✐t❤ ❛♥ ✐♥✐t✐❛❧ ♠❛ss ♦❢ ✆▼❏

❛♥❞ s♦❧❛r ♠❡t❛❧❧✐❝✐t② s❤♦✇♥ ✐♥ t❤❡ ✝❡rt③s♣r✉♥❣✲✞✉ss❡❧❧ ❞✐❛❣r❛♠✂ ✟❤❡ r❡❞ tr❛❝❦

s❤♦✇s ❛ ♥♦r♠❛❧ ❡✈♦❧✉t✐♦♥ ♣❤❛s❡ ✇✐t❤♦✉t ❛♥② ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡✂ ✟❤❡ ❜❧✉❡ tr❛❝❦

s❤♦✇s ❛ ❜♦r♥✲❛❣❛✐♥ ❡✈❡♥t tr✐❣❣❡r❡❞ ❜② ❛ ✈❡r② ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡✂ ✟❤❡ r❡❞ st❛r

s❤♦✇s t❤❡ ♣♦s✐t✐♦♥ ♦❢ t❤❡ ✝✲❞❡✠❝✐❡♥t ❝❡♥tr❛❧ st❛rs ♦❢ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✡●

✁✁✺✾✲✵✸✺✱ ❛♥❞ t❤❡ ❣r❡❡♥ st❛r s❤♦✇s t❤❡ ♣♦s✐t✐♦♥ ♦❢ t❤❡ ✝✲♥♦r♠❛❧ ❝❡♥tr❛❧ st❛rs

♦❢ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ☛●☞ ✻✽✺✸✂ ✟❤❡ ♥✉♠❜❡r ❧❛❜❡❧s ✐♥❞✐❝❛t❡s t❤❡ ❧♦❣ ♦❢

t❤❡ ❛♣♣r♦①✐♠❛t❡ ❞✉r❛t✐♦♥ ♦❢ ❡❛❝❤ ❡✈♦❧✉t✐♦♥❛r② ♣❤❛s❡ ✐♥ ✉♥✐ts ♦❢ ✌✍✎ ②r✂ ❋r♦♠

✝❡r✇✐❣ ✭✆✵✵✺✮✂

r❡❛❝t✐♦♥s t❛❦❡ ♣❧❛❝❡ ✐♥ t❤❡ ❝❡♥t❡r✱ s♦ ❛ st❛r ✐s ❜♦r♥✱ ✐✂❡✂ ❜❡❣✐♥♥✐♥❣ ♦❢ t❤❡ ♠❛✐♥

s❡q✉❡♥❝❡✂

✏❧❧ st❛rs s♣❡♥❞ ♠♦st ♦❢ t❤❡✐r ♥✉❝❧❡❛r✲❜✉r♥✐♥❣ ❧✐❢❡ ♦♥ t❤❡ ✑✒✓✔ ✕✖✗✘✖✔✙✖ ✭▼❙✮

♣❤❛s❡✱ ❜✉r♥✐♥❣ ❤②❞r♦❣❡♥ ✐♥ t❤❡✐r ❝♦r❡s ✭s❡❡ ❞✉r❛t✐♦♥ ✐♥ ❋✐❣✂ ✁✂✁✮✂ ✟❤❡ ▼❙ ❧✐❢❡✲

t✐♠❡ ❞✐r❡❝t❧② ❞❡♣❡♥❞s ♦♥ t❤❡ ✐♥✐t✐❛❧ ♠❛ss✱ ✐✂❡✂ ❧♦✇ ♠❛ss st❛r ❤❛s ❛ ❧♦♥❣❡r ❧✐❢❡✱

❛♥❞ ✈✐❝❡ ✈❡rs❛✂ ✚♥ t❤✐s ♣❤❛s❡✱ ❤②❞r♦❣❡♥ ❡①❤❛✉st✐♦♥ ♣r♦❞✉❝❡s ❤❡❧✐✉♠ ✐♥ t❤❡ ❝♦r❡

❆✕✛✜✢✓✣ ❉✒✔✖✛✜✒✤ ✺
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♦❢ ❧♦✇ t♦ ✐♥t❡r♠❡❞✐❛t❡ ♠❛ss st❛rs✱ ✐�❡� ✵�✽▼❏ ❁✁ ❁ ✂▼❏� ❆ ❤②❞r♦❣❡♥ ♥✉❝❧❡❛r

❢✉s✐♦♥ r❡❛❝t✐♦♥ ✐s t❤❡ ♠❛✐♥ s♦✉r❝❡ ♦❢ t❤❡✐r ❡♥❡r❣② r❛❞✐❛t❡❞ ❜② t❤❡ st❡❧❧❛r s✉r❢❛❝❡✱

❛♥❞ ♣r♦✈✐❞❡s t❤❡ r❛❞✐❛t✐♦♥ ♣r❡ss✉r❡ t♦ ♣r❡✈❡♥t ❣r❛✈✐t❛t✐♦♥❛❧ ❝♦❧❧❛♣s❡� ✄❤✐s r❡❛❝✲

t✐♦♥ ❞❡♣❧❡t❡s ❤②❞r♦❣❡♥ ✐♥ t❤❡ ❝♦r❡✱ s♦ t❤❡ ❤❡❧✐✉♠ ❝♦r❡ ❝♦♥tr❛❝ts� ❋♦❧❧♦✇✐♥❣ ❝♦r❡

❤②❞r♦❣❡♥ ❡①❤❛✉st✐♦♥✱ ❤②❞r♦❣❡♥ ❜✉r♥✐♥❣ ❜❡❣✐♥s ✐♥ s❤❡❧❧s ❛r♦✉♥❞ t❤❡ ❝♦r❡ ❛♥❞

t❤❡ st❛r ♠♦✈❡s ✉♣ t❤❡ ☎✆✝ ✞✟✠✡☛ ☞☎✠✡✌✍ ✭✎●❇✮ ♦♥ t❤❡ ❍❡rt③s♣r✉♥❣✲✎✉ss❡❧❧ ✭❍✲✎✮

❞✐❛❣r❛♠ ❛♥❞ ✐♥❝r❡❛s❡s ✐ts r❛❞✐✉s ❛♥❞ ❧✉♠✐♥♦s✐t②✱ ❛s ✐♥❞✐❝❛t❡❞ ✐♥ ❋✐❣� ✏�✏� ✄❤❡

st❛r ♥♦✇ ❡♥t❡rs t❤❡ ✑rst ❣✐❛♥t ❜r❛♥❝❤ ✭❋●❇✮✱ ❛♥❞ ✉♥❞❡r❣♦❡s t❤❡ ✒☎✓☛ ✝☎✆✝✞✆✔✕✖

✭❋✗✘✮✱ s❤♦✇♥ ✐♥ ❋✐❣� ✏�✷✱ ✇❤✐❝❤ ❜r✐♥❣s t❤❡ ❢✉s✐♦♥ ♣r♦❞✉❝ts t♦ t❤❡ st❡❧❧❛r s✉r❢❛❝❡�

✄❤❡ ❋✗✘ ❡♣✐s♦❞❡ ✐♥❝r❡❛s❡s t❤❡ s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡ ♦❢ ✹❍❡✱ ✙✸✚ ❛♥❞ ✙✹✛� ❇✉t✱ ✐t

❞❡❝r❡❛s❡s ✙✜✚ ❞✉❡ t♦ ❛ ♣❛rt ❝♦♥✈❡rs✐♦♥ t♦ ✙✸✚ ❛♥❞ ✙✹✛� ✄❤❡ s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡

♦❢ ✹❍❡ ✐s ✐♥❝r❡❛s❡❞ ❛s ❤②❞r♦❣❡♥ ✐s ❞❡♣❧❡t❡❞ ✈✐❛ t❤❡ ✚✛ ❝②❝❧❡� ✄❤❡ ❋●❇ ✐s t❡r♠✐✲

♥❛t❡❞ ✇❤❡♥ t❤❡ st❛r ♥♦✇ st❛rts t❤❡ ✐❣♥✐t✐♦♥ ♦❢ ❤❡❧✐✉♠✲❜✉r♥✐♥❣ ✐♥ ✐ts ❝♦r❡✱ ❛s ❛

♥❡❝❡ss❛r② t❡♠♣❡r❛t✉r❡ ✭❛❜♦✉t ✢✣✤ ❑✮ ❤✐❣❤❡r t❤❛♥ t❤♦s❡ ❢♦r ❤②❞r♦❣❡♥✲❜✉r♥✐♥❣ ✐s

r❡❛❝❤❡❞� ❍✐❣❤ ♠❛ss st❛rs t❛❦❡ s❤♦rt❡r t✐♠❡s t♦ r❡❛❝❤ ❛ ❤✐❣❤ t❡♠♣❡r❛t✉r❡ t❤❛♥

❧♦✇ ♠❛ss st❛rs✱ s♦ t❤❡ ❋●❇ ❧✐❢❡t✐♠❡ ❞❡♣❡♥❞s ♦♥ t❤❡ ▼❙ ♠❛ss�

✄❤❡ ♥❡①t st❛❣❡ ❞❡♣❡♥❞s ♦♥ t❤❡ ♣r♦❣❡♥✐t♦r ♠❛ss� ❋♦r ❧♦✇ ♠❛ss st❛rs ✭❁

✥✿✺▼❏✮✱ t❤❡ ❝♦r❡ ❜❡❝♦♠❡s ❡❧❡❝tr♦♥ ❞❡❣❡♥❡r❛t❡� ✄❤✐s ♠❡❛♥s t❤❛t t❤❡ ♣r❡ss✉r❡

❞♦❡s ♥♦t ❞❡♣❡♥❞ ♦♥ t❤❡ t❡♠♣❡r❛t✉r❡ ✐❢ t❤❡ ♥❡❝❡ss❛r② t❡♠♣❡r❛t✉r❡ ❢♦r ❤❡❧✐✉♠

❜✉r♥✐♥❣ ✐s r❡❛❝❤❡❞✱ ❛ t❤❡r♠♦♥✉❝❧❡❛r r✉♥❛✇❛② r❡❛❝t✐♦♥s ❦♥♦✇♥ ❛s t❤❡ ✌✦☎✆ ✍✆✔

✧✟✕★ ✩✠✓✍ t❛❦❡s ♣❧❛❝❡� ❋✐♥❛❧❧②✱ ❛❢t❡r t❤❡ ❝♦r❡ ❤❡❧✐✉♠ ✪❛s❤✱ ✐♥❝r❡❛s✐♥❣ t❡♠♣❡r❛✲

t✉r❡s ❧✐❢t ❡❧❡❝tr♦♥ ❞❡❣❡♥❡r❛❝②✱ ✇❤✐❝❤ st❛❜✐❧✐③❡ t❤❡ ❤❡❧✐✉♠ ❜✉r♥✐♥❣ r❡❛❝t✐♦♥s� ❆s

❛ r❡s✉❧t✱ t❤❡ st❛❜❧❡ ❤❡❧✐✉♠ ❜✉r♥✐♥❣ t❛❦❡s ♣❧❛❝❡ ✐♥ t❤❡ ❝♦r❡ ✇❤✐❧❡ ❤❡❧✐✉♠✲❜✉r♥✐♥❣

♦❝❝✉rs ✐♥ t❤❡ s❤❡❧❧✱ s♦ t❤❡ st❛r ♠♦✈❡s t♦✇❛r❞ t❤❡ ❤♦r✐③♦♥t❛❧ ❜r❛♥❝❤� ✄❤❡ ❝♦r❡

❤❡❧✐✉♠ ✪❛s❤ ✐s s❤♦rt✲❧✐✈❡❞✱ q✉✐❝❦❧② r❡s✉❧t✐♥❣ ✐♥ st❛t✐♦♥❛r② ❤❡❧✐✉♠✲❜✉r♥✐♥❣ ✐♥ t❤❡

❝♦r❡ ❛♥❞ ❛ r❡t✉r♥ t♦ ❤②❞r♦❣❡♥✲❜✉r♥✐♥❣ ✐♥ t❤❡ s❤❡❧❧� ❋♦r st❛rs ✇✐t❤ ♠❛ss❡s ♦❢

✫ ✥✿✺▼❏✱ ❡❧❡❝tr♦♥ ❞❡❣❡♥❡r❛❝② ♥❡✈❡r ♦❝❝✉rs ✐♥ t❤❡ ❝♦r❡✱ ❛♥❞ t❤❡② ❝❛♥ ❛❝❤✐❡✈❡

t❤❡ ❝r✐t✐❝❛❧ t❡♠♣❡r❛t✉r❡s ✭✢✣✤ ❑✮ ✐♥ t❤❡ ❝♦r❡ r❡q✉✐r❡❞ t♦ ✐❣♥✐t❡ ❤❡❧✐✉♠� ✄❤❡r❡✲

❢♦r❡✱ t❤❡r❡ ✐s ♥♦ ❤❡❧✐✉♠ ✪❛s❤ ✐♥ ✐♥t❡r♠❡❞✐❛t❡ ♠❛ss st❛rs ✭✫ ✥✿✺▼❏✮✱ ❛s s❡❡♥ ✐♥

✻ ❊✬✦✧✕☛✟✦✡ ✦✯ ✖✧✠✡✆☛✠☎✰ ✡✆☞✕✧✠✆ ✴✟☛✍ ❲✼✔☛✰✖✆ ✌✆✡☛☎✠✧ ✓☛✠☎✓



✶✳✷✳ P�❆◆❊❚❆❘❨ ◆❊❇❯�❆✿ ❆ ❚❍❊❖❘❊❚■❈❆� ❖❱❊❘❱■❊❲

❋✐❣✉r❡ ✁✂✄☎ ❙t❡❧❧❛r ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ❢♦r st❛rs ✇✐t❤ ✐♥✐t✐❛❧ ♠❛ss❡s ♦❢ ✁✱ ✺ ❛♥❞

✄✺▼❏✂ ✆❤❡ st❡❧❧❛r ❧✉♠✐♥♦s✐t② ✉♥✐t ✐♥ t❤❡ s♦❧❛r ❧✉♠✐♥♦s✐t② ▲❏ ❛♥❞ t❤❡ ❡❢❢❡❝t✐✈❡

t❡♠♣❡r❛t✉r❡ ✉♥✐t ✐♥ ❑❡❧✈✐♥❡✂ ✆❤❡ ♥✉❝❧❡❛r ❜✉r♥✐♥❣ ♣❤❛s❡s ❛r❡ ❧❛❜❡❧❡❞✂ ❋r♦♠

✝❜❡♥ ✭✁✾✾✺✮

❋✐❣✂ ✁✂✄✱ s♦ t❤❡ ❤②❞r♦❣❡♥ s❤❡❧❧ ❜✉r♥s t❤r♦✉❣❤♦✉t✂

✆❤❡ ❝♦r❡ ❤❡❧✐✉♠✲❜✉r♥✐♥❣ r❡❞✉❝❡s t❤❡ r❛❞✐✉s ❛♥❞ ❧✉♠✐♥♦s✐t② ♦❢ t❤❡ st❛r✱ r❡✲

s✉❧t✐♥❣ ✐♥ ❛ ❤✐❣❤❡r t❡♠♣❡r❛t✉r❡✂ ✆❤❡ ❤②❞r♦❣❡♥✲❜✉r♥✐♥❣ ❝♦♥t✐♥✉❡s ✐♥ ❛ s❤❡❧❧

❛r♦✉♥❞ t❤❡ ❤❡❧✐✉♠ ❝♦r❡✱ ✇❤✐❧❡ t❤❡ ❋❉✞ ❡♣✐s♦❞❡ ♠♦❞✐✟❡s t❤❡ st❡❧❧❛r s✉r❢❛❝❡

❝♦♠♣♦s✐t✐♦♥✂ ❋♦❧❧♦✇✐♥❣ ❝♦r❡ ❤❡❧✐✉♠ ❡①❤❛✉st✐♦♥✱ t❤❡ ✇❤♦❧❡ st❛r ❝♦♥tr❛❝ts ❛♥❞

❧♦✇ t♦ ✐♥t❡r♠❡❞✐❛t❡ ♠❛ss st❛rs ♠♦✈❡ ❞♦✇♥ ❛♥❞ t♦ t❤❡ ❜❧✉❡ ♣❛rt ✭❤✐❣❤❡r t❡♠✲

❆✠✡☛☞✌③ ✍✎✏✑✡☛✎✒ ✼
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♣❡r❛t✉r❡✮ ♦❢ t❤❡ ❍✲� ❞✐❛❣r❛♠ ✭s❡❡ ♣r♦❣❡♥✐t♦r st❛rs ♦❢ ✁ ❛♥❞ ✺▼❏ ✐♥ ❋✐❣✂ ✁✂✷✮✂

✄☎✆☎✆ ✝✞✟ ✠✡②☛☞✌✍✌✎❝ ✏✎✠✑✌ ❜✒✠✑❝✞

✓❤❡ ❆s✔♠♣t♦t✐✕ ●✐❛♥t ❇r❛♥✕❤ ✭❆●❇✮ ♣❤❛s❡ ✐s t❤❡ ✖♥❛❧ ♥✉✕❧❡❛r ✗✉r♥✐♥❣ ♣❤❛s❡

❢♦r ❧♦✇✲ t♦ ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss st❛rs ✭✘✗❡♥ ✫ �❡♥③✐♥✐ ✁✾✽✸❀ ❍❡r✇✐❣ ✷✵✵✺✱ ❛♥❞

r❡❢❡r❡♥✕❡s t❤❡r❡✐♥✮✂ ✘t ✕♦♥s✐sts ♦❢ t✇♦ ♠❛✐♥ ♣❤❛s❡s✿ ❡❛r❧✔✲❆●❇ ❛♥❞ t❤❡r♠❛❧❧✔

♣✉❧s❛t✐♥❣ ❆●❇✂

❆s ❤❡❧✐✉♠ ✗❡✕♦♠❡s ❡①❤❛✉st❡❞ ✐♥ t❤❡ ✕♦r❡✱ ❤❡❧✐✉♠ ✗✉r♥✐♥❣ ✗❡❣✐♥s ✐♥ s❤❡❧❧s

❛r♦✉♥❞ t❤❡ ✕♦r❡ ❛♥❞ t❤❡ st❛r ❡✈♦❧✈❡s t♦✇❛r❞s t❤❡ ✙✚✛✜✢✣✚✤✢✥✦✧★✧✩✪ ✬✩✚✯✧ ✰✛✚✯✪✴

✭❊✲❆●❇✮✂ ✓❤❡ ✕❛r✗♦♥ ❛♥❞ ♦①✔❣❡♥ ✕♦♥tr❛✕t ✐♥ t❤❡ ✐♥♥❡r r❡❣✐♦♥s✱ s♦ t❤❡ ✕♦r❡

✗❡✕♦♠❡s t❤❡ ❡❧❡✕tr♦♥ ❞❡❣❡♥❡r❛t❡✱ ✇❤✐❧❡ t❤❡ ♦✉t❡r ❧❛✔❡r st❛rts ❛ ♥❡✇ ❡①♣❛♥s✐♦♥

♣❤❛s❡✂ ❋✐❣✂ ✁✂✸ s❤♦✇s t❤❡ s✕❤❡♠❛t✐✕ str✉✕t✉r❡ ♦❢ ❛♥ ❆●❇ st❛r✂ ✹✉r✐♥❣ t❤❡ ❊✲

❆●❇✱ t❤❡ st❛r ✗✉r♥s ❤❡❧✐✉♠ ✐♥ ❛ s❤❡❧❧ s✉rr♦✉♥❞✐♥❣ t❤❡ ✻✼ ✕♦r❡✂ ✓❤❡ ❍❡✲✗✉r♥✐♥❣

s❤❡❧❧ ✐s ❛❧s♦ s✉rr♦✉♥❞❡❞ ✗✔ ❛ ❞❡❡♣ ✕♦♥✈❡✕t✐✈❡ ❡♥✈❡❧♦♣❡ ♦❢ ❤✔❞r♦❣❡♥✂ ✘♥ t❤❡

✐♥t❡r♠❡❞✐❛t❡✲♠❛ss st❛rs ✭❃ ❁▼❏✮✱ ❛s ❍❡✲✗✉r♥✐♥❣ st♦♣♣❡❞ ✐♥ t❤❡ ✕♦r❡✱ t❤❡ str♦♥❣

❡①♣❛♥s✐♦♥ ❡①t✐♥❣✉✐s❤❡s t❤❡ ❤✔❞r♦❣❡♥✲✗✉r♥✐♥❣ s❤❡❧❧✱ ❛♥❞ s✐♠✐❧❛r ❡♥r✐✕❤♠❡♥t t♦

t❤❡ ❋✹❂ ❡♣✐s♦❞❡ t❤❛t t❛❦❡s ♣❧❛✕❡ ✐♥ t❤❡ �●❇ ✭❇❡✕❦❡r ✫ ✘✗❡♥ ✁✾❄✾✮✂

✓❤❡ ✤✙✪★✯❅ ❅✛✙❅✬✙✣❑✦ ✭❙✹❂✮ ❡♣✐s♦❞❡ tr❛♥s❢❡rs t❤❡ ❤✔❞r♦❣❡♥✲✗✉r♥✐♥❣ ♣r♦❞✲

✉✕ts✱ ♠❛✐♥❧✔ ❤❡❧✐✉♠ ❛♥❞ ♥✐tr♦❣❡♥✱ t♦ t❤❡ s✉r❢❛✕❡ ✐♥ t❤❡ ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss st❛rs

✭❁▼❏ t♦ ▲▼❏P✂ ✻♦♥s❡q✉❡♥t❧✔✱ ◗❍❡ ❛♥❞ ❱◗❲ ❛r❡ ❞r❡❞❣❡❞✲✉♣ t♦ t♦ t❤❡ s✉r❢❛✕❡✱

✇❤✐❧❡ t❤❡ s✉r❢❛✕❡ ❛✗✉♥❞❛♥✕❡s ♦❢ ❱❳✻✱ ❱❨✻ ❛♥❞ ❱❩✼ ❛r❡ ❞❡✕r❡❛s❡❞✂ ▼♦r❡♦✈❡r✱

t❤❡ ❞❡❡♣ ✕♦♥✈❡✕t✐✈❡ ❡♥✈❡❧♦♣❡ ♦❢ ❤✔❞r♦❣❡♥ ♠♦✈❡s ✐♥✇❛r❞ ✐♥ t❤❡ ❧♦✇✲♠❛ss st❛rs

✭❬ ❁▼❏✮✱ ✗✉t t❤❡ ❙✹❂ ❡♣✐s♦❞❡ ❞♦❡s ♥♦t ♦✕✕✉r ❛s t❤❡ ❤✔❞r♦❣❡♥✲✗✉r♥✐♥❣ s❤❡❧❧ ✐s

♥♦t ❡①t✐♥❣✉✐s❤❡❞✂

❋♦❧❧♦✇✐♥❣ t❤❡ ❊✲❆●❇ ♣❤❛s❡✱ t❤❡ ❤❡❧✐✉♠✲✗✉r♥✐♥❣ s❤❡❧❧ ✗❡✕♦♠❡s t❤❡r♠❛❧❧✔

✉♥st❛✗❧❡✱ s♦ t❤❡r♠❛❧ ♣✉❧s❡s ✭✓❭s✮ t❛❦❡ ♣❧❛✕❡ r❡✕✉rr❡♥t❧✔ ✭❙✕❤✇❛r③s✕❤✐❧❞ ✫ ❍➝❛r♠

✁✾❪✺❀ ✘✗❡♥ ✁✾❄✺❀ ❇❡✕❦❡r ✫ ✘✗❡♥ ✁✾✽✵✮✂ ✓❤✐s ✐s ✕❛❧❧❡❞ t❤❡ ✧✴✙✛✥✚✜✜✢✣✦❑✜✤✩✯✬

✚✤✢✥✦✧★✧✩✪ ✬✩✚✯✧ ✰✛✚✯✪✴ ✭✓❭✲❆●❇✮ ♣❤❛s❡❀ s❡❡ ❋✐❣✂ ✁✂✷✂ ✓❤❡s❡ t❤❡r♠❛❧ ♣✉❧s❡s✱

✽ ❫❴★✜❑✧✩★✯ ★❵ ✦✜✚✯✙✧✚✛✢ ✯✙✰❑✜✚✙ ❥✩✧✴ ④⑤✣✧✢✦✙ ✪✙✯✧✛✚✜ ✤✧✚✛✤
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❋✐❣✉r❡ ✁✂✸✄ ☎ s❝❤❡♠❛t✐❝ ✈✐❡✇ ♦❢ t❤❡ ❧❛②❡rs ♦❢ ❛♥ ☎●✆ st❛r✱ s❤♦✇✐♥❣ t❤❡ ❞❡✲

❣❡♥❡r❛t❡ ✝✞ ❝♦r❡ s✉rr♦✉♥❞❡❞ ❜② ❛ ✟❡✲❜✉r♥✐♥❣ s❤❡❧❧✱ ❛ ✟✲❜✉r♥✐♥❣ s❤❡❧❧✱ ❛♥❞ ❛

❝♦♥✈❡❝t✐✈❡ ❡♥✈❡❧♦♣❡✂ ❋r♦♠ ❑❛r❛❦❛s ✫ ▲✉❣❛r♦ ✭✠✵✁✵✮✂

✇❤✐❝❤ ♦❝❝✉r ✐♥ ❜♦t❤ ❧♦✇✲ ❛♥❞ ✐♥t❡r♠❡❞✐❛t❡ ♠❛ss st❛rs✱ ❛r❡ ❛ ❝♦♥s❡q✉❡♥❝❡ ♦❢ t❤❡

t❤✐♥♥❡ss ♦❢ t❤❡ ❤❡❧✐✉♠✲❜✉r♥✐♥❣ s❤❡❧❧✂ ✡❤✐s ❡♣✐s♦❞❡ ❝❛✉s❡s ❛ s❡r✐❡s ♦❢ ♠✐①✐♥❣ ❛♥❞

♥✉❝❧❡❛r✲❜✉r♥✐♥❣ ❡♣✐s♦❞❡s✂ ✡❤❡ ✡☛✲☎●✆ ❧❡❛❞s t♦ t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ t✇♦ ♥✉❝❧❡❛r

❜✉r♥✐♥❣ s❤❡❧❧s ❛r♦✉♥❞ t❤❡ ✝✞ ❝♦r❡ ❛♥❞ t❤❡ ❝♦♥✈❡❝t✐✈❡ ❡♥✈❡❧♦♣❡✂ ☞t ❞❡✈❡❧♦♣s ❛

❝♦♥✈❡❝t✐♦♥ ③♦♥❡ ❜❡t✇❡❡♥ t❤❡ ❤②❞r♦❣❡♥✲❜✉r♥✐♥❣ s❤❡❧❧ ❛♥❞ t❤❡ ❤❡❧✐✉♠✲❜✉r♥✐♥❣

s❤❡❧❧✂ ✡❤❡ ❤❡❧✐✉♠✲❜✉r♥✐♥❣ ♣r♦❞✉❝ts✱ ✌✍✝ ❛♥❞ s♦♠❡ ✌✻✞✱ ❛r❡ ♠✐①❡❞ t❤r♦✉❣❤♦✉t

t❤❡ ❤❡❧✐✉♠✲❜✉r♥✐♥❣ s❤❡❧❧✂ ❉✉r✐♥❣ t❤❡ ✡☛✲☎●✆ ♣❤❛s❡✱ t❤❡ ❝♦♥✈❡❝t✐♦♥ ❡♥✈❡❧♦♣❡

♣❡♥❡tr❛t❡s ✐♥t♦ t❤❡ ✐♥t❡r r❡❣✐♦♥ ❛♥❞ ❜r✐♥❣s ❝❛r❜♦♥ ❛♥❞ ♦①②❣❡♥ ❡♥r✐❝❤❡❞ ♠❛t❡r✐❛❧

t♦ t❤❡ s✉r❢❛❝❡✱ ✇❤✐❝❤ ✐s ❦♥♦✇♥ ❛s t❤❡ t❤✐r❞ ❞r❡❞❣❡✲✉♣✂ ✡❤✐s ♣r♦❝❡ss ✐s s❤♦✇♥ ✐♥

❋✐❣✂ ✁✂✹✂

❙t❛rs ✇✐t❤ ✐♥✐t✐❛❧ ♠❛ss❡s ♦❢ ❃ ✎▼❏ ❡①♣❡r✐❡♥❝❡ ❛ ♥❡✇ ❡♣✐s♦❞❡ r❡❢❡rr❡❞ t♦

❆✏✑✒✓✔✕ ✖✗✘✙✑✒✗✚ ✾
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❋✐❣✉r❡ �✁✹✿ ✂❤❡r♠❛❧ ♣✉❧s❡ ❡♣✐s♦❞❡ ♦❢ ❛ ❆●❇ ♠♦❞❡❧ ♦❢ ❛ ✷▼❏ st❛r ✇✐t❤ ♠❡t❛❧✲

❧✐❝✐t② ❩ ❂ ✵✄✵☎✁ ✂❤❡ r❡❞ s♦❧✐❞ ❧✐♥❡ s❤♦✇s t❤❡ ♠❛ss ❝♦♦r❞✐♥❛t❡ ♦❢ t❤❡ ❍✲❢r❡❡ ❝♦r❡✁

✂❤❡ ❝♦♥✈❡❝t✐✈❡ ❡♥✈❡❧♦♣❡ ✐s s❤♦✇♥ ✐♥ ❣r❡❡♥✁ ✂❤❡ ❧❛②❡rs ✇✐t❤ ❍✲s❤❡❧❧ ❛s❤❡s ❛♥❞

t❤❡ r❡❣✐♦♥ ♦❢ t❤❡ �✸ ✆ ❛r❡ ❛❧s♦ s❤♦✇♥✁ ❋r♦♠ ❍❡r✇✐❣ ✭✷✝✝✺✮✁

❛s t❤❡ ✞✟✠✡☛☞☛✡✌☛✍✌ ✎✏ ✭✂✑✒✮✱ ✇❤✐❝❤ ❜r✐♥❣s ❝❛r❜♦♥✲r✐❝❤ ✐♥t❡r✲s❤❡❧❧ ♠❛t❡r✐❛❧ ❛♥❞

✓✲♣r♦❝❡ss ❡❧❡♠❡♥ts ✐♥t♦ t❤❡ ❡♥✈❡❧♦♣❡✱ ❛♥❞ t❤❡♥ t♦ t❤❡ s✉r❢❛❝❡✁ ✂r❛♥s♣♦rt❛t✐♦♥

♦❢ ❢✉s✐♦♥ ♣r♦❞✉❝ts t♦ t❤❡ s✉r❢❛❝❡ ♦❝❝✉rs ✐♥ t✇♦ st❛❣❡s❀ t❤❡ ❤②❞r♦❣❡♥ s❤❡❧❧ ✐s

❛❧♠♦st ❡①t✐♥❣✉✐s❤❡❞✱ ❛♥❞ t❤❡ ✂✑✒ ❡♣✐s♦❞❡ ❜r✐♥❣ t❤❡s❡ ✓✲♣r♦❝❡ss ❡❧❡♠❡♥ts t♦

t❤❡ s✉r❢❛❝❡✁ ✂❤❡ ✓✲♣r♦❝❡ss ❡❧❡♠❡♥ts ❛r❡ ♣r♦❞✉❝❡❞ ❜② ❧♦✇✲♥❡✉tr♦♥ ❝❛♣t✉r✐♥❣

♦♥t♦ ✐r♦♥ ❣r♦✉♣ ❡❧❡♠❡♥ts✁ ✂❤✉s✱ t❤❡ ✂✑✒ ✐s r❡s♣♦♥s✐❜❧❡ ❢♦r t❤❡ ❝❛r❜♦♥ ❛♥❞

s✲♣r♦❝❡ss ♦✈❡r❛❜✉♥❞❛♥❝❡s ✐♥ t❤❡ s✉r❢❛❝❡✁ ✂❤❡ ✂✑✒ ❡✈❡♥t ♠❛② ❤❛♣♣❡♥ s❡✈❡r❛❧

t✐♠❡s✱ ✇❤✐❝❤ ❧❛r❣❡❧② ❡♥r✐❝❤ t❤❡ st❡❧❧❛r s✉r❢❛❝❡✁

❋✐❣✁ �✁✺ s❤♦✇s ❛ ❝❧❛ss✐✔❝❛t✐♦♥ ♦❢ st❛rs ❜② ♣r♦❣❡♥✐t♦r ♠❛ss✁ ✕t ✐s s❡❡♥ t❤❛t st❛rs

✇✐t❤ ♠❛ss❡s ❧❛r❣❡r t❤❛♥ ✹▼❏ ❡①♣❡r✐❡♥❝❡ ❛ ❝♦♠♣❡t✐♥❣ ♣❤❡♥♦♠❡♥♦♥✱ s♦ ❝❛❧❧❡❞

✟✖✞ ✗✖✞✞✖✘ ✗✎✡✙✠✙✍ ✭❍❇❇✮✱ ✇❤✐❝❤ ❝♦♥✈❡rts ✚✛✆ t♦ ✐♥t♦ ✚✜✆ ❛♥❞ t❤❡♥ ✐♥t♦ ✚✢✣ ✈✐❛

t❤❡ ✆✣✲❝②❝❧❡ ✭✕❜❡♥ �✾✼✺❀ ❙❝❛❧♦ ❡t ❛❧✁ �✾✼✺✮✁ ✂❤❡ ✐♥✐t✐❛❧ ♠❛ss r❡q✉✐r❡❞ ❢♦r ❛ st❛r

t♦ ❡①♣❡r✐❡♥❝❡ ❍❇❇ ❞❡♣❡♥❞s ♦♥ t❤❡ ♠❡t❛❧❧✐❝✐t② ✭❑❛r❛❦❛s ✫ ▲❛tt❛♥③✐♦ ✷✝✝✼✮✁ ✂❤✐s

♣❤②s✐❝❛❧ ♣r♦❝❡ss ♦❝❝✉rs ❛t t❤❡ ❜❛s❡ ♦❢ t❤❡ ❝♦♥✈❡❝t✐♦♥ ❡♥✈❡❧♦♣❡✱ ✇❤✐❝❤ ♠❛❦❡s

�✝ ❊✤✖✥✎✞✠✖✙ ✖✦ ✏✥✧✙✌✞✧✡★ ✙✌✗✎✥✧✌ ✩✠✞✟ ❲✪☞✞★✏✌ ✬✌✙✞✡✧✥ ✓✞✧✡✓



✶✳✷✳ P�❆◆❊❚❆❘❨ ◆❊❇❯�❆✿ ❆ ❚❍❊❖❘❊❚■❈❆� ❖❱❊❘❱■❊❲

❋✐❣✉r❡ ✁✂✺✄ ☎❧❛ss✐✆❝❛t✐♦♥ ♦❢ st❛rs ❜② ♣r♦❣❡♥✐t♦r ♠❛ss✂ ✝❤❡ ❧♦✇❡r ♣❛rt ✐s ❢♦r

t❤❡ ♠❛✐♥ s❡q✉❡♥❝❡ ❛♥❞ t❤❡ ✉♣♣❡r ♣❛rt ✐s ❢♦r t❤❡ ✞●✟✂ ✞♣♣r♦①✐♠❛t❡ ♠❛ss❡s

❞❡❧✐♠✐t✐♥❣ t❤❡ ❞✐❢❢❡r❡♥t r❡❣✐♠❡s ❛r❡ ❣✐✈❡♥ ❛t t❤❡ ❜♦tt♦♠✂ ❙♦♠❡ ❝❤❛r❛❝t❡r✐③✐♥❣

♣r♦♣❡rt✐❡s ♦❢ t❤❡ ❞✐❢❢❡r❡♥t r❡❣✐♠❡s ❤❛✈❡ ❜❡❡♥ ♠❡♥t✐♦♥❡❞✂ ❋r♦♠ ✠❡r✇✐❣ ✭✡✵✵✺✮

❛ t❤✐♥ ❤♦t ✭☛➊✽☞ ✌✍✼ ❑✮ ❧❛②❡r ♠❛✐♥t❛✐♥✐♥❣ ♣r♦t♦♥✲❝❛♣t✉r❡ ♥✉❝❧❡♦s②♥t❤❡s✐s✂ ✎t

♣r❡✈❡♥ts t❤❡ st❡❧❧❛r s✉r❢❛❝❡ ❢r♦♠ ❜❡❝♦♠✐♥❣ ☎✲r✐❝❤ ✇❤✐❧❡ t❤❡ ✝❉✏ ✐s ❛❧s♦ ♦♣❡r❛t✲

✐♥❣ ✭✟♦♦t❤r♦②❞ ❡t ❛❧✂ ✁✾✾✸✮✂ ✎t ❛❧s♦ ✐♥❝r❡❛s❡s ▲✐t❤✐✉♠ ❛❜✉♥❞❛♥❝❡ ✭✼▲✐✮ ✈✐❛ t❤❡

s♦✲❝❛❧❧❡❞ ☎❛♠❡r♦♥✲❋♦✇❧❡r ♠❡❝❤❛♥✐s♠ ✭☎❛♠❡r♦♥ ✫ ❋♦✇❧❡r ✁✾✑✁❀ ✎❜❡♥ ✁✾✑✸❀

❙❛❝❦♠❛♥♥ ❡t ❛❧✂ ✁✾✑✹✮✱ ❛♥❞ ❛❧✉♠✐♥✉♠ ✭✒✻✞❧✮ ✈✐❛ t❤❡ ▼❣✲✞❧ ❝②❝❧❡ ✭▼♦✇❧❛✈✐ ✫

▼❡②♥❡t ✡✵✵✵✮✂ ✎❢ t❤❡ t❡♠♣❡r❛t✉r❡ ✐s ❤✐❣❤ ❡♥♦✉❣❤✱ ✓✻✔ ✐s ❞❡str♦②❡❞ t♦ ♣r♦❞✉❝❡

✓✕✖ ✈✐❛ t❤❡ ✔✖✲❝②❝❧❡✂ ❉✉r✐♥❣ t❤❡ ✠✟✟ ❡✈❡♥t✱ t❤❡ st❛r ♠❛② ❛❧s♦ ❡①♣❡r✐❡♥❝❡ ♠❛ss

❧♦ss✱ ✇❤✐❝❤ ❤❛s ✐♠♣♦rt❛♥t ❡❢❢❡❝ts ♦♥ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ✞●✟ st❛rs✂

✝❤❡ ✗✘✙✚✛✜✢✣✤✥✙✜ ✦✧★✤✣✥✢ ★✥✙✦✢✗✗ ✭♦r ✗✲♣r♦❝❡ss✮ ✐s t❤❡ ❝❛♣t✉r❡ ♦❢ ♥❡✉tr♦♥s

❜② ♥✉❝❧❡✐ ✐♥ ❝♦♥❞✐t✐♦♥s ♦❢ ❛❞❡q✉❛t❡❧② ❧♦✇ ♥❡✉tr♦♥ ❞❡♥s✐t✐❡s✱ s♦ t❤❡ ❡❧❡♠❡♥ts

❤❛✈❡ ❡♥♦✉❣❤ t✐♠❡ t♦ ❞❡❝❛② ❜❡❢♦r❡ ❛♥♦t❤❡r ♥❡✉tr♦♥ ✐s ❝❛♣t✉r❡❞✱ ❧❡❛❞✐♥❣ t♦ t❤❡

♣r♦❞✉❝t✐♦♥ ♦❢ ♥❡✉tr♦♥✲r✐❝❤ ✐s♦t♦♣❡s✂ ✎t ♦♥❧② ❤❛♣♣❡♥s ✐♥ ❧♦✇✲♠❛ss ✞●✟ st❛rs ✭❁

✩▼❏❀ s❡❡ ❋✐❣✂ ✁✂✺✮✱ ✇❤✐❝❤ ♣r♦❞✉❝❡s ❤❛❧❢ ♦❢ ❛❧❧ ❡❧❡♠❡♥ts ❤❡❛✈✐❡r t❤❛♥ ✐r♦♥ s✉❝❤

❛s str♦♥t✐✉♠✱ ❛s ✇❡❧❧ ❛s s♦♠❡ ❧✐❣❤t❡r ❡❧❡♠❡♥ts✂ ✞❢t❡r ❛ ✠❡✲s❤❡❧❧ ✪❛s❤✱ t❤❡ ♣❛rt✐❛❧

♠✐①✐♥❣ ✐♥ t❤❡ ✐♥t❡r s❤❡❧❧ ♣r♦❞✉❝❡s ❛ ♣♦❝❦❡t ❝♦♥t❛✐♥✐♥❣ ❜♦t❤ ✓✒☎ ❛♥❞ ♣r♦t♦♥s✱

❆✗✬✯✰✴❂ ❃✧✜✢✬✯✧✥ ✁✁



✶✳ ■◆❚❘❖❉❯❈❚■❖◆

❛♥❞ ❛ ❧♦✇ ♥❡✉tr♦♥ ❞❡♥s✐t② ✭�✁❣✂✄ ✘ ✼ ❝♠☎✸✮✆ ✝✉r✐♥✞ t❤❡ ❤✐✞❤ t❡♠♣❡r❛t✉r❡

♦❢ t❤❡ ❍❡✲s❤❡❧❧ ✟❛s❤✱ t❤❡ ✷✷✠❡➊✷✺▼✞ r❡❛❝t✐♦♥ t❛❦❡s ♣❧❛❝❡ ❛♥❞ ♣r♦❞✉❝❡s ❛ ❤✐✞❤

♥❡✉tr♦♥ ❞❡♥s✐t② ✭�✁❣✂✄ ✘ ✾➊✡✵ ❝♠☎✸✮✆ ☛❤❡s❡ t✇♦ ❝♦♥❞✐t✐♦♥s ✞❡t ✐♥✈♦❧✈❡❞ ✐♥ t❤❡

☞✲♣r♦❝❡ss ♦❢ ❧♦✇✲♠❛ss st❛rs✆ ☛❤❡ ☛✝✌ ❡♣✐s♦❞❡ ❜r✐♥✞s ✉♣ t❤❡ s✲♣r♦❝❡ss ❡❧❡♠❡♥ts

t♦ t❤❡ s✉r❢❛❝❡ ♦❢ t❤❡ st❛r✆

✍✎✏✎✑ ❋✒✓✔ ✕✖✗ ✙✓✚✕✛❆●❇ ✙✖✜✚✗ ✕✓ ✕✖✗ ✢✖✣✕✗ ✤✢✜✒✥

✝✉r✐♥✞ t❤❡ ✦✧★ ♣❤❛s❡✱ t❤❡ st❛r ❤❛s ❛ st❡❛❞② ♠❛ss ❧♦ss ✇✐t❤ ❛ t②♣✐❝❛❧ r❛t❡ ♦❢

✘ ✩✪☎✫ ▼②r☎✬ ❛♥❞ ❛ s❧♦✇ ✇✐♥❞ ✈❡❧♦❝✐t② ♦❢ ✘ ✩✪ ❦♠☎✬s✆ ✯♥ t❤❡ ❧❛t❡st ✦✧★

st❛✞❡✱ t❤❡ st❛r s✉❢❢❡rs s❡✈❡r❛❧ ♠❛ss ❧♦ss ❡♣✐s♦❞❡s ✇✐t❤ ❛ t②♣✐❝❛❧ r❛t❡ ♦❢ ✘ ✩✪☎✸

▼②r☎✬✱ t❤❡ s♦✲❝❛❧❧❡❞ s✉♣❡r✇✐♥❞ ♣❤❛s❡✆ ☛❤✐s r❡s✉❧ts ✐♥ t❤❡ r❡♠♦✈❛❧ ♦❢ ♠♦st ♦❢

t❤❡ st❛r✰s ❡♥✈❡❧♦♣❡ ❞✉r✐♥✞ ❛ ❢❡✇ ♣✉❧s❡s✱ ❛♥❞ ❛ ✴✹☞✻✽✿❀❁ st❛r ✐s ❢♦r♠❡❞ ✭❛❧s♦

❦♥♦✇♥ ❛s ♣r♦t♦♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ♦r ♣P✠❡✮✆ ✦s ❛ r❡s✉❧t✱ t❤❡ ✐♥♥❡r ♣❛rts ♦❢

t❤❡ ❝❡♥tr❛❧ st❛r ❛r❡ ❛❧s♦ ❡①♣♦s❡❞✆ ☛❤❡ st❡❧❧❛r ✇✐♥❞ ✐s ❞r✐✈❡♥ ❜② t❤❡ r❛❞✐❛t✐♦♥

♣r❡ss✉r❡✱ ✇❤✐❝❤ ❞❡♣❡♥❞s ♦♥ t❤❡ st❡❧❧❛r t❡♠♣❡r❛t✉r❡✆ ☛❤❡r❡❢♦r❡✱ ❤✐✞❤ st❡❧❧❛r

t❡♠♣❡r❛t✉r❡s ♣r♦❞✉❝❡ ❤✐✞❤ r❛❞✐❛t✐♦♥ ♣r❡ss✉r❡s ❝❛✉s✐♥✞ t❤❡ ❡♥✈❡❧♦♣❡ ♦❢ t❤❡ ✦✧★

st❛r t♦ ❡❥❡❝t ❛s t❤❡ st❛r ❧❡❛✈❡s t❤❡ ✦✧★ ♣❤❛s❡✆ ☛❤❡ ✉❧tr❛✈✐♦❧❡t r❛❞✐❛t✐♦♥ ❡♠✐tt❡❞

❜② t❤❡ ❤♦t st❛r ✐♦♥✐③❡s t❤❡ ❡❥❡❝t❡❞ ❡♥✈❡❧♦♣❡ ♦❢ t❤❡ ✦✧★ st❛r✱ ❛♥❞ ❛ ♣❧❛♥❡t❛r②

♥❡❜✉❧❛ ❡♠❡r✞❡s ❢r♦♠ t❤❡ ✐♦♥✐③❡❞ ❝✐r❝✉♠st❡❧❧❛r ♠❛t❡r✐❛❧✆ P♦st✲✦✧★ st❛rs ❤❛✈❡

♠❛ss❡s ✐♥ t❤❡ r❛♥✞❡ ✵✆❂▼❏➊✡▼❏✱ ❛♥❞ ❧✉♠✐♥♦s✐t✐❡s ❛r♦✉♥❞ ✩✪✸➊✩✪❃▲❏ ✭★❧➝♦❝❦❡r

✡❄❄❅❛✮✆

☛❤❡ st❛r ❧❡❛✈❡s t❤❡ ♣♦st✲✦✧★ ♣❤❛s❡ ✇✐t❤ ❛ st❡❧❧❛r ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ♦❢

❛❜♦✉t ❊✪✪✪❑ ✭s❡❡ ◗✐✞✆ ✡✆✡✮✆ ✦❧t❤♦✉✞❤ ❛ ♣♦st✲✦✧★ st❛r ❡♠✐ts r❛❞✐❛t✐♦♥ ♦✈❡r ❛

❜r♦❛❞ ✇❛✈❡❜❛♥❞✱ t❤❡ t❡♠♣❡r❛t✉r❡ ♦❢ ✘ ❊✪✪✪❑ ✐s ♥♦t ❡♥♦✉✞❤ t♦ ✐♦♥✐③❡ t❤❡ ❝✐r✲

❝✉♠st❡❧❧❛r ♠❛tt❡r✆ ▲❡❛✈✐♥✞ t❤❡ ♣♦st✲✦✧★✱ t❤❡ st❛r ♠♦✈❡s t♦✇❛r❞s ❤✐✞❤❡r ❡❢✲

❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡s ♦❢ ❙ ❱✪✪✪✪❑✱ s♦ ❛ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ❛♣♣❡❛rs✆ ✦s t❤❡ st❛r

r❡❛❝❤❡s ❛ t❡♠♣❡r❛t✉r❡ ♦❢ ❛❜♦✉t ❲❅✱✵✵✵ ❑✱ ✐t ❝❛♥ ✐♦♥✐③❡ t❤❡ ♣r❡✈✐♦✉s❧② ❡❥❡❝t❡❞

✦✧★ ❡♥✈❡❧♦♣❡✱ ❛♥❞ ✐t ❜❡❝♦♠❡s t❤❡ ❳❨❩✻❬❭❪ ☞✻❭❬ ✹❫ ❭ ✴❪❭❩❨✻❭❬❴ ❩❨❵q❪❭ ✭④⑤P✠✮✆

✡❲ ⑥⑦✹❪q✻⑧✹❩ ✹❫ ✴❪❭❩❨✻❭❬❴ ❩❨❵q❪❭❨ ⑨⑧✻⑩ ❶❷✽✻❴✴❨ ❳❨❩✻❬❭❪ ☞✻❭❬☞



✶✳✷✳ P�❆◆❊❚❆❘❨ ◆❊❇❯�❆✿ ❆ ❚❍❊❖❘❊❚■❈❆� ❖❱❊❘❱■❊❲

✁❛❜❧❡ ✂✄✂☎ ✆❤✐t❡ ❞✇❛r❢ s♣❡❝tr❛❧ ❝❧❛ss✐✝❝❛t✐♦♥ ❜② ▼❝✞♦♦❦ ✫ ❙✐♦♥ ✭✂✾✾✾✮✄

✟✠✡☛ ☞✌✍✎✍✏✑☛✎✒✓✑✒✏✓

❉✔ ✕✖✗✠ ✘✍✗♠☛✎ ✗✒✖☛✓❀ ✖✙ ✚☛ ✛ ✙✎ ♠☛✑✍✗✓ ✡✎☛✓☛✖✑

❉✘ ✚☛ ✛ ✗✒✖☛✓❀ ✖✙ ✚ ✙✎ ♠☛✑✍✗✓

❉☞ ☞✙✖✑✒✖✉✙✉✓ ✓✡☛✏✑✎✉♠✱ ✖✙ ✗✒✖☛✓ ✜☛☛✡☛✎ ✑✌✍✖ ✺✪ ✒✖ ✍✖✠ ✡✍✎✑ ✙✢ ✑✌☛ ✓✡☛✏✑✎✉♠

❉✕ ✚☛ ✛✛ ✓✑✎✙✖❣❀ ✚☛ ✛ ✙✎ ✚ ✡✎☛✓☛✖✑

❉❩ ✣☛✑✍✗ ✗✒✖☛✓ ✙✖✗✠❀ ✖✙ ✚ ✙✎ ✚☛ ✗✒✖☛✓

❉◗ ☞✍✎✤✙✖ ✢☛✍✑✉✎☛✓✱ ☛✒✑✌☛✎ ✍✑✙♠✒✏ ✙✎ ♠✙✗☛✏✉✗✍✎ ✒✖ ✍✖✠ ✡✍✎✑ ✙✢ ✑✌☛ ✓✡☛✏✑✎✉♠

✁❤❡ ❡❢❢❡❝t✐✈❡ t❡✥♣❡r❛t✦r❡s ❤✐✧❤❡r t❤❛♥ ✸✵✵✵✵❑ ✥❛❦❡ ❝♦♥s✐❞❡r❛❜❧② ❢❛st❡r

✥❛ss✲❧♦ss ✇✐t❤ ✇✐♥❞ ✈❡❧♦❝✐t✐❡s ✦♣ t♦ ★ ✩✵✵✵ ❦✥s✬✯ ❞✦❡ t♦ ❤✐✧❤❡r r❛❞✐❛t✐♦♥

♣r❡ss✦r❡s✄ ✁❤❡ s✦♣❡r✇✐♥❞ ✐♥t❡r❛❝ts ✇✐t❤ t❤❡ ♣r❡✈✐♦✦s❧② ❡❥❡❝t❡❞ s❤❡❧❧ ❢r♦✥ t❤❡

✰●✴ ♣❤❛s❡✹ ❝r❡❛t✐♥✧ ❛ ❤✐✧❤ ❞❡♥s✐t② s❤❡❧❧ ✭❑✇♦❦ ❡t ❛❧✄ ✂✾✼✽✮✄ ✁❤❡ s✦♣❡r✇✐♥❞ ❛♥❞

t❤❡ ✐♥t❡rst❡❧❧❛r ✥❡❞✐✦✥ ✭✻❙▼✮ ❝♦✥♣r❡ss t❤❡ s❤❡❧❧ ♦♥ ❜♦t❤ s✐❞❡s✹ ✥❛❦✐♥✧ ✐♥♥❡r

❛♥❞ ♦✦t❡r s❤♦❝❦✲r❡✧✐♦♥s✄ ✰❢t❡r t❤❡ ✞❙❁❂ ❤❛s r❡❛❝❤❡❞ ❛ ✥❛①✐✥✦✥ ❡❢❢❡❝t✐✈❡

t❡✥♣❡r❛t✦r❡ ✭★ ❃✵❄ t♦ ✩❅❃✵❄ ❑✮✹ ✐t st❛rts t♦ ❝♦♦❧ ❞♦✇♥✹ r❡s✦❧t✐♥✧ ✐♥ ❛ ❞❡❝r❡❛s❡

✐♥ t❤❡ ❧✦✥✐♥♦s✐t② ♦❢ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✦❧❛✄ ✁❤❡ ♣❧❛♥❡t❛r② ♥❡❜✦❧❛ ❝♦♥t✐♥✦❡s t♦

❡①♣❛♥❞ t♦ ❧❛r✧❡r s✐③❡s✄ ✁❤✐s ♣❤❛s❡ ❧❛sts ❛r♦✦♥❞ ❋❏✹❏❏❏ ②❡❛rs✹ ❛ s✥❛❧❧ ❛✥♦✦♥t

♦❢ t✐✥❡ ✐♥ ❝♦✥♣❛r✐s♦♥ t♦ t❤❡ ✇❤♦❧❡ ❧✐❢❡ ♦❢ t❤❡ st❛r ✭★ ❃✵✯▲ ②❡❛rs✮✄ ✰❢t❡r ❛r♦✦♥❞

❳❏✹❏❏❏ t♦ ❬❏✹❏❏❏ ②❡❛rs✹ t❤❡ ♥❡❜✦❧❛ ❤❛s ❝♦✥♣❧❡t❡❧② ❢❛❞❡❞ ❛✇❛② ✐♥ t❤❡ ✻❙▼✄ ✁❤❡

❝❡♥tr❛❧ st❛r ❝♦♥t✐♥✦❡s t♦ ❝♦♦❧ ❛s ❛ ✇❤✐t❡ ❞✇❛r❢✄ ✁❤❡ ♥❡❜✦❧❛r ✥❛t❡r✐❛❧ ❞✐ss♦❧✈❡s

✐♥t♦ t❤❡ ✐♥t❡rst❡❧❧❛r ✥❡❞✐✦✥✹ ✥✐①✐♥✧ ✇✐t❤ ♦t❤❡r ❡①✐st✐♥✧ ✥❛t❡r✐❛❧✹ ❢r♦✥ ✇❤❡r❡ ❛

♥❡✇ st❛r ✥❛② ❜❡ ❜♦r♥✄

✁❤❡ ❭❪❫❴❵ q❭④⑤⑥ ✭✆⑦✮ ♣❤❛s❡ ✐s t❤❡ ✝♥❛❧ st❛✧❡ ♦❢ ❧♦✇ t♦ ✐♥t❡r✥❡❞✐❛t❡ ✥❛ss

s✐♥✧❧❡ st❛rs✄ ✆⑦s ❛r❡ ❞✐✈✐❞❡❞ ✐♥t♦ t✇♦ ✧r♦✦♣s✹ ♥❛✥❡❧② t❤♦s❡ ✇✐t❤ ❤②❞r♦✧❡♥✲

❞♦✥✐♥❛t❡❞ ❛t✥♦s♣❤❡r❡ ✭⑦✰✮✹ ❛♥❞ ❤②❞r♦✧❡♥✲❞❡✝❝✐❡♥t ❛t✥♦s♣❤❡r❡ ✭⑦✴✮✄ ✁❤❡

❤②❞r♦✧❡♥✲❞♦✥✐♥❛t❡❞ ❛t✥♦s♣❤❡r❡ ✆⑦s ❝♦♥st✐t✦t❡ ★ ⑧✵⑨ ♦❢ t❤❡ ♣♦♣✦❧❛t✐♦♥✄ ✁❛✲

❜❧❡ ✂✄✂ ❧✐sts s♣❡❝tr❛❧ ❝❧❛ss✐✝❝❛t✐♦♥ ❝♦❞❡s ❢♦r ✇❤✐t❡ ❞✇❛r❢s ❜② ▼❝✞♦♦❦ ✫ ❙✐♦♥

❆⑩❪❶❷❫❸ ❹④❺❵❪❶④⑤ ✂❳
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✭�✾✾✾✮✁ ✂❤✐s ❝❧❛ss✐✄❝❛t✐♦♥ s❝❤❡♠❡ ✇❛s ✄rst ✐♥tr♦❞✉❝❡❞ ❜② ❲❡s❡♠❛❡❧ ❡t ❛❧✁

✭�✾✾✸✮✁ ☎❆s ❝♦♥st✐t✉t✐♥❣ ❛❜♦✉t ✽✵✪ ♦❢ t❤❡ ❦♥♦✇♥ ❲☎s s❤♦✇ ♦♥❧② ❤②❞r♦❣❡♥

❧✐♥❡s✁ ☎❇s ❤❛✈❡ ❛ ❤②❞r♦❣❡♥✲❞❡✄❝✐❡♥t ❛t♠♦s♣❤❡r❡✱ ❛♥❞ s❤♦✇ ❥✉st ❍❡ ✆ ❧✐♥❡s✁ ☎✝s

❛r❡ ❤♦t ❡♥♦✉❣❤ t♦ ✐♦♥✐③❡ ❤❡❧✐✉♠✱ ❛♥❞ s❤♦✇ str♦♥❣ ❍❡ ✆✆ ❧✐♥❡s✁ ☎✞s s❤♦✇ ♦♥❧②

❝♦♥t✐♥✉✉♠ ❛♥❞ ❝♦✉❧❞ ❜❡ ✈❡r② ❝♦❧❞ ❤❡❧✐✉♠ ❲☎s✁ ☎◗s s❤♦✇s str♦♥❣ ❝❛r❜♦♥ ❧✐♥❡s✱

✇❤✐❧❡ ☎❩s ❤❛✈❡ str♦♥❣ ♠❡t❛❧ ❧✐♥❡s✁

✟✠✡ P☛☞✌✍✎☞✏✑ ✒✍✓✔☛☞✍✿ ☞ ✕✖✍✗✘✕☞☛ ☛☞✓✙✏☞✎✙✏✑

✚✛❡ ❤❛✈❡ ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ✐♥ ●❛❧❛❝t✐❝ ❝❤❡♠✐❝❛❧ ❡✈♦❧✉t✐♦♥ ❜② r❡t✉r♥✐♥❣ s✐❣♥✐❢✲

✐❝❛♥t ❡♥r✐❝❤❡❞ ♠❛t❡r✐❛❧ t♦ t❤❡ ✜❙▼✁ ✝❜s❡r✈❛t✐♦♥s ♦❢ ✚✛❡ ❛r❡ ✉s❡❞ t♦ ❞❡t❡r♠✐♥❡

t❤❡ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ♦❢ t❤❡ ✐♥t❡rst❡❧❧❛r ♠❡❞✐✉♠ ♣r❡s❡♥t ✐♥ ♦✉r ♦✇♥ ❛♥❞

♦t❤❡r ❣❛❧❛①✐❡s ✭❡✁❣✁ ❆❧❧❡r ✫ ✞③②③❛❦ �✾✢✸❀ ❑✐♥❣s❜✉r❣❤ ✫ ❇❛r❧♦✇ �✾✾✹❀ ❙t❛s✐➫♥s❦❛

❡t ❛❧✁ �✾✾✢❀ ●❛r❝➫✣❛✲✤♦❥❛s ❡t ❛❧✁ ✷✥�✷✮✁ ▼✐①✐♥❣ ♣r♦❝❡ss❡s ❞✉r✐♥❣ t❤❡ ♣r♦❣❡♥✐t♦r✬s

❧✐❢❡ ✭❡✁❣✁✱ ✄rst ❛♥❞ s❡❝♦♥❞ ❞r❡❞❣❡ ✉♣ ♣r✐♦r t♦ t❤❡ ❆●❇✱ ❛♥❞ t❤✐r❞ ❞r❡❞❣❡ ✉♣ ❛♥❞

❤♦t ❜♦tt♦♠ ❜✉r♥✐♥❣ ❞✉r✐♥❣ t❤❡ ❆●❇✮ ✇✐❧❧ ❝❤❛♥❣❡ t❤❡ ❡♥✈❡❧♦♣❡ ❝♦♠♣♦s✐t✐♦♥ ♦❢

❍❡✱ ✞✱ ✛ ❛♥❞ ♣♦ss✐❜❧② ✝ ❛♥❞ ✛❡ ✭✚➫❡q✉✐❣♥♦t ❡t ❛❧✁ ✷✥✥✥❀ ❑❛r❛❦❛s ✫ ▲❛tt❛♥③✐♦

✷✥✥✸❀ ❑❛r❛❦❛s ❡t ❛❧✁ ✷✥✥✾✮✁ ✝t❤❡r ❡❧❡♠❡♥ts s✉❝❤ ❛s ❙✱ ❆r✱ ❛♥❞ ✞❧ ❛r❡ ❧❡❢t ✉♥✲

t♦✉❝❤❡❞ ❜② t❤❡ ❡✈♦❧✉t✐♦♥ ❛♥❞ ♥✉❝❧❡♦s②♥t❤❡s✐s ✐♥ ❧♦✇ ❛♥❞ ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss

st❛rs✁ ❋♦r t❤✐s r❡❛s♦♥ ✚✛❡ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ♥♦t ♦♥❧② r❡✦❡❝t t❤❡ ❝♦♠♣♦s✐✲
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❆✏★❄ ✖❆✏ ❱✘ ✙✚✛✜✹✢✥✰✛✼✣✣✜✤❂✙✚✛✹✜✪✜✤ ❍✍❅❇

✯☞★❄ ✖✯☞ ❱✘ ✙✚✛✢✹✪✜✰✛✢✢✹✜✤❂✙✚✛✪✬✼✥✤ ❍✍❅❇

�✻ ●❏❑P◗❲❳❑❨ ❑❩ ❭P❫❨❴❲❫❵❥ ❨❴q◗P❫❴ ③❳❲④ ⑤⑥⑦❲❥❭❴ ⑧❴❨❲❵❫P ⑨❲❫❵⑨



✶✳✸✳ P�❆◆❊❚❆❘❨ ◆❊❇❯�❆❊✿ ❆ ❈❍❊▼■❈❆� �❆❇❖❘❆❚❖❘❨

5,000 10,000 15,000 20,000
10

1

10
2

10
3

10
4

Temperature (K)

Li
ne

 r
at

io

[N II] I(6548+6583)/I(5755)

[Ne III] I(3869+3968)/I(3343)

[O III] I(5007+4959)/I(4363)

[S III] I(9531+9069)/I(6312)

[O I] I(6300+6364)/I(5577)

❋✐❣✉r❡ ✁✂✼✄ ☎❡♠♣❡r❛t✉r❡✲s❡♥s✐t✐✈❡ ❧✐♥❡ r❛t✐♦s ❝♦♠♠♦♥❧② ✉s❡❞ ❢♦r t❡♠♣❡r❛t✉r❡

❞❡t❡r♠✐♥❛t✐♦♥✂ ❉✉❡ t♦ s✐♠✐❧❛r ❡①❝✐t❛t✐♦♥ ♣♦t❡♥t✐❛❧ ♦❢ ❬✆ ✝❪ ✭s♦❧✐❞ ❧✐♥❡✮ ❛♥❞ ❬✞ ✝✝❪

✭❞❛s❤❡❞ ❧✐♥❡✮✱ t❤❡✐r ❧✐♥❡ r❛t✐♦s ❛r❡ ❛❧♠♦st ❝♦✐♥❝✐❞❡♥t✂ ✟❧❡❝tr♦♥ ❞❡♥s✐t② ✠✡ ❂ ☛

❝♠☞✌✂ ❋r♦♠ ✆st❡r❜r♦❝❦ ✫ ❋❡r❧❛♥❞ ✭✷✵✵✻✮✂

t❤❛♥ t❤❡ ❝r✐t✐❝❛❧ ❞❡♥s✐t✐❡s✂ ✍♦✇❡✈❡r✱ t❤❡ ❛✉r♦r❛❧ ❧✐♥❡s ♠❛② ♥♦t ❜❡ s✉♣♣r❡ss❡❞✱

s✐♥❝❡ t❤❡② ✉s✉❛❧❧② ❤❛✈❡ ♠✉❝❤ ❤✐❣❤❡r ❝r✐t✐❝❛❧ ❞❡♥s✐t✐❡s✂ ☎❤✐s ❧❡❛❞s t♦ ❛ ✇r♦♥❣

t❡♠♣❡r❛t✉r❡ ❞❡t❡r♠✐♥❛t✐♦♥✂ ❋✐♥❛❧❧②✱ t❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ ❞✐❡❧❡❝tr♦♥✐❝ ❛♥❞ r❡❝♦♠✲

❜✐♥❛t✐♦♥ t♦ t❤❡ ❛✉r♦r❛❧ ❧✐♥❡s ✐s s♦♠❡t✐♠❡ ✉♣ t♦ ✼✵✪ ❛♥❞ r❡s✉❧ts ✐♥ ❛ ❢❛❧s❡ ❤✐❣❤

t❡♠♣❡r❛t✉r❡ ♠❡❛s✉r❡♠❡♥t ✭s❡❡ ✎❤❛♣t❡r ✏ ❢♦r ♠♦r❡ ❞✐s❝✉ss✐♦♥✮✂ ☎❤❡ ❬✞ ✝✝❪ ❛✉✲

r♦r❛❧ ❧✐♥❡ ♠❛② ❤❛✈❡ ❛ ✈❡r② ❧❛r❣❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥ ❢r♦♠ t❤❡ ✞✑✰ ✐♦♥✱

❜✉t t❤❡ ❬✆ ✝✝✝❪ ❛✉r♦r❛❧ ❧✐♥❡ ♠❛② ❜❡ ❧❡ss ❛❢❢❡❝t❡❞ ❜② r❡❝♦♠❜✐♥❛t✐♦♥✱ ❛s ✆✌✰ ✐♦♥ ✐s

♥♦t ✉s✉❛❧❧② ❧❛r❣❡ ✐♥ t❤❡ ♥❡❜✉❧❛✂

☎❤❡ ✎✟▲s ✉s❡❞ ❢♦r t❤❡ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ❞❡t❡r♠✐♥❛t✐♦♥ ❤❛✈❡ s✐♠✐❧❛r ❡①❝✐t❛t✐♦♥

❡♥❡r❣✐❡s✱ ❜✉t ❧❛r❣❡❧② ❞✐❢❢❡r❡♥t ❝♦❧❧✐s✐♦♥❛❧ ❞❡✲❡①❝✐t❛t✐♦♥ r❛t❡s✂ ❋✐❣✂ ✁✂✽ ✐❧❧✉str❛t❡s

t❤❡ ❡♥❡r❣②✲❧❡✈❡❧ ❢♦r t❤❡ ✒✓✌ ❣r♦✉♥❞ ❝♦♥✔❣✉r❛t✐♦♥ ♦❢ ❬✆ ✝✝❪ ❛♥❞ t❤❡ ✕✓✌ ❣r♦✉♥❞

❝♦♥✔❣✉r❛t✐♦♥ ♦❢ ❬❙ ✝✝❪✂ ☎❤❡ r❛t✐♦ ♦❢ ❜♦t❤ ❧✐♥❡s ✐s ❞❡♥s✐t② ❞❡♣❡♥❞❡♥t✱ s♦ ❜② ♠❡❛✲

❆✖✗✘✙✚③ ✛✜✢✣✗✘✜✤ ✁✼
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[O II] I(3729)/I(3726)

[S II] I(6716)/I(6731)

❋✐❣✉r❡ ✁✂✾✄ ❉❡♥s✐t②✲s❡♥s✐t✐✈❡ ❧✐♥❡ r❛t✐♦s ❝♦♠♠♦♥❧② ✉s❡❞ ❢♦r t❤❡ ❞❡♥s✐t② ❞❡t❡r✲

♠✐♥❛t✐♦♥✂ ☎❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✆✝ ❂ ✞✵✹ ❑✂ ❋r♦♠ ✟st❡r❜r♦❝❦ ✫ ❋❡r❧❛♥❞ ✭✷✠✠✻✮✂

s✉r✐♥❣ t❤❡♠ t❤❡ ❞❡♥s✐t② ❝❛♥ ❜❡ ❞❡t❡r♠✐♥❡❞✂ ❋✐❣✂ ✁✂✾ s❤♦✇s t❤❡ ❞❡♣❡♥❞❡♥❝❡ ♦❢

t❤❡ ❞❡♥s✐t②✲s❡♥s✐t✐✈❡ ✐♥t❡♥s✐t② r❛t✐♦s✱ ♥♦t❛❜❧② ❬✟ ✡✡❪ ☛☞✌✍✼✷✾✎ ✴ ☛☞✌✍✼✷✻✎ ❛♥❞

❬❙ ✡✡❪ ☛☞✌✻✼✁✻✎ ✴ ☛☞✌✻✼✍✁✎✂ ✏❛❜❧❡ ✁✂✍ ❧✐sts t❤❡ ❧✐♥❡ r❛t✐♦s ✇❤✐❝❤ ❝❛♥ ❜❡ ✉s❡❞ ❢♦r

t❤❡ ❞❡♥s✐t② t❡♠♣❡r❛t✉r❡ ❞❡t❡r♠✐♥❛t✐♦♥✱ t♦❣❡t❤❡r ✇✐t❤ t❤❡✐r ❡①❝✐t❛t✐♦♥ ③♦♥❡s✂

✏❤❡ ✐♥t❡♥s✐t② r❛t✐♦s ♦❢ ❬✟ ✡✡❪✱ ❬❙ ✡✡❪✱ ❬✑❧ ✡✡✡❪ ❛♥❞ ❬✒r ✡❱❪ ❛r❡ ✉s❡❢✉❧ ❞❡♥s✐t② ✐♥❞✐❝❛✲

t♦rs✂

✏❤❡ ❛❝❝✉r❛❝② ♦❢ t❤❡ ❞❡♥s✐t② ♠❡❛s✉r❡♠❡♥t ❞❡♣❡♥❞s ♦♥ t❤❡ ❝r✐t✐❝❛❧ ❞❡♥s✐t✐❡s

♦❢ t❤❡ ✉♣♣❡r ❧❡✈❡❧s✂ ✏❤❡ ♠❡❛s✉r❡♠❡♥t ♠❛② ❤❛✈❡ ❤✐❣❤ ✉♥❝❡rt❛✐♥t② ✐♥ ❛ r❡❣✐♦♥✱

✇❤❡r❡ t❤❡ ❧✐♥❡s ❛r❡ ❝♦❧❧✐s✐♦♥❛❧❧② ❡①❝✐t❡❞✱ ❜✉t t❤❡ ❞❡♥s✐t② ✐s s✐❣♥✐✓❝❛♥t❧② ❧♦✇❡r

t❤❛♥ t❤❡ ❝r✐t✐❝❛❧ ❞❡♥s✐t✐❡s✂ ✏❤❡ ❝r✐t✐❝❛❧ ❞❡♥s✐t✐❡s ♦❢ ❬✟ ✡✡❪ ✌✌✍✼✷✻✱✍✼✷✾ ❛♥❞

❬❙ ✡✡❪ ✌✌✻✼✁✻✱✻✼✍✁ ❧✐♥❡s ❛r❡ ❛r♦✉♥❞ ✞✵✹ ❝♠✔✕✂

❆✖✗✘✙✚✛ ✜✢✣✤✗✘✢✥ ✁✾
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❆❧t❡r♥❛t✐✈❡❧✪✱ ✐t ✐s ♣♦ss✐☎❧❡ t♦ ❡st✐♠❛t❡ ✂✭✄❜✮ t❤r♦✉❣❤ ❛ ❝♦♠♣❛r✐s♦♥ ♦❢ t❤❡

♦☎s❡r✈❡❞ r❛❞✐♦ ❢r❡❡➊❢r❡❡ ❝♦♥t✐♥✉✉♠ r❛❞✐❛t✐♦♥ ❛t ❃ ●❍③ ✇✐t❤ t❤❡ ♠❡❛s✉r❡❞ ❍❜

✝✉①� ❄s✐♥❣ t❤❡ ❢♦r♠✉❧❛ ❣✐✈❡♥ ☎✪ ▼✐❧♥❡ ✫ ❆❧❧❡r ✛✜✾✼❃✢✱ ❛❧♦♥❣ ✇✐t❤ t❤❡ ♥❡☎✉❧❛r

❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❛♥❞ ❤❡❧✐✉♠ ✐♦♥✐❝ ❛☎✉♥❞❛♥❝❡s✱ t❤❡ ❡①t✐♥❝t✐♦♥ ✂✭✄❜✮❅✟❊❏✕ ✐s

❞❡t❡r♠✐♥❡❞ ❢r♦♠ t❤❡ r❛❞✐♦✲❍❜ ♠❡t❤♦❞ ❛s ❢♦❧❧♦✇s✿

✂✭✄❜✮❅✟❊❏✕ ❂✌✍✎✏✵

▲
✹✺P◗❲✥✦★❳❨❩❭❫❴ ❵★✵❥❦

✌q✭④④✦✦❵✸⑤⑥✮❬✥⑦✭✥✖⑧⑨⑨✮⑩⑦✹✺❶⑧⑨⑨⑩❪

❷

✖✌✍✎✏✵❬❋✭✄❜✮❪ ✛✜�✷✢

✇❤❡r❡ ❨❩❭❫❴ ✐s t❤❡ ♦☎s❡r✈❡❞ ❃ ●❍③ ✝✉① ❞❡♥s✐t✪ ✐♥ ❸✪✱ ❋✭✄❜✮ t❤❡ ♠❡❛s✉r❡❞

❍❜ ✝✉① ✐♥ ❡r❣ ❝♠★⑥ s★✏✱ ❵ ✐s t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ♦❢ t❤❡ ♥❡☎✉❧❛ ✐♥ ✥✦❦ ❑✱

⑩ ❂✧✭✄❹✮✒✧✭✄✮ t❤❡ ♥✉♠☎❡r ❛☎✉♥❞❛♥❝❡ ♦❢ ❤❡❧✐✉♠ ❛♥❞ ⑧⑨⑨ ❂ ✧✭✄❹❺❺✮✒✧✭✄❹✮ t❤❡

❢r❛❝t✐♦♥ ♦❢ ❞♦✉☎❧✪ ✐♦♥✐③❡❞ ❤❡❧✐✉♠ ❛t♦♠s✱ ❛ss✉♠✐♥❣ ❤✪❞r♦❣❡♥ ✐s ❢✉❧❧✪ ✐♦♥✐③❡❞�

❻❼❽ ❾❿➀➁➂➃➄➅➆➇ ➈➆➉➇➋➄➀ ➌➇➄➋➌ ❿➁ ➍➀➄➉➆➇➄➋➅ ➉➆➎➏➀➄➆

❆❧t❤♦✉❣❤ ♠♦st ❝❡♥tr❛❧ st❛rs ♦❢ ➐➑❡ ✛➒❙➐➑❡✢ ❤❛✈❡ ➓❤✪❞r♦❣❡♥✲r✐❝❤➔ s✉r❢❛❝❡ ❛☎✉♥✲

❞❛♥❝❡s✱ ❛ ❝♦♥s✐❞❡r❛☎❧❡ ❢r❛❝t✐♦♥ ✛→ P➣↔✢ ♦❢ t❤❡♠ s❤♦✇ ➓❤✪❞r♦❣❡♥✲❞❡↕❝✐❡♥t➔ ❢❛st

❡①♣❛♥❞✐♥❣ ❛t♠♦s♣❤❡r❡s ❝❤❛r❛❝t❡r✐③❡❞ ☎✪ ❛ ❧❛r❣❡ ♠❛ss✲❧♦ss r❛t❡ ✛✁✪❧❡♥❞❛ ❡t ❛❧�

✜✾✾❁✩ ➙❡✉❡♥❤❛❣❡♥ ❡t ❛❧� ✜✾✾✻✩ ➙❡✉❡♥❤❛❣❡♥ ✫ ❍❛♠❛♥♥ ✜✾✾✽✩ ❆❝➛❡r ✫ ➑❡✐♥❡r

✷✷ ➜➝➞➟➠➡➢➞➤ ➞➥ ➦➟➧➤➨➡➧➩➫ ➤➨➭➠➟➧➨ ➯➢➡➲ ➳➵➸➡➫➦➨ ➺➨➤➡➩➧➟ ➻➡➧➩➻



✶✳✹✳ ❲❖▲❋✲❘❆❨❊❚ ❈❊◆❚❘❆▲ ❙❚❆❘❙ ❖❋ P▲❆◆❊❚❆❘❨ ◆❊❇❯▲❆❊

✷✵✵✸✮� ✁❤❡✐r s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡s ❡①❤✐❜✐t ❤❡❧✐✉♠✱ ❝❛r❜♦♥✱ ♦①②❣❡♥ ❛♥❞ ♥❡♦♥

♣r♦❞✉❝ts ♦❢ t❤❡ ❤❡❧✐✉♠ ❜✉r♥✐♥❣ ♣❤❛s❡ ❛♥❞ ❛ ♣♦st✂❤❡❧✐✉♠ ✄❛s❤ ✭☎❡r♥❡r ✫ ❍❡r✂

✇✐❣ ✷✵✵✻✮� ▼♦st ♦❢ t❤❡s❡ ✆✝✞✟❡ ✇❡r❡ ❝❧❛ss✐✠❡❞ ❛s t❤❡ ❝❛r❜♦♥✂s❡q✉❡♥❝❡ ♦❢ ☎♦❧❢✂

✡❛②❡t ✭♦r ❬☎✆❪✮ st❛rs✱ r❡s❡♠❜❧✐♥❣ t❤♦s❡ ♦❢ ♠❛ss✐✈❡ ☎♦❧❢➊✡❛②❡t ✭☎✡✮ st❛rs ✭✈❛♥

❞❡r ❍✉❝❤t ❡t ❛❧� ☛✾✽☛❀ ✈❛♥ ❞❡r ❍✉❝❤t ✷✵✵☛✮✱ ✇❤❡r❡ t❤❡ sq✉❛r❡ ❜r❛❝❦❡t ❞✐st✐♥✂

❣✉✐s❤❡s t❤❡♠ ❢r♦♠ ♠❛ss✐✈❡ ❝♦✉♥t❡r♣❛rts� ☞❜♦✉t ❤❛❧❢ ♦❢ t❤❡♠ s❤♦✇ ✈❡r② ❤✐❣❤

❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡s✱ r❛♥❣✐♥❣ ❢r♦♠ ✽✵ ✵✵✵ ❑ t♦ ☛✺✵ ✵✵✵ ❑✱ ❛♥❞ ❛r❡ ✐❞❡♥t✐✠❡❞

❛s t❤❡ ❡❛r❧②✂t②♣❡ ✭❬☎✆✌❪✮✱ ✐♥❝❧✉❞✐♥❣ s♣❡❝tr❛❧ ❝❧❛ss ❬☎✍ ☛❪➊❬☎✆✺❪ ✭❑♦❡st❡r❦❡ ✫

❍❛♠❛♥♥ ☛✾✾✼❀ ✞❡➌♥❛ ❡t ❛❧� ☛✾✾✽✮� ✍t❤❡rs ❤❛✈✐♥❣ s✉r❢❛❝❡ t❡♠♣❡r❛t✉r❡s ❜❡t✇❡❡♥

✷✵✂✽✵ ❦❑ ❛r❡ ❝❛❧❧❡❞ t❤❡ ❧❛t❡✂t②♣❡ ✭❬☎✆✎❪✮✱ ❝♦♥t❛✐♥✐♥❣ s♣❡❝tr❛❧ ❝❧❛ss ❬☎✆ ✻➊☛☛❪

✭✎❡✉❡♥❤❛❣❡♥ ❡t ❛❧� ☛✾✾✻❀ ✎❡✉❡♥❤❛❣❡♥ ✫ ❍❛♠❛♥♥ ☛✾✾✽✮�

■t ❤❛s ❜❡❡♥ s✉❣❣❡st❡❞ t❤❛t ❬☎✆✌❪ st❛rs ❛r❡ t❤❡ s✉❝❝❡ss♦rs ♦❢ t❤❡ ❬☎✆✎❪ st❛rs✱

❛♥❞ ❡✈♦❧✈❡ ❢✉rt❤❡r t♦ t❤❡ ❬☎✆❪✂✞●☛☛✺✾ ❛♥❞ t❤❡♥ t♦ t❤❡ ✞●☛☛✺✾ st❛rs ❢♦✉♥❞ ✐♥

♦❧❞ ✞✟❡ ✭✟❛♣✐✇♦t③❦✐ ✫ ✝❝❤♦❡♥❜❡r♥❡r ☛✾✾✺❀ ❉r❡✐③❧❡r ✫ ☎❡r♥❡r ☛✾✾✻❀ ❍❛♠❛♥♥

☛✾✾✻❀ ✞❛rt❤❛s❛r❛t❤② ❡t ❛❧� ☛✾✾✽❀ ☎❡r♥❡r ✷✵✵☛✮� ✁❤❡ ❛t♠♦s♣❤❡r❡ ♦❢ ✞●☛☛✺✾

st❛rs ❛r❡ ❝♦♠♣♦s❡❞ ♠❛✐♥❧② ♦❢ ❤❡❧✐✉♠✱ ❝❛r❜♦♥ ❛♥❞ ♦①②❣❡♥� ☎❡r♥❡r ✭✷✵✵☛✮ s✉❣✂

❣❡st❡❞ ❛ ❵t②♣✐❝❛❧✬ s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡ ♣❛tt❡r♥ ♦❢ ❍❡✿✆✿✟✿✍❂✸✸✿✺✵✿✷✿☛✺ ❜② ♠❛ss

❢♦r ✞●☛☛✺✾✱ ✇❤✐❝❤ ✐s ❜❡✐♥❣ ✉s❡❞ ❢♦r t❤❡ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ✄✉①❡s ♦❢ s♦♠❡ ♣❤♦✂

t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ♦❢ ✞✟❡ ✭❡�❣� ☎r✐❣❤t ❡t ❛❧� ✷✵☛☛❀ ❉❛♥❡❤❦❛r ❡t ❛❧� ✷✵☛✸✮�

✁❤❡r❡ ✐s ❛ ❝❧❡❛r s❡♣❛r❛t✐♦♥ ♦❢ ❬☎✆❪ st❛rs ❤❛✈✐♥❣ ♠❛ss✂❧♦ss ❢❡❛t✉r❡s✱ ❜✉t r❡s❡♠✂

❜❧✐♥❣ t❤❡ ✈❡r② ❤♦t ✞●☛☛✺✾✱ ❝❧❛ss✐✠❡❞ ❛s ❬☎✆❪✂✞●☛☛✺✾ s✉❝❤ ❛s t❤♦s❡ ✐♥ ☞❜❡❧❧

✸✵ ❛♥❞ ✼✽� ✁❤❡② ❝❛♥ ❜❡ ♣❧❛❝❡❞ ✐♥ ❛ tr❛♥s✐t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ❬☎✆✌❪ ❛♥❞ ✞●☛☛✺✾

✭❍❛♠❛♥♥ ☛✾✾✻❀ ✞❛rt❤❛s❛r❛t❤② ❡t ❛❧� ☛✾✾✽✮✱ ❜✉t t❤❡② ❤❛✈❡ ❜❡❡♥ ❛❧s♦ ❢♦✉♥❞ ❜❡✂

t✇❡❡♥ t❤❡ ❬☎✆✌❪ ❛♥❞ ❬☎✆✎❪ ❣r♦✉♣s ✭☎❡r♥❡r ✷✵✵☛✮�

✁❤❡r❡ ❛r❡ ❛ ❢❡✇ ✆✝✞✟❡ ✇❤♦s❡ st❡❧❧❛r ❡♠✐ss✐♦♥ ❧✐♥❡s ❛r❡ s✐♠✐❧❛r t♦ t❤♦s❡

♦❢ ✞●☛☛✺✾✱ ❜✉t ❛❧s♦ ❡①❤✐❜✐t✐♥❣ str♦♥❣ ✏❛❧♠❡r ❧✐♥❡s ✐♥❞✐❝❛t✐♥❣ ❛ ❤②❞r♦❣❡♥✂r✐❝❤

❛t♠♦s♣❤❡r❡ s✉❝❤ ❛s ☞❜❡❧❧ ✑✸✱ ✟●✆ ✼✵✾✑ ❛♥❞ ✝❤ ✷✂✻✽✱ t❤❡ s♦✂❝❛❧❧❡❞ ❵❤②❜r✐❞✬

✞●☛☛✺✾✂t②♣❡ st❛rs ✭✟❛♣✐✇♦t③❦✐ ✫ ✝❝❤♦❡♥❜❡r♥❡r ☛✾✾☛✱ ☛✾✾✺❀ ✟❛♣✐✇♦t③❦✐ ☛✾✾✾❀

◗✉✐r✐♦♥ ❡t ❛❧� ✷✵✵✺✮� ✁❤❡ ❤②❜r✐❞✂✞●☛☛✺✾ st❛rs ✠t ♥❡✐t❤❡r ✉♥❞❡r ❤②❞r♦❣❡♥✂r✐❝❤

❆✒✓✔✕✖✗ ✘✙✚✛✓✔✙✜ ✷✸
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♥♦r ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t ❣r♦✉♣s� ❍♦✇❡✈❡r✱ t❤❡② ♠❛② ❤❛✈❡ ❛ r❡❧❛t✐♦♥s❤✐♣ ✇✐t❤ t❤❡

P●✁✁✺✾ st❛rs� ✄❤❡② ♠❛② ❜❡ ❛ ❞❡s❝❡♥t ❢r♦♠ ❤②❞r♦❣❡♥✲r✐❝❤ ❬❲☎❪ st❛rs✱ ✇❤✐❝❤ ❛r❡

st✐❧❧ ✐❞❡♥t✐✂❡❞ ❛s t❤❡ ❤②❞r♦❣❡♥✲r✐❝❤ ✆✝✞✟� ❙♦♠❡ ❬❲☎❪ st❛rs s✉❝❤ ❛s P✠●✵✾✸�✾✲

✵✵�✁ s❤♦✇ ❛ r❡❧❛t✐✈❡❧② ❤✐❣❤ ❍ ❛❜✉♥❞❛♥❝❡ ♦❢ ✁✺ ♣❡r❝❡♥t ❜② ♠❛ss✱ ✇❤✐❝❤ ♠✐❣❤t

❤❛✈❡ ❛ ❧✐♥❦ ✇✐t❤ ❤②❜r✐❞✲P●✁✁✺✾ ✭❲❡r♥❡r ✫ ❍❡r✇✐❣ ✷✵✵✻✮�

✄❤❡s❡ ❬❲✡❪ ☎❙P✠❡ ♣♦s❡ ❝❤❛❧❧❡♥❣✐♥❣ ♣r♦❜❧❡♠s ❢♦r st❡❧❧❛r ❡✈♦❧✉t✐♦♥ t❤❡♦r✐❡s

♦❢ ❧♦✇✲ t♦ ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss st❛rs� ❍❡❧✐✉♠✲❜✉r♥✐♥❣ ♠♦❞❡❧s ✭❱❛ss✐❧✐❛❞✐s ✫ ❲♦♦❞

✁✾✾✹✮ st✐❧❧ ❤❛✈❡ ❛ t❤✐♥ ❤②❞r♦❣❡♥✲r✐❝❤ ♦✉t❡r ❧❛②❡r✱ s♦ ❛ ✂♥❛❧ ❤❡❧✐✉♠✲s❤❡❧❧ ☛❛s❤

✭☞❜❡♥ ❡t ❛❧� ✁✾✽✸❛✮ ✇❤✐❧❡ t❤❡ st❛r ✐s st✐❧❧ ✐♥ ✐ts ❝♦♦❧✐♥❣ ♣❤❛s❡ ✐s ♥❡❝❡ss❛r② t♦ r❡✲

♠♦✈❡ t❤❡ ❤②❞r♦❣❡♥ ♦✉t❡r ❧❛②❡r✱ t❤❡ s♦✲❝❛❧❧❡❞ t❤❡ ❜♦r♥✲❛❣❛✐♥ s❝❡♥❛r✐♦� ❍♦✇❡✈❡r✱

t❤❡ r❛❞✐❛t✐♦♥ ♣r❡ss✉r❡ ✐s t♦♦ s♠❛❧❧ t♦ ❡①♣❧❛✐♥ t❤❡ ❢❛st st❡❧❧❛r ✇✐♥❞ ❛♥❞ ❤✐❣❤ ♠❛ss✲

❧♦ss r❛t❡ s❡❡♥ ✐♥ ❜♦t❤ ♠❛ss✐✈❡ ❛♥❞ ♥♦♥✲♠❛ss✐✈❡ ❲✡ st❛rs ✭☎❛ss✐♥❡❧❧✐ ✁✾✾✁❀ ✌♦s

❙❛♥t♦s ❡t ❛❧� ✁✾✾✸✮� ❆❧t❤♦✉❣❤ t❤❡ ♠✉❧t✐♣❧❡ s❝❛tt❡r✐♥❣ ♦❢ ♣❤♦t♦♥s ✭r❛t❤❡r t❤❛♥

s✐♥❣❧❡ s❝❛tt❡r✐♥❣✮ ❝❛♥ ✐♥❝r❡❛s❡ t❤❡ r❛❞✐❛t✐♦♥ ♣r❡ss✉r❡ ✐♥ t❤❡ t❤❡♦r❡t✐❝❛❧ ✇✐♥❞

♠♦❞❡❧ ✭▲✉❝② ✫ ❆❜❜♦tt ✁✾✾✸❀ ❙♣r✐♥❣♠❛♥♥ ✁✾✾✹✮✱ t❤❡ ♠✉❧t✐♣❧❡✲s❝❛tt❡r✐♥❣ st✐❧❧

♥❡❡❞s t♦ ❡①♣❧❛✐♥ ❛❝❝❡❧❡r❛t✐♦♥ ❛t ❧❛r❣❡ ❞✐st❛♥❝❡s ❢❛r ❢r♦♠ t❤❡ st❛rs� ✄❤❡ ❢♦r✲

♠❛t✐♦♥ ♦❢ s❤♦❝❦s ❛♥❞ ❞❡♥s✐t② ✐♥❤♦♠♦❣❡♥❡✐t✐❡s ✐♥ st❡❧❧❛r ✇✐♥❞s✱ ✐�❡� t❤❡ ✇✐♥❞

❝❧✉♠♣✐♥❣ ✭❍✐❧❧✐❡r ✁✾✾✁✮ ❛❞❞ ❛ ❢✉rt❤❡r ❝♦♠♣❧✐❝❛t✐♦♥� ❆s s❤♦✇♥ ❜② ❇r♦✇♥ ❡t ❛❧�

✭✷✵✵✹✮✱ ✇✐♥❞ ❝❧✉♠♣s ❛♥❞ ♠✉❧t✐♣❧❡✲s❝❛tt❡r✐♥❣ ❛r❡ ✐♥❝♦♥s✐st❡♥t ✇✐t❤ ❡❛❝❤ ♦t❤❡r✱

s✐♥❝❡ ❝❧✉♠♣✐♥❣ ❞❡❝r❡❛s❡s t❤❡ ♠♦♠❡♥t✉♠✱ ✇❤✐❧❡ ♠✉❧t✐♣❧❡✲s❝❛tt❡r✐♥❣ ✐♥❝r❡❛s❡s

✐t� ✄❤❡ ❛♥❣✉❧❛r ♠♦♠❡♥t✉♠ ❛♥❞ ♠❛❣♥❡t✐❝ ✂❡❧❞ ❝♦✉❧❞ ❤❛✈❡ s♦♠❡ ✐♠♣❧✐❝❛t✐♦♥s

❢♦r t❤❡ ✇✐♥❞ t❤❡♦r② ✭P♦❡ ❡t ❛❧� ✁✾✽✾❀ ❇✐❡r♠❛♥♥ ✫ ☎❛ss✐♥❡❧❧✐ ✁✾✾✸✮� ✄❤❡ ✇✐♥❞

♠♦♠❡♥t✉♠ ♣r♦❜❧❡♠ ✐s ❛s ②❡t ✉♥❡①♣❧❛✐♥❡❞ ✐♥ ❬❲✡❪ ☎❙P✠❡�

✄❤❡ ❞✉❛❧✲❞✉st ❝❤❡♠✐str② s❡❡♥ ✐♥ s♦♠❡ P✠❡ ❛r♦✉♥❞ ❝♦♦❧ ❬❲☎▲❪ st❛rs ✭☎♦❤❡♥

❡t ❛❧� ✁✾✾✾✱ ✷✵✵✷❀ ✌❡ ▼❛r❝♦ ✫ ❙♦❦❡r ✷✵✵✷✮ ✐s ♠♦r❡ ❧✐❦❡❧② r❡❧❛t❡❞ t♦ st❡❧❧❛r

❡✈♦❧✉t✐♦♥ ✐♥ ❛ ❜✐♥❛r② s②st❡♠� ✌❡ ▼❛r❝♦ ❡t ❛❧� ✭✷✵✵✷✮ s✉❣❣❡st❡❞ t✇♦ ❜✐♥❛r② s❝❡✲

♥❛r✐♦s ❢♦r t❤❡ ❢♦r♠❛t✐♦♥ ♦❢ ❬❲✡❪ st❛rs� ☞♥ t❤❡ ✂rst✱ t❤❡ s♣✐r❛❧✐♥❣✲✐♥ ❝♦♠♣❛♥✐♦♥

s✐❣♥✐✂❝❛♥t❧② ❡♥❤❛♥❝❡s t❤❡ ❆●❇ st❡❧❧❛r ♠❛ss ❧♦ss r❛t❡✱ r❡s✉❧t✐♥❣ ✐♥ ❛ ❤②❞r♦❣❡♥✲

❞❡✂❝✐❡♥t ♣♦st✲❆●❇ st❛r� ✄❤❡ s❡❝♦♥❞ s❝❡♥❛r✐♦ ✐♥✈♦❧✈❡s ❛ ♠❡r❣❡r ♦❢ ❛ ❧♦✇✲♠❛ss

✷✹ ❊✍✎✞✏✑✒✎✓ ✎✔ ✕✞✖✓✝✑✖✗✘ ✓✝✙✏✞✖✝ ✆✒✑✚ ✛✜✢✑✘✕✝ ✣✝✓✑✗✖✞ ✟✑✖✗✟



✶✳✹✳ ❲❖▲❋✲❘❆❨❊❚ ❈❊◆❚❘❆▲ ❙❚❆❘❙ ❖❋ P▲❆◆❊❚❆❘❨ ◆❊❇❯▲❆❊

st❡❧❧❛r ♦r ♣❧❛♥❡t❛r② ❝♦♠♣❛♥✐♦♥ ✇✐t❤ t❤❡ �●✁ st❛r ❞✉r✐♥❣ t❤❡ �●✁ ♣❤❛s❡✂ ✄❤❡

♣r❡s❡♥❝❡ ♦❢ ❛ ❝✐r❝✉♠st❡❧❧❛r ☎✆r✐❝❤ ❞✐s❦ ❢r♦♠ ❛ ❢♦r♠❡r ❡✈♦❧✉t✐♦♥❛r② ♣❤❛s❡ ♦❢ t❤❡

❜✐♥❛r② ❝♦♠♣❛♥✐♦♥ ❞✉r✐♥❣ t❤❡ ❡❛r❧② �●✁ ❝❛♥ ❧❡❛❞ t♦ t❤❡ ❢♦r♠❛t✐♦♥ ♦❢ t❤❡ ❞✉❛❧

❞✉st ❝❤❡♠✐str②✂ ✝❡❝❡♥t❧②✱ ●➫♦r♥② ❡t ❛❧✂ ✭✷✵✞✵✮ ❢♦✉♥❞ ♠♦r❡ ✟✠❡ ✇✐t❤ ❞✉❛❧ ❞✉st

❝❤❡♠✐str② ✐♥ t❤❡ ●❛❧❛❝t✐❝ ❜✉❧❣❡✱ ❛♥❞ s♣❡❝✉❧❛t❡❞ t❤❛t t❤❡ s✐♠✉❧t❛♥❡♦✉s ♣r❡s❡♥❝❡

♦❢ ☎✆r✐❝❤ ❛♥❞ ✡✆r✐❝❤ ❞✉st ✐s ♠♦r❡ ❧✐❦❡❧② r❡❧❛t❡❞ t♦ t❤❡ st❡❧❧❛r ❡✈♦❧✉t✐♦♥ ✐♥ ❛ ❝❧♦s❡

❜✐♥❛r② s②st❡♠✂ ❍♦✇❡✈❡r✱ ✇❡ ❤❛✈❡ ♥♦t ②❡t ❢♦✉♥❞ ❛♥② ❜✐♥❛r② ❝♦♠♣❛♥✐♦♥ ✐♥ ❬☛✝❪

❝❡♥tr❛❧ st❛rs✂

� ❢❡✇ ❝❡♥tr❛❧ st❛rs ♦❢ ✟✠❡ s❤♦✇ ♥❛rr♦✇❡r ❛♥❞ ✇❡❛❦❡r ❡♠✐ss✐♦♥ ❧✐♥❡s ✭✡ ■❱

✺✽✵✺ ☞� ❛♥❞ ✡ ■■■ ✺✻✾✺ ☞�✮✱ ✇❤✐❝❤ ❛r❡ ♥♦t ✐❞❡♥t✐❝❛❧ t♦ t❤♦s❡ ♦❢ ❬☛✝❪ ❝❧❛ss❡s✂ ✄❤❡②

✇❡r❡ ♥❛♠❡❞ ✇❡❛❦ ❡♠✐ss✐♦♥✆❧✐♥❡ st❛rs ✭✌✍✎✏✮ ❜② ✄②❧❡♥❞❛ ❡t ❛❧✂ ✭✞✾✾✸✮✂ ✄❤❡② ❛r❡

♣♦♦r❧② st✉❞✐❡❞ ❛♥❞ s♦♠❡ ♦❢ t❤❡♠ s❡❡♠ t♦ ❜❡ ❤②❞r♦❣❡♥✆r✐❝❤ ✭▼➫❡♥❞❡③ ✞✾✾✞✮✂

✄❤❡ ♥✉♠❜❡r ♦❢ ✐❞❡♥t✐✑❡❞ ✌✍✎✏ ✐s s✉r♣r✐s✐♥❣❧② ❤✐❣❤❡r t♦✇❛r❞s t❤❡ ●❛❧❛❝t✐❝ ❜✉❧❣❡

❛♥❞ ❝❧♦s❡r t♦ t❤❡ ❝❡♥tr❡ ♦❢ t❤❡ ●❛❧❛①②✱ ❛♥❞ ❛♣♣❛r❡♥t❧② ♦r✐❣✐♥❛t❡❞ ❢r♦♠ ❞✐❢❢❡r✆

❡♥t st❡❧❧❛r ♣♦♣✉❧❛t✐♦♥s t❤❛♥ ❬☛✝❪ ✟✠❡ ✭●➫♦r♥② ❡t ❛❧✂ ✷✵✵✒✱ ✷✵✵✾✮✂ ✟r❡✈✐♦✉s❧②✱

✟❛rt❤❛s❛r❛t❤② ❡t ❛❧✂ ✭✞✾✾✽✮ ❢♦✉♥❞ t❤❛t t❤❡ s♣❡❝tr❛ ♦❢ s♦♠❡ ✌✍✎✏ ❛r❡ ✈❡r② s✐♠✐❧❛r

t♦ ✟●✞✞✺✾ ♦❜❥❡❝ts✱ ❛♥❞ s✉❣❣❡st❡❞ s♦♠❡ ♦❢ t❤❡♠ ❝♦✉❧❞ ❜❡ ❬☛✡❪✆✟●✞✞✺✾ st❛rs

♦r t❤❡ tr❛♥s✐t✐♦♥ ❣❛♣ ❜❡t✇❡❡♥ ❬☛✝❪ ❛♥❞ ✟●✞✞✺✾ ✭♣r❡✆✮✇❤✐t❡ ❞✇❛r❢s✂ ❍♦✇❡✈❡r✱

t❤❡ ❡✈♦❧✉t✐♦♥❛r② ❧✐♥❦ ❜❡t✇❡❡♥ ✌✍✎✏ ❛♥❞ ❬☛✝❪ ❤❛s ♥♦t ②❡t ❜❡❡♥ ❝♦♥✑r♠❡❞✂

✝❡❝❡♥t❧②✱ ♦t❤❡r ❝❧❛ss❡s ♦❢ ❤②❞r♦❣❡♥✆❞❡✑❝✐❡♥t ✡✓✟✠❡ ❤❛✈❡ ❜❡❡♥ ❢♦✉♥❞ ❡①✆

❤✐❜✐t✐♥❣ s♣❡❝tr❛ s✐♠✐❧❛r t♦ ♠❛ss✐✈❡ ☛✠ st❛rs✱ ❞❡♥♦t❡❞ ❜② ❬☛✠❪ ✭✄♦❞t ❡t ❛❧✂ ✷✵✞✵❀

❉❡♣❡✇ ❡t ❛❧✂ ✷✵✞✞❀ ▼✐s③❛❧s❦✐ ❡t ❛❧✂ ✷✵✞✷❀ ✄♦❞t ❡t ❛❧✂ ✷✵✞✸❀ ✔r❡✇ ❡t ❛❧✂ ✷✵✞✒❜✮✂

✄♦❞t ❡t ❛❧✂ ✭✷✵✞✵✮ ❢♦✉♥❞ t❤❛t t❤❡ ❛t♠♦s♣❤❡r❡ ♦❢ t❤❡ ✡✓✟✠ ✟✁✽ ❝♦♥t❛✐♥s ♠❛ss

❢r❛❝t✐♦♥s ♦❢ ✺✺ ♣❡r❝❡♥t ❤❡❧✐✉♠✱ ✒✵ ♣❡r❝❡♥t ❤②❞r♦❣❡♥✱ ✞✂✸ ♣❡r❝❡♥t ❝❛r❜♦♥✱ ✷

♣❡r❝❡♥t ♥✐tr♦❣❡♥✱ ❛♥❞ s✉❣❣❡st❡❞ ❛ s♣❡❝tr❛❧ t②♣❡ ♦❢ ❬☛✠✴✡❪✂ ✕❛t❡r✱ t❤❡ ✡✓ ♦❢

✖✡ ✒✻✻✸ ✇❛s ❢♦✉♥❞ t♦ ❤❛✈❡ ❍✿❍❡✿✡✿✠✿☎✿✠❡❂✷ ✿ ✾✺ ✿ ✵ ✿ ✵✂✽ ✿ ✵✂✵✺ ✿ ✵✂✷ ✭▼✐s③❛❧✆

s❦✐ ❡t ❛❧✂ ✷✵✞✷✮✂ ✄❤❡ ✡✓✟✠ �❜❡❧❧ ✒✽ ✐s ❛ ❤②❞r♦❣❡♥✆❞❡✑❝✐❡♥t ❬☛✠❪ st❛r✱ ✇❤♦s❡

❛t♠♦s♣❤❡r❡ ❝♦♥s✐sts ♦❢ ✞✵ ♣❡r❝❡♥t ❤②❞r♦❣❡♥✱ ✽✺ ♣❡r❝❡♥t ❤❡❧✐✉♠✱ ❁ ✗✘✙ ❝❛r❜♦♥✱

❛♥❞ ✸✆✺ ♣❡r❝❡♥t ♥✐tr♦❣❡♥ ✭✄♦❞t ❡t ❛❧✂ ✷✵✞✸✮✂ ✕▼✡✆✠✻✻ ✇❛s t❤❡ ✑rst ✟✠ ❝❧❛ss✐✆

❆✏✚✛✜✢✣ ✤✥✦✍✚✛✥✧ ✷✺



✶✳ ■◆❚❘❖❉❯❈❚■❖◆

✂❡❞ ❛s ❬❲�❪ ✭P❡➌♥❛ ✁✾✾✺❀ P❡➌♥❛ ❡t ❛❧✄ ✷✵✵✹❀ ❍❛♠❛♥♥ ❡t ❛❧✄ ✷✵✵✸✮✄ P▼☎✺ ✇❛s

❛♥♦t❤❡r ♥❡❜✉❧❛ s♣❡❝✉❧❛t❡❞ ❛s ❛ ❬❲�❪ ❜② ▼♦r❣❛♥ ❡t ❛❧✄ ✭✷✵✵✸✮✄ ❆❧t❤♦✉❣❤ ❬❲✆❪

st❛rs ❤❛✈❡ ❜❡❡♥ s✉♣♣♦s❡❞ t♦ ❜❡ ♣r♦❞✉❝❡❞ ❜② t❤❡ ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡ ✭▲✝P✮ ❛♥❞

t❤❡ ✈❡r② ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡ ✭❱▲✝P✮✱ ❛♥❞ ❤②❜r✐❞✲❬❲✆❪ ❜② t❤❡ ❆●❇ ✂♥❛❧ t❤❡r♠❛❧

♣✉❧s❡ ✭❆❋✝P✮ ✭❇❧➝♦❝❦❡r ✷✵✵✁❀ ❍❡r✇✐❣ ✷✵✵✁❀ ❑♦❡st❡r❦❡ ✷✵✵✁❀ ❲❡r♥❡r ✫ ❍❡r✇✐❣

✷✵✵✻✮✱ t❤❡ ❡①❛❝t ♣r❡❞❡❝❡ss♦rs ♦❢ ❬❲�❪✲t②♣❡ st❛rs ❛r❡ st✐❧❧ ✉♥❦♥♦✇♥✄

✞✟✠✟✞ ❙✡☛☞✌✍✎✏ ☞✏✎✑✑✒✓☞✎✌✒✔✕

✝❤❡ ✂rst ❝❧❛ss✐✂❝❛t✐♦♥ ♦❢ t❤❡ ❲♦❧❢✲☎❛②❡t ♠❛ss✐✈❡ P♦♣ ✖ st❛rs ✇❛s ❞❡✈❡❧♦♣❡❞ ❜②

❇❡❛❧s ✭✁✾✸✽✮✱ ❜❛s❡❞ ♦♥ ❧✐♥❡ r❛t✐♦s ❛♥❞ ❡♠✐ss✐♦♥ ❧✐♥❡ ❢❡❛t✉r❡s✄ ✝❤✐s ❝❧❛ss✐✂✲

❝❛t✐♦♥ s❡♣❛r❛t❡❞ st❛rs ✐♥t♦ t✇♦ s❡q✉❡♥❝❡s✿ ♥✐tr♦❣❡♥ ❛♥❞ ❝❛r❜♦♥✄ ✝❤❡ ♥✐tr♦❣❡♥✲

s❡q✉❡♥❝❡ ✭❲�✮ s❤♦✇s str♦♥❣ ♥✐tr♦❣❡♥ ❧✐♥❡s✱ ✇❤❡r❡❛s t❤❡ ❝❛r❜♦♥✲s❡q✉❡♥❝❡ ✭❲✆✮

s❤♦✇s str♦♥❣ ❝❛r❜♦♥ ❛♥❞ ❛❧s♦ ♦①②❣❡♥ ❧✐♥❡s✄ ❆ r❡✈✐s❡❞ ❝❧❛ss✐✂❝❛t✐♦♥ ❤❛s ❜❡❡♥

✐♥tr♦❞✉❝❡❞ ❜② ❍✐❧t♥❡r ✫ ✗❝❤✐❧❞ ✭✁✾✻✻✮✱ ❛✐♠❡❞ ❛t ✐♥t❡r♣r❡t✐♥❣ t❤❡ ❜✐♥❛r② st❛r

s♣❡❝tr❛✄ ✝❤❡ r❡✈✐s❡❞ ❝❧❛ss✐✂❝❛t✐♦♥ ❞✐✈✐❞❡❞ t❤❡ ❲� s❡q✉❡♥❝❡ ✐♥t♦ t✇♦ ❣r♦✉♣s✱

❲�✲❆ ❛♥❞ ❲�✲❇✱ ❜❛s❡❞ ♦♥ t❤❡ str❡♥❣t❤s ❛♥❞ ✇✐❞t❤ ♦❢ t❤❡ ❡♠✐ss✐♦♥ ❧✐♥❡s✱ ❲�✲

❆ ❣r♦✉♣ s❤♦✇s ♥❛rr♦✇✲✇❡❛❦ ❧✐♥❡s ❛♥❞ str♦♥❣ ❝♦♥t✐♥✉✉♠✱ ✇❤✐❧❡ ❲�✲❇ ❣r♦✉♣

s❤♦✇s ❜r♦❛❞✲str♦♥❣ ❡♠✐ss✐♦♥ ❧✐♥❡s✄ ❍♦✇❡✈❡r✱ ♥♦♥❡ ♦❢ t❤❡♠ ❛r❡ ❝✉rr❡♥t❧② ✉s❡❞✄

✝❤❡ ❧✐♥❡ str❡♥❣t❤s ❛♠♦♥❣ ❝❛r❜♦♥ ❛♥❞ ♥✐tr♦❣❡♥ ✐♦♥s ❧❡❛❞s t♦ ❛ ♥✉♠❡r✐❝❛❧ ❝❧❛s✲

s✐✂❝❛t✐♦♥ ♦❢ ❲�✸✲❲�✽ ❛♥❞ ❲✆✺✲❲✆✾ s✉❜t②♣❡s ✭❍✐❧t♥❡r ✫ ✗❝❤✐❧❞ ✁✾✻✻❀ ✗♠✐t❤

✁✾✻✽✮✱ ✇❤✐❝❤ ✇❛s s✐♠✐❧❛r t♦ t❤❡ ❝❧❛ss✐✂❝❛t✐♦♥ ❢♦r t❤❡ ❵♥♦r♠❛❧✬ st❛rs ✭❛❜s♦r♣t✐♦♥

✐♥ s♣❡❝tr❛✮ ❜② ▼♦r❣❛♥ ❡t ❛❧✄ ✭✁✾✹✸✮✄ ✝❤❡ ♥✉♠❡r✐❝❛❧ ❝❧❛ss✐✂❝❛t✐♦♥ r❡♠✐♥❞s t❤❡

✇♦r❞s ❵❡❛r❧②✲t②♣❡✬ ❛♥❞ ✬❧❛t❡✲t②♣❡✬ ✉s❡❞ ❜② ▼♦r❣❛♥ ❡t ❛❧✄ ✭✁✾✹✸✮✱ ✇❤✐❝❤ ❛r❡ ❝✉r✲

r❡♥t❧② ✉s❡❞ t♦ ❞✐✈✐❞❡ t❤❡ ❲☎ s❡q✉❡♥❝❡ ✐♥t♦ ❲☎❊ ❛♥❞ ❲☎▲✄ ✝❤❡ ❝❧❛ss✐✂❝❛t✐♦♥

s❝❤❡♠❡ ♦❢ ✗♠✐t❤ ✭✁✾✻✽✮ ❤❛s ❜❡❡♥ ❡①t❡♥❞❡❞ ❜② ✈❛♥ ❞❡r ❍✉❝❤t ❡t ❛❧✄ ✭✁✾✽✁✮❀

✝♦rr❡s ❡t ❛❧✄ ✭✁✾✽✻✮❀ ✗♠✐t❤ ❡t ❛❧✄ ✭✁✾✾✵✱ ✁✾✾✹✮❀ ✆r♦✇t❤❡r ❡t ❛❧✄ ✭✁✾✾✺✮❀ ❑✐♥❣s✲

❜✉r❣❤ ❡t ❛❧✄ ✭✁✾✾✺✮✄ ✝❤❡ r❡❝❡♥t ❲✆ ❝❧❛ss✐✂❝❛t✐♦♥ s❝❤❡♠❡ ✐♥❝❧✉❞❡s ❲✘✁✲❲✘✹

s✉❜t②♣❡s ❜❛s❡❞ ♦♥ t❤❡ r❡❧❛t✐✈❡ str❡♥❣t❤ ♦❢ ♦①②❣❡♥ ❧✐♥❡s ✭✆r♦✇t❤❡r ❡t ❛❧✄ ✁✾✾✽❀

✷✻ ✙✚✛✜✢✣✤✛✥ ✛✦ ✧✜★✥✩✣★✪✯ ✥✩✰✢✜★✩ ✴✤✣✼ ❁❂❃✣✯✧✩ ❄✩✥✣✪★✜ ❅✣★✪❅



✶✳✹✳ ❲❖▲❋✲❘❆❨❊❚ ❈❊◆❚❘❆▲ ❙❚❆❘❙ ❖❋ P▲❆◆❊❚❆❘❨ ◆❊❇❯▲❆❊

�❝❦❡r ✫ ✁❡✐♥❡r ✷✵✵✸✮✂ � ♥❡✇ ✄✁ ❝❧❛ss✐☎❝❛t✐♦♥ s❝❤❡♠❡ ❤❛s ❜❡❡♥ ✐♥tr♦❞✉❝❡❞ ❜②

✆♠✐t❤ ❡t ❛❧✂ ✭✝✾✾✻✮✱ ✇❤✐❝❤ ✐s ❜❛s❡❞ ♦♥ t❤❡ ❤❡❧✐✉♠ ❧✐♥❡ ❢❡❛t✉r❡s✱ ✐♦♥✐③❛t✐♦♥✱ ❧✐♥❡✞

✇✐❞t❤ ❛♥❞ ❧✐♥❡✞str❡♥❣t❤✱ ❛♥❞ ❤②❞r♦❣❡♥ ♦s❝✐❧❧❛t✐♥❣ ✟❛❧♠❡r✴✠✐❝❦❡r✐♥❣ ❞❡❝r❡♠❡♥t✂

✡❛❜❧❡ ✝✂✻ s✉♠♠❛r✐③❡❞ ❝♦♠♠♦♥ ❝r✐t❡r✐❛ ✉s❡❞ t♦ ❝❧❛ss✐❢② t❤❡ ✄☛ st❛rs✂

✡❛❜❧❡ ✝✂✼ ❧✐sts t❤❡ ✄☞✞✄✌ ❝❧❛ss✐☎❝❛t✐♦♥ ❝r✐t❡r✐❛ ❜② ✌r♦✇t❤❡r ❡t ❛❧✂ ✭✝✾✾✽✮✂

✡❤❡ ✄☞ s✉❜t②♣❡s ❤❛✈❡ ❤✐❣❤❡r ✐♦♥✐③❛t✐♦♥ r❛t❤❡r t❤❛♥ ❤✐❣❤❡r ♦①②❣❡♥ ❛❜✉♥❞❛♥❝❡✱

s♦ t❤❡② ❛r❡ ❛ ❤✐❣❤❡r ✐♦♥✐③❛t✐♦♥ ❧❡✈❡❧ ♦❢ t❤❡ ✄✌ s❡q✉❡♥❝❡✂ ✡❤❡ s✉❜❝❧❛ss ♥✉♠❜❡rs

r❡✍❡❝t ❛♥ ❛♣♣r♦①✐♠❛t❡ ✐♥❞✐❝❛t✐♦♥ ♦❢ ✐♦♥✐③❛t✐♦♥ ❛♥❞ t❡♠♣❡r❛t✉r❡ ✐♥ t❤❡ st❡❧❧❛r

✇✐♥❞s✂ ■♥ t❤❡ ✄✌ ❝❧❛ss✐☎❝❛t✐♦♥✱ t❤❡ ✇♦r❞ ❵❡❛r❧②✞t②♣❡✬ ❢♦r ✄☞✝✞✎ ❛♥❞ ✄✌✎✞✼ ❛♥❞

✬❧❛t❡✞t②♣❡✬ ❢♦r ✄✌✽✞✝✝ ✐s ❛ttr✐❜✉t❡❞ t♦ ❤✐❣❤❡r ✐♦♥✐③❛t✐♦♥ ❛♥❞ ❧♦✇ ✐♦♥✐③❛t✐♦♥ st❡❧✞

❧❛r ✇✐♥❞s✱ r❡s♣❡❝t✐✈❡❧②✂ ✡❛❜❧❡ ✝✂✽ r❡♣r❡s❡♥t t❤❡ ❝❧❛ss✐☎❝❛t✐♦♥ s❝❤❡♠❡ ❢♦r ❬✄☛❪

st❛rs ✐♥tr♦❞✉❝❡❞ ❜② �❝❦❡r ✫ ✁❡✐♥❡r ✭✷✵✵✸✮✱ ❜❛s❡❞ ❧✐♥❡ ✐♥t❡♥s✐t✐❡s ♦r❞❡r❡❞ ❜②

❞❡❝r❡❛s✐♥❣ ✐♦♥✐③❛t✐♦♥ ♣♦t❡♥t✐❛❧✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✌r♦✇t❤❡r ❡t ❛❧✂ ✭✝✾✾✽✮✂ ✡❤❡

sq✉❛r❡ ❜r❛❝❦❡ts ❞✐st✐♥❣✉✐s❤ t❤❡♠ ❢r♦♠ t❤❡ ♠❛ss✐✈❡ ✄✁ st❛rs✂ ✆t❡❧❧❛r ✇✐♥❞ t❡♠✞

♣❡r❛t✉r❡s ❛♥❞ t❡r♠✐♥❛❧ ✈❡❧♦❝✐t✐❡s ❞❡❝r❡❛s❡ ❢r♦♠ ❬✄☞✝❪ t♦ ❬✄☞✎❪ ❛♥❞ ❬✄✌✎❪

t♦ ❬✄✌✝✝❪✂ �❝❦❡r ✫ ✁❡✐♥❡r ✭✷✵✵✸✮ ❛❧s♦ ❞❡♥♦t❡ t❤❡ ✇♦r❞ ✏✑✒✓✔✕✖✗ ❢♦r t❤♦s❡

❬✄☞❪ s✉❜❝❧❛ss ✇✐t❤ ❛❜♥♦r♠❛❧❧② ✇✐❞❡ ✌ ✘❱✞✺✽✵✝✴✝✷ ❞♦✉❜❧❡t✱ ✇❤✐❝❤ ♠❛② ❡①♣❧❛✐♥

❛ ❤✐❣❤ t❡r♠✐♥❛❧ ✇✐♥❞ ✈❡❧♦❝✐t② ♦❢ ✙ ✚✛✛ ❦♠s✜✢❀ ❤✐❣❤❡r t❤❛♥ ♥♦r♠❛❧ ✣➙ ✤ ✥✛✛✛➊

✸✵✵✵ ❦♠s✜✢ s❡❡♥ ✐♥ ♥♦r♠❛❧ ❬✄☞❪✂ ✡❛❜❧❡ ✝✂✾ ❧✐sts t❤❡ ✄✁ ❝❧❛ss✐☎❝❛t✐♦♥ ❝r✐t❡r✐❛
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❞r♦❣❡♥ ❜✉r♥✐♥❣ ❛♥❞ ❍✠✐♥❣❡st✐♦♥ ✙❛s❤ ❝♦♥s✉♠❡ ❤②❞r♦❣❡♥ ❛t t❤❡ s✉r❢❛❝❡ ✐♥

t❤❡ ✆✝☎✞ s❝❡♥❛r✐♦✟ ▼♦r❡♦✈❡r✱ t❤❡ ✆✝☎✞ ❡✈❡♥t ❤❛s t✇♦ r❡t✉r♥s t♦ t❤❡ ✡●☛❀

t❤❡ ✚rst✠r❡t✉r♥ ❤❛♣♣❡♥s q✉✐❝❦❧② ✐♥ ❛ ❢❡✇ ②❡❛rs✱ ✇❤❡r❡❛s t❤❡ s❡❝♦♥❞✠r❡t✉r♥

t❛❦❡s ❧♦♥❣❡r ❛r♦✉♥❞ ✛✵✷ ②r✟ ❉✉r✐♥❣ t❤❡ ✆✝☎✞✱ t❤❡ ❍✠✐♥❣❡st✐♦♥ ✙❛s❤ ♣r♦✠

❞✉❝❡s ❛ ❢❡✇ ♣❡r❝❡♥t ✭✜✠✢✪ ❜② ♠❛ss✮ ♥✐tr♦❣❡♥ ❛t t❤❡ s✉r❢❛❝❡✟ ☎❤❡ s✉r❢❛❝❡

♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡ ✐s t②♣✐❝❛❧❧② ❛r♦✉♥❞ ✣✟✜✪✱ ❡✈❡♥ ✐❢ t❤❡ st❛r ❤❛s ❡①♣❡r✐✠

❡♥❝❡❞ t❤❡ ❍☛☛ ✭✇✐t❤♦✉t ✆✝☎✞✮✟ ☎❤❡r❡❢♦r❡✱ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♥✐tr♦❣❡♥ ✐♥ t❤❡

st❡❧❧❛r s♣❡❝tr❛ ♠❛② ❜❡ ❛♥ ✐♥❞✐❝❛t♦r ♦❢ ❛ ✆✝☎✞✟

✤✐❣✟ ✜✟✜✜ s✉♠♠❛r✐③❡❞ ❛❧❧ t❤r❡❡ ❞✐❢❢❡r❡♥t t❤❡r♠❛❧ ♣✉❧s❡ s❝❡♥❛r✐♦s ❛♥❞ t❤❡✐r ♣♦s✠

s✐❜❧❡ ♣❛t❤s✟ ❉✐❢❢❡r❡♥t ♣❛t❤s ❤❛✈❡ ❜❡❡♥ ✐❞❡♥t✐✚❡❞ ❜② t❤❡ s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡s ♦❢

❤②❞r♦❣❡♥✱ ♥✐tr♦❣❡♥ ❛♥❞ ❝❛r❜♦♥✟ ❉✡ ❞❡♥♦t❡s ✇❤✐t❡ ❞✇❛r❢s ✇✐t❤ ❍✠r✐❝❤ s✉r❢❛❝❡✱

❉☛ ❢♦r r♦✉❣❤❧② ♣✉r❡ ♥❡✉tr❛❧ ❤❡❧✐✉♠ s✉r❢❛❝❡✱ ❉✥ ❢♦r r♦✉❣❤❧② ♣✉r❡ ✐♦♥✐③❡❞ ❤❡❧✐✉♠

s✉r❢❛❝❡✱ ❉✥✡ ❢♦r ❤②❞r♦❣❡♥✠r✐❝❤ ✇✐t❤ ❛ ✈❡r② s♠❛❧❧ ❢r❛❝t✐♦♥ ♦❢ ✐♦♥✐③❡❞ ❤❡❧✐✉♠✱ ❉◗

❢♦r ❤❡❧✐✉♠ ❞♦♠✐♥❛t❡❞ ❛t♠♦s♣❤❡r❡ ❡♥r✐❝❤❡❞ ✇✐t❤ ❝❛r❜♦♥✱ ❛♥❞ ❉①✆ ❢♦r ✈❛r✐❛❜❧❡

❉① st❛rs✟ ✥✭❍❡✮ st❛rs ❛r❡ ❡①tr❡♠❡❧② ❤♦t ❍✠❞❡✚❝✐❡♥t ♦❜❥❡❝t ✇✐t❤ ❛❧♠♦st ♣✉r❡ ❍❡

❛❜s♦r♣t✐♦♥✠❧✐♥❡✟ ✕ ✖♦r♦♥❛❡ ☛♦r❡❛❧✐s ✭✕✖r☛✮ ❛r❡ t❤❡ ♣r♦t♦t②♣❡ ♦❢ ✈❛r✐❛❜❧❡ st❛rs✱

❤❛✈✐♥❣ ❍✠❞❡✚❝✐❡♥t ❛♥❞ ✖✠r✐❝❤ ❛t♠♦s♣❤❡r✐❝ ❛❜✉♥❞❛♥❝❡s✟

❆✦✧★☞✓✩ ✫✑✏✬✧★✑✍ ✸✸
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❋✐❣✉r❡ �✁�✵✿ P♦st✲❆●❇ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ✐♥ t❤❡ ❍✲✂ ❞✐❛❣r❛♠ ❢♦r ❛ ♣r♦❣❡♥✐t♦r

st❛r ✇✐t❤ ❛♥ ✐♥✐t✐❛❧ ♠❛ss ♦❢ ✷▼❏✱ ❛♥❞ ❡✈♦❧✈❡❞ t❤r♦✉❣❤ ❢♦✉r ❞✐❢❢❡r❡♥t tr❛❝❦s✿

♥♦r♠❛❧ ❡✈♦❧✉t✐♦♥ ♣❤❛s❡ ✇✐t❤♦✉t ❛♥② ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡ ✭❞❛s❤❡❞ ❧✐♥❡✮✱ ❜♦r♥✲

❛❣❛✐♥ ❡✈❡♥t tr✐❣❣❡r❡❞ ❜② ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡ ✭❞♦t ❧✐♥❡✮ ❛♥❞ ✈❡r② ❧❛t❡ t❤❡r♠❛❧

♣✉❧s❡ ✭s♦❧✐❞ ❧✐♥❡✮✱ ❛♥❞ ✄♥❛❧ ❞r❡❞❣❡✲✉♣ ♣❤❛s❡✱ s♦ ❝❛❧❧❡❞ t❤❡ ❆●❇ ✄♥❛❧ t❤❡r♠❛❧

♣✉❧s❡ ✭❞♦t✲❞❛s❤❡❞ ❧✐♥❡✮✁ ❋r♦♠ ❍❡r✇✐❣ ✭☎✵✵�✮✁

✸✹ ❊✆✝✞✟✠✡✝☛ ✝☞ ✌✞✍☛✎✠✍✏✑ ☛✎✒✟✞✍✎ ✓✡✠✔ ❲✕✖✠✑✌✎ ✗✎☛✠✏✍✞ ✘✠✍✏✘
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�✐❣✉r❡ ✁✂✁✁✿ ✄♦st☎✆●✝ ✞✈♦❧✟t✠♦♥❛✡② ♣❛t❤s ♦❢ ❝✞♥t✡❛❧ st❛✡s ♦❢ ♣❧❛♥✞t❛✡② ♥✞❜✟❧❛✞☛ ❵✆☞✌✄✬ st❛♥❞s ❢♦✡ ✆●✝ ✍♥❛❧ t❤✞✡♠❛❧ ♣✟❧s✞✱ ❵✎✌✄✬ ❢♦✡ ❧❛t✞ t❤✞✡♠❛❧ ♣✟❧s✞✱ ❵❱✎✌✄✬ ❢♦✡ ✈✞✡② ❧❛t✞

t❤✞✡♠❛❧ ♣✟❧s✞✱ ❬✏✑❪ ❢♦✡ ❍☎❞✞✍❝✠✞♥t ✏♦❧❢➊✒❛②✞t ✭✏✒✮ ❝✞♥t✡❛❧ st❛✡ ♦❢ ✄✓ ✇✠t❤ ✑☎✡✠❝❤ st✞❧❧❛✡ ❛t♠♦s♣❤✞✡✞☎❛❜✟♥❞❛♥❝✞s✱ ❬✏✓❪ ❢♦✡ ✏✒ st❛✡ ✇✠t❤ s✟✡❢❛❝✞☎❛❜✟♥❞❛♥❝✞s ♦❢ ✔ ✙ ✕☎✖✪ ❛♥❞

✗ ✙ ✵✱ ❬✏✓✑❪ ❢♦✡ ✏✒ st❛✡ ✇✠t❤ ✔ ✙ ✗ ✙ ✕☎✖✪ ✭❜② ♠❛ss✮☛ ✬❉✆✬ ✇❤✠t✞ ❞✇❛✡❢s ❛✡✞ ❍☎✡✠❝❤ s✟✡❢❛❝✞✱ ✬❉✝✬ ♥✞❛✡❧② ♣✟✡✞ ♥✞✟t✡❛❧ ❤✞❧✠✟♠ s✟✡❢❛❝✞✱ ✬❉✘✬ ♥✞❛✡❧② ♣✟✡✞ ✠♦♥✠③✞❞ ❤✞❧✠✟♠ s✟✡❢❛❝✞✱

✬❉✘✆✬ ❤②❞✡♦✚✞♥☎✡✠❝❤ ✇✠t❤ ❛ ✈✞✡② s♠❛❧❧ ❢✡❛❝t✠♦♥ ♦❢ ✠♦♥✠③✞❞ ❤✞❧✠✟♠✱ ❛♥❞ ✬❉◗✬ ❤✞❧✠✟♠ ❞♦♠✠♥❛t✞❞ ❛t♠♦s♣❤✞✡✞ ✞♥✡✠❝❤✞❞ ✇✠t❤ ❝❛✡❜♦♥✱ ❛♥❞ ✬❉①❱✬ ❢♦✡ ✈❛✡✠❛❜❧✞ ✬❉①✬ st❛✡s☛ ✘✭❍✞✮ st❛✡s ❛✡✞

✞①t✡✞♠✞❧② ❤♦t ❍☎❞✞✍❝✠✞♥t ♦❜❥✞❝t ✇✠t❤ ❛❧♠♦st ♣✟✡✞ ❍✞ ❛❜s♦✡♣t✠♦♥☎❧✠♥✞☛ ✒ ✑♦✡♦♥❛✞ ✝♦✡✞❛❧✠s ✭✒✑✝✮ ❛✡✞ t❤✞ ♣✡♦t♦t②♣✞ ♦❢ ✈❛✡✠❛❜❧✞ st❛✡s✱ ❤❛✈✠♥✚ ❍☎❞✞✍❝✠✞♥t ❛♥❞ ✑☎✡✠❝❤ ❛t♠♦s♣❤✞✡✠❝

❛❜✟♥❞❛♥❝✞s☛ ✛✟♠♠❛✡✠③✞❞ ❢✡♦♠ t❤✞ ❧✠t✞✡❛t✟✡✞☛
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�✁✹✁✸ ❬❲✂❊❪ ❝❡♥tr❛❧ st❛rs ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡

✄☎ ✆❤✐✝ ✝✞✟✝✠✡✆✐☛☎ ☞☎❞ ✆❤✠ ☎✠①✆ ✝✞✟✝✠✡✆✐☛☎✱ ✇✠ ✌✍✠✝✠☎✆ ☞ ✝✎☎☛✌✝✐✝ ☛✏ ✝☛♠✠ ✠☞✍✑✎✲

✆☛ ✑☞✆✠✲✆✎✌✠ ✡☞✍✟☛☎✲✝✠q✞✠☎✡✠ ✒✓✲✆✎✌✠ ✔❙P✕✠✖ ✗❤✠ ❦✐☎✠♠☞✆✐✡✝ ☞☎❞ ✡❤✠♠✐✡☞✑

☞✟✞☎❞☞☎✡✠✝ ☛✏ ✆❤✠✐✍ P✕✠ ☞✍✠ ✝✆✞❞✐✠❞ ✐☎ ✔❤☞✌✆✠✍✝ ✷ ☞☎❞ ✘✱ ✍✠✝✌✠✡✆✐✈✠✑✎✖

✙❇ ✻ ✭❂P✕●✷✼✽✖✽✰✵✚✖✾✮✖ P✛✜ ✐✝ ☞ ✈✠✍✎ ❤✐❣❤ ✠①✡✐✆☞✆✐☛☎ P✕✱ ✐☛☎✐③✠❞ ✟✎ ☞☎

✠☞✍✑✎✲✆✎✌✠ ❤☛✆ ✢✒✓✣✖ ✗✎✑✠☎❞☞ ✠✆ ☞✑✖ ✭✤✾✾✘✮ ✡✑☞✝✝✐✥✠❞ ✆❤✠ ✔❙P✕ ☛✏ P✛✜ ☞✝ ✢✒✔✘✣

✟☞✝✠❞ ☛☎ ✆❤✠ ✡✑☞✝✝✐✥✡☞✆✐☛☎ ✝✡❤✠♠✠ ☛✏ ✈☞☎ ❞✠✍ ❍✞✡❤✆ ✠✆ ☞✑✖ ✭✤✾✽✤✮ ☞☎❞ ▼➫✠☎❞✠③

✫ ✕✐✠♠✠✑☞ ✭✤✾✽✷✮✖ ✛✞✆✱ ✔✍☛✇✆❤✠✍ ✠✆ ☞✑✖ ✭✤✾✾✽✮ ✝✞❣❣✠✝✆✠❞ ☞ ✢✒✦✤✣ ✝✆☞✍✖ ✗❤✠

✢✒✦✣ ✡✑☞✝✝✐✥✡☞✆✐☛☎ ☛✏ ✢✒✓✣ ✝✆☞✍✝ ✭✇✐✆❤ ✝✞✟✡✑☞✝✝✠✝ ✢✒✦✤➊✚✣✮ ✇☞✝ ✥✍✝✆ ❞✠✥☎✠❞

✟✎ ✛☞✍✑☛✇ ✫ ❍✞♠♠✠✍ ✭✤✾✽✷✮✖ ✗❤✠ ☛①✎❣✠☎✲✝✠q✞✠☎✡✠ ☛✏ ✔❙P✕✠ ✇✐✆❤ ☛✌✆✐✡☞✑

✒✓✲✑✐❦✠ ✝✌✠✡✆✍☞ ✇☞✝ ✥✍✝✆ ✏☛✞☎❞ ✟✎ ❙♠✐✆❤ ✫ ❆✑✑✠✍ ✭✤✾✜✾✮✖ ✗❤✠ ✦ ❱✧ ✏✠☞✆✞✍✠✝
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❛❞♦♣t❡❞ ✕❹ ✘ ✥✼ ❦❑ ❢r♦♠ ✕✦✧★ ■✪ ✘ ✙❀ ❦❑ ❛♥❞ ✕✦✧★✩ ■■✪ ✘ ✥✙ ❦❑✂ ✓❝❦❡r ✫ ✍❡✐♥❡r

✭✷✵✵✸✮ ❝❛❧❝✉❧❛t❡❞ ✕✖✗ ✘ ✥❄✿✼ ❦❑ ✉s✐♥❣ t❤❡ s❛♠❡ ♠❡t❤♦❞ ❞❡s❝r✐❜❡❞ ✐♥ �r❡✐t❡✡

▼❛rt✐♥❡③ ❡t ❛❧✂ ✭✁✾✽✾✱ ✁✾✾✁✮ ✐♥ ❝♦♥❺✉♥❝t✐♦♥ ✇✐t❤ t❤❡ ✜✢ ♠❡t❤♦❞ ♦❢ �r❡✐t❡✡

▼❛rt✐♥❡③ ✫ �♦tt❛s❝❤ ✭✁✾✽✸✮✂

❻❼❴❽❾ ✭❂�✍●✸✵✻✂✑④✵✵✂✻✮✂ ✄❡✐❞♠❛♥♥ ❡t ❛❧✂ ✭✷✵✵✽✮ ❝❧❛ss✐☎❡❞ t❤❡ ✠✏�✍

❆✟❿➀➁➂➃ ➄➅➆✝❿➀➅➇ ✸⑥



✶✳ ■◆❚❘❖❉❯❈❚■❖◆

�❤✷✲❆ ❛s ♦❢ t②♣❡ ❬❲✁✸❪✂✄❝✱ ❜❡❧♦♥❣✐♥❣ t♦ t❤♦s❡ ✇✐t❤ ❛ ☎✆✝✉✞✟✠r ✡ ☛❱✲✺✽✵☞✴☞✷

❞♦✌❜❧❡t ❛✍✍♦✎❞✐♥❣ t♦ t❤❡ ✍❧❛ss✐✏✍❛t✐♦♥ s✍❤❡♠❡ ♦❢ ❆✍❦❡✎ ✫ ✑❡✐♥❡✎ ✭✷✵✵✸✮✒ ❋✐❣✒ ☞✒☞✷

s❤♦✇s ♦✌✎ ♦❜s❡✎✈❡❞ ✡ ☛❱✲✺✽✵✺ ❞♦✌❜❧❡t ❧✐♥❡ ♣✎♦✏❧❡ ♦❢ t❤❡ ✡❙P✑ �❤ ✷✲❆✿ ✐t ❤❛s

❛ ✇✐❞❡ ❋❲❍▼ ♦❢ ✽✻ ✓❆ t❤❛t ✐s ❛ss♦✍✐❛t❡❞ ✇✐t❤ ❛ t❡✎♠✐♥❛❧ ✈❡❧♦✍✐t② ♦❢ ✔➙ ❂

✕✖✗✗ ❦♠s✘✙❀ ❛✍✍♦✎❞✐♥❣ t♦ t❤❡ ❢❛✍t♦✎ ✔➙✚✛✜✢✣✤ ❂ ✗✥✦✹✧★✩✪✬✚✓✯✤ ✐♥t✎♦❞✌✍❡❞

❜② ❆✍❦❡✎ ✫ ✑❡✐♥❡✎ ✭✷✵✵✸✮✒ �❤✐s t❡✎♠✐♥❛❧ ✈❡❧♦✍✐t② ✐s ❤✐❣❤❡✎ t❤❛♥ t②♣✐✍❛❧❧② ♦❜✲

t❛✐♥❡❞ ❢♦✎ ♦t❤❡✎ ❬❲✁❪ st❛✎s ✔➙ ✰ ✥✼✼✼➊✸✵✵✵ ❦♠s✘✙✱ ❛♥❞ ✐s s✐♠✐❧❛✎ t♦ ✇❤❛t ♠❡❛✲

s✌✎❡❞ ✐♥ ❬❲✁✾❪✂✄❝✒ ❲❡ ❢♦✌♥❞ t❤❛t t❤❡ P✑ ❤❛s ❛♥ ❡①✍✐t❛t✐♦♥ ✍❧❛ss ♦❢ ❊❁ ❂ ❃✦✥

✭❄✡ ❢♦✎♠✌❧❛ ♦❢ ❅♦♣✐t❛ ✫ ▼❡❛t❤❡✎✐♥❣❤❛♠ ☞❇❇✵✮ ❛ss♦✍✐❛t❡❞ ✇✐t❤ t❤❡ ❡❢❢❡✍t✐✈❡

t❡♠♣❡✎❛t✌✎❡ ●✄❏❏ ❂ ❑✗✥ ❦▲ ❜❛s❡❞ ♦♥ t❤❡ ●✄❏❏➊❄✡ ✎❡❧❛t✐♦♥ ♦❢ ▼❛❣❡❧❧❛♥✐✍ ✡❧♦✌❞

P✑❡ ✭❅♦♣✐t❛ ✫ ▼❡❛t❤❡✎✐♥❣❤❛♠ ☞❇❇☞✮✒ ❋✌✎t❤❡✎♠♦✎❡✱ P✎❡✐t❡✲▼❛✎t✐♥❡③ ❡t ❛❧✒

✭☞❇✽❇✮ ♦❜t❛✐♥❡❞ ●◗❳ ❂ ❑✕❃✦✥ ❦▲ ❢✎♦♠ t❤❡ ❄❨ ♠❡t❤♦❞✒ ❆❞♦♣t✐♥❣ t❤❡ ❞✐st❛♥✍❡ ♦❢

❩ ❂ ✥✦✼❃ ❦♣✍ ✭P❤✐❧❧✐♣s ✷✵✵✾✮ ❛♥❞ ❭✚❫❴✔✤ ❂ ✼✦❃✼✖✱ ✇❡ ✍❛❧✍✌❧❛t❡❞ ❵✢❥q ❂ ✕✥✹✼

❢♦✎ ✔ ❂ ❑❃✦✼④♠❛❣ ✭✡✐❛✎❞✌❧❧♦ ❡t ❛❧✒ ☞❇❇❇✮ ❛♥❞ ●✄❏❏ ❂ ❑✕❃ ❦▲✒ �❤✐s ❛ss♦✍✐❛t❡s t❤❡
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♦t❤❡r ♠❡❝❤❛♥✐s♠ ♠✉st ❜❡ r❡s♣♦♥s✐❜❧❡ ❢♦r t❤❡ ✇✐♥❞ ♠♦♠❡♥t✉♠✱ ❛s ❡✈❡♥ t❤❡

♠✉❧t✐♣❧❡✲s❝❛tt❡r✐♥❣ r❛❞✐❛t✐♦♥ ♣r❡ss✉r❡ ✐s t♦♦ ❧♦✇ t♦ ❞❡r✐✈❡ s✉❝❤ ❤✐❣❤ t❡r♠✐♥❛❧

✈❡❧♦❝✐t② ❛♥❞ ♠❛ss✲❧♦ss r❛t❡✄

☎✸✆✝✞ ✭❂P✟●✵✵✻✄✽✰✵✹✄✠✮✄ ✡❤❡ �❙P✟ ▼☛✲✠✺ ✇❛s ☞rst ❛ss❡ss❡❞ ❛s t❤❡

❬❲✌❪ ❝❛r❜♦♥ s❡q✉❡♥❝❡ ❜② ❆❧❧❡r ✫ ❑❡②❡s ✭✠✾✽✺✮✄ ✍t ✇❛s ❝❧❛ss✐☞❡❞ ✇✐t❤✐♥ s✉❜✲

❝❧❛ss❡s ❬❲� ✹➊✻❪ ❜② ✡②❧❡♥❞❛ ❡t ❛❧✄ ✭✠✾✾☛✮✄ ❆❧❧❡r ✫ ❑❡②❡s ✭✠✾✽✼✮ ♦❜t❛✐♥❡❞

t❤❡ st❡❧❧❛r t❡♠♣❡r❛t✉r❡ ♦❢ ✎❄ ✏ ✑✷✿✒ ❦❑ ❜② ✉s✐♥❣ t❤❡ ♥♦♥✲▲✡❊ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡

❜② ❍✉s❢❡❧❞ ❡t ❛❧✄ ✭✠✾✽✹✮✄ ▼♦r❡♦✈❡r✱ Pr❡✐t❡✲▼❛rt✐♥❡③ ❡t ❛❧✄ ✭✠✾✾✠✮ ❞❡t❡r♠✐♥❡❞

✎✓❇ ✏ ✒✒✿✔ ❦❑✄ ✕✉t✱ ✈❛♥ ❍♦♦❢ ✫ ✈❛♥ ❞❡ ❙t❡❡♥❡ ✭✠✾✾✾✮ ❛♥❞ ❆❝❦❡r ❡t ❛❧✄ ✭✖✵✵✖✮ ♦❜✲

t❛✐♥❡❞ ✎❄ ✏ ✗✷✿✘ ❦❑ ❛♥❞ ✙✚✛❏ ✏ ✘✑✜✜✱ ❛♥❞ ✎❄ ✏ ✢✣ ❦❑ ❛♥❞ ✙✚✛❏ ✏ ✔✣✗✜ t❤r♦✉❣❤

♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✐♥❣ ✉s✐♥❣ ❛ ❜❧❛❝❦❜♦❞② ❛t♠♦s♣❤❡r❡✱ r❡s♣❡❝t✐✈❡❧②✄ ❆❝❦❡r ✫

✟❡✐♥❡r ✭✖✵✵☛✮ ❛❧s♦ ♣r♦♣♦s❡❞ t❤❛t ✐t ❜❡❧♦♥❣s t♦ t❤❡ s✉❜❝❧❛ss ❬❲�✹❪ ✐♥ ❛❣r❡❡♠❡♥t

✇✐t❤ t❤❡ ❝❧❛ss✐☞❝❛t✐♦♥ s❝❤❡♠❡ ♦❢ �r♦✇t❤❡r ❡t ❛❧✄ ✭✠✾✾✽✮✄ ✤s✐♥❣ t❤❡ ♣❤♦t♦✐♦♥✐③❛✲

t✐♦♥ ♠♦❞❡❧✱ ●❡s✐❝❦✐ ✫ ❩✐❥❧str❛ ✭✖✵✵✼✮ ❡st✐♠❛t❡❞ ❛ st❡❧❧❛r ❜❧❛❝❦✲❜♦❞② t❡♠♣❡r❛t✉r❡

♦❢ ✎❄ ✏ ✢✣ ❦❑✱ ❛ st❡❧❧❛r ❧✉♠✐♥♦s✐t② ♦❢ ✙✚✛❏ ✏ ✑✥✜✜ ❛♥❞ ❛ st❡❧❧❛r ♠❛ss ♦❢ ✜✿✑✜✣✦❏

❢r♦♠ t❤❡ ❍✲❜✉r♥✐♥❣ ❡✈♦❧✉t✐♦♥❛r② ♠♦❞❡❧s ♦❢ ✕❧➝♦❝❦❡r ✭✠✾✾✺❛✮✄ ✡❤✐s ❧♦❝❛t❡s ▼☛✲

✠✺ ✐♥ t❤❡ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦ t❤❛t tr❛♥s✐t✐♦♥s ✐♥t♦ ❤♦t ❬❲✧❪ s❡q✉❡♥❝❡s✄

☎✝✆★✞ ✭❂P✟●✵✵✹✄✾✰✵✹✄✾✮✄ ✡❤❡ ❝❧❛ss✐☞❝❛t✐♦♥ s❝❤❡♠❡ ♦❢ ❆❝❦❡r ✫ ✟❡✐♥❡r

✭✖✵✵☛✮ ♣❧❛❝❡s t❤❡ �❙P✟ ▼✠✲✖✺ ✐♥ t❤❡ s✉❜❝❧❛ss❡s ❬❲�✺➊✻❪✱ ✐♥ t❤❡ tr❛♥s✐t✐♦♥

❢r♦♠ ❬❲�▲❪ t♦ ❬❲✧❪ t❤❡♦r❡t✐❝❛❧❧② ✭s❡❡ ❡✄❣✄ ❲❡r♥❡r ✖✵✵✠✮✄ ✍t ❤❛s ❜❡❡♥ ❝❧❛s✲

s✐☞❡❞ ❛s ❬❲�✻❪ ❛♥❞ ❬❲�✺❪ ❜② ✡②❧❡♥❞❛ ❡t ❛❧✄ ✭✠✾✾☛✮ ❛♥❞ �r♦✇t❤❡r ❡t ❛❧✄

✭✠✾✾✽✮✱ r❡s♣❡❝t✐✈❡❧②✄ ✡❤❡ ❍❡ ✁✁ ❩❛♥str❛ t❡♠♣❡r❛t✉r❡ ♦❢ ✎✩✪✬✯ ✴✴❀ ✏ ✢✔ ❦❑ ✇❛s

❞❡t❡r♠✐♥❡❞ ❜② ●❧❡✐③❡s ❡t ❛❧✄ ✭✠✾✽✾✮✱ ✇❤✐❧❡ Pr❡✐t❡✲▼❛rt✐♥❡③ ❡t ❛❧✄ ✭✠✾✽✾✮ ❢♦✉♥❞

✎✓❇ ✏ ✒✒✿✣ ❦❑✄ P❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ❞♦♥❡ ❜② ❆❝❦❡r ❡t ❛❧✄ ✭✖✵✵✖✮ ❛♥❞ ●❡s✐❝❦✐

✫ ❩✐❥❧str❛ ✭✖✵✵✼✮ r❡♣r❡s❡♥t❡❞ ❛ st❡❧❧❛r ❜❧❛❝❦✲❜♦❞② t❡♠♣❡r❛t✉r❡ ♦❢ ✎❄ ✏ ✘✷ ❦❑

❛♥❞ ✙✚✛❏ ✏ ✑✔✜✜ ❛t t❤❡ ❞✐st❛♥❝❡ ♦❢ ❁ ✏ ✗ ❦♣❝✱ ✇❤✐❝❤ ♣✉ts t❤✐s P✟ ✐♥ t❤❡ ●❛❧❛❝✲

✹✵ ❃❅◗❳❨❭❫◗❴ ◗❵ ①❳④❴⑤❭④⑥⑦ ❴⑤⑧❨❳④⑤ ⑨❫❭⑩ ❶❷❸❭⑦①⑤ ❹⑤❴❭⑥④❳ ❺❭④⑥❺



✶✳✹✳ ❲❖▲❋✲❘❆❨❊❚ ❈❊◆❚❘❆▲ ❙❚❆❘❙ ❖❋ P▲❆◆❊❚❆❘❨ ◆❊❇❯▲❆❊

t✐❝ �✉❧❣❡✁ ✂ ♠❡❛♥ ❞✐st❛♥❝❡ ♦❢ ❉ ❂ ✄✿✷ ❦♣❝ ✐s ♦❜t❛✐♥❡❞ ❢r♦♠ ❛❧❧ t❤❡ ❞✐st❛♥❝❡s

❧✐st❡❞ ✐♥ t❤❡ ✂❝❦❡r ❡t ❛❧✁ ✭☎✾✾✆✮ ❝❛t❛❧♦❣✁

✝✞✟✞✟ ❬✠✡☛❪ ☞✌✍✎✏✑✒ ✓✎✑✏✓ ✔✕ ✖✒✑✍✌✎✑✏② ✍✌✗✘✒✑✌

❍✙✚✛✜✢✣✛ ✭✤✥✦●✸✆✼✁☎✧✵✆✁✆✮✁ ★❤❡ ✩✪✥✦ ✫❡♥✆✬☎✯✆ ✇❛s ❝❧❛ss✐✰❡❞ ❛s ✱✴✩✾✺

✭❧❛t❡✬t✻♣❡ ✱✴✽✺✮ ❜✻ ★✻❧❡♥❞❛ ❡t ❛❧✁ ✭☎✾✾✸✮✁ ★❤❡ st❡❧❧❛r t❡♠♣❡r❛t✉r❡ ✐s r❡❧❛t✐✈✐t✻

❝♦♦❧ ✐♥ ❝♦♠♣❛r✐s♦♥ t♦ ❡❛r❧✻✬t✻♣❡ ✱✴✩✺✁ ★❤❡ ✫ ■ ❩❛♥str❛ t❡♠♣❡r❛t✉r❡ ♦❢ ❀③❁❃ ❄❅❂

✷❏✿✷ ❦❑ ❛♥❞ ✄✄✿▼ ❦❑ ✇❡r❡ ❞❡t❡r♠✐♥❡❞ ❜✻ ✥✐❧✐✉❣✐♥ ◗ ❑❤r♦♠♦✈ ✭☎✾✼✾✮ ❛♥❞ ●❧❡✐❱❡s

❡t ❛❧✁ ✭☎✾❳✾✮❭ r❡❝❡♣t✐✈❡❧✻✁ ★❤❡ ✫❡ ■■ ❩❛♥str❛ t❡♠♣❡r❛t✉r❡ ♦❢ ❀③❁❃❫ ❄❄❅ ❂ ❴❵❦❑

✇❛s ♦❜t❛✐♥❡❞ ❜✻ ✪❤❛✇ ◗ ❑❛❧❡r ✭☎✾❳✾✮❭ ✇❤❡r❡❛s ✪t❛♥❣❤❡❧❧✐♥✐ ❡t ❛❧✁ ✭☎✾✾✸✮

❢♦✉♥❞ ❀③❁❃❫ ❄❄❅ ❂ ❵▼ ❦❑✁ ❥✉rt❤❡r♠♦r❡❭ ✥r❡✐t❡✬q❛rt✐♥❡❱ ❡t ❛❧✁ ✭☎✾❳✾✮ ❞❡r✐✈❡❞

❀①④ ❂ ✷▼✿❏ ❦❑✁ ✫♦✇❡✈❡r❭ ♣❤♦t♦✐♦♥✐❱❛t✐♦♥ ♠♦❞❡❧s ✐♠♣❧❡♠❡♥t❡❞ ❜✻ ✂❝❦❡r ❡t ❛❧✁

✭✆✵✵✆✮ ❛♥❞ ●❡s✐❝❦✐ ◗ ❩✐⑤❧str❛ ✭✆✵✵✼✮ r❡♣r❡s❡♥t ❀⑥⑦⑦ ❂ ✷❵ ❦❑❭ ⑧⑨⑩❶ ❂ ▼❷❷❷ ❛t t❤❡

❞✐st❛♥❝❡ ♦❢ ❉ ❂ ❴✿▼ ❦♣❝✁ ★❤✐s ♣♦s✐t✐♦♥s ✐t ✐♥ t❤❡ ❡✈♦❧✉t✐♦♥❛r✻ tr❛❝❦ ♦❢ ❛ ♠❛ss

✇✐t❤ t❤❡ ♣r♦❣❡♥✐t♦r ♠❛ss ♦❢ ✆➊❴❸❶ ♦♥ t❤❡ ✫✽ ❞✐❛❣r❛♠ ✭s❡❡ ❥✐❣✁ ✆✁☎✮✁ ★❤✐s

st❛r s❡❡♠s ⑤✉st t♦ ❤❛✈❡ ❧❡❢t t❤❡ ✂●� ♣❤❛s❡❭ s✉❜s❡❹✉❡♥t❧✻ ❣❡tt✐♥❣ ❤♦tt❡r t♦✇❛r❞

✱✴✩❺➊❳✺✁ ✫♦✇❡✈❡r❭ t❤❡ ♣r♦❜❧❡♠ ✐s t❤❛t ❢❡✇ ✩✪✥✦❡ ✭☎✆❻✮ ✇❡r❡ ✐❞❡♥t✐✰❡❞

✐♥ t❤❡ ✱✴✩❺➊❳✺ r❛♥❣❡❭ ❛♥❞ ❛♣♣❡❛rs ❛s ❛ ❣❛♣ ✐♥ t❤❡ st❡❧❧❛r ❡✈♦❧✉t✐♦♥❛r✻ tr❛❝❦

✭✂❝❦❡r ◗ ✦❡✐♥❡r ✆✵✵✸✮✁ ★❤✐s ❣❛♣ r❡♣r❡s❡♥ts ❛ ❝❤❛❧❧❡♥❣❡ t♦ t❤❡ t❤❡♦r✻❭ t❤❛t

r❡❹✉✐r❡s ❢✉rt❤❡r ✐♥✈❡st✐❣❛t✐♦♥s✁

❍✙✚❼✜✢❼❼❼ ✭✤✥✦●✸✸✆✁✾✧✵✾✁✾✮ ❛♥❞ ❍✙✚✛✜✢✢❼ ✭✤✥✦●✸✆☎✁✵❽✵✸✁✾✮✁ ★❤❡

✫❡♥ ✸✬☎✸✸✸ ❛♥❞ ✫❡♥✆✬☎☎✸ ✇❡r❡ ❛♠♦♥❣ t❤❡ ❝♦♦❧❡st ✱✴✽✺ ✩✪✥✦❡ st✉❞✐❡❞ ✐♥

❾❿➀▲ ❜❛♥❞s ❜✻ ✴❡❜st❡r ◗ ●❧❛ss ✭☎✾✼✯✮❭ ❛♥❞ ❝❧❛ss✐✰❡❞ ❛s ✱✴✩☎☎✺ ✭✫❡❛♣ ☎✾❳✆✮✁

●❧❡✐❱❡s ❡t ❛❧✁ ✭☎✾❳✾✮ ❞❡r✐✈❡❞ t❤❡ ✫ ■ ❩❛♥str❛ t❡♠♣❡r❛t✉r❡ ♦❢ ❀③❁❃ ❄❅ ❂ ➁➂✿▼ ❦❑

❛♥❞ ❴➂ ❦❑ ❢♦r ✫❡♥ ✸✬☎✸✸✸ ❛♥❞ ✫❡♥ ✆✬☎☎✸❭ r❡s♣❡❝t✐✈❡❧✻✁ ✥❤♦t♦✐♦♥✐❱❛t✐♦♥ ♠♦❞✬

❡❧s ✉s✐♥❣ ❑✉r✉❝❱ ✭☎✾✾☎✮ ➃✉➄ ❛t♠♦s♣❤❡r❡s ❜✻ ➅❡ q❛r❝♦ ◗ ✩r♦✇t❤❡r ✭☎✾✾❳✮

r❡♣r❡s❡♥t❡❞ ❀⑥⑦⑦ ❂ ✷▼ ❦❑ ❛♥❞ ⑧⑨⑩❶ ❂ ❴❵❴❷ ❢♦r ✫❡♥ ✸✬☎✸✸✸ ❛♥❞ ❀⑥⑦⑦ ❂ ✷❏ ❦❑ ❛♥❞

⑧⑨⑩❶ ❂ ❴❏➆❷ ❢♦r ✫❡♥✆✬☎☎✸✁ ➅❡ q❛r❝♦ ❡t ❛❧✁ ✭☎✾✾❳✮ ❞❡r✐✈❡❞ ✇✐♥❞ ❡❧❡❝tr♦♥

❆➇➈➉➋➌➍ ➎➏➐➑➈➉➏➒ ✯☎



✶✳ ■◆❚❘❖❉❯❈❚■❖◆

t❡♠♣❡r❛t✉r❡s ♦❢ ✷�✁✸ ❦❑ ❢♦r ❍❡♥ ✸✲�✸✸✸ ❛♥❞ �✻✁✹ ❦❑ ❢♦r ❍❡♥ ✷✲��✸ ❢r♦♠ t❤❡

❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ♦❢ ✂ ✄✄ ❞✐❡❧❡❝tr♦♥✐❝ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s✁

☎ ✆✝✞✟ ✭❂P✠●✸✺✷✁✾✰��✁✹✮✁ ✡❤❡ ✂❙P✠ ❑✷✲�✻ ✐s t❤❡ ❜❡st ❡①❛♠♣❧❡ ♦❢ ❧❛t❡✲

t②♣❡ ❬❲✂❪ st❛r ✇✐t❤ ♠❛♥② ❛❜s♦r♣t✐♦♥ ❧✐♥❡s✱ ❝❧❛ss✐☛❡❞ ❛s ❬❲✂��❪ ❜② ✡②❧❡♥❞❛

❡t ❛❧✁ ✭�✾✾✸✮✁ ✡❤❡ ❡♥❡r❣②✲❜❛❧❛♥❝❡ t❡♠♣❡r❛t✉r❡ ❞❡t❡r♠✐♥❡❞ ❜② Pr❡✐t❡✲▼❛rt✐♥❡③

❡t ❛❧✁ ✭�✾✾�✮ ✐s ☞❊❇ ✌ ✍✎✿✏ ❦❑ ✭✠♦t❡ ✐t ✐s ♠✐ss♣❡❧❧❡❞ ❛s ➇❍❡ ✷✲�✻➈ ✐♥ t❤❛t ♣❛♣❡r✮✁

✡❤✐s ♠❛❦❡s ❑✷✲�✻ t❤❡ ❝♦♦❧❡st st❛r ✐♥ ♦✉r s❛♠♣❧❡✁ ✡❤❡ ❝❡♥tr❛❧ st❛r ❤❛s ❛ ❱✲

❜❛♥❞ ♠❛❣♥✐t✉❞❡ ♦❢ ✑ ✌ ✍✒✿✼✓ ✭✡②❧❡♥❞❛ ❡t ❛❧✁ �✾✾�✮✁ ✡❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧

✐♠♣❧❡♠❡♥t❡❞ ❜② ❆❝❦❡r ❡t ❛❧✁ ✭✷✵✵✷✮ ♣r♦✈✐❞❡❞ ☞✔✕✕ ✌ ✒✎ ❦❑ ❛♥❞ ▲✖✗❏ ✌ ✒✘✘✘

❛t ✙ ✌ ✍❦♣❝ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❛ st❡❧❧❛r ♠❛ss ♦❢ ✘✿✓✒✚✛❏ ❛♥❞ t❤❡ ❡✈♦❧✉t✐♦♥❛r②

tr❛❝❦ ♦❢ t❤❡ ♣r♦❣❡♥✐t♦r ♠❛ss ♦❢ ✍✛❏ ✭s❡❡ ❍✜ ❞✐❛❣r❛♠❀ ❋✐❣✁ ✷✁�✮✁ ✢❡✉❡♥❤❛❣❡♥

❡t ❛❧✁ ✭�✾✾✻✮ s✉❣❣❡st❡❞ t❤❛t ❑ ✷✲�✻ ✐s r❡❧❛t❡❞ t♦ ✣✸✹✽ ❙❣r✱ ✇❤✐❝❤ ✇❛s ♣r❡✈✐♦✉s❧②

❝❧❛ss✐☛❡❞ ❛s ❬❲✂�✷❪ ❜② ✢❡✉❡♥❤❛❣❡♥ ✫ ❍❛♠❛♥♥ ✭�✾✾✹✮✁ ✡❤❡② ❛❧s♦ ♥♦t✐❝❡❞ t❤❛t

✐ts ❛❜s♦r♣t✐♦♥ ❢❡❛t✉r❡ ✐s s✐♠✐❧❛r t♦ t❤♦s❡ ♦❢ ❡①tr❡♠❡ ❍❡❧✐✉♠ st❛rs✁ ❍♦✇❡✈❡r✱

✂r♦✇t❤❡r ❡t ❛❧✁ ✭�✾✾✽✮ ❡①❝❧✉❞❡❞ ✣✸✹✽❙❣r ❢r♦♠ t❤❡✐r ❝❧❛ss✐☛❝❛t✐♦♥ ❞✉❡ t♦ t❤❡

❛❜s❡♥❝❡ ♦❢ t❤❡ ✂ ✄✄✄ ✤✺✻✾✻ ❧✐♥❡✱ ❛♥❞ ❝❧❛ss✐☛❡❞ ✐t ✉♥❞❡r ❵♣❡❝✉❧✐❛r ❡①tr❡♠❡ ❍❡

st❛r✬✁ ❙✐♠✐❧❛r❧②✱ ❆❝❦❡r ✫ ✠❡✐♥❡r ✭✷✵✵✸✮ r❡♠♦✈❡❞ t❤❡ ❬❲✂�✷❪ ❝❧❛ss ❢r♦♠ t❤❡✐r

❬❲✜❪ ❝❧❛ss✐☛❝❛t✐♦♥ s❝❤❡♠❡✁ ✡❤❡r❡❢♦r❡✱ ❬❲✂��❪ ✐s t❤❡ ❧❛st s✉❜❝❧❛ss ♦❢ ❬❲✜❪

✂❙P✠❡✱ ✇❤✐❝❤ ❞❡♠♦♥str❛t❡s t❤❡ ❧♦✇❡st t❡r♠✐♥❛❧ ✈❡❧♦❝✐t② ❛♥❞ t❤❡ ❝♦♦❧❡st st❡❧❧❛r

t❡♠♣❡r❛t✉r❡✁

✥✦✧✦★ ✩✪✯✴ ❁❃❄❅◗❳❨ ❩❅❳◗❩ ❭❫ ❴❨❳❄❃❅❳◗❥ ❄❃q④❨❳❃

⑤♥ t❤✐s s✉❜s❡❝t✐♦♥✱ ✇❡ ♣r❡s❡♥t ❛ s②♥♦♣s✐s ♦❢ s♦♠❡ ♥✐tr♦❣❡♥✲s❡⑥✉❡♥❝❡ ❲✜✲t②♣❡

✂❙P✠❡✁ ✡❤❡ P✠ ❆❜❡❧❧ ✹✽ ❛♥❞ P⑦ ✽ ❛r❡ st✉❞✐❡❞ ✐♥ ✂❤❛♣t❡rs ✺ ❛♥❞ ✻✱ r❡s♣❡❝t✐✈❡❧②✁

⑧⑨⑩❶❶ ❷❸✁ ✡❤❡ ✂❙P✠ ❆❜❡❧❧ ✹✽ ✭P✠●✵✷✾✁✵✰✵✵✁✹✮ ❤❛s ❜❡❡♥ t❤❡ s✉❜❹❡❝t ♦❢ r❡✲

❝❡♥t s♣❡❝tr♦s❝♦♣✐❝ st✉❞✐❡s ✭❲❛❝❤t❡r ❡t ❛❧✁ ✷✵�✵❀ ❺❡♣❡✇ ❡t ❛❧✁ ✷✵��❀ ✡♦❞t ❡t ❛❧✁

✷✵�✸❀ ❋r❡✇ ❡t ❛❧✁ ✷✵�✹❜✮✁ ⑤t ❤❛s ❜❡❡♥ ❝❧❛ss✐☛❡❞ ❛s ❲♦❧❢➊✜❛②❡t ❬❲✠✺❪ ✭✡♦❞t

❡t ❛❧✁ ✷✵�✸✮✱ ✇❤❡r❡ t❤❡ s⑥✉❛r❡ ❜r❛❝❦❡ts ❞✐st✐♥❣✉✐s❤ ✐t ❢r♦♠ t❤❡ ♠❛ss✐✈❡ ❲✠

✹✷ ❻❼❽❾❿➀➁❽➂ ❽➃ ➄❾➅➂➆➀➅➉➋ ➂➆➌❿❾➅➆ ➍➁➀➎ ➏➐➑➀➋➄➆ ➒➆➂➀➉➅❾ ➓➀➅➉➓



✶✳✹✳ ❲❖▲❋✲❘❆❨❊❚ ❈❊◆❚❘❆▲ ❙❚❆❘❙ ❖❋ P▲❆◆❊❚❆❘❨ ◆❊❇❯▲❆❊

st❛rs� ❍♦✇❡✈❡r✱ ✁❛❝❤t❡r ❡t ❛❧� ✭✷✵✂✵✮ ❞❡s❝r✐❜❡❞ ✐t ❛s ❛ s♣❡❝tr❛❧ t②♣❡ ♦❢ ✁✄✻

✇✐t❤ ❛ s✉rr♦✉♥❞✐♥❣ r✐♥❣ ♥❡❜✉❧❛� ☎❜❡❧❧ ✆✽ ✇❛s ✝rst ✐❞❡♥t✐✝❡❞ ❛s ❛ ♣❧❛♥❡t❛r② ♥❡❜✞

✉❧❛ ✭✟✄✮ ❜② ☎❜❡❧❧ ✭✂✾✺✺✮� ✠❡❝❡♥t❧②✱ ✡♦❞t ❡t ❛❧� ✭✷✵✂✸✮ ❝♦♥❝❧✉❞❡❞ ❢r♦♠ s♣❡❝tr❛❧

❛♥❛❧②s✐s ♦❢ t❤❡ ☛☞✟✄ ❛♥❞ t❤❡ s✉rr♦✉♥❞✐♥❣ ♥❡❜✉❧❛ t❤❛t ☎❜❡❧❧ ✆✽ ✐s ❛ ✟✄ ✇✐t❤

❛ ❧♦✇✞♠❛ss ☛☞✟✄� ☎ s♣❡❝tr❛❧ ❛♥❛❧②s✐s ♦❢ t❤❡ ☛☞✟✄ ☎❜❡❧❧ ✆✽ ✇✐t❤ t❤❡ ✟♦ts❞❛♠

✁♦❧❢✞✠❛②❡t ✭✟♦✁✠✮ ♠♦❞❡❧s ❜② ✡♦❞t ❡t ❛❧� ✭✷✵✂✸✮ ✐♥❞✐❝❛t❡s t❤❛t ✐ts s✉r❢❛❝❡ ❝♦♠✞

♣♦s✐t✐♦♥ ✐s ♠❛✐♥❧② ❝♦♠♣♦s❡❞ ♦❢ ✽✺✪ ❤❡❧✐✉♠✱ ✂✵✪ ❤②❞r♦❣❡♥ ❛♥❞ ✺✪ ♥✐tr♦❣❡♥

❜② ♠❛ss�

✌✍ ✎� ✡❤❡ ☛☞✟✄ ✟✏ ✽ ❤❛s ❜❡❡♥ ❝❧❛ss✐✝❡❞ ❛s ❛ ❤②❞r♦❣❡♥✞r✐❝❤ ✑❢✞✁✠✭❍✮ st❛r

❜② ▼➫❡♥❞❡③ ✭✂✾✾✂✮✱ ❬✁☛✺✞✻❪ ❜② ☎❝❦❡r ✫ ✄❡✐♥❡r ✭✷✵✵✸✮✱ ✒✓✔✕ ❜② ✡②❧❡♥❞❛ ❡t ❛❧�

✭✂✾✾✸✮ ❛♥❞ ●❡s✐❝❦✐ ❡t ❛❧� ✭✷✵✵✻✮✱ ❛♥❞ ❤②❜r✐❞ ♥✐tr♦❣❡♥ ❛♥❞ ❝❛r❜♦♥✞s❡q✉❡♥❝❡

❬✁✄✴✁☛❪ st❛r ❜② ✡♦❞t ❡t ❛❧� ✭✷✵✂✵✮� ☎ ❞❡t❛✐❧❡❞ s♣❡❝tr❛❧ ❛♥❛❧②s✐s ♦❢ ☛☞✟✄ ✟✏

✽ ✇✐t❤ t❤❡ ✟♦ts❞❛♠ ✁♦❧❢✞✠❛②❡t ✭✟♦✁✠✮ ♠♦❞❡❧s ❜② ✡♦❞t ❡t ❛❧� ✭✷✵✂✵✮ ✐♥❞✐❝❛t❡s

t❤❛t t❤❡ s✉r❢❛❝❡ ❝♦♠♣♦s✐t✐♦♥ ✐s ❤②❞r♦❣❡♥✞❞❡✝❝✐❡♥t ✇✐t❤ ♠❛ss ❢r❛❝t✐♦♥s ♦❢ ✺✺✪

❤❡❧✐✉♠✱ ✆✵✪ ❤②❞r♦❣❡♥✱ ✂�✸✪ ❝❛r❜♦♥✱ ✷✪ ♥✐tr♦❣❡♥ ❛♥❞ ✂�✸✪ ♦①②❣❡♥� ■t r❡s❡♠✞

❜❧❡s t❤❡ r❛r❡ tr❛♥s✐t✐♦♥ ❝❧❛ss ♦❢ ✁✄✴✁☛ s✉❜t②♣❡s ♦❢ ♠❛ss✐✈❡ ✁♦❧❢✞✠❛②❡t st❛rs✱

s♦ ✡♦❞t ❡t ❛❧� ✭✷✵✂✵✮ s✉❣❣❡st ❛ ♥❡✇ s♣❡❝tr❛❧ t②♣❡ ❬✁✄✴✁☛❪ ❢♦r ☛☞✟✄❡�

✖✗ ✘✙✙✚� ✡❤❡ st❡❧❧❛r s♣❡❝tr✉♠ ♦❢ ■☛ ✆✻✻✸ ✐s ❞♦♠✐♥❛t❡❞ ❜② ❜r♦❛❞ ❍ ✛✛ ❛♥❞

✄ ❱ ❡♠✐ss✐♦♥ ❧✐♥❡s✱ ✇❤✐❝❤ ✇❛s ❝❧❛ss✐✝❡❞ ❛s ❛ ❬✁✄✸❪ s♣❡❝tr❛❧ t②♣❡ ❜② ▼✐s③❛❧s❦✐

❡t ❛❧� ✭✷✵✂✷✮� ☎ s♣❡❝tr❛❧ ❛♥❛❧②s✐s ♦❢ t❤❡ ☛☞✟✄ ■☛ ✆✻✻✸ ✇✐t❤ t❤❡ ✜✢✣✤✥✦ ♥♦♥✞✧✡★

❝♦❞❡ ❜② ▼✐s③❛❧s❦✐ ❡t ❛❧� ✭✷✵✂✷✮ ✐♥❞✐❝❛t❡s t❤❛t ✐ts s✉r❢❛❝❡ ❝♦♠♣♦s✐t✐♦♥ ✐s ♠❛✐♥❧②

❝♦♠♣♦s❡❞ ♦❢ ✾✺✪ ❤❡❧✐✉♠✱ ❁ ✩✪ ❤②❞r♦❣❡♥ ❛♥❞ ✵�✽✪ ♥✐tr♦❣❡♥ ❜② ♠❛ss✱ ✇❤✐❝❤ ✐s

s✐♠✐❧❛r t♦ t❤❡ ✑✭❍❡✮ ❝❡♥tr❛❧ st❛rs✱ s✉❣❣❡st✐♥❣ ❛ ♣♦st✞☎●✏ ❡✈♦❧✉t✐♦♥❛r② s❡q✉❡♥❝❡

❬✁✄❪✬✑✭❍❡✮ ✡❤❡ st❡❧❧❛r s♣❡❝tr✉♠ s❤♦✇s ❛ ❢❛st ✇✐♥❞ ✇✐t❤ ❛ t❡r♠✐♥❛❧ ✈❡❧♦❝✐t②

♦❢ ✯➙ ❂ ✰✼✿✿ ❦♠s❀❃� ✡❤❡ st❡❧❧❛r t❡♠♣❡r❛t✉r❡ ♦❢ ❛❜♦✉t ✂✆✵ ❦❑ ✐s ❤♦t ❡♥♦✉❣❤ t♦

♣r♦❞✉❝❡ ✄ ❱✛✛ ❡♠✐ss✐♦♥�

❄❅✗❉❏✙✙� ✡❤❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✄✻✻ ✭✁☞ ✸✺ ❛♥❞ ☞▼✟ ✽✸✮ ✐♥ t❤❡ ✧❛r❣❡

▼❛❣❡❧❧❛♥✐❝ ☛❧♦✉❞ ✭✧▼☛✮ ✐s ❦♥♦✇♥ ❢♦r ✐ts ❝❡♥tr❛❧ st❛r ❤❛✈✐♥❣ t❤❡ ✁✠ ❢❡❛t✉r❡s

♦❢ t❤❡ ♥✐tr♦❣❡♥✞s❡q✉❡♥❝❡� ✡❤❡ ♥❡❜✉❧❛r ❡♠✐ss✐♦♥ ❧✐♥❡s ♦❜s❡r✈❡❞ ❞✉r✐♥❣ ✂✾◗✺✞✾✵

❆✕❳❩❭❫❴ ❵❥④✓❳❩❥⑤ ✆✸



✶✳ ■◆❚❘❖❉❯❈❚■❖◆

s❤♦✇❡❞ ♥♦ s✐❣♥✐✂❝❛♥t ✈❛r✐❛t✐♦♥s✱ ✇❤✐❧❡ t❤❡ ❝❡♥tr❛❧ st❛r ✇❛s ✐♥✈✐s✐❜❧❡ ✭�♦♣✐t❛

❡t ❛❧✁ ✄✾✽✺❀ P❡➌♥❛ ✫ ☎✉✐③ ✄✾✽✽❀ ▼♦♥❦ ❡t ❛❧✁ ✄✾✽✽❀ ▼❡❛t❤❡r✐♥❣❤❛♠ ✫ �♦♣✐t❛

✄✾✾✄✮✁ ✆♥ ✄✾✾✵✱ t❤❡ ❝❡♥tr❛❧ st❛r s❤♦✇❡❞ ❛ ❜r✐❣❤t♥❡ss ✐♥❝r❡❛s❡ ❜② s❡✈❡r❛❧ ♠❛❣✲

♥✐t✉❞❡✱ ❛♥❞ ❝❧❡❛r❧② ❞❡♣✐❝t❡❞ ✐ts ❬❲✝❪ s♣❡❝tr❛✱ ❜✉t ✐♥ t❤❡ ♠❡❛♥t✐♠❡ ♥♦ ❝❤❛♥❣❡

✐♥ t❤❡ ♥❡❜✉❧❛r ❢❡❛t✉r❡ ✇❛s ♦❜s❡r✈❡❞ ✭✞♦rr❡s✲P❡✐♠❜❡rt ❡t ❛❧✁ ✄✾✾✸✮✁ ✆t s❤♦✇❡❞

❛♥♦t❤❡r ❞r❛♠❛t✐❝ ❜r✐❣❤t ♦✉t❜✉rst ❛t t❤❡ ❡♥❞ ♦❢ ✄✾✾✸ ❛♥❞ t❤❡♥ ✐t s❧♦✇❧② ❢❛❞❡❞✁

P❡➌♥❛ ❡t ❛❧✁ ✭✄✾✾✹✮ s♣❡❝✉❧❛t❡❞ t❤❛t ❛ ✈❡r② ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡ ♠❛② ❜❡ r❡s♣♦♥s✐✲

❜❧❡ ❢♦r t❤❡ st❡❧❧❛r ♦✉t❜✉rst✁ ✞❤❡ ♥❡❜✉❧❛ ❛♥❛❧②s✐s ❞♦♥❡ ❜② �♦♣✐t❛ ❡t ❛❧✁ ✭✄✾✾✸✮

②✐❡❧❞❡❞ ❛ st❡❧❧❛r t❡♠♣❡r❛t✉r❡ ♦❢ ✄✼✵ ❦❑ ❛♥❞ ❛ ❧✉♠✐♥♦s✐t② ♦❢ ▲ ❂ ✟✠✡✠✠✠▲❏✱ ❝♦r✲

r❡s♣♦♥❞✐♥❣ t♦ ❛ st❡❧❧❛r ♠❛ss ✐♥ t❤❡ r❛♥❣❡ ☛✿✠➊☛✿✷☞❏✁ ❍♦✇❡✈❡r✱ ❍❛♠❛♥♥ ❡t ❛❧✁

✭✌✵✵✸✮ ❞❡t❡r♠✐♥❡❞ t❤❡ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ♦❢ ❛❜♦✉t ✄✄✌ ❦❑ ❢r♦♠ ♥♦♥✲✍✞❊

♠♦❞❡❧s ❢♦r ❡①♣❛♥❞✐♥❣ st❡❧❧❛r ❛t♠♦s♣❤❡r❡s✁

✎✏✑ ✒✓✔ ✕✖✗✗✘✙✚ ✛✜✜✖✘✜ ✛✙ ✙✘✢✖✣✤✗ ✤✜✚✗✔✥✦✧✜✛✕✜

✞❤❡ ♠❛✐♥ ✐♥t❡♥t✐♦♥ ♦❢ t❤✐s t❤❡s✐s ✐s t♦ s❤❡❞ ❧✐❣❤t ♦♥ t✇♦ ♠❛✐♥ ♣r♦❜❧❡♠s ✐♥ ♥❡❜✲

✉❧❛r ❛str♦♣❤②s✐❝s★ ♥❡❜✉❧❛r ♠♦r♣❤♦❧♦❣② ❛♥❞ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝②✁ P✝❡ s✉r✲

r♦✉♥❞✐♥❣ ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t st❛rs ❝♦♥st✐t✉t❡ ❛ ♣❛rt✐❝✉❧❛r st✉❞② ❝❧❛ss✁ ✩♥❧② ✌✺✪

♦❢ P✝❡ ❝✉rr❡♥t❧② ❤❛✈❡ ✇❡❧❧✲st✉❞✐❡❞ st❛rs ♠♦st ♦❢ t❤♦s❡ t❤❛t ❤❛✈❡ ❜❡❡♥ st✉❞✲

✐❡❞ ❤❛✈❡ ❵❤②❞r♦❣❡♥✲r✐❝❤✬ s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡s✁ ❍♦✇❡✈❡r✱ ❛ ❝♦♥s✐❞❡r❛❜❧❡ ❢r❛❝t✐♦♥

✭✌✺✪✮ ♦❢ t❤❡♠ ❡①❤✐❜✐t ✬❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t✬ ❢❛st ❡①♣❛♥❞✐♥❣ ❛t♠♦s♣❤❡r❡s ❝❤❛r❛❝✲

t❡r✐③❡❞ ❜② ❛ ❧❛r❣❡ ♠❛ss✲❧♦ss r❛t❡✁ ▼♦st ♦❢ t❤❡♠ ✇❡r❡ ❝❧❛ss✐✂❡❞ ❛s t❤❡ ❝❛r❜♦♥✲

s❡q✉❡♥❝❡ ❲☎ ✯❙P✝❡ ♦r ❬❲✯❪✱ ✇❤♦s❡ s♣❡❝tr❛❧ ❝❤❛r❛❝t❡r✐st✐❝s str♦♥❣❧② r❡s❡♠❜❧❡

t❤♦s❡ ♦❢ t❤❡ ♠❛ss✐✈❡ P♦♣✉❧❛t✐♦♥✲✆ ❲☎ st❛rs ❜✉t ♦❢ ❝♦✉rs❡ ❤❛✈❡ ❛ ❝♦♠♣❧❡t❡❧②

❞✐❢❢❡r❡♥t ♠❛ss r❛♥❣❡✱ ❛❣❡ ❛♥❞ ❡✈♦❧✉t✐♦♥❛r② ❤✐st♦r②✁ ❲❤❛t ✐s ❧❡ss ❝❧❡❛r ❛r❡ t❤❡

♠❡❝❤❛♥✐s♠s t❤❛t r❡♠♦✈❡ t❤❡ ❤②❞r♦❣❡♥✲r✐❝❤ ♦✉t❡r ❧❛②❡r ❢r♦♠ t❤❡s❡ ❞❡❣❡♥❡r❛t❡

❝♦r❡s✱ ❛♥❞ tr❛♥s❢♦r♠ t❤❡♠ ✐♥t♦ ❛ ❢❛st st❡❧❧❛r ✇✐♥❞✁ ❆ st✉❞② ♦❢ t❤❡ ❦✐♥❡♠❛t✐❝s✱

♣❤②s✐❝❛❧ ❝♦♥❞✐t✐♦♥s ❛♥❞ ❝❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s ❢♦r ❛ s❛♠♣❧❡ ♦❢ P✝❡ ✇✐t❤ ❞✐❢❢❡r✲

❡♥t ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t st❛rs ♠✐❣❤t ♣r♦✈✐❞❡ ✈❛❧✉❛❜❧❡ ❝❧✉❡s ❛❜♦✉t t❤❡ ♦r✐❣✐♥ ❛♥❞

✹✹ ✰✴✻❁❃❄❅✻❇ ✻❋ ●❁◗❇❱❄◗❳❨ ❇❱❩❃❁◗❱ ❭❅❄❫ ❴❥④❄❨●❱ ⑤❱❇❄❳◗❁ ⑥❄◗❳⑥
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❢♦r♠❛t✐♦♥ ♦❢ t❤❡✐r ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t ❢❛st ❡①♣❛♥❞✐♥❣ st❡❧❧❛r ❛t♠♦s♣❤❡r❡s✁

✄☎✆☎✄ ✝✞✟✠✡☛☛☞✌✍✟✎ ☛✏✍✑✒✏✓✏✔✟☞✠ ✕✖✗ ✑✏✟✖✌✘✠✡☛☛☞✌✍✟✎ ❥☞✌✠

✙❤❡ ♠❛✚♦r✐t② ♦❢ ✛✜❡ s❤♦✇ ♣r❡❞♦♠✐♥❛♥t❧② ❛①✐s②♠♠❡tr✐❝ ♠♦r♣❤♦❧♦❣✐❡s✱ ✐✁❡✁ ❡❧❧✐♣✲

t✐❝❛❧ ❛♥❞ ❜✐♣♦❧❛r ✭❡✁❣✁ ✢❛❧✐❝❦ ✣✾✽✼✮✱ ✇❤✐❝❤ ❤❛✈❡ ✐♥tr♦❞✉❝❡❞ ❝♦♥s✐❞❡r❛❜❧❡ ♣r♦❜✲

❧❡♠s ✐♥t♦ t❤❡♦r✐❡s ♦❢ t❤❡✐r ❢♦r♠❛t✐♦♥ ❛♥❞ ❡✈♦❧✉t✐♦♥✁ ✤✐♥❣❧❡ st❛r ❡✈♦❧✉t✐♦♥ ❛❧✲

r❡❛❞② ❞❡s❝r✐❜❡s s♣❤❡r✐❝❛❧ ♥❡❜✉❧❛✱ ❛♥❞ ❝❛♥ ❛❧s♦ ❡①♣❧❛✐♥ ❡❧❧✐♣t✐❝❛❧ ✛✜ ✐❢ t❤❡r❡

✐s ✐♥t❡r❛❝t✐♦♥ ✇✐t❤ t❤❡ ✐♥t❡rst❡❧❧❛r ♠❡❞✐✉♠ ✭✥✤▼✮✁ ✢✉t✱ ✐t ❤❛s s♦♠❡ ❞✐❢✂❝✉❧t✐❡s

✐♥ ✐♥❝❧✉❞✐♥❣ ❤✐❣❤❧② ❛①✐s②♠♠❡tr✐❝ ♥❡❜✉❧❛❡✁ ✦❝❝♦r❞✐♥❣ t♦ t❤❡ ✐♥t❡r❛❝t✐♥❣ st❡❧❧❛r

✇✐♥❞s ✭✥✤✧✮ t❤❡♦r② ♦❢ ♥❡❜✉❧❛r ❢♦r♠❛t✐♦♥ ❞❡✈❡❧♦♣❡❞ ❜② ❑✇♦❦ ❡t ❛❧✁ ✭✣✾✼✽✮✱ ❛

s❧♦✇ ❞❡♥s❡ s✉♣❡r✇✐♥❞ ❢r♦♠ t❤❡ ✦●✢ ♣❤❛s❡ ✐s s✇❡♣t ✉♣ ❜② ❛ ❢❛st t❡♥✉♦✉s ✇✐♥❞

❞✉r✐♥❣ t❤❡ ✛✜ ♣❤❛s❡✱ ❝r❡❛t✐♥❣ ❛ ❝♦♠♣r❡ss❡❞ ❞❡♥s❡ s❤❡❧❧✁ ❑❛❤♥ ✫ ✧❡st ✭✣✾✽★✮

❡①t❡♥❞❡❞ t❤✐s ♠♦❞❡❧ t♦ ❞❡s❝r✐❜❡ ❛♥ ❛s♣❤❡r✐❝❛❧ ♠❛ss ❞✐str✐❜✉t✐♦♥ ✐✁❡✁ ❤✐❣❤❧② ❛①✲

✐s②♠♠❡tr✐❝ ♦r ❜✐♣♦❧❛r ♥❡❜✉❧❛❡✁ ✙❤✐s ❡①t❡♥s✐♦♥ ❧❛t❡r ❜❡❝❛♠❡ ❦♥♦✇♥ ❛s t❤❡ ❣❡♥✲

❡r❛❧✐③❡❞ ✐♥t❡r❛❝t✐♥❣ st❡❧❧❛r ✇✐♥❞s ✭●✥✤✧✮ t❤❡♦r②✁ ❍♦✇❡✈❡r✱ t❤❡ ●✥✤✧ ♠♦❞❡❧ ✐s

♥♦t ❛❧✇❛②s ❝♦♥s✐st❡♥t ✇✐t❤ ♦❜s❡r✈❛t✐♦♥s ❛♥❞ ❛ ♠❛tt❡r ♦❢ s♦♠❡ ❝♦♥tr♦✈❡rs② ✭s❡❡

❡✁❣✁ r❡✈✐❡✇ ❜② ✢❛❧✐❝❦ ✫ ❋r❛♥❦ ✷✵✵✷✮✁ ▼♦r❡♦✈❡r✱ ❛ ❞❡♥s✐t② ❝♦♥tr❛st ✐s ♥❡❝❡ss❛r②

t♦ ♠❛❦❡ ❛♥ ❛s♣❤❡r✐❝❛❧ ♥❡❜✉❧❛ ✐♥ t❤❡ ●✥✤✧ t❤❡♦r②✁ ▼♦r❡ ❝♦♠♣❧❡① ❛①✐s②♠♠❡tr✐❝

♠♦r♣❤♦❧♦❣✐❡s r❡❝❡♥t❧② ♦❜s❡r✈❡❞ ✭❡✁❣✁ ✤❛❤❛✐ ❡t ❛❧✁ ✷✵✣✣✮ ❝♦♥tr❛❞✐❝t t❤❡ ●✥✤✧

t❤❡♦r②✁

✦ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ r♦t❛t✐♥❣ st❡❧❧❛r ✇✐♥❞s ❛♥❞ str♦♥❣ t♦r♦✐❞❛❧ ♠❛❣♥❡t✐❝ ✂❡❧❞s

❤❛s ❜❡❡♥ ♣r♦♣♦s❡❞ ❛s ❛ ♠❡❝❤❛♥✐s♠ ❢♦r t❤❡ ❡q✉❛t♦r✐❛❧ ❞❡♥s✐t② ❡♥❤❛♥❝❡♠❡♥t ❛♥❞

t❤❡ ✚❡t✲❧✐❦❡ ♦✉t✩♦✇s ✭●❛r❝➫✪❛✲✤❡❣✉r❛ ✣✾✾✼❀ ●❛r❝➫✪❛✲✤❡❣✉r❛ ❡t ❛❧✁ ✣✾✾✾❀ ●❛r❝➫✪❛✲

✤❡❣✉r❛ ✫ ✬➫♦♣❡③ ✷✵✵✵❀ ❋r❛♥❦ ✫ ✢❧❛❝❦♠❛♥ ✷✵✵✹✮✁ ❍♦✇❡✈❡r✱ ✤♦❦❡r ✭✷✵✵✻✮ ❛r❣✉❡❞

t❤❛t t❤❡ ♦❜s❡r✈❡❞ ♠❛❣♥❡t✐❝ ✂❡❧❞s ❝❛♥♥♦t ❤❛✈❡ ❛ ❝❡♥tr❛❧ r♦❧❡ ✐♥ s❤❛♣✐♥❣ ✛✜❡✱ ❛♥❞

❛ s✐♥❣❧❡ st❛r ❝❛♥♥♦t s✉♣♣❧② t❤❡ ❡♥❡r❣② ❛♥❞ ❛♥❣✉❧❛r ♠♦♠❡♥t✉♠ ❢♦r ❝♦♠♣❧❡① ❛①✲

✐s②♠♠❡tr✐❝ ✛✜❡✁ ✥t ❤❛s ❛❧s♦ ❜❡❡♥ s✉❣❣❡st❡❞ t❤❛t ❛①✐s②♠♠❡tr✐❝ ♠♦r♣❤♦❧♦❣✐❡s ❝❛♥

❜❡ ♣r♦❞✉❝❡❞ t❤r♦✉❣❤ t✐❞❛❧ ✐♥t❡r❛❝t✐♦♥ ✇✐t❤ ❛ ❜✐♥❛r② ♣❛rt♥❡r ✭✤♦❦❡r ✫ ❍❛r♣❛③

❆✯✰✴✸✿❁ ❉❂❃❄✰✴❂❅ ✹★
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�✾✾✷❀ ❙♦❦❡r ✫ ▲✐✈✐♦ �✾✾✹❀ ❙♦❦❡r ✷✵✵✻❀ ✁♦r❞❤❛✉s ✫ ❇❧❛❝❦♠❛♥ ✷✵✵✻❀ ✁♦r❞❤❛✉s

❡t ❛❧✂ ✷✵✵✼✮✂ ✄❤✐s ❜✐♥❛r② s②st❡♠ ❝♦✉❧❞ ❝♦♥s✐st ♦❢ ❛ ✇❤✐t❡ ❞✇❛r❢ ✭♦r ♣❧❛♥❡t✮ t❤❛t

❛❝❝r❡t❡s ♠❛t❡r✐❛❧ ❢r♦♠ ❛♥ ✭♣♦st✲✮ ❆●❇ st❛r✂ P❛❝③②♥s❦✐ ✭�✾✼✻✮ ☎rst s✉❣❣❡st❡❞ t❤❡

❜✐♥❛r② r♦❧❡ ✐♥ s❤❛♣✐♥❣ P✁❡ t❤r♦✉❣❤ ❛ ❝♦♠♠♦♥✲❡♥✈❡❧♦♣❡ ✭✆❊✮ ♣❤❛s❡✂ ✆✉rr❡♥t❧②✱

t❤❡r❡ ✐s ❛ str♦♥❣ ❛r❣✉♠❡♥t ✐♥ ❢❛✈♦r ♦❢ ♠♦st ❛s♣❤❡r✐❝❛❧ P✁❡ ❜❡✐♥❣ s❤❛♣❡❞ ❜②

t❤✐s t❤❡♦r② ✭▼✐s③❛❧s❦✐ ❡t ❛❧✂ ✷✵✵✾❛✱❜❀ ✝❡ ▼❛r❝♦ ✷✵✵✾❀ ✁♦r❞❤❛✉s ❡t ❛❧✂ ✷✵�✵✮✂

✁♦r❞❤❛✉s ✫ ❇❧❛❝❦♠❛♥ ✭✷✵✵✻✮ s✉❣❣❡st❡❞ t❤❛t ❛ ❜✐♥❛r② s②st❡♠✱ ❝♦♥s✐st✐♥❣ ♦❢ ❛

❧♦✇✲♠❛ss st❛r ✭❁ ✞✿✸✟❏✮ ❛♥❞ ❛♥ ❆●❇ st❛r✱ ✉♥❞❡r❣♦❡s ❛ ❝♦♠♠♦♥ ❡♥✈❡❧♦♣❡ ✭✆❊✮

♣❤❛s❡✱ ✇❤✐❝❤ ❝❛♥ ❧❡❛❞ t♦ ❛ ❜✐♥❛r②✲✐♥❞✉❝❡❞ ❡q✉❛t♦r✐❛❧ ♦✉t✠♦✇ ✭s❡❡ ❋✐❣✂ �✂�✡✮✂

✄❤❡ ❛❝❝r❡t❡❞ ♠❛ss tr❛♥s❢❡r ❢r♦♠ ❛ ❆●❇ st❛r t♦ ❛ ❝♦♠♣❛♥✐♦♥ ❢♦r♠s ❛ ➇❝♦♠♠♦♥

❡♥✈❡❧♦♣❡➈ ✭✆❊✮ ❛r♦✉♥❞ t❤❡ s②st❡♠✂ ✄❤❡ ✆❊ ♣❤❛s❡ ❤❛♣♣❡♥s ✇❤❡♥ ❆●❇ ♠❛ss

r❛♣✐❞❧② tr❛♥s❢❡rr❡❞ t♦ t❤❡ ❝♦♠♣❛♥✐♦♥ ♦✈❡r✠♦✇s t❤❡ ☛♦❝❤❡ ❧♦❜❡✱ ❛♥❞ t❤❡ s②st❡♠

❜❡❝♦♠❡s ❡♥❣✉❧❢❡❞ ❜② ❛♥ ❡♥✈❡❧♦♣❡✂ ✄r❛♥s❢❡rr✐♥❣ ❡♥❡r❣② ❛♥❞ ❛♥❣✉❧❛r ♠♦♠❡♥t✉♠

❢r♦♠ t❤❡ ❜✐♥❛r② s②st❡♠ t♦ t❤❡ ✆❊ s❤r✐♥❦s t❤❡ ♦r❜✐t❛❧ s❡♣❛r❛t✐♦♥ t❤❛t ❝❛✉s❡s t❤❡

s♣✐r❛❧✲✐♥ ♣r♦❝❡ss✂ ✄❤✐s ❝❛♥ ✉♥❜✐♥❞ t❤❡ ✆❊✱ ❛♥❞ ✐❢ t❤❡ ❡♥✈❡❧♦♣❡ ✐s ❡❥❡❝t❡❞✱ t❤❡

r❡s✉❧t ✐s ❛ ❝❧♦s❡ ❜✐♥❛r②✱ ♦t❤❡r✇✐s❡ ✐t r❡s✉❧ts ✐♥ ❛ ♠❡r❣❡r✂ ❆t t❤❡ ☎♥❛❧ st❛❣❡ ♦❢

t❤❡ s♣✐r❛❧✲✐♥ ♣❤❛s❡✱ ❛①✐s②♠♠❡tr✐❝ s✉♣❡r✇✐♥❞ ♠❛ss✲❧♦ss ✐s ♣r♦❞✉❝❡❞ t❤r♦✉❣❤ t❤❡

❞❡♣♦s✐t✐♦♥ ♦❢ ♦r❜✐t❛❧ ❛♥❣✉❧❛r ♠♦♠❡♥t✉♠ ♦❢ t❤❡ ❜✐♥❛r② s②st❡♠✱ ✇❤✐❝❤ ❝❛♥ ♠❛❦❡

❛ ♣❛✐r ♦❢ ❞✐❛♠❡tr✐❝❛❧❧② ♦♣♣♦s❡❞ ♦✉t✠♦✇s✂

✄❤❡ s♠❛❧❧✲s❝❛❧❡ ❧♦✇✲✐♦♥✐③❛t✐♦♥ str✉❝t✉r❡s ✭▲☞❙s✮ ❡♠❜❡❞❞❡❞ ♦r ♥♦t ✐♥ t❤❡

❣❧♦❜❛❧ str✉❝t✉r❡ ❤❛s ❜❡❡♥ ❢♦✉♥❞ ✐♥ ♥❡❛r❧② �✵✪ ♦❢ ●❛❧❛❝t✐❝ P✁❡ ✭✆♦rr❛❞✐ ❡t ❛❧✂

�✾✾✻❀ ●♦♥❝➳❛❧✈❡s ❡t ❛❧✂ ✷✵✵�✱ ✷✵✵✾✮✂ ✄❤❡s❡ str✉❝t✉r❡s ❛r❡ ✈✐s✐❜❧❡ ✐♥ ❬✁ ✌✌❪ ✍✻✺✽✹

❛♥❞ ❬❙ ✌✌❪ ✍✍✻✼�✻✱✻✼✡� ❞♦✉❜❧❡t ♠♦r❡ s♦ t❤❛♥ ✐♥ ❬✎ ✌✌✌❪ ✍✺✵✵✼ ❛♥❞ ❍✏ ✍✻✺✻✡

❡♠✐ss✐♦♥ ❧✐♥❡ ♠❛♣s✂ ●♦♥❝➳❛❧✈❡s ❡t ❛❧✂ ✭✷✵✵�✮ ❝❧❛ss✐☎❡❞ t❤❡♠ ❛s ❦♥♦ts✱ ❥❡ts ❛♥❞

❥❡t❧✐❦❡ s②st❡♠s✂ ❑✑✒✓✔✱ ❡✐t❤❡r ✐♥ ♣❛✐rs ♦r ✐s♦❧❛t❡❞✱ ❛r❡ ❞❡☎♥❡❞ ❛s t❤♦s❡ ▲☞❙s ✇✐t❤

❛♥ ❛s♣❡❝t ❧❡♥❣t❤✲t♦✲✇✐❞t❤ r❛t✐♦ ❝❧♦s❡ t♦ �✱ ✇❤✐❧❡ t❤♦s❡ ✇✐t❤ ❛♥ ❛s♣❡❝t r❛t✐♦ ♠✉❝❤

❧❛r❣❡r t❤❛♥ � ❛r❡ ❝❧❛ss✐☎❡❞ ❛s ☎❧❛♠❡♥ts✂ ❍✐❣❤❧② ❝♦❧❧✐♠❛t❡❞ ☎❧❛♠❡♥ts ❛♣♣❡❛r✐♥❣

✐♥ ♦♣♣♦s✐t❡ s②♠♠❡tr✐❝❛❧ ♣❛✐rs ♦♥ t❤❡ ❜♦t❤ s✐❞❡s ♦❢ t❤❡ ❝❡♥tr❛❧ st❛r✱ ❛♥❞ ♠♦✈✐♥❣

✇✐t❤ ✈❡❧♦❝✐t✐❡s ♠✉❝❤ ❧❛r❣❡r t❤❛♥ t❤❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ t❤❡ ♠❛✐♥ str✉❝t✉r❡✱

✹✻ ✕✖✒✗✘✓✙✒✑ ✒✚ ✛✗✜✑✢✓✜✣✤ ✑✢✥✘✗✜✢ ✦✙✓✧ ❲★✩✓✤✛✢ ✬✢✑✓✣✜✗ ✔✓✜✣✔
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❛r❡ ❝❛❧❧❡❞ ❥✁ts✂ ✄❤♦☎❡ ✆❧❛♠❡♥✝☎ ✇✐✝❤ ♥♦ ❡✈✐❞❡♥❝❡ ♦❢ ✈❡❧♦❝✐✝✐❡☎ ❤✐❣❤❡r ✝❤❛♥ ✝❤❡

❡①♣❛♥☎✐♦♥ ✈❡❧♦❝✐✝② ♦❢ ✝❤❡ ♠❛✐♥ ❜♦❞② ❛r❡ ❝❛❧❧❡❞ ❥✁t✞✟❦✁ ☎✝r✉❝✝✉r❡☎✂ ❍♦✇❡✈❡r✱ ♣r♦✲

✠❡❝✝✐♦♥ ❡❢❢❡❝✝☎ ♠❛✡❡ ✐✝ ❡①✝r❡♠❡❧② ❞✐❢✆❝✉❧✝ ✝♦ ❞✐☎✝✐♥❣✉✐☎❤ ❡❛☎✐❧② ❜❡✝✇❡❡♥ ✠❡✝☎ ❛♥❞

✠❡✝❧✐✡❡ ☎②☎✝❡♠☎✂ ☛r♦✉♥❞ ☞✵✪ ♦❢ ✌✍✎☎ ❛r❡ ❤✐❣❤❧② ❝♦❧❧✐♠❛✝❡❞ ❤✐❣❤✲✈❡❧♦❝✐✝② ✠❡✝☎ ♦r

❤✐❣❤✲✈❡❧♦❝✐✝② ♣❛✐r☎ ♦❢ ✡♥♦✝☎✱ ✝❤❡ ☎♦✲❝❛❧❧❡❞ ❢❛☎✝✱ ❧♦✇✲✐♦♥✐③❛✝✐♦♥ ❡♠✐☎☎✐♦♥ r❡❣✐♦♥☎

✭❋✌✍✏✑☎❀ ✒❛❧✐❝✡ ❡✝ ❛❧✂ ✓✾✾✸✱ ✓✾✾✹✮✂ ✄❤❡ ❋✌✍✏✑☎ ❤❛✈❡ r❛❞✐❛❧ ✈❡❧♦❝✐✝✐❡☎ ♦❢ ✷☞➊✷✵✵

✡♠☎✔✕ ✇✐✝❤ r❡☎♣❡❝✝ ✝♦ ✝❤❡ ♠❛✐♥ ❜♦❞✐❡☎ ✭✒❛❧✐❝✡ ❡✝ ❛❧✂ ✓✾✾✹✮✂ ✖❡ ❤❛✈❡ ♥♦✝ ②❡✝

✉♥❞❡r☎✝♦♦❞ ❤♦✇ ✝❤❡ ❞❡♥☎✐✝② ❛♥❞ ✈❡❧♦❝✐✝② ☎✝r✉❝✝✉r❡☎ ♦❢ ✝❤❡ ❋✌✍✏✑☎ ❝♦♥✝r❛☎✝ ✇✐✝❤

✝❤❡ ♠❛✐♥ ❜♦❞②✂ ✎♦✡❡r ✭✓✾✾✵✮ ❛♥❞ ✎♦✡❡r ✫ ❍❛r♣❛③ ✭✓✾✾✷✮ ❤②♣♦✝❤❡☎✐③❡❞ ❛①✐☎②♠✲

♠❡✝r✐❝ ☎✉♣❡r✇✐♥❞ ♠❛☎☎✲❧♦☎☎ ✝❤r♦✉❣❤ ❛ ✗✏✱ ✝✐❞❛❧ ✐♥✝❡r❛❝✝✐♦♥ ✇✐✝❤ ❛ ❧♦✇✲♠❛☎☎

❝♦♠♣❛♥✐♦♥✱ ❛♥❞ ❛♥❣✉❧❛r ♠♦♠❡♥✝✉♠ ❞❡♣♦☎✐✝✐♦♥ ♦❢ ✝❤❡ ❜✐♥❛r② ☎②☎✝❡♠✂

❋✐❣✂ ✓✂✓✸ ☎✉♠♠❛r✐③❡☎ ❛ ☎❝❡♥❛r✐♦ ♦❢ ✝❤❡ ❝♦♠♠♦♥ ❡♥✈❡❧♦♣❡ ❡✈♦❧✉✝✐♦♥ ✝❤❛✝

❢♦r♠☎ ✝❤❡ r✐♥❣✲☎❤❛♣❡❞ ♥❡❜✉❧❛ ✇✐✝❤ ♦✉✝ ♣♦✐♥✝✲☎②♠♠❡✝r✐❝ ✡♥♦✝☎✂ ✍✝ ❝♦♥☎✐☎✝☎ ♦❢

❛ ❧♦✇✲♠❛☎☎ ❝♦♠♣❛♥✐♦♥ ✭❁ ✘✿✙▼❏✮ ♦♥ ✝❤❡ ❡♥✈❡❧♦♣❡ ♠❛❞❡ ❜② ❛ ✙▼❏ ☛●✒ ☎✝❛r✂

☛☎ ✝❤❡ ✗✏ ✐☎ ❢♦r♠❡❞✱ ✝❤❡ ♦r❜✐✝❛❧ ☎❡♣❛r❛✝✐♦♥ r❡❞✉❝❡☎✱ ♠❛✡✐♥❣ ✝❤❡ ☎♣✐r❛❧✲✐♥ ♣❤❛☎❡✂

✄❤✐☎ ✉♥❜✐♥❞☎ ✝❤❡ ✗✏✂ ☛✝ ✝❤❡ ✆♥❛❧ ☎✝❛❣❡ ♦❢ ✝❤❡ ☎♣✐r❛❧✲✐♥ ♣❤❛☎❡✱ ❛①✐☎②♠♠❡✝r✐❝

☎✉♣❡r✇✐♥❞ ♠❛☎☎✲❧♦☎☎ ✐☎ ♣r♦❞✉❝❡❞ ✝❤r♦✉❣❤ ✝❤❡ ❞❡♣♦☎✐✝✐♦♥ ♦❢ ♦r❜✐✝❛❧ ❛♥❣✉❧❛r ♠♦✲

♠❡♥✝✉♠ ♦❢ ✝❤❡ ❜✐♥❛r② ☎②☎✝❡♠✂ ✚♦r❞❤❛✉☎ ✫ ✒❧❛❝✡♠❛♥ ✭✷✵✵✻✮ ♦✉✝❧✐♥❡❞ ✝❤r❡❡ ❞✐❢✲

❢❡r❡♥✝ ☎❝❡♥❛r✐♦☎ ❢♦r ✝❤❡ ❝♦♠♠♦♥ ❡♥✈❡❧♦♣❡ ♣❛✝❤☎✛ ✭❛✮ ♦r❜✐✝❛❧ ☎❤r✐♥✡❛❣❡ ✉♥❜✐♥❞☎

✝❤❡ ✗✏✱ ✭❜✮ ❞✐❢❢❡r❡♥✝✐❛❧ r♦✝❛✝✐♦♥ ❞✉r✐♥❣ ✝❤❡ ☎♣✐r❛❧✲✐♥ ♣❤❛☎❡ ♠❛✡❡☎ ❛ ❞②♥❛♠♦ ✐♥

✝❤❡ ✗✏ ❛♥❞ ✉♥❜✐♥❞☎ ✝❤❡ ❡♥✈❡❧♦♣❡✱ ❛♥❞ ✭❝✮ ❝♦♠♣❛♥✐♦♥ ✐☎ ☎❤r❡❞❞❡❞ ✐♥✝♦ ❛♥ ❛❝❝r❡✲

✝✐♦♥ ❞✐☎❝ ❛r♦✉♥❞ ✝❤❡ ❝♦r❡✱ ❞r✐✈✐♥❣ ❛♥ ♦✉✝✜♦✇ ❛♥❞ ❛❧☎♦ ✉♥❜✐♥❞✐♥❣ ✝❤❡ ✗✏✂ ✖❤✐❧❡

✝❤❡ ✆r☎✝ ☎❝❡♥❛r✐♦ ❝❛♥ ♠❛✡❡ ❛ r✐♥❣✱ ♦✝❤❡r ☎❝❡♥❛r✐♦☎ ❝❛♥ r❡☎✉❧✝ ✐♥ ❜♦✝❤ r✐♥❣ ♦r

❡❧♦♥❣❛✝❡❞ ♠♦r♣❤♦❧♦❣② ✇✐✝❤ ❡✠❡❝✝✐♦♥☎ ❛❧♦♥❣ ✝❤❡ r♦✝❛✝✐♦♥ ❛①✐☎✂

✑❡❝❡♥✝❧②✱ ✢✐☎③❛❧☎✡✐ ❡✝ ❛❧✂ ✭✷✵✵✾❜✮ ❢♦✉♥❞ ✝❤❛✝ ♥❡❛r❧② ✸✵ ♣❡r❝❡♥✝✱ ♣❡r❤❛♣☎ ❛☎

❤✐❣❤ ❛☎ ✻✵ ♣❡r❝❡♥✝✱ ♦❢ ❜✐♣♦❧❛r ✣✚❡ ❝♦♥✝❛✐♥ ♣♦☎✝✲✗✏ ❜✐♥❛r✐❡☎✱ ☎✉❣❣❡☎✝✐♥❣ ✝❤❡ ✗✏

♣❤❛☎❡ ♣r❡❢❡r❡♥✝✐❛❧❧② ☎❤❛♣❡☎ ❛☎♣❤❡r✐❝❛❧ ✣✚❡✂ ✄❤❡ ✝r❛♥☎❢♦r♠❛✝✐♦♥ ♦❢ ✝❤❡ ♦r❜✐✝❛❧

❛♥❣✉❧❛r ♠♦♠❡♥✝✉♠ ♦❢ ✝❤❡ ❜✐♥❛r② ☎②☎✝❡♠ ✝♦ ✝❤❡ ✗✏ ✉♥❜✐♥❞ ✐✝✱ ☎❤❛♣✐♥❣ ❛ ♥❡❜✲

✉❧❛ ✇❤♦☎❡ ❛①✐☎②♠♠❡✝r✐❝ ❛①✐☎ ✐☎ ♣❡r♣❡♥❞✐❝✉❧❛r ✝♦ ✝❤❡ ♦r❜✐✝❛❧ ♣❧❛♥❡ ♦❢ ✝❤❡ ❜✐♥❛r②

❆s✤❦✥✟✦ ❉✧★✁✤❦✧✩ ✹✼
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❋✐❣✉r❡ �✁�✸✿ ✂❤❡ ❜✐♥❛r②✲✐♥❞✉❝❡❞ ❡q✉❛t♦r✐❛❧ ♦✉t✄♦✇s ❢r♦♠ ❆●❇ st❛rs ✭☎♦r❞❤❛✉s

✫ ❇❧❛❝❦♠❛♥ ✷✵✵✻✮✁ ✭❛✮ ♦r❜✐t❛❧ s❤r✐♥❦❛❣❡ ✉♥❜✐♥❞s t❤❡ ❡♥✈❡❧♦♣❡✱ ✭❜✮ t❤❡ s♣✐r❛❧✲✐♥

♣❤❛s❡ ✉♥❜✐♥❞s t❤❡ ❡♥✈❡❧♦♣❡ ❛♥❞ ✭❝✮ ❝♦♠♣❛♥✐♦♥ ✐s s❤r❡❞❞❡❞ ✐♥t♦ ❛♥ ❛❝❝r❡t✐♦♥

❞✐s❝ ❛r♦✉♥❞ t❤❡ ❝♦r❡✱ t❤❡ ❞✐s❝ t❤❡♥ ❞r✐✈❡s ❛♥ ♦✉t✄♦✇ ❛♥❞ ✉♥❜✐♥❞s t❤❡ ❡♥✈❡❧♦♣❡✁

s②st❡♠✁ ✆❡❝❡♥t❧②✱ ❤✐❣❤ r❡s♦❧✉t✐♦♥ ❦✐♥❡♠❛t✐❝ ❛♥❛❧②s✐s ♦❢ s♦♠❡ P☎❡ ❛r♦✉♥❞ ♣♦st✲

✝❊ ✝❙P☎ ❤❛✈❡ ❜❡❡♥ s❤♦✇♥ t♦ ❤❛✈❡ ❛❧✐❣♥♠❡♥ts ❜❡t✇❡❡♥ t❤❡ ♥❡❜✉❧❛r s❤❡❧❧s ❛♥❞

t❤❡ ❜✐♥❛r② ♦r❜✐t❛❧ ✐♥❝❧✐♥❛t✐♦♥s ✭s❡❡ ❡✁❣✁ ▼✐t❝❤❡❧❧ ❡t ❛❧✁ ✷✵✵✼❀ ❏♦♥❡s ❡t ❛❧✁ ✷✵�✵❜✱

✷✵�✷❀ ✂②♥❞❛❧❧ ❡t ❛❧✁ ✷✵�✷❀ ❍✉❝❦✈❛❧❡ ❡t ❛❧✁ ✷✵�✸✮✁ ❲✐t❤ ❢✉rt❤❡r ♦❜s❡r✈❛t✐♦♥s ♦❢

❛ s✐❣♥✐✞❝❛♥t s❛♠♣❧❡ ♦❢ ♣♦st✲✝❊ P☎❡✱ ✐t s❤♦✉❧❞ ❜❡ ♣♦ss✐❜❧❡ t♦ ❞❡❝✐❞❡ ♦♥ ✇❤❡t❤❡r

t❤❡ ❜✐♥❛r② s②st❡♠s ♣❧❛② ❛ ♣r♦♠✐♥❡♥t r♦❧❡ ✐♥ ♣r♦❞✉❝✐♥❣ t❤❡ ♠❛❥♦r✐t② ♦❢ t❤❡ ❛s✲

♣❤❡r✐❝❛❧ P☎❡✁

✹✽ ✟✠✡☛☞✌✍✡✎ ✡✏ ✑☛✒✎✓✌✒✔✕ ✎✓✖☞☛✒✓ ✗✍✌✘ ✙✚✛✌✕✑✓ ✜✓✎✌✔✒☛ ✢✌✒✔✢
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✁✂✄✂✷ ☎❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❛♥❞ t❡♠♣❡r❛t✉r❡ ❞✐❝❤♦t♦♠②

✆✝✞✟❧ ✠✡☛✡✝✞❧☞✱ ✌✠✟❣✍✞ ✎✝✏ ✡✎✑☞ ✞✒ ✓✡✎✑✔✠✡ ✒✕✞✟☛✎❧ ☛✒❧❧✟✑✟✒✝✎❧❧☞ ✡①☛✟✞✡✏ ❧✟✝✡✑

✭✖✗✘✑✮ ✍✎✈✡ ✌✡✡✝ ✡①✞✡✝✑✟✈✡❧☞ ✔✑✡✏ ✞✒ ✏✡✞✡✠✓✟✝✡ ✍✡✎✈☞✲✡❧✡✓✡✝✞ ✎✌✔✝✏✎✝☛✡✑

✒❢ ✙✚✡ ✭✑✡✡ ✡✛❣✛ ❑✟✝❣✑✌✔✠❣✍ ✫ ✜✎✠❧✒✇ ✢✾✾✹❀ ❑✇✟✞✞✡✠ ✫ ❍✡✝✠☞ ✣✵✵✢❀ ✤✑✎✓✟✑

✡✞ ✎❧✛ ✣✵✵✸✎❀ ❍✡✝✠☞ ✡✞ ✎❧✛ ✣✵✵✹❀ ✘✟✔ ✡✞ ✎❧✛ ✣✵✵✹✎❀ ✥✑✞✡✠✌✠✒☛❦ ✫ ❋✡✠❧✎✝✏ ✣✵✵✻✮✛

❍✒✇✡✈✡✠✱ ✎✑ ✞✍✡ ✓✡✞✍✒✏ ✍✎✑ ✎ ✑✞✠✒✝❣ ✭✡①✕✒✝✡✝✞✟✎❧✮ ✏✡✕✡✝✏✡✝☛✡ ✒✝ ✞✍✡ ✡❧✡☛✞✠✒✝

✞✡✓✕✡✠✎✞✔✠✡ ✭✦✧✮✱ ✎✝☞ ✞✡✓✕✡✠✎✞✔✠✡ ✈✎✠✟✎✞✟✒✝✑ ☛✎✝ ✟✝✞✠✒✏✔☛✡ ✍✟❣✍ ✔✝☛✡✠✞✎✟✝✞✟✡✑

✭✡✛❣✛ ●✎✠✝✡✞✞ ✢✾✾✣❀ ★✞✎✑✟➫✝✑❦✎ ✣✵✵✩✮✛ ✪❧✞✡✠✝✎✞✟✈✡❧☞✱ ✒✕✞✟☛✎❧ ✠✡☛✒✓✌✟✝✎✞✟✒✝ ❧✟✝✡✑

✭✥✬✘✑✮ ✍✎✈✡ ✎ ✇✡✎❦ ✕✒✇✡✠✲❧✎✇ ✏✡✕✡✝✏✡✝☛✡ ✒✝ ✞✍✡ ✡❧✡☛✞✠✒✝ ✞✡✓✕✡✠✎✞✔✠✡ ✎✝✏

✟✝✏✡✕✡✝✏✡✝✞ ✒❢ ✞✍✡ ✡❧✡☛✞✠✒✝ ✏✡✝✑✟✞☞ ✭✯✧✮ ✔✝✏✡✠ ✞☞✕✟☛✎❧ ✝✡✌✔❧✎✠ ☛✒✝✏✟✞✟✒✝✑✱ ✞✍✔✑

✠✡✑✔❧✞✟✝❣ ✟✝ ☛✒✝✑✡q✔✡✝✞❧☞ ✠✡❧✟✎✌❧✡ ✎✝✎❧☞✑✟✑✛ ✜✔✞✱ ✥✬✘✑ ✒❢ ✍✡✎✈☞ ✡❧✡✓✡✝✞✑ ✎✠✡

✓✔☛✍ ✇✡✎❦✡✠ ✎✝✏ ✓✒✠✡ ✏✟❢✰☛✔❧✞ ✞✒ ✓✡✎✑✔✠✡ ✞✍✎✝ ✖✗✘✑✛ ✴✡ ☛✎✝ ✏✡✞✡☛✞ ✞✍✡✓

✟✝ ✝✡✎✠✌☞ ✙✚✡ ✞✍✠✒✔❣✍ ✈✡✠☞ ✏✡✡✕ ✒✌✑✡✠✈✎✞✟✒✝✑✱ ✏✔✡ ✞✒ ✞✍✡✟✠ ✡①✞✠✡✓✡❧☞ ✇✡✎❦

✟✝✞✡✝✑✟✞✟✡✑ ✠✡❧✎✞✟✈✡ ✞✒ ✞✍✡ ✍☞✏✠✒❣✡✝ ✠✡☛✒✓✌✟✝✎✞✟✒✝ ❧✟✝✡ ❍✼✛ ❍✒✇✡✈✡✠✱ ✞✍✡ ✎✌✔✝✲

✏✎✝☛✡✑ ✒❢ ☛✎✠✌✒✝✱ ✝✟✞✠✒❣✡✝✱ ✒①☞❣✡✝ ✎✝✏ ✝✡✒✝ ✏✡✠✟✈✡✏ ❢✠✒✓ ✥✬✘✑ ✎✠✡ ❢✒✔✝✏ ✞✒

✌✡ ✑☞✑✞✡✓✎✞✟☛✎❧❧☞ ✍✟❣✍✡✠ ✞✍✎✝ ✞✍✒✑✡ ✏✡✠✟✈✡✏ ❢✠✒✓ ✖✗✘✑ ✟✝ ✓✎✝☞ ✙✚✡ ✭✬✒❧✎ ✫

★✞✎✑✟➫✝✑❦✎ ✢✾✾✹❀ ✘✟✔ ✡✞ ✎❧✛ ✢✾✾✩✱ ✣✵✵✵✱ ✣✵✵✢❀ ✘✔✒ ✡✞ ✎❧✛ ✣✵✵✢❀ ✴✡✑✑✒✝ ✡✞ ✎❧✛

✣✵✵✸❀ ✤✑✎✓✟✑ ✡✞ ✎❧✛ ✣✵✵✹❀ ✴✡✑✑✒✝ ✫ ✘✟✔ ✣✵✵✹❀ ✴✡✑✑✒✝ ✡✞ ✎❧✛ ✣✵✵✩❀ ✤✑✎✓✟✑ ✡✞ ✎❧✛

✣✵✵✽❀ ●✎✠☛➫✿✎✲✬✒❥✎✑ ✡✞ ✎❧✛ ✣✵✵✾✮✛ ✤✍✟✑ ✕✠✒✌❧✡✓ ✇✎✑ ✎❧✠✡✎✏☞ ❢✒✔✝✏ ✟✝ ❣✎✑✡✒✔✑

✝✡✌✔❧✎✡ ✒✈✡✠ ✑✡✈✡✝✞☞ ☞✡✎✠✑ ✎❣✒ ✭✴☞✑✡ ✢✾✹✣❀ ✪❧❧✡✠ ✫ ▼✡✝③✡❧ ✢✾✹✩✮✛ ✤✍✟✑ ✟✑

❦✝✒✇✝ ✎✑ ✞✍✡ ✎✌✔✝✏✎✝☛✡ ✏✟✑☛✠✡✕✎✝☛☞ ✕✠✒✌❧✡✓✱ ✓✡✎✑✔✠✡✏ ✞✍✠✒✔❣✍ ✞✍✡ ✎✌✔✝✲

✏✎✝☛✡ ✏✟✑☛✠✡✕✎✝☛☞ ❢✎☛✞✒✠✱ ✪❉❋✱ ✏✡✰✝✡✏ ✎✑❁

❂❃❄❅❳❏◗❱ ❩ ❅❳❏◗❬❭◗❱❪❫❴❵❬❅❳
❏◗❬❭◗❱④⑤❴❵⑥ ✭✢✛✸✮

✇✍✡✠✡ ⑦❏◗ ✟✑ ✞✍✡ ⑧⑨ ✟✒✝✟☛ ✎✌✔✝✏✎✝☛✡ ✒❢ ✡❧✡✓✡✝✞ ⑦ ✎✝✏ ❍◗ ✟✑ ✞✍✡ ✎✌✔✝✏✎✝☛✡ ✒❢

✟✒✝✟③✡✏ ✍☞✏✠✒❣✡✝✛ ❋✒✠ ✓✒✠✡ ✞✍✎✝ ✢✵✵ ✙✚✡✱ ✪❉❋✑ ✎✠✡ ✞☞✕✟☛✎❧❧☞ ✟✝ ✞✍✡ ✠✎✝❣✡ ✢✛✻➊

✸✛ ❍✒✇✡✈✡✠✱ ✎ ❢✠✎☛✞✟✒✝ ✒❢ ✞✍✡✓ ✭✩➊✢✵ ✕✡✠☛✡✝✞✮ ✍✎✈✡ ✪❉❋ ✒❢ ✹➊✽✵ ✭✑✡✡ ✠✡✈✟✡✇ ✌☞

✘✟✔ ✡✞ ✎❧✛ ✣✵✵✻✮✛ ❋✒✠ ✡①✎✓✕❧✡✱ ✪✌✡❧❧ ✸✵✱ ✚●✖ ✢✩✵✢ ✎✝✏ ❍❢ ✣✲✣✱ ✍✎✈✡ ✡①✞✠✡✓✡❧☞

❧✎✠❣✡ ✪❉❋✭✥⑩◗✮ ✒❢ ✎✌✒✔✞ ❶✵✵✱ ✸✵ ✎✝✏ ❶✵✱ ✠✡✑✕✡☛✞✟✈✡❧☞ ✭✴✡✑✑✒✝ ✡✞ ✎❧✛ ✣✵✵✸❀

❆❷❸❹❺❻❼ ❽❾❿➀❸❹❾➁ ✹✾
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❊r❝♦❧❛♥♦ ❡t ❛❧� ✷✵✵✹❀ ▲✐✉ ❡t ❛❧� ✷✵✵✻✮� ✁❤❡ ♦r✐❣✐♥ ♦❢ t❤✐s ❞✐s❝r❡♣❛♥❝② ✐s ♥♦t

②❡t ❢✉❧❧② ✉♥❞❡rst♦♦❞ ❛♥❞ r❡♠❛✐♥s ♦♥❡ ♦❢ t❤❡ ❧♦♥❣✲st❛♥❞✐♥❣ ♣r♦❜❧❡♠s ✐♥ ♥❡❜✉❧❛r

❛str♦♣❤②s✐❝s�

✁❤❡ ❞✐❝❤♦t♦♠② ❜❡t✇❡❡♥ t❡♠♣❡r❛t✉r❡s ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ❇❛❧♠❡r ❥✉♠♣ ✭❇❏✮

♦❢ t❤❡ ❍ ✂ r❡❝♦♠❜✐♥❛t✐♦♥ s♣❡❝tr✉♠✱ ✄☎✭❍ ✂✮✱ ❛♥❞ t❤♦s❡ ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ❝♦❧❧✐✲

s✐♦♥❛❧❧② ❡①❝✐t❡❞ ❬✆ ✂✂✂❪ ♥❡❜✉❧❛r✲t♦✲❛✉r♦r❛❧ ❢♦r❜✐❞❞❡♥ ❧✐♥❡ r❛t✐♦✱ ✄☎✭❬✆ ✂✂✂❪✮✱

✝✄✞✟ ✠✠✠✡ ✑ ✄☎☛☞✌ ✍✍✍✎✏✒✄☎☛✓ ✍✏✔ ✭✕�✹✮

✐s ❛♥♦t❤❡r ❧♦♥❣✲st❛♥❞✐♥❣ ♣r♦❜❧❡♠✱ ✇❤✐❝❤ ♠❛② ❜❡ ❝❧♦s❡❧② r❡❧❛t❡❞ t♦ t❤❡ ❛❜✉♥✲

❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ♣r♦❜❧❡♠ ✭s❡❡ ❡�❣� r❡✈✐❡✇ ❜② ▲✐✉ ✷✵✵✸✮� ✆✈❡r ❢♦✉r ❞❡❝❛❞❡s

❛❣♦✱ P❡✐♠❜❡rt ✭✕✾✼✕✮ ❢♦✉♥❞ t❤❛t ✄☎✭❍ ✂✮ ✉s✉❛❧❧② t❡♥❞s t♦ ❜❡ ❧♦✇❡r t❤❛♥ ✄☎✭❬✆ ✂✂✂❪✮

✐♥ t❤r❡❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ❛♥❞ t❤❡ ✆r✐♦♥ ♥❡❜✉❧❛� P❡✐♠❜❡rt ✭✕✾✼✕✮ s✉❣❣❡st❡❞

t❤❛t t❡♠♣❡r❛t✉r❡ ✖✉❝t✉❛t✐♦♥s ❛r❡ r❡s♣♦♥s✐❜❧❡ ❢♦r t❤✐s ♣r♦❜❧❡♠✱ s♦ t❤❡ t❤❡r♠❛❧

str✉❝t✉r❡ ✇❛s ❞❡s❝r✐❜❡❞ ❜② t✇♦ ♣❛r❛♠❡t❡rs✿ t❤❡ ❛✈❡r❛❣❡ t❡♠♣❡r❛t✉r❡ ✄✗✱ ❛♥❞

t❤❡ ♠❡❛♥ sq✉❛r❡ t❡♠♣❡r❛t✉r❡ ✖✉❝t✉❛t✐♦♥ ✘✙� ▼♦r❡♦✈❡r✱ ▲✐✉ ✫ ✚❛♥③✐❣❡r ✭✕✾✾✸✮

st✉❞✐❡❞ ✕✹ P✛❡✱ ❛♥❞ s❤♦✇❡❞ t❤❛t t❤❡ ❇❛❧♠❡r ❥✉♠♣ t❡♠♣❡r❛t✉r❡ ✐s t②♣✐❝❛❧❧②

❧♦✇❡r t❤❛♥ t❤❡ ❬✆ ✂✂✂❪ t❡♠♣❡r❛t✉r❡s� ✁❤❡ t❡♠♣❡r❛t✉r❡ ✖✉❝t✉❛t✐♦♥s ❧❡❛❞ t♦ ♦✈❡r✲

❡st✐♠❛t✐♥❣ t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❞❡❞✉❝❡❞ ❢r♦♠ ✜❊▲s� ❆s ❛ r❡s✉❧t✱ t❤❡ ❞❡✲

r✐✈❡❞ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❛r❡ ✉♥❞❡r❡st✐♠❛t❡❞� ❇✉t✱ t❤❡ ❛♥❛❧②s✐s ♦❢ t❡♠♣❡r❛t✉r❡

✈❛r✐❛t✐♦♥s ✐♥ ✛●✜ ✼✵✵✾ ❜② ✢✉❜✐♥ ❡t ❛❧� ✭✷✵✵✷✮ ❢♦r ❡①❛♠♣❧❡ s❤♦✇❡❞ t❡♠♣❡r❛t✉r❡

✖✉❝t✉❛t✐♦♥ ✐s r❡♠❛r❦❛❜❧② ❧♦✇✱ ❜✉t t❤❡② ❞✐❞ ♥♦t r✉❧❡ ♦✉t t❡♠♣❡r❛t✉r❡ ✖✉❝t✉❛t✐♦♥s

❛❧♦♥❣ t❤❡ ❧✐♥❡ ♦❢ s✐❣❤t ❛s t❤❡ ❝❛✉s❡ ♦❢ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ♣r♦❜❧❡♠� ❋♦r

✛●✜ ✻✺✹✸✱ ❲❡ss♦♥ ✫ ▲✐✉ ✭✷✵✵✹✮ ❢♦✉♥❞ t❤❛t t❤❡ t❡♠♣❡r❛t✉r❡ ✖✉❝t✉❛t✐♦♥s ❛r❡

t♦♦ s♠❛❧❧ t♦ ❡①♣❧❛✐♥ t❤❡ ❞✐s❝r❡♣❛♥❝② ❜❡t✇❡❡♥ ❤❡❛✈② ❡❧❡♠❡♥t ❛❜✉♥❞❛♥❝❡s ✐♥✲

❢❡rr❡❞ ❢r♦♠ ✜❊▲s ❝♦♠♣❛r❡❞ t♦ t❤♦s❡ ❞❡r✐✈❡❞ ❢r♦♠ ✆✢▲s� Pr❡✈✐♦✉s❧②✱ ❑✐♥❣❞♦♥

✫ ❋❡r❧❛♥❞ ✭✕✾✾✺✮ ❛r❣✉❡❞ t❤❛t t❤❡ t❡♠♣❡r❛t✉r❡ ✖✉❝t✉❛t✐♦♥s ❛r❡ ✐♥s✉❢✣❝✐❡♥t t♦

s♦❧✈❡ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝✐❡s ✐♥ t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✐♥❣� ▼♦r❡♦✈❡r✱

❡①t❡♥s✐✈❡ st✉❞✐❡s ♦❢ s❡✈❡r❛❧ P✛❡ ❜② ❩❤❛♥❣ ❡t ❛❧� ✭✷✵✵✹✮ s❤♦✇❡❞ t❤❛t t❡♠♣❡r❛✲

t✉r❡ ✖✉❝t✉❛t✐♦♥s ❛r❡ s♦ ❧❛r❣❡ ❛♥❞ ✇❡❧❧ ❜❡②♦♥❞ t❤❡ ♣r❡❞✐❝t✐♦♥s ♦❢ ❛♥② ♣❤♦t♦✐♦♥✲

✺✵ ✤✥✦✧★✩✪✦✬ ✦✯ ✰✧✴✬✽✩✴❁❂ ✬✽❃★✧✴✽ ❄✪✩❅ ◗❙❱✩❂✰✽ ❳✽✬✩❁✴✧ ❨✩✴❁❨
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✐③❛t✐♦♥ ♠♦❞❡❧s✱ s♦ t❤❡② ❝♦♥❝❧✉❞❡❞ t❤❛t ❛ ❢❡✇ �✲❞❡✂❝✐❡♥t ♠❛t❡r✐❛❧s ❧✐❦❡❧② ❡①✐st

✐♥ t❤❡ ♥❡❜✉❧❛✁

✄♦ s♦❧✈❡ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ♣r♦❜❧❡♠✱ ☎✐✉ ❡t ❛❧✁ ✭✷✵✵✵✮ s✉❣❣❡st❡❞

❛ t✇♦✲♣❤❛s❡ ♦r ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧✁ ✄❤❡ ♠♦❞❡❧ ❛ss✉♠❡❞ t❤❛t t❤❡ ♥❡❜✉❧❛

❝♦♥t❛✐♥s t✇♦ ❝♦♠♣♦♥❡♥ts ♦❢ ❞✐❢❢❡r❡♥t ❛❜✉♥❞❛♥❝❡s✿ ❛ ❝♦❧❞ ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t

❵♠❡t❛❧✲r✐❝❤✬ ❝♦♠♣♦♥❡♥t✱ ❛♥❞ t❤❡ ❞✐❢❢✉s❡ ✇❛r♠ ❝♦♠♣♦♥❡♥t ♦❢ ❵♥♦r♠❛❧✬ ❛❜✉♥✲

❞❛♥❝❡s✁ ✄❤❡ ❝♦❧❞ �✲❞❡✂❝✐❡♥t ✐♥❝❧✉s✐♦♥s ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ♥❡❜✉❧❛r ❣❛s ♦❢ ♥♦r✲

♠❛❧ ❛❜✉♥❞❛♥❝❡s ❞♦♠✐♥❛t❡ t❤❡ ❡♠✐ss✐♦♥ ♦❢ ✆❘☎s ✭☎✐✉ ✷✵✵✸❀ ☎✐✉ ❡t ❛❧✁ ✷✵✵✹❛✮✁

✄❤❡ ❜✐✲❛❜✉♥❞❛♥❝❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ♦❢ ❆❜❡❧❧ ✸✵ ❜② ✝r❝♦❧❛♥♦ ❡t ❛❧✁ ✭✷✵✵✸❜✮

s❤♦✇❡❞ t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ s✉❝❤ ❛ s❝❡♥❛r✐♦✁ ▼♦r❡♦✈❡r✱ ✄s❛♠✐s ✫ P➫❡q✉✐❣♥♦t ✭✷✵✵✺✮

✉s❡❞ ❛ ❜✐✲❝❤❡♠✐str② ♠♦❞❡❧ ❢♦r t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ✐♥ � ✞✞ r❡❣✐♦♥s✁ ▼♦r❡

r❡❝❡♥t❧②✱ t❤❡ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ ❜② ❨✉❛♥ ❡t ❛❧✁ ✭✷✵✟✟✮ s♦❧✈❡❞ t❤❡ ❛❜✉♥❞❛♥❝❡

❞✐s❝r❡♣❛♥❝② ♣r♦❜❧❡♠ ✐♥ ✠●❈ ✡✟✺✸✁ Pr❡✈✐♦✉s❧②✱ t❤❡ ❛♥❛❧②s✐s ♦❢ t❤❡ ❡♠✐ss✐♦♥✲❧✐♥❡

s♣❡❝tr✉♠ ♦❢ ✠●❈ ✡✟✺✸ ❜② ☎✐✉ ❡t ❛❧✁ ✭✷✵✵✵✮ ♣♦✐♥t❡❞ t♦ ❛ ❝♦♠♣♦♥❡♥t ♦❢ t❤❡ ✐♦♥✲

✐③❡❞ ❣❛s✱ ❝♦❧❞ ❛♥❞ ✈❡r② ♠❡t❛❧✲r✐❝❤✁ ✄❤❡ st✉❞② ♦❢ ❆❜❡❧❧ ✸✵ ❜②❲❡ss♦♥ ❡t ❛❧✁ ✭✷✵✵✸✮

❛❣❛✐♥ s❤♦✇❡❞ t❤❡ ♣r❡s❡♥❝❡ ♦❢ �✲❞❡✂❝✐❡♥t ✐♥❝❧✉s✐♦♥s✁ ✄❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞✲

❡❧✐♥❣ ♦❢ ✠●❈ ✟✺✵✟ ✭✝r❝♦❧❛♥♦ ❡t ❛❧✁ ✷✵✵✹✮ ❛♥❞ ❆❜❡❧❧ ✹✽ ✭❉❛♥❡❤❦❛r ❡t ❛❧✁ ✷✵✟✹✮

❛❧s♦ s✉❣❣❡st❡❞ t❤❛t s♦♠❡ ❝♦❧❞ �✲❞❡✂❝✐❡♥t ✐♥❝❧✉s✐♦♥s ♠❛② ❡①✐st ✐♥ t❤❡ ♥❡❜✉❧❛✁

❲❤✐❧❡ t❤❡ t✇♦✲♣❤❛s❡ s❝❡♥❛r✐♦ ♣r♦✈✐❞❡s ❛ ♣❤②s✐❝❛❧ ❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤❡ t❡♠♣❡r✲

❛t✉r❡ ❛♥❞ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝✐❡s✱ ✐t ♠❛② ❣✐✈❡ ❛ ♥❛t✉r❛❧ ❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤❡

t❡♠♣❡r❛t✉r❡ ☛✉❝t✉❛t✐♦♥s✁ �♦✇❡✈❡r✱ ♠♦r❡ ❞❡t❛✐❧❡❞ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ❛r❡

st✐❧❧ ♥❡❝❡ss❛r② t♦ ❛ss❡ss t❤❡ ❢❡❛s✐❜✐❧✐t② ♦❢ t❤✐s s❝❡♥❛r✐♦ ❛♥❞ ❞❡t❡r♠✐♥❡ ❤♦✇ t❤❡

❡①✐st❡♥❝❡ ♦❢ ❝❤❡♠✐❝❛❧ ✐♥❤♦♠♦❣❡♥❡✐t✐❡s ❛❢❢❡❝ts t❤❡ ♥❡❜✉❧❛r ♣❤②s✐❝❛❧ ❝♦♥❞✐t✐♦♥s✁

☞✌✍ ✎✏✑✒✓✒ ✔✕✖✗✓✘✑

✄❤❡ ❛✐♠ ♦❢ t❤✐s t❤❡s✐s ✐s t♦ ♠❛❦❡ ❛ ❝♦♥tr✐❜✉t✐♦♥ t♦ t❤❡ ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡

❡✈♦❧✉t✐♦♥ ♦❢ P✠❡ ✇✐t❤ ❬❲❘❪ ❝❡♥tr❛❧ st❛rs✁ ✙♥ ♣❛rt✐❝✉❧❛r ✇❡ ❛tt❡♠♣t t♦ ❣❛✐♥ ❛♥

✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡✐r ♠♦r♣❤♦❧♦❣✐❡s ❛♥❞ ❝❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s ❜② ♠❡❛♥s ♦❢ ♦♣✲

✚✛✜✢✣✤✥ ✦✧★✩✜✢✧✪ ✺✟
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t✐❝❛❧ ✐♥t❡❣r❛❧ ✂❡❧❞ ✉♥✐t ✭�❋✁✮ s♣❡❝tr♦s❝♦♣②✄ ❲❡ ✉s❡❞ ❛ s❛♠♣❧❡ ♦❢ P☎❡ ❛r♦✉♥❞

❬❲✆❪ st❛rs ❛s t❤❡ ❜❛s✐s ❢♦r ♦✉r st✉❞②✄ ✝❤❡ ♠❛✐♥ q✉❡st✐♦♥s t❤❛t ❛r❡ r❡q✉✐r❡❞

t♦ ❜❡ ❛♥s✇❡r❡❞ ✐♥ t❤❡ st✉❞② ♦❢ P☎❡ ❛r❡✿ ✞✮ ❲❤✐❝❤ ♣❤②s✐❝❛❧ ♠❡❝❤❛♥✐s♠ ✐s r❡✲

s♣♦♥s✐❜❧❡ ❢♦r s❤❛♣✐♥❣ ❛①✐s②♠♠❡tr✐❝ ♠♦r♣❤♦❧♦❣✐❡s s❡❡♥ ✐♥ ♠♦st P☎❡❄ ✷✮ ❍♦✇

❞♦ t❤❡ ❞❡♥s✐t② ❛♥❞ ✈❡❧♦❝✐t② str✉❝t✉r❡s ♦❢ t❤❡ s♦✲❝❛❧❧❡❞ ❢❛st✱ ❧♦✇✲✐♦♥✐③❛t✐♦♥ ❡♠✐s✲

s✐♦♥ r❡❣✐♦♥s ✭❋▲�❊✆s✮ ❝♦♥tr❛st ✇✐t❤ t❤❡ ♠❛✐♥ ❜♦❞② ♦❢ t❤❡ ♥❡❜✉❧❛❄ ✸✮ ❲❤❛t ✐s

t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ str✉❝t✉r❡s ❛♥❞ ❝❡♥tr❛❧ st❛rs❄ ✹✮

❲❤❛t ✐s t❤❡ ❝❛✉s❡ ♦❢ t❤❡ ✟✆▲ ✈s✄ ✠❊▲ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❛♥❞ t❡♠♣❡r❛t✉r❡

❞✐❝❤♦t♦♠②❄ ✺✮ ❲❤❛t ✐s t❤❡ ♦r✐❣✐♥ ♦❢ ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t ✐♥❝❧✉s✐♦♥s ✇❤✐❝❤ ❛r❡

s✉♣♣♦s❡❞ t♦ s♦❧✈❡ t❤❡ ✟✆▲ ✈s✄ ✠❊▲ ♣r♦❜❧❡♠❄ ✻✮ ❲❤② ❞♦❡s ❡♠♣✐r✐❝❛❧ ❛♥❛❧②✲

s✐s ❣✐✈❡ ❡①tr❡♠❡❧② ♦✈❡r❛❜✉♥❞❛♥t ♥✐tr♦❣❡♥ ❢♦r t❤❡ ❋▲�❊✆s❄ ✼✮ ❲❤✐❝❤ ♣❤②s✐❝❛❧

♣r♦❝❡ss❡s ❝♦♥tr✐❜✉t❡ t♦ ❞✉❛❧✲❞✉st ❝❤❡♠✐str② s❡❡♥ ✐♥ P☎❡ ✇✐t❤ ❲✆✲t②♣❡ ♥✉❝❧❡✐❄

❍♦✇❡✈❡r✱ ♠❛♥② ❛s♣❡❝ts ♦❢ t❤❡s❡ q✉❡st✐♦♥s st✐❧❧ r❡♠❛✐♥ ✉♥❛♥s✇❡r❡❞✄ ✝♦ ❛♥s✇❡r

s♦♠❡ ♦❢ t❤❡ q✉❡st✐♦♥s ♠❡♥t✐♦♥❡❞ ❛❜♦✈❡ ❞❡❡♣❡r ✐♠❛❣✐♥❣ ❛♥❞ s♣❡❝tr♦s❝♦♣✐❝ ♦❜✲

s❡r✈❛t✐♦♥s ❛r❡ r❡q✉✐r❡❞✄ ❍♦♣❡❢✉❧❧②✱ t❤❡ ✇♦r❦ ♣r❡s❡♥t❡❞ ✐♥ t❤✐s t❤❡s✐s ✇✐❧❧ ❧❡❛❞

t♦ ❛ ❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ ♠♦r♣❤♦❧♦❣✐❝❛❧ ❛♥❞ ❝❤❡♠✐❝❛❧ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ P☎❡

✇✐t❤ ❬❲✆❪ ❝❡♥tr❛❧ st❛rs✄

✝❤✐s t❤❡s✐s ✐s ❞✐✈✐❞❡❞ ✐♥t♦ t❤r❡❡ ♣❛rts ❜❛s❡❞ ♦♥ ❞✐❢❢❡r❡♥t st❡❧❧❛r s♣❡❝tr❛❧

❣r♦✉♣s✿ P☎❡ ✇✐t❤ ❬❲✠❪ st❛rs✱ P☎❡ ✇✐t❤ ❬❲☎❪ st❛rs✱ ❛♥❞ P☎❡ ✇✐t❤ P● ✞✞✺✾✲t②♣❡

st❛rs✄ ✝❤❡ ✂rst ♣❛rt✱ ✡☛☞✌✍✎☞✏✑ ✒✍✓✔☛☞✍ ✕✖✎✗ ✘✙✚✛ ❙✎☞✏✜✱ st❛rts ✇✐t❤ ♠♦r♣❤♦✲

❦✐♥❡♠❛t✐❝ st✉❞✐❡s ♦❢ ❛ s❛♠♣❧❡ ♦❢ ✞✸ ●❛❧❛❝t✐❝ P☎❡ s✉rr♦✉♥❞✐♥❣ ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t

❲♦❧❢✲✆❛②❡t ✭❲✆✮ ❝❡♥tr❛❧ st❛rs ❛♥❞ ✺ ●❛❧❛❝t✐❝ P☎❡ ✇✐t❤ ✇❡❛❦ ❡♠✐ss✐♦♥✲❧✐♥❡ ❝❡♥✲

tr❛❧ st❛rs ✭✢✣✤✥✮✱ ❢♦❧❧♦✇❡❞ ❜② ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ❛♥❞ ❡♠♣✐r✐❝❛❧ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧✲

②s✐s✱ ❛s ✇❡❧❧ ❛s ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ♦❢ ❍❜✹✄ ✝❤❡ s❡❝♦♥❞ ♣❛rt✱ ✡☛☞✌✍✎☞✏✑

✒✍✓✔☛☞✍ ✕✖✎✗ ✘✙✒✛ ❙✎☞✏✜✱ ♣r❡s❡♥ts ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ♦❢ ❆❜❡❧❧ ✹✽ ❛♥❞

P❇ ✽ ✇❤♦s❡ ❝❡♥tr❛❧ st❛rs ✇❡r❡ r❡❝❡♥t❧② ❝❧❛ss✐✂❡❞ ❛s ❬❲☎❪ ❛♥❞ ❬❲☎✴❲✠❪ ❝❡♥✲

tr❛❧ st❛rs✱ r❡s♣❡❝t✐✈❡❧②✄ ✝❤❡ t❤✐r❞ ♣❛rt✱ ✡☛☞✌✍✎☞✏✑ ✒✍✓✔☛☞✍ ✕✖✎✗ ✡✦ ✧✧★✩✪✎✑✫✍

✜✎☞✏✜ ♣r❡s❡♥ts ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ♦❢ ✬✉❲t ✷✱ ✇❤✐❝❤ ✇❛s ❢♦✉♥❞ t♦ ❝♦♥t❛✐♥

❛ P● ✞✞✺✾✲t②♣❡ st❛r ❜❛s❡❞ ♦♥ t❤❡ ♥❡❜✉❧❛✯s ❛❣❡✄

✺✷ ✰✵❀✤❁❂❃❀❅ ❀❏ ❑✤▼❅✣❂▼◗❱ ❅✣❳❁✤▼✣ ✢❃❂❨ ❩❭❫❂❱❑✣ ❴✣❅❂◗▼✤ ✥❂▼◗✥
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�❤✐s t❤❡s✐s ✐s str✉❝t✉r❡❞ ❛s ❢♦❧❧♦✇s✿

✎ ❈❤❛♣t❡r ✷ ♣r❡s❡♥ts ♥❡✇✱ ✐♥t❡❣r❛❧ ✂❡❧❞ ✉♥✐t ✭✁❋✄✮ s♣❡❝tr♦s❝♦♣✐❝ ♦❜s❡r✈❛✲

t✐♦♥s ♦❢ ❛ s❛♠♣❧❡ ♦❢ ☎✸ ●❛❧❛❝t✐❝ P✆❡ s✉rr♦✉♥❞✐♥❣ ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t ❬❲❘❪

❝❡♥tr❛❧ st❛rs ❛♥❞ ✺ ●❛❧❛❝t✐❝ P✆❡ ✇✐t❤ ✝✞✟✠ ♠❛❞❡ ✇✐t❤ t❤❡ ❲✐❞❡ ❋✐❡❧❞

✡♣❡❝tr♦❣r❛♣❤ ✭❲✐❋❡✡✮ ♦♥ t❤❡ ❆✆✄ ✷☛✸✲♠ t❡❧❡s❝♦♣❡ ❛t t❤❡ ✡✐❞✐♥❣ ✡♣r✐♥❣

☞❜s❡r✈❛t♦r②☛ �❤❡ ✌✍ ❛♥❞ ❬✆ ✏✏❪ ❡♠✐ss✐♦♥ ❢❡❛t✉r❡s ✇❡r❡ ✉s❡❞ t♦ ♠❡❛✲

s✉r❡ t❤❡ ♥❡❜✉❧❛r r❛❞✐❛❧ ✈❡❧♦❝✐t✐❡s ❛♥❞ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥s☛ ❇❛s❡❞ ♦♥ t❤❡

s♣❛t✐❛❧❧② r❡s♦❧✈❡❞ ✈❡❧♦❝✐t② ❞✐str✐❜✉t✐♦♥s ♦❢ t❤❡s❡ ❡♠✐ss✐♦♥ ❧✐♥❡s ❝♦♠❜✐♥❡❞

✇✐t❤ ❛r❝❤✐✈❛❧ ❍✑✒✒✟✞ ❙✓✔✕✞ ❚✞✟✞✠✕✖✓✞ ✐♠❛❣✐♥❣ ❢♦r ❝♦♠♣❛❝t P✆❡✱ ✇❡ ❞❡t❡r✲

♠✐♥❡❞ t❤❡✐r t❤r❡❡ ❞✐♠❡♥s✐♦♥❛❧ ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ str✉❝t✉r❡s☛ ❈♦♠♣❛r✐♥❣

t❤❡ ✈❡❧♦❝✐t② ♠❛♣s ♣r♦✈✐❞❡❞ ❜② ♦✉r ✁❋✄ ♦❜s❡r✈❛t✐♦♥s ✇✐t❤ t❤♦s❡ ♣r♦❞✉❝❡❞

❜② ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ ♠♦❞❡❧s ❛❧❧♦✇❡❞ ✉s t♦ ❡①❝❧✉❞❡ t❤❡ ♣r♦❥❡❝t✐♦♥ ❡❢❢❡❝t

❢r♦♠ t❤❡ ♥❡❜✉❧❛✬s ❛♣♣❡❛r❛♥❝❡ ❛♥❞ ♣r♦✈✐❞❡ ❛ ♠♦r❡ ❛❝❝✉r❛t❡ ♠♦r♣❤♦❧♦❣②

❢♦r ♠♦st P✆❡ ✐♥ t❤❡ s❛♠♣❧❡✱ ❛♣❛rt ❢r♦♠ t❤❡ ❝♦♠♣❛❝t ♦❜❥❡❝ts☛ ☞✉r r❡s✉❧ts

✐♥❞✐❝❛t❡ t❤❛t t❤❡s❡ P✆❡ ❤❛✈❡ ❛①✐s②♠♠❡tr✐❝ ♠♦r♣❤♦❧♦❣✐❡s✱ ❡✐t❤❡r ❜✐♣♦❧❛r

♦r ❡❧❧✐♣t✐❝❛❧☛ ✁♥ ♠❛♥② ❝❛s❡s t❤❡ ❛ss♦❝✐❛t❡❞ ❦✐♥❡♠❛t✐❝ ♠❛♣s ❢♦r t❤❡s❡ P✆❡

❛r♦✉♥❞ ❬❲☞❪ st❛rs ❛❧s♦ r❡✈❡❛❧ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❋✗✁✘❘s☛

✎ ❈❤❛♣t❡r ✸ ♣r❡s❡♥ts ♦♣t✐❝❛❧ ✐♥t❡❣r❛❧ ✂❡❧❞ s♣❡❝tr♦s❝♦♣✐❝ ♠❡❛s✉r❡♠❡♥ts ♦❢

❡♠✐ss✐♦♥ ❧✐♥❡s ❢♦r t❤❡ s❛♠❡ s❛♠♣❧❡ st✉❞✐❡❞ ✐♥ ❈❤❛♣t❡r ✷☛ �❤❡ s♣❡❝tr❛✱

❝♦♠❜✐♥❡❞ ✇✐t❤ ❛r❝❤✐✈❛❧ s♣❡❝tr❛ ❢r♦♠ t❤❡ ❧✐t❡r❛t✉r❡✱ ❤❛✈❡ ❜❡❡♥ ✉s❡❞ t♦

❝❛rr② ♦✉t ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ❛♥❞ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s ✉s✐♥❣ ❜♦t❤ ❈✘✗s ❛♥❞

☞❘✗s☛ ✆❡❜✉❧❛r t❤❡r♠❛❧ ❛♥❞ ❞❡♥s✐t② str✉❝t✉r❡s ❤❛✈❡ ❜❡❡♥ ❞❡r✐✈❡❞ ✉s✐♥❣ ❛

✈❛r✐❡t② ♦❢ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ♦❢ ❈✘✗s☛ �❤❡ ✇❡❛❦ t❡♠♣❡r❛t✉r❡ ❞❡♣❡♥❞❡♥❝❡

♦❢ ☞❘✗s ❤❛✈❡ ❛❧s♦ ❜❡❡♥ ✉s❡❞ t♦ ❞❡t❡r♠✐♥❡ t❤❡ t❡♠♣❡r❛t✉r❡ str✉❝t✉r❡ ♦❢

t❤❡ ♥❡❜✉❧❛❡☛ �❤❡ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝ r❡s✉❧ts ❛r❡ ✉s❡❞ t♦ ❞❡r✐✈❡ ✐♦♥✐❝ ❛♥❞

❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ✇✐t❤✐♥ t❤❡ ♥❡❜✉❧❛ ❢r♦♠ ❜♦t❤ ❈✘✗s ❛♥❞ ☞❘✗s☛ ✁t

✐s ❢♦✉♥❞ t❤❛t t❤❡ ☞❘✗ ❛❜✉♥❞❛♥❝❡s ❛r❡ s❡✈❡r❛❧ t✐♠❡s ❤✐❣❤❡r t❤❛♥ t❤❡ ❈✘✗

❛❜✉♥❞❛♥❝❡s✱ ✇❤❡r❡❛s t❤❡ t❡♠♣❡r❛t✉r❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ✌❡ ✏ r❡❝♦♠❜✐✲

✙✠✚✛✒✜③ ❉✔✢✞✚✛✔✣ ✺✸
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♥❛t✐♦♥ ❧✐♥❡s ❛r❡ t②♣✐❝❛❧❧② ❧♦✇❡r t❤❛♥ t❤♦s❡ ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ❝♦❧❧✐s✐♦♥✲

❛❧❧② ❡①❝✐t❡❞ ♥❡❜✉❧❛r✲t♦✲❛✉r♦r❛❧ ❢♦r❜✐❞❞❡♥ ❧✐♥❡ r❛t✐♦s� ✁❤✐s ♠❛② ♣♦✐♥t t♦

t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❝♦❧❞✱ ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t ♠❛t❡r✐❛❧s ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ❞✐❢✲

❢✉s❡ ✇❛r♠ ♥❡❜✉❧❛� ✁❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❢❛❝t♦rs ✭❆✄❋s✮ ❢♦r ❞♦✉❜❧②✲

✐♦♥✐③❡❞ ☎ ❛♥❞ ✆ ❛r❡ ✇✐t❤✐♥ ❛ r❛♥❣❡ ❢r♦♠ ✷ t♦ ✹✾✱ ✇❤✐❝❤ ❛r❡ ❝❧♦s❡❧② ❝♦rr❡✲

❧❛t❡❞ ✇✐t❤ t❤❡ ❞✐❝❤♦t♦♠② ❜❡t✇❡❡♥ t❡♠♣❡r❛t✉r❡s ❞❡r✐✈❡❞ ❢r♦♠ ❢♦r❜✐❞❞❡♥

❧✐♥❡s ❛♥❞ t❤♦s❡ ❢r♦♠ ❍❡ ✝ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s� ✁❤❡ r❡s✉❧ts s❤♦✇ t❤❛t t❤❡

❆✄❋ ❛♥❞ t❡♠♣❡r❛t✉r❡ ❞✐❝❤♦t♦♠② ❛r❡ ❝♦rr❡❧❛t❡❞ ✇✐t❤ t❤❡ ✐♥tr✐♥s✐❝ ♥❡❜✉❧❛r

s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss✱ s✉❣❣❡st✐♥❣ t❤❛t t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ♣r♦❜❧❡♠

♠✉st ❜❡ r❡❧❛t❡❞ t♦ t❤❡ ♥❡❜✉❧❛r ❡✈♦❧✉t✐♦♥�

✎ ✞❤❛♣t❡r ✹ ♣r❡s❡♥ts ❛ ✸✄ ♣❤♦t♦✐♦♥✐s❛t✐♦♥ ♠♦❞❡❧ ♦❢ ❍❜ ✹ ❛ss✉♠✐♥❣ ❤♦♠♦✲

❣❡♥❡♦✉s ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s✱ ❛✐♠❡❞ ❛t s♦❧✈✐♥❣ ❛ s✐❣♥✐✂❝❛♥t ♦✈❡r❛❜✉♥✲

❞❛♥❝❡ ♦❢ ♥✐tr♦❣❡♥ s❡❡♥ ✐♥ ❋▲✟❊✠s� ✁❤❡ r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ✐♦♥✐③❛✲

t✐♦♥ ❝♦rr❡❝t✐♦♥ ❢❛❝t♦r ♠❡t❤♦❞ ❛♥❞ t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✉s❡❞ ❢♦r t❤❡

❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ❛r❡ ♠♦st❧② r❡s♣♦♥s✐❜❧❡ ❢♦r ❛♣♣❛r❡♥t ❡♥❤❛♥❝❡❞ ♥✐tr♦✲

❣❡♥ ❛❜✉♥❞❛♥❝❡� ❆ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ ❤❛s ❜❡❡♥ ❝♦♥str✉❝t❡❞ t♦ ❛❞❞r❡ss

t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ♣r♦❜❧❡♠� ✟t ✐s ❢♦✉♥❞ t❤❛t t❤❡ ♣r❡s❡♥❝❡ ♦❢ t❤❡

♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ❝❛♥ s♦❧✈❡ t❤❡ ✆✠▲ ✈s� ✞❊▲ ♣r♦❜❧❡♠�

✎ ✞❤❛♣t❡r ✺ ♣r❡s❡♥ts ♦✉r ♥❡✇ ✟❋✡ ♦❜s❡r✈❛t✐♦♥s ❛♥❞ ✸✄ ♣❤♦t♦✐♦♥✐③❛t✐♦♥

♠♦❞❡❧✐♥❣ ♦❢ ❆❜❡❧❧ ✹✽� ✁❤❡ ♠❛✐♥ ❛✐♠ ✇❛s t♦ ✐♥✈❡st✐❣❛t❡ ✇❤❡t❤❡r t❤❡ ❬❲☎❪

♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ❢r♦♠ ✁♦❞t ❡t ❛❧� ✭✷✵☛✸✮ ❝❛♥ ♣r♦❞✉❝❡ t❤❡ ✐♦♥✐③❛t✐♦♥

str✉❝t✉r❡ ♦❢ ❛ P☎ ✇✐t❤ t❤❡ ❢❡❛t✉r❡s ❧✐❦❡ ❆❜❡❧❧ ✹✽� ✟t ✐s ❢♦✉♥❞ t❤❛t t❤❡

♦❜s❡r✈❡❞ ♥❡❜✉❧❛r ❧✐♥❡ ☞✉①❡s ✇❡r❡ ❜❡st r❡♣r♦❞✉❝❡❞ ❜② ✉s✐♥❣ ❛♥ ✐♦♥✐③✐♥❣

s♦✉r❝❡ ✇✐t❤ t❡♠♣❡r❛t✉r❡ ❛♥❞ ❧✉♠✐♥♦s✐t② ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❛ r❡❧❛t✐✈❡❧② ❧♦✇✲

♠❛ss ♣r♦❣❡♥✐t♦r st❛r ✭✘ ✌ ▼❏✮ r❛t❤❡r t❤❛♥ ❛ ♠❛ss✐✈❡ P♦♣ ✟ st❛r� ✁❤❡ ❤❡✲

❧✐✉♠ t❡♠♣❡r❛t✉r❡ ♣r❡❞✐❝t❡❞ ❜② t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ✐s ❤✐❣❤❡r t❤❛♥

t❤♦s❡ ❡♠♣✐r✐❝❛❧❧② ❞❡r✐✈❡❞✱ s✉❣❣❡st✐♥❣ t❤❛t s♦♠❡ ❝♦❧❞✱ ♠❡t❛❧✲r✐❝❤ str✉❝t✉r❡s

♠❛② ❡①✐st ✐♥ t❤❡ ♥❡❜✉❧❛�

✺✹ ✍✏✑✒✓✔✕✑✖ ✑✗ ✙✒✚✖✛✔✚✜✢ ✖✛✣✓✒✚✛ ✤✕✔✥ ✦✧★✔✢✙✛ ✩✛✖✔✜✚✒ ✪✔✚✜✪
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✎ ❈❤❛♣t❡r � ♣r❡s❡♥ts ✸❉ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✐♥❣ ♦❢ P❇✽✱ ❛✐♠❡❞ ❛t s♦❧✈✐♥❣

t❤❡ ✁❘✂✴❈✄✂ ❞✐s❝r❡♣❛♥❝② ❜② ✉s✐♥❣ ☎✲❞❡✆❝✐❡♥t ✐♥❝❧✉s✐♦♥s✝ ✞❤❡ ❝❤❡♠✐❝❛❧❧②

❤♦♠♦❣❡♥❡♦✉s ♠♦❞❡❧ ❢❛✐❧❡❞ t♦ r❡♣r♦❞✉❝❡ t❤❡ ♦❜s❡r✈❡❞ ✁❘✂s ♦❢ ❤❡❛✈② ❡❧❡✲

♠❡♥ts✝ ✞❤❡ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧✱ ❝♦♥t❛✐♥✐♥❣ ❛ s♠❛❧❧ ❢r❛❝t✐♦♥ ♦❢ ❤②❞r♦❣❡♥✲

❞❡✆❝✐❡♥t ✐♥❝❧✉s✐♦♥s ♦❝❝✉♣②✐♥❣ ✘ ✟ ♣❡r❝❡♥t ♦❢ t❤❡ t♦t❛❧ ✈♦❧✉♠❡✱ ♣r♦✈✐❞❡❞

❛❝❝❡♣t❛❜❧❡ ♠❛t❝❤❡s t♦ t❤❡ ♦❜s❡r✈❡❞ ✁❘✂s✝ ✠t ✐s ❢♦✉♥❞ t❤❛t ❛ ❞✉❛❧✲❞✉st

❝❤❡♠✐str② ✇✐t❤ ❞✐❢❢❡r❡♥t ❣r❛✐♥ s♣❡❝✐❡s ❛♥❞ ❞✐s❝r❡t❡ ❣r❛✐♥ s✐③❡s ✐♥ t❤❡ ♥❡❜✲

✉❧❛ ❧✐❦❡❧② ♣r♦❞✉❝❡s t❤❡ ♦❜s❡r✈❡❞ ✡♣✐t③❡r ✐♥❢r❛r❡❞ ❝♦♥t✐♥✉✉♠✝

✎ ❈❤❛♣t❡r ✼ ♣r❡s❡♥ts ✸❉ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✐♥❣ ♦❢ ✡✉❲t ✷✱ ❛✐♠❡❞ ❛t ✉♥✲

❝♦✈❡r✐♥❣ t❤❡ ♣r♦♣❡rt✐❡s ♦❢ t❤❡ ❤✐❞❞❡♥ ❤♦t ✐♦♥✐③✐♥❣ s♦✉r❝❡✝ ✠t ❤❛s t✇♦

❆✲t②♣❡ st❛rs✱ ✇❤✐❝❤ ✐s t♦♦ ❝♦♦❧ t♦ ✐♦♥✐③❡ t❤❡ s✉rr♦✉♥❞✐♥❣ ♠❛t❡r✐❛❧✝ ✞❤❡

♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ♦❢ ✡✉❲t ✷ s✉❣❣❡st t❤❛t ❛♥ ✐♦♥✐③✐♥❣ s♦✉r❝❡ ✇✐t❤

☛☞✌✌ ✘ ✍✺✵ ❦❑ ✐s ♥❡❝❡ss❛r② t♦ ♣r♦❞✉❝❡ t❤❡ ✐♦♥✐③❛t✐♦♥ str✉❝t✉r❡ ♦❢ t❤❡ ♥❡❜✲

✉❧❛✝ ☎♦✇❡✈❡r✱ t❤❡ t✐♠❡✲s❝❛❧❡ ❢♦r t❤❡ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦ ♦❢ ❛ ❤②❞r♦❣❡♥✲r✐❝❤

♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ✐s ✐♥❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❞②♥❛♠✐❝❛❧ ❛❣❡ ♦❜t❛✐♥❡❞ ❢♦r t❤❡

r✐♥❣✝ ✞❤✐s s✉❣❣❡sts t❤❛t t❤❡ ❝❡♥tr❛❧ st❛r ❤❛s ✉♥❞❡r❣♦♥❡ ❛ ✈❡r② ❧❛t❡ t❤❡r♠❛❧

♣✉❧s❡✱ ✇❤✐❝❤ r❡s✉❧ts ✐♥ ❛♥ ♦❧❞❡r P✏✝ ✠t ✐s ❢♦✉♥❞ t❤❛t t❤❡ ❤✐❞❞❡♥ ❤♦t st❛r

❝♦✉❧❞ ❜❡ ❤②❞r♦❣❡♥✲❞❡✆❝✐❡♥t ❛♥❞ ❝♦♠♣❛t✐❜❧❡ ✇✐t❤ ✇❤❛t ✐s ❦♥♦✇♥ ❛s ❛ P●

✑✑✒✾✲t②♣❡ st❛r✝

✎ ✞❤❡ ❈♦♥❝❧✉s✐♦♥s ❛♥❞ ❢✉t✉r❡ ✇♦r❦ ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ✆♥❛❧ ❈❤❛♣t❡r ✽✝

❆♣♣❡♥❞✐① ❆ ♣r❡s❡♥ts t❤❡ s♣❛t✐❛❧ ❞✐str✐❜✉t✐♦♥ ♠❛♣s ♦❢ ✓✉① ✐♥t❡♥s✐t②✱ ❝♦♥t✐♥✲

✉✉♠✱ r❛❞✐❛❧ ✈❡❧♦❝✐t② ❛♥❞ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ♦❢ ♦✉r s❛♠♣❧❡ ❛♥❞ t❤❡✐r ♠♦r♣❤♦✲

❦✐♥❡♠❛t✐❝ ♠♦❞❡❧s ❛♥❛❧②③❡❞ ✐♥ ❈❤❛♣t❡r ✷✝ ❆♣♣❡♥❞✐① ❇ ♣r❡s❡♥ts t❤❡ ♦❜s❡r✈❡❞

❛♥❞ ❞❡r❡❞❞❡♥❡❞ r❡❧❛t✐✈❡ ♥❡❜✉❧❛r ❧✐♥❡ ✓✉①❡s ♦❢ ♦✉r s❛♠♣❧❡ ❛♥❛❧②③❡❞ ✐♥ ❈❤❛♣✲

t❡r ✸✝ ❆♣♣❡♥❞✐① ❈ s❤♦✇s t❤❡ ♦❜s❡r✈❡❞ ♦♣t✐❝❛❧ ♥❡❜✉❧❛r s♣❡❝tr❛ ♦❢ ♦✉r s❛♠♣❧❡

❛♥❛❧②③❡❞ ✐♥ ❈❤❛♣t❡r ✸✝ ❆♣♣❡♥❞✐① ❉ ♣r❡s❡♥ts t❤❡ s♣❛t✐❛❧ ❞✐str✐❜✉t✐♦♥ ♠❛♣s ♦❢ ❡①✲

t✐♥❝t✐♦♥ ✔✭✕✖✮✱ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ✗✙✱ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ☛✙✱ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s

st✉❞✐❡❞ ✐♥ ❈❤❛♣t❡r ✸✝ ❆♣♣❡♥❞✐① ✄ ♣r❡s❡♥ts t❤❡ ♦❜s❡r✈❡❞ ♦♣t✐❝❛❧ st❡❧❧❛r s♣❡❝tr❛

✚✛✜✢✣✤✥ ✦✧★✩✜✢✧✪ ✒✒
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♦❢ ♦✉r s❛♠♣❧❡ st✉❞✐❡❞ ✐♥ �❤❛♣t❡rs ✷ ❛♥❞ ✸✁
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P❛rt ■

P❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤ ❬❲❈❪ st❛rs

✺✼



✺✽ ❊✈♦❧✉t✐♦♥ ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤ ❲❘✲t②♣❡ ❝❡♥tr❛❧ st❛rs
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☛❤✡ ☞❤✌✑✡ ✖❢ ☛❤✡ ✟✡❜✒✎✌✍ ☞❤✡✎✎✗ ❚❤✡ ☞☛✡✎✎✌✍ ✇✓✟✔ ✠✖✟☛✍✓❜✒☛✡☞ ☞✖✘✡ ❤✕✔✍✖✔✕✟✌✘✓✠

✡❢❢✡✠☛☞ ✓✟☛✖ ☛❤✡ ✓✖✟✓③✡✔ ☞❤✡✎✎✱ ☛❤✒☞ ✌✎☛✡✍✓✟❣ ☛❤✡ ☞❤✌✑✡ ✖❢ ☛❤✡ ✡①✑✌✟✔✓✟❣ ☞❤✡✎✎✗ ❚❤✡

✑❤✖☛✖✲✓✖✟✓③✌☛✓✖✟ ✑✍✖✔✒✠✡☞ ☛❤✡ ✏✓☞✓❜✎✡ ✟✡❜✒✎✌✗ ❚❤✡ ✡✘✓☞☞✓✖✟ ✎✓✟✡☞ ✡✘✓☛☛✡✔ ❜✕ ☛❤✡

✓✖✟✓③✡✔ ❣✌☞ ✑✍✖✏✓✔✡ ✏✌✎✒✌❜✎✡ ✠✎✒✡☞ ☛✖ ☛❤✡ ✙✓✟✡✘✌☛✓✠ ❢✡✌☛✒✍✡☞ ✖❢ ☛❤✡ ✟✡❜✒✎✌✍ ☞❤✡✎✎✗

✚✑✌☛✓✌✎✎✕ ✍✡☞✖✎✏✡✔ ✙✓✟✡✘✌☛✓✠☞ ✌✎✎✖✇☞ ✒☞ ☛✖ ✍✡☞✖✎✏✡ ☛❤✡ ☞❤✌✑✡ ✖❢ ☛❤✡ ✡①✑✌✟✔✓✟❣

☞❤✡✎✎✗ ❚❤✡ ✘✖✍✑❤✖✲✙✓✟✡✘✌☛✓✠ ✌✟✌✎✕☞✓☞ ✖❢ P◆✡ ✑✍✖✏✓✔✡☞ ☞✖✘✡ ✓✟☞✓❣❤☛☞ ✓✟☛✖ ☛❤✡

❆●❇ ✘✌☞☞✲✎✖☞☞ ✑✍✖✠✡☞☞✡☞✱ ☛❤✡ ☛✍✌✟☞✓☛✓✖✟ ❢✍✖✘ ☛❤✡ ✑✖☞☛✲❆●❇ ☛✖ ☛❤✡ P◆ ✑❤✌☞✡ ✭☞✡✡

✡✗❣✗ ❇✌✎✓✠✙ ✛✾✽✼❀ ❈✖✍✍✌✔✓ ✫ ✚✠❤✇✌✍③ ✛✾✾✺❀ ❇✌✎✓✠✙ ✫ ❋✍✌✟✙ ✜✵✵✜❀ ✚✠❤➝✖✟❜✡✍✟✡✍

✡☛ ✌✎✗ ✜✵✵✺✌✱❜✱ ✜✵✛✵❀ ❑✇✖✙ ✜✵✛✵✮✗

✢✟ ☛❤✡ ✑✌☞☛ ✔✡✠✌✔✡☞✱ ✘✖✍✑❤✖✲✙✓✟✡✘✌☛✓✠ ☞☛✒✔✓✡☞ ✖❢ ✑✎✌✟✡☛✌✍✕ ✟✡❜✒✎✌✡ ✭P◆✡✮

❤✌✏✡ ✍✡✏✡✌✎✡✔ ☛❤✌☛ ☛❤✡✕ ❢✍✡q✒✡✟☛✎✕ ☞❤✖✇ ✌①✓☞✕✘✘✡☛✍✓✠ ☞❤✌✑✡☞✗ ❚❤✡ ✖✍✓❣✓✟ ✖❢

☞✒✠❤ ☞☛✍✒✠☛✒✍✡☞ ☞☛✓✎✎ ✍✡✘✌✓✟☞ ✌☞ ✖✟✡ ✖❢ ☛❤✡ ✓✘✑✖✍☛✌✟☛ ✑✍✖❜✎✡✘☞ ✓✟ ☛❤✡ ☞☛✒✔✕ ✖❢

P◆✡✗ ✢✟ ☛❤✓☞ ✠❤✌✑☛✡✍✱ ✇✡ ✑✍✡☞✡✟☛ ✟✡✇✱ ✓✟☛✡❣✍✌✎ ✣✡✎✔ ✒✟✓☛ ✭✢❋❯✮ ☞✑✡✠☛✍✖☞✠✖✑✓✠

✖❜☞✡✍✏✌☛✓✖✟☞ ✖❢ ✌ ☞✌✘✑✎✡ ✖❢ ✛✸ ●✌✎✌✠☛✓✠ P◆✡ ☞✒✍✍✖✒✟✔✓✟❣ ❤✕✔✍✖❣✡✟✲✔✡✣✠✓✡✟☛

❲✖✎❢✲❘✌✕✡☛ ✭❲❘✮ ✠✡✟☛✍✌✎ ☞☛✌✍☞ ✌✟✔ ✺ ●✌✎✌✠☛✓✠ P◆✡ ✇✓☛❤ ✇✡✌✙ ✡✘✓☞☞✓✖✟✲✎✓✟✡ ✠✡✟✲
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tr❛❧ st❛rs ✭✇❡�✁✮ ♠❛❞✂ ✄✐t❤ t❤✂ ❲✐❞✂ ❋✐✂❧❞ ☎♣✂❝tr♦❣r❛♣❤ ✭❲✐❋✂☎✮✆ ✝❤✂ ❍✞ ❛♥❞

❬✟ ✠✠❪ ✂♠✐ss✐♦♥ ❢✂❛t✉r✂s ✄✂r✂ ✉s✂❞ t♦ ♠✂❛s✉r✂ t❤✂ ♥✂❜✉❧❛r r❛❞✐❛❧ ✈✂❧♦❝✐t✐✂s ❛♥❞

✈✂❧♦❝✐t② ❞✐s♣✂rs✐♦♥s✆ ❇❛s✂❞ ♦♥ t❤✂ s♣❛t✐❛❧❧② r✂s♦❧✈✂❞ ✈✂❧♦❝✐t② ❞✐str✐❜✉t✐♦♥s ♦❢

t❤✂s✂ ✂♠✐ss✐♦♥ ❧✐♥✂s ❝♦♠❜✐♥✂❞ ✄✐t❤ ❛r❝❤✐✈❛❧ ✡☛☞☞�❡ ✌✍✎✏❡ ✑❡�❡✁✏✒✍❡ ✐♠❛❣✐♥❣ ❢♦r

❝♦♠♣❛❝t ✓✟✂✱ ✄✂ ❞✂t✂r♠✐♥✂❞ t❤✂✐r t❤r✂✂ ❞✐♠✂♥s✐♦♥❛❧ ♠♦r♣❤♦✲❦✐♥✂♠❛t✐❝ str✉❝✲

t✉r✂s✆ ✔♦♠♣❛r✐♥❣ t❤✂ ✈✂❧♦❝✐t② ♠❛♣s ♣r♦✈✐❞✂❞ ❜② ♦✉r ✕❋❯ ♦❜s✂r✈❛t✐♦♥s ✄✐t❤

t❤♦s✂ ♣r♦❞✉❝✂❞ ❜② ♠♦r♣❤♦✲❦✐♥✂♠❛t✐❝ ♠♦❞✂❧s ❛❧❧♦✄✂❞ ✉s t♦ ✂①❝❧✉❞✂ t❤✂ ♣r♦❥✂❝✲

t✐♦♥ ✂❢❢✂❝t ❢r♦♠ t❤✂ ♥✂❜✉❧❛✬s ❛♣♣✂❛r❛♥❝✂ ❛♥❞ ♣r♦✈✐❞✂ ❛ ♠♦r✂ ❛❝❝✉r❛t✂ ♠♦r♣❤♦❧✲

♦❣② ♦❢ ♠♦st ✓✟✂ ✐♥ t❤✂ s❛♠♣❧✂✱ ❛♣❛rt ❢r♦♠ t❤✂ ❝♦♠♣❛❝t ♦❜❥✂❝ts✆ ✖✉r r✂s✉❧ts

✐♥❞✐❝❛t✂ t❤❛t t❤✂s✂ ✓✟✂ ❤❛✈✂ ❛①✐s②♠♠✂tr✐❝ ♠♦r♣❤♦❧♦❣✐✂s✱ ✂✐t❤✂r ❜✐♣♦❧❛r ♦r ✂❧✲

❧✐♣t✐❝❛❧✆ ✕♥ ♠❛♥② ❝❛s✂s t❤✂ ❛ss♦❝✐❛t✂❞ ❦✐♥✂♠❛t✐❝ ♠❛♣s ❢♦r t❤✂s✂ ✓✟✂ ❛r♦✉♥❞

❤♦t ❲✗ ❝✂♥tr❛❧ st❛rs ❛❧s♦ r✂✈✂❛❧ t❤✂ ♣r✂s✂♥❝✂ ♦❢ s♦✲❝❛❧❧✂❞ ❢❛st ❧♦✄✲✐♦♥✐③❛t✐♦♥

✂♠✐ss✐♦♥ r✂❣✐♦♥s ✭❋✘✕✙✗s✮✆

✝❤✐s ❝❤❛♣t✂r ✐s str✉❝t✉r✂❞ ❛s ❢♦❧❧♦✄s✆ ☎✂❝t✐♦♥ ✚✆✚ ❞✂s❝r✐❜✂s ♦✉r ♦❜s✂r✈❛t✐♦♥❛❧

❛♥❞ ❞❛t❛ r✂❞✉❝t✐♦♥ t✂❝❤♥✐q✉✂s✆ ✕♥ ☎✂❝t✐♦♥ ✚✆✸✱ ✄✂ ♣r✂s✂♥t t❤✂ ✕❋❯ ❦✐♥✂♠❛t✐❝

r✂s✉❧ts✆ ✝❤✂ ♠♦r♣❤♦✲❦✐♥✂♠❛t✐❝ ♠♦❞✂❧✐♥❣ ❛♥❞ t❤✂✐r r✂s✉❧ts ❛r✂ ♣r✂s✂♥t✂❞ ✐♥ ☎✂❝✲

t✐♦♥ ✚✆✹✱ ❢♦❧❧♦✄✂❞ ❜② ♦✉r ❝♦♥❝❧✉s✐♦♥ ✐♥ ☎✂❝t✐♦♥ ✚✆✺✆

✛✜✛ ✢✣✤✥✦✧★✩✪✫✯✤

✕❋❯ ♦❜s✂r✈❛t✐♦♥s ♦❢ ♦✉r s❛♠♣❧✂ ❤❛✈✂ ❜✂✂♥ ❝♦♥❞✉❝t✂❞ ✉s✐♥❣ t❤✂ ❲✐❞✂ ❋✐✂❧❞ ☎♣✂❝✲

tr♦❣r❛♣❤ ✭❲✐❋✂☎❀ ✰♦♣✐t❛ ✂t ❛❧✆ ✚✵✵✼✱ ✚✵✶✵✮ ❛t t❤✂ ☎✐❞✐♥❣ ☎♣r✐♥❣ ✖❜s✂r✈❛t♦r② ✐♥

✴♣r✐❧ ✚✵✶✵✆ ❲✐❋✂☎ ✐s ❛♥ ✐♠❛❣✂✲s❧✐❝✐♥❣ ✕♥t✂❣r❛❧ ❋✐✂❧❞ ❯♥✐t ✭✕❋❯✮ ❞✂✈✂❧♦♣✂❞ ❛♥❞

❜✉✐❧t ❢♦r t❤✂ ✴✟❯ ✚✆✸✲♠ t✂❧✂s❝♦♣✂✱ ❢✂✂❞✐♥❣ ❛ ❞♦✉❜❧✂✲❜✂❛♠ s♣✂❝tr♦❣r❛♣❤✆ ❲✐❋✂☎

s❛♠♣❧✂s ✵✆✺ ❛r❝s✂❝ ❛❧♦♥❣ ✂❛❝❤ ♦❢ t✄✂♥t② ✻✈✂ ✽✾ ❛r❝s✂❝ ✿ ❁ ❛r❝s✂❝ s❧✐t❧✂ts✱ ✄❤✐❝❤

♣r♦✈✐❞✂s ❛ ✻✂❧❞✲♦❢✲✈✐✂✄ ♦❢ ❂❃ ❛r❝s✂❝✿ ✽✾ ❛r❝s✂❝ ❛♥❞ ❛ s♣❛t✐❛❧ r✂s♦❧✉t✐♦♥ ✂❧✂♠✂♥t

♦❢ ❁❄❅ ❛r❝s✂❝✿ ❅❄❃ ❛r❝s✂❝✆ ✝❤✂ ♦✉t♣✉t ✐s ♦♣t✐♠✐③✂❞ t♦ ✻t t❤✂ ●❅❏◗✿●❅❏◗ ♣✐①✂❧

❢♦r♠❛t ♦❢ t❤✂ ✔✔✰ ❞✂t✂❝t♦rs✆ ✙❛❝❤ s❧✐t❧✂t ✐s ❞✂s✐❣♥✂❞ t♦ ♣r♦❥✂❝t t♦ ✚ ♣✐①✂❧s ♦♥

t❤✂ ❞✂t✂❝t♦r✆ ✝❤✐s ②✐✂❧❞s ❛ r✂❝♦♥str✉❝t✂❞ ♣♦✐♥t s♣r✂❛❞ ❢✉♥❝t✐♦♥ ✭✓☎❋✮ ✄✐t❤ ❛

❳✵ ❩❭✒�☛❫❴✒❵ ✒④ ✍�✎❵❡❫✎⑤⑥ ❵❡☞☛�✎❡ ✇❴❫⑦ ⑧⑨⑩❫⑥✍❡ ✏❡❵❫⑤✎� ✁❫✎⑤✁



✷✳✷✳ ❖❇❙❊❘❱❆❚■❖◆❙

❢✉❧❧ ✇✐❞t❤ ❛t ❤❛❧❢✲♠❛①✐♠✉♠ ✭❋❲❍▼✮ ♦❢ ❛♣♣r♦①✐♠❛t❡❧② ✶✲� ❛r❝s❡❝✁ ✂❤❡ s♣❡❝tr♦✲

❣r❛♣❤ ✉s❡s ✈♦❧✉♠❡ ♣❤❛s❡ ❤♦❧♦❣r❛♣❤✐❝ ❣r❛t✐♥❣s t♦ ♣r♦✈✐❞❡ ❛ s♣❡❝tr❛❧ r❡s♦❧✉t✐♦♥

♦❢ ✄ ❂ ✸✵✵✵ ✭✶☎☎ ❦♠s✆✝ ❋❲❍▼✮ ❛♥❞ ✄ ❂ ✼✵✵✵ ✭✹✺ ❦♠ s✆✝ ❋❲❍▼✮✁

✞❧❧ t❛r❣❡ts ✇❡r❡ ♦❜s❡r✈❡❞ ✇✐t❤ t❤❡ s♣❡❝tr❛❧ r❡s♦❧✉t✐♦♥ ♦❢ ✄ ✘ ✼✵✵✵ ✐♥ t❤❡

✹✹✶✺➊✟☎✟☎ ✠✞ r❛♥❣❡✁ ✡❛❝❤ s♣❡❝tr✉♠ ✐s ✹☎✾✻ ♣✐①❡❧s ❧♦♥❣✱ r❡s✉❧t✐♥❣ ✐♥ ❛ ❧✐♥❡❛r

✇❛✈❡❧❡♥❣t❤ ❞✐s♣❡rs✐♦♥ ♣❡r ♣✐①❡❧ ♦❢ ✵✿✸☛ ✠✞ ❢♦r t❤❡ ❜❧✉❡ ❛♥❞ ✵✿☞✌ ✠✞ ❢♦r t❤❡ r❡❞ ❛t

✄ ✘ ✼✵✵✵✁ ✂❤✐s s♣❡❝tr❛❧ r❡s♦❧✉t✐♦♥ ❣✐✈❡s ❛ ♠❡❛♥ ❋❲❍▼ ✐♥str✉♠❡♥t❛❧ r❡s♦❧✉t✐♦♥

♦❢ ✹✺ ❦♠s✆✝ ♣❡r s♣❛①❡❧✱ s♦ ✇❡ ❝❛♥ ♠❡❛s✉r❡ t❤❡ r❛❞✐❛❧ ✈❡❧♦❝✐t② ✈❛r✐❛t✐♦♥ ♦❢ ✍✎ ✘

✌ ❦♠s✆✝✁ ✂❤❡ t②♣✐❝❛❧ s❡❡✐♥❣ ♦❢ ✍✏✘ ✑ ❛r❝s❡❝ ❡♥❛❜❧❡s ✉s t♦ ✐❞❡♥t✐❢② ♠♦r♣❤♦❧♦❣✐❡s

♦❢ P✒❡ ✇✐t❤ ❛♥❣✉❧❛r ❞✐❛♠❡t❡rs ❧❛r❣❡r t❤❛♥ ✶☎ ❛r❝s❡❝✁ ✞❧t❤♦✉❣❤ t❤✐s s♣❛t✐❛❧

r❡s♦❧✉t✐♦♥ ✐s ♥♦t ✐❞❡❛❧ ❢♦r st✉❞② ♦❢ ♠✐❝r♦✲str✉❝t✉r❡s ❛♥❞ ❝♦♠♣❛❝t P✒❡✱ ✐t ❝♦✉❧❞

r❡s♦❧✈❡ ✐♥❝❧✐♥❛t✐♦♥ ❛♥❣❧❡s ♦❢ ❝♦♠♣❛❝t P✒❡✁ ✞❧❧ t❛r❣❡ts ✇❡r❡ ♦❜s❡r✈❡❞ ✐♥ t❤❡

❝❧❛ss✐❝❛❧ ❞❛t❛ ❛❝❝✉♠✉❧❛t✐♦♥ ♠♦❞❡✁ ❲❡ ❛❧s♦ ❛❝q✉✐r❡❞ s❡r✐❡s ♦❢ ❜✐❛s✱ ❞♦♠❡ ✓❛t✲

✔❡❧❞ ❢r❛♠❡s✱ t✇✐❧✐❣❤t s❦② ✓❛ts✱ ❛r❝ ❧❛♠♣ ❡①♣♦s✉r❡s✱ ❛♥❞ ✇✐r❡ ❢r❛♠❡s ❢♦r ❞❛t❛

r❡❞✉❝t✐♦♥✱ ✓❛t✲✔❡❧❞✐♥❣ ❛♥❞ ✇❛✈❡❧❡♥❣t❤ ✫ s♣❛t✐❛❧ ❝❛❧✐❜r❛t✐♦♥s✁

✕✖✕✖✗ ✙✚✛✜✢✣ ✤✣✢✣✥✦✧★✩

❲❡ s❡❧❡❝t❡❞ ❛ s❛♠♣❧❡ ♦❢ ✶✪ ●❛❧❛❝t✐❝ P✒❡ ✇✐t❤ ❬❲✬❪ ❝❡♥tr❛❧ st❛rs ✭❈r♦✇t❤❡r

❡t ❛❧✁ ✶✾✾✽❀ ✞❝❦❡r ✫ ✒❡✐♥❡r �☎☎✪❀ ❲❡✐❞♠❛♥♥ ❡t ❛❧✁ �☎☎✽✮✱ ❛♥❞ ✺ ●❛❧❛❝t✐❝ P✒❡

✇✐t❤ ✯✰✴❁ ❢r♦♠ t❤❡ ❧✐t❡r❛t✉r❡ ✭✂②❧❡♥❞❛ ❡t ❛❧✁ ✶✾✾✶✱ ✶✾✾✪❀ ●♦r♥② ❡t ❛❧✁ ✶✾✾✟❀

●➫♦r♥② ❡t ❛❧✁ �☎☎✹✮✁ ✂❤❡s❡ ✇❡❧❧✲❦♥♦✇♥ ❬❲✬❪ P✒❡ ✇✐t❤ ❛ r❛♥❣❡ ❢r♦♠ ❡❛r❧②✲ t♦

❧❛t❡✲t②♣❡ ❛♥❞ ♠❛♥② ✇✐t❤ ❛✈❛✐❧❛❜❧❡ ❃❙❚ ✐♠❛❣✐♥❣ ❛❧❧♦✇❡❞ ✉s t♦ ✐❞❡♥t✐❢② ♠♦r✲

♣❤♦❧♦❣✐❡s s❡❡♥ ✐♥ ❞✐❢❢❡r❡♥t st❛❣❡s ♦❢ ♣♦st✲✞●❄ st❡❧❧❛r ❡✈♦❧✉t✐♦♥✁ ❄✉t✱ ❬❲❈▲❪

P✒❡ ❛r❡ ✉s✉❛❧❧② ✈❡r② ❝♦♠♣❛❝t✱ s✐♥❝❡ t❤❡② ❛r❡ t♦♦ ②♦✉♥❣ ✐♥ ❝♦♠♣❛r✐s♦♥ t♦ ❬❲❈✡❪

P✒❡✱ s♦ ✇❡ ❝❛♥♥♦t s❡❡ s✐❣♥✐✔❝❛♥t ❞❡t❛✐❧s ♦❢ t❤❡✐r ♠♦r♣❤♦❧♦❣✐❡s✁

❈✉rr❡♥t ❞❡t❛✐❧s ♦❢ t❤❡ ❈❅P✒❡ ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ✂❛❜❧❡ �✁✶✁ ✂❤❡ ✉s✉❛❧ P✒

♥❛♠❡s✱ s♣❡❝tr❛❧ ❝❧❛ss❡s ♦❢ t❤❡ ❝❡♥tr❛❧ st❛rs ✭♣r✐♠❛r✐❧② ❢r♦♠ ❈r♦✇t❤❡r ❡t ❛❧✁

✶✾✾✽❀ ✞❝❦❡r ✫ ✒❡✐♥❡r �☎☎✪✮✱ t❤❡ P✒● ♥✉♠❜❡rs ✭❢r♦♠ ✞❝❦❡r ❡t ❛❧✁ ✶✾✾�✮ ❛r❡

❆❁❉❏❑◗③ ❯❳❨✰❉❏❳❩ ✻✶
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❣✐✈❡♥ ✐♥ �♦❧✉♠♥s ✶➊✸✱ r❡s♣❡❝t✐✈❡❧②✁ ✂❝❦❡r ✫ ✄❡✐♥❡r ✭☎✵✵✸✮ ❝❧❛ss✐✆❡❞ t❤❡ �✝✞✄

✟✶✲✸☎ ✉♥❞❡r t❤❡ ✠✡☛☞✌✍✎✏ ❬❲✑✹❪✒✓✔ s✉❜❝❧❛ss ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ✇✐❞❡ ❋❲❍✟ ♦❢

� ✕✖✲✺✽✵✶✴✶☎ ❞♦✉❜❧❡t✱ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❛ t❡r♠✐♥❛❧ ✈❡❧♦❝✐t② ♦❢ ✗➙ ✬ ✘✾✙✙❦♠s✚✛❀

t②♣✐❝❛❧❧② ❤✐❣❤❡r t❤❛♥ ✗➙ ✬ ✜✙✙✙➊✸✵✵✵ ❦♠s✚✛ ♦❜s❡r✈❡❞ ✐♥ ♥♦r♠❛❧ ❬❲✑❪ �✝✞✄❡✁

✝✐♠✐❧❛r❧②✱ ❲❡✐❞♠❛♥♥ ❡t ❛❧✁ ✭☎✵✵✽✮ ❝❧❛ss✐✆❡❞ t❤❡ �✝✞✄ ✢❤ ☎✲✂ ❛s ♦❢ t②♣❡ ❬❲✑✸❪✒✓✔✱

❜❡❧♦♥❣✐♥❣ t♦ t❤♦s❡ ✇✐t❤ ❛ ✠✡☛☞✌✍✎✏ � ✕✖✲✺✽✵✶✴✶☎ ❞♦✉❜❧❡t✱ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❛

t❡r♠✐♥❛❧ ✈❡❧♦❝✐t② ♦❢ ✗➙ ✬ ✣✤✙✙❦♠s✚✛✁ ✢❤❡ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ❛♥❞ st❡❧❧❛r

❧✉♠✐♥♦s✐t②✱ t♦❣❡t❤❡r ✇✐t❤ t❤❡✐r r❡❢❡r❡♥❝❡s✱ ❛r❡ ❣✐✈❡♥ ✐♥ �♦❧✉♠♥s ✹➊✻✁ ✟♦st

st❡❧❧❛r ❧✉♠✐♥♦s✐t✐❡s ❤❛✈❡ ❜❡❡♥ ❝❤♦s❡♥ ❢r♦♠ t❤❡ ❧✐t❡r❛t✉r❡ ✭✥❛❧❡r ❡t ❛❧✁ ✶✦✦✶❀ ✧❡

✟❛r❝♦ ✫ �r♦✇t❤❡r ✶✦✦✽❀ ✂❝❦❡r ❡t ❛❧✁ ☎✵✵☎❀ ●❡s✐❝❦✐ ✫ ❩✐❥❧str❛ ☎✵✵✼✮✁ ❋♦r ✟✸✲✸✵

❛♥❞ ★� ✶☎✦✼✱ ✇❡ ❞❡r✐✈❡❞ t❤❡ st❡❧❧❛r ❧✉♠✐♥♦s✐t② ❢r♦♠ t❤❡ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ❢♦r

❤❡❧✐✉♠✲❜✉r♥✐♥❣ ♠♦❞❡❧s ❜② ❇❧➝♦❝❦❡r ✭✶✦✦✺❛✮ ❛♥❞ t❤❡ r❡❧❛t✐♦♥ ❜❡t✇❡❡♥ t❡r♠✐♥❛❧

✈❡❧♦❝✐t② ✭✗➙✮✱ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ✭✩✓✪✪✮ ❛♥❞ st❡❧❧❛r ♠❛ss ✭✯❄✮ ❣✐✈❡♥ ❜② ✞❛✉❧✲

❞r❛❝❤ ❡t ❛❧✁ ✭✶✦✽✽✮✁ ❋♦r ✢❤☎✲✂✱ ✇❡ ♦❜t❛✐♥❡❞ t❤❡ st❡❧❧❛r ❧✉♠✐♥♦s✐t② t❤r♦✉❣❤ t❤❡

st❛♥❞❛r❞ ❜♦❧♦♠❡tr✐❝ ❝♦rr❡❝t✐♦♥ ♠❡t❤♦❞ ✭✰❛❝❝❛ ❡t ❛❧✁ ✶✦✦✻❀ ✟❛ss❡② ❡t ❛❧✁ ☎✵✵✶✮

❢♦r ❛ ✗✲❜❛♥❞ ♠❛❣♥✐t✉❞❡ ♦❢ ✗ ❂ ✿❁❃✙❅ ✭�✐❛r❞✉❧❧♦ ❡t ❛❧✁ ✶✦✦✦✮ ❛♥❞ ❞✐st❛♥❝❡ ♦❢

❏ ❂ ✜✣✙✙♣❝ ✭✝t❛♥❣❤❡❧❧✐♥✐ ✫ ❍❛②✇♦♦❞ ☎✵✶✵✮✁ ❋♦r ✟✶✲✸☎✱ ✇❡ ✉s❡❞ ✗ ❂ ✿❁♠❛❣

✭✞❡➌♥❛ ❡t ❛❧✁ ☎✵✵✶✮ ❛♥❞ ❏❂ ✘❁✾◗ ♣❝ ✭✝t❛♥❣❤❡❧❧✐♥✐ ✫ ❍❛②✇♦♦❞ ☎✵✶✵✮✁ ❋♦r ✟☎✲✹☎✱

✇❡ ❛❞♦♣t❡❞✗ ❂ ✿❁♠❛❣ ❛♥❞ ❏❂✘❃✘ ❦♣❝ ✭✢❛❥✐ts✉ ✫ ✢❛♠✉r❛ ✶✦✦✽✮✁ ❋♦r t❤❡ ●❛❧❛❝✲

t✐❝ ❜✉❧❣❡ ✞✄ ✝❛✸✲✶✵✼✱ ✇❡ ❛ss✉♠❡❞ ❏ ❂ ◗❦♣❝ ❛♥❞ ✉s❡❞ ✗ ❂ ✿◗❃✘♠❛❣ ✭❯❛s❦❡r

❡t ❛❧✁ ☎✵✵✽✮✁ ✢❤❡ t❡r♠✐♥❛❧ ✈❡❧♦❝✐t② t♦❣❡t❤❡r ✇✐t❤ t❤❡ r❡❢❡r❡♥❝❡ ❛r❡ ♣r❡s❡♥t❡❞

✐♥ �♦❧✉♠♥s ✼ ❛♥❞ ✽✁ ✢❤❡ ♠❛ss✲❧♦ss r❛t❡s ✭�♦❧✉♠♥ ✦✮ ✇❡r❡ ❝❛❧❝✉❧❛t❡❞ ✉s✐♥❣

t❤❡ ❢♦r♠✉❧❛ ❣✐✈❡♥ ❜② ✄✉❣✐s ✫ ❯❛♠❡rs ✭☎✵✵✵✮✱ ❛♥❞ ❣✐✈❡♥ st❡❧❧❛r ❧✉♠✐♥♦s✐t✐❡s✱

❛♥❞ ❛❞♦♣t✐♥❣ t❤❡ t②♣✐❝❛❧ ❬❲❳❪ ❝❤❡♠✐❝❛❧ ❝♦♠♣♦s✐t✐♦♥ ♦❢ ❭ ❂ ✙❃✘✤ ❛♥❞ ❫ ❂ ✙❃✣◗✁

�♦❧✉♠♥s ✶✵ ♣r❡s❡♥ts t❤❡ st❡❧❧❛r ♠❛ss ❞❡t❡r♠✐♥❡❞ ❢r♦♠ t❤❡ ❤❡❧✐✉♠✲❜✉r♥✐♥❣ ❡✈♦✲

❧✉t✐♦♥❛r② ♠♦❞❡❧s ❜② ❇❧➝♦❝❦❡r ✭✶✦✦✺❛✮✁ ✢❤❡ ❡①♣♦s✉r❡ t✐♠❡ ✉s❡❞ ❢♦r ❡❛❝❤ ✞✄ ✐s

❣✐✈❡♥ ✐♥ �♦❧✉♠♥ ✶✶✁ ❋✐❣✁ ☎✁✶ s❤♦✇s ♣♦s✐t✐♦♥s ♦❢ t❤❡ �✝✞✄❡ ♦❢ ♦✉r s❛♠♣❧❡ ♦♥ t❤❡

❍❡rt③s♣r✉♥❣➊❳✉ss❡❧❧ ✭❍❳✮ ❞✐❛❣r❛♠ ❢♦r ❤②❞r♦❣❡♥✲❜✉r♥✐♥❣ ♠♦❞❡❧s ✭✰❛ss✐❧✐❛❞✐s ✫

❲♦♦❞ ✶✦✦✹✮ ❛♥❞ ❤❡❧✐✉♠✲❜✉r♥✐♥❣ ♠♦❞❡❧s ✭❇❧➝♦❝❦❡r ✶✦✦✺❛✮✁ ❲❡ ♥♦t✐❝❡ t❤❛t ❛❧❧

✻☎ ❴❵q✌☞④✍q⑤ q⑥ ✠✌✎⑤✡④✎✏⑦ ⑤✡⑧☞✌✎✡ ⑨✍④⑩ ❶❷❸④⑦✠✡ ☛✡⑤④✏✎✌ ❹④✎✏❹
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❈�P✁❡ ❛r❡ ❧♦❝❛t❡❞ ❜❡t✇❡❡♥ t❤❡ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ❢♦r t❤❡ ♣r♦❣❡♥✐t♦r ♠❛ss ♦❢

✶▼❏ ❛♥❞ ✹▼❏✂

✄☎✄☎✄ ❉✆✝✆ ✞✟✠✡☛✝☞✌✍

✎❛t❛ r❡❞✉❝t✐♦♥ ✇❛s ♣❡r❢♦r♠❡❞ ✉s✐♥❣ t❤❡ ♥❡✇❧② ❞❡✈❡❧♦♣❡❞ ✏✑✒❋ ♣✐♣❡❧✐♥❡ ✓✔✕✖✗✂✘

✙❤❡ r❡❞✉❝t✐♦♥ ♣r♦❝❡❞✉r❡ ❝♦♥s✐sts ♦❢ t❤❡ ❢♦❧❧♦✇✐♥❣ st❡♣s✿

✭✐✮ ❙✚✛✜✢✣✢✤✢✣✥ ✦✧★★✚✦✣✢✧✛✂ ✩❛❝❤ ❈❈✎ ♣✐①❡❧ ❤❛s ❛ s❧✐❣❤t❧② ❞✐❢❢❡r❡♥t s❡♥s✐t✐✈✐t②✱

✇❤✐❝❤ ♠❛❦❡s ♣✐①❡❧✲t♦✲♣✐①❡❧ ✈❛r✐❛t✐♦♥s ✐♥ t❤❡ s♣❡❝tr❛❧ ❞✐r❡❝t✐♦♥✂ ❲❡ ❝♦rr❡❝t❡❞

t❤✐s ❡❢❢❡❝t ✉s✐♥❣ t❤❡ ❣r♦✉♥❞ ✪❛t✲✫❡❧❞ ❢r❛♠❡s t❛❦❡♥ ✇✐t❤ ❡①♣♦s✉r❡s ♦❢ ❛ q✉❛rt③

✐♦❞✐♥❡ ✭◗✬✮ ❧❛♠♣✂ ✯❧❧ ❜✐❛s ❢r❛♠❡s ❛r❡ ❝♦♠❜✐♥❡❞ t♦ ❝r❡❛t❡ ❛ ♠❡❞✐✉♠✲❛✈❡r❛❣❡

❜✐❛s ❢r❛♠❡✱ ✇❤✐❝❤ ✐s s✉❜tr❛❝t❡❞ ❢r♦♠ ❡❛❝❤ ♦❢ t❤❡ ❝❛❧✐❜r❛t✐♦♥ ❢r❛♠❡s✂ ✙❤❡ ✪❛t✲

✫❡❧❞ ❢r❛♠❡s ❢r♦♠ ◗✬ ❧❛♠♣ ❡①♣♦s✉r❡s ❛r❡ ❝♦♠❜✐♥❡❞ t♦ ❝r❡❛t❡ ❛ ♠❛st❡r ✪❛t✲✫❡❧❞

❢r❛♠❡✂ ✙❤❡ ✫♥❛❧ ♠❛st❡r ✪❛t✲✫❡❧❞ ❢r❛♠❡ ✐s ✉s❡❞ t♦ r❡♠♦✈❡ ♣✐①❡❧✲t♦✲♣✐①❡❧ s❡♥s✐✲

t✐✈✐t② ✈❛r✐❛t✐♦♥s ❢r♦♠ t❤❡ s❝✐❡♥❝❡ ❞❛t❛✂

✭✐✐✮ ✰✴✤✚✵✚✛✸✣✺ ✦✴✵✢✻★✴✣✢✧✛✂ ❲❡ ♣❡r❢♦r♠❡❞ t❤❡ ✇❛✈❡❧❡♥❣t❤ ❝❛❧✐❜r❛t✐♦♥ ✉s✐♥❣

❈✉➊✯r ❛r❝ ❡①♣♦s✉r❡s t❛❦❡♥ ❛t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ t❤❡ ♥✐❣❤t✂ ✼♦r ❡❛❝❤ s❧✐t❧❡t t❤❡

❝♦rr❡s♣♦♥❞✐♥❣ ❛r❝ s♣❡❝tr✉♠ ✐s ❡①tr❛❝t❡❞✱ ❛♥❞ t❤❡♥ ✇❛✈❡❧❡♥❣t❤ s♦❧✉t✐♦♥s ❢♦r

❡❛❝❤ s❧✐t❧❡t ❛r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ❡①tr❛❝t❡❞ ❛r❝ ❧❛♠♣ s♣❡❝tr❛ ✉s✐♥❣ ❧♦✇✲♦r❞❡r

♣♦❧②♥♦♠✐❛❧s✂ ✙❤❡ ✏✑✒❋ ✽✾❀❁❁❂❃✗ t❛s❦ ❛♣♣❧✐❡s t❤❡ ✐❞❡♥t✐✫❡❞ ❛r❝✲❧✐♥❡ ♣♦s✐t✐♦♥s t♦

t❤❡ s❝✐❡♥❝❡ ❞❛t❛✂ ✙❤❡ ♣♦♦r q✉❛❧✐t② ♦❢ t❤❡ ❈✉➊✯r ❛r❝ ❡①♣♦s✉r❡s t❛❦❡♥ ✇✐t❤ t❤❡

❜❧✉❡ ❛r♠ ❞✐❞ ♥♦t ❛❧❧♦✇ ✉s t♦ ✉s❡ t❤❡ ❜❧✉❡ s♣❡❝tr❛ ❢♦r ♦✉r ❦✐♥❡♠❛t✐❝ ❛♥❛❧②s✐s✂
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✡✾☛ ✭❦✓✮ ✭✯❏✮ ✭✖✗✘✘✱ ✣✮ ✭❦♠s✰✴✮ ✭✥➙✮ ✭✒❏✹②r✮ ✭✻❏✮ ✭s✆❝✮
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✙ ✍✆❢✆r✆♥❝✆s t♦ st✆✟✟✞r ✟✉♠✐♥♦s✐t② ✞♥❞ ✆❢❢✆❝t✐✈✆ t✆♠♣✆r✞t✉r✆ ❣✐✈✆♥ ✐♥ ❝♦✟✉♠♥ ❁☞ ✦ ✍✆❢✆r✆♥❝✆s t♦ t✆r♠✐♥✞✟ ✈✆✟♦❝✐t② ❣✐✈✆♥ ✐♥ ❝♦✟✉♠♥ ✽☞ ✩ ✌❤✆

♠✞ss✲✟♦ss r✞t✆s ❝✞✟❝✉✟✞t✆❞ ✉s✐♥❣ t❤✆ ❢♦r♠✉✟✞ ❣✐✈✆♥ ✠② ☎✉❣✐s ✫ ✔✞♠✆rs ✭☛✵✵✵✮☞ ✪ ✬✈♦✟✉t✐♦♥✞r② tr✞❝❦s ♦❢ ❤✆✟✐✉♠✲✠✉r♥✐♥❣ ♠♦❞✆✟ ✠② ❇✟➝♦❝❦✆r

✭✏✾✾✺✞✮☞ ⑩ ✌❤✐s ✇♦r❦✱ st✞t✐st✐❝✞✟✟② ❢r♦♠ t❤✆ ♥✆✠✉✟✞r ✆①❝✐t✞t✐♦♥ ❝✟✞ss☞ ⑨ ✌❤✆ s♣✆❝tr✞✟ ❝✟✞ss ❣✐✈✆♥ ✠② ❲✆✐❞♠✞♥♥ ✆t ✞✟☞ ✭☛✵✵✽✮☞ ❴✆r✆ ✇✆ ✆st✐♠✞t✆❞

t❤✆ ✟✉♠✐♥♦s✐t② ✉s✐♥❣ t❤✆ st✞♥❞✞r❞ ✠♦✟♦♠✆tr✐❝ ❝♦rr✆❝t✐♦♥ ♠✆t❤♦❞✱ t❤✆ ✆❢❢✆❝t✐✈✆ t✆♠♣✆r✞t✉r✆ ❢r♦♠ ✄r✆✐t✆✲✒✞rt✐♥✆③ ✆t ✞✟☞ ✭✏✾✽✾✮ ✞♥❞ ✞✟s♦

st✞t✐st✐❝✞✟✟② ❢r♦♠ t❤✆ ♥✆✠✉✟✞r ✆①❝✐t✞t✐♦♥ ❝✟✞ss✱ ✞♥❞ t✆r♠✐♥✞✟ ✈✆✟♦❝✐t② ❢r♦♠ t❤✆ ✝ ❾❿✲✺✽✵✏✹✏☛ ❞♦✉✠✟✆t ✟✐♥✆ ♣r♦➀✟✆ ♦❢ t❤✆ ❝✆♥tr✞✟ st✞r☞ ➁ ✕t✆✟✟✞r

✟✉♠✐♥♦s✐t② ❢r♦♠ t❤✆ st✞♥❞✞r❞ ✠♦✟♦♠✆tr✐❝ ❝♦rr✆❝t✐♦♥ ♠✆t❤♦❞☞
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❋✐❣✉r❡ �✁✶✿ ✂❡❢t ♣❛♥❡❧✿ ✄♦s✐t✐♦♥s ♦❢ t❤❡ ❝❡♥tr❛❧ st❛rs ♦❢ ♦✉r s❛♠♣❧❡ ♦♥ t❤❡ ❍☎ ❞✐❛❣r❛♠ ❢♦r ❤②❞r♦❣❡♥✲❜✉r♥✐♥❣ ♠♦❞❡❧s
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♠❡t❛❧❧✐❝✐t② ✌ ❂ ✵☛✵✠✻ ❢r♦♠ ✍❛ss✐❧✐❛❞✐s ✫ ❲♦♦❞ ✎✶✏✏✑✒✁ ☎✐❣❤t ♣❛♥❡❧✿ ✓✈♦❧✉t✐♦♥❛r② tr❛❝❦s ❢♦r ❤❡❧✐✉♠✲❜✉r♥✐♥❣ ♠♦❞❡❧s ✇✐t❤

✭✆❩✝✞✟❀✆❄✮ ❂ ✭✠✡❏❀✵☛✺☞✹✡❏✮✱ ✭✸✡❏❀✵☛✻☞✺✡❏✮ ❛♥❞ ✭✺✡❏❀✵☛✽✸✻✡❏✮ ❢r♦♠ ❇❧➝♦❝❦❡r ✎✶✏✏✔❛✒✁ ✆❩✝✞✟ ✐s t❤❡ ③❡r♦✲❛❣❡

♠❛✐♥ s❡q✉❡♥❝❡ ✎✕✖✗✘✒ ♠❛ss ❛♥❞ ✆❄ t❤❡ ✙♥❛❧ ♣♦st✲✖●❇ ♠❛ss ♦❢ t❤❡ ❝❡♥tr❛❧ st❛r✁

✚
✚

✛
✜
✢
✣✤
✥✦✢
✧
✢
★
✩
✣✪
✧
✬
✥✪
✯
✰
✧
✬
✴
✤
✣✪
✬
❁
✦✥❃
❅
◗
❯✥✰
✩
✬
❳
✬
✧
✥✯
✪
✣
❬✥✪
✯
❬
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✭✐✐✐✮ ❙♣❛t�❛❧ ❝❛❧�❜r❛t�♦♥✁ ❲❡ ✂✄✄☎♠✆✝✐s❤❡❞ ✞❤❡ s✆✂✞✐✂✝ ✄✂✝✐✟✠✂✞✐☎✡ ✟② ✉s✐✡❣ s☎

✄✂✝✝❡❞ ❵✇✐✠❡✬ ❢✠✂♠❡s ☎✟✞✂✐✡❡❞ ✟② ❞✐❢❢✉s❡ ✐✝✝✉♠✐✡✂✞✐☎✡ ☎❢ ✞❤❡ ✄☎✠☎✡✂❣✠✂✆❤✐✄ ✂✆❡✠✲

✞✉✠❡ ✇✐✞❤ ✂ ◗☛ ✝✂♠✆✁ ☞❤✐s ✆✠☎✄❡❞✉✠❡ ✝☎✄✂✞❡s ☎✡✝② ✞❤❡ ✄❡✡✞❡✠ ☎❢ ❡✂✄❤ s✝✐✞✝❡✞✱ s✐✡✄❡

s♠✂✝✝ s✆✂✞✐✂✝ ❞✐s✞☎✠✞✐☎✡s ✟② ✞❤❡ s✆❡✄✞✠☎❣✠✂✆❤ ✂✠❡ ✄☎✠✠❡✄✞❡❞ ✟② ✞❤❡ ❲✐❋❡✌ ✄✂♠✲

❡✠✂s✁ ☞❤❡ ✍✎✏✑ ✒✓✔✕✖✗✘✙✔✖✚✛ ✞✂s❦ ❞❡✞❡✠♠✐✡❡ ✞❤❡ s✆✂✞✐✂✝ s☎✝✉✞✐☎✡s ❢☎✠ ✂✝✐❣✡✐✡❣

✞❤❡ s✆✂✞✐✂✝ s✄✂✝❡s ✂✝☎✡❣ ❡✂✄❤ s✝✐✞✝❡✞✁

✭✐✈✮ ❈♦✜✢�❝✣r❛✤ ❛♥✥ ❜❛✥ ♣�①✦❧ r✦✢♦✧❛❧✁ ★☎s♠✐✄ ✠✂②s ✂✡❞ ✟✂❞ ✆✐✩❡✝s ✇❡✠❡

✠❡♠☎✈❡❞ ❢✠☎♠ ✞❤❡ ✠✂✇❞✂✞✂ s❡✞ ✟❡❢☎✠❡ ✞❤❡ s❦② s✉✟✞✠✂✄✞✐☎✡✁ ❲❡ ✉s❡❞ ✞❤❡ ✍✎✏✑

✞✂s❦ ✪✒✫✕✯ ✖✰ ✭▲✴✵✶✕✯✰✖✫ ✆✂✄❦✂❣❡❀ ✈✂✡ ❉☎❦❦✉♠ ✸✹✹✺✮ ✞☎ ✠❡♠☎✈❡ ✄☎s♠✐✄ ✠✂②s

❢✠☎♠ ✞❤❡ ✠✂✇❞✂✞✂ ✻✝❡s✁ ☞❤❡ ✍✎✏✑✼✽✾✽✿✏✽ ✞✂s❦ ✖✰✘✗✖✔ ✇✂s ✉s❡❞ ✞☎ ♠✂✡✉✂✝✝②

✠❡♠☎✈❡ ✟✂❞ ✆✐✩❡✝s ✂✡❞ ✂✡② ✠❡♠✂✐✡✐✡❣ ✄☎s♠✐✄ ✠✂②s✁

✭✈✮ ❇❛❝❁❂r♦❃♥✥ ✜❃❜tr❛❝t�♦♥✁ ❄ s✉✐✞✂✟✝❡ s❦② ✇✐✡❞☎✇ ✇✂s s❡✝❡✄✞❡❞ ❢✠☎♠ ✞❤❡

s✄✐❡✡✄❡ ❞✂✞✂ ❢☎✠ ✞❤❡ s❦② s✉✟✞✠✂✄✞✐☎✡ ✆✉✠✆☎s❡✁

✭✈✐✮ ❅❧❃① ❝❛❧�❜r❛t�♦♥✁ ❲❡ ✄✂✝✐✟✠✂✞❡❞ ✞❤❡ s✄✐❡✡✄❡ ❞✂✞✂ ✞☎ ✂✟s☎✝✉✞❡ ●✉✩ ✉✡✐✞s ✉s✲

✐✡❣ ☎✟s❡✠✈✂✞✐☎✡s ☎❢ ✞❤❡ s✆❡✄✞✠☎✆❤☎✞☎♠❡✞✠✐✄ s✞✂✡❞✂✠❞ s✞✂✠ ❍❏ ✸❑▼ ✂✡❞ P☞☞❯❳❨▼✁

❄❢✞❡✠ ♠✂✡✉✂✝✝② ✠❡♠☎✈✐✡❣ ✂✟s☎✠✆✞✐☎✡ ❢❡✂✞✉✠❡s✱ ✂✡ ✂✟s☎✝✉✞❡ ✄✂✝✐✟✠✂✞✐☎✡ ✄✉✠✈❡ ✇✂s

✻✞✞❡❞ ✞☎ ✞❤❡ ✐✡✞❡❣✠✂✞❡❞ s✆❡✄✞✠✉♠ ✉s✐✡❣ ✂ ✞❤✐✠❞✲☎✠❞❡✠ ✆☎✝②✡☎♠✐✂✝✁ ☞❤❡ ●✉✩ ✄✂✝✐✲

✟✠✂✞✐☎✡ ✄✉✠✈❡ ✇✂s ✞❤❡✡ ✂✆✆✝✐❡❞ ✞☎ ✞❤❡ ☎✟❥❡✄✞ ❞✂✞✂ ✉s✐✡❣ ✞❤❡ s✞✂✡❞✂✠❞ ✍✎✏✑ ●✉✩✲

✄✂✝✐✟✠✂✞✐☎✡ ✞✂s❦s ✞☎ ✄☎✡✈❡✠✞ ✞☎ ✂✡ ✂✟s☎✝✉✞❡ ●✉✩ s✄✂✝❡✁

✭✈✐✐✮ ❩�❬❬✦r✦♥t�❛❧ ❛t✢♦✜♣❭✦r�❝ r✦❬r❛❝t�♦♥ ❝♦rr✦❝t�♦♥✁ ☞❤❡ ✠❡❢✠✂✄✞✐☎✡ ☎❢ ✝✐❣❤✞ ✟②

✞❤❡ ❍✂✠✞❤✬s ✂✞♠☎s✆❤❡✠❡ ✈✂✠✐❡s ✂✞ ❞✐❢❢❡✠❡✡✞ ✇✂✈❡✝❡✡❣✞❤s ✂✡❞ ☎✆✞✐✄✂✝ ✆✂✞❤ ✝❡✡❣✞❤

✞❤✠☎✉❣❤ ❍✂✠✞❤✬s ✂✞♠☎s✆❤❡✠❡✁ ☞☎ ✄☎✠✠❡✄✞ ✐✞✱ ✞❤❡ ✍✎✏✑ ✞✂s❦ ❪✚❫✘✗✓✫✘ ✉s❡s ✞❤❡

③❡✡✐✞❤ ❞✐s✞✂✡✄❡✱ ✆✂✠✂✝✝✂✄✞✐✄ ✂✡❣✝❡✱ ✂✡❞ ✝☎✄✂✝ ❤☎✉✠ ✂✡❣✝❡ ✂✞ ✞❤❡ ✞✐♠❡ ☎❢ ☎✟s❡✠✈✂✲

✞✐☎✡✱ ✂✡❞ ✄✠❡✂✞❡s ✂ ✞✂✟✝❡ ☎❢ ✂✞♠☎s✆❤❡✠✐✄ ✠❡❢✠✂✄✞✐☎✡✁ ☞❤✐s ✐s ✉s❡❞ ✞☎ ✂❞❥✉s✞ ❡✂✄❤

❞✂✞✂✄✉✟❡ ✇✂✈❡✝❡✡❣✞❤ s✝✐✄❡ ✂✡❞ ✠❡✝☎✄✂✞❡s ❡✂✄❤ s✝✐✄❡ ✐✡ ❴ ✂✡❞ q ✞☎ ✐✞s ❡✩✂✄✞ s✆✂✞✐✂✝

✆☎s✐✞✐☎✡ ✟② ✉s✐✡❣ ✞❤❡ ✍✎✏✑✼✽✾✽✿✏✽ ✞✂s❦ ✖✰✯④✖✚✔✁ ☞❤❡ ✂✟s☎✝✉✞❡ ●✉✩ s✄✂✝❡ ✐s ✞❤❡✡

✄☎✠✠❡✄✞❡❞ ❢☎✠ ✞❤❡ ✂✞♠☎s✆❤❡✠✐✄ ❡✩✞✐✡✄✞✐☎✡✁

✭✈✐✐✐✮ ■♥t✦r♣♦❧❛t�♦♥✁ ❄ ✝✐✡❡✂✠ ✐✡✞❡✠✆☎✝✂✞✐☎✡ ✞❡✄❤✡✐⑤✉❡ ✇✂s ✉s❡❞ ✞☎ ♠✐✡✐♠✐③❡

s✂♠✆✝✐✡❣ ✡☎✐s❡ ❞✉❡ ✞☎ ✐♠✂❣❡✲s✝✐✄✐✡❣ ☛❋⑥ s✂♠✆✝✐✡❣ ✞❡✄❤✡✐⑤✉❡ ✂✡❞ ✞☎ ✠❡✄☎✡s✞✠✉✄✞

❆✜❭❁❜�⑦ ❩❛♥✦❭❁❛r ❨❑
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s♠♦♦t❤ s✉r❢❛❝❡s ✐♥ �✲✁✂ ✄❡s✐❞✉❛❧ ❝♦s♠✐❝ r❛②s ✇❡r❡ ✐❞❡♥t✐☎❡❞ ❜② ☎♥❞✐♥❣ ♣✐①❡❧s

✇✐t❤ ✈❛❧✉❡s t❤❛t s✐❣♥✐☎❝❛♥t❧② ❡①❝❡❡❞ t❤❡ ♥❡✐❣❤❜♦r❤♦♦❞✂

✆✝✆✝✸ ✞✟✠✡☛☞✌✍ ☛✎✌✏☛✑✏ ✒✌✓✌

✔♦ ♣❡r❢♦r♠ ♦✉r ❛♥❛❧②s✐s ❢♦r ❝♦♠♣❛❝t ✕✖❡✱ ✇❡ ♦❜t❛✐♥❡❞ ❍✗✘✘✙✚ ✛✜✢✣✚ ✤✚✙✚✥✣✦✜✚

✭✧★✔✮ ❜r♦❛❞✲ ♦r ♥❛rr♦✇✲❜❛♥❞ ✐♠❛❣❡s ♦❢ ✕❇✻✱ ✧❜✹✱ ✕❡✶✲✶✱ ✩✪✲✶✺✱ ✩✶✲�✺✱

✧❡♥�✲✶✹�✱ ✧❡♥ ✪✲✶✪✪✪✱ ✧❡♥�✲✶✶✪✱ ✖●✫ ✻✺✼✽✱ ✖●✫✻✺✻✼ ❛♥❞ ✖●✫✻✻�✾ ❢r♦♠

t❤❡ ❍✛✤ ❛r❝❤✐✈❡✂ ✔❤❡s❡ ✐♠❛❣❡s ❛r❡ ❧✐st❡❞ ✐♥ ✔❛❜❧❡ �✂�✱ t♦❣❡t❤❡r ✇✐t❤ t❤❡ ❝♦rr❡✲

s♣♦♥❞✐♥❣ ♣r♦❣r❛♠♠❡ ✬✁s✂ ❲❡ ✉s❡❞ t❤❡ ✯✰✴❋ t❛s❦ ✵✿❀❁❂ ❃❄ t♦ r❡♠♦✈❡ ❝♦s♠✐❝

r❛②s ❢r♦♠ t❤❡♠✂

❅✐❣✂ �✂� s❤♦✇ t❤❡ ❍✛✤ ✐♠❛❣❡s ♦❢ t❤❡s❡ ♦❜❥❡❝ts✂ ✔❤❡ s❤♦rt ❡①♣♦s✉r❡ t✐♠❡ ❛♥❞

t❤❡ ✩✬✄❏✬★ ❧♦♥❣✲♣❛ss ☎❧t❡r ✉s❡❞ ❢♦r ✕❇✻ ✐s ♥♦t s✉✐t❛❜❧❡ ❢♦r st✉❞② ♦❢ t❤❡ ♠♦r✲

♣❤♦❧♦❣②✂ ★✐♠✐❧❛r❧②✱ t❤❡ ❅✪✺◗❯✕ ❛♥❞ ❅✺✺✺❲ ♣❧❛❝❡ s♦♠❡ ❧✐♠✐t❛t✐♦♥s ❛s t❤❡② ❛r❡

♥♦t s✉✐t❛❜❧❡ ❢♦r ✐❞❡♥t✐❢②✐♥❣ ❛♥② ❅❯✬❳✄s✂ ✔❤❡ ❍✛✤ ✐♠❛❣❡ t❛❦❡♥ ❜② t❤❡ ❅✪✺◗❯✕

☎❧t❡r s❤♦✇s t❤❡ ❛s♣❤❡r✐❝❛❧ ♠♦r♣❤♦❧♦❣② ♦❢ ✕❡ ✶✲✶✂ ✔❤❡ ❅✻✺✻✖ ♥❛rr♦✇✲❜❛♥❞ ☎❧t❡r

✉s❡❞ ❢♦r ✩✪✲✶✺✱ ✩✶✲�✺ ❛♥❞ ✧❡♥�✲✶✹� ❝❧❡❛r❧② s❤♦✇ t❤❡ ❡❧❧✐♣t✐❝❛❧ ♠♦r♣❤♦❧♦❣②✂

✧❡♥✪✲✶✪✪✪ ❛♥❞ ✧❡♥�✲✶✶✪ ❛r❡ ②♦✉♥❣ ❛♥❞ ❝♦♠♣❛❝t✱ ❛♥❞ ✐t ✐s ❞✐❢☎❝✉❧t t♦ ❞❡t❡r✲

♠✐♥❡ t❤❡✐r ♠♦r♣❤♦❧♦❣② ✉s✐♥❣ t❤❡ ❍✛✤ ✐♠❛❣❡s✂ ❅♦r ❝♦♠♣❛❝t ❜✐♣♦❧❛r ✕✖❡✱ ✇❡ ❝❛♥

♦♥❧② ❞❡t❡r♠✐♥❡ t❤❡✐r ♦r✐❡♥t❛t✐♦♥ ❢r♦♠ ♦✉r ✬❅❩ ❦✐♥❡♠❛t✐❝ ♠❛♣s✂

❅✐❣✂ �✂✪ s❤♦✇s t❤❡ ♥❛rr♦✇ ❜❛♥❞ ✧❬❭❪✖ ✯✯❫ ✐♠❛❣❡s ♦❢ ♦t❤❡r ♦❜❥❡❝ts✱ t❛❦❡♥

✇✐t❤ t❤❡ ✪✂✺✲♠ ❳★❴ ✖❡✇ ✔❡❝❤♥♦❧♦❣② ✔❡❧❡s❝♦♣❡ ✭✖✔✔✮ ❜② ★❝❤✇❛r③ ❡t ❛❧✂ ✭✶✾✾�✮✱

✇❤✐❝❤ ❝❛♥ ❜❡ ❝♦♠♣❛r❡❞ ✇✐t❤ t❤❡ ✬❅❩ ♠❛♣s✂ ✔❤r❡❡ ♦❢ t❤❡♠✱ ✩✪✲✪◗✱ ✬✫ ✶�✾✼ ❛♥❞

✩✶✲✪�✱ ❤❛✈❡ ❡❧❧✐♣t✐❝❛❧ ✭r✐♥❣✮ ♠♦r♣❤♦❧♦❣✐❡s✂ ❵ �✲✶✻ ❛♣♣❛r❡♥t❧② ❤❛s ❛ s♣❤❡r✐❝❛❧

♠♦r♣❤♦❧♦❣②✂ ✧♦✇❡✈❡r✱ ♦✉r ✬❅❩ ❦✐♥❡♠❛t✐❝ ♠❛♣s ♣♦✐♥ts t♦ ❛♥ ❛s♣❤❡r✐❝❛❧ ♠♦r✲

♣❤♦❧♦❣②✂

✻✽ q④✦✙✗⑤⑥✦⑦ ✦⑧ ✜✙✢⑦✚⑤✢⑨⑩ ⑦✚✘✗✙✢✚ ❶⑥⑤❷ ❸❹❺⑤⑩✜✚ ✣✚⑦⑤⑨✢✙ ✥⑤✢⑨✥
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❋✐❣✉r❡ �✁✂✿ ✄❛rr♦✇ ❜❛♥❞ ❍☎✰❬✄ ✆✆❪ ✐♠❛❣❡s ♦❢ ▼✂✲✂✵✱ ✝❈ ✶�✾✼✱ ▼✶✲✂� ❛♥❞
❑�✲✶✻ t❛❦❡♥ ✇✐t❤ t❤❡ ✂✁✺✲♠ ✞✟✠ ✄❡✇ ✡❡❝❤♥♦❧♦❣② ✡❡❧❡s❝♦♣❡ ✭✄✡✡✮ ❜② ✟❝❤✇❛r③
❡t ❛❧✁ ✭✶✾✾�✮✁ ✄♦rt❤ ✐s ✉♣ ❛♥❞ ❡❛st ✐s t♦✇❛r❞ t❤❡ ❧❡❢t✲❤❛♥❞ s✐❞❡✁

☛☞✌ ✍✎✏✑✒✈✓✔✕✖✗✓✘ ✒✑✏✙✘✔✏

✚✛✜✛✢ ✣✤✥✦✧★✩✪ ✫✬✯ ✧①✴✫✬✥✩✹✬ ✽✧❀✹✪✩✦✩✧✥

✡❛❜❧❡ �✁✂ ❧✐sts ♦✉r ❁❡❧♦❝✐t② r❡s✉❧ts ❢♦r ❞✐❢❢❡r❡♥t ❡♠✐ss✐♦♥ ❧✐♥❡s ♦❢ t❤❡ ✐♥t❡❣r❛t❡❞

s♣❡❝tr✉♠ ♦❢ ❡❛❝❤ P✄✁ ❈♦❧✉♠♥ � ♣r❡s❡♥ts t❤❡ ❧♦❝❛❧ st❛♥❞❛r❞ ♦❢ r❡st ✭❂✟❃✮ s②s✲

t❡♠✐❝ ❁❡❧♦❝✐t② ✭❄❅❉❅✮ ❞❡r✐❁❡❞ ❢r♦♠ t❤❡ ❍☎ ❡♠✐ss✐♦♥ ❧✐♥❡✱ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡

♠❡❛♥ ❂✟❃ ❁❡❧♦❝✐t② ♦❢ t❤❡ ✇❤♦❧❡ ♥❡❜✉❧❛✱ ✇❤✐❝❤ ✐s ❝♦♠♣❛r❡❞ ✇✐t❤ t❤❡ ♣r❡❁✐♦✉s❧②

♣✉❜❧✐s❤❡❞ ❁❛❧✉❡ ❢r♦♠ ●✉r❛♥❞ ❡t ❛❧✁ ✭✶✾✾❏✮ ✐♥ ❈♦❧✉♠♥ ✂✁ ✡❤❡ ❂✟❃ ❁❡❧♦❝✐t② ✐s

❞❡◗♥❡❞ ❛s t❤❡ ❧✐♥❡ ♦❢ s✐❣❤t r❛❞✐❛❧ ❁❡❧♦❝✐t②✱ tr❛♥s❢❡rr❡❞ t♦ t❤❡ ❧♦❝❛❧ st❛♥❞❛r❞ ♦❢

r❡st ❜② ❝♦rr❡❝t✐♥❣ ❢♦r t❤❡ ♠♦t✐♦♥s ♦❢ t❤❡ ✞❛rt❤ ❛♥❞ ✟✉♥✁ ✠✉r ❡❲♣❛♥s✐♦♥ ❁❡✲

❧♦❝✐t✐❡s ✭❄❳❨❩✮ ❞❡r✐❁❡❞ ❢r♦♠ t❤❡ ❤❛❧❢ ✇✐❞t❤ ❛t ❤❛❧❢ ♠❛❲✐♠✉♠ ✭❍❭❍▼✮ ❢♦r ❍☎

❫✻✺✻✂✱ ❬✄ ✆✆❪ ❫❫✻✺❴❏✱✻✺❏❴ ❛♥❞ ❬✟ ✆✆❪ ❫❫✻✼✶✻✱✻✼✂✶✱ ❛♥❞ ❛❁❡r❛❣❡ ❍❭❍▼ ❁❛❧✲

✉❡s ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❝♦❧✉♠♥s ❴➊✼✱ r❡s♣❡❝t✐❁❡❧②✁ ❈♦❧✉♠♥ ❏ ♣r♦❁✐❞❡s t❤❡ ❡❲✲

♣❛♥s✐♦♥ ❁❡❧♦❝✐t② ❢r♦♠ t❤❡ r❡❢❡r❡♥❝❡ ❣✐❁❡♥ ✐♥ ❈♦❧✉♠♥ ✾✁ ✡❤❡ ✝❋❵ ❞❛t❛ ❛♥❞

❆❥q④⑤⑥⑦ ⑧⑨⑩❶q④⑨❷ ✼✶
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❝❧❡❛r❧② ✭s❡❡ ✂❡❝t✐♦♥ ✄☎✹✮✱ ✇❤✐❝❤ ❛r❡ s✉♠♠❛r✐③❡❞ ✐♥ ✆♦❧✉♠♥s ✶✵ ❛♥❞ ✶✶❀ t❤❡ ♣r✐✲

♠❛r② ♠♦r♣❤♦❧♦❣✐❝❛❧ ❝❧❛ss✐✝❝❛t✐♦♥ ❛♥❞ t❤❡ s❡❝♦♥❞❛r② ❞❡s❝r✐♣t♦rs✱ ❣✐✈✐♥❣ ❞❡t❛✐❧s

❛❜♦✉t ♦t❤❡r ❝❤❛r❛❝t❡r✐st✐❝s ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❝❧❛ss✐✝❝❛t✐♦♥ ❝♦❞❡s ✐♥tr♦❞✉❝❡❞ ❜②

✂❛❤❛✐ ❡t ❛❧☎ ✭✄✵✶✶✮☎ ✞❤✐s ❝❧❛ss✐✝❝❛t✐♦♥ ❤❛s ❢♦✉r ♣r✐♠❛r② ❝❧❛ss❡s✿ ❜✐♣♦❧❛r ✭❇✮✱

❡❧❧✐♣t✐❝❛❧ ✭✟✮✱ ♠✉❧t✐♣♦❧❛r ✭✠✮✱ ❛♥❞ ✐rr❡❣✉❧❛r ✭✡✮☎ ✞❤❡ ❇ ❝❧❛ss ✐s ❞❡✝♥❡❞ ❜② ♦❜❥❡❝ts

❤❛✈✐♥❣ t✇♦ ♣r✐♠❛r②✱ ❞✐❛♠❡tr✐❝❛❧❧② ♦♣♣♦s❡❞ ❧♦❜❡s✱ ❝❡♥t❡r❡❞ ♦♥ ✐ts ❡①♣❡❝t❡❞ ❧♦✲

❝❛t✐♦♥☎ ✞❤❡ ✟ ❝❧❛ss r❡♣r❡s❡♥ts ♦❜❥❡❝ts ✇❤✐❝❤ ❛r❡ ❡❧❧✐♣t✐❝❛❧ ❛❧♦♥❣ ❛ s♣❡❝✐✝❝ ❛①✐s☎

✞❤❡ ✠ ❝❧❛ss ❞❡✝♥❡s ♦❜❥❡❝ts s❤♦✇✐♥❣ ♠♦r❡ t❤❛♥ ♦♥❡ ♣r✐♠❛r② ❧♦❜❡ ♣❛✐rs ✇❤♦s❡

❛①❡s ❛r❡ ♥♦t ❛❧✐❣♥❡❞☎ ✞❤❡ ✡ ❝❧❛ss ✐s ❞❡✝♥❡❞ ❜② ♦❜❥❡❝ts ❞♦ ♥♦t ❞✐s♣❧❛② ❛♥② ❣❡✲

♦♠❡tr✐❝❛❧ s②♠♠❡tr②☎ ✞❤❡ str✉❝t✉r❡ ♠❛② ❜❡ ♦♣❡♥ ♦r ❝❧♦s❡❞ ❛t t❤❡✐r ♦✉t❡r ❡♥❞s✱

✇❤✐❝❤ ❞❡♥♦t❡❞ ❜② ❵☛✬ ♦r ❵☞✬✱ r❡s♣❡❝t✐✈❡❧②☎ ✞❤❡ s❡❝♦♥❞❛r② ❞❡s❝r✐♣t♦rs ❞❡s❝r✐❜❡

♦t❤❡r str✉❝t✉r❛❧ ❢❡❛t✉r❡s ✐♥ t❤❡ ❇✱ ✟ ❛♥❞ ✠ ❝❧❛ss❡s☎ ✞❤❡ ♣♦✐♥t s②♠♠❡tr② ✐s ❞❡✲

♥♦t❡❞ ❜② ✌✍✿ ❞✉❡ t♦ t✇♦ ♦r ♠♦r❡ ♣❛✐rs ♦❢ ❞✐❛♠❡tr✐❝❛❧❧② ♦♣♣♦s❡❞ ❧♦❜❡s ❜② ✌✍✎✏✑✱

❞✐❛♠❡tr✐❝❛❧❧② ♦♣♣♦s❡❞ ❛♥s❛❡ ❜② ✌✍✎✒✓✑ ❛♥❞ ♦✈❡r❛❧❧ s❤❛♣❡ ♦❢ t❤❡ ❧♦❜❡s ❜② ✌✍✎✍✑☎

✔✐♥❣s ♣r♦❥❡❝t❡❞ ♦♥ ❧♦❜❡s ✐s ❞❡♥♦t❡❞ ❜② ✕✖☎ ✞❤❡ ❝❡♥tr❛❧ r❡❣✐♦♥ ✇✐t❤ ❛ t♦r♦✐❞❛❧

str✉❝t✉r❡ ✐s ❞❡✝♥❡❞ ❜② ❵✗✬☎

❲❡ ❝♦rr❡❝t❡❞ t❤❡ ♦❜s❡r✈❡❞ r❛❞✐❛❧ ✈❡❧♦❝✐t② ✘✙✚✛ ❢♦r t❤❡ r❛❞✐❛❧ ✈❡❧♦❝✐t✐❡s ✐♥✲

❞✉❝❡❞ ❜② t❤❡ ♠♦t✐♦♥s ♦❢ t❤❡ ✜❛rt❤ ❛♥❞ ✂✉♥ ❛t t❤❡ t✐♠❡ ♦❢ ♦✉r ♦❜s❡r✈❛t✐♦♥ ❜②

✉s✐♥❣ t❤❡ ✢✣✤❋✴✤✥✦❯✦✢✧ t❛s❦ ★✩✪✫★★✯✪✰✱ t❤❛t r❡♣r❡s❡♥ts t❤❡ ✸✂✔ r❛❞✐❛❧ ✈❡❧♦❝✐t②☎

❲❡ ❛❧s♦ ❝♦rr❡❝t❡❞ t❤❡ ♠❡❛s✉r❡❞ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ✭✺✙✚✛✮ ❢♦r t❤❡ ✐♥str✉♠❡♥t❛❧

✇✐❞t❤ ❛♥❞ t❤❡ t❤❡r♠❛❧ ❜r♦❛❞❡♥✐♥❣ ❛❝❝♦r❞✐♥❣ t♦ ✺✻✼✽✾ ❂ ❁✺❃
✙✚✛ ❄✺❃

❅●✛ ❄✺❃
✻❍ ❄✺❃

❏✛◗
❳❩❃☎

✞❤❡ ✐♥str✉♠❡♥t❛❧ ✇✐❞t❤ ✺❅●✛ ✐s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❬❭ ✢❪❫❴❴qq ❛♥❞ ❫④⑤✵✵ ♥✐❣❤t

s❦② ❧✐♥❡s✱ ✇❤✐❝❤ ✐s t②♣✐❝❛❧❧② ✺❅●✛ ⑥ ⑦⑧❦♠s⑨❳ ❢♦r t❤❡ ❲✐⑩❡✂ ❛t t❤❡ ❝❤♦s❡♥ s♣❡❝✲

tr❛❧ r❡s♦❧✉t✐♦♥ ♦❢ ❶ ❷ ❸❹❹❹☎ ✞❤❡ t❤❡r♠❛❧ ❜r♦❛❞❡♥✐♥❣ ✺✻❍ ✐s ♦❜t❛✐♥❡❞ t❤r♦✉❣❤

t❤❡ ❺♦❧t③♠❛♥♥✬s ❡❻✉❛t✐♦♥ ✺❃
✻❍ ❂ ⑧❼❽❾❿❬➀➁❪➂➃ ➄❦♠s⑨❳➅✱ ✇❤❡r❡ ➃ ✐s t❤❡ ❛t♦♠✐❝

✇❡✐❣❤t ♦❢ t❤❡ ❛t♦♠ ♦r ✐♦♥☎ ✞❤❡ ♦❜s❡r✈❡❞ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ✺✙✚✛ s❤♦✉❧❞ ❜❡ ❛❧s♦

❝♦rr❡❝t❡❞ ❢♦r t❤❡ ✝♥❡ str✉❝t✉r❡ ❜r♦❛❞❡♥✐♥❣ ✺❏✛ ✐♥ t❤❡ ❤②❞r♦❣❡♥ r❡❝♦♠❜✐♥❛t✐♦♥

❧✐♥❡s✱ t❤❛t ✐s t②♣✐❝❛❧❧② ✺❏✛ ⑥ ❽ ❦♠s⑨❳ ❢♦r ➆➇ ✭✆❧❡❣❣ ❡t ❛❧☎ ✶➈➈➈✮☎ ✞❤❡ ❡①♣❛♥s✐♦♥

q✄ ✟➉☛➊➋✗➌☛✓ ☛➍ ✌➊✒✓➎✗✒✕➏ ✓➎➐➋➊✒➎ ➑➌✗➒ ➓➔→✗➏✌➎ ☞➎✓✗✕✒➊ ✍✗✒✕✍



✷✳✸✳ ❖❇❙❊❘❱❆❚■❖◆❆▲ ❘❊❙❯▲❚❙

✈❡❧♦❝✐t✐❡s ✇❡r❡ ♦❜t❛✐♥❡❞ t❤r♦✉❣❤ t❤❡ ♦❜s❡r✈❡❞ tr✉❡ ❍❲❍▼ ♦❢ t❤❡ ✐♥t❡❣r❛t❡❞

✄✉① ❛❝r♦ss t❤❡ ✇❤♦❧❡ ♥❡❜✉❧❛✱ ✐�❡� ✁✂☎✂✆ ❂ ✭✽✝✞✭✟✮✮✶✠✡☛☞✌✍✎✏✟ ❬❦♠s✑✶❪�

▼❡❛s✉r✐♥❣ t❤❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ❜② ♠❡❛♥s ♦❢ t❤❡ ❍❲❍▼ ♠❡t❤♦❞ ✐s ♥♦t

✈❡r② ❢r✉✐t❢✉❧ ❢♦r ♠♦r❡ ❞❡t❛✐❧❡❞ ❦✐♥❡♠❛t✐❝ st✉❞✐❡s� ✒❤❡ r❛❞✐❛t✐♦♥✲❤②❞r♦❞②♥❛♠✐❝s

♠♦❞❡❧s ❜② ✓❝❤➝♦♥❜❡r♥❡r ❡t ❛❧� ✔✕✵✖✵✗ s❤♦✇❡❞ t❤❛t t❤❡ ❍❲❍▼ ✈❡❧♦❝✐t✐❡s ♦❢

✈♦❧✉♠❡✲✐♥t❡❣r❛t❡❞ ❧✐♥❡ ♣r♦✘❧❡s ❛❧✇❛②s ✉♥❞❡r❡st✐♠❛t❡ t❤❡ tr✉❡ ❡①♣❛♥s✐♦♥ ✈❡✲

❧♦❝✐t②� ✒❤❡② ❛❧s♦ ❢♦✉♥❞ t❤❛t t❤❡ ❍❲❍▼ ♠❡t❤♦❞ ✐s s✉✐t❛❜❧❡ ❢♦r s❧♦✇❧② ❡①♣❛♥❞✲

✐♥❣ ♦❜❥❡❝ts✱ ❜✉t ✐t ❞♦❡s ♥♦t r❡✄❡❝ts r❡❛❧ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t✐❡s ♦❢ ❧❛r❣❡r s♣❛t✐❛❧❧②

r❡s♦❧✈❡❞ ♦❜❥❡❝ts� ❋♦r t❤❡ ▼❛❣❡❧❧❛♥✐❝ ❈❧♦✉❞ P✙❡✱ ❉♦♣✐t❛ ❡t ❛❧� ✔✖✾✚✺✱ ✖✾✚✚✗

❛ss✉♠❡❞ t❤❛t ✛✎✜✢ ❂ ✣✿✽✟✁✂☎✂✆✱ ♥❡❛r❧② t✇✐❝❡ t❤❡ ♠♦r❡ ✇✐❞❡s♣r❡❛❞ ✉s❡ ♦❢ t❤❡

❍❲❍▼ ✈❡❧♦❝✐t②� ✒❤✐s ❞❡✘♥✐t✐♦♥ ♠❡❛s✉r❡s t❤❡ ♠❛①✐♠✉♠ ❣❛s ✈❡❧♦❝✐t② ❜❡❤✐♥❞ t❤❡

♦✉t❡r s❤♦❝❦� ✤t ♠❛② ♥♦t r❡♣r❡s❡♥t t❤❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ t❤❡ ♥❡❜✉❧❛r s❤❡❧❧�

❍❡r❡✱ ✇❡ ❤♦✇❡✈❡r ❛ss✉♠❡❞ ✛✎✜✢ ❂ ✁✂☎✂✆✱ ✇❤✐❝❤ ♠❡❛s✉r❡s t❤❡ ❡①♣❛♥s✐♦♥ ♦❢ ❛

s♣❤❡r✐❝❛❧ ❣❛s❡♦✉s s❤❡❧❧� ✤♥ ✓❡❝t✐♦♥ ✕�✹✱ ✇❡ s❡❡ t❤❛t t❤❡ ❍❲❍▼ ✈❡❧♦❝✐t✐❡s ♦✈❡r✲

❡st✐♠❛t❡ t❤❡ tr✉❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ s♦♠❡ ♥❡❜✉❧❛r s❤❡❧❧✥ ▼ ✦✲✦✵✱ ✤❈ ✖✕✾✼

❛♥❞ ▼ ✖✲✦✕� ✒❤❡s❡ ❡rr♦rs ❝❛♥ ❜❡ ❞✉❡ t♦ t❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ ❋✧✤★✩s ❡♠❜❡❞❞❡❞

✐♥ t❤❡ ♠❛✐♥ str✉❝t✉r❡�

❆✪✫✬✯✰③ ✴✻❀❁✫✬✻❃ ✼✦
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�❛❜❧❡ ✁✂✸✿ ✄☎✆ s②st❡♠✐❝ ✈❡❧♦❝✐t✐❡s✱ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t✐❡s ❛♥❞ ♠♦r♣❤♦❧♦❣✐❝❛❧ ❝❧❛ss✐✝❝❛t✐♦♥ ❢♦r ✞✟❡✂ ✆❡❢❡r❡♥❝❡s ❛r❡ ❛s

❢♦❧❧♦✇s✿ ✠✼✻ ➊ ✠❝❦❡r ✭✶✾✼✻✮❀ ✠✵✁ ➊ ✠❝❦❡r ❡t ❛❧✂ ✭✁✵✵✁✮❀ ✠✶✁ ➊ ✠❦r❛s ✫ ✄➫♦♣❡③ ✭✁✵✶✁✮❀ ✡✾✼ ➊ ✡❡ ☛❛r❝♦ ❡t ❛❧✂ ✭✶✾✾✼✮❀

✡✾✽ ➊ ✡✉r❛♥❞ ❡t ❛❧✂ ✭✶✾✾✽✮❀ ●✾✻ ➊ ●❡s✐❝❦✐ ✫ ✠❝❦❡r ✭✶✾✾✻✮❀ ●✵✼ ➊ ●❡s✐❝❦✐ ✫ ❩✐❥❧str❛ ✭✁✵✵✼✮❀ ●✵✾ ➊ ●❛r❝➫✑❛✲✆♦❥❛s ❡t ❛❧✂

✭✁✵✵✾✮❀ ✄✾✼ ➊ ✄♦♣❡③ ❡t ❛❧✂ ✭✶✾✾✼✮❀ ☛✽✽ ➊ ☛❡❛t❤❡r✐♥❣❤❛♠ ❡t ❛❧✂ ✭✶✾✽✽✮❀ ☛✵✻ ➊ ☛❡❞✐♥❛ ❡t ❛❧✂ ✭✁✵✵✻✮❀ ✞✵✶ ➊ ✞❡➌♥❛ ❡t ❛❧✂

✭✁✵✵✶✮❀ ✆✵✾ ➊ ✆✐❝❤❡r ❡t ❛❧✂ ✭✁✵✵✾✮❀ ❲✽✾ ➊ ❲❡✐♥❜❡r❣❡r ✭✶✾✽✾✮✂

☞✌✍✎ ✏✒✓✒✔❍✕✖ ✏✒✓✒✔✗✍ ✘✙✚✖ ✛✜✢✜✣✔✗✍✘✙✚✖ ✏✤✥✦
✧ ★✎✩✪ ✧ ✬✯✰✴✹✯✺✯❁❂❃

✔✗✍ ✘✙✚✖ ❄❅❇ ❍✕ ❬☞ ❋❋❪ ❬❏ ❋❋❪ ✬✎✌◗ ✔✗✍✘✙✚✖ ✔✏✤✥✦✖ ❯ ❏

❯❳ ❭ ❫❴❵q ④❫❵⑤⑥q❵⑦ ⑦❫❵❫ ⑦❴❵❫ ⑦⑧❵⑨ ⑦❴❵⑤⑥❴❵④ ⑦⑩⑥④ ❶❷❅ ❸❹❺❻ ✴✘✔✍✖❻

✬❼❽❼❷ ❾⑤❵❴ ⑨❾❵⑦⑥q④❵⑧ ⑦q❵⑨ ④q❵⑤ ⑦❫❵⑧ ⑦⑨❵❴⑥❫❵q ⑦❾❵⑦q⑥❫ ✬❷❭ ❸❿✯ ✰❁❿✴✘✔✌◗✖

❍➀ ➁ ➂④❫❵⑤ ➂④⑩❵❫⑥q❵❫ ❴⑦❵❴ ❴④❵⑧ ❴❴❵④ ❴⑦❵❴⑥⑧❵⑩ ❴q❵❫ ➃❅➄ ❸❿✯ ✰❁❿✴✘✔✌◗✖
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✝❤✘r✡ ✞①♣✘✝✔r✞ ✡✠♠✞ ✭✚ ❂ ✛✛ ✝✞✕✮ ✌✟✖ ✡❤✞ ✜✢✣✤✢✥ ✒✘✟❣✲♣✌✝✝ ✓✒✡✞r ✭✹✾✺✵➊✾✹✺✵

✦✆✮ ✖✠✖ ✟✘✡ r✞✗✞✌✒ ♠✔✕❤ ✖✞✡✌✠✒ ✘✧ ✡❤✞ ✟✞✍✔✒✌ ✝✡r✔✕✡✔r✞☎ ★✔r ✢❋❯ ✗✞✒✘✕✠✡② ♠✌♣

✭❋✠❣☎ ✆✶✌✮ ✡✌❦✞✟ ✇✠✡❤ ✌ ✒✘✟❣✞r ✞①♣✘✝✔r✞ ✡✠♠✞ ✭✚ ❂ ✩✛✪✪ ✝✞✕✮ ✖✞♣✠✕✡✝ ✡❤✌✡ ✡✇✘

❣r✘✔♣✝ ✘✧ ✠✘✟✠③✞✖ ❣✌✝ ✌r✞ ♠✘✗✠✟❣ ✠✟ ✘♣♣✘✝✠✡✞ ✖✠r✞✕✡✠✘✟✝ ✘✟ ✡❤✞ ✍✘✡❤ ✝✠✖✞✝ ✘✧

✡❤✞ ✫✥✎✬✱ ✇❤✠✕❤ ♣r✞✝✔♠✌✍✒② ✌r✞ ✯✢✥✝☎ ❲✞ ✞✝✡✠♠✌✡✞✖ ✡❤✞ ✯✥✣ ✝②✝✡✞♠✠✕ ✗✞✒✘✕✠✡②

✌✡ ✰✴✼✴ ❂ ✽✛ ❦♠✝✿❀☎ ❋✘r ✡❤✠✝ ✘✍❁✞✕✡✱ ✇✞ ✘✍✡✌✠✟✞✖ ✌ ♠✞✌✟ ✞①♣✌✟✝✠✘✟ ✗✞✒✘✕✠✡② ✘✧

❃❄❅❄● ❂ ❏✛◗❳❩✛◗❬ ❦♠✝✿❀ ✧r✘♠ ✙❭✱ ❪✬ ❫❫❴ ✌✟✖ ❪✥ ❫❫❴ ✞♠✠✝✝✠✘✟ ✒✠✟✞✝☎ ❵✌r✕➫q✌✲

✣✘❁✌✝ ✞✡ ✌✒☎ ✭④✵✵✾✮ ✘✍✡✌✠✟✞✖ ✰⑤⑥⑦ ❂ ❏⑧❩❬ ✧r✘♠ ✡❤✞ ❪★ ❫❫❫❴ ✒✠✟✞☎

⑨⑩❶⑩❷☎ ❋r✘♠ ✙❭✱ ❪✬ ❫❫❴ ✌✟✖ ❪✥ ❫❫❴ ✞♠✠✝✝✠✘✟✲✒✠✟✞ ♣r✘✓✒✞✝✱ ✇✞ ✞✝✡✠♠✌✡✞✖ ✡❤✞

✞①♣✌✟✝✠✘✟ ✗✞✒✘✕✠✡② ✌✝ ❏❸◗✛❩ ✽◗✩ ❦♠✝✿❀ ✧✘r ✡❤✞ ✇❤✘✒✞ ✝✡r✔✕✡✔r✞☎ ★✔r ✖✞r✠✗✞✖

✞①♣✌✟✝✠✘✟ ✗✞✒✘✕✠✡② ✧r✘♠ ❪✬ ❫❫❴ ✞♠✠✝✝✠✘✟✱ ❃❄❅❄● ❂ ❬✩◗❳ ❦♠✝✿❀✱ ✠✝ ✠✟ ✌❣r✞✞♠✞✟✡

✇✠✡❤ ✰⑤⑥⑦❹❪✬ ✢✢❴❺ ❂ ❏❻◗❏❩✽ ❦♠✝✿❀ ✧✘✔✟✖ ✍② ✜✞✖✠✟✌ ✞✡ ✌✒☎ ✭④✵✵✑✮☎ ✎r✞✗✠✘✔✝✒②✱

✥✡✌✟❣❤✞✒✒✠✟✠ ✞✡ ✌✒☎ ✭✶✾✾❼✮ ✌✒✝✘ ✠✖✞✟✡✠✓✞✖ ✡❤✞ ♠✘r♣❤✘✒✘❣② ✌✝ ✡❤✞ ✞✒✒✠♣✡✠✕✌✒ ✇✠✡❤

✠✟✟✞r ❦✟✘✡✝ ✘r ✓✒✌♠✞✟✡✝☎ ❽❤✞ ❦✠✟✞♠✌✡✠✕✝ ♠✌♣✝ ✭❋✠❣☎ ④☎✹✌✮ ✌✒✝✘ ✝❤✘✇ ✌ ♣✌✠r

✘✧ ❋✯✢❾✣✝ ✞♠✍✞✖✖✞✖ ✠✟ ✡❤✞ ♠✌✠✟ ✝✡r✔✕✡✔r✞ ♠✘✗✠✟❣ ✇✠✡❤ ✡❤✞ r✌✖✠✌✒ ✗✞✒✘✕✠✡② ✘✧

❩✽❬❩✩✪ ❦♠ ✝✿❀ ✇✠✡❤ r✞✝♣✞✕✡ ✡✘ ✡❤✞ ♠✌✠✟ ✍✘✖②✱ ♠✔✕❤ ✒✌r❣✞r ✡❤✌✟ ✡❤✞ ✞①♣✌✟✝✠✘✟

✗✞✒✘✕✠✡② ✘✧ ✡❤✞ ✇❤✘✒✞ ✟✞✍✔✒✌☎ ❽❤✞✝✞ ❋✯✢❾✣✥ ✌r✞ ✌✒✝✘ ✗✠✝✠✍✒✞ ✠✟ ✡❤✞ ✟✌rr✘✇✲✍✌✟✖

✙❭❿❪✬ ❫❫❴ ✠♠✌❣✞ ✡✌❦✞✟ ✇✠✡❤ ✡❤✞ ❼☎✺ ♠ ❾✥★ ✬❽❽ ✭✥✕❤✇✌r③ ✞✡ ✌✒☎ ✶✾✾④✮➀ ✝✞✞

❋✠❣☎ ④☎❼☎ ❽❤✞ ✗✞✒✘✕✠✡② ✖✠✝♣✞r✝✠✘✟ ✠✝ ♠✔✕❤ ❤✠❣❤✞r ✠✟ ✡❤✞ ✕✞✟✡✞r ✍✞✡✇✞✞✟ ✡❤✞ ✡✇✘

❋✯✢❾✣✥☎

➁➂➃☎ ✆✝ ✝❤✘✇✟ ✠✟ ❋✠❣☎ ④☎✹✍✱ ✡❤✞ r✌✖✠✌✒ ✗✞✒✘✕✠✡② ♠✌♣✝ ✘✧ ✙✏✹ ✠✟✖✠✕✌✡✞✝ ✡❤✞

♣r✞✝✞✟✕✞ ✘✧ ✡✇✘ ❋✯✢❾✣✝ ✘✔✡✝✠✖✞ ✘✧ ✡❤✞ ♠✌✠✟ ✍✘✖②☎ ❽❤✞ ❍☛☞ ✠♠✌❣✞ ✘✧ ✙✍✹ ✭✝✞✞

❋✠❣☎ ④☎④✮ ✌✒✝✘ ✖✞♣✠✕✡✝ ✡❤✌✡ ✡❤✞ ♠✌✠✟ ✝❤✞✒✒ ❤✌✝ ✠✟✖✞✞✖ ✌ ✡✘r✔✝ ♠✘r♣❤✘✒✘❣②☎ ❽❤✠✝

r✠✟❣ ✝✡r✔✕✡✔r✞ ✠✝ ✟✘✡ ✟✘✡✠✕✞✌✍✒✞ ✠✟ ✡❤✞ ✢❋❯ ➄✔① ✌✟✖ ✗✞✒✘✕✠✡② ♠✌♣✝ ✖✔✞ ✡✘ ✡❤✞ ✒✘✇

✝♣✌✡✠✌✒ r✞✝✘✒✔✡✠✘✟☎ ❽❤✞ ❋✯✢❾✣✝ ❤✌✗✞ ✒✘✇✲✠✘✟✠③✌✡✠✘✟ ✌✟✖ ✗✞r② ✒✘✇ ✍r✠❣❤✡✟✞✝✝✱ ✌✝

➅✵ ➆➇➈➉➋➌➍➈➎ ➈➏ ➐➉➑➎➒➌➑➓➔ ➎➒→➋➉➑➒ ➣➍➌↔ ↕➙➛➌➔➐➒ ➜➒➎➌➓➑➉ ➝➌➑➓➝



✷✳✸✳ ❖❇❙❊❘❱❆❚■❖◆❆▲ ❘❊❙❯▲❚❙

✇❡ ❝❛♥♥♦t ❡❛s✐❧② s❡❡ t❤❡♠ ✐♥ t❤❡ �❋✁ ✄✉① ✐♥t❡♥s✐t② ♠❛♣✱ ✇❤✐❧❡ ✇❡ ♥♦t✐❝❡ t❤❡♠

✐♥ t❤❡ r❛❞✐❛❧ ✈❡❧♦❝✐t② ❛♥❞ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ♠❛♣s✂ ❲❡ ❞❡t❡r♠✐♥❡❞ ☎❥✆✝ ❂✞✶✺✵✞

✶✵ ❦♠s✟✠ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ✡☛☞ s②st❡♠✐❝ r❛❞✐❛❧ ✈❡❧♦❝✐t② ♦❢ ✌✹✺✿✾✞✹ ❦♠s✟✠

❛t t❤❡ ✐♥❝❧✐♥❛t✐♦♥ ❛♥❣❧❡ ♦❢ ✍ ❂ ✹✵✎✱ ✇❤✐❝❤ ✐s s✐♠✐❧❛r t♦ t❤❡ ✈❛❧✉❡ ❢♦✉♥❞ ❜② ✡♦♣❡③

❡t ❛❧✂ ✭✏✑✑✼✮ ❢r♦♠ t❤❡ ✒❝❤❡❧❧❡ ❧♦♥❣✲s❧✐t s♣❡❝tr❛✂ ✓❤❡s❡ ❋✡�✒☞s ✇❡r❡ ♣r❡✈✐♦✉s❧②

❢♦✉♥❞ ❜② ❈♦rr❛❞✐ ❡t ❛❧✂ ✭✏✑✑✻✮ ✐♥ t❤❡ ✭❍✔✰❬✕ ✖✖❪✮✴❬✗ ✖✖✖❪ ✐♠❛❣❡✂ ✗✉r ✈❡❧♦❝✐t②

❞✐s♣❡rs✐♦♥ ♠❛♣ ❛❧s♦ s❤♦✇s ❛ ❤✐❣❤ ✈❛❧✉❡ ♦❢ ✹✺✞✶✵ ❦♠s✟✠ ✐♥ t❤❡ ❧♦❝❛t✐♦♥s ♦❢

❋✡�✒☞s✂ ✒①❝❧✉❞✐♥❣ ❋✡�✒☞s✱ ✇❡ ❞❡t❡r♠✐♥❡❞ ✘✙✚✙▼ ❂ ✛✜✿✛✞ ✵✿✽ ❦♠s✟✠ ❢♦r t❤❡

♠❛✐♥ s❤❡❧❧ ♦❢ ❍❜✢ ❢r♦♠ ❍✔✱ ❬✕ ✖✖❪ ❛♥❞ ❬☛ ✖✖❪ ❡♠✐ss✐♦♥ ❧✐♥❡ ♣r♦✣❧❡s✂ ✗✉r ✈❛❧✉❡

✐s ✐♥ ❡①❝❡❧❧❡♥t ❛❣r❡❡♠❡♥t ✇✐t❤ ✇❤❛t ❢♦✉♥❞ ❜② ☞♦❜✐♥s♦♥ ❡t ❛❧✂ ✭✏✑✤✥✮ ❛♥❞ ✡♦♣❡③

❡t ❛❧✂ ✭✏✑✑✼✮✂ ❍♦✇❡✈❡r✱ ✦❝❦❡r ❡t ❛❧✂ ✭✥✧✧✥✮ ♦❜t❛✐♥❡❞ ❡①♣❛♥s✐♦♥ ❛♥❞ t✉r❜✉❧❡♥❝❡

✈❡❧♦❝✐t✐❡s ♦❢ ✏✻ ❛♥❞ ✏✢ ❦♠s✟✠✱ r❡s♣❡❝t✐✈❡❧②✂ ☛✐♠✐❧❛r❧②✱ ★❡❞✐♥❛ ❡t ❛❧✂ ✭✥✧✧✻✮

❢♦✉♥❞ ☎✆✩✪ ❂ ✶✫ ❦♠s✟✠ ❢♦r ❍✬✱ ❜✉t ✥✯ ❦♠s✟✠ ❢♦r ❍❡ ✖✖ ❀✢✻✤✻✂

❁❃ ❄❅❉●✂ ✓❤❡ ✈❡❧♦❝✐t② ♠❛♣ ✐♥ ❋✐❣✂ ✥✂✢❝ ♣♦✐♥ts ♦✉t t❤❛t �❈ ✏✥✑✼ ❤❛s ❛ r✐♥❣✲

s❤❛♣❡❞ ♠♦r♣❤♦❧♦❣②✂ ❩✉❝❦❡r♠❛♥ ❏ ✦❧❧❡r ✭✏✑✤✻✮ ❞❡s❝r✐❜❡❞ ✐t ❛s ❛ ❜r♦❦❡♥ r✐♥❣✂

❑✉t✱ ☛t❛♥❣❤❡❧❧✐♥✐ ❡t ❛❧✂ ✭✏✑✑✯✮ ❝❧❛ss✐✣❡❞ ✐t ✉♥❞❡r t❤❡ ✐rr❡❣✉❧❛r ♥❡❜✉❧❛❡✱ ❛s

✐t ✇❛s ❞✐❢✣❝✉❧t t♦ r❡❝♦❣♥✐③❡ ❛♥② ♠♦r♣❤♦❧♦❣② ❢r♦♠ t❤❡ ❍✔ ❛♥❞ ❬✗ ✖✖✖❪ ♥❛r✲

r♦✇ ❜❛♥❞ ✐♠❛❣❡ ✭s❡❡ ❋✐❣✂ ✥✂✯✮ t❛❦❡♥ ✇✐t❤ t❤❡ ✯✂P✲♠ ✒☛✗ ✕❡✇ ✕✓✓ ✭☛❝❤✇❛r③

❡t ❛❧✂ ✏✑✑✥✮✂ ✓❤❡ ❍✔✱ ❬✕ ✖✖❪ ❛♥❞ ❬☛ ✖✖❪ ❡♠✐ss✐♦♥ ❧✐♥❡s ②✐❡❧❞ ❛ ♠❡❛♥ ✘✙✚✙▼ ❂

✜✶✿✛ ✞ ✶ ❦♠s✟✠✱ ✇❤✐❝❤ ✐s ✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ ☎✆✩✪◗❳✔❨ ❂ ✜✶ ❦♠s✟✠ ❛♥❞

☎✆✩✪◗❭❫ ❴❴❵❨ ❂ ✜✹✿✺ ❦♠s✟✠ r❡♣♦rt❡❞ ❜② ✦❝❦❡r ✭✏✑✼✻✮ ✭s❡❡ ✓❛❜❧❡ � ✐♥ ❲❡✐♥❜❡r❣❡r

✏✑✤✑✮q t❤♦✉❣❤ ④❡s✐❝❦✐ ❏ ❩✐⑤❧str❛ ✭✥✧✧✧✮ ❞❡r✐✈❡❞ ❛ ❧♦✇❡r ✈❛❧✉❡ ♦❢ ✥✥ ❦♠s✟✠

❢r♦♠ ❍❲❍★ ♦❢ t❤❡ ❛s②♠♠❡tr✐❝ ❬✗ ✖✖✖❪ ❡♠✐ss✐♦♥ ❧✐♥❡✂ ❈♦rr❛❞✐ ❡t ❛❧✂ ✭✏✑✑✻✮

❡❛r❧✐❡r s✉❣❣❡st❡❞ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ✏ ✐s♦❧❛t❡❞ ❦♥♦t✱ ✇❤✐❝❤ ✇❛s ❧❛t❡r r❡⑤❡❝t❡❞ ❜②

④♦♥❝➳❛❧✈❡s ❡t ❛❧✂ ✭✥✧✧✏✮✱ ❛♥❞ t✉r♥❡❞ ♦✉t t♦ ❜❡ ❛ ✣❡❧❞ st❛r✂ ❑✉t✱ ♦✉r �❋✁ ❦✐♥❡♠❛t✐❝

♠❛♣s r❡✈❡❛❧ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❛ ♣❛✐r ♦❢ ❋✡�✒☞s ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ♠❛✐♥ s❤❡❧❧✂

⑥⑦❅⑧⑨✂ ✓❤❡ r✐♥❣✲❧✐❦❡ ♠♦r♣❤♦❧♦❣② ♦❢ ✓❤ ✥✲✦ ✐s ✈✐s✐❜❧❡ ✐♥ t❤❡ ❍✔ ✐♠❛❣❡ ✭s❡❡

❋✐❣✂ ✦P✮ ♦❢ ④➫♦r♥② ❡t ❛❧✂ ✭✏✑✑✑✮✂ ✦s s❡❡♥ ✐♥ ❋✐❣✂ ✥✂✢❞✱ ♦✉r r❛❞✐❛❧ ✈❡❧♦❝✐t②

❛♥❞ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ♠❛♣s s❤♦✇ ❛ t♦r♦✐❞❛❧ str✉❝t✉r❡✂ ❋✉rt❤❡r♠♦r❡✱ ✇❡ ♥♦✲

❆⑩❶❷❸❹❺ ❻❼❽❾❶❷❼❿ ✤✏



✷✳ ❙P❆❚■❆▲▲❨ ❘❊❙❖▲❱❊❉ ❑■◆❊▼❆❚■❈❙

t✐❝❡ ❤✐❣❤ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ✐♥ t❤❡ ❝❡♥t❡r� ✁❤✐s ♠❛② ♣♦✐♥t ❛t ❋✂✄☎✆s✱ ❛♥❞ r❡✲

q✉✐r❡s ❢✉rt❤❡r ✐♥✈❡st✐❣❛t✐♦♥s� ✁❤❡ ❍✝✱ ❬✞ ✟✟❪ ❛♥❞ ❬✠ ✟✟❪ ❡♠✐ss✐♦♥ ❧✐♥❡s r❡♣r❡s❡♥t

❛ ♠❡❛♥ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ ✡☛❲☛☞ ❂ ✸✹✿✼ ✌ ✹✿✽ ❦♠s✍✶✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤

✎✏✑✒✭✓✔ ✕✕✕✖✮ ❂ ✸✺ ❦♠s✍✶ ❜② ✗❡❛t❤❡r✐♥❣❤❛♠ ❡t ❛❧� ✘✙✾✚✚✛�

✜✢ ✣✤✣� ✥s s❤♦✇♥ ✐♥ ❋✐❣� ✦�✦✱ t❤❡ ✧★✩ ✐♠❛❣❡ t❛❦❡♥ ✈✐❛ t❤❡ ❋✪✫✵✂✬ ✯❧t❡r

s❤♦✇s t❤❛t ✬❡ ✙✲✙ ❤❛s ❛ ❜❛rr❡❧ ♠♦r♣❤♦❧♦❣② ✇✐t❤ ♦♣❡♥ ❡♥❞s� ✰❡ ❝❛♥ s❡❡ t✇♦

❜✐♣♦❧❛r ♦✉t✴♦✇s ♦♥ t❤❡ ❜♦t❤ s✐❞❡s ♦❢ t❤❡ ❝❡♥tr❛❧ st❛r� ✻✉r r❛❞✐❛❧ ✈❡❧♦❝✐t② ♠❛♣

t❛❦❡♥ ✇✐t❤ t❤❡ ✰✐❋❡✠ ✘❋✐❣� ✥❀ ❛✛ ❞❡♣✐❝ts t❤❡ s❛♠❡ ❜✐♣♦❧❛r ♦r✐❡♥t❛t✐♦♥ ♦♥ t❤❡ s❦②

♣❧❛♥❡✱ ❛s s❡❡♥ ✐♥ t❤❡ ✧★✩ ✐♠❛❣❡s� ✥❞❞✐t✐♦♥❛❧❧②✱ ♦✉r ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ s❤♦✇s

t✇♦ ❋✂✄☎✆s ❤❛✈✐♥❣ ❛ ❤✐❣❤ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ♦❢ ❁❃❄❅✏ ❂ ✸✺✌❇●❦♠s✍✶ ♦♥ ❜♦t❤

s✐❞❡s� ✁❤❡ ✇❤♦❧❡ str✉❝t✉r❡ ❤❛s ❛ ❁❃❄❅✏ ❂ ❇❏✿❏ ✌ ❇✿✹ ❦♠s✍✶ ❛♥❞ ❡①♣❛♥❞s ✇✐t❤

✡☛❲☛☞ ❂ ◗✸✿✹✌ ❇✿✼ ❦♠s✍✶� ✁❤✐s ✐s ✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ ✎✏✑✒ ❂ ◗✹ ❦♠s✍✶

❞❡r✐✈❡❞ ❜② ❯❡s✐❝❦✐ ❳ ✥❝❦❡r ✘✙✾✾❀✛ ❢r♦♠ ❍❩ ❡♠✐ss✐♦♥ ❧✐♥❡ ♣r♦✯❧❡✱ ✇❤❡r❡❛s t❤❡②

❛❧s♦ ❡st✐♠❛t❡❞ ❛ ♠❛❝r♦t✉r❜✉❧❡♥❝❡ ♦❢ ✙✵ ❦♠s✍✶�

❭✣✤❫❴� ✥ ♥❛rr♦✇✲❜❛♥❞ ❍✝❵❬✞ ✟✟❪ ✐♠❛❣❡ ♦❢ ✗✙✲✪✦ t❛❦❡♥ ✇✐t❤ t❤❡ ✪�✫ ♠

☎✠✻ ✞✁✁ ❜② ✠❝❤✇❛r③ ❡t ❛❧� ✘✙✾✾✦✛ r❡✈❡❛❧s ❛ ❝♦♠♣❛❝t t♦r✉s ♠♦r♣❤♦❧♦❣② ✘s❡❡

❋✐❣� ✦�✪✛� ✰❡ ❝❛♥♥♦t ❞✐st✐♥❣✉✐s❤ ✐t ✐♥ ♦✉r ✄❋❥ ✯❡❧❞ ✘❋✐❣� ✥④ ❛✛� ⑤✉t✱ t❤❡ r❛❞✐❛❧

✈❡❧♦❝✐t② ♠❛♣ ❛✐❞s ✉s ✐♥ ❞❡t❡r♠✐♥✐♥❣ t❤❡ ♦r✐❡♥t❛t✐♦♥ ♦❢ t❤✐s ♥❡❜✉❧❛ ♣r♦⑥❡❝t❡❞

♦♥t♦ t❤❡ ♣❧❛♥❡ ♦❢ t❤❡ s❦②� ✰❡ ❡st✐♠❛t❡❞ ❛♥ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ ✡☛❲☛☞ ❂

✸❇✿◗✌◗✿❏ ❦♠s✍✶✱ ✇❤✐❝❤ ✐s ♠✉❝❤ ❤✐❣❤❡r t❤❛♥ ✎✏✑✒ ❂ ❇✹ ❛♥❞ ⑦ ❇✸ ❦♠s✍✶ ❢♦✉♥❞

❜② ✬❡➌♥❛ ❡t ❛❧� ✘✦✵✵✙✛ ❛♥❞ ✗❡❞✐♥❛ ❡t ❛❧� ✘✦✵✵❀✛✱ r❡s♣❡❝t✐✈❡❧②� ✄t s❡❡♠s t❤❛t ✇❡

❛❧s♦ ♠❡❛s✉r❡❞ s♦♠❡ ❝♦♥tr✐❜✉t✐♦♥s ♦❢ ❋✂✄☎✆s� ✬❡➌♥❛ ❡t ❛❧� ✘✦✵✵✙✛ ❢♦✉♥❞ ♣r♦✯❧❡

✇✐♥❣s t❤❛t ❡①t❡♥❞ t♦ ❛❜♦✉t ✌❇●● ❦♠s✍✶✱ ✇❤✐❝❤ ♠❛② ❜❡ ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛ ❤✐❣❤

✈❡❧♦❝✐t② ❜✐♣♦❧❛r ♦r ♠✉❧t✐♣♦❧❛r ❡⑥❡❝t✐♦♥�

❭❫✤✣⑧� ✥s s❡❡♥ ✐♥ ❋✐❣� ✦�✦✱ t❤❡ ✧★✩ ✐♠❛❣❡ r❡✈❡❛❧s t❤❛t ✗✪✲✙✫ ❤❛s ❛ t♦r✉s

♠♦r♣❤♦❧♦❣② ✇✐t❤ ❛ r❛❞✐✉s ♦❢ ⑨ ◗⑩⑩ ❢r♦♠ ✐ts ❝❡♥t❡r t♦ t❤❡ t✉❜❡ ❝❡♥t❡r� ✁❤❡ s♣❛t✐❛❧

r❡s♦❧✉t✐♦♥ ♦❢ ♦✉r ✄❋❥ ✯❡❧❞ ✐s ♥♦t ❡♥♦✉❣❤ t♦ s❤♦✇ ✐t� ❥s✐♥❣ t❤❡ ✧★✩ ✐♠❛❣❡✱

✠❛❤❛✐ ❡t ❛❧� ✘✦✵✙✙✛ ❞❡s❝r✐❜❡s ✐t ❛s ❛♥ ♦❜⑥❡❝t ❤❛✈✐♥❣ ❝♦❧❧✐♠❛t❡❞ ❧♦❜❡ ♣❛✐r✱ ❛♥❞ t❤❡

❧♦❜❡s ❛r❡ ❝❧♦s❡❞ ❛t ❡♥❞s� ❋♦r ✗✪✲✙✫✱ ✇❡ ❡st✐♠❛t❡❞ t❤❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢

✚✦ ❶❷❸❹❺❻❼❸❽ ❸❾ ❿❹➀❽➁❻➀➂➃ ❽➁➄❺❹➀➁ ➅❼❻➆ ➇➈➉❻➃❿➁ ➊➁❽❻➂➀❹ ➋❻➀➂➋



✷✳✸✳ ❖❇❙❊❘❱❆❚■❖◆❆▲ ❘❊❙❯▲❚❙

�❍❲❍▼ ❂ ✁✂✿✵ ❦♠s✄✶ ❢r♦♠ ☎❛ ✆♥❞ ❬✝ ✞✞❪ ❡♠✐ss✐♦♥ ❧✐♥❡s✱ t❤♦✉❣❤ ✇❡ ❣♦t �✟①♣ ❂

✠✼✿✽ ❦♠s✄✶ ❢r♦♠ ❬✡ ✞✞❪ ❡♠✐ss✐♦♥ ❧✐♥❡☛ ☞s✐♥❣ ❬✌ ✞✞✞❪✱ ☎❛ ✆♥❞ ❬✝ ✞✞❪ ❧✐♥❡s✱ ●❡s✐❝❦✐

✫ ✍❝❦❡r ✭✎✾✾✻✮ ❞❡t❡r♠✐♥❡❞ t❤❡ ❡✏✑✆♥s✐♦♥ ✈❡❧♦❝✐t② ✆♥❞ ♠✆❝r♦t✉r❜✉❧❡♥❝❡ ♦❢ ✎✻

✆♥❞ ✎✒ ❦♠s
✄✶
✱ r❡s✑❡❝t✐✈❡❧②☛ ✓❡❝❡♥t❧②✱ ✓✐❝❤❡r ❡t ✆❧☛ ✭✔✕✕✾✮ ✆❧s♦ ❞❡r✐✈❡❞ �✟①♣ ❂

✠✽✿✁ ❦♠s✄✶ ❢r♦♠ ❬✌ ✞✞✞❪ ✖✺✕✕✒☛

✗✘✲✙✚☛ ❋✐❣☛ ✔☛✔ s❤♦✇s t❤❡ ✛❙❚ ✐♠✆❣❡s ♦❢ ✜✎✢✔✺ t✆❦❡♥ ✈✐✆ t❤❡ ❋✻✺✻✝ ✣❧t❡r☛

✡✆❤✆✐ ❡t ✆❧☛ ✭✔✕✎✎✮ ❞❡s❝r✐❜❡❞ ✐t ✆s ✆♥ ❡❧❧✐✑t✐❝✆❧ str✉❝t✉r❡ ✇✐t❤ ❧♦❜❡s ❝❧♦s❡❞ ✆t t❤❡

❡♥❞s☛ ✤❡ ❞❡t❡r♠✐♥❡❞ ✆♥ ❡✏✑✆♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ �❍❲❍▼ ❂ ✁✥✿✥✦✁❦♠s✄✶✱ ✇❤✐❝❤

✐s ✐♥ t❤❡ r✆♥❣❡ ♦❢ t❤❡ ✈✆❧✉❡s ✑r❡✈✐♦✉s❧② ❢♦✉♥❞✧ ●❡s✐❝❦✐ ✫ ✍❝❦❡r ✭✎✾✾✻✮ ♦❜t✆✐♥❡❞

✆♥ ❡✏✑✆♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ ✂✵ ❦♠s✄✶ ✆♥❞ ✆ ♠✆❝r♦t✉r❜✉❧❡♥❝❡ ♦❢ ✠✁ ❦♠s✄✶✱ ✇❤✐❧❡

✜❡❞✐♥✆ ❡t ✆❧☛ ✭✔✕✕✻✮ ❞❡r✐✈❡❞ ★✟①♣ ❂ ✁✂ ❦♠s✄✶☛

✩✪✬✙✲✘✹✙☛ ✯❤❡ ✛❙❚ ✐♠✆❣❡ ✭❋✐❣☛ ✔☛✔✮ s❤♦✇s t❤✆t ☎❡♥ ✔✢✎✰✔ ❤✆s ✆ ❜✐✑♦❧✆r

♠♦r✑❤♦❧♦❣② ✇✐t❤ t✇♦ ❧♦❜❡s ❡♠✆♥✆t✐♥❣ ✆t t❤❡ ♠✆✐♥ ♥❡❜✉❧✆☛ ✡✆❤✆✐ ✫ ✯r✆✉❣❡r

✭✎✾✾✴✮ ❞❡s❝r✐❜❡❞ t❤❡♠ ✆s ❧♦♥❣ ✣❧✆♠❡♥ts✱ ✑r♦❜✆❜❧② ❥❡t❧✐❦❡ ♦✉t❀♦✇s✱ ♦♥ ♦✑✑♦✢

s✐t❡ s✐❞❡s ♦❢ t❤❡ ♥❡❜✉❧✆☛ ✯❤❡ ❥❡t❧✐❦❡ str✉❝t✉r❡✱ ✣❧✆♠❡♥ts ✇✐t❤ ♥♦ ❡✈✐❞❡♥❝❡ ♦❢

✈❡❧♦❝✐t✐❡s ❤✐❣❤❡r t❤✆♥ t❤❡ ❡✏✑✆♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ t❤❡ ♠✆✐♥ ♥❡❜✉❧✆ ✭●♦♥❝➳✆❧✈❡s

❡t ✆❧☛ ✔✕✕✎✮✱ ❤✆✈❡ ❜❡❡♥ ♦❜s❡r✈❡❞ ✐♥ s❡✈❡r✆❧ ②♦✉♥❣ P✝❡ ✭❡☛❣☛ ✡✆❤✆✐ ✫ ✯r✆✉❣❡r

✎✾✾✴✮☛ ❁t ✐s ✉♥❝❧❡✆r ❤♦✇ t❤❡s❡ ❥❡t❧✐❦❡ str✉❝t✉r❡s ✆r❡ ✑r♦❞✉❝❡❞ ✐♥ ②♦✉♥❣ P✝❡☛

✯❤❡ t②✑✐❝✆❧ s❡❡✐♥❣ ♦❢ ❃❄ ❅ ✁ ✆r❝s❡❝ ✐s ♥♦t ❡♥♦✉❣❤ t♦ ❞✐s❝❧♦s❡ t❤❡ ❦✐♥❡♠✆t✐❝

str✉❝t✉r❡ ♦❢ t❤✐s ❝♦♠✑✆❝t P✝☛ ☎♦✇❡✈❡r✱ ✇❡ ❞❡t❡r♠✐♥❡❞ ✆♥ ❡✏✑✆♥s✐♦♥ ✈❡❧♦❝✐t②

♦❢ �❍❲❍▼ ❂ ✁✵✿❈✦✁ ❦♠s✄✶ ❢r♦♠ ☎❛✱ ❬✝ ✞✞❪ ✆♥❞ ❬✡ ✞✞❪ ❡♠✐ss✐♦♥ ❧✐♥❡ ✑r♦✣❧❡s☛

✯❤✐s ✐♥ ❢✉❧❧ ✆❣r❡❡♠❡♥t ✇✐t❤ ★✟①♣ ❂ ✁✵❦♠s✄✶ ❜② ✍❝❦❡r ❡t ✆❧☛ ✭✔✕✕✔✮ ✆♥❞ ●❡s✐❝❦✐

✫ ❩✐❥❧str✆ ✭✔✕✕✒✮❉ t❤❡② ✆❧s♦ ❢♦✉♥❞ ✆ t✉r❜✉❧❡♥❝❡ ✈❡❧♦❝✐t② ♦❢ ✒ ❦♠s✄✶☛

✩✪✬❏✲✘❏❏❏☛ ✯❤❡ ✛❙❚ ✐♠✆❣❡ ✭❋✐❣☛ ✔☛✔✮ s❤♦✇s ✆ ❝♦♠✑✆❝t ❞✉st② ❞✐s❦ ♦r

t♦r✉s str✉❝t✉r❡ ✐♥ ☎❡♥ ❑✢✎❑❑❑ ✭◗❡ ✜✆r❝♦ ✫ ✡♦❦❡r ✔✕✕✔❉ ❳❤❡s♥❡✆✉ ❡t ✆❧☛ ✔✕✕✻✮☛

✯❤❡ ✛❙❚ ✐♠✆❣❡s st✉❞✐❡❞ ❜② ❳❤❡s♥❡✆✉ ❡t ✆❧☛ ✭✔✕✕✻✮ ❞❡✑✐❝t ✆ ❝♦♠✑❧❡✏ ❡✏t❡r✢

♥✆❧ str✉❝t✉r❡ ✐♥❝❧✉❞✐♥❣ s❡✈❡r✆❧ ❧♦❜❡s ✆♥❞ ✆♥ ✐♥t❡r♥✆❧ str✉❝t✉r❡ ✐☛❡☛ t✇♦ ❞✆r❦

❧✆♥❡s✱ ✐♥ ✆❞❞✐t✐♦♥ t♦ t❤❡ ❝♦♠✑✆❝t ❝✆r❜♦♥ ❞✐s❦❉ ✑r❡✈✐♦✉s❧② ❞❡t❡r♠✐♥❡❞ ❜② ◗❡

✜✆r❝♦ ✫ ✡♦❦❡r ✭✔✕✕✔✮☛ ✌✉r ♦❜s❡r✈✆t✐♦♥ ❢♦r t❤❡ ☎❛ ❡♠✐ss✐♦♥ ❧✐♥❡ ✑r♦✣❧❡ ❣✐✈❡s

❆❨❭❫❴❵③ q④⑤⑥❭❫④⑦ ✴❑
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�❍❲❍✁ ❂ ✸✶✿✻ ❦♠s✂✄✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✈☎①♣ ❂ ✸✵ ❦♠s✂✄ ❞❡r✐✆❡❞ ❜② ✝❡ ✞❛r❝♦

❡t ❛❧✟ ✭✠✾✾✼✮✟

✡☛☞✌✲✍✍✌✟ ✎❤❡ ✏✑✒ ✐♠❛❣❡ ✭❋✐❣✟ ✓✟✓✮ s❤♦✇s t✇♦ r✐♥❣❧✐❦❡ str✉❝t✉r❡s ✐♥ ✔❡♥✓✕

✠✠✖✱ ❞❡s❝r✐❜❡❞ ❛s t❤❡ ✗r♦❥❡❝t✐♦♥ ♦❢ ❛ ❤♦✉r❣❧❛ss✕s❤❛✗❡❞ ❣❡♦♠❡tr✐❝❛❧ ♠♦❞❡❧ ❜② ✘❛✕

❣❛❞❡❝ ❡t ❛❧✟ ✭✓✙✙✚✮✟ ✛✉r ♦❜s❡r✆❛t✐♦♥ ❢♦r t❤❡ ✔✜ ❡♠✐ss✐♦♥ ❧✐♥❡ ✗r♦✢❧❡ ✗r❡s❡♥ts

�❍❲❍✁ ❂ ✣✣✿✺❦♠s✂✄✟ ✎❤✐s ✐s ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✈☎①♣ ❂ ✶✤ ❦♠s✂✄ ❞❡r✐✆❡❞ ❜② ✝❡

✞❛r❝♦ ❡t ❛❧✟ ✭✠✾✾✼✮✟ ✥❞❞✐t✐♦♥❛❧❧②✱ ●❡s✐❝❦✐ ❡t ❛❧✟ ✭✓✙✙✚✮ ❞❡r✐✆❡❞ ❡✦✗❛♥s✐♦♥ ❛♥❞

t✉r❜✉❧❡♥❝❡ ✆❡❧♦❝✐t✐❡s ♦❢ ✠✽ ❛♥❞ ✠✧ ❦♠s✂✄✱ r❡s✗❡❝t✐✆❡❧②✟

★ ✩✲✍✪✟ ✫ ✓✕✠✚ ✐s ❛ ❢❛✐♥t✱ ❝✐r❝✉❧❛r ♥❡❜✉❧❛ ✇✐t❤ ❛ ❞✐❛♠❡t❡r ♦❢ ✣✸✬✬✟ ✫♦❤♦✉t❡❦

✭✠✾✼✼✮ s✉❣❣❡st❡❞ t❤❛t ✐t ✐s ✗r♦❜❛❜❧② ❛ ❧❛r❣❡ ❛♥❞ ♦❧❞ ✯✰✟ ✥s s❡❡♥ ✐♥ ❋✐❣✟ ✓✟✖✱

t❤❡ ✐♠❛❣❡ t❛❦❡♥ ✇✐t❤ t❤❡ ✖✟✧ ♠ ✴✹✛ ✰✎✎✱ ✉s✐♥❣ ✴❋✛✹❀✓✱ t❤r♦✉❣❤ ❛ ♥❛rr♦✇

✔✜❁❬✰ ❃❃❪ ✢❧t❡r s❤♦✇s ❛ ❢❛✐♥t ❝✐r❝✉❧❛r ♠♦r✗❤♦❧♦❣②✟ ❄❡ t♦♦❦ ❛♥ ❅❋❯ ✢❡❧❞ ♦❢

t❤✐s ✯✰ ✇✐t❤ ❡✦✗♦s✉r❡ t✐♠❡ ♦❢ ✓✙ ♠✐♥✉t❡s✟ ✥s s❡❡♥ ✐♥ ❋✐❣✟ ✓✟❇❡✱ t❤❡ ✆❡❧♦❝✐t②

str✉❝t✉r❡ ✐s ♠♦r❡ ❧✐❦❡❧② ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛ t♦r♦✐❞❛❧ ♥❡❜✉❧❛ ✇✐t❤ ✐♥♥❡r ❋✘❅✴❏s✟ ❄❡

❞❡t❡r♠✐♥❡❞ ❛♥ ❡✦✗❛♥s✐♦♥ ✆❡❧♦❝✐t② ♦❢ �❍❲❍✁ ❂ ✸✶✿✣◗✣✿❳ ❦♠s✂✄ ❢r♦♠ ✔✜✱ ❬✰ ❃❃❪

❛♥❞ ❬✹ ❃❃❪ ❡♠✐ss✐♦♥ ❧✐♥❡ ❛❝r♦ss t❤❡ ✇❤♦❧❡ ♥❡❜✉❧❛✟ ✛✉r ✆❛❧✉❡ ♦❢ t❤❡ ❡✦✗❛♥s✐♦♥

✆❡❧♦❝✐t② ♦❜t❛✐♥❡❞ ❤❡r❡ ✐s ✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ ✈☎①♣ ❂ ✸❩❦♠s✂✄ ❞❡r✐✆❡❞ ❜②

✥❝❦❡r ❡t ❛❧✟ ✭✓✙✙✓✮❭ ✇❤✐❧❡ t❤❡② ❛❧s♦ ♦❜t❛✐♥❡❞ ❛ t✉r❜✉❧❡♥❝❡ ✆❡❧♦❝✐t② ♦❢ ✠✓❦♠s
✂✄
✟

❫❴❵✪q③④✟ ✎❤❡ ✏✑✒ ✐♠❛❣❡✱ ❋✐❣✟ ✓✟✓ s❤♦✇s ❛ ❜❛rr❡❧ ✇✐t❤ ❝❧♦s❡❞ ❡♥❞s ✭✹❛✕

❤❛✐ ❡t ❛❧✟ ✓✙✠✠✮✟ ✯r❡✆✐♦✉s❧②✱ ✹t❛♥❣❤❡❧❧✐♥✐ ❡t ❛❧✟ ✭✠✾✾✖✮ ❞❡s❝r✐❜❡❞ ✐t ❛s ❡❧❧✐✗t✐❝❛❧

✇✐t❤ ✐♥♥❡r ✢❧❛♠❡♥t❛r② str✉❝t✉r❡✟ ✎❤❡ ✔✜ ❡♠✐ss✐♦♥ ❧✐♥❡ ②✐❡❧❞s ❛ ✔❄✔✞ ✆❡✕

❧♦❝✐t② ♦❢ �❍❲❍✁ ❂ ✶❳✿⑤ ❦♠s
✂✄
✱ ✇❤✐❝❤ ✐s ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✈☎①♣ ❂ ✶⑤✿✣ ❦♠s

✂✄

❞❡r✐✆❡❞ ❢r♦♠ ✔⑥✱ ❬✛ ❃❃❃❪ ❛♥❞ ❬✰ ❃❃❪ ❜② ✞❡❞✐♥❛ ❡t ❛❧✟ ✭✓✙✙✚✮✟ ✛✉r ❞❡r✐✆❡❞

✘✹❏ s②st❡♠✐❝ r❛❞✐❛❧ ✆❡❧♦❝✐t② ♦❢ ✈⑦⑧⑦ ❂ ✶✤✿✸ ❦♠s✂✄ ✐s ❛❧s♦ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤

✈⑨⑩❶ ❂ ✶⑤✿✶◗✶✿❳ ❦♠s
✂✄

❜② ✝✉r❛♥❞ ❡t ❛❧✟ ✭✠✾✾✽✮✟

❷✩✲❸✩✟ ✎❤❡ r❛❞✐❛❧ ✆❡❧♦❝✐t② ♠❛✗ ❝♦♠❜✐♥❡❞ ✇✐t❤ t❤❡ ✔✜ ✐♠❛❣❡ ♦❜t❛✐♥❡❞

❢r♦♠ t❤❡ ✹✉✗❡r❀✛✹✞✛✹ ✹❦② ✹✉r✆❡② ✭❋✐❣✟ ✥✠✧❭ ✯❛r❦❡r ❡t ❛❧✟ ✓✙✙✧✮ s❤♦✇s ❛♥

❡❧❧✐✗t✐❝❛❧ s❤❛✗❡ ✇✐t❤ t✇♦ ✗♦✐♥t✕s②♠♠❡tr✐❝ ❦♥♦ts✟ ✎❤❡ ✔✜ ✔❄✔✞ ✆❡❧♦❝✐t② ②✐❡❧❞s

�❍❲❍✁❂✶❩✿✺ ❦♠s✂✄ ❢♦r t❤❡ s❤❡❧❧✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✈☎①♣ ❂ ✶✺❦♠s✂✄ ❞❡r✐✆❡❞ ❜②

✽❇ ❹❺❻❼❽❾❿❻➀ ❻➁ ➂❼➃➀➄❾➃➅➆ ➀➄➇❽❼➃➄ ➈❿❾➉ ➊➋➌❾➆➂➄ ➍➄➀❾➅➃❼ ➎❾➃➅➎
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�❦r❛s ✫ ✁➫♦♣❡③ ✭✂✵✶✂✮✄ �s s❡❡♥ ✐♥ ☎❛❜❧❡ ✂✄✆✱ t❤❡ ❍❲❍▼ ✈❡❧♦❝✐t✐❡s ❞❡t❡r♠✐♥❡❞

❢r♦♠ ❬✝ ✞✞❪ ❛♥❞ ❬✟ ✞✞❪ ❛r❡ s❧✐❣❤t❧② ❤✐❣❤❡r t❤❛♥ t❤❡ ✈❛❧✉❡ ❣✐✈❡♥ ❜② t❤❡ ❍✠ ♣r♦✡❧❡✄

☎❤✐s ♠❛② ✐♥❞✐❝❛t❡ t❤❛t ❧♦✇ ✐♦♥✐③❛t✐♦♥ ③♦♥❡s ✭✟✰ ❛♥❞ ✝✰✮ ❤❛✈❡ ❜❡❡♥ ❢♦r♠❡❞ ❢❛r

❢r♦♠ t❤❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡✄

☛●❈✻✺✻✼✄ ✟☞✌✍✎✍✏ ❤❛s ❜❡❡♥ ❝❧❛ss✐✡❡❞ ❛s ❡❧❧✐♣t✐❝❛❧ ❜② s❡✈❡r❛❧ ❛✉t❤♦rs

✭❡✄❣✄ ❩✉❝❦❡r♠❛♥ ✫ �❧❧❡r ✶✾✽✍❀ ✝t❛♥❣❤❡❧❧✐♥✐ ❡t ❛❧✄ ✶✾✾✆❀ ☞♦r♥② ❡t ❛❧✄ ✶✾✾✏✮✄
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✙☎✄ ☛✌✝✄✍✡☞✒ ✎✟✌✑✄✝✉✟✄ ✑✌☞s✡s✞s ✌❢ ✝✄✪☞✡☞✒ ✞☎✄ ✒✄✌☛✄✞✟② ✭✄✘✒✘ ✞✌✟✉s✱ s✎☎✄✟✄

✽✻ ✰✴✿❀❁❂❃✿❄ ✿❅ ❇❀◗❄❳❂◗❩❬ ❄❳❭❁❀◗❳ ❪❃❂❫ ❴❵q❂❬❇❳ ④❳❄❂❩◗❀ ⑤❂◗❩⑤
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❛♥❞ ❝②❧✐♥❞❡r ❛♥❞ t❤❡✐r ♠♦❞✐✂❝❛t✐♦♥✮✱ ❛ss✐❣♥✐♥❣ ❡♠✐ss✐✈✐t② ❞✐str✐❜✉t✐♦♥ ❛♥❞ ❞❡✂♥✁

✐♥❣ ❛ ✈❡❧♦❝✐t② ❧❛✇ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ ♣♦s✐t✐♦♥✄ ❋♦r ❜❡st ❝♦♠♣❛r✐s♦♥ ✇✐t❤ ♦✉r ☎❋❯

♠❛♣s✱ t❤❡ ✸✆ ❡♠✐ss✐♦♥ ❛♥❞ ✈❡❧♦❝✐t② ✐♥❢♦r♠❛t✐♦♥ ❤❛s t❤❡♥ ❜❡❡♥ ❡①♣♦rt❡❞ ❛♥❞

♣r♦❝❡ss❡❞ ✐♥ t❤❡ s❛♠❡ ✇❛②✄ ✝❤❡ ✐♥❝❧✐♥❛t✐♦♥ ✭q✮✱ t❤❡ ♣♦s✐t✐♦♥ ❛♥❣❧❡ ❵P❆✬ ✐♥ t❤❡

♣❧❛♥❡ ♦❢ t❤❡ s❦②✱ ❛♥❞ t❤❡ ♠♦❞❡❧ ♣❛r❛♠❡t❡rs ❛r❡ ♠♦❞✐✂❡❞ ✐♥ ❛♥ ✐t❡r❛t✐✈❡ ♣r♦❝❡ss

✉♥t✐❧ t❤❡ ✞✉❛❧✐t❛t✐✈❡❧② ✂tt✐♥❣ s♦❧✉t✐♦♥ ✐s ♣r♦❞✉❝❡❞✄ ✝❤❡ ❍✟ ❛♥❞ ❬✠ ✡✡❪ r❛❞✐❛❧

✈❡❧♦❝✐t② ♠❛♣s ✇❡r❡ ✉s❡❞ t♦ ❞❡t❡r♠✐♥❡ t❤❡ ♠♦r♣❤♦❧♦❣② ❛♥❞ ✐ts ♦r✐❡♥t❛t✐♦♥ ❢♦r

❡❛❝❤ ☛✠✄ ❲❡ ❛❞♦♣t❡❞ ❛ ✸✆ ♠♦❞❡❧✱ ❛♥❞ t❤❡♥ ♠♦❞✐✂❡❞ ✐ts ❣❡♦♠❡tr✐❝ ♣❛r❛♠❡t❡rs

❛♥❞ ✐♥❝❧✐♥❛t✐♦♥ t♦ ❝♦♥❢♦r♠ t♦ t❤❡ ♦❜s❡r✈❛t✐♦♥s✄

✝♦ ❞❡t❡r♠✐♥❡ t❤❡ ✐♥❝❧✐♥❛t✐♦♥ ♦❢ t❤❡ s②st❡♠ t♦ t❤❡ ❧✐♥❡✁♦❢✁s✐❣❤t✱ ✇❡ r❡✞✉✐r❡

t♦ ✐t❡r❛t✐✈❡❧② ❛❞❥✉st t❤❡ ✐♥❝❧✐♥❛t✐♦♥ ❛♥❣❧❡✱ ❛♥❞ ❝♦♠♣❛r❡ ☞✁✆ ✈❡❧♦❝✐t② ♠❛♣s ♣r♦✁

❞✉❝❡❞ ❜② ♠♦r♣❤♦✁❦✐♥❡♠❛t✐❝ ♠♦❞❡❧s ✇✐t❤ ☎❋❯ ✈❡❧♦❝✐t② ♠❛♣s✄ ✝❤❡ ✐♥❝❧✐♥❛t✐♦♥

❛♥❣❧❡ ❝❛♥ ❛❧s♦ ❜❡ ✉s❡❞ t♦ ❡①❛♠✐♥❡ ✇❤❡t❤❡r ✐ts ♠♦r♣❤♦❧♦❣② ✐s ❧✐♥❦❡❞ t♦ t❤❡

♦r❜✐t❛❧ ✐♥❝❧✐♥❛t✐♦♥ ♦❢ ✐ts ♣♦ss✐❜❧❡ ❜✐♥❛r② s②st❡♠ ✭s❡❡ ❡✄❣✄ ✌✐t❝❤❡❧❧ ❡t ❛❧✄ ☞✵✵✼❀

✝②♥❞❛❧❧ ❡t ❛❧✄ ☞✵✶☞✮✄ ❋♦r ❡①❛♠♣❧❡✱ ❋✐❣✄ ☞✄✺ s❤♦✇s t❤❡ ☞✁✆ ❧✐♥❡✁♦❢✁s✐❣❤t ✈❡❧♦❝✐t②

♠❛♣ ❛♥❞ t❤❡ ♣r♦❥❡❝t❡❞ ✸✁✆ ❡♠✐ss✐✈✐t② ♦♥ t❤❡ s❦② ❛t t❤❡ ✐♥❝❧✐♥❛t✐♦♥ ♦❢ ✍✎✏ ❢♦r t✇♦

❞✐❢❢❡r❡♥t ♠♦❞❡❧s✱ t♦r♦✐❞❛❧ ✇✐t❤ ✐♥♥❡r ❋✑☎✒✓s✱ ❛♥❞ ✇✐t❤ ♦✉t❡r ❋✑☎✒✓s✄ ☎t ✐s ❞✐❢✂✁

❝✉❧t t♦ ✐❞❡♥t✐❢② ❋✑☎✒✓s ❞✉❡ t♦ t❤❡ ♣r♦❥❡❝t✐♦♥ ❡❢❢❡❝ts ❛t t❤❡ ✐♥❝❧✐♥❛t✐♦♥ ♦❢ ✔ ❂ ✕✏

❛♥❞ ✾✕✏✄ ❇✉t✱ ☞✁✆ ✈❡❧♦❝✐t② ♠❛♣s ❛❧❧♦✇ ✉s t♦ ❡❛s✐❧② ❞❡t❡r♠✐♥❡ ❋✑☎✒✓s ✐♥s✐❞❡ ♦r

♦✉ts✐❞❡ t❤❡ ❣❧♦❜❛❧ str✉❝t✉r❡ ❛t ♦t❤❡r ✐♥❝❧✐♥❛t✐♦♥ ❛♥❣❧❡s✄

✖✗✘✗✙ ✚✛✜✢✣✤✥✦ ✧✢★✩✣✪★

✝❛❜❧❡ ☞✄✫ ❧✐sts t❤❡ ❦❡② ♣❛r❛♠❡t❡rs ❛♥❞ r❡s✉❧ts ♦❢ t❤❡ ❜❡st✁✂tt✐♥❣ ♠♦r♣❤♦✁❦✐♥❡♠❛t✐❝

♠♦❞❡❧s✱ ✇❤✐❝❤ ❤❛✈❡ ❜❡❡♥ ♦❜t❛✐♥❡❞ ❜② ❝♦♠♣❛r✐♥❣ t❤❡ ☎❋❯ ♠❛♣s ❛♥❞ t❤❡ ❛r❝❤✐✈❛❧

✐♠❛❣❡s ✇✐t❤ t❤❡ r❡s✉❧ts ♣r♦❞✉❝❡❞ ❜② t❤❡ ♠♦❞❡❧s✄ ✯♦❧✉♠♥s ✫➊✻ ♣r❡s❡♥t t❤❡ ♣♦s✐✁

t✐♦♥ ❛♥❣❧❡ ✭☛✰✮✱ t❤❡ ✴❛❧❛❝t✐❝ ♣♦s✐t✐♦♥ ❛♥❣❧❡ ✭✴☛✰✮✱ ❛♥❞ t❤❡ ✐♥❝❧✐♥❛t✐♦♥ ✭q✮ ✐♥ t❤❡

s❦② ♣❧❛♥❡✱ r❡s♣❡❝t✐✈❡❧②✄ ✝❤❡ ☛✰ ✐s t❤❡ ♣♦s✐t✐♦♥ ❛♥❣❧❡ ♦❢ t❤❡ ♥❡❜✉❧❛r s②♠♠❡tr②

❛①✐s ♣r♦❥❡❝t❡❞ ♦♥t♦ t❤❡ ♣❧❛♥❡ ♦❢ t❤❡ s❦②✱ ❛♥❞ ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ♥♦rt❤ t♦✇❛r❞s

❆✽✿❁❃❄③ ❉❅❏◗✿❁❅❙ ❱✼
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✭❛✮ �♥♥❡r ❋✁�✂✄s

✐ ❂ ✹✺✍

✭❜✮ ☎✉t❡r ❋✁�✂✄s

✐ ❂ ✹✺✍

❋✆❣✉r❡ ✝✞✟✿ ✠❤❡ ✡❍☛☞✌ ♠❡s❤ ♠♦❞❡❧s ♦❢ ✭❛✮ t♦r✉s ✇✆t❤ ✆♥♥❡r ❋✁�✂✄s ❛♥❞ ✭❜✮

t♦r✉s ✇✆t❤ ♦✉t❡r ❋✁�✂✄s✞ ✠❤❡ ❞❡r✆✈❡❞ ✝✲✎ ❧✆♥❡✲♦❢✲s✆❣❤t ✈❡❧♦❝✆t② ♠❛♣ ❛♥❞ t❤❡

♣r♦❥❡❝t❡❞ ✸✲✎ ❡♠✆ss✆✈✆t② ♦♥ t❤❡ ♣❧❛♥❡ ♦❢ t❤❡ s❦② ❛t t❤❡ ✆♥❝❧✆♥❛t✆♦♥ ♦❢ ✹✺✍✞

t❤❡ ❡❛st ✆♥ t❤❡ ❡q✉❛t♦r✆❛❧ ❝♦♦r❞✆♥❛t❡ s②st❡♠ ✭✂✏✑✮✞ ✠❤❡ ●✒✓ ✆s t❤❡ ♣♦s✆t✆♦♥ ❛♥✲

❣❧❡ ♣r♦❥❡❝t❡❞ ♦♥t♦ t❤❡ s❦② ♣❧❛♥❡✱ ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ✔♦rt❤ ●❛❧❛❝t✆❝ ✒♦❧❡ ✭✔●✒✮

t♦✇❛r❞s t❤❡ ●❛❧❛❝t✆❝ ❡❛st✞ ✏♦♠♣❛r✆s♦♥ ❜❡t✇❡❡♥ ♦❜s❡r✈❡❞ ❛♥❞ ♠♦❞❡❧ ✈❡❧♦❝✆t②

❝♦♠♣♦♥❡♥ts ②✆❡❧❞s t❤❡ ✁✑✄ s②st❡♠✆❝ ✈❡❧♦❝✆t② ✭✕✖✗✖✮ ❛♥❞ t❤❡ ❡①♣❛♥s✆♦♥ ✈❡❧♦❝✆t②

✭✕✘✙✚✮ ❣✆✈❡♥ ✆♥ ✏♦❧✉♠♥s ✼ ❛♥❞ ✽✱ r❡s♣❡❝t✆✈❡❧②✞ ❇✉t✱ ✇❡ ✇❡r❡ ♥♦t ❛❜❧❡ t♦ ❞❡✲

t❡r♠✆♥❡ ✕✘✙✚ ♦❢ ♠♦st ✒✔❡ ❢r♦♠ t❤❡✆r r❛❞✆❛❧ ✈❡❧♦❝✆t② ♠❛♣s✞ ✏♦❧✉♠♥ ✾ ❣✆✈❡s t❤❡

✽✽ ✛✜✢✣✤✥✦✢✧ ✢★ ✩✣✪✧✫✥✪✬✯ ✧✫✰✤✣✪✫ ✴✦✥✵ ❲✶✻✥✯✩✫ ❀✫✧✥✬✪✣ ❁✥✪✬❁
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❍❲❍✁ ✈❡❧♦❝✐t✐❡s ❢♦r ❝♦♠♣❛r✐s♦♥ ✇✐t❤ t❤❡ r❡s✉❧ts ✭✂♦❧✉♠♥ ✽✮ ❢r♦♠ s♣❛t✐❛❧❧②

r❡s♦❧✈❡❞ ♠❡t❤♦❞s✄ ❲❡ ♥♦t✐❝❡ t❤❛t t❤❡ ❍❲❍✁ ✈❡❧♦❝✐t✐❡s ♦✈❡r❡st✐♠❛t❡ t❤❡ tr✉❡

❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ ✁ ✸☎✸✵✱ ✆✂ ✶✝✾✼ ❛♥❞ ✁ ✶☎✸✝ ❜❡❝❛✉s❡ ♦❢ t❤❡ ❡❢❢❡❝ts ♦❢

❋✞✆✟✠s ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ♥❡❜✉❧❛✄ ✡❤❡ ✈❡❧♦❝✐t② ♦❢ t❤❡ ❋✞✆✟✠s ✭☛❥☞✌✮✱ t♦❣❡t❤❡r ✇✐t❤

✐ts r❡❢❡r❡♥❝❡✱ ❛r❡ ❣✐✈❡♥ ✐♥ ✂♦❧✉♠♥s ✶✵ ❛♥❞ ✶✶✄

✡❤❡ ❙✍✎✏✑ ♠❡s❤ ♠♦❞❡❧s ❜❡❢♦r❡ r❡♥❞❡r✐♥❣ ❛r❡ s❤♦✇♥ ✐♥ ❋✐❣✄ ✝✄✻ ❛t t❤❡✐r ❜❡st☎

✒tt✐♥❣ ✐♥❝❧✐♥❛t✐♦♥s t♦ t❤❡ ❧✐♥❡ ♦❢ s✐❣❤t✄ ✡❤❡ r❡s✉❧ts ♦❢ t❤❡ r❡♥❞❡r❡❞ ♠♦❞❡❧s ❛r❡

s❤♦✇♥ ✐♥ ❋✐❣✄ ✝✄✼✄ ✁♦r❡ ❞❡t❛✐❧ ♦❢ t❤❡ ♠♦❞❡❧s ❛♥❞ ✆❋❯ ❦✐♥❡♠❛t✐❝ ♠❛♣s ❛r❡ s❤♦✇♥

✐♥ ❋✐❣s✄ ✓✶➊✓✶✽ ✭s❡❡ ✓♣♣❡♥❞✐① ✓✮✄

✔✕✖✕✔ ✗✘✙✚✛ ✘✜ ✢✜✣✢✤✢✣✥✦✧ ✘★✩✚✪✙✛

✫✬✯✬✰✄ ✓ ❙✍✎✏✑ ♠♦❞❡❧ ❤❛s ❜❡❡♥ ❝♦♥str✉❝t❡❞ ❢♦r ✁✸☎✸✵✱ ✇❤✐❝❤ ✐s ❝♦♥s✐st❡♥t

✇✐t❤ t❤❡ ♥❡❜✉❧❛r ❍✴ ❡♠✐ss✐♦♥ ❢❡❛t✉r❡s✄ ✓s s❤♦✇♥ ✐♥ ❋✐❣✄ ✝✄✻✱ t❤❡ ♠♦❞❡❧ ✇❛s
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r✐♥❣ s❤❡❧❧ ✐s ❞❡❢♦r♠❡❞✱ ♠♦st ❧✐❦❡❧② ❛s ❛ r❡s✉❧t ♦❢ t❤❡ ♠♦t✐♦♥ ♦❢ t❤❡ ♥❡✞✉❧❛✱ ✇✐t❤

r❡s♣❡❝t t♦ t❤❡ ✠✌✍� ✎❤❡ ❋✡✠☛☞s ❛r❡ ♥♦t ❡①❛❝t❧② ❛❧✐❣♥❡❞ ✈❡rt✐❝❛❧❧②✱ ✇❤✐❝❤ ❝♦✉❧❞

✞❡ ✞❡❝❛✉s❡ ♦❢ ✐♥t❡r❛❝t✐♦♥ ✇✐t❤ t❤❡ ✠✌✍� ❋✐❣� ✆�✻ s❤♦✇s ❛ ❞❡❢♦r♠❡❞ ✏✑✒✓✔ ♠♦❞❡❧

❝♦♥s✐st✐♥❣ ♦❢ ❛ r✐♥❣ ❛♥❞ t✇♦ ♣♦✐♥t✲s②♠♠❡tr✐❝ ❦♥♦ts� ✠t ❞♦❡s ♥♦t ✐♥❝❧✉❞❡ t❤❡ ♦✉t❡r

❢❛✐♥t ❤❛❧♦� ✎❤❡ ❲✐❋❡✌ s♣❡❝tr❛❧ r❡s♦❧✉t✐♦♥ ✐s ♥♦t ✐❞❡❛❧ ❢♦r ❞❡t❡r♠✐♥✐♥❣ t❤❡ ❡①✲

♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ t❤❡ r✐♥❣ ❢r♦♠ t❤❡ ❧✐♥❡✲♦❢✲s✐❣❤t r❡❞✐❛❧ ✈❡❧♦❝✐t② ♠❛♣� ❇✉t✱ t❤❡

✝❲✝✍ ❣✐✈❡s ❛ r♦✉❣❤ ❡st✐♠❛t❡ ♦❢ t❤❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t②✱ ✕✖✗✖✘ ❂ ✙✸❦♠s✚✶✱

♠❡❛s✉r❡❞ ❢r♦♠ ❛♥ ❛♣❡rt✉r❡ ✛✵ ✜ ✛✵ ❛r❝s❡❝✢ ❧♦❝❛t❡❞ ♦♥ t❤❡ ✐♥♥❡r s❤❡❧❧� ✎❤❡

✝❲✝✍ ♠❡t❤♦❞ ✉s✉❛❧❧② ✉♥❞❡r❡st✐♠❛t❡s t❤❡ tr✉❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t②✱ ✞✉t s✉✐t✲

❛✞❧❡ ❢♦r s❧♦✇❧② ❡①♣❛♥❞✐♥❣ ♦✞❥❡❝ts ✭✌❝❤➝♦♥✞❡r♥❡r ❡t ❛❧� ✆✣✤✣✮� ❋r♦♠ ❋✐❣� ✆�✟✞✱

✐t ✐s ❝❧❡❛r t❤❛t t❤❡ ♥♦rt❤❡r♥ ❋✡✠☛☞ ✐s r❡❞s❤✐❢t❡❞✱ ✇❤❡r❡❛s t❤❡ s♦✉t❤❡r♥ ❋✡✠☛☞ ✐s

✞❧✉❡s❤✐❢t❡❞ ✇✐t❤ r❡s♣❡❝t t♦ ✥✦✧✦ ❂ ★✩✪❦♠s✚✶� ✎❤❡ ♠❛①✐♠✉♠ ♦✞s❡r✈❡❞ ✈❡❧♦❝✐t②

✞❡t✇❡❡♥ t❤❡♠ ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ✈❡❧♦❝✐t② ♦❢ ✥✫✬✯ ❂ ✰✛✺✵ ❦♠s✚✶ ❛t t❤❡ ✐♥❝❧✐♥❛✲

t✐♦♥ ♦❢ ✩✵✴✰✺✴� ✎❤❡ ♣♦✐♥t✲s②♠♠❡tr✐❝ str✉❝t✉r❡ ❤❛s ❛ ♣♦s✐t✐♦♥ ❛♥❣❧❡ ♦❢ ✆✼✴✰✛✵✴

✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ♣❧❛♥❡ ♦❢ t❤❡ s❦②� ✽s s❡❡♥ ✐♥ ❋✐❣� ✆�✟✞✱ t❤❡ ❋✡✠☛☞s s❤♦✇

❤✐❣❤❡r ✈❛❧✉❡s ♦❢ t❤❡ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ❞✉❡ t♦ t❤❡✐r r❡❧❛t✐✈❡❧② ❤✐❣❤ ✈❡❧♦❝✐t✐❡s

❛♥❞ ✐♥t❡r❛❝t✐♦♥ ✇✐t❤ t❤❡ ❧♦❝❛❧ ✠✌✍�

✾✿ ❀❁❃❄� ✽ ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ ♠♦❞❡❧ ♦❢ ✠✁ ✤✆❅● ✇❛s ✞✉✐❧t ❢r♦♠ ❛♥ ❡❧♦♥❣❛t❡❞

❝②❧✐♥❞❡r� ✠t ❤❛s ❛♥ ✐♥❝❧✐♥❛t✐♦♥ ♦❢ ★✛✪✵✴ ✰✛✵✴ r❡❧❛t✐✈❡ t♦ t❤❡ ❧✐♥❡ ♦❢ s✐❣❤t� ✎❤❡

♠♦❞❡❧ ✈❡❧♦❝✐t② ❝♦♠♣♦♥❡♥t ♣r♦❞✉❝❡❞ ❛t t❤✐s s♣❛t✐❛❧ ♦r✐❡♥t❛t✐♦♥ ✇❛s ❝♦♠♣❛r❡❞

✞② ❡②❡ t♦ t❤❡ ✈❡❧♦❝✐t② ♠❛♣ ♣r♦✈✐❞❡❞ ✞② t❤❡ ✠❋❯ ♦✞s❡r✈❛t✐♦♥ ✭❋✐❣� ✆�✟❝✮� ✠t ❧♦♦❦s

♥❡❛r❧② ❛s ❛ t✇✐♥ ♦❢ ✍❏✲❏✣� ✠t ❤❛s ♠♦r❡ ❧✐❦❡❧② ❛ t♦r✉s str✉❝t✉r❡ ✇✐t❤ t✇♦ ✐♥♥❡r

❦♥♦ts ❛t ❛ ❞✐❢❢❡r❡♥t ✐♥❝❧✐♥❛t✐♦♥� ✎❤❡ ♥❛rr♦✇ ✞❛♥❞ ✝◗❳❬❩ ❭❭❪ ✐♠❛❣❡ t❛❦❡♥ ✞②

✌❝❤✇❛r③ ❡t ❛❧� ✭✤❅❅✆✮ ♣r♦✞❛✞❧② s❤♦✇s t❤❡ s❛♠❡ str✉❝t✉r❡✱ ✞✉t ✐t ❛❧s♦ s❤♦✇s ❛♥

♦✉t❡r ❤❛❧♦ s✉rr♦✉♥❞✐♥❣ t❤❡ ❝❡♥tr❛❧ r✐♥❣� ✽ ♠✉❝❤ ❞❡❡♣❡r ♦✞s❡r✈❛t✐♦♥ ✐s ♥❡❝❡s✲

s❛r② t♦ ❝♦♥❫r♠ t❤✐s str✉❝t✉r❡� ❋r♦♠ t❤❡ ✏✑✒✓✔ ♠♦❞❡❧✱ ✇❡ ❢♦✉♥❞ t❤❡ ♠❛①✐♠✉♠

❅✟ ❴❵q④⑤⑥⑦q⑧ q⑨ ⑩④❶⑧❷⑥❶❸❹ ⑧❷❺⑤④❶❷ ❻⑦⑥❼ ❽❾❿⑥❹⑩❷ ➀❷⑧⑥❸❶④ ➁⑥❶❸➁



✷✳✹✳ ▼❖❘P�❖✲❑■◆❊▼❆❚■❈ ▼❖❉❊▲■◆●

❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ ✁✂✄☎ ❂ ✆✻✝✺❦♠s✞✶✟

✠❤✡☛☞✟ ✌✍❡ r♦✉❣✍❧② r❡❝t❛♥❣✉❧❛r s✍❛♣❡ s❡❡♥ ✐♥ ✌✍✎✏✑ ✭s❡❡ ❋✐❣✟ ✑✒✮ ♠✐❣✍t ❜❡

r❡❧❛t❡❞ t♦ ✐♥t❡r❛❝t✐♦♥ ✇✐t✍ t✍❡ ✓❙✔✱ ❛s t✍❡ ♥❡❜✉❧❛ ✐s ♠♦✈✐♥❣ t✍r♦✉❣✍ t✍❡ ✓❙✔✟

✌✍❡ ❛s②♠♠❡tr✐❝ ❜r✐❣✍t♥❡ss s❡❡♥ ✐♥ t✍❡ ♦❜s❡r✈❡❞ ❬✕ ✖✖❪ ✗✉① ♠❛♣✱ ❋✐❣✟ ✎✟✘❞✱ ❝♦✉❧❞

❛❧s♦ ❜❡ ❞✉❡ t♦ t✍❡ ✐♥t❡r❛❝t✐♦♥✟ ✓♥ t✍✐s s✐t✉❛t✐♦♥✱ t✍❡ ♥❡❜✉❧❛ s✍❡❧❧ ✐s ❞❡❢♦r♠❡❞✱

t❡♥❞✐♥❣ ✐♥ s♦♠❡ ❝❛s❡s t♦ ❛ r❡❝t❛♥❣✉❧❛r s✍❛♣❡✟ ✑s s✍♦✇♥ ✐♥ ❋✐❣✟ ✎✟✙✱ ✇❡ ❛❞♦♣t❡❞

❛ t♦r✉s s✉rr♦✉♥❞✐♥❣ ❛ ♣r♦❧❛t❡ ❡❧❧✐♣s♦✐❞ ✭❥❡ts✮ ❢♦r t✍❡ ♠♦r♣✍♦✏❦✐♥❡♠❛t✐❝ st✉❞② ♦❢

t✍✐s ♦❜❥❡❝t✟ ❋r♦♠ t✍❡ r❛❞✐❛❧ ✈❡❧♦❝✐t② ♠❛♣ ✭❋✐❣✟ ✎✟✘❞✮✱ t✍❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢

t✍❡ s✍❡❧❧ r❡❧❛t✐✈❡ t♦ t✍❡ ♥❡❜✉❧❛ ❝❡♥t❡r ✇❛s ❢♦✉♥❞ t♦ ❜❡ ✁✂✄☎ ❂ ✸✚✝✛✵ ❦♠s✞✶ ❛t

t✍❡ ✐♥❝❧✐♥❛t✐♦♥ ♦❢ ✜✛✼✢ ✝✚✢ t♦ t✍❡ ❧✐♥❡ ♦❢ s✐❣✍t✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t✍ t✍❡ ❍❲❍✔

✈❡❧♦❝✐t② ❢♦✉♥❞ ✐♥ ❙❡❝t✐♦♥ ✎✟✣✟ ❋✉rt✍❡r♠♦r❡✱ t✍❡ ✍✐❣✍ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ❛♥❞

❧❛r❣❡ ❜❧✉❡s✍✐❢t ✐♥ t✍❡ ❝❡♥t❡r ❛r❡ ❧✐❦❡❧② r❡❧❛t❡❞ t♦ t✍❡ ❋✤✓✥✦s s❡❡♥ ♣♦❧❡✏♦♥✟ ✌✍❡

✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ✐♥ t✍❡ ❝❡♥t❡r ❝♦rr❡s♣♦♥❞s t♦ ❛ ❥❡t ✈❡❧♦❝✐t② ♦❢ ✁✧✂★ ❃ ✁✩✪✩✫ ❂

✛✆✵ ❦♠s✞✶✟

✬✯ ✰☛✰✟ ✌✍❡ s♣❛t✐❛❧ r❡s♦❧✉t✐♦♥ ♦❢ ♦✉r ♦❜s❡r✈❛t✐♦♥ ✐s ♥♦t ✐❞❡❛❧ ❢♦r ✴❡ ✽✏✽✟

❍♦✇❡✈❡r✱ t✍❡ ❞❡r✐✈❡❞ r❛❞✐❛❧ ✈❡❧♦❝✐t② ♠❛♣ ❝♦♠❜✐♥❡❞ ✇✐t✍ �✾❚ ✐♠❛❣✐♥❣ ❛♥❞ ❛

✿❀❁❄❅ ♠♦❞❡❧ ✍❛✈❡ ❛❧❧♦✇❡❞ ✉s t♦ ❣❡t ❛ ❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ ✐ts ♠♦r♣✍♦✏

❦✐♥❡♠❛t✐❝ str✉❝t✉r❡✟ ❲❡ ✉s❡❞ ❛ ❝②❧✐♥❞r✐❝❛❧ str✉❝t✉r❡ ✐♥❝❧✉❞✐♥❣ ❜✐♣♦❧❛r ❧♦❜❡s

❧♦❝❛t❡❞ ✐ts ♦✉ts✐❞❡✟ ✌✍❡ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ♠❛♣ ♦❢ t✍✐s ✴✕ ✭s❡❡ ❋✐❣✟ ✑✙✮ ✐s

s✐♠✐❧❛r t♦ ✇✍❛t ✇❡ ❣♦t ❢♦r ❍❜✘✟ ✌✍❡r❡❢♦r❡✱ t✍✐s ✴✕ ♠❛② ❛❧s♦ ✍❛✈❡ s♦♠❡ ❋✤✓✥✦s

♦r ❜✐♣♦❧❛r ❝♦❧❧✐♠❛t❡❞ ♦✉t✗♦✇s✟ ❇✉t✱ t✍❡ ❧♦♥❣✏♣❛ss ❏❧t❡r ✭❋✣✒◗✤✴✮ ✐s ♥♦t ✐❞❡❛❧

❢♦r ✐❞❡♥t✐❢②✐♥❣ ❛♥② ❋✤✓✥✦s✱ ❛s t✍❡② ❛r❡ ✈✐s✐❜❧❡ ✐♥ ❬✕ ✖✖❪ ❛♥❞ ❬❙ ✖✖❪ ♠♦r❡ s♦ t✍❛♥

✐♥ ♦t✍❡r ❡♠✐ss✐♦♥ ❧✐♥❡s✟

❯✰☛❱✡✟ ✑ r✐♥❣✏❧✐❦❡ ✿❀❁❄❅ ♠♦❞❡❧ s✉❝❝❡ss❢✉❧❧② r❡♣r♦❞✉❝❡s t✍❡ ❜❧✉❡s✍✐❢t❡❞

❛♥❞ r❡❞s✍✐❢t❡❞ ❝♦♠♣♦♥❡♥ts s❡❡♥ ✐♥ t✍❡ r❛❞✐❛❧ ✈❡❧♦❝✐t② ♠❛♣s ♦❢ ✔✽✏✣✎ ✭s❡❡ ❋✐❣✟

✑❳✮✟ ✌✍❡ ♠♦❞❡❧ ✐s ❝♦♠♣♦s❡❞ ♦❢ ❛ t✍✐❝❦ t♦r✉s✱ ❛ ✐♥♥❡r ♣r♦❧❛t❡ ❡❧❧✐♣s♦✐❞ ✭❜✐♣♦❧❛r

♦✉t✗♦✇s✮ ❛♥❞ ♦✉t❡r t✍✐♥ ✍❛❧♦✟ ✌✍❡ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ♠❛♣s s✍♦✇ ❛ ❜r✐❣✍t

❝❡♥t❡r ❛ttr✐❜✉t❡❞ t♦ t✍❡ ❋✤✓✥✦s✟ ✑❦r❛s ❨ ✤➫♦♣❡③ ✭✎◗✽✎✮ r❡❝❡♥t❧② ♠♦❞❡❧❡❞ t✍✐s ✴✕

✉s✐♥❣ ❛ s✐♠✐❧❛r ♠♦r♣✍♦✏❦✐♥❡♠❛t✐❝ str✉❝t✉r❡✟ ✌✍❡ ♠❛①✐♠✉♠ ♦❜s❡r✈❡❞ ✈❡❧♦❝✐t②

❆❩❭❫❴❵q ❉④⑤⑥❭❫④⑦ ⑧✒
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❜❡t✇❡❡♥ ❝♦♠♣♦♥❡♥ts ✐♥ t❤❡ �❋❯ ♠❛♣s ❝♦rr❡s♣♦♥❞s t♦ ✈✁①✂ ❂ ✶✺ ❦♠ s✄☎ ❛t t❤❡

❞❡r✐✆❡❞ ✐♥❝❧✐♥❛t✐♦♥✱ ✇❤✐❝❤ ✐s r♦✉❣❤❧② ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ✆❛❧✉❡ ❢♦✉♥❞ ❜②

✝❦r❛s ✫ ✞➫♦♣❡③ ✭✟✵✠✟✮✡ ❍♦✇❡✆❡r✱ ✐t ✐s ♠✉❝❤ ❧♦✇❡r t❤❛♥ t❤❡ ♠❡❛s✉r❡❞ ❍❲❍☛

✆❡❧♦❝✐t② ♦❢ ✸✶ ❦♠s
✄☎
✡ ☞❤✐s ❡rr♦r ❝♦✉❧❞ ❜❡ ❞✉❡ t♦ t❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ t❤❡ ❢❛st

❝♦❧❧✐♠❛t❡❞ ❜✐♣♦❧❛r ♦✉t✌♦✇s ❛s ♣r❡✆✐♦✉s❧② ♥♦t❡❞ ❜② ☛❡❞✐♥❛ ❡t ❛❧✡ ✭✟✵✵✻✮✡ ❲❡

❞❡r✐✆❡❞ ❛♥ ✐♥❝❧✐♥❛t✐♦♥ ❛♥❣❧❡ ♦❢ ✶✺✍✎✶✏✍✱ ✇❤✐❝❤ ✐s ✐♥ ❞❡❝❡♥t ❛❣r❡❡♠❡♥t ✇✐t❤ ✺✍

❢♦✉♥❞ ❜② ✝❦r❛s ✫ ✞➫♦♣❡③ ✭✟✵✠✟✮✡ ☛♦r❡♦✆❡r✱ ✝❦r❛s ✫ ✞➫♦♣❡③ ✭✟✵✠✟✮ ❡st✐♠❛t❡❞

t❤❛t ❜✐♣♦❧❛r ❥❡ts ✭❋✞�✑✒s✮ r❡❛❝❤❡s ✈✓✁✔ ❂✎✕✏✏ ❦♠s✄☎✡ ☞❤❡ ✆❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ✐♥

t❤❡ ❝❡♥t❡r ♦❢ t❤❡ �❋❯ ♠❛♣ ✐s ❛❧s♦ ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛ ❥❡t ✆❡❧♦❝✐t② ♦❢ ✈✓✁✔ ❃ ✈✖✗✖✘ ❂

✙✏ ❦♠s✄☎✡

✚✛✲✜✢✡ ☞❤❡ ✣✤✥ ✐♠❛❣❡ ♦❢ ☛✦✧✠★ ❝♦♠❜✐♥❡❞ ✇✐t❤ t❤❡ �❋❯ r❛❞✐❛❧ ✆❡❧♦❝✐t②

♠❛♣ s❤♦✇s t❤❡ ♦r✐❡♥t❛t✐♦♥ ♦❢ t❤✐s ✩✪✡ ☞❤❡ ✬✯✰✴✹ ♠♦❞❡❧ ✇❛s ❜✉✐❧t ✇✐t❤ ❛ r✐♥❣

❜❛s❡❞ ♦♥ t❤❡ ❛♣♣❡❛r❛♥❝❡ ✐♥ t❤❡ ✣✤✥ ✐♠❛❣❡✡ ☞❤✐s ✐s ♠✉❝❤ s✐♠♣❧❡r t❤❛♥ t❤❡

♠♦❞❡❧ ❛❞♦♣t❡❞ ❜② ✝❦r❛s ✫ ✞➫♦♣❡③ ✭✟✵✠✟✮✱ ❜❡✐♥❣ ❝♦♠♣♦s❡❞ ♦❢ ❛ t♦r✉s✱ ❛ ✐♥♥❡r

♣r♦❧❛t❡ ❡❧❧✐♣s♦✐❞ ❛♥❞ ♦✉t❡r ❤❛❧♦✡ ☞❤❡ ❧♦✇ s♣❛t✐❛❧ r❡s♦❧✉t✐♦♥ ❞✐❞ ♥♦t ❛❧❧♦✇ ✉s t♦

✐❞❡♥t✐❢② ❛♥② ❥❡t str✉❝t✉r❡✡ ✝❦r❛s ✫ ✞➫♦♣❡③ ✭✟✵✠✟✮ ❛❧s♦ ✐❞❡♥t✐✼❡❞ ❋✞�✑✒s✱ ✇❤✐❝❤

♠♦✆❡ ✇✐t❤ ❡q✉❛❧ ❛♥❞ ♦♣♣♦s✐t❡ s✉♣❡rs♦♥✐❝ ✆❡❧♦❝✐t✐❡s ♦❢ ✈✓✁✔ ❂ ✎✶✏✏ ❦♠s✄☎✡ ✽✉r

❞❡r✐✆❡❞ ✐♥❝❧✐♥❛t✐♦♥ ❛♥❣❧❡ ♦❢ ✾✺✍✎✶✏✍ ❝♦♥str❛✐♥❡❞ ❜② t❤❡ ✣✤✥ ✐♠❛❣❡ ✐s ❞✐❢❢❡r❡♥t

❢r♦♠ ✺✍ ♦❢ t❤❡ ✬✯✰✴✹ ♠♦❞❡❧ ♦♥❧② ❝♦♥str❛✐♥❡❞ ❜② t❤❡ ❧♦♥❣✧s❧✐t s♣❡❝tr❛ ✭✝❦r❛s

✫ ✞➫♦♣❡③ ✟✵✠✟✮✡ ☞❤❡ t✇♦ ✆❡❧♦❝✐t② ❝♦♠♣♦♥❡♥ts s❡❡♥ ✐♥ t❤❡ �❋❯ ♠❛♣s ✐♥❞✐❝❛t❡s

t❤❛t t❤❡ r✐♥❣ ♦r✐❡♥t❡❞ ✇✐t❤ ✐ts s②♠♠❡tr② ❛✿✐s t♦ t❤❡ ❧✐♥❡ ♦❢ s✐❣❤t s✉❝❤ t❤❛t t❤❡

♥♦rt❤❡r♥ ✇❛❧❧ ♦♥ t❤❡ ♥❡❛r s✐❞❡ ❛♥❞ t❤❡ s♦✉t❤❡r♥ ✇❛❧❧ ♦♥ t❤❡ ❢❛r s✐❞❡✡

✚✜✲❀✢ ❁❄❅ ❇●❄❀✲✜❏❀✡ ☞❤❡ s♣❛t✐❛❧ r❡s♦❧✉t✐♦♥ ♦❢ ♦✉r �❋❯ ♦❜s❡r✆❛t✐♦♥ ❝❛♥✧

♥♦t r❡s♦❧✆❡ ❛♥② str✉❝t✉r❡ ♦❢ ☛✠✧✟★ ❛♥❞ ❍❡♥✟✧✠◗✟✡ ❳✉t✱ t❤❡ ❛r❝❤✐✆❛❧ ✣✤✥ ✐♠❛❣✧

✐♥❣ ❛❧❧♦✇❡❞ ✉s t♦ ❛❞♦♣t ❛ ❡❧♦♥❣❛t❡❞ ❝②❧✐♥❞❡r ♠♦❞❡❧ ❢♦r t❤❡♠✡ ☞❤❡ r❡s✉❧ts ♦❢

t❤❡ r❡♥❞❡r❡❞ ♠♦❞❡❧ ❛r❡ s❤♦✇♥ ✐♥ ❋✐❣✡ ✟✡❩✱ ✇❤✐❝❤ ❛r❡ ❝♦♠♣❛r❛❜❧❡ t♦ t❤❡✐r ✣✤✥

✐♠❛❣❡s ✭s❡❡ ❋✐❣✡ ✟✡✟✮✡ ❲❡ ❛❧s♦ ♥♦t✐❝❡ ❧❛r❣❡ ❢❛✐♥t ♦✉t❡r ❤❛❧♦s ✐♥ ❜♦t❤ ✩✪❡✱ ✇❤✐❝❤

❛r❡ ✆✐s✐❜❧❡ ✐♥ t❤❡ ✆❡❧♦❝✐t② ♠❛♣s✡ ❳✉t✱ ✇❡ ❞✐❞ ♥♦t ✐♥❝❧✉❞❡ t❤❡♠ ✐♥ t❤❡ ✬✯✰✴✹

♠♦❞❡❧s✡

❬✻ ❭❪❫❴❵④⑤❫⑥ ❫⑦ ⑧❴⑨⑥⑩④⑨❶❷ ⑥⑩❸❵❴⑨⑩ ❹⑤④❺ ❻❼❽④❷⑧⑩ ❾⑩⑥④❶⑨❴ ❿④⑨❶❿
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✁✂✄✶✻☎ ✆❤❡ r❛❞✐❛❧ ✈❡❧♦❝✐t② ♠❛♣s ♦❢ ✝✞✟✠✡ ✐♥❞✐❝❛t❡ t❤❛t t❤✐s ☛☞ ❝❛♥♥♦t

❤❛✈❡ ❛ ❝✐r❝✉❧❛r str✉❝t✉r❡ s❡❡♥ ✐♥ t❤❡ ❍✌✰❬☞ ✍✍❪ ♥❛rr♦✇ ❜❛♥❞ ✐♠❛❣❡ ✭❋✐❣☎ ✞☎✸✮☎

✎s♣❤❡r✐❝❛❧ ♠♦r♣❤♦❧♦❣✐❡s✱ ❡✐t❤❡r t♦r♦✐❞❛❧ ♦r ❝②❧✐♥❞r✐❝❛❧ str✉❝t✉r❡✱ ❝❛♥ ♦♥❧② ❜❡

❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ♦❜s❡r✈❡❞ ✈❡❧♦❝✐t② ♠❛♣s☎ ✆❤❡ ✇✐r❡✟❢r❛♠❡ ♠♦❞❡❧ ♦❢ ✝ ✞✟✠✡✱

❜❡❢♦r❡ r❡♥❞❡r✐♥❣✱ ✐s s❤♦✇♥ ✐♥ ❋✐❣☎ ✞☎✡☎ ✆❤❡ ❜❛s✐❝ ♠♦❞❡❧ ✇❛s ❛ ❡❧❧✐♣t✐❝❛❧ str✉❝t✉r❡

s✉rr♦✉♥❞✐♥❣ ❛ t❤✐♥ ♣r♦❧❛t❡ ❡❧❧✐♣s♦✐❞☎ ✆❤✐s ♠♦r♣❤♦✟❦✐♥❡♠❛t✐❝ ♠♦❞❡❧ r❡♣r♦❞✉❝❡s

t❤❡ t✇♦ ✈❡❧♦❝✐t② ❝♦♠♣♦♥❡♥ts s❡❡♥ ✐♥ t❤❡ ✈❡❧♦❝✐t② ♠❛♣s ✭❋✐❣☎ ✎✠✸✮☎ ✆❛❦✐♥❣ t❤❡

✐♥❝❧✐♥❛t✐♦♥ ♦❢ ✏✵✑ ❢♦✉♥❞ ❜② t❤❡ ❜❡st✟✒tt✐♥❣ ♠♦r♣❤♦✟❦✐♥❡♠❛t✐❝ ♠♦❞❡❧✱ ✇❡ ❞❡r✐✈❡❞

❛ ✈❡❧♦❝✐t② ♦❢ ✓❥✔✕ ❂✖✺✽ ❦♠ s✗✘ ❢r♦♠ t❤❡ ❞✐❢❢❡r❡♥❝❡ ❜❡t✇❡❡♥ ✈❡❧♦❝✐t② ❝♦♠♣♦♥❡♥ts

✐♥ t❤❡ ✙❋❯ ♠❛♣s☎

✚✛✜✻✢✼✣✤ ✚✛✜✻✢✻✼ ✥✦✧ ✚✛✜✻✻✂✾☎ ✆♦ ♠♦❞❡❧ t❤❡s❡ ☛☞❡✱ ✇❡ ✉s❡❞ t❤❡✐r

�❙❚ ✐♠❛❣❡s ✭❋✐❣☎ ✞☎✞✮☎ ❇✉t✱ t❤❡ r❛❞✐❛❧ ✈❡❧♦❝✐t② ♠❛♣s ❤❡❧♣❡❞ ✉s t♦ ❞❡t❡r♠✐♥❡

t❤❡✐r ♦r✐❡♥t❛t✐♦♥s☎ ★✉r ♠♦❞❡❧ ✇❛s ❜✉✐❧t ✇✐t❤ ❛ ♠♦❞✐✒❡❞ ❡❧❧✐♣s♦✐❞ s✉rr♦✉♥❞❡❞

❜② ❛ ♦✉t❡r ❢❛✐♥t s♣❤❡r✐❝❛❧ ❤❛❧♦☎ ✆❤❡ ♠❛✐♥ s❤❡❧❧ ✇❛s ♠♦❞✐✒❡❞ ✐♥ ♦r❞❡r t♦ ♣r♦✈✐❞❡

❛ r❡❛s♦♥❛❜❧❡ ♠❛t❝❤ ✇✐t❤ t❤❡ �❙❚ ✐♠❛❣❡s☎ ✎s s❡❡♥ ✐♥ ❋✐❣☎ ✞☎✩✱ t❤❡ r❡♥❞❡r❡❞

✐♠❛❣❡s ♣r♦❞✉❝❡❞ ❜② t❤❡ ✪✫✬✯✴ ♠♦❞❡❧s s✉❝❝❡ss❢✉❧❧② s❤♦✇ t❤❡ ♥❡❜✉❧❛✿s ✐♥❤❡r❡♥t

s❤❛♣❡s s❡❡♥ ✐♥ t❤❡ �❙❚ ✐♠❛❣❡s☎

❀✂✄❁✂☎ ✆❤❡ ✙❋❯ ❦✐♥❡♠❛t✐❝ ♠❛♣s ♦❢ ❃✞✟❄✞ ❝♦♠❜✐♥❡❞ ✇✐t❤ t❤❡ ❅✉♣❡r❏★❅✟

❃★❅ ❍✌ ❅❦② ❅✉r✈❡② ✭❋✐❣☎ ✎✠◗❱ ❅❍❅❱ ☛❛r❦❡r ❡t ❛❧☎ ✞❲❲◗✮ r❡✈❡❛❧s t❤❛t t❤❡ ♣r❡s✟

❡♥❝❡ ♦❢ ❋❳✙❨❩s ✐♥ ♦♣♣♦s✐t❡ s②♠♠❡tr✐❝❛❧ ♣❛✐rs☎ ✆❤❡s❡ ❋❳✙❨❩s ❛r❡ ♥♦t ❡❛s✐❧② ✈✐s✐❜❧❡

✐♥ t❤❡ ✙❋❯ ❭✉① ♠❛♣s☎ ❇✉t✱ ✇❡ ♥♦t✐❝❡ t❤❡♠ ✐♥ t❤❡ ✙❋❯ ✈❡❧♦❝✐t② ♠❛♣s☎ ❫❡ t❤❡r❡✟

❢♦r❡ ❛❞♦♣t❡❞ ❛ ♠♦r♣❤♦✟❦✐♥❡♠❛t✐❝ ♠♦❞❡❧ ❝♦♥s✐st✐♥❣ ♦❢ ❛ ✐♥♥❡r t♦r✉s ✭❝❡♥tr❛❧

s❤❡❧❧✮✱ ❛ ♣r♦❧❛t❡ ❡❧❧✐♣s♦✐❞ ✭♦✉t❡r ❤❛❧♦✮ ❛♥❞ t✇♦ ♣♦✐♥t✟s②♠♠❡tr✐❝ ❦♥♦ts✱ s✐♠✐❧❛r

t♦ t❤❡ ♠♦❞❡❧ ✉s❡❞ ❜② ✎❦r❛s ❴ ❳➫♦♣❡③ ✭✞❲✠✞✮☎ ❋✐❣☎ ✞☎✡ s❤♦✇s t❤❡ ♠❡s❤ ♠♦❞❡❧

♦❢ ❃✞✟❄✞✱ ❜❡❢♦r❡ r❡♥❞❡r✐♥❣☎ ✆❤❡ ♠♦❞❡❧ s✉❝❝❡ss❢✉❧❧② r❡♣r♦❞✉❝❡s t❤❡ s②♥t❤❡t✐❝

✐♥t❡♥s✐t② ♠❛♣ s✐♠✐❧❛r t♦ ✇❤❛t s❡❡♥ ✐♥ t❤❡ ❅❍❅ ❍✌ ✐♠❛❣❡☎ ✙t ❛❧s♦ r❡♣r♦❞✉❝❡s

t❤❡ t✇♦ ✈❡❧♦❝✐t② ❝♦♠♣♦♥❡♥ts ♦❢ ❋❳✙❨❩s ♠♦✈✐♥❣ ✐♥ ♦♣♣♦s✐t❡ ❞✐r❡❝t✐♦♥s ♦♥ ❜♦t❤

s✐❞❡s ♦❢ t❤❡ ❝❡♥tr❛❧ st❛r☎ ✆❤❡ ✐♥❝❧✐♥❛t✐♦♥ ♦❢ ❵❵✑ ✖q✵✑ ❞❡r✐✈❡❞ ❜② t❤❡ ❜❡st✟✒tt✐♥❣

♠♦❞❡❧ ✐s ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✇❤❛t ❢♦✉♥❞ ❜② ✎❦r❛s ❴ ❳➫♦♣❡③ ✭✞❲✠✞✮☎ ✆❛❦✐♥❣ t❤✐s

❆④⑤⑥⑦⑧⑨ ❉⑩❶❷⑤⑥⑩❸ ❹✩
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✐♥❝❧✐♥❛t✐♦♥✱ ✇❡ ❞❡r✐✈❡❞ ❛ ✈❡❧♦❝✐t② ♦❢ �❥✁✂ ❂ ✝✼✵✝✶✵ ❦♠s✄☎ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡

❝♦r❡✱ s✐♠✐❧❛r t♦ t❤❡ ✈❛❧✉❡ ❣✐✈❡♥ ❜② ✆❦r❛s ✫ ✞➫♦♣❡③ ✭✟✠✡✟✮☛

☞✌✺ ✍✎✏✑✒✓✔✕✎✏

✖✉r ❛✐♠ ✐♥ t❤✐s ❝❤❛♣t❡r ✇❛s t♦ ❞❡t❡r♠✐♥❡ ♠♦r♣❤♦❧♦❣✐❝❛❧ ❢❡❛t✉r❡s ♦❢ ❛ s❛♠♣❧❡ ♦❢

●❛❧❛❝t✐❝ ✗✘❡ s✉rr♦✉♥❞✐♥❣ ❤②❞r♦❣❡♥✲❞❡✙❝✐❡♥t ❬❲✚❪ ❝❡♥tr❛❧ st❛rs☛ ✛❤❡ ❝❛♣❛❜✐❧✐✲

t✐❡s ♦❢ t❤❡ ✜❋❯ ♦❜s❡r✈❛t✐♦♥s✱ ❝♦✉♣❧❡❞ ✇✐t❤ ❍✢✣ ♦r ♦t❤❡r ✐♠❛❣✐♥❣✱ ❤❛✈❡ ❛❧❧♦✇❡❞

✉s t♦ ✐❞❡♥t✐❢② t❤❡✐r t❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ str✉❝t✉r❡s☛ ✛❤❡ ♦✈❡r❛❧❧

r❡s✉❧ts ✐♥❞✐❝❛t❡s t❤❛t t❤❡s❡ ✗✘❡ ❤❛✈❡ ❛①✐s②♠♠❡tr✐❝ ♠♦r♣❤♦❧♦❣✐❡s✱ ❡✐t❤❡r ❜✐♣♦❧❛r

♦r ❡❧❧✐♣t✐❝❛❧☛ ✤♦♠❡ ♦❢ t❤❡♠ s❤♦✇ ❡❧❧✐♣t✐❝❛❧ s❤❛♣❡s ✇✐t❤ ❋✞✜✥✚✤ ✭❡☛❣☛ ✦✸✲✸✠ ❛♥❞

✧❜✹✮☛ ✚❡❝❡♥t❧②✱ ✆❦r❛s ✫ ✞➫♦♣❡③ ✭✟✠✡✟✮ ❛❧s♦ ✐❞❡♥t✐✙❡❞ ♦t❤❡r ❬❲✚❪ ✗✘❡ ❤❛✈✐♥❣

❛①✐s②♠♠❡tr✐❝ s❤❛♣❡s ❛♥❞ ❢❛st ❜✐♣♦❧❛r ♦✉t★♦✇s☛ ✦♦r❡♦✈❡r✱ t❤❡ r❡❝❡♥t ✩✪✬✯✰✴✬

❳✻✽✬✾ ✿❀❁❃✴❄✬❅❇✴✾ s✉r✈❡② ♦❢ ✗✘❡ ✭❏❛st♥❡r ❡t ❛❧☛ ✟✠✡✟✮ ✐♥❞✐❝❛t❡s t❤❛t ♠♦st ❡❧✲

❧✐♣t✐❝❛❧ ✗✘❡ ✇✐t❤ ❋✞✜✥✚s ❞✐s♣❧❛② ➇❞✐❢❢✉s❡ ◗✲r❛②➈ s♦✉r❝❡s☛ ❩✐❢❢✉s❡ ◗✲r❛② s♦✉r❝❡s

❛♥❞ ➇❤♦t ❜✉❜❜❧❡s➈ ✇❡r❡ ❛❧s♦ ❢♦✉♥❞ ✐♥ s♦♠❡ ❛s♣❤❡r✐❝❛❧ ✗✘❡ ❛r♦✉♥❞ ❬❲✚❪ st❛rs✱

❡☛❣☛ ✘●❭✹✠ ✭✦♦♥t❡③ ❡t ❛❧☛ ✟✠✠❫✮ ❛♥❞ ✘●❭❫✸✡❫ ✭❏❛st♥❡r ❡t ❛❧☛ ✟✠✠❴✮✱ ✇❤✐❝❤

❝♦✉❧❞ ❜❡ ❡✈✐❞❡♥❝❡ ❢♦r ❝♦❧❧✐♠❛t❡❞ ❵❡ts ❛♥❞ ✇✐♥❞✲✇✐♥❞ s❤♦❝❦s☛ ✛❤❡ ➇❤❛r❞ ◗✲r❛②➈

❡♠✐ss✐♦♥ ♠❛② s✉❣❣❡st t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❛ ❜✐♥❛r② ❝♦♠♣❛♥✐♦♥✱ ✇❤❡r❡❛s s♦❢t✱ ❞✐❢❢✉s❡

◗✲r❛② ❡♠✐ss✐♦♥ ✐s ♠♦r❡ ❧✐❦❡❧② r❡❧❛t❡❞ t♦ s❤♦❝❦s ✭❏❛st♥❡r ❡t ❛❧☛ ✟✠✡✟✮☛ ✘♦r❞❤❛✉s

✫ q❧❛❝❦♠❛♥ ✭✟✠✠④✮ s✉❣❣❡st❡❞ t❤❛t ❛ ❜✐♥❛r② s②st❡♠ ❝♦♥s✐st✐♥❣ ♦❢ ❛ ❧♦✇✲♠❛ss

st❛r ✭⑤ ✵⑥⑦⑧⑨✮ ❛♥❞ ❛♥ ✆●q st❛r ✉♥❞❡r❣♦❡s ❛ ❝♦♠♠♦♥ ❡♥✈❡❧♦♣❡ ✭❭✥✮ ♣❤❛s❡✱

✇❤✐❝❤ ❝❛♥ ❧❡❛❞ t♦ ❜✐♥❛r②✲✐♥❞✉❝❡❞ ❡⑩✉❛t♦r✐❛❧ ♦✉t★♦✇ ❛♥❞ ♥❡❜✉❧❛r ❛s♣❤❡r✐❝❛❧

♠♦r♣❤♦❧♦❣②☛ ❲❤✐❧❡ ♥♦ ❜✐♥❛r② ❝♦♠♣❛♥✐♦♥ ❤❛s ❜❡❡♥ ❢♦✉♥❞ ✐♥ t❤❡ ❬❲✚❪ ✗✘❡ ♦❢

♦✉r s❛♠♣❧❡✱ t❤❡ ♠❡r❣❡r s❝❡♥❛r✐♦ ♦❢ ❛ ❧♦✇✲♠❛ss ❝♦♠♣❛♥✐♦♥ ✇✐t❤ ❛♥ ✆●q st❛r

❞✉r✐♥❣ t❤❡ ✆●q ♣❤❛s❡ ♠❛② ❡①♣❧❛✐♥ t❤❡✐r t②♣✐❝❛❧ ❛s♣❤❡r✐❝❛❧ ♠♦r♣❤♦❧♦❣✐❡s☛

✛❤❡ ♣✐❝t✉r❡ t❤❛t ❡♠❡r❣❡s ❢r♦♠ t❤✐s ✇♦r❦ ✐s t❤❛t ❛❧❧ ❬❲✚❪ ✗✘❡ ♦❢ ♦✉r s❛♠♣❧❡

s❤♦✇ ❛①✐s②♠♠❡tr✐❝ ♠♦r♣❤♦❧♦❣✐❡s✱ ❛♣❛rt ❢r♦♠ ✗q④ ✭s❡❡ ❋✐❣☛ ✟☛④✮☛ ✛❤✐s ❝♦✉❧❞ ✐♠✲

♣❧② ❛ ♣♦ss✐❜❧❡ ❧✐♥❦ ❜❡t✇❡❡♥ ✗✘❡ ✇✐t❤ t❤❡✐r ❲✚✲t②♣❡ ♥✉❝❧❡✐☛ q✉t✱ t❤❡ ❡①♣❛♥s✐♦♥

❶❴ ❷❄❇❸❹❅❺❇✯ ❇❻ ❼❸✬✯❃❅✬✴✾ ✯❃❀❹❸✬❃ ❽❺❅✪ ❾✽✻❅✾❼❃ ❿❃✯❅✴✬❸ ❁❅✬✴❁
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✈❡❧♦❝✐t✐❡s ♣r❡s❡♥t❡❞ ✐♥ ❚❛❜❧❡s �✁✸ ❛♥❞ �✁✹ ❞♦ ♥♦t s❤♦✇ ❛♥② s♣❡❝✐✂❝ ❧✐♥❦ ✇✐t❤

t❤❡ st❡❧❧❛r ♣❛r❛♠❡t❡rs ❣✐✈❡♥ ✐♥ ❚❛❜❧❡ �✁✶✁ ❆s ❝❛♥ ❜❡ s❡❡♥ ✐♥ ❋✐❣✁ �✁✽ ✭t♦♣✮✱ t❤❡

❍❲❍▼ ✈❡❧♦❝✐t② ♣❧♦tt❡❞ ❛❣❛✐♥st t❤❡ ❬❲✄❪✲❬❲☎❪ ❡✈♦❧✉t✐♦♥❛r② s❡q✉❡♥❝❡✱ t❤❡r❡

✐s ♥♦ ❣❡♥❡r❛❧ tr❡♥❞ ❜❡t✇❡❡♥ t❤❡♠✁ ▼♦r❡♦✈❡r✱ ❋✐❣✁ �✁✽ ✭❜♦tt♦♠✮ s❤♦✇s ♥♦ ❡①✲

♣❧✐❝✐t ❞❡♣❡♥❞❡♥❝❡ ♦❢ ❱✆✝✆✞ ♦♥ ✟✠✡✡✁ ❇✉t✱ t❤❡ t❤❡♦r❡t✐❝❛❧ ❡✈♦❧✉t✐♦♥❛r② ♠♦❞❡❧s ❜②

☛❝❤➝♦♥❜❡r♥❡r ❡t ❛❧✁ ✭�✵✵☞❛✱❜✮ ♣r❡❞✐❝t❡❞ t❤❛t t❤❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ✐♥❝r❡❛s❡s ❛s

t❤❡ ♥❡❜✉❧❛ ❡✈♦❧✈❡s ❛♥❞ t❤❡ ❝❡♥tr❛❧ st❛r ❜❡❝♦♠❡s ❤♦tt❡r✁ ❍♦✇❡✈❡r✱ ✇❡ ❞✐❞ ♥♦t s❡❡

❛♥② ❧✐♥❦ ❜❡t✇❡❡♥ t❤❡ ♥❡❜✉❧❛r ❦✐♥❡♠❛t✐❝s ❛♥❞ st❡❧❧❛r ❝❤❛r❛❝t❡r✐st✐❝s✁ ☛♦♠❡ P✌❡

✇✐t❤ ❤♦t st❛rs✱ s✉❝❤ ❛s P❡ ✶✲✶✱ ❍❜✹ ❛♥❞ ▼✶✲✸�✱ ❤❛✈❡ ❧♦✇ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t✐❡s✱

✇❤❡r❡s s♦♠❡ P✌❡ ❛r♦✉♥❞ ❝♦♦❧ st❛rs✱ s✉❝❤ ❛s ❍❡♥ ✸✲✶✸✸✸ ❛♥❞ ❑�✲✶✻✱ s❤♦✇ ❤✐❣❤

❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t✐❡s✁ ❚❤✐s t❡♥❞❡♥❝② ❝❛♥♥♦t ❜❡ ❡①♣❧❛✐♥❡❞ ❜② s✐♥❣❧❡ st❛r ❡✈♦❧✉✲

t✐♦♥✁ ❚❛❜❧❡ �✁☞ ❛❧s♦ ♣r❡s❡♥ts ♥❡❜✉❧❛r ❦✐♥❡♠❛t✐❝ ❛❣❡ ✭✄♦❧✉♠♥ ✽✮ ❝❛❧❝✉❧❛t❡❞ ✉s✐♥❣

❛❞♦♣t❡❞ ❞✐st❛♥❝❡ ✭✄♦❧✉♠♥ ✻✮✱ ♥❡❜✉❧❛r s✐③❡✱ ❛♥❞ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ✭✄♦❧✉♠♥ ✹✮✁

❲❡ ❞❡✂♥❡❞ t❤❡ ❦✐♥❡♠❛t✐❝ ❛❣❡ ❛s t❤❡ r❛❞✐✉s ❞✐✈✐❞❡❞ ❜② t❤❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t②✁

✄♦❧✉♠♥ ✶✵ ❣✐✈❡s t❤❡ ❦✐♥❡♠❛t✐❝ ❛❣❡s ♦❜t❛✐♥❡❞ ❜② ●❡s✐❝❦✐ ✫ ❩✐❥❧str❛ ✭�✵✵✼✮✁ ❲❡

s❡❡ t❤❛t t❤❡ ❝♦♠♣❛❝t P✌ ❍❡♥✸✲✶✸✸✸ ❛♥❞ ❍❡♥�✲✶✶✸ ❛r❡ ✈❡r② ②♦✉♥❣✱ ✇❤❡r❡❛s

s♦♠❡ ❡✈♦❧✈❡❞ r✐♥❣ P✌❡ ✭❡✁❣✁ ▼✸✲✸✵✱ ❚❤ �✲❆ ❛♥❞ ❑�✲✶✻✮ ❛r❡ ♦❧❞✁ ❲❡ ♥♦t❡ t❤❛t

❜♦t❤ ❍❡♥ ✸✲✶✸✸✸ ❛♥❞ ❍❡♥�✲✶✶✸ ❤❛✈❡ t❤❡ s❛♠❡ ❛❣❡ ❛♥❞ st❡❧❧❛r ♣❛r❛♠❡t❡rs✱ ❜✉t

t❤❡② s❤♦✇ ❞✐❢❢❡r❡♥t ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t✐❡s✁ ❚❤❡r❡❢♦r❡✱ t❤❡✐r ♥❡❜✉❧❛r ❦✐♥❡♠❛t✐❝s

❛r❡ s♦♠❡❤♦✇ ✉♥r❡❧❛t❡❞ t♦ t❤❡✐r ❛ss✉♠❡❞ st❡❧❧❛r ♣❛r❛♠❡t❡rs✁ ▼♦r❡♦✈❡r✱ t❤❡

♣♦✐♥t✲s②♠♠❡tr✐❝ ❢❛st ❦♥♦ts ♦r ❥❡ts ♠♦✈✐♥❣ ✐♥ ♦♣♣♦s✐t❡ ❞✐r❡❝t✐♦♥s ✇❡r❡ ❢♦✉♥❞ ✐♥

♦t❤❡r P✌❡ ❛r♦✉♥❞ ❤♦t ❬❲❘❪ st❛rs✱ ❍❜✹✱ ▼✸✲✸✵✱ ▼ ✸✲✶☞ ❛♥❞ ▼✶✲✸�✁ ❚❤❡✐r ✈❡✲

❧♦❝✐t✐❡s ✇❡r❡ ❢♦✉♥❞ t♦ ❜❡ ✐♥ t❤❡ r❛♥❣❡ ✻✵➊�✵✵ ❦♠ s✍✎ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ♠❛✐♥

❜♦❞✐❡s✱ ✇❤✐❝❤ s❡❡♠ ✐♥❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ●✏☛❲ t❤❡♦r②✁

❚❤❡ ♠❡t❤♦❞ ✉s❡❞ ❤❡r❡ ♣r❡s❡♥ts ♦♥❧② ❛ ✂rst✲♦r❞❡r ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ ♥❡❜✉✲

❧❛r ♠♦r♣❤♦❧♦❣②✱ t❤❡ ✐♥❝❧✐♥❛t✐♦♥ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ❧✐♥❡ ♦❢ s✐❣❤t✱ t❤❡ ♦r✐❡♥t❛t✐♦♥

♦♥ t❤❡ s❦② ♣❧❛♥❡✱ ❛♥❞ ❛ r♦✉❣❤ ❡st✐♠❛t❡ ♦❢ t❤❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t②✁ ☎✉r ♠❡t❤♦❞

✇❛s ❞❡s✐❣♥❡❞ t♦ ❡❛s✐❧② ❞❡t❡r♠✐♥❡ ❛♥② ♠♦r♣❤♦❧♦❣✐❡s ❛t ❞✐❢❢❡r❡♥t ✐♥❝❧✐♥❛t✐♦♥s

❢r♦♠ t❤❡ ✏❋✑ ✈❡❧♦❝✐t② ♠❛♣s✁ ❇✉t✱ t❤❡ ❧❛❝❦ ♦❢ ❤✐❣❤ s♣❛t✐❛❧ ❛♥❞ s♣❡❝tr❛❧ r❡s♦❧✉✲

✒✓✔✕✖✗✘ ❉✙✚✛✔✕✙✜ ✾✾
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t✐♦♥ ✭❲✐❋❡� s♣❡❝tr♦❣r❛♣❤✮ ♠❡❛♥s t❤❛t ✇❡ ❝❛♥♥♦t ♣❡r❢♦r♠ ❛ ❞❡t❛✐❧❡❞ ♠♦r♣❤♦✲

❦✐♥❡♠❛t✐❝ ♠♦❞❡❧✐♥❣ ♦❢ ♦✉r s❛♠♣❧❡✁ ✂♦t✇✐t❤st❛♥❞✐♥❣ ✐ts ❧✐♠✐t❛t✐♦♥s✱ t❤✐s st✉❞②

♠❛② ♦❢❢❡r s♦♠❡ ✐♥s✐❣❤t ✐♥t♦ t❤❡✐r ♦✈❡r❛❧❧ t❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ str✉❝t✉r❡s✁ ✄❤✐s ❛♣✲

♣r♦❛❝❤ ✐s t✐♠❡✲s❛✈✐♥❣✱ s♦ ✐t ✐s ✐❞❡❛❧ ❢♦r st✉❞② ♦❢ ❛ ❧❛r❣❡ s❛♠♣❧❡ ♦❢ ☎✂❡✱ ✇❤❡r❡

♣r❡❝✐s❡ ❞❡t❛✐❧ ✐s ♥♦t ✐♠♣♦rt❛♥t✁ ✆♦r❡ ❞❡t❛✐❧❡❞ ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ ❛♥❛❧②s✐s ❛♥❞

❢✉rt❤❡r ❤✐❣❤✲r❡s♦❧✉t✐♦♥ ♦❜s❡r✈❛t✐♦♥s ✇✐❧❧ ❡①♣❛♥❞ ♦✉r ❦♥♦✇❧❡❞❣❡ ♦♥ t❤❡✐r ❦✐♥❡✲

♠❛t✐❝ str✉❝t✉r❡s✁

❲❡ ❜❡❧✐❡✈❡ ❢✉t✉r❡ ❞❡❡♣ ✐♠❛❣✐♥❣ ❛♥❞ ❦✐♥❡♠❛t✐❝ ♦❜s❡r✈❛t✐♦♥s ♦❢ ☎✂❡ ✇✐t❤

❬❲✝❪ ❝❡♥tr❛❧ st❛rs ❛r❡ ♥❡❝❡ss❛r② t♦ ✐♥✈❡st✐❣❛t❡ ♣♦ss✐❜❧❡ ♠❡❝❤❛♥✐s♠s✱ ✇❤✐❝❤

s❤❛♣❡ t❤❡✐r ❛s♣❤❡r✐❝❛❧ ♠♦r♣❤♦❧♦❣✐❡s✁ ✞❡❡♣❡r ♦❜s❡r✈❛t✐♦♥s ♦❢ t❤❡ ❝❡♥tr❛❧ ❡♥❣✐♥❡

✇✐❧❧ ❧❡❛❞ t♦ ❛ ❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤✐s ✐ss✉❡✁ ✄❤❡ ♣r❡s❡♥❝❡ ♦❢ ❜✐♥❛r② ❝♦♠✲

♣❛♥✐♦♥s s❤♦✉❧❞ ❜❡ ✐♥s♣❡❝t❡❞✁ ❇✉t✱ ✐t ✐s ❡①tr❡♠❡❧② ❞✐❢✟❝✉❧t t♦ ❞❡t❡❝t ❛ ❧♦✇✲♠❛ss

st❛r ♦r ❛ ♣❧❛♥❡t✱ ✇❤✐❝❤ ❝♦✉❧❞ ❛❧s♦ ✐♥✠✉❡♥❝❡ t❤❡ s❤❛♣✐♥❣ ♦❢ ✐ts ♥❡❜✉❧❛✁ ✡♥✲❞❡♣t❤

st✉❞✐❡s ♦❢ ❬❲✝❪ ☛�☎✂❡ ❛r❡ ❛❧s♦ r❡q✉✐r❡❞ t♦ ✉♥r❛✈❡❧ t❤❡ ♣✉③③❧❡ ♦❢ t❤❡ ♠❡❝❤❛✲

♥✐s♠ r❡s♣♦♥s✐❜❧❡ ❢♦r s❤❛♣✐♥❣ ❬❲✝❪ ☎✂❡✱ ✇❤✐❝❤ ❛s ②❡t r❡♠❛✐♥s ✉♥❛♥s✇❡r❡❞✁

✶✵✵ ☞✌✍✎✏✑✒✍✓ ✍✔ ✕✎✖✓✗✑✖✘✙ ✓✗✚✏✎✖✗ ✛✒✑✜ ✢✣✤✑✙✕✗ ✥✗✓✑✘✖✎ ✦✑✖✘✦
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❋✐❣✉r❡ �✁✽✿ ❚♦♣ ♣❛♥❡❧✿ ✈❛r✐❛t✐♦♥ ♦❢ t❤❡ ❍❲❍▼ ✈❡❧♦❝✐t② ✭❱✂✄✂☎✮ ❛❧♦♥❣ t❤❡

s♣❡❝tr❛❧ s❡q✉❡♥❝❡✁ ❇♦tt♦♠ ♣❛♥❡❧✿ ✈❛r✐❛t✐♦♥ ♦❢ t❤❡ ❍❲❍▼ ✈❡❧♦❝✐t② ❛❧♦♥❣ t❤❡

st❡❧❧❛r ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ✭✆✝✞✞✮✁
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♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✱ ✇❤✐❝❤ ♠❛② ❜❡ ❝❧♦s❡❧② ❧✐♥❦❡❞ t♦ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝②

♣r♦❜❧❡♠✂ ✟✈❡r ❢♦✉r ❞❡❝❛❞❡s ❛❣♦✱ ✆❡✐♠❜❡rt ✭✶✾✻✼✱ ✶✾✼✶✮ ❢♦✉♥❞ t❤❛t t❤❡ ❞✐✲

❝❤♦t♦♠② ❜❡t✇❡❡♥ ❬✟ ✁✁✁❪ ✠✡✝ ❛♥❞ � ✁ ✣❛❧♠❡r ❥✉♠♣ ✭✣❏✮ t❡♠♣❡r❛t✉r❡s✱ ✤✥✭❬✟ ✁✁✁❪✎ ❃

✤✥✭✣❏✮✱ ✐♥ � ✁✁ r❡❣✐♦♥s ❛♥❞ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✱ ❛♥❞ s✉❣❣❡st❡❞ t❤❡ ♣r❡s❡♥❝❡ ♦❢

s✐❣♥✐✦❝❛♥t t❡♠♣❡r❛t✉r❡ ✧✉❝t✉❛t✐♦♥s✱ ❝❤❛r❛❝t❡r✐③❡❞ ❜② t✇♦ ♣❛r❛♠❡t❡rs✿ t❤❡ ❛✈✲

❡r❛❣❡ t❡♠♣❡r❛t✉r❡✱ ✤★✱ ❛♥❞ t❤❡ ♠❡❛♥ sq✉❛r❡ t❡♠♣❡r❛t✉r❡ ✧✉❝t✉❛t✐♦♥ ✩✛✂ ✢t ❝❛♥

✶✵✻ ✪✬✯❁❄❅❑✯◗ ✯❱ ❩❁❭◗❫❅❭❴❵ ◗❫④❄❁❭❫ ⑤❑❅⑥ ⑦⑧⑨❅❵❩❫ ⑩❫◗❅❴❭❁ ❶❅❭❴❶



✸✳✶✳ ■◆❚❘❖❉❯❈❚■❖◆

❤❛✈❡ ❞✐❢❢❡r❡♥t ✇❡✐❣❤ts ✐♥ t❤❡ ❤✐❣❤ ❛♥❞ ❧♦✇ ✐♦♥✐③❛t✐♦♥ r❡❣✐♦♥s✱ ❡�❣� ✁✵❀❍ ❛♥❞

✂✷❍ ❢♦r ❬✄ ☎☎☎❪ ❛♥❞ ✁✵❀▲ ❛♥❞ ✂✷▲ ❢♦r ❬✆ ☎☎❪� ✝❤❡ t❡♠♣❡r❛t✉r❡ ✞✉❝t✉❛t✐♦♥s ❧❡❛❞ t♦

♦✈❡r❡st✐♠❛t✐♥❣ t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❞❡❞✉❝❡❞ ❢r♦♠ ✟❊✠s✱ ❛s ❛ r❡s✉❧t✱ t❤❡

❞❡r✐✈❡❞ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❛r❡ ✉♥❞❡r❡st✐♠❛t❡❞ ✭P❡✐♠❜❡rt ✡✾✻✼✮� ☛♦✇❡✈❡r✱ t❤❡

❞❡t❛✐❧❡❞ ❛♥❛❧②s✐s ♦❢ ✆●✟ ✻✺✹☞ ❜② ❲❡ss♦♥ ✫ ✠✐✉ ✭✌✍✍✹✮ ❢♦r ❡①❛♠♣❧❡ s❤♦✇❡❞

t❤❛t t❤❡ t❡♠♣❡r❛t✉r❡ ✞✉❝t✉❛t✐♦♥s ❛r❡ t♦♦ s♠❛❧❧ t♦ ❡①♣❧❛✐♥ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s✲

❝r❡♣❛♥❝② ♣r♦❜❧❡♠� ✎❡❝❡♥t❧②✱ ❲❡ss♦♥ ❡t ❛❧� ✭✌✍✍✺✮ ❢♦✉♥❞ t❤❛t t❤❡ ❞❡r✐✈❡❞ t❡♠✲

♣❡r❛t✉r❡s ♠♦st❧② ❢♦❧❧♦✇ t❤❡ r❡❧❛t✐♦♥ ✁✏✭❬✄ ☎☎☎❪✑ ❃ ✁✏✭❇❏✑ ❃ ✁✏✭☛❡ ☎✑ ❃ ✁✏✒✄ ☎☎✮�

✝❤✐s r❡❧❛t✐♦♥ ✇❛s ♣r❡❞✐❝t❡❞ ❜② t❤❡ t✇♦✲♣❤❛s❡ ♠♦❞❡❧s ✭✠✐✉ ✌✍✍☞✓ ✠✐✉ ❡t ❛❧�

✌✍✍✹❛✮✱ ❝♦♥t❛✐♥✐♥❣ s♦♠❡ ❝♦❧❞ ✭✁✏ ✘ ✔✕✖ ❑✮ ❤②❞r♦❣❡♥✲❞❡✗❝✐❡♥t s♠❛❧❧✲s❝❛❧❡ str✉❝✲

t✉r❡s✱ ❤✐❣❤❧② ❡♥r✐❝❤❡❞ ✐♥ ❤❡❧✐✉♠ ❛♥❞ ❤❡❛✈② ❡❧❡♠❡♥ts✱ ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ❞✐❢❢✉s❡

✇❛r♠ ✭✁✏ ✘ ✔✕✙ ❑✮ ♥❡❜✉❧❛r ❣❛s ♦❢ ♥♦r♠❛❧ ❛❜✉♥❞❛♥❝❡s� ✝❤❡ ❡①✐st❡♥❝❡ ❛♥❞ ♦r✐✲

❣✐♥ ♦❢ s✉❝❤ ✐♥❝❧✉s✐♦♥s ❛r❡ st✐❧❧ ✉♥❦♥♦✇♥� ✝❤❡ st✉❞② ♦❢ ❆❜❡❧❧ ☞✍ ❜② ❲❡ss♦♥

❡t ❛❧� ✭✌✍✍☞✮ ♣♦✐♥t❡❞ t♦ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❝♦❧❞ ✐♦♥✐③❡❞ ♠❛t❡r✐❛❧ ✐♥ ✐ts ❤②❞r♦❣❡♥✲

