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s❡✂❡❝t�✁❣ ❝❡rt❛�✁ ♣�①❡✂ ♦✁ t❤❡ ❝❛♠❡r❛✳ ❊①♣❡r�♠❡✁t❛✂ r❡s✉✂ts ❝♦✁☞r♠❡❞ t❤❡ s�♠✉✂❛t�♦✁s ❛✁❞ s❤♦✇❡❞

❛✁ �✁❝r❡❛s❡❞ s�❣✁❛✂ ❛✁❞ ❡❛s�❡r ✉s❡ ♦❢ t❤❡ ❛✁t�✲❝♦✁❢♦❝❛✂ s②st❡♠ ❝♦♠♣❛r❡❞ t♦ t❤❡ ❝♦✁❢♦❝❛✂ s②st❡♠ ❛s

✁♦ ❡①❛❝t ❢♦❝✉s �s r❡q✉�r❡❞✳ ❆✁ ❛✁t�✲❝♦✁❢♦❝❛✂ st♦♣ ✇�t❤ ✵✳✹✄♠♠ r❛❞�✉s s❤♦✇❡❞ ❜❡st ♣❡r❢♦r♠❛✁❝❡✱

s❤♦✇�✁❣ ❛ ❤�❣❤ ❝♦✁tr❛st ❛✁❞ ✂♦✇ ✈❛r�❛t�♦✁ ❞✉r�✁❣ t❤❡ ♠❡❛s✉r❡♠❡✁t✳ ▼❡❛s✉r❡♠❡✁ts ✇❡r❡ ♣♦ss�❜✂❡

✇�t❤ �✁❝r❡❛s❡❞ s❝❛tt❡r�✁❣ ✭s�♠✉✂❛t❡❞ ❜② t❤❡ str♦✁❣❡r s❝❛tt❡r�✁❣ ❣r�❞ ❣✂❛ss ❞�☛✉s❡r✮ ❛✁❞ ❛tt❡✁✉❛t�♦✁

✭s�♠✉✂❛t❡❞ ❜② ❛❜s♦r❜�✁❣ ❞②❡s ❛❞❞❡❞ t♦ t❤❡ r❡s�✁ ❡❛r❞r✉♠ ♣❤❛✁t♦♠✮ ♦❢ t❤❡ ❡❛r❞r✉♠✱ �✁❝r❡❛s❡❞

❞�st❛✁❝❡ ❜❡t✇❡❡✁ ❡❛r❞r✉♠ ❛✁❞ ♠✉❝♦s❛ ✭✷☎✆♠♠✮✱ ❞❡❢♦❝✉s ♦❢ t❤❡ s②st❡♠✱ ❛✁❞ ❛✂t❡r❡❞ ♦r�❡✁t❛t�♦✁

♦❢ t❤❡ ♣❤❛✁t♦♠ s✉r❢❛❝❡ ✭✵☎✝✵ ❞❡❣✮ ✇�t❤ ❞�☛❡r❡✁❝❡s �✁ t❤❡ ♠✉❝♦s❛✂ ❜✂♦♦❞ ✂❡✈❡✂ st�✂✂ ❞❡t❡❝t❛❜✂❡✳ ❇✉t

t❤❡ ♠❡❛s✉r❡❞ �✁✌❛♠♠❛t�♦✁ �✁❞❡① �s �✁✌✉❡✁❝❡❞ ❜② t❤❡ tr❛✁s♠�ss�♦✁ ♣r♦♣❡rt�❡s ♦❢ t❤❡ ❡❛r❞r✉♠✳

❲❤�✂❡ t❤❡ �✁✌✉❡✁❝❡ ♦❢ ❛❜s♦r♣t�♦✁ ❝❛✁ ❜❡ ❛❝❝♦✉✁t❡❞ ❢♦r ❜② ❝♦✁❢♦❝❛✂ ❞❡t❡❝t�♦✁ ♦❢ t❤❡ ♣r♦♣❡rt�❡s

♦❢ t❤❡ ❡❛r❞r✉♠ ❞✉r�✁❣ t❤❡ s❛♠❡ ♠❡❛s✉r❡♠❡✁t✱ �♠♣r♦✈❡❞ s�❣✁❛✂ ♣r♦❝❡ss�✁❣ ❛✁❞ ♠♦❞❡✂✂�✁❣ ♦❢ ✂�❣❤t

♣r♦♣❛❣❛t�♦✁ ❛r❡ ✁❡❝❡ss❛r② t♦ ❛❝❝♦✉✁t ❢♦r ❝❤❛✁❣❡❞ s❝❛tt❡r�✁❣ ♦❢ t❤❡ ❡❛r❞r✉♠✳

❚❡sts ♦✁ t❤❡ ❤❛✁❞ ♦❢ ❤❡❛✂t❤② ✈♦✂✉✁t❡❡rs s❤♦✇❡❞ t❤❛t t❤❡ ♣r♦♣♦s❡❞ s②st❡♠ �s ❛❜✂❡ t♦ ❞❡t❡❝t ❛

❝❤❛✁❣❡ �✁ t❤❡ ❝♦✁❝❡✁tr❛t�♦✁ ♦❢ ❤❛❡♠♦❣✂♦❜�✁ ♦❢ ✂�✈�✁❣ t�ss✉❡ ♠❡❛s✉r❡❞ t❤r♦✉❣❤ ❛✁ ❡❛r❞r✉♠ s�♠✉✂❛t✲

�✁❣ s❝❛tt❡r�✁❣ ✂❛②❡r✳ ❚❤❡ ✁❡①t st❡♣s ❛r❡ t❤❡ �♠♣r♦✈❡♠❡✁t ♦❢ s�❣✁❛✂ ♣r♦❝❡ss�✁❣ t♦ ❛❝❝♦✉✁t ❢♦r ❝❤❛✁❣❡s

♦❢ t❤❡ ♠❡❛s✉r❡❞ �✁✌❛♠♠❛t�♦✁ �✁❞❡① ❞✉❡ t♦ s❝❛tt❡r�✁❣ ♦❢ t❤❡ ❡❛r❞r✉♠✳ ❖✁❝❡ t❤�s �s ❛❝❤�❡✈❡❞✱ t❤❡

♦♣t�❝❛✂ s②st❡♠ ❝❛✁ ❜❡ ♠�✁�♠�s❡❞ t♦ ❛✂✂♦✇ ♠❡❛s✉r❡♠❡✁ts ♦✁ t❤❡ ❡❛r ❛✁❞ ♣�✂♦t tr�❛✂s ❢♦r ❡✈❛✂✉❛t�♦✁

❛✁❞ ❝❛✂�❜r❛t�♦✁ ♦❢ t❤❡ s②st❡♠✳
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✼�✷✸ ❯s✐♥❣ ❝♦♥✂♦❝❛☎ ❞❡✄❡❝✄❡❞ s✐❣♥❛☎ ✂r♦♠ ✄❤❡ ❡❛r❞r✉♠ ✄♦ ❝♦rr❡❝✄ ✄❤❡ ✐♥✌❛♠♠❛✄✐♦♥ ✐♥❞❡① ✁✞✼

✞�✁ Pr♦♣♦s❡❞ ☎❛②♦✉✄ ♦✂ ✄❤❡ ♦♣✄✐❝❛☎ s②s✄❡♠ � � � � � � � � � � � � � � � � � � � � � � � � � ✁✟✻

❆�✁ ▼❛ss♦♥ s✄❛✐♥❡❞ s❛♠♣☎❡ ♦✂ ✄❤❡ ❣✉✐♥❡❛ ♣✐❣ ♠✐❞❞☎❡ ❡❛r � � � � � � � � � � � � � � � � � ✷✆✆

❇�✁ ❙✐♠✉☎❛✄✐♦♥✱ ☞✄✄✐♥❣✱ ❛♥❞ s❛♠♣☎✐♥❣ ✄❡s✄ ✂♦r ✄❤❡ ♣♦s✐✄✐♦♥ ❛♥❞ ❛♥❣☎❡ ♦✂ ♣❤♦✄♦♥s ❡①✐✄✐♥❣

✄❤❡ ♠✉❝♦s❛ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ✷✆✸

❈�✁ ❙♣✉✄✄❡r✐♥❣ ♦✂ ✄❤❡ ❝❤r♦♠❡ s✄♦♣ ♦♥ ❛ ❣☎❛ss s☎✐❞❡ � � � � � � � � � � � � � � � � � � � � � ✷✆✝

❋�✁ Pr♦✄♦❝♦☎ ♦✂ ✄❤❡ ❡①♣❡r✐♠❡♥✄s ♦♥ ❤✉♠❛♥ ❤❛♥❞s � � � � � � � � � � � � � � � � � � � � � ✷✸✸

①✐✐✐



❋✳✷ ■♥✌❛��❛✁✐♦♥ ✐♥❞❡① �❡❛✂✉r❡❞ ♦♥ ❤✉�❛♥ ✈♦✄✉♥✁❡❡r✂ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷☎✆

①✐✈



▲✐st ♦❢ ❚❛❜�❡s

✷✁✶ ❖✈✂r✈✄✂✇ ☎✆ ✝❤✂ Pr✂✞✂♥✝✂❞ ■♠✟✠✄♥✠ ▼✂✝❤☎❞✞ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✸✡
✷✁✷ ❖✈✂r✈✄✂✇ ☎✆ ✝❤✂ Pr✂✞✂♥✝✂❞ ■♠✟✠✄♥✠ ▼✂✝❤☎❞✞✱ ❈☎♥✝✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✸☛

✸✁✶ ❆✈✂r✟✠✂ ☎☞✝✄❝✟✌ ☞r☎☞✂r✝✄✂✞ ☎✆ ♠✉❝☎✞✟ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✡☛
✸✁✷ ■♥✍✉✂♥❝✂ ☎✆ ❞✄✞✂✟✞✂ ☎♥ ♠✂✝✟✎☎✌✄❝ ☞✟r✟♠✂✝✂r✞ ☎✆ ♠✉❝☎✉✞ ✝✄✞✞✉✂✞ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✡✹
✸✁✸ ❈☎♠☞✟r✄✞☎♥ ☎✆ ❤✉♠✟♥ ✟♥❞ ✟♥✄♠✟✌ ✂✟r❞r✉♠✞ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ☛✶
✸✁✡ ❉✂✞✄r✂❞ ☎☞✝✄❝✟✌ ❝☎✂✏❝✄✂♥✝✞ ✟♥❞ r✂q✉✄r✂❞ ❝☎♥❝✂♥✝r✟✝✄☎♥ ☎✆ ✞❝✟✝✝✂r✄♥✠ ✟♥❞ ✟✎✞☎r✎✄♥✠

✟✠✂♥✝ ✆☎r ✝❤✂ ☎♥✂✲✇✟✈✂✌✂♥✠✝❤ ♠✉❝☎✞✟ ☞❤✟♥✝☎♠✞ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✹✷
✸✁☛ ❙✉r✆✟❝✂ r☎✉✠❤♥✂✞✞ ☎✆ ✝❤✂ ♠✉❝☎✞✟ ☞❤✟♥✝☎♠✞ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✹✡
✸✁✹ ❉✂✞✄r✂❞ ☎☞✝✄❝✟✌ ❝☎✂✏❝✄✂♥✝✞ ✟♥❞ r✂q✉✄r✂❞ ❝☎♥❝✂♥✝r✟✝✄☎♥ ☎✆ ✞❝✟✝✝✂r✄♥✠ ✟♥❞ ✟✎✞☎r✎✄♥✠

✟✠✂♥✝ ✆☎r ✝❤✂ ✝✇☎✲✇✟✈✂✌✂♥✠✝❤ ♠✉❝☎✞✟ ☞❤✟♥✝☎♠✞ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✹✻
✸✁✼ ❉②✂ ❝☎♥❝✂♥✝r✟✝✄☎♥ ✟♥❞ r✂✞✉✌✝✄♥✠ ✟✎✞☎r☞✝✄☎♥ ☎✆ ✝❤✂ ✑✎r✂ ✠✌✟✞✞ ✂✟r❞r✉♠ ☞❤✟♥✝☎♠✞ ✁ ✼✷

✡✁✶ ❈☎♥✝r✟✞✝ ✆☎r ❞✄✒✂r✂♥✝ ✇✟✈✂✌✂♥✠✝❤✞ ✟♥❞ ✂✟r❞r✉♠ ✌✟②✂r✞ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✽✶
✡✁✷ ❈☎♥✝r✟✞✝ ✆☎r ❝❤✟♥✠✂❞ ❞✄✞✝✟♥❝✂ ✎✂✝✇✂✂♥ ✂✟r❞r✉♠ ✟♥❞ ✝✟r✠✂✝ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✽✷

☛✁✶ ❘✂✞✉✌✝✞ ☎✆ ✝✂✞✝ ✠✂☎♠✂✝r② ✹✁✶✟✓ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✻✽
☛✁✷ ❘✂✞✉✌✝✞ ☎✆ ✝✂✞✝ ✠✂☎♠✂✝r② ✹✁✶✎✓ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✻✽
☛✁✸ ❘✂✞✉✌✝✞ ☎✆ ✝✂✞✝ ✠✂☎♠✂✝r② ✹✁✹ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✻✽
☛✁✡ ✔✂✞✝ ☎✆ ❞✄✒✂r✂♥✝ ✄♠☞✌✂♠✂♥✝✟✝✄☎♥✞ ☎✆ ✝❤✂ ✇❤✄✝✂ ▼☎♥✝✂ ❈✟r✌☎ ❝☎❞✂ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✶✕✕
☛✁☛ ❈☎♠☞✟r✄✞☎♥ ☎✆ ❲✄♥✖✂♥✞✸❉ r✂✞✉✌✝✞ ✇✄✝❤ ✝❤✂ ❝☎❞✂ ✄♠☞✌✂♠✂♥✝✂❞ ❤✂r✂ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✶✕✷
☛✁✹ ❖☞✝✄❝✟✌ ☞✟r✟♠✂✝✂r✞ ☎✆ ✝❤✂ ✞✄♠✉✌✟✝✂❞ ♠✄❞❞✌✂ ✂✟r ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✶✕✸
☛✁✼ P✟r✟♠✂✝✂r✞ ✝❤✟✝ ❝✟♥ ❝❤✟♥✠✂ ✄♥ ✝❤✂ ☎☞✝✄❝✟✌ ✞②✞✝✂♠ ✟♥❞ ✝❤✂ ♠✄❞❞✌✂ ✂✟r ✟♥❞ ❝✟♥ ❤✟✈✂

✟♥ ✄♥✍✉✂♥❝✂ ☎♥ ✝❤✂ ✟♥✝✄✲❝☎♥✆☎❝✟✌ ♠✂✟✞✉r✂♠✂♥✝ ☎✆ ✄♥✍✟♠♠✟✝✄☎♥✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✶✕☛

✹✁✶ ❙✂✌✂❝✝✂❞ ✇✟✈✂✌✂♥✠✝❤ ✄♥ ❞✂☞✂♥❞✂♥❝✂ ☎✆ ✝❤✂ ✞❝✟✌✄♥✠ ✆✟❝✝☎r ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✶✸✽
✹✁✷ ❙✂✌✂❝✝✂❞ ✇✟✈✂✌✂♥✠✝❤ ✄♥ ❞✂☞✂♥❞✂♥❝✂ ☎✆ ✝❤✂ ✞✝☎☞ r✟❞✄✉✞ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✁ ✶✸✻

①✈



✼�✶ ❚♦✁❛✂ ✁r❛✄s♠✐ss✐♦✄ ✁❤r♦☎❣❤ ❞✐☛❡r❡✄✁ ❡❛r❞r☎♠ s❛♠♣✂❡s � � � � � � � � � � � � � � � � ✶✆✝

✼�✷ ❈❡✄✁r❛✂ ✁r❛✄s♠✐ss✐♦✄ ✁❤r♦☎❣❤ ❞✐☛❡r❡✄✁ ❡❛r❞r☎♠ s❛♠♣✂❡s � � � � � � � � � � � � � � � ✶✆✞

①✈✐



❈❤�♣✁❡r ✶

■♥t✂♦❞✄☎t✐♦♥

❚✆✝ ❛✞♠ ✟✠ ✡✆✞s ☛☞✟❥✝❝✡ ✞s ✡✟ ✌✝✈✝❧✟☛ ❛✍ ✟☛✡✞❝❛❧ ✌✞❛✎✍✟s✡✞❝ ✌✝✈✞❝✝ ✠✟☞ ✡✆✝ ✞♠☛☞✟✈✝✌ ✌✞❛✎✍✟s✞s ✟✠
✡✆✝ ✞✍✏❛♠♠❛✡✟☞② s✡❛✡✝ ✟✠ ✡✆✝ ♠✞✌✌❧✝ ✝❛☞ ♠✉❝✟s❛ ✌✉☞✞✍✎ ✟✡✞✡✞s ♠✝✌✞❛ ✇✞✡✆ ✝✑✉s✞✟✍ ✭❖▼❊✮ ✞✍
❝✆✞❧✌☞✝✍✳ ❚✟ ✉✍✌✝☞s✡❛✍✌ ✡✆✞s ✡❛s❦✱ ✡✆✝ ❛✍❛✡✟♠② ✟✠ ✡✆✝ ♠✞✌✌❧✝ ✝❛☞✱ ✡✆✝ ❝❧✞✍✞❝❛❧ s✡❛✡✝ ✟✠ ❖▼❊ ❛✍✌
✞✡s ❝✟✍s✝q✉✝✍❝✝s ❛☞✝ ✝①☛❧❛✞✍✝✌ ✒☞s✡✳ ❇❛s✝✌ ✟✍ ✡✆✞s ❦✍✟✇❧✝✌✎✝✱ ✡✆✝ ✡❛s❦ ✞s ✡✆✝✍ ✝①☛❧❛✞✍✝✌ ✞✍ ✌✝✡❛✞❧
✞✍ ❙✝❝✡✞✟✍ ✓✳✺ ❛✍✌ ✡✆✝ ✟✉✡❧✞✍✝ ✟✠ ✡✆✞s ☞✝☛✟☞✡ ☛☞✝s✝✍✡✝✌ ✞✍ ❙✝❝✡✞✟✍ ✓✳✻✳

✔✕✔ ❆✖✗✘✙✚✛ ✙❢ ✘✜✢ ✣✗✤

❚✆✝ ✝❛☞ ✞s ✌✞✈✞✌✝✌ ✞✍✡✟ ✡✆☞✝✝ ☛❛☞✡s✱ ✡✆✝ ✟✉✡✝☞✱ ♠✞✌✌❧✝✱ ❛✍✌ ✞✍✍✝☞ ✝❛☞ ❛s s✆✟✇✍ ✞✍ ❋✞✎✉☞✝ ✓✳✓✳ ❚✆✝
✟✉✡✝☞ ✝❛☞ ❝✟✍s✞s✡s ✟✠ ✡✆✝ ☛✞✍✍❛ ❛✍✌ ✡✆✝ ✝①✡✝☞✍❛❧ ✝❛☞ ❝❛✍❛❧✱ ❛❧s✟ ❝❛❧❧✝✌ ✝①✡✝☞✍❛❧ ❛✉✌✞✡✟☞② ♠✝❛✡✉s✱
✇✆✞❝✆ ✆❛s ❛ ❧✝✍✎✡✆ ✟✠ ❛✥✟✉✡ ✷✺♠♠ ✠☞✟♠ ☛✞✍✍❛ ✡✟ ✝❛☞✌☞✉♠✳ ❚✆✝ ✝❛☞ ❝❛✍❛❧ ✞s ❝✞☞❝✉❧❛☞ ✞✍ ❝✆✞❧✌☞✝✍
❛✍✌ ✆❛s ❛✍ ❛☛☛☞✟①✞♠❛✡✝ ✌✞❛♠✝✡✝☞ ✟✠ ✻♠♠✳ ✦✡ ✆❛s ✡✆✝ s✆❛☛✝ ✟✠ ❛ ❧❛✧② ❭❙★✱ s✟ ✞✡ ✞s ☛✟ss✞✥❧✝ ✡✟
s✝✝ ✡✆✝ ✝❛☞✌☞✉♠✱ ❛❧s✟ ❝❛❧❧✝✌ ✡✆✝ ✡②♠☛❛✍✞❝ ♠✝♠✥☞❛✍✝ ✭❚▼✮✱ ✠☞✟♠ ✡✆✝ ✟✉✡s✞✌✝ ✉s✞✍✎ ❛✍ ✟✡✟s❝✟☛✝ ✭❛
✌✞❛✎✍✟s✡✞❝ ✞✍s✡☞✉♠✝✍✡ ✡✟ ✞✍✈✝s✡✞✎❛✡✝ ✡✆✝ ❛☛☛✝❛☞❛✍❝✝ ✟✠ ✡✆✝ ✝❛☞✌☞✉♠ ✌✝s❝☞✞✥✝✌ ❧❛✡✝☞ ✞✍ ❙✝❝✡✞✟✍ ✷✳✓✮
✡✟ s✡☞❛✞✎✆✡✝✍ ✡✆✝ ✝❛☞ ❝❛✍❛❧ ❛✍✌ ✞❧❧✉♠✞✍❛✡✝ ❛✍✌ ✞♠❛✎✝ ✡✆✝ ✝❛☞✌☞✉♠ ❬✓✩✳

❚✆✝ ✝❛☞✌☞✉♠ ✞s ❛ ✡☞❛✍s❧✉❝✝✍✡ s✡☞✉❝✡✉☞✝✱ ✌✞✈✞✌✞✍✎ ✡✆✝ ✟✉✡✝☞ ❛✍✌ ♠✞✌✌❧✝ ✝❛☞ ✇✆✞❝✆ ❝✟✍✡❛✞✍s ✡✆✝
✟ss✞❝❧✝s✱ ❝❛❧❧✝✌ ✡✆✝ ♠❛❧❧✝✉s✱ ✞✍❝✉s✱ ❛✍✌ s✡❛☛✝s✳ ❚✆✝ ✟ss✞❝❧✝s ✡☞❛✍s✠✝☞ ❛✍✌ ❛♠☛❧✞✠② ✡✆✝ ☛☞✝ss✉☞✝
✈❛☞✞❛✡✞✟✍s ✠☞✟♠ ✡✆✝ ✝❛☞✌☞✉♠ ✡✟ ✡✆✝ ❝✟❝✆❧✝❛ ✞✍ ✡✆✝ ✞✍✍✝☞ ✝❛☞✳ ❚✆✝ s②s✡✝♠ ✟✠ ✝❛☞✌☞✉♠ ❛✍✌ ✟ss✞❝❧✝s
☛☞✟✈✞✌✝s ✞♠☛✝✌❛✍❝✝ ♠❛✡❝✆✞✍✎ ✟✠ ❛✞☞ ✭✝✍✈✞☞✟✍♠✝✍✡✮ ✡✟ ❧✞q✉✞✌ ✭✞✍✍✝☞ ✝❛☞✮ ❛✍✌ ☛☞✝✈✝✍✡ ✡✆✝ ☞✝✏✝❝✡✞✟✍
✟✠ ✡✆✝ ♠❛❥✟☞✞✡② ✟✠ ✡✆✝ ✝✍✝☞✎② ❛✡ ✡✆✝ ✞✍✡✝☞✠❛❝✝ ✟✠ ✥✟✡✆ ♠✝✌✞❛ ✇✆✞❝✆ ✇✟✉❧✌ ✥✝ ✡✆✝ ❝❛s✝ ✟✡✆✝☞✇✞s✝✳ ❚✆✝
❝❛✈✞✡② ✟✠ ✡✆✝ ♠✞✌✌❧✝ ✝❛☞✱ ❝❛❧❧✝✌ ✡✆✝ ✡②♠☛❛✍✞❝ ❝❛✈✞✡②✱ ✆❛s ❛ ✈✟❧✉♠✝ ✟✠ ❛✥✟✉✡ ✵✳✺ ❝♠✸ ❬✷✩✳ ❚✆✝ ✈✝☞✡✞❝❛❧
✭✆✝✞✎✆✡✮ ❛✍✌ ❛✍✡✝☞✞✟☞✲☛✟s✡✝☞✞✟☞ ✭❧✝✍✎✡✆✱ ✞✍✡✟ ✡✆✝ ☛❛☛✝☞ ✞✍ ❋✞✎✉☞✝ ✓✳✓✮ ✌✞♠✝✍s✞✟✍s ✟✠ ✡✆✝ ♠✞✌✌❧✝ ✝❛☞
❝❛✈✞✡② ❛☞✝ ✓✺♠♠ ❛✍✌ ✡✆✝ ✡☞❛✍s✈✝☞s✝ ✌✞❛♠✝✡✝☞ ✭✇✞✌✡✆✱ ✆✟☞✞✧✟✍✡❛❧ ✌✞♠✝✍s✞✟✍ ✞✍ ❋✞✎✉☞✝ ✓✳✓✮ ✞s ❛✥✟✉✡

✓







❈❍�✁❚❊❘ ✶✂ ■◆❚❘❖❉❯❈❚■❖◆ ✹

t✐♠❡✳ ✄t ✐s ❛ ❝❤r♦☎✐❝ ✐☎✌❛♠♠❛t✐♦☎ ♦✆ t❤❡ ♠✐❞❞❧❡ ❡❛r ❛☎❞ ♠❛② ♣❡rs✐st ✉♣ t♦ s❡✈❡r❛❧ ②❡❛rs✳ ✝❤✐s

✐☎✌❛♠♠❛t✐♦☎ ✐s ❝❛✉s❡❞ ❜② ❛☎ ✐rr✐t❛t✐♦☎ ♦✆ t❤❡ ♠✉❝♦✉s ♠❡♠❜r❛☎❡ ✐☎ t❤❡ ♠✐❞❞❧❡ ❡❛r ❛☎❞ ✞✉st❛❝❤✐❛☎

t✉❜❡ ✐☎❝r❡❛s✐☎❣ t❤❡ ♣r♦❞✉❝t✐♦☎ ♦✆ s❡❝r❡t✐♦☎ ✇✐t❤ ❤✐❣❤❡r ✈✐s❝♦s✐t② ❛☎❞ s✇❡❧❧✐☎❣ ♦✆ t❤❡ ♠✉❝♦s❛ ✐☎ t❤❡

✞✉st❛❝❤✐❛☎ t✉❜❡ ❛☎❞ t❤✉s ✐♠♣❛✐r❡❞ ❝❧❡❛r❛☎❝❡ ♦✆ t❤❡ ♠✐❞❞❧❡ ❡❛r ❝❛✈✐t②✳ ❆❝❝♦r❞✐☎❣ t♦ t❤❡ s✉r❣❡♦☎s✱

t❤❡ ✐☎✌❛♠♠❛t✐♦☎ ✐s ♠♦r❡ s❡✈❡r❡ ✐☎ t❤❡ ❧♦✇❡r ♣❛rt ♦✆ t❤❡ ♠✐❞❞❧❡ ❡❛r ❝❧♦s❡ t♦ t❤❡ ✞✉st❛❝❤✐❛☎ t✉❜❡

❛☎❞ ❧❡ss s❡✈❡r❡ ❛❜♦✈❡ t❤❡ ❡❛r❞r✉♠✱ ❛s s❤♦✇☎ ✐☎ ❋✐❣✉r❡ ✟✳✟ ✇✐t❤ ❛ t❤✐❝❦❡r ♠❛r❦❡❞ ♠✉❝♦s❛ ☎❡❛r t❤❡

✞✉st❛❝❤✐❛☎ t✉❜❡✳ ✝❤❡ s❡❝r❡t✐♦☎ ☞❧❧✐☎❣ t❤❡ ♠✐❞❞❧❡ ❡❛r ❝❛✈✐t② ❞❛♠♣s t❤❡ ♠♦✈❡♠❡☎t ♦✆ t❤❡ ❡❛r❞r✉♠

❧❡❛❞✐☎❣ t♦ ❞❡❝r❡❛s❡❞ s♦✉☎❞ tr❛☎s♠✐ss✐♦☎ t♦ t❤❡ ❝♦❝❤❧❡❛ ❛☎❞ t❤✉s ❤❡❛r✐☎❣ ❧♦ss✳

✄☎ ✻✠✪ ♦✆ t❤❡ ❝❛s❡s ✡▼✞ r❡s♦❧✈❡s s♣♦☎t❛☎❡♦✉s❧② ✇✐t❤✐☎ t❤r❡❡ ♠♦☎t❤s ♠❛❦✐☎❣ s✉r❣❡r② ✉☎☎❡❝✲

❡ss❛r②✳ ❇✉t ✐✆ ❛ s✐❣☎✐☞❝❛☎t ❤❡❛r✐☎❣ ❧♦ss ✐s ♣r❡s❡☎t ✆♦r ♠♦r❡ t❤❛☎ t❤r❡❡ ♠♦☎t❤s ❛☎❞ t❤❡ ❝❤✐❧❞✬s

s♣❡❡❝❤ ❛☎❞ ❡❞✉❝❛t✐♦☎ ✐s ❛☛❡❝t❡❞✱ ❛ s✉r❣❡r② ✐s r❡❝♦♠♠❡☎❞❡❞ ❜② ✍✄✎✞ ✭✝❤❡ ✍❛t✐♦☎❛❧ ✄☎st✐t✉t❡ ✆♦r

✏❡❛❧t❤ ❛☎❞ ✎❛r❡ ✞①❝❡❧❧❡☎❝❡✮ ❣✉✐❞❡❧✐☎❡s ❬✽✑✳ ✄☎ t❤❡s❡ s✉r❣❡r✐❡s✱ ❝❛❧❧❡❞ ♠②r✐☎❣♦t♦♠②✱ t❤❡ ❡❛r❞r✉♠

✐s ♣✉☎❝t✉r❡❞ ❛☎❞ t❤❡ ❡☛✉s✐♦☎ ✐s ❛s♣✐r❛t❡❞ ✇❤✐❧❡ t❤❡ ❝❤✐❧❞ ✐s ✉☎❞❡r ❣❡☎❡r❛❧ ❛☎❛❡st❤❡t✐❝ ❬✼✑✳ ✝❤❡☎

❛ ✈❡☎t✐❧❛t✐♦☎ t✉❜❡ ❛❧s♦ ❝❛❧❧❡❞ ❣r♦♠♠❡t ✐s ✐☎s❡rt❡❞ ✐☎t♦ t❤❡ ❡❛r❞r✉♠ t♦ r❡♣❧❛❝❡ t❤❡ ✆✉☎❝t✐♦☎ ♦✆ t❤❡

❜❧♦❝❦❡❞ ✞✉st❛❝❤✐❛☎ t✉❜❡ ❜② ✈❡☎t✐❧❛t✐☎❣ t❤❡ ♠✐❞❞❧❡ ❡❛r✳ ❆✆t❡r s✐① ♠♦☎t❤ ♦r ❧♦☎❣❡r✱ ❞❡♣❡☎❞✐☎❣ ♦☎

t❤❡ t②♣❡ ♦✆ t❤❡ ✈❡☎t✐❧❛t✐♦☎ t✉❜❡✱ t❤❡ ❡❛r❞r✉♠ ❣r♦✇s ❜❛❝❦ ❝❧♦s✐☎❣ t❤❡ ❤♦❧❡ ❡①tr✉❞✐☎❣ t❤❡ ❣r♦♠♠❡t✳

✄☎ ✞☎❣❧❛☎❞✱ ♠♦r❡ t❤❛☎ ✠✸✱✸✸✸ ♦✆ t❤❡s❡ s✉r❣❡r✐❡s ❛r❡ ♣❡r✆♦r♠❡❞ ❡❛❝❤ ②❡❛r ✭❞❛t❛ ✆r♦♠ ✷✸✸✒✓✸✻✮ ❬✾✑

❛☎❞ t❤✐s ✐s ♦☎❡ ♦✆ t❤❡ ♠♦st ❝♦♠♠♦☎ s✉r❣❡r✐❡s ♣❡r✆♦r♠❡❞ ♦☎ ❝❤✐❧❞r❡☎ ✐☎ t❤❡ ❞❡✈❡❧♦♣❡❞ ✇♦r❧❞ ❬✟✸✑✳

❇✉t t❤✐s ♦♣❡r❛t✐♦☎ ✐s ✆❛r ✆r♦♠ ✐❞❡❛❧✱ ✐☎ ✷✒✪ ♦✆ t❤❡ ❝❛s❡s✱ ✆✉rt❤❡r s✉r❣❡r② ✐s ☎❡❝❡ss❛r② ✇✐t❤✐☎ t✇♦

②❡❛rs ❞✉❡ t♦ r❡❝✉rr❡☎❝❡ ♦✆ ✡▼✞✳ ✝❤❡ r❡❝✉rr❡☎❝❡ ♦✆ ✡▼✞ ✐s ❞✉❡ t♦ ♣❡rs✐st❡☎❝❡ ♦✆ t❤❡ ✐☎✌❛♠♠❛t✐♦☎✱

❝✉rr❡☎t❧② ❜✐♦☞❧♠s ❛r❡ ❝♦☎s✐❞❡r❡❞ t❤❡ ♣r♦❜❛❜❧❡ ❝❛✉s❡ ❬✟✸✑✳ ❆❞❞✐t✐♦☎❛❧❧②✱ ❛ ✈❡☎t✐❧❛t✐♦☎ t✉❜❡ ✐☎❝r❡❛s❡s

t❤❡ r✐s❦ ♦✆ ♣❡rs✐st❡☎t ♣❡r✆♦r❛t✐♦☎ ♦✆ t❤❡ ❡❛r❞r✉♠✱ t❤❡ ❧♦☎❣❡r ✐t st❛②s ✐☎ ♣❧❛❝❡ ❬✟✟✱ ✟✷✑✳

✔✕✖ ✗✘✙✚✛✜✙✚✘♥ ❢✘✢ ✙✣✚✤ P✢✘❥✥✦✙

✡▼✞ ✐s ❞✐❛❣☎♦s❡❞ ❜② ❛ ❤✐st♦r② ♦✆ ❤❡❛r✐☎❣ ❧♦ss ❛☎❞ ♦t♦s❝♦♣② ❛☎❞ ✐s ❝♦☎☞r♠❡❞ ❜② t②♠♣❛☎♦♠❡tr②

✭▼❡❛s✉r❡♠❡☎t ♦✆ t❤❡ ♣r❡ss✉r❡ ❞❡♣❡☎❞❡☎t s♦✉☎❞ s✐❣☎❛❧ r❡✌❡❝t❡❞ ♦☛ t❤❡ ❡❛r❞r✉♠✳ ❋♦r ♠♦r❡ ❞❡t❛✐❧

s❡❡ ❙❡❝t✐♦☎ ✷✳✟✳✷✮✳ ✝❤❡ ❞✐❛❣☎♦s✐s ❜② ♦t♦s❝♦♣② r❡q✉✐r❡s ❛☎ ❡①♣❡r✐❡☎❝❡❞ ❝❧✐☎✐❝✐❛☎ t♦ ❣✐✈❡ ❛ ❞❡☞☎✐t❡

❛☎❞ ❝♦rr❡❝t ❞✐❛❣☎♦s✐s✳ ❋✉rt❤❡r✱ t❤❡r❡ ❛r❡ ♦☎❧② ❣✉✐❞❡❧✐☎❡s s✉❣❣❡st✐☎❣ ✇❤❡☎ t♦ ♣❡r✆♦r♠ ❛ s✉r❣❡r② ❛☎❞

t❤❡s❡ ❛r❡ ♦✆t❡☎ ✐❣☎♦r❡❞ ❬✟✠✱ ✟✹✑✳ ✝❤❡s❡ ✆❛❝ts ❛s❦ ✆♦r ✐♠♣r♦✈❡❞ ❛☎❞ st❛☎❞❛r❞✐s❡❞ t❡❝❤☎✐q✉❡s ✆♦r t❤❡

❞✐❛❣☎♦s✐s ♦✆ ♦t✐t✐s ♠❡❞✐❛ ❬✾✑✳

✝♦ ❞❛t❡ t❤❡r❡ ✐s ☎♦ ✇❛② ♦✆ ♣r❡❞✐❝t✐☎❣ ✐☎ ✇❤✐❝❤ ❝❛s❡s ✡▼✞ ✇✐❧❧ r❡❝✉r ❛☎❞ ✐☎ ✇❤✐❝❤ ✐t ✇✐❧❧ ☎♦t✳ ❲❡

❤②♣♦t❤❡s✐s❡ t❤❛t ✐☎ t❤❡ r❡❝✉rr❡☎t ❝❛s❡s t❤❡ ♠✉❝♦s❛ ❞♦❡s ☎♦t r❡t✉r☎ t♦ ☎♦r♠❛❧ ❜✉t st❛②s ✐☎✌❛♠❡❞

r❡s✉❧t✐☎❣ ✐☎ ❛ ☎❡✇ ✌✉✐❞ ❜✉✐❧❞✲✉♣ ❛✆t❡r t❤❡ ❣r♦♠♠❡t ✐s ❡①♣❡❧❧❡❞ ✆r♦♠ t❤❡ ❡❛r❞r✉♠✳ ❇✉t ❛t t❤❡

♠♦♠❡☎t t❤❡r❡ ❛r❡ ☎♦ ❞✐❛❣☎♦st✐❝ ❞❡✈✐❝❡s ❛✈❛✐❧❛❜❧❡ t♦ ❛ss❡ss t❤❡ ✐☎✌❛♠♠❛t✐♦☎ ✐☎ t❤❡ ♠✐❞❞❧❡ ❡❛r ❛☎❞
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t❡st t❤✐s ❤②♣♦t❤❡s✐s✳

✄❤✐s ♠♦t✐✈❛t❡s t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦☎ ❛ ❞✐❛❣♥♦st✐❝ ❞❡✈✐❝❡ ❛✆❧❡ t♦ ❛ss❡ss t❤❡ ✐♥✌❛♠♠❛t✐♦♥ ♦☎ t❤❡

♠✐❞❞❧❡ ❡❛✝ ♠✉❝♦s❛ ❛☎t❡✝ ♠②✝✐♥❣♦t♦♠②✳ ✞☎ t❤❡ ❤②♣♦t❤❡s✐s ✐s ♣✝♦✈❡♥ ❝♦✝✝❡❝t✱ t❤❡ ❞❡✈✐❝❡ ❝♦✉❧❞ ✆❡

✉s❡❞ t♦ ♣✝❡❞✐❝t t❤❡ ❝♦✉✝s❡ ♦☎ ✟▼✠ ❛♥❞ ✝❡❝✉✝✝❡♥❝❡✳ ✄❤✐s ✇♦✉❧❞ ✝❡❞✉❝❡ st✝❡ss ☎♦✝ t❤❡ ❝❤✐❧❞ ❛♥❞

❞❡❝✝❡❛s❡ ❝♦sts ❛♥❞ s❛✈❡ t✐♠❡ ☎♦✝ t❤❡ ✡☛☞ ❛♥❞ ♣❛✝❡♥ts ✆② ❛✈♦✐❞✐♥❣ ✉♥♥❡❝❡ss❛✝② ✈✐s✐ts t♦ ❛ ❞♦❝t♦✝

☎♦✝ ♥♦♥✲✝❡❝✉✝✝❡♥t ❝❛s❡s✳ ❋✉✝t❤❡✝✱ ✐t ✇♦✉❧❞ ✐♥❝✝❡❛s❡ t❤❡ ❝✝❡❞✐✆✐❧✐t② ♦☎ t❤❡ ❞✐❛❣♥♦s✐s ✇❤❡♥ ✆❡✐♥❣ ❛✆❧❡

t♦ ♣❡✝☎♦✝♠ ❛ ♠♦✝❡ ❛❝❝✉✝❛t❡ st❛t❡♠❡♥t ♦☎ t❤❡ ❝♦✉✝s❡ ♦☎ ✟▼✠✳

✍✎✏ ✑✒✓✔✕✖✕✗✔ ✗❢ ✖✘✒ Pr✗❜✙✒✚

✄❤❡ t❛s❦ ✐s t♦ ❞❡✈❡❧♦♣ ❛ ❞❡✈✐❝❡ ❛✆❧❡ t♦ ♣❡✝☎♦✝♠ ❛ss❡ss♠❡♥t ♦☎ t❤❡ ♠✐❞❞❧❡ ❡❛✝ ✐♥✌❛♠♠❛t✐♦♥ ❛♥❞

❝❤❛✝❛❝t❡✝✐s❡ ✐ts s❡✈❡✝✐t② ❛♥❞ ❝♦✉✝s❡ ♦✈❡✝ t✐♠❡✳ ✄❤❡ ❞❡✈✐❝❡ ♠✉st ✆❡ s✐♠✐❧❛✝ t♦ t❤❡ ❝✉✝✝❡♥t ❞✐❛❣♥♦st✐❝

❞❡✈✐❝❡s ✇✐t❤ ✝❡s♣❡❝t t♦ s✐③❡✱ ❤❛♥❞❧✐♥❣ ❛♥❞ ❝♦♥t❛❝t ✇✐t❤ t❤❡ ♣❛t✐❡♥t ✐♥ ♦✝❞❡✝ t♦ ✆❡ ❡❛s✐❧② ❛❝❝❡♣t❡❞

✐♥t♦ ❝❧✐♥✐❝❛❧ ✉s❡✳ ✄❤✉s t❤❡ ❞❡✈✐❝❡ s❤♦✉❧❞ ❤❛✈❡ ❛ s♠❛❧❧ ❤❛♥❞❤❡❧❞ ❤❡❛❞✱ ✉s❡ t❤❡ s❛♠❡ s♣❡❝✉❧❛ ❛s

st❛♥❞❛✝❞ ♦t♦s❝♦♣❡s✱ ✇❤✐❧❡ ❛♥ ❛❞❞✐t✐♦♥❛❧ t❛✆❧❡ t♦♣ s❡t✉♣ ✐s ❛❝❝❡♣t❛✆❧❡✳ ✄❤❡ t❛✆❧❡ t♦♣ s❡t✉♣ ♠❛②

✐♥❝❧✉❞❡ ❛ ❞✐s♣❧❛②✱ s✐❣♥❛❧ ♣✝♦❝❡ss✐♥❣✱ ❧✐❣❤t s♦✉✝❝❡s✱ ❛♥❞ ♦t❤❡✝ ❝♦♠♣♦♥❡♥ts ❛♥❞ ♠✉st ✆❡ ❝♦♥♥❡❝t❡❞

t♦ t❤❡ ♦♣t✐❝❛❧ ❤❡❛❞ ✈✐❛ ♦♣t✐❝❛❧ ✛✆✝❡s ❛♥❞ s✐❣♥❛❧ ❝❛✆❧❡s t♦ ❛❧❧♦✇ ❡❛s② ♠♦✈❡♠❡♥t ❛♥❞ ❛❧✐❣♥♠❡♥t

♦☎ t❤❡ ♦♣t✐❝❛❧ ❤❡❛❞ ✇✐t❤ t❤❡ ♣❛t✐❡♥t✬s ❡❛✝✳ ✄❤❡ ♠❡❛s✉✝❡♠❡♥t t✐♠❡ ♥❡❡❞s t♦ ✆❡ s❤♦✝t ☎♦✝ ✐t t♦

✆❡ ♣✝❛❝t✐❝❛✆❧❡ ✐♥ t❤❡ ❝❧✐♥✐❝❛❧ ❡①❛♠✐♥❛t✐♦♥ ♦☎ ❝❤✐❧❞✝❡♥✳ ❋✉✝t❤❡✝✱ ♥♦ ✐♥✈❛s✐✈❡ t❡❝❤♥✐q✉❡s s✉❝❤ ❛s

t❤❡ ✉s❡ ♦☎ ✆✐♦♠❛✝❦❡✝s✱ ♦✝ ❛♣♣✝♦❛❝❤ t❤✝♦✉❣❤ t❤❡ ✠✉st❛❝❤✐❛♥ t✉✆❡ ❛✝❡ ❛❧❧♦✇❡❞ ✐♥ ♦✝❞❡✝ t♦ ❡♥❛✆❧❡

q✉✐❝❦ ❛♥❞ ❝❤❡❛♣ ❞✐❛❣♥♦s✐s✳ ❆ss❡ss♠❡♥t ♠✉st ❤❛♣♣❡♥ t❤✝♦✉❣❤ t❤❡ ❡①t❡✝♥❛❧ ❡❛✝ ❝❛♥❛❧✳ ✄❤✉s✱ ❛

s❡❝♦♥❞ ♣✝♦✆❧❡♠ ✐s ✐♥t✝♦❞✉❝❡❞ ④ ♣❡✝☎♦✝♠✐♥❣ ♠❡❛s✉✝❡♠❡♥ts ❛♥❞ ❛ss❡ss♠❡♥t t❤✝♦✉❣❤ t❤❡ ❡❛✝❞✝✉♠✳

✜✉♥❝t✉✝✐♥❣ ♦☎ t❤❡ ❡❛✝❞✝✉♠ ✐s ♥♦t ❛♥ ♦♣t✐♦♥ ❛s ❛ ♥♦♥✲✐♥✈❛s✐✈❡ ❞✐❛❣♥♦st✐❝ ❞❡✈✐❝❡ ✐s ❞❡s✐✝❡❞✳ ❆❧s♦✱

✐♠❛❣✐♥❣ t❤✝♦✉❣❤ t❤❡ ✈❡♥t✐❧❛t✐♦♥ t✉✆❡ ✐s ♥♦t ♣♦ss✐✆❧❡ ❛s ✐t ✐s ♥♦t ❛❧✇❛②s ❛❧✐❣♥❡❞ ✇✐t❤ t❤❡ ❡❛✝ ❝❛♥❛❧✳

❋✐①❛t✐♦♥ ♦☎ ❛ ✈❡♥t✐❧❛t✐♦♥ t✉✆❡✬s ♣♦s✐t✐♦♥ ✐s ♥♦t ♣♦ss✐✆❧❡ ❛s t❤✐s ✝❡q✉✐✝❡s ❝♦♥t❛❝t ✇✐t❤ t❤❡ ❡❛✝❞✝✉♠

❛♥❞ ❛ ♠♦✈❡♠❡♥t ♦☎ t❤❡ ♣❛t✐❡♥t ♠✐❣❤t ❝❛✉s❡ ✝✉♣t✉✝❡ ♦☎ t❤❡ ❡❛✝❞✝✉♠✳ ✄❤✉s✱ t❤❡ s②st❡♠ ♠✉st ✆❡ ❛✆❧❡

t♦ ♦♣t✐❝❛❧❧② ♣❡♥❡t✝❛t❡ t❤❡ ❡❛✝❞✝✉♠ ✇✐t❤♦✉t ❞❛♠❛❣✐♥❣ ✐t ❛♥❞ ✆❡ ❛✆❧❡ t♦ ✛❧t❡✝ s✐❣♥❛❧ ❝♦♠♣♦♥❡♥ts

✝❡s✉❧t✐♥❣ ☎✝♦♠ t❤❡ ♠✉❝♦s❛ ☎✝♦♠ s✐❣♥❛❧ ❝♦♠♣♦♥❡♥ts ✝❡s✉❧t✐♥❣ ☎✝♦♠ t❤❡ ❡❛✝❞✝✉♠ ♦✝ ♦t❤❡✝ st✝✉❝t✉✝❡s

♥♦t ✐♥✈♦❧✈❡❞ ✐♥ t❤❡ ✐♥✌❛♠♠❛t✐♦♥✳ ✞♠❛❣❡ ✝❡❝♦♥st✝✉❝t✐♦♥ ✐s ♥♦t ♥❡❝❡ss❛✝② ❛s ❧♦♥❣ ❛s ✐♥☎♦✝♠❛t✐♦♥

❛✆♦✉t t❤❡ ✐♥✌❛♠♠❛t✐♦♥ ✐s ❝♦❧❧❡❝t❡❞✳

✄❤❡ ❞❡✈✐❝❡ t♦ ✆❡ ❞❡✈❡❧♦♣❡❞ ❤❛s t♦ ♣❡✝☎♦✝♠ ❛❝❝♦✝❞✐♥❣ t♦ t❤❡ ☎♦❧❧♦✇✐♥❣ ✝❡q✉✐✝❡♠❡♥ts✿

❙✢✣✤ ✥✢✦ ✧★✩✪✫✫✪✥✧✣★ ✄♦ ❣✐✈❡ ✐♥☎♦✝♠❛t✐♦♥ ❛✆♦✉t t❤❡ ❞❡❣✝❡❡ ♦☎ t❤❡ ✐♥✌❛♠♠❛t✐♦♥✳

✭✫✪✮✧★✮ ✯✦✰✥✢ ✄❤❡ ✐♥✌❛♠❡❞ t✐ss✉❡ ✐s t❤❡ ♠✐❞❞❧❡ ❡❛✝ ♠✉❝♦s❛ ❤✐❞❞❡♥ ✆❡❤✐♥❞ t❤❡ ❡❛✝❞✝✉♠ ✇✐t❤

❛ t❤✐♥♥❡st ❛✝❡❛ ♦☎ ✺✴ t♦ ✼✴ ✵♠ ❛♥❞ ❛✈❡✝❛❣❡ t❤✐❝❦♥❡ss ♦☎ ✷✴✴ ✵♠ ✇✐t❤ t❤❡ ❝❛✈✐t② ❤❛✈✐♥❣ ❛
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✷✄☎♠♠ ❞❡♣t❤✳ ❆✆ r❡✌❡❝t✐♦✝ ✆✐❣✝❛✞✆ ❛r❡ ♠❡❛✆✉r❡❞✱ t❤❡ ✆✐❣✝❛✞ ♠✉✆t ♣❡✝❡tr❛t❡ t❤❡ ❡❛r❞r✉♠

❛✝❞ t❤❡ ♠✐❞❞✞❡ ❡❛r ❝❛✈✐t② ❛✝❞ r❡t✉r✝ t❤❡ ✆❛♠❡ ♣❛t❤ ✐✝ ♦r❞❡r t♦ ❜❡ ❞❡t❡❝t❛❜✞❡✳ ✟✝ ❤❡❛✞t❤②

❡❛r✆ t❤❡ ♠✐❞❞✞❡ ❡❛r ❝❛✈✐t② ✐✆ ❛✐r ☞✞✞❡❞ ❛✝❞ ❞♦❡✆ ✝♦t ❛❞❞ ✆✐❣✝❛✞ ♦r ❛tt❡✝✉❛t✐♦✝✳ ❲❤✐✞❡ ✠▼✡

❝❛✈✐t✐❡✆ ❝❛✝ ❜❡ ☞✞✞❡❞ ✇✐t❤ ❛ ✌✉✐❞✱ t❤✐✆ ✌✉✐❞ ✐✆ r❡♠♦✈❡❞ ❞✉r✐✝❣ ✈❡✝t✐✞❛t✐♦✝ t✉❜❡ ✐✝✆❡rt✐♦✝ ❛✝❞

t❤✉✆ ❛ ❛✐r ☞✞✞❡❞ ❝❛✈✐t② ♣r❡✆❡✝t ✐✝ t❤❡ ✐✝✈❡✆t✐❣❛t❡❞ ❝❛✆❡✆✳

☛✍✎✏✑♥✏ ✒✓s✔✕✖✗✑✔♥ ✘♦ ✐♠❛❣❡ ✐✆ r❡q✉✐r❡❞❀ ♦✝✞② ❛ ✆✐✝❣✞❡ ✐✝❞✐❝❛t♦r ❢♦r ✐✝✌❛♠♠❛t✐♦✝ ✐✆ ✝❡❝❡✆✆❛r②✳

✙❤✉✆✱ t❤❡ ♦✝✞② r❡q✉✐r❡♠❡✝t ♦✝ r❡✆♦✞✉t✐♦✝ ✐✆ t♦ ❞✐✆t✐✝❣✉✐✆❤ ❜❡t✇❡❡✝ ♠✉❝♦✉✆ t✐✆✆✉❡ ❛✝❞ ❡❛r❞r✉♠

❛✝❞ ♦t❤❡r ✆tr✉❝t✉r❡✆ ✝♦t ✐✝✈♦✞✈❡❞ ✐✝ t❤❡ ✐✝✌❛♠♠❛t♦r② ♣r♦❝❡✆✆✳ ❆ ✞❛r❣❡ ✆❛♠♣✞✐✝❣ ❛r❡❛ ♦❢

t❤❡ ♠✉❝♦✆❛ ✐✆ ❞❡✆✐r❛❜✞❡ ✐✝ ♦r❞❡r t♦ ❛✈❡r❛❣❡ t❤❡ ♠✉❝♦✉✆ ♠❡♠❜r❛✝❡ ♣r♦♣❡rt✐❡✆ ❞✉r✐✝❣ t❤❡

♠❡❛✆✉r❡♠❡✝t✳

✚✔♥✲✑♥✛✎s✑✛✓ ✎♥✜ ✢✖✑✣❦ ✙❤❡ ✐✝✌❛♠♠❛t✐♦✝ ♠✉✆t ❜❡ ❛✆✆❡✆✆❡❞ ❢r♦♠ t❤❡ ❡①t❡r✝❛✞ ❡❛r ❝❛✝❛✞ t❤r♦✉❣❤

t❤❡ ❡❛r❞r✉♠ ✇✐t❤♦✉t ♣✉✝❝t✉r✐✝❣ ♦❢ t❤❡ ❡❛r❞r✉♠ ♦r ✉✆✐✝❣ ❜✐♦♠❛r✤❡r✆ ♦r ✆t❛✐✝✆✳ ❆❝❝❡✆✆✐✝❣

t❤r♦✉❣❤ t❤❡ ✡✉✆t❛❝❤✐❛✝ t✉❜❡ ✐✆ ✝♦t ♣♦✆✆✐❜✞❡ ❛✆ t❤❡ ✐✝✌❛♠❡❞ t✐✆✆✉❡ ✇♦✉✞❞ ❜❡ tr❛✉♠❛t✐✆❡❞

✐✝❝r❡❛✆✐✝❣ t❤❡ r✐✆✤ ♦❢ ✆❝❛rr✐✝❣✳ ✙❤❡ ✐♠❛❣❡ ❛❝q✉✐✆✐t✐♦✝ t✐♠❡ ♠❛② ✝♦t ❡①❝❡❡❞ ❛ ❢❡✇ ✆❡❝♦✝❞✆✱

❛✝❞ t❤❡ ✆②✆t❡♠ ♠✉✆t ❜❡ ✆✐♠✐✞❛r ✐✝ ✉✆❡ t♦ ♦r❞✐✝❛r② ♦t♦✆❝♦♣❡✆✳

✥✦✓✎✧ ✙♦ ❜❡ ✉✆❛❜✞❡ ✐✝ ❝✞✐✝✐❝✆ ✇✐t❤♦✉t ❤✐❣❤ ✐✝✈❡✆t♠❡✝t✆✳ ✭✙❤✐✆ r❡q✉✐r❡♠❡✝t ♠✉✆t ✝♦t ❜❡ ♠❡t ❢♦r

t❤❡ ♣r♦t♦t②♣❡ ❞✉r✐✝❣ t❤❡ r❡✆❡❛r❝❤ ♣❤❛✆❡ ❜✉t ♠✉✆t ❜❡ ❝♦✝✆✐❞❡r❡❞ ✇✐t❤ r❡❣❛r❞ t♦ ❛ ✞❛t❡r ✆t❛❣❡

♦❢ t❤✐✆ ♣r♦❥❡❝t✳✮

★✎♥✜✲✦✓✕✜ ✙❤❡ ❤❡❛❞ ♦❢ t❤❡ ♠♦✝✐t♦r✐✝❣ ❞❡✈✐❝❡ ✆❤♦✉✞❞ ❜❡ ❤❛✝❞✩❤❡✞❞ t♦ ❛✞✞♦✇ ❡❛✆② ❤❛✝❞✞✐✝❣ ❛✝❞

❡❛✆② ✉✆❛❣❡ ❜② t❤❡ ♠❡❞✐❝❛✞ ✆t❛✪✳ ❋✉rt❤❡r✱ ✐t ✆❤♦✉✞❞ ✝♦t t♦ ✆❝❛r❡ t❤❡ ❝❤✐✞❞ ❜② ❜❡✐✝❣ ❛ ❜✉✞✤②

❛✝❞ t❤r❡❛t❡✝✐✝❣ t♦♦✞✳

❙✎✫✓ ✙♦ ❡✝✆✉r❡ ✆❛❢❡t② t❤❡ ♠♦✝✐t♦r✐✝❣ ❞❡✈✐❝❡ ✐✆ ✝♦t ❛✞✞♦✇❡❞ t♦ ❜❡ ✐✝ ❝♦✝t❛❝t ✇✐t❤ t❤❡ ❡❛r❞r✉♠ ❛✝❞

t❤❡ ♦♣t✐❝❛✞ r❛❞✐❛t✐♦✝ ♠✉✆t ✝♦t ❡①❝❡❡❞ ✆❛❢❡t② ✞✐♠✐t✆✳

❋✐❣✉r❡ ✬✳✸ ✆❤♦✇✆ ❛ ✆❝❤❡♠❛t✐❝ ❞r❛✇✐✝❣ ♦❢ t❤❡ ♣r♦❜✞❡♠✳ ✙❤❡ ❤❛✝❞❤❡✞❞ ✐♠❛❣✐✝❣ ✆②✆t❡♠ ✐✆ ♣✞❛❝❡❞

♦✉t✆✐❞❡ t❤❡ ❡❛r ❝❛✝❛✞ ❛✝❞ ❛✆✆❡✆✆❡✆ t❤❡ ♠✐❞❞✞❡ ❡❛r t❤r♦✉❣❤ t❤❡ ❡①t❡r✝❛✞ ❡❛r ❝❛✝❛✞✳ ❆ ✆t❛✝❞❛r❞

♦t♦✆❝♦♣❡ ✆♣❡❝✉✞✉♠ ✐✆ ✉✆❡❞ t♦ ❛✞✐❣✝ t❤❡ ✆②✆t❡♠ ✇✐t❤ t❤❡ ❡❛r ❝❛✝❛✞ ❛✝❞ ❡✝✆✉r❡✆ ❝♦♠♣❛t✐❜✐✞✐t② ✇✐t❤

❝✞✐✝✐❝❛✞ ✆t❛✝❞❛r❞✆✳ ✙❤❡ ♣r♦❜✐✝❣ ✞✐❣❤t ✭❣♦✞❞❡✝✮ ♣❡✝❡tr❛t❡✆ t❤❡ ❡❛r❞r✉♠ ✭❜✞✉❡✮ ❛✝❞ ♠✐❞❞✞❡ ❡❛r ❝❛✈✐t②✱

r❡❛❝❤❡✆ t❤❡ ♠✉❝♦✆❛ ✭r❡❞✮✱ ❛✝❞ ♣r♦♣❛❣❛t❡✆ ❜❛❝✤ t♦ t❤❡ ❞❡t❡❝t♦r ✆②✆t❡♠✳ ✠✝ t❤❡ ✇❛② ✆✐❣✝❛✞ ✐✆ ✞♦✆t

❞✉❡ t♦ ✆❝❛tt❡r✐✝❣ ❛✝❞ ❛❜✆♦r♣t✐♦✝ ✐✝ t❤❡ ❡❛r❞r✉♠✳ ✙❤❡ ✆②✆t❡♠ t❤❡✝ ☞✞t❡r✆ ✆✐❣✝❛✞ ❢r♦♠ t❤❡ ♠✉❝♦✆❛

✭r❡❞✮✱ ❝❛rr②✐✝❣ ✐✝❢♦r♠❛t✐♦✝ ❛❜♦✉t t❤❡ ✐✝✌❛♠♠❛t✐♦✝✱ ❛✝❞ ✆✐❣✝❛✞ ❢r♦♠ t❤❡ ❡❛r❞r✉♠ ✭❜✞✉❡✮✱ ✇✐t❤♦✉t

✐✝❢♦r♠❛t✐♦✝✳ ✙❤✉✆ t❤❡ ❜❛❝✤❣r♦✉✝❞ ✐✆ r❡❥❡❝t❡❞ ❛✝❞ ♦✝✞② t❤❡ ✆✐❣✝❛✞ ❢r♦♠ t❤❡ ♠✉❝♦✆❛ ❛✝❛✞②✆❡❞ ✐✝

♦r❞❡r t♦ ❛✆✆❡✆✆ t❤❡ ✐✝✌❛♠♠❛t✐♦✝✳





❈❤�♣✁❡r ✷

▲✐t✂✄❛t✉✄✂ ❘✂✈✐✂✇

❚☎✆s ❝☎✝✞✟✠✡ ✝✆♠s ✟♦ ✆❞✠♥✟✆❢② ✞♦ss✆❜❧✠ ✟✠❝☎♥✆q☛✠s ✟♦ ✝ss✠ss ✟☎✠ ♠✆❞❞❧✠ ✠✝✡ ✆♥✌✝♠♠✝✟✆♦♥✳ ❙✆❣♥s
♦❢ ✝♥ ✝❝☛✟✠ ✆♥✌✝♠♠✝✟✆♦♥ ✝✡✠ ✡✠❞♥✠ss ✝♥❞ ✆♥❝✡✠✝s✠❞ ☎✠✝✟✱ ✡✠s☛❧✟✆♥❣ ❢✡♦♠ ✆♥❝✡✠✝s✠❞ ❜❧♦♦❞ ✌♦☞ ❞☛✠
✟♦ ✝ ☎✆❣☎✠✡ ♠✠✟✝❜♦❧✆s♠ ♦❢ ✟☎✠ ✟✆ss☛✠❀ s☞✠❧❧✆♥❣✱ ❞☛✠ ✟♦ ✝♥ ✝❝❝☛♠☛❧✝✟✆♦♥ ♦❢ ❧✆q☛✆❞❀ ✞✝✆♥✱ ✝♥❞ ✝ ❧♦ss
♦❢ ❢☛♥❝✟✆♦♥ ❬✶✍✎✳ ❖▼❊ ✆s ✝ ❝☎✡♦♥✆❝✱ ♥♦✟ ✝♥ ✝❝☛✟✠ ✆♥✌✝♠♠✝✟✆♦♥ ✝♥❞ ♦♥❧② s♦♠✠ ♦❢ ✟☎✠s✠ s✆❣♥s ✝✡✠
✞✡✠s✠♥✟✳ ❆❝❝♦✡❞✆♥❣ ✟♦ s☛✡❣✠♦♥s✱ ✟☎✠ ♥♦✡♠✝❧❧② ☞☎✆✟✠ ♠✆❞❞❧✠ ✠✝✡ ♠☛❝♦s✝ ✭s✠✠ ❋✆❣☛✡✠ ✸✳✏✑ ✟☛✡♥s ✡✠❞
❞☛✡✆♥❣ ✆♥✌✝♠♠✝✟✆♦♥ ✝♥❞ ✆s ♠♦✡✠ s✠✒✠✡✠ ❝❧♦s✠ ✟♦ ✟☎✠ ❊☛s✟✝❝☎✆✝♥ ✟☛❜✠✳ ❲☎✆❧✠ ✟☎✆s ✆s ✝ ♠✝✡❦✠✡ ✟☎✝✟
❝✝♥ ❜✠ ☛s✠❞ ✟♦ ✝ss✠ss ✟☎✠ ♠✆❞❞❧✠ ✠✝✡ ✆♥✌✝♠♠✝✟✆♦♥ ✆✟ ✆s ♥♦✟ ✠✝s② ✟♦ ✝❝q☛✆✡✠ ✝s ☎✆❞❞✠♥ ❜✠☎✆♥❞ ✟☎✠
✠✝✡❞✡☛♠ ✝♥❞ ♠♦s✟ ✡✠s✠✝✡❝☎ ✝♥❞ ❝☛✡✡✠♥✟❧② ☛s✠❞ ❞✆✝❣♥♦s✟✆❝ ♠✠✟☎♦❞s ❢♦❝☛s ♦♥ ✟☎✠ ✝✞✞✠✝✡✝♥❝✠ ♦❢ ✟☎✠
✠✝✡❞✡☛♠ ✝s ✆✟ ✆s ✠✝s✆❧② ♦❜s✠✡✒✝❜❧✠✳
❚☎✆s ❝☎✝✞✟✠✡ ✓✡s✟ ✠①✞❧✝✆♥s ✟☎✠ ❝☛✡✡✠♥✟❧② ☛s✠❞ ✟♦♦❧s ❢♦✡ ❞✆✝❣♥♦s✆s ♦❢ ♦✟✆✟✆s ♠✠❞✆✝✱ ✝♥❞ ✟☎✠♥

✞✡✠s✠♥✟s ❝☛✡✡✠♥✟ ✡✠s✠✝✡❝☎ ✆♥ ✆♠✝❣✆♥❣ ✟☎✠ ♠✆❞❞❧✠ ✠✝✡ ✆♥ ✟☎✠ ❝♦♥✟✠①✟ ♦❢ ♦✟✆✟✆s ♠✠❞✆✝✳ ❚☎✆✡❞✱ ✞♦s✲
s✆❜✆❧✆✟✆✠s ✟♦ ❝☎✝✡✝❝✟✠✡✆③✠ ✆♥✌✝♠♠✝✟✆♦♥ ✝s ☞✠❧❧ ✝s ✓♥❞✆♥❣s ♦❢ ✡✠s✠✝✡❝☎ ✞✡♦❥✠❝✟s✱ ✝♥❞ ❧✝s✟ ✸✔ ✟✆ss☛✠
✆♠✝❣✆♥❣ ♠✠✟☎♦❞s ✝✡✠ ✞✡✠s✠♥✟✠❞✳ ❚☎✠ ❝☎✝✞✟✠✡ ❝♦♥❝❧☛❞✠s ☞✆✟☎ ✝♥ ✠✒✝❧☛✝✟✆♦♥ ♦❢ ✟☎✠ ♠✠✟☎♦❞s ☞✆✟☎
✡✠s✞✠❝✟ ✟♦ ✟☎✠ ✟✝s❦ ♦❢ ✝ss✠ss♠✠♥✟ ♦❢ ✟☎✠ ✆♥✌✝♠♠✝✟✆♦♥ ✆♥ ✟☎✠ ♠✆❞❞❧✠ ✠✝✡ ✟☎✡♦☛❣☎ ✟☎✠ ✠✝✡❞✡☛♠✳

✕✖✗ ✘✙✚✚✛✜✢ ❉✣✤✥✜✦✧✣✧ ✦★ ✩✣✪✪✫✛ ✬✤✚ ■✜✮✤✯✯✤✢✣✦✜

❖▼❊ ✆s ❞✆✝❣♥♦s✠❞ ❜② ✝ ❝♦♠❜✆♥✝✟✆♦♥ ♦❢ ✟☎✠ ❢♦❧❧♦☞✆♥❣ ♠✠✟☎♦❞s✿ ❚☎✠ ☎✠✝✡✆♥❣ ❧♦ss ✆s ✡✠✞♦✡✟✠❞ ❜② ✟☎✠
❝☎✆❧❞✡✠♥✰s ✞✝✡✠♥✟s ✝♥❞ ✟☎✠ ❧♦ss ♦❢ ❢☛♥❝✟✆♦♥ ✆s ❝♦♥✓✡♠✠❞ ❜② ✟②♠✞✝♥♦♠✠✟✡② ✭✝♥✝❧②s✆s ♦❢ ✟☎✠ ✡✠s✞♦♥s✠
♦❢ ✟☎✠ ✠✝✡❞✡☛♠ ✟♦ ✝ s✟✆♠☛❧✝✟✆♥❣ s♦☛♥❞✱ s✠✠ ❙✠❝✟✆♦♥ ✏✳✶✳✏✑ ✝♥❞ ✞☛✡✠ ✟♦♥✠ ✝☛❞✆♦♠✠✟✡② ✭❞✠✟✠✡♠✆♥✝✟✆♦♥
♦❢ ☎✠✝✡✆♥❣ ❧✠✒✠❧s✑✳ ❚☎✠ ❧✆q☛✆❞ ✝❝❝☛♠☛❧✝✟✆♦♥✱ ✡✠❞❞✠♥✆♥❣ ♦❢ ✟☎✠ ♠☛❝♦s✝✱ ✝♥❞ ♦✟☎✠✡ s✆❣♥s ♦❢ ❖▼❊ ✝✡✠
♦❜s✠✡✒✠❞ ❞☛✡✆♥❣ ♦✟♦s❝♦✞② ✭✒✆s☛✝❧ ✆♥s✞✠❝✟✆♦♥ ♦❢ ✟☎✠ ✠✝✡❞✡☛♠✑ ✝♥❞ ✟☎✠ ♠♦✒✠♠✠♥✟ ♦❢ ✟☎✠ ✠✝✡❞✡☛♠
❝✝♥ ❜✠ ♦❜s✠✡✒✠❞ ❞☛✡✆♥❣ ✞♥✠☛♠✝✟✆❝ ♦✟♦s❝♦✞②✳
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❛♥❞ ❛ ❝❛♠❡r❛ ✏♦ ❛❧❧♦✇ ✑r❡✎❡♥✏❛✏✐♦♥ ♦❢ ✏❤❡ ❡❛r❞r☛♠ ♦♥ ❛ ✎❝r❡❡♥✌

❋✐❣☛r❡ ☞✌☞ ✎❤♦✇✎ ❛ ✑✐❝✏☛r❡ ✭❧❡❢✏✮ ❛♥❞ ✎✏r☛❝✏☛r❛❧ ❞r❛✇✐♥❣ ✭r✐❣❤✏✮ ♦❢ ✏❤❡ ❤❡❛❞ ♦❢ ❛ ❜❛✎✐❝ ♦✏♦✎❝♦✑❡

✭✕✐❡✎✏❡r P❡♥✲❙❝♦✑❡✱ ✕☛❞♦❧❢ ✕✐❡✎✏❡r ●♠❜✖ ✫ ✗♦✌ ❑●✱ ●❡r♠❛♥②✮✌ ✘❤❡ ❤❡❛❞ ❝♦♥✎✐✎✏✎ ♦❢ ✏❤❡ ❤♦☛✎✐♥❣

✭✶✮✱ r❡♠♦✈❛❜❧❡ ♠❛❣♥✐❢②✐♥❣ ❧❡♥✎ ✭☞✮✱ ✎❝r❡✇ ✔✏✏✐♥❣ ✏♦ ❛✏✏❛❝❤ ✏❤❡ ❤❛♥❞❧❡ ✭✸✮✱ ❛♥❞ r❡☛✎❛❜❧❡ ✎✑❡❝☛❧☛♠

✭✹✮✌ ✙♦❝❛✏❡❞ ❛✏ ✏❤❡ ✎✐❞❡ ♦❢ ✏❤❡ ❤❡❛❞ ✐✎ ❛♥ ❛❞❛✑✏❡r ❢♦r ❛♥ ✐♥✚❛✏✐♦♥ ❜☛❧❜ ✭✺✮ ❢♦r ✑♥❡☛♠❛✏✐❝ ♦✏♦✎❝♦✑②✌

✘❤❡ ❧❛♠✑ ❢♦r ✐❧❧☛♠✐♥❛✏✐♦♥ ✭✻✮ ♦❢ ✏❤❡ ❡❛r❞r☛♠ ✐✎ ✑❧❛❝❡❞ ✐♥✎✐❞❡ ✏❤❡ ❤♦❧❧♦✇ ❤❡❛❞✌ ✛✐✎☛❛❧ ✐♥✎✑❡❝✏✐♦♥

♦❢ ✏❤❡ ❡❛r❞r☛♠ ✐✎ ✑♦✎✎✐❜❧❡ ✏❤♦☛❣❤ ✏❤❡ ♠❛❣♥✐❢②✐♥❣ ❧❡♥✎✌

❋✐❣☛r❡ ☞✌✸ ✎❤♦✇✎ ❛ ✈✐❞❡♦ ♦✏♦✎❝♦✑❡ ✭❉✐❣✐✏❛❧ ▼❛❝r♦✈✐❡✇✜✢ ❖✏♦✎❝♦✑❡✱ ✣❡❧❝❤ ❆❧❧②♥✱ ❙❦❛♥❡❛✏❡❧❡✎

❋❛❧❧✎✱ ◆✤✱ ✥❙❆✮ ❢♦r ✈✐❞❡♦ r❡❝♦r❞✐♥❣ ❛♥❞ ✐♠❛❣❡ ❛❝q☛✐✎✐✏✐♦♥ ♦❢ ♦✏♦✎❝♦✑✐❝ ✐♠❛❣❡✎ ❢♦r ✑r❡✎❡♥✏❛✏✐♦♥ ♦♥

❛ P✗✌ ✘❤❡ ❞✐♠❡♥✎✐♦♥✎ ♦❢ ✏❤❡ ❤❡❛❞ ❛r❡ ✼☎✦✶☎☞✦✸✼♠♠ ❛♥❞ ✏❤❡ ✐♠❛❣❡ ✐✎ ❢♦❝☛✎✎❡❞ ♠❛♥☛❛❧❧② ❜② ✏❤❡

☛✎❡ ♦❢ ❛ ❢♦❝☛✎✎✐♥❣ ✇❤❡❡❧ ❬☞☎✓✌ ✘❤❡ ❜❛✎✐❝ ✎❡✏☛✑ ✐✎ ✎✐♠✐❧❛r ✏♦ ✏❤❡ ✑r❡✈✐♦☛✎❧② ✑r❡✎❡♥✏❡❞ ♦✏♦✎❝♦✑❡✱ ❡①❝❡✑✏

❢♦r ♠♦r❡ ❡❧❛❜♦r❛✏❡ ♦✑✏✐❝✎ ❛♥❞ ✏❤❡ ❝❛♠❡r❛ r❡✑❧❛❝✐♥❣ ✈✐✎☛❛❧ ♦❜✎❡r✈❛✏✐♦♥✌ ✗❛❜❧❡✎ ✇✐❧❧ ❜❡ ❛✏✏❛❝❤❡❞ ✏♦

✏❤❡ ♦✏♦✎❝♦✑❡ ❤❡❛❞ ✏♦ ❛❧❧♦✇ ✈✐✎☛❛❧ ✐♥✎✑❡❝✏✐♦♥ ♦❢ ✏❤❡ ♠✐❞❞❧❡ ❡❛r ♦♥ ❛ ✎❝r❡❡♥✌

❉☛r✐♥❣ ✑♥❡☛♠❛✏✐❝ ♦✏♦✎❝♦✑② ✑r❡✎✎☛r❡ ✐✎ ❛✑✑❧✐❡❞ ✏♦ ✏❤❡ ❡❛r❞r☛♠ ☛✎✐♥❣ ❛♥ ✐♥✚❛✏✐♦♥ ❜☛❧❜ ❛✏✏❛❝❤❡❞

✏♦ ✏❤❡ ♦✏♦✎❝♦✑❡ ❤❡❛❞ ❛♥❞ ✐✏✎ ♠♦✈❡♠❡♥✏ ❝❛♥ ❜❡ ♦❜✎❡r✈❡❞ ✏❤r♦☛❣❤ ✏❤❡ ♦✏♦✎❝♦✑❡✌ ✙✐q☛✐❞ ✐♥ ✏❤❡ ♠✐❞❞❧❡

❡❛r ❝❤❛♥❣❡✎ ✏❤❡ r❡❛❝✏✐♦♥ ♦❢ ✏❤❡ ❡❛r❞r☛♠ ✏♦ ❛ ❝❤❛♥❣❡❞ ✑r❡✎✎☛r❡ ❛✎ ✐✏ ❤❛♠✑❡r✎ ✏❤❡ ♠♦✈❡♠❡♥✏✌ ✘❤✐✎

❣✐✈❡✎ ❛♥ ❛❞❞✐✏✐♦♥❛❧ ✐♥❞✐❝❛✏♦r ✏♦ ✐♠✑r♦✈❡ ✏❤❡ ❞✐❛❣♥♦✎✐✎✌ ❆❝❝♦r❞✐♥❣ ✏♦ ❬☞✶✓✱ ✑♥❡☛♠❛✏✐❝ ♦✏♦✎❝♦✑②
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▼♦✡✠ ✡♦☎✘❞ ✐✡ ✠r❛✘✡✗✐✠✠❡❞ ✠❤r♦☎❣❤ ✠❤❡ ✗✐❞❞❧❡ ❡❛r ✇❤❡✘ ✠❤❡ ☛r❡✡✡☎r❡ ✐✘ ✠❤❡ ❡①✠❡r✘❛❧ ❡❛r ❝❛✘❛❧
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✡❡❛❧✐✘❣ ♦✚ ✠❤❡ ❡❛r ❝❛✘❛❧ ✐✘ ✡♦✗❡ ♦✚ ✠❤❡ ☛❛✠✐❡✘✠✡ ❬✆✆✌✝
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☎✡❡❞ ❛✡ ✠❤❡ ♦✘❧✖ ✠♦♦❧ ✚♦r ❞✐❛❣✘♦✡✐✡✝ ✕✖✗☛❛✘♦✗❡✠r✖ ✖✐❡❧❞✡ ❛✘ ❛❝❝☎r❛❝✖ ♦✚ ✼✛ ✠♦ ✾✹✪ ♦✚ ☛r❡❞✐❝✠✐✘❣

✠❤❡ ☛r❡✡❡✘❝❡ ♦✚ ❧✐q☎✐❞ ✐✘ ✠❤❡ ✗✐❞❞❧❡ ❡❛r ❬✆✶✌✝

✍✳✎✳★ ❙♣✓✩t✔✑✫ ●✔✑✬✯✓♥t ✰✩✒✉✲t✯✩ ✴✓✵✓✩t✒♠✓t✔②

✺☛❡❝✠r❛❧ ❣r❛❞✐❡✘✠ ❛❝♦☎✡✠✐❝ r❡✣❡❝✠♦✗❡✠r✖ ✐✡ ❛ r❡❧❛✠✐✈❡❧✖ ✘❡✇ ✠❡❝❤✘✐q☎❡ ✠♦ ❛✡✡❡✡✡ ✠❤❡ ☛r❡✡❡✘❝❡ ♦✚

✗✐❞❞❧❡ ❡❛r ❧✐q☎✐❞✝ ✕❤❡ ✡♦☎✘❞ r❡✣❡❝✠❡❞ ✚r♦✗ ✠❤❡ ❡❛r❞r☎✗ ✐✡ ✗❡❛✡☎r❡❞ ♦✈❡r ✠❤❡ r❛✘❣❡ ✶✝✽✻✹✝✹ ✤✜✢✝

❆ ✗❛①✐✗☎✗ ❝❛✘❝❡❧❧❛✠✐♦✘ ♦✚ ✠❤❡ ✡♦☎✘❞ ❛☛☛❡❛r✡ ✐✚ ✶✿✹ ♦✚ ✠❤❡ ✇❛✈❡❧❡✘❣✠❤ ❡q☎❛❧✡ ✠❤❡ ❡❛r❞r☎✗ ✠♦

❞❡✠❡❝✠♦r ❞✐✡✠❛✘❝❡ ❛✡ ✠❤❡ r❡✣❡❝✠❡❞ ✡♦☎✘❞ ✐✡ ✠❤❡✘ ♦☎✠ ♦✚ ☛❤❛✡❡✝ Pr❡✡❡✘❝❡ ♦✚ ❛ ❧✐q☎✐❞ ✐✘ ✠❤❡ ✗✐❞❞❧❡ ❡❛r

❝❛☎✡❡✡ ✐✘❝r❡❛✡❡❞ r❡✣❡❝✠✐♦✘ ♦✚ ✡♦☎✘❞ ❡✘❡r❣✖✱ ✘❛rr♦✇✐✘❣ ✠❤❡ ✙❛✘❞✇✐❞✠❤ ♦✚ ❝❛✘❝❡❧❧❛✠✐♦✘✝ ✕❤✐✡ ❝❛☎✡❡✡
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Negative 0 Positive

Air Pressure
C

o
m

p
li
a
n

c
e

High

Low

Type A

Type C

Type B

Type C going to Type B

❋✐❣✆r❡ ☎✝✹✿ ✞①❛✟♣❧❡ t②✟♣❛✠♦❣r❛✟s✝ ✡②♣❡ ❆④✠♦r✟❛❧✱ ✡②♣❡ ❇ ④ ❛☛✈❛✠❝❡☛ ❖▼ ✇✐t❤ ❧✐q✆✐☛ ♦r

♣❡r❢♦r❛t✐♦✠✱ ✡②♣❡ ☞④ ❡❛r❧② ❖▼ ❬☎✌✍✝

t❤❡ r❡✎❡❝t✐✈✐t② ♣❧♦t t♦ s❤♦✇ ❛ ✠❛rr♦✇ ✟✐✠✐✟✆✟ ✇❤✐❝❤ ❝❛✠ ❜❡ ✆s❡☛ t♦ ☛❡t❡❝t ❧✐q✆✐☛✝ ✡❤❡ ❛☛✈❛✠t❛❣❡

✐✠ ❝♦✠tr❛st t♦ t②✟♣❛✠♦✟❡tr② ✐s t❤❛t t❤❡r❡ ✐s ✠♦ ✠❡❡☛ ❢♦r ❛✠ ❛✐rt✐❣❤t s❡❛❧✐✠❣ ✐✠ t❤❡ ❡❛r ❝❛✠❛❧ ❛✠☛ t❤✆s

❛✠ ❡❛s✐❡r ❛♣♣❧✐❝❛t✐♦✠✝ ❇✆t ✐ts ❛❝❝✆r❛❝② ✐s ❧♦✇❡r t❤❛✠ ✐✠ t②✟♣❛✠♦✟❡tr② ❛✠☛ ♣✠❡✆✟❛t✐❝ ♦t♦s❝♦♣②

✇✐t❤ ✈❛❧✆❡s ♦❢ ✺✏ t♦ ✾✺✪ ❬☎☎✍✝ ✑❡✠❝❡✱ t②✟♣❛✠♦✟❡tr② ✐s t❤❡ ✟♦st ✇✐☛❡❧② ✆s❡☛ t❡❝❤✠✐q✆❡✝

✒✳✒ ✓✉✔✔✕♥✖ ✗✕✘✕✙✔✚✛ ✜♥ ■♠✙✢✜♥✢ ✣✤ ✖✛✕ ✥✜❞❞✦✕ ✧✙✔

❆s s❡❡✠ ❛❜♦✈❡ ✠♦✠❡ ♦❢ t❤❡ ❝✆rr❡✠t ✟❡t❤♦☛s ✐s s❛t✐s❢②✐✠❣✝ ❉✐❛❣✠♦st✐❝ ❛❝❝✆r❛❝② ✐s s✆❜❥❡❝t✐✈❡ ❛✠☛

☛❡♣❡✠☛❡✠t ♦✠ ♣❡rs♦✠❛❧ ❡①♣❡r✐❡✠❝❡✝ ☞♦✠s❡q✆❡✠t❧②✱ t❤❡r❡ ❛r❡ s❡✈❡r❛❧ ❣r♦✆♣s tr②✐✠❣ t♦ ✐✟♣r♦✈❡ t❤❡

☛✐❛❣✠♦s✐s ♦❢ ❖▼✝ ✡❤✐s s❡❝t✐♦✠ s✆✟✟❛r✐s❡s r❡s❡❛r❝❤ t❤❛t ☛❡❛❧s ☛✐r❡❝t❧② ✇✐t❤ t❤❡ ✐✟❛❣✐✠❣ ♦❢ t❤❡

✟✐☛☛❧❡ ❡❛r ✐✠ ❝♦✠t❡①t ♦❢ ♦t✐t✐s ✟❡☛✐❛✝

★✩★✩✫ ✬✭✮✯✰ P✲✴✵✰✸✸✻✼✯ ✽✴✲ ❀✼❁✮✼✵✰❂ ❃❄ ❅✻✮✯✼✴✸✻✸

✡❤❡ s✐✟♣❧❡st ❛✠☛ ❝❤❡❛♣❡st ❛♣♣r♦❛❝❤ t♦ ✐✟♣r♦✈✐✠❣ ❖▼ ☛✐❛❣✠♦s✐s ✐s t♦ ✆s❡ st❛t❡ ♦❢ t❤❡ ❛rt ♦t♦s❝♦♣❡s

♦r ❡✠☛♦s❝♦♣❡s ❢♦r ✐✟❛❣❡ ❛❝q✆✐s✐t✐♦✠ ❛✠☛ t♦ ✐✟♣r♦✈❡ ☛✐❛❣✠♦s✐s ✆s✐✠❣ ☛✐❣✐t❛❧ ✐✟❛❣❡ ♣r♦❝❡ss✐✠❣✝ ❖✠❡

✐☛❡❛ ✐s t♦ ✆s❡ ✐✟❛❣❡ ♣r♦❝❡ss✐✠❣ t♦ ❡✠❤❛✠❝❡ ✐✟♣♦rt❛✠t ❢❡❛t✆r❡s t♦ ❛✐☛ t❤❡ s✆r❣❡♦✠ ✐✠ ☛✐❛❣✠♦s✐✠❣ ❛✠☛

t❤❡ ♦t❤❡r ✐s t♦ ♣r♦✈✐☛❡ ❛✆t♦✟❛t❡☛ ❝❧❛ss✐●❝❛t✐♦✠ ❛❧❣♦r✐t❤✟s t♦ st❛✠☛❛r☛✐s❡ t❤❡ ☛✐❛❣✠♦s✐s ♣r♦❝❡☛✆r❡s

❛✠☛ ❤❡❧♣ ✐✠❡①♣❡r✐❡✠❝❡☛ ♦t♦s❝♦♣✐sts✝

❏❡rt❛✠ ❡t ❛❧✝ ❬☎✹✱☎✺✍ ♣❡r❢♦r✟❡☛ ❝♦❧♦✆r ❛✠❛❧②s✐s ♦✠ ♦t♦s❝♦♣✐❝ ✐✟❛❣❡s ♦❢ t❤❡ ❡❛r☛r✆✟ t♦ ☛✐st✐✠❣✆✐s❤

❜❡t✇❡❡✠ ❤❡❛❧t❤② s✆❜❥❡❝ts ❛✠☛ s✆❜❥❡❝ts ✇✐t❤ ❖▼✞✝ ✡❤❡ ❝♦❧♦✆r ♦❢ t❤❡ ❡❛r ❝❛✠❛❧ ✐s ✆s❡☛ ❢♦r ❝♦❧♦✆r

❝♦rr❡❝t✐♦✠ t♦ ✐✟♣r♦✈❡ t❤❡ ❛❧❣♦r✐t❤✟✝ ✡❤❡ ❛❧❣♦r✐t❤✟ ✇❛s t❡st❡☛ ♦✠ ✶❑❑ ✐✟❛❣❡s ❛✠☛ s❤♦✇❡☛ ❝♦rr❡❝t

❝❧❛ss✐●❝❛t✐♦✠ ❢♦r ◆✹✪ ✐✠ ✠♦r✟❛❧ ❛✠☛ ◗☎✝✺✪ ✐✠ ❡❛r☛r✆✟s ✇✐t❤ ❡❙✆s✐♦✠✝ ✡❤✐s s❤♦✇s t❤❛t ❝♦❧♦✆r

❛❧♦✠❡ ✐s ✠♦t ❛ s✆❳❝✐❡✠t ❢❡❛t✆r❡ ❢♦r ❝♦rr❡❝t ☛✐❛❣✠♦s✐s ❜✆t ❛❧s♦ ♦t❤❡r ✐✠❢♦r✟❛t✐♦✠ s✆❝❤ ❛s t❡①t✆r❡✱
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❛✆r ♦r ❧✆q✉✆❞ ❜✉❜❜❧❡s✱ ❧✆❣✝t r❡✌❡❝t✆♦✞s✱ ❛✞❞ ❝♦✞tr❛st ❜❡t✇❡❡✞ ❡❛r❞r✉♠ ❛✞❞ ❡❛r ❝❛✞❛❧ ✝❛✈❡ t♦ ❜❡

❝♦✞s✆❞❡r❡❞✳

❑✉r✈✆❧❧❛ ❡t ❛❧✳ ❬✶✟✱✠✟✡ ♣r♦♣♦s❡ ❛✞ ❛✉t♦♠❛t❡❞ ❝❧❛ss✆☞❝❛t✆♦✞ s②st❡♠ ❢♦r t✝❡ t✝r❡❡ ❝❧❛ss❡s ♦❢ ❛❝✉t❡

♦t✆t✆s ♠❡❞✆❛ ✭❆❖▼✮✱ ♦t✆t✆s ♠❡❞✆❛ ✇✆t✝ ❡☛✉s✆♦✞ ✭❖▼✍✮✱ ❛✞❞ ✞♦ ❡☛✉s✆♦✞ ✭✝❡❛❧t✝② ♣❡rs♦✞✮✳ ✎✝❡

❞✆❛❣✞♦s✆s ✆s ♠❛❞❡ ❜❛s❡❞ ♦✞ t✝❡ ❢❡❛t✉r❡s ♦❢ ❝♦✞❝❛✈✆t② ❛✞❞ ❜✉❧❣✆✞❣ ♦❢ t✝❡ ❡❛r❞r✉♠✱ tr❛✞s❧✉❝❡✞❝②✱

❝♦❧♦✉r t♦✞❡✱ ❣r❛②s❝❛❧❡ ✈❛r✆❛✞❝❡✱ ❛✞❞ ❜✉❜❜❧❡ ♣r❡s❡✞❝❡ ✆✞ ❛❝q✉✆r❡❞ ✆♠❛❣❡s ♦❢ t✝❡ ❡❛r❞r✉♠✳ ✎✝❡

❛❧❣♦r✆t✝♠ ✇❛s t❡st❡❞ ♦✞ ✶✏✶ ❡❛r❞r✉♠ ✆♠❛❣❡s ❛✞❞ r❡❛❝✝❡❞ ❛✞ ❛❝❝✉r❛❝② ♦❢ ✏✽✪ ✆✞ ❛ ☞rst st✉❞② ❬✶✟✡

❛✞❞ ✾✑✪ ✇✆t✝ ✆♠♣r♦✈❡❞ ❛❧❣♦r✆t✝♠s ❬✠✟✡✱ ✆✞❝r❡❛s✆✞❣ t✝❡ ❛❝❝✉r❛❝② s❡❡✞ ✆✞ ❬✠✽✱✠✒✡ ❜② ✆✞❝❧✉❞✆✞❣ ♠♦r❡

✆✞❢♦r♠❛t✆♦✞ t✝❛✞ ❥✉st ❝♦❧♦✉r✳

✓✝❡✞❣ ❡t ❛❧✳ ❬✠✔✡ ✉s❡❞ ❛ ❝❛♠❡r❛ ♠♦✉✞t❡❞ ♦✞ ❛ st❛✞❞❛r❞ ♦t♦s❝♦♣❡ ❢♦r ✆♠❛❣❡ ❛❝q✉✆s✆t✆♦✞ ❛✞❞

♣❡r❢♦r♠❡❞ ✆♠❛❣❡ ♣r♦❝❡ss✆✞❣ t♦ ❡✞✝❛✞❝❡ ✆♠♣♦rt❛✞t ❢❡❛t✉r❡s t♦ ❢❛❝✆❧✆t❛t❡ t✝❡ ❞✆❛❣✞♦s✆s✳ ✓♦✞tr❛st

❡✞✝❛✞❝✆✞❣ ❛✞❞ s❡❣♠❡✞t❛t✆♦✞ ❛❧❣♦r✆t✝♠s ✇❡r❡ ❡♠♣❧♦②❡❞ ❛✞❞ ♣r♦♠✆s❡❞ ❜❡tt❡r ❞✆❛❣✞♦s✆s ❛❧t✝♦✉❣✝ ✞♦

❡✈❛❧✉❛t✆♦✞ ✇❛s ❝♦✞❞✉❝t❡❞ ②❡t✳

❙✝✆❛♦ ❡t ❛❧✳ ❬✠✏✡ ♣r♦♣♦s❡ t✝❡ ✉s❡ ♦❢ ✈✆❞❡♦t❡❧❡s❝♦♣② ✆✞st❡❛❞ ♦❢ ♦t♦s❝♦♣② ❛s ❜❡tt❡r ✆❧❧✉♠✆✞❛t✆♦✞✱

✝✆❣✝❡r ♠❛❣✞✆☞❝❛t✆♦✞✱ ❛✞❞ ❛ s♠❛❧❧❡r ✝❡❛❞ ❛❧❧♦✇✆✞❣ ❝❧♦s❡r ❡①❛♠✆✞❛t✆♦✞ ♦❢ t✝❡ ❡❛r❞r✉♠ ❡✞❛❜❧❡ ❛ ❜❡tt❡r

❞✆❛❣✞♦s✆s✳ ✎✝❡ ❞✆s❛❞✈❛✞t❛❣❡s ❛r❡ t✝❡ ✉s❡ ♦❢ ♠♦r❡ ❡①♣❡✞s✆✈❡ ❛✞❞ ✞♦✞✲♣♦rt❛❜❧❡ ❡✞❞♦s❝♦♣❡ s②st❡♠s

❛✞❞ t✝❡ ❞❛✞❣❡r ♦❢ r✉♣t✉r✆✞❣ t✝❡ ❡❛r❞r✉♠ ✇✝❡✞ t✝❡ ♣❛t✆❡✞t ♠♦✈❡s t✝❡✆r ✝❡❛❞ ❛s t✝❡ ❡✞❞♦s❝♦♣❡ ✆s

❝❧♦s❡ t♦ t✝❡ ❡❛r❞r✉♠✳ ✎✝✆s ❝❛✞✞♦t ✝❛♣♣❡✞ ❞✉r✆✞❣ ✞♦r♠❛❧ ♦ts♦❝♦♣② ❛s t✝❡ t✆♣ ♦❢ t✝❡ s♣❡❝✉❧✉♠ ✆s

❛❜♦✉t ✶☎♠♠ ❛♣❛rt ❢r♦♠ t✝❡ ❡❛r❞r✉♠ ❛✞❞ ✆ts ♣♦s✆t✆♦✞ ✆s ☞①❡❞ ❜② t✝❡ s♣❡❝✉❧✉♠ ❜❡✆✞❣ ✆✞ ❝♦✞t❛❝t

✇✆t✝ t✝❡ ❡❛r ❝❛✞❛❧✳ ✎✝❡ st✉❞② r❡♣♦rts ❛✞ ✆♠♣r♦✈❡♠❡✞t ❝♦♠♣❛r❡❞ t♦ ♣✞❡✉♠❛t✆❝ ♦t♦s❝♦♣② ❛✞❞

t②♠♣❛✞♦♠❡tr② ✇✆t✝ ❛✞ ❛❝❝✉r❛❝② ♦❢ ✾✏✪ ✭✶✾✔ ♦✉t ♦❢ ✠✑✶✮ ✆✞ ❖▼✍ ❞✆❛❣✞♦s✆s ❝♦♠♣❛r❡❞ t♦ ✏✾✳✶✪

✭✶✔✾✕✠✑✶✮ ❛✞❞ ✏✏✳✟✪ ✭✶✔✏✕✠✑✶✮✱ r❡s♣❡❝t✆✈❡❧②✳

✎✝❡s❡ ❡①❛♠♣❧❡s s✝♦✇ t✝❛t ✆♠❛❣❡ ♣r♦❝❡ss✆✞❣ ♦✞ ❡❛r❞r✉♠ ✆♠❛❣❡s ♠✆❣✝t ✝❡❧♣ t♦ ✆♠♣r♦✈❡ t✝❡

❞✆❛❣✞♦s✆s ♦❢ ♦t✆t✆s ♠❡❞✆❛ ❜✉t ❝❛✞✞♦t ❜❡ t✝❡ ♦✞❧② ❛♣♣r♦❛❝✝ ❛s ✆t ❞♦❡s ✞♦t ❧❡❛❞ t♦ ❛ ❝❡rt❛✆✞ ❞✆❛❣✞♦s✆s✳

❋✉rt✝❡r✱ ♦✞❧② t✝❡ t②♣❡ ♦❢ t✝❡ ♠✆❞❞❧❡ ❡❛r ✆✞✌❛♠♠❛t✆♦✞ ✆s ❞✆❛❣✞♦s❡❞ ✭❆❖▼ ♦r ❖▼✍ ❝♦♠♣❛r❡❞ t♦

✝❡❛❧t✝② ❡❛rs✮ ❜✉t ✞♦t t✝❡ st❛t❡ ♦❢ t✝❡ ✆✞✌❛♠♠❛t✆♦✞ ✆ts❡❧❢✳

✖✗✖✗✖ ✘✙✚✛✜✢✣✤✛✣✙✥ ✣✢ ✚♥✦✧♥✛✚★ ■✩✩✫✬✐♥✧✜✐✣♥ ✯✣✢ ■✬✙✢✣✰✚★ ✴✜✐✜✐✤ ✵✚★✐✧

❉✐✧✸♥✣✤✐✤

✹❛❧❞❡③ ❡t ❛❧✳ ❬✠✾✡ ✆✞✈❡st✆❣❛t❡❞ t✝❡ ✆✞✌✉❡✞❝❡ ♦❢ ✆❧❧✉♠✆✞❛t✆♦✞ ❝♦❧♦✉r ♦✞ ❞✆❛❣✞♦st✆❝ ❛❝❝✉r❛❝② ♦❢ ❆❖▼✳

❆ ✈✆❞❡♦ ♦t♦s❝♦♣❡ ❛s ♣r❡s❡✞t❡❞ ✆✞ ❙❡❝t✆♦✞ ✠✳✶✳✶ ✇❛s ✉s❡❞ ❢♦r ✆♠❛❣✆✞❣ ❛✞❞ t✝❡ st❛✞❞❛r❞ ✇✝✆t❡

❧✆❣✝t ✆❧❧✉♠✆✞❛t✆♦✞ ✇❛s r❡♣❧❛❝❡❞ ❜② ❝♦❧♦✉r ✺✍✻s ✆✞ ♦r❞❡r t♦ ❝✝❛✞❣❡ t✝❡ ✆❧❧✉♠✆✞❛t✆♦✞ ❝♦❧♦✉r✳ ✎✝❡

✆♠❛❣❡s r❡❝♦r❞❡❞ ✇✆t✝ ❣r❡❡✞ ❛✞❞ ❜❧✉❡ ✆❧❧✉♠✆✞❛t✆♦✞ s✝♦✇ ✆♠♣r♦✈❡❞ ❝♦✞tr❛st ♦❢ ❜❧♦♦❞ ✈❡ss❡❧s ❛✞❞

t✝❡ ♠❛t❡r✆❛❧ ❜❡✝✆✞❞ t✝❡ ❡❛r❞r✉♠ ❛❧❧♦✇✆✞❣ ❡❛s✆❡r ❞✆❛❣✞♦s✆s ♦❢ ♣❛t✝♦❧♦❣✆❝❛❧ st❛t❡s✳ ❋✆❣✉r❡ ✠✳✒ s✝♦✇s





❈❍�✁❚❊❘ ✷✂ ▲✄❚❊❘�❚❯❘❊ ❘❊❱✄❊❲ ✶☎

✌✉♦✆❡s❝❡♥❝❡ ✐♠❛✝❡s ♦✞ t❤❡ ♠✐❞❞❧❡ ❡❛✆✳ ✟❤❡ s②st❡♠ ✇❛s ❞❡s❝✆✐❜❡❞ ❡❛✆❧✐❡✆ ✐♥ ❙❡❝t✐♦♥ ✠✳✠✳✠ ❬✠✡☛ ❛♥❞

✉s❡s ☞❧t❡✆s ✐♥ t❤❡ ✐♠❛✝✐♥✝ ♣❛t❤ t♦ ❞❡t❡❝t ✌✉♦✆❡s❝❡♥❝❡ ✐♥st❡❛❞ ♦✞ ✆❡✌❡❝t❡❞ ❧✐✝❤t✳ ✟❤✐s ❛❧❧♦✇s ✆❡❝♦✆❞✲

✐♥✝ ♦✞ ❛✉t♦✌✉♦✆❡s❝❡♥❝❡ s♣❡❝t✆❛ ❛♥❞ ❞✐✍❡✆❡♥t✐❛t✐♦♥ ♦✞ ♣❛t❤♦❧♦✝✐❝❛❧ ✞✆♦♠ ❤❡❛❧t❤② ✆❡✝✐♦♥s ✐♥ ❝❛s❡ ♦✞

❝❤♦❧❡st❡❛t♦♠❛ ✭❞❡st✆✉❝t✐♥✝ ❛♥❞ ❡①♣❛♥❞✐♥✝ ✝✆♦✇t❤ ♦✞ t✐ss✉❡✮✳

✎✏✎✏✹ ✸❉ ✑✒✓✔✕ ✖✗✘r✓✙✘✚✛✜ ✛❢ ✘✒✕ ✖✓r✢r✣✤

✥①t✆❛❝t✐♦♥ ♦✞ t❤❡ s❤❛♣❡ ♦✞ t❤❡ ❡❛✆❞✆✉♠ ❛❞❞s ✐♥✞♦✆♠❛t✐♦♥ t♦ t❤❡ ✐♠❛✝❡ ♦✞ t❤❡ ❡❛✆❞✆✉♠✳ ✦♦♥✈❡♥t✐♦♥✲

❛❧❧② t❤✐s ✐s ❛❝❤✐❡✈❡❞ ❜② ♣♥❡✉♠❛t✐❝ ♦t♦s❝♦♣②✳ ❙❡✈❡✆❛❧ ✝✆♦✉♣s ❤❛✈❡ ❞❡✈❡❧♦♣❡❞ ❡♥❤❛♥❝❡❞ ♦t♦s❝♦♣❡s t♦

❞✐✆❡❝t❧② ❡①t✆❛❝t t❤✐s ✐♥✞♦✆♠❛t✐♦♥ ✇✐t❤♦✉t t❤❡ ♥❡❡❞ ✞♦✆ ♣♥❡✉♠❛t✐❝ ♠❡❛s✉✆❡♠❡♥ts✳

❇❡❞❛✆❞ ❡t ❛❧✳ ❬✧★☛ ♠❛❞❡ ✉s❡ ♦✞ ❛ ❧✐✝❤t ☞❡❧❞ ♦t♦s❝♦♣❡ ✭❛ ❧❡♥s ❛✆✆❛② ❛❧❧♦✇✐♥✝ t❤❡ ✆❡❝♦✆❞✐♥✝ ♦✞

♠✉❧t✐♣❧❡ ✐♠❛✝❡s ✇✐t❤ ❞✐✍❡✆❡♥t ✈✐❡✇✐♥✝ ❛♥✝❧❡s ❜✉t ✆❡❞✉❝❡❞ ✆❡s♦❧✉t✐♦♥✮ t♦ ♠❡❛s✉✆❡ t❤❡ s❤❛♣❡ ♦✞ t❤❡

❡❛✆❞✆✉♠ ✐♥ ♦✆❞❡✆ t♦ ✐♠♣✆♦✈❡ t❤❡ ❞✐❛✝♥♦s✐s ♦✞ ❆❖▼✳ ❆♥s❤✉♠❛♥ ❡t ❛❧✳ ❬✧✩☛ ♠❛❞❡ ✉s❡ ♦✞ st✆✉❝t✉✆❡❞