❞❡✗❝✐❡♥t ❦♥♦ts� ❋✉rt❤❡r♠♦r❡✱ ❊r❝♦❧❛♥♦ ❡t ❛❧� ✭✌✍✍☞❜✮ s❤♦✇❡❞ t❤❡ ❢❡❛s✐❜✐❧✐t②

♦❢ s✉❝❤ s❝❡♥❛r✐♦ ❜② ✐♠♣❧❡♠❡♥t✐♥❣ ❛ ❜✐✲❛❜✉♥❞❛♥❝❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ♦❢

❆❜❡❧❧ ☞✍� Pr❡✈✐♦✉s❧②✱ P❛rt❤❛s❛r❛t❤② ❡t ❛❧� ✭✡✾✾✽✮ ✐❞❡♥t✐✗❡❞ t❤❡ ❝❡♥tr❛❧ st❛r ♦❢

❆❜❡❧❧ ☞✍ ❛s ❬❲✟❪✲P●✡✡✺✾ t②♣❡� ❆❞❞✐t✐♦♥❛❧❧②✱ ❨✉❛♥ ❡t ❛❧� ✭✌✍✡✡✮ ✉s❡❞ ❛ ❜✐✲

❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ t♦ s♦❧✈❡ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ♣r♦❜❧❡♠ ✐♥ ✆●✟ ✻✡✺☞✱

✇❤♦s❡ ❝❡♥tr❛❧ st❛r ✇❛s ❝❧❛ss✐✗❡❞ ❛s ❛ ❬❲✟❪✲P● ✡✡✺✾ st❛r ❜② ✠✐✉ ❡t ❛❧� ✭✌✍✍✍✮�

✝❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✐♥❣ ♦❢ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✆●✟ ✡✺✍✡ ❝♦♥t❛✐♥✐♥❣ ❛

❬❲✄✹❪ st❛r ❜② ❊r❝♦❧❛♥♦ ❡t ❛❧� ✭✌✍✍✹✮ ✐♥❞✐❝❛t❡❞ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❝♦❧❞ ✐♦♥✐③❡❞

❤②❞r♦❣❡♥✲❞❡✗❝✐❡♥t ♠❛t❡r✐❛❧ ✇✐t❤✐♥ t❤❡ ♥❡❜✉❧❛� ✚t ✐s ✉♥❝❧❡❛r ✇❤❡t❤❡r t❤❡r❡ ✐s

❛♥② ❧✐♥❦ ❜❡t✇❡❡♥ t❤❡ ❛ss✉♠❡❞ ❤②❞r♦❣❡♥✲❞❡✗❝✐❡♥t ✐♥❝❧✉s✐♦♥s ✐♥ P✆❡ ❛♥❞ t❤❡✐r

❤②❞r♦❣❡♥✲❞❡✗❝✐❡♥t ❝❡♥tr❛❧ st❛rs�

✚♥ t❤✐s ❝❤❛♣t❡r✱ ✇❡ ♣r❡s❡♥t ♠❡❞✐✉♠✲r❡s♦❧✉t✐♦♥ ✭✛ ✘ ✜✕✕✕✮ ✐♥t❡❣r❛❧ ✗❡❧❞ ✉♥✐t

✭✚❋✢✮ s♣❡❝tr❛ ✐♥ t❤❡ ✹✹✡✺➊✼✍✼✍ ✣❆ r❛♥❣❡ ❢♦r ✡☞ P✆❡ ❝♦♥t❛✐♥✐♥❣ ❲♦❧❢✲✎❛②❡t ❬❲✟❪

❝❡♥tr❛❧ st❛rs ❛♥❞ ✺ ●❛❧❛❝t✐❝ P✆❡ ✇✐t❤ ✇❡❛❦ ❡♠✐ss✐♦♥✲❧✐♥❡ st❛rs ✭✤✥✦✧✮� ✝❤❡ s♣❡❝✲

tr❛✱ ❝♦♠❜✐♥❡❞ ✇✐t❤ ❛r❝❤✐✈❛❧ s♣❡❝tr❛ ❢r♦♠ t❤❡ ❧✐t❡r❛t✉r❡✱ ❤❛✈❡ ❜❡❡♥ ✉s❡❞ t♦ ❝❛rr②

★✧✩✪✬✯✰ ❉✴✿✥✩✪✴❁ ✡✍✼
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♦✉t ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ❛♥❞ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s ✉s✐♥❣ ❜♦t❤ ❝♦❧❧✐s✐♦♥❛❧❧② ❡①❝✐t❡❞

❧✐♥❡s ✭�✁✂s✮ ❛♥❞ ♦♣t✐❝❛❧ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ✭✄❘✂s✮ ❢r♦♠ ❤❡❛✈② ❡❧❡♠❡♥t ✐♦♥s☎

✆❡❜✉❧❛r t❤❡r♠❛❧ ❛♥❞ ❞❡♥s✐t② str✉❝t✉r❡s ❤❛✈❡ ❜❡❡♥ ❞❡r✐✈❡❞ ✉s✐♥❣ ❛ ✈❛r✐❡t② ♦❢

♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ♦❢ �✁✂s☎ ✝❤❡ ✇❡❛❦ t❡♠♣❡r❛t✉r❡ ❞❡♣❡♥❞❡♥❝❡ ♦❢ ✄❘✂s ❤❛✈❡

❛❧s♦ ❜❡❡♥ ✉s❡❞ t♦ ❢✉rt❤❡r ✐♥✈❡st✐❣❛t❡ t❤❡ t❡♠♣❡r❛t✉r❡ str✉❝t✉r❡ ♦❢ t❤❡ ♥❡❜✉❧❛❡☎

✝❤❡ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝ r❡s✉❧ts ❛r❡ ✉s❡❞ t♦ ❞❡r✐✈❡ ✐♦♥✐❝ ❛♥❞ ❡❧❡♠❡♥t❛❧ ❛❜✉♥✲

❞❛♥❝❡s ✇✐t❤✐♥ t❤❡ ♥❡❜✉❧❛ ❢r♦♠ ❜♦t❤ �✁✂s ❛♥❞ ✄❘✂s☎

✝❤✐s ❝❤❛♣t❡r ✐s str✉❝t✉r❡❞ ❛s ❢♦❧❧♦✇s☎ ✞♥ ✟❡❝t✐♦♥ ✠☎✷✱ ✇❡ ❞❡s❝r✐❜❡ ❜r✐❡✡②

♦✉r ♦❜s❡r✈❛t✐♦♥s ❛♥❞ ♣r❡s❡♥t ♦✉r ♦♣t✐❝❛❧ ❡♠✐ss✐♦♥ ❧✐♥❡ ✡✉①❡s ♦❜t❛✐♥❡❞ ✇✐t❤

t❤❡ ✷☎✠✲♠ ☛✆☞ t❡❧❡s❝♦♣❡☎ ✞♥ ✟❡❝t✐♦♥ ✠☎✠✱ ✇❡ ❞❡s❝r✐❜❡ t❤❡ ❝♦rr❡❝t✐♦♥s ❢♦r ✐♥✲

t❡rst❡❧❧❛r ❡①t✐♥❝t✐♦♥✱ ❛♥❞ ♣r❡s❡♥t ♥❡❜✉❧❛r ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ❛♥❞ ❞❡♥s✐t✐❡s

❞❡r✐✈❡❞ ❢r♦♠ t❤❡ �✁✂s ❛♥❞ t❤❡ ✄❘✂s☎ ✞♥ ✟❡❝t✐♦♥ ✠☎✹✱ ✇❡ ♣r❡s❡♥t ✐♦♥✐❝ ❛❜✉♥✲

❞❛♥❝❡s ❛♥❞ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s✱ ❢♦❧❧♦✇❡❞ ❜② ❛ ❞✐s❝✉ss✐♦♥ ♦❢ ✐♥❞✐✈✐❞✉❛❧ ✌✆

✐♥ ✟❡❝t✐♦♥ ✠☎✺☎ ✞♥ ✟❡❝t✐♦♥ ✠☎✻✱ ✇❡ ❞✐s❝✉ss t❤❡ ✐♠♣❧✐❝❛t✐♦♥ ♦❢ ♦✉r ♦❜s❡r✈❛t✐♦♥s

❢♦r t❤❡ ☛●✍ st❡❧❧❛r ♠♦❞❡❧s ❛♥❞ t❤❡ ❝❛✉s❡ ♦❢ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❛♥❞
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✝❤❡ ♦♣t✐❝❛❧ ✐♥t❡❣r❛❧ ✢❡❧❞ ✉♥✐t ✭✞❋☞✮ s♣❡❝tr❛ ♦❢ ✌✆❡ ❛♥❛❧②③❡❞ ✐♥ t❤✐s ✇♦r❦ ✇❡r❡

♦❜t❛✐♥❡❞ ❛t ✟✐❞✐♥❣ ✟♣r✐♥❣ ✄❜s❡r✈❛t♦r②✱ ☛✉str❛❧✐❛✱ ✉s✐♥❣ t❤❡ ❲✐❞❡ ❋✐❡❧❞ ✟♣❡❝tr♦✲
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t✐♠❡s r❛♥❣❡❞ ❢r♦♠ ✻✵➊✶☎✵✵ s❡❝ ❞❡♣❡♥❞ ♦♥ t❤❡ ❍✞ s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss✆ ✟♣❡❝tr♦✲

s❝♦♣✐❝ st❛♥❞❛r❞ st❛rs ✇❡r❡ ♦❜s❡r✈❡❞ ❢♦r t❤❡ ✡✉① ❝❛❧✐❜r❛t✐♦♥ ♣✉r♣♦s❡s ♥♦t❛❜❧②
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❞♦✇ ❤❛s ❜❡❡♥ s❡❧❡❝t❡❞ ❢r♦♠ t❤❡ s❝✐❡♥❝❡ ❞❛t❛ ❢♦r t❤❡ s❦② s✉❜tr❛❝t✐♦♥ ♣✉r♣♦s❡✆
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✈♦❧✈❡s ✡❛t✲☞❡❧❞✐♥❣✱ ✇❛✈❡❧❡♥❣t❤ ❝❛❧✐❜r❛t✐♦♥✱ s♣❛t✐❛❧ ❝❛❧✐❜r❛t✐♦♥✱ s❦② s✉❜tr❛❝t✐♦♥
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✇❡r❡ ✉s❡❞ t♦ ♣r❡❢♦r♠ t❤❡ ✡❛t✲☞❡❧❞✐♥❣✱ ✐✆❡✆ ❝♦rr❡❝t✐♥❣ ♣✐①❡❧✲t♦✲♣✐①❡❧ s❡♥s✐t✐✈✐t②

✈❛r✐❛t✐♦♥s✆ ❲❛✈❡❧❡♥❣t❤ ❝❛❧✐❜r❛t✐♦♥ ✇❛s ❝❛rr✐❡❞ ♦✉t ✉s✐♥❣ ❈✉➊✄r ❛r❝ ❡①♣♦s✉r❡s

❛♥❞ r❡❢❡r❡♥❝❡ ❛r❝✆ ✟♣❛t✐❛❧ ❝❛❧✐❜r❛t✐♦♥ ✇❛s ❞♦♥❡ ❜② r❡❧♦❝❛t✐♥❣ t❤❡ ❝❡♥t❡r ♦❢

❡❛❝❤ s❧✐t❧❡t ✉s✐♥❣ ✇✐r❡ ❢r❛♠❡s✆ ✁❤❡ s❝✐❡♥❝❡ ❞❛t❛ ✇❛s ❝❛❧✐❜r❛t❡❞ t♦ ❛❜s♦❧✉t❡ ✡✉①

✉♥✐ts ✉s✐♥❣ ♦❜s❡r✈❛t✐♦♥s ♦❢ s♣❡❝tr♦♣❤♦t♦♠❡tr✐❝ st❛♥❞❛r❞ st❛rs ❛♥❞ t❤❡ ✌✍✎❋ ✡✉①✲

❝❛❧✐❜r❛t✐♦♥ t❛s❦s✆

✁❤❡ t♦♣ ❛♥❞ ❜♦tt♦♠ ♣❛♥❡❧s ♦❢ ✖✐❣s✆ ❈✶✲❈✶✽ ✭✄♣♣❡♥❞✐① ❈✮ s❤♦✇ t❤❡ ❜❧✉❡ ❛♥❞

r❡❞ s♣❡❝tr❛ ♦❢ ♦✉r s❛♠♣❧❡ ❡①tr❛❝t❡❞ ❢r♦♠ ❛♣❡rt✉r❡s ♦✈❡r t❤❡ ✇❤♦❧❡ ♥❡❜✉❧❛❡✱
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✚❤✑ ✑✏✑❝✚✘♦✕ ✚✑♠♣✑✘✍✚✛✘✑ ♦❢ ✚❤✑ ✕✑✎✛✏✍ ✖✑✘✗✈✑✖ ✗✕ ❄✑❝✚✗♦✕ ✦✢✦✱ ✚❤✑ ❤✑✏✗✛♠ ✗♦✕✗❝

✍✎✛✕✖✍✕❝✑✙ ✖✑✘✗✈✑✖ ✗✕ ❄✑❝✚✗♦✕ ✦✢✹✱ ✚❤✑ ♠✑✍✙✛✘✑✖ ✩✪ ✜✛①✱ ✍✕✖ ✚❤✑ ♦✎✙✑✘✈✑✖ ✺

✓✓⑨ ❾❿➀➁➂➃➄➀➅ ➀➆ ➇➁➈➅➉➃➈➋➌ ➅➉➍➂➁➈➉ ➎➄➃➏ ➐➑➒➃➌➇➉ ➓➉➅➃➋➈➁ ➔➃➈➋➔



✸✳✸✳ ◆❊❇❯▲❆❘ ❆◆❆▲❨❙■❙

❚❛❜❧❡ �✁✷✿ ❈♦♠♣❛r✐s♦♥ ❜❡t✇❡❡♥ ♦✉r ❞❡r✐✈❡❞ ❝✭❍✂ ✮ ❢r♦♠ t❤❡ ✄❛❧♠❡r ☎✉① r❛t✐♦

✆✝✴✆✂ ✱ ❛♥❞ t❤♦s❡ ❢r♦♠ t❤❡ r❛❞✐♦✲✆✂ ♠❡t❤♦❞ ❛♥❞ t❤❡ ❧✐t❡r❛t✉r❡✁ ✞❡❢❡r❡♥✟❡s

❛r❡ ❛s ❢♦❧❧♦✇s✿ ✠✾✶ ➊ ✠✟❦❡r ❡t ❛❧✁ ✡✶✾✾✶❛☛❀ ✠✵� ➊ ✠✟❦❡r ✫ ☞❡✐♥❡r ✡✷✵✵�☛❀ ❑✵� ➊

❑✇✐tt❡r ❡t ❛❧✁ ✡✷✵✵�☛❀ ▼✵✷ ➊ ▼✐❧✐♥❣♦ ❡t ❛❧✁ ✡✷✵✵✷☛❀ P✶✶ ➊ P♦tt❛s✟❤ ❡t ❛❧✁ ✡✷✵✶✶☛✁

✌✍✎✏ ✑✍✒✎✏✓ ✔✍✕✖✗ ✘✖✙✏✓✍✙✚✓✏

✛✑ ✻ ✜✢✣✜ ✤✥✼✤ ✤✥✺✦✧★✤✩✪

✬ ✩✯✩✤ ✜✢✰✣ ✤✥✻✹ ✹✥✩✤✧★✤✩✪

✽❁ ❂ ❃✢❄✣ ✹✥✻✼ ✹✥❅❅✧★✤✩✪

❉❋ ✹✦❅✼ ✜✢●❏ ✤✥✦✼ ✤✥✹❅✧★✤✩✪

❖◗ ✦✯★ ❃✢❃❃ ✹✥✤✩ ✤✥❅✩✧✬✤✦✪

✛✏ ✹✯✹ ❃✢✰✣ ✹✥❱✺ ✹✥❱✼✧★✤✩✪

✬ ✹✯✩✦ ❃✢❲✜ ✹✥✺❂ ✹✥✺❅✧★✤✩✪

✬ ✩✯✹✺ ●✢●❳ ✹✥❱✩ ✦✥✹✤✧★✤✩✪

✬ ✹✯✦✺ ❃✢✣✜ ✹✥✹❅ ✹✥❂✻✧★✤✩✪

✽✏❩ ✦✯✹❂✦ ❃✢❬❬ ✹✥✦✩ ✹✥✼✩✧★✤✩✪

✽✏❩ ✩✯✹✩✩✩ ❃✢✜✣ ❭ ✹✥✤✤✧★✤✩✪

✽✏❩ ✦✯✹✹✩ ❃✢❏❃ ❭ ✹✥❂❱✧★✤✩✪

❪ ✦✯✹✻ ✜✢❬✣ ❭ ✤✥❅✼✧★✤✩✪

✌❫❋ ✻✺✼❱ ❃✢❬❏ ✹✥✩✤ ✹✥✩❅✧❪✤✩✪

✬ ✦✯❂✦ ✜✢✰✰ ✤✥✼✼ ✹✥✤✩✧★❅✹✪

✌❫❋ ✻✺✻✼ ✜✢❳❄ ✤✥✻❂ ✤✥✼✤✧❪✤✩✪

✌❫❋ ✻✻✦❅ ✜✢✰❄ ✤✥❅✤ ✤✥❅✤✧✛✹✹✪

❴✆③ ☎✉① ❞❡♥s✐t② ✐♥ ❵② ❢r♦♠ t❤❡ ❧✐t❡r❛t✉r❡ ✡s❡❡ ❚❛❜❧❡ �✁✶☛✁ ❥❡ ❛ss✉♠❡❞ t❤❛t

❤②❞r♦❣❡♥ ✐s ❢✉❧❧② ✐♦♥✐③❡❞✁

q✐❣✁ �✁✶ ✡t♦♣ ♣❛♥❡❧☛ ✟♦♠♣❛r❡s ♦✉r ❞❡r✐✈❡❞ ❝✭❍✂ ✮ ✇✐t❤ t❤♦s❡ ❢r♦♠ t❤❡ ❧✐t❡r❛✲

t✉r❡✁ ❚❤❡② ❛r❡ ❣❡♥❡r❛❧❧② ✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ♣r❡✈✐♦✉s ✈❛❧✉❡s✁ ✆♦✇❡✈❡r✱

✇❡ s❡❡ s✐❣♥✐④✟❛♥t ❞✐❢❢❡r❡♥✟❡s ✐♥ t❤❡ ❞❡r✐✈❡❞ ❝✭❍✂ ✮ ❢♦r ▼ �✲�✵ ❛♥❞ ❑ ✷✲✶⑤✱ ✇❤✐✟❤

✟♦✉❧❞ ❜❡ ❞✉❡ t♦ t❤❡ ✉♥✟❡rt❛✐♥t✐❡s ✐♥ t❤❡ ☎✉① ♠❡❛s✉r❡♠❡♥t ❛♥❞ ☎✉① ✟❛❧✐❜r❛t✐♦♥✱

♦r ✟♦♥tr✐❜✉t✐♦♥ ♦❢ t❤❡ st❡❧❧❛r ❡♠✐ss✐♦♥ t♦ t❤❡ ♥❡❜✉❧❛ s♣❡✟tr✉♠ ✐♥ P☞❡ ✇✐t❤ ❧❛t❡✲

❆⑥⑦⑧⑨⑩❶ ❷❸❹❺⑦⑧❸❻ ✶✶�



✸✳ P❍❨❙■❈❆▲ ❈❖◆❉■❚■❖◆❙ ❆◆❉ ❈❍❊▼■❈❆▲ ❆❇❯◆❉❆◆❈❊❙

t②♣❡ ❬❲�❪ st❛rs✁ ✂s s❤♦✇♥ ✐♥ ❋✐❣✁ ✄✁✶ ✭❜♦tt♦♠ ♣❛♥❡❧✮✱ t❤❡r❡ ✐s ❛ ❣❡♥❡r❛❧❧② ❣♦♦❞

❛❣r❡❡♠❡♥t ❜❡t✇❡❡♥ ♦✉r ❞❡r✐✈❡❞ ❝☎✆✝✞ ❛♥❞ ❢r♦♠ ✟❛❧♠❡r ❧✐♥❡ ✠✡✴✠✝ ❛♥❞ t❤♦s❡

❢r♦♠ t❤❡ r❛❞✐♦✲✠✝ ♠❡t❤♦❞✁ ✠♦✇❡✈❡r✱ t❤❡r❡ ❛r❡ s♦♠❡ ❧❛r❣❡ ❞✐❢❢❡r❡♥☛❡s ✐♥ ✈❛❧✉❡s

❢♦✉♥❞ ❢♦r ☞ ✄✲✄✵✱ ☞ ✄✲✶✺✱ ☞ ✶✲✷✺ ❛♥❞ ✠❡♥ ✷✲✶✹✷✱ ✇❤✐☛❤ ☛❛♥ ❜❡ ❡①♣❧❛✐♥❡❞ ❜② t❤❡

✉♥☛❡rt❛✐♥t✐❡s ✐♥ ♦✉r ♠❡❛s✉r❡❞ ✈❛❧✉❡s ♦❢ ✌☎✆✝✞✱ ❞❡r✐✈❡❞ ❡❧❡☛tr♦♥ t❡♠♣❡r❛t✉r❡s✱

❤❡❧✐✉♠ ✐♦♥✐☛ ❛❜✉♥❞❛♥☛❡s ❛♥❞ t❤❡ ♦❜s❡r✈❡❞ ✺✲●✠③ ☛♦♥t✐♥✉✉♠ ✍✉①❡s✁

✎❤❡ ❝☎✆✝✞ ❡①t✐♥☛t✐♦♥ ♠❛♣s ❤❛✈❡ ❜❡❡♥ ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ✠✡ ❛♥❞ ✠✝ r❛t✐♦✁ ❲❡

❛❞♦♣t❡❞ t❤❡ �❛s❡ ✟ t❤❡♦r❡t✐☛❛❧ ✈❛❧✉❡s ✭✏t♦r❡② ✫ ✠✉♠♠❡r ✶✾✾✺✮✱ t❤❡ st❛♥❞❛r❞

❞✉st ❡①t✐♥☛t✐♦♥ ❧❛✇ ❢♦r t❤❡ ☞✐❧❦② ❲❛② ✭❘❱ ❂ ✑✿✒✮✱ t❤❡ ♠❡❛♥ ❡❧❡☛tr♦♥ ❞❡♥s✐t②

❛♥❞ t❡♠♣❡r❛t✉r❡ ♦❜t❛✐♥❡❞ ❢♦r ❡❛☛❤ ♦❜❥❡☛t✁ ✂ss✉♠✐♥❣ t❤❛t t❤❡ ☛♦♥tr✐❜✉t✐♦♥ ♦❢

t❤❡ ✐♥t❡rst❡❧❧❛r ❡①t✐♥☛t✐♦♥ ✐s ✉♥✐❢♦r♠ ♦✈❡r t❤❡ ❡♥t✐r❡ ✓✔✱ ✐♥❤♦♠♦❣❡♥❡♦✉s ❡①✲

t✐♥☛t✐♦♥ ♠❛♣s ♦❢ ❛ ✓✔ ♠❛② ❜❡ r❡❧❛t❡❞ t♦ t❤❡ ✐♥t❡r♥❛❧ ❞✉st ☛♦♥tr✐❜✉t✐♦♥✁ ✎❤✉s✱

❝☎✆✝✞ ❡①t✐♥☛t✐♦♥ ♠❛♣s ☛❛♥ ❜❡ ✉s❡❞ t♦ ❡①♣❧♦r❡ t❤❡ ❞✉st ❞✐str✐❜✉t✐♦♥ ♦❢ ✓✔❡✁

❋✐❣✁ ✄✁✷ ♣r❡s❡♥ts t❤❡ ❡①t✐♥☛t✐♦♥ ♠❛♣s ❝☎✆✝✞ ❢♦r ✓✟ ✻✱ ☞ ✄✲✄✵✱ ✠❜ ✹✱ ✕� ✶✷✾✼✱

✎❤ ✷✲✂ ❛♥❞ ❑ ✷✲✶✻ ✭❢♦r ❛❧❧ ✓✔❡ s❡❡ ✂♣♣❡♥❞✐① ✖✮✱ s❤♦✇✐♥❣ t❤❡ ☛♦♥tr✐❜✉t✐♦♥s ♦❢

t❤❡ ✐♥t❡rst❡❧❧❛r ♠❡❞✐✉♠ ❛♥❞ t❤❡ ♥❡❜✉❧❛r ✐♥t❡r♥❛❧ ❞✉st✁ ✎❤❡ ❡①t✐♥☛t✐♦♥ ♠❛♣ ♦❢

✓✟ ✻✱ ❋✐❣✁ ✄✁✷✭❛✮✱ s❤♦✇s ❛ s❤❡❧❧ str✉☛t✉r❡✱ ✇✐t❤ t❤❡ ☛❡♥tr❛❧ ♣❡❛❦ ❜r✐❣❤t❡r t❤❛♥

t❤❡ s✉rr♦✉♥❞✐♥❣✁ ✕t ✐s ❧✐❦❡❧② t❤❡ r❡♠♥❛♥ts ♦❢ t❤❡ ✂●✟ ❞✉st ❡♥✈❡❧♦♣❡s r❛t❤❡r t❤❛♥

t❤❡ ❢♦r❡❣r♦✉♥❞ ✐♥t❡rst❡❧❧❛r ❡①t✐♥☛t✐♦♥✁ ✂s s❤♦✇♥ ✐♥ ❋✐❣✁ ✄✁✷✭❜✮✱ t❤❡ ❡①t✐♥☛t✐♦♥

♠❛♣ ♦❢ ☞ ✄✲✄✵ ✐s ❤✐❣❤❡r ✐♥ t❤❡ r❡❣✐♦♥ ♦❢ t❤❡ ♥❡❜✉❧❛r r✐♥❣ str✉☛t✉r❡✱ ✇❤✐❧❡ ✐t ✐s

❧♦✇ ✐♥ t❤❡ ☛❡♥tr❛❧ r❡❣✐♦♥✁ ✕t s❡❡♠s t❤❛t ✐t ♣♦✐♥ts ♦✉t t❤❡ ♣r❡s❡♥☛❡ ♦❢ ❞✉st ❣r❛✐♥s

✐♥ t❤❡ ♥❡❜✉❧❛ s❤❡❧❧✱ ✇❤✐☛❤ ❞❡s☛❡♥❞❡❞ ❢r♦♠ t❤❡ st❛r ❞✉r✐♥❣ t❤❡ ✂●✟ ♣❤❛s❡✁ ✎❤❡

❡①t✐♥☛t✐♦♥ ♠❛♣ ♦❢ ✕� ✶✷✾✼✱ ❋✐❣✁ ✄✁✷✭❞✮✱ ✐♥❞✐☛❛t❡s t❤❛t t❤❡ s❤❡❧❧ ❤❛s ♠♦r❡ ❞✉st

❡①t✐♥☛t✐♦♥✱ s♦ t❤❡② ♠❛② ❜❡ r❡❧❛t❡❞ t♦ ✐ts ✐♥t❡r♥❛❧ ❞✉st ❞✐str✐❜✉t✐♦♥✁ ✎❤❡ ❡①t✐♥☛✲

t✐♦♥ ♠❛♣ ♦❢ ✎❤ ✷✲✂✱ ❋✐❣✁ ✄✁✷✭❡✮✱ ❞❡♣✐☛ts ❛ ❤♦♠♦❣❡♥❡♦✉s ❡①t✐♥☛t✐♦♥ ♠❛♣✱ ✇❤✐☛❤

☛❛♥ ❜❡ t❤❡ ❢♦r❡❣r♦✉♥❞ ✐♥t❡rst❡❧❧❛r ❡①t✐♥☛t✐♦♥✁ ✂s s❤♦✇♥ ✐♥ ❋✐❣✁ ✄✁✷✭❢✮✱ t❤❡ ❡①✲

t✐♥☛t✐♦♥ ♠❛♣ ♦❢ ❑ ✷✲✶✻ s❤♦✇s ❛ s✐♠✐❧❛r str✉☛t✉r❡ t♦ ❛ r✐♥❣ s❡❡♥ ✐♥ t❤❡ ♥❛rr♦✇

❜❛♥❞ ✠✡✰❬✔ ✗✗❪ ✐♠❛❣❡ t❛❦❡♥ ❜② ✏☛❤✇❛r③ ❡t ❛❧✁ ✭✶✾✾✷✮ ✭s❡❡ �❤❛♣t❡r ✷✮✁ ✎❤✐s
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❛♥❞ ☞✥✱ ✶✵✆✹ ❛♥❞ ✶☎✆✻ ❡✦✱ ❛r❡ ❜❡❧❧♦✇ t❤♦s❡ ♦❢ ✁❧✧✥ ❛♥❞ ✌r★✥✱ ✷☎✆✽ ❛♥❞ ✹✵✆✼ ❡✦✱

r❡s♣❡❝t✐✈❡❧②✆ �❤❡ ❡♠✐ss✐♦♥ ❧✐♥❡s ❡♠✐tt❡❞ ❢r♦♠ ❞✐ss✐♠✐❧❛r ✐♦♥✐③❛t✐♦♥ ③♦♥❡s✱ s♦ ✉♥✲

✶✶✽ ✩✪✫✬✯✿❁✫❂ ✫❃ ❄✬❅❂❏✿❅◗❘ ❂❏❳✯✬❅❏ ❩❁✿❭ ❫❴❵✿❘❄❏ ④❏❂✿◗❅✬ ⑤✿❅◗⑤



✸✳✸✳ ◆❊❇❯▲❆❘ ❆◆❆▲❨❙■❙

❚❛❜❧❡ �✁�✿ ✂❡❢❡r❡♥❝❡s ❢♦r ❈✄☎ ❛t♦♠✐❝ ❞❛t❛✁

✆✝✞ ✟✠✡✞☛☞✌☞✝✞ ♣✠✝✍✡✍☞✎☞✌☞✏☛ ✑✝✎✎☞☛☞✝✞ ☛✌✠✏✞❣✌❤☛

✒✰ ✓✏✎✎ ✏✌ ✡✎✔ ✭✶✾✾✺✮ ✕✌✡✖✖✝✠✗ ✏✌ ✡✎✔ ✭✶✾✾✹✮

❖✰ ❩✏☞♣♣✏✞ ✭✶✾✽✼✮ P✠✡✗❤✡✞ ✏✌ ✡✎✔ ✭✷✵✵✻✮

❖✘✰ ✕✌✝✠✏② ✫ ❩✏☞♣♣✏✞ ✭✷✵✵✵✮ ✙✏✞✞✝✞ ✫ ✓✉✠❦✏ ✭✶✾✾✹✮

✒✏✘✰ ✙✡✞✗☞ ✫ ✓❤✡✌☞✡ ✭✷✵✵✺✮ ▼✚✙✡✉❣❤✎☞✞ ✫ ✓✏✎✎ ✭✷✵✵✵✮

✕✰ ▼✏✞✗✝③✡ ✫ ❩✏☞♣♣✏✞ ✭✶✾✽✷✮ ✛✡✜☛✍✝✌✌✝✜ ✏✌ ✡✎✔ ✭✶✾✾✻✮

✕✘✰ ▼✏✞✗✝③✡ ✫ ❩✏☞♣♣✏✞ ✭✶✾✽✷✮ ✟✡②✡✎ ✫ ●✉♣✌✡ ✭✶✾✾✾✮

❍✉✡✞❣ ✭✶✾✽✺✮

✢✠✘✰ ✓☞➫✏✜✝✞✌ ✫ ❍✡✞☛✏✞ ✭✶✾✽✻✮ ●✡✎✡✈☞☛ ✏✌ ✡✎✔ ✭✶✾✾✺✮

✢✠✣✰ ▼✏✞✗✝③✡ ✫ ❩✏☞♣♣✏✞ ✭✶✾✽✷✮ ✛✡✜☛✍✝✌✌✝✜ ✏✌ ✡✎✔ ✭✶✾✾✼✮

✢✠✤✰ ✓☞✏✜✝✞✌ ✫ ✓✠✝✜✡❣✏ ✭✶✾✽✥✮ ●✡✎✡✈☞☛ ✏✌ ✡✎✔ ✭✶✾✾✺✮

✑✎✘✰ ▼✏✞✗✝③✡ ✫ ❩✏☞♣♣✏✞ ✭✶✾✽✷✮ ✓✉✌✎✏✠ ✫ ❩✏☞♣♣✏✞ ✭✶✾✽✾✮

❧✐✦❡ ❞❡♥s✐t✐❡s ❞❡r✐✧❡❞ ❢r♦♠ ❞✐❢❢❡r❡♥t ✐♦♥s ♠❛★ ✩♦✐♥t t♦ t✪❡ ✩r❡s❡♥❝❡ ♦❢ ❞❡♥s✐t★

✐♥✪♦♠♦✬❡♥❡✐t✐❡s ✇✐t✪✐♥ t✪❡ ♥❡❜✯❧❛✁ ❋♦r ✱✲✴❀ t✪❡ ❡❧❡❝tr♦♥ ❞❡♥s✐t★ ❞❡r✐✧❡❞ ❢r♦♠

❬❁r ❂❱❪ ✐s ✴❃❄ ❝♠❅❉ ❧♦✇❡r t✪❛♥ t✪♦s❡ ❢r♦♠ ❬❈❧ ❂❂❂❪❀ ✇✪✐❧❡ ❛❧❧ ❧✐♥❡s ❛r✐s❡ ❢r♦♠ s✐♠✐❏

❧❛r ✐♦♥✐❑❛t✐♦♥ r❡✬✐♦♥s✁ ◗�❏�❄ ✪❛s ❛ ❧♦✇ ❡❧❡❝tr♦♥ ❞❡♥s✐t★ ♦❢ ❛❜♦✯t �❄❄ ❝♠❅❉✁ ❲❡

s❡❡ t✪❛t ❳❭❫❬❈❧ ❂❂❂❪❴ ✐s ❛❜♦✯t ❵❥❄ ❝♠❅❉ ❧♦✇❡r t✪❛♥ ❳❭❫❬❁r ❂❱❪❴❀ ✇✪✐❝✪ ❝❛♥ ❜❡ ❞✯❡

t♦ s♦♠❡ s★st❡♠❛t✐❝ ❡rr♦rs s✯❝✪ ❛s t✪❡ r❡❞❞❡♥✐♥✬ ❝♦rr❡❝t✐♦♥ ❛♥❞ t✪❡ q✯① ❝❛❧✐❜r❛❏

t✐♦♥✁ ❋♦r t✪❡ r✐♥✬❏❧✐✦❡ s✪❡❧❧ ♦❢ ④❜⑤❀ t✪❡ ❬⑥ ❂❂❪❀ ❬❈❧ ❂❂❂❪ ❛♥❞ ❬❁r ❂❱❪ ❞♦✯❜❧❡ts ★✐❡❧❞

s❧✐✬✪t❧★ s✐♠✐❧❛r ❞❡♥s✐t★✁ ④♦✇❡✧❡r❀ t✪❡ ❞❡♥s✐t★ ❞❡r✐✧❡❞ ❢r♦♠ ❬⑦ ❂❂❪ ❞♦✯❜❧❡t ✐s ❜★

❛ ❢❛❝t♦r ♦❢ ⑧ ❧♦✇❡r t✪❛♥ t✪♦s❡ ❢r♦♠ ♦t✪❡r ❞♦✯❜❧❡ts✁ ❚✪✐s ♠❛★ ❜❡ ❡①✩❧❛✐♥❡❞ ❜★ ❛

♠❡❛s✯r❡♠❡♥t ❡rr♦r ✐♥ t✪❡ ❜❧❡♥❞❡❞ ❬⑦ ❂❂❪ ⑨⑨ �❥⑧✴❀�❥⑧❃ ❞♦✯❜❧❡t✁ ❁❧t❡r♥❛t✐✧❡❧★❀

✐t ♠❛★ ❜❡ ❡①✩❧❛✐♥❡❞ ❜★ t✪❡ ❞✐❢❢❡r❡♥❝❡s ❜❡t✇❡❡♥ t✪❡ ⑦⑩ ❝♦❧❧✐s✐♦♥ str❡♥✬t✪s ❝❛❧❏

❝✯❧❛t❡❞ ❜★ ✱r❛❞✪❛♥ ❡t ❛❧✁ ❫⑧❄❄✴❴ ❛♥❞ ❶✐s✐❡❧✐✯s ❡t ❛❧✁ ❫⑧❄❄❃❴✁ ❷❈ ❵⑧❃❥ ❞♦❡s ♥♦t

s❡❡♠s t♦ ✪❛✧❡ ❛♥★ ❞❡♥s✐t★ ✧❛r✐❛t✐♦♥❀ s✐♥❝❡ ❞❡♥s✐t✐❡s ❢r♦♠ ❞✐❢❢❡r❡♥t ✐♦♥s ❛r❡ t✪❡

s❛♠❡✁ ❋♦r ❚✪ ⑧❏❁❀ ❬⑥ ❂❂❪ ❞♦✯❜❧❡t ★✐❡❧❞s ❛ ❞❡♥s✐t★ ✇✪✐❝✪ ✐s ❜★ ❛ ❢❛❝t♦r ♦❢ ⑧ ✪✐✬✪❡r

❆❸❹❺❻❼❽ ❾❿➀➁❹❺❿➂ ❵❵❃



✸✳ P❍❨❙■❈❆▲ ❈❖◆❉■❚■❖◆❙ ❆◆❉ ❈❍❊▼■❈❆▲ ❆❇❯◆❉❆◆❈❊❙

t❤❛♥ ❣✐✈❡♥ ❜② t❤❡ ❬�r ✁❱❪✱ ✇❤✐❝❤ ♠❛② s✉❣❣❡sts t❤❡ ♣r❡s❡♥❝❡ ♦❢ ✐♥❤♦♠♦❣❡♥❡♦✉s

❝♦♥❞❡♥s❛t✐♦♥s✂ ✄♦✇❡✈❡r✱ ✇❡ ♥♦t✐❝❡ t❤❛t t❤❡ ❬�r ✁❱❪ ❧ ❧ ✹✼✶✶✱ ✹✼✹✵ ❞♦✉❜☎❡t ☎✐♥❡s

❤❛✈❡ t❤❡ ❤✐❣❤❡st ❝r✐t✐❝❛☎ ❞❡♥s✐t✐❡s ❛♠♦♥❣ ❛☎☎ t❤❡ ❞❡♥s✐t②✲❞✐❛❣♥♦st✐❝ ☎✐♥❡s✂✷ ❲✐t❤

t❤❡ r❡☎❛t✐✈❡☎② ☎♦✇ ❞❡♥s✐t✐❡s ♣r❡✈❛✐☎✐♥❣ ✐♥ ✆✝ ✻✱ ✞ ✟✲✟✵✱ ✠✡ ✶☛✾✼ ❛♥❞ ☞❤ ☛✲�✱ t❤❡

❧ ✹✼✶✶✴❧ ✹✼✹✵ ✌✉① r❛t✐♦s ❛r❡ ☎❡ss s❡♥s✐t✐✈❡ t♦ ❞❡♥s✐t②✱ s♦ s♠❛☎☎ ❡rr♦rs ✐♥ t❤❡

♠❡❛s✉r❡♠❡♥t ♦❢ t❤♦s❡ ☎✐♥❡s ♠❛❦❡ ✈❡r② ❤✐❣❤ ✉♥❝❡rt❛✐♥t✐❡s ✐♥ t❤❡ ❞❡r✐✈❡❞ ❞❡♥s✐✲

t✐❡s✂ ❋♦r ✆❡ ✶✲✶✱ ✞ ✶✲✟☛ ❛♥❞ ✞ ✟✲✶✺✱ t❤❡ ❞❡♥s✐t✐❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❬✍ ✁✁❪ ❛♥❞

❬✎ ✁✁❪ ❛r❡ ❞✐❢❢❡r❡♥t ❜② ❛ ❢❛❝t♦r ❛r♦✉♥❞ ☛✱ ✇❤✐☎❡ t❤❡② ❛r❡ ❡♠✐tt❡❞ ❢r♦♠ s✐♠✐☎❛r

✐♦♥✐③❛t✐♦♥ ③♦♥❡✂ ☞❤✐s ❝♦✉☎❞ ❜❡ ❞✉❡ t♦ ♣♦♦r q✉❛☎✐t✐❡s ♦❢ t❤❡ ❬✎ ✁✁❪ ❧ ❧ ✟✼☛✻✱✟✼☛✾

❡♠✐ss✐♦♥ ☎✐♥❡s ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ❜☎✉❡ ❡♥❞ ♦❢ t❤❡ s♣❡❝tr✉♠ ♦r ✐♥❛❝❝✉r❛t❡ ❛t♦♠✐❝

❞❛t❛ ✭s❡❡ ❡✂❣✂ ❑✐s✐❡☎✐✉s ❡t ❛☎✂ ☛✵✵✾✮✂ ❋♦r ✞ ✶✲✟☛✱ t❤❡ ❞❡♥s✐t② ❞❡r✐✈❡❞ ❢r♦♠ ❬✡☎ ✁✁✁❪

❞✐❛❣♥♦st✐❝ ☎✐♥❡ r❛t✐♦s ✐s ❜② ❛ ❢❛❝t♦r ♦❢ ✶✂✽ ❤✐❣❤❡r t❤❛♥ t❤♦s❡ ❢r♦♠ t❤❡ ✈❛☎✉❡ ❢r♦♠

❬✍ ✁✁❪ ❞♦✉❜☎❡t✂ ☞❤❡ ❬✡☎ ✁✁✁❪ ❞✐❛❣♥♦st✐❝ ☎✐♥❡s ✇✐t❤ ❤✐❣❤❡r ❝r✐t✐❝❛☎ ❞❡♥s✐t✐❡s ❝♦✉☎❞

♣r❡❢❡r❡♥t✐❛☎☎② ❜❡ ❡♠✐tt❡❞ ❢r♦♠ t❤❡ ❤✐❣❤❡r ❞❡♥s✐t② ♠❡❞✐✉♠✂ ✠t ✐s ❛☎s♦ ♣♦ss✐❜☎❡

t❤❛t ❬✡☎ ✁✁✁❪ ❞✐❛❣♥♦st✐❝ ☎✐♥❡s ❛r✐s❡ ❢r♦♠ ❤✐❣❤❡r ✐♦♥✐③❛t✐♦♥ ③♦♥❡s❀ ✇❤❡r❡❛s ❬✍ ✁✁❪

❞✐❛❣♥♦st✐❝ ☎✐♥❡s ❢r♦♠ ☎♦✇ ✐♦♥✐③❛t✐♦♥ ③♦♥❡s✂ ☞❤✐s ❜❡❤❛✈✐♦r ✐s ❝♦♥s✐st❡♥t ✇✐t❤

t❤❡ ♣r❡s❡♥❝❡ ♦❢ str♦♥❣ ❞❡♥s✐t② ✈❛r✐❛t✐♦♥s ✐♥ t❤❡ ♥❡❜✉☎❛❡ ❛♥❞ t❤❡ ❤✐❣❤ ❡①❝✐t❛t✐♦♥

r❡❣✐♦♥s ❛r❡ ☎✐❦❡☎② ♠♦r❡ ❞❡♥s❡ t❤❛♥ ☎♦✇ ❡①❝✐t❛t✐♦♥ r❡❣✐♦♥s ✐♥ ✞ ✶✲✟☛✂ ❋♦r ✞ ✟✲

✶✺✱ ✏●✡ ✻✺✼✽✱ ✞ ☛✲✹☛✱ ✏●✡ ✻✺✻✼ ❛♥❞ ✏●✡ ✻✻☛✾✱ t❤❡ ❞❡♥s✐t✐❡s ❞❡r✐✈❡❞ ❢r♦♠

❞✐❢❢❡r❡♥t ✐♦♥✐③❛t✐♦♥ ③♦♥❡s ❞♦❡s ♥♦t s❤♦✇ ❛ ☎❛r❣❡ ✈❛r✐❛t✐♦♥

�♣❛rt ❢r♦♠ t❤❡ ❞❡♥s✐t② ✐♥❤♦♠♦❣❡♥❡✐t✐❡s✱ ✇❡ s❡❡ s♦♠❡ ✈❛r✐❛t✐♦♥s ✐♥ t❤❡ ❞❡♥✲

s✐t② ❞✐str✐❜✉t✐♦♥✂ ❋✐❣✂ ✟✂✟ s❤♦✇s t❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ♠❛♣s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡

❞❡♥s✐t②✲s❡♥s✐t✐✈❡ ❬✍ ✁✁❪ ❧ ❧ ✻✼✶✼✱✻✼✟✶ ❞♦✉❜☎❡t ❢♦r ✆✝ ✻✱ ✞ ✟✲✟✵✱ ✠✡ ✶☛✾✼✱ ☞❤ ☛✲�

❛♥❞ ❑ ☛✲✶✻✂ ☞❤❡r❡ ❛r❡ ☎❛r❣❡✲s❝❛☎❡ ✈❛r✐❛t✐♦♥s ✐♥ t❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ✐♥ s♦♠❡

✆✏❡✂ ☞❤❡ ❞✐❛❣♥♦st✐❝ ✑✒ ♠❛♣ ♦❢ ✆✝ ✻ s❤♦✇s t❤❛t t❤❡ ❞❡♥s✐t② ✐♥❝r❡❛s❡s ☎❛r❣❡☎②

t♦✇❛r❞s ♥♦rt❤✇❡st✂ ✞ ✟✲✟✵ s❡❡♠s t♦ ❤❛✈❡ ❛ ✉♥✐❢♦r♠ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥✂ ❲❡

✓✔✕ ✖✖✗ ✘ ✘✙✚✛✚✜ ✙✚✢✛✜ ✣✤✥ ❂ ✦✧★★✜ ✢✙✩✩ ✪✫✬✯✰ ✔✿ ✖✖✗ ✘ ✘ ✢✚❁✙✜ ✢✚❁❃✜ ✣✤✥ ❂ ✧❄★★✜ ✛✩✩✩ ✪✫✬✯✰

✔❅❏ ✖◗✗ ✘ ✘❘✚✛✛✜ ❘✚❘✩✜ ✣✤✥ ❂ ✦❳❩★★✜ ✛✩✛ ✩✩✩ ✪✫✬✯✰ ✔❭❫ ✖✖✖✗ ✘ ✘❴❴✛❵✜ ❴❴✢❵✜ ✣✤✥ ❂ ❥✧★★✜

❁❘ ✩✩✩ ✪✫✬✯ ❏④⑤⑥④✪⑦⑧⑨④❫⑩❶

✶☛✵ ❷❸❹❺❻❼❽❹❾ ❹❿ ➀❺➁❾➂❼➁➃➄ ❾➂➅❻❺➁➂ ➆❽❼➇ ➈➉➊❼➄➀➂ ➋➂❾❼➃➁❺ ➌❼➁➃➌
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✭❢✮ P� ✻ ✭❣✮ ▼✁✲✁✵

✭❤✮ ❍❜✹ ✭✐✮ ✂❈ ✶✷✾✼

❋✄☎✉r❡ ✆✝✆✿ ✞s ❋✄☎✉r❡ ✆✝✟ ✠✉t ✡♦r s♣❛t✄❛❧ ❞✄str✄✠✉t✄♦♥ ♠❛♣s ♦✡ ❡❧❡❝tr♦♥ ❞❡♥s✄t②

☛☞❂✌✍✎ ✏❝♠✑✎✒ ✡r♦♠ t✓❡ ✔✉① r❛t✄♦ ❬✕ ✖✖❪ ✗✘✙✘✴✗✘✆✙✝ ❚✓❡ ✇✓✄t❡ ❝♦♥t♦✉r ❧✄♥❡s

s✓♦✇ t✓❡ ❞✄str✄✠✉t✄♦♥ ♦✡ t✓❡ ♥❛rr♦✇✚✠❛♥❞ ❡♠✄ss✄♦♥ ♦✡ ✛✜ ✄♥ ❛r✠✄tr❛r② ✉♥✄t ♦✠✚

t❛✄♥❡❞ ✡r♦♠ t✓❡ ✕✛✕✝

❆✢✣❦✤✥③ ❉✦✧★✣❦✦✩ ✙✟✙
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✭❡✮ �❤✷✲✁

❋✐❣✉r✂ ✄☎✄✿ ✆❝♦♥t✐♥✉✂❞✝

s✂✂ t✞❛t t✞✂ ❞✂♥s✐t② ✐♥❝r✂❛s✂s ✐♥ t✞✂ ❝✂♥tr❛❧ r✂❣✐♦♥s ♦❢ ❜♦t✞ ✟✠ ✶✡✾✼ ❛♥❞ ☛✞ ✡☞

✌☎ ❋♦r t✞✂ ❧♦✇☞❞✂♥s✐t② ✍✎ ❑✡☞✶✻✱ ❞✂♥s✐t② ❝❛♥♥♦t ❜✂ ❞✂t✂r♠✐♥✂❞ ❢♦r t✞✂ ❝✂♥tr❛❧

r✂❣✐♦♥s✱ ❛s ❬✏ ✑✑❪ ✂♠✐ss✐♦♥ ✐s ❢❛✐♥t☎

❋✐❣☎ ✄☎✹ ✆t♦♣✝ ♣❧♦ts t✞✂ ✂❧✂❝tr♦♥ ❞✂♥s✐t② ✆✒✓✝ ✈✂rs✉s t✞✂ ❬❲❘❪ s♣✂❝tr❛❧ s✂☞

q✉✂♥❝✂☎ ✌❢t✂r ✂①❝❧✉❞✐♥❣ ❑ ✡☞✶✻✱ ✇✂ s✂✂ t✞❛t t✞✂ ✂❧✂❝tr♦♥ ❞✂♥s✐t② ❞✂❝r✂❛s✂s ❛s t✞✂

st❛r ✂✈♦❧✈✂s✱ ❛ss✉♠✐♥❣ ✆✞♦t✝ ❬❲✠✔❪ ✐s ❛ s✉❝❝✂ss♦r ♦❢ ✆❝♦♦❧✝ ❬❲✠✕❪ ✆✂☎❣☎ ✎❛♣✐☞

✇♦t③❦✐ ✫ ✏❝✞♦✂♥❜✂r♥✂r ✶✾✾✺✝☎ ❑ ✡☞✶✻ ✐s q✉✐t✂ ✂①❝✂♣t✐♦♥❛❧ ❞✉✂ t♦ ✐ts ❝♦♦❧ ❝✂♥tr❛❧

st❛r ❛♥❞ ✞✐❣✞ ✞❛❧❢ ✇✐❞t✞ ❛t ✞❛❧❢ ♠❛①✐♠✉♠ ✆✖❲✖✗✝ ✈✂❧♦❝✐t② ♦❢ ✄✹ ❦♠s✘✙ ❞✂☞

r✐✈✂❞ ❢r♦♠ ❬✎ ✑✑❪ ❧✐♥✂ ✆s✂✂ ✠✞❛♣t✂r ✡✝☎ ✚s✐♥❣ t✞✂ st✂❧❧❛r ♣❛r❛♠✂t✂rs ✛✓✜✜ ❂ ✢✣ ❦❑

❛♥❞ ✤✥✦✧★✩❏ ❂ ✪✬✪ ❢♦✉♥❞ ❜② ✌❝❦✂r ✂t ❛❧☎ ✆✡✵✵✡✝✱ ✐t ♠❛② ✞❛✈✂ ❛ ♣♦st☞✌●✯ ❛❣✂

♦❢ ❛r♦✉♥❞ ✽✵✵✵ ②r☎ ☛✞✂r✂❢♦r✂✱ t✞✂ ✂✈♦❧✉t✐♦♥❛r② t✐♠✂☞s❝❛❧✂ ♦❢ ❛ ✰✴❏ st❛r ♠❛②

✂①♣❧❛✐♥ ✐ts t②♣✐❝❛❧❧② ❧♦✇ ❞✂♥s✐t② ♦❢ ✒✓ ❀ ✰❁❁ ❝♠✘❃☎

❋✐❣☎ ✄☎✹ ✆❜♦tt♦♠✝ s✞♦✇s t✞✂ ❧♦❣❛r✐t✞♠✐❝ ✂❧✂❝tr♦♥ ❞✂♥s✐t② ✤✥✦✒✓✆❬✏ ✑✑❪✝ ♣❧♦t☞

t✂❞ ❛❣❛✐♥st t✞✂ st✂❧❧❛r ✂❢❢✂❝t✐✈✂ t✂♠♣✂r❛t✉r✂ ✛✓✜✜ ❢r♦♠ ☛❛❜❧✂ ✄☎✶☎ ☛✞✂ r✂❧❛t✐♦♥

❜✂t✇✂✂♥ ✒✓ ❛♥❞ ✛✓✜✜ ❢♦r t✞✂ ✶✽ ✍✎✂ ✆❋✐❣☎ ✄☎✹✱ ❜♦tt♦♠✱ ❞♦tt✂❞ ❧✐♥✂✝ ❝❛♥ ❜✂ ❄tt✂❞

✶✡✡ ❅◗❱❳❩❭❫❱❴ ❱❵ ❥❳④❴⑤❭④⑥⑦ ❴⑤⑧❩❳④⑤ ⑨❫❭⑩ ❶❷❸❭⑦❥⑤ ❹⑤❴❭⑥④❳ ❺❭④⑥❺
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❋✐❣✉r❡ �✁✹✿ ❚♦♣ ♣❛♥❡❧✿ ✈❛r✐❛t✐♦♥ ♦❢ t❤❡ ❧♦❣❛r✐t❤♠✐❝ ❡❧❡❝tr♦♥ ❞❡♥s✐t②

✂✄☎✆✝✭❬✞ ✟✟❪✮✭❝♠✠✡✮ ❛❧♦♥❣ t❤❡ s♣❡❝tr❛❧ s❡q✉❡♥❝❡✁ ☛♦tt♦♠ ♣❛♥❡❧✿ ✈❛r✐❛t✐♦♥ ♦❢

t❤❡ ❧♦❣❛r✐t❤♠✐❝ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ✂✄☎✆✝✭❬✞ ✟✟❪✮✭❝♠✠✡✮ ❛❧♦♥❣ t❤❡ st❡❧❧❛r ❡❢❢❡❝t✐✈❡

t❡♠♣❡r❛t✉r❡ ☞✝✌✌✭✶✵
✡ ❑✮✁ ❚❤❡ ❞♦tt❡❞ ❧✐♥❡ ✐s ❛ ❧✐♥❡❛r ✍t t♦ ✂✄☎✆✝✭❬✞ ✟✟❪✮ ❛s ❛ ❢✉♥❝✲

t✐♦♥ ♦❢ ☞✝✌✌✁ ❚❤❡ ❞❛s❤❡❞ ❧✐♥❡ ✐s ❛ s✐♠✐❧❛r ❧✐♥❡❛r ✍t ❢♦✉♥❞ ❛❢t❡r ❡①❝❧✉❞✐♥❣ ❑ ✷✲✎✻

❛♥❞ ▼�✲�✏✱ ❞✐s❝✉ss❡❞ ✐♥ t❤❡ t❡①t✁

❆✑✒❦❜✓③ ❉✔✕✖✒❦✔✗ ✎✷�
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❜②

❧♦❣�❡✭❬✁✂✂❪✮ ❂ ✭✄✿✽✹✻✝✵✿✄✽✶✮☎✭✄✿✼✶✝✺✿✺✄✮✆✶✵
✞✟
✠❡❢❢✭❑✮❀ ✡☛☞✌✍

✇❤✐❝❤ ❤❛s ❛ ✇✎❛❦ ✏✐♥✎❛r ✡✑✎❛rs✒♥✍ ❝✒rr✎✏❛t✐✒♥ ❝✒✎✓✔❝✐✎♥t ✒✓ ☎✵✿✶✼ ✡✒♥✎ ✐s ❛

♣✎r✓✎❝t ✔t ❛♥❞ ③✎r✒ r✎♣r✎s✎♥ts ♥✒ ❝✒rr✎✏❛t✐✒♥✕ ♥✎✖❛t✐✈✎ s❤✒✇s ❛♥t✐✲❝✒rr✎✏❛t✐✒♥✍✱

✇❤✐✏✎ ❛ ✏✐♥✎❛r ✔t t✒ t❤✎ ✌✗ ✑✘✎✱ ❛✓t✎r ✎①❝✏✉❞✐♥✖ ✙ ✷✲✌✚ ❛♥❞ ✛☛✲☛✜✱ ②✐✎✏❞s ❛

❜✎tt✎r ❝✒rr✎✏❛t✐✒♥✢

❧♦❣�❡✭❬✁✂✂❪✮ ❂ ✭✹✿✹✹✄✝✵✿✣✺✄✮☎✭✾✿✾✾✝✄✿✺✣✮✆✶✵
✞✟
✠❡❢❢✭❑✮✿ ✡☛☞✷✍

✇✐t❤ ❛ ✏✐♥✎❛r ❝✒rr✎✏❛t✐✒♥ ❝✒✎✓✔❝✐✎♥t ✒✓ ☎✵✿✻✵☞ ✤❤✎ ✔t ✐s s❤✒✇♥ ❛s ❛ ❞❛s❤✎❞ ✏✐♥✎ ✐♥

❋✐✖☞ ☛☞✥ ✡❜✒tt✒♠✍☞ ✦✒t❤ ✙ ✷✲✌✚ ❛♥❞ ✛☛✲☛✜ ♠✐✖❤t ❤❛✈✎ ❛ ✏✒✇✲♠❛ss ❝✎♥tr❛✏ st❛r✱

s✒ t❤✎✐r ✏✒✇ ♥✎❜✉✏❛r ❞✎♥s✐t✐✎s ❝✒✉✏❞ ❜✎ r✎✏❛t✎❞ t✒ t❤✎✐r ✎✈✒✏✉t✐✒♥❛r② ♣❛r❛♠✎t✎rs☞

✤❤✎ ♥✎❜✉✏❛ ❞✎♥s✐t② ❞✎❝r✎❛s✎s ❛s t❤✎ ♥✎❜✉✏❛ ✎✈✒✏✈✎s✱ s✒ ✐t ✐s t②♣✐❝❛✏ ❛s ❤✐✖❤ ❛s

✶✵✧ ❝♠✞★ ✐♥ ②✒✉♥✖ ❝✒♠♣❛❝t ✑✘✎✱ ✇❤✐✏✎ ✐t ✐s r✎❞✉❝✎❞ t✒ ✏✎ss t❤❛♥ ✌✜✜ ❝♠✞★ ✐♥

✒✏❞ ✑✘✎ ✡✎☞✖☞ s✎✎ ✩✉❲t ✷ ✐♥ ✪❤❛♣t✎r ✫✱ ✬❛♥✎❤❦❛r ✎t ❛✏☞ ✷✜✌☛✍☞

❋✐✖☞ ☛☞✗ s❤✒✇s t❤✎ ✏✒✖❛r✐t❤♠✐❝ ✎✏✎❝tr✒♥ ❞✎♥s✐t② ❧♦❣�❡✡✯✩ ✰✰✴✍ ♣✏✒tt✎❞ ❛✖❛✐♥st

t❤✎ ✏✒✖❛r✐t❤♠✐❝ ✐♥tr✐♥s✐❝ ♥✎❜✉✏❛r ❁❃ s✉r✓❛❝✎ ❜r✐✖❤t♥✎ss☞ ✤❤✎ ❞❛s❤✎❞ ✏✐♥✎ r✎♣r✎✲

s✎♥ts ❛ ✏✐♥✎❛r ✔t t✒ t❤✎ ✌❄ ✑✘✎✱ ✇❤✐❝❤ ❤❛s ❛ str✒♥✖ ✏✐♥✎❛r ❝✒rr✎✏❛t✐✒♥ ❝✒✎✓✔❝✐✎♥t

✒✓ ✜☞✫✫✢

❧♦❣�❡✭❬✁✂✂❪✮ ❂ ✭✹✿✺✾✣✝✵✿✣✄✹✮❅✭✵✿✺✶✹✝✵✿✶✵✼✮ ❧♦❣●✭❏❃✮❀ ✡☛☞☛✍

✇❤✎r✎ t❤✎ ❞✎r✎❞❞✎♥✎❞ ♥✎❜✉✏❛r ❁❃ s✉r✓❛❝✎ ❜r✐✖❤t♥✎ss ✐s ❞✎✔♥✎❞ ❛s t❤✎ ✐♥t✎✲

✖r❛t✎❞ ❁❃ ◗✉① ❞✐✈✐❞✎❞ ❜② t❤✎ ♥✎❜✉✏❛r ❛r✎❛✱ ●✭❏❃✮ ❂ ❘✭❏❃✮❱✭❳❩❭✮✱ ✐♥ ✉♥✐t ✒✓

✎r✖ ❝♠✞❭ s✞❫ sr✞❫✱ t❤✎ ✐♥tr✐♥s✐❝ ❁❃ ◗✉① ❘✭❏❃✮❂ ✶✵❴❵❥q④⑤✭❏❃✮✱ ❛♥❞ ❩ ✐s t❤✎ ♥✎❜✉✲

✏❛r ✒♣t✐❝❛✏ ❛♥✖✉✏❛r r❛❞✐✉s ✡s✎✎ ✤❛❜✏✎ ☛☞✌✍☞ ⑥⑦☞ ✡☛☞☛✍ ✐♥❞✐❝❛t✎s t❤❛t ●✭❏❃✮ ➭ �❫⑧⑨✧❡ ✱

✇❤✐❝❤ ✐s ✐♥ ❛✖r✎✎♠✎♥t ✇✐t❤ t❤✎ t❤✎✒r✎t✐❝❛✏ r✎✏❛t✐✒♥ ❛♣♣r✒①✐♠❛t✎❞ ❜② ⑩❶✬✎✏✏

✡✌❷✚✷✍✱ ●✭❏❃✮ ➭ ❸ ❩�❭❡ ➭ ❸❭❹★❺❫❹★�
✧❹★
❡ ✱ ✇❤✎r✎ ❺ ✐s t❤✎ t✒t❛✏ ♠❛ss ✒✓ t❤✎ ♥✎❜✲

✉✏❛ ❛♥❞ ❸ ✐s t❤✎ ✔✏✏✐♥✖ ✓❛❝t✒r☞

❻s s✎✎♥ ✐♥ ❋✐✖☞ ☛☞✗✱ t❤✎r✎ ✐s ❛ str✒♥✖ ❝✒rr✎✏❛t✐✒♥ ❜✎t✇✎✎♥ t❤✎ ✎✏✎❝tr✒♥ ❞✎♥✲

s✐t② ❛♥❞ t❤✎ ♥✎❜✉✏❛r ❁❃ s✉r✓❛❝✎ ❜r✐✖❤t♥✎ss✱ ❜✉t ❋✐✖☞ ☛☞✥ ✡❜✒tt✒♠✍ ❞✎♣✐❝ts ❛ ✇✎❛❦

✌✷✥ ❼❽❾❿➀➁➂❾➃ ❾➄ ➅❿➆➃➇➁➆➈➉ ➃➇➊➀❿➆➇ ➋➂➁➌ ➍➎➏➁➉➅➇ ➐➇➃➁➈➆❿ ➑➁➆➈➑



✸✳✸✳ ◆❊❇❯▲❆❘ ❆◆❆▲❨❙■❙

❋✐❣✉r❡ �✁✺✿ ❚❤❡ ❧♦❣❛r✐t❤♠✐❝ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ✂✄☎✆✝✭❬✞ ✟✟❪✮✭❝♠
✠✡✮ ♣❧♦t✲

t❡❞ ❛❣❛✐♥st t❤❡ ❧♦❣❛r✐t❤♠✐❝ ✐♥tr✐♥s✐❝ ♥❡❜✉❧❛r ❍☛ s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss

✂✄☎☞✭❍☛✮✭❡r❣❝♠✠✷ s✠✶ sr✠✶✮✁ ❚❤❡ ❞♦tt❡❞ ❧✐♥❡ ✐s ❛ ❧✐♥❡❛r ✌t t♦ ✂✄☎✆✝✭❬✞ ✟✟❪✮ ❛s

❛ ❢✉♥❝t✐♦♥ ♦❢ ✂✄☎☞✭❍☛✮✱ ❞✐s❝✉ss❡❞ ✐♥ t❤❡ t❡①t✁

❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ❛♥❞ t❤❡ st❡❧❧❛r ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡✁

✍♥ ❛♥ ❡①t❡♥s✐✈❡ st✉❞② ♦❢ ▼❛❣❡❧❧❛♥✐❝ ❈❧♦✉❞ P✎❡✱ ✞t❛♥❣❤❡❧❧✐♥✐ ❡t ❛❧✁ ✭✏✵✵✏✱ ✏✵✵�✱

✏✵✵✽✮ ❢♦✉♥❞ t❤❛t t❤❡ ♥❡❜✉❧❛r s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss ❞❡❝❧✐♥❡s ✇✐t❤ r❛❞✐✐ ✐♥ ♠♦st

❡♠✐ss✐♦♥ ❧✐♥❡s✁ ❚❤❡ ♥❡❜✉❧❛r ❍☛ s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss ❝❛♥ r❡♣r❡s❡♥t ❛♥ ❡✈♦❧✉t✐♦♥✲

❛r② ✐♥❞✐❝❛t♦r ♦❢ t❤❡ ♥❡❜✉❧❛ ❜❡❝❛✉s❡ ♦❢ str♦♥❣ ❝♦rr❡❧❛t✐♦♥s ✇✐t❤ ❜♦t❤ t❤❡ ♥❡❜✉❧❛r

❞❡♥s✐t② ❛♥❞ r❛❞✐✉s✁ ❚❤❡ ♥❡❜✉❧❛r s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss ❞❡❝r❡❛s❡s ❞✉❡ t♦ t❤❡ ❡①♣❛♥✲

s✐♦♥ ♦❢ t❤❡ ♥❡❜✉❧❛✱ ❛s t❤❡ ❞❡♥s✐t② ❞r♦♣s✁ ✑✉t✱ t❤✐s ❡✈♦❧✉t✐♦♥❛r② ♣❛r❛♠❡t❡r ✐s

♥♦t ♦♥❧② r❡❧❛t❡❞ t♦ t❤❡ ❣❛s❡♦✉s ❡✈♦❧✉t✐♦♥ ❜✉t ✐s ❛❧s♦ ❛ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ✐♦♥✐③✐♥❣

s♦✉r❝❡✁

❆✒✓❦✔✕✖ ❉✗✘✙✓❦✗✚ ✛✏✺



✸✳ P❍❨❙■❈❆▲ ❈❖◆❉■❚■❖◆❙ ❆◆❉ ❈❍❊▼■❈❆▲ ❆❇❯◆❉❆◆❈❊❙

�❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s

✁❤✂ ✂✄✂☎✆✝✞✟ ✆✂✠✡✂✝☛✆☞✝✂✌ ❞✂❞☞☎✂❞ ❢✝✞✠ ✆❤✂ ✝☛✆✐✞✌ ✞❢ ✆❤✂ ✟✂❜☞✄☛✝ ✄✐✟✂✌ ✆✞ ☛☞✝✞✲

✝☛✄ ✄✐✟✂✌ ☛✝✂ ✡✝✂✌✂✟✆✂❞ ✐✟ ✁☛❜✄✂ ✍✎✹✎ ❲✂ ☛❞✞✡✆✂❞ ✏✑✭❬✒ ✓✓❪✮ ✆✞ ❞✂✝✐✈✂ ✔✑✭❬✕ ✓✓❪✮✱

☛✟❞ ✐✆✂✝☛✆✂❞ ☞✟✆✐✄ ☎✞✟✈✂✝❣✂✟☎✂✎ ❲✂ ☛✄✌✞ ☞✌✂❞ ✏✑✭❬✒ ✓✓❪✮ ✆✞ ❞✂✆✂✝✠✐✟✂ ✔✑✭❬✖ ✓✓✓❪✮

☛✟❞ ✔✑✭❬✒ ✓✓✓❪✮ ✇❤✂✝✂ ☛❞✂q☞☛✆✂ ✗✘✙✌ ✇✂✝✂ ☛✈☛✐✄☛❜✄✂✎ ✁☛❜✄✂ ✍✎✹ ✄✐✌✆✌ ✔✑✭❬✕ ✓✓❪✮

☛✟❞ ✔✑✭❬✖ ✓✓✓❪✮ ❞✂✝✐✈✂❞ ❜✂❢✞✝✂ ☛✟❞ ☛❢✆✂✝ ☎✞✝✝✂☎✆✐✟❣ ❢✞✝ ✝✂☎✞✠❜✐✟☛✆✐✞✟ ☎✞✟✆✝✐❜☞✲

✆✐✞✟✌ ✆✞ ✆❤✂ ☛☞✝✞✝☛✄ ✄✐✟✂✌✎

✁❤✂ ✝✂☎✞✠❜✐✟☛✆✐✞✟ ✂①☎✐✆☛✆✐✞✟ ☎☛✟ ☛✄✌✞ ✠☛❦✂ ✌✞✠✂ ✠☛❥✞✝ ☎✞✟✆✝✐❜☞✆✐✞✟✌ ✆✞

✆❤✂ ❬✕ ✓✓❪ ✚✺✼✺✺ ☛☞✝✞✝☛✄ ✄✐✟✂✱ ✆❤✂ ❬✖ ✓✓❪ ✚✚✍✼✷✻✱✍✼✷✾ ✟✂❜☞✄☛✝ ✄✐✟✂✌✱ ☛✟❞ ✆❤✂

❬✖ ✓✓❪ ✚✚✼✍✷✵✱✼✍✍✵ ☛☞✝✞✝☛✄ ✄✐✟✂✌❀ ❜☞✆ ✌✠☛✄✄ ☎✞✟✆✝✐❜☞✆✐✞✟ ✆✞ ✆❤✂ ❬✖ ✓✓✓❪ ✚✹✍✻✍

☛☞✝✞✝☛✄ ✄✐✟✂✎ ✁❤✂ ✝✂☎✞✠❜✐✟☛✆✐✞✟ ☎✞✟✆✝✐❜☞✆✐✞✟ ☎☛✟ ✄✂☛❞ ✆✞ ☛✡✡☛✝✂✟✆✄② ❤✐❣❤ ✆✂✠✲

✡✂✝☛✆☞✝✂✌ ❞✂❞☞☎✂❞ ❢✝✞✠ ✆❤✂ ❬✕ ✓✓❪ ✭✚✻✺✹✽✰✚✻✺✽✹✮✴✚✺✼✺✺ ✝☛✆✐✞ ✐✟ ✆❤✂ ✟✂❜☞✄☛

☎✞✟✆☛✐✟✐✟❣ ☛ ❢✝☛☎✆✐✞✟ ✞❢ ☎✞✄❞✱ ✠✂✆☛✄✲✝✐☎❤ ✐✟☎✄☞✌✐✞✟✌✎ ❋☞✝✆❤✂✝✠✞✝✂✱ ✐✆ ☎☛✟ ☛✄✌✞

✄✂☛❞ ✆✞ ✞✈✂✝✲✂✌✆✐✠☛✆✂❞ ✆✂✠✡✂✝☛✆☞✝✂✌ ✐✟ ✆❤✂ ✟✂❜☞✄☛ ☎✞✟✆☛✐✟✐✟❣ ✐✟❤✞✠✞❣✂✟✂✞☞✌

☎✞✟❞✂✟✌☛✆✐✞✟✌✱ ✇❤✞✌✂ ❞✂✟✌✐✆② ✐✌ ❤✐❣❤✂✝ ✆❤☛✟ ✆❤✂ ☎✝✐✆✐☎☛✄ ❞✂✟✌✐✆✐✂✌ ✞❢ ✆❤✂ ✟✂❜☞✄☛✝

✄✐✟✂✌✱ ✇❤✐✄✂ ✆❤✂ ☛☞✝✞✝☛✄ ✄✐✟✂✌ ✂✠✐✆✆✂❞ ❢✝✞✠ ✆❤✂ ✄✞✇✂✝ ❞✂✟✌✐✆② ✠✂❞✐☞✠ ✭❱✐✂❣☛✌ ✫

✗✄✂❣❣ ✶✾✾✹✮✎ ✖✇✐✟❣ ✆✞ ✆❤✂ ✝✂✄☛✆✐✈✂✄② ✄✞✇ ☎✝✐✆✐☎☛✄ ❞✂✟✌✐✆✐✂✌ ✞❢ ✆❤✂ ❬✕ ✓✓❪ ✟✂❜☞✄☛✝

✄✐✟✂✌✛ ✱ ✆❤✂ ✡✝✂✌✂✟☎✂ ✞❢ ❞✂✟✌✐✆② ✐✟❤✞✠✞❣✂✟✂✐✆✐✂✌ ✄✂☛❞ ✆✞ ☛✡✡☛✝✂✟✆✄② ❤✐❣❤ ✂✄✂☎✲

✆✝✞✟ ✆✂✠✡✂✝☛✆☞✝✂✌✎ ✜✞✇✂✈✂✝✱ ❜✂☎☛☞✌✂ ✞❢ ✆❤✂ ❢☛✐✝✄② ✄✞✇ ☎✝✐✆✐☎☛✄ ❞✂✟✌✐✆✐✂✌ ✞❢ ✆❤✂

❬✖ ✓✓❪ ✚✚✍✼✷✻✱✍✼✷✾ ✟✂❜☞✄☛✝ ✄✐✟✂✌✱ ✆❤✂✐✝ ✝✂☎✞✠❜✐✟☛✆✐✞✟ ✂✠✐✌✌✐✈✐✆✐✂✌ ❞✂✡✂✟❞ ☛✄✌✞

✞✟ ✂✄✂☎✆✝✞✟ ❞✂✟✌✐✆②✱ ✐✟ ☛❞❞✐✆✐✞✟ ✆✞ ✂✄✂☎✆✝✞✟ ✆✂✠✡✂✝☛✆☞✝✂ ☛✟❞ ☛❜☞✟❞☛✟☎✂✱ ✌✞ ✆❤✂

❞✂✝✐✈✂❞ ❞✂✟✌✐✆② ✐✌ ✟✞✆ ☛❢❢✂☎✆✂❞ ❜② ✆❤✂ ✝✂☎✞✠❜✐✟☛✆✐✞✟ ✂①☎✐✆☛✆✐✞✟✎

✁❤✂ ✝✂☎✞✠❜✐✟☛✆✐✞✟ ☎✞✟✆✝✐❜☞✆✐✞✟ ✆✞ ✆❤✂ ❬✕ ✓✓❪ ✚✺✼✺✺ ☛☞✝✞✝☛✄ ✄✐✟✂ ☎☛✟ ❜✂ ✂✌✆✐✲

✠☛✆✂❞ ❜② ✆❤✂ ❢✞✝✠☞✄☛ ❣✐✈✂✟ ❜② ✙✐☞ ✂✆ ☛✄✎ ✭✷✵✵✵✮✿

✢❘✣✚✤✥✤✤✦

✢✣✧★✦
❂ ✩✪✬✯ ❁

❃❄❅❃

●
❏❑◗

✧◗

❳

❩❘❭❫

❴ ✭✍✎✹✮

✇❤✂✝✂ ❁ ❵ ✔✑✭✜✂ ✓✦③✬④
⑤ ✐✌ ✆❤✂ ✖⑥✙ ✂✄✂☎✆✝✞✟ ✆✂✠✡✂✝☛✆☞✝✂ ✐✟ ✬④⑤ ⑦ ☛✟❞ ❏❑◗③✧◗ ✐✌

⑧⑨⑩ ❶❶❷ ❸❸❹❺❹❹❻ ❼❹❽❾❻ ❿➀➁ ➂ ➃➄➅➆➃➇➈❻ ➉➄➊➆➃➇➋ ➌➍➎➏➐ ⑨➑ ❶❶❶❷ ❸❸❾➒❼➒❻ ❹➓➓❺❻ ❿➀➁ ➂ ➔➄→➆➃➇➈❻

➊➄➣➆➃➇↔ ➌➍➎➏➐ ⑨↕ ❶❶❶❷ ❸❸❼➒➙➛❻ ➜➓❼➜❻ ❿➀➁ ➂ ➃➄→➆➃➇➈❻ ➉➄➇➆➃➇↔ ➌➍➎➏ ➝➞➟➠➞➌➡➢➤➞➥➦➧

✶✷✻ ➨➩➫➭➯➲➳➫➵ ➫➸ ➺➭➻➵➼➲➻➽➾ ➵➼➚➯➭➻➼ ➪➳➲➶ ➹➘➴➲➾➺➼ ➷➼➵➲➽➻➭ ➬➲➻➽➬
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❞❡r✐✈❡❞ ❢r♦♠ t❤❡ � ✁✁ ❖✂✄s ✭s❡❡ ❚❛❜❧❡ ☎✆✶✵✮✆

❲❡ ❡st✐♠❛t❡❞ t❤❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥ t♦ t❤❡ ❬❖ ✁✁✁❪ ✝✹☎✻☎ ❛✉r♦r❛❧

❧✐♥❡ ✉s✐♥❣ t❤❡ ❢♦❧❧♦✇✐♥❣ ❢♦r♠✉❧❛ ❜② ✄✐✉ ❡t ❛❧✆ ✭✷✵✵✵✮✿

✞✟✠✝✡☛☞☛✌

✞✠❍✍✌
❂ ✎✏✑✡ ✒

✓✔✼✾

✕
✖✗✰

❍✰

✘

✙✟✚✛

❀ ✭☎✆✺✮

✇❤❡r❡ t❤❡ ✖✗✰✜❍✰ r❛t✐♦ ✐s ❝♦♠♣✉t❡❞ ✉s✐♥❣

✖
✗✰

✜❍
✰

❂ ✢✠❍✣✜❍
✰
✌
✤✥✗

✦✎✧★✠✖
✰
✜❍

✰
✩✖

✤✰
✜❍

✰
✌✑ ✭☎✆✻✮

❚❤❡ ✖✤✰✜❍✰ r❛t✐♦ ✐s t❛❦❡♥ ❢r♦♠ ❚❛❜❧❡ ☎✆✶✵✱ ✇❤✐❧❡ t❤❡ ✖✰✜❍✰ r❛t✐♦ ✐s ❡①❝❧✉❞❡❞✆

❋♦r P✪ ✻✱ ✇❤✐❝❤ ❤❛s ✫✬❬� ✁✁✧ ❂ ✎✎✡✽✯❑✱ t❤❡ ♦❜s❡r✈❡❞ ❧✐♥❡s ♦❢ � ✁✁ ✺✲☎✷✱ ✺✲✺✷✱

✺✹✺✷ ②✐❡❧❞ �✤✰✴❁✰ ❂ ☞✑❃❄★✎✯❅✗✱ ❢♦r ✫✬✭❁❡ ✁✮❂ ❃✎✯✯❑ ❛♥❞ ❈✬ ❂ ✏✯✯✯ ❝♠❅✗ ✭❚❛❉

❜❧❡ ☎✆●✮✆ ❏♥s❡rt✐♥❣ t❤❡♠ ✐♥t♦ ❡q✉❛t✐♦♥ ✭☎✆✹✮✱ ✇❡ ❤❛✈❡ ✞✟✠✝❃❄❃✡✌✜✞✠❁✍✌❂ ✯✑✯✎❄✱

♦r ☎▼ ♣❡r ❝❡♥t ♦❢ t❤❡ ♦❜s❡r✈❡❞ ✐♥t❡♥s✐t② ♦❢ t❤❡ ✝✺▼✺✺ ❧✐♥❡✆ ◗❢t❡r s✉❜tr❛❝t✐♥❣

t❤❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥ ❢r♦♠ t❤❡ ♦❜s❡r✈❡❞ ✐♥t❡♥s✐t②✱ t❤❡ ❬� ✁✁❪ ❧✐♥❡ r❛t✐♦

②✐❡❧❞s ✫✬❬� ✁✁❪❂ ❱✡✯✯ ❑✱ ✐✆❡✆ ✷✵●✵ ❑ ❧♦✇❡r t❤❛♥ t❤❡ ✈❛❧✉❡ ❞❡r✐✈❡❞ ❜❡❢♦r❡ t❤❡ ❝♦r❉

r❡❝t✐♦♥✆ ◗♣♣❧②✐♥❣ t❤❡ s❛♠❡ ♣r♦❝❡❞✉r❡ t♦ ❳ ☎❉☎✵✱ ✇❤✐❝❤ ❤❛s ✫✬❬� ✁✁✧ ❂ ❱✯✏✯❩✱

✇❡ ♦❜t❛✐♥ ❢r♦♠ �✤✰✴❁✰ ❂ ❄✑❃❄★✎✯❅❭ ❛♥❞ ✫✬✭❁❡ ✁✮❂ ✏❃✯✯❑✱ ❛s ❣✐✈❡♥ ❜② t❤❡

❖✂✄s✱ ❛ ❝♦rr❡❝t❡❞ ♥❡❜✉❧❛r t♦ ❛✉r♦r❛❧ ❧✐♥❡ r❛t✐♦ ✇❤✐❝❤ ②✐❡❧❞s ✫✬❬� ✁✁❪❂ ❄❃✎✯❑✆

❫✐♠✐❧❛r❧②✱ ❢♦r ❁❜ ✹ t❤❡ ❝♦rr❡❝t❡❞ ❬� ✁✁❪ ♥❡❜✉❧❛r t♦ ❛✉r♦r❛❧ ❧✐♥❡ r❛t✐♦ r❡s✉❧ts ✐♥

✫✬❬� ✁✁❪ ❴ ✲✲✷✵ ❑✱ ✉s✐♥❣ �✤✰✴❁✰ ❂ ☞✑☞★✎✯❅❭ ❛♥❞ ✫✬✭❁❡ ✁✮❂ ✡✏✯✯❑ ❛s ❣✐✈❡♥ ❜②

❖✂✄s✆ ❋♦r ❏❵ ✶✷✲▼✱ ✉s✐♥❣ �✤✰✴❁✰ ❂ ❄✑❱★✎✯❅❭ ❛♥❞ ✫✬✭❁❡ ✁✮❂ ✡❃✯✯❑ ♦♥❡ ❣❡ts

✞✟✠✝❃❄❃✡✌✜✞✠❁✍✌ ❂ ✯✑✯✯✏✱ ✇❤✐❝❤ ✐s ❛❜♦✉t ☎✶ ♣❡r ❝❡♥t ♦❢ t❤❡ ♦❜s❡r✈❡❞ ✈❛❧✉❡✆

◗❢t❡r ❝♦rr❡❝t✐♥❣ ❢♦r t❤❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥✱ t❤❡ t❡♠♣❡r❛t✉r❡ ✐s ✶✷✻✵

❧♦✇❡r✆ ❋♦r ❚❤✷❉◗✱ ✇❡ ❣❡t t❤❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥ ❛❜♦✉t ✹✺ ♣❡r ❝❡♥t ♦❢

t❤❡ ♦❜s❡r✈❡❞ ✈❛❧✉❡✱ r❡s✉❧t✐♥❣ ✐♥ ❛ t❡♠♣❡r❛t✉r❡✱ ✇❤✐❝❤ ✐s ✷✵✹✵❑ ❧♦✇❡r t❤❛♥ t❤❡

✈❛❧✉❡ ❞❡r✐✈❡❞ ❜❡❢♦r❡ t❤❡ ❝♦rr❡❝t✐♦♥✆ ❚❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ r❡❝♦♠❜✐♥❛t✐♦♥ ❡①❝✐❉

t❛t✐♦♥ t♦ t❤❡ ♦❜s❡r✈❡❞ ❬� ✁✁❪ ✝✺▼✺✺ ♥❡❜✉❧❛r ✐♥t❡♥s✐t✐❡s ❛r❡ ❡st✐♠❛t❡❞ t♦ ❜❡ ●✱

✶☎ ❛♥❞ ✷☎ ♣❡r ❝❡♥t ❢♦r P❡ ✶❉✶✱ ❳✶❉☎✷ ❛♥❞ ❳☎❉✶✺✱ r❡s♣❡❝t✐✈❡❧②✱ ✇❤✐❝❤ ❤❛✈❡ ❛

♥❡❣❧✐❣✐❜❧❡ ❡❢❢❡❝t ♦♥ t❤❡ ❞❡r✐✈❡❞ t❡♠♣❡r❛t✉r❡✆ ❲❡ s✉♠♠❛r✐③❡ ♦✉r ❥♥❞✐♥❣s ❢♦r ❛❧❧

♦❜④❡❝ts ✐♥ ❚❛❜❧❡ ☎✆✹✆

❆⑤⑥⑦⑧⑨⑩ ❶❷❸❹⑥⑦❷❺ ✶✷▼
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❋✐❣✉r❡ �✁✻✿ ✂♦♣ ♣❛♥❡❧✿ ✈❛r✐❛t✐♦♥ ♦❢ t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✄☎✭✶✵
✆ ❑✮ ❛❧♦♥❣

t❤❡ s♣❡❝tr❛❧ s❡q✉❡♥❝❡✁ ✝♦tt♦♠ ♣❛♥❡❧✿ ✈❛r✐❛t✐♦♥ ♦❢ t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡

✄☎✭✶✵
✆ ❑✮ ❛❧♦♥❣ t❤❡ st❡❧❧❛r ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ✄☎✞✞✭✶✵

✆ ❑✮✁ ✂❤❡ ❡❧❡❝tr♦♥ t❡♠✲

♣❡r❛t✉r❡ ❞❡r✐✈❡❞ ❢r♦♠ ❬✟ ✠✠❪ ✭❜❧❛❝❦ ❧✐♥❡✮ ❛♥❞ ❬✡ ✠✠✠❪ ❞✐❛❣♥♦st✐❝ r❛t✐♦s ✭r❡❞

❧✐♥❡✮✁ ✂❤❡ ❞♦tt❡❞ ❛♥❞ ❞❛s❤❡❞ ❧✐♥❡s ❛r❡ r❡s♣❡❝t✐✈❡❧② ❧✐♥❡❛r ☛ts t♦ ✄☎✭❬✟ ✠✠❪✮ ❛♥❞

✄☎✭❬✡ ✠✠✠❪✮ ❛s ❢✉♥❝t✐♦♥s ♦❢ ✄☎✞✞✱ ❞✐s❝✉ss❡❞ ✐♥ t❤❡ t❡①t✁

☞✷✽ ✌✍✎✏✑✒✓✎✔ ✎✕ ✖✏✗✔✘✒✗✙✚ ✔✘✛✑✏✗✘ ✇✓✒✜ ❲❘✢✒✚✖✘ ✣✘✔✒✙✗✏ ✤✒✗✙✤
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❋✐❣✉r❡ �✁✼✿ ❚♦♣ ♣❛♥❡❧✿ ✈❛r✐❛t✐♦♥ ♦❢ t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✂✄✭✶✵
☎ ❑✮ ❛❧♦♥❣ t❤❡

❡①❝✐t❛t✐♦♥ ❝❧❛ss ✭✆❈✮✁ ❚❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❞❡r✐✈❡❞ ❢r♦♠ ❬✝ ✞✞❪ ✭❜❧❛❝❦ ❧✐♥❡✮

❛♥❞ ❬❖ ✞✞✞❪ ❞✐❛❣♥♦st✐❝ r❛t✐♦s ✭r❡❞ ❧✐♥❡✮✁ ❚❤❡ ❞♦tt❡❞ ❛♥❞ ❞❛s❤❡❞ ❧✐♥❡s ❛r❡ r❡s♣❡❝✲

t✐✈❡❧② ❧✐♥❡❛r ✟ts t♦ ✂✄✭❬✝ ✞✞❪✮ ❛♥❞ ✂✄✭❬❖ ✞✞✞❪✮ ❛s ❢✉♥❝t✐♦♥s ♦❢ ✆❈✱ ❞✐s❝✉ss❡❞ ✐♥ t❤❡

t❡①t✁ ✠♦tt♦♠ ♣❛♥❡❧✿ t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✂✄✭✶✵
☎ ❑✮ ♣❧♦tt❡❞ ❛❣❛✐♥st t❤❡ ❧♦❣✲

❛r✐t❤♠✐❝ ✐♥tr✐♥s✐❝ ♥❡❜✉❧❛r ❍✡ s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss ☛☞✌✍✭❍✡✮✭❡r❣❝♠✎✷ s✎✏ sr✎✏✮✁

❚❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❞❡r✐✈❡❞ ❢r♦♠ ❬✝ ✞✞❪ ✭❜❧❛❝❦ ❧✐♥❡✮ ❛♥❞ ❬❖ ✞✞✞❪ ❞✐❛❣♥♦s✲

t✐❝ r❛t✐♦s ✭r❡❞ ❧✐♥❡✮✁ ❚❤❡ ❞♦tt❡❞ ❛♥❞ ❞❛s❤❡❞ ❧✐♥❡s ❛r❡ r❡s♣❡❝t✐✈❡❧② ❧✐♥❡❛r ✟ts t♦

✂✄✭❬✝ ✞✞❪✮ ❛♥❞ ✂✄✭❬❖ ✞✞✞❪✮ ❛s ❢✉♥❝t✐♦♥s ♦❢ ☛☞✌✍✭❍✡✮✱ ❞✐s❝✉ss❡❞ ✐♥ t❤❡ t❡①t✁

❆✑✒✓✔✕③ ❉✖✗✘✒✓✖✙ ✚✛✾



✸✳ P❍❨❙■❈❆▲ ❈❖◆❉■❚■❖◆❙ ❆◆❉ ❈❍❊▼■❈❆▲ ❆❇❯◆❉❆◆❈❊❙

❲❡ ♦❜t❛✐♥❡❞ ❛ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ ❛❜♦✉t ✺➊✻✵✪ ❢♦r ❞✐❢❢❡r❡♥t �✁❡✂

✄♦✇❡✈❡r✱ ☎✷✰❂✆✰ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ✁ ✝✝ ✞❘✟s ❛r❡ ✈❡r② ✉♥❝❡rt❛✐♥✂

✠s t❤❡ ✞❘✟s t❡♥❞ t♦ ❜❡ ❛♠♦♥❣ t❤❡ ✇❡❛❦❡st ❧✐♥❡s✱ t❤❡✐r ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❛r❡

❤✐❣❤❧② s❡♥s✐t✐✈❡ t♦ ❡rr♦rs ✐♥ t❤❡ ♠❡❛s✉r❡♠❡♥t ♦❢ ❧✐♥❡s✱ ❛♥❞ ✡✉① ❝❛❧✐❜r❛t✐♦♥✂ ☛❤❡

❡①❛❝t ✈❛❧✉❡ ♦❢ t❤❡ ❬✁ ✝✝❪ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ r❡q✉✐r❡s ❞❡t❛✐❧❡❞ ❦♥♦✇❧❡❞❣❡ ♦❢

t❤❡ ✞❘✟ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❛♥❞ ☎✷✰❂✆✰ ❛❜✉♥❞❛♥❝❡s✂ ☞❡❛♥✇❤✐❧❡✱ ❝♦❧❧✐s✐♦♥❛❧

❞❡✲❡①❝✐t❛t✐♦♥ ♦❢ t❤❡ ♠❡t❛st❛❜❧❡ ❧❡✈❡❧s ♣♦♣✉❧❛t❡❞ ❜② r❡❝♦♠❜✐♥❛t✐♦♥ ❛❧s♦ ❛❞❞s ❛

❢✉rt❤❡r ❝♦♠♣❧✐❝❛t✐♦♥✱ ✇❤✐❝❤ ✇❡ ❞✐❞ ♥♦t ❝♦♥s✐❞❡r✂ ☛❤❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉✲

t✐♦♥ t♦ ❬✁ ✝✝❪ ❛✉r♦r❛❧ ❧✐♥❡s ♠❛② ❜❡ ❝♦rr❡❝t❧② ❡st✐♠❛t❡❞ ❢♦r ❧♦✇✲❞❡♥s✐t② ✉♥✐❢♦r♠

♥❡❜✉❧❛r ♠❡❞✐❛✂ ✄♦✇❡✈❡r✱ t❤❡ ♦❜s❡r✈❡❞ ❬✁ ✝✝❪ ❛✉r♦r❛❧ ❧✐♥❡s ❝❛♥ ❜❡ ♠♦r❡ ❞✐❢✌❝✉❧t

t♦ ❡✈❛❧✉❛t❡ ✐♥ t❤❡ ♣r❡s❡♥t ♦❢ ✐♥❤♦♠♦❣❡♥❡♦✉s ❝♦♥❞❡♥s❛t✐♦♥s✂ ☛❤❡ ❞❡♥s❡ ❝❧✉♠♣s

✐♥ t❤❡ ♥❡❜✉❧❛ ✇❤♦s❡ ❞❡♥s✐t② ✐s ❧❛r❣❡r t❤❛♥ t❤❡ ❧♦✇❡r ❞❡♥s✐t② ♠❡❞✐✉♠✱ ❢r♦♠

✇❤✐❝❤ t❤❡ ✍✍✻✺✹✽✱✻✺✽✹ ♥❡❜✉❧❛r ❧✐♥❡s ♦r✐❣✐♥❛t❡✱ ♠❛❦❡ ❧✐❦❡❧② ❧❛r❣❡r ❞✐❛❣♥♦st✐❝

t❡♠♣❡r❛t✉r❡s ❛s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❬✁ ✎✎❪ ♥❡❜✉❧❛r t♦ ❛✉r♦r❛❧ r❛t✐♦s✱ s✐♥❝❡ ❝♦❧❧✐✲

s✐♦♥❛❧ ❞❡✲❡①❝✐t❛t✐♦♥ ♦❢ t❤❡ ❤✐❣❤ ❞❡♥s✐t② r❡❣✐♦♥ s✉♣♣r❡ss❡s t❤❡ ♥❡❜✉❧❛r ❧✐♥❡s✱ ❜✉t

♥♦t t❤❡ ❛✉r♦r❛❧ ❧✐♥❡s ✭❱✐❡❣❛s ✫ ✏❧❡❣❣ ✶✾✾✹✮✂ ☛❤❡ ♣r❡s❡♥❝❡ ♦❢ ✐♥❤♦♠♦❣❡♥❡♦✉s

❝♦♥❞❡♥s❛t✐♦♥s ❝❛♥ ❧❡❛❞ t♦ ♦✈❡r❡st✐♠❛t❡❞ t❡♠♣❡r❛t✉r❡s✱ ❜✉t t❤✐s ❡❢❢❡❝t ✐s ♠♦r❡

❞✐❢✌❝✉❧t t♦ q✉❛♥t✐❢②✂ ☛❤❡r❡❢♦r❡✱ ✐♥ t❤❡ ✏✑✟ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s t❤❛t ❢♦❧❧♦✇s ✐♥

✒❡❝t✐♦♥ ✓✂✹✱ ✇❡ ❤❛✈❡ ♥♦t ❝♦♥s✐❞❡r❡❞ t❤❡ ❝♦rr❡❝t❡❞ ✔✕❬✁ ✝✝❪✂ ✄♦✇❡✈❡r✱ t❤❡ ❬✁ ✝✝❪

t❡♠♣❡r❛t✉r❡ ❞✐❛❣♥♦st✐❝ ✈❛❧✉❡s ❛r❡ ♣r♦❜❛❜❧② ♣♦♦r ✐♥❞✐❝❛t♦rs ♦❢ t❡♠♣❡r❛t✉r❡ ✐♥

t❤❡ ❧♦✇✲✐♦♥✐③❛t✐♦♥ r❡❣✐♦♥s✱ s♦ ✇❡ ❤❛✈❡ ❝❛r❡❢✉❧❧② ❛❞♦♣t❡❞ ✔✕ ❜❛s❡❞ ♦♥ ♦✉r ❞✐❛❣✲

♥♦st✐❝ r❡s✉❧ts ❛♥❞ t❤♦s❡ ❢♦✉♥❞ ✐♥ t❤❡ ♣r❡✈✐♦✉s st✉❞✐❡s ❧✐st❡❞ ✐♥ ☛❛❜❧❡ ✓✂✼✂

❋✐❣✂ ✓✂✻ ✭t♦♣✮ ♣❧♦ts t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✔✕ ✭❜❡❢♦r❡ ❝♦rr❡❝t✐♥❣ ❢♦r t❤❡

r❡❝♦♠❜✐♥❛t✐♦♥ ❡①❝✐t❛t✐♦♥✮ ✈❡rs✉s t❤❡ s♣❡❝tr❛❧ s❡q✉❡♥❝❡✂ ❲❡ s❡❡ t❤❛t t❤❡ ❡❧❡❝✲

tr♦♥ t❡♠♣❡r❛t✉r❡ ✐♥❝r❡❛s❡s ❛s t❤❡ st❛r ❡✈♦❧✈❡s ❢r♦♠ ❝♦♦❧ ❬❲✏✟❪ t♦ ❤♦t ❬❲✞❪

s❡q✉❡♥❝❡s✂ ❋✐❣✂ ✓✂✻ ✭❜♦tt♦♠✮ s❤♦✇s t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✔✕ ♣❧♦tt❡❞ ❛❣❛✐♥st

t❤❡ st❡❧❧❛r ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ✔✕✖✖✂ ✎t ✐s s❡❡♥ t❤❛t ✔✕ ✐♥❝r❡❛s❡s ✇✐t❤ ❛♥ ✐♥❝r❡❛s❡

✶✓✵ ✗✘✙✚✛✜✢✙✣ ✙✤ ✥✚✦✣✧✜✦★✩ ✣✧✬✛✚✦✧ ✯✢✜✴ ✿❀❁✜✩✥✧ ❃✧✣✜★✦✚ ❄✜✦★❄



✸✳✸✳ ◆❊❇❯▲❆❘ ❆◆❆▲❨❙■❙

✐♥ ❚❡❢❢� ✁❤✂ r✂❧❛t✐♦♥ ❜✂t✇✂✂♥ ❚❡✭❬✄ ☎☎❪✮ ❛♥❞ ❚❡❢❢ ✆♦r t❤✂ ✶✽ P✄✂ ❝❛♥ ❜✂ ✝tt✂❞ ❜②

❚❡✞✟✠✡✡☛☞ ❂ ✞✌✹✌✾✍✺✎✌☞✰✞✏✻✿✌✌✵✍✼✿✼✾✻☞❚❡❢❢✞❑☞✑✏✵
✒
❀ ✭✓�✔✮

✇✐t❤ ❛ ❧✐♥✂❛r ❝♦rr✂❧❛t✐♦♥ ❝♦✂✆✝❝✐✂♥t ♦✆ ✕�✖✽ ✭❞♦tt✂❞ ❧✐♥✂ ✐♥ ❋✐❣� ✓�✗✮� ✘✐♠✐❧❛r❧②✱

❛ ❧✐♥✂❛r ✝t ✭❞❛s❤✂❞ ❧✐♥✂ ✐♥ ❋✐❣� ✓�✗✮ ❜✂t✇✂✂♥ ❚❡✭❬❖ ☎☎☎❪✮ ❛♥❞ ❚❡❢❢ ✆♦r t❤✂ ✶✓ P✄✂

②✐✂❧❞s

❚❡✞✟✙✡✡✡☛☞ ❂ ✞✼✻✷✹✍✏✵✎✵☞✰✞✎✎✿✻✌✎✍✏✎✿✏✏✏☞❚❡❢❢✞❑☞✑✏✵
✒
❀ ✭✓�✽✮

✇❤✐❝❤ ❤❛s ❛ ❧✐♥✂❛r ❝♦rr✂❧❛t✐♦♥ ❝♦✂✆✝❝✐✂♥t ♦✆ ✕�✗✶�

❋✐❣� ✓�✗ ✭t♦♣✮ ♣❧♦ts t❤✂ ✂❧✂❝tr♦♥ t✂♠♣✂r❛t✉r✂ ❚❡ ✭❜✂✆♦r✂ ❝♦rr✂❝t✐♥❣ ✆♦r t❤✂

r✂❝♦♠❜✐♥❛t✐♦♥ ✂①❝✐t❛t✐♦♥✮ ✈✂rs✉s t❤✂ s♣✂❝tr❛❧ s✂q✉✂♥❝✂� ❲✂ s✂✂ t❤❛t t❤✂ ✂❧✂❝✲

tr♦♥ t✂♠♣✂r❛t✉r✂ ✐♥❝r✂❛s✂s ❛s t❤✂ st❛r ✂✈♦❧✈✂s ✆r♦♠ ❝♦♦❧ ❬❲❈✚❪ t♦ ❤♦t ❬❲❖❪

s✂q✉✂♥❝✂s� ❋✐❣� ✓�✗ ✭❜♦tt♦♠✮ s❤♦✇s t❤✂ ✂❧✂❝tr♦♥ t✂♠♣✂r❛t✉r✂ ❚❡ ♣❧♦tt✂❞ ❛❣❛✐♥st

t❤✂ st✂❧❧❛r ✂✆✆✂❝t✐✈✂ t✂♠♣✂r❛t✉r✂ ❚❡❢❢� ✛t ✐s s✂✂♥ t❤❛t ❚❡ ✐♥❝r✂❛s✂s ✇✐t❤ ❛♥ ✐♥❝r✂❛s✂

✐♥ ❚❡❢❢� ✁❤✂ r✂❧❛t✐♦♥ ❜✂t✇✂✂♥ ❚❡✭❬✄ ☎☎❪✮ ❛♥❞ ❚❡❢❢ ✆♦r t❤✂ ✶✽ P✄✂ ❝❛♥ ❜✂ ✝tt✂❞ ❜②

❚❡✞✟✠✡✡☛☞ ❂ ✞✌✹✌✾✍✺✎✌☞✰✞✏✻✿✌✌✵✍✼✿✼✾✻☞❚❡❢❢✞❑☞✑✏✵
✒
❀ ✭✓�✜✮

✇✐t❤ ❛ ❧✐♥✂❛r ❝♦rr✂❧❛t✐♦♥ ❝♦✂✆✝❝✐✂♥t ♦✆ ✕�✖✽ ✭❞♦tt✂❞ ❧✐♥✂ ✐♥ ❋✐❣� ✓�✗✮� ✘✐♠✐❧❛r❧②✱

❛ ❧✐♥✂❛r ✝t ✭❞❛s❤✂❞ ❧✐♥✂ ✐♥ ❋✐❣� ✓�✗✮ ❜✂t✇✂✂♥ ❚❡✭❬❖ ☎☎☎❪✮ ❛♥❞ ❚❡❢❢ ✆♦r t❤✂ ✶✓ P✄✂

②✐✂❧❞s

❚❡✞✟✙✡✡✡☛☞ ❂ ✞✼✻✷✹✍✏✵✎✵☞✰✞✎✎✿✻✌✎✍✏✎✿✏✏✏☞❚❡❢❢✞❑☞✑✏✵
✒
❀ ✭✓�✶✕✮

✇❤✐❝❤ ❤❛s ❛ ❧✐♥✂❛r ❝♦rr✂❧❛t✐♦♥ ❝♦✂✆✝❝✐✂♥t ♦✆ ✕�✗✶�

❋✐❣� ✓�✔✭t♦♣✮ ♣❧♦ts ❚❡ ✈✂rs✉s t❤✂ ✂①❝✐t❛t✐♦♥ ❝❧❛ss ✭✢❈✣ ❉♦♣✐t❛ ✫ ▼✂❛t❤✂r✐♥❣✲

❤❛♠ ✶✜✜✕✮� ✤ tr✂♥❞ ♦✆ ✐♥❝r✂❛s✐♥❣ ❚❡ ✇✐t❤ ✐♥❝r✂❛s✐♥❣ ✢❈ ✐s s✂✂♥� ✤ ❧✐♥✂❛r ✝t

✭❞♦tt✂❞ ❧✐♥✂✮ t♦ ❚❡✭❬✄ ☎☎❪✮ ❛♥❞ ❛s ❛ ✆✉♥❝t✐♦♥ ♦✆ ✢❈ ✆♦r t❤✂ ✶✽ P✄✂ ♣❧♦tt✂❞ ✐♥

❋✐❣� ✓�✔ ✭t♦♣✮ ②✐✂❧❞s

❚❡✞✟✠✡✡☛☞ ❂ ✞✌✌✎✏✍✎✌✌☞✰✞✏✼✌✿✏✷✍✼✼✿✎✹☞✥✦❀ ✭✓�✶✶✮

❆✧★❦✩✪③ ✬✯✴❁★❦✯❃ ✶✓✶
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✇✐t❤ ❛ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✂❝✐❡♥t ♦❢ ✵�✺✵✱ ✇❤✐❧❡ ❛ ❧✐♥❡❛r ✂t ✭❞❛s❤❡❞ ❧✐♥❡✮ t♦

✁✄✭❬☎ ✆✆✆❪✮ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ ✝✞ ❢♦r t❤❡ ✶✟ ✠✡❡ ②✐❡❧❞s

✁✄☛☞✌✍✍✍✎✏ ❂ ☛✼✑✾✒✓✔✽✑✏✰☛✔✒✹✿✻✹✓✾✽✿✾✻✏✕✖❀ ✭✟�✶✷✮

✇❤✐❝❤ ❤❛s ❛ str♦♥❣ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✂❝✐❡♥t ♦❢ ✵�✗✘� ❋✐❣� ✟�✙✭❜♦tt♦♠✮ s❤♦✇s

t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✁✄✭✒✚
✛ ❑✮ ♣❧♦tt❡❞ ❛❣❛✐♥st t❤❡ ❧♦❣❛r✐t❤♠✐❝ ✐♥tr✐♥s✐❝ ♥❡❜✲

✉❧❛r ✜✢ s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss ✣✤✥✦✭✜✢✮� ✧❤❡ ❞❛s❤❡❞ ❧✐♥❡ ✐♥ t❤❡ ✂❣✉r❡ r❡♣r❡s❡♥ts

❛ ❧✐♥❡❛r ✂t t♦ t❤❡ ✁✄✭❬✡ ✆✆❪✮ ❞❛t❛ ❢♦r t❤❡ ✶✗ ✠✡❡✱ ✇✐t❤

✁✄☛☞★✍✍✎✏ ❂ ☛✽✾✩✾✓✔✔✩✏✪☛✑✒✚✿✽✔✓✩✔✑✿✚✩✏ ✣✤✥✦☛✫✢✏❀ ✭✟�✶✟✮

✧❤❡ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✂❝✐❡♥t ✐s ✪✚✿✩✾✱ ✇❤✐❧❡ ❛ ❧✐♥❡❛r ✂t t♦ t❤❡ ✁✄✭❬☎ ✆✆✆❪✮

❞❛t❛ ❢♦r t❤❡ ✶✟ ✠✡❡ ②✐❡❧❞s

✁✄☛☞✌✍✍✍✎✏ ❂ ☛✽✹✑✼✓✾✻✼✏✪☛✽✼✹✿✚✾✓✹✻✩✿✾✾✏ ✣✤✥✦☛✫✢✏❀ ✭✟�✶✘✮

✇❤✐❝❤ ❤❛s ❛ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✂❝✐❡♥t ♦❢ ✪✚✿✹✾�

✬s s❡❡♥ ✐♥ ❋✐❣� ✟�✙✱ t❤❡ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ✁✄✭❬☎ ✆✆✆❪✮ ❛♥❞ ✝✞ ✐s ♠✉❝❤ str♦♥❣❡r

t❤❛♥ t❤❡ ✁✄➊✦✭✜✢✮ ❝♦rr❡❧❛t✐♦♥� ✧❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ♦❢ ❤✐❣❤✲❡①❝✐t❛t✐♦♥

✠✡❡ ❛r❡ t②♣✐❝❛❧❧② ❤✐❣❤❡r t❤❛♥ ❧♦✇✲❡①❝✐t❛t✐♦♥ ✠✡❡✱ ✇❤✐❝❤ ❝❛♥ ❜❡ ❡①♣❧❛✐♥❡❞ ❜②

t❤❡ r❛❞✐❛t✐♦♥s ❢r♦♠ t❤❡ ❝❡♥tr❛❧ st❛rs� ✬❧t❤♦✉❣❤ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ❛♥❞ ❞✉st

❛r❡ ✐♥✈♦❧✈❡❞ ✐♥ ❤❡❛t✐♥❣ ❛♥❞ ❝♦♦❧✐♥❣ ♠❡❝❤❛♥✐s♠s ♦❢ t❤❡ ♥❡❜✉❧❛✱ t❤❡ ✐♦♥✐③✐♥❣

♣❤♦t♦♥s ❝❛♥ ♠❛❦❡ ♠❛❥♦r ❝♦♥tr✐❜✉t✐♦♥ t♦ t❤❡ t❤❡r♠❛❧ ♣r♦♣❡rt✐❡s ♦❢ t❤❡ ❣❛s�

✯✴✯✴✯ ❁❘❃ ❄❅●❏◗● ❱❲●❳❩❭❏❫❲❴❏

✬♥ ❛❧t❡r♥❛t✐✈❡ ♠❡t❤♦❞ ♦❢ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ✐s t♦ ✉s❡ t❤❡ ☎❵qs� ✧❤❡ ❡♠✐ss✐✈✲

✐t✐❡s ♦❢ ❤❡❛✈② ❡❧❡♠❡♥t ☎❵qs r❡❧❛t✐✈❡ t♦ ❛ ❤②❞r♦❣❡♥ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡ ✇❡❛❦❧②

❞❡♣❡♥❞ ♦♥ t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❛♥❞ ❞❡♥s✐t②� ✜♦✇❡✈❡r✱ ❡♠✐ss✐✈✐t✐❡s ♦❢ ✞✝qs

r❡❧❛t✐✈❡ t♦ ❛ ❤②❞r♦❣❡♥ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡ ✐♥❝r❡❛s❡ ❡①♣♦♥❡♥t✐❛❧❧② ✇✐t❤ t❤❡ ❡❧❡❝✲

tr♦♥ t❡♠♣❡r❛t✉r❡� ④❡❝❛✉s❡ t❤❡ s❡♥s✐t✐✈✐t② ♦❢ ☎❵qs t♦ t❤❡ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ✐s ✈❡r②

✶✟✷ ⑤⑥⑦⑧⑨⑩❶⑦❷ ⑦❸ ❹⑧❺❷❻⑩❺❼❽ ❷❻❾⑨⑧❺❻ ❿❶⑩➀ ➁➂➃⑩❽❹❻ ➄❻❷⑩❼❺⑧ ➅⑩❺❼➅
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✭❛✮ P� ✻ ✭❜✮ ▼✁✲✁✵

✭❝✮ ❍❜✹ ✭❞✮ ✂❈✶✷✾✼

❋✐❣✉r❡ ✄☎✽✿ ✆s ❋✐❣✉r❡ ✄☎✝ ✞✉t ❢♦r s♣✟t✐✟❧ ✠✐str✐✞✉t✐♦♥ ♠✟♣s ♦❢ ❡❧❡✡tr♦♥ t❡♠♣❡r✟☛

t✉r❡ ❚☞❂✌✍
✎ ✏❑✑ ❢r♦♠ t❤❡ ✒✉① r✟t✐♦ ❬✓ ✔✔❪ ✏✕✺✖✽✰✕✺✽✖✑✴✺✗✺✺☎ ✘❤❡ ✇❤✐t❡ ✡♦♥t♦✉r

❧✐♥❡s s❤♦✇ t❤❡ ✠✐str✐✞✉t✐♦♥ ♦❢ t❤❡ ♥✟rr♦✇☛✞✟♥✠ ❡♠✐ss✐♦♥ ♦❢ ✙✚ ✐♥ ✟r✞✐tr✟r② ✉♥✐t

♦✞t✟✐♥❡✠ ❢r♦♠ t❤❡ ✛✙✛☎

❆✜✢❦✣✤③ ❉✥✦✧✢❦✥★ ✩✄✄
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✭❡✮ �❤✷✲✁

❋✐❣✉r✂ ✄☎✽✿ ✆❝♦♥t✐♥✉✂❞✝

✇✂❛❦✱ t✞✂ ❛❜✉♥❞❛♥❝✂s ❞✂❞✉❝✂❞ ❢r♦♠ ✟❘✠s s✞♦✉❧❞ ✐♥ t✞✂♦r② ❜✂ ♠♦r✂ r✂❧✐❛❜❧✂

t✞❛♥ t✞♦s✂ ❢r♦♠ ✡☛✠s☎

☞s✐♥❣ t✞✂ ❢❛❝t t✞❛t ✂♠✐ss✐✈✐t✐✂s ♦❢ ✞✂❛✈② ✂❧✂♠✂♥t ✟❘✠s ✞❛✈✂ ❛ r✂❧❛t✐✈✂❧②

✇✂❛❦✱ ♣♦✇✂r✌❧❛✇ ❞✂♣✂♥❞✂♥❝✂ ♦♥ t✞✂ ✂❧✂❝tr♦♥ t✂♠♣✂r❛t✉r✂✱ t✞✂ r✂❧❛t✐✈✂ ✐♥t✂♥s✐✌

t✐✂s ♦❢ ✟❘✠s ❝❛♥ ❜✂ ✉s✂❞ t♦ ❞✂t✂r♠✐♥✂ ✂❧✂❝tr♦♥ t✂♠♣✂r❛t✉r✂s ✆s✂✂ ✂☎❣☎ ✍❝✎❛❜❜

✂t ❛❧☎ ✏✵✶✄❀ ✑t♦r✂② ✫ ✑♦❝✞✐ ✏✵✶✄✝☎ ✒♦✇✂✈✂r✱ t✞✂ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ❜❛s✂❞

♦♥ ✟❘✠s ❣✂♥✂r❛❧❧② ✞❛✈✂ ❧❛r❣✂r ✉♥❝✂rt❛✐♥t✐✂s✱ s✐♥❝✂ t✞✂ ❞✂♣✂♥❞✂♥❝✂ ♦❢ t✞✂ ❧✐♥✂

✓✉①✂s ♦♥ t✞✂ ♣✞②s✐❝❛❧ ❝♦♥❞✐t✐♦♥s ✐s s♦ ✇✂❛❦☎ ✔✞✂ ✞✂❛✈② ✂❧✂♠✂♥t ✟❘✠s ❛r✂ ✈✂r②

✇✂❛❦ ❝♦♠♣❛r✂❞ t♦ t✞✂ ✡☛✠s✱ s♦ ❞✂✂♣✂r s♣✂❝tr♦s❝♦♣✐❝ s✉r✈✂②s ❛r✂ r✂q✉✐r✂❞ t♦

♠✂❛s✉r✂ t✞✂♠ ❛❝❝✉r❛t✂❧②☎ ✕✂s♣✐t✂ ❛❧❧ ♦✉r ✂❢❢♦rts t♦ ♠✂❛s✉r✂ t✞✂♠ ✐♥ ✖✎✂ ✆s✂✂

✂☎❣☎ ✠✐✉ ✂t ❛❧☎ ✏✵✵✹❜❀ ✔s❛♠✐s ✂t ❛❧☎ ✏✵✵✄❛❀ ❲✂ss♦♥ ✂t ❛❧☎ ✏✵✵✄✱ ✏✵✵✺✱ ✏✵✵✽❀

❲❛♥❣ ✫ ✠✐✉ ✏✵✵✼❀ ❋❛♥❣ ✫ ✠✐✉ ✏✵✶✄✝ ❛♥❞ ✒ ✗✗ r✂❣✐♦♥s ✆s✂✂ ✂☎❣☎ ✔s❛♠✐s ✂t ❛❧☎

✏✵✵✄❜❀ ✖✂✐♠❜✂rt ✂t ❛❧☎ ✏✵✵✹❀ ●❛r❝➫✘❛✌❘♦❥❛s ✂t ❛❧☎ ✏✵✵✺✱ ✏✵✵✻✱ ✏✵✵✼✝✱ t✞✂ ✟❘✠

♠✂❛s✉r✂♠✂♥ts st✐❧❧ ✞❛✈✂ ❧♦✇ s✐❣♥❛❧✌t♦✌♥♦✐s✂ r❛t✐♦s ♦r ❧✐♥✂ ❜❧✂♥❞✐♥❣☎

✔✞✂ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ❜❛s✂❞ ♦♥ t✞✂ ✓✉① ✐♥t✂♥s✐t② r❛t✐♦ ♦❢ t✇♦ ❞✐❢❢✂r✂♥t

✶✄✹ ✙✚✛✜✢✣✤✛✥ ✛✦ ✧✜★✥✩✣★✪✬ ✥✩✯✢✜★✩ ✰✤✣✴ ✾❁❂✣✬✧✩ ❃✩✥✣✪★✜ ❄✣★✪❄
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❖�✁s ✐s t❤❡ ♠♦st ❝♦♠♠♦♥ ✇❛② t♦ ❞❡t❡r♠✐♥❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✭s❡❡ ❡✂❣✂ ✁✐✉

❡t ❛❧✂ ✷✵✵✹❜❀ ❚s❛♠✐s ❡t ❛❧✂ ✷✵✵✄❛❀ ❲❡ss♦♥ ❡t ❛❧✂ ✷✵✵✄✱ ✷✵✵✺✮✂ ❍♦✇❡✈❡r✱ str♦♥❣

☎✉① ✐♥t❡♥s✐t✐❡s ❛r❡ ♥❡❝❡ss❛r② t♦ ❣❡t ❛ r❡❧✐❛❜❧❡ r❡s✉❧t✂ ❚❤❡ ❧❡❛st sq✉❛r❡s ♠✐♥✐✲

♠✐③❛t✐♦♥✱ r❡❧②✐♥❣ ♦♥ ❛ ♥✉♠❜❡r ♦❢ ❧✐♥❡s✱ ❝❛♥ ❜❡ ✉s❡❞ ❛s ❛♥ ❛❧t❡r♥❛t✐✈❡ ♠❡t❤♦❞ ❢♦r
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▼✶✲✷✺ ✆ ✘✘ ✺✙✙✼✱ ✺✙✫✤✱ ✣✢✵✵✛✣✪✵ ✚✦✵✵✛✣✜✵

✺✙✫✙✱ ✺✼✶✶

▼✷✲✹✷ ✆ ✘✘ ✺✙✙✼✱ ✺✙✫✤ ✚✦✵✵✛✚✵✵ ✢✚✵✵✛✢✵✵

✆●❈✙✙✷✾ ✆ ✘✘ ✹✫✤✩✱ ✺✾✩✷ ✣✜✵✵✛✢✪✵ ✢✢✵✵✛✜✧✵

▼✩✲✩✤ ✬ ✘✘ ✹✙✹✾✱ ✹✙✙✷✱ ✣✵✵✵✛✣✵✵ ✣✥✵✵✛✣✽✵

✹✙✼✙

☛❈✶✷✾✼ ✬ ✘✘ ✹✙✹✾✱ ✹✙✼✙ ✚✧✵✵✛✦✽✵ ✢✽✵✵✛✣✦✵

✆●❈✙✺✼✫ ✬ ✘✘ ✹✙✹✾✱ ✹✙✙✷ ✥✥✵✵✛✥✧✵ ✜✵✣✵✵✛✜✵✚✵

▼✷✲✹✷ ✬ ✘✘ ✹✙✹✾✱ ✹✙✼✙ ✢✽✵✵✛✚✜✵ ✜✜✧✵✵✛✜✢✥✵

✹✙✤✾

✆●❈✙✺✙✼ ✬ ✘✘ ✹✙✹✾✱ ✹✙✼✙ ✦✜✵✵✛✜✵✵✵ ✚✜✵✵✛✧✜✵

✆●❈✙✙✷✾ ✬ ✘✘ ✹✙✹✾✱ ✹✙✼✙ ✚✧✵✵✛✢✪✵ ✢✽✵✵✛✢✚✵

✯✡ ✩✲✶✤✼ ✬ ✘✘ ✹✾✤✼✱ ✹✫✾✶ ✦✵✵✵✛✣✵✵ ✢✣✵✵✛✜✪✢

❆✰❤❦✴❀③ ❉❁❂❃❤❦❁❄ ❅�❋
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❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❢r♦♠ t❤❡ ❤❡❧✐✉♠ ❧✐♥❡ r❛t✐♦s✱ ✇❡ ✉s❡❞ t❤❡ ❛♥❛❧②t✐❝ ❢♦r♠✉❧❛

❣✐✈❡♥ ❢♦r t❤❡ ❡♠✐ss✐✈✐t✐❡s ♦❢ �❡ ✁ ❧✐♥❡s ❜② ✂❡♥❥❛♠✐♥ ❡t ❛❧✄ ✭✶✾✾✾✮ ❛♥❞ ♥❡✇ ☎t✲

t✐♥❣ ♣❛r❛♠❡t❡rs ❝❛❧❝✉❧❛t❡❞ ❜② ❩❤❛♥❣ ❡t ❛❧✄ ✭✷✵✵✺✮✄ ✆❤❡ ♠❡t❤♦❞ ❜② ✂❡♥❥❛♠✐♥

❡t ❛❧✄ ✭✶✾✾✾✮ ✇❛s ✈❛❧✐❞ ❢♦r t❤❡ t❡♠♣❡r❛t✉r❡ ✺✵✵✵➊✷✵✱✵✵✵ ❑✄ �♦✇❡✈❡r✱ ❩❤❛♥❣

❡t ❛❧✄ ✭✷✵✵✺✮ ❝♦♠❜✐♥❡❞ t❤❡ �❡ ✝ r❡❝♦♠❜✐♥❛t✐♦♥ ♠♦❞❡❧ ♦❢ ✞♠✐ts ✭✶✾✾✻✮ ❛♥❞ t❤❡

❝♦❧❧✐s✐♦♥❛❧ ❡①❝✐t❛t✐♦♥ r❛t❡s ❢♦r t❤❡ ✷s✟✞ ❛♥❞ ✷s✠✞ ♠❡t❛✲st❛❜❧❡ ❧❡✈❡❧s ❜② ✞❛✇❡② ✫

✂❡rr✐♥❣t♦♥ ✭✶✾✾✡✮✱ ❛♥❞ ♣r♦✈✐❞❡❞ ❛ ♥❡✇ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❞✐❛❣♥♦st✐❝s ❜❛s❡❞

♦♥ t❤❡ ♠❡t❤♦❞ ❞❡✈❡❧♦♣❡❞ ❜② ✂❡♥❥❛♠✐♥ ❡t ❛❧✄ ✭✶✾✾✾✮✱ ❜✉t t❤❡ t❡♠♣❡r❛t✉r❡ r❛♥❣❡

♦❢ ☛☞ ❁ ✌✍✍✍❑ ✇❛s ❛❧s♦ ✐♥❝❧✉❞❡❞✄ ❲❡ ♥♦t✐❝❡ t❤❛t t❤❡ �❡ ✝ t❡♠♣❡r❛t✉r❡s ❛r❡

t②♣✐❝❛❧❧② ♠✉❝❤ ❧♦✇❡r t❤❛♥ t❤❡ ❢♦r❜✐❞❞❡♥✲❧✐♥❡ t❡♠♣❡r❛t✉r❡✄

✎✏✑✒✓✔✕✖ ✓✑✗✘✑✔✙✓✚✔✑ ✙✖✛ ✛✑✖✜✢✓✣ ✤✔✕✗ ✥ ✝✝ ✦❘✧✜

★t t②♣✐❝❛❧ ♥❡❜✉❧❛r ❝♦♥❞✐t✐♦♥s✱ ❡♠✐ss✐✈✐t✐❡s ♦❢ ❝❛r❜♦♥ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ✈❛r②

✇❡❛❦❧② ✇✐t❤ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❛♥❞ ❞❡♥s✐t② ✭✩❛✈❡② ❡t ❛❧✄ ✷✵✵✵❀ ✞t♦r❡② ✫

✞♦❝❤✐ ✷✵✶✡✮✄ ✆❤✐s ❞❡♣❡♥❞❡♥❝❡ ❝❛♥ ❜❡ ✉s❡❞ t♦ ❞❡t❡r♠✐♥❡ ☛☞ ❛♥❞ ✪☞✄ ✆❛❜❧❡ ✡✄✻

❧✐sts t❤❛t t❤❡ ✬ ✝✝ ❧✐♥❡s ❞❡t❡❝t❡❞ ✐♥ ✁✬ ✶✷✾✼ ❛♥❞ ✯❡ ✶✲✶✄ ✂♦t❤ ✯✰❡ ❤❛✈❡ t❤❡

♠✉❧t✐♣❧❡t ❱✶✼✄✵✹ ✭✴✻✹✻✷❀ ✻❣➊✹❢✮ ❛♥❞ ❱✶✻✄✵✹ ✭✴✻✶✺✶❀ ✻❢➊✹❞✮✄ ★❞❞✐t✐♦♥❛❧❧②✱

✬ ✝✝ ✴✺✵✻✵ ❧✐♥❡ ✭✡♣➊✷♣✮ ✇❛s ♠❡❛s✉r❡❞ ✐♥ ✁✬ ✶✷✾✼✄ ✆❤❡ ✴✻✹✻✷ ❧✐♥❡ ✐s t❤❡

str♦♥❣❡st ✬ ✝✝ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡ ✇❤✐❝❤ ✇❛s ❞❡t❡❝t❡❞ ✐♥ t❤❡s❡ t✇♦ ✯✰❡✄ ✆❤❡

❧❡❛st✲sq✉❛r❡s ♠✐♥✐♠✐③❛t✐♦♥ ♠❡t❤♦❞ ✐♥ ✁✬ ✶✷✾✼ ②✐❡❧❞❡❞ ❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛✲

t✉r❡ ♦❢ ✽✽✍✍❑ ❛♥❞ ❛♥ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ♦❢ ✿❂✍✍ ❝♠❃✟✄ ❋♦r ✯❡ ✶✲✶✱ ✇❡ ❞❡r✐✈❡❞

☛☞ ❄ ✿❂✍✍❑ ❛♥❞ ✪☞ ❄ ❅❂✍✍ ❝♠❃✟✄ ✞✐♠✐❧❛r❧②✱ ✇❡ ❞❡t❡r♠✐♥❡❞ ❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛✲

t✉r❡ ♦❢ ●❏✍✍❑ ❛♥❞ ❛♥ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ♦❢ ✿✌✍✍ ❝♠❃✟ ❢r♦♠ t❤❡ ✴✻✶✺✶ ❛♥❞ ✴✻✹✻✷

❧✐♥❡s ✐♥ ✰◗✬ ✻✺✻✼✄ ❲❡ ✉s❡❞ t❤❡ ✬❛s❡ ★ ❡❢❢❡❝t✐✈❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❢♦r ✴✻✹✻✷✱ ❛♥❞

t❤❡ ✬❛s❡ ✂ ❢♦r ✴✻✶✺✶ ❛♥❞ ✴✺✵✻✵ ❢r♦♠ t❤❡ ❛t♦♠✐❝ ❞❛t❛ ♦❢ ✩❛✈❡② ❡t ❛❧✄ ✭✷✵✵✵✮✱

✇❤✐❝❤ ✐s ✈❛❧✐❞ ❢r♦♠ ✺✵✵ t♦ ✷✵✵✵✵❑✄ ✆❤❡ ✬❛s❡ ★ ❡❢❢❡❝t✐✈❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❢♦r

✴✻✹✻✷ ❞✐❢❢❡rs ❢r♦♠ ✐ts ✬❛s❡ ✂ ✈❛❧✉❡ ❜② ♦♥❧② ✷ ♣❡r ❝❡♥t✄ ❲❡ ❛ss✉♠❡❞ t❤❛t t❤❡

❝♦♥tr✐❜✉t✐♦♥ ❢r♦♠ t❤❡ ❜❧❡♥❞❡❞ ✰ ✝✝ ✴✻✶✺✵✄✼✺ ✭✹♣➊✡❞✮ ❧✐♥❡ ✐s ♥❡❣❧✐❣✐❜❧❡✄

✶✹✵ ❳❬❭❪❫❴❵❭④ ❭⑤ ⑥❪⑦④⑧❴⑦⑨⑩ ④⑧❶❫❪⑦⑧ ❷❵❴❸ ❹❺❻❴⑩⑥⑧ ❼⑧④❴⑨⑦❪ ❽❴⑦⑨❽



✸✳✸✳ ◆❊❇❯▲❆❘ ❆◆❆▲❨❙■❙

�❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❛♥❞ ❞❡♥s✐t② ❢r♦♠ ✁ ✂✂ ❛♥❞ ❖ ✂✂ ❖✄☎s

✆ ✂✂ ✝✞✟ ✠ ✂✂ ✠✡☛☞ ✝✌✍ ✇✍✝❦✎✏ ✑✍✒✓✍✌✝✑✔✌✍✲ ✝✞✟ ✟✍✞☞✕✑✏✲☞✍✞☞✕✑✕✈✍ ✭▼✖✆✝❜❜ ✍✑ ✝✎✗

✷✵✶✘✮✗ ❚❤✍✏ ✝✌✍ ✙✝✕✞✑ ❜✔✑ ✙✝✕✌✎✏ ✇✍✎✎ ✟✍✑✍✖✑✍✟ ✕✞ ☞✚✒✍ P✆✍✱ ✇✕✑❤ ✑❤✍ ✛✔① ✍✌✌✚✌☞

✚✙ ✎✍☞☞ ✑❤✝✞ ✶✵ ✓✍✌ ✖✍✞✑✗ ❚❤✍ ✍✙✙✍✖✑✕✈✍ ✌✍✖✚✒❜✕✞✝✑✕✚✞ ✖✚✍✙✜✖✕✍✞✑☞ ✚✙ ✆ ✂✂ ✖✝✎✲

✖✔✎✝✑✍✟ ❜✏ ✢☞✖✝✎✝✞✑✍ ✫ ❱✕✖✑✚✌ ✭✶✾✾✵✮ ✝✌✍ ✕✞ ✑❤✍ ✌✝✞❣✍ ✙✌✚✒ ✺✵✵ ✑✚ ✷✵ ✵✵✵ ❑✱

✇❤✕✖❤ ✝✎✎✚✇☞ ✔☞ ✑✚ ✕✟✍✞✑✕✙✏ ✝✞✏ ✖✚✎✟ ✕✚✞✕③✍✟ ✌✍❣✕✚✞☞✗ ❚❤✍ ✍✙✙✍✖✑✕✈✍ ✌✍✖✚✒❜✕✞✝✲

✑✕✚✞ ✖✚✍✙✜✖✕✍✞✑☞ ❜✏ ✣✑✚✌✍✏ ✭✶✾✾✹✮ ✇✍✌✍ ✔☞✍✟ ✙✚✌ ✑❤✍ ✓✎✝☞✒✝ ✟✕✝❣✞✚☞✑✕✖☞ ✚✙ ✑❤✍

✠ ✂✂ ✠✡☛☞✗

❚✝❜✎✍ ✘✗✻ ✎✕☞✑☞ ✑❤✍ ✍✎✍✖✑✌✚✞ ✑✍✒✓✍✌✝✑✔✌✍☞ ✝✞✟ ✟✍✞☞✕✑✕✍☞ ✟✍✌✕✈✍✟ ✙✌✚✒ ✆ ✂✂

✠✡☛☞ ✙✚✌ ☞✕① P✆✍✗ ❚❤✍ ✇✍✎✎✲✟✍✑✍✖✑✍✟ ✤✺✾✘✷ ✝✞✟ ✤✺✾✺✷ ✎✕✞✍☞ ✕✞ P✥✻ ✝✌✍ ✎✕❦✍✎✏

✑✚ ✓✌✚✈✕✟✍ ✑❤✍ ✒✚☞✑ ✌✍✎✕✝❜✎✍ ✑✍✒✓✍✌✝✑✔✌✍ ✝✞✟ ✟✍✞☞✕✑✏ ✝☞ ✑❤✍☞✍ ✑✇✚ ✎✕✞✍☞ ✖✝✞

✚✞✎✏ ❜✍ ✓✌✚✟✔✖✍✟ ❜✏ ✌✍✖✚✒❜✕✞✝✑✕✚✞ ✙✌✚✒ ✑❤✍ ✘✓✦P➊✘✟✦❉✧ ✎✍✈✍✎ ✚✙ ✆★✰ ✝✞✟ ✑❤✍

❱✷✽ ✒✔✎✑✕✓✎✍✑✗ ✩☞✕✞❣ ✝✎✎ ✎✕✞✍☞ ✙✌✚✒ ✑❤✍ ☞✕✒✕✎✝✌ ✒✔✎✑✕✓✎✍✑ ✌✍✟✔✖✍☞ ✑❤✍ ✍✙✙✍✖✑☞ ✚✙

✝✞✏ ✍✌✌✚✌☞ ✖✝✔☞✍✟ ❜✏ ✝✑✚✒✕✖ ✟✝✑✝✗ ❚❤✍ ✎✍✝☞✑✲☞q✔✝✌✍☞ ✒✕✞✕✒✕③✝✑✕✚✞ ✑✍✖❤✞✕q✔✍

✙✚✌ ✑❤✍☞✍ ✎✕✞✍☞ ✏✕✍✎✟✍✟ ✝✞ ✍✎✍✖✑✌✚✞ ✑✍✒✓✍✌✝✑✔✌✍ ✚✙ ✪✬✯✯ ❑ ✝✞✟ ✝✞ ✍✎✍✖✑✌✚✞ ✟✍✞✲

☞✕✑✏ ✚✙ ✴✪✯✯ ✖✒✼✦✗ ❚❤✕☞ ✑✍✒✓✍✌✝✑✔✌✍ ☞✔❣❣✍☞✑☞ ✑❤✍ ✍①✕☞✑✍✞✖✍ ✚✙ ✝ ✖✚✎✟ ✖✚✒✓✚✞✍✞✑

✇✕✑❤✕✞ ✑❤✍ ✞✍❜✔✎✝✌ ❣✝☞ ✚✙ P✥✻✗ ❚❤✕☞ ✞✍❜✔✎✝ ❤✝☞ ✕✞✟✍✍✟ ✝ ❤✕❣❤✎✏ ✜✎✝✒✍✞✑✝✌✏

☞✑✌✔✖✑✔✌✍ ✝✞✟ ☞✍✈✍✌✝✎ ❦✞✚✑☞ ✕✞☞✕✟✍ ✝✞✟ ✚✔✑☞✕✟✍ ✑❤✍ ✒✝✕✞ ☞❤✍✎✎ ✭❍❙✿ ✕✒✝❣✍✱ ❀❉

✶✷✻✵✵✱ P✗❀✗ ❉✔✙✚✔✌❁ ☞✍✍ ❈❤✝✓✑✍✌ ✷✮✗ ✣✕✒✕✎✝✌✎✏✱ ✇✍ ✟✍✑✍✌✒✕✞✍✟ ❂❃ ❄ ✪❅✯✯ ❑ ✝✞✟

❋❃ ❄ ✪✴✯✯ ✖✒✼✦ ✙✌✚✒ ✑❤✍ ✇✍✎✎✲✟✍✑✍✖✑✍✟ ✤✺✻✻● ✝✞✟ ✤✺✻✽✵ ✎✕✞✍☞ ✕✞ ▼✘✲✶✺✗ ✥✚✑❤

✎✕✞✍☞ ✝✌✍ ✓✌✚✟✔✖✍✟ ❜✏ ✌✍✖✚✒❜✕✞✝✑✕✚✞ ✙✌✚✒ ✑❤✍ ✘✓✦❉➊✘☞✦P✧ ✎✍✈✍✎ ✚✙ ✆★✰ ✝✞✟

✑❤✍ ❱✷✽ ✒✔✎✑✕✓✎✍✑✗ ❏ ✎✕✞✍✝✌ ✎✍✝☞✑✲☞q✔✝✌✍☞ ✜✑ ✑✚ ✙✚✔✌ ✆ ✂✂ ✠✡☛☞ ✙✌✚✒ ✟✕✙✙✍✌✍✞✑

✒✔✎✑✕✓✎✍✑☞ ✏✕✍✎✟✍✟ ✝✞ ✍✎✍✖✑✌✚✞ ✑✍✒✓✍✌✝✑✔✌✍ ✚✙ ✴◗✯✯ ❑ ✝✞✟ ✝✞ ✍✎✍✖✑✌✚✞ ✟✍✞☞✕✑✏ ✚✙

❅❲✯✯ ✖✒✼✦ ✙✚✌ ❳❜ ✹✗ ❚❤✍ ✤✺✻✽✵ ✎✕✞✍ ✙✌✚✒ ✑❤✍ ❱✘ ✒✔✎✑✕✓✎✍✑ ✭✘✓✦❉➊✘☞✦P✧✮ ✕☞ ✑❤✍

☞✑✌✚✞❣✍☞✑ ✆ ✂✂ ✌✍✖✚✒❜✕✞✝✑✕✚✞ ✎✕✞✍ ✟✍✑✍✖✑✍✟ ✕✞ ❳❜✹✱ ✇❤✍✌✍✝☞ ✤✺✾✹✵ ✭❱✷✽✮ ✝✞✟

✤✻✹✽✷ ✭❱✽✮ ✝✌✍ ✌✍✎✝✑✕✈✍✎✏ ✈✍✌✏ ✇✍✝❦✗ ❩✚✌ ▼✶✲✷✺✱ ✇✍ ✒✍✝☞✔✌✍✟ ❂❃ ❄ ❬✪✯✯ ❑ ✝✞✟

❋❃ ❄ ✬✴✯✯ ✖✒✼
✦ ✙✌✚✒ ✤✤✺✻✽✻✱✺●✶✶ ✎✕✞✍☞ ✓✌✚✟✔✖✍✟ ❜✏ ✌✍✖✚✒❜✕✞✝✑✕✚✞ ✙✌✚✒ ✑❤✍

✘✓✦❉➊✘☞✦P✧ ✎✍✈✍✎ ✚✙ ✆★✰ ✝✞✟ ✑❤✍ ❱✘ ✒✔✎✑✕✓✎✍✑✱ ✝✞✟ ✤✤✺✻✻●✱✺✻✽✵ ✎✕✞✍☞ ✙✌✚✒ ✑❤✍

❆❭❪❫❴❵❥ ④⑤⑥⑦❪❫⑤⑧ ✶✹✶
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❱✷✽ ♠✉❧t✐♣❧❡t� ✁❤❡ ✂✂✺✻✻✼✱✺✻✽✵ ✄❘☎s ❢r♦♠ t❤❡ ❱✷✽ ♠✉❧t✐♣❧❡t ❛r❡ ❜② ❛ ❢❛❝t♦r

♦❢ ✘ ✆ str♦♥❣❡r t❤❛♥ t❤♦s❡ ❢r♦♠ t❤❡ ❱✝ ♠✉❧t✐♣❧❡t ✭✂✂✺✻✽✻✱✺✼✶✶✮ ✐♥ t❤❡ s♣❡❝tr❛

♦❢ ✞✶✲✷✺� ❋♦r ✞✷✲✹✷✱ ✇❡ ❞❡t❡r♠✐♥❡❞ ❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ♦❢ ✟✆✠✠❑ ❛♥❞ ❛♥

❡❧❡❝tr♦♥ ❞❡♥s✐t② ♦❢ ✡✟✠✠ ❝♠☛☞ ✉s✐♥❣ t❤❡ ✇❡❧❧✲❞❡t❡❝t❡❞ ✂✺✻✻✼ ❛♥❞ ✂✺✻✽✵ ❧✐♥❡s

❢r♦♠ t❤❡ ❱✝ ♠✉❧t✐♣❧❡t� ✌♦✇❡✈❡r✱ ✍ ✎✎ ✄❘☎s ❢r♦♠ ❞✐❢❢❡r❡♥t ♠✉❧t✐♣❧❡ts ✇❡r❡ ✉s❡❞

t♦ ❞❡r✐✈❡ ✏✑ ❂ ✒✓✠✠❑ ❛♥❞ ✔✑ ❂ ✡✡✠✠ ❝♠
☛☞ ❢♦r ✍●✕ ✻✻✷✾�

✁❛❜❧❡ ✝�✻ ❛❧s♦ ❧✐sts t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ❛♥❞ ❞❡♥s✐t✐❡s ❞❡❞✉❝❡❞ ❢r♦♠ ✄ ✎✎

✄❘☎s ❢♦r s❡✈❡♥ ✖✍❡� ✁❤❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ❢r♦♠ t❤❡ ❱✶ ♠✉❧t✐♣❧❡t ✭✝♣✗✙✚➊

✝s✗✖✮✱ ❤❡r❡ ✂✹✻✹✾✱ ✂✹✻✻✷ ❛♥❞ ✂✹✻✼✻✱ ❛r❡ ❧✐❦❡❧② t♦ ♣r♦✈✐❞❡ t❤❡ r❡❧✐❛❜❧❡ t❡♠✲

♣❡r❛t✉r❡ ❞✐❛❣♥♦st✐❝s ✭s❡❡ ❡�❣� ❲❡ss♦♥ ❡t ❛❧� ✷✵✵✺❀ ✞❝✍❛❜❜ ❡t ❛❧� ✷✵✶✝✮� ❋♦r

✞✝✲✝✵✱ t❤❡ ❧❡❛st✲sq✉❛r❡s ♠✐♥✐♠✐③❛t✐♦♥ ♠❡t❤♦❞ ❢♦r ✄ ✎✎ ✄❘☎s ②✐❡❧❞❡❞ ❛♥ ❡❧❡❝✲

tr♦♥ t❡♠♣❡r❛t✉r❡ ♦❢ ✒✠✠✠❑ ❛♥❞ ❛♥ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ♦❢ ✒✛✠✠ ❝♠☛☞� ❋♦r ✜✕ ✶✷✾✼✱

✇❡ ❞❡r✐✈❡❞ ✏✑ ❂ ✟✢✠✠❑ ❛♥❞ ✔✑ ❂ ✡✣✠✠ ❝♠
☛☞ ❢r♦♠ t❤❡ ✄ ✎✎ ✂✂✹✻✹✾✱✹✻✼✻ ✄❘☎s✱

✇❤✐❝❤ ❛r❡ ✐♥ ❢❛✐r ❛❣r❡❡♠❡♥t ✇✐t❤ ✏✑ ❂ ✟✟✠✠❑ ❛♥❞ ✔✑ ❂ ✡✒✠✠ ❝♠
☛☞ ❞❡❞✉❝❡❞ ❢r♦♠

t❤❡ ✕ ✎✎ ✄❘☎s� ❋♦r ✍●✕ ✻✺✼✽✱ ✇❡ ♠❡❛s✉r❡❞ ✏✑ ❂ ✛✛✠✠❑ ❛♥❞ ✔✑ ❂ ✓✠✒✠✠ ❝♠
☛☞

❢r♦♠ ✂✹✻✹✾ ❛❜❞ ✂✹✻✻✷ ❧✐♥❡s ♣r♦❞✉❝❡❞ ❜② r❡❝♦♠❜✐♥❛t✐♦♥ ❢r♦♠ t❤❡ ✝♣✗✙✚➊✝s✗✖

❧❡✈❡❧ ♦❢ ✄✤✰ ❛♥❞ t❤❡ ❱✶ ♠✉❧t✐♣❧❡t� ❋♦r ✞✷✲✹✷✱ t❤❡ ❧❡❛st✲sq✉❛r❡s ♠✐♥✐♠✐③❛✲

t✐♦♥ ♠❡t❤♦❞ ❢♦r ✄ ✎✎ ✄❘☎s ②✐❡❧❞❡❞ ✏✑ ❂ ✡✣✠✠❑ ❛♥❞ ✔✑ ❂ ✓✓✢✠✠ ❝♠☛☞� ✥s✐♥❣

t❤❡ ✄ ✎✎ ✂✂✹✻✹✾✱✹✻✼✻ ✄❘☎s ❢r♦♠ t❤❡ ❱✶ ♠✉❧t✐♣❧❡t✱ ✇❡ ❞❡t❡r♠✐♥❡❞ ✏✑ ❂ ✆✓✠✠❑

❛♥❞ ✔✑ ❂ ✟✓✠✠ ❝♠☛☞ ❢♦r ✍●✕ ✻✺✻✼❀ ❛♥❞ ✏✑ ❂ ✟✢✠✠❑ ❛♥❞ ✔✑ ❂ ✡✣✠✠ ❝♠☛☞ ❢♦r

✍●✕ ✻✻✷✾� ❋♦r ✍●✕ ✻✺✻✼✱ t❤❡ ✈❛❧✉❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ✄ ✎✎ ✄❘☎s ❛r❡ ✐♥ ❞❡❝❡♥t

❛❣r❡❡♠❡♥t ✇✐t❤ ✏✑ ❂ ✢✣✠✠❑ ❛♥❞ ✔✑ ❂ ✡✆✠✠ ❝♠☛☞ ❞❡❞✉❝❡❞ ❢r♦♠ t❤❡ ✕ ✎✎ ✄❘☎s�

❋♦r ✍●✕✻✻✷✾✱ t❤❡ ✈❛❧✉❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ✄ ✎✎ ✄❘☎s ❛r❡ ✐♥ ❞❡❝❡♥t ❛❣r❡❡♠❡♥t

✇✐t❤ ✏✑ ❂ ✒✓✠✠❑ ❛♥❞ ✔✑ ❂ ✡✡✠✠ ❝♠
☛☞ ❞❡❞✉❝❡❞ ❢r♦♠ t❤❡ ✍ ✎✎ ✄❘☎s� ❋♦r ✦❛ ✝✲✶✵✼✱

✇❡ ❞❡r✐✈❡❞ ✏✑ ❂ ✆✠✠✠❑ ❛♥❞ ✔✑ ❂ ✡✒✠✠ ❝♠
☛☞ ❢r♦♠ t❤❡ ✄ ✎✎ ✂✂✹✾✵✼✱✹✽✾✶ ✄❘☎s

✭❱✷✽ ♠✉❧t✐♣❧❡t✮�

✥s✐♥❣ t❤❡ ✄❘☎s ❢r♦♠ t❤❡ s❛♠❡ ♠✉❧t✐♣❧❡t r❡❞✉❝❡s ❛♥② ❡❢❢❡❝ts ♦❢ ❞❡✈✐❛t✐♦♥

❢r♦♠ ❧♦❝❛❧ t❤❡r♠♦❞②♥❛♠✐❝ ❡q✉✐❧✐❜r✐✉♠ ✭☎✁✧✮ ❛t ❧♦✇ ❞❡♥s✐t✐❡s� ✁s❛♠✐s ❡t ❛❧�

✭✷✵✵✝❜✮ ❢♦✉♥❞ t❤❛t t❤❡ r❡❧❛t✐✈❡ ✐♥t❡♥s✐t✐❡s ♦❢ ✄ ✎✎ ❱✶ ♠✉❧t✐♣❧❡t ❝♦♠♣♦♥❡♥ts ❞❡✲

✶✹✷ ★✩✪✫✬✯✴✪✿ ✪❁ ❃✫❄✿❅✯❄❏◗ ✿❅❳✬✫❄❅ ❩✴✯❬ ❭❪❫✯◗❃❅ ❴❅✿✯❏❄✫ ❵✯❄❏❵
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✈✐❛t❡ ❢r♦♠ �❚✁ ♣r❡❞✐❝t✐♦♥s ❢♦r t❤♦s❡ ♥❡❜✉❧❛❡ ❤❛✈✐♥❣ ❡❧❡❝tr♦♥ ❞❡♥s✐t✐❡s ❧♦✇❡r

t❤❛♥ t❤❛♥ ✶✵✵✵ ❝♠✂✄☎ ❋♦r ❡①❛♠♣❧❡✱ t❤❡ ❱✶ ❖✆�s ❢r♦♠ t❤❡ ❞❡♥s❡ P✝❡ s✉❝❤ ❛s

✞❈ ✹✶✾✶ ✭✟✠ ❂ ✡☛✼☛☛ ❝♠
✂✄✮ ❛♥❞ ✝●❈✺☞✶✺ ✭✟✠ ❂ ✡✌✡☛☛ ❝♠

✂✄✮ ❛r❡ ✐♥ ❣♦♦❞ ❛❣r❡❡✲

♠❡♥t ✇✐t❤ t❤❡♦r②✱ ❜✉t t❤❡② s❤♦✇ ❛❜♥♦r♠❛❧ ✈❛❧✉❡s ✐♥ ✝●❈ ☞✶☞✷ ❤❛✈✐♥❣ ❛ ❧♦✇

♠❡❛♥ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ♦❢ ✟✠ ❂ ✻☛☛ ❝♠
✂✄ ✭❚s❛♠✐s ❡t ❛❧☎ ✷✵✵☞❛✮☎ ✞t ✐s t❤❡ s❛♠❡ ✐♥

❍ ✍✍ r❡❣✐♦♥s ✭❚s❛♠✐s ❡t ❛❧☎ ✷✵✵☞❜✮☎ ❚❤✐s ❡❢❢❡❝t ❝❛♥ ❜❡ r❡❞✉❝❡❞ ❜② ✉s✐♥❣ ❛❧❧ t❤❡

❧✐♥❡s ❢r♦♠ t❤❡ ❱✶ ♠✉❧t✐♣❧❡t ✭❡☎❣☎ ❲❡ss♦♥ ❡t ❛❧☎ ✷✵✵✺✮☎

✎✏✎✏✑ ✒✓✔✕✖✗✘✙✓✚ ✛✘✜✢ ✕✗✣✤✘✓✥✙ ✗✣✙✥✦✜✙

❚❛❜❧❡ ☞☎✧ ❧✐sts t❤❡ ♣❤②s✐❝❛❧ ❝♦♥❞✐t✐♦♥s ♦❢ ♦✉r s❛♠♣❧❡ ❞❡r✐✈❡❞ ✐♥ t❤✐s st✉❞② ❛❧♦♥❣✲

s✐❞❡ t❤❡ ✈❛❧✉❡s ♦❜t❛✐♥❡❞ ♣r❡✈✐♦✉s❧②☎ ❲❡ ❝❛♥ ❝♦♠♣❛r❡ ❞❡♥s✐t✐❡s ❛♥❞ t❡♠♣❡r❛t✉r❡

❞❡r✐✈❡❞ ❢r♦♠ ❈✁�s ❛♥❞ ❖✆�s ✇✐t❤ t❤♦s❡ ❣✐✈❡♥ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡☎ ❲❡ ❛❧s♦ ♣r❡s❡♥t

★✠✭❬✝ ✍✍❪✮ ❛♥❞ ★✠✭❬❖ ✍✍✍❪✮ ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r ❝♦rr❡❝t✐♥❣ ❢♦r t❤❡ ❡❢❢❡❝ts ♦❢ r❡❝♦♠✲

❜✐♥❛t✐♦♥ ❡①❝✐t❛t✐♦♥✱ ✇❤❡♥ ✇❡ ❝❛♥ ❡st✐♠❛t❡ t❤❡♠ ✉s✐♥❣ ✁qs☎ ✭☞☎✹✮ ❛♥❞ ✭☞☎✶✧✮☎

❲❡ ❛❧s♦ ❝♦♠♣❛r❡ ★✠✭❍❡ ✍✮ ❞❡r✐✈❡❞ ❢r♦♠ ❍❡ ✍ ❧✐♥❡s ✇✐t❤ t❤❡ ✈❛❧✉❡s ❞❡t❡r♠✐♥❡❞

♣r❡✈✐♦✉s❧②☎ ❲❡ ❤❛✈❡ ❝❤♦s❡ t❤❡ ♠❛①✐♠✉♠ ✈❛❧✉❡ ♦❢ ★✠✭❍❡ ✍✮ ❞❡r✐✈❡❞ ❢r♦♠ ❍❡ ✍

✩✩✺✽✧✪✴✹✹✧✷ ❛♥❞ ✩✩✪✪✧✽✴✹✹✧✷❀ ♦r ✩✩✧✷✽✶✴✺✽✧✪ ❛♥❞ ✩✩✧✷✽✶✴✪✪✧✽ ✐❢ t❤❡

❍❡ ✍ ✩✹✹✧✷ ❧✐♥❡ ✇❛s ♥♦t ♠❡❛s✉r❡❞ ❝♦rr❡❝t❧②☎ ❲❡ ❛❧s♦ ♣r❡s❡♥t ★✠ ❛♥❞ ✟✠ ✇❡✐❣❤t❡❞

❜② ❤❡❛✈② ❡❧❡♠❡♥ts ❢r♦♠ ❈ ✍✍✱ ✝ ✍✍ ❛♥❞ ❖ ✍✍ ❧✐♥❡s ❢♦r s♦♠❡ P✝❡☎

❆✫✬❦✯✰③ ❉✿❁❃✬❦✿❄ ✶✹☞



❚❛❜❧❡ ✸✳✼✿ ❈♦♠♣�r✐s♦♥ ♦❢ ✁①t✐♥❝t✐♦♥s✱ ✁✂✁❝tr♦♥ t✁♠♣✁r�t✉r✁s �♥❞ ❞✁♥s✐t✐✁s ❞✁r✐✈✁❞ ❤✁r✁ ❢r♦♠ ❖❘▲s �♥❞ ❈❊▲s ✇✐t❤ t❤♦s✁ ❢♦✉♥❞ ✐♥ ♣r✁✈✐♦✉s

st✉❞✐✁s✄ ■♥ t❤✁ ❝♦✂✉♠♥ ☎✆❬◆ ✝✝❪✱ ✈�✂✉✁s ✞✁❢♦r✁ �♥❞ �❢t✁r ✬✴✬ �r✁ t✁♠♣✁r�t✉r✁s ❞✁r✐✈✁❞ ✞✁❢♦r✁ �♥❞ �❢t✁r ❝♦rr✁❝t✐♥❣ ❢♦r t❤✁ ✁❢❢✁❝ts ♦❢ r✁❝♦♠✞✐♥�t✐♦♥

✁①❝✐t�t✐♦♥✱ r✁s♣✁❝t✐✈✁✂②✄ ❘✁❢✁r✁♥❝✁s �r✁ �s ❢♦✂✂♦✇s✟ ❆✽✠✱ ❆✂✂✁r ✫ ❑✁②✁s ✭✶✾✽✠✮❀ ❈✾✻✱ ❈♦st� ✁t �✂✄ ✭✶✾✾✻✮❀ ❈✵✾✱ ❈❤✐�♣♣✐♥✐ ✁t �✂✄ ✭✷✵✵✾✮❀ ❉✾✠✱ ❉✁

▼�r❝♦ ✁t �✂✄ ✭✶✾✾✠✮❀ ●✵✠✱ ●✐r�r❞ ✁t �✂✄ ✭✷✵✵✠✮❀ ●✵✾✱ ●�r❝➫✑�✲❘♦❥�s ✁t �✂✄ ✭✷✵✵✾✮❀ ●✶✷✱ ●�r❝➫✑�✲❘♦❥�s ✁t �✂✄ ✭✷✵✶✷✮❀ ❍✾✻✱ ❍✁♥r② ✁t �✂✄ ✭✶✾✾✻✮❀ ❍✵✹✱

❍✁♥r② ✁t �✂✄ ✭✷✵✵✹✮ �♥❞ ▼✐✂✐♥❣♦ ✁t �✂✄ ✭✷✵✵✷✮❀ ❑✽✻✱ ❑�✂✁r ✭✶✾✽✻✮❀ ❑✾✶✱ ❑�✂✁r ✁t �✂✄ ✭✶✾✾✶✮❀ ❑✾✹✱ ❑✐♥❣s✞✉r❣❤ ✫ ❇�r✂♦✇ ✭✶✾✾✹✮❀ ❑✵✡✱ ❑✇✐tt✁r ✁t �✂✄

✭✷✵✵✡✮❀ ▼✾✻✱ ▼❝❑✁♥♥� ✁t �✂✄ ✭✶✾✾✻✮❀ ▼✶✡✱ ▼❝◆�✞✞ ✁t �✂✄ ✭✷✵✶✡✮❀ P✵✶✱ P✁➌♥� ✁t �✂✄ ✭✷✵✵✶✮ �♥❞ P✁➌♥� ✁t �✂✄ ✭✶✾✾✽✮❀ P✶✶✱ P♦tt�s❝❤ ✁t �✂✄ ✭✷✵✶✶✮❀

❘✾✠✱ ❘�t�❣ ✁t �✂✄ ✭✶✾✾✠✮❀ ❙✾✽✱ ❙t�s✐➫♥s❦� ✁t �✂✄ ✭✶✾✾✽✮❀ ☛✠✠✱ ☛♦rr✁s✲P✁✐♠✞✁rt ✫ P✁✐♠✞✁rt ✭✶✾✠✠✮❀ ❲✵✹✱ ❲�♥❣ ✁t �✂✄ ✭✷✵✵✹✮❀ ❩✵✺✱ ❩❤�♥❣ ✁t �✂✄

✭✷✵✵✺✮✟ ❉✶✡✱ t❤✐s ❝❤�♣t✁r✄

☞✌✍✎✏✒ ✓✌✔✕ ✖✗✘✙✚ ✛✜✗✢❏✚ ✛✜✗✘✌ ✣✚ ✛✜✗✤ ✣✣✚ ✛✜✗☞ ✣✣✚ ✛✜✗✥ ✣✣✚ ✛✜✦☞ ✣✣✧ ✛✜✦✥ ✣✣✧ ✛✜✦★ ✣✣✧ ✛✜✦✥ ✣✣✣✧ ✛✜✦★ ✣✣✣✧ ✩✜✗✤ ✣✣✚ ✩✜✗☞ ✣✣✚ ✩✜✗✥ ✣✣✚ ✩✜✦★ ✣✣✧ ✩✜✦✥ ✣✣✧ ✩✜✦✪✯ ✣❱✧ ✩✜✦✤✏ ✣✣✣✧
✥✓✰ ✥✓✰ ✥✓✰ ✥✓✰ ✥✓✰ ✤❁✰ ✤❁✰ ✤❁✰ ✤❁✰ ✤❁✰ ✥✓✰ ✥✓✰ ✥✓✰ ✤❁✰ ✤❁✰ ✤❁✰ ✤❁✰

❂✢❃ ❄❅❋ ◗✕❃◗ ❯❅❃◗ ❳❋◗◗ ❅❅❨❭◗❫❴❨◗◗ ❅❨◗❃◗ ❯❳◗◗ ❳◗◗◗ ❅❵❋◗ ❳❨❳◗
q◗❴ ◗✕❯◗ ❅❋❳❯◗ ❅❳❯❵❯ ❅❯❯❳❯ ❳❅◗◗ ❳❅❳❯ ❅❵◗◗
q◗❵ ◗✕❯❵ ❅❅❋◗◗ ❅❯❭◗◗ ❳❭❴◗
✘◗❨ ❴❭◗◗ ❵❃◗◗ ❅❨❃◗◗ ❅❃❋◗◗ ❳❳◗◗
❂◗❅ ◗✕❨◗ ❅❅❋◗◗ ❅❋◗◗◗ ❅❨❭◗◗ ❳❵◗◗
✘❴❃ ◗✕❨❭ ❅❯❯❃◗ ❳❭◗◗
③❴❃ ❅◗❨❅◗ ❅❳❳❳◗
④❴❅ ◗✕❯❨ ❅❅◗◗◗ ❅❨❃◗◗ ❳❅◗◗ ❳❯◗◗
④❭❃ ❅❅❴❳◗ ❅❨❋❵◗
⑤❵❵ ◗✕❯❯ ❅❅❴◗◗ ❅❨◗◗◗ ❳◗◗◗

③❋⑥❋◗ ❄❅❋ ◗✕❴❃ ❳❋❨◗ ❨◗◗◗ ❴◗❳◗❫❵❯❅◗ ❅◗❃❵◗❫❅◗◗❋◗ ❨❵◗◗ ❋❯◗ ❋◗◗ ❅❵◗
q◗❵ ◗✕❯❳ ❅◗◗◗◗ ❅◗◗◗◗ ❋❨◗
❂◗❅ ◗✕❭◗ ❅❅❯❃❵ ❅◗❋❋❋ ❯❳❭ ❅◗❅❳ ❳◗◗❨

✘✍❨ ❄❅❋ ❅✕❭❃ ❨❅❯◗ ❯❵◗◗ ❅◗❋❅◗❫❴❴❳◗ ❴❴◗◗❫❴❭❨◗ ❵❯❃◗ ❃❴◗◗ ❃❵◗◗ ❋❨❵◗ ❃❵❃◗ ❵❅❵◗
q❅❳ ❅✕❭❅ ❵❯❃◗ ❵❃❃◗ ❭❃◗◗ ❅❳❴❯◗ ❅◗◗◗◗ ❴❴❯◗ ❴❋❯◗ ❯❵❃◗ ❨❴◗◗ ❵❨◗◗ ❵❋❃◗
q◗❵ ❅✕❵❃ ❅◗❨◗◗ ❴❃◗◗ ❃❵❅◗
❂◗❅ ❳✕❋◗ ❅❅❵◗◗ ❴❃❅❵ ❨❵❳◗ ❅❃❭❋ ❯❭❵❭
✤❴❃ ❅✕❵❵ ❴❳❯◗ ❯◗❳❃
✪❭❵ ❅◗❯◗◗ ❯❃◗◗

⑦✤ ❅❳❴❵ ❄❅❋ ◗✕❳❋ ❨❯❨◗ ❋❋◗◗ ❋❃◗◗ ❴❵❅◗❫❭❨❯◗ ❅◗❯❨◗❫❅◗❨❭◗ ❭❭❃◗ ❳❨◗◗ ❳❭◗◗ ❳◗◗◗ ❳❅❨◗ ❳◗❭◗
q◗❵ ◗✕❅❭ ❅◗❅◗◗ ❅◗❅◗◗ ❳❭◗◗
⑧◗❯ ❅◗◗◗◗ ❯❅◗◗
✘◗❨ ◗✕◗❵ ❭❴◗◗ ❭❅◗◗ ❴❴◗◗ ❅❅◗◗◗ ❳❨◗◗
④✪❴❅
④❭❃ ❭❋❨◗ ❅◗❭❳◗

⑨
⑩
⑩



❚❛❜❧❡ ✸✳✼✿ ✭❝♦♥t✐♥✉❡❞✮
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❖❘▲ ❖❘▲ ❖❘▲ ❖❘▲ ❖❘▲ ❖❘▲ ❈❊▲ ❈❊▲ ❈❊▲ ❈❊▲ ❈❊▲ ❖❘▲ ❖❘▲ ❖❘▲ ❈❊▲ ❈❊▲ ❈❊▲ ❈❊▲

✌❤✷✲❆ ❉✶✍ ✶✆✶✶ ✍✻✹✵ ✶✵✶✺✵✴✽✶✶✵ ✶✷✷✽✵✴✶✶✽✵✵ ✶✹✵✵ ✻✍✵
❍✵✹ ✵✆✾✍ ✶✶✎✵✵ ✺✾✵✵ ✶✶✻✵✵ ✶✷✵✵
❑✾✹ ✶✆✵✎ ✶✷✶✵✵ ✶✷✺✵✵ ✶✷✷✵ ✽✷✹✵

P� ✶✲✶ ❉✶✍ ✶✆✾✻ ✾✍✵✵ ✷✹✵✵ ✶✵✽✷✵✴✶✵✹✍✵ ✶✵✍✷✵ ✎✎✺✵ ✎✹✵✵ ✶✶✶✵✵ ✻✷✎✵
●✶✷ ✶✆✽✵ ✶✵✍✵✵ ✾✵✵✵ ✶✵✶✵✵ ✾✻✹✵ ✻✎✵✵ ✾✾✽✵ ✾✻✷✵ ✶✹✵✵✵ ✶✍✶✻✵ ✹✵✾✺✵ ✍✶✍✻✵
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❿✢✙✮★✇ ③⑤❸❸➀⑦✱ ✇✖ ✤✦✖✗ ✽✾➁✩ ✺✺➂ ✧★✙ ✦✛✜❣✮② ✛★✜✛➃✖✗ ✦♣✖✥✛✖✦ ✢✜✗ ✽✾➁✪ ✺✺✺➂ ✧★✙ ✛★✜✦

★✧ ❤✛❣❤✖✙ ✖⑨✥✛✘✢✘✛★✜ ✛★✜✦ ✛✜ ✘❤✖ ✢✣✤✜✗✢✜✥✖ ✥✢✮✥✤✮✢✘✛★✜✦✲ ❹★✙ ✘❤✖ ✭✯✰ ✢✣✤✜✗✢✜✥✖

✢✜✢✮②✦✛✦✱ ✇✖ ✢✗★♣✘✖✗ ✽✾➁✩ ✺✺➂ ✧✙★✚ ★✤✙ ♣✮✢✦✚✢ ✗✛✢❣✜★✦✛✦ ✢✜✗ ♣✙✖✈✛★✤✦ ✦✘✤✗✛✖✦✱

✇❤✖✙✖✢✦ ✽✾➁✪ ✺✺✺➂ ✇✖✙✖ ✤✦✖✗ ✛✜✦✘✖✢✗ ✧★✙ ✢✮✮ ✛★✜✛✥ ✦♣✖✥✛✖✦ ★✘❤✖✙ ✘❤✢✜ ✘❤★✦✖ ✦✛✜❣✮②

✛★✜✛➃✖✗ ✦♣✖✥✛✖✦ ✛✜ ➄❿⑥✱ ➅④❷④➆✱ ➇✭ ⑤➈❸❻ ✢✜✗ ✴❤➈❷✬✲ ❍★✇✖✈✖✙✱ ✖✮✖✥✘✙★✜ ✘✖✚❷

♣✖✙✢✘✤✙✖✦ ✗✖✙✛✈✖✗ ✧✙★✚ ✘❤✖ ➁✩ ✺✺➂ PP⑥➉➀❼➊⑥➉❼➀❂P➉❻➉➉ ✮✛✜✖ ✙✢✘✛★ ✛✦ ✤✜✙✖✮✛✢✣✮✖

✗✤✖ ✘★ ✥★✜✘✢✚✛✜✢✘✛★✜ ★✧ ✘❤✖ ➁✩ ➇➇➂ P➉❻➉➉ ✢✤✙★✙✢✮ ✮✛✜✖✦ ✣② ✙✖✥★✚✣✛✜✢✘✛★✜ ✥★✜✘✙✛❷

❆➋➌➍➎➏➐ ❉➑➒➓➌➍➑➔ ⑤➀❻
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❜✉t✐♦♥� ✁❤✐s ❝♦✉❧❞ ♦✈❡r❡st✐♠❛t❡ t❡♠♣❡r❛t✉r❡s ✐♥ ✇❛②s t❤❛t r❡s✉❧t ✐♥ ✐♥❛❝❝✉r❛t❡

❛❜✉♥❞❛♥❝❡s� ✁❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✂✄❬☎ ✆✆❪ ❝♦rr❡❝t❡❞ ❢♦r t❤❡ r❡❝♦♠❜✐♥❛t✐♦♥

❡①❝✐t❛t✐♦♥ ❝♦✉❧❞ ❜❡ ✉s❡❞✱ ❜✉t ✐ts r❡❧✐❛❜✐❧✐t② ❞❡♣❡♥❞s ♦♥ ✝❘✞ ☎✷✰ ❛♥❞ ✂✄✭✟❡ ✆✮�

✟✐❣❤ ✉♥❝❡rt❛✐♥t✐❡s ♦❢ ✝❘✞s r❡s✉❧t ✐♥ ✐♥❛❝❝✉r❛t❡ ❡st✐♠❛t✐♦♥ ♦❢ t❤❡ r❡❝♦♠❜✐♥❛t✐♦♥

❡①❝✐t❛t✐♦♥�

✁❤❡ ❢♦r❜✐❞❞❡♥ ❧✐♥❡s ♦❢ ❬✝ ✆✆✆❪ ✠✠✹✾✺✾✱✺✵✵✼ ✇❡r❡ ✉s❡❞ t♦ ❞❡r✐✈❡❞ ✝✷✰✴✟✰

✐♦♥✐❝ r❛t✐♦s� ❋♦r ✝✰✴✟✰ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s✱ ✇❡ ❛❞♦♣t❡❞ t❤❡ ♦❜s❡r✈❡❞ ✡✉① ✐♥t❡♥✲

s✐t✐❡s ♦❢ ❬✝ ✆✆❪ ✠☛✼☞✼ ❞♦✉❜❧❡t ❢r♦♠ t❤❡ ❧✐t❡r❛t✉r❡ ✭s❡❡ ❘❡♠❛r❦s ✐♥ ✁❛❜❧❡ ☛�✾✮�

✟♦✇❡✈❡r✱ ❬✝ ✆✆❪ ✡✉① ✐♥t❡♥s✐t✐❡s ❛r❡ ✉s✉❛❧❧② ❧❡ss r❡❧✐❛❜❧❡ ❞✉❡ t♦ t❤❡ r❡❝♦♠❜✐♥❛✲

t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥� ❲❡ ❞✐❞ ♥♦t ✉s❡ t❤❡ ❬✝ ✆✆❪ ✠✠✼☛☞✵✱✼☛☛✵ ❧✐♥❡s ❢♦r t❤❡ ✝✰✴✟✰

r❛t✐♦✱ s✐♥❝❡ t❤❡ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡♠ ❛r❡ ✉s✉❛❧❧② ❤✐❣❤❡r t❤❛♥ t❤♦s❡

❢r♦♠ ✠☛✼☞✼ ❞♦✉❜❧❡t� ✁❤✐s ♠❛② ❜❡ ❛ttr✐❜✉t❡❞ t♦ ❡rr♦rs ✐♥ t❤❡ ❛t♦♠✐❝ ❞❛t❛ ✭s❡❡

❡�❣� ❑✐s✐❡❧✐✉s ❡t ❛❧� ☞✵✵✾✮� ✟♦✇❡✈❡r✱ t❤✐s ❝♦✉❧❞ ❜❡ ❞✉❡ t♦ t❤❡ r❡❝♦♠❜✐♥❛t✐♦♥

❡①❝✐t❛t✐♦♥ ❛♥❞✴♦r t❤❡ ❢❛❝t t❤❛t t❤❡② ❛r❡ ❜✐❛s❡❞ t♦✇❛r❞s ❤✐❣❤❡r ❞❡♥s✐t② r❡❣✐♦♥s

✭✌✍✎ ❂ ✏✿✏ ✲ ✑✿✒✓✶✔✻ ❝♠✕✖✮� ❲❡ ❝❛♥ ❡st✐♠❛t❡ t❤❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥ t♦

t❤❡ ❬✝ ✆✆❪ ✠✠✼☛☞✵✱✼☛☛✵ ❧✐♥❡s ✉s✐♥❣ t❤❡ ❢♦r♠✉❧❛ ❣✐✈❡♥ ❜② ✞✐✉ ❡t ❛❧� ✭☞✵✵✵✮✗

✘✙✚✠✠✛✏✜✔❀✛✏✏✔✢

✘✚✣✤✢
❂ ✒✿✏✥ ✦

✧★✩✩

✪
✫✷✰

✣✰

✬

✯✙✽❁

❀ ✭☛�❃✼✮

✇❤❡r❡ ✦ ❄ ✂✄✭✟❡ ✆✢❅✶✔
✩ ✐s t❤❡ ✝❘✞ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✦ ✐♥ ✶✔✩ ❑ ❛♥❞ ✫✷✰❅✣✰

✐s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ✝ ✆✆ ✝❘✞s ✭s❡❡ ✁❛❜❧❡ ☛�❃✵✮�

✁❛❜❧❡ ☛�✾ ❛❧s♦ ❧✐sts t❤❡ ✝✰✴✟✰ r❛t✐♦s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❬✝ ✆✆❪ ✠✠✼☛☞✵✱✼☛☛✵

❧✐♥❡s ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r ❝♦rr❡❝t✐♥❣ ❢♦r r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥s� ✟♦✇❡✈❡r✱

t❤❡ ✝✰✴✟✰ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❬✝ ✆✆❪ ✠☛✼☞✼ ❞♦✉❜❧❡t ❛r❡ ♠♦r❡

r❡❧✐❛❜❧❡ t❤❛♥ t❤❡ ❬✝ ✆✆❪ ✠✠✼☛☞✵✱✼☛☛✵ ❧✐♥❡s� ●✉t✱ t❤❡② ♠❛② ❣✐✈❡ ♦♥❧② ✉♣♣❡r

❧✐♠✐ts ❞✉❡ t♦ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥s�

✁❤❡ ☎✰✴✟✰ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ✇❛s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❏☎ ✆✆◗ ✠❱✺✹❳ ❛♥❞ ✠❱✺❳✹

❧✐♥❡s� ❲❡ ❞✐❞ ♥♦t ✉s❡ t❤❡ ✇❡❛❦ ❛✉r♦r❛❧ ❧✐♥❡ ❏☎ ✆✆◗ ✠✺✼✺✺ ❞✉❡ t♦ ✐ts ❤✐❣❤ ✉♥✲

❝❡rt❛✐♥t② ❛♥❞ t❤❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥ ❢r♦♠ ☎✷✰� ❋♦r t❤❡ ♠♦st ❩☎❡✱ ✇❡

❞❡t❡r♠✐♥❡❞ t❤❡ ❭✰✴✟✰ ❛♥❞ ❭✷✰✴✟✰ ❛❜✉♥❞❛♥❝❡ r❛t✐♦s ❢r♦♠ ❬❭ ✆✆❪ ✠✠❱✼❃❱✱❱✼☛❃

❃✹❳ ❫❴❵❥q③④❵⑤ ❵⑥ ⑦❥⑧⑤⑨③⑧⑩❶ ⑤⑨❷q❥⑧⑨ ❸④③❹ ❺❻❼③❶⑦⑨ ❽⑨⑤③⑩⑧❥ ❾③⑧⑩❾
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❞♦✉❜❧❡t ❛♥❞ ❬� ✁✁✁❪ ✂✻✄✶✷ ❧✐♥❡✱ r❡s♣❡❝t✐✈❡❧②☎ ✆❛❜❧❡ ✄☎✾ ❛❧s♦ ❧✐sts t❤❡ �✰✴❍✰

r❛t✐♦s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❬� ✁✁❪ ✂✂✝✵✻✽✱✝✵✼✻ ❧✐♥❡s☎ ✞✉t✱ ✇❡ ❞✐❞ ♥♦t ❝♦♥s✐❞❡r

t❤❡♠ ❢♦r �✰✴❍✰✱ ❛s t❤❡② ❛r❡ ❣❡♥❡r❛❧❧② ✇❡❛❦ ❛♥❞ ❛❢❢❡❝t❡❞ ❜② r❡❝♦♠❜✐♥❛t✐♦♥

♣r♦❝❡ss❡s ❛♥❞ ❞❡♥s✐t② ❡❢❢❡❝ts☎ ❋♦r t❤❡ ♠♦st P✟❡✱ ✇❡ ✇❡r❡ ❛❜❧❡ t♦ ❞❡t❡r♠✐♥❡

t❤❡ ✠r✡✰✴❍✰ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ❢r♦♠ t❤❡ ☛✠r ✁✁✁☞ ✂✝✼✶✶ ❛♥❞ ✂✝✼✝✵ ❧✐♥❡s ❛♥❞ t❤❡

✠r✌✰✴❍✰ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ❢r♦♠ t❤❡ ☛✠r ✁❱☞ ✂✂✝✼✶✶✱✝✼✝✵ ❞♦✉❜❧❡t☎ ❋♦r s♦♠❡

P✟❡ ✇✐t❤ ❬❲✍❪ ❝❡♥tr❛❧ st❛rs✱ ✇❡ ❛❧s♦ ❞❡r✐✈❡❞ t❤❡ ✠r✎✰✴❍✰ ❛❜✉♥❞❛♥❝❡ r❛t✐♦

❢r♦♠ t❤❡ ☛✠r ❱☞ ✂✻✝✄✺ ❛♥❞ ✂✼✵✵✺ ❧✐♥❡s☎ ❋✉rt❤❡r♠♦r❡✱ ✇❡ ❞❡r✐✈❡❞ t❤❡ ✏❧✡✰✴❍✰

❛❜✉♥❞❛♥❝❡ r❛t✐♦ ❢r♦♠ t❤❡ ☛✏❧ ✁✁✁☞ ✂✂✺✺✶✽✱✺✺✄✽ ❞♦✉❜❧❡t ✐♥ t❤❡ ♠♦st P✟❡☎ ❲❡ ❞❡✲

t❡r♠✐♥❡❞ t❤❡ ✟❡✡✰✴❍✰ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ❢r♦♠ ❬✟❡ ✁✁✁❪ ✂✂✄✽✻✾✱✄✾✻✼ ❧✐♥❡ ✑✉①❡s

❛❞♦♣t❡❞ ❢r♦♠ t❤❡ ❧✐t❡r❛t✉r❡☎

❋♦r �❛ ✄✲✶✵✼✱ ✇❤❡r❡ ✍✡✰ ❜✉t ♥♦t ✍✰ ✐s ♦❜s❡r✈❡❞✱ t❤❡ ✍✰✴❍✰ ✐♦♥✐❝ r❛t✐♦ ✇❛s

❡st✐♠❛t❡❞ ❜② ✉s✐♥❣ ❛ ❝♦rr❡❧❛t✐♦♥ ❞❡r✐✈❡❞ ❢r♦♠ ✍✡✰✴✍✰ ♣❧♦tt❡❞ ❛❣❛✐♥st �✡✰✴�✰✱

❛s s❤♦✇♥ ✐♥ ❋✐❣☎ ✄☎✾☎ ✠ ❧✐♥❡❛r ✒t t♦ t❤❡ ✶✷ P✟❡ ♣❧♦tt❡❞ ✐♥ ❋✐❣☎ ✄☎✾ ②✐❡❧❞s

✓✡✰

✓✰
❂ ✭✔✿✕✖✗✘✙✿✙✙✗✮✚✭✖✿✛✔✖✘✖✿✜✔✔✮

✢
✣✡✰

✣✰

✤

❀ ✥✄☎✶✽✦

✇❤✐❝❤ ❤❛s ❛ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✒❝✐❡♥t ♦❢ ✵☎✻✻☎ ✆❤✐s ❡q✉❛t✐♦♥ ❝❛♥ ❜❡ ✉s❡❞ t♦

❡st✐♠❛t❡❞ ✍✰ ❢r♦♠ �✡✰✴�✰ ✇❤❡♥ ♦♥❧② ✍✡✰ ✐s ❛✈❛✐❧❛❜❧❡☎ Pr❡✈✐♦✉s❧②✱ ❑✐♥❣s❜✉r❣❤

✫ ✞❛r❧♦✇ ✥✶✾✾✝✦ ♦❜t❛✐♥❡❞ ✓✡✰✧✓✰ ❂ ✛✿✔✗✗✚✭✣✡✰✧✣✰✮★✩✎✌✌ ✉s✐♥❣ ❛ ❧❡❛st✲sq✉❛r❡s

✒t t♦ t❤❡ ✷✷ P✟❡✱ ✇❤✐❝❤ ✇❛s t❤❡♥ ✉s❡❞ t♦ ❡st✐♠❛t❡ �✡✰ ✇❤❡♥ ♦♥❧② �✰ ✇❛s

♦❜s❡r✈❡❞✱ ❛♥❞ ✈✐❝❡ ✈❡rs❛☎

❋✐❣☎ ✄☎✶✵ s❤♦✇s t❤❡ s♣❛t✐❛❧ ❞✐str✐❜✉t✐♦♥ ♦❢ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ❍❡✰✴❍✰✱

❍✡✰✴❍✰✱ ✟✰✴❍✰✱ ✍✡✰✴❍✰ ❛♥❞ �✰✴❍✰ ❢♦r t❤❡ ❢♦✉r P✟❡ s✉rr♦✉♥❞✐♥❣ ❬❲✍❪ ❝❡♥✲

tr❛❧ st❛rs✱ ♥❛♠❡❧② P✞✻✱ ✪✄✲✄✵✱ ✬✏ ✶✷✾✼ ❛♥❞ ✆❤ ✷✲✠ ✥❢♦r ❛❧❧ P✟❡ s❡❡ ✠♣♣❡♥❞✐①

✯✦☎ ✆❤❡ s♣❛t✐❛❧❧②✲r❡s♦❧✈❡❞ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡ ♠❛♣s ✇❡r❡ ♣r♦❞✉❝❡❞ ❜② ❛ss✉♠✐♥❣

❁❃ ❛♥❞ ❄❃ ❣✐✈❡♥ ✐♥ ✆❛❜❧❡ ✄☎✽☎ ❲❡ ♥♦t✐❝❡ t❤❛t ❜♦t❤ ✍✡✰✴❍✰ ❛♥❞ ❍❡✡✰✴❍✰ ❛r❡

✈❡r② ❤✐❣❤ ✐♥ ✐♥♥❡r r❡❣✐♦♥s ♥❡❛r t♦ t❤❡ ❝❡♥tr❛❧ st❛rs✱ ✇❤✐❧❡ ❍❡✰✴❍✰✱ ✟✰✴❍✰

❛♥❞ �✰✴❍✰ ❛r❡ ♠♦st❧② ❤✐❣❤❡r ❛t t❤❡ ❡❞❣❡s ♦❢ t❤❡ ♥❡❜✉❧❛☎ ✬t ♦❜✈✐♦✉s❧② ❞❡♠♦♥✲

str❛t❡s t❤❡ ✐♦♥✐❝ str❛t✐✒❝❛t✐♦♥ ❧❛②❡rs✱ ✇❤✐❝❤ ❤❛✈❡ ❜❡❡♥ ♣r♦❞✉❝❡❞ ✐♥ t❤❡ ✐♥♥❡r

❆❅●❏◗❘③ ❉❳❨❩●❏❳❭ ✶✝✾



✸✳ P❍❨❙■❈❆▲ ❈❖◆❉■❚■❖◆❙ ❆◆❉ ❈❍❊▼■❈❆▲ ❆❇❯◆❉❆◆❈❊❙

❋✐❣✉r❡ �✁✾✿ ✂✷✰✴✂✰ ✈❡rs✉s ✄✷✰✴✄✰✁ ☎❤❡ ❞♦tt❡❞ ❧✐♥❡ ✐s ❛ ❧✐♥❡❛r ✆t t♦ ✂✷✰✴✂✰ ❛s

❛ ❢✉♥❝t✐♦♥ ♦❢ ✄✷✰✴✄✰✱ ❞✐s❝✉ss❡❞ ✐♥ t❤❡ t❡①t✁

❤✐❣❤✲❡①❝✐t❛t✐♦♥ ❛♥❞ t❤❡ ♦✉t❡r ❧♦✇ ❡①❝✐t❛t✐♦♥ ③♦♥❡s✁

✶✺✵ ✝✞✟✠✡☛☞✟✌ ✟✍ ♣✠✎✌✏☛✎✑② ✌✏❜✡✠✎✏ ✒☞☛✓ ❲❘✔☛②♣✏ ✕✏✌☛✑✎✠ ✖☛✎✑✖



✸✳✹✳ ■❖◆■❈ ❆◆❉ ❊▲❊▼❊◆❚❆▲ ❆❇❯◆❉❆◆❈❊❙

�❛❜❧❡ ✁✂✽✿ ✄❞♦♣t❡❞ ❡❧❡❝tr♦♥ ❞❡♥s✐t✐❡s ❛♥❞ t❡♠♣❡r❛t✉r❡ ❢♦r t❤❡ ☎✆✝ ❛♥❞ ✞❘✝

❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s✂

✟✠✡☛☞✌ ✍✎✭✏✑
✒✓✮ ✔✎✭❑✮ ✔✎✭❑✮ ✔✎✭❑✮

✕✖✗ ✕✖✗✭✗✘✇✮ ✕✖✗✭❍✙❣✚✮ ✛✜✗

P✢ ✻ ✷✵✵✵ ✶✶✺✵✵ ✶✣✵✵✵ ✺✶✵✵

✤✥✲✥✵ ✥✺✵ ✾✵✵✵ ✶✵✵✵✵ ✷✺✵✵

❍✡ ✣ ✻✼✵✵ ✶✵✵✵✵ ✶✵✵✵✵ ✣✷✵✵

✦✕✶✷✾✼ ✷✵✵✵ ✾✼✵✵ ✶✵✵✵✵ ✣✺✵✵

✧✚✷✲★ ✶✣✵✵ ✶✵✵✵✵ ✶✷✵✵✵ ✥✻✵✵

P✠✶✲✶ ✶✶✶✵✵ ✶✵✵✵✵ ✶✵✵✵✵ ✾✥✵✵

✤✶✲✥✷ ✻✣✵✵ ✩✻✵✵ ✩✻✵✵ ✷✥✵✵

✤✥✲✶✺ ✺✷✵✵ ✩✵✵✵ ✩✵✵✵ ✼✥✵✵

✤✶✲✷✺ ✣✩✵✵ ✩✵✵✵ ✩✵✵✵ ✷✣✵✵

❍✠✪ ✷✲✶✣✷ ✷✵✼✵✵ ✩✺✵✵ ✩✺✵✵ ✶✩✵✵

❍✠✪✥✲✶✥✥✥ ✶✵✵✵✵✵ ✩✩✵✵ ✩✩✵✵ ✩✩✵✵

❍✠✪ ✷✲✶✶✥ ✶✵✵✵✵✵ ✩✷✵✵ ✩✷✵✵ ✩✷✵✵

❑✷✲✶✻ ✶✵✵ ✶✵✵✵✵ ✶✵✵✵✵ ✶✵✵✵✵

✟●✕✻✺✼✩ ✺✵✵✵ ✶✵✵✵✵ ✶✵✵✵✵ ✺✶✵✵

✤✷✲✣✷ ✥✶✵✵ ✶✵✥✵✵ ✶✵✥✵✵ ✺✻✵✵

✟●✕✻✺✻✼ ✻✺✵✵ ✶✶✣✵✵ ✶✶✣✵✵ ✾✷✻✵

✟●✕✻✻✷✾ ✷✩✵✵ ✩✼✵✵ ✩✼✵✵ ✺✻✵✵

✫✌ ✥✲✶✵✼ ✷✣✵✵ ✶✵✵✵✵ ✶✵✵✵✵ ✣✺✵✵

❆✬✯❦✰✱③ ❉✴❀❁✯❦✴❂ ❃❄❃



✸
✳

P
❍
❨
❙
■❈
❆
▲

❈
❖
◆
❉
■❚
■❖
◆
❙
❆
◆
❉

❈
❍
❊
▼
■❈
❆
▲

❆
❇
❯
◆
❉
❆
◆
❈
❊
❙

✭❛✮ �✁✻

✭❜✮ ✂✄✲✄✵

❋✐❣✉r❡ ☎✆✶✝✿ ✞♣✟t✐✟❧ ❞✐str✐✠✉t✐♦♥ ♠✟♣s ♦❢ ✐♦♥✐❝ ✟✠✉♥❞✟♥❝❡ ♠✟♣s✆ ❋r♦♠ t♦♣ t♦ ✠♦tt♦♠✿ ✡☛☞✱ ✌☎✍☎✝✱ ✎✏ ✶✷✾✼ ✟♥❞ ✑❤ ✷✍

✒✆ ❋r♦♠ ❧❡❢t t♦ r✐❣❤t✱ s♣✟t✐✟❧ ❞✐str✐✠✉t✐♦♥ ♠✟♣s ♦❢ ✓❡✰✴✓✰✱ ✓✔✰✴✓✰✱ ✕✰✴✓✰ ✖✗✘✙✚✺✛✱ ✜✔✰✴✓✰ ✖✗✘✙✚✹✛ ✟♥❞ ✞✰✴✓✰

✖✗✘✙✚✢✛✆ ✕♦rt❤ ✐s ✉♣ ✟♥❞ ❡✟st ✐s t♦✇✟r❞ t❤❡ ❧❡❢t✍❤✟♥❞ s✐❞❡✆ ✑❤❡ ✇❤✐t❡ ❝♦♥t♦✉r ❧✐♥❡s s❤♦✇ t❤❡ ❞✐str✐✠✉t✐♦♥ ♦❢ t❤❡ ♥✟rr♦✇✍

✠✟♥❞ ❡♠✐ss✐♦♥ ♦❢ ✓✣ ✐♥ ✟r✠✐tr✟r② ✉♥✐t ♦✠t✟✐♥❡❞ ❢r♦♠ t❤❡ ✞✓✞✆

✤
✥
✦

✧
✈
★
✩✪
✫✬★
✯
★
✽
❀
✩❁
✯
❂
✫❁
❃
❄
✯
❂
❅
✪
✩❁
❂
●
✬✫❏
❲
❘
❑✫❄
❀
❂
◗
❂
✯
✫❃
❁
✩
❱✫❁
❃
❱



✭❞✮ ■❈✶✷✾✼

✭❡✮ ❚❤✷✲❆

❋✐❣✉r� ✸✳✁✵✿ ✂❝♦♥t✐♥✉�✄☎

✆
✺
✝



✸
✳

P
❍
❨
❙
■❈
❆
▲

❈
❖
◆
❉
■❚
■❖
◆
❙
❆
◆
❉

❈
❍
❊
▼
■❈
❆
▲

❆
❇
❯
◆
❉
❆
◆
❈
❊
❙

�❛❜❧❡ ✁✂✾✿ ✄♦♥✐❝ ❛♥❞ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ❢♦r ❤❡❧✐✉♠ r❡❧❛t✐✈❡ t♦ ❤②❞r♦❣❡♥✱ ❞❡r✐✈❡❞ ❢r♦♠ ☎❘✆s✱ ❛♥❞ t❤♦s❡ ❢♦r ❤❡❛✈②

❡❧❡♠❡♥ts✱ ❞❡r✐✈❡❞ ❢r♦♠ ✝✞✆s✂

✟✠✡ ☛✵ ✭☞✌✮ ✍✎✻ ✏✑✲✑✒ ✓✔ ✹ ✟✕ ✶✷✖✼ ✗✘✷✲✌ ✍✙ ✶✲✶

✭✚✘✙✛✛✮ ✭✜✲❦✡✠✢✮ ✭✣✲❦✡✠✢✮

✓✙✰✴✓✰ ✹✹✼✶✤✺✒ ✒✤✒✹✺ ✒✤✒✻✹ ✒✤✒✖✶ ✤ ✤ ✤ ✤ ✤ ✤ ✒✤✒✼✼ ✒✤✒✺✻ ✒✤✶✒✻

✺✽✼✺✤✻✻ ✒✤✒✹✹ ✒✤✒✻✖ ✒✤✶✒✒ ✒✤✒✻✖ ✒✤✒✻✒ ✒✤✒✽✶ ✒✤✒✻✑ ✒✤✶✒✼

✻✻✼✽✤✶✻ ✒✤✒✑✼ ✒✤✒✻✺ ✒✤✒✖✷ ✒✤✒✹✑ ✒✤✒✑✷ ✒✤✒✼✼ ✒✤✒✺✼ ✒✤✶✒✑

✌✥✙✦✧★✙ ✒✤✒✹✑ ✒✤✒✻✼ ✒✤✒✖✻ ✒✤✒✻✑ ✒✤✒✺✑ ✒✤✒✼✖ ✒✤✒✻✒ ✒✤✶✒✻

✓✙✰✰✴✓✰ ✹✻✽✺✤✻✽ ✒✤✶✒✺ ✒✤✒✺✺ ✒✤✒✶✒ ✤ ✤ ✤ ✤ ✤ ✤ ✒✤✒✷✽ ✒✤✒✹✶ ✤ ✤ ✤

✩✪ ✫ ✭✓✙✮ ✶✤✒✒✒ ✶✤✒✒✒ ✶✤✒✒✒ ✶✤✒✒✒ ✶✤✒✒✒ ✶✤✒✒✒ ✶✤✒✒✒ ✶✤✒✒✒

✓✙✴✓ ✒✤✶✹✽ ✒✤✶✷✷ ✒✤✶✒✼ ✒✤✒✻✑ ✒✤✒✺✑ ✒✤✶✒✼ ✒✤✶✒✶ ✒✤✶✒✻

✜✰✴✓✰ ✻✺✹✽✤✶✒ ✷✤✻✼✻✭✬✯✮ ✼✤✑✽✽✭✬❀✮ ✶✤✽✽✷✭✬✯✮ ✑✤✽✒✷✭✬✯✮ ✑✤✺✶✖✭✬✯✮ ✽✤✷✻✹✭✬❀✮ ✷✤✷✻✒✭✬✯✮ ✷✤✶✹✶✭✬✯✮

✻✺✽✑✤✺✒ ✷✤✻✖✹✭✬✯✮ ✼✤✻✷✹✭✬❀✮ ✶✤✖✷✷✭✬✯✮ ✹✤✒✒✽✭✬✯✮ ✑✤✖✺✻✭✬✯✮ ✽✤✹✺✺✭✬❀✮ ✷✤✑✒✷✭✬✯✮ ✷✤✷✹✒✭✬✯✮

✌✥✙✦✧★✙ ✷✤✻✽✺✭✬✯✮ ✼✤✺✒✻✭✬❀✮ ✶✤✖✒✷✭✬✯✮ ✑✤✖✒✺✭✬✯✮ ✑✤✼✑✼✭✬✯✮ ✽✤✑✺✖✭✬❀✮ ✷✤✷✽✶✭✬✯✮ ✷✤✶✖✒✭✬✯✮

✩✪ ✫ ✭✜✮ ✷✒✤✶✹✷ ✶✽✤✖✷✖ ✷✹✤✼✻✷ ✷✖✤✶✺✒ ✷✺✤✻✶✑ ✶✖✤✽✷✼ ✖✤✖✖✶ ✼✤✹✑✖

✜✴✓ ✺✤✹✒✽✭✬❁✮ ✶✤✹✷✶✭✬❁✮ ✹✤✼✶✒✭✬❁✮ ✶✤✶✑✽✭✬❂✮ ✖✤✺✼✷✭✬❁✮ ✶✤✻✺✼✭✬❁✮ ✷✤✷✼✽✭✬❁✮ ✶✤✻✷✖✭✬❁✮

❃ ❋✛❄①✙✚ ✧❅✠♣✢✙❅ ●✦✠❏ ✢✘✙ ✛❑✢✙✦✧✢❄✦✙ ✧✚ ●✠✛✛✠✇✚◗ ✍✎ ✻❱ ❲✧✛✙✦ ✙✢ ✧✛✤ ✭✶✖✖✶✮❳ ❲ ✷✲✶✻❱ ✍✙➌✡✧ ✙✢ ✧✛✤ ✭✷✒✒✶✮❳ ✟✕ ✶✷✖✼ ✧✡❅ ✜❩✕ ✻✻✷✖❱ ✏❑✛❑✡★✠ ✙✢ ✧✛✤ ✭✷✒✒✷✮❳ ✗✘ ✷✲✌❱ ❲❑✡★✚✔❄✦★✘ ❬

✎✧✦✛✠✇ ✭✶✖✖✹✮❳ ✓✔ ✹❱ ✍✙ ✶✲✶❱ ✏✶✲✑✷❱ ✏✑✲✶✺ ✧✡❅ ✏✶✲✷✺❱ ❩✧✦❭➫❪✧✲❫✠❥✧✚ ✙✢ ✧✛✤ ✭✷✒✶✷✮❳ ✏✑✲✑✒ ✧✡❅ ✓✙✡✷✲✶✹✷❱ ❩❑✦✧✦❅ ✙✢ ✧✛✤ ✭✷✒✒✼✮❳ ✓✙✡✑✲✶✑✑✑ ✧✡❅ ✓✙✡✷✲✶✶✑❱ ❴✙ ✏✧✦❭✠

✙✢ ✧✛✤ ✭✶✖✖✼✮✤ ✜❩✕ ✻✺✼✽ ✧✡❅ ✜❩✕ ✻✺✻✼❱ ❲✇❑✢✢✙✦ ✙✢ ✧✛✤ ✭✷✒✒✑✮❳ ✏✷✲✹✷❱ ❵✧✡★ ❬ q❑❄ ✭✷✒✒✼✮✤

③ ❋✛❄①✙✚ ✧❅✠♣✢✙❅ ●✦✠❏ ✢✘✙ ✛❑✢✙✦✧✢❄✦✙ ✧✚ ●✠✛✛✠✇✚◗ ✏✑✲✑✒❱ ✍✙➌✡✧ ✙✢ ✧✛✤ ✭✷✒✒✶✮❳ ✗✘✷✲✌❱ ✏❑✛❑✡★✠ ✙✢ ✧✛✤ ✭✷✒✒✷✮✤

④ ✕✠✦✦✙❭✢✙❅ ●✠✦ ✦✙❭✠❏✔❑✡✧✢❑✠✡ ❭✠✡✢✦❑✔❄✢❑✠✡ ✢✠ ✢✘✙ ✧❄✦✠✦✧✛ ✛❑✡✙ ⑤⑥ ⑦⑦⑧ ☛☛✼✑✷✒❱✼✑✑✒✤

⑨⑩❶❷❸❹ ❺ ❻ ✥✧✛❄✙✚ ❑✡ ✚❼❄✧✦✙ ✔✦✧❭❦✙✢✚ ✧✦✙ ✡✠✢ ✧❅✠♣✢✙❅ ●✠✦ ❏✙✧✡ ✥✧✛❄✙✚✤ ✭ ✮ ✥✧✛❄✙✚ ❑✡ ♣✧✦✙✡✢✘✙✚✙✚ ✧✦✙ ✙①♣✠✡✙✡✢✚ ✠● ✔✧✚✙ ✶✒✤

❽
❾
❿

➀
➁
➂
➃➄
➅➆➂
➇
➂
➈
➉
➃➊
➇
➋
➅➊
➍
➎
➇
➋
➏
➄
➃➊
➋
➐
➆➅➑
➒
➓
➔➅➎
➉
➋
→
➋
➇
➅➍
➊
➃
➣➅➊
➍
➣



✸
✳✹
✳
■❖
◆
■❈
❆
◆
❉

❊
▲
❊
▼
❊
◆
❚
❆
▲
❆
❇
❯
◆
❉
❆
◆
❈
❊
❙

�❛❜❧❡ ✁✂✾✿ ✭❝♦♥t✐♥✉❡❞✮

✄☎✆ ✝✵ ✞✠✟✡ P☛✻ ☞✌✲✌✍ ❍✎✏ ✄✑ ✶✷✒✼ ✓❤✷✲✟ P✔ ✶✲✶

✞s❤✔✕✕✡ ✞✖✲❦✆☎✗✡ ✞✘✲❦✆☎✗✡

✙✰✴❍✰ ✌✼✷✼✚✏✌ ✛ ✶✚✒✍✷✞✜✺✡ ✶✚✢✽✌✞✜✺✡ ✶✚✽✏✌✞✜✺✡ ✶✚✶✼✍✞✜✺✡ ✶✚✍✼✷✞✜✺✡ ✷✚✒✽✌✞✜✺✡ ✏✚✽✒✌✞✜✺✡ ✢✚✏✷✽✞✜✺✡

✼✌✷✏✚✽✌ ✣ ❬✷✚✷✶✼✞✜✺✡❪ ✚ ✚ ✚ ❬✌✚✶✶✢✞✜✺✡❪ ✚ ✚ ✚ ✚ ✚ ✚ ❬✏✚✷✶✼✞✜✺✡❪ ✚ ✚ ✚ ❬✶✚✍✼✒✞✜✤✡❪

✟✥☎♣✗✔✥ ✶✚✒✍✷✞✜✺✡ ✶✚✢✽✌✞✜✺✡ ✶✚✽✏✌✞✜✺✡ ✶✚✶✼✍✞✜✺✡ ✶✚✍✼✷✞✜✺✡ ✷✚✒✽✌✞✜✺✡ ✏✚✽✒✌✞✜✺✡ ✢✚✏✷✽✞✜✺✡

✙✰✰✴❍✰ ✏✒✢✽✚✒✶ ✶✚✏✷✼✞✜✤✡ ✶✚✽✏✒✞✜✤✡ ✏✚✍✼✻✞✜✤✡ ✌✚✷✼✽✞✜✤✡ ✷✚✢✶✷✞✜✤✡ ✏✚✻✏✽✞✜✤✡ ✷✚✒✻✽✞✜✤✡ ✌✚✏✼✏✞✜✤✡

✢✍✍✻✚✽✏ ✶✚✢✻✍✞✜✤✡ ✶✚✽✢✒✞✜✤✡ ✏✚✍✼✌✞✜✤✡ ✌✚✌✶✶✞✜✤✡ ✷✚✼✻✻✞✜✤✡ ✏✚✏✢✌✞✜✤✡ ✷✚✒✽✍✞✜✤✡ ✌✚✢✶✻✞✜✤✡

✟✈✔r✦❣✔ ✶✚✏✒✏✞✜✤✡ ✶✚✽✢✏✞✜✤✡ ✏✚✍✼✢✞✜✤✡ ✌✚✷✒✢✞✜✤✡ ✷✚✻✌✒✞✜✤✡ ✏✚✢✢✶✞✜✤✡ ✷✚✒✼✏✞✜✤✡ ✌✚✏✒✢✞✜✤✡

✧★ ❢ ✞✙✡ ✷✚✷✼✢ ✶✚✏✽✒ ✶✚✍✼✶ ✶✚✍✍✍ ✶✚✍✍✍ ✶✚✷✷✍ ✶✚✏✶✶ ✶✚✍✍✍

✙✴❍ ✌✚✽✌✷✞✜✤✡ ✷✚✒✒✻✞✜✤✡ ✏✚✢✻✌✞✜✤✡ ✌✚✏✶✷✞✜✤✡ ✷✚✼✏✻✞✜✤✡ ✢✚✒✶✢✞✜✤✡ ✏✚✽✽✽✞✜✤✡ ✏✚✍✌✽✞✜✤✡

✖✔✩✰✴❍✰ ✌✽✻✽✚✼✢ ✣ ✌✚✽✍✒✞✜✺✡ ✻✚✷✼✒✞✜✺✡ ✶✚✷✍✷✞✜✤✡ ✚ ✚ ✚ ✚ ✚ ✚ ✶✚✌✏✏✞✜✤✡ ✶✚✶✍✒✞✜✤✡ ✒✚✢✏✏✞✜✺✡

✌✒✻✼✚✏✻ ✣ ✏✚✢✍✒✞✜✺✡ ✚ ✚ ✚ ✶✚✷✌✻✞✜✤✡ ✚ ✚ ✚ ✚ ✚ ✚ ✷✚✍✢✏✞✜✤✡ ✶✚✍✏✼✞✜✤✡ ✽✚✽✼✒✞✜✺✡

✟✈✔r✦❣✔ ✏✚✶✢✒✞✜✺✡ ✻✚✷✼✒✞✜✺✡ ✶✚✷✶✒✞✜✤✡ ✚ ✚ ✚ ✚ ✚ ✚ ✶✚✻✒✒✞✜✤✡ ✶✚✍✼✽✞✜✤✡ ✒✚✷✶✶✞✜✺✡

✧★ ❢ ✞✖✔✡ ✷✚✢✻✢ ✶✚✻✶✻ ✶✚✶✷✍ ✚ ✚ ✚ ✚ ✚ ✚ ✶✚✌✍✍ ✶✚✻✏✏ ✶✚✶✢✢

✖✔✴❍ ✶✚✍✻✼✞✜✤✡ ✶✚✍✶✢✞✜✤✡ ✶✚✌✻✢✞✜✤✡ ✚ ✚ ✚ ✚ ✚ ✚ ✷✚✷✍✒✞✜✤✡ ✶✚✼✼✷✞✜✤✡ ✶✚✍✻✏✞✜✤✡

✘✰✴❍✰ ✻✼✶✻✚✏✏ ✷✚✒✌✒✞✜✪✡ ✌✚✏✒✏✞✜✪✡ ✼✚✏✼✏✞✜✪✡ ✒✚✒✍✽✞✜✪✡ ✒✚✽✻✏✞✜✪✡ ✌✚✢✍✏✞✜✪✡ ✌✚✼✢✏✞✜✪✡ ✌✚✒✢✼✞✜✪✡

✻✼✌✍✚✽✷ ✷✚✒✍✍✞✜✪✡ ✌✚✢✍✼✞✜✪✡ ✻✚✼✽✶✞✜✪✡ ✒✚✽✶✻✞✜✪✡ ✒✚✽✻✒✞✜✪✡ ✌✚✏✽✽✞✜✪✡ ✌✚✼✽✼✞✜✪✡ ✌✚✒✏✢✞✜✪✡

✏✍✼✷✚✏✽ ✣ ❬✢✚✶✌✍✞✜✪✡❪ ✚ ✚ ✚ ❬✢✚✍✽✷✞✜✪✡❪ ✚ ✚ ✚ ✚ ✚ ✚ ❬✻✚✼✏✍✞✜✪✡❪ ❬✶✚✒✽✏✞✜✫✡❪ ❬✻✚✻✽✍✞✜✪✡❪

✟✈✔r✦❣✔ ✷✚✒✶✒✞✜✪✡ ✌✚✢✍✍✞✜✪✡ ✼✚✶✷✼✞✜✪✡ ✒✚✽✻✷✞✜✪✡ ✒✚✽✻✼✞✜✪✡ ✌✚✏✒✻✞✜✪✡ ✌✚✼✼✍✞✜✪✡ ✌✚✒✢✶✞✜✪✡

✘✰✰✴❍✰ ✻✌✶✷✚✶✍ ✷✚✍✢✶✞✜✫✡ ✌✚✍✢✶✞✜✫✡ ✢✚✌✷✒✞✜✫✡ ✚ ✚ ✚ ✚ ✚ ✚ ✢✚✶✻✍✞✜✫✡ ✷✚✌✽✻✞✜✫✡ ✌✚✢✍✼✞✜✫✡

✒✍✻✽✚✻✍ ✣ ✚ ✚ ✚ ✚ ✚ ✚ ✶✚✶✷✼✞✜✺✡ ✚ ✚ ✚ ✚ ✚ ✚ ✻✚✒✷✌✞✜✫✡ ✏✚✻✍✷✞✜✫✡ ✬ ✻✚✽✏✻✞✜✫✡

✟✈✔r✦❣✔ ✷✚✍✢✶✞✜✫✡ ✌✚✍✢✶✞✜✫✡ ✽✚✌✍✷✞✜✫✡ ✚ ✚ ✚ ✚ ✚ ✚ ✻✚✍✌✼✞✜✫✡ ✌✚✏✒✏✞✜✫✡ ✢✚✶✼✻✞✜✫✡

✧★ ❢ ✞✘✡ ✶✚✒✶✽ ✶✚✽✽✶ ✷✚✍✏✒ ✷✚✶✢✒ ✷✚✍✼✶ ✶✚✒✍✒ ✶✚✢✏✢ ✶✚✏✶✼

✘✴❍ ✏✚✏✒✏✞✜✫✡ ✻✚✌✒✼✞✜✫✡ ✶✚✽✏✼✞✜✺✡ ✷✚✶✷✒✞✜✫✡ ✷✚✍✏✌✞✜✫✡ ✶✚✷✶✒✔✞✜✺✡ ✢✚✒✽✍✞✜✫✡ ✼✚✽✒✢✞✜✫✡

❆
✯
✱
❀
❁
❂③
❉
❃
❄
❅
✱
❀
❃
❋

●
❏
❏



✸
✳

P
❍
❨
❙
■❈
❆
▲

❈
❖
◆
❉
■❚
■❖
◆
❙
❆
◆
❉

❈
❍
❊
▼
■❈
❆
▲

❆
❇
❯
◆
❉
❆
◆
❈
❊
❙

�❛❜❧❡ ✁✂✾✿ ✭❝♦♥t✐♥✉❡❞✮

✄☎✆ ✝✵ ✞✠✟✡ ☛☞✻ ✌✍✲✍✎ ✏✑✹ ✄✒ ✶✷✓✼ ✔❤✷✲✟ ☛✕ ✶✲✶

✞s❤✕✖✖✡ ✞✗✲❦✆☎✘✡ ✞✙✲❦✆☎✘✡

✟r✚✰✴✏✰ ✼✶✍✺✛✽✎ ✜ ✺✛✶✺✽✞✢✣✡ ✶✛✷✻✼✞✢✤✡ ✥ ✶✛✓✼✍✞✢✤✡ ✛ ✛ ✛ ✛ ✛ ✛ ✶✛✍✷✹✞✢✤✡ ✶✛✹✶✻✞✢✤✡ ✥

✼✼✺✶✛✹✍ ✜ ✛ ✛ ✛ ✛ ✛ ✛ ✶✛✓✶✍✞✢✤✡ ✛ ✛ ✛ ✛ ✛ ✛ ✶✛✶✷✹✞✢✤✡ ✶✛✶✹✓✞✢✤✡ ✥

✟✈✕r✦❣✕ ✺✛✶✺✽✞✢✣✡ ✶✛✷✻✼✞✢✤✡ ✶✛✓✹✍✞✢✤✡ ✛ ✛ ✛ ✛ ✛ ✛ ✶✛✷✷✹✞✢✤✡ ✶✛✷✽✍✞✢✤✡ ✶✛✻✼✹✞✢✤✡

✟r✧✰✴✏✰ ✹✼✶✶✛✍✼ ✶✛✎✷✓✞✢✤✡ ✺✛✶✽✹✞✢✣✡ ✼✛✎✍✶✞✢✣✡ ✛ ✛ ✛ ✛ ✛ ✛ ✺✛✻✎✹✞✢✣✡ ✹✛✍✍✺✞✢✣✡ ✷✛✶✶✺✞✢★✡

✹✼✹✎✛✶✼ ✶✛✎✎✹✞✢✤✡ ✺✛✶✺✶✞✢✣✡ ✼✛✎✎✻✞✢✣✡ ✛ ✛ ✛ ✛ ✛ ✛ ✺✛✻✓✼✞✢✣✡ ✍✛✓✽✶✞✢✣✡ ✹✛✹✓✍✞✢★✡

✟✈✕r✦❣✕ ✶✛✎✶✻✞✢✤✡ ✺✛✶✻✼✞✢✣✡ ✼✛✎✶✽✞✢✣✡ ✛ ✛ ✛ ✛ ✛ ✛ ✺✛✻✺✎✞✢✣✡ ✹✛✶✺✽✞✢✣✡ ✍✛✍✎✹✞✢★✡

✟r✩✰✴✏✰ ✹✻✷✹✛✓✷ ✼✛✷✹✹✞✢✣✡ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛

✻✹✍✹✛✼✍ ✍✛✺✹✎✞✢✣✡ ✛ ✛ ✛ ✽✛✍✼✹✞✢✪✡ ✛ ✛ ✛ ✛ ✛ ✛ ✍✛✼✓✍✞✢★✡ ✛ ✛ ✛ ✛ ✛ ✛

✼✎✎✺✛✹✎ ✺✛✺✽✶✞✢✣✡ ✛ ✛ ✛ ✽✛✹✺✺✞✢✪✡ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛ ✛

✟✈✕r✦❣✕ ✺✛✹✺✺✞✢✣✡ ✛ ✛ ✛ ✽✛✹✶✹✞✢✪✡ ✛ ✛ ✛ ✛ ✛ ✛ ✍✛✼✓✍✞✢★✡ ✛ ✛ ✛ ✛ ✛ ✛

✫✬ ❢ ✞✟r✡ ✶✛✎✺✷ ✶✛✎✺✻ ✶✛✎✹✷ ✛ ✛ ✛ ✛ ✛ ✛ ✶✛✎✺✍ ✶✛✶✶✶ ✶✛✶✺✺

✟r✴✏ ✷✛✶✽✻✞✢✤✡ ✶✛✽✽✍✞✢✤✡ ✷✛✼✻✺✞✢✤✡ ✛ ✛ ✛ ✛ ✛ ✛ ✶✛✓✷✹✞✢✤✡ ✶✛✽✽✼✞✢✤✡ ✶✛✓✼✷✞✢✤✡

✒✖✰✰✴✏✰ ✺✺✶✼✛✻✻ ✍✛✼✓✹✞✢★✡ ✼✛✽✍✻✞✢★✡ ✶✛✎✻✷✞✢✣✡ ✛ ✛ ✛ ✛ ✛ ✛ ✽✛✻✺✷✞✢★✡ ✛ ✛ ✛ ✺✛✍✓✎✞✢★✡

✺✺✍✼✛✻✎ ✹✛✎✻✎✞✢★✡ ✼✛✹✺✽✞✢★✡ ✶✛✎✽✽✞✢✣✡ ✛ ✛ ✛ ✛ ✛ ✛ ✽✛✼✼✶✞✢★✡ ✛ ✛ ✛ ✼✛✹✍✓✞✢★✡

✟✈✕r✦❣✕ ✍✛✓✷✼✞✢★✡ ✼✛✻✹✼✞✢★✡ ✶✛✎✼✺✞✢✣✡ ✛ ✛ ✛ ✛ ✛ ✛ ✽✛✼✶✷✞✢★✡ ✛ ✛ ✛ ✻✛✹✶✺✞✢★✡

✫✬ ❢ ✞✒✖✡ ✷✛✶✓✶ ✷✛✎✓✼ ✷✛✷✷✹ ✛ ✛ ✛ ✛ ✛ ✛ ✷✛✎✶✓ ✛ ✛ ✛ ✶✛✺✷✺

✒✖✴✏ ✽✛✻✎✺✞✢★✡ ✶✛✻✎✍✞✢✣✡ ✷✛✍✓✶✞✢✣✡ ✛ ✛ ✛ ✛ ✛ ✛ ✶✛✼✺✓✞✢✣✡ ✛ ✛ ✛ ✓✛✼✽✍✞✢★✡

✯
✱
❀

❁
❂
❃
❄❅
❋●❃
❏
❃
❑
♣
❄◗
❏
❘
❋◗
❱
②
❏
❘
❲
❅
❄◗
❘
✇
●❋❳
❩
❬
❭❋②
♣
❘
❪
❘
❏
❋❱
◗
❄
❫❋◗
❱
❫



✸
✳✹
✳
■❖
◆
■❈
❆
◆
❉

❊
▲
❊
▼
❊
◆
❚
❆
▲
❆
❇
❯
◆
❉
❆
◆
❈
❊
❙

�❛❜❧❡ ✁✂✾✿ ✭❝♦♥t✐♥✉❡❞✮

✄☎✆ ✝✵ ✞✠✟✡ ☛✶✲☞✷ ☛☞✲✶✺ ☛✶✲✷✺ ❍✌✆✷✲✶✍✷ ❍✌✆☞✲✶☞☞☞ ❍✌✆✷✲✶✶☞ ❑✷✲✶✻

❍✌✰✴❍✰ ✍✍✼✶✎✺✏ ✏✎✏✑✼ ✏✎✶✶✑ ✏✎✶✏✶ ✏✎✏✶✽ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✺✽✼✺✎✻✻ ✏✎✶✏✍ ✏✎✶✶✶ ✏✎✶✏☞ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✻✻✼✽✎✶✻ ✏✎✏✑✑ ✏✎✏✑✺ ✏✎✶✏☞ ✏✎✏✶✑ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✟✈✌r✒❣✌ ✏✎✶✏✷ ✏✎✶✏✼ ✏✎✶✏☞ ✏✎✏✶✽ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

❍✌✰✰✴❍✰ ✍✻✽✺✎✻✽ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✓✔ ❢ ✞❍✌✡ ✶✎✏✏✏ ✶✎✏✏✏ ✶✎✏✏✏ ✶✎☞✍✏ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

❍✌✴❍ ✏✎✶✏✷ ✏✎✶✏✑ ✏✎✶✏☞ ✏✎✏✷✺ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✕✰✴❍✰ ✻✺✍✽✎✶✏ ✶✎☞✑✺✞✖✗✡ ✶✎✼☞✽✞✖✘✡ ✼✎✷☞✍✞✖✘✡ ✑✎✻✷✍✞✖✘✡ ✶✎✻✑✼✞✖✗✡ ✶✎✏✏✍✞✖✗✡ ☞✎☞☞✍✞✖✘✡

✻✺✽☞✎✺✏ ✶✎✍✶✺✞✖✗✡ ✶✎✼✍☞✞✖✘✡ ✼✎☞✼✶✞✖✘✡ ✑✎✻✑✼✞✖✘✡ ✷✎✺✽✼✞✖✗✡ ✶✎✶✏✏✞✖✗✡ ✍✎✑✼☞✞✖✘✡

✟✈✌r✒❣✌ ✶✎✍✏✺✞✖✗✡ ✶✎✼✍✶✞✖✘✡ ✼✎☞✏✷✞✖✘ ✑✎✻✻✏✞✖✘✡ ✷✎✶✍✷✞✖✗✡ ✶✎✏✺✷✞✖✗✡ ✍✎✶✺☞✞✖✘✡

✓✔ ❢ ✞✕✡ ✷✎✼☞✽ ✷✍✎✶✑✻ ☞✎✺☞✽ ✶✎✏✏✑ ✶✎✏✏✏ ✶✎✏✏✏ ✶✎✍✶✷

✕✴❍ ☞✎✽✍✻✞✖✗✡ ✍✎✷✶✷✞✖✗✡ ✷✎✺✽✍✞✖✗✡ ✑✎✼✍✍✞✖✘✡ ✷✎✶✍✷✞✖✗✡ ✶✎✏✺✷✞✖✗✡ ✺✎✽✻☞✞✖✘✡

✙✰✴❍✰ ☞✼✷✼✎✍☞ ✚ ✶✎✻✏✏✞✖✗✡ ☞✎☞✻✻✞✖✘✡ ✶✎✺✏✷✞✖✗✡ ☞✎✺✏✍✞✖✗✡ ✽✎✍✑☞✞✖✗✡ ☞✎✑✼☞✞✖✗✡ ✶✎✏✽☞✞✖✗

✼☞✷✍✎✽☞ ✛ ❬☞✎✻✻✶✞✖✗✡❪ ❬✑✎✺☞✷✞✖✘✡❪ ❬✷✎✺✽✷✞✖✗✡❪ ❬✻✎✼✏✽✞✖✘✡❪ ❬☞✎✷✑✏✞✖✗✡❪ ❬✍✎✑✶✷✞✖✗✡❪ ✎ ✎ ✎

✟✜☎♣✢✌✜ ✶✎✻✏✏✞✖✗✡ ☞✎☞✻✻✞✖✘✡ ✶✎✺✏✷✞✖✗✡ ☞✎✺✏✍✞✖✗✡ ✽✎✍✑☞✞✖✗✡ ☞✎✑✼☞✞✖✗✡ ✶✎✏✽☞✞✖✗

✙✰✰✴❍✰ ✍✑✺✽✎✑✶ ✷✎✼✼✽✞✖✗✡ ✼✎✼✏☞✞✖✗✡ ☞✎✼✽✽✞✖✗✡ ✷✎✻✑✶✞✖✣✡ ✎ ✎ ✎ ✎ ✎ ✎ ✍✎✶✏✻✞✖✘✡

✺✏✏✻✎✽✍ ✷✎✼✽✷✞✖✗✡ ✼✎✑✶✷✞✖✗✡ ☞✎✽☞✼✞✖✗✡ ☞✎☞✑✼✞✖✣✡ ✎ ✎ ✎ ✎ ✎ ✎ ✍✎✽✶✼✞✖✘✡

✟✈✌r✒❣✌ ✷✎✼✽✏✞✖✗✡ ✼✎✽✏✼✞✖✗✡ ☞✎✽✶✷✞✖✗✡ ☞✎✏✍✍✞✖✣✡ ✎ ✎ ✎ ✎ ✎ ✎ ✍✎✍✻✶✞✖✘✡

✓✔ ❢ ✞✙✡ ✶✎✏✏✏ ✶✎✏✏✏ ✶✎✏✏✏ ✶✎✏✏✏ ✶✎✏✏✏ ✶✎✏✏✏ ✶✎✏✏✏

✙✴❍ ✍✎☞✽✏✞✖✗✡ ✽✎✶✍✍✞✖✗✡ ✺✎☞✶✍✞✖✗✡ ☞✎✺☞✺✞✖✗✡ ✽✎✍✑☞✞✖✗✡ ☞✎✑✼☞✞✖✗✡ ✶✎✺☞✏✞✖✗✡

❆
s
❤
❦
✤
✥③
❉
✦
✧
★
❤
❦
✦
✩

✪
✫
✬



✸
✳

P
❍
❨
❙
■❈
❆
▲

❈
❖
◆
❉
■❚
■❖
◆
❙
❆
◆
❉

❈
❍
❊
▼
■❈
❆
▲

❆
❇
❯
◆
❉
❆
◆
❈
❊
❙

�❛❜❧❡ ✁✂✾✿ ✭❝♦♥t✐♥✉❡❞✮

✄☎✆ ✝✵ ✞✠✟✡ ☛✶✲☞✷ ☛☞✲✶✺ ☛✶✲✷✺ ✌✍✆✷✲✶✹✷ ✌✍✆ ☞✲✶☞☞☞ ✌✍✆✷✲✶✶☞ ❑✷✲✶✻

✎✍✏✰✴✌✰ ☞✽✻✽✑✼✺ ✒ ✷✑✺✻✻✞✓✔✡ ✶✑✽✼☞✞✓✕✡ ☞✑✺✺✻✞✓✔✡ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑

☞✖✻✼✑✹✻ ✒ ✷✑✽✽✗✞✓✔✡ ✶✑✶✗✷✞✓✕✡ ✷✑✹✷✗✞✓✔✡ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑

✟✈✍r✘❣✍ ✷✑✼✷☞✞✓✔✡ ✶✑✹✽✽✞✓✕✡ ✷✑✖✽✽✞✓✔✡ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑

✙✚ ❢ ✞✎✍✡ ✶✑✺✼✺ ✶✑✗✹☞ ✶✑☞✖✹ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑

✎✍✴✌ ✹✑✷✖✶✞✓✔✡ ✶✑✺✺✷✞✓✕✡ ✹✑✶✻✻✞✓✔✡ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑

✛✰✴✌✰ ✻✼✶✻✑✹✹ ✷✑✶✹✗✞✓✜✡ ✺✑✷✼✶✞✓✢✡ ✶✑✗✹☞✞✓✜✡ ✖✑☞✺✽✞✓✢✡ ✶✑✽✻✺✞✓✔✡ ☞✑✖☞✖✞✓✜✡ ✷✑☞✗✼✞✓✜✡

✻✼☞✗✑✽✷ ✷✑✶✹✶✞✓✜✡ ✺✑✷✽✺✞✓✢✡ ✶✑✗✹✺✞✓✜✡ ✖✑☞✺✶✞✓✢✡ ✷✑✻✗✷✞✓✔✡ ✺✑✼☞✶✞✓✜✡ ✷✑✷✺✽✞✓✜✡

✹✗✼✷✑✹✽ ✒ ❬☞✑✗☞✻✞✓✜✡❪ ❬✼✑✹✻☞✞✓✢✡❪ ❬✶✑✖✹✻✞✓✜✡❪ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑

✟✈✍r✘❣✍ ✷✑✶✹✗✞✓✜✡ ✺✑✷✼✽✞✓✢✡ ✶✑✗✹✹✞✓✜✡ ✖✑☞✺✹✞✓✢✡ ✷✑✷☞✹✞✓✔✡ ✹✑✽☞✹✞✓✜✡ ✷✑✷✽✷✞✓✜✡

✛✰✰✴✌✰ ✻☞✶✷✑✶✗ ✶✑✶✷✷✞✓✔✡ ✼✑✷✖☞✞✓✜✡ ✶✑✗✷✶✞✓✔✡ ✷✑✼✺✺✞✓✜✡ ✑ ✑ ✑ ✷✑☞✼✹✞✓✜✡ ✑ ✑ ✑

✖✗✻✽✑✻✗ ✒ ✷✑✻☞✷✞✓✔✡ ✶✑✶✹✽✞✓✔✡ ✶✑✖✶✼✞✓✔✡ ✑ ✑ ✑ ✼✑✖✶✼✞✓✢✡ ☞✑✺✽✗✞✓✜✡ ✑ ✑ ✑

✟✈✍r✘❣✍ ✶✑✽✼✼✞✓✔✡ ✖✑☞✽✼✞✓✜✡ ✶✑✹✻✖✞✓✔✡ ✑ ✑ ✑ ✼✑✖✶✼✞✓✢✡ ✷✑✖✼✼✞✓✜✡ ✑ ✑ ✑

✙✚ ❢ ✞✛✡ ✶✑✶✗☞ ✷✑✗☞☞ ✶✑✶✻✻ ✶✑✗✗✗ ✶✑✗✗✗ ✶✑✗✗✗ ✶✑✗✗✽

✛✴✌ ✷✑☞✗✽✞✓✔✡ ✷✑✗✶✻✞✓✔✡ ✶✑✽☞✺✞✓✔✡ ☞✑✻✖✗✞✓✜✡ ✷✑☞✶☞✞✓✔✡ ✼✑✽✶✷✞✓✜✡ ✷✑☞✗✷✞✓✜✡

✟r✏✰✴✌✰ ✼✶☞✺✑✽✗ ✒ ☞✑✽✷✖✞✓✜✡ ✷✑☞✺✼✞✓✜✡ ☞✑✹☞☞✞✓✜✡ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑

✼✼✺✶✑✹☞ ✒ ☞✑✻☞✷✞✓✜✡ ✷✑✶✼✷✞✓✜✡ ☞✑✶✹✹✞✓✜✡ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑

✟✈✍r✘❣✍ ☞✑✼☞✗✞✓✜✡ ✷✑✷✻✺✞✓✜✡ ☞✑✷✽✽✞✓✜✡ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑

✟r✣✰✴✌✰ ✹✼✶✶✑☞✼ ✑ ✑ ✑ ✺✑✼✶✖✞✓✢✡ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑

✹✼✹✗✑✶✼ ☞✑✖✽✼✞✓✤✡ ✻✑✗✻✽✞✓✢✡ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑

✟✈✍r✘❣✍ ☞✑✖✽✼✞✓✤✡ ✺✑✽✖✹✞✓✢✡ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑ ✑

✥
✦
✧

★
✩
✪
✫✬
✯✱✪
❀
✪
❁
♣
✫❂
❀
❃
✯❂
❄
②
❀
❃
❅
✬
✫❂
❃
✇
✱✯❤
❲
❘
❋✯②
♣
❃
●
❃
❀
✯❄
❂
✫
s✯❂
❄
s



✸
✳✹
✳
■❖
◆
■❈
❆
◆
❉

❊
▲
❊
▼
❊
◆
❚
❆
▲
❆
❇
❯
◆
❉
❆
◆
❈
❊
❙

�❛❜❧❡ ✁✂✾✿ ✭❝♦♥t✐♥✉❡❞✮

✄☎✆ ✝✵ ✞✠✟✡ ☛✶✲☞✷ ☛☞✲✶✺ ☛✶✲✷✺ ❍✌✆✷✲✶✍✷ ❍✌✆☞✲✶☞☞☞ ❍✌✆✷✲✶✶☞ ❑✷✲✶✻

✟r✎✰✴❍✰ ✍✻✷✍✏✑✷ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏

✻✍☞✍✏✼☞ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏

✼✒✒✺✏✍✒ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏

✟✈✌r✓❣✌ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏

✔✕ ❢ ✞✟r✡ ✶✏✺✼✺ ✶✏✒✍☞ ✶✏☞✑✍ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏

✟r✴❍ ✺✏✑✍✒✞✖✗✡ ✷✏✑✼✼✞✖✗✡ ✍✏✺✽✍✞✖✗✡ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏

✘✙✚✰✴❍✰ ✺✺✶✼✏✻✻ ✶✏✺✻✒✞✖✛✡ ✶✏☞✒☞✞✖✛✡ ✶✏☞☞✒✞✖✛✡ ✶✏✷✑✒✞✖✛✡ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏

✺✺☞✼✏✻✒ ✷✏✒✷✷✞✖✛✡ ✶✏✺☞✻✞✖✛✡ ✶✏✑✻✺✞✖✛✡ ✶✏☞✷✼✞✖✛✡ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏

✟✈✌r✓❣✌ ✶✏✼✑✶✞✖✛✡ ✶✏✍✷✒✞✖✛✡ ✶✏✻✍✼✞✖✛✡ ✶✏☞✒✽✞✖✛✡ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏

✔✕ ❢ ✞✘✙✡ ✶✏✷✷✑ ✷✏✶✍✽ ✶✏✷✍✑ ✶✏☞✍✒ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏

✘✙✴❍ ✷✏✷✒✷✞✖✛✡ ☞✏✒✍✑✞✖✛✡ ✷✏✒✺✼✞✖✛✡ ✶✏✼✺☞✞✖✛✡ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏ ✏

❆
s
❤
❦
✜
✢③
❉
✣
✤
✥
❤
❦
✣
✦

✧
★
✩



✸
✳

P
❍
❨
❙
■❈
❆
▲

❈
❖
◆
❉
■❚
■❖
◆
❙
❆
◆
❉

❈
❍
❊
▼
■❈
❆
▲

❆
❇
❯
◆
❉
❆
◆
❈
❊
❙

�❛❜❧❡ ✁✂✾✿ ✭❝♦♥t✐♥✉❡❞✮

✄☎✆ ✝✵ ✞✠✟✡ ☛●☞ ✻✺✼✽ ✌✷✲✹✷ ☛●☞ ✻✺✻✼ ☛●☞ ✻✻✷✍ ✎✏✑✲✶✒✼

✓✔✰ ✹✹✼✶✕✺✒ ✒✕✶✒✻ ✒✕✶✒✍ ✒✕✶✒✶ ✒✕✒✍✑ ✒✕✶✶✒

✺✽✼✺✕✻✻ ✒✕✶✶✶ ✒✕✒✍✼ ✒✕✶✒✹ ✒✕✒✍✺ ✒✕✶✶✼

✻✻✼✽✕✶✻ ✒✕✶✒✼ ✒✕✒✍✶ ✒✕✒✍✍ ✒✕✒✍✑ ✒✕✶✶✶

✟✈✔r✏❣✔ ✒✕✶✒✍ ✒✕✒✍✽ ✒✕✶✒✷ ✒✕✒✍✹ ✒✕✶✶✹

✓✔✖✰ ✹✻✽✺✕✻✽ ✒✕✒✒✒✺ ✒✕✒✒✒ ✒✕✒✒✶ ✒✕✒✒✒✺ ✒✕✒✒✷

✗✘ ❢ ✞✓✔✡ ✶✕✒✒✒ ✶✕✒✒✒ ✶✕✒✒✒ ✶✕✒✒✒ ✶✕✒✒✒

✓✔✴✓ ✒✕✶✶✒ ✒✕✒✍✽ ✒✕✶✒✑ ✒✕✒✍✺ ✒✕✶✶✻

☛✰ ✻✺✹✽✕✶✒ ✷✕✶✍✍✞✙✚✡ ✻✕✷✹✼✞✙✚✡ ✶✕✍✒✽✞✙✚✡ ✷✕✒✹✍✞✙✚✡ ✶✕✽✒✻✞✙✚✡

✻✺✽✑✕✺✒ ✷✕✑✒✺✞✙✚✡ ✻✕✷✷✑✞✙✚✡ ✶✕✍✶✺✞✙✚✡ ✷✕✶✹✑✞✙✚✡ ✶✕✍✍✶✞✙✚✡

✟✈✔r✏❣✔ ✷✕✷✺✷✞✙✚✡ ✻✕✷✑✺✞✙✚✡ ✶✕✍✶✶✞✙✚ ✷✕✒✍✻✞✙✚✡ ✶✕✽✍✍✞✙✚✡

✗✘ ❢ ✞☛✡ ✷✑✕✽✒✼ ✶✑✕✽✒✍ ✷✷✕✶✷✺ ✶✶✕✑✑✺ ✑✷✕✷✑✑

☛✴✓ ✺✕✑✻✶✞✙✛✡ ✽✕✻✶✒✞✙✛✡ ✹✕✷✷✽✞✙✛✡ ✷✕✑✼✻✞✙✛✡ ✻✕✶✷✒✞✙✛✡

✜✰ ✑✼✷✼✕✹✑ ✢ ✶✕✶✺✹✞✙✛✡ ✶✕✺✍✍✞✙✛✡ ✶✕✒✒✺✞✙✛✡ ✑✕✻✺✹✞✙✛✡ ✑✕✹✑✻✞✙✚✡ ✣

✼✑✷✹✕✽✑ ✢ ❬✶✕✹✶✶✞✙✛✡❪ ❬✷✕✷✽✶✞✙✛✡❪ ❬✶✕✑✽✺✞✙✛✡❪ ❬✑✕✑✷✺✞✙✛✡❪ ✕ ✕ ✕

✼✑✷✹✕✽✑ ✢✤✥ ✕ ✕ ✕ ❬✶✕✽✷✼✞✙✛✡❪ ❬✶✕✷✼✒✞✙✛✡❪ ❬✶✕✻✽✒✞✙✛✡❪ ✕ ✕ ✕

✟✦☎♣✧✔✦ ✶✕✶✺✹✞✙✛✡ ✶✕✺✍✍✞✙✛✡ ✶✕✒✒✺✞✙✛✡ ✑✕✻✺✹✞✙✛✡ ✑✕✹✑✻✞✙✚✡

✜✖✰ ✹✍✺✽✕✍✶ ✷✕✻✷✒✞✙★✡ ✷✕✒✒✻✞✙★✡ ✷✕✶✒✑✞✙★✡ ✑✕✼✼✶✞✙★✡ ✶✕✒✻✒✞✙★✡

✺✒✒✻✕✽✹ ✷✕✻✷✍✞✙★✡ ✷✕✒✽✑✞✙★✡ ✷✕✶✷✺✞✙★✡ ✑✕✼✻✶✞✙★✡ ✶✕✒✻✼✞✙★✡

✟✈✔r✏❣✔ ✷✕✻✷✹✞✙★✡ ✷✕✒✹✺✞✙★✡ ✷✕✶✶✹✞✙★✡ ✑✕✼✻✻✞✙★✡ ✶✕✒✻✑✞✙★✡

✗✘ ❢ ✞✜✡ ✶✕✒✒✑ ✶✕✒✒✷ ✶✕✒✒✹ ✶✕✒✒✷ ✶✕✒✒✍

✜✴✓ ✷✕✼✹✼✞✙★✡ ✷✕✷✒✽✞✙★✡ ✷✕✷✷✹✞✙★✡ ✹✕✶✹✶✞✙★✡ ✶✕✶✒✽✞✙★✡

✣ ✜✰✴✓✰ ✩☎✆✩✪ ✏✫✬✆✦✏✆✪✔ r✏✧✩☎ ✔s✧✩♠✏✧✔✦ ✯r☎♠ ✱q✕ ✞✑✕✶✽✡✕

❀
❁
❂

❃
❄
❅
❋❏
❑◗❅
❘
❅
❱
❲
❋❳
❘
❩
❑❳
❭
②
❘
❩
❫
❏
❋❳
❩
✇
◗❑❤
❴
❵
❥❑②
❲
❩
❦
❩
❘
❑❭
❳
❋
①❑❳
❭
①