❧✐✝❤t ✐❧❧✉♠✐♥❛t✐♦♥ t♦ ❡①t✆❛❝t t❤❡ s❤❛♣❡ ♦✞ t❤❡ ❡❛✆❞✆✉♠✳ ■♥ ❬✧✡☛ t❤❡ ♠♦✈❡♠❡♥t ♦✞ t❤❡ ❡❛✆❞✆✉♠ ✐s

✆❡❝♦✆❞❡❞ ❛t ✈✐❞❡♦ ✆❛t❡ ✇❤✐❧❡ ❛ ♠✐❝✆♦♣❤♦♥❡ ❝✆❡❛t❡s st✐♠✉❧✐ s✐♠✐❧❛✆ t♦ ♣♥❡✉♠❛t✐❝ ♦t♦s❝♦♣②✳ ✟❤❡

♠♦✈❡♠❡♥t ♦✞ t❤❡ ❡❛✆❞✆✉♠ ❛✆❡ ✆❡❝♦✆❞❡❞ ❛♥❞ ❝❛♥ ❜❡ ✉s❡❞ ✞♦✆ ❞✐❛✝♥♦s✐s✳ ✟❤❡s❡ ♠❡t❤♦❞s ❛❞❞ ♥♦

✐♥✞♦✆♠❛t✐♦♥ ❝♦♠♣❛✆❡❞ t♦ ♣♥❡✉♠❛t✐❝ ♦t♦s❝♦♣②✱ ❜✉t ❞♦ ❛❧❧♦✇ ❡❛s✐❡✆ ❤❛♥❞❧✐♥✝ ❛♥❞ ❞✐❛✝♥♦s✐s ❛s t✇♦

st❡♣s ❛✆❡ ❝♦♠❜✐♥❡❞ ✐♥t♦ ♦♥❡ s②st❡♠✳

✎✏✎✏✺ ✪✔✘✚✙✓✫ ✬✛✒✕r✕✜✙✕ ✯✛✤✛❣r✓✔✒✰

❖♣t✐❝❛❧ ❝♦❤❡✆❡♥❝❡ t♦♠♦✝✆❛♣❤② ✭❖✦✟✮ ✐s ❛ t❡❝❤♥✐q✉❡ ❝♦♠♣❛✆❛❜❧❡ t♦ ✉❧t✆❛s♦♥✐❝ ✐♠❛✝✐♥✝ ❜✉t ✉s❡s

❧✐✝❤t ✐♥st❡❛❞ ♦✞ ✉❧t✆❛s♦✉♥❞✳ ✴✐✝❤t ✐s ❡♠✐tt❡❞ ✐♥t♦ ❛ t✐ss✉❡ ❛♥❞ t❤❡ ❞❡♣t❤ ✐♥✞♦✆♠❛t✐♦♥ ♦✞ t❤❡ ❜❛❝❦

✆❡✌❡❝t❡❞ ❧✐✝❤t ✉s❡❞ t♦ ❧♦❝❛❧✐s❡ s❝❛tt❡✆✐♥✝ ♣❛✆t✐❝❧❡s✳ ✵❤✐❧❡ ❞❡♣t❤ ✐♥✞♦✆♠❛t✐♦♥ ✐s ❛❝q✉✐✆❡❞ ✈✐❛ ❞❡❧❛②

♦✞ t❤❡ s✐✝♥❛❧ ✐♥ ✻❙✱ ✐♥t❡✆✞❡✆♦♠❡t✆② ✐s ✉s❡❞ ✐♥ ❖✦✟✳ ✟❤❡ s✐✝♥❛❧ ✐s s✉♣❡✆♣♦s❡❞ ✇✐t❤ ❛ ✆❡✞❡✆❡♥❝❡

♣❛t❤ ❛♥❞ ❞❡♣t❤ ✐♥✞♦✆♠❛t✐♦♥ ✐s ❡①t✆❛❝t❡❞ ✞✆♦♠ t❤❡ ✆❡s✉❧t✐♥✝ ✐♥t❡✆✞❡✆♦♠❡t✆✐❝ ♣❛tt❡✆♥✳ ❆ ✧✼ ✐♠❛✝❡

✐s ❛❝q✉✐✆❡❞ ❜② s❝❛♥♥✐♥✝ t❤❡ ❜❡❛♠ ❛❝✆♦ss t❤❡ s❛♠♣❧❡✳ ❆s ❧✐✝❤t ✐s ✉s❡❞ ✐♥st❡❛❞ ♦✞ ✉❧t✆❛s♦✉♥❞ t❤❡

✆❡s♦❧✉t✐♦♥ ✐♥❝✆❡❛s❡s t♦ ❧❡ss t❤❛♥ ✶✽✾♠ ❜✉t ❛❧s♦ t❤❡ ♣❡♥❡t✆❛t✐♦♥ ❞❡♣t❤ ❞❡❝✆❡❛s❡s t♦ ✠✿❀♠♠✳ ❆

❝♦♠♠♦♥ ❛♣♣❧✐❝❛t✐♦♥ ♦✞ ❖✦✟ ✐s ✐♥ ♦♣❤t❤❛❧♠♦❧♦✝② ✭❛ss❡ss♠❡♥t ♦✞ t❤❡ ❡②❡✮ t♦ ✐♠❛✝❡ t❤❡ t✐ss✉❡ ❧❛②❡✆s

♦✞ t❤❡ ✆❡t✐♥❛✳ ❁♦✇❡✈❡✆✱ s❡✈❡✆❛❧ ✝✆♦✉♣s ❤❛✈❡ ❞❡✈❡❧♦♣❡❞ ❖✦✟ s②st❡♠s t♦ ❛❝q✉✐✆❡ ✐♠❛✝❡s ♦✞ t❤❡

♠✐❞❞❧❡ ❡❛✆ ❬❀✽✿❀✩☛✳

◆✝✉②❡♥ ❡t ❛❧✳ ❬❀☎☛ ✉s❡ ❛ ❤❛♥❞ ❤❡❧❞ ❖✦✟✲♦t♦s❝♦♣② s②st❡♠ t♦ ❛❝q✉✐✆❡ ❖✦✟ ✐♠❛✝❡s ♦✞ t❤❡ ❡❛✆❞✆✉♠

❛♥❞ ❞❡t❡❝t✐♦♥ ♦✞ ❜✐♦☞❧♠s ❛❞❤❡✆❡♥t t♦ ✐t✳ ✟❤✐s ❖✦✟ s②st❡♠ ✐s ❛❜❧❡ t♦ ❞❡t❡✆♠✐♥❡ t❤❡ ❛❜s❡♥❝❡ ♦✆

♣✆❡s❡♥❝❡ ♦✞ ❜✐♦☞❧♠s ✇✐t❤ ❛ s❡♥s✐t✐✈✐t② ♦✞ ✩✧❂ ❛♥❞ s♣❡❝✐☞❝✐t② ♦✞ ✡✩❂ ✐♥ ❛❞✉❧t ♣❛t✐❡♥ts✳ ❆ ✞✉t✉✆❡

❛✐♠ ♦✞ t❤❡ ♣✆♦❥❡❝t ✐s t♦ ❞✐✍❡✆❡♥t✐❛t❡ ❜❡t✇❡❡♥ ❞✐✍❡✆❡♥t ❝❛s❡s ♦✞ ❖▼ ❜❛s❡❞ ♦♥ t❤❡ st✆✉❝t✉✆❡ ♦✞ t❤❡

❜✐♦☞❧♠✳ ❋✐✝✉✆❡ ✠✳❃ s❤♦✇s ❖✦✟ ✐♠❛✝❡s ♦✞ ❛ ❤❡❛❧t❤② ❡❛✆❞✆✉♠ ❛♥❞ ♦♥❡ ✇✐t❤ ❜✐♦☞❧♠ ❛❝q✉✐✆❡❞ ❜② t❤✐s
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❖✆✝ s②st❡♠✳ ❆ ♥♦✞♠❛✟ ❡❛✞❞✞✉♠ s❤♦✇♥ ✐♥ t❤❡ ✉♣♣❡✞ ✐♠❛✠❡ s❤♦✇s ❛ s❤❛✞♣ ❝♦♥t✞❛st ❜❡t✇❡❡♥ ♦✉t❡✞

❡❛✞ ❝❛♥❛✟✱ ❡❛✞❞✞✉♠✱ ❛♥❞ ♠✐❞❞✟❡ ❡❛✞ ❝❛✈✐t②✳ ■♥ ♣✞❡s❡♥❝❡ ♦✡ ❜✐♦☛✟♠ ❛ t❤✐❝❦ ✟❛②❡✞ ❛❞❤❡✞❡♥t t♦ t❤❡

❡❛✞❞✞✉♠ ✐s ✈✐s✐❜✟❡ ❛♥❞ ❛ ✟❡ss ❞✐st✐♥❝t t✞❛♥s✐t✐♦♥ ✡✞♦♠ ❜✐♦☛✟♠ t♦ ♠✐❞❞✟❡ ❡❛✞ ❝❛✈✐t② ✐s ♦❜s❡✞✈❡❞✳

❋✐✠✉✞❡ ☞✳☎✻ ❖✆✝ ✐♠❛✠❡s ♦✡ ❛♥ ❤❡❛✟t❤② ❡❛✞❞✞✉♠ ❛♥❞ ♦♥❡ ✇✐t❤ ❜✐♦☛✟♠ ❬✹☎✌✳

P✐t✞✐s ❡t ❛✟✳ ❬✹✹✌ ✉s❡ ❛ ❜❡♥❝❤ t♦♣ s②st❡♠ t♦ s❤♦✇ t❤❡ ✡❡❛s✐❜✐✟✐t② ♦✡ ✐♠❛✠✐♥✠ t❤❡ ♦ss✐❝✟❡s ✐♥ t❤❡

♠✐❞❞✟❡ ❡❛✞ ✉s✐♥✠ ❖✆✝✳ ■♠❛✠❡s ❛❝q✉✐✞❡❞ ✇✐t❤ t❤✐s s②st❡♠ ❛✞❡❛ s❤♦✇♥ ✐♥ ❋✐✠✉✞❡ ☞✳✼✳ ✝❤❡ ☛❡✟❞ ♦✡

✈✐❡✇ ✐s ✺✍✺♠♠ ✭✇✐❞t❤ ✍ ❞❡♣t❤✮ ❛♥❞ t❤❡ ✞❡s♦✟✉t✐♦♥ ✶✺ ✖♠✳ ❆s ❋✐✠✉✞❡ ☞✳✼ ❇ s❤♦✇s✱ st✞✉❝t✉✞❡s ✉♣

t♦ ☞✳✺♠♠ ❜❡✟♦✇ t❤❡ ❡❛✞❞✞✉♠✱ s✉❝❤ ❛s t❤❡ ✐♥❝✉s ✭■✮✱ ❛✞❡ ❝✟❡❛✞✟② ✈✐s✐❜✟❡✳

✎✉❜✟❡✞ ❡t ❛✟✳ ❬✹✼✌ ❞❡✈❡✟♦♣❡❞ ❛♥ ❖✆✝ s②st❡♠ t♦ ♠❡❛s✉✞❡ t❤❡ t❤✐❝❦♥❡ss ♦✡ t❤❡ ❡❛✞❞✞✉♠✳ ✝❤✐s ✐s

❛ ♣♦ss✐❜✟❡ ♠❛✞❦❡✞ ✡♦✞ ❞✐✏❡✞❡♥t ❝❛s❡s ♦✡ ❖▼ ✇❤❡✞❡ ✐♥✑❛♠♠❛t✐♦♥ ❛♥❞ ❜✐♦☛✟♠s ❝❤❛♥✠❡ t❤❡ ❡❛✞❞✞✉♠

t❤✐❝❦♥❡ss✳ ✆❤♦ ❡t ❛✟✳ ❬✹✶✌ ✡♦✞ ❡✍❛♠♣✟❡ ✞❡♣♦✞t t❤❡ ♠❡❛♥ t❤✐❝❦♥❡ss ♦✡ t❤❡ ❡❛✞❞✞✉♠ ✐♥ ❤❡❛✟t❤② ❝❛s❡s

✭✶☞☞ ✖♠✮✱ ❖▼✒ ❝❛s❡s ✭✶✓✔ ✖♠✮✱ ❝❤✞♦♥✐❝ ❖▼ ✭✸☞☎ ✖♠✮✱ ❛♥❞ ❛❞❤❡s✐✈❡ ❖▼ ✭☞✺✶ ✖♠✮✱ ❛✟s♦ ♠❡❛s✉✞❡❞

❜② ❖✆✝✳ P❛✇✟♦✇s❦✐ ❡t ❛✟✳ ❬✹✔✌ ❞❡✈❡✟♦♣❡❞ ❛ s♠❛✟✟ ❖✆✝ ✇✐t❤ t✉♥❛❜✟❡ ✡♦❝✉s ✡♦✞ ❡✍t❡♥❞❡❞ ☛❡✟❞ ♦✡

✈✐❡✇ t♦ ✐♠❛✠❡ ♠✐❞❞✟❡ ❡❛✞ st✞✉❝t✉✞❡s ❛♥❞ ✞❡❝♦✞❞ s♦✉♥❞ ✐♥❞✉❝❡❞ ♠♦✈❡♠❡♥t ♦✡ t❤❡ ❡❛✞❞✞✉♠✳

❖✆✝ ❤❛s ♣✞♦✈❡♥ t♦ ❜❡ s✉✐t❛❜✟❡ t♦ ✈✐s✉❛✟✐s❡ st✞✉❝t✉✞❡s ✇✐t❤✐♥ t❤❡ ♠✐❞❞✟❡ ❡❛✞✳ ❉✐s❛❞✈❛♥t❛✠❡s ❛✞❡

t❤❛t ♥♦ ✐♥✑❛♠♠❛t✐♦♥ ✐s ✈✐s✉❛✟✐s❡❞ ❛♥❞ t❤❡ s②st❡♠ ✐s q✉✐t❡ ❝♦♠♣✟❡✍ ❛♥❞ ❡✍♣❡♥s✐✈❡✳ ❆♥ ✐♠♣✞♦✈❡♠❡♥t

✇♦✉✟❞ ❜❡ t❤❡ ✉s❡ ♦✡ s♣❡❝t✞♦s❝♦♣✐❝ ❖✆✝ ❛s ❞❡s❝✞✐❜❡❞ ✟❛t❡✞ ✐♥ ❙❡❝t✐♦♥ ☞✳✸✳✔ ✐♥ ♦✞❞❡✞ t♦ ❞❡t❡❝t

✐♥✑❛♠♠❛t✐♦♥ ❛s ✇❡✟✟ ❛s st✞✉❝t✉✞❡s✳
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A B

CT

CT

M
TT

I

M

500 µm 500 µm

TM

I

❋✐❣✆r❡ ✝✞☎✼ ❖✟✠ ✐♠❛❣❡s t❤❡ ❡❛r❞r✆♠ ❛✡❞ ✆✡❞❡r❧②✐✡❣ str✆❝t✆r❡s❀ ✠▼④ t②♠♣❛✡✐❝ ♠❡♠✲

❜r❛✡❡✴❡❛r❞r✆♠✱ ▼④♠❛❧❧❡✆s✱ ■ ④ ✐✡❝✆s✱ ✟✠④ ❝❤♦r❞❛ t②♠♣❛✡✐ ✡❡r✈❡✱ ❛✡❞ ✠✠④ t❡✡s♦r t②♠♣❛✡✐ ♠✆s✲

❝❧❡ ❬✹✹☛✞

☞✳☞✳✻ ✌✍✎✏✑✒✓✉✔✕

✖❧tr❛s♦✆✡❞ ✐s ❛ ❝❤❡❛♣✱ ❢❛st✱ ❛✡❞ s❛❢❡ ✐♠❛❣✐✡❣ ♠♦❞❛❧✐t② ❛✡❞ ✇✐❞❡❧② ✆s❡❞ ❢♦r ✡♦✡✲✐✡✈❛s✐✈❡ ✐♠❛❣✐✡❣✞

❙❡t❤ ❬✹✗☛✱ ❉✐s❝♦❧♦ ❬✺✘☛✱ ❛✡❞ ❆❜r❛♠s♦✡ ❬✺✶☛ s❤♦✇ t❤❡ ❛♣♣❧✐❝❛t✐♦✡ ♦❢ ✆❧tr❛s♦✡✐❝ ✐♠❛❣✐✡❣ t♦ ❞❡t❡❝t

❧✐q✆✐❞ ✐✡ t❤❡ ♠✐❞❞❧❡ ❡❛r✞ ❉✐✙❡r❡✡t ❧✐q✆✐❞ st❛t❡s r❡s✆❧t ✐✡ ❞✐✙❡r❡✡t ♦❜s❡r✈❡❞ r❡✚❡❝t✐♦✡ ♣❡❛✛s✞ ❆✡

❡♠♣t② ❡❛r s❤♦✇s ❛ s✐✡❣❧❡ ♣❡❛✛ ❢♦r t❤❡ ❡❛r❞r✆♠ ✇❤✐❧st t❤❡ ♣r❡s❡✡❝❡ ♦❢ ❧✐q✆✐❞ r❡s✆❧ts ✐✡ ❢✆rt❤❡r ♣❡❛✛s✞

✠❤❡ ❛♠♣❧✐t✆❞❡ ♦❢ t❤❡s❡ ♣❡❛✛s ✐s ❞❡♣❡✡❞❡✡t ♦✡ t❤❡ t❤✐❝✛✡❡ss ♦❢ t❤❡ ❡✙✆s✐♦✡✞ ✠❤✆s ✐t ✐s ♣♦ss✐❜❧❡ t♦

❛ss❡ss t❤❡ t❤✐❝✛✡❡ss ♦❢ t❤❡ ❧✐q✆✐❞ ❛✡❞ ❛❧s♦ t♦ ❞❡t❡❝t ❜✆❜❜❧❡s ✇✐t❤✐✡ t❤❡ ❧✐q✆✐❞✞

✜❛✡❞r② ❡t ❛❧✞ ❬✺✝☛ ✆s❡ ❤✐❣❤ ❢r❡q✆❡✡❝② ✆❧tr❛s♦✆✡❞ t♦ ✈✐s✆❛❧✐③❡ str✆❝t✆r❡s ✐✡ t❤❡ ♠✐❞❞❧❡ ❡❛r✞ ■✡

❝♦✡tr❛st t♦ t❤❡ ♣r❡✈✐♦✆s ♣❛♣❡rs ✐♠❛❣❡s ❛r❡ r❡❝♦r❞❡❞ ✐✡st❡❛❞ ♦❢ ♦✡❧② s✐✡❣❧❡ s❝❛✡s✞ ❆✡ ❡①❛♠♣❧❡ ✐♠❛❣❡

t❛✛❡✡ ❢r♦♠ ❛✡ ❝❛❞❛✈❡r✐❝ ❡❛r❞r✆♠ ✐s s❤♦✇✡ ✐✡ ❋✐❣✆r❡ ✝✞✽✞ ✠❤❡ ♠✐❞❞❧❡ ❡❛r ❝❛✈✐t② ✇❛s ✢❧❧❡❞ ✇✐t❤ ❛

❧✐q✆✐❞ ❛✡❞ ❛❧s♦ ❛ ❝♦✡t❛❝t ♠❡❞✐✆♠ ❜❡t✇❡❡✡ ❡❛r❞r✆♠ ❛✡❞ ♣r♦❜❡ ✇❛s r❡q✆✐r❡❞ t♦ r❡❝♦r❞ t❤❡ ✐♠❛❣❡✞

✣❛t❡r ♦r ❣❡❧ ✐✡ t❤❡ ❡①t❡r✡❛❧ ❡❛r ❝❛✡❛❧ ✐s ✆s❡❞ ❛s ❝♦✡t❛❝t ♠❡❞✐✆♠ ❢r♦♠ tr❛✡s❞✆❝❡r t♦ ❡❛❡r❞r✆♠

❛✡❞ ❞✆❡ t♦ ❧♦✇ ❝♦♦♣❡r❛t✐♦✡ ♦❢ t❤❡ ❝❤✐❧❞r❡✡✱ ❛✡❛❡st❤❡t✐s❛t✐♦✡ ✐s ✡❡❝❡ss❛r② ❬✺✘☛✞ ❏✆✡❤♦ ❡t ❛❧✞ ❬✺✤☛

♣r❡s❡✡t t❤❡ ❞❡✈❡❧♦♣♠❡✡t ♦❢ ❛✡ ✆❧tr❛s♦✆✡❞ ♣r♦❜❡ t❤❛t ❛❧❧♦✇s ❛♣♣❧✐❝❛t✐♦✡ ✇✐t❤♦✆t ❛✡❛❡st❤❡t✐③❛t✐♦✡

❜✆t st✐❧❧ ✡❡❡❞s ❛ s❤♦rt ❧♦✇✲♣r❡ss✆r❡ ✇❛t❡r ♣✆❧s❡ t♦ ♣r♦✈✐❞❡ t❤❡ ❝♦✡t❛❝t ♠❡❞✐✆♠✞ ✠❤❡ ✆s❡ ♦❢ ❛

❝♦✡t❛❝t ♠❡❞✐✆♠ ❢♦r ✐♠❛❣✐✡❣ ✐s ✆✡❞❡s✐r❛❜❧❡✱ ❢✆rt❤❡r♠♦r❡✱ ♦✡❧② t❤❡ ♣r❡s❡✡❝❡ ❛✡❞ st❛t❡ ♦❢ t❤❡ ❧✐q✆✐❞

❛r❡ ✐♠❛❣❡❞✱ ❜✆t ✡♦t t❤❡ ✐✡✚❛♠♠❛t✐♦✡✞ ✟♦✡s❡q✆❡✡t❧② ✆❧tr❛s♦✆✡❞ ✐♠❛❣✐✡❣ ✐s ✡♦t s✆✐t❛❜❧❡ t♦ ❛ss❡ss

t❤❡ ♠✐❞❞❧❡ ❡❛r ✐✡✚❛♠♠❛t✐♦✡✞
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♣r♦❥❡❝ts ✉s❡ ❝♦✆♣✉t❡r ♣r♦✝r❛✆s t♦ ♣❡r❢♦r✆ ❛✉t♦✆❛t❡❞ ❞✐❛✝✞♦s✐s✳ ✟❤✐❧❡ t❤❡s❡ ✆❡t❤♦❞s ✆❛② ✆❛✠❡

❞✐❛✝✞♦s✐s ❡❛s✐❡r ❛✞❞ ✆♦r❡ ♦✡❥❡❝t✐✈❡ t❤❡② ❞♦ ✞♦t ❛❞❞ ✞❡✇ ✐✞❢♦r✆❛t✐♦✞✳ ❋✉rt❤❡r✱ t❤❡s❡ ✆❡t❤♦❞s ❛r❡

✉s❡❞ t♦ ❞✐❛✝✞♦s❡ ❞✐☛❡r❡✞t ❖▼ ❝❛s❡s ✡✉t ❛r❡ ✞♦t ❛✡❧❡ t♦ ❛ss❡ss t❤❡ ✐✞✌❛✆✆❛t✐♦✞ ♦❢ t❤❡ ✆✐❞❞❧❡ ❡❛r

✆✉❝♦s❛ ✐ts❡❧❢✳

❖☞✍✱ ✎✏✱ ☞✍✱ ▼✑■✱ ❛✞❞ ✐✆♣r♦✈❡❞ ♦t♦s❝♦♣❡s ❢♦r ❡❛r❞r✉✆ s❤❛♣❡ ❡①tr❛❝t✐♦✞ ✈✐s✉❛❧✐s❡ str✉❝✲

t✉r❡s ✐✞s✐❞❡ t❤❡ ✆✐❞❞❧❡ ❡❛r s✉❝❤ ❛s t❤❡ s❤❛♣❡ ♦❢ t❤❡ ❡❛r❞r✉✆✱ ❧✐q✉✐❞ ✐✞s✐❞❡ t❤❡ ✆✐❞❞❧❡ ❡❛r✱ ❛✞❞

✡✐♦✒❧✆s ❛tt❛❝❤❡❞ t♦ t❤❡ ❡❛r❞r✉✆✳ ✟❤✐❧❡ t❤❡s❡ ✆❡t❤♦❞s ❛❞❞ s♦✆❡ ❛❞❞✐t✐♦✞❛❧ ✐✞❢♦r✆❛t✐♦✞ t♦ st❛✞✲

❞❛r❞ ♦t♦s❝♦♣✐❝ ✐✆❛✝❡s t❤❡② ♦✞❧② r❡♣❧❛❝❡ ♣r❡✈✐♦✉s❧② ✉s❡❞ ✆❡t❤♦❞s s✉❝❤ ❛s ♣✞❡✉✆❛t✐❝ ♦t♦s❝♦♣② ♦r

t②✆♣❛✞♦✆❡tr② t❤❛t ❛r❡ ❛❧r❡❛❞② ❛✡❧❡ t♦ ❞❡t❡❝t ❧✐q✉✐❞ ❛✞❞ ✐✞❝r❡❛s❡❞ ♣r❡ss✉r❡ ✐✞ t❤❡ ✆✐❞❞❧❡ ❡❛r✳

❋✉rt❤❡r✱ t❤❡s❡ ✆❡t❤♦❞s ❛r❡ ✞♦t ❛✡❧❡ t♦ ❞❡t❡❝t ✐✞✌❛✆✆❛t✐♦✞ ✐ts❡❧❢✳ ✍❤❡ ♦✞❧② ❡①❝❡♣t✐♦✞ ✐s ❖☞✍ t❤❛t

❝❛✞ ✡❡ ❡①t❡✞❞❡❞ t♦ s♣❡❝tr♦s❝♦♣✐❝ ❖☞✍ ❛✡❧❡ t♦ ♣✐❝✠ ✉♣ s♣❡❝tr♦s❝♦♣✐❝ ✐✞❢♦r✆❛t✐♦✞ ❛s ❡①♣❧❛✐✞❡❞ ❧❛t❡r

✐✞ ✏❡❝t✐♦✞ ✓✳✸✳✽✳

❋❧✉♦r❡s❝❡✞❝❡ ✐✆❛✝✐✞✝ ❛❞❞s ✞❡✇ ✐✞❢♦r✆❛t✐♦✞ ✡✉t r❡q✉✐r❡s ❧♦✞✝ ❛❝q✉✐s✐t✐♦✞ t✐✆❡s✱ t❤❡ ✉s❡ ♦❢

❞②❡s✱ ♦r ❤❛s ♦✞❧② ✡❡❡✞ ❛♣♣❧✐❡❞ t♦ ♦t❤❡r ♣❛t❤♦❧♦✝✐❡s ✐✞ t❤❡ ❡❛r s✉❝❤ ❛s ❝❤♦❧❡st❡❛t♦✆❛✱ ✡✉t ✞♦t

❖▼✔✳ ✕❡✞❝❡✱ ✐ts s✉✐t❛✡✐❧✐t② t♦ ❞✐❛✝✞♦s❡ t❤❡ ✆✐❞❞❧❡ ❡❛r ✐✞✌❛✆✆❛t✐♦✞ ✐s q✉❡st✐♦✞❛✡❧❡✳

❆❝❝♦r❞✐✞✝ t♦ ☞❤❛✞❞r❛s♦✆❛ ❬✶✖✗ t❤❡ s✐✝✞s ♦❢ ❛✞ ❛❝✉t❡ ✐✞✌❛✆✆❛t✐♦✞ ❛r❡ r❡❞✞❡ss✱ ✐✞❝r❡❛s❡❞ ❤❡❛t✱

s✇❡❧❧✐✞✝✱ ♣❛✐✞✱ ❛✞❞ ❛ ❧♦ss ♦❢ ❢✉✞❝t✐♦✞✳ ✍❤❡ ✒rst t✇♦ s✐✝✞s ❛r❡ ❛ r❡s✉❧t ♦❢ ✐✞❝r❡❛s❡❞ ✡❧♦♦❞ ✌♦✇ ❛✞❞

s✇❡❧❧✐✞✝ ✐s ❞✉❡ t♦ ❛✞ ❛❝❝✉✆✉❧❛t✐♦✞ ♦❢ ❧✐q✉✐❞✳ ❖▼✔ ✐s ❛ ❝❤r♦✞✐❝✱ ✞♦t ❛✞ ❛❝✉t❡ ✐✞✌❛✆✆❛t✐♦✞ ❛✞❞ ♦✞❧②

s♦✆❡ ♦❢ t❤❡s❡ s✐✝✞s ❛r❡ ♣r❡s❡✞t✳ ✍❤❡ ♦✞❧② ✆❡t❤♦❞s ❛ss❡ss✐✞✝ t❤❡ ✐✞✌❛✆✆❛t✐♦✞ ✉s✐✞✝ t❤❡s❡ s✐✝✞s ❛r❡

t❡✆♣❡r❛t✉r❡ ❛✞❞ s♣❡❝tr♦s❝♦♣✐❝ ✆❡❛s✉r❡✆❡✞ts✳ ✏✐✞❝❡ t❡✆♣❡r❛t✉r❡ ✆❡❛s✉r❡✆❡✞ts ✞❡❡❞ ❛ ❤❡❛❧t❤②

❡❛r ❛s ❛ r❡❢❡r❡✞❝❡ ❛✞❞ ❛r❡ ✞♦t ✐✞t❡✞❞❡❞ ❛s ❛ s♦❧❡ ✆❡❛s✉r❡ t❤❡ ♦✞❧② ✆❡t❤♦❞ ❧❡❢t ✐s s♣❡❝tr♦s❝♦♣②✳

■✞ t❤❡ ✞❡①t s❡❝t✐♦✞ ❧✐t❡r❛t✉r❡ r❡s❡❛r❝❤ ✐s ❡①♣❛✞❞❡❞ t♦ ❞✐❛✝✞♦st✐❝ ✆❡t❤♦❞s t♦ ❛ss❡ss ✐✞✌❛✆✆❛t✐♦✞

✐✞ ✝❡✞❡r❛❧✱ r❛t❤❡r t❤❛✞ t❤♦s❡ r❡str✐❝t❡❞ t♦ t❤❡ ✆✐❞❞❧❡ ❡❛r ✐✞ ♦r❞❡r t♦ ✒✞❞ ✆❡t❤♦❞s t❤❛t ❝♦✉❧❞ ✡❡

tr❛✞s❢❡rr❡❞ t♦ t❤✐s ❛♣♣❧✐❝❛t✐♦✞✳

✘✙✚ ✛✜✢✢✣♥✤ ✥✣✦✣✧✢★✩ ✧♥✪ ✛✫✬♥✬★✧✫ P✢✧★✤✬★✣ ✬♥ ❉✣✤✣★✤✬♥✭ ✮♥✯

✰✧♠♠✧✤✬✴♥

▼♦st ♦❢ t❤❡ ❛✡♦✈❡ t❡❝❤✞✐q✉❡s ❞♦ ✞♦t ❛ss❡ss t❤❡ st❛t❡ ♦❢ t❤❡ ✐✞✌❛✆✆❛t✐♦✞ ♦❢ t❤❡ ✆✐❞❞❧❡ ❡❛r✳ ✑❛t❤❡r

t❤❡② ❛✐✆ t♦ ✐✆♣r♦✈❡ t❤❡ ❞✐s❝r✐✆✐✞❛t✐♦✞ ♦❢ ❞✐☛❡r❡✞t t②♣❡s ♦❢ ❖▼✱ ❞❡t❡r✆✐✞❡ t❤❡ st❛t❡ ♦❢ t❤❡ ❧✐q✉✐❞

✐✞ t❤❡ ✆✐❞❞❧❡ ❡❛r✱ ♦r t♦ s❤♦✇ t❤❡ ♣r❡s❡✞❝❡ ♦❢ ✡❛❝t❡r✐❛✳ ■✞ t❤✐s s❡❝t✐♦✞✱ ♦t❤❡r ❛r❡❛s ♦❢ ✆❡❞✐❝✐✞❡

❛r❡ ✐✞✈❡st✐✝❛t❡❞ ✐✞ ♦r❞❡r t♦ ✒✞❞ t❡❝❤✞✐q✉❡s t♦ ❛ss❡ss t❤❡ st❛t❡ ♦❢ ✐✞✌❛✆✆❛t✐♦✞ ❛s t❤❡s❡ t❡❝❤✞✐q✉❡s

✆✐✝❤t ✡❡ ❛♣♣❧✐❝❛✡❧❡ t♦ t❤❡ ✆✐❞❞❧❡ ❡❛r✳

✍❤❡ ✆❡t❛✡♦❧✐❝ st❛t❡ ♦❢ ❛✞ ✐✞✌❛✆❡❞ t✐ss✉❡ ✐s ✐✞❝r❡❛s❡❞ ❛✞❞ s♦ t♦♦ ✐s t❤❡ ✡❧♦♦❞ s✉♣♣❧② ❞✉❡ t♦ ❛
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❤✐❣❤❡r ♦①②❣❡♥ ❞❡♠❛♥❞✳ ✝❡♥❝❡✱ ♠❛♥② ♠❡t❤♦❞s ❛r❡ ❜❛s❡❞ ♦♥ t❤❡ ❜❧♦♦❞ ❝♦♥t❡♥t ❛♥❞ ♦①②❣❡♥❛t✐♦♥ ✐♥

t✐ss✉❡✳ ✞❤✉s✱ t❤❡ ♦①②❣❡♥ tr❛♥s♣♦rt ❛♥❞ ❝✐r❝✉❧❛t♦r② s②st❡♠ ✐♥ t❤❡ ❤✉♠❛♥ ❜♦❞② ✐s ❡①♣❧❛✐♥❡❞ ☞rst✳

❆❧s♦ t❤❡ ✇❛t❡r ❝♦♥t❡♥t ✐♥ ✐♥✌❛♠❡❞ t✐ss✉❡ ✐s ✐♥❝r❡❛s❡❞✱ ❛♥❞ t❤❡ ❛❜s♦r♣t✐♦♥ ♦✟ ✇❛t❡r ✐♥st❡❛❞ ♦✟ ❜❧♦♦❞

❝❛♥ ❜❡ ✉s❡❞ ❛s ✐♥❞✐❝❛t♦r ❛s ✇❡❧❧✳

✠✡✸✡✶ ❖☛✍✎✏✑ ✒✓✔✑✕✖✗✓✘ ❙✍✕✘✏✙ ✚✑ ✘✛✏ ✜✢✙✔✑ ❇✗✣✍

✤①②❣❡♥ ✐s tr❛♥s♣♦rt❡❞ ✐♥ t❤❡ ❤✉♠❛♥ ❜❧♦♦❞ s②st❡♠ ✐♥ t✇♦ ✇❛②s✳ ■t ✐s ❡✐t❤❡r ❜♦✉♥❞ t♦ ❤❛❡♠♦❣❧♦❜✐♥

✭❛❜♦✉t ✾✥✪✮ ♦r ❞✐ss♦❧✈❡❞ ✐♥ t❤❡ ❜❧♦♦❞ ♣❧❛s♠❛ ✭❛❜♦✉t ☎✪✮ ❬✺✥✦✳ ✞❤✐s ❞❡s❝r✐♣t✐♦♥ ❛♥❞ ♠♦st ❧✐t❡r❛t✉r❡

✟♦❝✉s❡s ♦♥ t❤❡ ♣♦rt✐♦♥ ❜♦✉♥❞ t♦ ❤❛❡♠♦❣❧♦❜✐♥ ❛s t❤✐s ❝♦♥st✐t✉t❡s t❤❡ ✈❛st ♠❛❥♦r✐t② ♦✟ ♦①②❣❡♥ ✐♥

t❤❡ ❜❧♦♦❞✳ ✞❤❡ ❤❛❡♠♦❣❧♦❜✐♥ ✐s ❧♦❛❞❡❞ ✇✐t❤ ♦①②❣❡♥ ✐♥ t❤❡ ❧✉♥❣ ❛♥❞ ♣✉♠♣❡❞ t❤r♦✉❣❤ t❤❡ ❛rt❡r✐❡s

✐♥t♦ t❤❡ ❜♦❞②✳ ✞❤❡ ❛rt❡r✐❡s ❜r❛♥❝❤ ♦✉t ❛♥❞ ❞❡❝r❡❛s❡ ✐♥ ❞✐❛♠❡t❡r t♦ r❡❛❝❤ ❡✈❡r② ♣❛rt ♦✟ t❤❡ ❜♦❞②✳

✞❤❡ s♠❛❧❧ ❜r❛♥❝❤❡s ❧❡❛❞✐♥❣ t♦ t❤❡ ❝❛♣✐❧❧❛r✐❡s ❛r❡ ❝❛❧❧❡❞ ❛rt❡r✐♦❧❡s✳ ✧❤✐❧❡ ♠♦st ♦✟ t❤❡ ❡①❝❤❛♥❣❡ ♦✟

♦①②❣❡♥ ❤❛♣♣❡♥s ✇✐t❤✐♥ t❤❡ ❝❛♣✐❧❧❛r✐❡s✱ s♦♠❡ ♣♦rt✐♦♥ ♦✟ t❤❡ ♦①②❣❡♥ ❧❡❛✈❡s t❤❡ ❜❧♦♦❞ ✇❤✐❧❡ ✐♥ t❤❡

❛rt❡r✐❡s✳ ❆ ♣r❡ss✉r❡ ❞✐★❡r❡♥❝❡ ❞✉❡ t♦ t❤❡ ❤❡❛rt ❜❡❛t ✐s ✈✐s✐❜❧❡ ✐♥ t❤❡ ❛rt❡r✐❡s ❛♥❞ ❛rt❡r✐♦❧❡s✳ ❆✟t❡r

♣❛ss✐♥❣ t❤❡ ❝❛♣✐❧❧❛r✐❡s✱ t❤❡ ❞❡♦①②❣❡♥❛t❡❞ ❜❧♦♦❞ ✐s ❝♦❧❧❡❝t❡❞ ❜② t❤❡ ✈❡♥✉❧❡s ❛♥❞ ❧❡❞ ❜❛❝❦ t♦ ❤❡❛rt ❛♥❞

❧✉♥❣s ❜② t❤❡ ✈❡✐♥s✳ ◆♦ ♣✉❧s❡ ✐s ♣r❡s❡♥t ✐♥ ✈❡♥✉❧❡s ♦r ✈❡✐♥s✳ ✞❤❡ ❜✐❣❣❡st ❞✐❛♠❡t❡r ♦✟ t❤❡ ❛rt❡r✐♦❧❡s

❛♥❞ ✈❡♥✉❧❡s ✐s ❛❜♦✉t ✩✆✆✫☎✆✆ ✬♠ ❛♥❞ ❞❡❝r❡❛s❡s t♦ ❛ ❞✐❛♠❡t❡r ♦✟ ✺ ✬♠ ✐♥ t❤❡ ❝❛♣✐❧❧❛r✐❡s ❬✺✥✦✳ ✞❤❡

♦①②❣❡♥❛t✐♦♥ ✐♥ t❤❡ ❛rt❡r✐❡s ✐s ❜❡t✇❡❡♥ ✾✺ t♦ ✾✥✪ ✐♥ ❛ ❤❡❛❧t❤② ♣❡rs♦♥✳ ✞❤✐s ✈❛❧✉❡ ❞❡❝r❡❛s❡s s❧✐❣❤t❧②

✐♥ t❤❡ ❛rt❡r✐♦❧❡s ❛♥❞ s❤♦✇s ❛ ❧✐♥❡❛r ✟❛❧❧♦★ ✐♥ t❤❡ ❝❛♣✐❧❧❛r✐❡s ❛s ♦①②❣❡♥ ✐s ❞✐s♣❡♥s❡❞ ✐♥t♦ t❤❡ t✐ss✉❡✳

✞❤❡ ♦①②❣❡♥❛t✐♦♥ ♦✟ t❤❡ ✈❡♥♦✉s ❜❧♦♦❞ ✐♥ ❛ ❤❡❛❧t❤② s✉❜❥❡❝t ✐s ❜❡t✇❡❡♥ ✻✆ t♦ ✥✆✪ ❬✺✾✦✳

✠✡✸✡✠ ❙✖✏✯✘✓✗✕✯✗✖✍

✰❡✈❡r❛❧ ❣r♦✉♣s ❤❛✈❡ ✐♥✈❡st✐❣❛t❡❞ t❤❡ ✉s❡ ♦✟ ✟❛r ✐♥✟r❛✫r❡❞ ✭✩✺ ✬♠ t♦ ✩♠♠✮ s♣❡❝tr♦s❝♦♣② t♦ ❛♥❛❧②s❡

t❤❡ st❛t❡ ♦✟ ❞✐★❡r❡♥t t✐ss✉❡s✳ ✲✐ ❡t ❛❧✳ ❬✻✆✦ ✉s❡ t❤❡ ✐♥✟r❛✫r❡❞ s♣❡❝tr✉♠ ❛t ✇❛✈❡❧❡♥❣t❤ ✟r♦♠ ✩✺ t♦

✼✥ ✬♠ t♦ ❝❧❛ss✐✟② ❣❛str✐❝ ❝❛♥❝❡r✱ ❣❛str✐t✐s ✭✐♥✌❛♠♠❛t✐♦♥ ✐♥ t❤❡ st♦♠❛❝❤✮✱ ❛♥❞ ❤❡❛❧t❤② t✐ss✉❡ ❛♥❞

②✐❡❧❞ ❛♥ ♦✈❡r❛❧❧ ❛❝❝✉r❛❝② ♦✟ ✼✼✪✳ ✞❤❡ ✐♠❛❣❡ ❛❝q✉✐s✐t✐♦♥ t✐♠❡ ✐s ✩ t♦ ☎♠✐♥✳ ■♥ ✴✵ ✹✽✹✿ t❡sts ✐♥ ♠✐❝❡

❑❛t✉❦✉r✐ ❡t ❛❧✳ ❬✻✩✦ r❡❛❝❤ ❛♥ ❛❝❝✉r❛❝② ♦✟ ✾✆✪ ✭s❡♥s✐t✐✈✐t② ✾☎✪✱ s♣❡❝✐☞❝✐t② ✥✥✪✱ ❛♥❞ ♣r❡❞✐❝t✐✈❡

✈❛❧✉❡ ♦✟ ✥✥✪✮ ✇❤❡♥ ❞✐★❡r❡♥t✐❛t✐♥❣ ❝♦❧✐t✐s ✭✐♥✌❛♠♠❛t✐♦♥ ♦✟ t❤❡ ❝♦❧♦♥✮ ❛♥❞ ❤❡❛❧t❤② ❝♦❧♦♥✐❝ ♠✉❝♦s❛✳

✞❤❡ ✇❛✈❡❧❡♥❣t❤s ✉s❡❞ ✇❡r❡ ❀✺ t♦ ✼✆ ✬♠✳ ✰❤❛✇ ❡t ❛❧✳ ❬✻☎✦ ✉s❡ t❤❡ s♣❡❝tr✉♠ ✟r♦♠ ❁☎ t♦ ✼✆ ✬♠ t♦

❝❧❛ss✐✟② t❡♥❞♦♥✱ ❤❡❛❧t❤② ♠✉s❝❧❡✱ ❛♥❞ ✐♥✌❛♠❡❞ ♠✉s❝❧❡ t✐ss✉❡ ✐♥ ♠✐❝❡ ✴✵ ✹✽✹✿ ❛♥❞ ❝❧❛ss✐✟② ☎✼ ♦✉t ❀✻

❝❛s❡s ❝♦rr❡❝t❧②✳ ✞❤❡ ♦❜s❡r✈❡❞ ❝❤❛♥❣❡s ✐♥ t❤❡ s♣❡❝tr❛ st❡♠ ✟r♦♠ ❝❤❛♥❣❡s ✐♥ t❤❡ str✉❝t✉r❡ ♦✟ t❤❡

t✐ss✉❡ ❛♥❞ ❝♦♠♣♦s✐t✐♦♥ ♦✟ t❤❡ ♠♦❧❡❝✉❧❡s ♣r♦t❡✐♥s✱ ✟❛ts✱ ❛♥❞ ♥✉❝❧❡✐❝ ❛❝✐❞s ✐♥ t❤❡ t✐ss✉❡ ❬✻✆✦✳

❉❡ ❂❡❧❞ ❡t ❛❧✳ ❬✻❀✦ ❛♥❛❧②s❡❞ t❤❡ ❞✐★✉s❡ r❡✌❡❝t❛♥❝❡ ♦✟ ♦r❛❧ ♠✉❝♦s❛ ✟♦r ❤❡❛❧t❤② ❛♥❞ ❝❛♥❝❡r♦✉s

t✐ss✉❡ ✐♥ t❤❡ ✇❛✈❡❧❡♥❣t❤ r❛♥❣❡ ♦✟ ❁✆✆ t♦ ✼✆✆ ♥♠✳ ✞❤❡ r❡✌❡❝t✐♦♥ s♣❡❝tr❛ ❡♥❛❜❧❡❞ ❞✐st✐♥❣✉✐s❤✐♥❣





❈❍�✁❚❊❘ ✷✂ ▲✄❚❊❘�❚❯❘❊ ❘❊❱✄❊❲ ☎☎

❤❡❛✆t❤② ❣✝♠ t✐ss✝❡ ❛✞❞ ❣✐✞❣✟✐t✐s ✇✐t❤ ❛✞ ❛✠✠✝r❛✠② ♦✡ ✻☛✪ ❛✞❞ s♣❡✠✐☞✠✐t② ♦✡ ✽✌✍✼✪ ✐✞ t❤❡ ✠♦✞tr♦✆

s❡t✍

P❡rss♦✞ ❡t ❛✆✍ ❬✼✎✏ ✐✞✟❡st✐❣❛t❡ ❛ ♣r♦✑✆❡♠ s✐♠✐✆❛r t♦ t❤❡ ♠✐❞❞✆❡ ❡❛r✱ t❤❡ ❞✐❛❣✞♦s✐s ♦✡ ✐✞✒❛♠♠❛t✐♦✞

✐✞ ❤✝♠❛✞ s✐✞✝s ✠❛✟✐t✐❡s✍ ✓❤❡ s✐✞✝s ✠❛✟✐t✐❡s ❛r❡ ✐✆✆✝♠✐✞❛t❡❞ ✑② ❛ s✐✞❣✆❡ ✇❛✟❡✆❡✞❣t❤ ✆❛s❡r ❞✐♦❞❡

✇❤♦s❡ ✇❛✟❡✆❡✞❣t❤ ✐s t❡♠♣❡r❛t✝r❡ t✝✞❡❞ ❛✠r♦ss t❤❡ ♠♦✆❡✠✝✆❛r ♦①②❣❡✞ ❛✑s♦r♣t✐♦✞ ✆✐✞❡ ❛t ✼✻✔✍☛☛✎ ✞♠✍

❉✝r✐✞❣ ✐✞✒❛♠♠❛t✐♦✞ t❤❡ ❛✐r ✐✞ t❤❡ s✐✞✝s ✠❛✟✐t② ✐s r❡♣✆❛✠❡❞ ✑② ✆✐q✝✐❞ ❛s ❛ r❡s✝✆t ♦✡ s✇❡✆✆✐✞❣ ♦✡ t❤❡

♠✝✠♦s❛✆ t✐ss✝❡ ❛✞❞ ♦✠✠✆✝s✐♦✞ ♦✡ t❤❡ ✠❛✟✐t② s✐♠✐✆❛r t♦ t❤❡ ✒✝✐❞ ✑✝✐✆❞ ✝♣ ✐✞ ❖▼✕✍ ✓❤❡ r❡✒❡✠t✐♦✞

s✐❣✞❛✆ ✑❛✠❦s✠❛tt❡r❡❞ ✡r♦♠ t✐ss✝❡ ✆❛②❡rs ✑❡✆♦✇ t❤❡ s✐✞✝s ✠❛✟✐t② ✐s ✝s❡❞ t♦ ❞❡t❡r♠✐✞❡ ✇❤❡t❤❡r t❤❡ s✐✞✝s

✠❛✟✐t② ✐s ☞✆✆❡❞ ✇✐t❤ ❛✐r ♦r ✒✝✐❞✍ ❆✞ ❛✐r ☞✆✆❡❞ ✠❛✟✐t② r❡s✝✆ts ✐✞ str♦✞❣ ❛✑s♦r♣t✐♦✞ ❛t t❤❡ ♠♦✆❡✠✝✆❛r

♦①②❣❡✞ ✆✐✞❡ ✇❤✐✆❡ ❛ ✒✝✐❞ ☞✆✆❡❞ ✠❛✟✐t② ❞♦❡s ✞♦t s❤♦✇ t❤✐s ✠❤❛r❛✠t❡r✐st✐✠✍ ❖t❤❡r ✇❛✟❡✆❡✞❣t❤s ❛r❡

✆❡ss ❛✖❡✠t❡❞ ✑② t❤❡ ✒✝✐❞ ❛✞❞ ✠❛✞ ✑❡ ✝s❡❞ ❛s r❡✡❡r❡✞✠❡✍ ❙♣❛t✐❛✆ ☞✆t❡r✐✞❣ ♦✡ t❤❡ r❡✒❡✠t✐♦✞ s✐❣✞❛✆ ✐s

✞❡✠❡ss❛r② t♦ r❡❥❡✠t ♣❤♦t♦✞s s✠❛tt❡r❡❞ ✐✞ t❤❡ ✑♦✞❡ ❛✞❞ s❦✐✞ ✆❛②❡rs ❛✑♦✟❡ t❤❡ s✐✞✝s ✠❛✟✐t✐❡s✍ ■t ✐s

♠❡✞t✐♦✞❡❞ t❤❛t ♠❡❛s✝r❡♠❡✞ts ✐✞ t❤❡ ❡❛r s❤♦✝✆❞ ✑❡ str❛✐❣❤t ✡♦r✇❛r❞✱ ✑✝t ❛❣❛✐✞✱ t❤✐s ♠❡t❤♦❞ ✐s ✞♦t

s✝✐t❛✑✆❡ ✡♦r t❤❡ ♣r♦✑✆❡♠ tr❡❛t❡❞ ❤❡r❡ ❛s t❤❡ ❞❡t❡✠t✐♦✞ ♦✡ ✆✐q✝✐❞ ❞♦❡s ✞♦t ❣✐✟❡ ✐✞✡♦r♠❛t✐♦✞ ❛✑♦✝t

t❤❡ ❣r❛❞❡ ♦✡ t❤❡ ✐✞✒❛♠♠❛t✐♦✞ ❛✞❞ ✠❛✞ ✑❡ ❞❡t❡✠t❡❞ ✝s✐✞❣ ♦t❤❡r ♠❡t❤♦❞s✍ ■✞ ✠♦✞tr❛st✱ t❤❡ ♦t❤❡r

♣r❡s❡✞t❡❞ s♣❡✠tr♦s✠♦♣✐✠ ♠❡t❤♦❞s ❛r❡ ❛✑✆❡ t♦ ❞❡t❡✠t ❛✞❞ ✠✆❛ss✐✡② ✐✞✒❛♠♠❛t✐♦✞✍

✗✳✸✳✸ ✘✉✙✚✛ ✜✢✣✤✛✥✦✧

P✝✆s❡ ♦①✐♠❡tr② ♠❛❦❡s ✝s❡ ♦✡ t❤❡ ❞✐✖❡r❡✞t ✆✐❣❤t ❛✑s♦r♣t✐♦✞ s♣❡✠tr❛ ♦✡ ♦①②❣❡✞❛t❡❞ ★✑❖✩ ❛✞❞ ❞❡♦①②✲

❣❡✞❛t❡❞ ★✑ ✑✆♦♦❞ ❛s ✇❡✆✆ ❛s t❤❡ ♣r❡ss✝r❡ ❛✞❞ t❤✝s ✟♦✆✝♠❡ ✠❤❛✞❣❡ ♦✡ t❤❡ ❛rt❡r✐❡s ❛✞❞ ❛rt❡r✐♦✆❡s✍

✫♦✞✟❡✞t✐♦✞❛✆ ♣✝✆s❡ ♦①✐♠❡t❡rs ♠❡❛s✝r❡ t❤❡ ♦①②❣❡✞❛t✐♦✞ ♦✡ ❛rt❡r✐❛✆ ✑✆♦♦❞ ❛t ♣❡r✐♣❤❡r❛✆ ✑♦❞② ♣❛rts

s✝✠❤ ❛s ☞✞❣❡rt✐♣s✱ t♦❡s✱ ♦r ❡❛r✆♦✑❡s✍ ✓❤❡ t✐ss✝❡ ✐s ✐✆✆✝♠✐✞❛t❡❞ ✑② ✬✕❉s ♦✡ ❞✐✖❡r❡✞t ✇❛✟❡✆❡✞❣t❤s

✭✞♦r♠❛✆✆② ✻✻☛ ❛✞❞ ✾✮☛✞♠ ❬✼✮✏✯ ❛✞❞ t❤❡ tr❛✞s♠✐tt❡❞ ✆✐❣❤t ✐s ♠❡❛s✝r❡❞ ♦♣♣♦s✐t❡ t❤❡ ✐✆✆✝♠✐✞❛t✐♦✞

♣♦✐✞t✍ ✓❤❡ ✆✐❣❤t ✐s ❛✑s♦r✑❡❞ ✑② t✐ss✝❡✱ ✟❡✞♦✝s✱ ❛✞❞ ❛rt❡r✐❛✆ ✑✆♦♦❞✍ ✓♦ ❡①tr❛✠t ♦✞✆② t❤❡ ❞❡s✐r❡❞

❛✑s♦r♣t✐♦✞ ❞✝❡ t♦ t❤❡ ❛rt❡r✐❛✆ ✑✆♦♦❞ t❤❡ ♠❡❛s✝r❡❞ s✐❣✞❛✆ ✐s ❛✞❛✆②s❡❞ ♦✟❡r t✐♠❡✍ ✓❤❡ ❛✑s♦r♣t✐♦✞ ❞✝❡

t♦ t✐ss✝❡ ❛✞❞ ✟❡✞♦✝s ✑✆♦♦❞ ❞♦❡s ✞♦t ✠❤❛✞❣❡ ♦✟❡r t✐♠❡ ✭❡①✠❡♣t ✡♦r ♠♦t✐♦✞ ❛rt❡✡❛✠ts✯ ✑✝t t❤❡ ❛rt❡r✐❛✆

❛✑s♦r♣t✐♦✞ ❞♦❡s✍ ✓❤✐s ✐s ❞✝❡ t♦ t❤❡ ♣r❡ss✝r❡ ✠❤❛✞❣❡ ✐✞❞✝✠❡❞ ✑② t❤❡ ❤❡❛rt ✑❡❛t ❛✞❞ ♣✝✆s❡✍ ✓❤✐s ✐✞

t✝r✞ r❡s✝✆ts ✐✞ ❛✞ ❡①♣❛✞s✐♦✞ ♦✡ t❤❡ ❛rt❡r✐❡s ❛✞❞ t❤✝s ❤✐❣❤❡r ✠♦✞tr✐✑✝t✐♦✞ t♦ t❤❡ t♦t❛✆ ❛✑s♦r♣t✐♦✞✍

✓❤✐s ♣✝✆s❛t✐♦✞ ✠♦♠♣♦✞❡✞t ✐s ❛✑♦✝t ✔ t♦ ✌✪ ♦✡ t❤❡ t♦t❛✆ s✐❣✞❛✆ ❬✼✌✏ ❛✞❞ ✠❛✞ ❡❛s✐✆② ✑❡ ❡①tr❛✠t❡❞✍

P✝✆s❡ ♦①✐♠❡t❡rs ❛r❡ ✠❛✆✐✑r❛t❡❞ ✑② ♠❡❛s✝r❡♠❡✞ts ♦✞ ❤❡❛✆t❤② s✝✑❥❡✠ts ✑r❡❛t❤✐✞❣ ❞✐✖❡r❡✞t ♦①②✲

❣❡✞❛t❡❞ ❛✐r t♦ ❛rt✐☞✠✐❛✆✆② ✠❤❛✞❣❡ t❤❡✐r ✑✆♦♦❞ ♦①②❣❡✞❛t✐♦✞✍ ❆s ✆❡✟❡✆s ✑❡✆♦✇ ✽☛✪ ❛r❡ ❞❛✞❣❡r♦✝s✱

t❤❡ ✠❛✆✐✑r❛t✐♦✞ ✠❛✞✞♦t ✑❡ ❞♦✞❡ ✑❡✆♦✇ t❤✐s ✆❡✟❡✆ ❛✞❞ t❤❡ ♠❡❛s✝r❡♠❡✞ts ❛r❡ ✐✞t❡r♣♦✆❛t❡❞ ❛✞❞ t❤✝s

✆❡ss ❛✠✠✝r❛t❡ ❬✼✌✏✍ ❋✝rt❤❡r ✡❛✠t♦rs ❞❡✠r❡❛s✐✞❣ t❤❡ ♣❡r✡♦r♠❛✞✠❡ ♦✡ ♣✝✆s❡ ♦①✐♠❡t❡rs ❛♠♦✞❣ ♦t❤❡rs

❛r❡ ❛✑✞♦r♠❛✆ ✆❡✟❡✆s ♦✡ ♦t❤❡r ❤❛❡♠♦❣✆♦✑✐✞ ❞❡r✐✟❛t✐✟❡s s✝✠❤ ❛s ♠❡t❤❛❡♠♦❣✆♦✑✐✞ ▼❡t★✑ ✭✞♦r♠❛✆✆②



❈❍�✁❚❊❘ ✷✂ ▲✄❚❊❘�❚❯❘❊ ❘❊❱✄❊❲ ☎✆

❧❡ss t❤❛✝ ✶✪✮ ❛✝❞ ❝❛✞❜♦①②❤❛❡♠♦✟❧♦❜✐✝ ✠❜✡❖ ✭✝♦✞♠❛❧❧② ❧❡ss t❤❛✝ ☎✪✮✱ ❛♠❜✐❡✝t ❧✐✟❤t✱ ✈❛s♦❛❝t✐✈❡

❞✞✉✟s ❬✼☛☞✱ ❛✝❞ ❛✝ ✐✝❛❝❝✉✞❛t❡ ♣❡❛✌ ✇❛✈❡❧❡✝✟t❤ ♦✍ t❤❡ ✐❧❧✉♠✐✝❛t✐✝✟ ✎✏❉s ❬✼✑☞✳ ✒❤❡ ❛❝❝✉✞❛❝② ♦✍

♣✉❧s❡ ♦①✐♠❡t❡✞s ✐s ❛❜♦✉t ☎✓✑✪ ❬✼✑☞✳

❆s t❤❡s❡ ❝♦✝✈❡✝t✐♦✝❛❧ ♦①✐♠❡t❡✞s ♠❡❛s✉✞❡ t✞❛✝s♠✐ss✐♦✝ t❤❡② ❝❛✝ ♦✝❧② ❜❡ ✉s❡❞ ❛t t❤✐✝ s❛♠♣❧❡s

s✉❝❤ ❛s ❛✝ ❡❛✞❧♦❜❡✳ ■✝ s♦♠❡ ❝❛s❡s s✉❝❤ ❛s ❜❛❞❧② ♣❡✞✍✉s❡❞ ❧✐♠❜s t❤❡s❡ ♠❡❛s✉✞❡♠❡✝ts ❛✞❡ ✐✝❛❝❝✉✞❛t❡

t❤✉s ✝❡✇ ❞❡✈✐❝❡s ❜❛s❡❞ ❛✝❞ ✞❡✔❡❝t✐♦✝ ♠❡❛s✉✞❡♠❡✝ts ❛✞❡ ❞❡✈❡❧♦♣❡❞✳ ✕s✐✝✟ ✞❡✔❡❝t✐♦✝ ♠❡❛s✉✞❡♠❡✝ts

t❤❡ s❡✝s♦✞s ❝❛✝ ❜❡ ♣❧❛❝❡❞ ❛t ❛✝② ♣❛✞t ♦✍ t❤❡ ❜♦❞②✳ ✒✞❛✝s♠✐ss✐♦✝ ❛✝❞ ✞❡✔❡❝t❛✝❝❡ ❜❛s❡❞ s❡✝s♦✞s ❛✞❡

❝♦♠♣❛✞❡❞ ✐✝ ❬✼✼☞ ❛✝❞ ❬✼✖☞ s❤♦✇✐✝✟ s✐♠✐❧❛✞ ♣❡✞✍♦✞♠❛✝❝❡ ✐✝ ✝♦✞♠❛❧ ♣❛t✐❡✝ts ❛✝❞ ✐♠♣✞♦✈❡❞ ♣❡✞✍♦✞✓

♠❛✝❝❡ ♦✍ t❤❡ ✞❡✔❡❝t❛✝❝❡ s❡✝s♦✞s ✐✝ ❜❛❞❧② ♣❡✞✍✉s❡❞ ❧✐♠❜s✳

P✉❧s❡ ♦①✐♠❡t❡✞s ❝❛✝ ❛❧s♦ ❜❡ ✉s❡❞ t♦ ❞✐❛✟✝♦s❡ ✐✝✔❛♠♠❛t✐♦✝✳ ❋♦✞ ❡①❛♠♣❧❡✱ ❙❡t③❡✞ ❡t ❛❧✳ ❬✼✗☞ ✉s❡

❛ ♠♦❞✐✘❡❞ ♣✉❧s❡ ♦①✐♠❡t❡✞ t♦ ❛ss❡ss t❤❡ t✐ss✉❡ ♦①②✟❡✝❛t✐♦✝ ✐✝ ❞✐✙❡✞❡✝t ✍♦✞♠s ♦✍ ♣✉❧♣ ✐✝✔❛♠♠❛t✐♦✝✳

✒❤❡ ♦✝❧② ✞❡❧❡✈❛✝t ♠♦❞✐✘❝❛t✐♦✝ ♦✍ t❤❡ s②st❡♠ ✐s ❛✝ ❛♠♣❧✐✘❝❛t✐♦✝ ♦✍ t❤❡ ♣✉❧s❡❞ s✐✟✝❛❧ ❜② ❛ ✍❛❝t♦✞

☎✳✺ t♦ ❝♦♠♣❡✝s❛t❡ t❤❡ ✇♦✞s❡✝❡❞ s✐✟✝❛❧ ✐✝ t❤✐s ❛♣♣❧✐❝❛t✐♦✝✳ ❆ st❛t✐st✐❝❛❧ ❞✐✙❡✞❡✝❝❡ ❜❡t✇❡❡✝ t❤❡

♦①②✟❡✝❛t✐♦✝ ♦✍ ❤❡❛❧t❤② ❛✝❞ ✐✝✔❛♠❡❞ ❝❛s❡s ✐s ❞✐s❝♦✈❡✞❡❞✱ s❤♦✇✐✝✟ t❤❛t ❛❧s♦ ❛✞t❡✞✐❛❧✴❛✞t❡✞✐♦❧ ❜❧♦♦❞

✐s ❧❡ss ♦①②✟❡✝❛t❡❞ ❞✉✞✐✝✟ ✐✝✔❛♠♠❛t✐♦✝✳

✚✛✸✛✹ ✜✢✣✤✥ ✦✧✲★✩✫✬✥✯r✰

P✉❧s❡ ♦①✐♠❡t❡✞s ❛✞❡ ♦✝❧② ❛❜❧❡ t♦ ♠❡❛s✉✞❡ t❤❡ ♦①②✟❡✝❛t✐♦✝ ♦✍ t✐ss✉❡ ❜✉t ✝♦t t❤❡ t♦t❛❧ ❜❧♦♦❞ ❝♦✝✓

t❡✝t ♦✞ ❝♦✝❝❡✝t✞❛t✐♦✝ ♦✍ ♦t❤❡✞ ❤❛❡♠♦✟❧♦❜✐✝ ❞❡✞✐✈❛t✐✈❡s✳ ✒❤❡ ▼❛s✐♠♦ ✞❛✐✝❜♦✇ P✉❧s❡ ✡❖✓❖①✐♠❡t❡✞

✭▼❛s✐♠♦✱ ■✞✈✐✝❡✱ ✡❆✮ s♦❧✈❡s t❤✐s ♣✞♦❜❧❡♠ ❛✝❞ ✐s ❛❜❧❡ t♦ ♠❡❛s✉✞❡ t♦t❛❧ ❤❛❡♠♦✟❧♦❜✐✝ ❝♦✝❝❡✝t✞❛t✐♦✝

❛s ✇❡❧❧ ❛s ♦①②✓✱ ❝❛✞❜♦①②✓✱ ❛✝❞ ♠❡t❤❛❡♠♦✟❧♦❜✐✝ ❝♦✝t❡✝t✳ ■✝ ❬✖✽☞ ✐t ✐s s❤♦✇✝ t❤❛t t❤❡s❡ ♠❡❛s✉✞❡✓

♠❡✝ts ❤❛✈❡ ❭❛❝❝❡♣t❛❜❧❡✵ ❛❝❝✉✞❛❝② ✍♦✞ ❝❧✐✝✐❝❛❧❧② ✉s❡✳ ✒❤❡ ♠❡❛s✉✞❡♠❡✝t ♣✞✐✝❝✐♣❧❡ ✐s s✐♠✐❧❛✞ t♦ t❤❛t

♦✍ ❝♦✝✈❡✝t✐♦✝❛❧ ♣✉❧s❡ ♦①✐♠❡t❡✞s✱ ❜✉t ✐✝st❡❛❞ ♦✍ ♦✝❧② ☎ ♠♦✞❡ t❤❛✝ ✼ ✇❛✈❡❧❡✝✟t❤s ❛✞❡ ✉s❡❞ ❬✖✶☞ ❛✝❞

❛❧❧♦✇ ✍♦✞ t❤❡ ✐❞❡✝t✐✘❝❛t✐♦✝ ♦✍ ♠✉❧t✐♣❧❡ ❤❛❡♠♦✟❧♦❜✐✝ ❝♦♠♣♦✝❡✝ts✳

✚✛✸✛✻ ✦✾✬✥r✾ ✿✬✾❣✥✤ ❢✧r ★✩✫✬✥✯r✰

❆✝♦t❤❡✞ ♦♣t✐♦✝ t♦ ♣❡✞✍♦✞♠ ♦①✐♠❡t✞② ✐s t♦ t❛✌❡ ♠✉❧t✐✓❝♦❧♦✉✞ ✐♠❛✟❡s ♦✍ t❤❡ t✐ss✉❡ ❛✝❞ ❛✝❛❧②s❡ ✐ts s♣❡❝✓

t✞❛❧ ❝♦♠♣♦✝❡✝ts ♦✞ ❝❤❛✝✟❡ t❤❡ s♣❡❝t✞❛❧ ❝❤❛✞❛❝t❡✞✐st✐❝s ♦✍ t❤❡ ✐❧❧✉♠✐✝❛t✐♦✝ ✐✝ ❞✐✙❡✞❡✝t ✐♠❛✟❡s ❬✖☎☞✳

✒❤✐s ✐s ❞♦✝❡ ✍♦✞ t❤❡ ✞❡t✐✝❛✱ ✉s✐✝✟ ✐❧❧✉♠✐✝❛t✐♦✝ ✇✐t❤ ✇❛✈❡❧❡✝✟t❤s ♦✍ ✺✖☛✝♠ ❛✝❞ ☛✽✺✝♠✳ ❆t ✺✖☛✝♠

❜♦t❤ ♦①②✟❡✝❛t❡❞ ❛✝❞ ❞❡♦①②✟❡✝❛t❡❞ ❜❧♦♦❞ ❤❛✈❡ t❤❡ s❛♠❡ ❛❜s♦✞♣t✐♦✝ ❝♦❡❀❝✐❡✝t✳ ✒❤✐s ✐s♦❜❡st✐❝ ❝❛s❡

✐s ✉s❡❞ ❛s ✞❡✍❡✞❡✝❝❡ ♠❡❛s✉✞❡♠❡✝t✳ ❆t ☛✽✺✝♠ t❤❡ ❛❜s♦✞♣t✐♦✝ ❝♦❡❀❝✐❡✝t ♦✍ ❞❡♦①②✟❡✝❛t❡❞ ❜❧♦♦❞

✐s ❤✐✟❤❡✞ t❤❛✝ t❤❡ ♦✝❡ ♦✍ ♦①②✟❡✝❛t❡❞ ❜❧♦♦❞✳ ❆ ♠❡❛s✉✞❡♠❡✝t ❛t t❤✐s ✇❛✈❡❧❡✝✟t❤ ✐s t❤❡✝ ✉s❡❞ t♦

❞❡t❡✞♠✐✝❡ ✇❤❡t❤❡✞ t❤❡ ❛♠♦✉✝t ♦✍ ♦①②✓ ♦✞ ❞❡♦①②✟❡✝❛t❡❞ ❜❧♦♦❞ ✐s ❤✐✟❤❡✞✳ ✒❤❡ ✟✞♦✉♣ ✘✝❞s ♠❡❛✝

✈❛❧✉❡s ✍♦✞ t❤❡ ♦①②✟❡✝❛t✐♦✝ ♦✍ ❛✞t❡✞✐♦❧❡s ♦✍ ✗✗✪ ❛✝❞ ♦✍ ✈❡✝✉❧❡s ♦✍ ✺☎✪✳ ✒❤❡ st❛✝❞❛✞❞ ❞❡✈✐❛t✐♦✝ ✐s



❈❍�✁❚❊❘ ✷✂ ▲✄❚❊❘�❚❯❘❊ ❘❊❱✄❊❲ ☎✆

✸✝✼✪ ❛✞❞ ✺✝✸ ✪✱ r❡s♣❡❝t✐✈❡❧②✝ ✟❤❡s❡ r❡s✉❧ts s❤♦✇ t❤❡ ❢❡❛s✐❜✐❧✐t② ♦❢ ♦①②❣❡✞❛t✐♦✞ ♠❡❛s✉r❡♠❡✞ts ❜②

❝❛♠❡r❛ ✐♠❛❣❡s ❜✉t t❤✐s ♠❡t❤♦❞ ❝❛✞✞♦t ❜❡ ❛♣♣❧✐❡❞ t♦ t❤❡ ♠✐❞❞❧❡ ❡❛r ❛s t❤❡ ❡❛r❞r✉♠ ♦❜s❝✉r❡s t❤❡

❧✐❣❤t ♣❛t❤ ❛✞❞ ✞♦ ❝❧❡❛r ✐♠❛❣❡ ♦❢ t❤❡ ✈❡ss❡❧s ✇✐❧❧ ❜❡ ❛✈❛✐❧❛❜❧❡✝

✠✳✡✳✻ ❖☛☞✌✍✎✏ ✑✒✓✔✕✔♥✍✔ ✖✒✗✒✘✕✎☛✓✙

❇❡s✐❞❡s t❤❡ ❛♣♣❧✐❝❛t✐♦✞ ♦❢ ✚✛✟ ✐✞ ♦♣❤t❤❛❧♠♦❧♦❣② ❛✞❞ r❡s❡❛r❝❤ ✐✞ ✐♠❛❣✐✞❣ t❤❡ ❡❛r❞r✉♠✱ t❤❡r❡ ✐s

❛❧s♦ r❡s❡❛r❝❤ ✐✞ ❞✐❛❣✞♦s✐✞❣ ✐✞✜❛♠♠❛t✐♦✞ ✉s✐✞❣ ✚✛✟✝ ❙❤❡✞ ❡t ❛❧✝ ❬✽✸✢ ❢♦r ❡①❛♠♣❧❡ ✐✞✈❡st✐❣❛t❡ t❤❡ ✉s❡

♦❢ ✚✛✟ ✐✞ ❝♦❧♦✞♦s❝♦♣② t♦ ❞✐st✐✞❣✉✐s❤ t❤❡ t✇♦ ♠❛❥♦r t②♣❡s ♦❢ ✐✞✜❛♠♠❛t♦r② ❜♦✇❡❧ ❞✐s❡❛s❡s ✭■❇❉✮

✛r♦❤✞✬s ❉✐s❡❛s❡ ✭✛❉✮ ❛✞❞ ✣❧❝❡r❛t✐✈❡ ✛♦❧✐t✐s ❜❛s❡❞ ♦✞ t❤❡ t✐ss✉❡ str✉❝t✉r❡✝ ✟r❛✞s♠✉r❛❧ ✭s♣❛✞✞✐✞❣

t❤❡ ✇❤♦❧❡ ❞❡♣t❤ ♦❢ t❤❡ ✐✞t❡st✐✞❡ ✇❛❧❧✮ ✐✞✜❛♠♠❛t✐♦✞✱ ❛ ❤❛❧❧♠❛r❦ ♦❢ ✛❉✱ ❝❛✞ ❜❡ ❞❡t❡❝t❡❞ ❜② ✚✛✟ ❛s

t❤❡ ❧❛②❡r❡❞ str✉❝t✉r❡ ♦❢ t❤❡ t✐ss✉❡ ❞✐s❛♣♣❡❛rs ❛✞❞ ✐ts ♣r❡s❡✞❝❡ ♦r ❛❜s❡✞❝❡ ❤❡❧♣s ❞❡❝✐❞✐✞❣ ✇❤✐❝❤ ❢♦r♠

♦❢ ■❇❉ ✐s ♣r❡s❡✞t✝ ❆ ❧✐❣❤t s♦✉r❝❡ ✇✐t❤ ❝❡✞tr❡ ✇❛✈❡❧❡✞❣t❤ ♦❢ ✶☎✼✤ ✞♠ ✐s ✉s❡❞✱ ❛ s♣❛t✐❛❧ r❡s♦❧✉t✐♦✞ ♦❢

✶✤✥☎✤✦♠✱ ❛✞❞ ❛✞ ✐♠❛❣✐✞❣ ❞❡♣t❤ ♦❢ ✶✝✺♠♠ ✭✉♣ t♦ ✸✝✺♠♠ ✇❤❡✞ ❝♦♠♣r❡ss✐✞❣ t❤❡ t✐ss✉❡✮ ❛❝❤✐❡✈❡❞✝

❆ st✉❞② ♦❢ ✼✤ ♣❛t✐❡✞ts r❡s✉❧ts ✐✞ ❛ s♣❡❝✐✧❝✐t② ♦❢ ✽✸✝✸ ✪ ❛✞❞ ❛ s❡✞s✐t✐✈✐t② ♦❢ ✾✤ ✪ ✐✞ ❞✐❛❣✞♦s✐✞❣ ✛❉✝

✠✳✡✳★ ✩✒☛☛✏✔✕ ❖☛☞✌✍✎✏ ✑✒✓✔✕✔♥✍✔ ✖✒✗✒✘✕✎☛✓✙

❉♦♣♣❧❡r ♦♣t✐❝❛❧ ❝♦❤❡r❡✞❝❡ t♦♠♦❣r❛♣❤② ✭❉✚✛✟✮ ✐s ❛✞ ❛❞✈❛✞❝❡♠❡✞t ♦❢ ✚✛✟ ❛✐♠✐✞❣ t♦ ✈✐s✉❛❧✐s❡

❜❧♦♦❞ ✜♦✇ ✐✞ ❛❞❞✐t✐♦✞ t♦ t❤❡ str✉❝t✉r❡ ♦❢ t❤❡ t✐ss✉❡✝ ✟❤❡ ✈❡❧♦❝✐t② ♦❢ ❛ ♣❛rt✐❝❧❡ ✐s ❡①tr❛❝t❡❞ ❢r♦♠ t❤❡

✚✛✟ s✐❣✞❛❧ ✉s✐✞❣ t❤❡ ♣❤❛s❡ ❞✐✫❡r❡✞❝❡ ❜❡t✇❡❡✞ t✇♦ ❛❞❥❛❝❡✞t ③✥s❝❛✞s✝ ✟❤✐s ♠❡t❤♦❞ ✇❛s s✉❝❝❡ss❢✉❧❧②

✉s❡❞ t♦ ♠❡❛s✉r❡ r❡t✐✞❛❧ ❜❧♦♦❞ ✜♦✇ ❛✞❞ ✐s ❛ ♣r♦♠✐s✐✞❣ ✞♦✞✥✐✞✈❛s✐✈❡ ❛❧t❡r✞❛t✐✈❡ ❢♦r ♦t❤❡r ❛♣♣❧✐❝❛t✐♦✞s

s✉❝❤ ❛s ❛✞❣✐♦❣r❛♣❤② ❬✽✆✢✝ ■✞ t❤❡ ✐✞✈❡st✐❣❛t❡❞ ❛♣♣❧✐❝❛t✐♦✞ ✐t ❝♦✉❧❞ ❜❡ ✉s❡❞ t♦ ✈✐s✉❛❧✐s❡ t❤❡ ❜❧♦♦❞

✜♦✇ ✐✞ t❤❡ ♠✐❞❞❧❡ ❡❛r ♠✉❝♦s❛ ✐✞ ❛❞❞✐t✐♦✞ t♦ str✉❝t✉r❡s ✐✞ t❤❡ ♠✐❞❞❧❡ ❡❛r✝

✠✳✡✳✯ ✰☛✔✍☞✕✒✲✍✒☛✙ ❖☛☞✌✍✎✏ ✑✒✓✔✕✔♥✍✔ ✖✒✗✒✘✕✎☛✓✙

✴❛t❤❡r t❤❛✞ ✉s✐✞❣ t❤❡ s♣❛t✐❛❧ ✐✞❢♦r♠❛t✐♦✞ ♦❢ ✚✛✟ ♦✞❧②✱ t❤❡ ❛❞❞✐t✐♦✞ ♦❢ s♣❡❝tr♦s❝♦♣✐❝ ✐✞❢♦r♠❛t✐♦✞

✇♦✉❧❞ ❡✞❤❛✞❝❡ t❤❡ s②st❡♠ ❛✞❞ ❛❧❧♦✇s ❛ss❡ss✐✞❣ t❤❡ ❜❧♦♦❞ ♦①②❣❡✞❛t✐♦✞✝ ❙♣❡❝tr♦s❝♦♣② ✚♣t✐❝❛❧

✛♦❤❡r❡✞❝❡ ✟♦♠♦❣r❛♣❤② ✭❙✚✛✟✮✱ ❛✞ ❡✞❤❛✞❝❡♠❡✞t ♦❢ ✚✛✟✱ ✐s ❝❛♣❛❜❧❡ ♦❢ t❤✐s✝ ✟❤❡ ❜❛s✐❝ ✐❞❡❛

♦❢ ❙✚✛✟ ✐s t♦ ❝♦♠❜✐✞❡ ✚✛✟ ❛✞❞ ❋♦✉r✐❡r ✟r❛✞s❢♦r♠ ■✞❢r❛✥✴❡❞ ❙♣❡❝tr♦s❝♦♣② ✭❋✟■✴✮ ❛s ❜♦t❤

t❡❝❤✞✐q✉❡s ❛r❡ ❜❛s❡❞ ♦✞ ❛✞ ✐✞t❡r❢❡r♦♠❡t❡r✝

❙✐♠✐❧❛r t♦ ❝♦✞✈❡✞t✐♦✞❛❧ s♣❡❝tr♦s❝♦♣②✱ ❧✐❣❤t ✐s ♣❛ss❡❞ t❤r♦✉❣❤ ❛ s❛♠♣❧❡ ❛✞❞ t❤❡ tr❛✞s♠✐tt❡❞ ❧✐❣❤t

r❡❝♦r❞❡❞✝ ❇✉t ✐✞st❡❛❞ ♦❢ s❝❛✞✞✐✞❣ t❤❡ ✇❛✈❡❧❡✞❣t❤ t❤♦✉❣❤ t❤❡ ❞❡s✐r❡❞ r❛✞❣❡✱ ❛ ❜r♦❛❞❜❛✞❞ ♣✉❧s❡

✐s ✉s❡❞ ❛✞❞ t❤❡ tr❛✞s♠✐tt❡❞ ❧✐❣❤t ❜r♦✉❣❤t t♦ ✐✞t❡r❢❡r❡✞❝❡ ✇✐t❤ ❛ r❡❢❡r❡✞❝❡ ❜❡❛♠✝ ✟❤❡ ✐✞t❡r❢❡r❡✞❝❡

s✐❣✞❛❧ ✐s ❋♦✉r✐❡r tr❛✞s❢♦r♠❡❞ ❛✞❞ ❛❧❧♦✇s t♦ ❞❡t❡❝t ❛❧❧ ❢r❡q✉❡✞❝✐❡s ❛t ♦✞❝❡ r❡❞✉❝✐✞❣ t❤❡ ♠❡❛s✉r❡♠❡✞t

t✐♠❡ ❬✽✺✢✝ ✟❤❡ s♣❡❝tr✉♠ ✇✐t❤✐✞ t❤❡ ❜❛✞❞✇✐❞t❤ ♦❢ t❤❡ s♦✉r❝❡✱ ✇❤✐❝❤ ✐s ✞♦r♠❛❧❧② ❛❜♦✉t ✺✤ t♦ ✶✤✤ ✞♠✱
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✐s ❛✝❛✞②s❡❞✳ ✟❤✐s s♣❡❝tr❛✞ ❜❛✝❞✇✐❞t❤ ✐s ❜r♦❛❞ ❡✝♦✠❣❤ t♦ ❞❡t❡r♠✐✝❡ t❤❡ ♦①②❣❡✝ ❛✝❞ ❞❡✲♦①②❣❡✝ ✞❡✈❡✞

♦✡ ❤❛❡♠♦❣✞♦❜✐✝ ✐✝ t✐ss✠❡ t♦ ❛ss❡s ✐✝✌❛♠♠❛t♦r② ❞✐s❡❛s❡s ❬✻☛☞✳

❆s ❖✍✟ ✐s ❝✞✐✝✐❝❛✞✞② ✠s❡❞ ✡♦r ❞✐❛❣✝♦s✐s ✐✝ t❤❡ ❡②❡ ✐t ✐s ♦❜✈✐♦✠s t♦ ✡❛❝✐✞✐t❛t❡ ❙❖✍✟ ✡♦r r❡t✐✝❛✞

♦①✐♠❡tr②✳ ❋♦r ❡①❛♠♣✞❡✱ t❤❡ ❣r♦✠♣ ♦✡ ❑❛❣❡♠❛✝ ❬☛✻☞ ✠s❡ ✇❛✈❡✞❡✝❣t❤s ✡r♦♠ ☛✽✆ t♦ ☛✆✆ ✝♠ ✡♦r ♦①✐♠❡tr②

❛✝❞ ✎✝❞ st❛t✐st✐❝❛✞ ❞✐✏❡r❡✝❝❡s ❜❡t✇❡❡✝ ❛rt❡r✐❛✞ ❛✝❞ ✈❡✝♦✠s ❜✞♦♦❞✳ ✟❤✐s st✠❞② ❞❡♠♦✝str❛t❡s t❤❡

t❤❡♦r❡t✐❝❛✞ ✡❡❛s✐❜✐✞✐t② ♦✡ ♦①✐♠❡tr② ✠s✐✝❣ ❙❖✍✟ ❜✠t ❛s ❬☛✑☞ st❛t❡s✱ ✐t ✐s ✝♦t r❡❛❞② ✡♦r ❝✞✐✝✐❝❛✞ ✠s❡ ②❡t✳

❋✠rt❤❡r ❡①❛♠♣✞❡s ❛r❡ t❤❡ ✇♦r❦ ❜② ✒✐✠ ❬☛☛☞ ❛✝❞ ❋❛❜❡r ❬☛✓☞ ✇❤♦ ✐✝✈❡st✐❣❛t❡ t❤❡ ✠s❡ ♦✡ ❙❖✍✟

t♦ ❞❡t❡r♠✐✝❡ t❤❡ ♦①②✲❤❛❡♠♦❣✞♦❜✐✝ ❝♦✝t❡✝t ♦✡ ❜✞♦♦❞ ✔♥ ✕✔✖✗✘ ❛✝❞ ✔♥ ✕✔✕✘✱ r❡s♣❡❝t✐✈❡✞②✳ ✒✠✐ ❬☛☛☞

♠❡❛s✠r❡s t❤❡ ♣r♦♣❡rt✐❡s ♦✡ ❜♦t❤ ✡✠✞✞② ♦①✲ ❛✝❞ ❞❡✲♦①②❣❡✝❛t❡❞✱ ❞✐✞✠t❡❞ ✭t♦ r❡❞✠❝❡ t❤❡ s❝❛tt❡r✐✝❣

❝♦❡✙❝✐❡✝t✮ s❤❡❡♣ ❜✞♦♦❞ ❛✝❞ t❤❡ s♣❡❝tr♦s❝♦♣✐❝ r❡s✠✞ts s❤♦✇ ❣♦♦❞ ❝♦rr❡s♣♦✝❞❡✝❝❡ t♦ t❤❡ ♦①②❣❡✝

✞❡✈❡✞✳ ■♥ ✕✔✕✘✱ t❤❡ ♠❡❛s✠r❡♠❡✝t ✇♦✠✞❞ ❜❡ ✞❡ss ❛❝❝✠r❛t❡ ❞✠❡ t♦ t❤❡ str♦✝❣ s❝❛tt❡r✐✝❣ ♦✡ ❜✞♦♦❞✳

❇✠t st✐✞✞ t❤❡② ❝♦✝❝✞✠❞❡ t❤❛t ✐t ✐s ♣♦ss✐❜✞❡ t♦ ❞♦ r❡❛✞ t✐♠❡ ✚❜❖✛ ❛ss❡ss♠❡✝t ✠s✐✝❣ s♣❛t✐❛✞ ✎✞t❡r✐✝❣✳

✜✝ ❝♦✝tr❛st ❬☛✓☞ st❛t❡s t❤❛t ❝✠rr❡✝t ♠♦❞❡✞s ✡♦r ✞✐❣❤t tr❛✝s♣♦rt ❛r❡ ✝♦t s✠✙❝✐❡✝t t♦ ❡①tr❛❝t t❤❡

❛❜s♦r♣t✐♦✝ ❝♦❡✙❝✐❡✝t ✡r♦♠ ❙❖✍✟ ♠❡❛s✠r❡♠❡✝ts✳ ❖✝✞② ❝❛r❡✡✠✞ ❝❛✞✐❜r❛t✐♦✝ ♦✡ t❤❡ s②st❡♠ ♠❛② ✞❡❛❞

t♦ q✠❛✝t✐t❛t✐✈❡ ♠❡❛s✠r❡♠❡✝ts t❛❦✐✝❣ t❤❡ ♣❛t❤ ✞❡✝❣t❤ ♦✡ t❤❡ ❞❡t❡❝t❡❞ ✞✐❣❤t ✐✝t♦ ❛❝❝♦✠✝t✳ ✟❤❡ ♦♣t✐❝❛✞

♣r♦♣❡rt✐❡s ♦✡ t❤❡ s✠rr♦✠✝❞✐✝❣ t✐ss✠❡ ✐✝ t❤❡ ♦♣t✐❝❛✞ ♣❛t❤ ❤❛s t♦ ❜❡ t❛❦❡✝ ✐✝t♦ ❛❝❝♦✠✝t t♦ ❝♦♠♣❡✝s❛t❡

✡♦r ❡rr♦rs ❬☛✻☞✳

✟❤❡ r❡s♦✞✠t✐♦✝ ♦✡ ❙❖✍✟ ✐s ❛❜♦✠t t❤❡ s✐③❡ ♦✡ r❡❞ ❜✞♦♦❞ ❝❡✞✞✳ ✟❤✠s✱ ❛ s✐✝❣✞❡ ❖✍✟ s❝❛✝ ❝❛✝ ❛ss❡ss

♦✝✞② ✈❡r② ✡❡✇ ❜✞♦♦❞ ❝❡✞✞s✳ ❨✐ ❛✝❞ ✒✐ ❬✓✽☞ ✐✝✈❡st✐❣❛t❡ t❤❡ ♣♦ss✐❜✐✞✐t② t♦ ❛ss❡ss t❤❡ ❤❛❡♠♦❣✞♦❜✐✝

♦①②❣❡✝❛t✐♦✝ ❜② t❤❡ ♠❡❛s✠r❡♠❡✝t ♦✡ s✐✝❣✞❡ ❝❡✞✞s✳ ✟❤❡ ✔♥ ✕✔✖✗✘ ❡①♣❡r✐♠❡✝ts s❤♦✇ t❤❛t t❤✐s ✐s ♣♦ss✐❜✞❡

❛✞t❤♦✠❣❤ ♠♦r❡ ❡✞❛❜♦r❛t❡ ♠♦❞❡✞s ✡♦r s❝❛tt❡r✐✝❣ ❛✝❞ s✐❣✝❛✞ ♣r♦❝❡ss✐✝❣ ❛r❡ ✝❡❝❡ss❛r②✳

✜✝ ❝♦✝❝✞✠s✐♦✝✱ ❙❖✍✟ ❝♦✠✞❞ ❜❡ ✠s❡❞ t♦ ❛ss❡ss t❤❡ ♦①②❣❡✝ s❛t✠r❛t✐♦✝ ✐✝ ❜✞♦♦❞ ✐✡ ❛♣♣r♦♣r✐❛t❡ ✞✐❣❤t

tr❛✝s♣♦rt ♠♦❞❡✞s ❛r❡ ✠s❡❞✱ t❤❡ ♦♣t✐❝❛✞ ♣r♦♣❡rt✐❡s ♦✡ t❤❡ s✠rr♦✠✝❞✐✝❣ ♠❡❞✐❛ ❛r❡ t❛❦❡✝ ✐✝t♦ ❛❝❝♦✠✝t✱

❛✝❞ t❤❡ s②st❡♠ ✐s ❝❛✞✐❜r❛t❡❞ ♣r♦♣❡r✞②✳ ❇✠t ✝♦✝❡ ♦✡ t❤❡ ♣r❡s❡✝t❡❞ ✇♦r❦s ❛❝❤✐❡✈❡s t❤✐s ✐✝ ❛ r❡✞✐❛❜✞❡

✇❛② ✐✝ ♦r❞❡r t♦ tr❛✝s✡❡r t❤✐s t❡❝❤✝✐q✠❡ ✐✝t♦ ❝✞✐✝✐❝s✳

✢✣✸✣✾ ✤✥✦✥✧ ★✩✪✫✬✯✰✴✫✰✩✵

✒✐❡❜❡r ❛t ❛✞✳ ❬✓✶☞ ❞❡✈❡✞♦♣ ❛ ♣♦rt❛❜✞❡ ❝♦✝✡♦❝❛✞ ✹❛♠❛✝ s♣❡❝tr♦s❝♦♣② s②st❡♠ t♦ ❝✞❛ss✐✡② ✐✝✌❛♠❡❞ s❝❛r

t✐ss✠❡✱ t✇♦ ❦✐✝❞ ♦✡ ❝❛✝❝❡r♦✠s t✐ss✠❡✱ ❛✝❞ ❤❡❛✞t❤② s❦✐✝✳ ✜✝ ❝❛s❡ ♦✡ ✹❛♠❛✝ s❝❛tt❡r✐✝❣ t❤❡ ✡r❡q✠❡✝❝②

♦✡ t❤❡ s❝❛tt❡r❡❞ ♣❤♦t♦✝ ✐s s❤✐✡t❡❞ ❞✠❡ t♦ ✐✝t❡r❛❝t✐♦✝ ✇✐t❤ ❛ ✈✐❜r❛t✐✝❣ ♠♦✞❡❝✠✞❡✳ ✟❤❡ r❡s✠✞t✐✝❣

✡r❡q✠❡✝❝② ❞❡♣❡✝❞s ♦✝ t❤❡ ✐✝t❡r❛❝t✐✝❣ ♠♦✞❡❝✠✞❡ ❛✝❞ ❝❛✝ ❜❡ ✠s❡❞ t♦ ❞❡t❡r♠✐✝❡ s✠❜st❛✝❝❡s ♦r ❝✞❛ss✐✡②

t✐ss✠❡s✳ ✟❤❡ ♣r♦♣♦s❡❞ ♠❡t❤♦❞ ✠s❡s ❛ ☛☎✆ ✝♠✱ ✺✽♠✼ ✞❛s❡r ✡♦r ✐✞✞✠♠✐✝❛t✐♦✝✱ ❛✝ ✐♠❛❣❡ ❛❝q✠✐s✐t✐♦✝

t✐♠❡ ♦✡ ✿✽ s✱ ❛✝❞ ❝♦✞✞❡❝ts t❤❡ ✹❛♠❛✝ s♣❡❝tr❛ ✡r♦♠ ✆✽✽ t♦ ✶☛✽✽ ✝♠✳ ✟❤❡ ❞✐✏❡r❡✝t t✐ss✠❡s ❝❛✝ ❜❡

❞✐st✐✝❣✠✐s❤❡❞ ✇✐t❤ ❛✝ ♦✈❡r❛✞✞ ❛❝❝✠r❛❝② ♦✡ ✓✆❀ ✭✺✽ ♦✠t ♦✡ ✺☎ ❝❛s❡s✱ ✶✽✽❀ s❡✝s✐t✐✈✐t②✱ ❛✝❞ ✓✶❀



❈❍�✁❚❊❘ ✷✂ ▲✄❚❊❘�❚❯❘❊ ❘❊❱✄❊❲ ☎✆

s♣❡❝✐☞❝✐t②✮✳

✝✞✸✞✶✵ ✟❛✠✡r ❉♦☛☛✌✡r ❋✌♦✇♠✡✍r✎

■♥ ❧✏s❡✑ ✒✓♣♣❧❡✑ ✔✓✕✖❡t✑② ✭✗✒✘✮ t❤❡ ✒✓♣♣❧❡✑ s❤✐❢t ✓❢ ✏ ❧✏s❡✑ ❜❡✏✖ ✑❡✔❡❝t❡❞ ❢✑✓✖ t❤❡ ✖✓✈✐♥❣

❜❧✓✓❞ ✐s ✉s❡❞ t✓ ✖❡✏s✉✑❡ ✐ts ✈❡❧✓❝✐t②✳ ✙❤❡ ❜❧✓✓❞ ✈❡❧✓❝✐t② ❝✏♥ ❜❡ ✑❡❧✏t❡❞ t✓ t❤❡ ✖❡t✏❜✓❧✐s✖ ✕❤✐❝❤

✐♥ t✉✑♥ ✐s ❝✓♥♥❡❝t❡❞ t✓ ✐♥✔✏✖✖✏t✐✓♥ ✐♥ t❤❡ t✐ss✉❡✳ ❇✏✏❜ ❬✾☎✚✱ ◗✉✐♥♥ ❬✾✛✚✱ ✏♥❞ ●❧❡✐ss♥❡✑ ❬✾✜✚ ✉s❡

✗✒✘ t✓ ✏ss❡ss ✐♥✔✏✖✖✏t✐✓♥ ✓❢ ❢✓✑ ❡①✏✖♣❧❡ ❣✐♥❣✈✐✏❧ s✐t❡s✳ ✙❤❡ ✑❡s✉❧ts ✏✑❡ ♥✓t ✑❡❧✐✏❜❧❡ ❬✾✜✚ ✏♥❞

✏✑❡ ❧❡ss ✏❝❝✉✑✏t❡ t❤✏♥ ❝✓♥✈❡♥t✐✓♥✏❧ t❡❝❤♥✐q✉❡s ❬✾✛✚✳ ✒✉✑✐♥❣ ✖❡✏s✉✑❡✖❡♥ts ✐♥ t❤❡ ✖✐❞❞❧❡ ❡✏✑✱ t❤❡

❡✏✑❞✑✉✖ ✕✓✉❧❞ ♣✓s❡ ✏♥✓t❤❡✑ s✓✉✑❝❡ ✓❢ ❡✑✑✓✑ ✏♥❞ ✉♥✑❡❧✐✏❜❧❡ ✑❡s✉❧ts ✏✑❡ ❡①♣❡❝t❡❞✳ ✢❡♥❝❡✱ ✗✒✘ ✐s

❞❡❡✖❡❞ ♥✓t s✉✐t✏❜❧❡ ❢✓✑ t❤❡ ♣✑✓♣✓s❡❞ t✏s❦✳

✝✞✸✞✶✶ ✣✤❛✌✥❛✍✦♦✧ ♦★ ✍✩✡ Pr✡✠✡✧✍✡✪ ▼✡✍✩♦✪✠

✫✓st ✓❢ t❤❡ ✏❜✓✈❡ ♣✑❡s❡♥t❡❞ ✖❡t❤✓❞s ✏✑❡ ❜✏s❡❞ ✓♥ s♣❡❝t✑✓s❝✓♣✐❝ ✖❡✏s✉✑❡✖❡♥ts ✖✏❦✐♥❣ ✉s❡ ✓❢ t❤❡

❝❤✏♥❣❡❞ ✏❜s✓✑♣t✐✓♥ s♣❡❝t✑✉✖ ✓❢ t❤❡ t✐ss✉❡ ✉♥❞❡✑ ✐♥✈❡st✐❣✏t✐✓♥✳ ✬✐t❤❡✑ t❤❡ t✓t✏❧ ❜❧✓✓❞ ❝✓♥t❡♥t ✓✑

t❤❡ ✓①②❣❡♥✏t✐✓♥ ✐s ✏ss❡ss❡❞✳ ✙❤❡ ❢✉❧❧ s♣❡❝t✑✉✖ ✓✑ ✓♥❧② s✐♥❣❧❡ ✕✏✈❡❧❡♥❣t❤s ❝✏♥ ❜❡ ✏♥✏❧②s❡❞✳

✯✉❧s❡ ✓①✐✖❡t✑② ✐s ✕✐❞❡❧② ✉s❡❞ ✐♥ ❝❧✐♥✐❝s ✏♥❞ ✐s ✏ ✑❡❧✐✏❜❧❡ ✖❡t❤✓❞ ✏s ❜✏❝❦❣✑✓✉♥❞ s✐❣♥✏❧s ✏✑❡

☞❧t❡✑❡❞ ❜② ✉s❡ ✓❢ t❤❡ ♣✉❧s✏t✐♥❣ ♥✏t✉✑❡ ✓❢ t❤❡ ❜❧✓✓❞ ✏❜s✓✑♣t✐✓♥ ❞✉❡ t✓ ✈✓❧✉✖❡ ❝❤✏♥❣❡s ✓❢ ✈❡ss❡❧s✳

✰❤✐❧❡ ✐t ✐s ✖✓st❧② ✉s❡❞ ❢✓✑ ✓①②❣❡♥✏t✐✓♥ ✖❡✏s✉✑❡✖❡♥ts✱ ✐t ✏❧s✓ s❤✓✕s st✏t✐st✐❝✏❧ ❞✐✲❡✑❡♥❝❡s ✕❤❡♥

✏♥✏❧②s✐♥❣ ✐♥✔✏✖❡❞ t✐ss✉❡s✳ ✗✒✘ ✐s ✉s❡❞ t✓ ✖❡✏s✉✑❡ ❜❧✓✓❞ ✔✓✕ ✐♥st❡✏❞ ✓❢ ❜❧✓✓❞ ✓①②❣❡♥✏t✐✓♥✳ ✙❤✐s

❣✐✈❡s ✐♥❢✓✑✖✏t✐✓♥ ✏❜✓✉t t❤❡ ❜❧✓✓❞ ❝✓♥t❡♥t ✐♥ t❤❡ t✐ss✉❡ ✏♥❞ t❤✉s t❤❡ ✖❡t✏❜✓❧✐s✖✱ ❜✉t ✑❡s✉❧ts ✏✑❡

♥✓t ✑❡❧✐✏❜❧❡✳

❙♣❡❝t✑✓s❝✓♣✐❝ ✖❡✏s✉✑❡✖❡♥ts ✉s✐♥❣ ✏ ✕✐❞❡ ✕✏✈❡❧❡♥❣t❤ ✑✏♥❣❡ ✏✑❡ ✏❧s✓ ♣✑✓✖✐s✐♥❣ ✏s ✖✓✑❡ ✐♥❢✓✑✖✏✴

t✐✓♥ ✐s ❡①t✑✏❝t❡❞ t❤✏♥ ✐♥ s✐♥❣❧❡ ✕✏✈❡❧❡♥❣t❤ ✖❡✏s✉✑❡✖❡♥ts✳ ✙❤❡ ♣✑✓❜❧❡✖ ✕❤❡♥ ❞✓✐♥❣ ✖❡✏s✉✑❡✖❡♥t

✐♥ t❤❡ ✖✐❞❞❧❡ ❡✏✑ ✐s t❤✏t t❤❡ ❡✏✑❞✑✉✖ ♣✑❡✈❡♥ts ❞✐✑❡❝t ✖❡✏s✉✑❡✖❡♥ts✳ ❙♣✏t✐✏❧ ❞✐s❝✑✐✖✐♥✏t✐✓♥✹✛✒

✐✖✏❣✐♥❣ t❡❝❤♥✐q✉❡s ❜❡❝✓✖❡ ♥❡❝❡ss✏✑② ✐♥ ✓✑❞❡✑ t✓ ☞❧t❡✑ ❜✏❝❦❣✑✓✉♥❞ ❢✑✓✖ t❤❡ ❡✏✑❞✑✉✖ ✏♥❞ s✐❣♥✏❧
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❡①♣❡❝t❡❞ t♦ ❜❡ ❛ ♠❛✐✞ ✐✝✝✉❡ ❛✝ t✐✝✝✉❡ ✐✞ t❤❡ ❧✐❣❤t ♣❛t❤ ❛☛❡❝t t❤❡ ♠❡❛✝✉r❡♠❡✞t ❛t t❤❡ ✝❛♠♣❧❡❞ ❛r❡❛

❜② ✇❛✈❡❧❡✞❣t❤ ❞❡♣❡✞❞❡✞t ✝❝❛tt❡r✐✞❣ ❛✞❞ ❛❜✝♦r♣t✐♦✞✳

✍✎✹✎✺ P✏✑✒✑✲✓✔✑✕✖✒✗✔ ✘✑✙✑✚✛✜✢✏✣

■✞ ✤❤♦t♦✥❆❝♦✉✝t✐❝ ✌♦♠♦❣r❛♣❤② ✭✤❆✌✮ ❧❛✝❡r ♣✉❧✝❡✝ ✭✇✐t❤ ❡✳❣✳ ✦ ✞✝ ♣✉❧✝❡ ❞✉r❛t✐♦✞ ❛✞❞ ✶✧ t♦ ☎✧ ★③

r❡♣❡t✐t✐♦✞ r❛t❡ ❬✶✧✶✠✮ ❛r❡ ❛❜✝♦r❜❡❞ ❜② t✐✝✝✉❡ r❡✝✉❧t✐✞❣ ✐✞ ❤❡❛t✐✞❣ ♦✟ t❤❡ ❛❜✝♦r❜✐✞❣ t✐✝✝✉❡ ❛✞❞ ♣r❡✝✝✉r❡

✩ ✐✞❝r❡❛✝❡ ❛❝❝♦r❞✐✞❣ t♦

✩ ❂
✪✫✬

✯✰
✴✵❋ ✭☎✳✶✮

✇❤❡r❡ ✪ ✐✝ t❤❡ t❤❡r♠❛❧ ❝♦❡✸❝✐❡✞t ♦✟ ✈♦❧✉♠❡ ❡①♣❛✞✝✐♦✞✱ ✯✰ t❤❡ ❤❡❛t ❝❛♣❛❝✐t②✱ ✫ t❤❡ ✝♣❡❡❞ ♦✟

✝♦✉✞❞✱ ✴✵ ✐✝ t❤❡ ❛❜✝♦r♣t✐♦✞ ❝♦❡✸❝✐❡✞t✱ ❛✞❞ ❋ ✐✝ t❤❡ ❧❛✝❡r ✻✉❡✞❝❡ ❬✶✧✶✠✳ ✌❤✐✝ ♣r❡✝✝✉r❡ ❝❤❛✞❣❡ ✐✞

t✉r✞ ❧❡❛❞✝ t♦ ✉❧tr❛✝♦✞✐❝ ✭✼❙✮ ❡♠✐✝✝✐♦✞✝✳ ❉❡♣t❤ ✐✞✟♦r♠❛t✐♦✞ ✐✝ ❛❝❤✐❡✈❡❞ ❜② ❡✈❛❧✉❛t✐✞❣ t❤❡ r❡❧❛t✐✈❡

t✐♠❡ ♦✟ ❛rr✐✈❛❧ ♦✟ t❤❡ ✼❙ ✝✐❣✞❛❧✝ ❛✞❞ ✝♣❡❝tr♦✝❝♦♣✐❝ ✐✞✟♦r♠❛t✐♦✞ ❜② ❡✈❛❧✉❛t✐✞❣ t❤❡ ❛♠♣❧✐t✉❞❡ ♦✟ t❤❡

r❡❝♦r❞❡❞ ✝✐❣✞❛❧ ❞❡♣❡✞❞❡✞t ♦✞ ❡①❝✐t✐✞❣ ✇❛✈❡❧❡✞❣t❤✳ ✤❡✞❡tr❛t✐♦✞ ❞❡♣t❤ ✐✝ ❤✐❣❤❡r t❤❛✞ ✐✞ ❖☞✌ ✭✉♣ t♦

✽✾ ♠♠ ❤❛✈❡ ❜❡❡✞ ❞❡♠♦✞✝tr❛t❡❞ ✐✞ ❡①♣❡r✐♠❡✞t✝✮ ❛✝ t❤❡ r❛❞✐❛t✐♦✞ ♦✞❧② tr❛✈❡❧✝ ✐✞ ✟♦r✇❛r❞ ❞✐r❡❝t✐♦✞✱

✇❤✐❧❡ t❤❡ ❧❡✝✝ ❛tt❡✞✉❛t❡❞ ✉❧tr❛✝♦✉✞❞ ✝✐❣✞❛❧ tr❛✈❡❧✝ ❜❛❝❦✳ ✌❤❡ ✝♣❛t✐❛❧ r❡✝♦❧✉t✐♦✞ ✐✝ ❛❜♦✉t ✶✿☎✧✧

♦✟ t❤❡ ✐♠❛❣✐✞❣ ❞❡♣t❤ ❬✶✧☎✠✳ ❀✐❣✉r❡ ☎✳✶✧ ✐❧❧✉✝tr❛t❡✝ t❤✐✝ r❡❧❛t✐♦✞ ❛✞❞ ❛❧✝♦ ✝❤♦✇✝ ❡①❛♠♣❧❡ ✐♠❛❣❡✝

r❡❝♦r❞❡❞ ✇✐t❤ ❞✐☛❡r❡✞t ✝❝❛❧❡✝✳ ✤❆✌ ✝❤♦✇✝ ❛ ❣♦♦❞ ❝♦✞tr❛✝t ♦✟ ❝❛♣✐❧❧❛r✐❡✝ ❛✝ t❤❡ ✝✐❣✞❛❧ ✐✝ ❞♦♠✐✞❛t❡❞

❜② ❛❜✝♦r♣t✐♦✞ ❛✞❞ ❤❛❡♠♦❣❧♦❜✐✞ ✐✝ ❛ ♠❛✐✞ ❛❜✝♦r❜❡r ✐✞ t✐✝✝✉❡✝✳ ✌❤✉✝ t❤✐✝ ✐♠❛❣✐✞❣ ♠♦❞❛❧✐t② ✐✝ ✇❡❧❧

✝✉✐t❡❞ ✟♦r ❜❧♦♦❞ ❛✞❛❧②✝✐✝ ❬✶✧❁✠✳

✌❤❡ ✝✐❣✞❛❧ ❛♠♣❧✐t✉❞❡ ♦✟ t❤❡ ✤❆✌ ✝✐❣✞❛❧ ✐✝ r❡❧❛t❡❞ t♦ t❤❡ ✈♦❧✉♠❡ ❡①♣❛✞✝✐♦✞ ❝♦❡✸❝✐❡✞t ✪ ❛✞❞

t❤❡ ✝♣❡❡❞ ♦✟ ✝♦✉✞❞ ✫ ✇❤✐❝❤ ❜♦t❤ ❛r❡ ❞❡♣❡✞❞❡✞t ♦✞ t❤❡ t❡♠♣❡r❛t✉r❡✳ ✌❤✉✝ t❤❡ ✝✐❣✞❛❧ ❛♠♣❧✐t✉❞❡

✐✝ t❡♠♣❡r❛t✉r❡ ❞❡♣❡✞❞❡✞t ❛✞❞ ✉✝✐✞❣ ❝❛❧✐❜r❛t✐♦✞ ✟♦r ❛ ♣❛rt✐❝✉❧❛r t✐✝✝✉❡ t❤❡ t❡♠♣❡r❛t✉r❡ ♦✟ t❤❡

t✐✝✝✉❡ ❝❛✞ ❜❡ ❞❡t❡r♠✐✞❡❞ ❬✶✧✶✠✳ ✌❤❡ ✝❡✞✝✐t✐✈✐t② ✐✝ ❛❜♦✉t ✧✳✶ ❃☞✳ ❀✉rt❤❡r✱ ✤❆✌ ❝❛✞ ❛✝✝❡✝✝ t❤❡ ❜❧♦♦❞

✻♦✇✳ ✌❤✉✝✱ ✤❆✌ ❝❛✞ ♠❡❛✝✉r❡ ❛❧❧ ♠❡t❛❜♦❧✐❝ ♣❛r❛♠❡t❡r✝ ♦✟ ❜❧♦♦❞ ❝✐r❝✉❧❛t✐♦✞❄ ✈❡✝✝❡❧ ✝tr✉❝t✉r❡✱

❤❛❡♠♦❣❧♦❜✐✞ ❝♦✞❝❡✞tr❛t✐♦✞✱ t❡♠♣❡r❛t✉r❡✱ ❛✞❞ ✻♦✇ ✈❡❧♦❝✐t② ❬✶✧☎✠✳

✌♦ r❡❝♦r❞ t❤❡ ✉❧tr❛✝♦✞✐❝ ❡♠✐✝✝✐♦✞✝ tr❛❞✐t✐♦✞❛❧ ✝❡✞✝♦r✝ ♠✉✝t ❜❡ ✐✞ ❝♦✞t❛❝t ✇✐t❤ t❤❡ t✐✝✝✉❡ t♦

❛✈♦✐❞ ❛tt❡✞✉❛t✐♦✞ ✐✞ ❛✐r ❛✞❞ r❡✻❡❝t✐♦✞ ❛t t❤❡ t✐✝✝✉❡ t♦ ❛✐r ✐✞t❡r✟❛❝❡✳ ❇✉t ❝♦✞t❛❝t ✇✐t❤ t❤❡ ❡❛r❞r✉♠

✐✝ ✞♦t ♣❡r♠✐tt❡❞ ❤❡r❡✳ ✡❡❝❡✞t❧②✱ ✝❡✈❡r❛❧ ❣r♦✉♣✝ ❤❛✈❡ ❞❡✈❡❧♦♣❡❞ ✞♦✞✥❝♦✞t❛❝t ✝❡✞✝♦r✝ ✉✝✐✞❣ ❧❛✝❡r

✐✞t❡r✟❡r♦♠❡tr② ❬✶✧✾✠ ❛✞❞ ❅♦✇ ☞♦❤❡r❡✞❝❡ ■✞t❡r✟❡r♦♠❡tr② ❬✶✧✦✠ ♦✈❡r❝♦♠✐✞❣ t❤✐✝ ♣r♦❜❧❡♠✳ ❆✝ ✐✞t❡r✥

✟❡r♦♠❡tr✐❝ ✝②✝t❡♠ ❛r❡ ✉✝❡❞ ✟♦r ✼❙ ❞❡t❡❝t✐♦✞ ✐t ✐✝ ✝tr❛✐❣❤t ✟♦r✇❛r❞ t♦ ✐✞❝❧✉❞❡ ❖☞✌ ✐✞ t❤❡ ✝②✝t❡♠✱
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❋✐❣✝r❡ ✞✟✶☎✠ ✡❡s♦☛✝t✐♦☞ ✈❡rs✝s ✐♠❛❣✐☞❣ ❞❡♣t❤ ♦✌ P❆✍ s❤♦✇☞ ✐☞ s✝❜✎❣✝r❡ ✏✮ ❬✶☎✞✑✟ ❙✝❜✎❣✝r❡ ❆✮

s❤♦✇s ❛☞ ✐♠❛❣❡ r❡❝♦r❞❡❞ ✇✐t❤ ❙✒✲P❆✓ ✭❙✝❜✲✒❛✈❡☛❡☞❣t❤ P❤♦t♦✲❆❝♦✝st✐❝ ✓✐❝r♦s❝♦♣②✮✱ ❇✮ ✇❛s

r❡❝♦r❞❡❞ ✇✐t❤ ❖✡✲P❆✓ ✭♦♣t✐❝❛☛✲r❡s♦☛✝t✐♦☞ P❆✓✮✱ ✔✮ ✇✐t❤ ❆✡✲P❆✓ ✭❛❝♦✝st✐❝✲r❡s♦☛✝t✐♦☞ P❆✓✮✱

❛☞❞ ❉✮ ✇✐t❤ P❆✔✍ ✭♣❤♦t♦❛❝♦✝st✐❝ ❝♦♠♣✝t❡❞ t♦♠♦❣r❛♣❤②✮✟

❛s ❞♦☞❡ ❜② ❬✶☎✸✑ ❞❡✈❡☛♦♣✐☞❣ ❛ ❝♦♠❜✐☞❡❞ P❆✍ ❛☞❞ ❖✔✍ s②st❡♠✟

❖☞ ❛ ✎rst ❣☛❛☞❝❡✱ P❆✍ s❡❡♠s t♦ ❜❡ s✝✐t❛❜☛❡ ✌♦r t❤✐s t❛s❦ ❛s ✐t ❛☛☛♦✇s t♦ ❛ss❡ss ✈❡ss❡☛ str✝❝t✝r❡✱

❤❛❡♠♦❣☛♦❜✐☞ ❝♦☞❝❡☞tr❛t✐♦☞✱ t❡♠♣❡r❛t✝r❡✱ ❛☞❞ ✕♦✇ ✈❡☛♦❝✐t②✟ ❇✝t ❡①♣❡☞s✐✈❡ ❡q✝✐♣♠❡☞t ✐s ☞❡❝❡ss❛r②

♠❛❦✐☞❣ t❤❡ s②st❡♠ ☛❡ss s✝✐t❛❜☛❡✟

✖✳✹✳✻ ✗✘✙✉✚✛✙✜✢✣✛✤✘ ■✥✦✧✤♥✧

❆❝♦✝st♦✲❖♣t✐❝ ✐♠❛❣✐☞❣ ✭❆❖★✮ ❬✶☎✩✑ ✐☞❝r❡❛s❡s t❤❡ ✐♠❛❣✐☞❣ ❞❡♣t❤ ✐☞ s❝❛tt❡r✐☞❣ t✐ss✝❡ t♦ ❞❡♣t❤s

❞❡❡♣❡r t❤❛☞ t❤❡ ❜❛☛☛✐st✐❝ ♣❛t❤ ☛❡☞❣t❤ ♦✌ ♣❤♦t♦☞s✟ ✍❤✐s ✐s ❞♦☞❡ ❜② ✝s❡ ♦✌ ❛❝♦✝st✐❝ ♠♦❞✝☛❛t✐♦☞ ♦✌ t❤❡

☛✐❣❤t ✇❛✈❡☛❡☞❣t❤ ♠❛❦✐☞❣ ✝s❡ ♦✌ ❉♦♣♣☛❡r s❤✐✌t✟

✒❤❡☞ ☛✐❣❤t ♣r♦♣❛❣❛t❡s t❤r♦✝❣❤ ❛ s❝❛tt❡r✐☞❣ ♠❡❞✐✝♠ ❛☞ ❛r❡❛ ✇✐t❤ ❤✐❣❤ ❛❜s♦r♣t✐♦☞ ❝❛☞☞♦t ❜❡

s❡❡☞ ✇❤❡☞ ❜✝r✐❡❞ ❞❡❡♣ ✐☞s✐❞❡ t❤❡ t✐ss✝❡ ❛s ♣❤♦t♦☞s ❛r❡ s❝❛tt❡r❡❞ r❡s✝☛t✐☞❣ ✐☞ r❛☞❞♦♠ ☛✐❣❤t ♣❛t❤s✟

❉♦♣♣☛❡r s❤✐✌t ♠♦❞✝☛❛t✐♦☞ ♦✌ t❤❡ ☛✐❣❤t ♣❛ss✐☞❣ t❤r♦✝❣❤ t❤❡ t✐ss✝❡✱ ❝❤❛☞❣❡s t❤❡ ✇❛✈❡☛❡☞❣t❤ ♦✌ s♦♠❡

♦✌ t❤❡ ♣❤♦t♦☞s✟ ✒❤❡☞ r❡str✐❝t✐☞❣ t❤❡ ❛r❡❛ ♦✌ ♠♦❞✝☛❛t✐♦☞✱ t❤✐s s♠❛☛☛ ❛r❡❛ ❛❝ts ❛s ❛ ✈✐rt✝❛☛ s♦✝r❝❡ ♦✌

☛✐❣❤t ✇✐t❤ t❤❡ ♠♦❞✝☛❛t❡❞ ✇❛✈❡☛❡☞❣t❤✟ ★✌ t❤✐s ♠♦❞✝☛❛t✐♦☞ ❛r❡❛ ✐s ♣☛❛❝❡❞ ♦☞ t✐ss✝❡ ✇✐t❤ ❤✐❣❤ ❛❜s♦r♣✲

t✐♦☞✱ ☛❡ss ☛✐❣❤t ✇✐☛☛ ♣❛ss t❤r♦✝❣❤ t❤❡ ♠♦❞✝☛❛t✐♦☞ ❛r❡❛ ❛☞❞ t❤❡ ❞❡t❡❝t❡❞ ♠♦❞✝☛❛t❡❞ ☛✐❣❤t ✐s r❡❞✝❝❡❞✱

❝♦♠♣❛r❡❞ t♦ ❛☞ ❛r❡❛ ✇✐t❤ ☛♦✇ ❛❜s♦r♣t✐♦☞✟ ✍❤✐s ❛☛☛♦✇s ♠❡❛s✝r❡♠❡☞t ♦✌ t❤❡ ♦♣t✐❝❛☛ ❛❜s♦r♣t✐♦☞ ♦✌
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t❤❡ t✐ss✉❡ ✐♥s✐❞❡ t❤❡ ♠♦❞✉❧❛t✐♦♥ ❛✆❡❛✝ ■♠❛✞✐♥✞ ❞❡♣t❤ ✐s ✐♥❝✆❡❛s❡❞ t♦ s❡✈❡✆❛❧ ❝❡♥t✐♠❡t✆❡s ❛s t❤❡ ❛✆❡❛

✐s ❞❡t❡✆♠✐♥❡❞ ❜② t❤❡ ✟✠ ❛♥❞ ♥♦t ❜② t❤❡ ❜❛❧❧✐st✐❝ ♣❛t❤ ❧❡♥✞t❤✝ ✡❡s♦❧✉t✐♦♥ ✐s ❛✆♦✉♥❞ ☎✝✺♠♠ t✆❛✈❡✆s❡

❛♥❞ ☎✺♠♠ ❛❧♦♥✞ t❤❡ ✟✠ ❛☛✐s✱ ❞❡☞♥❡❞ ❜② t❤❡ ✟✠ ❢♦❝✉s✝ ❇② s❝❛♥♥✐♥✞ t❤❡ ♠♦❞✉❧❛t✐♦♥ ❛✆❡❛ t❤✆♦✉✞❤

t❤❡ s❛♠♣❧❡✱ ❛♥ ✐♠❛✞❡ ✐s ✆❡❝♦♥st✆✉❝t❡❞ ✇✐t❤ ✆❡s♦❧✉t✐♦♥ ❛❝❝♦✆❞✐♥✞ t♦ t❤❡ ✟✠ ❢♦❝✉s✝ ✌✐✞❤t ❛♥❞ ✟✠

s♦✉✆❝❡ ♥❡❡❞ t♦ ❜❡ ♦✆✐❡♥t❛t❡❞ ♦✆t❤♦✞♦♥❛❧❧② ❛s t❤❡ ✉♥❢♦❝✉ss❡❞ s✐✞♥❛❧s ♦✈❡✆❧❛♣ ♦t❤❡✆✇✐s❡✱ ❛❞❞✐♥✞ ❛♥

♦✍s❡t t♦ t❤❡ ♠♦❞✉❧❛t❡❞ s✐✞♥❛❧✝ ❖✆t❤♦✞♦♥❛❧ ♦✆✐❡♥t❛t✐♦♥ ✐s ♥♦t ♣♦ss✐❜❧❡ ✐♥s✐❞❡ t❤❡ ❡❛✆✝

✎✳✹✳✼ ✏r✑✒✓❣✓✔✕✖ P✓✖✕r✗✘✕✑✗✓✔ ❙✙✚✛✑r✕✖ ✜✢✕❣✗✔❣

❖✆t❤♦✞♦♥❛❧ ♣♦❧❛✆✐s❛t✐♦♥ s♣❡❝t✆❛❧ ✐♠❛✞✐♥✞ ✭❖✣✠ ✐♠❛✞✐♥✞✤ ✉s❡s t❤❡ ❡✍❡❝t t❤❛t ♣♦❧❛✆✐s❡❞ ❧✐✞❤t ❦❡❡♣s

✐ts ♣♦❧❛✆✐s❛t✐♦♥ st❛t❡ ✇❤❡♥ ✆❡✥❡❝t❡❞ ❜✉t ❧♦s❡s ✐ts ♣♦❧❛✆✐s❛t✐♦♥ ❛❢t❡✆ s❡✈❡✆❛❧ s❝❛tt❡✆✐♥✞ ❡✈❡♥ts✝ ✟s✐♥✞

❛♥ ❛♥❛❧②s❡✆ ♦✆✐❡♥t❛t❡❞ ♦✆t❤♦✞♦♥❛❧ t♦ t❤❡ ♣♦❧❛✆✐s❡❞ ✐❧❧✉♠✐♥❛t✐♦♥✱ ✆❡✥❡❝t❡❞ ❛♥❞ s✉♣❡✆☞❝✐❛❧ s❝❛tt❡✆❡❞

❧✐✞❤t ❝❛♥ ❜❡ ☞❧t❡✆❡❞ ❢✆♦♠ ❞❡❡♣❡✆ ♣❡♥❡t✆❛t❡❞ ❛♥❞ ♠✉❧t✐♣❧❡ s❝❛tt❡✆❡❞ ❧✐✞❤t✝ ✦❤✐s ✐s ✉s❡❞ t♦ ✐♠❛✞❡ ❛♥❞

❡♥❤❛♥❝❡ t❤❡ ❝♦♥t✆❛st ♦❢ s✉❜s✉✆❢❛❝❡ st✆✉❝t✉✆❡s s✉❝❤ ❛s ❜❧♦♦❞ ✈❡ss❡❧s ❬☎✶✧★✝ ▼❛t❤✉✆❛ ❡t ❛❧✝ ❬☎✶✩★ ✆❡♣♦✆t

❛♥ ✐♠♣✆♦✈❡❞ ✐♠❛✞❡ q✉❛❧✐t② ♦❢ ❝❛♣✐❧❧❛✆✐❡s ✉s✐♥✞ ❖✣✠ ✐♠❛✞✐♥✞ ❝♦♠♣❛✆❡❞ t♦ ❝❛♣✐❧❧❛✆② ♠✐❝✆♦s❝♦♣② ✇❤✐❧❡

♠❡❛s✉✆❡♠❡♥ts ♦❢ ❜❧♦♦❞ ❝❡❧❧ ✈❡❧♦❝✐t② ❛♥❞ ❝❛♣✐❧❧❛✆② ❞✐❛♠❡t❡✆ s❤♦✇s s✐♠✐❧❛✆ ✆❡s✉❧ts✝

✦❤✐s ♠❡t❤♦❞ ✇♦✉❧❞ ❛❧❧♦✇ ✆❡❞✉❝✐♥✞ ✆❡✥❡❝t✐♦♥s ❢✆♦♠ ♦❢ t❤❡ s✉✆❢❛❝❡ ♦❢ t❤❡ ❡❛✆❞✆✉♠ ❜✉t ❧✐✞❤t ✐s

st✐❧❧ s❝❛tt❡✆❡❞ ✇❤❡♥ ♣❛ss✐♥✞ t❤♦✉✞❤ t❤❡ ❡❛✆❞✆✉♠✝ ✦❤✐s ❝❛♥♥♦t ❜❡ ❝♦✆✆❡❝t❡❞ ✆❡s✉❧t✐♥✞ ✐♥ ❛ ❜❧✉✆✆❡❞

✐♠❛✞❡ ♦❢ t❤❡ ♠✉❝♦s❛✝ ❆ ✆❡❝♦✆❞❡❞ ✐♠❛✞❡ ✇♦✉❧❞ ❜❡ s✐♠✐❧❛✆ t♦ ♥♦✆♠❛❧ ♦t♦s❝♦♣❡ ✐♠❛✞❡s ✇✐t❤ s♣❡❝✉❧❛✆

✆❡✥❡❝t✐♦♥s ✆❡❥❡❝t❡❞ ❛♥❞ ✆❡❞✉❝❡❞ s✐✞♥❛❧ ❢✆♦♠ t❤❡ ❡❛✆❞✆✉♠ ❜✉t st✐❧❧ ✇♦✉❧❞ ♥♦t s❤♦✇ ❛ ❝❧❡❛✆ ✐♠❛✞❡ ♦❢

t❤❡ ♠✐❞❞❧❡ ❡❛✆✝

✎✳✹✳✽ ❙✗✪✚ ❙✑r✚✕✢ ❉✕r✫ ❋✗✚✖✪ ✜✢✕❣✗✔❣

✠✐♠✐❧❛✆❧② t♦ ❖✣✠✱ s✐❞❡ st✆❡❛♠ ❞❛✆❦ ☞❡❧❞ ✐♠❛✞✐♥✞ ✭✠✠✬ ■♠❛✞✐♥✞✤ ✐s ✉s❡❞ ✐♥ ❝❛♣✐❧❧❛✆♦s❝♦♣② t♦ ❡♥❤❛♥❝❡

t❤❡ ❝♦♥t✆❛st ♦❢ ✐♠❛✞❡s ♦❢ ❜❧♦♦❞ ✈❡ss❡❧s ❬☎✶✮✱ ☎☎✶★✝ ■❧❧✉♠✐♥❛t✐♦♥ ❜❡❛♠ ❛♥❞ ❞❡t❡❝t✐♦♥ ❛✆❡ s♣❛t✐❛❧❧②

s❡♣❛✆❛t❡❞ ❛s s❤♦✇♥ ✐♥ ✯✐✞✉✆❡ ✰✝☎☎ ✇❤❡✆❡ t❤❡ s❛♠♣❧❡ ✐s ✐❧❧✉♠✐♥❛t❡❞ ✇✐t❤ ❛♥ ❛♥♥✉❧❛✆ ✆✐♥✞ ❛♥❞ t❤❡

❞❡t❡❝t✐♦♥ ❛♣❡✆t✉✆❡ ✐s ✐♥s✐❞❡ t❤❡ ✐❧❧✉♠✐♥❛t✐♦♥ ✆✐♥✞ s♦ t❤❛t ♥♦ ❞✐✆❡❝t ✆❡✥❡❝t✐♦♥s ❛✆❡ ❞❡t❡❝t❡❞✝ ❖♥❧②

s❝❛tt❡✆❡❞ ❧✐✞❤t ✐s ❞❡t❡❝t❡❞ ❛♥❞ t❤❡ ❝♦♥t✆❛st ♦❢ s✉❜s✉✆❢❛❝❡ st✆✉❝t✉✆❡s ✐♠♣✆♦✈❡❞ ❝♦♠♣❛✆❡❞ t♦ ♥♦✆♠❛❧

❞❡t❡❝t✐♦♥✝

✦❤✐s ♠❡t❤♦❞ ❝❛♥♥♦t ❜❡ ❛♣♣❧✐❡❞ ✐♥s✐❞❡ t❤❡ ♥❛✆✆♦✇ ❡❛✆ ❝❛♥❛❧ ❛s t❤❡ s♣❛t✐❛❧ s❡♣❛✆❛t✐♦♥ ♦❢ ✐❧❧✉♠✐✲

♥❛t✐♦♥ ❛♥❞ ❞❡t❡❝t♦✆ ✆❡q✉✐✆❡s ❝♦♥t❛❝t ♦❢ ✐♠❛✞✐♥✞ ❞❡✈✐❝❡ ❛♥❞ s❛♠♣❧❡✝

✎✳✹✳✾ ✴✵✕✖✻✕✑✗✓✔ ✓✿ ✑✒✚ Pr✚✘✚✔✑✚✪ ❀✚✑✒✓✪✘

❁♦♥❢♦❝❛❧ ♠✐❝✆♦s❝♦♣②✱ ✠❖❁✦✱ ❛♥❞ ✣❆✦ s❡❡♠ t♦ ❜❡ t❤❡ ♠♦st ♣✆♦♠✐s✐♥✞ t❡❝❤♥✐q✉❡s t♦ ✐♠❛✞❡ t❤❡

♠✐❞❞❧❡ ❡❛✆✝ ❂❤✐❧❡ ✣❆✦ s❤♦✇s ❤✐✞❤ ❝♦♥t✆❛st ❢♦✆ ❜❧♦♦❞ ✈❡ss❡❧s ✐t ✆❡q✉✐✆❡s ❛ ❝♦♠♣❧❡☛ s②st❡♠✝ ✠❖❁✦
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❙◗✧✪✩ ✩❹✻✫✧✭✯
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❚✞✟ ✠✡☛☞❝✌✍ s②s☛✟♠ ☛✞✌☛ ✇☞✍✍ ❜✟ ✎✟✏✟✍✠✡✟✎ ✍✌☛✟✑ ✞✌s ☛✠ ❜✟ ☛✟s☛✟✎ ❜✟✒✠✑✟ ❜✟☞✓❣ ✉s✟✎ ✠✓ ✞✉♠✌✓
s✉❜❥✟❝☛s✳ ❚✞✟s✟ ☛✟s☛ ✇☞✍✍ ✞✌✏✟ ☛✠ ❜✟ ❝✠✓✎✉❝☛✟✎ ✠✓ ✌ s✌♠✡✍✟ ✇☞☛✞ ❦✓✠✇✓ ✠✡☛☞❝✌✍ ✡✑✠✡✟✑☛☞✟s ☞✓ ✠✑✎✟✑
☛✠ ✏✌✍☞✎✌☛✟ ☛✞✟ ✑✟s✉✍☛s✳ ❋✉✑☛✞✟✑✱ s☛✌❜✍✟ ✠✡☛☞❝✌✍ ✡✑✠✡✟✑☛☞✟s ✌✑✟ ✎✟s☞✑✟✎ ☞✓ ✠✑✎✟✑ ☛✠ ❜✟ ✌❜✍✟ ☛✠ ❝✠♠✡✌✑✟
✑✟s✉✍☛s ✇✞✟✓ ☞♠✡✑✠✏☞✓❣ ✌✓✎ ❝✞✌✓❣☞✓❣ ☛✞✟ ✠✡☛☞❝✌✍ s②s☛✟♠✳ ❍✟✓❝✟✱ ✌✓ ✠✡☛☞❝✌✍ ☛☞ss✉✟ ✡✞✌✓☛✠♠ ✠✒ ☛✞✟
♠☞✎✎✍✟ ✟✌✑ ☞s ✎✟✏✟✍✠✡✟✎ ☞✓ ☛✞☞s s✟❝☛☞✠✓✳
❚✞✟ ♠☞✎✎✍✟ ✟✌✑ ✡✞✌✓☛✠♠ ✇☞✍✍ ❝✠✓s☞s☛ ✠✒ ☛✇✠ ♠✌☞✓ ✍✌②✟✑s✱ ☛✞✟ ✟✌✑✎✑✉♠ ✌✓✎ ☛✞✟ ♠☞✎✎✍✟ ✟✌✑

♠✉❝✠s✌✱ ❜✠☛✞ s✟✡✌✑✌☛✟✎ ❜② ✌✓ ✌☞✑ ❣✌✡ s☞♠✉✍✌☛☞✓❣ ☛✞✟ ♠☞✎✎✍✟ ✟✌✑ ❝✌✏☞☛②✳ ❆ ✡✞✌✓☛✠♠ ✞✠✍✎✟✑ ☞s
✎✟s☞❣✓✟✎ ✌s ✇✟✍✍ ☞✓ ✠✑✎✟✑ ☛✠ ✌✍☞❣✓ ✌✓✎ ✡✠s☞☛☞✠✓ ☛✞✟ ♠☞✎✎✍✟ ✟✌✑ ✡✞✌✓☛✠♠ ✇☞☛✞ ☛✞✟ ✠✡☛☞❝✌✍ s②s☛✟♠✳
❚✞✟ ✟✌✑✎✑✉♠ ✡✞✌✓☛✠♠ ✇☞✍✍ ❜✟ s☞♠✉✍✌☛✟✎ ❜② ✌ ☛✞☞✓ ✍✌②✟✑ ☞✓☛✑✠✎✉❝☞✓❣ s❝✌☛☛✟✑☞✓❣ ✌✓✎ ✌❜s✠✑✡☛☞✠✓ ☞✓
☛✞✟ ✍☞❣✞☛ ✡✌☛✞✱ ✇✞☞✍✟ ☛✞✟ ♠✉❝✠s✌ ✡✞✌✓☛✠♠ ☞s ✌ s✌♠✡✍✟ ☛✞☞❝❦✟✑ ☛✞✌✓ ☛✞✟ ✡✟✓✟☛✑✌☛☞✠✓ ✎✟✡☛✞ ✠✒ ✍☞❣✞☛✳
❚✞✟ ✍✌②✟✑✟✎ s☛✑✉❝☛✉✑✟ ✠✒ ☛✞✟ ♠☞✎✎✍✟ ✟✌✑ ☛☞ss✉✟ ✭♠✉❝✠s✌✱ s✉❜✲♠✉❝✠s✌✱ ✌✓✎ ✉✓✎✟✑✍②☞✓❣ ☛☞ss✉✟✮ ✇☞✍✍
❜✟ ✓✟❣✍✟❝☛✟✎ ✌✓✎ s☞♠✉✍✌☛✟✎ ❜② ✌ s☞✓❣✍✟ ✍✌②✟✑✳ ❚✞☞s ☞s ✏✌✍☞✎ ✌s ☛✞✟ ✡✟✓✟☛✑✌☛☞✠✓ ✎✟✡☛✞ ☞s ✟①✡✟❝☛✟✎
☛✠ ❜✟ ✍✠✇✟✑ ☛✞✌✓ ☛✞✟ ☛✞☞❝❦✓✟ss ✠✒ ♠✉❝✠s✌ ✌✓✎ s✉❜✲♠✉❝✠s✌✳ ❆ ❝✞✌✓❣✟ ☞✓ ☛✞✟ ♠✉❝✠s✌ ☛☞ss✉✟ ✇☞✍✍
☛✞✟✓ ❜✟ s☞♠✉✍✌☛✟✎ ❜② ✎☞✔✟✑✟✓☛ ✟①❝✞✌✓❣✟✌❜✍✟ ♠✉❝✠s✌ ✡✞✌✓☛✠♠s s☞♠✉✍✌☛☞✓❣ ✞✟✌✍☛✞② ✌✓✎ ✎☞s✟✌s✟✎
♠✉❝✠s✌✳ ❆✍✍ ✠☛✞✟✑ ❝✠♠✡✠✓✟✓☛s ✠✒ ☛✞✟ ♠☞✎✎✍✟ ✟✌✑✱ s✉❝✞ ✌s ✠ss☞❝✍✟s ✠✑ ☛✞✟ ✟✌✑ ❝✌✓✌✍✱ ✌✑✟ ✓✟❣✍✟❝☛✟✎ ☞✓
☛✞✟ ✡✞✌✓☛✠♠ ✌s ☛✞✟ s✟✍✟❝☛☞✠✓ ✠✒ ✌✓ ✌✡✡✑✠✡✑☞✌☛✟ ♠✟✌s✉✑✟♠✟✓☛ ✌✑✟✌ ☞✓ ❝✠♠❜☞✓✌☛☞✠✓ ✇☞☛✞ ☛✞✟ s♠✌✍✍
✎✟☛✟❝☛☞✠✓ ✌✡✟✑☛✉✑✟ ☞✓ ☛✞✟ ✟✌✑ ❝✌✓✌✍ ✑✟❥✟❝☛s ✍☞❣✞☛ ✠✑☞❣☞✓✌☛☞✓❣ ✒✑✠♠ ☛✞✟s✟ ❝✠♠✡✠✓✟✓☛s✳
❚✞☞s ❝✞✌✡☛✟✑ ✕✑s☛ ✡✑✟s✟✓☛s s✟✏✟✑✌✍ ✌✡✡✑✠✌❝✞✟s ☛✠ ❝✑✟✌☛✟ ✠✡☛☞❝✌✍ ☛☞ss✉✟ ✡✞✌✓☛✠♠s ✌✓✎ s✟✍✟❝☛s ☛✞✟

♠✠s☛ ✌✡✡✑✠✡✑☞✌☛✟ ✌✡✡✑✠✌❝✞✳ ❚✞✟✓✱ ☛✞✟ ❜✌❝❦❣✑✠✉✓✎ ✠✒ ✍☞❣✞☛ ✡✑✠✡✌❣✌☛☞✠✓ ☞✓ ☛☞ss✉✟ ✌✓✎ ✠✡☛☞❝✌✍ ✡✑✠✡✲
✟✑☛☞✟s ✠✒ ☛☞ss✉✟s ✌✑✟ ✟①✡✍✌☞✓✟✎✳ ❖✡☛☞❝✌✍ ✡✑✠✡✟✑☛☞✟s ✠✒ ♠✉❝✠s✌ ✌✑✟ ❝✠✍✍✟❝☛✟✎ ✒✑✠♠ ✍☞☛✟✑✌☛✉✑✟ ☞✓ ✠✑✎✟✑
☛✠ ✎✟s☞❣✓ ✌ ♠✉❝✠s✌ ✡✞✌✓☛✠♠✳ ❚✞✟✓ ✍☞☛✟✑✌☛✉✑✟ ☞s s❝✌✓✓✟✎ ✒✠✑ ✠✡☛☞❝✌✍ ✡✑✠✡✟✑☛☞✟s ✠✒ ✟✌✑✎✑✉♠s ✌✓✎

✖✗
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❛✝✐♠❛✞ ❡❛✟❞✟✉♠s ❛✟❡ ❝❤❛✟❛❝t❡✟✐s❡❞ t♦ ❡✝❛✠✞❡ t❤❡ ❝✟❡❛t✐♦✝ ♦✡ ✟❡❛✞✐st✐❝ ❡❛✟❞✟✉♠ ♣❤❛✝t♦♠s✳ ☛✐✝❛✞✞②✱

t❤❡ ♠✐❞❞✞❡ ❡❛✟ ♣❤❛✝t♦♠ ✐s ❞❡s✐❣✝❡❞ ❛✝❞ ♣✟❡s❡✝t❡❞✳

☞✌✶ P✍✎✎✏❜✑✒ ✓✍✔✒✑✎

✕❤❡✟❡ ❛✟❡ s❡✈❡✟❛✞ ❛✞t❡✟✝❛t✐✈❡s t♦ ❞❡s✐❣✝ ❛ ♠✐❞❞✞❡ ❡❛✟ ♣❤❛✝t♦♠✱ ✇❤✐❝❤ ❤❛✈❡ t♦ ✠❡ ❡✈❛✞✉❛t❡❞ ✠② t❤❡

✡♦✞✞♦✇✐✝❣ ❝✟✐t❡✟✐❛✳ ☛✐✟st✱ t❤❡ ♠♦❞❡✞ ❤❛s t♦ ✠❡ ❛s ❝✞♦s❡ ❛s ♣♦ss✐✠✞❡ t♦ ✟❡❛✞✐t②✱ s❡❝♦✝❞✱ ✐ts ♣✟♦♣❡✟t✐❡s

♠✉st ✠❡ ✟❡♣✟♦❞✉❝✐✠✞❡ t♦ ❛✞✞♦✇ ❝♦♠♣❛✟❛✠✞❡ ❛✝❞ ✟❡♣❡❛t❛✠✞❡ ❡①♣❡✟✐♠❡✝ts✱ ❛✝❞ t❤✐✟❞✱ t❤❡ ❛♣♣✟♦❛❝❤

♠✉st ✠❡ ✡❡❛s✐✠✞❡ ✇✐t❤✐✝ t❤✐s ♣✟♦❥❡❝t ❛✝❞ t✐♠❡ s❝❛✞❡✳

❆♥✖✗✘✙ ✚✛✜✢✙✿ ✣✝ ❛✝✐♠❛✞ ♠♦❞❡✞ ✡♦✟ ♠✐❞❞✞❡ ❡❛✟ ✐✝✤❛♠♠❛t✐♦✝ ❛s ✡♦✟ ❡①❛♠♣✞❡ ✉s❡❞ ✐✝ ❬☎☎✱ ✥✥✦✱

✥✥✧★ ✇♦✉✞❞ ✠❡ ❝✞♦s❡st t♦ t❤❡ ❤✉♠❛✝ ❝❛s❡ ✠✉t ✐s ❛✞s♦ ♠♦st ❞✐✩❝✉✞t t♦ ✇♦✟❦ ✇✐t❤✳ ☛✐✟st ❛

♠♦❞❡✞ ❤❛s t♦ ✠❡ ✡♦✉✝❞ ❛✝❞ ❛✞✞ t❤❡ ❡t❤✐❝❛✞ ♦✠st❛❝✞❡s ♦✈❡✟❝♦♠❡✳ ☛✉✟t❤❡✟✱ ✟❡s✉✞ts ✇♦✉✞❞ ✝♦t

✠❡ ✟❡♣❡❛t❛✠✞❡ ❛s t❤❡ ❞✐s❡❛s❡ ✐✝ ❛✝✐♠❛✞s ❝❤❛✝❣❡s ♦✈❡✟ t✐♠❡ ❛✝❞ ❞✐✪❡✟❡✝t ❛✝✐♠❛✞s ✇✐✞✞ s❤♦✇

❞✐✪❡✟❡✝t ❝❤❛✟❛❝t❡✟✐st✐❝s✳ ✕❤✐s ❛♣♣✟♦❛❝❤ ✐s ✝♦t ✡❡❛s✐✠✞❡ ❞✉✟✐✝❣ t❤✐s ♣✟♦❥❡❝t✱ ✠✉t ❝♦✉✞❞ ✠❡ ❛✝

❛✞t❡✟✝❛t✐✈❡ t♦ t❡st ❛ ✡✉✞✞② ❞❡✈❡✞♦♣❡❞ s②st❡♠ ✠❡✡♦✟❡ t❡st✐✝❣ ✐t ✐✝ ❝✞✐✝✐❝s✳

✫✬✗✘♥ ✚✛✜✢✙✿ ❲❤✐✞❡ t❡sts ♦✝ ♣❛t✐❡✝ts ❛✟❡ ✝♦t ✡❡❛s✐✠✞❡ ❛t t❤✐s st❛❣❡ ❛✝♦t❤❡✟ ♦♣t✐♦✝ ✇♦✉✞❞ ✠❡

t♦ s✐♠✉✞❛t❡ ✐✝✤❛♠♠❛t✐♦✝ ♦✝ ❛ ❤❡❛✞t❤② ✈♦✞✉✝t❡❡✟ ✠② ❡✐t❤❡✟ ✐✝❞✉❝✐✝❣ ✐✝✤❛♠♠❛t✐♦✝ ✭❛s ❞♦✝❡

✠② ❬✥✮✯★ ✐✝ ✟❛ts ♦✟ ❬✥✮✥★ ♦✝ ❤✉♠❛✝s ✉s✐✝❣ ❤✐st❛♠✐✝❡✰ ♦✟ ♦❝❝✞✉s✐♦✝ ♦✡ ✞✐♠✠s ❛s ❞♦✝❡ ✐✝ ❬✥✮✮★✳

✲❡s✉✞ts ❛✟❡ ✝♦t ✟❡♣✟♦❞✉❝✐✠✞❡ ✠✉t t❤✐s ♣✟♦✈✐❞❡s ❛✝ ♦♣t✐♦✝ ✡♦✟ t❡sts ♦✡ t❤❡ s②st❡♠ ♦✝❝❡ ✐t ✐s

❝❤❛✟❛❝t❡✟✐s❡❞✳

✴✖✵✵✬✢ ✷✹✘♥✺✛✗✿ ✕❤❡ ✝❡①t ♣♦ss✐✠✐✞✐t② ✐s t♦ ❞❡✈❡✞♦♣ ❤♦♠♦❣❡✝❡♦✉s t✐ss✉❡ s✐♠✉✞❛t✐✝❣ ♣❤❛✝t♦♠s

✇✐t❤ ♣✟♦♣❡✟t✐❡s ❞❡✻✝❡❞ ✠② t❤❡ ♠✐①t✉✟❡ ♦✡ t❤❡ ♣❤❛✝t♦♠ ♠❛t❡✟✐❛✞✳ ❖✝✞② st❛t✐❝ ♣✟♦♣❡✟t✐❡s ❛✟❡

❛❝❤✐❡✈❡❞ ✠✉t ❞✐✪❡✟❡✝t ♣❤❛✝t♦♠s s✐♠✉✞❛t✐✝❣ ❞✐✪❡✟❡✝t ♠❡t❛✠♦✞✐❝ st❛t❡s ❝❛✝ ✠❡ ♣✟♦❞✉❝❡❞✳

✷✹✘♥✺✛✗ ✼✖✺✹ ✽✢✘✙ ❇✙✛✛✜✿ ✕❤❡ ✉s❡ ♦✡ ❛ t✐ss✉❡ ♣❤❛✝t♦♠ ✇✐t❤ ❝❛♣✐✞✞❛✟✐❡s t♦ ❝♦✝❞✉❝t ✠✞♦♦❞ ✇✐t❤

❞✐✪❡✟❡✝t ♦①②❣❡✝ ❝♦✝t❡✝ts ❛s ♣✟❡s❡✝t❡❞ ✐✝ ❬✥✮☎★ ✇♦✉✞❞ ♠✐♠✐❝ t❤❡ ✟❡❛✞ ✞✐✈❡ ♠✉❝♦s❛ ❝✞♦s❡✟ t❤❛✝ ❛

st❛t✐❝ t✐ss✉❡ ♣❤❛✝t♦♠✳ ✕❤✐s ✇♦✉✞❞ ❛✞✞♦✇ ✟❡♣✟♦❞✉❝✐✠✞❡ ♣✟♦♣❡✟t✐❡s✱ ✠✉t s❡tt✐✝❣ t❤❡ ♦①②❣❡✝❛t✐♦✝

✐s ❛ ♣✟♦✠✞❡♠ ❛✝❞ ✟❡q✉✐✟❡s ❛ ❝♦♠♣✞✐❝❛t❡❞ s❡t✉♣✳ ☛✉✟t❤❡✟✱ t❤❡ s❛♠♣✞❡ ✇✐✞✞ ✝♦t ✠❡ ❤♦♠♦❣❡✝❡♦✉s

❛s s♠❛✞✞ ✈❡ss❡✞s ❝❛✝✝♦t ✠❡ ♣✟♦❞✉❝❡❞ ❛✝❞ ♠❡❛s✉✟❡♠❡✝ts ✇♦✉✞❞ ✠❡ ❞❡♣❡✝❞❡✝t ♦✝ t❤❡ s❛♠♣✞❡❞

❛✟❡❛✳

❙t❛t✐❝ t✐ss✉❡ s❛♠♣✞❡s ✇✐✞✞ ✠❡ ✉s❡❞ ❛s t❤✐s ♦♣t✐♦✝ ✇✐✞✞ ❣✐✈❡ ♠♦st ✟❡♣✟♦❞✉❝✐✠✞❡ ♣✟♦♣❡✟t✐❡s ❛✝❞ ✐s

❡❛s✐❡st t♦ ❤❛✝❞✞❡✳ ✕❤❡ ♦♣t✐❝❛✞ ♣✟♦♣❡✟t✐❡s ♦✡ ♠✉❝♦s❛ ✇✐✞✞ ✠❡ ❝♦✞✞❡❝t❡❞ ✡✟♦♠ ✞✐t❡✟❛t✉✟❡✱ ✇❤✐✞❡ ❛✝✐♠❛✞

❡❛✟❞✟✉♠s ❛✟❡ ❝❤❛✟❛❝t❡✟✐s❡❞ ✐✝ ♦✟❞❡✟ t♦ ❞❡✻✝❡ ♦♣t✐❝❛✞ ♣✟♦♣❡✟t✐❡s ♦✡ ❛✝ ❡❛✟❞✟✉♠ ♣❤❛✝t♦♠✳ ✕❤✐s
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♠✐❞❞❧❡ ❡❛✝ ♣❤❛✞t♦♠ ✇✐❧❧ ❜❡ ✉s❡❞ t♦ ❝❤❛✝❛❝t❡✝✐s❡ ❛✞❞ t❡st t❤❡ ♦♣t✐❝❛❧ s②st❡♠✳ ❖✞❝❡ t❤✐s ✐s ❞♦✞❡

♦t❤❡✝ ♣❤❛✞t♦♠s ❝❛✞ ❜❡ ❝♦✞s✐❞❡✝❡❞✳

✟✠✷ ❇✡☛❦❣r☞✌✍✎

❲❤❡✞ ❧✐✏❤t ✐✞t❡✝❛❝ts ✇✐t❤ t✐ss✉❡✱ s❡✈❡✝❛❧ ♣❤❡✞♦♠❡✞❛ ❝❛✞ ❜❡ ♦❜s❡✝✈❡❞✿ ✝❡✑❡❝t✐♦✞ ❛t t❤❡ ❛✐✝ t✐ss✉❡

✐✞t❡✝❢❛❝❡ ❛✞❞ ❛tt❡✞✉❛t✐♦✞ ✇✐t❤✐✞ t❤❡ t✐ss✉❡✳ ✒❤❡ ❛tt❡✞✉❛t✐♦✞ ✐s ❝♦♠♣♦s❡❞ ♦❢ s❝❛tt❡✝✐✞✏ ❛✞❞ ❛❜s♦✝♣✲

t✐♦✞ ♦❢ t❤❡ ❧✐✏❤t✳ ❙❝❛tt❡✝✐✞✏ ✐s ❛ ✝❡s✉❧t ♦❢ ✝❡❢✝❛❝t✐♦✞ ❛t ✐✞t❡✝❢❛❝❡s ✇✐t❤✐✞ t❤❡ t✐ss✉❡ s✉❝❤ ❛s ❝❡❧❧s✱

❝❡❧❧ ♦✝✏❛✞❡❧❧❡s✱ ❛✞❞ ✓❜✝❡ st✝✉❝t✉✝❡s t❤❛t ❡①❤✐❜✐t ❛ ❞✐✔❡✝❡✞t ✝❡❢✝❛❝t✐✈❡ ✐✞❞❡① t❤❛✞ t❤❡ s✉✝✝♦✉✞❞✐✞✏

♠❡❞✐✉♠ ❬✶✕✖✗✳ ❆❜s♦✝♣t✐♦✞ ❛♣♣❡❛✝s ✇❤❡✞ t❤❡ ♣❤♦t♦✞ ✐✞t❡✝❛❝ts ✇✐t❤ ❛ ♠♦❧❡❝✉❧❡ ❛✞❞ ✐ts ❡✞❡✝✏② ✐s

t✝❛✞s❢♦✝♠❡❞ ✐✞t♦ ✐✞t❡✝✞❛❧ ❡✞❡✝✏② ✭s✉❝❤ ❛s t❤❡✝♠❛❧ ❡✞❡✝✏②✮ ♦❢ t❤❡ ❛❜s♦✝❜✐✞✏ ♠♦❧❡❝✉❧❡✳

✒❤❡ ♠❛t❤❡♠❛t✐❝❛❧ ❞❡s❝✝✐♣t✐♦✞ ♦❢ ❧✐✏❤t ♣✝♦♣❛✏❛t✐♦✞ ✐✞ t✐ss✉❡ ✐s ♣✝❡s❡✞t❡❞ ✓✝st ❛✞❞ t❤❡✞ t❤❡s❡

♣✝♦♣❡✝t✐❡s ❛✝❡ ❧✐✞✘❡❞ t♦ ♣❤②s✐❝❛❧ ♣❛✝❛♠❡t❡✝s ♦❢ t❤❡ t✐ss✉❡ ❛✞❞ t❤❡✐✝ ♦✝✐✏✐✞ ❡①♣❧❛✐✞❡❞✳

✙✚✛✚✜ ✢✣✤✥✦ ✧★✩♥✪✫✬★✦ ✣♥ ✧✣✪✪✯✰

✒❤❡ ♦♣t✐❝❛❧ ♣✝♦♣❡✝t✐❡s ♦❢ t✐ss✉❡ ❛✝❡ ✏✐✈❡✞ ❜② t❤❡ ❛❜s♦✝♣t✐♦✞ ❝♦❡✴❝✐❡✞t ✵✹✱ s❝❛tt❡✝✐✞✏ ❝♦❡✴❝✐❡✞t ✵✺✱

s❝❛tt❡✝✐✞✏ ❛✞✐s♦t✝♦♣② ❢❛❝t♦✝ ✻✱ ❛✞❞ ✝❡❢✝❛❝t✐✈❡ ✐✞❞❡① ✼✳ ✽❡✝✐✈❡❞ ✉✞✐ts ❛✝❡ t❤❡ ✝❡❞✉❝❡❞ s❝❛tt❡✝✐✞✏

❝♦❡✴❝✐❡✞t ✭❛❧s♦ ❝❛❧❧❡❞ t✝❛✞s♣♦✝t s❝❛tt❡✝✐✞✏ ❝♦❡✴❝✐❡✞t✮ ✵✾✺ ❂ ✭✶ ❀ ✻✮✵✺ ❛✞❞ ❛tt❡✞✉❛t✐♦✞ ❝♦❡✴❝✐❡✞t

✵❁ ❂ ✵✹ ❃ ✵✺✳ ✒❤❡ ❛✞✐s♦t✝♦♣② ❢❛❝t♦✝ ✻ ✐s t❤❡ ♠❡❛✞ ❝♦s✐✞❡ ♦❢ t❤❡ s❝❛tt❡✝✐✞✏ ❛✞✏❧❡ ❄✱ ❛ ✈❛❧✉❡ ♦❢

❅ ♠❡❛✞s ✐s♦t✝♦♣✐❝ s❝❛tt❡✝✐✞✏✱ ❛ ✈❛❧✉❡ ❝❧♦s❡ t♦ ✶ ♠❡❛✞s ❢♦✝✇❛✝❞ s❝❛tt❡✝✐✞✏✱ ❛✞❞ ❛ ✈❛❧✉❡ ❝❧♦s❡ t♦

✲✶ ❞❡s❝✝✐❜❡s ❜❛❝✘✇❛✝❞ s❝❛tt❡✝✐✞✏✳ ✒❤❡ ●❡✞②❡②✲❏✝❡❡✞st❡✐✞ ❢✉✞❝t✐♦✞ ✐s ♦❢t❡✞ ✉s❡❞ t♦ ♠♦❞❡❧ t❤❡

♣✝♦❜❛❜✐❧✐t② ❞✐st✝✐❜✉t✐♦✞ ♦❢ t❤❡ s❝❛tt❡✝✐✞✏ ❛✞✏❧❡ ❑✭❄✮ ❛s ❛ ❢✉✞❝t✐♦✞ ♦❢ ✻ ❛s ✐t ❞❡s❝✝✐❜❡s ❛ t②♣✐❝❛❧

♣❤❛s❡ ❢✉✞❝t✐♦✞ ❢♦✝ ❧✐✏❤t ✐✞t❡✝❛❝t✐✞✏ ✐✞ t✐ss✉❡✳

❑✭❄✮ ❂
✶

✖P

✶ ❀ ✻◗

❬✶ ❃ ✻◗ ❀ ✕✻ ❝♦s✭❄✮✗❯❳◗
✭☎✳✶✮

✒❤❡ ♠❡❛✞ ❢✝❡❡ ♣❛t❤ ❨❩❭ ♦❢ ♣❤♦t♦✞s ✐✞ t✐ss✉❡ ❜❡❢♦✝❡ s❝❛tt❡✝✐✞✏ ♦✝ ❛❜s♦✝♣t✐♦✞ ♦❝❝✉✝s ✐s ✏✐✈❡✞ ❜②

t❤❡ ✐✞✈❡✝s❡ ♦❢ t❤❡ ❛tt❡✞✉❛t✐♦✞ ❝♦❡✴❝✐❡✞t ❨❩❭ ❂ ❪
❫❴ ✳

❵✐✏❤t t✝❛✞s♣♦✝t t❤✝♦✉✏❤ ❛ ✞♦✞✲s❝❛tt❡✝✐✞✏ ❜✉t ❛❜s♦✝❜✐✞✏ ♠❡❞✐❛ ✐s ❞❡s❝✝✐❜❡❞ ❜② t❤❡ ❵❛♠❜❡✝t✲❥❡❡✝

❵❛✇

q✭③✮ ❂ q④ ❡①♣✭❀✵✹⑤✮ ✭☎✳✕✮

✇❤❡✝❡ q④ ✐s t❤❡ ✐✞❝✐❞❡✞t ✐✞t❡✞s✐t②✱ q t❤❡ ❡①✐t✐✞✏ ✐✞t❡✞s✐t②✱ ❛✞❞ ⑤ t❤❡ t❤✐❝✘✞❡ss ♦❢ t❤❡ ♠❡❞✐✉♠✳

⑥✞❝❧✉❞✐✞✏ t❤❡ ✝❡✑❡❝t✐♦✞ ❛t t❤❡ ✐✞t❡✝❢❛❝❡ t❤✐s ❡⑦✉❛t✐♦✞ ❜❡❝♦♠❡s

q✭③✮ ❂ q④✭✶ ❀ ⑧⑨✮ ❡①♣✭❀✵✹⑤✮ ✭☎✳☎✮
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✇✐t❤ t❤❡ ✝r❡s♥❡❧ ✞❡✌❡❝t✐♦♥ ✟✠ ❛t t❤❡ t✐ss✉❡ t♦ ❛✐r ✐♥t❡r❢❛❝❡

✟✠ ❂

✒
✡ ☛ ✶

✡ ✰ ✶

✓✷

✭☎☞✹✍

✎♥ ❝❛s❡ ♦❢ ✇❡❛✏ s❝❛tt❡r✐♥❣ ♠❡❞✐❛ ✭
✖✵✑
✖✔
❁ ✕✿✺✍ ❛s ✇❡❧❧ ❛s ❢♦r ❛ t❤✐♥ s❛♠♣❧❡ ✭✗✘ ✙ ✚ ❁ ✶✍ ✇✐t❤

♠♦r❡ s❝❛tt❡r✐♥❣ ✭
✖✵✑
✖✔
❁ ✕✿✆✍ ❛♥❞ ❛ ❝♦❧❧✐♠❛t❡❞ ❧❛s❡r ❜❡❛♠ ❛❧s♦ s❝❛tt❡r✐♥❣ ❝❛♥ ❜❡ ✐♥❝❧✉❞❡❞ ✐♥t♦ t❤❡

✛❛♠❜❡rt✲❇❡❡r ✛❛✇ ❛s ❢♦❧❧♦✇s ❬✶✜✹✢

✣✭③✍ ❂ ✣✤✭✶ ☛ ✟✠✍ ❡①♣✭☛✗✘✚✍ ✭☎☞✺✍

✝♦r ❤✐❣❤❡r s❝❛tt❡r✐♥❣ ❝♦❡✥❝✐❡♥ts ❛ ♠♦r❡ ❝♦♠♣❧❡① t❤❡♦r② ♠✉st ❜❡ ✉s❡❞ ❛s ♣❤♦t♦♥s tr❛✈❡❧❧✐♥❣

t❤r♦✉❣❤ t❤❡ ♠❡❞✐❛ ❤❛✈❡ ❞✐✦❡r❡♥t ♣❛t❤ ❧❡♥❣t❤s✱ ❞❡♣❡♥❞❡♥t ♦♥ s❝❛tt❡r✐♥❣ ❡✈❡♥ts ❛♥❞ ❛♥❣❧❡s✱ ❛♥❞

t❤✉s t❤❡ ♣❛t❤ ❧❡♥❣t❤ ✉s❡❞ ✐♥ t❤❡ ❡①♣♦♥❡♥t✐❛❧ ✛❛♠❜❡rt✲❇❡❡r ❧❛✇ ❝❤❛♥❣❡s☞ ❆♥♦t❤❡r ❛♣♣r♦①✐♠❛t✐♦♥

✐s t❤❡ ♠♦❞✐✧❡❞ ✛❛♠❜❡rt ❇❡❡r ✛❛✇ ❣✐✈❡♥ ❜② ❬✶✜✺✢

✣✭③✍ ❂ ✣✤✭✶ ☛ ✟✠✍ ❡①♣✭☛★✩ ☛ ✗✪✚✍ ✭☎☞✻✍

✇❤❡r❡ ★✩ ✐s ❛♥ ♦✦s❡t ❞✉❡ t♦ s❝❛tt❡r✐♥❣☞ ✫♦r❡ t❡r♠s ❝❛♥ ❜❡ ✐♥❝❧✉❞❡❞ ❢♦r ❛ ❜❡tt❡r ❛♣♣r♦①✐♠❛t✐♦♥ ❬✶✜✺✢☞

✬❤❡ t✐♠❡ ♣❤♦t♦♥s ♥❡❡❞ t♦ tr❛✈❡❧ t❤r♦✉❣❤ ❛ ♠❡❞✐❛ ✐s ❞❡s❝r✐❜❡❞ ❜② t❤❡ ❞✐✦✉s✐♦♥ ❛♣♣r♦①✐♠❛t✐♦♥

❛♥❞ t❤❡✐r ♣❛t❤ t❤r♦✉❣❤ t❤❡ ♠❡❞✐❛ ❝❛♥ ❜❡ s✐♠✉❧❛t❡❞ ❜② ✫♦♥t❡✲✮❛r❧♦ s✐♠✉❧❛t✐♦♥s☞ ✬❤❡ ✌✉❡♥❝❡

r❛t❡ ✯✭✳❀ ✴✍ ♦❢ ♣❤♦t♦♥s t❤r♦✉❣❤ ❛ t✐ss✉❡ ❛t ❛ s❡t t✐♠❡ ✴ ❛♥❞ ❞✐st❛♥❝❡ ✳ ❢r♦♠ t❤❡ ✐♥❝✐❞❡♥t ♣♦✐♥t✱ ✐s

❞❡s❝r✐❜❡❞ ❜②

✶

✼

❅

❅✴
✯✭✳❀ ✴✍ ☛ ✽✾

✷
✯✭✳❀ ✴✍ ✰ ✗✪✯✭✳❀ ✴✍ ❂ ❙✭✳❀ ✴✍ ✭☎☞❃✍

✇❤❡r❡ ❙✭✳❀ ✴✍ ❞❡s❝r✐❜❡s t❤❡ ✐❧❧✉♠✐♥❛t✐♦♥ s♦✉r❝❡ ❛♥❞ ✽ ✐s t❤❡ ♣❤♦t♦♥ ❞✐✦✉s✐♦♥ ❝♦❡✥❝✐❡♥t

✽ ❂
✶

☎✭✗❄✩ ✰ ●❏✗✪✍
✭☎☞❑✍

✇✐t❤ ●❏ ❜❡✐♥❣ ❛ s❝❛❧✐♥❣ ♣❛r❛♠❡t❡r ✇✐t❤ ✈❛❧✉❡s ❜❡t✇❡❡♥ ✕ ❛♥❞ ✶☞ ✬❤✐s ❡q✉❛t✐♦♥ ❛♣♣❧✐❡s ✐❢ s❝❛tt❡r✐♥❣

✐s ❣r❡❛t❡r t❤❛♥ ❛❜s♦r♣t✐♦♥ ❛♥❞ t❤❡ ♣❤♦t♦♥ tr❛✈❡❧❧❡❞ ♠❛♥② ♠❡❛♥ ❢r❡❡ ♣❛t❤s ❖P◗ ❬✶✜✺✢☞

✎♥ ❝❛s❡ ♦❢ ❛♥ ✐♥✧♥✐t❡ s♣❛❝❡ ❛♥❞ ❛♥ ✉❧tr❛ s❤♦rt ✐❧❧✉♠✐♥❛t✐♦♥ ♣✉❧s❡ ❙✭✳❀ ✴✍ ❂ ❯✭✕❀ ✕✍✱ t❤❡ ❛♣♣r♦①✐✲

♠❛t✐♦♥ ♦❢ t❤❡ ❞✐✦✉s✐♦♥ ❡q✉❛t✐♦♥ ❲q✉❛t✐♦♥ ✭☎☞❃✍ ✐s ❣✐✈❡♥ ❜②

✯✭✳❀ ✴✍ ❂ ✼✭✹❳✽✼✴✍
❨❩❭✷

❡①♣

✒

☛
✳✷

✹✽✼✴
☛ ✗✪✼✴

✓

✭☎☞✆✍

✇✐t❤ ✼ t❤❡ s♣❡❡❞ ♦❢ ❧✐❣❤t ✐♥ t❤❡ t✐ss✉❡ ❬✶✜✺✢☞

✫♦♥t❡ ✮❛r❧♦ ♠❡t❤♦❞s ❛r❡ ❞❡s❝r✐❜❡❞ ✐♥ ♠♦r❡ ❞❡t❛✐❧ ✐♥ ❪❡❝t✐♦♥ ✺☞☎ s♦ ♦♥❧② ❛ s❤♦rt ❞❡s❝r✐♣t✐♦♥ ✐s

❣✐✈❡♥ ❤❡r❡☞ ✬❤❡ ♣❛t❤ ♦❢ ❛ s✐♥❣❧❡ ♣❤♦t♦♥ ✐♥ t✐ss✉❡ ✐s s✐♠✉❧❛t❡❞ ❛s ❢♦❧❧♦✇s❫ ✬❤❡ ♣❤♦t♦♥ ✐s s❡♥❞ ✐♥t♦

t❤❡ ♠❡❞✐❛✱ ❛♥❞ ❛❢t❡r ✐t ❤❛s tr❛✈❡❧❧❡❞ ❛ ❞✐st❛♥❝❡ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ♠❡❛♥ ❢r❡❡ ♣❛t❤ ✐t ❡①♣❡r✐❡♥❝❡s ❛

s❝❛tt❡r✐♥❣ ❡✈❡♥t☞ ✬❤❡ ✐♥t❡♥s✐t② ✐s r❡❞✉❝❡❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❛❜s♦r♣t✐♦♥ ❝♦❡✥❝✐❡♥t ❛♥❞ t❤❡ ❞✐r❡❝t✐♦♥
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❤✐❣❤❡r t❤❛✆ t❤❡ ❛✝s♦r♣t✐♦✆ ❝♦❡✍❝✐❡✆t ❛✆❞ ❞❡❝r❡❛s❡s ✇✐t❤ ✐✆❝r❡❛s✐✆❣ ✇❛✈❡❧❡✆❣t❤✳ ❖t❤❡r t✐ss✉❡
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☛✶☎✾☞ ✌✍✎✏t✌②

☛✶☎✾☞ ❞✐✑✍✎✑✍❞

☛✶✒✵☞ ✌✍✎✏t✌②

☛✶☎✻☞ ✌✍✎✏t✌②

☛✶✒✷☞ ✌✍✎✏t✌②

☛✶✒✷☞ ❞✐✑✍✎✑✍❞

☛✶✒✶☞ ✌✍✎✏t✌②

☛✶✒✶☞ ❞✐✑✍✎✑✍❞

☛✶☎✼☞ ✌✍✎✏t✌②

☛✶☎✼☞ ✌✍✎✏t✌② ✓❂✵✳✾

☛✶✒☎☞ ✌✍✎✏t✌② ✓❂✵✳✾

☛✶✒☎☞ ❞✐✑✍✎✑✍❞ ✓❂✵✳✾
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❬★✩✗✗❪ ❞✐s❡❛s❡❞ ✶✢✟☎ ✲ ✞✟✜

♦✌ t❤❡ ✝❧♦♦❞ ✡❡ss❡❧s t♦ t❤❡ s✉r✌❛❝❡ ♦✌ t❤❡ ♠✉❝♦s❛ ✐♥ ❤✉♠❛♥s✟ ✭♥ ❤❡❛❧t❤② ❡❛rs t❤❡ ❞✐st❛♥❝❡s ❛r❡
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♠✐❞❞❧❡ ❡❛r ❝♦♠☞❛r❡❞ t♦ t❤❡ ❞✐st❛♥❝❡s ♦✌ ✷✷✮✶ ❛♥❞ ✹☎✮✶✯♠ ✐♥ ✐♥✏❛♠❡❞ ❡❛rs✟
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✭✌ ♥♦t ❧✐st❡❞✱ t❤❡ ❝❤❛♥☛❡s ❛r❡ tr✉❡ ✌♦r t❤❡ ✇❤♦❧❡ ✇❛✡❡❧❡♥☛t❤ r❛♥☛❡ ✰r❡❞ ❛♥❞ ❅✭❇✳✟ ✆❤❡ ✐♥✡❡st✐☛❛t❡❞

t✐ss✉❡ t②☞❡ ❛♥❞ ❞✐s❡❛s❡ ❛r❡ ❧✐st❡❞ ❛s ✇❡❧❧✟ ✭♥✌♦r♠❛t✐♦♥ ✐s t❛✍❡♥ ✌r♦♠ ❧✐t❡r❛t✉r❡ ❡✐t❤❡r r❡☞♦rt✐♥☛ t❤❡

♦☞t✐❝❛❧ ☞❛r❛♠❡t❡rs ❞✐r❡❝t❧② ♦r r❡☞♦rt✐♥☛ ☞❛r❛♠❡t❡rs s✉❝❤ ❤❛s t❤❡ ✝❧♦♦❞ ❝♦♥❝❡♥tr❛t✐♦♥ ♦r r❡✏❡❝t❛♥❝❡✟

✎✉❧❧ s☞❡❝tr❛ ♦✌ r❡✏❡❝t❛♥❝❡ ❛♥❞ ❛✝s♦r☞t✐♦♥ ❛r❡ r❡☞♦rt❡❞ ✐♥ ●✞✵✱✜✞✱✜☎✱ ✶✞☎✱✶✞✢✾✶✞❏✱✶✹☎✱ ✶✹✢✾✶☎✶❑✟

✆❤❡ t❛✝❧❡ s❤♦✇s ❝❧❡❛r❧② t❤❛t t❤❡ ✝❧♦♦❞ ❧❡✡❡❧ ✐♥❝r❡❛s❡s✱ ❛s ❞♦❡s t❤❡ ❛✝s♦r☞t✐♦♥ ❝♦❡❄❝✐❡♥t✟ P✐t✲

❡r❛t✉r❡ ✐s ❧❡ss ❝❧❡❛r ♦♥ t✐ss✉❡ ♦①②☛❡♥❛t✐♦♥ ❛♥❞ s❝❛tt❡r✐♥☛ ❝♦❡❄❝✐❡♥t✟ ◗❡♥❝❡✱ t❤❡ ❧❛tt❡r ☞❛r❛♠❡t❡rs

❛r❡ ❛ss✉♠❡❞ t♦ ✝❡ ✉♥❛❙❡❝t❡❞ ✝② ✐♥✏❛♠♠❛t✐♦♥ ❛♥❞ ♦♥❧② t❤❡ ✝❧♦♦❞ ❝♦♥t❡♥t ❛♥❞ t❤✉s ❛✝s♦r☞t✐♦♥ ❝♦✲

❡❄❝✐❡♥t ✐s ❝❤❛♥☛❡❞✟ ❆❞❞✐t✐♦♥❛❧❧② t♦ t❤❡s❡ ☞r♦☞❡rt✐❡s✱ ●✶✹✶❑ r❡☞♦rts ✐♥❝r❡❛s❡❞ s❝❛tt❡r✐♥☛ ❛♥✐s♦tr♦☞②

❯ ✌♦r t✉♠♦✉rs ✐♥ t❤❡ ❝♦❧♦♥✟ ❆ ♠❛t❤❡♠❛t✐❝❛❧ ♠♦❞❡❧ ✉s❡❞ ✌♦r s✐♠✉❧❛t✐♦♥s ❛♥❞ ❞❡s✐☛♥ ♦✌ ♦☞t✐❝❛❧ t✐ss✉❡

☞❤❛♥t♦♠s ✐s ☞r❡s❡♥t❡❞ ❧❛t❡r ✐♥ ❳❡❝t✐♦♥ ✞✟✞✟✞✟

❨❩❨❩❨ ❫❴❢❥❦q❴❢③④❴⑤ ❫⑥⑦❦⑤ ⑧⑥⑨ ⑩④❴❢❢❦⑨③❶❷ ❴❶⑦ ❸❹❺⑥⑨❻❢③⑥❶

❇♦✇❡ ❡t ❛❧✟ ●✶✞❏✱✶☎✞❑ ✉s❡ ❼♦♥t❡ ❽❛r❧♦ ♠❡t❤♦❞s t♦ r❡❝♦✡❡r t❤❡ ♦☞t✐❝❛❧ ❛♥❞ ♠❡t❛✝♦❧✐❝ ☞r♦☞❡rt✐❡s ✌r♦♠

❾❿ ➀❾➀➁ r❡✏❡❝t❛♥❝❡ ♠❡❛s✉r❡♠❡♥ts ♦✌ ❤✉♠❛♥ ❝♦❧♦♥ ♠✉❝♦s❛✟ ✆❤❡ ☞❛r❛♠❡t❡rs ♦✌ t❤❡ ❼❽ s✐♠✉❧❛t✐♦♥s

❛r❡ ✡❛r✐❡❞ ✇✐t❤✐♥ ☞❧❛✉s✐✝❧❡ ☞❛t❤♦❧♦☛✐❝❛❧ ❧✐♠✐ts t♦ ➂t t❤❡ r❡✏❡❝t❛♥❝❡ ♠❡❛s✉r❡♠❡♥ts✟ ✆❤❡ ♦☞t✐❝❛❧

☞❛r❛♠❡t❡rs s❝❛tt❡r✐♥☛ ❝♦❡❄❝✐❡♥t✱ ❛✝s♦r☞t✐♦♥ ❝♦❡❄❝✐❡♥t✱ ❛♥❞ s❝❛tt❡r✐♥☛ ❛♥✐s♦tr♦☞② ❛r❡ ❞❡r✐✡❡❞ ✌r♦♠

t❤❡ ♠❡t❛✝♦❧✐❝ t✐ss✉❡ ☞❛r❛♠❡t❡rs ✡♦❧✉♠❡ ✌r❛❝t✐♦♥ ♦✌ ✝❧♦♦❞ ✿❀❜✱ ❤❛❡♠♦☛❧♦✝✐♥ s❛t✉r❛t✐♦♥ ➃✱ ♠❡❛♥ s✐➄❡
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✆❛✝❧❡ ✞✟✷✠ ✡♥✌✉❡♥❝❡ ♦☛ ❞✐s❡❛s❡ ♦♥ ♠❡t❛✝♦❧✐❝ ♣❛☞❛♠❡t❡☞s ♦☛ ♠✉❝♦✉s t✐ss✉❡s✟ ❇❧♦♦❞ ✍♦♥t❡♥t ④ ✎✏❜✱

❖①②❣❡♥❛t✐♦♥ ④✑✒✓✟ ✔♦ ✐♥☛♦☞♠❛t✐♦♥ ❣✐✈❡♥ ☛♦☞ ❡♠♣t② ✕❡❧❞s✱ ❝❤❛♥❣❡s ❛☞❡ t☞✉❡ ☛♦☞ ❧✐st❡❞ ✇❛✈❡❧❡♥❣t❤s

❛♥❞ ✐☛ ♥♦♥❡ ✐s ❣✐✈❡♥ t❤❡② ❛☞❡ t☞✉❡ ☛♦☞ t❤❡ ✇❤♦❧❡ ☞❛♥❣❡ ♦☛ ✐♥t❡☞❡st✟ ✯♥♦t ❞✐☞❡❝t❧② st❛t❡❞ ✝✉t ❣❛t❤❡☞❡❞

☛☞♦♠ ☞❡♣♦☞t❡❞ ✐♥❝☞❡❛s❡ ✐♥ ✝❧♦♦❞ ❝♦♥t❡♥t✱ ✯✯☞❡❞✉❝❡❞ ☞❡✌❡❝t✐♦♥ ✐♥ ❞✐s❡❛s❡❞ ❝❛s❡s ☞❡♣♦☞t❡❞ ❛♥❞ ❤❡♥❝❡

✐♥❝☞❡❛s❡❞ ❛✝s♦☞♣t✐♦♥ ❡①♣❡❝t❡❞✟

✖❡☛✟ ✎✗✘ ✑✒✓ ✙✚ ✙✛ ✜ ✢✣✤✤✥✦ ✧✣✤✦★✤✦✩

❬✪✫❪ ✬★✤✦

✭✶✹✮✰ ✲ ✳ ✲✯ ♦☞❛❧ ❝❛♥❝❡☞♦✉s

✭✶✮✷✰ ✳ ✳ ❞✉♦❞❡♥❞❛❧ ♣❛♥❝☞❡❛t✐❝ ❝❛♥❝❡☞

✭✶✷✹✱ ✶✹✷✰ ✲ ✽✮✮ ♦☞❛❧ ❝❛♥❝❡☞♦✉s

✭✶✹✶✰ ✲ ✲ ✮✺✺ ❝♦❧♦♥ t✉♠♦✉☞

✭✶✞✴✱ ✶✮✞✰ ✲ ❝♦♥st✟ ✲ ✳ ❝♦❧♦♥ ❝❛♥❝❡☞

✭✶✞✽✰ ✲ ✲ ✳ ❁ ☎✺✺ ❝♦❧♦♥ ♣♦❧②♣

✭✶✞✽✰ ✲ ✲ ✲ ❃ ☎✺✺ ❝♦❧♦♥ ♣♦❧②♣

✭✶✮✹✰ ✲ ✲ ✲✯ ❝♦❧♦♥ ✐♥✌❛♠♠❛t♦☞② ✝♦✇❡❧ ❞✐s❡❛s❡

✭☎✴✰ ✲ ✳ ✲✯ ❝♦❧♦♥ ✉❧❝❡☞❛t✐✈❡ ❝♦❧✐t✐s

✭✶✮✮✰ ✲ ✳ ✲✯ ❝♦❧♦♥ ✉❧❝❡☞❛t✐✈❡ ❝♦❧✐t✐s

✭☎✮✰ ✲ ✳ ✲✯ ❣✉♠ ❣✐♥❣✐✈✐t✐s✱ ♣❡☞✐♦❞♦♥t✐t✐s

✭✼✴✰ ✳ ♣✉❧♣ ✐♥✌❛♠♠❛t✐♦♥

✭✶✹✞✰ ✲ ✳ ☎✞✺ ✝♦✇❡❧ ✵ t✉♠♦☞

P❡☞✐t♦♥❡✉♠

✭☎✞✰ ✲✯✯ ♦☞❛❧ ❝❛♥❝❡☞♦✉s

✭✶✮✰ ✲ ✲✯ ❣❡♥❡☞❛❧ ✐♥✌❛♠♠❛t✐♦♥

✭✼✷✰ ✳ ❣✉♠ ❣✐♥❣✐✈✐t✐s✱ ♣❡☞✐♦❞♦♥t✐t✐s

✭✶✹✴✰ ✲✯✯ ♦☞❛❧ ❝❛☞❝✐♥♦♠❛

✭✶✶✽✰ ✲ ♠✐❞❞❧❡ ❡❛☞ ✐♥✌❛♠❡❞

✻☞❛t✾

✭✶✶✞✰ ✲ ✳ ✲✯ ❣✐♥❣✐✈❛ ✐♥✌❛♠❡❞
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♦✆ s❝❛✝✝❡r✐♥❣ ♣❛r✝✐❝❧❡s ❞✞✱ ♠❡❛♥ ✈♦❧✉♠❡ ✆r❛❝✝✐♦♥ ♦✆ s❝❛✝✝❡r✐♥❣ ♣❛r✝✐❝❧❡s ✟✞✱ ❛❝❝♦r✠✐♥❣ ✝♦ ❬✶✡☛✱✶☞✌✍✶☞✎✏

✖✑✭✕✮ ❂
✟✒❜ ❧♥✭✶✓✮✔✒❜ ✗ ✭✘✙✒❜❖✚✭✕✮ ✰ ✭✶ ✛ ✘✮✙✒❜✭✕✮✮

✌✹☞✓✓❬✜✢✣✤✥✏
✭✡✦✶✓✮

✖✞✭✕✮ ❂ ✧✞✭✕✮★✞ ✭✡✦✶✶✮

✇❤❡r❡ ✙✒❜❖✚ ✐s ✝❤❡ ♠♦❧❛r ❡①✝✐♥❝✝✐♦♥ ♦✆ ♦①②❤❛❡♠♦❣❧♦✩✐♥✱ ✙✒❜ ✝❤❡ ♠♦❧❛r ❡①✝✐♥❝✝✐♦♥ ♦✆ ❤❛❡♠♦❣❧♦✩✐♥

✭✠❛✝❛ ❛✈❛✐❧❛✩❧❡ ✆r♦♠ ❬✶☞✌✏✮✱ ✔✒❜ ❂ ✶✪✓ ❣✫❧ ✝❤❡ ❝♦♥❝❡♥✝r❛✝✐♦♥ ♦✆ ❤❛❡♠♦❣❧♦✩✐♥ ♣❡r ❧✐✝r❡ ♦✆ ✩❧♦♦✠✱ ★✞

✝❤❡ ✠❡♥s✐✝② ♦✆ s❝❛✝✝❡r✐♥❣ ❝❡♥✝r❡s✱ ❛♥✠ ✧✞ ✐s ✝❤❡ s❝❛✝✝❡r✐♥❣ ❝r♦ss s❡❝✝✐♦♥✦ ✬❤❡ ✠❡♥s✐✝② ♦✆ s❝❛✝✝❡r✐♥❣

❝❡♥✝r❡s ✐s ❣✐✈❡♥ ✠❡✝❡r♠✐♥❡✠ ✩② ✝❤❡ ✈♦❧✉♠❡ ✆r❛❝✝✐♦♥ ♦✆ s❝❛✝✝❡r✐♥❣ ♣❛r✝✐❝❧❡s ❛s ✆♦❧❧♦✇s

★✞ ❂ ✟✞
✶

✹✢✡✯✲✳
✭✡✦✶✪✮

✬❤❡ s❝❛✝✝❡r✐♥❣ ❝r♦ss s❡❝✝✐♦♥ ✐s ❝❛❧❝✉❧❛✝❡✠ ✩② ✴✐❡ ✝❤❡♦r② ✭❝♦✠❡s ❛✈❛✐❧❛✩❧❡ ♦♥❧✐♥❡ ❬✶☞☛✏ ♦r ✆♦r ✴❆✬✵

✷❆✺ ❬✶✌✓✏✮✦ ✻♥♣✉✝s ✝♦ ✝❤❡ ❝♦✠❡ ❛r❡ ✝❤❡ r❡❧❛✝✐✈❡ r❡✼❡❝✝✐✈❡ ✐♥✠❡① ✩❡✝✇❡❡♥ ♣❛r✝✐❝❧❡ ✽✾ ❛♥✠ ♠❡✠✐✉♠

✽✿ ❣✐✈❡♥ ✩② ✽❀❁❃ ❂
❄❅
❄❇

❛♥✠ ✝❤❡ s✐③❡ ♣❛r❛♠❡✝❡r ❣✐✈❡♥ ✩② ● ❂
✚❏❑P◗✚
❙◗❄❇

✱ ✇❤❡r❡ ❞✞ ✐s ✝❤❡ ♠❡❛♥ ✠✐❛♠❡✝❡r

♦✆ ✝❤❡ s❝❛✝✝❡r✐♥❣ ♣❛r✝✐❝❧❡s✦ ✬❤❡ s❝❛✝✝❡r✐♥❣ ❡❯❝✐❡♥❝② ❲✞ ❛s ♦✉✝♣✉✝ ♦✆ ✝❤❡ ✴✐❡ ❝❛❧❝✉❧❛✝✐♦♥ ✐s ✝❤❡♥

✉s❡✠ ✝♦ ✠❡✝❡r♠✐♥❡ ✝❤❡ s❝❛✝✝❡r✐♥❣ ❝r♦ss s❡❝✝✐♦♥ ❛s ✆♦❧❧♦✇s ❬✶✌✶✏

✧✞ ❂ ❲✞✳✭❞✞✢✪✮✚ ✭✡✦✶✡✮

✬❤❡ ✝✐ss✉❡ ♠♦✠❡❧ ✐♥ ✝❤❡ ✴❳ ✐s ❝♦♠♣♦s❡✠ ♦✆ ✝❤r❡❡ ❧❛②❡rs❨ ♠✉❝♦s❛✱ s✉✩♠✉❝♦s❛✱ ❛♥✠ ✉♥✠❡r❧②✐♥❣

♠✉s❝❧❡ ✝✐ss✉❡✦ ✬❤❡ ♦♣✝✐❝❛❧ ♠❡❛s✉r❡♠❡♥✝ ❣❡♦♠❡✝r② ✐s s✐♠✉❧❛✝❡✠ ❛s ✇❡❧❧ ❛s ✐✝ ✐s ❛❩❡❝✝✐♥❣ ✇❤❡✝❤❡r

♣❤♦✝♦♥s ❛r❡ ✠❡✝❡❝✝❡✠ ♦r ♥♦✝✦ ✬❤❡ ✩❧♦♦✠ ✈♦❧✉♠❡ ❝♦♥❝❡♥✝r❛✝✐♦♥ ✐♥ ♠✉❝♦s❛ ✈❛r✐❡s ✆r♦♠ ✪ ✝♦ ✶✓ ❭

✇❤✐❧❡ ✝❤❡ ✈❛r✐❛✝✐♦♥ ✐s ☞ ✝♦ ✪✓ ❭ ✐♥ s✉✩♠✉❝♦s❛✦ ✬❤❡ ♦①②❣❡♥❛✝✐♦♥ ✈❛r✐❡s ✆r♦♠ ☞✓ ✝♦ ☎☞ ❭✦ ✬❤❡

✝❤✐❝❦♥❡ss ♦✆ ✝❤❡ ♠✉❝♦s❛ ✐s ✹✓✓ ✝♦ ✌✓✓ ❪♠ ❛♥✠ ✝❤❛✝ ♦✆ ✝❤❡ s✉✩♠✉❝♦s❛ ✹✓✓ ✝♦ ✎☞✓ ❪♠ ❬✶✡☛✱ ✶☞✡✏✦

❫♦♥✐♦s ❡✝ ❛❧✦ ❬✶✡✎✏ ✉s❡s ❛ s✐♠✐❧❛r ❛♣♣r♦❛❝❤ ✝♦ ✠❡✝❡r♠✐♥❡ ✝❤❡ ❛✝✝❡♥✉❛✝✐♦♥ ❝♦❡❯❝✐❡♥✝s ✩② ♠❡✝❛✩♦❧✐❝

♣❛r❛♠❡✝❡rs ✩✉✝ ✉s❡s ✝❤❡ ✠✐❩✉s✐♦♥ ❛♣♣r♦①✐♠❛✝✐♦♥ ✐♥s✝❡❛✠ ♦✆ ✴❳ ♠❡✝❤♦✠s ✝♦ ✠❡✝❡r♠✐♥❡ ✝❤❡ ♦♣✝✐❝❛❧

♣❛r❛♠❡✝❡rs✦ ❴✉✠♦✈s❦② ❡✝ ❛❧✦ ❬✶☞✎✏ ✉s❡s ❛ s✐♠✐❧❛r ♠♦✠❡❧ ✝♦ ✠❡✝❡r♠✐♥❡ ✝❤❡ ❛✩s♦r♣✝✐♦♥ ❛♥✠ s❝❛✝✝❡r✐♥❣

❝♦❡❯❝✐❡♥✝ ✆♦r s❦✐♥ ✐♥ ✴❳ s✐♠✉❧❛✝✐♦♥s✦ ✬❤❡② ✐♥✝r♦✠✉❝❡ ✩❛❝❦❣r♦✉♥✠ ❛✩s♦r♣✝✐♦♥ ♦✆ ✝✐ss✉❡ ✇❤✐❧❡ ✝❤❡

♣r❡✈✐♦✉s r❡✆❡r❡♥❝❡s ♦♥❧② ✉s✐♥❣ ✩❧♦♦✠ ❛s ❛✩s♦r✩❡r✦ ❵✉r✝❤❡r✱ ✝❤❡ s❝❛✝✝❡r✐♥❣ ❝♦❡❯❝✐❡♥✝ ✐s ❛♣♣r♦①✐♠❛✝❡✠

✩② ❛ ♣♦✇❡r ❧❛✇ ❛s ✐♥✝r♦✠✉❝❡✠ ✐♥ ❢❡❝✝✐♦♥ ✡✦✪✦✪ ✐♥s✝❡❛✠ ♦✆ ✉s✐♥❣ ✴✐❡ ✬❤❡♦r②✦

❥q❥qt ④⑤⑥⑦⑧ ⑨⑩❶❷⑧ ❸⑩❹ ❺❻❷ ❼❽❺⑤❾⑦⑧ ❿❹⑩❽❷❹❺⑤❷➀

✬❤❡ ❛✈❡r❛❣❡ ♣r♦♣❡r✝✐❡s ♦✆ ♠✉❝♦s❛ ✆♦✉♥✠ ✐♥ ❧✐✝❡r❛✝✉r❡ ❛r❡ ❧✐s✝❡✠ ✐♥ ✬❛✩❧❡ ✡✦✶✦ ➁♥❧② ✆❡✇ ✈❛❧✉❡s ✇❡r❡

❣✐✈❡♥ ✆♦r ✝❤❡ ✠✐s❡❛s❡✠ ❝❛s❡s s♦ ✝❤❡s❡ ✈❛❧✉❡s ❛r❡ ❧❡ss r❡❧✐❛✩❧❡✦ ➂❤✐❧❡ ✝❤❡s❡ ✈❛❧✉❡s ❣✐✈❡ ✝❤❡ ♦♣✝✐❝❛❧

♣r♦♣❡r✝✐❡s ✆♦r s✐♥❣❧❡ ✇❛✈❡❧❡♥❣✝❤s✱ ✝❤❡ ♠♦✠❡❧ ♦✆ ❬✶✡☛✏ ♣r❡s❡♥✝❡✠ ✐♥ ✝❤❡ ♣r❡✈✐♦✉s s❡❝✝✐♦♥ ❣✐✈❡s ✝❤❡

❛✩✐❧✐✝② ✝♦ s✐♠✉❧❛✝❡ ✝❤❡ ❝♦♠♣❧❡✝❡ s♣❡❝✝r✉♠ ✐♥ ✝❤❡ ✈✐s✐✩❧❡ ❛♥✠ ➃✻➄ r❛♥❣❡✦ ✺✉✝ ❛s ✝❤❡ ♣r♦♣❡r✝✐❡s



❈❍�✁❚❊❘ ✸✂ ❉❊❱❊▲✄✁▼❊◆❚ ✄❋ � ▼■❉❉▲❊ ❊�❘ ✁❍�◆❚✄▼ ✹☎

❝❛✆❝✉✆❛✝❡❞ ❜② ✝❤❡ ♠❛✝❤❡♠❛✝✐❝❛✆ ♠♦❞❡✆ ✈❛✞② ❢✞♦♠ ✝❤❡ ❛✈❡✞❛✟❡ ✈❛✆✉❡s ✐♥ ✆✐✝❡✞❛✝✉✞❡✱ ✝❤❡ ♠♦❞❡✆ ✐s

s❝❛✆❡❞ ✝♦ ☞✝ ✝❤❡ ❛✈❡✞❛✟❡ ✈❛✆✉❡s✳

❆ ✆✐♥❡❛✞ s❝❛✆✐♥✟ ✐s ❝❤♦s❡♥ ❛♥❞ ✝❤❡ ♦✠s❡✝ ❝❛♥ ❜❡ s❡❡♥ ❛s ❜❛❝❦✟✞♦✉♥❞ ❛❜s♦✞♣✝✐♦♥ ❝❛✉s❡❞ ❜② ✇❛✝❡✞

✭s♣❡❝✝✞✉♠ ✟✐✈❡♥ ❜② ❬✶✡☛✌✮ ♦✞ ♦✝❤❡✞ ✝✐ss✉❡ ❛❜s♦✞❜❡✞s✳ ✍❤✐s ❝❤♦✐❝❡ ✐s s✉♣♣♦✞✝❡❞ ❜② ❬✶✎☎✌ ✉s✐♥✟ ❛ ✝✐ss✉❡

❜❛❝❦✟✞♦✉♥❞ ❛❜s♦✞♣✝✐♦♥ ✐♥ ✝❤❡✐✞ ♠♦❞❡✆✳ ✍❤❡ s❝❛✆✐♥✟ ❝♦❡✏❝✐❡♥✝s ❛✞❡ s❡✝ s♦ ✝❤❛✝ ✝❤❡ ♠♦❞❡✆ ☞✝s ✝❤❡

❛✈❡✞❛✟❡ ✆✐✝❡✞❛✝✉✞❡ ✈❛✆✉❡s ❛✝ ✎✺✺ ❛♥❞ ☎✺✺ ♥♠✳

✖✑✒✓✔✑❧✕✗ ❂ ✺✿✡☛ ✘ ✖✑✒✙r✚❣✚✛✑❧ ✰ ✺✿✺✵ ✭✵✳✶✹✮

✖✓✒✓✔✑❧✕✗ ❂ ✺✿✎✵ ✘ ✖✓✒✙r✚❣✚✛✑❧ ✰ ✎✿✎✜ ✭✵✳✶✎✮

✍❤❡ ♦①②✟❡♥❛✝✐♦♥ ❛♥❞ s❝❛✝✝❡✞✐♥✟ ❛✞❡ ❤❡✆❞ ❝♦♥s✝❛♥✝ ✐♥ ✝❤❡ ✐♥✢❛♠❡❞ ❝❛s❡ ❛s ✆✐✝❡✞❛✝✉✞❡ ✇❛s ♥♦✝

❝♦♥s✐s✝❡♥✝ ❛❜♦✉✝ ✝❤✐s ❝❤❛♥✟❡ ❛s s❡❡♥ ✐♥ ✍❛❜✆❡ ✵✳☛✳ ✍❤❡ ❜✆♦♦❞ ✈♦✆✉♠❡ ❢✞❛❝✝✐♦♥ ♦♥ ✝❤❡ ♦✝❤❡✞ ❤❛♥❞

✐s ❝♦♥s✐s✝❡♥✝✆② ✞❡♣♦✞✝❡❞ ✝♦ ✐♥❝✞❡❛s❡ ✇✐✝❤ ❞✐s❡❛s❡✳ ❆ ♠❛①✐♠✉♠ ❝❤❛♥✟❡ ♦❢ ☛✪ ✐♥ ❤❡❛✆✝❤② ✝♦ ☛✺✪ ✐♥

✝❤❡ ✐♥✢❛♠❡❞ ❝❛s❡ ✐s ❛ss✉♠❡❞✳ ✍❤❡s❡ ✈❛✆✉❡s ❛✞❡ ✝❛❦❡♥ ❢✞♦♠ ❬✶✎✵✌ ✞❡♣♦✞✝✐♥✟ ☛✷✶✺✪ ✐♥ ♠✉❝♦s❛ ❛♥❞

✎✷☛✺✪ ✐♥ s✉❜♠✉❝♦s❛✳ ❆s ❜♦✝❤ ✆❛②❡✞s ✇✐✆✆ ❜❡ s❛♠♣✆❡❞✱ ✝❤❡ ♠❛①✐♠✉♠ ✞❛♥✟❡ ✐s ✉s❡❞ ❢♦✞ ✝❤❡ ♠♦❞❡✆✳

✍❤✐s ♠♦❞❡✆ ✐s ✉s❡❞ ✆❛✝❡✞ ✝♦ ❞❡✝❡✞♠✐♥❡ ♣✞♦♣❡✞✝✐❡s ❢♦✞ ✝❤❡ ❝♦♥s✝✞✉❝✝✐♦♥ ✝✐ss✉❡ ♣❤❛♥✝♦♠s ❛♥❞ ✝♦

s✐♠✉✆❛✝❡ ✝❤❡ ♦♣✝✐❝❛✆ s②s✝❡♠ ✉s✐♥✟ ✣♦♥✝❡✷✤❛✞✆♦ ♠♦❞❡✆s ✐♥ ♦✞❞❡✞ ✝♦ ❞❡✝❡✞♠✐♥❡ ❜❡s✝ ✇❛✈❡✆❡♥✟✝❤s ✝♦

❞❡✝❡❝✝ ✐♥✢❛♠♠❛✝✐♦♥✳

✥✦✧ ❖★✩✫✬✯✲ P✴✻★✼✴✩✫✼✽ ✻✾ ✩❀✼ ❁✯✴❃✴❄❅

✍❤✐s s❡❝✝✐♦♥ ☞✞s✝ ♣✞❡s❡♥✝s ✝❤❡ ♦♣✝✐❝❛✆ ♣✞♦♣❡✞✝✐❡s ♦❢ ✝❤❡ ❡❛✞❞✞✉♠ ✞❡♣♦✞✝❡❞ ✐♥ ✆✐✝❡✞❛✝✉✞❡ ❛♥❞ ✝❤❡♥

❡①♣❡✞✐♠❡♥✝s ❛✞❡ ❝♦♥❞✉❝✝❡❞ ✝♦ ❝❤❛✞❛❝✝❡✞✐s❡ ✝❤❡ ✝✞❛♥s♠✐ss✐♦♥ ✝❤✞♦✉✟❤ ❡❛✞❞✞✉♠ s❛♠♣✆❡s✳

❇●❏●❑ ◗❙❯❲❳❙t❨❳❩ ❭❳❲❯❙t❳❪ ❨❫ ❴❨t❳❙❵t❥❙❳

q✐✟✉✞❡ ✵✳✡ s❤♦✇s ✝❤❡ ✞❡✢❡❝✝✐♦♥ s♣❡❝✝✞❛ ♦❢ ❛ ❢✞♦③❡♥ ❝❛❞❛✈❡✞✐❝ ❡❛✞❞✞✉♠ ❛♥❞ ✝❤✞❡❡ ❡❛✞❞✞✉♠s ♦❢ ✆✐✈✐♥✟

♣❡✞s♦♥s ✝❛❦❡♥ ❢✞♦♠ ❬✶✡✵✌✳ ❆s ✆✐✟❤✝ ♣❡♥❡✝✞❛✝❡s ✝❤✞♦✉✟❤ ✝❤❡ ❡❛✞❞✞✉♠ ✝❤❡ s♣❡❝✝✞❛ ❞♦❡s ♥♦✝ ♦♥✆②

✞❡s✉✆✝ ❢✞♦♠ ✝❤❡ ❡❛✞❞✞✉♠ ❜✉✝ ❛✆s♦ ❢✞♦♠ ✞❡✢❡❝✝✐♦♥s ❢✞♦♠ ✝❤❡ ♠✐❞❞✆❡ ❡❛✞ ❝❛✈✐✝② ✭✆❡❢✝ ✟✞❛♣❤✱ ♣✆♦✝ ✶

❛♥❞ ☛✮✳ ✍♦ ✐♥✈❡s✝✐✟❛✝❡ ✝❤❡ ✐♥✢✉❡♥❝❡ ♦❢ ✝❤❡ ♠✐❞❞✆❡ ❡❛✞ ♦♥ ✝❤❡ s♣❡❝✝✞✉♠✱ ✝❤❡ ✝②♠♣❛♥✐❝ ❝❛✈✐✝② ♦❢

❝❛❞❛✈❡✞✐❝ ❡❛✞s ✇❛s ❞②❡❞ ✇✐✝❤ ❜✆❛❝❦ ✐♥❦ ✝♦ ❞❡❝✞❡❛s❡ ✐✝s ✞❡✢❡❝✝✐♦♥ ✝♦ ③❡✞♦ ✭✆❡❢✝ ✟✞❛♣❤✱ ♣✆♦✝ ✵ ❛♥❞

✹✮✳ ✍❤❡ ♠❡❛s✉✞❡♠❡♥✝s s❤♦✇ ❛ ❞❡❝✞❡❛s❡ ♦❢ ✝❤❡ ✞❡✢❡❝✝❡❞ ✐♥✝❡♥s✐✝② ❜✉✝ ❛ s✐♠✐✆❛✞ ❝♦✉✞s❡ ❡s♣❡❝✐❛✆✆②

❜❡✝✇❡❡♥ ✹✺✺ ❛♥❞ ✡✺✺ ♥♠✳ ✍❤❡ s♣❡❝✝✞❛ s❤♦✇ ❝❤❛✞❛❝✝❡✞✐s✝✐❝s ♦❢ ✝❤❡ ❤❛❡♠♦✟✆♦❜✐♥ s♣❡❝✝✞✉♠ ✐♥❞✐❝❛✝❡❞

✝❤❡ ♣✞❡s❡♥❝❡ ♦❢ ❜✆♦♦❞ ✐♥ ✝❤❡ ❡❛✞❞✞✉♠✳

✣❛❝④♦✉✟❛✆✆ ❡✝ ❛✆✳ ❬✶✡✹✌ ♣✞❡s❡♥✝ ❛ ♠♦❞❡✆ ❢♦✞ ✝❤❡ ❛❜s♦✞♣✝✐♦♥ ✐♥ ✝❤❡ ❤✉♠❛♥ ❡❛✞❞✞✉♠✳ ❆ s❝❛✝✝❡✞✐♥✟

❝♦❡✏❝✐❡♥✝ ♦❢ ☛☛♠♠⑤⑥ ✐s ✟✐✈❡♥ ❢♦✞ ✶✵✶✺ ♥♠✳ ✍❤✐s ✈❛✆✉❡ ✐s ❞❡✞✐✈❡❞ ❢✞♦♠ ♦♣✝✐❝❛✆ ♣✞♦♣❡✞✝✐❡s ♦❢ ❞❡✞♠✐s

❬✶✡✎✌ ❜✉✝ ♥♦✝ ❞✐✞❡❝✝✆② ❞❡✞✐✈❡❞ ❢✞♦♠ ♠❡❛s✉✞❡♠❡♥✝ ♦♥ ✝❤❡ ❡❛✞❞✞✉♠✳ q✞♦♠ ✝❤✐s ✈❛✆✉❡ ❛♥❞ ❛♥ ❛ss✉♠❡❞



❈❍�✁❚❊❘ ✸✂ ❉❊❱❊▲✄✁▼❊◆❚ ✄❋ � ▼■❉❉▲❊ ❊�❘ ✁❍�◆❚✄▼ ✹☎

✆✐❣✝r❡ ✞✟✻✠ ✡✐☛✝s❡ r❡✌❡❝t✐♦☞ s♣❡❝tr✝♠ ♦✍ t❤❡ ❡❛r❞r✝♠ ❬✶✻✞✎✟

✏❡✍t✠ ✶✑ ❡❛r❞r✝♠ ❛☞❞ ♠✐❞❞❧❡ ❡❛r ♦✍ ✍r♦✒❡☞ ❝❛❞❛✈❡r✐❝ s♣❡❝✐♠❡☞✱ ✷✑ ❡❛r❞r✝♠ ❛☞❞ ♠✐❞❞❧❡ ❡❛r ♦✍

❝❛❞❛✈❡r✐❝ s♣❡❝✐♠❡☞ ❦❡♣t ✐☞ st❛✓✐❧✐✒✐☞❣ s♦❧✝t✐♦☞✱ ✞✑ ❡❛r❞r✝♠ ♦✍ ✍r♦✒❡☞ ❝❛❞❛✈❡r✐❝ s♣❡❝✐♠❡☞ ❛❧♦☞❡✱ ✹✑

❡❛r❞r✝♠ ♦✍ s♣❡❝✐♠❡☞ ❦❡♣t ✐☞ st❛✓✐❧✐✒✐☞❣ s♦❧✝t✐♦☞ ❛❧♦☞❡✟

✔✐❣❤t✠ ✶✑ ❡❛r❞r✝♠ ❛☞❞ ♠✐❞❞❧❡ ❡❛r ♦✍ ✍r♦✒❡☞ ❝❛❞❛✈❡r✐❝ s♣❡❝✐♠❡☞✱ ✷✑④✹✑ ❡❛r❞r✝♠ ❛☞❞ ♠✐❞❞❧❡ ❡❛r ♦✍

❧✐✈✐☞❣ ✈♦❧✝☞t❡❡rs✟

t❤✐❝❦☞❡ss ♦✍ t❤❡ ❡❛r❞r✝♠ ♦✍ ✶✕✕ ✖♠ t❤❡ tr❛☞s♠✐ss✐♦☞ ♦✍ ✓❛❧❧✐st✐❝ ♣❤♦t♦☞s ✐s ❝❛❧❝✝❧❛t❡❞ t♦ ✓❡ ✶✶✪✟

❆ ❞♦✝✓❧❡ ♣❛ss ✇♦✝❧❞ r❡s✝❧t ✐☞ ✶✟✷✪ tr❛☞s♠✐tt❡❞ ❧✐❣❤t✱ ❡q✝❛❧ t♦ ❛ ✶☎ ❞❇ ❧♦ss✟ ✗❡❛s✝r❡♠❡☞ts ✇✐t❤