✸
✳✹
✳
■❖
◆
■❈
❆
◆
❉

❊
▲
❊
▼
❊
◆
❚
❆
▲
❆
❇
❯
◆
❉
❆
◆
❈
❊
❙

�❛❜❧❡ ✁✂✾✿ ✭❝♦♥t✐♥✉❡❞✮

✄☎✆ ✝✵ ✞✠✟✡ ☛●☞✻✺✼✽ ✌✷✲✍✷ ☛●☞✻✺✻✼ ☛●☞✻✻✷✎ ✏✑ ✒✲✶✓✼

☛✔✕✰ ✒✽✻✽✖✼✺ ✗ ✼✖✍✽✶✞✘✙✡ ✍✖✼✺✽✞✘✙✡ ✍✖✒✶✒✞✘✙✡ ✽✖✻✎✼✞✘✙✡ ✖ ✖ ✖

✒✎✻✼✖✍✻ ✗ ✶✖✍✒✶✞✘✚✡ ✷✖✎✺✷✞✘✙✡ ✺✖✍✒✓✞✘✙✡ ✶✖✎✽✼✞✘✚✡ ✖ ✖ ✖

✟✈✔r✑❣✔ ✶✖✓✎✓✞✘✚✡ ✒✖✽✺✺✞✘✙✡ ✍✖✽✼✶✞✘✙✡ ✶✖✍✷✽✞✘✚✡ ✖ ✖ ✖

✛✜ ❢ ✞☛✔✡ ✶✖✓✍✼ ✶✖✓✽✓ ✶✖✓✺✷ ✶✖✶✓✓ ✖ ✖ ✖

☛✔✴❍ ✶✖✶✍✓✞✘✚✡ ✍✖✶✻✍✞✘✙✡ ✺✖✶✷✻✞✘✙✡ ✶✖✺✼✶✞✘✚✡ ✖ ✖ ✖

✏✰ ✻✼✶✻✖✍✍ ✽✖✓✓✓✞✘✢✡ ✷✖✽✼✺✞✘✣✡ ✺✖✼✒✺✞✘✢✡ ✍✖✽✺✺✞✘✢✡ ✍✖✓✽✓✞✘✢✡

✻✼✒✓✖✽✷ ✽✖✓✓✓✞✘✢✡ ✷✖✽✼✼✞✘✣✡ ✺✖✼✺✒✞✘✢✡ ✍✖✽✺✓✞✘✢✡ ✍✖✓✻✻✞✘✢✡

✍✓✼✷✖✍✽ ✗ ❬✷✖✼✶✷✞✘✣✡❪ ❬✍✖✎✓✼✞✘✣✡❪ ❬✶✖✷✓✽✞✘✣✡❪ ✖ ✖ ✖ ✖ ✖ ✖

✟✈✔r✑❣✔ ✽✖✓✓✓✞✘✢✡ ✷✖✽✼✻✞✘✣✡ ✺✖✼✍✍✞✘✢✡ ✍✖✽✺✷✞✘✢✡ ✍✖✓✼✒✞✘✢✡

✏✕✰ ✻✒✶✷✖✶✓ ✶✖✻✻✺✞✘✤✡ ✷✖✷✻✒✞✘✤✡ ✎✖✎✺✶✞✘✣✡ ✷✖✷✺✍✞✘✤✡ ✽✖✍✍✓✞✘✣✡

✎✓✻✽✖✻✓ ✗ ✺✖✼✶✶✞✘✤✡ ✖ ✖ ✖ ✶✖✺✎✎✞✘✤✡ ✒✖✍✍✼✞✘✤✡ ✖ ✖ ✖

✟✈✔r✑❣✔ ✒✖✻✽✽✞✘✤✡ ✷✖✷✻✒✞✘✤✡ ✶✖✷✎✼✞✘✤✡ ✷✖✽✺✶✞✘✤✡ ✽✖✍✍✓✞✘✣✡

✛✜ ❢ ✞✏✡ ✷✖✓✷✒ ✶✖✼✓✺ ✶✖✎✼✻ ✶✖✻✓✺ ✷✖✷✒✓

✏✴❍ ✼✖✻✷✒✞✘✤✡ ✍✖✒✍✽✞✘✤✡ ✷✖✻✼✻✞✘✤✡ ✍✖✻✺✷✞✘✤✡ ✶✖✎✼✒✞✘✤✡

❆
s
❤
❦
✥
✦③
❉
✧
★
✩
❤
❦
✧
✪

✫
✬
✫



✸
✳

P
❍
❨
❙
■❈
❆
▲

❈
❖
◆
❉
■❚
■❖
◆
❙
❆
◆
❉

❈
❍
❊
▼
■❈
❆
▲

❆
❇
❯
◆
❉
❆
◆
❈
❊
❙

�❛❜❧❡ ✁✂✾✿ ✭❝♦♥t✐♥✉❡❞✮

✄☎✆ ✝✵ ✞✠✟✡ ☛●☞ ✻✺✼✽ ✌✷✲✹✷ ☛●☞ ✻✺✻✼ ☛●☞✻✻✷✍ ✎✏ ✑✲✶✒✼

✟r✓✰ ✼✶✑✺✔✽✒ ✕ ✶✔✹✷✷✞✖✗✡ ✽✔✒✺✻✞✖✘✡ ✑✔✼✹✹✞✖✘✡ ✶✔✺✷✍✞✖✗✡ ✔ ✔ ✔

✼✼✺✶✔✹✑ ✕ ✶✔✷✽✽✞✖✗✡ ✔ ✔ ✔ ✑✔✹✶✒✞✖✘✡ ✔ ✔ ✔ ✔ ✔ ✔

✟✈✙r✏❣✙ ✶✔✑✺✺✞✖✗✡ ✽✔✒✺✻✞✖✘✡ ✑✔✺✼✼✞✖✘✡ ✶✔✺✷✍✞✖✗✡ ✔ ✔ ✔

✟r✚✰ ✹✼✶✶✔✑✼ ✑✔✑✑✻✞✖✘✡ ✷✔✻✑✑✞✖✘✡ ✶✔✍✒✹✞✖✘✡ ✔ ✔ ✔ ✔ ✔ ✔

✹✼✹✒✔✶✼ ✑✔✶✶✽✞✖✘✡ ✷✔✽✽✑✞✖✘✡ ✶✔✽✻✺✞✖✘✡ ✶✔✒✼✺✞✖✘✡ ✔ ✔ ✔

✟✈✙r✏❣✙ ✑✔✷✷✼✞✖✘✡ ✷✔✼✺✽✞✖✘✡ ✶✔✽✽✺✞✖✘✡ ✶✔✒✼✺✞✖✘✡ ✔ ✔ ✔

✛✜ ❢ ✞✟r✡ ✶✔✒✹✹ ✶✔✒✼✽ ✶✔✒✹✼ ✶✔✒✍✼ ✔ ✔ ✔

✟r✴✢ ✶✔✼✺✶✞✖✗✡ ✶✔✶✻✻✞✖✗✡ ✺✔✼✷✒✞✖✘✡ ✶✔✼✍✺✞✖✗✡ ✔ ✔ ✔

☞✣✓✰ ✺✺✶✼✔✻✻ ✺✔✍✑✑✞✖✤✡ ✻✔✽✍✑✞✖✤✡ ✑✔✽✍✷✞✖✤✡ ✼✔✶✻✻✞✖✤✡ ✔ ✔ ✔

✺✺✑✼✔✻✒ ✺✔✺✺✼✞✖✤✡ ✻✔✽✹✒✞✖✤✡ ✑✔✼✹✒✞✖✤✡ ✻✔✍✷✼✞✖✤✡ ✔ ✔ ✔

✟✈✙r✏❣✙ ✺✔✼✹✺✞✖✤✡ ✻✔✽✻✻✞✖✤✡ ✑✔✽✶✻✞✖✤✡ ✼✔✒✹✻✞✖✤✡ ✔ ✔ ✔

✛✜ ❢ ✞☞✣✡ ✷✔✒✻✼ ✶✔✍✷✶ ✷✔✒✻✹ ✶✔✻✑✷ ✔ ✔ ✔

☞✣✴✢ ✶✔✶✽✼✞✖✘✡ ✶✔✑✶✍✞✖✘✡ ✼✔✽✼✻✞✖✤✡ ✶✔✶✺✒✞✖✘✡ ✔ ✔ ✔

✥
✦
✧

★
✩
✪
✫✬
✯✱✪
❀
✪
❁
♣
✫❂
❀
❃
✯❂
❄
②
❀
❃
❅
✬
✫❂
❃
✇
✱✯❤
❲
❘
❋✯②
♣
❃
❏
❃
❀
✯❄
❂
✫
s✯❂
❄
s



✸✳✹✳ ■❖◆■❈ ❆◆❉ ❊▲❊▼❊◆❚❆▲ ❆❇❯◆❉❆◆❈❊❙

�✁✂✁✷ ✄♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❢r♦♠ ☎❘✆s

❲✝ ✞✝t✝✟✠✡☛✝✞ ☞✌✍☛✞☞☛✎✝✏ ✑✒✟ ✡✒☛✡✎ ✏♣✝✎✡✝✏ ✒✑ ❍✝✱ ✓✱ ✔ ☞☛✞ ✕ ✑✟✒✠ ✕✖✗✏

✑✒✟ ✒✍✟ ✏☞✠♣❧✝ ✇❤✝✟✝ ♣✒✏✏✡✌❧✝✘ ✙☛ ✒✍✟ ✎☞❧✎✍❧☞t✡✒☛✱ ✇✝ ☞✞✒♣t✝✞ t❤✝ ✕✖✗ ✝❧✝✎✲

t✟✒☛ t✝✠♣✝✟☞t✍✟✝ ☞☛✞ t❤✝ ✓✚✗ ✝❧✝✎t✟✒☛ ✞✝☛✏✡t② ❧✡✏t✝✞ ✡☛ ✛☞✌❧✝ ✜✘✽✘ ✛❤✝ ☞t✒✠✡✎

✞☞t☞ ✏✝t✏ ✍✏✝✞ ✑✒✟ t❤✝ ✝✑✑✝✎t✡✈✝ ✟✝✎✒✠✌✡☛☞t✡✒☛ ✎✒✝✑✢✎✡✝☛t✏ ✒✑ ✕✖✗✏ ☞✟✝ ❣✡✈✝☛

✡☛ ✛☞✌❧✝ ✜✘✺✘ ✣✏✡☛❣ t❤✝ ✝✑✑✝✎t✡✈✝ ✟✝✎✒✠✌✡☛☞t✡✒☛ ✎✒✝✑✢✎✡✝☛t✏✱ ✇✝ ✞✝t✝✟✠✡☛✝

✡✒☛✡✎ ☞✌✍☛✞☞☛✎✝✏ ✑✟✒✠ t❤✝ ✠✝☞✏✍✟✝✞ ✡☛t✝☛✏✡t✡✝✏ ✒✑ ✒♣t✡✎☞❧ ✟✝✎✒✠✌✡☛☞t✡✒☛ ❧✡☛✝✏

✭✕✖✗✏✮ ☞✏ ✑✒❧❧✒✇✏✿
❳✤✰

✥✰
❂
✦✧

✦★✩

✪✫✬✯✴

✵✶✻✼

✾❀❁❁✫✥❃✴

✾❀❁❁✫✪✴
❄ ✭✜✘❅❋✮

✇❤✝✟✝ ✦✫✪✴ ✡✏ t❤✝ ✡☛t✟✡☛✏✡✎ ❧✡☛✝ ●✍① ✒✑ t❤✝ ✝✠✡✏✏✡✒☛ ❧✡☛✝ ✪ ✝✠✡tt✝✞ ✌② ✡✒☛ ❳✤✰✱

✦✫✥❃✴ ✡✏ t❤✝ ✡☛t✟✡☛✏✡✎ ❧✡☛✝ ●✍① ✒✑ ❍❃✱ ✾❀❁❁✫✥❃✴ t❤✝ ✝✑✑✝✎t✡✈✝ ✟✝✎✒✠✌✡☛☞t✡✒☛ ✎✒✝✑✢✲

✎✡✝☛t ✒✑ ❍❃✱ ☞☛✞ ✾❀❁❁✫✪✴ t❤✝ ✝✑✑✝✎t✡✈✝ ✟✝✎✒✠✌✡☛☞t✡✒☛ ✎✒✝✑✢✎✡✝☛t ✑✒✟ t❤✝ ✝✠✡✏✏✡✒☛

❧✡☛✝ ✪✘

❏❑✰P❏✰ ◗❱❨ ❏❑❩✰P❏✰

✛❤✝ t✒t☞❧ ☞☛✞ ✡✒☛✡✎ ❤✝❧✡✍✠ ☞✌✍☛✞☞☛✎✝✏ ✞✝✟✡✈✝✞ ✑✟✒✠ t❤✝ ❍✝ ❬ ☞☛✞ ❍✝ ❬❬ ✕✖✗✏

☞✟✝ ❣✡✈✝☛ ✡☛ ✛☞✌❧✝ ✜✘❋✘ ❭✒✟ t❤✝ ❍✝ ❬ ❧✡☛✝✏✱ ✇✝ ❤☞✈✝ ✍✏✝✞ ✎☞✏✝ ❪ ✟✝✎✒✠✌✡☛☞t✡✒☛

✎✒✝✑✢✎✡✝☛t✏ ✒✑ ❫✒✟t✝✟ ✝t ☞❧✘ ✭❴❵❅❴✱ ❴❵❅✜✮ ✑✒✟ t❤✝ t✝✠♣✝✟☞t✍✟✝ ❥❀✭❍✝ ❬✴ ❦ q③③③✱

☞☛✞ ④✠✡t✏ ✭❅❋❋⑤✮ ✑✒✟ ❥❀✭❍✝ ❬✴ ⑥ q③③③✘ ✛✒ ✒✌t☞✡☛ t❤✝ ❍✝
✰⑦❍✰ ✡✒☛✡✎ ☞✌✍☛✞☞☛✎✝✱

t❤✝ ✡✒☛✡✎ ☞✌✍☛✞☞☛✎✝✏ ✞✝✟✡✈✝✞ ✑✟✒✠ t❤✝ ✪⑧⑧⑨❴✱ ✪✺✽⑨⑤ ☞☛✞ ✪⑤⑤⑨✽ ✕✖✗✏ ✇✝✟✝

☞✈✝✟☞❣✝✞ ✇✡t❤ ✇✝✡❣❤t✏ ✒✑ ❅✿✜✿❅✱ ✟✒✍❣❤❧② t❤✝ ✡☛t✟✡☛✏✡✎ ✡☛t✝☛✏✡t② ✟☞t✡✒✏ ✒✑ t❤✝ t❤✟✝✝

❧✡☛✝✏✘ ✛❤✝ ❍✝❩✰⑦❍✰ ✡✒☛✡✎ ☞✌✍☛✞☞☛✎✝ ✇☞✏ ✞✝✟✡✈✝✞ ✑✟✒✠ t❤✝ ❍✝ ❬❬ ✪⑧⑤✽⑤ ❧✡☛✝✱

✍✏✡☛❣ t❤✝ ✎☞✏✝ ❪ ✟✝✎✒✠✌✡☛☞t✡✒☛ ✎✒✝✑✢✎✡✝☛t ✑✟✒✠ ④t✒✟✝② ⑩ ❍✍✠✠✝✟ ✭❅❋❋✺✮✘ ✛❤✝

t✒t☞❧ ❍✝ ☞✌✍☛✞☞☛✎✝ ✟✝❧☞t✡✈✝ t✒ ❍ ✡✏ ✒✑t✝☛ ✒✌t☞✡☛✝✞ ✌② ✏✡✠♣❧② t☞❶✡☛❣ t❤✝ ✏✍✠

✒✑ ❍✝✰⑦❍✰ ☞☛✞ ❍✝❩✰⑦❍✰ ✡✒☛✡✎ ☞✌✍☛✞☞☛✎✝✏✘ ❍✒✇✝✈✝✟✱ ✇✝ ✍✏✝✞ t❤✝ ✡✒☛✡❷☞t✡✒☛

✎✒✟✟✝✎t✡✒☛ ✑☞✎t✒✟ ❣✡✈✝☛ ✌② ❸❤☞☛❣ ⑩ ✗✡✍ ✭❴❵❵✜✮ ✑✒✟ t❤✝ ❧✒✇ ✝①✎✡t☞t✡✒☛ ❫✔ ❍✝☛❴✲

❅⑧❴✿
✥❹

✥
❂

❺
✥❹✰

✥✰

❻❺

✼❼
❽✰

❽❩✰

❻

❾❿➀➁
➂ ✭✜✘❴❵✮

❆➃➄➅➆➇➈ ❉➉➊➋➄➅➉➌ ❅⑤✜
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�❤❡ ♥❡✉tr❛❧ ❤❡❧✐✉♠ ❤❛s ❛♥ ✐♦♥✐③❛t✐♦♥ ♣♦t❡♥t✐❛❧ ♦❢ ✷✹✁✺ ❡❱✱ s♦ s✐♥❣❧② ✐♦♥✐③❡❞

s✉❧❢✉r ✂✰ ❤❛✈✐♥❣ t❤❡ ✈❛❧✉❡ ♦❢ ✷✄✁✄ ❡❱ ❝❛♥ ❜❡ ✉s❡❞ t♦ ❝♦rr❡❝t t❤❡ t♦t❛❧ ❤❡❧✐✉♠

❛❜✉♥❞❛♥❝❡s✁

☎s s❡❡♥ ✐♥ �❛❜❧❡ ✄✁✾✱ ✇❡ ♥♦t✐❝❡ t❤❛t t❤❡ ✆❡
✰✴✆✰

❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠

t❤❡ tr✐♣❧❡t ✝✺✽✼✻ ❛r❡ ✉s✉❛❧❧② ❤✐❣❤❡r t❤❛♥ t❤♦s❡ ❞❡t❡r♠✐♥❡❞ ❢r♦♠ ♦t❤❡r ✆❡ ✞

❧✐♥❡s✁ �❤❡ ✈❛❧✉❡ ❞❡❞✉❝❡❞ ❢r♦♠ t❤❡ tr✐♣❧❡t ✝✹✹✼✷ ❛r❡ ✉s✉❛❧❧② ❧♦✇❡r✁ �❤✐s ❞✐s❝r❡♣✲

❛♥❝② ❝❛♥ ❜❡ ❡①♣❧❛✐♥❡❞ ❜② t❤❡ ❢❛❝t t❤❛t t❤❡ ✐♥tr✐♥s✐❝ ✐♥t❡♥s✐t② ♦❢ t❤❡ ✆❡ ✞ ✝✺✽✼✻

❧✐♥❡ ✐s ❛❜♦✉t t❤r❡❡ t✐♠❡s ♦t❤❡r ❧✐♥❡s✱ ❛♥❞ t❤❡r❡ ❛r❡ s♦♠❡ ❡rr♦rs ✐♥ r❡❝♦r❞✐♥❣

✇❡❛❦ ❧✐♥❡s✱ ♥❛♠❡❧② t❤❡ ✆❡ ✞ ✝✝✹✹✼✷✱✻✻✼✽ ✟❘✠s✁ ✡t ♠❛② ❜❡ ❛❧s♦ ❞✉❡ t♦ ♦t❤❡r

s②st❡♠❛t✐❝ ❡rr♦rs✱ s✉❝❤ ❛s t❤❡ r❡❞❞❡♥✐♥❣ ❝♦rr❡❝t✐♦♥✱ t❤❡ ☛✉① ❝❛❧✐❜r❛t✐♦♥ ❛♥❞ t❤❡

❝♦❧❧✐s✐♦♥❛❧ ❡①❝✐t❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥✁

☞✌✰✍✎✰

�❤❡ ✏✌✰✴✆✰ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢♦r ❞✐❢❢❡r❡♥t ✑✒❡ ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ �❛✲

❜❧❡ ✄✁✶✵✁ �❤❡ ✏✌✰✴✆✰ r❛t✐♦s ✇❡r❡ ❞❡r✐✈❡❞ ❢r♦♠ s♦♠❡ ❤✐❣❤✲❡①❝✐t❛t✐♦♥ ✏ ✞✞ ✟❘✠s✱

✐♥❝❧✉❞✐♥❣ t❤❡ ✹❢➊✻❣ ✻✹✻✷ ❧✐♥❡ ❢♦r ✑✓ ✻✱ ✔✄✲✄✵✱ ✆❜✹✱ ✡✏ ✶✷✾✼✱ �❤ ✷✲☎✱ ✑❡ ✶✲✶✱

✔✶✲✄✷✱ ✔✄✲✶✺✱ ✔✶✲✷✺✱ ✒●✏✻✺✼✽✱ ✔✷✲✹✷✱ ✒●✏✻✺✻✼✱ ✒●✏✻✻✷✾ ❛♥❞ ✂❛ ✄✲

✶✵✼❀ t❤❡ ✹❞➊✻❢ ✻✶✺✶ ❧✐♥❡ ❢♦r ✡✏ ✶✷✾✼✱ ✑❡ ✶✲✶✱ ✔✄✲✶✺ ❛♥❞ ✒●✏✻✺✻✼❀ ❛♥❞ t❤❡

✷♣➊✄♣ ✺✵✻✵ ❧✐♥❡ ❢♦r ✡✏ ✶✷✾✼ ✉s✐♥❣ t❤❡ ❝❛s❡ ✓ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦❡❢✕❝✐❡♥ts ♦❢

✖❛✈❡② ❡t ❛❧✁ ✭✷✵✵✵✮✁ �❡♠♣❡r❛t✉r❡ ✗✘ ❢r♦♠ ✆❡ ✞ ✟❘✠s ❛♥❞ ❞❡♥s✐t② ✙✘ ❢r♦♠ ✏✚✠s

✇❡r❡ ❛❞♦♣t❡❞ ✐♥ t❤❡ ❝❛❧❝✉❧❛t✐♦♥✁

❋♦❧❧♦✇✐♥❣ ❑✐♥❣s❜✉r❣❤ ✫ ✓❛r❧♦✇ ✭✶✾✾✹✮✱ t❤❡ t♦t❛❧ ❝❛r❜♦♥ ❛r❡ ❞❡r✐✈❡❞✱ ❝♦r✲

r❡❝t✐♥❣ ❢♦r t❤❡ ✉♥s❡❡♥ st❛❣❡s ♦❢ ✐♦♥✐③❛t✐♦♥ ✉s✐♥❣✿

✛

✜
❂

✢
✛✌✰

✜✰

✣✢
✤

✤✌✰

✣

✥✦✧★

✭✄✁✷✶✮

�♦t❛❧ ✏✴✆ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ✟❘✠s ❛r❡ ❣✐✈❡♥ ✐♥ �❛❜❧❡ ✄✁✶✵✁ ✆♦✇❡✈❡r✱

❝❛r❜♦♥ ✐♦♥✐❝ r❛t✐♦s ❞❡r✐✈❡❞ ❢r♦♠ ✟❘✠s ❛r❡ ❣❡♥❡r❛❧❧② ♥♦t ❡q✉❛❧ t♦ t❤♦s❡ ❞❡r✐✈❡❞

❢r♦♠ ✏✚✠s ✭�s❛♠✐s ❡t ❛❧✁ ✷✵✵✄❛✱ ✷✵✵✹✮✁ �❤❡r❡❢♦r❡✱ ♦①②❣❡♥ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s

✶✻✹ ✩✪✬✯❁❃❄✬❅ ✬❏ ◗✯❲❅❳❃❲❩❬ ❅❳❭❁✯❲❳ ❪❄❃❫ ❴❵❥❃❬◗❳ ④❳❅❃❩❲✯ ⑤❃❲❩⑤
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❞❡r✐✈❡❞ ❢r♦♠ �✁✂s ♠❛② ♥♦t ❜❡ s✉✐t❛❜❧❡ ❝❤♦✐❝❡s ❢♦r t❤❡ ✐♦♥✐③❛t✐♦♥ ❝♦rr❡❝t✐♦♥

s❝❤❡♠❡ ♦❢ ❝❛r❜♦♥ ✄❘✂s☎

✆✷✰✴❍✰ ✝✞✟ ✆✠✰✴❍✰

❲❡ ❤❛✈❡ ❞❡t❡❝t❡❞ ❛ ♥✉♠❜❡r ♦❢ ✡ ☛☛ ♠✉❧t✐♣❧❡ts ✐♥ ♠♦st P✡❡☎ ☞❤❡② ✇❡r❡ ✉s❡❞

t♦ ❝❛❧❝✉❧❛t❡ ✄❘✂ ✡✷✰✌✍✰ ✐♦♥✐❝ r❛t✐♦s✱ ❛s ♣r❡s❡♥t❡❞ ✐♥ ☞❛❜❧❡ ✎☎✶✵☎ ❲❡ ✉s❡❞

❡❢❢❡❝t✐✈❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦❡❢✏❝✐❡♥t ❢r♦♠ ✁s❝❛❧❛♥t❡ ✫ ❱✐❝t♦r ✭✶✾✾✵✮✱ ❛ss✉♠✐♥❣

❝❛s❡ ✑ ❢♦r s✐♥❣❧❡ts ❛♥❞ ❝❛s❡ ✒ ❢♦r tr✐♣❧❡ts☎ ☞❤❡ ♠✉❧t✐♣❧❡t ❱✎ ❧✐♥❡s ❛r❡ ♠♦r❡

r❡❧✐❛❜❧❡ ❞✉❡ t♦ ❧❡ss s❡♥s✐t✐✈❡ t♦ ♦♣t✐❝❛❧ ❞❡♣t❤ ❡❢❢❡❝t✱ ❛♥❞ ❤❛✈❡ ❜❡❡♥ ❞❡t❡❝t❡❞ ✐♥

✓✎✲✎✵✱ ✍❜✔✱ ✕� ✶✖✾✼✱ P❡ ✶✲✶✱ ✓✶✲✖✺✱ ✓✖✲✔✖✱ ✡●�✻✺✻✼✱ ✡●�✻✻✖✾ ❛♥❞ ✗❛✎✲

✶✵✼☎ ✄t❤❡r ♠✉❧t✐♣❧❡ts ❛r❡ ❡①tr❡♠❡❧② ❝❛s❡✲s❡♥s✐t✐✈❡✱ ❛♥❞ ❛❧s♦ q✉✐❝❦ ✇❡❛❦✱ ✇✐t❤

❧❛r❣❡ ✘✉① ✉♥❝❡rt❛✐♥t✐❡s✱ s♦ t❤❡② ❛r❡ ❧❡ss r❡❧✐❛❜❧❡☎ ❲❡ ❞❡t❡❝t❡❞ t❤❡ ❡①tr❡♠❡❧②

❝❛s❡✲s❡♥st✐✈❡ ♠✉❧t✐♣❧❡t ❱✖✽ ✐♥ ♠❛♥② P✡❡✱ ✇❤✐❝❤ s♦♠❡t✐♠❡ ❤❛s ❛ ❞❡♣❛rt✉r❡ ❢r♦♠

t❤❡ ❝❛s❡ ✒ ❛♣♣r♦①✐♠❛t✐♦♥ ❢♦r t❤❡ tr✐♣❧❡ts✱ s♦ ✐ts ❝❛❧❝✉❧❛t❡❞ ✡✷✰✌✍✰ ✐♦♥✐❝ r❛t✐♦ ✐s

✉s✉❛❧❧② ✉♥r❡❧✐❛❜❧❡☎

❋♦r ♥✐tr♦❣❡♥✱ ✇❤❡♥ ♦♥❧② ✡✷✰ ✇❛s ♠❡❛s✉r❛❜❧❡✱ t❤❡ ✉♥♦❜s❡r✈❡❞ ✐♦♥✐③❛t✐♦♥

st❛❣❡ ❛r❡ ❝♦rr❡❝t❡❞ ❢♦r ❜② ❛ss✉♠✐♥❣ ✙❂✙✷✰ ✚ ✛❂✛✷✰✱ s♦

✙

✜
✚

✢
✙✷✰

✜✰

✣✢
✛

✛✷✰

✣

✤✥✦✧

✭✎☎✖✖✮

❲❤❡♥ ❜♦t❤ ✡✷✰ ❛♥❞ ✡✠✰ ✇❡r❡ ♠❡❛s✉r❡❞✱ t❤❡ t♦t❛❧ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡ ✇❛s

❞❡r✐✈❡❞ ❛ss✉♠✐♥❣ ✙❂✙✰ ✚ ✛❂✛✰✱ ✇✐t❤ ✡✌✍ t❤❡♥ ❣✐✈❡♥ ❜②

✙

✜
✚

✢
✙✷✰

✜✰
★

✙✠✰

✜✰

✣✩

✪✬

✢
✛✰

✛

✣
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✯✿❀

✭✎☎✖✎✮

✕♥ t❤❡ ❝❛s❡ ♦❢ ✓✎✲✎✵✱ ✕�✶✖✾✼✱ ✡●�✻✺✻✼ ❛♥❞ ✗❛✖✲✶✵✼✱ t❤❡ ❁✔✻✔✶ ✭❱✖✮ ✡ ☛☛☛

r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡ ✇❛s ❞❡t❡❝t❡❞✱ s♦ ✡✠✰ ❛❜✉♥❞❛♥❝❡ ✐s ❛✈❛✐❧❛❜❧❡✱ ❛♥❞ ✁q☎ ✭✎☎✖✎✮

✐s ❛♣♣❧✐❡❞☎ ☞❤❡ ❡❢❢❡❝t✐✈❡ r❛❞✐❛t✐✈❡ ❛♥❞ ❞✐❡❧❡❝tr✐❝ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦❡❢✏❝✐❡♥ts ♦❢

P❡q✉✐❣♥♦t ❡t ❛❧☎ ✭✶✾✾✶✮ ✇❡r❡ ✉s❡❞ t♦ ❝❛❧❝✉❧❛t❡ ✄❘✂ ✡✠✰✌✍✰ ✐♦♥✐❝ r❛t✐♦s ♣r❡✲

s❡♥t❡❞ ✐♥ ☞❛❜❧❡ ✎☎✶✵☎ ✍♦✇❡✈❡r✱ t❤❡ ❁✔✻✔✶ ✡ ☛☛☛ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡ ✐s ✉s✉❛❧❧②

❛❢❢❡❝t❡❞ ❜② ❝♦♥t✐♥✉✉♠ ✘✉♦r❡s❝❡♥❝❡ ✭❋❡r❧❛♥❞ ✶✾✾✖✮☎ ☞❤❡r❡❢♦r❡✱ t❤❡ ✐♦♥✐❝ r❛t✐♦

❆❃❄❅❏❑◗ ❉❳❨❩❄❅❳❬ ✶✻✺
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❞❡r✐✈❡❞ ❢r♦♠ t❤✐s ❧✐♥❡ ❝❛♥ ❧❛r❣❡❧② ❝♦♥t❛✐♥ ✄✉♦r❡s❝❡♥❝❡ ❝♦♥tr✐❜✉t✐♦♥✱ ❛♥❞ ✐t ✐s

✉♥r❡❧✐❛❜❧❡�

✁♦t❛❧ ✂✴☎ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ✆❘✝s t❤✉s ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ✁❛❜❧❡ ✞�✶✵�

✟✷✰✠✡✰

✁❛❜❧❡ ✞�✶✵ ❧✐sts t❤❡ ✆❘✝ ✆✷✰✴☎✰ ✐♦♥✐❝ r❛t✐♦s ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ ✆ ☛☛ ❧✐♥❡s ♦❢

♠♦st❧② ♠✉❧t✐♣❧❡t ❱✶ ❛♥❞ s♦♠❡ ♠✉❧t✐♣❧❡t ❱☞✽� ✁❤❡ ❛❜✉♥❞❛♥❝❡s ❢r♦♠ t❤❡ q✉❛rt❡t✲

q✉❛rt❡t tr❛♥s✐t✐♦♥ ♦❢ ♠✉❧t✐♣❧❡t ❱✶ ✐s ❧❡ss ❝❛s❡✲s❡♥s✐t✐✈❡✱ ❛♥❞ ✐t ❤❛s ♦♥❧② ✹ ♣❡r

❝❡♥t ❞✐❢❢❡r❡♥❝❡ ❜❡t✇❡❡♥ ❝❛s❡ ✌ ❛♥❞ ✍� ☎♦✇❡✈❡r✱ ♠✉❧t✐♣❧❡t ❱☞✽ ✐s ❡①tr❡♠❡❧②

❝❛s❡✲s❡♥s✐t✐✈❡✱ ❛♥❞ t❤❡✐r ❝❛s❡ ✍ ❡❢❢❡❝t✐✈❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦❡❢✎❝✐❡♥t ✐s ☞✵ t✐♠❡s

t❤❡ ❝❛s❡ ✌ ✈❛❧✉❡s� ✁❤❡r❡❢♦r❡✱ t❤❡ ✆❘✝ ✆✷✰✴☎✰ ✐♦♥✐❝ r❛t✐♦ ❞❡r✐✈❡❞ ❢r♦♠ t❤❡

❝❛s❡✲s❡♥s✐t✐✈❡ ♠✉❧t✐♣❧❡t ❱☞✽ ✐s ❤✐❣❤❡r t❤❛♥ t❤♦s❡ ❢r♦♠ ♠✉❧t✐♣❧❡t ❱✶� ✁❤❡ ❢❛✐♥t

✆ ☛☛ ❧✐♥❡s ♦❢ ♠✉❧t✐♣❧❡t ❱☞✽ ✇✐t❤ ❤✐❣❤ ✄✉① ✉♥❝❡rt❛✐♥t✐❡s ♠❛❦❡s t❤❡ ❞❡r✐✈❡❞ ✐♦♥✐❝

❛❜✉♥❞❛♥❝❡s q✉✐❝❦❧② ✉♥r❡❧✐❛❜❧❡� ❋✉rt❤❡r♠♦r❡✱ ❛ ❞❡♣❛rt✉r❡ ❢r♦♠ ❝❛s❡ ✍ t♦✇❛r❞s

❝❛s❡ ✌ ❝❛♥ ❛❧s♦ ♦✈❡r❡st✐♠❛t❡ t❤❡ ❝❛❧❝✉❧❛t❡❞ ✆✷✰✴☎✰ ✐♦♥✐❝ r❛t✐♦s�

✁❤❡ ✐♦♥✐③❛t✐♦♥ ❝♦rr❡❝t✐♦♥ ❢❛❝t♦r ❢♦r ✆ ✐s ✭✏✑❂✏✑✰✮✷✒✓ ✔❑✐♥❣s❜✉r❣❤ ✫ ✍❛r❧♦✇

✶✾✾✹✕� ☎♦✇❡✈❡r✱ ♦♥❧② ✆✷✰ ✐s ♠❡❛s✉r❡❞ ❢r♦♠ ✆❘✝s� ❋♦❧❧♦✇✐♥❣ ❲❡ss♦♥ ❡t ❛❧�

✔☞✵✵✺✕✱ ✇❡ ❛ss✉♠❡ t❤❛t ✆✰✴✆✷✰ ❞❡r✐✈❡❞ ❢r♦♠ ✖✗✝s ✐s ❛♣♣❧✐❝❛❜❧❡ t♦ ✆❘✝s✱ s♦

✐♥st❡❛❞ t❤❡ t♦t❛❧ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡ ✐s ❞❡r✐✈❡❞ ✉s✐♥❣

✘

✏
✙

✚
✘✷✰

✏✰

✛✚
✏✑

✏✑✰

✛✷✒✓ ✜

✢✣

✚
✘✰

✘✷✰

✛

✤✥✦✧

★

✔✞�☞✹✕

✁♦t❛❧ ✆✴☎ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ✆❘✝s t❤✉s ❛r❡ ❣✐✈❡♥ ✐♥ ✁❛❜❧❡ ✞�✶✵�

✩✪✬✪✩ ✯✻✼✿✼❀❁❃✻ ❃❄❅❀●❃❀❏✼◗

✁♦t❛❧ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ❧✐st❡❞ ✐♥ ✁❛❜❧❡s ✞�✾ ❛♥❞ ✞�✶✵ ❢♦r t❤❡ st✉❞✐❡❞ ❳✂

s❛♠♣❧❡ ❛r❡ ❞❡r✐✈❡❞ ✉s✐♥❣ t❤❡ ✐♦♥✐③❛t✐♦♥ ❝♦rr❡❝t✐♦♥ ❢❛❝t♦r ✔❩❬❭✕ s❝❤❡♠❡ ♦❢ ❑✐♥❣s✲

❜✉r❣❤ ✫ ✍❛r❧♦✇ ✔✶✾✾✹✕✱ ❡①❝❡♣t ❩❬❭ ✔✖❧✕ ❢r♦♠ ✝✐✉ ❡t ❛❧� ✔☞✵✵✵✕ ❛♥❞ ❩❬❭ ✔✆❘✝s✕

❢r♦♠ ❲❛♥❣ ✫ ✝✐✉ ✔☞✵✵❪✕�

✶❫❫ ❴❵❥④⑤⑥❩❥⑦ ❥❭ ⑧④⑨⑦⑩⑥⑨❶❷ ⑦⑩❸⑤④⑨⑩ ❹❩⑥❺ ❻❼❽⑥❷⑧⑩ ❬⑩⑦⑥❶⑨④ ❾⑥⑨❶❾
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�❛❜❧❡ ✁✂✶✵✿ ✄♦♥✐❝ ❛♥❞ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ❢♦r ❝❛r❜♦♥✱ ♥✐tr♦❣❡♥ ❛♥❞ ♦①②❣❡♥

❞❡r✐✈❡❞ ❢r♦♠ ☎❘✆s✂

✝✞✟ ✠✡ ✭☛☞✮ ✌✍✎✏ ❳✑✰✴❍✰

P✒ ✻

✓✷✰ ✻✔✻✕✖✾✺ ❱✕✼✖✗✔ ✘✖✼✙✔✭✚✛✮

✜✢ ✣ ✭✓✮ ✙✖✺✻✺

✓✴❍ ✾✖✺✺✔✭✚✛✮

✤✷✰ ✺✾✘✕✖✼✽ ❱✙✽ ✘✖✙✔✔✭✚✥✮

✺✾✔✗✖✙✔ ❱✙✽ ✾✖✘✔✙✭✚✥✮

✺✔✺✙✖✗✽ ❱✙✾ ✼✖✕✘✼✭✚✥✮

☞✦✧★✩✪✧ ✻✖✺✼✔✭✚✥✮

☞✫❋✭✤✷✰✮ ✘✕✖✕✽✘

✜✢ ✣ ✭✤✮ ✙✖✺✻✺

✤✴❍ ✕✖✻✽✻✭✚✬✮

✌✘✲✘✗

✓✷✰ ✻✔✻✕✖✾✺ ❱✕✼✖✗✔ ✕✖✔✙✕✭✚✥✮

✜✢ ✣ ✭✓✮ ✕✖✻✕✻

✓✴❍ ✙✖✙✾✼✭✚✥✮

✤✷✰ ✺✻✻✻✖✻✘ ❱✘ ✼✖✺✻✽✭✚✛✮

☞✫❋✭✤✷✰✮ ✽✖✻✗✽

✤✯✰ ✔✻✔✗✖✻✔ ❱✙ ✽✖✺✙✼✭✚✛✮

✜✢ ✣ ✭✤✮ ✕✖✗✺✻

✤✴❍ ✕✖✻✾✾✭✚✥✮

❀✷✰ ✔✻✔✾✖✕✘ ❱✕ ✘✖✔✽✕✭✚✥✮

✔✻✻✕✖✻✘ ❱✕ ✔✖✗✗✾✭✚✥✮

✔✻✼✻✖✙✘ ❱✕ ✙✖✻✼✻✭✚✥✮

✔✾✗✻✖✽✘ ❱✙✽ ✔✖✼✺✕✭✚✥✮

☞✦✧★✩✪✧ ✘✖✼✙✾✭✚✥✮

☞✫❋✭❀✷✰✮ ✙✗✖✕✕✺

✜✢ ✣ ✭❀✮ ✕✖✻✕✻

❀✴❍ ✻✖✗✙✼✭✚✥✮

�❤❡ t♦t❛❧ ☎❁❂ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ✐s ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ ☎❃❁❂❃ ❛♥❞ ☎❄❃❁❂❃

r❛t✐♦s✱ ❝♦rr❡❝t✐♥❣ ❢♦r t❤❡ ✉♥s❡❡♥ ☎❅❃❁❂❃ ✉s✐♥❣✱

●

❏
❑

◗
●❃

❏❃
❲

●❄❃

❏❃

❨◗
❏❩

❏❩
❃

❨❄❬❅

❭❪❫❴

❵✁✂❥❦♣

✇❤❡r❡ t❤❡ ❂❡❃ ❛♥❞ ❂❡ ❛❜✉♥❞❛♥❝❡s ❛r❡ ❞❡r✐✈❡❞ ❢r♦♠ ☎❘✆s ✐♥ q❡❝t✐♦♥ ✁✂③✂❥✂

�❤❡ t♦t❛❧ ④❁❂ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ✐s ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ ④❃❁❂❃ r❛t✐♦✱ ❝♦rr❡❝t⑤

❆⑥⑦⑧⑨⑩❶ ❉❷❸❹⑦⑧❷❺ ✶❻❼
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�❛❜❧❡ ✁✂✶✵✿ ✭❝♦♥t✐♥✉❡❞✮

✄☎✹

✆✷✰ ✻✹✻✝✞✾✺ ❱✝✼✞✟✹ ✠✞✠✾✡☛☞✌✍

✎✏ ❢ ☛✆✍ ✝✞✝✡✟

✆✴✄ ✠✞✼✾✽☛☞✌✍

✑✷✰ ✺✻✼✾✞✺✻ ❱✠ ✹✞✹✟✾☛☞✌✍

✺✾✠✝✞✼✽ ❱✡✽ ✺✞✹✟✹☛☞✌✍

✺✾✹✟✞✡✹ ❱✡✽ ✽✞✟✼✡☛☞✌✍

✻✹✽✡✞✟✺ ❱✽ ✽✞✺✻✻☛☞✌✍

✒✈✓r✔❣✓ ✻✞✻✝✠☛☞✌✍

✒✕❋☛✑✷✰✍ ✝✞✺✼✡

✎✏ ❢ ☛✑✍ ✝✞✝✡✟

✑✴✄ ✼✞✹✟✺☛☞✌✍

✖✷✰ ✹✻✹✾✞✝✠ ❱✝ ✝✞✠✼✠☛☞✗✍

✻✻✹✝✞✟✺ ❱✹ ✡✞✾✾✼☛☞✗✍

✹✻✟✾✞✹✹ ❱✾✡✔ ✻✞✾✟✻☛☞✌✍

✒✈✓r✔❣✓ ✝✞✻✽✼☛☞✗✍

✒✕❋☛✖✷✰✍ ✹✞✝✹✟

✎✏ ❢ ☛✖✍ ✝✞✝✡✟

✖✴✄ ✝✞✽✽✾☛☞✗✍

✐♥✘ ✙♦✚ t❤❡ ✉♥s❡❡♥ ✛✜✢✣✤✢ ❛♥❞ ✛✥✢✣✤✢ ✉s✐♥✘✱

✦

✧
❂

★
✦✢

✧✢

✩★
✪

✪✢

✩
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✯✐♠✐❧❛✚❧②✱ t❤❡ ✉♥s❡❡♥ ✛❡✢✣✤✢ ✐s ❝♦✚✚❡❝t❡❞ ✙♦✚✱ ✉s✐♥✘

✦✲

✧
❂

★
✦✲

✜✢

✧✢

✩★
✪

✪✜✢

✩

✭✁✂✫❀✮

❁♦✚ s✉❧✙✉✚✱ ✇❡ ❤❛❃❡ t❤❡ ✯✢✣✤✢ ❛♥❞ ✯✜✢✣✤✢ ✚❛t✐♦s✂ �❤❡ t♦t❛❧ ✯✣✤ ❛❜✉♥❞❛♥❝❡ ✐s

❞❡✚✐❃❡❞ ✉s✐♥✘

❄

✧
❂

★
❄✢

✧✢
❅

❄✜✢

✧✢

✩●

❏❑

★

❏❑
✪✢

✪

✩✥
◗❘❲❳✥

✭✁✂✫❩✮

�❤❡ t♦t❛❧ ❬✚✣✤ ❛❜✉♥❞❛♥❝❡ ✚❛t✐♦ ✐s ❞❡✚✐❃❡❞ ✉s✐♥✘ t❤❡ ✙♦❧❧♦✇✐♥✘ ❡q✉❛t✐♦♥✱ ❛ss✉♠❭

✐♥✘ ❬✚✢✣❬✚ ❪ ✛✢✣✛✿

❫❴

✧
❂

★
❫❴✜✢

✧✢
❅

❫❴✥✢

✧✢
❅

❫❴❵✢

✧✢

✩★

❏❑
✦✢

✦

✩❘❲

✭✁✂✫❥✮

✶✬❩ ❦♣①③④⑤⑥①⑦ ①⑧ ⑨③⑩⑦❶⑤⑩❷❸ ⑦❶❹④③⑩❶ ❺⑥⑤❻ ❼❽❾⑤❸⑨❶ ❿❶⑦⑤❷⑩③ ➀⑤⑩❷➀
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�❛❜❧❡ ✁✂✶✵✿ ✭❝♦♥t✐♥✉❡❞✮

✄☎✆✷✾✼

☎✝✰ ✻✆✺✆✞✟✠ ❱✆✻✞✡✟ ✺✞✾✡✷☛☞✌✍

✻✟✻✆✞✾✺ ❱✆✼✞✡✟ ✟✞✡✟✾☛☞✌✍

✺✡✻✡✞✡✡ ✷✞✾✷✺☛☞✌✍

✎✈✏r✑❣✏ ✟✞✷✾✷☛☞✌✍

✒✓ ❢ ☛☎✍ ✆✞✠✡✡

☎✴❍ ✺✞✺✼✾☛☞✌✍

✔✝✰ ✺✻✼✾✞✺✻ ❱✠ ✷✞✡✺✼☛☞✌✍

✺✾✠✆✞✼✽ ❱✷✽ ✼✞✽✷✆☛☞✌✍

✟✺✺✷✞✺✠ ❱✺✽✑ ✆✞✟✆✡☛☞✕✍

✎✈✏r✑❣✏ ✼✞✾✾✠☛☞✌✍

✎✖❋☛✔✝✰✍ ✻✞✷✻✽

✔✗✰ ✟✻✟✡✞✻✟ ❱✷ ✟✞✻✠✡☛☞✌✍

✒✓ ❢ ☛✔✍ ✆✞✡✺✠

✔✴❍ ✆✞✠✷✾☛☞✕✍

✘✝✰ ✟✻✟✾✞✆✠ ❱✆ ✆✞✟✷✺☛☞✕✍

✟✻✼✻✞✷✠ ❱✆ ✻✞✼✠✷☛☞✌✍

✟✟✾✆✞✷✠ ❱✽✻✑ ✷✞✠✟✆☛☞✕✍

✟✻✡✾✞✟✟ ❱✾✷✑ ✼✞✠✻✾☛☞✌✍

✎✈✏r✑❣✏ ✆✞✷✾✟☛☞✕✍

✎✖❋☛✘✝✰✍ ✷✞✽✟✟

✒✓ ❢ ☛✘✍ ✆✞✠✡✡

✘✴❍ ✆✞✻✽✷☛☞✕✍

✙❤✷✲✎

☎✝✰ ✻✟✻✆✞✾✺ ❱✆✼✞✡✟ ✆✞✡✡✆☛☞✕✍

✒✓ ❢ ☛☎✍ ✆✞✻✟✟

☎✴❍ ✆✞✻✟✻☛☞✕✍

✔✝✰ ✟✼✽✽✞✆✠ ❱✷✡ ✟✞✡✟✻☛☞✕✍

✎✖❋☛✔✝✰✍ ✷✾✞✆✽✾

✒✓ ❢ ☛✔✍ ✆✞✻✟✟

✔✴❍ ✻✞✻✺✆☛☞✕✍

✘✝✰ ✟✾✡✻✞✽✠ ❱✷✽ ✽✞✷✟✼☛☞✕✍

✄✚✛ ✜✢ ☛✣✎✍ ✤✥✦✧ ❳★✰✴❍✰

✎✖❋☛✘✝✰✍ ✷✼✞✼✠✡

✒✓ ❢ ☛✘✍ ✆✞✻✟✟

✘✴❍ ✆✞✠✺✻☛☞✩✍

❆s✪❦✫✬③ ❉✯✱❀✪❦✯❁ ✶❂❃
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�❛❜❧❡ ✁✂✶✵✿ ✭❝♦♥t✐♥✉❡❞✮

✄☎✆✲✆

✝✷✰ ✻✆✺✆✞✹✟ ❱✆✻✞✠✹ ✼✞✠✺✺✡☛☞✌

✻✹✻✆✞✾✺ ❱✆✼✞✠✹ ✾✞✟✹✺✡☛☞✌

✍✈☎r✎❣☎ ✽✞✏✠✠✡☛☞✌

✑✒ ❢ ✡✝✌ ✆✞✆✺✺

✝✴✓ ✾✞✹✼✟✡☛☞✌

✔✷✰ ✺✻✼✾✞✺✻ ❱✟ ✆✞✻✟✼✡☛☞✌

✺✾✟✆✞✼✽ ❱✏✽ ✼✞✏✻✺✡☛☞✌

✺✾✹✆✞✻✺ ❱✏✽ ✆✞✠✺✻✡☛☞✌

✺✹✾✺✞✻✼ ❱✏✾ ✆✞✻✻✹✡☛✕✌

✍✈☎r✎❣☎ ✻✞✻✺✠✡☛☞✌

✍✖❋✡✔✷✰✌ ✹✞✼✆✺

✑✒ ❢ ✡✔✌ ✆✞✆✺✺

✔✴✓ ✼✞✻✽✏✡☛☞✌

✗✷✰ ✹✾✠✻✞✽✟ ❱✏✽ ✟✞✽✹✏✡☛✕✌

✹✻✹✾✞✆✟ ❱✆ ✺✞✻✠✺✡☛☞✌

✍✈☎r✎❣☎ ✏✞✏✠✆✡☛✕✌

✍✖❋✡✗✷✰✌ ✻✞✏✾✽

✑✒ ❢ ✡✗✌ ✆✞✆✺✺

✗✴✓ ✏✞✺✹✟✡☛✕✌

✘✆✲✟✏

✝✷✰ ✻✹✻✆✞✾✺ ❱✆✼✞✠✹ ✆✞✏✻✾✡☛✕✌

✑✒ ❢ ✡✝✌ ✆✞✺✼✺

✝✴✓ ✏✞✠✠✠✡☛✕✌

✔✷✰ ✺✼✆✠✞✼✼ ❱✏✽ ✏✞✹✆✼✡☛✕✌

✻✆✼✠✞✆✼ ❱✺✽✎ ✺✞✆✹✻✡☛✕✌

✍✈☎r✎❣☎ ✟✞✼✽✆✡☛✕✌

✍✖❋✡✔✷✰✌ ✆✺✞✹✽✽

✑✒ ❢ ✡✔✌ ✆✞✺✼✺

✔✴✓ ✺✞✾✺✼✡☛✕✌

❲❡ ✉s❡❞ t❤❡ ✙♦❧❧♦✇✐♥✚ ❡q✉❛t✐♦♥ ✚✐✛❡♥ ❜② ✜✐✉ ❡t ❛❧✂ ✭✢✵✵✵✮ ❛❝❝♦✣❞✐♥✚ t♦ t❤❡

✐♦♥✐③❛t✐♦♥ ♣♦t❡♥t✐❛❧ ♦✙ ✤❧ ❛♥❞ ✥ ✐♦♥ st❛✚❡s✿

✦✧

★
❂

✩
✦✧
✪✫

★✫

✬✩
✯

✯✪✫

✬

✭✁✂✁✵✮

�❛❜❧❡ ✁✂✶✶ ❝♦♠♣❛✣❡s t♦t❛❧ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ❜② ♥✉♠❜❡✣ ✇✐t❤ ✣❡s✉❧ts ❞❡✱

t❡✣♠✐♥❡❞ ♣✣❡✛✐♦✉s❧②❀ ✙♦✣ ❁❡❀ ✤❀ ❃❀ ❄❀ ❃❡❀ ✥❀ ❅✣ ❛♥❞ ✤❧ ✙♦✣ t❤❡ ✶● ❏❃❡ ❛♥❛❧②③❡❞ ✐♥

t❤✐s ✇♦✣❦❀ ✚✐✛❡♥ ✐♥ ❧♦✚❛✣✐t❤♠✐❝ ✉♥✐ts ✣❡❧❛t✐✛❡ t♦ ❤②❞✣♦✚❡♥ ✇❤❡✣❡ ✧❑◗❘✭❁✮ ❳ ✶✢✂

✶●✵ ❩❬❭❪❫❴❵❭❥ ❭① ④❪⑤❥⑥❴⑤⑦⑧ ❥⑥⑨❫❪⑤⑥ ⑩❵❴❶ ❷❸❹❴⑧④⑥ ❺⑥❥❴⑦⑤❪ ❻❴⑤⑦❻
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�❛❜❧❡ ✁✂✶✵✿ ✭❝♦♥t✐♥✉❡❞✮

✄☎✲✆✺

✝✷✰ ✻✆✺✆✞✟☎ ❱✆✻✞✠✟ ✽✞✆✺✼✡☛☞✌

✻✟✻✆✞✾✺ ❱✆✼✞✠✟ ✻✞✠✟✼✡☛☞✌

✍✈✎r✏❣✎ ✼✞✆✠✑✡☛☞✌

✒✓ ❢ ✡✝✌ ✆✞✠✟☎

✝✴❍ ✼✞✟✠✽✡☛☞✌

✔✷✰ ✺✻✻✻✞✻☎ ❱✑✽ ☎✞✆✑✟✡☛☞✌

✺✻✼✾✞✺✻ ❱✑✽ ☎✞✽✆✟✡☛☞✌

✍✈✎r✏❣✎ ☎✞✟✻✾✡☛☞✌

✍✕❋✡✔✷✰✌ ✠✞✽✺✾

✒✓ ❢ ✡✔✌ ✆✞✠✟☎

✔✴❍ ☎✞✻✆✾✡☛☞✌

✖✷✰ ✟✻✺✠✞✽✟ ❱✆ ✾✞✺✑✑✡☛✗✌

✍✕❋✡✖✷✰✌ ✆✑✞✆✾✼

✒✓ ❢ ✡✖✌ ✆✞✠✟☎

✖✴❍ ✾✞✾☎✑✡☛✗✌

�❤❡ ❡❧❡♠❡♥t ❛❜✉♥❞❛♥❝❡s ♦✘ ✙❡ ❛♥❞ ✚ ❛✛❡ ❞❡✛✐✜❡❞ ✘✛♦♠ t❤❡ ✢❘✣s ❛♥❛❧②s✐s✱ ❛♥❞

✤✱ ✢✱ ✤❡✱ ✥✱ ✦✛✱ ❛♥❞ ✚❧ ✘✛♦♠ t❤❡ ❡♠♣✐✛✐❝❛❧ ♠❡t❤♦❞ ❜❛s❡❞ ♦♥ ✚✧✣ ❛♥❛❧②s✐s✂ �❤❡

✛❡s✉❧ts ♦❜t❛✐♥❡❞ ✐♥ t❤✐s ✇♦✛❦ ❛✛❡ ★❡♥❡✛❛❧❧② ✐♥ ❞❡❝❡♥t ❛★✛❡❡♠❡♥t ✇✐t❤ ♣✛❡✜✐♦✉s

❞❡t❡✛♠✐♥❛t✐♦♥s✂ ✣❛✛★❡ ❞✐s❝✛❡♣❛♥❝✐❡s ✇✐t❤ ♣✛❡✜✐♦✉s st✉❞✐❡s ✘✛♦♠ s♦♠❡ ❡❧❡♠❡♥ts

❛✛❡ ❧✐❦❡❧② ❛tt✛✐❜✉t❡❞ t♦ ♦❧❞ ❛t♦♠✐❝ ❞❛t❛ ❛♥❞ ❞✐✘✘❡✛❡♥t ♣❤②s✐❝❛❧ ❝♦♥❞✐t✐♦♥s ❛s✩

s✉♠❡❞ ✘♦✛ t❤❡ ❝❛❧❝✉❧❛t✐♦♥s✂

✪✫✬✫✬ ✯❀❁❂❃❄❁ ❅●❏❑P◗❲❳❨❑❩ ❑❬PP◗❭❳❪●❬❨❏

❫t ❤❛s ❜❡❡♥ s❤♦✇♥ t❤❛t t❤❡ ✢❘✣❴✚✧✣ ❛❜✉♥❞❛♥❝❡ ❞✐s❝✛❡♣❛♥❝② ✐s ❝❧♦s❡❧② ❝♦✛✩

✛❡❧❛t❡❞ ✇✐t❤ t❤❡ ❞✐❝❤♦t♦♠② ♦✘ t❡♠♣❡✛❛t✉✛❡ ❞❡✛✐✜❡❞ ✘✛♦♠ ✘♦✛❜✐❞❞❡♥ ❧✐♥❡s ❛♥❞

✘✛♦♠ ✛❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s✱ ✇❤✐❧❡ t❤❡② ❛✛❡ ❛❧s♦ ❝♦✛✛❡❧❛t❡❞ ✇✐t❤ ✜❛✛✐♦✉s ♥❡❜✉❧❛✛

♣❤②s✐❝❛❧ q✉❛♥t✐t✐❡s s✉❝❤ ❛s s✉✛✘❛❝❡ ❜✛✐★❤t♥❡ss✱ ❞✐❛♠❡t❡✛✱ ♠❡t❛❧❧✐❝✐t②✱ ❞❡♥s✐t② ❛♥❞

❡①❝✐t❛t✐♦♥ ❝❧❛ss ✭✣✐✉ ❡t ❛❧✂ ❵✵✵✶❥ �s❛♠✐s ❡t ❛❧✂ ❵✵✵③❥ ✣✐✉ ❡t ❛❧✂ ❵✵✵③❛❥ ④❤❛♥★ ❡t ❛❧✂

❵✵✵③❥ ⑤❡ss♦♥ ❡t ❛❧✂ ❵✵✵⑥❥ ⑤❛♥★ ⑦ ✣✐✉ ❵✵✵⑧❥ �s❛♠✐s ❡t ❛❧✂ ❵✵✵⑨❥ ⑩❛✛❝➫❶❛✩❘♦❷❛s
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✗✝✰ ✹✻✹✾✞☎✠ ❱☎ ✾✞✼✷✻✡☛☞✌

✹✾✟✻✞✽✠ ❱✷✽ ✷✞✺✹✽✡☛✒✌
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✹✻✻☎✞✻✠ ❱☎ ☎✞✽✺✷✡☛✒✌
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✑✴❍ ✏✟✺✞✽✡☛☞✌
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☎✻✠✾✟☎☎ ❱✾✷✔ ☎✟✻✾✼✡☛☞✌

✒✈✓r✔❣✓ ☎✟✺✽✷✡☛☞✌

✒✕❋✡✖✝✰✌ ✷✟✞✻✼

✍✎ ❢ ✡✖✌ ✞✟✠✺✷

✖✴❍ ☎✟✽✷✞✡☛☞✌

❆s❤❦✚✛③ ❉✜✢✣❤❦✜✤ ✶✥✁



✸✳ P❍❨❙■❈❆▲ ❈❖◆❉■❚■❖◆❙ ❆◆❉ ❈❍❊▼■❈❆▲ ❆❇❯◆❉❆◆❈❊❙

�❛❜❧❡ ✁✂✶✵✿ ✭❝♦♥t✐♥✉❡❞✮

✄●☎✻✻✷✾

☎✆✰ ✻✹✻✝✞✾✺ ❱✝✼✞✟✹ ✺✞✟✟✠✡☛☞✌

✍✎ ❢ ✡☎✌ ✝✞✝✟✟

☎✴✏ ✺✞✺✟✷✡☛☞✌

✄✆✰ ✺✻✼✾✞✺✻ ❱✠ ✷✞✻✹✼✡☛☞✌

✺✼✝✟✞✼✼ ❱✠ ✷✞✹✺✠✡☛☞✌

✹✽✟✠✞✷✾ ❱✷✟ ✾✞✝✼✟✡☛☞✌

✺✾✠✝✞✼✽ ❱✷✽ ✷✞✝✺✟✡☛☞✌

✑✈✒r✓❣✒ ✹✞✝✟✺✡☛☞✌

✑✔❋✡✄✆✰✌ ✝✾✞✟✟✟

✍✎ ❢ ✡✄✌ ✝✞✝✟✟

✄✴✏ ✹✞✺✝✹✡☛☞✌

✕✆✰ ✹✻✹✾✞✝✠ ❱✝ ✻✞✺✟✹✡☛☞✌

✹✻✼✻✞✷✠ ❱✝ ✺✞✝✝✺✡☛☞✌

✹✾✟✻✞✽✠ ❱✷✽ ✠✞✟✽✠✡☛✖✌

✹✽✾✟✞✽✻ ❱✷✽ ✹✞✝✻✹✡☛✖✌

✹✹✾✝✞✷✠ ❱✽✻✓ ✝✞✹✺✷✡☛✖✌

✑✈✒r✓❣✒ ✝✞✾✼✷✡☛✖✌

✑✔❋✡✕✆✰✌ ✺✞✷✠✼

✍✎ ❢ ✡✕✌ ✝✞✝✟✟

✕✴✏ ✷✞✝✻✾✡☛✖✌

✗✓ ✠✲✝✟✼

☎✆✰ ✻✹✻✝✞✾✺ ❱✝✼✞✟✹ ✺✞✻✷✾✡☛☞✌

✍✎ ❢ ✡☎✌ ✝✞✟✹✷

☎✴✏ ✺✞✽✻✹✡☛☞✌

✄✆✰ ✺✼✝✟✞✼✼ ❱✠ ✷✞✻✼✼✡☛✖✌

✺✾✠✝✞✼✽ ❱✷✽ ✝✞✠✟✼✡☛✖✌

✑✈✒r✓❣✒ ✝✞✾✾✷✡☛✖✌

✑✔❋✡✄✆✰✌ ✠✠✞✾✝✷

✄✘✰ ✹✻✹✟✞✻✹ ❱✷ ✝✞✝✺✝✡☛☞✌

✍✎ ❢ ✡✄✌ ✝✞✟✠✷

✄✴✏ ✷✞✝✼✺✡☛✖✌

✕✆✰ ✹✾✟✻✞✽✠ ❱✷✽ ✠✞✟✟✹✡☛✖✌

✹✽✾✟✞✽✻ ❱✷✽ ✼✞✠✹✹✡☛✖✌

✑✈✒r✓❣✒ ✺✞✝✼✹✡☛✖✌

✑✔❋✡✕✆✰✌ ✹✽✞✻✺✼

✍✎ ❢ ✡✕✌ ✝✞✟✹✷

✕✴✏ ✺✞✠✽✾✡☛✖✌

✶✙✚ ✛✜✢✣✤✥✦✢✧ ✢★ ♣✣✩✧✪✥✩✫② ✧✪✬✤✣✩✪ ✇✦✥❤ ❲❘✯✥②♣✪ ✱✪✧✥✫✩✣ s✥✩✫s



✸✳✹✳ ■❖◆■❈ ❆◆❉ ❊▲❊▼❊◆❚❆▲ ❆❇❯◆❉❆◆❈❊❙

�❛❜❧❡ ✁✂✶✶✿ ✄♦♠♣☎r✐s♦♥ ♦❢ ✆✝✆♠✆♥t☎✝ ☎✞✉♥❞☎♥❝✆s ❞✆r✐✈✆❞ ❤✆r✆ ❢r♦♠ ✟❘✠s ☎♥❞ ✄✡✠s ✇✐t❤

t❤♦s✆ ❢♦✉♥❞ ✐♥ ♣r✆✈✐♦✉s st✉❞✐✆s✱ ♦♥ ☎ ✝♦❣☎r✐t❤♠✐❝ s❝☎✝✆ ✇❤✆r✆ ❍ ❂ ☛✷☞ ❘✆❢✆r✆♥❝✆s✌ ✍✽✻✱ ✍✝✝✆r

✆t ☎✝☞ ✭☛✾✽✻✮❀ ✍✽✼✱ ✍✝✝✆r ✫ ❑✆②✆s ✭☛✾✽✼✮❀ ✄✾✻✱ ✄♦st☎ ✆t ☎✝☞ ✭☛✾✾✻✮❀ ✄✵✾✱ ✄❤✐☎♣♣✐♥✐ ✆t ☎✝☞ ✭✷✵✵✾✮❀

✎✾✼✱ ✎✆ ✏☎r❝♦ ✆t ☎✝☞ ✭☛✾✾✼✮❀ ●✵✼✱ ●✐r☎r❞ ✆t ☎✝☞ ✭✷✵✵✼✮❀ ●✵✾✱ ●☎r❝➫✑☎✲❘♦❥☎s ✆t ☎✝☞ ✭✷✵✵✾✮❀ ●☛✒✱

●☎r❝➫✑☎✲❘♦❥☎s ✆t ☎✝☞ ✭✷✵☛✒✮❀ ❍✾✵✱ ❍✆♥r② ✭☛✾✾✵✮❀ ❍✾✻✱ ❍✆♥r② ✆t ☎✝☞ ✭☛✾✾✻✮❀ ❍✵✓✱ ❍✆♥r② ✆t ☎✝☞

✭✷✵✵✓✮ ☎♥❞ ✏✐✝✐♥❣♦ ✆t ☎✝☞ ✭✷✵✵✷✮❀ ❑✾☛✱ ❑☎✝✆r ✆t ☎✝☞ ✭☛✾✾☛✮❀ ❑✍✾☛✱ ❑♦✆♣♣✆♥ ✆t ☎✝☞ ✭☛✾✾☛✮❀ ❑✾✓✱

❑✐♥❣s✞✉r❣❤ ✫ ✔☎r✝♦✇ ✭☛✾✾✓✮❀ P✵☛✱ P✆➌♥☎ ✆t ☎✝☞ ✭✷✵✵☛✮ ☎♥❞ P✆➌♥☎ ✆t ☎✝☞ ✭☛✾✾✽✮❀ P☛☛✱ P♦tt☎s❝❤

✆t ☎✝☞ ✭✷✵☛☛✮❀ ❘✾✼✱ ❘☎t☎❣ ✆t ☎✝☞ ✭☛✾✾✼✮❀ ✕✾✽✱ ✕t☎s✐➫♥s❦☎ ✆t ☎✝☞ ✭☛✾✾✽✮❀ ✖✼✼✱ ✖♦rr✆s✲P✆✐♠✞✆rt ✫

P✆✐♠✞✆rt ✭☛✾✼✼✮❀ ❲✽✽✱ ❲✆✞st✆r ✭☛✾✽✽✮❀ ❲✵✼✱ ❲☎♥❣ ✫ ✠✐✉ ✭✷✵✵✼✮✌ ✎☛✒✱ t❤✐s ❝❤☎♣t✆r☞

✗✆✞✉✝☎ ❘✆❢☞ ❍✆ ✄ ✗ ✟ ✗✆ ✕ ✍r ✄✝

✟❘✠ ✟❘✠ ✄✡✠ ✄✡✠ ✄✡✠ ✄✡✠ ✄✡✠ ✄✡✠

P✔ ✻ ✎☛✒ ☛☛☞☛✼ ✽☞✾✽ ✽☞✼✒ ✽☞✺✽ ✽☞✵✒ ✻☞✻✺ ✻☞✒✓ ✓☞✾✒

●✵✾ ☛☛☞✷✻ ✾☞✺☛ ✽☞✼✵ ✽☞✺✺ ✽☞✵✓ ✻☞✺✵ ✻☞✷✵ ✺☞✺☛

●✵✼ ☛☛☞☛✻ ✽☞✾✓ ✽☞✼✾ ✽☞✷✒ ✻☞✽✷ ✻☞☛✷

❍✵✓ ☛☛☞✷✒ ✽☞✽✽ ✽☞✽✒ ✽☞✵✻ ✻☞✒☛ ✻☞✼✼ ✺☞✷✻

P✵☛ ☛☛☞✷✓ ✽☞✼✓ ✽☞✺✾ ✽☞✵✷

❍✾✻ ☛☛☞✒✵ ✽☞✓✒ ✽☞✽✵ ✽☞✵✺

❑✾☛ ☛☛☞✷✒ ✽☞✽✺ ✽☞✻✼ ✽☞✺✾ ✽☞✵✷ ✻☞✻✓ ✺☞✾✼

✖✼✼ ☛☛☞✷✻ ✽☞✾✓ ✽☞✼✷ ✽☞✵✽

✏✒✲✒✵ ✎☛✒ ☛☛☞✵✾ ✾☞✒✻ ✽☞☛✺ ✽☞✓✽ ✽☞✵☛ ✻☞✽☛ ✻☞✷✼ ✺☞✷✵

●✵✼ ☛☛☞✵✾ ✼☞✵✷ ✽☞✓✽ ✻☞✾☛ ✻☞✺✒

P✵☛ ☛☛☞✷✒ ✽☞✷✾ ✽☞✓✺ ✼☞✽✼

❍✞ ✓ ✎☛✒ ☛☛☞✵✒ ✽☞✺✽ ✽☞✻✼ ✽☞✻✻ ✽☞☛✓ ✼☞✷✼ ✻☞✓✓ ✺☞✒✽

●☛✒ ☛☛☞✵✻ ✾☞✵✼ ✽☞✺✺ ✽☞✼✾ ✽☞☛✼ ✼☞✵☛ ✻☞✼✒ ✺☞✒✼

●✵✼ ☛☛☞✵✷ ✽☞✻✵ ✽☞✼✷ ✽☞☛✻ ✼☞✵✽ ✻☞✓✾ ✺☞☛✼

P✵☛ ☛☛☞☛✓ ✽☞✷✒ ✽☞✼✒ ✽☞✒✒

✄✾✻ ☛☛☞☛✒ ✽☞☛✵ ✽☞✽✾ ✽☞✷✽ ✼☞✒✵ ✻☞✼✒

❑✍✾☛ ☛☛☞✵☛ ✽☞✒✼ ✽☞✾✷ ✼☞☛✻ ✻☞✻✷

❍✾✵ ☛☛☞☛☛ ✽☞✓✻ ✽☞✼✼ ✽☞✵✒

✍✽✼ ☛☛☞☛✵ ✽☞✒✓ ✽☞✻✽ ✽☞☛✵ ✻☞✽✾ ✻☞✷✻

✘✄☛✷✾✼ ✎☛✒ ☛☛☞✵✒ ✽☞✼✺ ✽☞✷✷ ✽☞✼✼ ✽☞✒✓ ✼☞✵✾ ✻☞✷✽ ✺☞✷✺

●✵✼ ☛☛☞✵✺ ✽☞✒✼ ✽☞✼✼ ✽☞☛✵ ✼☞☛✵ ✻☞✷✼ ✺☞✒✼

❍✵✓ ☛☛☞☛☛ ✽☞✒✺ ✽☞✽✻ ✽☞✷✓ ✻☞✽✻ ✻☞✓✷ ✺☞✷✾

❑✍✾☛ ☛☛☞✵✺ ✽☞✓✷ ✽☞✽✾ ✼☞✵✷ ✻☞✷✽

✍✽✻ ☛☛☞✵✺ ✽☞✓✻ ✽☞✼✼ ✽☞☛✓ ✼☞✵✼ ✻☞✷✒

❆✙✚✛✜✢③ ❉✣✤✥✚✛✣✦ ✶✧★
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✄☎✆✝✞✟ ❘☎❢✠ ✡☎ ☛ ✄ ☞ ✄☎ ✌ ✍r ☛✞

☞❘✎ ☞❘✎ ☛✏✎ ☛✏✎ ☛✏✎ ☛✏✎ ☛✏✎ ☛✏✎

✑❤✷✲✍ ✒✓✔ ✓✓✠✵✵ ✾✠✷✷ ✽✠✔✻ ✽✠✻✾ ✽✠✷✺ ✻✠✼✽ ✻✠✷✽

✡✵✹ ✓✓✠✓✓ ✽✠✹✽ ✽✠✼✾ ✽✠✷✾ ✻✠✻✹ ✻✠✺✓ ✹✠✽✼

❑✾✹ ✓✵✠✾✻ ✽✠✷✼ ✽✠✻✼ ✽✠✓✼ ✻✠✺✹ ✺✠✾✔
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●✓✔ ✓✓✠✓✵ ✾✠✼✺ ✽✠✹✹ ✽✠✼✹ ✼✠✻✾ ✼✠✓✼ ✻✠✾✾ ✺✠✹✼

●✵✼ ✓✓✠✵✼ ✽✠✔✺ ✽✠✻✻ ✼✠✺✽ ✼✠✔✹ ✻✠✽✾ ✹✠✾✔

✕✵✓ ✓✓✠✓✵ ✽✠✔✼ ✽✠✔✹ ✽✠✾✓

✖✔✲✓✺ ✒✓✔ ✓✓✠✵✹ ✽✠✽✼ ✽✠✻✷ ✽✠✾✓ ✽✠✓✾ ✼✠✔✷ ✻✠✹✼ ✺✠✹✽

●✓✔ ✓✓✠✵✔ ✽✠✽✺ ✽✠✔✔ ✽✠✽✓ ✽✠✵✷ ✼✠✷✓ ✻✠✹✾ ✺✠✔✵

☛✵✾ ✓✓✠✓✷ ✽✠✺✺ ✽✠✽✓ ✼✠✷✺ ✻✠✻✓ ✻✠✽✔

●✵✼ ✓✵✠✾✾ ✽✠✵✓ ✽✠✔✻ ✼✠✻✽ ✻✠✼✷ ✻✠✓✹ ✹✠✼✼

✡✵✹ ✓✓✠✓✓ ✽✠✹✹ ✽✠✽✽ ✽✠✓✽ ✻✠✾✷ ✻✠✺✵ ✺✠✹✵

✕✵✓ ✓✓✠✓✺ ✽✠✹✽ ✽✠✼✹ ✼✠✽✹

✌✾✽ ✓✓✠✵✺ ✽✠✔✷ ✽✠✽✾ ✽✠✔✻

❘✾✼ ✓✓✠✵✔ ✽✠✓✹ ✽✠✼✹ ✼✠✽✻ ✻✠✽✻ ✻✠✺✔

✡✾✵ ✓✓✠✵✓ ✻✠✼✷ ✽✠✺✓ ✼✠✻✷

✍✽✼ ✓✓✠✵✔ ✽✠✵✽ ✽✠✹✓ ✼✠✹✽ ✻✠✼✵ ✻✠✺✵

✖✓✲✷✺ ✒✓✔ ✓✓✠✵✓ ✽✠✼✾ ✽✠✹✓ ✽✠✼✔ ✼✠✻✷ ✼✠✷✻ ✻✠✻✻ ✺✠✔✓

●✓✔ ✓✓✠✵✾ ✽✠✾✻ ✽✠✹✵ ✽✠✽✼ ✼✠✼✓ ✼✠✷✷ ✻✠✾✷ ✺✠✺✵

☛✵✾ ✓✓✠✓✼ ✽✠✹✺ ✽✠✻✽ ✼✠✹✾ ✼✠✓✼ ✻✠✼✼ ✻✠✔✼

●✵✼ ✓✓✠✵✾ ✽✠✹✓ ✽✠✼✺ ✼✠✹✼ ✼✠✷✻ ✻✠✻✻ ✺✠✔✓

✡✵✹ ✓✓✠✓✽ ✽✠✔✹ ✽✠✼✵ ✼✠✺✺ ✻✠✾✻ ✻✠✺✷ ✺✠✔✵

✕✵✓ ✓✓✠✓✔ ✽✠✻✵ ✽✠✼✵ ✼✠✷✔

✌✾✽ ✓✓✠✓✵ ✽✠✷✺ ✾✠✵✾

❘✾✼ ✓✓✠✓✵ ✽✠✽✷ ✾✠✵✽ ✽✠✹✓ ✼✠✹✼ ✻✠✾✷ ✺✠✾✾

❑✍✾✓ ✓✓✠✵✼ ✽✠✔✷ ✽✠✾✾ ✼✠✔✔ ✻✠✻✼ ✺✠✹✽

❲✽✽ ✓✓✠✓✓ ✽✠✓✾ ✽✠✾✹
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●✵✼ ✑✵✠✻✼ ✽✠✷✷ ✽✠✾✺ ✻✠✾✵ ✺✠✒✵ ✺✠✑✷

❍☎✏✔✲✑✔✔✔ ✓✑✔ ✽✠✔✔ ✽✠✾✔ ✼✠✔✻

✓✾✼ ✼✠✾✷ ✽✠✻✽ ✼✠✵✵

❍☎✏✷✲✑✑✔ ✓✑✔ ✽✠✵✷ ✽✠✻✵ ✻✠✽✾

✓✾✼ ✼✠✽✷ ✽✠✻✽ ✻✠✺✾

❑ ✷✲✑✻ ✓✑✔ ✼✠✼✼ ✽✠✑✽ ✻✠✔✻
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❍✵✒ ✑✑✠✵✒ ✼✠✽✵ ✽✠✻✺ ✼✠✾✺ ✻✠✺✵ ✻✠✷✽ ✒✠✾✽

P✵✑ ✑✵✠✾✼ ✼✠✺✼ ✽✠✻✷ ✼✠✼✺

✌✽✼ ✑✵✠✾✒ ✼✠✼✻ ✽✠✻✵ ✼✠✼✼ ✻✠✺✺ ✻✠✻✵

☞✟ ✔✲✑✵✼ ✓✑✔ ✑✑✠✵✻ ✽✠✼✼ ✼✠✼✾ ✽✠✵✒ ✻✠✔✵

❆s❤❦✖✗③ ❉✘✙✚❤❦✘✛ ✶✜✜
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�❡ ✁ r❡❝♦♠❜✐♥❛t✐♦♥✲❧✐♥❡ t❡♠♣❡r❛t✉r❡s

✂✄❬☎✆✆❪ ✑ ✄✝✭✞✟✠✠✡✮☛✄✝✭☞✌✠✮✿ ✍✎✏✎✷✒

✓❤❡ r❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ✔✕❋✭✖✗✰✮ ❛♥❞ ✂✄❬☎✆✆❪ ❢♦r t❤❡ ✶✶ ♦❜❥❡❝ts ♣❧♦tt❡❞ ✐♥ ✘✐❣✏ ✎✏✶✶

✍t♦♣✒ ❝❛♥ ❜❡ ✙tt❡❞ ❜②✱

✚✛✜✔✕❋✭✖
✗✰
✮ ❂✭✵✿✢✻✹✣✵✿✢✺✺✮✤✭✥✵✿✢✵✺✣✻✿✼✵✵✮✦✥✵

✧★

✦✂✄❬☎✆✆❪✭❑✮❀ ✍✎✏✎✎✒

✇✐t❤ ❛ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✙❝✐❡♥t ♦❢ ✩✏✪✫✏

✘✐❣✏ ✎✏✶✶ ✍❜♦tt♦♠✒ s❤♦✇s ✂✄❬✬✆✆✆❪ ✑ ✄✝✭✯✴ ✁✁✁✽✮☛✄✝✭�❡ ✁✮ ♣❧♦tt❡❞ ❛❣❛✐♥st ✾❁✘

✭✖✗✰✮✏ ✾ ❧✐♥❡❛r ✙t t♦ t❤❡ ✶✩ ❃❄❡ ♣❧♦tt❡❞ ✐♥ t❤❡ ✙❣✉r❡ ②✐❡❧❞s

✚✛✜✔✕❋✭✖
✗✰
✮ ❂✭✵✿✢❅❅✣✵✿●●✹✮✤✭❏✿✵✺✵✣✹✿✵❏✹✮✦✥✵

✧★

✦✂✄❬✬✆✆✆❪✭❑✮❀ ✍✎✏✎✪✒

✇✐t❤ ❛ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✙❝✐❡♥t ♦❢ ✩✏✫◗✏

❃r❡✈✐♦✉s❧②✱ ❘✐✉ ❡t ❛❧✏ ✍✷✩✩✶✒ ❢♦✉♥❞ t❤❛t ✾❁✘✍✴✗✰✒ ✐s str♦♥❣❧② ❝♦rr❡❧❛t❡❞ ✇✐t❤

t❤❡ ❞✐❢❢❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ✯✴ ✁✁✁✽ ❢♦r❜✐❞❞❡♥✲❧✐♥❡ ❛♥❞ � ✁ ❱❛❧♠❡r ❥✉♠♣ ❡❧❡❝tr♦♥

t❡♠♣❡r❛t✉r❡s❲

✚✛✜✔✕❋✭✖
✗✰
✮ ❂ ✭✵✿●✥✣✵✿✵❅✮✤✭●✵✿✥✣✢✿✢✮✦✥✵

✧★
✂✄✭❑✮❀ ✍✎✏✎✫✒

✇❤❡r❡ ✂✄ ✑ ✄✝✭✞✖✠✠✠✡✮ ☛✄✝✭❳❩✮✏ ❭♦r❡♦✈❡r✱ ✓s❛♠✐s ❡t ❛❧✏ ✍✷✩✩✪✒ ❛❧s♦ ❞❡r✐✈❡❞ ❛

s✐♠✐❧❛r ❝♦rr❡❧❛t✐♦♥ ❢♦r ❛ s❛♠♣❧❡ ♦❢ ✶❫ ❃❄❡✏ ✾s s❡❡♥ ✐♥ ✘✐❣✏ ✎✏✶✶✱ t❤❡ ✴❴❘❵❦q❘

✾❁✘ ❢♦r ✴✗✰ ✐s ❝♦rr❡❧❛t❡❞ ✇✐t❤ t❤❡ ❞✐❢❢❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ♥❡❜✉❧❛r t♦ ❛✉r♦r❛❧

❢♦r❜✐❞❞❡♥✲❧✐♥❡ t❡♠♣❡r❛t✉r❡ ❛♥❞ t❤❡ � ✁ t❡♠♣❡r❛t✉r❡✏ ①❡ s❡❡ t❤❛t ❤✐❣❤❡r ✈❛❧✲

✉❡s ♦❢ ✾❁✘ ❛ss♦❝✐❛t❡s ✇✐t❤ ❤✐❣❤❡r ❦q❘✲✴❴❘ t❡♠♣❡r❛t✉r❡ ❞✐s❝r❡♣❛♥❝✐❡s✏ ❱♦t❤

❝♦rr❡❧❛t✐♦♥s ✐♥❞✐❝❛t❡ t❤❛t t❤❡r❡ ✐s ❛♥ ✐♥t✐♠❛t❡ ❝♦♥♥❡❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ♥❡❜✉❧❛r

t❤❡r♠❛❧ str✉❝t✉r❡ ❛♥❞ t❤❡ ✴❴❘❵❦q❘ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝②✏

③♥ ✘✐❣✏ ✎✏✶✷ ✇❡ ♣❧♦t t❤❡ ✴✗✰❵�✰ ✾❁✘ ✍t♦♣✒ ❛♥❞ t❤❡ ❄✗✰❵�✰ ✾❁✘ ✍❜♦tt♦♠✒

❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ✐♥tr✐♥s✐❝ ♥❡❜✉❧❛r �④ s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss ✚✛✜⑤✍�④✒✏ ✾ ❧✐♥❡❛r

✶◗⑥ ⑦⑧⑨⑩❶❷❸⑨❹ ⑨❺ ❻⑩❼❹❽❷❼❾❿ ❹❽➀❶⑩❼❽ ➁❸❷➂ ➃➄➅❷❿❻❽ ➆❽❹❷❾❼⑩ ➇❷❼❾➇
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❋✐❣✉r❡ �✁✶✶✿ ✂♦♣ ♣❛♥❡❧✿ ✂❤❡ ❞✐❢❢❡r❡♥❝❡ ✄☎❬✆✝✝❪✭❑✮ ❜❡t✇❡❡♥ t❤❡ ♥❡❜✉❧❛r ❡❧❡❝✲

tr♦♥ t❡♠♣❡r❛t✉r❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ✞✟ ✠✠✡ ☛☞✌s✱ ☎✍✭✞✟ ✠✠✡✮✱ ❛♥❞ ❢r♦♠ t❤❡ ❍❡ ✠

✎❘✌s✱ ☎✍✭❍❡ ✠✮✱ ♣❧♦tt❡❞ ❛❣❛✐♥st t❤❡ ✎❘✌✴☛☞✌ ✐♦♥✐❝ ✏✑❋ ❢♦r ✎✷✰✁ ✒♦tt♦♠ ♣❛♥❡❧✿

t❤❡ ❞✐❢❢❡r❡♥❝❡ ✄☎❬✓✝✝✝❪✭❑✮ ❜❡t✇❡❡♥ t❤❡ ♥❡❜✉❧❛r ✞✎ ✠✠✠✡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s✱

☎✍✭✞✎ ✠✠✠✡✮✱ ❛♥❞ t❤❡ ❍❡ ✠ t❡♠♣❡r❛t✉r❡s✱ ☎✍✭❍❡ ✠✮✱ ♣❧♦tt❡❞ ❛❣❛✐♥st t❤❡ ✎❘✌✴☛☞✌

✐♦♥✐❝ ✏✑❋ ❢♦r ✎✷✰✁ ✂❤❡ ❞♦tt❡❞ ❧✐♥❡ ✐s ❛ ❧✐♥❡❛r ✔t t♦ ✄☎✍ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢

✏✑❋✭✎✷✰✮✱ ❞✐s❝✉ss❡❞ ✐♥ t❤❡ t❡①t✁

❆✕✖❦✗✘③ ❉✙✚✛✖❦✙✜ ✶✼✾
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❋✐❣✉r❡ �✁✶✷✿ ✂❤❡ ✄❘☎✴✆✝☎ ✐♦♥✐❝ ✞✟❋ ❢♦r ✄✠✰ ✭t♦♣✮ ❛♥❞ ✡✠✰ ✭❜♦tt♦♠✮ ♣❧♦tt❡❞

❛❣❛✐♥st t❤❡ ❧♦❣❛r✐t❤♠✐❝ ✐♥tr✐♥s✐❝ ♥❡❜✉❧❛r ☛☞ s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss✁ ✂❤❡ ❞♦tt❡❞ ❧✐♥❡

✐s ❛ ❧✐♥❡❛r ✌t t♦ ✞✟❋✭✄✠✰✮ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ ✍✎✏✑✭☛☞✮✱ ❞✐s❝✉ss❡❞ ✐♥ t❤❡ t❡①t✁

✶✽✵ ✒✈✓✔✕✖✗✓✘ ✓✙ ✚✔✛✘✜✖✛✢② ✘✜✣✕✔✛✜ ✇✗✖✤ ❲✥✲✖②✚✜ ✦✜✘✖✢✛✔ ✧✖✛✢✧
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✂t t♦ t❤❡ ✶✷ P�❡ ♣❧♦tt❡❞ ✐♥ ❋✐❣✁ ✄✁✶✷ ✭t♦♣✮ ②✐❡❧❞s

☎✆✝✞✟✠✡☛
☞✰

✌ ❂ ✡✵✿✍✾✍ ✎ ✵✿✏✑✻✌ ✒ ✡✵✿✏✑✼ ✎ ✵✿✑✵✓✌ ☎✆✝✔✡❍❜ ✌❀ ✭✄✁✄✕✮

✇✐t❤ ❛ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✂❝✐❡♥t ♦❢ ✒✵✿✺✻✁

❲❡ ❛❧s♦ s❡❡ t❤❛t ❛ ♥❡❣❛t✐✈❡ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❡①✐sts ✖❡t✇❡❡♥ ✗✘❋✭�☞✰✴✙✰✮

❛♥❞ t❤❡ ♥❡✖✉❧❛r ✙❜ s✉r❢❛❝❡ ✖r✐❣❤t♥❡ss ❢♦r ✶✷ P�❡ ✭❋✐❣✁ ✄✁✶✷✱ ✖♦tt♦♠✮✱ ✇❤✐❝❤

❝❛♥ ✖❡ ✂tt❡❞ ✖②

☎✆✝✞✟✠✡✚
☞✰

✌ ❂ ✡✵✿✺✑✼ ✎ ✵✿✏✺✑✌ ✒ ✡✵✿✏✏✻ ✎ ✵✿✑✑✑✌ ☎✆✝✔✡❍❜ ✌❀ ✭✄✁✄✛✮

✇✐t❤ ❛ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✂❝✐❡♥t ♦❢ ✒✵✿✺✍✁

✜✐♠✐❧❛r❧②✱ ✇❡ ❢♦✉♥❞ t❤❛t ✢✣❬✤✥✥❪ ❛♥❞ ✢✣❬✦✥✥✥❪ ❛r❡ str♦♥❣❧② ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❞❡✲

❝r❡❛s✐♥❣ ♥❡✖✉❧❛r s✉r❢❛❝❡ ✖r✐❣❤t♥❡ss ✭s❡❡ ❋✐❣✁ ✄✁✶✄✮ ❛s ❢♦❧❧♦✇s

✢✣❬✤✥✥❪✡❑✌ ❂ ✡✏✺✻✑ ✎ ✽✽✑✌ ✒ ✡✑✓✑✓✿✼✏ ✎ ✓✾✾✿✵✏✌ ☎✆✝✔✡❍❜✌❀ ✭✄✁✄✧✮

✢✣❬✦✥✥✥❪✡❑✌ ❂ ✡✑✍✏✾ ✎ ✑✵✾✺✌ ✒ ✡✏✵✻✑✿✾✺ ✎ ✺✵✺✿✍✓✌ ☎✆✝✔✡❍❜✌❀ ✭✄✁✄★✮

✇✐t❤ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✂❝✐❡♥ts ♦❢ ✒✵✿✼✵ ❛♥❞ ✒✵✿✼✾✱ r❡s♣❡❝t✐✈❡❧②✁ ❲❡ s❡❡

t❤❛t t❤❡ ✗✘❋s ❛♥❞ ✩❘✪✲✫✬✪ t❡♠♣❡r❛t✉r❡ ❞✐❝❤♦t♦♠✐❡s ✢✣ ❛r❡ ❝❧♦s❡❧② ❝♦rr❡❧❛t❡❞

✇✐t❤ ❞❡❝r❡❛s✐♥❣ ♥❡✖✉❧❛r s✉r❢❛❝❡ ✖r✐❣❤t♥❡ss✁ ✯❤❡ ♥❡✖✉❧❛r s✉r❢❛❝❡ ✖r✐❣❤t♥❡ss ✐s

❛♥ ✐♥❞✐❝❛t♦r ♦❢ t❤❡ ♥❡✖✉❧❛ ❡✈♦❧✉t✐♦♥✱ s✐♥❝❡ ✐t ❞❡❝r❡❛s❡s ❞✉❡ t♦ t❤❡ ❡①♣❛♥s✐♦♥ ♦❢

t❤❡ ♥❡✖✉❧❛✱ ❛s t❤❡ ❞❡♥s✐t② ❞r♦♣s✁ ✯❤❡r❡❢♦r❡✱ t❤❡ ✩❘✪✴✫✬✪ ❛✖✉♥❞❛♥❝❡ ❞✐s❝r❡♣✲

❛♥❝② ❧✐❦❡❧② ✐s ❛ ❢✉♥❝t✐♦♥ ♦❢ ♥❡✖✉❧❛r ❡✈♦❧✉t✐♦♥✁ ❋✉rt❤❡r♠♦r❡✱ t❤❡ t❡♠♣❡r❛t✉r❡

❞✐❝❤♦t♦♠✐❡s ✐s ❝❧♦s❡❧② r❡❧❛t❡❞ t♦ t❤❡ ✗✘❋s✁

✗s s❡❡♥ ✐♥ ❋✐❣✁ ✄✁✶❁✱ ✐t s❡❡♠s t❤❛t ♦✉r ❞❛t❛ ❞♦❡s ♥♦t s❤♦✇ ❛♥② ❝❧❡❛r ❝♦rr❡✲

❧❛t✐♦♥ ✖❡t✇❡❡♥ t❤❡ ✩☞✰✴✙✰ ❛♥❞ t❤❡ ❡①❝✐t❛t✐♦♥ ❝❧❛ss ✭✬✫✮✱ ✇❤✐❝❤ ✐s ✐♥ ❞✐s❛❣r❡❡✲

♠❡♥t ✇✐t❤ t❤❡ str♦♥❣ ❝♦rr❡❧❛t✐♦♥ ❢♦✉♥❞ ✖② ✪✐✉ ❡t ❛❧✁ ✭✷❃❃❁❛✮✁ ❲❡ s❡❡ ❛ ✈❡r②

✇❡❛❦ ❝♦rr❡❧❛t✐♦♥ ✇✐t❤ ❛ ❧❛r❣❡ s❝❛tt❡r ❢♦r t❤❡ ✶✷ P�❡ ♣❧♦tt❡❞ ✐♥ ❋✐❣✁ ✄✁✶❁ ✭❞♦tt❡❞

❧✐♥❡✮❄

☎✆✝✞✟✠✡☛
☞✰

✌ ❂ ✡✵✿✼✾✺ ✎ ✵✿✏✾✏✌ ✒ ✡✵✿✵✏✏ ✎ ✵✿✵✺✽✌❅●❀ ✭✄✁❁❃✮

❆❏◗❱❳❨③ ❉❩❭❫◗❱❩❴ ✶✧✶
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❋✐❣✉r❡ �✁✶�✿ ✂♦♣ ♣❛♥❡❧✿ t❤❡ ❞✐❢❢❡r❡♥❝❡ ✄☎❬✆✝✝❪✭❑✮ ❜❡t✇❡❡♥ t❤❡ ♥❡❜✉❧❛r ❡❧❡❝tr♦♥

t❡♠♣❡r❛t✉r❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ✞✟ ✠✠✡ ☛☞✌s✱ ☎✍✭✞✟ ✠✠✡✮✱ ❛♥❞ ❢r♦♠ t❤❡ ✎❡ ✠ ✏❘✌s✱

☎✍✭✎❡ ✠✮✱ ♣❧♦tt❡❞ ❛❣❛✐♥st t❤❡ ❧♦❣❛r✐t❤♠✐❝ ✐♥tr✐♥s✐❝ ♥❡❜✉❧❛r ✎✑ s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss

✒✓✔✕✭✎✑✮✭❡r❣ ❝♠✖✷ s✖✗ sr✖✗✮✁ ✂❤❡ ❞♦tt❡❞ ❧✐♥❡ ✐s ❛ ❧✐♥❡❛r ✘t t♦ ✄☎❬✆✝✝❪ ❛s ❛ ❢✉♥❝✲

t✐♦♥ ♦❢ ✒✓✔✕✭✎✑✮✁ ✙♦tt♦♠ ♣❛♥❡❧✿ t❤❡ ❞✐❢❢❡r❡♥❝❡ ✄☎❬✚✝✝✝❪✭❑✮ ❜❡t✇❡❡♥ t❤❡ ♥❡❜✉❧❛r

✞✏ ✠✠✠✡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s✱ ☎✍✭✞✏ ✠✠✠✡✮✱ ❛♥❞ t❤❡ ✎❡ ✠ t❡♠♣❡r❛t✉r❡s✱ ☎✍✭✎❡ ✠✮✱

♣❧♦tt❡❞ ❛❣❛✐♥st ✒✓✔✕✭✎✑✮✁ ✂❤❡ ❞♦tt❡❞ ❧✐♥❡ ✐s ❛ ❧✐♥❡❛r ✘t t♦ ✄☎ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢

✒✓✔✕✭✎✑✮✱ ❞✐s❝✉ss❡❞ ✐♥ t❤❡ t❡①t✁

✶✽✛ ✜✢✣✤✥✦✧✣★ ✣✩ ✪✤✫★✬✦✫✯② ★✬✰✥✤✫✬ ✴✧✦✵ ❲✹✺✦②✪✬ ✻✬★✦✯✫✤ ✼✦✫✯✼



✸✳✹✳ ■❖◆■❈ ❆◆❉ ❊▲❊▼❊◆❚❆▲ ❆❇❯◆❉❆◆❈❊❙

✇❤✐❝❤ ❤❛s ❛ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✂❝✐❡♥t ♦❢ ✵✿✶✷✱ ✇❤✐❧❡ ❛ ❧✐♥❡❛r ✂t t♦ t❤❡ �✁

P✄❡✱ ❛❢t❡r ❡①❝❧✉❞✐♥❣ ☎✆✲✆✁ ❛♥❞ ✝❤✞✲✟✱ ②✐❡❧❞s ❛ ❜❡tt❡r ❝♦rr❡❧❛t✐♦♥✠

✡☛☞✌✍❋✭✎
✏✰
✮ ❂ ✭✶✿✑✺✻✒✵✿✷✾✽✮✓✭✵✿✶✔✼✒✵✿✵✼✔✮✕✖❀ ✗✆✘✙�✚

✇✐t❤ ❛ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✂❝✐❡♥t ♦❢ ✓✵✿✺✽✘ ✝❤❡ ✂t s❤♦✇♥ ❛s ❛ ❞❛s❤❡❞ ❧✐♥❡ ✐♥

✛✐❣✘ ✆✘�✙ ✐s ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✜✐✉ ❡t ❛❧✘ ✗✞✁✁✙❛✚✘ ✢♦t❤ ☎✆✲✆✁ ❛♥❞ ✝❤✞✲✟ ❝♦♥✲

t❛✐♥ ❬❲✣❪ st❛rs ✇✐t❤ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ♦❢ ✙✤ ❦❑ ❛♥❞ �✥✦ ❦❑✱ r❡s♣❡❝t✐✈❡❧②✘

✧✐♠✐❧❛r❧②✱ ✇❡ ❞❡r✐✈❡❞ t❤❡ ❢♦❧❧♦✇✐♥❣ ✇❡❛❦ ❝♦rr❡❧❛t✐♦♥s ❜❡t✇❡❡♥ t❤❡ ❞✐❝❤♦t♦♠②

♦❢ t❡♠♣❡r❛t✉r❡ ✗★✩✪✫✬✬✯ ❛♥❞ ★✩✪✴✬✬✬✯✚ ❛♥❞ t❤❡ ❁❃ ✗s❡❡ ✛✐❣✘ ✆✘�✥✱ ❞♦tt❡❞ ❧✐♥❡✚✱

★✩✪✫✬✬✯✭❄✮ ❂ ✭✔✺✺✽✒✾✽✻✮❅✭✶✷✽✿✷✶✒✶✼✵✿✾✑✮✕✖❀ ✗✆✘✙✞✚

★✩✪✴✬✬✬✯✭❄✮ ❂ ✭✷✼✻✵✒✶✷✼✾✮❅✭✺✶✷✿✾✽✒✷✶✑✿✺✔✮✕✖❀ ✗✆✘✙✆✚

✇❤✐❝❤ ❤❛✈❡ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✂❝✐❡♥ts ♦❢ ✵✿✷✷ ❛♥❞ ✵✿✻✶✱ r❡s♣❡❝t✐✈❡❧②✘ ❲❡ ❛❧s♦

♦❜t❛✐♥❡❞ t❤❡ ❢♦❧❧♦✇✐♥❣ ❝♦rr❡❧❛t✐♦♥s✱ ❛❢t❡r ❡①❝❧✉❞✐♥❣ t❤❡ ❤✐❣❤✲❡①❝✐t❛t✐♦♥ P✄ P✢●✱

☎✆✲✆✁ ❛♥❞ ✝❤✞✲✟ ✗s❡❡ ✛✐❣✘ ✆✘�✥✱ ❞❛s❤❡❞ ❧✐♥❡✚✱

★✩✪✫✬✬✯✭❄✮ ❂ ✭✻✶✵✻✒✶✺✻✽✮❅✭✓✑✻✼✿✻✽✒✔✵✻✿✑✻✮✕✖❀ ✗✆✘✙✙✚

★✩✪✴✬✬✬✯✭❄✮ ❂ ✭✺✶✷✵✒✷✶✵✷✮❅✭✓✶✾✑✿✷✑✒✺✷✵✿✑✶✮✕✖❀ ✗✆✘✙✥✚

✇✐t❤ ❧✐♥❡❛r ❝♦rr❡❧❛t✐♦♥ ❝♦❡❢✂❝✐❡♥ts ♦❢ ✓✵✿✑✵ ❛♥❞ ✓✵✿✶✔✘ ❍t ✐s ❦♥♦✇♥ t❤❛t t❤❡ ❁❃

✐s ❝❧♦s❡❧② r❡❧❛t❡❞ t♦ t❤❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡✘ ✛r♦♠ t❤❡ r❡❧❛t✐♦♥s ✗✆✘✙✁✚➊✗✆✘✙✥✚✱ ✐t

✐s ♦❜✈✐♦✉s t❤❛t t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❛♥❞ t❡♠♣❡r❛t✉r❡ ❞✐❝❤♦t♦♠② ❞♦ ♥♦t

❤❛✈❡ ❛♥② ❝❧❡❛r ❝♦rr❡❧❛t✐♦♥ ✇✐t❤ t❤❡ ❡①❝✐t❛t✐♦♥ ❝❧❛ss ♦r ✐♦♥✐③✐♥❣ r❛❞✐❛t✐♦♥s✘

❲❡ ✂♥❞ t❤❛t t❤❡ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ✟❏✛s ❛♥❞ ◗✗❘❱✚ ✐s ♠✉❝❤ str♦♥❣❡r t❤❛♥

t❤❡ ✟❏✛✲❁❃ ❝♦rr❡❧❛t✐♦♥✘ ✝❤✐s s✉❣❣❡sts t❤❛t t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ♣r♦❜✲

❧❡♠ ✐s r❡❧❛t❡❞ t♦ t❤❡ ♥❡❜✉❧❛r ❡✈♦❧✉t✐♦♥ r❛t❤❡r t❤❛♥ t❤❡ r❛❞✐❛t✐♦♥ ✂❡❧❞s✘ ✝❤❡

❞✐s❝r❡♣❛♥❝② ✐s ❤✐❣❤❡r ✐♥ ♦❧❞ ❡✈♦❧✈❡❞ P✄❡✘

❆❳❨❩❭❫❴ ❉❵❥q❨❩❵④ �⑤✆
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❋✐❣✉r❡ �✁✶✹✿ ✂❤❡ ✄❘☎✴✆✝☎ ✐♦♥✐❝ ✞✟❋ ❢♦r ✄✷✰ ♣❧♦tt❡❞ ❛❣❛✐♥st t❤❡ ❡①❝✐t❛t✐♦♥ ❝❧❛ss

✭✝✆✮✁ ✂❤❡ ❞♦tt❡❞ ❧✐♥❡ ✐s ❛ ❧✐♥❡❛r ✠t t♦ ✞✟❋✭✄✷✰✮ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ ✝✆✁ ✂❤❡ ❞❛s❤❡❞

❧✐♥❡ ✐s ❛ s✐♠✐❧❛r ❧✐♥❡❛r ✠t ❢♦✉♥❞ ❛❢t❡r ❡①❝❧✉❞✐♥❣ ✡�✲�✵ ❛♥❞ ✂❤ ☛✲✞✱ ❞✐s❝✉ss❡❞ ✐♥

t❤❡ t❡①t✁

☞✌✺ ✍✎✏✑✒✏✏✎✓✔ ✓✕ ✎✔✖✎✈✎✖✒✗✘ ✓❜❥✙✑✚✏

✛✜✻ ✭❂✢✣●☛✼✽✁✽✤✵✹✁✾✮✁ ✂❤✐s ♦✥✦❡❝t ✐s ❛ ✢✣ ✇✐t❤ ❡①tr❡♠❡❧② ✠❧❛♠❡♥t❛r②

str✉❝t✉r❡ ✭✧★✩ ✐♠❛❣❡✱ ✪✟ ✶☛✫✵✵❀ s❡❡ ✆❤❛♣t❡r ☛✮✁ ✪t ✐s ❝❧❛ss✐✠❡❞ ❛s ❛ ✂②♣❡ ✪

✢✣ ✥❛s❡❞ ♦♥ ❛♥ ✣✴✄ r❛t✐♦ ❡①❝❡❡❞✐♥❣ ✵✁✽ ✭❑✐♥❣s✥✉r❣❤ ✬ ✯❛r❧♦✇ ✶✾✾✹✮✁ ✢r❡✲

❁✐♦✉s❧②✱ ✐t ❤❛s ✥❡❡♥ ❛❧s♦ ❝❧❛ss✐✠❡❞ ❛s ♦❢ ✂②♣❡ ✪ ✥② ✢❡✐♠✥❡rt ✬ ✂♦rr❡s✲✢❡✐♠✥❡rt

✭✶✾✽�✮✱ ✇✐t❤ ❃❄❅❃ ❏ ◗❱❲❳❩ ❛♥❞ ❬❭❪❫❅❴ ❏ ❵◗❱❦✱ ✥❡❧♦♥❣✐♥❣ t♦ q❡ ❛♥❞ ✣ r✐❝❤

✢✣❡✁ ✢✯ ✫ ✇❛s ❡①t❡♥s✐❁❡❧② st✉❞✐❡❞ ✥② ●❛r❝➫③❛✲❘♦✦❛s ❡t ❛❧✁ ✭☛✵✵✾✮✱ ✇❤♦ ✉t✐✲

❧✐④❡❞ ❤✐❣❤✲r❡s♦❧✉t✐♦♥ ♦♣t✐❝❛❧ s♣❡❝tr❛ ❢r♦♠ t❤❡ ✡❛❣❡❧❧❛♥ t❡❧❡s❝♦♣❡ ✭✡✪❑✝ s♣❡❝✲

tr♦❣r❛♣❤✮✁ ⑤❡ s❡❡ t❤❛t ♥❡✥✉❧❛r s♣❡❝tr✉♠ t♦ ✥❡ ♦❢ ❡①tr❡♠❡❧② ❤✐❣❤ ❡①❝✐t❛t✐♦♥✱

✇❤❡r❡ ⑥✭✹✫✽✫⑦ ⑧ ❲⑨❲✱ ♦♥ ❛ s❝❛❧❡ ✇❤❡r❡ ⑥✭q⑩⑦ ⑧ ❲◗◗✁ ✂❤❡ ❡①❝✐t❛t✐♦♥ ❝❧❛ss ✭✝✁✆✁✮

s❝❤❡♠❡ ♣r♦♣♦s❡❞ ✥② ✟♦♣✐t❛ ✬ ✡❡❛t❤❡r✐♥❣❤❛♠ ✭✶✾✾✵✮ ②✐❡❧❞s ✝✁✆✁ ❂ ✶✶✁✫❶ ❝♦r✲

✶✽✹ ❷❸❹❺❻❼❽❹❾ ❹❿ ➀❺➁❾➂❼➁➃➄ ❾➂➅❻❺➁➂ ➆❽❼➇ ➈➉➊❼➄➀➂ ➋➂❾❼➃➁❺ ➌❼➁➃➌
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�✐❣✉r❡ ✁✂✶✄✿ ☎♦♣ ♣❛♥❡❧✿ t❤❡ ❞✐❢❢❡r❡♥❝❡ ✆✝✞✭❑✮ ❜❡t✇❡❡♥ t❤❡ ♥❡❜✉❧❛r ❡❧❡❝tr♦♥

t❡♠♣❡r❛t✉r❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❬✟ ✠✠❪ ✡☛☞s✱ ✝✞✭❬✟ ✠✠❪✮✱ ❛♥❞ ❢r♦♠ t❤❡ ❍❡ ✠ ✌❘☞s✱

✝✞✭❍❡ ✠✮✱ ♣❧♦tt❡❞ ❛❣❛✐♥st t❤❡ ❡①❝✐t❛t✐♦♥ ❝❧❛ss ✭☛✡✮✂ ✍♦tt♦♠ ♣❛♥❡❧✿ t❤❡ ❞✐❢❢❡r❡♥❝❡

✆✝✎✏✑✑✑✒✭❑✮ ❜❡t✇❡❡♥ t❤❡ ♥❡❜✉❧❛r ❬✌ ✠✠✠❪ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s✱ ✝✞✭❬✌ ✠✠✠❪✮✱ ❛♥❞

t❤❡ ❍❡ ✠ t❡♠♣❡r❛t✉r❡s✱ ✝✞✭❍❡ ✠✮✱ ♣❧♦tt❡❞ ❛❣❛✐♥st t❤❡ ☛✡✂ ☎❤❡ ❞♦tt❡❞ ❧✐♥❡ ✐s ❛

❧✐♥❡❛r ✓t t♦ ✆✝✞ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ ☛✡✂ ☎❤❡ ❞❛s❤❡❞ ❧✐♥❡ ✐s ❛ s✐♠✐❧❛r ❧✐♥❡❛r ✓t ❢♦✉♥❞

❛❢t❡r ❡①❝❧✉❞✐♥❣ P✍✻✱ ▼✁✲✁✵ ❛♥❞ ☎❤ ✷✲✔✱ ❞✐s❝✉ss❡❞ ✐♥ t❤❡ t❡①t✂

❆✕✖❦✗✘③ ❉✙✚✛✖❦✙✜ ✶✽✄
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r❡s♣♦♥❞✐♥❣ t♦ �✁❢❢ ❂ ✂✻✵ ❦❑ ✭✄♦♣✐t❛ ✫ ☎❡❛t❤❡r✐♥❣❤❛♠ ✶✾✾✶✮✆ ✝♦✇❡✈❡r✱ t❤❡

st❡❧❧❛r t❡♠♣❡r❛t✉r❡ ♦✞ �✁❢❢ ❂ ✟✵✷ ❦❑ ✇❛s ❡st✐♠❛t❡❞ ✞r♦♠ s♣❡❝tr❛❧ ❛♥❛❧②s✐s ♦✞ t❤❡

❝❡♥tr❛❧ st❛r ❜② ✠❝❦❡r ✫ ✡❡✐♥❡r ✭☛☞☞✌✮✱ ✇❤♦ ❛❧s♦ ✐❞❡♥t✐✍❡❞ ✐ts ❝❡♥tr❛❧ st❛r ❛s

❲♦❧✞✲❘❛②❡t ❬❲✎✶❪✆ ❋r♦♠ ♦✉r s♣❡❝tr✉♠ ❛♥❞ t❤❡ r❡❝❡♥t ✝❡ ✏ ❛t♦♠✐❝ ❞❛t❛ ✭✑♦rt❡r

❡t ❛❧✆ ☛☞✶✌✮✱ ✇❡ ❞❡r✐✈❡ ✝❡✴✝ ✒ ☞✆✶✹✽ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ●✐r❛r❞ ❡t ❛❧✆ ✭☛☞☞✼✮✱

✇❤❡r❡❛s ♦t❤❡r st✉❞✐❡s ❞❡r✐✈❡❞ ❤✐❣❤❡r ♦✈❡r❛❧❧ ✝❡✴✝ r❛t✐♦ ♦✞ ☞✆✶✼✲☞✆✶✽ ✭✓♦rr❡s✲

✑❡✐♠❜❡rt ✫ ✑❡✐♠❜❡rt ✶✾✼✼❀ ❑❛❧❡r ❡t ❛❧✆ ✶✾✾✶❀ ✑❡➌♥❛ ❡t ❛❧✆ ☛☞☞✶❀ ✝❡♥r② ❡t ❛❧✆

☛☞☞✹❀ ●❛r❝➫✔❛✲❘♦❥❛s ❡t ❛❧✆ ☛☞☞✾✮✆ ❲❡ ♦❜t❛✐♥ ✡✴✎ ✒ ✶✆✹ s✐♠✐❧❛r t♦ ●✐r❛r❞ ❡t ❛❧✆

✭☛☞☞✼✮✱ ✑❡➌♥❛ ❡t ❛❧✆ ✭☛☞☞✶✮ ❛♥❞ ●❛r❝➫✔❛✲❘♦❥❛s ❡t ❛❧✆ ✭☛☞☞✾✮✆ ✠❧t❤♦✉❣❤ ●❛r❝➫✔❛✲

❘♦❥❛s ❡t ❛❧✆ ✭☛☞☞✾✮ ❞❡r✐✈❡❞ ❛ ✈❡r② ❤✐❣❤ ✕✖✗✘✴✎✙✚✘ r❛t✐♦ ♦✞ ✾✆✶ ✞r♦♠ t❤❡ ✕ ✏✏

✛✹☛✜✼ ✎❘✢ ❛♥❞ ♦①②❣❡♥ ✕✣✢s✱ ✇❡ ✍♥❞ ✕✖✗✘✴✎✙✚✘ ✒ ☛✆✺ ✐♥ ❞❡❝❡♥t ❛❣r❡❡♠❡♥t

✇✐t❤ ❑❛❧❡r ❡t ❛❧✆ ✭✶✾✾✶✮ ❛♥❞ ✝❡♥r② ❡t ❛❧✆ ✭✶✾✾✜✮✆ ✓❤❡ ❤✐❣❤ ✕✴✎ ❛♥❞ ✡✴✎ r❛✲

t✐♦s ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ t❤✐r❞ ❞r❡❞❣❡✲✉♣ ✭✓✄✤✮ ❛♥❞ t❤❡ ❤♦t ❜♦tt♦♠ ❜✉r♥✲

✐♥❣ ✭✝✥✥✮ ✐♥ ♣r♦❣❡♥✐t♦r st❛rs ✇✐t❤ ✐♥✐t✐❛❧ ♠❛ss❡s ✦ ✧★❏ ✭❑❛r❛❦❛s ✫ ✢❛tt❛♥③✐♦

☛☞☞✼❀ ❑❛r❛❦❛s ❡t ❛❧✆ ☛☞☞✾✮✆ ✩t ✐s ✞♦✉♥❞ t❤❛t t❤❡ ♦①②❣❡♥ ❛♥❞ ❛r❣♦♥ ❛❜✉♥❞❛♥❝❡s

❛r❡ s❧✐❣❤t❧② ❜❡❧♦✇ s♦❧❛r ❛❜✉♥❞❛♥❝❡ ❜② ✪✵✿✟✟ ❛♥❞ ✪✵✿✵✻ ❞❡①✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤

❬✎✴✝❪ ✒ ✪✵✿✟✧ ❛♥❞ ❬✠r✴✝❪ ✒ ✪✵✿✷✵ ❜② ●❛r❝➫✔❛✲❘♦❥❛s ❡t ❛❧✆ ✭☛☞☞✾✮✆ ✝♦✇❡✈❡r✱

♦✉r s✉❧✞✉r ❛♥❞ ❝❤❧♦r✐♥❡ ❛❜✉♥❞❛♥❝❡s ♠❛② ❜❡ ✉♥r❡❧✐❛❜❧❡ ❞✉❡ t♦ ♠❡❛s✉r❡♠❡♥t ❡r✲

r♦rs ❛♥❞ ✐♥❛❝❝✉r❛t❡ ✐♦♥✐③❛t✐♦♥ ❝♦rr❡❝t✐♦♥ ✞❛❝t♦r✆

❲❡ ❞❡r✐✈❡ ✬✁✭✯ ✏✏✮ ✒ ☛☞☞☞ ❝♠✰❁ s✐♠✐❧❛r t♦ t❤❡ ✈❛❧✉❡s ✞♦✉♥❞ ❜② ✝❡♥r② ❡t ❛❧✆

✭☛☞☞✹✮ ❛♥❞ ●❛r❝➫✔❛✲❘♦❥❛s ❡t ❛❧✆ ✭☛☞☞✾✮✆ ✠♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ♦✞ ✶✶✹✽☞❑

✇❛s ❞❡r✐✈❡❞ ✞r♦♠ t❤❡ ❬✡ ✏✏❪ ♥❡❜✉❧❛r ✛✛✜✺✹✽✱✜✺✽✹ ❞♦✉❜❧❡t ❛♥❞ ❛✉r♦r❛❧ ✛✺✼✺✺

❧✐♥❡✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✑❡➌♥❛ ❡t ❛❧✆ ✭☛☞☞✶✮ ❛♥❞ ✝❡♥r② ❡t ❛❧✆ ✭☛☞☞✹✮✆ ❲❡ ❞❡✲

r✐✈❡❞ �✁✭✡ ✏✏✮ ✒ ✾✹☞☞❑ ❜② ❝♦rr❡❝t✐♥❣ ✞♦r t❤❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥ ✇✐t❤

✡❃❄✴✝❄ ✒ ✻✿❅◗❱✟✵✰❁ ❛♥❞ �✁✭✝❡ ✏✮ ✒ ✺✶☞☞❑✆ ❋♦r t❤❡ ✕✣✢ ❛❜✉♥❞❛♥❝❡ ❝❛❧❝✉❧❛✲

t✐♦♥ ♦✞ ❛❧❧ s✐♥❣❧② ✐♦♥✐③❡❞ s♣❡❝✐❡s✱ ✇❡ ❤❛✈❡ ❛❞♦♣t❡❞ �✁ ✒ ✶✶✺☞☞❑✱ ✇❤✐❝❤ ✐s ♥♦ ❞✐✞✲

✞❡r❡♥t ✞r♦♠ t❤♦s❡ ✞♦✉♥❞ ❜② t❤❡ ♣r❡✈✐♦✉s st✉❞✐❡s ✭s❡❡ ✓❛❜❧❡ ✌✆✼✮✆ ❋♦r ✐♦♥✐❝ s♣❡❝✐❡s

♦t❤❡r t❤❛♥ s✐♥❣❧② ✐♦♥✐③❡❞ s♣❡❝✐❡s✱ ✇❡ ❤❛✈❡ ✉s❡❞ �✁✭✎ ✏✏✏✮ ✒ ✶✹☞☞☞❑✱ ✐♥ ❞❡❝❡♥t

❛❣r❡❡♠❡♥t ✇✐t❤ �✁✭✎ ✏✏✏✮ ✒ ✶✹✜☞☞❑ ❜② ✝❡♥r② ❡t ❛❧✆ ✭☛☞☞✹✮✆ ✠s ♦✉r ♦❜s❡r✈❛t✐♦♥

✶✽✜ ❳❩❭❫❴❵q❭④ ❭⑤ ⑥❫⑦④⑧❵⑦⑨⑩ ④⑧❶❴❫⑦⑧ ❷q❵❸ ❹❺❻❵⑩⑥⑧ ❼⑧④❵⑨⑦❫ ❽❵⑦⑨❽
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❞✐❞ ♥♦t ❝♦✈❡r t❤❡ ❬� ✁✁✁❪ ❧✹✂✻✂ ✄✐♥❡✱ ✇❡ ❤❛✈❡ ❛❞♦♣t❡❞ t❤❡ ♠❡❛s✉r❡❞ ☎✉① ❢r♦♠

❑❛✄❡r ❡t ❛✄✆ ✭✶✾✾✶✮✆ ▼♦r❡♦✈❡r✱ ❍❡♥r② ❡t ❛✄✆ ✭✷✵✵✹✮ ♦❜t❛✐♥❡❞ ✝✞✭✟ ✁✁✁✮ ❂ ✶✻✂✵✵ ❑

❢r♦♠ t❤❡ ❬✟ ✁✁✁❪ ♥❡❜✉✄❛r ❧❧✾✵✻✾✱✾✠✂✷ ❞♦✉❜✄❡t ❛♥❞ ❛✉r♦r❛✄ ❧✻✂✶✷ ✄✐♥❡✆ ✡♦r t❤❡

�❘☛ ❛❜✉♥❞❛♥❝❡ ❝❛✄❝✉✄❛t✐♦♥✱ ✇❡ ❤❛✈❡ ✉s❡❞ ✝✞✭❍❡ ✁✮ ❂ ✠✶✵✵ ❑✆
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✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ ●❛r❝➫✖❛✲❘♦❥❛s ❡t ❛❧✝ ✭✠✵✶✠✮✝ ❲❡ ♦❜t❛✐♥❡❞ ⑦☎⑧✍ ✆✆❩ ❂

❫⑨❳❳ ❝♠④✁✱ ⑦☎⑧✬r ✆⑩❩ ❂ ❫⑨❫❳ ❝♠
④✁ ❛♥❞ ⑦☎✭✤❧ ✆✆✆❩ ❂ ⑨✧⑨❳ ❝♠

④✁✱ ✐♥ ❣❡♥❡r❛❧❧② ❣♦♦❞

❛❣r❡❡♠❡♥t ✇✐t❤ ●❛r❝➫✖❛✲❘♦❥❛s ❡t ❛❧✝ ✭✠✵✶✠✮✝

❶❷ ❸❹❺❻ ✭✟✌✍●✎✺✽✝✎❼✠✶✝✻✮✝ ✞❤✐s ✌✍✱ ❡①❝✐t❡❞ ❜② ❛ ❬❲�✎❪ t②♣❡ st❛r ✭✬❝❦❡r

✶✽✽ ❽❾❿➀➁➂➃❿➄ ❿➅ ➆➀➇➄➈➂➇➉➊ ➄➈➋➁➀➇➈ ➌➃➂➍ ➎➏➐➂➊➆➈ ➑➈➄➂➉➇➀ ➒➂➇➉➒



✸✳✺✳ ❉■❙❈❯❙❙■❖◆ ❖❋ ■◆❉■❱■❉❯❆▲ ❖❇❏❊❈❚❙

✫ �❡✐♥❡r ✷✵✵✁✮✱ ❤❛s ❛♥ ❡❧❧✐♣t✐❝❛❧ ♠♦r♣❤♦❧♦❣② ✭❩✉❝❦❡r♠❛♥ ✫ ✂❧❧❡r ✶✾✽✻✮✄ ❲❡

☎♥❞ �✴✆ ❂ ✵✄✁ ✭♥♦♥✲✝②♣❡ ✞✮✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ❑♦❡♣♣❡♥ ❡t ❛❧✄ ✭✶✾✾✶✮ ❛♥❞

❍❡♥r② ❡t ❛❧✄ ✭✷✵✵✹✮✄ ❲❡ ❞❡r✐✈❡ ❍❡✴❍ ❂ ✵✄✶✶ s✐♠✐❧❛r t♦ ✂❧❧❡r ❡t ❛❧✄ ✭✶✾✽✻✮✱

❑♦❡♣♣❡♥ ❡t ❛❧✄ ✭✶✾✾✶✮ ❛♥❞ ●✐r❛r❞ ❡t ❛❧✄ ✭✷✵✵✼✮✱ ❜✉t ❍❡♥r② ❡t ❛❧✄ ✭✷✵✵✹✮ ❞❡r✐✈❡❞

❍❡✴❍ ❂ ✵✄✶✁✱ ✇❤✐❝❤ ✐s ❛ttr✐❜✉t❡❞ t♦ ❞✐❢❢❡r❡♥t ❍❡ ✟ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦❡❢☎❝✐❡♥ts

✭P❡q✉✐❣♥♦t ❡t ❛❧✄ ✶✾✾✶✮✄ ❲❡ ♦❜t❛✐♥ ✆✴❍ ❂ ✠✿✡☛☞✌✍✎✱ ✐♥ ❣❡♥❡r❛❧❧② ❣♦♦❞ ❛❣r❡❡✲

♠❡♥t ✇✐t❤ ✂❧❧❡r ❡t ❛❧✄ ✭✶✾✽✻✮ ❛♥❞ ●✐r❛r❞ ❡t ❛❧✄ ✭✷✵✵✼✮✄ ✞t ✐s ❢♦✉♥❞ t❤❛t t❤❡

♦①②❣❡♥ ❛❜✉♥❞❛♥❝❡ ✐s s❧✐❣❤t❧② ❛❜♦✈❡ s♦❧❛r ❛❜✉♥❞❛♥❝❡ ❜② ✌✿✌✏ ❞❡①✄ ✝❤❡ ❛r❣♦♥

❛♥❞ ❝❤❧♦r✐♥❡ ❛❜✉♥❞❛♥❝❡s ❛r❡ ♥♦t ❡①♣❡❝t❡❞ t♦ ❝❤❛♥❣❡ ❞✉r✐♥❣ ✂●✑ ♥✉❝❧❡♦s②♥t❤❡✲

s✐s❀ ✇❡ s❡❡ ❬✂r✴❍❪ ❂ ✒✌✿☞✓ ✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ ❬✂r✴❍❪ ❂ ❬✔❧✴❍❪ ❂ ✒✌✿☞✕

❜② ●✐r❛r❞ ❡t ❛❧✄ ✭✷✵✵✼✮✄ ✆①②❣❡♥ ✐s ❛ss✉♠❡❞ t♦ ❜❡ ✉♥❝❤❛♥❣❡❞ ❜② ✂●✑ ♥✉❝❧❡♦s②♥✲

t❤❡s✐s✱ ❜✉t ♦①②❣❡♥ ❝❛♥ ❜❡ ♣r♦❞✉❝❡❞ ✐♥ ❛ ❢❡✇ s♣❡❝✐❛❧ ❝❛s❡s✱ s✉❝❤ ❛s ♠❡t❛❧✲♣♦♦r

♣r♦❣❡♥✐t♦r st❛rs ✭❡✄❣✄ ✖✐♥❡rst❡✐♥ ❡t ❛❧✄ ✷✵✵✁✮✄ ✝❤✐s P� ♠❛② ♥♦t ❜❡ ♣r♦❞✉❝❡❞ ❜②

❛♥ ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss ✂●✑ st❛r✱ s✐♥❝❡ ❍✑✑ ♠❛❦❡s ❛ ❤✐❣❤ ♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡✄

▼♦r❡♦✈❡r✱ ❍✑✑ ❞❡♣❧❡t❡s ♦①②❣❡♥ ✇❤❡♥ t❤❡ ❜❛s❡ ♦❢ t❤❡ ❝♦♥✈❡❝t✐✈❡ ❡♥✈❡❧♦♣❡ ✐s

❛t ❛ t❡♠♣❡r❛t✉r❡ ❤✐❣❤❡r t❤❛♥ ✏ ☛ ☞✌✗ ❑ ✭❑❛r❛❦❛s ❡t ❛❧✄ ✷✵✵✾✮✄ ❲❡ ❛❧s♦ s❡❡

✔✴❍ ❂ ✵✄✾✹✄ ✝❤❡ ♣r♦❣❡♥✐t♦r ❝♦✉❧❞ ❜❡ ❛ ❧♦✇✲♠❛ss st❛r ✇✐t❤ ❛♥ ✐♥✐t✐❛❧ ♠❛ss

❧❡ss t❤❛♥ ✘✙✚✄

✛✜✢✣✤ ✭❂P�●✁✵✻✄✹✒✵✵✄✻✮✄ ✝❤✐s P�✱ ✐♦♥✐③❡❞ ❜② ❛ ❬❲✆✁❪✥✦✧ ✭❲❡✐❞♠❛♥♥

❡t ❛❧✄ ✷✵✵✽✮✱ ❤❛s ❛ r✐♥❦✲❧✐❦❡ ♠♦r♣❤♦❧♦❣② ✭●➫♦r♥② ❡t ❛❧✄ ✶✾✾✾✮✄ ✝❤❡ ❡❧❡♠❡♥t❛❧

❛❜✉♥❞❛♥❝❡s ♦❢ ✝❤ ✷✲✂ ❤❛s ❜❡❡♥ st✉❞✐❡❞ ❜② ❑✐♥❣s❜✉r❣❤ ✫ ✑❛r❧♦✇ ✭✶✾✾✹✮ ❛♥❞

❍❡♥r② ❡t ❛❧✄ ✭✷✵✵✹✮✄ ❲❡✐❞♠❛♥♥ ❡t ❛❧✄ ✭✷✵✵✽✮ ❝❧❛ss✐☎❡❞ t❤❡ ❝❡♥tr❛❧ st❛r ♦❢ ✝❤ ✷✲

✂ ❛s ♦❢ t②♣❡ ❬❲✆ ✁❪✥✦✧✱ t❤♦s❡ ✇✐t❤ ★✩✪✬✯✰❁❃ ✔ ✟❄✲❅✽✵✶✴✶✷ ❞♦✉❜❧❡ts ✭✂❝❦❡r ✫

�❡✐♥❡r ✷✵✵✁✮✄ ❲❡ ☎♥❞ ♦✉r ♥❡❜✉❧❛r s♣❡❝tr✉♠ t♦ ❜❡ ♦❢ r❡❧❛t✐✈❡❧② ❤✐❣❤ ❡①❝✐t❛t✐♦♥

♦❢ ◗✄✔✄ ❂ ✼✄✻ ✭✖♦♣✐t❛ ✫ ▼❡❛t❤❡r✐♥❣❤❛♠ ✶✾✾✵✮✱ r❡❧❛t❡❞ t♦ ❘❳❨❨ ❭ ☞❫✌ ❦❑ ✭✖♦♣✐t❛

✫ ▼❡❛t❤❡r✐♥❣❤❛♠ ✶✾✾✶✮✄ ❲❡ ❞❡r✐✈❡ ❴✭❍❵✮ ❂ ✶✄✶✷ ❢r♦♠ t❤❡ ❍❥✴❍❵ r❛t✐♦✱ ✐♥

❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ✈❛❧✉❡ ♦❢ ❴✭❍❵✮ ❂ ✶✄✵✁ ❢r♦♠ t❤❡ r❛❞✐♦✲❍❵ ♠❡t❤♦❞✱

❴✭❍❵✮ ❂ ✵✄✾✁ ❜② ❍❡♥r② ❡t ❛❧✄ ✭✷✵✵✹✮ ❛♥❞ ❴✭❍❵✮ ❂ ✶✄✵✼ ❜② ❑✐♥❣s❜✉r❣❤ ✫ ✑❛r✲

❧♦✇ ✭✶✾✾✹✮✄ ✆✉r s♣❡❝tr✉♠✱ ❤♦✇❡✈❡r✱ s❤♦✇s ④✭✹✻✽✻⑤ ❭ ✠✏✱ s❧✐❣❤t❧② ❤✐❣❤❡r t❤❛♥

❆⑥⑦⑧⑨✰⑩ ❉❁❶✩⑦⑧❁❃ ✶✽✾



✸✳ P❍❨❙■❈❆▲ ❈❖◆❉■❚■❖◆❙ ❆◆❉ ❈❍❊▼■❈❆▲ ❆❇❯◆❉❆◆❈❊❙

�✭✹✻✽✻✮ ❂ ✺✵ ❜② ❑✐♥❣s❜✉r❣❤ ✫ ✁❛r❧♦✇ ✭✶✾✾✹✂ ❛♥❞ ✄✐❧✐♥❣♦ ❡t ❛❧☎ ✭✷✆✆✷✂✱ ♦♥

❛ s❝❛❧❡ ✇❤❡r❡ �✭✝✞✮ ❂ ✟✵✵☎ ❲❡ ❞❡r✐✈❡ ✠✡☛☞ ✌✌✮ ❂ ✟✵✟✺✵ ❑ s❧✐❣❤t❧② ❧♦✇❡r t❤❛♥

✠✡☛☞ ✌✌✮ ❂ ✟✟✼✵✵ ❑ ❜② ✝❡♥r② ❡t ❛❧☎ ✭✷✆✆✹✂ ❛♥❞ ✠✡✭☞ ✌✌✂ ✍ ✶✷✶✆✆ ❑ ❜② ❑✐♥❣s❜✉r❣❤

✫ ✁❛r❧♦✇ ✭✶✾✾✹✂☎ ☞♦♥❡t❤❡❧❡ss✱ ✇❡ ✎♥❞ ✠✡☛✏ ✌✌✌✮ ❂ ✟✑✑✒✵ ❑✱ ✐♥ ❣❡♥❡r❛❧❧② ❣♦♦❞

❛❣r❡❡♠❡♥t ✇✐t❤ ✠✡☛✏ ✌✌✌✮ ❂ ✟✟✓✵✵ ❑ ✭✝❡♥r② ❡t ❛❧☎ ✷✆✆✹✂ ❛♥❞ ✠✡☛✏ ✌✌✌✮ ❂ ✟✑✺✵✵❑

✭❑✐♥❣s❜✉r❣❤ ✫ ✁❛r❧♦✇ ✶✾✾✹✂☎ ✄♦r❡♦✈❡r✱ ✇❡ ✎♥❞ r♦✉❣❤❧② t❤❡ s❛♠❡ ❞❡♥s✐t②❀

✔✡✭✕ ✌✌✂ ✍✶✹✆✆ ❝♠✖✗ s✐♠✐❧❛r t♦ ✔✡✭✕ ✌✌✂ ✍✶✷✆✆ ❝♠✖✗ ❜② ✝❡♥r② ❡t ❛❧☎ ✭✷✆✆✹✂ ❛♥❞

✔✡✭✕ ✌✌✂ ✍✶✷✷✆ ❝♠✖✗ ❜② ❑✐♥❣s❜✉r❣❤ ✫ ✁❛r❧♦✇ ✭✶✾✾✹✂☎ ❋♦r t❤❡ ✘✙✚ ❛❜✉♥❞❛♥❝❡

❛♥❛❧②s✐s✱ ✇❡ ❤❛✈❡ ✉s❡❞ ✠✡ ✍ ✶✆✆✆✆ ❑ ❢♦r ❛❧❧ s✐♥❣❧② ✐♦♥✐③❡❞ s♣❡❝✐❡s✱ ❜✉t ✇❡ ❤❛✈❡

❛❞♦♣t❡❞ ✠✡ ❂ ✟✑✵✵✵❑ ❢♦r ✐♦♥s ♦t❤❡r t❤❛♥ s✐♥❣❧② ✐♦♥✐③❡❞ s♣❡❝✐❡s☎ ❋♦r t❤❡ ✏❘✚

❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s✱ ✇❡ ❤❛✈❡ ✉s❡❞ ✠✡☛✝❡ ✌✮ ❂ ✛✓✵✵ ❑☎

❲❡ ✎♥❞ ❛ ✝❡✴✝ r❛t✐♦ ♦❢ ✆☎✶✆✱ ✇❤❡r❡❛s ✝❡♥r② ❡t ❛❧☎ ✭✷✆✆✹✂ ❢♦✉♥❞ ✝❡✴✝❂

✵✿✟✛☎ ✝❡♥r② ❡t ❛❧☎ ✭✷✆✆✹✂ ❛❞♦♣t❡❞ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ❞❡r✐✈❡❞ ❢r♦♠ ✘✙✚s✱

❛♥❞ ✉s❡❞ t❤❡ ❡❢❢❡❝t✐✈❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦❡❢✎❝✐❡♥ts ❢r♦♠ ✜❡q✉✐❣♥♦t ❡t ❛❧☎ ✭✶✾✾✶✂☎

✝♦✇❡✈❡r✱ ❑✐♥❣s❜✉r❣❤ ✫ ✁❛r❧♦✇ ✭✶✾✾✹✂ ❣♦t ❛ ❞✐❢❢❡r❡♥t ✈❛❧✉❡ ♦❢ ✝❡✴✝ ✍ ✆☎✆✾ ✉s✲

✐♥❣ t❤❡ ❡❢❢❡❝t✐✈❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦❡❢✎❝✐❡♥ts ❢r♦♠ ✁r♦❝❦❧❡❤✉rst ✭✶✾✢✶✂ ❛♥❞ ✝✉♠✲

♠❡r ✫ ✕t♦r❡② ✭✶✾✽✢✂☎ ☞♦♥❡t❤❡❧❡ss✱ ✇❡ ✎♥❞ ☞✴✏ ✍ ✆☎✹✢ s✐♠✐❧❛r t♦ ☞✴✏ ✍ ✆☎✹✾

✭✝❡♥r② ❡t ❛❧☎ ✷✆✆✹✂ ❛♥❞ ☞✴✏ ✍ ✆☎✹✆ ✭❑✐♥❣s❜✉r❣❤ ✫ ✁❛r❧♦✇ ✶✾✾✹✂☎ ❲❡ ❛❧s♦ ✎♥❞

t❤❛t ✣❤ ✷✲✤ ✐s ❛ ❝❛r❜♦♥✲r✐❝❤ ✜☞ ✇✐t❤ ✘✥✦✧✴✏★✩✧ ✍ ✪☎✹☎ ✏✉r ❝❛❧❝✉❧❛t❡❞ ♦①②❣❡♥

❛❜✉♥❞❛♥❝❡ r❛t✐♦ ♦❢ ✏✴✝ ✍ ✬✿✯✰✟✵✖❁ ✐s r❡❧❛t❡❞ t♦ ❛ s♦❧❛r ♠❡t❛❧❧✐❝✐t②✱ ✐♥ ❣♦♦❞

❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ✈❛❧✉❡ ❢♦✉♥❞ ❜② ❑✐♥❣s❜✉r❣❤ ✫ ✁❛r❧♦✇ ✭✶✾✾✹✂☎ ✁❛s❡❞ ♦♥

☞✴✏ ❛♥❞ ✘✴✏ r❛t✐♦s✱ ✣❤ ✷✲✤ ❝♦✉❧❞ ❜❡ ♣r♦❞✉❝❡❞ ❜② ❛♥ ✤●✁ st❛r ✇✐t❤ ❛♥ ✐♥✐t✐❛❧

♠❛ss ❧❡ss ✬❃❏ ✭❑❛r❛❦❛s ✫ ✚❛tt❛♥③✐♦ ✷✆✆✢✂☎

❄❅ ◗❱◗ ✭✍✜☞●✷✽❳☎✹❩✆✶☎❳✂☎ ✜❡ ✶✲✶ ✐s ❛ ❤❡❛✈✐❧② r❡❞❞❡♥❡❞ ♦❜❥❡❝t❀ ❬✭✝✞✮❭❪❫❴✡❵ ❂

✟✿✯✓ ❛♥❞ ❬✭✝✞✮✦❪④⑤⑥ ❂ ✟✿✒✺✱ ❛♥❞ s❤♦✇s ❛ ❜✐♣♦❧❛r ✜☞ ✇✐t❤ ♣♦✐♥t✲s②♠♠❡tr✐❝ ❥❡ts

✭⑦⑧⑨ ✐♠❛❣❡s✱ ⑩❶ ✶✶✻❳✢✱ ✜☎⑩☎ ✕t❛♥❣❤❡❧❧✐♥✐✂☎ ✣❤❡ ❞❡♥s✐t② ♦❢ ✔✡ ❂ ✟✵❁ ❝♠✖✗ ❞❡r✐✈❡❞

❢r♦♠ ❷✕ ✌✌✂❸ r❛t✐♦ ❛ss♦❝✐❛t❡s ✐t ✇✐t❤ ❛ r❡❧❛t✐✈❡❧② ❤✐❣❤✲❞❡♥s✐t② ✜☞☎ ✣❤❡ ❷☞ ✌✌❸ t❡♠✲

♣❡r❛t✉r❡ ❞✐❛❣♥♦st✐❝ r❛t✐♦ ♣r❡s❡♥ts ✠✡✭☞ ✌✌✮ ❂ ✟✵✒✑✵ ❑☎ ❲❡ ✎♥❞ ✠✡✭☞ ✌✌✮ ❂ ✟✵✬✛✵❑

❝♦rr❡❝t❡❞ ❢♦r t❤❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥✱ ✇❤✐❝❤ ✐s ♥♦ ❞✐❢❢❡r❡♥t ❢r♦♠ ✠✡✭✏ ✌✌✌✮❂

✶✾✆ ❹❺❻❼❽❾❿❻➀ ❻➁ ➂❼➃➀➄❾➃➅➆ ➀➄➇❽❼➃➄ ➈❿❾➉ ➊➋➌❾➆➂➄ ➍➄➀❾➅➃❼ ➎❾➃➅➎



✸✳✺✳ ❉■❙❈❯❙❙■❖◆ ❖❋ ■◆❉■❱■❉❯❆▲ ❖❇❏❊❈❚❙

✶✵�✷✵❑✁ ✂❞❞✐t✐♦♥❛❧❧②✱ ❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ♦❢ ✾✄☎☎❑ ✇❛s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡

❍❡ ✆ ✝✻✻✼✽✴✝✹✹✼✞ r❛t✐♦✱ ✇❤✐❝❤ ❞♦❡s ♥♦t s❤♦✇ ❛ ❤✐❣❤ ❞❡♣❛rt✉r❡ ❢r♦♠ ✟✠✡ t❡♠✲

♣❡r❛t✉r❡s✁ ✂s s❡❡♥ ✐♥ ☛❛❜❧❡ ✄✁✼✱ ♦✉r ❞❡r✐✈❡❞ ❞❡♥s✐t② ❛♥❞ t❡♠♣❡r❛t✉r❡s ❛r❡ ✐♥

❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✁ ✭✞☎☞✞✮✁

❲❡ ✌♥❞ ✍✴✎ ❂ ☎✁✹ ✭♥♦♥✲☛②♣❡ ✏✮✱ ✇❤❡r❡❛s ✍✴✎ ❂ ☎✁✞✒ ❢♦✉♥❞ ❜② ●❛r❝➫✑❛✲

❘♦❥❛s ❡t ❛❧✁ ✭✞☎☞✄✮ ❛♥❞ ✍✴✎ ❂ ☎✁✄✹ ❜② ●✐r❛r❞ ❡t ❛❧✁ ✭✞☎☎✼✮✁ ❲❡ ✌♥❞ ❛ ♦①②❣❡♥

❛❜✉♥❞❛♥❝❡ ♦❢ ✎✴❍ ❂ ✓✿✵✓✔✶✵✕✖ ❧♦✇❡r t❤❛♥ ✎✴❍ ❂ ✓✿✗✘✔✶✵✕✖ ❜② ●❛r❝➫✑❛✲❘♦❥❛s

❡t ❛❧✁ ✭✞☎☞✄✮✱ ❛♥❞ ❛ ♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡ ♦❢ ✍✴❍ ❂ ✶✿✗�✔ ✶✵✕✖ ❤✐❣❤❡r t❤❛♥

✎✴❍ ❂ ✶✿✶✙✔✶✵✕✖ ❜② ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✁ ✭✞☎☞✄✮✁ ☛❤✐s ❝❛♥ ❜❡ ❞✉❡ t♦ ❞✐❢❢❡r❡♥t

❛t♦♠✐❝ ❞❛t❛ ❛♥❞ ♣❤②s✐❝❛❧ ❝♦♥❞✐t✐♦♥s ❛❞♦♣t❡❞ ❢♦r t❤❡ ❛❜✉♥❞❛♥❝❡ ❝❛❧❝✉❧❛t✐♦♥s✁ ✏t

✐s ❢♦✉♥❞ t❤❛t ♦✉r ✈❛❧✉❡ ♦❢ t❤❡ ♦①②❣❡♥ ❛❜✉♥❞❛♥❝❡ ✐s s❧✐❣❤t❧② ❜❡❧♦✇ s♦❧❛r ❛❜✉♥✲

❞❛♥❝❡ ❜② ✚✵✿✵✘ ❞❡①✱ ✇❤✐❧❡ ❬✂r✴❍❪ ❂ ❬✟❧✴❍❪ ❂✚✵✿✶✶ ❛♥❞ ❬✛✴❍❪ ❂✚✵✿✷✷✁ ▼♦r❡✲

♦✈❡r✱ ✇❡ ✌♥❞ ✟✜✢✣✴✎✤✥✣ ❂ ✞✁✄✒✱ ✐♥ ❞❡❝❡♥t ❛❣r❡❡♠❡♥t ✇✐t❤ ✟✜✢✣✴✎✤✥✣ ❂ ✞✁✼✽

❞❡r✐✈❡❞ ❜② ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✁ ✭✞☎☞✄✮✁ ☛❤❡ ❛❜✉♥❞❛♥❝❡ ♣❛tt❡r♥ ✐♥❞✐❝❛t❡s t❤❛t

P❡ ☞✲☞ ♣r♦❜❛❜❧② ❡✈♦❧✈❡❞ ❢r♦♠ ❛ ❧♦✇✲♠❛ss ❝❛r❜♦♥✲r✐❝❤ ✂●✦ st❛r ✭✧ ✷★✩✮ ✇✐t❤ ❛

s✉❜✲s♦❧❛r ♠❡t❛❧❧✐❝✐t② ❜② ❛❜♦✉t ✚✵✿✶ ❞❡①✁

✪✫✬✯✰ ✭❂P✍●✞✽✒✁✹❀☎☞✁✒✮✁ ✂❝❦❡r ❁ ✍❡✐♥❡r ✭✞☎☎✄✮ ❝❧❛ss✐✌❡❞ t❤❡ ❝❡♥tr❛❧

st❛r ♦❢ ▼☞✲✄✞ ❛s ♦❢ t②♣❡ ❬❲✎ ✹❪❃❄❅✱ ✇❤♦s❡ ✟ ✆◗✲✒✽☎☞✴☞✞ ❞♦✉❜❧❡t s❤♦✇s ❛ ❳❨❩

❭❫❴❵q③ t❡r♠✐♥❛❧ ✈❡❧♦❝✐t② ♦❢ ❛❜♦✉t ✒☎☎☎ ❦♠ s✕④✁ ✎✉r ♦❜s❡r✈❛t✐♦♥s ✐♥❞✐❝❛t❡ t❤❛t

t❤✐s ♦❜❥❡❝t ❝♦✉❧❞ ❜❡ ❛ ☛②♣❡ ✏ P✍ ✇✐t❤ ✍✴✎ ❂ ☎✁✽✽✁ ❍♦✇❡✈❡r✱ ✍✴✎ ❂ ☎✁✒ ✇❛s

❞❡r✐✈❡❞ ❜② ●✐r❛r❞ ❡t ❛❧✁ ✭✞☎☎✼✮ ❛♥❞ ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✁ ✭✞☎☞✄✮✱ ✇❤❡r❡❛s P❡➌♥❛

❡t ❛❧✁ ✭✞☎☎☞✮ ♦❜t❛✐♥❡❞ ✍✴✎ ❂ ☞✁☎✾✁ ❲❡ ✌♥❞ ✟✜✢✣✴✎✤✥✣ ❂ ✹✁✒✼✱ ❧♦✇❡r t❤❛♥

✟✜✢✣✴✎✤✥✣ ❂ ☞☎✁☞✾ ❜② ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✁ ✭✞☎☞✄✮✁ ▼♦r❡♦✈❡r✱ ✇❡ ✌♥❞ ❛ ❍❡✴❍

r❛t✐♦ ♦❢ ☎✁☞☎✱ ✇❤✐❝❤ ✐s ❧♦✇❡r t❤❛♥ ♣r❡✈✐♦✉s ♣✉❜❧✐s❤❡❞ ✈❛❧✉❡s ✭s❡❡ ☛❛❜❧❡ ✄✁☞☞✮✁

☛❤❡ ❤✐❣❤ ✈❛❧✉❡ ✟✴✎ r❛t✐♦ ❝❛♥ ❜❡ r❡❧❛t❡❞ t♦ t❤❡ t❤✐r❞ ❞r❡❞❣❡✲✉♣ ✭☛⑤⑥✮✱ ✇❤✐❧❡

t❤❡ ❤✐❣❤ ✈❛❧✉❡ ✍✴✎ r❛t✐♦ ✐s ✉s✉❛❧❧② ♣r♦❞✉❝❡❞ ❜② t❤❡ ❍✦✦ ♣❤❛s❡ ✭❑❛r❛❦❛s ❡t ❛❧✁

✞☎☎✾✮✁ ☛❤❡ ♦①②❣❡♥ ❛❜✉♥❞❛♥❝❡ ✐♥❞✐❝❛t❡s t❤❛t ✐t ❤❛s r♦✉❣❤❧② s♦❧❛r ♠❡t❛❧❧✐❝✐t②✱

✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✁ ✭✞☎☞✄✮✁ ✂❝❝♦r❞✐♥❣ t♦ t❤❡ ✂●✦ ♠♦❞❡❧s

✭❑❛r❛❦❛s ❁ ✡❛tt❛♥⑦✐♦ ✞☎☎✼✮✱ t❤✐s P✍ ♠✉st ❤❛✈❡ ❛ ♣r♦❣❡♥✐t♦r st❛r ✇✐t❤ ❛♥ ✐♥✐t✐❛❧

❆⑧⑨⑩❶❵❷ ❉q❸❨⑨⑩q③ ☞✾☞



✸✳ P❍❨❙■❈❆▲ ❈❖◆❉■❚■❖◆❙ ❆◆❉ ❈❍❊▼■❈❆▲ ❆❇❯◆❉❆◆❈❊❙

♠❛ss ♠♦r❡ t❤❛♥ ✺�❏ t♦ ✉♥❞❡r❣♦ t❤❡ ✁✂✂ ♣❤❛s❡✄

❲❡ ☎♥❞ ❛ r❡❛s♦♥❛❜❧❡ ❛❣r❡❡♠❡♥t ❜❡t✇❡❡♥ ♣❤②s✐❝❛❧ ❝♦♥❞✐t✐♦♥s ❞❡r✐✈❡❞ ❢r♦♠

✆✝✞s ❛♥❞ t❤♦s❡ ♦❢ ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✄ ✭✷✵✶✷✮✄ ❲❡ ❞❡r✐✈❡ ✟✠✭✡ ☛☛✮ ❂ ✽✻☞✵ ❑✱

s✐♠✐❧❛r t♦ ✟✠✭✡ ☛☛✮ ❂ ✽✻✵✵ ❑ ❜② ●✐r❛r❞ ❡t ❛❧✄ ✭✷✵✵✼✮ ❛♥❞ ✟✠✭✡ ☛☛✮ ❂ ✽☞✌✵ ❑

❜② ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✄ ✭✷✵✶✷✮✄ ✍♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ♦❢ ✾☞✻✵ ❑ ✇❛s ❞❡✲

r✐✈❡❞ ❢r♦♠ t❤❡ ❬✎ ☛☛☛❪ ♥❡❜✉❧❛r ✏✏✹✾✌✾✱✌✵✵✼✴✏✹☞✻☞ r❛t✐♦ ✭❛✉r♦r❛❧ ❧✐♥❡ ✒✉①

❛❞♦♣t❡❞ ❢r♦♠ ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✄ ✷✵✶✷✮✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✟✠✭✎ ☛☛☛✮ ❂ ✾✹☞✵ ❑

❜② ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✄ ✭✷✵✶✷✮✄ ❲❡ ❞❡r✐✈❡ ✓✠✭✔ ☛☛✮ ❂✻✹✵✵ ❝♠
✕✖✱ ✐♥ ❛❣r❡❡♠❡♥t

✇✐t❤ ✓✠✭✔ ☛☛✮ ❂✻✽✌✼ ❝♠
✕✖ ❞❡r✐✈❡❞ ❜② ✗❡➌♥❛ ❡t ❛❧✄ ✭✷✵✵✶✮✄

✘✙✚✛✜ ✭❂✗✡●✵✵✻✄✽✰✵✹✄✶✮✄ ✢☞✲✶✌ ✐s t❤❡ ♠♦st r❡❞❞❡♥❡❞ ♦❜❥❡❝t ✐♥ ♦✉r

s❛♠♣❧❡✱ ❛ ✈❛❧✉❡ ♦❢ ✣✭✁✤✮ ❂ ✷✄✷✼ ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ✁✥✴✁✤ ✒✉① r❛t✐♦✱ s✐♠✐❧❛r

t♦ ✣✭✁✤✮ ❂ ✷✄✶✵ ❣✐✈❡♥ ❜② ✍❝❦❡r ✫ ✡❡✐♥❡r ✭✷✵✵☞✮✄ ❲❡ ❞❡r✐✈❡❞ ❛ t❡♠♣❡r❛t✉r❡

♦❢ ✟✠✭✡ ☛☛✮ ❂ ✼✼✽✵ ❑✱ ❧♦✇❡r t❤❛♥ t❤❡ ✈❛❧✉❡s ❢♦✉♥❞ ❜② ♦t❤❡r ❛✉t❤♦rs✱ ❧✐st❡❞ ✐♥

✦❛❜❧❡ ☞✄✼✄ ❲❡ ❜❡❧✐❡✈❡ t❤❛t t❤❡ ❧♦✇ t❡♠♣❡r❛t✉r❡ r❡s✉❧ts ❢r♦♠ ❛♥ ❡rr♦r ✐♥ t❤❡

❬✡ ☛☛❪ ✏✌✼✌✌ ♠❡❛s✉r❡♠❡♥t✄ ✍❞♦♣t✐♥❣ t❤❡ ❬✎ ☛☛☛❪ ✏✹☞✻☞ ✒✉① ❢r♦♠ ●❛r❝➫✑❛✲❘♦❥❛s

❡t ❛❧✄ ✭✷✵✶✷✮✱ ✇❡ ♦❜t❛✐♥❡❞ ✟✠✭✎ ☛☛☛✮ ❂ ✽☞✶✵ ❑✱ ✐❞❡♥t✐❝❛❧ t♦ ❘❛t❛❣ ❡t ❛❧✄ ✭✶✾✾✼✮✱

✔t❛s✐➫♥s❦❛ ❡t ❛❧✄ ✭✶✾✾✽✮✱ ✆❤✐❛♣♣✐♥✐ ❡t ❛❧✄ ✭✷✵✵✾✮ ❛♥❞ ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✄ ✭✷✵✶✷✮✄

❲❡ ❞❡r✐✈❡❞ ✓✠✭✔ ☛☛✮ ❂ ✌✷✵✵ ❑ ❝♠✕✖✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ●✐r❛r❞ ❡t ❛❧✄ ✭✷✵✵✼✮✱

✆❤✐❛♣♣✐♥✐ ❡t ❛❧✄ ✭✷✵✵✾✮ ❛♥❞ ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✄ ✭✷✵✶✷✮✄ ❋♦r t❤❡ ✆✝✞ ❛❜✉♥❞❛♥❝❡

❛♥❛❧②s✐s✱ ✇❡ ❤❛✈❡ ✉s❡❞ ✟✠ ❂ ✽✵✵✵ ❑ ❛♥❞ ✓✠ ❂ ✌✷✵✵ ❑ ❝♠✕✖✄ ❋♦r t❤❡ ✎❘✞ ❛❜✉♥✲

❞❛♥❝❡ ❛♥❛❧②s✐s✱ ✇❡ ❤❛✈❡ ❛❞♦♣t❡❞ ✟✠✭✁❡ ☛✮ ❂ ✼☞✵✵ ❑ ❢r♦♠ ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✄

✭✷✵✶✷✮✄ ✦❤❡ ❛❜✉♥❞❛♥❝❡s ❧✐st❡❞ ✐♥ ✦❛❜❧❡ ☞✄✶✶ ❢♦r ✢☞✲✶✌ ❝❛♥ ❜❡ ❝♦♠♣❛r❡❞ ✇✐t❤

t❤❡ ✈❛❧✉❡s ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡✄ ❲❡ ☎♥❞ ❛ ✡✴✎ r❛t✐♦ ♦❢ ✵✄✌✷ s✐♠✐❧❛r t♦

✗❡➌♥❛ ❡t ❛❧✄ ✭✷✵✵✶✮ ❛♥❞ ✆❤✐❛♣♣✐♥✐ ❡t ❛❧✄ ✭✷✵✵✾✮✱ ❜✉t ❤✐❣❤❡r t❤❛♥ ✡✴✎ ❂ ✵✄☞☞ ❜②

●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✄ ✭✷✵✶☞✮✄ ❲❡ ❞❡r✐✈❡ ✆✧★✩✴✎✪✬✩ ❂ ✵✄✾✶✱ r♦✉❣❤❧② t❤❡ s❛♠❡ ❛s

✆✧★✩✴✎✪✬✩ ❂ ✶✄✶ ❞❡r✐✈❡❞ ❜② ●❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✄ ✭✷✵✶☞✮✄ ❲❡ s❡❡ t❤❛t t❤❡ ♦①②❣❡♥

❛♥❞ s✉❧❢✉r ❛❜✉♥❞❛♥❝❡s ❛r❡ ❛❜♦✈❡ s♦❧❛r ❛❜✉♥❞❛♥❝❡ ❜② ✯✿❀ ❞❡①✄

✘✛✚❁✜ ✭❂✗✡●✵✵✹✄✾✰✵✹✄✾✮✄ ✢✶✲✷✌ ✐s ❛♥ ❡①tr❡♠❡ ❜✐♣♦❧❛r ✗✡ ✇✐t❤ ❛ ❬❲✆✌✲

✻❪ ❝❡♥tr❛❧ st❛r ✭✍❝❦❡r ✫ ✡❡✐♥❡r ✷✵✵☞✮✄ ✎♥❧② ❛ ❢❡✇ ✗✡❡ ✇❡r❡ ❢♦✉♥❞ t♦ ♣♦ss❡ss

✶✾✷ ❃❄❅◗❱❳❩❅❭ ❅❫ ❴◗❵❭q❳❵③④ ❭q⑤❱◗❵q ⑥❩❳⑦ ⑧⑨⑩❳④❴q ❶q❭❳③❵◗ ❷❳❵③❷



✸✳✺✳ ❉■❙❈❯❙❙■❖◆ ❖❋ ■◆❉■❱■❉❯❆▲ ❖❇❏❊❈❚❙

❬❲�✁✲✽❪ st❛rs✱ ✇❤✐❝❤ ❝♦✉❧❞ ❜❡ r❡❧❛t❡❞ t♦ ❛ ♣♦ss✐❜❧② r❛♣✐❞ tr❛♥s✐t✐♦♥ t❤r♦✉❣❤

t❤✐s st❛❣❡✱ ❛ss✉♠✐♥❣ ❬❲�✂❪✦❬❲✄❪ ✭❡☎❣☎ ❲❡r♥❡r ✷✵✵✶✮☎ ✆♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛✲

t✉r❡ ♦❢ ✽✵✵✵❑ ✇❛s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❬✝ ✞✞❪ ❛♥❞ ❬✄ ✞✞✞❪ t❡♠♣❡r❛t✉r❡ ❞✐❛❣♥♦st✐❝

r❛t✐♦s✱ ✇❤✐❝❤ ✐s s✐♠✐❧❛r t♦ t❤♦s❡ ❢♦✉♥❞ ♣r❡✈✐♦✉s❧②❀ s❡❡ ✟❛❜❧❡ ✠☎✼☎ ❲❡ ❞❡r✐✈❡❞

✡☛✭☞ ✞✞✮ ❂ ✹✽✵✵ ❝♠✌✍✱ ✐❞❡♥t✐❝❛❧ t♦ t❤❡ ✈❛❧✉❡ ❢♦✉♥❞ ❜② �❤✐❛♣♣✐♥✐ ❡t ❛❧☎ ✭✷✵✵✾✮✱

❜✉t ❧♦✇❡r t❤❛♥ ✡☛✭☞ ✞✞✎ ✙ ✏✑✑✑ ❝♠✌✍ ❜② ●✐r❛r❞ ❡t ❛❧☎ ✭✷✵✵✼✮ ❛♥❞ ●❛r❝➫✒❛✲❘♦❥❛s

❡t ❛❧☎ ✭✷✵✶✷✮☎ ✓♦r ▼✶✲✷✁✱ ✇❡ ❣♦t ✔✭❍✕✮ ❂ ✶☎✻ ❢r♦♠ t❤❡ ❍✖✴❍✕ ✗✉① r❛t✐♦✱

❤✐❣❤❡r t❤❛♥ ✔✭❍✕✮ ❂ ✶☎✹✻ ❜② ●✐r❛r❞ ❡t ❛❧☎ ✭✷✵✵✼✮ ❛♥❞ ✔✭❍✕✮ ❂ ✶☎✹ ❜② ●❛r❝➫✒❛✲

❘♦❥❛s ❡t ❛❧☎ ✭✷✵✶✷✮✱ ✇❤✐❝❤ ❝♦✉❧❞ ❜❡ ❞✉❡ t♦ s②st❡♠❛t✐❝ ❡rr♦rs ✐♥ t❤❡ ✗✉① ❝❛❧✐❜r❛✲

t✐♦♥☎

❲❡ ✘♥❞ ❛ ❍❡✴❍ r❛t✐♦ ♦❢ ✵☎✶✵✠✱ ✇❤❡r❡❛s ●❛r❝➫✒❛✲❘♦❥❛s ❡t ❛❧☎ ✭✷✵✶✠✮ ❢♦✉♥❞

❍❡✴❍ ❂ ✵☎✶✷✠✱ ✇❤✐❝❤ ✐s r❡❧❛t❡❞ t♦ t❤❡ ✈❛❧✉❡s ♦❢ t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❛s✲

s✉♠❡❞ ❢♦r t❤❡ ✄❘✂ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s☎ ❍♦✇❡✈❡r✱ ✇❡ ✘♥❞ ✝✴✵ ❂ ✵☎✹✾ ❛♥❞

�✚✛✜✴✄✢✣✜ ❂ ✶☎✶✻✱ ✐♥ ❞❡❝❡♥t ❛❣r❡❡♠❡♥t ✇✐t❤ ✝✴✵ ❂ ✵☎✠✹ ❛♥❞ �✚✛✜✴✄✢✣✜ ✤

✥✿✧★ ❜② ●❛r❝➫✒❛✲❘♦❥❛s ❡t ❛❧☎ ✭✷✵✶✠✮☎ ❲❡ s❡❡ t❤❛t t❤❡ ♦①②❣❡♥ ❛❜✉♥❞❛♥❝❡ ✐s s❧✐❣❤t❧②

❛❜♦✈❡ s♦❧❛r ❛❜✉♥❞❛♥❝❡✱ ❬✄✴❍❪ ❂ ✑✿✑✩✱ ✇❤✐❧❡ t❤❡ s✉❧❢✉r ❛♥❞ ❛r❣♦♥ ❛❜✉♥❞❛♥❝❡s

❛r❡ ❛❜♦✈❡ s♦❧❛r ❛❜✉♥❞❛♥❝❡ ❜② ✑✿✥✩ ❛♥❞ ✑✿✧✪ ❞❡①✱ r❡s♣❡❝t✐✈❡❧②☎ ✫❛s❡❞ ♦♥ t❤❡

❛❜✉♥❞❛♥❝❡ ♣❛st❡r♥✱ ▼✶✲✷✁ ❝❛♥ ❜❡ ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛♥ ✆●✫ st❛r ✇✐t❤ ❛♥ ✐♥✐t✐❛❧

♠❛ss ❛❜♦✉t ★✿✬✯✰ ✭st❡❧❧❛r ♠♦❞❡❧s ❜② ❑❛r❛❦❛s ❡t ❛❧☎ ✷✵✵✾✮☎

❁❃❄❅P◗❳❅ ✭❂❨✝●✠✷✼☎✶❩✵✷☎✷✮☎ ❍❡♥ ✷✲✶✹✷ ❤❛s ❜❡❡♥ st✉❞✐❡❞ ❜② ●✐r❛r❞

❡t ❛❧☎ ✭✷✵✵✼✮✱ ✇❤♦ ♦❜t❛✐♥❡❞ ✝✴✄ ❂ ✵☎✶✾ ❛♥❞ ✄✴❍ ❂ ✏✿❭✥❫✥✑❴✱ ❛❧t❤♦✉❣❤ ✇❡ ❣♦t

✝✴✄ ❂ ✵☎✷✽ ❛♥❞ ✄✴❍ ❂ ★✿✬✩❫✥✑❴☎ ✟❤❡ ❝❡♥tr❛❧ st❛r ♦❢ ❍❡♥✷✲✶✹✷ ✐s ❝❧❛ss✐✘❡❞

❛s ♦❢ t②♣❡ ❬❲�✾❪ ❛♥❞ ❤❛s ❛♥ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ♦❢ ✠✁ ❦❑ ✭✆❝❦❡r ❵ ✝❡✐♥❡r

✷✵✵✠✮☎ ✟❤❡r❡❢♦r❡✱ t❤❡ ❤❡❧✐✉♠ ❣❛s ✐s ♥♦t ❢✉❧❧② ✐♦♥✐③❡❞ ❛s ✇❡ ❣♦t ❛ ❍❡✴❍ r❛t✐♦ ♦❢

✵☎✵✷✁☎ ❍❡♥✷✲✶✹✷ ✐s ❛♥ ❡①tr❡♠❡ ❜✐♣♦❧❛r ❨✝ ✇✐t❤ ❛ ❤✐❣❤ ❞❡♥s✐t② ♦❢ ✧❫✥✑❴ ❝♠✌✍✱

❛♥❞ ❛ t❡♠♣❡r❛t✉r❡ ♦❢ ❛❜♦✉t ✽✽✵✵❑☎ ❲❡ ✘♥❞ ✔✭❍✕✮ ❂ ✶☎✁✁ ❢r♦♠ t❤❡ ✫❛❧♠❡r

❡♠✐ss✐♦♥ ❧✐♥❡ ❍✖✴❍✕ ✗✉① r❛t✐♦✱ ✇❤✐❝❤ ✐s ❧♦✇❡r t❤❛♥ ✔✭❍✕✮ ❂ ✶☎✼✠ ❜② ✆❝❦❡r ❵

✝❡✐♥❡r ✭✷✵✵✠✮ ❛♥❞ ✔✭❍✕✮ ❂ ✷☎✶✶ ❜② ●✐r❛r❞ ❡t ❛❧☎ ✭✷✵✵✼✮☎ ✟❤✐s ❝♦✉❧❞ ❜❡ ❜❡❝❛✉s❡

♦❢ s♦♠❡ ❡rr♦rs ✐♥ ♠❡❛s✉r❡♠❡♥ts ❛♥❞✴♦r ✗✉① ❝❛❧✐❜r❛t✐♦♥☎ ❍♦✇❡✈❡r✱ ✇❡ ❞❡r✐✈❡❞

❆q④⑤⑥⑦⑧ ❉⑨⑩❶④⑤⑨❷ ✶✾✠



✸✳ P❍❨❙■❈❆▲ ❈❖◆❉■❚■❖◆❙ ❆◆❉ ❈❍❊▼■❈❆▲ ❆❇❯◆❉❆◆❈❊❙

❝✭�❜✮❘❛❞✐♦ ❂ ✶✁✷✂ ❢r✄♠ t❤❡ r☎✆✝✄✲�❜ ♠❡t❤✄✆✁

✞✟♥✠✡☛✠✠✠ ✭❂☞✌●✂✂✷✁✾✍✵✾✁✾✎✁ ✏❤✝s ✄✑❥❡✒t ✝s ☎ q✉✝t❡ ②✄✉✓❣✱ ❤✝❣❤✲✆❡✓s✝t②

☞✌ ✇✝t❤ ☎✓ ❡☎r❧②✲t②♣❡ ❬❲✔✶✵❪ ✒❡✓tr☎❧ st☎r ✭✕✒❦❡r ✫ ✌❡✝✓❡r ✷✵✵✂✎✱ ☎✓✆ ❤☎s

✑❡❡✓ st✉✆✝❡✆ ✑② ✖❡ ✗☎r✒✄ ❡t ☎❧✁ ✭✶✾✾✼✎✁ ✏❤❡ ✒❡✓tr☎❧ st☎r ✝s ✈❡r② ✒✄✄❧✱ ☎✓✆ ❤☎s

☎ ❩☎✓str☎ t❡♠♣❡r☎t✉r❡ ✄❢ ✘③✭� ✙✎✚ ✛✜ ❦❑ ✭✕✒❦❡r ✫ ✌❡✝✓❡r ✷✵✵✂✎✱ ✇❤✝✒❤ ✒☎✓✓✄t

♣r✄✆✉✒❡ �❡ ✙ ❧✝✓❡s✁ ❲❡ ✢✓✆ ☎ ✌✴✣ r☎t✝✄ ✄❢ ✵✁✷✺✱ ☎s ❧✄✇ ☎s ✌✴✣ ❂ ✵✁✶✼ ✑②

✖❡ ✗☎r✒✄ ❡t ☎❧✁ ✭✶✾✾✼✎✁ �✄✇❡✈❡r✱ ✇❡ ✆❡r✝✈❡ ✣✴� ❂ ✽✿✤✥✛✦✧✹✱ t✇✝✒❡ t❤❡ ✈☎❧✉❡

❢✄✉✓✆ ✑② ✖❡ ✗☎r✒✄ ❡t ☎❧✁ ✭✶✾✾✼✎✁ ✕✆✆✝t✝✄✓☎❧❧②✱ ✖❡ ✗☎r✒✄ ❡t ☎❧✁ ✭✶✾✾✼✎ ✆❡r✝✈❡✆ ☎

✈❡r② ❧☎r❣❡ ✒☎r✑✄✓ ☎✑✉✓✆☎✓✒❡ ✄❢ ✭✔✴✣✎★✩✪ ❂ ✶✂✁✶✂✁ ❲❡ s❡❡ t❤☎t t❤❡ ☎✑✉✓✆☎✓✒❡

♣☎tt❡r✓ ✄❢ �❡✓✷✲✶✶✂ ✝s ♣r❡✆✝✒t❡✆ ✑② t❤❡ ✕●✬ ♠✄✆❡❧s ✇✝t❤ ♣r✄❣❡✓✝t✄r ♠☎ss❡s

❧❡ss t❤☎✓ ✯✿✤✰❏ ✭❑☎r☎❦☎s ❡t ☎❧✁ ✷✵✵✾✎✁

✞✟♥✻✡☛☛✠ ✭❂☞✌●✂✷✶✁✵❀✵✂✁✾✎✁ ✏❤✝s ②✄✉✓❣✱ ❤✝❣❤✲✆❡✓s✝t② ☞✌ ✇✝t❤ ❬❲✔✶✵❪

st☎r ✭✕✒❦❡r ✫ ✌❡✝✓❡r ✷✵✵✂✎ ❧✄✄❦s ✓❡☎r❧② ☎s ☎ t✇✝✓ ✄❢ �❡✓ ✂✲✶✂✂✂✱ ☎✓✆ ❤☎s ✑❡❡✓

☎❧s✄ st✉✆✝❡✆ ✑② ✖❡✗☎r✒✄ ❡t ☎❧✁ ✭✶✾✾✼✎✁ ❁ts ✒✄✄❧ ✒❡✓tr☎❧ st☎r s❤✄✇s ☎ ❩☎✓str☎ t❡♠✲

♣❡r☎t✉r❡ ✄❢ ✘③✭� ✙✎✚ ✯✛ ❦❑ ✭✕✒❦❡r ✫ ✌❡✝✓❡r ✷✵✵✂✎✱ ✇❤✝✒❤ ✒☎✓✓✄t ✝✄✓✝❃❡ ❤❡❧✝✉♠

✝✓ t❤❡ ✓❡✑✉❧☎✁ ❲❡ ✆❡r✝✈❡ ☎ ✌✴✣ r☎t✝✄ ✄❢ ✵✁✷❄✱ ✑✉t ✌✴✣ ❂ ✵✁✶❅ ✇☎s ❢✄✉✓✆ ✑② ✖❡

✗☎r✒✄ ❡t ☎❧✁ ✭✶✾✾✼✎✁ ❲❡ ☎❧s✄ ✢✓✆ ✣✴� ❂ ❋✿◗✜✥✛✦✧✹✱ ✝✓ r❡☎s✄✓☎✑❧❡ ☎❣r❡❡♠❡✓t

✇✝t❤ ✣✴� ❂ ❱✿✽✥✛✦✧✹ ✑② ✖❡ ✗☎r✒✄ ❡t ☎❧✁ ✭✶✾✾✼✎✁ ✏❤❡ ❡①tr❡♠❡ ✒☎r✑✄✓✲r✝✒❤

❢❡☎t✉r❡ ✄❢ �❡✓✷✲✶✶✂ ❢✄✉✓✆ ✑② ✖❡ ✗☎r✒✄ ❡t ☎❧✁ ✭✶✾✾✼✎✱ ✭✔✴✣✎★✩✪ ❂ ✶✵✁❅✷✱ ✝s

♣r❡✆✝✒t❡✆ ✑② t❤❡ ✕●✬ ♠✄✆❡❧s ✄❢ ♣r✄❣❡✓✝t✄r st☎rs ✇✝t❤ ✝✓✝t✝☎❧ ♠☎ss❡s ❧❡ss t❤☎✓

✯✿✤✰❏ ✭❑☎r☎❦☎s ❡t ☎❧✁ ✷✵✵✾✎✁

❳ ✻✡☛❭ ✭❂☞✌●✂✺✷✁✾❀✶✶✁❅✎✁ ❑✷✲✶❄ ✝s ☎ ♣r❡s✉♠☎✑❧② ✄❧✆✱ ❧☎r❣❡ ☞✌ ✇✝t❤

☎✓ ❡☎r❧②✲t②♣❡ ❬❲✔✶✶❪ ✒❡✓tr☎❧ st☎r ✭✕✒❦❡r ✫ ✌❡✝✓❡r ✷✵✵✂✎✱ ☎✓✆ ❤☎s ✑❡❡✓ st✉✆✲

✝❡✆ ✑② ☞❡➌✓☎ ❡t ☎❧✁ ✭✷✵✵✶✎✁ ❲❡ ✢✓✆ ☎ t❡♠♣❡r☎t✉r❡ ✄❢ ✘❫✭✌ ✙✙✎ ❂ ✾✺❄✵ ❑ ☎✓✆

❴❫✭❵ ✙✙✮ ④ ✛✦✦⑤⑤ ✒♠
✧⑥✱ ✇❤✝❧❡ ☞❡➌✓☎ ❡t ☎❧✁ ✭✷✵✵✶✎ ✆❡r✝✈❡✆ ✘❫✭✌ ✙✙✎ ❂ ✶✶✼✵✵ ❑ ☎✓✆

❴❫✭❵ ✙✙✎ ❂ ✺✶❅ ✒♠
✧⑥✁ ✕✆✄♣t✝✓❣ t❤❡ ❬✣ ✙✙❪ ⑦✂✼✷❄✱✂✼✷✾ ✆✄✉✑❧❡t ❢r✄♠ ☞❡➌✓☎ ❡t ☎❧✁

✭✷✵✵✶✎✱ ✇❡ ✆❡r✝✈❡✆ ☎ ✣✴� r☎t✝✄ ✄❢ ✛✿✤❋✥✛✦✧✹ ♠✉✒❤ ❤✝❣❤❡r t❤☎✓ ✣✴� ❂ ✜✿✽◗✥

✛✦✧⑧ ✒☎❧✒✉❧☎t❡✆ ✑② ☞❡➌✓☎ ❡t ☎❧✁ ✭✷✵✵✶✎✁ ✏❤❡ ❤✝❣❤ ✄①②❣❡✓ ☎✑✉✓✆☎✓✒❡ ✒☎✓ ✑❡ ❡①✲

♣❧☎✝✓❡✆ ✑② ✆✝❢❢❡r❡✓t t❡♠♣❡r☎t✉r❡ ☎✓✆ ☎t✄♠✝✒ ✆☎t☎✁ ❵✝♠✝❧☎r❧②✱ ✇❡ ✆❡r✝✈❡ ✌✴�❂ ✤✿✽⑨✥

✶✾❅ ⑩❶❷❸❹❺❻❷❼ ❷❽ ❾❸❿❼➀❺❿➁➂ ❼➀➃❹❸❿➀ ➄❻❺➅ ➆➇➈❺➂❾➀ ➉➀❼❺➁❿❸ ➊❺❿➁➊



✸✳✺✳ ❉■❙❈❯❙❙■❖◆ ❖❋ ■◆❉■❱■❉❯❆▲ ❖❇❏❊❈❚❙

✶✵�✁ ❤✐❣❤❡r t❤❛♥ ✂✴❍ ❂ ✄✿✽✄☎✶✵�✁ ❜② P❡➌♥❛ ❡t ❛❧✆ ✭✷✝✝✞✮✆ ❲❡ ❞✐❞ ♥♦t ✐❞❡♥✲

t✐❢② ❛♥② ❍❡ ✟ ❧✐♥❡s✱ s✐♥❝❡ t❤❡ ❝❡♥tr❛❧ st❛r ❤❛s ❛ ❧♦✇ t❡♠♣❡r❛t✉r❡✱ ✠✡☛✭❍ ✟✮☞ ✶✾ ❦❑

✭✌❝❦❡r ✫ ✂❡✐♥❡r ✷✝✝✍✮ ❛♥❞ ✐s ♥♦t ❡♥♦✉❣❤ t♦ ✐♦♥✐③❡ t❤❡ ❤❡❧✐✉♠ ❣❛s✆ ✎t ✐s ❢♦✉♥❞

t❤❛t ❑ ✷✲✞✻ ❤❛s ❛ s✉❜✲s♦❧❛r ♠❡t❛❧❧✐❝✐t② ✇✐t❤ ❬✏✴❍❪ ❂ ✑✵✿✒✶ ❛♥❞ ❬✓✴❍❪ ❂ ✑✵✿✼✔✆

✕●✖✗✘✙✚ ✭❂P✂✛✝✞✝✆✜✑✝✞✆✜✮✆ ✂✛✢✻✣✤✜ ❤❛s ❜❡❡♥ st✉❞✐❡❞ ❜② ❍❡♥r②

❡t ❛❧✆ ✭✷✝✝✹✮✱ ✇❤♦ ❞❡r✐✈❡❞ t❤❡ ❛❜✉♥❞❛♥❝❡ r❛t✐♦s ♦❢ ✂✴✏❂ ✝✆✍✞ ❛♥❞ ❍❡✴❍❂ ✝✆✞✷✆

✓✐♠✐❧❛r❧②✱ ✇❡ ♦❜t❛✐♥❡❞ ✂✴✏ ❂ ✝✆✷ ❛♥❞ ❍❡✴❍ ❂ ✝✆✞✞✆ ❍♦✇❡✈❡r✱ ✇❡ ❞❡r✐✈❡❞ ❛

✏✴❍ r❛t✐♦ ♦❢ ✥✿✼✒☎ ✶✵�✦ ♠✉❝❤ ❧♦✇❡r t❤❛♥ ✏✴❍ ❂ ✼✿✧✥☎ ✶✵�✦ ❝❛❧❝✉❧❛t❡❞ ❜②

❍❡♥r② ❡t ❛❧✆ ✭✷✝✝✹✮✆ ★❤❡ ❧♦✇ ♦①②❣❡♥ ❛❜✉♥❞❛♥❝❡ ♠❛② r❡s✉❧t ❢r♦♠ ❛❞♦♣t✐♥❣ ❛♥

✉♥r❡❧✐❛❜❧❡ ❬✂ ✟✟❪ t❡♠♣❡r❛t✉r❡✱ ❛s t❤❡ ♠❡❛s✉r❡❞ ❛✉r♦r❛❧ ❧✐♥❡ ✐s ✈❡r② ✇❡❛❦ ❛♥❞

✉♥❝❡rt❛✐♥✆ ★❤✐s ♦❜❥❡❝t ❤❛s ❛❧s♦ ❜❡❡♥ st✉❞✐❡❞ ❜② ✌❧❧❡r ✫ ❑❡②❡s ✭✞✩✜✤✮✱ ✇❤♦ ❞❡✲

r✐✈❡❞ ✂✴✏ ❛♥❞ ❍❡✴❍ s✐♠✐❧❛r t♦ ♦✉r r❡s✉❧ts✱ ❜✉t t❤❡② ❢♦✉♥❞ ✏✴❍ ❂ ✒✿✔✥☎✶✵�✦✆

❲❡ ✪♥❞ ❛ ❞❡♥s✐t② ♦❢ ✬✡✭✓ ✟✟✮ ❂ ✣✝✝✝ ❝♠�✯✱ ✇❤✐❝❤ ✐s ❛❧♠♦st ❞♦✉❜❧❡ t❤❡ ✈❛❧✉❡s

❢♦✉♥❞ ❜② P❡➌♥❛ ❡t ❛❧✆ ✭✷✝✝✞✮ ❛♥❞ ❍❡♥r② ❡t ❛❧✆ ✭✷✝✝✹✮✆ ★❤❡ ❝❛r❜♦♥ r❛t✐♦♥ ♦❢

✢✰❘❀✴✏❁❃❀ ❂ ✣✆✹✻ ✐♥❞✐❝❛t❡s t❤❛t ✂✛✢✻✣✤✜ ✐s ❛ ❝❛r❜♦♥✲r✐❝❤ P✂✆ ★❤❡ ♦①②❣❡♥

❛❜✉♥❞❛♥❝❡ ✐s ❜❡❧♦✇ s♦❧❛r ❛❜✉♥❞❛♥❝❡ ❜② ✑✵✿✥✒ ❞❡①✱ s♦ ✂✛✢✻✣✤✜ ❝♦✉❧❞ ❜❡ ♣r♦✲

❞✉❝❡❞ ❜② ❛ ♠❡t❛❧✲♣♦♦r ♣r♦❣❡♥✐t♦r st❛r✆ ✢♦♠♣❛r✐♥❣ ✂✴✏ ❛♥❞ ❍❡✴❍ ✇✐t❤ ✈❛❧✉❡s

♣r❡❞✐❝t❡❞ ❜② t❤❡ st❡❧❧❛r ♠♦❞❡❧s ✭❑❛r❛❦❛s ❡t ❛❧✆ ✷✝✝✩✮✱ t❤✐s P✂ ♣r♦❜❛❜❧② ❡✈♦❧✈❡❞

❢r♦♠ ❛ ✌✛❄ st❛r ✇✐t❤ ❛♥ ✐♥✐t✐❛❧ ♠❛ss ♦❢ ❛❜♦✉t ✥✿✒▼❅✆

◗❳❨❩❳ ✭❂P✂✛✝✝✜✆✷✑✝✹✆✜✮✆ ★❤✐s P✂ ❤❛s ❛♥ ❡①tr❡♠❡❧② ❜✐♣♦❧❛r ♠♦r♣❤♦❧✲

♦❣② ✭✌❦r❛s ✫ ❭➫♦♣❡③ ✷✝✞✷✮ ✭s❡❡ ❛❧s♦ ✢❤❛♣t❡r ✷✮✆ ❲❡ ✪♥❞ ✂✴✏ ❂ ✝✆✍✩ ❛♥❞

❍❡✴❍ ❂ ✷✆✹✍✱ ✐♥ r❡❛s♦♥❛❜❧❡ ❛❣r❡❡♠❡♥t ✇✐t❤ ✂✴✏ ❂ ✝✆✍✷ ❛♥❞ ❍❡✴❍ ❂ ✞✆✹✷

❜② ❲❛♥❣ ✫ ❭✐✉ ✭✷✝✝✤✮✆ ❄✉t✱ ❲❛♥❣ ✫ ❭✐✉ ✭✷✝✝✤✮ ❞❡r✐✈❡❞ ✏✴❍ ❂ ✒✿✔✥☎✶✵�✦✱

✇❤✐❝❤ ✐s ❛❧♠♦st t✇✐❝❡ ♦✉r ✈❛❧✉❡ ♦❢ ✏✴❍ ❂ ✥✿✥✶☎✶✵�✦✆ ★❤✐s ❝❛♥ ❜❡ ❡①♣❧❛✐♥❡❞

❜② t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❛❞♦♣t❡❞ ❢♦r t❤❡ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s✆ ❲❛♥❣ ✫ ❭✐✉

✭✷✝✝✤✮ ❞❡r✐✈❡❞ ❛ t❡♠♣❡r❛t✉r❡ ♦❢ ✠✡✭✂ ✟✟✮ ❂ ✩✍✣✝❑✱ ✇❤✐❝❤ ❤❛s ❜❡❡♥ ✉s❡❞ ❢♦r

t❤❡✐r ❛❜✉♥❞❛♥❝❡ ❝❛❧❝✉❧❛t✐♦♥s✆ ❍♦✇❡✈❡r✱ ✇❡ ❛❞♦♣t❡❞ ✠✡ ❂ ✞✝✍✝✝❑ ❞❡r✐✈❡❞ ❢r♦♠

t❤❡ ❬✂ ✟✟❪ ✭❫✻✣✹✜❴❫✻✣✜✹✮✴❫✣✤✣✣ ❞✐❛❣♥♦st✐❝ r❛t✐♦✆

✕●✖✗✘✗✙ ✭❂P✂✛✝✞✞✆✤✑✝✝✆✻✮✆ ✂✛✢✻✣✻✤ ❤❛s ❛ ✈❡r② ❤✐❣❤ ✢✰❘❀✴✏❁❃❀ r❛✲

❆❵q④⑤⑥⑦ ❉⑧⑨⑩q④⑧❶ ✞✩✣



✸✳ P❍❨❙■❈❆▲ ❈❖◆❉■❚■❖◆❙ ❆◆❉ ❈❍❊▼■❈❆▲ ❆❇❯◆❉❆◆❈❊❙

t✐♦ ♦❢ ✺�✹✻� ❲❡ ✂♥❞ ✁✴✄ ❂ ✵�✶✾✱ ✐♥ ❣❡♥❡r❛❧❧② ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ ☎❧❧❡r

✫ ❑❡②❡s ✭✶✾✽✼✮✱ ✆❡➌♥❛ ❡t ❛❧� ✭✷✵✵✶✮ ❛♥❞ ✝❡♥r② ❡t ❛❧� ✭✷✵✵✹✮� ☎ ❞❡♥s✐t② ♦❢

✞✟ ❂ ✻✺✵✵ ❝♠✠✡ ✇❛s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❬☛ ☞☞❪ ✌✻✼✍✶✴✎✻✼✶✼ ✏✉① r❛t✐♦✱ ✇❤✐❝❤

✐s ❛❧♠♦st t❤❡ s❛♠❡ ❛s t❤❡ ✈❛❧✉❡ ❢♦✉♥❞ ❜② ❑✇✐tt❡r ❡t ❛❧� ✭✷✵✵✍✮ ❛♥❞ ❲❛♥❣ ❡t ❛❧�

✭✷✵✵✹✮�

✑●✒✓✓✔✕ ✭❂✆✁✖✵✵✾�✹✗✵✺�✵✮� ✄✉r ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s ♣r❡s❡♥ts ✁✴✄ ❂

✵�✵✾ ❛♥❞ ✝❡✴✝ ❂ ✵�✵✾✺✱ ✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ♠♦st ✈❛❧✉❡s ❢r♦♠ t❤❡

❧✐t❡r❛t✉r❡✱ ❛s ❧✐st❡❞ ✐♥ ✘❛❜❧❡ ✍�✶✶� ❲❡ ❞❡r✐✈❡❞ ✙✚❘✛✴✄✜✢✛ ❂ ✶�✷✹✱ ✇❤✐❝❤ ✐s

❤✐❣❤❡r t❤❛♥ ✙✴✄ ❂ ✵�✹✹ ❣✐✈❡♥ ❜② ✆♦tt❛s❝❤ ❡t ❛❧� ✭✷✵✶✶✮� ❲❡ ♦❜t❛✐♥❡❞ ❛♥ ♦①②❣❡♥

❛❜✉♥❞❛♥❝❡ ♦❢ ✄✴✝ ❂ ✣✿✤✣✥ ✤✦✠✧✱ ✇❤✐❝❤ ✐s t❤❡ s❛♠❡ ❛s ✆❡➌♥❛ ❡t ❛❧� ✭✷✵✵✶✮✱

❜✉t ✆♦tt❛s❝❤ ❡t ❛❧� ✭✷✵✶✶✮ ❢♦✉♥❞ ✄✴✝ ❂ ✣✿★✦✥✤✦✠✧� ❲❡ s❡❡ t❤❛t ♦✉r ♦①②❣❡♥

❛❜✉♥❞❛♥❝❡ ✐s ❜❡❧♦✇ s♦❧❛r ❛❜✉♥❞❛♥❝❡ ❜② ✗✦✿✦✩�

✪✬ ✯✲✰❀❁ ✭❂✆✁✖✍✺✽�✵✗✵✹�✻✮� ✘❤❡ ❝❡♥tr❛❧ st❛r ♦❢ t❤❡ ✖❛❧❛❝t✐❝ ❜✉❧❣❡ ✆✁

☛❛ ✍❃✶✵✼ ❤❛s ❜❡❡♥ ❝❧❛ss✐✂❡❞ ❛s ♦❢ ❄❅❋❏ ❜② ◗❡♣❡✇ ❡t ❛❧� ✭✷✵✶✶✮✱ ❛❧t❤♦✉❣❤ ✐ts ♥❡❜❃

✉❧❛ ❤❛s ♥❡✈❡r ❜❡❡♥ ❛♥❛❧②③❡❞� ❲❡ ✂♥❞ ❛ ✝❡✴✝ r❛t✐♦ ♦❢ ✵�✶✶✻� ❲❡✱ ✉♥❢♦rt✉♥❛t❡❧②✱

❞♦ ♥♦t ❤❛✈❡ ❛♥② ❬✄ ☞☞❪ ❧✐♥❡ ✇✐t❤✐♥ ♦✉r ✇❛✈❡❧❡♥❣t❤ ❝♦✈❡r❛❣❡✱ s♦ ✇❡ ❤❛✈❡ ❛❞♦♣t❡❞

✄❱ ❡st✐♠❛t❡❞ ✉s✐♥❣ ❳q� ✭✍�✶✽✮ ❢r♦♠ ☛❩❱✴☛❱ r❛t✐♦� ❲❡ ✂♥❞ ❛ ✁✴✄ r❛t✐♦ ♦❢ ✵�✺✺

✭♥♦♥❃✘②♣❡ ❭✮ ❛♥❞ ❛ ✈❡r② ❤✐❣❤ ✙✚❘✛✴✄✜✢✛ r❛t✐♦ ♦❢ ✺�✷✾� ❲❡ ♥♦t✐❝❡ t❤❛t t❤❡ ♦①②❃

❣❡♥ ❛♥❞ s✉❧❢✉r ❛❜✉♥❞❛♥❝❡s ❛r❡ ❧❛r❣❡❧② ❜❡❧♦✇ s♦❧❛r ✈❛❧✉❡s✱ ❬✄✴✝❪ ❂ ✗✦✿❫❴ ❛♥❞

❬☛✴✝❪ ❂ ✗✦✿★❵ ❞❡①� ✘❤❡ ❛❜✉♥❞❛♥❝❡ ♣❛tt❡r♥ s✉❣❣❡st❡❞ t❤❛t ☛❛ ✍❃✶✵✼ ♣r♦❜❛❜❧②

❡✈♦❧✈❡❞ ❢r♦♠ ❛ ❧♦✇❃♠❛ss✱ ❧♦✇❃♠❡t❛❧❧✐❝✐t② st❛r ✭❥ ❵❦④✮

⑤⑥⑦ ⑧⑨⑩❶❷⑩⑩⑨❸❹⑩ ❺❹❻ ❶❸❹❶❼❷⑩⑨❸❹

❽❾❿❾➀ ➁➂➃➄➅➆➇➈➂➉ ➊➇➋➍ ➎➏➐ ➉➑➒➓➔➂➈→➉➋➍➔➈➇➈ ➃➂➣➔➓➈

✘❤❡ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ r❡♣r❡s❡♥t t❤❡ ♣r♦❞✉❝ts ♦❢ t❤❡

♥✉❝❧❡♦s②♥t❤❡s✐s ❛♥❞ ♠✐①✐♥❣ ♣r♦❝❡ss❡s t❤❛t ♦❝❝✉rr❡❞ ❞✉r✐♥❣ ♣r❡✈✐♦✉s ❡✈♦❧✉t✐♦♥❃

❛r② ♣❤❛s❡s� ✘❤❡ r✐❝❤❡st ♥✉❝❧❡♦s②♥t❤❡s✐s ♦❝❝✉rs ❞✉r✐♥❣ t❤❡ ☎✖↔✱ ✇❤❡r❡ ✘◗↕

✶✾✻ ➙➛➜❋➝➞➟➜➠ ➜➡ ➢❋➤➠❅➞➤➥➦ ➠❅➧➝❋➤❅ ❄➟➞➨ ➩➫➭➞➦➢❅ ➯❅➠➞➥➤❋ ❏➞➤➥❏



✸✳✻✳ ❉■❙❈❯❙❙■❖◆❙ ❆◆❉ ❈❖◆❈▲❯❙■❖◆

♠✐①❡s ❝❛r❜♦♥ ❛♥❞ ♦t❤❡r ❤❡❧✐✉♠ ❜✉r♥✐♥❣ ♣r♦❞✉❝ts t♦ t❤❡ s✉r❢❛❝❡� ❍❇❇ ❛❧s♦ ♦❝✲

❝✉rs ✐♥ ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss ✁●❇ st❛rs ✇✐t❤ ♠❛ss❡s ✕ ✺▼☞� ✁❧t❤♦✉❣❤ ✇❡ ❤❛✈❡ ❛

❣♦♦❞ q✉❛❧✐t❛t✐✈❡ ♣✐❝t✉r❡ ♦❢ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ❧♦✇ ❛♥❞ ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss st❛rs✱

t❤❡ ❞❡t❛✐❧s ♦❢ t❤❡ ♠✐①✐♥❣ ❛♥❞ ♥✉❝❧❡♦s②♥t❤❡s✐s ❞✉r✐♥❣ t❤❡ ✁●❇ ❛r❡ ✉♥❝❡rt❛✐♥

✭❡�❣� ❇✉ss♦ ❡t ❛❧� ✶✾✾✾❀ ❍❡r✇✐❣ ✷✵✵✂✮� ❊❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ❢r♦♠ P✄❡ ❛r❡ ❛♥

✐♥✈❛❧✉❛❜❧❡ t♦♦❧ t♦ ❤❡❧♣ ❝♦♥str❛✐♥ t❤❡s❡ ✉♥❝❡rt❛✐♥ ♠✐①✐♥❣ ♣r♦❝❡ss❡s✱ ❛♥❞ t♦ ❣❛✐♥

✐♥s✐❣❤t ✐♥t♦ ♥♦♥✲st❛♥❞❛r❞ ♣❤②s✐❝s s✉❝❤ ❛s r♦t❛t✐♦♥ ✭❡�❣� ☎❤❛r❜♦♥♥❡❧ ✫ ✆❛❣❛r❞❡

✷✵✶✵✮�

✝♥ ❚❛❜❧❡ ✞�✶✷✱ ✇❡ ♣r❡s❡♥t t❤❡ ♥❡✇ ②✐❡❧❞s ❢♦r P✄❡ ♦r✐❣✐♥❛t✐♥❣ ❢r♦♠ ❞✐❢❢❡r✲

❡♥t ✁●❇ ♠♦❞❡❧s ✇✐t❤ ♣r♦❣❡♥✐t♦r ♠❛ss❡s ▼✟✠✡❂☛☞ ✌ ✍✿✼✺➊✎�✵ ❛♥❞ ♠❡t❛❧❧✐❝✐t✐❡s

❩ ✌ ✏✿✏✏✽➊✵�✵✷� ❚❤❡ P✄ ②✐❡❧❞s ✇❡r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ✁●❇ st❡❧❧❛r ♠♦❞❡❧s

✉s✐♥❣ t❤❡ ✑♦✉♥t ✒tr♦♠❧♦ ✒t❡❧❧❛r ✒tr✉❝t✉r❡ ☎♦❞❡ ❝❛❧❝✉❧❛t✐♥❣ t❤❡ str✉❝t✉r❡ ✭✆❛t✲

t❛♥③✐♦ ✶✾✓✎✮ ❛♥❞ ❛ ♣♦st✲♣r♦❝❡ss✐♥❣ ❝♦❞❡ ♣❡r❢♦r♠✐♥❣ ♥✉❝❧❡♦s②♥t❤❡s✐s ❝❛❧❝✉❧❛✲

t✐♦♥s ✇❤❡r❡ ❛❜✉♥❞❛♥❝❡s ❢♦r ♠❛♥② s♣❡❝✐❡s ❛r❡ ♦❜t❛✐♥❡❞ ✭❞❡s❝r✐❜❡❞ ✐♥ ❞❡t❛✐❧ ❜②

❑❛r❛❦❛s ❡t ❛❧� ✷✵✵✷❀ ❑❛r❛❦❛s ✫ ✆❛tt❛♥③✐♦ ✷✵✵✔❀ ❑❛r❛❦❛s ✷✵✶✵✮� ❚❤❡ ♣❛r❛♠✲

❡t❡rs ✇❡r❡ ❝❤♦s❡♥ t♦ r❡✖❡❝t t❤❡ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ♦❢ ♠♦st ♦❢ t❤❡ P✄❡ ✐♥

♦✉r s❛♠♣❧❡✱ ✇❤✐❧❡ ♦①②❣❡♥ ✐s ✉s❡❞ ❛s ❛ ♠❡t❛❧❧✐❝✐t② ✐♥❞✐❝❛t♦r� ❲❡ ❝♦♠♣✉t❡❞ ♠♦❞✲

❡❧s ✇✐t❤ ❩ ✌ ✏✿✏✗ ❛♥❞ ❩ ✌ ✏✿✏✏✽ ✉s✐♥❣ s❝❛❧❡❞ s♦❧❛r ❛❜✉♥❞❛♥❝❡s ❢r♦♠ ✁♥❞❡rs ✫

●r❡✈❡ss❡ ✭✶✾✓✾✮✱ ❛♥❞ ❩ ✌ ✏✿✏✍ ✉s✐♥❣ t❤❡ r❡✈✐s❡❞ s♦❧❛r ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s

❢r♦♠ ✁s♣❧✉♥❞ ❡t ❛❧� ✭✷✵✵✂✮� ❚❤❡s❡ ♠♦❞❡❧s ✇❡r❡ ❞❡s❝r✐❜❡❞ ✐♥ ❑❛r❛❦❛s ✭✷✵✶✵✮

❢♦r ❩ ✌ ✏✿✏✏✽✱ ❑❛r❛❦❛s ❡t ❛❧� ✭✷✵✶✵✮ ❢♦r ❩ ✌ ✏✿✏✍✱ ❛♥❞ ❑❛r❛❦❛s ❡t ❛❧� ✭✷✵✶✷✮ ❢♦r

❩ ✌ ✏✿✏✗� ❚❤❡ ♠♦❞❡❧s ✇✐t❤ ✶�✔✂✑☞ ❛♥❞ ✞✑☞✱ ❩ ✌ ✏✿✏✗ ✇❡r❡ ♥♦t ♣r❡s❡♥t❡❞ ✐♥

❑❛r❛❦❛s ❡t ❛❧� ✭✷✵✶✷✮✱ ❤❡r❡ ❝❛❧❝✉❧❛t❡❞ ✉s✐♥❣ t❤❡ s❛♠❡ ♣❛r❛♠❡t❡rs ✭♠❛ss ❧♦ss ❛♥❞

✐♥✐t✐❛❧ ❛❜✉♥❞❛♥❝❡s✮� ✁s t❤❡ ✁●❇ st❛rs ✇✐t❤ ❃ ✘✿✺✑☞ ❧✐❦❡❧② ❡✈♦❧✈❡ t♦♦ q✉✐❝❦❧② t♦

❢♦r♠ ♦❜s❡r✈❛❜❧❡ P✄❡✱ ✇❡ ❝♦♥s✐❞❡r ♠♦❞❡❧s ✇✐t❤ ♠❛ss❡s ❜❡t✇❡❡♥ ✶�✂ ❛♥❞ ✎�✂ ✑☞�

✁s ♥♦t❡❞ ✐♥ ❚❛❜❧❡ ✞�✶✷✱ t❤✐s ♠❛ss r❛♥❣❡ ✐♥❝❧✉❞❡s ❛❧❧ ♠❛❥♦r ✁●❇ ♥✉❝❧❡♦s②♥t❤❡t✐❝

❡✈❡♥ts✱ ♥❛♠❡❧② t❤❡ ❝♦r❡ ❤❡❧✐✉♠ ✖❛s❤ ✭☎❍❡✮✱ ❚✙✚ ❛♥❞ ❍❇❇� ✛♥❧② ❤✐❣❤✲♠❛ss

♠♦❞❡❧s ✇✐t❤ ❍❇❇ ✇♦✉❧❞ ❡✈♦❧✈❡ ✐♥t♦ ❚②♣❡ ✝ P✄❡✱ ✇❤❡r❡❛s ❧♦✇✲♠❛ss ♠♦❞❡❧s ✇✐t❤

☎❍❡ t❡♥❞ t♦ ♣r♦❞✉❝❡ ❝❛r❜♦♥✲r✐❝❤ P✄❡ ✭❑❛r❛❦❛s ❡t ❛❧� ✷✵✵✾✮�

❆✜✢✣✤✥✦ ❉✧★✩✢✣✧✪ ✶✾✔
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❝♦r❡ ♠❛ss ✟☞✌✍✎ ✐s ❛❧s♦ ❣✐✈❡♥ ✭t❤❡ ♥❡✇ ✝●✞ ♥✉❝❧❡♦s②♥t❤❡s✐s ❝❛❧❝✉❧❛t✐♦♥s ✇❡r❡
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⑨❫❥❥❫❪ ⑨⑧✦✪✩✪⑦ ⑤✛❲❲⑥

⑩❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ❶r❡❞✐❝t❡❞ ❜② t❤❡ ✝●✞ st❡❧❧❛r ♠♦❞❡❧s ❝❛♥ ❜❡ ❝♦♠❶❛r❡❞

t♦ t❤❡ ♦❜s❡r✈❛t✐♦♥s ❶r❡s❡♥t❡❞ ✐♥ �❛❜❧❡ ✁✂✶✶✂ ❷❡ s❡❡ t❤❛t ❛❜♦✉t ❤❛❧❢ ♦❢ t❤❡ s❛♠❸

❶❧❡ ❤❛✈❡ ♥❡❛r❧② s♦❧❛r ♠❡t❛❧❧✐❝✐t②✱ ✷ ✄☎❡ s❤♦✇✐♥❣ s✉❶❡r❸s♦❧❛r ♠❡t❛❧❧✐❝✐t② ✭❹✁❸✶❺

❛♥❞ ✆❡♥ ✁❸✶✁✁✁✮ ❛♥❞ t❤❡ r❡♠❛✐♥✐♥❣ ✄☎❡ ❤❛✈✐♥❣ ❤❛❧❢❸s♦❧❛r t♦ ❻❹❼ ♠❡t❛❧❧✐❝✐t✐❡s✂

❷❡ ❝❛♥ ❝♦♠❶❛r❡ ❶r❡❞✐❝t✐♦♥s ❢♦r t❤❡ ♠♦❞❡❧s ✇✐t❤ ❩ ❽ ❾❿❾➀✱ ❾❿❾➁ ❛♥❞ ❾❿❾❾➂ t♦

♦✉r ♦❜s❡r✈❛t✐♦♥s✂ ✞✉t✱ ✇❡ ❞♦ ♥♦t ❤❛✈❡ ❛♥② ❝❛❧❝✉❧❛t❡❞ ♠♦❞❡❧ ❢♦r s✉❶❡r❸s♦❧❛r

♠❡t❛❧❧✐❝✐t②✂ ➃♦r ❡➄❛♠❶❧❡✱ ✇❡ s❡❡ t❤❛t ❛♥ ✝●✞ ♠♦❞❡❧ ✇✐t❤ ❩ ❽ ❾❿❾➁ ❛♥❞ ✁❹➅

✶➆➇ ➈➉➋➌➍➎➏➋➐ ➋➑ ➒➌➓➐➔➎➓→➣ ➐➔↔➍➌➓➔ ↕➏➎➙ ➛➜➝➎➣➒➔ ➞➔➐➎→➓➌ ➟➎➓→➟
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♠❛② ♣r♦❞✉❝❡ ▼☎✲✷✺✁ ❲❡ ♥♦t❡ t❤❛t �●❇ ♠♦❞❡❧✐♥❣ ♣❛r❛♠❡t❡rs✱ ♥❛♠❡❧② ♠❛ss

❧♦ss ❛♥❞ ❝♦♥✈❡❝t✐♦♥✱ ❛r❡ ✈❡r② ✉♥❝❡rt❛✐♥✱ s♦ ✈❛r✐❛t✐♦♥s ✐♥ ❡✐t❤❡r ✇♦✉❧❞ ❛❧t❡r t❤❡

♣r❡❞✐❝t❡❞ ❡❧❡♠❡♥t❛❧ ②✐❡❧❞s ♦❢ ✝✱ ✞✱ ✟ ❛♥❞ ✞❡✱ ❜✉t ♥♦t �r ❛♥❞ ✝❧✁ ❋♦r ❡①❛♠♣❧❡✱

❤✐❣❤❡r ♠❛ss ❧♦ss ✇✐❧❧ ❧❡❛❞ t♦ ❛ s❤♦rt❡r �●❇ ❧✐❢❡t✐♠❡ ❛♥❞ ❧❡ss ❚✠✡ ❡♣✐s♦❞❡s✱ s♦

❛ s♠❛❧❧❡r ✝✴✟ r❛t✐♦ ✐s ♣r♦❞✉❝❡❞ ❢r♦♠ ❛ ♠♦❞❡❧ ✇✐t❤ ✘✄▼☞ ✭▼❛r✐❣♦ ✷☛☛✷❀ ✂t❛♥✲

❝❧✐❢❢❡ ✫ ❏❡❢❢❡r② ✷☛☛✼❀ ❑❛r❛❦❛s ✷☛☎☛✮✁ ▼♦r❡ ❡❢✌❝✐❡♥t ❝♦♥✈❡❝t✐♦♥ ✇♦✉❧❞ ❧❡❛❞ t♦

❤♦tt❡r t❡♠♣❡r❛t✉r❡s ❞✉r✐♥❣ ❍❇❇✱ s♦ ✐t ♠❛❦❡s ❛ ❧♦✇❡r ✝✴✟ r❛t✐♦ ❛♥❞ ❛ ❧❛r❣❡r

✞✴✟ r❛t✐♦ ✭❡✁❣✁ ❱❡♥t✉r❛ ✫ ✠✬�♥t♦♥❛ ✷☛☛✺❀ ❱❡♥t✉r❛ ❡t ❛❧✁ ✷☛☎✄✮✁

❲❡ ♥♦t✐❝❡ t❤❛t t❤❡ �●❇ ♠♦❞❡❧s t❤❛t ♠❛❦❡ ✝✲r✐❝❤ P✞❡✱ ❞❡✌♥❡❞ t♦ ❤❛✈❡

✍✎✏ ❃ ✶✱ ♥❡✈❡r ♣r♦❞✉❝❡ ✞✲r✐❝❤ P✞❡✱ ✑✎✏ ❃ ✵✿✒ ❡①❝❡♣t ❢♦r t❤❡ ♠♦❞❡❧ ✇✐t❤ ✺▼☞

❛♥❞ ✓▼☞✱ ❩ ❂ ✵✿✵✆✁ ❊✈❡♥ ✐♥ t❤❡ ♠❛ss✐✈❡ ♠♦❞❡❧ ✇✐t❤ ❩ ❂ ✵✿✵✆✱ t❤❡ ✝✴✟ r❛t✐♦

✐s ❥✉st ❛❜♦✈❡ ✉♥✐t②✁ ❍♦✇❡✈❡r✱ t✇♦ ❚②♣❡ ✔ P✞❡ ✐♥ ♦✉r s❛♠♣❧❡✱ P❇✓ ❛♥❞ ▼☎✲✄✷✱

❛r❡ ❡①tr❡♠❡❧② ✝✲r✐❝❤ ✇✐t❤ ✍✎✏ ❃ ✶✁ ❍❇❇ ✇♦✉❧❞ ❞❡str♦② ❝❛r❜♦♥✱ s♦ t❤❡② ❝❛♥♥♦t

❤❛✈❡ s✐♠✉❧t❛♥❡♦✉s❧② ✈❡r② ❤✐❣❤ ✝✴✟ r❛t✐♦s ❛♥❞ ❤✐❣❤ ✞✴✟ ❜❛s❡❞ ♦♥ ♦✉r �●❇ st❡❧✲

❧❛r ♠♦❞❡❧s✁ ▼♦r❡♦✈❡r✱ t❤❡ ♣♦st✲�●❇ ❧✐❢❡t✐♠❡s ❢♦r ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss �●❇ st❛rs

✇✐t❤ ❍❇❇ ❛r❡ ❧✐❦❡❧② s♦ s❤♦rt ✭✺☛✲☎☛☛ ②❡❛rs✮✱ ✇❤✐❝❤ ✉♥❧✐❦❡❧② ♠❛❦❡ ♦❜s❡r✈❛❜❧❡

P✞❡ ✭❡✁❣✁ ❇❧➝♦❝❦❡r ☎✾✾✺❛✮✁ ❚❤❡r❡❢♦r❡✱ ❛❧t❡r♥❛t✐✈❡ ✇❛②s ♠✉st ♠❛❦❡ ❤✐❣❤ ✞✴✟ ✐♥

t❤♦s❡ P✞❡ ✭s❡❡ ❞✐s❝✉ss✐♦♥s ❜② ❑❛r❛❦❛s ❡t ❛❧✁ ✷☛☛✾✮✁ ❘❛♣✐❞ r♦t❛t✐♦♥ ♦♥ t❤❡ ♠❛✐♥

s❡q✉❡♥❝❡ ❝❛♥ ❧❡❛❞ t♦ ❤✐❣❤❡r ✞✴✟ ✭❛♥❞ ❍❡✴❍✮ r❛t✐♦s ❛❢t❡r t❤❡ ✌rst ❞r❡❞❣❡✲✉♣✱

✇❤✐❝❤ ❝❛rr✐❡s t❤r♦✉❣❤ t♦ t❤❡ �●❇ ♣❤❛s❡ ✭✝❤❛r❜♦♥♥❡❧ ✫ ✕❛❣❛r❞❡ ✷☛☎☛❀ ❊❦str➝♦♠

❡t ❛❧✁ ✷☛☎✷❀ ✂t❛s✐➫♥s❦❛ ❡t ❛❧✁ ✷☛☎✄✮✁ ❚❤❡ st❡❧❧❛r r♦t❛t✐♦♥ ❝❛♥ ❜❡ s♣❡❞ ❜② ❛ ❜✐♥❛r②

❝♦♠♣❛♥✐♦♥✱ ❧❡❛❞✐♥❣ t♦ ❤✐❣❤❡r ✞✴✟ r❛t✐♦s✁

❋✐❣✁ ✄✁☎✓ s❤♦✇s t❤❡ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ❢♦r t❤❡ P✞❡ ♦❢ ♦✉r s❛♠♣❧❡ ✇✐t❤

r❡s♣❡❝t t♦ t❤❡ s♦❧❛r ❛❜✉♥❞❛♥❝❡s t❛❦❡♥ ❢r♦♠ t❤❡ r❡❝❡♥t ❝♦♠♣✐❧❛t✐♦♥ ❜② �s♣❧✉♥❞

❡t ❛❧✁ ✭✷☛☛✾✮✁ ❚❤❡ ♦①②❣❡♥ ❛❜✉♥❞❛♥❝❡ ❝❛♥ ❜❡ ✉s❡❞ ❛s ❛ ♠❡t❛❧❧✐❝✐t② ✐♥❞✐❝❛t♦r✁

❲❡ ♥♦t✐❝❡ t❤❛t t❤❡ ♦①②❣❡♥ ❛❜✉♥❞❛♥❝❡ ✐s ❛❜♦✉t t❤❡ s♦❧❛r ✈❛❧✉❡ ❢♦r ♥❡❛r❧② ❤❛❧❢ ♦❢

t❤❡ P✞❡✁ �ss✉♠✐♥❣ t❤❛t t❤❡s❡ P✞❡ ❡✈♦❧✈❡❞ ❢r♦♠ t❤❡ ♣r♦❣❡♥✐t♦r st❛rs ✇✐t❤ s♦❧❛r

❆✖✗✙✚✛③ ❉✜✢✣✗✙✜✤ ☎✾✾
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♠❡t❛❧❧✐❝✐t②✱ ❡❧❡♠❡♥ts ❛r❡ ❞❡str♦②❡❞ ♦r ♣r♦❞✉❝❡❞ s❤♦✉❧❞ ❧✐❡ ❜❡❧♦✇ ♦r ❛❜♦✈❡� ❲❡

s❡❡ t❤❛t ❛❧❧ ✁✂❡ s❤♦✇ ❧❛r❣❡ ✄ ❛♥❞ ✂ ❡♥❤❛♥❝❡♠❡♥t ❛♥❞ ❛ s♠❛❧❧ ☎❡ ❡♥❤❛♥❝❡♠❡♥t�

✆❤❡ ❝❛r❜♦♥ ✐s ❞r❡❞❣❡❞ ❢r♦♠ t❤❡ ☎❡✲❜✉r♥✐♥❣ s❤❡❧❧ t♦ t❤❡ ❡♥✈❡❧♦♣❡ ❜② ✆✝✞ ❞✉r✐♥❣

t❤❡ ✟●✠� ✆❤❡ ❤❡❧✐✉♠ ✐s ❛❧s♦ ❜r♦✉❣❤t t♦ t❤❡ s✉r❢❛❝❡ ❞✉r✐♥❣ ❞✐❢❢❡r❡♥t ❞r❡❞❣❡✲✉♣

❡♣✐s♦❞❡s� ✆❤❡ ♥✐tr♦❣❡♥ ❡♥❤❛♥❝❡♠❡♥t ❝♦✉❧❞ ❜❡ ❛ttr✐❜✉t❡❞ t♦ ☎✠✠ ♦r ❛❧t❡r♥❛t✐✈❡

✇❛②s s✉❝❤ ❛s st❡❧❧❛r r♦t❛t✐♦♥ ♦r✴❛♥❞ ❜✐♥❛r✐t②� ✆❤❡ ✂❡ ✐s ♥♦t ❡①♣❡❝t❡❞ t♦ ❜❡

❛❧t❡r❡❞ ❞✉r✐♥❣ t❤❡ ✟●✠� ❑❛r❛❦❛s ❡t ❛❧� ✭✷✵✵✾✮ ❢♦✉♥❞ t❤❛t t❤❡ ♥❡♦♥ ❛❜✉♥❞❛♥❝❡

❝❛♥ ❜❡ ❡♥❤❛♥❝❡❞ ✐♥ ❧♦✇❡r ♠❛ss ✟●✠ ♠♦❞❡❧s ✭✷�✺ ❛♥❞ ✡☛❏✮ ✈✐❛ t❤❡ ♣❛rt✐❛❧

♠✐①✐♥❣ ♦❢ ♣r♦t♦♥s✱ ❜✉t ✂❡ ✐s ♠✐❧❞❧② ✐♥❝r❡❛s❡❞ ✭❜② ✘ ☞✿✌ ❞❡①✮ t❤r♦✉❣❤ ☎✠✠ ❛♥❞

❞r❡❞❣❡✲✉♣ ✐♥ t❤❡ ♠❡t❛❧✲♣♦♦r ✟●✠ st❛r ♠♦❞❡❧s ✭❩ ❂ ☞✿☞☞✹ ❛♥❞ ☞✿☞☞✽✮ ✇✐t❤ ✐♥✐t✐❛❧

♠❛ss❡s ♦❢ ✺ ❛♥❞ ✻☛❏� ✆❤❡ ✍✱ ✄❧ ❛♥❞ ✟r ❛❜✉♥❞❛♥❝❡s ❛r❡ ❣❡♥❡r❛❧❧② s✉♣♣♦s❡❞

t♦ ❜❡ ✉♥❝❤❛♥❣❡❞ ❜② ✟●✠ ♥✉❝❧❡♦s②♥t❤❡s✐s� ✆❤❡ ❛r❣♦♥ ❛❜✉♥❞❛♥❝❡ ✐s ❛❜♦✉t s♦❧❛r

❡①❝❡♣t t✇♦ ✁✂❡✱ ❛❧t❤♦✉❣❤ ✍ ❛♥❞ ✄❧ ❛❜✉♥❞❛♥❝❡s s❤♦✇ ❛ ❞❡♣❛rt✉r❡ ❢r♦♠ s♦❧❛r✱

❛s s❡❡♥ ✐♥ ❋✐❣� ✡�✶✻� ✆❤✐s ✐s ♠♦r❡ ❧✐❦❡❧② t❤❡ ♦❜s❡r✈❛t✐♦♥❛❧ ❡rr♦rs� ☎♦✇❡✈❡r✱

♥❡✉tr♦♥ ❝❛♣t✉r❡s ♠✐❧❞❧② ✐♥❝r❡❛s❡ ❝❤❧♦r✐♥❡ ❛❜✉♥❞❛♥❝❡ ✐♥ t❤❡ ♠❡t❛❧✲♣♦♦r ♠❛ss✐✈❡

✭✫ ✌☛❏✮ ✟●✠ ♠♦❞❡❧s ✭❑❛r❛❦❛s ❡t ❛❧� ✷✵✵✾✮� ☎♦✇❡✈❡r✱ ✇❡ s❡❡ t❤❛t ❝❤❧♦r✐♥❡ ✐s

❜❡❧♦✇ ✐♥ ❝♦♠♣❛r✐s♦♥ t♦ t❤❡ ♦①②❣❡♥ ♠❡t❛❧❧✐❝✐t②✱ ✇❤✐❝❤ ♠❛② ❜❡ ❜❡❝❛✉s❡ ♦❢ s♦♠❡

♠❡❛s✉r❡♠❡♥t ❡rr♦rs ❛♥❞✴♦r ✎✏✑ ♠❡t❤♦❞s� ❲❡ ♥♦t✐❝❡ t❤❛t s✉❧❢✉r ❛❜✉♥❞❛♥❝❡ ✐s

❧❡ss t❤❛♥ t❤❡ ♠❡t❛❧❧✐❝✐t② ❣✐✈❡♥ ❜② ♦①②❣❡♥ ✐♥ ♠❛♥② ✁✂❡✱ ✇❤✐❝❤ ❝♦✉❧❞ ❜❡ ❞✉❡ t♦

t❤❡ ❞❡♣❧❡t✐♦♥ ♦❢ ✍ ✐♥t♦ ❞✉st ✭✁♦tt❛s❝❤ ✒ ✠❡r♥❛r❞✲✍❛❧❛s ✷✵✵✻✮�

✷✵✵ ✓✔✕✖✗✙✎✕✚ ✕✑ ✛✖✜✚✢✙✜✣✤ ✚✢✥✗✖✜✢ ✦✎✙✧ ★❘✩✙✤✛✢ ✏✢✚✙✣✜✖ ✪✙✜✣✪
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�✁✻✁✷ ✂❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❛♥❞ t❡♠♣❡r❛t✉r❡ ❞✐❝❤♦t♦♠②

✄☎ ✆✝✞✟✠✡☎ ☛☞✹☞✹✱ ✠✟ ✇✌✍ ❢✡✎☎✏ ✟✑✌✟ ✟✑✝✒✝ ✠✍ ✌ ✏✝✓✝☎✏✝☎✞✝ ✡❢ ✟✑✝ ☎✝✔✎❧✌✒ ✕❘✖✴✗✘✖

✙✚❋✍ ✎✓✡☎ ✟✑✝ ✏✠✞✑✡✟✡✛✜ ✔✝✟✇✝✝☎ ✟✝✛✓✝✒✌✟✎✒✝✍ ✏✝✒✠✈✝✏ ❢✒✡✛ ❢✡✒✔✠✏✏✝☎ ❧✠☎✝✍

✌☎✏ ✟✑✡✍✝ ❢✒✡✛ ✢✝ ✣ ✒✝✞✡✛✔✠☎✌✟✠✡☎ ❧✠☎✝✍✱ ✤✥✭✗✘✖✍✮✦✤✥✭✢✝ ✣✮✱ ✌☎✏ ✟✑✝ ✠☎✟✒✠☎✍✠✞

☎✝✔✎❧✌✒ ✍✎✒❢✌✞✝ ✔✒✠❣✑✟☎✝✍✍✱ ✧★✩✪✫✢✬✯☞ ✄✟ ✑✌✍ ✔✝✝☎ ❦☎✡✇☎ ✟✑✌✟ ✟✑✝ ✕❘✖✴✗✘✖

✙✚❋✍ ✌✒✝ ✞❧✡✍✝❧✜ ✞✡✒✒✝❧✌✟✝✏ ✇✠✟✑ ✟✑✝ ✏✠❢❢✝✒✝☎✞✝ ✔✝✟✇✝✝☎ ✤✰✫❬✕ ✣✣✣❪✯ ✌☎✏ ✤✰✫✲❏✯

✫✖✠✎ ✝✟ ✌❧☞ ✵✶✶✺✱ ✵✶✶✹✌❀ ✼✍✌✛✠✍ ✝✟ ✌❧☞ ✵✶✶✹❀ ❲✝✍✍✡☎ ✝✟ ✌❧☞ ✵✶✶✽❀ ❲✌☎❣ ✾ ✖✠✎

✵✶✶✿✯☞ ✼✑✝✍✝ ✞✡✒✒✝❧✌✟✠✡☎✍ ✍✎❣❣✝✍✟✍ ✟✑✌✟ ✟✑✝ ✡✔✍✝✒✈✝✏ ✕❘✖✍ ✓✡✍✍✠✔❧✜ ✡✒✠❣✠☎✌✟✝

❢✒✡✛ ✞✡❧✏ ✠✡☎✠③✝✏ ❣✌✍ ❧✡✞✌✟✝✏ ✠☎ ✛✝✟✌❧❁✒✠✞✑ ✞❧✎✛✓✍ ✠☎✍✠✏✝ ✟✑✝ ☎✝✔✎❧✌✝☞ ✼✑✝

✞✡✒✒✝❧✌✟✠✡☎ ✔✝✟✇✝✝☎ ✟✑✝ ☎✝✔✎❧✌✒ ✙✚❋✍ ✌☎✏ ✟✑✝ ✠☎✟✒✠☎✍✠✞ ✢✬ ✍✎✒❢✌✞✝ ✔✒✠❣✑✟☎✝✍✍

❢✡✎☎✏ ✑✝✒✝ ✠✍ ✞✡☎✍✠✍✟✝☎✟ ✇✠✟✑ ✓✒✝✈✠✡✎✍ ✒✝✍✎❧✟✍ ✫✖✠✎ ✝✟ ✌❧☞ ✵✶✶✹✌❀ ✼✍✌✛✠✍ ✝✟ ✌❧☞

✵✶✶✹✯☞ ❂✡✒✝✡✈✝✒✱ ❲✌☎❣ ✾ ✖✠✎ ✫✵✶✶✿✯ ❢✡✎☎✏ ✟✑✌✟ ✟✑✝ ✙✚❋✍ ✠☎✞✒✝✌✍✝ ✇✠✟✑ ✏✝❁

✞✒✝✌✍✠☎❣ ✟✑✝ ☎✝✔✎❧✌✒ ❃❁✞✛ ✒✌✏✠✡ ✍✎✒❢✌✞✝ ✔✒✠❣✑✟☎✝✍✍☞ ❄✝✔✎❧✌✒ ✍✎✒❢✌✞✝ ✔✒✠❣✑✟☎✝✍✍

✏✝✞✒✝✌✍✝✍ ✌✍ ❅❄ ✝✈✡❧✈✝✍ ✌☎✏ ✝①✓✌☎✏✍✱ ✌☎✏ ✠✟✍ ✏✝☎✍✠✟✜ ✏✒✡✓✍✱ ✍✡ ✠✟ ✞✡✎❧✏ ✔✝ ✌ ✓✌❁

✒✌✛✝✟✝✒ ✏✝✍✞✒✠✔✠☎❣ ✟✑✝ ❅❄ ✝✈✡❧✎✟✠✡☎☞ ❲✝ ✍✝✝ ✟✑✌✟ ✟✑✝ ✙✚❋✍ ✌✒✝ ❧✌✒❣✝✒ ❢✡✒ ❧✡✇✝✒

✍✎✒❢✌✞✝ ✔✒✠❣✑✟☎✝✍✍ ✡✔❥✝✞✟✍✱ ✠☞✝☞ ✡❧✏ ✝✈✡❧✈✝✏ ❅❄✝☞

✼✑✝ ✞✡✒✒✝❧✌✟✠✡☎ ✔✝✟✇✝✝☎ ✟✑✝ ✕❘✖✴✗✘✖ ✙✚❋✍ ✌☎✏ ✟✑✝ ✟✝✛✓✝✒✌✟✎✒✝ ✏✠✞✑✡✟✡✛✜

✑✌✍ ✔✝✝☎ ✓✒✝✏✠✞✟✝✏ ✔✜ ✟✑✝ ✔✠❁✌✔✎☎✏✌☎✞✝ ☎✝✔✎❧✌✒ ✛✡✏✝❧ ●✒✍✟ ✓✒✡✓✡✍✝✏ ✔✜ ✖✠✎

✝✟ ✌❧☞ ✫✵✶✶✶✯✱ ✔✎✟ ✟✑✝ ✡✒✠❣✠☎ ✡❢ ✍✎✞✑ ✛✌✟✝✒✠✌❧ ✠✍ ✌✍ ✜✝✟ ✎☎❦☎✡✇☎☞ ✼✑✝ ✔✡✒☎❁✌❣✌✠☎

✍✞✝☎✌✒✠✡ ✫✄✔✝☎ ✾ ❘✝☎③✠☎✠ ✺❑◗☛❀ ✄✔✝☎ ✝✟ ✌❧☞ ✺❑◗☛✔✯ ✠✍ ✡☎✝ ✓✡✍✍✠✔✠❧✠✟✜✱ ✇✑✝✒✝✔✜ ✢❁

✏✝●✞✠✝☎✟ ✛✌✟✝✒✠✌❧ ✇✡✎❧✏ ✑✌✈✝ ✔✝✝☎ ✝❥✝✞✟✝✏ ❢✒✡✛ ✟✑✝ ✍✟✝❧❧✌✒ ✍✎✒❢✌✞✝ ✏✎✒✠☎❣ ✟✑✝

✫✈✝✒✜❁✯ ❧✌✟✝ ✟✑✝✒✛✌❧ ✓✎❧✍✝☞ ✼✑✝ ✏✝✟✌✠❧✝✏ ✌☎✌❧✜✍✠✍ ✡❢ ✟✑✝ ❵✔✡✒☎❁✌❣✌✠☎❱ ✓❧✌☎✝✟✌✒✜

☎✝✔✎❧✌ ✙✔✝❧❧ ✽◗✱ ✍✎✒✒✡✎☎✏✠☎❣ ❳❃✶✽ ✙q❧ ✏✝✍✞✒✠✔✝✏ ✌✍ ✌☎ ✡❧✏✝✒ ✟✇✠☎ ✡❢ ✆✌❦✎✒✌✠❱✍

✡✔❥✝✞✟✱ ✔✜ ❲✝✍✍✡☎ ✝✟ ✌❧☞ ✫✵✶✶◗✯ ✍✎✓✓✡✒✟✝✏ ✟✑✝ ✠✏✝✌ ✟✑✌✟ ✠✟✍ ✑✜✏✒✡❣✝☎❁✏✝●✞✠✝☎✟

❦☎✡✟ ✞✡☎✟✌✠☎✍ ✍✡✛✝ ✈✝✒✜ ✞✡❧✏ ✠✡☎✠③✝✏ ✛✌✟✝✒✠✌❧☞ ✲✎✟✱ ✟✑✝ ❦☎✡✟ ✡❢ ✙✔✝❧❧ ✽◗ ✠✍

❢✡✎☎✏ ✟✡ ✔✝ ✡①✜❣✝☎❁✒✠✞✑ ✇✑✝✒✝✌✍ ✟✑✝ ✞✝☎✟✒✌❧ ✍✟✌✒ ✠✍ ✞✌✒✔✡☎❁✒✠✞✑✱ ✇✑✠✞✑ ✇✌✍ ☎✡✟

✓✒✝✏✠✞✟✝✏ ✔✜ ✟✑✝ ✍✠☎❣❧✝❁✍✟✌✒ ✔✡✒☎❁✌❣✌✠☎ ✟✑✝✡✒✜☞ ✙❧✟✝✒☎✌✟✠✈✝❧✜✱ ✖✠✎ ✫✵✶✶☛✯ ✍✎❣❁

❣✝✍✟✝✏ ✟✑✌✟ ✢❁✏✝●✞✠✝☎✟ ✛✌✟✝✒✠✌❧ ✞✡✎❧✏ ✔✝ ✠☎✟✒✡✏✎✞✝✏ ✔✜ ✟✑✝ ✝✈✌✓✡✒✌✟✠✡☎ ✌☎✏

✵✶✵ ❩❭❫❴④⑤⑥❫⑦ ❫⑧ ⑨❴⑩⑦❶⑤⑩❷❸ ⑦❶❹④❴⑩❶ ❺⑥⑤❻ ❼❽❾⑤❸⑨❶ ❿❶⑦⑤❷⑩❴ ➀⑤⑩❷➀



✸✳✻✳ ❉■❙❈❯❙❙■❖◆❙ ❆◆❉ ❈❖◆❈▲❯❙■❖◆

❞❡str✉❝t✐♦♥ ♦❢ ♣❧❛♥❡ts ♦❢ st❛rs� ❚❤❡ ✐♠♣❧✐❝❛t✐♦♥s ♦❢ t❤❡s❡ t✇♦ s❝❡♥❛r✐♦s ♥❡❡❞

♠♦r❡ ♦❜s❡r✈❛t✐♦♥s ❛♥❞ ❞❡t❛✐❧❡❞ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s ♦❢ ❛ ❧❛r❣❡ s❛♠♣❧❡ ♦❢ P✁❡�

Pr❡✈✐♦✉s❧②✱ P❡✐♠❜❡rt ✭✶✾✼✶✮ ♣r♦♣♦s❡❞ t❤❛t t❤❡ t❡♠♣❡r❛t✉r❡ ❞✐❝❤♦t♦♠② ♠✉st

❜❡ r❡❧❛t❡❞ t♦ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝②� ❚♦rr❡s✲P❡✐♠❜❡rt ❡t ❛❧� ✭✶✾✽✵✮ ❛❧s♦

s✉❣❣❡st❡❞ t❤❛t t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ✐s ♣r♦❞✉❝❡❞ ❜② s♣❛t✐❛❧ t❡♠♣❡r❛t✉r❡

✄✉❝t✉❛t✐♦♥s� ❍♦✇❡✈❡r✱ ✂✐✉ ❡t ❛❧� ✭✷✵✵✵✮ ❢♦✉♥❞ t❤❛t t❡♠♣❡r❛t✉r❡ ✄✉❝t✉❛t✐♦♥s

❝❛♥♥♦t ❡①♣❧❛✐♥ t❤❡ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ✐♥❢r❛r❡❞ ✭☎❘✮ ✆♥❡✲str✉❝t✉r❡

✝❊✂s� ☎❘ ✆♥❡✲str✉❝t✉r❡ ✝❊✂s ❛r❡ ✐♥s❡♥s✐t✐✈❡ t♦ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✭❛♥❞ t❡♠✲

♣❡r❛t✉r❡ ✄✉❝t✉❛t✐♦♥s✮✱ t❤✉s r❡s✉❧t✐♥❣ ✐♥ r❡❧✐❛❜❧❡ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s� ✂✐✉ ❡t ❛❧�

✭✷✵✵✹❛✮ ❛❧s♦ s❤♦✇❡❞ t❤❛t t❡♠♣❡r❛t✉r❡ ✄✉❝t✉❛t✐♦♥s ❝❛♥♥♦t ❡①♣❧❛✐♥ t❤❡ ❧❛r❣❡

✞✟❋s� ✞s ❛r❣✉❡❞ ❜② ✭❚s❛♠✐s ❡t ❛❧� ✷✵✵✹✮ t❤❡r❡ ✐s ♥♦ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ t❤❡

✞✟❋s ❛♥❞ t❤❡ ❡①❝✐t❛t✐♦♥ ❡♥❡r❣② ♦❢ t❤❡ ✠❱✱ ♦♣t✐❝❛❧ ♦r ☎❘ ✝❊✂ tr❛♥s✐t✐♦♥✱ s✉❣❣❡st✲

✐♥❣ t❡♠♣❡r❛t✉r❡ ✄✉❝t✉❛t✐♦♥s ❝❛♥♥♦t ❜❡ ♥♦t t❤❡ ♠❛✐♥ ❝❛✉s❡ ♦❢ t❤❡ ❛❜✉♥❞❛♥❝❡

❞✐s❝r❡♣❛♥❝② ✐♥ ❛ ❝❤❡♠✐❝❛❧❧② ❤♦♠♦❣❡♥❡♦✉s ♠❡❞✐✉♠� ❚❤❡ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s ♦❢

✷✷ P✁❡ ❜② ❲❡ss♦♥ ❡t ❛❧� ✭✷✵✵✺✮ s❤♦✇❡❞ ♥♦ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ t❤❡ t❡♠♣❡r❛✲

t✉r❡ ❞✐❝❤♦t♦♠② ❛♥❞ t❡♠♣❡r❛t✉r❡ ✄✉❝t✉❛t✐♦♥s✱ ✐♠♣❧②✐♥❣ ♦t❤❡r ♠❡❝❤❛♥✐s♠ ♠❛❞❡

✡❘✂s� ☛♣❛t✐❛❧✲r❡s♦❧✈❡❞ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s ❜② ❚s❛♠✐s ❡t ❛❧� ✭✷✵✵✽✮ ❛❧s♦ s❤♦✇❡❞

s♠❛❧❧ t❡♠♣❡r❛t✉r❡ ✄✉❝t✉❛t✐♦♥s✱ ✐♥❞✐❝❛t✐♥❣ t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❛ ❞✐st✐♥❝t ♠❡t❛❧✲r✐❝❤

❝♦♠♣♦♥❡♥t ✐♥s✐❞❡ t❤❡ ♥❡❜✉❧❛�

❘❡❝❡♥t❧②✱ ✁✐❝❤♦❧❧s ❡t ❛❧� ✭✷✵✶✷✱ ✷✵✶☞✮ ♣r♦♣♦s❡❞ t❤❡ ❦✲❞✐str✐❜✉t✐♦♥ ♦❢ ❡❧❡❝tr♦♥

❡♥❡r❣✐❡s t♦ ❡①♣❧❛✐♥ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❛♥❞ t❡♠♣❡r❛t✉r❡ ❞✐❝❤♦t♦♠②✱

✇❤✐❝❤ ♠✐❣❤t ❜❡ ❛ ♣♦t❡♥t✐❛❧ ❡①♣❧❛♥❛t✐♦♥� ☎♥ t❤✐s s❝❡♥❛r✐♦✱ t❤❡ ❡❧❡❝tr♦♥s ✐♥ t❤❡

❣❛s ❤❛✈❡ ❛ ♥♦♥✲t❤❡r♠❛❧ ❡q✉✐❧✐❜r✐✉♠ ❡♥❡r❣② ❞✐str✐❜✉t✐♦♥ ✇❤♦s❡ ❞❡♣❛rt✉r❡ ❢r♦♠

t❤❡ ▼❛①✇❡❧❧✲❇♦❧t③♠❛♥♥ ❞✐str✐❜✉t✐♦♥ ❝❤❛r❛❝t❡r✐③❡❞ ❜② ❛ ❦ ✐♥❞❡①� ✟♦♣✐t❛ ❡t ❛❧�

✭✷✵✶☞✮ ❝♦♥❝❧✉❞❡ t❤❛t ❦✲❞✐str✐❜✉t✐♦♥s ✇✐t❤ ❦ ✘ ✌✍✱ ♦r s♦♠❡✇❤❛t ❧❛r❣❡r✱ ❛r❡ ❛❜❧❡

t♦ ♣r❡❞✐❝t t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❛♥❞ t❤❡ t❡♠♣❡r❛t✉r❡ ❞✐❝❤♦t♦♠② ✐♥ ❍ ✎✎

❘❡❣✐♦♥s� ❩❤❛♥❣ ❡t ❛❧� ✭✷✵✶✹✮ ❢♦✉♥❞ t❤❛t ❜♦t❤ t❤❡ s❝❡♥❛r✐♦s✱ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞✲

❡❧s ❛♥❞ ❦✲❞✐str✐❜✉t❡❞ ❡❧❡❝tr♦♥s✱ ❛r❡ ❛❞❡q✉❛t❡❧② ❝♦♥s✐st❡♥t ✇✐t❤ ♦❜s❡r✈❛t✐♦♥s ♦❢

❢♦✉r P✁❡ ✇✐t❤ ✈❡r② ❧❛r❣❡ ✞✟❋s✱ ❛♥❞ ❝♦♥❝❧✉❞❡❞ t❤❡ s♣❡❝tr❛ ❛r❡ ❡♠✐tt❡❞ ❢r♦♠ ❝♦❧❞

❆✏✑✒✓✔✕ ❉✖✗✙✑✒✖✚ ✷✵☞



✸✳ P❍❨❙■❈❆▲ ❈❖◆❉■❚■❖◆❙ ❆◆❉ ❈❍❊▼■❈❆▲ ❆❇❯◆❉❆◆❈❊❙

❛♥❞ ❧♦✇✲❦ ♣❧❛s♠❛s r❛t❤❡r t❤❛♥ ❛ s✐♥❣❧❡ �❛①✇❡❧❧✲✁♦❧t③♠❛♥♥ ❡❧❡❝tr♦♥ ❡♥❡r❣② ❞✐s✲

tr✐❜✉t✐♦♥✂ ✄t ✐s ✉♥❝❧❡❛r ✇❤❡t❤❡r ❝❤❡♠✐❝❛❧❧② ✐♥❤♦♠♦❣❡♥❡♦✉s ♣❧❛s♠❛s ✐♥tr♦❞✉❝❡

♥♦♥✲�❛①✇❡❧❧✲✁♦❧t③♠❛♥♥ ❡q✉✐❧✐❜r✐✉♠ ❡❧❡❝tr♦♥s t♦ t❤❡ ♥❡❜✉❧❛✂ ☎❤❡ r❡❧❛t✐♦♥s ❜❡✲

t✇❡❡♥ ❜♦t❤ t❤❡ s❝❡♥❛r✐♦s s❤♦✉❧❞ ❜❡ ❡✈❛❧✉❛t❡❞ ❢✉rt❤❡r✂

✄♥ ❝♦♥❝❧✉s✐♦♥✱ ♦✉r ❞❡t❛✐❧❡❞ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s ♦❢ ✆✝❡ ✇✐t❤ ❲❘✲t②♣❡ st❛rs

❤❛s ❛❧❧♦✇❡❞ ✉s t♦ ❝♦rr❡❧❛t❡ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝②✱ t❡♠♣❡r❛t✉r❡ ❞✐❝❤♦t♦♠②✱

❛♥❞ ♥❡❜✉❧❛r s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss ✇✐t❤ ❡❛❝❤ ♦t❤❡r✂ ✄♥ ✞❡❝t✐♦♥ ✟✂✹✂✹✱ ✇❡ s❛✇ t❤❛t

t❤❛t t❤❡ ✠✡❋ ✐s ❝❧♦s❡❧② r❡❧❛t❡❞ t♦ t❤❡ ♥❡❜✉❧❛r s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss✱ ❛♥❞ ✐t ✐s ❧❛r❣❡r