❛☞ ❖✘✙ s②st❡♠s s❤♦✇ ❛ ✶✞✟✺ ❞❇ ❧♦ss✱ ❡q✝✐✈❛❧❡☞t t♦ ✷✶✪ ✝☞s❝❛tt❡r❡❞ ❧✐❣❤t ♦☞ ❛ s✐☞❣❧❡ ♣❛ss✟ ✚❡☞❝❡

t❤❡ ❛❝t✝❛❧ s❝❛tt❡r✐☞❣ ❝♦❡✛❝✐❡☞t ✐s s♠❛❧❧❡r t❤❛☞ ✷✷♠♠✜✢✟ ❆✓s♦r♣t✐♦☞ ✐s ☞❡❣❧❡❝t❡❞ ✐☞ t❤✐s ♠♦❞❡❧✟

✙❤❡ r❡✌❡❝t✐♦☞ ✍r♦♠ ❛☞ ❡❛r❞r✝♠ ✇❡r❡ ♠❡❛s✝r❡❞ t♦ ✓❡ ✶✶✟✻✪ ❬✶✻✺✎✟

✣✳✤✳✥ ✦✧★✩✫ ✬❢ ✭♥✮✯✰✰✯✫✲✬♥ ✬♥ ✫✴★ ✦✯✵✼✵✉✰

✗✐❞❞❧❡ ❡❛r ✐☞✌❛♠♠❛t✐♦☞ ❝❛☞ ✐☞✌✝❡☞❝❡ t❤❡ t❤✐❝❦☞❡ss ♦✍ t❤❡ ❡❛r❞r✝♠✱ ✇❤✐❝❤ ✇✐❧❧ ✐☞✌✝❡☞❝❡ t❤❡

tr❛☞s♠✐ss✐♦☞ ❛☞❞ ♠❡❛s✝r❡♠❡☞ts✟ ✘❤♦ ❡t ❛❧✟ ❬✹✶✎ r❡♣♦rt ❛☞ ❛✈❡r❛❣❡ t❤✐❝❦☞❡ss ♦✍ ❤❡❛❧t❤② ❡❛r❞r✝♠s ♦✍

✶✷✷ ✖♠✱ ❖✗✽ ❡❛r❞r✝♠s ♦✍ ✶✕✾ ✖♠✱ ❝❤r♦☞✐❝ ❖✗ ❡❛r❞r✝♠s ♦✍ ✞✷✻ ✖♠✱ ❛☞❞ ❛❞❤❡s✐✈❡ ❖✗ ❡❛r❞r✝♠s ♦✍

✷✺✶ ✖♠✟ ❖t❤❡r ❣r♦✝♣s r❡♣♦rt t❤❡ ❛tt❛❝❤♠❡☞t ♦✍ ✓✐♦✿❧♠s t♦ t❤❡ ❖✗✽ ❡❛r❞r✝♠ ❬✹✺✎✟ ✙❤❡ t❤✐❝❦☞❡ss

♦✍ r❛t ❡❛r❞r✝♠s ✐☞❝r❡❛s❡s ✷ ✍♦❧❞ ❞✝r✐☞❣ ❆❖✗ ❬✶✻✻✎✟

❲❤✐❧❡ t❤❡ ❡❛r❞r✝♠ t❤✐❝❦☞❡ss ❝❛☞ ✐☞❝r❡❛s❡ ❞✝r✐☞❣ ❝❡rt❛✐☞ ❝❛s❡s ♦✍ ❖✗✱ ✐t ❞♦❡s ☞♦t ✐☞❝r❡❛s❡

❞✝r✐☞❣ ❖✗✽✟ ❖☞❧② ❛ ✓✐♦✿❧♠ ❣❡ts ❛tt❛❝❤❡❞ t♦ t❤❡ ❡❛r❞r✝♠✟ ✙❤✐s ✓✐♦✿❧♠ s❤♦✝❧❞ ✓❡ ♠♦st❧② r❡♠♦✈❡❞

❞✝r✐☞❣ ❝❧❡❛r✐☞❣ ♦✍ t❤❡ t②♠♣❛☞✐❝ ❝❛✈✐t② ❛☞❞ ❤❡☞❝❡ ☞♦t ❞❡❝r❡❛s❡ t❤❡ tr❛☞s♠✐ss✐♦☞ s✐❣☞✐✿❝❛☞t❧②✟
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✆✐❣✝r❡ ✞✟✼✠ ✡✐❣☛t ♠✐❝r♦❣r❛☞☛ ♦✌ ❛ ☛✐st♦✍♦❣✐❝❛✍ s❛♠☞✍❡ ♦✌ ❛✎ ☛✝♠❛✎ ❡❛r❞r✝♠ ❬✶✏✑✒❀ ✓❆✔④ ❡①t❡r✎❛✍

❛❝♦✝st✐❝ ♠❡❛t✝s✴♦✝t❡r ❡❛r ❝❛✎❛✍✱ ✓✡ ④ ❡☞✐❞❡r♠❛✍ ✍❛②❡r✱ ✆✡ ④✕❜r♦✝s ✍❛②❡r✱ ✔✓✡④♠✝❝♦s❛✍ ❡☞✐t☛❡✍✐❛✍

✍❛②❡r✱ ❛✎❞ ✖✗④ t②♠☞❛✎✐❝ ❝❛✈✐t②❀ t☛❡ ❝❛☞✐✍✍❛r② ✐✎❞✐❝❛t❡❞ ❜② t☛❡ ❜♦① ✐s ✍♦❝❛t❡❞ ❜❡t✇❡❡✎ ✓✡ ❛✎❞ ✆✡❀

s❝❛✍❡ ❜❛r ❝♦rr❡s☞♦✎❞s t♦ ✶☎☎ ✘♠✟

✙✳✹✳✙ ✚♥✛✜✢❧ ✣✢✤✥✤✉✜ ✦✧✥★❧

❆s t☛❡ ✍✐t❡r❛t✝r❡ ❞♦❡s ♦✎✍② r❡☞♦rt ✍✐tt✍❡ ♦☞t✐❝❛✍ ☞r♦☞❡rt✐❡s ♦✌ ❡❛r❞r✝♠s ✭❛✎❞ t☛❡ ♦✎✍② r❡✌❡r❡✎❝❡

r❡☞♦rt✐✎❣ s❝❛tt❡r✐✎❣ ☞r♦☞❡rt✐❡s ♦✌ t☛❡ ❡❛r❞r✝♠ ❬✶✏✩✒ ✇❛s ☞✝❜✍✐s☛❡❞ ✐✎ ✷☎✶✺✪✱ ❡①☞❡r✐♠❡✎ts ❛r❡ ❝♦✎✲

❞✝❝t❡❞ ✐✎ ♦r❞❡r t♦ ❞❡t❡r♠✐✎❡ t☛❡ ♦☞t✐❝❛✍ ☞r♦☞❡rt✐❡s✟ ❆s ☛✝♠❛✎ ❡❛r❞r✝♠s ❛r❡ ✎♦t ❛❝❝❡ss✐❜✍❡✱ ❛✎✐♠❛✍

❡❛r❞r✝♠s ❛r❡ ❝☛❛r❛❝t❡r✐③❡❞✟ ✖♦ ❛✍✍♦✇ ❛ tr❛✎s✌❡r ♦✌ t☛❡ ♠❡❛s✝r❡♠❡✎ts t♦ t☛❡ ☛✝♠❛✎ ❡❛r❞r✝♠✱

t☛✐❝❦✎❡ss ❛✎❞ ♦t☛❡r ☞❛r❛♠❡t❡rs ❛r❡ ❝♦♠☞❛r❡❞ ✕rst✟ ✖☛❡ s✝r✌❛❝❡ ❛r❡❛ ♦✌ ♠❛♠♠❛✍✐❛✎ ❡❛r❞r✝♠s ❞♦❡s

✎♦t ❞✐✫❡r ❛ ✍♦t ❞❡s☞✐t❡ t☛❡ ☛✝❣❡ s✐③❡ ❞✐✫❡r❡✎❝❡ ♦✌ t☛❡ ✐✎❞✐✈✐❞✝❛✍ s☞❡❝✐❡s ❬✩✒✟ ✖☛❡ str✝❝t✝r❡ ♦✌ t☛❡

❡❛r❞r✝♠s ✐s ❛✍s♦ s✐♠✐✍❛r✱ t☛❡ ♦✎✍② r❡♠❛r❦❛❜✍❡ ❞✐✫❡r❡✎❝❡s ❜❡t✇❡❡✎ ❡❛r❞r✝♠s ♦✌ ❞✐✫❡r❡✎t ♠❛♠♠❛✍

s☞❡❝✐❡s ✐s t☛❡✐r t☛✐❝❦✎❡ss ❛✎❞ ✎✝♠❜❡r ♦✌ ✕❜r❡ ✍❛②❡rs✟

✖☛❡ ☛✝♠❛✎ ❡❛r❞r✝♠ s☛♦✇s ❛ t☛✐❝❦✎❡ss ♦✌ ✺☎ t♦ ✼☎ ✘♠ ✐✎ t☛❡ t☛✐✎✎❡st ❝❡✎tr❛✍ r❡❣✐♦✎✱ ✇✐t☛

✐✎❝r❡❛s✐✎❣ t☛✐❝❦✎❡ss t♦✇❛r❞s t☛❡ ♠❛✍✍❡✝s ❛✎❞ ❛✎✎✝✍✝s✱ ❛✎❞ ❛r♦✝✎❞ ✶☎☎ ✘♠ ❛✈❡r❛❣❡ t☛✐❝❦✎❡ss ❬✺✒✟

✖☛❡ ☛✝♠❛✎ ❡❛r❞r✝♠ s☛♦✇s ❛ r❛❞✐❛✍ ❛✎❞ ❛ ❝✐r❝✝♠✌❡r❡✎t✐❛✍ ✕❜r❡ ✍❛②❡r✟ ✖☛❡ ❝r♦ss s❡❝t✐♦✎ ♦✌ t☛❡ ☛✝♠❛✎

❡❛r❞r✝♠ ✐s s☛♦✇✎ ❛s ❛ ☛✐st♦✍♦❣✐❝❛✍ s❛♠☞✍❡ ✐✎ ✆✐❣✝r❡ ✞✟✼✟ ✖☛❡ ❡❛r❞r✝♠ ❝♦✎s✐sts ♦✌ ❛✎ ❡☞✐❞❡r♠❛✍

✍❛②❡r✱ s☛♦✇✐✎❣ s❡✈❡r❛✍ ❝❡✍✍ ✍❛②❡rs✱ t☛❡ r❛❞✐❛✍ ❝♦✍✍❛❣❡✎ ✕❜r❡ ✍❛②❡r✱ ❝✐r❝✝♠✌❡r❡✎t✐❛✍ ✕❜r❡ ✍❛②❡r✱ ❛✎❞

✕✎❛✍✍② ❛ ✌❡✇ ❝❛✍✍ ✍❛②❡rs t☛✐❝❦ ♠✝❝♦s❛✍ ✍❛②❡r ♦✎ t☛❡ ✐✎s✐❞❡ ✌❛❝✐✎❣ t☛❡ t②♠☞❛✎✐❝ ❝❛✈✐t② ❬✶✏✼✒✟

✆✐❣✝r❡ ✞✟✑ s☛♦✇s t☛❡ s✝r✌❛❝❡ ♦✌ ❛ ☛✝♠❛✎ ❡❛r❞r✝♠ r❡❝♦r❞❡❞ ✇✐t☛ ❛ s❝❛✎✎✐✎❣ ❡✍❡❝tr♦✎ ♠✐❝r♦s❝♦☞❡

✇☛❡✎ s❡❡✎ ✌r♦♠ t☛❡ ♠✐❞❞✍❡ ❡❛r ❬✶✏✬✒✟ ❇♦t☛ ✕❜r❡ ✍❛②❡rs ❛r❡ ❝✍❡❛r✍② ✈✐s✐❜✍❡✟ ❬✶✼☎✒ r❡☞♦rts ❛ ❞✐❛♠❡t❡r

♦✌ t☛❡ r❛❞✐❛✍ ✕❜r❡s ❛r♦✝✎❞ ✷✷ ✘♠ ❛✎❞ ✶✷✘♠ ✌♦r t☛❡ ❝✐r❝✝♠✌❡r❡✎t✐❛✍ ✕❜r❡s✟ ❬✶✼✶✒ ♦✎ t☛❡ ♦t☛❡r ☛❛✎❞

r❡☞♦rts ❛✎ ❛✈❡r❛❣❡ ❞✐❛♠❡t❡r ♦✌ ✑ ✘♠✟

❙❡✈❡r❛✍ ❛✎✐♠❛✍ ❡❛r❞r✝♠s ☛❛✈❡ ❜❡❡✎ ✐✎✈❡st✐❣❛t❡❞✟ ✆♦r ❡①❛♠☞✍❡ t☛❡ ❣✝✐✎❡❛ ☞✐❣ ❡❛r❞r✝♠ s☛♦✇s

s✐♠✐✍❛r ❝♦✍♦✝r ❛✎❞ s☛❛☞❡ ❛s t☛❡ ☛✝♠❛✎ ♦✎❡ ❜✝t ✐s t☛✐✎✎❡r ❛✎❞ s☛♦✇s ✍✐tt✍❡ ❝♦✍✍❛❣❡✎ ✕❜r❡s r❡s✝✍t✐✎❣

✐✎ ❛ ☛✐❣☛❡r tr❛✎s☞❛r❡✎❝② ❬✶✼✷✒✟ ✖❛❜✍❡ ✞✟✞ s✝♠♠❛r✐s❡❞ t☛❡ str✝❝t✝r❡ ♦✌ ☛✝♠❛✎ ❛✎❞ ❛✎✐♠❛✍ ❡❛r❞r✝♠s

✌♦r ❡❛s② ❝♦♠☞❛r✐s♦✎✟
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❡❛r ❬☎✶✏✑✟ ✒❛❞✐❛❧ ✓❜r❡✌ ✭✒✆✮ ❛✡❞ ❝✐r❝✝❧❛r ✓❜r❡✌ ✭✔✆✮ ❛r❡ ✈✐✌✐❜❧❡✟

✕❛❜❧❡ ✞✟✞✠ ✔♦♠✍❛r✐✌♦✡ ♦✎ ❤✝♠❛✡ ❛✡❞ ❛✡✐♠❛❧ ❡❛r❞r✝♠✌✟

✖✗✘✙❦♥✚ss ✛✜✢❪ ✣✘✤✥✚s ✫ ✦✘✧✢✚★✚✥ ❖★✗✚✥ ✩✧②✚✥s

✪✉✢✧♥ ✬✵④✼✵ ✯✰ ✱✲✯✰✰✳✴✱

✷✹✳✷✻ ✾✵✵ ✷✿✳✹✷❀✳ ❁✬❂

✹✷❃✯✷❄ ❅❆❆ ✜❇● ✷✰❃ ❏✯✹❏❑❇❢✳✹✳✰P

✱✯✷❄ ❅✾❆ ✜❇● ❁✾✼✵❂

✴✳✿✳✹✷❄ ❏✳❄❄✴ ◗❢ ✳♣✯❃✳✹❇✷❄

✳①✱✳✹✰✷❄❄❯✻ ✷✰❃ ❢✳✇ ❏✳❄❄✴

◗❢ ❇❑❏◗✴✷❄ ❄✷❯✳✹ ✯✰✱✳✹✰✷❄❄❯

❁✾❲✼❂

❳✉✘♥✚✧

❨✘❩

✾✵④❆✵ ❁❭♣♣✳✰❃✯① ❭❂✻

✾✵ ✷❏❏◗✹❃✯✰❀ ✱◗ ❁✾✼❫❂

❏✯✹❏❑❄✷✹ ✴❏✷✹❏✳❄❯ ✳✰❏◗❑✰✱✳✹✳❃✻

✳①❏✳♣✱ ✰✳✷✹ ✷✰✰❑❄❑✴ ❁✾✼❆❂❴ ❏✯✹P

❏❑❄✷✹ ❵❆ ✜❇✻ ◗❥❄✯q❑✳ ③❥✹✳✴ ✵⑤⑥④

✾⑤❆ ✜❇✻ ✹✷❃✯✷❄ ❫④⑦ ✜❇ ❁✾✼⑦❂❴ ✹✷P

❃✯✷❄ ③❥✹✳✴ ❅⑥ ✜❇● ✴✳✳✰ ✳✿✳✹❯P

✇✲✳✹✳✻ ✴❏✷✹❏✳❄❯ ❏✯✹❏❑❇❢✳✹✳✰✱✯✷❄

③❥✹✳✴

✾ ❄✷❯✳✹ ◗❢ ✳♣✯✱✲✳❄✯❑❇ ✯✰✱✳✹P

✰✷❄❄❯ ✷✰❃ ✳①✱✳✹✰✷❄❄❯ ❁✾✼✬❂

❳✚✥✤✘✩ ✼ ✯✰ ❏✳✰✱✹✷❄ ✹✳❀✯◗✰✻ ❆✵

✰✳✷✹ ❇✷✰❥✹✯❑❇✻ ❫✬

✰✳✷✹ ✷✰✰❑❄❑✴ ❁✾✼❲❂

❃✳✰✴✳❄❯ ♣✷❏⑧✳❃ ❏◗❄❄✷❀✳✰ ③❥✹✳✴✻

✴✱✹✯❏✱❄❯ ✷✹✹✷✰❀✳❃ ✹✷❃✯✷❄ ✷✰❃ ❏✯✹P

❏❑❄✷✹ ❁✾✼✼❂✻ ❁✾✼⑥❂❴ ❵✬ ✜❇ ❁❭♣P

♣✳✰❃✯① ❭❂

⑨✗✘♥✙✗✘✩✩✧ ◗✰✳ ③❥✹✳ ❄✷❯✳✹ ✿✯✴✯❥❄✳ ❁✾✼✾❂

⑨✧★ ❫✵④✬✵ ❁✾✼❫❂ ✹✷❃✯✷❄ ❅✾❲ ✜❇● ✷✰❃ ❏✯✹❏❑❇❢✳✹✳✰P

✱✯✷❄ ❅⑥ ✜❇● ❁✾✼✾✻ ✾✼⑩❂

✳♣✯❃✳✹❇✷❄ ✷✰❃ ❇❑❏◗✴✷❄

❄✷❯✳✹ ❁✾✼⑩❂

❨✘❩ ⑥✵ ❁✾❲✬❂ ✷✰✷✱◗❇❯ ✴✯❇✯❄✷✹ ✱◗ ✲❑❇✷✰ ❁✾❲✬❂

❶✗✚✚❷ ✰◗ ③❥✹✳✴ ❁✾⑥✵❂
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✶
❡✷ ♦☎ t❤✆ ♠❛✝✐♠✉♠✳ ✞❤✆ r✆❧❛t✐♦✟ ♦☎ ✐✟♣✉t ♣♦✇✆r t♦ t❤✆ s✉♠ ♦✈✆r ❛❧❧ ♣✐✝✆❧s ❛♣♣r♦✝✐♠❛t✆s t❤✆ t♦t❛❧

tr❛✟s♠✐ss✐♦✟ ♦☎ t❤✆ s❛♠♣❧✆ ✭✟✆❣❧✆❝t✐✟❣ ✇✐❞✆❧② s❝❛tt✆r✆❞ ❧✐❣❤t✮ ❛✟❞ t❤✆ ♣♦✇✆r ✐✟ t❤✆ ❝✆✟tr❛❧ ♣♦rt✐♦✟

❞✐✈✐❞✆❞ ❜② t❤✆ ✐✟♣✉t ♣♦✇✆r ❛♣♣r♦✝✐♠❛t✆s t❤✆ ✉✟s❝❛tt✆r✆❞ tr❛✟s♠✐ss✐♦✟✳

✠✡☛✡☞✌ ❂

P

☞✌✌ ✍✎☞✏✑✌✒P

☞✌✌ ✍✓✒❢
✭✔✳✕✖✮

✠✗♥✎✘☞✡✡✒✓✒✙ ❂

P

✘✒♥✡✓☞✌ ✍✎☞✏✑✌✒P

✘✒♥✡✓☞✌ ✍✓✒❢
✭✔✳✕✚✮

✞❤r✆✆ ❧❛s✆rs ❛r✆ ✉s✆❞ ☎♦r ✐❧❧✉♠✐✟❛t✐♦✟✱ ♦✟✆ ✇✐t❤ ✺✔✛✟♠ ✭❇❲✜✢✺✔✛✢✔✣✱ ❇✫❲ ✞✆❦✱ ✜✆✇❛r❦✱ ✤✥✱

❯✦❆✮✱ t❤✆ s✆❝♦✟❞ ❛t ✖✔✛✟♠✱ ❛✟❞ t❤✆ t❤✐r❞ ❛t ✽✣✽ ✟♠ ✭✧✽✣✽★✣✕✣✱ ✞❤♦r❧❛❜s✱ ✜✆✇t♦✟✱ ✜✆✇ ❏✆rs✆②✱

❯✦❆✱ ❝♦✟tr♦❧❧✆❞ ❜② t❤✆ ♣♦✇✆r ❛✟❞ t✆♠♣✆r❛t✉r✆ ❝♦✟tr♦❧❧✆r ❦✐t ✧✞✩✕✣✣✢❇ ✧✤✱ ✞❤♦r❧❛❜s✱ ✜✆✇t♦✟✱

✜✆✇ ❏✆rs✆②✱ ❯✦❆✮ t♦ ❛❧❧♦✇ ♠✆❛s✉r✆♠✆✟ts ♦☎ t❤✆ tr❛✟s♠✐ss✐♦✟ ❝❤❛r❛❝t✆r✐st✐❝s ✐✟ ❞✆♣✆✟❞✆✟❝✆ ♦☎ t❤✆

✇❛✈✆❧✆✟❣t❤ ✐✟ t❤✆ ✈✐s✐❜❧✆ ❛✟❞ ✜✪✬✳

✯✰✲✴✵✰✹✵ ✻✼ ❙✾✻✿❀❁✵

✪✟ ❛ ❃rst ✈✆rs✐♦✟ ♦☎ t❤✐s ✆✝♣✆r✐♠✆✟t ❛ ✇❤✐t✆ ❧✐❣❤t s♦✉r❝✆ ✇❛s ✉s✆❞ ☎♦r ✐❧❧✉♠✐✟❛t✐♦✟ ❛✟❞ ❛ ✬●❇

❝❛♠✆r❛ ✭✤✩✩✕✖❄✺✩✱ ✞❤♦r❧❛❜s✱ ✜✆✇t♦✟✱ ✜✆✇ ❏✆rs✆②✱ ❯✦❆✮ ✉s✆❞ ❛s ❞✆t✆❝t♦r✳ ❆s t❤✆ ❧✐❣❤t ✐s ✟♦t

❝♦❧❧✐♠❛t✆❞ ❛ ✇✐❞✆r ♣✐✟❤♦❧✆ ✇❛s ✟✆❝✆ss❛r② t♦ ❛❧❧♦✇ ✆✟♦✉❣❤ ❧✐❣❤t t♦ ♣❛ss t❤r♦✉❣❤ t❤✆ s②st✆♠✳ ✞❤✐s

♠✆❛s✉r✆♠✆✟t ❛❧❧♦✇✆❞ t❤✆ ✆❛s② ♠✆❛s✉r✆♠✆✟t ♦☎ t❤r✆✆ ✇❛✈✆❧✆✟❣t❤ r❛✟❣✆s ✭r✆❞✱ ❣r✆✆✟✱ ❛✟❞ ❜❧✉✆✮ ❜✉t

✟♦ ❛❝❝✉r❛t✆ ♠✆❛s✉r✆♠✆✟t ♦☎ t❤✆ ✉✟s❝❛tt✆r✆❞ ❧✐❣❤t ❞✉✆ t♦ t❤✆ ❧❛r❣✆ ❜✆❛♠ ❞✐❛♠✆t✆r✳

✞❤✆ tr❛✟s♠✐ss✐♦✟ t❤r♦✉❣❤ ✆❛r❞r✉♠ s❛♠♣❧✆s st♦r✆❞ ✐✟ ☎r♦❅✆✟ st❛t✆✱ ♣r✆s✆r✈✆❞ ✐✟ ☎♦r♠❛❧❞✆❤②❞✆✱

❛✟❞ ♦✟✆ ❥✉st ❦✐❧❧✆❞ ❣✉✐✟✆❛ ♣✐❣ ✐s ♠✆❛s✉r✆❞✳ ✞❤✆ ☎r✆s❤ s❛♠♣❧✆ s❤♦✇s ❛ t♦t❛❧ tr❛✟s♠✐ss✐♦✟ ♦☎ ✚✛❑

✐✟ t❤✆ r✆❞✱ ✚✣❑ ✐✟ ❣r✆✆✟✱ ❛✟❞ ✖✖❑ ✐✟ t❤✆ ❜❧✉✆ r✆❣✐♦✟✳ ❲❤✆✟ ❝♦✟✈✆rt✐✟❣ t❤✆ ✬●❇ ❝♦❧♦✉r ♠❛♣ ✐✟t♦

✧❯❖ ❛✟❞ ✉s✐✟❣ t❤✆ ❧✐❣❤t✟✆ss ❛ tr❛✟s♠✐ss✐♦✟ ✈❛❧✉✆ ♦☎ ✖✚❑ ✐s ♠✆❛s✉r✆❞✳ ✞❤✆ ❧✐❣❤t✟✆ss tr❛✟s♠✐ss✐♦✟

✈❛❧✉✆ ♦☎ ❛ ☎r♦❅✆✟ s❛♠♣❧✆ ✐s ♠✆❛s✉r✆❞ t♦ ❜✆ ✺✽❑ ❛✟❞ t❤✆ tr❛✟s♠✐ss✐♦✟ ♦☎ t❤r✆✆ s❛♠♣❧✆s st♦r✆❞ ✐✟

☎♦r♠❛❧❞✆❤②❞✆ ❛r✆ ✕✺✱ ❄✕✱ ❛✟❞ ✔✖❑✳

✞❤✐s s❤♦✇s ❛ ✇❛✈✆❧✆✟❣t❤ ❞✆♣✆✟❞✆✟t ❛tt✆✟✉❛t✐♦✟ ✇✐t❤ ❤✐❣❤✆r ✇❛✈✆❧✆✟❣t❤s ❜✆✐✟❣ ❧✆ss ❛tt✆✟✉❛t✆❞✳

✪t ☎✉rt❤✆r s❤♦✇s ❧✆ss ❛tt✆✟✉❛t✐♦✟ ♦☎ t❤✆ ☎r✆s❤ s❛♠♣❧✆✱ ✇✐t❤ t❤✆ ☎r♦❅✆✟ ☎♦❧❧♦✇✐✟❣✱ ❛✟❞ ❧♦✇✆st tr❛✟s✢

♠✐ss✐♦✟ ♦☎ t❤✆ ☎♦r♠❛❧❞✆❤②❞✆ s❛♠♣❧✆s✳ ❲❤✆✟ ✉s✐✟❣ st♦r✆❞ s❛♠♣❧✆s ☎♦r ☎✉rt❤✆r ✆✝♣✆r✐♠✆✟ts✱ t❤✆
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③❷❸❻❶❾❾⑤④⑤❿ ❼①②➂❾⑦ ⑩❺ ❶❻❻❺③❷❾ ➅❺④ ❾➂①❸➈ ❾➂⑤ ❻⑤❷❾④❶❼ ➄❺➁⑤④ ➓➆ ❿⑤②➔ ①❸ ❸❻❶❼⑤❿ ❶❷❿ ❾➂⑤ ➄❺➁⑤④ ❶❿❿⑤❿ ❾❺

➆⑦✺ ❶❷❿ ⑧ ❿⑤② ❸❻❶❾❾⑤④①❷② ❶❷②❼⑤ ④⑤❸③❼❾①❷② ①❷ ❾➂⑤ ❸❻❶❼①❷②

➞ ➓➆❿⑤②➔ ➌ ➞➓➆ ❿⑤②➔ ➟ ➆➠↔✺ ➓⑥⑦⑧↔➔

➞ ➓⑧ ❿⑤②➔ ➌ ➞➓⑧ ❿⑤②➔ ➡ ➞➓➆ ❿⑤②➔ ➟ ➆➠⑧⑧ ➓⑥⑦⑧➢➔

➞ ➓➣❿⑤②➔ ➌ ➞➓➣ ❿⑤②➔ ➡ ➞➓➆ ❿⑤②➔ ➟ ➆➠➆➤ ➓⑥⑦➣➆➔

⑩➂①❸ ❸❻❶❼①❷② ④⑤❸③❼❾❸ ①❷ ❾➂⑤ ②❺❺❿ ❶❻❻❺④❿❶❷❻⑤ ❺➅ ❹⑤❶❸③④⑤❹⑤❷❾ ❶❷❿ ❸③➄➄❼①⑤④ ❿❶❾❶ ❸➂❺➁❷ ①❷ ✈①②③④⑤ ⑥⑦⑧⑥

➓❽➔ ❶❷❿ ①❸ ③❸⑤❿ ➅❺④ ❶❼❼ ➅③④❾➂⑤④ ❹⑤❶❸③④⑤❹⑤❷❾❸⑦

➥➦➧➨➩➫➧

⑩➂⑤ ❾④❶❷❸❹①❸❸①❺❷ ❾➂④❺③②➂ ❶ ❸①❷②❼⑤ ❼❶➉⑤④ ②③①❷⑤❶ ➄①② ⑤❶④❿④③❹ ❶❷❿ ❾➁❺ ❺④❾➂❺②❺❷❶❼❼➉ ❸❾❶❻➃⑤❿ ❼❶➉⑤④❸

❶④⑤ ❹⑤❶❸③④⑤❿ ❶❷❿ ❾➂⑤ ❾④❶❷❸❹①❸❸①❺❷ ➄❶❾❾⑤④❷ ❶④⑤ ❸➂❺➁❷ ①❷ ✈①②③④⑤ ⑥⑦⑧➤⑦ ➭ ❸➄⑤❻➃❼⑤ ➄❶❾❾⑤④❷ ①❸ →①❸①❽❼⑤
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✰✐❣✱r❡ ✳✴✼✽ ❝♦♠♣❛r❡s t❤❡ tr❛❀s♠✐ss✐♦❀ ♠❡❛s✱r❡♠❡❀t ♦❄ ✳ ❞✐❁❡r❡❀t ❣✱✐❀❡❛ ♣✐❣ ❡❛r❞r✱♠s st♦r❡❞

✐❀ ❄♦r♠❛❧❞❡❤②❞❡❅ ♠❡❛s✱r❡❞ ❛t ❂❃❂ ❀♠ ✇✐t❤ t✇♦ st❛❝❦❡❞ ❡❛r❞r✱♠ ❧❛②❡rs❅ ✐❞❡❀t✐❇❡❞ ❡❛r❧✐❡r ❛s ❜❡st

♠♦❞❡❧ ❄♦r t❤❡ ❤✱♠❛❀ ❡❛r❞r✱♠✴ ●❧❧ s❛♠♣❧❡s s❤♦✇ s✐♠✐❧❛r r❡s✱❧ts ❛t ❧❛r❣❡r s❝❛tt❡r✐❀❣ ❛❀❣❧❡s❅ ✇✐t❤

s❛♠♣❧❡ ✳ s❤♦✇✐❀❣ ❧♦✇❡r ❞✐r❡❝t tr❛❀s♠✐ss✐♦❀✴ ❏❀ ♦✈❡r❛❧❧ t❤❡ tr❛❀s♠✐ss✐♦❀ ♦❄ ❛❧❧ t❤r❡❡ ❡❛r❞r✱♠s ✐s

s✐♠✐❧❛r ❛❀❞ ✈❛r✐❛t✐♦❀s ❜❡t✇❡❡❀ ❞✐❁❡r❡❀t ❡❛r❞r✱♠s ❛r❡ ❝❧♦s❡ t♦ ✈❛r✐❛t✐♦❀s ❜❡t✇❡❡❀ ❞✐❁❡r❡❀t ♣♦s✐t✐♦❀s

♦❄ ❛ s✐❀❣❧❡ ❡❛r❞r✱♠❅ ✐❀❞✐❝❛t❡❞ ❜② t❤❡ ❡rr♦r❜❛rs ♦❄ ❡❛❝❤ ♣❧♦t✴

❑❖◗❖❙ ❯❲❳✉❨❩❬❲❭♥ ❪❭❫❴❨

❏❀ ♦r❞❡r t♦ ❛❧❧♦✇ s✐♠✱❧❛t✐♦❀ ♦❄ t❤❡ ♠✐❞❞❧❡ ❡❛r s②st❡♠ ❛❀❞ t♦ ❞❡r✐✈❡ ♦♣t✐❝❛❧ ♣r♦♣❡rt✐❡s ♦❄ t❤❡

❡❛r❞r✱♠❅ ❛ ❝♦♠♣✱t❡r ♠♦❞❡❧ ✇❛s ✈❛r✐❡❞ t♦ ♠❛t❝❤ t❤❡ s❝❛tt❡r✐❀❣ ❝❤❛r❛❝t❡r✐st✐❝s✴ ✿❤❡ ❡①♣❡r✐♠❡❀t❛❧

❣❡♦♠❡tr② ✇❛s s✐♠✱❧❛t❡❞ ❛❀❞ t❤❡ s❝❛tt❡r✐❀❣ ✐❀ t❤❡ ❡❛r❞r✱♠ s✐♠✱❧❛t❡❞ ✱s✐❀❣ ❵♦❀t❡ ❢❛r❧♦ ❵♦❞❡❧s

❥♣r❡s❡❀t❡❞ ❧❛t❡r ✐❀ q❡❝t✐♦❀ ✺✴✳③✴ ✿❤❡ s❝❛tt❡r✐❀❣ ❝♦❡④❝✐❡❀t❅ s❝❛tt❡r✐❀❣ ❛❀✐s♦tr♦♣②❅ ❛❀❞ ❛❜s♦r♣t✐♦❀

❝♦❡④❝✐❡❀t ❛r❡ ✈❛r✐❡❞ t♦ ♠❛t❝❤ t❤❡ ❛❀❣✱❧❛r ❞✐str✐❜✱t✐♦❀ ♦❄ s✐♠✱❧❛t✐♦❀ ❛❀❞ ♠❡❛s✱r❡♠❡❀ts ♦❀ t❤❡

❞♦✱❜❧❡ ❧❛②❡r❡❞ ❣✱✐❀❡❛ ♣✐❣ ❡❛r❞r✱♠✴ ✿❤❡ ❞✐r❡❝t✐♦❀ ❞❡♣❡❀❞❡❀t s❝❛tt❡r✐❀❣ ♦❄ t❤❡ ❡❛r❞r✱♠s ✐s ❀♦t

❝♦❀s✐❞❡r❡❞ ✐❀ t❤✐s s✐♠✱❧❛t✐♦❀ ♠♦❞❡❧ ♦r ❧❛t❡r ✐❀ t❤❡ ❝♦❀str✱❝t✐♦❀ ♦❄ t❤❡ ❡❛r❞r✱♠ ♣❤❛❀t♦♠s ❛s t❤❡

♦♣t✐❝❛❧ s②st❡♠ ✐s s②♠♠❡tr✐❝❛❧ ❛❜♦✱t t❤❡ ♦♣t✐❝❛❧ ❛①✐s ❛❀❞ ❤❡❀❝❡ ♦❀❧② t❤❡ ❞❡⑤❡❝t✐♦❀ ❛❀❣❧❡ ❄r♦♠ t❤❡

♦♣t✐❝❛❧ ❛①✐s ✐s ✐♠♣♦rt❛❀t✴

q✐♠✱❧❛t❡❞ ❞✐str✐❜✱t✐♦❀s ❛r❡ s❤♦✇❀ ✐❀ ✰✐❣✱r❡ ✳✴✼☎ ❛❀❞ ✰✐❣✱r❡ ✳✴✼❂ ✇❤❡r❡ ❇rst t❤❡ s❝❛tt❡r✐❀❣

❛❀✐s♦tr♦♣② ❛❀❞ t❤❡❀ t❤❡ s❝❛tt❡r✐❀❣ ❝♦❡④❝✐❡❀t ✐s ✈❛r✐❡❞✴ ● ❧♦✇ s❝❛tt❡r✐❀❣ ❛❀✐s♦tr♦♣② r❡s✱❧ts ✐❀

❤✐❣❤ s❝❛tt❡r✐❀❣ ❛❀❣❧❡s ❛❀❞ t❤❡ ❧✐❣❤t s❝❛tt❡r❡❞ ♦✱ts✐❞❡ t❤❡ ❝❛♠❡r❛ ❛r❡❛❅ s❤♦✇❀ ❜② t❤❡ ❄❛st ❞❡❝❛②

♦❄ t❤❡ ♣♦✇❡r ❞✐str✐❜✱t✐♦❀ ✐❀ ✰✐❣✱r❡ ✳✴✼❂✴ ● ❛❀✐s♦tr♦♣② ❄❛❝t♦r ♦❄ ❃✴☎☎ ❇ts t❤❡ ♠❡❛s✱r❡♠❡❀ts ❜❡st✴

✿❤✐s ❤✐❣❤ ❛❀✐s♦tr♦♣② ✐s ❛ r❡s✱❧t ♦❄ t❤❡ ❧❛r❣❡ ❞✐♠❡❀s✐♦❀ ♦❄ t❤❡ ❇❜r❡s ❝♦♠♣❛r❡❞ t♦ t❤❡ ✇❛✈❡❧❡❀❣t❤
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✔
✕✖
✗✘
✙✚
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✜✢
✛✕
✣
✤✢
✗✥
✗✦

✧✏★✩✪✫✏✬✏✌✭ ✮✧ ✷✯
❙✰✬✪✎★✭✰✱✌ ✮✧ ✍✳✵✴✼✼
❙✰✬✪✎★✭✰✱✌ ✮✧ ✍✳✵✴✼
❙✰✬✪✎★✭✰✱✌ ✮✧ ✍✳✵✴✝

✽✐❣✾r❡ ✿❀❁❂❃ ❄✐♠✾❧❛❅❡❞ ❅r❛❇s♠✐ss✐♦❇ ✇✐❅❤ ✈❛r✐❡❞ s❝❛❅❅❡r✐❇❣ ❛❇✐s♦❅r♦●②❀

r❡s✾❧❅✐❇❣ ✐❇ s❅r♦❇❣ ❢♦r✇❛r❞ s❝❛❅❅❡r✐❇❣ ❛s ❡①●❧❛✐❇❡❞ ❡❛r❧✐❡r ✐❇ ❄❡❝❅✐♦❇ ✿❀❏❀❏❀ ❑❇ ✐❇❝r❡❛s✐❇❣ s❝❛❅❅❡r✐❇❣

❝♦❡❖❝✐❡❇❅ ❞❡❝r❡❛s❡s ❅❤❡ ✾❇s❝❛❅❅❡r❡❞ ❧✐❣❤❅ ●♦r❅✐♦❇ ❛❇❞ ❝❛✾s❡s ♠♦r❡ ❧✐❣❤❅ ❜❡✐❇❣ s❝❛❅❅❡r❡❞ ❛✇❛② ❢r♦♠

❅❤❡ ♦●❅✐❝❛❧ ❛①✐s❀ ❑ ❝♦❡❖❝✐❡❇❅ ♦❢ ❁❁♠♠P◗ ✐s s❡❧❡❝❅❡❞ ❤❡r❡ ❛❇❞ ❅❤❡ ❛❜s♦r●❅✐♦❇ ❝♦❡❖❝✐❡❇❅ ♦❢ ❁❀❂♠♠P◗

✐s ❢♦✾❇❞❀ ❑s ❅❤✐s ♠♦❞❡❧ ✐s ♦❇❧② ❛❇ ❛●●r♦①✐♠❛❅✐♦❇❯ ❅❤❡ ●r♦●❡r❅✐❡s ♦❢ ❅❤❡ ❡❛r❞r✾♠ ❛r❡ ❧❛❅❡r ✈❛r✐❡❞ ✐❇

s✐♠✾❧❛❅✐♦❇s ✐❇ ♦r❞❡r ❅♦ ❛❝❝♦✾❇❅ ❢♦r ❛❇ ✐❇❛❝❝✾r❛❅❡ ♠♦❞❡❧ ❛❇❞ ❝❤❛❇❣❡s ❜❡❅✇❡❡❇ ❞✐❲❡r❡❇❅ ❡❛r❞r✾♠s❀

❳❨❩ ❬❭❪❫❴♥ ❵❥ t❦❭ ♣❫qq✉❭ ③④⑤ ⑥❦④♥t❵⑦

⑧❤❡r❡ ❛r❡ ♠❛❇② ❞✐❲❡r❡❇❅ ❛●●r♦❛❝❤❡s ❅♦ ❝r❡❛❅❡ ❅✐ss✾❡ ●❤❛❇❅♦♠s❯ ❛❇ ♦✈❡r✈✐❡✇ ✐s ❣✐✈❡❇ ✐❇ ⑨❁❂✿⑩❀ ❶●♦①②

r❡s✐❇ ❜❛s❡❞ ❅✐ss✾❡ ●❤❛❇❅♦♠s ❛r❡ ✾s❡❞ ❤❡r❡ ❢♦r ❅❤❡ ♠✾❝♦s❛❯ ❢♦r ❅✇♦ r❡❛s♦❇s❀ ✽✐rs❅❯ ❅❤❡ ●❤❛❇❅♦♠s ❛r❡

s♦❧✐❞ ❛❇❞ s❤♦✇ s❅❛❜❧❡ ●r♦●❡r❅✐❡s ♦✈❡r ②❡❛rs❯ ❛❇❞ s❡❝♦❇❞ ❛ r❡❝✐●❡ ✐s ❛✈❛✐❧❛❜❧❡ ❢r♦♠ ❅❤❡ ❷✐♦♠❡❞✐❝❛❧

❸●❅✐❝s ❹❡s❡❛r❝❤ ❺❛❜♦r❛❅♦r②❯ ❻❼❺❯ ●✾❜❧✐s❤❡❞ ✐❇ ⑨✿☎❯✿❁⑩❀ ❽✐❲❡r❡❇❅ ♦●❅✐♦❇s ❛r❡ ✐❇✈❡s❅✐❣❛❅❡❞ ❢♦r ❅❤❡

❡❛r❞r✾♠ ●❤❛❇❅♦♠❯ ❜✾❅ ❛❧❧ s❤♦✇ s❅❛❜❧❡ ❝❤❛r❛❝❅❡r✐s❅✐❝s ❛s ✇❡❧❧❀

❾❿➀❿➁ ➂➃➄➅➆➇ ➈ ➉➊➋ ➌➇➍➋➎➋➊➏➐➑

⑧❤❡ ➒rs❅ s❡❅ ♦❢ ●❤❛❇❅♦♠s ✐s ●r♦❞✾❝❡❞ ❛❅ ❛❇❞ ✇✐❅❤ ❤❡❧● ♦❢ ❅❤❡ ❷✐♦♠❡❞✐❝❛❧ ❸●❅✐❝s ❹❡s❡❛r❝❤ ❺❛❜♦➓

r❛❅♦r②❯ ❻❼❺ ❛❇❞ ♠❛❅❝❤❡s ❅❤❡ ♦●❅✐❝❛❧ ●r♦●❡r❅✐❡s ♦❢ ♠✾❝♦s❛ ❛❅ ✻➔☎ ❇♠ ♦❇❧② ❛s ❛❅ ❅❤✐s s❅❛❣❡ ♦❢ ❅❤❡

●r♦→❡❝❅ ♦❇❧② ♦❇❡ r❡❞ ❧❛s❡r ✇❛s ✾s❡❞❀ ❑ s❡❝♦❇❞ s❡❅ ♦❢ ●❤❛❇❅♦♠s ♠❛❅❝❤✐❇❣ ❅❤❡ ♦●❅✐❝❛❧ ●r♦●❡r❅✐❡s ♦❢

♠✾❝♦s❛ ❛❅ ❂☎❂ ❛❇❞ ➔✿❏ ❇♠ ✐s ●r♦❞✾❝❡❞ ✐❇ ➣♦❅❅✐❇❣❤❛♠❯ ❛❇❞ ❜❛s❡❞ ♦❇ ❅❤❡ r❡❝✐●❡ ●r♦✈✐❞❡❞ ❜② ❅❤❡

❷✐♦♠❡❞✐❝❛❧ ❸●❅✐❝s ❹❡s❡❛r❝❤ ❺❛❜♦r❛❅♦r②❯ ❻❼❺❀
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❞✐❶❡r❡♥t ❛✝s♦r✝✐♥❣ ❝♦❡✍❝✐❡♥ts ❛r❡ ☛r♦❞✉❝❡❞✟ ✆❤❡ ☛❤❛♥t♦♠s ❛r❡ ❧❡☞t ❛t ♥♦r♠❛❧ r♦♦♠ t❡♠☛❡r❛t✉r❡ t♦

❤❛r❞❡♥ ☞♦r ☎ ❞❛❖s ✝❡☞♦r❡ ❡①tr❛❝t✐♥❣ ☞r♦♠ t❤❡ ♠♦✉❧❞ ❛♥❞ ♠❛❝❤✐♥✐♥❣ ✐♥t♦ t❤❡ ⑩♥❛❧ s❤❛☛❡✟ ✆✉☛☛❡r✇❛r❡

✝♦①❡s ❛r❡ ✉s❡❞ ❛s ❝♦♥t❛✐♥❡rs ❛♥❞ t❤❡ ☛❤❛♥t♦♠ ❝❛♥ ❡❛s✐❧❖ ✝❡ r❡♠♦✈❡❞ ☞r♦♠ t❤❡ ♠♦✉❧❞ ❛♥❞ t❤❡ ♠♦✉❧❞

✝❡ r❡✉s❡❞✟

❩❛❝❤✐♥✐♥❣ ✐s ♥❡❝❡ss❛r❖ ☞♦r t❤r❡❡ r❡❛s♦♥s❑ ⑩rst❧❖ t♦ ❛❝❤✐❡✈❡ ❛ ❞✐❶✉s❡ s❝❛tt❡r✐♥❣ s✉r☞❛❝❡ ✐♥st❡❛❞

♦☞ ❛ s☛❡❝✉❧❛r ♦♥❡ ❛s ✐s t❤❡ ❝❛s❡ ❛☞t❡r ❝❛st✐♥❣ ✇✐t❤♦✉t ❛♥❖ ☞✉rt❤❡r ☛r♦❝❡ss✐♥❣✟ ❫❡❝♦♥❞❧❖❑ t❤❡r❡ ✐s ❛

❧♦✇ ❝♦♥❝❡♥tr❛t✐♦♥ ♦☞ ☛❛rt✐❝❧❡s ❛t t❤❡ s✉r☞❛❝❡ ♦☞ t❤❡ ☛❤❛♥t♦♠✟ ❷❤❡♥ r❡♠♦✈✐♥❣ t❤❡ t♦☛ ❧❛❖❡r t❤✐s

❧♦✇ ❝♦♥❝❡♥tr❛t✐♦♥ ✐s r❡♠♦✈❡❞ ❛♥❞ ❛ ❝✉t t❤r♦✉❣❤ s♦♠❡ ♦☞ t❤❡ ☛❛rt✐❝❧❡s ✐s ❞♦♥❡✟ ✆❤✐s r❡s✉❧ts ✐♥ ♠♦r❡

❤♦♠♦❣❡♥❡♦✉s ☛r♦☛❡rt✐❡s ♦☞ t❤❡ ☛❤❛♥t♦♠✟ ✆❤✐r❞❑ ❳❛t s✉r☞❛❝❡s ❛r❡ ♥❡❡❞❡❞ ☞♦r ❛ ❞❡⑩♥❡❞ ♦r✐❡♥t❛t✐♦♥
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Resin

Scattering Agent

Absorbing Agent

Hardener

Mix

Mix

Mix

Mix

Mix

Mix Mix Mix Mix

Phantoms 1 to 4

Cure (2days)

Machining

cs

ca1

ca2

ca3

ca4

✆✐❣✝r❡ ☎✞✷✟✠ Pr♦❞✝❝t✐♦✡ ♣r♦❝❡ss ❢♦r t❤❡ ❢♦✝r ♠✝❝♦s❛ ♣❤❛✡t♦♠s ✇✐t❤ s❛♠❡ s❝❛tt❡r✐✡❣ ❛✡❞ ❞✐☛❡r❡✡t

❛☞s♦r♣t✐♦✡ ❝♦❡✍❝✐❡✡ts✞ ✌✎ ✐s t❤❡ ❝♦✡❝❡✡tr❛t✐♦✡ ♦❢ s❝❛tt❡r❡r ❛✡❞ ✌✏✶④✌✏✹ t❤❡ ❢♦✝r ❞✐☛❡r❡✡t ❝♦✡❝❡✡✲

tr❛t✐♦✡s ♦❢ ❛☞s♦r☞✐✡❣ ❛❣❡✡t✞

♦❢ t❤❡ ♣❤❛✡t♦♠ t♦✇❛r❞s t❤❡ s❛♠♣❧✐✡❣ ☞❡❛♠✞ ✑❤✐s ✐s ✡♦t ❣✐✈❡✡ ✇✐t❤♦✝t ♠❛❝❤✐✡✐✡❣ ❛s t❤❡ ♠♦✝❧❞ ✐s

✡♦t r❡❝t❛✡❣✝❧❛r✞

✆✐❣✝r❡ ☎✞✷✒ s❤♦✇s t❤❡ ✓ ♣❤❛✡t♦♠s ❛❢t❡r ❝✝r✐✡❣ ❛✡❞ ♠❛❝❤✐✡✐✡❣✞ ❆❧❧ ♣❤❛✡t♦♠s ❛r❡ ❣r❡② ❛s t❤❡②

♠❛t❝❤ t❤❡ ♦♣t✐❝❛❧ ♣r♦♣❡rt✐❡s ♦❢ t✐ss✝❡ ❛t ✻✔✟ ✡♠ ♦✡❧② ❛✡❞ ♦t❤❡r✇✐s❡ ❡①❤✐☞✐t t❤❡ s♣❡❝tr✝♠ ♦❢ t❤❡

✝s❡❞ ❞②❡✞ ❇✝t ❛ ❞✐☛❡r❡✡❝❡ ✐✡ t❤❡ ❣r❡② ❧❡✈❡❧ ♦❢ t❤❡ ♣❤❛✡t♦♠s ✐s ✈✐s✐☞❧❡✱ ❛❝❝♦r❞✐✡❣ t♦ t❤❡ ❛☞s♦r☞❡r

❝♦✡❝❡✡tr❛t✐♦✡✞ ✑❤❡ ❛☞s♦r☞❡r ❝♦✡❝❡✡tr❛t✐♦✡ ✐✡❝r❡❛s❡s ❢r♦♠ ♣❤❛✡t♦♠ ✒ t♦ ✓✞

✆✐❣✝r❡ ☎✞✷✒✠ P❤♦t♦❣r❛♣❤ ♦❢ t❤❡ ❝✝r❡❞ ❛✡❞ ♠❛❝❤✐✡❡❞ ♣❤❛✡t♦♠s✞
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✆❛✝❧❡ ✞✟✺✠ ❙✉r❢❛✡❡ r♦✉❣☛♥❡ss ♦❢ t☛❡ ♠✉✡♦s❛ ♣☛❛♥t♦♠s

☞✌ ❬❆✳❯✳❪

✍✎✏✑✒❝✓ P✔✒✕✖✗✘ ✶ P✔✒✕✖✗✘ ✷ P✔✒✕✖✗✘ ✙ P✔✒✕✖✗✘ ✹

✚✛✜❤✐✢✣❞ ✤✥✾✤ ✦✥✵✧ ★✥✩✼ ✧✥✪✦

✫✬✭✐✮❤✣❞ ✤✥✧✤ ✵✥✾✧ ✤✥✾✵ ✤✥✼✵

✯✰✱✲✴✽✿ ❀❁✴✱✴✽❂✿✱❃❄✴❂❃❅❇ ✴❇● ❏❅❑❃❄❁❃❇❖

✆☛❡ s✉r❢❛✡❡ ♦❢ t☛❡ ♣☛❛♥t♦♠s ◗s ✡☛❛r❛✡t❡r◗s❡❲ ✉s◗♥❣ ❛ ✡♦♥❢♦✡❛❧ ♠◗✡r♦s✡♦♣❡ ❳✆❨❙ ❙❩❭❫ ❴❡◗✡❛❫ ❵❡t③❧❛r❫

❜❡r♠❛♥②❥ ◗♥ r❡❦❡✡t◗♦♥ ♠♦❲❡ ❛♥❲ ♣r♦✝◗♥❣ ✇❛✈❡❧❡♥❣t☛ ♦❢ ☎qq ♥♠ ❛♥❲ ①④⑤ ♦✝⑥❡✡t◗✈❡✟ ⑦ ③⑧st❛✡⑨ ♦❢ t☛❡

s✉r❢❛✡❡ ◗s t❛⑨❡♥ ✇◗t☛ ✺①❭⑤✺①❭⑤✺④ ♣◗⑩❡❧ r❡s♦❧✉t◗♦♥ ✡♦rr❡s♣♦♥❲◗♥❣ t♦ ❛ ✈♦❧✉♠❡ ♦❢ ①❶✺⑤①❶✺⑤④❶①④☎ ♠♠✟

❷◗❣♥❡tt◗♥❣ ♦❢ t☛❡ ◗♠❛❣❡ ◗s ✈◗s◗✝❧❡❫ t☛✉s t☛❡ ①④④ ♦✉t❡r ♣◗⑩❡❧ ❛r❡ r❡♠♦✈❡❲ r❡s✉❧t◗♥❣ ◗♥ ◗♠❛❣❡s ♦❢

✞①❭ ⑤ ✞①❭ ♣◗⑩❡❧✟ ✆☛❡s❡ ◗♠❛❣❡s ❛r❡ t☛❡♥ ♣r♦✡❡ss❡❲ ◗♥ ❸♠❛❣❡❹ ❳❵❛②♥❡ ❺❛s✝❛♥❲❫ ❻❛t◗♦♥❛❧ ❸♥st◗t✉t❡s

♦❢ ❼❡❛❧t☛❫ ❩✉✝❧◗✡ ❽♦♠❛◗♥ ♣r♦❣r❛♠❫ ❾❿➀➁➂➃➄➅❾➆➄➁➇➈➉❾➃➉❥ ❛s ♣r❡s❡♥t❡❲ ◗♥ ❛ ♥♦t❡ ✝② t☛❡ ➊t❛❣♦

❨❡♥tr❡ ❢♦r ❨♦♥❢♦✡❛❧ ➋◗✡r♦s✡♦♣② ➌①q✻➍✟

✆☛❡ ♣❧✉❣⑧◗♥ ➎➏⑩t❡♥❲❡❲ ❽❡♣t☛ ♦❢ ➐◗❡❧❲➑ ❳❛✈❛◗❧❛✝❧❡ ❢r♦♠ ➌①q➒➍ ❛♥❲ ❲❡s✡r◗✝❡❲ ◗♥ ➌①qq➍➓ ❙❡tt◗♥❣s

➔➏⑩♣❡rt ♠♦❲❡→ ✇◗t☛ st❛♥❲❛r❲ ♣❛r❛♠❡t❡rs ❛♥❲ ➔❲❡♥♦◗s◗♥❣→ ◗♥ ♣♦st ♣r♦✡❡ss◗♥❣❥ ◗s ✉s❡❲ t♦ ✡r❡❛t❡ ❛

☛❡◗❣☛t ♠❛♣ ❛♥❲ ✡♦♠♣❧❡t❡❧② ❢♦✡✉s❡❲ ✡♦♠♣♦s◗t❡ ◗♠❛❣❡ ♦❢ t☛❡ st❛✡⑨✟ ✆☛❡ ✡♦♠♣♦s◗t❡ ◗♠❛❣❡s ❛r❡

❲◗s♣❧❛②❡❲ ◗♥ ➐◗❣✉r❡ ✞✟❭❭ ❳❛❥ t♦ ❳❲❥ ❢♦r ♣☛❛♥t♦♠s ① t♦ ☎✟ ❸♥ t☛❡ ♥❡⑩t st❡♣ t☛❡ s✉r❢❛✡❡ ✡☛❛r❛✡t❡r◗st◗✡s

❛r❡ ✡❛❧✡✉❧❛t❡❲ ✉s◗♥❣ t☛❡ ♣❧✉❣⑧◗♥ ➎❙✉r❢❨☛❛r❹➑ ❳❛✈❛◗❧❛✝❧❡ ❢r♦♠ ➌①q➣➍ ❛♥❲ r❡♣♦rt❡❲ ◗♥ ➌①➣④➍❥✟ ✆☛❡

s✉r❢❛✡❡ r♦✉❣☛♥❡ss ◗s t☛❡♥ ✡☛❛r❛✡t❡r◗s❡❲ ✝② t☛❡ ❛r◗t☛♠❡t◗✡ ❛✈❡r❛❣❡ ↔↕ ♦❢ t☛❡ ❲❡✈◗❛t◗♦♥ ♦❢ t☛❡ s✉r❢❛✡❡

t♦ t☛❡ ♠❡❛♥ s✉r❢❛✡❡ ❣◗✈❡♥ ✝②

↔↕ ➙
①

➛

➜➝

➞➟➠

➡➢➤ ➥ ➢➦➧↕➨➡ ❳✞✟❭✞❥

✇☛❡r❡ ➛ ◗s t☛❡ ♥✉♠✝❡r ♦❢ ♠❡❛s✉r❡❲ ♣♦◗♥ts❫ ➢➤ t☛❡ ✡✉rr❡♥t s✉r❢❛✡❡ ☛❡◗❣☛t❫ ❛♥❲ ➢➦➧↕➨ t☛❡ ❛✈❡r❛❣❡

s✉r❢❛✡❡ ☛❡◗❣☛t✟ ⑦❧❧ st❛♥❲❛r❲ ♣❛r❛♠❡t❡rs ♦❢ t☛❡ ♣❧✉❣⑧◗♥ ❛r❡ ✉s❡❲❫ ❡⑩✡❡♣t ❢♦r ❧❡✈❡❧❧◗♥❣ t☛❡ s✉r❢❛✡❡✟

✆☛❡ s✉r❢❛✡❡ r♦✉❣☛♥❡ss ✈❛❧✉❡s ↔↕ ❣◗✈❡♥ ◗♥ ✆❛✝❧❡ ✞✟✺ ➩✉❛♥t◗❢② t☛❡ r♦✉❣☛♥❡ss ♦❢ t☛❡ s✉r❢❛✡❡ ✈◗s✉❛❧◗s❡❲

◗♥ t☛❡ ◗♠❛❣❡s✟

⑦s t☛❡ s✉r❢❛✡❡ ♦❢ t☛❡ ♣☛❛♥t♦♠s s☛♦✇ ❲◗➫❡r❡♥t r♦✉❣☛♥❡ss❫ ♦♥❡ s✉r❢❛✡❡ ♦❢ t☛❡ ♣☛❛♥t♦♠s ◗s ♣♦❧◗s☛❡❲

❛♥❲ t☛❡ s✉r❢❛✡❡ r❡✡♦r❲❡❲ ❛❣❛◗♥✟ ❩♦❧◗s☛◗♥❣ ✇❛s ❲♦♥❡ ♦♥ t☛❡ ✇☛❡❡❧ ♣♦❧◗s☛◗♥❣ ♠❛✡☛◗♥❡ ➎❴❛✝❩♦❧ ❭①➑

❳❙tr✉❡rs❫ ❨❛t✡❧◗➫❡❫ ➭➯❥ ◗♥ t✇♦ st❡♣s❫ ➲rst ❛ ✇❡t ☎④④④ ❣r◗t ❣r◗♥❲◗♥❣ ❳➋◗✡r♦✡✉t❫ ❙◗❧◗✡♦♥❡ ❨❛r✝◗t❡❫

❩☎④④④❫ ➳✉❡☛❧❡r❫ ❴❛⑨❡ ➳❧✉➫❫ ❸❴❫ ➭❙⑦❥ ❛♥❲ s❡✡♦♥❲ t☛❡ ❛ ♣♦❧◗s☛◗♥❣ s✉s♣❡♥s◗♦♥ ❳➋❛st❡r ➋❡t➵➸❭❫

❻♦♥⑧❨r②st❛❧❧◗③◗♥❣ ❨♦❧❧♦◗❲❛❧ ❙◗❧◗✡❛❫ ☎④⑧✻✞q④⑧④✻☎❫ ➳✉❡☛❧❡r❫ ❴❛⑨❡ ➳❧✉➫❫ ❸❴❫ ➭❙⑦❥ ✇❡r❡ ✉s❡❲ t♦ ♣♦❧◗s☛

t☛❡ s✉r❢❛✡❡ ❢♦r ❛✝♦✉t ① ♠◗♥✉t❡ ❢♦r ❡❛✡☛ st❡♣✟ ➐◗❣✉r❡ ✞✟❭❭ s☛♦✇s t☛❡ r❡s✉❧t◗♥❣ s✉r❢❛✡❡s ♦❢ ❛❧❧ ❢♦✉r

♣☛❛♥t♦♠s ◗♥ s✉✝➲❣✉r❡s ❳❡❥ t♦ ❳☛❥ ❛♥❲ ✆❛✝❧❡ ✞✟✺ ❧◗sts t☛❡ ↔↕ ✈❛❧✉❡s✟

➳r◗❣☛t r❡❣◗♦♥s ♦❢ t☛❡ ◗♠❛❣❡s ◗♥ ➐◗❣✉r❡ ✞✟❭❭ ❛r❡ ◗♥ ❢♦✡✉s ✇☛◗❧❡ ❲❛r⑨ r❡❣◗♦♥s ❛r❡ ♥♦t✟ ❵☛❡♥
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✭❛✮ P❤❛♥t♦♠ ✶ ✭❜✮ P❤❛♥t♦♠ ✷ ✭❝✮ P❤❛♥t♦♠ ✆ ✭❞✮ P❤❛♥t♦♠ ✹

✭❡✮ P❤❛♥t♦♠ ✶✱ ♣♦❧✐s❤❡❞ ✭❢✮ P❤❛♥t♦♠ ✷✱ ♣♦❧✐s❤❡❞ ✭❣✮ P❤❛♥t♦♠ ✆✱ ♣♦❧✐s❤❡❞ ✭❤✮ P❤❛♥t♦♠ ✹✱ ♣♦❧✐s❤❡❞

✝✞✟✠r✡ ☛☞✌✌✍ ✎✏✑✒✏✓✞✔✡ ✓✠r✕✖✗✡ ✞✑✖✟✡ ✏✕ ✔✘✡ ✒✘✖✙✔✏✑✓ r✡✗✏r✚✡✚ ✇✞✔✘ ✗✏✙✕✏✗✖✛ ✑✞✗r✏✓✗✏✒②☞ ❙✠✜✲

✢✟✠r✡✓ ✖✣ ✔✏ ✚✣ ✓✘✏✇ ✔✘✡ ✠✙✒✏✛✞✓✘✡✚ ✇✘✞✛✡ ✡✣ ✔✏ ✘✣ ✓✘✏✇ ✔✘✡ ✒✏✛✞✓✘✡✚ ✓✠r✕✖✗✡☞

✗✏✑✒✖r✞✙✟ ✔✘✡ ✒✏✛✞✓✘✡✚ ✓✠r✕✖✗✡ ✔✏ ✔✘✡ ✑✖✗✘✞✙✡✚ ✓✠r✕✖✗✡✤ ✛✖r✟✡ ✇✘✞✔✡ ✖r✡✖✓ ✖r✡ ✈✞✓✞✜✛✡ ✖✔ ✒✏✛✞✓✘✡✚

✓✠r✕✖✗✡✓☞ ✥✘✞✓ ✑✡✖✙✓ ✛✖r✟✡ ✦✖✔ ✖r✡✖✓ ✖r✡ ✒r✡✓✡✙✔ ✖✙✚ ✞✙ ✕✏✗✠✓ ✞✙ ✔✘✡ ✞✑✖✟✡☞ ✥✘✡✓✡ ✖r✡✖✓ r✡✓✠✛✔ ✕r✏✑

✒✏✛✞✓✘✞✙✟ ✇✞✔✘ ✖ ✈✡r② ✢✙✡ ✟r✞✚ ✖✙✚ ✗✖✠✓✡ ✓✒✡✗✠✛✖r r✡✦✡✗✔✞✏✙ ✏✙ ✔✘✡ ✒✘✖✙✔✏✑ ✓✠r✕✖✗✡✤ ✈✞✓✞✜✛✡ ✜② ✡②✡☞

✥✘✡ ✚✖r❦ ✟r✏✈✡✓ r✡✓✠✛✔ ✕r✏✑ r✏✠✟✘✙✡✓✓ ✚✠✡ ✔✏ ✡✖r✛✞✡r ✒r✏✗✡✓✓✞✙✟ ✇✞✔✘ ✖ ✗✏✖r✓✡ ✟r✞✚ ✖✙✚ ✗✏✠✛✚ ✜✡

r✡✑✏✈✡✚ ✜② ✡①✔✡✙✚✡✚ ✒✏✛✞✓✘✞✙✟☞ ❇✠✔ ✖✓ ✖✛✛ ✔r✡✖✔✡✚ ✓✠r✕✖✗✡✓ ✓✘✏✇ ✓✒✡✗✠✛✖r r✡✦✡✗✔✞✏✙✓ ✞✙✚✞✗✖✔✞✙✟ ✖

✈✡r② ✓✑✏✏✔✘ ✓✠r✕✖✗✡ ✙✏ ✕✠r✔✘✡r ✔r✡✖✔✑✡✙✔ ✞✓ ✚✏✙✡☞ ✥✘✡ ✠✙✒✏✛✞✓✘✡✚ ✓✠r✕✖✗✡✓ ✚✏ ✙✏✔ ✓✘✏✇ ✓✒✡✗✠✛✖r

r✡✦✡✗✔✞✏✙✓ ✖✙✚ ✙✏ ✦✖✔ ✖r✡✖✓ ✞✙✚✞✗✖✔✞✙✟ ✖ r✏✠✟✘✡r ✓✠r✕✖✗✡☞ ✥✘✞✓ ✞✓ ✗✏✙✢r✑✡✚ ✜② ✔✘✡ ✧★ ✈✖✛✠✡✓ ✟✞✈✡✙

✞✙ ✥✖✜✛✡ ☛☞☎✤ ✚✡✗r✡✖✓✞✙✟ ✕r✏✑ ✑✖✗✘✞✙✡✚ ✔✏ ✒✏✛✞✓✘✡✚ ✓✠r✕✖✗✡☞

✩✳✺✳✪ ✫✉✬✯✰✴ ✵ ✼✽✯ ❲✴✾✿❀✿❁❂❃❄✰

❆ ✓✡✗✏✙✚ ✓✡✔ ✏✕ ✒✘✖✙✔✏✑✓ ✞✓ ✒r✏✚✠✗✡✚ ✑✖✔✗✘✞✙✟ ✔✘✡ ✏✒✔✞✗✖✛ ✒r✏✒✡r✔✞✡✓ ✏✕ ✑✠✗✏✓✖ ✖✔ ❅●❅ ✖✙✚ ☎☛✌ ✙✑☞

✝✏r ✔✘✞✓✤ ✖ r✡✚ ✚②✡ ✇✞✔✘ ✓✞✑✞✛✖r ✖✜✓✏r✒✔✞✏✙ ✓✒✡✗✔r✠✑ ✔✏ ✜✛✏✏✚ ✘✖✓ ✔✏ ✜✡ ✕✏✠✙✚ ✖✙✚ ✗✘✖r✖✗✔✡r✞✓✡✚☞

✥✘✡ ✓✒✡✗✞✢✗ ✖✜✓✏r✒✔✞✏✙ ✗✏✡❏✗✞✡✙✔ ❑❖◗✣ ✏✕ ✖ ✚②✡ ✗✖✙ ✜✡ ✗✘✖r✖✗✔✡r✞✓✡✚ ✠✓✞✙✟ ✖ ✓✒✡✗✔r✏✑✡✔✡r ✖✙✚ ✔✘✡

✕✏r✑✠✛✖ ❬❯❳❯❨

❩ ❭ ✛✙

❪
❫❴

❫

❵

❭ ✛✙

❪
❫❴

❫❴ ✡①✒❖❥q★❖◗✣③✣

❵

❭ q★❖◗✣③ ❭ ❑❖◗✣④③ ❖☛☞✌⑤✣

✥✘✡ ✖✔✔✡✙✠✖✔✞✏✙ ❩ ✞✓ ✑✡✖✓✠r✡✚ ✜② ✔✘✡ ✓✒✡✗✔r✏✑✡✔✡r✤ ✔✘✡ ✗✏✙✗✡✙✔r✖✔✞✏✙ ④ ✟✞✈✡✙ ✜② ✔✘✡ ✑✞①✔✠r✡✤

✖✙✚ ✔✘✡ ✒✖✔✘✛✡✙✟✔✘ ③ ✟✞✈✡✙ ✜② ✔✘✡ ✓✖✑✒✛✡☞ ✥✘✞✓ ✗✖✛✗✠✛✖✔✞✏✙ ✠✓✡✓ ✔✘✡ ⑥✖✑✜✡r✔✲❇✡✡r ⑥✖✇ ✕✏r ✛✞✟✘✔
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♣r♦♣❛☎❛✆✐♦✝ ✐✝ ❛✞s♦r✞✐✝☎ ♠❡❞✐❛ ❛✝❞ ✐s ✈❛✟✐❞ ❛s ✝♦ s❝❛✆✆❡r✐✝☎ ✐s ♣r❡s❡✝✆✳ ✠❤❡ s♣❡❝✆r♦♠❡✆❡r ✡✐✞r❛

❙☛☞✌✍ ✭❇✐♦❝❤r♦♠✱ ✍❛♠✞r✐❞☎❡✱ ❯✎✮ ✇❛s ✉s❡❞ ❢♦r ♠❡❛s✉r❡♠❡✝✆s ❛✝❞ ☎✐✈❡s ❛✆✆❡✝✉❛✆✐♦✝ r❡❛❞✐✝☎

❢r♦♠ ✲☛ ✆♦ ☛ ♦✈❡r ✆❤❡ ✇❛✈❡✟❡✝☎✆❤ r❛✝☎❡ ♦❢ ✶✏✑ ✆♦ ✶✶✑✑✝♠ ✭♦✝✟② ✹✒✑ ✆♦ ✶✶✑✑✝♠ ❝♦✉✟❞ ✞❡ ✉s❡❞✱

❡rr♦r ✐✝ r❡❛❞✐✝☎ ✞❡✟♦✇ ✹✒✑ ✝♠✮✳ ✓❡☎❛✆✐✈❡ ❛✆✆❡✝✉❛✆✐♦✝ r❡❛❞✐✝☎s ✐✝❞✐❝❛✆❡ ✔✉♦r❡s❝❡✝❝❡ ✇❤✐✟❡ ♣♦s✐✆✐✈❡

✈❛✟✉❡s ✐✝❞✐❝❛✆❡ ❛✞s♦r♣✆✐♦✝✳ ❖✝✟② ♣♦s✐✆✐✈❡ ✈❛✟✉❡s ♦❝❝✉r ❞✉r✐✝☎ ✆❤❡ ❛✞s♦r♣✆✐♦✝ ♠❡❛s✉r❡♠❡✝✆s ❤❡r❡

❛✝❞ ✕q✉❛✆✐♦✝ ✭☛✳☞✹✮ ❝❛✝ ✞❡ ❛♣♣✟✐❡❞✳ ✠❤❡ ✉s❡❞ ❝✉✈❡✆✆❡s ❤❛✈❡ ❛ ♣❛✆❤✟❡✝☎✆❤ ♦❢ ✶✑♠♠✳

✠❤❡ s❡✟❡❝✆❡❞ ❞②❡ ❛r❡ ✆❤❡ ♣r❡✈✐♦✉s✟② ✉s❡❞ ❞②❡ ❭✌r♦✲❏❡✆ ✏✑✑✓✌✧ ✭✖✉❥✐✗✟♠✱ ✘✐✝❛✆♦✱ ✠♦✙②♦✱ ❏❛♣❛✝❀

✖✉❥✐✗✟♠ ✙✐✝❞✟② ♣r♦✈✐❞❡❞ ❛ ❢r❡❡ ✒ ☎ s❛♠♣✟❡ ♦❢ ✆❤❡ ❞②❡✮ ❬✶✚✒✛✱ ✟❛✆❡r ❝❛✟✟❡❞ ✓✜✢ ❞②❡✱ ❛✝❞ ❭✌♦✟②❡s✆❡r

✌✐☎♠❡✝✆✿ ✠r❛✝s✟✉❝❡✝✆ ✢❡❞✧ ✭✹✑✣✲☛☛✑✱ ✠✐r❛✝✆✐ ✡✆❞✳ ✠❤❛✆❝❤❛♠✱ ❯✎✮✱ ✟❛✆❡r ❝❛✟✟❡❞ r❡❞ ❞②❡✱ s✉♣♣✟✐❡❞

✞② ✆❤❡ s❛♠❡ s✉♣♣✟✐❡r ❛s ✆❤❡ ❡♣♦①② r❡s✐✝✳

✠❤❡ s✉♣♣✟✐❡r ❤❛s ❭✆r❛✝s✟✉❝❡✝✆✧ ❛✝❞ ❭♦♣❛q✉❡✧ ❝♦✟♦✉rs ✐✝ s✆♦❝✙✱ ❤❡✝❝❡ ✐✆ ✐s ❛ss✉♠❡❞ ✆❤❛✆ ✆r❛✝s✟✉✲

❝❡✝✆ ❝♦✟♦✉rs ❞♦ ✝♦✆ ❝♦✝✆❛✐✝ s❝❛✆✆❡r✐✝☎ ♣❛r✆✐❝✟❡s ✇❤✐✟❡ ♦♣❛q✉❡ ❝♦✟♦✉rs ❞♦✳ ✠❤✐s ❛ss✉♠♣✆✐♦✝ ✐s ✆❡s✆❡❞

✞② ♠❡❛s✉r✐✝☎ ✆❤❡ ✆r❛✝s♠✐ss✐♦✝ ♦❢ ❛ ❝♦✟✟✐♠❛✆❡❞ ✟❛s❡r ✞❡❛♠ ✆❤r♦✉☎❤ ✆❤❡ ❞②❡ s♦✟✉✆✐♦✝ ✉s✐✝☎ ✆❤❡ s❛♠❡

s❡✆✉♣ ✉s❡❞ ✞❡❢♦r❡ ✆♦ ❝❤❛r❛❝✆❡r✐s❡ ✆❤❡ s❝❛✆✆❡r✐✝☎ ❝❤❛r❛❝✆❡r✐s✆✐❝s ♦❢ ✆❤❡ ❡❛r❞r✉♠ ✭s❡❡ ❙❡❝✆✐♦✝ ☛✳✹✳✹✮✳

✖✐☎✉r❡ ☛✳☞☛ s❤♦✇s ✆❤❡ r❛❞✐❛✟ ♣♦✇❡r ❞✐s✆r✐✞✉✆✐♦✝ ❢♦r ✞♦✆❤ ☎r❡❡✝ ❛✝❞ ✓✜✢ ✟❛s❡r ✇✐✆❤♦✉✆ ❛ s❛♠♣✟❡ ❛s

s♦✟✐❞ ✟✐✝❡ ❛✝❞ ✇✐✆❤ ✆❤❡ ❞②❡ ✐✝ ✆❤❡ ♣❛✆❤ ❛s ❞❛s❤❡❞ ✟✐✝❡✱ ❛✟✟ ✝♦r♠❛✟✐s❡❞ ✆♦ ✆❤❡ ♠❛①✐♠✉♠ ✈❛✟✉❡ ✆♦
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♠❡✝✆s✮ ❛r❡ s❤♦✇✝ ❛s ✆❤❡ ❝❛♠❡r❛ ❤❛❞ ✆♦ ✞❡ ♣✟❛❝❡❞ ❢✉r✆❤❡r ❛✇❛② ✆♦ ❛❝❝♦♠♠♦❞❛✆❡ ✆❤❡ ❝♦✝✆❛✐✝❡r ✇✐✆❤

✆❤❡ ❞②❡✳ ✠❤❡ ❝❤❛r❛❝✆❡r✐s❡❞ s❛♠♣✟❡ ✐s ❛✞♦✉✆ ✚♠♠ ♦❢ ❛ s♦✟✉✆✐♦✝ ✇✐✆❤ ☞✳☞✒ ☎❣✙☎ ❞②❡ ❝♦✝❝❡✝✆r❛✆✐♦✝✳

✠❤❡ ❛✝☎✟❡ ♦✞s❡r✈❡❞ ✇✐✆❤ ♦✝✟② ❛✐r ✐✝ ✆❤❡ ✞❡❛♠ ♣❛✆❤ ✭❭♣✟❛✐✝✧✮ ✐s ❛ r❡s✉✟✆ ♦❢ ✆❤❡ ✞❡❛♠ ❞✐✈❡r☎❡✝❝❡✳

✠❤❡ ❞✐s✆r✐✞✉✆✐♦✝ ✇✐✆❤ s❛♠♣✟❡ ✐✝ ✆❤❡ ✞❡❛♠ ♣❛✆❤ ✐s ✝♦✆ ✇✐❞❡✝❡❞ ✐✝❞✐❝❛✆✐✝☎ ✝♦ s❝❛✆✆❡r✐✝☎ ♣❛r✆✐❝✟❡s

✐✝ ✆❤❡ ❞②❡✳ ✠❤❡ ❡✈❡✝ s✟✐☎❤✆ ✝❛rr♦✇❡❞ ❞✐s✆r✐✞✉✆✐♦✝ ✐s ❛ r❡s✉✟✆ ♦❢ ✐✝❝r❡❛s❡❞ ❡①♣♦s✉r❡ ✆✐♠❡ ✝❡❡❞❡❞ ✆♦

r❡❝♦r❞ ✆❤❡ ✐♠❛☎❡ ❛✝❞ ✆❤✉s ❝❤❛✝☎❡❞ ✝♦✐s❡ ✟❡✈❡✟ ❛❢✆❡r ✝♦✐s❡ s✉✞✆r❛❝✆✐♦✝✳ ✠❤❡ ☎r❡❡✝ ✟❛s❡r ✐s s✆r♦✝☎❡r

❛✆✆❡✝✉❛✆❡❞ ✆❤❛✝ ✆❤❡ ✓✜✢ ❞②❡ ✭✝♦✆ ✈✐s✐✞✟❡ ❤❡r❡ ❞✉❡ ✆♦ ✝♦r♠❛✟✐s❛✆✐♦✝✮ ❛❝❝♦r❞✐✝☎ ✆♦ ✆❤❡ ❛✞s♦r♣✆✐♦✝

s♣❡❝✆r✉♠ ♦❢ ✆❤❡ ❞②❡ s❤♦✇✝ ✐✝ ✖✐☎✉r❡ ☛✳☞✹✳

✖♦✉r ❞✐✤❡r❡✝✆ ❝♦✝❝❡✝✆r❛✆✐♦✝s ❛r❡ ♠✐①❡❞ ❢♦r ❡❛❝❤ ❞②❡ ❛✝❞ ✆❤❡ ❛✞s♦r♣✆✐♦✝ ❝❤❛r❛❝✆❡r✐s❡❞✳ ✠❤❡

♠❡❛s✉r❡❞ ❛✞s♦r♣✆✐♦✝ s♣❡❝✆r❛ ❛s ✇❡✟✟ ❛s ✆❤❡ ♦r✐☎✐✝❛✟ ❝❤❛r❛❝✆❡r✐s❛✆✐♦✝ ♦❢ ✆❤❡ ✓✜✢ ❞②❡ ❬✶✚✹✛ ❛r❡

s❤♦✇✝ ✐✝ ✖✐☎✉r❡ ☛✳☞✹✳ ✠❤❡ ❞♦✆✆❡❞ ✈❡r✆✐❝❛✟ ✟✐✝❡s ✐✝❞✐❝❛✆❡ ✆❤❡ ✇❛✈❡✟❡✝☎✆❤s ✭✒☛☞✱ ✻✒✑✱ ❛✝❞ ✚✑✚✝♠✮

✉s❡❞ ✆♦ ✆❡s✆ ✆❤❡ r❡✟❛✆✐♦✝ ✞❡✆✇❡❡✝ ❞②❡ ❝♦✝❝❡✝✆r❛✆✐♦✝ ❛✝❞ ❛✞s♦r♣✆✐♦✝ ❝♦❡✥❝✐❡✝✆✳ ✖✐☎✉r❡ ☛✳☞✒ s❤♦✇s

✆❤❡ ❝❛✟✐✞r❛✆✐♦✝ ❝✉r✈❡s✱ ✇❤❡r❡ ✆❤❡ ♠❡❛s✉r❡❞ ❛✞s♦r♣✆✐♦✝ ❝♦❡✥❝✐❡✝✆ ✐s s❤♦✇✝ ✐✝ ❞❡♣❡✝❞❡✝❝❡ ♦❢ ✆❤❡

❝♦✝❝❡✝✆r❛✆✐♦✝ ♦❢ ✆❤❡ ♠✐①✆✉r❡✱ ❢♦r ✆❤r❡❡ ✇❛✈❡✟❡✝☎✆❤s ✐✝❞✐❝❛✆❡❞ ✐✝ ✖✐☎✉r❡ ☛✳☞✹✳ ✠❤❡ s♦✟✐❞ ✟✐✝❡ ❛✝❞

❞♦✆s ✐✝❞✐❝❛✆❡ ✆❤❡ ❢♦✉r ♠❡❛s✉r❡❞ s♦✟✉✆✐♦✝s ❛✝❞ ✆❤❡ ❞♦✆✆❡❞ ✟✐✝❡s s❤♦✇ ✆❤❡ ✟✐✝❡❛r ✐✝✆❡r♣♦✟❛✆✐♦✝✳
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➁➂➃➄➅➆ ➇➈➉➊➋ ➌➍➎➏➅➐➑➂➏➒ ➓➏➆➔➓➂➆➒➑ →➆➅➎➄➎ ➣↔➆ ➓➏➒➓➆➒➑➅↕➑➂➏➒➙ ➛↕➅➜➆➅➎ ➎➝➏➞ ➛➆↕➎➄➅➆➛➆➒➑ ➐➏➂➒➑➎

↕➒➣ ➟➂➒➆➎ ➑➝➆ ➟➂➒➆↕➅ ➂➒➑➆➅➐➏➟↕➑➂➏➒➈ ➠➝➆ ➡➏➄➅➑➝ ➓➏➒➓➆➒➑➅↕➑➂➏➒ ➂➎ ➒➏➑ ➎➝➏➞➒ ➡➏➅ ➎➏➛➆ ➏➡ ➑➝➆ ➃➅↕➐➝➎

↕➎ ➅➆↕➣➂➒➃ ➞➆➅➆ ➏➄➑ ➏➡ ➑➝➆ ➅↕➒➃➆ ➏➡ ➑➝➆ ➎➐➆➓➑➅➏➛➆➑➆➅➈

➞➂➑➝ ↕ ➢➤ →↕➟➄➆ ➏➡ ➥➈➦➦➧➧ ➑➏ ➥➈➦➦➦➦ ➎➝➏➞➂➒➃ ➑➝↕➑ ➍➏➑➝ ➣↔➆➎ ↕➅➆ ➆↕➎➂➟↔ ➎➏➟➄➍➟➆ ↕➒➣ ↕➒ ↕➓➓➄➅↕➑➆

➣➆➑➆➅➛➂➒↕➑➂➏➒ ➏➡ ➑➝➆ ➏➐➑➂➓↕➟ ➐➅➏➐➆➅➑➂➆➎ ➂➎ ➐➏➎➎➂➍➟➆➈ ➨➅➅➏➅➎ ➂➒ ➣➆➑➆➅➛➂➒➂➒➃ ➑➝➆ ➏➐➑➂➓↕➟ ➐➅➏➐➆➅➑➂➆➎

➏➡ ➑➝➆ ➐➝↕➒➑➏➛ ➞➂➟➟ ➍➆ ➓↕➄➎➆➣ ➍↔ ➂➒↕➓➓➄➅↕➑➆ ➛➆↕➎➄➅➆➛➆➒➑ ➏➡ ➑➝➆ ➞➆➂➃➝➑ ➅↕➑➝➆➅ ➑➝↕➒ ➣↔➆ ➒➏➑

➍➆➂➒➃ ➓➏➛➐➟➆➑➆➟↔ ➣➂➎➎➏➟→➆➣ ➂➒ ➑➝➆ ➍↕➎➆ ➛↕➑➆➅➂↕➟➈ ➠➏ ↕➓➝➂➆→➆ ➑➝➆➎➆ ➅➆➎➄➟➑➎➙ ↕ ➟↕➅➃➆ ➎➑➏➓➜ ➏➡ ➝➂➃➝

➓➏➒➓➆➒➑➅↕➑➂➏➒ ➩➫➋➫➥➥➙ ➣↔➆➋➅➆➎➂➒➭ ➏➡ ➑➝➆ ➯➲➅➏➳➵➆➑ ➦➥➥➸➲➺ ➣↔➆ ➝↕➣ ➑➏ ➍➆ ➛➂➻➆➣➈ ➠➝➂➎ ➎➏➟➄➑➂➏➒ ➞↕➎

➞➆➟➟ ➛➂➻➆➣ ➡➏➅ ➏→➆➅ ➏➒➆ ➝➏➄➅ ➂➒ ↕➒ ➄➟➑➅↕➎➏➒➂➓ ➍↕➑➝ ↕➒➣ ➂➒➑➆➅➛➂➑➑➆➣ ➛↕➒➄↕➟ ➛➂➻➂➒➃➈ ➠➝➂➎ ➎➏➟➄➑➂➏➒

➞↕➎ ➑➝➆➒ ➡➄➅➑➝➆➅ ➣➂➟➄➑➆➣ ➂➒ ➑➝➆ ➼➒↕➟ ➛➂➻➑➄➅➆➎➈ ➽➏➑➝ ➑➝➂➎ ➎➆➓➏➒➣ ➎➑➆➐ ↕➒➣ ➛➂➻➂➒➃ ➏➡ ➑➝➆ ➅➆➣ ➣↔➆

➅➆➎➄➟➑ ➂➒ ➝➏➛➏➃➆➒➆➏➄➎ ➛➂➻➑➄➅➆➎ ➞➝➆➒ ➛➂➻➂➒➃ ➍↔ ➝↕➒➣ ➡➏➅ ➟➆➎➎ ➑➝↕➒ ➼→➆ ➛➂➒➄➑➆➎➈ ➾➎➆ ➏➡ ➑➝➆ ➐➅➏➳➚➆➑

➣↔➆ ➣➂➅➆➓➑➟↔ ➞➂➑➝➏➄➑ ➑➝➆ ➄➎➆ ➏➡ ↕ ➐➅➆➳➛➂➻➑➄➅➆ ➅➆➎➄➟➑➎ ➂➒ ➟➆➎➎ ↕➓➓➄➅↕➑➆ ➐➅➏➐➆➅➑➂➆➎ ↕➎ ➎➛↕➟➟ ↕➛➏➄➒➑➎

➏➡ ➑➝➆ ➣↔➆ ↕➅➆ ➒➏➑ ➣➂➟➄➑➆➣➈ ➠➝➂➎ ➂➎ ↕→➏➂➣➆➣ ➍↔ ➑➝➆ ➐➅➆➳➛➂➻➑➄➅➆ ↕➎ ➟➏➒➃➆➅ ➛➂➻➂➒➃ ➂➒ ➑➝➆ ➄➟➑➅↕➎➏➒➂➓

➍↕➑➝ ➂➎ ➐➏➎➎➂➍➟➆ ↕➒➣ ➑➝➆ ➎↕➛➆ ➅↕➑➂➏ ➏➡ ➄➒➛➂➻➆➣ ➛↕➑➆➅➂↕➟ ➂➎ ➐➅➆➎➆➒➑ ➂➒ ↕➟➟ ➡➄➅➑➝➆➅ ➣➂➟➄➑➆➣ ➎↕➛➐➟➆➎➈

➠➝➆ ➒➆➆➣➆➣ ➪➄↕➒➑➂➑➂➆➎ ➏➡ ➑➝➆ ➣↔➆➎ ➂➒ ➏➅➣➆➅ ➑➏ ↕➓➝➂➆→➆ ➑➝➆ ➣➆➎➂➅➆➣ ➏➐➑➂➓↕➟ ➐➅➏➐➆➅➑➂➆➎ ↕➅➆ ➣➆➑➆➅➳

➛➂➒➆➣ ➍↔

➶➹➩➘➭ ➴ ➷➬➮➱ ✃ ❐➬➮➱➩➘➭ ❒ ➷❮❰Ï ✃ ❐❮❰Ï➩➘➭ ➩➇➈➉✻➭

➾➎➂➒➃ ➑➝➆➎➆ ➑➞➏ ➣↔➆➎ ➂➑ ➂➎ ➒➏➑ ➐➏➎➎➂➍➟➆ ➑➏ ↕➓➝➂➆→➆ ➑➝➆ ↕➍➎➏➅➐➑➂➏➒ ↕➎ ➣➆➑➆➅➛➂➒➆➣ ➂➒ ➑➝➆ ➛➏➣➆➟

↕➎ ➑➝➆ ↕➍➎➏➅➐➑➂➏➒ ➓➏➆➔➓➂➆➒➑ ➏➡ ➑➝➆ ➅➆➣ ➣↔➆ ➂➎ ➝➂➃➝➆➅ ↕➑ ☎➥☎ ➒➛ ➑➝↕➒ ➡➏➅ ➍➟➏➏➣➈ ➠➝➂➎ ➅➆➎➄➟➑➎ ➂➒

➑➝➆➏➅➆➑➂➓↕➟ ➒➆➃↕➑➂→➆ ➓➏➒➓➆➒➑➅↕➑➂➏➒➎ ➏➡ ➑➝➆ ➸ÐÑ ➣↔➆ ➑➏ ↕➓➝➂➆→➆ ➑➝➆ ➣➆➎➂➅➆➣ ➐➅➏➐➆➅➑➂➆➎➈ Ò➆➒➓➆➙ ➑➝➆

➐➝↕➒➑➏➛➎ ↕➅➆ ↕➣➏➐➑➆➣ ➍↔ ➂➒➓➅➆↕➎➂➒➃ ➑➝➆ ↕➍➎➏➅➐➑➂➏➒ ➓➏➆➔➓➂➆➒➑ ➂➒ ➑➝➆ ➸ÐÑ ➅↕➒➃➆ ➑➏ ↕ ➓➏➒➎➑↕➒➑ →↕➟➄➆

➡➏➅ ↕➟➟ ➡➏➄➅ ➐➝↕➒➑➏➛➎➈ ➠➝➆ ➐➝↕➒➑➏➛➎ ➞➆➅➆ ➑➝➆➒ ➐➅➏➣➄➓➆➣ ➎➂➛➂➟↕➅ ➑➏ ➑➝➆ ➐➅➏➓➆➎➎ ➣➆➎➓➅➂➍➆➣ ➆↕➅➟➂➆➅

↕➒➣ ➑➝➆ ➼➒↕➟ ➣➆➎➂➅➆➣ ➐➅➏➐➆➅➑➂➆➎ ↕➅➆ ➃➂→➆➒ ➂➒ ➠↕➍➟➆ ➇➈✻ ↕➒➣ ↕ ➐➝➏➑➏➃➅↕➐➝ ➏➡ ➑➝➆ ➐➅➏➣➄➓➆➣ ➐➝↕➒➑➏➛➎

➂➎ ➎➝➏➞➒ ➂➒ ➁➂➃➄➅➆ ➇➈➉✻➈
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✜ ✲ ✱✑✒✬✾✔✬✿❀✏✒✬ ✰ ✼✳✺ ✪✳✺✗✷ ✗✳✪✼✜ ✪✷✳✗❁✜ ✷✳✜✼✼

✹ ✲ ❂❀❃✬✏❃✬✿ ✰ ✼✳✺ ✷✳✪✜✪ ✗✳✪✼✜ ✪✼✳✜✺✹ ✗

❄✐❣✉r❡ ✞✟❅✻✠ ❆❤♦t♦❣r❛☛❤ ♦☞ t❤❡ ♠✉❝♦s❛ ☛❤❛♥t♦♠s ♠❛t❝❤✐♥❣ t❤❡ ❛✝s♦r☛t✐♦♥ ❛t t✇♦ ✇❛✈❡❧❡♥❣t❤s

✆❤❡ s❝❛tt❡r✐♥❣ ❛♥✐s♦tr♦☛❇ ♦☞ t❤❡ ☛❤❛♥t♦♠s ✐s ●✟✻ ✇❤✐❧❡ t❤❡ ♦♥❡ ♦☞ ♠✉❝♦s❛ ✐s ❛r♦✉♥❞ ●✟☎✟ ❏❡♥❝❡❑

t❤❡ r❡❞✉❝❡❞ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t ✐s ❛❞♦☛t❡❞ ❛❝❝♦r❞✐♥❣❧❇❑ ✝✉t t❤✐s r❡s✉❧ts ✐♥ ❛ ❝❤❛♥❣❡❞ r❡❖❡❝t✐♦♥ ♦☞

t❤❡ ☛❤❛♥t♦♠s t❤❛♥ ❡①☛❡❝t❡❞ ☞♦r r❡❛❧ ♠✉❝♦s❛✟ ❏❡♥❝❡❑ t❤❡ r❡❞✉❝❡❞ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t ✐s ✐♥❝r❡❛s❡❞

❤❡r❡ t♦ ♠❛t❝❤ t❤❡ ❡①☛❡❝t❡❞ r❡❖❡❝t✐♦♥s ✈❛❧✉❡s✟ ◗☛t✐♠✐s✐♥❣ ✇❛s ❞♦♥❡ ✉s✐♥❣ t❤❡ s✐♠✉❧❛t✐♦♥ ☛r❡s❡♥t❡❞

❧❛t❡r✟

❙❯❲❯❙ ❳❨❩❭❩❫❴

✆❤❡ str❛✐❣❤t ☞♦r✇❛r❞ ❛☛☛r♦❛❝❤ ✐s t♦ ☛r♦❞✉❝❡ ❡❛r❞r✉♠ ☛❤❛♥t♦♠s t❤❡ s❛♠❡ ✇❛❇ ❛s t❤❡ ♠✉❝♦s❛

☛❤❛♥t♦♠s ✇❡r❡ ☛r♦❞✉❝❡❞✟ ✆❤❡ ☛r♦✝❧❡♠ ✐s t❤❛t t❤❡ s❝❛tt❡r✐♥❣ ❛♥✐s♦tr♦☛❇ ✐s ❣✐✈❡♥ ✝❇ t❤❡ s❝❛tt❡r✐♥❣

☛❛rt✐❝❧❡s ❛♥❞ ✐s ❛✝♦✉t ●✟✻ ❵❜❢❥♣ ❛♥❞ t❤❡ s❝❛tt❡r✐♥❣ ❞✐str✐✝✉t✐♦♥ ♦☞ t❤❡ ❡❛r❞r✉♠ ✇✐t❤ ③ ④ ●⑤☎☎ ❝❛♥♥♦t

✝❡ r❡☛r♦❞✉❝❡❞✟ ❄✉rt❤❡r❑ t❤❡ t❤✐❝⑥♥❡ss ❝❛♥♥♦t ✝❡ s❡t r❡☛r♦❞✉❝✐✝❧❇ ❛s t❤❡ ♠❛t❡r✐❛❧ s❤r✐♥⑥s ❞✉r✐♥❣

❝✉r✐♥❣✟ ⑦♥❞ ⑧♥❛❧❧❇ t❤❡ s✉r☞❛❝❡ ✇♦✉❧❞ ♥❡❡❞ t♦ ✝❡ ♠❛❝❤✐♥❡❞ ♦⑨ ❛s t❤❡ ❞✐str✐✝✉t✐♦♥ ♦☞ ☛❛rt✐❝❧❡s ✐s ♥♦t

❤♦♠♦❣❡♥❡♦✉s ❛t t❤❡ s✉r☞❛❝❡ ♦☞ ☛❤❛♥t♦♠s✟ ❏❡♥❝❡❑ ❛❧t❡r♥❛t✐✈❡ ❡❛r❞r✉♠ ☛❤❛♥t♦♠s ❛r❡ ✐♥✈❡st✐❣❛t❡❞✟

✆❤❡ t❡st❡❞ s❛♠☛❧❡s ❛r❡ ❛ ❞✐⑨✉s❡r ⑩✉s❡❞ ❛s ❝❛❧✐✝r❛t✐♦♥ t❛r❣❡t ❡❛r❧✐❡r❶❑ ☛❛☛❡r❑ ♠✐❝r♦s❝♦☛❡ s❧✐❞❡s

✇❤♦s❡ s✉r☞❛❝❡ ✇❛s tr❡❛t❡❞ ✇✐t❤ s❛♥❞ ☛❛☛❡r t♦ ✐♥tr♦❞✉❝❡ s❝❛tt❡r✐♥❣❑ ❛♥❞ ⑧✝r❡ ❣❧❛ss ❝❛st ✐♥ r❡s✐♥✟

❆❤♦t♦❣r❛☛❤s ♦☞ t❤❡s❡ s❛♠☛❧❡s ❛r❡ s❤♦✇♥ ✐♥ ❄✐❣✉r❡ ✞✟❅❷✟

✆❤❡ tr❛♥s♠✐ss✐♦♥ ♦☞ t❤❡ ❡❛r❞r✉♠ s❛♠☛❧❡s ✇❛s ♠❡❛s✉r❡❞ ✇✐t❤ t❤❡ s❛♠❡ s❡t✉☛ ❛s t❤❡ tr❛♥s♠✐ss✐♦♥

♦☞ t❤❡ ❛♥✐♠❛❧ ❡❛r❞r✉♠s✟ ✆❤❡ ☛♦✇❡r ❞✐str✐✝✉t✐♦♥ ☛❡r ❛♥❣❧❡ ♦☞ t❤❡ ❡❛r❞r✉♠ ♠♦❞❡❧ ❛♥❞ t❤❡ ☛❤❛♥t♦♠s
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✠✐✡☞✌✍ ✎✏✷✼✑ P❤♦✒♦✡✌✓✔❤✕ ♦✖ ✗✐✘✍✌✍✙✒ ✍✓✌✗✌☞✚ ✔❤✓✙✒♦✚✕✏

✐✕ ✕❤♦✇✙ ✐✙ ✠✐✡☞✌✍ ✎✏✷✛✜ ✚✍✓✕☞✌✍✗ ✓✒ ✛☎✛ ✙✚✏ ✢❤✍ ✓✈✍✌✓✡✍ ✗✐✕✒✌✐✣☞✒✐♦✙ ♦✖ ✒❤✍ ✗♦☞✣✤✍ ✍✓✌✗✌☞✚

✚♦✗✍✤ ✐✕ ✕❤♦✇✙ ✐✙ ✣✤✓✥❦✜ ✇❤✐✤✍ ✒❤✍ ✔❤✓✙✒♦✚✕ ✓✌✍ ✕❤♦✇✙ ✐✙ ✗✐✘✍✌✍✙✒ ✥♦✤♦☞✌✕✏ ✢❤✍ ✗✐✕✒✌✐✣☞✒✐♦✙ ♦✖

✒❤✍ ✗✐✘☞✕✍✌ ✔✌✍✕✍✙✒✍✗ ✍✓✌✤✐✍✌ ✐✕ ✕❤♦✇✙ ✐✙ ✣✤☞✍✜ ✓ ✡✌✍✓✕✍ ✔✌♦♦✖ ✔✓✔✍✌ ✦●PP✧ ✐✙ ✡✌✍✍✙✜ ✒✇♦ ✗✐✘✍✌✍✙✒

✕✓✙✗✍✗ ✚✐✥✌♦✕✥♦✔✍ ✕✤✐✗✍✕ ✦★●✎ ✓✙✗ ★●✼✧ ✐✙ ✌✍✗ ✓✙✗ ✒☞✌q☞♦✐✕✍✜ ✓✙✗ ✓ ✩✣✌✍ ✡✤✓✕✕ ✕✓✚✔✤✍ ✦✠✪✶✏✷✧ ✐✙

✚✓✡✍✙✒✓✏ ❆✤✤ ♦✖ ✒❤✍✕✍ ✕✓✚✔✤✍✕ ✕❤♦✇ ❤✐✡❤✍✌ ✕✥✓✒✒✍✌✐✙✡ ✒❤✓✙ ✒❤✍ ✍✓✌✗✌☞✚ ✇✐✒❤ ✒❤✍ ✕✓✙✗✍✗ ✚✐✥✌♦✕✥♦✔✍

✕✤✐✗✍ ✣✍✐✙✡ ✒❤✍ ✥✤♦✕✍✕✒ ✚♦✗✍✤✏

✢❤✍ ✗✐✘☞✕✍✌ ✐✕ ✖☞✌✒❤✍✌ ☞✕✍✗ ✓✕ ✕✒✓✙✗✓✌✗ ✕✓✚✔✤✍ ✓✕ ✐✒✕ ✔✌♦✔✍✌✒✐✍✕ ✓✌✍ ✇✍✤✤ ✗✍✩✙✍✗ ✓✙✗ ✒❤✍

✒✌✓✙✕✚✐✕✕✐♦✙ ✥❤✓✌✓✥✒✍✌✐✕✒✐✥✕ ✌✍✤✓✒✐✈✍✤✫ ❤♦✚♦✡✍✙✍♦☞✕✏ ❆ ✖✓☞✤✒ ✐✙ ✒❤✐✕ ✚♦✗✍✤ ✐✕ ✒❤✓✒ ✕✥✓✒✒✍✌✐✙✡ ✓✔✔✍✓✌✕

♦✙✤✫ ✓✒ ✒❤✍ ✌♦☞✡❤ ✕☞✌✖✓✥✍ ♦✖ ✒❤✍ ✗✐✘☞✕✍✌ ✐✙✕✒✍✓✗ ♦✖ ✐✙✕✐✗✍ ✒❤✍ ✇❤♦✤✍ ✈♦✤☞✚✍ ✓✙✗ ✕✍✥♦✙✗✜ ✒❤✓✒ ✒❤✍

✕✥✓✒✒✍✌✐✙✡ ✐✕ ✙♦✒ ✗✐✌✍✥✒✐♦✙ ✗✍✔✍✙✗✍✙✒ ✓✕ ✐✒ ✐✕ ✒❤✍ ✥✓✕✍ ✐✙ ✒❤✍ ✍✓✌✗✌☞✚✏ ✢❤✍ ✤✓✒✒✍✌ ✐✕ ✙♦✒ ✓ ✔✌♦✣✤✍✚

✓✕ ✒❤✍ ✗✍✒✍✥✒✐♦✙ ✕✫✕✒✍✚ ✐✕ ✌♦✒✓✒✐♦✙✓✤ ✕✫✚✚✍✒✌✐✥✓✤✏ P✓✔✍✌ ✐✕ ✌✍❥✍✥✒✍✗ ✓✕ ✍✓✌✗✌☞✚ ✔❤✓✙✒♦✚ ✣✍✥✓☞✕✍

✕✥✓✒✒✍✌✐✙✡ ✐✕ ✚☞✥❤ ❤✐✡❤✍✌ ✓✙✗ ✓✤✚♦✕✒ ✙♦ ☞✙✕✥✓✒✒✍✌✍✗ ✔❤♦✒♦✙✕ ✔✓✕✕ ✒❤✍ ✕✓✚✔✤✍✏ ✢❤✍ ✕✥✓✒✒✍✌✐✙✡

✥❤✓✌✓✥✒✍✌✐✕✒✐✥✕ ♦✖ ✒❤✍ ✕✓✙✗✍✗ ✚✐✥✌♦✕✥♦✔✍ ✕✤✐✗✍✕ ✗✍✔✍✙✗ ♦✙ ✒❤✍ ☞✕✍✗ ✡✌✐✗ ✕✐③✍ ♦✖ ✒❤✍ ✕✓✙✗ ✔✓✔✍✌

✓✙✗ ✒❤✍ ✕✓✙✗✐✙✡ ✗✐✌✍✥✒✐♦✙✜ ✒✐✚✍✜ ✓✙✗ ✕✓✙✗✍✗ ✕☞✌✖✓✥✍✕✏ ✢❤✍ ✕✓✚✔✤✍✕ ✕❤♦✇✙ ❤✍✌✍ ✓✌✍ ✒✌✍✓✒✍✗ ✇✐✒❤

P✷✬☎ ✦★●✎✧ ✓✙✗ P✬☎ ✦★●✼✧ ✡✌✐✒ ✕✐③✍ ✓✒ ✣♦✒❤ ✕☞✌✖✓✥✍✕✜ ✇✐✒❤ ♦✌✒❤♦✡♦✙✓✤ ✕✓✙✗✐✙✡ ✗✐✌✍✥✒✐♦✙✏ ❆

P✬☎ ✕✓✙✗✔✓✔✍✌ ✐✕ ✌♦☞✡❤ ✓✙✗ ❤✓✕ ✓✙ ✓✈✍✌✓✡✍ ✔✓✌✒✐✥✤✍ ✗✐✓✚✍✒✍✌ ✣✐✡✡✍✌ ✒❤✓✙ ✷✯☎ ✰✚✜ ✇❤✐✤✍ ✓ P✷✬☎

✕✓✙✗✔✓✔✍✌ ✐✕ ✚☞✥❤ ✩✙✍✌ ✇✐✒❤ ✻✎ ✰✚ ✓✈✍✌✓✡✍ ✔✓✌✒✐✥✤✍ ✗✐✓✚✍✒✍✌ ❬✶✱✷✲✏ ✢❤✐✕ ✍①✔✤✓✐✙ ❤✐✡❤✍✌ ✕✥✓✒✒✍✌✐✙✡

♦✖ ★●✼ ✓✕ ✒❤✍ ✕☞✌✖✓✥✍ ✐✕ ✌♦☞✡❤✍✌✏ ✳✙ ✒❤✐✕ ✔❤✓✙✒♦✚✜ ✒❤✍ ✕✥✓✒✒✍✌✐✙✡ ♦✥✥☞✌✕ ✓✒ ✒❤✍ ✕☞✌✖✓✥✍ ♦✙✤✫ ✣☞✒ ✓✕
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❀✐❣❁r❡ ❂❃❄❅❇ ❏r❛❑s♠✐ss✐♦❑ t❤r♦❁❣❤ ❞✐❖❡r❡❑t ❡❛r❞r❁♠ ♣❤❛❑t♦♠s ♠❡❛s❁r❡❞ ❛t ❅P❅ ❑♠❃ ❏◗ ❄❯ ④

t✇♦ ❧❛②❡r ❣❁✐❑❡❛ ♣✐❣ ❡❛r❞r❁♠❲ ❳❨❨④ ❣r❡❛s❡ ♣r♦♦❩ ♣❛♣❡r❲ ❬❳❂ ④ s❛❑❞♣❛♣❡r ❵tr❡❛t❡❞❭ ❣❧❛ss ❑❁♠❜❡r

❂❲ ❬❳✼ ④ s❛❑❞♣❛♣❡r ❵tr❡❛t❡❞❭ ❣❧❛ss ❑❁♠❜❡r ✼❲ ❀❪☎❃❄ ④ ❫❜r❡ ❣❧❛ss ❝❛st ✐❑ r❡s✐❑ ✇✐t❤ ♦❑❡ ❫❜r❡ ❣❧❛ss

❧❛②❡r❃

t✇♦ s❁r❩❛❝❡s ❛r❡ tr❡❛t❡❞ ✐t ✐s ❝❧♦s❡r t♦ t❤❡ ❡❛r❞r❁♠ t❤❛❑ t❤❡ ❞✐❖❁s❡r❃

❏❤❡ ❧❛st ❡❛r❞r❁♠ ♣❤❛❑t♦♠ ✐❑✈❡st✐❣❛t❡❞ ✐s ❛ ❫❜r❡ ❣❧❛ss ♠❛t ❴❢P❥❦P☎P❲ ❏✐r❛❑t✐ ♥t❞❃❲ ❏❤❛t❝❤❛♠❲

q✉① ❝❛st ✐❑ r❡s✐❑ ❴❢P③❦❄☎P❲ ❏✐r❛❑t✐ ♥t❞❃❲ ❏❤❛t❝❤❛♠❲ q✉①❃ ⑤❑ ❝♦❑tr❛st t♦ t❤❡ ♠❁❝♦s❛ ♣❤❛❑t♦♠s❲

s❝❛tt❡r✐❑❣ ✐s ✐❑tr♦❞❁❝❡❞ ❜② t❤❡ ❫❜r❡ ❣❧❛ss r❛t❤❡r t❤❛❑ ❏✐⑥⑦ ♣❛rt✐❝❧❡s❃ ❏❤❡ ❛❞✈❛❑t❛❣❡ ♦❩ t❤✐s ♠♦❞❡❧

✐s t❤❛t s❝❛tt❡r✐❑❣ ❛♣♣❡❛rs ✇✐t❤✐❑ t❤❡ s❛♠♣❧❡ ✈♦❧❁♠❡ ❑♦t ⑧❁st ❛t t❤❡ s❁r❩❛❝❡ ❛s ✐t ✐s t❤❡ ❝❛s❡ ❩♦r t❤❡

♣r❡✈✐♦❁s s❛♠♣❧❡s❃ ❏❤❡ ❁s❡❞ ❫❜r❡ ❣❧❛ss ♠❛t ✐s ✐❑❤♦♠♦❣❡❑❡♦❁s ❛❑❞ t❤❡ ♠♦❞❡❧ ❝♦❁❧❞ ❜❡ ✐♠♣r♦✈❡❞ ❜②

❁s✐❑❣ ♠♦r❡ ❤♦♠♦❣❡❑❡♦❁s ❫❜r❡ ❣❧❛ss ♠❛ts ✇✐t❤ ❫❜r❡s ♠❛t❝❤✐❑❣ t❤❡ ❞✐❛♠❡t❡r ❛❑❞ r❡❩r❛❝t✐✈❡ ✐❑❞❡❯ ♦❩

❝♦❧❧❛❣❡❑ ❫❜r❡s ✐❑ t❤❡ ❡❛r❞r❁♠ ❛❑❞ t❤❡ r❡s✐❑ ♠❛t❝❤✐❑❣ t❤❡ r❡❩r❛❝t✐✈❡ ✐❑❞❡❯ ♦❩ t❤❡ ❝♦❑❑❡❝t✐❑❣ t✐ss❁❡

✐❑ t❤❡ ❡❛r❞r❁♠❃ ❏❤❡ s❁r❩❛❝❡ r♦❁❣❤❑❡ss ♦❩ t❤❡ ♣❤❛❑t♦♠s ❞❡♣❡❑❞s ♦❑ t❤❡ ❛♠♦❁❑t ♦❩ ❁s❡❞ r❡s✐❑❃

⑨❤❡❑ ❧✐tt❧❡ r❡s✐❑ ✐s ❁s❡❞ t❤❡ ❫❜r❡ ❣❧❛ss ✐s ❝❧♦s❡ t♦ t❤❡ s❁r❩❛❝❡ ❝❛❁s✐❑❣ ❛ r♦❁❣❤ ✐❑t❡r❩❛❝❡❲ ✇❤✐❧❡ ✐t ✐s

⑩❛t ✇❤❡❑ ♠♦r❡ r❡s✐❑ ✐s ❁s❡❞ ❝♦♠♣❧❡t❡❧② ❝♦✈❡r✐❑❣ t❤❡ ❫❜r❡ ❣❧❛ss❃ ❶❡❑❝❡❲ t❤❡ s❁r❩❛❝❡ ♦❩ ❛❧❧ ♣r♦❞❁❝❡❞

❫❜r❡ ❣❧❛ss s❛♠♣❧❡ ✐s s❛❑❞❡❞ ✇✐t❤ ❛ ❨☎❄PP ❣r✐❞ ♣❛♣❡r t♦ ❛❝❤✐❡✈❡ ❝♦♠♣❛r❛❜❧❡ s❁r❩❛❝❡ ❝❤❛r❛❝t❡r✐st✐❝s❃

⑤❑ ♦r❞❡r t♦ t❡st t❤❡ ✐❑⑩❁❡❑❝❡ ♦❩ ❛❜s♦r♣t✐♦❑ ♦❩ t❤❡ ❡❛r❞r❁♠ ♦❑ ♠❡❛s❁r❡♠❡❑ts❲ ❛ s❡t ♦❩ ♣❤❛❑t♦♠s

✇✐t❤ ❞②❡s ♠✐❯❡❞ ✐❑t♦ t❤❡ r❡s✐❑ ✇❡r❡ ♣r♦❞❁❝❡❞❃ ❀✐❣❁r❡ ❂❃❄✼ ❴❝① s❤♦✇s ❛ ❝❧❡❛r ❫❜r❡ ❣❧❛ss s❛♠♣❧❡

✇✐t❤♦❁t ❞②❡ ❛❑❞ ❴❞① ♦❑❡ ✇✐t❤ r❡❞ ❞②❡ ❛❞❞❡❞❃ ❏❤✐s ✇✐❧❧ ❤❛✈❡ ❛❑ ❡❖❡❝t ♦❑ t❤❡ tr❛❑s♠✐ss✐♦❑ ♦❩

❞✐❖❡r❡❑t ✇❛✈❡❧❡❑❣t❤s t❤r♦❁❣❤ t❤❡ ❡❛r❞r❁♠ ❛❑❞ ❛❖❡❝t t❤❡ ♠❡❛s❁r❡♠❡❑ts ♦❩ t❤❡ ✐❑⑩❛♠♠❛t✐♦❑ ❛❑❞

✇✐❧❧ ❜❡ t❡st❡❞ ❧❛t❡r❃ ⑥❑❡ ❝❧❡❛r ♣❤❛❑t♦♠❲ ❢ ♣❤❛❑t♦♠s ✇✐t❤ ❞✐❖❡r❡❑t ❝♦❑❝❡❑tr❛t✐♦❑s ♦❩ r❡❞ ❞②❡❲ ❛❑❞

t✇♦ ♣❤❛❑t♦♠s ✇✐t❤ ❷⑤❪ ❞②❡ ❛r❡ ♣r♦❞❁❝❡❞❃ ❏❤❡ ❝♦❑❝❡❑tr❛t✐♦❑ ❛❑❞ r❡s❁❧t✐❑❣ ❛❜s♦r♣t✐♦❑ ❝♦❡❸❝✐❡❑ts

❩♦r t❤❡s❡ ❝♦❧♦❁r❡❞ s❛♠♣❧❡s ✐s ❣✐✈❡❑ ✐❑ ❏❛❜❧❡ ❂❃✼❃ ❏❤❡ ♠❡❛s❁r❡❞ tr❛❑s♠✐ss✐♦❑ ❛t ③❂❄ ❛❑❞ ❅P❅ ❑♠
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✆❛✝❧❡ ✞✟✼✠ ✡②❡ ❝♦☛❝❡☛tr❛t✐♦☛ ❛☛❞ r❡s✉❧t✐☛❣ ❛✝s♦r♣t✐♦☛ ♦☞ t❤❡ ✌✝r❡ ❣❧❛ss ❡❛r❞r✉♠ ♣❤❛☛t♦♠s

✍✎✏✑ ✖✒ ❬✶✴✓✓❪

❙✔✕✗✘✙ ❬✚✴❦✚❪ ✖✒✭✺✛✷✮ ✖✒✭✽✵✽✮

✜✢✣✢✤✥✦✧ ★✩❜✥✦ ●✣✪✫✫ ✬✯✰✷ ✷✷✳✺ ✵✳✶✻✶ ✵✳✹✾✻

✜✢✣✢✤✥✦✧ ★✩❜✥✦ ●✣✪✫✫ ✬✯✰✶ ✶✶✳✶ ✵✳✵✽✵ ✵✳✷✹✹

✜✢✣✢✤✥✦✧ ★✩❜✥✦ ●✣✪✫✫ ✇✱✩✲✦ ✵ ✵ ✵

✜✢✣✢✤✥✦✧ ★✩❜✥✦ ●✣✪✫✫ ✥✦✧✶ ✵✳✹✺ ✵✳✵✺✻ ✵✳✵✵✹

✜✢✣✢✤✥✦✧ ★✩❜✥✦ ●✣✪✫✫ ✥✦✧✷ ✶✳✛✵ ✵✳✶✻✵ ✵✳✵✶✛

✜✢✣✢✤✥✦✧ ★✩❜✥✦ ●✣✪✫✫ ✥✦✧✛ ✷✳✷✿ ✵✳✷✿✾ ✵✳✵✷✛

✜✢✣✢✤✥✦✧ ★✩❜✥✦ ●✣✪✫✫ ✥✦✧✹ ✹✳✺✽ ✵✳✺✻✷ ✵✳✵✹✻

❛☛❞ t❤❡✐r r❡❧❛t✐♦☛ ✐s ❣✐✈❡☛ ❧❛t❡r ✐☛ ✆❛✝❧❡ ✼✟❀ t♦ ❡①♣❧❛✐☛ ♦✝s❡r✈❡❞ ❡①♣❡r✐♠❡☛t❛❧ r❡s✉❧ts✟ ✆❤❡ r❡❧❛t✐♦☛

♦☞ tr❛☛s♠✐tt❡❞ ✐☛t❡☛s✐t② ❛t ❁✞☎ ❛☛❞ ❂❃❂ ☛♠ s❤♦❄s t❤❡ ❡①♣❡❝t❡❞ ❞❡❝r❡❛s❡ ☞r♦♠ ✝❧❛❝❅ t♦ r❡❞ s❛♠♣❧❡s

❄❤❡☛ ♠❡❛s✉r❡❞ ❛t t❤❡ t♦t❛❧ ❛r❡❛✟ ✆❤✐s ✐s ☛♦t t❤❡ ❝❛s❡ ❄❤❡☛ ♠❡❛s✉r❡❞ ❛t t❤❡ ❝❡☛tr❡ ❆✉☛s❝❛tt❡r❡❞

❧✐❣❤t❇ ✐☛❞✐❝❛t✐☛❣ ✐☛❤♦♠♦❣❡☛❡✐t✐❡s ♦☞ t❤❡ s❝❛tt❡r✐☛❣ ❝♦❡❏❝✐❡☛t ❞✉❡ t♦ t❤❡ ✌✝r❡ str✉❝t✉r❡✟

❑❖P❖◗ ❯❲❳❨❩❭❫❭ ❴❵❢❢❩❭ ❥♥q ③④♥⑤❫❲❳

✆❤❡ ♠✐❞❞❧❡ ❡❛r ♣❤❛☛t♦♠ ♠✉st ✝❡ ✐☛❝❧✉❞❡❞ ✐☛t♦ t❤❡ ♦♣t✐❝❛❧ s❡t⑥✉♣⑦ ✐ts ♣♦s✐t✐♦☛⑦ ♦r✐❡☛t❛t✐♦☛⑦ ❛☛❞

❞✐st❛☛❝❡ ✝❡t❄❡❡☛ ❡❛r❞r✉♠ ❛☛❞ ♠✉❝♦s❛ ❞❡✌☛❡❞✟ ⑧♦r t❤✐s ❛ s❛♠♣❧❡ ❤♦❧❞❡r ✐s ❞❡s✐❣☛❡❞ ❛☛❞ ✐s ♠❛❝❤✐☛❡❞

✐☛ t❤❡ ❧♦❝❛❧ ❄♦r❅s❤♦♣✟

⑧✐❣✉r❡ ✞✟☎⑨ s❤♦❄s t❤❡ ❤♦❧❞❡r ☞♦r t❤❡ ♠✐❞❞❧❡ ❡❛r ♣❤❛☛t♦♠✟ ✆❤❡ ♠✐❞❞❧❡ ❡❛r ♣❤❛☛t♦♠ ❝♦☛s✐sts

♦☞ t❤❡ ♠✉❝♦s❛ ❆⑩❇ ❛☛❞ ❡❛r❞r✉♠ ❆✼❇✟ ✆❤❡ ♠✉❝♦s❛ ♣❤❛☛t♦♠s ✐s ♣❧❛❝❡❞ ♦☛ t❤❡ ✝❛s❡ ❆❀❇ ❛☛❞ ♣✉s❤❡❞

t♦❄❛r❞s t❤❡ ❄✐☛❞♦❄ ✐☛ t❤❡ ✝❛s❡ ✝② ✉s❡ ♦☞ t❤❡ ♣✉s❤❡r ❆✞❇ ❛☛❞ t❄♦ s♣r✐☛❣s ❆❁❇✟ ❶❞❞✐t✐♦☛❛❧❧②⑦ ❛

st♦♣ ❆❀❃❇ ✐s ♣❧❛❝❡❞ ❛t t❤❡ s✐❞❡ ♦☞ t❤❡ ❤♦❧❞❡r t♦ ❣✉❛r❛☛t❡❡ r❡♣r♦❞✉❝✐✝❧❡ ♣♦s✐t✐♦☛✐☛❣ ♦☞ t❤❡ s❛♠♣❧❡✟

✆❤❡ ❡❛r❞r✉♠ ♣❤❛☛t♦♠ ✐s ♣❧❛❝❡❞ ♦♣♣♦s✐t❡ t❤❡ ❄✐☛❞♦❄ ❛☛❞ ❤❡❧❞ ✝② t❄♦ ☞♦r❝❡♣s ❆⑨❇✟ ✆❤❡ ❞✐st❛☛❝❡

✝❡t❄❡❡☛ ❡❛r❞r✉♠ ❛☛❞ ♠✉❝♦s❛ ✐s ❞❡✌☛❡❞ ✝② t❤❡ ❄❛❧❧ t❤✐❝❅☛❡ss ♦☞ t❤❡ ❄✐☛❞♦❄ ❛☛❞ ❝❛☛ ✝❡ ✐☛❝r❡❛s❡❞

✝② ♣❧❛❝✐☛❣ ❛❞❞✐t✐♦☛❛❧ s♣❛❝❡rs ✝❡t❄❡❡☛ ❄❛❧❧ ❛☛❞ ♣❤❛☛t♦♠✟ ✆❤❡ ❤♦❧❞❡r ✐s ♠♦✉☛t❡❞ ♦☛ ❛ r♦t❛t✐♦☛❛❧

st❛❣❡ ❛☛❞ t❄♦ tr❛☛s❧❛t✐♦☛ st❛❣❡s t♦ ❛❧❧♦❄ ✈❛r✐❛t✐♦☛ ♦☞ t❤❡ ❞✐st❛☛❝❡ ☞r♦♠ t❤❡ ❧❡☛s⑦ ❛☛❣❧❡ ♦☞ t❤❡ s✉r☞❛❝❡

t♦❄❛r❞s t❤❡ ♦♣t✐❝❛❧ ❛①✐s ❛☛❞ ❝❤❛☛❣❡ ♦☞ s❛♠♣❧❡ ♣♦s✐t✐♦☛✟

❷❸❹ ❺❻❼❽❾❿➀➁ ➂❻ ➃➀❾➄ ➅➆➁➁➄➀ ➇❾❿

✆❤❡ ❞❡✈❡❧♦♣❡❞ ♠✐❞❞❧❡ ❡❛r ♣❤❛☛t♦♠ ❤❛s s♦♠❡ ❞✐➈❡r❡☛❝❡s t♦ t❤❡ r❡❛❧ ♠✐❞❞❧❡ ❡❛r✟ ✆❤❡ ✐☛➉✉❡☛❝❡ ♦☞

t❤❡s❡ ❞✐➈❡r❡☛❝❡s ✐s ❞✐s❝✉ss❡❞✟
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❛✆❞ ✆♦✝ s❡❧❡❝✝✐✈❡ ✝♦ ✝❤❡ r♦✝❛✝✐♦✆ ❛✆❣❧❡✳

✞✟✠✡☛ ❢✟☞ ✌✍✎✟☞♣t✏✟✑ ✟❢ t✒✡ ♠✉✓✟✎✌✔ ✕❤❡ ✖♦❞❡❧ ✗♦r ❝❤❛✆❣❡ ♦✗ ❜❧♦♦❞ ✘♦✇ ❛✆❞ ❛❜s♦r✙✝✐♦✆ ✐✆

✝❤❡ ✖✚❝♦s❛ ❞✚r✐✆❣ ✐✆✘❛✖✖❛✝✐♦✆ ✐s ❜❛s❡❞ ♦✆ ❧✐✝❡r❛✝✚r❡ r❡✙♦r✝✐✆❣ ❛ ✇✐❞❡ ✈❛r✐❡✝② ♦✗ ✙r♦✙❡r✝✐❡s✳

✛❡✆❝❡✱ ✝❤❡ ✖♦❞❡❧ ✖✐❣❤✝ ❜❡ ✐✆❛❝❝✚r❛✝❡✳ ✕♦ ✝❡s✝ ✝❤✐s✱ ❡①✙❡r✐✖❡✆✝s ❛r❡ ❝♦✆❞✚❝✝❡❞ ❧❛✝❡r ✐✆

❆✙✙❡✆❞✐① ✜ ✝♦ ✈❛❧✐❞❛✝❡ ✝❤❛✝ ❞✐✢❡r❡✆✝ ❧❡✈❡❧ ♦✗ ❜❧♦♦❞ ❝❛✆ ❜❡ ❞❡✝❡❝✝❡❞✳

✣✟♠✟✤✡✑✡✏t✥ ✟❢ t✒✡ ♠✉✓✟✎✌✔ ❲❤✐❧❡ ✝❤❡ ✙❤❛✆✝♦✖s ❛r❡ ❤♦✖♦❣❡✆❡♦✚s ♦✈❡r ✝❤❡ ✇❤♦❧❡ ✈♦❧✚✖❡✱

✝❤✐s ✐s ✆♦✝ ✝❤❡ ❝❛s❡ ✗♦r ✝❤❡ ✖✐❞❞❧❡ ❡❛r✳ ✕❤❡ ✖✐❞❞❧❡ ❡❛r ✖✚❝♦s❛ ✐s ♦✆❧② ❛r♦✚✆❞ ✵✳✽ ✝♦ ✶✳✼✖✖

✝❤✐❝❦ ✭✶✦✶✳✼ ✗♦r ❝❤✐✆❝❤✐❧❧❛ ✖✐❞❞❧❡ ❡❛r ❬✶✧★✩ ❛✆❞ ✵✳✽ ✝♦ ✶✳✺ ✝♦✝❛❧ ✝❤✐❝❦✆❡ss ✗♦r ❤✚✖❛✆ ❝♦❧♦✆✐❝

✖✚❝♦s❛ ❛✆❞ s✚❜ ✖✚❝♦s❛ ❬✶✺★✩✮✳ ✜✚r✝❤❡r✱ ✝❤❡ ♦✙✝✐❝❛❧ ✙r♦✙❡r✝✐❡s ❛r❡ ✆♦✝ ❤♦✖♦❣❡✆❡♦✚s✱ ❜✚✝

❛❜s♦r✙✝✐♦✆ ✙❛r✝✐❝❧❡s ❛r❡ ❝♦✆❝❡✆✝r❛✝❡❞ ✐✆ ✝❤❡ ❜❧♦♦❞ ✈❡ss❡❧s✳ ✪♦✆❡✝❤❡❧❡ss✱ ✝❤❡ ✙❤❛✆✝♦✖ ✐s ❛

✈❛❧✐❞ ❛✙✙r♦①✐✖❛✝✐♦✆ ❛s ❛ r❛✝❤❡r ❧❛r❣❡ ❛r❡❛ ✇✐❧❧ ❜❡ s❛✖✙❧❡❞ ❛✆❞ ✝❤✚s ❛ ❤♦✖♦❣❡✆❡♦✚s s❛✖✙❧❡

❝❛✆ ❜❡ ❛ss✚✖❡❞✳ ❆❞❞✐✝✐♦✆❛❧❧②✱ ✝❤❡ r❡✘❡❝✝✐♦✆ ✗r♦✖ ✝✐ss✚❡ ✐s ✖♦s✝❧② ❝❛✚s❡❞ ❜② ✝❤❡ s✚✙❡r✫❝✐❛❧

❧❛②❡rs ❛✆❞ ❤❡✆❝❡ ❞❡❡✙❡r ❧❛②❡rs ♦✗ ❛ ✖✚❧✝✐✦❧❛②❡r ✙❤❛✆✝♦✖ ✇♦✚❧❞ ♦✆❧② ❤❛✈❡ ❛ s✖❛❧❧ ✐✆✘✚❡✆❝❡

♦✆ ✝❤❡ ✖❡❛s✚r❡✖❡✆✝✳ ✛❡✆❝❡✱ ✝❤❡s❡ ❤♦✖♦❣❡✆❡♦✚s ✙❤❛✆✝♦✖s ❛r❡ ✈❛❧✐❞ ❛✙✙r♦①✐✖❛✝✐♦✆✳

✬✑✯✉✡✑✓✡ ✟❢ ✟t✒✡☞ ✎t☞✉✓t✉☞✡✎ ✏✑ t✒✡ ✡✌☞✔ ✕❤❡ ♦ss✐❝❧❡s✱ ✝❤❡ ❡❛r ❝❛✆❛❧✱ ❛✆❞ ❝❡r✚✖❡✆ ❛r❡ ✆♦✝

✐✆❝❧✚❞❡❞ ✐✆✝♦ ✝❤❡ ✖✐❞❞❧❡ ❡❛r ✙❤❛✆✝♦✖✳ ✕❤✐s ✐s ❛ ✈❛❧✐❞ s✐✖✙❧✐✫❝❛✝✐♦✆ ❛s ✖❡❛s✚r❡✖❡✆✝s ❛✝ ❛✆

❛✙✙r♦✙r✐❛✝❡ ✙♦s✐✝✐♦✆ ♦✆ ✝❤❡ ❡❛r❞r✚✖ ✭✖❛r❦❡❞ ✐✆ ✜✐❣✚r❡ ✶✳✷✮ ✖❛❦❡ s✚r❡ ✝❤❛✝ ✝❤❡ ♦ss✐❝❧❡s ❛r❡

✆♦✝ ✇✐✝❤✐✆ ✝❤❡ ✖❡❛s✚r❡❞ ✈♦❧✚✖❡✳ ✕❤❡ ✚s❡ ♦✗ ✝❤❡ s✙❡❝✚❧✚✖ ✇✐✝❤ s✖❛❧❧ ❛✙❡r✝✚r❡ ♦✆ ✝❤❡ ✝✐✙

❡✆s✚r❡s ✝❤❛✝ ❧✐❣❤✝ r❡✘❡❝✝❡❞ ✗r♦✖ ✝❤❡ ❡❛r ❝❛✆❛❧ ❛✆❞ ❝❡r✚✖❡✆ ✐✆ ✝❤❡ ❡❛r ❝❛✆❛❧ ✐s ✆♦✝ ❞❡✝❡❝✝❡❞✳

✰✆ s✚✖✖❛r②✱ ✝❤❡ ❞❡✈❡❧♦✙❡❞ ✖✐❞❞❧❡ ❡❛r ✙❤❛✆✝♦✖ ✐s ❛ s✐✖✙❧✐✫❡❞ ✖♦❞❡❧ ♦✗ ✝❤❡ ❤✚✖❛✆ ✖✐❞❞❧❡ ❡❛r ❛❧✦

❧♦✇✐✆❣ r❡✙❡❛✝❛❜❧❡ ❡①✙❡r✐✖❡✆✝s ❛✆❞ ✈❛r✐❛✝✐♦✆ ♦✗ s✐✆❣❧❡ ✙❛r❛✖❡✝❡rs ♦✗ ✝❤❡ ✖♦❞❡❧✳ ✕❤❡ s✐✖✙❧✐✫❝❛✝✐♦✆s

❛r❡ ❥✚s✝✐✫❡❞ ❛✆❞ ❛r❡ ✆♦✝ ❡①✙❡❝✝❡❞ ✝♦ ❝❤❛✆❣❡ ✝❤❡ ❡①✙❡r✐✖❡✆✝❛❧ r❡s✚❧✝s✳
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✂♦♥✄♦❝☎❧ ■♠☎❣✐♥❣ ♦✄ t✆✝ ▼✐❞❞❧✝

❊☎✞

✟✠✡❢✠☛❛☞ ✌✍☛✎✡✏q✉✍s ☛✠✑❜✏✡✍✒ ✇✏✌✎ s✓✍☛✌✔✠s☛✠✓② ✇✍✔✍ s✍☞✍☛✌✍✒ ❛s ✑✠s✌ s✉✏✌❛❜☞✍ ✑✍✌✎✠✒ ✌✠ ❛ss✍ss
✑✏✒✒☞✍ ✍❛✔ ✏✡✕❛✑✑❛✌✏✠✡✳ ❍✍✡☛✍✱ ❛ ✑✠✔✍ ✒✍✌❛✏☞✍✒ ✒✍s☛✔✏✓✌✏✠✡ ✠❢ ☛✠✡❢✠☛❛☞ ✑✏☛✔✠s☛✠✓② ✏s ✖✏✈✍✡ ✎✍✔✍
❛✡✒ ✍①✓✍✔✏✑✍✡✌s ✠✡ ❛ ✑✏✒✒☞✍ ✍❛✔ ✑✠✒✍☞ ❛✔✍ ☛✠✡✒✉☛✌✍✒ ✏✡ ✠✔✒✍✔ ✌✠ ✌✍s✌ ✌✎✍ ✎②✓✠✌✎✍s✏s ✌✎❛✌ ☛✠✡❢✠☛❛☞
✏✑❛✖✏✡✖ ✌✎✔✠✉✖✎ ✌✎✍ ✍❛✔✒✔✉✑ ✏s ✓✠ss✏❜☞✍✳

✗✘✶ ✙✚✛✜✚✢✣✤ ✥✦✣✧★✛✧

✟✠✡❢✠☛❛☞ ✏✑❛✖✏✡✖ ✏s ✉s✍✒ ✌✠ ✔✍☛✠✔✒ ✸✩ ✏✑❛✖✍s ✠❢ ✌✎✏☛❦ s❛✑✓☞✍ ✠✔ ✌✠ ✏✑❛✖✍ ❛ s✏✡✖☞✍ ✓☞❛✡✍ ✇✏✌✎✏✡ ✌✎✍
s❛✑✓☞✍ ✇✎✏☞✍ ✔✍❥✍☛✌✏✡✖ ✠✉✌ ✠❢ ❢✠☛✉s ☞✏✖✎✌✳ ❚✎✍ ✓✍✡✍✌✔❛✌✏✠✡ ✒✍✓✌✎ ✏s ✉✓ ✌✠ ✷✪✫✬✑✱ ✒✍✓✍✡✒✏✡✖ ✠✡
✌✎✍ ✠✓✌✏☛❛☞ ✓✔✠✓✍✔✌✏✍s ✠❢ ✌✎✍ s❛✑✓☞✍✳ ❋✠✔ ✏✑❛✖✏✡✖✱ ✌✎✍ ☞✏✖✎✌ ✏s ❢✠☛✉s✍✒ ✠✡ ✌✎✍ ✓✠✏✡✌ ✌✠ ❜✍ s❛✑✓☞✍✒
✔✍s✉☞✌✏✡✖ ✏✡ ❛ ✎✏✖✎ ✏☞☞✉✑✏✡❛✌✏✠✡ ✓✠✇✍✔ ✏✡ ✌✎✏s ✈✠☞✉✑✍ ❛✡✒ s✑❛☞☞ ✓✠✇✍✔ ✍✈✍✔②✇✎✍✔✍ ✍☞s✍✳ ❋✉✔✌✎✍✔✱
❛ ✓✏✡✎✠☞✍ ✏s ✓☞❛☛✍✒ ❛✌ ✌✎✍ ✏✑❛✖✍ ✓☞❛✡✍ ✠❢ ✌✎✍ s❛✑✓☞✏✡✖ ❛✔✍❛ ❛✡✒ ✠✡☞② ☞✏✖✎✌ ✠✔✏✖✏✡❛✌✏✡✖ ❢✔✠✑ ✌✎✍
s✑❛☞☞ s❛✑✓☞✍✒ ✈✠☞✉✑✍ ✔✍❛☛✎✍s ✌✎✍ ✒✍✌✍☛✌✠✔✳ ✭✠s✌ ✠✌✎✍✔ ☞✏✖✎✌ ✏s ✔✍❥✍☛✌✍✒ ❜② ✌✎✍ ✓✏✡✎✠☞✍ ❛s s✎✠✇✡
✏✡ ❋✏✖✉✔✍ ✮✳✯✳ ❚✎✍ ☛✠✑❜✏✡❛✌✏✠✡ ✠❢ ❢✠☛✉s✍✒ ✏☞☞✉✑✏✡❛✌✏✠✡ ❛✡✒ ✓✏✡✎✠☞✍ ✔✍s✉☞✌ ✏✡ ❛✡ ✏✡✌✍✡s✏✌② ✓✠✏✡✌
s✓✔✍❛✒ ❢✉✡☛✌✏✠✡ ✰✲✴ ✠❢ ✌✎✍ ☛✠✡❢✠☛❛☞ s②s✌✍✑ ✏✡ ✒✏✔✍☛✌✏✠✡ ✠❢ ✌✎✍ ✠✓✌✏☛❛☞ ❛①✏s ✖✏✈✍✡ ❜②

✰✲✴✵✺❀ ✻ ❂ ✫✼ ❂
✽s✏✡✵✺✾✮✼

✺✾✮
✿❁

✵✮✳✯✼

✇✎✍✔✍ ✺ ❂ ❃❄❅❆◆❇❃③ ✏s ❛ ✑✍❛s✉✔✍ ❢✠✔ ✌✎✍ ❉●✒✏s✌❛✡☛✍✱ ✻ ❂ ❃❄❆ ◆❇❏ ✏s ❛ ✑✍❛s✉✔✍ ❢✠✔ ✌✎✍ ✔❛✒✏✉s✱
❜✠✌✎ ✡✠✔✑❛☞✏s✍✒ ❜② ❑▲ ❛✡✒ ✇❛✈✍☞✍✡✖✌✎ ❬✯❖✪P✳ ❚✎✍ ✓✠✏✡✌ s✓✔✍❛✒ ❢✉✡☛✌✏✠✡ ✏s ✌✎✍ ☛✠✡✈✠☞✉✌✏✠✡ ✠❢ ✌✇✠
✏✒✍✡✌✏☛❛☞ ❢✉✡☛✌✏✠✡s

◗❘❙❯❱❲❳❁❨❲❳❁
❩❃

✠❢ ✏☞☞✉✑✏✡❛✌✏✠✡ ❛✡✒ ✒✍✌✍☛✌✏✠✡ ✠✓✌✏☛s✳ ❚✎✏s ❢✉✡☛✌✏✠✡ ✒✍☛✔✍❛s✍s ✔❛✓✏✒☞②

❭✪
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❋✐❣✆r❡ ✝✞✶✟ ✠♣t✐❝❛✡ s❡t✲✆♣ ♦☛ ❛ ❝♦☞☛♦❝❛✡ s②st❡♠ ❬✶✌✝✍✞ ▲✐❣✎t ☛r♦♠ t✎❡ s♣♦t ♦☞ t✎❡ ♦♣t✐❝❛✡ ❛✏✐s ✐☞

t✎❡ ☛♦❝❛✡ ♣✡❛☞❡ ✐s ☛♦❝✆s❡❞ ♦☞ t✎❡ ❝♦☞☛♦❝❛✡ ❛♣❡rt✆r❡ ❛☞❞ ✐s ❞❡t❡❝t❡❞✞ ✑✡✡ ♦t✎❡r ✡✐❣✎t✱ s✆❝✎ ❛s ♦✆t ♦☛

☛♦❝✆s ✭❞❛s✎❡❞ ❛☞❞ ❞❛s✎✲❞♦tt❡❞ ✡✐☞❡s✮ ❛☞❞ ♦✒✲❛✏✐s ✭s♦✡✐❞✱ s❦❡✇❡❞✮ ✐s ❜✡♦❝❦❡❞ ❜② t✎❡ ❛♣❡rt✆r❡ ❛☞❞ ✐s

☞♦t ❞❡t❡❝t❡❞✞ ✓✡✡✆♠✐☞❛t✐♦☞ ✐s ☞♦t s✎♦✇☞✞

✇✎❡☞ ♠♦✈✐☞❣ ❛✇❛② ☛r♦♠ t✎❡ ☛♦❝✆s ✘ ✻❂ ✵ s✎♦✇✐☞❣ t✎❡ ❣♦♦❞ ❜❛❝❦❣r♦✆☞❞ r❡❥❡❝t✐♦☞ ♦☛ t✎❡ ❝♦☞☛♦❝❛✡

✐♠❛❣✐☞❣ s②st❡♠✞

✔✎❡ ♣♦✐☞t s♣r❡❛❞ ☛✆☞❝t✐♦☞ ✐☞ tr❛✈❡rs❡ ❞✐r❡❝t✐♦☞ ♦☛ t✎❡ ♦♣t✐❝❛✡ ❛✏✐s ❛t ✘ ❂ ✵ ✐s ❣✐✈❡☞ ❜②

✕✖❢✭✘ ❂ ✵❀ ✚✮ ❂

✗
✷❏✙✛ ✭✚✮

✚✙

✜✙

✭✝✞✷✮

✑❣❛✐☞✱ t✎✐s ✐s ❛ r❡s✆✡t ♦☛ t✎❡ ❝♦☞✈♦✡✆t✐♦☞ ♦☛ t✇♦ ✐❞❡☞t✐❝❛✡ ☛✆☞❝t✐♦☞s ♦☛ ✐✡✡✆♠✐☞❛t✐♦☞ ❛☞❞ ❞❡t❡❝t✐♦☞

♦♣t✐❝s✞

✓☞ ♦r❞❡r t♦ ❝r❡❛t❡ ❛☞ ✐♠❛❣❡ ♦☛ t✎❡ ☛✆✡✡ s❛♠♣✡❡ t✎❡ ☛♦❝✆s ♠✆st ❜❡ s❝❛☞☞❡❞ ❛❝r♦ss t✎❡ s❛♠♣✡❡✞ ✔✎✐s

✐s ❛ ❭✡♦☞❣✢ ♣r♦❝❡ss✱ ❡s♣❡❝✐❛✡✡② ✇✎❡☞ ❛ ✸✣ ✐♠❛❣❡ ✐s t♦ ❜❡ r❡❝♦☞str✆❝t❡❞✞ ✑✡s♦✱ ♠♦st ♦☛ t✎❡ ✡✐❣✎t ✐s

r❡❥❡❝t❡❞ ❜② t✎❡ ♣✐☞✎♦✡❡ r❡s✆✡t✐☞❣ ✐☞ ❛ ✎✐❣✎ r❛❞✐❛t✐♦☞ ❡✏♣♦s✆r❡ ♦☛ t✎❡ s❛♠♣✡❡✞ ✓☞ ♠♦st ❛♣♣✡✐❝❛t✐♦☞s✱

t✎❡ s❛♠♣✡❡ ✐s ✤✆♦r❡s❝❡☞t ❜✆t r❡✤❡❝t✐♦☞ ♠♦❞❡ ❝❛☞ ❛✡s♦ ❜❡ ✆s❡❞✞ ✑ ❝♦☞☛♦❝❛✡ s②st❡♠ s✎♦✇s ❜❡st

♣❡r☛♦r♠❛☞❝❡ ✇✎❡☞ t✎❡ r❛❞✐✆s ♦☛ t✎❡ ♣✐☞✎♦✡❡ ✐s ❥✆st ❜❡✡♦✇ ✝ ♦♣t✐❝❛✡ ✆☞✐ts ✥❯ ❂
✦

✙✧★✩ ❬✶✌☎✍✞ ✔✎❡

❛✏✐❛✡ ✪✫①✬✫❧ ❛☞❞ r❛❞✐❛✡ ✪✯✫✰✬✫❧ r❡s♦✡✆t✐♦☞ ♦☛ ❛ ❝♦☞☛♦❝❛✡ ♠✐❝r♦s❝♦♣❡ ❛r❡ ❞❡r✐✈❡❞ ☛r♦♠ t✎❡ ❝♦☞☛♦❝❛✡ ♣♦✐☞t

s♣r❡❛❞ ☛✆☞❝t✐♦☞s ✳q✆❛t✐♦☞ ✭✝✞✶✮ ❛☞❞ ✳q✆❛t✐♦☞ ✭✝✞✷✮✞ ✔✎❡ r❡s♦✡✆t✐♦☞ ✐s ❣✐✈❡☞ ❜② t✎❡ ❞✐st❛☞❝❡ t✇♦

❛❞❥❛❝❡☞t ♣♦✐☞t s♣r❡❛❞ ☛✆☞❝t✐♦☞s ☞❡❡❞ t♦ ❜❡ s❡♣❛r❛t❡❞ s♦ t✎❛t ❛ ❞✐♣ ❜② ✷☎✴ ♦☛ t✎❡ ♠❛✏✐♠✆♠ ♣♦✇❡r

✐s ♦❜s❡r✈❡❞ ❜❡t✇❡❡☞ ❜♦t✎ ♠❛✏✐♠❛ ❛☞❞ ❝❛☞ ❜❡ ❝❛✡❝✆✡❛t❡❞ ❛❝❝♦r❞✐☞❣ t♦ ❬✶✌✺✍✞

✪✫①✬✫❧ ❂ ✶✿✺♥
✦
★✩✽ ✭✝✞✸✮

✪✯✫✰✬✫❧ ❂ ✵✿✝✝
✦
★✩ ✭✝✞✝✮

✑s ❡✏❛♠♣✡❡✱ ❋✐❣✆r❡ ✝✞✷ s✎♦✇s t✎❡ ❝♦♠♣❛r✐s♦☞ ♦☛ ❛ ✇✐❞❡✲✾❡✡❞ ✈❡rs✆s ❛ ❝♦☞☛♦❝❛✡ ✐♠❛❣❡ ♦☛ ❛ ❝❡✡✡

❛❣❣r❡❣❛t❡ ✡❛❜❡✡✡❡❞ ✇✐t✎ t✎r❡❡ ✤✆♦r❡s❝❡☞t ❞②❡s t❛❦❡☞ ☛r♦♠ ❬✶✌✼✍✞ ✔✎❡ ❝♦☞☛♦❝❛✡ ✐♠❛❣❡ ✐s ♠✆❝✎ ❝✡❡❛r❡r

❛s ✡✐❣✎t ☛r♦♠ ♦✆t ♦☛ ☛♦❝✆s ♣✡❛☞❡s ✐s r❡❥❡❝t❡❞✞
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✭❛✮ ☎♦♥✲❝♦♥❢♦❝❛❧ ✭❜✮ ✆♦♥❢♦❝❛❧

❋✐❣✝r❡ ✞✟✷✠ ✡☛☞✌✍☛☞✎☛✍✏✑ ✏☞❞ ✍☛☞✎☛✍✏✑ ♠✐✍r☛✒✍☛✓❡ ✐♠✏❣❡ ☛✎ ✏ tr✐✓✑❡ ✑✏✔❡✑✑❡❞ ✍❡✑✑ ✏❣❣r❡❣✏t❡ ❬✶✕✼✖✟

❙✍✏✑❡ ☞☛t ❣✐✈❡☞✟

✗☛☞✎☛✍✏✑ ♠✐✍r☛✒✍☛✓② ✐✒ ♠☛✒t✑② ✝✒❡❞ t☛ ✐♠✏❣❡ ✒♠✏✑✑ ✒✏♠✓✑❡✒ ☛☞ ✏ ♠✐✍r☛✒✍☛✓❡ ✔✝t ☛t❤❡r ✏✓✓✑✐✌

✍✏t✐☛☞✒ ☛✎ ✍☛☞✎☛✍✏✑ ✒②✒t❡♠✒ ✏r❡ ✔❡✐☞❣ r❡✒❡✏r✍❤❡❞ ✒✝✍❤ ✏✒ ❡☞❞☛✒✍☛✓✐✍ ✐♠✏❣✐☞❣ ☛✎ ♠✝✍☛✒✏ ✏✒ ❡✏r✑✐❡r

✓r❡✒❡☞t❡❞ ✐☞ ❙❡✍t✐☛☞ ✷✟✞✟✞✟ ✘ ✍☛☞✎☛✍✏✑ ✒②✒t❡♠ ✏✑✑☛✇✒ t❤❡ ✐♠✓✑❡♠❡☞t✏t✐☛☞ ☛✎ ✒✓❡✍tr☛✒✍☛✓✐✍ ♠❡✏✒✝r❡✌

♠❡☞t✒ ✏✒ ✎☛r ❡①✏♠✓✑❡ ✒❤☛✇☞ ✐☞ ❬✶✶✷✖ ✐♠✓✑❡♠❡☞t✐☞❣ ✏ ✸✇✏✈❡✑❡☞❣t❤✒ ✒②✒t❡♠ ☛r ❬✶✶✶✖ ✐♠✓✑❡♠❡☞t✐☞❣

✏ ✔r☛✏❞✔✏☞❞ ✒②✒t❡♠✟

✙✳✚ ✛✜✢✣✤✥✣ ✛✥✦✤✧★ ✩✪★ ✫✢✬

✯♠✏❣✐☞❣ t❤❡ ♠✐❞❞✑❡ ❡✏r t❤r☛✝❣❤ t❤❡ ❡①t❡r☞✏✑ ❡✏r ✍✏☞✏✑ ✐✒ r❡✒tr✐✍t❡❞ ✔② t❤❡ ✒♠✏✑✑ ❞✐✏♠❡t❡r ✏☞❞

✑❡☞❣t❤ ☛✎ t❤❡ ❡✏r ✍✏☞✏✑✟ ✰❤❡ ❞✐✏♠❡t❡r ☛✎ t❤❡ ❡✏r ✍✏☞✏✑ ✐☞ ✍❤✐✑❞r❡☞ ✐✒ ✏✔☛✝t ✻♠♠ ✏☞❞ ❤✏✒ ✏ ❞❡✓t❤

☛✎ ✷✱♠♠✴ ✏✒ ❞❡✒✍r✐✔❡❞ ✐☞ ❙❡✍t✐☛☞ ✶✟✶✟ ✯♠✏❣✐☞❣ ✐✒ ❞☛☞❡ t❤r☛✝❣❤ t❤❡ ✒✓❡✍✝✑✝♠ ☛✎ ✏☞ ☛t☛✒✍☛✓❡ ✐☞

☛r❞❡r t☛ ✒tr✏✐❣❤t❡☞ t❤❡ ❭❙✵ ✒❤✏✓❡❞ ✍✏☞✏✑ ✏☞❞ ❡☞✏✔✑❡ ✈✐❡✇ ☛☞ t❤❡ ❡✏r❞r✝♠✟ ❋✐❣✝r❡ ✞✟✸ ✒❤☛✇✒ ✏

✒✍❤❡♠✏t✐✍ ❞r✏✇✐☞❣ ☛✎ t❤❡ ✒✓❡✍✝✑✝♠ ☛✎ t❤❡ ☛t☛✒✍☛✓❡ ✓r❡✒❡☞t❡❞ ✐☞ ❋✐❣✝r❡ ✷✟✷✟ ✺✏r❞r✝♠ ✏☞❞ ♠✝✍☛✒✏

✏r❡ ✒❤☛✇☞ ✏✒ ✒✐♠✓✑❡ ✑✐☞❡✒ ✐☞❞✐✍✏t✐☞❣ t❤❡✐r ✓☛✒✐t✐☛☞✟ ✰❤❡ r❡✝✒✏✔✑❡ ✒✓❡✍✝✑✝♠ ✍✏☞ ✔❡ ❡✏✒✐✑② r❡♠☛✈❡❞

✏☞❞ ✐✒ ✍❤✏☞❣❡❞ ✔❡t✇❡❡☞ ✓✏t✐❡☞t✒ ✇❤✐✑❡ t❤❡ ✽①❡❞ ✒✓❡✍✝✑✝♠ ✐✒ ✏tt✏✍❤❡❞ t☛ t❤❡ ☛t☛✒✍☛✓❡✟ ✰❤❡ ✽①❡❞

✒✓❡✍✝✑✝♠ ❤✏✒ ✏☞ ❡①t❡r☞✏✑ t❤r❡✏❞ ✏☞❞ ✍✏☞ ✔❡ ❡✏✒✐✑② ✏tt✏✍❤❡❞ t☛ ☛t❤❡r ☛✓t✐✍✏✑ ✍☛♠✓☛☞❡☞t✒ t☛ ✏✑✑☛✇

✔✝✐✑❞✌✝✓ ☛✎ ✍✝✒t☛♠ ☛✓t✐✍✒ ✇❤✐✑❡ ♠✏✐☞t✏✐☞✐☞❣ t❤❡ ☞☛r♠✏✑ ✍✑✐☞✐✍✏✑ ✐☞t❡r✎✏✍❡ ✇✐t❤ t❤❡ ✓✏t✐❡☞t✟

✰❤❡ ☛✓❡☞✐☞❣ ☛✎ t❤❡ ✽①❡❞ ✒✓❡✍✝✑✝♠ ✓☛✒❡✒ t❤❡ ✒♠✏✑✑❡✒t ✏✓❡rt✝r❡ ✇✐t❤ ✏☞ ✏☞❣✑❡ ✾ ❂ ✏r✍t✏☞✿❀❁❃❄

✿❀ ✐✒ t❤❡ r✏❞✐✝✒ ☛✎ t❤❡ ✒♠✏✑✑❡✒t ✏✓❡rt✝r❡✴ ✏☞❞ ❃ t❤❡ ❞✐✒t✏☞✍❡ ✎r☛♠ ✒✏♠✓✑❡ t☛ t❤❡ ✏✓❡rt✝r❡❄ ☛✎ ✏✔☛✝t

✞✟✼ ❞❡❣ ✏☞❞ ✏ ✡✘ ☛✎ ✏r☛✝☞❞ ❅✟❅❇✟ ✘t ❇❅❇ ☞♠✴ t❤✐✒ r❡✒✝✑t✒ ✐☞ ✞✟✞ ✏☞❞ ✶❇✼✟✱ ❏♠ r✏❞✐✏✑ ✏☞❞ ✏①✐✏✑

r❡✒☛✑✝t✐☛☞✴ r❡✒✓❡✍t✐✈❡✑②✟

❲❤✐✑❡ t❤❡✒❡ r❡✒tr✐✍t✐☛☞✒ ❤✏✈❡ t☛ ✔❡ ✍☛☞✒✐❞❡r❡❞ ✐☞ t❤❡ ☛✓t✐✍✏✑ ✒❡t✝✓✴ t❤❡② ✇✐✑✑ ☞☛t ✔❡ ✍☛☞✒✐❞❡r❡❞
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✆

Eardrum Reusable Speculum Fixed Speculum

35.00

2 . 0

4
.1
0

1
5
.2
0

7
.0
0

44.60

Mucosa

2-4 12-14

4 0

❋✐❣✝r❡ ✞✟✸✠ ❙❦❡t❝❤ ♦✡ t❤❡ ♦t♦☛❝♦☞❡ ☛☞❡❝✝❧✝♠ ✐♥❝❧✝❞✐♥❣ ❞✐♠❡♥☛✐♦♥☛✟

✐♥ t❤❡ ❡①☞❡r✐♠❡♥t☛ ❝♦♥❞✝❝t❡❞ ❤❡r❡✟ ✌①☞❡r✐♠❡♥t☛ ❛r❡ ❝♦♥❞✝❝t❡❞ ✇✐t❤ ❛♥ ♦✍❥❡❝t✐✈❡ ✇✐t❤ ✎✏ ♦✡ ✵✟✞✑

t❤❡ ☛♠❛❧❧❡☛t ✎✏ ❛✈❛✐❧❛✍❧❡ ✐♥ t❤❡ ☛②☛t❡♠✟

✒✳✓ ✔✕♣✖✗✘✙✖✚✛✜✢ ✣✖✛✉♣

✤❤✐☛ ☛❡❝t✐♦♥ ☞r❡☛❡♥t☛ ❡①☞❡r✐♠❡♥t☛ ✝☛✐♥❣ ❛ ❝♦♠♠❡r❝✐❛❧ ❝♦♥✡♦❝❛❧ ♠✐❝r♦☛❝♦☞❡ ✭✤✥❙ ❙P✷✑ ▲❡✐❝❛✑ ❲❡t✲

③❧❛r✑ ✦❡r♠❛♥②✮ ✇❤❡r❡ ❛ t❛r❣❡t ✐☛ ✐♠❛❣❡❞ t❤r♦✝❣❤ ❛♥✐♠❛❧ ❡❛r❞r✝♠☛ ☛❤♦✇✐♥❣ t❤❛t ❝♦♥✡♦❝❛❧ ♠✐✲

❝r♦☛❝♦☞② ✐☛ ❛✍❧❡ t♦ ✐♠❛❣❡ t❤♦✝❣❤ ❛♥ ❡❛r❞r✝♠ ♠♦❞❡❧✟ ✤❤❡ ❝♦♥✡♦❝❛❧ ♠✐❝r♦☛❝♦☞❡ ❤❛☛ ☛❡✈❡r❛❧ ❛❞❥✝☛t❛✍❧❡

❡①❝✐t❛t✐♦♥ ❧❛☛❡r☛ ✇✐t❤ ✇❛✈❡❧❡♥❣t❤☛ r❛♥❣✐♥❣ ✡r♦♠ ✞✧☎ t♦ ✻✸✸ ♥♠✟ ★t ✐☛ ❞❡☛✐❣♥❡❞ ✡♦r ✩✝♦r❡☛❝❡♥t ✐♠❛❣✲

✐♥❣ ✍✝t t❤❡ ☛❡tt✐♥❣☛ ❝❛♥ ✍❡ ❛❞❥✝☛t❡❞ ✡♦r r❡✩❡❝t❛♥❝❡ ✐♠❛❣✐♥❣✟ ✤❤❡ ♠❛①✐♠✝♠ ✇♦r❦✐♥❣ ❞✐☛t❛♥❝❡ ✇✐t❤

❛♥ ♦✍❥❡❝t✐✈❡ ✇✐t❤ ✶✵ t✐♠❡☛ ♠❛❣♥✐✪❝❛t✐♦♥ ❛♥❞ ♥✝♠❡r✐❝❛❧ ❛☞❡rt✝r❡ ♦✡ ✵✟✞ ✐☛ ✸✟✻♠♠✟

✤❤❡ ❡①☞❡r✐♠❡♥t❛❧ ☛❡t✝☞ ♦♥ t❤❡ ❝♦♥✡♦❝❛❧ ♠✐❝r♦☛❝♦☞❡ ✐☛ ☛❝❤❡♠❛t✐❝❛❧❧② ☛❤♦✇♥ ✐♥ ❋✐❣✝r❡ ✞✟✞✟ ✏

❭✶✫✧✶ ❯❙✏❋ r❡☛♦❧✝t✐♦♥ t❛r❣❡t✬ ❝♦✈❡r❡❞ ✍② ❛ ❣✝✐♥❡❛ ☞✐❣ ❡❛r❞r✝♠ ✐☛ ☞❧❛❝❡❞ ♦♥ t❤❡ ♠✐❝r♦☛❝♦☞❡✟ ✤❤❡

t❡☛t r❡☛♦❧✝t✐♦♥ t❛r❣❡t ✐☛ ✝☛❡❞ ✐♥☛t❡❛❞ ♦✡ t❤❡ ♠✝❝♦☛❛ ☞❤❛♥t♦♠☛ ❞❡✈❡❧♦☞❡❞ ❡❛r❧✐❡r ❛☛ ❛♥ ✐♠❛❣❡ ♦✡ t❤❡

t❛r❣❡t ✐☛ t♦ ✍❡ r❡❝♦r❞❡❞ ❛♥❞ t❤❡ ❤♦♠♦❣❡♥❡♦✝☛ ♠✝❝♦☛❛ ☞❤❛♥t♦♠☛ ❞♦ ♥♦t ☛❤♦✇ ❛♥② ❝♦♥tr❛☛t ✇✐t❤✐♥

♦♥❡ ☛✐♥❣❧❡ ☞❤❛♥t♦♠✟ ✤❤❡ ❞✐☛t❛♥❝❡ ✍❡t✇❡❡♥ r❡☛♦❧✝t✐♦♥ t❡☛t t❛r❣❡t ❛♥❞ t❤❡ ❡❛r❞r✝♠ ✐☛ ☛❡t t♦ ❡✐t❤❡r

✶ ♦r ✷♠♠✑ ✍② ✝☛❡ ♦✡ ❛ ☛☞❛❝❡r ✭❛ ❞✐☛t❛♥❝❡ ♦✡ ✸♠♠ ✐☛ ❡①☞❡❝t❡❞ ✐♥ t❤❡ ❡❛r ✍✝t t❤❡ ✇♦r❦✐♥❣ ❞✐☛t❛♥❝❡

♦✡ t❤❡ ♦✍❥❡❝t✐✈❡ r❡☛tr✐❝t☛ t❤❡ ♠❛①✐♠✝♠ ❞✐☛t❛♥❝❡✮✟ ✤❤❡ ❡❛r❞r✝♠☛ ❛r❡ ☞❧❛❝❡❞ ♦♥ ❛ ♠✐❝r♦☛❝♦☞❡ ☛❧✐❞❡✑

☛✝☛☞❡♥❞❡❞ ✐♥ ☛❛❧✐♥❡ ☛♦❧✝t✐♦♥✑ ❛♥❞ ❝♦✈❡r❡❞ ✇✐t❤ ❛ ❝♦✈❡r ☛❧✐☞ t♦ ☞r❡✈❡♥t ❞r②✐♥❣✟ ★♠❛❣❡☛ ❛r❡ ❡✐t❤❡r

r❡❝♦r❞❡❞ ✐♥ ✇✐❞❡✲✪❡❧❞ tr❛♥☛♠✐☛☛✐♦♥ ♦r ❝♦♥✡♦❝❛❧ r❡✩❡❝t✐♦♥ ♠♦❞❡✟

❙❡✈❡r❛❧ t❡☛t☛ ♦✡ ✐♠❛❣✐♥❣ t❤❡ ☛❛♠❡ t❛r❣❡t t❤r♦✝❣❤ ❞✐✯❡r❡♥t ❡❛r❞r✝♠ ☛❛♠☞❧❡☛ ❛r❡ ☞r❡☛❡♥t❡❞✑ ❡✐t❤❡r

❛ ☛✐♥❣❧❡ ♦r ❛ ❞♦✝✍❧❡ ❧❛②❡r ♦✡ ❡❛r❞r✝♠ ✐☛ ✝☛❡❞✑ t❤❡ ❞✐☛t❛♥❝❡ ✍❡t✇❡❡♥ ❡❛r❞r✝♠ ❛♥❞ t❛r❣❡t ✐☛ ✈❛r✐❡❞✑

❛♥❞ t❤❡ ✐❧❧✝♠✐♥❛t✐♦♥ ✇❛✈❡❧❡♥❣t❤ ✐☛ ❝❤❛♥❣❡❞ ✭✞✧☎✑ ✞☎☎✑ ❛♥❞ ✧✞✸ ♥♠✮✟
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✆❛✝❧❡ ✞✟☎✶ ✠♦✡tr❛☛t ❢♦r ❞✐☞❡r❡✡t ✇❛✈❡❧❡✡❣t❤☛ ❛✡❞ ❡❛r❞r✉♠ ❧❛②❡r☛✟ ✆❤❡ ❞✐☛t❛✡❝❡ ✝❡t✇❡❡✡ t❛r❣❡t

❛✡❞ ❡❛r❞r✉♠ ✐☛ ☎♠♠✟

✌✍✎✏✑✒✓✏

✕ ❬✎✔❪ ❯✎✖✗✘✘✙✎ ❙✗✎✚✛✙ ✜✍✢❜✛✙ ✣ ✜✍✢❜✛✙ ✷

✞✤✽ ✵✟✻✻ ✵✟✥✽ ✵✟☎✦ ✵✟✵✧

✞✽✽ ✵✟✻★ ✵✟✦✧ ✵✟✥✵ ✵✟☎✦

✤✞✦ ✵✟✻✤ ✵✟✦✤ ✵✟✥✥ ✵✟☎✤

❛tt❡✡✉❛t❡❞✟

✆♦ ♠❡❛☛✉r❡ t❤❡ ✉✡☛❝❛tt❡r❡❞ tr❛✡☛♠✐☛☛✐♦✡ t❤r♦✉❣❤ t❤❡ ❡❛r❞r✉♠ t❤❡ ❝♦✡tr❛☛t ✩ ✐☛ ❞❡✪✡❡❞✱ ✉☛✐✡❣

t❤❡ ❞❡✪✡✐t✐♦✡ ♦❢ t❤❡ ✫✐❝❤❡❧☛♦✡ ✠♦✡tr❛☛t ✬☎★✽✭

✩ ❂
✮s✯✰♥✲✳ ✴ ✮✸✲✺❦✰✼✾✿♥❀

✮s✯✰♥✲✳ ❁ ✮✸✲✺❦✰✼✾✿♥❀
❃✞✟✤❄

✐☛ ♠❡❛☛✉r❡❞✟ ✮s✯✰♥✲✳ ✐☛ t❤❡ ❛✈❡r❛❣❡ ✐✡t❡✡☛✐t② ♦❢ t❤❡ ❝♦✡❢♦❝❛❧ ☛✐❣✡❛❧ ♦❢ ❛ r❡❅❡❝t✐✈❡ ✝❛r ❛✡❞ ✮✸✲✺❦✰✼✾✿♥❀

t❤❡ ❛✈❡r❛❣❡ ☛✐❣✡❛❧ ❞❡t❡❝t❡❞ ✐✡ t❤❡ ❛r❡❛ ♦❢ t❤❡ ❣❧❛☛☛ ☛✉✝☛tr❛t❡✟ ✆❤❡ ❛✡❛❧②☛❡❞ ❛r❡❛☛ ❛r❡ ♠❛r❇❡❞ ✐✡

❋✐❣✉r❡ ✞✟✤ ❃✝❄ ✇✐t❤ ✇❤✐t❡ ✝♦①❡☛ ❢♦r t❤❡ ☛✐❣✡❛❧ ❛✡❞ ✝❧❛❝❇ ✝♦①❡☛ ❢♦r t❤❡ ✝❛❝❇❣r♦✉✡❞✟ ✆❤✐☛ ♠❡❛☛✉r❡

✐☛ ❛❏❏❧✐❡❞ t♦ t❤❡ ✉✡❤✐❞❞❡✡✱ ☛✐✡❣❧❡✱ ❛✡❞ t✇♦ ❞♦✉✝❧❡ ❧❛②❡r❡❞ ❛r❡❛☛ ❛✡❞ t❤❡ ❛✡❛❧②☛❡❞ ❛r❡❛☛ ❧❛✝❡❧❧❡❞

❛❝❝♦r❞✐✡❣❧②✟ ✆✇♦ ❛r❡❛☛ ❛r❡ ❛✡❛❧②☛❡❞ ❢♦r t❤❡ ❞♦✉✝❧❡ ❡❛r❞r✉♠ t♦ ☛❤♦✇ ✐✡❤♦♠♦❣❡✡❡✐t✐❡☛ ♦❢ t❤❡ ☛❛♠❏❧❡✟

✆❛✝❧❡ ✞✟☎ ☛✉♠♠❛r✐☛❡☛ t❤❡ ❝♦✡tr❛☛t ✈❛❧✉❡☛ ❢♦r t❤❡ ❏r❡☛❡✡t❡❞ ✐♠❛❣❡✟

✆❤❡ ❝♦✡tr❛☛t ✐☛ ❤✐❣❤❡☛t ❃❛r♦✉✡❞ ✵✟✻✧❄ ❢♦r t❤❡ ✉✡❝♦✈❡r❡❞ ❛r❡❛ ❛☛ ❡①❏❡❝t❡❞✟ ❋♦r t❤❡ ☛✐✡❣❧❡ ❧❛②❡r

t❤❡ ❝♦✡tr❛☛t ✐☛ ❞❡❝r❡❛☛❡❞ t♦ ✵✟✥✽ t♦ ✵✟✦✧✱ ❞❡❏❡✡❞❡✡t ♦✡ t❤❡ ✇❛✈❡❧❡✡❣t❤ ❛✡❞ ❢♦r t❤❡ ❞♦✉✝❧❡ ❧❛②❡r t❤❡

❝♦✡tr❛☛t ✐☛ ❡✈❡✡ ☛♠❛❧❧❡r ✇✐t❤ ✵✟✵✧ t♦ ✵✟☎✤ ✐✡ r❡❣✐♦✡ ✥ ❛✡❞ ✵✟☎✦ t♦ ✵✟✥✥ ✐✡ r❡❣✐♦✡ ☎✟ ✆❤❡ ❛tt❡✡✉❛t✐♦✡

♦❢ t❤❡ ❡❛r❞r✉♠ ✐☛ ✡♦t ❤♦♠♦❣❡✡❡♦✉☛ ❛☛ ☛❤♦✇✡ ✝② t❤❡ t✇♦ ❞✐☞❡r❡✡t ❛✡❛❧②☛❡❞ ❛r❡❛☛ ♦❢ t❤❡ ❞♦✉✝❧❡

❡❛r❞r✉♠ ☛❛♠❏❧❡ ❃❞♦✉✝❧❡ ☎ ✈☛✟ ❞♦✉✝❧❡ ✥❄✟ ✆❤❡ ❝♦✡tr❛☛t ✐☛ r❡❞✉❝❡❞ ❢♦r t❤❡ ☛❡❝♦✡❞ ❛r❡❛ ✐✡❞✐❝❛t✐✡❣ ❛

❤✐❣❤❡r ❛tt❡✡✉❛t✐♦✡✟ ✫❡❛☛✉r❡♠❡✡t☛ ♦✡ ❛✡ ❡❛r❞r✉♠ t❤❛t ✐☛ ✡♦t ☛t♦r❡❞ ✐✡ ☛❛❧✐✡❡ ☛♦❧✉t✐♦✡ ☛❤♦✇☛ ❡✈❡✡

♠♦r❡ ❛tt❡✡✉❛t✐♦✡ ✐✡❞✐❝❛t✐✡❣ t❤❛t ❞r②✐✡❣ ✐✡❝r❡❛☛❡☛ t❤❡ ☛❝❛tt❡r✐✡❣ ♦❢ t❤❡ ❡❛r❞r✉♠✟

❑ ✇❛✈❡❧❡✡❣t❤ ❞❡❏❡✡❞❡✡❝❡ ♦❢ t❤❡ ❝♦✡tr❛☛t ✐☛ ✈✐☛✐✝❧❡ ✐✡ ✆❛✝❧❡ ✞✟☎✟ ✆❤❡ ✉☛❡❞ ✇❛✈❡❧❡✡❣t❤☛ ❛r❡

r❡❧❛t✐✈❡❧② ❝❧♦☛❡ ❃❞✐☞❡r❡✡❝❡ ♦❢ ✽✤ ✡♠❄ ☛♦ t❤❡ ❡☞❡❝t ✐☛ ☛♠❛❧❧✱ ✝✉t ☛t✐❧❧ ✈✐☛✐✝❧❡✟ ✆❤❡ ❝♦✡tr❛☛t ❣❡✡❡r❛❧❧②

✐✡❝r❡❛☛❡☛ ❢♦r t❤❡ ❤✐❞❞❡✡ ❝❛☛❡☛ ✇❤❡✡ ✐♠❛❣✐✡❣ ✇✐t❤ ❤✐❣❤❡r ✇❛✈❡❧❡✡❣t❤☛ ❛✡❞ t❤❡ ❡☞❡❝t ✐☛ ✝✐❣❣❡r ❢♦r

t❤❡ ❞♦✉✝❧❡ ❧❛②❡r✟ ✆❤✐☛ ♠❡❛✡☛ t❤❡ ❛tt❡✡✉❛t✐♦✡ ✐✡ t❤❡ ❡❛r❞r✉♠ ✐☛ ❤✐❣❤❡r ❢♦r ❧♦✇❡r ✇❛✈❡❧❡✡❣t❤☛✟ ✆❤✐☛

✐☛ ✐✡ ❛❝❝♦r❞❛✡❝❡ ✇✐t❤ t❤❡ tr❛✡☛♠✐☛☛✐♦✡ ♠❡❛☛✉r❡♠❡✡t☛ ❏r❡☛❡✡t❡❞ ✐✡ ▲❡❝t✐♦✡ ✦✟✞✟✞✟ Pt ✐☛ ❡①❏❡❝t❡❞

t❤❛t t❤❡ ❛tt❡✡✉❛t✐♦✡ ❢✉rt❤❡r r❡❞✉❝❡☛ ❣♦✐✡❣ t♦ ❤✐❣❤❡r ✇❛✈❡❧❡✡❣t❤☛ ❛❧❧♦✇✐✡❣ ✝❡tt❡r ✐♠❛❣❡☛ ✐✡ t❤❡ r❡❞

♦r ◗P❱✟

✆❤❡ ❞✐☛t❛✡❝❡ ✝❡t✇❡❡✡ ❡❛r❞r✉♠ ❛✡❞ r❡☛♦❧✉t✐♦✡ t❛r❣❡t ❛❧☛♦ ❛☞❡❝t☛ t❤❡ ❝♦✡tr❛☛t ❛☛ ☛❡❡✡ ✐✡ ✆❛❲
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✆❛✝❧❡ ✞✟☎✷ ✠♦✡tr❛☛t ❢♦r ❝❤❛✡❣❡❞ ❞✐☛t❛✡❝❡ ✝❡t✇❡❡✡ ❡❛r❞r✉♠ ❛✡❞ t❛r❣❡t✟

☞✌✍✎✏✑✒✎

✓✔✒✎✑✍✕✖ ❬✗✗❪ ✘ ❬✍✗❪ ❯✍✙✔✚✚✖✍ ❙✔✍✛✜✖

✶ ✺✞✢ ✵✟✼✢ ✵✟☎✵

☎ ✺✞✢ ✵✟✻☎ ✵✟✶☎

✝❧❡ ✞✟☎✟ ✣❡✇ ✐♠❛❣❡☛ ✇❡r❡ r❡❝♦r❞❡❞ t♦ ❛❧❧♦✇ ❝♦♠♣❛r✐☛♦✡ ♦❢ t❤❡ ☛❛♠❡ ❛r❡❛ ❢♦r ✝♦t❤ ♠❡❛☛✉r❡♠❡✡t☛✱

❛✡❞ ♦✡❧② t❤❡ ☛✐✡❣❧❡ ❡❛r❞r✉♠ ❧❛②❡r ✐☛ ❛✡❛❧②☛❡❞✟ ✤ ❤✐❣❤❡r ❞✐☛t❛✡❝❡ ✝❡t✇❡❡✡ ❡❛r❞r✉♠ ❛✡❞ t❛r❣❡t

r❡❞✉❝❡☛ t❤❡ ☛✐❣✡❛❧ ❧❡✈❡❧ ❡✈❡✡ t❤♦✉❣❤ t❤❡ ❡❛r❞r✉♠ ✐t☛❡❧❢ ❞♦❡☛ ✡♦t ❝❤❛✡❣❡✟ ✆❤✐☛ ❡✥❡❝t✱ ☛♦♠❡t✐♠❡☛

❝❛❧❧❡❞ ❭☛❤♦✇❡r ❝✉rt❛✐✡ ❡✥❡❝t✧✱ ❭tr❛❝✐✡❣ ♣❛♣❡r ❡✥❡❝t✧✱ ♦r ❭t✲❡✥❡❝t✧ ✐✡ ❧✐t❡r❛t✉r❡ ✦✶★★✩✱ ✐☛ ♦✝☛❡r✈❡❞

✇❤❡✡ ✐♠❛❣✐✡❣ ❛ t❛r❣❡t t❤r♦✉❣❤ ❛ tr❛✡☛❧✉❝❡✡t✱ ☛❝❛tt❡r✐✡❣ ❧❛②❡r✟ ❲❤❡✡ ♠♦✈✐✡❣ t❤❡ ☛❝❛tt❡r✐✡❣ ❧❛②❡r

❛✇❛② ❢r♦♠ t❤❡ t❛r❣❡t t♦✇❛r❞☛ t❤❡ ♦✝☛❡r✈❡r✱ t❤❡ ✐♠❛❣❡ q✉❛❧✐t② ❞❡❣r❛❞❡☛✟ ✪✡ t❤❡ ❝❛☛❡ ♦❢ ❝♦✡❢♦❝❛❧

✐♠❛❣✐✡❣ t❤❡ ❝♦✡tr❛☛t ✐☛ r❡❞✉❝❡❞ ✇✐t❤ ✐✡❝r❡❛☛✐✡❣ ❞✐☛t❛✡❝❡ ✝❡❝❛✉☛❡ ☛❝❛tt❡r❡❞ ❧✐❣❤t ♣r♦♣❛❣❛t❡☛ ❧♦✡❣❡r

t♦ r❡❛❝❤ t❤❡ ♠✉❝♦☛❛ t❛r❣❡t ❛✡❞ t❤✉☛ t❤❡ ❞✐☛♣❧❛❝❡❞ ❞✐☛t❛✡❝❡ ♦rt❤♦❣♦✡❛❧ t♦ t❤❡ ♦♣t✐❝❛❧ ❛✫✐☛ ✐☛ ✝✐❣❣❡r✟

❋♦r ☛♠❛❧❧ ❞✐☛t❛✡❝❡☛ ❛✡❞ ❢♦r✇❛r❞ ☛❝❛tt❡r❡❞ ❧✐❣❤t✱ ❛ ❞❡t❡❝t✐♦✡ ♠✐❣❤t ☛t✐❧❧ ✝❡ ♣♦☛☛✐✝❧❡ ❛☛ t❤❡ ☛❝❛tt❡r❡❞

♣❤♦t♦✡☛ ✇✐t❤ ☛♠❛❧❧ ❛✡❣❧❡ ☛t✐❧❧ r❡❛❝❤ t❤❡ ☛❛♠♣❧❡❞ ✈♦❧✉♠❡ ✇❤✐❧❡ ❢♦r ❛ ❤✐❣❤ ❞✐☛t❛✡❝❡ t❤❡ ❧✐❣❤t ❤❛☛

♣r♦♣❛❣❛t❡❞ t♦ ❢❛r t♦ ✝❡ ❞❡t❡❝t❡❞✟ ❇♦t❤✱ t❤❡ ❝♦✡tr❛☛t ❢♦r t❤❡ ☛✐✡❣❧❡ ❧❛②❡r☛ ❛☛ ✇❡❧❧ ❛☛ ❢♦r ✡♦ ❧❛②❡r

✐✡ t❤❡ ❧✐❣❤t ♣❛t❤ ❞❡❝r❡❛☛❡ ✇✐t❤ ❞✐☛t❛✡❝❡✟ ✆❤✐☛ ❡✥❡❝t ✐☛ ✡♦t ❡✫♣❡❝t❡❞ ❢♦r t❤❡ ♣❧❛✐✡ ♠❡❛☛✉r❡♠❡✡t ❛☛

✡♦ ☛❝❛tt❡r✐✡❣ ☛❤♦✉❧❞ ❛♣♣❡❛r✟ ❇✉t ❛☛ ☛❛❧✐✡❡ ☛♦❧✉t✐♦✡ ✐✡❝❧✉❞✐✡❣ ☛♠❛❧❧ ♣❛rt✐❝❧❡☛ ✐☛ ✐✡ t❤❡ ✝❡❛♠ ♣❛t❤✱

☛♦♠❡ ☛❝❛tt❡r✐✡❣ ✐☛ ✐✡tr♦❞✉❝❡❞ ❛✡❞ ❛ ☛♠❛❧❧ ❞❡❝r❡❛☛❡ ✐✡ ❝♦✡tr❛☛t ✐☛ ♦✝☛❡r✈❡❞✟ ✆❤❡ ❡✥❡❝t ✐☛ ✝✐❣❣❡r ❢♦r

t❤❡ ❝❛☛❡ ✇❤❡✡ ✐♠❛❣✐✡❣ t❤r♦✉❣❤ t❤❡ ❡❛r❞r✉♠✟

✬✳✭ ✮✯♥✰✴✸✾✿✯♥

❲❤❡✡ ❞r❛✇✐✡❣ ❝♦✡❝❧✉☛✐♦✡☛ ❢r♦♠ t❤❡ ❛✝♦✈❡ ❛✡✐♠❛❧ ❡✫♣❡r✐♠❡✡t☛ t♦ t❤❡ ♣r♦♣♦☛❡❞ ❛♣♣❧✐❝❛t✐♦✡ ✐✡ t❤❡

❤✉♠❛✡ ❡❛r t❤❡ ❢♦❧❧♦✇✐✡❣ ❞✐✥❡r❡✡❝❡☛ ❤❛✈❡ t♦ ✝❡ ❝♦✡☛✐❞❡r❡❞✷

❀✑❁✖✜✖✍✛✎✙❂ ✆❤❡ ✇❛✈❡❧❡✡❣t❤ ✉☛❡❞ ❤❡r❡ ✐☛ ✐✡ t❤❡ ✝❧✉❡ ❛✡❞ ❣r❡❡✡ r❛✡❣❡ ❃✞✺✽✱ ✞✽✽✱ ❛✡❞ ✺✞✢ ✡♠❄

✇❤✐❧❡ t❤❡ ✇❛✈❡❧❡✡❣t❤ ✉☛❡❞ ❧❛t❡r ♠❛② r❡❛❝❤ ✉♣ t♦ t❤❡ ✣✪❅✟ ✆❤❡ ☛❝❛tt❡r✐✡❣ ❛✡❞ ❛✝☛♦r♣t✐♦✡

❝♦❡❏❝✐❡✡t ✐✡ t✐☛☛✉❡☛ ❞❡❝r❡❛☛❡ ❢r♦♠ t❤❡ ✈✐☛✐✝❧❡ t♦ ✣✪❅ r❛✡❣❡ r❡☛✉❧t✐✡❣ ✐✡ ❧♦✇❡r ❛tt❡✡✉❛t✐♦✡

❛✡❞ t❤✉☛ ✐♠♣r♦✈❡❞ ☛✐❣✡❛❧ ❧❡✈❡❧ ✇❤❡✡ ✉☛✐✡❣ ❤✐❣❤❡r ✇❛✈❡❧❡✡❣t❤☛✟

✓✔✒✎✑✍✕✖ ❜✖✎❑✖✖✍ ✖✑✏✚✏▲✗ ✑✍✚ ✎✑✏✛✖✎❂ ✪✡ t❤❡ ❝♦✡❢♦❝❛❧ ❡✫♣❡r✐♠❡✡t☛ t❤❡ ❞✐☛t❛✡❝❡ ✝❡t✇❡❡✡

❡❛r❞r✉♠ ❛✡❞ t❛r❣❡t ✐☛ r❡☛tr✐❝t❡❞ t♦ ✶ ❛✡❞ ☎♠♠ ✇❤✐❧❡ ✐✡ t❤❡ ❤✉♠❛✡ ❡❛r t❤❡ ❞✐☛t❛✡❝❡ ✐☛

❤✐❣❤❡r ✇✐t❤ ☎ t♦ ✞♠♠✟ ✆❤❡ ☛✐❣✡❛❧ ✇✐❧❧ ❞❡❝r❡❛☛❡ ✇❤❡✡ ✐✡❝r❡❛☛✐✡❣ t❤❡ ❞✐☛t❛✡❝❡✟
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✆❡✌❡❝t✐♦✝ ♦✞ ♠✉❝♦✟❛ ❝♦♠♣❛✠❡❞ t♦ t❤❡ t❡✟t t❛✠❣❡t✿ ✡☛☞ ✍✎✏✑☞✍ ✒s☞✓ ☛☞✏☞ ✔s ✎ ✶✕✖✶ ❯✗✘✙

✏☞s✚✛✒✍✔✚✜ ✍☞s✍ ✍✎✏✑☞✍ ✇☛☞✏☞ ✍☛☞ ✏☞✢☞✣✍✔✚✜ ✚✤ ✍☛☞ ✍✎✏✑☞✍ ✈✎✏✔☞s ✤✏✚✥ ✎✛✥✚s✍ ✣✚✥✦✛☞✍☞✛② ✏☞✲

✢☞✣✍✔✜✑ ✍✚ ✎✛✥✚s✍ ✜✚ ✏☞✢☞✣✍✔✚✜s✳ ✡☛☞ ✥✒✣✚s✎ ✔s ✛☞ss ✏☞✢☞✣✍✔✈☞ ✎✜✓ s☛✚✇s ✎ ✣✚✜✍✏✎s✍ ❜☞✍✇☞☞✜

☛☞✎✛✍☛② ✎✜✓ ✔✜✢✎✥☞✓ ✚✤ ✎✏✚✒✜✓ ✷✧✪ ✚✜✛② ❬✻☎★✳

✩✉♠❡✠✐❝❛✫ ✬♣❡✠t✉✠❡ ✡☛☞ ✭✘ ✒s☞✓ ✔✜ ✍☛☞ ☞①✦☞✏✔✥☞✜✍s ☛☞✏☞ ✔s ✧✳✮ ✇☛✔✛☞ ✍☛☞ ✥✎①✔✥✒✥ ✦✚ss✔❜✛☞

✭✘ ✔✜ ✍☛☞ ✥✔✓✓✛☞ ☞✎✏ ✔s ✧✳✧✽✳ ✡☛✔s ✇✔✛✛ ✏☞✓✒✣☞ ✍☛☞ ❜✎✣❦✑✏✚✒✜✓ ✏☞❥☞✣✍✔✚✜ ✏✎✍✔✚ ✚✤ ✍☛☞ s②s✍☞✥

✎✜✓ s✔✑✜✎✛ ✦✚✇☞✏✳

✘s ✍☛☞ ✓☞s✣✏✔❜☞✓ ☞①✦☞✏✔✥☞✜✍s s☛✚✇✱ ✣✚✜✤✚✣✎✛ ✏☞✢☞✣✍✔✚✜ ✔✥✎✑☞s ✚✤ ✎ ✏☞s✚✛✒✍✔✚✜ ✍☞s✍ ✍✎✏✑☞✍ ✣✎✜

❜☞ ✍✎❦☞✜ ✔✜ ✍☛☞ ❜✛✒☞ ✎✜✓ ✑✏☞☞✜ ✇✎✈☞✛☞✜✑✍☛ ✏✎✜✑☞ ✇☛☞✜ ✦✛✎✣☞✓ ❜☞☛✔✜✓ ✎ s✔✜✑✛☞ ✎✜✓ ✓✚✒❜✛☞ ✛✎②☞✏

✚✤ ✑✒✔✜☞✎ ✦✔✑ ☞✎✏✓✏✒✥ ✔✜ ✶ ✎✜✓ ✷✥✥ ✓✔s✍✎✜✣☞✳ ✭✚ ✔✥✎✑☞ ✣✚✒✛✓ ❜☞ ✎✣q✒✔✏☞✓ ✤✚✏ ✎ ✓✏② ✑✒✔✜☞✎ ✦✔✑

☞✎✏✓✏✒✥✳

✡☛☞ ✔✜✣✏☞✎s☞✓ ✍☛✔✣❦✜☞ss✱ ✔✜✣✏☞✎s☞✓ ✓✔s✍✎✜✣☞ ❜☞✍✇☞☞✜ ✍✎✏✑☞✍ ✎✜✓ ☞✎✏✓✏✒✥✱ ✎s ✇☞✛✛ ✎s ✛☞ss ✏☞✲

✢☞✣✍✔✈✔✍② ✚✤ ✍☛☞ ✥✒✣✚s✎ ✣✚✥✦✎✏☞✓ ✍✚ ✍☛☞ ✍☞s✍ ✍✎✏✑☞✍ ✓☞✣✏☞✎s☞ ✍☛☞ s✔✑✜✎✛ ✔✜ ✍☛☞ ☛✒✥✎✜ ✣✎s☞✳ ✘

✣☛✎✜✑☞ ✔✜ ✇✎✈☞✛☞✜✑✍☛ ✍✚ ✍☛☞ ✭✯✰ ✏✎✜✑☞ ✇✚✒✛✓ ✏☞s✒✛✍s ✔✜ ✎✜ ✔✜✣✏☞✎s☞✓ ✏☞✢☞✣✍✔✚✜ s✔✑✜✎✛✳ ✙✒✏✍☛☞✏✱

✍☛☞ ✔✛✛✒✥✔✜✎✍✔✚✜ ✦✚✇☞✏ ✎✜✓ ✎✣q✒✔s✔✍✔✚✜ ✍✔✥☞ ✣✎✜ ❜☞ ✔✜✣✏☞✎s☞✓ ✍✚ ✔✜✣✏☞✎s☞ ✍☛☞ ✓☞✍☞✣✍☞✓ s✔✑✜✎✛✱ ❜✒✍

✥✒s✍ ❜☞ ❦☞✦✍ ✇✔✍☛✔✜ ✍☛☞ ☛☞✎✛✍☛ ✎✜✓ s✎✤☞✍② ✛✔✥✔✍s✳

✯✍ ✔s ✎ss✒✥☞✓ ✍☛✎✍ ✎✜ ✔✜✣✏☞✎s☞ ✔✜ ✔✜✦✒✍ ✦✚✇☞✏ ✎✜✓ ✒s☞ ✚✤ ✛✚✜✑☞✏ ✇✎✈☞✛☞✜✑✍☛s ✇✔✛✛ ✎✛✛✚✇ ✔✥✎✑✔✜✑

☞✈☞✜ ✇✔✍☛ ✔✜✣✏☞✎s☞✓ ✎✍✍☞✜✒✎✍✔✚✜ ✚✤ ✍☛☞ ☞✎✏✓✏✒✥ ✎✜✓ ✏☞✓✒✣☞✓ ✏☞✢☞✣✍✔✈✔✍② ✚✤ ✍☛☞ ✥✒✣✚s✎✳ ✴☞✜✣☞✱ ✎

✣✚✜✤✚✣✎✛ s②s✍☞✥ ✇✔✛✛ ❜☞ ✓☞✈☞✛✚✦☞✓ ✔✜ ✚✏✓☞✏ ✍✚ ✎ss☞ss ✍☛☞ ✥✔✓✓✛☞ ☞✎✏ ✔✜✢✎✥✥✎✍✔✚✜✳
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❛✔❞ ✡✟❥✟✎✏ ❜❛✎❦✓✡☞✌✔❞ ✍☛✓✔❛✑✍ ❢✡☞✒ ✏✞✟ ✟❛✡❞✡✌✒✳
✕☞✔❢☞✎❛✑ ☛✒❛✓☛✔✓ ☛✍ ✇✟✑✑ ✍✌☛✏✟❞ ✏☞ ☛✒❛✓✟ ❛ ✑❛②✟✡ ✟✒❜✟❞❞✟❞ ✇☛✏✞☛✔ ❛ ✍❛✒✠✑✟ ❛✔❞ ❜② ✍✟✑✟✎✏☛✔✓ ☞✔✟

✍☛✔✓✑✟ ✠✑❛✔✟ ✏☞ ❜✟ ☛✒❛✓✟❞ ❛✔❞ ✡✟❥✟✎✏☛✔✓ ✑☛✓✞✏ ☞✡☛✓☛✔❛✏☛✔✓ ❢✡☞✒ ❛✑✑ ☞✏✞✟✡ ✑❛②✟✡✍✳ ❇✌✏ ✏✞✟ ☛✔✈✟✍✏☛✓❛✏✟❞
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❞✐r❡❝t✐♥❣ ♠♦✆t ♣♦✇❡r t♦ t❤❡ ✆❛♠♣❧✐♥❣ ✈♦❧✉♠❡✱ r❡✆✉❧t ✐♥ t❤❡ ❣♦♦❞ ❜❛❝❦❣r♦✉♥❞ r❡❥❡❝t✐♦♥ ❛❜✐❧✐t② ♦❢

t❤❡ ❝♦♥❢♦❝❛❧ ✆②✆t❡♠✳

❇✉t t❤✐✆ ✆❤♦✇✆ ❛❧r❡❛❞② ❛ ❞✐✆❛❞✈❛♥t❛❣❡ ♦❢ t❤❡ ❝♦♥❢♦❝❛❧ ✆②✆t❡♠ ❛♣♣❧✐❡❞ t♦ ❞✐❛❣♥♦✆✐♥❣ ✐♥✌❛♠♠❛✝

t✐♦♥ ✐♥ t❤❡ ♠✐❞❞❧❡ ❡❛r ♠✉❝♦✆❛✞ ▲✐❣❤t ✆❝❛tt❡r❡❞ ✐♥✆✐❞❡ t❤❡ ♠✉❝♦✆❛✱ ❛♥❞ ❝❛rr②✐♥❣ ♠♦✆t ✐♥❢♦r♠❛t✐♦♥

❛❜♦✉t ✐t✆ ♣r♦♣❡rt✐❡✆ ✐✆ r❡❥❡❝t❡❞ ❜② t❤❡ ❝♦♥❢♦❝❛❧ ♣✐♥❤♦❧❡✳ ✟❡♥❝❡✱ ❞❡♣t❤ ✆❝❛♥♥✐♥❣ ✇♦✉❧❞ ❜❡ ♥❡❝❡✆✆❛r②

t♦ ❛❝q✉✐r❡ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ✐♥✆✐❞❡ ♦❢ t❤❡ ♠✉❝♦✆❛ ❛✆ ✇❡❧❧ ❛✆ r❛❞✐❛❧ ✆❝❛♥♥✐♥❣ t♦ ✐♠❛❣❡ ❛♥ ❛r❡❛

t♦ ❛❝q✉✐r❡ ❛✈❡r❛❣❡ ♣r♦♣❡rt✐❡✆ ✐♥✆t❡❛❞ t❤❛t ♦❢ ❛ ✆✐♥❣❧❡ ✆♠❛❧❧ ✆♣♦t✳ ✠❤✐✆ ✇♦✉❧❞ r❡✆✉❧t ✐♥ r❡❧❛t✐✈❡❧②

❧♦♥❣ ✐♠❛❣✐♥❣ t✐♠❡✆ ❛♥❞ ❧♦✇ ✆✐❣♥❛❧ ❢r♦♠ ✐♥✆✐❞❡ t❤❡ ♠✉❝♦✆❛ ❛✆ ❛tt❡♥✉❛t❡❞ ❜② ✆✉♣❡r☞❝✐❛❧ ♠✉❝♦✆❛❧

❧❛②❡r✆ ❛♥❞ t❤❡ ❡❛r❞r✉♠✳

✡♥ t❤❡ ❛♥t✐✝❝♦♥❢♦❝❛❧ ❝❛✆❡ t❤❡ ✐❧❧✉♠✐♥❛t✐♦♥ ✐✆ ❢♦❝✉✆❡❞ ♦♥ t❤❡ ❡❛r❞r✉♠ r❛t❤❡r t❤❛♥ t❤❡ ♠✉❝♦✆❛✱

❛♥❞ ❛ ❝❡♥tr❛❧ ✆t♦♣ ❜❧♦❝❦✆ ❛❧❧ ❧✐❣❤t ✐♥✆✐❞❡ ✐t✆ r❛❞✐✉✆ r❛t❤❡r t❤❛♥ ♦✉t✆✐❞❡✳ ✠❤❡ ✆t♦♣ ✐✆ ♣❧❛❝❡❞ ✐♥ t❤❡

❢♦❝❛❧ ♣❧❛♥❡ ♦❢ t❤❡ ❡❛r❞r✉♠ ❛✆ ♦♣♣♦✆❡❞ t♦ t❤❡ ♣✐♥❤♦❧❡ ♣❧❛❝❡❞ ✐♥ t❤❡ ❢♦❝❛❧ ♣❧❛♥❡ ♦❢ t❤❡ ♠✉❝♦✆❛✳ ✠❤✉✆✱

❧✐❣❤t ♦r✐❣✐♥❛t✐♥❣ ❢r♦♠ t❤❡ ❡❛r❞r✉♠ ✐✆ ✐♥ ❢♦❝✉✆ ❛t t❤❡ ✆t♦♣ ❛♥❞ ❞♦❡✆ ♥♦t r❡❛❝❤ t❤❡ ❞❡t❡❝t♦r✳ ▲✐❣❤t

♦r✐❣✐♥❛t✐♥❣ ❢r♦♠ t❤❡ ♠✉❝♦✆❛ ✐✆ ♦✉t ♦❢ ❢♦❝✉✆ ❛♥❞ ♠♦✆t ♦❢ t❤❡ r❛❞✐❛t✐♦♥ r❡❛❝❤❡✆ t❤❡ ❞❡t❡❝t♦r✳ ✠❤✐✆

♠❡❛♥✆ ❛ ♠✉❝❤ ❧❛r❣❡r ❛r❡❛ ✐✆ ✆❛♠♣❧❡❞ ❛♥❞ ❧❡✆✆ ❧✐❣❤t ❧♦✆t ❞✉❡ t♦ ✆♣❛t✐❛❧ ☞❧t❡r✐♥❣✳ ✟❡♥❝❡✱ ✆❝❛♥♥✐♥❣

♠✐❣❤t ♥♦t ❜❡ r❡q✉✐r❡❞✱ ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ❤♦♠♦❣❡♥❡✐t② ♦❢ t❤❡ ♠✉❝♦✆❛ ❛♥❞ ✐t✆ ✆❛♠♣❧❡❞ ✈♦❧✉♠❡✳

✠❤✐✆ ✇✐❧❧ ❜❡ ✐♥✈❡✆t✐❣❛t❡❞ ❧❛t❡r✳ ☛♥ t❤❡ ♦t❤❡r ❤❛♥❞ t❤❡ r❡✆♦❧✉t✐♦♥ ✐✆ ❣r❡❛t❧② r❡❞✉❝❡❞✱ ❜✉t t❤✐✆ ✐✆

♥♦t ♦❢ ✐♠♣♦rt❛♥❝❡ ❤❡r❡ ❛✆ ♥♦ ✐♠❛❣❡ ✐✆ r❡q✉✐r❡❞✱ r❛t❤❡r ❛ ✆✐♥❣❧❡ ♠❡❛✆✉r❡ ❛❜♦✉t t❤❡ ✆❡✈❡r✐t② ♦❢ t❤❡

✐♥✌❛♠♠❛t✐♦♥ ✐✆ ❞❡✆✐r❡❞✳

✠❤❡ r❛❞✐✉✆ ♦❢ t❤❡ ✆t♦♣ ♥❡❡❞❡❞ t♦ r❡❥❡❝t ♠♦✆t ❧✐❣❤t ❢r♦♠ t❤❡ ❡❛r❞r✉♠ ❞❡♣❡♥❞✆ ♦♥ ✆❡✈❡r❛❧ ❢❛❝t♦r✆✳

❋✐r✆t❧②✱ ✐t ♠✉✆t ❜❡ ❜✐❣❣❡r t❤❛♥ t❤❡ ✐❧❧✉♠✐♥❛t❡❞ ❛r❡❛ ♦♥ t❤❡ ❡❛r❞r✉♠ ✐♥ ♦r❞❡r t♦ r❡❥❡❝t ❛❧❧ r❡✌❡❝t✐♦♥✆

❛♥❞ ❞✐r❡❝t❧② ✆❝❛tt❡r❡❞ ❧✐❣❤t✳ ❲❤❡♥ t❤❡ ❡❛r❞r✉♠ ❣❡t✆ t❤✐❝❦❡r✱ t❤❡ ❢♦❝❛❧ ✆♣♦t ✐♥❝r❡❛✆❡✆ ❛❝❝♦r❞✐♥❣ t♦

t❤❡ t❤✐❝❦♥❡✆✆ ❛♥❞ ❜❡❛♠ ❛♣❡rt✉r❡ ❛♥❞ t❤✉✆ t❤❡ ✆t♦♣ r❛❞✐✉✆ ♠✉✆t ❜❡ ✐♥❝r❡❛✆❡❞✳ ❋✐♥❛❧❧②✱ ✐♥❝r❡❛✆❡❞

✆❝❛tt❡r✐♥❣ ❛♥❞ ✐♥❝r❡❛✆❡❞ t❤✐❝❦♥❡✆✆ ✇✐❧❧ r❡✆✉❧t ✐♥ ❧✐❣❤t ❜❡✐♥❣ ✆❝❛tt❡r❡❞ ✐♥✆✐❞❡ t❤❡ ❡❛r❞r✉♠ r❡✆✉❧t✐♥❣

✐♥ ❧✐❣❤t ❜❛❝❦✆❝❛tt❡r❡❞ ❢r♦♠ ♦✉t✆✐❞❡ t❤❡ ❞✐r❡❝t❧② ✐❧❧✉♠✐♥❛t❡❞ ❛r❡❛ ❛♥❞ t❤❡ ✆t♦♣ r❛❞✐✉✆ ♠✉✆t ❜❡

✐♥❝r❡❛✆❡❞ ❢✉rt❤❡r t♦ r❡❥❡❝t t❤❡✆❡ ❝♦♠♣♦♥❡♥t✆ ❛✆ ✇❡❧❧✳ ❇✉t ❛♥ ✐♥❝r❡❛✆❡ ✐♥ t❤❡ ✆t♦♣ r❛❞✐✉✆ r❡✆✉❧t✆ ✐♥

❛ ❞❡❝r❡❛✆❡ ♦❢ ❞❡t❡❝t❡❞ ✆✐❣♥❛❧ ❢r♦♠ t❤❡ ♠✉❝♦✆❛✳ ✍ ❝♦♠♣r♦♠✐✆❡ ❜❡t✇❡❡♥ ❞❡t❡❝t✐♦♥ ♦❢ ✆✐❣♥❛❧ ❢r♦♠ t❤❡

♠✉❝♦✆❛ ❛♥❞ r❡❥❡❝t✐♦♥ ♦❢ ✆✐❣♥❛❧ ❢r♦♠ t❤❡ ❡❛r❞r✉♠ ♠✉✆t ❜❡ ❢♦✉♥❞✳ ✠❤✐✆ ✇✐❧❧ ❜❡ ✐♥✈❡✆t✐❣❛t❡❞ ✐♥ t❤❡

❢♦❧❧♦✇✐♥❣ ✆❡❝t✐♦♥✳

✡♠❛❣✐♥❣ ✐♥✆✐❞❡ t❤❡ ❡❛r ✐✆ r❡✆tr✐❝t❡❞ t♦ ❛ ✆♠❛❧❧ ✎✍ ♦❢ ✵✳✵✽ ❜② t❤❡ ✆♣❡❝✉❧✉♠ ❛✆ ✐❧❧✉✆tr❛t❡❞ ✐♥

❋✐❣✉r❡ ✹✳✸✳ ✠❤✐✆ ❤❛✆ t❤❡ ❞✐✆❛❞✈❛♥t❛❣❡ ♦❢ r❡✆tr✐❝t✐♥❣ t❤❡ ❞❡t❡❝t❛❜❧❡ ❧✐❣❤t✳ ☛♥ t❤❡ ♦t❤❡r ❤❛♥❞ ✐t ❛❝t✆

❛✆ ❛♥ ❛♣❡rt✉r❡ r❡❥❡❝t✐♥❣ ❧✐❣❤t t❤❛t ✇❛✆ ✆❝❛tt❡r❡❞ ❢❛r ✐♥✆✐❞❡ t❤❡ ❡❛r ❛♥❞ ✆❛♠♣❧❡❞ ♦t❤❡r ✆tr✉❝t✉r❡✆

✆✉❝❤ ❛✆ ❡❛r ❝❛♥❛❧ ❛♥❞ ♦✆✆✐❝❧❡✆ t❤❛t ❛r❡ ♥♦t ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ♠♦❞❡❧✳ ✠❤❡✆❡ ✆tr✉❝t✉r❡✆ ♣♦✆❡ ♦t❤❡r

❜❛❝❦❣r♦✉♥❞ ✆♦✉r❝❡✆ t❤❛t ❝❛♥♥♦t ❜❡ r❡❥❡❝t❡❞ ❜② t❤❡ ❛♥t✐✝❝♦♥❢♦❝❛❧ ✆t♦♣✳ ❇✉t ❛✆ t❤❡② ❛r❡ r❡❥❡❝t❡❞

❜② t❤❡ ✆♠❛❧❧ ✆♣❡❝✉❧✉♠ ❛♣❡rt✉r❡ t❤❡ ✆✐♠♣❧✐☞❡❞ ♠♦❞❡❧ ♦❢ t❤❡ ♠✐❞❞❧❡ ❡❛r ❝♦♠♣♦✆❡❞ ♦❢ ♠✉❝♦✆❛ ❛♥❞
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❡❛☎❞☎✉♠ ♦✆❧② ✐s ✈❛❧✐❞✳

✝✞✸ ✟✠✡☛☞✌t✠✍♥ ✎✏t❤✍✑✒

✓✔❡ ❛✆✕✐✖❝♦✆❢♦❝❛❧ s②s✕❡♠ ❛✆❞ ✕✔❡ ♠✐❞❞❧❡ ❡❛☎ ❛☎❡ s✐♠✉❧❛✕❡❞ ✉s✐✆❣ ✗✘✓▲✘✙ ✐✆ ♦☎❞❡☎ ✕♦ ❛❧❧♦✇

♣☎❡❞✐❝✕✐♦✆ ♦❢ ✐✕s ♣❡☎❢♦☎♠❛✆❝❡ ❛✆❞ ✐✆✈❡s✕✐❣❛✕❡ ✕✔❡ s②s✕❡♠ ✐✕s❡❧❢✳ ❋✐☎s✕✱ ✗♦✆✕❡ ✚❛☎❧♦ ✗❡✕✔♦❞s ❢♦☎