✐♥ ♦❧❞ ❡✈♦❧✈❡❞ ♥❡❜✉❧❛❡✂ ☛♦✇❡✈❡r✱ ✐t ❤❛s ♥♦ ❝♦rr❡❧❛t✐♦♥ ✇✐t❤ t❤❡ st❡❧❧❛r ❝❤❛r❛❝✲

t❡r✐st✐❝s✂ ☎❤❡ ♥❡✇ ❝♦rr❡❧❛t✐♦♥s ❤❛✈❡ ♣✉t ❢♦r✇❛r❞ ❛ r❡s♦❧✉t✐♦♥ ♦❢ t❤❡ ☞❘✌✴✍✎✌

♣r♦❜❧❡♠✱ ✇❤✐❝❤ ❛♣♣❡❛rs t♦ ❜❡ ❡①♣❧❛✐♥❡❞ ❜② ❛ ❤✐t❤❡rt♦ ✉♥✏♥♦✇♥ ❝♦♠♣♦♥❡♥t

✇✐t❤✐♥ t❤❡ ♥❡❜✉❧❛✂ �♦r❡ ❞❡❡♣❡r ❤✐❣❤✲r❡s♦❧✉t✐♦♥ s♣❡❝tr♦s❝♦♣② ❛♥❞ ❢✉rt❤❡r ✐♥✲

✈❡st✐❣❛t✐♦♥ ✇✐❧❧ ♥♦ ❞♦✉❜t ❧❡❛❞ t♦ ❛ ❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡ ☞❘✌ ✈❡rs✉s ✍✎✌

♣r♦❜❧❡♠✂

✷✵✹ ✑✒✓✔✕✖✗✓✘ ✓✙ ✚✔✛✘✜✖✛✢✣ ✘✜✤✕✔✛✜ ✥✗✖✦ ✧★✩✖✣✚✜ ✪✜✘✖✢✛✔ ✫✖✛✢✫



✹

❍❜ ✹✿ ❛ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✇✐t❤ ❋▲■❊❘s

❚�✁ ❝♦✂✄✁✂✄☎ ♦❢ ✄�✆☎ ❝�✝✞✄✁✟ ✠✁✟✁ ☎✡☛♠✆✄✄✁❞ ❢♦✟ ✞✡☛☞✆❝✝✄✆♦✂ ✆✂ ✄�✁ ▼♦✂✄�☞✌ ◆♦✄✆❝✁☎

♦❢ ✄�✁ ✍♦✌✝☞ ❆☎✄✟♦✂♦♠✆❝✝☞ ❙♦❝✆✁✄✌✳ ❚�✁ ✝✡✄�♦✟☎ ✠✁✟✁ ❆✳ ❉✝✂✁�❦✝✟✱ ❇✳ ✎✟❝♦☞✝✂♦✱

✍✳ ❲✁☎☎♦✂✱ ❲✳ ❙✄✁❢❢✁✂ ✝✂❞ ◗✳ ❆✳ P✝✟❦✁✟✳ ❚�✁ ✻✳✺✲♠ ▼✝❣✁☞☞✝✂ ✄✁☞✁☎❝♦✞✁ ♦☛☎✁✟✈✝✲

✄✆♦✂ ✝✂❞ ✄�✁ ✁♠✆☎☎✆♦✂ ☞✆✂✁ ✏✡①✁☎ ✡☎✁❞ ✆✂ ✄�✆☎ ❝�✝✞✄✁✟ ✝✟✁ ❢✟♦♠ ●✝✟❝➫✑✝✲✍♦❥✝☎ ✁✄ ✝☞✳

✭✷✵✶✷✮✳

✒✓✔ ✕✖✗✘✙✚✛✜✗✢✙✖

✣✤✥ ✤✦✧✤★✥✩✪✦✫✬✫✦✯✰ ✴✸✬✰✥✫✬✼✽ ✰✥✾❀✸✬ ❁✾❂ ❃❄❅ ❈❏❏❑❖❯❱❏❳❖❨❩ ✾✥✸✯✰✧❬ ✫✯ ✫✤✥

✴✬✼✫✦✪❀✸✬✼ ✪✸✬❬❬ ✯❭ ✴✸✬✰✥✫✬✼✽ ✰✥✾❀✸✬✥ ❃❄❅✥❩ ❪✦✫✤ ✸✯❪★✦✯✰✦③✬✫✦✯✰ ❬✫✼❀✪✫❀✼✥❬ ❃❫❴❵❬❩❖

✣✤✥ ✪✥✰✫✼✬✸ ❬✫✬✼ ✯❭ ❁✾❂ ✤✬❬ ✾✥✥✰ ✪✸✬❬❬✦q✥④ ✬❬ ⑤✯✸❭★⑥✬✽✥✫ ⑦⑤⑧❑⑨ ❃⑩✪❶✥✼ ❷

❅✥✦✰✥✼ ❳❏❏❑❩❖ ✣✤✦❬ ✯✾❸✥✪✫ ✤✬❬ ✾✥✥✰ ✫✤✥ ❬❀✾❸✥✪✫ ✯❭ ❬✯❹✥ ❶✦✰✥❹✬✫✦✪ ❬✫❀④✦✥❬ ❃❫✯✴✥③

✥✫ ✬✸❖ ❯❨❨❺❩ ❃❬✥✥ ❻✤✬✴✫✥✼ ❳❩ ✬✰④ ✼✥✪✥✰✫ ✬✾❀✰④✬✰✪✥ ✬✰✬✸✽❬✦❬ ❃❈✬✼✪❼❽✬★⑥✯❸✬❬ ✥✫ ✬✸❖

❳❏❯❳❾ ❳❏❯❑❩❖ ✣✤✥ ✦❹✬✧✥❬ ✯❭ ❁✾❂ ✫✬❶✥✰ ✾✽ ✫✤✥ ❿❙❚ ❃✴✼✯✧✼✬❹❹✥ ❴➀ ➁❑❂❺❩ ❬✤✯❪

✫✤✬✫ ✫✤✥ ✦✰✰✥✼ ❬✤✥✸✸ ✤✬❬ ✬ ✾✼✦✧✤✫ ✼✦✰✧★✸✦❶✥ ❹✯✼✴✤✯✸✯✧✽ ❪✦✫✤ ✬✰✧❀✸✬✼ ④✦❹✥✰❬✦✯✰❬

✯❭ ✬✾✯❀✫ ❺❖❳ ✬✼✪❬✥✪ ➂ ➃❖❺ ✬✼✪❬✥✪❖ ❴✫ ✦❬ ❬✥✥✰ ✫✤✬✫ ❁✾❂ ✴✯❬❬✥❬❬✥❬ ✬ ✫✥✰❀✯❀❬ ✤✬✸✯

❪✦✫✤ ✬ ④✦✬❹✥✫✥✼ ✯❭ ✬✾✯❀✫ ❯❺ ✬✼✪❬✥✪❖ ⑩ ✴✬✦✼ ✯❭ ✴✯✦✰✫★❬✽❹❹✥✫✼✦✪ ❫❴❵❬ ✬✼✥ ✸✯✪✬✫✥④

✬✫ ✫✤✥ ④✦❬✫✬✰✪✥ ✬✾✯❀✫ ❯❏ ✬✼✪❬✥✪ ❭✼✯❹ ✫✤✥ ✪✥✰✫✼✬✸ ❬✫✬✼ ✯❭ ❁✾❂❖ ✣✤✥ ✸✯✰✧★❬✸✦✫

❬✴✥✪✫✼✬ ✬✰✬✸✽③✥④ ✾✽ ❫✯✴✥③ ✥✫ ✬✸❖ ❃❯❨❨❺❩ ✬❬❬✯✪✦✬✫✥④ ✫✤✥❬✥ ✴✯✦✰✫★❬✽❹❹✥✫✼✦✪ ❫❴❵❬

❳❏➃
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✇✐t❤ r❡❧❛t✐✈❡❧② ❤✐❣❤ ✈❡❧♦❝✐t✐❡s ♦❢ ✝✶✺✵ ❦♠s�✁ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ♠❛✐♥ ❜♦❞②✂

✄❤❡s❡ ❤✐❣❤❧② ❝♦❧❧✐♠❛t❡❞ ♦✉t❜✉rsts ❤❛✈❡ ❜❡❡♥ ❢♦✉♥❞ ✐♥ ♦t❤❡r ☎✆❡✱ t❤❡ s♦✲❝❛❧❧❡❞

❢❛st✱ ❧♦✇✲✐♦♥✐③❛t✐♦♥ ❡♠✐ss✐♦♥ r❡❣✐♦♥s ✭✞✟✠✡☛s❀ ☞❛❧✐❝❦ ❡t ❛❧✂ ✌✾✾✸✱ ✌✾✾✍✱ ✌✾✾✽✮✂

✠t ❤❛s ❜❡❡♥ ❢♦✉♥❞ t❤❛t t❤❡ str❡♥❣t❤ ♦❢ t❤❡ ❬✆ ✎✎❪ ✏✻✑✽✍ ❧✐♥❡ ✇✐t❤ r❡s♣❡❝t t♦

✒✓ ✐♥ t❤❡ ✞✟✠✡☛s ♦❢ ✒❜✍ ✐s t②♣✐❝❛❧❧② ❧❛r❣❡r t❤❛♥ ✐ts s❤❡❧❧ ✭✒❛❥✐❛♥ ❡t ❛❧✂ ✌✾✾✼✮✂

☎r❡✈✐♦✉s❧②✱ ☞❛❧✐❝❦ ❡t ❛❧✂ ✭✌✾✾✍✮ ❝❧❛✐♠❡❞ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♥✐tr♦❣❡♥ ❡♥r✐❝❤♠❡♥t

❜② ❢❛❝t♦rs ♦❢ ✷➊✑ ✐♥ t❤❡ ✞✟✠✡☛s ♦❢ s♦♠❡ ☎✆❡✂ ✒♦✇❡✈❡r✱ ✒❛❥✐❛♥ ❡t ❛❧✂ ✭✌✾✾✼✮

❝❤❛❧❧❡♥❣❡❞ t❤❡s❡ ❝♦♥❝❧✉s✐♦♥s✂ ●♦♥❝➳❛❧✈❡s ❡t ❛❧✂ ✭✷✔✔✸✱ ✷✔✔✻✮ s✉❣❣❡st❡❞ t❤❛t

❡♠♣✐r✐❝❛❧❧② ❞❡r✐✈❡❞ ✆ ♦✈❡r❛❜✉♥❞❛♥❝❡ s❡❡♥ ✐♥ ✞✟✠✡☛s ❛r❡ ❛ r❡s✉❧t ♦❢ ✐♥❛❝❝✉r❛t❡

✐♦♥✐③❛t✐♦♥ ❝♦rr❡❝t✐♦♥ ❢❛❝t♦rs ✭✕✖✗s✮ ❛♣♣❧✐❡❞ ✐♥ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✂ ●♦♥❝➳❛❧✈❡s

❡t ❛❧✂ ✭✷✔✔✻✮ ❝♦♥str✉❝t❡❞ ❛ ❝❤❡♠✐❝❛❧❧② ❤♦♠♦❣❡♥❡♦✉s ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ♦❢

✆●❈✼✔✔✾✱ ✇❤✐❝❤ ❝❛♥ r❡♣r♦❞✉❝❡ t❤❡ s♣❡❝tr♦s❝♦♣✐❝ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ ❞✐❢❢❡r❡♥t

r❡❣✐♦♥s✱ ✐♥❝❧✉❞✐♥❣ t❤❡ s❤❡❧❧ ❛♥❞ t❤❡ ✞✟✠✡☛s✂

✒❜✍ s❤♦✇s ❛ ♠♦❞❡r❛t❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❢❛❝t♦r ♦❢ ✘❉✞✙❖✚✰✛ ❂ ❖
✚✰
✜✢✣✤

✴ ❖
✚✰
✥✦✣✤ ✬ ✧ ✭●❛r❝➫★❛✲☛♦❥❛s ❡t ❛❧✂ ✷✔✌✸✮ ✭s❡❡ ❈❤❛♣t❡r ✸✮✂ ✘❞❞✐t✐♦♥❛❧❧②✱ ✇❡ ♥♦t✐❝❡

t❤❛t ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ♠❡❛s✉r❡❞ ❢r♦♠ ✒❡ ✎ ❧✐♥❡s ❛r❡ ♠✉❝❤ ❧♦✇❡r t❤❛♥ t❤♦s❡

♠❡❛s✉r❡❞ ❢r♦♠ ❈✡✟s✂ ✄❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝✐❡s ❤❛✈❡ ❜❡❡♥ s❡❡♥ ✐♥ ♠❛♥②

☎✆❡ ✐♥ t❤❡ r❛♥❣❡ ✌✂✻➊✸ ✭❡✂❣✂ ✟✐✉ ❡t ❛❧✂ ✷✔✔✔✱ ✷✔✔✌❀ ✄s❛♠✐s ❡t ❛❧✂ ✷✔✔✍❀ ✟✐✉ ❡t ❛❧✂

✷✔✔✍❛❀ ✩❡ss♦♥ ✫ ✟✐✉ ✷✔✔✍❀ ✩❡ss♦♥ ❡t ❛❧✂ ✷✔✔✑❀ ✄s❛♠✐s ❡t ❛❧✂ ✷✔✔✽✮✂ ✒♦✇❡✈❡r✱

❛ s♠❛❧❧ ❢r❛❝t✐♦♥ ✭✑➊✌✔✪✮ ♦❢ t❤❡♠ ❤❛✈❡ ✘❉✞s ♦❢ ✍➊✽✔ ✭s❡❡ r❡✈✐❡✇ ❜② ✟✐✉ ❡t ❛❧✂

✷✔✔✻✮✂ ✞❡✇ ☎✆❡ s❤♦✇ ❡①tr❡♠❡❧② ❧❛r❣❡ ✘❉✞s✱ ❢♦r ❡①❛♠♣❧❡ ✘❜❡❧❧ ✸✔ ✭✘❉✞❂✼✔✔❀

✩❡ss♦♥ ❡t ❛❧✂ ✷✔✔✸❀ ✡r❝♦❧❛♥♦ ❡t ❛❧✂ ✷✔✔✸❜✮✂ ✄❡♠♣❡r❛t✉r❡ ✯✉❝t✉❛t✐♦♥s ❤❛✈❡

❜❡❡♥ ♣r♦♣♦s❡❞ t♦ s♦❧✈❡ t❤❡ ♣r♦❜❧❡♠ ✭☎❡✐♠❜❡rt ✌✾✻✼✱ ✌✾✼✌✮✂ ✒♦✇❡✈❡r✱ t❡♠✲

♣❡r❛t✉r❡ ✯✉❝t✉❛t✐♦♥s ✇❡r❡ ❢♦✉♥❞ t♦ ❜❡ ✈❡r② s♠❛❧❧ ✐♥ s♦♠❡ ☎✆❡✱ ✇❤✐❝❤ s❤♦✇

❧❛r❣❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝✐❡s ✭❡✂❣✂ ☛✉❜✐♥ ❡t ❛❧✂ ✷✔✔✷❀ ✩❡ss♦♥ ✫ ✟✐✉ ✷✔✔✍✮✂

✄♦ s♦❧✈❡ t❤❡ ♣r♦❜❧❡♠✱ ✟✐✉ ❡t ❛❧✂ ✭✷✔✔✔✮ s✉❣❣❡st❡❞ ❛ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧✱ ❝♦♥✲

t❛✐♥✐♥❣ s♦♠❡ ❝♦❧❞ ❤②❞r♦❣❡♥✲❞❡❁❝✐❡♥t s♠❛❧❧✲s❝❛❧❡ str✉❝t✉r❡s✱ ❤✐❣❤❧② ❡♥r✐❝❤❡❞ ✐♥

❤❡❧✐✉♠ ❛♥❞ ❤❡❛✈② ❡❧❡♠❡♥ts✱ ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ❞✐❢❢✉s❡ ✇❛r♠ ♥❡❜✉❧❛r ❣❛s ♦❢ ♥♦r✲

♠❛❧ ❛❜✉♥❞❛♥❝❡s✂ ✩❡ss♦♥ ❡t ❛❧✂ ✭✷✔✔✑✮ ❢♦✉♥❞ t❤❛t ♠♦st ☎✆❡ ❢♦❧❧♦✇ t❤❡ r❡❧❛t✐♦♥

✷✔✻ ❃❄❅❏❑▼✕❅◗ ❅✗ ❱❏❳◗❩▼❳❭❫ ◗❩❴❑❏❳❩ ❵✕▼q ④⑤⑥▼❫❱❩ ✖❩◗▼❭❳❏ ⑦▼❳❭⑦
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�❡✭❈✁▲s✮ ❃ �❡✭❍✂ ✄✮ ❃ �❡☎✆ ✄✄ ✆✝▲s✞✱ ❛❧r✂❛❞② ♣r✂❞✐❝t✂❞ ❜② t❤✂ ❜✐✲❛❜✉♥❞❛♥❝✂

♠♦❞✂❧✟ ✠❤✂ ❢✂❛s✐❜✐❧✐t② ♦❢ t❤✂ ❜✐✲❝❤✂♠✐str② ♠♦❞✂❧ ❤❛s ❜✂✂♥ ✂✈❛❧✉❛t✂❞ ✐♥ ♣❤♦✲

t♦✐♦♥✐③❛t✐♦♥ ♠♦❞✂❧s ♦❢ ✡❜✂❧❧ ✸✵ ✭✁r❝♦❧❛♥♦ ✂t ❛❧✟ ☛✵✵✸❜✞ ❛♥❞ ☞●❈ ✻✶✺✸ ✭❨✉❛♥

✂t ❛❧✟ ☛✵✶✶✞✟

✠❤✂ ♦❜❥✂❝t✐✈✂ ♦❢ t❤✂ ♣r✂s✂♥t st✉❞② ✐s t♦ ❛ss✂ss ❤♦✇ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ✂❢❢✂❝ts

♠❛② ✂♥❤❛♥❝✂ ❬☞ ✄✄❪ ✂♠✐ss✐♦♥ ✐♥ t❤✂ ❋▲✌✁✝s✱ ❛ss✉♠✐♥❣ ❝❤✂♠✐❝❛❧❧② ❤♦♠♦❣✂♥✂♦✉s

❛❜✉♥❞❛♥❝✂s✟ ✌♥ ❛❞❞✐t✐♦♥✱ ✇✂ ✂①❛♠✐♥✂ ✇❤✂t❤✂r ❛ ❜✐✲❛❜✉♥❞❛♥❝✂ ♠♦❞✂❧ ❝❛♥ ✂①✲

♣❧❛✐♥ t❤✂ ♦❜s✂r✈✂❞ ✆✝▲s✟ ❲✂ ❝♦♥❞✉❝t t❤✐s st✉❞② ❜② ✉s✐♥❣ t❤✂ ▼♦♥t✂ ❈❛r❧♦

t❤r✂✂✲❞✐♠✂♥s✐♦♥❛❧ r❛❞✐❛t✐✈✂ tr❛♥s❢✂r ❝♦❞✂ ✍✎✏✑✒✒✄✓ ❜② ✁r❝♦❧❛♥♦ ✂t ❛❧✟ ✭☛✵✵✸❛✱

☛✵✵✺✱ ☛✵✵✽✞✟ ✆✉r ♦❜s✂r✈❛t✐♦♥s✱ ❦✐♥✂♠❛t✐❝ str✉❝t✉r✂✱ ❛♥❞ ✂♠♣✐r✐❝❛❧ r✂s✉❧ts ❛r✂

❞✂s❝r✐❜✂❞ ✐♥ ✔✂❝t✐♦♥s ✕✟☛✟ ✆✉r ✖rst ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞✂❧ ✐s ❞✂s❝r✐❜✂❞ ✐♥ ✔✂❝✲

t✐♦♥ ✕✟✸✱ ❛✐♠✂❞ ❛t s♦❧✈✐♥❣ ♦✈✂r❛❜✉♥❞❛♥❝✂ ♦❢ ♥✐tr♦❣✂♥ ✐♥ t❤✂ ❋▲✌✁✝s✟ ✌♥ ✔✂❝✲

t✐♦♥ ✕✟✕✱ ✇✂ ✉s✂ ❛ ❜✐✲❛❜✉♥❞❛♥❝✂ ♠♦❞✂❧ t♦ ♣r✂❞✐❝t t❤✂ ✆✝▲s✟ ✆✉r ✖♥❛❧ ❝♦♥❝❧✉✲

s✐♦♥s ❛r✂ ❣✐✈✂♥ ✐♥ ✔✂❝t✐♦♥ ✕✟✺✟

✗✘✙ ✚✛✜✢✣✤✥✦✧★✩✜

✠❤✂ ♦❜s✂r✈❛t✐♦♥s ✉s✂❞ t♦ ❝♦♥str❛✐♥ t❤✂ ♣❤♦t♦✐♦♥✐s❛t✐♦♥ ♠♦❞✂❧ ♦❢ ❍❜✕ ❛r✂ ❧✐st✂❞

✐♥ ✠❛❜❧✂ ✕✟✶✟ ✠❤✂ ✐♥t✂❣r❛❧ ✖✂❧❞ ✉♥✐t ✭✌❋❯✞ ♦❜s✂r✈❛t✐♦♥s ✭s✂✂ ❈❤❛♣t✂r ☛✞ ✇✂r✂

❝❛rr✐✂❞ ♦✉t ❛t t❤✂ ✔✐❞✐♥❣ ✔♣r✐♥❣ ✆❜s✂r✈❛t♦r②✱ ✉s✐♥❣ t❤✂ ☛✟✸✲♠ ✡☞❯ t✂❧✂s❝♦♣✂

❛♥❞ t❤✂ ❲✐❞✂ ❋✐✂❧❞ ✔♣✂❝tr♦❣r❛♣❤ ✭❲✐❋✂✔❀ ❉♦♣✐t❛ ✂t ❛❧✟ ☛✵✵✼✱ ☛✵✶✵✞✟ ✠❤✂ ❣r❛t✲

✐♥❣s ✉s✂❞ ✇✂r✂ t❤✂ ✪✼✵✵✵✴✝✼✵✵✵ ❣r❛t✐♥❣ ❝♦♠❜✐♥❛t✐♦♥ ❛♥❞ t❤✂ ✝✠ ✺✻✵ ❞✐❝❤r♦✐❝✱

❣✐✈✐♥❣ ✇❛✈✂❧✂♥❣t❤ ❝♦✈✂r❛❣✂ ❢r♦♠ ✕✕✶✺✲✺✺✽✾ ✫✡ ✐♥ t❤✂ ❜❧✉✂ ❛♥❞ ✺☛☛☛✲✼✵✼✵ ✫✡ ✐♥

t❤✂ r✂❞✱ ❛♥❞ ♠✂❛♥ s♣✂❝tr❛❧ r✂s♦❧✉t✐♦♥ ♦❢ ✵✟✽✸ ✫✡ ❢✉❧❧ ✇✐❞t❤ ❛t ❤❛❧❢✲♠❛①✐♠✉♠

✭❋❲❍▼✞ ✐♥ t❤✂ ❜❧✉✂ ❛♥❞ ✶✟✵✸ ✫✡ ❋❲❍▼ ✐♥ t❤✂ r✂❞✟ ✠❤✂ ❲✐❋✂✔ ❤❛s ❛ ✖✂❧❞✲

♦❢✲✈✐✂✇ ✭❋✆✬✞ ♦❢ ✯✰✿✿ ❁ ❂❄✿✿ ❛♥❞ s♣❛t✐❛❧ r✂s♦❧✉t✐♦♥ ♦❢ ❅❏✿✿❑ ❁ ❑❏✿✿✰✟ ✠❤✂ s♣✂❝tr❛❧

r✂s♦❧✉t✐♦♥ ♦❢ P☎◗ ❳❩❭❳✮ ❫ ❴❑❑❑ ❝♦rr✂s♣♦♥❞s t♦ ❛ ❋❲❍▼ ♦❢ ❫ ❵✰ ❦♠ sq④✟ ❲✂

✉s✂❞ t❤✂ ❝❧❛ss✐❝❛❧ ❞❛t❛ ❛❝❝✉♠✉❧❛t✐♦♥ ♠♦❞✂✱ s♦ ❛ s✉✐t❛❜❧✂ s❦② ✇✐♥❞♦✇ ❤❛s ❜✂✂♥

s✂❧✂❝t✂❞ ❢r♦♠ t❤✂ s❝✐✂♥❝✂ ❞❛t❛ ❢♦r t❤✂ s❦② s✉❜tr❛❝t✐♦♥ ♣✉r♣♦s✂✟ ❲✂ ❛❧s♦ ❛❝⑤✉✐r✂❞

❆⑥⑦⑧⑨⑩❶ ❷❸❹❺⑦⑧❸❻ ☛✵✼
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�❛❜❧❡ ✁✂✶✄ ❏♦✉r♥❛❧ ♦❢ t❤❡ ❖❜s❡r✈❛t✐♦♥s ❢♦r ☎❜ ✁✂

❉✆✝✞ ✭✟✠✮ ✡ ✲☛✆☞❣✞✭✌✍✮ ✎✏✑▼✭✌✍✮ ✒♣✞❝✝✓ ✔①♣✓✕✖♠✞ ✭✗✮

✍✘✙ ✷✓✸✲♠

✷✵✚✵✴✵✛✴✷✚ ✛✛✚✺➊✺✺✽✾ ✵✓✽✸ ✏✖✎✞✒ ✸✵✵✱ ✚✷✵✵

✺✷✷✷➊✼✵✼✵ ✚✓✵✸ ✏✖✎✞✒ ✸✵✵✱ ✚✷✵✵

▼✆❣✞✜✜✆☞ ✻✓✺✲♠

✷✵✚✵✴✵✻✴✵✺ ✸✸✺✵➊✺✵✺✵ ✵✓✚✺ ▼✢❑✔ ✻✵✱ ✚✺✵✵

✛✾✺✵➊✾✛✵✵ ✵✓✷✺ ▼✢❑✔ ✻✵✱ ✚✺✵✵

❜✐❛s❡s✣ ❞♦✤❡ ✥❛t ❢r❛✤❡s✣ ❈✉✦✧r ❛r★ ❡✩✪♦s✉r❡s✣ ✇✐r❡ ❢r❛✤❡s✣ ❛♥❞ t❤❡ st❛♥❞❛r❞

st❛r ✫●✬✯✁ ❛♥❞ ✰�� ❀❁❂✁ ❢♦r t❤❡ ❞❛t❛ r❡❞✉★t✐♦♥ ✪r♦★❡ss✂ ❃❡ r❡❞✉★❡❞ t❤❡ ❞❛t❛

✉s✐♥❄ t❤❡ ❅◗❱❳ ✪✐✪❡❧✐♥❡ ❩❬❭❪❫ ❛♥❞ t❤❡ s❛✤❡ r❡❞✉★t✐♦♥ ✪r♦★❡❞✉r❡ ❞❡s★r✐❜❡❞ ✐♥

❞❡t❛✐❧ ✐♥ ❈❤❛✪t❡r ✬✂ �❤❡ ❞❡❡✪ ♦✪t✐★❛❧ ♦❜s❡r✈❛t✐♦♥s ✇❡r❡ ♦❜t❛✐♥❡❞ ❢r♦✤ ●❛r★➫❴❛✦

❵♦❥❛s ❡t ❛❧✂ ❦✬q✶✬✣ ✬q✶❀②✣ ✇❤✐★❤ ✇❡r❡ ★❛rr✐❡❞ ♦✉t ❛t ✰❛s ❈❛✤✪❛♥❛s ❖❜s❡r✈❛t♦r③✣

✉s✐♥❄ t❤❡ ❂✂④✦✤ ⑤❛❄❡❧❧❛♥ t❡❧❡s★♦✪❡ ❛♥❞ t❤❡ ❞♦✉❜❧❡ ❡★❤❡❧❧❡ ⑤⑥⑦✫ s✪❡★tr♦❄r❛✪❤✂

�❤❡ st❛♥❞❛r❞ ❄r❛t✐♥❄ s❡tt✐♥❄s ③✐❡❧❞ ✇❛✈❡❧❡♥❄t❤ ★♦✈❡r❛❄❡ ❢r♦✤ ❀❀④q✦④q④q ⑧✧ ✐♥

t❤❡ ❜❧✉❡ ❛♥❞ ✁⑨④q✦⑨✁qq ⑧✧ ✐♥ t❤❡ r❡❞⑩ t❤❡ ✤❡❛♥ s✪❡★tr❛❧ r❡s♦❧✉t✐♦♥ ✐s q✂✶④ ⑧✧

❶❃☎⑤ ✐♥ t❤❡ ❜❧✉❡ ❛♥❞ q✂✬④ ⑧✧ ❶❃☎⑤ ✐♥ t❤❡ r❡❞✂

❷❸❹❸❺ ❻❼❽❾❿➀➁❼➂ ➃➁➄➅➂➁➅➄❾

❶✐❄✂ ✁✂✶❦❛② s❤♦✇s t❤❡ s✪❛t✐❛❧❧③ r❡s♦❧✈❡❞ ✥✉✩ ✐♥t❡♥s✐t③ ❛♥❞ r❛❞✐❛❧ ✈❡❧♦★✐t③ ✤❛✪

✪r♦❞✉★❡❞ ❜③ ➆tt✐♥❄ ●❛✉ss✐❛♥ ✪r♦➆❧❡s t♦ t❤❡ ❡✤✐ss✐♦♥ ❧✐♥❡ ☎➇ ❢♦r s✪❛✩❡❧s ❛★r♦ss

t❤❡ ⑥❶➈ ➆❡❧❞✂ ❃❡ ♦❜t❛✐♥❡❞ t❤❡ ❶❂④❁➉ ♥❛rr♦✇✦❜❛♥❞ ✐✤❛❄❡ ❢r♦✤ t❤❡ ➋➌➍ ❛r★❤✐✈❡✣

❛s s❤♦✇♥ ✐♥ ❶✐❄✂ ✁✂✶❦❜②✂ �❤❡ r❛❞✐❛❧ ✈❡❧♦★✐t③ ✤❛✪ s❤♦✇s t❤❡ ♦✉t❡r ✪❛✐r ♦❢ ❶✰⑥✫❵s✂

�❤❡ ➋➌➍ ✐✤❛❄❡ ❞❡✪✐★ts t❤❛t t❤❡ ✤❛✐♥ s❤❡❧❧ ❤❛s ❛ t♦r✉s ✤♦r✪❤♦❧♦❄③✣ ✇❤✐★❤ ✐s

♥♦t ♥♦t✐★❡❛❜❧❡ ✐♥ t❤❡ ⑥❶➈ ✤❛✪s ❞✉❡ t♦ t❤❡ ❧♦✇ s✪❛t✐❛❧ r❡s♦❧✉t✐♦♥✂ ❃❡ ❛❧s♦ ♥♦✦

t✐★❡ t❤❛t t❤❡ t♦r✉s s❤❡❧❧ ✐s ❞❡❢♦r✤❡❞ ❛♥❞ t❤❡ ❶✰⑥✫❵s ❛r❡ ♥♦t ❡✩❛★t❧③ ❛❧✐❄♥❡❞

✬q❁ ➎➏➐➑➒➓➔➐→ ➐➣ ↔➑↕→➙➓↕➛➜ →➙➝➒➑↕➙ ➞➔➓➟ ➠➡➢➓➜↔➙ ➤➙→➓➛↕➑ ➥➓↕➛➥
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✈❡rt✐❝❛❧❧②✱ ✇❤✐❝❤ ❝♦✉❧❞ ❜❡ ❜❡❝❛✉s❡ ♦❢ ✐♥t❡r❛❝t✐♦♥ ✇✐t❤ t❤❡ ✐♥t❡rst❡❧❧❛r ♠❡❞✐✉♠

✭�✁▼✮✂ ❋✐❣✂ ✄✂✶✭❝✮ s❤♦✇s t❤❡ ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ ♠♦❞❡❧ ✐♠♣❧❡♠❡♥t❡❞ ✉s✐♥❣ t❤❡

✸❉ ♠♦❞❡❧✐♥❣ ♣r♦❣r❛♠ ☎❍✆P✝ ✭✁t❡❢❢❡♥ ✫ ▲➫♦♣❡③ ✞✵✵✻❀ ✁t❡❢❢❡♥ ❡t ❛❧✂ ✞✵✶✶✮✂ ❋♦r

❜❡st ❝♦♠♣❛r✐s♦♥ ✇✐t❤ ♦✉r �❋❯ ♠❛♣s✱ t❤❡ ❡♠✐ss✐✈✐t② ❛♥❞ ✈❡❧♦❝✐t② ❣r✐❞s ❤❛✈❡ t❤❡♥

❜❡❡♥ ❡①♣♦rt❡❞ ❢r♦♠ t❤❡ ☎❍✆P✝ ♠♦❞❡❧ ❛♥❞ ♣r♦❝❡ss❡❞ ✐♥ t❤❡ s❛♠❡ ✇❛② ❛s t❤❡ �❋❯

❞❛t❛ ✭❞❡s❝r✐❜❡❞ ✐♥ ❞❡t❛✐❧ ✐♥ ❈❤❛♣t❡r ✞✮✂ ✟❤❡ ♠♦❞❡❧ ❝♦♥s✐sts ♦❢ ❛ t❤✐❝❦ t♦r✉s✱

t✇♦ ♣♦✐♥t✲s②♠♠❡tr✐❝ t❤✐♥ ❦♥♦ts✱ ✐♥♥❡r t❤✐♥ ❤❛❧♦✱ ❛♥❞ ♦✉t❡r t❡♥✉♦✉s ❤❛❧♦✂ ❲❡

❛ss✉♠❡❞ t❤❛t t❤❡ str✉❝t✉r❡s ❢♦❧❧♦✇ ❛ ✠✉❜❜❧❡✲t②♣❡ ✈❡❧♦❝✐t② ❧❛✇ ✭✁t❡❢❢❡♥ ❡t ❛❧✂

✞✵✵✾✮✱ ✇❤❡r❡ t❤❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ✐♥❝r❡❛s❡s ✉♥✐❢♦r♠❧② ✇✐t❤ ❞✐st❛♥❝❡ ❢r♦♠

t❤❡ ❝❡♥t❡r✂ ✟❛❦✐♥❣ t❤❡ ✐♥❝❧✐♥❛t✐♦♥ ♦❢ ✡☛✍ ☞ ✺✍ ❢♦✉♥❞ ❜② t❤❡ ❜❡st✲✌tt✐♥❣ ♠♦❞❡❧✱

✇❡ ❞❡r✐✈❡❞ ❛ ✈❡❧♦❝✐t② ♦❢ ✎✏✑✒✓✔ ❂☞✕✺☛☞✕☛ ❦♠s✖✗ ❢♦r t❤❡ ❋▲�✘✙s✱ s✐♠✐❧❛r t♦ t❤❡

✈❛❧✉❡ ❢♦✉♥❞ ❜② ▲♦♣❡③ ❡t ❛❧✂ ✭✶✾✾✼✮✂ ❲❡ ❛❧s♦ ♠❡❛s✉r❡❞ ❛♥ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t②

♦❢ ✎✚✛✜ ❂ ✢✣☞✡❦♠s✖✗ ❜② ♠❡❛♥s ♦❢ t❤❡ ❤❛❧❢ ✇✐❞t❤ ❛t ❤❛❧❢ ♠❛①✐♠✉♠ ✭✠❲✠▼✮

♠❡t❤♦❞ ❢r♦♠ ❛♥ ❛♣❡rt✉r❡ ✇✐t❤ ❛ ❞✐❛♠❡t❡r ♦❢ ✤✿✺ ❛r❝s❡❝ ❧♦❝❛t❡❞ ♦♥ t❤❡ ✐♥♥❡r

s❤❡❧❧✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✇❤❛t ❢♦✉♥❞ ❜② ✙♦❜✐♥s♦♥ ❡t ❛❧✂ ✭✶✾✽✞✮ ❛♥❞ ▲♦♣❡③ ❡t ❛❧✂

✭✶✾✾✼✮✂ ❲❡ ❛ss✉♠❡❞ ✎✚✛✜ ❂ ✎✥✦✥✧✱ ❛❧t❤♦✉❣❤ ✁❝❤➝♦♥❜❡r♥❡r ❡t ❛❧✂ ✭✞✵✶✵✮ ❢♦✉♥❞

t❤❛t t❤❡ ✠❲✠▼ ♠❡t❤♦❞ ✉♥❞❡r❡st✐♠❛t❡s t❤❡ tr✉❡ ✈❛❧✉❡s ♦❢ ❤✐❣❤ ✈❡❧♦❝✐t✐❡s✱ ❜✉t

s✉✐t❛❜❧❡ ❢♦r s❧♦✇❧② ❡①♣❛♥❞✐♥❣ ♦❜❥❡❝ts✂

❋✐❣✂ ✄✂✞ s❤♦✇s ❤✐❣❤ r❡s♦❧✉t✐♦♥ ❧♦♥❣✲s❧✐t s♣❡❝tr❛ ♦❢ ✠❜ ✄ ♦❜t❛✐♥❡❞ ✇✐t❤ t❤❡

▼❛♥❝❤❡st❡r ➫✘❝❤❡❧❧❡ ✁♣❡❝tr♦♠❡t❡r ✭▼✘✁✮ ♦♥ t❤❡ ✞✂✶✲♠ t❡❧❡s❝♦♣❡ ❛t t❤❡ ✁❛♥ ★❡✲

❞r♦ ▼❛rt➫✩r ✪❜s❡r✈❛t♦r② ✭✁★▼ ❑✐♥❡♠❛t✐❝ ❈❛t❛❧♦❣✉❡❀ ▲➫♦♣❡③ ❡t ❛❧✂ ✞✵✶✞✮✂ ❯s✲

✐♥❣ ❤✐❣❤✲r❡s♦❧✉t✐♦♥ ❧♦♥❣✲s❧✐t s♣❡❝tr♦s❝♦♣② ♦❜t❛✐♥❡❞ ✇✐t❤ ▼✘✁✲✁★▼✱ ✇❡ ❣❡t ❛

❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡ str✉❝t✉r❡ ♦❢ ✠❜ ✄ ❛♥❛❧♦❣♦✉s t♦ t❤❡ �❋❯ ♦❜s❡r✈❛✲

t✐♦♥s✂ ▲♦♥❣✲s❧✐ts ❛ ❛♥❞ ❝ t♦❣❡t❤❡r ✇✐t❤ ❞❡❡♣ ✐♠❛❣❡r② s❤♦✇s t❤❡ s②♠♠❡tr② ❛①✐s

♦❢ t❤❡ ♥❡❜✉❧❛✂ ✟❤❡ ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ ♠♦❞❡❧ t❤❛t ❜❡st r❡♣r♦❞✉❝❡s t❤❡ ❢❡❛t✉r❡s

♦❢ t❤❡ ❧♦♥❣s❧✐t s♣❡❝tr❛ ❤❛s ❛♥ ✐♥❝❧✐♥❛t✐♦♥ ♦❢ ✡☛✍ ☞✕☛✍✱ s✐♠✐❧❛r t♦ t❤❡ r❡s✉❧ts ♦❢

t❤❡ �❋❯ ♦❜s❡r✈❛t✐♦♥✂ ✠♦✇❡✈❡r✱ t❤❡ ❦✐♥❡♠❛t✐❝ ❢❡❛t✉r❡ ♦❢ t❤❡ ✐♥♥❡r s❤❡❧❧ ✐s ❝❧❡❛r

✐♥ t❤❡ ❬✬ ✯✯❪ ❡♠✐ss✐♦♥✱ ✇❤✐❝❤ s❤♦✇s ❛ ❡①♣❛♥❞✐♥❣ t♦r✉s str✉❝t✉r❡ ❝♦rr❡s♣♦♥❞✐♥❣

t♦ ✎✚✛✜ ❂ ✢✺☞✺ ❦♠s✖✗✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ✠❲✠▼ ♠❡t❤♦❞✂ ✟❤❡ ✐♥♥❡r s❤❡❧❧

❆✰✴❁❃❄❅ ●❏◗❳✴❁❏❨ ✞✵✾
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✭❛✮ �✁✂ ♦❜s❡r✈❛t✐♦♥

✭❜✮ ✄☎✆ ✐♠❛❣❡ ✭❝✮ ✝✞✟✠✡ ♠❡s❤ ♠♦❞❡❧

☛☞✌✉✍✎ ✏✑✶✒ ✓✔✕ ✖☛✗ ✘✔♣✙ ✚❢ ✛✜ ✏ ☞✢ ✛✣ ✤✻✺✻✸ ✥✦ ✓✜✚✧✧✚✘✕✑ ☛✍✚✘ ★✎❢✧ ✧✚ ✍☞✌✩✧✒

✙♣✔✧☞✔★ ✪☞✙✧✍☞✜✉✧☞✚✢ ✘✔♣✙ ✚❢ ✫✉① ☞✢✧✎✢✙☞✧② ✚✢ ✔ ★✚✌✔✍☞✧✩✘☞✬ ✙✬✔★✎ ✔✢✪ ★✚✬✔★ ✙✧✔✢✲

✪✔✍✪ ✚❢ ✍✎✙✧ ✓✯✰✱✕ ✍✔✪☞✔★ ✴✎★✚✬☞✧②✑ ☛★✉① ✉✢☞✧ ☞✙ ☞✢ ✵✷✼✽✾ ✎✍✌ ✙✼✽ ✬✘✼❀ ✙♣✔①✎★✼✽

✔✢✪ ✴✎★✚✬☞✧② ☞✢ ❦✘✙✼✽✑ ❁✚✍✧✩ ☞✙ ✉♣ ✔✢✪ ✎✔✙✧ ☞✙ ✧✚✇✔✍✪ ✧✩✎ ★✎❢✧✲✩✔✢✪ ✙☞✪✎✑

❂✩☞✧✎❃✜★✔✬❦ ✬✚✢✧✚✉✍ ★☞✢✎✙ ✙✩✚✇ ✧✩✎ ✪☞✙✧✍☞✜✉✧☞✚✢ ✚❢ ✧✩✎ ✢✔✍✍✚✇✲✜✔✢✪ ✎✘☞✙✙☞✚✢ ✚❢

✛✣ ☞✢ ✔✍✜☞✧✍✔✍② ✉✢☞✧ ✚✜✧✔☞✢✎✪ ❢✍✚✘ ✧✩✎ ✰✉♣✎✍❈❖✰▼❖✰ ✛✣ ✰❦② ✰✉✍✴✎② ✓❄✔✍❦✎✍

✎✧ ✔★✑ ❅❉❉✺✕✑ ✓✜✕ ●✩✎ ❏❑◗ ☞✘✔✌✎ ✚✢ ✔ ★✚✌✔✍☞✧✩✘☞✬ ✙✬✔★✎ ✧✔❦✎✢ ✜② ✧✩✎ ☛✻✺❱❁

❳★✧✎✍ ✓❖✜✙✎✍✴☞✢✌ ♣✍✚✌✍✔✘ ✻✸✏❩❬ ❄✖✑ ❭✚✍❦✚✇✙❦☞❪ ✶❫❫✻✕✑ ✓✬✕ ●✩✎ ❴❵❥q③ ✘✎✙✩

✘✚✪✎★ ✜✎❢✚✍✎ ✍✎✢✪✎✍☞✢✌ ✔✧ ✧✩✎ ✜✎✙✧✲❳✧✧☞✢✌ ☞✢✬★☞✢✔✧☞✚✢ ✔✢✪ ✬✚✍✍✎✙♣✚✢✪☞✢✌ ✍✎✢✲

✪✎✍✎✪ ✘✚✪✎★✑

❅✶❉ ④⑤⑥⑦⑧⑨⑩⑥❶ ⑥❷ ❸⑦❹❶❺⑨❹❻❼ ❶❺❽⑧⑦❹❺ ❾⑩⑨❿ ➀➁➂⑨❼❸❺ ➃❺❶⑨❻❹⑦ ➄⑨❹❻➄
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♣r♦❜❛❜❧② ✐s t❤❡ ♦♥❧② ❡❧❡♠❡♥t t❤❛t ❤❛s ❛ ♠❡♠♦r② ♦❢ ♠❛ss✲❧♦ss ❛t t❤❡ ❡♥❞ ♦❢ t❤❡

�●✁ ♣❤❛s❡✂ ✄❤❡ ❧♦♥❣✲s❧✐t ♦❜s❡r✈❛t✐♦♥ ❛❧s♦ ✐♥❞✐❝❛t❡s t❤❛t t❤❡ ♣♦✐♥t✲s②♠♠❡tr✐❝

str✉❝t✉r❡s tr❛✈❡❧ ❛t ❛ ♠❛①✐♠✉♠ ✈❡❧♦❝✐t② ♦❢ ✶✺✵✝✶✵❦♠s☎✆ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡

❝❡♥t❡r ♦❢ t❤❡ ♥❡❜✉❧❛✂

✞✟✠✟✠ ✡☛☞✌✍✎✏ ☛✑✒✓✏✓✔✎✍ ✎✕✎✍✖✗✓✗

� ❧✐st ♦❢ ♦❜s❡r✈❡❞ ❧✐♥❡s ❛♥❞ t❤❡✐r ♠❡❛s✉r❡❞ ✘✉①❡s ✐s ♣r❡s❡♥t❡❞ ✐♥ ✄❛❜❧❡ ✙✂✻✂ �❧❧

❧✐♥❡ ✘✉①❡s ✇❡r❡ ♠❡❛s✉r❡❞ ✉s✐♥❣ ●❛✉ss✐❛♥ ❝✉r✈❡ ✚tt✐♥❣✂ ✄❤❡ ❡♠✐ss✐♦♥ ❧✐♥❡ ✐❞❡♥✲

t✐✚❝❛t✐♦♥✱ ❧❛❜♦r❛t♦r② ✇❛✈❡❧❡♥❣t❤✱ ❛♥❞ ♠✉❧t✐♣❧❡t ♥✉♠❜❡r✱ ❛r❡ ❣✐✈❡♥ ✐♥ ❝♦❧✉♠♥s

✛➊✸✱ r❡s♣❡❝t✐✈❡❧②✂ ❈♦❧✉♠♥s ✙➊✻ ♣r❡s❡♥t t❤❡ ♦❜s❡r✈❡❞ ✘✉①❡s ♦❢ t❤❡ ✐♥♥❡r s❤❡❧❧

✭▼✜❑✢ s♣❡❝tr❛✮✱ ♥♦rt❤❡r♥ ❋▲✜✢✣ ❛♥❞ s♦✉t❤❡r♥ ❋▲✜✢✣ ✭❲✐❋❡✤ s♣❡❝tr❛✮✱ ❝♦rr❡❝t❡❞

❢♦r ✐♥t❡rst❡❧❧❛r ❡①t✐♥❝t✐♦♥✱ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❧♦❣❛r✐t❤♠✐❝ ❢♦r♠✉❧❛ ✥✦✧★ ❂ ✩✦✧★✪

✶✵✫✬❍✯✰❬✆✴ ✼ ✬✽✰❪✱ ✇❤❡r❡ ✩✦✧★ ❛♥❞ ✥✦✧★ ❛r❡ t❤❡ ♦❜s❡r✈❡❞ ❛♥❞ ✐♥tr✐♥s✐❝ ❧✐♥❡ ✘✉①✱ r❡✲

s♣❡❝t✐✈❡❧②✱ ❛♥❞ ✾ ✦✧★ ✐s t❤❡ st❛♥❞❛r❞ ●❛❧❛❝t✐❝ ❡①t✐♥❝t✐♦♥ ❧❛✇ ♦❢ ✿♦✇❛rt❤ ✭✛❀❁✸✮

❢♦r ❛ t♦t❛❧✲t♦✲s❡❧❡❝t✐✈❡ ❡①t✐♥❝t✐♦♥ r❛t✐♦ ♦❢ ❃❄ ❂ ❅✦❉★❏P✦◗ ❯❉★ ❂ ❳❨✶✱ ❛♥❞ ♥♦r✲

♠❛❧✐③❡❞ s✉❝❤ t❤❛t ✾ ✦❩❭★ ❂ ✵✂ ✄❤❡ ✁❛❧♠❡r ❡♠✐ss✐♦♥ ❧✐♥❡s ✇❡r❡ ✉s❡❞ t♦ ❞❡r✐✈❡

t❤❡ ❧♦❣❛r✐t❤♠✐❝ ❡①t✐♥❝t✐♦♥ ❛t ❩❭ ❢♦r t❤❡ t❤❡♦r❡t✐❝❛❧ ❧✐♥❡ r❛t✐♦ ♦❢ t❤❡ ❝❛s❡ ✁ r❡✲

❝♦♠❜✐♥❛t✐♦♥ ✭❫❴ ❂ ✶✵✵✵✵❑ ❛♥❞ ❵❴ ❂ ❥✵✵✵ ❝♠☎q④ ✿✉♠♠❡r ⑤ ✤t♦r❡② ✛❀❁⑥✮✂ �❧❧

✘✉①❡s ✐♥ ❝♦❧✉♠♥s ✙➊✻ ❛r❡ ❣✐✈❡♥ r❡❧❛t✐✈❡ t♦ ✿❭✱ ♦♥ ❛ s❝❛❧❡ ✇❤❡r❡ ❩❭ ❂ ✶✵✵✂

❋✐❣✂ ✙✂✸ s❤♦✇s ✘✉① ♠❛♣s ❢♦r ❡♠✐ss✐♦♥ ❧✐♥❡s ❡♠✐tt❡❞ ❢r♦♠ ❞✐❢❢❡r❡♥t ✐♦♥✐③❛t✐♦♥

③♦♥❡s✱ ♥❛♠❡❧② ⑦⑧ ⑨⑨⑩ ❛♥❞ ⑦❶ ⑨⑨⑨⑩ ✇✐t❤ r❡s♣❡❝t t♦ ✿❷✂ ✜t ✐♥❞✐❝❛t❡s t❤❡ ⑦⑧ ⑨⑨⑩ ❡♠✐s✲

s✐♦♥ ✐s ❤✐❣❤❡r ❛t t❤❡ ❋▲✜✢✣s ❛♥❞ t❤❡ ♦✉t❡r ❡❞❣❡ ♦❢ t❤❡ ✐♥♥❡r s❤❡❧❧✂ ❲❡ ❛❧s♦

♥♦t✐❝❡ t❤❛t t❤❡ ⑦❶ ⑨⑨⑨⑩ ❡♠✐ss✐♦♥ ✘✉①❡s ❛t t❤❡ ✐♥♥❡r s❤❡❧❧ ❛♥❞ ♦✉t❡r t❡♥✉♦✉s ❤❛❧♦

❛r❡ ♠✉❝❤ ❤✐❣❤❡r t❤❛♥ ✇❤❛t ♦❜s❡r✈❡❞ ❛t t❤❡ ❋▲✜✢✣s✂

❆❸❹❺❻❼❽ ❾❿➀➁❹❺❿➂ ➃✛✛
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�✐❣✉r❡ ✁✂✷✄ ☎❡❢t ♣❛♥❡❧✄ ❉❡❡♣ ✆✝✰❬✞ ✟✟❪ ✐♠❛❣❡r② ♦❢ ✆❜✁ ♦❜t❛✐♥❡❞ ✇✐t❤ ▼✠✡✲✡☛▼ ❛♥❞ t❤❡ ♣♦s✐t✐♦♥s ♦❢ t❤❡ t❤r❡❡ ✡☛▼
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✭❛✮ ✭❜✮

❋✐❣✉r❡ �✁✸✿ ❋❧✉① ♠❛♣s ♦❢ ✭❛✮ ❬✂ ✄✄❪ ☎ ✻✺✽� ✠✆ ❛♥❞ ✭❜✮ ❬✝ ✄✄✄❪ ☎ ✺✵✵✼ ✠✆ ✇✐t❤ r❡s♣❡❝t

t♦ t❤❡ ❍✞ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡ ❡♠✐ss✐♦♥✁ ✆❧❧ ✟✉①❡s ❞❡r❡❞❞❡♥❡❞ ✉s✐♥❣ t❤❡ ❧♦❣❛✲

r✐t❤♠✐❝ ❡①t✐♥❝t✐♦♥ ✡☛❍☞✌ ❂ ✶✍✎ ❛♥❞ t❤❡ ❝❛s❡ ✏ r❡❝♦♠❜✐♥❛t✐♦♥ t❤❡♦r❡t✐❝❛❧ ♠♦❞❡❧

✭✑✒ ❂ ✶✓✓✓✓ ❑ ❛♥❞ ✔✒ ❂ ✕✓✓✓ ❝♠✖✗✮✁

✘❤❡ r❡s✉❧ts ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ❛r❡ ❧✐st❡❞ ✐♥ ✘❛❜❧❡ �✁✙✱ ❢♦r

t❤❡ ❡♠✐ss✐♦♥ ❧✐♥❡s ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ▼✚❑✛ s♣❡❝tr❛✁ ❲❡ ♦❜t❛✐♥❡❞ t❤❡ ❡❧❡❝tr♦♥

t❡♠♣❡r❛t✉r❡s ✭✑✒✮ ❛♥❞ ❞❡♥s✐t✐❡s ✭✔✒✮ ❢r♦♠ t❡♠♣❡r❛t✉r❡✲s❡♥s✐t✐✈❡ ❛♥❞ ❞❡♥s✐t②✲

s❡♥s✐t✐✈❡ ❡♠✐ss✐♦♥ ❧✐♥❡s ❜② s♦❧✈✐♥❣ t❤❡ ❡q✉✐❧✐❜r✐✉♠ ❡q✉❛t✐♦♥s ♦❢ ❧❡✈❡❧ ♣♦♣✉❧❛✲

t✐♦♥s ❢♦r ♠✉❧t✐❧❡✈❡❧ ✭✜ ✢✮ ❛t♦♠✐❝ ♠♦❞❡❧s ✉s✐♥❣ t❤❡ ✣◗❯✄✤ ❝♦❞❡ ✭s❡❡ t❤❡ ✥✣✦✧

❝♦❞❡ ❜② ❲❡ss♦♥ ❡t ❛❧✁ ✙✵★✙✮✁ ✘❤❡ ❛t♦♠✐❝ ❞❛t❛ s❡ts ✉s❡❞ ❢♦r t❤❡ ♣❧❛s♠❛ ❞✐❛❣✲

♥♦st✐❝s ❛♥❞ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s ✐♥❝❧✉❞❡ t❤❡ ✐♠♣r♦✈❡❞ ❍❡ ✄ ❡♠✐ss✐✈✐t✐❡s ❜② P♦rt❡r

❡t ❛❧✁ ✭✙✵★✸✮✱ ❛♥❞ t❤♦s❡ ✉s❡❞ ❜② ❉❛♥❡❤❦❛r ❡t ❛❧✁ ✭✙✵★�✮✱ ❛♥❞ t❤❡ r❡♠❛✐♥✐♥❣

❛t♦♠✐❝ ❞❛t❛ t❤❡ s❛♠❡ ❛s ❲❡ss♦♥ ❡t ❛❧✁ ✭✙✵★✙✮✁ ❋♦r t❤❡ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s✱ ✇❡

❛ss✉♠❡❞ ❛ r❡♣r❡s❡♥t❛t✐✈❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ♦❢ ★✵ ✵✵✵ ❑ t♦ ❞❡r✐✈❡ ✔✒ ❢r♦♠

❞❡♥s✐t②✲s❡♥s✐t✐✈❡ ❡♠✐ss✐♦♥ ❧✐♥❡ r❛t✐♦s❀ ❛♥❞ ❛♥ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ♦❢ ✼✵✵✵ ❝♠✖✗ t♦

❞❡r✐✈❡ ✑✒ ❢r♦♠ t❡♠♣❡r❛t✉r❡✲s❡♥s✐t✐✈❡ ❡♠✐ss✐♦♥ ❧✐♥❡ r❛t✐♦s✁ ✘❤❡ r❡❝♦♠❜✐♥❛t✐♦♥

❝♦♥tr✐❜✉t✐♦♥s t♦ ♥❡❜✉❧❛r ❛✉r♦r❛❧ ❧✐♥❡s ❛r❡ ❡st✐♠❛t❡❞ ✉s✐♥❣ t❤❡ ❢♦r♠✉❧❛s ❣✐✈❡♥

❆✩✪✫✬✯③ ✰✴✾❁✪✫✴❃ ✙★✸
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❜② �✐✉ ❡t ❛❧✁ ✭✷✵✵✵✮✁ ✂r♦♠ t❤❡ ✈❛❧✉❡s ❣✐✈❡♥ ✐♥ ✄❛❜❧❡ ☎✁☎ ❛♥❞ ✆✝✭✞❡ ✟✮❂ ✼✠✡✡❑✱

t❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ r❡❝♦♠❜✐♥❛t✐♦♥ ❡①❝✐t❛t✐♦♥ ♦❢ ☛☞✰✱ ❖☞✰ ✱ ❖✸✰ t♦ t❤❡ ♦❜s❡r✈❡❞

✌✉①❡s ♦❢ ❬☛ ✟✟❪ ✍✺✎✺✺✱ ❬❖ ✟✟❪ ✍✍✎✏✷✵✱✎✏✏✵ ❛♥❞ ❬❖ ✟✟✟❪ ✍☎✏✻✏ ❛r❡ ❡st✐♠❛t❡❞ t♦

❜❡ ✶☎✱ ✷✺ ❛♥❞ ✏ ♣❡r❝❡♥t✱ r❡s♣❡❝t✐✈❡❧②❀ ✇❤❡r❡ t❤❡ ✑
✸✰✒✓✰ r❛t✐♦ ✐s ❡st✐♠❛t❡❞ ✉s✲

✐♥❣ ✑✸✰✒✓✰ ❂ ✔✕✓✖✒✓✰✗☞✘✸✙✚✛✜✕✑✰✒✓✰✢✑☞✰✒✓✰✗ ❛♥❞ ❛ss✉♠✐♥❣ t❤❡ ✑✰✒✓✰

r❛t✐♦ ✐s ♥❡❣❧✐❣✐❜❧❡✁ ✄❤❡ ❤✐❣❤ t❡♠♣❡r❛t✉r❡ ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❬❖ ✟✟❪ ❧✐♥❡s ♠❛②

❜❡ ❛ttr✐❜✉t❡❞ t♦ t❤❡ ❞✐❢❢❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ ❝♦❧❧✐s✐♦♥ str❡♥❣t❤s ❝❛❧❝✉❧❛t❡❞ ❜②

✣r❛❞❤❛♥ ❡t ❛❧✁ ✭✷✵✵✻✮ ❛♥❞ ❑✐s✐❡❧✐✉s ❡t ❛❧✁ ✭✷✵✵✾✮✁ ✄♦ ❞❡t❡r♠✐♥❡ t❤❡ ❡❧❡❝tr♦♥

t❡♠♣❡r❛t✉r❡ ❢r♦♠ t❤❡ ✞❡ ✟ ❧✐♥❡s✱ ✇❡ ✉s❡❞ ❛♥❛❧②t✐❝ ❢♦r♠✉❧❛❡ ❣✐✈❡♥ ❢♦r t❤❡ ❡♠✐s✲

s✐✈✐t✐❡s ♦❢ ✞❡ ✟ ❧✐♥❡s ❜② ✤❡♥❥❛♠✐♥ ❡t ❛❧✁ ✭✶✾✾✾✮ ❛♥❞ ♥❡✇ ✥tt✐♥❣ ♣❛r❛♠❡t❡rs ❜②

❩❤❛♥❣ ❡t ❛❧✁ ✭✷✵✵✺✮✁ ✄❤❡ ❝♦rr❡❝t ❝❤♦✐❝❡ ♦❢ ❡❧❡❝tr♦♥ ❞❡♥s✐t✐❡s ❛♥❞ t❡♠♣❡r❛t✉r❡s

✐s ✐♠♣♦rt❛♥t ❢♦r t❤❡ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s✁

✄❛❜❧❡ ☎✁✏ ♣r❡s❡♥ts t❤❡ ❡♠♣✐r✐❝❛❧ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ♦❜s❡r✈❡❞

❈✦�s ♦❢ t❤❡ ✐♥♥❡r s❤❡❧❧✱ r❡s♣❡❝t✐✈❡❧② ✭▼✧❑✦ s♣❡❝tr❛✮✁ ✄❤❡ r❡s✉❧ts ❢♦r t❤❡ ✂�✧✦★s

✇❡r❡ ♠❡❛s✉r❡❞ ✐♥ ❈❤❛♣t❡r ✏✮✱ ❛❧t❤♦✉❣❤ ♦✉r ♦❜s❡r✈❛t✐♦♥s ❞✐❞ ♥♦t ❝♦✈❡r ❬❖ ✟✟❪

❧✐♥❡s✱ s♦ ✇❡ ❛ss✉♠❡❞ t❤❡ ❬❖ ✟✟❪ ❧✐♥❡s ♠❡❛s✉r❡❞ ❜② ●❛r❝➫✩❛✲★♦❥❛s ❡t ❛❧✁ ✭✷✵✶✷✮✁

✪❡ ❞❡t❡r♠✐♥❡❞ ❛❜✉♥❞❛♥❝❡s ❢♦r ✐♦♥✐❝ s♣❡❝✐❡s ♦❢ ☛✱ ❖✱ ☛❡✱ ✫✱ ❈❧ ❛♥❞ ✬r ❢r♦♠

t❤❡ ♦❜s❡r✈❡❞ ❈✦�s✁ ✧♥ ♦✉r ❞❡t❡r♠✐♥❛t✐♦♥✱ ✇❡ ❛❞♦♣t❡❞ ✆✝ ❂ ✚✡❦❑ ❛♥❞ ✯✝ ❂

✼✡✡✡ ❝♠✴✸ ❜❛s❡❞ ♦♥ t❤❡ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s✁ ✫♦❧✈✐♥❣ t❤❡ ❡q✉✐❧✐❜r✐✉♠ ❡q✉❛t✐♦♥s✱

✉s✐♥❣ t❤❡ ✽◗❁✟❃ ❝♦❞❡✱ ②✐❡❧❞s ❧❡✈❡❧ ♣♦♣✉❧❛t✐♦♥s ❛♥❞ ❧✐♥❡ s❡♥s✐t✐✈✐t✐❡s ❢♦r ❣✐✈❡♥ ✆✝

❛♥❞ ✯✝✁ ❖♥❝❡ t❤❡ ❧❡✈❡❧ ♣♦♣✉❧❛t✐♦♥s ❛r❡ s♦❧✈❡❞✱ t❤❡ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s✱ ❳
❄✰❅✞✰✱

❝❛♥ ❜❡ ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ♦❜s❡r✈❡❞ ❈✦�s✁ ✪❡ ❞✐❞ ♥♦t ✉s❡ t❤❡ ❬❖ ✟✟❪ ✍✍✎✏✷✵✱✎✏✏✵

❧✐♥❡s ❢♦r t❤❡ ❖✰❅✞✰ r❛t✐♦✱ s✐♥❝❡ t❤❡ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡♠ ❛r❡ ✉s✉❛❧❧②

❤✐❣❤❡r t❤❛♥ t❤♦s❡ ❢r♦♠ ✍✏✎✷✎ ❞♦✉❜❧❡t✱ s❡❡ ✄❛❜❧❡ ☎✁✏✁ ✄❤✐s ❝♦✉❧❞ ❜❡ ❛ttr✐❜✉t❡❞

t♦ ❡rr♦rs ✐♥ t❤❡ ❛t♦♠✐❝ ❞❛t❛ ✭s❡❡ ❑✐s✐❡❧✐✉s ❡t ❛❧✁ ✷✵✵✾✮✁ ✄❤❡ t♦t❛❧ ❡❧❡♠❡♥t❛❧

❛❜✉♥❞❛♥❝❡s ❧✐st❡❞ ✐♥ ✄❛❜❧❡ ☎✁✺ ✇❡r❡ ❝❛❧❝✉❧❛t❡❞ ✉s✐♥❣ t❤❡ ❉❏ ❱ ❢♦r♠✉❧❛❡ ✭✄❛❜❡❧ ✶✏

✐♥ ✪❛♥❣ ❭ �✐✉ ✷✵✵✎✮✁

✫❡✈❡r❛❧ ❤❡❛✈② ❡❧❡♠❡♥t ❖★�s ♦❢ t❤❡ ✐♥♥❡r s❤❡❧❧ ❛r❡ ✇❡❧❧ ❞❡t❡❝t❡❞ ❜② t❤❡ ▼✧❑✦

s♣❡❝tr❛✁ ❫s✐♥❣ t❤❡ ❡❢❢❡❝t✐✈❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦❡❢✥❝✐❡♥ts✱ ✇❡ ❞❡t❡r♠✐♥❡❞ ❛❜✉♥✲

✷✶☎ ❴❵③④⑤⑥⑦③⑧ ③⑨ ⑩④❶⑧❷⑥❶❸❹ ⑧❷❺⑤④❶❷ ❻⑦⑥❼ ❽❾❿⑥❹⑩❷ ➀❷⑧⑥❸❶④ ➁⑥❶❸➁
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❬✓ ✔✔❪ ✕✖✗✻✼✘✶✙❂✕✖✗✻✼✶✻✙ ✼✵✶✵✚✘✛✻✵

❬✜ ✔✔❪ ✕✖✗✘✼✢✾✙❂✕✖✗✘✼✢✻✙ ✘✛✵✵✚✶✽✺✵

❬❈☛ ✔✔✔❪ ✕✖✗✺✺✘✽✙❂✕✖✗✺✺✶✽✙ ✺✾✘✵✚✶✛✻✵

❬✓ ✔✔✔❪ ✕✖✗✾✵✻✾✙❂✕✖✗✻✘✶✢✙ ✼✢✘✼✚✺✘✼

❬✣r ✔✤❪ ✕✖✗✛✼✛✵✙❂✕✖✗✛✼✶✶✙ ✼✾✾✵✚✶✛✢✵

✥✍ ✭❑✮
✦

❬✧ ✔✔❪ ✕✖✗✻✺✛✽✰✗✻✺✽✛✙❂✕✖✗✺✼✺✺✙ ✾✽✵✵✚✼✽✵

❬✧ ✔✔❪ ★ ✕✖✗✻✺✛✽✰✗✻✺✽✛✙❂✕✖✗✺✼✺✺✙ ✾✢✘✵✚✻✾✵

❬✜ ✔✔❪ ✕✖✗✘✼✢✽✙❂✕✖✗✼✘✢✺✙ ✶✼✾✽✵✚✘✢✾✵

❬✜ ✔✔❪ ★ ✕✖✗✘✼✢✽✙❂✕✖✗✼✘✢✺✙ ✶✘✘✛✵✚✢✽✾✵

❬✜ ✔✔✔❪ ✕✖✗✛✾✺✾✰✗✺✵✵✼✙❂✕✖✗✛✘✻✘✙ ✶✵✵✢✵✚✘✵✵

❬✜ ✔✔✔❪ ★ ✕✖✗✛✾✺✾✰✗✺✵✵✼✙❂✕✖✗✛✘✻✘✙ ✾✾✶✵✚✘✶✵

❍✟ ✔ ✕✖✗✺✽✼✻✙❂✕✖✗✛✛✼✶✙ ✘✾✽✵✚✛✘✵

❍✟ ✔ ✕✖✗✻✻✼✽✙❂✕✖✗✛✛✼✶✙ ✼✺✼✵✚✶✵✢✵

❍✟ ✔ ✕✖✗✼✢✽✶✙❂✕✖✗✻✻✼✽✙ ✽✵✾✵✚✶✘✺✵

❍✟ ✔ ✕✖✗✼✢✽✶✙❂✕✖✗✺✽✼✻✙ ✾✾✛✵✚✶✽✘✵

✒ ✣✠✠✉✏✞✝✩ ✥✍ ✪ ✶✵✵✵✵❑❀

✦ ✣✠✠✉✏✞✝✩ ✌✍ ✪ ✼✵✵✵✫✬✑✸❀

★ ❈✆rr✟✎☞✟✯ ❢✆r r✟✎✆✏✱✞✝✲☞✞✆✝ ✎✆✝☞r✞✱✉☞✞✆✝ ☞✆ ☞❤✟ ✲✉r✆r✲☛ ☛✞✝✟✠✴

❞❛♥❝❡s ❁♦❃ ✐♦♥✐❝ s♣❡❝✐❡s ♦❁ ❄❡❅ ❉❅ ❋ ❛♥❞ ● ❁❃♦♠ t❏❡ ♦❜s❡❃✈❡❞ ●▼◗s❅ ❛s ❧✐st❡❞ ✐♥

�❛❜❧❡ ✁✂✁✂ ❯♥ ♦❲❃ ❝❛❧❝❲❧❛t✐♦♥❅ ✇❡ ❛❞♦♣t❡❞ t❏❡ ♠❡❛♥ ❄❡ ❳ t❡♠♣❡❃❛t❲❃❡ ♦❁ ❨✂✁ ❦❩❅

✇❏✐❝❏ ✐s ❡①♣❡❝t❡❞ t♦ ❜❡ t❏❡ t❡♠♣❡❃❛t❲❃❡ ♦❁ t❏❡ ❝♦❧❞ ♠❡t❛❧❭❃✐❝❏ ✐♥❝❧❲s✐♦♥s ❡♠❭

❜❡❞❞❡❞ ✐♥ t❏❡ ♥❡❜❲❧❛ ❫◗✐❲ ❡t ❛❧✂ ✄❴❴❴❵✂ �❏❡ ❄❡❥q❄
❥ ❛❜❲♥❞❛♥❝❡ ✇❛s ❞❡❃✐✈❡❞

❁❃♦♠ t❏❡ ✐♥t❡♥s✐t✐❡s ♦❁ t❏❡ ②✁✁❨③❅ ②④⑤❨⑥ ❛♥❞ ②⑥⑥❨⑤ ❄❡ ❳ ❧✐♥❡s❅ ✇❡✐❣❏t❡❞ ③✿⑦✿③

❛❝❝♦❃❞✐♥❣ t♦ t❏❡✐❃ ❛♣♣❃♦①✐♠❛t❡ ✐♥t❡♥s✐t⑧ ❃❛t✐♦s✂ �❏❡ ❄❡⑨❥q❄❥ ❛❜❲♥❞❛♥❝❡ ✇❛s

❞❡❃✐✈❡❞ ❁❃♦♠ t❏❡ ❄❡ ❳❳ ②✁⑥⑤⑥ ❧✐♥❡✂ ●❲❃ ❞❡❃✐✈❡❞ ●▼◗ t♦t❛❧ ❛❜❲♥❞❛♥❝❡s ❁♦❃ ❉❅ ❋

❆⑩❶❷❸❹❺ ❻❼❽❾❶❷❼❿ ✄③④
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�❛❜❧❡ ✁✂✸✄ ☎♠♣✐r✐❝❛❧ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ♦❢ t❤❡ ✐♥♥❡r s❤❡❧❧ ❞❡r✐✈❡❞ ❢r♦♠ ❈☎✆s✂

❳✝✰✴✞✰ ✟✠✡☛☞ ✌✍✎✏❂✌✑✏

✒✠✡❣ ✓ ✔✲✕✟✖✗✒ ✘

✔✰ ❬✔ ✙✙❪ ✚✚✻✺✛✽✱ ✻✺✽✛ ✶✜✺✢✭✣✤✮ ✢✜✾✶✭✣✤✮

❖✰ ❬❖ ✙✙❪ ✚✚✢✼✷✻✱ ✢✼✷✾ ✶✜✽✶✭✣✤✮ ✶✜✷✵✭✣✤✮ ✥

❖✰ ❬❖ ✙✙❪ ✚✚✼✢✷✵✱ ✼✢✢✵ ❬✢✜✷✼✭✣✤✮❪ ➊

❖✰ ✦ ❬❖ ✙✙❪ ✚✚✼✢✷✵✱ ✼✢✢✵ ❬✷✜✛✻✭✣✤✮❪ ➊

❖✧✰ ❬❖ ✙✙✙❪ ✚✚✛✾✺✾✱ ✺✵✵✼ ✢✜✽✷✭✣★✮ ✢✜✷✾✭✣★✮

✔☛✧✰ ❬✔☛ ✙✙✙❪✚✚✢✽✻✽✱ ✢✾✻✼ ✶✜✶✽✭✣★✮ ➊

✩✰ ❬✩ ✙✙❪ ✚✚✻✼✶✻✱ ✻✼✢✶ ✛✜✷✛✭✣✪✮ ✶✜✵✶✭✣✫✮

✩✧✰ ❬✩ ✙✙✙❪ ✚✚✫✬✯❀✱ ✾✵✻✾ ✽✜✻✾✭✣✫✮ ➊

❁❃✧✰ ❬❁❃ ✙✙✙❪ ✚✚✤✤✯✪❄✤✤✬✪ ✾✜✾✛✭✣❅✮ ➊

❉●✧✰ ❬❉● ✙✙✙❪ ✚✺✶✾✶✱ ✚✼✶✢✺✱ ✶✜✼✺✭✣✫✮ ➊

✚✼✼✺✶

❉●❏✰ ❬❉● ✙❱❪ ✚✚★✪✯✯❄★✪★❑ ✶✜✵✼✭✣✫✮ ➊

❉●▼✰ ❬❉● ❱❪ ✚✚✫★✬✤❄✪❑❑✤ ✷✜✶✶✭✣❅✮ ➊

✓ ❉☞☞◗❩✠✡❣ ❭❫ ❴ ✯❑❑❑❑❵ ❥✡❦ ✌❫ ❴ ✪❑❑❑ q✇①❏✜

✘ ❉☞☞◗❩✠✡❣ ❭❫ ❴ ✯❑❑❑❑❵ ❥✡❦ ✌❫ ❴ ✯❑❑❑ q✇①❏✜

✦ ❁②●●☛③④☛❦ ⑤②● ●☛③②❩⑥✠✡❥④✠②✡ ③②✡④●✠⑥◗④✠②✡✜

✥ ❉❦②⑦④✠✡❣ ④⑧☛ ❬❖ ✙✙❪ ❃✠✡☛ ⑨◗⑩☛☞ ⑤●②❩ ❶❥●③➫❷❥✲✒②❸❥☞ ☛④ ❥❃✜ ✭✷✵✶✷✮✜

❹❺❻❼❽❾ ❬ ❪ ❿❥❃◗☛☞ ✠✡ ☞➀◗❥●☛ ⑥●❥③➁☛④☞ ❥●☛ ✡②④ ◗☞☛❦ ⑤②● ②◗● ❥✡❥❃➂☞✠☞✜

❛♥❞ ➃ ❛r❡ ❝❛❧❝✉❧❛t❡❞ ✉s✐♥➄ t❤❡ ♠❡❛♥ ♦❢ t❤❡ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡

♦❜s❡r✈❡❞ ➃➅✆s➆ ❧✐st❡❞ ✐♥ �❛❜❧❡ ✁✂➇➆ ❛♥❞ t❤❡ ➈➉ ➋ ❢♦r♠✉❧❛❡ ➄✐✈❡♥ ❜➌ ➍❛♥➄ ➎ ✆✐✉

➏➐➑➑➒➓✂

➔❝❝♦r❞✐♥➄ t♦ t❤❡ str❡♥➄t❤ ♦❢ →❡ ➣➣ ↔✁↕➙↕ r❡❧❛t✐✈❡ t♦ →➛➆ t❤❡ →❜ ✁ ✐s ❝❧❛ss✐➜❡❞

❛s t❤❡ ✐♥t❡r♠❡❞✐❛t❡ ❡➝❝✐t❛t✐♦♥ ❝❧❛ss ➞✐t❤ ➟➠ ➡ ➢➤➥ ➏➦♦♣✐t❛ ➎ ➧❡❛t❤❡r✐♥➄❤❛♠

➨➩➩➑➓✂ �❤✐s ✐♥t❡r♠❡❞✐❛t❡ ❡➝❝✐t❛t✐♦♥ ❝❧❛ss ✐s ❛ss♦❝✐❛t❡❞ ➞✐t❤ ➭➯➲➲ ➡ ➳➳➵ ➸➺ ❛❝❝♦r❞➻

✐♥➄ t♦ t❤❡ tr❛♥s❢♦r♠❛t✐♦♥ ➄✐✈❡♥ ❜➌ ➦♦♣✐t❛ ➎ ➧❡❛t❤❡r✐♥➄❤❛♠ ➏➨➩➩➨➓ ❢♦r ➧❛➄❡❧➻

➐➨↕ ➼➽➾➚➪➶➹➾➘ ➾➴ ➷➚➬➘➮➶➬➱✃ ➘➮❐➪➚➬➮ ❒➹➶❮ ❰ÏÐ➶✃➷➮ Ñ➮➘➶➱➬➚ Ò➶➬➱Ò
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�❛❜❧❡ ✁✂✁✿ ✄♠♣✐r✐❝❛❧ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ☎✆▲s✂

❳✝✰✴❍✰ ✞ ✭✠✟✮ ▼✡☛t ☞✌✍✎❂☞✏✎
✑

❍✒✰ ✓✓✼✶✔✺✵ ✕✶✓ ✵✔✵✾✓

✺✽✼✻✔✻✻ ✕✶✶ ✵✔✶✵✶

✻✻✼✽✔✶✻ ✕✓✻ ✵✔✵✾✸

✟✖✒✗✘❣✒ ✵✔✵✾✼

❍✒✙✰ ✓✻✽✺✔✻✽ ✸✔✓ ✵✔✵✚✵

❍✒✴❍ ✵✔✶✶✼

❈✙✰ ✓✚✻✼✔✶✺ ✕✻ ✻✔✽✼✭✛✜✮

✻✶✺✶✔✓✸ ✕✶✻✔✵✓ ✺✔✻✓✭✛✜✮

✻✓✻✶✔✾✺ ✕✶✼✔✵✓ ✼✔✶✻✭✛✜✮

✺✸✓✚✔✸✽ ✕✶✼✔✵✻ ✓✔✓✽✭✛✜✮

✟✖✒✗✘❣✒ ✻✔✵✓✭✛✜✮

❈✢✰ ✓✻✓✼✔✓✚ ✕✶ ✸✔✾✓✭✛✜✮

✓✻✺✶✔✓✼ ✕✶ ✸✔✻✻✭✛✜✮

✟✖✒✗✘❣✒ ✸✔✽✵✭✛✜✮

✣✙✰ ✺✻✻✻✔✻✸ ✕✸ ✓✔✾✸✭✛✜✮

✺✻✼✻✔✵✚ ✕✸ ✺✔✶✵✭✛✜✮

✺✻✼✾✔✺✻ ✕✸ ✺✔✻✾✭✛✜✮

✺✻✽✻✔✚✶ ✕✸ ✺✔✓✶✭✛✜✮

✺✼✶✵✔✼✼ ✕✸ ✼✔✻✻✭✛✜✮

✓✻✵✼✔✶✻ ✕✺ ✾✔✾✼✭✛✜✮

✓✻✸✵✔✺✓ ✕✺ ✻✔✽✺✭✛✜✮

✟✖✒✗✘❣✒ ✻✔✺✚✭✛✜✮

✣✢✰ ✓✸✼✾✔✶✶ ✕✶✽ ✚✔✵✽✭✛✜✮

✟✤✥✦t✒✤ ✚✔✵✽✭✛✜✮

✑ ✟✧✧✡★✩✪❣ ✫✬ ✯ ✱✜✲✲❑ ✘✪✤ ☞✬ ✯ ✱✲✲✲ ❀❁❃✢✔

❆❄❤❦❅❉③ ❋●❏P❤❦●◗ ❯❲❨



✹✳ ❍❇ ✹✿ ❆ P▲❆◆❊❚❆❘❨ ◆❊❇❯▲❆ ❲■❚❍ ❋▲■❊❘❙

�❛❜❧❡ ✁✂✁✄ ✭❝♦♥t✐♥✉❡❞✮

❳☎✰✴✆✰ ✝ ✞✠✟✡ ▼☛☞✌ ✍✎✏✑❂✍✒✑ ✓

❖✷✰ ✔✻✸✽✕✽✺ ❱✶ ✶✕✶✼✞✖✗✡

✔✻✔✶✕✽✶ ❱✶ ✸✕✶✶✞✖✗✡

✔✻✔✾✕✶✸ ❱✶ ✶✕✺✵✞✖✗✡

✔✻✻✶✕✻✸ ❱✶ ✶✕✔✸✞✖✗✡

✔✻✼✻✕✘✸ ❱✶ ✶✕✵✻✞✖✗✡

✔✸✶✼✕✶✔ ❱✘ ✶✕✵✵✞✖✗✡

✔✸✔✾✕✔✸ ❱✘ ✾✕✸✽✞✖✙✡

✔✸✻✻✕✽✾ ❱✘ ✶✕✾✼✞✖✗✡

✔✔✶✻✕✾✼ ❱✺ ✸✕✘✾✞✖✗✡

✔✵✼✺✕✽✻ ❱✶✵ ✸✕✔✔✞✖✗✡

✔✵✼✘✕✶✻ ❱✶✵ ✶✕✘✔✞✖✗✡

✔✶✶✾✕✘✶ ❱✘✵ ✶✕✺✸✞✖✗✡

✔✘✼✺✕✺✺ ❱✻✼✚ ✶✕✘✸✞✖✗✡

✔✻✵✾✕✔✔ ❱✾✘✚ ✶✕✻✻✞✖✗✡

✟✈✛r✚❣✛ ✶✕✼✺✞✖✗✡

❧❛♥✐❝ ❈❧♦✉❞ ✜✢❡✂ ✣❡ ♥♦t✐❝❡ t❤❛t ✤❡ ✥✥ ✦✁✧★✧ ❡♠✐ss✐♦♥ ❧✐♥❡ ✐s ❛❧s♦ ♣✩❡❞✐❝t❡❞ ❜② ❛

❜❧❛❝❦❜♦❞② ♠♦❞❡❧ ✇✐t❤ ✪✫❢❢ ✬ ✯✯✱ ❦❑✂ �❤✐s ❝♦✉❧❞ ❜❡ ❛tt✩✐❜✉t❡❞ t♦ ❡✐t❤❡✩ ✉♥❦♥♦✇♥

♣✩♦♣❡✩t✐❡s ♦✲ t❤❡ ✤❀❞❡❁❝✐❡♥t ✐♦♥✐③✐♥❃ ❄✉① ♦✩ ❛♥ ✉♥❞❡t❡❝t❡❞ ✐♦♥✐③✐♥❃ ❝♦♠♣❛♥✐♦♥

✭s❡❡ ❡✂❃✂ ❅✉✣t ❉● ❏❛♥❡❤❦❛✩ ❡t ❛❧✂ ❉◗❩❬✮✂ ✤♦✇❡❭❡✩● ✤❡ ✥✥ ✦✁✧★✧ ❡♠✐ss✐♦♥ ❧✐♥❡

❝❛♥ ❜❡ ✩❡♣✩♦❞✉❝❡❞ ✉s✐♥❃ ❛ ✤❀✩✐❝❤ ♥♦♥❀❧♦❝❛❧ t❤❡✩♠♦❞②♥❛♠✐❝ ❡q✉✐❧✐❜✩✐✉♠ ✭✢❪�❫✮

♠♦❞❡❧ ❛t♠♦s♣❤❡✩❡ ✇✐t❤ ✪✫❢❢ ✬ ❴✱ ❦❑ ✭s❡❡ ❅❡❝t✐♦♥ ✁✂❬✮● ✐♥ ❛❃✩❡❡♠❡♥t ✇✐t❤ t❤❡

st❡❧❧❛✩ t❡♠♣❡✩❛t✉✩❡ ✲♦✉♥❞ ❜② t❤❡ s♣❡❝t✩❛❧ ❛♥❛❧②s✐s ♦✲ t❤❡ ❵✣❥❬④ ❝❡♥t✩❛❧ st❛✩ ♦✲

✤❜ ✁ ✭⑤❝❦❡✩ ⑥ ✢❡✐♥❡✩ ❉◗◗❬✮✂

⑦⑧⑨ ⑩❶❷❸❹❺❻❼❼❽ ❶❾❸❾❿❷➀❷❾➁➂ ❸❾➃❷❼

�❤❡ ♠♦❞❡❧✐♥❃ ✐s ✉♥❞❡✩t❛❦❡♥ ✉s✐♥❃ t❤❡ ✲✉❧❧② ❬❏ ➄♦♥t❡ ❈❛✩❧♦ ♣❤♦t♦✐♦♥✐③❛t✐♦♥

❝♦❞❡ ➅➆➇➈➉➉✥➊ ✭❭❡✩s✐♦♥ ❉✂◗❉✂➋◗✮● ❞❡s❝✩✐❜❡❞ ✐♥ ❞❡t❛✐❧ ❜② ❫✩❝♦❧❛♥♦ ❡t ❛❧✂ ✭❉◗◗❬❛●

❉❩★ ➌➍➎➏➐➑➒➎➓ ➎➔ →➏➣➓↔➑➣↕➙ ➓↔➛➐➏➣↔ ➜➒➑➝ ➞➟➠➑➙→↔ ➡↔➓➑↕➣➏ ➢➑➣↕➢



✹✳✸✳ ❈❍❊▼■❈❆▲▲❨ ❍❖▼❖●❊◆❊❖❯❙ ▼❖❉❊▲

✷✵✵✺✱ ✷✵✵✽✮ ✐♥ ✇❤✐❝❤ t❤❡ �✁ r❛❞✐❛t✐✈❡ tr❛♥s❢❡r ♦❢ t❤❡ st❡❧❧❛r ❛♥❞ ❞✐❢❢✉s❡ ✂❡❧❞

✐s s❡❧❢✲❝♦♥s✐st❡♥t❧② ❝♦♠♣✉t❡❞ ✐♥ ❛♥ ✐t❡r❛t✐✈❡ ✇❛② ✐♥ ❛ ❝♦♠♣❧❡t❡❧② ❛r❜✐tr❛r② ❞✐s✲

tr✐❜✉t✐♦♥ ♦❢ ❣❛s ❞❡♥s✐t② ❛♥❞ ❝❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s✄ ☎t ❛❧❧♦✇s ✉s t♦ st✉❞② t❤❡

♥❡❜✉❧❛ ✇✐t❤ ❛♥ ✐♥❤♦♠♦❣❡♥❡♦✉s ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥✱ ❛s ✇❡❧❧ ❛s ✐♥❝❧✉❞✐♥❣ ❝❤❡♠✲

✐❝❛❧ ✐♥❤♦♠♦❣❡♥❡✐t✐❡s✄ ❚❤❡ ♠♦❞❡❧s ✇❡r❡ r✉♥ ♦♥ t❤❡ ❱✆✝✞ ❝♦♠♣✉t❡r ❝❧✉st❡r ❛t

✟✉str❛❧✐❛♥ ✠❛t✐♦♥❛❧ ✡♥✐✈❡rs✐t②✱ ❝♦♥s✐st✐♥❣ ♦❢ ✶☛✾✷ ♥♦❞❡s ✐♥ ☞✡✠ ❳✻✷✼✺ ❜❧❛❞❡s

✇✐t❤ ✷ q✉❛❞✲❝♦r❡ ✷ ✾�✵✲✌✍③ ☎♥t❡❧ ✠❡❤❛❧❡♠ ♣r♦❝❡ss♦rs ❛♥❞ ✷☛ ✎❇ ♦❢ ♠❡♠♦r②

❡❛❝❤✄ ❚❤❡ ❣❛s ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ✇❛s ❝♦♥str✉❝t❡❞ ✐♥ ✏✑✒✏✑✒✓✑ ❝✉❜✐❝ ❣r✐❞s

✇✐t❤ t❤❡ s❛♠❡ s✐③❡ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ �✷ ✵✵✵ ❝✉❜✐❝ ❝❡❧❧s ♦❢ ❧❡♥❣t❤ ✔✿✑✒✔✑✕✖ ❝♠

❡❛❝❤ ✭❛ss✉♠✐♥❣ ❛ ❞✐st❛♥❝❡ ♦❢ �✼✵✵ ♣❝✮✄ ❚❤❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡ ✇❛s ♣❧❛❝❡❞ ✐♥ ❛

❝♦r♥❡r ✐♥ ♦r❞❡r t♦ t❛❦❡ ❛❞✈❛♥t❛❣❡ ♦❢ t❤❡ ❛①✐s②♠♠❡tr✐❝ ♠♦r♣❤♦❧♦❣② ✉s❡❞✄ ❚❤❡

♥❡❜✉❧❛r ❛♥❞ st❡❧❧❛r ✐♥♣✉t ♣❛r❛♠❡t❡rs ❢♦r t❤❡ ♠♦❞❡❧ ✭✌✗✶✮ ❞❡s❝r✐❜❡❞ ✐♥ t❤✐s s❡❝✲

t✐♦♥ ❛♥❞ t❤❡ ♥❡①t s❡❝t✐♦♥ ✭✌✗✷✮ ❛r❡ ❧✐st❡❞ ✐♥ ❚❛❜❧❡ ☛✄✺✄ ❚❤❡ ❛t♦♠✐❝ ❞❛t❛ s❡ts

✉s❡❞ ❢♦r t❤❡ ♠♦❞❡❧✐♥❣ ✐♥❝❧✉❞❡ ♦♣❛❝✐t✐❡s ❢r♦♠ ✘❡r♥❡r ❡t ❛❧✄ ✭✶✾✾�✮ ❛♥❞ ✘❡r♥❡r ✫

✙❛❦♦✈❧❡✈ ✭✶✾✾✺✮✱ ❤②❞r♦❣❡♥ ❛♥❞ ❤❡❧✐✉♠ ❢r❡❡➊❜♦✉♥❞ ❝♦❡❢✂❝✐❡♥ts ♦❢ ✚r❝♦❧❛♥♦ ✫

☞t♦r❡② ✭✷✵✵✻✮✱ ❛♥❞ ❡♥❡r❣② ❧❡✈❡❧s✱ ❝♦❧❧✐s✐♦♥ str❡♥❣t❤s ❛♥❞ tr❛♥s✐t✐♦♥ ♣r♦❜❛❜✐❧✐t✐❡s

❢r♦♠ ✘❡rs✐♦♥ ✼✄✵ ♦❢ t❤❡ ✗✍☎✟✠❚☎ ❞❛t❛❜❛s❡ ✭✛❛♥❞✐ ❡t ❛❧✄ ✷✵✶✷✱ ❛♥❞ r❡❢❡r❡♥❝❡s

t❤❡r❡✐♥✮✄

✜✢✣✢✤ ✥✦✧★✩✪✬✯ ✰✴❀❁✴★✯❂

❚❤❡ ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛♠❡t❡rs ❢♦r ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✐♥❣ ❛r❡ t❤❡ ❤②❞r♦❣❡♥

❞❡♥s✐t② ✐♥ t❤❡ ✐♦♥✐③❡❞ r❡❣✐♦♥✱ t❤❡ ♥❡❜✉❧❛r ❣❡♦♠❡tr②✱ t❤❡ ♥❡❜✉❧❛ ❝❤❡♠✐str② ❛♥❞

t❤❡ ❝❡♥tr❛❧ st❛r ♣r♦♣❡rt✐❡s✄ ❚❤❡ ❞❡r✐✈❡❞ ❞❡♥s✐t✐❡s ❛r❡ ❧✐st❡❞ ✐♥ ❚❛❜❧❡ ☛✄✷✄ ❚❤❡

✐♦♥✐③❛t✐♦♥ ♣♦t❡♥t✐❛❧s ♦❢ ☞❃ ❛♥❞ ❄❃✱ r❡s♣❡❝t✐✈❡❧② ✶✵✄☛ ❛♥❞ ✶�✄✻ ❡✘✱ ❛r❡ ❜❡❧❧♦✇

t❤♦s❡ ♦❢ ✗❧❅❃ ❛♥❞ ✟r❋❃✱ ✷�✄✽ ❛♥❞ ☛✵✄✼ ❡✘✱ r❡s♣❡❝t✐✈❡❧②✄ ❚❤❡ ❬✗❧ ❏❏❏❪ ❛♥❞ ❬✟r ❏❱❪

❞♦✉❜❧❡ts ②✐❡❧❞ ❞❡♥s✐t✐❡s✱ ✇❤✐❝❤ r❡s♣❡❝t✐✈❡❧② ❛r❡ ❜② ❛ ❢❛❝t♦r ♦❢ ✶✄✼ ❛♥❞ ✷✄☛ ❤✐❣❤❡r

t❤❛♥ t❤❡ t❤❡ ✈❛❧✉❡ ❞❡r✐✈❡❞ ❢r♦♠ ❬❄ ❏❏❪✄ ☞♦✱ t❤❡ ❡♠✐ss✐♦♥ ❧✐♥❡s ❡♠✐tt❡❞ ❢r♦♠

❞✐❢❢❡r❡♥t ✐♦♥✐③❛t✐♦♥ ③♦♥❡s ♠❛② ♣♦✐♥t t♦ ❛ ♠♦❞❡r❛t❡ ❞❡♥s✐t② ✐♥❤♦♠♦❣❡♥❡✐t②✄ ☎t

❆❑P◗❘❲❩ ❉❭❫❴P◗❭❵ ✷✶✾
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✐s ❧✐❦❡❧② t❤❛t ❛ s❧♦✇ ❞❡♥s❡ s✉♣❡r✇✐♥❞ ❢r♦♠ t❤❡ �●✁ ♣❤❛s❡ ❝r❡❛t❡❞ ❛♥ ✐♥♥❡r

❝♦♠♣r❡ss❡❞ ❞❡♥s❡ s❤❡❧❧ s✉rr♦✉♥❞❡❞ ❜② ❛ t❤✐♥ s❤❡❧❧ ❞✉r✐♥❣ t❤❡ ✂✄ ♣❤❛s❡✱ ❛s

♣r❡❞✐❝t❡❞ ❜② t❤❡ ❣❡♥❡r❛❧✐③❡❞ ✐♥t❡r❛❝t✐♥❣ st❡❧❧❛r ✇✐♥❞s ✭●☎✆✝✮ t❤❡♦r② ✭❑❛❤♥ ✫

✝❡st ✶✾✽✺✮✞ ✝❡ ❛❞♦♣t❡❞ ❛ ♥❡❜✉❧❛r ❣❡♦♠❡tr② ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❛r❝❤✐✈❛❧ ✟✠✡

✐♠❛❣❡s ❛♥❞ t❤❡ ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ ♠♦❞❡❧ ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ s♣❛t✐❛❧❧② r❡s♦❧✈❡❞

❦✐♥❡♠❛t✐❝s ✭s❡❡ ✆❡❝t✐♦♥ ☛✞✷✮✞ ✁✉t✱ ❞✐st❛♥❝❡ ❛❞❞s ❛ ❢✉rt❤❡r ❝♦♠♣❧✐❝❛t✐♦♥ t♦ t❤❡

❣❡♦♠❡tr②✞ ✂❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✐♥❣ ❝♦✉❧❞ ❜❡ ❜❡tt❡r ❝♦♥str❛✐♥❡❞ ❜② ❛❞♦♣t✐♥❣ ❛

❦♥♦✇♥ ❞✐st❛♥❝❡✞ ❖♥❝❡ t❤❡ ❞✐st❛♥❝❡s ❛r❡ ❛s❝❡rt❛✐♥❡❞✱ ♦t❤❡r ♥❡❜✉❧❛r ♣❛r❛♠❡t❡rs

❝❛♥ ❜❡ ❡❛s✐❧② ❢♦✉♥❞✞ � ♠❡t❤♦❞ ✇❛s ❞❡✈❡❧♦♣❡❞ ❜② ☞❛❥✐ts✉ ✫ ☞❛♠✉r❛ ✭✶✾✾✽✮ ❣❛✈❡

❛ ❞✐st❛♥❝❡ ♦❢ ❉ ❂ ✌✍✸ ❦♣❝ ❢♦r ✎❜☛✱ ❜② ✏tt✐♥❣ ❜❧❛❝❦❜♦❞② ❝✉r✈❡s t♦ ✑✒✓✠ ✔✉①❡s✞

✎♦✇❡✈❡r✱ ✆t❛♥❣❤❡❧❧✐♥✐ ✫ ✎❛②✇♦♦❞ ✭✷✵✶✵✮ st❛t✐st✐❝❛❧❧② ❢♦✉♥❞ ❉ ❂ ✕✖✗✻♣❝ ❢♦r

✎✁☛✱ ❜② ❝❛❧✐❜r❛t✐♥❣ t♦ ❢❡✇ ❦♥♦✇♥ ❞✐st❛♥❝❡s ♦❢ ●❛❧❛❝t✐❝ ✂✄❡✞ ▼♦r❡♦✈❡r✱ ●❡s✐❝❦✐

✫ ❩✐❥❧str❛ ✭✷✵✵✼✮ ❞❡r✐✈❡❞ ❛ ❞✐st❛♥❝❡ ♦❢ ✘ ❦♣❝ ✉s✐♥❣ ❛ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✞ ☎♥

t❤✐s ❝❤❛♣t❡r✱ ✇❡ ❛✐♠❡❞ t♦ ❝❛❧✐❜r❛t❡ t❤❡ ❞✐st❛♥❝❡ ❜② ♠❛t❝❤✐♥❣ t❤❡ ✎✙ ❧✉♠✐♥♦s✐t②

✚✛✜✙✢ ♦❢ t❤❡ ✐♥♥❡r s❤❡❧❧✞ ✝❡ ❢♦✉♥❞ t❤❛t ❛ ❜❧❛❝❦❜♦❞② ♠♦❞❡❧ ✇✐t❤ st❡❧❧❛r ❧✉♠✐✲

♥♦s✐t② ✚❄ ✣ ☛✾✺✵ ✤❏ ❛♥❞ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ✥✦✧✧ ✣ ✶✶✵ ❦❑ ✇❡❧❧ ♣r♦❞✉❝❡s t❤❡

♦❜s❡r✈❡❞ ✎✙ ❛❜s♦❧✉t❡ ✔✉① ♦❢ t❤❡ ♥❡❜✉❧❛ ❛t ❛ ❞✐st❛♥❝❡ ♦❢ ★✞✼ ❦♣❝✞ ✝❡ ✐♥✐t✐❛❧❧②

t❡st❡❞ ❛ ❜❧❛❝❦❜♦❞② ♠♦❞❡❧ ✇✐t❤ ✥✦✧✧ ✣ ✾✵ ❦❑ ❛♥❞ ✚❄ ✣ ☛✵✵✵ ✤❏ ❞❡r✐✈❡❞ ❜② �❝❦❡r

❡t ❛❧✞ ✭✷✵✵✷✮✞ ✝❡ t❤❡♥ ✐♥❝r❡❛s❡❞ t❤❡ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ❜② ✷✵ ♣❡r❝❡♥t t♦ ♣r♦✲

❞✉❝❡ t❤❡ ✐♦♥✐❝ ❤❡❧✐✉♠ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ✎❡✩✰✴✎❡✰ ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❡♠♣✐r✐❝❛❧

❛♥❛❧②s✐s ❛♥❞ t❤❡ ✐♥tr✐♥s✐❝ ✔✉① ♦❢ ✎❡ ✪✪ ✬☛✯✽✯ ❡♠✐ss✐♦♥ ❧✐♥❡✞ ✎♦✇❡✈❡r✱ ✇❡ ✇❡r❡

❛❜❧❡ t♦ ♠❛t❝❤ t❤❡ ✎❡ ✪✪ ✬☛✯✽✯ ❡♠✐ss✐♦♥ ❧✐♥❡ ✔✉① ❜② ✉s✐♥❣ ❛ ✄✤☞❀ ♠♦❞❡❧ ❛t♠♦✲

s♣❤❡r❡ ✇✐t❤ ✥✦✧✧ ✣ ✾✵ ❦❑✞ ✝❡ ❛❧s♦ ❛❞❥✉st❡❞ t❤❡ st❡❧❧❛r ❧✉♠✐♥♦s✐t② t♦ ♠❛t❝❤ t❤❡

✐♥tr✐♥s✐❝ ✔✉①❡s ♦❢ ❬✄ ✪✪❪ ❛♥❞ ❬❖ ✪✪✪❪ ❡♠✐ss✐♦♥ ❧✐♥❡s✞ ✝❡ ✐♥✐t✐❛❧❧② ❛❞♦♣t❡❞ t❤❡ ❡❧✲

❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✱ ❜✉t t❤❡② ✇❡r❡ ✐t❡r❛t✐✈❡❧②

❛❞❥✉st❡❞ ✉♥t✐❧ t❤❡ ❜❡st ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr✉♠ ✇❛s r❡♣r♦❞✉❝❡❞✞

☞❤❡ ✏rst ♠♦❞❡❧ r❡❢❡rr❡❞ t♦ ✐♥ t❤✐s ❝❤❛♣t❡r ❛s ▼❈✶ ❛✐♠❡❞ ❛t s♦❧✈✐♥❣ t❤❡ ♣r♦❜✲

❧❡♠ ♦❢ ♥✐tr♦❣❡♥ ♦✈❡r❛❜✉♥❞❛♥❝❡ ✐♥ t❤❡ ❁✤☎❀❃s✞ ☞❤❡ ❢♦❧❧♦✇✐♥❣ st❡♣s ✇❡r❡ ✉s❡❞

t♦ ❝♦♥str❛✐♥ t❤❡ ♠♦❞❡❧ ▼❈✶❅

✷✷✵ ◗❱❳❭❫❴❵❳q ❳④ ⑤❭⑥q⑦❴⑥⑧⑨ q⑦⑩❫❭⑥⑦ ❶❵❴❷ ❸✒❹❴⑨⑤⑦ ❺⑦q❴⑧⑥❭ ❻❴⑥⑧❻
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✶� ❚❤❡ ❞❡♥s❡ t♦r✉s ✇❛s ❞❡✈❡❧♦♣❡❞ ❢r♦♠ t❤❡ ❦✐♥❡♠❛t✐❝ ♠♦❞❡❧✱ t❤❡ ❍❙✁ ✐♠❛❣❡s

❛♥❞ t❤❡ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s� ❚❤❡ t♦r✉s ❤❛s ❛ r❛❞✐✉s ♦❢ ✂✭✄☎✮✆✝✿✽✆✞✵✟✠ ❝♠

❢r♦♠ t❤❡ ❝❡♥t❡r ♦❢ t❤❡ t✉❜❡ t♦ ✐ts ❝❡♥t❡r✱ ✇❤❡r❡ ✂ ✐s t❤❡ ❞✐st❛♥❝❡ ✐♥ ♣❝� ❚❤❡

r❛❞✐✉s ♦❢ t❤❡ t✉❜❡ ✐s ✂✭✄☎✮✆✞✿✻✆✞✵
✟✠
❝♠� ❚❤❡ ✡ ♥✉♠❜❡r ❞❡♥s✐t② ♦❢ t❤❡

t♦r✉s ✇❛s ✐♥✐t✐❛❧❧② t❛❦❡♥ t♦ ❜❡ ❤♦♠♦❣❡♥❡♦✉s ❛♥❞ ❡q✉❛❧ t♦ ☛☞ ❂ ✼✵✵✵ ❝♠✌✠�

✷� ❚❤❡ ♠♦❞❡❧ ✇❛s ❛ss✉♠❡❞ t♦ ❤❛✈❡ ❛ ❤♦♠♦❣❡♥❡♦✉s ❛❜✉♥❞❛♥❝❡ ❞✐str✐❜✉t✐♦♥�

❚❤❡ ❡❧❡♠❡♥t ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ✇❡r❡ ✉s❡❞

❢♦r t❤❡ ✐♥✐t✐❛❧ ♠♦❞❡❧�

✍� ❚❤❡ ❞✐st❛♥❝❡ t♦ t❤❡ ♥❡❜✉❧❛ ❛♥❞ t❤❡ ❝❡♥tr❛❧ st❛r ♣r♦♣❡rt✐❡s ✎✏✑✒✒ ❛♥❞ ✓❄✔

✇❡r❡ ❞❡t❡r♠✐♥❡❞ t❤r♦✉❣❤ ❝♦♠♣❛r✐s♦♥ ♦❢ t❤❡ ✡✕ ❧✉♠✐♥♦s✐t② ✓✭✖✕✮ ❂ ✗✘ ✆

✂✙✆✚✭✖✕✮ ✎✇❤❡r❡ ✂ ✐s t❤❡ ❞✐st❛♥❝❡✔ ✇✐t❤ t❤❡ ✐♥tr✐♥s✐❝ ✛✉① ♦❢ ✚☞✜ ❂ ✢✵✿✗✆

✞✵✌✟✙ ❡r❣ ❝♠✌✙ s✌✟ ♠❡❛s✉r❡❞ ❢r♦♠ ❛♥ ❛♣❡rt✉r❡ ✇✐t❤ ❛ ❞✐❛♠❡t❡r ♦❢ ✻✿✺

❛r❝s❡❝ ❧♦❝❛t❡❞ ♦♥ t❤❡ ✐♥♥❡r s❤❡❧❧ ✎✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✣❝❦❡r ❡t ❛❧� ✶✾✤✾✱

✶✾✾✶❜✔✱ ❛♥❞ ❝♦♠♣❛r✐s♦♥ ♦❢ t❤❡ ♣r❡❞✐❝t❡❞ ✡❡✙✰✴✡❡✰ ✇✐t❤ t❤❡ ❡♠♣✐r✐❝❛❧

r❡s✉❧t� ❚❤❡ ❞✐st❛♥❝❡ ♦❢ ✝✿✼ ❦♣❝ ②✐❡❧❞❡❞ t❤❡ ❜❡st ♠❛t❝❤ t♦ t❤❡ ♦❜s❡r✈❡❞ ✡✕

❧✉♠✐♥♦s✐t② ❛♥❞ ✐t ✐s ❛❧s♦ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✗ ❦♣❝ ❢♦✉♥❞ ❜② ✣❝❦❡r ❡t ❛❧�

✎✷✥✥✷✔ ❛♥❞ ✦❡s✐❝❦✐ ✫ ❩✐❥❧str❛ ✎✷✥✥✧✔�

★� ❚❤❡ ❡❧❡♠❡♥t ❛❜✉♥❞❛♥❝❡s ✇❡r❡ ❛❞❥✉st❡❞ t♦ ♣r♦❞✉❝❡ t❤❡ ❜❡st ✛✉① ✐♥t❡♥s✐t✐❡s

♦❢ ✐♠♣♦rt❛♥t ❡♠✐ss✐♦♥ ❧✐♥❡s✱ r❡❧❛t✐✈❡ t♦ ✡✕ ✎s✉❝❤ ❛s ❬✩ ✪✪❪ ❛♥❞ ❬✬ ✪✪✪❪✔ ❛♥❞

t❤❡ t❡♠♣❡r❛t✉r❡s ♦❢ t❤❡ ❣❛s ✇❡✐❣❤t❡❞ ❜② ✐♦♥✐❝ s♣❡❝✐❡s�

✯� ❲❡ ❞❡✈❡❧♦♣❡❞ ❛♥ ✐♥❤♦♠♦❣❡♥❡♦✉s ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ❢♦r t❤❡ t♦r✉s t♦ ❜❡t✲

t❡r ♠❛t❝❤ ♦t❤❡r ❡♠✐ss✐♦♥ ❧✐♥❡s ✎s✉❝❤ ❛s ❬✬ ✪✪❪✔ ❛♥❞ ✐♦♥✐③❛t✐♦♥ str✉❝t✉r❡�

❚❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ t♦r✉s ✇❛s ❝❤♦s❡♥ t♦ ❢♦❧❧♦✇ ❛ ♣♦✇❡r✲❧❛✇ ❞❡✲

♣❡♥❞❡♥❝❡ ♦♥ r❛❞✐✉s ☛☞ ➭ ❀✌❁� ❚❤❡ r❛❞✐❛❧ ❞❡♥s✐t② ❞❡♣❡♥❞❡♥❝❡ ✎❃ ❂ ✞� � � ✢✔

✇❛s ✐t❡r❛t✐✈❡❧② ❝❤❛♥❣❡❞ ✉♥t✐❧ t❤❡ ♥❡❜✉❧❛ s♣❡❝tr✉♠ ❛♥❞ t❤❡r♠❛❧ str✉❝t✉r❡

②✐❡❧❞ t❤❡ ❜❡st ♠❛t❝❤ t♦ t❤❡ ♦❜s❡r✈❛t✐♦♥ ❛♥❞ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s�

❅� ❚♦ ♠❛t❝❤ t❤❡ ✛✉① ✐♥t❡♥s✐t✐❡s ♦❢ ❬✩ ✪✪❪ ❛♥❞ ❬✬ ✪✪✪❪ ✐♥ t❤❡ ❋❇❏❑❘s✱ ❛ ❧❛r❣❡r

❆P◗❱❳❭❫ ❉❴❵④◗❱❴⑤ ✷✷✶
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✆✝✞✟✠✟✡☛☞ ☛✌☛☞✍✎✟✎ ▼✏✑✒☞✎

✓✟✌❣ ✔✲✕✖✗✆✓ ▼❈✶ ▼❈✷ ✭✓✟✌❣✮
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❛❞⑩✉st❡❞ t♦ ♠❛t❝❤ t❤❡ ❡♠✐ss✐♦♥❳❧✐♥❡ s♣❡❝tr✉♠✂

❶❷❸ ❹❸❺❻❼❽❾ ❹❼❻❽❿❼➀➁❽❼➂❺

�❤❡ t❤r❡❡❳❞✐♠❡♥s✐♦♥❛❧ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ⑨r✐❞ ✇❛s ❞❡✈❡❧♦♣❡❞ ❬r♦♠ t❤❡ ❥✐♥❡❳

♠❛t✐❝ ❛♥❛❧②s✐s ❛♥❞ t❤❡ ➃➄➅ ✐♠❛⑨❡s✂ �❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ✐s ❛ ❞✐❬➆❝✉❧t ✐♥❳

♣✉t t♦ ❝♦♥str❛✐♥❱ s♦ ❛ ♠♦❞❡❧ ❞✐r❡❝t❧② ❞❡❞✉❝❡❞ ❬r♦♠ t❤❡ ♣❧❛s♠❛ ❞✐❛⑨♥♦st✐❝s ✐s

❛❧s♦ ❬❛✈♦r❛❜❧❡✂ ➇❡ ❞❡s❝r✐❜❡❞ t❤❡ ✐♥♥❡r s❤❡❧❧ ✇✐t❤ ❛ t♦r✉s ❤❛✈✐♥⑨ ❛ r❛❞✐✉s ♦❬

⑤➈➉ ➋ ⑤⑥➌➍ ❝♠ ❬r♦♠ ✐ts ❝❡♥t❡r t♦ t❤❡ t✉❜❡ ❝❡♥t❡r❱ ❛♥❞ ❛ t✉❜❡ r❛❞✐✉s ♦❬ ➎➈⑥ ➋

⑤⑥➌➏ ❝♠✂ �❤❡ ➃➄➅ ✐♠❛⑨✐♥⑨ s❤♦✇s ❛ ✈❛r✐❛t✐♦♥ ♦❬ t❤❡ ❩➐ ❡♠✐ss✐♦♥ ✇✐t❤ r❛❞✐✉s❱

✇❤✐❝❤ ❧❡❞ ✉s t♦ ❞❡s❝r✐❜❡ t❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ♦❬ t❤❡ t♦r✉s ❜② ❛ ♣♦✇❡r❳❧❛✇

➑➑➑ ➒➓➔→➣↔↕➔➙ ➔➛ ➜→➝➙➞↔➝➟➠ ➙➞➡➣→➝➞ ➢↕↔➤ ➥➦➧↔➠➜➞ ➨➞➙↔➟➝→ ➩↔➝➟➩
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❞❡♣❡♥❞❡♥❝❡ ♦♥ r❛❞✐✉s �✁ ❂ �✵ ✰ �✶✭✂✄✂☎✆✮
✝✞✱ ♣❡❛❦✐♥❣ t♦ �✁ ❂ ✽✽✟✟ ❝♠✝✠ ✐♥

t❤❡ ✐♥♥❡r r❛❞✐✉s ❛♥❞ ❞❡❝r❡❛s✐♥❣ t♦ ❛ ♠✐♥✐♠✉♠ ✈❛❧✉❡ ♦❢ �✁ ❂ ✼✟✟✟ ❝♠✝✠ ✐♥ t❤❡

♦✉t❡r r❛❞✐✉s✡ ❲❡ ❛❞♦♣t❡❞ t❤❡ ❝❤❛r❛❝t❡r✐st✐❝ ❞❡♥s✐t✐❡s ♦❢ �✵ ❂ ✻✻✟✟ ❝♠✝✠ ❛♥❞

�✶ ❂ ✷✷✟✟ ❝♠
✝✠✱ t❤❡ r❛❞✐❛❧ ❞❡♥s✐t② ❞❡♣❡♥❞❡♥❝❡ ♦❢ ☛ ❂ ☞✿✽✺✡ ❚❤❡ ✐♥♥❡r r❛❞✐✉s ✐s

❡q✉❛❧ t♦ ✂☎✆ ❂ ✽✿✟✌☞✟✶✍ ❝♠✡ ❚❤❡ ❝❤❛r❛❝t❡r✐st✐❝ ❞❡♥s✐t✐❡s ✇❡r❡ ❛❞❥✉st❡❞ t♦ ✎t t❤❡

✐♥tr✐♥s✐❝ ✏✉① ♦❢ t❤❡ ✑❜ ❡♠✐ss✐♦♥ ❧✐♥❡✡ ❋r♦♠ t❤❡ ❍❙✒ ✐♠❛❣❡s ❛♥❞ ✓P✔ ❧♦♥❣✲s❧✐t

♦❢ t❤❡ ✑☛ ❡♠✐ss✐♦♥✱ ✇❡ ❝♦✉❧❞ ❞❡s❝r✐✕❡ t❤❡ ✐♥s✐❞❡ ♦❢ t❤❡ s❤❡❧❧ ✕② ❛ r✐♠ ❛♥❞ ✐♥✲

♥❡r ❝❛♣s✡ ❚♦ ❤❛✈❡ ❛ ❧♦✇❡r ❝♦♠♣✉t❛t✐♦♥ t✐♠❡✱ ✇❡ ♦♥❧② ✉s❡❞ ❛ s♣❤❡r❡ ♦❢ r❛❞✐✉s

✽✿✟ ✌ ☞✟✶✍ ❝♠ ❛♥❞ ❤♦♠♦❣❡♥❡♦✉s ❞❡♥s✐t② ♦❢ ✷✟✟✟ ❝♠✝✠✡ ❚❤❡ ✑☛ ❍❙✒ ✐♠❛❣✐♥❣

❛♥❞ t❤❡ ✓✉♣❡r✖✗✓✔✗✓ ✑☛ ✓❦② ✓✉r✈❡② ✘P❛r❦❡r ❡t ❛❧✡ ✙✚✚✛✜ ❛❧s♦ ✐♥❞✐❝❛t❡ t❤❛t

t❤❡ ♥❡✕✉❧❛ ✐s s✉rr♦✉♥❞❡❞ ✕② ❛ ♦✉t❡r ❢❛✐♥t ❤❛❧♦✡ ❲❡ ♠♦❞❡❧❡❞ t❤❡ ❤❛❧♦ ✉s✐♥❣

❛ ❡❧❧✐♣s♦✐❞ ✇✐t❤ ❤♦♠♦❣❡♥❡♦✉s✱ ❧♦✇ ❞❡♥s✐t② ♦❢ ☞✷✺✟ ❝♠✝✠✱ ❛ s❡♠✐♠❛❥♦r ❛①✐s ♦❢

✻✿✟ ✌ ☞✟✶✢ ❝♠ ❛♥❞ ❛ s❡♠✐♠✐♥♦r ❛①✐s ♦❢ ☞✿✺ ✌ ☞✟✶✢ ❝♠✡ ✣ ❝②❧✐♥❞❡r✱ ✉s❡❞ t♦ ❞❡✲

s❝r✐✕❡ t❤❡ ❋✤✥✦❘✱ ❤❛s ❛ r❛❞✐✉s ♦❢ ✺✌☞✟✶✍ ❝♠ ❛♥❞ ❛ ❧❡♥❣t❤ ♦❢ ☞✿✟✌☞✟✶✢ ❝♠✱ ❛♥❞

✐s ❧♦❝❛t❡❞ ❛t ❛ ❞✐st❛♥❝❡ ♦❢ ✼✿✟✌☞✟✶✢ ❝♠ ❢r♦♠ t❤❡ ❝❡♥tr❛❧ st❛r✱ ❛❧♦♥❣ t❤❡ ❛①✐s ♦❢

t❤❡ t♦r✉s ❛♥❞ t❤❡ ❡❧❧✐♣s♦✐❞✡ ❚❤❡ ✑ ♥✉♠✕❡r ❞❡♥s✐t② ✐♥ t❤❡ ❋✤✥✦❘ ✐s t❛❦❡♥ t♦ ✕❡

❤♦♠♦❣❡♥❡♦✉s ❛♥❞ ❡q✉❛❧ t♦ ✷✟✟✟ ❝♠✝✠✡

❚❤❡ ✧★✩✪✫✫✬✯ ❝♦❞❡ ❛❧❧♦✇❡❞ ✉s t♦ ✐♥t❡❣r❛t❡ t❤❡ ♣r❡❞✐❝t❡❞ ❡♠✐ss✐♦♥✲❧✐♥❡

✏✉①❡s ❡♠✐tt❡❞ ❢r♦♠ ❞✐❢❢❡r❡♥t r❡❣✐♦♥s✴ ❘✐♥❣ ✘s❤❡❧❧✱ r✐♠ ❛♥❞ ✐♥♥❡r ❝❛♣s✜✱ ❋✤✥✦❘

✘♣♦✐♥t✲s②♠♠❡tr✐❝ ❦♥♦t✜✱ ❛♥❞ ✘♦✉t❡r ❢❛✐♥t✜ ✑❛❧♦✡ ❚❤❡② ❝❛♥ ✕❡ ❞✐r❡❝t❧② ❝♦♠♣❛r❡❞

✇✐t❤ t❤❡ ♦✕s❡r✈❛t✐♦♥s✱ ❛s ✇❡ s❤♦✇ ✐♥ ❚❛✕❧❡ ✾✡❀✡

❁❃❄ ❅❄❇❏❑◗❱ ❄❑❄❳❄❅❩◗❑ ◗❇❏❅❬◗❅❭❄❪

❚❤❡ ❤♦♠♦❣❡♥❡♦✉s ❡❧❡♠❡♥t❛❧ ❛✕✉♥❞❛♥❝❡s ✉s❡❞ ❢♦r t❤❡ ♠♦❞❡❧ ✔✖❫ ❛r❡ ❧✐st❡❞

✐♥ ❚❛✕❧❡ ✾✡✛ ✘✖♦❧✉♠♥s ❀✲❴✜✱ ✇❤❡r❡ t❤❡② ❛r❡ ❣✐✈❡♥ ✕② ♥✉♠✕❡r ✇✐t❤ r❡s♣❡❝t t♦

❤②❞r♦❣❡♥✡ ✣s s❡❡♥✱ ✇❡ ❝❤♦s❡ t❤❡ s❛♠❡ ❛✕✉♥❞❛♥❝❡ ✈❛❧✉❡s ❢♦r ❛❧❧ ❞✐❢❢❡r❡♥t r❡✲

❣✐♦♥s✴ ❘✐♥❣✱ ❋✤✥✦❘ ❛♥❞ ✑❛❧♦✡ ✗✉r ♠♦❞❡❧ ✉s❡❞ ❵ ❡❧❡♠❡♥ts✱ ✐♥❝❧✉❞✐♥❣ ❛❧❧ ♠❛✲

❥♦r ❝♦♥tr✐✕✉t♦rs t♦ t❤❡ t❤❡r♠❛❧ ✕❛❧❛♥❝❡ ♦❢ t❤❡ ❣❛s✱ ❛s ✇❡❧❧ ❛s t❤♦s❡ ♣r♦❞✉❝✐♥❣

t❡♠♣❡r❛t✉r❡✲s❡♥s✐t✐✈❡ ❛♥❞ ❞❡♥s✐t②✲s❡♥s✐t✐✈❡ ❡♠✐ss✐♦♥ ❧✐♥❡s✡ ❚❤❡ ✐♥✐t✐❛❧ ❣✉❡ss❡s

❆③④⑤⑥⑦⑧ ❉⑨⑩❶④⑤⑨❷ ✙✙❸
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�✐❣✉r❡ ✁✂✁✄ ☎❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ❝♦♥str✉❝t❡❞ ✐♥ ✷✵ ✆ ✷✵✆ ✽✵ ❝✉❜✐❝ ❣r✐❞s

❛❞♦♣t❡❞ ❢♦r ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✐♥❣ ♦❢ ✝❜ ✁✂ ✞❛❝❤ ❝✉❜✐❝ ❝❡❧❧ ❤❛s ❛ ❧❡♥❣t❤

♦❢ ✶✟✵ ✆ ✶✵✠✻ ❝♠✂ ☎❤❡ t♦r✉s ❤❛s ❛ ♣♦✇❡r✲❧❛✇ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥✱ ❛ r❛❞✐✉s

♦❢ ✶✟✡ ✆ ✶✵✠✼ ❝♠ ❢r♦♠ ✐ts ❝❡♥t❡r t♦ t❤❡ t✉❜❡ ❝❡♥t❡r✱ ❛♥❞ ❛ t✉❜❡ r❛❞✐✉s ♦❢

☛✟✵✆✶✵✠✻ ❝♠✂ ☎❤❡ �☞✌✞✍ ✐s ❛ ❝②❧✐♥❞❡r ✇✐t❤ ❛ r❛❞✐✉s ♦❢ ✺✆✶✵✠✻ ❝♠ ❛♥❞ ❛ ❧❡♥❣t❤

♦❢ ✶✟✵✆✶✵✠✼ ❝♠✱ ❛♥❞ ✐s ❧♦❝❛t❡❞ ❛t t❤❡ ❞✐st❛♥❝❡ ♦❢ ✎✟✵✆✶✵✠✼ ❝♠ ❢r♦♠ t❤❡ ❝❡♥t❡r ♦❢

t❤❡ t♦r✉s✂ ☎❤❡ ♦✉t❡r ❤❛❧♦ ✐s ❛♥ ❡❧❧✐♣s♦✐❞ ✇✐t❤ ❛ s❡♠✐♠❛❥♦r ❛①✐s ♦❢ ☛✟✵✆✶✵✠✼ ❝♠

❛♥❞ ❛ s❡♠✐♠✐♥♦r ❛①✐s ♦❢ ✶✟✺ ✆ ✶✵✠
✼
❝♠✂ ☎❤❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡ ✐s ♣❧❛❝❡❞ ✐♥ t❤❡

❝♦r♥❡r ✭✏✱✏✱✏✮✂

✑✑✁ ✒✈✓✔✕✖✗✓✘ ✓✙ ✚✔✛✘✜✖✛✢✣ ✘✜✤✕✔✛✜ ✥✗✖✦ ✧★✩✖✣✚✜ ✪✜✘✖✢✛✔ ✫✖✛✢✫
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❛t t❤❡ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ✇❡r❡ t❛❦❡♥ ❢r♦♠ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✱ s❡❡ ❚❛✲

❜❧❡ �✁✺ ✭✂♦❧✉♠♥s ✷ ❛♥❞ ✄✮✁ ❚❤❡ st❛rt✐♥❣ ✈❛❧✉❡s ♦❢ ☎✱ ✆✱ ☎❡✱ ✝✱ ✂❧ ❛♥❞ ✞r ✇❡r❡

t❛❦❡♥ ❢r♦♠ t❤❡ ✂✟✠ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s✱ ✇❤✐❧❡ t❤♦s❡ ♦❢ ✡❡ ❛♥❞ ✂ ✇❡r❡ ❝❤♦s❡♥

❢r♦♠ t❤❡ ✆❘✠ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s✁ ❲❡ ❛❞♦♣t❡❞ t❤❡ ✐♥✐t✐❛❧ ❛❜✉♥❞❛♥❝❡s ✇❤✐❧❡ t❤❡

❞❡♥s✐t② str✉❝t✉r❡ ❛♥❞ t❤❡ ❝❡♥tr❛❧ st❛r ♣r♦♣❡rt✐❡s ✇❡r❡ ✈❛r✐❡❞ t♦ ☛t t❤❡ ❡♠✐ss✐♦♥✲

❧✐♥❡ ☞✉①❡s ❢r♦♠ ❡❛❝❤ ❡❧❡♠❡♥t✁ ❚❤❡ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ✇❡r❡ s✉❝❝❡ss✐✈❡❧②

♠♦❞✐☛❡❞ t♦ ❣❡t t❤❡ ❜❡st ☛t ♦❢ t❤❡ ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr✉♠✁

✌✍✎ ✏✑✒✏③✏✒✓ ✔✕✎✖✗✘✙✚

✞❞♦♣t✐♥❣ t❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ♠♦❞❡❧✱ t❤❡ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ❛♥❞ ❧✉♠✐♥♦s✲

✐t② ♦❢ t❤❡ ❝❡♥tr❛❧ st❛r ✇❡r❡ ✈❛r✐❡❞ t♦ ♠❛❦❡ ❛♥ ✐♦♥✐✛✐♥❣ ☞✉① t❤❛t ❝♦✉❧❞ r❡♣r♦❞✉❝❡

t❤❡ ✡❡✜✰✴✡❡✰ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡ r❛t✐♦✱ t❤❡ ✡❡ ✢✢ ✣�✻✽✻✱ ❬☎ ✢✢❪ ❛♥❞ ❬✆ ✢✢✢❪ ❡♠✐ss✐♦♥

❧✐♥❡s✁ ✞ ❜❧❛❝❦❜♦❞② ♠♦❞❡❧ ✇✐t❤ ✤✥✦✦ ❂ ✶✶✵ ❦❑ ❛♥❞ ✧❄ ❂ �✾✺✵ ✠❏ r❡s✉❧t❡❞ ✐♥ t❤❡

❜❡st ☛t ♦❢ t❤❡ ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr✉♠ ♦❢ t❤❡ ✐♥♥❡r s❤❡❧❧✁ ✡♦✇❡✈❡r✱ t❤❡ ❛ss✉♠♣✲

t✐♦♥ ♦❢ ❛ ❜❧❛❝❦❜♦❞② ♠❛② ♥♦t ❜❡ q✉✐t❡ ❝♦rr❡❝t ✭❘❛✉❝❤ ✷✵✵✄✮✁ ❚❤❡ ☎✠❚✟ ♠♦❞❡❧

❛t♠♦s♣❤❡r❡ ❤❛s ❛ ♠❛❥♦r ❞❡♣❛rt✉r❡ ❛t ❡♥❡r❣✐❡s ❤✐❣❤❡r t❤❛♥ ✺� ❡❱✱ ✇❤✐❝❤ ❝♦✉❧❞

❤❛✈❡ ❛♥ ✐♠♣❛❝t ♦♥ t❤❡ ♣r❡❞✐❝t❡❞ ♥❡❜✉❧❛r s♣❡❝tr✉♠✁

★t ✐s ♠♦r❡ r❡❛❧✐st✐❝ t♦ ✉s❡ ☎✠❚✟ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ r❛t❤❡r t❤❛♥ ❜❧❛❝❦❜♦❞②✁ ❲❡

❤❛✈❡ ❡①❛♠✐♥❡❞ ✈❛r✐♦✉s ♠♦❞❡❧s ♦❢ ❤②❞r♦❣❡♥✲❞❡☛❝✐❡♥t ☎✠❚✟ st❡❧❧❛r ❛t♠♦s♣❤❡r❡s

✭✩r➝❛❢❡♥❡r ❡t ❛❧✁ ✷✵✵✷❀ ❘❛✉❝❤ ✷✵✵✄✮✁ ✡♦✇❡✈❡r✱ ❛❢t❡r ✡✲❞❡☛❝✐❡♥t ☎✠❚✟ ♠♦❞❡❧

❛t♠♦s♣❤❡r❡ ❞✐❞ ♥♦t ♣r♦✈✐❞❡ ❛ ❣♦♦❞ ♠❛t❝❤✱ ✇❡ ✉s❡❞ ❛ ☎✠❚✟ st❡❧❧❛r ❛t♠♦s♣❤❡r❡

✇✐t❤ ❛♥ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ♦❢ ✡ ✿✡❡ ❂✽ ✿ ✷ ❜② ♠❛ss✱ ✪✫✬✯ ✼ ❁ ✭❝❣s✮✱ ✤✥✦✦ ✼ ❃❅ ❦❑

❛♥❞ ✧❄ ❂ �✾✺✵ ✠❏ ❢r♦♠ t❤❡ ☎✠❚✟ ❚➝✉❜✐♥❣❡♥ ❇♦❞❡❧✲✞t♠♦s♣❤❡r❡ ❋❧✉①❡s P❛❝❦❛❣❡◗

✭❚❇✞❋❀ ❘❛✉❝❤ ✷✵✵✄✮✁ ✂♦♠♣❛r✐♥❣ t❤❡ st❡❧❧❛r ♣❛r❛♠❡t❡rs ✇✐t❤ st❡❧❧❛r ❡✈♦❧✉t✐♦♥✲

❛r② tr❛❝❦s ❜② ❳❧➝♦❝❦❡r ✭✶✾✾✺❛✮✱ ♦♥❡ ❣❡ts ❛ st❡❧❧❛r ♠❛ss ♦❢ ❅❩❭❫❏ ❛♥❞ ❛ ♣r♦❣❡♥✐t♦r

♠❛ss ♦❢ ❴❫❏✁

❵④⑤⑥⑦⑧⑨⑤⑩ ❶⑨⑨❷⑩❸❸❹⑦⑨❺❻❼❽❾⑧❿⑨❽⑤⑥⑧❾➀⑤❾❼➁⑤❸➂❺❹❽➃❶❸➄➅➆➇❸➄➅➆➇❼❶⑨➈➉

❆➊➋➌➍➎➏ ❉➐➑➒➋➌➐➓ ✷✷✺
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❋✐❣� ✁�✺ ❝♦♠♣❛r❡s t❤❡ ❛❞♦♣t❡❞ ✂❚✄☎ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ✇✐t❤ ❛ ❜❧❛❝❦❜♦❞②

✆✉① ✇✐t❤ ✝✞❢❢ ❂ ✾✵ ❦❑� ✟s s❡❡♥✱ t❤❡r❡ ✐s ❛ s✐❣♥✐✠❝❛♥t ❞✐✡✡❡r❡♥❝❡ ❜❡t✇❡❡♥ ❛ ❜❧❛❝❦✲

❜♦❞② ✆✉① ❛♥❞ ❛ ✂❚✄☎ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ❛t ❡♥❡r❣✐❡s ❤✐❣❤❡r t❤❛♥ ✶☛�✻ ❡❱ ❛♥❞

✺✁�✁ ❡❱✱ r❡s✉❧t✐♥❣ ✐♥ ❧❛r❣❡ ❞✐✡✡❡r❡♥❝❡s ✐♥ ♣r❡❞✐❝t❡❞ ❡♠✐ss✐♦♥ ❧✐♥❡s�

☞✌✍✌✷ ✎✏✑✒✓ ✔✒✕✖✓✗✕

✘✙✚✛✛✚✜✢✣✤✚✢✥ ✛✦✥✧★✩✪✙

❚❤❡ r❛t✐♦s ♦✡ ♣r❡❞✐❝t❡❞ ♦✈❡r ♦❜s❡r✈❡❞ ✈❛❧✉❡s ✡r♦♠ t❤❡ ❜❡st✲✠tt✐♥❣ ♠♦❞❡❧ ✫✬✶

❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ✬♦❧✉♠♥s ✼ ❛♥❞ ✽ ♦✡ ❚❛❜❧❡ ✁�✻ ✡♦r ❘✐♥❣ ❛♥❞ ❋✄✭☎❘✱ r❡s♣❡❝t✐✈❡❧②�

✬♦❧✉♠♥s ✁➊✻ ♣r❡s❡♥t t❤❡ ♦❜s❡r✈❡❞ ✆✉①❡s ✡♦r t❤❡ ❘✐♥❣✱ ♥♦rt❤❡r♥ ❋✄✭☎❘ ❛♥❞

s♦✉t❤❡r♥ ❋✄✭☎❘✱ r❡❧❛t✐✈❡ t♦ ✮✯ ♦♥ ❛ s❝❛❧❡ ✇❤❡r❡ ✮✯ ❂ ✰✵✵� ✫♦st ♣r❡❞✐❝t❡❞ ✬☎✄s

❛r❡ ✐♥ ✡❛✐r ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ♦❜s❡r✈❡❞ ✈❛❧✉❡s✱ ❡①❝❡♣t t❡♠♣❡r❛t✉r❡✲s❡♥s✐t✐✈❡

❛✉r♦r❛❧ ❧✐♥❡s ✴❬✂ ✿✿❪ ❛♥❞ ❬❀ ✿✿✿❪❁ ❛♥❞ t❤♦s❡ ❧✐♥❡s ♠✉❝❤ s❡♥s✐t✐✈❡ t♦ ❤②❞r♦❣❡♥✲

❞❡✠❝✐❡♥t ✐♦♥✐③✐♥❣ ✆✉①� ❚❤❡ ♠❛❥♦r✐t② ♦✡ t❤❡ ✮ ✿ ❧✐♥❡s ❛r❡ ✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤

t❤❡ ♦❜s❡r✈❛t✐♦♥s✱ ❛❧t❤♦✉❣❤ ❞✐s❝r❡♣❛♥❝✐❡s ✇✐t❤✐♥ ✶✺✲❃❄❅ ❛r❡ s❡❡♥ ✐♥ t❤♦s❡ ❧✐♥❡s

t♦✇❛r❞s t❤❡ ❜❧✉❡ ❡♥❞ ♦✡ t❤❡ ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr✉♠ ✴☛✼☛✁➊☛❄✼❇❏✟❁� ❚❤✐s ♠❛②

❜❡ ❞✉❡ t♦ ❧✐♥❡ ❜❧❡♥❞✐♥❣ ♦rP❛♥❞ ♠❡❛s✉r❡♠❡♥t ❡rr♦rs� ✟❧t❡r♥❛t✐✈❡❧②✱ t❤❡ ♣r❡s✲

❡♥❝❡ ♦✡ ✐♥❤♦♠♦❣❡♥❡♦✉s ❝♦♥❞❡♥s❛t✐♦♥s ❛♥❞ ❤✐❣❤ ❞❡♥s✐t② ❝❧✉♠♣s ❝❛♥ ❡♥❤❛♥❝❡

t❤❡ str❡♥❣t❤s ♦✡ t❤❡ ❤✐❣❤❡r ♦r❞❡r ◗❛❧♠❡r ❧✐♥❡s� ✟❧❧ ✮❡ ✿ ❧✐♥❡s ♦✡ t❤❡ ✐♥♥❡r s❤❡❧❧

❛r❡ ✐♥ ❡①❝❡❧❧❡♥t ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ♦❜s❡r✈❛t✐♦♥s✱ ✇✐t❤ ✠ts t♦ ✇✐t❤✐♥ ✶❃❅✱ ❛♣❛rt

✡r♦♠ t❤❡ ✮❡ ✿ ❲✼❃✽✶ ✴✺✶❅❁ ❞r❛♠❛t✐❝❛❧❧② ❜❧❡♥❞❡❞ ✇✐t❤ ♥❡❛r t❡❧❧✉r✐❝ ❧✐♥❡s� ❚❤❡

✮❡ ✿ ❲✺✽✼✻ ❛♥❞ ❲✻✻✼✽ ❧✐♥❡s ✐♥ t❤❡ ❋✄✭☎❘ ❛❧s♦ s❤♦✇ ❞✐s❝r❡♣❛♥❝✐❡s ♦✡ ✁✶❅ ❛♥❞

✶✶✺❅✱ r❡s♣❡❝t✐✈❡❧②✱ ✇❤✐❝❤ ❝♦✉❧❞ ❜❡ ❞✉❡ t♦ ❡✐t❤❡r ❧♦✇ s✐❣♥❛❧✲t♦✲♥♦✐s❡ r❛t✐♦s ♦✡

t❤❡ ❋✄✭☎❘ s♣❡❝tr✉♠ ♦r ✐♦♥✐③❛t✐♦♥ str❛t✐✠❝❛t✐♦♥� ❚❤❡ ✮❡ ✿ ❲✺✽✼✻ ❛♥❞ ❲✻✻✼✽

❧✐♥❡s ✐♥ t❤❡ s♦✉t❤❡r♥ ❋✄✭☎❘ ✇❛s ♠❡❛s✉r❡❞ ✶☛❅ ❧♦✇❡r ❛♥❞ ❃✼❅ ❤✐❣❤❡r t❤❛♥

t❤❡ ♥♦rt❤❡r♥ ❋✄✭☎❘✱ r❡s♣❡❝t✐✈❡❧②� ✟❧t❤♦✉❣❤ ❤✐❣❤ ✉♥❝❡rt❛✐♥t② ❝♦✉❧❞ ❝♦♥tr✐❜✉t❡

t♦ ❞✐s❝r❡♣❛♥❝✐❡s✱ ♣♦ss✐❜❧❡ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ♠❛② ❤❛✈❡ s♦♠❡ ✐♠♣❧✐❝❛t✐♦♥s�

✮♦✇❡✈❡r✱ t❤❡ ✮✯ ✐♥tr✐♥s✐❝ ✆✉①❡s ♦✡ t❤❡ ❋✄✭☎❘❳ ❛r❡ ❇�☛➊❇�✁❅ ♦✡ t❤❡ ✐♥♥❡r s❤❡❧❧✱

❆❩❭❫❴❵q ❉④⑤⑥❭❫④⑦ ❃❃✼



✹✳ ❍❇ ✹✿ ❆ P▲❆◆❊❚❆❘❨ ◆❊❇❯▲❆ ❲■❚❍ ❋▲■❊❘❙

✇❤✐❝❤ ✐♥tr♦❞✉❝❡ ❤✐❣❤ ✉♥❝❡rt❛✐♥t✐❡s t♦ t❤❡ ❢❛✐♥t ❧✐♥❡s� ✁❤❡ ❬✂ ✄✄❪ ❛♥❞ ❬❖ ✄✄✄❪ ❈☎✆s

❛r❡ ✐♥ ❡①❝❡❧❧❡♥t ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ♦❜s❡r✈❛t✐♦♥s✱ ❞✐s❝r❡♣❛♥❝✐❡s ✇✐t❤✐♥ ✸�✺✪✱

❡①❝❡♣t t❤❡ ❛✉r♦r❛❧ ❧✐♥❡s� ✝❡ ♥♦t✐❝❡ t❤❛t t❤❡ ❛✉r♦r❛❧ ❧✐♥❡ ❬✂ ✄✄❪ ✞✺✼✺✺ ❛♥❞ ❬❖ ✄✄✄❪

✞✟✸✻✸ ✐♥ t❤❡ ✐♥♥❡r s❤❡❧❧ s❤♦✇ ❞✐s❝r❡♣❛♥❝✐❡s ♦❢ ✺✸✪ ❛♥❞ ✻✾✪✱ r❡s♣❡❝t✐✈❡❧②� ✁❤❡

♣r❡❞✐❝t❡❞ ❬✂ ✄✄❪ ✞✺✼✺✺ ❧✐♥❡ ✐♥ t❤❡ ✠✆✡☎☛ ✐s ❜② ❛ ❢❛❝t♦r ♦❢ ♥❡❛r ✸ ❧❛r❣❡r t❤❛♥ t❤❡

♦❜s❡r✈❛t✐♦♥� ✂♦♥❡t❤❡❧❡ss✱ t❤❡ ❧♦✇ s✐❣♥❛❧✲t♦✲♥♦✐s❡ r❛t✐♦s ♦❢ t❤❡ ❢❛✐♥t ❧✐♥❡s ❝❛♥

♠❛❦❡ ✐♥❛❝❝✉r❛t❡ r❡s✉❧ts ❢♦r t❤❡ ✠✆✡☎☛s� ✁❤❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥s ❝♦✉❧❞

♠❛❦❡ ❧❛r❣❡ ❞✐s❝r❡♣❛♥❝✐❡s ✐♥ t❤❡ ❛✉r♦r❛❧ ❧✐♥❡s ✭s❡❡ ❡�❣� ✆✐✉ ❡t ❛❧� ✷✵✵✵✮✱ t❤♦✉❣❤

t❤❡ t❤❡r♠❛❧ ❜❛❧❛♥❝❡ ♦❢ t❤❡ ❣❛s ❤❛s s♦♠❡ ♠❛❥♦r ✐♠♣❛❝ts ♦♥ t❤❡♠� ▼❡t❛❧✲r✐❝❤

✐♥❝❧✉s✐♦♥s ❝❛♥ ❛❧s♦ ❧❛r❣❡❧② ❛❢❢❡❝t ❜♦t❤ t❤❡r♠❛❧ str✉❝t✉r❡s ❛♥❞ ❛✉r♦r❛❧ ❧✐♥❡s ♦❢

t❤❡ ♥❡❜✉❧❛ ✭✆✐✉ ❡t ❛❧� ✷✵✵✟❛✮� ✁❤❡ s✉❧❢✉r ❈☎✆s ❤❛✈❡ ❞✐s❝r❡♣❛♥❝✐❡s ✇✐t❤✐♥ ✶✻✪✱

❛♣❛rt ❢r♦♠ t❤❡ ❬☞ ✄✄✄❪ ✞✾✵✻✾� ✁❤❡ ❬☞ ✄✄✄❪ ✞✾✵✻✾ ❧✐♥❡ ♠❛② ❜❡ ♣r♦❜❧❡♠❛t✐❝ ❞✉❡ t♦

✌✉① ❝❛❧✐❜r❛t✐♦♥ ♦r✴❛♥❞ ✉♥❝❡rt❛✐♥ ❛t♦♠✐❝ ❞❛t❛ ✭s❡❡ ❡�❣� ✐♠♣r♦✈❡❞ ❛t♦♠✐❝ ❞❛t❛

❜② ●r✐❡✈❡ ❡t ❛❧� ✷✵✶✟✮� ✝❤✐❧❡ ❬☞ ✄✄❪ ✞✟✵✻✾ ❛♥❞ ❬☞ ✄✄✄❪ ✞✻✸✶✷ ❛r❡ ✐♥ r❡❛s♦♥❛❜❧❡

❛❣r❡❡♠❡♥t ✭✶✻✲✶✼✪✮ ✇✐t❤ t❤❡ ♦❜s❡r✈❛t✐♦♥s✱ t❤❡ ♣r❡❞✐❝t❡❞ ❬☞ ✄✄❪ ✞✞✻✼✶✻✱✻✼✸✶

❞♦✉❜❧❡t ♣❡r❢❡❝t❧② ♠❛t❝❤❡s t❤❡ ♦❜s❡r✈❛t✐♦♥s� ✁❤❡ ♦❜s❡r✈❡❞ ✞✞✻✼✶✻✱✻✼✸✶ ❞♦✉✲

❜❧❡t ✐♥ t❤❡ t❤❡ ✠✆✡☎☛s ♠❛② ❜❡ ❡♥❤❛♥❝❡❞ ❜② s❤♦❝❦ ❡①❝✐t❛t✐♦♥� ✁❤❡ ❤✐❣❤ ✈❡❧♦❝✐t② ♦❢

❱✍✎✏✑✒ ❂ ✓✔✕✖❦♠s✗✘ ❞❡r✐✈❡❞ ❢♦r t❤❡ ✠✆✡☎☛s ❛♥❞ ✐♥t❡r❛❝t✐♦♥ ✇✐t❤ t❤❡ ♣❤♦t♦❞✐s✲

s♦❝✐❛t✐♦♥ r❡❣✐♦♥ ❝♦✉❧❞ ❡♥❤❛♥❝❡ t❤❡ ❬☞ ✄✄❪ ✞✞✻✼✶✻✱✻✼✸✶ ❞♦✉❜❧❡t ✐♥ t❤❡ ✠✆✡☎☛s✱

❜✉t t❤❡② s❤♦✇ ❞✐s❝r❡♣❛♥❝✐❡s ❧❡ss t❤❛♥ ✶✵✪ ✇✐t❤ t❤❡ ♦❜s❡r✈❛t✐♦♥s� ✠✐♥❛❧❧②✱ t❤❡

♠♦❞❡❧ ✉♥❞❡r❡st✐♠❛t❡s ❬✙r ✄✄✄❪ ✞✞✼✶✸✻✱✼✼✺✶ ❜② ❢❛❝t♦rs ❧❛r❣❡r t❤❛♥ ✼✱ ✇❤✐❝❤ ❛♣✲

♣❡❛rs t♦ ❜❡ ❜❧❡♥❞❡❞ ✇✐t❤ t❡❧❧✉r✐❝ ❡♠✐ss✐♦♥ ❧✐♥❡s� ✚♦✇❡✈❡r✱ t❤❡ ♣r❡❞✐❝t❡❞ ❬✙r ✄✄✄❪

✞✺✶✾✷ ✐s ❜② ❛ ❢❛❝t♦r ♦❢ ✷ ❧♦✇❡r t❤❛♥ t❤❡ ♦❜s❡r✈❡❞ ✌✉①� ▼♦r❡♦✈❡r✱ t❤❡ ❬✙r ✄✛❪

❧✐♥❡s s❤♦✇ ❞✐s❝r❡♣❛♥❝✐❡s ✇✐t❤✐♥ ✷✵✪� ✁❤❡② ❝♦✉❧❞ ❜❡ ❛ttr✐❜✉t❡❞ t♦ ✉♥❝❡rt❛✐♥t✐❡s

♦❢ t❤❡ ❛t♦♠✐❝ ❞❛t❛ ♦❢ ✙r ❛♥❞ t❤❡ ❡❢❢❡❝t ♦❢ ❞✐❡❧❡❝tr♦♥✐❝ r❡❝♦♠❜✐♥❛t✐♦♥ ✭❡�❣� s❡❡

❞✐s❝✉ss✐♦♥ ❜② ▼♦r✐ss❡t ❡t ❛❧� ✷✵✵✟✮� ✝❡ ♥♦t✐❝❡ t❤❛t t❤❡ ♠♦❞❡❧ ♦✈❡r❡st✐♠❛t❡s

❬✙r ✛❪ ✞✞✻✟✸✺✱✼✵✵✺ ❜② ❢❛❝t♦rs ♦❢ ✼� ✚②❞r♦❣❡♥✲r✐❝❤ ✐♦♥✐③✐♥❣ ✌✉① ❤❛s ❛ ❞❡♣❛r✲

t✉r❡ ❢r♦♠ ❤②❞r♦❣❡♥✲❞❡✜❝✐❡♥t ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡✱ ✇❤✐❝❤ ❝♦♥tr✐❜✉t❡s t♦ t❤❡ ❧✐♥❡s

❡♠✐tt❡❞ ❢r♦♠ ✐♦♥s ✇✐t❤ ✐♦♥✐③❛t✐♦♥ ❡♥❡r❣✐❡s ❤✐❣❤❡r t❤❛♥ ❛❜♦✉t ✺✟ ❡✢✱ t❤✉s r❡s✉❧t✲

✷✷✽ ✣✤✥✦✧★✩✥✫ ✥✬ ✯✦✰✫❀★✰❁❃ ✫❀❄✧✦✰❀ ❅✩★❉ ❏❑◗★❃✯❀ ❳❀✫★❁✰✦ ❩★✰❁❩



✹✳✸✳ ❈❍❊▼■❈❆▲▲❨ ❍❖▼❖●❊◆❊❖❯❙ ▼❖❉❊▲

✐♥❣ ✐♥ ❬�r ❱❪ ❧✐♥❡s ❧❛r❣❡❧② ❤✐❣❤❡r t❤❛♥ t❤❡ ♦❜s❡r✈❛t✐♦♥s✁

❚❤❡ ❬✂ ✄✄❪ ☎✻✺✽✆ ❛♥❞ ❬✝ ✄✄✄❪ ☎✺✵✵✼ ❧✐♥❡s ♣r❡❞✐❝t❡❞ ❜② t❤❡ ❋✞✟✠❘ ♠♦❞❡❧ ❛r❡

✐♥ ❡①❝❡❧❧❡♥t ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ♦❜s❡r✈❛t✐♦♥s✁ ✡♦✇❡✈❡r✱ t❤❡ ✡ ♥✉♠❜❡r ❞❡♥s✐t②

♦❢ ✷✵✵✵ ❝♠☛☞ ✉s❡❞ ✐♥ t❤❡ ♠♦❞❡❧ ✐s t✇✐❝❡ t❤❡ ✈❛❧✉❡ ❞❡t❡r♠✐♥❡❞ ❜② t❤❡ ❡♠♣✐r✐❝❛❧

❛♥❛❧②s✐s ♦❢ t❤❡ ❬✌ ✄✄❪ ☎✻✼✷✺ ❞♦✉❜❧❡✁ �s t❤❡ ☎☎✻✼✶✻✱✻✼✆✶ ❞♦✉❜❧❡t ✐s ❧❛r❣❡❧②

❛❢❢❡❝t❡❞ ❜② s❤♦❝❦ ❡①❝✐t❛t✐♦♥ ✐♥ t❤❡ ❋✞✟✠❘s✱ ✐t ✐s ♥♦t ♣♦ss✐❜❧❡ t♦ ❞❡t❡r♠✐♥❡ t❤❡

❡❧❡❝tr♦♥ ❞❡♥s✐t② ❛❝❝✉r❛t❡❧②✁ ❋✉rt❤❡r♠♦r❡✱ t❤❡ ♣❤♦t♦✲❞✐ss♦❝✐❛t✐♦♥ r❡❣✐♦♥s ✭P✍❘s✮

❝❛♥ ❛❧s♦ s✐❣♥✐✎❝❛♥t❧② ❝♦♦❧ t❤❡ ♥❡❜✉❧❛ ❞♦✇♥ t❤r♦✉❣❤ t❤❡ ❢❛r✲✐♥❢r❛r❡❞ ✭❋✟❘✮ ✎♥❡

str✉❝t✉r❡ ❧✐♥❡s ♦❢ ✏✝ ✟✑ ❛♥❞ ✏✒ ✟✟✑✱ ✇❤✐❝❤ r❡s✉❧ts ✐♥ ❬✝ ✄❪ ☎✻✆✵✵ ❛♥❞ ❬✌ ✄✄❪ ☎✻✼✆✶

❡♠✐ss✐♦♥ ❧✐♥❡s ✭✡♦❧❧❡♥❜❛❝❤ ✫ ❚✐❡❧❡♥s ✶✾✾✼✮✁

❚❤❡r❡ ❛r❡ ❧❛r❣❡ ❞✐s❝r❡♣❛♥❝✐❡s ❜❡t✇❡❡♥ t❤❡ ♣r❡❞✐❝t✐♦♥ ♦❢ t❤❡ ✓✉①❡s ❢♦r t❤❡

✝❘✞s ❛♥❞ t❤❡ ♦❜s❡r✈❛t✐♦♥s✁ ❚❤❡ ✝ ✄✄ ✝❘✞s ❛r❡ ♠♦st❧② ✉♥❞❡r❡st✐♠❛t❡❞ ❜② ❛

❢❛❝t♦r ❛r♦✉♥❞ ✼✁ ❚❤❡ ✂ ✄✄ ✝❘✞s s❤♦✇ ❧♦✇❡r ❞✐s❝r❡♣❛♥❝✐❡s✱ ❛♥❞ t❤❡② ❛r❡ ✉♥❞❡r✲

❡st✐♠❛t❡❞ ❜② ❛ ❢❛❝t♦r ❛r♦✉♥❞ ✔✁ ❚❤❡ ✒ ✄✄ ✝❘✞s s❤♦✇ ♠✉❝❤ ❧♦✇❡r ❞✐s❝r❡♣❛♥❝✐❡s

✇✐t❤✐♥ ✆✲✆✶✪✱ ❡①❝❡♣t ✒ ✄✄ ☎✻✺✼✽ ❛♥❞ ☎✼✷✆✻ ❧✐♥❡s✁ ✕♦st ♦❢ t❤❡ ✝❘✞s ❝♦✉❧❞ ❜❡ ❛❢✲

❢❡❝t❡❞ ❜② ✓✉♦r❡s❝❡♥❝❡ ❧✐♥❡s ✭s❡❡ ❡✁❣✁ ✠s❝❛❧❛♥t❡ ✫ ✕♦r✐ss❡t ✷✵✵✺❀ ✠s❝❛❧❛♥t❡ ❡t ❛❧✁
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❞✐❝t❡❞ ✌❡ ✡ t❡♠♣❡r❛t✉r❡ ❛♥❞ ♦❜s❡r✈❛t✐♦♥✂ ✆✐✉ ❡t ❛❧✂ ✭✷✵✵✵✮ s✉❣❣❡st❡❞ t❤❛t ❛ ❜✐✲

❛❜✉❞❛♥❝❡ ♠♦❞❡❧ ❝♦♥t❛✐♥✐♥❣ s♦♠❡ ❝♦❧❞✱ ❤②❞r♦❣❡♥✲❞❡✎❝✐❡♥t ✐♥❝❧✉s✐♦♥ ❡♠❜❡❞❞❡❞

✐♥ t❤❡ ❞✐❢❢✉s❡ ✇❛r♠ ♥❡❜✉❧❛r ❣❛s ♦❢ ♥♦r♠❛❧ ❛❜✉♥❞❛♥❝❡s ❝❛♥ s♦❧✈❡ t❤✐s ♣r♦❜❧❡♠✂

✝♥ ☛❡❝t✐♦♥ ✁✂✁✱ ✇❡ ❡①❛♠ t❤❡ ❢❡❛s✐❜✐❧✐t② ♦❢ t❤✐s s❝❡♥❛r✐♦✂

❈✞✆ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s ❞❡♣❡♥❞s ❡①♣♦♥❡♥t✐❛❧❧② ♦♥ t❤❡ ❛ss✉♠❡❞ ❡❧❡❝tr♦♥

t❡♠♣❡r❛t✉r❡✂ ✏s ❛ r❡s✉❧t✱ t❡♠♣❡r❛t✉r❡ ✈❛r✐❛t✐♦♥s ✐♥tr♦❞✉❝❡ ✉♥❝❡rt❛✐♥t✐❡s ✐♥

❡♠♣✐r✐❝❛❧ r❡s✉❧ts✂ ✏ss✉♠✐♥❣ ✟✠ ❂✶✷✱✵✵✵ ❑✱ ✇❡ ❞❡r✐✈❡❞ t❤❡ ☞✰✴✌✰ ✐♦♥✐❝ ❛❜✉♥✲

❞❛♥❝❡ r❛t✐♦ ♦❢ ✑✒✺✓ ✔✕✖✗✱ ✇❤✐❝❤ ✐s ❧♦✇❡r t❤❛♥ t❤❡ ✈❛❧✉❡ ❣✐✈❡♥ ✐♥ �❛❜❧❡ ✁✂✸✂

✘♦t❤ t❡♠♣❡r❛t✉r❡ ❛♥❞ ❞❡♥s✐t② ✈❛r✐❛t✐♦♥s r❡s✉❧t ✐♥ ❡rr♦rs ♦♥ ❡♠♣✐r✐❝❛❧❧② ❞❡r✐✈❡❞

✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s✂ ✍❤✐❧❡ t❤❡ ✙✚✛ ♠❡t❤♦❞ ✐s ♠♦st❧② r❡s♣♦♥s✐❜❧❡ ❢♦r ❛♣♣❛r❡♥t ❡♥✲

❤❛♥❝❡♠❡♥t ♦❢ ♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡ ✐♥ t❤❡ ☎✆✝✞✄s✱ t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❛♥❞

❞❡♥s✐t② ✉s❡❞ ❢♦r t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ❛❧s♦ ❤❛✈❡ s♦♠❡ ♣❛rt✐❛❧ ❝♦♥tr✐❜✉t✐♦♥s✂
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✏✏✺✏✏ ✏✏✺✾✑ ✏✏✻✑✷ ✏✏✺✺✓ ✏✏✺✵✏ ✏✏✓✾✾ ✏✏✓✾✺

✘ ✏✏✺✼✔ ✏✏✺✔✑ ✏✏✾✔✻ ✏✷✵✵✵ ✏✷✑✼✔ ✏✑✾✾✺ ✏✻✓✼✾

✏✏✺✵✑ ✏✏✺✻✼ ✏✏✻✓✺ ✏✏✺✾✾ ✏✏✺✑✻ ✏✏✺✵✷ ✏✏✓✔✺

✕✌ ✏✏✻✏✼ ✏✏✻✼✓ ✏✷✵✵✻ ✏✷✏✷✾ ✏✷✾✓✔ ✏✓✾✓✓ ✏✻✻✷✏
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✙✚ ✏✵✻✷✾ ✏✏✷✼✷ ✏✏✾✷✵ ✏✷✵✏✓ ✏✷✔✵✓ ✏✑✓✺✻ ✏✺✻✔✏

✏✏✓✻✷ ✏✏✺✑✼ ✏✏✻✑✵ ✏✏✻✑✷ ✏✏✺✑✷ ✏✏✺✵✔ ✏✏✓✾✑

❋✐♥❛❧❧②✱ ❋✐❣✉r❡ �✁✛ s❤♦✇s s♣❛t✐❛❧ ❞✐str✐❜✉t✐♦♥s ♦❢ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡✱ ❡❧❡❝✲

tr♦♥ ❞❡♥s✐t② ❛♥❞ ✐♦♥✐❝ ❢r❛❝t✐♦♥s ♦❢ ✄❡✰✱ ✄❡✜✰✱ ✢✰✁ ✢✜✰✱ ✣✰✱ ✣✜✰ ❛♥❞ ✤✰ ❛❧♦♥❣

t❤❡ ❡q✉❛t♦r✐❛❧ ❞✐r❡❝t✐♦♥✁ ❚❤❡ st❡❧❧❛r ✐♦♥✐③✐♥❣ r❛❞✐❛t✐♦♥ ✐s ❝♦♠✐♥❣ ❢r♦♠ t❤❡ ❝♦r♥❡r

✭✥✱✥✱✥✮✁ ✦s s❡❡♥✱ t❤❡ ❧❛r❣❡ t❡♠♣❡r❛t✉r❡ ✈❛r✐❛t✐♦♥s ❡①✐st ✐♥ t❤❡ ♥❡❜✉❧❛✁ ❋✉rt❤❡r✲

♠♦r❡✱ ✢✰ ✐♦♥✐❝ ❢r❛❝t✐♦♥ ✐s s✐❣♥✐✆❝❛♥t❧② ❤✐❣❤ ✐♥ t❤❡ ❋✝✞✟❘✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡

♦❜s❡r✈❛t✐♦♥✁
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�✁� ✂✐✄❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧

☎✆ t❤✝ ✞✟✠✝✡ ☛☞✶✱ t❤✝ ✝✡✝✞✝✆t✌✡ ✌✍✎✆✠✌✆✏✝s ✑✆ t❤✝ ✆✝✍✎✡✌ ✇✝r✝ ✌ss✎✞✝✠ t✟

✍✝ ❤✟✞✟❣✝✆✝✟✎s✒ ❋✑ts t✟ t❤✝ ☞✓✔s ✌r✝ ✌✏✏✝♣t✌✍✡✝✱ ✌✆✠ s✟✞✝ ✑ss✎✝s ✏✌✆ ✍✝ ✝①✕

♣✡✌✑✆✝✠ ✍② ✑✆❤✟✞✟❣✝✆✝✟✎s ✏✟✆✠✝✆s✌t✑✟✆s✒ ❍✟✇✝✈✝r✱ t❤✝ ✞✟✠✝✡ st✑✡✡ s❤✟✇s ✞✌✕

❥✟r ✠✑s✏r✝♣✌✆✏✑✝s ✍✝t✇✝✝✆ t❤✝ ♣r✝✠✑✏t✝✠ ✖❘✔s ✌✆✠ t❤✝ ✟✍s✝r✈✌t✑✟✆s✱ ✇❤✑✏❤ ✌r✝

✆✟t ✌ss✟✏✑✌t✝✠ ✇✑t❤ ✠✝✆s✑t② ✑✆❤✟✞✟❣✝✆✝✑t②✒ ✗✠✠✑t✑✟✆✌✡✡②✱ ✇✝ s✝✝ ✞✌❥✟r ✠✑s✏r✝♣✕

✌✆✏② ✍✝t✇✝✝✆ ✝✡✝✏tr✟✆ t✝✞♣✝r✌t✎r✝s ✠✝t✝r✞✑✆✝✠ ❢r✟✞ t❤✝ ✟✍s✝r✈✝✠ ❍✝ ✘ ✖❘✔s

✌✆✠ t❤✟s✝ ❢r✟✞ t❤✝ ✟✍s✝r✈✝✠ ☞✓✔s✒ ✗ s✝✏✟✆✠ ✌tt✝✞♣t t✟ r✝♣r✟✠✎✏✝ t❤✝ ✝✞✑ss✑✟✆✕

✡✑✆✝ s♣✝✏tr✎✞ ✟❢ ❍✍✙ ✇✌s ✠✟✆✝ ✎s✑✆❣ ✌ ✍✑✕✏❤✝✞✑str② ✞✟✠✝✡✱ ✇❤✑✏❤ ✏✟✆s✑sts ✟❢

t❤✝ ✠✑❢❢✎s✝ ✇✌r✞ ✆✝✍✎✡✌r ❣✌s ✟❢ ✆✟r✞✌✡ ✌✍✎✆✠✌✆✏✝s s✎rr✟✎✆✠✑✆❣ ✌ s✞✌✡✡ ❢r✌✏✕

t✑✟✆ ✟❢ ✏✟✡✠ ❍✕✠✝✚✏✑✝✆t s✞✌✡✡✕s✏✌✡✝ str✎✏t✎r✝s✱ ❤✑❣❤✡② ✝✆r✑✏❤✝✠ ✑✆ ❤✝✡✑✎✞ ✌✆✠

❤✝✌✈② ✝✡✝✞✝✆ts✒

❚❤✝ s✝✏✟✆✠ ✞✟✠✝✡ r✝❢✝rr✝✠ t✟ ✑✆ t❤✑s ✏❤✌♣t✝r ✌s ☛☞✷ ✌✑✞✝✠ ✌t s✟✡✈✑✆❣ t❤✝

✟✍s✝r✈✝✠ ✖❘✔✕☞✓✔ ✠✑s✏r✝♣✌✆✏✑✝s✒ ❚❤✝ ❢✟✡✡✟✇✑✆❣ ♣r✟✏✝✠✎r✝s ✇✝r✝ ✎s✝✠ t✟ ✏✟✆✕

str✌✑✆ t❤✝ ✞✟✠✝✡ ☛☞✷✿

✶✒ ❲✝ ✌✠✟♣t✝✠ t❤✝ ✠✝✆s✑t② ✞✟✠✝✡ ✌✆✠ ✏❤✝✞✑str② ✟❢ t❤✝ ✑✆✆✝r s❤✝✡✡ ✌✆✠ t❤✝

✏✝✆tr✌✡ st✌r ♣r✟♣✝rt✑✝s ✭✛✜✢✢ ✌✆✠ ✣❄✮ ❢✟✎✆✠ ❢r✟✞ ☛☞✶✒

✷✒ ❲✝ ✌✠✠✝✠ s✟✞✝ ✞✝t✌✡✕r✑✏❤ ✏✝✡✡s ✇✑t❤ ✌ s✞✌✡✡ ✚✡✡✑✆❣ ❢✌✏t✟r ✭✤ ✥ ✵✦✵✺❀ ✧✒✧✧★

☛❏✮ ✞✑①✝✠ ✇✑t❤ t❤✝ ✆✟r✞✌✡✕✌✍✎✆✠✌✆✏✝s s❤✝✡✡ ✭✧✒✧✼★ ☛❏✮ ✒ ❚❤✝ ✝✡✝✞✝✆✕

t✌✡ ✌✍✎✆✠✌✆✏✝s ✟❢ ❍✝✱ ☞✱ ✩ ✌✆✠ ✖ ✠✝r✑✈✝✠ ❢r✟✞ t❤✝ ✖❘✔ ✝✞♣✑r✑✏✌✡ ✌✆✌✡②s✑s

✇✝r✝ ✎s✝✠ ❢✟r t❤✝ ✑✆✑t✑✌✡ ✌✍✎✆✠✌✆✏✝s ✟❢ t❤✝ ✞✝t✌✡✕r✑✏❤ ✑✆✏✡✎s✑✟✆s✱ ✌ss✎✞✕

✑✆❣ ✌ ❍ ✆✎✞✍✝r ✠✝✆s✑t② ✟❢ ✪✫❂✶✧✱✧✧✧ ✏✞✬✸✒

✯✒ ❲✝ ✌✠❥✎st✝✠ t❤✝ ✝✡✝✞✝✆t✌✡ ✌✍✎✆✠✌✆✏✝s ✌✆✠ t❤✝ ✚✡✡✑✆❣ ❢✌✏t✟r ✟❢ t❤✝ ✞✝t✌✡✕

r✑✏❤ ✑✆✏✡✎s✑✟✆s t✟ r✝♣r✟✠✎✏✝ t❤✝ ✟✍s✝r✈✝✠ ✩ ✘✘ ✌✆✠ ✖ ✘✘ ✖❘✔s ✌✆✠ t❤✝ ✞✝✌✆

❍✝ ✘ t✝✞♣✝r✌t✎r✝✒

✙✒ ✗s t❤✝ ☞✓✔s ✇✝r✝ ✌✡s✟ ✌❢❢✝✏t✝✠ ✍② t❤✝ ✞✝t✌✡✕r✑✏❤ ✑✆✏✡✎s✑✟✆s✱ t❤✝ ✏❤✌r✌✏t✝r✕

✑st✑✏ ✠✝✆s✑t✑✝s ✭✪✰ ✌✆✠ ✪✴✮ ✟❢ t❤✝ ✆✟r✞✌✡ s❤✝✡✡ ✇✝r✝ ✌✠❥✎st✝✠ t✟ ✞✌t✏❤ t❤✝

❆✻✽❦✾❁③ ❉❃❅●✽❦❃❑ ✷✙✶



✹✳ ❍❇ ✹✿ ❆ P▲❆◆❊❚❆❘❨ ◆❊❇❯▲❆ ❲■❚❍ ❋▲■❊❘❙

♥❡❜✉❧❛r ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr✉♠�

✁✂✁✂✶ ▼✄❞☎✆ ✝✞✟✠✡☛

☞❛❜❧❡ ✌�✺ ♣r❡s❡♥ts t❤❡ ♣❛r❛♠❡t❡rs ♦❢ t❤❡ ❵♠❡t❛❧✲r✐❝❤✬ ✐♥❝❧✉s✐♦♥s ✭❝♦❧✉♠♥ ✾✮ ❛♥✍

t❤❡ ❵♥♦r♠❛❧✬ ♣❧❛s♠❛ ✭❝♦❧✉♠♥ ✎✵✮ ❢♦r t❤❡ ❜❡st ✏tt✐♥❣ ♠♦✍❡❧ ✑❈✷� ✒♥ t❤✐s ♠♦✍❡❧✱

✇❡ ❛ss✉♠❡✍ ✓✔❂✎✵✱✵✵✵ ❝♠✕✸ ❢♦r t❤❡ ❵♠❡t❛❧✲r✐❝❤✬ ✐♥❝❧✉s✐♦♥s✱ ✇❤✐❧❡ ❤✐❣❤❡r ✈❛❧✲

✉❡s ②✐❡❧✍ ❧♦✇❡r ❛❜✉♥✍❛♥❝❡s ♦❢ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥ ❛♥✍ ❝♦rr❡s♣♦♥✍s t♦ ❛ ❧♦✇❡r

✏❧❧✐♥❣ ❢❛❝t♦r� ☞❤❡ ✏❧❧✐♥❣ ❢❛❝t♦r ✇❛s ❢♦✉♥✍ t♦ ❜❡ ✖ ✗✘✙✘✚✛� ☞♦ ❜❛❧❛♥❝❡ t❤❡ t❤❡r♠❛❧

❛♥✍ ✐♦♥✐❝ str✉❝t✉r❡✱ ✇❡ ❛❧s♦ ❝❤❛♥❣❡✍ t❤❡ ❝❤❛r❛❝t❡r✐st✐❝ ✍❡♥s✐t✐❡s ♦❢ t❤❡ ♥♦r♠❛❧

s❤❡❧❧✱ ✓✜ ✗ ✻✘✢✘ ❝♠✕✸ ❛♥✍ ✓✣ ✗ ✤✘✥✘ ❝♠✕✸� ☞❤❡ ♥♦r♠❛❧ ♠❡❛♥ ✍❡♥s✐t② ♦❢ ✑❈✷

✐s s❧✐❣❤t❧② ❧♦✇❡r ✭✾✷✪✮ t❤❛♥ ✑❈✎ t♦ ❛❝❝♦✉♥t ❢♦r t❤❡ ♣r❡s❡♥❝❡ ♦❢ t❤❡ ♠❡t❛❧✲r✐❝❤✱

✍❡♥s❡ ❝❡❧❧s ❡♠❜❡✍✍❡✍ ✐♥ t❤❡ ♥♦r♠❛❧ ♣❧❛s♠❛�

✦♦r t❤❡ ♠♦✍❡❧ ✑❈✷✱ t❤❡ ❛❜✉♥✍❛♥❝❡s ♦❢ ♥✐tr♦❣❡♥ ❛♥✍ ♦①②❣❡♥ ✇❡r❡ ❛✍♦♣t❡✍

t♦ ❜❡ ✷✵ ❛♥✍ ✧✾ t✐♠❡s ❧❛r❣❡r ✐♥ t❤❡ ♠❡t❛❧✲r✐❝❤ ❝♦♠♣♦♥❡♥t t❤❛♥ ✐♥ t❤❡ ♥♦r♠❛❧

♦♥❡❀ t❤❡s❡ ❡♥r✐❝❤♠❡♥t ❢❛❝t♦rs ❛r❡ ❛❜❧❡ t♦ r❡♣r♦✍✉❝❡ t❤❡ ♦❜s❡r✈❡✍ ★ ✩✩ ❛♥✍ ❖ ✩✩

❖✫✯s� ☞❤❡ ♥❡♦♥ ❛❜✉♥✍❛♥❝❡ ✇❛s ❝❤♦s❡♥ t♦ ❜❡ ✎✺ t✐♠❡s ❤✐❣❤❡r ✐♥ t❤❡ ♠❡t❛❧✲r✐❝❤

❝♦♠♣♦♥❡♥t t❤❛♥ ✐♥ t❤❡ ♥♦r♠❛❧ ♦♥❡ ✐♥ ♦r✍❡r t♦ r❡♣r♦✍✉❝❡ t❤❡ ✐♦♥✐❝ str✉❝t✉r❡

♦❢ t❤❡ ✇❤♦❧❡ ♥❡❜✉❧❛✱ ❛❧t❤♦✉❣❤ ✇❡ ✍✐✍ ♥♦t ♦❜s❡r✈❡ ❛♥② r❡❧✐❛❜❧❡ ★❡ ✩✩ ❧✐♥❡s t♦

❝♦♥str❛✐♥ ♦✉r ♠♦✍❡❧� ☞❤❡ ❛❜✉♥✍❛♥❝❡s ♦❢ ♦t❤❡r ❡❧❡♠❡♥ts ✭✰✱ ❈❧ ❛♥✍ ✴r✮ ✐♥ t❤❡

♠❡t❛❧✲r✐❝❤ ❝♦♠♣♦♥❡♥t ✇❡r❡ ❝❤♦s❡♥ t♦ ❜❡ r♦✉❣❤❧② t✇✐❝❡ t❤❡✐r ❛❜✉♥✍❛♥❝❡s ✐♥ t❤❡

♥♦r♠❛❧ ❝♦♠♣♦♥❡♥t✱ ❛s t❤❡② ♦❢t❡♥ r❡♠❛✐♥ ✉♥❛❢❢❡❝t❡✍ ❜② ♥✉❝❧❡♦s②♥t❤❡s✐s ❛♥✍

♦t❤❡r ♣r♦❝❡ss❡s�

✁✂✁✂✼ ▼✄❞☎✆ ✽☎☛✠✆✡☛

❁❃❄ ❅❉●❏❑◗❱❳

☞❤❡ ❖✫✯ ✐♥t❡♥s✐t✐❡s ♣r❡✍✐❝t❡✍ ❜② ♠♦✍❡❧ ✑❈✷ ❛r❡ ❝♦♠♣❛r❡✍ t♦ t❤❡ ♦❜s❡r✈❡✍

✈❛❧✉❡s ✐♥ ☞❛❜❧❡ ✌�❩� ☞❤❡ ❛❣r❡❡♠❡♥t ❜❡t✇❡❡♥ t❤❡ ♣r❡✍✐❝t✐♦♥s ❢r♦♠ ✑❈✷ ❛♥✍ t❤❡

✷✌✷ ❬❭❪❫❴❥❦❪q ❪③ ④❫⑤q⑥❥⑤⑦⑧ q⑥⑨❴❫⑤⑥ ⑩❦❥❶ ❷❸❹❥⑧④⑥ ❺⑥q❥⑦⑤❫ ❻❥⑤⑦❻
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♦❜s❡r✈❛t✐♦♥s ✐s ❜❡tt❡r t❤❛♥ �✁✶✂ ✄♥ ❛❞❞✐t✐♦♥✱ t❤❡ ♠♦❞❡❧ ②✐❡❧❞s ❛ ❜❡tt❡r ☎t t♦ t❤❡

♠❡❛s✉r❡❞ ✆✉①❡s ♦❢ t❤❡ ❛✉r♦r❛❧ ❬✝ ✞✞❪ ✟✺✼✺✺ ❛♥❞ ❬✠ ✞✞✞❪ ✟✡✸✻✸ ❧✐♥❡s✱ ✇❤✐❝❤ ✐s

♦✈❡r❡st✐♠❛t❡❞ ❜② �✁✶✂ ❚❤✐s ✐s ❞✉❡ t♦ t❤❡ ❢❛❝t t❤❛t t❤❡ ❝♦❧❞ ♠❡t❛❧☛r✐❝❤ ✐♥❝❧✉s✐♦♥s

r❡❞✉❝❡ t❤❡ t❡♠♣❡r❛t✉r❡ ♦❢ t❤❡ ❞✐❢❢✉s❡ ♥❡❜✉❧❛r ❣❛s✂ ❚❤❡ ♠❛❥♦r✐t② ♦❢ t❤❡ ✠ ✞✞ ❧✐♥❡s

❛r❡ ✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ♦❜s❡r✈❛t✐♦♥s✱ ✇✐t❤ ☎ts t♦ ✇✐t❤✐♥ ✸✵✪✱ ❡①❝❡♣t

✟✡✵✻✾✂✻✱ ✟✡✵✼✺✂✾✱ ✟✡✶✺✸✂✸ ✟✡✸✶✼✂✶✱ ✟✡✸✡✺✂✻✱ ✟✡✸✡✾✂✡ ❛♥❞ ✟✡✻✡✶✂✽✂ ❚❤❡

✠ ✞✞ ❧✐♥❡ ✟✡✵✻✾✂✻ ❝♦✉❧❞ ❜❡ ❜❧❡♥❞❡❞ ✇✐t❤ t❤❡ ✠ ✞✞ ✡✵✻✾✂✾ ❛♥❞ ❛❧s♦ t❤❡ ☞❙ ✞✞✌

✡✵✻✽✂✻✂ ❙✐♠✐❧❛r❧②✱ t❤❡ ✠ ✞✞ ✟✡✵✼✺✂✾ ❧✐♥❡ ♠❛② ❤❛✈❡ s♦♠❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ t❤❡

☞❙ ✞✞✌ ✡✵✼✻✂✸✂ ❚❤❡ ❡①tr❡♠❡❧② ❧♦✇ ✐♥t❡♥s✐t✐❡s ♦❢ t❤❡ ✠ ✞✞ ❧✐♥❡ ✟✡✶✺✸✂✸✱ ✟✡✸✶✼✂✶✱

✟✡✸✡✺✂✻ ❛♥❞ ✟✡✸✡✾✂✡ ❧✐♥❡s ②✐❡❧❞ ✈❡r② ❧♦✇ s✐❣♥❛❧☛t♦☛♥♦✐s❡ r❛t✐♦s✱ ✇❤✐❧❡ t❤❡ ✠ ✞✞

✟✡✸✶✼✂✶ ❛♥❞ ✟✡✸✡✺✂✻ ❧✐♥❡s ❝♦✉❧❞ ❜❡ ❛❧s♦ ❜❧❡♥❞❡❞ ✇✐t❤ ♥❡❛r ✠ ✞✞ ✠❘✍s s✉❝❤

❛s ✟✡✸✶✼✂✼ ❛♥❞ ✟✡✸✡✺✂✺✱ r❡s♣❡❝t✐✈❡❧②✂ ❚❤❡ ✠ ✞✞ ✟✡✻✡✶✂✽ ❧✐♥❡ ❝♦✉❧❞ ❜❡ ♠✐①❡❞

✇✐t❤ t❤❡ ✝ ✞✞✞ ✟✡✻✡✵✂✻ ❧✐♥❡✂ ❚❤❡ ✝ ✞✞ ❧✐♥❡s ❛r❡ ❛❧s♦ ✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡

♦❜s❡r✈❛t✐♦♥s✱ ❞✐s❝r❡♣❛♥❝✐❡s ❧❡ss t❤❛♥ ✷✵✪✂ ❚❤❡ ♣r❡❞✐❝t❡❞ ✁ ✞✞ ✠❘✍s s❤♦✇ ❧♦✇❡r

❞✐s❝r❡♣❛♥❝✐❡s ✇✐t❤✐♥ ✡✵✪✱ ❛♣❛rt ❢r♦♠ ✁ ✞✞ ✟✻✺✼✽ ❛♥❞ ✟✼✷✸✻ ❧✐♥❡s✂ ✄♥ ♣❛rt✐❝✉❧❛r✱

t❤❡ ✁ ✞✞ ✟✡✷✻✼✂✷ ❧✐♥❡ ✐s ♠✉❝❤ str♦♥❣❡r t❤❛♥ ❛♥② ♥❡❛r❜② ✠ ✞✞ ✠❘✍s✱ s♦ ✐t ❝♦✉❧❞ ♥♦t

❜❡ ❜❧❡♥❞❡❞ ✇✐t❤ t❤❡♠✂ ✎s s❡❡♥ ✐♥ ❚❛❜❧❡ ✡✂✡✱ t❤❡ ❛❜✉♥❞❛♥❝❡s ❢r♦♠ t❤❡ ✟✻✶✺✶✱

✟✻✡✻✷ ❛♥❞ ✟✺✸✡✷ ❧✐♥❡s ❛r❡ ✐♥ ♣r❡tt② ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ✟✡✷✻✼ ❧✐♥❡✱ ❛♥❞

t❤❡✐r ❧♦✇❡r ❡♥❡r❣② ❧❡✈❡❧ ✐s t❤❡ ✉♣♣❡r ❧❡✈❡❧ ♦❢ t❤❡ ✟✡✷✻✼ ❧✐♥❡✱ s♦ ♥♦ ♦t❤❡r ♣r♦❝❡ss

❜❡s✐❞❡s r❡❝♦♠❜✐♥❛t✐♦♥ ♣r♦❞✉❝❡s t❤❡ ❧✐♥❡ ✆✉①✂ ❚❤❡ ✁ ✞✞ ✟✻✺✼✽ ❛♥❞ ✟✼✷✸✻ ❧✐♥❡s

❤❛✈❡ ✉♥r❡❧✐❛❜❧❡ ♠❡❛s✉r❡♠❡♥ts ❛♥❞ ❝♦✉❧❞ ❜❡ ❜❧❡♥❞❡❞ ✇✐t❤ ♥❡❛r❜② ❧✐♥❡s✂

✏✑✒✓✔ ✕✒✖ ✗✘✙✚✛✕✜ ✢✗✚✣✔✗✣✚✙

❚❛❜❧❡ ✡✂✾ ♣r❡s❡♥ts t❤❡ ✈♦❧✉♠❡☛❛✈❡r❛❣❡❞ ❢r❛❝t✐♦♥❛❧ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❢♦r t❤❡

r✐♥❣✱ ✇❤✐❝❤ ❝❛♥ ❜❡ ❝♦♠♣❛r❡❞ ✇✐t❤ t❤❡ ☎rst r♦✇ ♦❢ ❚❛❜❧❡ ✡✂✼✂ ✎s s❡❡♥✱ t❤❡

♣r❡❞✐❝t❡❞ ✐♦♥✐❝ ❢r❛❝t✐♦♥s ♦❢ t❤❡ ✐♠♣♦rt❛♥t ✐♦♥s ❛r❡ ❣❡♥❡r❛❧❧② ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤

�✁✶✂ ✠♥❝❡ ❛❣❛✐♥✱ ❤②❞r♦❣❡♥ ✐s ❢✉❧❧② ✐♦♥✐③❡❞ ❛♥❞ ❤❡❧✐✉♠ ✐s ✼✽ ♣❡r❝❡♥t s✐♥❣❧②

✐♦♥✐③❡❞ ❛♥❞ ✷✶ ♣❡r❝❡♥t ❞♦✉❜❧② ✐♦♥✐③❡❞✱ ✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ �✁✶✂ ✄t ❝❛♥

❜❡ s❡❡♥ t❤❛t t❤❡ ❣❡♥❡r❛❧ ✐♦♥✐③❛t✐♦♥ str✉❝t✉r❡ ✐♥ �✁✷ ✐s ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ �✁✶✂

❆✤✥❦✦✧★ ❉✩✫✬✥❦✩✭ ✷✡✸
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�♦r ❡①❛♠♣❧❡✱ t❤❡ ♣r❡❞✐❝t❡❞ ✐♦♥✐❝ ❢r❛❝t✐♦♥ ♦❢ ✁✰✱ ❖✰✱ ✁✷✰ ❛♥❞ ❖✷✰ ❛r❡ ❛❜♦✉t t❤❡

✈❛❧✉❡s ❝❛❧❝✉❧❛t❡❞ ❜② ▼❈✶✂ ✄❤❡ ☎✰ ✐♦♥✐❝ ❢r❛❝t✐♦♥ ♣r❡❞✐❝t❡❞ ❜② ▼❈✆ ✐s ✶✂✝ t✐♠❡s

t❤❡ ♣r❡❞✐❝❛t✐♦♥ ♦❢ ▼❈✶✱ ✇❤✐❧❡ ☎✷✰ ❛♥❞ ☎✸✰ ❛r❡ r♦✉❣❤❧② s✐♠✐❧❛r✂

✞❡s✉❧ts ❢♦r t❤❡ ♠❡❛♥ t❡♠♣❡r❛t✉r❡s ✇❡✐❣❤t❡❞ ❜② ✐♦♥✐❝ s♣❡❝✐❡s ❛r❡ s❤♦✇♥ ✐♥

✄❛❜❧❡ ✝✂✶✵✂ ✄❤❡ ✟rst ❡♥tr✐❡s ❢♦r ❡❛❝❤ ❡❧❡♠❡♥t ❛r❡ ❢♦r t❤❡ ✠✲♣♦♦r ✐♥❝❧✉s✐♦♥✱

t❤❡ s❡❝♦♥❞ ❡♥tr✐❡s ❛r❡ ❢♦r t❤❡ ♥♦r♠❛❧ ♣❧❛s♠❛✱ ❛♥❞ t❤❡ t❤✐r❞ ❡♥tr✐❡s ❛r❡ ❢♦r

t❤❡ t♦t❛❧ str✉❝t✉r❡✂ ✄❤❡ ✈❛❧✉❡ ♦❢ ✡☛✭❖ ☞☞✮ ❂ ✶✵✱✻✾✾ ❑ ♣r❡❞✐❝t❡❞ ❜② t❤❡ ✇❤♦❧❡

str✉❝t✉r❡ ✐s ❛❜♦✉t ✆✱✻✵✵ ❑ ❧♦✇❡r t❤❛♥ t❤❡ ❡♠♣✐r✐❝❛❧ r❡s✉❧t ♦❢ ✡☛✭❖ ☞☞✮ ❂ ✶✌✱✌✝✵

❑✂ ✠♦✇❡✈❡r✱ t❤❡ t❡♠♣❡r❛t✉r❡s ♦❢ ✡☛✭✁ ☞☞✮ ❂ ✶✵✱✻✆✽ ❑ ♣r❡❞✐❝t❡❞ ❜② t❤❡ ✞✐♥❣

♠♦❞❡❧ ✐s ✐♥ ❞❡❝❡♥t ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ✈❛❧✉❡ ♦❢ ✡☛✭❖ ☞☞✮ ❂ ✾✱✽✵✵ ❑ ❡♠♣✐r✐❝❛❧❧②

❞❡r✐✈❡❞ ❢r♦♠ ❈✍✎s✂ ✄❤❡ ♣r❡❞✐❝t❡❞ ✈❛❧✉❡ ♦❢ ❬❖ ☞☞☞❪ ✐s ✶✶✱✌✺✝ ❑✱ ✇❤✐❝❤ ✐s ❛❜♦✉t

✶✱✌✵✵ ❑ ❤✐❣❤❡r t❤❛♥ t❤❡ ❡♠♣✐r✐❝❛❧ r❡s✉❧t ✡☛✭❖ ☞☞☞✮ ❂ ✶✵✱✵✆✵ ❑✂ ✄❤❡ t❡♠♣❡r❛t✉r❡

♦❢ ✺✱✻✾✌ ❑ ✇❡✐❣❤t❡❞ ❜② ✠❡ ☞ ✐♥ t❤❡ ✠✲♣♦♦r ❝♦♠♣♦♥❡♥t ✐s ❛❜♦✉t ✶✱✼✵✵ ❑ ❧♦✇❡r

t❤❛♥ t❤❛♥ t❤❡ ♠❡❛♥ ✠❡ ☞ t❡♠♣❡r❛t✉r❡ ♦❢ ✼✱✝✵✵ ❑ ❞❡r✐✈❡❞ ❢r♦♠ ❖✞✎s✂ ✏t ✐s ❛❧s♦

✇♦rt❤ ♥♦t✐❝✐♥❣ t❤❛t t❤❡ ♠❡❛♥ t❡♠♣❡r❛t✉r❡s ♣r❡❞✐❝t❡❞ ❜② ▼❈✆ ✐s ❧♦✇❡r t❤❛♥

t❤♦s❡ ❢r♦♠ ▼❈✶✂ ✄❤✐s ✐s ❞✉❡ t♦ t❤❡ ❝♦♦❧✐♥❣ ❡❢❢❡❝ts ♦❢ t❤❡ ✠✲♣♦♦r ✐♥❝❧✉s✐♦♥s✂ ✑❡

t❛❦❡ ♥♦ ❛❝❝♦✉♥t ♦❢ t❤❡ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡ t✇♦ r❡❣✐♦♥s✱ ✇❤✐❝❤ ❝♦✉❧❞ ❧❡❛❞

t♦ t❡♠♣❡r❛t✉r❡ ✈❛r✐❛t✐♦♥s✂ ✑❡ ❛ss✉♠❡❞ ❛ ✉♥✐❢♦r♠ ❞✐str✐❜✉t✐♦♥ ✭✒ ✓ ✔✕✔✖✮ ❢♦r

t❤❡ ✠✲♣♦♦r str✉❝t✉r❡s✱ ❜✉t ♣♦s✐t✐♦♥s ♦❢ ✐♥❞✐✈✐❞✉❛❧ ✠✲♣♦♦r ❝❡❧❧s ❝❛♥ ❞r❛♠❛t✐❝❛❧❧②

❛❢❢❡❝t ❜♦t❤ ✐♦♥✐③❛t✐♦♥ ❛♥❞ t❤❡r♠❛❧ str✉❝t✉r❡✂ ✗s t❤❡ ✐♥♥❡r s❤❡❧❧ ✐s ❞❡♥s❡ ✭✘✙ ✚

✛✔✔✔ ❝♠✜✸✮ ❛♥❞ ♦♣t✐❝❛❧❧② t❤✐❝❦✱ t❤❡ tr❛♥s✐t✐♦♥ r❡❣✐♦♥ ❜❡t✇❡❡♥ ♣❤♦t♦✐♦♥✐③❛t✐♦♥

❛♥❞ ✢❉✞ r❡❣✐♦♥s ❞♦❡s ♥♦t ❤❛✈❡ ♠✉❝❤ t❤❡r♠❛❧ ❡❢❢❡❝ts✂

✣✤✥ ✦✧★✩✪✫✬✯✧★✬

✏♥ t❤✐s ❝❤❛♣t❡r✱ ✇❡ ❤❛✈❡ ✐♥t❡♥❞❡❞ t♦ ❛❞❞r❡ss t❤❡ ♣r♦❜❧❡♠ ♦❢ t❤❡ ❛♣♣❛r❡♥t ♥✐tr♦✲

❣❡♥ ♦✈❡r❛❜✉♥❞❛♥❝❡ ✐♥ t❤❡ ♦✉t❡r �✎✏✍✞s ♦❢ ❛ ♥❡❜✉❧❛ ✇✐t❤ ❣❡♦♠❡tr② ❛♥❞ s♣❡❝✲

tr♦s❝♦♣✐❝ ❢❡❛t✉r❡s ❧✐❦❡ ✠❜ ✝✂ ✑❡ ❤❛✈❡ ❝♦♥str✉❝t❡❞ ❛ ✌❉ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧

❛ss✉♠✐♥❣ ❝❤❡♠✐❝❛❧❧② ❤♦♠♦❣❡♥❡♦✉s ❛❜✉♥❞❛♥❝❡s✱ ✇✐t❤♦✉t t❤❡ ♥❡❡❞ ♦❢ ❝❤❡♠✐❝❛❧

✆✝✝ ✴❀❁❃❄❅●❁❏ ❁◗ ❱❃❳❏❩❅❳❭❫ ❏❩❴❄❃❳❩ ❵●❅❥ q④⑤❅❫❱❩ ⑥❩❏❅❭❳❃ ⑦❅❳❭⑦
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❚❛❜❧❡ �✁✾✿ ❋r❛❝t✐♦♥❛❧ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❢♦r t❤❡ r✐♥❣ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ♣❤♦t♦✐♦♥✲

✐③❛t✐♦♥ ♠♦❞❡❧ ▼✂✷✁

✄☎✆

❊✝✞✟✞✆✠ ✡ ✡✡ ✡✡✡ ✡❱ ❱ ❱✡ ❱✡✡

❍ ✶☛☞✼✭✌✍✮ ☞☛✽✵✭✌✎✮

❍✞ ✶☛✏✵✭✌✍✮ ✼☛✽✏✭✌✎✮ ✏☛✵✻✭✌✎✮

✑ ✶☛✒✏✭✌✓✮ ✼☛✸✔✭✌✍✮ ✔☛✒✶✭✌✎✮ ✸☛✻✶✭✌✎✮ ✏☛✒✼✭✌✍✮ ✸☛✒✏✭✌✎✕✮ ✶☛✵✵✭✌✍✖✮

✗ ✒☛✼✒✭✌✘✮ ✼☛✔✔✭✌✍✮ ✔☛✶✻✭✌✎✮ ✸☛✼✏✭✌✎✮ ✏☛✻✵✭✌✍✮ ✻☛✏✵✭✌✘✮ ✶☛✸✻✭✌✎✕✮

✙ ✶☛✏✸✭✌✍✮ ✼☛✼✸✭✌✍✮ ✼☛✻✶✭✌✎✮ ✶☛✏✵✭✌✎✮ ✏☛✸✔✭✌✍✮ ✒☛✽✸✭✌✘✮ ✻☛✻✔✭✌✓✮

✗✞ ✏☛✼✸✭✌✘✮ ✏☛✼✒✭✌✍✮ ✽☛✒☞✭✌✎✮ ☞☛✶✽✭✌✍✮ ✏☛✔✽✭✌✍✮ ✸☛✒✵✭✌✘✮ ✒☛✻✼✭✌✕✮

✚ ✶☛✻☞✭✌✕✮ ✸☛✼✽✭✌✍✮ ✏☛✔✒✭✌✎✮ ✒☛✶✽✭✌✎✮ ✏☛✔✒✭✌✎✮ ✏☛✽✔✭✌✍✮ ✼☛✻✸✭✌✘✮

✑✝ ✽☛✸✶✭✌✕✮ ✔☛☞✔✭✌✍✮ ✸☛✼✔✭✌✎✮ ✔☛✵✏✭✌✎✮ ✒☛✏✵✭✌✍✮ ✶☛✸✔✭✌✍✮ ✼☛✻✻✭✌✘✮

❆✛ ✏☛✏✏✭✌✘✮ ✶☛✸✏✭✌✍✮ ✏☛✵✼✭✌✎✮ ✻☛✸☞✭✌✎✮ ✽☛✶✏✭✌✍✮ ✒☛✶✶✭✌✍✮ ✶☛✻✔✭✌✍✮

✐♥❤♦♠♦❣❡♥❡✐t②✁ ❚❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ♠♦❞❡❧ ♣❧❛②s ❛ ❝r✉❝✐❛❧ r♦❧❡ ✐♥

r❡♣r♦❞✉❝✐♥❣ t❤❡ ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr✉♠✁ ❚❤❡ ❞❡♥s✐t② ♠♦❞❡❧ ❝♦♥s✐sts ♦❢ ❛ ❞❡♥s❡

t♦r✉s ✇❤❡r❡ ❞❡♥s✐t✐❡s r❡❛❝❤ ✜✱✜✢✢ ❝♠✣✤ ❛t t❤❡ ✐♥♥❡r ❡❞❣❡✱ ❛♥ ♦✉t❡r t❡♥✉♦✉s

❤❛❧♦ ✇✐t❤ ❛ ❝♦♥st❛♥t ❞❡♥s✐t② ♦❢ ✥✷✦✢ ❝♠✣✤✱ ❛♥❞ ❛♥ ✐♥♥❡r ❜✉❜❜❧❡ ❛♥❞ ❛ ♣❛✐r ♦❢

♦✉t❡r ❋✧★✩❘s ✇✐t❤ ❛ ❝♦♥st❛♥t ❞❡♥s✐t② ♦❢ ✷✢✢✢ ❝♠✣✤✁ ❚❤✐s ❝♦♠❜✐♥❛t✐♦♥ ✇❛s r❡✲

q✉✐r❡❞ t♦ r❡s❡♠❜❧❡ t❤❡ ♠♦r♣❤♦❧♦❣✐❝❛❧ ❢❡❛t✉r❡s s❡❡♥ ✐♥ t❤❡ ✪❙✫ ✐♠❛❣❡s✱ ❛s ✇❡❧❧

❛s t❤❡ ❦✐♥❡♠❛t✐❝ ❛♥❛❧②s✐s✁ ✬❧t❤♦✉❣❤ ✯✲❞❡✰❝✐❡♥t ✴✧❚✩ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡s ❞✐❞

♥♦t ♣r♦✈✐❞❡ ❛ ❣♦♦❞ ♠❛t❝❤ t♦ t❤❡ ♦❜s❡r✈❛t✐♦♥s ♦❢ t❤❡ ♥❡❜✉❧❛r s♣❡❝tr✉♠✱ ❛ ✴✧❚✩

♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ✇✐t❤ ❛♥ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ♦❢ ✯ ✿✯❡❂✜ ✿ ✷ ❀❜② ♠❛ss❁✱ t❡♠✲

♣❡r❛t✉r❡ ❃❄❅❅ ❂ ✾✢ ❦❑ ❛♥❞ ❧✉♠✐♥♦s✐t② ❇❉ ❂ �✾✦✢ ✧❏ ❝❛♥ ♣r❡❞✐❝t t❤❡ ✐♦♥✐③❛t✐♦♥

str✉❝t✉r❡ ❛♥❞ t❤❡ ♥❡❜✉❧❛r s♣❡❝tr✉♠ ♦❢ t❤❡ s❤❡❧❧✁ ❚❤✐s ✐♦♥✐③✐♥❣ s♦✉r❝❡ ♣r♦✈✐❞❡❞

t❤❡ ❜❡st ✰t ♦❢ t❤❡ ♦❜s❡r✈❡❞ ✯● ❧✉♠✐♥♦s✐t② ❛♥❞ t❤❡ ✯❡P◗❲✯❡◗ ❛❜✉♥❞❛♥❝❡ r❛t✐♦

❞❡r✐✈❡❞ ❡♠♣✐r✐❝❛❧❧②✁ ❚❤❡ ♠♦❞❡❧ r❡♣r♦❞✉❝❡❞ t❤❡ ♠❛❥♦r✐t② ♦❢ ❡♠✐ss✐♦♥ ❧✐♥❡s ❢r♦♠

t✇♦ ❞✐❢❢❡r❡♥t r❡❣✐♦♥s ♦❢ ✯❜�✱ t❤❡ ✐♥♥❡r s❤❡❧❧ ❛♥❞ t❤❡ ♦✉t❡r ❋✧★✩❘✁ ❳✉t✱ s♦♠❡

❞✐s❝r❡♣❛♥❝✐❡s st✐❧❧ r❡♠❛✐♥✱ ✇❤✐❝❤ ❝♦✉❧❞ ❜❡ ❞✉❡ t♦ ♠✉❝❤ ❝♦♠♣❧❡① ✐♥❤♦♠♦❣❡✲

❨❩❬❭❪❫❴ ❵④⑤⑥❬❭④⑦ ✷�✦
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�❛❜❧❡ ✁✂✶✵✄ ▼❡❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ✭❑✮ ✇❡✐❣❤t❡❞ ❜② ✐♦♥✐❝ s♣❡❝✐❡s ❢♦r t❤❡

r✐♥❣ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ▼❈✷✂ ☎♦r ❡❛❝❤ ❡❧❡♠❡♥t t❤❡ ✆rst

r♦✇ ✐s ❢♦r t❤❡ ✝✲♣♦♦r ❢r❛❝t✐♦♥✱ t❤❡ s❡❝♦♥❞ r♦✇ ✐s ❢♦r t❤❡ ♥♦r♠❛❧ ♣❛rt ❛♥❞ t❤❡

t❤✐r❞ r♦✇ ✐s ❢♦r t❤❡ t♦t❛❧✂

✞✟✠

✡☛ ☞ ☞☞ ☞☞☞ ☞❱ ❱ ❱☞ ❱☞☞
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✏✒✽✻✽ ✏✏✍✼✻ ✏✎✏✼✻ ✏✎✍✸✽ ✏✍✎✸✏ ✏✻✺✾✏ ✏✻✾✒✍

✻✍✼✏ ✏✒✻✎✽ ✏✏✎✺✻ ✏✏✾✾✺ ✏✍✎✒✎ ✏✻✺✾✒ ✏✻✾✒✍
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✔✑ ✍✺✼✸ ✺✒✏✼ ✺✼✸✻ ✻✏✏✺ ✻✏✎✏ ✻✏✎✏ ✻✏✎✏

✏✒✽✎✾ ✏✏✺✻✻ ✏✎✏✍✒ ✏✸✒✽✾ ✏✍✺✻✍ ✏✼✒✎✎ ✏✾✻✽✏

✍✽✸✎ ✾✒✼✻ ✏✏✍✒✎ ✏✸✒✎✎ ✏✍✺✻✏ ✏✼✒✎✎ ✏✾✻✽✏

✕ ✍✽✏✼ ✍✼✺✽ ✺✻✻✺ ✺✼✍✾ ✺✽✼✍ ✻✏✏✼ ✻✏✎✏

✏✏✸✏✼ ✏✏✸✸✼ ✏✎✒✸✾ ✏✎✏✼✎ ✏✎✺✺✾ ✏✍✒✼✽ ✏✻✍✺✼

✾✺✒✺ ✾✍✒✍ ✏✏✸✒✍ ✏✏✸✒✎ ✏✎✏✼✻ ✏✍✒✻✸ ✏✻✍✺✼

✓☛ ✺✒✻✒ ✺✒✻✸ ✺✻✾✸ ✺✽✸✺ ✻✒✍✻ ✻✏✎✏ ✻✏✎✏

✏✏✸✻✏ ✏✏✍✻✸ ✏✎✏✏✼ ✏✎✸✒✾ ✏✸✏✎✽ ✏✍✾✏✽ ✏✻✻✏✸

✾✸✼✏ ✾✻✏✼ ✏✏✏✺✎ ✏✏✽✎✺ ✏✸✒✍✏ ✏✍✾✏✻ ✏✻✻✏✸

✖✗ ✍✺✼✒ ✍✻✻✎ ✺✻✍✍ ✺✼✽✒ ✻✏✏✸ ✻✏✎✏ ✻✏✎✏
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✍✾✏✒ ✼✻✎✾ ✏✒✽✒✒ ✏✏✺✎✾ ✏✎✽✺✍ ✏✸✺✺✼ ✏✺✻✸✾

✷✁✘ ✙✈✚✛✜✢✣✚✤ ✚✥ ✦✛✧✤★✢✧✩✪ ✤★✫✜✛✧★ ✬✣✢✯ ✰✴❀✢✪✦★ ❁★✤✢✩✧✛ ❂✢✧✩❂
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♥❡♦✉s ❝♦♥❞❡♥s❛t✐♦♥s t❤r♦✉❣❤♦✉t t❤❡ ♥❡❜✉❧❛ ❛♥❞ t❤❡ ♠❛❥♦r ❞✐❢❢❡r❡♥❝❡ ❜❡t✇❡❡♥

t❤❡ ❍✲❞❡✂❝✐❡♥t ❛♥❞ ❜❧❛❝❦❜♦❞② s♣❡❝tr❛❧ ❡♥❡r❣② ❞✐str✐❜✉t✐♦♥�

❋♦❧❧♦✇✐♥❣ ●♦♥❝➳❛❧✈❡s ❡t ❛❧� ✭✷✵✵✸✱ ✷✵✵✻✮✱ ✇❡ ❤❛✈❡ ❡①❛♠✐♥❡❞ ✇❛②s ✐♥ ✇❤✐❝❤

t❤❡ ❬✁ ✄✄❪ ☎✻✆✽✝ ❡♠✐ss✐♦♥ ❝♦✉❧❞ ❜❡ s✐❣♥✐✂❝❛♥t❧② ❡♥❤❛♥❝❡❞ ✇✐t❤ r❡s♣❡❝t t♦ ❍✞

✐♥ t❤❡ ❋✟✠❊❘s ✐♥ ❝♦♠♣❛r✐s♦♥ t♦ t❤❡ ✐♥♥❡r s❤❡❧❧� ✡✉r ✂♥❞✐♥❣s s❤♦✇ t❤❛t t❤❡ ❧❛r❣❡

str❡♥❣t❤ ♦❢ t❤❡ ❬✁ ✄✄❪ ☎✻✆✽✝ ❡♠✐ss✐♦♥ ✐♥ t❤❡ ❋✟✠❊❘s ✐s ♠♦r❡ ❧✐❦❡❧② ❛ttr✐❜✉t❡❞ t♦

❣❡♦♠❡tr② ❛♥❞ ✐♥❤♦♠♦❣❡♥❡♦✉s ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥s r❛t❤❡r t❤❛♥ ❝❤❡♠✐❝❛❧ ✐♥❤♦✲

♠♦❣❡♥❡✐t②� ✠t ❤❛s ❜❡❡♥ ❞❡♠♦♥str❛t❡❞ t❤❛t t❤❡ ❬✁ ✄✄❪ ❢❡❛t✉r❡s ♦❢ t❤❡ ✐♥♥❡r s❤❡❧❧

❛♥❞ ♦✉t❡r ❋✟✠❊❘s ❝❛♥ ❜❡ r❡♣r♦❞✉❝❡❞ ✐♥ ❛ ❝❤❡♠✐❝❛❧❧② ❤♦♠♦❣❡♥❡♦✉s ♠♦❞❡❧� ❲❡

♥♦t✐❝❡ t❤❛t t❤❡ ☛☞✌✭✁✮ ♣r❡❞✐❝t❡❞ ❜② ♦✉r ♠♦❞❡❧s✱ ✶✸�✻ ❛♥❞ ✝�✾ ❢♦r t❤❡ ✐♥♥❡r s❤❡❧❧

❛♥❞ t❤❡ ❋✟✠❊❘✱ r❡s♣❡❝t✐✈❡❧②✱ ❛r❡ ♥♦t ✐❞❡♥t✐❝❛❧� ❆❧t❤♦✉❣❤ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s

s❤♦✇s t✇✐❝❡ t❤❡ ♣r❡❞✐❝t❡❞ ✈❛❧✉❡ ❢♦r t❤❡ ✐♥♥❡r s❤❡❧❧✱ t❤❡ ❡♠♣✐r✐❝❛❧ ☛☞✌✭✁✮ ♦❢ t❤❡

❋✟✠❊❘ ✐s ❛❜♦✉t s✐① t✐♠❡ ❤✐❣❤❡r t❤❛♥ t❤❡ ♣r❡❞✐❝t✐♦♥� ❚❤✐s ❝♦✉❧❞ ❜❡ ❞✉❡ t♦ t❤❡ ✉♥✲

❝❡rt❛✐♥t✐❡s ✐♥ t❤❡ ✍✉① ♠❡❛s✉r❡♠❡♥t ❛♥❞ ✍✉① ❝❛❧✐❜r❛t✐♦♥ ♦❢ s♦♠❡ ❡♠✐ss✐♦♥ ❧✐♥❡s✱

s✉❝❤ ❛s t❤❡ ❬✡ ✄✄❪ ❧✐♥❡s� ❚❤❡ ✭✁✰✴✁✮✴✭✡✰✴✡✮ ♣r❡❞✐❝t❡❞ ❜② t❤❡ ♠♦❞❡❧ ▼✎✶ ❛r❡

✵�✾✆ ❛♥❞ ✵�✽✼ ❢♦r t❤❡ ✐♥♥❡r s❤❡❧❧ ❛♥❞ t❤❡ ❋✟✠❊❘✱ r❡s♣❡❝t✐✈❡❧②� ✠t ✐s ❝❧❡❛r t❤❛t ✇✐t❤

t❤❡ t②♣✐❝❛❧ ✁✰✴✁❂✡✰✴✡ ❛ss✉♠♣t✐♦♥ ♦❢ t❤❡ ☛☞✌ ♠❡t❤♦❞✱ ✇❡ ❝❛♥♥♦t ❛❝❝✉r❛t❡❧②

❞❡t❡r♠✐♥❡ t❤❡ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡ ♦❢ ♥✐tr♦❣❡♥� ✏✐♥❝❡ t❤❡ ✎❊✟ ♠❡t❤♦❞ ❞❡✲

♣❡♥❞s ❡①♣♦♥❡♥t✐❛❧❧② ♦♥ t❡♠♣❡r❛t✉r❡✱ ✐♥❛❝❝✉r❛t❡ ✈❛❧✉❡s ♦❢ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡

r❡s✉❧t ✐♥ ♠✐s❧❡❛❞✐♥❣ ❛❜✉♥❞❛♥❝❡ r❡s✉❧ts ✭❡�❣� ●❛r♥❡tt ✶✾✾✷❀ ✏t❛s✐➫♥s❦❛ ✷✵✵✆✮�

❚❤❡r❡❢♦r❡✱ ✐♥❛❝❝✉r❛t❡ ✈❛❧✉❡s ♦❢ ✑✒ ❛♥❞ ✓✒ ✐♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ☛☞✌ ♠❡t❤♦❞✱ ✇✐t❤♦✉t

❞♦✉❜t✱ ❝♦♥tr✐❜✉t❡ t♦ t❤❡ ❛♣♣❛r❡♥t ♦✈❡r❛❜✉♥❞❛♥❝❡ ♦❢ ♥✐tr♦❣❡♥�

✡✉r ✂rst ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ✇❛s ♥♦t ❛❜❧❡ t♦ ♣r❡❞✐❝t t❤❡ ♦❜s❡r✈❡❞ ✡❘✟s

❢r♦♠ ❤❡❛✈② ❡❧❡♠❡♥t ✐♦♥s� ❲❡ ✐♥t❡♥❞❡❞ t♦ s♦❧✈❡ t❤✐s ✐ss✉❡ t❤r♦✉❣❤ ❛ ❜✐✲❛❜✉♥❞❛♥❝❡

♠♦❞❡❧ ✭✟✐✉ ❡t ❛❧� ✷✵✵✵✮� ❲❡ ❤❛✈❡ ❛ss✉♠❡❞ t❤❛t t❤❡ ♥❡❜✉❧❛ ❝♦♥t❛✐♥s t✇♦ ❞✐❢❢❡r✲

❡♥t ❝❤❡♠✐❝❛❧ ❝♦♠♣♦♥❡♥ts✱ ♥❛♠❡❧② ❝♦❧❞ ❵♠❡t❛❧✲r✐❝❤✬ ❛♥❞ ❞✐❢❢✉s❡ ✇❛r♠ ❵♥♦r♠❛❧✬

❛❜✉♥❞❛♥❝❡� ❚❤❡ ✡❘✟s ❛r❡ ♣r❡❞♦♠✐♥❛t❡❧② ❡♠✐tt❡❞ ❢r♦♠ t❤❡ ❝♦❧❞ ❵♠❡t❛❧✲r✐❝❤

r❡❣✐♦♥s ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ✇❛r♠ ✬❞✐❢❢✉s❡✬ ♣❧❛s♠❛ ♦❢ ♥♦r♠❛❧ ❛❜✉♥❞❛♥❝❡s� ❚❤❡ r❡✲

s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ ♠❛② ♣r♦✈✐❞❡ ❛ ♣❤②s✐❝❛❧ ❡①♣❧❛♥❛t✐♦♥

✔✕✖✗✘☛✙ ❉✚✛✜✖✗✚✢ ✷✝✼
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❢♦r ❧❛r❣❡ ❞✐s❝r❡♣❛♥❝✐❡s ❜❡t✇❡❡♥ ❖�✁ ❛♥❞ ❈✂✁ ❛❜✉♥❞❛♥❝❡s ❡♠♣✐r✐❝❛❧❧② ❞❡r✐✈❡❞✄

☎t ♠❛② ❛❧s♦ ❣✐✈❡ ❛ ♥❛t✉r❛❧ ❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤❡ ❤❡❧✐✉♠ t❡♠♣❡r❛t✉r❡s✱ ✇❤✐❝❤ ❛r❡

t②♣✐❝❛❧❧② ❧♦✇❡r t❤❛♥ t❤❡ t❡♠♣❡r❛t✉r❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❈✂✁s✄ ✆❤✐❧❡ ✝✲❞❡✞❝✐❡♥t✱

♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ✐♥ t❤❡ ♥❡❜✉❧❛ ❛r❡ ❛❜❧❡ t♦ s♦❧✈❡ t❤❡ ❖�✁✲❈✂✁ ♣r♦❜❧❡♠✱ t❤❡

♦r✐❣✐♥ ♦❢ s✉❝❤ str✉❝t✉r❡s ✐s ❛s ②❡t ✉♥❦♥♦✇♥✄ ❖♥❡ ♠✐❣❤t ❡①♣❡❝t ❛ ❧✐♥❦ ❜❡t✇❡❡♥

t❤❡♠ ❛♥❞ ❤②❞r♦❣❡♥✲❞❡✞❝✐❡♥t ❝❡♥tr❛❧ st❛rs✄ ☎t ✐s ♣♦ss✐❜❧❡ t❤❛t t❤❡② ✇❡r❡ ❡❥❡❝t❡❞

❢r♦♠ t❤❡ st❡❧❧❛r s✉r❢❛❝❡ ❞✉r✐♥❣ t❤❡ ❜♦r♥✲❛❣❛✐♥ s❝❡♥❛r✐♦✄ ✟❤❡② ❝♦✉❧❞ ❛❧s♦ ❜❡

♣r♦❞✉❝❡❞ ❜② t❤❡ ❡✈❛♣♦r❛t✐♦♥ ❛♥❞ ❞❡str✉❝t✐♦♥ ♦❢ t❤❡ ♣❧❛♥❡t❛r② s②st❡♠ ♦❢ t❤❡

♣r♦❣❡♥✐t♦r st❛r ✭✁✐✉ ✷✵✵✸✮✄ ✠✉rt❤❡r ✇♦r❦ ✐s r❡q✉✐r❡❞ t♦ ✐♥✈❡st✐❣❛t❡ ❛♥② ❧✐♥❦ ❜❡✲

t✇❡❡♥ t❤❡ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ✐♥ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ❛♥❞ t❤❡✐r ✝✲❞❡✞❝✐❡♥t

❝❡♥tr❛❧ st❛rs✄
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❆❜❡❧❧ ✹✽ ✇✐t❤ ❛ ❬❲◆❪✲t②♣❡ st❛r

❚�✁ ❝♦♥✂✁♥✂✄ ♦❢ ✂�☎✄ ❝�✆✝✂✁✞ ✟✁✞✁ ✝✉✠✡☎✄�✁❞ ☎♥ ✂�✁ ▼♦♥✂�✡☛ ☞♦✂☎❝✁✄ ♦❢ ✂�✁ ❘♦☛✆✡

✌✄✂✞♦♥♦♠☎❝✆✡ ❙♦❝☎✁✂☛✱ ❱♦✡✳ ✍✸✾✱ P✆❣✁✄ ✸✻✵✎➊✸✻✶✎✱ ✷✵✶✍✳ ❚�✁ ✆✉✂�♦✞✄ ✟✁✞✁

✌✳ ❉✆♥✁�❦✆✞✱ ❍✳ ❚♦❞✂✱ ❇✳ ❊✞❝♦✡✆♥♦ ✆♥❞ ✌✳ ❨✳ ❑♥☎✆③✁✈✳ ❙♦♠✁ ✄♠✆✡✡ ♠♦❞☎✏❝✆✂☎♦♥✄

�✆✈✁ ✠✁✁♥ ♠✆❞✁✱ ✆♥❞ ✆ ✄✁❝✂☎♦♥ ♦♥ ✂�✁ ✁✈♦✡✉✂☎♦♥✆✞☛ ✄✂✆✂✉✄ ✭①✎✳✻✳✸✮ �✆✄ ✠✁✁♥ ✆✡✄♦

☎♥❝✡✉❞✁❞✳ ❚�✁ ♥♦♥✑▲❚❊ �☛❞✞♦❣✁♥✑❞✁✏❝☎✁♥✂ ♠♦❞✁✡ ✆✂♠♦✄✝�✁✞✁ ✉✄✁❞ ☎♥ ✂�☎✄ ❝�✆✝✂✁✞

✟✆✄ ❞✁✂✁✞♠☎♥✁❞ ✠☛ ❚♦❞✂ ✁✂ ✆✡✳ ✭✷✵✶✸✮✳

✒✓✔ ■✕✖✗✘✙✚✛✖✜✘✕

✢✣✤ ✣✥✦✣✧★ ✩✤✪✪✤✫✤✪ ✬✧✯✫✤✰✯✩★ ✫✤✴✼✧✯ ✿✴✤✧✧ ❀❁ ❂❃❄ ●❅❈❋❏❅❖❅❅❏❀◗ ✯✫✪ ✥✰❯ ❳✤✫❩

✰✩✯✧ ❯✰✯✩ ❂❭❫◗ ✣✯❴✤ ✴✤✤✫ ✰✣✤ ❯✼✴❥✤❳✰ ❵q ✩✤❳✤✫✰ ❯✬✤❳✰✩❵❯❳❵✬✥❳ ❯✰✼✪✥✤❯ ❂④✯❳✣✰✤✩

✤✰ ✯✧❏ ❈❅⑤❅⑥ ⑦✤✬✤⑧ ✤✰ ✯✧❏ ❈❅⑤⑤⑥ ✢❵✪✰ ✤✰ ✯✧❏ ❈❅⑤⑨⑥ ⑩✩✤⑧ ✤✰ ✯✧❏ ❈❅⑤❀✴◗❏ ✢✣✤ ❭❫

❵q ✿✴✤✧✧ ❀❁ ✣✯❯ ✴✤✤✫ ❳✧✯❯❯✥❶✤✪ ✯❯ ④❵✧q❷❸✯★✤✰ ❹④❄❺❻ ❂✢❵✪✰ ✤✰ ✯✧❏ ❈❅⑤⑨◗❼ ⑧✣✤✩✤

✰✣✤ ❯❽✼✯✩✤ ✴✩✯❳❾✤✰❯ ✪✥❯✰✥✫✦✼✥❯✣ ✥✰ q✩❵❿ ✰✣✤ ❿✯❯❯✥❴✤ ④❄ ❯✰✯✩❯❏ ✿✴✤✧✧ ❀❁ ⑧✯❯

❶✩❯✰ ✥✪✤✫✰✥❶✤✪ ✯❯ ✯ ✬✧✯✫✤✰✯✩★ ✫✤✴✼✧✯ ❂❃❄◗ ✴★ ✿✴✤✧✧ ❂⑤❋❺❺◗❏ ➀❵⑧✤❴✤✩❼ ✥✰❯ ✫✯❩

✰✼✩✤ ✩✤❿✯✥✫❯ ✯ ❯❵✼✩❳✤ ❵q ❳❵✫✰✩❵❴✤✩❯★ ⑧✣✤✰✣✤✩ ✥✰ ✥❯ ✯ ❿✯❯❯✥❴✤ ✩✥✫✦ ✫✤✴✼✧✯ ❵✩ ✯

❃❄ ✯❯ ✬✩✤❴✥❵✼❯✧★ ✥✪✤✫✰✥❶✤✪❏ ❸✤❳✤✫✰✧★❼ ④✯❳✣✰✤✩ ✤✰ ✯✧❏ ❂❈❅⑤❅◗ ✪✤❯❳✩✥✴✤✪ ✥✰ ✯❯ ✯

❯✬✤❳✰✩✯✧ ✰★✬✤ ❵q ④❄➁ ⑧✥✰✣ ✯ ❯✼✩✩❵✼✫✪✥✫✦ ✩✥✫✦ ✫✤✴✼✧✯❏ ➂✼✰❼ ✢❵✪✰ ✤✰ ✯✧❏ ❂❈❅⑤⑨◗

❳❵✫❳✧✼✪✤✪ q✩❵❿ ❯✬✤❳✰✩✯✧ ✯✫✯✧★❯✥❯ ❵q ✰✣✤ ❭❫ ✯✫✪ ✰✣✤ ❯✼✩✩❵✼✫✪✥✫✦ ✫✤✴✼✧✯ ✰✣✯✰

❈❺⑤
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✁❜❡❧❧ ✂✄ ✐s r❛t❤❡r ❛ ☎✆ ✇✐t❤ ❛ ❧♦✇✲♠❛ss ❈✝ t❤❛♥ ❛ ♠❛ss✐✈❡ ✭☎♦♣ ✞✮ ✟✆ st❛r✠

☎r❡✈✐♦✉s❧②✱ ✡♦❞t ❡t ❛❧✠ ✭✷✵✶✵✮ ❛❧s♦ ❛ss♦❝✐❛t❡❞ t❤❡ ❈✝ ♦❢ ☎☛✄ ✇✐t❤ ☞✟✆✴❈✌ ❝❧❛ss✠

❋✉rt❤❡r♠♦r❡✱ ✞❈ ✂✻✻✸ ✐s ❛♥♦t❤❡r ☎✆ ❢♦✉♥❞ t♦ ♣♦ss❡ss ❛ ☞✟✆✌ st❛r ✭▼✐s③❛❧s❦✐

❡t ❛❧✠ ✷✵✶✷✮✠

✁ ♥❛rr♦✇✲❜❛♥❞ ✍✎✰☞✆ ✏✏✌ ✐♠❛❣❡ ♦❢ ✁❜❡❧❧ ✂✄ ♦❜t❛✐♥❡❞ ❜② ❏❡✇✐tt ❡t ❛❧✠ ✭✶✾✄✻✮

✑rst s❤♦✇❡❞ ✐ts ❢❛✐♥t ❞♦✉❜❧❡✲r✐♥❣ ♠♦r♣❤♦❧♦❣②✠ ❩✉❝❦❡r♠❛♥ ✫ ✁❧❧❡r ✭✶✾✄✻✮ ✐❞❡♥✲

t✐✑❡❞ ✐t ❛s ❛ ♠❡♠❜❡r ♦❢ t❤❡ ❡❧❧✐♣t✐❝❛❧ ♠♦r♣❤♦❧♦❣✐❝❛❧ ❝❧❛ss✠ ✡❤❡ ✍✎ ✐♠❛❣❡ ♦❜✲

t❛✐♥❡❞ ❢r♦♠ t❤❡ ✝✉♣❡r❈❖✝▼❖✝ ✝❦② ✍✎ ✝✉r✈❡② ✭☎❛r❦❡r ❡t ❛❧✠ ✷✵✵✒✮ s❤♦✇s t❤❛t

t❤❡ ❛♥❣✉❧❛r ❞✐♠❡♥s✐♦♥s ♦❢ t❤❡ s❤❡❧❧ ❛r❡ ❛❜♦✉t ✂✻✓✓✔ ✸✄✓✓✱ ❛♥❞ ❛r❡ ✉s❡❞ t❤r♦✉❣❤✲

♦✉t t❤✐s ❝❤❛♣t❡r✠ ✡❤❡ ✑rst ✐♥t❡❣r❛❧ ✑❡❧❞ s♣❡❝tr♦s❝♦♣② ♦❢ ✁❜❡❧❧ ✂✄ s❤♦✇s t❤❡ s❛♠❡

str✉❝t✉r❡ ✐♥ t❤❡ ✍✎ ❡♠✐ss✐♦♥✲❧✐♥❡ ♣r♦✑❧❡✠ ☛✉t✱ ❛ ♣❛✐r ♦❢ ❜r✐❣❤t ♣♦✐♥t✲s②♠♠❡tr✐❝

r❡❣✐♦♥s ✐s s❡❡♥ ✐♥ ☞✆ ✏✏✌ ✭s❡❡ ❋✐❣✠ ✒✠✷✮✱ ✇❤✐❝❤ ❝♦✉❧❞ ❜❡ ❜❡❝❛✉s❡ ♦❢ t❤❡ ✆✕ str❛t✐✲

✑❝❛t✐♦♥ ❧❛②❡r ♣r♦❞✉❝❡❞ ❜② t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♣r♦❝❡ss✠ ✁ ❞❡t❛✐❧❡❞ st✉❞② ♦❢ t❤❡

❦✐♥❡♠❛t✐❝ ❛♥❞ ✐♦♥✐③❛t✐♦♥ str✉❝t✉r❡ ❤❛s ♥♦t ②❡t ❜❡❡♥ ❝❛rr✐❡❞ ♦✉t t♦ ❞❛t❡✠ ✡❤✐s

❝♦✉❧❞ ❜❡ ❞✉❡ t♦ t❤❡ ❛❜s❡♥❝❡ ♦❢ s♣❛t✐❛❧❧② r❡s♦❧✈❡❞ ♦❜s❡r✈❛t✐♦♥s✠

✡❤❡ ♠❛✐♥ ❛✐♠ ♦❢ t❤✐s ❝❤❛♣t❡r ✐s t♦ ✐♥✈❡st✐❣❛t❡ ✇❤❡t❤❡r t❤❡ ☞✟✆✌ ♠♦❞❡❧ ❛t✲

♠♦s♣❤❡r❡ ❢r♦♠ ✡♦❞t ❡t ❛❧✠ ✭✷✵✶✸✮ ♦❢ ❛ ❧♦✇✲♠❛ss st❛r ❝❛♥ r❡♣r♦❞✉❝❡ t❤❡ ✐♦♥✐③❛✲

t✐♦♥ str✉❝t✉r❡ ♦❢ ❛ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✇✐t❤ t❤❡ ❢❡❛t✉r❡s ❧✐❦❡ ✁❜❡❧❧ ✂✄✠ ✟❡ ♣r❡s❡♥t

✐♥t❡❣r❛❧ ✑❡❧❞ ✉♥✐t ✭✞❋❯✮ ♦❜s❡r✈❛t✐♦♥s ❛♥❞ ❛ t❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ ♣❤♦t♦✐♦♥✐③❛t✐♦♥

♠♦❞❡❧ ♦❢ t❤❡ ✐♦♥✐③❡❞ ❣❛s ✐♥ ✁❜❡❧❧ ✂✄✠ ✡❤❡ ❝❤❛♣t❡r ✐s ♦r❣❛♥✐③❡❞ ❛s ❢♦❧❧♦✇s✠ ✝❡❝✲

t✐♦♥ ✒✠✷ ♣r❡s❡♥ts ♦✉r ♥❡✇ ♦❜s❡r✈❛t✐♦♥❛❧ ❞❛t❛✠ ✞♥ ✝❡❝t✐♦♥ ✒✠✸ ✇❡ ❞❡s❝r✐❜❡ t❤❡

♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ str✉❝t✉r❡✱ ❢♦❧❧♦✇❡❞ ❜② ❛♥ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ✐♥ ✝❡❝t✐♦♥ ✒✠✂✠

✟❡ ❞❡s❝r✐❜❡ ♦✉r ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ❛♥❞ t❤❡ ❞❡r✐✈❡❞ r❡s✉❧ts ✐♥ ✝❡❝t✐♦♥s ✒✠✒

❛♥❞ ✒✠✻✱ r❡s♣❡❝t✐✈❡❧②✠ ❖✉r ✑♥❛❧ ❝♦♥❝❧✉s✐♦♥ ✐s st❛t❡❞ ✐♥ ✝❡❝t✐♦♥ ✒✠✼✠

✖✗✘ ✙✚✛✜✢✣✤✥✦✧★✛ ✤★✩ ✩✤✥✤ ✢✜✩✪✬✥✦✧★

✞♥t❡❣r❛❧ ✑❡❧❞ s♣❡❝tr❛ ❧✐st❡❞ ✐♥ ✡❛❜❧❡ ✒✠✶ ✇❡r❡ ♦❜t❛✐♥❡❞ ✐♥ ✷✵✶✵ ❛♥❞ ✷✵✶✷ ✇✐t❤

t❤❡ ✷✠✸✲♠ ✁✆❯ t❡❧❡s❝♦♣❡ ✉s✐♥❣ t❤❡ ✟✐❞❡ ❋✐❡❧❞ ✝♣❡❝tr♦❣r❛♣❤ ✭✟✐❋❡✝❀ ❉♦♣✐t❛

✷✒✷ ✯✿❁❂❃❄❅❁● ❁❑ ◗❂❱●❳❄❱❭❫ ●❳❴❃❂❱❳ ❵❅❄❥ q①④❄❫◗❳ ⑤❳●❄❭❱❂ ⑥❄❱❭⑥



✺✳✷✳ ❖❇❙❊❘❱❆❚■❖◆❙ ❆◆❉ ❉❆❚❆ ❘❊❉❯❈❚■❖◆

�❛❜❧❡ ✁✂✶✿ ❏♦✉r♥❛❧ ♦❢ t❤❡ ✄❋☎ ♦❜s❡r✈❛t✐♦♥s ♦❢ ✆❜❡❧❧ ✹✽ ✇✐t❤ t❤❡ ✆✝☎ ✞✂✸✲♠

�❡❧❡s❝♦♣❡✂

P✟ ✠✡☛☞ ✭✌✍✮ ✎ ✏✡✑❣☞ ✭✒✓✮ ✔ ✕①✖✗✭✘✮

✓✙☞✚✚ ✛✜ ✢✵✣✵✴✵✛✴✢✢ ✛✛✣✤➊✤✤✜✾ ✼✵✵✵ ✣✢✵✵

✤✢✢✢➊✼✵✼✵ ✼✵✵✵ ✣✢✵✵

✢✵✣✢✴✵✜✴✢✥ ✥✢✾✤➊✤✾✵✻ ✥✵✵✵ ✣✢✵✵

✤✛✻✢➊✾✥✢✻ ✥✵✵✵ ✣✢✵✵

❡t ❛❧✂ ✞✦✦✧✱ ✞✦✶✦★✂ �❤❡ ♦❜s❡r✈❛t✐♦♥s ✇❡r❡ ❞♦♥❡ ✇✐t❤ ❛ s♣❡❝tr❛❧ r❡s♦❧✉t✐♦♥ ♦❢

✩ ✪ ✫✬✬✬ ✐♥ t❤❡ ✹✹✶✂✁✯✧✦✧✂✦ ♥♠ r❛♥✰❡ ✐♥ ✞✦✶✦ ❛♥❞ ✩ ✪ ❀✬✬✬ ✐♥ t❤❡ ✸✞❁✂✁✯

❁✸✞✂❂ ♥♠ r❛♥✰❡ ✐♥ ✞✦✶✞✂ �❤❡ ❲✐❋❡❃ ❤❛s ❛ ❄❡❧❞✲♦❢✲✈✐❡✇ ♦❢ ❅●❍❍ ❑❀▲❍❍ ❛♥❞ ❡❛❝❤

s♣❛t✐❛❧ r❡s♦❧✉t✐♦♥ ❡❧❡♠❡♥t ♦❢ ▼◗❍❍✬❑✬◗❍❍● ❳♦r ▼❍❍ ❑▼❍❍★✂ �❤❡ s♣❡❝tr❛❧ r❡s♦❧✉t✐♦♥ ♦❢

✩❨❩ ❬❭❪❬❫ ✪ ❀✬✬✬ ❛♥❞ ✩ ✪ ✫✬✬✬ ❝♦rr❡s♣♦♥❞s t♦ ❛ ❢✉❧❧ ✇✐❞t❤ ❛t ❤❛❧❢✲♠❛❴✐♠✉♠

❳❋❲❵❥★ ♦❢ ✪ ▼✬✬ ❛♥❞ ✹✁ ❦♠ sq②✱ r❡s♣❡❝t✐✈❡❧③✂ ❲❡ ✉s❡❞ t❤❡ ❝❧❛ss✐❝❛❧ ❞❛t❛ ❛❝✲

❝✉♠✉❧❛t✐♦♥ ♠♦❞❡✱ s♦ ❛ s✉✐t❛❜❧❡ s❦③ ✇✐♥❞♦✇ ❤❛s ❜❡❡♥ s❡❧❡❝t❡❞ ❢r♦♠ t❤❡ s❝✐❡♥❝❡

❞❛t❛ ❢♦r t❤❡ s❦③ s✉❜tr❛❝t✐♦♥ ♣✉r♣♦s❡✂

�❤❡ ♣♦s✐t✐♦♥s ♦❜s❡r✈❡❞ ♦♥ t❤❡ ④✝ ❛r❡ s❤♦✇♥ ✐♥ ❋✐✰✂ ✁✂✶❳❛★✂ �❤❡ ❝❡♥tr❡ ♦❢

t❤❡ ✄❋☎ ✇❛s ♣❧❛❝❡❞ ✐♥ t✇♦ ❞✐❢❢❡r❡♥t ♣♦s✐t✐♦♥s ✐♥ ✞✦✶✦ ❛♥❞ ✞✦✶✞✂ �❤❡ ❡❴♣♦s✉r❡

t✐♠❡ ♦❢ ✞✦♠✐♥ ③✐❡❧❞s ❛ s✐✰♥❛❧✲t♦✲♥♦✐s❡ r❛t✐♦ ♦❢ ⑤❭⑥ ⑦ ▼✬ ❢♦r t❤❡ ⑧⑨ ⑩⑩⑩❶ ❡♠✐ss✐♦♥

❧✐♥❡✂ ❥✉❧t✐♣❧❡ s♣❡❝tr♦s❝♦♣✐❝ st❛♥❞❛r❞ st❛rs ✇❡r❡ ♦❜s❡r✈❡❞ ❢♦r t❤❡ ❷✉❴ ❝❛❧✐❜r❛✲

t✐♦♥ ♣✉r♣♦s❡s✱ ♥♦t❛❜❧③ ❋❡✐✰❡✶✶✦ ❛♥❞ ❸❹✞✧✹✂ ✆s ✉s✉❛❧✱ s❡r✐❡s ♦❢ ❜✐❛s✱ ❷❛t✲❄❡❧❞

❢r❛♠❡s✱ ❛r❝ ❧❛♠♣ ❡❴♣♦s✉r❡s✱ ❛♥❞ ✇✐r❡ ❢r❛♠❡s ✇❡r❡ ❛❝❺✉✐r❡❞ ❢♦r ❞❛t❛ r❡❞✉❝t✐♦♥✱

❷❛t✲❄❡❧❞✐♥✰✱ ✇❛✈❡❧❡♥✰t❤ ❝❛❧✐❜r❛t✐♦♥ ❛♥❞ s♣❛t✐❛❧ ❝❛❧✐❜r❛t✐♦♥✂

❻❛t❛ r❡❞✉❝t✐♦♥s ✇❡r❡ ❝❛rr✐❡❞ ♦✉t ✉s✐♥✰ t❤❡ ⑩❼❽❾ ♣✐♣❡❧✐♥❡ ❿⑩❾➀➁ ❳✈❡rs✐♦♥

✞✂✦➂ ✞✦✶✶ ✝♦✈ ✞✶★✂➃ �❤❡ r❡❞✉❝t✐♦♥ ✐♥✈♦❧✈❡s t❤r❡❡ ♠❛✐♥ t❛s❦s✿ ❲❋�✆➄➅❸✱ ❲❋✲

➆✆➅ ❛♥❞ ❲❋➇❸❻☎➆❸✂ �❤❡ ⑩❼❽❾ t❛s❦ ❲❋�✆➄➅❸ ❝♦♥✈❡rts t❤❡ r❛✇ ❞❛t❛ ❄❧❡s ✇✐t❤

➈➉➋✓➌ ➍✘ ➎➍✘☛✏➍✙➏☛☞➎ ✙➐ ✟➑✓➑➒ ➓➔➍→➔ ➍✘ ➣✖☞✏✡☛☞➎ ✙➐ ✓↔➋✓➒ ➉✑→✗➒ ➏✑➎☞✏ →➣✑☛✏✡→☛ ☛➣ ☛➔☞ ✟✡↕

☛➍➣✑✡✚ ➙→➍☞✑→☞ ➌➣➏✑➎✡☛➍➣✑✗

❆➛➜➝➞➟➠ ❉➡➢➤➜➝➡➥ ✞✁✸
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✭❛✮ ✭❜✮

❋✐❣✉r❡ ✁✂✶✿ ❋r♦♠ ❧❡❢t t♦ r✐❣❤t✿ ✭❛✮ ♥❛rr♦✇✲❜❛♥❞ ✄❧t❡r ✐♠❛❣❡ ♦❢ ☎✆ ✝❜❡❧❧ ✞✟ ✐♥

✠✡ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ☛✉♣❡r❈❖☛▼❖☛ ☛❦② ✠✡ ☛✉r✈❡② ✭☛✠☛❀ ☎❛r❦❡r ❡t ❛❧✂ ✷✵✵✁✮✂

☞❤❡ r❡❝t❛♥❣❧❡s ❝♦rr❡s♣♦♥❞ t❤❡ ✌✍✎✸✏✲❛r❝s❡❝✑ ✒❋❯✿ ✶ ✭❜❧✉❡✮ ❛♥❞ ✷ ✭r❡❞✮ t❛❦❡♥ ✐♥

✷✵✶✵ ✝♣r✐❧ ❛♥❞ ✷✵✶✷ ✝✉❣✉st✱ r❡s♣❡❝t✐✈❡❧②✂ ✒♠❛❣❡ ❞✐♠❡♥s✐♦♥ ✐s ✻✓✎✻✓ ❛r❝s❡❝✑✂

✭❜✮ ✔①t✐♥❝t✐♦♥ ✕✖✗✘✙ ♠❛♣ ♦❢ ✝❜❡❧❧ ✞✟ ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ ✚✉① r❛t✐♦ ✠✡✴✠✘ ❢r♦♠

✄❡❧❞s✂ ✛❧❛❝❦ ❝♦♥t♦✉r ❧✐♥❡s s❤♦✇ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ♥❛rr♦✇✲❜❛♥❞ ❡♠✐ss✐♦♥