❧✐❣✔✕ ♣☎♦♣❛❣❛✕✐♦✆ ✐✆ ✕✐ss✉❡s ❛✆❞ ✕✔❡✆ ✕✔❡ ❣❡♦♠❡✕☎✐❝❛❧ ♦♣✕✐❝s ❝♦❞❡ ✉s❡❞ ✕♦ ♣☎♦♣❛❣❛✕❡ ✕✔❡ ♣✔♦✕♦✆s

✐✆s✐❞❡ ✕✔❡ ♦♣✕✐❝❛❧ s②s✕❡♠ ❛☎❡ ❡①♣❧❛✐✆❡❞ ❛✆❞ ✕❡s✕❡❞✱ ✕✔❡✆ ✕✔❡ s✐♠✉❧❛✕❡❞ ❣❡♦♠❡✕☎②✱ ❛✆❞ ✛✆❛❧❧② ✕✔❡

s✐♠✉❧❛✕✐♦✆ ☎❡s✉❧✕s ❛☎❡ ♣☎❡s❡✆✕❡❞✳

✜✢✣✢✶ ✤✥✦✧★ ✩✪r✫✥ ✤★✧✬✥✭

✗♦✆✕❡ ✚❛☎❧♦ ✗❡✕✔♦❞s ❛☎❡ ✇✐❞❡❧② ✉s❡❞ ✐✆ ✕✐ss✉❡ ✐♠❛❣✐✆❣ ✕♦ s✐♠✉❧❛✕❡ ❧✐❣✔✕ ♣☎♦♣❛❣❛✕✐♦✆ ✐✆s✐❞❡ ❛

✕✐ss✉❡ ✇✐✕✔ ❣✐✈❡✆ ♦♣✕✐❝❛❧ ♣❛☎❛♠❡✕❡☎s ✮❛✯s♦☎♣✕✐♦✆ ❛✆❞ s❝❛✕✕❡☎✐✆❣ ❝♦❡✰❝✐❡✆✕✱ s❝❛✕✕❡☎✐✆❣ ❛✆✐s♦✕☎♦♣②✱

❛✆❞ ☎❡❢☎❛❝✕✐✈❡ ✐✆❞❡①✴✳ ✵✐✆❣❧❡ ☎❛✆❞♦♠ ♣❛✕✔s ♦❢ ♣✔♦✕♦✆s ❛☎❡ s✐♠✉❧❛✕❡❞ ✐✆s✐❞❡ ✕✔❡ ✕✐ss✉❡✱ ✇✐✕✔ ✕✔❡s❡

♣❛✕✔s ✕✔❡✆ ❝♦♠✯✐✆❡❞ ✕♦ ❣✐✈❡ ❛✆ ❛♣♣☎♦①✐♠❛✕✐♦✆ ♦❢ ❧✐❣✔✕ ♣☎♦♣❛❣❛✕✐♦✆ ✐✆ ✕✔❡ ✕✐ss✉❡✳ ✓✔❡ ♠♦☎❡ ♣✔♦✕♦✆

♣❛✕✔s s✐♠✉❧❛✕❡❞ ✕✔❡ ♠♦☎❡ ❛❝❝✉☎❛✕❡ ✕✔❡ s✐♠✉❧❛✕✐♦✆ ❣❡✕s✳

✗♦✆✕❡ ✚❛☎❧♦ s✐♠✉❧❛✕✐♦✆s ❛☎❡ ❞❡s❝☎✐✯❡❞ ✐✆ ❞❡✕❛✐❧ ❡❧s❡✇✔❡☎❡ ❬✷✹✻✱✷✹✼✾✱ ✇✐✕✔ ❡①❛♠♣❧❡ ❝♦❞❡ ❛✈❛✐❧❛✯❧❡

♦✆❧✐✆❡ ❬✷✹✿✾ ❛✆❞ ❛ ✯❛s✐❝ s✕☎✉❝✕✉☎❡ ♦❢ ✕✔❡ ❝♦❞❡ ✐s s✔♦✇✆ ✐✆ ❋✐❣✉☎❡ ✼✳❀✳ ✓✔❡ s✕❡♣s ♦❢ ✕✔❡ s✐♠✉❧❛✕✐♦✆

♦❢ ❛ s✐✆❣❧❡ ♣✔♦✕♦✆ ♣❛✕✔ ❛☎❡❁

❂✳ ❋✐☎s✕ ✕✔❡ ♣✔♦✕♦✆ ✐s ❃❄❅❇❉●❏❑ ✐✆✕♦ ✕✔❡ ✕✐ss✉❡✳ ✓✔❡ ✐✆❝✐❞❡✆✕ ♣♦s✐✕✐♦✆ ✐s ☎❛✆❞♦♠❧② ❝✔♦s❡✆

✐✆s✐❞❡ ✕✔❡ ✐❧❧✉♠✐✆❛✕❡❞ ❛☎❡❛ ❛✆❞ ✕✔❡ ❞✐☎❡❝✕✐♦✆ ✐s ❣✐✈❡✆ ✯② ✕✔❡ ✐❧❧✉♠✐✆❛✕✐♦✆ s②s✕❡♠ ✮❢♦❝✉s✱

✯❡❛♠ ♣☎♦✛❧❡✱ ❡✕❝✳✴ ❛✆❞ ✕✔❡ ✇❡✐❣✔✕ P ♦❢ ✕✔❡ ♣✔♦✕♦✆ ☎❡♣☎❡s❡✆✕✐✆❣ ✐✕s ♣♦✇❡☎ ✐s ❣✐✈❡✆ ✯② ❂✳

✷✳ ✓✔❡ ♣✔♦✕♦✆ ◗❯❱◗❄❲❄❳❏❩ ❛ ☎❛✆❞♦♠ ❞✐s✕❛✆❝❡ ❭ ✐✆s✐❞❡ ✕✔❡ ✕✐ss✉❡ ❛❝❝♦☎❞✐✆❣ ✕♦ ❛✆ ❡①♣♦✆❡✆✕✐❛❧

❢✉✆❝✕✐♦✆ ❛✆❞ ✕✔❡ ♠❡❛✆ ❢☎❡❡ ♣❛✕✔ ❪❫❴✳ ✓✔❡ ❞✐s✕❛✆❝❡ ✐✆ ✕✔❡ ❝♦❞❡ ✐s ❣✐✈❡✆ ✯②

❭ ❵ ❜ ❧♦❣✮❥✴ ❦ ❪❫❴ ❵
❜ ❧♦❣✮❥✴

q③
✮✼✳❂✴

✇✔❡☎❡ ❥ ✐s ❛ ☎❛✆❞♦♠ ✈❛☎✐❛✯❧❡ ❞✐s✕☎✐✯✉✕❡❞ ✯❡✕✇❡❡✆ ✹ ❛✆❞ ❂✳

❀✳ ✘✕ ✕✔❡ ✆❡✇ ♣♦s✐✕✐♦✆ ❛✆ ④❇❳❏❯❄❉❳④❱❇ ✇✐✕✔ ✕✔❡ ✕✐ss✉❡ ♦❝❝✉☎s✱ s♦♠❡ ♦❢ ✕✔❡ ❡✆❡☎❣② ✐s ❄⑤❩❱❯⑤❏❑

❛✆❞ ✕✔❡ ✇❡✐❣✔✕ ♦❢ ✕✔❡ ♣✔♦✕♦✆ ☎❡❞✉❝❡❞ ❛❝❝♦☎❞✐✆❣ ✕♦ ✕✔❡ ❛❧✯❡❞♦ ⑥

P⑦⑧⑨ ❵ P⑩❶❷ ❦ ✮❂ ❜ ⑥✴ ❵ P⑩❶❷ ❦ ✮❂ ❜
q❸
q③
✴ ✮✼✳✷✴

❛✆❞ ✕✔❡ ♣✔♦✕♦✆ ✐s ❩❉❄❳❳❏❯❏❑✳ ✓✔❡ ✆❡✇ ♣☎♦♣❛❣❛✕✐♦✆ ❞✐☎❡❝✕✐♦✆ ✐s ❣✐✈❡✆ ✯② ✕✇♦ ☎❛✆❞♦♠ ✈❛☎✐✖

❛✯❧❡s✱ ♦✆❡ ❞❡✕❡☎♠✐✆✐✆❣ ✕✔❡ ❞❡❹❡❝✕✐♦✆ ❛✆❣❧❡ ❺ ✮❛✆❣❧❡ ✕♦ ✕✔❡ ♦☎✐❣✐✆❛❧ ♣☎♦♣❛❣❛✕✐♦✆ ❞✐☎❡❝✕✐♦✆✴
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❛✆✆♦✝❞✐♥❣ t♦ t❤❡ ✞❡♥②❡② ●✝❡❡♥st❡✐♥ ❢✉♥✆t✐♦♥

✆♦s✭✣✮ ❂
✶

✷✟

✥

✶ ✰ ✟
✠
✡

✒
✶ ✡ ✟✠

✶ ✡ ✟ ✰ ✷✟✘✮

✓✠
✦

✭☛☞✸✮

❛♥❞ t❤❡ s❡✆♦♥❞ ♦♥❡ ❞❡t❡✝♠✐♥✐♥❣ t❤❡ ❛✌✐♠✉t❤❛✍ ❛♥❣✍❡ ✎ ✭✝♦t❛t✐♦♥ ❛✝♦✉♥❞ t❤❡ ♦✝✐❣✐♥❛✍ ♣✝♦♣❛✏

❣❛t✐♦♥ ❞✐✝❡✆t✐♦♥✮ ❛✆✆♦✝❞✐♥❣ t♦

✎ ❂ ✘✷✙ ✭☛☞✹✮

✹☞ ✑❢ t❤❡ ✇❡✐❣❤t ♦❢ t❤❡ ♣❤♦t♦♥ ✐s t♦ s♠❛✍✍ t♦ ❤❛✈❡ ❛ s✐❣♥✐✔✆❛♥t ❡✕❡✆t ♦♥ t❤❡ ✔♥❛✍ ✝❡s✉✍t ✭❢♦✝

❡①❛♠♣✍❡ ✖ ❁ ✵✿✵✵✶ ❛s ✉s❡❞ ❤❡✝❡✮ ✐t ✐s ❡✐t❤❡✝ ❡✍✐♠✐♥❛t❡❞ ♦✝ ✐ts ✇❡✐❣❤t ✐♥✆✝❡❛s❡❞☞ ✗❤❡ ✝❡✍❛t✐♦♥

♦❢ ✚❧✛✜✛✢✤✧✛★✢ ❛♥❞ ✐♥✆✝❡❛s❡ ♦❢ ✇❡✐❣❤t ❦❡❡♣s t❤❡ t♦t❛✍ ♣♦✇❡✝ ✐♥ ❜❛✍❛♥✆❡✱ ❛s ☎ ✐♥ ✶✵ ♣❤♦t♦♥s

❛✝❡ ❡✍✐♠✐♥❛t❡❞ ❛♥❞ t❤❡ ✇❡✐❣❤t ♦❢ ♦♥❡ ✐♥ ✶✵ ♣❤♦t♦♥s ✐s ✐♥✆✝❡❛s❡❞ ❜② ❛ ❢❛✆t♦✝ ♦❢ ✶✵☞

☛☞ ❲❤❡♥ t❤❡ ♣❤♦t♦♥ st❡♣ s✐✌❡ ✐s ❜✐❣ ❡♥♦✉❣❤ t♦ ♣❛ss ❛♥ ✛✢✧✚r✩✤✪✚ ❜❡t✇❡❡♥ t✇♦ ✍❛②❡✝s t❤❡ ♣❤♦t♦♥ ✐s

♠♦✈❡❞ ❛ ✝❡❞✉✆❡❞ ❞✐st❛♥✆❡ t♦ t❤❡ ✐♥t❡✝❢❛✆❡ ❛♥❞ ♥♦ s✆❛tt❡✝✐♥❣ ♦✝ ❛❜s♦✝♣t✐♦♥ ♦✆✆✉✝s☞ ✫✆✆♦✝❞✐♥❣

t♦ t❤❡ ✝❡✬❡✆t✐♦♥ ✝❛t✐♦ ❣✐✈❡♥ ❜② t❤❡ ❋✝❡s♥❡✍ ❢♦✝♠✉✍❛✱ t❤❡ ✝❡❢✝❛✆t✐✈❡ ✐♥❞✐✆❡s ♦❢ t❤❡ ♠❡❞✐❛ ✯✳ ❛♥❞

✯✠✱ ❛♥❞ t❤❡ ✐♥✆✐❞❡♥t ❛♥❣✍❡ ✣✴

✻ ❂ ✵✿☛ ✼

✒
s✐♥✭✣✴ ✡ ✣✾✮

✠

s✐♥✭✣✴ ✰ ✣✾✮
✠
✰
t❛♥✭✣✴ ✡ ✣✾✮

✠

t❛♥✭✣✴ ✰ ✣✾✮
✠

✓

✭☛☞☛✮

✇✐t❤ t❤❡ t✝❛♥s♠✐ss✐♦♥ ❛♥❣✍❡ ✣✾ ✆❛✍✆✉✍❛t❡❞ ❜② s✐♥✭✣✾✮ ❂ s✐♥✭✣✴✮ ✼
❀❃
❀❄
☞ ✗❤❡ ♣❤♦t♦♥ ✐s ❡✐t❤❡✝

✝❡✬❡✆t❡❞ ♦✝ t✝❛♥s♠✐tt❡❞✱ ❛❣❛✐♥ ❞❡t❡✝♠✐♥❡❞ ❜② ❛ ✝❛♥❞♦♠ ✈❛✝✐❛❜✍❡☞ ✑❢ r✚❅✚✪✧✚❇✱ t❤❡ ♣❤♦t♦♥

♠♦✈❡s t❤❡ ✝❡♠❛✐♥✐♥❣ ❞✐st❛♥✆❡ ❜❛✆❦✇❛✝❞ ✐♥ ✝❡✬❡✆t✐♦♥ ❞✐✝❡✆t✐♦♥❉ ✐❢ ✧r✤✢❏✜✛✧✧✚❇ t❤❡ ❞✐✝❡✆t✐♦♥

✐s ✆❤❛♥❣❡❞ ❛✆✆♦✝❞✐♥❣ t♦ ✝❡❢✝❛✆t✐♦♥ ❛♥❞ t❤❡ ✝❡♠❛✐♥✐♥❣ ❞✐st❛♥✆❡ s✆❛✍❡❞ ❛✆✆♦✝❞✐♥❣ t♦ t❤❡ ❑❋P

✐♥ t❤❡ ♥❡✇ ✍❛②❡✝☞

▲☞ ✗❤❡ s✐♠✉✍❛t✐♦♥ ♦❢ ♦♥❡ ✍✐❣❤t ♣❛t❤ ✐s ❡♥❞❡❞ ✇❤❡♥ t❤❡ ♣❤♦t♦♥s ✇❡✐❣❤t ✐s t♦♦ ✍♦✇ ♦✝ t❤❡ ♣❤♦t♦♥

✚◗✛✧❏ t❤❡ ♠❡❞✐✉♠ ❛♥❞ ✐s ✔♥❛✍ ✇❡✐❣❤t✱ ❡①✐t ♣♦s✐t✐♦♥✱ ❞✐✝❡✆t✐♦♥✱ ❛♥❞ ♣❛t❤ ✐♥s✐❞❡ t❤❡ ♠❡❞✐✉♠

❛✝❡ ✝❡✆♦✝❞❡❞ ❢♦✝ ❢✉✝t❤❡✝ ♣✝♦✆❡ss✐♥❣☞

✑♥ t❤❡ ✝❡♣♦✝t❡❞ ✆♦❞❡ ❬✷✵▲❯ s✆❛tt❡✝✐♥❣ ❛♥❞ ❛❜s♦✝♣t✐♦♥ ♦✆✆✉✝ ♦♥ ❡✈❡✝② ✐♥t❡✝❛✆t✐♦♥ ✇✐t❤ t❤❡ ♠❛t❡✏

✝✐❛✍☞ ✗❤❡ ❛❜s♦✝♣t✐♦♥ ✐s s✆❛✍❡❞ ❜② t❤❡ ❛✍❜❡❞♦ ❱ ❂
❳❩
❳❭
❣✐✈✐♥❣ t❤❡ ✝❡✍❛t✐♦♥ ♦❢ ❛❜s♦✝♣t✐♦♥ t♦ ❛tt❡♥✉❛t✐♦♥

✆♦❡❪✆✐❡♥t ❜✉t t❤❡ s✆❛tt❡✝✐♥❣ ✐s ♥♦t s✆❛✍❡❞☞ ✗❤✐s ✝❡s✉✍ts ✐♥ ❛ ❞❡♣❡♥❞❡♥✆❡ ♦❢ t❤❡ ♥✉♠❜❡✝ ♦❢ s✆❛tt❡✝✐♥❣

❡✈❡♥ts ♦♥ t❤❡ ❛❜s♦✝♣t✐♦♥ ✆♦❡❪✆✐❡♥t ✇❤✐✆❤ ✐s ♥♦t ❣✐✈❡♥ ✐♥ t❤✐s ❢♦✝♠ ✐♥ ✝❡❛✍✐t②☞ ✑♥✆✝❡❛s❡❞ ❛❜s♦✝♣t✐♦♥

♦❢ t❤❡ ♠❛t❡✝✐❛✍ ✝❡s✉✍ts ✐♥ s❤♦✝t❡✝ ✍✐❣❤t ♣❛t❤s ❛♥❞ t❤✐s ✐s ✆♦♥s✐❞❡✝❡❞ ❜② t❤❡ ✇❡✐❣❤t ♦❢ t❤❡ ♣❤♦t♦♥s☞

✗❤❡ ♦✝✐❣✐♥❛✍ ❢♦✝♠ ♦❢ t❤❡ ✆♦❞❡ ✇♦✉✍❞ ✐♥✆✝❡❛s❡ t❤❡ ♥✉♠❜❡✝ ♦❢ s✆❛tt❡✝✐♥❣ ❡✈❡♥ts ✐♥ t❤✐s ✍✐❣❤t ♣❛t❤

❛s t❤❡ ♥✉♠❜❡✝ ♦❢ ✐♥t❡✝❛✆t✐♦♥s ✐s ✐♥✆✝❡❛s❡❞✱ ❡✈❡♥ t❤♦✉❣❤ t❤❡ ♥✉♠❜❡✝ ♦❢ s✆❛tt❡✝✐♥❣ ❡✈❡♥ts s❤♦✉✍❞

❜❡ ✆♦♥st❛♥t ❞✉✝✐♥❣ t❤❡ s❛♠❡ ♣✝♦♣❛❣❛t✐♦♥ ❞✐st❛♥✆❡☞ ✗❤✐s ✐s ✆♦✝✝❡✆t❡❞ ✐♥ t❤✐s ✆♦❞❡ ❜② ✐♥t✝♦❞✉✆✐♥❣
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RefractionReflection Scattering Absorption

Interface Interaction

Propagation

Save Data

Outside medium or weight negligible?

Launch

No

Yes

Dependent on NA 

and source

Random, Lambertian 

Surface

according to 

refractive indices

Random, Henyey-

Greenstein function

Reducing 

photon weight

Random according 

to mean free path

According to albedoRandom according to 

refractive indices

❋✐❣✆r❡ ✝✞✸✟ ✠tr✆❝t✆r❡ ♦✡ t❤❡ ☛♦☞t❡ ✌❛r❧♦ ❝♦❞❡✞

s❝❛tt❡r✐☞❣ ♦☞❧② ✐☞ s♦✍❡ ♦✡ t❤❡ ✐☞t❡r❛❝t✐♦☞s ❛❝❝♦r❞✐☞❣ t♦ t❤❡ r❡❧❛t✐♦☞ ♦✡ s❝❛tt❡r✐☞❣ t♦ ❛tt❡☞✆❛t✐♦☞

❝♦❡✎❝✐❡☞t ❛☞❞ ✆s✐☞❣ ❛ r❛☞❞♦✍ ☞✆✍❜❡r ✭s❝❛tt❡r ♦☞❧② ✐✡ ✘ ❃ ✏✮✞

✑☞♦t❤❡r ❝❤❛☞❣❡ ♦✡ t❤❡ ❝♦❞❡ ✐s t♦ r❡♣❧❛❝❡ t❤❡ s♣❡❝✆❧❛r r❡✒❡❝t✐♦☞ ❛t ✐☞t❡r✡❛❝❡s ❜② ❞✐✓✆s❡ r❡✒❡❝t✐♦☞✞

▲❛✍❜❡rt✐❛☞ r❡✒❡❝t✐♦☞ ✐s ✐✍♣❧❡✍❡☞t❡❞ ❛s ❡①♣❧❛✐☞❡❞ ✐☞ ✑♣♣❡☞❞✐① ❇ ✇✐t❤ ❛☞ ♦♣t✐♦☞ t♦ ❝♦✍❜✐☞❡ ❜♦t❤

s♣❡❝✆❧❛r ❛☞❞ ▲❛✍❜❡rt✐❛☞ r❡✒❡❝t✐♦☞✞ ❋✆rt❤❡r✱ t❤❡ t✐✍❡ ❝♦☞s✆✍✐☞❣ s✐✍✆❧❛t✐♦☞ ♦✡ s❝❛tt❡r✐☞❣ ✐☞s✐❞❡

t❤❡ ✍✆❝♦s❛ ✐s r❡♣❧❛❝❡❞ ❜② ❛ ✍♦❞❡❧ ❣✐✈✐☞❣ t❤❡ ❡①✐t ❛☞❣❧❡ ❛☞❞ ❡①✐t r❛❞✐✆s ♦✡ ♣❤♦t♦☞s ❞✐r❡❝t❧②✞ ✔❤✐s

✍♦❞❡❧ ✐s ❡①♣❧❛✐☞❡❞ ❛☞❞ t❡st❡❞ ✐☞ ✑♣♣❡☞❞✐① ❇ ❛☞❞ ✆s❡❞ ✐☞ t❤✐s ❝❤❛♣t❡r ❜✆t ☞♦t ✐☞ ✠❡❝t✐♦☞ ✻ ✇❤✐❝❤

✐s ❜❛s❡❞ ♦☞ ✇❤✐t❡ ☛♦☞t❡ ✌❛r❧♦ s✐✍✆❧❛t✐♦☞s ❡①♣❧❛✐☞❡❞ ❜❡❧♦✇✞

✕✳✖✳✷ ❲✗✙✚✛ ✜✢♥✚✛ ✣✤✥✦✢

☛♦☞t❡ ✌❛r❧♦ s✐✍✆❧❛t✐♦☞s ❛r❡ t✐✍❡ ❝♦☞s✆✍✐☞❣✱ ❡s♣❡❝✐❛❧❧② ✇❤❡☞ t❤❡ s❛✍❡ ❣❡♦✍❡tr② ✐s s✐✍✆❧❛t❡❞ ✇❤✐❧❡

❝❤❛☞❣✐☞❣ s❝❛tt❡r✐☞❣ ❛☞❞ ❛❜s♦r♣t✐♦☞ ❝♦❡✎❝✐❡☞t✞ ✬✧❤✐t❡ ☛♦☞t❡ ✌❛r❧♦✬ ❝♦❞❡s tr② t♦ s♦❧✈❡ t❤✐s ♣r♦❜❧❡✍

❜② ♣❡r✡♦r✍✐☞❣ ❛ ❜❛s❡ s✐✍✆❧❛t✐♦☞ ❛☞❞ t❤❡☞ s❝❛❧✐☞❣ t❤❡ r❡s✆❧ts ❛❝❝♦r❞✐☞❣ t♦ t❤❡ ☞❡✇ s❝❛tt❡r✐☞❣ ❛☞❞

❛❜s♦r♣t✐♦☞ ❝♦❡✎❝✐❡☞t✞ ✑❧❡rst❛✍ ❬★☎✩✪ ✐☞tr♦❞✆❝❡s ❛ ❝♦❞❡ ✡♦r ✍♦❞❡❧❧✐☞❣ s✐☞❣❧❡ ❧❛②❡r❡❞ t✐ss✆❡ ❛☞❞

▲✐✆ ❬★☎✫✪ ✐☞tr♦❞✆❝❡s ❛ ❝♦❞❡ t❤❛t ❝❛☞ ❜❡ ✆s❡❞ ✡♦r t❤❡ s❝❛❧✐☞❣ ♦✡ ✍✆❧t✐♣❧❡ ❧❛②❡rs✞ ✯♦☞❡ ♦✡ t❤❡ ❝♦❞❡s

✐s ❛❜❧❡ t♦ s❝❛❧❡ t❤❡ s❝❛tt❡r✐☞❣ ❛☞✐s♦tr♦♣②✞

✔❤❡ ❝♦❞❡s ❛r❡ ❡①♣❧❛✐☞❡❞ ✰rst ❛☞❞ t❤❡☞ ❝♦✍♣❛r❡❞ t♦ ☞♦r✍❛❧ ☛♦☞t❡ ✌❛r❧♦ s✐✍✆❧❛t✐♦☞ r❡s✆❧ts t♦

❡☞s✆r❡ ❝♦rr❡❝t ✐✍♣❧❡✍❡☞t❛t✐♦☞✞ ✔❤❡ ✇❤✐t❡ ☛♦☞t❡ ✌❛r❧♦ ❝♦❞❡ ✇✐❧❧ ❜❡ ✆s❡❞ t♦ s✐✍✆❧❛t❡ t❤❡ s♣❡❝tr❛❧

r❡✒❡❝t❛☞❝❡ ♦✡ t❤❡ ✍✆❝♦s❛ ❞❡♣❡☞❞❡☞t ♦☞ ❜❧♦♦❞ ❝♦☞t❡☞t ♣r❡s❡☞t❡❞ ✐☞ t❤❡ ☞❡①t ❝❤❛♣t❡r✱ ✇❤✐❧❡ t❤❡

☞♦r✍❛❧ ☛♦☞t❡ ✌❛r❧♦ ❝♦❞❡ ✐s ✆s❡❞ ✐☞ t❤✐s ❝❤❛♣t❡r ❛☞❛❧②s✐☞❣ t❤❡ ❛☞t✐✴❝♦☞✡♦❝❛❧ s②st❡✍✞
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✆✐♥❣✝❡ ▲❛②❡r

✞❤✟ ❝♦❞✟ ✠✡t☛♦❞✉❝✟❞ ✠✡ ❬✷☞✌✍ ✠s ✎✏✏❧✠❝✎✑❧✟ ❢♦☛ ✎ s✠✡✒❧✟ ❧✎✓✟☛✟❞ ♠✟❞✠✉♠ ✔❧❧✠✡✒ ✎ ❤✎❧❢ s✏✎❝✟✳ ✞❤✟

✕♦✡t✟ ✖✎☛❧♦ ❝♦❞✟ ✠s s✠♠✠❧✎☛ t♦ ✎ ✡♦☛♠✎❧ ✕♦✡t✟ ✖✎☛❧♦ ❝♦❞✟✱ ✟①❝✟✏t ❢♦☛ t❤✟ ❢♦❧❧♦✇✠✡✒ ❝❤✎✡✒✟s✿

✗ ✞❤✟ t✠ss✉✟ ✠s s✠♠✉❧✎t✟❞ ✘✐✙✚✛✜✙ ❛♥② ❛✢✣✛r♣✙✐✛♥ ✭✤✥ ❂ ☞✵ ✎✡❞ ✎ ✢❛✣❡ ✣✦❛✙✙❡r✐♥❣ ✦✛✧

❡★✦✐❡♥✙ ✤✩✪✫ ✭✎ ♠✎①✠♠✉♠ ✟①✏✟❝t✟❞ s❝✎tt✟☛✠✡✒ ❝♦✟✬❝✠✟✡t ✠s ✉s✟❞ ✠✡ ❬✷☞✌✍ ✑✉t t❤✠s ✠s ✡♦t

✡✟❝✟ss✎☛✓✱ ✎✡✓ ✈✎❧✉✟ ❝✎✡ ✑✟ ✉s✟❞✵✳

✗ ✞❤✟ ✣✙❡♣ ✣✐③❡ ♦❢ ✎ ✏❤♦t♦✡ ✠s ❝❤♦s✟✡ ✎❝❝♦☛❞✠✡✒ t♦ t❤✟ s❝✎tt✟☛✠✡✒ ❝♦✟✬❝✠✟✡t ☛✎t❤✟☛ t❤✎✡ t❤✟

✎tt✟✡✉✎t✠♦✡ ❝♦✟✬❝✠✟✡t ✮ ❂
✯ ✰✴✶✸✹
✻✼✽❀

✎s ✡♦ ✎✑s♦☛✏t✠♦✡ ✠s ✠✡❝❧✉❞✟❞✳

✗ ❁ ✏❤♦t♦✡ ✠s ❡✝✐❃✐♥❛✙❡❄ ✎❢t✟☛ ✠t t☛✎✈✟❧❧✟❞ ✎ ✏☛✟❞✟✔✡✟❞ ❞✠st✎✡❝✟ ✠✡st✟✎❞ ♦❢ ❝✎❧❝✉❧✎t✠✡✒ ✠ts

✇✟✠✒❤t✳ ✞❤✠s ✠s ✎ s♦✉☛❝✟ ♦❢ ✟☛☛♦☛ ✎s t❤✟ ✏♦✇✟☛ ♦❢ t❤✟ ✟❧✠♠✠✡✎t✟❞ ✏❤♦t♦✡ ✒✟ts ❧♦st✳ ❅✡ ✡♦☛♠✎❧

✕♦✡t✟ ✖✎☛❧♦ ❝♦❞✟ ✎ ✏☛♦✏♦☛t✠♦✡ ♦❢ t❤✟ ✏❤♦t♦✡s ✎☛✟ ❦✟✏t ✎❧✠✈✟ ✎✡❞ t❤✟✠☛ ✇✟✠✒❤t ♠✉❧t✠✏❧✠✟❞ ✑✓

t❤✟ ✏☛♦✑✎✑✠❧✠t✓ t♦ ✑✟ ✟❧✠♠✠✡✎t✟❞ ✎✡❞ t❤✉s t❤✟ t♦t✎❧ ✏♦✇✟☛ ✠s ❦✟✏t ❝♦✡st✎✡t✳ ❇✉t ✠❢ t❤✟ ✏✎t❤

❧✟✡✒t❤ ✠s ❝❤♦s✟✡ t♦ ✑✟ ❧♦✡✒ ✟✡♦✉✒❤✱ t❤✠s ✟☛☛♦☛ ✠s ✡✟✒❧✠✒✠✑❧✟✳

✞❤✟ s✠♠✉❧✎t✠♦✡ ☛✟s✉❧ts ✎☛✟ t❤✟✡ s❝✎❧✟❞ t♦ ✔t t❤✟ t✠ss✉✟ ✏☛♦✏✟☛t✠✟s✳ ❉✠♠✟✡s✠♦✡s ❋ ✭✏✎t❤ ❧✟✡✒t❤✱

✟①✠t ❞✠st✎✡❝✟ ♦❢ ✎ ✏❤♦t♦✡ ❢☛♦♠ t❤✟ ✠✡❝✠❞✟✡t ✏♦✠✡t✱ ✳✳✳✵ ✎☛✟ s❝✎❧✟❞ ✎❝❝♦☛❞✠✡✒ t♦

❋ ❂ ❋● ❏
✤❑P●

✤❑
✭◗✳❯✵

✇❤✟☛✟ ❋ ✠s t❤✟ ✡✟✇ ❞✠♠✟✡s✠♦✡ ✠✡ t❤✟ ♠✟❞✠✉♠ ✇✠t❤ s❝✎tt✟☛✠✡✒ ❝♦✟✬❝✠✟✡t ✤❑ ✎✡❞ ❋● ✠s t❤✟ ❞✠st✎✡❝✟

☛✟s✉❧t✠✡✒ ❢☛♦♠ t❤✟ s✠♠✉❧✎t✠♦✡ ✇✠t❤ ☛✎✡❞♦♠❧✓ ❝❤♦s✟✡ s❝✎tt✟☛✠✡✒ ❝♦✟✬❝✠✟✡t ✤❑P●✳ ✞❤✟ ✇✟✠✒❤t ❱ ♦❢ ✎

✏❤♦t♦✡ ✠s s❝✎❧✟❞ ✎❝❝♦☛❞✠✡✒ t♦

❱ ❂ ✟①✏ ✭❲✤✥❳✵ ❂ ✟①✏

❩

❲✤✥❳●
✤❑P●

✤❑

❭

✭◗✳✌✵

✇❤✟☛✟ ❳ ✠s t❤✟ ✏✎t❤ ❧✟✡✒t❤ ♦❢ t❤✟ ✏❤♦t♦✡ ✠✡s✠❞✟ t❤✟ t✠ss✉✟ s❝✎❧✟❞ ✑✓ t❤✟ s❝✎tt✟☛✠✡✒ ❝♦✟✬❝✠✟✡t ✎s

✒✠✈✟✡ ✠✡ ❪q✉✎t✠♦✡ ✭◗✳❯✵✳

❫✜✝✙✐♣✝❡ ▲❛②❡r

❴✠✉ ✟t ✎❧✳ ❬✷☞❵✍ ✭✑✎s✟❞ ♦✡ ❬✷☞✾✍✵ ✟①t✟✡❞ t❤✠s s❝✎❧✠✡✒ t♦ ♠✉❧t✠✏❧✟ ❧✎✓✟☛s ✎✡❞ s✟♠✠❜✠✡✔✡✠t✟ s❧✎✑s✳ ❁✒✎✠✡✱

t❤✟ ❝♦❞✟ ✠s ✑✎s✟❞ ♦✡ ✡♦☛♠✎❧ ✕♦✡t✟ ✖✎☛❧♦ ❝♦❞✟ ✎✡❞ t❤✟ st✟✏ s✠❥✟ ✠s ❞✟t✟☛♠✠✡✟❞ ✎s ✏☛✟✈✠♦✉s❧✓✳ ❇✉t

❤✟☛✟✱ ✎ ✏❤♦t♦✡ ✠s t✟☛♠✠✡✎t✟❞ ✎❢t✟☛ ✎ ✏☛✟❞✟✔✡✟❞ ✎♠♦✉✡t ♦❢ s❝✎tt✟☛✠✡✒ ✟✈✟✡ts ❬✷☞✾✍ ✠✡st✟✎❞ ♦❢ ✉s✠✡✒

t❤✟ ✏✎t❤ ❧✟✡✒t❤✳ ✞❤✟ ✏♦✇✟☛ ♦❢ t❤✟ ✟❧✠♠✠✡✎t✟❞ ✏❤♦t♦✡ ✠s ❧♦st ✎✡❞ t❤✟ s✎♠✟ ✟☛☛♦☛ ✠s ✠✡t☛♦❞✉❝✟❞ ✎s

✏☛✟✈✠♦✉s❧✓✳

❁ ✑✎s✟❧✠✡✟ ♠✟❞✠✉♠ ✇✠t❤ ✎ s✠✡✒❧✟ ❧✎✓✟☛ ✠s s✠♠✉❧✎t✟❞✳ ④✠☛t✉✎❧ ✠✡t✟☛❢✎❝✟s ✎☛✟ t❤✟✡ ✏❧✎❝✟❞ ✠✡s✠❞✟

t❤✟ ♠✟❞✠✉♠ t♦ ✑✉✠❧❞ ✉✏ ✎ ♠✉❧t✠ ❧✎✓✟☛✟❞ t✠ss✉✟✳ ❅✡ ♦☛❞✟☛ t♦ ❞♦ s♦✱ t❤✟ ✏♦s✠t✠♦✡ ♦❢ ✏❤♦t♦✡ ♠✉st
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❜❡ tr❛✆❦❡❞ ♦✈❡r t❤❡ ✇❤♦✝❡ ♠❡❞✐✉♠ t♦ ❜❡ ❛❜✝❡ t♦ ✆❤♦♦✞❡ t❤❡ ♣♦✞✐t✐♦✟✞ ♦✠ ✝❛②❡r ✐✟t❡r✠❛✆❡✞ ✠r❡❡✝②✳

✡❤❡ ♣♦✞✐t✐♦✟ ♦✠ ❡❛✆❤ ♣❤♦t♦✟ ✐✞ ✞❛✈❡❞ ✐✟ ❛ ❣r✐❞ ❛✟❞ t❤❡ ♣♦✞✐t✐♦✟ ♦✠ t❤❡ ♣❤♦t♦✟ ❛t t❤❡ ✐✟t❡r✠❛✆❡

✐✟t❡r♣♦✝❛t❡❞✳ ✡❤✐✞ ✐✟tr♦❞✉✆❡✞ ❛ ✞♠❛✝✝ ❡rr♦r ✭✇❤❡✟ t❤❡ ✝❛②❡r ✞✉r✠❛✆❡ ❞♦❡✞ ✟♦t ✠❛✝✝ ♦✟t♦ ❛ ❣r✐❞☛✝✐✟❡✮

t❤❛t ✆❛✟ ❜❡ ♠✐✟✐♠✐✞❡❞ ✇✐t❤♦✉t ✐✟✆r❡❛✞✐✟❣ t❤❡ ❞❛t❛ ✇❤❡✟ ✉✞✐✟❣ ❛ ✈❛r✐❛❜✝❡ ❣r✐❞ ✞✐③❡✱ ✇✐t❤ ✞♠❛✝✝❡r

❣r✐❞ ✆✝♦✞❡r t♦ t❤❡ ✞✉r✠❛✆❡ ✇❤❡r❡ t❤❡ ✐✟✌✉❡✟✆❡ ♦✠ ❡rr♦r✞ ✐✞ ❜✐❣❣❡r✳

☞✆❛✝✐✟❣ ♦✠ t❤❡ ♣❤♦t♦✟ ✇❡✐❣❤t ✐✞ ❞♦✟❡ ❛✆✆♦r❞✐✟❣ t♦ t❤❡ ✞✆❛tt❡r✐✟❣ ❡✈❡✟t✞ ✍ ✐✟ ❡❛✆❤ ✝❛②❡r ✎ ❛✟❞

t❤❡ ❛tt❡✟✉❛t✐♦✟ ❛✟❞ ✞✆❛tt❡r✐✟❣ ✆♦❡✏✆✐❡✟t

✑ ❂

♥✒

✓✔✕

✖
✗s✘✙

✗✚✘✙

✛✜✢

✭✣✳✽✮

✡❤❡ ❞✐✞t❛✟✆❡✞ ❛r❡ ✞✆❛✝❡❞ ✞❡♣❛r❛t❡✝② ✠♦r ❡❛✆❤ ✝❛②❡r ❛✟❞ t❤❡ ✤✟❛✝ ❞✐✞t❛✟✆❡ ✐✞ ❛ ✞✉♠ ♦✠ tr❛✈❡✝✝❡❞

❞✐✞t❛✟✆❡✞ ✐✟ ❛✝✝ ✝❛②❡r✞✳

✥ ❂

♥❳

✓✔✕

✥✙ ✦
✗✚✘✵

✗✚✘✙
✭✣✳✾✮

✧t ❤❛✞ t♦ ❜❡ ✟♦t❡❞ t❤❛t t❤❡ ❛tt❡✟✉❛t✐♦✟ ✆♦❡✏✆✐❡✟t ✗✚ ✐✞ ✉✞❡❞ ❤❡r❡ ✐✟ ✆♦✟tr❛✞t t♦ t❤❡ ✞✆❛tt❡r✐✟❣

✆♦❡✏✆✐❡✟t ✗s ❛✞ ♣r❡✈✐♦✉✞✝②✳ ❋✉rt❤❡r✱ t❤❡ t❤✐✆❦✟❡✞✞ ★ ♦✠ ❡❛✆❤ ✝❛②❡r ✐✞ ✞✆❛✝❡❞ ❛✆✆♦r❞✐✟❣ t♦

★✙ ❂ ★✵ ✦
✗✚✘✙

✗✚✘✵
✭✣✳✶✩✮

✧t ✐✞ ✟♦t ❡①♣✝❛✐✟❡❞ ❤♦✇ r❡✠r❛✆t✐♦✟ ❛t ✝❛②❡r ✞✉r✠❛✆❡✞ ✇✐t❤ ❞✐✪❡r❡✟t r❡✠r❛✆t✐✈❡ ✐✟❞❡① ✐✞ ❤❛✟❞✝❡❞✳

✫✬✯✰✰✴✷✯✰✸✹✻ ✸✬ ✼✿✹ ❀✹❁❃✷✼✹❄ ❅❃❄✹✻

✡❤❡ ✤r✞t ♦❜✈✐♦✉✞ ♣r♦❜✝❡♠ ✐✞ t❤❛t ❞✐✞t❛✟✆❡✞ ❛r❡ ✞✆❛✝❡❞ ❜② ✗✚ ✐✟ ❬☎✩✽❇ ✇❤✐✝❡ ✗s ✐✞ ✉✞❡❞ ✐✟ ❬☎✩❉❇✳ ✡❤❡

✝❛tt❡r ✐✞ ✆♦rr❡✆t ❛✞ t❤❡ ♣❛t❤ ✝❡✟❣t❤ ✐✟ t❤❡ ✇❤✐t❡ ✞✐♠✉✝❛t✐♦✟✞ ✐✞ ♦✟✝② ❛✪❡✆t❡❞ ❜② t❤❡ ✞✆❛tt❡r✐✟❣ ✆♦❡✠☛

✤✆✐❡✟t✱ ✟♦t t❤❡ ❛❜✞♦r♣t✐♦✟✳ ●tt❡✟✉❛t✐♦✟ ✐✞ ✐✟✆✝✉❞❡❞ ✝❛t❡r ✉✞✐✟❣ ✞✆❛✝✐✟❣ ♦✠ t❤❡ ✇❡✐❣❤t✳ ☞✐♠✉✝❛t✐♦✟✞

✆♦✟✤r♠ t❤✐✞ ❛✞ ✞❤♦✇✟ ✐✟ ❋✐❣✉r❡ ✣✳❏ ✇❤❡r❡ ✞✐♠✉✝❛t✐♦✟✞ ✞✆❛✝❡❞ ❜② ✗✚ ♠❛t✆❤ t❤❡ ✟♦r♠❛✝ ✞✐♠✉✝❛t✐♦✟

❜❡tt❡r✳

☞❡✆♦✟❞✱ t❤❡ ✉✞❡ ♦✠ ✟✉♠❜❡r ♦✠ ✞✆❛tt❡r✐✟❣ ❡✈❡✟t✞ ✍ ✇❤❡✟ ✞✆❛✝✐✟❣ t❤❡ ♣❤♦t♦✟ ✇❡✐❣❤t ✐✟ ❑q✉❛☛

t✐♦✟ ✭✣✳✽✮ ✐✞ ✐✟✈❛✝✐❞✳ ✡❤❡ ✇❡✐❣❤t ✐✞ ✞✆❛✝❡❞ ❜② t❤❡ ❛✝❜❡❞♦ ▲ ❛✟❞ t❤✉✞ t❤❡ r❡✝❛t✐♦✟ ❜❡t✇❡❡✟ ✞✆❛tt❡r✐✟❣

❛✟❞ ❛❜✞♦r♣t✐♦✟ ❡✈❡✟t✞ ✐✞ ✆♦✟✞✐❞❡r❡❞✳ P✉t t❤❡✟ t❤❡ ✞✆❛✝✐✟❣ ✐✞ ♦✟✝② ❛♣♣✝✐❡❞ t♦ ✞✆❛tt❡r✐✟❣ ❡✈❡✟t✞✱ ✟♦t

❛✝✝ ♣♦✞✞✐❜✝❡ ❡✈❡✟t✞ ✐✟✆✝✉❞✐✟❣ ❛❜✞♦r♣t✐♦✟ ❡✈❡✟t✞✳ ◗❡✟✆❡✱ t❤❡ ✟✉♠❜❡r ♦✠ ✞✆❛tt❡r✐✟❣ ❡✈❡✟t✞ ♠✉✞t ❜❡

♠✉✝t✐♣✝✐❡❞ ❜②
✕
❯ ❂

❱❲❩❱❭
❱❲

✐✟ ♦r❞❡r t♦ ❣❡t t❤❡ ✟✉♠❜❡r ♦✠ ❛✝✝ ♣♦✞✞✐❜✝❡ ❡✈❡✟t✞✳ ✡❤✐✞ ❡rr♦r ✐✞ ✞✐♠✐✝❛r t♦

t❤❡ ♦✟❡ ✐✟ t❤❡ ✟♦r♠❛✝ ❪♦✟t❡ ❫❛r✝♦ ✆♦❞❡ ✇❤❡r❡ ✞✆❛tt❡r✐✟❣ ✇❛✞ ❞♦✟❡ ♦✟ ❡✈❡r② ❡✈❡✟t✱ ✐✟✆✝✉❞✐✟❣ t❤❡

❛❜✞♦r♣t✐♦✟ ❡✈❡✟t✞✳

✡❤✐r❞✱ t❤❡ ♠✐✟✐♠✉♠ ✇❡✐❣❤t ❞❡t❡r♠✐✟✐✟❣ t❤❡ ❡✝✐♠✐✟❛t✐♦✟ ♦✠ ❛ ♣❤♦t♦✟ ❞❡t❡r♠✐✟❡✞ t❤❡ ✞♣r❡❛❞

♦✠ t❤❡ ✞✐❣✟❛✝✳ ● ❤✐❣❤❡r ✇❡✐❣❤t r❡✞✉✝t✞ ✐✟ ♣❤♦t♦✟✞ ❜❡✐✟❣ ❡✝✐♠✐✟❛t❡❞ ❡❛r✝✐❡r ❛✟❞ ✝♦✟❣ ♣❛t❤✞ ❛r❡

✟♦t ✞✐♠✉✝❛t❡❞✳ ❋✐❣✉r❡ ✣✳❏ ✆✮ ❛✟❞ ❞✮ ✞❤♦✇✞ t❤✐✞ ❡✪❡✆t✱ ✐✟ t❤❡ ✟♦r♠❛✝ ✞✐♠✉✝❛t✐♦✟ ❛ ♣❤♦t♦✟ ✇❛✞
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✵ ✶ ✷ ✸ ✹ ✆

✶✵
✝✞

✶✵
✝✟

✶✵
✠

✶✵
✟

❇
✡
☛
☞✌
☛
✡
✍✍
✎
✏✑
✒
✓
✔✕
✖
✗
✘✒
✙
✚
✍✛
✜
✜
✢✣
❪

✤✥✦✧★✩ ✪✫✫✬

✭✮✯✫✥✰

❲✱✧✳✴ ✩✻✥✰✴✦ ✼✽ ♠t
❲✱✧✳✴ ✩✻✥✰✴✦ ✼✽ ♠s

✿❛❀ ❁❝❛❧❡❞ ❜② ❂❝❛❃❃❡r❄♥❣ ❡✈❡♥❃❂❅ ❉❋ ● ❏❑▲PP
◗❯

✵ ✶ ✷ ✸ ✹ ✆

✶✵
✝✞

✶✵
✝✟

✶✵
✠

✶✵
✟

❇
✡
☛
☞✌
☛
✡
✍✍
✎
✏✑
✒
✓
✔✕
✖
✗
✘✒
✙
✚
✍✛
✜
✜
✢✣
❪

✤✥✦✧★✩ ✪✫✫✬

✭✮✯✫✥✰

❲✱✧✳✴ ✩✻✥✰✴✦ ✼✽ ♠t
❲✱✧✳✴ ✩✻✥✰✴✦ ✼✽ ♠s

✿❜❀ ❁❝❛❧❡❞ ❜② ♣❛❃❤ ❧❡♥❣❃❤❅ ❉❋ ● ❏❑▲PP
◗❯

✵ ✶ ✷ ✸ ✹ ✆
✶✵
✝❱✠

✶✵
✝✟✠

✶✵
✝❳✠

✶✵
✠

❇
✡
☛
☞✌
☛
✡
✍✍
✎
✏✑
✒
✓
✔✕
✖
✗
✘✒
✙
✚
✍✛
✜
✜
✢✣
❪

✤✥✦✧★✩ ✪✫✫✬

✭✮✯✫✥✰

❲✱✧✳✴ ✩✻✥✰✴✦ ✼✽ ♠
t

❲✱✧✳✴ ✩✻✥✰✴✦ ✼✽ ♠s

✿❝❀ ❁❝❛❧❡❞ ❜② ❂❝❛❃❃❡r❄♥❣ ❡✈❡♥❃❂❅ ❉❋ ● ▲PP
◗❯

✵ ✶ ✷ ✸ ✹ ✆
✶✵
✝❱✠

✶✵
✝✟✠

✶✵
✝❳✠

✶✵
✠

❇
✡
☛
☞✌
☛
✡
✍✍
✎
✏✑
✒
✓
✔✕
✖
✗
✘✒
✙
✚
✍✛
✜
✜
✢✣
❪

✤✥✦✧★✩ ✪✫✫✬

✭✮✯✫✥✰

❲✱✧✳✴ ✩✻✥✰✴✦ ✼✽ ♠
t

❲✱✧✳✴ ✩✻✥✰✴✦ ✼✽ ♠s

✿❞❀ ❁❝❛❧❡❞ ❜② ♣❛❃❤ ❧❡♥❣❃❤❅ ❉❋ ● ▲PP
◗❯

❩✐❬❭❫❴ ❵❢❥❦ ♦❴q✉ ✇① q③④⑤✐⑥❬ ①❫✇⑦ ⑧⑨⑩❶ ❷ ❸❹ ✉✇ ⑧⑨ ❷ ❺❹⑦⑦
❻❼

✐⑥ ❽❾✐✉❴ ❿➀ q✐⑦❭⑤④✉✐✇⑥ ❽✐✉❾ ⑧➁ ❷

❹➂❵⑦⑦❻❼ ✐⑥ ✉❾❴ ✉✇➃ ✉❽✇ ❬❫④➃❾q ④⑥➄ ⑧➁ ❷ ❵⑦⑦❻❼ ✐⑥ ✉❾❴ ➅✇✉✉✇⑦ ➆❬❭❫❴q❢ ♦❾❴ ➅④③➇q③④✉✉❴❫❴➄ q✐❬⑥④⑤

➄❴➃❴⑥➄❴⑥✉ ✇⑥ ✉❾❴ ➄✐q✉④⑥③❴ ①❫✇⑦ ✐⑥③✐➄❴⑥✉ ➃✇✐⑥✉ ✇⑥ ④ q❴⑦✐➈✐⑥➆⑥✐✉❴ q⑤④➅ ✐q q✐⑦❭⑤④✉❴➄❢ ♦❾❴ ❫④➄✐❭q ①❫✇⑦

✉❾❴ ✐⑥③✐➄❴⑥✉ ➃✇✐⑥✉ ✐q q④⑦➃⑤❴➄ ①❫✇⑦ ❹ ✉✇ ❵⑦⑦ ✐⑥ ❹❢❺⑦⑦ q✉❴➃q➉ ④⑤⑤ ➃❾✇✉✇⑥ ❽✐✉❾ ❴➊✐✉ ❫④➄✐❭q ⑤④❫❬❴❫

✉❾④⑥ ❵⑦⑦ ④❫❴ ➅✐⑥⑥❴➄ ✐⑥✉✇ ✇⑥❴ ➋④⑤❭❴❢ ➌⑤⑤ ➋④⑤❭❴q ①✇❫ ✉❾❴ ❽❾✐✉❴ q✐⑦❭⑤④✉✐✇⑥ ④❫❴ ③④⑤③❭⑤④✉❴➄ ①❫✇⑦ ✉❾❴

q④⑦❴ ➅④q❴ q✐⑦❭⑤④✉✐✇⑥❢
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❡❧✐♠✐♥❛✆❡❞ ✇❤❡♥ ✆❤❡ ✇❡✐❣❤✆ ✇❛✝ ✝♠❛❧❧❡r ✆❤❛♥ ✵✞✵✵✵✵✟ ❛♥❞ ♦♥❧② ✝❤♦r✆ ♣❛✆❤✝ ❛♥❞ ✝♠❛❧❧ ❡①✐✆ r❛❞✐✐

❛♣♣❡❛r✱ ✇❤✐❧❡ ✐♥ ✆❤❡ ✇❤✐✆❡ ✝✐♠✉❧❛✆✐♦♥ ❛ ♣❤♦✆♦♥ ✇❛✝ ❛✠♦r✆❡❞ ❛✡✆❡r ✟✵✵✵ ✝❝❛✆✆❡r✐♥❣ ❡✈❡♥✆✝ ❡q✉✐✈❛❧❡♥✆

✆♦
✖s✰✖☛
✖s

☞ ✟✵✵✵ ❂ ✟✶✵✵ ✆♦✆❛❧ ❡✈❡♥✆✝ ❛♥❞ ❛♥ ❡❧✐♠✐♥❛✆✐♦♥ ✇❡✐❣❤✆ ♦✡ ✌✍✎✏✏ ❂
✖☛
✖s✰✖☛

✍✎✏✏
✞ ✑❤✉✝✱ ❧♦♥❣❡r

♣❛✆❤✝ ❛r❡ ✝❛♠♣❧❡❞✞

❲❤❡♥ ✆❤❡ ❛✠✝♦r♣✆✐♦♥ ❝♦❡✒❝✐❡♥✆ ❣❡✆✝ ♠✉❝❤ ✝♠❛❧❧❡r ✆❤❛♥ ✆❤❡ ✝❝❛✆✆❡r✐♥❣ ❝♦❡✒❝✐❡♥✆ ❛✝ ✐✆ ✐✝ ✆❤❡

❝❛✝❡ ✡♦r ♠♦✝✆ ✆✐✝✝✉❡✝✱ ✆❤❡ ❛✠♦✈❡ ❡✓❡❝✆✝ ❛r❡ ♥❡❣❧✐❣✐✠❧❡✞

✔✕✗✘ ✙✚✛✜✘✚✘✢t✘✗ ✣✘✤✘

✑❤❡ ❝♦❞❡ ✐♠♣❧❡♠❡♥✆❡❞ ❤❡r❡ ✐✝ ❛ ♠✐①✆✉r❡ ♦✡ ✠♦✆❤ ✆❤❡ ❛✠♦✈❡ ♣r❡✝❡♥✆❡❞ ❝♦❞❡✝ ❛♥❞ ✆❤❡ ✝✆r✉❝✆✉r❡ ✐✝

✝❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✶✞✶✞ ✥ ♣❤♦✆♦♥ ✐✝ ❡❧✐♠✐♥❛✆❡❞ ❛✡✆❡r ✟✱✵✵✵ ✝❝❛✆✆❡r✐♥❣ ❡✈❡♥✆✝✞ ✦♥ ❬✷✵✾✧ ❛ ♣❤♦✆♦♥ ✐✝

❡❧✐♠✐♥❛✆❡❞ ❛✡✆❡r ✷✵✱✵✵✵ ✝❝❛✆✆❡r✐♥❣ ❡✈❡♥✆✝✞ ✑❤✐✝ ✇❛✝ ✆❡✝✆❡❞ ✡♦r ❣❡♦♠❡✆r② ✻✞✟✠ ✭❡①♣❧❛✐♥❡❞ ❧❛✆❡r✮ ❛♥❞

✆❤❡ ❞✐✓❡r❡♥❝❡ ✇❛✝ ♥♦✆ ✝✐❣♥✐★❝❛♥✆ ✠✉✆ ✆❤❡ ✝✐♠✉❧❛✆✐♦♥ ✆♦♦✩ ☎✞✷ ✆✐♠❡✝ ❧♦♥❣❡r✞ ✪❝❛❧✐♥❣ ♦✡ ✆❤❡ ♣❤♦✆♦♥

✇❡✐❣❤✆ ✐✝ ❞♦♥❡ ❛❝❝♦r❞✐♥❣ ✆♦ ✆❤❡ ♣❛✆❤ ❧❡♥❣✆❤✝ ❛✝ ✐♥✆r♦❞✉❝❡❞ ✐♥ ❬✷✵✫✧✞ ✬♥❧② ✆❤❡ ❝♦❞❡ ✡♦r ❛ ✝✐♥❣❧❡

❧❛②❡r ✐✝ ✐♠♣❧❡♠❡♥✆❡❞ ❛✝ ✝❝❛❧✐♥❣ ♦✡ ♠✉❧✆✐♣❧❡ ❧❛②❡r✝ ✐✝ ♥♦✆ ♥❡❝❡✝✝❛r② ❛✝ ♦♥❧② ✆❤❡ ♣r♦♣❡r✆✐❡✝ ♦✡ ✆❤❡

♠✉❝♦✝❛ ❛r❡ ✆♦ ✠❡ ❝❤❛♥❣❡❞ ❛❝❝♦r❞✐♥❣ ✆♦ ✆❤❡ ✠❧♦♦❞ ❝♦♥✆❡♥✆✞ ❋✉r✆❤❡r✱ ✆❤❡ ✆r❛❝✩✐♥❣ ♦✡ ♣❤♦✆♦♥✝ ✐♥ ✆❤❡

✇❤♦❧❡ ♠❡❞✐✉♠ ♣♦✝❡✝ ♠♦r❡ r❡q✉✐r❡♠❡♥✆✝ r❡❣❛r❞✐♥❣ ❝♦❞❡✱ ✝✆♦r❛❣❡✱ ❛♥❞ ❝♦♠♣✉✆❛✆✐♦♥ ✆✐♠❡ ❛♥❞ ✆❤❡

❝♦❞❡ ❞♦❡✝ ♥♦✆ ✐♠♣❧❡♠❡♥✆ r❡✡r❛❝✆✐✈❡ ✐♥❞❡① ❝❤❛♥❣❡✝ ✠❡✆✇❡❡♥ ✆❤❡ ❧❛②❡r✝ ✇❤✐❝❤ ✇♦✉❧❞ ✠❡ ♥❡❝❡✝✝❛r② ❛✆

✆❤❡ ❛✐r✯✆✐✝✝✉❡ ✐♥✆❡r✡❛❝❡ ✐♥ ✆❤❡ ❡❛r✞

❋✉r✆❤❡r✱ ✐✆ ✇❛✝ ❞✐✝❝♦✈❡r❡❞ ✆❤❛✆ ✆❤❡ ❝♦❞❡ ✡♦r ❛ ✝✐♥❣❧❡ ♠❡❞✐✉♠ ❝❛♥ ✠❡ ✉✝❡❞ ✆♦ ✝❝❛❧❡ ✆❤❡ ❛✠✝♦r♣✆✐♦♥

❝♦❡✒❝✐❡♥✆ ♦✡ ♠✉❧✆✐♣❧❡ ❧❛②❡r✝ ❛♥❞ ✝❝❛✆✆❡r✐♥❣ ❝♦❡✒❝✐❡♥✆ ♦✡ ✆❤❡ ❧❛✝✆ ❧❛②❡r✱ ❛ ✝❡♠✐✯✐♥★♥✐✆❡ ✝❧❛✠✞ ✑❤❡

✝❝❛✆✆❡r✐♥❣ ❝♦❡✒❝✐❡♥✆ ♦✡ ❛❧❧ ♦✆❤❡r ❧❛②❡r✝ ♠✉✝✆ ✠❡ ✝❡✆ ✆♦ ✆❤❡ ❞❡✝✐r❡❞ ♦♥❡✞ ✳❡♥❝❡✱ ✆❤✐✝ ❝♦❞❡ ❝❛♥ ✠❡

✉✝❡❞ ✆♦ ✝❝❛❧❡ ✆❤❡ ❛✠✝♦r♣✆✐♦♥ ❝♦❡✒❝✐❡♥✆ ♦✡ ❡❛r❞r✉♠ ❛♥❞ ♠✉❝♦✝❛✱ ❛♥❞ ✝❝❛✆✆❡r✐♥❣ ❝♦❡✒❝✐❡♥✆ ♦✡ ✆❤❡

♠✉❝♦✝❛✞

✴✸✹✸✹ ●✼✽✿✼❀❁❃❄❅❇ ❉❏❀❃❄❑ ❢✽❁ P❁✽❏❅▲❅❀❃✽◗ ❃◗❑❃❯✼ ❀❱✼ ❉❏❀❃❄❅❇ ❳❩❑❀✼✿

✑❤❡ ✐♥♣✉✆✝ ✆♦ ✆❤❡ ❭♦♥✆❡ ❪❛r❧♦ ✝✐♠✉❧❛✆✐♦♥✝ ❛r❡ ✆❤❡ ❡♥✆r② ♣♦✝✐✆✐♦♥ ♦♥ ✆❤❡ ✝✉r✡❛❝❡ ❛♥❞ ♣r♦♣❛❣❛✆✐♦♥

❞✐r❡❝✆✐♦♥ ♦✡ ✆❤❡ ♣❤♦✆♦♥✞ ✑❤❡ ✡♦❝✉✝❡❞ ✐♥♣✉✆ ✠❡❛♠ ✐✝ ✝❛♠♣❧❡❞ ❛✝ ❞❡✝❝r✐✠❡❞ ✐♥ ❬✷✟✵✧✞ ✑❤❡ ✐♥♣✉✆

♣♦✝✐✆✐♦♥ ♦✡ ✆❤❡ ♣❤♦✆♦♥ ✐✝ ❣✐✈❡♥ ✠② ❛ r❛♥❞♦♠ ♣♦✝✐✆✐♦♥ ✇✐✆❤✐♥ ✆❤❡ ✐♥♣✉✆ ✠❡❛♠ ❛♥❞ ✆❤❡ ♣r♦♣❛❣❛✆✐♦♥

❞✐r❡❝✆✐♦♥ ✐✝ ❝❛❧❝✉❧❛✆❡❞ ❛❝❝♦r❞✐♥❣ ✆♦ ✆❤❡ ♣♦✝✐✆✐♦♥ ❛♥❞ ❫✥ ♦✡ ✆❤❡ ♦♣✆✐❝✝✞ ✑❤❡ ❭♦♥✆❡ ❪❛r❧♦ ✝✐♠✉❧❛✆✐♦♥

✐♠♣❧❡♠❡♥✆❡❞ ❤❡r❡ ❛❝❝♦✉♥✆✝ ✡♦r ✆❤❡ r❡✡r❛❝✆✐♦♥ ❛✆ ✆❤❡ ✝✉r✡❛❝❡ ✝♦ ✆❤❛✆ ✆❤❡ ❝❛❧❝✉❧❛✆✐♦♥ ♦✡ ✆❤❡ ❞❡♣✆❤ ♦✡

✡♦❝✉✝ ✐♥ ✆❤❡ ✆✐✝✝✉❡ ❛✝ ❞♦♥❡ ✐♥ ❬✷✟✵✧ ✐✝ ♥♦✆ ♥❡❝❡✝✝❛r②✞

✑❤❡ ♦✉✆♣✉✆ ♦✡ ✆❤❡ ❭♦♥✆❡ ❪❛r❧♦ ✝✐♠✉❧❛✆✐♦♥✝ ❛r❡ ✆❤❡ ❡①✐✆ ♣♦✝✐✆✐♦♥ ♦✡ ✆❤❡ ♣❤♦✆♦♥✱ ✐✆✝ ❞✐r❡❝✆✐♦♥✱

✇❡✐❣❤✆✱ ❛♥❞ ✝❛✈❡❞ ♣❛✆❤ ✐♥✝✐❞❡ ✆❤❡ ♠❡❞✐✉♠ ✭♦♣✆✐♦♥❛❧✮✞ ✑❤✐✝ ✐♥✡♦r♠❛✆✐♦♥ ✐✝ ✉✝❡❞ ❛✝ ✐♥♣✉✆ ✡♦r ✆❤❡

✝✐♠✉❧❛✆✐♦♥ ♦✡ ✆❤❡ ♦♣✆✐❝❛❧ ✝②✝✆❡♠ ✐♥ ♦r❞❡r ✆♦ ❝❛❧❝✉❧❛✆❡ ✆❤❡ ✐♥❝✐❞❡♥✆ ♣♦✇❡r ❛✆ ✆❤❡ ❞❡✆❡❝✆♦r✞ ✥ ♣❛r❛①✐❛❧
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RefractionReflection

ScatteringInterface

Propagation

White Data

Outside medium or too many scattering events?

Launch

No

Yes

Dependent on NA 

and source

Random, Lambertian 

Surface

according to 

refractive indices

Random, Henyey-

Greenstein function

Random according 

to mean free path

Random according to 

refractive indices

Absorption

White Data

Scattering

Dimensions

Weight

Save Data

Changing optical 

Properites

d'=d0 ✆s0/✆s
w=exp(-✆ap')

Step 1:

White Simulation

Step 2:

Change of Parameters

❋✐❣✝r❡ ☎✞☎✟ ✠tr✝❝t✝r❡ ♦✡ t❤❡ ❲❤✐t❡ ☛♦☞t❡ ✌❛r❧♦ ❝♦❞❡✞

❛✍✍r♦①✐♠❛t✐♦☞ ❛☞❞ ❛ s❦❡✇ ♦✍t✐❝s ❝❛❧❝✝❧❛t✐♦☞ ❛r❡ ✐♠✍❧❡♠❡☞t❡❞✞ ✎❤❡ ✏rst ♦☞❡ ✐s ✝s❡❞ ✡♦r s♠❛❧❧ ✑✒

♦✡ t❤❡ s②st❡♠ ❛☞❞ t❤❡ s❡❝♦☞❞ ♦☞❡ ✇❤❡☞ ❛ ❤✐❣❤❡r ✑✒ ♦✡ t❤❡ s②st❡♠ ✐s t❡st❡❞✞

P✓✔✓✕✖✓✗ ✓✘✙ ✚✛✖✘ ▲✜✘✢ ✣♣♣✔✤✕✖✥✓✚✖✤✘

✦❡☞s❡s ❛r❡ ❛✍✍r♦①✐♠❛t❡❞ ❜② t❤✐☞ ❧❡☞s❡s ❛☞❞ ❛☞❣❧❡s ❛r❡ ❛ss✝♠❡❞ t♦ ❜❡ s♠❛❧❧ r❡s✝❧t✐☞❣ ✐☞ t❤❡ ❝♦s✐☞❡ ♦✡

t❤❡ ❛☞❣❧❡ t♦✇❛r❞s t❤❡ ♦✍t✐❝❛❧ ❛①✐s t♦ ❜❡ ✶ ✭❝♦s✭✧✮ ★ ✶✮ ❛☞❞ t❤❡ s✐☞❡ ❛☞❞ t❛☞❣❡☞t ❛r❡ ❛✍✍r♦①✐♠❛t❡❞

❜② t❤❡ ❛☞❣❧❡ ✐ts❡❧✡ ✭s✐☞✭✧✮ ★ ✧ ❛☞❞ t❛☞✭✧✮ ★ ✧✮✱ ❛❝❝♦r❞✐☞❣ t♦ t❤❡ ✍❛r❛①✐❛❧ ❛✍✍r♦①✐♠❛t✐♦☞✞ ✎❤❡

✍❛r❛①✐❛❧ ❛✍✍r♦①✐♠❛t✐♦☞ ✐s ✈❛❧✐❞ ✇❤❡☞ t❤❡ s②st❡♠ ✇✐t❤ s♠❛❧❧ ✑✒ ♦✡ ✵✞✵✩ ✐s s✐♠✝❧❛t❡❞✞ ❋♦r ❡①❛♠✍❧❡

t❤❡ ❡rr♦r ✪ ❂
✫✬✯✰♥✳✫✴
✯✰♥✳✫✴ ✐s ✵✞✶✶✷ ✡♦r t❤❡ ❛☞❣❧❡ ✸ ❂ ✵✿✵✩ r❛❞ ❂ ✹✿✻ ❞❡❣ ❡q✝❛❧ t♦ t❤❡ ✑✒ ♦✡ ✵✞✵✩✞

✎❤❡ ✡♦r♠✝❧❛❡ ✡♦r ❣❡♦♠❡tr✐❝❛❧ ♦✍t✐❝s ✐☞ t❤❡ ✼✽❞✐♠❡☞s✐♦☞❛❧ ❝❛s❡ ❛r❡ ❞❡s❝r✐❜❡❞ ✐☞ ❬❀✶✶❁✞ ❋♦r t❤❡ ✼✽

❞✐♠❡☞s✐♦☞❛❧ ❝❛s❡ t❤❡ ❝♦♠✍♦☞❡☞ts ❃ ❛☞❞ ❄ ✍❡r✍❡☞❞✐❝✝❧❛r t♦ t❤❡ ♦✍t✐❝❛❧ ❛①✐s ③ ❝❛☞ ❜❡ ❝❛❧❝✝❧❛t❡❞

✐☞❞❡✍❡☞❞❡☞t❧② ❛☞❞ t❤❡ ♦✝t✍✝t ✍♦s✐t✐♦☞ ❃❅ ❛☞❞ ♦✝t✍✝t ❛☞❣❧❡ ✸❅ ❛r❡ ❣✐✈❡☞ ❜②

❇

❉
❃❅

❝♦s✭✸❅✮

●

❏ ❂ ❑ ◗

❇

❉
❃

❝♦s✭✸✮

●

❏ ✭☎✞✶✶✮

✇❤❡r❡ ❃ ❛☞❞ ✸ ❛r❡ ✐☞✍✝t ✍❛r❛♠❡t❡rs✱ ❛☞❞ ❑ ✐s t❤❡ ✍r♦✍❛❣❛t✐♦☞ ♦r r❡✡r❛❝t✐♦☞ ♠❛tr✐①✞ ❋♦r t❤❡ ②✽

❝♦♠✍♦☞❡☞ts ❃ ✐s r❡✍❧❛❝❡❞ ❜② ❄ ❛☞❞ ✸ ❜② t❤❡ ❛☞❣❧❡ ✐☞ ②✽✍❧❛☞❡ ❯✞ ✎❤❡ ③✽❞✐♠❡☞s✐♦☞ ✐s ☞♦t ❝❛❧❝✝❧❛t❡❞

❛s ❝♦s✭✧✮ ✐s ❛ss✝♠❡❞ t♦ ❜❡ ✶✞ ✎❤❡ ✍r♦✍❛❣❛t✐♦☞ ♠❛tr✐① ✡♦r ❛ ✡r❡❡ ❛✐r s✍❛❝❡ ✐s

❑❱✰❳ ❂

❇

❉
✶ ❩

✵ ✶

●

❏ ✭☎✞✶❀✮
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v1

r1

z

x

x1

input vector

output vector

Interface

z1
nin nout

✆1

✆1'

❋✐❣✝r❡ ✞✟☎✻ ●❡♦✠❡tr② ✝s❡❞ ❢♦r s❦❡✇ r❛② ♣r♦♣❛❣❛t✐♦✡✱ ♦✡❧② t✇♦ ❞✐✠❡✡s✐♦✡s ❛r❡ s❤♦✇✡✟

✇✐t❤ ♣r♦♣❛❣❛t✐♦✡ ❞✐st❛✡❝❡ ☛✱ ❛✡❞ t❤❡ ✠❛tr✐① ❢♦r r❡❢r❛❝t✐♦✡ ❛t ❛ t❤✐✡ ❧❡✡s ✐s

☞▲✌♥✍ ❂

✵

❅
✶ ✎

✏✶✑✒ ✶

✓

✔ ✭✞✟✶✕✖

✇✐t❤ t❤❡ ❢♦❝❛❧ ❧❡✡❣t❤ ✒ ✟

✗✘✙✚ ✛✜✢ ✣✤✥✦✧★

✩❤❡ ♣❛r❛①✐❛❧ ❛♣♣r♦①✐✠❛t✐♦✡ ✐s ✡♦t tr✝❡ ❢♦r ♣❤♦t♦✡s ✇✐t❤ ❤✐❣❤ ❛✡❣❧❡s t♦✇❛r❞s t❤❡ ♦♣t✐❝❛❧ ❛①✐s✟ ✩❤✐s

✐s t❤❡ ❝❛s❡ ✇❤❡✡ s✐✠✝❧❛t✐✡❣ ♦♣t✐❝❛❧ s②st❡✠s ✇✐t❤ ❤✐❣❤❡r ✪✫✟ ✩❤✝s✱ ❛ s❡❝♦✡❞ ❝♦❞❡ ✐s ✐✠♣❧❡✠❡✡t❡❞

t♦ ♣r♦♣❛❣❛t❡ t❤❡ ♣❤♦t♦✡s t❤r♦✝❣❤ t❤❡ ♦♣t✐❝❛❧ s②st❡✠ ✇✐t❤♦✝t ✝s✐✡❣ ❛♣♣r♦①✐✠❛t✐♦✡s✟ ✩❤❡ ❢♦r✠✝❧❛❡

❢♦r ✡♦✡✬♣❛r❛①✐❛❧ ❛✡❞ ✡♦✡✬✠❡r✐❞✐♦✡❛❧ ♦r s❦❡✇ r❛②s ❛r❡ ❣✐✈❡✡ ✐✡ ❬✷✶✷✮✟ ✯✡st❡❛❞ ♦❢ t❤❡ t❤✐✡ ❧❡✡s

❛♣♣r♦①✐✠❛t✐♦✡✱ t❤❡ r❡❛❧ ❧❡✡s ❞❡✰✡✐t✐♦✡s ❛r❡ ✝s❡❞ ❤❡r❡✱ ❣✐✈❡✡ ❜② t❤❡ s✝r❢❛❝❡ ❝✝r✈❛t✝r❡s✱ t❤✐❝❦✡❡ss✱

❛✡❞ r❡❢r❛❝t✐✈❡ ✐✡❞❡① ♦❢ t❤❡ ✠❛t❡r✐❛❧s✟ ✳❡✡❝❡✱ t❤❡ ♣r♦♣❛❣❛t✐♦✡ t❤r♦✝❣❤ ❛ s✐✡❣❧❡t ❧❡✡s ✐s ❝♦✠♣♦s❡❞

♦❢ t❤r❡❡ ❛❝t✐♦✡s✱ r❡❢r❛❝t✐♦✡ ❛t t❤❡ ✰rst s✝r❢❛❝❡✱ tr❛✡s✠✐ss✐♦✡ t❤r♦✝❣❤ t❤❡ ❧❡✡s t♦ t❤❡ s❡❝♦✡❞ s✝r❢❛❝❡✱

❛✡❞ r❡❢r❛❝t✐♦✡ ❛t t❤❡ s❡❝♦✡❞ s✝r❢❛❝❡✟ ✩❤❡ ✡❡✇ ❝♦♦r❞✐✡❛t❡s ✭✴✸ ❛✡❞ ✹✸✖ ❛✡❞ ❛✡❣❧❡s ✭✼✸ ❛✡❞ ✽✸✖

❛r❡ ❝❛❧❝✝❧❛t❡❞ ❛s ❞♦✡❡ ♣r❡✈✐♦✝s❧② ❛❝❝♦r❞✐✡❣ t♦ ✿q✝❛t✐♦✡ ✭✞✟✶✶✖ ❛✡❞ t❤❡ ❝❛❧❝✝❧❛t✐♦✡ ♦❢ t❤❡ t❤✐r❞

❞✐✠❡✡s✐♦✡ ③✸ ❛✡❞ ❛✡❣❧❡ ❀✸ ❝❤❛✡❣❡s t♦

✵

❅
③✸

❝♦s✭❀✸✖ ✏ ❑✑✭❁ ❃ ❄❇✉❉✖

✓

✔ ❂ ☞❏✌P❏◗❯❉❱❇♥ ❃

✵

❅
③

❝♦s✭❀✖

✓

✔ ✭✞✟✶❲✖

❢♦r r❡❢r❛❝t✐♦✡ ❛✡❞ ✵

❅
③✸ ❳ ❩

❝♦s✭❀✸✖

✓

✔ ❂ ☞❉❏◗♥✍P❇❏♠◗❉❱❇♥ ❃

✵

❅
③

❝♦s✭❀✖

✓

✔ ✭✞✟✶✞✖

❢♦r tr❛✡s❢♦r✠❛t✐♦✡✟

✩❤❡ ♣r♦♣❛❣❛t✐♦✡ ❛✡❞ r❡❢r❛❝t✐♦✡ ✠❛tr✐❝❡s ❛r❡ ❞❡✰✡❡❞ ❞✐❭❡r❡✡t❧②✟ ❋✐❣✝r❡ ✞✟☎ s❤♦✇s ❛ s❦❡t❝❤ ♦❢

t❤❡ ❣❡♦✠❡tr② ♦❢ ❛✡ ♦♣t✐❝❛❧ s②st❡✠ s❤♦✇✐✡❣ ♦✡❧② t✇♦ ❞✐✠❡✡s✐♦✡s ❢♦r s✐✠♣❧✐❝✐t②✟ ✩❤❡ ✠❛tr✐① ❢♦r
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♣r♦♣❛✆❛✝✐♦✞ ✐✞ ❛ ♠❡❞✐✉♠ ✐s ✆✐✈❡✞ ❜②

✟t✠✡♥☛❢☞✠✌✡t✍☞♥ ❂

✵

❅
✶ ✎

✏ ✶

✑

✒ ✭✓✔✶✕✖

✎ ❂
❋

✗✘ ✰
✙
✘✷ ✗ ❝❋

✭✓✔✶☎✖

✘ ❂ ❝ ✚ ❬✛ ✜♦s✭✢✖ ✰ ① ✜♦s✭✣✖ ✰ ✤ ✜♦s✭✥✖❪ ✗ ✜♦s✭✢✖ ✭✓✔✶✦✖

❋ ❂ ❝ ✚ ✭✛✷ ✰ ①✷ ✰ ✤✷✖ ✗ ✧✛ ✭✓✔✶✾✖

❝ ❂
✶

★
✭✓✔✧✏✖

✛ ❂ ③ ✗ ✩ ✭✓✔✧✶✖

✇✐✝❤ ✝❤❡ s✉r✪❛✜❡ r❛❞✐✉s ★ ♦✪ ✝❤❡ ❧❡✞s ✇✐✝❤ ✜✉r✈❛✝✉r❡ ❝✱ ✩ ✝❤❡ ❞✐s✝❛✞✜❡ ♦✞ ✝❤❡ ♦♣✝✐✜❛❧ ❛✫✐s ✪r♦♠

s✝❛r✝ ♣♦s✐✝✐♦✞ ✝♦ ✐✞✝❡rs❡✜✝✐♦✞ ♦✪ ✝❤❡ ✞❡✫✝ ✐✞✝❡r✪❛✜❡ ✇✐✝❤ ✝❤❡ ♦♣✝✐✜❛❧ ❛✫✐s✱ ❛✞❞ ✘ ❛✞❞ ❋ ❛r❡ ❞✉♠♠②

✈❛r✐❛❜❧❡s ✝♦ s✐♠♣❧✐✪② ✝❤❡ ✪♦r♠✉❧❛✔ ③ ✐s ✝❤❡ ❞✐s✝❛✞✜❡ ✪r♦♠ ✝❤❡ ✐✞✝❡rs❡✜✝✐♦✞ ♦✪ ✝❤❡ ✐✞✝❡r✪❛✜❡ ❛✝ ✝❤❡

♦♣✝✐✜❛❧ ❛✫✐s ✝♦ ✝❤❡ ✬✮♣♦s✐✝✐♦✞ ✇❤❡r❡ ✝❤❡ r❛② ❤✐✝s ✝❤❡ ✐✞✝❡r✪❛✜❡✔

✯❤❡ ♠❛✝r✐✫ ✪♦r r❡✪r❛✜✝✐♦✞ ❛✝ ❛ ♠❡❞✐✉♠ ✐✞✝❡r✪❛✜❡ ✐s ✆✐✈❡✞ ❜②

✟✠✳❢✠✡✴t✍☞♥ ❂

✵

❅
✶ ✏

✗❑✸✭✹◗✻☞✼t✖ ✻✍♥✸✻☞✼t

✑

✒ ✭✓✔✧✧✖

❑ ❂ ❝ ✚

✽

✿✻☞✼t

❀

✶ ✗

❁
✻✍♥

✻☞✼t

❃✷

✭✶ ✗ ✜♦s✭❄✖✷✖ ✗ ✻✍♥ ✚ ✜♦s✭❄✖

❇

❉ ✭✓✔✧●✖

✜♦s✭❄✖ ❂
✜♦s✭✢✖✭✶ ✗ ❝③✖ ✗ ✜♦s✭✣✖①❝ ✗ ✜♦s✭✥✖✤❝

✹◗
✭✓✔✧❏✖

✹◗ ❂
▲
✭①✷ ✰ ✤✷✖❝✷ ✰ ✭✶ ✗ ❝③✖✷ ✭✓✔✧✓✖

P❯❱❯❲ ❳❩❭❫ ❴❵ ❫❣❩ ❥❴❦❩

✯❤❡ ✜♦❞❡ ✐s ✝❡s✝❡❞ ❛✞❞ ✜♦♠♣❛r❡❞ ✝♦ ✜♦❞❡s ♣r❡s❡✞✝❡❞ ✐✞ ❧✐✝❡r❛✝✉r❡ ✐✞ ♦r❞❡r ✝♦ ❡✞s✉r❡ ✜♦rr❡✜✝ ✐♠♣❧❡✮

♠❡✞✝❛✝✐♦✞✔

q④⑤⑥⑦ ⑧⑨⑩❶④ ⑧④❷⑦

✯❤❡ s✝❛✞❞❛r❞ ❛✞❞ ✇❤✐✝❡ ❸♦✞✝❡ ❹❛r❧♦ ✜♦❞❡ ❛r❡ ✝❡s✝❡❞ ♦✞ ❛✞❞ ✜♦♠♣❛r❡❞ ✝♦ ✝❤❡ r❡s✉❧✝s ♦✪ ✝❤❡ ✝❡s✝s

✆❡♦♠❡✝r✐❡s ❞❡s✜r✐❜❡❞ ✐✞ ❬✧✏❏❪✱ ❹❤❛♣✝❡r ✕✔✶✱ ✕✔✧✱ ❛✞❞ ✕✔✕✔

✯❤❡ ❺rs✝ ✆❡♦♠❡✝r② ✭✕✔✶❛✖ ✐s ❛ s✐✞✆❧❡ s❧❛❜ ✇✐✝❤ r❡✪r❛✜✝✐✈❡ ✐✞❞❡✫ ♦✪ ✶✱ s✜❛✝✝❡r✐✞✆ ✜♦❡❻✜✐❡✞✝ ♦✪

✾♠♠❼❽✱ ❛❜s♦r♣✝✐♦✞ ✜♦❡❻✜✐❡✞✝ ♦✪ ✶♠♠❼❽✱ ❛✞✐s♦✝r♦♣② ✪❛✜✝♦r ♦✪ ✏✔☎✓✱ ❛✞❞ ❛ ✝❤✐✜❾✞❡ss ♦✪ ✏✔✧♠♠✔

✓✏✱✏✏✏ ♣❤♦✝♦✞s ❛r❡ s✐♠✉❧❛✝❡❞ ❛✞❞ ✝♦✝❛❧ ✝r❛✞s♠✐✝✝❛✞✜❡ ❛✞❞ r❡❿❡✜✝❛✞✜❡ r❡✜♦r❞❡❞✔ ➀❡s✉❧✝s ♦✪ ✝❤❡

✞♦r♠❛❧ ❛✞❞ ✇❤✐✝❡ ❸♦✞✝❡ ❹❛r❧♦ ✜♦❞❡ ✐♠♣❧❡♠❡✞✝❡❞ ❤❡r❡ ❛✞❞ ✝❤❡ r❡✪❡r❡✞✜❡ ✜♦❞❡ ❛r❡ ✆✐✈❡✞ ✐✞ ✯❛❜❧❡ ✓✔✶✔

➁❡✜♦✞❞✱ ✝❤❡ ✝♦✝❛❧ r❡❿❡✜✝❛✞✜❡ ♦✪ ❛ s❡♠✐✮✐✞❺✞✐✝❡ ❤❛❧✪ s♣❛✜❡ ✇✐✝❤ r❡✪r❛✜✝✐✈❡ ✐✞❞❡✫ ♦✪ ✶✔✓✱ s✜❛✝✝❡r✐✞✆
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✆❛✝❧❡ ✞✟✶✠ ✡❡s✉❧ts ♦☛ t❡st ❣❡♦☞❡tr② ❬✷✌✍✎ ✻✟✶❛✏✟ ✆❤❡ ❛✈❡r❛❣❡ ❛✑❞ st❛✑❞❛r❞ ❞❡✈✐❛t✐♦✑ ♦☛ ✞ ✐✑❞❡♣❡✑✒

❞❡✑t s✐☞✉❧❛t✐♦✑s ✐s ❣✐✈❡✑ ☛♦r t❤❡ t❡st❡❞ ❝♦❞❡✟

✓✔✕✖✗✘ ✙✘✚✘✗✛✜✔♥ ✢✖✣♥✤♠✜✤✤✜✔♥

✥✦✵✹❪ ✵✳✵✧✼✸ ★ ✵✳✵✵✵✹ ✵✳✩✩✪✵ ★ ✵✳✵✵✵✦

✤✛✣♥✫✣✖✫ ✬✔✫✘ ✵✳✵✧✼✸ ★ ✵✳✵✵✵✭ ✵✳✩✩✪✪ ★ ✵✳✵✵✪✸

✇✮✜✛✘ ✬✔✫✘ ✵✳✵✧✼✽ ★ ✵✳✵✵✪✵ ✵✳✩✩✵✭ ★ ✵✳✵✵✪✵

✆❛✝❧❡ ✞✟✷✠ ✡❡s✉❧ts ♦☛ t❡st ❣❡♦☞❡tr② ❬✷✌✍✎ ✻✟✶✝✏✟ ✆❤❡ ❛✈❡r❛❣❡ ❛✑❞ st❛✑❞❛r❞ ❞❡✈✐❛t✐♦✑ ♦☛ ✞ ✐✑❞❡♣❡✑✒

❞❡✑t s✐☞✉❧❛t✐♦✑s ✐s ❣✐✈❡✑✟

✓✔✕✖✗✘ ✢✔✛✣✯ ✙✘✚✘✗✛✜✔♥

✥✦✵✹❪ ✵✳✦✭✧✪ ★ ✵✳✵✵✪✼

✤✛✣♥✫✣✖✫ ✬✔✫✘ ✵✳✦✭✧✵ ★ ✵✳✵✵✵✧

✇✮✜✛✘ ✬✔✫✘ ✵✳✦✭✧✭ ★ ✵✳✵✵✵✼

❝♦❡✰❝✐❡✑t ♦☛ ✾ ☞☞✱✴✿ ❛✝s♦r♣t✐♦✑ ❝♦❡✰❝✐❡✑t ♦☛ ✶ ☞☞✱✴✿ ❛✑❞ ❛✑✐s♦tr♦♣② ☛❛❝t♦r ♦☛ ✌ ✐s s✐☞✉❧❛t❡❞

✉s✐✑❣ ✞✌✿✌✌✌ ♣❤♦t♦✑s ❛✑❞ t❤❡ r❡s✉❧ts ✐s ♣r❡s❡✑t❡❞ ✐✑ ✆❛✝❧❡ ✞✟✷✟

✆❤❡ ❛✑❣✉❧❛r r❡s♦❧✈❡❞ r❡❀❡❝t❛✑❝❡ ❛✑❞ tr❛✑s☞✐ss✐♦✑ ♦☛ ❛ s❧❛✝ ✐s t❡st❡❞ ✐✑ ✻✟✷✟ ✆❤❡ ♦♣t✐❝❛❧ ♣r♦♣✒

❡rt✐❡s ❛r❡ t❤❡ s❛☞❡ ❛s ✐✑ ✻✟✶❛ ❛✑❞ ✶✌✌✿✌✌✌ ♣❤♦t♦✑s ❛r❡ ✉s❡❞ t❤✐s t✐☞❡✟ ❋✐❣✉r❡ ✞✟❁ ❝♦☞♣❛r❡s t❤❡

❛✑❣❧❡ ♦☛ t❤❡ ❡①✐t✐✑❣ ♣❤♦t♦✑s ♦☛ ✝♦t❤ s✐☞✉❧❛t✐♦✑s✟

❋✐✑❛❧❧②✿ ❛ ☞✉❧t✐ ❧❛②❡r❡❞ t✐ss✉❡ ✐s s✐☞✉❧❛t❡❞✟ ✆r❛✑s☞✐ss✐♦✑ t❤r♦✉❣❤ t❤r❡❡ ❧❛②❡rs ❛✑❞ t❤❡ r❡❀❡❝t✐♦✑

❛r❡ r❡❝♦r❞❡❞ ❛✑❞ r❡s♦❧✈❡❞ ✝② ❞✐st❛✑❝❡ ♦☛ ❡①✐t ♣♦s✐t✐♦✑ t♦ ✐✑❝✐❞❡✑t ♣♦s✐t✐♦✑✟ ✆❤❡ ♦♣t✐❝❛❧ ♣r♦♣❡rt✐❡s

♦☛ ❛❧❧ t❤r❡❡ ❧❛②❡r ❛r❡ r❡♣♦rt❡❞ ✐✑ ❬✷✌✍✎✿ ✶✌✌✿✌✌✌ ♣❤♦t♦✑s ❛r❡ s✐☞✉❧❛t❡❞✿ ❛✑❞ t♦t❛❧ tr❛✑s☞✐tt❛✑❝❡

❛✑❞ r❡❀❡❝t❛✑❝❡ r❡♣♦rt❡❞ ✐✑ ✆❛✝❧❡ ✞✟❂ ❛✑❞ t❤❡ r❛❞✐❛❧ r❡s♦❧✈❡❞ tr❛✑s☞✐tt❛✑❝❡ ❛✑❞ r❡❀❡❝t❛✑❝❡ ✐✑

❋✐❣✉r❡ ✞✟☎✟ ❃t ❤❛s t♦ ✝❡ ✑♦t❡❞ t❤❛t t❤❡ r❛❞✐❛❧ ♣♦s✐t✐♦✑ ✐✑ t❤❡ ☞✉❧t✐✒❧❛②❡r ❣❡♦☞❡tr② ❄✻✟✻✏ ✐s s❝❛❧❡❞

✝② t❤❡ ❛r❡❛ ❄❝✐r❝✉☞☛❡r❡✑❝❡ ❛✑❞ r❛❞✐❛❧ st❡♣ s✐③❡✏ t❤✉s t❤❡ ✉✑✐ts ♦☛ ☞☞✱❅✟ ❋✉rt❤❡r✿ ✑♦ r❡❀❡❝t✐♦✑ ❛t

t❤❡ ❇rst s✉r☛❛❝❡ ✐s ❝♦✑s✐❞❡r❡❞ ✐✑ t❤✐s s✐☞✉❧❛t✐♦✑✟

✆❤❡ ♣r❡s❡✑t❡❞ t❡sts ✐✑✈♦❧✈❡ s✐✑❣❧❡ ❛✑❞ ☞✉❧t✐♣❧❡ ❧❛②❡r❡❞ t✐ss✉❡s✿ tr❛✑s☞✐ss✐♦✑✿ r❡❀❡❝t✐♦✑✿ r❛❞✐❛❧✿

✆❛✝❧❡ ✞✟❂✠ ✡❡s✉❧ts ♦☛ t❡st ❣❡♦☞❡tr② ❬✷✌✍✎ ✻✟✻✟ ✆❤❡ ❛✈❡r❛❣❡ ❛✑❞ st❛✑❞❛r❞ ❞❡✈✐❛t✐♦✑ ♦☛ ✞ ✐✑❞❡♣❡✑❞❡✑t

s✐☞✉❧❛t✐♦✑s ✐s ❣✐✈❡✑✟

✓✔✕✖✗✘ ❉✜●✕✤✘ ✙✘✚✘✗✛✜✔♥ ✢✖✣♥✤♠✜✤✤✜✔♥

✥✦✵✹❪ ✵✳✦✸✼✭ ✵✳✵✧✩✭

✤✛✣♥✫✣✖✫ ✬✔✫✘ ✵✳✦✸✧✵ ★ ✵✳✵✵✦✪ ✵✳✵✧✭✧ ★ ✵✳✵✵✪✵

✇✮✜✛✘ ✬✔✫✘ ✵✳✦✸✧✦ ★ ✵✳✵✵✦✼ ✵✳✵✧✩✸ ★ ✵✳✵✵✪✪
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✆❛✝❧❡ ✞✟✹✠ ✆❡st ♦✡ ❞✐☛❡r❡♥t ✐♠♣❧❡♠❡♥t❛t✐♦♥s ♦✡ t❤❡ ✇❤✐t❡ ☞♦♥t❡ ✌❛r❧♦ ❝♦❞❡ ✉s✐♥❣ ♥♦r♠❛❧ ❝♦❞❡ ❛♥❞

✇❤✐t❡ ❝♦❞❡ ✐♠♣❧❡♠❡♥t✐♥❣ s❝❛❧✐♥❣ ♦✡ ❛✝s♦r♣t✐♦♥ ❛♥❞ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t✟ ❲❤✐t❡ ✝❛s❡ s✐♠✉❧❛t✐♦♥

✡♦r t❡st ♦✡ s❝❛❧✐♥❣ ♦✡ t❤❡ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t ✇❛s ❞♦♥❡ ✇✐t❤ ✖✎✱✵ ❂ ✷☎♠♠✏✑✟ ✶☎✻ ♣❤♦t♦♥s ✇❡r❡

s✐♠✉❧❛t❡❞ ✡♦r ❡❛❝❤ r✉♥✟ ✆❤❡ ❛✈❡r❛❣❡ ❛♥❞ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦✡ ✒✈❡ s✐♠✉❧❛t✐♦♥s ❛r❡ ❣✐✈❡♥ ❤❡r❡✟

❭✇❤✐t❡ ✓✧ ♠❡❛♥s t❤❡ ✇❡✐❣❤t ✇❛s ❝❛❧❝✉❧❛t❡❞ ✝② t❤❡ ♥✉♠✝❡r ♦✡ s❝❛tt❡r✐♥❣ ❡✈❡♥ts✔ ❭✇❤✐t❡ ✕✧ ♠❡❛♥s

t❤❡ ✇❡✐❣❤t ✇❛s ❝❛❧❝✉❧❛t❡❞ ✝② t❤❡ ♣❛t❤ ❧❡♥❣t❤✟

✗✘✙✚✗✛✙✜✢✣ ✤✙✥✙✗✢✛✘✜ ❬✪❪

❬✦✦★✩❪ ✣✗✫✬✛✜✭ ✘❢ ✮✯ ✣✗✫✬✛✜✭ ✘❢ ✮✯ ✫✜✰ ✮✳

✮✳ ✮✯ ✜✘✴✦✫✬ ✸✼✛✢✙ ✽ ✸✼✛✢✙ ✾ ✸✼✛✢✙ ✽ ✸✼✛✢✙ ✾

✿❀ ✿❀ ❀❁✿❀❃ ❄ ❀❁❀❀❅ ❀❁❀❇❀ ❄ ❀❁❀❀❉ ❀❁❉❉❋ ❄ ❀❁❀❀❋ ❀❁❀❇✿ ❄ ❀❁❀❀● ❀❁❉●❉ ❄ ❀❁❀✿✿

✿❀ ✿ ●❁✿❅❅ ❄ ❀❁❀●❅ ●❁✿❉❏ ❄ ❀❁❀●❑ ●❁❋✿❋ ❄ ❀❁❀❅❃ ●❁✿❋❇ ❄ ❀❁❀❋❀ ●❁❋❅❃ ❄ ❀❁❀❑❀

✿❀ ❀▲✿ ❉❋❁❃❇✿ ❄ ❀❁❀❏❋ ❉❋❁❃❇❀ ❄ ❀❁❀❏❑ ❉❑❁❀❋❀ ❄ ❀❁✿❀❉ ❉❑❁✿❀❇ ❄ ❀❁❀❇✿ ❉❑❁❉❋❑ ❄ ❀❁❀❑❏

❛♥❞ ❛♥❣✉❧❛r ❞✐str✐✝✉t✐♦♥ ♦✡ t❤❡ s✐❣♥❛❧✟ ✆❤❡ r❡s✉❧ts ♦✡ ✝♦t❤ ❝♦❞❡s ❛r❡ s✐♠✐❧❛r P✇✐t❤✐♥ ✈❛r✐❛✝✐❧✐t② ❞✉❡

t♦ t❤❡ r❛♥❞♦♠ ♥❛t✉r❡ ♦✡ ☞✌ s✐♠✉❧❛t✐♦♥◗ t♦ t❤❡ r❡✡❡r❡♥❝❡✔ ✐♥❞✐❝❛t✐♥❣ ❛ ❝♦rr❡❝t ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦✡

t❤❡ ❝♦❞❡ ✉s❡❞ ❤❡r❡✟

❯♦♥❡ ♦✡ t❤❡s❡ t❡sts ❝❤❡❝❦s ✡♦r ❝♦rr❡❝t ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦✡ t❤❡ s❝❛❧✐♥❣ ♦✡ t❤❡ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t

✐♥ ✇❤✐t❡ s✐♠✉❧❛t✐♦♥s✟ ❱❡♥❝❡✔ ❛ ❝✉st♦♠ t❡st ❣❡♦♠❡tr② ✐s s❡t ✉♣ ❛♥❞ s✐♠✉❧❛t✐♦♥s ♣❡r✡♦r♠❡❞ t♦ t❡st

s❝❛❧✐♥❣ ♦✡ t❤❡ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t ✐♥ t❤❡ ✇❤✐t❡ ☞♦♥t❡ ✌❛r❧♦ ✌♦❞❡✟ ❳❡s✉❧ts ✡r♦♠ t❤❡ ♥♦r♠❛❧✔ ✇❤✐t❡

❝♦❞❡ ✇✐t❤ ❛❝t✉❛❧ s✐♠✉❧❛t❡❞ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t✔ ❛♥❞ ✇❤✐t❡ ❝♦❞❡ ✇✐t❤ s❝❛❧❡❞ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t

❛r❡ ❝♦♠♣❛r❡❞✟ ✆❤❡ ❣❡♦♠❡tr② ✐s ❛ s❡♠✐❩✐♥✒♥✐t❡ s❧❛✝ ❛♥❞ t❤❡ r❡❫❡❝t✐♦♥ s✐❣♥❛❧ ✐s r❡❣✐st❡r❡❞✟ ❴♣t✐❝❛❧

♣❛r❛♠❡t❡rs ❛♥❞ t♦t❛❧ r❡❫❡❝t✐♦♥ ✈❛❧✉❡s ❛r❡ ❣✐✈❡♥ ✐♥ ✆❛✝❧❡ ✞✟✹ ❛♥❞ ❵✐❣✉r❡ ✞✟✹ s❤♦✇s t❤❡ r❛❞✐❛❧

❞✐str✐✝✉t✐♦♥ ✐♥❞✐❝❛t✐♥❣ ❝♦rr❡❝t s❝❛❧✐♥❣ ♦✡ ❞✐♠❡♥s✐♦♥s Ps❝❛❧✐♥❣ ✝② s❝❛tt❡r✐♥❣ ❡✈❡♥ts✔ ♥♦t ♣❛t❤ ❧❡♥❣t❤◗✟

✶☎☎✔☎☎☎ ♣❤♦t♦♥s ❛r❡ ✉s❡❞ ✡♦r s✐♠✉❧❛t✐♦♥✔ ✒✈❡ s✐♠✉❧❛t✐♦♥s ✇❡r❡ ❝♦♥❞✉❝t❡❞ ✇✐t❤ t❤❡ ❛✈❡r❛❣❡ ❛♥❞

st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ s❤♦✇♥ ✐♥ t❤❡ t❛✝❧❡✔ ❛♥❞ r❡❫❡❝t✐♦♥ ❛t t❤❡ s✉r✡❛❝❡ ✐s ♥❡❣❧❡❝t❡❞✟

❜♥ ❡rr♦r ✝❡t✇❡❡♥ t❤❡ ❞✐☛❡r❡♥t ✐♠♣❧❡♠❡♥t❛t✐♦♥s ✐s ✈✐s✐✝❧❡ ✡♦r ❤✐❣❤ ❛✝s♦r♣t✐♦♥ ❝♦❡✍❝✐❡♥t ✝✉t

✡❛❧❧s ✇✐t❤✐♥ t❤❡ ❡rr♦r ❞✉❡ t♦ t❤❡ r❛♥❞♦♠ ♥❛t✉r❡ ♦✡ t❤❡ ☞♦♥t❡ ✌❛r❧♦ s✐♠✉❧❛t✐♦♥ ✡♦r s♠❛❧❧ ❛✝s♦r♣t✐♦♥

❝♦❡✍❝✐❡♥ts✔ t❤❛t ❛r❡ t②♣✐❝❛❧ ✡♦r t✐ss✉❡s✟ ❥❝❛❧✐♥❣ ✝② s❝❛tt❡r✐♥❣ ❡✈❡♥t ♣r♦❞✉❝❡s ♠♦r❡ ❛❝❝✉r❛t❡ r❡s✉❧ts

❛♥❞ ✐s ✐♠♣❧❡♠❡♥t❡❞ ❤❡r❡✟

q①③④①⑤⑥⑦⑧⑨⑩ ❶❷⑤⑦⑧❸

✆❤❡ ❝♦❞❡ ✡♦r ❣❡♦♠❡tr✐❝❛❧ ♦♣t✐❝s ✇❛s ❝♦♠♣❛r❡❞ ✇✐t❤ t❤❡ r❡s✉❧ts ♦✡ t❤❡ ❞❡s✐❣♥ s♦✡t✇❛r❡ ✡♦r ♦♣t✐❝❛❧

s②st❡♠s ❭❲✐♥❹❡♥s❺❻✧ P❼✐♦♣t✐❽✔ ❾❛r✐s✔ ❵r❛♥❝❡◗✟ ❜ s✐♥❣❧❡ ❧❡♥s s②st❡♠ ✐s s✐♠✉❧❛t❡❞✔ ✉s✐♥❣ t❤❡ t❤✐♥

❧❡♥s ❛♣♣r♦❿✐♠❛t✐♦♥ ✡♦r ♣❛r❛❿✐❛❧ ♦♣t✐❝s ❛♥❞ ❛ ❝♦♠♣❧❡t❡❧② ❞❡✒♥❡❞ ❧❡♥s ✡♦r s❦❡✇ ♦♣t✐❝s✟ ✆❤❡ t❡st❡❞
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❣✆♦✝✆tr② ✐s s❤♦✇♥ ❛s s❦✆t❝❤ ✐♥ ❋✐❣✞r✆ ✟✠✾ ♦♥ t❤✆ t♦✡✠ ☛❤✆ ❧✆♥s ❤❛s ❛ ❢♦❝❛❧ ❧✆♥❣t❤ ♦❢ ✸☎✝✝ ✭☞✌✷✟✍✎

☎✸☎✎❇✱ ☛❤♦r❧❛✏s✱ ✑✆✇t♦♥✱ ✑✆✇ ❏✆rs✆②✱ ❯✒☞✓ ❛♥❞ ✐s ❛♥ ❛❝❤r♦✝❛t✐❝ ❞♦✞✏❧✆t✠ ☛❤✆ ❞✐st❛♥❝✆ ❢r♦✝ t❤✆

♦✏❥✆❝t t♦ t❤✆ ✔rst ❧✆♥s s✞r❢❛❝✆ ✐s s✆t t♦ ✍☎✝✝✱ ❛♥❞ t❤✆ ❞✐st❛♥❝✆ t♦ t❤✆ ✐✝❛❣✆ ✐s ✶✷☎✝✝ ❢♦r t❤✆

t❤✐♥ ❧✆♥s ❛✡✡r♦①✐✝❛t✐♦♥ ❛♥❞ ✶✶✟✠☎✵✝✝ ❢♦r t❤✆ ❝♦✝✡❧✆t✆ ❞✆✔♥✆❞ s❦✆✇ r❛② t✆st✠

✒✆✈✆r❛❧ r❛②s ❛r✆ t✆st✆❞✱ ❛s s❤♦✇♥ ✐♥ ❋✐❣✞r✆ ✟✠✾ ✐♥ s✞✏✔❣✞r✆s ✶ t♦ ✟✠ ✕♥ t❤✆ ✔rst ♦♥✆✱ ♦♥❧② ♦♥✆

✡❧❛♥✆ ✐s ✞s✆❞✠ ☛❤✆ r❛② st❛rts ❛t ❞✐st❛♥❝✆ ✖ ❂ ✗ ♦✘ ❛①✐s ❛t t❤✆ ♦✏❥✆❝t ✭✐♥❞✐❝❛t✆❞ ✏② t❤✆ r✆❞ ❞♦t✓

❛♥❞ ✡r♦✡❛❣❛t✆s t♦ t❤✆ ♦✡t✐❝❛❧ ❛①✐s ❛t t❤✆ ❧✆♥s s✞r❢❛❝✆ ✭✐♥❞✐❝❛t✆❞ ✏② t❤✆ t✐✡ ♦❢ t❤✆ ❛rr♦✇✓✠ ✕♥ t❤✆

s✆❝♦♥❞ t✆st ♦♥❧② ♦♥✆ ✡❧❛♥✆ ✐s ✞s✆❞ ❛❣❛✐♥✱ ✏✞t t❤✆ ✡r♦✡❛❣❛t✐♦♥ ❛♥❣❧✆ ✐s ❝❤❛♥❣✆❞✱ t❤✆ st❛rt ✡♦s✐t✐♦♥

✐s t❤✆ s❛✝✆ ✏✞t t❤✆ r❛② ✡r♦✡❛❣❛t✆s ✡❛r❛❧❧✆❧ t♦ t❤✆ ♦✡t✐❝❛❧ ❛①✐s✠ ✕♥ t❤✆ ♦t❤✆r t✆sts t❤✆ ❣✆♦✝✆tr② ✐s

✆①✡❛♥❞✆❞ t♦ ✸ ❞✐✝✆♥s✐♦♥s✠ ✕♥ ✭✸✓ t❤✆ st❛rt ✡♦s✐t✐♦♥ ✐s t❤✆ s❛✝✆✱ ✏✞t t❤✆ r❛② ✝♦✈✆s ✐♥ ❛♥ ❛♥❣❧✆ ♦❢

✍✟ ❞✆❣ ❛♥❞ r✆❛❝❤✆s t❤✆ ❧✆♥s ❛t ✖ ❂ ☎ ❛♥❞ ✙ ❂ ✗✠ ✕♥ ✭✍✓ t❤✆ ②✎❝♦♦r❞✐♥❛t✆ ✐s ✐♥❝❧✞❞✆❞ ✐♥t♦ t❤✆ st❛rt

✡♦s✐t✐♦♥ ✭✖ ❂ ✙ ❂ ✗✚
♣
✷✓ ❛♥❞ t❤✆ r❛② r✆❛❝❤✆s t❤✆ ❧✆♥s ♦♥ t❤✆ ♦✡t✐❝❛❧ ❛①✐s✠ ☞♥❞ ✔♥❛❧❧②✱ ✐♥ ✭✟✓ t❤✆

r❛② ✡r♦✡❛❣❛t✆s ✐♥ ❛ ✇❛② t❤❛t t❤✆ ♦✡t✐❝❛❧ ❛①✐s ✐s ♥♦t ✡❛ss✆❞✠

☛♦ ❝❤❛♥❣✆ t❤✆ r❛②s ✐♥ ❲✐♥▲✆♥s✸✛✱ ♦♥✆ ✝✞st ♦✡✆♥ t❤✆ t❛✏❧✆ ❭✒✐♥❣❧✆ ✜❛②✧ ❛♥❞ ❝❤❛♥❣✆ t❤✆ ✐♥✡✞t

❭❋✐✆❧❞ ❳✢✣✧ ❛♥❞ ❭☞✡t✠ ❳✢✣✧✠ ❇♦t❤ ✔✆❧❞ ❛r✆ ✈❛❧✞✆s ✏✆t✇✆✆♥ ✤✶ ❛♥❞ ✶✱ ✇❤✆r✆ ✶ ❢♦r t❤✆ ✔✆❧❞

✝✆❛♥s t❤✆ r❛② st❛rts ❛t t❤✆ ✝❛①✐✝✞✝ ❞✐❛✝✆t✆r ♦❢ t❤✆ ♦✏❥✆❝t ✗✱ ❛♥❞ ✤✶ r✆s✞❧ts ✐♥ ✤✗✠ ☛❤✆ ✈❛❧✞✆

❢♦r ❭☞✡t✠✧ ❣✐✈✆s t❤✆ ✡♦s✐t✐♦♥ ✇❤✆r✆ t❤✆ r❛② ✡❛ss✆s t❤✆ ❛✡✆rt✞r✆✱ ❛♥❞ ❛ ✈❛❧✞✆ ♦❢ ✶ ❛❣❛✐♥ ✝✆❛♥s

✝❛①✐✝✞✝ ❛✡✆rt✞r✆✠ ☛❤✆ ✐✝❛❣✆ ✡♦s✐t✐♦♥ ✐s ❣✐✈✆♥ ✏② ❭❳✧ ❛♥❞ ❭✣✧ ♦❢ t❤✆ ❧❛st ✡❧❛♥✆ ❝❛❧❧✆❞ ❭✕✝❣✧

❛♥❞ t❤✆ ❝♦s✐♥✆ ♦❢ t❤✆ ❛♥❣❧✆ t♦ t❤✆ ♦✡t✐❝❛❧ ❛①✐s ✐s ❣✐✈✆♥ ✏② t❤✆ ✔✆❧❞ ❭✑✧✠

☛❤✆ ❝❛❧❝✞❧❛t✆❞ ✡♦s✐t✐♦♥ ❛t t❤✆ ✐✝❛❣✆ ✡❧❛♥✆ ❛♥❞ t❤✆ ❛♥❣❧✆ ✏✆t✇✆✆♥ t❤✆ r❛② ❛♥❞ t❤✆ ♦✡t✐❝❛❧ ❛①✐s

❛r✆ ❝♦✝✡❛r✆❞ ❢♦r ❲✐♥▲✆♥s✸✛ ❛♥❞ t❤✆ ✐✝✡❧✆✝✆♥t✆❞ ✥☞☛▲☞❇ ❝♦❞✆ ❛♥❞ r✆s✞❧ts s❤♦✇♥ ✐♥ ☛❛✏❧✆ ✟✠✟✠

☛❤✆ r✆s✞❧ts ✔t ✇✆❧❧✱ s❤♦✇✐♥❣ t❤❛t t❤✆ ❝♦❞✆ ✐s ❝♦rr✆❝t✠ ☛❤✆ ✈❛r✐❛t✐♦♥ ✐♥ t❤✆ ✡♦s✐t✐♦♥ ❝❛❧❝✞❧❛t✆❞ ✇✐t❤

s❦✆✇ ♦✡t✐❝s ❛♥❞ t❤✆ t❤✐❝❦ ❧✆♥s ❝♦✝✡❛r✆❞ t♦ t❤✆ ✡❛r❛①✐❛❧ ❛✡✡r♦①✐✝❛t✐♦♥ r✆s✞❧t ❢r♦✝ ❛✏✆rr❛t✐♦♥s

♦❢ t❤✆ ❧✆♥s t❤❛t ❛r✆ ♥♦t ❝❛❧❝✞❧❛t✆❞ ✏② t❤✆ ❛✡✡r♦①✐✝❛t✐♦♥s ❛♥❞ ❛r✆ t❤✆ s❛✝✆ ❢♦r t❤✆ ❲✐♥▲✆♥s✸✛

r✆❢✆r✆♥❝✆ ❛♥❞ ❢♦r t❤✆ ✐✝✡❧✆✝✆♥t✆❞ ❝♦❞✆✠

✦✳✹ ★✩♠✉✪✫✬✩✮✯ ✮✰ ✬✴✻ ✼✯✬✩✽✿✮✯✰✮❀✫✪ ★❁❃✬✻♠

☞❢t✆r t❤✆ ❛♥t✐✎❝♦♥❢♦❝❛❧ s②st✆✝ ❛♥❞ s✐✝✞❧❛t✐♦♥ ❝♦❞✆ ❤❛✈✆ ✏✆✆♥ ✆①✡❧❛✐♥✆❞✱ t❤✆ s✐✝✞❧❛t✆❞ ❣✆♦✝✆tr✐✆s

❛♥❞ t❤✆ s✐✝✞❧❛t✐♦♥ r✆s✞❧ts ✇✐❧❧ ✏✆ ✡r✆s✆♥t✆❞ ✐♥ t❤✐s s✆❝t✐♦♥✠

❄❅❉❅● ❑P◗❱❩❬❪❡❫ ❴❡❵◗❡❪❜q

❋✐rst✱ t❤✆ tr❛♥s✝✐ss✐♦♥ ✆①✡✆r✐✝✆♥t t♦ ❝❤❛r❛❝t✆r✐s✆ t❤✆ ✆❛r❞r✞✝ ❛♥❞ ✆❛r❞r✞✝ ✡❤❛♥t♦✝s ✡r✆s✆♥t✆❞

✐♥ ✒✆❝t✐♦♥ ✸✠✍✠✍ ✇❛s s✐✝✞❧❛t✆❞ ✐♥ ♦r❞✆r t♦ ❞✆t✆r✝✐♥✆ t❤✆ ♦✡t✐❝❛❧ ✡❛r❛✝✆t✆rs ♦❢ t❤✆ ✆❛r❞r✞✝✠ ✜✆s✞❧ts

✇✆r✆ ✡r✆s✆♥t✆❞ ✆❛r❧✐✆r✠





❈❍�✁❚❊❘ ✺✂ �❆❚■✲❈❖❆◆❖❈�✄ ❙❨❙❚❊▼ ✶☎✆

✝❛✞❧❡ ✟✠✻✡ ☛♣t✐❝❛❧ ♣❛☞❛✌❡t❡☞s ♦✍ t❤❡ s✐✌✉❧❛t❡❞ ✌✐❞❞❧❡ ❡❛☞

✎✏✑✒✒✓r✔♥❣ ✏✕✓❢✖✱ ✎✏✑✒✒✓r✔♥❣ ✑❜✎✕r✗✒✔✕♥ ✏✕✓❢✖✱ r✓❢r✑✏✒✔✈✓ ✒✘✔✏❦♥✓✎✎✱

▲✑②✓r ✙✚ ❬✛✴♠♠❪ ✑♥✔✎✕✒r✕✗②✱ ✜ ✙✢ ❬✛✴♠♠❪ ✔♥✣✓①✱ ✤ ✥ ❬♠♠❪

✦✑r✣r✧♠ ✛✛✖✵✵ ✵✖✾✾✵ ✛✖✽✵✵ ✛✖✹✸ ✵✖✛

★✔✣✣✩✓ ✓✑r ✏✑✈✔✒② ✵ ✵ ✵ ✛ ✸

★✧✏✕✎✑ ✪✖✷✫ ✵✖✽✾✼ ✵✖✵✸✫ ✛✖✹✵ ✔♥❢✖

✬❡✭t✮ t❤❡ ❝♦✌♣❧❡t❡ ❛✯t✐✰❝♦✯✍♦❝❛❧ s✳st❡✌ ✐s s✐✌✉❧❛t❡❞✠ ✝✇♦ s❧✐✿❤t❧✳ ❞✐❀❡☞❡✯t ✿❡♦✌❡t☞✐❡s ✇❡☞❡

s✐✌✉❧❛t❡❞✮ ♦✯❡ ✐✯❝❧✉❞✐✯✿ t❤❡ ♦t♦s❝♦♣❡ s♣❡❝✉❧✉✌ ❛✯❞ ♦✯❡ ✇✐t❤♦✉t✠ ✝❤❡ ❁☞st ❂❛☞✐❛t✐♦✯ ✐s ✉s❡❞ t♦

❝❤❛☞❛❝t❡☞✐s❡ t❤❡ ❛✯t✐✰❝♦✯✍♦❝❛❧ s✳st❡✌ ❛✯❞ s✐✌✉❧❛t❡ t❤❡ ✐✯❃✉❡✯❝❡ ♦✍ ❞✐❀❡☞❡✯t ♣❛☞❛✌❡t❡☞s ♦✯ t❤❡

♣❡☞✍♦☞✌❛✯❝❡✠ ✝❤❡ ❧❛tt❡☞ ✐s ✉s❡❞ t♦ ✐✯❂❡st✐✿❛t❡ ❝❤❛✯✿❡s ♦✍ t❤❡ ✬❄ ♦✍ t❤❡ s✳st❡✌ ❛✯❞ ✐✯ t❤❡ ✯❡✭t

❝❤❛♣t❡☞ s✐✌✉❧❛t✐✯✿ s♣❡❝t☞♦s❝♦♣✐❝ ✌❡❛s✉☞❡✌❡✯ts✠ ✝❤❡ ☞❡❛s♦✯ ✍♦☞ t❤✐s ✐s t❤❛t t❤❡ ♦♣t✐❝❛❧ ✞❡✯❝❤ t♦♣

s❡t✉♣ ✇❛s ✐✌♣❧❡✌❡✯t❡❞ ✇✐t❤♦✉t t❤❡ s♣❡❝✉❧✉✌ ✐✯ ♣❧❛❝❡ ❛✯❞ s✐✌✉❧❛t✐♦✯s ❛☞❡ ✐✯t❡✯❞❡❞ t♦ ✞❡ ❛s ❝❧♦s❡

t♦ t❤❡ ♦♣t✐❝❛❧ s❡t✉♣ ❛s ♣♦ss✐✞❧❡✠

✝❤❡ s✐✌✉❧❛t❡❞ s❛✌♣❧❡ ❝♦✯s✐sts ♦✍ ❅ ❧❛✳❡☞s✮ ❧❛✳❡☞ ✶ ✐✯❝❧✉❞❡s t❤❡ ♦♣t✐❝❛❧ s✳st❡✌ ❛✯❞ t❤❡ ✌❡❞✐✉✌ ✐s

❛✐☞✠ ✝❤❡ ✌✐❞❞❧❡ ❡❛☞ ✐s ❝♦✌♣♦s❡❞ ♦✍ ❡❛☞❞☞✉✌✮ ❛✐☞✰❁❧❧❡❞ ✌✐❞❞❧❡ ❡❛☞ ❝❛❂✐t✳✮ ❛✯❞ ✌✉❝♦s❛ ✇✐t❤ ✐✯❁✯✐t❡

❡✭♣❛✯s❡✠ ✝❤❡ ♣☞♦♣❡☞t✐❡s ♦✍ t❤❡s❡ t❤☞❡❡ ❧❛✳❡☞s ❛☞❡ s✉✌✌❛☞✐s❡❞ ✐✯ ✝❛✞❧❡ ✟✠✻ ❛✯❞ ✇❡☞❡ ❞❡❁✯❡❞ ✐✯

❇❡❝t✐♦✯ ✆✠ ✝❤❡ ✐❧❧✉✌✐✯❛t✐♦✯ ✐s s✐✌✉❧❛t❡❞ ✞✳ ❛ ✞❡❛✌ ✇✐t❤ ❤♦✌♦✿❡✯❡♦✉s ♣♦✇❡☞ ❞✐st☞✐✞✉t✐♦✯✮ ✍♦❝✉s

❛✯✿❧❡ ✿✐❂❡✯ ✞✳ t❤❡ ✬❄✮ ❛✯❞ ✍♦❝✉s❡❞ ♦✯ t❤❡ ❡❛☞❞☞✉✌ s✉☞✍❛❝❡✠ ✝❤❡s❡ s❡tt✐✯✿s ❛☞❡ ✉s❡❞ ❛s st❛✯❞❛☞❞

♣❛☞❛✌❡t❡☞s ✐✯ ❛❧❧ s✐✌✉❧❛t✐♦✯s ✉✯❧❡ss st❛t❡❞ ♦t❤❡☞✇✐s❡✠

❋✐✿✉☞❡ ✟✠✶☎ s❤♦✇s t❤❡ ❝♦✌♣❧❡t❡ s✐✌✉❧❛t❡❞ ✿❡♦✌❡t☞✳ ♦✍ ✌✐❞❞❧❡ ❡❛☞ ❛✯❞ ♦♣t✐❝s ✉s❡❞ t♦ ❝❤❛☞❛❝t❡☞✐s❡

t❤❡ ❛✯t✐✰❝♦✯✍♦❝❛❧ s✳st❡✌✠ ❋♦☞ s✐✌✉❧❛t✐♦✯s ♣☞❡s❡✯t❡❞ ✐✯ t❤✐s ❝❤❛♣t❡☞✮ ✞♦t❤ ❧❡✯s❡s ❛☞❡ s✐✌✉❧❛t❡❞ ✇✐t❤

❛ ✍♦❝❛❧ ❧❡✯✿t❤ ♦✍ ✆☎ ✌✌ ❛✯❞ ♣❧❛❝❡❞ ❉● ❏ ✻☎ ✌✌ ❛♣❛☞t✠ ❑✯ ❛❧❧ s✐✌✉❧❛t✐♦✯s ✉s✐✯✿ t❤❡ s✌❛❧❧ ✬❄ ♦✍ ☎✠☎P✮

t❤❡ ❧❡✯s❡s ❛☞❡ s✐✌✉❧❛t❡❞ ❛s t❤✐✯ ❧❡✯s❡s ❛✯❞ ❛ ♣❛☞❛✭✐❛❧ ❛♣♣☞♦✭✐✌❛t✐♦✯ ✐s ✉s❡❞ ✍♦☞ ❧✐✿❤t ♣☞♦♣❛✿❛t✐♦✯✠

❑✯ t❤❡ ❝❛s❡ s✐✌✉❧❛t✐✯✿ ❤✐✿❤❡☞ ✬❄ ☞❡❛❧ ❧❡✯s ✌♦❞❡❧s ❛✯❞ s◗❡✇ ♦♣t✐❝s ✍♦☞✌✉❧❛ ❛☞❡ ✉s❡❞✠ ✝❤❡ st♦♣ ✐s

♣❧❛❝❡❞ ✐✯ t❤❡ ✐✌❛✿❡ ♣❧❛✯❡ ♦✍ t❤❡ ❡❛☞❞☞✉✌✠ ✝❤❡ s♣❡❝✉❧✉✌ ❛♣❡☞t✉☞❡ ✐s ♣❧❛❝❡❞ ❯✠❯✌✌ ❛✇❛✳ ✍☞♦✌ t❤❡

❡❛☞❞☞✉✌ ❱☞❡s✉❧t✐✯✿ ✍☞♦✌ ❛✯ ❛❂❡☞❛✿❡ ❞✐st❛✯❝❡ ♦✍ t❤❡ s♣❡❝✉❧✉✌ t♦ ❡❛☞❞☞✉✌ ♦✍ ✶✆ ✌✌ ❲❅✟❳ s❝❛❧❡❞ t♦

t❤❡ ✍♦❝❛❧ ❧❡✯✿t❤ ♦✍ t❤❡ s✐✌✉❧❛t❡❞ ❧❡✯s❩ ❛✯❞ ❤❛s ❛✯ ❛♣❡☞t✉☞❡ ☞❛❞✐✉s ♦✍ ✶✠✟ ✌✌✠

✝❤❡ ❛♣❡☞t✉☞❡ ✐s ♦✯❧✳ ✉s❡❞ ✇❤❡✯ s✐✌✉❧❛t✐✯✿ t❤❡ s✳st❡✌ ✇✐t❤ ✬❄ ♦✍ ☎✠☎P ❛✯❞ ❂❛☞✳✐✯✿ t❤❡ ♦t❤❡☞

♣❛☞❛✌❡t❡☞s ✞✉t ✯♦t ✉s❡❞ ✇❤❡✯ s✐✌✉❧❛t✐✯✿ ❞✐❀❡☞❡✯t ✬❄s✠ ✝❤❡ ☞❛❞✐✉s ♦✍ t❤❡ ♦✞❥❡❝t✐❂❡ ❧❡✯s ❛♣❡☞t✉☞❡

✐s ❭ ❏ ❫❴❉ ✇✐t❤ t❤❡ ❞✐❛✌❡t❡☞ ❫ ✿✐❂❡✯ ✞✳ t❤❡ ✬❄ ♦✍ t❤❡ s✳st❡✌ ❛s ✍♦❧❧♦✇s✠

❫ ❏ t❛✯❱❛☞❝s✐✯❱❵q❩❩ ③ ❉● ❱✟✠❉✻❩

✝❤❡ s✳st❡✌ ✇✐t❤♦✉t s♣❡❝✉❧✉✌ ✇❛s s✐✌✉❧❛t❡❞ ✐✯ ♦☞❞❡☞ t♦ ❝♦✌♣❛☞❡ s✐✌✉❧❛t✐♦✯s ✇✐t❤ t❤❡ ❡✭♣❡☞✰

✐✌❡✯t❛❧ s✳st❡✌✠ ④✐✌❡✯s✐♦✯s ✇❡☞❡ ❛❞❛♣t❡❞ t♦ t❤❡ ❡✭♣❡☞✐✌❡✯t❛❧ s✳st❡✌✮ t❤❡ ♦✞❥❡❝t✐❂❡ ❧❡✯s ❤❛s ❛
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✝❛✞❧❡ ✆✟✼✠ P❛✡❛☛❡t❡✡s t❤❛t ❝❛☞ ❝❤❛☞❣❡ ✐☞ t❤❡ ♦✌t✐❝❛❧ s②st❡☛ ❛☞❞ t❤❡ ☛✐❞❞❧❡ ❡❛✡ ❛☞❞ ❝❛☞ ❤❛✈❡ ❛☞

✐☞✍✉❡☞❝❡ ♦☞ t❤❡ ❛☞t✐✎❝♦☞❢♦❝❛❧ ☛❡❛s✉✡❡☛❡☞t ♦❢ ✐☞✍❛☛☛❛t✐♦☞✟

✏✑r✑♠✒✓✒r ✔✓✑♥✕✑r✕ ❱✑✖✗✒ ❱✑r✘✑✓✘✙♥✚

✏✑r✑♠✒✓✒r✚ ✙✛ ✓✜✒ ✢✘✕✕✖✒ ✣✑r

✤❜✥✦✧★✩✪✦✫ ✦✬ ✩✭✮ ✯✰✱✦✥✳ ✴✮★✮✫✴✮✫✩ ✦✫ ✪✫✵✳✯✯✳✩✦✧✷ ✥✩✳✩✮

✸✱✳✩✩✮✧✪✫✹ ✦✬ ✩✭✮ ✯✰✱✦✥✳ ✻✽✾✿ ❀✿❁ ❂❃❁ ✾❃❄

✤❜✥✦✧★✩✪✦✫ ✦✬ ✩✭✮ ✮✳✧✴✧✰✯ ❂✽❅ ❇ ✴✮★✮✫✴✮✫✩ ✳✫✴ ✪✫✴✮★✮✫✴✮✫✩ ✱✭✳✫✹✮

✸✱✳✩✩✮✧✪✫✹ ✦✬ ✩✭✮ ✮✳✧✴✧✰✯ ❉ ❋ ❃●❏❏❑ ▲◗ ❋ ❂❂✯✯
❯❲

❉ ❋ ❃●❏❁ ❃✽✻❑ ▲◗ ❋ ✾✾❁ ❳❳❁ ❩❩✯✯
❯❲

❬✪✥✩✳✫✱✮ ❜✮✩✇✮✮✫ ✮✳✧✴✧✰✯ ✳✫✴ ✯✰❭

✱✦✥✳

❳✯✯ ❃✽❂❁ ❃✽✿❁ ✾❁ ❩❁❅✯✯

❪✦✰✹✭✫✮✥✥ ✦✬ ✩✭✮ ✥✰✧✬✳✱✮✥ ✵✳✩ ✧✦✰✹✭

✤✫✹❫✮ ❜✮✩✇✮✮✫ ✮✳✧✴✧✰✯ ✳✫✴ ✯✰❭

✱✦✥✳

❃
❴

✿❁ ❂❃
❴

✏✑r✑♠✒✓✒r✚ ✙✛ ✓✜✒ ❵♣✓✘❥✑✖ ✔❦✚✓✒♠

✸✩✦★ ✧✳✴✪✰✥ ✩✦ ❜✮ ✴✮✩✮✧✯✪✫✮✴

q✦✯❜✪✫✳✩✪✦✫ ✦✬ ★✪✫✭✦❫✮ ✳✫✴ ✥✩✦★ ✥✩✦★ ✦✫❫✷ ✥✩✦★ ① ★✪✫✭✦❫✮

③✦✱✰✥ ✦✫ ✮✳✧✴✧✰✯ ✥✰✧✬✳✱✮ ✬✦✱✰✥ ✥✭✪✬✩✮✴ ✩✦✇✳✧✴✥ ✮✳✧✴✧✰✯

④❫❫✰✯✪✫✳✩✪✦✫ ⑤✤ ❃✽❃❅ ❃✽❃❃❳

❬✮✩✮✱✩✪✦✫ ⑤✤ ❃✽❃❅ ❃✽❃✾⑥⑦❃✽✾⑥

⑧⑨ ⑩✐❧❧ ✡❡❞✉❝❡ t❤❡ ❝♦☛✌❧❡❶✐t② ♦❢ t❤❡ ♦✌t✐❝❛❧ s②st❡☛ ❛s ❧❡ss ❧❡☞s❡s ❛✡❡ ✡❡❷✉✐✡❡❞ ❢♦✡ ✞❡❛☛ ❡❶✌❛☞s✐♦☞

❛☞❞ ✐ts ✐☞✍✉❡☞❝❡ ♦☞ t❤❡ s②st❡☛ t❡st❡❞✟ ⑨ ☛❛❶✐☛✉☛ ✌♦ss✐✞❧❡ ⑧⑨ ✐s ❛ss✉☛❡❞ t♦ ✞❡ ✞❡st ❛s ☛♦✡❡

s✐❣☞❛❧ ❝❛☞ ✞❡ ❞❡t❡❝t❡❞❸ t❤✐s ✐s t❡st❡❞ ✞② ✈❛✡②✐☞❣ t❤❡ ⑧⑨ ♦✈❡✡ ❛ ⑩✐❞❡✡ ✡❛☞❣❡ ♦❢ ☎✟☎❹✼ t♦ ☎✟❹✼✟

❺❤✐❧❡ t❤❡ ❛✞s♦✡✌t✐♦☞ ♦❢ t❤❡ ☛✉❝♦s❛ ✐s t❤❡ ❝❤❛☞❣❡ t♦ ✞❡ ☛❡❛s✉✡❡❞ ♦t❤❡✡ ✌❛✡❛☛❡t❡✡s ♦❢ t❤❡

s❛☛✌❧❡ ❝❛☞ ✐☞✍✉❡☞❝❡ t❤❡ ☛❡❛s✉✡❡☛❡☞t ❛☞❞ ☛❛② ☛❛❻❡ ❞❡t❡❝t✐♦☞ ♦❢ t❤❡ ❛✞s♦✡✌t✐♦☞ ✐☛✌♦ss✐✞❧❡✟ ✝♦

✐☞✈❡st✐❣❛t❡ t❤❡✐✡ ✐☞✍✉❡☞❝❡ ❡❛❝❤ ✌❛✡❛☛❡t❡✡ ✐s ❝❤❛☞❣❡❞ ⑩❤✐❧❡ ❛❧❧ ♦t❤❡✡ ✌❛✡❛☛❡t❡✡s ❛✡❡ ❻❡✌t ❝♦☞st❛☞t✟

✝❤❡s❡ ✌❛✡❛☛❡t❡✡s ❛✡❡ ❧✐st❡❞ ✐☞ ✝❛✞❧❡ ✆✟✼ ❛☞❞ s❤♦✡t❧② ❡❶✌❧❛✐☞❡❞ ❤❡✡❡✠ ✝❤❡ s❝❛tt❡✡✐☞❣ ❝♦❡❼❝✐❡☞t ♦❢

t❤❡ ☛✉❝♦s❛ ⑩❤✐❝❤ ⑩✐❧❧ ❞✐✡❡❝t❧② ✐☞✍✉❡☞❝❡ t❤❡ ✞❛❝❻ s❝❛tt❡✡❡❞ s✐❣☞❛❧ ✞✉t ❝❤❛☞❣❡s ☛✐❣❤t ✞❡ ❝♦☛✌❡☞✎

s❛t❡❞ ❢♦✡ ☛② ☛✉❧t✐✌❧❡ ⑩❛✈❡❧❡☞❣t❤ ☛❡❛s✉✡❡☛❡☞ts✟ ✝❤❡ ❛✞s♦✡✌t✐♦☞ ❛☞❞ s❝❛tt❡✡✐☞❣ ❝❤❛✡❛❝t❡✡✐st✐❝s

♦❢ t❤❡ ❡❛✡❞✡✉☛ ⑩✐❧❧ ✐☞✍✉❡☞❝❡ t❤❡ s✐❣☞❛❧ ❧❡✈❡❧ ❛☞❞ ❞✐st✡✐✞✉t✐♦☞ ✡❡❛❝❤✐☞❣ t❤❡ ☛✉❝♦s❛ ❛s ⑩❡❧❧ ❛s t❤❡

✞❛❝❻❣✡♦✉☞❞ s✐❣☞❛❧ ❢✡♦☛ t❤❡ ❡❛✡❞✡✉☛ ✐ts❡❧❢✟ ✝❤❡ ❞✐st❛☞❝❡ ✞❡t⑩❡❡☞ ❡❛✡❞✡✉☛ ❛☞❞ ☛✉❝♦s❛ ⑩✐❧❧ ✐☞✍✉✎

❡☞❝❡ t❤❡ s✌✡❡❛❞ ♦❢ t❤❡ s✐❣☞❛❧ ❛☞❞ t❤✉s t❤❡ ✐❧❧✉☛✐☞❛t❡❞ ❛✡❡❛ ♦☞ t❤❡ ☛✉❝♦s❛ ❛s ⑩❡❧❧ ❛s t❤❡ ☞❡❡❞ ❢♦✡ ❛

s❤❛✡✌ ❝✉t✎♦❽ ✞❡t⑩❡❡☞ s✐❣☞❛❧ ❛☞❞ ✞❛❝❻❣✡♦✉☞❞ ✌❧❛☞❡s✟ ❾✐☞❛❧❧②❸ t❤❡ ♦✡✐❡☞t❛t✐♦☞ ❛☞❣❧❡ ❛☞❞ ✡♦✉❣❤☞❡ss

♦❢ ✞♦t❤ ❡❛✡❞✡✉☛ ❛☞❞ ☛✉❝♦s❛ ⑩✐❧❧ ✐☞✍✉❡☞❝❡ t❤❡ ❞✐st✡✐✞✉t✐♦☞ ♦❢ ✡❡✍❡❝t❡❞ ❧✐❣❤t ❛☞❞ t❤✉s ✐☞✍✉❡☞❝❡ t❤❡

s✐❣☞❛❧ ❧❡✈❡❧ ❞❡t❡❝t❡❞ ✞② t❤❡ s②st❡☛ ⑩✐t❤ ⑧⑨ ♦❢ ☎✟☎❿✟
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✝❤❡ ✐♥✌✉❡♥❝❡ ♦✞ ♠♦✟t ♦✞ t❤❡✟❡ ♣❛✠❛♠❡t❡✠✟ ♦♥ t❤❡ ❛♥t✐✡❝♦♥✞♦❝❛☛ ✐✟ ❞✐✟❝✉✟✟❡❞ ✐♥ t❤❡ ✠❡✟✉☛t✟ ❜❡☛♦✇✳

☞❜✟♦✠♣t✐♦♥ ♦✞ ❡❛✠❞✠✉♠ ❛♥❞ ♠✉❝♦✟❛ ❛✠❡ ✇❛✈❡☛❡♥❣t❤ ❛♥❞ ✐♥✌❛♠♠❛t✐♦♥ ❞❡♣❡♥❞❡♥t ❛♥❞ ❤❡♥❝❡✱ ❛✠❡

♥♦t ❞✐✟❝✉✟✟❡❞ ❤❡✠❡ ❛✟ ♦♥☛② t❤❡ ♣❡✠✞♦✠♠❛♥❝❡ ♦✞ t❤❡ ❛♥t✐✡❝♦♥✞♦❝❛☛ ✟②✟t❡♠ ✐✟ ✐♥✈❡✟t✐❣❛t❡❞ ❜✉t ❛✠❡

✐♥❝☛✉❞❡❞ ☛❛t❡✠ ✇❤❡♥ ❞✐✟❝✉✟✟✐♥❣ ✟♣❡❝t✠♦✟❝♦♣✐❝ ♠❡❛✟✉✠❡♠❡♥t✟✳ ☞☛✟♦✱ ✟❝❛tt❡✠✐♥❣ ♦✞ t❤❡ ♠✉❝♦✟❛ ✐✟ ♥♦t

✐♥✈❡✟t✐❣❛t❡❞ ❤❡✠❡ ❛✟ ♠✉☛t✐✡✇❛✈❡☛❡♥❣t❤ ♠❡❛✟✉✠❡♠❡♥t ♠✐❣❤t ❜❡ ❛❜☛❡ t♦ ❝♦♠♣❡♥✟❛t❡ ✞♦✠ t❤❡✟❡ ❝❤❛♥❣❡✟✳

✍✎✹✎✸ ✏✑s✒✓✔s

✕♥ ♦✠❞❡✠ t♦ ❛♥❛☛②✟❡ t❤❡ ♣❡✠✞♦✠♠❛♥❝❡ ♦✞ t❤❡ ❝♦♥✞♦❝❛☛ ❝♦♠♣❛✠❡❞ t♦ t❤❡ ❛♥t✐✡❝♦♥✞♦❝❛☛ ✟②✟t❡♠✱ t❤❡

✟✐❣♥❛☛✡t♦✡❜❛❝❦❣✠♦✉♥❞ ✭✖❇✗✮ ✐✟ ♣✠♦♣♦✟❡❞ ❛♥❛☛♦❣✉❡ t♦ t❤❡ ❝♦♠♠♦♥☛② ✉✟❡❞ ✟✐❣♥❛☛✡t♦✡♥♦✐✟❡ ✠❛t✐♦

✭✖✘✗✮✳ ✝❤❡ ✟✐❣♥❛☛ ✙ ✐✟ ❝❛☛❝✉☛❛t❡❞ ❛✟ t❤❡ ✟✉♠ ♦✞ t❤❡ ✇❡✐❣❤t ♦✞ ♣❤♦t♦♥✟ ❡①✐t✐♥❣ t❤❡ ♠✐❞❞☛❡ ❡❛✠

t❤❛t ✠❡❛❝❤❡❞ t❤❡ ♠✉❝♦✟❛ ✟✉✠✞❛❝❡ ♦✠ ♣❡♥❡t✠❛t❡❞ t❤❡ ♠✉❝♦✟❛ ❛♥❞ t❤✉✟ ❝❛✠✠② ✐♥✞♦✠♠❛t✐♦♥ ❛❜♦✉t t❤❡

♠✉❝♦✟❛✳ ❇❛❝❦❣✠♦✉♥❞ ✚ ♦♥ t❤❡ ♦t❤❡✠ ❤❛♥❞ ✐✟ ❞❡✛♥❡❞ ❛✟ t❤❡ ♣❤♦t♦♥✟ t❤❛t ❞♦ ♥♦t ✠❡❛❝❤ t❤❡ ♠✉❝♦✟❛

❛♥❞ ❤❛✈❡ ❜❡❡♥ ❜❛❝❦ ✟❝❛tt❡✠❡❞ ❜② t❤❡ ❡❛✠❞✠✉♠ ❛♥❞ ❤❛✈❡ t❤❡♥ ❜❡❡♥ ❞❡t❡❝t❡❞✳ ✝❤❡ ✖❇✗ ✐✟ ❣✐✈❡♥ ❛✟

t❤❡ ✠❡☛❛t✐♦♥ ♦✞ ✟✐❣♥❛☛ t♦ ❜❛❝❦❣✠♦✉♥❞ ♣❤♦t♦♥✟✳

✜✢✣ ❂
✙

✚
✭✤✳✷✥✮

❲❤✐☛❡ t❤❡ ✟✐❣♥❛☛ ☛❡✈❡☛ ❛♥❞ ✖❇✗ ♦✞ ❛ ✟✐♥❣☛❡ ♠❡❛✟✉✠❡♠❡♥t ❛✠❡ ✐♥✈❡✟t✐❣❛t❡❞ ❤❡✠❡✱ ♠✉☛t✐✡✇❛✈❡☛❡♥❣t❤

♠❡❛✟✉✠❡♠❡♥t✟ ✇✐☛☛ ❜❡ ✐♥✈❡✟t✐❣❛t❡❞ ✐♥ t❤❡ ♥❡①t ❝❤❛♣t❡✠✳

❋❧✦✧

★✐✠✟t✱ t❤❡ ✌✉① ♦✞ ❛☛☛ ✟✐♠✉☛❛t❡❞ ♣❤♦t♦♥✟ ✐✟ ✟❤♦✇♥ ✐♥ ★✐❣✉✠❡ ✤✳✶✶ ❛✮✳ ✝❤❡ ✠✐❣❤t ♣❛✠t ♦✞ t❤❡ ✛❣✉✠❡

✟❤♦✇✟ t❤❡ ♦♣t✐❝❛☛ ✟②✟t❡♠ ✇✐t❤ ♣♦✟✐t✐♦♥✟ ♦✞ ✟♣❡❝✉☛✉♠ ❛♣❡✠t✉✠❡✱ ❜♦t❤ ☛❡♥✟❡✟✱ ❛♥❞ ✞♦❝✉✟ ♦✞ t❤❡ ❡❛✠❞✠✉♠

♠❛✠❦❡❞ ✐♥ ✇❤✐t❡✳ ✝❤❡ ☛❡✞t ✛❣✉✠❡ ✟❤♦✇✟ t❤❡ ♠✐❞❞☛❡ ❡❛✠ ✇✐t❤ ✐♥t❡✠✞❛❝❡✟ ❜❡t✇❡❡♥ ❡❛✠❞✠✉♠ ♠✐❞❞☛❡ ❡❛✠

❝❛✈✐t②✱ ❛♥❞ ♠✉❝♦✟❛ ♠❛✠❦❡❞✳ ✝❤❡ ✌✉① ✐✟ ✟❤♦✇♥ ✐♥ ☛♦❣❛✠✐t❤♠✐❝ ✟❝❛☛❡ ❞❡♣❡♥❞❡♥t ♦♥ t❤❡ ✠❛❞✐✉✟ ❛♥❞

❝♦♥✟❡q✉❡♥t☛② t❤❡ ♣♦✇❡✠ ❛t ❤✐❣❤❡✠ ✠❛❞✐✐ ✐✟ ❤✐❣❤❡✠ ❛✟ ❛ ☛❛✠❣❡✠ ❛✠❡❛ ✐✟ ❛♥❛☛②✟❡❞✳ ✝❤❡ ③✡❛①✐✟ ♦✞ ❜♦t❤

✛❣✉✠❡✟ ✐✟ ✟❝❛☛❡❞ ❞✐✩❡✠❡♥t☛② ✇❤✐☛❡ t❤❡ ✠❛❞✐✉✟ ✞✠♦♠ t❤❡ ♦♣t✐❝❛☛ ❛①✐✟ ✟❤♦✇✟ t❤❡ ✟❛♠❡ ✟❝❛☛❡✳

✖✉❜✛❣✉✠❡ ✭❛✮ ✟❤♦✇✟ t❤❡ ❝♦♠♣☛❡t❡ ✟✐❣♥❛☛ ❛♥❞ ❜❛❝❦❣✠♦✉♥❞ ✟✉♣❡✠♣♦✟❡❞✳ ✝❤❡ ✟✐❣♥❛☛ ♣✠♦♣❛❣❛t❡✟

✞❛✠ ✐♥t♦ t❤❡ ♠✉❝♦✟❛✱ ❜✉t t❤❡ ♣♦✇❡✠ ❞❡❝✠❡❛✟❡✟ ❡①♣♦♥❡♥t✐❛☛☛②✱ ❡✈❡♥ t❤♦✉❣❤ t❤✐✟ ✐✟ ♥♦t ♦❜✈✐♦✉✟ ❞✉❡

t♦ ☛♦❣❛✠✐t❤♠✐❝ ✟❝❛☛✐♥❣✳ P❤♦t♦♥ ♣❛t❤✟ ✐♥ t❤❡ ♦♣t✐❝❛☛ ✟②✟t❡♠ ❛✠❡ ❝✉t ♦✩✱ ✇❤❡♥ ♣❛✟✟✐♥❣ ♦✉t✟✐❞❡ t❤❡

✟♣❡❝✉☛✉♠ ❛♥❞ ♦❜❥❡❝t✐✈❡ ☛❡♥✟ ❛♣❡✠t✉✠❡✳ ✖✉❜✛❣✉✠❡ ✭❜✮ ✟❤♦✇✟ ♦♥☛② ✟✐❣♥❛☛ ✠❡❛❝❤✐♥❣ t❤❡ ❞❡t❡❝t♦✠✱ ❛♥❞

✭❝✮ ✟❤♦✇✟ ♦♥☛② ❜❛❝❦❣✠♦✉♥❞ ✠❡❛❝❤✐♥❣ t❤❡ ❞❡t❡❝t♦✠✳

✝❤❡ ❜❛❝❦❣✠♦✉♥❞ ✟❤♦✇✟ ❛ ❝☛❡❛✠ ✞♦❝✉✟ ❛t t❤❡ ❡❛✠❞✠✉♠ ✐♠❛❣❡ ♣☛❛♥❡✳ ✝❤❡ ✟t♦♣ ✐✟ ❜❡✟t ♣☛❛❝❡❞ ❛t

t❤✐✟ ♣♦✟✐t✐♦♥✳ ✝❤❡ ✟✐❣♥❛☛ ✞♦❝✉✟ ✐✟ ✟❤✐✞t❡❞ t♦✇❛✠❞✟ t❤❡ ✟❛♠♣☛❡ ❛♥❞ ✟❤♦✇✟ ♠✉❝❤ ♠♦✠❡ ✟❝❛tt❡✠❡❞ ❛♥❞

✇✐❞❡ ✟♣✠❡❛❞ ✟✐❣♥❛☛ ❛♥❞ ❤❡♥❝❡ ✟✐❣♥❛☛ ✐✟ ❛❜☛❡ t♦ ♣❛✟✟ t❤❡ ✟t♦♣✳ ✝❤❡ ✟✐❣♥❛☛ ♥❡❛✠ t❤❡ ♦♣t✐❝❛☛ ❛①✐✟ ✐♥✟✐❞❡

t❤❡ ♠✉❝♦✟❛ ✟❡❡♠✟ t♦ ❜❡ ☛♦✇ ❛♥❞ ♣❤♦t♦♥✟ t♦ ❜❡ ✟❝❛tt❡✠❡❞ ❛✇❛② ✞✠♦♠ t❤❡ ❛①✐✟✳ ✝❤✐✟ ✐✟ ❞✉❡ t♦ t❤❡ ✞❛❝t
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③✝✞✟✠✡ ☛☞☞✌

✍
✎
✏
✑✒
✓
✔✕
✕
✖

✗
✒
✘
✙
✓✎

✚
✎
✛
✑✜
✢
✣
✎
✤✏
✤✒
✕

✝✥✦ ✝✧✦ ✝★✦ ✦

✦

✧

✹

✻

✽

★✦

③✝✞✟✠✡ ☛☞☞✌

✩✕
✎
✪
✑✫
✪
✬
✭
✫
✓

✮
✯ ✭
✘
✜✑✛
✭
✬
✭
✫
✓

✰
✱
✭
✤✜
✒
✤✭

❋
✙
✘
✒
✓

✦ ✳✦ ★✦✦ ★✳✦

✦

✧

✹

✻

✽

★✦

❧✙
✪
✴✵
❧ ✒
✷
✸
✔✰
✼✾
✼ ✖

✝✳

✦

✳

★✦

✿❛❀ ❁❂❂ ♣❤♦t♦♥s

❃❄❅❇❉● ❏❑❑▲

P
◗
❯
❱❲
❳
❩❬
❬
❭

❪
❲
❫
❴
❳
◗

❵
◗
❜
❱❝
❞
❡
◗
❢ ❯
❢ ❲
❬

❄❣✐ ❄❥✐ ❄❦✐ ✐

✐

❥

♠

q

r

❦✐

❃❄❅❇❉● ❏❑❑▲

✉❬
◗
✈
❱✇
✈
①
②
✇
❳

④
⑤②
❫
❝ ❱❜
②
①
②
✇
❳

⑥
⑦
②
❢❝
❲
❢②

⑧
❴
❫
❲
❳

✐ ⑨✐ ❦✐✐ ❦⑨✐

✐

❥

♠

q

r

❦✐

⑩❴
✈
❶❷
⑩ ❲
❸
❹
❩⑥
❺❻
❺ ❭

❄⑨

✐

⑨

❦✐

✿❼❀ ❽❾❿♥❛❂ ➀➁❛➂❤❾♥❿ ➃➁t➁➂t♦➀ ✿♥♦ ➂♦♥➄♦➂❛❂ ♦➀ ❛♥t❾➅➂♦♥➄♦➂❛❂ ➆❂t➁➀❾♥❿❀

③✝✞✟✠✡ ☛☞☞✌

✍
✎
✏
✑✒
✓
✔✕
✕
✖

✗
✒
✘✙
✓
✎

✚
✎
✛
✑✜✢
✣
✎
✤✏
✤✒
✕

✝✥✦ ✝✧✦ ✝★✦ ✦

✦

✧

✹

✻

✽

★✦

③✝✞✟✠✡ ☛☞☞✌

✩✕
✎
✪
✑✫
✪
✬
✭
✫
✓

✮
✯ ✭
✘
✜✑✛
✭
✬
✭
✫
✓

✰
✱
✭
✤✜
✒
✤✭

❋
✙
✘
✒
✓

✦ ✳✦ ★✦✦ ★✳✦

✦

✧

✹

✻

✽

★✦

❧✙
✪
✴✵
❧ ✒
✷
✸
✔✰
✼✾
✼ ✖

✝✳

✦

✳

★✦

✿➂❀ ➇❛➂➈❿➀♦➉♥➃ ➀➁❛➂❤❾♥❿ ➃➁t➁➂t♦➀ ✿♥♦ ➂♦♥➄♦➂❛❂ ♦➀ ❛♥t❾➅➂♦♥➄♦➂❛❂ ➆❂t➁➀❾♥❿❀

➊➋➌➍➎➏ ➐➑✶✶➒ ➓➋➔➍→➣↔➏↕ ➙➍➛ ➜➝ ➞➟➜↔➜➠➡ ➋➠ ➔➋↕↕→➏ ➏➣➎ ➣➠↕ ➜➞↔➋➢➣→ ➡➤➡↔➏➔➑ ➥➟➏ ➌➎➣➞➟➡ ➣➎➏ ➡➞→➋↔ ➋➠↔➜

↔➋➡➡➍➏ ➦→➏➝↔➧ ➣➠↕ ➜➞↔➋➢➣→ ➡➤➡↔➏➔ ➦➎➋➌➟↔➧➑ ➥➟➏ ➞➜➡➋↔➋➜➠➡ ➜➝ ↔➟➏ ➡➍➎➝➣➢➏➡ ➣➎➏ ➔➣➎➨➏↕ ➋➠ ➩➟➋↔➏ ➋➠ ↔➟➏

↔➋➡➡➍➏ ➣➠↕ ↔➟➏ ➞➜➡➋↔➋➜➠ ➜➝ ↔➟➏ ➡➞➏➢➍→➍➔ ➣➞➏➎↔➍➎➏➫ →➏➠➡➏➡➫ ➣➠↕ ➝➜➢➍➡ ➋➠ ↔➟➏ ➜➞↔➋➢➣→ ➡➤➡↔➏➔➑ ➊➍➎↔➟➏➎➫

↔➟➏ ➔➣➛➋➔➍➔ ➣➞➏➎↔➍➎➏ ➜➝ ➜➭➯➏➢↔➋➲➏ →➏➠➡ ➣➠↕ ➡➞➏➢➍→➍➔ ➣➎➏ ➔➣➎➨➏↕ ➭➤ ➟➜➎➋➳➜➠↔➣→ →➋➠➏➡➑
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t❤❛t t❤❡ s✐❣✝❛✞ ✐s s❤♦✇✝ ♦✈❡r r❛✟✐✉s ❛✝✟ ❤❡✝❝❡ ✞❛r❣❡r ✈♦✞✉♠❡s ❛r❡ s❛♠♣✞❡✟ ❢♦r ❛ ❤✐❣❤❡r r❛✟✐✉s✳ ✠

s❝❛✞✐✝❣ ❜② t❤❡ ❛r❡❛ ✇♦✉✞✟ ✝♦r♠❛✞✐s❡ t❤❡ s✐❣✝❛✞ ❜✉t t❤✐s ✐s ✝♦t ✟♦✝❡ ❛s t❤❡ t♦t❛✞ ♣♦✇❡r ✐s ✐♠♣♦rt❛✝t✳

✡☛☞✌✍♥✎✏✍☛♥ ✑✍✏✒ P✍♥✒☛✓✔ ✎♥❞ ❱✎✕✍✎✏✍☛♥ ☛✖ ✏✒✔ P☛✗✍✏✍☛♥

❋✐rst✱ ✐t ✐s t❡st❡✟ ✇❤❡t❤❡r ✈❛r✐❛t✐♦✝ ♦❢ t❤❡ t❤❡♦r❡t✐❝❛✞ st♦♣ ♣♦s✐t✐♦✝ ❛✝✟ ❝♦♠❜✐✝❛t✐♦✝ ♦❢ st♦♣ ❛✝✟

♣✐✝❤♦✞❡ ❝❛✝ ✐♠♣r♦✈❡ t❤❡ ♣❡r❢♦r♠❛✝❝❡ ♦❢ t❤❡ ❛✝t✐✘❝♦✝❢♦❝❛✞ s②st❡♠✳ ❋♦r t❤✐s t❤❡ st♦♣ ❛✝✟ ♣✐✝❤♦✞❡ ❛r❡

♠♦✈❡✟ ❛✞♦✝❣ t❤❡ ♦♣t✐❝❛✞ ❛✙✐s✱ t❤❡ r❛✟✐✉s ♦❢ ❜♦t❤ ❡✞❡♠❡✝ts ❝❤❛✝❣❡✟✱ ❛✝✟ s✐❣✝❛✞ ❛✝✟ ✚❇✛ r❡❝♦r✟❡✟✳

✜❤❡ s✐♠✉✞❛t✐♦✝ r❡s✉✞ts ✭✝♦ ♣✞♦ts ❣✐✈❡✝✮ s❤♦✇✱ t❤❛t ✝❡✐t❤❡r ❛✟✟✐t✐♦✝ ♦❢ ❛ ♣✐✝❤♦✞❡ ✝♦r ❝❤❛✝❣❡s ♦❢

t❤❡ ♣♦s✐t✐♦✝ ♦❢ ❡✐t❤❡r ❡✞❡♠❡✝t ✐♠♣r♦✈❡s t❤❡ ♣❡r❢♦r♠❛✝❝❡ ♦❢ t❤❡ ❛✝t✐✘❝♦✝❢♦❝❛✞ s②st❡♠✳ ✜❤❡ s♣❡❝✉✞✉♠

❛✝✟ ♦❜❥❡❝t✐✈❡ ✞❡✝s ❛♣❡rt✉r❡ r❡❥❡❝t ✇✐✟❡✞② s❝❛tt❡r❡✟ ❛✝✟ r❡✢❡❝t❡✟ ✞✐❣❤t ❛✝✟ ❛❝t ❛s ✞❛r❣❡ ❛♣❡rt✉r❡s✳

✠s s❤♦✇✝ ✞❛t❡r✱ ✇❤❡✝ ❝❤❛✝❣✐✝❣ t❤❡ ✣✠ ♦❢ t❤❡ ♦♣t✐❝❛✞ s②st❡♠ ✐✝ s✐♠✉✞❛t✐♦✝s✱ t❤✐s r❡str✐❝ts t❤❡

✟❡t❡❝t❡✟ s✐❣✝❛✞ ❛✝✟ r❡✟✉❝❡s t❤❡ ✚❇✛✳

✤✏☛✥ ✦✎❞✍✧✗

✜❤❡ ✐✝✢✉❡✝❝❡ ♦❢ t❤❡ r❛✟✐✉s ♦❢ t❤❡ ♣✐✝❤♦✞❡ ✐✝ t❤❡ ❝♦✝❢♦❝❛✞ ❝❛s❡ ❛✝✟ t❤❡ st♦♣ ✐✝ t❤❡ ❛✝t✐✘❝♦✝❢♦❝❛✞

❝❛s❡ ♦✝ t❤❡ s✐❣✝❛✞ ❛✝✟ ✚❇✛ ❛r❡ ✐✝✈❡st✐❣❛t❡✟ ❤❡r❡✳ ❋♦r t❤✐s t❤❡ r❛✟✐✉s ♦❢ ❜♦t❤ ❡✞❡♠❡✝ts ✐s ✈❛r✐❡✟

❢r♦♠ ☎ t♦ ✷✳★♠♠ ❛✝✟ t❤❡ r❡s✉✞ts ❛r❡ s❤♦✇✝ ✐✝ ❋✐❣✉r❡ ★✳✶✷✱ ✇❤❡r❡ t❤❡ ❝♦✝❢♦❝❛✞ ✟❛t❛ ✐s s❤♦✇✝ ✐✝

❜✞✉❡ ❛✝✟ t❤❡ ❛✝t✐✘❝♦✝❢♦❝❛✞ ✟❛t❛ ✐✝ r❡✟✳ ✜❤❡ ✞❡❢t ❣r❛♣❤ s❤♦✇s t❤❡ s✐❣✝❛✞ ✭✐✝ ❛r❜✐tr❛r② ✉✝✐ts ✠✳❯✳

❡q✉❛✞ t♦ t❤❡ ✇❡✐❣❤t ♦❢ ✟❡t❡❝t❡✟ ♣❤♦t♦✝s✱ ✇✐t❤ ✶☎✼ s✐♠✉✞❛t❡✟ ♣❤♦t♦✝s ❛✝✟ ✐✝✐t✐❛✞ ✇❡✐❣❤t ♦❢ ✶✮ ❛✝✟

t❤❡ r✐❣❤t ❣r❛♣❤ t❤❡ ✚❇✛✳

✜❤❡ ❝♦✝❢♦❝❛✞ s②st❡♠ ❤❛s ✐ts ✞♦✇❡st s✐❣✝❛✞ ✞❡✈❡✞ ❢♦r t❤❡ s♠❛✞✞❡st ♣✐✝❤♦✞❡ r❛✟✐✉s✱ ❛s ❡✙♣❡❝t❡✟ ❛s ❛

s♠❛✞✞ ♣✐✝❤♦✞❡ r❡❥❡❝ts ♠♦st ✞✐❣❤t✳ ✜❤❡ s✐❣✝❛✞ ✞❡✈❡✞ ✐✝❝r❡❛s❡s ✇✐t❤ ✐✝❝r❡❛s✐✝❣ ♣✐✝❤♦✞❡ r❛✟✐✉s ❛s ♠♦r❡

✞✐❣❤t ❝❛✝ ♣❛ss t❤r♦✉❣❤ t❤❡ ♣✐✝❤♦✞❡✳ ❋♦r s♠❛✞✞ r❛✟✐✐ t❤❡ ✐✝❝r❡❛s❡ ✐s ❤✐❣❤ ❛✝✟ t❤❡✝ s✞♦✇s ✟♦✇✝✳ ✜❤❡

✚❇✛ ❜❡❤❛✈❡s ✐✝✈❡rs❡✞②✱ ✐t ✐s ❤✐❣❤❡st ❢♦r ❛ s♠❛✞✞ ♣✐✝❤♦✞❡ r❛✟✐✉s ❛✝✟ t❤❡✝ ✟❡❝r❡❛s❡s✱ ✩rst q✉✐❝❦✞②

❛✝✟ t❤❡✝ ✐s ❛✞♠♦st ❝♦✝st❛✝t ❛✝✟ ❡✈❡✝ ✐✝❝r❡❛s❡s s✞✐❣❤t✞②✳ ✜❤❡ ❛✝t✐✘❝♦✝❢♦❝❛✞ s②st❡♠ s❤♦✇s ❤✐❣❤❡st

s✐❣✝❛✞ ✞❡✈❡✞ ❢♦r ❛ s♠❛✞✞ st♦♣ r❛✟✐✉s ❛✝✟ t❤❡ s✐❣✝❛✞ ✟❡❝r❡❛s❡s ✇✐t❤ ✐✝❝r❡❛s✐✝❣ st♦♣ r❛✟✐✉s✳ ✜❤❡ ✚❇✛

✐s ✞♦✇❡st ❢♦r ❛ s♠❛✞✞ st♦♣ ❛✝✟ ✐✝❝r❡❛s❡s ❝♦✝t✐✝✉♦✉s✞②✱ ✇✐t❤ ❛ ❤✐❣❤ ✐✝❝r❡❛s❡ ❢♦r ✈❡r② s♠❛✞✞ r❛✟✐✐✳

✠s t❤❡ ♣✐✝❤♦✞❡ ❜✞♦❝❦s ♦✉t ♦❢ ❢♦❝✉s ✞✐❣❤t ✐t ✐s ♦❜✈✐♦✉s t❤❛t t❤❡ ✚❇✛ ✐s ❤✐❣❤❡st ❢♦r s♠❛✞✞ ♣✐✝❤♦✞❡

r❛✟✐✐ ❛s ♠♦st ❜❛❝❦❣r♦✉✝✟ ✐s ❜✞♦❝❦❡✟✳ ❇✉t ❛t t❤❡ s❛♠❡ t✐♠❡ ♠♦r❡ s✐❣✝❛✞ ❝♦♠♣♦✝❡✝ts ❛r❡ ❜✞♦❝❦❡✟✱

❛s s✐❣✝❛✞ ✐s ✟❡✩✝❡✟ ❛s ♣❤♦t♦✝s ✝♦t ♦✝✞② ❢r♦♠ t❤❡ ❢♦❝✉s ♣✞❛✝❡ ❜✉t ❛✞s♦ ❛s ♣❤♦t♦✝s ♣❡✝❡tr❛t✐✝❣ t❤❡

♠✉❝♦s❛✱ ❛ s❡♠✐✘✐✝✩✝✐t❡ ❤❛✞❢ s♣❛❝❡✳ ✠ ❝♦✝❢♦❝❛✞ ♠✐❝r♦s❝♦♣❡ ❛❝❤✐❡✈❡s ❜❡st ♣❡r❢♦r♠❛✝❝❡ ✇✐t❤ r❡s♣❡❝t

t♦ ✚❇✛ ❛✝✟ s✐❣✝❛✞ ✞❡✈❡✞ ❛t ❛ ♣✐✝❤♦✞❡ r❛✟✐✉s ♦❢ ❥✉st ❜❡✞♦✇ ✹ ♦♣t✐❝❛✞ ✉✝✐ts ✪✫ ❂
✬

✯✰✴✵ ❬✶✸✻✽✳ ✾❡r❡✱

t❤✐s ✈❛✞✉❡ ✐s ✹ ✿ ✪✫ ❂ ✻❀✹❁♠ ❛✝✟ ❛ ♣✐✝❤♦✞❡ r❛✟✐✉s ♦❢ ★ ❁♠ ✐s ✉s❡✟ ❢♦r ❢✉rt❤❡r ❛✝❛✞②s✐s ✭❝❤♦s❡✝

❛s ❝✞♦s❡st ✈❛✞✉❡ ✇✐t❤✐✝ t❤❡ s❛♠♣✞❡✟ ❣r✐✟ ✐✝ t❤❡ s✐♠✉✞❛t✐♦✝s✮ ♦❢ t❤❡ ❝♦✝❢♦❝❛✞ s❡t✉♣ ❛✝✟ ♠❛r❦❡✟ ✐✝

❜♦t❤ s✐❣✝❛✞ ❛✝✟ ✚❇✛ ♣✞♦t ✇✐t❤ ❛ ❜✞❛❝❦ ❝✐r❝✞❡✳ ✜❤❡ str♦✝❣ ✐✝❝r❡❛s❡ ✐✝ s✐❣✝❛✞ ❛t t❤❡ ❜❡❣✐✝✝✐✝❣ ✐s ✟✉❡
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✵ ✵✝✞ ✟ ✟✝✞ ✷ ✷✝✞

✠✡☛☞✌✍ ✎✏✏✑

✟✵✒

✟✵✸

✟✵✹

✓
✔✕
✖
✗
✘
✙✚
✛✜
✛✢

r✣✟✝✟

s✤✥✦ s✧★✩✤✪

r✣✵✝✫✞
✟✝✞✬

✭✮✯✰✮✱✳✴
✻✯✼✽✾✭✮✯✰✮✱✳✴

✿❛❀ ❁✐❣♥❛❧

❂ ❂❃❄ ❅ ❅❃❄ ❇ ❇❃❄

❉❋●❏❑▲ P◗◗❯

❅❂❱

❅❂❲

❅❂❳

❩
❬❭
❪
❫
❴❵
❜❝
❵❞
❫
❡
❢
❭
❤❝
❥
❪
❦
♠
❫
❜❬
❝
♦❩
❞
♠
♣

qt❅❃❅

✉✈✇① ②③④

qt❂❃⑤❄

⑥❃❇⑦

⑧⑨⑩❶⑨❷❸❹
❺⑩❻❼❽⑧⑨⑩❶⑨❷❸❹

✿❾❀ ❁❿➀

➁➂➃➄➅➆ ➇➈✶➉➊ ➋➌➍➄➆➌➎➆ ➏➐ ➑➒➆ ➓➑➏➔ →➌➣ ➔➂➌➒➏↔➆ ➅→➣➂➄➓ ➏➌ ➓➂➃➌→↔ →➌➣ ↕➙➛➈ ➜➒➆ ➎➏➌➐➏➎→↔ ➓➝➓➑➆➞

➟➏➄↔➣ ➌➏➅➞→↔↔➝ ➠➆ ➄➓➆➣ ➟➂➑➒ → ➔➂➌➒➏↔➆ ➅→➣➂➄➓ ➏➐ →➅➏➄➌➣ ➡➢➞ ➤✶✆➡➥➈ ➜➒➂➓ ➔➏➂➌➑ ➂➓ ➞→➅➦➆➣ ➂➌ ➠➏➑➒

➔↔➏➑➓ →➌➣ ➑➒➆ ➓→➞➆ ➓➂➃➌→↔ ↔➆➧➆↔ →➌➣ ↕➙➛ ➏➐ ➑➒➆ →➌➑➂➨➎➏➌➐➏➎→↔ ➓➝➓➑➆➞ →➅➆ ➞→➅➦➆➣ ➂➌ ➑➒➆ ↔➆➐➑ →➌➣ ➅➂➃➒➑

➩➃➄➅➆➫ ➅➆➓➔➆➎➑➂➧➆↔➝➫ ➎➏➌➌➆➎➑➆➣ ➠➝ ➑➒➆ ➣➏➑➑➆➣ ↔➂➌➆➈ ➋➌ ➑➒➆ ➓➂➃➌→↔ ➔↔➏➑➫ ➑➒➆ ➑➒➂➅➣ ➞→➅➦➆➅ ➭➎➏➌➌➆➎➑➆➣

➠➝ ➑➒➆ →➅➅➏➟➯ ➂➌➣➂➎→➑➆➓ ➑➒➆ ➂➞➔➅➏➧➆➣ ➓➂➃➌→↔ ↔➆➧➆↔ →➑ ➑➒➆ ➅→➣➂➄➓ ➭➲ ➳ ☎➵➸➇➞➞➯ ➟➒➆➅➆ ➑➒➆ ↕➙➛ ➂➓

➑➒➆ ➓→➞➆➫ →➓ ➓➒➏➟➌ ➂➌ ➑➒➆ ↕➙➛ ➃➅→➔➒➈ ➋➌ ➑➒➆ ↕➙➛ ➔↔➏➑➫ ➑➒➆ ➂➞➔➅➏➧➆➣ ↕➙➛ →➑ ➲ ➳ ✶➵✶➞➞ ➂➓ ➓➒➏➟➌

➟➒➆➅➆ ➑➒➆ ➓➂➃➌→↔ ➂➓ ➑➒➆ ➓→➞➆➈

➑➏ ➑➒➆ ➐→➎➑ ➏➐ ➑➒➆ ➆➺➔➏➌➆➌➑➂→↔ ↔➂➃➒➑ ➣➂➓➑➅➂➠➄➑➂➏➌ ➂➌ ➑➂➓➓➄➆ →➌➣ ➒➆➌➎➆ ➞➏➓➑ ➓➂➃➌→↔ ➎↔➏➓➆ ➑➒➆ ➏➔➑➂➎→↔

→➺➂➓➈ ➻➄➎➒ ➞➏➅➆ ➓➂➃➌→↔ ➎➏➞➔➏➌➆➌➑➓ →➅➆ ➣➆➑➆➎➑➆➣ ➎↔➏➓➆ ➑➏ ➑➒➆ ➏➔➑➂➎→↔ →➺➂➓ ➟➒➂↔➆ ➐➆➟➆➅ ➓➂➃➌→↔ ➂➓

➔➅➆➓➆➌➑ ➐➄➅➑➒➆➅ →➟→➝ ➐➅➏➞ ➑➒➆ ➏➔➑➂➎→↔ →➺➂➓ ➅➆➓➄↔➑➂➌➃ ➂➌ → ➓↔➏➟➆➅ ➂➌➎➅➆→➓➆➈ ➜➒➆ ↕➙➛ ➣➆➎➅➆→➓➆➓ →➓

➞➏➅➆ ➠→➎➦➃➅➏➄➌➣ ➂➓ ➣➆➑➆➎➑➆➣ →➌➣ ➂➑➓ ↔➆➧➆↔ ➂➌➎➅➆→➓➆➓ ➞➏➅➆ ➼➄➂➎➦↔➝ ➑➒→➌ ➑➒➆ ➓➂➃➌→↔➈ ➽➑ ➒➂➃➒➆➅ ➅→➣➂➂➫

➑➒➆ ➠→➎➦➃➅➏➄➌➣ ➂➌➎➅➆→➓➆➓ ↔➆➓➓ →➌➣ ➑➒➆ ↕➙➛ ➎→➌ ➂➌➎➅➆→➓➆ ➓↔➂➃➒➑↔➝➈ ➜➒➂➓ ➂➓ ➣➄➆ ➑➏ ➑➒➆ ➐→➎➑➫ ➑➒→➑ ➑➒➆

➠→➎➦➃➅➏➄➌➣ ➂➓ ➞➏➓➑↔➝ ➎→➄➓➆➣ ➠➝ ➅➆➍➆➎➑➂➏➌➓ →➌➣ ➑➒➆ ➓➂➃➌→↔ ➎→➄➓➆➣ ➠➝ ➓➎→➑➑➆➅➂➌➃➈ ↕➎→➑➑➆➅➆➣ ↔➂➃➒➑ ➂➓

➐➄➅➑➒➆➅ ➓➔➅➆→➣ →➌➣ ➓➑➂↔↔ ➔➅➆➓➆➌➑ ➐→➅ →➟→➝ ➐➅➏➞ ➑➒➆ ➏➔➑➂➎→↔ →➺➂➓➈ ➙→➎➦➃➅➏➄➌➣ ➏➌ ➑➒➆ ➏➑➒➆➅ ➒→➌➣ ➂➓

➏➌↔➝ ➔➅➆➓➆➌➑ ➎↔➏➓➆➅ ➑➏ ➑➒➆ ➏➔➑➂➎→↔ →➺➂➓ →➌➣ ➣➏➆➓ ➌➏➑ ➂➌➎➅➆→➓➆ ➐➄➅➑➒➆➅ ➐➏➅ ➒➂➃➒ ➓➑➏➔ ➅→➣➂➂➈

➜➒➆ ➓➂➃➌→↔ ➂➌ ➑➒➆ →➌➑➂➨➎➏➌➐➏➎→↔ ➎→➓➆ ➂➓ ➒➂➃➒➆➓➑ ➐➏➅ ➓➞→↔↔ ➓➑➏➔ ➅→➣➂➂ →➓ ➌➏ ➓➂➃➌→↔ ➂➓ ➠↔➏➎➦➆➣➈ ➽

➓➞→↔↔ ➓➑➏➔ ➣➏➆➓ ➌➏➑ ➠↔➏➎➦ ➞➄➎➒ ➓➂➃➌→↔ →➓ ➂➑ ➂➓ ➏➄➑ ➏➐ ➐➏➎➄➓ →➌➣ ➒➆➌➎➆ ➑➒➆ ➓➂➃➌→↔ ➓➒➏➟➓ → ➓↔➏➟

➣➆➎➅➆→➓➆ →➑ ➩➅➓➑➈ ➾➔ ➑➏ → ➓➑➏➔ ➅→➣➂➄➓ ➏➐ ☎➈➇➞➞ ➑➒➆ ➓➂➃➌→↔ ➑➒➆➌ ➣➆➎➅➆→➓➆➓ ➞➏➅➆ ➼➄➂➎➦↔➝ →➓ ➑➒➆

➠↔➏➎➦➆➣ →➅➆→ ➂➌➎➅➆→➓➆➓ →➌➣ ➞➏➓➑ ➓➂➃➌→↔ ➂➓ ➎➏➌➎➆➌➑➅→➑➆➣ ➎↔➏➓➆ ➑➏ ➑➒➆ ➏➔➑➂➎→↔ →➺➂➓➈ ➚➧➆➅ ☎➈➇➞➞ ➓➑➏➔

➅→➣➂➄➓ ➑➒➆ ➣➆➎➅➆→➓➆ ➓↔➏➟➓ ➣➏➟➌ →➓ ↔➆➓➓ ➓➂➃➌→↔ ➂➓ ➓➎→➑➑➆➅➆➣ ➑➒➂➓ ➐→➅➈ ➜➒➆ ↕➙➛ ➂➌➎➅➆→➓➆➓ ➼➄➂➎➦↔➝ ➐➏➅

➓➞→↔↔ ➓➑➏➔ ➅→➣➂➂ →➓ ➑➒➆ ➣➂➅➆➎➑ ➅➆➍➆➎➑➂➏➌ ➐➅➏➞ ➑➒➆ ➆→➅➣➅➄➞ ➓➄➅➐→➎➆ ➂➓ ➠↔➏➎➦➆➣ ➆→➓➂↔➝ ➠➝ → ➓➞→↔↔ ➓➑➏➔

→➓ ➑➒➆ ➂↔↔➄➞➂➌→➑➂➏➌ ➠➆→➞ ➂➓ ➐➏➎➄➓➆➣ ➏➌ ➑➒➆ ➆→➅➣➅➄➞ ➓➄➅➐→➎➆ →➌➣ ➑➒➆ ➂➞→➃➆ ➂➓ ➓➞→↔↔➈ ➜➒➆ ➂➌➎➅➆→➓➆ ➂➌

↕➙➛ ➑➒➆➌ ➓↔➏➟➓ ➣➏➟➌ →➓ ➩➅➓➑↔➝➫ ➑➒➆ ➓➂➃➌→↔ ➣➆➎➅➆→➓➆➓ →➓ ➟➆↔↔ →➌➣ ➓➆➎➏➌➣↔➝➫ →➓ ↔➂➑➑↔➆ ➞➏➅➆ ➠→➎➦➃➅➏➄➌➣

➎➏➞➔➏➌➆➌➑➓ →➅➆ ➓➎→➑➑➆➅➆➣ ➑➒➂➓ ➐→➅ →➌➣ →➅➆ ➠↔➏➎➦➆➣ ➠➝ ➑➒➆ ➂➌➎➅➆→➓➂➌➃ ➓➑➏➔ ➅→➣➂➄➓➈
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✆❤❡ ✝❇✞ r❡❛✟❤❡s ♠✉✟❤ ❤✐❣❤❡r ✈❛✠✉❡s ❢♦r t❤❡ ❛✡t✐☛✟♦✡❢♦✟❛✠ s②st❡♠ t❤❛✡ ❢♦r t❤❡ ✟♦✡❢♦✟❛✠ s②st❡♠✳

❇✉t t❤❡ s✐❣✡❛✠ ✠❡✈❡✠ ✐s ✟♦♠♣r♦♠✐s❡❞ ✇❤❡✡ r❡❛✟❤✐✡❣ ❛ ❤✐❣❤ ✝❇✞✳ ❋♦r ❜❡tt❡r ✟♦♠♣❛r✐s♦✡✱ t❤❡ s✐❣✡❛✠

♦❢ t❤❡ ❛✡t✐☛✟♦✡❢♦✟❛✠ s②st❡♠ ✐s ☞①❡❞ t♦ t❤❡ ✠❡✈❡✠ ♦❢ ❜❡st ♣❡r❢♦r♠❛✡✟❡ ♦❢ t❤❡ ✟♦✡❢♦✟❛✠ s②st❡♠ ✭♣✐✡❤♦✠❡

r❛❞✐✉s ♦❢ ✌ ✖♠✮ ❛✡❞ t❤❡ ✝❇✞ ✟♦♠♣❛r❡❞✳ ✆❤❡ s✐❣✡❛✠ ✠❡✈❡✠ ❛t t❤✐s r❛❞✐✉s ✐s ❛❜♦✉t ✷✶☎☎ ❛✡❞ t❤❡ ✝❇✞

✐s ✶✌☎✳ ✆❤❡ ❛✡t✐☛✟♦✡❢♦✟❛✠ s②st❡♠ r❡❛✟❤❡s ❛ s✐♠✐✠❛r s✐❣✡❛✠ ✠❡✈❡✠ ✇✐t❤ ❛ st♦♣ r❛❞✐✉s ♦❢ ✶✳✶♠♠✳ ✆❤❡

✝❇✞ ✐s ✇✐t❤ ❛ ✈❛✠✉❡ ✹✍☎ ❛❜♦✉t ✸✳✷ t✐♠❡s ❤✐❣❤❡r✳ ❲❤❡✡ ☞①✐✡❣ t❤❡ ✝❇✞ ♦❢ t❤❡ ❛✡t✐☛✟♦✡❢♦✟❛✠ s②st❡♠

t♦ t❤❡ ❜❡st ✈❛✠✉❡ ♦❢ t❤❡ ✟♦✡❢♦✟❛✠ s②st❡♠✱ ❛✡❞ ✟♦♠♣❛r✐✡❣ t❤❡ s✐❣✡❛✠ ✠❡✈❡✠ ❛✡ ✐♠♣r♦✈❡♠❡✡t ♦❢ ❢❛✟t♦r

✶✳✌ ✭s✐❣✡❛✠ ✠❡✈❡✠ ♦❢ ✸✶✹☎✮ ✐s ❛✟❤✐❡✈❡❞✳ ✆❤❡ st♦♣ r❛❞✐✉s ✐s ☎✳✼✌♠♠ ✐✡ t❤✐s ✟❛s❡✳ ✆❤✐s s❤♦✇s t❤❛t

t❤❡ ❛✡t✐☛✟♦✡❢♦✟❛✠ s②st❡♠ ✟❛✡ r❡❛✟❤ ❜❡tt❡r ♣❡r❢♦r♠❛✡✟❡ t❤❛✡ t❤❡ ✟♦✡❢♦✟❛✠ s②st❡♠ ❛s ❡①♣❡✟t❡❞ ❛✡❞

❡①♣✠❛✐✡❡❞ ✐✡ t❤❡ ✐✡tr♦❞✉✟t✐♦✡ ♦❢ t❤❡ ❛✡t✐☛✟♦✡❢♦✟❛✠ s②st❡♠✳

✎✏✑✒✓✔ ✕✗✗✓✗ ✓✘ ✙✚✛ ✜✢✔✣❧✏✙✢✓✑

✆❤❡ ❡rr♦r ✐✡ t❤❡ r❡s✉✠ts ❞✉❡ t♦ t❤❡ r❛✡❞♦♠ ✡❛t✉r❡ ♦❢ t❤❡ ✤♦✡t❡ ✥❛r✠♦ ♠❡t❤♦❞s ✐s ✐✡✈❡st✐❣❛t❡❞

❤❡r❡✳ ❋♦r t❤✐s ✶☎ s✐♠✉✠❛t✐♦✡s ✇✐t❤ ❡❛✟❤ ✶☎✻ ♣❤♦t♦✡s ❛r❡ ♣❡r❢♦r♠❡❞ ❛✡❞ t❤❡ st❛✡❞❛r❞ ❞❡✈✐❛t✐♦✡ ✐s

✟❛✠✟✉✠❛t❡❞ ❛✡❞ ✉s❡❞ t♦ ✟❤❛r❛✟t❡r✐s❡ t❤❡ ❡rr♦r ♦❢ t❤❡ s✐♠✉✠❛t✐♦✡✳ ❲❤❡✡ ✟♦♠❜✐✡❡❞✱ t❤✐s r❡s✉✠ts ✐✡

t❤❡ ✶☎✦ ♣❤♦t♦✡s ✉s❡❞ ✐✡ t❤❡ ♣r❡✈✐♦✉s s❡✟t✐♦✡✳ ✆❤❡ ♠❛①✐♠✉♠ ❡rr♦r ♦❢ t❤❡ s✐❣✡❛✠ ✐s ✷✸✪ ❛✡❞ ♦✟✟✉rs

✇❤❡✡ ❤✐❣❤ st♦♣ r❛❞✐✐ ❛r❡ ✉s❡❞✳ ✧✡ t❤❡s❡ ✟❛s❡s t❤❡ s✐❣✡❛✠ ✠❡✈❡✠ ✐s ✠♦✇ ❛✡❞ ❤❡✡✟❡ t❤❡ ✈❛r✐❛t✐♦✡ ❞✉❡

t♦ t❤❡ r❛✡❞♦♠ ✡❛t✉r❡ ♦❢ t❤❡ s✐♠✉✠❛t✐♦✡ ✐s ❤✐❣❤❡r ❛s t❤❡ ❡rr♦r s✟❛✠❡s ✇✐t❤ t❤❡ sq✉❛r❡ r♦♦t ♦❢ t❤❡

✡✉♠❜❡r s❛♠♣✠❡s
★
✩ ❬✷✶✸✫✳ ✆❤❡ ✟❛✠✟✉✠❛t✐♦✡ ♦❢ t❤❡ ✝❇✞ ✐s ❞❡♣❡✡❞❡✡t ♦✡ t❤❡ ❜❛✟❦❣r♦✉✡❞✱ ✇❤✐✟❤ ✐s

♠✉✟❤ ✠♦✇❡r t❤❛✡ t❤❡ s✐❣✡❛✠ ✉s✐✡❣ ✟♦rr❡✟t ☞✠t❡r✐✡❣✳ ✆❤✐s r❡s✉✠ts ✐✡ ✠♦✇❡r s❛♠♣✠❡s ❛✡❞ t❤✉s ❤✐❣❤❡r

✈❛r✐❛t✐♦✡s✳ ✬❡✡✟❡✱ t❤❡ ✈❛r✐❛t✐♦✡ ♦❢ t❤❡ ✝❇✞ ✐s ❤✐❣❤❡r ❛✡❞ s❤♦✇s st❛✡❞❛r❞ ❞❡✈✐❛t✐♦✡ ✈❛✠✉❡s ✉♣ t♦

✍✽✪✳

❇✉t ❛s ❛✠✠ ✶☎ s✐♠✉✠❛t✐♦✡s ❛r❡ ✟♦♠❜✐✡❡❞ ✐✡ t❤❡ ♣r❡✈✐♦✉s r❡s✉✠ts✱ t❤❡ ♣❤♦t♦✡ ✡✉♠❜❡r ✐s ✐✡✟r❡❛s❡❞

❜② ❛ ❢❛✟t♦r ♦❢ ✶☎ ✇❤✐✠❡ t❤❡ ❡rr♦r ✐s ♦✡✠② ✐✡✟r❡❛s❡❞ ❜② ❛ ❢❛✟t♦r ♦❢
★
✶☎✱ r❡s✉✠t✐✡❣ ✐✡ ❛

✯✰
✯✵
s♠❛✠✠❡r

❡rr♦r✳ ✧✡ ❛✠✠ ❢✉t✉r❡ s✐♠✉✠❛t✐♦✡s t❤❡ ✡✉♠❜❡r ♦❢ ♣❤♦t♦✡s ✐s ✐✡✟r❡❛s❡❞ t♦ ✶☎✴ ❛✡❞ ❤❡✡✟❡ t❤❡ ❡rr♦r

r❡❞✉✟❡❞ ❜② ❛ ❢❛✟t♦r ♦❢ ✶☎ ❛✡❞ ✟❛✡ ❜❡ ❛ss✉♠❡❞ t♦ ❜❡ ❜❡✠♦✇ ✸✪ ❢♦r t❤❡ s✐❣✡❛✠ ❛✡❞ ❜❡✠♦✇ ✶☎✪ ❢♦r

t❤❡ ✝❇✞✳

✜❝✏✙✙✛✗✢✑✾ ✓✘ ✙✚✛ ✕✏✗✒✗✣✔

✆❤❡ ♦♣t✐✟❛✠ ♣r♦♣❡rt✐❡s ♦❢ t❤❡ ❡❛r❞r✉♠ ✉s❡❞ ✐✡ t❤❡ s✐♠✉✠❛t✐♦✡ ✇❡r❡ ❛♣♣r♦①✐♠❛t❡❞ ✉s✐✡❣ ❛✡ ❛✡✐♠❛✠

❡❛r❞r✉♠ ♠♦❞❡✠✱ ✟♦✡s❡q✉❡✡t✠②✱ t❤❡ ♣r♦♣❡rt✐❡s ♠✐❣❤t ✡♦t ❜❡ ❛✟✟✉r❛t❡✳ ❋✉rt❤❡r✱ t❤❡ ❡❛r❞r✉♠ ✟❤❛✡❣❡s

✐ts ♣r♦♣❡rt✐❡s ❢r♦♠ ❤✉♠❛✡ t♦ ❤✉♠❛✡ ❛✡❞ ❡s♣❡✟✐❛✠✠② ❞✉r✐✡❣ ❞✐s❡❛s❡ ✇❤❡r❡ t❤❡ ❡❛r❞r✉♠ ♠✐❣❤t ❜❡

t❤✐✟❦❡✡❡❞ ♦r ❜✐♦☞✠♠s ♠✐❣❤t ❜❡ ❛tt❛✟❤❡❞ t♦ t❤❡ ❡❛r❞r✉♠ ❛s ❞✐s✟✉ss❡❞ ✐✡ ✝❡✟t✐♦✡ ✸✳✹✳✷✳ ✆♦ ❛✟✟♦✉✡t ❢♦r

t❤❡s❡ ✈❛r✐❛t✐♦✡ ❛✡❞ ✐✡❛✟✟✉r❛✟✐❡s✱ t❤❡ s✟❛tt❡r✐✡❣ ✟♦❡✿✟✐❡✡t ✭✶✶✱ ✷✷✱ ✸✸✱ ❛✡❞ ✹✹♠♠❀✯✮ ❛✡❞ ❛✡✐s♦tr♦♣②

✭☎✳✽✽✱ ☎✳✽✱ ❛✡❞ ☎✳❁✮ ❛r❡ ✈❛r✐❡❞ ❛✡❞ s✐❣✡❛✠ ❛✡❞ ✝❇✞ ❛✡❛✠②s❡❞✳ ✞❡s✉✠ts ❛r❡ s❤♦✇✡ ✐✡ ❋✐❣✉r❡ ✌✳✶✸✱ ✇✐t❤



❈❍�✁❚❊❘ ✺✂ �❆❚■✲❈❖❆◆❖❈�✄ ❙❨❙❚❊▼ ✶✶✶

t❤❡ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t ❛☎♦♥❣ t❤❡ ①✆❛①✐s ❛♥❞ ❞✐☛❡r❡♥t ♣☎♦ts ❢♦r ❝❤❛♥❣✐♥❣ s❝❛tt❡r✐♥❣ ❛♥✐s♦tr♦♣②✳

✝ st♦♣ r❛❞✐✉s ♦❢ ✶✳✶♠♠ ✐s ✉s❡❞ ✐♥ t❤✐s ❛♥❞ ❛☎☎ ❢♦☎☎♦✇✐♥❣ ❝♦♠♣❛r✐s♦♥s✳ ✞❤❡ s✐♠✉☎❛t❡❞ ✈❛☎✉❡s ❛r❡

✐♥❞✐❝❛t❡❞ ❜② t❤❡ ♠❛r❦❡rs ✐♥ t❤❡ ❣r❛♣❤ ❛♥❞ t❤❡ ☎✐♥❡s s❤♦✇ ❡①♣♦♥❡♥t✐❛☎ ❝✉r✈❡s ☞tt❡❞ t♦ t❤❡ s✐♠✉☎❛t❡❞

✈❛☎✉❡s✳ ✞❤❡ ❡①♣♦♥❡♥t✐❛☎ ❝✉r✈❡s ❛♣♣❡❛r ☎✐♥❡❛r ❞✉❡ t♦ t❤❡ ☎♦❣❛r✐t❤♠✐❝ ♣☎♦tt❡❞ ②✆s❝❛☎❡✳

✞❤❡ s✐❣♥❛☎ ❛♥❞ ✟❇✠ ✐♥ t❤❡ ❝♦♥❢♦❝❛☎ s②st❡♠ ❞❡❝r❡❛s❡ ✇✐t❤ ✐♥❝r❡❛s✐♥❣ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t ❜✉t

❛r❡ ❛☎♠♦st ✉♥❛☛❡❝t❡❞ ❜② t❤❡ ❛♥✐s♦tr♦♣②✳ ✞❤❡ ❛♥t✐✆❝♦♥❢♦❝❛☎ s②st❡♠ s❤♦✇s ❛♥ ✐♥t❡r❡st✐♥❣ ❜❡❤❛✈✐♦✉r✱

s✐❣♥❛☎ ☎❡✈❡☎ ❛♥❞ ✟❇✠ ✐♥❝r❡❛s❡ ✐♥ ❝❡rt❛✐♥ ❝❛s❡s ❡✈❡♥ t❤♦✉❣❤ s❝❛tt❡r✐♥❣ ✐s ✐♥❝r❡❛s❡❞✳ ✞❤❡ s✐❣♥❛☎ ❢♦r

❤✐❣❤☎② ❢♦r✇❛r❞ s❝❛tt❡r✐♥❣ ✭✡ ❂ ✵✿✾✾✌ ✐♥❝r❡❛s❡s s☎✐❣❤t☎② ✇✐t❤ ✐♥❝r❡❛s✐♥❣ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t✱ ❜✉t

❞❡❝r❡❛s❡s ❢♦r ☎❡ss ❢♦r✇❛r❞ s❝❛tt❡r✐♥❣ ✭✡ ❂ ✵✿✾ ❛♥❞ ✵✳✻✌✳ ✞❤❡ ✟❇✠ ❞❡❝r❡❛s❡s ❢♦r ❤✐❣❤☎② ❢♦r✇❛r❞

s❝❛tt❡r✐♥❣ ✇❤✐☎❡ ✐t ✐♥❝r❡❛s❡s ❢♦r t❤❡ ♦t❤❡r ❝❛s❡s✳ ✞❤❡ s✐❣♥❛☎ ❞❡❝r❡❛s❡s ✇✐t❤ ❛ ❞❡❝r❡❛s✐♥❣ s❝❛tt❡r✐♥❣

❛♥✐s♦tr♦♣② ✇❤✐☎❡ t❤❡ ♦♣♣♦s✐t❡ ✐s tr✉❡ ❢♦r t❤❡ ✟❇✠✳ ✞❤❡ ❡①♣♦♥❡♥t✐❛☎ ❝✉r✈❡s ☞t ✇❡☎☎ ✇✐t❤ ✎✷ ✈❛☎✉❡s

❤✐❣❤❡r t❤❛♥ ✵✳✾✏ ❡①❝❡♣t ❢♦r t✇♦ ❝❛s❡s✳ ✝♣♣r♦①✐♠❛t✐♥❣ t❤❡ ✟❇✠ ♦❢ t❤❡ ❛♥t✐✆❝♦♥❢♦❝❛☎ s②st❡♠ ✇✐t❤

❛ s❝❛tt❡r✐♥❣ ❛♥✐s♦tr♦♣② ♦❢ ✵✳✾✾ r❡s✉☎ts ✐♥ ✎✷ ❂ ✵✿✏✶ ❛♥❞ ✐♥ t❤❡ ❝❛s❡ ♦❢ t❤❡ ❛♥t✐✆❝♦♥❢♦❝❛☎ ✟❇✠ ✇✐t❤

✡ ❂ ✵✿✻ t❤❡ ☎❛st ✈❛☎✉❡ ✭✖✑ ❂ ✹✹♠♠✒✓✌ ✐s ✐❣♥♦r❡❞ t♦ ❛❝❤✐❡✈❡ ❛ ❣♦♦❞ ☞t ✇✐t❤ ✎✷ ❂ ✶✳ ✞❤❡ ☎❛tt❡r

s❤♦✇s t❤❛t ✇❤✐☎❡ t❤❡ ✟❇✠ ❝❛♥ ✐♥❝r❡❛s❡ ✇✐t❤ ✐♥❝r❡❛s✐♥❣ s❝❛tt❡r✐♥❣✱ t♦♦ ❤✐❣❤ s❝❛tt❡r✐♥❣ ✇✐☎☎ ❞❡❝r❡❛s❡

t❤❡ ✟❇✠ ❛❣❛✐♥✳

✝s ❞❡s❝r✐❜❡❞ ♣r❡✈✐♦✉s☎②✱ t❤❡ ❝♦♥❢♦❝❛☎ s②st❡♠ ♦♥☎② ❞❡t❡❝ts s❝❛tt❡r❡❞ ☎✐❣❤t ✇❤❡♥ t❤❡ ❞✐st❛♥❝❡

❜❡t✇❡❡♥ ♠✉❝♦s❛ ❛♥❞ ❡❛r❞r✉♠ ✐s ✸♠♠ ❛s ✐♥ t❤✐s s✐♠✉☎❛t✐♦♥✳ ✞❤❡ ♥✉♠❜❡r ♦❢ ✉♥s❝❛tt❡r❡❞ ♣❤♦t♦♥s ✐s

❞❡♣❡♥❞❡♥t ♦♥ t❤❡ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t✳ ✞❤❡ s❝❛tt❡r✐♥❣ ❛♥✐s♦tr♦♣② ❞♦❡s ♥♦t ✐♥✔✉❡♥❝❡ t❤❡ ♥✉♠❜❡r

♦❢ s❝❛tt❡r❡❞ ♣❤♦t♦♥s ❛♥❞ ❤❡♥❝❡ ❞♦❡s ♥♦t ✐♥✔✉❡♥❝❡ t❤❡ s✐❣♥❛☎ ☎❡✈❡☎ s✐❣♥✐☞❝❛♥t☎②✳ ✞❤❡ ❜❛❝❦❣r♦✉♥❞

♠♦st☎② ❝❛✉s❡❞ ❜② r❡✔❡❝t✐♦♥s ✐s ☎❡ss ❛☛❡❝t❡❞ ❜② t❤❡ s❝❛tt❡r✐♥❣ ❝❤❛r❛❝t❡r✐st✐❝s ❛♥❞ ✐s r❡☎❛t✐✈❡☎② ❝♦♥✆

st❛♥t ♠❡❛♥✐♥❣ t❤❡ ✟❇✠ ❞❡❝r❡❛s❡s ✇✐t❤ t❤❡ s✐❣♥❛☎ ☎❡✈❡☎✳

✞❤❡ s✐t✉❛t✐♦♥ ✐s ♠♦r❡ ❝♦♠♣☎❡① ✐♥ t❤❡ ❛♥t✐✆❝♦♥❢♦❝❛☎ s②st❡♠✱ s✐♥❝❡ s❝❛tt❡r❡❞ ♣❤♦t♦♥s ❛r❡ ❞❡t❡❝t❡❞

❤❡r❡✳ ✞❤❡ s✐❣♥❛☎ ☎❡✈❡☎ ❞❡♣❡♥❞s ♦♥ t❤❡ ♥✉♠❜❡r ♦❢ ♣❤♦t♦♥s s❝❛tt❡r❡❞ ✐♥t♦ t❤❡ ❞❡t❡❝t✐♦♥ ❛♥♥✉☎✉s ❞❡✆

☞♥❡❞ ❜② t❤❡ st♦♣ r❛❞✐✉s ❛♥❞ ✕✝✳ ✞❤❡ s✐❣♥❛☎ ❞♦❡s ✐♥❝r❡❛s❡ ✇❤❡♥ t❤❡ s❝❛tt❡r✐♥❣ ❝❛✉s❡s ♠♦r❡ ♣❤♦t♦♥s

❞✐r❡❝t❡❞ ✐♥t♦ t❤✐s ❛♥♥✉☎✉s✳ ✞❤✐s ✐s t❤❡ ❝❛s❡ ❢♦r ❤✐❣❤☎② ❢♦r✇❛r❞ s❝❛tt❡r✐♥❣ ❛♥❞ ✐♥❝r❡❛s✐♥❣ s❝❛tt❡r✐♥❣

❝♦❡✍❝✐❡♥t✳ ❋♦r ☎❡ss ❢♦r✇❛r❞ s❝❛tt❡r✐♥❣ ♠♦r❡ ♣❤♦t♦♥s ❛r❡ s❝❛tt❡r❡❞ ❛✇❛② ❢r♦♠ t❤❡ ❞❡t❡❝t✐♦♥ ✕✝

❛♥❞ t❤❡ s✐❣♥❛☎ ❞❡❝r❡❛s❡s✳ ✗♥ t❤❡ ❛♥t✐✆❝♦♥❢♦❝❛☎ ❝❛s❡✱ t❤❡ ❞❡t❡❝t❡❞ ❜❛❝❦❣r♦✉♥❞ ✐s ♥♦t ♦♥☎② ❝❛✉s❡❞

❜② r❡✔❡❝t✐♦♥s ❢r♦♠ t❤❡ ❡❛r❞r✉♠ s✉r❢❛❝❡ ❜✉t ❛☎s♦ ❜② s❝❛tt❡r✐♥❣ ✐♥s✐❞❡ t❤❡ ❡❛r❞r✉♠✳ ✘♦♥s❡q✉❡♥t☎②✱

t❤❡ ♥♦✐s❡ ✐s ❞❡♣❡♥❞❡♥t ♦♥ t❤❡ s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t ❛♥❞ ❛♥✐s♦tr♦♣②✳ ❋♦r ❤✐❣❤☎② ❢♦r✇❛r❞ s❝❛tt❡r✐♥❣

❛ ❤✐❣❤❡r s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t ❝❛✉s❡s ♠♦r❡ ❜❛❝❦❣r♦✉♥❞ t♦ r❡❛❝❤ t❤❡ ❞❡t❡❝t♦r✱ ❞❡❝r❡❛s✐♥❣ t❤❡ ✟❇✠✳

❋♦r ☎❡ss ❢♦r✇❛r❞ s❝❛tt❡r✐♥❣ ♦♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤❡ ❤✐❣❤❡r s❝❛tt❡r✐♥❣ ❝♦❡✍❝✐❡♥t r❡❞✉❝❡s t❤❡ ❜❛❝❦✆

❣r♦✉♥❞ ❛♥❞ ✐♥❝r❡❛s❡s t❤❡ ✟❇✠✳ ✝ ❞❡❝r❡❛s✐♥❣ s❝❛tt❡r✐♥❣ ❛♥✐s♦tr♦♣② ❝❛✉s❡s ♣❤♦t♦♥s t♦ ❜❡ s❝❛tt❡r❡❞

✇✐t❤ ❛ ✇✐❞❡r ❛♥❣☎❡ ❛♥❞ ♥♦t ❢❛☎☎✐♥❣ ✐♥t♦ t❤❡ ❞❡t❡❝t✐♦♥ ✕✝✱ ❝❛✉s✐♥❣ ❛ ❞❡❝r❡❛s❡ ✐♥ t❤❡ s✐❣♥❛☎ ☎❡✈❡☎✳

✕♦♥❡t❤❡☎❡ss✱ t❤❡ ✟❇✠ ✐♥❝r❡❛s❡s ❛s ❛☎s♦ ☎❡ss ♥♦✐s❡ ✐s ❞❡t❡❝t❡❞✳
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✆✝ ✆✞ ✷✝ ✷✞ ✸✝ ✸✞ ✹✝ ✹✞

✆✝
✟

✆✝
✠

✆✝
✡

☛
☞✌
✍
✎
✏
✑✒
✓✔
✓✕

✖✗✘✙✙✚✛✜✢✣ ✤✥✚✦✦✜✗✜✚✢✙ ✧✆★✩✩✪

✤ ✣✫✝✬✭✭

✤ ✣✫✝✬✭

✤ ✣✫✝✬✮

✯✤ ✣✫✝✬✭✭

✯✤ ✣✫✝✬✭

✯✤ ✣✫✝✬✮

✰❛✱ ✳✐❣♥❛❧✴ ✵
✻
✼✽✾✿❀❀ ❂ ❁❃ ✵

✻
✼✽✾✿❀ ❂ ❁❃ ✵

✻
✼✽✾✿❄ ❂ ❁❃

✵
✻
❅✼✽✾✿❀❀ ❂ ❇❉❋●❏❃ ✵

✻
❅✼✽✾✿❀ ❂ ❇❉❋❋❑❃ ✵

✻
❅✼✽✾✿❄ ❂ ❇❉❋❋▲✴

P◗ P❯ ❱◗ ❱❯ ❲◗ ❲❯ ❳◗ ❳❯
P◗
❩❬

P◗
❭

P◗
❬

P◗
❪

P◗
❫

❴
❵❜
❝
❞
❡❢
❤❥
❢
❦
❞
♠
♦
❜
♣❥
q
❝
r
s
❞
❤❵❥
t❴
❦
s
✉

✈✇①②②③④⑤⑥⑦ ⑧⑨③⑩⑩⑤✇⑤③⑥② ❶P❷❸❸❹

⑧ ⑦❺◗❻❼❼

⑧ ⑦❺◗❻❼

⑧ ⑦❺◗❻❽

❾⑧ ⑦❺◗❻❼❼

❾⑧ ⑦❺◗❻❼

❾⑧ ⑦❺◗❻❽

✰❿✱ ✳➀➁✴ ✵
✻
✼✽✾✿❀❀ ❂ ❁❃ ✵

✻
✼✽✾✿❀ ❂ ❁❃ ✵

✻
✼✽✾✿❄ ❂ ❁❃ ✵

✻
❅✼✽✾✿❀❀ ❂ ❇❉●❁❃

✵
✻
❅✼✽✾✿❀ ❂ ❇❉❋❋▲❃ ✵

✻
❅✼✽✾✿❄ ❂ ❁ ✰✐❣♥➂➃✐♥❣ ❧❛➄➅ ➆➂✐♥➅✱✴

➇➈➉➊➋➌ ➍➎✶➏➐ ➑➒➓➊➌➒➔➌ →➣ ↔➔↕➙➙➌➋➈➒➉ →➣ ➙➛➌ ➌↕➋➜➋➊➝ →➒ ↔➈➉➒↕➞ ↕➒➜ ➟➠➡➎ ➢↕➋➤➌➋↔ ➈➒➜➈➔↕➙➌ ↔➈➝➊➞↕➙➌➜

➥↕➞➊➌↔ ↕➒➜ ➞➈➒➌↔ ➈➒➜➈➔↕➙➌ ➌➦➧→➒➌➒➙➈↕➞ ➨➙↔➩ ➫➈➙➛ ➭
➯
➥↕➞➊➌↔ ➉➈➥➌➒ ➣→➋ ➌↕➔➛ ➨➙➎ ➲ ➳ ➔→➒➣→➔↕➞➩ ➵➲ ➳↕➒➙➈➸

➔→➒➣→➔↕➞➎
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✵ ✷ ✹ ✻ ✽
✵

✆✵✵✵

✷✵✵✵

✸✵✵✵

✹✵✵✵

✝✵✵✵

✻✵✵✵

❉✞✟✠✡☛☞✌ ✍✌✠✎✌✌☛ ✏✑☞✒✟✡ ✡☛✓ ✔✡✕✓✕✑✖ ✗✖✖✘

✙
✚✛
✜
✢
✣✤
✥
✦✧
✦★

✩✒☛✪✒☞✡✫

✬☛✠✞✭✩✒☛✪✒☞✡✫ ♠❛❂✵✮✵✸✝✖✖
✯✰

✬☛✠✞✭✩✒☛✪✒☞✡✫ ♠❛
❂✵✮✸✝✖✖✯✰

✬☛✠✞✭✩✒☛✪✒☞✡✫ ♠❛❂✸✮✝✖✖
✯✰

✱✳✴ ✼✐❣♥✳❧✾ ✿
❀
❁ ❃ ❄❅ ✿

❀
❇❁❋●❏●❑▲ ❃ ❄❅ ✿

❀
❇❁❋●❏❑▲ ❃ ❄❅

✿
❀
❇❁❋❑❏▲ ❃ P◗❯❯❱✾

❲ ❳ ❩ ❬ ❭
❲

❳❲❲

❩❲❲

❬❲❲

❭❲❲

❪❲❲❲

❫❴❵❜❝❞❡❢ ❤❢❜❥❢❢❞ ❦♦❡♣❵❝ ❝❞q r❝sqs♦t ✉tt✈

✇
①②
③
④
⑤⑥
⑦⑧
⑥
⑨
④
⑩❶
②
❷⑧
❸
③
❹
❺
④
⑦①⑧
❻✇
⑨
❺
❼

❽

❾❽ ♠❿➀❲➁❲➂➃tt
➄➅

❾❽ ♠❿
➀❲➁➂➃tt➄➅

❾❽ ♠❿➀➂➁➃tt
➄➅

✱➆✴ ✼➇➈✾ ✿
❀
❁ ❃ P◗❯➉➊❅ ✿

❀
❇❁❋●❏●❑▲ ❃ P◗❯➋❄❅

✿
❀
❇❁❋●❏❑▲ ❃ P◗❯❯➋❅ ✿

❀
❇❁❋❑❏▲ ❃ P◗P➉➋✾

➌➍➎➏➐➑ ➒➓✶➔→ ➣↔↕➏➑↔➙➑ ➛➜ ➝➍➞➟➠↔➙➑ ➡➑➟➢➑➑↔ ➑➠➐➝➐➏➤ ➠↔➝ ➤➏➙➛➞➠ ➛↔ ➞➍➎↔➠➥ ➠↔➝ ➦➧➨➓ ➩➫➐➑➑ ➝➍➭➑➐➑↔➟