♦❢ ✠✡ ✐♥ ❛r❜✐tr❛r② ✉♥✐t ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ☛✠☛✂ ✆♦rt❤ ✐s ✉♣ ❛♥❞ ❡❛st ✐s t♦✇❛r❞s

t❤❡ ❧❡❢t✲❤❛♥❞ s✐❞❡✂

t❤❡ s✐♥❣❧❡✲❡①t❡♥s✐♦♥ ❋❧❡①✐❜❧❡ ✒♠❛❣❡ ☞r❛♥s♣♦rt ☛②st❡♠ ✭❋✒☞☛✮ ✄❧❡ ❢♦r♠❛t t♦ t❤❡

▼✉❧t✐✲✔①t❡♥s✐♦♥ ❋✒☞☛ ✄❧❡ ❢♦r♠❛t✱ ❡❞✐ts ❋✒☞☛ ✄❧❡ ❦❡② ❤❡❛❞❡rs✱ ❛♥❞ ♠❛❦❡s ✄❧❡ ❧✐sts

❢♦r r❡❞✉❝t✐♦♥ ♣✉r♣♦s❡s✂ ☞❤❡ ✜✢✣✤ t❛s❦ ✥❋❈✝✦ ❡①tr❛❝ts ❝❛❧✐❜r❛t✐♦♥ s♦❧✉t✐♦♥s✱

♥❛♠❡❧② t❤❡ ♠❛st❡r ❜✐❛s✱ t❤❡ ♠❛st❡r ✚❛t✲✄❡❧❞ ❢r❛♠❡ ✭❢r♦♠ ◗✒ ❧❛♠♣ ❡①♣♦s✉r❡s✮✱

t❤❡ ✇❛✈❡❧❡♥❣t❤ ❝❛❧✐❜r❛t✐♦♥ ✭❢r♦♠ ✆❡➊✝r ♦r ❈✉➊✝r ❛r❝ ❡①♣♦s✉r❡s ❛♥❞ r❡❢❡r❡♥❝❡

❛r❝✮ ❛♥❞ t❤❡ s♣❛t✐❛❧ ❝❛❧✐❜r❛t✐♦♥ ✭❢r♦♠ ✇✐r❡ ❢r❛♠❡s✮✂ ☞❤❡ ✜✢✣✤ t❛s❦ ✥❋✧✔❉❯❈✔

❛♣♣❧✐❡s t❤❡ ❝❛❧✐❜r❛t✐♦♥ s♦❧✉t✐♦♥s t♦ s❝✐❡♥❝❡ ❞❛t❛✱ s✉❜tr❛❝ts s❦② s♣❡❝tr❛✱ ❝♦rr❡❝ts

❢♦r ❞✐❢❢❡r❡♥t✐❛❧ ❛t♠♦s♣❤❡r✐❝ r❡❢r❛❝t✐♦♥✱ ❛♥❞ ❛♣♣❧✐❡s t❤❡ ✚✉① ❝❛❧✐❜r❛t✐♦♥ ✉s✐♥❣

♦❜s❡r✈❛t✐♦♥s ♦❢ s♣❡❝tr♦♣❤♦t♦♠❡tr✐❝ st❛♥❞❛r❞ st❛rs✂
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� ❝♦♠♣❧❡t❡ ❧✐st ♦❢ ♦❜s❡r✈❡❞ ❡♠✐ss✐♦♥ ❧✐♥❡s ❛♥❞ t❤❡✐r ✄✉① ✐♥t❡♥s✐t✐❡s ❛r❡

❣✐✈❡♥ ✐♥ ✁❛❜❧❡ ✂☎✷ ♦♥ ❛ s❝❛❧❡ ✇❤❡r❡ ❍✆ ❂ ✶✵✵☎ �❧❧ ✄✉①❡s ✇❡r❡ ❝♦rr❡❝t❡❞ ❢♦r

r❡❞❞❡♥✐♥❣ ✉s✐♥❣ ✝✭✞✮✟✠✡✡ ☛ ❋✭✞✮✠☞✌✍✎
✏✑✒✓✔❬✕✰ ✖ ✑✗✔❪✿ ✁❤❡ ❧♦❣❛r✐t❤♠✐❝ ✘✭✙✆✮ ✈❛❧✉❡

♦❢ t❤❡ ✐♥t❡rst❡❧❧❛r ❡①t✐♥❝t✐♦♥ ❢♦r t❤❡ ❝❛s❡ ❇ r❡❝♦♠❜✐♥❛t✐♦♥ ✚✛✜ ☛ ✍✎✎✎✎✢ ❛♥❞

✣✜ ☛ ✍✎✎✎ ❝♠✤✥❀ ✦t♦r❡② ✫ ❍✉♠♠❡r ✶✾✾✂✧ ❤❛s ❜❡❡♥ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ❍★ ❛♥❞

❍✆ ❇❛❧♠❡r ✄✉①❡s☎ ❲❡ ✉s❡❞ t❤❡ ●❛❧❛❝t✐❝ ❡①t✐♥❝t✐♦♥ ❧❛✇ ✩ ✭✞✮ ♦❢ ❍♦✇❛rt❤ ✚✶✾✽✪✧

❢♦r ❘❱ ☛ ✬✭✯✮✱✲✭✴✹✯✮ ☛ ✻✿✍✼ ❛♥❞ ♥♦r♠❛❧✐③❡❞ s✉❝❤ t❤❛t ✩ ✭✙✆✮ ☛ ✎☎ ❲❡ ♦❜❁

t❛✐♥❡❞ ❛♥ ❡①t✐♥❝t✐♦♥ ♦❢ ✘✭✙✆✮ ☛ ✻✿✍ ❢♦r t❤❡ t♦t❛❧ ✄✉①❡s ✚s❡❡ ✁❛❜❧❡ ✂☎✷✧☎ ❖✉r

❞❡r✐✈❡❞ ♥❡❜✉❧❛r ❡①t✐♥❝t✐♦♥ ✐s ✐♥ ❡①❝❡❧❧❡♥t ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ✈❛❧✉❡ ❞❡r✐✈❡❞ ❜②

✁♦❞t ❡t ❛❧☎ ✚✷✵✶✪✧ ❢r♦♠ t❤❡ st❡❧❧❛r s♣❡❝tr❛❧ ❡♥❡r❣② ✚✦❃❉✧☎ ✁❤❡ s❛♠❡ ♠❡t❤♦❞

✇❛s ❛♣♣❧✐❡❞ t♦ ❝r❡❛t❡ ✘✭✙✆✮ ♠❛♣s ✉s✐♥❣ t❤❡ ✄✉① r❛t✐♦ ❍★❄❍✆✼ ❛s s❤♦✇♥ ✐♥

❅✐❣☎ ✂☎✶✚❜✧☎ �ss✉♠✐♥❣ t❤❛t t❤❡ ❢♦r❡❣r♦✉♥❞ ✐♥t❡rst❡❧❧❛r ❡①t✐♥❝t✐♦♥ ✐s ✉♥✐❢♦r♠❧②

❞✐str✐❜✉t❡❞ ♦✈❡r t❤❡ ♥❡❜✉❧❛✼ ❛♥ ✐♥❤♦♠♦❣❡♥❡♦✉s ❡①t✐♥❝t✐♦♥ ♠❛♣ ♠❛② ❜❡ r❡❧❛t❡❞

t♦ s♦♠❡ ✐♥t❡r♥❛❧ ❞✉st ❝♦♥tr✐❜✉t✐♦♥s☎ �s s❡❡♥✼ t❤❡ ❡①t✐♥❝t✐♦♥ ♠❛♣ ♦❢ �❜❡❧❧ ❏✽

❞❡♣✐❝ts t❤❛t t❤❡ s❤❡❧❧ ✐s ❜r✐❣❤t❡r t❤❛♥ ♦t❤❡r r❡❣✐♦♥s✼ ❛♥❞ ✐t ♠❛② ❝♦♥t❛✐♥ t❤❡

❛s②♠♣t♦t✐❝ ❣✐❛♥t ❜r❛♥❝❤ ✚�●❇✧ ❞✉st r❡♠♥❛♥ts☎

▲P◗ ❯❳❨❩❭❫❴❳❵❥

❅✐❣☎ ✂☎✷ s❤♦✇s t❤❡ s♣❛t✐❛❧ ❞✐str✐❜✉t✐♦♥ ♠❛♣s ♦❢ t❤❡ ✄✉① ✐♥t❡♥s✐t②✼ ❝♦♥t✐♥✉✉♠✼ r❛❁

❞✐❛❧ ✈❡❧♦❝✐t② ❛♥❞ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ♦❢ ❍★ ✞❦✂❦✪ ❛♥❞ q④ ⑤⑤⑥ ✞❦✂✽❏ ❢♦r �❜❡❧❧ ❏✽☎

✁❤❡ ✇❤✐t❡ ❝♦♥t♦✉r ❧✐♥❡s ✐♥ t❤❡ ⑦❣✉r❡s ❞❡♣✐❝t t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ❡♠✐ss✐♦♥ ♦❢

❍★ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ✦❍✦ ✚⑧❛r⑨❡r ❡t ❛❧☎ ✷✵✵✂✧✼ ✇❤✐❝❤ ❝❛♥ ❛✐❞ ✉s ✐♥ ❞✐st✐♥❣✉✐s❤❁

✐♥❣ t❤❡ ♥❡❜✉❧❛r ❜♦r❞❡rs ❢r♦♠ t❤❡ ♦✉ts✐❞❡ ♦r t❤❡ ✐♥s✐❞❡☎ ✁❤❡ ♦❜s❡r✈❡❞ ✈❡❧♦❝✐t②

⑩✠☞✌ ✇❛s tr❛♥s❢❡rr❡❞ t♦ t❤❡ ❧♦❝❛❧ st❛♥❞❛r❞ ♦❢ r❡st ✚❶✦❷✧ r❛❞✐❛❧ ✈❡❧♦❝✐t② ⑩❸❹❺ ❜②

❝♦rr❡❝t✐♥❣ ❢♦r t❤❡ r❛❞✐❛❧ ✈❡❧♦❝✐t✐❡s ✐♥❞✉❝❡❞ ❜② t❤❡ ♠♦t✐♦♥s ♦❢ t❤❡ ❃❛rt❤ ❛♥❞ ✦✉♥

❛t t❤❡ t✐♠❡ ♦❢ ♦✉r ♦❜s❡r✈❛t✐♦♥☎ ✁❤❡ tr❛♥s❢♦r♠❛t✐♦♥ ❢r♦♠ t❤❡ ♠❡❛s✉r❡❞ ✈❡❧♦❝❁

✐t② ❞✐s♣❡rs✐♦♥ ❻✠☞✌ t♦ t❤❡ tr✉❡ ❧✐♥❡❁♦❢❁s✐❣❤t ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥ ❻❼✡❽✜ ✇❛s ❞♦♥❡ ❜②

❻❼✡❽✜ ☛
❾

❻❿
✠☞✌ ✹❻❿

➀➁✌ ✹❻❿
❼➂✼ ✐☎❡☎ ❝♦rr❡❝t✐♥❣ ❢♦r t❤❡ ✐♥str✉♠❡♥t❛❧ ✇✐❞t❤ ✚t②♣✐❝❛❧❧②

❆➃➄➅➆➇➈ ➉➊➋➌➄➅➊➍ ✷✂✂
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✲✰✼✲✜✻✻ ❄❁ ✥ ❱★★ ✰✼✜✼✢ ✫✰✜✾✼ ✲✜✸

✻✸✫✛✜✫✢ ✣◗ ✥✥✥✦ ✧❑ ❃✜❃✼✩✩ ✢✜✻✢✩✩ ❃✻✜✾

✻❃✻✫✜✾✲ ❳ ✥✥ ❱★❩❭❫❏ ✸✜✸✻✩ ✢✜✸✰✩ ✛✻✜✛

✻✲❃✰✜✫✢ ✣❀ ✥✥✦ ✧★ ✛✲✛✜✛✲ ✛✻✜✢✾ ✲✜✛

✻✲✻✛✜✼✼ ❄ ✥ ❑❈● ❄❑ ✛✰✢✻✜✾❃ ✛✰✻✜✢✢ ✲✜✫

✻✲✰✸✜✲✢ ✣❀ ✥✥✦ ✧★ ✰✼❃✜✰✸ ✰✼✜✛✰ ✲✜✸

✻✻✼✰✜✫✻ ❄❁ ✥ ❱❏❴ ✲✲✜✾✢ ✲✜✢✼ ✲✜✸

✻✼✫✻✜❃❃ ✣◗ ✥✥✦ ✧● ✰✲✜✫✻ ✼✜❃❃ ✲✜✫

✻✼✸✢✜✰✛ ✣◗ ✥✥✦ ✧● ✾✛✜✻✼ ✼✜✾✾ ✲✜✲

✼✫✸✲✜✰✢ ✣✑✚ ✥✥✥✦ ✧★ ✫✰✸✜✰✻ ✫✢✜✰✰ ✲✜✛

✼✛✸✻✜❃✛ ❳ ✥✥ ❱❑ ✛✾✜✾✻✩ ✫✜✻✸✩ ✛✢✜✼

✼✛✰✫✜✸✲ ❄❁ ✥ ❱❏❅ ✫✫✜✢✰✩✩ ✢✜✲✰✩✩ ❃✫✜✸

✼✼✲✫✜❃✸ ✣✑✚ ✥✥✥✦ ✧★ ✫✫✫✜✰✸✩✩ ❃✜✢✢✩✩ ✸❃✜✲

✾✢✻✰✜✻✢ ✣◗ ✥✥✥✦ ✧★ ✫✛✸✻✜✛✛ ✫✾✜✢✰ ✲✜✸

❣✖❥❦✗ ✸✜✫✢ q ✢✜✢❃

❄❦③★❫④⑤⑥ ⑦⑧⑨
⑩❶❷❸ ✫✜✢✼✻ q ✢✜✢✻✼ ✫✸✲❃✜✻ q ✫✲❃✜✛

✷✂❹ ❺❻❼❽❾❿➀❼➁ ❼➂ ➃❽➄➁➅❿➄➆➇ ➁➅➈❾❽➄➅ ➉➀❿➊ ➋➌➍❿➇➃➅ ➎➅➁❿➆➄❽ ➏❿➄➆➏
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s✐♥� ✙ ✹✷ ❦♠✴✁ ❢♦r ❘ ✘ ✂✵✵✵ ❛✄❞ s✐♥� ✙ ✶✽ ❦♠✴✁ ❢♦r ❘ ✘ ✼✵✵✵✮ ❛✄❞ t❤❡ t❤❡r♠❛❧

❜r♦❛❞❡✄☎✄❣ ✭s✆✝✞ ❂ ✽✿✂✟✠❬✡☛❪☞❩✱ ✇❤❡r❡ ❩ ☎✁ t❤❡ ❛t♦♠☎❝ ✇❡☎❣❤t ♦❢ t❤❡ ❛t♦♠ ♦r

☎♦✄✮✌

❲❡ ❤❛✈❡ ✉✁❡❞ t❤❡ t❤r❡❡✲❞☎♠❡✄✁☎♦✄❛❧ ♠♦r♣❤♦✲❦☎✄❡♠❛t☎❝ ♠♦❞❡❧❧☎✄❣ ♣r♦❣r❛♠

✍❍✎P✏ ✭✈❡r✁☎♦✄ ✑✌✒✮ t♦ ✁t✉❞② t❤❡ ❦☎✄❡♠❛t☎❝ ✁tr✉❝t✉r❡✌ ✓❤❡ ♣r♦❣r❛♠ ❞❡✁❝r☎❜❡❞

☎✄ ❞❡t❛☎❧ ❜② ✔t❡❢❢❡✄ ✫ ▲➫♦♣❡③ ✭✕✖✖✻✮ ❛✄❞ ✔t❡❢❢❡✄ ❡t ❛❧✌ ✭✕✖✗✗✮✱ ✉✁❡✁ ☎✄t❡r❛❝✲

t☎✈❡❧② ♠♦✉❧❞❡❞ ❣❡♦♠❡tr☎❝❛❧ ♣♦❧②❣♦✄ ♠❡✁❤❡✁ t♦ ❣❡✄❡r❛t❡ t❤❡ ✚❉ ✁tr✉❝t✉r❡ ♦❢

♦❜❥❡❝t✁✌ ✓❤❡ ♠♦❞❡❧❧☎✄❣ ♣r♦❝❡❞✉r❡ ❝♦✄✁☎✁t✁ ♦❢ ❞❡✛✄☎✄❣ t❤❡ ❣❡♦♠❡tr②✱ ❡♠☎✁✁☎✈☎t②

❞☎✁tr☎❜✉t☎♦✄ ❛✄❞ ✈❡❧♦❝☎t② ❧❛✇ ❛✁ ❛ ❢✉✄❝t☎♦✄ ♦❢ ♣♦✁☎t☎♦✄✌ ✓❤❡ ♣r♦❣r❛♠ ♣r♦❞✉❝❡✁

✁❡✈❡r❛❧ ♦✉t♣✉t✁ t❤❛t ❝❛✄ ❜❡ ❞☎r❡❝t❧② ❝♦♠♣❛r❡❞ ✇☎t❤ ❧♦✄❣ ✁❧☎t ♦r ✜❋❯ ♦❜✁❡r✈❛t☎♦✄✁✱

✄❛♠❡❧② t❤❡ ♣♦✁☎t☎♦✄➊✈❡❧♦❝☎t② ✭✢➊❱✮ ❞☎❛❣r❛♠✱ t❤❡ ✕✲❉ ❧☎✄❡✲♦❢✲✁☎❣❤t ✈❡❧♦❝☎t② ♠❛♣

♦✄ t❤❡ ✁❦② ❛✄❞ t❤❡ ♣r♦❥❡❝t❡❞ ✚✲❉ ❡♠☎✁✁☎✈☎t② ♦✄ t❤❡ ♣❧❛✄❡ ♦❢ t❤❡ ✁❦②✌ ✓❤❡ ✕✲❉

❧☎✄❡✲♦❢✲✁☎❣❤t ✈❡❧♦❝☎t② ♠❛♣ ♦✄ t❤❡ ✁❦② ❝❛✄ ❜❡ ✉✁❡❞ t♦ ☎✄t❡r♣r❡t t❤❡ ✜❋❯ ✈❡❧♦❝☎t②

♠❛♣✁✌ ❋♦r ❜❡✁t ❝♦♠♣❛r☎✁♦✄ ✇☎t❤ t❤❡ ✜❋❯ ♠❛♣✁✱ t❤❡ ☎✄❝❧☎✄❛t☎♦✄ ✭✣✮✱ t❤❡ ♣♦✁☎t☎♦✄

❛✄❣❧❡ ❵✤❆✬ ☎✄ t❤❡ ♣❧❛✄❡ ♦❢ t❤❡ ✁❦②✱ ❛✄❞ t❤❡ ♠♦❞❡❧ ♣❛r❛♠❡t❡r✁ ❛r❡ ♠♦❞☎✛❡❞ ☎✄ ❛✄

☎t❡r❛t☎✈❡ ♣r♦❝❡✁✁ ✉✄t☎❧ t❤❡ q✉❛❧☎t❛t☎✈❡❧② ✛tt☎✄❣ ✚❉ ❡♠☎✁✁☎♦✄ ❛✄❞ ✈❡❧♦❝☎t② ☎✄❢♦r✲

♠❛t☎♦✄ ❛r❡ ♣r♦❞✉❝❡❞✌ ❲❡ ❛❞♦♣t❡❞ ❛ ♠♦❞❡❧✱ ❛✄❞ t❤❡✄ ♠♦❞☎✛❡❞ t❤❡ ❣❡♦♠❡tr②

❛✄❞ ☎✄❝❧☎✄❛t☎♦✄ t♦ ❝♦✄❢♦r♠ t♦ t❤❡ ♦❜✁❡r✈❡❞ ✥✦ ❛✄❞ ✧★ ✩✩✪ ☎✄t❡✄✁☎t② ❛✄❞ r❛❞☎❛❧

✈❡❧♦❝☎t② ♠❛♣✁✌ ❋♦r t❤☎✁ ❝❤❛♣t❡r✱ t❤❡ t❤r❡❡✲❞☎♠❡✄✁☎♦✄❛❧ ✁tr✉❝t✉r❡ ❤❛✁ t❤❡✄ ❜❡❡✄

tr❛✄✁❢❡rr❡❞ t♦ ❛ r❡❣✉❧❛r ❝❡❧❧ ❣r☎❞✱ t♦❣❡t❤❡r ✇☎t❤ t❤❡ ♣❤②✁☎❝❛❧ ❡♠☎✁✁☎♦✄ ♣r♦♣❡rt☎❡✁✱

☎✄❝❧✉❞☎✄❣ t❤❡ ✈❡❧♦❝☎t② t❤❛t✱ ☎✄ ♦✉r ❝❛✁❡✱ ❤❛✁ ❜❡❡✄ ❞❡✛✄❡❞ ❛✁ r❛❞☎❛❧❧② ♦✉t✇❛r❞✁

❢r♦♠ t❤❡ ✄❡❜✉❧❛r ❝❡✄tr❡ ✇☎t❤ ❛ ❧☎✄❡❛r ❢✉✄❝t☎♦✄ ♦❢ ♠❛❣✄☎t✉❞❡✱ ❝♦♠♠♦✄❧② ❦✄♦✇✄

❛✁ ❛ ✥✉❜❜❧❡✲t②♣❡ ✯♦✇ ✭✁❡❡ ❡✌❣✌ ✔t❡❢❢❡✄ ❡t ❛❧✌ ✕✖✖✾✮✌

❆✰❀❁❃❄❅ ❇●❏❖❀❁●◗ ✕✒❳
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❙
❚
❆
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❋✐❣✉r❡ ✁✂✷✿ ▼❛♣s ♦❢ t❤❡ ✄☎ ✆❜❡❧❧ ✝✞ ✐♥ ✟✠ ✡✻✁✻✸ ☛✆ ✭t♦♣✮ ❛♥❞ ☞☎ ✌✌✍ ✡✻✁✞✝ ☛✆ ✭❜♦tt♦♠✮ ❢r♦♠ t❤❡ ✎❋❯ ✭✏✑ ❂ ✵✒✮ t❛❦❡♥ ✐♥

✷✓✶✓ ✆♣r✐❧✂ ❋r♦♠ ❧❡❢t t♦ r✐❣❤t✿ s♣❛t✐❛❧ ❞✐str✐❜✉t✐♦♥♠❛♣s ♦❢ ✔✉① ✐♥t❡♥s✐t②✱ ❝♦♥t✐♥✉✉♠✱ ✕✖✗ ✈❡❧♦❝✐t② ❛♥❞ ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥✂

❋❧✉① ✉♥✐t ✐s ✐♥ ✘✵✙✚✛ ❡r❣ s✙✚ ❝♠✙✜ s♣❛①❡❧✙✚✱ ❝♦♥t✐♥✉✉♠ ✐♥ ✘✵✙✚✛ ❡r❣ s✙✚ ❝♠✙✜ ☛✆✙✚ s♣❛①❡❧✙✚✱ ❛♥❞ ✈❡❧♦❝✐t✐❡s ✐♥ ❦♠ s✙✚✂ ☎♦rt❤

✐s ✉♣ ❛♥❞ ❡❛st ✐s t♦✇❛r❞s t❤❡ ❧❡❢t✲❤❛♥❞ s✐❞❡✂ ✢❤❡ ✇❤✐t❡✴❜❧❛❝❦ ❝♦♥t♦✉r ❧✐♥❡s s❤♦✇ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ♥❛rr♦✇✲❜❛♥❞

❡♠✐ss✐♦♥ ♦❢ ✟✠ ✐♥ ❛r❜✐tr❛r② ✉♥✐t ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ✖✟✖✂

✣
✤
✥

✦
✧
★
✩✪
✫✬★
✯
★
✰
✼
✩✾
✯
❀
✫✾
❁
❃
✯
❀
❄
✪
✩✾
❀
❅
✬✫❈
❉
●
❏✫❃
✼
❀
❑
❀
✯
✫❁
✾
✩
❖✫✾
❁
❖



✺✳✸✳ ❑■◆❊▼❆❚■❈❙

�❤❡ ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ ♠♦❞❡❧ ♦❢ ✁❜❡❧❧ ✹✽ ✐s s❤♦✇♥ ✐♥ ❋✐❣✂ ✄✂☎✭❛✮✱ ✇❤✐❝❤ ❝♦♥✲

s✐sts ♦❢ ❛ ♠♦❞✐✆❡❞ t♦r✉s✱ t❤❡ ♥❡❜✉❧❛r s❤❡❧❧✱ s✉rr♦✉♥❞❡❞ ❜② ❛ ♠♦❞✐✆❡❞ ❤♦❧❧♦✇

❝②❧✐♥❞❡r ❛♥❞ t❤❡ ❢❛✐♥t ♦✉t❡r ❤❛❧♦✂ �❤❡ s❤❡❧❧ ❤❛s ❛♥ ✐♥♥❡r r❛❞✐✉s ♦❢ ✶✵✝✝ ❛♥❞ ❛♥

♦✉t❡r r❛❞✐✉s ♦❢ ✷✞✝✝ ❛♥❞ ❛ ❤❡✐❣❤t ♦❢ ✷✞✝✝✂ ❲❡ ❢♦✉♥❞ ❛♥ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢

✟✠✡☛ ❂ ✞☞✌☞ ❦♠s✍✎ ❛♥❞ ❛ ▲✏❘ s②st❡♠✐❝ ✈❡❧♦❝✐t② ♦❢ ✟✑✒✑ ❂ ✻☞✌☞ ❦♠s✍✎✂ ❖✉r

✈❛❧✉❡ ♦❢ t❤❡ ▲✏❘ s②st❡♠✐❝ ✈❡❧♦❝✐t② ✐s ✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ❤❡❧✐♦❝❡♥tr✐❝

s②st❡♠✐❝ ✈❡❧♦❝✐t② ♦❢ ✟✓✠✔ ❂ ☞✵✿✕✌✕✿✷ ❦♠s✍✎ ❢♦✉♥❞ ❜② �♦❞t ❡t ❛❧✂ ✭✖✗✘☎✮✂ ❋♦❧✲

❧♦✇✐♥❣ ❉♦♣✐t❛ ❡t ❛❧✂ ✭✘✾✾✙✮✱ ✇❡ ❡st✐♠❛t❡❞ t❤❡ ♥❡❜✉❧❛✬s ❛❣❡ ❛r♦✉♥❞ ✘✂✄ ♦❢ t❤❡

❞②♥❛♠✐❝❛❧ ❛❣❡✱ s♦ t❤❡ st❛r ❧❡❢t t❤❡ t♦♣ ♦❢ t❤❡ ✁●❇ ❛r♦✉♥❞ ✚✚✚✵ ②❡❛rs ❛❣♦✂

❋✐❣✂ ✄✂☎ s❤♦✇s t❤❡ ♦r✐❡♥t❛t✐♦♥ ♦❢ ✁❜❡❧❧ ✹✽ ♦♥ t♦ t❤❡ ♣❧❛♥❡ ♦❢ t❤❡ s❦②✂ �❤❡

♥❡❜✉❧❛ ❤❛s ❛♥ ✐♥❝❧✐♥❛t✐♦♥ ♦❢ ✛ ❂ ✜✞☞✢ ❜❡t✇❡❡♥ t❤❡ ❧✐♥❡ ♦❢ s✐❣❤t ❛♥❞ t❤❡ ♥❡❜✉✲

❧❛r s②♠♠❡tr② ❛①✐s✂ �❤❡ s②♠♠❡tr② ❛①✐s ❤❛s ❛ ♣♦s✐t✐♦♥ ❛♥❣❧❡ ♦❢ P✣ ❂ ✶✞☞✢ ♣r♦✲

❥❡❝t❡❞ ♦♥ t♦ t❤❡ ♣❧❛♥❡ ♦❢ t❤❡ s❦②✱ ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ♥♦rt❤ t♦✇❛r❞s t❤❡ ❡❛st

✐♥ t❤❡ ❡q✉❛t♦r✐❛❧ ❝♦♦r❞✐♥❛t❡ s②st❡♠ ✭✤✥✏✮✂ �❤❡ ✦✁ ✐♥ t❤❡ ✤✥✏ ❝❛♥ ❜❡ tr❛♥s✲

❢❡rr❡❞ ✐♥t♦ t❤❡ ●❛❧❛❝t✐❝ ♣♦s✐t✐♦♥ ❛♥❣❧❡ ✭●✦✁✮ ✐♥ t❤❡ ●❛❧❛❝t✐❝ ❝♦♦r❞✐♥❛t❡ s②st❡♠

✭●✥✏✮✱ ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ♥♦rt❤ ●❛❧❛❝t✐❝ ♣♦❧❡ ✭✧●✦❀ ★P✣ ❂ ✵✢✮ t♦✇❛r❞s t❤❡

●❛❧❛❝t✐❝ ❡❛st ✭★P✣ ❂ ✩✵✢✮✂ ✧♦t❡ t❤❛t ★P✣ ❂ ✩✵✢ ❞❡s❝r✐❜❡s ❛♥ ❛❧✐❣♥♠❡♥t ✇✐t❤

t❤❡ ●❛❧❛❝t✐❝ ♣❧❛♥❡✱ ✇❤✐❧❡ ★P✣ ❂ ✵✢ ✐s ♣❡r♣❡♥❞✐❝✉❧❛r t♦ t❤❡ ●❛❧❛❝t✐❝ ♣❧❛♥❡✂ ✁s

s❡❡♥ ✐♥ �❛❜❧❡ ✄✂☎✱ ✁❜❡❧❧ ✹✽ ❤❛s ❛ ●✦✁ ♦❢ ✶✩✼✿✢✚✱ ♠❡❛♥✐♥❣ t❤❛t t❤❡ s②♠♠❡tr② ❛①✐s

✐s ❛♣♣r♦①✐♠❛t❡❧② ♣❡r♣❡♥❞✐❝✉❧❛r t♦ t❤❡ ●❛❧❛❝t✐❝ ♣❧❛♥❡✂

❇❛s❡❞ ♦♥ t❤❡ s②st❡♠✐❝ ✈❡❧♦❝✐t②✱ ✁❜❡❧❧ ✹✽ ♠✉st ❜❡ ❧♦❝❛t❡❞ ❛t ❧❡ss t❤❛♥ ✖ ❦♣❝✱

s✐♥❝❡ ❤✐❣❤❡r ❞✐st❛♥❝❡s r❡s✉❧t ✐♥ ✈❡r② ❤✐❣❤ ♣❡❝✉❧✐❛r ✈❡❧♦❝✐t✐❡s ✭✟☛✠✪ ❃ ✶✚✩ ❦♠s✍✎❀

✟☛✠✪ ❂ ✶✼✵ ❦♠s✍✎ ❢♦✉♥❞ ✐♥ ❢❡✇ ✦✧❡ ✐♥ t❤❡ ●❛❧❛❝t✐❝ ❤❛❧♦ ❜② ✫❛❝✐❡❧ ✯ ❉✉tr❛ ✘✾✾✖✮✂

❍♦✇❡✈❡r✱ ✐t ❝❛♥♥♦t ❜❡ ❧❡ss t❤❛♥ ✘✂✄ ❦♣❝ ❞✉❡ t♦ t❤❡ ❧❛r❣❡ ✐♥t❡rst❡❧❧❛r ❡①t✐♥❝t✐♦♥✂

❯s✐♥❣ t❤❡ ✐♥❢r❛r❡❞ ❞✉st ♠❛♣s✰ ♦❢ ✏❝❤❧❡❣❡❧ ❡t ❛❧✂ ✭✘✾✾✽✮✱ ✇❡ ❢♦✉♥❞ ❛ ♠❡❛♥ r❡❞✲

❞❡♥✐♥❣ ✈❛❧✉❡ ♦❢ ✴❁❄✜❱❅ ❂ ✶✶✿✞✩✌✵✿✻✕ ❢♦r ❛♥ ❛♣❡rt✉r❡ ♦❢ ✶✵✝ ✐♥ ❞✐❛♠❡t❡r ✐♥ t❤❡

●❛❧❛❝t✐❝ ❧❛t✐t✉❞❡s ❛♥❞ ❧♦♥❣✐t✉❞❡ ♦❢ ❁❏◗❳❅ ❂ ❁✷✩✿✵◗✵✿✕❅✱ ✇❤✐❝❤ ✐s ✇✐t❤✐♥ ❛ ❧✐♥❡✲♦❢✲

s✐❣❤t ❞❡♣t❤ ♦❢ ❨ ✷✵ ❦♣❝ ♦❢ t❤❡ ●❛❧❛①②✂ �❤❡r❡❢♦r❡✱ ✁❜❡❧❧ ✹✽ ✇✐t❤ ✴❁❄✜❱❅ ❩ ✷✿✶✕

❬❭❪❫❴❵③❪④ ⑤⑥⑥⑦⑧⑨⑨⑩⑩⑩❶❷❸⑥❹❺❶⑦❹❻❼❽❾⑥❺❼❶❾❿➀⑨➌❸❽⑤➁❾➂❾➁⑨❿➀❸⑥

❆➃➄➅➆➇➈ ➉➊➋➍➄➅➊➎ ✖✄✾
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♠✉st ❤❛✈❡ ❛ ❞✐st❛♥❝❡ ♦❢ ❧❡ss t❤❛♥ ✸✿✸ ❦♣❝✁ ✂♦♥s✐❞❡r✐♥❣ t❤❡ ❢❛❝t t❤❛t t❤❡ ●❛❧❛❝✲

t✐❝ ❜✉❧❣❡ ❛❜s♦r❜s ♣❤♦t♦♥s ♦✈❡r❛❧❧ ✶✁✾ t✐♠❡s ♠♦r❡ t❤❛♥ t❤❡ ●❛❧❛❝t✐❝ ❞✐s❝ ✭❉r✐✈❡r

❡t ❛❧✁ ✷✵✵✼✮✱ t❤❡ ❞✐st❛♥❝❡ ♦❢ ✄❜❡❧❧ ☎✽ s❤♦✉❧❞ ❜❡ ❛r♦✉♥❞ ✷ ❦♣❝✱ ❛s ✐t ✐s ❧♦❝❛t❡❞ ❛t

t❤❡ ❞✉st② ●❛❧❛❝t✐❝ ❞✐s❝✁
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❚❤❡ ❞❡r✐✈❡❞ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ✭✫✬✮ ❛♥❞ ❞❡♥s✐t✐❡s ✭✯✬✮ ❛r❡ ❧✐st❡❞ ✐♥ ❚❛❜❧❡ ✰✁✰✱

t♦❣❡t❤❡r ✇✐t❤ t❤❡ ✐♦♥✐③❛t✐♦♥ ♣♦t❡♥t✐❛❧ r❡q✉✐r❡❞ t♦ ❝r❡❛t❡ t❤❡ ❡♠✐tt✐♥❣ ✐♦♥s✁ ❲❡

♦❜t❛✐♥❡❞ ✫✬ ❛♥❞ ✯✬ ❢r♦♠ t❡♠♣❡r❛t✉r❡✲s❡♥s✐t✐✈❡ ❛♥❞ ❞❡♥s✐t②✲s❡♥s✐t✐✈❡ ❡♠✐ss✐♦♥

❧✐♥❡s ❜② s♦❧✈✐♥❣ t❤❡ ❡q✉✐❧✐❜r✐✉♠ ❡q✉❛t✐♦♥s ♦❢ ❧❡✈❡❧ ♣♦♣✉❧❛t✐♦♥s ❢♦r ❛ ♠✉❧t✐❧❡✈❡❧

❛t♦♠✐❝ ♠♦❞❡❧ ✉s✐♥❣ ✴◗✻■❀ ❝♦❞❡ ✭❍♦✇❛rt❤ ❁ ✄❞❛♠s ✶✾✽✶✮✁ ❚❤❡ ❛t♦♠✐❝ ❞❛t❛

s❡ts ✉s❡❞ ❢♦r ♦✉r ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ❢r♦♠ ❝♦❧❧✐s✐♦♥❛❧❧② ❡①❝✐t❡❞ ❧✐♥❡s ✭✂❂❃s✮✱ ❛s

✇❡❧❧ ❛s ❢♦r ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ✂❂❃s✱ ❛r❡ ❣✐✈❡♥ ✐♥ ❚❛❜❧❡ ✰✁☎✁ ❚❤❡ ❞✐❛❣♥♦s✲

t✐❝s ♣r♦❝❡❞✉r❡ t♦ ❞❡t❡r♠✐♥❡ t❡♠♣❡r❛t✉r❡s ❛♥❞ ❞❡♥s✐t✐❡s ❢r♦♠ ✂❂❃s ✐s ❛s ❢♦❧❧♦✇s❄

✇❡ ❛ss✉♠❡ ❛ r❡♣r❡s❡♥t❛t✐✈❡ ✐♥✐t✐❛❧ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ♦❢ ✶✵ ✵✵✵ ❑ ✐♥ ♦r❞❡r t♦

❞❡r✐✈❡ ✯✬ ❢r♦♠ ❬❅ ■■❪ ❧✐♥❡ r❛t✐♦❋ t❤❡♥ ✫✬ ✐s ❞❡r✐✈❡❞ ❢r♦♠ ❬❏ ■■❪ ❧✐♥❡ r❛t✐♦ ✐♥ ❝♦♥❥✉♥❝✲

t✐♦♥ ✇✐t❤ t❤❡ ♠❡❛♥ ❞❡♥s✐t② ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ♣r❡✈✐♦✉s st❡♣✁ ❚❤❡ ❝❛❧❝✉❧❛t✐♦♥s ❛r❡

✐t❡r❛t❡❞ t♦ ❣✐✈❡ s❡❧❢✲❝♦♥s✐st❡♥t r❡s✉❧ts ❢♦r ✯✬ ❛♥❞ ✫✬✁ ❚❤❡ ❝♦rr❡❝t ❝❤♦✐❝❡ ♦❢ ❡❧❡❝✲

tr♦♥ ❞❡♥s✐t② ❛♥❞ t❡♠♣❡r❛t✉r❡ ✐s ✐♠♣♦rt❛♥t ❢♦r t❤❡ ❛❜✉♥❞❛♥❝❡ ❞❡t❡r♠✐♥❛t✐♦♥✁

❲❡ s❡❡ t❤❛t t❤❡ ❖❏ ✄❜❡❧❧ ☎✽ ❤❛s ❛ ♠❡❛♥ t❡♠♣❡r❛t✉r❡ ♦❢ ✫✬❱❬❏ ■■❪❳ ❩ ❭❫❴❵④

❫✸❵ ❑✱ ❛♥❞ ❛ ♠❡❛♥ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ♦❢ ✯✬❱❬❅ ■■❪❳ ❩ ⑤⑥❵④⑦❵❵ ❝♠⑧⑨✱ ✇❤✐❝❤ ❛r❡

✐♥ r❡❛s♦♥❛❜❧❡ ❛❣r❡❡♠❡♥t ✇✐t❤ ✫✬❱❬❏ ■■❪❳ ❩ ⑤⑦❵❵④⑤⑥❵ ❑ ❛♥❞ ✯✬❱❬❅ ■■❪❳ ❩ ⑩❵❵❵④

⑩✸❵ ❝♠⑧⑨ ❢♦✉♥❞ ❜② ❚♦❞t ❡t ❛❧✁ ✭✷✵✶❶✮✁ ❚❤❡ ✉♥❝❡rt❛✐♥t② ♦♥ ✫✬❱❬❏ ■■❪❳ ✐s ♦r❞❡r ♦❢

❷❵ ♣❡r❝❡♥t ♦r ♠♦r❡✱ ❞✉❡ t♦ t❤❡ ✇❡❛❦ ❸✉① ✐♥t❡♥s✐t② ♦❢ ❹❏ ■■❺ ❻✰✼✰✰✱ t❤❡ r❡❝♦♠✲

❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥✱ ❛♥❞ ❤✐❣❤ ✐♥t❡rst❡❧❧❛r ❡①t✐♥❝t✐♦♥✁ ❚❤❡r❡❢♦r❡✱ ✇❡ ❛❞♦♣t❡❞

t❤❡ ♠❡❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❢r♦♠ ♦✉r ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ❢♦r ♦✉r ✂❂❃

❆❼❽❾❿➀➁ ➂➃➄➅❽❾➃➆ ✷➇✶
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✁❛❜❧❡ ✂✄☎✿ ✆❡❢❡r❡♥❝❡s ❢♦r ❛t♦♠✐❝ ❞❛t❛✄

✝✞✟ ✠✡☛✟☞✌✍✌✞✟ ♣✡✞✎☛✎✌✏✌✍✌✑☞ ❈✞✏✏✌☞✌✞✟ ☞✍✡✑✟❣✍❤☞

✒✰ ✓✑✏✏ ✑✍ ☛✏✔ ✭✶✾✾✕✮ ✖✍☛✗✗✞✡✘ ✑✍ ☛✏✔ ✭✶✾✾✙✮

❖✰ ❩✑✌♣♣✑✟ ✭✶✾✚✼✮ ✛✡☛✘❤☛✟ ✑✍ ☛✏✔ ✭✷✵✵✻✮

❖✜✰ ✖✍✞✡✑② ✫ ❩✑✌♣♣✑✟ ✭✷✵✵✵✮ ✢✑✟✟✞✟ ✫ ✓✉✡❦✑ ✭✶✾✾✙✮

✒✑✜✰ ✢☛✟✘✌ ✫ ✓❤☛✍✌☛ ✭✷✵✵✕✮ ▼✣✢☛✉❣❤✏✌✟ ✫ ✓✑✏✏ ✭✷✵✵✵✮

✖✰ ▼✑✟✘✞③☛ ✫ ❩✑✌♣♣✑✟ ✭✶✾✚✷✮ ✤☛✥☞✎✞✍✍✞✥ ✑✍ ☛✏✔ ✭✶✾✾✻✮

✖✜✰ ▼✑✟✘✞③☛ ✫ ❩✑✌♣♣✑✟ ✭✶✾✚✷✮ ✠☛②☛✏ ✫ ●✉♣✍☛ ✭✶✾✾✾✮

✦✉☛✟❣ ✭✶✾✚✕✮

✧✡✜✰ ✓✌➫✑✥✞✟✍ ✫ ✦☛✟☞✑✟ ✭✶✾✚✻✮ ●☛✏☛✈✌☞ ✑✍ ☛✏✔ ✭✶✾✾✕✮

✝✞✟ ✤✑✣✞✥✎✌✟☛✍✌✞✟ ✣✞✑✗★✣✌✑✟✍ ❈☛☞✑

✦✰ ✖✍✞✡✑② ✫ ✦✉✥✥✑✡ ✭✶✾✾✕✮ ✓

✦✑✰ ✛✞✡✍✑✡ ✑✍ ☛✏✔ ✭✷✵✶✸✮ ✓

❈✜✰ ❉☛✈✑② ✑✍ ☛✏✔ ✭✷✵✵✵✮ ✓

❛❜✩♥❞❛♥❝❡ ❛♥❛❧✪s✐s✄

✁❛❜❧❡ ✂✄✂ ❛❧s♦ ❧✐sts t✬❡ ❞❡r✐✯❡❞ ✱❡ ✲ t❡♠✴❡r❛t✩r❡s❀ ✇✬✐❝✬ ❛r❡ ❧♦✇❡r t✬❛♥ t✬❡

❁❂❃ t❡♠✴❡r❛t✩r❡s❀ ❄♥♦✇♥ ❛s t✬❡ ❅✆❃❋❁❂❃ t❡♠✴❡r❛t✩r❡ ❞✐s❝r❡✴❛♥❝✪ ✴r♦❜❧❡♠ ✐♥

❏❑❡ ◗s❡❡ ❡✄❯✄ ❃✐✩ ❡t ❛❧✄ ❱❳❳❳❀ ❱❳❳☎❜❭✄ ✁♦ ❞❡t❡r♠✐♥❡ t✬❡ ❡❧❡❝tr♦♥ t❡♠✴❡r❛t✩r❡

❢r♦♠ t✬❡ ✱❡ ✲ ❫❫✂❴❵❥❀ ❥❥❵❴ ❛♥❞ ❵❱❴q ❧✐♥❡s❀ ✇❡ ✩s❡❞ t✬❡ ❡♠✐ss✐✯✐t✐❡s ♦❢ ✱❡ ①

❧✐♥❡s ❜✪ ④♠✐ts ◗q⑤⑤❥❭❀ ✇✬✐❝✬ ❛❧s♦ ✐♥❝❧✩❞❡ t✬❡ t❡♠✴❡r❛t✩r❡ r❛♥❯❡ ♦❢ ⑥⑦ ⑧ ⑨⑩⑩⑩❶✄

❷❡ ❞❡r✐✯❡❞ ❡❧❡❝tr♦♥ t❡♠✴❡r❛t✩r❡s ♦❢ ⑥⑦❸❹❺ ❻❼ ❽ ⑨❾❾⑩❶ ❛♥❞ ⑥⑦❸❹❺ ❻❼ ❽ ❿➀➁⑩❶

❢r♦♠ t✬❡ ➂✩➃ r❛t✐♦ ✱❡ ✲ ❫❫❵❱❴q➄✂❴❵❥ ❛♥❞ ❫❫❵❱❴q➄❥❥❵❴❀ r❡s✴❡❝t✐✯❡❧✪✄ ④✐♠✐❋

❧❛r❧✪❀ ✇❡ ❯♦t ⑥⑦❸❹❺ ❻❼ ❽ ➁➅➁⑩❶ ❢♦r ✱❡ ✲ ❫❫❵❱❴q➄✂❴❵❥ ❛♥❞ ⑥⑦❸❹❺ ❻❼ ❽ ➆⑨❾⑩❶ ❢♦r

❫❫❵❱❴q➄❥❥❵❴ ❢r♦♠ t✬❡ ♠❡❛s✩r❡❞ ♥❡❜✩❧❛r s✴❡❝tr✩♠ ❜✪ ✁♦❞t ❡t ❛❧✄ ◗❱❳q➇❭✄

❱❥❱ ➈➉➊➋➌➍➎➊➏ ➊➐ ➑➋➒➏➓➍➒➔→ ➏➓➣➌➋➒➓ ↔➎➍↕ ➙➛➜➍→➑➓ ➝➓➏➍➔➒➋ ➞➍➒➔➞



✺✳✹✳ ◆❊❇❯▲❆❘ ❊▼P�❘�❈❆▲ ❆◆❆▲❨❙�❙

❚❛❜❧❡ ✁✂✁✿ ❉✐❛❣♥♦st✐❝s ❢♦r t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡✱ ✄☎ ❛♥❞ t❤❡ ❡❧❡❝tr♦♥ ❞❡♥s✐t②✱

✆☎✂ ✝❡❢❡r❡♥❝❡s✿ ❉✶✸ ➊ t❤✐s ✇♦r❦❀ ❚✶✸ ➊ ❚♦❞t ❡t ❛❧✂ ✭✷✵✶✸✮✂

■✞✟ ✠✡☛☞✟✞✌✍✡✎ ■✏✑✏✒✓❱✔ ✕✖✗❑✘ ✙✓✚✏

❬✛ ✜✜❪ ✢✻✣✤✽✰✢✻✣✽✤
✢✣✼✣✣ ✥✦✏✧★ ✩✾✪✫✬✾✯✫ ✠✥★

✲✴✫✫✬✲❁✫ ❂✥★

❬❖ ✜✜✜❪ ✢✤❃✣❃✰✢✣❄❄✼
✢✤❅✻❅ ★✧✏✥❋ ●●✪✲✫✬●✩❍✫ ❂✥★

❏✓ ✜ ✢✼◗✽❲
✢✣✽✼✻ ❋✦✏✧❳ ❁●●✫✬✴✯✴✫ ✠✥★

✩✾✩✫✬❍❁✫ ❂✥★

❏✓ ✜ ✢✼◗✽❲
✢✻✻✼✽ ❋✦✏✧❳ ❍✯✩✫✬●✪✴✫ ✠✥★

✲❁●✫✬❍✪✫✫ ❂✥★

❩✖✗❭❫❴❅✘

❬❵ ✜✜❪ ✢✻✼❲✼
✢✻✼❅❲ ✥❥✏★q ✲❁✫✬✴✫✫ ✠✥★

●✫✫✫✬●✯✫ ❂✥★

✈①③①④ ⑤⑥⑦⑧⑨ ⑩⑦❶ ❷⑥❷⑩❸ ⑩❹❺⑦❶⑩⑦⑨❻❼ ❽❾⑥❿ ➀➁➂❼

➃s✐♥❣ t❤❡ ❡❢❢❡❝t✐➄❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦❡❢➅❝✐❡♥ts ✭❣✐➄❡♥ ✐♥ ❚❛❜❧❡ ✁✂➆✮✱ ✇❡ ❞❡t❡r➇

♠✐♥❡ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s✱ ➈➉➋➌➍➋✱ ❢r♦♠ t❤❡ ♠❡❛s✉r❡❞ ✐♥t❡♥s✐t✐❡s ♦❢ ♦♣t✐❝❛❧ r❡➇

❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ✭➎✝➏s✮ ❛s ❢♦❧❧♦✇s✿

✆➐➑➉➋➒

✆➐➓➋➒
➔

→➐➣➒

→➐➓↔➒

➣➐↕➙➒

➛➜➝➞

➟☎➠➠➐➓↔➒

➟☎➠➠➐➣ ➒
➡ ✭✁✂✶✮

✇❤❡r❡ →➐➣➒ ✐s t❤❡ ✐♥tr✐♥s✐❝ ❧✐♥❡ ➢✉➤ ♦❢ t❤❡ ❡♠✐ss✐♦♥ ❧✐♥❡ ➣ ❡♠✐tt❡❞ ❜② ✐♦♥ ➑➉➋✱

→➐➓↔➒ ✐s t❤❡ ✐♥tr✐♥s✐❝ ❧✐♥❡ ➢✉➤ ♦❢ ➍↔✱ ➟☎➠➠➐➓↔➒ t❤❡ ❡❢❢❡❝t✐➄❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦❡❢➅➇

❝✐❡♥t ♦❢ ➍↔ ✱ ❛♥❞ ➟☎➠➠➐➣➒ t❤❡ ❡❢❢❡❝t✐➄❡ r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦❡❢➅❝✐❡♥t ❢♦r t❤❡ ❡♠✐ss✐♦♥

❧✐♥❡ ➣ ✂

➥❜✉♥❞❛♥❝❡s ♦❢ ❤❡❧✐✉♠ ❛♥❞ ❝❛r❜♦♥ ❢r♦♠ ➎✝➏s ❛r❡ ❣✐➄❡♥ ✐♥ ❚❛❜❧❡ ✁✂➦✂ ➧❡

❞❡r✐➄❡❞ t❤❡ ✐♦♥✐❝ ❛♥❞ t♦t❛❧ ❤❡❧✐✉♠ ❛❜✉♥❞❛♥❝❡s ❢r♦♠ ➍❡ ➨ ➣➆➆➩✶✱ ➣✁➫➩➦ ❛♥❞

➣➦➦➩➫ ❧✐♥❡s✂ ➧❡ ❛ss✉♠❡❞ t❤❡ ➭❛s❡ ➯ r❡❝♦♠❜✐♥❛t✐♦♥ ❢♦r t❤❡ ➍❡ ➨ ❧✐♥❡s ✭➲♦rt❡r

❡t ❛❧✂ ✷✵✶✷✱ ✷✵✶✸✮✂ ➧❡ ❛❞♦♣t❡❞ ❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ♦❢ ✄☎ ➔ ➳➵➵➵ ➸ ❢r♦♠

❆➺➻➼➽➾➚ ➪➶➹➘➻➼➶➴ ✷➦✸
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✁❛❜❧❡ ✂✄✻✿ ☎♠♣✐r✐❝❛❧ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ❖✆✝s✄

✞✟✠ ✡✭☛☞✮ ▼✌✍t ❱✎✍✌✏ ✑

✒✏✰ ✓✓✼✶✔✕✵ ❱✶✓ ✵✔✶✓✶

✕✖✼✗✔✗✗ ❱✶✶ ✵✔✶✷✶

✗✗✼✖✔✶✗ ❱✓✗ ✵✔✶✶✕

▼✏✎✠ ✵✔✶✷✓

✒✏✘✰ ✓✗✖✕✔✗✖ ✸✔✓ ✵✔✵

✒✏✴✒ ✵✔✶✷✓

❈✘✰ ✗✓✗✶✔✾✕ ❱✶✼✔✓✵ ✸✔✵✗✖✭✙✚✮

✼✷✸✗✔✓✷ ❱✸ ✶✔✷✕✓✭✙✚✮

▼✏✎✠ ✷✔✶✗✶✭✙✚✮

✑ ☞✛✛✌✜✢✠❣ ✣✤ ❂ ✥✦✦✦❑ ✎✠✧ ★✤ ❂ ✩✦✦✦ ✪✫✬✯✔

✱❡ ✲ ❧✐♥❡s❀ ❛♥❞ ❛♥ ❡❧❡❝❁r♦♥ ❞❡♥s✐❁② ♦❢ ❃❄ ❅ ❉❋❋❋ ❝♠●❏✄ ◗❡ ❛✈❡r❛❯❡❞ ❁❤❡ ✱❡❳❩✱❳

✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❢r♦♠ ❁❤❡ ✱❡ ✲ ❭❫❫❴❵❀ ❭✂❥❴✻ ❛♥❞ ❭✻✻❴❥ ❧✐♥❡s ✇✐❁❤ ✇❡✐❯❤❁s ♦❢

❵✿❦✿❵❀ r♦✉❯❤❧② ❁❤❡ ✐♥❁r✐♥s✐❝ ✐♥❁❡♥s✐❁② r❛❁✐♦s ♦❢ ❁❤❡s❡ ❁❤r❡❡ ❧✐♥❡s✄ ✁❤❡ ❁♦❁❛❧ ✱❡❩✱

❛❜✉♥❞❛♥❝❡ r❛❁✐♦ ✐s ♦❜❁❛✐♥❡❞ ❜② s✐♠♣❧② ❁❛q✐♥❯ ❁❤❡ s✉♠ ♦❢ ✱❡❳❩✱❳ ❛♥❞ ✱❡①❳❩✱❳✄

✱♦✇❡✈❡r❀ ✱❡①❳❩✱❳ ✐s ❡③✉❛❧ ❁♦ ④❡r♦❀ s✐♥❝❡ ✱❡ ✲✲ ❭❫✻❥✻ ✐s ♥♦❁ ♣r❡s❡♥❁✄ ✁❤❡ ⑤①❳

✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡ ✐s ♦❜❁❛✐♥❡❞ ❢r♦♠ ⑤ ✲✲ ❭✻❫✻⑥ ❛♥❞ ❭❴⑥❦✻ ❧✐♥❡s✄

⑦⑧⑨⑧⑩ ❶❷❸❹❺ ❻❸❼ ❽❷❽❻❾ ❻❿➀❸❼❻❸❺➁➂ ➃➄❷➅ ➆➇➈➂

◗❡ ❞❡❁❡r♠✐♥❡❞ ❛❜✉♥❞❛♥❝❡s ❢♦r ✐♦♥✐❝ s♣❡❝✐❡s ♦❢ ➉❀ ❖❀ ➉❡❀ ➊ ❛♥❞ ➋r ❢r♦♠ ⑤☎✝s✄ ✁♦

❞❡❞✉❝❡ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s❀ ✇❡ s♦❧✈❡ ❁❤❡ s❁❛❁✐s❁✐❝❛❧ ❡③✉✐❧✐❜r✐✉♠ ❡③✉❛❁✐♦♥s ❢♦r ❡❛❝❤

✐♦♥ ✉s✐♥❯ ➌➍➎✲➏ ❝♦❞❡❀ ❯✐✈✐♥❯ ❧❡✈❡❧ ♣♦♣✉❧❛❁✐♦♥ ❛♥❞ ❧✐♥❡ s❡♥s✐❁✐✈✐❁✐❡s ❢♦r s♣❡❝✐➐❡❞

❃❄ ❅ ❉❋❋❋ ❝♠●❏ ❛♥❞ ➑❄ ❅ ❉❋❋❋❋ ➒ ❛❞♦♣❁❡❞ ❛❝❝♦r❞✐♥❯ ❁♦ ♦✉r ♣❤♦❁♦✐♦♥✐④❛❁✐♦♥

♠♦❞❡❧❧✐♥❯✄ ❖♥❝❡ ❁❤❡ ❡③✉❛❁✐♦♥s ❢♦r ❁❤❡ ♣♦♣✉❧❛❁✐♦♥ ♥✉♠❜❡rs ❛r❡ s♦❧✈❡❞❀ ❁❤❡ ✐♦♥✐❝

❛❜✉♥❞❛♥❝❡s❀ ➓➔❳❩✱❳❀ ❝❛♥ ❜❡ ❞❡r✐✈❡❞ ❢r♦♠ ❁❤❡ ♦❜s❡r✈❡❞ ❧✐♥❡ ✐♥❁❡♥s✐❁✐❡s ♦❢ ⑤☎✝s

⑥✻❫ →➣↔↕➙➛➜↔➝ ↔➞ ➟↕➠➝➡➛➠➢➤ ➝➡➥➙↕➠➡ ➦➜➛➧ ➨➩➫➛➤➟➡ ➭➡➝➛➢➠↕ ➯➛➠➢➯
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❛s ❢♦❧❧♦✇s✿

✁✭❳✐✰✮

✁✭❍✰✮
❂

■✭✂✐ ❥✮

■✭❍❜✮

✂✐ ❥✭✠✄✮

☎✽✻✶

✆❡✝✝✭❍❜✮

✞✐ ❥

✁❡

♥✐
❀ ✟✡☛✷☞

✇❤✌r✌ ■✭✂✐ ❥✮ ✍s t❤✌ ❞✌r✌❞❞✌✎✌❞ ✏✉① ♦❢ t❤✌ ✌♠✍ss✍♦✎ ❧✍✎✌ ✂✐ ❥ ✌♠✍tt✌❞ ✑② ✍♦✎ ❳✐✰

❢♦❧❧♦✇✍✎❣ t❤✌ tr❛✎s✍t✍♦✎ ❢r♦♠ t❤✌ ✉♣♣✌r ❧✌✈✌❧ ✒ t♦ t❤✌ ❧♦✇✌r ❧✌✈✌❧ ✓✱ ■✭❍❜✮ t❤✌

❞✌r✌❞❞✌✎✌❞ ✏✉① ♦❢ ✔❜ ✱ ✆❡✝✝✭❍❜✮ t❤✌ ✌❢❢✌❝t✍✈✌ r✌❝♦♠✑✍✎❛t✍♦✎ ❝♦✌❢✕❝✍✌✎t ♦❢ ✔❜✱

✞✐ ❥ t❤✌ ✖✍✎st✌✍✎ s♣♦✎t❛✎✌♦✉s tr❛✎s✍t✍♦✎ ♣r♦✑❛✑✍❧✍t② ♦❢ t❤✌ tr❛✎s✍t✍♦✎✱ ♥✐ t❤✌ ❢r❛❝✲

t✍♦✎❛❧ ♣♦♣✉❧❛t✍♦✎ ♦❢ t❤✌ ✉♣♣✌r ❧✌✈✌❧ ✒✱ ❛✎❞ ✁❡ ✍s t❤✌ ✌❧✌❝tr♦✎ ❞✌✎s✍t②☛

❚♦t❛❧ ✌❧✌♠✌✎t❛❧ ❛✎❞ ✍♦✎✍❝ ❛✑✉✎❞❛✎❝✌s ♦❢ ✎✍tr♦❣✌✎✱ ♦①②❣✌✎✱ ✎✌♦✎✱ s✉❧♣❤✉r

❛✎❞ ❛r❣♦✎ ❢r♦♠ ✗✖✘s ❛r✌ ♣r✌s✌✎t✌❞ ✍✎ ❚❛✑❧✌ ✡☛✼☛ ❚♦t❛❧ ✌❧✌♠✌✎t❛❧ ❛✑✉✎❞❛✎❝✌s

❛r✌ ❞✌r✍✈✌❞ ❢r♦♠ ✍♦✎✍❝ ❛✑✉✎❞❛✎❝✌s ✉s✍✎❣ t❤✌ ✍♦✎✍③❛t✍♦✎ ❝♦rr✌❝t✍♦✎ ❢❛❝t♦rs ✟✒✙ ✚ ☞

❢♦r♠✉❧❛s ❣✍✈✌✎ ✑② ❑✍✎❣s✑✉r❣❤ ✫ ✛❛r❧♦✇ ✟✜✾✾✢☞☛ ❚❤✌ t♦t❛❧ ❖✴✔ ❛✑✉✎❞❛✎❝✌

r❛t✍♦ ✍s ♦✑t❛✍✎✌❞ ✑② s✍♠♣❧② t❛❦✍✎❣ t❤✌ s✉♠ ♦❢ t❤✌ ❖✰✴✔✰ ❞✌r✍✈✌❞ ❢r♦♠ ❬❖ ✣✣❪

✂✂✸✼✷✤✱✸✼✷✾ ❞♦✉✑❧✌t✱ ❛✎❞ t❤✌ ❖✥✰✴✔✰ ❞✌r✍✈✌❞ ❢r♦♠ ❬❖ ✣✣✣❪ ✂✂✢✾✡✾✱✡✵✵✼ ❞♦✉✲

✑❧✌t✱ s✍✎❝✌ ✔✌ ✣✣ ✂✢✤✦✤ ✍s ✎♦t ♣r✌s✌✎t✱ s♦ ❖✧✰✴✔✰ ✍s ✎✌❣❧✍❣✍✑❧✌☛ ❚❤✌ t♦t❛❧ ★✴✔

❛✑✉✎❞❛✎❝✌ r❛t✍♦ ✇❛s ❝❛❧❝✉❧❛t✌❞ ❢r♦♠ t❤✌ ★✰✴✔✰ r❛t✍♦ ❞✌r✍✈✌❞ ❢r♦♠ t❤✌ ❬★ ✣✣❪

✂✂✤✡✢✦✱✤✡✦✢ ❞♦✉✑❧✌t✱ ❝♦rr✌❝t✍✎❣ ❢♦r t❤✌ ✉✎s✌✌✎ ★✥✰✴✔✰ ✉s✍✎❣✱

✩

❍
❂

✪
✩✰

❍✰

✬✪
✯

✯✰

✬

✟✡☛✸☞

❚❤✌ ★✌✥✰✴✔✰ ✍s ❞✌r✍✈✌❞ ❢r♦♠ ❬★✌ ✣✣✣❪ ✂✸✦✤✾ ❧✍✎✌☛ ❁✍♠✍❧❛r❧②✱ t❤✌ ✉✎s✌✌✎ ★✌✰✴✔✰

✍s ❝♦rr✌❝t✌❞ ❢♦r✱ ✉s✍✎❣

✩❃

❍
❂

✪
✩❃✥✰

❍✰

✬✪
✯

✯✥✰

✬

✟✡☛✢☞

❋♦r s✉❧♣❤✉r✱ ✇✌ ❤❛✈✌ ❁✰✴✔✰ ❢r♦♠ t❤✌ ❬❁ ✣✣❪ ✂✂✤✼✜✤✱✤✼✸✜ ❞♦✉✑❧✌t ❛✎❞ ❁✥✰✴✔✰

❢r♦♠ t❤✌ ❬❁ ✣✣✣❪ ✂✾✵✤✾ ❧✍✎✌☛ ❚❤✌ t♦t❛❧ s✉❧♣❤✉r ❛✑✉✎❞❛✎❝✌ ✍s ❝♦rr✌❝t✌❞ ❢♦r t❤✌

✉✎s✌✌✎ st❛❣✌s ♦❢ ✍♦✎✍③❛t✍♦✎ ✉s✍✎❣

❄

❍
❂

✪
❄✰

❍✰ ❅
❄✥✰

❍✰

✬❉

✶●

✪

✶●
✯✰

✯

✬✧
❏◗❱❲✧

✟✡☛✡☞

❚❤✌ ❬❩r ✣✣✣❪ ✼✜✸✤ ❧✍✎✌ ✍s ♦✎❧② ❞✌t✌❝t✌❞✱ s♦ ✇✌ ❤❛✈✌ ♦✎❧② ❩r✥✰✴✔✰☛ ❚❤✌ t♦t❛❧

❆❭❫❴❵q④ ⑤⑥⑦⑧❫❴⑥⑨ ✷✤✡
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❛r❣♦♥ ❛❜✉♥❞❛♥❝❡ ✐s ♦❜t❛✐♥❡❞ ❜② ❛ss✉♠✐♥❣ ✁r✰✴✁r ❂ ✂✰✴✂✿

✄☎

✆
✝

✒
✄☎✷✰

✆✰

✓✒

✶✞
✟✰

✟

✓✠✡
✭☛☞✻✮

✁s ✐t ❞♦❡s ♥♦t ✐♥❝❧✉❞❡ t❤❡ ✉♥s❡❡♥ ✁r✸✰✱ s♦ t❤❡ ❞❡r✐✈❡❞ ❡❧❡♠❡♥t❛❧ ❛r❣♦♥ ♠❛② ❜❡

✉♥❞❡r❡st✐♠❛t❡❞☞

❋✐❣☞ ☛☞✌ s❤♦✇s t❤❡ s♣❛t✐❛❧ ❞✐str✐❜✉t✐♦♥ ♦❢ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ✍❡✰✴✍✰✱

✂✰✴✍✰✱ ❖✷✰✴✍✰ ❛♥❞ ✎✰✴✍✰ ❞❡r✐✈❡❞ ❢♦r ❣✐✈❡♥ ✏✑ ✝ ✶✵✵✵✵ ❑ ❛♥❞ ✔✑ ✝ ✶✵✵✵ ❝♠✠✸☞

✕❡ ♥♦t✐❝❡ t❤❛t ❜♦t❤ ❖✷✰✴✍✰ ❛♥❞ ✍❡✰✴✍✰ ❛r❡ ✈❡r② ❤✐❣❤ ♦✈❡r t❤❡ s❤❡❧❧✱ ✇❤❡r❡❛s

✂✰✴✍✰ ❛♥❞ ✎✰✴✍✰ ❛r❡ s❡❡♥ ❛t t❤❡ ❡❞❣❡s ♦❢ t❤❡ s❤❡❧❧☞ ✖t s❤♦✇s ♦❜✈✐♦✉s r❡s✉❧ts

♦❢ t❤❡ ✐♦♥✐③❛t✐♦♥ s❡q✉❡♥❝❡ ❢r♦♠ t❤❡ ❤✐❣❤❧② ✐♥♥❡r ✐♦♥✐③❡❞ ③♦♥❡s t♦ t❤❡ ♦✉t❡r ❧♦✇

✐♦♥✐③❡❞ r❡❣✐♦♥s☞

✗✘✗ ✙✚✛✜✛✢✛✣✢✤✥✜✢✛✣ ✦✛✧★✩✩✢✣✪

✫❤❡ ✬✲❉ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ❝♦❞❡ ▼✯❈✼✾✾❀❁ ✭✈❡rs✐♦♥ ❃☞❄❃☞✻❅● ❏r❝♦❧❛♥♦ ❡t ❛❧☞ ❃❄❄✬❛✱

❃❄❄☛✱ ❃❄❄◗✮ ✇❛s ✉s❡❞ t♦ st✉❞② t❤❡ ❜❡st✲❯tt✐♥❣ ♠♦❞❡❧ ❢♦r ✁❜❡❧❧ ✌◗☞ ✫❤❡ ❝♦❞❡ ❤❛s

❜❡❡♥ ✉s❡❞ t♦ ♠♦❞❡❧ ❛ ♥✉♠❜❡r ♦❢ ❱✂❡✱ ❢♦r ❡①❛♠♣❧❡ ✂❳❩ ✬❭❫◗ ✭❏r❝♦❧❛♥♦ ❡t ❛❧☞

❃❄❄✬❜✮✱ ✂❳❩ ❅❄❄❭ ✭❳♦♥❝➳❛❧✈❡s ❡t ❛❧☞ ❃❄❄✻✮✱ ✂❳❩ ✻✬❄❃ ✭✕r✐❣❤t ❡t ❛❧☞ ❃❄❫❫✮✱ ❛♥❞

✎✉✕t ❃ ✭❉❛♥❡❤❦❛r ❡t ❛❧☞ ❃❄❫✬✮☞ ✫❤❡ ♠♦❞❡❧❧✐♥❣ ♣r♦❝❡❞✉r❡ ❝♦♥s✐sts ♦❢ ❞❡❯♥✐♥❣

t❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ❛♥❞ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ♦❢ t❤❡ ♥❡❜✉❧❛✱ ❛s ✇❡❧❧ ❛s ❛s✲

s✐❣♥✐♥❣ t❤❡ ✐♦♥✐③✐♥❣ s♣❡❝tr✉♠ ♦❢ t❤❡ ❩✎☞ ✫❤✐s ❝♦❞❡ ✉s❡s ❛ ❴♦♥t❡ ❩❛r❧♦ ♠❡t❤♦❞ t♦

s♦❧✈❡ s❡❧❢✲❝♦♥s✐st❡♥t❧② t❤❡ ✬✲❉ r❛❞✐❛t✐✈❡ tr❛♥s❢❡r ♦❢ t❤❡ st❡❧❧❛r r❛❞✐❛t✐♦♥ ❯❡❧❞ ✐♥ ❛

❣❛s❡♦✉s ♥❡❜✉❧❛ ✇✐t❤ t❤❡ ❞❡❯♥❡❞ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ❛♥❞ ❝❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s☞

✖t ♣r♦❞✉❝❡s t❤❡ ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr✉♠✱ t❤❡ t❤❡r♠❛❧ str✉❝t✉r❡ ❛♥❞ t❤❡ ✐♦♥✐③❛✲

t✐♦♥ str✉❝t✉r❡ ♦❢ t❤❡ ♥❡❜✉❧❛☞ ✖t ❛❧❧♦✇s ✉s t♦ ❞❡t❡r♠✐♥❡ t❤❡ st❡❧❧❛r ❝❤❛r❛❝t❡r✐st✐❝s

❛♥❞ t❤❡ ♥❡❜✉❧❛ ♣❛r❛♠❡t❡rs☞ ✫❤❡ ❛t♦♠✐❝ ❞❛t❛ s❡ts ✉s❡❞ ❢♦r t❤❡ ❝❛❧❝✉❧❛t✐♦♥ ❛r❡

❡♥❡r❣② ❧❡✈❡❧s✱ ❝♦❧❧✐s✐♦♥ str❡♥❣t❤s ❛♥❞ tr❛♥s✐t✐♦♥ ♣r♦❜❛❜✐❧✐t✐❡s ❢r♦♠ t❤❡ ❩✍✖✁✂✫✖

❞❛t❛ ❜❛s❡ ✭✈❡rs✐♦♥ ☛☞❃● ❵❛♥❞✐ ❡t ❛❧☞ ❃❄❄✻✮✱ ❤②❞r♦❣❡♥ ❛♥❞ ❤❡❧✐✉♠ ❢r❡❡➊❜♦✉♥❞ ❝♦✲

❡❢❯❝✐❡♥ts ♦❢ ❏r❝♦❧❛♥♦ ❥ ✎t♦r❡② ✭❃❄❄✻✮✱ ❛♥❞ ♦♣❛❝✐t✐❡s ❢r♦♠ ④❡r♥❡r ❡t ❛❧☞ ✭❫❭❭✬✮

❃✻✻ ⑤⑥⑦⑧⑨⑩❶⑦❷ ⑦❸ ❹⑧❺❷❻⑩❺❼❽ ❷❻❾⑨⑧❺❻ ❿❶⑩➀ ➁➂➃⑩❽❹❻ ➄❻❷⑩❼❺⑧ ➅⑩❺❼➅
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✁❛❜❧❡ ✂✄✼✿ ☎♠♣✐r✐❝❛❧ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ❈☎✆s✄

✝✞✟ ✠✭✡☛✮ ☞✌✍t ❱✎✍✌✏ ✑

✒✰ ✻✓✹✽✔✶✵ ❋✶ ✶✔✸✓✻✭✕✖✮

✻✓✽✸✔✓✵ ❋✶ ✶✔✹✽✻✭✕✖✮

☞✏✎✟ ✶✔✹✷✶✭✕✖✮

✗✘ ✙ ✭✒✮ ✸✔✵✷✻

✒✴❍ ✹✔✷✾✾✭✕✖✮

✚✰ ✸✛✷✛✔✹✸ ❋✶ ✓✔✷✓✶✭✕✖✮

✚✜✰ ✹✾✓✽✔✾✶ ❋✶ ✶✔✵✷✹✭✕✢✮

✓✵✵✻✔✽✹ ❋✶ ✶✔✶✵✹✭✕✢✮

☛✣✏✤✎❣✏ ✶✔✵✻✹✭✕✢✮

✗✘ ✙ ✭✚✮ ✶✔✵

✚✴❍ ✶✔✓✽✾✭✕✢✮

✒✏✜✰ ✸✽✻✽✔✛✓ ❋✶ ✹✔✷✓✻✭✕✖✮

✗✘ ✙ ✭✒✏✮ ✶✔✹✾✹

✒✏✴❍ ✻✔✸✓✽✭✕✖✮

❙✰ ✻✛✶✻✔✹✹ ❋✷ ✹✔✵✓✽✭✕✥✮

✻✛✸✵✔✽✷ ❋✷ ✸✔✽✾✻✭✕✥✮

☛✣✏✤✎❣✏ ✸✔✾✛✛✭✕✥✮

❙✜✰ ✾✵✻✽✔✻✵ ❋✶ ✓✔✓✛✾✭✕✦✮

✗✘ ✙ ✭❙✮ ✶✔✶✷✻

❙✴❍ ✻✔✛✸✷✭✕✦✮

☛✤✜✰ ✛✶✸✓✔✽✵ ❋✶ ✾✔✽✛✹✭✕✥✮

✗✘ ✙ ✭☛✤✮ ✶✔✹✾✹

☛✤✴❍ ✶✔✹✛✓✭✕✦✮

✑ ☛✧✧✌★✩✟❣ ✪✫ ❂ ✬✯✯✯✯❑ ✎✟✱ ✲✫ ❂ ✬✯✯✯ ❀❁❃❄✔

❆❅❤❦❇❏③ ❉◗❘❯❤❦◗❲ ❳❨✼
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❋✐❣✉r❡ ✁✂✄✿ ☎♦♥✐❝ ❛❜✉♥❞❛♥❝❡ ♠❛♣s ♦❢ ✆❜❡❧❧ ✄✝✂ ❋r♦♠ ❧❡❢t t♦ r✐❣❤t✿ s♣❛t✐❛❧ ❞✐str✐✲

❜✉t✐♦♥ ♠❛♣s ♦❢ s✐♥❣❧② ✐♦♥✐③❡❞ ❤❡❧✐✉♠ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ✞❡✰✴✞✰ ❢r♦♠ ✞❡ ✟ ❖✠✡s

✭✄✄✼✷✱ ✁✝✼✼✱ ✻✻✼✝✮❀ ✐♦♥✐❝ ♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ☛✰✴✞✰ ✭☞✶✵✌✍✮ ❢r♦♠ ✎☛ ✟✟✏

❈✑✡s ✭✁✼✁✁✱ ✻✁✄✝✱ ✻✁✝✄✮❀ ✐♦♥✐❝ ♦①②❣❡♥ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ❖✒✰✴✞✰ ✭☞✶✵✌✓✮ ❢r♦♠

✎❖ ✟✟✟✏ ❈✑✡s ✭✄✾✁✾✱ ✁✔✔✼✮❀ ❛♥❞ ✐♦♥✐❝ s✉❧♣❤✉r ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ✕✰✴✞✰ ✭☞✶✵✌✖✮

❢r♦♠ ✎✕ ✟✟✏ ❈✑✡s ✭✻✼✗✻✱ ✻✼✸✗✮✂ ☛♦rt❤ ✐s ✉♣ ❛♥❞ ❡❛st ✐s t♦✇❛r❞ t❤❡ ❧❡❢t✲❤❛♥❞ s✐❞❡✂

✘❤❡ ✇❤✐t❡ ❝♦♥t♦✉r ❧✐♥❡s s❤♦✇ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ♥❛rr♦✇✲❜❛♥❞ ❡♠✐ss✐♦♥ ♦❢

✞✙ ✐♥ ❛r❜✐tr❛r② ✉♥✐t ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ✕✞✕✂

✷✻✝ ✚✈✛✜✢✣✤✛✥ ✛✦ ✧✜★✥✩✣★✪✫ ✥✩✬✢✜★✩ ✯✤✣❁ ❂❃❄✣✫✧✩ ❅✩✥✣✪★✜ ❉✣★✪❉
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❛♥❞ ❱❡r♥❡r ✫ ❨❛❦♦✈❧❡✈ ✭✶✾✾✁✮✂

✄❤❡ ❜❡st✲☎tt✐♥❣ ♠♦❞❡❧ ✇❛s ♦❜t❛✐♥❡❞ t❤r♦✉❣❤ ❛♥ ✐t❡r❛t✐✈❡ ♣r♦❝❡ss✱ ✐♥✈♦❧✈✐♥❣

t❤❡ ❝♦♠♣❛r✐s♦♥ ♦❢ t❤❡ ♣r❡❞✐❝t❡❞ ❍✆ ❧✉♠✐♥♦s✐t② ✝✞✟ ✭❡r❣ s
✠✡✮✱ t❤❡ ☛✉① ✐♥t❡♥s✐✲

t✐❡s ♦❢ s♦♠❡ ✐♠♣♦rt❛♥t ❧✐♥❡s✱ r❡❧❛t✐✈❡ t♦ ❍✆ ✭s✉❝❤ ❛s ❬☞ ✌✌✌❪ ✍✁✵✵✼ ❛♥❞ ❬✎ ✌✌❪

✍✻✁✽✹✮✱ ✇✐t❤ t❤♦s❡ ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ♦❜s❡r✈❛t✐♦♥s✂ ✄❤❡ ❢r❡❡ ♣❛r❛♠❡t❡rs ✐♥✲

❝❧✉❞❡❞ ❞✐st❛♥❝❡ ❛♥❞ ♥❡❜✉❧❛r ♣❛r❛♠❡t❡rs✂ ❲❡ ✐♥✐t✐❛❧❧② ✉s❡❞ t❤❡ st❡❧❧❛r ❧✉♠✐✲

♥♦s✐t② ✭✝❄ ❂ ✏✑✑✑✒❏✮ ❛♥❞ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ✭✓✔✕✕ ❂ ✖✑❦❑✮ ❢♦✉♥❞ ❜② ✄♦❞t

❡t ❛❧✂ ✭✷✵✶✸✮✂ ❍♦✇❡✈❡r✱ ✇❡ s❧✐❣❤t❧② ❛❞❥✉st❡❞ t❤❡ st❡❧❧❛r ❧✉♠✐♥♦s✐t② t♦ ♠❛t❝❤ t❤❡

♦❜s❡r✈❡❞ ❧✐♥❡ ☛✉① ♦❢ ❬☞ ✌✌✌❪ ❡♠✐ss✐♦♥ ❧✐♥❡✂ ✗♦r❡♦✈❡r✱ ✇❡ ❛❞♦♣t❡❞ t❤❡ ♥❡❜✉❧❛r

❞❡♥s✐t② ❛♥❞ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ✐♥ ❙❡❝t✐♦♥ ✁✂✹✱ ❜✉t t❤❡②

❤❛✈❡ ❜❡❡♥ ❣r❛❞✉❛❧❧② ❛❞❥✉st❡❞ ✉♥t✐❧ t❤❡ ♦❜s❡r✈❡❞ ♥❡❜✉❧❛r ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr✉♠

✇❛s r❡♣r♦❞✉❝❡❞ ❜② t❤❡ ♠♦❞❡❧✂ ✄❤❡ ❜❡st✲☎tt✐♥❣ ✝✞✟ ❞❡♣❡♥❞s ✉♣♦♥ t❤❡ ❞✐st❛♥❝❡

❛♥❞ ♥❡❜✉❧❛ ❞❡♥s✐t②✂ ✄❤❡ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ②✐❡❧❞s ✘✔ ❂ ✖✙✑➊✶✵✵✵ ❝♠
✠✚✱ ✇❤✐❝❤

❝❛♥ ❜❡ ❛♥ ✐♥❞✐❝❛t♦r ♦❢ t❤❡ ❞❡♥s✐t② r❛♥❣❡✂ ❇❛s❡❞ ♦♥ t❤❡ ❦✐♥❡♠❛t✐❝ ❛♥❛❧②s✐s✱ t❤❡

❞✐st❛♥❝❡ ♠✉st ❜❡ ❧❡ss t❤❛♥ ✷ ❦♣❝✱ ❜✉t ♠♦r❡ t❤❛♥ ✶✂✁ ❦♣❝ ❞✉❡ t♦ t❤❡ ❧❛r❣❡ ✐♥✲

t❡rst❡❧❧❛r ❡①t✐♥❝t✐♦♥✂ ❲❡ ♠❛t❝❤❡❞ t❤❡ ♣r❡❞✐❝t❡❞ ❍✆ ❧✉♠✐♥♦s✐t② ✝✛✜✆✢ ✇✐t❤ t❤❡

✈❛❧✉❡ ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ♦❜s❡r✈❛t✐♦♥ ❜② ❛❞❥✉st✐♥❣ t❤❡ ❞✐st❛♥❝❡ ❛♥❞ ♥❡❜✉❧❛r ❞❡♥✲

s✐t②✂ ✄❤❡♥✱ ✇❡ ❛❞❥✉st❡❞ ❛❜✉♥❞❛♥❝❡s t♦ ❣❡t t❤❡ ❜❡st ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr✉♠✂

✣✤✣✤✥ ✦✧★ ✩✪✬✩③✩✬✯ ✰✴★✿❀❁❃❅

✄❤❡ ❤②❞r♦❣❡♥✲❞❡☎❝✐❡♥t s②♥t❤❡t✐❝ s♣❡❝tr❛ ♦❢ ❈❜❡❧❧ ✹✽ ✇❛s ♠♦❞❡❧❧❡❞ ✉s✐♥❣ st❡❧✲

❧❛r ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡s ♣r♦❞✉❝❡❞ ❜② t❤❡ ❋♦ts❞❛♠ ❲♦❧❢➊❘❛②❡t ✭❋♦❲❘✮ ♠♦❞❡❧s

❢♦r ❡①♣❛♥❞✐♥❣ ❛t♠♦s♣❤❡r❡s ✭◗r➝❛❢❡♥❡r ❡t ❛❧✂ ✷✵✵✷❯ ❍❛♠❛♥♥ ✫ ◗r➝❛❢❡♥❡r ✷✵✵✹✮✂

❳t s♦❧✈❡s t❤❡ ♥♦♥✲❧♦❝❛❧ t❤❡r♠♦❞②♥❛♠✐❝ ❡q✉✐❧✐❜r✐✉♠ ✭♥♦♥✲✒✄❭✮ r❛❞✐❛t✐✈❡ tr❛♥s✲

❢❡r ❡q✉❛t✐♦♥ ✐♥ t❤❡ ❝♦♠♦✈✐♥❣ ❢r❛♠❡✱ ✐t❡r❛t✐✈❡❧② ✇✐t❤ t❤❡ ❡q✉❛t✐♦♥s ♦❢ st❛t✐st✐❝❛❧

❡q✉✐❧✐❜r✐✉♠ ❛♥❞ r❛❞✐❛t✐✈❡ ❡q✉✐❧✐❜r✐✉♠✱ ❢♦r ❛♥ ❡①♣❛♥❞✐♥❣ ❛t♠♦s♣❤❡r❡ ✉♥❞❡r t❤❡

❛ss✉♠♣t✐♦♥s ♦❢ s♣❤❡r✐❝❛❧ s②♠♠❡tr②✱ st❛t✐♦♥❛r✐t② ❛♥❞ ❤♦♠♦❣❡♥❡✐t②✂ ✄❤❡ r❡s✉❧t ♦❢

♦✉r ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ✐s s❤♦✇♥ ✐♥ ❫✐❣✂ ✁✂✁✂ ✄❤❡ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ❝❛❧❝✉❧❛t❡❞

❆❴❵④⑤⑥⑦ ❉⑧⑨⑩❵④⑧❶ ✷✻✾
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✟♦✠✡ ♠♦❞❡❧s ❢♦r t❤❡ s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡s ☛✿☛❡✿❈✿✄✿❖ ❂ ✶✵✿☞✁✿✵✂✸✿✁✿✵✂✻ ❜②

♠❛ss ❛♥❞ t❤❡ st❡❧❧❛r t❡♠♣❡r❛t✉r❡ ✌✍✎✎ ❂ ✼✵ ❦❑ ✭✆♦❞t ❡t ❛❧✂ ✷✵✶✸✮✱ ❝♦♠♣❛r❡❞ ✇✐t❤

❛ ❜❧❛❝❦❜♦❞② ✭❞❛s❤❡❞ ❧✐♥❡✮ ❛t t❤❡ s❛♠❡ t❡♠♣❡r❛t✉r❡✂

✇✐t❤ t❤❡ ✟♦✠✡ ❝♦❞❡ ✐s ❢♦r t❤❡ st❡❧❧❛r s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡s ☛✿☛❡✿❈✿✄✿❖ ❂ ✶✵✿☞✁✿✵✂✸✿✁✿✵✂✻

❜② ♠❛ss✱ t❤❡ st❡❧❧❛r t❡♠♣❡r❛t✉r❡ ✌✍✎✎ ❂ ✼✵ ❦❑✱ t❤❡ tr❛♥s❢♦r♠❡❞ r❛❞✐✉s ✏✑ ✒ ✓✔✕✖ ✡❏

❛♥❞ t❤❡ ✇✐♥❞ t❡r♠✐♥❛❧ ✈❡❧♦❝✐t② ✗➙ ✒ ✘✓✓✓ ❦♠ s✙✚✂ ✆❤❡ ❜❡st ♣❤♦t♦✐♦♥✐③❛t✐♦♥

♠♦❞❡❧ ✇❛s ♦❜t❛✐♥❡❞ ✇✐t❤ ❛♥ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ♦❢ ✼✵ ❦❑ ✭t❤❡ s❛♠❡ ❛s ✟♦✠✡

♠♦❞❡❧ ✉s❡❞ ❜② ✆♦❞t ❡t ❛❧✂ ✷✵✶✸✮ ❛♥❞ ❛ st❡❧❧❛r ❧✉♠✐♥♦s✐t② ♦❢ ✛❄✜☎❏❂ ✁✁✵✵✱ ✇❤✐❝❤

✐s ❝❧♦s❡ t♦ ✛❄✜☎❏❂ ✻✵✵✵ ❛❞♦♣t❡❞ ❜② ✆♦❞t ❡t ❛❧✂ ✭✷✵✶✸✮✂ ✆❤✐s st❡❧❧❛r ❧✉♠✐♥♦s✐t②

✇❛s ❢♦✉♥❞ t♦ ❜❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ♦❜s❡r✈❡❞ ☛✢ ❧✉♠✐♥♦s✐t② ❛♥❞ t❤❡ ✞✉① r❛t✐♦

♦❢ ✣❖ ✤✤✤✥✴☛✢✂ ✦ st❡❧❧❛r ❧✉♠✐♥♦s✐t② ❤✐❣❤❡r t❤❛♥ ✁✁✵✵ ☎❏ ♣r♦❞✉❝❡s ✐♥❝♦♥s✐st❡♥t

r❡s✉❧ts ❢♦r t❤❡ ♥❡❜✉❧❛r ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧❧✐♥❣✂ ✆❤❡ ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr✉♠

♣r♦❞✉❝❡❞ ❜② ♦✉r ❛❞♦♣t❡❞ st❡❧❧❛r ♣❛r❛♠❡t❡rs ✇❛s ❢♦✉♥❞ t♦ ❜❡ ❝♦♥s✐st❡♥t ✇✐t❤

t❤❡ ♦❜s❡r✈❛t✐♦♥s✂
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✗☞☎ ☛☎✝✡✆✞✟ ♠✍☛☎❧ ❛✝☛ ☛✆✡✞❛✝❝☎ ✭✡✆③☎✮ ✇☎✌☎ ❛☛❥✠✡✞☎☛ ✆✝ ✍✌☛☎✌ ✞✍ ✌☎♣✌✍☛✠❝☎

❯✭❍❱✣ ❂ ✤❳◗❃❃❨ ✤❄★❭✵ ☎✌❣ ✡★❭ ❝♠★❫✱ ☛☎✌☎☛☛☎✝☎☛ ✠✡✆✝❣ ❝✭❍❱✮❴❵✏✶ ✭✡☎☎ ❙☎❝✲

✞✆✍✝ ✖✏④✮✏ ❲☎ ✞☎✡✞☎☛ ☛✆✡✞❛✝❝☎✡✱ ✇✆✞☞ ✈❛❧✠☎✡ ✌❛✝❣✆✝❣ ❢✌✍♠ ✶✏✖ ✞✍ ④✏❅ ❦♣❝✏ ❲☎

✙✝❛❧❧✟ ❛☛✍♣✞☎☛ ✞☞☎ ❝☞❛✌❛❝✞☎✌✆✡✞✆❝ ☛☎✝✡✆✞✟ ✍❢ ✚✵ ❂⑤❄❄ ❝♠★❈ ❛✝☛ ✞☞☎ ✌❛☛✆❛❧ ☛☎✝✡✆✞✟

☛☎♣☎✝☛☎✝❝☎ ✍❢ ✪ ❂ ✤✏ ✗☞☎ ✈❛❧✠☎ ✍❢ ✶✏✾❅ ❦♣❝ ❢✍✠✝☛ ☞☎✌☎✱ ✇❛✡ ❝☞✍✡☎✝✱ ✎☎❝❛✠✡☎

✍❢ ✞☞☎ ✎☎✡✞ ♣✌☎☛✆❝✞☎☛ ❍❱ ❧✠♠✆✝✍✡✆✞✟✱ ❛✝☛ ✆✞ ✆✡ ✆✝ ☎①❝☎❧❧☎✝✞ ❛❣✌☎☎♠☎✝✞ ✇✆✞☞ ✞☞☎

☛✆✡✞❛✝❝☎ ❝✍✝✡✞✌❛✆✝☎☛ ✎✟ ✞☞☎ ✡✟✝✞☞☎✞✆❝ ✡♣☎❝✞✌❛❧ ☎✝☎✌❣✟ ☛✆✡✞✌✆✎✠✞✆✍✝ ✭❙⑥⑦✮ ❢✌✍♠

✞☞☎ ✔✍❲⑧ ♠✍☛☎❧✡✏ ⑨✝❝☎ ✞☞☎ ☛☎✝✡✆✞✟ ☛✆✡✞✌✆✎✠✞✆✍✝ ❛✝☛ ☛✆✡✞❛✝❝☎ ✇☎✌☎ ✆☛☎✝✞✆✙☎☛✱

❆⑩❶❷❸❹❺ ❉❻❼❽❶❷❻❾ ④✼✶
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❋✐❣✉r❡ ✁✂✻✿ ✄❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ❜❛s❡❞ ♦♥ t❤❡ ☎✆✝ ♠♦❞❡❧s ❛❞♦♣t❡❞ ❢♦r ♣❤♦✲
t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧❧✐♥❣ ♦❢ ✞❜❡❧❧ ✟✠✂ ✄❤❡ ❝②❧✐♥❞❡r ❤❛s ♦✉t❡r r❛❞✐✉s ♦❢ ✷✸✵✵ ❛♥❞
t❤✐❝❦♥❡ss ♦❢ ✶✸✵✵✂ ✞①✐s ✉♥✐ts ❛r❡ ❛r❝s❡❝✱ ✇❤❡r❡ ✡ ❛r❝s❡❝ ✐s ❡q✉❛❧ t♦ ✾☛✸☞✌✶☞✍✎ ♣❝
❜❛s❡❞ ♦♥ t❤❡ ❞✐st❛♥❝❡ ❞❡t❡r♠✐♥❡❞ ❜② ♦✉r ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s✂

t❤❡ ✈❛r✐❛t✐♦♥ ♦❢ t❤❡ ♥❡❜✉❧❛r ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ✇❡r❡ ❡①♣❧♦r❡❞✂

✏✑✏✑✒ ✓✔✕ ✖✕✗✘✙✚✛ ✕✙✕✜✕✖✢✚✙ ✚✗✘✖✣✚✖✤✕✥

✄❛❜❧❡ ✁✂✠ ❧✐sts t❤❡ ♥❡❜✉❧❛r ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ✭✇✐t❤ r❡s♣❡❝t t♦ ✦✮ ✉s❡❞ ❢♦r

t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✂ ✝❡ ✉s❡❞ ❛ ❤♦♠♦❣❡♥❡♦✉s ❛❜✉♥❞❛♥❝❡ ❞✐str✐❜✉t✐♦♥✱

s✐♥❝❡ ✇❡ ❞♦ ♥♦t ❤❛✈❡ ❛♥② ❞✐r❡❝t ♦❜s❡r✈❛t✐♦♥❛❧ ❡✈✐❞❡♥❝❡ ❢♦r t❤❡ ♣r❡s❡♥❝❡ ♦❢

❝❤❡♠✐❝❛❧ ✐♥❤♦♠♦❣❡♥❡✐t✐❡s✂ ☎♥✐t✐❛❧❧②✱ ✇❡ ✉s❡❞ t❤❡ ❛❜✉♥❞❛♥❝❡s ❢r♦♠ ❡♠♣✐r✐❝❛❧

❛♥❛❧②s✐s ❛s ✐♥✐t✐❛❧ ✈❛❧✉❡s ❢♦r ♦✉r ♠♦❞❡❧❧✐♥❣ ✭s❡❡ ✆❡❝t✐♦♥ ✁✂✟✮✂ ✄❤❡② ✇❡r❡ s✉❝✲

❝❡ss✐✈❡❧② ♠♦❞✐✧❡❞ t♦ ✧t t❤❡ ♦♣t✐❝❛❧ ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr✉♠ t❤r♦✉❣❤ ❛♥ ✐t❡r❛t✐✈❡

♣r♦❝❡ss✂ ✝❡ ♦❜t❛✐♥ ❛ ❈✴❖ r❛t✐♦ ♦❢ ★✡ ❢♦r ✞❜❡❧❧ ✟✠✱ ✐♥❞✐❝❛t✐♥❣ t❤❛t ✐t ✐s ♣r❡✲

❞♦♠✐♥❛♥t❧② ❈✲r✐❝❤✂ ❋✉rt❤❡r♠♦r❡✱ ✇❡ ✧♥❞ ❛ ❤❡❧✐✉♠ ❛❜✉♥❞❛♥❝❡ ♦❢ ✩✂✡★✂ ✄❤✐s

❝❛♥ ❜❡ ❛♥ ✐♥❞✐❝❛t♦r ♦❢ ❛ ❧❛r❣❡ ❛♠♦✉♥t ♦❢ ♠✐①✐♥❣ ♣r♦❝❡ss✐♥❣ ✐♥ t❤❡ ✦❡✲r✐❝❤ ❧❛②✲

★✼★ ✪✫✬✯✰❀❁✬❂ ✬❃ ❄✯❅❂❉❀❅●❏ ❂❉❑✰✯❅❉ ▼❁❀◗ ❯❱❳❀❏❄❉ ❩❉❂❀●❅✯ ❭❀❅●❭
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✁❛❜❧❡ ✂✄✽✿ ☎♥♣✉t ♣❛r❛♠❡t❡rs ❢♦r t❤❡ ✆✝❈✞❙❙✟✠ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s✄

✡☛☞✌✌✍✎ ✍✏✑ ✒☞✓✔✌✍✎ ✒☞✓✔✌✍✎ ✕✓✔✏✑✍✏❝☞✖

✗✍✎✍✘☞☛☞✎✖ ✙✚✑☞✌ ✛✓✖✜

✢✣✤✤ ✭❦❑✮ ✼✵ ❍☞✴❍ ✵✜✶✷✵ ✵✜✶✷✹

✥❄ ✭✦
❏✮ ✧✧✵✵ ★✴❍ ✩✪✫✸ ✬✜✵✵ ➊

✯✰ ✭❝✘✱✸✮ ✲✵✵✻✶✷✵✵ ✒✴❍ ✩✪✫✾ ❀✜✧✵ ✹✜✬✵

❁ ✭❦❂❝✮ ✶✜❃ ✛✴❍ ✩✪✫❅ ✶✜✹✵ ✶✜✧❃

❇❋◗❘ ✭✍✎❝✖☞❝✮ ✷✬ ✒☞✴❍ ✩✪✫✾ ❀✜✵✵ ❀✜✬❀

❯❇ ✭✍✎❝✖☞❝✮ ✶✬ ✡✴❍ ✩✪✫❱ ❀✜✵✵ ❀✜✼✬

❲ ✭✍✎❝✖☞❝✮ ✷✬ ✕✎✴❍ ✩✪✫❱ ✶✜✷✵ ✶✜✹✲

❡rs ❞✉r✐♥❣ t❤❡ ❳❡❨s❤❡❧❧ ❬❛s❤ ❧❡❛❞✐♥❣ t♦ ❛♥ ✐♥❭r❡❛s❡ ❭❛r❜♦♥ ❛❜✉♥❞❛♥❭❡✄ ✁❤❡

♥❡❜✉❧❛❡ ❛r♦✉♥❞ ❳❨❞❡❪❭✐❡♥t ❫❴s t②♣✐❭❛❧❧② ❤❛✈❡ ❧❛r❣❡r ❭❛r❜♦♥ ❛❜✉♥❞❛♥❭❡s t❤❛♥

t❤♦s❡ ✇✐t❤ ❳❨r✐❭❤ ❫❴s ❵s❡❡ r❡✈✐❡✇ ❜② ❥❡ q❛r❭♦ ① ④❛r❧♦✇ ⑤⑥⑥⑦⑧✄ ✁❤❡ ⑨⑩❶ ✇❡

❞❡r✐✈❡ ❢♦r ❷❜❡❧❧ ❸✽ ✐s ❧♦✇❡r t❤❛♥ t❤❡ s♦❧❛r ✈❛❧✉❡ ❵⑨⑩❶ ❹ ❺❻❼❽❾❿➀➁➂➃ ❷s♣❧✉♥❞

❡t ❛❧✄ ⑤⑥⑥➄⑧✄ ✁❤✐s ♠❛② ❜❡ ❞✉❡ t♦ t❤❛t t❤❡ ♣r♦❣❡♥✐t♦r ❤❛s ❛ s✉❜❨s♦❧❛r ♠❡t❛❧❧✐❭✐t②✄

✁❤❡ ❡♥r✐❭❤♠❡♥t ♦❢ ❭❛r❜♦♥ ❭❛♥ ❜❡ ♣r♦❞✉❭❡❞ ✐♥ ❛ ✈❡r② ✐♥t❡♥s❡ ♠✐➅✐♥❣ ♣r♦❭❡ss

✐♥ t❤❡ ❳❡❨s❤❡❧❧ ❬❛s❤ ❵❳❡r✇✐❣ ❡t ❛❧✄ ⑦➄➄➆⑧✄ ➇t❤❡r ❡❧❡♠❡♥ts s❡❡♠ t♦ ❜❡ ❛❧s♦

❞❡❭r❡❛s❡❞ ❭♦♠♣❛r❡❞ t♦ t❤❡ s♦❧❛r ✈❛❧✉❡s➈ s✉❭❤ ❛s s✉❧♣❤✉r ❛♥❞ ❛r❣♦♥✄ ❴✉❧♣❤✉r

❭♦✉❧❞ ❜❡ ❞❡♣❧❡t❡❞ ♦♥ t♦ ❞✉st ❣r❛✐♥s ❵❴♦❪❛ ❡t ❛❧✄ ⑦➄➄❸⑧➈ ❜✉t ❛r❣♦♥ ❭❛♥♥♦t ❤❛✈❡

❛♥② str♦♥❣ ❞❡♣❧❡t✐♦♥ ❜② ❞✉st ❢♦r♠❛t✐♦♥ ❵❴♦❪❛ ① ➉❡♥➋✐♥s ⑦➄➄✽⑧✄ ➌❡ ♥♦t✐❭❡ t❤❛t

t❤❡ ➍➎❳ r❛t✐♦ ✐s ❛❜♦✉t t❤❡ s♦❧❛r ✈❛❧✉❡ ❣✐✈❡♥ ❜② ❷s♣❧✉♥❞ ❡t ❛❧✄ ❵⑤⑥⑥➄⑧➈ ❜✉t ✐t

❭❛♥ ❜❡ ♣r♦❞✉❭❡❞ ❜② s❡❭♦♥❞❛r② ❭♦♥✈❡rs✐♦♥ ♦❢ ✐♥✐t✐❛❧ ❭❛r❜♦♥ ✐❢ ✇❡ ❛ss✉♠❡ ❛ s✉❜❨

s♦❧❛r ♠❡t❛❧❧✐❭✐t② ♣r♦❣❡♥✐t♦r✄ ✁❤❡ ❭♦♠❜✐♥❡❞ ❵❫➏➍➏➇⑧➎❳ r❛t✐♦ ✐s ❜② ❛ ❢❛❭t♦r ♦❢

➐✄➄ ❧❛r❣❡r t❤❛♥ t❤❡ s♦❧❛r ✈❛❧✉❡➈ ✇❤✐❭❤ ❭❛♥ ❜❡ ♣r♦❞✉❭❡❞ ❜② ♠✉❧t✐♣❧❡ ❞r❡❞❣❡❨✉♣

❡♣✐s♦❞❡s ♦❭❭✉rr✐♥❣ ✐♥ t❤❡ ❷➑④ ♣❤❛s❡✄

❆➒➓➔→➣↔ ❉↕➙➛➓➔↕➜ ⑤➆➐



✺✳ ❆❇❊▲▲ ✹✽ ❲■❚❍ ❆ ❬❲◆❪�❚❨P❊ ❙❚❆❘

✁✂✻ ▼♦❞❡❧ r❡s✉❧ts

✄☎✆☎✶ ❈✝♠♣❛✞✐✟✝♥ ✝❢ ✠❤✡ ✡♠✐✟✟✐✝♥✲☛✐♥✡ ☞✌①✡✟

✍✎❜✏✑ ✒✓✾ ❝✔✕✖✎✗✑✘ ✙✚✑ ✛✜✢ ✣✤✙✑✤✘✣✙✣✑✘ ✖✗✑✥✣❝✙✑✥ ❜② ✙✚✑ ❜✑✘✙✦✧✙✙✣✤❣ ✕✔✥✑✏ ✇✣✙✚

✙✚✔✘✑ ★✗✔✕ ✙✚✑ ✔❜✘✑✗✈✎✙✣✔✤✘✓ ✩✔✏✜✕✤✘ ✷ ✎✤✥ ✸ ✖✗✑✘✑✤✙ ✙✚✑ ✥✑✗✑✥✥✑✤✑✥ ✛✜✢✑✘

✔★ ✔✜✗ ✔❜✘✑✗✈✎✙✣✔✤✘ ✎✤✥ ✙✚✔✘✑ ★✗✔✕ ✍✔✥✙ ✑✙ ✎✏✓ ✭✷✵✪✸✮✓ ✍✚✑ ✖✗✑✥✣❝✙✑✥ ✑✕✣✘✘✣✔✤✦
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❛ ❢❛❝t♦❂ ♦❢ ❄✄❄❥ ❧❛❂❣❡❂ t✲❛♥ t✲❡ ▼❡❵❏❑▼❡ ❂❛t✐♦❳ ✐♥ ❛❣❂❡❡❀❡♥t ✇✐t✲ t✲❡ ❣❡♥❡❂❛❧

❛❃❃✉❀♣t✐♦♥ ❢♦❂ ❩❭ ❫ ✭▼❡✮✄ ❈❡ ❃❡❡ t✲❛t ♦♥❧② ❄✾ ♣❡❂ ❝❡♥t ♦❢ t✲❡ t♦t❛❧ ♥✐t❂♦❣❡♥ ✐♥

t✲❡ ♥❡❜✉❧❛ ✐❃ ✐♥ t✲❡ ❢♦❂❀ ♦❢ ▼❏✄ ❴♦✇❡✴❡❂❳ t✲❡ t♦t❛❧ ♦①②❣❡♥ ❧❛❂❣❡❧② ❡①✐❃t❃ ❛❃ ●❵❏

✇✐t✲ ❦❅ ♣❡❂ ❝❡♥t ❛♥❞ t✲❡♥ ●❏ ✇✐t✲ q❥ ♣❡❂ ❝❡♥t✄

✁✲❡ ❡❧❡❀❡♥t❛❧ ❛❜✉♥❞❛♥❝❡❃ ✇❡ ✉❃❡❞ ❢♦❂ t✲❡ ♣✲♦t♦✐♦♥✐❋❛t✐♦♥ ❀♦❞❡❧ ❂❡t✉❂♥❃

q❦❥ ④⑤⑥⑦⑧⑨⑩⑥❶ ⑥❷ ❸⑦❹❶❺⑨❹❻❼ ❶❺❽⑧⑦❹❺ ❾⑩⑨❿ ➀➁➂⑨❼❸❺ ➃❺❶⑨❻❹⑦ ➄⑨❹❻➄



✺✳✻✳ ▼❖❉❊▲ ❘❊❙❯▲❚❙

�❛❜❧❡ ✁✂✶✵✿ ❋r❛❝t✐♦♥❛❧ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❢♦r ❆❜❡❧❧ ✹✽ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ♣❤♦✲

t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s✂

■✄☎

✆✝✞✟✞☎✠ ✡ ✡✡ ✡✡✡ ✡❱ ❱ ❱✡ ❱✡✡

❍ ✸☛☞✌✭✍✷✮ ✾☛✎✏✭✍✑✮

❍✞ ✸☛✸✼✭✍✷✮ ✾☛✎✎✭✍✑✮ ✒☛✾✓✭✍✔✮

❈ ✓☛✌✸✭✍✕✮ ✒☛✼✸✭✍✑✮ ☞☛✒☞✭✍✑✮ ☞☛✾✸✭✍✖✮ ✒☛✎✌✭✍✑✗✮ ✒☛✘✘✭✍✷✙✮ ✒☛✘✘✭✍✷✙✮

◆ ✒☛✼✓✭✍✷✮ ✒☛✾✌✭✍✑✮ ✼☛✼✾✭✍✑✮ ☞☛✾☞✭✍✖✮ ✏☛✼✏✭✍✑✗✮ ✒☛✘✘✭✍✷✙✮ ✒☛✘✘✭✍✷✙✮

✚ ✌☛✸✏✭✍✷✮ ✏☛✎✘✭✍✑✮ ✎☛✾✼✭✍✑✮ ✒☛✒☞✭✍✛✮ ✸☛✘✾✭✍✷✙✮ ✒☛✘✘✭✍✷✙✮ ✒☛✘✘✭✍✷✙✮

◆✞ ✾☛✾✌✭✍✖✮ ✸☛☞☞✭✍✑✮ ✎☛✘✸✭✍✑✮ ✒☛✒✏✭✍✑✖✮ ✒☛✘✘✭✍✷✙✮ ✒☛✘✘✭✍✷✙✮ ✒☛✘✘✭✍✷✙✮

✜ ✎☛✓✎✭✍✗✮ ☞☛✎✼✭✍✷✮ ✎☛✾✾✭✍✑✮ ✏☛✒✏✭✍✑✮ ✏☛✌✏✭✍✖✮ ✒☛✎✎✭✍✑✗✮ ✒☛✘✘✭✍✷✙✮

✢✣ ✏☛☞✒✭✍✖✮ ✸☛✼✌✭✍✷✮ ☞☛✌✸✭✍✑✮ ✒☛✒✼✭✍✑✮ ✒☛✘✏✭✍✑✖✮ ✒☛✘✘✭✍✷✙✮ ✒☛✘✘✭✍✷✙✮
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♣❡r❝❡♥t s✐♥❣❧② ✐♦♥✐③❡❞ ❛♥❞ ✫✵ ♣❡r❝❡♥t ❞♦✉❜❧② ✐♦♥✐③❡❞✂ ✦❛r❜♦♥ ❛♥❞ ♥✐tr♦❣❡♥ ❛r❡
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❬◆ ■■❪ ❛♥❞ ❬✄ ■■■❪ ❞♦✉❜❧❡ts✱ ❛s ✇❡❧❧ ❛s ❍❡ ■ ❧✐♥❡s ❛r✐s❡ ❢r♦♠ t❤❡ s❛♠❡ ✐♦♥✐③❛t✐♦♥

③♦♥❡s✱ s♦ t❤❡② s❤♦✉❧❞ ❤❛✈❡ r♦✉❣❤❧② s✐♠✐❧❛r ✈❛❧✉❡s✂ �❤❡ ✐♦♥✐❝ t❡♠♣❡r❛t✉r❡s ✐♥✲

❝r❡❛s✐♥❣ t♦✇❛r❞s ❤✐❣❤❡r ✐♦♥✐③❛t✐♦♥ st❛❣❡s ❝♦✉❧❞ ❛❧s♦ ❤❛✈❡ s♦♠❡ ✐♠♣❧✐❝❛t✐♦♥s ❢♦r

t❤❡ ♠❡❛♥ t❡♠♣❡r❛t✉r❡s ❛✈❡r❛❣❡❞ ♦✈❡r t❤❡ ❡♥t✐r❡ ♥❡❜✉❧❛✂ ❍♦✇❡✈❡r✱ t❤❡r❡ ✐s ❛

❧❛r❣❡ ❞✐s❝r❡♣❛♥❝② ❜② ❛ ❢❛❝t♦r ♦❢ ✷ ❜❡t✇❡❡♥ ♦✉r ♠♦❞❡❧ ❛♥❞ ✄☎✆ ❡♠♣✐r✐❝❛❧ ✈❛❧✉❡

♦❢ ✝✞✭❍❡ ■✮✂ �❤✐s ❝♦✉❧❞ ❜❡ ❞✉❡ t♦ s♦♠❡ t❡♠♣❡r❛t✉r❡ ✟✉❝t✉❛t✐♦♥s ✐♥ t❤❡ ♥❡❜✉❧❛

✭P❡✐♠❜❡rt ✶✾✠✼✱ ✶✾✼✶✡✂ �❤❡ t❡♠♣❡r❛t✉r❡ ✟✉❝t✉❛t✐♦♥s ❧❡❛❞ t♦ ♦✈❡r❡st✐♠❛t✐♥❣

t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❞❡❞✉❝❡❞ ❢r♦♠ ❈☛✆s✂ �❤✐s ❝❛♥ ❧❡❛❞ t♦ t❤❡ ❞✐s❝r❡♣❛♥❝✐❡s

✐♥ ❛❜✉♥❞❛♥❝❡s ❞❡t❡r♠✐♥❡❞ ❢r♦♠ ❈☛✆s ❛♥❞ ✄☎✆s ✭s❡❡ ❡✂❣✂ ✆✐✉ ❡t ❛❧✂ ✷✵✵✵✡✂ ◆❡✈✲

❡rt❤❡❧❡ss✱ t❤❡ t❡♠♣❡r❛t✉r❡ ❞✐s❝r❡♣❛♥❝② ❝❛♥ ❛❧s♦ ❜❡ ♣r♦❞✉❝❡❞ ❜② ❜✐✲❛❜✉♥❞❛♥❝❡

♠♦❞❡❧s ✭✆✐✉ ✷✵✵✸❀ ✆✐✉ ❡t ❛❧✂ ✷✵✵✹❛✡✱ ❝♦♥t❛✐♥✐♥❣ s♦♠❡ ❝♦❧❞ ❤②❞r♦❣❡♥✲❞❡☞❝✐❡♥t

♠❛t❡r✐❛❧✱ ❤✐❣❤❧② ❡♥r✐❝❤❡❞ ✐♥ ❤❡❧✐✉♠ ❛♥❞ ❤❡❛✈② ❡❧❡♠❡♥ts✱ ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ❞✐❢✲

❢✉s❡ ✇❛r♠ ♥❡❜✉❧❛r ❣❛s ♦❢ ♥♦r♠❛❧ ❛❜✉♥❞❛♥❝❡s✂ �❤❡ ❡①✐st❡♥❝❡ ❛♥❞ ♦r✐❣✐♥ ♦❢ s✉❝❤

✐♥❝❧✉s✐♦♥s ❛r❡ st✐❧❧ ✉♥❦♥♦✇♥✂ ✌t ✐s ✉♥❝❧❡❛r ✇❤❡t❤❡r t❤❡r❡ ✐s ❛♥② ❧✐♥❦ ❜❡t✇❡❡♥ t❤❡

❛ss✉♠❡❞ ❍✲♣♦♦r ✐♥❝❧✉s✐♦♥s ✐♥ P◆❡ ❛♥❞ t❤❡ ❍✲❞❡☞❝✐❡♥t ❈✍s✂

✎✏✑✏✒ ✓✔✕✖✗✘✙✕✚✛✜✢ ✣✘✛✘✗✣

❋✐❣✂ ✁✂✽ ❝♦♠♣❛r❡s t❤❡ ♣♦s✐t✐♦♥ ♦❢ ❈✍P◆ ❆❜❡❧❧ ✹✽ ✐♥ t❤❡ ❍❡rt③s♣r✉♥❣☎✉ss❡❧❧ ❞✐❛✲

❣r❛♠ ❢♦r ❤❡❧✐✉♠ ❜✉r♥✐♥❣ ♠♦❞❡❧s t♦ t❤❡ ❱✆�P ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ❢r♦♠ ❇❧➝♦❝❦❡r

✭✶✾✾✁❛✡ ✭t♦♣ ♣❛♥❡❧✡ ❛♥❞ ✤✐❧❧❡r ❇❡rt♦❧❛♠✐ ✫ ❆❧t❤❛✉s ✭✷✵✵✠✡ ✭❜♦tt♦♠ ♣❛♥❡❧✡✂

�❤❡ ❡✈♦❧✉t✐♦♥❛r② ♠♦❞❡❧ ♦❢ ❇❧➝♦❝❦❡r ✭✶✾✾✁❛✡ ✐♠♣❧✐❡s ❛ st❡❧❧❛r ♠❛ss ♦❢ ✵✂✠✷ ✤❏✱

❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❛ ♣r♦❣❡♥✐t♦r ♠❛ss ♦❢ ✸ ✤❏✂ �❤❡ ♠♦❞❡❧ ♦❢ ✤✐❧❧❡r ❇❡rt♦❧❛♠✐ ✫

❆❧t❤❛✉s ✭✷✵✵✠✡ ②✐❡❧❞s ❛ ❝❡♥tr❛❧ st❛r ✇✐t❤ ❛ ♠❛ss ♦❢ ✥✵✂✁✷ ✤❏ ❛♥❞ ✦✧★ ✩ ❂ ✪✿✬✱

❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❛ ♣r♦❣❡♥✐t♦r ♠❛ss ♦❢ ✶ ✤❏✂ �❤❡ ♥❡❜✉❧❛ s✐③❡ ❛♥❞ ❞❡♥s✐t② ❝♦r✲

r❡s♣♦♥❞ t♦ ❛♥ ✐♦♥✐③❡❞ ♠❛ss ♦❢ ✵✂✽ ✤❏✱ ✇❤✐❝❤ ✐s ❧✐❦❡❧② ❝♦♥s✐st❡♥t ✇✐t❤ ❛♥ ✐♥✐t✐❛❧

st❡❧❧❛r ♠❛ss ❛❜♦✉t ✸ ✤❏✂

�❤❡ t✐♠❡s❝❛❧❡s ♦❢ t❤❡ ❱✆�P ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ✭❇❧➝♦❝❦❡r ✶✾✾✁❛✡✱ ❢♦r ❛ ✸ ✤❏

✯✰✴❁❃❄❅ ❉●❑◗✴❁●❲ ✷✼✾
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✁❛❜❧❡ ✂✄✶✶✿ ☎♥t❡❣r❛t❡❞ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡ r❛t✐♦s ❢♦r ✆❡✱ ❈✱ ✝✱ ❖✱ ✝❡✱ ✞ ❛♥❞ ✟r✱

❞❡r✐✈❡❞ ❢r♦♠ ♠♦❞❡❧ ✐♦♥✐❝ ❢r❛❝t✐♦♥s ❛♥❞ ❝♦♠♣❛r❡❞ t♦ t❤♦s❡ ❢r♦♠ t❤❡ ❡♠♣✐r✐❝❛❧

❛♥❛❧②s✐s✄

✠✡☛☞✌ ✍✎✏☞✡ ✑✒✓✔✍✕✔✖ ▼✡✖✔✗

✘✔✰✴✘✰ ✵✙✚✚✛ ✵✙✚✚✻

✜✷✰✴✘✰ ✢✙✵✛✭✣✸✮ ✢✙✤✥✭✣✸✮

✦✰✴✘✰ ✚✙✤✢✭✣✧✮ ✚✙✢✻✭✣✧✮

✑✰✴✘✰ ✥✙✢✥✭✣✧✮ ★✙✻★✭✣✧✮

✑✷✰✴✘✰ ✚✙✵✻✭✣✩✮ ✾✙✼✻✭✣✧✮

✦✔✷✰✴✘✰ ✤✙✢✻✭✣✧✮ ★✙✻✢✭✣✧✮

✪✰✴✘✰ ★✙✾✛✭✣✫✮ ✥✙✢✵✭✣✫✮

✪✷✰✴✘✰ ✥✙✥✛✭✣✬✮ ✤✙✚✾✭✣✬✮

✯✍✷✰✴✘✰ ✾✙✛✼✭✣✫✮ ✚✙✵✚✭✣✬✮

✁❛❜❧❡ ✂✄✶✲✿ ❀❡❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ❁❑❂ ✇❡✐❣❤t❡❞ ❜② ✐♦♥✐❝ s♣❡❝✐❡s ❢♦r t❤❡

✇❤♦❧❡ ♥❡❜✉❧❛ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✄

✠✡☛

❃✗✙ ❄ ❄❄ ❄❄❄ ❄❱ ❱ ❱❄ ❱❄❄

✘ ✾✵✤✤ ✚✵✚✾✤

✘✔ ✾✵✢✼ ✚✵✚✛✾ ✚✵✢✤✛

✜ ✾✥✾★ ✾✼✤✚ ✚✵✢★✻ ✚✵✢✚✢ ✚✵✢✵✾ ✚✵✚✥✵ ✚✵✚✥✵

✦ ✛✥✾✛ ✾✾✚✚ ✚✵✢✤★ ✚✵✢✚✢ ✚✵✢✵✾ ✚✵✚✥✵ ✚✵✚✥✵

✑ ✾✵✵✢ ✚✵✚✵✼ ✚✵✢★✼ ✚✵✢✤✚ ✚✵✢✚✚ ✚✵✚✥✵ ✚✵✚✥✵

✦✔ ✛✻✼✢ ✚✵✵✻✥ ✚✵✢✢✾ ✚✵✢✢✥ ✚✵✚✥✵ ✚✵✚✥✵ ✚✵✚✥✵

✪ ✾★✛✻ ✾★✛✛ ✚✵✢✢✻ ✚✵✢✵✛ ✚✵✢✵✼ ✚✵✢✵✥ ✚✵✚✥✵

✯✍ ✛✢✾✤ ✾✚✵✚ ✚✵✚✾★ ✚✵✢✚✻ ✚✵✢✵✥ ✚✵✚✥✵ ✚✵✚✥✵

✲❅❉ ❋●❏◗❯❳❩❏❭ ❏❫ ❴◗❵❭❥❳❵❦q ❭❥①❯◗❵❥ ④❩❳⑤ ⑥⑦⑧❳q❴❥ ⑨❥❭❳❦❵◗ ⑩❳❵❦⑩



✺✳✻✳ ▼❖❉❊▲ ❘❊❙❯▲❚❙

❋✐❣✉r❡ �✁✽✿ ✂♦♣ ♣❛♥❡❧✿ ❱✄✂P ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ❢r♦♠ ❇❧➝♦❝❦❡r ✭✶✾✾�❛✮ ❝♦♠✲

♣❛r❡❞ t♦ t❤❡ ♣♦s✐t✐♦♥ ♦❢ t❤❡ ❝❡♥tr❛❧ st❛r ♦❢ ❆❜❡❧❧ ✹✽ ❞❡r✐✈❡❞ ❢r♦♠ ♦✉r ♣❤♦t♦✐♦♥✲

✐③❛t✐♦♥ ♠♦❞❡❧✁ ✂❤❡ ❝♦❧♦✉r s❝❛❧❡s ✐♥❞✐❝❛t❡ t❤❡ ♣♦st✲❆●❇ t✐♠❡s❝❛❧❡ ✐♥ ✉♥✐ts ♦❢ ☎✵✸

②r✁ ❇♦tt♦♠ ♣❛♥❡❧✿ ❱✄✂P ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ❢r♦♠ ✆✐❧❧❡r ❇❡rt♦❧❛♠✐ ✫ ❆❧t❤❛✉s

✭✷✝✝✞✮✁ ✂❤❡ ❝♦❧♦r s❝❛❧❡s ✐♥❞✐❝❛t❡ t❤❡ s✉r❢❛❝❡ ❣r❛✈✐t② ✟✠✡☛ ✐♥ ❝❣s ✉♥✐ts✁

☞✌✍✎✏✑✒ ❉✓✔✕✍✎✓✖ ✷✽✶
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✐♥✐t✐❛❧ ♠❛ss st❛r ❝♦rr❡s♣♦♥❞s t♦ ✘✾✵✵✵ ②rs✁ ✂♥t❡r❡st✐♥❣❧②✱ t❤❡ ♠❡❛s✉r❡❞ ❡①♣❛♥✲

s✐♦♥ ✈❡❧♦❝✐t② ♦❢ t❤❡ s❤❡❧❧ ②✐❡❧❞s ❛ ❞②♥❛♠✐❝❛❧ ❛❣❡ ♦❢ ✄☎✆✆ ②r ❢♦r ❉ ❂ ✶✿☎ ❦♣❝✱

❛ss✉♠✐♥❣ t❤❡ ❝♦♥st❛♥t ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② t❤r♦✉❣❤ t❤❡ ♥❡❜✉❧❛ ❡✈♦❧✉t✐♦♥✁ ❋♦❧✲

❧♦✇✐♥❣ ✝♦♣✐t❛ ❡t ❛❧✁ ✭✞✾✾✻✮✱ ✇❡ ❡st✐♠❛t❡❞ t❤❡ tr✉❡ ❛❣❡ ❛r♦✉♥❞ ✞✁✟ ♦❢ t❤❡ ❞②✲

♥❛♠✐❝❛❧ ❛❣❡✱ s♦ t❤❡ st❛r ❧❡❢t t❤❡ t♦♣ ♦❢ t❤❡ ✠●✡ ❛r♦✉♥❞ ☛☛☛✆ ②❡❛rs ❛❣♦✱ ✐♥ ❣♦♦❞

❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ❱☞✌✍ ❡✈♦❧✉t✐♦♥❛r② t✐♠❡s❝❛❧❡✁ ▼♦r❡♦✈❡r✱ t❤❡ ♣r❡s❡♥❝❡ ♦❢

♥✐tr♦❣❡♥ ✭✟ ♣❡r ❝❡♥t ❜② ♠❛ss✮ ✐♥ t❤❡ st❡❧❧❛r ❛t♠♦s♣❤❡r❡ ✐♥❞✐❝❛t❡s t❤❛t t❤❡ st❛r

♠❛② ❡①♣❡r✐❡♥❝❡ ❛ ❱☞✌✍ ❡✈❡♥t✁

❋✐❣✁ ✟✁✾ s❤♦✇s t❤❡ ♣♦s✐t✐♦♥ ♦❢ ✠❜❡❧❧ ✎✏ ❛♠♦♥❣ ✍✑❡ ✇✐t❤ ❤②❞r♦❣❡♥✲❞❡✒❝✐❡♥t

❝❡♥tr❛❧ st❛rs ✉s✐♥❣ t❤❡ ♥❡❜✉❧❛r ✓✔ s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss ❛♥❞ t❤❡ ✕✲❜❛♥❞ s✉r❢❛❝❡

❜r✐❣❤t♥❡ss ❝❛❧❝✉❧❛t❡❞ ❜② t❤❡ st❡❧❧❛r ✕✲❜❛♥❞ ✖✉① ✐♥st❡❛❞ ♦❢ t❤❡ ✓✔ ✖✉①✱ ❝♦rr❡❝t❡❞

❢♦r ✐♥t❡rst❡❧❧❛r ❡①t✐♥❝t✐♦♥✁ ✂t ✐♥❞✐❝❛t❡s t❤❛t ✠❜❡❧❧ ✎✏ st❛♥❞s ❛♠♦♥❣ ✗✙❈✚✛ ✍✑❡✁

✡✉t✱ t❤❡ s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡ ♣❛tt❡r♥ ❞❡♣✐❝ts ❛ ♥❡❣❧✐❣✐❜❧❡ ❝❛r❜♦♥✱ ✐♥ ❝♦♥tr❛st t♦

t❤❡ t②♣✐❝❛❧ ✗✙❈✛ st❛rs✁ ✂t ✐♠♣❧✐❡s t❤❛t ✐ts ❡✈♦❧✉t✐♦♥❛r② ♣❛t❤ ♠✉st ❜❡ ❝♦♠♣❧❡t❡❧②

❞✐❢❢❡r❡♥t ❢r♦♠ t❤❡ s❡q✉❡♥❝❡ ♣r♦♣♦s❡❞ ❢♦r ✗✙❈✛ st❛rs✜ ✗✙❈☞✛✦✗✙❈✚✛✦✗✙❈✛✲

✍●✞✞✟✾✦✍●✞✞✟✾ ✭✙❡r♥❡r ✷✵✵✞❀ ✙❡r♥❡r ✫ ✓❡r✇✐❣ ✷✵✵✻✮✁

✌❤❡ ❡①tr❡♠❡ ❤❡❧✐✉♠✲r✐❝❤ ✭✏✟ ♣❡r ❝❡♥t ❜② ♠❛ss✮ ❛t♠♦s♣❤❡r❡ ♦❢ ✠❜❡❧❧ ✎✏ ✐s

♠♦st❧② ❛❧✐❣♥❡❞ ✇✐t❤ ❡①tr❡♠❡ ❤❡❧✐✉♠ ✭✚✓❡✮ ❛♥❞ ✢ ❈♦r♦♥❛❡ ✡♦r❡❛❧✐s ✭✢❈✡✮ st❛rs

✭❡✁❣✁✱ s❡❡ r❡✈✐❡✇ ❜② ❈❧❛②t♦♥ ✞✾✾✻✮✱ ♦❜s❡r✈❡❞ t♦ ❝♦♥t❛✐♥ ❛♣♣r♦①✐♠❛t❡❧② ✾✏ ♣❡r✲

❝❡♥t ✓❡ ❛♥❞ ✞ ♣❡r❝❡♥t ❈ ❜② ♠❛ss✁ ✌✇♦ s❝❡♥❛r✐♦s ❤❛✈❡ ❜❡❡♥ ♣r♦♣♦s❡❞ t♦ ❡①♣❧❛✐♥

t❤❡ ✢❈✡ st❛rs✜ ✒♥❛❧ ❤❡❧✐✉♠ s❤❡❧❧ ✖❛s❤ ✐♥ ❛ s✐♥❣❧❡ st❛r ✭✂❜❡♥ ❡t ❛❧✁ ✞✾✏✸❛✮ ❛♥❞ t❤❡

♠❡r❣❡r ♦❢ ❞❡❣❡♥❡r❛t❡ ✇❤✐t❡ ❞✇❛r❢s ✐♥ ❛ ❜✐♥❛r② ✭✙❡❜❜✐♥❦ ✞✾✏✎✮✁ ✠ ✒♥❛❧ ❤❡❧✐✉♠✲

s❤❡❧❧ ✖❛s❤ ✇❤✐❧❡ t❤❡ st❛r ✐s st✐❧❧ ✐♥ ✐ts ❝♦♦❧✐♥❣ ♣❤❛s❡ ❝❛♥ r❡♠♦✈❡ t❤❡ ❤②❞r♦❣❡♥

♦✉t❡r ❧❛②❡r✁ ✓♦✇❡✈❡r✱ ✐t ❛❧s♦ ❧❡❛❞s t♦ ❡①tr❡♠❡ ❝❛r❜♦♥✲❡♥r✐❝❤♠❡♥t ✐♥ t❤❡ ✓❡✲r✐❝❤

❧❛②❡rs ❞✉r✐♥❣ t❤❡ ✓❡✲s❤❡❧❧ ✖❛s❤ ✭✓❡r✇✐❣ ❡t ❛❧✁ ✞✾✾✼✮✱ s♦ ✐t ❝❛♥♥♦t ♣r♦❞✉❝❡ ❛♥

❡①tr❡♠❡ ❤❡❧✐✉♠✲r✐❝❤ ❛t♠♦s♣❤❡r❡✁ ✌❤❡r❡❢♦r❡✱ t❤❡ ♠❡r❣❡r ♦❢ ❤❡❧✐✉♠ ❛♥❞ ❝❛r❜♦♥➊

♦①②❣❡♥ ✇❤✐t❡ ❞✇❛r❢s ✐♥ ❛ ❝❧♦s❡ ❜✐♥❛r② s②st❡♠ ❧❡❛❞✐♥❣ t♦ ❛♥ ❡①tr❡♠❡ ❤❡❧✐✉♠✲r✐❝❤

❛t♠♦s♣❤❡r❡ r❡♠❛✐♥s t❤❡ ♣❧❛✉s✐❜❧❡ s❝❡♥❛r✐♦ ❢♦r t❤❡ ♣r♦❞✉❝t✐♦♥ ♦❢ ✢❈✡ ❛♥❞ ✚✓❡

st❛rs ✭✣❛✐♦ ✫ ❏❡❢❢❡r② ✷✵✵✷❀ ❏❡❢❢❡r② ❡t ❛❧✁ ✷✵✞✞✮✁ ✓♦✇❡✈❡r✱ t❤❡ ♠❡r❣❡r ♠♦❞❡❧s ♦❢

✷✏✷ ✤✥✧★✩✪✬✧✯ ✧✰ ✴★❁✯❃✪❁❄❅ ✯❃❑✩★❁❃ ❖✬✪◗ ❯❳❩✪❅✴❃ ❭❃✯✪❄❁★ ❫✪❁❄❫



✺✳✻✳ ▼❖❉❊▲ ❘❊❙❯▲❚❙

❍❡ ❛♥❞ ❈� ✇❤✐t❡ ❞✇❛r❢s ♣r❡❞✐❝t ❧♦✇❡r ♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡ ❛t t❤❡ st❡❧❧❛r s✉r❢❛❝❡

✭❧❡ss t❤❛♥ ✵✿✷ ♣❡r ❝❡♥t ❜② ♠❛ss❀ ✁❛✐♦ ✫ ❏❡❢❢❡r② ✂✄✄✂✮☎

✆❤❡ ♠❡r❣❡r ♦❢ t✇♦ ❤❡❧✐✉♠ ✇❤✐t❡ ❞✇❛r❢s ❝❛♥ ♠❛❦❡ ❡①tr❡♠❡❧② ❤❡❧✐✉♠✲r✐❝❤

st❛rs ✭✁❛✐♦ ✫ ❏❡❢❢❡r② ✂✄✄✄❀ ❍❛♥ ❡t ❛❧☎ ✂✄✄✂✮☎ ✆❤❡ ❤②❞r♦❞②♥❛♠✐❝ st✉❞② ♦❢ t❤❡

♠❡r❣❡r ♣r♦❝❡ss ❜② ❩❤❛♥❣ ✫ ❏❡❢❢❡r② ✭✂✄✶✂✮ s❤♦✇❡❞ t❤❛t t❤❡ ❢❛st ✭♦r ❤♦t✮ ❍❡✰❍❡

♠❡r❣❡rs ♠❛❦❡ t❤❡ ❤♦t st❛rs ✇✐t❤ ❝❛r❜♦♥✲r✐❝❤ s✉r❢❛❝❡s ✭❝❛r❜♦♥ ✶☎✂✝ ♣❡r ❝❡♥t ❜②

♠❛ss✮✱ ✇❤✐❧❡ t❤❡ s❧♦✇ ✭♦r ❝♦❧❞✮ ❍❡✰❍❡ ♠❡r❣❡rs ♠❛❦❡ t❤❡ ❝♦♦❧❡r st❛rs ✇✐t❤

♥✐tr♦❣❡♥✲r✐❝❤ s✉r❢❛❝❡s ✭♥✐tr♦❣❡♥ ✶☎✂✾ ♣❡r ❝❡♥t ❜② ♠❛ss✮☎ ❍♦✇❡✈❡r✱ t❤❡② ❞✐❞

♥♦t ♣r❡❞✐❝t ❛♥② ❤②❞r♦❣❡♥ ❛❜✉♥❞❛♥❝❡ ❛t t❤❡ s✉r❢❛❝❡☎ ✞♦r❡♦✈❡r✱ t❤❡ ♣r❡❞✐❝t❡❞

♥✐tr♦❣❡♥ ✐s ❜② ❛ ❢❛❝t♦r ♦❢ ✹ ❧♦✇❡r t❤❛♥ ✇❤❛t ✇❡ ❢♦✉♥❞ ✐♥ ❆❜❡❧❧ ✹✽☎ ✆❤❡r❡❢♦r❡✱

t❤❡ r❡❛s♦♥ ❢♦r t❤❡ r❡s✐❞✉❛❧ ❤②❞r♦❣❡♥ ✭✶✄ ♣❡r ❝❡♥t ❜② ♠❛ss✮ ❛♥❞ t❤❡ r❡❧❛t✐✈❡❧②

❤✐❣❤ ♥✐tr♦❣❡♥ ✭✟ ♣❡r ❝❡♥t ❜② ♠❛ss✮ st✐❧❧ r❡♠❛✐♥s ✉♥❝❧❡❛r☎

✆❤❡ ❝♦♠♠♦♥ ❡♥✈❡❧♦♣❡ ✭❈✠✮ ♣❤❛s❡s ❝❛♥ ❛❧s♦ ❤❛✈❡ s♦♠❡ ✐♠♣❧✐❝❛t✐♦♥s ❢♦r t❤❡

♠❡r❣❡r ♣r♦❝❡ss✱ ✇❤✐❝❤ ❝❛♥ ❛❢❢❡❝t t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡s❡ ♦❜❥❡❝ts ✭❍❛♥ ❡t ❛❧☎ ✂✄✄✂✱

✂✄✄✸✮☎ ✆r❛♥s❢❡rr✐♥❣ ❡♥❡r❣② ❛♥❞ ❛♥❣✉❧❛r ♠♦♠❡♥t✉♠ ❢r♦♠ t❤❡ ❜✐♥❛r② s②st❡♠ t♦

t❤❡ ❈✠ s❤r✐♥❦s t❤❡ ♦r❜✐t❛❧ s❡♣❛r❛t✐♦♥ t❤❛t ❝❛✉s❡s t❤❡ s♣✐r❛❧✲✐♥ ♣r♦❝❡ss✱ r❡s✉❧t✐♥❣

✐♥ ❛ ♠❡r❣❡r☎ ❍♦✇❡✈❡r✱ t❤❡ ❛❜s❡♥❝❡ ♦❢ ❤②❞r♦❞②♥❛♠✐❝ ♠♦❞❡❧s ♦❢ st❡❧❧❛r ♠❡r❣❡rs

❞✉r✐♥❣ t❤❡ ❈✠ ❡✈♦❧✉t✐♦♥ ❞♦❡s ♥♦t ❛❧❧♦✇ ✉s t♦ ❡✈❛❧✉❛t❡ t❤❡♠☎

✆❤❡ st❡❧❧❛r s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡s ♦❢ ❆❜❡❧❧ ✹✽ ❝❧❛ss✐✡❡❞ ❛s ❬❲◆❪ ✐s ♠♦r❡ ❧✐❦❡❧②

r❡❧❛t❡❞ t♦ ❤❡❧✐✉♠ ❞♦♠✐♥❛t❡❞ st❛rs r❛t❤❡r t❤❛♥ ❬❲❈❪ st❛rs☎ ✞✐s③❛❧s❦✐ ❡t ❛❧☎

✭✂✄✶✂✮ s✉❣❣❡st❡❞ t❤❛t ■❈ ✹✹✝✸✱ ❛♥♦t❤❡r P◆ ✇✐t❤ ❬❲◆❪ ❝❡♥tr❛❧ st❛r ❝❛♥ ❜❡ ❛

♣r♦❣❡♥✐t♦r ♦❢ �✭❍❡✮ st❛r☎ ❍♦✇❡✈❡r✱ t❤❡② ❞✐❞ ♥♦t ✡♥❞ ❛♥② r❡s✐❞✉❛❧ ❤②❞r♦❣❡♥ ✐♥

■❈ ✹✝✝✸✱ ✇❤✐❧❡ ✐t s❡❡♠s t❤❛t t❤❡r❡ ✐s ❛ ❝♦♥s✐❞❡r❛❜❧❡ ❢r❛❝t✐♦♥ ✭✘ ☛✵ ♣❡r ❝❡♥t ❜②

♠❛ss✮ ♦❢ ❤②❞r♦❣❡♥ ✐♥ ❆❜❡❧❧ ✹✽☎ ✆❤❡r❡❢♦r❡✱ ✐ts ❡✈♦❧✉t✐♦♥ ♠❛② ❜❡ s♦♠❡❤♦✇ ❞✐❢✲

❢❡r❡♥t ❢r♦♠ t❤❡ ❡✈♦❧✉t✐♦♥❛r② s❡q✉❡♥❝❡ ♦❢ ☞❈❇✦✠❍❡✦❍❡✲s❞�✦�✭❍❡✮ ✭❲❡r♥❡r

✫ ❍❡r✇✐❣ ✂✄✄✝✮☎ ✆❤❡ ❡✈♦❧✉t✐♦♥❛r② ❧✐♥❦ ❜❡t✇❡❡♥ ❤❡❧✐✉♠ ❞♦♠✐♥❛t❡❞ st❛rs st✐❧❧

♥❡❡❞s ❢✉rt❤❡r ✐♥✈❡st✐❣❛t✐♦♥☎ ❇✉t✱ t❤❡② ❛r❡ ♠♦r❡ ❧✐❦❡❧② ❝♦♥♥❡❝t❡❞ t♦ ❛ ♠❡r❣✲

✐♥❣ ♣r♦❝❡ss ♦❢ t✇♦ ✇❤✐t❡ ❞✇❛r❢s ❛s r❡❝❡♥t❧② ❡✈✐❞❡♥❝❡❞ ❜② ♦❜s❡r✈❛t✐♦♥s ✭❈❧❛②t♦♥

❡t ❛❧☎ ✂✄✄✼❀ ●❛r❝➫✑❛✲❍❡r♥➫❛♥❞❡③ ❡t ❛❧☎ ✂✄✄✾✮ ❛♥❞ ❤②❞r♦❞②♥❛♠✐❝ s✐♠✉❧❛t✐♦♥s ✭✁t❛❢❢

✌✍✎✏✒✓✔ ❉✕✖✗✎✏✕✙ ✂✽✸



✺✳ ❆❇❊▲▲ ✹✽ ❲■❚❍ ❆ ❬❲◆❪�❚❨P❊ ❙❚❆❘

❋✐❣✉r❡ ✁✂✾✿ ✄❤❡ ♣♦s✐t✐♦♥ ♦❢ ☎❜❡❧❧ ✆✝ ❛♠♦♥❣ t❤❡ ♥❡❜✉❧❛r ✞✟✠ s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss
❛♥❞ t❤❡ ✞❱ s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss ✭r❡♣❧❛❝✐♥❣ t❤❡ ✡☛ ☞✉① ✇✐t❤ t❤❡ st❡❧❧❛r ✌ ✲❜❛♥❞
☞✉① ✐♥ ✞✟✠✮ ♦❢ ✍✎❡ ❝♦♥t❛✐♥✐♥❣ ❤②❞r♦❣❡♥✲❞❡✏❝✐❡♥t ❝❡♥tr❛❧ st❛rs✂ ❋r♦♠ ●➫♦r♥② ✫
✄②❧❡♥❞❛ ✭✷✵✵✵✮✂ ☎❧❧ ☞✉①❡s ✇❡r❡ ❝♦rr❡❝t❡❞ ❢♦r ❡①t✐♥❝t✐♦♥✂

❡t ❛❧✂ ✷✵✶✷❀ ❩❤❛♥❣ ✫ ❏❡❢❢❡r② ✷✵✶✷❀ ▼❡♥♦♥ ❡t ❛❧✂ ✷✵✶✸✮✂

✑✒✼ ❈✓✔✕✖✗✘✙✓✔✘

✚❡ ❤❛✈❡ ❝♦♥str✉❝t❡❞ ❛ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ❢♦r t❤❡ ♥❡❜✉❧❛ ♦❢ ☎❜❡❧❧ ✆✝✂ ✄❤✐s

❝♦♥s✐sts ♦❢ ❛ ❞❡♥s❡ ❤♦❧❧♦✇ ❝②❧✐♥❞❡r✱ ❛ss✉♠✐♥❣ ❤♦♠♦❣❡♥❡♦✉s ❛❜✉♥❞❛♥❝❡s✂ ✄❤❡

t❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ✇❛s ✐♥t❡r♣r❡t❡❞ ✉s✐♥❣ t❤❡ ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝

♠♦❞❡❧ ❞❡t❡r♠✐♥❡❞ ❢r♦♠ s♣❛t✐❛❧❧② r❡s♦❧✈❡❞ ❦✐♥❡♠❛t✐❝ ♠❛♣s ❛♥❞ t❤❡ ✛✜✚ ♠♦❞❡❧✂

❖✉r ❛✐♠ ✇❛s t♦ ❝♦♥str✉❝t ❛ ♠♦❞❡❧ t❤❛t ❝❛♥ r❡♣r♦❞✉❝❡ t❤❡ ♥❡❜✉❧❛r ❡♠✐ss✐♦♥✲❧✐♥❡

s♣❡❝tr❛✱ t❡♠♣❡r❛t✉r❡s ❛♥❞ ✐♦♥✐③❛t✐♦♥ str✉❝t✉r❡ ❞❡t❡r♠✐♥❡❞ ❢r♦♠ t❤❡ ♦❜s❡r✈❛✲

t✐♦♥s✂ ✚❡ ❤❛✈❡ ✉s❡❞ t❤❡ ♥♦♥✲✢✄✣ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ❢r♦♠ ✄♦❞t ❡t ❛❧✂ ✭✷✵✶✸✮ ❛s

t❤❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡✂ ❯s✐♥❣ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ♠❡t❤♦❞s✱ ✇❡ ❤❛✈❡ ❞❡t❡r♠✐♥❡❞

✷✝✆ ✤✥✦✧★✩✪✦✬ ✦✯ ✰✧✴✬✻✩✴❁❂ ✬✻❃★✧✴✻ ❄✪✩❅ ❉❑◗✩❂✰✻ ❳✻✬✩❁✴✧ ❭✩✴❁❭



✺✳✼✳ ❈❖◆❈▲❯❙■❖◆❙

t❤❡ t❡♠♣❡r❛t✉r❡s ❛♥❞ t❤❡ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ❢r♦♠ �❊✁s ❛♥❞ ✂❘✁s✄ ❲❡ ♥♦✲

t✐❝❡ ❛ ❞✐s❝r❡♣❛♥❝② ❜❡t✇❡❡♥ t❡♠♣❡r❛t✉r❡s ❡st✐♠❛t❡❞ ❢r♦♠ ❬✂ ☎☎☎❪ �❊✁s ❛♥❞ t❤♦s❡

❢r♦♠ t❤❡ ♦❜s❡r✈❡❞ ❍❡ ☎ ✂❘✁s✄ ✆♥ ♣❛rt✐❝✉❧❛r✱ t❤❡ ❛❜✉♥❞❛♥❝❡ r❛t✐♦s ❞❡r✐✈❡❞ ❢r♦♠

❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ❝♦✉❧❞ ❛❧s♦ ❜❡ s✉s❝❡♣t✐❜❧❡ t♦ ✐♥❛❝❝✉r❛t❡ ✈❛❧✉❡s ♦❢ ❡❧❡❝tr♦♥

t❡♠♣❡r❛t✉r❡ ❛♥❞ ❞❡♥s✐t②✄ ❍♦✇❡✈❡r✱ ✇❡ s❡❡ t❤❛t t❤❡ ♣r❡❞✐❝t❡❞ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s

❛r❡ ✐♥ ❞❡❝❡♥t ❛❣r❡❡♠❡♥t ✇✐t❤ t❤♦s❡ ❞❡❞✉❝❡❞ ❢r♦♠ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✄ ❚❤❡

❡♠✐ss✐♦♥✲❧✐♥❡ ✝✉①❡s ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ♠♦❞❡❧ ✇❡r❡ ✐♥ ❢❛✐r ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡

♦❜s❡r✈❛t✐♦♥s✄

❲❡ ♥♦t✐❝❡ ❧❛r❣❡ ❞✐s❝r❡♣❛♥❝✐❡s ❜❡t✇❡❡♥ ❍❡ ☎ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ❞❡r✐✈❡❞

❢r♦♠ t❤❡ ♠♦❞❡❧ ❛♥❞ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✄ ❚❤❡ ❡①✐st❡♥❝❡ ♦❢ ❝❧✉♠♣s ❛♥❞ ❧♦✇✲

✐♦♥✐③❛t✐♦♥ str✉❝t✉r❡s ❝♦✉❧❞ s♦❧✈❡ t❤❡ ♣r♦❜❧❡♠s ✭✁✐✉ ❡t ❛❧✄ ✷✵✵✵✮✄ ❚❡♠♣❡r❛t✉r❡

✝✉❝t✉❛t✐♦♥s ❤❛✈❡ ❜❡❡♥ ❛❧s♦ ♣r♦♣♦s❡❞ t♦ ❜❡ r❡s♣♦♥s✐❜❧❡ ❢♦r t❤❡ ❞✐s❝r❡♣❛♥❝✐❡s ✐♥

t❡♠♣❡r❛t✉r❡s ❞❡t❡r♠✐♥❡❞ ❢r♦♠ �❊✁s ❛♥❞ ✂❘✁s ✭P❡✐♠❜❡rt ✶✾✻✞✱ ✶✾✞✶✮✄ Pr❡✲

✈✐♦✉s❧②✱ ✇❡ ❛❧s♦ s❛✇ ❧❛r❣❡ ✂❘✁➊�❊✁ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝✐❡s ✐♥ ♦t❤❡r P✟❡

✇✐t❤ ❤②❞r♦❣❡♥✲❞❡✠❝✐❡♥t �✡s✱ ❢♦r ❡①❛♠♣❧❡ ❆❜❡❧❧ ✸✵ ✭❊r❝♦❧❛♥♦ ❡t ❛❧✄ ✷✵✵✸❜✮ ❛♥❞

✟●� ✶☛✵✶ ✭❊r❝♦❧❛♥♦ ❡t ❛❧✄ ✷✵✵✹✮✄ ❆ ❢r❛❝t✐♦♥ ♦❢ ❍✲❞❡✠❝✐❡♥t ✐♥❝❧✉s✐♦♥s ♠✐❣❤t

♣r♦❞✉❝❡ t❤♦s❡ ❞✐s❝r❡♣❛♥❝✐❡s✱ ✇❤✐❝❤ ❝♦✉❧❞ ❜❡ ❡❥❡❝t❡❞ ❢r♦♠ t❤❡ st❡❧❧❛r s✉r❢❛❝❡

❞✉r✐♥❣ ❛ ✈❡r② ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡ ✭❱✁❚P✮ ♣❤❛s❡ ♦r ❜♦r♥✲❛❣❛✐♥ ❡✈❡♥t ✭✆❜❡♥ ✫

❘❡♥③✐♥✐ ✶✾✽✸✮✄ ❍♦✇❡✈❡r✱ t❤❡ ❱✁❚P ❡✈❡♥t ✐s ❡①♣❡❝t❡❞ t♦ ♣r♦❞✉❝❡ ❛ ❝❛r❜♦♥✲r✐❝❤

st❡❧❧❛r s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡ ✭❍❡r✇✐❣ ✷✵✵✶✮✱ ✇❤❡r❡❛s ✐♥ t❤❡ ❝❛s❡ ♦❢ ❆❜❡❧❧ ✹✽ ♥❡❣❧✐✲

❣✐❜❧❡ ❝❛r❜♦♥ ✇❛s ❢♦✉♥❞ ❛t t❤❡ st❡❧❧❛r s✉r❢❛❝❡ ✭�✴❍❡ ❂ ☞✿✌✍✎✏✑✒ ❜② ♠❛ss❀ ❚♦❞t

❡t ❛❧✄ ✷✵✶✸✮✄ ❚❤❡ st❡❧❧❛r ❡✈♦❧✉t✐♦♥ ♦❢ ❆❜❡❧❧ ✹✽ st✐❧❧ r❡♠❛✐♥s ✉♥❝❧❡❛r ❛♥❞ ♥❡❡❞s t♦

❜❡ ✐♥✈❡st✐❣❛t❡❞ ❢✉rt❤❡r✄ ❇✉t✱ ✐ts ❡①tr❡♠❡ ❤❡❧✐✉♠✲r✐❝❤ ❛t♠♦s♣❤❡r❡ ✭✽☛ ♣❡r ❝❡♥t

❜② ♠❛ss✮ ✐s ♠♦r❡ ❧✐❦❡❧② ❝♦♥♥❡❝t❡❞ t♦ ❛ ♠❡r❣✐♥❣ ♣r♦❝❡ss ♦❢ t✇♦ ✇❤✐t❡ ❞✇❛r❢s ❛s

❡✈✐❞❡♥❝❡❞ ❢♦r ❘ �♦r ❇♦r st❛rs ♦❢ s✐♠✐❧❛r ❝❤❡♠✐❝❛❧ s✉r❢❛❝❡ ❝♦♠♣♦s✐t✐♦♥ ❜② ♦❜s❡r✲

✈❛t✐♦♥s ✭�❧❛②t♦♥ ❡t ❛❧✄ ✷✵✵✞❀ ●❛r❝➫✓❛✲❍❡r♥➫❛♥❞❡③ ❡t ❛❧✄ ✷✵✵✾✮ ❛♥❞ ❤②❞r♦❞②♥❛♠✐❝

s✐♠✉❧❛t✐♦♥s ✭✡t❛❢❢ ❡t ❛❧✄ ✷✵✶✷❀ ❩❤❛♥❣ ✫ ❏❡❢❢❡r② ✷✵✶✷❀ ▼❡♥♦♥ ❡t ❛❧✄ ✷✵✶✸✮✄

❲❡ ❞❡r✐✈❡❞ ❛ ♥❡❜✉❧❛ ✐♦♥✐③❡❞ ♠❛ss ♦❢ ✘ ✏✿✔ ▼✕✄ ❚❤❡ ❤✐❣❤ �✴✂ r❛t✐♦ ✐♥❞✐❝❛t❡s

t❤❛t ✐t ✐s ❛ ♣r❡❞♦♠✐♥❛♥t❧② �✲r✐❝❤ ♥❡❜✉❧❛✄ ❚❤❡ �✴❍ r❛t✐♦ ✐s ❧❛r❣❡❧② ♦✈❡r✲❛❜✉♥❞❛♥t

✖✗✙✚✛✜✢ ❉✣✤✥✙✚✣✦ ✷✽☛
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❝♦♠♣❛r❡❞ t♦ t❤❡ s♦❧❛r ✈❛❧✉❡ ♦❢ ✁s♣❧✉♥❞ ❡t ❛❧✂ ✭✷✵✵✾✮✱ ✇❤✐❧❡ ♦①②❣❡♥✱ s✉❧♣❤✉r ❛♥❞

❛r❣♦♥ ❛r❡ ✉♥❞❡r✲❛❜✉♥❞❛♥t✂ ▼♦r❡♦✈❡r✱ ♥✐tr♦❣❡♥ ❛♥❞ ♥❡♦♥ ❛r❡ r♦✉❣❤❧② s✐♠✐❧❛r t♦

t❤❡ s♦❧❛r ✈❛❧✉❡s✂ ✁ss✉♠✐♥❣ ❛ s✉❜✲s♦❧❛r ♠❡t❛❧❧✐❝✐t② ♣r♦❣❡♥✐t♦r✱ ❛ ✸r❞ ❞r❡❞❣❡✲✉♣

♠✉st ❤❛✈❡ ❡♥r✐❝❤❡❞ ❝❛r❜♦♥ ❛♥❞ ♥✐tr♦❣❡♥ ✐♥ ✁●✄✲♣❤❛s❡✂ ☎♦✇❡✈❡r✱ ❡①tr❡♠❡❧②

❤✐❣❤ ❝❛r❜♦♥ ♠✉st ❜❡ ♣r♦❞✉❝❡❞ t❤r♦✉❣❤ ♠✐①✐♥❣ ♣r♦❝❡ss✐♥❣ ✐♥ t❤❡ ☎❡✲r✐❝❤ ❧❛②❡rs

❞✉r✐♥❣ t❤❡ ☎❡✲s❤❡❧❧ ✆❛s❤✂ ✝❤❡ ❧♦✇ ✞✴❖ r❛t✐♦ ✐♠♣❧✐❡s t❤❛t t❤❡ ♣r♦❣❡♥✐t♦r st❛r

♥❡✈❡r ✇❡♥t t❤r♦✉❣❤ t❤❡ ❤♦t ❜♦tt♦♠ ❜✉r♥✐♥❣ ♣❤❛s❡✱ ✇❤✐❝❤ ♦❝❝✉rs ✐♥ ✁●✄ st❛rs

✇✐t❤ ✐♥✐t✐❛❧ ♠❛ss❡s ♠♦r❡ t❤❛♥ ✟▼❏ ✭❑❛r❛❦❛s ✫ ✠❛tt❛♥③✐♦ ✷✵✵✼❀ ❑❛r❛❦❛s ❡t ❛❧✂

✷✵✵✾✮✂ ❈♦♠♣❛r✐♥❣ t❤❡ st❡❧❧❛r ♣❛r❛♠❡t❡rs ❢♦✉♥❞ ❜② t❤❡ ♠♦❞❡❧✱ ✡☛☞☞ ❂✼✵ ❦❑ ❛♥❞

✌❄✍✠
❏❂ ✟✟✵✵✱ ✇✐t❤ ❱✠✝✎ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ❢r♦♠ ✄❧➝♦❝❦❡r ✭✶✾✾✟❛✮✱ ✇❡ ❣❡t ❛

❝✉rr❡♥t ♠❛ss ♦❢ ✘ ✏✿✻✑✒❏✱ ✇❤✐❝❤ ♦r✐❣✐♥❛t❡❞ ❢r♦♠ ❛ ♣r♦❣❡♥✐t♦r st❛r ✇✐t❤ ❛♥ ✐♥✐✲

t✐❛❧ ♠❛ss ♦❢ ✘ ✓✒❏✂ ☎♦✇❡✈❡r✱ t❤❡ ❱✠✝✎ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ❜② ▼✐❧❧❡r ✄❡rt♦❧❛♠✐

✫ ✁❧t❤❛✉s ✭✷✵✵✔✮ ②✐❡❧❞ ❛ ❝✉rr❡♥t ♠❛ss ♦❢ ✘ ✏✿✕✑✒❏ ❛♥❞ ❛ ♣r♦❣❡♥✐t♦r ♠❛ss ♦❢

✘ ✖✒❏✱ ✇❤✐❝❤ ✐s ♥♦t ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❞❡r✐✈❡❞ ♥❡❜✉❧❛ ✐♦♥✐③❡❞ ♠❛ss✂ ❋✉rt❤❡r✲

♠♦r❡✱ t✐♠❡✲s❝❛❧❡s ❢♦r ❱✠✝✎ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦ ✭✄❧➝♦❝❦❡r ✶✾✾✟❛✮ ✐♠♣❧② t❤❛t t❤❡

❈✗ ❤❛s ❛ ♣♦st✲✁●✄ ❛❣❡ ♦❢ ❛❜♦✉t ✘✾ ✵✵✵ ②r✱ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ♥❡❜✉❧❛✬s ❛❣❡

❞❡t❡r♠✐♥❡❞ ❢r♦♠ t❤❡ ❦✐♥❡♠❛t✐❝ ❛♥❛❧②s✐s✂ ✙❡ t❤❡r❡❢♦r❡ ❝♦♥❝❧✉❞❡ t❤❛t ✁❜❡❧❧ ✚✛

♦r✐❣✐♥❛t❡❞ ❢r♦♠ ❛♥ ✘ ✓ ▼❏ ♣r♦❣❡♥✐t♦r✱ ✇❤✐❝❤ ✐s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ♥❡❜✉❧❛✬s

❢❡❛t✉r❡s✂

✷✛✔ ✜✢✣✤✥✦✧✣★ ✣✩ ✪✤✯★✰✦✯❁❃ ★✰❅✥✤✯✰ ❉✧✦◗ ❯❳❩✦❃✪✰ ❭✰★✦❁✯✤ ❫✦✯❁❫



✻

P❇ ✽ ✇✐t❤ ❛ ❬❲◆✴❲❈❪✲t②♣❡ st❛r

❚�✁ ❝♦♥✂✁♥✂✄ ♦❢ ✂�☎✄ ❝�✆✝✂✁✞ ✆✞✁ ❜✁☎♥❣ ✝✞✁✝✆✞✁❞ ❢♦✞ ✝✉❜❧☎❝✆✂☎♦♥ ☎♥ ✂�✁ ▼♦♥✂�❧✟ ✠♦✡

✂☎❝✁✄ ♦❢ ✂�✁ ❘♦✟✆❧ ❆✄✂✞♦♥♦♠☎❝✆❧ ❙♦❝☎✁✂✟✳ ❚�✁ ☛✳✺✡♠ ▼✆❣✁❧❧✆♥ ✂✁❧✁✄❝♦✝✁ ♦❜✄✁✞✈✆✂☎♦♥

✆♥❞ ✂�✁ ✁♠☎✄✄☎♦♥ ❧☎♥✁ ☞✉①✁✄ ✉✄✁❞ ☎♥ ✂�☎✄ ❝�✆✝✂✁✞ ✌✁✞✁ ✞✁❝✁☎✈✁❞ ❢✞♦♠ ●✆✞❝➫✑✆✡❘♦❥✆✄

✁✂ ✆❧✳ ✭✷✵✵✾✮✳ ❚�✁ ♥♦♥✡▲❚❊ ♠♦❞✁❧ ✆✂♠♦✄✝�✁✞✁ ✉✄✁❞ ☎♥ ✂�☎✄ ❝�✆✝✂✁✞ ✌✆✄ ❞✁✂✁✞♠☎♥✁❞

❜✟ ❚♦❞✂ ✁✂ ✆❧✳ ✭✷✵✶✵✮✳

✍✎✏ ■✒✓✔✕✖✗✘✓✙✕✒

✚✛✜ ✢✣✤✥✜✦✤✧★ ✥✜✩✪✣✤ ✫✬✯ ✰✫✱✸✹✼✹✿❀❁❂❀✿❃❄ ✛✤❅ ✩✜✜✥ ✦✛✜ ❅✪✩❉✜❋✦ ❍❏ ❅❍❑✜ ✧✜❖

❋✜✥✦ ❅✦✪◗❯✜❅ ✰✸✤✧❋❱❳✤❖❨❍❉✤❅ ✜✦ ✤✣✿ ✹❂❂✼❩ ✚❍◗✦ ✜✦ ✤✣✿ ✹❂❃❂❩ ❭❯✣✣✜✧ ✬✜✧✦❍✣✤❑❯ ✜✦ ✤✣✿

✹❂❃❃❄✿ ✚✛✜ ❋✜✥✦✧✤✣ ❅✦✤✧ ❍❏ ✫✬ ✯ ✛✤❅ ✩✜✜✥ ❋✣✤❅❅❯❫✜◗ ✤❅ ❴❵❦q❖③④ ✩★ ⑤❋⑥✜✧ ⑦

✱✜❯✥✜✧ ✰✹❂❂⑧❄❩ ✩✪✦ ⑨✜✤⑥ ✜❑❯❅❅❯❍✥❖✣❯✥✜ ❅✦✤✧❅ ✰✌✁❧✄❩ ✚★✣✜✥◗✤ ✜✦ ✤✣✿ ❃✼✼⑧❩ ✸✜❅❯❋⑥❯

✜✦ ✤✣✿ ✹❂❂③❄❩ ❴❵❦④❖✫✸❃❃q✼ ❅✦✤✧❅ ✰✫✤✧✦✛✤❅✤✧✤✦✛★ ✜✦ ✤✣✿ ❃✼✼✯❄❩ ✤✥◗ ✤✣❅❍ ❴❵✱⑩❵❦④

✛★✩✧❯◗ ✩★ ✚❍◗✦ ✜✦ ✤✣✿ ✰✹❂❃❂❄✿ ✫✤✧✦❯❋✪✣✤✧✣★❶ ❯✦ ❯❅ ❍✥✜ ❍❏ ❏✜⑨ ❅✦✤✧❅❶ ⑨✛❯❋✛ ✛✤❅ ✢✧❍❖

❷❍⑥✜◗ ✤ ✣❍✦ ❋❍✥✦✧❍❷✜✧❅★ ✤✩❍✪✦ ✦✛✜❯✧ ❅✦✜✣✣✤✧ ✜❷❍✣✪✦❯❍✥ ✰❭❯✣✣✜✧ ✬✜✧✦❍✣✤❑❯ ✜✦ ✤✣✿

✹❂❃❃❄✿ ⑤ ◗✜✦✤❯✣✜◗ ✤✩✪✥◗✤✥❋✜ ✤✥✤✣★❅❯❅ ❍❏ ✦✛✜ ✥✜✩✪✣✤ ✩★ ✸✤✧❋❱❳✤❖❨❍❉✤❅ ✜✦ ✤✣✿

✰✹❂❂✼❄ ❅✛❍⑨✜◗ ✤✥ ✤✩✪✥◗✤✥❋✜ ◗❯❅❋✧✜✢✤✥❋★ ❏✤❋✦❍✧ ✰⑤❸❹❄ ❍❏ ❺❻❼❽ ❏❍✧ ✦✛✜ ❾❿❿

❯❍✥❶ ⑨✛❯❋✛ ❯❅ ❯✥ ✦✛✜ ✧✤✥➀✜ ❍❏ ✦★✢❯❋✤✣ ⑤❸❹❅ ❍✩❅✜✧❷✜◗ ❯✥ ✫✱✜ ✰❅✜✜ ✧✜❷❯✜⑨ ✩★ ➁❯✪

✜✦ ✤✣✿ ✹❂❂③❄✿ ✚✛✜ ✥✜✩✪✣✤✧ ❑❍✧✢✛❍✣❍➀★ ⑨✤❅ ◗✜❅❋✧❯✩✜◗ ✤❅ ✤ ✧❍✪✥◗ ✜✣✣❯✢✦❯❋✤✣ ✥✜✩❖

✹✯➂



✻✳ P❇✽ ❲■❚❍ ❆ ❬❲◆✴❲❈❪�❚❨P❊ ❙❚❆❘

✉❧❛ ✇✐t❤ ✐♥♥❡r ❦♥♦ts ♦r ✂❧❛♠❡♥ts ❜② ✁t❛♥❣❤❡❧❧✐♥✐ ❡t ❛❧✄ ✭✶✾✾✸✮✱ ❛♥❞ ❝❧❛ss✐✂❡❞

❛s ❡❧❧✐♣t✐❝❛❧ ❜② ●♦r♥② ❡t ❛❧✄ ✭✶✾✾✼✮✄ ☎♦✇❡✈❡r✱ ❛ ♥❛rr♦✇✲❜❛♥❞ ☎✆✰✝✞ ✟✟✠ ✐♠✲

❛❣❡ ♦❢ ✡☛ ☞ t❛❦❡♥ ❜② ✁❝❤✇❛r③ ❡t ❛❧✄ ✭✶✾✾✷✮ s❤♦✇ ❛ r♦✉❣❤❧② s♣❤❡r✐❝❛❧ ♥❡❜✉❧❛

✇✐t❤ ❛♥ ❛♥❣✉❧❛r ❞✐❛♠❡t❡r ♦❢ ❛❜♦✉t ✼ ❛r❝s❡❝ ✭✌✄✺ ❛r❝s❡❝ ✍ ✌✄✌ ❛r❝s❡❝ r❡♣♦rt❡❞

❜② ✎②❧❡♥❞❛ ❡t ❛❧✄ ✷✵✵✸✮✄ ✎❤❡ ❤❛❧❢ ✇✐❞t❤ ❛t ❤❛❧❢ ♠❛①✐♠✉♠ ✭☎✏☎▼✮ ❡①♣❛♥s✐♦♥

✈❡❧♦❝✐t② ♦❢ ✑✹✒✓ ❦♠s✔✕ ♠❡❛s✉r❡❞ ❜② ●❛r❝➫✖❛✲✗♦❥❛s ❡t ❛❧✄ ✭✷✵✵✾✮ ❝♦rr❡s♣♦♥❞s t♦

❛ ❦✐♥❡♠❛t✐❝ ❛❣❡ ♦❢ ❛❜♦✉t ✺✵✵✵ ②r ❛t t❤❡ ❞✐st❛♥❝❡ ♦❢ ✹✿✓ ❦♣❝ ❞❡t❡r♠✐♥❡❞ ❜② ✎♦❞t

❡t ❛❧✄ ✭✷✵✶✵✮✄ ✘❞♦♣t✐♥❣ ✙✚✛✜ ❂ ✓✢ ❦♠ s✔✕ r❡♣♦rt❡❞ ✐♥ t❤✐s ✇♦r❦✱ ✐t ❝♦✉❧❞ ❤❛✈❡ ❛

❦✐♥❡♠❛t✐❝ ❛❣❡ ♦❢ ❛r♦✉♥❞ ✸✺✵✵ ②r✱ ✐✄❡✄ ❛ r❡❧❛t✐✈❡❧② ②♦✉♥❣ ✡✞✄

❉❡❡♣ ♦♣t✐❝❛❧ s♣❡❝tr♦s❝♦♣② ♦❢ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✡☛ ☞ s❤♦✇s t❤❡ ♠♦❞❡r✲

❛t❡ ❞✐s❝r❡♣❛♥❝✐❡s ❜❡t✇❡❡♥ t❡♠♣❡r❛t✉r❡s ❛♥❞ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ♠❡❛s✉r❡❞ ❢r♦♠

❖✗▲s ❛♥❞ t❤♦s❡ ❢r♦♠ ✣✤▲s✱ ✇❤✐❝❤ ♠❛② ❜❡ ❞✉❡ t♦ t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❝♦❧❞❡r ❛♥❞

♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ❞✐❢❢✉s❡ ♥❡❜✉❧❛ ♦❢ ♥♦r♠❛❧ ❛❜✉♥❞❛♥❝❡s✄ ✥♥

t❤✐s ❝❤❛♣t❡r✱ ✇❡ ❤❛✈❡ ❝♦♥str✉❝t❡❞ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ♦❢ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✲

✉❧❛ ✡☛ ☞ t♦ ❜❡ ❝♦♥❢r♦♥t❡❞ ✇✐t❤ ❛✈❛✐❧❛❜❧❡ ♦♣t✐❝❛❧ ❛♥❞ ✐♥❢r❛r❡❞ ♦❜s❡r✈❛t✐♦♥s✱ ❝♦♥✲

str❛✐♥❡❞ ❜② ❛ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ❢♦r t❤❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡ ❝❛❧❝✉❧❛t❡❞ t♦ ♠❛t❝❤ ✐ts

❝❡♥tr❛❧ st❛r s♣❡❝tr✉♠✄ ✎❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ❢♦r t❤❡ ♥❡❜✉❧❛r ❣❛s ✇❛s ❛❞♦♣t❡❞

❜❛s❡❞ ♦♥ ♦♥❡✲❞✐♠❡♥s✐♦♥❛❧ ❤②❞r♦❞②♥❛♠✐❝s ♠♦❞❡❧s ❝♦♠♣✉t❡❞ ❢♦r ❞✐❢❢❡r❡♥t st❡❧❧❛r

❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s✄ ✎❤r❡❡ ❞✐❢❢❡r❡♥t s❡ts ♦❢ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ✇❡r❡ tr✐❡❞✱

t❤❡ ✂rst ❜❡✐♥❣ ❝❤❡♠✐❝❛❧❧② ❤♦♠♦❣❡♥❡♦✉s ♠♦❞❡❧s t❤❛t ❢❛✐❧❡❞ t♦ r❡♣r♦❞✉❝❡ t❤❡ ♦♣✲

t✐❝❛❧ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ✭❖✗▲s✮ ♦❢ ❤❡❛✈② ❡❧❡♠❡♥ts✄ ✎♦ r❡♣r♦❞✉❝❡ t❤❡ ♦❜s❡r✈❡❞

❖✗▲s✱ ❞✉❛❧ ❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧s ✇❡r❡ ❜✉✐❧t ❜② ✐♥❝♦r♣♦r❛t✐♥❣ ❛ s♠❛❧❧ ❢r❛❝t✐♦♥ ♦❢

♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ❣❛s ❡♥✈❡❧♦♣❡ ✇✐t❤ ♥♦r♠❛❧ ❛❜✉♥❞❛♥❝❡s✄

✎❤❡ ✂♥❛❧ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ ♣r♦✈✐❞❡❞ ❛ ❜❡tt❡r ✂t t♦ t❤❡ ♠♦st ♦❜s❡r✈❡❞ ❤❡❛✈②

❡❧❡♠❡♥t ❖✗▲s✱ ✇❤♦s❡ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ❤❛✈❡ ❛ ♠❛ss ♦❢ ✦ ✧ ♣❡r❝❡♥t ♦❢ t❤❡

t♦t❛❧ ✐♦♥✐③❡❞ ♠❛ss ❛♥❞ ♥❡❛r❧② t✇✐❝❡ ❝♦♦❧❡r ❛♥❞ ❞❡♥s❡r t❤❛♥ t❤❡ ♥♦r♠❛❧ ❝♦♠✲

♣♦s✐t✐♦♥ ♥❡❜✉❧❛✄ ✎❤❡✐r ❖★☎ ❛♥❞ ✞★☎ ❛❜✉♥❞❛♥❝❡ r❛t✐♦s ❛r❡ ✦✶✄✵ ❛♥❞ ✶✄✼❞❡①

❧❛r❣❡r t❤❛♥ t❤❡ ❞✐❢❢✉s❡ ✇❛r♠ ♥❡❜✉❧❛✱ r❡s♣❡❝t✐✈❡❧②✄ ✎❤❡ ♠♦❞❡❧ ❞✐❞ ♥♦t ♣r❡❞✐❝t

t❤❡ t❤❡r♠❛❧ s♣❡❝tr❛❧ ❡♥❡r❣② ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ♥❡❜✉❧❛ ♦❜s❡r✈❡❞ ✇✐t❤ t❤❡ ✩✪✫✬✯❀❁

✷☞☞ ❃❄❅❋❏✬✫❅❑ ❅◗ ✪❋❯❑❀✬❯❁❱ ❑❀❳❏❋❯❀ ❩✫✬❭ ❫❴❵✬❱✪❀ q❀❑✬❁❯❋ ④✬❯❁④



✻✳✷✳ ❖❇❙❊❘❱❆❚■❖◆❙

✐♥❢r❛r❡❞ s♣❡❝tr♦❣r❛♣❤� ✁❤❡r❡❢♦r❡✱ ✇❡ ❛✐♠❡❞ t♦ r❡♣r♦❞✉❝❡ t❤❡ t❤❡r♠❛❧ ✐♥❢r❛r❡❞

❡♠✐ss✐♦♥ ❜② ✐♥❝❧✉❞✐♥❣ ❞✉st ❣r❛✐♥s ✐♥ t❤❡ ✂♥❛❧ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧�

✁❤❡ ❛✐♠ ♦❢ t❤❡ ♣r❡s❡♥t ❝❤❛♣t❡r ✐s t♦ ❞❡t❡r♠✐♥❡ ✇❤❡t❤❡r ❛ ❜✐✲❛❜✉♥❞❛♥❝❡

♠♦❞❡❧ ❝♦♥s✐sts ♦❢ ❛ ❝❤❡♠✐❝❛❧❧② ❤♦♠♦❣❡♥❡♦✉s ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ❝♦♥t❛✐♥✐♥❣ ❛

s♠❛❧❧ ❢r❛❝t✐♦♥ ♦❢ ♠❡t❛❧✲r✐❝❤ str✉❝t✉r❡s ❝❛♥ ❜❡ ❛♣♣❧✐❡❞ t♦ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞❡♣❡♥✲

❞❡♥❝② ♣r♦❜❧❡♠ ✐♥ t❤❡ P✄ P☎ ✽� ❲❡ ♣r❡s❡♥t ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ♦❢ P☎ ✽✱ ❢♦r

✇❤✐❝❤ ❤✐❣❤ q✉❛❧✐t② s♣❡❝tr♦s❝♦♣② ❤❛s ♥♦✇ ❜❡❝♦♠❡ ❛✈❛✐❧❛❜❧❡ ✭●❛r❝➫✑❛✲✆♦❥❛s ❡t ❛❧�

✝✵✵✾✮✱ ❝♦♥str❛✐♥❡❞ ❜② ❛ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ♦❢ t❤❡ ❝❡♥tr❛❧ st❛r ❞❡t❡r♠✐♥❡❞ ✉s✲

✐♥❣ t❤❡ P♦ts❞❛♠ ❲♦❧❢✲✆❛②❡t ✭P♦❲✆✮ ♠♦❞❡❧s ❢♦r ❡①♣❛♥❞✐♥❣ ❛t♠♦s♣❤❡r❡s ✭✁♦❞t

❡t ❛❧� ✝✵✶✵✮✱ ✉s✐♥❣ t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ❝♦❞❡ ▼✞❈✟✠✠✡☛� ☞♥ ❛❞❞✐t✐♦♥✱ ✇❡ ❛✐♠ t♦

✐❞❡♥t✐❢② t❤❡ ❞✉st ♣r♦♣❡rt✐❡s✱ ✇❤✐❝❤ ❝❛♥ ♣r♦❞✉❝❡ t❤❡ ❙✌✍✎✏✒✓ ✐♥❢r❛r❡❞ ❝♦♥t✐♥✉✉♠

♦❢ t❤❡ P✄ P☎ ✽� ✁❤❡ ♦❜s❡r✈❛t✐♦♥s ❛♥❞ ♠♦❞❡❧✐♥❣ ♣r♦❝❡❞✉r❡ ❛r❡ r❡s♣❡❝t✐✈❡❧② ❞❡✲

s❝r✐❜❡❞ ✐♥ ✔❡❝t✐♦♥s ✕�✝ ❛♥❞ ✕�✸� ☞♥ ✔❡❝t✐♦♥ ✕�✹✱ ✇❡ ♣r❡s❡♥t ♦✉r ♠♦❞❡❧✐♥❣ r❡s✉❧ts✱

✇❤✐❧❡ ❛ ❞✐s❝✉ss✐♦♥ ♦❢ t❤❡ ✐♠♣❧✐❝❛t✐♦♥s ❛♥❞ ❧✐♠✐t❛t✐♦♥ ❛r❡ ❣✐✈❡♥ ✐♥ ✔❡❝t✐♦♥ ✕�✺�

✖✗✘ ✙✚✛✜✢✣✤✥✦✧★✛

✁❤❡ ❞❡❡♣ ♦♣t✐❝❛❧ ❧♦♥❣✲s❧✐t s♣❡❝tr❛ ♦❢ t❤❡ P✄ P☎✽ ✇❡r❡ ♦❜t❛✐♥❡❞ ❛t ▲❛s ✩❛♠♣❛♥❛s

✪❜s❡r✈❛t♦r②✱ ✉s✐♥❣ t❤❡ ✕�✺✲♠ ✫❛❣❡❧❧❛♥ t❡❧❡s❝♦♣❡ ❛♥❞ t❤❡ ❞♦✉❜❧❡ ❡❝❤❡❧❧❡ ✫☞❑✬

s♣❡❝tr♦❣r❛♣❤ ✐♥ ✝✵✵✕ ✫❛② ✭❞❡s❝r✐❜❡❞ ✐♥ ❞❡t❛✐❧ ❜② ●❛r❝➫✑❛✲✆♦❥❛s ❡t ❛❧� ✝✵✵✾✮� ✁❤❡

st❛♥❞❛r❞ ❣r❛t✐♥❣ s❡tt✐♥❣s ✉s❡❞ ②✐❡❧❞ ✇❛✈❡❧❡♥❣t❤ ❝♦✈❡r❛❣❡ ❢r♦♠ ✸✸✺✵✲✺✵✺✵ ✯✰ ✐♥

t❤❡ ❜❧✉❡ ❛♥❞ ✹✾✺✵✲✾✹✵✵ ✯✰ ✐♥ t❤❡ r❡❞� ✁❤❡ ♠❡❛♥ s♣❡❝tr❛❧ r❡s♦❧✉t✐♦♥ ✐s ✵�✶✺ ✯✰

❋❲❍✫ ✐♥ t❤❡ ❜❧✉❡ ❛♥❞ ✵�✝✺ ✯✰ ❋❲❍✫ ✐♥ t❤❡ r❡❞� ✁❤❡ t♦♣ ❛♥❞ ❜♦tt♦♠ ♣❛♥❡❧s

♦❢ ❋✐❣� ✕�✶ s❤♦✇ t❤❡ ❜❧✉❡ ❛♥❞ r❡❞ s♣❡❝tr❛ ♦❢ P☎✽ ❡①tr❛❝t❡❞ ❢r♦♠ t❤❡ ✝❉ ✫☞❑✬

❡❝❤❡❧❧♦❣r❛♠s✱ ♥♦r♠❛❧✐③❡❞ s✉❝❤ t❤❛t ✴✭❍✼✮ ❂ ✶✵✵� ✰s s❡❡♥✱ s❡✈❡r❛❧ r❡❝♦♠❜✐♥❛✲

t✐♦♥ ❧✐♥❡s ❢r♦♠ ❤❡❛✈② ❡❧❡♠❡♥t ✐♦♥s ❤❛✈❡ ❜❡❡♥ ♦❜s❡r✈❡❞�

✁❤❡ ✐♥t❡❣r❛❧ ✂❡❧❞ ✉♥✐t ✭☞❋❯✮ s♣❡❝tr❛ ✇❡r❡ ♦❜t❛✐♥❡❞ ❛t t❤❡ ✔✐❞✐♥❣ ✔♣r✐♥❣ ✪❜✲

s❡r✈❛t♦r② ✐♥ ✝✵✶✵ ✰♣r✐❧✱ ✉s✐♥❣ t❤❡ ✝�✸✲♠ ✰✄❯ t❡❧❡s❝♦♣❡ ❛♥❞ t❤❡ ❲✐❞❡ ❋✐❡❧❞

✔♣❡❝tr♦❣r❛♣❤ ✭❲✐❋❡✔❀ ❉♦♣✐t❛ ❡t ❛❧� ✝✵✵✿✱ ✝✵✶✵✮� ✁❤❡ ❣r❛t✐♥❣s ✉s❡❞ ✇❡r❡ t❤❡

❆❁❃❦❄✍✏ ❅❏◗✒❃❦❏✓ ✝✽✾



✻✳ P❇✽ ❲■❚❍ ❆ ❬❲◆✴❲❈❪�❚❨P❊ ❙❚❆❘

✁✼✵✵✵✂✄✼✵✵✵ ❣r❛t✐♥❣ ❝♦♠❜✐♥❛t✐♦♥ ❛♥❞ t❤❡ ✄☎✺✆✵ ❞✐❝❤r♦✐❝✱ ❣✐✈✐♥❣ ✇❛✈❡❧❡♥❣t❤

❝♦✈❡r❛❣❡ ❢r♦♠ ✹✹✶✺✲✺✺✝✾ ✠✞ ✐♥ t❤❡ ❜❧✉❡ ❛♥❞ ✺✷✷✷✲✼✵✼✵ ✠✞ ✐♥ t❤❡ r❡❞✱ ❛♥❞ ♠❡❛♥

s♣❡❝tr❛❧ r❡s♦❧✉t✐♦♥ ♦❢ ✵✟✝✸ ✠✞ ❋✡☛▼ ✐♥ t❤❡ ❜❧✉❡ ❛♥❞ ✶✟✵✸ ✠✞ ❋✡☛▼ ✐♥ t❤❡ r❡❞✟

☎❤❡ ✡✐❋❡☞ ✌❋❯ r❛✇❞❛t❛ ✇❡r❡ r❡❞✉❝❡❞ ✉s✐♥❣ t❤❡ ✍✎✏✑ ♣✐♣❡❧✐♥❡ ✒✓✔✕✖✱ ✇❤✐❝❤ ❝♦♥✲

s✐sts ♦❢ ❜✐❛s✲s✉❜tr❛❝t✐♦♥✱ s❦②✲s✉❜tr❛❝t✐♦♥✱ ✗❛t✲✘❡❧❞✐♥❣✱ ✇❛✈❡❧❡♥❣t❤ ❝❛❧✐❜r❛t✐♦♥

✉s✐♥❣ ✙✉✲✞r ❛r❝ ❡①♣♦s✉r❡s✱ s♣❛t✐❛❧ ❝❛❧✐❜r❛t✐♦♥ ✉s✐♥❣ ✇✐r❡ ❢r❛♠❡s✱ ❞✐❢❢❡r❡♥t✐❛❧ ❛t✲

♠♦s♣❤❡r✐❝ r❡❢r❛❝t✐♦♥ ❝♦rr❡❝t✐♦♥✱ ❛♥❞ ✗✉① ❝❛❧✐❜r❛t✐♦♥ ✉s✐♥❣ s♣❡❝tr♦♣❤♦t♦♠❡tr✐❝

st❛♥❞❛r❞ st❛r ✚● ✷✼✹ ❛♥❞ ▲☎☎✸✝✆✹ ✭❢✉❧❧② ❞❡s❝r✐❜❡❞ ✐♥ ✙❤❛♣t❡r ✷✮✟

☎❤❡ ✐♥❢r❛r❡❞ ✭✌✄✮ s♣❡❝tr❛ ♦❢ t❤❡ ✛✜ ✛✁✝ ✇❡r❡ t❛❦❡♥ ✐♥ ✷✵✵✝ ❋❡❜r✉❛r② ✇✐t❤

t❤❡ ✌✄ s♣❡❝tr♦❣r❛♣❤ ♦♥ ❜♦❛r❞ t❤❡ ✢✣✤✥③✦✧ ☞♣❛❝❡ ☎❡❧❡s❝♦♣❡ ✭♣r♦❣r❛♠♠❡ ✌❉ ✹✵✶✶✺✱

✛✟✌✟ ●✐♦✈❛♥♥✐ ❋❛★✐♦✮✟ ☎❤❡ ✗✉① ❝❛❧✐❜r❛t❡❞ ✌✄ s♣❡❝tr❛ ✉s❡❞ ✐♥ t❤✐s ❝❤❛♣t❡r ❤❛✈❡

❜❡❡♥ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ✙♦r♥❡❧❧ ✞t❧❛s ♦❢ ✢✣✤✥③✦✧✂✌♥❢r❛r❡❞ ☞♣❡❝tr♦❣r❛♣❤ ☞♦✉r❝❡s✩

✭✙✞☞☞✌☞❀ ▲❡❜♦✉t❡✐❧❧❡r ❡t ❛❧✟ ✷✵✶✶✮✟ ☎❛❜❧❡ ✆✟✸ ❧✐sts t❤❡ ❧✐♥❡ ✗✉①❡s ♠❡❛s✉r❡❞

❢r♦♠ t❤❡ ✢✣✤✥③✦✧ ✌✄ s♣❡❝tr❛✟ ☎❤❡ ✐♥tr✐♥s✐❝ ❧✐♥❡ ✗✉①❡s ♣r❡s❡♥t❡❞ ✐♥ ❝♦❧✉♠♥ ✸ ❛r❡

♦♥ ❛ s❝❛❧❡ ✇❤❡r❡ ✪✫☛✬✯ ❂ ✰✿✿✱ ❛♥❞ t❤❡ ❞❡r❡❞❞❡♥❡❞ ✗✉① ✪✫☛✬✯ ❂ ✰❁❃✿ ❄✰✿❅❏❑

❡r❣ ❝♠❅❑ s❅❏ ❝❛❧❝✉❧❛t❡❞ ✉s✐♥❣ t❤❡ t♦t❛❧ ☛✬ ✗✉① ❢r♦♠ ✞❝❦❡r ❡t ❛❧✟ ✭✶✾✾✷✮ ❛♥❞

❖✫◗❱❳✯ ❂ ✿❃❩✰ ❢r♦♠ ☎♦❞t ❡t ❛❧✟ ✭✷✵✶✵✮✟

❋✐❣✟ ✆✟✷ s❤♦✇s t❤❡ s♣❛t✐❛❧❧② r❡s♦❧✈❡❞ ✗✉① ✐♥t❡♥s✐t② ❛♥❞ r❛❞✐❛❧ ✈❡❧♦❝✐t② ♠❛♣s

♦❢ ✛✁✝ ❡①tr❛❝t❡❞ ❢r♦♠ t❤❡ ❡♠✐ss✐♦♥ ❧✐♥❡ ❭✜ ✍✍❫ ❴✆✺✝✹ ❢♦r s♣❛①❡❧s ❛❝r♦ss t❤❡

✡✐❋❡☞ ✌❋❯ ✘❡❧❞✟ ☎❤❡ ❜❧❛❝❦✂✇❤✐t❡ ❝♦♥t♦✉r ❧✐♥❡s ❞❡♣✐❝t t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡

❡♠✐ss✐♦♥ ♦❢ ☛❵ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ☞✉♣❡r✙❥☞▼❥☞ ☛❵ ☞❦② ☞✉r✈❡② ✭☞☛☞❀ ✛❛r❦❡r
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t❤❡ r❛❞✐❛t✐✈❡ tr❛♥s❢❡r ♦❢ t❤❡ st❡❧❧❛r ❛♥❞ ❞✐❢❢✉s❡ ⑤❡❧❞ ✐s ❝♦♠♣✉t❡❞ ✉s✐♥❣ ❛ ▼♦♥t❡

⑥❛r❧♦ ♠❡t❤♦❞✱ ❛❧❧♦✇✐♥❣ ❝♦♠♣❧❡t❡❧② ❛r✎✐tr❛r② ❞✐str✐✎✉t✐♦♥ ♦❢ ♥❡✎✉❧❛r ❞❡♥s✐t② ❛♥❞

❛✎✉♥❞❛♥❝❡s☎ ✁❤✐s ❝♦❞❡ ❤❛s ❛❧r❡❛❞② ✎❡❡♥ ✉s❡❞ t♦ st✉❞② s♦♠❡ ❝❤❡♠✐❝❛❧ ✐♥❤♦✲

♠♦❣❡♥❡♦✉s ♠♦❞❡❧s✱ ♥❛♠❡❧② t❤❡ ⑦✲❞❡⑤❝✐❡♥t ❦♥♦ts ♦❢ ⑧✎❡❧❧ q✵ ✭❥r❝♦❧❛♥♦ ❡t ❛❧☎

✷✵✵q✎✮ ❛♥❞ t❤❡ s✉♣❡r✲♠❡t❛❧✲r✐❝❤ ❦♥♦ts ♦❢ ⑨●⑥ ⑩✶④q ✭❶✉❛♥ ❡t ❛❧☎ ✷✵✶✶✮☎ ✁♦

s♦❧✈❡ t❤❡ ♣r♦✎❧❡♠ ♦❢ ❷✄▲✲⑥❥▲ ❛✎✉♥❞❛♥❝❡ ❞❡♣❡♥❞❡♥❝✐❡s ✐♥ t❤♦s❡ ✂⑨❡✱ t❤❡② ✉s❡❞

❛ ♠❡t❛❧✲r✐❝❤ ❝♦♠♣♦♥❡♥t✱ ✇❤♦s❡ r❛t✐♦ ♦❢ ⑥✱ ⑨ ❛♥❞ ❷ r❡❧❛t✐✈❡ t♦ ⑦ ✐s ❤✐❣❤❡r t❤❛♥

t❤❡ ♥♦r♠❛❧ ❝♦♠♣♦♥❡♥t☎ ✙♥t❡r❡st✐♥❣❧②✱ ✎♦t❤ ✂⑨❡ ❤❛✈❡ ❤②❞r♦❣❡♥✲❞❡⑤❝✐❡♥t ❝❡♥✲

tr❛❧ st❛rs❸ t❤❡ ❝❡♥tr❛❧ st❛r ♦❢ ⑧✎❡❧❧ q✵ ✇❛s ❢♦✉♥❞ t♦ ✎❡ ❛ ❹❺⑥❻✲✂●✶✶④✛ st❛r

✭✂❛rt❤❛s❛r❛t❤② ❡t ❛❧☎ ✶✛✛✝✮✱ ❛♥❞ t❤❡ st❡❧❧❛r s♣❡❝tr✉♠ ♦❢ ⑨●⑥ ⑩✶④q ✇❛s ❛❧s♦

❝❧❛ss✐⑤❡❞ ❛s ♦❢ ❹❺⑥❻✲✂● ✶✶④✛ t②♣❡ ✎② ▲✐✉ ❡t ❛❧☎ ✭✷✵✵✵✮☎

✁♦ ✐♥✈❡st✐❣❛t❡ t❤❡ ❛✎✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝✐❡s ✎❡t✇❡❡♥ t❤❡ ❷✄▲s ❛♥❞ ⑥❥▲s✱

✇❡ ❤❛✈❡ ❝♦♥str✉❝t❡❞ ❞✐❢❢❡r❡♥t ♣❤♦t♦✐♦♥✐❑❛t✐♦♥ ♠♦❞❡❧s ❢♦r ✂✆ ✝☎ ❺❡ r✉♥ s❡ts

♦❢ ♠♦❞❡❧s✱ ✎✉t ✇❡ s❡❧❡❝t❡❞ t❤r❡❡✱ ✇❤✐❝❤ ✎❡st ♣r♦❞✉❝❡❞ t❤❡ ♦✎s❡r✈❛t✐♦♥s☎ ❷✉r

✷✛❼ ❽❾❿➀➁➂➃❿➄ ❿➅ ➆➀➇➄➈➂➇➉➊ ➄➈➋➁➀➇➈ ➌➃➂➍ ➎➏➐➂➊➆➈ ➑➈➄➂➉➇➀ ➒➂➇➉➒
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✂rst ♠♦❞❡❧ ✭✁❈✶✮ ❝♦♥s✐sts ♦❢ ❛ ❝❤❡♠✐❝❛❧❧② ❤♦♠♦❣❡♥❡♦✉s ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥

❝♦♥str✉❝t❡❞ ✐♥ ❛ ❝✉❜✐❝❛❧ ❈❛rt❡s✐❛♥ ❣r✐❞✄ ☎✉r s❡❝♦♥❞ ♠♦❞❡❧ ✭✁❈✷✮ ✐s t❤❡ s❛♠❡✱

❜✉t ✐t ✐♥❝❧✉❞❡s s♦♠❡ ❍✲♣♦♦r ❦♥♦ts ✭❝❡❧❧s✮ ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ❞❡♥s✐t② ♠♦❞❡❧ ♦❢

♥♦r♠❛❧ ❛❜✉♥❞❛♥❝❡s✄ ✆❤❡ ✂♥❛❧ ♠♦❞❡❧ ✭✁❈✝✮ ✐♥❝❧✉❞❡s ❞✉st ❣r❛✐♥s t♦ ♠❛t❝❤ t❤❡

❙✞✟✠③✡☛ ✐♥❢r❛r❡❞ ♦❜s❡r✈❛t✐♦♥✄ ✆❤❡ ❛t♦♠✐❝ ❞❛t❛ s❡ts ✉s❡❞ ❢♦r ♦✉r ♠♦❞❡❧s ✐♥❝❧✉❞❡

❡♥❡r❣② ❧❡✈❡❧s✱ ❝♦❧❧✐s✐♦♥ str❡♥❣t❤s ❛♥❞ tr❛♥s✐t✐♦♥ ♣r♦❜❛❜✐❧✐t✐❡s ❢r♦♠ ❱❡rs✐♦♥ ✼✄✵

♦❢ t❤❡ ❈❍☞✌✍✆☞ ❞❛t❛❜❛s❡ ✭✎❛♥❞✐ ❡t ❛❧✄ ✷✵✶✷✱ ❛♥❞ r❡❢❡r❡♥❝❡s t❤❡r❡✐♥✮✱ ❤②❞r♦❣❡♥

❛♥❞ ❤❡❧✐✉♠ ❢r❡❡➊❜♦✉♥❞ ❝♦❡❢✂❝✐❡♥ts ♦❢ ✏r❝♦❧❛♥♦ ✫ ✑t♦r❡② ✭✷✵✵✒✮✱ ❛♥❞ ♦♣❛❝✐t✐❡s

❢r♦♠ ❱❡r♥❡r ❡t ❛❧✄ ✭✶✾✾✝✮ ❛♥❞ ❱❡r♥❡r ✫ ❨❛❦♦✈❧❡✈ ✭✶✾✾✺✮✄

✆❤❡ ♠♦❞❡❧ ♣❛r❛♠❡t❡rs✱ ❛s ✇❡❧❧ ❛s t❤❡ ♣❤②s✐❝❛❧ ♣r♦♣❡rt✐❡s ❢♦r t❤❡ ♠♦❞❡❧s✱ ❛r❡

s✉♠♠❛r✐✓❡❞ ✐♥ ✆❛❜❧❡ ✒✄✷✱ ❛♥❞ ❞✐s❝✉ss❡❞ ✐♥ ♠♦r❡ ❞❡t❛✐❧ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ s❡❝t✐♦♥s✄

✆❤❡ ♠♦❞❡❧s ✇❡r❡ r✉♥ ♦♥ t❤❡ ❤✐❣❤✲♣❡r❢♦r♠❛♥❝❡ ❞✐str✐❜✉t❡❞✲♠❡♠♦r② ❘✔✕❏✕✖ ❝❧✉s✲

t❡r ❛t ✌✉str❛❧✐❛♥ ✍❛t✐♦♥❛❧ ❯♥✐✈❡rs✐t②✱ ❝♦♥s✐st✐♥❣ ♦❢ ✺✼✱✹✼✷ ☞♥t❡❧ ✑❛♥❞② ❇r✐❞❣❡

✷✄✒✲✗❍✓ ❝♦r❡s ❛♥❞ ✶✒✵ ✆❇ ♦❢ ♠❡♠♦r② ❡❛❝❤✄ ✆❤❡ ❣❛s ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ✇❛s

❝♦♥str✉❝t❡❞ ✐♥ ✘✙✚ ❝✉❜✐❝ ❣r✐❞s ✇✐t❤ t❤❡ s❛♠❡ s✐✓❡✄ ✆❤❡ ♠♦❞❡❧✐♥❣ ♣r♦❝❡❞✉r❡ ❝♦♥✲

s✐sts ♦❢ ❛♥ ✐t❡r❛t✐✈❡ ♣r♦❝❡ss✱ ✐♥✈♦❧✈✐♥❣ t❤❡ ❝♦♠♣❛r✐s♦♥ ♦❢ t❤❡ ♣r❡❞✐❝t❡❞ ❡♠✐ss✐♦♥

❧✐♥❡ ✛✉①❡s ✇✐t❤ t❤❡ ✈❛❧✉❡s ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ♦❜s❡r✈❛t✐♦♥s✱ ❛♥❞ t❤❡ ✐♦♥✐✓❛✲

t✐♦♥ ❛♥❞ t❤❡r♠❛❧ str✉❝t✉r❡s ✇✐t❤ t❤❡ ✈❛❧✉❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②✲

s✐s✄ ✆❤❡ ❢r❡❡ ♣❛r❛♠❡t❡rs ✉s❡❞ ✐♥ ♦✉r ♠♦❞❡❧s ✐♥❝❧✉❞❡❞ ♥❡❜✉❧❛r ♣❛r❛♠❡t❡rs ✭❣❛s

❞❡♥s✐t② ❛♥❞ ❛❜✉♥❞❛♥❝❡s✮ ❛♥❞ st❡❧❧❛r ♣❛r❛♠❡t❡rs ✭❧✉♠✐♥♦s✐t② ❛♥❞ ❡❢❢❡❝t✐✈❡ t❡♠✲

♣❡r❛t✉r❡✮✄ ✆❤❡ ♥❡❜✉❧❛r ✐♦♥✐✓❛t✐♦♥ str✉❝t✉r❡ ❞❡♣❡♥❞s ✉♣♦♥ t❤❡ ❣❛s ❞❡♥s✐t② ❛♥❞

st❡❧❧❛r t❡♠♣❡r❛t✉r❡✄ ❇✉t✱ ✇❡ ❛❞♦♣t❡❞ ❛♥ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ♦❢ ✜✢✣✣ ❂ ✤✘ ❦❑

❛♥❞ ❛ ♥♦♥✲❧♦❝❛❧ t❤❡r♠♦❞②♥❛♠✐❝ ❡q✉✐❧✐❜r✐✉♠ ✭✍✎✆✏✮ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ❞❡t❡r✲

♠✐♥❡❞ ❜② ✆♦❞t ❡t ❛❧✄ ✭✷✵✶✵✮✄ ✆❤✉s✱ t❤❡ ✂rst st❡♣ ✐s t♦ ✂♥❞ ❣❛s ❞❡♥s✐t② ❛♥❞ st❡❧✲

❧❛r ❧✉♠✐♥♦s✐t② r❡q✉✐r❡❞ t♦ ♣r♦❞✉❝❡ t❤❡ ♥❡❜✉❧❛r t♦t❛❧ ❍✥ ✐♥tr✐♥s✐❝ ❧✐♥❡ ✛✉① ❛♥❞

t❤❡ r❡❧❛t✐✈❡ ✐♥t❡♥s✐t✐❡s ♦❢ t❤❡ str♦♥❣❡st ❈✏✎s ✭s✉❝❤ ❛s ❬✍ ✕✕❪ ✦✒✺✽✹ ❛♥❞ ❬☎ ✕✕✕❪

✦✺✵✵✼✮✄ ✆❤❡ ❞✐st❛♥❝❡ ✭s✐✓❡✮ ✇❛s ✈❛r✐❡❞ ✉♥t✐❧ t❤❡ ❜❡st ✈❛❧✉❡s ♦❢ t❤❡ ♥❡❜✉❧❛r ❍✥

✐♥tr✐♥s✐❝ ❧✐♥❡ ✛✉① ✇❛s ♣r♦❞✉❝❡❞✄ ☞t ✐s ❢♦✉♥❞ t❤❛t t❤❡ ❛❞♦♣t❡❞ ✍✎✆✏ ♠♦❞❡❧ ❛t♠♦✲

s♣❤❡r❡ ✇✐t❤ ❛ st❡❧❧❛r ❧✉♠✐♥♦s✐t② ♦❢ ✧❄ ❂ ★✙✙✙✩✪ ✇❡❧❧ ♣r♦❞✉❝❡s t❤❡ ❜❡st ♥❡❜✉❧❛

❆✬✯✰✴✟③ ❉✿❀✡✯✰✿☛ ✷✾✺
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◗❯❱◗❳ ➊ ➊ ➊ ✵✧✵✶

❩❭ ✭☞❏✮ ➊ ✵✧✒★● ✵✧✒✛❅ ✵✧✵✶● ✵✧✒✛❅ ✵✧✵✶●

✗✎❫✗ ➊ ✵✧✶✒✒ ✵✧✶✒✒ ✵✧✶✒✒ ✵✧✒✵ ✵✧✶✒✒ ✵✧✒✵

✑❫✗ ❴✶✵❵ ➊ ❉✒✧✒✺ ✛✸✧✵ ✛✸✧✵ ✛✸✧✵ ✛✸✧✵ ✛✸✧✵

✖❫✗ ❴✶✵❵ ✶✛✧✒✒ ✸✶✧●✶ ✶✶✧✵ ✛✧✶ ✒❅★✧✵ ✛✧✶ ✒❅★✧✵

❖❫✗ ❴✶✵❵ ✺❉✧✺● ✶●✛✧✛✶ ●✵✧✵ ✺★✧❉ ✺✺✶✧✵ ✺★✧❉ ✺✺✶✧✵

✖✎❫✗ ❴✶✵❵ ✶✸✧●❅ ✶❅✧❅ ✶✵✧✵ ✶✺✧✵ ✶✺✧✵ ✶✺✧✵ ✶✺✧✵

❥❫✗ ❴✶✵✼ ✒✵●✧✶❉ ➊ ✸✵✵✧✵ ✸✵✵✧✵ ✸✵✵✧✵ ✸✵✵✧✵ ✸✵✵✧✵

✑☛❫✗ ❴✶✵✼ ✒✧✵ ➊ ✶✧✒ ✶✧✛ ✶✧✛ ✶✧✛ ✶✧✛

q✟❫✗ ❴✶✵✼ ●✸✧✛✺ ➊ ✸❅✧✵ ●✺✧✵ ●✺✧✵ ●✺✧✵ ●✺✧✵

s♣❡❝tr✈♠ ❛t ❛ ❞✐st❛♥❝❡ ♦✇ ①✄③ ④♣❝✄ ⑤❡ ✐♥✐t✐❛❧❧② ✈s❡❞ t❤❡ ❡❧❡♠❡♥t❛❧ ❛❜✈♥❞❛♥❝❡s

❞❡t❡r♠✐♥❡❞ ❜② ⑥❛r❝➫⑦❛⑧⑨♦⑩❛s ❡t ❛❧✄ ❶✷❷❷③❸❹ ❜✈t ❺❡ ❛❞⑩✈st❡❞ t❤❡♠ t♦ ♠❛t❝❤ t❤❡

♦❜s❡r❻❡❞ ♥❡❜✈❧❛r s♣❡❝tr✈♠✄

❼❽❾❽❿ ➀➁➂ ➃➂➄➅➆➇➈ ➃➆➅➇➉➆➋➌➇➆➍➄

✁❤❡ ➎rst ♥❡❜✈❧❛r ♠♦❞❡❧ ❶▼➏➐❸ t♦ ❜❡ r✈♥ ❺❛s t❤❡ s✐♠♣❧❡st ♣♦ss✐❜❧❡ ❞❡♥s✐t② ❞✐s⑧

tr✐❜✈t✐♦♥❹ ❛ s♣❤❡r✐❝❛❧ ➑❡♦♠❡tr②❹ t♦ r❡♣r♦❞✈❝❡ t❤❡ ➏➒➓s✄ ✁❤❡ ❞❡♥s✐t② ❛♥❞ ❛❜✈♥⑧

❞❛♥❝❡s ❺❡r❡ t❛④❡♥ t♦ ❜❡ ❤♦♠♦➑❡♥❡♦✈s✄ ➔ ➎rst ❛tt❡♠♣t ❺❛s ♠❛❞❡ ❜② ✈s✐♥➑

✷③✂ →➣↔↕➙➛➜↔➝ ↔➞ ➟↕➠➝➡➛➠➢➤ ➝➡➥➙↕➠➡ ➦➜➛➧ ➨➩➭➛➤➟➡ ➯➡➝➛➢➠↕ ➲➛➠➢➲



✻✳✸✳ P�❖❚❖■❖◆■❩❆❚■❖◆ ▼❖❉❊▲■◆●

❛ ❤♦♠♦❣❡♥❡♦✉s ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ♦❢ ✷✺✵✵ ❝♠✁✂✱ ❞❡❞✉❝❡❞ ❢r♦♠ t❤❡ ❬✄ ☎☎❪✱

❬❙ ☎☎❪ ❛♥❞ ❬❈❧ ☎☎☎❪ ✭✆❛r❝➫✑❛✲❘♦❥❛s ❡t ❛❧✝ ✷✵✵✾✮✝ ❍♦✇❡✈❡r✱ t❤❡ ✉♥✐❢♦r♠ ❞❡♥s✐t②

❞✐str✐❜✉t✐♦♥ ❞✐❞ ♥♦t ♠❛t❝❤ t❤❡ ✐♦♥✐③❛t✐♦♥ ❛♥❞ t❤❡r♠❛❧ str✉❝t✉r❡s✱ s♦ ✇❡ ❡①❛♠✲

✐♥❡❞ ❞✐❢❢❡r❡♥t ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥s ♦❜t❛✐♥❡❞ ❜② ♠❡❛♥s ♦❢ ❞❡t❛✐❧❡❞ ✶✲✞ r❛❞✐❛t✐♦♥✲

❤②❞r♦❞②♥❛♠✐❝s ❝❛❧❝✉❧❛t✐♦♥s t♦ ♠❛❦❡ t❤❡ ❜❡st ✟t t♦ t❤❡ ♦❜s❡r✈❡❞ ❈✠✡s✝

❋✐❣✝ ☛✝☞ ❝♦♠♣❛r❡s r❛❞✐❛❧ ♥✉♠❜❡r ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥s ♦❢ ❤②❞r♦❣❡♥ ❛t♦♠ ✌✍

❢♦r t❤❡ s♣❤❡r✐❝❛❧ ❞❡♥s✐t② ♠♦❞❡❧s ♦❜t❛✐♥❡❞ ❢r♦♠ t✇♦ ❤②❞r♦❞②♥❛♠✐❝❛❧ ♠♦❞❡❧s ❝❛❧✲

❝✉❧❛t❡❞ ❜② t❤❡ t✐♠❡✲❞❡♣❡♥❞❡♥t ✶✲✞ r❛❞✐❛t✐♦♥✲❤②❞r♦❞②♥❛♠✐❝s ❝♦❞❡ ✎✏❇✏✒ ✭s❡❡

❡✝❣✝ ✓❡r✐♥♦tt♦ ❡t ❛❧✝ ✷✵✵✹❀ ❙❝❤➝♦♥❜❡r♥❡r ❡t ❛❧✝ ✷✵✵✺❛✱❜✱ ✷✵✶✵❀ ❏❛❝♦❜ ❡t ❛❧✝ ✷✵✶☞✮✝

✔❤❡ ✟rst ❤②❞r♦❞②♥❛♠✐❝❛❧ ♠♦❞❡❧ ✭❞❛s❤❡❞ ❧✐♥❡ ✐♥ t❤❡ ✟❣✉r❡✮ ❤❛s ❛♥ ✕✆✖ r❡♠♥❛♥t

♠❛ss ♦❢ ✗ ❂ ✘✿✙✘✚✛✜✱ ❛ t❡r♠✐♥❛❧ ✕✆✖ ✇✐♥❞ s♣❡❡❞ ♦❢ ❱✢✣✤ ❂ ✥✚ ❦♠s✁✦✱ ❛ ♣♦st✲

✕✆✖ ❛❣❡ ♦❢ ✧✢✣★ ❂ ✩✥✘✽ ②r✱ ❛♥ ✕✆✖ ♠❛ss✲❧♦ss r❛t❡ ♦❢ ✪✗✢✣✤ ❂ ✥✘✁✫✬✜ ②r✁✦✱ ❛♥ ❡❢✲

❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ♦❢ ✯★✰✰ ❂ ✚✩ ❦❑✱ ❛♥❞ ❛ st❡❧❧❛r ❧✉♠✐♥♦s✐t② ♦❢ ✴❄ ❂ ✙✥✼✚❁✜ ✭❞❡✲

s❝r✐❜❡❞ ✐♥ ❞❡t❛✐❧ ❜② ✓❡r✐♥♦tt♦ ❡t ❛❧✝ ✷✵✵✹✮✝ ✔❤❡ s❡❝♦♥❞ ❤②❞r♦❞②♥❛♠✐❝❛❧ ♠♦❞❡❧

✭❞♦tt❡❞✲❞❛s❤❡❞ ❧✐♥❡ ✐♥ t❤❡ ✟❣✉r❡✮✱ ✇❤✐❝❤ ✉s❡❞ ♠♦r❡ ➇r❡❛❧✐st✐❝➈ ❛♣♣r♦❛❝❤❡s ❢♦r

❞❡s❝r✐❜✐♥❣ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✱ ❤❛s t❤❡ ♣❛r❛♠❡t❡rs ✗ ❂ ✘✿✙✘✚✛✜✱ ✧✢✣★ ❂ ✼❃✥❃ ②r✱

✯★✰✰ ❂ ✚✘ ❦❑✱ ❛♥❞ ✴❄ ❂ ✚✼✙❃❁✜ ✭t❤❡ ♠♦❞❡❧ ❡①t❡♥s✐✈❡❧② ❞✐s❝✉ss❡❞ ❜② ❙❝❤➝♦♥❜❡r♥❡r

❡t ❛❧✝ ✷✵✵✺❜✮✝ ✔❤❡ ❜❡st ✐♦♥✐③❛t✐♦♥ ❛♥❞ t❤❡r♠❛❧ str✉❝t✉r❡s ✇❡r❡ ♣r♦❞✉❝❡❞ ❜② ❛

s♣❤❡r✐❝❛❧ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ✭s♦❧✐❞ ❧✐♥❡✮ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ s❡❝♦♥❞♠♦❞❡❧ ❝❛❧❝✉✲

❧❛t❡❞ ❜② ➇r❡❛❧✐st✐❝➈ ✶✲✞ r❛❞✐❛t✐♦♥✲❤②❞r♦❞②♥❛♠✐❝s✱ ✇❤✐❧❡ t❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥

✇❛s s❝❛❧❡❞ ✉♥t✐❧ t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ✬❈✶ ✇❡❧❧ ♣r♦❞✉❝❡s t❤❡ t♦t❛❧ ❍❅ ✐♥✲

tr✐♥s✐❝ ❧✐♥❡ ◗✉①✱ ❯❲❍❅❳❂ ✥✙❨✥✘✁✦❭ ❡r❣ ❝♠✁❭ s✁✦✱ ❛♥❞ t❤❡ ♠❡❛♥ ❡❧❡❝tr♦♥ ❞❡♥s✐t②✱

❫✌★❴ ❂ ❃✚✚✘ ❝♠✁✂✝ ✔❤❡ ❞✐st❛♥❝❡ ♦❢ ❵ ❂ ✼✿q ❦♣❝ ❢♦✉♥❞ ❤❡r❡✱ ✇❛s ❝❤♦s❡♥✱ ❜❡❝❛✉s❡

♦❢ t❤❡ ❜❡st ♣r❡❞✐❝t❡❞ ❍❅ ❧✉♠✐♥♦s✐t② ✴❲④❅❳ ❂ ✼⑤❵❭❯❲④❅❳✱ ❛♥❞ ✐t ✐s ✇✐t❤✐♥ t❤❡

r❛♥❣❡ ♦❢ ❞✐st❛♥❝❡s ✷✝✷ ❛♥❞ ✺✝⑥ ❦♣❝ ✭✓❤✐❧❧✐♣s ✷✵✵✹✱ ❛♥❞ r❡❢❡r❡♥❝❡s t❤❡r❡✐♥✮✱ ❛♥❞

✹✝✷ ❛♥❞ ✺✝✶✺ ❦♣❝ ❡st✐♠❛t❡❞ ❜② ✔♦❞t ❡t ❛❧✝ ✭✷✵✶✵✮✝ ✔❤❡ ♠❡❛♥ ❞❡♥s✐t✐❡s ♦❜t❛✐♥❡❞

❢r♦♠ t❤❡ ❛❞♦♣t❡❞ ❞❡♥s✐t② ♠♦❞❡❧ ✭s♦❧✐❞ ❧✐♥❡ ✐♥ ❋✐❣✝ ☛✝☞✮ ✇❡r❡ ❧✐st❡❞ ✐♥ ✔❛❜❧❡ ☛✝✷✝

✄♥❝❡ t❤❡ ❞❡♥s✐t② ❣❡♦♠❡tr② ❛♥❞ s✐③❡ ✭❞✐st❛♥❝❡✮ ✇❡r❡ ✐❞❡♥t✐✟❡❞✱ t❤❡ ✈❛r✐❛t✐♦♥ ♦❢

t❤❡ ♥❡❜✉❧❛r ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ✇❡r❡ ❡①♣❧♦r❡❞✝

❆⑦⑧⑨⑩❶❷ ❉❸❹❺⑧⑨❸❻ ✷✾❼
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❋✐❣✉r❡ ✁✂✸✿ ❉❡♥s✐t② ❞✐str✐❜✉t✐♦♥s ♦❢ ❤②❞r♦❣❡♥ ❛t♦♠ ✄☎ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ r❛❞✐✉s ❢♦r t❤❡ ❤②❞r♦❞②♥❛♠✐❝❛❧ ♠♦❞❡❧ ✇✐t❤

▼ ❂ ✵✆✝✵✺✞❏✱ ❱✟✠✡ ❂ ✶✺❦♠s☛☞✱ ✌✟✠✍ ❂ ✎✶✵✏ ②r✱ ✑▼✟✠✡ ❂ ✶✵☛✹ ✒❏ ②r☛☞✱ ✓✍✔✔ ❂ ✺✎ ❦❑✱ ❛♥❞ ▲❄ ❂ ✝✶✕✺✖❏ ✭❜❧✉❡ ❞❛s❤❡❞ ❧✐♥❡❀

✗❡r✐♥♦tt♦ ❡t ❛❧✂ ✷✘✘✙✮ ❛♥❞ t❤❡ ➇r❡❛❧✐st✐❝➈ ❤②❞r♦❞②♥❛♠✐❝❛❧ ♠♦❞❡❧ ✇✐t❤ ▼ ❂ ✵✆✝✵✺✞❏✱ ✌✟✠✍ ❂ ✕✚✶✚ ②r✱ ✓✍✔✔ ❂ ✺✵ ❦❑✱ ❛♥❞

▲❄ ❂ ✺✕✝✚✖❏ ✭r❡❞ ❞♦tt❡❞✲❞❛s❤❡❞ ❧✐♥❡❀ ✛❝❤➝♦♥❜❡r♥❡r ❡t ❛❧✂ ✷✘✘✜❜✮✂ ✢❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ r❡❛❧✐st✐❝

❤②❞r♦❞②♥❛♠✐❝❛❧ ♠♦❞❡❧ s❝❛❧❡❞ t♦ r❡♣r♦❞✉❝❡ t❤❡ t♦t❛❧ ✣✤ ✐♥tr✐♥s✐❝ ✥✉① ❛♥❞ t❤❡ ♠❡❛♥ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ✭❜❧❛❝❦ s♦❧✐❞ ❧✐♥❡✮✂
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✁ s❡❝♦♥❞ ❛tt❡♠♣t ✭✂❈✷✮ ✇❛s t♦ ♣r♦❞✉❝❡ t❤❡ ♦❜s❡r✈❡❞ ✄❘☎s ❜② ✐♥tr♦❞✉❝✐♥❣

❛ ❢r❛❝t✐♦♥ ♦❢ ❞❡♥s❡✱ ♠❡t❛❧✲r✐❝❤ ❦♥♦ts ✐♥t♦ t❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ✉s❡❞ ❜② t❤❡

✆rst ♠♦❞❡❧✝ ✞❤❡ ❛❜✉♥❞❛♥❝❡ r❛t✐♦s ♦❢ ❍❡✱ ✟ ❛♥❞ ✄ r❡❧❛t✐✈❡ t♦ ❍ ✐♥ t❤❡ ♠❡t❛❧✲r✐❝❤

❝♦♠♣♦♥❡♥t ❛r❡ ❤✐❣❤❡r t❤❛♥ t❤♦s❡ ✐♥ t❤❡ ♥♦r♠❛❧ ❝♦♠♣♦♥❡♥t✝ ✞❤❡ ❍ ♥✉♠❜❡r ❞❡♥✲

s✐t② ✐♥ t❤❡ ♠❡t❛❧✲r✐❝❤ ❝♦♠♣♦♥❡♥t ✐s t❛❦❡♥ t♦ ❜❡ ❤♦♠♦❣❡♥❡♦✉s✱ ✠✡ ❂ ☛☛✵✵ ❝♠☞✌✱

✇❤✐❝❤ ✐s ❤✐❣❤❡r t❤❛♥ t❤❡ ♠❡❛♥ ❍ ♥✉♠❜❡r ❞❡♥s✐t②✱ ✍✠✎✏ ❂ ✑✶✾✾ ❝♠☞✌✐♥ t❤❡ ♥♦r✲

♠❛❧ ❝♦♠♣♦♥❡♥t ✐♥ t❤❡ ♠♦❞❡❧ ✂❈✷✝

✒✓✔✓✕ ✖✗✘ ✙✘✚✛✜✢✣ ✘✜✘✤✘✙✥✢✜ ✢✚✛✙✦✢✙✧✘★

❲❡ ✉s❡❞ ❛ ❤♦♠♦❣❡♥❡♦✉s ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡ ❞✐str✐❜✉t✐♦♥ ❢♦r t❤❡ ♠♦❞❡❧ ✂❈✩

❝♦♥s✐st✐♥❣ ♦❢ ✪ ❡❧❡♠❡♥ts✱ ✐♥❝❧✉❞✐♥❣ ❛❧❧ t❤❡ ♠❛❥♦r ❝♦♥tr✐❜✉t♦rs t♦ t❤❡ t❤❡r♠❛❧ ❜❛❧✲

❛♥❝❡ ♦❢ t❤❡ ♥❡❜✉❧❛ ❛♥❞ t❤♦s❡ ♣r♦❞✉❝✐♥❣ t❤❡ ❞❡♥s✐t②✲ ❛♥❞ t❡♠♣❡r❛t✉r❡✲s❡♥s✐t✐✈❡

❈✫☎s✝ ✞❤❡ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ✭✬❛r❝➫✯❛✲❘♦❥❛s ❡t ❛❧✝

✷✰✰✪✮ ✇❡r❡ ❝❤♦s❡♥ ❛s st❛rt✐♥❣ ✈❛❧✉❡s❀ t❤❡s❡ ✇❡r❡ ✐t❡r❛t✐✈❡❧② ♠♦❞✐✆❡❞ t♦ ❣❡t ❛

❜❡tt❡r ✆t t♦ t❤❡ ❈✫☎s✝ ✞❤❡ ✆♥❛❧ ❛❜✉♥❞❛♥❝❡ ✈❛❧✉❡s ❛r❡ ❧✐st❡❞ ✐♥ ✞❛❜❧❡ ✴✝✷✱ ✇❤❡r❡

t❤❡② ❛r❡ ❣✐✈❡♥ ❜② ♥✉♠❜❡r ✇✐t❤ r❡s♣❡❝t t♦ ❍✝

✁♥ ✐♥❤♦♠♦❣❡♥❡♦✉s ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡ ❞✐str✐❜✉t✐♦♥ ✇❛s ✉s❡❞ ❢♦r t❤❡ ♠♦❞❡❧

✂❈✷ t❤❛t ②✐❡❧❞s ❛ ❜❡tt❡r ✆t t♦ t❤❡ ✄❘☎s✝ ✞❤❡ ✐♥✐t✐❛❧ ❣✉❡ss❡s ❛t t❤❡ ❡❧❡♠❡♥t❛❧

❛❜✉♥❞❛♥❝❡s ♦❢ ✟ ❛♥❞ ✄ ✐♥ t❤❡ t❤❡ ♠❡t❛❧✲r✐❝❤ ❝♦♠♣♦♥❡♥t ✇❡r❡ t❛❦❡♥ ❢r♦♠ t❤❡

✄❘☎ ❡♠♣✐r✐❝❛❧ r❡s✉❧ts❀ t❤❡② ✇❡r❡ s✉❝❝❡ss✐✈❡❧② ✐♥❝r❡❛s❡❞ t♦ ✆t t❤❡ ♦❜s❡r✈❡❞ ✟ ✹✹

❛♥❞ ✄ ✹✹ ✄❘☎s✝ ✞❛❜❧❡ ✴✝✷ ❧✐sts t❤❡ ✆♥❛❧ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ✭✇✐t❤ r❡s♣❡❝t

t♦ ❍✮ ❞❡r✐✈❡❞ ❢♦r ❜♦t❤ ❝♦♠♣♦♥❡♥ts✱ ♥♦r♠❛❧ ❛♥❞ ♠❡t❛❧✲r✐❝❤✝ ✞❤❡ ✆♥❛❧ ♠♦❞❡❧✱

✇❤✐❝❤ ♣r♦✈✐❞❡❞ ❛ ❜❡tt❡r ✆t t♦ t❤❡ ♠♦st ♦❜s❡r✈❡❞ ✄❘☎s✱ ❤❛s ❛ t♦t❛❧ ♠❡t❛❧✲r✐❝❤

♠❛ss ❛❜♦✉t ✺ ♣❡r❝❡♥t ♦❢ t❤❡ ✐♦♥✐③❡❞ ♠❛ss ♦❢ t❤❡ ✇❤♦❧❡ ♥❡❜✉❧❛✝ ✞❤❡ ✄✼❍ ❛♥❞

✟✼❍ ❛❜✉♥❞❛♥❝❡ r❛t✐♦s ✐♥ t❤❡ ♠❡t❛❧✲r✐❝❤ ❝♦♠♣♦♥❡♥t ❛r❡ ❛❜♦✉t ✩✝✰ ❛♥❞ ✩✝✽ ❞❡①

❧❛r❣❡r t❤❛♥ t❤♦s❡ ✐♥ t❤❡ ♥♦r♠❛❧ ❝♦♠♣♦♥❡♥t✱ r❡s♣❡❝t✐✈❡❧②✝

❆✿❁❃❄❅❇ ❉❋❏❑❁❃❋◗ ✷✪✪



✻✳ P❇✽ ❲■❚❍ ❆ ❬❲◆✴❲❈❪�❚❨P❊ ❙❚❆❘

✁✂✸✂✸ ✄❤❡ ✐♦♥✐③✐♥❣ s♣❡❝tr✉♠
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✷✵✵✷✮✱ ❢✟☞ ✗✿✗✝✿✘✿✙✿❖ ❂ ✹✵✿✺✺✿✶✖✚✿✷✿✶✖✚ ❜② ✌❛✡✡ ❛✞❞ ❛ ✑✝✞☛☞❛❧ ✡☛❛☞ ✝❢❢✝✑☛✏✈✝
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☛✝✌✍✝☞❛☛✎☞✝ ✟❢ ☛✆✝ ✑✝✞☛☞❛❧ ✡☛❛☞ ❛✞❞ ✡✍✆✝☞✏✑❛❧ ❞✝✞✡✏☛② ❞✏✡☛☞✏❜✎☛✏✟✞✖ ☎✆✝ ❜✝✡☛ ☞✝✲
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✍❛✑☛ ✟✞ ☛✆✝ ✍☞✝❞✏✑☛✝❞ ❧✏✞✝ ✦✎①✝✡ ✟❢ ☛✆✝ ✆✏✒✆✝☞ ✏✟✞✏✧❛☛✏✟✞ ✡☛❛✒✝✡ ✟❢ ✏✟✞✡✖ ☎✆✝☞✝✲

❢✟☞✝✱ ✇✝ ✎✡✝❞ ❛ ✞✟✞✲▲☎✠ ✌✟❞✝❧ ❛☛✌✟✡✍✆✝☞✝ ❛✡ ✏✟✞✏✧✏✞✒ ✏✞✍✎☛✡ ✏✞ ✟✎☞ ✍✆✟☛✟✏✟✞✲

✏✧❛☛✏✟✞ ✌✟❞✝❧ ☛✟ ✍☞✟✈✏❞✝ ☛✆✝ ❜✝✡☛ ✼☛ ☛✟ ☛✆✝ ✞✝❜✎❧❛☞ ✡✍✝✑☛☞✎✌✖

✚✵✵ ✾❀❁❃❄❅◗❁❳ ❁❩ ❭❃❫❳❴❅❫❵q ❳❴④❄❃❫❴ ⑤◗❅⑥ ⑦⑧⑨❅q❭❴ ⑩❴❳❅❵❫❃ ❶❅❫❵❶
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❋✐❣✉r❡ ✁✂✹✿ ✄♦♥✲☎✆✝ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ✞✉① ✭❣r❡② ❧✐♥❡✮ ❝❛❧❝✉❧❛t❡❞ ✇✐t❤ ✟✠❢❢ ❂ ✺✷ ❦❑ ❛♥❞ ❝❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ♦✡

❍✿❍❡✿❈✿✄✿☛ ❂ ✹✵✿✺✺✿✶✂☞✿✷✿✶✂☞ ❜② ♠❛ss ✭✆♦❞t ❡t ❛❧✂ ✷✵✶✵✮✱ ❝♦♠♣❛r❡❞ ✇✐t❤ ❛ ❜❧❛❝❦❜♦❞② ✭❞❛s❤❡❞ ❧✐♥❡✮ ❛t t❤❡ s❛♠❡

t❡♠♣❡r❛t✉r❡✂
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✻✳ P❇✽ ❲■❚❍ ❆ ❬❲◆✴❲❈❪�❚❨P❊ ❙❚❆❘

✁✂✸✂✹ ❉✉st ♠♦❞❡❧✐♥❣

✄❤☎ ✆✝ ✆✞ ✟ ✠✡ ❦☛☞✇☛ ✌☞ ❜☎ ✈☎r② ✍✎✡✌② ✭☎✏✑✏ ▲☎☛③✎☛✠ ☎✌ ❛✒✏ ✶✾✟✾❀ ✓✌❛✡✠➫☛✡❦❛

✫ ✓③❝③☎r❜❛ ✶✾✾✾✮✱ ✇❤✠❝❤ ✔✎✡✌ ✠☛✕✎☎☛❝☎ ✌❤☎ r❛✍✠❛✌✠✈☎ ♣r☞❝☎✡✡ ✠☛ ✌❤☎ ☛☎❜✎✒❛✏

▲☎☛③✎☛✠ ☎✌ ❛✒✏ ✭✶✾✟✾✮ ✡✌✎✍✠☎✍ ✌❤☎ ✖✗✘✓ ✔☎❛✡✎r☎✔☎☛✌✡ ✭✷✺✱ ✙✵ ❛☛✍ ✶✵✵ ✚✔

✕✎①☎✡✮✱ ❛☛✍ ✍☎r✠✈☎✍ ❛ ✍✎✡✌ ✌☎✔♣☎r❛✌✎r☎ ☞❢ ✛✜ ❂ ✢✣✤✥✿✦❑✱ ❛☛ ☞♣✌✠❝❛✒ ✍☎♣✌❤ ☞❢

✧ ❂ ✥✿★✩ ❛☛✍ ❛ ✍✎✡✌✲✌☞✲✑❛✡ ✔❛✡✡ r❛✌✠☞ ☞❢ ✪✜✬✪✯ ❂ ✥✿✥✰✼✩ ❢r☞✔ ❛ ❜✒❛❝❦❜☞✍② ❢✎☛❝✲

✌✠☞☛ ❁✌✌☎✍ ✌☞ ✌❤☎ ✖✗✘✓ ✍❛✌❛✏ ✓✠✔✠✒❛r✒②✱ ✓✌❛✡✠➫☛✡❦❛ ✫ ✓③❝③☎r❜❛ ✭✶✾✾✾✮ ✍☎✌☎r✔✠☛☎✍

✛✜ ❂ ✢✣❑✱ ❜✎✌ ✪✜✬✪✯ ❂ ✥✿✥✥❃★ ❢r☞✔ ✌❤☎ ❜r☞❛✍ ❜❛☛✍ ✖✗✘✓ ✍❛✌❛✏ ❋r☞✔ ✌❤☎ ❝☞✔♣❛r✲

✠✡☞☛ ☞❢ ✔✠✍✲✖✗ ☎✔✠✡✡✠☞☛ ✇✠✌❤ ❛ ❜✒❛❝❦❜☞✍② ✇✠✌❤ ✰✣✥❑✱ ✄☞✍✌ ☎✌ ❛✒✏ ✭✷✵✶✵✮ ✡✎✑✑☎✡✌✡

✠✌ ♣☞✡✡✠❜✒② ❝☞☛✌❛✠☛ ❛ ✇❛r✔ ✍✎✡✌ ✇✠✌❤ ✍✠❢❢☎r☎☛✌ ✍✎✡✌ ❝☞✔♣☞✡✠✌✠☞☛✡✏ ❄☎ ☛☞✌✠❝☎ ✌❤❛✌

✌❤☎ ❁r✡✌ ✌✇☞ ✔☞✍☎✒✡ ❝❛☛☛☞✌ ♣r☞✈✠✍☎ ☎☛☞✎✑❤ ✌❤☎r✔❛✒ ☎❢❢☎❝✌✡ ✌☞ ❛❝❝☞✎☛✌ ❢☞r ✌❤☎

❅●❏▼❖◗❯ ✖✗ ❝☞☛✌✠☛✎✎✔✱ ✡☞ ❛ ✍✎✡✌ ❝☞✔♣☞☛☎☛✌ ✠✡ ☛☎❝☎✡✡❛r② ✌☞ ♣r☞✍✎❝☎ ✌❤☎ ✌❤☎r✔❛✒

✡♣☎❝✌r❛✒ ☎☛☎r✑② ✍✠✡✌r✠❜✎✌✠☞☛ ✭✓❱❳✮ ☞❢ ✌❤☎ ☛☎❜✎✒❛ ☞❜✡☎r✈☎✍ ✇✠✌❤ ✌❤☎ ✖✗ ✡♣☎❝✌r☞✲

✑r❛♣❤✏ ✄❤☎ ✌❤✠r✍ ✔☞✍☎✒ ✭❩❭❫✮ ♣r☎✡☎☛✌☎✍ ❤☎r☎ ✌r☎❛✌✡ ✍✎✡✌ ♣r☞♣☎r✌✠☎✡ ☞❢ ✆✞ ✟

✎✡✠☛✑ ✌❤☎ ✍✎✡✌ r❛✍✠❛✌✠✈☎ ✌r❛☛✡❢☎r ❢☎❛✌✎r☎✡ ✠☛❝✒✎✍☎✍ ✠☛ ✌❤☎ ❴❵❥q④④⑤⑥ ✭❱r❝☞✒❛☛☞

☎✌ ❛✒✏ ✷✵✵✺✮✏ ❳✠✡❝r☎✌☎ ✑r❛✠☛ ✡✠③☎✡ ❤❛✡ ❜☎☎☛ ✍☎✌☎r✔✠☛☎✍ ❛❝❝☞r✍✠☛✑ ✌☞ ✌❤☎ r❛✍✠✎✡✲

✍☎♣☎☛✍☎☛✌ ✑r❛✠☛✡ ✌☎✔♣☎r❛✌✎r☎ ✍✠✡✌r✠❜✎✌✠☞☛✡ ❛☛✍ ✌❤☎ r❛✍✠✎✡ r❛☛✑☎ ❢r☞✔ ❩❛✌❤✠✡

☎✌ ❛✒✏ ✭✶✾⑦⑦✮✏ ✄❤☎ ❛❜✡☎☛❝☎ ☞❢ ✌❤☎ ✾✏⑦ ✚✔ ❛✔☞r♣❤☞✎✡ ✡✠✒✠❝❛✌☎ ❢☎❛✌✎r☎ ❝☞✔✔☞☛✒②

☞❜✡☎r✈☎✍ ✠☛ ⑧✲r✠❝❤ ❝✠r❝✎✔✡✌☎✒✒❛r ☎☛✈☎✒☞♣☎✡ ❝☞✎✒✍ ✠✔♣✒② ✌❤❛✌ ✆✞ ✟ ❤❛✡ ❛ ❝❛r❜☞☛✲

❜❛✡☎✍ ✍✎✡✌✏ ⑨☞✇☎✈☎r✱ ✡✌r☞☛✑ ❢☎❛✌✎r☎✡ ❛✌ ✷❫✏✺✱ ✷⑦✏✺✱ ❛☛✍ ❫❫✏✟ ✚✔ ❛r☎ ✔☞✡✌✒②

❛✌✌r✠❜✎✌☎✍ ✌☞ ❝r②✡✌❛✒✒✠☛☎ ✡✠✒✠❝❛✌☎✡ ✭❩☞✒✡✌☎r ☎✌ ❛✒✏ ✷✵✵✷✮✏ ❋☎❛✌✎r☎✡ ✡☎☎☛ ❛✌ ✙✏✷✱

⑦✏⑦✱ ✟✏✙✱ ❛☛✍ ✶✶✏❫ ✚✔ ❛r☎ r☎✒❛✌☎✍ ✌☞ ♣☞✒②❝②❝✒✠❝ ❛r☞✔❛✌✠❝ ❤②✍r☞❝❛r❜☞☛✡ ✭✆✘⑨✡✮

✭⑩❛r❝➫❶❛✲▲❛r✠☞ ☎✌ ❛✒✏ ✶✾✾✾✮✱ ✌☞✑☎✌❤☎r ✇✠✌❤ ❜r☞❛✍ ❢☎❛✌✎r☎✡ ❛✌ ✷✶ ❛☛✍ ❫✵ ✚✔ ❝☞rr☎✲

✡♣☞☛✍✠☛✑ ✌☞ ❛ ✔✠①☎✍ ❝❤☎✔✠✡✌r② ❤❛✈✠☛✑ ❜☞✌❤ ⑧✲r✠❝❤ ❛☛✍ ❭✲r✠❝❤ ✍✎✡✌ ✑r❛✠☛✡✏ ✄❤☎

❢❛r✲✖✗ ☎✔✠✡✡✠☞☛ ✕✎①☎✡ ❛✌ ✙✺ ❛☛✍ ✾✵ ✚✔ ✭❷❛✔❛✔✎r❛ ☎✌ ❛✒✏ ✷✵✶✵✮ ❝☞✎✒✍ ❜☎ r☎✒❛✌☎✍

✌☞ r☎✒❛✌✠✈☎✒② ✇❛r✔ ❢☞r✡✌☎r✠✌☎ ✑r❛✠☛✡✱ ✇❤✠❝❤ ☎✔✠✌ ❛✌ ❛ ✒☞☛✑☎r ✇❛✈☎✒☎☛✑✌❤✏ ✄❤☎ ✙✺

✚✔ ☎✔✠✡✡✠☞☛ ✔❛② ❜☎ r☎✒❛✌☎✍ ✌☞ ❛ ❝r②✡✌❛✒✒✠☛☎ ✇❛✌☎r✲✠❝☎ ✡✌r✎❝✌✎r☎✱ ❛✒✌❤☞✎✑❤ ✠✌✡

♣r☎✡☎☛❝☎ ❝❛☛☛☞✌ ❜☎ ❝☞☛❁r✔☎✍ ❛✌ ✌❤☎ ✔☞✔☎☛✌✏ ✄❤☎ ✾✵ ✚✔ ✕✎① ✠✡ ☞❜✡❝✎r☎✍ ❜②

❫✵✷ ❸❹❺❻❼▼❏❺❽ ❺❾ ●❻❿❽◗▼❿❯➀ ❽◗➁❼❻❿◗ ➂❏▼➃ ➄➅➆▼➀●◗ ➇◗❽▼❯❿❻ ➈▼❿❯➈
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✁❛❜❧❡ ✂✄☎✿ ✆♥♣✉t ♣❛r❛♠❡t❡rs ❢♦r t❤❡ ❞✉st ♠♦❞❡❧ ♦❢ ✝❇✽✄

✞r❛✐♥ ❙✐③❡ ❲❡✐❣❤t ❘❛❞✐✉s

✟✠✡☛ ✺✵ ✶☞✌✍✎✶✍✏✑ ❝♠

✟✠✒① ✓ ✹✍✌✍✎✶✍✏✑ ❝♠

✞r❛✐♥ ❙♣❡❝✐❡s ❲❡✐❣❤t ❘❡❢❡r❡♥❝❡ ❢♦r ♦♣t✐❝❛❧ ❝♦♥st❛♥ts

✔♠♦r♣❤♦✉s ❈❛r❜♦♥ ✓ ❍❛♥♥❡r ✭✓✾✽✽✮

❈r②st❛❧❧✐♥❡ ❙✐❧✐❝❛t❡ ✓ ❏❛❡❣❡r ❡t ❛❧✄ ✭✓✾✾✕✮

t❤❡ ♣r❡s❡♥❝❡ ♦❢ t❤❡ ❬✖ ✗✗✗❪ ❡♠✐ss✐♦♥ ❧✐♥❡ ❛t ✽✽✄☎✺ ✘♠✄

✁❛❜❧❡ ✂✄☎ ❧✐sts t❤❡ ❞✉st ♣❛r❛♠❡t❡rs ✉s❡❞ ❢♦r t❤❡ ✙♥❛❧ ♠♦❞❡❧ ♦❢ ✝❇✽✱ t❤❡

❞✉st✲t♦✲❤②❞r♦❣❡♥ r❛t✐♦ ✇❛s ❣✐✈❡♥ ✐♥ ✁❛❜❧❡ ✂✄✷✄ ✁❤❡ ❣❡♦♠❡tr② ♦❢ t❤❡ ❞✉st ❞✐s✲

tr✐❜✉t✐♦♥ ✐s t❤❡ s❛♠❡ ❛s t❤❡ ❣❛s ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥✄ ✁❤❡ t❤❡r♠❛❧ ✆❘ ❡♠✐ss✐♦♥

♦❢ ✝❇ ✽ ✇❛s ♠♦❞❡❧❧❡❞ ❜② ❛❞❞✐♥❣ ❛ ♠✐✚❡❞ ❞✉st ❝❤❡♠✐str② t♦ t❤❡ ♣✉r❡✲❣❛s ♣❤♦✲

t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ❞❡s❝r✐❜❡❞ ✐♥ t❤❡ ♣r❡✈✐♦✉s s❡❝t✐♦♥s✄ ❲❡ ❡✚♣❧♦r❡❞ ❛ ♥✉♠❜❡r ♦❢

❣r❛✐♥ s✐③❡s ❛♥❞ s♣❡❝✐❡s✱ ✇❤✐❝❤ ❝♦✉❧❞ ♣r♦✈✐❞❡ ❛ ❜❡st✲✙tt✐♥❣ ❝✉r✈❡ t♦ t❤❡ ✛✜✢✣✤✥✦

✆❘ ❝♦♥t✐♥✉✉♠✱ ❛s s❤♦✇♥ ✐♥ ❋✐❣✄ ✂✄✕✄ ❲❡ ❛❧s♦ tr✐❡❞ t♦ ♠❛t❝❤ t❤❡ ❢❛r✲✆❘ ❡♠✐s✲
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▼❈✷✱ t❤❡ ❝❤❡♠✐❝❛❧❧② ✐♥❤♦♠♦❣❡♥❡♦✉s ♠♦❞❡❧ ❝♦♥t❛✐♥✐♥❣ ❍✲♣♦♦r ✐♥❝❧✉s✐♦♥s❀ t❤❡

t❤✐r❞ ❡♥tr✐❡s ❛r❡ ❢♦r ▼❈✸✱ t❤❡ ❞✉st② ❝❤❡♠✐❝❛❧❧② ✐♥❤♦♠♦❣❡♥❡♦✉s ♠♦❞❡❧ ❝♦♥t❛✐♥✲

✐♥❣ ❞✉st ❣r❛✐♥s✆ �❤❡ ✈❛❧✉❡ ♦❢ ✙✚✛◆ ■■✜ ❂ ✢✢✣✤❑ ♣r❡❞✐❝t❡❞ ❜② t❤❡ ♠♦❞❡❧ ▼❈✶

✐s ❛❜♦✉t ✶✱✶✺✵ ❧♦✇❡r t❤❛♥ t❤❡ ✈❛❧✉❡ ♦❢ ✙✚✛◆ ■■✜ ❂ ✥✦✧✧❑ ❡♠♣✐r✐❝❛❧❧② ❞❡r✐✈❡❞

❢r♦♠ ❈✄✂s ❜② ●❛r❝➫★❛✲✁♦❥❛s ❡t ❛❧✆ ✭✷✵✵✾✮✆ �❤✐s ❝♦✉❧❞ ❜❡ ❞✉❡ t♦ t❤❡ ❡rr♦rs ✐♥ t❤❡

✩✬✯❦✰✴✿ ❉❁❃❄✯❦❁❅ ✸✶✺
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✄✉① ♠❡❛s✉r❡♠❡♥t ♦❢ t❤✐s ❢❛✐♥t ❧✐♥❡ ♦r r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥ t♦ t❤❡ ❛✉r♦✲

r❛❧ ❧✐♥❡✱ ❛s ✐t ✐s t♦♦ ❞✐❢✂❝✉❧t t♦ ❡✈❛❧✉❛t❡ ✐♥ t❤❡ ♣r❡s❡♥t ♦❢ ✈❡r② ❞❡♥s❡ ❝❧✉♠♣s

✭❱✐❡❣❛s ✫ ✁❧❡❣❣ ✶✾✾✹✮☎ ✆❧t❡r♥❛t✐✈❡❧②✱ ✐t ♠❛② ❜❡ ❡①♣❧❛✐♥❡❞ ❜② ❡rr♦rs ✐♥ t❤❡ ✄✉①

♠❡❛s✉r❡♠❡♥t ♦❢ t❤❡ ❢❛✐♥t ❛✉r♦r❛❧ ❧✐♥❡☎ ✝❤❡ t❡♠♣❡r❛t✉r❡ ♦❢ ✞✟✭❖ ✠✠✡ ❂ ✼✼☛☞❑ ♣r❡✲

❞✐❝t❡❞ ❜② t❤❡ ♠♦❞❡❧ ▼✁✶ ✐s ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ ✞✟✌❖ ✠✠✡ ❂ ✼✵✺✵❑ ❡♠♣✐r✐❝❛❧❧② ❞❡✲

r✐✈❡❞ ❜② ●❛r❝➫✑❛✲✍♦❥❛s ❡t ❛❧☎ ✭✷✎✎✾✮☎ ✏♦✇❡✈❡r✱ t❤❡ t❡♠♣❡r❛t✉r❡ ❝♦rr❡s♣♦♥❞✐♥❣ t♦

✒❖ ✠✠✠✓ ✭✔✹✾✕✾✰✔✕✎✎✖✮✗✔✹✸✘✸ ❝❛❧❝✉❧❛t❡❞ ❜② t❤❡ ♠♦❞❡❧ ✐s ✖✘✶✸ ❑ ❤✐❣❤❡r t❤❛♥

t❤❡ ❡♠♣✐r✐❝❛❧ r❡s✉❧t ♦❢ ✞✟✌❖ ✠✠✠✡ ❂ ☞✙✵✵❑☎ ✝❤❡ t❡♠♣❡r❛t✉r❡ ♦❢ ✞✟✌✚ ✠✠✡ ❂ ☞✼✼✛❑

♣r❡❞✐❝t❡❞ ❜② t❤❡ ♠♦❞❡❧ ▼✁✷ ✐s ❛❜♦✉t ✷✱✶✸✎ ❧♦✇❡r t❤❛♥ t❤❡ ✈❛❧✉❡ ❡♠♣✐r✐❝❛❧❧②

❞❡r✐✈❡❞☎ ✏♦✇❡✈❡r✱ ✞✟✭❖ ✠✠✡ ❂ ☞☞✙✛❑ ❛♥❞ ✞✟✭❖ ✠✠✠✡ ❂ ☞✺☞✜❑ ♦❜t❛✐♥❡❞ ❜② t❤❡

♠♦❞❡❧ ▼✁✷ ❛r❡ ✐♥ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ ✞✟✭❖ ✠✠✡ ❂ ✼✵✺✵❑ ❛♥❞ ✞✟✭❖ ✠✠✠✡ ❂ ☞✙✵✵❑

❡♠♣✐r✐❝❛❧❧② ❞❡r✐✈❡❞ ❢r♦♠ ✁✢▲s ❜② ●❛r❝➫✑❛✲✍♦❥❛s ❡t ❛❧☎ ✭✷✎✎✾✮✱ r❡s♣❡❝t✐✈❡❧②☎ ✆❞❞✐✲

t✐♦♥❛❧❧②✱ ✞✟✌✏❡ ✠✡ ❂ ☞✺✜☛❑ ❝❛❧❝✉❧❛t❡❞ ❜② t❤❡ ♠♦❞❡❧ ▼✁✷ ✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡

❡♠♣✐r✐❝❛❧ ✈❛❧✉❡ ♦❢ ✞✟✭✏❡ ✠✡ ❂ ☞✛✺✵❑ ❞❡r✐✈❡❞ ❜② ●❛r❝➫✑❛✲✍♦❥❛s ❡t ❛❧☎ ✭✷✎✎✾✮☎ ✝❤❡

t❡♠♣❡r❛t✉r❡s ♣r❡❞✐❝t❡❞ ❜② ▼✁✷ ✐s ❧♦✇❡r t❤❛♥ t❤♦s❡ ❢r♦♠▼✁✶✱ ✇❤✐❝❤ ✐s ❜❡❝❛✉s❡

♦❢ t❤❡ ❝♦♦❧✐♥❣ ❡❢❢❡❝ts ♦❢ t❤❡ ✏✲♣♦♦r ✐♥❝❧✉s✐♦♥s☎ ✣❡ t❛❦❡ ♥♦ ❛❝❝♦✉♥t ♦❢ t❤❡ ✐♥t❡r✲

❛❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡ t✇♦ ❝♦♠♣♦♥❡♥ts✱ ♥❛♠❡❧② ♥♦r♠❛❧ ❛♥❞ ✏✲♣♦♦r✱ ✇❤✐❝❤ ❝♦✉❧❞

❛❧s♦ ❧❡❛❞ t♦ ❛ t❡♠♣❡r❛t✉r❡ ✈❛r✐❛t✐♦♥☎ ▼♦r❡♦✈❡r✱ ♣♦s✐t✐♦♥s ♦❢ ✐♥❞✐✈✐❞✉❛❧ ✏✲♣♦♦r

❦♥♦ts ❝❛♥ ❞r❛♠❛t✐❝❛❧❧② ✐♥✄✉❡♥❝❡ t❤❡r♠❛❧ str✉❝t✉r❡s☎ ❉✉st ❣r❛✐♥s ❝♦✉❧❞ ❛❧s♦ ♣❧❛②

❛ ♠❛❥♦r r♦❧❡ ✐♥ t❤❡ ❤❡❛t✐♥❣ ♦❢ t❤❡ ♥❡❜✉❧❛ t❤r♦✉❣❤ ♣❤♦t♦❡❧❡❝tr✐❝ ❡♠✐ss✐♦♥s☎ ✆s

s❡❡♥ ✐♥ ✝❛❜❧❡ ✘☎✕✱ ✞✟✭❖ ✠✠✡ ❛♥❞ ✞✟✭❖ ✠✠✠✡ ♣r❡❞✐❝t❡❞ ❜② t❤❡ ❞✉st② ♠♦❞❡❧ ▼✁✸ ✐s

❛❜♦✉t ✖✎ ❛♥❞ ✕✸❑ ❤✐❣❤❡r t❤❛♥ t❤♦s❡ ❝❛❧❝✉❧❛t❡❞ ❜② t❤❡ ♠♦❞❡❧ ▼✁✷☎ ✝❤❡r❡❢♦r❡✱

❞✉st ❤❡❛t✐♥❣ ♠❛❞❡ ❛ s♠❛❧❧❡r t❤❡r♠❛❧ ❝♦♥tr✐❜✉t✐♦♥ t♦ t❤❡ ♥❡❜✉❧❛☎

✝❛❜❧❡ ✘☎✘ r❡♣r❡s❡♥ts ♠❡❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ✇❡✐❣❤t❡❞ ❜② ✐♦♥✐❝ ❛❜✉♥✲

❞❛♥❝❡s ❢♦r t❤❡ ❞✐❢❢❡r❡♥t ❝♦♠♣♦♥❡♥ts ♦❢ ▼✁✸☎ ✝❤❡ ✂rst ❡♥tr✐❡s ❢♦r ❡❛❝❤ ❡❧❡♠❡♥t

❛r❡ ❢♦r t❤❡ ✏✲♣♦♦r ✐♥❝❧✉s✐♦♥ ❛♥❞ t❤❡ s❡❝♦♥❞ ❡♥tr✐❡s ❛r❡ ❢♦r t❤❡ ♥♦r♠❛❧ ♣❧❛s♠❛☎

✤t ❝❛♥ ❜❡ s❡❡♥ t❤❛t t❤❡ t❡♠♣❡r❛t✉r❡s ❢♦r t❤❡ t✇♦ ❞✐❢❢❡r❡♥t ❝♦♠♣♦♥❡♥ts ♦❢ t❤❡

♥❡❜✉❧❛ ❛r❡ ✈❡r② ❞✐❢❢❡r❡♥t☎ ✝❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s s❡♣❛r❛t❡❧② ✇❡✐❣❤t❡❞ ❜②

t❤❡ ✐♦♥✐❝ s♣❡❝✐❡s ♦❢ t❤❡ ✏✲♣♦♦r ✐♥❝❧✉s✐♦♥s ✇❡r❡ ♠✉❝❤ ❧♦✇❡r t❤❛♥ t❤♦s❡ ❢r♦♠
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✑✌✑✑✭✏✙✮ ✍✌✒✓✭✏✸✮ ✍✌✔✼✭✏✶✮ ✑✌✓✓✭✏✶✮ ✔✌✑✾✭✏✶✹✮ ✑✌✵✵✭✏✕✚✮ ✑✌✵✵✭✏✕✚✮

✥❛s ❛ss✉♠❡❞ ❜② ❲❛♥❣ ✫ ✦✐✉ ✷✧✧★✩✁ ✪t ✐s s❡❡♥ t❤❛t ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝✐❡s ❝❛♥

♦♥❧② ❜❡ ✉♥❞❡rst♦♦❞ ✐♥ t❡r♠s ♦❢ t❤❡ ❞✐st✐♥❝t✐✈❡ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ✉s❡❞ ❜②

t❤❡ t✇♦ ❝♦♠♣♦♥❡♥ts✁ ✪t ♠❛❦❡s ♣♦ss✐❜❧❡ t♦ ✉♥❞❡rst❛♥❞ t❤❡ ♣❤②s✐❝❛❧ ♣r♦♣❡rt✐❡s

t❤❛t ❝♦♥tr✐❜✉t❡❞ t♦ t❤❡ ♦❜s❡r✈❡❞ ✬❘✦s✁

✯✰✱ ✴❀❁❂❃❄❅❇❀❁

✪♥ t❤✐s ❝❤❛♣t❡r❉ t❤r❡❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ❤❛✈❡ ❜❡❡♥ ❝♦♥str✉❝t❡❞ ❢♦r t❤❡

♣❧❛♥❡t❛r② ♥❡❜✉❧❛ P●✽❉ ❛ ❝❤❡♠✐❝❛❧❧② ❤♦♠♦❣❡♥❡♦✉s ♠♦❞❡❧❉ ❛♥❞ ❛ ❜✐✲❛❜✉♥❞❛♥❝❡

♠♦❞❡❧ ❛♥❞ ❛ ❞✉st② ♠♦❞❡❧✁ ✬✉r ✐♥t❡♥t✐♦♥ ✇❛s t♦ ❝♦♥str✉❝t ❛ ♠♦❞❡❧ t❤❛t ❝❛♥

❏❑◗❳❨❩❬ ❭❪❫❴◗❳❪❵ ❥✷q



✻✳ P❇✽ ❲■❚❍ ❆ ❬❲◆✴❲❈❪�❚❨P❊ ❙❚❆❘

r❡♣r♦❞✉❝❡ t❤❡ ♦❜s❡r✈❡❞ ❡♠✐ss✐♦♥✲❧✐♥❡s ❛♥❞ t❤❡r♠❛❧ str✉❝t✉r❡ ❞❡t❡r♠✐♥❡❞ ❢r♦♠

t❤❡ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s✁ ✂❤❡ s♣❤❡r✐❝❛❧ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ❢♦r t❤❡ ♥❡❜✉❧❛r ❣❛❞

✇❛s ❞❡✈❡❧♦♣❡❞ ❢r♦♠ ❞❡t❛✐❧❡❞ t✐♠❡✲❞❡♣❡♥❞❡♥t ✶✲❉ r❛❞✐❛t✐♦♥✲❤②❞r♦❞②♥❛♠✐❝s ❝❛❧✲

❝✉❧❛t✐♦♥s ❢♦r ❞✐❢❢❡r❡♥t st❡❧❧❛r ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s✁ ✂❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ✇❛s

s❝❛❧❡❞ t♦ ♣r♦❞✉❝❡ t❤❡ t♦t❛❧ ✄☎ ✐♥tr✐♥s✐❝ ❧✐♥❡ ✆✉① ♦❢ t❤❡ ♥❡❜✉❧❛✱ ❛♥❞ t❤❡ ♠❡❛♥

❡❧❡❝tr♦♥ ❞❡♥s✐t② ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s✁ ✝❡ ❤❛✈❡ ✉s❡❞ t❤❡ ✞▲✂✟

♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ❞❡t❡r♠✐♥❡❞ ❜② ✂♦❞t ❡t ❛❧✁ ✭✷✵✶✵✮ ✇✐t❤ t❡♠♣❡r❛t✉r❡ ✠✡☛☛ ❂

✺☞ ❦❑ ❛♥❞ ❧✉♠✐♥♦s✐t② ✌❄ ❂ ✍✎✎✎▲❏✁ ✂❤✐s ✐♦♥✐③✐♥❣ s♦✉r❝❡ ✇❡❧❧ ♣r♦❞✉❝❡❞ t❤❡ ♥❡❜✲

✉❧❛r ♦❜s❡r✈❡❞ ✄☎ ❛❜s♦❧✉t❡ ✆✉① ❛t t❤❡ ❞✐st❛♥❝❡ ♦❢ ✹✁✾ ❦♣❝✁

❖✉r ✐♥✐t✐❛❧ ♠♦❞❡❧ ♣r♦❞✉❝❡❞ t❤❡ ♠❛❥♦r✐t② ♦❢ ✏✟▲s ❛♥❞ t❤❡r♠❛❧ str✉❝t✉r❡✱ ❜✉t

❧❛r❣❡ ❞✐s❝r❡♣❛♥❝✐❡s ❡①✐st ✐♥ t❤❡ ♦❜s❡r✈❡❞ ❖✑▲s ❢r♦♠ ❤❡❛✈② ❡❧❡♠❡♥t ✐♦♥s✁ ❋✉r✲

t❤❡r♠♦r❡✱ t❤❡ t❡♠♣❡r❛t✉r❡ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ✒❖ ✓✓✓✔ ❧✐♥❡ r❛t✐♦ ♣r❡❞✐❝t❡❞ ❜② t❤❡

♠♦❞❡❧ ✐s ❤✐❣❤❡r t❤❛♥ t❤❡ ✈❛❧✉❡ ❡♠♣✐r✐❝❛❧❧② ❞❡r✐✈❡❞✁ ✕t ✐s ❢♦✉♥❞ t❤❛t ❝❤❡♠✐❝❛❧

❤♦♠♦❣❡♥❡✐t✐❡s ❝❛♥♥♦t ❡①♣❧❛✐♥ t❤❡ ❖✑▲s ♦❜s❡r✈❡❞ ✐♥ t❤❡ ♥❡❜✉❧❛r s♣❡❝tr✉♠✁ ✝❡

t❤❡r❡❢♦r❡ ✐♥t❡♥❞❡❞ t♦ ❛❞❞r❡ss t❤❡ ❝❛✉s❡ ♦❢ t❤❡ ❤❡❛✈✐❧② ✉♥❞❡r❡st✐♠❛t❡❞ ❖✑▲s✁

❋♦❧❧♦✇✐♥❣ t❤❡ ❤②♣♦t❤❡s✐s ♦❢ t❤❡ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ ❜② ▲✐✉ ❡t ❛❧✁ ✭✷✵✵✵✮✱ ❛

s♠❛❧❧ ❢r❛❝t✐♦♥ ♦❢ ❤②❞r♦❣❡♥✲❞❡✖❝✐❡♥t ✐♥❝❧✉s✐♦♥s ✇❛s ✐♥tr♦❞✉❝❡❞ ✐♥t♦ t❤❡ s❡❝♦♥❞

♠♦❞❡❧✁ ✂❤❡ ❖✑▲s ❛r❡ ♠❛✐♥❧② ❡♠✐tt❡❞ ❢r♦♠ t❤❡ ❝♦❧❞ ❵✄✲❞❡✖❝✐❡♥t✬ str✉❝t✉r❡s

❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ❞♦♠✐♥❛t❡ ❞✐❢❢✉s❡ ✇❛r♠ ♣❧❛s♠❛ ♦❢ ♥♦r♠❛❧ ❛❜✉♥❞❛♥❝❡s✁ ✂❤❡

❛❣r❡❡♠❡♥t ❜❡t✇❡❡♥ t❤❡ ❖✑▲ ✐♥t❡♥s✐t✐❡s ♣r❡❞✐❝t❡❞ ❜② t❤❡ ♠♦❞❡❧ ▼✏✷ ❛♥❞ t❤❡

♦❜s❡r✈❛t✐♦♥s ✐s ❜❡tt❡r t❤❛♥ t❤❡ ✖rst ♠♦❞❡❧ ✭▼✏✶✮✁ ✂❤❡ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s

❤❛✈❡ ❛ ♠❛ss ♦❢ ✘ ✺ ♣❡r❝❡♥t ♦❢ t❤❡ t♦t❛❧ ✐♦♥✐③❡❞ ♠❛ss ❛♥❞ ♥❡❛r❧② t✇✐❝❡ ❝♦♦❧❡r

❛♥❞ ❞❡♥s❡r t❤❛♥ t❤❡ ♥♦r♠❛❧ ❝♦♠♣♦s✐t✐♦♥ ♥❡❜✉❧❛✁ ✂❤❡ ❖✗✄ ❛♥❞ ✞✗✄ ❛❜✉♥❞❛♥❝❡

r❛t✐♦s ✐♥ t❤❡ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ❛r❡ ✘ ✶✁✵ ❛♥❞ ✶✁✼ ❞❡① ❧❛r❣❡r t❤❛♥ t❤❡ ❞✐❢❢✉s❡

✇❛r♠ ♥❡❜✉❧❛✱ r❡s♣❡❝t✐✈❡❧②✁ ✂❤❡ t❡♠♣❡r❛t✉r❡s ♣r❡❞✐❝t❡❞ ❜② ▼✏✷ ✐s ❧♦✇❡r t❤❛♥

t❤♦s❡ ❢r♦♠ ▼✏✶✱ ✇❤✐❝❤ ✐s ❜❡❝❛✉s❡ ♦❢ t❤❡ ❝♦♦❧✐♥❣ ❡❢❢❡❝ts ♦❢ t❤❡ ✄✲♣♦♦r ✐♥❝❧✉✲

s✐♦♥s✁ ✂❤❡ r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ ❝❛♥ ♥❛t✉r❛❧❧② ❡①♣❧❛✐♥

t❤❡ ❤❡❛✈✐❧② ✉♥❞❡r❡st✐♠❛t❡❞ ❖✑▲s ✐♥ t❤❡ ✖rst ♠♦❞❡❧✁ ✂❤❡r❡❢♦r❡✱ t❤❡ ♠❡t❛❧✲r✐❝❤

✐♥❝❧✉s✐♦♥s ♠❛② s♦❧✈❡ t❤❡ ❧♦♥❣✲st❛♥❞✐♥❣ ♣r♦❜❧❡♠ ♦❢ ❖✑▲✗✏✟▲ ❛❜✉♥❞❛♥❝❡ ❞✐s✲

✸✷✷ ✙✚✛✜✢✣✤✛✥ ✛✦ ✧✜★✥✩✣★✪✫ ✥✩✯✢✜★✩ ✰✤✣✿ ❀❁❃✣✫✧✩ ❅✩✥✣✪★✜ ●✣★✪●



✻✳✺✳ ❈❖◆❈▲❯❙■❖◆

❝r❡♣❛♥❝✐❡s� ❍♦✇❡✈❡r✱ t❤❡ ♠♦❞❡❧ ▼✁✷ ❝❛♥♥♦t ❡①♣❧❛✐♥ t❤❡ t❤❡r♠❛❧ ✂❊❉ ♦❢ t❤❡

♥❡❜✉❧❛ ♦❜s❡r✈❡❞ ✇✐t❤ t❤❡ ❙✄☎✆③✝✞ s♣❡❝tr♦❣r❛♣❤� ✟♥ ♦✉r ✠♥❛❧ ♠♦❞❡❧✱ ✇❡ ❤❛✈❡ ✐♥✲

❝♦r♣♦r❛t❡❞ ❛ ❞✉❛❧ ❞✉st ❝❤❡♠✐str② ❝♦♥s✐st✐♥❣ ♦❢ t✇♦ ❞✐❢❢❡r❡♥t ❣r❛✐♥s✱ ❛♠♦r♣❤♦✉s

❝❛r❜♦♥ ❛♥❞ ❝r②st❛❧❧✐♥❡ s✐❧✐❝❛t❡✱ ❛♥❞ ❞✐s❝r❡t❡ ❣r❛✐♥ r❛❞✐✐✱ ✵�✶✡ ☛♠ ✭✇❛r♠✮ ❛♥❞

✵�✹✵ ☛♠ ✭❝♦♦❧✮� ✟t ✐s ❢♦✉♥❞ t❤❛t ❛ ❞✉st✲t♦✲❤②❞r♦❣❡♥ r❛t✐♦ ♦❢ ✵�✵✶ ❜② ♠❛ss ❢♦r

t❤❡ ✇❤♦❧❡ ♥❡❜✉❧❛ ❝❛♥ ♣r♦❞✉❝❡ t❤❡ ♦❜s❡r✈❡❞ ✟❘ ❝♦♥t✐♥✉✉♠�

✟t ✐s ✉♥❝❧❡❛r ✇❤❡t❤❡r t❤❡r❡ ✐s ❛♥② ❧✐♥❦ ❜❡t✇❡❡♥ t❤❡ s✉♣♣♦s❡❞ ❍✲❞❡✠❝✐❡♥t ✐♥✲

❝❧✉s✐♦♥s ✇✐t❤✐♥ t❤❡ ♥❡❜✉❧❛ ❛♥❞ ❤②❞r♦❣❡♥✲❞❡✠❝✐❡♥t st❛rs� ✟t ❤❛s ❜❡❡♥ s✉❣❣❡st❡❞

t❤❛t ❛ ✭✈❡r②✲✮ ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡ ✐s r❡s♣♦♥s✐❜❧❡ ❢♦r t❤❡ ❢♦r♠❛t✐♦♥ ♦❢ ❍✲❞❡✠❝✐❡♥t

❝❡♥tr❛❧ st❛rs ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✭s❡❡ ❡�❣� ❇❧➝♦❝❦❡r ✷✵✵✶❀ ❍❡r✇✐❣ ✷✵✵✶❀ ❲❡r♥❡r

✷✵✵✶❀ ❲❡r♥❡r ✫ ❍❡r✇✐❣ ✷✵✵✡✮� ❚❤❡r♠❛❧ ♣✉❧s❡s ♥♦r♠❛❧❧② ♦❝❝✉r ❞✉r✐♥❣ t❤❡ ❆●❇

♣❤❛s❡✱ ✇❤❡♥ t❤❡ ❤❡❧✐✉♠✲❜✉r♥✐♥❣ s❤❡❧❧ ❜❡❝♦♠❡s t❤❡r♠❛❧❧② ✉♥st❛❜❧❡� ❚❤❡ ♦❝❝✉r✲

r❡♥❝❡ ♦❢ t❤❡ t❤❡r♠❛❧ ♣✉❧s❡ ✐♥ t❤❡ ♣♦st✲❆●❇ ♣❤❛s❡ ❝❛♥ r❡s✉❧t ✐♥ ❛ ❍✲❞❡✠❝✐❡♥t

st❛r� ❚❤❡ ✭✈❡r②✲✮ ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡ ♦❝❝✉rs ✇❤❡♥ t❤❡ st❛r ♠♦✈❡s ❢r♦♠ t❤❡ ❆●❇

♣❤❛s❡ t♦✇❛r❞s t❤❡ ✇❤✐t❡ ❞✇❛r❢� ✟t r❡t✉r♥s t❤❡ st❛r t♦ t❤❡ ❆●❇ ♣❤❛s❡ ❛♥❞ ♠❛❦❡s

❛ ❍✲❞❡✠❝✐❡♥t st❡❧❧❛r s✉r❢❛❝❡✱ s♦ ❝❛❧❧❡❞ ☞✌✞✍✎✏✑✏☎✍ s❝❡♥❛r✐♦� ✟t ✐s ♣♦ss✐❜❧❡ t❤❛t

t❤❡ ❍✲❞❡✠❝✐❡♥t ♠❛t❡r✐❛❧ ✇❡r❡ ❡❥❡❝t❡❞ ❞✉r✐♥❣ t❤❡ ❜♦r♥✲❛❣❛✐♥ s❝❡♥❛r✐♦� ❋✉rt❤❡r

st✉❞✐❡s ❛r❡ ♥❡❝❡ss❛r② t♦ tr❛❝❡ t❤❡ ♦r✐❣✐♥ ♦❢ t❤❡ ❍✲❞❡✠❝✐❡♥t ✐♥❝❧✉s✐♦♥s ✇✐t❤✐♥ t❤❡

♥❡❜✉❧❛�

✒✓✔✕☞☎③ ✖✏✍✝✔✕✏✞ ✸✷✸
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✸✷✹ ✁✈♦❧✉t✐♦♥ ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤ ✂✄✲t②♣❡ ❝❡♥tr❛❧ st❛rs



P❛rt ■■■

P❧❛♥❡t❛r② ♥❡❜✉❧❛❡

✇✐t❤ P●✶✶✺✾✲t②♣❡ st❛rs

✸✷�



✸✷✻ ❊✈♦❧✉t✐♦♥ ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤ ❲❘✲t②♣❡ ❝❡♥tr❛❧ st❛rs
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❙✉❲t ✷ ✇✐t❤ ❛ P● ✶✶✺✾✲t②♣❡ st❛r

❚�✁ ❝♦♥✂✁♥✂✄ ♦❢ ✂�☎✄ ❝�✆✝✂✁✞ ✟✁✞✁ ✝✠❜❧☎✄�✁❞ ☎♥ ✂�✁ ▼♦♥✂�❧✡ ◆♦✂☎❝✁✄ ♦❢ ✂�✁ ❘♦✡✆❧

❆✄✂✞♦♥♦♠☎❝✆❧ ☛♦❝☎✁✂✡✱ ❱♦❧✳ ✹✸✹✱ ☞✆❣✁✄ ✌✍✌✸➊✌✍✸✵✱ ✎✵✌✸✳ ❚�✁ ✆✠✂�♦✞✄ ✟✁✞✁

❆✳ ❉✆♥✁�❦✆✞✱ ◗✳ ❆✳ ☞✆✞❦✁✞ ✆♥❞ ❇✳ ❊✞❝♦❧✆♥♦✳ ☛♦♠✁ ✄♠✆❧❧ ♠♦❞☎✏❝✆✂☎♦♥✄ �✆✈✁ ❜✁✁♥

♠✆❞✁✳

✑✒✓ ■✔✕✖✗✘✙✚✕✛✗✔

✜✢✣ ✤✥✦✧✢✣★✩ ✪✫✬✩✣✧✬★✭ ✩✣✮✦✫✬ ✯✦✰✧ ✴ ✬✪✪✣✬★✤ ✬✤ ✬✩ ✣✫✫✻✪✧✻✽✬✫ ★✻✩✿❀✫✻❁✣ ✩✣✮✦✫✬

❂✻✧✢ ❃✦✽✢ ❄✬✻✩✧✣★ ✮✻✪✥✫✬★ ✫✥✮✣✤ ✣①✧✣✩❅✻✩✿ ✪✣★✪✣✩❅✻✽✦✫✬★✫✭ ✧✥ ✧✢✣ ★✻✩✿❈ ✬✩❅ ❂✻✧✢

❂✢✬✧ ✬✪✪✣✬★✤ ✧✥ ✮✣ ✬✩ ✥✮❋✻✥✦✤❈ ✮★✻✿✢✧ ✽✣✩✧★✬✫ ✤✧✬★❍ ✜✢✣ ✻✩✤✻❅✣ ✥❄ ✧✢✣ ★✻✩✿ ✻✤

✬✪✪✬★✣✩✧✫✭ ✣❃✪✧✭❈ ✮✦✧ ✮★✻✿✢✧✣★ ✧✢✬✩ ✧✢✣ ✩✣✮✦✫✬❏✤ ✻❃❃✣❅✻✬✧✣ ✤✦★★✥✦✩❅✻✩✿✤❍ ❑✩

✥❋✣★✬✫✫ ❋✻✣❂ ✥❄ ✧✢✻✤ ★✻✩✿❀✤✢✬✪✣❅ ✤✧★✦✽✧✦★✣ ✬✩❅ ✻✧✤ ✤✦★★✥✦✩❅✻✩✿ ✣✩❋✻★✥✩❃✣✩✧ ✽✬✩

✮✣ ✤✣✣✩ ✻✩ ✧✢✣ ▲❖ ✻❃✬✿✣ ✬❋✬✻✫✬✮✫✣ ❄★✥❃ ✧✢✣ ✯✦✪✣★❯❳✯❨❳✯ ▲❖ ✯❁✭ ✯✦★❋✣✭

❩✯▲✯❬ ❭✬★❁✣★ ✣✧ ✬✫❍ ✴❪❪❫❴❍ ✰✣✤✧ ❩❵❥q③❴ ✽✫✬✤✤✻④✣❅ ✯✦✰✧ ✴ ✬✤ ✥❄ ✻✩✧✣★❃✣❅✻✬✧✣

✣①✽✻✧✬✧✻✥✩ ✽✫✬✤✤ ❩⑤ ⑥ ⑦⑧⑨❬ ❑✫✫✣★ ⑩ ❶✻✫✫✣★ ❵❥③❷❴ ✮✬✤✣❅ ✥✩ ✧✢✣ ✤✧★✣✩✿✧✢ ✥❄ ✧✢✣ ▲✣ ❸❸

❹❺③❷③ ✬✩❅ ❻❳ ❸❸❼ ❹❽q✴❷ ❅✥✦✮✫✣✧ ✫✻✩✣✤❍ ✜✢✣ ✫✻✩✣ ★✬✧✻✥ ✥❄ ❻❾ ❸❸❼ ❹③❫❷❺ ✬✩❅

▲❖ ✻✫✫✦✤✧★✬✧✣❅ ✮✭ ✯❃✻✧✢ ✣✧ ✬✫❍ ❩✴❪❪q❴ ✤✢✥❂✣❅ ✬ ✩✻✧★✥✿✣✩❀★✻✽✢ ✩✣✮✦✫✬ ✧✢✬✧ ❃✥✤✧

✫✻❁✣✫✭ ✥★✻✿✻✩✬✧✣❅ ❄★✥❃ ✪✥✤✧❀❃✬✻✩❀✤✣❿✦✣✩✽✣ ❃✬✤✤❀✫✥✤✤ ✥❄ ✬✩ ✻✩✧✣★❃✣❅✻✬✧✣❀❃✬✤✤

✪★✥✿✣✩✻✧✥★ ✤✧✬★❍

❽✴q
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❖✈❡r ❛ ❞❡❝❛❞❡ ❛❣♦✱ ❇♦♥❞ ✭�✵✵✵✮ ❞✐s❝♦✈❡r❡❞ t❤❛t t❤❡ ❛♣♣❛r❡♥t ❝❡♥tr❛❧ st❛r

♦❢ ✁✉✂t � ✭◆✁❱ ✄☎☎☎�✮ ✐s ❛ ❞❡t❛❝❤❡❞ ❞♦✉❜❧❡✆❧✐♥❡❞ ❡❝❧✐♣s✐♥❣ ❜✐♥❛r② ❝♦♥s✐st✐♥❣

♦❢ t✇♦ ❡❛r❧② ✝✆t②♣❡ st❛rs ♦❢ ♥❡❛r❧② ✐❞❡♥t✐❝❛❧ t②♣❡✞ ❋✉rt❤❡r♠♦r❡✱ ❇♦♥❞ ❡t ❛❧✞

✭�✵✵�✮ s✉❣❣❡st❡❞ t❤❛t t❤✐s ✐s ♣♦t❡♥t✐❛❧❧② ❛ tr✐♣❧❡ s②st❡♠ ❝♦♥s✐st✐♥❣ ♦❢ t❤❡ t✇♦

✝✆t②♣❡ st❛rs ❛♥❞ ❛ ❤♦t✱ ✉♥s❡❡♥ ✟◆ ❝❡♥tr❛❧ st❛r✞ ✠♦✇❡✈❡r✱ t♦ ❞❛t❡✱ ♦♣t✐❝❛❧ ❛♥❞

✡❱ st✉❞✐❡s ❤❛✈❡ ❢❛✐❧❡❞ t♦ ☛♥❞ ❛♥② s✐❣♥❛t✉r❡ ♦❢ t❤❡ ♥❡❜✉❧❛✬s tr✉❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡

✭❡✞❣✞ ❇♦♥❞ ❡t ❛❧✞ �✵✵�✱ �✵✵✸❀ ☞①t❡r ❡t ❛❧✞ �✵✵✸✱ �✵✄✵✮✞ ✠❡♥❝❡ t❤❡ ♣✉t❛t✐✈❡ ❤♦t

✭♣r❡✆✮✇❤✐t❡ ❞✇❛r❢ ✇♦✉❧❞ ❤❛✈❡ t♦ ❜❡ ✐♥ ❛ ✇✐❞❡r ♦r❜✐t ❛r♦✉♥❞ t❤❡ ❝❧♦s❡ ❡❝❧✐♣s✆

✐♥❣ ♣❛✐r✞ ☞①t❡r ❡t ❛❧✞ ✭�✵✄✵✮ r❡❝❡♥t❧② ❞❡r✐✈❡❞ ❛ ♣❡r✐♦❞ ♦❢ ✹✞☎✄ ❞ ❢r♦♠ t✐♠❡

s❡r✐❡s ♣❤♦t♦♠❡tr② ❛♥❞ s♣❡❝tr♦s❝♦♣② ♦❢ t❤❡ ❡❝❧✐♣s✐♥❣ ♣❛✐r✱ ❛♥❞ ❝♦♥❝❧✉❞❡❞ t❤❛t

t❤❡ ❝❡♥tr❡✆♦❢✆♠❛ss ✈❡❧♦❝✐t② ♦❢ t❤❡ ❝❡♥tr❛❧ ❜✐♥❛r② ✈❛r✐❡s ✇✐t❤ t✐♠❡✱ ❜❛s❡❞ ♦♥ ❞✐❢✆

❢❡r❡♥t s②st❡♠✐❝ ✈❡❧♦❝✐t✐❡s ♠❡❛s✉r❡❞ ♦✈❡r t❤❡ ♣❡r✐♦❞ ❢r♦♠ ✄☎☎✌ t♦ �✵✵✄✞ ✍❤✐s

s✉❣❣❡sts t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❛♥ ✉♥s❡❡♥ t❤✐r❞ ♦r❜✐t✐♥❣ ❜♦❞②✱ ✇❤✐❝❤ t❤❡② ❝♦♥❝❧✉❞❡❞

✐s ❛ ✇❤✐t❡ ❞✇❛r❢ ♦❢ ✘ ✎✿✏▼❏✱ ❛♥❞ ✐s t❤❡ s♦✉r❝❡ ♦❢ ✐♦♥✐③✐♥❣ r❛❞✐❛t✐♦♥ ❢♦r t❤❡ ✟◆

s❤❡❧❧✞

✍❤❡r❡ ✐s ❛❧s♦ ❛ ✈❡r② ❜r✐❣❤t ❇✄✑❜ st❛r✱ ✁✝❖ �✹✄✸✵� ✭✠❉ ✄�✄��✽✮✱ ❧♦❝❛t❡❞ ✒✸

❛r❝s❡❝ ♥♦rt❤❡❛st ♦❢ t❤❡ ♥❡❜✉❧❛✞ ✁♠✐t❤ ❡t ❛❧✞ ✭�✵✵✒✮ s♣❡❝✉❧❛t❡❞ t❤❛t t❤✐s st❛r ✐s

t❤❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡ ❢♦r ✁✉✂t �✞ ✠♦✇❡✈❡r✱ t❤❡ r❡❧❛t✐✈❡ str❡♥❣t❤ ♦❢ ✠❡ ✓✓ ✔✹✻✽✻

✐♥ ♦✉r s♣❡❝tr❛ ✭s❡❡ ❧❛t❡r✮ s❤♦✇s t❤❛t t❤❡ ✐♦♥✐③✐♥❣ st❛r ♠✉st ❜❡ ✈❡r② ❤♦t✱ ✕ ❃

✄✵✵✱✵✵✵ ❑✱ s♦ t❤❡ ❇✄ st❛r ✐s ❞❡☛♥✐t✐✈❡❧② r✉❧❡❞ ♦✉t ❛s t❤❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡✞

◆❛rr♦✇✆❜❛♥❞ ✠✖✰❬◆ ✓✓❪ ❛♥❞ ❬❖ ✓✓✓❪ ✌✵✵✒ ✐♠❛❣❡s ♦❢ ✁✉✂t � ♦❜t❛✐♥❡❞ ❜②

✁❝❤✇❛r③ ❡t ❛❧✞ ✭✄☎☎�✮ s❤♦✇ t❤❛t t❤❡ ❛♥❣✉❧❛r ❞✐♠❡♥s✐♦♥s ♦❢ t❤❡ ❜r✐❣❤t ❡❧❧✐♣✆

t✐❝❛❧ r✐♥❣ ❛r❡ ❛❜♦✉t ✗✙✿✚ ❛r❝s❡❝✛ ✜✢✿✜ ❛r❝s❡❝ ❛t t❤❡ ✄✵✪ ♦❢ ♠❛①✐♠✉♠ s✉r❢❛❝❡

❜r✐❣❤t♥❡ss ✐s♦♣❤♦t❡ ✭✍②❧❡♥❞❛ ❡t ❛❧✞ �✵✵✸✮✱ ❛♥❞ ❛r❡ ✉s❡❞ t❤r♦✉❣❤♦✉t t❤✐s ❝❤❛♣✆

t❡r✞ ✁♠✐t❤ ❡t ❛❧✞ ✭�✵✵✒✮ ✉s❡❞ t❤❡ ✣❖✁✝✑❈� ❝❛♠❡r❛ ♦♥ t❤❡ ❈❡rr♦ ✍♦❧♦❧♦ ✑♥t❡r✆

✝♠❡r✐❝❛♥ ❖❜s❡r✈❛t♦r② ✭❈✍✑❖✮ ✹✆♠ t❡❧❡s❝♦♣❡ t♦ ♦❜t❛✐♥ ❛ ♠♦r❡ ❞❡t❛✐❧❡❞ ✠✖✰❬◆ ✓✓❪

✐♠❛❣❡✱ ✇❤✐❝❤ ❤✐♥ts t❤❛t t❤❡ r✐♥❣ ✐s ♣♦ss✐❜❧② t❤❡ ✐♥♥❡r ❡❞❣❡ ♦❢ ❛ s✇❡♣t✆✉♣ ❞✐s❝✞

✍❤❡ ❬◆ ✓✓❪ ✐♠❛❣❡ ❛❧s♦ s❤♦✇s t❤❡ ❜r✐❣❤t r✐♥❣ str✉❝t✉r❡ ❛♥❞ ♠✉❝❤ ❢❛✐♥t❡r ❜✐♣♦❧❛r

❧♦❜❡s ❡①t❡♥❞✐♥❣ ♣❡r♣❡♥❞✐❝✉❧❛r t♦ t❤❡ r✐♥❣ ♣❧❛♥❡✞ ✂❡ ❝❛♥ s❡❡ s✐♠✐❧❛r str✉❝t✉r❡

✸�✽ ✤✥✦✧★✩✫✦✯ ✦✴ ❁✧❂✯❄✩❂❅▲ ✯❄◗★✧❂❄ ❳✫✩❩ ❭❫❴✩▲❁❄ ❵❄✯✩❅❂✧ ❥✩❂❅❥
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✐♥ t❤❡ ✐♠❛❣❡s t❛❦❡♥ ❜② ❇♦♥❞ ❛♥❞ ❊①t❡r ✐♥ �✾✾✺ ✇✐t❤ t❤❡ ✁✂✄☎ �✆✺ ♠ t❡❧❡s❝♦♣❡

✉s✐♥❣ ❛♥ ❍✝✰❬✞ ✟✟❪ ✠❧t❡r✆ ❋✐❣✆ ✡✆� s❤♦✇s ❜♦t❤ ♥❛rr♦✇✲❜❛♥❞ ❬✞ ✟✟❪ ✻✺✽✹ ☛❆ ❛♥❞

❍✝ ✐♠❛❣❡s t❛❦❡♥ ✐♥ �✾✾✺ ✇✐t❤ t❤❡ ❊❙☎ ✸✆✻ ♠ ✞❡✇ ✂❡❝❤♥♦❧♦❣② ✂❡❧❡s❝♦♣❡ ❛t t❤❡

▲❛ ❙✐❧❧❛ P❛r❛♥❛❧ ☎❜s❡r✈❛t♦r② ✉s✐♥❣ t❤❡ ❊❙☎ ▼✉❧t✐✲▼♦❞❡ ✄♥str✉♠❡♥t ✭❊▼▼✄✮✆

✂❤❡ ❧♦♥❣✲s❧✐t ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr❛ ❛❧s♦ ♦❜t❛✐♥❡❞ ✇✐t❤ t❤❡ ❊▼▼✄ ✭♣r♦❣r❛♠♠❡

✄☞ ✵✡✹✆☞✲✵✸✡✸✮ ✐♥ ✷✵✵✺ r❡✈❡❛❧❡❞ ♠✉❝❤ ♠♦r❡ ❞❡t❛✐❧ ♦❢ t❤❡ ♥❡❜✉❧❛r ♠♦r♣❤♦❧♦❣②✆

✂❤❡ ✠rst s♣❛t✐♦✲❦✐♥❡♠❛t✐❝❛❧ ♠♦❞❡❧ ✉s✐♥❣ t❤❡ ❊▼▼✄ ❧♦♥❣✲s❧✐t ❞❛t❛ ❜② ❏♦♥❡s ❡t ❛❧✆

✭✷✵�✵❛✮ s✉❣❣❡st❡❞ t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❛ ❜r✐❣❤t t♦r✉s ✇✐t❤ ❛ s②st❡♠✐❝ ❤❡❧✐♦❝❡♥tr✐❝

r❛❞✐❛❧ ✈❡❧♦❝✐t② ♦❢ ✌✍✎✏ ✎ ❦♠ s✑✒ ❡♥❝✐r❝❧✐♥❣ t❤❡ ✇❛✐st ♦❢ ❛♥ ❡①t❡♥❞❡❞ ❜✐♣♦❧❛r

♥❡❜✉❧❛r s❤❡❧❧✆

✄♥ t❤✐s ❝❤❛♣t❡r✱ ✇❡ ❛✐♠ t♦ ✉♥❝♦✈❡r t❤❡ ♣r♦♣❡rt✐❡s ♦❢ t❤❡ ❤✐❞❞❡♥ ❤♦t ✐♦♥✐③✲

✐♥❣ s♦✉r❝❡ ✐♥ ❙✉❲t ✷✆ ❲❡ ❛✐♠ t♦ ❞♦ t❤✐s ❜② ❛♣♣❧②✐♥❣ ❛ s❡❧❢✲❝♦♥s✐st❡♥t t❤r❡❡✲

❞✐♠❡♥s✐♦♥❛❧ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ✉s✐♥❣ t❤❡ ✓✔✕✖✗✗✟✘ ✸✙ ❝♦❞❡✆ ❲❡ ✉s❡ ♦♣✲

t✐❝❛❧ ✐♥t❡❣r❛❧✲✠❡❧❞ s♣❡❝tr♦s❝♦♣② t♦ st✉❞② t❤❡ ❡♠✐ss✐♦♥ ❧✐♥❡s ♦❢ t❤❡ ✐♥♥❡r ♥❡❜✉❧❛

r✐♥❣✆ ✂❤✐s ❤❛s ❡♥❛❜❧❡❞ ✉s t♦ ♣❡r❢♦r♠ ❛♥ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ♦❢ t❤❡ ♦♣t✐❝❛❧ ❝♦❧❧✐✲

s✐♦♥❛❧❧② ❡①❝✐t❡❞ ❧✐♥❡s✱ t♦❣❡t❤❡r ✇✐t❤ ❛ ❢✉❧❧② t❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ ♣❤♦t♦✐♦♥✐③❛t✐♦♥

♠♦❞❡❧✐♥❣✆ ☎✉r ❡♠♣✐r✐❝❛❧ r❡s✉❧ts ❛r❡ ✉s❡❞ t♦ ❝♦♥str❛✐♥ t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞✲

❡❧s✱ t❤❛t ❞❡t❡r♠✐♥❡ t❤❡ ❡✈♦❧✉t✐♦♥❛r② st❛❣❡ ♦❢ t❤❡ r❡s♣♦♥s✐❜❧❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡

❛♥❞ ✐ts ❧✐❦❡❧② ♣r♦❣❡♥✐t♦r✆

✂❤✐s ❝❤❛♣t❡r ✐s str✉❝t✉r❡❞ ❛s ❢♦❧❧♦✇s✆ ✄♥ ❙❡❝t✐♦♥ ✡✆✷✱ ✇❡ ❞❡s❝r✐❜❡ ♦✉r ♦♣✲

t✐❝❛❧ ✐♥t❡❣r❛❧ ✠❡❧❞ ♦❜s❡r✈❛t✐♦♥s ❛s ✇❡❧❧ ❛s t❤❡ ❞❛t❛ r❡❞✉❝t✐♦♥ ♣r♦❝❡ss ❛♥❞ t❤❡

❝♦rr❡❝t✐♦♥s ❢♦r ✐♥t❡rst❡❧❧❛r ❡①t✐♥❝t✐♦♥✆ ✄♥ ❙❡❝t✐♦♥ ✡✆✸✱ ✇❡ ❞❡s❝r✐❜❡ t❤❡ ❦✐♥❡♠❛t✲

✐❝s✆ ✄♥ ❙❡❝t✐♦♥ ✡✆✹✱ ✇❡ ♣r❡s❡♥t ♦✉r ❞❡r✐✈❡❞ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❛♥❞ ❞❡♥s✐t②✱

t♦❣❡t❤❡r ✇✐t❤ ♦✉r ❡♠♣✐r✐❝❛❧ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ✐♥ ❙❡❝t✐♦♥ ✡✆✺✆ ✄♥ ❙❡❝t✐♦♥ ✡✆✻✱ ✇❡

♣r❡s❡♥t ❞❡r✐✈❡❞ ✐♦♥✐③✐♥❣ s♦✉r❝❡ ♣r♦♣❡rt✐❡s ❛♥❞ ❞✐st❛♥❝❡ ❢r♦♠ ♦✉r s❡❧❢✲❝♦♥s✐st❡♥t

♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s✱ ❢♦❧❧♦✇❡❞ ❜② ❛ ❝♦♥❝❧✉s✐♦♥ ✐♥ ❙❡❝t✐♦♥ ✡✆✡✆

✚✛✜✢✣✤✥ ❉✦✧★✜✢✦✩ ✸✷✾
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❋✐❣✉r❡ �✁✂✿ ✄♦♣ ♣❛♥❡❧✿ ♥❛rr♦✇☎❜❛♥❞ ✆❧t❡r ✐♠❛❣❡ ♦❢ t❤❡ ✝◆ ✞✉✟t ✠ ♦♥ ❛ ❧♦❣☎

❛r✐t❤♠✐❝ s❝❛❧❡ ✐♥ ✡☛ ❛♥❞ ❬◆ ☞☞❪ ✻✌✽✹ ✍✎ t❛❦❡♥ ✇✐t❤ t❤❡ ✏✉r♦♣❡❛♥ ✞♦✉t❤❡r♥ ❖❜☎

s❡r✈❛t♦r② ✭✏✞❖✮ ✸✁✻☎♠ t❡❧❡s❝♦♣❡ ✭♣r♦❣r❛♠♠❡ ✑❉ ✵✌✌✁❉☎✵✌✌✵✮✁ ✄❤❡ r❡❝t❛♥❣❧❡s

❝♦rr❡s♣♦♥❞ t♦ t❤❡ ✟✐❋❡✞ ✆❡❧❞s ♦❢ ✈✐❡✇ ✉s❡❞ ❢♦r ♦✉r st✉❞②✿ ✂ ✭r❡❞✮ ❛♥❞ ✠ ✭❜❧✉❡✮❀

s❡❡ ✄❛❜❧❡ �✁✂ ❢♦r ♠♦r❡ ❞❡t❛✐❧s✁ ❇♦tt♦♠ ♣❛♥❡❧s✿ ✞♣❛t✐❛❧ ❞✐str✐❜✉t✐♦♥ ♠❛♣s ♦❢ ✒✉①

✐♥t❡♥s✐t② ❛♥❞ ❝♦♥t✐♥✉✉♠ ♦❢ ✓❖ ☞☞☞✔ ✕✌✵✵� ❢♦r ✆❡❧❞ ✠ ❛♥❞ ❧♦❝❛t✐♦♥s ♦❢ ❛♣❡rt✉r❡s

✭✖✗ ❛r❝s❡❝ ✘ ✙✗ ❛r❝s❡❝✮ ✉s❡❞ t♦ ✐♥t❡❣r❛t❡ ✒✉①❡s✱ ♥❛♠❡❧② ❵✎✬ t❤❡ r✐♥❣ ❛♥❞ ❵❇✬ t❤❡

✐♥t❡r✐♦r str✉❝t✉r❡✁ ✄❤❡ ✇❤✐t❡ ❝♦♥t♦✉r ❧✐♥❡s s❤♦✇ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ❛❜♦✈❡

♥❛rr♦✇☎❜❛♥❞ ✡☛ ❡♠✐ss✐♦♥ ✐♥ ❛r❜✐tr❛r② ✉♥✐t✁ ◆♦rt❤ ✐s ✉♣ ❛♥❞ ❡❛st ✐s t♦✇❛r❞s t❤❡

❧❡❢t☎❤❛♥❞ s✐❞❡✁

✸✸✵ ✚✛✜✢✣✤✥✜✦ ✜✧ ★✢✩✦✪✤✩✫✯ ✦✪✰✣✢✩✪ ✴✥✤❁ ❂❃❄✤✯★✪ ❅✪✦✤✫✩✢ ❈✤✩✫❈
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�✁✂ ✄❜s❡r✈❛t✐♦♥s ❛♥❞ ❞❛t❛ r❡❞✉❝t✐♦♥

☎✆✝✞❣✟✠❧✲✡✞❧☛ ☞♣✞✌✝✟✠ ✍❢ ✎✏❲✝ ✑ ✇✞✟✞ ✍✒✝✠✓✆✞☛ ☛✏✟✓✆❣ ✝✇✍ ✍✒☞✞✟✔✓✆❣ ✟✏✆☞ ✓✆

✑✵✵✾ ▼✠② ✠✆☛ ✑✵✶✑ ✕✏❣✏☞✝ ✇✓✝❤ ✝❤✞ ❲✓☛✞ ❋✓✞❧☛ ✎♣✞✌✝✟✍❣✟✠♣❤ ✭❲✓❋✞✎❀ ✖✍♣✓✝✠

✞✝ ✠❧✗ ✑✵✵✘✮✗ ❲✓❋✞✎ ✓☞ ✠✆ ✓♠✠❣✞✲☞❧✓✌✓✆❣ ☎✆✝✞❣✟✠❧ ❋✓✞❧☛ ✙✆✓✝ ✭☎❋✙✮ ☛✞✔✞❧✍♣✞☛ ✠✆☛

✒✏✓❧✝ ❢✍✟ ✝❤✞ ✕✚✙ ✑✗✸✲♠ ✝✞❧✞☞✌✍♣✞ ✠✝ ✝❤✞ ✎✓☛✓✆❣ ✎♣✟✓✆❣ ✛✒☞✞✟✔✠✝✍✟②✱ ❢✞✞☛✓✆❣ ✠

☛✍✏✒❧✞✲✒✞✠♠ ☞♣✞✌✝✟✍❣✟✠♣❤✗ ❲✓❋✞✎ ☞✠♠♣❧✞☞ ✵✗✺ ✠✟✌☞✞✌ ✠❧✍✆❣ ✞✠✌❤ ✍❢ ✝✇✞✆✝② ✡✔✞

✜✽ ✠✟✌☞✞✌ ✢ ✣ ✠✟✌☞✞✌ ☞❧✓✝☞✱ ✇❤✓✌❤ ♣✟✍✔✓☛✞☞ ✠ ✡✞❧☛✲✍❢✲✔✓✞✇ ✍❢ ✤✥ ✠✟✌☞✞✌✢✜✽ ✠✟✌☞✞✌

✠✆☛ ✠ ☞♣✠✝✓✠❧ ✟✞☞✍❧✏✝✓✍✆ ✞❧✞♠✞✆✝ ✍❢ ✣✿✦ ✠✟✌☞✞✌✢✦✿✥ ✠✟✌☞✞✌ ✭✍✟ ✣✧✧ ✢ ✣✧✧ ❢✍✟ ②✲

✒✓✆✆✓✆❣❂✑✮✗ ★❤✞ ☞♣✞✌✝✟✍❣✟✠♣❤ ✏☞✞☞ ✔✍❧✏♠✞ ♣❤✠☞✞ ❤✍❧✍❣✟✠♣❤✓✌ ❣✟✠✝✓✆❣☞ ✝✍ ♣✟✍✲
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✛✏✟ ✍✒☞✞✟✔✠✝✓✍✆☞ ✇✞✟✞ ✌✠✟✟✓✞☛ ✍✏✝ ✇✓✝❤ ✝❤✞ ❃✸✵✵✵❄❅✸✵✵✵ ❣✟✠✝✓✆❣ ✌✍♠✒✓✲
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❛t♠♦s♣❤❡r✐❝ r❡❢r❛❝t✐♦♥ ❜② r❡❧♦❝❛t✐♥❣ ❡❛❝❤ s❧✐❝❡ ✐♥ ✞ ❛♥❞ ✟ t♦ ✐ts ❝♦rr❡❝t s♣❛t✐❛❧

♣♦s✐t✐♦♥✂

☎♥ t❤❡ �✫✆ ♠♦❞❡✱ t❤❡ s❦② s♣❡❝tr❛ ❛r❡ ❛❝❝✉♠✉❧❛t❡❞ ✐♥ t❤❡ ✉♥✉s❡❞ ✽✵ ♣✐①❡❧

s♣❛❝❡s ❜❡t✇❡❡♥ t❤❡ ❛❞❥❛❝❡♥t ♦❜❥❡❝t s❧✐❝❡s✂ ✄❤❡ s❦② s✉❜tr❛❝t✐♦♥ ✐s ❝♦♥❞✉❝t❡❞ ❜②

s✉❜tr❛❝t✐♥❣ t❤❡ ✐♠❛❣❡ s❤✐❢t❡❞ ❜② ✽✵ ♣✐①❡❧s ❢r♦♠ t❤❡ ♦r✐❣✐♥❛❧ ✐♠❛❣❡✂ ✄❤❡ ❝♦s♠✐❝

r❛②s ❛♥❞ ❜❛❞ ♣✐①❡❧s ✇❡r❡ r❡♠♦✈❡❞ ❢r♦♠ t❤❡ r❛✇ ❞❛t❛ s❡t ♣r✐♦r t♦ s❦② s✉❜tr❛❝t✐♦♥

✉s✐♥❣ t❤❡ ✠✡☛☞ t❛s❦ ▲✁✌✍✆ ☎▼ ♦❢ t❤❡ ❝♦s♠✐❝ r❛② ✐❞❡♥t✐✎❝❛t✐♦♥ ♣r♦❝❡❞✉r❡ ♦❢

✈❛♥ ✏♦❦❦✉♠ ✭✑✵✵✶✮✱ ✇❤✐❝❤ ✐s ❜❛s❡❞ ♦♥ ❛ ▲❛♣❧❛❝✐❛♥ ❡❞❣❡ ❞❡t❡❝t✐♦♥ ❛❧❣♦r✐t❤♠✂

❍♦✇❡✈❡r✱ ❛ ❢❡✇ ❜❛❞ ♣✐①❡❧s ❛♥❞ ❝♦s♠✐❝ r❛②s st✐❧❧ r❡♠❛✐♥❡❞ ✐♥ r❛✇ ❞❛t❛✱ ❛♥❞ t❤❡s❡

✇❡r❡ ♠❛♥✉❛❧❧② r❡♠♦✈❡❞ ❜② t❤❡ ✠✡☛☞✴✒✓✒✔☛✒ t❛s❦ ☎▼✝✏☎✄✂

❲❡ ❝❛❧✐❜r❛t❡❞ t❤❡ s❝✐❡♥❝❡ ❞❛t❛ t♦ ❛❜s♦❧✉t❡ ✕✉① ✉♥✐ts ✉s✐♥❣ ♦❜s❡r✈❛t✐♦♥s ♦❢

s♣❡❝tr♦♣❤♦t♦♠❡tr✐❝ st❛♥❞❛r❞ st❛rs ♦❜s❡r✈❡❞ ✐♥ ❝❧❛ss✐❝❛❧ ♠♦❞❡ ✭♥♦ �✫✆✮✱ s♦ s❦②

r❡❣✐♦♥s ✇✐t❤✐♥ t❤❡ ♦❜❥❡❝t ❞❛t❛ ❝✉❜❡ ✇❡r❡ ✉s❡❞ ❢♦r s❦② s✉❜tr❛❝t✐♦♥✂ ✁♥ ✐♥t❡❣r❛t❡❞

✕✉① st❛♥❞❛r❞ s♣❡❝tr✉♠ ✐s ❝r❡❛t❡❞ ❜② s✉♠♠✐♥❣ ❛❧❧ s♣❡❝tr❛ ✐♥ ❛ ❣✐✈❡♥ ❛♣❡rt✉r❡✂

✁❢t❡r ♠❛♥✉❛❧❧② r❡♠♦✈✐♥❣ ❛❜s♦r♣t✐♦♥ ❢❡❛t✉r❡s✱ ❛♥ ❛❜s♦❧✉t❡ ❝❛❧✐❜r❛t✐♦♥ ❝✉r✈❡ ✐s

✎tt❡❞ t♦ t❤❡ ✐♥t❡❣r❛t❡❞ s♣❡❝tr✉♠ ✉s✐♥❣ t❤✐r❞✲♦r❞❡r ♣♦❧②♥♦♠✐❛❧s✂ ✄❤❡ ✕✉① ❝❛❧✲

✐❜r❛t✐♦♥ ❝✉r✈❡ ✇❛s t❤❡♥ ❛♣♣❧✐❡❞ t♦ t❤❡ ♦❜❥❡❝t ❞❛t❛ t♦ ❝♦♥✈❡rt t♦ ❛♥ ❛❜s♦❧✉t❡

✕✉① s❝❛❧❡✂ ✄❤❡ ❬✍ ✠❪✖✺✺✗✗✘✁ ♥✐❣❤t s❦② ❧✐♥❡ ✇❛s ❝♦♠♣❛r❡❞ ✐♥ t❤❡ s❦② s♣❡❝tr❛

♦❢ t❤❡ r❡❞ ❛♥❞ ❜❧✉❡ ❛r♠s t♦ ❞❡t❡r♠✐♥❡ ❛ ❞✐❢❢❡r❡♥❝❡ ✐♥ t❤❡ ✕✉① ❧❡✈❡❧s✱ ✇❤✐❝❤

✇❛s ✉s❡❞ t♦ s❝❛❧❡ t❤❡ ❜❧✉❡ s♣❡❝tr✉♠ ♦❢ t❤❡ s❝✐❡♥❝❡ ❞❛t❛✂ ✍✉r ❛♥❛❧②s✐s ✉s✐♥❣

❞✐❢❢❡r❡♥t s♣❡❝tr♦♣❤♦t♦♠❡tr✐❝ st❛♥❞❛r❞ st❛rs ✭▲✄✄✾✹✾✶ ❛♥❞ ❍✏✑✻✶✻✾✮ r❡✈❡❛❧❡❞

❆✙✚✛✜✢③ ❉✣✤✥✚✛✣✦ ✸✸✸
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t❤❛t t❤❡ s♣❡❝tr❛ ❛t t❤❡ ❡①tr❡♠❡ ❜❧✉❡ ❤❛✈❡ ❛♥ ✉♥❝❡rt❛✐♥t② ♦❢ ❛❜♦✉t ✸✵✪ ❛♥❞ ❛r❡

♣❛rt✐❝✉❧❛r❧② ✉♥r❡❧✐❛❜❧❡ ❢♦r ❢❛✐♥t ♦❜❥❡❝ts ❞✉❡ t♦ t❤❡ ❈❈❉✬s ♣♦♦r s❡♥s✐t✐✈✐t② ✐♥ t❤✐s

❛r❡❛�

✁✂✄✂✄ ◆☎✆✝✞✟✠ ✡☛☎☞✌✠✝✍ ✟✎✏ ✠☎✏✏☎✎✑✎❣

✒❛❜❧❡ ✓�✔ r❡♣r❡s❡♥ts ❛ ❢✉❧❧ ❧✐st ♦❢ ♦❜s❡r✈❡❞ ❧✐♥❡s ❛♥❞ t❤❡✐r ♠❡❛s✉r❡❞ ✕✉①❡s ❢r♦♠

❞✐❢❢❡r❡♥t ❛♣❡rt✉r❡s ✭✖✗ ❛r❝s❡❝✘ ✙✗ ❛r❝s❡❝✮ t❛❦❡♥ ❢r♦♠ ✚❡❧❞ ✔✿ ✭✛✮ t❤❡ r✐♥✜ ❛♥❞

✭❇✮ t❤❡ ✐♥s✐❞❡ ♦❢ t❤❡ s❤❡❧❧� ❋✐✜� ✓�✢ ✭❜♦tt♦♠ ♣❛♥❡❧✮ s❤♦✇s t❤❡ ❧♦❝❛t✐♦♥ ❛♥❞

❛r❡❛ ♦❢ ❡❛❝❤ ❛♣❡rt✉r❡ ✐♥ t❤❡ ♥❡❜✉❧❛� ✒❤❡ t♦♣ ♣❛♥❡❧✱ ❛♥❞ t❤❡ ♠✐❞❞❧❡ ❛♥❞ ❜♦t✣

t♦♠ ♣❛♥❡❧s ♦❢ ❋✐✜� ✓�✔ r❡s♣❡❝t✐✈❡❧② s❤♦✇ t❤❡ ❡①tr❛❝t❡❞ ❜❧✉❡ ❛♥❞ r❡❞ s♣❡❝tr❛

❛❢t❡r ✐♥t❡✜r❛t✐♦♥ ♦✈❡r t❤❡ ❛♣❡rt✉r❡ ❧♦❝❛t❡❞ ♦♥ t❤❡ r✐♥✜ ✇✐t❤ t❤❡ str♦♥✜❡st ❧✐♥❡s

tr✉♥❝❛t❡❞ s♦ t❤❡ ✇❡❛❦❡r ❢❡❛t✉r❡s ❝❛♥ ❜❡ s❡❡♥� ✒❤❡ ❡♠✐ss✐♦♥ ❧✐♥❡ ✐❞❡♥t✐✚❝❛t✐♦♥✱

❧❛❜♦r❛t♦r② ✇❛✈❡❧❡♥✜t❤✱ ♠✉❧t✐♣❧❡t ♥✉♠❜❡r✱ t❤❡ tr❛♥s✐t✐♦♥ ✇✐t❤ t❤❡ ❧♦✇❡r✣ ❛♥❞

✉♣♣❡r✣s♣❡❝tr❛❧ t❡r♠s✱ ❛r❡ ✜✐✈❡♥ ✐♥ ❝♦❧✉♠♥s ✢➊✹ ♦❢ ✒❛❜❧❡ ✓�✔✱ r❡s♣❡❝t✐✈❡❧②� ✒❤❡

♦❜s❡r✈❡❞ ✕✉①❡s ♦❢ t❤❡ ✐♥t❡r✐♦r ❛♥❞ r✐♥✜✱ ❛♥❞ t❤❡ ✕✉①❡s ❛❢t❡r ❝♦rr❡❝t✐♦♥ ❢♦r ✐♥✣

t❡rst❡❧❧❛r ❡①t✐♥❝t✐♦♥ ❛r❡ ✜✐✈❡♥ ✐♥ ❝♦❧✉♠♥s ✤➊✽� ❈♦❧✉♠♥s ✥ ❛♥❞ ✢✵ ♣r❡s❡♥t t❤❡

✐♥t❡✜r❛t❡❞ ❛♥❞ ❞❡r❡❞❞❡♥❡❞ ✕✉①❡s ❛❢t❡r ✐♥t❡✜r❛t✐♦♥ ♦✈❡r t✇♦ ❛♣❡rt✉r❡s ✭✛ ❛♥❞

❇✮� ✛❧❧ ✕✉①❡s ❛r❡ ✜✐✈❡♥ r❡❧❛t✐✈❡ t♦ ✦✧✱ ♦♥ ❛ s❝❛❧❡ ✇❤❡r❡ ★✧ ❂ ✖✗✗�

❋♦r ❡❛❝❤ s♣❛t✐❛❧❧② r❡s♦❧✈❡❞ ❡♠✐ss✐♦♥ ❧✐♥❡ ♣r♦✚❧❡✱ ✇❡ ❡①tr❛❝t❡❞ ✕✉① ✐♥t❡♥s✐t②✱

❝❡♥tr❛❧ ✇❛✈❡❧❡♥✜t❤ ✭♦r ❝❡♥tr♦✐❞ ✈❡❧♦❝✐t②✮✱ ❛♥❞ ❋✩✦▼ ✭♦r ✈❡❧♦❝✐t② ❞✐s♣❡rs✐♦♥✮�

✫❛❝❤ ❡♠✐ss✐♦♥ ❧✐♥❡ ♣r♦✚❧❡ ❢♦r ❡❛❝❤ s♣❛①❡❧ ✐s ✚tt❡❞ t♦ ❛ s✐♥✜❧❡ ✯❛✉ss✐❛♥ ❝✉r✈❡

✉s✐♥✜ t❤❡ ✰✴✻❀❁ r♦✉t✐♥❡ ✭▼❛r❦✇❛r❞t ✔✵✵✥✮✱ ❛♥ ❀❃▲ ✈❡rs✐♦♥ ♦❢ t❤❡ ✰❀❄✴❅❏❑✣✢

✻❖◗❁◗❅❄ ❝♦❞❡ ✭▼♦r➫❡ ✢✥✓✓✮✱ ✇❤✐❝❤ ❛♣♣❧✐❡s t❤❡ ❱❡✈❡♥❜❡r✜➊▼❛rq✉❛r❞t t❡❝❤♥✐q✉❡

t♦ t❤❡ ♥♦♥✣❧✐♥❡❛r ❧❡❛st✣sq✉❛r❡s ♣r♦❜❧❡♠� ❋❧✉① ✐♥t❡♥s✐t② ♠❛♣s ♦❢ ❦❡② ❡♠✐ss✐♦♥

❧✐♥❡s ♦❢ ✚❡❧❞ ✔ ❛r❡ s❤♦✇♥ ✐♥ ❋✐✜� ✓�✸ ❢♦r ❬❳ ❀❀❀❪ ❩✤✵✵✓✱ ✦❭ ❩❫✤❫✸✱ ❬❴ ❀❀❪ ❩❫✤✽✹

❛♥❞ ❬❵ ❀❀❪ ❩❫✓✢❫③ t❤❡ s❛♠❡ r✐♥✜ ♠♦r♣❤♦❧♦✜② ✐s ✈✐s✐❜❧❡ ✐♥ t❤❡ ❬❴ ❀❀❪ ♠❛♣ ❛s s❡❡♥ ✐♥

❋✐✜� ✓�✢� ✩❤✐t❡ ❝♦♥t♦✉r ❧✐♥❡s ✐♥ t❤❡ ✚✜✉r❡s ❞❡♣✐❝t t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ♥❛rr♦✇✣

❜❛♥❞ ❡♠✐ss✐♦♥ ♦❢ ✦❭ ❛♥❞ ❬❴ ❀❀❪ t❛❦❡♥ ✇✐t❤ t❤❡ ✫❵❳ ✸�❫ ♠ t❡❧❡s❝♦♣❡✱ ✇❤✐❝❤ ❝❛♥

✸✸✹ ④⑤⑥⑦⑧⑨⑩⑥❶ ⑥❷ ❸⑦❹❶❺⑨❹❻❼ ❶❺❽⑧⑦❹❺ ❾⑩⑨❿ ➀➁➂⑨❼❸❺ ➃❺❶⑨❻❹⑦ ➄⑨❹❻➄
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❜❡ ✉s❡❞ t♦ ❞✐st✐♥❣✉✐s❤ t❤❡ ❜♦r❞❡rs ❜❡t✇❡❡♥ t❤❡ r✐♥❣ str✉❝t✉r❡ ❛♥❞ t❤❡ ✐♥s✐❞❡

r❡❣✐♦♥� ❲❡ ❡①❝❧✉❞❡❞ t❤❡ st❡❧❧❛r ❝♦♥t✐♥✉✉♠ ♦❢❢s❡t ❢r♦♠ t❤❡ ✂♥❛❧ ✄✉① ♠❛♣s ✉s✐♥❣

▼P❋✁☎✱ s♦ s♣❛①❡❧s s❤♦✇ ♦♥❧② t❤❡ ✄✉① ✐♥t❡♥s✐t✐❡s ♦❢ t❤❡ ♥❡❜✉❧❛❡�
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✠◆ ✡✉☛t ✂ ❛♥❞ ♥♦r♠❛❧✐③❡❞ s✉❝❤ t❤❛t ☞✭✌✍✮ ❂ ☎✵✵✿ ❜❧✉❡ s♣❡❝tr❛ ✎t♦♣✏ ❝♦✈❡rs ✇❛✈❡❧❡♥❣t❤s ✸✻✑✑➊✹✹✑✑ ✒✓ ❛♥❞ r❡❞ s♣❡❝tr❛
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�❝❝♦r❞✐♥❣ t♦ t❤❡ str❡♥❣t❤ ♦❢ ❍❡ ✁✁ ❧✹✻✽✻ r❡✂❛t✐✈❡ t♦ ❍❜ ✱ t❤❡ P✄ ☎✉❲t ✷ ✐s

❝✂❛ss✐✆❡❞ ❛s t❤❡ ✐♥t❡r♠❡❞✐❛t❡ ❡①❝✐t❛t✐♦♥ ❝✂❛ss ✇✐t❤ ✝✞ ❂ ✟✿✟ ✭❉♦♣✐t❛ ✫ ✠❡❛t❤❡r✲

✐♥❣❤❛♠ ✶✾✾✵✮ ♦r ✝✞ ❂ ✡✿☛ ✭❘❡✐❞ ✫ P❛r❦❡r ✷✵✶✵✮☞ ✌❤❡ ✍✎ ✐s ❛♥ ✐♥❞✐❝❛t♦r ♦❢

t❤❡ ❝❡♥tr❛✂ st❛r ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ✭❉♦♣✐t❛ ✫ ✠❡❛t❤❡r✐♥❣❤❛♠ ✶✾✾✶❀ ❘❡✐❞ ✫

P❛r❦❡r ✷✵✶✵✮☞ ❯s✐♥❣ t❤❡ ✏✑✒✒➊✍✎ r❡✂❛t✐♦♥ ♦❢ ✠❛❣❡✂✂❛♥✐❝ ✎✂♦✉❞ P✄❡ ❢♦✉♥❞ ✓② ❉♦✲

♣✐t❛ ✫ ✠❡❛t❤❡r✐♥❣❤❛♠ ✭✶✾✾✶✮✱ ✇❡ ❡st✐♠❛t❡ ✏✑✒✒ ❂ ✔✕✖ ❦✗ ❢♦r ✝✞❂ ✟✿✟☞ ❍♦✇❡✈❡r✱

✇❡ ❣❡t ✏✑✒✒ ❂ ✔✡✡❦✗ ❢♦r ✝✞ ❂ ✡✿☛ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ tr❛♥s❢♦r♠❛t✐♦♥ ❣✐✈❡♥ ✓② ❘❡✐❞

✫ P❛r❦❡r ✭✷✵✶✵✮ ❢♦r ▲❛r❣❡ ✠❛❣❡✂✂❛♥✐❝ ✎✂♦✉❞ P✄❡☞

✘✙✚ ✛✜✢✣✤✥✦✜✧★

❋✐❣☞ ✩☞✹ ♣r❡s❡♥ts ♠❛♣s ♦❢ t❤❡ ✪✉① ✐♥t❡♥s✐t② ❛♥❞ t❤❡ ✂♦❝❛✂ st❛♥❞❛r❞ ♦❢ r❡st ✭▲☎❘✮

r❛❞✐❛✂ ✈❡✂♦❝✐t② ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ●❛✉ss✐❛♥ ♣r♦✆✂❡ ✆ts ❢♦r t❤❡ ❡♠✐ss✐♦♥ ✂✐♥❡ ❬✄ ✁✁❪

❧ ✻✺✽✹ ✬�☞ ❲❡ tr❛♥s❢❡rr❡❞ t❤❡ ♦✓s❡r✈❡❞ ✈❡✂♦❝✐t② ✯✰✴❁ t♦ t❤❡ ▲☎❘ r❛❞✐❛✂ ✈❡✂♦❝✐t②

✯❃❁❄ ✓② ❞❡t❡r♠✐♥✐♥❣ t❤❡ r❛❞✐❛✂ ✈❡✂♦❝✐t✐❡s ✐♥❞✉❝❡❞ ✓② t❤❡ ♠♦t✐♦♥s ♦❢ t❤❡ ✍❛rt❤

❛♥❞ ☎✉♥ ✉s✐♥❣ t❤❡ ✁❅❇❏❖❇◗❱❳❱✁❨ t❛s❦ ❘❩✎❭❘❘✍✎✌☞ ✌❤❡ ❡♠✐ss✐♦♥✲✂✐♥❡ ♣r♦✆✂❡

✐s ❛✂s♦ r❡s♦✂✈❡❞ ✐❢ ✐ts ✈❡✂♦❝✐t② ❞✐s♣❡rs✐♦♥ ✐s ✇✐❞❡r t❤❛♥ t❤❡ ✐♥str✉♠❡♥t❛✂ ✇✐❞t❤

❫❴❵❁☞ ✌❤❡ ✐♥str✉♠❡♥t❛✂ ✇✐❞t❤ ❝❛♥ ✓❡ ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❬❭ ✁❪❧✺✺✩✩✬� ❛♥❞ ❧✻❥✵✵✬�

♥✐❣❤t s❦② ✂✐♥❡s❀ ✐t ✐s t②♣✐❝❛✂✂② ❫❴❵❁ q ✕③❦♠ s
④⑤ ❢♦r ⑥ ⑦ ✖⑧⑧⑧ ❛♥❞ ❫❴❵❁ q ✔⑨ ❦♠ s

④⑤

❢♦r ⑥ ⑦ ✡⑧⑧⑧☞ ❋✐❣☞ ✩☞✹✭r✐❣❤t✮ s❤♦✇s t❤❡ ✈❛r✐❛t✐♦♥ ♦❢ t❤❡ ▲☎❘ r❛❞✐❛✂ ✈❡✂♦❝✐t② ✐♥

t❤❡ s♦✉t❤✲❡❛st s✐❞❡ ♦❢ t❤❡ ♥❡✓✉✂❛☞ ❲❡ s❡❡ t❤❛t t❤❡ r❛❞✐❛✂ ✈❡✂♦❝✐t② ❞❡❝r❡❛s❡s ❛s

♠♦✈✐♥❣ ❛♥t✐✲❝✂♦❝❦✇✐s❡ ♦♥ t❤❡ ❡✂✂✐♣s❡☞ ⑩t ❤❛s ❛ ✂♦✇ ✈❛✂✉❡ ♦❢ ❛✓♦✉t ❶✡⑧❷✖⑧ ❦♠ s④⑤

♦♥ t❤❡ ✇❡st ❝♦✲✈❡rt❡① ♦❢ t❤❡ ❡✂✂✐♣s❡✱ ❛♥❞ ❛ ❤✐❣❤ ✈❛✂✉❡ ♦❢ ❶❸⑧❷ ③❸ ❦♠ s④⑤ ♦♥

t❤❡ s♦✉t❤ ✈❡rt❡①☞ ✌❤✐s ✈❛r✐❛t✐♦♥ ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ♦r✐❡♥t❛t✐♦♥ ♦❢ t❤✐s ♥❡✓✉✂❛✱

♥❛♠❡✂② t❤❡ ✐♥❝✂✐♥❛t✐♦♥ ❛♥❞ ♣r♦❹❡❝t❡❞ ♥❡✓✉✂❛ ♦♥ t❤❡ ♣✂❛♥❡ ♦❢ t❤❡ s❦②☞ ⑩t ♦✓✈✐♦✉s✂②

✐♠♣✂✐❡s t❤❛t t❤❡ ❡❛st s✐❞❡ ♠♦✈❡s t♦✇❛r❞s ✉s✱ ✇❤✐✂❡ t❤❡ ✇❡st s✐❞❡ ❡s❝❛♣❡s ❢r♦♠

✉s☞

✗✐♥❡♠❛t✐❝ ✐♥❢♦r♠❛t✐♦♥ ♦❢ t❤❡ r✐♥❣ ❛♥❞ t❤❡ ❝❡♥tr❛✂ st❛r ✐s s✉♠♠❛r✐❺❡❞ ✐♥ ✌❛✲

✓✂❡ ✩☞❥☞ ❻♦♥❡s ❡t ❛✂☞ ✭✷✵✶✵❛✮ ✐♠♣✂❡♠❡♥t❡❞ ❛ ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ ♠♦❞❡✂ ✉s✐♥❣

❆❼❽❾❿➀➁ ➂➃➄➅❽❾➃➆ ❥✹✶
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❋✐❣✉r❡ �✁✸✿ ✂♥❞❡r❡❞❞❡♥❡❞ ✄✉① ♠❛♣s ❢♦r ☎✆✝❧✞ ✟ ✭s❡❡ ❋✐❣✁ �✁✠✮ ♦❢ t❤❡ ✡◆ ☛✉☞t ✌✿

❬❖ ✍✍✍❪ ✎✏✵✵� ✑✒✱ ✓✔ ✎✻✏✻✸ ✑✒✱ ❬◆ ✍✍❪ ✎✻✏✽✹ ✑✒ ❛♥❞ ❬☛ ✍✍❪ ✎✻�✠✻ ✑✒✁ ✕❤❡ ✄✉① ✐s

❞❡r✐✈❡❞ ❢r♦♠ s✐♥❣✖❡ ✗❛✉ss✐❛♥ ♣r♦✘✖❡ ✘ts t♦ t❤❡ ❡♠✐ss✐♦♥ ✖✐♥❡ ❛t ❡❛❝❤ s♣❛①❡✖✁

☞❤✐t❡ ❝♦♥t♦✉r ✖✐♥❡s s❤♦✇ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ♥❛rr♦✇✙❜❛♥❞ ❡♠✐ss✐♦♥ ♦❢ ✓✔

❛♥❞ ✚◆ ✍✍✛ ✐♥ ❛r❜✐tr❛r② ✉♥✐t t❛❦❡♥ ✇✐t❤ t❤❡ ✜☛❖ ✸✁✻✙♠ t❡✖❡s❝♦♣❡✁ ◆♦rt❤ ✐s ✉♣ ❛♥❞

❡❛st ✐s t♦✇❛r❞ t❤❡ ✖❡❢t✙❤❛♥❞ s✐❞❡✁ ❋✖✉① ✉♥✐t ✐s ✐♥ ✢✣✤✥✦ ❡r❣ s✤✥ ❝♠✤✧ s♣❛①❡✖✤✥✁

✸✹✌ ★✩✪❧✫✬✆✪✯ ✪✰ ✴❧❀✯✝✬❀❁❂ ✯✝❃✫❧❀✝ ❄✆✬❅ ❇❈❉✬❂✴✝ ❏✝✯✬❁❀❧ ❑✬❀❁❑
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❋✐❣✉r❡ �✁✹✿ ❋❧✉① ✐♥t❡♥s✐t② ❛♥❞ r❛❞✐❛❧ ✈❡❧♦❝✐t② ✭❱▲✂❘✮ ♠❛♣ ✐♥ ❬✄ ☎☎❪ ✆ ✻✺✽✹ ✠✝

❢♦r ✞✟✡☛☞ ✶ ✭s❡❡ ✌❛❜❧❡ �✁✍✮ ♦❢ t❤❡ P✄ ✎✉❲t ✷✁ ❲❤✐t❡✴❜❧❛❝❦ ❝♦♥t♦✉r ❧✐♥❡s s❤♦✇

t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ♥❛rr♦✇✲❜❛♥❞ ❡♠✐ss✐♦♥ ♦❢ ❍✏ ❛♥❞ ✑✄ ☎☎✒ ✐♥ ❛r❜✐tr❛r② ✉♥✐t

t❛❦❡♥ ✇✐t❤ t❤❡ ✓✎❖ ✔✁✻✲♠ t❡❧❡s❝♦♣❡✁ ✄♦rt❤ ✐s ✉♣ ❛♥❞ ❡❛st ✐s t♦✇❛r❞ t❤❡ ❧❡❢t✲

❤❛♥❞ s✐❞❡✁ ❯♥✐ts ❛r❡ ✐♥ ❦♠ s✕✖✁

t❤❡ ♠♦❞❡❧❧✐♥❣ ♣r♦❣r❛♠ ✗✘✙✚✛ ✭✎t❡❢❢❡♥ ✫ ✜➫♦♣❡③ ✷✵✵✻✮ ❜❛s❡❞ ♦♥ t❤❡ ❧♦♥❣✲s❧✐t

❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝tr❛ ❛t t❤❡ ❤✐❣❤ r❡s♦❧✉t✐♦♥ ♦❢ ✢ ✣ ✤✥✥✥✥✱ ✇❤✐❝❤ ✐s ♠✉❝❤ ❤✐❣❤❡r

t❤❛♥ t❤❡ ♠♦❞❡r❛t❡ r❡s♦❧✉t✐♦♥ ♦❢ ✢ ✣ ✦✥✥✥ ✐♥ ♦✉r ♦❜s❡r✈❛t✐♦♥s✁ ✌❤❡② ♦❜t❛✐♥❡❞

t❤❡ ♥❡❜✉❧❛r ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ ✧★✩✪ ❂ ✬✯ ❦♠ s✕✖ ❛♥❞ t❤❡ ✜✎✰ s②st❡♠✐❝ ✈❡❧♦❝✐t②

♦❢ ✧✾❀✾ ❂ ❁✬❃❄❅❇❅ ❛t t❤❡ ❜❡st✲❉tt✐♥❣ ✐♥❝❧✐♥❛t✐♦♥ ♦❢ ● ❂ ❏✯◗ ❇✬◗ ❜❡t✇❡❡♥ t❤❡ ❧✐♥❡

♦❢ s✐❣❤t ❛♥❞ t❤❡ ♥❡❜✉❧❛r ❛①✐s②♠♠❡tr② ❛①✐s✁ ❲❡ ♥♦t✐❝❡ t❤❛t t❤❡ ♥❡❜✉❧❛r ❛①✐s②♠✲

♠❡tr✐❝ ❛①✐s ❤❛s ❛ ♣♦s✐t✐♦♥ ❛♥❣❧❡ ♦❢ ❳❨ ❂ ✤✯◗ ♣r♦❥❡❝t❡❞ ♦♥ t♦ t❤❡ ♣❧❛♥❡ ♦❢ t❤❡

s❦②✱ ❛♥❞ ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ♥♦rt❤ t♦✇❛r❞s t❤❡ ❡❛st ✐♥ t❤❡ ❡q✉❛t♦r✐❛❧ ❝♦♦r❞✐♥❛t❡

s②st❡♠ ✭✓❩✎✮✁ ✌r❛♥s❢❡rr✐♥❣ t❤❡ P✝ ✐♥ t❤❡ ✓❩✎ t♦ t❤❡ P✝ ✐♥ t❤❡ ❭❛❧❛❝t✐❝ ❝♦♦r✲

❞✐♥❛t❡ s②st❡♠ ②✐❡❧❞s t❤❡ ❭❛❧❛❝t✐❝ ♣♦s✐t✐♦♥ ❛♥❣❧❡ ♦❢ ❫❳❨ ❂ ❏✬◗❴❏❵✱ ✇❤✐❝❤ ✐s t❤❡

P✝ ♦❢ t❤❡ ♥❡❜✉❧❛r ❛①✐s②♠♠❡tr✐❝ ❛①✐s ♣r♦❥❡❝t❡❞ ♦♥ t♦ t❤❡ ♣❧❛♥❡ ♦❢ t❤❡ s❦②✱ ♠❡❛✲

❆④⑤⑥⑦✟⑧ ⑨⑩❶✡⑤⑥⑩❷ ✔✹✔
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�❛❜❧❡ ✁✂✸✿ ❑✐♥❡♠❛t✐❝ ♣❛r❛♠❡t❡rs ♦♥ t❤❡ ✄✉☎t ✆✬s r✐♥❣ ❛♥❞ ✐ts ❝❡♥tr❛❧ st❛r✂

✝✞✟✞✠✡☛✡✟ ❱✞☞✌✡

✍ ❂ ✎ ✭✏✌☛✡✟ ✟✞✑✒✌✓✮ ✔ ✔ ✔ ✔ ✔ ✔ ✹✕✖✹ ✞✟✗✓✡✗

✘ ❂ ✎✙✚✛ ✜ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✢✣✖✤ ✞✟✗✓✡✗

☛✥✒✗❦✦✡✓✓ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✢✧✖✤ ✞✟✗✓✡✗

✝★ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✹✽✩✖✤✩

✪✝★ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✻✤✩✢✻✵✖ ✤✩

✒✦✗☞✒✦✞☛✒✏✦ ✭✜✮ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✻✽✩✖✤✩

✈✫②✫ ✭▲✯✰✮ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✱✤✴❀✕✖✕ ❦✠ ✓❁❃

✈❄①❅ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✤✽✖✕ ❦✠ ✓❁❃

s✉r❡❞ ❢r♦♠ t❤❡ ◆♦rt❤ ❇❛❧❛❝t✐❝ ❈♦❧❡ ❉◆❇❈❋ ❏▼❖ ◗ ❳❩❬ t♦✇❛r❞s t❤❡ ❇❛❧❛❝t✐❝ ❡❛st

❉❏▼❖ ◗ ❭❳❩❬✂ ☎❡ ♥♦t✐❝❡ ❛♥ ❛♥❣❧❡ ♦❢ ❪❫❴❩❵❵❥ ❜❡t✇❡❡♥ t❤❡ ♥❡❜✉❧❛r ❛q✐s③♠♠❡tr✐❝

❛q✐s ♣r♦④❡❝t❡❞ ♦♥t♦ t❤❡ ♣❧❛♥❡ ♦❢ t❤❡ s⑤③ ❛♥❞ t❤❡ ❇❛❧❛❝t✐❝ ♣❧❛♥❡✂ ⑥✐❣✂ ✁✂⑦ s❤♦✇s

t❤❡ ⑧✉q r❛t✐♦ ♠❛♣ ❢♦r t❤❡ ⑨✄ ⑩⑩❶ ❞♦✉❜❧❡t t♦ t❤❡ ❷❸ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡ ❡♠✐ss✐♦♥✂

�❤❡ s❤♦❝⑤ ❝r✐t❡r✐♦♥ ⑨✄ ⑩⑩❶ ❹❹❺✁❻❺❼❺✁✸❻❽❷❸ ❾ ❳❿➀ ✐♥❞✐❝❛t❡s t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❛

s❤♦❝⑤➁✐♦♥✐➂❛t✐♦♥ ❢r♦♥t ✐♥ t❤❡ r✐♥❣✂ �❤❡r❡❢♦r❡❼ t❤❡ ❜r✐❣❤t❡st s♦✉t❤➁❡❛st s✐❞❡ ♦❢

t❤❡ ♥❡❜✉❧❛ ❤❛s ❛ s✐❣♥❛t✉r❡ ♦❢ ❛♥ ✐♥t❡r❛❝t✐♦♥ ✇✐t❤ ➃✄➄✂

�❤❡ ❈❈➄➅➆ ❝❛t❛❧♦❣✉❡➇ ❉➈♦❡s❡r ❡t ❛❧✂ ✆➉❻➉❬ r❡➊❡❛❧s t❤❛t t❤❡ ➋➁t③♣❡ st❛rs

♦❢ ✄✉☎t ✆ ♠♦➊❡ ✇✐t❤ t❤❡ ♣r♦♣❡r ♠♦t✐♦♥ ♦❢ ➌➍ ◗ ➎➏➍ ➐➑➒➓➔→ ◗ ➓❪➣❿❳❭↔ ➣❿❵↕→➎

⑤♠s➙➛ ❛♥❞ ➌➜ ◗ ➎➏➜ ◗ ➓➝➝❿❴❭↔➣❿➣❫→➎ ⑤♠s➙➛❼ ✇❤❡r❡ ➎ ✐s ✐ts ❞✐st❛♥❝❡ ✐♥ ⑤♣❝✂

�❤❡③ ❝♦rr❡s♣♦♥❞ t♦ t❤❡ ♠❛❣♥✐t✉❞❡ ♦❢ ➌➞ ◗ ➓➝❵❿➟❳↔➣❿➣➟→➎ ⑤♠s➙➛✂ ➋ss✉♠✐♥❣

❛ ❞✐st❛♥❝❡ ♦❢ ➎ ◗ ❫❿➟ ⑤♣❝ ❉➠qt❡r ❡t ❛❧✂ ✆➉❻➉❬ ❛♥❞ ➌➡➢➡ ◗ ❪❫❭❿➀↔➀ ⑤♠s➙➛ ❉➆✄➈❋

➤♦♥❡s ❡t ❛❧✂ ✆➉❻➉❛❬❼ t❤✐s ❈◆ ♠♦➊❡s ✐♥ t❤❡ ➥❛rt❡s✐❛♥ ❇❛❧❛❝t♦❝❡♥tr✐❝ ❢r❛♠❡ ✇✐t❤

♣❡❝✉❧✐❛r ❉♥♦♥➁❝✐r❝✉❧❛r❬ ➊❡❧♦❝✐t③ ❝♦♠♣♦♥❡♥ts ♦❢ ❉➦➧❼➨➧❼➩➧→ ◗ ❉➟➀❿❵↔➝➣❿❵❼ ➝➝❿❳↔

➝➟❿❴❼ ➟➟❿➝➣↔❫↕❿❵❬ ⑤♠ s➙➛❼ ✇❤❡r❡➦➧ ✐s t♦✇❛r❞s t❤❡ ❇❛❧❛❝t✐❝ ❝❡♥tr❡❼ ➨➧ ✐♥ t❤❡ ❧♦❝❛❧

❞✐r❡❝t✐♦♥ ♦❢ ❇❛❧❛❝t✐❝ r♦t❛t✐♦♥❼ ❛♥❞ ➩➧ t♦✇❛r❞s t❤❡ ◆❇❈ ❉s❡❡ ➈❡✐❞ ❡t ❛❧✂ ✆➉➉➫❼

➭➯✡➲✓✒☛✡➳ ➵➸➸➺➻➼➼➽➾➚➪➶➹➘➵➴➚➴➷➼➺➺➬➮➱

✸✃✃ ❐❒❮❰ÏÐÑ❮Ò ❮Ó Ô❰ÕÒÖÐÕ×Ø ÒÖÙÏ❰ÕÖ ÚÑÐÛ ÜÝÞÐØÔÖ ßÖÒÐ×Õ❰ àÐÕ×à
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❋✐❣✉r❡ �✁✺✿ ❋❧✉① r❛t✐♦ ♠❛♣s ♦❢ t❤❡ ❬✂ ✄✄❪ ☎ ✻�✶✻✰✻�✆✶ ✠✝ t♦ t❤❡ ❍✞ r❡❝♦♠❜✐♥❛✲

t✐♦♥ ❧✐♥❡ ❡♠✐ss✐♦♥✁

♣❡❝✉❧✐❛r ♠♦t✐♦♥ ❝❛❧❝✉❧❛t✐♦♥s ✐♥ ❛♣♣❡♥❞✐①✮✁ ❲❡ s❡❡ t❤❛t ✂✉❲t ✷ ♠♦✈❡s t♦✇❛r❞s

t❤❡ ✟●P ✇✐t❤ ✡☛ ❂ ☞☞✌✍✽ ❦♠s
✎✏✱ ❛♥❞ t❤❡r❡ ✐s ❛♥ ✐♥t❡r❛❝t✐♦♥ ✇✐t❤ ✑✂✒ ✐♥ t❤❡

❞✐r❡❝t✐♦♥ ♦❢ ✐ts ♠♦t✐♦♥✱ ✐✁❡✁✱ t❤❡ ❡❛st✲s✐❞❡ ♦❢ t❤❡ ♥❡❜✉❧❛✁

❲❡ ♥♦t✐❝❡ ❛ ✈❡r② s♠❛❧❧ ♣❡❝✉❧✐❛r ✈❡❧♦❝✐t② ✭❱☛ ❂ ✍✍ ❦♠ s
✎✏✮ ✐♥ t❤❡ ❧♦❝❛❧ ❞✐r❡❝✲

t✐♦♥ ♦❢ ●❛❧❛❝t✐❝ r♦t❛t✐♦♥✱ s♦ ❛ ❦✐♥❡♠❛t✐❝ ❞✐st❛♥❝❡ ♠❛② ❛❧s♦ ❜❡ ❡st✐♠❛t❡❞ ❛s t❤❡

●❛❧❛❝t✐❝ ❧❛t✐t✉❞❡ ✐s ❛ ❢❛✈♦r❛❜❧❡ ♦♥❡ ❢♦r s✉❝❤ ❛ ❞❡t❡r♠✐♥❛t✐♦♥✁ ❲❡ ✉s❡❞ t❤❡ ✓❖❘✲

✔❘✕✖ ❝♦❞❡ ❢♦r t❤❡ ❵r❡✈✐s❡❞✬ ❦✐♥❡♠❛t✐❝ ❞✐st❛♥❝❡ ♣r❡s❝r✐❜❡❞ ✐♥ ✗❡✐❞ ❡t ❛❧✁ ✭✷✵✵✾✮✱

❛♥❞ ❛❞♦♣t❡❞ t❤❡ ✑✝❯ st❛♥❞❛r❞ ♣❛r❛♠❡t❡rs ♦❢ t❤❡ ✒✐❧❦② ❲❛②✱ ♥❛♠❡❧② t❤❡ ❞✐s✲

t❛♥❝❡ t♦ t❤❡ ●❛❧❛❝t✐❝ ❝❡♥tr❡ ✘✙ ❂ ✽✌✚ ❦♣❝ ❛♥❞ ❛ ❝✐r❝✉❧❛r r♦t❛t✐♦♥ s♣❡❡❞ ◗✙ ❂ ✛✛✜

❦♠s✎✏ ❢♦r ❛ ✢❛t r♦t❛t✐♦♥ ❝✉r✈❡ ✭✣◗✤✣✘❂ ✜✮✱ ❛♥❞ t❤❡ s♦❧❛r ♠♦t✐♦♥ ♦❢ ✥❏ ❂ ✍✜✌☞✜

❦♠s✎✏✱ ✦❏ ❂ ✍✚✌☞ ❦♠ s✎✏ ❛♥❞ ✧❏ ❂ ★✌★ ❦♠s✎✏✁ ✩❤❡ ▲✂✗ s②st❡♠✐❝ ✈❡❧♦❝✐t② ♦❢

✪✛✫✌✚ ❦♠s✎✏ ✭✯♦♥❡s ❡t ❛❧✁ ✷✵✶✵❛✮ ❣✐✈❡s ❛ ❦✐♥❡♠❛t✐❝ ❞✐st❛♥❝❡ ♦❢ ✛✌✛✴ ❦♣❝✱ ✇❤✐❝❤

✐s ✐♥ q✉✐t❡ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ❞✐st❛♥❝❡ ♦❢ ✷✁✆✹✵✁✷ ❦♣❝ ❢♦✉♥❞ ❜② ❀①t❡r

❡t ❛❧✁ ✭✷✵✶✵✮ ❜❛s❡❞ ♦♥ ❛♥ ❛♥❛❧②s✐s ♦❢ t❤❡ ❞♦✉❜❧❡✲❧✐♥❡❞ ❡❝❧✐♣s✐♥❣ ❜✐♥❛r② s②st❡♠✁

❆❁❃❄❅❇③ ❉❳❨❩❃❄❳❭ ✆❫✺
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�❤✐s ❞✐st❛♥❝❡ ✐♠♣❧✐❡s t❤❛t ✁✉✂t ✄ ✐s ✐♥ t❤❡ t❛♥❣❡♥t ♦❢ t❤❡ ❈❛r✐♥❛☎✁❛❣✐tt❛r✐✉s

s♣✐r❛❧ ❛r♠ ♦❢ t❤❡ ✆❛❧❛①② ✭✝ ❂ ✸✞✞✿✍✵✱ ❜ ❂ ✟✿✍✹✮✠ ❖✉r ❛❞♦♣t❡❞ ❞✐st❛♥❝❡ ♦❢ ✄✠✡ ❦♣❝

♠❡❛♥s t❤❡ ❡❧❧✐♣s❡✬s ♠❛❥♦r r❛❞✐✉s ♦❢ ✹☛ ❛r❝s❡❝ ❝♦rr❡s♣♦♥❞s t♦ ❛ r✐♥❣ r❛❞✐✉s ♦❢

☞ ❂ ✵✿✹✌ ✎ ✵✿✵✹ ♣❝✠ �❤❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ t❤❡ r✐♥❣ t❤❡♥ ②✐❡❧❞s ❛ ❞②♥❛♠✐❝❛❧

❛❣❡ ♦❢ ✏✑✒✓ ❂ ☞✔✕✖✗✘ ❂ ✞✌☛✵✵ ✎ ✞☛✻✵ ②r✱ ✇❤✐❝❤ ✐s ❞❡✙♥❡❞ ❛s t❤❡ r❛❞✐✉s ❞✐✈✐❞❡❞

✚② t❤❡ ❝♦♥st❛♥t ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t②✠ ◆♦♥❡t❤❡❧❡ss✱ t❤❡ tr✉❡ ❛❣❡ ✐s ♠♦r❡ t❤❛♥ t❤❡

❞②♥❛♠✐❝❛❧ ❛❣❡✱ s✐♥❝❡ t❤❡ ♥❡✚✉❧❛ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ✐s ♥♦t ❝♦♥st❛♥t t❤r♦✉❣❤ t❤❡

♥❡✚✉❧❛ ❡✈♦❧✉t✐♦♥✠ ❉♦♣✐t❛ ❡t ❛❧✠ ✭✛✜✜✢✮ ❡st✐♠❛t❡❞ t❤❡ tr✉❡ ❛❣❡ t②♣✐❝❛❧❧② ❛r♦✉♥❞

✛✠✣ ♦❢ t❤❡ ❞②♥❛♠✐❝❛❧ ❛❣❡✱ s♦ ✇❡ ❣❡t ✏✤✥✦✖ ❂ ✟✻✟☛✵ ✎ ✟✸✸✵ ②r ❢♦r ✁✉✂t ✄✠ ✧❢ ✇❡

t❛❦❡ t❤❡ ❛s②♠♣t♦t✐❝ ❣✐❛♥t ✚r❛♥❝❤ ✭★✆❇✮ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t② ♦❢ ✕✩✪✫ ❂ ✕✖✗✘✔✟

✭✆❡s✐❝❦✐ ✯ ❩✐❥❧str❛ ✄✰✰✰✮✱ ❛s t❤❡ st❛rt✐♥❣ ✈❡❧♦❝✐t② ♦❢ t❤❡ ♥❡✇ ❡✈♦❧✈✐♥❣ ✴◆✱ ✇❡

❛❧s♦ ❡st✐♠❛t❡ t❤❡ tr✉❡ ❛❣❡ ❛s ✏✤✥✦✖ ❂ ✟☞✔✽✕✖✗✘ ❀ ✕✩✪✫❁ ❂ ✟✸✸✻✵ ✎ ✟✵❃✵ ②r✠

❄❅❋ ❏❑▲▼◗▲ ❱❳▲❬❭❪▼❫❳❴▼

✂❡ ❞❡r✐✈❡❞ t❤❡ ♥❡✚✉❧❛r ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ❵✖ ❛♥❞ ❞❡♥s✐t✐❡s q✖ ❢r♦♠ t❤❡

✐♥t❡♥s✐t✐❡s ♦❢ t❤❡ ❝♦❧❧✐s✐♦♥❛❧❧② ❡①❝✐t❡❞ ❧✐♥❡s ✭❈③④s✮ ✚② s♦❧✈✐♥❣ t❤❡ ❡⑤✉✐❧✐✚r✐✉♠

❡⑤✉❛t✐♦♥s ❢♦r ❛♥ ⑥☎❧❡✈❡❧ ❛t♦♠ ✭⑦ ☛✮ ✉s✐♥❣ ⑧⑨⑩❶❷✱ ❛ ❸❹❺❻❺❼❽ ❝♦❞❡ ♦r✐❣✐♥❛❧❧② ❞❡☎

✈❡❧♦♣❡❞ ✚② ❾♦✇❛rt❤ ✯ ★❞❛♠s ✭✛✜❿✛✮✠ ➀❡❝❡♥t❧②✱ ✐t ❤❛s ✚❡❡♥ ❝♦♥✈❡rt❡❞ t♦ ❸❹❺☎

❻❺❼❽ ✜✰✱ ❛♥❞ ❝♦♠✚✐♥❡❞ ✐♥t♦ s✐♠♣❧❡r r♦✉t✐♥❡s ❢♦r ❽⑧❼❻ ✭✂❡ss♦♥ ❡t ❛❧✠ ✄✰✛✄✮✠

�❤❡ ❛t♦♠✐❝ ❞❛t❛ s❡ts ✉s❡❞ ❢♦r ♦✉r ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s✱ ❛s ✇❡❧❧ ❛s ❢♦r t❤❡ ❈③④

❛✚✉♥❞❛♥❝❡ ❞❡t❡r♠✐♥❛t✐♦♥ ✐♥ ➁ ➂✠✣✱ ❛r❡ t❤❡ s❛♠❡ ❛s t❤♦s❡ ✉s❡❞ ✚② ✂❡ss♦♥ ❡t ❛❧✠

✭✄✰✛✄✮✠

�❤❡ ❞✐❛❣♥♦st✐❝s ♣r♦❝❡❞✉r❡ ✇❛s ❛s ❢♦❧❧♦✇s➃ ✇❡ ❛ss✉♠❡❞ ❛ r❡♣r❡s❡♥t❛t✐✈❡ ✐♥✐☎

t✐❛❧ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ♦❢ ✛✰ ✰✰✰ ➄ ✐♥ ♦r❞❡r t♦ ❞❡r✐✈❡ q✖✽➅✁ ❶❶➆❁➇ t❤❡♥ ❵✖✽➅◆ ❶❶➆❁

✇❛s ❞❡r✐✈❡❞ ✐♥ ❝♦♥❥✉♥❝t✐♦♥ ✇✐t❤ t❤❡ ♠❡❛♥ ❞❡♥s✐t② ❞❡r✐✈❡❞ ❢r♦♠ q✖✽➅✁ ❶❶➆❁✠ �❤❡

❝❛❧❝✉❧❛t✐♦♥s ✇❡r❡ ✐t❡r❛t❡❞ t♦ ❣✐✈❡ s❡❧❢☎❝♦♥s✐st❡♥t r❡s✉❧ts ❢♦r q✖ ❛♥❞ ❵✖✠ �❤❡ ❝♦r☎

r❡❝t ❝❤♦✐❝❡ ♦❢ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ❛♥❞ t❡♠♣❡r❛t✉r❡ ✐s ❡ss❡♥t✐❛❧ t♦ ❞❡t❡r♠✐♥❡ ✐♦♥✐❝

❛✚✉♥❞❛♥❝❡s✠

✡➈✢ ➉➊➋➌➍➎➏➋➐ ➋➑ ➒➌➓➐➔➎➓→➣ ➐➔↔➍➌➓➔ ↕➏➎➙ ➛➜➝➎➣➒➔ ➞➔➐➎→➓➌ ➟➎➓→➟
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❋✐❣✁ ✂✁✻ s❤♦✇s ✄✉① r❛t✐♦ ♠❛♣s ❢♦r t❤❡ ❞❡♥s✐t②✲s❡♥s✐t✐✈❡ ❬☎ ✆✆❪ ❞♦✉❜❧❡t✁ ✝t ✐♥✲

❞✐❝❛t❡s t❤❡ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ✞✟ ♦❢ ❛❜♦✉t ✠ ✶✵✵ ❝♠✡✸ ✐♥ t❤❡ r✐♥❣✁ ❲❡ s❡❡ t❤❛t

t❤❡ ✐♥t❡r✐♦r r❡❣✐♦♥ ❤❛s ❛ ❬☎ ✆✆❪ ☛☛ ✻✂☞✻✴✻✂✌☞ ✄✉① r❛t✐♦ ♦❢ ♠♦r❡ t❤❛♥ ☞✁✍✱ ✇❤✐❝❤

♠❡❛♥s t❤❡ ✐♥s✐❞❡ ♦❢ t❤❡ r✐♥❣ ❤❛s ❛ ✈❡r② ❧♦✇ ❞❡♥s✐t② ✭✞✟ ✠ ✺✵ ❝♠✡✸✮✁ ❋❧✉① r❛t✐♦

♠❛♣s ❢♦r t❤❡ t❡♠♣❡r❛t✉r❡✲s❡♥s✐t✐✈❡ ❬✎ ✆✆❪ ☛☛✏✂✏✏✱ ✻✏✍✽✱ ✻✏✽✌ ❧✐♥❡s ✐♥❞✐❝❛t❡

t❤❛t t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✑✟ ✈❛r✐❡s ❢r♦♠ ✂✒✒✒ t♦ ☞✍ ✒✒✒ ❑✁ ✓s s❤♦✇♥ ✐♥

❋✐❣✁ ✂✁✻✱ t❤❡ ❜r✐❣❤t❡st ♣❛rt ♦❢ t❤❡ r✐♥❣ ✐♥ ❬✎ ✆✆❪ ☛ ✻✏✽✍ ✔✓ ❤❛s ❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r✲

❛t✉r❡ ♦❢ ❛❜♦✉t ✽ ✒✒✒ ❑✁ ✕❤❡ ✐♥s✐❞❡ ♦❢ t❤❡ r✐♥❣ ❤❛s ❛ ♠❡❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡

♦❢ ❛❜♦✉t ☞☞ ✽✒✒ ❑✁ ❲❡ ♥♦t✐❝❡ t❤❛t ☎♠✐t❤ ❡t ❛❧✁ ✭✷✒✒✂✮ ❢♦✉♥❞ ✞✟ ❂ ✾✵ ❝♠✡✸ ❛♥❞

✑✟ ❂ ✶✶✖✵✵ ❑ ✉s✐♥❣ t❤❡ ❘✲✗ ☎♣❡❝tr♦❣r❛♣❤ ✭✘✙ ✚✵✵✵✮ ♦♥ t❤❡ ✗✕✝✛ ✍✲♠ t❡❧❡s❝♦♣❡✱

t❤♦✉❣❤ t❤❡② ♦❜t❛✐♥❡❞ t❤❡♠ ❢r♦♠ ❛ ✵✿✜ ❛r❝s❡❝ s❧✐t ♦r✐❡♥t❡❞ ❛❧♦♥❣ t❤❡ ♠❛❥♦r ❛①✐s

♦❢ t❤❡ r✐♥❣ ✭✢✣ ❂ ✶✤✺✥✮✁

✕❛❜❧❡ ✂✁✍ ❧✐sts t❤❡ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ✭✞✟✮ ❛♥❞ t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✭✑✟✮ ♦❢

t❤❡ ❞✐❢❢❡r❡♥t r❡❣✐♦♥s✱ t♦❣❡t❤❡r ✇✐t❤ t❤❡ ✐♦♥✐③❛t✐♦♥ ♣♦t❡♥t✐❛❧ r❡q✉✐r❡❞ t♦ ❝r❡❛t❡

t❤❡ ❡♠✐tt✐♥❣ ✐♦♥s✁ ❲❡ s❡❡ t❤❛t t❤❡ ❡❛st ♣❛rt ♦❢ t❤❡ r✐♥❣ ❤❛s ❛ ♠❡❛♥ ❡❧❡❝tr♦♥

❞❡♥s✐t② ♦❢ ✞✟✦❬☎ ✆✆❪✧ ✠ ✶✵✵ ❝♠✡✸ ❛♥❞ ♠❡❛♥ t❡♠♣❡r❛t✉r❡s ♦❢ ✑✟✦❬✎ ✆✆❪✧ ❂ ✜✶✖✵ ❑

❛♥❞ ✑✟✦❬✛ ✆✆✆❪✧ ❂ ✶★✤✾✵ ❑✱ ✇❤✐❧❡ t❤❡ ❧❡ss ❞❡♥s❡ r❡❣✐♦♥ ✐♥s✐❞❡ t❤❡ r✐♥❣ s❤♦✇s ❛

❤✐❣❤ ♠❡❛♥ t❡♠♣❡r❛t✉r❡ ♦❢ ✑✟✦❬✎ ✆✆❪✧ ❂ ✶✶✩✚✵ ❑ ❛♥❞ ✑✟✦❬✛ ✆✆✆❪✧ ❧❡ss t❤❛♥ ★✵✵✵✵ ❑✁

❲❡ ♣♦✐♥t ♦✉t t❤❛t t❤❡ ✪☎ ✆✆✫ ☛☛✻✂☞✻✴✻✂✌☞ ❧✐♥❡ r❛t✐♦ ♦❢ ♠♦r❡ t❤❛♥ ☞✁✍✒ ✐s ❛ss♦✲

❝✐❛t❡❞ ✇✐t❤ t❤❡ ❧♦✇✲❞❡♥s✐t② ❧✐♠✐t ♦❢ ✞✟ ❁ ✶✵✵ ❝♠✡✸✱ ❛♥❞ ✇❡ ❝❛♥♥♦t ❛❝❝✉r❛t❡❧②

❞❡t❡r♠✐♥❡ t❤❡ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ❧❡ss t❤❛♥ t❤✐s ❧✐♠✐t ✭s❡❡ ❡✁❣✁ ✓ ✌✬❀ ❏❛❝♦❜② ❡t ❛❧✁

✷✒✒☞✮✁ ❋✉rt❤❡r♠♦r❡✱ ✇❡ ❝❛♥♥♦t r❡s♦❧✈❡ t❤❡ ✪✛ ✆✆✫ ☛☛✌✂✷✻✱✌✂✷✬ ❞♦✉❜❧❡t ✇✐t❤

♦✉r ♠♦❞❡r❛t❡ s♣❡❝tr❛❧ r❡s♦❧✉t✐♦♥ ✭✘ ✙ ✤✵✵✵✮✁ ✯❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ✐♥❞✐❝❛t❡s t❤❛t

t❤❡ ✐♥t❡r✐♦r r❡❣✐♦♥ ✐s ♠✉❝❤ ❤♦tt❡r t❤❛♥ t❤❡ r✐♥❣ r❡❣✐♦♥✁ ✕❤✐s ✐♠♣❧✐❡s t❤❡ ♣r❡s✲

❡♥❝❡ ♦❢ ❛ ❤❛r❞ ✐♦♥✐③✐♥❣ s♦✉r❝❡ ❧♦❝❛t❡❞ ❛t t❤❡ ❝❡♥tr❡✁ ✝t ✐s ✇♦rt❤ t♦ ♠❡♥t✐♦♥

t❤❛t ✑✟✦❬✎ ✆✆❪✧ ✐s ♠♦r❡ ❛♣♣r♦♣r✐❛t❡ ❢♦r s✐♥❣❧② ✐♦♥✐③❡❞ s♣❡❝✐❡s✱ ✇❤✐❧❡ ✑✟✦❬✛ ✆✆✆❪✧

✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❞♦✉❜❧② ❛♥❞ ♠♦r❡ ✐♦♥✐③❡❞ s♣❡❝✐❡s✁ ❑✐♥❣s❜✉r❣❤ ✰ ❇❛r❧♦✇

✭☞✬✬✍✮ ❢♦✉♥❞ t❤❛t ✑✟✦❬✛ ✆✆✆❪✧❃✑✟✦❬✎ ✆✆❪✧ ❂ ✶✿★✺ ❢♦r ♠❡❞✐✉♠✲❡①❝✐t❛t✐♦♥ ✯✎❡ ❛♥❞

✑✟✦❬✛ ✆✆✆❪✧❃✑✟✦❬✎ ✆✆❪✧ ❂ ✶✿✶✺❄✵✿✵✵✤✩❅✦✖✚✜✚✧ ❢♦r ❤✐❣❤✲❡①❝✐t❛t✐♦♥ ✯✎❡✁ ❍❡r❡✱ ✇❡ ♥♦✲

❆❊▲❦◗❯❱ ❉❳❨❩▲❦❳❭ ✌✍✂
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✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❡ �✁✻✿ ❋❧✉① r❛t✐♦ ♠❛♣s ❢♦r ✂✄☎✆✝ ✞ ✭s❡❡ ❋✐❣✁ �✁✟✮ ♦❢ t❤❡ ✠◆ ✡✉☛t ☞✁ ❋r♦♠ ❧❡❢t

t♦ r✐❣❤t✿ ✭❛✮ ✌✉① r❛t✐♦ ♠❛♣s ♦❢ t❤❡ ❬❖ ✍✍✍❪ ✎ ✏✵✵� ✑✒ t♦ t❤❡ ✓✔ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡

❡♠✐ss✐♦♥✱ ✭❜✮ ✌✉① r❛t✐♦ ♠❛♣ ♦❢ t❤❡ ❬◆ ✍✍❪ ✎ ✻✏✽✹ t♦ t❤❡ ✓✕ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡

❡♠✐ss✐♦♥✱ ✭❝✮ ✌✉① r❛t✐♦ ♠❛♣ ❢♦r t❤❡ t❡♠♣❡r❛t✉r❡✖s❡♥s✐t✐✈❡ ❬◆ ✍✍❪ ✎✎✏�✏✏✱ ✻✏✹✽✱

✻✏✽✸ ❧✐♥❡s✱ ❛♥❞ ✭❞✮ ❢♦r t❤❡ ❞❡♥s✐t②✖s❡♥s✐t✐✈❡ ❬✡ ✍✍❪ ❞♦✉❜❧❡t✁ ❇❧❛❝❦ ❝♦♥t♦✉r ❧✐♥❡s

s❤♦✇ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ♥❛rr♦✇✖❜❛♥❞ ❡♠✐ss✐♦♥ ♦❢ ✓✕ ❛♥❞ ✗◆ ✍✍✘ ✐♥ ❛r❜✐tr❛r②

✉♥✐ts t❛❦❡♥ ✇✐t❤ t❤❡ ✙✡❖ ✸✁✻✖♠ t❡❧❡s❝♦♣❡ ♦❜s❡r✈❛t✐♦♥s✁

✸✹✽ ✚✛✜✆✢✣✄✜✤ ✜✥ ✦✆✧✤☎✣✧★✩ ✤☎✪✢✆✧☎ ✫✄✣✬ ✯✰✴✣✩✦☎ ❀☎✤✣★✧✆ ❁✣✧★❁



✼✳✺✳ ■❖◆■❈ ❆◆❉ ❚❖❚❆▲ ❆❇❯◆❉❆◆❈❊❙

t✐❝❡ t❤❛t �✁✭❬✂ ✄✄✄❪✮❂�✁✭❬☎ ✄✄❪✮ ✆ ✶✿✝✷ ❢♦r t❤❡ r✐♥❣ ❛♥❞ �✁✭❬✂ ✄✄✄❪✮❂�✁✭❬☎ ✄✄❪✮ ✆ ✶✿✸✾

❢♦r t❤❡ t♦t❛❧ ✞✉①✟

✠✡☛ ☞✌✍✎✏ ✑✍✒ ✓✌✓✑✔ ✑❜✕✍✒✑✍✏✖s

❲❡ ❞❡r✐✈❡❞ ✐♦♥✐❝ ❛✗✉♥❞❛♥❝❡✘ ❢♦r ✙✉❲t ✚ ✉✘✐♥❣ t❤❡ ♦✗✘❡r✈❡❞ ✛✜✢✘ ❛♥❞ t❤❡ ♦♣✲

t✐❝❛❧ r❡❝♦♠✗✐♥❛t✐♦♥ ❧✐♥❡✘ ✣✂❘✢✘✤✟ ❲❡ ❞❡t❡r♠✐♥❡❞ ❛✗✉♥❞❛♥❝❡✘ ❢♦r ✐♦♥✐❝ ✘♣❡❝✐❡✘

♦❢ ☎✱ ✂✱ ☎❡✱ ✙ ❛♥❞ ✥r ❢r♦♠ ✛✜✢✘✟ ✦♥ ♦✉r ❞❡t❡r♠✐♥❛t✐♦♥✱ ✇❡ ❛❞♦♣t❡❞ t❤❡ ♠❡❛♥

�✁✣✧✂ ✄✄✄★✤ ❛♥❞ t❤❡ ✉♣♣❡r ❧✐♠✐t ♦❢ ✩✁✣✧✙ ✄✄★✤ ♦✗t❛✐♥❡❞ ❢r♦♠ ♦✉r ❡♠♣✐r✐❝❛❧ ❛♥❛❧②✘✐✘

✐♥ ✪❛✗❧❡ ✫✟✹✟ ✙♦❧✈✐♥❣ t❤❡ ❡q✉✐❧✐✗r✐✉♠ ❡q✉❛t✐♦♥✘✱ ✉✘✐♥❣ ✬◗✯✄✰✱ ②✐❡❧❞✘ ❧❡✈❡❧ ♣♦♣✉✲

❧❛t✐♦♥✘ ❛♥❞ ❧✐♥❡ ✘❡♥✘✐t✐✈✐t✐❡✘ ❢♦r ❣✐✈❡♥ �✁ ❛♥❞ ✩✁✟ ✂♥❝❡ t❤❡ ❧❡✈❡❧ ♣♦♣✉❧❛t✐♦♥ ❛r❡

✘♦❧✈❡❞✱ t❤❡ ✐♦♥✐❝ ❛✗✉♥❞❛♥❝❡✘✱ ❳✴✵✻❍✵✱ ❝❛♥ ✗❡ ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ♦✗✘❡r✈❡❞ ❧✐♥❡

✐♥t❡♥✘✐t✐❡✘ ♦❢ ✛✜✢✘✟ ❲❡ ❞❡t❡r♠✐♥❡❞ ✐♦♥✐❝ ❛✗✉♥❞❛♥❝❡✘ ❢♦r ❍❡ ❢r♦♠ t❤❡ ♠❡❛✘✉r❡❞

✐♥t❡♥✘✐t✐❡✘ ♦❢ ✂❘✢✘ ✉✘✐♥❣ t❤❡ ❡❢❢❡❝t✐✈❡ r❡❝♦♠✗✐♥❛t✐♦♥ ❝♦❡❢✽❝✐❡♥t✘ ❢r♦♠ ✙t♦r❡②

❀ ❍✉♠♠❡r ✣❁❃❃❄✤ ❛♥❞ ✙♠✐t✘ ✣❁❃❃❅✤✟ ❲❡ ❞❡r✐✈❡❞ t❤❡ t♦t❛❧ ❛✗✉♥❞❛♥❝❡✘ ❢r♦♠

❞❡❞✉❝❡❞ ✐♦♥✐❝ ❛✗✉♥❞❛♥❝❡✘ ✉✘✐♥❣ t❤❡ ✐♦♥✐③❛t✐♦♥ ❝♦rr❡❝t✐♦♥ ❢❛❝t♦r ✣❋● ❏ ✤ ❢♦r♠✉❧❛❡
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�❛❜❧❡ ✁✂✹✿ ❉✐❛❣♥♦st✐❝ r❛t✐♦s ❢♦r t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡✱ ✄☎ ❛♥❞ t❤❡ ❡❧❡❝tr♦♥ ❞❡♥s✐t②✱ ◆☎✂

✆✝✞ ✟✠✡☛✞✝☞✌✠✍ ✆✎✏✎✭✑❱✮ ✆✞✌✑✒✠✝✒ ✓✠✞☛ ✔✝✌✡✕

✓✡✌✠✝ ✖✗✘✙✵
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❲❡ ❞❡r✐✈❡❞ t❤❡ ✐♦♥✐❝ ❛♥❞ t♦t❛❧ ❤❡❧✐✉♠ ❛❜✉♥❞❛♥❝❡s ❢r♦♠ t❤❡ ♦❜s❡r✈❡❞ �✁✽✂✻

❛♥❞ �✻✻✂✽✱ ❛♥❞ ❍❡ ✄✄ �✹✻✽✻ ☎❘✆s✝ ❲❡ ❛ss✉♠❡❞ ❝❛s❡ ✞ r❡❝♦♠❜✐♥❛t✐♦♥ ❢♦r

t❤❡ s✐♥❣❧❡t ❍❡ ✄ �✻✻✂✽ ❧✐♥❡ ❛♥❞ ❝❛s❡ ✟ ❢♦r ♦t❤❡r ❍❡ ✄ �✁✽✂✻ ❧✐♥❡ ✭t❤❡♦r❡t✐❝❛❧

r❡❝♦♠❜✐♥❛t✐♦♥ ♠♦❞❡❧s ♦❢ ✠♠✐ts ✶✾✾✻✮✝ ✡❤❡ ❍❡✰✴❍✰ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❢r♦♠ t❤❡

❍❡ ✄ ❧✐♥❡s ❛t �✁✽✂✻ ❛♥❞ �✻✻✂✽ ✇❡r❡ ❛✈❡r❛❣❡❞ ✇✐t❤ ✇❡✐❣❤ts ♦❢ ✸✿✶✱ r♦✉❣❤❧② t❤❡

✐♥tr✐♥s✐❝ ✐♥t❡♥s✐t② r❛t✐♦s ♦❢ t❤❡ t✇♦ ❧✐♥❡s✝ ✡❤❡ ❍❡✷✰✴❍✰ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ✇❡r❡

❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❍❡ ✄✄ �✹✻✽✻ ❧✐♥❡ ✉s✐♥❣ t❤❡♦r❡t✐❝❛❧ ❝❛s❡ ✞ r❡❝♦♠❜✐♥❛t✐♦♥ r❛t❡s

❢r♦♠ ✠t♦r❡② ✫ ❍✉♠♠❡r ✭✶✾✾✁✮✝ ❋♦r ❤✐❣❤✲ ❛♥❞ ♠✐❞❞❧❡✲☛☞ P✌❡ ✭☛✝☞✝❃ ✍✮✱ t❤❡

t♦t❛❧ ❍❡✴❍ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ❝❛♥ ❜❡ ♦❜t❛✐♥❡❞ ❜② s✐♠♣❧② t❛❦✐♥❣ t❤❡ s✉♠ ♦❢ s✐♥❣❧②

❛♥❞ ❞♦✉❜❧② ✐♦♥✐③❡❞ ❤❡❧✐✉♠ ❛❜✉♥❞❛♥❝❡s✱ ❛♥❞ ✇✐t❤ ❛♥ ✎✏ ✑ ✭❍❡✮ ❡q✉❛❧ ♦r ❧❡ss t❤❛♥

✶✝✵✝ ❋♦r P✌❡ ✇✐t❤ ❧♦✇ ❧❡✈❡❧s ♦❢ ✐♦♥✐③❛t✐♦♥ ✐t ✐s ♠♦r❡ t❤❛♥ ✶✝✵✝ ✠✉❲t ✒ ✐s ❛♥

✐♥t❡r♠❡❞✐❛t❡✲☛☞ P✌ ✭✓✔ ❂ ✕✖✕❀ ✗♦♣✐t❛ ✫ ▼❡❛t❤❡r✐♥❣❤❛♠ ✶✾✾✵✮✱ s♦ ✇❡ ❝❛♥ ✉s❡

❛♥ ✎✏ ✑ ✭❍❡✮ ♦❢ ✶✝✵✝ ❲❡ ❞❡t❡r♠✐♥❡❞ t❤❡ ☎✰✴❍✰ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ❢r♦♠ t❤❡ ❬☎ ✄✄❪

�✸✂✒✂ ❞♦✉❜❧❡t✱ ❛♥❞ t❤❡ ☎✷✰✴❍✰ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ❢r♦♠ t❤❡ ❬☎ ✄✄✄❪ �✹✾✁✾ ❛♥❞

�✁✵✵✂ ❧✐♥❡s✝ ✘♥ ♦♣t✐❝❛❧ s♣❡❝tr❛✱ ♦♥❧② ☎✰ ❛♥❞ ☎✷✰ ☞☛✆s ❛r❡ s❡❡♥✱ s♦ t❤❡ s✐♥❣❧②

❛♥❞ ❞♦✉❜❧② ✐♦♥✐③❡❞ ❤❡❧✐✉♠ ❛❜✉♥❞❛♥❝❡s ❞❡❞✉❝❡❞ ❢r♦♠ ☎❘✆s ❛r❡ ✉s❡❞ t♦ ✐♥❝❧✉❞❡

t❤❡ ❤✐❣❤❡r ✐♦♥✐③❛t✐♦♥ st❛❣❡s ♦❢ ♦①②❣❡♥ ❛❜✉♥❞❛♥❝❡✝

❲❡ ❞❡r✐✈❡❞ t❤❡ ✐♦♥✐❝ ❛♥❞ t♦t❛❧ ♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡s ❢r♦♠ ❬✌ ✄✄❪ �✻✁✹✽ ❛♥❞

�✻✁✽✹ ☞☛✆s✝ ❋♦r ♦♣t✐❝❛❧ s♣❡❝tr❛✱ ✐t ✐s ♣♦ss✐❜❧❡ t♦ ❞❡r✐✈❡ ♦♥❧② ✌✰✱ ✇❤✐❝❤ ♠♦st❧②

❝♦♠♣r✐s❡s ♦♥❧② ❛ s♠❛❧❧ ❢r❛❝t✐♦♥ ✭✙ ✚✛✲✸✵✪✮ ♦❢ t❤❡ t♦t❛❧ ♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡✝

✡❤❡r❡❢♦r❡✱ t❤❡ ♦①②❣❡♥ ❛❜✉♥❞❛♥❝❡s ✇❡r❡ ✉s❡❞ t♦ ❝♦rr❡❝t t❤❡ ♥✐tr♦❣❡♥ ❛❜✉♥✲

❞❛♥❝❡s ❢♦r ✉♥s❡❡♥ ✐♦♥✐③❛t✐♦♥ st❛❣❡s ♦❢ ✌✷✰ ❛♥❞ ✌✜✰✝ ✠✐♠✐❧❛r❧②✱ t❤❡ t♦t❛❧ ✌❡✴❍

❛❜✉♥❞❛♥❝❡ ✇❛s ❝♦rr❡❝t❡❞ ❢♦r ✉♥❞❡t❡r♠✐♥❡❞ ✌❡✜✰ ❜② ✉s✐♥❣ t❤❡ ♦①②❣❡♥ ❛❜✉♥✲

❞❛♥❝❡s✝ ✡❤❡ ��✻✂✶✻✱✻✂✸✶ ❧✐♥❡s ✉s✉❛❧❧② ❞❡t❡❝t❛❜❧❡ ✐♥ P✌ ❛r❡ ♣r❡❢❡rr❡❞ t♦

❜❡ ✉s❡❞ ❢♦r t❤❡ ❞❡t❡r♠✐♥❛t✐♦♥ ♦❢ ✠✰✴❍✰✱ s✐♥❝❡ t❤❡ ��✹✵✻✾✱✹✵✂✻ ❧✐♥❡s ❛r❡

✉s✉❛❧❧② ❡♥❤❛♥❝❡❞ ❜② r❡❝♦♠❜✐♥❛t✐♦♥ ❝♦♥tr✐❜✉t✐♦♥✱ ❛♥❞ ❛❧s♦ ❜❧❡♥❞❡❞ ✇✐t❤ ☎ ✄✄

❧✐♥❡s✝ ❲❡ ♥♦t✐❝❡ t❤❛t t❤❡ ��✻✂✶✻✱✻✂✸✶ ❞♦✉❜❧❡t ✐s ❛❢❢❡❝t❡❞ ❜② s❤♦❝❦ ❡①❝✐t❛✲

t✐♦♥ ♦❢ t❤❡ ✘✠▼ ✐♥t❡r❛❝t✐♦♥✱ s♦ t❤❡ ✠✰✴❍✰ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡ ♠✉st ❜❡ ❧♦✇❡r✝

❲❤❡♥ t❤❡ ♦❜s❡r✈❡❞ ✠✰ ✐s ♥♦t ❛♣♣r♦♣r✐❛t❡❧② ❞❡t❡r♠✐♥❡❞✱ ✐t ✐s ♣♦ss✐❜❧❡ t♦ ✉s❡

❆✢✣✤✥✦✧ ❉★✩✬✣✤★✯ ✸✁✶



✼✳ ❙❯❲❚ ✷ ❲■❚❍ ❆ P●✶✶✺✾✲❚❨P❊ ❙❚❆❘

t❤❡ ❡①♣r❡ss✐♦♥ ❣✐✈❡♥ ❜② ❑✐♥❣s❜✉r❣❤ ✫ ❇❛r❧♦✇ ✭�✁✁✹✮ ✐♥ t❤❡ ❝❛❧❝✉❧❛t✐♦♥✱ ✐✂❡✂

✄☎✆✰❂☎✰✝ ✞ ✟✿✻✠✠✡✄❖✆✰❂❖✰✝✵☛☞✸✸✂

✌❤❡ t♦t❛❧ ❛❜✉♥❞❛♥❝❡s ♦❢ ✍❡✱ ◆✱ ✎✱ ◆❡✱ ✏✱ ❛♥❞ ✑r ❞❡r✐✈❡❞ ❢r♦♠ ♦✉r ❡♠♣✐r✐❝❛❧

❛♥❛❧②s✐s ❢♦r s❡❧❡❝t❡❞ r❡❣✐♦♥s ♦❢ t❤❡ ♥❡❜✉❧❛ ❛r❡ ❣✐✈❡♥ ✐♥ ✌❛❜❧❡ ✒✂✓✂ ❋r♦♠ ✌❛❜❧❡ ✒✂✓

✇❡ s❡❡ t❤❛t ✏✉✔t ✕ ✐s ❛ ♥✐tr♦❣❡♥✖r✐❝❤ ✗◆✱ ✇❤✐❝❤ ♠❛② ❜❡ ❡✈♦❧✈❡❞ ❢r♦♠ ❛ ♠❛ss✐✈❡

♣r♦❣❡♥✐t♦r ✭▼ ✘ ✙✮✂ ✍♦✇❡✈❡r✱ t❤❡ ♥❡❜✉❧❛✬s ❛❣❡ ✭✕✚ ✹✛✛➊✕✜ ✚✛✛ ②r✮ ❝❛♥♥♦t ❜❡

❛ss♦❝✐❛t❡❞ ✇✐t❤ ❢❛st❡r ❡✈♦❧✉t✐♦♥❛r② t✐♠❡✖s❝❛❧❡ ♦❢ ❛ ♠❛ss✐✈❡ ♣r♦❣❡♥✐t♦r✱ s✐♥❝❡

t❤❡ ❡✈♦❧✉t✐♦♥❛r② t✐♠❡✖s❝❛❧❡ ♦❢ ✠✢❏ ❝❛❧❝✉❧❛t❡❞ ❜② ❇❧➝♦❝❦❡r ✭�✁✁✓❛✮ ✐♠♣❧✐❡s ❛

s❤♦rt t✐♠❡✖s❝❛❧❡ ✭❧❡ss t❤❛♥ ✽✛✛✛ ②r✮ ❢♦r t❤❡ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡s ❛♥❞ t❤❡ st❡❧❧❛r

❧✉♠✐♥♦s✐t② ✭s❡❡ ✌❛❜❧❡ ✒✂✕✮ t❤❛t ❛r❡ r❡q✉✐r❡❞ t♦ ✐♦♥✐③❡ t❤❡ s✉rr♦✉♥❞✐♥❣ ♥❡❜✉❧❛✂

✏♦✱ ❛♥♦t❤❡r ♠✐①✐♥❣ ♠❡❝❤❛♥✐s♠ ♦❝❝✉rr❡❞ ❞✉r✐♥❣ ✑✣❇ ♥✉❝❧❡♦s②♥t❤❡s✐s✱ ✇❤✐❝❤

❢✉rt❤❡r ✐♥❝r❡❛s❡❞ t❤❡ ♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡s ✐♥ ✏✉✔t ✕✂ ✤❛ss tr❛♥s❢❡r t♦ t❤❡ t✇♦

✑✖t②♣❡ ❝♦♠♣❛♥✐♦♥s ♠❛② ❡①♣❧❛✐♥ t❤✐s t②♣✐❝❛❧ ❛❜✉♥❞❛♥❝❡ ♣❛tt❡r♥✂

❋✐❣✂ ✒✂✒ s❤♦✇s t❤❡ s♣❛t✐❛❧ ❞✐str✐❜✉t✐♦♥ ♦❢ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ◆✰✴✍✰✱ ✎✰✰✴✍✰

❛♥❞ ✏✰✴✍✰ ❞❡r✐✈❡❞ ❢♦r ❣✐✈❡♥ ✥✦ ✞ ✧★★★★❑ ❛♥❞ ✩✦ ✞ ✧★★ ❝♠✪✸✂ ✔❡ ♥♦t✐❝❡ t❤❛t

✎✰✰✴✍✰ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡ ✐s ✈❡r② ❤✐❣❤ ✐♥ t❤❡ ✐♥s✐❞❡ s❤❡❧❧❀ t❤r♦✉❣❤ t❤❡ ❛ss✉♠♣✖

t✐♦♥ ♦❢ ❤♦♠♦❣❡♥❡♦✉s ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❛♥❞ ❞❡♥s✐t② ✐s ♥♦t ❝♦rr❡❝t✂ ✌❤❡ ✈❛❧✖

✉❡s ✐♥ ✌❛❜❧❡ ✒✂✓ ❛r❡ ♦❜t❛✐♥❡❞ ✉s✐♥❣ t❤❡ ♠❡❛♥ ✥✦✭❬✎ ✯✯✯❪✮ ❛♥❞ ✩✦✭❬✏ ✯✯❪✮ ❧✐st❡❞ ✐♥

✌❛❜❧❡ ✒✂✹✂ ✔❡ ♥♦t✐❝❡ t❤❛t ✎✆✰✴✎✰ ✞ ✙✿❁ ❢♦r t❤❡ ✐♥t❡r✐♦r ❛♥❞ ✎✆✰✴✎✰ ✞ ★✿✻ ❢♦r

t❤❡ r✐♥❣✂ ✏✐♠✐❧❛r❧②✱ ✍❡✆✰✴✍❡✰ ✞ ❃✿✻ ❢♦r t❤❡ ✐♥t❡r✐♦r ❛♥❞ ✍❡✆✰✴✍❡✰ ✞ ★✿✟ ❢♦r t❤❡

r✐♥❣✂ ✌❤✐s ♠❡❛♥s t❤❛t t❤❡r❡ ❛r❡ ♠❛♥② ♠♦r❡ ✐♦♥✐③✐♥❣ ♣❤♦t♦♥s ✐♥ t❤❡ ✐♥♥❡r r❡❣✐♦♥

t❤❛♥ ✐♥ t❤❡ ♦✉t❡r r❡❣✐♦♥✱ ✇❤✐❝❤ ❤✐♥ts ❛t t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❛ ❤♦t ✐♦♥✐③✐♥❣ s♦✉r❝❡ ✐♥

t❤❡ ❝❡♥tr❡ ♦❢ t❤❡ ♥❡❜✉❧❛✂

❄❅❈ ❉▲◗❱◗❳◗❩❳❭❫❱❳◗❩ ❴◗❵❥④

✔❡ ✉s❡❞ t❤❡ ✚ ⑤ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ❝♦❞❡ ⑥⑦⑧⑨⑩⑩✯❶ ✭✈❡rs✐♦♥ ✕✂✛✕✂✜✒✮ t♦ st✉❞②

t❤❡ r✐♥❣ ♦❢ t❤❡ ✗◆ ✏✉✔t ✕✂ ✌❤❡ ❝♦❞❡✱ ❞❡s❝r✐❜❡❞ ✐♥ ❞❡t❛✐❧ ❜② ❷r❝♦❧❛♥♦ ❡t ❛❧✂
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✹✾✘✾ ✬✢✰✴❍✰ ✚✛✣✵✶✭★✫✮ ✽✛✽✽✶✭★✫✮ ✶✛✚✶✘✭★✪✮
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❞✉st② ♥❡❜✉❧❛ ❤❛✈✐♥✬ ❛s②♠♠❡t✩✐❝✯s②♠♠❡t✩✐❝ ❞❡♥s✐t② ❞✐st✩✐❜✉t✐♦♥ ❛♥❞ ✐♥❤♦♠♦✲

✬❡♥❡♦✉s✯❤♦♠♦✬❡♥❡♦✉s ❝❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s✱ s♦ ✐t ❝❛♥ ❞❡❛❧ ✇✐t❤ ❛♥② st✩✉❝✲

t✉✩❡ ❛♥❞ ♠♦✩♣❤♦❧♦✬②✄ ❀t ❛❧s♦ ❛❧❧♦✇s ✉s t♦ ✐♥❝❧✉❞❡ ♠✉❧t✐♣❧❡ ✐♦♥✐③✐♥✬ s♦✉✩❝❡s

❧♦❝❛t❡❞ ✐♥ ❛♥② ❛✩❜✐t✩❛✩② ♣♦s✐t✐♦♥ ✐♥ t❤❡ ♥❡❜✉❧❛✄ ❀t ♣✩♦❞✉❝❡s s❡✈❡✩❛❧ ♦✉t♣✉ts t❤❛t

❝❛♥ ❜❡ ❝♦♠♣❛✩❡❞ ✇✐t❤ ♦❜s❡✩✈❛t✐♦♥s✱ ♥❛♠❡❧② ❛ ♥❡❜✉❧❛✩ ❡♠✐ss✐♦♥✲❧✐♥❡ s♣❡❝t✩✉♠✱

♣✩♦❥❡❝t❡❞ ❡♠✐ss✐♦♥✲❧✐♥❡ ♠❛♣s✱ t❡♠♣❡✩❛t✉✩❡ st✩✉❝t✉✩❡ ❛♥❞ ✪✩❛❝t✐♦♥❛❧ ✐♦♥✐❝ ❛❜✉♥✲

❞❛♥❝❡s✄ ✁❤✐s ❝♦❞❡ ❤❛s ❛❧✩❡❛❞② ❜❡❡♥ ✉s❡❞ ✪♦✩ ❛ ♥✉♠❜❡✩ ♦✪ ❛①✐s②♠♠❡t✩✐❝ ❁❂❡✱

s✉❝❤ ❛s ❂●❈ ✧❃❄❅ ✭❇✩❝♦❧❛♥♦ ❡t ❛❧✄ ❋❏❏✧❜✮✱ ❂●❈ ✂❏❏❃ ✭●♦♥❝➳❛❧✈❡s ❡t ❛❧✄ ❋❏❏❑✮✱

❂●❈ ❑✂❅❄ ✭❙❝❤✇❛✩③ ◗ ❯♦♥t❡✐✩♦ ❋❏❏❑✮✱ ❂●❈ ❑✧❏❋ ✭❲✩✐✬❤t ❡t ❛❧✄ ❋❏❄❄✮ ❛♥❞

❂●❈ ❱❏ ✭❯♦♥t❡✐✩♦ ◗ ❳❛❧❝❡t❛✲●♦♥❝➳❛❧✈❡s ❋❏❄❄✮✄ ✁♦ s❛✈❡ ❝♦♠♣✉t❛t✐♦♥❛❧ t✐♠❡✱ ✇❡

❜❡✬❛♥ ✇✐t❤ t❤❡ ✬❛s❡♦✉s ♠♦❞❡❧ ♦✪ ❛ ❨❨❬❨❨❬❭ ❈❛✩t❡s✐❛♥ ✬✩✐❞✱ ✇✐t❤ t❤❡ ✐♦♥✐③✐♥✬

s♦✉✩❝❡ ❜❡✐♥✬ ♣❧❛❝❡❞ ✐♥ ❛ ❝♦✩♥❡✩ ✐♥ ♦✩❞❡✩ t♦ t❛❦❡ ❛❞✈❛♥t❛✬❡ ♦✪ t❤❡ ❛①✐s②♠♠❡t✩✐❝
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✩❛♠❡t❡✩ s♣❛❝❡ ♦✪ t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s✱ ♥❛♠❡❧② ✐♦♥✐③✐♥✬ s♦✉✩❝❡✱ ♥❡❜✉❧❛

❛❜✉♥❞❛♥❝❡s ❛♥❞ ❞✐st❛♥❝❡✄ ❪♥❝❡ ✇❡ ✪♦✉♥❞ t❤❡ ❜❡st ✫tt✐♥✬ ♠♦❞❡❧✱ t❤❡ ✫♥❛❧ s✐♠✲

✉❧❛t✐♦♥ ✇❛s ❞♦♥❡ ✉s✐♥✬ ❛ ❞❡♥s✐t② ❞✐st✩✐❜✉t✐♦♥ ♠♦❞❡❧ ❝♦♥st✩✉❝t❡❞ ✐♥ ❫❴❬❫❴❬❵

❝✉❜✐❝ ✬✩✐❞s ✇✐t❤ t❤❡ s❛♠❡ s✐③❡✱ ❝♦✩✩❡s♣♦♥❞✐♥✬ t♦ ❄❱ ❄✂✺ ❝✉❜✐❝ ❝❡❧❧s ♦✪ ❧❡♥✬t❤

❄ ❛✩❝s❡❝ ❡❛❝❤✄ ★✉❡ t♦ ❝♦♠♣✉t❛t✐♦♥❛❧ ✩❡st✩✐❝t✐♦♥s ♦♥ t✐♠❡✱ ✇❡ ❞✐❞ ♥♦t ✩✉♥ ❛♥②

♠♦❞❡❧ ✇✐t❤ ❤✐✬❤❡✩ ♥✉♠❜❡✩ ♦✪ ❝✉❜✐❝ ❝❡❧❧s✄ ✁❤❡ ❛t♦♠✐❝ ❞❛t❛ s❡t ✉s❡❞ ✪♦✩ t❤❡

♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧❧✐♥✬✱ ✐♥❝❧✉❞❡s t❤❡ ❈q❀④❂✁❀ ❞❛t❛❜❛s❡ ✭✈❡✩s✐♦♥ ✺✄❋⑤ ⑥❛♥❞✐

❆⑦⑧⑨⑩❶❷ ❉❸❹❺⑧⑨❸❻ ✧✺✺
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❡t ❛❧� ✁✵✵✻✮✱ t❤❡ ✐♠♣r♦✈❡❞ ❝♦❡❢✂❝✐❡♥ts ♦❢ t❤❡ ✄ ☎✱ ✄❡ ☎ ❛♥❞ ✄❡ ☎☎ ❢r❡❡➊❜♦✉♥❞

❝♦♥t✐♥✉♦✉s ❡♠✐ss✐♦♥ ✭✆r❝♦❧❛♥♦ ✫ ✝t♦r❡② ✁✵✵✻✮ ❛♥❞ t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ❝r♦ss✞

s❡❝t✐♦♥s ❛♥❞ ✐♦♥✐❝ ✐♦♥✐③❛t✐♦♥ ❡♥❡r❣✐❡s ✭❱❡r♥❡r ❡t ❛❧� ✟✠✠✸❀ ❱❡r♥❡r ✫ ✡❛❦♦✈❧❡✈

✟✠✠☛✮�

☞❤❡ ♠♦❞❡❧❧✐♥❣ ♣r♦❝❡❞✉r❡ ❝♦♥s✐sts ♦❢ ❛♥ ✐t❡r❛t✐✈❡ ♣r♦❝❡ss ❞✉r✐♥❣ ✇❤✐❝❤ t❤❡

❝❛❧❝✉❧❛t❡❞ ✄✌ ❧✉♠✐♥♦s✐t② ▲✍✎ ✭❡r❣ s
✏✑✮✱ t❤❡ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡ r❛t✐♦s ✭✐�❡� ✄❡✒✰✴✄❡✰✱

◆✰✴✄✰✱ ❖✒✰✴✄✰✮ ❛♥❞ t❤❡ ✓✉① ✐♥t❡♥s✐t✐❡s ♦❢ s♦♠❡ ✐♠♣♦rt❛♥t ❧✐♥❡s✱ r❡❧❛t✐✈❡ t♦

✄✌ ✭s✉❝❤ ❛s ✄❡ ☎☎ ✔✹✻✽✻✱ ❬◆ ☎☎❪ ✔✻☛✽✹ ❛♥❞ ❬❖ ☎☎☎❪ ✔☛✵✵✕✮ ❛r❡ ❝♦♠♣❛r❡❞ ✇✐t❤ t❤❡

♦❜s❡r✈❛t✐♦♥s� ✖❡ ♣❡r❢♦r♠❡❞ ❛ ♠❛①✐♠✉♠ ♦❢ ✁✵ ✐t❡r❛t✐♦♥s ♣❡r s✐♠✉❧❛t✐♦♥ ❛♥❞ t❤❡

♠✐♥✐♠✉♠ ❝♦♥✈❡r❣❡♥❝❡ ❧❡✈❡❧ ❛❝❤✐❡✈❡❞ ✇❛s ✠☛✪� ☞❤❡ ❢r❡❡ ♣❛r❛♠❡t❡rs ✐♥❝❧✉❞❡❞

❞✐st❛♥❝❡ ❛♥❞ st❡❧❧❛r ❝❤❛r❛❝t❡r✐st✐❝s✱ s✉❝❤ ❛s ❧✉♠✐♥♦s✐t② ❛♥❞ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛✞

t✉r❡� ✗❧t❤♦✉❣❤ ✇❡ ❛❞♦♣t❡❞ t❤❡ ❞❡♥s✐t② ❛♥❞ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ✐♥ ✝❡❝t✐♦♥s ✕�✹

❛♥❞ ✕�☛✱ ✇❡ ❣r❛❞✉❛❧❧② s❝❛❧❡❞ ✉♣✴❞♦✇♥ t❤❡ ❛❜✉♥❞❛♥❝❡s ✐♥ ☞❛❜❧❡ ✕�☛ ✉♥t✐❧ t❤❡

♦❜s❡r✈❡❞ ❡♠✐ss✐♦♥✞❧✐♥❡ ✓✉①❡s ✇❡r❡ r❡♣r♦❞✉❝❡❞ ❜② t❤❡ ♠♦❞❡❧� ❉✉❡ t♦ t❤❡ ❧❛❝❦

♦❢ ✐♥❢r❛r❡❞ ❞❛t❛ ✇❡ ❞✐❞ ♥♦t ♠♦❞❡❧ t❤❡ ❞✉st ❝♦♠♣♦♥❡♥t ♦❢ t❤✐s ♦❜❥❡❝t� ✖❡ ♥♦t✐❝❡

❤♦✇❡✈❡r s♦♠❡ ✈❛r✐❛t✐♦♥s ❛♠♦♥❣ t❤❡ ✈❛❧✉❡s ♦❢ ✘✙✚✌✛ ❜❡t✇❡❡♥ t❤❡ r✐♥❣ ❛♥❞ t❤❡

✐♥♥❡r r❡❣✐♦♥ ✐♥ ☞❛❜❧❡ ✕�✁� ✜t ♠❡❛♥s t❤❛t ❛❧❧ ♦❢ t❤❡ ♦❜s❡r✈❡❞ r❡❞❞❡♥✐♥❣ ♠❛② ♥♦t

❜❡ ❞✉❡ t♦ t❤❡ ✜✝▼� ✖❡ ❞✐❞ ♥♦t ✐♥❝❧✉❞❡ t❤❡ ♦✉t❡r ❜✐♣♦❧❛r ❧♦❜❡s ✐♥ ♦✉r ♠♦❞❡❧✱

s✐♥❝❡ t❤❡ ❣❡♦♠❡tr✐❝❛❧ ❞✐❧✉t✐♦♥ r❡❞✉❝❡s r❛❞✐❛t✐♦♥ ❜❡②♦♥❞ t❤❡ r✐♥❣� ☞❤❡ ❢❛✐♥t

❜✐♣♦❧❛r ❧♦❜❡s ♣r♦❥❡❝t❡❞ ♦♥ t❤❡ s❦② ❛r❡ ❢❛r ❢r♦♠ t❤❡ ✢❱ r❛❞✐❛t✐♦♥ ✂❡❧❞✱ ❛♥❞ ❛r❡

❞♦♠✐♥❛t❡❞ ❜② t❤❡ ♣❤♦t♦❞✐ss♦❝✐❛t✐♦♥ r❡❣✐♦♥ ✭✣❉✤✮� ☞❤❡r❡ ✐s ❛ tr❛♥s✐t✐♦♥ r❡❣✐♦♥

❜❡t✇❡❡♥ t❤❡ ♣❤♦t♦✐♦♥✐③❡❞ r❡❣✐♦♥ ❛♥❞ ✣❉✤� ✝✐♥❝❡ ✥✦❈✧★★☎✩ ❝❛♥♥♦t ❝✉rr❡♥t❧②

tr❡❛t ❛ ✣❉✤ ❢✉❧❧②✱ ✇❡ ❛r❡ ✉♥❛❜❧❡ t♦ ♠♦❞❡❧ t❤❡ r❡❣✐♦♥ ❜❡②♦♥❞ t❤❡ ✐♦♥✐③❛t✐♦♥

❢r♦♥t✱ ✐�❡� t❤❡ r✐♥❣� ☞❤✐s ❧♦✇✞❞❡♥s✐t② ✣◆ ✐s ❡①tr❡♠❡❧② ❢❛✐♥t✱ ❛♥❞ ♥♦t ❤✐❣❤❧② ♦♣✞

t✐❝❛❧❧② t❤✐❝❦ ✭✐�❡� s♦♠❡ ✢❱ r❛❞✐❛t✐♦♥s ❡s❝❛♣❡ ❢r♦♠ t❤❡ r✐♥❣✮✱ s♦ ✐t ✐s ❞✐❢✂❝✉❧t t♦

❡st✐♠❛t❡ ❛ st❡❧❧❛r ❧✉♠✐♥♦s✐t② ❢r♦♠ t❤❡ t♦t❛❧ ♥❡❜✉❧❛ ✄✌ ✐♥tr✐♥s✐❝ ❧✐♥❡ ✓✉①� ☞❤❡

❜❡st✞✂tt✐♥❣ ♠♦❞❡❧ ❞❡♣❡♥❞s ✉♣♦♥ t❤❡ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ✭✬✯✿✿✮ ❛♥❞ t❤❡ st❡❧❧❛r

❧✉♠✐♥♦s✐t② ✭▲❄✮✱ t❤♦✉❣❤ ❜♦t❤ ❛r❡ r❡❧❛t❡❞ t♦ t❤❡ ❡✈♦❧✉t✐♦♥❛r② st❛❣❡ ♦❢ t❤❡ ❝❡♥tr❛❧

st❛r� ☞❤❡r❡❢♦r❡✱ ✐t ✐s ♥❡❝❡ss❛r② t♦ r❡str✐❝t ♦✉r st❡❧❧❛r ♣❛r❛♠❡t❡rs t♦ t❤❡ ❡✈♦❧✉✞

✸☛✻ ❁❂❃❅❇❋❏❃❑ ❃◗ ❳❅❩❑❭❋❩❫❴ ❑❭❵❇❅❩❭ q❏❋④ ⑤⑥⑦❋❴❳❭ ⑧❭❑❋❫❩❅ ⑨❋❩❫⑨
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t✐♦♥❛r② tr❛❝❦s ♦❢ t❤❡ ♣♦st✲✁●❇ st❡❧❧❛r ♠♦❞❡❧s✱ ❡✂❣✂✱ ❵❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡✬✱ ❵✈❡r②

❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡✬ ✭❱✄☎✆✮✱ ♦r ❵❛s②♠♣t♦t✐❝ ❣✐❛♥t ❜r❛♥❝❤ ✝♥❛❧ t❤❡r♠❛❧ ♣✉❧s❡✬ ✭s❡❡

❡✂❣✂ ✞❜❡♥ ✫ ❘❡♥③✐♥✐ ✶✾✽✸❀ ❙❝❤➝♦♥❜❡r♥❡r ✶✾✽✸❀ ❱❛ss✐❧✐❛❞✐s ✫ ❲♦♦❞ ✶✾✾✹❀ ❇❧➝♦❝❦❡r

✶✾✾✺❛❀ ❍❡r✇✐❣ ✷✵✵✶❀ ✟✐❧❧❡r ❇❡rt♦❧❛♠✐ ❡t ❛❧✂ ✷✵✵✠✮✂ ☎♦ ❝♦♥str❛✐♥ ✡☛☞☞ ❛♥❞ ✌❄✱

✇❡ ❡♠♣❧♦②❡❞ ❛ s❡t ♦❢ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ❢♦r ✐♥✐t✐❛❧ ♠❛ss❡s ❜❡t✇❡❡♥ ✍ ❛♥❞ ✎✏❏

❝❛❧❝✉❧❛t❡❞ ❜② ❇❧➝♦❝❦❡r ✭✶✾✾✺❛✱ ☎❛❜❧❡s ✸✲✺✮✂ ✁ss✉♠✐♥❣ ❛ ❞❡♥s✐t② ♠♦❞❡❧ s❤♦✇♥

✐♥ ❋✐❣✂ ✑✂✽✱ ✇❡ ✝rst ❡st✐♠❛t❡❞ t❤❡ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ❛♥❞ ❧✉♠✐♥♦s✐t② ♦❢ t❤❡

❝❡♥tr❛❧ st❛r ❜② ♠❛t❝❤✐♥❣ t❤❡ ❍✒ ❧✉♠✐♥♦s✐t② ✌✓✔✒✕ ❛♥❞ t❤❡ ✐♦♥✐❝ ❤❡❧✐✉♠ ❛❜✉♥✲

❞❛♥❝❡ r❛t✐♦ ❍❡✖✰✴❍❡✰ ✇✐t❤ t❤❡ ✈❛❧✉❡s ❞❡r✐✈❡❞ ❢r♦♠ ♦❜s❡r✈❛t✐♦♥ ❛♥❞ ❡♠♣✐r✐❝❛❧

❛♥❛❧②s✐s✂ ☎❤❡♥✱ ✇❡ s❝❛❧❡❞ ✉♣✴❞♦✇♥ ❛❜✉♥❞❛♥❝❡s t♦ ❣❡t t❤❡ ❜❡st ✈❛❧✉❡s ❢♦r ✐♦♥✐❝

❛❜✉♥❞❛♥❝❡ r❛t✐♦s ❛♥❞ t❤❡ ✗✉① ✐♥t❡♥s✐t✐❡s✂

✘✙✚✙✛ ✜✢✣✤✥ ✦✧★✩✪ ★✯✿✯❁✤✪✤✿❂

❃❅❈❑◗❯❳ ❨◗❑❯❬◗❭❪❯◗❫❈

☎❤❡ ❞❡♥s❡ t♦r✉s ✉s❡❞ ❢♦r t❤❡ r✐♥❣ ✇❛s ❞❡✈❡❧♦♣❡❞ ❢r♦♠ t❤❡ ❤✐❣❤❡r s♣❡❝tr❛❧ r❡s✲

♦❧✉t✐♦♥ ❦✐♥❡♠❛t✐❝ ♠♦❞❡❧ ♦❢ ❴♦♥❡s ❡t ❛❧✂ ✭✷✵✶✵❛✮ ❛♥❞ ♦✉r ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s

✭❙❡❝t✐♦♥ ✑✂✹✮✂ ✁❧t❤♦✉❣❤ t❤❡ ❞❡♥s✐t② ❝❛♥♥♦t ❜❡ ♠♦r❡ t❤❛♥ t❤❡ ❧♦✇✲❞❡♥s✐t② ❧✐♠✐t

♦❢ ❥☛ q ✍④④ ❝♠⑤⑥ ❞✉❡ t♦ t❤❡ ⑦❙ ⑧⑧⑨ ⑩⑩✠✑✶✠✴✠✑✸✶ ❧✐♥❡ r❛t✐♦ ♦❢ ❶ ✍❷❸④✱ ✐t ✇❛s

s❧✐❣❤t❧② ❛❞❹✉st❡❞ t♦ ♣r♦❞✉❝❡ t❤❡ t♦t❛❧ ❍✒ ❇❛❧♠❡r ✐♥tr✐♥s✐❝ ❧✐♥❡ ✗✉① ❺✓✔✒✕ ❞❡r✐✈❡❞

❢♦r t❤❡ r✐♥❣ ❛♥❞ ✐♥t❡r✐♦r str✉❝t✉r❡ ♦r t❤❡ ❍✒ ❧✉♠✐♥♦s✐t② ✌✓✔✒✕ ❻ ❸❼❽✖ ❺✓✔✒✕ ❛t

t❤❡ s♣❡❝✐✝❡❞ ❞✐st❛♥❝❡ ❽✂ ☎❤❡ t❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ✉s❡❞ ❢♦r

t❤❡ t♦r✉s ❛♥❞ ✐♥t❡r✐♦r str✉❝t✉r❡ ✐s s❤♦✇♥ ✐♥ ❋✐❣✂ ✑✂✽✂ ☎❤❡ ❝❡♥tr❛❧ st❛r ✐s ❧♦❝❛t❡❞

✐♥ t❤❡ ❝❡♥tr❡ ♦❢ t❤❡ t♦r✉s✂ ☎❤❡ t♦r✉s ❤❛s ❛ r❛❞✐✉s ♦❢ ❾❿❷✍ ❛r❝s❡❝ ❢r♦♠ ✐ts ❝❡♥tr❡

t♦ t❤❡ ❝❡♥tr❡ ♦❢ t❤❡ t✉❜❡ ✭✶ ❛r❝s❡❝ ✐s ❡➀✉❛❧ t♦ ✍❷✍➁➂✍④⑤✖ ♣❝ ❜❛s❡❞ ♦♥ t❤❡ ❜❡st✲

✝tt✐♥❣ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s✮✂ ☎❤❡ r❛❞✐✉s ♦❢ t❤❡ t✉❜❡ ♦❢ t❤❡ r✐♥❣ ✐s ➃❷➄ ❛r❝s❡❝✂

☎❤❡ ❤②❞r♦❣❡♥ ♥✉♠❜❡r ❞❡♥s✐t② ♦❢ t❤❡ t♦r✉s ✐s t❛❦❡♥ t♦ ❜❡ ❤♦♠♦❣❡♥❡♦✉s ❛♥❞

❡➀✉❛❧ t♦ ❥➅ ❻ ✍④④ ❝♠⑤⑥✂ ❙♠✐t❤ ❡t ❛❧✂ ✭✷✵✵✑✮ st✉❞✐❡❞ s✐♠✐❧❛r ♦❜❹❡❝ts✱ ✐♥❝❧✉❞✐♥❣

❙✉❲t ✷✱ ❛♥❞ ❢♦✉♥❞ t❤❛t t❤❡ r✐♥❣ ✐ts❡❧❢ ❝❛♥ ❜❡ ❛ s✇❡♣t✲✉♣ t❤✐♥ ❞✐s❝✱ ❛♥❞ t❤❡

❆➆➇➈➉➊➋ ❉➌➍➎➇➈➌➏ ✸✺✑
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✐♥t❡r✐♦r ♦❢ t❤❡ r✐♥❣ ✐s ✂❧❧❡❞ ✇✐t❤ ❛ ✉♥✐❢♦r♠ ❡q✉❛t♦r✐❛❧ ❞✐s❝� ✁❤❡r❡❢♦r❡✱ ✐♥s✐❞❡

t❤❡ r✐♥❣✱ t❤❡r❡ ✐s ❛ ❧❡ss ❞❡♥s❡ ♦❜❧❛t❡ s♣❤❡r♦✐❞ ✇✐t❤ ❛ ❤♦♠♦❣❡♥❡♦✉s ❞❡♥s✐t② ♦❢

✄✵ ❝♠☎✸✱ ❛ s❡♠✐♠❛❥♦r ❛①✐s ♦❢ ✆✝✿✞ ❛r❝s❡❝ ❛♥❞ ❛ s❡♠✐♠✐♥♦r ❛①✐s ♦❢ ✻✿✟ ❛r❝s❡❝� ✁❤❡

✠ ♥✉♠❜❡r ❞❡♥s✐t② ♦❢ t❤❡ ♦❜❧❛t❡ s♣❤❡r♦✐❞ ✐s ❝❤♦s❡♥ t♦ ♠❛t❝❤ t❤❡ t♦t❛❧ ▲✭✡☛✮ ❛♥❞

❜❡ ❛ r❡❛s♦♥❛❜❧❡ ✂t ❢♦r ✠☞✰✴✠✰ ❝♦♠♣❛r❡❞ t♦ t❤❡ ❡♠♣✐r✐❝❛❧ r❡s✉❧ts� ✁❤❡ ❞✐♠❡♥✌

s✐♦♥s ♦❢ t❤❡ ♠♦❞❡❧ ✇❡r❡ ❡st✐♠❛t❡❞ ❢r♦♠ t❤❡ ❦✐♥❡♠❛t✐❝ ♠♦❞❡❧ ♦❢ ❏♦♥❡s ❡t ❛❧�

✍✎✵✏✵❛✑ ✇✐t❤ ❛♥ ❛❞♦♣t❡❞ ✐♥❝❧✐♥❛t✐♦♥ ♦❢ ✒✽✓� ✁❤❡ ❞✐st❛♥❝❡ ✇❛s ❡st✐♠❛t❡❞ ♦✈❡r

❛ r❛♥❣❡ ✎�✏➊✎�✔ ❦♣❝✱ ✇❤✐❝❤ ❝♦rr❡s♣♦♥❞s t♦ ❛ r❡❧✐❛❜❧❡ r❛♥❣❡ ❜❛s❡❞ ♦♥ t❤❡ ✠✕

s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss➊r❛❞✐✉s r❡❧❛t✐♦♥ ♦❢ ❋r❡✇ ✫ ✖❛r❦❡r ✍✎✵✵✒✑ ❛♥❞ ❋r❡✇ ✍✎✵✵✽✑�

✁❤❡ ❞✐st❛♥❝❡ ✇❛s ❛❧❧♦✇❡❞ t♦ ✈❛r② t♦ ✂♥❞ t❤❡ ❜❡st✌✂tt✐♥❣ ♠♦❞❡❧� ✁❤❡ ✈❛❧✉❡ ♦❢ ✎�✗

❦♣❝ ❛❞♦♣t❡❞ ✐♥ t❤✐s ✇♦r❦ ②✐❡❧❞❡❞ t❤❡ ❜❡st ♠❛t❝❤ t♦ t❤❡ ♦❜s❡r✈❡❞ ✠☛ ❧✉♠✐♥♦s✐t②

❛♥❞ ✐t ✐s ❛❧s♦ ✐♥ ✈❡r② ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ ✘①t❡r ❡t ❛❧� ✍✎✵✏✵✑�

◆✙✚✛✜✢✣ ✢✚✛✤✥✢✤✦✙✧

★❧❧ ♠❛❥♦r ❝♦♥tr✐❜✉t♦rs t♦ t❤❡ t❤❡r♠❛❧ ❜❛❧❛♥❝❡ ♦❢ t❤❡ ❣❛s ✇❡r❡ ✐♥❝❧✉❞❡❞ ✐♥ ♦✉r

♠♦❞❡❧� ✩❡ ✉s❡❞ ❛ ❤♦♠♦❣❡♥❡♦✉s ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡ ❞✐str✐❜✉t✐♦♥ ❝♦♥s✐st✐♥❣

♦❢ ❡✐❣❤t ❡❧❡♠❡♥ts� ✁❤❡ ✐♥✐t✐❛❧ ❛❜✉♥❞❛♥❝❡s ♦❢ ✠❡✱ ✪✱ ❖✱ ✪❡✱ ✬ ❛♥❞ ★r ✇❡r❡ t❛❦❡♥

❢r♦♠ t❤❡ ♦❜s❡r✈❡❞ ❡♠♣✐r✐❝❛❧❧② ❞❡r✐✈❡❞ t♦t❛❧ ❛❜✉♥❞❛♥❝❡s ❧✐st❡❞ ✐♥ ✁❛❜❧❡ ✔�✄� ✁❤❡

❛❜✉♥❞❛♥❝❡ ♦❢ ❈ ✇❛s ❛ ❢r❡❡ ♣❛r❛♠❡t❡r✱ t②♣✐❝❛❧❧② ✈❛r②✐♥❣ ❜❡t✇❡❡♥ ✯✹✝❀☎❁ ❛♥❞ ❂✹

✝❀☎✸ ✐♥ ✖✪❡� ✩❡ ✐♥✐t✐❛❧❧② ✉s❡❞ t❤❡ t②♣✐❝❛❧ ✈❛❧✉❡ ♦❢ ❃❄✡❅ ✯✿✯✹✝❀☎❇ ✍❑✐♥❣s❜✉r❣❤

✫ ❉❛r❧♦✇ ✏▼▼◗✑✱ ❛♥❞ ❛❞❥✉st❡❞ ✐t t♦ ♣r❡s❡r✈❡ t❤❡ t❤❡r♠❛❧ ❜❛❧❛♥❝❡ ♦❢ t❤❡ ♥❡❜✉❧❛�

✩❡ ❦❡♣t t❤❡ ✐♥✐t✐❛❧ ❛❜✉♥❞❛♥❝❡s ✂①❡❞ ✇❤✐❧❡ t❤❡ st❡❧❧❛r ♣❛r❛♠❡t❡rs ❛♥❞ ❞✐st❛♥❝❡

✇❡r❡ ❜❡✐♥❣ s❝❛❧❡❞ t♦ ♣r♦❞✉❝❡ t❤❡ ❜❡st ✂t ❢♦r t❤❡ ✠☛ ❧✉♠✐♥♦s✐t② ❛♥❞ ✠❡☞✰✴✠❡✰

r❛t✐♦✱ ❛♥❞ t❤❡♥ ✇❡ ❣r❛❞✉❛❧❧② ✈❛r✐❡❞ t❤❡♠ t♦ ♦❜t❛✐♥ t❤❡ ✂♥❡st ♠❛t❝❤ ❜❡t✇❡❡♥ t❤❡

♣r❡❞✐❝t❡❞ ❛♥❞ ♦❜s❡r✈❡❞ ❡♠✐ss✐♦♥✌❧✐♥❡ ❱✉①❡s✱ ❛s ✇❡❧❧ ❛s ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡ r❛t✐♦s

❢r♦♠ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s�

✁❤❡ ❱✉① ✐♥t❡♥s✐t② ♦❢ ✠❡ ❳❳ ❩◗✒✽✒ ❬★ ❛♥❞ t❤❡ ✠❡☞✰✴✠❡✰ r❛t✐♦ ❤✐❣❤❧② ❞❡♣❡♥❞

♦♥ t❤❡ t❡♠♣❡r❛t✉r❡ ❛♥❞ ❧✉♠✐♥♦s✐t② ♦❢ t❤❡ ❝❡♥tr❛❧ st❛r� ❭♥❝r❡❛s✐♥❣ ❡✐t❤❡r ❪❫❴❴ ♦r ▲❵

♦r ❜♦t❤ ✐♥❝r❡❛s❡s t❤❡ ✠❡☞✰✴✠❡✰ r❛t✐♦� ❖✉r ♠❡t❤♦❞ ✇❛s t♦ ♠❛t❝❤ t❤❡ ✠❡☞✰✴✠❡✰

✗✄✽ ③④⑤⑥⑦⑧⑨⑤⑩ ⑤❶ ❷⑥❸⑩❹⑧❸❺❻ ⑩❹❼⑦⑥❸❹ ❽⑨⑧❾ ❿➀➁⑧❻❷❹ ➂❹⑩⑧❺❸⑥ ➃⑧❸❺➃
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❋✐❣✉r❡ ✁✂✽✿ ✸✲✄ ✐s♦❞❡♥s✐t② ♣❧♦t ♦❢ t❤❡ ❞❡♥s❡ t♦r✉s ❛❞♦♣t❡❞ ❢♦r ♣❤♦t♦✐♦♥✐③❛t✐♦♥

♠♦❞❡❧✐♥❣ ♦❢ ❙✉❲t ✷✂ ☎❤❡ t♦r✉s ❤❛s ❛ ❤♦♠♦❣❡♥❡♦✉s ❞❡♥s✐t② ♦❢ ✶✵✵ ❝♠✆✝✱ ❛

r❛❞✐✉s ♦❢ ✞✟✠✡✡☛ ❢r♦♠ ✐ts ❝❡♥t❡r t♦ t❤❡ t✉❜❡ ❝❡♥t❡r✱ ❛♥❞ ❛ t✉❜❡ r❛❞✐✉s ♦❢ ☞✠✡✡✾✂

☎❤❡ ❧❡ss ❞❡♥s❡ ♦❜❧❛t❡ s♣❤❡r♦✐❞ ❤❛s ❛ ❤♦♠♦❣❡♥❡♦✉s ❞❡♥s✐t② ♦❢ ✺✵ ❝♠✆✝✱ ❛ s❡♠✐✲

♠❛❥♦r ❛①✐s ♦❢ ✞☛✠✡✡✌ ❛♥❞ ❛ s❡♠✐✲♠✐♥♦r ❛①✐s ♦❢ ☞✠✡✡✾✂ ✍①✐s ✉♥✐ts ❛r❡ ❛r❝s❡❝✱ ✇❤❡r❡

♦♥❡ ❛r❝s❡❝ ✐s ❡q✉❛❧ t♦ ☛✠☛✌✎☛✏✆✑ ♣❝ ❜❛s❡❞ ♦♥ t❤❡ ❞✐st❛♥❝❡ ❞❡t❡r♠✐♥❡❞ ❜② ♦✉r

♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s✂

r❛t✐♦✱ ❛♥❞ t❤❡♥ s❝❛❧❡ t❤❡ ❍❡✴❍ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ t♦ ♣r♦❞✉❝❡ t❤❡ ♦❜s❡r✈❡❞ ✐♥t❡♥✲

s✐t② ♦❢ ❍❡ ✒✒ ✓✹✔✽✔ ✕✍✂

☎❤❡ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ♦❢ ♦①②❣❡♥ ✇❛s ❛❞❥✉st❡❞ t♦ ♠❛t❝❤ t❤❡ ✐♥t❡♥s✐t✐❡s ♦❢

❬✖ ✒✒✒❪ ✓✓✹✗✺✗✱✺✵✵✁ ❛♥❞ t♦ ❛ ❧❡ss❡r ❞❡❣r❡❡ ❬✖ ✒✒❪ ✓✓✸✁✷✔✱ ✸✁✷✗✂ ✘♥ ♣❛rt✐❝✉❧❛r✱

t❤❡ ✐♥t❡♥s✐t② ♦❢ t❤❡ ❬✖ ✒✒❪ ❞♦✉❜❧❡t ✐s ✉♥r❡❧✐❛❜❧❡ ❞✉❡ t♦ t❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ r❡❝♦♠✲

❜✐♥❛t✐♦♥ ❛♥❞ t❤❡ ✉♥❝❡rt❛✐♥t② ♦❢ ❛❜♦✉t ✸✵✪ ❛t t❤❡ ❡①tr❡♠❡ ❜❧✉❡ ♦❢ t❤❡ ❲✐❋❡❙✂

❙♦ ✇❡ ❣r❛❞✉❛❧❧② ♠♦❞✐✙❡❞ t❤❡ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ✖✴❍ ✉♥t✐❧ t❤❡ ❜❡st ♠❛t❝❤ ❢♦r

❬✖ ✒✒✒❪ ✓✓✹✗✺✗✱✺✵✵✁ ❛♥❞ ✖✑✰✴❍✰ ✇❛s ♣r♦❞✉❝❡❞✂ ☎❤❡ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ♦❢ ♥✐tr♦✲

❣❡♥ ✇❛s ❛❞❥✉st❡❞ t♦ ♠❛t❝❤ t❤❡ ✐♥t❡♥s✐t✐❡s ♦❢ ❬✚ ✒✒❪ ✓✓✔✺✹✽✱✔✺✽✹ ❛♥❞ ✚✰✴❍✰✂

❆✛✜❦✢✣✤ ❉✥✦✧✜❦✥★ ✸✺✗
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�♥❢♦rt✉♥❛t❡❧②✱ t❤❡ ✇❡❛❦ ❬◆ ✁✁❪ ✂✄☎✄✄ ❡♠✐ss✐♦♥ ❧✐♥❡ ❞♦❡s ♥♦t ❤❛✈❡ ❛ ❤✐❣❤ ✆✴◆

r❛t✐♦ ✐♥ ♦✉r ❞❛t❛✝

✞❤❡ ❛❜✉♥❞❛♥❝❡ r❛t✐♦ ♦❢ s✉❧♣❤✉r ✇❛s ❛❞❥✉st❡❞ t♦ ♠❛t❝❤ t❤❡ ✐♥t❡♥s✐t✐❡s ♦❢

❬✆ ✁✁✁❪ ✂✟✵✻✟✝ ✞❤❡ ✐♥t❡♥s✐t✐❡s ♦❢ ❬✆ ✁✁❪ ✂✂✻☎✠✻✱✻☎✸✠ ❛♥❞ ✆✰✴✡ ❝❛❧❝✉❧❛t❡❞ ❜②

♦✉r ♠♦❞❡❧s ❛r❡ ❛❜♦✉t s❡✈❡♥ ❛♥❞ t❡♥ t✐♠❡s ❧♦✇❡r t❤❛♥ t❤♦s❡ ✈❛❧✉❡s ❞❡r✐✈❡❞

❢r♦♠ ♦❜s❡r✈❛t✐♦♥s ❛♥❞ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✱ r❡s♣❡❝t✐✈❡❧②✝ ✞❤❡ ✐♥t❡♥s✐t② ♦❢ ❬✆ ✁✁❪

✂✂✻☎✠✻✱✻☎✸✠ ✐s ❧❛r❣❡❧② ✐♥❝r❡❛s❡❞ ❞✉❡ t♦ s❤♦❝❦☛❡①❝✐t❛t✐♦♥ ❡❢❢❡❝ts✝

❋✐♥❛❧❧②✱ t❤❡ ❞✐❢❢❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ t♦t❛❧ ❛❜✉♥❞❛♥❝❡s ❢r♦♠ ♦✉r ♣❤♦t♦✐♦♥☛

✐③❛t✐♦♥ ♠♦❞❡❧ ❛♥❞ t❤♦s❡ ❞❡r✐✈❡❞ ❢r♦♠ ♦✉r ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ❝❛♥ ❜❡ ❡①♣❧❛✐♥❡❞

❜② t❤❡ ☞✌ ✍ ❡rr♦rs r❡s✉❧t✐♥❣ ❢r♦♠ ❛ ♥♦♥☛s♣❤❡r✐❝❛❧ ♠♦r♣❤♦❧♦❣② ❛♥❞ ♣r♦♣❡rt✐❡s ♦❢

t❤❡ ❡①❝✐t✐♥❣ s♦✉r❝❡✝ ✎♦♥❝➳❛❧✈❡s ❡t ❛❧✝ ✭✏✵✠✏✮ ❢♦✉♥❞ t❤❛t ❛❞❞✐t✐♦♥❛❧ ❝♦rr❡❝t✐♦♥s

❛r❡ ♥❡❝❡ss❛r② ❝♦♠♣❛r❡❞ t♦ t❤♦s❡ ✐♥tr♦❞✉❝❡❞ ❜② ❑✐♥❣s❜✉r❣❤ ✫ ❇❛r❧♦✇ ✭✠✟✟✹✮

❞✉❡ t♦ ❣❡♦♠❡tr✐❝❛❧ ❡❢❢❡❝ts✝ ❈♦♠♣❛r✐s♦♥ ✇✐t❤ r❡s✉❧ts ❢r♦♠ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞☛

❡❧s s❤♦✇s t❤❛t t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ♦✈❡r❡st✐♠❛t❡❞ t❤❡ ♥❡♦♥ ❛❜✉♥❞❛♥❝❡s✝ ✞❤❡

♥❡♦♥ ❛❜✉♥❞❛♥❝❡ ♠✉st ❜❡ ❧♦✇❡r t❤❛♥ t❤❡ ✈❛❧✉❡ ❢♦✉♥❞ ❜② t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s

t♦ r❡♣r♦❞✉❝❡ t❤❡ ♦❜s❡r✈❡❞ ✐♥t❡♥s✐t✐❡s ♦❢ ❬◆❡ ✁✁✁❪ ✂✂✸✽✻✟✱✸✟✻☎✝ ✑t ♠❡❛♥s t❤❛t

t❤❡ ☞✌ ✍ ✭◆❡✮ ♦❢ ❑✐♥❣s❜✉r❣❤ ✫ ❇❛r❧♦✇ ✭✠✟✟✹✮ ♦✈❡r❡st✐♠❛t❡s t❤❡ ✉♥s❡❡♥ ✐♦♥✐③❛☛

t✐♦♥ st❛❣❡s✝ ❇♦❤✐❣❛s ✭✏✵✵✽✮ s✉❣❣❡st❡❞ t♦ ✉s❡ ❛♥ ❛❧t❡r♥❛t✐✈❡ ❡♠♣✐r✐❝❛❧ ♠❡t❤♦❞

❢♦r ❝♦rr❡❝t✐♥❣ ✉♥s❡❡♥ ✐♦♥✐③❛t✐♦♥ st❛❣❡s ♦❢ ♥❡♦♥✝ ✑t ✐s ❝❧❡❛r t❤❛t ✇✐t❤ t❤❡ t②♣✐❝❛❧

◆❡✒✰✴◆❡❂❖✒✰✴❖ ❛ss✉♠♣t✐♦♥ ♦❢ t❤❡ ☞✌ ✍ ♠❡t❤♦❞✱ t❤❡ ♥❡♦♥ t♦t❛❧ ❛❜✉♥❞❛♥❝❡ ✐s

♦✈❡r❡st✐♠❛t❡❞ ❜② t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✝

✓✔✕✖✗✖✕✘ ✙✔✚✛✜✢

✞❤❡ ❝❡♥tr❛❧ ✐♦♥✐③✐♥❣ s♦✉r❝❡ ♦❢ ✆✉✣t ✏ ✇❛s ♠♦❞❡❧❧❡❞ ✉s✐♥❣ ❞✐❢❢❡r❡♥t ♥♦♥☛❧♦❝❛❧

t❤❡r♠♦❞②♥❛♠✐❝ ❡q✉✐❧✐❜r✐✉♠ ✭◆▲✞✤❀ ✥❛✉❝❤ ✏✵✵✸✮ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡s ❧✐st❡❞ ✐♥

✞❛❜❧❡ ☎✝✻✱ ❛s t❤❡② r❡s✉❧t❡❞ ✐♥ t❤❡ ❜❡st ✦t ♦❢ t❤❡ ♥❡❜✉❧❛r ❡♠✐ss✐♦♥☛❧✐♥❡ ✧✉①❡s✝

✑♥✐t✐❛❧❧②✱ ✇❡ t❡st❡❞ ❛ s❡t ♦❢ ❜❧❛❝❦❜♦❞② ✧✉①❡s ✇✐t❤ t❤❡ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡

✭★✩✪✪✮ r❛♥❣✐♥❣ ❢r♦♠ ✬✯✯✯✯ t♦ ✿❁✯✯✯✯ ❑✱ t❤❡ st❡❧❧❛r ❧✉♠✐♥♦s✐t② ❝♦♠♣❛r❡❞ t♦ t❤❛t

♦❢ t❤❡ ✆✉♥ ✭❃❄❅❉
❏✮ r❛♥❣✐♥❣ ❢r♦♠ ✄✵☛✽✵✵ ❛♥❞ ❞✐❢❢❡r❡♥t ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s

✸✻✵ ▼◗❱❳❩❭❫❱❴ ❱❵ ④❳⑤❴⑥❭⑤⑦⑧ ❴⑥⑨❩❳⑤⑥ ⑩❫❭❶ ❷❸❹❭⑧④⑥ ❺⑥❴❭⑦⑤❳ ❻❭⑤⑦❻
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✁❛❜❧❡ ✂✄☎✿ ✆❛r❛♠❡t❡rs ♦❢ t❤❡ t✇♦ ❜❡st✲✝tt✐♥❣ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s✄ ✁❤❡ ✐♥✐t✐❛❧

♠❛ss✱ ✝♥❛❧ ♠❛ss✱ ❛♥❞ ✆♦st✲✞●❇ ❛❣❡ ❛r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s

❝❛❧❝✉❧❛t❡❞ ❢♦r ❤②❞r♦❣❡♥✲ ❛♥❞ ❤❡❧✐✉♠✲❜✉r♥✐♥❣ ♠♦❞❡❧s ❜② ❇❧➝♦❝❦❡r ✭✶✾✾✺❛✮

✟✠✡☛☞✌ ✌✡☛✍✎✌✍✏✠✑ ❙✒✠☞☞✌✓ ✔✌✓✌✕✠✒✠✓✑

✖
✗
✘
✙
✚
✛

❍✠✴❍ ✵✜✵✢✵ ✣✤✥✥✦✧❑★ ✩✹✵

❈✴❍ ✹✜✵✵✦✪✫★ ✬❄ ✯✬❏✰ ✷✵✵

✟✴❍ ✸✜✹✹✦✪✫★ ✽❀❁ ❂ ✦✏❃✑★ ❅❋◗

❘✴❍ ✸✜❯✵✦✪✫★ ❍ ❱ ❍✠ ❲ ❱ ✸

✟✠✴❍ ✩✜✩✩✦✪✫★ ❳❄ ✯❳❏✰ ❨ ◗❋❬◗❭

❙✴❍ ✩✜❪✷✦✪❬★ ❳❫❴❵❥ ✯❳❏✰ q✜✵

①✓✴❍ ✩✜q❪✦✪❬★ ④⑤⑥⑦⑧⑨❴⑩❶ ✦❷✓★ ✷ ❪✵✵

✖
✗
✘
✙
✚
❸

❍✠✴❍ ✵✜✵✢✵ ✣✤✥✥✦✧❑★ ✩❯✵

❈✴❍ ✹✜✵✵✦✪✫★ ✬❄ ✯✬❏✰ ❯✵✵

✟✴❍ ✸✜q✩✦✪✫★ ✽❀❁ ❂ ✦✏❃✑★ ❅❋❹

❘✴❍ ✸✜❲q✦✪✫★ ❍✠ ❱ ❈ ❱ ✟ ❱ ❘ qq ❱ ❪✵ ❱ ✸ ❱ ✩❪

✟✠✴❍ ✩✜✩✩✦✪✫★ ❳❄ ✯❳❏✰ ❨ ◗❋❬✫

❙✴❍ ✩✜❪✷✦✪❬★ ❳❫❴❵❥ ✯❳❏✰ q✜✵

①✓✴❍ ✩✜q❪✦✪❬★ ④⑤⑥⑦⑧⑨❴⑩❶ ✦❷✓★ ❺❭◗◗◗

✟✠✡☛☞✌ ✔❻❷✑❼✏✌☞ ✔✌✓✌✕✠✒✠✓✑

❳❽❾❳❏ ✵✜✸✩ ❿ ✦✔✏★ ✸ q✵✵

➀⑧⑥➁➂⑦ ✩✵✵ ✏✕⑨➃ ④⑧➁➂✤ ✦❷✓★ ❺❹✫◗◗➊❺❬❹◗◗

➀⑦⑤➄✤➁⑥➅➆ ❪✵ ✏✕⑨➃ ➇➈➉❾➋➌ ✪◗❋◗✫➍

✭❇❧➝♦❝❦❡r ✶✾✾✺❛✮✄ ✞ ❜❧❛❝❦❜♦❞② s♣❡❝tr✉♠ ♣r♦✈✐❞❡s ❛ r♦✉❣❤ ❡st✐♠❛t❡ ♦❢ t❤❡ ✐♦♥✐③✲

✐♥❣ s♦✉r❝❡ r❡➎✉✐r❡❞ t♦ ♣❤♦t♦✐♦♥✐③❡ t❤❡ ✆➏ ➐✉➑t ➒✄ ✁❤❡ ❛ss✉♠♣t✐♦♥ ♦❢ ❛ ❜❧❛❝❦✲

❜♦❞② s♣❡❝tr❛❧ ❡♥❡r❣② ❞✐str✐❜✉t✐♦♥ ✭➐➓➔✮ ✐s ♥♦t ➎✉✐t❡ ❝♦rr❡❝t ❛s ✐♥❞✐❝❛t❡❞ ❜②

→❛✉❝❤ ✭➒➣➣↔✮✄ ✁❤❡ str♦♥❣ ❞✐❢❢❡r❡♥❝❡s ❜❡t✇❡❡♥ ❛ ❜❧❛❝❦❜♦❞② ➐➓➔ ❛♥❞ ❛ st❡❧❧❛r

❛t♠♦s♣❤❡r❡ ❛r❡ ♠♦st❧② ♥♦t✐❝❡❛❜❧❡ ❛t ❡♥❡r❣✐❡s ❤✐❣❤❡r t❤❛♥ ✺↕ ❡➙ ✭➛❡ ➜➜ ❣r♦✉♥❞

st❛t❡✮✄ ➑❡ t❤✉s s✉❝❝❡ss✐✈❡❧② ✉s❡❞ t❤❡ ➏➞✁➓ ✁➝✉❜✐♥❣❡♥ ➟♦❞❡❧✲✞t♠♦s♣❤❡r❡ ➠❧✉➡❡s

❆➢➤➥➦➧➨ ❉➩➫➭➤➥➩➯ ↔☎✶
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r❡❣✐♦♥ ❤❛s ♠✉❝❤ ❤✐❣❤❡r ✂✄ ✐♥ ❝♦♠♣❛r✐s♦♥ t♦ t❤❡ r✐♥❣ ✂✄ ❛s ♣r❡✈✐♦✉s❧② ❢♦✉♥❞ ❜②
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✭t♦r✉s ♦❢ t❤❡ ❛❝t✉❛❧ ♥❡❜✉❧❛✮ ❛♥❞ t❤❡ ✐♥s✐❞❡ ✭s♣❤❡r♦✐❞✮ r❡❣✐♦♥s ❛r❡ ❛r♦✉♥❞ ✝✞✵✵✵

❛♥❞ ✝✟✵✵✵❑ ✐♥ ❛❧❧ t✇♦ ♠♦❞❡❧s✱ r❡s♣❡❝t✐✈❡❧②� ✠❤❡② ❝❛♥ ❜❡ ❝♦♠♣❛r❡❞ t♦ t❤❡ ✈❛❧✉❡s

♦❢ ✠❛❜❧❡ ☎�✹ t❤❛t ✐s ✂✄❬❖ ✆✆✆❪ ❂ ✝✞✸✵✵❑ ✭r✐♥❣✮ ❛♥❞ ✡ ✞✵✵✵✵❑ ✭✐♥t❡r✐♦r✮� ☛❧t❤♦✉❣❤

t❤❡ ❛✈❡r❛❣❡ t❡♠♣❡r❛t✉r❡ ♦❢ ✂✄❬◆ ✆✆❪ ✬ ✝✝☞✵✵❑ ♦✈❡r t❤❡ ❡♥t✐r❡ ♥❡❜✉❧❛ ✐s ❤✐❣❤❡r
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✁t ❝❛♥ ❜❡ s❡❡♥ ✐♥ ✠❛❜❧❡ ☎�✹ t❤❛t t❤❡ t❡♠♣❡r❛t✉r❡s ❢♦r t❤❡ t✇♦ ♠❛✐♥ r❡❣✐♦♥s ♦❢
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❛t✉r❡ ✈❛r✐❛t✐♦♥s ✐♥ t❤❡ ♠♦❞❡❧ ❝❛♥ ❛❧s♦ ❜❡ s❡❡♥ ✐♥ ❋✐❣� ☎�✍✎� ✠❤❡ ❣❛s ❞❡♥s✐t②

str✉❝t✉r❡ ❛♥❞ t❤❡ ❧♦❝❛t✐♦♥ ♦❢ t❤❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡ ♣❧❛② ❛ ♠❛❥♦r r♦❧❡ ✐♥ ❤❡❛t✐♥❣

t❤❡ ❝❡♥tr❛❧ r❡❣✐♦♥s✱ ✇❤✐❧❡ t❤❡ ♦✉t❡r r❡❣✐♦♥s r❡♠❛✐♥ ❝♦♦❧❡r ❛s ❡✏♣❡❝t❡❞� ❖✈❡r❛❧❧✱
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s✐♠✉❧❛t✐♦♥✱ ❛❧t❤♦✉❣❤ ✇❡ ♥♦t❡ t❤❛t ❛ ❧❛r❣❡ ❞✉st✌t♦✌❣❛s r❛t✐♦ ♠❛② ♣❧❛② ❛ r♦❧❡ ✐♥

t❤❡ ❤❡❛t✐♥❣ ♦❢ t❤❡ ♥❡❜✉❧❛ ✈✐❛ ♣❤♦t♦❡❧❡❝tr✐❝ ❡♠✐ss✐♦♥s ❢r♦♠ t❤❡ s✉r❢❛❝❡ ♦❢ ❣r❛✐♥s�

✓✔✕✖✗✘✙✖✔✕ ✚✙✛✜✢✙✜✛✣

✤❡s✉❧ts ❢♦r t❤❡ ❢r❛❝t✐♦♥❛❧ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ✐♥ t❤❡ r✐♥❣ ✭t♦r✉s✮ ❛♥❞ ✐♥♥❡r ✭♦❜❧❛t❡

s♣❤❡r♦✐❞✮ r❡❣✐♦♥s ♦❢ ♦✉r t✇♦ ♠♦❞❡❧s ❛r❡ s❤♦✇♥ ✐♥ ✠❛❜❧❡ ☎�✥ ❛♥❞ ❋✐❣� ☎�✍✎� ✁t ✐s

❝❧❡❛r ❢r♦♠ t❤❡ ✑❣✉r❡ ❛♥❞ t❛❜❧❡ t❤❛t t❤❡ ✐♦♥✐③❛t✐♦♥ str✉❝t✉r❡s ❢r♦♠ t❤❡ ♠♦❞❡❧s

✈❛r② t❤r♦✉❣❤ t❤❡ ♥❡❜✉❧❛ ❞✉❡ t♦ t❤❡ ❝♦♠♣❧❡✏ ❞❡♥s✐t② ❛♥❞ r❛❞✐❛t✐♦♥ ✑❡❧❞ ❞✐str✐✌

❜✉t✐♦♥ ✐♥ t❤❡ ❣❛s� ☛s s❤♦✇♥ ✐♥ ✠❛❜❧❡ ☎�✥ ✱ ✦❡✧✰✴✦❡ ✐s ♠✉❝❤ ❤✐❣❤❡r ✐♥ t❤❡ ✐♥♥❡r

r❡❣✐♦♥s✱ ✇❤✐❧❡ ✦❡✰✴✦❡ ✐s ❧❛r❣❡r ✐♥ t❤❡ ♦✉t❡r r❡❣✐♦♥s✱ ❛s ❡✏♣❡❝t❡❞� ★✐♠✐❧❛r❧②✱

✇❡ ✑♥❞ t❤❛t t❤❡ ❤✐❣❤❡r ✐♦♥✐③❛t✐♦♥ st❛❣❡s ♦❢ ❡❛❝❤ ❡❧❡♠❡♥t ❛r❡ ❧❛r❣❡r ✐♥ t❤❡ ✐♥✌

✩✻✻ ✪✫✯✽✿❁❃✯❄ ✯❅ ❇✽❈❄❉❁❈❏▲ ❄❉▼✿✽❈❉ ◗❃❁❱ ❳❩❭❁▲❇❉ ❫❉❄❁❏❈✽ ❴❁❈❏❴
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✁❛❜❧❡ ✂✄✽✿ ☎❡❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ✭❑✮ ✇❡✐❣❤t❡❞ ❜② ✐♦♥✐❝ s♣❡❝✐❡s ❢♦r t❤❡

✇❤♦❧❡ ♥❡❜✉❧❛ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✄ ❋♦r ❡❛❝❤ ❡❧❡♠❡♥t t❤❡

✉♣♣❡r r♦✇ ✐s ❢♦r t❤❡ ☎♦❞❡❧ ✶ ❛♥❞ t❤❡ ❧♦✇❡r r♦✇ ✐s t❤❡ ☎♦❞❡❧ ✷✄ ✁❤❡ ❜♦tt♦♠

❧✐♥❡s ♣r❡s❡♥t t❤❡ ♠❡❛♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ❛♥❞ ❡❧❡❝tr♦♥ ❞❡♥s✐t✐❡s ❢♦r t❤❡

t♦r✉s ✭r✐♥❣✮ ❛♥❞ ❛♥❞ t❤❡ ♦❜❧❛t❡ s♣❤❡r♦✐❞ ✭✐♥s✐❞❡✮✄

✆✝✞

✟✠✡☛✡✞☞ ✌ ✌✌ ✌✌✌ ✌❱ ❱ ❱✌ ❱✌✌

❍ ✍✍✎✾✎ ✍✏✾✵✹
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❍✡ ✍✍✎✏✒ ✍✏✍✒✑ ✍✸✒✎✸

✍✍✹✵✺ ✍✍✾✹✹ ✍✸✺✎✑

❈ ✍✍✹✾✹ ✍✍✾✏✏ ✍✏✎✹✹ ✍✺✵✎✍ ✍✑✍✺✺ ✍✑✏✸✎ ✍✏✒✹✵

✍✍✏✒✾ ✍✍✎✾✎ ✍✏✹✵✺ ✍✹✑✺✸ ✍✎✸✺✹ ✍✎✸✒✍ ✍✏✺✺✵

✓ ✍✍✸✎✺ ✍✍✒✎✹ ✍✏✾✍✍ ✍✹✒✏✏ ✍✎✍✾✏ ✍✒✸✍✺ ✍✒✎✍✵

✍✍✍✑✵ ✍✍✎✎✍ ✍✏✎✾✑ ✍✹✺✒✵ ✍✺✒✸✎ ✍✑✸✎✒ ✍✑✹✑✺

✔ ✍✍✹✎✸ ✍✍✾✹✍ ✍✏✾✺✍ ✍✹✾✹✾ ✍✺✾✸✏ ✍✑✸✒✹ ✏✵✹✾✑

✍✍✏✒✸ ✍✍✑✸✾ ✍✏✑✹✹ ✍✹✑✸✎ ✍✺✑✾✑ ✍✑✺✺✾ ✍✾✒✵✎

✓✡ ✍✍✹✍✸ ✍✍✒✎✸ ✍✏✹✹✺ ✍✹✑✑✹ ✍✎✍✏✎ ✍✒✵✺✾ ✏✏✸✒✒

✍✍✍✾✎ ✍✍✎✸✍ ✍✏✏✍✺ ✍✹✎✺✍ ✍✎✍✎✎ ✍✒✹✸✾ ✏✵✹✒✒

❙ ✍✍✹✸✎ ✍✍✑✑✏ ✍✏✸✎✏ ✍✹✍✑✹ ✍✺✺✵✍ ✍✎✏✺✑ ✍✒✸✍✸

✍✍✏✸✾ ✍✍✺✺✑ ✍✏✍✸✸ ✍✸✾✺✒ ✍✺✏✵✹ ✍✺✒✒✹ ✍✑✏✒✍

✕✖ ✍✍✍✸✏ ✍✍✺✾✸ ✍✏✍✍✹ ✍✸✏✏✏ ✍✹✾✵✒ ✍✺✺✺✹ ✍✎✒✹✾

✍✵✾✏✒ ✍✍✸✑✸ ✍✍✒✾✹ ✍✸✵✎✺ ✍✹✑✍✸ ✍✺✸✸✸ ✍✎✸✾✏

☞✝✖✗✘ ✘✙✚✡✖✝✛✜

✢✣❬✔ ✌✌✌❪ ✤✣❬❙ ✌✌❪ ✢✣❬✔ ✌✌✌❪ ✤✣❬❙ ✌✌❪

✥✦✍ ✍✏✍✒✑ ✧ ✍✵✺ ★☛✩✪ ✍✺✺✎✾ ✧ ✺✒ ★☛✩✪

✥✦✏ ✍✍✾✍✎ ✧ ✍✵✸ ★☛✩✪ ✍✺✵✑✵ ✧ ✺✒ ★☛✩✪

❆✫✬❦✯✰✱ ❉✲✴❀✬❦✲❁ ❂❃✂
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♥❡r r❡❣✐♦♥s� ❋r♦♠ ✁❛❜❧❡ ✂�✄ ✇❡ s❡❡ t❤❛t ❤②❞r♦❣❡♥ ❛♥❞ ❤❡❧✐✉♠ ❛r❡ ❜♦t❤ ❢✉❧❧②

✐♦♥✐③❡❞ ❛♥❞ ♥❡✉tr❛❧s ❛r❡ ❧❡ss t❤❛♥ ✽✪ ❜② ♥✉♠❜❡r ✐♥ t❤❡s❡ ❜❡st☎✆tt✐♥❣ ♠♦❞❡❧s�

✁❤❡r❡❢♦r❡✱ ♦✉r ❛ss✉♠♣t✐♦♥ ♦❢ ✝❝ ✞ ✭✟✠✮ ❂ ✡ ✐s ☛♦rr❡☛t ✐♥ ♦✉r ❡♠♣✐r✐☛❛❧ ♠❡t❤♦❞�

✁❛❜❧❡ ✂�☞✵ ❧✐sts t❤❡ ♥❡❜✉❧❛r ❛✈❡r❛❣❡ ✐♦♥✐☛ ❛❜✉♥❞❛♥☛❡ r❛t✐♦s ☛❛❧☛✉❧❛t❡❞ ❢r♦♠

t❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s� ✁❤❡ ✈❛❧✉❡s t❤❛t ♦✉r ♠♦❞❡❧s ♣r❡❞✐☛t ❢♦r t❤❡ ❤❡❧✐✉♠

✐♦♥✐☛ r❛t✐♦ ❛r❡ ❢❛✐r❧② ☛♦♠♣❛r❛❜❧❡ ✇✐t❤ t❤♦s❡ ❢r♦♠ t❤❡ ❡♠♣✐r✐☛❛❧ ♠❡t❤♦❞s ❣✐✈❡♥

✐♥ ① ✂�✌✱ t❤♦✉❣❤ t❤❡r❡ ❛r❡ ❛ ♥✉♠❜❡r ♦❢ s✐❣♥✐✆☛❛♥t ❞✐❢❢❡r❡♥☛❡s ✐♥ ♦t❤❡r ✐♦♥s� ✁❤❡

❖✰✴✍✰ ✐♦♥✐☛ ❛❜✉♥❞❛♥☛❡ r❛t✐♦ ✐s ❛❜♦✉t ✸✸ ♣❡r ☛❡♥t ❧♦✇❡r✱ ✇❤✐❧❡ ❖✎✰✴✍✰ ✐s ❛❜♦✉t

✻✵✪ ❧♦✇❡r ✐♥ ▼♦❞❡❧ ✏ t❤❛♥ t❤❡ ❡♠♣✐r✐☛❛❧ ♦❜s❡r✈❛t✐♦♥❛❧ ✈❛❧✉❡� ✁❤❡ ❡♠♣✐r✐☛❛❧

✈❛❧✉❡ ♦❢ ✑✰ ❞✐❢❢❡rs ❜② ❛ ❢❛☛t♦r ♦❢ ✽ ☛♦♠♣❛r❡❞ t♦ ♦✉r r❡s✉❧t ✐♥ ▼♦❞❡❧ ✏✱ ❡✒♣❧❛✐♥❡❞

❜② t❤❡ s❤♦☛❦☎❡✒☛✐t❛t✐♦♥ ❡❢❢❡☛ts ♦♥ t❤❡ ❬✑ ✓✓❪ ✔✔✻✂☞✻✱✻✂✸☞ ❞♦✉❜❧❡t� ✕❞❞✐t✐♦♥☎

❛❧❧②✱ t❤❡ ◆❡✎✰✴✍✰ ✐♦♥✐☛ ❛❜✉♥❞❛♥☛❡ r❛t✐♦ ✇❛s ✉♥❞❡r❡st✐♠❛t❡❞ ❜② r♦✉❣❤❧② ✻✂✪

✐♥ ▼♦❞❡❧ ✏ ☛♦♠♣❛r❡❞ t♦ ♦❜s❡r✈❡❞ r❡s✉❧ts✱ ❡✒♣❧❛✐♥❡❞ ❜② t❤❡ ♣r♦♣❡rt✐❡s ♦❢ t❤❡ ✐♦♥☎

✐③✐♥❣ s♦✉r☛❡� ✁❤❡ ✕r✖✰✴✍✰ ✐♦♥✐☛ ❛❜✉♥❞❛♥☛❡ r❛t✐♦ ✐♥ ▼♦❞❡❧ ✏ ✐s ✌✻✪ ❧♦✇❡r t❤❛♥

t❤❡ ❡♠♣✐r✐☛❛❧ r❡s✉❧ts� ❖t❤❡r ✐♦♥✐☛ ❢r❛☛t✐♦♥s ❞♦ ♥♦t s❤♦✇ ♠❛❥♦r ❞✐s☛r❡♣❛♥☛✐❡s❀

❞✐❢❢❡r❡♥☛❡s r❡♠❛✐♥ ❜❡❧♦✇ ✸✌✪� ✗❡ ♥♦t❡ t❤❛t t❤❡ ◆✰✴◆ r❛t✐♦ ✐s r♦✉❣❤❧② ❡q✉❛❧

t♦ t❤❡ ❖✰✴❖ r❛t✐♦✱ s✐♠✐❧❛r t♦ ✇❤❛t ✐s ❣❡♥❡r❛❧❧② ❛ss✉♠❡❞ ✐♥ t❤❡ ✝❝ ✞ ✘◆✙ ♠❡t❤♦❞�

✍♦✇❡✈❡r✱ t❤❡ ◆❡✎✰✴◆❡ r❛t✐♦ ✐s ♥❡❛r❧② ❛ ❢❛☛t♦r ♦❢ ✏ ❧❛r❣❡r t❤❛♥ t❤❡ ❖✎✰✴❖ r❛t✐♦✱

✐♥ ☛♦♥tr❛st t♦ t❤❡ ❣❡♥❡r❛❧ ❛ss✉♠♣t✐♦♥ ❢♦r ✝❝ ✞ ✘◆❡✙ ✘s❡❡ ❡q✉❛t✐♦♥ ✂�✌✙� ✚t ❤❛s

❛❧r❡❛❞② ❜❡❡♥ ♥♦t❡❞ ❜② ❇♦❤✐❣❛s ✘✏✵✵✽✙ t❤❛t ❛♥ ❛❧t❡r♥❛t✐✈❡ ✐♦♥✐③❛t✐♦♥ ☛♦rr❡☛t✐♦♥

♠❡t❤♦❞ ✐s ♥❡☛❡ss❛r② ❢♦r ☛♦rr❡☛t✐♥❣ t❤❡ ✉♥s❡❡♥ ✐♦♥✐③❛t✐♦♥ st❛❣❡s ❢♦r t❤❡ ♥❡♦♥

❛❜✉♥❞❛♥☛❡�
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❛❧s♦ ❡❳♣❡r✐❡♥❝❡ ❭❪❪✂ ➅✉r ❞❡t❡r♠✐♥❛t✐♦♥ ♦❢ t❤❡ ❛r❣♦♥ ❛❜✉♥❞❛♥❝❡ ✐♥ ➆✉➇t q ❬s❡❡

➈✁➉ ➋➌➍➎➏➐➑➍➒ ➍➓ ➔➎→➒➣➐→↔↕ ➒➣➙➏➎→➣ ➛➑➐➜ ➝➞➟➐↕➔➣ ➠➣➒➐↔→➎ ➡➐→↔➡
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✁❛❜❧❡ ✂✄☎✮ ✐♥❞✐❝❛t❡s t❤❛t ✐t ❞♦❡s ♥♦t ❜❡❧♦♥❣ t♦ t❤❡ ❧♦✇✲♠❡t❛❧❧✐❝✐t② st❡❧❧❛r ♣♦♣✉❧❛✲

t✐♦♥❀ t❤✉s✱ ❛♥♦t❤❡r ♥♦♥✲❝❛♥♦♥✐❝❛❧ ♠✐①✐♥❣ ♣r♦❝❡ss ♠❛❞❡ t❤❡ ❛❜✉♥❞❛♥❝❡ ♣❛tt❡r♥

♦❢ t❤✐s ✆✝✄

✁❤❡ st❡❧❧❛r ❡✈♦❧✉t✐♦♥ ❛❧s♦ ❞❡♣❡♥❞s ♦♥ t❤❡ ❝❤❡♠✐❝❛❧ ❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ ♣r♦✲

❣❡♥✐t♦r✱ ♥❛♠❡❧② t❤❡ ❤❡❧✐✉♠ ❝♦♥t❡♥t ✭❨✮ ❛♥❞ t❤❡ ♠❡t❛❧❧✐❝✐t② ✭✞✮✱ ❛s ✇❡❧❧ ❛s t❤❡

❡❢✟❝✐❡♥❝② ♦❢ ❝♦♥✈❡❝t✐♦♥ ✭s❡❡ ❡✄❣✄ ❙❛❧❛r✐s ✫ ❈❛ss✐s✐ ✷✵✵✺✮✄ ✠♦r❡ ❤❡❧✐✉♠ ✐♥❝r❡❛s❡s

t❤❡ ❍✲❜✉r♥✐♥❣ ❡❢✟❝✐❡♥❝②✱ ❛♥❞ ♠♦r❡ ♠❡t❛❧❧✐❝✐t② ♠❛❦❡s t❤❡ st❡❧❧❛r str✉❝t✉r❡ ❢❛✐♥t❡r

❛♥❞ ❝♦♦❧❡r✄ ✡♥② ❝❤❛♥❣❡ ✐♥ t❤❡ ♦✉t❡r ❧❛②❡r ❝♦♥✈❡❝t✐♦♥ ❛❢❢❡❝ts t❤❡ ❡❢❢❡❝t✐✈❡ t❡♠✲

♣❡r❛t✉r❡✄ ✁❤❡r❡ ❛r❡ ♦t❤❡r ♥♦♥✲❝❛♥♦♥✐❝❛❧ ♣❤②s✐❝❛❧ ♣r♦❝❡ss❡s s✉❝❤ ❛s r♦t❛t✐♦♥✱

♠❛❣♥❡t✐❝ ✟❡❧❞ ❛♥❞ ♠❛ss✲❧♦ss ❞✉r✐♥❣ ❘♦❝❤❡ ❧♦❜❡ ♦✈❡r☛♦✇ ✭❘☞✌❋✮ ✐♥ ❛ ❜✐♥❛r②

s②st❡♠✱ ✇❤✐❝❤ s✐❣♥✐✟❝❛♥t❧② ❛❢❢❡❝t st❡❧❧❛r ❡✈♦❧✉t✐♦♥✄ ✍❦str➝♦♠ ❡t ❛❧✄ ✭✷✵✶✷✮ ❝❛❧❝✉✲

❧❛t❡❞ ❛ ❣r✐❞ ♦❢ st❡❧❧❛r ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ✇✐t❤ r♦t❛t✐♦♥✱ ❛♥❞ ❢♦✉♥❞ t❤❛t ✝✴❍ ❛t

t❤❡ s✉r❢❛❝❡ ✐♥ r♦t❛t✐♥❣ ♠♦❞❡❧s ✐s ❤✐❣❤❡r t❤❛♥ ♥♦♥✲r♦t❛t✐♥❣ ♠♦❞❡❧s ✐♥ t❤❡ st❡❧❧❛r

❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ✉♥t✐❧ t❤❡ ❡♥❞ ♦❢ t❤❡ ❝❡♥tr❛❧ ❤②❞r♦❣❡♥✲ ❛♥❞ ❤❡❧✐✉♠✲❜✉r♥✐♥❣

♣❤❛s❡s ♣r✐♦r t♦ t❤❡ ✡●❇ st❛❣❡✄ ✁❤❡ ✠♦❞✉❧❡s ❢♦r ✍①♣❡r✐♠❡♥ts ✐♥ ❙t❡❧❧❛r ✡str♦✲

♣❤②s✐❝s ✭✎✏✑✒✮ ❝♦❞❡ ❞❡✈❡❧♦♣❡❞ ❜② ✆❛①t♦♥ ❡t ❛❧✄ ✭✷✵✶✶✱ ✷✵✶✸✮ ✐♥❞✐❝❛t❡s t❤❛t ❛♥

✐♥❝r❡❛s❡ ✐♥ t❤❡ r♦t❛t✐♦♥ r❛t❡ ✭♦r ❛♥❣✉❧❛r ♠♦♠❡♥t✉♠✮ ❡♥❤❛♥❝❡s t❤❡ ♠❛ss✲❧♦ss

r❛t❡✄ ✁❤❡ r♦t❛t✐♦♥❛❧❧② ✐♥❞✉❝❡❞ ❛♥❞ ♠❛❣♥❡t✐❝❛❧❧② ✐♥❞✉❝❡❞ ♠✐①✐♥❣ ♣r♦❝❡ss❡s ❝❡r✲

t❛✐♥❧② ✐♥☛✉❡♥❝❡ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss st❛rs✱ ✇❤✐❝❤ ♥❡❡❞ ❢✉rt❤❡r

st✉❞✐❡s ❜② ✎✏✑✒✄ ✁❤❡ ♠❛ss✲❧♦ss ✐♥ ❛ ❜✐♥❛r② ♦r ❡✈❡♥ tr✐♣❧❡ s②st❡♠ ✐s ♠✉❝❤ ♠♦r❡

❝♦♠♣❧✐❝❛t❡❞ t❤❛♥ ❛ s✐♥❣❧❡ r♦t❛t✐♥❣ st❛r✱ ❛♥❞ ♠❛♥② ♥♦♥✲❝❛♥♦♥✐❝❛❧ ♣❤②s✐❝❛❧ ♣❛✲

r❛♠❡t❡rs ❛r❡ ✐♥✈♦❧✈❡❞ ✭s❡❡ ❡✄❣✄ ✓✔✕✑✖✒✗ ❝♦❞❡ ❜② ❙✐❡ss ✷✵✵☎❀ ❙✐❡ss ❡t ❛❧✄ ✷✵✶✸✮✄

❈❤❡♥ ✫ ❍❛♥ ✭✷✵✵✷✮ ✉s❡❞ t❤❡ ❈❛♠❜r✐❞❣❡ st❡❧❧❛r ❡✈♦❧✉t✐♦♥ ✭✑✖✒✗✑✮ ❝♦❞❡ ❞❡✈❡❧✲

♦♣❡❞ ❜② ✍❣❣❧❡t♦♥ ✭✶✾✂✶✱ ✶✾✂✷✱ ✶✾✂✸✮ t♦ st✉❞② ♥✉♠❡r✐❝❛❧❧② ❡✈♦❧✉t✐♦♥ ♦❢ ✆♦♣✲

✉❧❛t✐♦♥ ✘ ❜✐♥❛r✐❡s✱ ❛♥❞ ♣r♦❞✉❝❡❞ s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡s ♦❢ ❤❡❧✐✉♠ ❛♥❞ ♥❡❣❧✐❣✐❜❧❡

❤②❞r♦❣❡♥ ❛t t❤❡ ❡♥❞ ♦❢ ❘☞✌❋ ✐♥ t❤❡ ❍❡rt③s♣r✉♥❣ ❣❛♣✄ ❙✐♠✐❧❛r❧②✱ ❇❡♥✈❡♥✉t♦ ✫ ✙❡

❱✐t♦ ✭✷✵✵✸✱ ✷✵✵✺✮ ❞❡✈❡❧♦♣❡❞ ❛ ❤❡❧✐✉♠ ✇❤✐t❡ ❞✇❛r❢ ❢r♦♠ ❛ ❧♦✇ ♠❛ss ♣r♦❣❡♥✐t♦r

✐♥ ❛ ❝❧♦s❡ ❜✐♥❛r② s②st❡♠✄ ✡ ❤❡❧✐✉♠ ❡♥r✐❝❤♠❡♥t ✐♥ t❤❡ ♦✉r ❧❛②❡r ❝❛♥ ❝♦♥s✐❞❡r❛❜❧②

✐♥☛✉❡♥❝❡ ♦t❤❡r ❡❧❡♠❡♥ts t❤r♦✉❣❤ t❤❡ ❤❡❧✐✉♠✲❜✉r♥✐♥❣ ♠✐①✐♥❣ ♣r♦❝❡ss✄

❆✚✛✜✢✣✤ ❉✥✦✧✛✜✥★ ✸✂✺
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�✁� ❈♦♥❝❧✉s✐♦♥

✂✄ t❤☎✆ ✝❤❛♣t❡r✱ ✇❡ ❤❛✈❡ ❛✄❛✞②✆❡❞ ✄❡✇ ✟♣t☎✝❛✞ ☎✄t❡❣r❛✞✠✡❡✞❞ ✆♣❡✝tr✟✆✝✟♣② ✟❢ t❤❡

☛◆ ☞✌✍t ✎ t✟ ✆t✌❞② ❞❡t❛☎✞❡❞ ☎✟✄☎③❡❞ ❣❛✆ ♣r✟♣❡rt☎❡✆✱ ❛✄❞ t✟ ☎✄❢❡r t❤❡ ♣r✟♣❡rt☎❡✆

✟❢ t❤❡ ✌✄✟❜✆❡r✈❡❞ ❤✟t ☎✟✄☎③☎✄❣ ✆✟✌r✝❡ ✞✟✝❛t❡❞ ☎✄ t❤❡ ✝❡✄tr❡ ✟❢ t❤❡ ✄❡❜✌✞❛✏ ✑❤❡

✆♣❛t☎❛✞✞② r❡✆✟✞✈❡❞ ❡♠☎✆✆☎✟✄✠✞☎✄❡ ♠❛♣✆ ☎✄ t❤❡ ✞☎❣❤t ✟❢ ❬◆ ✒✒❪ ✓✻✔✽✹ ❤❛✈❡ ❞❡✆✝r☎❜❡❞

t❤❡ ❦☎✄❡♠❛t☎✝ ✆tr✌✝t✌r❡ ✟❢ t❤❡ r☎✄❣✏ ✑❤❡ ♣r❡✈☎✟✌✆ ❦☎✄❡♠❛t☎✝ ♠✟❞❡✞ ✭❏✟✄❡✆ ❡t ❛✞✏

✎✵✕✵❛✮ ❛✞✞✟✇❡❞ ✌✆ t✟ ❡✆t☎♠❛t❡ t❤❡ ✄❡❜✌✞❛✬✆ ❛❣❡ ❛✄❞ ✞❛r❣❡✠✆✝❛✞❡ ❦☎✄❡♠❛t☎✝✆ ☎✄

t❤❡ ✖❛✞❛①②✏ ✗✄ ❡♠♣☎r☎✝❛✞ ❛✄❛✞②✆☎✆ ✟❢ t❤❡ ❡♠☎✆✆☎✟✄ ✞☎✄❡ ✆♣❡✝tr✌♠ ✞❡❞ t✟ ✟✌r ☎✄☎t☎❛✞

❞❡t❡r♠☎✄❛t☎✟✄ ✟❢ t❤❡ ☎✟✄☎③❛t☎✟✄ ✆tr✌✝t✌r❡ ✟❢ t❤❡ ✄❡❜✌✞❛✏ ✑❤❡ ♣✞❛✆♠❛ ❞☎❛❣✄✟✆t☎✝✆

r❡✈❡❛✞❡❞ ❛✆ ❡①♣❡✝t❡❞ t❤❛t t❤❡ ☎✄✄❡r r❡❣☎✟✄ ☎✆ ❤✟tt❡r ❛✄❞ ♠✟r❡ ❡①✝☎t❡❞ t❤❛✄ t❤❡

✟✌t❡r r❡❣☎✟✄✆ ✟❢ t❤❡ ✄❡❜✌✞❛✱ ❛✄❞ ☎✆ ✞❡✆✆ ❞❡✄✆❡✏ ✑❤❡ ☎✟✄☎✝ ❛❜✌✄❞❛✄✝❡✆ ✟❢ ✘❡✱

◆✱ ❖✱ ◆❡✱ ☞ ❛✄❞ ✗r ✇❡r❡ ❞❡r☎✈❡❞ ❜❛✆❡❞ ✟✄ t❤❡ ❡♠♣☎r☎✝❛✞ ♠❡t❤✟❞✆ ❛✄❞ ❛❞✟♣t❡❞

♠❡❛✄ ❡✞❡✝tr✟✄ t❡♠♣❡r❛t✌r❡✆ ❡✆t☎♠❛t❡❞ ❢r✟♠ t❤❡ ✟❜✆❡r✈❡❞ ❬❖ ✒✒✒❪ ❡♠☎✆✆☎✟✄ ✞☎✄❡✆

❛✄❞ ❡✞❡✝tr✟✄ ❞❡✄✆☎t☎❡✆ ❢r✟♠ t❤❡ ✟❜✆❡r✈❡❞ ❬☞ ✒✒❪ ❡♠☎✆✆☎✟✄ ✞☎✄❡✆✏

✍❡ ✝✟✄✆tr✌✝t❡❞ ♣❤✟t✟☎✟✄☎③❛t☎✟✄ ♠✟❞❡✞✆ ❢✟r t❤❡ r☎✄❣ ❛✄❞ ☎✄t❡r☎✟r ✟❢ ☞✌✍t ✎✏

✑❤☎✆ ♠✟❞❡✞ ✝✟✄✆☎✆t❡❞ ✟❢ ❛ ❤☎❣❤❡r ❞❡✄✆☎t② t✟r✌✆ ✭t❤❡ r☎✄❣✮ ✆✌rr✟✌✄❞☎✄❣ ❛ ✞✟✇✠

❞❡✄✆☎t② ✟❜✞❛t❡ ✆♣❤❡r✟☎❞ ✭t❤❡ ☎✄t❡r☎✟r ❞☎✆✝✮✏ ✍❡ ❛✆✆✌♠❡❞ ❛ ❤✟♠✟❣❡✄❡✟✌✆ ❛❜✌✄✠

❞❛✄✝❡ ❞☎✆tr☎❜✌t☎✟✄ ✝✟✄✆☎✆t☎✄❣ ✟❢ ❡☎❣❤t ❛❜✌✄❞❛✄t ❡✞❡♠❡✄t✆✏ ✑❤❡ ☎✄☎t☎❛✞ ❛☎♠ ✇❛✆ t✟

✡✄❞ ❛ ♠✟❞❡✞ t❤❛t ✝✟✌✞❞ r❡♣r✟❞✌✝❡ t❤❡ ✙✌① ☎✄t❡✄✆☎t☎❡✆✱ t❤❡r♠❛✞ ❜❛✞❛✄✝❡ ✆tr✌✝t✌r❡

❛✄❞ ☎✟✄☎③❛t☎✟✄ ✆tr✌✝t✌r❡ ❛✆ ❞❡r☎✈❡❞ ❢r✟♠ ❜② t❤❡ ✟❜✆❡r✈❛t☎✟✄✆✏ ✍❡ ☎✄✝✟r♣✟r❛t❡❞

◆▲✑✚ ♠✟❞❡✞ ❛t♠✟✆♣❤❡r❡✆ t✟ ♠✟❞❡✞ t❤❡ ☎✟✄☎③☎✄❣ ✙✌① ✟❢ t❤❡ ✝❡✄tr❛✞ ✆t❛r✏ ✛✆☎✄❣

❛ ❤②❞r✟❣❡✄✠r☎✝❤ ♠✟❞❡✞ ❛t♠✟✆♣❤❡r❡✱ ✇❡ ✡r✆t ✡tt❡❞ ❛✞✞ t❤❡ ✟❜✆❡r✈❡❞ ✞☎✄❡ ✙✌①❡✆✱

❜✌t t❤❡ t☎♠❡✠✆✝❛✞❡ ✟❢ t❤❡ ❡✈✟✞✌t☎✟✄❛r② tr❛✝❦ ✇❛✆ ✄✟t ✝✟✄✆☎✆t❡✄t ✇☎t❤ t❤❡ ✄❡❜✌✞❛✬✆

❛❣❡✏ ☞✌❜✆❡q✌❡✄t✞②✱ ✇❡ ❞❡✝☎❞❡❞ t✟ ✌✆❡ ❤②❞r✟❣❡✄✠❞❡✡✝☎❡✄t ✆t❡✞✞❛r ❛t♠✟✆♣❤❡r❡✆

☎♠♣✞②☎✄❣ ❛ ❱▲✑☛ ✭❜✟r✄✠❛❣❛☎✄ ✆✝❡✄❛r☎✟✮✱ ❛✄❞ ✞✟✄❣❡r t☎♠❡✠✆✝❛✞❡✆ ✇❡r❡ ✞☎❦❡✞② t✟

❜❡ ☎✄ ❜❡tt❡r ❛❣r❡❡♠❡✄t ✇☎t❤ t❤❡ ❞②✄❛♠☎✝❛✞ ❛❣❡ ✟❢ t❤❡ ✄❡❜✌✞❛✏ ✗✞t❤✟✌❣❤ t❤❡

r❡✆✌✞t✆ ✟❜t❛☎✄❡❞ ❜② t❤❡ t✇✟ ♠✟❞❡✞✆ ✟❢ ☞✌✍t ✎ ❛r❡ ☎✄ ❜r✟❛❞ ❛❣r❡❡♠❡✄t ✇☎t❤ t❤❡

✟❜✆❡r✈❛t☎✟✄✆✱ ❡❛✝❤ ♠✟❞❡✞ ❤❛✆ ✆✞☎❣❤t✞② ❞☎❢❢❡r❡✄t ✝❤❡♠☎✝❛✞ ❛❜✌✄❞❛✄✝❡✆ ❛✄❞ ✈❡r②

✸✜✻ ✢✣✤✥✦✧★✤✩ ✤✪ ✫✥✯✩✰✧✯✴✿ ✩✰❀✦✥✯✰ ❁★✧❂ ❃❄❅✧✿✫✰ ❇✰✩✧✴✯✥ ❉✧✯✴❉



✼✳✼✳ ❈❖◆❈▲❯❙■❖◆

❞✐❢❢❡r❡♥t st❡❧❧❛r ♣❛r❛♠❡t❡rs� ❲❡ ❢♦✉♥❞ ❛ ❢❛✐r❧② ❣♦♦❞ ✂t t♦ ❛ ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t

❝❡♥tr❛❧ st❛r ✇✐t❤ ❛ ♠❛ss ♦❢ ✘ ✵✿✻✹▼❏ ✇✐t❤ ❛♥ ✐♥✐t✐❛❧ ✭♠♦❞❡❧✮ ♠❛ss ♦❢ ✘ ✸▼❏�

❚❤❡ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦ ♦❢ ❇❧➝♦❝❦❡r ✭✶✾✾✺❛✮ ✐♠♣❧✐❡s t❤❛t t❤✐s ❝❡♥tr❛❧ st❛r ❤❛s ❛

♣♦st✲❆●❇ ❛❣❡ ♦❢ ❛❜♦✉t ✷✺ ✁✁✁ ②r� ✄♥t❡r❡st✐♥❣❧②✱ ♦✉r ❦✐♥❡♠❛t✐❝ ❛♥❛❧②s✐s ✭❜❛s❡❞ ♦♥

☎✆①✝ ❢r♦♠ ✞♦♥❡s ❡t ❛❧� ✷✁✶✁❛✮ ✐♠♣❧✐❡s ❛ ♥❡❜✉❧❛r tr✉❡ ❛❣❡ ♦❢ ❛❜♦✉t ✷✟ ✠✁✁➊✷✡ ✟✁✁

②r�

❚❛❜❧❡ ☛�✡ ❧✐sts t✇♦ ❜❡st✲✂tt✐♥❣ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ♦❜t❛✐♥❡❞ ❢♦r ☞✉❲t ✷�

❚❤❡ ❤②❞r♦❣❡♥✲r✐❝❤ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ✭✌♦❞❡❧ ✶✮ ❤❛s ❛ ♥♦r♠❛❧ ❡✈♦❧✉t✐♦♥❛r②

♣❛t❤ ❛♥❞ ②✐❡❧❞s ❛ ♣r♦❣❡♥✐t♦r ♠❛ss ♦❢ ✸▼❏✱ ❛ ❞②♥❛♠✐❝❛❧ ❛❣❡ ♦❢ ☛✱✺✁✁ ②r ❛♥❞

♥❡❜✉❧❛r ✍❂✎ ✏ ✵✿✑✸✑ ✭❜② ♥✉♠❜❡r✮� ❚❤❡ P● ✶✶✺✾ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ✭✌♦❞❡❧

✷✮ ✐s t❤❡ ♠♦st ♣r♦❜❛❜❧❡ s♦❧✉t✐♦♥✱ ✇❤✐❝❤ ❝❛♥ ❜❡ ❡✒♣❧❛✐♥❡❞ ❜② ❛ ❱✓❚P ♣❤❛s❡ ♦r

❜♦r♥✲❛❣❛✐♥ s❝❡♥❛r✐♦✔ ❱✓❚P ✦ ❬❲✕✓❪ ✦ ❬❲✕❊❪ ✦ ❬❲✕❪✲P●✶✶✺✾ ✦P●✶✶✺✾

✭❇❧➝♦❝❦❡r ✷✁✁✶❀ ❍❡r✇✐❣ ✷✁✁✶❀ ✌✐❧❧❡r ❇❡rt♦❧❛♠✐ ✫ ❆❧t❤❛✉s ✷✁✁✡❀ ❲❡r♥❡r ✫ ❍❡r✲

✇✐❣ ✷✁✁✡✮� ❚❤❡ P●✶✶✺✾ ♠♦❞❡❧ ②✐❡❧❞s ✍❂✎ ✏ ✵✿✽✖✻ ❛♥❞ ❛ st❡❧❧❛r t❡♠♣❡r❛t✉r❡

♦❢ ✗✆✙✙ ✏ ✖✻✵ ❦❑ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡ ♣r♦❣❡♥✐t♦r ♠❛ss ♦❢ ✸▼
❏ ❛♥❞ ♠✉❝❤ ❧♦♥❣❡r

❡✈♦❧✉t✐♦♥❛r② t✐♠❡✲s❝❛❧❡� ❚❤❡ ❱✓❚P ❝❛♥ ❜❡ ❝❤❛r❛❝t❡r✐③❡❞ ❛s t❤❡ ❤❡❧✐✉♠✲❜✉r♥✐♥❣

♠♦❞❡❧✱ ❜✉t t❤✐s ❝❛♥♥♦t ♣✉r❡❧② ❡✒♣❧❛✐♥ t❤❡ ❢❛st st❡❧❧❛r ✇✐♥❞s ✭✚➙ ✏ ✛✵✵✵❦♠s
✜✢✮

♦❢ t②♣✐❝❛❧ ❬❲✕❊❪ st❛rs� ✄t ✐s ♣♦ss✐❜❧❡ t❤❛t ❛♥ ❡✒t❡r♥❛❧ ♠❡❝❤❛♥✐s♠ s✉❝❤ ❛s t❤❡

t✐❞❛❧ ❢♦r❝❡ ♦❢ ❛ ❝♦♠♣❛♥✐♦♥ ❛♥❞ ♠❛ss tr❛♥s❢❡r t♦ ❛♥ ❛❝❝r❡t✐♦♥ ❞✐s❝✱ ♦r t❤❡ str♦♥❣

st❡❧❧❛r ♠❛❣♥❡t✐❝ ✂❡❧❞ ♦❢ ❛ ❝♦♠♣❛♥✐♦♥ ❝❛♥ tr✐❣❣❡r ✭❧❛t❡✮ t❤❡r♠❛❧ ♣✉❧s❡s ❞✉r✐♥❣

♣♦st✲❆●❇ ❡✈♦❧✉t✐♦♥ ✭❡�❣� s❡❡ ❍❛❥❞✉❦ ❡t ❛❧� ✷✁✁☛❀ ❋r❛♥❦♦✇s❦✐ ✫ ☞♦❦❡r ✷✁✁✾✮�

❚❤❡ ❛❜✉♥❞❛♥❝❡ ♣❛tt❡r♥ ♦❢ ☞✉❲t ✷ ✐s r❡♣r❡s❡♥t❛t✐✈❡ ♦❢ ❛ ♥✐tr♦❣❡♥✲r✐❝❤ P✣✱

✇❤✐❝❤ ✐s ♥♦r♠❛❧❧② ❝♦♥s✐❞❡r❡❞ t♦ ❜❡ t❤❡ ♣r♦❞✉❝t ♦❢ ❛ r❡❧❛t✐✈❡❧② ♠❛ss✐✈❡ ♣r♦✲

❣❡♥✐t♦r st❛r ✭❇❡❝❦❡r ✫ ✄❜❡♥ ✶✾✤✁❀ ❑✐♥❣s❜✉r❣❤ ✫ ❇❛r❧♦✇ ✶✾✾✠✮� ❘❡❝❡♥t ✇♦r❦

s✉❣❣❡sts t❤❛t ❍❇❇✱ ✇❤✐❝❤ ❡♥❤❛♥❝❡s t❤❡ ❤❡❧✐✉♠ ❛♥❞ ♥✐tr♦❣❡♥✱ ❛♥❞ ❞❡❝r❡❛s❡s

♦✒②❣❡♥ ❛♥❞ ❝❛r❜♦♥✱ ♦❝❝✉rs ♦♥❧② ❢♦r ✐♥✐t✐❛❧ ♠❛ss❡s ♦❢ ✥✺▼❏ ✭❩ ✏ ✵✿✵✛❀ ❑❛r❛❦❛s

✫ ✓❛tt❛♥③✐♦ ✷✁✁☛❀ ❑❛r❛❦❛s ❡t ❛❧� ✷✁✁✾✮❀ ❤❡♥❝❡✱ t❤❡ ♥✐tr♦❣❡♥ ❡♥r✐❝❤♠❡♥t s❡❡♥ ✐♥

t❤❡ ♥❡❜✉❧❛ ❛♣♣❡❛rs t♦ r❡s✉❧t ❢r♦♠ ❛♥ ❛❞❞✐t✐♦♥❛❧ ♠✐✒✐♥❣ ♣r♦❝❡ss ❛❝t✐✈❡ ✐♥ st❛rs

❞♦✇♥ t♦ ❛ ♠❛ss ♦❢ ✟▼❏� ❆❞❞✐t✐♦♥❛❧ ♣❤②s✐❝❛❧ ♣r♦❝❡ss❡s s✉❝❤ ❛s r♦t❛t✐♦♥ ✐♥❝r❡❛s❡

✧★✩✪✬✯✰ ❉✴❁❃✩✪✴❄ ✟☛☛



✼✳ ❙❯❲❚ ✷ ❲■❚❍ ❆ P●✶✶✺✾✲❚❨P❊ ❙❚❆❘

t❤❡ ♠❛ss�❧♦ss r❛t❡ ✭✁❛①t♦♥ ❡t ❛❧✂ ✄✵☎✸✮ ❛♥❞ ♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡ ❛t t❤❡ st❡❧❧❛r

s✉r❢❛❝❡ ✭❡♥❞ ♦❢ t❤❡ ❝♦r❡ ✆� ❛♥❞ ✆❡�❜✉r♥✐♥❣ ♣❤❛s❡s❀ ✝❦str➝♦♠ ❡t ❛❧✂ ✄✵☎✄✮✂ ✞❤❡

♠❛ss�❧♦ss ✈✐❛ ✟▲❖❋ ✐♥ ❛ ❜✐♥❛r② ✭♦r tr✐♣❧❡✮ s②st❡♠ ❝❛♥ ♣r♦❞✉❝❡ ❛ ❤❡❧✐✉♠�r✐❝❤

♦✉t❡r ❧❛②❡r ✭❈❤❡♥ ✫ ✆❛♥ ✄✵✵✄❀ ❇❡♥✈❡♥✉t♦ ✫ ❉❡ ❱✐t♦ ✄✵✵✠✮✱ ✇❤✐❝❤ s✐❣♥✐✡❝❛♥t❧②

❛❢❢❡❝ts ♦t❤❡r ❡❧❡♠❡♥ts ❛t t❤❡ s✉r❢❛❝❡✂

✸☛✽ ☞✌✍✎✏✑✒✍✓ ✍✔ ✕✎✖✓✗✑✖✘✙ ✓✗✚✏✎✖✗ ✛✒✑✜ ✢✣✤✑✙✕✗ ✥✗✓✑✘✖✎ ✦✑✖✘✦



✽

❈♦♥❝❧✉s✐♦♥s ❛♥❞ ❋✉t✉r❡ ❲♦r❦

❚❤� ✁�✂�✄✁☎❤ ☎✄✁✁✆�✝ ✞✟✠ ❤�✁� ✠✁✆�✝ ✠✞ ❜✁✞✄✝�✡ ✞✟✁ ✟✡✝�✁✂✠✄✡✝✆✡❣ ✞❢ ✠❤� ♣☛✄✡�✲

✠✄✁② ✡�❜✟☛✄� ✭P◆�✮ ✂✟✁✁✞✟✡✝✆✡❣ ❤②✝✁✞❣�✡✲✝�☞☎✆�✡✠ ✌❘✲✠②♣� ☎�✡✠✁✄☛ ✂✠✄✁✂✳ ✌�

✟✂�✝ ✄ ✝✆✈�✁✂� ✁✄✡❣� ✞❢ ♠�✠❤✞✝✞☛✞❣✆�✂ ✠✞ ✆✡✠�✁♣✁�✠ ✞✟✁ ✆✡✠�❣✁✄☛ ☞�☛✝ ✟✡✆✠ ✭■✍❯✮

✞❜✂�✁✈✄✠✆✞✡✂✳ ❖✟✁ ✄✆♠ ✆✡ ✠❤✆✂ ✇✞✁✎ ✇✄✂ ✠✞ ✝�✠�✁♠✆✡� ✎✆✡�♠✄✠✆☎ ❢�✄✠✟✁�✂✱ ♣❤②✂✲

✆☎✄☛ ☎✞✡✝✆✠✆✞✡✂ ✄✡✝ ☎❤�♠✆☎✄☛ ✄❜✟✡✝✄✡☎�✂✳ ❚❤� ☎✄♣✄❜✆☛✆✠✆�✂ ✞❢ ✠❤� ■✍❯ ✞❜✂�✁✈✄✲

✠✆✞✡✂✱ ☎✞✟♣☛�✝ ✇✆✠❤ ✄✁☎❤✆✈✄☛ ✆♠✄❣✆✡❣✱ ❤✄✈� ✄☛☛✞✇�✝ ✟✂ ✠✞ ♣✁✞✈✆✝� ✠❤� ✂♣✄✠✆✄☛☛②

✁�✂✞☛✈�✝ ✝✆✂✠✁✆❜✟✠✆✞✡✂ ✞❢ ✈�☛✞☎✆✠✆�✂✱ ✠�♠♣�✁✄✠✟✁�✂✱ ✝�✡✂✆✠✆�✂ ✄✡✝ ✆✞✡✆☎ ✄❜✟✡✲

✝✄✡☎�✂✳ ■✡ ✠❤✆✂ ☎❤✄♣✠�✁✱ ■ ✂✟♠♠✄✁✆③� ✠❤� ♠✄✆✡ ✁�✂✟☛✠✂ ✁�✄☎❤�✝✱ ❢✞☛☛✞✇�✝ ❜②

✂✟❣❣�✂✠✆✞✡✂ ✞✡ ❤✞✇ ✠✞ �①✠�✡✝ ✠❤✆✂ ✇✞✁✎✱ ✇❤✆☎❤ ♠✆❣❤✠ ✂✞☛✈� ✠❤� ☛✞✡❣✲✂✠✄✡✝✆✡❣

♣✁✞❜☛�♠✂ ✆✡ ✠❤� ✂✠✟✝② ✞❢ P◆�✳

✏✑✶ ❙✒✓✓✔✕✖

■✡ ✗❤✄♣✠�✁ ✷✱ ♠✞✁♣❤✞☛✞❣✆☎✄☛ ❢�✄✠✟✁�✂ ❢✞✁ ✄ ✂✄♠♣☛� ✞❢ P◆� ❤✄✈� ❜��✡ ✝�✠�✁✲

♠✆✡�✝✳ ❚❤� ☎✄♣✄❜✆☛✆✠✆�✂ ✞❢ ✠❤� ■✍❯ ✞❜✂�✁✈✄✠✆✞✡✂✱ ☎✞✟♣☛�✝ ✇✆✠❤ ❍✘✙ ✞✁ ✄✁☎❤✆✈✄☛

✆♠✄❣✆✡❣✱ ✄☛☛✞✇�✝ ✟✂ ✠✞ ✆✝�✡✠✆❢② ✠❤�✆✁ ✠❤✁��✲✝✆♠�✡✂✆✞✡✄☛ ♠✞✁♣❤✞✲✎✆✡�♠✄✠✆☎ ✂✠✁✟☎✲

✠✟✁�✂✳ ❚❤� ✸✲❉ ♠✞✁♣❤✞✲✎✆✡�♠✄✠✆☎ ♠✞✝�☛✆✡❣ ♣✁✞❣✁✄♠ ✚✛❆✜❊ ✇✄✂ ✟✂�✝ ✠✞ ✂✠✟✝②

✠❤� ✎✆✡�♠✄✠✆☎ ✂✠✁✟☎✠✟✁�✂✳ ❚❤� ✁�✂✟☛✠✂ ✆✡✝✆☎✄✠� ✠❤✄✠ ✠❤�✂� P◆� ❤✄✈� ✄①✆✂②♠♠�✠✁✆☎

♠✞✁♣❤✞☛✞❣✆�✂✱ �✆✠❤�✁ ❜✆♣✞☛✄✁ ✞✁ �☛☛✆♣✠✆☎✄☛✳ ✢✞♠� ✞❢ ✠❤�♠ ✂❤✞✇ �☛☛✆♣✠✆☎✄☛ ✂❤✄♣�✂

✸✼✾



✽✳ ❈❖◆❈▲❯❙■❖◆❙ ❆◆❉ ❋❯❚❯❘❊ ❲❖❘❑

✇✐t❤ �✁✂✄☎✆ ✭❡✝❣✝ ▼✸✲✸✵ ❛♥❞ ❍❜✹✮✝ ✞❤✐s ❝♦✉❧❞ ✐♠♣❧② ❛ ♣♦ss✐❜❧❡ ❧✐♥❦ ❜❡t✇❡❡♥

P✟❡ ❛♥❞ t❤❡✐r ✠☎✲t②♣❡ ♥✉❝❧❡✐✝ ❍♦✇❡✈❡r✱ t❤❡ ❡①♣❛♥s✐♦♥ ✈❡❧♦❝✐t✐❡s ❞♦ ♥♦t s❤♦✇

❛♥② str♦♥❣ ❧✐♥❦ ✇✐t❤ t❤❡ st❡❧❧❛r ♣❛r❛♠❡t❡rs✝ ✞❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡✐r

♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ str✉❝t✉r❡s ❛♥❞ ✠☎✲t②♣❡ ♥✉❝❧❡✐ ♥❡❡❞s t♦ ❜❡ ✐♥✈❡st✐❣❛t❡❞ ❢✉r✲

t❤❡r✝

✂♥ ✡❤❛♣t❡r ✸✱ t❤❡ ❝❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s ❢♦r ❛ s❛♠♣❧❡ ♦❢ P✟❡ ✇✐t❤ ❞✐❢❢❡r❡♥t

✠☎✲t②♣❡ st❛rs ❤❛✈❡ ❜❡❡♥ ❞❡t❡r♠✐♥❡❞✝ ✞❤✐s ♠✐❣❤t ♣r♦✈✐❞❡ ❝❧✉❡s ❛❜♦✉t t❤❡ ♦r✐❣✐♥

♦❢ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❛♥❞ t❡♠♣❡r❛t✉r❡ ❞✐❝❤♦t♦♠② ❞❡r✐✈❡❞ ❢r♦♠ ✡✄✁s

❛♥❞ ☛☎✁s✝ ✞❤❡ ☛☎✁ ❛❜✉♥❞❛♥❝❡s ❛r❡ ❢♦✉♥❞ t♦ ❜❡ s❡✈❡r❛❧ t✐♠❡s ❤✐❣❤❡r t❤❛♥ t❤❡

✡✄✁ ❛❜✉♥❞❛♥❝❡s✱ ✇❤❡r❡❛s t❤❡ t❡♠♣❡r❛t✉r❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❍❡ ☞ r❡❝♦♠❜✐♥❛✲

t✐♦♥ ❧✐♥❡s ❛r❡ t②♣✐❝❛❧❧② ❧♦✇❡r t❤❛♥ t❤♦s❡ ♠❡❛s✉r❡❞ ❢r♦♠ t❤❡ ❝♦❧❧✐s✐♦♥❛❧❧② ❡①❝✐t❡❞

♥❡❜✉❧❛r✲t♦✲❛✉r♦r❛❧ ❢♦r❜✐❞❞❡♥ ❧✐♥❡ r❛t✐♦s✝ ✞❤✐s ♠❛② ♣♦✐♥t t♦ t❤❡ ❡①✐st❡♥❝❡ ♦❢

❝♦❧❞✱ ❤②❞r♦❣❡♥✲❞❡✌❝✐❡♥t ♠❛t❡r✐❛❧s ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ❞✐❢❢✉s❡ ✇❛r♠ ♥❡❜✉❧❛✝ ✞❤❡

❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❢❛❝t♦rs ❢♦r ❤❡❛✈② ✐♦♥s ✇❡r❡ ❢♦✉♥❞ t♦ ❜❡ ❝❧♦s❡❧② ❝♦rr❡✲

❧❛t❡❞ ✇✐t❤ t❤❡ t❡♠♣❡r❛t✉r❡ ❞✐❝❤♦t♦♠②✝ ✂t ✐s ❢♦✉♥❞ t❤❛t t❤❡ ✍✎� ❛♥❞ t❡♠♣❡r❛✲

t✉r❡ ❞✐❝❤♦t♦♠② ❛r❡ ❝♦rr❡❧❛t❡❞ ✇✐t❤ t❤❡ ✐♥tr✐♥s✐❝ ♥❡❜✉❧❛r ❍✏ s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss✝

✞❤✐s s✉❣❣❡sts t❤❛t t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ♣r♦❜❧❡♠ ♠✉st ❜❡ r❡❧❛t❡❞ t♦ t❤❡

♥❡❜✉❧❛r ❡✈♦❧✉t✐♦♥ r❛t❤❡r t❤❛♥ t❤❡ st❡❧❧❛r ♣❛r❛♠❡t❡rs✝ ✞❤❡ ❡①✐st❡♥❝❡ ♦❢ ❝♦❧❞

❤②❞r♦❣❡♥✲❞❡✌❝✐❡♥t✱ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ✐♥ t❤❡ ♥❡❜✉❧❛ ❤❛s ❜❡❡♥ ♣r♦♣♦s❡❞ t♦

s♦❧✈❡ t❤❡ ☛☎✁ ✈❡rs✉s ✡✄✁ ♣r♦❜❧❡♠ ✭✁✐✉ ❡t ❛❧✝ ✷✵✵✵❀ ✁✐✉ ✷✵✵✸✮✝ ✞❤❡ ♦r✐❣✐♥ ♦❢

s✉❝❤ str✉❝t✉r❡s ✐s ❛s ②❡t ✉♥❦♥♦✇♥✱ ❛♥❞ t❤❡✐r ♣r❡s❡♥❝❡s ✐♥ t❤❡ ♥❡❜✉❧❛ ❤❛✈❡ ♥♦t

②❡t ❜❡❡♥ ❝♦♥✌r♠❡❞✝ ✞❤❡ ♠❡t❛❧✲r✐❝❤ ♠❛t❡r✐❛❧s ❝♦✉❧❞ ❜❡ ❡❥❡❝t❡❞ ❢r♦♠ t❤❡ st❡❧❧❛r

s✉r❢❛❝❡ ❞✉r✐♥❣ t❤❡ ✈❡r② ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡ ✭❜♦r♥✲❛❣❛✐♥ s❝❡♥❛r✐♦✮✝

✂♥ ✡❤❛♣t❡r ✹✱ ✇❡ ❝♦♥str✉❝t❡❞ ❛ ✸✎ ♣❤♦t♦✐♦♥✐s❛t✐♦♥ ♠♦❞❡❧ ♦❢ ❍❜✹ ❛ss✉♠✲

✐♥❣ ❤♦♠♦❣❡♥❡♦✉s ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s✝ ✞❤❡ ♥❡❜✉❧❛ ✐s ❛♣♣r♦①✐♠❛t❡❞ ❜② ❛

❞❡♥s✐t② ♠♦❞❡❧ ❞❡✈❡❧♦♣❡❞ ❢r♦♠ t❤❡ ❦✐♥❡♠❛t✐❝ ❛♥❛❧②s✐s ❛♥❞ ✑✒✓ ✐♠❛❣✐♥❣✝ ✞❤❡

r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ✐♦♥✐③❛t✐♦♥ ❝♦rr❡❝t✐♦♥ ❢❛❝t♦r ♠❡t❤♦❞ ❛♥❞ t❤❡ ❡❧❡❝tr♦♥

t❡♠♣❡r❛t✉r❡ ✉s❡❞ ❢♦r t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ❛r❡ ♠♦st❧② r❡s♣♦♥s✐❜❧❡ ❢♦r ❛♣♣❛r✲

❡♥t ❡♥❤❛♥❝❡❞ ♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡✝ ✂t ✐s ❛❧s♦ ❢♦✉♥❞ t❤❛t t❤❡ ❡♥❤❛♥❝❡♠❡♥t ♦❢ t❤❡

✸✔✵ ✕✖✗✘✙✚✛✗✜ ✗✢ ✣✘✤✜✥✚✤✦✧ ✜✥★✙✘✤✥ ✩✛✚✪ ✫✬✯✚✧✣✥ ✰✥✜✚✦✤✘ ✴✚✤✦✴
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❬◆ ■■❪ ❡♠✐ss✐♦♥ ✐♥ t❤❡ ❋▲�❊✁s ✐s ♠♦r❡ ❛ttr✐❜✉t❡❞ t♦ t❤❡ ❣❡♦♠❡tr② ❛♥❞ ❞❡♥s✐t② ❞✐s✲

tr✐❜✉t✐♦♥✂ ❍♦✇❡✈❡r✱ ♦✉r ✄rst ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ✉♥❞❡r✲♣r❡❞✐❝t❡❞ t❤❡ ❖✁▲s✂

❚❤❡r❡❢♦r❡✱ ✇❡ ❛✐♠❡❞ t♦ r❡♣r♦❞✉❝❡ t❤❡ ❖✁▲s ♦❢ ❍❜✹ ❜② ✉s✐♥❣ ❛ ❜✐✲❛❜✉♥❞❛♥❝❡

♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ❝♦♥s✐st✐♥❣ ♦❢ ❛ ❝❤❡♠✐❝❛❧❧② ❤♦♠♦❣❡♥❡♦✉s t♦r✉s ✇✐t❤ ♥♦r✲

♠❛❧ ❛❜✉♥❞❛♥❝❡s✱ s✉rr♦✉♥❞✐♥❣ ❛ s♠❛❧❧ ❢r❛❝t✐♦♥ ♦❢ ❝♦❧❞✱ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s

♦❝❝✉♣②✐♥❣ ✘ ✺ ♣❡r❝❡♥t ♦❢ t❤❡ t♦t❛❧ ✈♦❧✉♠❡✂ ❚❤❡ r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ❜✐✲

❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ ♣r♦✈✐❞❡s ❛❝❝❡♣t❛❜❧❡ ♠❛t❝❤❡s t♦ t❤❡ ❖✁▲s✂ ☎♦r❡♦✈❡r✱ t❤❡ t❡♠✲

♣❡r❛t✉r❡s ♦❢ t❤❡ ✇❤♦❧❡ ♥❡❜✉❧❛ ♣r❡❞✐❝t❡❞ ❜② t❤❡ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ r❡❛s♦♥❛❜❧②

♠❛t❝❤ t❤❡ ❡♠♣✐r✐❝❛❧ r❡s✉❧ts✂ ❲❡ ❝♦♥❝❧✉❞❡ t❤❛t t❤❡ ♣r❡s❡♥❝❡ ♦❢ t❤❡ ♠❡t❛❧✲r✐❝❤

✐♥❝❧✉s✐♦♥s ♠❛② ❡①♣❧❛✐♥ t❤❡ ♦❜s❡r✈❡❞ ❖✁▲s✂

�♥ ❈❤❛♣t❡r ✆✱ ❛ t❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ♦❢ ✝❜❡❧❧ ✹✞ ✇❛s

❝♦♥str✉❝t❡❞✱ ❝♦♥str❛✐♥❡❞ ❜② ♦✉r ♥❡✇ �❋✟ s♣❡❝tr♦s❝♦♣✐❝ ❞❛t❛ ❛♥❞ t❤❡ t❤r❡❡✲

❞✐♠❡♥s✐♦♥❛❧ ❞❡♥s✐t② str✉❝t✉r❡ ♠♦❞❡❧ ❞❡✈❡❧♦♣❡❞ ❢r♦♠ ♦✉r ❦✐♥❡♠❛t✐❝ ❛♥❛❧②s✐s✱

❛ss✉♠✐♥❣ ❤♦♠♦❣❡♥❡♦✉s ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s✂ ❚❤❡ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❞❡❞✉❝❡❞

❢r♦♠ ♦✉r ♠♦❞❡❧ ❛r❡ ✐♥ ❞❡❝❡♥t ❛❣r❡❡♠❡♥t ✇✐t❤ t❤♦s❡ ❞❡r✐✈❡❞ ❜② t❤❡ ❡♠♣✐r✐❝❛❧

❛♥❛❧②s✐s✂ ❇✉t✱ ✇❡ ♥♦t✐❝❡ ♦❜✈✐♦✉s ❞✐s❝r❡♣❛♥❝✐❡s ❜❡t✇❡❡♥ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s

❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ♠♦❞❡❧ ❛♥❞ t❤❡ ❖✁▲ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✱ ❛s ♦✈❡r❡st✐♠❛t❡❞ ❜②

♦✉r ♠♦❞❡❧✂ ❚❤✐s ♠❛② ❜❡ ❞✉❡ t♦ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♠❡t❛❧✲r✐❝❤ ❦♥♦ts✱ ✇❤✐❝❤ ✇❡r❡

♥♦t ✐♥❝❧✉❞❡❞ ✐♥ ♦✉r ♠♦❞❡❧✂ ❚❤❡ ❛♠♦✉♥t ♦❢ ♥✐tr♦❣❡♥ ✭✆ ♣❡r ❝❡♥t ❜② ♠❛ss✮ ❞❡✲

t❡❝t❡❞ ✐♥ t❤❡ st❡❧❧❛r ❛t♠♦s♣❤❡r❡ ✐♠♣❧✐❡s t❤❛t t❤❡ ❝❡♥tr❛❧ st❛r ♠❛② ❤❛✈❡ ✉♥❞❡r✲

❣♦♥❡ ❛ ✈❡r② ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡ ✭❱▲❚P✮✱ ❜✉t t❤✐s ✐s ✐♥❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❡①tr❡♠❡

❤❡❧✐✉♠✲r✐❝❤ ✭✞✆ ♣❡r ❝❡♥t ❜② ♠❛ss✮ ❛t♠♦s♣❤❡r❡ ♦❢ ✝❜❡❧❧ ✹✞✱ ✇❤✐❝❤ ✇❛s ♣r♦❜✲

❛❜❧② r❛t❤❡r ❢♦r♠❡❞ ❜② ❛ ♠❡r❣✐♥❣ ♣r♦❝❡ss ♦❢ t✇♦ ✇❤✐t❡ ❞✇❛r❢s✂ ◆❡✈❡rt❤❡❧❡ss✱

t❤❡ ❱▲❚P ❡✈♦❧✉t✐♦♥❛r② t✐♠❡s❝❛❧❡ ❛❣r❡❡s ✇✐t❤ t❤❡ ♥❡❜✉❧❛✬s ❞②♥❛♠✐❝❛❧ ❛❣❡✱ ✐♠✲

♣❧②✐♥❣ t❤❛t t❤❡ ❝❡♥tr❛❧ st❛r ❧❡❢t t❤❡ ❛s②♠♣t♦t✐❝ ❣✐❛♥t ❜r❛♥❝❤ ❛❜♦✉t ✾ ✵✵✵ ②❡❛rs

❛❣♦✂ ❇❛s❡❞ ♦♥ t❤❡ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ❛♥❞ ♥❡❜✉❧❛r ♠❛ss✱ ✇❡ ❛❧s♦ ❡st✐♠❛t❡❞ t❤❡

♣r♦❣❡♥✐t♦r ♠❛ss t♦ ❜❡ ✘ ✸ ☎❏✂

�♥ ❈❤❛♣t❡r ✻✱ ✇❡ ❤❛✈❡ ❝♦♥str✉❝t❡❞ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ♦❢ t❤❡ ♣❧❛♥❡t❛r②

♥❡❜✉❧❛ P❇✞ t♦ ❜❡ ❝♦♥❢r♦♥t❡❞ ✇✐t❤ ❛✈❛✐❧❛❜❧❡ ♦♣t✐❝❛❧ ❛♥❞ ✐♥❢r❛r❡❞ ♦❜s❡r✈❛t✐♦♥s✱

❆✠✡☛☞✌✍ ❉✎✏✑✡☛✎✒ ✓✞✔
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❝♦♥str❛✐♥❡❞ ❜② ❛ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ❢♦r t❤❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡ ❝❛❧❝✉❧❛t❡❞ ❜② �♦❞t

❡t ❛❧✁ ✭✷✵✶✵✮ t♦ ♠❛t❝❤ ✐ts ❝❡♥tr❛❧ st❛r s♣❡❝tr✉♠✁ �❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ❢♦r

t❤❡ ♥❡❜✉❧❛r ❣❛s ✇❛s ❛❞♦♣t❡❞ ❜❛s❡❞ ✶✲✂ ❤②❞r♦❞②♥❛♠✐❝s ♠♦❞❡❧s ✭P❡r✐♥♦tt♦ ❡t ❛❧✁

✷✵✵✹❀ ✄❝❤➝♦♥❜❡r♥❡r ❡t ❛❧✁ ✷✵✵✺❜✮ ❝♦♠♣✉t❡❞ ❢♦r ❞✐❢❢❡r❡♥t st❡❧❧❛r ❡✈♦❧✉t✐♦♥❛r②

tr❛❝❦s✁ �❤r❡❡ ❞✐❢❢❡r❡♥t s❡ts ♦❢ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ✇❡r❡ tr✐❡❞✱ t❤❡ ☎rst ❜❡✐♥❣

❝❤❡♠✐❝❛❧❧② ❤♦♠♦❣❡♥❡♦✉s ♠♦❞❡❧s t❤❛t ❢❛✐❧❡❞ t♦ r❡♣r♦❞✉❝❡ t❤❡ ♦❜s❡r✈❡❞ ✆✝✞s ♦❢

❤❡❛✈② ❡❧❡♠❡♥ts✁ �♦ r❡♣r♦❞✉❝❡ t❤❡ ♦❜s❡r✈❡❞ ✆✝✞s✱ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧s ✇❡r❡

❜✉✐❧t ❜② ✐♥❝❧✉❞✐♥❣ ❛ s♠❛❧❧ ❢r❛❝t✐♦♥ ♦❢ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ❣❛s

❡♥✈❡❧♦♣❡ ✇✐t❤ ♥♦r♠❛❧ ❛❜✉♥❞❛♥❝❡s✁ �❤❡ ☎♥❛❧ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ ♣r♦✈✐❞❡❞ ❛

❜❡tt❡r ☎t t♦ t❤❡ ♠♦st ♦❜s❡r✈❡❞ ❤❡❛✈② ❡❧❡♠❡♥t ✆✝✞s✱ ✇❤♦s❡ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉✲

s✐♦♥s ❤❛✈❡ ❛ ♠❛ss ♦❢ ✘ ✟ ♣❡r❝❡♥t ♦❢ t❤❡ t♦t❛❧ ✐♦♥✐③❡❞ ♠❛ss ❛♥❞ ♥❡❛r❧② t✇✐❝❡

❝♦♦❧❡r ❛♥❞ ❞❡♥s❡r t❤❛♥ t❤❡ ♥♦r♠❛❧ ❝♦♠♣♦s✐t✐♦♥ ♥❡❜✉❧❛✁ �❤❡✐r ✆✴❍ ❛♥❞ ✠✴❍

❛❜✉♥❞❛♥❝❡ r❛t✐♦s ❛r❡ ✘✶✁✵ ❛♥❞ ✶✁✼ ❞❡① ❧❛r❣❡r t❤❛♥ t❤❡ ❞✐❢❢✉s❡ ✇❛r♠ ♥❡❜✉❧❛✱

r❡s♣❡❝t✐✈❡❧②✁ �❤❡ ♠♦❞❡❧ ❞✐❞ ♥♦t ♣r❡❞✐❝t t❤❡ t❤❡r♠❛❧ s♣❡❝tr❛❧ ❡♥❡r❣② ❞✐str✐❜✉t✐♦♥

♦❢ t❤❡ ♥❡❜✉❧❛ ♦❜s❡r✈❡❞ ✇✐t❤ t❤❡ ✡☛☞✌✍✎✏ ✐♥❢r❛r❡❞ s♣❡❝tr♦❣r❛♣❤✁ �❤❡r❡❢♦r❡✱ ✇❡

❛✐♠❡❞ t♦ ♣r♦❞✉❝❡ t❤❡ t❤❡r♠❛❧ ✐♥❢r❛r❡❞ ❡♠✐ss✐♦♥ ❜② ✐♥❝❧✉❞✐♥❣ ❞✉st ❣r❛✐♥s ✐♥ t❤❡

☎♥❛❧ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✁ ✑t ✐s ❢♦✉♥❞ t❤❛t t❤❡ ♣❤♦t♦❡❧❡❝tr✐❝ ❡♠✐ss✐♦♥ ❢r♦♠

❞✉st ❣r❛✐♥s ✇✐t❤ ❛ ❞✉st✲t♦✲❤②❞r♦❣❡♥ r❛t✐♦ ♦❢ ✵✁✵✶ ❜② ♠❛ss ❢♦r t❤❡ ✇❤♦❧❡ ♥❡❜✲

✉❧❛ ✐s s✉❢☎❝✐❡♥t t♦ ♠❛t❝❤ t❤❡ ❞✉st t❡♠♣❡r❛t✉r❡s ❛♥❞ ❡♠❡r❣❡♥t s♣❡❝tr❛❧ ❡♥❡r❣②

❞✐str✐❜✉t✐♦♥✁

✑♥ ✒❤❛♣t❡r ✼✱ ✇❡ ✉s❡❞ ♦♣t✐❝❛❧ ✐♥t❡❣r❛❧✲☎❡❧❞ s♣❡❝tr♦s❝♦♣② t♦ st✉❞② t❤❡ ❡♠✐s✲

s✐♦♥ ❧✐♥❡s ♦❢ t❤❡ ✐♥♥❡r ♥❡❜✉❧❛ r✐♥❣ ♦❢ ✄✉✓t ✷✁ ✑t ✐s ❛♥ ✉♥✉s✉❛❧ ♦❜❥❡❝t ✇✐t❤ ❛

♣r♦♠✐♥❡♥t✱ ✐♥❝❧✐♥❡❞ ❝❡♥tr❛❧ ❡♠✐ss✐♦♥ ❡❧❧✐♣s❡ ❛♥❞ ❢❛✐♥t ❜✐♣♦❧❛r ❡①t❡♥s✐♦♥s✁ ✑t ❤❛s

t✇♦ ✔✲t②♣❡ st❛rs ✐♥ ❛ ♣r♦✈❡♥ ❜✐♥❛r② s②st❡♠ ❛t t❤❡ ❝❡♥t❡r✁ ❍♦✇❡✈❡r✱ t❤❡ r❛❞✐❛t✐♦♥

❢r♦♠ t❤❡s❡ t✇♦ ❝❡♥tr❛❧ st❛rs ✐s t♦♦ s♦❢t t♦ ✐♦♥✐③❡ t❤❡ s✉rr♦✉♥❞✐♥❣ ♠❛t❡r✐❛❧ ❧❡❛❞✲

✐♥❣ t♦ ❛ s♦ ❢❛r ❢r✉✐t❧❡ss s❡❛r❝❤ ❢♦r t❤❡ r❡s♣♦♥s✐❜❧❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡✁ ▼♦r❡♦✈❡r✱

t❤❡ ❡❥❡❝t❡❞ ♥❡❜✉❧❛ ✐s ♥✐tr♦❣❡♥✲r✐❝❤ ✇❤✐❝❤ r❛✐s❡s q✉❡st✐♦♥ ❛❜♦✉t t❤❡ ♠❛ss✲❧♦ss

♣r♦❝❡ss ❢r♦♠ ❛ ❧✐❦❡❧② ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss ♣r♦❣❡♥✐t♦r✁ ✓❡ ♣❡r❢♦r♠❡❞ ❛♥ ❡♠♣✐r✐✲

❝❛❧ ❛♥❛❧②s✐s ♦❢ ✒✕✞s✱ t♦❣❡t❤❡r ✇✐t❤ ❛ ❢✉❧❧② ✸✲✂ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✐♥❣✁ �❤❡

✸✖✷ ✗✙✚✛✜✌☞✚✢ ✚✣ ☛✛✤✢✎✌✤✏✥ ✢✎✦✜✛✤✎ ✧☞✌★ ✩✪✫✌✥☛✎ ✬✎✢✌✏✤✛ ✯✌✤✏✯
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t✐♠❡✲s❝❛❧❡ ❢♦r t❤❡ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦ ♦❢ ❛ ❤②❞r♦❣❡♥✲r✐❝❤ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ✐s

✐♥❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❞②♥❛♠✐❝❛❧ ❛❣❡ ♦❜t❛✐♥❡❞ ❢♦r t❤❡ r✐♥❣� ✁❤✐s s✉❣❣❡sts t❤❛t

t❤❡ ❝❡♥tr❛❧ st❛r ❤❛s ✉♥❞❡r❣♦♥❡ ❛ ✈❡r② ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡ ✭❱▲✁P✮� ✂❡ ❝♦♥❝❧✉❞❡

t❤❛t t❤❡ ✐♦♥✐③✐♥❣ st❛r ❝♦✉❧❞ ❜❡ ❤②❞r♦❣❡♥✲❞❡✄❝✐❡♥t ❛♥❞ ❝♦♠♣❛t✐❜❧❡ ✇✐t❤ ✇❤❛t ✐s

❦♥♦✇♥ ❛s ❛ P● ✶✶✺✾✲t②♣❡ st❛r� ✁❤❡ ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s ❢♦r t❤❡ ✈❡r② ❧❛t❡ t❤❡r♠❛❧

♣✉❧s❡ ♠♦❞❡❧s ✐♠♣❧② ❛ ❝❡♥tr❛❧ st❛r ♠❛ss ♦❢ ✘ ✵✿✻✹▼❏✱ ✇❤✐❝❤ ♦r✐❣✐♥❛t❡❞ ❢r♦♠ ❛

✘ ✸▼❏ ♣r♦❣❡♥✐t♦r� ✁❤❡ ❡✈♦❧✉t✐♦♥❛r② t✐♠❡✲s❝❛❧❡s s✉❣❣❡st t❤❛t t❤❡ ❝❡♥tr❛❧ st❛r

❧❡❢t t❤❡ ❛s②♠♣t♦t✐❝ ❣✐❛♥t ❜r❛♥❝❤ ❛❜♦✉t ☎✺✱✆✆✆ ②❡❛rs ❛❣♦✱ ✇❤✐❝❤ ✐s ❝♦♥s✐st❡♥t

✇✐t❤ t❤❡ ♥❡❜✉❧❛✬s ❛❣❡�

✝✞✟ ✠✡☛✡☞✌ ✍✎☞✏

✁❤❡ ❦✐♥❡♠❛t✐❝ ❛♥❛❧②s✐s ❢♦r ❛ s❛♠♣❧❡ ♦❢ P◆❡ ✇✐t❤ ✂✑ st❛rs ❝❛rr✐❡❞ ♦✉t ✐♥ ❈❤❛♣✲

t❡r ☎ s❤♦✇❡❞ t❤❡s❡ P◆❡ ❤❛✈❡ ❛①✐s②♠♠❡tr✐❝ ♠♦r♣❤♦❧♦❣✐❡s✱ ❡✐t❤❡r ❜✐♣♦❧❛r ♦r ❡❧✲

❧✐♣t✐❝❛❧� ❍♦✇❡✈❡r✱ t❤❡ ♦♣❡♥ q✉❡st✐♦♥s r❡♠❛✐♥ ✉♥❛♥s✇❡r❡❞� ■t ✐s ✉♥❝❧❡❛r ✇❤✐❝❤

♣❤②s✐❝❛❧ ♠❡❝❤❛♥✐s♠ ♣r♦❞✉❝❡s ❛①✐s②♠♠❡tr✐❝ ♠♦r♣❤♦❧♦❣✐❡s ❛♥❞ ❤♦✇ t❤❡ ❞❡♥s✐t②

❛♥❞ ✈❡❧♦❝✐t② ♦❢ ✒▲■✓✑s ❝♦♥tr❛st s❤❛r♣❧② ✇✐t❤ t❤❡ ♠❛✐♥ ❜♦❞② ♦❢ t❤❡ ♥❡❜✉❧❛� ✔✉❝❤

✇♦r❦ ❝❛♥ ❜❡ ❞♦♥❡ ✐♥ t❤❡ ❢✉t✉r❡ ♦♥ ❞❡❡♣ ✐♠❛❣✐♥❣ ❛♥❞ ❦✐♥❡♠❛t✐❝ ♦❜s❡r✈❛t✐♦♥s ♦❢

P◆❡ ✇✐t❤ ✂✑✲t②♣❡ st❛rs t♦ ♣r♦✈✐❞❡ ♠♦r❡ ❛❝❝✉r❛t❡ ❦✐♥❡♠❛t✐❝ str✉❝t✉r❡s� ❉❡❡♣❡r

s♣❡❝tr♦s❝♦♣② ♦❢ ❝❡♥tr❛❧ st❛rs ❝❛♥ ❞❡✈❡❧♦♣ ❛ ❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡ ♠❡❝❤✲

❛♥✐s♠s✱ ✇❤✐❝❤ s❤❛♣❡ t❤❡✐r ❛s♣❤❡r✐❝❛❧ ♠♦r♣❤♦❧♦❣✐❡s� ✁❤❡ ♣r❡s❡♥❝❡ ♦❢ ❜✐♥❛r②

❝♦♠♣❛♥✐♦♥s s❤♦✉❧❞ ❜❡ ❡①❛♠✐♥❡❞ t♦ ✉♥r❛✈❡❧ t❤❡ ♣✉③③❧❡ ♦❢ t❤❡✐r ♠♦r♣❤♦❧♦❣✐❡s�

✁❤❡ r❡❝❡♥t ❳✲✑❛② ♦❜s❡r✈❛t✐♦♥ ✭❡�❣� ✔♦♥t❡③ ❡t ❛❧� ☎✆✆✺❀ ✕❛st♥❡r ❡t ❛❧� ☎✆✆✖✮

s❤♦✇s ❞✐❢❢✉s❡ ❳✲r❛② s♦✉r❝❡s ❛♥❞ ❤♦t ❜✉❜❜❧❡s ✐♥ s♦♠❡ P◆❡ ✇✐t❤ ❬✂✑❪ st❛rs� ✁❤❡

➇❤❛r❞ ❳✲r❛②➈ ❡♠✐ss✐♦♥ ❝♦✉❧❞ ❜❡ ❛♥ ✐♥❞✐❝❛t♦r ♦❢ ❛ ❜✐♥❛r② ❝♦♠♣❛♥✐♦♥✱ ✇❤❡r❡❛s

s♦❢t✱ ❞✐❢❢✉s❡ ❳✲r❛② ❡♠✐ss✐♦♥ ✐s ♣r♦❜❛❜❧② ♣r♦❞✉❝❡❞ ❜② t❤❡ ✐♥t❡r❛❝t✐♦♥ ♦❢ t❤❡ ♠❛ss

❧♦ss ❢r♦♠ t❤❡ ❝❡♥tr❛❧ st❛r ❛♥❞ t❤❡ ♥❡❜✉❧❛r ♠❛t❡r✐❛❧ ✭✕❛st♥❡r ❡t ❛❧� ☎✆✶☎✮� ✔♦r❡

❳✲r❛② ♦❜s❡r✈❛t✐♦♥s ♦❢ ❬✂✑❪ P◆❡ ✇✐❧❧ ♣r♦✈✐❞❡ ❝❧✉❡s ❛❜♦✉t t❤❡✐r ♦r✐❣✐♥�

✗✉r ❞❡t❛✐❧❡❞ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s ♦❢ P◆❡ ✇✐t❤ ✂✑✲t②♣❡ st❛rs ❞♦♥❡ ✐♥ ❈❤❛♣✲

❆✙✚✛✜✢✣ ✤✥✦✧✚✛✥★ ✩✖✩



✽✳ ❈❖◆❈▲❯❙■❖◆❙ ❆◆❉ ❋❯❚❯❘❊ ❲❖❘❑

t❡r ✸ ❝♦rr❡❧❛t❡❞ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ♣r♦❜❧❡♠ ✇✐t❤ t❤❡ ♥❡❜✉❧❛ ❡✈♦❧✉t✐♦♥�

✁t ✐s ❢♦✉♥❞ t❤❛t t❤❡ ✂✄☎ ✐s ❧❛r❣❡r ✐♥ ♦❧❞ ❡✈♦❧✈❡❞ ♥❡❜✉❧❛❡� ❇✉t✱ ✐t ❤❛s ♥♦ ❞❡✲

♣❡♥❞❡♥❝❡ ♦♥ t❤❡ st❡❧❧❛r ♣❛r❛♠❡t❡rs� Pr❡✈✐♦✉s❧②✱ ✆✐✉ ❡t ❛❧� ✭✷✵✵✵✮ s✉❣❣❡st❡❞ t❤❡

❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧s✱ ❝♦♥t❛✐♥✐♥❣ ❝♦❧❞ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ✐♥s✐❞❡ t❤❡ ❞✐❢❢✉s❡

✇❛r♠ ♥❡❜✉❧❛� ▼♦st P✝❡ ❢♦❧❧♦✇ t❤❡ r❡❧❛t✐♦♥ ✞✟✭✠✡✆s☛❃ ✞✟✭❍❡ ☞☛ ❃ ✞✟✌✍ ☞☞ ✍✎✆s✮✱

✐♥ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ ✭✏❡ss♦♥ ❡t ❛❧� ✷✵✵✺✮� ✑❤❡ ❢❡❛s✐❜✐❧✲

✐t② ♦❢ t❤❡ ❜✐✲❝❤❡♠✐str② ♠♦❞❡❧ ❤❛s ❜❡❡♥ ❡①❛♠✐♥❡❞ ✐♥ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ♦❢

❍❜✹ ✭s❡❡ ✠❤❛♣t❡r ✹✮ ❛♥❞ P❇✒ ✭s❡❡ ✠❤❛♣t❡r ✻✮✱ ✂❜❡❧❧ ✸✵ ✭✡r❝♦❧❛♥♦ ❡t ❛❧� ✷✵✵✸❜✮

❛♥❞ ✝●✠ ✻✶✺✸ ✭❨✉❛♥ ❡t ❛❧� ✷✵✶✶✮� ✂❧t❤♦✉❣❤ ❝♦❧❞ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ❤❛✈❡

❜❡❡♥ ♣r♦♣♦s❡❞ t♦ s♦❧✈❡ t❤❡ ♣r♦❜❧❡♠s✱ t❤❡ ♦r✐❣✐♥ ♦❢ s✉❝❤ str✉❝t✉r❡s ✐s ❛s ②❡t ✉♥✲

❦♥♦✇♥� ✂ ❜♦r♥✲❛❣❛✐♥ ❡✈❡♥t ❝❛♥ r❡s✉❧t ✐♥ str✐♣♣❡❞ ♦❢❢ t❤❡ st❡❧❧❛r s✉r❢❛❝❡✱ ❜✉t ✐t

✐s st✐❧❧ ✉♥❝❧❡❛r ✇❤❡t❤❡r ✐t ♦❝❝✉rs� ✆✐✉ ✭✷✵✵✸✮ s✉❣❣❡st❡❞ t❤❛t t❤❡② ❝♦✉❧❞ ❜❡ ❛❧s♦

♣r♦❞✉❝❡❞ ❜② t❤❡ ❡✈❛♣♦r❛t✐♦♥ ❛♥❞ ❞❡str✉❝t✐♦♥ ♦❢ t❤❡ ♣❧❛♥❡t❛r② s②st❡♠ ♦❢ t❤❡ ♣r♦✲

❣❡♥✐t♦r st❛r� ☎✉rt❤❡r ✇♦r❦ ✐s r❡q✉✐r❡❞ t♦ ✐♥✈❡st✐❣❛t❡ ❛♥② ❧✐♥❦ ❜❡t✇❡❡♥ t❤❡♥ ❛♥❞

t❤❡✐r ❍✲❞❡✓❝✐❡♥t st❛rs� ❍♦✇❡✈❡r✱ ✝✐❝❤♦❧❧s ❡t ❛❧� ✭✷✵✶✷✱ ✷✵✶✸✮ r❡❝❡♥t❧② ♣r♦♣♦s❡❞

✔✲❞✐str✐❜✉t❡❞ ❡❧❡❝tr♦♥s t♦ s♦❧✈❡ t❤❡ ♣r♦❜❧❡♠� ❩❤❛♥❣ ❡t ❛❧� ✭✷✵✶✹✮ ❢♦✉♥❞ t❤❛t ♦❜✲

s❡r✈❛t✐♦♥s ♦❢ ✹ P✝❡ ✇✐t❤ ❡①tr❡♠❡❧② ❧❛r❣❡ ✂✄☎s ❛r❡ ✐♥ ❢❛✈♦r ♦❢ ❜♦t❤ t❤❡ s❝❡♥❛r✐♦s✱

❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧s ❛♥❞ ✔✲❞✐str✐❜✉t❡❞ ❡❧❡❝tr♦♥s� ✁t ✐s ♣♦ss✐❜❧❡ t❤❛t ❝❤❡♠✐❝❛❧❧②

✐♥❤♦♠♦❣❡♥❡♦✉s ♠❡❞✐✉♠ ❛❧s♦ ✐♥tr♦❞✉❝❡s ✔✲❞✐str✐❜✉t❡❞ ❡❧❡❝tr♦♥s t♦ t❤❡ ♥❡❜✉❧❛�

✑❤❡ r❡❧❛t✐♦♥s ❜❡t✇❡❡♥ ❜♦t❤ t❤❡ s❝❡♥❛r✐♦s s❤♦✉❧❞ ❜❡ ✐♥✈❡st✐❣❛t❡❞� ▼♦r❡ ❞❡❡♣❡r

❤✐❣❤✲r❡s♦❧✉t✐♦♥ s♣❡❝tr♦s❝♦♣② ❛♥❞ ❢✉rt❤❡r ✐♥✈❡st✐❣❛t✐♦♥ ❛r❡ r❡q✉✐r❡❞ t♦ ❣❛✐♥ ❛

❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡ ✍✎✆ ✈❡rs✉s ✠✡✆ ♣r♦❜❧❡♠�

✁♥ ✠❤❛♣t❡r ✺✱ t❤❡ ♦❜s❡r✈❡❞ ♥❡❜✉❧❛r s♣❡❝tr✉♠ ✇❛s ❜❡st ♣r♦❞✉❝❡❞ ❜② ✉s✐♥❣ ❛

❤②❞r♦❣❡♥✲❞❡✓❝✐❡♥t ❬✏✝❪ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡✱ ✇❤✐❝❤ ❝♦rr❡s♣♦♥❞s t♦ ❛ r❡❧❛t✐✈❡❧②

❧♦✇✲♠❛ss ♣r♦❣❡♥✐t♦r st❛r r❛t❤❡r t❤❛♥ ❛ ♠❛ss✐✈❡ P♦♣ ✁ st❛r� ✑❤❡ ❛♠♦✉♥t ♦❢ ♥✐✲

tr♦❣❡♥ ✭✺ ♣❡r ❝❡♥t ❜② ♠❛ss✮ ❞❡t❡❝t❡❞ ✐♥ t❤❡ st❡❧❧❛r ❛t♠♦s♣❤❡r❡ ✐♠♣❧✐❡s t❤❛t t❤❡

❝❡♥tr❛❧ st❛r ♠❛② ❤❛✈❡ ✉♥❞❡r❣♦♥❡ ❛ ✈❡r② ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡✱ ❜✉t t❤✐s ✐s ✐♥❝♦♥s✐s✲

t❡♥t ✇✐t❤ t❤❡ ❡①tr❡♠❡ ❤❡❧✐✉♠✲r✐❝❤ ✭✒✺ ♣❡r ❝❡♥t ❜② ♠❛ss✮ ❛t♠♦s♣❤❡r❡� ✁ts t②♣✐❝❛❧

❛❜✉♥❞❛♥❝❡ ♣❛tt❡r♥ ♣✉ts ✐t ❛♠♦♥❣ ❤❡❧✐✉♠ ❞♦♠✐♥❛t❡❞ st❛rs✱ ♥❛♠❡❧② ✎✠❇✱ ✡❍❡✱

✸✒✹ ✕✖✗✘✙✚✛✗✜ ✗✢ ✣✘✤✜✥✚✤✦✧ ✜✥★✙✘✤✥ ✩✛✚✪ ✫✬✯✚✧✣✥ ✰✥✜✚✦✤✘ ✴✚✤✦✴



✽✳✷✳ ❋❯❚❯❘❊ ❲❖❘❑

❍❡✲s❞� ❛♥❞ �✭❍❡✮ st❛rs✱ r❛t❤❡r t❤❛♥ ❬✁❈❪ st❛rs✂ ❆ ♠❡r❣❡r ♦❢ ✇❤✐t❡ ❞✇❛r❢s ✐s

t❤❡ ♣❧❛✉s✐❜❧❡ s❝❡♥❛r✐♦✱ ✇❤✐❝❤ ❝❛♥ ❡①♣❧❛✐♥ t②♣✐❝❛❧ s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡s ♦❢ t❤❡s❡

st❛rs✂ ❍♦✇❡✈❡r✱ r❡s✐❞✉❛❧ ❤②❞r♦❣❡♥ s❡❡♥ ✐♥ ❆❜❡❧❧ ✹✄ ✐s st✐❧❧ ❛ ♣r♦❜❧❡♠✱ ✇❤✐❝❤ ❝❛♥✲

♥♦t ❜❡ ❡①♣❧❛✐♥❡❞ ❜② t❤❡ ♠❡r❣❡r ♠♦❞❡❧s✂ ☎❤❡ ❝♦♠♠♦♥ ❡♥✈❡❧♦♣❡ ❡✈♦❧✉t✐♦♥ ♠❛②

❛❧s♦ ❤❛✈❡ s♦♠❡ ✐♠♣❛❝ts✂ ☎❤❡ st❡❧❧❛r ❡✈♦❧✉t✐♦♥ st✐❧❧ r❡♠❛✐♥ ✉♥❝❧❡❛r ❛♥❞ ♥❡❡❞ t♦

❜❡ ✐♥✈❡st✐❣❛t❡❞ ❢✉rt❤❡r✂

■♥ ❈❤❛♣t❡r ✻✱ t❤❡ t❤❡r♠❛❧ ♠✐❞✲✐♥❢r❛r❡❞ ❝♦♥t✐♥✉✉♠ ♦❢ P❇✄ ✇❛s ❜❡st ♣r♦✲

❞✉❝❡❞ ❜② ✉s✐♥❣ ❛ ❞✉❛❧✲❞✉st ❝❤❡♠✐str② ✇✐t❤ ❞✐s❝r❡t❡ ❣r❛✐♥ s✐③❡s ❛♥❞ ❞✐❢❢❡r❡♥t

❣r❛✐♥ s♣❡❝✐❡s✱ ❛♠♦r♣❤♦✉s ❝❛r❜♦♥ ❛♥❞ ❝r②st❛❧❧✐♥❡ s✐❧✐❝❛t❡✂ ✁❡ st✐❧❧ ❞♦ ❦♥♦✇✇❤✐❝❤

♣❤②s✐❝❛❧ ♣r♦❝❡ss ♠❛❦❡s ❞✉❛❧✲❞✉st ❝❤❡♠✐str② ✐♥ P◆❡ ✇✐t❤ ✁✆✲t②♣❡ ♥✉❝❧❡✐✂ ☎❤❡r❡

❛r❡ ❛ ♥✉♠❜❡r ♦❢ s❝❡♥❛r✐♦s ♣r♦♣♦s❡❞ t♦ ❡①♣❧❛✐♥ ❞✉❛❧✲❞✉st ❝❤❡♠✐str② ✭s❡❡ ❈♦❤❡♥

❡t ❛❧✂ ✶✾✾✾✮✂ �♥❡ s❝❡♥❛r✐♦ ✐s t❤❛t ❛ r❡❝❡♥t t❤❡r♠❛❧ ♣✉❧s❡ ❝♦♥✈❡rt❡❞ ❢♦r♠❡r❧②

�✲r✐❝❤ ♦✉t✝♦✇s ✐♥t♦ ❈✲r✐❝❤✂ ❆♥♦t❤❡r s❝❡♥❛r✐♦ ✐s t❤❛t ♦♥❡ ♦❢ t❤❡ ❣r❛✐♥ ❝♦♠♣♦✲

♥❡♥ts ♠♦r❡ ❧✐❦❡❧② s✐❧✐❝❛t❡s ❡①✐st❡❞ ❜❡❢♦r❡ t❤❡ ❝✉rr❡♥t ❆●❇ ♦✉t✝♦✇s✂ ❇✐♥❛r✐t② ✐s

❛♥ ❛❧t❡r♥❛t✐✈❡ s❝❡♥❛r✐♦ s✉❣❣❡st❡❞ ❜② ❉❡ ▼❛r❝♦ ✫ ❙♦❦❡r ✭✞✵✵✞✮ t♦ ❡①♣❧❛✐♥ t❤❡

❞✉❛❧ ❞✉st ❝❤❡♠✐str② ♣❤❡♥♦♠❡♥♦♥✂ ✆❡❝❡♥t❧②✱ ●➫♦r♥② ❡t ❛❧✂ ✭✞✵✶✵✮ ❢♦✉♥❞ ♠♦r❡

P◆❡ ✇✐t❤ ❞✉❛❧✲❞✉st ❝❤❡♠✐str② ✐♥ t❤❡ ●❛❧❛❝t✐❝ ❜✉❧❣❡✱ ❛♥❞ s♣❡❝✉❧❛t❡❞ t❤❛t t❤❡

s✐♠✉❧t❛♥❡♦✉s ♣r❡s❡♥❝❡ ♦❢ �✲r✐❝❤ ❛♥❞ ❈✲r✐❝❤ ❞✉st ✐s ♠♦r❡ ❧✐❦❡❧② r❡❧❛t❡❞ t♦ t❤❡

st❡❧❧❛r ❡✈♦❧✉t✐♦♥ ✐♥ ❛ ❝❧♦s❡ ❜✐♥❛r② s②st❡♠✂

☎❤❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ♦❢ ❙✉✁t ✞ ❝♦♥str✉❝t❡❞ ✐♥ ❈❤❛♣t❡r ✼ s✉❣❣❡st❡❞

t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❛ ❤♦t ✐♦♥✐③✐♥❣ s♦✉r❝❡ ✇✐t❤ ✟✠✡✡ ✘ ☛✺☞ ❦✌ ❛♥❞ ▲❄ ✘ ✍☞☞✎✏✂ ☎❤✐s P◆

❤❛s t✇♦ ❆✲t②♣❡ st❛rs ✐♥ ❛ ♣r♦✈❡♥ ❜✐♥❛r② s②st❡♠ ❛t t❤❡ ❝❡♥tr❡✱ ✇❤♦s❡ r❛❞✐❛t✐♦♥

✐s t♦♦ s♦❢t t♦ ♣r♦❞✉❝❡ t❤❡ s✉rr♦✉♥❞✐♥❣ ♥❡❜✉❧❛✂ ☎❤❡ ♦❜s❡r✈❡❞ t❡♠♣♦r❛❧ ✈❛r✐❛t✐♦♥

♦❢ t❤❡ ❝❡♥tr❡✲♦❢✲♠❛ss ✈❡❧♦❝✐t② ♦❢ t❤❡ t✇♦ ❆✲t②♣❡ st❛rs ❜② ✑①t❡r ❡t ❛❧✂ ✭✞✵✶✵✮ ❛❧s♦

s✉❣❣❡st❡❞ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❛♥ ✉♥s❡❡♥ t❤✐r❞ ♦r❜✐t✐♥❣ ❜♦❞② ✇✐t❤ ✘ ☞✿✒✓❏✂ ☎❤❡

❢✉t✉r❡ ♠❡❛s✉r❡♠❡♥t ♦❢ t❤❡ ♦r❜✐t❛❧ r❛❞✐❛❧✲✈❡❧♦❝✐t② ✈❛r✐❛t✐♦♥ ✇✐t❤ t✐♠❡ ✇✐❧❧ ②✐❡❧❞

❛ ❜❡tt❡r ❝♦♥str❛✐♥t ♦♥ t❤❡ ♠❛ss ♦❢ t❤❡ ✉♥s❡❡♥ st❛r✂ ✔✉rt❤❡r♠♦r❡✱ ❞❡❡♣❡r ✕❱

s♣❡❝tr♦s❝♦♣② ✇✐t❤ ■✕✑ ❛♥❞ ✖✗❚ ♦❜s❡r✈❛t✐♦♥s ♠✐❣❤t ❞✐r❡❝t❧② ❞❡t❡❝t ❛ ❤♦t ❜♦❞②✂

✙✚✛✜✢✣✤ ✥✦✧★✛✜✦✩ ✸✄✪
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✸�✻ ✁✈♦❧✉t✐♦♥ ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤ ✂✄✲t②♣❡ ❝❡♥tr❛❧ st❛rs



❘❡❢❡r❡♥❝❡s

❆❜�❧❧✱ ●✳ ❖✳ ✶✾✺✺✳ ●❧♦❜✉❧❛✁ ❈❧✉✂t�✁✂ ❛✄❞ P❧❛✄�t❛✁② ◆�❜✉❧❛� ❉✐✂☎♦✈�✁�❞ ♦✄ t❤�
◆❛t✐♦✄❛❧ ●�♦❣✁❛♣❤✐☎ ❙♦☎✐�t②✲P❛❧♦♠❛✁ ❖❜✂�✁✈❛t♦✁② ❙❦② ❙✉✁✈�②✳ P❆❙P✱ ✻✼✱ ✷✺✽

❆❜�❧❧✱ ●✳ ❖✳ ✫ ●♦❧❞✁�✐☎❤✱ P✳ ✶✾✻✻✳ ❖✄ t❤� ❖✁✐❣✐✄ ♦✆ P❧❛✄�t❛✁② ◆�❜✉❧❛�✳ P❆❙P✱
✼✽✱ ✷✸✷

❆☎❦�✁✱ ❆✳ ✶✾✼✻✳ ❈✐✄�♠❛t✐q✉�✱ ❛❣�✱ �t ❜✐✄❛✁✐t� ❞�✂ ✄♦②❛✉① ❞� ✄�❜✉❧�✉✂�✂ ♣❧❛✄�✲
t❛✐✁�✂✳ P✉❜❧✐☎❛t✐♦✄ ❞� ❧✬❖❜✂�✁✈❛t♦✐✁� ❞� ❙t✁❛✂❜♦✉✁❣✱ ✹✱ ✶

❆☎❦�✁✱ ❆✳✱ ●�✂✐☎❦✐✱ ❑✳✱ ●✁♦✂❞✐❞✐�✁✱ ❨✳✱ ✫ ❉✉✁❛✄❞✱ ❙✳ ✷✵✵✷✳ ❚✉✁❜✉❧�✄t ♣❧❛✄�t❛✁②
✄�❜✉❧❛� ❛✁♦✉✄❞ ❬❲❈❪✲t②♣� ✂t❛✁✂✳ ❆✫❆✱ ✸✽✹✱ ✻✷✵

❆☎❦�✁✱ ❆✳✱ ▼❛✁☎♦✉t✱ ❏✳✱ ❖☎❤✂�✄❜�✐✄✱ ❋✳✱ �t ❛❧✳ ✶✾✾✷✱ ❚❤� ❙t✁❛✂❜♦✉✁❣✲❊❙❖ ❈❛t❛✲
❧♦❣✉� ♦✆ ●❛❧❛☎t✐☎ P❧❛✄�t❛✁② ◆�❜✉❧❛�✳ P❛✁t✂ ■✱ ■■✳✱ �❞✳ ❆☎❦�✁✱ ❆✳✱ ▼❛✁☎♦✉t✱ ❏✳✱
❖☎❤✂�✄❜�✐✄✱ ❋✳✱ ❙t�✄❤♦❧♠✱ ❇✳✱ ❚②❧�✄❞❛✱ ✝✳✱ ✫ ❙☎❤♦❤✄✱ ❈✳

❆☎❦�✁✱ ❆✳ ✫ ◆�✐✄�✁✱ ❈✳ ✷✵✵✸✳ ◗✉❛✄t✐t❛t✐✈� ☎❧❛✂✂✐✞☎❛t✐♦✄ ♦✆ ❲✝ ✄✉☎❧�✐ ♦✆ ♣❧❛✄�✲
t❛✁② ✄�❜✉❧❛�✳ ❆✫❆✱ ✹✵✸✱ ✻✺✾

❆☎❦�✁✱ ❆✳✱ ✝❛②t☎❤�✈✱ ❇✳✱ ❑♦�♣♣�✄✱ ❏✳✱ ✫ ❙t�✄❤♦❧♠✱ ❇✳ ✶✾✾✶❛✳ ❆✄ �✂t✐♠❛t✐♦✄ ✂t✉❞②
♦✆ ♣❧❛✄�t❛✁② ✄�❜✉❧❛� ✐✄ t❤� ❣❛❧❛☎t✐☎ ❜✉❧❣�✳ ■ ✲ ❙♣�☎t✁♦♣❤♦t♦♠�t✁✐☎ ❞❛t❛✳ ❆✫❆❙✱
✽✾✱ ✷✸✼

❆☎❦�✁✱ ❆✳✱ ✝❛②t☎❤�✈✱ ❇✳✱ ❙t�✄❤♦❧♠✱ ❇✳✱ ✫ ❚②❧�✄❞❛✱ ✝✳ ✶✾✾✶❜✳ ❚❤� ❛❜✂♦❧✉t� ❍✲❜�t❛
✟✉①�✂ ✆♦✁ ❣❛❧❛☎t✐☎ ♣❧❛✄�t❛✁② ✄�❜✉❧❛�✳ ❆✫❆❙✱ ✾✵✱ ✽✾

❆☎❦�✁✱ ❆✳✱ ❙t�✄❤♦❧♠✱ ❇✳✱ ✫ ❚②❧�✄❞❛✱ ✝✳ ✶✾✽✾✳ ❚❤� ❛❜✂♦❧✉t� ❍✲❜�t❛ ✟✉①�✂ ✆♦✁
✂♦✉t❤�✁✄ ♣❧❛✄�t❛✁② ✄�❜✉❧❛�✳ ❆✫❆❙✱ ✼✼✱ ✹✽✼

❆❦✁❛✂✱ ❙✳ ✫ ▲➫♦♣�③✱ ❏✳ ❆✳ ✷✵✶✷✳ ❚❤✁��✲❞✐♠�✄✂✐♦✄❛❧ ♠♦❞�❧❧✐✄❣ ♦✆ t❤� ☎♦❧❧✐♠❛t�❞
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❆❧❧�✁✱ ▲✳ ❍✳ ✫ ❈③②③❛❦✱ ❙✳ ❏✳ ✶✾✽✸✳ ❈❤�♠✐☎❛❧ ☎♦♠♣♦✂✐t✐♦✄✂ ♦✆ ♣❧❛✄�t❛✁② ✄�❜✉❧❛�✳
❆♣❏❙✱ ✺✶✱ ✷✶✶

✸✽✼



❘❊❋❊❘❊◆❈❊❙

❆❧❧❡r✱ ▲✳ ❍✳ ✫ ❑❡②❡s✱ �✳ ❉✳ ✶✾✽✺✳ ❆ s✉r✈❡② ♦❢ t❤❡ ❝❡♥tr❛❧✲st❛r ❝❤❛r❛❝t❡r✐st✐❝s ♦❢

♠♦st❧② ❢❛✐♥t ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✳ P❆✁P✱ ✾✼✱ ✶✶✹✷
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❆❧❧❡r✱ P❧❛♥❡t❛r② ✄❡❜✉❧❛❡ ✭t❤❡ ❯♥✐✈❡rs✐t② ♦❢ �❤✐❝❛❣♦ Pr❡ss✮✱ ✹✽✸
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♣♦s✐t✐♦♥✱ ✐♥ ❆str♦♥♦♠✐❝❛❧ ✁♦❝✐❡t② ♦❢ t❤❡ P❛❝✐✆❝ �♦♥❢❡r❡♥❝❡ ✁❡r✐❡s✱ ❱♦❧✳ ✸✸✻✱

�♦s♠✐❝ ❆❜✉♥❞❛♥❝❡s ❛s ✝❡❝♦r❞s ♦❢ ✁t❡❧❧❛r ☎✈♦❧✉t✐♦♥ ❛♥❞ ✄✉❝❧❡♦s②♥t❤❡s✐s✱ ❡❞✳
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t❤❡ ✂rst ♠❛❥♦r t❤❡r♠❛❧ ♣✉❧s❡ ❛♥❞ t❤❡ ❝♦♥s❡q✉❡♥❝❡s ♦❢ ❝♦♥✈❡❝t✐✈❡ ❞r❡❞❣❡✲✉♣✳

❆♣❏✱ ✷✸✼✱ ✶✶✶
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❇❧➝♦❝❦❡r✱ ❚✳ ✶✾✾✺❛✳ ✁t❡❧❧❛r ❡✈♦❧✉t✐♦♥ ♦❢ ❧♦✇✲ ❛♥❞ ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss st❛rs✳ ■■✳

P♦st✲❆●❇ ❡✈♦❧✉t✐♦♥✳ ❆✫❆✱ ✷✾✾✱ ✼✺✺
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✄❡❜✉❧❛❡ ■■✿ ☎r♦♠ ❖r✐❣✐♥s t♦ ▼✐❝r♦str✉❝t✉r❡s✱ ❡❞✳ ❏✳ ❍✳ ❑❛st♥❡r✱ ✄✳ �♦❦❡r✱ ✫

�✳ ✆❛♣♣❛♣♦rt✱ ✶✶✺

❇♦♥❞✱ ❍✳ ✝✳✱ ❖✬❇r✐❡♥✱ ▼✳ �✳✱ �✐♦♥✱ ✝✳ ▼✳✱ ❡t ❛❧✳ ✷✵✵✷✱ ❱✹✼✶ ❚❛✉r✐ ❛♥❞ �✉❲t ✷✿

❚❤❡ ✝①♦t✐❝ ❉❡s❝❡♥❞❛♥ts ♦❢ ❚r✐♣❧❡ �②st❡♠s❄✱ ✐♥ ❆str♦♥♦♠✐❝❛❧ �♦❝✐❡t② ♦❢ t❤❡

P❛❝✐✂❝ ✁♦♥❢❡r❡♥❝❡ �❡r✐❡s✱ ❱♦❧✳ ✷✼✾✱ ✝①♦t✐❝ �t❛rs ❛s ✁❤❛❧❧❡♥❣❡s t♦ ✝✈♦❧✉t✐♦♥✱
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❢♦r❜✐❞❞❡♥ tr❛♥s✐t✐♦♥s ✐♥ t❤❡ ✸♣✸ ❝♦♥✂❣✉r❛t✐♦♥ ♦❢ ✁❧✭■■■✮✳ ❆✫❆✱ ✷✵✽✱ ✸✸✼
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t❤❡ ●❛❧❛❝t✐❝ ❍■■ r❡❣✐♦♥s ▼✶✻✱ ▼✷✵ ❛♥❞ ☎●✝ ✸✻✵✸✠✳ ▼☎✆❆✁✱ ✸✻✽✱ ✷✺✸

●❛r❝➫✑❛✲✆♦❥❛s✱ ❏✳✱ P❡➌♥❛✱ ▼✳✱ ▼♦r✐ss❡t✱ ✝✳✱ ❡t ❛❧✳ ✷✵✶✸✳ ❆♥❛❧②s✐s ♦❢ ❝❤❡♠✐❝❛❧ ❛❜✉♥✲

❞❛♥❝❡s ✐♥ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤ ❬❲✝❪ ❝❡♥tr❛❧ st❛rs✳ ■■✳ ✝❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s

✸✾✻ ❊✡☛☞✌✍✎☛✒ ☛✓ ✔☞✕✒✖✍✕✗✘ ✒✖✙✌☞✕✖ ✚✎✍✛ ✜❘✢✍✘✔✖ ✣✖✒✍✗✕☞ ✤✍✕✗✤



❘❊❋❊❘❊◆❈❊❙

❛♥❞ t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❢❛❝t♦r✳ ❆✫❆✱ ✺✺✽✱ ❆✶✷✷

●❛r❝➫✑❛✲�♦❥❛s✱ ❏✳✱ P❡➌♥❛✱ ▼✳✱ ▼♦r✐ss❡t✱ ✁✳✱ ▼❡s❛✲❉❡❧❣❛❞♦✱ ❆✳✱ ✫ �✉✐③✱ ▼✳ ❚✳ ✷✵✶✷✳

❆♥❛❧②s✐s ♦❢ ❝❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s ✐♥ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤ ❬❲✁❪ ❝❡♥tr❛❧

st❛rs✳ ■✳ ▲✐♥❡ ✐♥t❡♥s✐t✐❡s ❛♥❞ ♣❤②s✐❝❛❧ ❝♦♥❞✐t✐♦♥s✳ ❆✫❆✱ ✺✸✽✱ ❆✺✹

●❛r❝➫✑❛✲�♦❥❛s✱ ❏✳✱ P❡➌♥❛✱ ▼✳✱ ✫ P❡✐♠❜❡rt✱ ❆✳ ✷✵✵✾✳ ✂❛✐♥t r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ✐♥

●❛❧❛❝t✐❝ P✄❡ ✇✐t❤ ❛ ❬❲✁❪ ♥✉❝❧❡✉s✳ ❆✫❆✱ ✹✾✻✱ ✶✸✾

●❛r❝➫✑❛✲☎❡❣✉r❛✱ ●✳ ✶✾✾✼✳ ❚❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ ▼❛❣♥❡t♦❤②❞r♦❞②♥❛♠✐❝❛❧ ▼♦❞❡❧✐♥❣

♦❢ P❧❛♥❡t❛r② ✄❡❜✉❧❛❡✿ ❚❤❡ ✂♦r♠❛t✐♦♥ ♦❢ ❏❡ts✱ ❆♥s❛❡✱ ❛♥❞ P♦✐♥t✲s②♠♠❡tr✐❝

✄❡❜✉❧❛❡ ✈✐❛ ▼❛❣♥❡t✐❝ ✁♦❧❧✐♠❛t✐♦♥✳ ❆♣❏✱ ✹✽✾✱ ▲✶✽✾

●❛r❝➫✑❛✲☎❡❣✉r❛✱ ●✳✱ ▲❛♥❣❡r✱ ✄✳✱ �➫♦✆③②❝③❦❛✱ ▼✳✱ ✫ ✂r❛♥❝♦✱ ❏✳ ✶✾✾✾✳ ☎❤❛♣✐♥❣ ❇✐♣♦❧❛r

❛♥❞ ✝❧❧✐♣t✐❝❛❧ P❧❛♥❡t❛r② ✄❡❜✉❧❛❡✿ ✝❢❢❡❝ts ♦❢ ☎t❡❧❧❛r �♦t❛t✐♦♥✱ P❤♦t♦✐♦♥✐③❛t✐♦♥

❍❡❛t✐♥❣✱ ❛♥❞ ▼❛❣♥❡t✐❝ ✂✐❡❧❞s✳ ❆♣❏✱ ✺✶✼✱ ✼✻✼

●❛r❝➫✑❛✲☎❡❣✉r❛✱ ●✳ ✫ ▲➫♦♣❡③✱ ❏✳ ❆✳ ✷✵✵✵✳ ❚❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ ▼❛❣♥❡t♦❤②❞r♦❞②✲

♥❛♠✐❝ ▼♦❞❡❧✐♥❣ ♦❢ P❧❛♥❡t❛r② ✄❡❜✉❧❛❡✳ ■■✳ ❚❤❡ ✂♦r♠❛t✐♦♥ ♦❢ ❇✐♣♦❧❛r ❛♥❞ ✝❧❧✐♣✲

t✐❝❛❧ ✄❡❜✉❧❛❡ ✇✐t❤ P♦✐♥t✲s②♠♠❡tr✐❝ ☎tr✉❝t✉r❡s ❛♥❞ ✁♦❧❧✐♠❛t❡❞ ❖✉t✞♦✇s✳ ❆♣❏✱

✺✹✹✱ ✸✸✻

●❛r♥❡tt✱ ❉✳ �✳ ✶✾✾✷✳ ✝❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✈❛r✐❛t✐♦♥s ❛♥❞ t❤❡ ♠❡❛s✉r❡♠❡♥t ♦❢

♥❡❜✉❧❛r ❛❜✉♥❞❛♥❝❡s✳ ❆❏✱ ✶✵✸✱ ✶✸✸✵

●❡s✐❝❦✐✱ ❑✳ ✫ ❆❝❦❡r✱ ❆✳ ✶✾✾✻✳ ❱❡❧♦❝✐t② ✟❡❧❞ ✐♥ ♥❡❜✉❧❛❡ ❛r♦✉♥❞ ❬❲✁❪ st❛rs✳

❆♣✫☎☎✱ ✷✸✽✱ ✶✵✶

●❡s✐❝❦✐✱ ❑✳ ✫ ❩✐❥❧str❛✱ ❆✳ ❆✳ ✷✵✵✵✳ ✝①♣❛♥s✐♦♥ ✈❡❧♦❝✐t✐❡s ❛♥❞ ❞②♥❛♠✐❝❛❧ ❛❣❡s ♦❢

♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✳ ❆✫❆✱ ✸✺✽✱ ✶✵✺✽

●❡s✐❝❦✐✱ ❑✳ ✫ ❩✐❥❧str❛✱ ❆✳ ❆✳ ✷✵✵✼✳ ❲❤✐t❡ ❞✇❛r❢ ♠❛ss❡s ❞❡r✐✈❡❞ ❢r♦♠ ♣❧❛♥❡t❛r②

♥❡❜✉❧❛ ♠♦❞❡❧❧✐♥❣✳ ❆✫❆✱ ✹✻✼✱ ▲✷✾

●❡s✐❝❦✐✱ ❑✳✱ ❩✐❥❧str❛✱ ❆✳ ❆✳✱ ❆❝❦❡r✱ ❆✳✱ ❡t ❛❧✳ ✷✵✵✻✳ P❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤

❡♠✐ss✐♦♥✲❧✐♥❡ ❝❡♥tr❛❧ st❛rs✳ ❆✫❆✱ ✹✺✶✱ ✾✷✺

●✐r❛r❞✱ P✳✱ ❑➝♦♣♣❡♥✱ ❏✳✱ ✫ ❆❝❦❡r✱ ❆✳ ✷✵✵✼✳ ✁❤❡♠✐❝❛❧ ❝♦♠♣♦s✐t✐♦♥s ❛♥❞ ♣❧❛s♠❛

♣❛r❛♠❡t❡rs ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤ ❲♦❧❢✲�❛②❡t ❛♥❞ ✇❡❧s t②♣❡ ❝❡♥tr❛❧ st❛rs✳

❆✫❆✱ ✹✻✸✱ ✷✻✺

●❧❡✐③❡s✱ ✂✳✱ ❆❝❦❡r✱ ❆✳✱ ✫ ☎t❡♥❤♦❧♠✱ ❇✳ ✶✾✽✾✳ ❩❛♥str❛ t❡♠♣❡r❛t✉r❡s ♦❢ t❤❡ ❝❡♥tr❛❧

st❛rs ♦❢ s♦✉t❤❡r♥ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✳ ❆✫❆✱ ✷✷✷✱ ✷✸✼

●♦♥❝➳❛❧✈❡s✱ ❉✳ �✳✱ ✁♦rr❛❞✐✱ �✳ ▲✳ ▼✳✱ ✫ ▼❛♠♣❛s♦✱ ❆✳ ✷✵✵✶✳ ▲♦✇✲■♦♥✐③❛t✐♦♥ ☎tr✉❝✲

t✉r❡s ✐♥ P❧❛♥❡t❛r② ✄❡❜✉❧❛❡✿ ✁♦♥❢r♦♥t✐♥❣ ▼♦❞❡❧s ✇✐t❤ ❖❜s❡r✈❛t✐♦♥s✳ ❆♣❏✱ ✺✹✼✱

✠✡☛☞✌✍✎ ✏✒✓✔☛☞✒✕ ✸✾✼
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✸✵✷

●♦♥❝➳❛❧✈❡s✱ ❉✳ �✳✱ ✁♦rr❛❞✐✱ �✳ ▲✳ ▼✳✱ ▼❛♠♣❛s♦✱ ❆✳✱ ✫ P❡r✐♥♦tt♦✱ ▼✳ ✷✵✵✸✳ ❚❤❡

P❤②s✐❝❛❧ P❛r❛♠❡t❡rs✱ ✂①❝✐t❛t✐♦♥✱ ❛♥❞ ✁❤❡♠✐str② ♦❢ t❤❡ �✐♠✱ ❏❡ts✱ ❛♥❞ ❑♥♦ts ♦❢

t❤❡ P❧❛♥❡t❛r② ✄❡❜✉❧❛ ✄●✁ ✼✵✵✾✳ ❆♣❏✱ ✺✾✼✱ ✾✼✺

●♦♥❝➳❛❧✈❡s✱ ❉✳ �✳✱ ✂r❝♦❧❛♥♦✱ ❇✳✱ ✁❛r♥❡r♦✱ ❆✳✱ ▼❛♠♣❛s♦✱ ❆✳✱ ✫ ✁♦rr❛❞✐✱ �✳ ▲✳ ▼✳

✷✵✵✻✳ ❖♥ t❤❡ ♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡ ♦❢ ❢❛st✱ ❧♦✇✲✐♦♥✐③❛t✐♦♥ ❡♠✐ss✐♦♥ r❡❣✐♦♥s✿

t❤❡ ♦✉t❡r ❦♥♦ts ♦❢ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✄●✁ ✼✵✵✾✳ ▼✄�❆☎✱ ✸✻✺✱ ✶✵✸✾

●♦♥❝➳❛❧✈❡s✱ ❉✳ �✳✱ ▼❛♠♣❛s♦✱ ❆✳✱ ✁♦rr❛❞✐✱ �✳ ▲✳ ▼✳✱ ✫ ◗✉✐r❡③❛✱ ✁✳ ✷✵✵✾✳ ▲♦✇✲

✐♦♥✐③❛t✐♦♥ ♣❛✐rs ♦❢ ❦♥♦ts ✐♥ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✿ ♣❤②s✐❝❛❧ ♣r♦♣❡rt✐❡s ❛♥❞ ❡①❝✐✲

t❛t✐♦♥✳ ▼✄�❆☎✱ ✸✾✽✱ ✷✶✻✻

●♦♥❝➳❛❧✈❡s✱ ❉✳ �✳✱ ❲❡ss♦♥✱ �✳✱ ▼♦r✐ss❡t✱ ✁✳✱ ❇❛r❧♦✇✱ ▼✳✱ ✫ ✂r❝♦❧❛♥♦✱ ❇✳ ✷✵✶✷✱

❲❤❡♥ s❤❛♣❡ ♠❛tt❡rs✿ ✁♦rr❡❝t✐♥❣ t❤❡ ■✁✆s t♦ ❞❡r✐✈❡ t❤❡ ❝❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s

♦❢ ❜✐♣♦❧❛r ❛♥❞ ❡❧❧✐♣t✐❝❛❧ P✄❡✱ ✐♥ ■❆❯ ☎②♠♣♦s✐✉♠✱ ❱♦❧✳ ✷✽✸✱ ■❆❯ ☎②♠♣♦s✐✉♠✱

✶✹✹➊✶✹✼

●➫♦r♥②✱ ☎✳ ❑✳✱ ✁❤✐❛♣♣✐♥✐✱ ✁✳✱ ☎t❛s✐➫♥s❦❛✱ ●✳✱ ✫ ✁✉✐s✐♥✐❡r✱ ✆✳ ✷✵✵✾✳ P❧❛♥❡t❛r② ♥❡❜✲

✉❧❛❡ ✐♥ t❤❡ ❞✐r❡❝t✐♦♥ ♦❢ t❤❡ ●❛❧❛❝t✐❝ ❜✉❧❣❡✿ ♦♥ ♥❡❜✉❧❛❡ ✇✐t❤ ❡♠✐ss✐♦♥✲❧✐♥❡

❝❡♥tr❛❧ st❛rs✳ ❆✫❆✱ ✺✵✵✱ ✶✵✽✾

●➫♦r♥②✱ ☎✳ ❑✳✱ P❡r❡❛✲✁❛❧❞❡r➫♦♥✱ ❏✳ ❱✳✱ ●❛r❝➫✑❛✲❍❡r♥➫❛♥❞❡③✱ ❉✳ ❆✳✱ ●❛r❝➫✑❛✲▲❛r✐♦✱ P✳✱

✫ ☎③❝③❡r❜❛✱ �✳ ✷✵✶✵✳ ✄❡✇ ❣r♦✉♣s ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤ ♣❡❝✉❧✐❛r ❞✉st

❝❤❡♠✐str② t♦✇❛r❞s t❤❡ ●❛❧❛❝t✐❝ ❜✉❧❣❡✳ ❆✫❆✱ ✺✶✻✱ ❆✸✾

●➫♦r♥②✱ ☎✳ ❑✳✱ ☎❝❤✇❛r③✱ ❍✳ ✂✳✱ ✁♦rr❛❞✐✱ �✳ ▲✳ ▼✳✱ ✫ ❱❛♥ ❲✐♥❝❦❡❧✱ ❍✳ ✶✾✾✾✳ ❆♥
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✭P❉☎s✮✳ ❆☎❆✫❆✱ ✸✺✱ ✶✼✾

❍♦✇❛rt❤✱ ■✳ ❉✳ ✶✾✽✸✳ ▲▼✂ ❛♥❞ ❣❛❧❛❝t✐❝ ❡①t✐♥❝t✐♦♥✳ ▼�☎❆✁✱ ✷✵✸✱ ✸✵✶

❍♦✇❛rt❤✱ ■✳ ❉✳ ✫ ❆❞❛♠s✱ ✁✳ ✶✾✽✶✱ Pr♦❣r❛♠ ✆◗❯■❇✳ ❯♥✐✈❡rs✐t② ✂♦❧❧❡❣❡ ▲♦♥❞♦♥✱

✭❲❡ss♦♥ ☎✳✱ ✷✵✵✾✱ ✂♦♥✈❡rt❡❞ t♦ ✄❖☎❚☎❆� ✾✵✮

❍✉❛♥❣✱ ❑✳✲�✳ ✶✾✽✺✳ ✆♥❡r❣②✲▲❡✈❡❧ ✁❝❤❡♠❡ ❛♥❞ ❚r❛♥s✐t✐♦♥ Pr♦❜❛❜✐❧✐t✐❡s ♦❢ ✁✐✲❧✐❦❡

■♦♥s✳ ❆t♦♠✐❝ ❉❛t❛ ❛♥❞ �✉❝❧❡❛r ❉❛t❛ ❚❛❜❧❡s✱ ✸✷✱ ✺✵✸

❍✉❜❜❧❡✱ ✆✳ P✳ ✶✾✷✷✳ ❚❤❡ s♦✉r❝❡ ♦❢ ❧✉♠✐♥♦s✐t② ✐♥ ❣❛❧❛❝t✐❝ ♥❡❜✉❧❛❡✳ ❆♣❏✱ ✺✻✱ ✹✵✵

❍✉❝❦✈❛❧❡✱ ▲✳✱ Pr♦✉s❡✱ ❇✳✱ ❏♦♥❡s✱ ❉✳✱ ❡t ❛❧✳ ✷✵✶✸✳ ✁♣❛t✐♦✲❦✐♥❡♠❛t✐❝ ♠♦❞❡❧❧✐♥❣

♦❢ ❆❜❡❧❧ ✻✺✱ ❛ ❞♦✉❜❧❡✲s❤❡❧❧❡❞ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✇✐t❤ ❛ ❜✐♥❛r② ❝❡♥tr❛❧ st❛r✳

▼�☎❆✁✱ ✹✸✹✱ ✶✺✵✺

❍✉❣❣✐♥s✱ ❲✳ ✫ ▼✐❧❧❡r✱ ❲✳ ❆✳ ✶✽✻✹✳ ❖♥ t❤❡ ✁♣❡❝tr❛ ♦❢ ✁♦♠❡ ♦❢ t❤❡ �❡❜✉❧❛❡✳

❇② ❲✐❧❧✐❛♠ ❍✉❣❣✐♥s✱ ✄✳☎✳❆✳✁✳ ❆ ✁✉♣♣❧❡♠❡♥t t♦ t❤❡ P❛♣❡r ➈❖♥ t❤❡ ✁♣❡❝tr❛ ♦❢

✁♦♠❡ ♦❢ t❤❡ ✄✐①❡❞ ✁t❛rs ❲✐❧❧✐❛♠ ❍✉❣❣✐♥s ✄✳☎✳❆✳✁✳✱ ❛♥❞ ❲✳ ❆✳ ▼✐❧❧❡r✱ ▼✳❉✳✱

▲▲✳❉✳✱ ❚r❡❛s✳ ❛♥❞ ❱✳P✳P✳✁✳➈✳ ☎♦②❛❧ ✁♦❝✐❡t② ♦❢ ▲♦♥❞♦♥ P❤✐❧♦s♦♣❤✐❝❛❧ ❚r❛♥s❛❝✲

t✐♦♥s ✁❡r✐❡s ■✱ ✶✺✹✱ ✹✸✼

❍✉♠♠❡r✱ ❉✳ ●✳ ✫ ✁t♦r❡②✱ P✳ ❏✳ ✶✾✽✼✳ ☎❡❝♦♠❜✐♥❛t✐♦♥✲❧✐♥❡ ✐♥t❡♥s✐t✐❡s ❢♦r ❤②❞r♦✲

❣❡♥✐❝ ✐♦♥s✳ ■ ✲ ✂❛s❡ ❇ ❝❛❧❝✉❧❛t✐♦♥s ❢♦r ❍ ■ ❛♥❞ ❍❡ ■■✳ ▼�☎❆✁✱ ✷✷✹✱ ✽✵✶

❍✉s❢❡❧❞✱ ❉✳✱ ❑✉❞r✐t③❦✐✱ ☎✳ P✳✱ ✁✐♠♦♥✱ ❑✳ P✳✱ ✫ ✂❧❡❣❣✱ ☎✳ ✆✳ ✁✳ ✶✾✽✹✳ �♦♥✲▲❚✆

✹✵✵ ❊✞✟✠✡☛☞✟✌ ✟✍ ✎✠✏✌✑☛✏✒✓ ✌✑✔✡✠✏✑ ✕☞☛✖ ✗❘✘☛✓✎✑ ✙✑✌☛✒✏✠ ✚☛✏✒✚
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♠♦❞❡❧ ❛t♠♦s♣❤❡r❡s ♦❢ ❤♦t ❝❡♥tr❛❧ st❛rs ❝❧♦s❡ t♦ t❤❡ �❞❞✐♥❣t♦♥ ❧✐♠✐t ✲ ❚❤❡

❩❛♥str❛ ❞✐s❝r❡♣❛♥❝② ❛♥❞ t❤❡ ♦❝❝✉rr❡♥❝❡ ♦❢ ❛♥ ❡♠✐ss✐♦♥ ❡❞❣❡ ❛t ✷✷✽ ❆✳ ❆✫❆✱

✶✸✹✱ ✶✸✾

■❜❡♥✱ ❏r✳✱ ■✳ ✶✾✼✸✳ ❖♥ t❤❡ ❆❜✉♥❞❛♥❝❡ ♦❢ ▲✐t❤✐✉♠ ✐♥ ✁❡❞ ●✐❛♥ts ♦❢ ■♥t❡r♠❡❞✐❛t❡

▼❛ss✳ ❆♣❏✱ ✶✽✺✱ ✷✵✾

■❜❡♥✱ ❏r✳✱ ■✳ ✶✾✼✺✳ ❚❤❡r♠❛❧ ♣✉❧s❡s❀ ♣✲❝❛♣t✉r❡✱ ❛❧♣❤❛✲❝❛♣t✉r❡✱ s✲♣r♦❝❡ss ♥✉❝❧❡✲

♦s②♥t❤❡s✐s❀ ❛♥❞ ❝♦♥✈❡❝t✐✈❡ ♠✐①✐♥❣ ✐♥ ❛ st❛r ♦❢ ✐♥t❡r♠❡❞✐❛t❡ ♠❛ss✳ ❆♣❏✱ ✶✾✻✱

✺✷✺

■❜❡♥✱ ❏r✳✱ ■✳ ✶✾✾✺✳ P❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ❛♥❞ t❤❡✐r ❝❡♥tr❛❧ st❛rs ✲ ♦r✐❣✐♥ ❛♥❞ ❡✈♦❧✉✲

t✐♦♥✳ P❤②s✳ ✁❡♣✳✱ ✷✺✵✱ ✷

■❜❡♥✱ ❏r✳✱ ■✳✱ ❑❛❧❡r✱ ❏✳ ❇✳✱ ❚r✉r❛♥✱ ❏✳ ❲✳✱ ✫ ✁❡♥③✐♥✐✱ ❆✳ ✶✾✽✸❛✳ ❖♥ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢

t❤♦s❡ ♥✉❝❧❡✐ ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ t❤❛t ❡①♣❡r✐❡♥❝❡ ❛ ✂♥❛❧ ❤❡❧✐✉♠ s❤❡❧❧ ✄❛s❤✳

❆♣❏✱ ✷✻✹✱ ✻✵✺

■❜❡♥✱ ❏r✳✱ ■✳✱ ❑❛❧❡r✱ ❏✳ ❇✳✱ ❚r✉r❛♥✱ ❏✳ ❲✳✱ ✫ ✁❡♥③✐♥✐✱ ❆✳ ✶✾✽✸❜✳ ❖♥ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢

t❤♦s❡ ♥✉❝❧❡✐ ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ t❤❛t ❡①♣❡r✐❡♥❝❡ ❛ ✂♥❛❧ ❤❡❧✐✉♠ s❤❡❧❧ ✄❛s❤✳

❆♣❏✱ ✷✻✹✱ ✻✵✺

■❜❡♥✱ ❏r✳✱ ■✳ ✫ ✁❡♥③✐♥✐✱ ❆✳ ✶✾✽✸✳ ❆s②♠♣t♦t✐❝ ❣✐❛♥t ❜r❛♥❝❤ ❡✈♦❧✉t✐♦♥ ❛♥❞ ❜❡②♦♥❞✳

❆✁❆✫❆✱ ✷✶✱ ✷✼✶

❏❛❝♦❜✱ ✁✳✱ ☎❝❤➝♦♥❜❡r♥❡r✱ ❉✳✱ ✫ ☎t❡❢❢❡♥✱ ▼✳ ✷✵✶✸✳ ❚❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ♣❧❛♥❡t❛r②

♥❡❜✉❧❛❡✳ ❱■■■✳ ❚r✉❡ ❡①♣❛♥s✐♦♥ r❛t❡s ❛♥❞ ✈✐s✐❜✐❧✐t② t✐♠❡s✳ ❆✫❆✱ ✺✺✽✱ ❆✼✽

❏❛❝♦❜②✱ ●✳ ❍✳✱ ✆❡r❧❛♥❞✱ ●✳ ❏✳✱ ✫ ❑♦r✐st❛✱ ❑✳ ❚✳ ✷✵✵✶✳ ❚❤❡ P❧❛♥❡t❛r② ✝❡❜✉❧❛ ❆✸✾✿

❆♥ ❖❜s❡r✈❛t✐♦♥❛❧ ❇❡♥❝❤♠❛r❦ ❢♦r ✝✉♠❡r✐❝❛❧ ▼♦❞❡❧✐♥❣ ♦❢ P❤♦t♦✐♦♥✐③❡❞ P❧❛s✲

♠❛s✳ ❆♣❏✱ ✺✻✵✱ ✷✼✷

❏❛❡❣❡r✱ ✞✳✱ ▼✉ts❝❤❦❡✱ ❍✳✱ ❇❡❣❡♠❛♥♥✱ ❇✳✱ ❉♦rs❝❤♥❡r✱ ❏✳✱ ✫ ❍❡♥♥✐♥❣✱ ❚✳ ✶✾✾✹✳

☎t❡♣s t♦✇❛r❞ ✐♥t❡rst❡❧❧❛r s✐❧✐❝❛t❡ ♠✐♥❡r❛❧♦❣②✳ ✶✿ ▲❛❜♦r❛t♦r② r❡s✉❧ts ♦❢ ❛ s✐❧✐❝❛t❡

❣❧❛ss ♦❢ ♠❡❛♥ ❝♦s♠✐❝ ❝♦♠♣♦s✐t✐♦♥✳ ❆✫❆✱ ✷✾✷✱ ✻✹✶

❏❡❢❢❡r②✱ ✞✳ ☎✳✱ ❑❛r❛❦❛s✱ ❆✳ ■✳✱ ✫ ☎❛✐♦✱ ❍✳ ✷✵✶✶✳ ❉♦✉❜❧❡ ✇❤✐t❡ ❞✇❛r❢ ♠❡r❣❡rs ❛♥❞

❡❧❡♠❡♥t❛❧ s✉r❢❛❝❡ ❛❜✉♥❞❛♥❝❡s ✐♥ ❡①tr❡♠❡ ❤❡❧✐✉♠ ❛♥❞ ✁ ✞♦r♦♥❛❡ ❇♦r❡❛❧✐s

st❛rs✳ ▼✝✁❆☎✱ ✹✶✹✱ ✸✺✾✾

❏❡✇✐tt✱ ❉✳ ✞✳✱ ❉❛♥✐❡❧s♦♥✱ ●✳ �✳✱ ✫ ❑✉♣❢❡r♠❛♥✱ P✳ ✝✳ ✶✾✽✻✳ ❍❛❧♦s ❛r♦✉♥❞ ♣❧❛♥❡t❛r②

♥❡❜✉❧❛❡✳ ❆♣❏✱ ✸✵✷✱ ✼✷✼

❏♦♥❡s✱ ❉✳✱ ▲❧♦②❞✱ ▼✳✱ ▼✐t❝❤❡❧❧✱ ❉✳ ▲✳✱ ❡t ❛❧✳ ✷✵✶✵❛✳ ❑✐♥❡♠❛t✐❝s ♦❢ t❤❡ r✐♥❣✲❧✐❦❡

♥❡❜✉❧❛ ☎✉❲t ✷✳ ▼✝✁❆☎✱ ✹✵✶✱ ✹✵✺

✟✠✡☛☞✌✍ ✎✏✑✒✡☛✏✓ ✹✵✶
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❏♦♥❡s✱ ❉✳✱ ▲❧♦②❞✱ ▼✳✱ �❛♥t❛♥❞❡r✲●❛r❝➫✑❛✱ ▼✳✱ ❡t ❛❧✳ ✷✵✶✵❜✳ ❆❜❡❧❧ ✹✶✿ s❤❛♣✐♥❣ ♦❢ ❛

♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ❜② ❛ ❜✐♥❛r② ❝❡♥tr❛❧ st❛r✳ ▼✁✂❆�✱ ✹✵✽✱ ✷✸✶✷

❏♦♥❡s✱ ❉✳✱ ▼✐t❝❤❡❧❧✱ ❉✳ ▲✳✱ ▲❧♦②❞✱ ▼✳✱ ❡t ❛❧✳ ✷✵✶✷✳ ❚❤❡ ♠♦r♣❤♦❧♦❣② ❛♥❞ ❦✐♥❡♠❛t✐❝s

♦❢ t❤❡ ✄✐♥❡ ✂✐♥❣ ✁❡❜✉❧❛✱ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ �♣ ✶✱ ❛♥❞ t❤❡ s❤❛♣✐♥❣ ✐♥☎✉❡♥❝❡ ♦❢

✐ts ❜✐♥❛r② ❝❡♥tr❛❧ st❛r✳ ▼✁✂❆�✱ ✹✷✵✱ ✷✷✼✶

❑❛❤♥✱ ✄✳ ❉✳ ✫ ❲❡st✱ ❑✳ ❆✳ ✶✾✽✺✳ �❤❛♣❡s ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✳ ▼✁✂❆�✱ ✷✶✷✱ ✽✸✼

❑❛❧❡r✱ ❏✳ ❇✳ ✶✾✽✻✳ ✆❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡s ✐♥ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✳ ❆♣❏✱ ✸✵✽✱ ✸✷✷

❑❛❧❡r✱ ❏✳ ❇✳ ✫ �❤❛✇✱ ✂✳ ❆✳ ✶✾✽✹✳ ❚❤❡ ❖ ❱■ ♥✉❝❧❡✉s ♦❢ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛
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✄❍■❆✁❚■➊❆♥ ❆t♦♠✐❝ ❉❛t❛❜❛s❡ ❢♦r �♠✐ss✐♦♥ ▲✐♥❡s✳ ❳■■✳ ❱❡rs✐♦♥ ✼ ♦❢ t❤❡

❉❛t❛❜❛s❡✳ ❆♣❏✱ ✼✹✹✱ ✾✾

▲❛♥❞✐✱ �✳✱ ❉❡❧ ❩❛♥♥❛✱ ●✳✱ ❨♦✉♥❣✱ P✳ ✂✳✱ ❡t ❛❧✳ ✷✵✵✻✳ ✄❍■❆✁❚■✲❆♥ ❆t♦♠✐❝ ❉❛t❛❜❛s❡

❢♦r �♠✐ss✐♦♥ ▲✐♥❡s✳ ❱■■✳ ✁❡✇ ❉❛t❛ ❢♦r ❳✲✂❛②s ❛♥❞ ❖t❤❡r ■♠♣r♦✈❡♠❡♥ts✳ ❆♣❏☎✱

✶✻✷✱ ✷✻✶

▲❛s❦❡r✱ ❇✳ ▼✳✱ ▲❛tt❛♥③✐✱ ▼✳ ●✳✱ ▼❝▲❡❛♥✱ ❇✳ ❏✳✱ ❡t ❛❧✳ ✷✵✵✽✳ ❚❤❡ ☎❡❝♦♥❞✲●❡♥❡r❛t✐♦♥

●✉✐❞❡ ☎t❛r ✄❛t❛❧♦❣✿ ❉❡s❝r✐♣t✐♦♥ ❛♥❞ Pr♦♣❡rt✐❡s✳ ❆❏✱ ✶✸✻✱ ✼✸✺

▲❛tt❛♥③✐♦✱ ❏✳ ✄✳ ✶✾✽✻✳ ❚❤❡ ❛s②♠♣t♦t✐❝ ❣✐❛♥t ❜r❛♥❝❤ ❡✈♦❧✉t✐♦♥ ♦❢ ✶✳✵✲✸✳✵ s♦❧❛r

♠❛ss st❛rs ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ ♠❛ss ❛♥❞ ❝♦♠♣♦s✐t✐♦♥✳ ❆♣❏✱ ✸✶✶✱ ✼✵✽

▲❡❜♦✉t❡✐❧❧❡r✱ ❱✳✱ ❇❛rr②✱ ❉✳ ❏✳✱ ☎♣♦♦♥✱ ❍✳ ❲✳ ❲✳✱ ❡t ❛❧✳ ✷✵✶✶✳ ✄❆☎☎■☎✿ ❚❤❡ ✄♦r♥❡❧❧

❆t❧❛s ♦❢ ☎♣✐t③❡r✴■♥❢r❛r❡❞ ☎♣❡❝tr♦❣r❛♣❤ ☎♦✉r❝❡s✳ ❆♣❏☎✱ ✶✾✻✱ ✽

▲❡♥♥♦♥✱ ❉✳ ❏✳ ✫ ❇✉r❦❡✱ ❱✳ ▼✳ ✶✾✾✹✳ ❆t♦♠✐❝ ❞❛t❛ ❢r♦♠ t❤❡ ■✂❖✁ ♣r♦❥❡❝t✳ ■■✳ �❢✲

❢❡❝t✐✈❡ ❝♦❧❧✐s✐♦♥ str❡♥❣t❤ ☎ ❢♦r ✐♥❢r❛r❡❞ tr❛♥s✐t✐♦♥s ✐♥ ❝❛r❜♦♥✲❧✐❦❡ ✐♦♥s✳ ❆✫❆☎✱

✶✵✸✱ ✷✼✸

▲❡♥③✉♥✐✱ P✳✱ ✁❛tt❛✱ ❆✳✱ ✫ P❛♥❛❣✐❛✱ ✁✳ ✶✾✽✾✳ Pr♦♣❡rt✐❡s ❛♥❞ ❡✈♦❧✉t✐♦♥ ♦❢ ❞✉st

❣r❛✐♥s ✐♥ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✳ ❆♣❏✱ ✸✹✺✱ ✸✵✻

▲❡✉❡♥❤❛❣❡♥✱ ❯✳ ✫ ❍❛♠❛♥♥✱ ❲✳✲✂✳ ✶✾✾✹✳ ❱ ✸✹✽ ☎❛❣✐tt❛r✐✐✿ ❆♥❛❧②s✐s ♦❢ t❤❡ ✭❲✄

✶✷✮ st❡❧❧❛r s♣❡❝tr✉♠✳ ❆✫❆✱ ✷✽✸✱ ✺✻✼

▲❡✉❡♥❤❛❣❡♥✱ ❯✳ ✫ ❍❛♠❛♥♥✱ ❲✳✲✂✳ ✶✾✾✽✳ ☎♣❡❝tr❛❧ ❛♥❛❧②s❡s ♦❢ ❧❛t❡✲t②♣❡ ❬❲✄❪

❝❡♥tr❛❧ st❛rs ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✿ ♠♦r❡ ❡♠♣✐r✐❝❛❧ ❝♦♥str❛✐♥ts ❢♦r t❤❡✐r ❡✈♦✲

❧✉t✐♦♥❛r② st❛t✉s✳ ❆✫❆✱ ✸✸✵✱ ✷✻✺

▲❡✉❡♥❤❛❣❡♥✱ ❯✳✱ ❍❛♠❛♥♥✱ ❲✳✲✂✳✱ ✫ ❏❡❢❢❡r②✱ ✄✳ ☎✳ ✶✾✾✻✳ ☎♣❡❝tr❛❧ ❛♥❛❧②s❡s ♦❢

❧❛t❡✲t②♣❡ ❲✄ ❝❡♥tr❛❧ st❛rs ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✳ ❆✫❆✱ ✸✶✷✱ ✶✻✼

▲✐✉✱ ❳✳✲❲✳ ✷✵✵✸✱ Pr♦❜✐♥❣ t❤❡ ❉❛r❦ ☎❡❝r❡ts ♦❢ P✁❡ ✇✐t❤ ❖✂▲s ✭✐♥✈✐t❡❞ r❡✈✐❡✇✮✱

✐♥ ■❆❯ ☎②♠♣♦s✐✉♠✱ ❱♦❧✳ ✷✵✾✱ P❧❛♥❡t❛r② ✁❡❜✉❧❛❡✿ ❚❤❡✐r �✈♦❧✉t✐♦♥ ❛♥❞ ✂♦❧❡ ✐♥

t❤❡ ❯♥✐✈❡rs❡✱ ❡❞✳ ☎✳ ❑✇♦❦✱ ▼✳ ❉♦♣✐t❛✱ ✫ ✂✳ ☎✉t❤❡r❧❛♥❞✱ ✸✸✾

▲✐✉✱ ❳✳✲❲✳✱ ❇❛r❧♦✇✱ ▼✳ ❏✳✱ ❩❤❛♥❣✱ ❨✳✱ ❇❛st✐♥✱ ✂✳ ❏✳✱ ✫ ☎t♦r❡②✱ P✳ ❏✳ ✷✵✵✻✳ ✄❤❡♠✐❝❛❧

❛❜✉♥❞❛♥❝❡s ❢♦r ❍❢ ✷✲✷✱ ❛ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✇✐t❤ t❤❡ str♦♥❣❡st✲❦♥♦✇♥ ❤❡❛✈②✲

❡❧❡♠❡♥t r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s✳ ▼✁✂❆☎✱ ✸✻✽✱ ✶✾✺✾

✹✵✹ ❊✆✝✞✟✠✡✝☛ ✝☞ ✌✞✍☛✎✠✍✏✑ ☛✎✒✟✞✍✎ ✓✡✠✔ ✕❘✖✠✑✌✎ ✗✎☛✠✏✍✞ ✘✠✍✏✘



❘❊❋❊❘❊◆❈❊❙

▲✐✉✱ ❳✳✲❲✳ ✫ ❉❛♥③✐❣❡r✱ ❏✳ ✶✾✾✸✳ �❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ❞❡t❡r♠✐♥❛t✐♦♥ ❢r♦♠ ♥❡❜✉✲

❧❛r ❝♦♥t✐♥✉✉♠ ❡♠✐ss✐♦♥ ✐♥ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ❛♥❞ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ t❡♠♣❡r✲

❛t✉r❡ ✄✉❝t✉❛t✐♦♥s✳ ▼✁✂❆☎✱ ✷✻✸✱ ✷✺✻

▲✐✉✱ ❳✳✲❲✳✱ ▲✉♦✱ ☎✳✲●✳✱ ❇❛r❧♦✇✱ ▼✳ ❏✳✱ ❉❛♥③✐❣❡r✱ ■✳ ❏✳✱ ✫ ☎t♦r❡②✱ P✳ ❏✳ ✷✵✵✶✳ ✆❤❡♠✲

✐❝❛❧ ❛❜✉♥❞❛♥❝❡s ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ❢r♦♠ ♦♣t✐❝❛❧ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ✲ ■■■✳

❚❤❡ ●❛❧❛❝t✐❝ ❜✉❧❣❡ P✁ ▼ ✶✲✹✷ ❛♥❞ ▼ ✷✲✸✻✳ ▼✁✂❆☎✱ ✸✷✼✱ ✶✹✶

▲✐✉✱ ❳✳✲❲✳✱ ☎t♦r❡②✱ P✳ ❏✳✱ ❇❛r❧♦✇✱ ▼✳ ❏✳✱ ✫ ✆❧❡❣❣✱ ✂✳ �✳ ☎✳ ✶✾✾✺✳ ❚❤❡ r✐❝❤ ❖ ■■ r❡✲

❝♦♠❜✐♥❛t✐♦♥ s♣❡❝tr✉♠ ♦❢ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✁●✆ ✼✵✵✾✿ ♥❡✇ ♦❜s❡r✈❛t✐♦♥s

❛♥❞ ❛t♦♠✐❝ ❞❛t❛✳ ▼✁✂❆☎✱ ✷✼✷✱ ✸✻✾

▲✐✉✱ ❳✳✲❲✳✱ ☎t♦r❡②✱ P✳ ❏✳✱ ❇❛r❧♦✇✱ ▼✳ ❏✳✱ ❡t ❛❧✳ ✷✵✵✵✳ ✁●✆ ✻✶✺✸✿ ❛ s✉♣❡r✲♠❡t❛❧✲

r✐❝❤ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❄ ▼✁✂❆☎✱ ✸✶✷✱ ✺✽✺

▲✐✉✱ ❨✳✱ ▲✐✉✱ ❳✳✲❲✳✱ ❇❛r❧♦✇✱ ▼✳ ❏✳✱ ✫ ▲✉♦✱ ☎✳✲●✳ ✷✵✵✹❛✳ ✆❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s ♦❢

♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ❢r♦♠ ♦♣t✐❝❛❧ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ✲ ■■✳ ❆❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞

❢r♦♠ ❝♦❧❧✐s✐♦♥❛❧❧② ❡①❝✐t❡❞ ❧✐♥❡s ❛♥❞ ♦♣t✐❝❛❧ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s✳ ▼✁✂❆☎✱ ✸✺✸✱

✶✷✺✶

▲✐✉✱ ❨✳✱ ▲✐✉✱ ❳✳✲❲✳✱ ▲✉♦✱ ☎✳✲●✳✱ ✫ ❇❛r❧♦✇✱ ▼✳ ❏✳ ✷✵✵✹❜✳ ✆❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s

♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ❢r♦♠ ♦♣t✐❝❛❧ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ✲ ■✳ ❖❜s❡r✈❛t✐♦♥s ❛♥❞

♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s✳ ▼✁✂❆☎✱ ✸✺✸✱ ✶✷✸✶

▲➫♦♣❡③✱ ❏✳ ❆✳✱ ●❛r❝➫✑❛✲❉➫✑❛③✱ ▼✳ ❚✳✱ ☎t❡❢❢❡♥✱ ❲✳✱ ✂✐❡s❣♦✱ ❍✳✱ ✫ ✂✐❝❤❡r✱ ▼✳ ●✳ ✷✵✶✷✳

▼♦r♣❤♦✲❦✐♥❡♠❛t✐❝ ❆♥❛❧②s✐s ♦❢ t❤❡ P♦✐♥t✲s②♠♠❡tr✐❝✱ ❇✐♣♦❧❛r P❧❛♥❡t❛r② ✁❡❜✉✲

❧❛❡ ❍❜ ✺ ❛♥❞ ❑ ✸✲✶✼✱ ❆ P❛t❤✇❛② t♦ P♦❧②✲♣♦❧❛r✐t②✳ ❆♣❏✱ ✼✺✵✱ ✶✸✶

▲➫♦♣❡③✱ ❏✳ ❆✳✱ ✂✐❝❤❡r✱ ▼✳ ●✳✱ ●❛r❝➫✑❛✲❉➫✑❛③✱ ▼✳ ❚✳✱ ❡t ❛❧✳ ✷✵✶✷✳ ❚❤❡ ☎P▼ ❑✐♥❡♠❛t✐❝

✆❛t❛❧♦❣✉❡ ♦❢ ●❛❧❛❝t✐❝ P❧❛♥❡t❛r② ✁❡❜✉❧❛❡✳ ✂▼①❆❆✱ ✹✽✱ ✸

▲♦♣❡③✱ ❏✳ ❆✳✱ ☎t❡❢❢❡♥✱ ❲✳✱ ✫ ▼❡❛❜✉r♥✱ ❏✳ ✶✾✾✼✳ ❇✐♣♦❧❛r✱ ✆♦❧❧✐♠❛t❡❞ ❖✉t❜✉rsts ✐♥

t❤❡ P❧❛♥❡t❛r② ✁❡❜✉❧❛ ❍❇ ✹✳ ❆♣❏✱ ✹✽✺✱ ✻✾✼

▲➫♦♣❡③✲☎➫❛♥❝❤❡③✱ ➫❆✳ ✂✳✱ �st❡❜❛♥✱ ✆✳✱ ●❛r❝➫✑❛✲✂♦❥❛s✱ ❏✳✱ P❡✐♠❜❡rt✱ ▼✳✱ ✫ ✂♦❞r➫✑❣✉❡③✱

▼✳ ✷✵✵✼✳ ❚❤❡ ▲♦❝❛❧✐③❡❞ ✆❤❡♠✐❝❛❧ P♦❧❧✉t✐♦♥ ✐♥ ✁●✆ ✺✷✺✸ ✂❡✈✐s✐t❡❞✿ ✂❡s✉❧ts

❢r♦♠ ❉❡❡♣ �❝❤❡❧❧❡ ☎♣❡❝tr♦♣❤♦t♦♠❡tr②✳ ❆♣❏✱ ✻✺✻✱ ✶✻✽

▲✉❝②✱ ▲✳ ❇✳ ✫ ❆❜❜♦tt✱ ❉✳ ✆✳ ✶✾✾✸✳ ▼✉❧t✐❧✐♥❡ tr❛♥s❢❡r ❛♥❞ t❤❡ ❞②♥❛♠✐❝s ♦❢ ❲♦❧❢✲

✂❛②❡t ✇✐♥❞s✳ ❆♣❏✱ ✹✵✺✱ ✼✸✽

▲✉♦✱ ☎✳✲●✳✱ ▲✐✉✱ ❳✳✲❲✳✱ ✫ ❇❛r❧♦✇✱ ▼✳ ❏✳ ✷✵✵✶✳ ✆❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s ♦❢ ♣❧❛♥❡t❛r②

♥❡❜✉❧❛❡ ❢r♦♠ ♦♣t✐❝❛❧ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ✲ ■■✳ ❚❤❡ ♥❡♦♥ ❛❜✉♥❞❛♥❝❡ ♦❢ ✁●✆

✼✵✵✾✳ ▼✁✂❆☎✱ ✸✷✻✱ ✶✵✹✾

✝✞✟✠✡☛☞ ✌✍✎✏✟✠✍✒ ✹✵✺
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▼❛❝✐❡❧✱ ❲✳ ❏✳ ✫ ❉✉tr❛✱ �✳ ▼✳ ✶✾✾✷✳ ❑✐♥❡♠❛t✐❝s ♦❢ ❞✐s❦ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✳ ❆✫❆✱

✷✻✷✱ ✷✼✶

▼❛r✐❣♦✱ P✳ ✷✵✵✷✳ ❆s②♠♣t♦t✐❝ ●✐❛♥t ❇r❛♥❝❤ ❡✈♦❧✉t✐♦♥ ❛t ✈❛r②✐♥❣ s✉r❢❛❝❡ �✴❖

r❛t✐♦✿ ❡❢❢❡❝ts ♦❢ ❝❤❛♥❣❡s ✐♥ ♠♦❧❡❝✉❧❛r ♦♣❛❝✐t✐❡s✳ ❆✫❆✱ ✸✽✼✱ ✺✵✼

▼❛r❦✇❛r❞t✱ �✳ ❇✳ ✷✵✵✾✱ ✁♦♥✲❧✐♥❡❛r ▲❡❛st✲sq✉❛r❡s ✂✐tt✐♥❣ ✐♥ ■❉▲ ✇✐t❤ ▼P✂■❚✱ ✐♥

❆str♦♥♦♠✐❝❛❧ ✄♦❝✐❡t② ♦❢ t❤❡ P❛❝✐☎❝ �♦♥❢❡r❡♥❝❡ ✄❡r✐❡s✱ ❱♦❧✳ ✹✶✶✱ ❆str♦♥♦♠✐❝❛❧

❉❛t❛ ❆♥❛❧②s✐s ✄♦❢t✇❛r❡ ❛♥❞ ✄②st❡♠s ❳❱■■■✱ ❡❞✳ ❉✳ ❆✳ ❇♦❤❧❡♥❞❡r✱ ❉✳ ❉✉r❛♥❞✱ ✫

P✳ ❉♦✇❧❡r✱ ✷✺✶

▼❛ss❡②✱ P✳✱ ❉❡●✐♦✐❛✲✆❛st✇♦♦❞✱ ❑✳✱ ✫ ❲❛t❡r❤♦✉s❡✱ ✆✳ ✷✵✵✶✳ ❚❤❡ Pr♦❣❡♥✐t♦r

▼❛ss❡s ♦❢ ❲♦❧❢✲✝❛②❡t ✄t❛rs ❛♥❞ ▲✉♠✐♥♦✉s ❇❧✉❡ ❱❛r✐❛❜❧❡s ❉❡t❡r♠✐♥❡❞ ❢r♦♠

�❧✉st❡r ❚✉r♥♦❢❢s✳ ■■✳ ✝❡s✉❧ts ❢r♦♠ ✶✷ ●❛❧❛❝t✐❝ �❧✉st❡rs ❛♥❞ ❖❇ ❆ss♦❝✐❛t✐♦♥s✳

❆❏✱ ✶✷✶✱ ✶✵✺✵

▼❛t❤✐s✱ ❏✳ ✄✳✱ ✝✉♠♣❧✱ ❲✳✱ ✫ ✁♦r❞s✐❡❝❦✱ ❑✳ ❍✳ ✶✾✼✼✳ ❚❤❡ s✐③❡ ❞✐str✐❜✉t✐♦♥ ♦❢

✐♥t❡rst❡❧❧❛r ❣r❛✐♥s✳ ❆♣❏✱ ✷✶✼✱ ✹✷✺

▼❝�♦♦❦✱ ●✳ P✳ ✫ ✄✐♦♥✱ ✆✳ ▼✳ ✶✾✾✾✳ ❆ �❛t❛❧♦❣ ♦❢ ✄♣❡❝tr♦s❝♦♣✐❝❛❧❧② ■❞❡♥t✐☎❡❞

❲❤✐t❡ ❉✇❛r❢s✳ ❆♣❏✄✱ ✶✷✶✱ ✶

▼❝❑❡♥♥❛✱ ✂✳ �✳✱ ❑❡❡♥❛♥✱ ✂✳ P✳✱ ❑❛❧❡r✱ ❏✳ ❇✳✱ ❡t ❛❧✳ ✶✾✾✻✳ ❬✁ ■■❪ ❛♥❞ ❬❖ ■■■❪ ▼❡❛♥

✆❧❡❝tr♦♥ ❚❡♠♣❡r❛t✉r❡s ✐♥ P❧❛♥❡t❛r② ✁❡❜✉❧❛❡✳ P❆✄P✱ ✶✵✽✱ ✻✶✵

▼❝▲❛✉❣❤❧✐♥✱ ❇✳ ▼✳ ✫ ❇❡❧❧✱ ❑✳ ▲✳ ✷✵✵✵✳ ✆❧❡❝tr♦♥ ❝♦❧❧✐s✐♦♥❛❧ ❡①❝✐t❛t✐♦♥ ♦❢ ✁❡

■■■✿ ✭✶s✞✷s✞✷♣✟ ✠P✞❀✡❀☛✱
✡❉✞✱

✡✄☛✮ ☎♥❡✲str✉❝t✉r❡ tr❛♥s✐t✐♦♥s✳ ❏♦✉r♥❛❧ ♦❢ P❤②s✐❝s

❇ ❆t♦♠✐❝ ▼♦❧❡❝✉❧❛r P❤②s✐❝s✱ ✸✸✱ ✺✾✼

▼❝✁❛❜❜✱ ■✳ ❆✳✱ ✂❛♥❣✱ ❳✳✱ ▲✐✉✱ ❳✳✲❲✳✱ ❇❛st✐♥✱ ✝✳ ❏✳✱ ✫ ✄t♦r❡②✱ P✳ ❏✳ ✷✵✶✸✳ P❧❛s♠❛

❞✐❛❣♥♦st✐❝s ❢♦r ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ❛♥❞ ❍ ✐✐ r❡❣✐♦♥s ✉s✐♥❣ t❤❡ ✁ ✐✐ ❛♥❞ ❖ ✐✐

♦♣t✐❝❛❧ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s✳ ▼✁✝❆✄✱ ✹✷✽✱ ✸✹✹✸

▼❡❛t❤❡r✐♥❣❤❛♠✱ ✄✳ ❏✳ ✫ ❉♦♣✐t❛✱ ▼✳ ❆✳ ✶✾✾✶✳ ❖♣t✐❝❛❧ s♣❡❝tr♦s❝♦♣② ♦❢ ▼❛❣❡❧❧❛♥✐❝

�❧♦✉❞ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✳ ❆♣❏✄✱ ✼✺✱ ✹✵✼

▼❡❛t❤❡r✐♥❣❤❛♠✱ ✄✳ ❏✳✱ ❲♦♦❞✱ P✳ ✝✳✱ ✫ ✂❛✉❧❦♥❡r✱ ❉✳ ❏✳ ✶✾✽✽✳ ❆ st✉❞② ♦❢ s♦♠❡

s♦✉t❤❡r♥ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✳ ❆♣❏✱ ✸✸✹✱ ✽✻✷

▼❡❞✐♥❛✱ ✄✳✱ P❡➌♥❛✱ ▼✳✱ ▼♦r✐ss❡t✱ �✳✱ ✫ ✄t❛s✐➫♥s❦❛✱ ●✳ ✷✵✵✻✳ ●❛❧❛❝t✐❝ P❧❛♥❡t❛r②

✁❡❜✉❧❛❡ ✇✐t❤ ❲♦❧❢✲✝❛②❡t ✁✉❝❧❡✐ ■■■✳ ❑✐♥❡♠❛t✐❝❛❧ ❆♥❛❧②s✐s ♦❢ ❛ ▲❛r❣❡ ✄❛♠♣❧❡

♦❢ ✁❡❜✉❧❛❡✳ ✝▼①❆❆✱ ✹✷✱ ✺✸

▼❡❧❧❡♠❛✱ ●✳ ✶✾✾✻✳ ❍②❞r♦❞②♥❛♠✐❝ ▼♦❞❡❧s ♦❢ P❧❛♥❡t❛r② ✁❡❜✉❧❛❡✳ ❆♣✫✄✄✱ ✷✹✺✱

✷✸✾

✹✵✻ ❊☞✌✍✎✏✑✌✒ ✌✓ ✔✍✕✒✖✏✕✗✘ ✒✖✙✎✍✕✖ ✚✑✏✛ ✜❘✢✏✘✔✖ ✣✖✒✏✗✕✍ ✤✏✕✗✤
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▼❡❧❧❡♠❛✱ ●✳ ✶✾✾✼✳ ❚❤❡ ❢♦r♠❛t✐♦♥ ♦❢ ❜✐♣♦❧❛r ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✳ ❆✫❆✱ ✸✷✶✱ ▲✷✾

▼➫❡♥❞❡③✱ �✳ ❍✳ ✶✾✾✶✱ P❤♦t♦s♣❤❡r✐❝ ❆❜✉♥❞❛♥❝❡s ✐♥ ✁❡♥tr❛❧ ✂t❛rs ♦❢ P❧❛♥❡t❡r❛②

✄❡❜✉❧❛❡✱ ❛♥❞ ☎✈♦❧✉t✐♦♥❛r② ■♠♣❧✐❝❛t✐♦♥s✱ ✐♥ ■❆❯ ✂②♠♣♦s✐✉♠✱ ❱♦❧✳ ✶✹✺✱ ☎✈♦✲

❧✉t✐♦♥ ♦❢ ✂t❛rs✿ t❤❡ P❤♦t♦s♣❤❡r✐❝ ❆❜✉♥❞❛♥❝❡ ✁♦♥♥❡❝t✐♦♥✱ ❡❞✳ ●✳ ▼✐❝❤❛✉❞ ✫

❆✳ ❱✳ ❚✉t✉❦♦✈✱ ✸✼✺

▼➫❡♥❞❡③✱ �✳ ❍✳ ✫ ✄✐❡♠❡❧❛✱ ❱✳ ✂✳ ✶✾✽✷✱ ❆ r❡❝❧❛ss✐✆❝❛t✐♦♥ ♦❢ ❲✁ ❛♥❞ ✬❖ ❱■✬ ❝❡♥tr❛❧

st❛rs ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✱ ❛♥❞ ❝♦♠♣❛r✐s♦♥ ✇✐t❤ ♣♦♣✉❧❛t✐♦♥ ■ ❲✁ st❛rs✱ ✐♥

■❆❯ ✂②♠♣♦s✐✉♠✱ ❱♦❧✳ ✾✾✱ ❲♦❧❢✲�❛②❡t ✂t❛rs✿ ❖❜s❡r✈❛t✐♦♥s✱ P❤②s✐❝s✱ ☎✈♦❧✉t✐♦♥✱

❡❞✳ ✁✳ ❲✳ ❍✳ ❉❡ ▲♦♦r❡ ✫ ❆✳ ❏✳ ❲✐❧❧✐s✱ ✹✺✼➊✹✻✵

▼❡♥❞♦③❛✱ ✁✳ ✫ ❩❡✐♣♣❡♥✱ ✁✳ ❏✳ ✶✾✽✷✳ ❚r❛♥s✐t✐♦♥ ♣r♦❜❛❜✐❧✐t✐❡s ❢♦r ❢♦r❜✐❞❞❡♥ ❧✐♥❡s

✐♥ t❤❡ ✸♣✸ ❝♦♥✆❣✉r❛t✐♦♥✳ ▼✄�❆✂✱ ✶✾✽✱ ✶✷✼

▼❡♥♦♥✱ ❆✳✱ ❍❡r✇✐❣✱ ✝✳✱ ❉❡♥✐ss❡♥❦♦✈✱ P✳ ❆✳✱ ❡t ❛❧✳ ✷✵✶✸✳ �❡♣r♦❞✉❝✐♥❣ t❤❡

❖❜s❡r✈❡❞ ❆❜✉♥❞❛♥❝❡s ✐♥ �✁❇ ❛♥❞ ❍❞✁ ✂t❛rs ✇✐t❤ P♦st✲❞♦✉❜❧❡✲❞❡❣❡♥❡r❛t❡

▼❡r❣❡r ▼♦❞❡❧s➊✁♦♥str❛✐♥ts ♦♥ ▼❡r❣❡r ❛♥❞ P♦st✲♠❡r❣❡r ✂✐♠✉❧❛t✐♦♥s ❛♥❞

P❤②s✐❝s Pr♦❝❡ss❡s✳ ❆♣❏✱ ✼✼✷✱ ✺✾

▼❡♥③❡❧✱ ❉✳ ❍✳ ✶✾✷✻✳ ❚❤❡ P❧❛♥❡t❛r② ✄❡❜✉❧❛❡✳ P❆✂P✱ ✸✽✱ ✷✾✺

▼❡ss✐❡r✱ ✁✳ ✶✼✽✶✱ ✁❛t❛❧♦❣✉❡ ❞❡s ✄➫❡❜✉❧❡✉s❡s ✫ ❞❡s ❛♠❛s ❞✬➫☎t♦✐❧❡s ✭✁❛t❛❧♦❣ ♦❢

✄❡❜✉❧❛❡ ❛♥❞ ✂t❛r ✁❧✉st❡rs✮✳ ❚❡❝❤✳ r❡♣✳

▼✐❧✐♥❣♦✱ ❏✳ ❇✳✱ ❑✇✐tt❡r✱ ❑✳ ❇✳✱ ❍❡♥r②✱ �✳ ❇✳ ✁✳✱ ✫ ✁♦❤❡♥✱ �✳ ☎✳ ✷✵✵✷✳ ✂✉❧❢✉r✱

✁❤❧♦r✐♥❡✱ ❛♥❞ ❆r❣♦♥ ✐♥ P❧❛♥❡t❛r② ✄❡❜✉❧❛❡✳ ■■❆✳ ❖❜s❡r✈❛t✐♦♥s ♦❢ ❛ ✂♦✉t❤❡r♥

✂❛♠♣❧❡✳ ❆♣❏✂✱ ✶✸✽✱ ✷✼✾

▼✐❧❧❡r ❇❡rt♦❧❛♠✐✱ ▼✳ ▼✳ ✫ ❆❧t❤❛✉s✱ ▲✳ ●✳ ✷✵✵✻✳ ✝✉❧❧ ❡✈♦❧✉t✐♦♥❛r② ♠♦❞❡❧s ❢♦r P●

✶✶✺✾ st❛rs✳ ■♠♣❧✐❝❛t✐♦♥s ❢♦r t❤❡ ❤❡❧✐✉♠✲r✐❝❤ ❖✭❍❡✮ st❛rs✳ ❆✫❆✱ ✹✺✹✱ ✽✹✺

▼✐❧❧❡r ❇❡rt♦❧❛♠✐✱ ▼✳ ▼✳✱ ❆❧t❤❛✉s✱ ▲✳ ●✳✱ ❖❧❛♥♦✱ ✁✳✱ ✫ ❏✐♠➫❡♥❡③✱ ✄✳ ✷✵✶✶✳ ❚❤❡

❞✐❢❢✉s✐♦♥✲✐♥❞✉❝❡❞ ♥♦✈❛ s❝❡♥❛r✐♦✿ ✁❑ ❱✉❧ ❛♥❞ P❇✽ ❛s ♣♦ss✐❜❧❡ ♦❜s❡r✈❛t✐♦♥❛❧

❝♦✉♥t❡r♣❛rts✳ ▼✄�❆✂✱ ✹✶✺✱ ✶✸✾✻

▼✐❧❧❡r ❇❡rt♦❧❛♠✐✱ ▼✳ ▼✳✱ ❆❧t❤❛✉s✱ ▲✳ ●✳✱ ✂❡r❡♥❡❧❧✐✱ ❆✳ ▼✳✱ ✫ P❛♥❡✐✱ ❏✳ ❆✳ ✷✵✵✻✳

✄❡✇ ❡✈♦❧✉t✐♦♥❛r② ❝❛❧❝✉❧❛t✐♦♥s ❢♦r t❤❡ ❜♦r♥ ❛❣❛✐♥ s❝❡♥❛r✐♦✳ ❆✫❆✱ ✹✹✾✱ ✸✶✸

▼✐❧♥❡✱ ❉✳ ❑✳ ✫ ❆❧❧❡r✱ ▲✳ ❍✳ ✶✾✼✺✳ �❛❞✐♦ ♦❜s❡r✈❛t✐♦♥s ❛t ✺ ●❍③ ♦❢ s♦✉t❤❡r♥ ♣❧❛♥✲

❡t❛r② ♥❡❜✉❧❛❡✳ ❆✫❆✱ ✸✽✱ ✶✽✸

▼✐s③❛❧s❦✐✱ ❇✳✱ ❆❝❦❡r✱ ❆✳✱ ▼♦❢❢❛t✱ ❆✳ ✝✳ ❏✳✱ P❛r❦❡r✱ ◗✳ ❆✳✱ ✫ ❯❞❛❧s❦✐✱ ❆✳ ✷✵✵✾❛✳

❇✐♥❛r② ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ♥✉❝❧❡✐ t♦✇❛r❞s t❤❡ ●❛❧❛❝t✐❝ ❜✉❧❣❡✳ ■✳ ✂❛♠♣❧❡ ❞✐s✲

❝♦✈❡r②✱ ♣❡r✐♦❞ ❞✐str✐❜✉t✐♦♥✱ ❛♥❞ ❜✐♥❛r② ❢r❛❝t✐♦♥✳ ❆✫❆✱ ✹✾✻✱ ✽✶✸

✞✟✠✡☛☞✌ ✍✎✏✑✠✡✎✒ ✹✵✼
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▼✐s③❛❧s❦✐✱ ❇✳✱ ❆❝❦❡r✱ ❆✳✱ P❛r❦❡r✱ ◗✳ ❆✳✱ ✫ ▼♦❢❢❛t✱ ❆✳ �✳ ❏✳ ✷✵✵✾❜✳ ❇✐♥❛r② ♣❧❛♥❡t❛r②

♥❡❜✉❧❛❡ ♥✉❝❧❡✐ t♦✇❛r❞s t❤❡ ●❛❧❛❝t✐❝ ❜✉❧❣❡✳ ■■✳ ❆ ♣❡♥❝❤❛♥t ❢♦r ❜✐♣♦❧❛r✐t② ❛♥❞

❧♦✇✲✐♦♥✐s❛t✐♦♥ str✉❝t✉r❡s✳ ❆✫❆✱ ✺✵✺✱ ✷✹✾

▼✐s③❛❧s❦✐✱ ❇✳✱ ✁r♦✇t❤❡r✱ P✳ ❆✳✱ ❉❡ ▼❛r❝♦✱ ❖✳✱ ❡t ❛❧✳ ✷✵✶✷✳ ■✁ ✹✻✻✸✿ t❤❡ ✂rst

✉♥❛♠❜✐❣✉♦✉s ❬❲✄❪ ❲♦❧❢✲☎❛②❡t ❝❡♥tr❛❧ st❛r ♦❢ ❛ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛✳ ▼✄☎❆✆✱

✹✷✸✱ ✾✸✹

▼✐t❝❤❡❧❧✱ ❉✳ ▲✳✱ P♦❧❧❛❝❝♦✱ ❉✳✱ ❖✬❇r✐❡♥✱ ❚✳ ❏✳✱ ❡t ❛❧✳ ✷✵✵✼✳ Pr♦♦❢ ♦❢ ♣♦❧❛r ❡❥❡❝t✐♦♥

❢r♦♠ t❤❡ ❝❧♦s❡✲❜✐♥❛r② ❝♦r❡ ♦❢ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ❆❜❡❧❧ ✻✸✳ ▼✄☎❆✆✱ ✸✼✹✱

✶✹✵✹

▼♦❧st❡r✱ �✳ ❏✳✱ ❲❛t❡rs✱ ▲✳ ❇✳ �✳ ▼✳✱ ❚✐❡❧❡♥s✱ ❆✳ ●✳ ●✳ ▼✳✱ ✫ ❇❛r❧♦✇✱ ▼✳ ❏✳ ✷✵✵✷✳

✁r②st❛❧❧✐♥❡ s✐❧✐❝❛t❡ ❞✉st ❛r♦✉♥❞ ❡✈♦❧✈❡❞ st❛rs✳ ■✳ ❚❤❡ s❛♠♣❧❡ st❛rs✳ ❆✫❆✱ ✸✽✷✱

✶✽✹

▼♦♥❦✱ ❉✳ ❏✳✱ ❇❛r❧♦✇✱ ▼✳ ❏✳✱ ✫ ✁❧❡❣❣✱ ☎✳ ✝✳ ✆✳ ✶✾✽✽✳ ❆♥ ♦♣t✐❝❛❧ s♣❡❝tr♦♣❤♦t♦♠❡tr✐❝

s✉r✈❡② ♦❢ ❛❜✉♥❞❛♥❝❡s ✐♥ ▼❛❣❡❧❧❛♥✐❝ ✁❧♦✉❞ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✳ ▼✄☎❆✆✱ ✷✸✹✱

✺✽✸

▼♦♥t❡✐r♦✱ ❍✳ ✫ �❛❧❝❡t❛✲●♦♥❝➳❛❧✈❡s✱ ❉✳ ✷✵✶✶✳ ❚❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ P❤♦t♦✐♦♥✐③❛t✐♦♥

✆tr✉❝t✉r❡ ❛♥❞ ❉✐st❛♥❝❡s ♦❢ P❧❛♥❡t❛r② ✄❡❜✉❧❛❡✳ ■❱✳ ✄●✁ ✹✵✳ ❆♣❏✱ ✼✸✽✱ ✶✼✹

▼♦♥t❡③✱ ❏r✳✱ ☎✳✱ ❑❛st♥❡r✱ ❏✳ ❍✳✱ ❉❡ ▼❛r❝♦✱ ❖✳✱ ✫ ✆♦❦❡r✱ ✄✳ ✷✵✵✺✳ ❳✲☎❛② ■♠❛❣✐♥❣

♦❢ P❧❛♥❡t❛r② ✄❡❜✉❧❛❡ ✇✐t❤ ❲♦❧❢✲☎❛②❡t✲t②♣❡ ✁❡♥tr❛❧ ✆t❛rs✿ ❉❡t❡❝t✐♦♥ ♦❢ t❤❡

❍♦t ❇✉❜❜❧❡ ✐♥ ✄●✁ ✹✵✳ ❆♣❏✱ ✻✸✺✱ ✸✽✶

▼♦r➫❡✱ ❏✳ ✶✾✼✼✱ ❚❤❡ ▲❡✈❡♥❜❡r❣✲▼❛rq✉❛r❞t ❆❧❣♦r✐t❤♠✿ ■♠♣❧❡♠❡♥t❛t✐♦♥ ❛♥❞ ❚❤❡✲

♦r②✱ ✐♥ ✄✉♠❡r✐❝❛❧ ❆♥❛❧②s✐s✱ ❡❞✳ ●✳ ❆✳ ❲❛ts♦♥✱ ❱♦❧✳ ✈♦❧✳ ✻✸✵ ✭✆♣r✐♥❣❡r✲❱❡r❧❛❣✿

❇❡r❧✐♥✮✱ ✶✵✺

▼♦r❣❛♥✱ ❉✳ ❍✳✱ P❛r❦❡r✱ ◗✳ ❆✳✱ ✫ ✁♦❤❡♥✱ ▼✳ ✷✵✵✸✳ ❆ ✉♥✐q✉❡ ●❛❧❛❝t✐❝ ♣❧❛♥❡t❛r②

♥❡❜✉❧❛ ✇✐t❤ ❛ ❬❲✄❪ ❝❡♥tr❛❧ st❛r✳ ▼✄☎❆✆✱ ✸✹✻✱ ✼✶✾

▼♦r❣❛♥✱ ❲✳ ❲✳✱ ❑❡❡♥❛♥✱ P✳ ✁✳✱ ✫ ❑❡❧❧♠❛♥✱ ✝✳ ✶✾✹✸✱ ❆♥ ❛t❧❛s ♦❢ st❡❧❧❛r s♣❡❝tr❛✱

✇✐t❤ ❛♥ ♦✉t❧✐♥❡ ♦❢ s♣❡❝tr❛❧ ❝❧❛ss✐✂❝❛t✐♦♥

▼♦r✐ss❡t✱ ✁✳✱ ✆❝❤❛❡r❡r✱ ❉✳✱ ❇♦✉r❡t✱ ❏✳✲✁✳✱ ✫ ▼❛rt✐♥s✱ �✳ ✷✵✵✹✳ ▼✐❞✲■☎ ♦❜s❡r✈❛t✐♦♥s

♦❢ ●❛❧❛❝t✐❝ ❍ ■■ r❡❣✐♦♥s✿ ✁♦♥str❛✐♥✐♥❣ ✐♦♥✐③✐♥❣ s♣❡❝tr❛ ♦❢ ♠❛ss✐✈❡ st❛rs ❛♥❞

t❤❡ ♥❛t✉r❡ ♦❢ t❤❡ ♦❜s❡r✈❡❞ ❡①❝✐t❛t✐♦♥ s❡q✉❡♥❝❡s✳ ❆✫❆✱ ✹✶✺✱ ✺✼✼

▼♦✇❧❛✈✐✱ ✄✳ ✫ ▼❡②♥❡t✱ ●✳ ✷✵✵✵✳ ❆❧✉♠✐♥✉♠ ✷✻ ♣r♦❞✉❝t✐♦♥ ✐♥ ❛s②♠♣t♦t✐❝ ❣✐❛♥t

❜r❛♥❝❤ st❛rs✳ ❆✫❆✱ ✸✻✶✱ ✾✺✾

✄❛♣✐✇♦t③❦✐✱ ☎✳ ✶✾✾✾✳ ✆♣❡❝tr♦s❝♦♣✐❝ ✐♥✈❡st✐❣❛t✐♦♥ ♦❢ ♦❧❞ ♣❧❛♥❡t❛r✐❡s✳ ■❱✳ ▼♦❞❡❧

✹✵✽ ❊✞✟✠✡☛☞✟✌ ✟✍ ✎✠✏✌✑☛✏✒✓ ✌✑✔✡✠✏✑ ✕☞☛✖ ✗❘✘☛✓✎✑ ✙✑✌☛✒✏✠ ✚☛✏✒✚
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❛t♠♦s♣❤❡r❡ ❛♥❛❧②s✐s✳ ❆✫❆✱ ✸✺✵✱ ✶✵✶

�❛♣✐✇♦t③❦✐✱ ✁✳ ✫ ✂❝❤♦❡♥❜❡r♥❡r✱ ❉✳ ✶✾✾✶✳ ✂♣❡❝tr♦s❝♦♣✐❝ ✐♥✈❡st✐❣❛t✐♦♥ ♦❢ ♦❧❞

♣❧❛♥❡t❛r✐❡s✳ ■■ ✲ ❉❡t❡❝t✐♦♥ ♦❢ ❛ ✬❤②❜r✐❞✬ ❝❡♥tr❛❧ st❛r✳ ❆✫❆✱ ✷✹✾✱ ▲✶✻

�❛♣✐✇♦t③❦✐✱ ✁✳ ✫ ✂❝❤♦❡♥❜❡r♥❡r✱ ❉✳ ✶✾✾✺✳ ✂♣❡❝tr♦s❝♦♣✐❝ ✐♥✈❡st✐❣❛t✐♦♥ ♦❢ ♦❧❞

♣❧❛♥❡t❛r✐❡s✳ ■■■✳ ✂♣❡❝tr❛❧ t②♣❡s✱ ♠❛❣♥✐t✉❞❡s✱ ❛♥❞ ❞✐st❛♥❝❡s✳ ❆✫❆✱ ✸✵✶✱ ✺✹✺

�✐❝❤♦❧❧s✱ ❉✳ ✄✳✱ ❉♦♣✐t❛✱ ▼✳ ❆✳✱ ✫ ✂✉t❤❡r❧❛♥❞✱ ✁✳ ✂✳ ✷✵✶✷✳ ✁❡s♦❧✈✐♥❣ t❤❡ ☎❧❡❝✲

tr♦♥ ❚❡♠♣❡r❛t✉r❡ ❉✐s❝r❡♣❛♥❝✐❡s ✐♥ ❍ ■■ ✁❡❣✐♦♥s ❛♥❞ P❧❛♥❡t❛r② �❡❜✉❧❛❡✿ ✆✲

❞✐str✐❜✉t❡❞ ☎❧❡❝tr♦♥s✳ ❆♣❏✱ ✼✺✷✱ ✶✹✽

�✐❝❤♦❧❧s✱ ❉✳ ✄✳✱ ❉♦♣✐t❛✱ ▼✳ ❆✳✱ ✂✉t❤❡r❧❛♥❞✱ ✁✳ ✂✳✱ ❑❡✇❧❡②✱ ▲✳ ❏✳✱ ✫ P❛❧❛②✱ ☎✳ ✷✵✶✸✳

▼❡❛s✉r✐♥❣ �❡❜✉❧❛r ❚❡♠♣❡r❛t✉r❡s✿ ❚❤❡ ☎❢❢❡❝t ♦❢ �❡✇ ✄♦❧❧✐s✐♦♥ ✂tr❡♥❣t❤s ✇✐t❤

☎q✉✐❧✐❜r✐✉♠ ❛♥❞ ✆✲❞✐str✐❜✉t❡❞ ☎❧❡❝tr♦♥ ☎♥❡r❣✐❡s✳ ❆♣❏✂✱ ✷✵✼✱ ✷✶

�♦r❞❤❛✉s✱ ❏✳ ✫ ❇❧❛❝❦♠❛♥✱ ☎✳ ●✳ ✷✵✵✻✳ ▲♦✇✲♠❛ss ❜✐♥❛r②✲✐♥❞✉❝❡❞ ♦✉t✝♦✇s ❢r♦♠

❛s②♠♣t♦t✐❝ ❣✐❛♥t ❜r❛♥❝❤ st❛rs✳ ▼�✁❆✂✱ ✸✼✵✱ ✷✵✵✹

�♦r❞❤❛✉s✱ ❏✳✱ ❇❧❛❝❦♠❛♥✱ ☎✳ ●✳✱ ✫ ✞r❛♥❦✱ ❆✳ ✷✵✵✼✳ ■s♦❧❛t❡❞ ✈❡rs✉s ❝♦♠♠♦♥ ❡♥✲

✈❡❧♦♣❡ ❞②♥❛♠♦s ✐♥ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ♣r♦❣❡♥✐t♦rs✳ ▼�✁❆✂✱ ✸✼✻✱ ✺✾✾

�♦r❞❤❛✉s✱ ❏✳✱ ✂♣✐❡❣❡❧✱ ❉✳ ✂✳✱ ■❜❣✉✐✱ ▲✳✱ ●♦♦❞♠❛♥✱ ❏✳✱ ✫ ❇✉rr♦✇s✱ ❆✳ ✷✵✶✵✳ ❚✐❞❡s

❛♥❞ t✐❞❛❧ ❡♥❣✉❧❢♠❡♥t ✐♥ ♣♦st✲♠❛✐♥✲s❡q✉❡♥❝❡ ❜✐♥❛r✐❡s✿ ♣❡r✐♦❞ ❣❛♣s ❢♦r ♣❧❛♥❡ts

❛♥❞ ❜r♦✇♥ ❞✇❛r❢s ❛r♦✉♥❞ ✇❤✐t❡ ❞✇❛r❢s✳ ▼�✁❆✂✱ ✹✵✽✱ ✻✸✶

�✉❣✐s✱ ❚✳ ✫ ▲❛♠❡rs✱ ❍✳ ❏✳ ●✳ ▲✳ ▼✳ ✷✵✵✵✳ ▼❛ss✲❧♦ss r❛t❡s ♦❢ ❲♦❧❢✲✁❛②❡t st❛rs ❛s ❛

❢✉♥❝t✐♦♥ ♦❢ st❡❧❧❛r ♣❛r❛♠❡t❡rs✳ ❆✫❆✱ ✸✻✵✱ ✷✷✼

❖✬❉❡❧❧✱ ✄✳ ✁✳ ✶✾✻✷✳ ❆ ❉✐st❛♥❝❡ ✂❝❛❧❡ ❢♦r P❧❛♥❡t❛r② �❡❜✉❧❛❡ ❇❛s❡❞ ♦♥ ☎♠✐ss✐♦♥✲

▲✐♥❡ ✞❧✉①❡s✳ ❆♣❏✱ ✶✸✺✱ ✸✼✶

❖st❡r❜r♦❝❦✱ ❉✳ ☎✳ ✫ ✞❡r❧❛♥❞✱ ●✳ ❏✳ ✷✵✵✻✱ ❆str♦♣❤②s✐❝s ♦❢ ❣❛s❡♦✉s ♥❡❜✉❧❛❡ ❛♥❞

❛❝t✐✈❡ ❣❛❧❛❝t✐❝ ♥✉❝❧❡✐✱ ❡❞✳ ❖st❡r❜r♦❝❦✱ ❉✳ ☎✳ ✫ ✞❡r❧❛♥❞✱ ●✳ ❏✳

P❛❝③②➫♥s❦✐✱ ❇✳ ✶✾✼✶✳ ☎✈♦❧✉t✐♦♥ ♦❢ ✂✐♥❣❧❡ ✂t❛rs✳ ❱■✳ ▼♦❞❡❧ �✉❝❧❡✐ ♦❢ P❧❛♥❡t❛r②

�❡❜✉❧❛❡✳ ❆❝t❛ ❆str♦♥♦♠✐❝❛✱ ✷✶✱ ✹✶✼

P❛❝③②♥s❦✐✱ ❇✳ ✶✾✼✻✱ ✄♦♠♠♦♥ ☎♥✈❡❧♦♣❡ ❇✐♥❛r✐❡s✱ ✐♥ ■❆❯ ✂②♠♣♦s✐✉♠✱ ❱♦❧✳ ✼✸✱

✂tr✉❝t✉r❡ ❛♥❞ ☎✈♦❧✉t✐♦♥ ♦❢ ✄❧♦s❡ ❇✐♥❛r② ✂②st❡♠s✱ ❡❞✳ P✳ ☎❣❣❧❡t♦♥✱ ✂✳ ▼✐tt♦♥✱

✫ ❏✳ ❲❤❡❧❛♥✱ ✼✺

P❛r❦❡r✱ ◗✳ ❆✳✱ P❤✐❧❧✐♣♣s✱ ✂✳✱ P✐❡r❝❡✱ ▼✳✱ ✫ ❡t ❛❧✳ ✷✵✵✺✳ ❚❤❡ ❆❆❖✴❯❑✂❚ ✂✉♣❡r✄❖✂✲

▼❖✂ ❍✟ s✉r✈❡②✳ ▼�✁❆✂✱ ✸✻✷✱ ✻✽✾

P❛rt❤❛s❛r❛t❤②✱ ▼✳✱ ❆❝❦❡r✱ ❆✳✱ ✫ ✂t❡♥❤♦❧♠✱ ❇✳ ✶✾✾✽✳ ❲❡❛❦ ❡♠✐ss✐♦♥ ❧✐♥❡ ❬❲☎▲✂❪

✠✡☛☞✌✍✎ ✏✑✒✓☛☞✑✔ ✹✵✾
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❝❡♥tr❛❧ st❛rs ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ❛r❡ ❬❲�❪✲P●✶✶✺✾ st❛rs✳ ❆✫❆✱ ✸✷✾✱ ▲✾

P❛✉❧❞r❛❝❤✱ ❆✳✱ P✉❧s✱ ❏✳✱ ❑✉❞r✐t③❦✐✱ ✁✳ P✳✱ ▼➫❡♥❞❡③✱ ✁✳ ❍✳✱ ✫ ❍❡❛♣✱ ✂✳ ✁✳ ✶✾✽✽✳

✁❛❞✐❛t✐♦♥✲❞r✐✈❡♥ ✇✐♥❞s ♦❢ ❤♦t st❛rs✳ ❱ ✲ ❲✐♥❞ ♠♦❞❡❧s ❢♦r ❝❡♥tr❛❧ st❛rs ♦❢ ♣❧❛♥✲

❡t❛r② ♥❡❜✉❧❛❡✳ ❆✫❆✱ ✷✵✼✱ ✶✷✸

P❛①t♦♥✱ ❇✳✱ ❇✐❧❞st❡♥✱ ▲✳✱ ❉♦tt❡r✱ ❆✳✱ ❡t ❛❧✳ ✷✵✶✶✳ ▼♦❞✉❧❡s ❢♦r ✄①♣❡r✐♠❡♥ts ✐♥

✂t❡❧❧❛r ❆str♦♣❤②s✐❝s ✭▼✄✂❆✮✳ ❆♣❏✂✱ ✶✾✷✱ ✸

P❛①t♦♥✱ ❇✳✱ �❛♥t✐❡❧❧♦✱ ▼✳✱ ❆rr❛s✱ P✳✱ ❡t ❛❧✳ ✷✵✶✸✳ ▼♦❞✉❧❡s ❢♦r ✄①♣❡r✐♠❡♥ts ✐♥ ✂t❡❧✲

❧❛r ❆str♦♣❤②s✐❝s ✭▼✄✂❆✮✿ P❧❛♥❡ts✱ ❖s❝✐❧❧❛t✐♦♥s✱ ✁♦t❛t✐♦♥✱ ❛♥❞ ▼❛ss✐✈❡ ✂t❛rs✳

❆♣❏✂✱ ✷✵✽✱ ✹

P❡➌♥❛✱ ▼✳ ✶✾✾✺✱ ☎❡✇ ✁❡s✉❧ts ✐♥ P❧❛♥❡t❛r② ☎❡❜✉❧❛❡ ✇✐t❤ ❲✁ ☎✉❝❧❡✐✳ ❚❤❡ ✄✈♦✲

❧✉t✐♦♥ ♦❢ ▲▼�✲☎✻✻ ✭■♥✈✐t❡❞ ♣❛♣❡r✮✱ ✐♥ ✁❡✈✐st❛ ▼❡①✐❝❛♥❛ ❞❡ ❆str♦♥♦♠✐❛ ②

❆str♦✆s✐❝❛ �♦♥❢❡r❡♥❝❡ ✂❡r✐❡s✱ ❱♦❧✳ ✸✱ ✁❡✈✐st❛ ▼❡①✐❝❛♥❛ ❞❡ ❆str♦♥♦♠✐❛ ② ❆s✲

tr♦✆s✐❝❛ �♦♥❢❡r❡♥❝❡ ✂❡r✐❡s✱ ❡❞✳ ▼✳ P❡♥❛ ✫ ✂✳ ❑✉rt③✱ ✷✶✺

P❡➌♥❛✱ ▼✳✱ ❍❛♠❛♥♥✱ ❲✳✲✁✳✱ ✁✉✐③✱ ▼✳ ❚✳✱ P❡✐♠❜❡rt✱ ❆✳✱ ✫ P❡✐♠❜❡rt✱ ▼✳ ✷✵✵✹✳

❆ ❤✐❣❤ r❡s♦❧✉t✐♦♥ s♣❡❝tr♦s❝♦♣✐❝ st✉❞② ♦❢ t❤❡ ❡①tr❛♦r❞✐♥❛r② ♣❧❛♥❡t❛r② ♥❡❜✉❧❛

▲▼�✲☎✻✻✳ ❆✫❆✱ ✹✶✾✱ ✺✽✸

P❡➌♥❛✱ ▼✳ ✫ ✁✉✐③✱ ▼✳ ❚✳ ✶✾✽✽✳ ❆ s♣❡❝tr♦♣❤♦t♦♠❡tr✐❝ st✉❞② ♦❢ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✲

✉❧❛ ☎✻✻ ✐♥ t❤❡ ▲❛r❣❡ ▼❛❣❡❧❧❛♥✐❝ �❧♦✉❞✳ ✁▼①❆❆✱ ✶✻✱ ✺✺

P❡➌♥❛✱ ▼✳✱ ✂t❛s✐➫♥s❦❛✱ ●✳✱ ✄st❡❜❛♥✱ �✳✱ ❡t ❛❧✳ ✶✾✾✽✳ ●❛❧❛❝t✐❝ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡

✇✐t❤ ❲♦❧❢✲✁❛②❡t ♥✉❝❧❡✐✳ ■✳ ❖❜❥❡❝ts ✇✐t❤ ❬❲�❪✲❡❛r❧② t②♣❡ st❛rs✳ ❆✫❆✱ ✸✸✼✱ ✽✻✻

P❡➌♥❛✱ ▼✳✱ ✂t❛s✐➫♥s❦❛✱ ●✳✱ ✫ ▼❡❞✐♥❛✱ ✂✳ ✷✵✵✶✳ ●❛❧❛❝t✐❝ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤

❲♦❧❢✲✁❛②❡t ♥✉❝❧❡✐✳ ■■✳ ❆ ❝♦♥s✐st❡♥t ♦❜s❡r✈❛t✐♦♥❛❧ ❞❛t❛ s❡t✳ ❆✫❆✱ ✸✻✼✱ ✾✽✸

P❡➌♥❛✱ ▼✳✱ ❚♦rr❡s✲P❡✐♠❜❡rt✱ ✂✳✱ P❡✐♠❜❡rt✱ ▼✳✱ ✁✉✐③✱ ▼✳ ❚✳✱ ✫ ▼❛③❛✱ ❏✳ ✶✾✾✹✳ ❆

t❤❡r♠❛❧ ♣✉❧s❡ ✐♥ ♣r♦❣r❡ss ✐♥ t❤❡ ♥✉❝❧❡✉s ♦❢ t❤❡ ▲▼� ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ☎✻✻✳

❆♣❏✱ ✹✷✽✱ ▲✾

P❡➌♥❛✲●✉❡rr❡r♦✱ ▼✳ ❆✳✱ P❡✐♠❜❡rt✱ ❆✳✱ P❡✐♠❜❡rt✱ ▼✳✱ ✫ ✁✉✐③✱ ▼✳ ❚✳ ✷✵✶✷✳ ❆♥❛❧②✲

s✐s ♦❢ ❚✇♦ ✂♠❛❧❧ ▼❛❣❡❧❧❛♥✐❝ �❧♦✉❞ ❍ ■■ ✁❡❣✐♦♥s �♦♥s✐❞❡r✐♥❣ ❚❤❡r♠❛❧ ■♥❤♦✲

♠♦❣❡♥❡✐t✐❡s✿ ■♠♣❧✐❝❛t✐♦♥s ❢♦r t❤❡ ❉❡t❡r♠✐♥❛t✐♦♥s ♦❢ ✄①tr❛❣❛❧❛❝t✐❝ �❤❡♠✐❝❛❧

❆❜✉♥❞❛♥❝❡s✳ ❆♣❏✱ ✼✹✻✱ ✶✶✺

P❡✐♠❜❡rt✱ ❆✳✱ P❡✐♠❜❡rt✱ ▼✳✱ ✫ ✁✉✐③✱ ▼✳ ❚✳ ✷✵✵✺✳ �❤❡♠✐❝❛❧ �♦♠♣♦s✐t✐♦♥ ♦❢ ❚✇♦

❍ ■■ ✁❡❣✐♦♥s ✐♥ ☎●� ✻✽✷✷ ❇❛s❡❞ ♦♥ ❱▲❚ ✂♣❡❝tr♦s❝♦♣②✳ ❆♣❏✱ ✻✸✹✱ ✶✵✺✻

P❡✐♠❜❡rt✱ ▼✳ ✶✾✻✼✳ ❚❡♠♣❡r❛t✉r❡ ❉❡t❡r♠✐♥❛t✐♦♥s ♦❢ ❍ ■■ ✁❡❣✐♦♥s✳ ❆♣❏✱ ✶✺✵✱ ✽✷✺

P❡✐♠❜❡rt✱ ▼✳ ✶✾✼✶✳ P❧❛♥❡t❛r② ☎❡❜✉❧❛❡ ■■✳ ✄❧❡❝tr♦♥ ❚❡♠♣❡r❛t✉r❡s ❛♥❞ ✄❧❡❝tr♦♥

✹✶✵ ❊✝✞✟✠✡☛✞☞ ✞✌ ✍✟✎☞✏✡✎✑✒ ☞✏✓✠✟✎✏ ✔☛✡✕ ✖❘✗✡✒✍✏ ✘✏☞✡✑✎✟ ✙✡✎✑✙
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❉❡♥s✐t✐❡s✳ ❇♦❧❡t✐♥ ❞❡ ❧♦s ❖❜s❡r✈❛t♦r✐♦s ❚♦♥❛♥t③✐♥t❧❛ ② ❚❛❝✉❜❛②❛✱ ✻✱ ✷✾

P❡✐♠❜❡rt✱ ▼✳✱ P❡✐♠❜❡rt✱ ❆✳✱ �✉✐③✱ ▼✳ ❚✳✱ ✫ ✁st❡❜❛♥✱ ✂✳ ✷✵✵✹✳ P❤②s✐❝❛❧ ✂♦♥❞✐t✐♦♥s

♦❢ t❤❡ P❧❛♥❡t❛r② ✄❡❜✉❧❛ ✄●✂ ✺✸✶✺ ❉❡r✐✈❡❞ ❢r♦♠ ❱▲❚ ✁❝❤❡❧❧❡ ❖❜s❡r✈❛t✐♦♥s

❛♥❞ t❤❡ t☎ Pr♦❜❧❡♠✳ ❆♣❏✆✱ ✶✺✵✱ ✹✸✶
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♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡✿ ♠❛♣♣✐♥❣ t❤❡ ❧✐♥❡ ❞✐❛❣♥♦st✐❝s ❛♥❞ ❤②❞r♦❣❡♥✲♣♦♦r ③♦♥❡s

✇✐t❤ ❱▲❚ ✝▲❆▼✁�✳ ▼✂☎❆�✱ ✸✽✻✱ ✷✷
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✝❧✉①❡s ❛♥❞ �t❡❧❧❛r P❛r❛♠❡t❡rs ♦❢ ❖ ❛♥❞ ✁❛r❧② ❇✲❚②♣❡ �t❛rs✳ ❆♣❏✱ ✹✻✵✱ ✾✶✹

✈❛♥ ❞❡r ❍✉❝❤t✱ ❑✳ ❆✳ ✷✵✵✶✳ ❚❤❡ ❱■■t❤ ❝❛t❛❧♦❣✉❡ ♦❢ ❣❛❧❛❝t✐❝ ❲♦❧❢✲☎❛②❡t st❛rs✳

✹✶✽ ❊✞✟✠✡☛☞✟✌ ✟✍ ✎✠✏✌✑☛✏✒✓ ✌✑✔✡✠✏✑ ✕☞☛✖ ✗❘✘☛✓✎✑ ✙✑✌☛✒✏✠ ✚☛✏✒✚



❘❊❋❊❘❊◆❈❊❙

�❡✇ ❆str♦✳ ✁❡✈✳✱ ✹✺✱ ✶✸✺

✈❛♥ ❞❡r ❍✉❝❤t✱ ❑✳ ❆✳✱ ✂♦♥t✐✱ P✳ ✄✳✱ ▲✉♥❞str♦♠✱ ■✳✱ ✫ ✄t❡♥❤♦❧♠✱ ❇✳ ✶✾✽✶✳ ❚❤❡ ✄✐①t❤

✂❛t❛❧♦❣✉❡ ♦❢ ❣❛❧❛❝t✐❝ ❲♦❧❢✲✁❛②❡t st❛rs✱ t❤❡✐r ♣❛st ❛♥❞ ♣r❡s❡♥t✳ ✄♣❛❝❡ ✄❝✐✳ ✁❡✈✳✱

✷✽✱ ✷✷✼

✈❛♥ ❉♦❦❦✉♠✱ P✳ ●✳ ✷✵✵✶✳ ✂♦s♠✐❝✲✁❛② ✁❡❥❡❝t✐♦♥ ❜② ▲❛♣❧❛❝✐❛♥ ☎❞❣❡ ❉❡t❡❝t✐♦♥✳

P❆✄P✱ ✶✶✸✱ ✶✹✷✵

✈❛♥ ❍♦♦❢✱ P✳ ❆✳ ▼✳ ✫ ✈❛♥ ❞❡ ✄t❡❡♥❡✱ ●✳ ✂✳ ✶✾✾✾✳ P❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧❧✐♥❣ ♦❢

♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✲ ■■✳ ●❛❧❛❝t✐❝ ❜✉❧❣❡ ♥❡❜✉❧❛❡✱ ❛ ❝♦♠♣❛r✐s♦♥ ✇✐t❤ ❧✐t❡r❛t✉r❡

r❡s✉❧ts✳ ▼�✁❆✄✱ ✸✵✽✱ ✻✷✸

❱❛ss✐❧✐❛❞✐s✱ ☎✳ ✫ ❲♦♦❞✱ P✳ ✁✳ ✶✾✾✸✳ ☎✈♦❧✉t✐♦♥ ♦❢ ❧♦✇✲ ❛♥❞ ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss

st❛rs t♦ t❤❡ ❡♥❞ ♦❢ t❤❡ ❛s②♠♣t♦t✐❝ ❣✐❛♥t ❜r❛♥❝❤ ✇✐t❤ ♠❛ss ❧♦ss✳ ❆♣❏✱ ✹✶✸✱ ✻✹✶

❱❛ss✐❧✐❛❞✐s✱ ☎✳ ✫ ❲♦♦❞✱ P✳ ✁✳ ✶✾✾✹✳ P♦st✲❛s②♠♣t♦t✐❝ ❣✐❛♥t ❜r❛♥❝❤ ❡✈♦❧✉t✐♦♥ ♦❢

❧♦✇✲ t♦ ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss st❛rs✳ ❆♣❏✄✱ ✾✷✱ ✶✷✺

❱❡♥t✉r❛✱ P✳ ✫ ❉✬❆♥t♦♥❛✱ ✆✳ ✷✵✵✺✳ ✆✉❧❧ ❝♦♠♣✉t❛t✐♦♥ ♦❢ ♠❛ss✐✈❡ ❆●❇ ❡✈♦❧✉t✐♦♥✳ ■✳

❚❤❡ ❧❛r❣❡ ✐♠♣❛❝t ♦❢ ❝♦♥✈❡❝t✐♦♥ ♦♥ ♥✉❝❧❡♦s②♥t❤❡s✐s✳ ❆✫❆✱ ✹✸✶✱ ✷✼✾

❱❡♥t✉r❛✱ P✳✱ ❉✐ ✂r✐s❝✐❡♥③♦✱ ▼✳✱ ✂❛r✐♥✐✱ ✁✳✱ ✫ ❉✬❆♥t♦♥❛✱ ✆✳ ✷✵✶✸✳ ❨✐❡❧❞s ♦❢ ❆●❇ ❛♥❞

✄❆●❇ ♠♦❞❡❧s ✇✐t❤ ❝❤❡♠✐str② ♦❢ ❧♦✇✲ ❛♥❞ ❤✐❣❤✲♠❡t❛❧❧✐❝✐t② ❣❧♦❜✉❧❛r ❝❧✉st❡rs✳

▼�✁❆✄✱ ✹✸✶✱ ✸✻✹✷

❱❡r♥❡r✱ ❉✳ ❆✳ ✫ ❨❛❦♦✈❧❡✈✱ ❉✳ ●✳ ✶✾✾✺✳ ❆♥❛❧②t✐❝ ✆■❚✄ ❢♦r ♣❛rt✐❛❧ ♣❤♦t♦✐♦♥✐③❛t✐♦♥

❝r♦ss s❡❝t✐♦♥s✳ ❆✫❆✄✱ ✶✵✾✱ ✶✷✺

❱❡r♥❡r✱ ❉✳ ❆✳✱ ❨❛❦♦✈❧❡✈✱ ❉✳ ●✳✱ ❇❛♥❞✱ ■✳ ▼✳✱ ✫ ❚r③❤❛s❦♦✈s❦❛②❛✱ ▼✳ ❇✳ ✶✾✾✸✳

✄✉❜s❤❡❧❧ P❤♦t♦✐♦♥✐③❛t✐♦♥ ✂r♦ss ✄❡❝t✐♦♥s ❛♥❞ ■♦♥✐③❛t✐♦♥ ☎♥❡r❣✐❡s ♦❢ ❆t♦♠s

❛♥❞ ■♦♥s ❢r♦♠ ❍❡ t♦ ❩♥✳ ❆t♦♠✐❝ ❉❛t❛ ❛♥❞ �✉❝❧❡❛r ❉❛t❛ ❚❛❜❧❡s✱ ✺✺✱ ✷✸✸

❱✐❡❣❛s✱ ✄✳ ▼✳ ✫ ✂❧❡❣❣✱ ✁✳ ☎✳ ✄✳ ✶✾✾✹✳ ❉❡♥s✐t② ✂♦♥❞❡♥s❛t✐♦♥s ✐♥ P❧❛♥❡t❛r② �❡❜✉✲

❧❛❡ ❛♥❞ t❤❡ ☎❧❡❝tr♦♥ ❚❡♠♣❡r❛t✉r❡✳ ▼�✁❆✄✱ ✷✼✶✱ ✾✾✸

❲❛❝❤t❡r✱ ✄✳✱ ▼❛✉❡r❤❛♥✱ ❏✳ ✂✳✱ ❱❛♥ ❉②❦✱ ✄✳ ❉✳✱ ❡t ❛❧✳ ✷✵✶✵✳ ❆ ❍✐❞❞❡♥ P♦♣✉❧❛t✐♦♥
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✸✘✻✼✞✹✻ ❬◆✙ ✔✔✔❪ ✕ ✖✁ ✝✞✝✝ ✓✞✹✝ ✼✞✵

✹✵✻✽✞✻✵ ❬❙ ✔✔❪ ✕ ✖✁ ✝✞✽✼ ✸✞✼✗ ✼✞✵

✹✵✼✻✞✸✗ ❬❙ ✔✔❪ ✕ ✖✁ ✵✞✼✗ ✝✞✗✵ ✽✞✵

✹✝✵✝✞✼✹ ✚ ✔ ✛✂✄ ✕ ✚✛ ✝✹✞✝✼ ✓✼✞✻✘ ✻✞✵

✹✸✹✵✞✹✼ ✚ ✔ ☎✂✄ ✕ ✚☎ ✸✓✞✸✼ ✗✝✞✻✻ ✻✞✵

✹✸✻✸✞✓✝ ❬❖ ✔✔✔❪ ✕ ✖✄ ✵✞✽✹ ✝✞✸✓ ✼✞✵

✹✹✼✝✞✗✵ ✚✙ ✔ ❱✁✜ ✸✞✘✘ ✗✞✻✼ ✗✞✸

✹✹✘✝✞✓✸ ❖ ✔✔ ❱✢✛✣ ✵✞✵✓ ✵✞✵✸ ✻✞✵

✹✻✹✘✞✝✸ ❖ ✔✔ ❱✁ ✵✞✸✽ ✵✞✹✻ ✗✞✽

✹✽✻✝✞✸✸ ✚ ✔ ✜✂✄ ✚✜ ✝✵✵✞✵✵ ✝✵✵✞✵✵ ✗✞✵

✹✘✵✻✞✽✸ ❖ ✔✔ ❱✄✢ ✵✞✵✼ ✵✞✵✼ ✘✞✗

✹✘✓✝✞✘✸ ✚✙ ✔ ❱✜✢ ✵✞✼✽ ✵✞✼✹ ✻✞✗

✹✘✗✽✞✘✝ ❬❖ ✔✔✔❪ ✖✁ ✝✼✸✞✽✼ ✝✗✘✞✝✼ ✗✞✵

✗✵✵✻✞✽✹ ❬❖ ✔✔✔❪ ✖✁ ✗✹✽✞✼✼ ✹✽✝✞✵✽ ✗✞✵

✗✗✝✼✞✻✻ ❬❈✎ ✔✔✔❪ ✖✁ ✵✞✻✗ ✵✞✸✼ ✻✞✵

✗✗✸✼✞✻✵ ❬❈✎ ✔✔✔❪ ✖✁ ✝✞✸✘ ✵✞✼✽ ✻✞✵

✗✻✻✻✞✻✸ ◆ ✔✔ ❱✤ ✵✞✓✓ ✵✞✝✝ ✗✞✻

✗✻✼✘✞✗✻ ◆ ✔✔ ❱✤ ✵✞✸✸ ✵✞✝✼ ✗✞✹

✗✻✽✻✞✓✝ ◆ ✔✔ ❱✤ ✵✞✵✗ ✵✞✵✸ ✻✞✽

✗✼✝✵✞✼✼ ◆ ✔✔ ❱✤ ✵✞✵✻ ✵✞✵✸ ✗✞✹

✗✼✗✹✞✻✵ ❬◆ ✔✔✔❪ ✖✤ ✹✞✵✻ ✝✞✘✽ ✗✞✗

✗✽✼✗✞✻✻ ✚✙ ✔ ❱✁✁ ✹✝✞✝✵ ✝✽✞✻✸ ✼✞✵

✻✸✵✵✞✸✵ ❬❖ ✔❪ ✖✁ ✻✞✓✝ ✓✞✓✵ ✗✞✸

✻✸✝✓✞✝✵ ❬❙ ✔✔✔❪ ✖✤ ✹✞✻✓ ✝✞✻✓ ✗✞✹

✻✸✻✸✞✼✼ ❬❖ ✔❪ ✖✁ ✝✞✼✸ ✵✞✗✘ ✻✞✓

✻✹✻✝✞✘✗ ❈ ✔✔ ❱✁✥✦✧✜ ✵✞✓✵ ✵✞✵✻ ✗✞✝

✻✹✽✓✞✵✗ ◆ ✔✔ ❱✢ ✵✞✗✵ ✵✞✝✻ ✘✞✸

✻✗✹✽✞✝✵ ❬◆ ✔✔✔❪ ✖✁ ✓✓✻✞✓✸ ✼✵✞✵✓ ✗✞✵

✻✗✻✓✞✼✼ ✚ ✔ ✤✂✄ ✚✤ ✘✹✹✞✸✽ ✓✘✵✞✵✹ ✗✞✵

✻✗✽✸✞✗✵ ❬◆ ✔✔✔❪ ✖✁ ✼✝✼✞✓✸ ✓✝✼✞✘✵ ✗✞✵

✻✻✼✽✞✝✻ ✚✙ ✔ ❱✜✛ ✝✽✞✹✘ ✗✞✸✗ ✗✞✵

✻✼✝✻✞✹✹ ❬❙ ✔✔❪ ✖✄ ✝✘✞✝✓ ✗✞✹✸ ✗✞✵

✻✼✸✵✞✽✓ ❬❙ ✔✔❪ ✖✄ ✸✹✞✘✘ ✘✞✽✻ ✝✵✞✓

✼✝✸✗✞✽✵ ❬☞✒ ✔✔✔❪ ✕ ✖✁ ✘✝✞✻✸ ✓✝✞✓✗ ✝✵✞✵

✼✓✽✝✞✸✗ ✚✙ ✔ ✕ ❱✜☎ ✸✞✹✸ ✵✞✼✗ ✝✵✞✵

✼✸✝✘✞✹✵ ❬❖ ✔✔❪ ✕ ✖✄ ✓✸✞✓✹ ✹✞✘✼ ✝✵✞✵

✼✸✓✘✞✘✵ ❬❖ ✔✔❪ ✕ ✖✄ ✝✽✞✘✘ ✹✞✵✹ ✝✵✞✵

✼✼✗✝✞✹✸ ❬☞✒ ✔✔✔❪ ✕ ✖✁ ✓✻✞✵✼ ✹✞✻✻ ✝✝✞✵

✘✵✻✽✞✻✵ ❬❙ ✔✔✔❪ ✕ ✖✁ ✸✻✝✞✘✽ ✹✝✞✘✝ ✝✹✞✵

✕ ✖✎✍①✙★ ✣❞✩♣✏✙❞ ✫✒✩♠ ●✣✒✬➫✯✣✂❘✩❥✣★ ✙✏ ✣✎✦ ✡✄✧✁✄✌✦

✰✱❤❦✴✐③ ❀❁♥❃❤❦❁❄ ❅❏❑



❆PP�◆❉■❳ ❇✳ ▼�❆❙❯❘�❉ ◆�❇❯▲❆❘ ▲■◆� ❋▲❯❳�❙

❚❛❜❧❡ ✁✂✶✵✿ ✄s ❚❛❜❧❡ ✁✂✶ ❜✉t ❢♦r ❍❡♥ ✷✲✶✹✷✂

☎✆✝ ✞✟✠✡✞

❝✭☛☞✮ ❂ ✌✍✺✺

✎✏✑✒✓✔ ✕✖ ✗✘✙✚ ✛✭✎✮ ✜✭✎✮ ❊✢✢✑✪✔

✸✼✣✻✍✤✸ ❬❖ ✥✥❪ ✦ ✧✠ ★✺✍✺✤ ✌✌✸✍★✻ ✩ ✩ ✩

✸✼✣✽✍✽✣ ❬❖ ✥✥❪ ✦ ✧✠ ✯ ✯ ✩ ✩ ✩

★✌✤✌✍✼★ ☎ ✥ ✫✟✞ ✦ ☎✫ ✣✤✍✌✤ ✸✽✍★✣ ✩ ✩ ✩

★✸★✤✍★✼ ☎ ✥ ✬✟✞ ✦ ☎✬ ★✻✍✽✤ ✼✸✍✺✺ ✩ ✩ ✩

★★✼✌✍✺✤ ☎✆ ✥ ❱✠✡ ✤✍✼★ ✌✍✤★ ✻✍✣

★✼✼★✍✣★ ✰ ✥✥ ❱✞✱ ✤✍✤★ ✤✍✤★ ✾✍★

★✽✻✌✍✸✸ ☎ ✥ ✡✟✞ ☎✡ ✌✤✤✍✤✤ ✌✤✤✍✤✤ ✺✍✤

★✾✺✽✍✾✌ ❬❖ ✥✥✥❪ ✧✠ ✌✍✺★ ✌✍★✌ ✺✍✺

✺✤✤✻✍✽★ ❬❖ ✥✥✥❪ ✧✠ ✻✍✤✺ ✺✍✸✸ ✺✍✸

✺✼✺★✍✻✤ ❬✰ ✥✥✥❪ ✧✴ ✾✍✼✣ ★✍✽✻ ✺✍✤

✻✣✸✸✍✽✤ ☎✆ ✥✥ ✬✩✠❀ ✤✍✣✤ ✤✍✤✽ ✌✌✍✾

✻✸✤✤✍✸✤ ❬❖ ✥❪ ✧✠ ✌✤✍✣✣ ✸✍✼★ ✺✍✌

✻✸✌✣✍✌✤ ❬❁ ✥✥✥❪ ✧✴ ✌✍✻✾ ✤✍✻✣ ✺✍✺

✻✸✻✸✍✼✼ ❬❖ ✥❪ ✧✠ ✸✍✣✻ ✌✍✌✺ ✺✍✸

✻✺✣✼✍✌✌ ☎✆ ✥✥ ✬✩✠✡ ✤✍✣✸ ✤✍✤✼ ✼✍★

✻✺★✽✍✌✤ ❬✰ ✥✥✥❪ ✧✠ ✣✽✻✍✤✽ ✾✣✍✤★ ✺✍✤

✻✺✻✣✍✼✼ ☎ ✥ ✴✟✞ ☎✴ ✾✤✌✍✾✤ ✣✽✽✍✤✤ ✺✍✤

✻✺✽✸✍✺✤ ❬✰ ✥✥✥❪ ✧✠ ✽✾✻✍✣✸ ✣✽✸✍✣✤ ✺✍✤

✻✻✼✽✍✌✻ ☎✆ ✥ ❱✡✫ ✸✍✸✼ ✌✍✤✣ ✺✍✣

✻✼✌✻✍★★ ❬❁ ✥✥❪ ✧✞ ✼✍✺✽ ✣✍✣★ ✺✍✻

✻✼✸✤✍✽✣ ❬❁ ✥✥❪ ✧✞ ✌✼✍✺✤ ✺✍✌★ ✺✍✌

✼✸✌✾✍★✤ ❬❖ ✥✥❪ ✦ ✧✞ ✌✣✾✍✤✤ ✣✾✍✤✌ ✩ ✩ ✩

✼✸✣✾✍✾✤ ❬❖ ✥✥❪ ✦ ✧✞ ✌✤✾✍✤✤ ✣★✍★✌ ✩ ✩ ✩

✦ ✧✙✘①✆❃ ❄❞❅♣✚✆❞ ❈✢❅♠ ●✐✢❄✢❞ ✆✚ ❄✙✩ ✑✞✱✱❀✔✩

✹❏✹ �✈❑◗❲❨❩❑❭ ❑❫ ❴◗❵❭❣❨❵❤② ❭❣❥❲◗❵❣ ✇❩❨❦ q❘③❨②❴❣ ④❣❭❨❤❵◗ ⑤❨❵❤⑤



❚❛❜❧❡ ❇✳✶✶✿ ❆s ❚❛❜❧❡ ❇✳✶ ❜✉t ❢♦r ❍❡♥ ✸✲✶✸✸✸✳

�✁✂✄☎✆✄✄✄

❝✭✝✞✮ ❂ ✟✠✵✹

✡☛☞✌✍✎ ■❉ ▼✏✑✒ ❋✭✡✮ ✓✭✡✮ ❊✔✔☞✪✎

✕✼✷✻✠✵✕ ❬❖ ✖✖❪ ✗ ✘✆ ✹✺✠✻✵ ✽✺✠✹✟ ✷✵✠✵

✕✼✷✽✠✽✷ ❬❖ ✖✖❪ ✗ ✘✆ ✯ ✯ ✙ ✙ ✙

✹✽✻✟✠✕✕ � ✖ ✚☎✛ �✚ ✟✵✵✠✵✵ ✟✵✵✠✵✵ ✺✠✟

✺✼✺✹✠✻✵ ❬◆ ✖✖✖❪ ✘✄ ✟✷✠✾✕ ✽✠✵✕ ✺✠✟

✻✕✵✵✠✕✵ ❬❖ ✖❪ ✘✆ ✾✵✠✽✼ ✹✺✠✺✾ ✺✠✟

✻✕✻✕✠✼✼ ❬❖ ✖❪ ✘✆ ✕✺✠✕✺ ✟✼✠✕✕ ✺✠✕

✻✺✹✽✠✟✵ ❬◆ ✖✖✖❪ ✘✆ ✷✵✽✠✷✽ ✾✺✠✺✾ ✺✠✵

✻✺✻✷✠✼✼ � ✖ ✄☎✛ �✄ ✻✷✾✠✹✕ ✷✽✼✠✹✵ ✺✠✟

✻✺✽✕✠✺✵ ❬◆ ✖✖✖❪ ✘✆ ✾✽✟✠✺✼ ✹✹✹✠✾✼ ✻✠✕

✻✼✟✻✠✹✹ ❬❙ ✖✖❪ ✘✛ ✷✾✠✵✟ ✟✷✠✺✼ ✟✵✠✟

✻✼✕✵✠✽✷ ❬❙ ✖✖❪ ✘✛ ✟✵✵✠✾✹ ✹✕✠✺✷ ✻✠✟

✼✕✟✾✠✹✵ ❬❖ ✖✖❪ ✗ ✘✛ ✼✟✠✻✺ ✷✺✠✼✷ ✟✺✠✵

✼✕✷✾✠✾✵ ❬❖ ✖✖❪ ✗ ✘✛ ✕✻✠✟✽ ✟✷✠✾✺ ✟✺✠✵

✾✵✻✽✠✻✵ ❬❙ ✖✖✖❪ ✗ ✘✆ ✽✠✼✵ ✷✠✵✽ ✟✺✠✵

✗ ✘✑✏①✁✜ ✢❞✣♣✒✁❞ ✤✔✣♠ ❉✁ ▼✢✔✥✣ ✁✒ ✢✑✙ ☞✆✦✦✧✎✙

★✩❤❦✫✐③ ✬✰✱✴❤❦✰❀ ❁❃❄
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❚❛❜❧❡ ✁✂✶✷✿ ✄s ❚❛❜❧❡ ✁✂✶ ❜✉t ❢♦r ❍❡♥ ✷✲✶✶✸✂

☎✆✝ ✞✟✠✠✡

❝✭☛☞✮ ❂ ✌✍✎✌

✏✵✑✒✓✔ ✕✖ ✗✘✙✚ ✛✭✏✮ ✜✭✏✮ ❊✢✢✑✪✔

✎✼✣✻✍✤✎ ❬❖ ✥✥❪ ✦ ✧✠ ✻✍✹✌ ✌✎✍✾✹ ✣✤✍✤

✎✼✣✽✍✽✣ ❬❖ ✥✥❪ ✦ ✧✠ ✻✍✣✾ ✌✎✍✻✻ ✣✤✍✤

✹✽✻✌✍✎✎ ☎ ✥ ★✟✞ ☎★ ✌✤✤✍✤✤ ✌✤✤✍✤✤ ✺✍✌

✺✼✺✹✍✻✤ ❬✩ ✥✥✥❪ ✧✡ ✾✍✻✌ ✺✍✎✹ ✺✍✤
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✸✬✧✬✍✦✎ ❬✆✱ ★★★❪ ✒ ✩✫ ✸✵✍✲✵ ✧✬✍✎✾ ✯ ✯ ✯

✸✬✬✾✍✵✎ ✴ ★ ☛❀❁ ✒ ✴☛ ✌✵✍✵✵ ✷✷✍✷✎ ✯ ✯ ✯

✸✾✧✦✍✲✧ ❬✆✱ ★★★❪ ✒ ✩✫ ✌✬✍✬✵ ✸✾✍✎✲ ✯ ✯ ✯

✲✵✧✬✍✧✵ ❬❃ ★★❪ ✒ ✩✫ ✵✍✾✵ ✌✍✦✎ ✎✵✍✵

✲✵✦✧✍✸✎ ❬❃ ★★❪ ✒ ✩✫ ✰ ✰ ✯ ✯ ✯
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☞❜❡❧❧ ✌✽✱ ❝♦♥str❛✐♥❡❞ ❜② ♦✉r ♥❡✇ ♦♣t✐❝❛❧ ✐♥t❡❣r❛❧ ✂❡❧❞ s♣❡❝tr♦s❝♦♣②✁ ☞♥

❛♥❛❧②s✐s ♦❢ t❤❡ s♣❛t✐❛❧❧② r❡s♦❧✈❡❞ ✈❡❧♦❝✐t② ❞✐str✐❜✉t✐♦♥s ❛❧❧♦✇❡❞ ✉s t♦ ❝♦♥✲

str❛✐♥ t❤❡ ❣❡♦♠❡tr② ♦❢ ☞❜❡❧❧ ✌✽✁ ❲❡ ✉s❡❞ t❤❡ ❝♦❧❧✐s✐♦♥❛❧❧② ❡①❝✐t❡❞ ❧✐♥❡s t♦

♦❜t❛✐♥ t❤❡ ♥❡❜✉❧❛r ♣❤②s✐❝❛❧ ❝♦♥❞✐t✐♦♥s ❛♥❞ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ♦❢ ♥✐tr♦❣❡♥✱

♦①②❣❡♥✱ ♥❡♦♥✱ s✉❧♣❤✉r ❛♥❞ ❛r❣♦♥✱ r❡❧❛t✐✈❡ t♦ ❤②❞r♦❣❡♥✁ ❲❡ ❛❧s♦ ❞❡t❡r✲

♠✐♥❡❞ ❤❡❧✐✉♠ t❡♠♣❡r❛t✉r❡s ❛♥❞ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ♦❢ ❤❡❧✐✉♠ ❛♥❞ ❝❛r❜♦♥

❢r♦♠ t❤❡ ♦♣t✐❝❛❧ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s✁ ❲❡ ♦❜t❛✐♥❡❞ ❛ ❣♦♦❞ ✂t t♦ t❤❡ ♦❜s❡r✲

✈❛t✐♦♥s ❢♦r ♠♦st ♦❢ t❤❡ ❡♠✐ss✐♦♥✲❧✐♥❡ ❃✉①❡s ✐♥ ♦✉r ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✁

❚❤❡ ✐♦♥✐❝ ❛❜✉♥❞❛♥❝❡s ❞❡❞✉❝❡❞ ❢r♦♠ ♦✉r ♠♦❞❡❧ ❛r❡ ✐♥ ❞❡❝❡♥t ❛❣r❡❡♠❡♥t

✺✌✌ �❄❅❈◗❱❩❅❬ ❅❭ ❪❈❫❬❴❱❫❵❥ ❬❴④◗❈❫❴ ⑤❩❱⑥ ⑦❘⑧❱❥❪❴ ⑨❴❬❱❵❫❈ ⑩❱❫❵⑩



✇✐t❤ t❤♦s❡ ❞❡r✐✈❡❞ ❜② t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✳ ❍♦✇❡✈❡r✱ ✇❡ ♥♦t✐❝❡ ♦❜✈✐♦✉s

❞✐s❝r❡♣❛♥❝✐❡s ❜❡t✇❡❡♥ ❤❡❧✐✉♠ t❡♠♣❡r❛t✉r❡s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ♠♦❞❡❧ ❛♥❞

t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✱ ❛s ♦✈❡r❡st✐♠❛t❡❞ ❜② ♦✉r ♠♦❞❡❧✳ ❚❤✐s ❝♦✉❧❞ ❜❡ ❞✉❡

t♦ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❛ s♠❛❧❧ ❢r❛❝t✐♦♥ ♦❢ ❝♦❧❞ ♠❡t❛❧✲r✐❝❤ str✉❝t✉r❡s✱ ✇❤✐❝❤

✇❡r❡ ♥♦t ✐♥❝❧✉❞❡❞ ✐♥ ♦✉r ♠♦❞❡❧✳ ■t ✐s ❢♦✉♥❞ t❤❛t t❤❡ ♦❜s❡r✈❡❞ ♥❡❜✉❧❛r

❧✐♥❡ ✄✉①❡s ✇❡r❡ ❜❡st r❡♣r♦❞✉❝❡❞ ❜② ✉s✐♥❣ ❛ ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t ❡①♣❛♥❞✐♥❣

♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ❛s t❤❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡ ✇✐t❤ ❛♥ ❡❢❢❡❝t✐✈❡ t❡♠♣❡r❛t✉r❡ ♦❢

�✁☎☎ ❂ ✼✵ ❦❑ ❛♥❞ ❛ st❡❧❧❛r ❧✉♠✐♥♦s✐t② ♦❢ ▲❄ ❂ ✺✺✵✵ ✆❏✱ ✇❤✐❝❤ ❝♦rr❡s♣♦♥❞s

t♦ ❛ r❡❧❛t✐✈❡❧② ❧♦✇✲♠❛ss ♣r♦❣❡♥✐t♦r st❛r ✭✘ ✸ ▼❏✮ r❛t❤❡r t❤❛♥ ❛ ♠❛ss✐✈❡

P♦♣ ■ st❛r✳

✝✳ ✞✟✠✡☛✿ ❚❤❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ❆❜❡❧❧ ✹✽ ❛♥❞ ✐ts ❬❲◆❪ ♥✉❝❧❡✉s

☞✌✠✍✎✏✑✿ ❋r❡✇✱ ❉✳ ✒✳✱ ❇♦❥✐❝✐❝✱ ■ ❙✳✱ P❛r❦❡r✱ ◗✳ ❆✳✱ ❙t✉♣❛r✱ ▼✳✱ ❲❛❝❤t❡r✱ ❙✳✱

❉❡P❡✇✱ ❑✳✱ ✓✔✕✖✗✙✔✚✛ ✜✢✱ ❋✐t③❣❡r❛❧❞✱ ▼✳ ❚✳✱ ✫ ❉♦✉❝❤✐♥✱ ❉✳

❘☛✣☛✏☛✤✥☛✿ ▼◆✦❆❙✱ ✹✹✵✱ ✶✝✹✺➊✶✝✻✹ ✭✷✵✶✹✮

☞✧✑✠✏★✥✠✿ ❲❡ ❤❛✈❡ ❝♦♥❞✉❝t❡❞ ❛ ❞❡t❛✐❧❡❞ ♠✉❧t✐✲✇❛✈❡❧❡♥❣t❤ st✉❞② ♦❢ t❤❡

♣❡❝✉❧✐❛r ♥❡❜✉❧❛ ❆❜❡❧❧ ✹✽ ❛♥❞ ✐ts ❝❡♥tr❛❧ st❛r✳ ❲❡ ❝❧❛ss✐❢② t❤❡ ♥✉❝❧❡✉s ❛s

❛ ❤❡❧✐✉♠✲r✐❝❤✱ ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t st❛r ♦❢ t②♣❡ ❬❲◆✹➊✺❪✳ ❚❤❡ ❡✈✐❞❡♥❝❡

❢♦r ❡✐t❤❡r ❛ ♠❛ss✐✈❡ ❲◆ ♦r ❛ ❧♦✇✲♠❛ss ❬❲◆❪ ✐♥t❡r♣r❡t❛t✐♦♥ ✐s ❝r✐t✐❝❛❧❧②

❡①❛♠✐♥❡❞✱ ❛♥❞ ✇❡ ✂r♠❧② ❝♦♥❝❧✉❞❡ t❤❛t ❆❜❡❧❧ ✹✽ ✐s ❛ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✭P◆✮

❛r♦✉♥❞ ❛♥ ❡✈♦❧✈❡❞ ❧♦✇✲♠❛ss st❛r✱ r❛t❤❡r t❤❛♥ ❛ P♦♣✉❧❛t✐♦♥ ■ ❡❥❡❝t❛ ♥❡❜✉❧❛✳

■♠♣♦rt❛♥t❧②✱ t❤❡ s✉rr♦✉♥❞✐♥❣ ♥❡❜✉❧❛ ❤❛s ❛ ♠♦r♣❤♦❧♦❣② t②♣✐❝❛❧ ♦❢ P◆❡✱

❛♥❞ ✐s ♥♦t ❡♥r✐❝❤❡❞ ✐♥ ♥✐tr♦❣❡♥✱ ❛♥❞ t❤✉s ♥♦t t❤❡ ❵♣❡❡❧❡❞ ❛t♠♦s♣❤❡r❡✬ ♦❢ ❛

♠❛ss✐✈❡ st❛r✳ ❲❡ ❡st✐♠❛t❡ ❛ ❞✐st❛♥❝❡ ♦❢ ✶✳✻ ❦♣❝ ❛♥❞ ❛ r❡❞❞❡♥✐♥❣✱ ❊✩✪❱✯ ✰

✴✾❀❁ ♠❛❣✱ t❤❡ ❧❛tt❡r ✈❛❧✉❡ ❝❧❡❛r❧② s❤♦✇✐♥❣ t❤❡ ♥❡❜✉❧❛ ❧✐❡s ♦♥ t❤❡ ♥❡❛r s✐❞❡

♦❢ t❤❡ ●❛❧❛❝t✐❝ ❜❛r✱ ❛♥❞ ❝❛♥♥♦t ❜❡ ❛ ♠❛ss✐✈❡ ❲◆ st❛r✳ ❚❤❡ ✐♦♥✐③❡❞ ♠❛ss

✭✘✵✳✝❃❏ ✮ ❛♥❞ ❡❧❡❝tr♦♥ ❞❡♥s✐t② ✭✼✵✵ ❝♠❅❈✮ ❛r❡ t②♣✐❝❛❧ ♦❢ ♠✐❞❞❧❡✲❛❣❡❞

P◆❡✳ ❚❤❡ ♦❜s❡r✈❡❞ st❡❧❧❛r s♣❡❝tr✉♠ ✇❛s ❝♦♠♣❛r❡❞ t♦ ❛ ❣r✐❞ ♦❢ ♠♦❞❡❧s

❢r♦♠ t❤❡ P♦ts❞❛♠ ❲♦❧❢✲✦❛②❡t ✭P♦❲✦✮ ❣r✐❞✳ ❚❤❡ ❜❡st ✂t t❡♠♣❡r❛t✉r❡ ✐s

❖❯❳❨❩❭❫ ❴q④⑤❳❨q⑥ ✺✹✺



❆PP�◆❉■❳ ❋✳ P❯❇▲■❙❍�❉ P❆P�❘❙

✼✶ ❦❑✱ ❛♥❞ t❤❡ ❛t♠♦s♣❤❡r✐❝ ❝♦♠♣♦s✐t✐♦♥ ✐s ❞♦♠✐♥❛t❡❞ ❜② ❤❡❧✐✉♠ ✇✐t❤

❛♥ ✉♣♣❡r ❧✐♠✐t ♦♥ t❤❡ ❤②❞r♦❣❡♥ ❛❜✉♥❞❛♥❝❡ ♦❢ ✶✵ ♣❡r ❝❡♥t✁ ❖✉r r❡s✉❧ts

❛r❡ ✐♥ ✈❡r② ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ t❤❡ r❡❝❡♥t st✉❞② ♦❢ ❚♦❞t ❡t ❛❧✁✱ ✇❤♦

❞❡t❡r♠✐♥❡❞ ❛ ❤②❞r♦❣❡♥ ❢r❛❝t✐♦♥ ♦❢ ✶✵ ♣❡r ❝❡♥t ❛♥❞ ❛♥ ✉♥✉s✉❛❧❧② ❧❛r❣❡

♥✐tr♦❣❡♥ ❢r❛❝t✐♦♥ ♦❢ ✘ ✺ ♣❡r ❝❡♥t✁ ❚❤✐s ❢r❛❝t✐♦♥ ✐s ❤✐❣❤❡r t❤❛♥ ❛♥② ♦t❤❡r

❧♦✇✲♠❛ss ✂✲❞❡✄❝✐❡♥t st❛r✱ ❛♥❞ ✐s ♥♦t r❡❛❞✐❧② ❡①♣❧❛✐♥❡❞ ❜② ❝✉rr❡♥t ♣♦st✲

☎●✆ ♠♦❞❡❧s✁ ❲❡ ❣✐✈❡ ❛ ❞✐s❝✉ss✐♦♥ ♦❢ t❤❡ ✐♠♣❧✐❝❛t✐♦♥s ♦❢ t❤✐s ❞✐s❝♦✈❡r② ❢♦r

t❤❡ ❧❛t❡✲st❛❣❡ ❡✈♦❧✉t✐♦♥ ♦❢ ✐♥t❡r♠❡❞✐❛t❡✲♠❛ss st❛rs✁ ❚❤❡r❡ ✐s ♥♦✇ t❡♥t❛t✐✈❡

❡✈✐❞❡♥❝❡ ❢♦r t✇♦ ❞✐st✐♥❝t ❤❡❧✐✉♠✲❞♦♠✐♥❛t❡❞ ♣♦st✲☎●✆ ❧✐♥❡❛❣❡s✱ s❡♣❛r❛t❡

t♦ t❤❡ ❤❡❧✐✉♠ ❛♥❞ ❝❛r❜♦♥ ❞♦♠✐♥❛t❡❞ s✉r❢❛❝❡ ❝♦♠♣♦s✐t✐♦♥s ♣r♦❞✉❝❡❞ ❜②

❛ ❧❛t❡ t❤❡r♠❛❧ ♣✉❧s❡✁ ✝✉rt❤❡r t❤❡♦r❡t✐❝❛❧ ✇♦r❦ ✐s ♥❡❡❞❡❞ t♦ ❡①♣❧❛✐♥ t❤❡s❡

r❡❝❡♥t ❞✐s❝♦✈❡r✐❡s✁

✹✁ ✞✟✠✡☛✿ ❚❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ ♣❤♦t♦✐♦♥✐③❛t✐♦♥♠♦❞❡❧✐♥❣ ♦❢ t❤❡❲♦❧❢➊☞❛②❡t ♣❧❛♥✲

❡t❛r② ♥❡❜✉❧❛ ✂❜ ✹

✌✍✠✎✏✑✒✿ ✓✔✕✖✗✙✔✚✛ ✜✢✱ ❊r❝♦❧❛♥♦✱ ✆✁✱ ❲❡ss♦♥✱ ☞✁✱ ✣t❡❢❢❡♥✱ ❲✁✱ ✤❛r❦❡r✱

◗✁☎✁

✥☛✦☛✑☛✧★☛✿ ▼✩☞☎✣✱ s✉❜♠✐tt❡❞

✌✪✒✠✑✫★✠✿ ❖♣t✐❝❛❧ ✐♥t❡❣r❛❧ ✄❡❧❞ s♣❡❝tr♦s❝♦♣② ♦❢ t❤❡ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ ✂❜ ✹

✇✐t❤ ❛ ❲♦❧❢✲☞❛②❡t ❬❲❖✸❪ ❝❡♥tr❛❧ st❛r r❡✈❡❛❧❡❞ t❤❛t ✐ts ♦✉t❡r ♣❛✐r ♦❢ t❤❡

❢❛st✱ ❧♦✇✲✐♦♥✐③❛t✐♦♥ ❡♠✐ss✐♦♥ r❡❣✐♦♥s ✭✝✬✮❊☞s✯ s❤♦✇ ❛♥ ❛♣♣❛r❡♥t ♦✈❡r✲

❛❜✉♥❞❛♥❝❡ ♦❢ ♥✐tr♦❣❡♥✁ ❚❤❡ ❛✐♠ ♦❢ t❤❡ ♣r❡s❡♥t ✇♦r❦ ✐s t♦ ❡①❛♠✐♥❡ ✇❤❡t❤❡r

✐♦♥✐③❛t✐♦♥ ❡❢❢❡❝ts ♣r♦✈✐❞❡ ❛ ❜❡tt❡r ♣❤②s✐❝❛❧ ❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤✐s ♣r♦❜❧❡♠✁

❲❡ ❝♦♥str✉❝t❡❞ ❛ ✸✰ ♣❤♦t♦✐♦♥✐s❛t✐♦♥ ♠♦❞❡❧ ♦❢ ✂❜✹ ❛ss✉♠✐♥❣ ❤♦♠♦❣❡✲

♥❡♦✉s ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s✁ ❚❤❡ ♥❡❜✉❧❛ ✐s ❛♣♣r♦①✐♠❛t❡❞ ❜② ❛ ❞❡♥s✐t②

♠♦❞❡❧ ❞❡✈❡❧♦♣❡❞ ❢r♦♠ t❤❡ ❦✐♥❡♠❛t✐❝ ❛♥❛❧②s✐s ❛♥❞ ❍❙✴ ✐♠❛❣✐♥❣✱ ✇❤✐❝❤

❝♦♥s✐sts ♦❢ ❛ ❞❡♥s❡ t♦r♦✐❞❛❧ s❤❡❧❧✱ t✇♦ ♣♦✐♥t✲s②♠♠❡tr✐❝ ❦♥♦ts✱ ❛♥❞ ♦✉t❡r

t❡♥✉♦✉s ❤❛❧♦✁ ❚❤❡ r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ✐♦♥✐③❛t✐♦♥ ❝♦rr❡❝t✐♦♥ ❢❛❝t♦r

♠❡t❤♦❞ ❛♥❞ t❤❡ ❡❧❡❝tr♦♥ t❡♠♣❡r❛t✉r❡ ✉s❡❞ ❢♦r t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ❛r❡

✷✹✻ �✽✾❀❁❂❃✾❄ ✾❅ ❈❀❏❄❱❂❏❨❩ ❄❱❭❁❀❏❱ ❫❃❂❴ ❵❘❥❂❩❈❱ q❱❄❂❨❏❀ ④❂❏❨④



♠♦st❧② r❡s♣♦♥s✐❜❧❡ ❢♦r ❛♣♣❛r❡♥t ❡♥❤❛♥❝❡❞ ♥✐tr♦❣❡♥ ❛❜✉♥❞❛♥❝❡✳ ■t ✐s ❛❧s♦

❢♦✉♥❞ t❤❛t t❤❡ ❡♥❤❛♥❝❡♠❡♥t ♦❢ t❤❡ ❬◆ ��❪ ❡♠✐ss✐♦♥ ✐♥ t❤❡ ❋▲■❊❘s ✐s ♠♦r❡

❛ttr✐❜✉t❡❞ t♦ t❤❡ ❣❡♦♠❡tr② ❛♥❞ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥✳ ❖✉r ✂rst ♣❤♦t♦✐♦♥✐③❛✲

t✐♦♥ ♠♦❞❡❧ ✉♥❞❡r✲♣r❡❞✐❝t❡❞ t❤❡ ❖❘▲s✳ ❚❤❡r❡❢♦r❡✱ ✇❡ ❛✐♠❡❞ t♦ r❡♣r♦❞✉❝❡

t❤❡ ❖❘▲s ♦❢ ❍❜✹ ❜② ✉s✐♥❣ ❛ ❜✐✲❛❜✉♥❞❛♥❝❡ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧ ❝♦♥✲

s✐st✐♥❣ ♦❢ ❛ ❝❤❡♠✐❝❛❧❧② ❤♦♠♦❣❡♥❡♦✉s t♦r✉s ✇✐t❤ ♥♦r♠❛❧ ❛❜✉♥❞❛♥❝❡s✱ s✉r✲

r♦✉♥❞✐♥❣ ❛ s♠❛❧❧ ❢r❛❝t✐♦♥ ♦❢ ❝♦❧❞✱ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ♦❝❝✉♣②✐♥❣ ✘ ✺ ♣❡r✲

❝❡♥t ♦❢ t❤❡ t♦t❛❧ ✈♦❧✉♠❡✳ ❚❤❡ ♥❡❜✉❧❛r ❡♠✐ss✐♦♥ ❧✐♥❡ s♣❡❝tr✉♠ ✇❛s ❜❡st r❡✲

♣r♦❞✉❝❡❞ ✉s✐♥❣ ❛ st❡❧❧❛r ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ✇✐t❤ t❡♠♣❡r❛t✉r❡ ✁✄☎☎ ❂ ✾✵ ❦❑

❛♥❞ ❧✉♠✐♥♦s✐t② ✆❄ ❂ ✹✾✝✵ ▲❏✳ ❚❤❡ r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ❜✐✲❛❜✉♥❞❛♥❝❡

♠♦❞❡❧ ♣r♦✈✐❞❡s ❛❝❝❡♣t❛❜❧❡ ♠❛t❝❤❡s t♦ t❤❡ ❖❘▲s✳ ▼♦r❡♦✈❡r✱ t❤❡ t❡♠♣❡r✲

❛t✉r❡s ♦❢ t❤❡ ✇❤♦❧❡ ♥❡❜✉❧❛ ♣r❡❞✐❝t❡❞ ❜② t❤❡ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ r❡❛s♦♥✲

❛❜❧② ♠❛t❝❤ t❤❡ ❡♠♣✐r✐❝❛❧ r❡s✉❧ts✳ ❲❡ ❝♦♥❝❧✉❞❡ t❤❛t t❤❡ ♣r❡s❡♥❝❡ ♦❢ t❤❡

♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ♠❛② ❡①♣❧❛✐♥ t❤❡ ♦❜s❡r✈❡❞ ❖❘▲s✳

✝✳ ✞✟✠✡☛✿ P❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧✐♥❣ ♦❢ t❤❡ ❲♦❧❢❘❛②❡t ♣❧❛♥❡t❛r② ♥❡❜✉❧❛ P❇ ✽

❆☞✠✌✍✎✏✿ ❉❛♥❡❤❦❛r✱ ✑✳✱ ❡t ❛❧✳

✒☛✓☛✎☛✔✕☛✿ ▼◆❘✑❙✱ ✐♥ ♣r❡♣❛r❛t✐♦♥

❆✖✏✠✎✗✕✠✿ ❲❡ ❤❛✈❡ ❝♦♥str✉❝t❡❞ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ♦❢ t❤❡ ♣❧❛♥❡t❛r②

♥❡❜✉❧❛ P❇✽ t♦ ❜❡ ❝♦♥❢r♦♥t❡❞ ✇✐t❤ ❛✈❛✐❧❛❜❧❡ ♦♣t✐❝❛❧ ❛♥❞ ✐♥❢r❛r❡❞ ♦❜s❡r✈❛✲

t✐♦♥s✱ ❝♦♥str❛✐♥❡❞ ❜② ❛ ♠♦❞❡❧ ❛t♠♦s♣❤❡r❡ ❢♦r t❤❡ ✐♦♥✐③✐♥❣ s♦✉r❝❡ ❝❛❧❝✉✲

❧❛t❡❞ t♦ ♠❛t❝❤ ✐ts ❝❡♥tr❛❧ st❛r s♣❡❝tr✉♠✳ ❚❤❡ ❞❡♥s✐t② ❞✐str✐❜✉t✐♦♥ ❢♦r t❤❡

♥❡❜✉❧❛r ❣❛s ✇❛s ❛❞♦♣t❡❞ ❜❛s❡❞ ♦♥ ♦♥❡✲❞✐♠❡♥s✐♦♥❛❧ ❤②❞r♦❞②♥❛♠✐❝s ♠♦❞✲

❡❧s ❝♦♠♣✉t❡❞ ❢♦r ❞✐❢❢❡r❡♥t st❡❧❧❛r ❡✈♦❧✉t✐♦♥❛r② tr❛❝❦s✳ ❚❤r❡❡ ❞✐❢❢❡r❡♥t s❡ts

♦❢ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧s ✇❡r❡ tr✐❡❞✱ t❤❡ ✂rst ❜❡✐♥❣ ❝❤❡♠✐❝❛❧❧② ❤♦♠♦✲

❣❡♥❡♦✉s ♠♦❞❡❧s t❤❛t ❢❛✐❧❡❞ t♦ r❡♣r♦❞✉❝❡ t❤❡ ♦♣t✐❝❛❧ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s

✭❖❘▲s✮ ♦❢ ❤❡❛✈② ❡❧❡♠❡♥ts✳ ❚♦ r❡♣r♦❞✉❝❡ t❤❡ ♦❜s❡r✈❡❞ ❖❘▲s✱ ❞✉❛❧ ❛❜✉♥✲

❞❛♥❝❡ ♠♦❞❡❧s ✇❡r❡ ❜✉✐❧t ❜② ✐♥❝♦r♣♦r❛t✐♥❣ ❛ s♠❛❧❧ ❢r❛❝t✐♦♥ ♦❢ ♠❡t❛❧✲r✐❝❤

✐♥❝❧✉s✐♦♥s ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ❣❛s ❡♥✈❡❧♦♣❡ ✇✐t❤ ♥♦r♠❛❧ ❛❜✉♥❞❛♥❝❡s✳ ❚❤❡

✙✚✛✜✢✣✤ ✥✦✧★✛✜✦✩ ✝✹✼



❆PP�◆❉■❳ ❋✳ P❯❇▲■❙❍�❉ P❆P�❘❙

✂♥❛❧ ❜✐✲❛❜✉♥❞❛♥❝❡ ♠♦❞❡❧ ♣r♦✈✐❞❡❞ ❛ ❜❡tt❡r ✂t t♦ t❤❡ ♠♦st ♦❜s❡r✈❡❞ ❤❡❛✈②

❡❧❡♠❡♥t ❖✁✄s✱ ✇❤♦s❡ ♠❡t❛❧✲r✐❝❤ ✐♥❝❧✉s✐♦♥s ❤❛✈❡ ❛ ♠❛ss ♦❢ ✘ ✺ ♣❡r❝❡♥t ♦❢

t❤❡ t♦t❛❧ ✐♦♥✐③❡❞ ♠❛ss ❛♥❞ ♥❡❛r❧② t✇✐❝❡ ❝♦♦❧❡r ❛♥❞ ❞❡♥s❡r t❤❛♥ t❤❡ ♥♦r✲

♠❛❧ ❝♦♠♣♦s✐t✐♦♥ ♥❡❜✉❧❛☎ ❚❤❡✐r ❖✴✆ ❛♥❞ ✝✴✆ ❛❜✉♥❞❛♥❝❡ r❛t✐♦s ❛r❡ ✘✶☎✵

❛♥❞ ✶☎✼ ❞❡① ❧❛r❣❡r t❤❛♥ t❤❡ ❞✐❢❢✉s❡ ✇❛r♠ ♥❡❜✉❧❛✱ r❡s♣❡❝t✐✈❡❧②☎ ❚❤❡ ♠♦❞❡❧

❞✐❞ ♥♦t ♣r❡❞✐❝t t❤❡ t❤❡r♠❛❧ s♣❡❝tr❛❧ ❡♥❡r❣② ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ♥❡❜✉❧❛ ♦❜✲

s❡r✈❡❞ ✇✐t❤ t❤❡ ❙✞✟✠✡☛☞ ✐♥❢r❛r❡❞ s♣❡❝tr♦❣r❛♣❤☎ ❚❤❡r❡❢♦r❡✱ ✇❡ ❛✐♠❡❞ t♦

r❡♣r♦❞✉❝❡ t❤❡ t❤❡r♠❛❧ ✐♥❢r❛r❡❞ ❡♠✐ss✐♦♥ ❜② ✐♥❝❧✉❞✐♥❣ ❞✉st ❣r❛✐♥s ✐♥ t❤❡

✂♥❛❧ ♣❤♦t♦✐♦♥✐③❛t✐♦♥ ♠♦❞❡❧☎ ✌t ✐s ❢♦✉♥❞ t❤❛t t❤❡ ♣❤♦t♦❡❧❡❝tr✐❝ ❡♠✐ss✐♦♥

❢r♦♠ ❞✉st ❣r❛✐♥s ✇✐t❤ ❛ ❞✉st✲t♦✲❤②❞r♦❣❡♥ r❛t✐♦ ♦❢ ✵☎✵✶ ❜② ♠❛ss ❢♦r t❤❡

✇❤♦❧❡ ♥❡❜✉❧❛ ✐s s✉❢✂❝✐❡♥t t♦ ♠❛t❝❤ t❤❡ ❞✉st t❡♠♣❡r❛t✉r❡s ❛♥❞ ❡♠❡r❣❡♥t

s♣❡❝tr❛❧ ❡♥❡r❣② ❞✐str✐❜✉t✐♦♥☎ ❲❡ ❝♦♥❝❧✉❞❡ t❤❛t t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♠❡t❛❧✲r✐❝❤

✐♥❝❧✉s✐♦♥s ✐s ♥❡❝❡ss❛r② t♦ ❡①♣❧❛✐♥ t❤❡ ❤❡❛✈② ❡❧❡♠❡♥t ❖✁✄s✱ ✇❤✐❧❡ ❛ ❞✉❛❧✲

❞✉st ❝❤❡♠✐str② ✇✐t❤ ❞✐❢❢❡r❡♥t ❣r❛✐♥ s♣❡❝✐❡s ❛♥❞ s✐③❡s ✐♥ t❤❡ ♥❡❜✉❧❛ ❧✐❦❡❧②

♣r♦❞✉❝❡s t❤❡ ♦❜s❡r✈❡❞ ✐♥❢r❛r❡❞ ❝♦♥t✐♥✉✉♠☎

✻☎ ✍✎✏✑✒✿ ✓❤②s✐❝❛❧ ❝♦♥❞✐t✐♦♥s ❛♥❞ ❝❤❡♠✐❝❛❧ ❛❜✉♥❞❛♥❝❡s ❢♦r ❛ s❛♠♣❧❡ ♦❢ ●❛❧❛❝✲

t✐❝ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤ ❲✁✲t②♣❡ ❝❡♥tr❛❧ st❛rs

✔✕✏✖✗✙✚✿ ✛❛♥❡❤❦❛r✱ ✜☎✱ ❡t ❛❧☎

✢✒✣✒✙✒✤✥✒✿ ▼✝✁✜✦✱ ✐♥ ♣r❡♣❛r❛t✐♦♥

✔✧✚✏✙★✥✏✿ ❲❡ ♣r❡s❡♥t ♦♣t✐❝❛❧ ✐♥t❡❣r❛❧ ✂❡❧❞ s♣❡❝tr♦s❝♦♣✐❝ ♠❡❛s✉r❡♠❡♥ts

♦❢ ❡♠✐ss✐♦♥ ❧✐♥❡s ❢♦r ✶✸ ●❛❧❛❝t✐❝ ✓✝❡ ✇✐t❤ ❲♦❧❢✲✁❛②❡t ✭❲✁✮ st❛rs ❛♥❞

✩ ●❛❧❛❝t✐❝ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✭✓✝❡✮ ✇✐t❤ ✇❡❛❦ ❡♠✐ss✐♦♥✲❧✐♥❡ st❛rs ✭✪☛✫✬✮

♠❛❞❡ ✇✐t❤ t❤❡ ❲✐❞❡ ✯✐❡❧❞ ✦♣❡❝tr♦❣r❛♣❤ ✭❲✐✯❡✦✮☎ ❚❤❡ s♣❡❝tr❛✱ ❝♦♠❜✐♥❡❞

✇✐t❤ ❛r❝❤✐✈❛❧ s♣❡❝tr❛ ❢r♦♠ t❤❡ ❧✐t❡r❛t✉r❡✱ ❤❛✈❡ ❜❡❡♥ ✉s❡❞ t♦ ❝❛rr② ♦✉t

♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝s ❛♥❞ ❛❜✉♥❞❛♥❝❡ ❛♥❛❧②s✐s ✉s✐♥❣ ❜♦t❤ ❝♦❧❧✐s✐♦♥❛❧❧② ❡①✲

❝✐t❡❞ ❧✐♥❡s ✭❈❊✄s✮ ❛♥❞ ♦♣t✐❝❛❧ r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ✭❖✁✄s✮☎ ✝❡❜✉❧❛r t❤❡r✲

♠❛❧ ❛♥❞ ❞❡♥s✐t② str✉❝t✉r❡s ❤❛✈❡ ❜❡❡♥ ❞❡r✐✈❡❞ ✉s✐♥❣ ❛ ✈❛r✐❡t② ♦❢ ♣❧❛s♠❛

❞✐❛❣♥♦st✐❝s ♦❢ ❈❊✄s☎ ❚❤❡ ✇❡❛❦ t❡♠♣❡r❛t✉r❡ ❞❡♣❡♥❞❡♥❝❡ ♦❢ ❖✁✄s ❤❛s ❛❧s♦

✩✹✽ �✰✷✫✾✠✟✷❀ ✷❁ ✞✫❂❀☛✠❂☞❃ ❀☛❄✾✫❂☛ ✪✟✠❅ ❏❘❑✠❃✞☛ ◗☛❀✠☞❂✫ ✬✠❂☞✬



❜❡❡♥ ✉s❡❞ t♦ ❞❡t❡r♠✐♥❡ t❤❡ t❡♠♣❡r❛t✉r❡ str✉❝t✉r❡ ✇❤❡r❡ ❛❞❡q✉❛t❡ r❡✲

❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ✇❡r❡ ❛✈❛✐❧❛❜❧❡✳ ❚❤❡ ♣❧❛s♠❛ ❞✐❛❣♥♦st✐❝ r❡s✉❧ts ❛r❡ ✉s❡❞

t♦ ❞❡r✐✈❡ ✐♦♥✐❝ ❛♥❞ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ✇✐t❤✐♥ t❤❡ ♥❡❜✉❧❛ ❢r♦♠ ❜♦t❤

❈❊▲s ❛♥❞ ❖❘▲s✳ ■t ✐s ❢♦✉♥❞ t❤❛t t❤❡ ❖❘▲ ❛❜✉♥❞❛♥❝❡s ❛r❡ s❡✈❡r❛❧ t✐♠❡s

❤✐❣❤❡r t❤❛♥ t❤❡ ❈❊▲ ❛❜✉♥❞❛♥❝❡s✱ ✇❤❡r❡❛s t❤❡ t❡♠♣❡r❛t✉r❡s ❞❡r✐✈❡❞ ❢r♦♠

t❤❡ ❍❡ � r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s ❛r❡ t②♣✐❝❛❧❧② ❧♦✇❡r t❤❛♥ t❤♦s❡ ♠❡❛s✉r❡❞ ❢r♦♠

t❤❡ ❝♦❧❧✐s✐♦♥❛❧❧② ❡①❝✐t❡❞ ♥❡❜✉❧❛r✲t♦✲❛✉r♦r❛❧ ❢♦r❜✐❞❞❡♥ ❧✐♥❡ r❛t✐♦s✳ ❚❤✐s ♠❛②

♣♦✐♥t t♦ t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❝♦❧❞✱ ❤②❞r♦❣❡♥✲❞❡✂❝✐❡♥t ♠❛t❡r✐❛❧s ❡♠❜❡❞❞❡❞ ✐♥

t❤❡ ❞✐❢❢✉s❡ ✇❛r♠ ♥❡❜✉❧❛✳ ❚❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝② ❢❛❝t♦rs ✭❆❉❋s✮ ❢♦r

❞♦✉❜❧②✲✐♦♥✐③❡❞ ◆ ❛♥❞ ❖ ❛r❡ ✇✐t❤✐♥ ❛ r❛♥❣❡ ❢r♦♠ ✷ t♦ ✹✾✱ ✇❤✐❝❤ ❛r❡ ❝❧♦s❡❧②

❝♦rr❡❧❛t❡❞ ✇✐t❤ t❤❡ ❞✐❝❤♦t♦♠② ❜❡t✇❡❡♥ t❡♠♣❡r❛t✉r❡s ❞❡r✐✈❡❞ ❢r♦♠ ❢♦r✲

❜✐❞❞❡♥ ❧✐♥❡s ❛♥❞ t❤♦s❡ ❢r♦♠ ❍❡ � r❡❝♦♠❜✐♥❛t✐♦♥ ❧✐♥❡s✳ ❚❤❡ r❡s✉❧ts s❤♦✇

t❤❛t t❤❡ ❆❉❋ ❛♥❞ t❡♠♣❡r❛t✉r❡ ❞✐❝❤♦t♦♠② ❛r❡ ❝♦rr❡❧❛t❡❞ ✇✐t❤ t❤❡ ✐♥tr✐♥✲

s✐❝ ♥❡❜✉❧❛r s✉r❢❛❝❡ ❜r✐❣❤t♥❡ss✱ s✉❣❣❡st✐♥❣ t❤❛t t❤❡ ❛❜✉♥❞❛♥❝❡ ❞✐s❝r❡♣❛♥❝②

♣r♦❜❧❡♠ ♠✉st ❜❡ r❡❧❛t❡❞ t♦ t❤❡ ♥❡❜✉❧❛r ❡✈♦❧✉t✐♦♥✳ ❚❤❡ t❤❡♦r❡t✐❝❛❧ ♣r❡❞✐❝✲

t✐♦♥s ♦❢ t❤❡ ❆●❇ st❡❧❧❛r ♠♦❞❡❧s s✉❣❣❡st t❤❛t t❤❡ ❡❧❡♠❡♥t❛❧ ❛❜✉♥❞❛♥❝❡s ❞❡✲

❞✉❝❡❞ ❢r♦♠ ❈❊▲s ❝♦✉❧❞ ❜❡ ❞❡s❝❡♥❞❛♥ts ♦❢ ♣r♦❣❡♥✐t♦rs ✇✐t❤ ✐♥✐t✐❛❧ ♠❛ss❡s

♦❢ ✘ ✁➊✹▼☞✱ ❛❧t❤♦✉❣❤ t❤❡ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ❖❘▲s ❛r❡ ✉♥❧✐❦❡❧② t♦

❜❡ ❡①♣❧❛✐♥❡❞ ❜② t❤❡ ♠♦❞❡❧s✳ ❍♦✇❡✈❡r✱ t✇♦ ❚②♣❡ ■ P◆❡ ✐♥ ♦✉r s❛♠♣❧❡ s❤♦✇

❡①tr❡♠❡❧② ❈✲r✐❝❤ ✐♥ ❝♦♥tr❛st t♦ t❤❡ t❤❡♦r❡t✐❝❛❧ ♠♦❞❡❧ ♣r❡❞✐❝t✐♦♥s✱ s♦ ❛❧t❡r✲

♥❛t✐✈❡ ♠✐①✐♥❣ ♣r♦❝❡ss❡s ♠✉st ❡✈♦❧✈❡ t❤❡♠ ✐♥t♦ ❚②♣❡ ■ P◆❡✳ ❲❡ ❝♦♥❝❧✉❞❡

t❤❛t t❤❡ ❞✐s❝r❡♣❛♥❝② ❜❡t✇❡❡♥ ❛❜✉♥❞❛♥❝❡s ❞❡r✐✈❡❞ ❢r♦♠ ❈❊▲s ❛♥❞ ❖❘▲s

♠✉st ❜❡ ❝❧♦s❡❧② r❡❧❛t❡❞ t♦ t❤❡ ♥❡❜✉❧❛r ❡✈♦❧✉t✐♦♥ r❛t❤❡r t❤❛♥ t❤❡ st❡❧❧❛r

❝❤❛r❛❝t❡r✐st✐❝s✱ ❛♥❞ ✐t ✐s ❤✐❣❤❡r ✐♥ ♦❧❞ ❡✈♦❧✈❡❞ ♥❡❜✉❧❛❡✳

✼✳ ✄☎✆✝✞✿ ❙♣❛t✐❛❧❧② r❡s♦❧✈❡❞ ❦✐♥❡♠❛t✐❝s ♦❢ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✇✐t❤ ❲❘ ♥✉❝❧❡✐

✟✠✆✡☛✌✍✿ ❉❛♥❡❤❦❛r✱ ❆✳✱ ❡t ❛❧✳

✎✞✏✞✌✞✑✒✞✿ ✐♥ ♣r❡♣❛r❛t✐♦♥

✟✓✍✆✌✔✒✆✿ ❲❡ ♣r❡s❡♥t ♥❡✇ ✐♥t❡❣r❛❧ ✂❡❧❞ ✉♥✐t ✭■❋❯✮ s♣❡❝tr♦s❝♦♣✐❝ ♦❜s❡r✈❛✲

✕✖✗✙✚✛✜ ✢✣✤✥✗✙✣✦ ✺✹✾



❆PP�◆❉■❳ ❋✳ P❯❇▲■❙❍�❉ P❆P�❘❙

t✐♦♥s ♦❢ ❛ s❛♠♣❧❡ ♦❢ ●❛❧❛❝t✐❝ ♣❧❛♥❡t❛r② ♥❡❜✉❧❛❡ ✭✁✂❡✮ s✉rr♦✉♥❞✐♥❣ ❲♦❧❢✲

✄❛②❡t ✭❲✄✮ ❝❡♥tr❛❧ st❛rs☎ ❚❤❡ ✆✝ ❛♥❞ ❬✂ ✞✞❪ ❡♠✐ss✐♦♥ ❢❡❛t✉r❡s ✇❡r❡ ✉s❡❞

t♦ ❞❡t❡r♠✐♥❡ t❤❡ s♣❛t✐❛❧❧② r❡s♦❧✈❡❞ ✈❡❧♦❝✐t② ❞✐str✐❜✉t✐♦♥s☎ ✟❛s❡❞ ♦♥ t❤❡

s♣❛t✐❛❧❧② r❡s♦❧✈❡❞ ❦✐♥❡♠❛t✐❝s ❝♦♠❜✐♥❡❞ ✇✐t❤ ❛r❝❤✐✈❛❧ ✐♠❛❣✐♥❣✱ ✇❡ ❞❡t❡r✲

♠✐♥❡❞ t❤❡✐r t❤r❡❡ ❞✐♠❡♥s✐♦♥❛❧ str✉❝t✉r❡s☎ ❈♦♠♣❛r✐♥❣ t❤❡ ♦❜s❡r✈❡❞ ✈❡✲

❧♦❝✐t② ♠❛♣s ♣r♦✈✐❞❡❞ ❜② t❤❡ ✠✡☛ ♦❜s❡r✈❛t✐♦♥s ✇✐t❤ t❤♦s❡ ♣r❡❞✐❝t❡❞ ❜②

♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝♠♦❞❡❧s ❛❧❧♦✇❡❞ ✉s t♦ ❡①❝❧✉❞❡ t❤❡ ♣r♦❥❡❝t✐♦♥ ❡❢❢❡❝t ❢r♦♠

t❤❡ ♥❡❜✉❧❛✬s ❛♣♣❡❛r❛♥❝❡ ❛♥❞ ✐❞❡♥t✐❢② t❤❡ ♠♦r♣❤♦❧♦❣② ♦❢ ♠♦st ✁✂❡✱ ❛♣❛rt

❢r♦♠ t❤❡ ❝♦♠♣❛❝t ♦❜❥❡❝ts☎ ❖✉r r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡s❡ ✁✂❡ ❤❛✈❡ ❛①✲

✐s②♠♠❡tr✐❝ ♠♦r♣❤♦❧♦❣✐❡s✱ ❡✐t❤❡r ❜✐♣♦❧❛r ♦r ❡❧❧✐♣t✐❝❛❧☎ ✠♥ ♠❛♥② ❝❛s❡s t❤❡

❛ss♦❝✐❛t❡❞ ❦✐♥❡♠❛t✐❝ ♠❛♣s ❢♦r t❤❡s❡ ✁✂❡ ❛r♦✉♥❞ ❤♦t ❲✄ ❝❡♥tr❛❧ st❛rs

❛❧s♦ r❡✈❡❛❧ t❤❡ ♣r❡s❡♥❝❡ ♦❢ s♦✲❝❛❧❧❡❞ ❢❛st ❧♦✇✲✐♦♥✐③❛t✐♦♥ ❡♠✐ss✐♦♥ r❡❣✐♦♥s

✭✡☞✠❊✄s✮☎ ❚❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡✐r ♠♦r♣❤♦✲❦✐♥❡♠❛t✐❝ str✉❝t✉r❡s

❛♥❞ ❲✄✲t②♣❡ ♥✉❝❧❡✐ ♥❡❡❞s t♦ ❜❡ ✐♥✈❡st✐❣❛t❡❞ ❢✉rt❤❡r☎

✺✺✵ �✌✍✎✏✑✒✍✓ ✍✔ ✕✎✖✓✗✑✖✘✙ ✓✗✚✏✎✖✗ ✛✒✑✜ ✢❘✣✑✙✕✗ ✤✗✓✑✘✖✎ ✥✑✖✘✥
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✁✁❖ ✂✉✄t☎✆✝✞✆✟ ✂✄t☎✠✟✠♠✞❝✆✝ ✡❜✄☛☎✈✆t✠☎☞
✁❉❋✭✌✮ ✂❜✉✟✍✆✟❝☛ ✎✞✄❝☎☛✏✆✟❝☞ ✑✆❝t✠☎✒✄✓
✁◆❯ ✂✉✄t☎✆✝✞✆✟ ✔✆t✞✠✟✆✝ ✕✟✞✈☛☎✄✞t☞
✭❊✴❚P✲✮✁✖❇ ✒✗✆☎✝☞✘✙❤☛☎♠✆✝✝☞ ✚✉✝✄✞✟❣✓ ✂✄☞♠✏t✠t✞❝ ✛✞✆✟t ✜☎✆✟❝❤
❈❈❉ ✢❤✆☎❣☛✣✢✠✉✏✝☛✍ ✎☛✈✞❝☛
❈❊✭✌✮ ✢✠♠♠✠✟ ✗✟✈☛✝✠✏☛✒✄✓
❈❊▲✭✌✮ ✢✠✝✝✞✄✞✠✟✆✝✝☞ ✗①❝✞t☛✍ ✤✞✟☛✒✄✓
❈❚■❖ ✢☛☎☎✠ ✙✠✝✠✝✠ ✥✟t☛☎✣✂♠☛☎✞❝✆✟ ✡❜✄☛☎✈✆t✠☎☞
❈❙✭✌✮ ✢☛✟t☎✆✝ ✦t✆☎✒✄✓
❈❙P◆✭✧✮ ✢☛✟t☎✆✝ ✦t✆☎✄ ✠❢ ✚✝✆✟☛t✆☎☞ ✔☛❜✉✝✆✒☛✓
❊❈✴❊✳❈✳ ✗①❝✞t✆t✞✠✟ ✢✝✆✄✄
❊❈❙ ✗q✉✆t✠☎✞✆✝ ✢✠✠☎✍✞✟✆t☛ ✦☞✄t☛♠
❊▼▼■ ✗✦✡ ★✉✝t✞✣★✠✍☛ ✥✟✄t☎✉♠☛✟t
❊❙❖ ✗✉☎✠✏☛✆✟ ✦✠✉t❤☛☎✟ ✡❜✄☛☎✈✆t✠☎☞
❋❉❯ ✑✞☎✄t ✎☎☛✍❣☛✣✕✏
❋✖❇ ✑✞☎✄t ✛✞✆✟t ✜☎✆✟❝❤
❋▲■❊❘✭✌✮ ✑✆✄t✱ ✤✠✇✣✥✠✟✞③✆t✞✠✟ ✗♠✞✄✄✞✠✟ ✩☛❣✞✠✟✒✄✓
❋■❚❙ ✑✝☛①✞❜✝☛ ✥♠✆❣☛ ✙☎✆✟✄✏✠☎t ✦☞✄t☛♠
❋❖❱ ✑✞☛✝✍✣✡❢✣✪✞☛✇

✺✺✶
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❋❲❍▼ ✁✉❧❧ ✂✐❞t❤ ❛t ✄❛❧❢✲☎❛①✐♠✉♠

✆❈✝ ✞❛❧❛❝t✐❝ ✟♦♦r❞✐♥❛t❡ ✠②st❡♠

✆✡☛ ✞❛❧❛❝t✐❝ ☞♦s✐t✐♦♥ ✌♥❣❧❡

❍❇❇ ✄♦t✲✍♦tt♦♠ ✍✉r♥✐♥❣

❍❇ ✄♦r✐③♦♥t❛❧ ✍r❛♥❝❤

❍✎ ✄❡rt③s♣r✉♥❣➊✏✉ss❡❧❧

✑✒❚ ✓✔❜❜✕✖ ❙✗✘✙✖ ✚✖✕✖✛✙✜✗✖

❍❲❍▼ ✄❛❧❢ ✂✐❞t❤ ❛t ✄❛❧❢ ☎❛①✐♠✉♠

✢✣✤✴✥❈❋ ✦♦♥✐③❛t✐♦♥ ✟♦rr❡❝t✐♦♥ ✁❛❝t♦r

✥❋❯ ✦♥t❡❣r❛❧ ✁✐❡❧❞ ✧♥✐t

✥❋✝ ✦♥t❡❣r❛❧ ✁✐❡❧❞ ✠♣❡❝tr♦s❝♦♣②

✥★✩ ✦s❛❛❝ ✪❡✇t♦♥ ✫❡❧❡s❝♦♣❡

✥✎ ✦♥❢r❛r❡❞

✥✎☛❋ ✦♠❛❣❡ ✏❡❞✉❝t✐♦♥ ❛♥❞ ✌♥❛❧②s✐s ✁❛❝✐❧✐t②

✥✝▼ ✦♥t❡rst❡❧❧❛r ☎❡❞✐✉♠

✭✆✮✥✝❲ ✬✞❡♥❡r❛❧✐③❡❞✯ ✦♥t❡r❛❝t✐♥❣ ✠t❡❧❧❛r ✂✐♥❞s

✰✥✝✭✱✮ ✵♦✇✲✦♦♥✐③❛t✐♦♥ ✠tr✉❝t✉r❡✬s✯

✰✝✎ ✵♦❝❛❧ ✠t❛♥❞❛r❞ ♦❢ ✏❡st

✰✩✡ ✵❛t❡ ✫❤❡r♠❛❧ ☞✉❧s❡

▼❊✝ ☎❛♥❝❤❡st❡r ➫✶❝❤❡❧❧❡ ✠♣❡❝tr♦♠❡t❡r

▼❊✝☛ ☎♦❞✉❧❡s ❢♦r ✶①♣❡r✐♠❡♥ts ✐♥ ✠t❡❧❧❛r ✌str♦♣❤②s✐❝s

▼✥❑❊ ☎❛❣❡❧❧❛♥ ✦♥❛♠♦r✐ ✷②♦❝❡r❛ ✶❝❤❡❧❧❡

▼✸❈☛✝✝✥★ ☎✹♥t❡ ✟✌r❧♦ ✠✐♠✉❧❛t✐♦♥✠ ♦❢ ✦♦♥✐③❡❞ ✪❡✺✉❧❛❡

✭✻✼✽✾✮▼✝ ✬ ♣r❡✲✯☎❛✐♥ ✠❡q✉❡♥❝❡

▼✝✝✝✸ ☎♦✉♥t ✠tr♦♠❧♦ ❛♥❞ ✠✐❞✐♥❣ ✠♣r✐♥❣ ✹✺s❡r✈❛t♦r✐❡s

★✆✡ ✪♦rt❤ ✞❛❧❛❝t✐❝ ☞♦❧❡

★✰✩❊✴✿❀✿✾✰✩❊ ✪♦♥✲✵♦❝❛❧ ✫❤❡r♠♦❞②♥❛♠✐❝ ✶q✉✐❧✐✺r✐✉♠

★❁✝ ✪♦❞✲❛♥❞✲✠❤✉❢❂❡

❃❃❄ �❅✜✕✔❏◗✜❱ ✜❩ ✗✕✘❱✖❏✘❬❭ ❱✖❜✔✕✘✖ ❪◗❏❫ ❴❘❵❏❭✗✖ ✙✖❱❏❬✘✕ ✛❏✘❬✛



◆❚❚ �❡✇ ✁❡❝❤♥♦❧♦❣② ✁❡❧❡s❝♦♣❡

❖❘▲✭✂✮ ✄♣t✐❝❛❧ ☎❡❝♦♠❜✐♥❛t✐♦♥ ✆✐♥❡✝s✞

P❆ ✟♦s✐t✐♦♥ ✠♥❣❧❡

P❉❘ ♣❤♦t♦❞✐ss♦❝✐❛t✐♦♥ r❡❣✐♦♥

P✲❱ ✟♦s✐t✐♦♥✡☛❡❧♦❝✐t②

P◆✭☞✮ ✟❧❛♥❡t❛r② �❡❜✉❧❛✝❡✞

PP◆✭☞✮ ✟r♦t♦✡✟❧❛♥❡t❛r② �❡❜✉❧❛✝❡✞

P✌✍ ■ ✟♦♣✉❧❛t✐♦♥ ✎

P✌❲❘ ✟♦ts❞❛♠ ✏♦❧❢➊☎❛②❡t ♠♦❞❡❧s

P❙❋ ✟♦✐♥t ✑♣r❡❛❞ ✒✉♥❝t✐♦♥

◗■ ✓✉❛rt③ ✎♦❞✐♥❡

❘● ☎❡❞ ✔✐❛♥t

❘●❇ ☎❡❞ ✔✐❛♥t ✕r❛♥❝❤

❘▲❖❋ ☎♦❝❤❡ ✆♦❜❡ ✄✈❡r✖♦✇

❙❉❯ ✑❡❝♦♥❞ ✗r❡❞❣❡✡✘♣

❙❊❉ ✑♣❡❝tr❛❧ ✙♥❡r❣② ✗✐str✐❜✉t✐♦♥

❙❍❙ ✑✉♣❡r❈✄✑▼✄✑ ✚✛ ✑❦② ✑✉r✈❡②

➇❙✴◆➈ ✑✐❣♥❛❧ t♦ �♦✐s❡ ☎❛t✐♦

❙◆✭☞✮ ✑✉♣❡r♥♦✈❛✝❡✞

❙◆❘ ✑✐❣♥❛❧ t♦ �♦✐s❡ ☎❛t✐♦

❙❙❖ ✑✐❞✐♥❣ ✑♣r✐♥❣ ✄❜s❡r✈❛t♦r②

❙❙❙ ✑✉♣❡r❈✄✑▼✄✑ ✑❦② ✑✉r✈❡②

❙P✜ ✑❛♥ ✟❡❞r♦ ▼❛rt➫✢r ✄❜s❡r✈❛t♦r②

❚❉❯ ✁❤✐r❞ ✗r❡❞❣❡✡✘♣

❚P✭✂✮ ✁❤❡r♠❛❧ ✟✉❧s❡✝s✞

❯❱ ✘❧tr❛✈✐♦❧❡t

❯❱❊❙ ✘❧tr❛✈✐♦❧❡t ❛♥❞ ☛✐s✉❛❧ ✙❝❤❡❧❧❡ ✑♣❡❝tr♦❣r❛♣❤

❱▲❚P ☛❡r② ✆❛t❡ ✁❤❡r♠❛❧ ✟✉❧s❡

✣✤✥✦✧★✩ ✪✫✬✯✥✦✫✰ ✺✺✸
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❲✁ ✂❤✐t❡ ✄✇❛r❢

☎✆❧s✴❲❊✝✞ ✂❡❛❦ ✟♠✐✠✠✐♦♥ ✡✐♥❡ ☛t❛r

❲☞❋✌✞ ✂✐❞❡ ✍✐❡✎❞ ☛♣❡❝tr♦❣r❛♣❤

❲❈ ✏❛r❜♦♥ ✠❡q✉❡♥❝❡ ♦❢ ✂♦✎❢✲✑❛②❡t

❬❲❈❪ ✏❛r❜♦♥ ✠❡q✉❡♥❝❡ ♦❢ ✒✓ ✂♦✎❢✲✑❛②❡t

❲❈❊ ✟❛r✎②✲t②♣❡ ✏❛r❜♦♥ ✠❡q✉❡♥❝❡ ♦❢ ✂♦✎❢✲✑❛②❡t

❬❲❈❊❪ ✟❛r✎②✲t②♣❡ ✏❛r❜♦♥ ✠❡q✉❡♥❝❡ ♦❢ ✒✓ ✂♦✎❢✲✑❛②❡t

❲❈✝ ✡❛t❡✲t②♣❡ ✏❛r❜♦♥ ✠❡q✉❡♥❝❡ ♦❢ ✂♦✎❢✲✑❛②❡t

❬❲❈✝❪ ✡❛t❡✲t②♣❡ ✏❛r❜♦♥ ✠❡q✉❡♥❝❡ ♦❢ ✒✓ ✂♦✎❢✲✑❛②❡t

❲✔ ✕①②❣❡♥ ✠❡q✉❡♥❝❡ ♦❢ ✂♦✎❢✲✑❛②❡t

❬❲✔❪ ✕①②❣❡♥ ✠❡q✉❡♥❝❡ ♦❢ ✒✓ ✂♦✎❢✲✑❛②❡t

❲✖ ✓✐tr♦❣❡♥ ✠❡q✉❡♥❝❡ ♦❢ ✂♦✎❢✲✑❛②❡t

❬❲✖❪ ✓✐tr♦❣❡♥ ✠❡q✉❡♥❝❡ ♦❢ ✒✓ ✂♦✎❢✲✑❛②❡t

❲✗ ✂♦✎❢✲✑❛②❡t

❬❲✗❪ ✒✓ ✂♦✎❢✲✑❛②❡t

✺✺✹ �✈✘✙✚✛✜✘✢ ✘✣ ✤✙✥✢✦✛✥✧★ ✢✦✩✚✙✥✦ ✪✜✛✫ ✬❘✭✛★✤✦ ✮✦✢✛✧✥✙ ✯✛✥✧✯



❆♣♣❡♥❞✐� ❍

❏♦✉r♥❛❧ ❆❜❜r❡✈✐❛t✐♦♥s

✁✫✁ ✂✄☎✆✝✞✝♠② ✟✞✠ ✂✄☎✆✝✡❤②✄☛❝✄
✁✫✁ ❘☞✌✳ ✂✄☎✆✝✞✝♠② ✟✞✠ ✂✄☎✆✝✡❤②✄☛❝✄ ✍✎✏☛✎✇
✁✫✁❙ ✂✄☎✆✝✞✝♠② ✟✞✠ ✂✄☎✆✝✡❤②✄☛❝✄ ✑✒✡✡✓✎♠✎✞☎ ✑✎✆☛✎✄
✁✔✕✖ ✁✗✕✘✙✚✙✛✜✔✖ ✂❝☎✟ ✂✄☎✆✝✞✝♠☛❝✟
✁✢ ✂✄☎✆✝✞✝♠☛❝✟✓ ✣✝✒✆✞✟✓
✁✤✢ ✂✄☎✆✝✡❤②✄☛❝✟✓ ✣✝✒✆✞✟✓
✁✤✢❙ ✂✄☎✆✝✡❤②✄☛❝✟✓ ✣✝✒✆✞✟✓ ✑✒✡✡✓✎♠✎✞☎ ✑✎✆☛✎✄
✁✤✫❙❙ ✂✄☎✆✝✡❤②✄☛❝✄ ✟✞✠ ✑✡✟❝✎ ✑❝☛✎✞❝✎
✁✤✢ ✂✄☎✆✝✡❤②✄☛❝✟✓ ▲✎☎☎✎✆✄
✁❘✁✫✁ ✂✞✞✒✟✓ ✍✎✏☛✎✇✄ ✝❢ ✂✄☎✆✝✞✝♠② ✟✞✠ ✂✄☎✆✝✡❤②✄☛❝✄
✁❩✥ ✂✄☎✆✝✞✝♠☛❝❤✎✄❦☛☛ ✦❤✒✆✞✟✓
❇✁✁❙ ✧✒✓✓✎☎☛✞ ✝❢ ☎❤✎ ✂♠✎✆☛❝✟✞ ✂✄☎✆✝✞✝♠☛❝✟✓ ✑✝❝☛✎☎②
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