➎➐➠➯➫➞ ➠➐➑ ➞➫➛➢↔ ➜➛➐ ➟➫➑ ➠↔➟➍➲➙➛↔➜➛➙➠➥ ➙➠➞➑➳ ➢➍➟➫ ➙➫➠↔➎➑➝ ➠➡➞➛➐➯➟➍➛↔ ➛➜ ➟➫➑ ➤➏➙➛➞➠ ➠➙➙➛➐➝➍↔➎ ➟➛ ➟➫➑

➥➑➎➑↔➝➓ ➵➠➐➸➑➐➞ ➍↔➝➍➙➠➟➑ ➞➍➤➏➥➠➟➑➝ ➺➠➥➏➑➞ ➠↔➝ ➥➍↔➑➞ ➍↔➝➍➙➠➟➑ ➥➍↔➑➠➐ ➻➠↔➟➍➲➙➛↔➜➛➙➠➥➳ ➼➽ ➾ ☎➚➒➤➤➪➶➹

➛➐ ➑➘➯➛↔➑↔➟➍➠➥ ➻➠➥➥ ➛➟➫➑➐➞➹ ➴➟➞➳ ➢➍➟➫ ➷➬ ➺➠➥➏➑➞ ➎➍➺➑↔ ➜➛➐ ➑➠➙➫ ➴➟➓

➩➫➑ ➯➑➐➜➛➐➤➠↔➙➑ ➛➜ ➟➫➑ ➙➛↔➜➛➙➠➥ ➞➮➞➟➑➤ ➍➞ ➠➥➢➠➮➞ ➝➑➙➐➑➠➞➑➝ ➜➛➐ ➫➍➎➫➑➐ ➞➙➠➟➟➑➐➍↔➎ ➙➛➑➱➙➍➑↔➟

➢➫➍➥➑ ➟➫➍➞ ➍➞ ↔➛➟ ➟➫➑ ➙➠➞➑ ➜➛➐ ➟➫➑ ➠↔➟➍➲➙➛↔➜➛➙➠➥ ➞➮➞➟➑➤➓ ➩➫➑ ➯➑➐➜➛➐➤➠↔➙➑ ➙➠↔ ➑➺➑↔ ➍↔➙➐➑➠➞➑ ➍↔

➙➑➐➟➠➍↔ ➙➠➞➑➞➓ ➩➫➍➞ ➞➫➛➢➞ ➟➫➠➟ ➟➫➑ ➠↔➟➍➲➙➛↔➜➛➙➠➥ ➞➮➞➟➑➤ ➍➞ ➞➏➍➟➠➡➥➑ ➛➺➑➐ ➠ ➢➍➝➑➐ ➐➠↔➎➑ ➛➜ ➛➯➟➍➙➠➥

➯➠➐➠➤➑➟➑➐➞ ➛➜ ➟➫➑ ➞➙➠➟➟➑➐➍↔➎ ➥➠➮➑➐➓

✃❐❒❮❰ÏÐÑ ÒÑ❮ÓÑÑÏ Ô❰ÕÖÕ×Ø ❰ÏÖ Ù×ÐÚ❒❰

➩➫➑ ➝➍➞➟➠↔➙➑ ➡➑➟➢➑➑↔ ➑➠➐➝➐➏➤ ➠↔➝ ➤➏➙➛➞➠ ➙➠↔ ➺➠➐➮ ➜➐➛➤ ➯➑➐➞➛↔ ➟➛ ➯➑➐➞➛↔ ➠↔➝ ➍➞ ➝➑➯➑↔➝➑↔➟

➛↔ ➟➫➑ ➤➑➠➞➏➐➑➤➑↔➟ ➯➛➞➍➟➍➛↔ ➠➞ ↔➑➍➟➫➑➐ ➑➠➐➝➐➏➤ ↔➛➐ ➤➏➙➛➞➠ ➠➐➑ ↕➠➟ ➠↔➝ ➡➛➟➫ ➞➏➐➜➠➙➑➞ ➠➐➑ ↔➛➟

➠➥➍➎↔➑➝ ➍↔ ➯➠➐➠➥➥➑➥➓ Û ➝➍➞➟➠↔➙➑ ➡➑➟➢➑➑↔ Ü ➟➛ ➔➤➤ ➍➞ ➑➘➯➑➙➟➑➝ Ý☎Þ ➠↔➝ ☎➤➤ ➍➞ ➏➞➑➝ ➠➞ ➞➟➠↔➝➠➐➝

➯➠➐➠➤➑➟➑➐➳ ➡➏➟ ➫➑➐➑ ➟➫➑ ➝➍➞➟➠↔➙➑ ➍➞ ➺➠➐➍➑➝ ➍↔ ➠ ➢➍➝➑➐ ➐➠↔➎➑ ➛➜ ß➓✶ ➟➛ à➤➤ ➍↔ ➛➐➝➑➐ ➟➛ ➑↔➫➠↔➙➑ ➟➫➑

➏↔➝➑➐➞➟➠↔➝➍↔➎ ➛➜ ➟➫➑ ➞➮➞➟➑➤ ➠↔➝ ➐➑➞➏➥➟➞ ➠➐➑ ➞➫➛➢↔ ➍↔ ➌➍➎➏➐➑ ➒➓✶➔➓ ➩➫➐➑➑ ➝➍➭➑➐➑↔➟ ➯➥➛➟➞ ➠➐➑ ➞➫➛➢↔

➜➛➐ ➟➫➑ ➠↔➟➍➲➙➛↔➜➛➙➠➥ ➞➮➞➟➑➤➳ ➢➍➟➫ ➟➫➑ ➠➡➞➛➐➯➟➍➛↔ ➙➛➑➱➙➍➑↔➟ ➛➜ ➟➫➑ ➤➏➙➛➞➠ ➍↔➙➐➑➠➞➑➝ ➡➮ ➠ ➜➠➙➟➛➐

➛➜ ✶ß ➠↔➝ ✶ßß➓ ➩➫➍➞ ➍↔➙➐➑➠➞➑ ➍➞ ➠➯➯➐➛➯➐➍➠➟➑ ➠➞ ➟➫➑ ➠➡➞➛➐➯➟➍➛↔ ➍↔ ➟➫➑ ➎➐➑➑↔ ➢➠➺➑➥➑↔➎➟➫ ➐➠↔➎➑ ➍➞

➠➡➛➏➟ ✶ß ➟➍➤➑➞ ➫➍➎➫➑➐ ➟➫➠↔ ➍↔ ➟➫➑ á➣➨ ➠↔➝ ➟➫➑ ➍↔↕➠➤➤➠➟➍➛↔ ➙➠↔ ➍↔➙➐➑➠➞➑ ➟➫➑ ➡➥➛➛➝ ➙➛↔➙➑↔➟➐➠➟➍➛↔

➠↔➝ ➟➫➏➞ ➠➡➞➛➐➯➟➍➛↔ ➠➎➠➍↔ ➡➮ ➠ ➜➠➙➟➛➐ ➛➜ ✶ß➓ ➵➠➐➸➑➐➞ ➍↔➝➍➙➠➟➑ ➞➍➤➏➥➠➟➑➝ ➺➠➥➏➑➞ ➠↔➝ ➥➍↔➑➞ ➍↔➝➍➙➠➟➑

➑➘➯➛↔➑↔➟➍➠➥ ➛➐ ➥➍↔➑➠➐ ➴➟➞➳ ➢➍➟➫ ➷➬ ➺➠➥➏➑➞ ➎➍➺➑↔ ➜➛➐ ➑➠➙➫ ➴➟ ➡➑➥➛➢ ➟➫➑ ➴➎➏➐➑➓

➩➫➑ ➙➛↔➜➛➙➠➥ ➞➮➞➟➑➤ ➞➫➛➢➞ ➠ ➫➍➎➫➑➞➟ ➞➍➎↔➠➥ ➜➛➐ ➠ ➞➤➠➥➥ ➝➍➞➟➠↔➙➑ ➡➑➟➢➑➑↔ ➑➠➐➝➐➏➤ ➠↔➝ ➤➏➙➛➞➠➓

➩➫➑ ➞➍➎↔➠➥ ➝➑➙➐➑➠➞➑➞ ➍↔ ➑➘➯➛↔➑↔➟➍➠➥ ➜➛➐➤ ➢➍➟➫ ➍↔➙➐➑➠➞➍↔➎ ➝➍➞➟➠↔➙➑ ➠↔➝ ➐➑➠➙➫➑➞ ➠ ➤➍↔➍➤➏➤ ➥➍➤➍➟ ➠➟ ➠

➝➍➞➟➠↔➙➑ ➛➜ ➠➡➛➏➟ Ü✶ßßÛ➓â➓ ➠➟ ➠➐➛➏↔➝ Ü ➟➛ ☎➤➤ ➝➍➞➟➠↔➙➑➓ ➩➫➑ ➦➧➨ ➍➞ ➥➛➢➑➞➟ ➜➛➐ ➠ ➞➤➠➥➥ ➝➍➞➟➠↔➙➑



❈❍�✁❚❊❘ ✺✂ �❆❚■✲❈❖❆◆❖❈�✄ ❙❨❙❚❊▼ ✶✶☎

❛✆❞ ✐✆❝r❡❛✝❡✝ ❝♦✆t✐✆✉♦✉✝❧② ✇✐t❤ ❞✐✝t❛✆❝❡✱ ❛❧✝♦ ❛✞✞r♦①✐♠❛t❡❞ ❜② ❛✆ ❡①✞♦✆❡✆t✐❛❧ ❢✉✆❝t✐♦✆✳ ✟❤❡

❛✆t✐✠❝♦✆❢♦❝❛❧ ✝②✝t❡♠ ✐✝ ❧❡✝✝ ✐✆✌✉❡✆❝❡❞ ❜② t❤❡ ❞✐✝t❛✆❝❡ ❜❡t✇❡❡✆ ❡❛r❞r✉♠ ❛✆❞ ♠✉❝♦✝❛✳ ✟❤❡ ✝✐❣✆❛❧

❞❡❝r❡❛✝❡✝ ✝❧✐❣❤t❧② ❢♦r ❛ ❧♦✇ ❛❜✝♦r✞t✐♦✆ ❝♦❡✍❝✐❡✆t ❜✉t ✐✆❝r❡❛✝❡✝ ❢♦r ❤✐❣❤❡r ❛❜✝♦r✞t✐♦✆ ❝♦❡✍❝✐❡✆t✝

✇✐t❤ ✐✆❝r❡❛✝✐✆❣ ❞✐✝t❛✆❝❡✳ ✟❤❡ ☞r✝t ✈❛❧✉❡ ✭✡ ❂ ✵✿✶♠♠✮ ✐✝ ✐❣✆♦r❡❞ ❢♦r ❝✉r✈❡ ☞tt✐✆❣ ✐✆ t❤❡ ❛✆t✐✠

❝♦✆❢♦❝❛❧ ❝❛✝❡ ❛✝ ✐t ❞♦❡✝ ✆♦t ☞t t❤❡ ❣❡✆❡r❛❧ tr❡✆❞ ❛✆❞ ❛✆ ❛❞❞✐t✐♦✆❛❧ ❡☛❡❝t ✝❡❡♠✝ t♦ ✞❧❛② ❛ r♦❧❡✳ ✟❤❡

❝❛✝❡✝ ♦❢ ❧♦✇❡r ❛❜✝♦r✞t✐♦✆ ❛r❡ ❜❡✝t ❛✞✞r♦①✐♠❛t❡❞ ✇✐t❤ ❛✆ ❡①✞♦✆❡✆t✐❛❧ ❢✉✆❝t✐♦✆ ✇✐t❤ ♦☛✝❡t ❛✆❞ t❤❡

❝❛✝❡ ✇✐t❤ ❤✐❣❤❡✝t ❛❜✝♦r✞t✐♦✆ ✭✖✎ ❂ ✸✿✏♠♠✑✒✮ ✇✐t❤ ❛ ❧✐✆❡❛r ❢✉✆❝t✐♦✆✳ ✟❤❡ ✓❇✔ ❣❡✆❡r❛❧❧② ❢♦❧❧♦✇✝

t❤❡ ✝✐❣✆❛❧ ❜✉t ✝❤♦✇✝ ♠♦r❡ ✌✉❝t✉❛t✐♦✆✝ ❛✆❞ ❜❛❞ ✕✷ ✈❛❧✉❡ ❢♦r ❤✐❣❤❡✝t ❛❜✝♦r✞t✐♦✆✳

✗ ❝♦✆❢♦❝❛❧ ✝②✝t❡♠ ✇✐t❤ ✝♠❛❧❧ ✞✐✆❤♦❧❡ ❞✐❛♠❡t❡r ❞❡t❡❝t✝ ♠♦✝t❧② ✉✆✝❝❛tt❡r❡❞ ✞❤♦t♦✆✝✳ ✟❤✐✝

✆✉♠❜❡r ✐✝ ✉✆❛☛❡❝t❡❞ ❜② t❤❡ ❞✐✝t❛✆❝❡ ❜❡t✇❡❡✆ ❡❛r❞r✉♠ ❛✆❞ ♠✉❝♦✝❛✳ ✘❡✆❝❡✱ ❛ ❝♦✆✝t❛✆t ✝✐❣✆❛❧ ❧❡✈❡❧

✐✝ ❡①✞❡❝t❡❞ ❛✝ ✝❤♦✇✆ ❜② t❤❡ ❛❧♠♦✝t ❝♦✆✝t❛✆t ✈❛❧✉❡ ❢♦r ❞✐✝t❛✆❝❡ ❤✐❣❤❡r t❤❛✆ ✸♠♠✳ ✟❤❡ r❡❛✝♦✆ t❤❛t

t❤❡ ✝✐❣✆❛❧ ✐✆❝r❡❛✝❡✝ ❛t ✝♠❛❧❧ ❞✐✝t❛✆❝❡✝ ✐✝ t❤❡ ❢♦r✇❛r❞ ✝❝❛tt❡r✐✆❣ ✆❛t✉r❡ ♦❢ t❤❡ ❡❛r❞r✉♠✳ ✙✆ ❝❛✝❡

♦❢ ❛ ✝♠❛❧❧ ❞✐✝t❛✆❝❡✱ ✞❤♦t♦✆✝ ✝❝❛tt❡r❡❞ ✇✐t❤ ❛ ✝♠❛❧❧ ❛✆❣❧❡ ❜❡t✇❡❡✆ ♦✞t✐❝❛❧ ❛①✐✝ ❛✆❞ ✞r♦✞❛❣❛t✐♦✆

❞✐r❡❝t✐♦✆ ❝❛✆ ✝t✐❧❧ r❡❛❝❤ t❤❡ ✝❛♠✞❧❡❞ ✈♦❧✉♠❡ ❛✝ ✆♦t ✞r♦✞❛❣❛t✐✆❣ ❛ ❧♦✆❣ ❞✐✝t❛✆❝❡✳ ✟❤❡✝❡ ✞❤♦t♦✆✝

❝♦✆tr✐❜✉t❡ t♦ t❤❡ ✝✐❣✆❛❧ ❡✈❡✆ t❤♦✉❣❤ t❤❡② ✇❡r❡ ✝❝❛tt❡r❡❞✳ ❲❤❡✆ ✐✆❝r❡❛✝✐✆❣ t❤❡ ❞✐✝t❛✆❝❡ ❜❡t✇❡❡✆

✝❝❛tt❡r✐✆❣ ❡✈❡✆t ❛✆❞ t❛r❣❡t✱ t❤❡ tr❛✈❡❧❧❡❞ ❞✐✝t❛✆❝❡ ❣❡t✝ ❜✐❣❣❡r ❛✆❞ ♠♦r❡ ❛✆❞ ♠♦r❡ ✞❤♦t♦✆✝ ❢❛❧❧

♦✉t✝✐❞❡ t❤❡ ✝❛♠✞❧❡❞ ✈♦❧✉♠❡ ❛✆❞ ❛r❡ ✆♦t ❞❡t❡❝t❡❞ ❛✆② ♠♦r❡✱ ❞❡❝r❡❛✝✐✆❣ t❤❡ ❧❡✈❡❧ ♦❢ ❞❡t❡❝t❡❞ ✝✐❣✆❛❧✳

✟❤❡ ✓❇✔ ✐✆❝r❡❛✝❡✝ ❛✝ t❤❡ ❜❛❝❦❣r♦✉✆❞ r❡❥❡❝t✐♦✆ r❛t✐♦ ♦❢ ❛ ❝♦✆❢♦❝❛❧ ✝②✝t❡♠ ✐✆❝r❡❛✝❡✝ ✇✐t❤ ❞✐✝t❛✆❝❡

♦❢ ✝❝❛tt❡r✐✆❣ ❛✆❞ t❛r❣❡t ❧❛②❡r✱ ❛❝❝♦r❞✐✆❣ t♦ t❤❡ ✞♦✐✆t ✝✞r❡❛❞ ❢✉✆❝t✐♦✆ ✞r❡✝❡✆t❡❞ ✐✆ ✚q✉❛t✐♦✆ ✭☎✳✶✮✳

✟❤r❡❡ ✝❡✞❛r❛t❡ ❡☛❡❝t✝ ❛r❡ ✞r❡✝❡✆t ❢♦r t❤❡ ❛✆t✐✠❝♦✆❢♦❝❛❧ ✝②✝t❡♠✳ ❋✐r✝t❧②✱ t❤❡ ♦✞t✐❝✝ ❢♦❝✉✝❡❞ ♦✆

t❤❡ ❡❛r❞r✉♠ ♠♦✈❡ ❛✇❛② ❢r♦♠ t❤❡ ♠✉❝♦✝❛ ✇❤❡✆ ✐✆❝r❡❛✝✐✆❣ t❤❡ ❞✐✝t❛✆❝❡ ❛✆❞ ❤❡✆❝❡ t❤❡ ❡☛❡❝t✐✈❡

✛✗ ❞❡❝r❡❛✝❡✝✳ ✟❤✐✝ r❡✝✉❧t✝ ✐✆ ❧❡✝✝ ✝✐❣✆❛❧ ❜❡✐✆❣ ❞❡t❡❝t❡❞✱ ✈✐✝✐❜❧❡ ❢♦r ❛✆ ❛❜✝♦r✞t✐♦✆ ❝♦❡✍❝✐❡✆t ♦❢

✵✳✵✸✏♠♠✑✒✳ ✟❤❡ ✝❡❝♦✆❞ ❡☛❡❝t ✐✝ t❤❛t t❤❡ ✝t♦✞ ♠♦✈❡✝ ❢✉rt❤❡r ❛✇❛② ❢r♦♠ t❤❡ ✐♠❛❣❡ ♦❢ t❤❡ ♠✉❝♦✝❛

✝✉r❢❛❝❡ ❛✆❞ t❤✉✝ ❜❧♦❝❦✝ ❧❡✝✝ ✝✐❣✆❛❧ ✞❤♦t♦✆✝ ❛✆❞ ✐✆❝r❡❛✝✐✆❣ t❤❡ ✝✐❣✆❛❧✳ ✟❤✐✝ ❡☛❡❝t ✐✝ ✝tr♦✆❣❡✝t ❢♦r

✝♠❛❧❧ ❞✐✝t❛✆❝❡✝ ✭✡ ❂ ✵✿✶♠♠✮ ❛✆❞ ❝❛✆ ❜❡ ✝❡❡✆ ❢♦r ❛❧❧ ❝❛✝❡✝✱ ❛✆❞ ✇❛✝ ✐❣✆♦r❡❞ ❞✉r✐✆❣ ❝✉r✈❡ ☞tt✐✆❣✳

✟❤❡ ❧❛✝t ❡☛❡❝t ✐✝ t❤❛t ✇✐t❤ ✐✆❝r❡❛✝✐✆❣ ❞✐✝t❛✆❝❡✱ t❤❡ ✝✐❣✆❛❧ ✐✝ ❢✉rt❤❡r ✝✞r❡❛❞ ♦✆ t❤❡ ♠✉❝♦✝❛ ❞✉❡

t♦ ✝❝❛tt❡r✐✆❣ ✐✆ t❤❡ ❡❛r❞r✉♠ ❛✆❞ t❤❡ ❧✐❣❤t ❜❡✐✆❣ ❢♦❝✉✝❡❞ ♦✆ t❤❡ ❡❛r❞r✉♠✳ ✟❤✐✝ ❡☛❡❝t ✐✝ ✝♠❛❧❧

❢♦r ❧♦✇ ❛❜✝♦r❜✐✆❣ ✝❛♠✞❧❡✝ ❛✝ t❤❡ ❧✐❣❤t ✞r♦✞❛❣❛t❡✝ ❢❛r ✐✆✝✐❞❡ t❤❡ ♠✉❝♦✝❛✱ ❝♦♠✞❛r❡❞ t♦ t❤❡ ✝✐③❡

♦❢ t❤❡ ✐❧❧✉♠✐✆❛t❡❞ ❛r❡❛✳ ✙✆ ❝❛✝❡ ♦❢ ❤✐❣❤ ❛❜✝♦r❜✐✆❣ ♠❡❞✐❛✱ t❤❡ ✞❛t❤ ❧❡✆❣t❤ ✐✆✝✐❞❡ t❤❡ ♠✉❝♦✝❛ ✐✝

✝♠❛❧❧❡r ❝♦♠✞❛r❡❞ t♦ t❤❡ ✐❧❧✉♠✐✆❛t❡❞ ❛r❡❛✳ ✗ ✝t♦✞ r❡❥❡❝t✝ ♠♦r❡ ✝✐❣✆❛❧✱ ✇❤❡✆ t❤❡ ✐❧❧✉♠✐✆❛t❡❞ ❛r❡❛

✐✝ ✝♠❛❧❧✳ ✘❡✆❝❡✱ t❤❡ ✝✐❣✆❛❧ ✐✝ ❜✐❣❣❡r ✇❤❡✆ t❤❡ ❛❜✝♦r✞t✐♦✆ ✐✝ ❧♦✇❡r ✭✈✐✝✐❜❧❡ ✐✆ t❤❡ ❞✐☛❡r❡✆t ✞❧♦t✝ ❢♦r

t❤❡ ❛✆t✐✠❝♦✆❢♦❝❛❧ ✝②✝t❡♠✮✱ ❛✆❞ ✇❤❡✆ t❤❡ ❞✐✝t❛✆❝❡ ❜❡t✇❡❡✆ ❢♦❝✉✝ ❛✆❞ ♠✉❝♦✝❛ ✐✝ ❜✐❣❣❡r✱ ❝❛✉✝✐✆❣ ❛

✇✐❞❡r ✝✞r❡❛❞ ♦❢ t❤❡ ✝✐❣✆❛❧✱ ✈✐✝✐❜❧❡ ✐✆ t❤❡ ✞❧♦t ❢♦r ✖✎ ❂ ✸✿✏♠♠✑✒✳ ✟❤❡ ✆♦✐✝❡ ✐✝ ✉✆❛☛❡❝t❡❞ ❜② t❤❡

❞✐✝t❛✆❝❡ ❛✆❞ ❝❤❛✆❣❡✝ ❛r❡ ❞✉❡ ♦✆❧② t♦ t❤❡ r❛✆❞♦♠ ✆❛t✉r❡ ♦❢ ✜✢ ✝✐♠✉❧❛t✐♦✆✝✳ ✢♦✆✝❡q✉❡✆t❧②✱ t❤❡

✓❇✔ ✐✝ ❢♦❧❧♦✇✐✆❣ t❤❡ ✝✐❣✆❛❧✳ ✟❤❡ ✌✉❝t✉❛t✐♦✆✝ ✝❡❡✆ ✐✆ t❤❡ ❣r❛✞❤✱ ❡✝✞❡❝✐❛❧❧② ❛t ✵✳✵✸✏♠♠✑✒ ✇✐t❤ ❧♦✇
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✆✝ ✆✞✟✠ ✆✞ ✆✡✟✠ ✆✡ ✆☛✟✠ ☛ ☛✟✠
☛

✠☛☛

✡☛☛☛

✡✠☛☛

✞☛☛☛

✞✠☛☛

☞
✌✍
✎
✏
✑✒
✓
✔✕
✔✖

❋✗✘✙✚ ✛✗✚✜✢✜✗✣ ✤✥✥✦

✧✗✣★✗✘✩✪
✫✣✢✜✆✧✗✣★✗✘✩✪

✭❛✮ ✬✐❣♥❛❧✳ ✯✷✰✱✴✸✵✹④✻✼ ❂ ✽✿✾❀❁❃ ✯✷✰✱✻④✻✵❄✼ ❂ ✽✿✾✾❅❃

✯✷❇✰ ❂ ✽✿❉❉●✳

❏❑ ❏▲P◗ ❏▲ ❏❯P◗ ❏❯ ❏❱P◗ ❱ ❱P◗
❱

❯❱❱

▲❱❱

❑❱❱

❲❱❱

◗❱❱

❳❱❱

❩
❬❭
❪
❫
❴❵
❜❝
❵
❞
❫
❡❢
❭
❤❝
❥
❪
❦
♠
❫
❜❬❝
♦❩
❞
♠
♣

qrst✉ ✈r✉✇①✇r② ③⑤⑤⑥

⑦r②⑧rs⑨⑩
❶②①✇❏⑦r②⑧rs⑨⑩

✭❷✮ ✬❸❹✳ ✯✷✰✱✴✸✵✹④✻✼ ❂ ❺❃ ✯✷✰✱✻④✻✵❄✼ ❂ ✽✿✾✾❀❃

✯✷❇✰ ❂ ✽✿✽❻❻✳

❼❽❾❿➀➁ ☎➂✶☎➃ ➄➅➆❿➁➅➇➁ ➈➉ ➊➋➁ ➉➈➇❿➌ ➈➅ ➌❽❾➅➍➎ ➍➅➏ ➐➑➒➂ ➓➔→➂✶➣ ➁↔❿➍➎➌ ➊➈ ➉➈➇❿➌ ➈➅ ➊➋➁ ➁➍➀➏➀❿↕ ➌❿➀➉➍➇➁

➙➍➅➊❽➔➇➈➅➉➈➇➍➎ ➇➈➅➛❾❿➀➍➊❽➈➅➜➝ ➓➞➣ ➁↔❿➍➎➌ ➊➈ ➉➈➇❿➌ ➈➅ ➊➋➁ ↕❿➇➈➌➍ ➌❿➀➉➍➇➁ ➙➇➈➅➉➈➇➍➎ ➇➈➅➛❾❿➀➍➊❽➈➅➜➝

➍➅➏ ➟➈➌❽➊❽➠➁ ➠➍➎❿➁➌ ❽➅➏❽➇➍➊➁ ➊➋➁ ➉➈➇❿➌ ❽➌ ➟➎➍➇➁➏ ❽➅➌❽➏➁ ➊➋➁ ↕❿➇➈➌➍➂ ➡➍➀➢➁➀➌ ❽➅➏❽➇➍➊➁ ➌❽↕❿➎➍➊➁➏

➠➍➎❿➁➌ ➍➅➏ ➎❽➅➁➌ ❽➅➏❽➇➍➊➁ ➛➊➌➝ ➤❽➊➋ ➥➦ ➠➍➎❿➁➌ ❾❽➠➁➅ ➉➈➀ ➁➍➇➋ ➛➊➂ ➧➋➁ ➍➅➊❽➔➇➈➅➉➈➇➍➎ ❾➀➍➟➋➌ ➤➁➀➁

➎❽➅➁➍➀➎➨ ➛➊➊➁➏ ➤➋❽➎➁ ➊➋➁ ➇➈➅➉➈➇➍➎ ❾➀➍➟➋➌ ➤➁➀➁ ➁➩➟➈➅➁➅➊❽➍➎➎➨ ➛➊➊➁➏ ➤❽➊➋ ➊➤➈ ❽➅➏➁➟➁➅➏➁➅➊ ➌➁➇➊❽➈➅➌➝

➌➁➟➍➀➍➊➁➏ ➍➊ ➓➞➣➂

➥➦ ➠➍➎❿➁➝ ➍➀➁ ➀➁➌❿➎➊➌ ➈➉ ➊➋➁ ➀➍➅➏➈↕ ➅➍➊❿➀➁ ➈➉ ➊➋➁ ➌❽↕❿➎➍➊❽➈➅ ➍➅➏ ➍ ➎➈➤ ➅❿↕➫➁➀ ➈➉ ➏➁➊➁➇➊➁➏ ➅➈❽➌➁

➟➋➈➊➈➅➌➂

➭➯➲➳➵

➧➋❽➌ ➌➁➇➊❽➈➅ ❽➅➠➁➌➊❽❾➍➊➁➌ ➊➋➁ ❽↕➟➈➀➊➍➅➇➁ ➈➉ ➍➅ ➁➩➍➇➊ ➉➈➇❿➌ ➈➉ ➊➋➁ ➍➅➊❽➔➇➈➅➉➈➇➍➎ ➌➨➌➊➁↕ ➈➅ ➊➋➁

➟➁➀➉➈➀↕➍➅➇➁ ➈➉ ➊➋➁ ➌➨➌➊➁↕➂ ➄➅ ➟➀➁➠❽➈❿➌ ➌❽↕❿➎➍➊❽➈➅➌ ➊➋➁ ➇➈➅➉➈➇➍➎ ➌➨➌➊➁↕ ➤➍➌ ➉➈➇❿➌➁➏ ➈➅ ➊➋➁ ↕❿➇➈➌➍

➌❿➀➉➍➇➁ ➍➅➏ ➊➋➁ ➍➅➊❽➔➇➈➅➉➈➇➍➎ ➌➨➌➊➁↕ ➈➅ ➊➋➁ ➁➍➀➏➀❿↕ ➌❿➀➉➍➇➁➂ ➧➋❽➌ ❽➌ ➇➋➍➅❾➁➏ ➋➁➀➁➝ ➊➋➁ ➉➈➇❿➌

➉➈➀ ➫➈➊➋ ➌➨➌➊➁↕➌ ❽➌ ➌➋❽➉➊➁➏ ➉➀➈↕ ➊➋➁ ➁➍➀➏➀❿↕ ➌❿➀➉➍➇➁ ➙➉➈➇❿➌ ➸ ➺→➻✶↕↕➜ ➊➈ ➊➋➁ ↕❿➇➈➌➍ ➌❿➀➉➍➇➁

➙➉➈➇❿➌ ➸ ➞↕↕➜➝ ➍➅➏ ❽➅➊➈ ➊➋➁ ↕❿➇➈➌➍ ➙➟➈➌❽➊❽➠➁ ➉➈➇❿➌ ➠➍➎❿➁➌➜➂ ➧➋➁ ➏➁➟➁➅➏➁➅➇➁ ➈➉ ➌❽❾➅➍➎ ➎➁➠➁➎ ➍➅➏

➐➑➒ ➈➅ ➊➋➁ ➉➈➇❿➌ ❽➌ ➌➋➈➤➅ ❽➅ ❼❽❾❿➀➁ ☎➂✶☎➂ ➡➍➀➢➁➀➌ ❽➅➏❽➇➍➊➁ ➌❽↕❿➎➍➊➁➏ ➠➍➎❿➁➌ ➍➅➏ ➎❽➅➁➌ ❽➅➏❽➇➍➊➁

➛➊➌➝ ➤❽➊➋ ➥➦ ➠➍➎❿➁➌ ❾❽➠➁➅ ➉➈➀ ➁➍➇➋ ➛➊ ➫➁➎➈➤ ➊➋➁ ➛❾❿➀➁➂ ➧➋➁ ➍➅➊❽➔➇➈➅➉➈➇➍➎ ❾➀➍➟➋➌ ➤➁➀➁ ➎❽➅➁➍➀➎➨ ➛➊➊➁➏

➤➋❽➎➁ ➊➋➁ ➇➈➅➉➈➇➍➎ ❾➀➍➟➋➌ ➤➁➀➁ ➁➩➟➈➅➁➅➊❽➍➎➎➨ ➛➊➊➁➏ ➤❽➊➋ ➊➤➈ ❽➅➏➁➟➁➅➏➁➅➊ ➌➁➇➊❽➈➅➌➝ ➈➅➁ ➉➀➈↕ ➔→➂✶

➊➈ ➞ ➍➅➏ ➊➋➁ ➌➁➇➈➅➏ ➉➀➈↕ ➞ ➊➈ ➞➂☎➂

➧➋➁ ➌❽❾➅➍➎ ➎➁➠➁➎ ➈➉ ➊➋➁ ➇➈➅➉➈➇➍➎ ➌➨➌➊➁↕ ❽➌ ➇➎➈➌➁ ➊➈ ➼➁➀➈ ➤➋➁➅ ➉➈➇❿➌➁➏ ➈❿➊➌❽➏➁ ➊➋➁ ↕❿➇➈➌➍➝

❽➅➇➀➁➍➌➁➌ ➁➩➟➈➅➁➅➊❽➍➎➎➨ ➊➈ ➀➁➍➇➋ ➍ ➟➁➍➢ ➈➅ ➊➋➁ ↕❿➇➈➌➍ ➌❿➀➉➍➇➁➝ ➍➅➏ ➊➋➁➅ ➏➁➇➀➁➍➌➁➌ ➁➩➟➈➅➁➅➊❽➍➎➎➨

➤➋➁➅ ➉➈➇❿➌➁➏ ❽➅➌❽➏➁ ➊➋➁ ↕❿➇➈➌➍➂ ➧➋➁ ➐➑➒ ➫➁➋➍➠➁➌ ➌❽↕❽➎➍➀➎➨➝ ➤❽➊➋ ➍➎➎ ➇❿➀➠➁➌ ➤➁➎➎ ➛➊➊➁➏ ➫➨ ➊➋➁

➁➩➟➈➅➁➅➊❽➍➎ ➉❿➅➇➊❽➈➅➌ ➍➌ ➌➋➈➤➅ ➫➨ ➊➋➁ ➋❽❾➋ ➥➦ ➠➍➎❿➁➌➂ ➧➋➁ ➌❽❾➅➍➎ ➈➉ ➊➋➁ ➍➅➊❽➔➇➈➅➉➈➇➍➎ ➌➨➌➊➁↕
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✐♥❝r❡❛✆❡✆ ✇❤❡♥ ♠♦✈✐♥❣ t❤❡ ❢♦❝✉✆ ❢r♦♠ ❡❛r❞r✉♠ t♦ ♠✉❝♦✆❛ ✇✐t❤ ✆♦♠❡ ✌✉❝t✉❛t✐♦♥✆ ♥❡❛r t❤❡ ♠✉❝♦✆❛

✆✉r❢❛❝❡ ✇❤❡r❡ ♠♦r❡ ❞❛t❛ ♣♦✐♥t✆ ❛r❡ ✆✐♠✉❧❛t❡❞✳ ✝❤❡ ✞❇✟ ✐✆ r❡❧❛t✐✈❡❧② ✉♥❛✠❡❝t❡❞ ❜② t❤❡ ❢♦❝✉✆ ❛♥❞

✆❤♦✇✆ ✆✐♠✐❧❛r ✌✉❝t✉❛t✐♦♥✆✳ ❇♦t❤ ❣r❛♣❤✆ ✇❡r❡ ❧✐♥❡❛r ☞tt❡❞ ❛♥❞ ✆❤♦✇ ❧♦✇ ✡✷ ✈❛❧✉❡✆✱ ❝❛✉✆❡❞ ❜② t❤❡

✌✉❝t✉❛t✐♦♥✆ ♦❢ t❤❡ ❣r❛♣❤✆✳

✝❤❡ ✆✐❣♥❛❧ ♦❢ t❤❡ ❝♦♥❢♦❝❛❧ ✆②✆t❡♠ ✐✆ ❝❧♦✆❡ t♦ ③❡r♦ ✇❤❡♥ ❢♦❝✉✆❡❞ ♦✉t✆✐❞❡ t❤❡ ♠✉❝♦✆❛ ❛✆ r❡❥❡❝t❡❞

❜② t❤❡ ♣✐♥❤♦❧❡✳ ✝❤❡ ✆✐❣♥❛❧ ✐✆ ♠❛☛✐♠❛❧ ♦♥ t❤❡ ♠✉❝♦✆❛ ✆✉r❢❛❝❡ ❛✆ r❡✌❡❝t✐♦♥✆ ❢r♦♠ t❤❡ ✆✉r❢❛❝❡

❛♥❞ ✆❝❛tt❡r❡❞ ❧✐❣❤t ❛r❡ ❞❡t❡❝t❡❞✳ ✝❤❡ r❡✌❡❝t❡❞ ❧✐❣❤t ❝♦✉❧❞ ❜❡ ❧❛❜❡❧❧❡❞ ❛✆ ❜❛❝❦❣r♦✉♥❞ ❛✆ ✇❡❧❧ ❛✆

✐♥❞❡♣❡♥❞❡♥t ♦♥ t❤❡ ✆❝❛tt❡r✐♥❣ ❛♥❞ ❛❜✆♦r♣t✐♦♥ ❝❤❛r❛❝t❡r✐✆t✐❝✆ ♦❢ t❤❡ ♠✉❝♦✆❛ ❛♥❞ ♦♥❧② ❛✠❡❝t❡❞ ❜②

t❤❡ r❡❢r❛❝t✐✈❡ ✐♥❞❡☛ ❛♥❞ ✐♥❝✐❞❡♥t ❛♥❣❧❡✳ ✝❤✐✆ ✇♦✉❧❞ r❡✆✉❧t ✐♥ ❛ ❧♦✇❡r ✆✐❣♥❛❧ ❧❡✈❡❧ ❛♥❞ ✞❇✟ ♦❢ t❤❡

❝♦♥❢♦❝❛❧ ✆②✆t❡♠ ❜✉t ❧❡✆✆ ✆♦ ✐♥ t❤❡ ❝❛✆❡ ♦❢ t❤❡ ❛♥t✐✍❝♦♥❢♦❝❛❧ ✆②✆t❡♠ ❛✆ t❤❡ ✆✐❣♥❛❧ ✐✆ ♠♦✆t❧② ❝❛✉✆❡❞ ❜②

✆❝❛tt❡r✐♥❣✳ ✎♥ t❤✐✆ ❝❛✆❡ t❤❡ ✆✉♣❡r✐♦r✐t② ♦❢ t❤❡ ❛♥t✐✍❝♦♥❢♦❝❛❧ ✆②✆t❡♠ ✇♦✉❧❞ ❜❡ ❡✈❡♥ ♠♦r❡ ✆✐❣♥✐☞❝❛♥t✳

❲❤❡♥ ♠♦✈✐♥❣ t❤❡ ❢♦❝✉✆ ✐♥t♦ t❤❡ ♠✉❝♦✆❛✱ t❤❡ ✆✐❣♥❛❧ ❞❡❝r❡❛✆❡✆ ❛❣❛✐♥✱ ❛✆ ♥♦ r❡✌❡❝t✐♦♥✆ ❛r❡ ❞❡t❡❝t❡❞

❛♥❞ t❤❡ ❧✐❣❤t r❡❛❝❤✐♥❣ t❤❡ ❞❡t❡❝t♦r ✐✆ ❛tt❡♥✉❛t❡❞ ❜② t❤❡ ✆✉♣❡r☞❝✐❛❧ ♠✉❝♦✆❛ ❧❛②❡r✆✳ ✝❤❡ ❜❛❝❦❣r♦✉♥❞

✐✆ ❤✐❣❤ ✇❤❡♥ ❢♦❝✉✆❡❞ ♦♥ t❤❡ ❡❛r❞r✉♠ ❜✉t ♦t❤❡r✇✐✆❡ ❝♦♥✆t❛♥t❧② ❧♦✇ ❛♥❞ t❤❡ ✞❇✟ ❢♦❧❧♦✇✆ t❤❡ ❝♦✉r✆❡

♦❢ t❤❡ ✆✐❣♥❛❧✳

✝❤❡ ❛♥t✐✍❝♦♥❢♦❝❛❧ ✆②✆t❡♠ ✇❛✆ ❞❡✆✐❣♥❡❞ ✇✐t❤ ❛ ❢♦❝✉✆ ♦♥ t❤❡ ❡❛r❞r✉♠ ✆✉r❢❛❝❡ ❜✉t t❤✐✆ ✆✐♠✉❧❛t✐♦♥

✆❤♦✇✆ t❤❛t t❤❡ ✆✐❣♥❛❧ ✐♥❝r❡❛✆❡✆ ✆❧✐❣❤t❧② ✇❤❡♥ ✆❤✐❢t✐♥❣ t❤❡ ❢♦❝✉✆ t♦✇❛r❞✆ t❤❡ ♠✉❝♦✆❛ ❛♥❞ ❛❞♦♣t✐♥❣

t❤❡ ✆t♦♣ ♣♦✆✐t✐♦♥ ❛t t❤❡ ✆❛♠❡ t✐♠❡✳ ✝❤✐✆ ✐♥❝r❡❛✆❡ ✐♥ ✆✐❣♥❛❧ ❝❛♥ ❜❡ ❡☛♣❧❛✐♥❡❞ ❜② t❤❡ ✐♥❝r❡❛✆❡❞ ✏✑

♦❢ t❤❡ ♦♣t✐❝✆ ♠♦✈✐♥❣ ❝❧♦✆❡r t♦ t❤❡ ✆❛♠♣❧❡ ❛♥❞ ❤❡♥❝❡ ✐♥❝r❡❛✆❡ ✐♥ ❞❡t❡❝t❡❞ ✆✐❣♥❛❧✳ ✝❤❡ ✞❇✟ ✐✆ ❛❧♠♦✆t

♥♦t ❛✠❡❝t❡❞ ❛✆ ❜♦t❤ ✆✐❣♥❛❧ ❛♥❞ ❜❛❝❦❣r♦✉♥❞ ✐♥❝r❡❛✆❡ ✇✐t❤ ✏✑ ❛♥❞ t❤❡ ❡✠❡❝t ✐✆ ❝❛♥❝❡❧❧❡❞✳ ✝❤❡

♦❜✆❡r✈❡❞ ✌✉❝t✉❛t✐♦♥ ✐♥ ❜♦t❤ ✆✐❣♥❛❧ ✞❇✟ ♦❢ t❤❡ ❛♥t✐✍❝♦♥❢♦❝❛❧ ✆②✆t❡♠ ❛♥❞ t❤✉✆ ❧♦✇ ✡✷ ✐✆ ❛✆✆✉♠❡❞

t♦ ❜❡ r❡❧❛t❡❞ t♦ t❤❡ r❛♥❞♦♠ ♥❛t✉r❡ ♦❢ t❤❡ ✒♦♥t❡ ✓❛r❧♦ ✆✐♠✉❧❛t✐♦♥✳

✝❤❡ ♣❡r❢♦r♠❛♥❝❡ ❞♦❡✆ ♥♦t ❞❡❝r❡❛✆❡ ✇✐t❤ ❝❤❛♥❣❡ ♦❢ t❤❡ ❢♦❝✉✆ ❢♦r t✇♦ r❡❛✆♦♥✆✱ ☞r✆t❧② t❤❡ ✆♠❛❧❧

✏✑ ♦❢ ✵✳✵✔ ❛♥❞ t❤❡ r❡❧❛t✐✈❡❧② ❤✐❣❤ ✆t♦♣ r❛❞✐✉✆ ♦❢ ✶✳✶♠♠✳ ✝❤❡ ✆♠❛❧❧ ✏✑ r❡✆✉❧t✆ ✐♥ ♦♥❧② ❛ ✆❧♦✇

✐♥❝r❡❛✆❡ ♦❢ t❤❡ ✐❧❧✉♠✐♥❛t❡❞ ❛r❡❛ ♦♥ t❤❡ ❡❛r❞r✉♠ ✭✕ ✙ ✖✗ ✘ ✚ ❂ ✵✿✛✜♠♠ ✇❤❡♥ ❢♦❝✉✆❡❞ ♦♥ ♠✉❝♦✆❛

✆✉r❢❛❝❡✮ ❛♥❞ ❤❡♥❝❡ t❤❡ ❜❛❝❦❣r♦✉♥❞ ✐✆ ♥♦t ✆♣r❡❛❞ ♠✉❝❤ ❢✉rt❤❡r✳ ✝❤✐✆ ♠❡❛♥✆ ❛ ✆t♦♣ ✇✐t❤ t❤❡ ✆❛♠❡

r❛❞✐✉✆ ❝❛♥ ✆t✐❧❧ ❜❧♦❝❦ ♠♦✆t ♦❢ t❤❡ ❜❛❝❦❣r♦✉♥❞ ❛♥❞ ❤❡♥❝❡ t❤❡ ✞❇✟ ❞♦❡✆ ♥♦t ❞❡❝r❡❛✆❡ ✆✐❣♥✐☞❝❛♥t❧②✳ ✑

♠♦r❡ ✆✐❣♥✐☞❝❛♥t ❝❤❛♥❣❡ ✇♦✉❧❞ ❜❡ ✈✐✆✐❜❧❡ ✇❤❡♥ ✉✆✐♥❣ ❛ ✆♠❛❧❧❡r ✆t♦♣ r❛❞✐✉✆ ❝❧♦✆❡r t♦ t❤❡ ✐❧❧✉♠✐♥❛t❡❞

❛r❡❛ ♦♥ t❤❡ ❡❛r❞r✉♠✳ ✑♥ ✐♥❝r❡❛✆❡ ✐♥ t❤❡ ✐❧❧✉♠✐♥❛t❡❞ ❛r❡❛ ✇♦✉❧❞ t❤❡♥ r❡✆✉❧t ✐♥ r❡✌❡❝t✐♦♥✆ ♣❛✆✆✐♥❣

t❤❡ ✆t♦♣ ❛♥❞ ✆✐❣♥✐☞❝❛♥t❧② ❞❡❝r❡❛✆❡ t❤❡ ✞❇✟✳ ✎♥ ❝❛✆❡ ♦❢ ❛ ❤✐❣❤❡r ❛❜✆♦r♣t✐♦♥ ❝♦❡✢❝✐❡♥t ♦❢ t❤❡ ♠✉❝♦✆❛✱

t❤❡ ❢♦❝✉✆ ✇♦✉❧❞ ❤❛✈❡ ❛ ❜✐❣❣❡r ✐♥✌✉❡♥❝❡✳ ✎♥ t❤✐✆ ❝❛✆❡✱ t❤❡ ✆✐❣♥❛❧ ❧❡✈❡❧ ✇♦✉❧❞ ❜❡ ❛✠❡❝t❡❞ ❜② t❤❡

✐❧❧✉♠✐♥❛t❡❞ ❛r❡❛ ♦♥ t❤❡ ♠✉❝♦✆❛ ❛✆ ❞❡✆❝r✐❜❡❞ ✐♥ t❤❡ ♣r❡✈✐♦✉✆ ✆❡❝t✐♦♥ ✇❤❡♥ ❝❤❛♥❣✐♥❣ t❤❡ ❞✐✆t❛♥❝❡

❜❡t✇❡❡♥ ❡❛r❞r✉♠ ❛♥❞ ♠✉❝♦✆❛✳ ✑ ❢♦❝✉✆ ❝❧♦✆❡r t♦ t❤❡ ♠✉❝♦✆❛ ✇♦✉❧❞ ❝❛✉✆❡ ❛ ✆♠❛❧❧❡r ✆✐❣♥❛❧ ❛♥❞ ❛❧✆♦

❛✠❡❝t t❤❡ ✞❇✟✳

✣✈❡r❛❧❧✱ t❤✐✆ ✆❤♦✇✆ ❛ ❣♦♦❞ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ❛♥t✐✍❝♦♥❢♦❝❛❧ ✆②✆t❡♠✱ ❡✈❡♥ ✇❤❡♥ ♦✉t ♦❢ ❢♦❝✉✆✱ ✐♥



❈❍�✁❚❊❘ ✺✂ �❆❚■✲❈❖❆◆❖❈�✄ ❙❨❙❚❊▼ ✶✶☎

❝♦✆tr❛✝t t♦ t❤❡ ❝♦✆❢♦❝❛✞ ✝②✝t❡♠ t❤❛t r❡q✉✐r❡✝ ❛✆ ❡①❛❝t ❢♦❝✉✝✳

✟❧❧✠✡☛♥☞✌☛✍♥ ✎✏

✑♦ ❢❛r✱ t❤❡ ✐✞✞✉♠✐✆❛t✐♦✆ ✒✓ ✇❛✝ t❤❡ ✝❛♠❡ ❛✝ t❤❡ ❞❡t❡❝t✐♦✆ ✒✓✱ ❛✝ ✐✝ t❤❡ ❝❛✝❡ ❢♦r ❝♦✆❢♦❝❛✞ ✝②✝t❡♠✝✳

✔✆ t❤❡ ❝♦✆❢♦❝❛✞ ✝②✝t❡♠ ❜♦t❤ t❤❡ ❢♦❝✉✝❡❞ ✐✞✞✉♠✐✆❛t✐♦✆ ❜❡❛♠ ❛✆❞ ❞❡t❡❝t✐♦✆ ♣✐✆❤♦✞❡ ❛r❡ ✆❡❝❡✝✝❛r② ✐✆

♦r❞❡r t♦ ❛❝❤✐❡✈❡ ❣♦♦❞ ❜❛❝❦❣r♦✉✆❞ r❡❥❡❝t✐♦✆✳

✔✆ ❛ ✝✐♠✉✞❛t✐♦✆ t❤❡ ✐✞✞✉♠✐✆❛t✐♦✆ ❜❡❛♠ ✇❛✝ r❡✝tr✐❝t❡❞ t♦ ❛ r❛❞✐✉✝ ♦❢ ✵✳✶♠♠ ✭❡✕❡❝t✐✈❡ ✒✓ ♦❢

✵✳✵✵✖✗✳ ✒♦ ✝✐❣✆✐✘❝❛✆t ❝❤❛✆❣❡ ✐✆ ✝✐❣✆❛✞ ♦r ✑❇✙ ✇❛✝ ♦❜✝❡r✈❡❞ ✭❣r❛♣❤✝ ✆♦t ✝❤♦✇✆ ❤❡r❡✗ ❝♦♠♣❛r❡❞

t♦ t❤❡ ✆♦r♠❛✞ ✐✞✞✉♠✐✆❛t✐♦✆✳ ✚❤❡ ✐✞✞✉♠✐✆❛t✐♦✆ ✒✓ ❞❡t❡r♠✐✆❡✝ t❤❡ ✐✞✞✉♠✐✆❛t❡❞ ❛r❡❛ ♦✆ t❤❡ ♠✉❝♦✝❛✳

❇✉t t❤✐✝ ✐✝ ❛✞✝♦ ❛✕❡❝t❡❞ ❜② t❤❡ ✝❝❛tt❡r✐✆❣ ❝❤❛r❛❝t❡r✐✝t✐❝✝ ♦❢ t❤❡ ❡❛r❞r✉♠✳ ❋✉rt❤❡r✱ ✞✐❣❤t ♣r♦♣❛❣❛t❡✝

✐✆✝✐❞❡ t❤❡ ♠✉❝♦✝❛ ✐✆❝r❡❛✝✐✆❣ t❤❡ ✐✞✞✉♠✐✆❛t❡❞ ✈♦✞✉♠❡ ❡✈❡✆ ❢✉rt❤❡r✳ Pr♦♣❛❣❛t✐♦✆ ✐✆✝✐❞❡ t❤❡ t✐✝✝✉❡

❤❛✝ ❛ ❜✐❣❣❡r ❡✕❡❝t ♦✆ ✝❛♠♣✞❡❞ ✈♦✞✉♠❡ t❤❛✆ t❤❡ ✒✓ ✐✆ t❤❡ ✐✆✈❡✝t✐❣❛t❡❞ r❛✆❣❡✱ ❝♦✆✝❡q✉❡✆t✞② ✆♦

❝❤❛✆❣❡✝ ❛r❡ ♦❜✝❡r✈❡❞✳

✔✆ ❛✆ ❡①♣❡r✐♠❡✆t❛✞ ✐♠♣✞❡♠❡✆t❛t✐♦✆✱ t❤✐✝ ✇♦✉✞❞ ✝✐♠♣✞✐❢② t❤❡ ✝❡t✛✉♣ ❛✝ ✆♦ ❜❡❛♠ ❡①♣❛✆✝✐♦✆ ✐✝

✆❡❝❡✝✝❛r②✳

❉✜✌✜✢✌☛✍♥ ✎✏

✚❤❡ ❞❡t❡❝t✐♦✆ ✒✓ ✐✆ t❤❡ ♠✐❞❞✞❡ ❡❛r ✐✝ r❡✝tr✐❝t❡❞ ❜② t❤❡ ✝♣❡❝✉✞✉♠✳ ✒♦✆❡t❤❡✞❡✝✝✱ t❤❡ ✒✓ ✐✝ ✈❛r✐❡❞

✐✆ t❤✐✝ ✝❡❝t✐♦✆ t♦ ✐✆✈❡✝t✐❣❛t❡ ✐t✝ ✐✆✣✉❡✆❝❡ ♦✆ t❤❡ ❛✆t✐✛❝♦✆❢♦❝❛✞ ✝②✝t❡♠✳ ❋✐❣✉r❡ ✤✳✶✥ ✝❤♦✇✝ t❤❡ ✝✐❣✆❛✞

❛✆❞ ✑❇✙ ❢♦r ✈❛r✐❡❞ ✒✓✳ ✦❛r❦❡r✝ ✐✆❞✐❝❛t❡ ✝✐♠✉✞❛t❡❞ ✈❛✞✉❡✝ ❛✆❞ ✞✐✆❡✝ ✐✆❞✐❝❛t❡ ✘t✝✱ ✇✐t❤ ✧✷ ✈❛✞✉❡✝

❣✐✈❡✆ ❢♦r ❡❛❝❤ ✘t ❜❡✞♦✇ t❤❡ ✘❣✉r❡✳ ★①♣♦✆❡✆t✐❛✞ ✘t✝ ❛r❡ ✉✝❡❞ ❢♦r t❤❡ ❛✆t✐✛❝♦✆❢♦❝❛✞ ❣r❛♣❤✝ ✇❤✐✞❡

✞✐✆❡❛r ❢✉✆❝t✐♦✆✝ ✘t t❤❡ ❝♦✆❢♦❝❛✞ ❣r❛♣❤✝ ❜❡tt❡r✳

❇♦t❤ t❤❡ ❝♦✆❢♦❝❛✞ ❛✆❞ ❛✆t✐✛❝♦✆❢♦❝❛✞ ✝②✝t❡♠ ✝❤♦✇ ❛✆ ✐✆❝r❡❛✝❡ ✐✆ ✝✐❣✆❛✞ ✞❡✈❡✞ ❛✆❞ ✑❇✙ ✇✐t❤

✐✆❝r❡❛✝✐✆❣ ✒✓ ✇❤✐✞❡ t❤❡ ✐✆❝r❡❛✝❡ ✐✆ t❤❡ ❛✆t✐✛❝♦✆❢♦❝❛✞ ❝❛✝❡ ✐✝ ♠✉❝❤ ❤✐❣❤❡r ❛✆❞ ❛♣♣r♦①✐♠❛t❡✝ ❛✆

❡①♣♦✆❡✆t✐❛✞ ❢✉✆❝t✐♦✆ ❝♦♠♣❛r❡❞ t♦ ✞✐✆❡❛r ✐✆❝r❡❛✝❡ ✐✆ t❤❡ ❝♦✆❢♦❝❛✞ ❝❛✝❡✳ ✚❤❡ ✐✆❝r❡❛✝❡ ✐✆ t❤❡ ✝✐❣✆❛✞ ♦❢

t❤❡ ❝♦✆❢♦❝❛✞ ✝②✝t❡♠ r❡✝✉✞t✝ ❢r♦♠ ♠♦r❡ ♣❤♦t♦✆✝ ❜❡✐✆❣ ❞❡t❡❝t❡❞ ❜② t❤❡ ❤✐❣❤❡r ✒✓✳ ❇✉t ❛✝ t❤❡ ✝✐❣✆❛✞

✐✝ ♠♦✝t✞② ❝❛✉✝❡❞ ❜② r❡✣❡❝t✐♦✆✝ ✭✝✐♠✉✞❛t❡❞ ❜② ❛ ✞❛♠❜❡rt✐❛✆ ❞✐✝tr✐❜✉t✐♦✆✗ t❤✐✝ ✐✆❝r❡❛✝❡ ✐✝ r❡✞❛t✐✈❡✞②

✝♠❛✞✞ ❛✝ t❤❡ ♣♦✇❡r r❡❞✉❝❡✝ ✇✐t❤ ❤✐❣❤❡r ❛✆❣✞❡✳ ✚❤❡ ✑❇✙ ✐✆❝r❡❛✝❡✝ ❜❡❝❛✉✝❡ ❜♦t❤ t❤❡ ✝✐❣✆❛✞ ❛✆❞ t❤❡

❜❛❝❦❣r♦✉✆❞ r❡❥❡❝t✐♦✆ r❛t✐♦ ✐✆❝r❡❛✝❡ ❛✝ ❣✐✈❡✆ ✐✆ ★q✉❛t✐♦✆ ✭✹✳✶✗✱ r❡✝✉✞t✐✆❣ ✐✆ ✞❡✝✝ ❜❛❝❦❣r♦✉✆❞✳

✚❤❡ ✝✐❣✆❛✞ ♦❢ t❤❡ ❛✆t✐✛❝♦✆❢♦❝❛✞ ✝②✝t❡♠ ✐✆❝r❡❛✝❡✝ ♠♦r❡ ✝✐❣✆✐✘❝❛✆t✞② ❛✝ t❤❡ ✝✐❣✆❛✞ ✐✝ ♠♦✝t✞② ❞✉❡

t♦ ✝❝❛tt❡r❡❞ ♣❤♦t♦✆✝✱ ✝❤♦✇✐✆❣ ❛ ❤✐❣❤ ❡①✐t ❛✆❣✞❡ ❛✆❞ t❤✉✝ ♠✉❝❤ ♠♦r❡ ♣❤♦t♦✆✝ ❛r❡ ❞❡t❡❝t❡❞ ❜② ❛

❤✐❣❤❡r ✒✓✳ ✚❤❡ ✑❇✙ ✐✆❝r❡❛✝❡✝ ✇✐t❤ t❤❡ ✝✐❣✆❛✞ ❡✈❡✆ t❤♦✉❣❤ ♠♦r❡ ❜❛❝❦❣r♦✉✆❞ ✐✝ ❛✞✝♦ ❞❡t❡❝t❡❞✱ ❛✝

t❤❡ ❜❛❝❦❣r♦✉✆❞ ✐✝ ♠♦✝t✞② ❝❛✉✝❡❞ ❜② r❡✣❡❝t✐♦✆✝ ❢r♦♠ t❤❡ ❡❛r❞r✉♠ ✇❤♦✝❡ ♣♦✇❡r ✐✆❝r❡❛✝❡✝ ✞❡✝✝ ✇✐t❤

✐✆❝r❡❛✝✐✆❣ ✒✓✳
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✵✆✵✝ ✵✆✞ ✵✆✞✝ ✵✆✟ ✵✆✟✝
✵

✞

✟

✸

✹

✝
① ✞✵

✠

✡
☛☞
✌
✍
✎✏
✑
✒✓
✒✔

✕✖

✗✘✙✚✘✛✜✢
✖✙✣✤✥✗✘✙✚✘✛✜✢

✭❛✮ ✦✐❣♥❛❧✳ ✧✷
★ ❂ ✩✿✼✪✻✱ ✧✷

✫★ ❂ ✩✿✾✾✬✳

✯✰✯✴ ✯✰✽ ✯✰✽✴ ✯✰❀ ✯✰❀✴

✯

✴✯✯

✽✯✯✯

✽✴✯✯

❀✯✯✯

❀✴✯✯

❁
❃❄
❅❇
❉❋
●❏
❋
❑
❇▲
P❄
◗❏
❯❅
❱
❲
❇●
❃❏
❳❁
❑
❲
❩

❬❭

❪❫❴❵❫❜❝❞
❭❴❡❢❤❪❫❴❵❫❜❝❞

✭❥✮ ✦❦♠✳ ✧✷
★ ❂ ✩✿♦♦✾✱ ✧✷

✫★ ❂ ✩✿✾✼✼✳

♣qrst✉ ✈✇✶②③ ④⑤⑥s✉⑤⑦✉ ⑧⑨ ⑩❶ ⑧⑤ ❷qr⑤❸❹ ❸⑤❺ ❻❼❽✇ ❾❸t❿✉t❷ q⑤❺q⑦❸➀✉ ❷q➁s❹❸➀✉❺ ➂❸❹s✉❷ ❸⑤❺ ❹q⑤✉❷

q⑤❺q⑦❸➀✉ ✉➃➄⑧⑤✉⑤➀q❸❹ ➅❸⑤➀q➆⑦⑧⑤⑨⑧⑦❸❹➇ ⑧t ❹q⑤✉❸t ➅⑦⑧⑤⑨⑧⑦❸❹➇ ➈➀❷➉ ➊q➀➋ ➌➍ ➂❸❹s✉❷ rq➂✉⑤ ⑨⑧t ✉❸⑦➋ ➈➀✇

➎➋q❷ ❷➋⑧➊❷ ❸⑤ ✉➂✉⑤ ➁⑧t✉ q➁➄t⑧➂✉❺ ➄✉t⑨⑧t➁❸⑤⑦✉ ⑧⑨ ➀➋✉ ❸⑤➀q➆⑦⑧⑤⑨⑧⑦❸❹ ❷➏❷➀✉➁ ⑧➂✉t ➀➋✉ ⑦⑧⑤⑨⑧⑦❸❹

❷➏❷➀✉➁ ➊➋✉t✉ ⑧➄➀q⑦❷ ➊q➀➋ ➋qr➋✉t ⑩❶ ⑦❸⑤ ➐✉ s❷✉❺✇

➑➒➓➔→ ➣➒↔ ↕➙➛➓➜➒→➝➝

➎➋✉ ➁q❺❺❹✉ ✉❸t q❷ ❷q➁s❹❸➀✉❺ ➊q➀➋ ⑥❸➀ ❷st⑨❸⑦✉❷ ⑧t➀➋⑧r⑧⑤❸❹ ➀⑧ ➀➋✉ ⑧➄➀q⑦❸❹ ❸➃q❷ ❸❹➀➋⑧sr➋ ➀➋q❷ q❷ ⑤⑧➀ ➀➋✉

⑦❸❷✉ q⑤ ➀➋✉ ✉❸t ➊➋✉t✉ ➀➋✉ ✉❸t❺ts➁ ❸⑤❺ ➁s⑦⑧❷❸ ❸t✉ ➀q❹➀✉❺ ❸⑤❺ ⑤⑧➀ ⑥❸➀✇ ➎➋✉ t⑧sr➋⑤✉❷❷ q❷ ⑦⑧⑤❷q❺✉t✉❺

q⑤ ❷q➁s❹❸➀q⑧⑤❷ ➐➏ ➀➋✉ s❷✉ ⑧⑨ ➞❸➁➐✉t➀q❸⑤ t✉⑥✉⑦➀q⑧⑤ q⑤❷➀✉❸❺ ⑧⑨ ❷➄✉⑦s❹❸t t✉⑥✉⑦➀q⑧⑤❷ ❸➀ ➀➋✉ ❷st⑨❸⑦✉❷✇

❶ ⑦➋❸⑤r✉ q⑤ ⑧tq✉⑤➀❸➀q⑧⑤ ⑧⑨ ➀➋✉ q⑤➀✉t⑨❸⑦✉❷ ➊q❹❹ ⑦❸s❷✉ ❸ ⑦➋❸⑤r✉ q⑤ ❺qt✉⑦➀q⑧⑤ ⑧⑨ ➀➋✉ ➁❸q⑤ t✉⑥✉⑦➀q⑧⑤

❸➃q❷ ❸⑤❺ ❸➟✉⑦➀ ➀➋✉ ❺✉➀✉⑦➀✉❺ ❹qr➋➀ ❹✉➂✉❹✇ ➎➋q❷ ➊q❹❹ q⑤⑥s✉⑤⑦✉ ➀➋✉ ➐❸⑦❿rt⑧s⑤❺ ⑨t⑧➁ ➀➋✉ ✉❸t❺ts➁ ➁⑧t✉ ❸❷

➁⑧❷➀❹➏ ⑦⑧➁➄⑧❷✉❺ ⑧⑨ t✉⑥✉⑦➀q⑧⑤❷➉ ➊➋q❹✉ ➀➋✉ ❷qr⑤❸❹ ⑨t⑧➁ ➀➋✉ ➁s⑦⑧❷❸ q❷ ❹✉❷❷ ❸➟✉⑦➀✉❺ ❸❷ ➁⑧❷➀❹➏ ⑦⑧➁➄⑧❷✉❺

⑧⑨ ❷⑦❸➀➀✉tq⑤r✇ ➎➋q❷ ➊q❹❹ t❸➀➋✉t q➁➄t⑧➂✉ ➀➋✉ ❻❼❽ s⑤❹✉❷❷ ➀➋✉ ✉❸t❺ts➁ q❷ ⑧t➀➋⑧r⑧⑤❸❹ ⑧tq✉⑤➀❸➀✉❺ ➊➋q❹✉

➀➋✉ ➁s⑦⑧❷❸ q❷ ⑤⑧➀✇

➠➡➢➡➢ ➤➥➦➦➧➨➩ ➫➭ ➯➲➳ ➤➵➦➥➸➧➯➵➫➺➻

➎➋✉ ❷q➁s❹❸➀q⑧⑤ ⑧⑨ ➀➋✉ ❸⑤➀q➆⑦⑧⑤⑨⑧⑦❸❹ ❷➏❷➀✉➁ ❷➋⑧➊✉❺ ➀➋❸➀ q➀ q❷ ❷s➄✉tq⑧t ➀⑧ ➀➋✉ ⑦⑧⑤⑨⑧⑦❸❹ ❷➏❷➀✉➁ ➊➋✉⑤

➁✉❸❷stq⑤r ➀➋t⑧sr➋ ❸⑤ ✉❸t❺ts➁✇ ❼⑧➀➋ ❷qr⑤❸❹ ❹✉➂✉❹ ❸⑤❺ ❻❼❽ ❸t✉ ➋qr➋✉t✇ ➎➋✉ ❷qr⑤❸❹ ❺✉⑦t✉❸❷✉❷ ❸⑤❺

➀➋✉ ❻❼❽ q⑤⑦t✉❸❷✉❷ ➊q➀➋ ❷➀⑧➄ t❸❺qs❷ ❸⑤❺ ❸⑤ ⑧➄➀q➁s➁ ➁s❷➀ ➐✉ ⑨⑧s⑤❺ ❷⑧ ➀➋❸➀ ❻❼❽ q❷ ➁❸➃q➁q❷✉❺ ➊q➀➋

❷➀q❹❹ ❺✉➀✉⑦➀❸➐❹✉ ❷qr⑤❸❹ ❹✉➂✉❹✇ ➎➋q❷ ⑧➄➀q➁s➁ q❷ ❺✉➄✉⑤❺✉⑤➀ ⑧⑤ ➀➋✉ ❷➏❷➀✉➁ ⑤⑧q❷✉➉ ❷❸➁➄❹✉ ⑦➋❸t❸⑦➀✉tq❷➀q⑦❷➉

❸⑤❺ ⑧➀➋✉t ➄❸t❸➁✉➀✉t❷✇ ➎➋q❷ ❷➀q❹❹ ➋⑧❹❺❷ ➊q➀➋ q⑤⑦t✉❸❷✉❺ ❷⑦❸➀➀✉tq⑤r ⑧⑨ ➀➋✉ ✉❸t❺ts➁ ⑧t ➀➋✉ ❷st⑨❸⑦✉❷ q⑤

➀➋✉ ❷❸➁➄❹✉ ➐✉q⑤r ➀q❹➀✉❺✇ ❶ ⑦➋❸⑤r✉ q⑤ ➀➋✉ ❺q❷➀❸⑤⑦✉ ➐✉➀➊✉✉⑤ ✉❸t❺ts➁ ❸⑤❺ ➁s⑦⑧❷❸ ❺⑧✉❷ ⑤⑧➀ ❸➟✉⑦➀ ➀➋✉
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♣❡r❢♦r♠❛✆❝❡ ♦❢ t❤❡ s②st❡♠ s✐❣✆✐☞❝❛✆t❧②✳ ✝❤✐s s❤♦✇s s✉✐t❛✞✐❧✐t② ♦❢ t❤❡ ❛✆t✐✟❝♦✆❢♦❝❛❧ s②st❡♠ ❡✈❡✆ ✐❢

t❤❡ ✉s❡❞ ♠♦❞❡❧ ❞♦❡s ✆♦t ♠❛t❝❤ ♦♣t✐❝❛❧ ♣r♦♣❡rt✐❡s ♦❢ r❡❛❧ t✐ss✉❡ ❛❝❝✉r❛t❡❧②✳

✝❤❡ s✐♠✉❧❛t✐♦✆s ❢✉rt❤❡r s❤♦✇❡❞ t❤❛t ❛✆ ✐✆❛❝❝✉r❛t❡ ❢♦❝✉s ♦❢ t❤❡ s②st❡♠ ❞♦❡s ✆♦t ❛✠❡❝t t❤❡

♣❡r❢♦r♠❛✆❝❡✱ ✐✆❝r❡❛s✐✆❣ t❤❡ ❡❛s❡ ♦❢ ✉s❡ ♦❢ t❤❡ s②st❡♠✳ ✡♦✆s✐❞❡r✐✆❣ ♦t❤❡r ❛♣♣❧✐❝❛t✐♦✆s ✇❤❡r❡ t❤❡

☛✌ ♦❢ t❤❡ s②st❡♠ ❝❛✆ ✞❡ ✈❛r✐❡❞✱ ❛ ❤✐❣❤❡r ☛✌ ✐s ❛❞✈❛✆t❛❣❡♦✉s ❛s ♠♦r❡ s❝❛tt❡r❡❞ s✐❣✆❛❧ ✐s ❞❡t❡❝t❡❞

❛✆❞ t❤❡ ✍❇✎ ✐♠♣r♦✈❡s✳

✏✑✏ P✒✓✔✕✖✗✘ ✙✚✛✜✔ ✢✛✣✜✗✤✥✦ ✚✛ ✢✗✣✥✤✗ ❉✥✚✥✖✚✕✛♥

✧✐t❤❡r ❛ ♣❤②s✐❝❛❧ st♦♣ ❝♦♠✞✐✆❡❞ ✇✐t❤ ❛ s✐♠♣❧❡ ❞❡t❡❝t♦r s✉❝❤ ❛s ❛ ♣❤♦t♦ ❞✐♦❞❡ ♦r ❛ ❝❛♠❡r❛ ❝♦♠✞✐✆❡❞

✇✐t❤ ✈✐rt✉❛❧ ☞❧t❡r✐✆❣ ❝♦✉❧❞ ✞❡ ✉s❡❞ t♦ ✐♠♣❧❡♠❡✆t t❤❡ ❛✆t✐✟❝♦✆❢♦❝❛❧ s②st❡♠✳ ★✆ t❤❡ s❡❝♦✆❞ ❝❛s❡ t❤❡

❝❡✆tr❛❧ ♣✐①❡❧s ♦❢ t❤❡ ❝❛♠❡r❛ ✇♦✉❧❞ ✞❡ ✆❡❣❧❡❝t❡❞ ❞✉r✐✆❣ ♣♦st✟♣r♦❝❡ss✐✆❣ s✐♠✉❧❛t✐✆❣ ❛ st♦♣✳ ✝❤❡ ✉s❡

♦❢ ❛ ❝❛♠❡r❛ ❤❛s s❡✈❡r❛❧ ❛❞✈❛✆t❛❣❡s✳ ❋✐rst❧②✱ t❤❡ ❛❧✐❣✆♠❡✆t ✐s ❡❛s② ❛s t❤❡ ✞❡❛♠ ❝❛✆ ✞❡ ♦✞s❡r✈❡❞✳

✍❡❝♦✆❞❧②✱ t❤❡ ❞✐str✐✞✉t✐♦✆ ♦❢ t❤❡ ♣♦✇❡r ❝❛✆ ✞❡ ❛✆❛❧②s❡❞ ❛✆❞ t❤❡ r❛❞✐✉s ♦❢ t❤❡ ✈✐rt✉❛❧ st♦♣ ❛❞♦♣t❡❞

❛❝❝♦r❞✐✆❣❧②✳ ▲❛st✱ t❤❡ ❝❛♠❡r❛ ❝❛✆ ✞❡ ✉s❡❞ ❢♦r ✈✐s✉❛❧ ❢❡❡❞✞❛❝❦ ❛✆❞ ♦✞s❡r✈❛t✐♦✆ ♦❢ t❤❡ ♠✐❞❞❧❡ ❡❛r

✇❤❡✆ ✉s✐✆❣ ✇✐❞❡☞❡❧❞ ✐❧❧✉♠✐✆❛t✐♦✆ ✐✆st❡❛❞ ♦❢ ❛✆t✐✟❝♦✆❢♦❝❛❧ ❧❛s❡r ✐❧❧✉♠✐✆❛t✐♦✆✳ ✩✐s❛❞✈❛✆t❛❣❡s ❛r❡

t❤❡ ❤✐❣❤❡r ❝♦sts ♦❢ t❤❡ ❝❛♠❡r❛ ❛✆❞ ✆❡❡❞ ❢♦r ❛ ❤✐❣❤ ❞②✆❛♠✐❝ r❛✆❣❡ ❞✉❡ t♦ ❛ ❤✐❣❤ s✐❣✆❛❧ ❝♦♠♣♦✆❡✆t

r❡s✉❧t✐✆❣ ❢r♦♠ t❤❡ ❡❛r❞r✉♠ ❛✆❞ t❤❡ ❧♦✇ s✐❣✆❛❧ ❢r♦♠ t❤❡ ♠✉❝♦s❛✳ ✌ ❝❛♠❡r❛ ✇✐❧❧ ✞❡ ✉s❡❞ ❞✉r✐✆❣

❞❡s✐❣✆ ♦❢ t❤❡ s②st❡♠ t♦ ✐✆✈❡st✐❣❛t❡ t❤❡ s✐❣✆❛❧ ❝♦♠♣♦✆❡✆ts ❝❧♦s❡r ❛✆❞ ❞❡t❡r♠✐✆❡ t❤❡ ♠♦st s✉✐t❛✞❧❡

st♦♣ r❛❞✐✉s✳ ☛♦✆❡t❤❡❧❡ss✱ t❤❡ ❝♦✆str✉❝t✐♦✆ ♦❢ ❛ ♣❤②s✐❝❛❧ st♦♣ ✐s ✐✆✈❡st✐❣❛t❡❞ ✐✆ ✌♣♣❡✆❞✐① ✡✳

✏✑✻ ✢✛♥✖✘✪✔✕✛♥

✩✉❡ t♦ t❤❡ s♣❡❝✐❛❧ ❣❡♦♠❡tr② ♦❢ t❤❡ ♠✐❞❞❧❡ ❡❛r✱ t❤❡ ❝♦✆❢♦❝❛❧ ✐❞❡❛ ✇❛s ❛❞♦♣t❡❞ ❛✆❞ t❤❡ ❛✆t✐✟❝♦✆❢♦❝❛❧

s②st❡♠ ✐✆tr♦❞✉❝❡❞✳ ✌❢t❡r ✐✆tr♦❞✉❝t✐♦✆ ♦❢ ❧✐t❡r❛t✉r❡✱ t❤❡ ♣r✐✆❝✐♣❧❡ ♦❢ t❤❡ s②st❡♠✱ ❛✆❞ s✐♠✉❧❛t✐♦✆

♠❡t❤♦❞s✱ t❤❡ ❛✆t✐✟❝♦✆❢♦❝❛❧ s②st❡♠ ✇❛s s✐♠✉❧❛t❡❞ ❛✆❞ ✐ts ♣❡r❢♦r♠❛✆❝❡ ❝♦♠♣❛r❡❞ t♦ t❤❡ ❝♦✆✈❡✆t✐♦✆❛❧

❝♦✆❢♦❝❛❧ s②st❡♠✳ ✝❤❡ ♣❡r❢♦r♠❛✆❝❡ ✇❛s r❛t❡❞ ✞② ❞❡t❡❝t❡❞ s✐❣✆❛❧ ❧❡✈❡❧ ❛✆❞ s✐❣✆❛❧ t♦ ✞❛❝❦❣r♦✉✆❞

r❛t✐♦✳

✎❡s✉❧ts s❤♦✇❡❞ t❤❡ ❛✞✐❧✐t② t♦ ❞❡t❡❝t s✐❣✆❛❧s ❢r♦♠ t❤❡ ♠✉❝♦s❛ ✇❤❡✆ ♠❡❛s✉r❡❞ t❤r♦✉❣❤ t❤❡

❡❛r❞r✉♠ ✇✐t❤ ❛✆ ✐✆❝r❡❛s❡❞ s✐❣✆❛❧ ❧❡✈❡❧ ❛✆❞ ✞❡tt❡r ✞❛❝❦❣r♦✉✆❞ r❡❥❡❝t✐♦✆ ♦❢ t❤❡ ❛✆t✐✟❝♦✆❢♦❝❛❧ s②st❡♠

❝♦♠♣❛r❡❞ t♦ t❤❡ ❝♦✆✈❡✆t✐♦✆❛❧ ❝♦✆❢♦❝❛❧ s②st❡♠✳ ❋♦r t❤❡ st❛✆❞❛r❞ s✐♠✉❧❛t✐♦✆ ♣❛r❛♠❡t❡rs✱ t❤❡ s✐❣✆❛❧

✐s ✐✆❝r❡❛s❡❞ ✞② ❛ ❢❛❝t♦r ♦❢ ✶✳✫ ✇❤✐❧❡ s❤♦✇✐✆❣ t❤❡ s❛♠❡ ✍❇✎ ✐✆ ❝♦✆❢♦❝❛❧ ❛✆❞ ❛✆t✐✟❝♦✆❢♦❝❛❧ ❝❛s❡✳ ❲❤❡✆

❦❡❡♣✐✆❣ t❤❡ s✐❣✆❛❧ ❧❡✈❡❧ ❝♦✆st❛✆t✱ t❤❡ ✍❇✎ ❝❛✆ ✞❡ ✐✆❝r❡❛s❡❞ ✞② ❛ ❢❛❝t♦r ♦❢ ✸✳✷✳ ✝❤❡ st❛✆❞❛r❞ ♦♣t✐❝❛❧

♣r♦♣❡rt✐❡s ♦❢ t❤❡ s✐♠✉❧❛t❡❞ s②st❡♠ ✇❡r❡ t❤❡✆ ❝❤❛✆❣❡❞ ❛✆❞ t❤❡ ♣❡r❢♦r♠❛✆❝❡ r❛t❡❞ ❛❣❛✐✆✳ ★✆❝r❡❛s❡❞

s❝❛tt❡r✐✆❣ ♦❢ t❤❡ ❡❛r❞r✉♠ ❝❛✉s❡s t❤❡ s✐❣✆❛❧ ❧❡✈❡❧ ❛✆❞ ✍❇✎ t♦ ❞❡❝r❡❛s❡ ✐✆ ❛❧❧ ❝❛s❡s ✇❤❡✆ ✉s✐✆❣ ❛



❈❍�✁❚❊❘ ✺✂ �❆❚■✲❈❖❆◆❖❈�✄ ❙❨❙❚❊▼ ✶☎✆

❝♦✝❢♦❝❛✞ s②st❡♠✳ ✟✝ ❝♦✝tr❛st✱ t❤❡ ❛✝t✐✠❝♦✝❢♦❝❛✞ s②st❡♠ s❤♦✇s ❛ ✞❡ss ❞❡❝r❡❛s❡❞ ♣❡r❢♦r♠❛✝❝❡ ❛✝❞

✐✝ s♦♠❡ ❝❛s❡s ❛✝ ❡✈❡✝ ✐♠♣r♦✈❡❞ ♣❡r❢♦r♠❛✝❝❡ ✇❤❡✝ ✐✝❝r❡❛s✐✝❣ t❤❡ s❝❛tt❡r✐✝❣ ♦❢ t❤❡ ❡❛r❞r✉♠✳ ✡✝

✐✝❝r❡❛s✐✝❣ ❞✐st❛✝❝❡ ❜❡t✇❡❡✝ ❡❛r❞r✉♠ ❛✝❞ ♠✉❝♦s❛ ✐✝❝r❡❛s❡s t❤❡ ☛❇☞ ♦❢ t❤❡ ❝♦✝❢♦❝❛✞ s②st❡♠ ✇❤✐✞❡

t❤❡ ❛✝t✐✠❝♦✝❢♦❝❛✞ s②st❡♠ ✐s ✞❡ss ❛✌❡❝t❡❞ ✐✝ t❤❡ r❛✝❣❡ ❡①♣❡❝t❡❞ ✐✝ t❤❡ ♠✐❞❞✞❡ ❡❛r✳ ✡✝ ✐✝❛❝❝✉r❛t❡

❢♦❝✉s ♦❢ t❤❡ ❝♦✝❢♦❝❛✞ s②st❡♠ ❝❛✉s❡s ❛ str♦✝❣ ❞❡❝r❡❛s❡ ✐✝ ♣❡r❢♦r♠❛✝❝❡ ✇❤✐✞❡ t❤❡ ❛✝t✐✠❝♦✝❢♦❝❛✞ s②st❡♠

✐s r❡✞❛t✐✈❡✞② ✉✝❛✌❡❝t❡❞ ❜② ❛ ❞❡❢♦❝✉s❡❞ s②st❡♠✳ ✡✝ ✐✝❝r❡❛s❡❞ ✍✡ ♦❢ t❤❡ s②st❡♠ ✐✝❝r❡❛s❡s t❤❡

♣❡r❢♦r♠❛✝❝❡ ♦❢ ❜♦t❤ ❝♦✝❢♦❝❛✞ ❛✝❞ ❛✝t✐✠❝♦✝❢♦❝❛✞ s②st❡♠ ✇❤✐✞❡ t❤❡ ✐✝❝r❡❛s❡ ✐s str♦✝❣❡r ❢♦r t❤❡ ❛✝t✐✠

❝♦✝❢♦❝❛✞ ❝❛s❡✳

✎❤❡s❡ r❡s✉✞ts s❤♦✇ ❛✝ ✐♠♣r♦✈❡❞ ♣❡r❢♦r♠❛✝❝❡ ♦❢ t❤❡ ❛✝t✐✠❝♦✝❢♦❝❛✞ s②st❡♠ ♦✈❡r ❛ ✇✐❞❡ r❛✝❣❡

♦❢ ✈❛r✐❛t✐♦✝ ♦❢ t❤❡ ♠✐❞❞✞❡ ❡❛r✳ ❋✉rt❤❡r✱ t❤❡ ❡❛s❡ ♦❢ ✉s❡ ✐s ✐♠♣r♦✈❡❞ ❛s ✝♦ ❛❝❝✉r❛t❡ ❢♦❝✉s✐✝❣

♦❢ t❤❡ ❛✝t✐✠❝♦✝❢♦❝❛✞ s②st❡♠ ✐s ✝❡❝❡ss❛r②✳ ✏❡✝❝❡✱ t❤❡ ❛✝t✐✠❝♦✝❢♦❝❛✞ s②st❡♠ ✇✐✞✞ ❜❡ ✐♠♣✞❡♠❡✝t❡❞

❛✝❞ ❡①♣❡r✐♠❡✝t❛✞✞② ❝❤❛r❛❝t❡r✐s❡❞ ✐✝ ☛❡❝t✐♦✝ ✼✳ Pr✐♦r t♦ t❤✐s✱ ♠✉✞t✐ ✇❛✈❡✞❡✝❣t❤ ♠❡❛s✉r❡♠❡✝ts ❛r❡

✐✝tr♦❞✉❝❡❞ ✐✝ ☛❡❝t✐♦✝ ✻ ❛✝❞ t❤❡ ❛❜✐✞✐t② ♦❢ t❤❡ ❛✝t✐✠❝♦✝❢♦❝❛✞ s②st❡♠ ✝♦t ❥✉st t♦ ♣✐❝❦ ✉♣ ❛ s✐❣✝❛✞ ❜✉t

❛✞s♦ t♦ ♣✐❝❦ ✉♣ ❝❤❛✝❣❡s ✐✝ t❤❡ ✐✝✑❛♠♠❛t✐♦✝ ❛r❡ ✐✝✈❡st✐❣❛t❡❞✳



❈❤�♣✁❡r ✻

❙✂✄❝☎✆♦s❝♦✂②

❚✝✞ ✟✠✞✈✐✡☛☞ ✌✝❛✟t✞✠ ✐♥t✠✡❞☛✌✞❞ t✝✞ ❛♥t✐✲✌✡♥❢✡✌❛✍ ☞✎☞t✞♠ ❛♥❞ ☞✐♠☛✍❛t✐✡♥ ✠✞☞☛✍t☞ ☞✝✡✇✞❞ t✝❛t ✐t
✐☞ ❛✏✍✞ t✡ ✠✞❥✞✌t ✏❛✌❦❣✠✡☛♥❞ ☞✐❣♥❛✍ ❢✠✡♠ t✝✞ ✞❛✠❞✠☛♠ ✇✝✐✍✞ ☞t✐✍✍ ❞✞t✞✌t✐♥❣ ✞♥✡☛❣✝ ☞✐❣♥❛✍ ❢✠✡♠ t✝✞
♠☛✌✡☞❛✑ ❚✝✐☞ ✌✝❛✟t✞✠ ✐☞ ✏❛☞✞❞ ✡♥ t✝✞☞✞ ☞✐♠☛✍❛t✐✡♥☞ ❛♥❞ ✐♥✈✞☞t✐❣❛t✞☞ ✇✝✞t✝✞✠ ♠✞❛☞☛✠✞♠✞♥t☞ ❛t
♠☛✍t✐✟✍✞ ✇❛✈✞✍✞♥❣t✝☞ ✇✐t✝ t✝✞ ❛♥t✐✲✌✡♥❢✡✌❛✍ ☞✎☞t✞♠ ❛✍✍✡✇ t✡ ❛☞☞✞☞☞ t✝✞ ✐♥✒❛♠♠❛t✐✡♥✑ ❋✡✠ t✝✐☞ t✝✞
✌✡♥✌✞♥t✠❛t✐✡♥ ✡❢ ✏✍✡✡❞ ✐♥ t✝✞ ♠☛✌✡☞❛✓ ✍✐♥❦✞❞ t✡ ✐t☞ ♠✞t❛✏✡✍✐☞♠✓ ✐☞ t✡ ✏✞ ♠✞❛☞☛✠✞❞ ✐♥ ✡✠❞✞✠ t✡
❛☞☞✞☞☞ t✝✞ ✐♥✒❛♠♠❛t✐✡♥✑ ❋✐✠☞t ❞✐✔✞✠✞♥t ✡①✎❣✞♥❛t✐✡♥ ❛♥❞ ✏✍✡✡❞ ✌✡♥✌✞♥t✠❛t✐✡♥ ♠✞❛☞☛✠✞♠✞♥t☞ ☛☞✞❞
✐♥ ✍✐t✞✠❛t☛✠✞ ❛✠✞ ✟✠✞☞✞♥t✞❞✑ ❚✝✞♥ t✝✞ t✝✞✡✠✎ ✏✞✝✐♥❞ t✝✞ ♠✞❛☞☛✠✞♠✞♥t☞ ✐☞ ❞✞✠✐✈✞❞ ❛♥❞ ☞✐♠☛✍❛t✐✡♥☞
✌✡♥❞☛✌t✞❞✑ ❋✐♥❛✍✍✎✓ t✝✞ ✇❛✈✞✍✞♥❣t✝☞ ❣✐✈✐♥❣ ✏✞☞t ♠✞❛☞☛✠✞♠✞♥t☞ ❛✠✞ ❞✞t✞✠♠✐♥✞❞ ☛☞✐♥❣ ❞❛t❛ ❛✌q☛✐✠✞❞
❢✠✡♠ t✝✞ ☞✐♠☛✍❛t✐✡♥☞✑

✕✳✶ ▲✖✗✘✙✚✗✉✙✘✿ ▼✘✚✛✉✙✖✜✢ ❖✣✤✢✘✜✚✗✖✥✜ ✚✜✦ ❇❧✥✥✦ ✧✥✜★✘✜✩

✗✙✚✗✖✥✜

✪✞✈✞✠❛✍ ❞✐✔✞✠✞♥t ✐♥❞✐✌✞☞ ♠✞❛☞☛✠✐♥❣ ✏✍✡✡❞ ✌✡♥✌✞♥t✠❛t✐✡♥ ❛♥❞ ✡①✎❣✞♥❛t✐✡♥ ❛✠✞ ❞✞✫♥✞❞ ✐♥ ✍✐t✞✠❛t☛✠✞
❛♥❞ ✝❛✈✞ ✏✞✞♥ ✟✠✞☞✞♥t✞❞ ✐♥ ✪✞✌t✐✡♥ ✷✑✸✑ ❚✝✞ ✐♥❞✐✌✞☞ ✈❛✠✎ ✐♥ t✝✞ ☛☞✞❞ ✇❛✈✞✍✞♥❣t✝☞✓ t✝✞ ♥☛♠✏✞✠ ✡❢
✇❛✈✞✍✞♥❣t✝☞✓ ❛♥❞ ✌❛✍✐✏✠❛t✐✡♥ ❢❛✌t✡✠☞✑ ❚✝✞ ♠✡☞t ✌✡♠♠✡♥ ❛♥❞ ✞☞t❛✏✍✐☞✝✞❞ ☛☞✞ ✐☞ ✐♥ ✟☛✍☞✞ ✡①✐♠✞t✞✠☞
✇✝✞✠✞ ✡♥✍✎ t✝✞ ✡①✎❣✞♥❛t✐✡♥ ✐☞ ♠✞❛☞☛✠✞❞✑ ✬t✝✞✠ ♠✞t✝✡❞☞ ✇✝✞✠✞ ✷✭ ✡✠ ✸✭ ✐♠❛❣✞☞ ❛✠✞ ☛☞✞❞ t✡
☞✞✟❛✠❛t✞ ✏❛✌❦❣✠✡☛♥❞ ❛✏☞✡✠✟t✐✡♥ ❢✠✡♠ ✏✍✡✡❞ ❛✏☞✡✠✟t✐✡♥ ❛✠✞ ♠✡☞t✍✎ ☞t✐✍✍ ✐♥ t✝✞ ✠✞☞✞❛✠✌✝ ✟✝❛☞✞✑
❊①❛♠✟✍✞☞ ✟✠✞☞✞♥t✞❞ ✏✞✍✡✇ ❢✡✌☛☞ ✡♥ t✝✞ ✇❛✈✞✍✞♥❣t✝☞ ☛☞✞❞ ❛♥❞ ♠❛t✝✞♠❛t✐✌❛✍ ✌❛✍✌☛✍❛t✐✡♥ ✡❢ t✝✞
✡①✎❣✞♥❛t✐✡♥ ❛♥❞ ✏✍✡✡❞ ✌✡♥✌✞♥t✠❛t✐✡♥✑
P☛✍☞✞ ✡①✐♠✞t✞✠☞ ✮✟✠✞✈✐✡☛☞✍✎ ✟✠✞☞✞♥t✞❞ ✐♥ ✪✞✌t✐✡♥ ✷✑✸✑✸✯ ♠✞❛☞☛✠✞ t✝✞ ✠✞✒✞✌t✐✡♥ ✡✠ t✠❛♥☞♠✐☞☞✐✡♥

☞✐❣♥❛✍ ❛t t✇✡ ✇❛✈✞✍✞♥❣t✝☞✓ ☛☞☛❛✍✍✎ ✠✞❞ ✮✰✰✱ ♥♠✯ ❛♥❞ ◆✴❘ ✮✾✵✱ ♥♠✯✑ ❚✝✞ ❛✏☞✡✠✟t✐✡♥ ✐☞ ✠✞✌✡✠❞✞❞ ✡✈✞✠
t✐♠✞ ✐♥ ✡✠❞✞✠ t✡ ♠✞❛☞☛✠✞ t✝✞ ✌✡♥☞t❛♥t ☞✐❣♥❛✍ ❉✹✓ ✠✞☞☛✍t✐♥❣ ❢✠✡♠ t✐☞☞☛✞✓ ✈✞♥✡☛☞✓ ❛♥❞ ✟❛✠t✍✎ ❛✠t✞✠✐❛✍

✺✷✺



❈❍�✁❚❊❘ ✻✂ ❙✁❊❈❚❘❖❙❈❖✁❨ ✶✄✄

❜❧♦♦❞ ❛❜s♦☎♣t✐♦✆✱ ❛✆❞ ❛ ♣✉❧s❛t✐✆❣ s✐❣✆❛❧ ❆✝✱ ☎❡s✉❧t✐✆❣ ❢☎♦✞ ❜❧♦♦❞ ❛❜s♦☎♣t✐♦✆ ✐✆ ❛☎t❡☎✐❡s ❝❤❛✆❣✐✆❣

t❤❡✐☎ ✈♦❧✉✞❡ ❞✉❡ t♦ ♣☎❡ss✉☎❡ ❝❤❛✆❣❡s ❝❛✉s❡❞ ❜② t❤❡ ♣✉❧s❡✳ ✟❤❡ ☎❛t✐♦ ♦❢ ❆✝ t♦ ❉✝ ❛❜s♦☎♣t✐♦✆ ✭❆✝

✐s ❛❜♦✉t ✶ t♦ ✺✪ ♦❢ t❤❡ ❉✝ s✐❣✆❛❧✮ ❝♦✞♣❡✆s❛t❡s ❢♦☎ ❝❤❛✆❣❡s ✐✆ t❤❡ ❧✐❣❤t s♦✉☎❝❡ ❛✆❞ ❛❧❧♦✇s t❤❡

✞❡❛s✉☎❡✞❡✆t ♦❢ s✐❣✆❛❧s ✇✐t❤ s✐✞✐❧❛☎ ❧❡✈❡❧ ☎❛t❤❡☎ t❤❛✆ t❤❡ ✞❡❛s✉☎❡✞❡✆t ♦❢ ✐✆♣✉t ❛✆❞ ♦✉t♣✉t s✐❣✆❛❧

✇❤♦s❡ ❞✐☛❡☎❡✆❝❡ ✐s ✞✉❝❤ ❤✐❣❤❡☎✳ ✟❤❡ ☎❛t✐♦ ♦❢ ☎❡❞ t♦ ◆✠✡ s✐❣✆❛❧

r ❂
❆✝☞☞✵✌❉✝☞☞✵

❆✝✾✹✵✌❉✝✾✹✵
✭✍✳✶✮

☎❡✎❡❝ts t❤❡ ☎❛t✐♦ ♦❢ ❞❡♦①②❣❡✆❛t❡❞ t♦ ♦①②❣❡✆❛t❡❞ ❜❧♦♦❞ ❛✆❞ ❝❛✆ ❜❡ ❝♦✆✈❡☎t❡❞ t♦ ♦①②❣❡✆ s❛t✉☎❛t✐♦✆

✐✆ ❜❧♦♦❞ ✉s✐✆❣ ❡①♣❡☎✐✞❡✆t❛❧❧② ❞❡☎✐✈❡❞ ❝❛❧✐❜☎❛t✐♦✆ ❝✉☎✈❡s ❬✼✺✏✳

✑❡t③❡☎ ❡t ❛❧✳ ❬✼✒✏ ✉s❡ ❛ ❝♦✞✞❡☎❝✐❛❧ ♣✉❧s❡ ♦①✐✞❡t❡☎ t♦ ❝❤❛☎❛❝t❡☎✐s❡ ♣✉❧♣ ✐✆✎❛✞✞❛t✐♦✆✳ ✟❤❡ ♦✆❧②

❝❤❛✆❣❡ ✐✆ t❤❡ s②st❡✞ ✐s ❛✆ ❛✞♣❧✐✓❝❛t✐♦✆ ❢❛❝t♦☎ ♦❢ ✄✳✺ ♦❢ t❤❡ ♣✉❧s❡ s✐❣✆❛❧ ✐✆ ♦☎❞❡☎ t♦ ❝♦✞♣❡✆s❛t❡

❢♦☎ t❤❡ ☎❡❞✉❝❡❞ s✐❣✆❛❧ ✐✆ t❤✐s ✞❡❛s✉☎❡✞❡✆t✳ ✔t❤❡☎✇✐s❡ t❤❡ s②st❡✞ ✐s ✉✆❝❤❛✆❣❡❞ ❛✆❞ ❛❧❧♦✇s ✞❡❛✕

s✉☎❡✞❡✆t ♦❢ st❛t✐st✐❝❛❧❧② s✐❣✆✐✓❝❛✆t ❞✐☛❡☎❡✆t ♦①②❣❡✆ s❛t✉☎❛t✐♦✆s ✐✆ ❞✐☛❡☎❡✆t ✐✆✎❛✞❡❞ t✐ss✉❡s✳ ✟❤❡

❛ss❡ss✞❡✆t ♦❢ t❤❡ t✐ss✉❡ ✐s ❜❛s❡❞ ♦✆ ♦①②❣❡✆❛t✐♦✆✱ ✇❤✐❧❡ t❤❡ t♦t❛❧ ❜❧♦♦❞ ❝♦✆t❡✆t ✐s ✆♦t ✞❡❛s✉☎❡❞✳

✖❛☎❞❛☎s♦✆ ❡t ❛❧✳ ❬✽✄✏ ✞❡❛s✉☎❡ t❤❡ ❜❧♦♦❞ ♦①②❣❡✆❛t✐♦✆ ✉s✐✆❣ ❝❛✞❡☎❛ ✐✞❛❣❡s ♦❢ t❤❡ ☎❡t✐✆❛ ☎❡❝♦☎❞❡❞

✇✐t❤ ✐❧❧✉✞✐✆❛t✐♦✆ ❛t ❢♦✉☎ ❞✐☛❡☎❡✆t ✇❛✈❡❧❡✆❣t❤s✳ ✟❤❡ ♦①②❣❡✆ s❛t✉☎❛t✐♦✆ ♦❢ ❤❛❡✞♦❣❧♦❜✐✆ ✗✘✷ ❤❛s ❛✆

❛♣♣☎♦①✐✞❛t❡❧② ❧✐✆❡❛☎ ☎❡❧❛t✐♦✆ t♦ t❤❡ ☎❛t✐♦ ♦❢ ♦♣t✐❝❛❧ ❞❡✆s✐t② ✘❉ ❛t ❝❡☎t❛✐✆ ✇❛✈❡❧❡✆❣t❤s ✭❡✳❣✳ ✺✽✍ ❛✆❞

✍✙✺ ✆✞✮ ❬✽✄✏✳ ✟❤❡s❡ ✇❛✈❡❧❡✆❣t❤ ✇❡☎❡ s❡❧❡❝t❡❞ ❛s t❤❡ ❞✐☛❡☎❡✆❝❡ ✐✆ ❛❜s♦☎♣t✐♦✆ ❜❡t✇❡❡✆ ♦①②❣❡✆❛t❡❞

❛✆❞ ❞❡✕♦①②❣❡✆❛t❡❞ ❜❧♦♦❞ ✐s ❤✐❣❤ ❛t ✍✙✙ ✆✞ ❛✆❞ ✺✍✒ ✆✞ ✐s ❛✆ ✐s♦❜❡st✐❝ ♣♦✐✆t✳ ✟❤❡ ❛❧✞♦st ❧✐✆❡❛☎

☎❡❧❛t✐♦✆ ♦❢ ✔✚ t♦ ♦①②❣❡✆ s❛t✉☎❛t✐♦✆ ✇❛s ❞✐s❝♦✈❡☎❡❞ ✐✆ ❡①♣❡☎✐✞❡✆ts ❬✄✶✛✏✳ ✟❤✐s ☎❡❧❛t✐♦✆ ✐s ✉s❡❞ t♦

❞❡✓✆❡ t❤❡ ♦①②❣❡✆❛t✐♦✆ ✭✐✆ ♣❡☎❝❡✆t❛❣❡✮ ❛s

✗✘✷ ❂ ✜ ✰ ❦ ✢
✘❉✣✤☞

✘❉☞✵✣
✭✍✳✄✮

✟❤❡ ♦♣t✐❝❛❧ ❞❡✆s✐t② ✐s ❞❡✓✆❡❞ ❛s t❤❡ ❧♦❣❛☎✐t❤✞ ♦❢ t❤❡ ☎❡❧❛t✐♦✆ ♦❢ t❤❡ ✐✆t❡✆s✐t② ❧❡✈❡❧ ✐✆s✐❞❡ ❛ ❜❧♦♦❞

✈❡ss❡❧ ■ ❛✆❞ ❥✉st ♦✉ts✐❞❡ t❤❡ ✈❡ss❡❧ ■✵ ❛❝❝♦☎❞✐✆❣ t♦ ✘❉ ❂ ❧♦❣✭■✵✌■✮✳ ✚✉☎✐✆❣ ❝❛❧✐❜☎❛t✐♦✆ t❤❡

❝♦✆st❛✆ts ✇❡☎❡ ❞❡t❡☎✞✐✆❡❞ t♦ ❜❡ ✜ ❂ ✶✄✺ ❛✆❞ ❦ ❂ ✥✶✛✄✳

✑✉ ❡t ❛❧✳ ❬✶✺✛✏ ✞❡❛s✉☎❡ t❤❡ ✞✉❝♦s❛❧ ❤❛❡✞♦❣❧♦❜✐✆ ❝♦✆❝❡✆t☎❛t✐♦✆ ■✦❇ ❛✆❞ ♦①②❣❡✆ s❛t✉☎❛t✐♦✆

■✗✘✷ ❡✆❞♦s❝♦♣✐❝❛❧❧②✱ ✉s✐✆❣ t❤❡ ☎❡❧❛t✐✈❡ ❛❜s♦☎❜❛✆❝❡ ✧r ❂ ❧♦❣✭
★✩✫✬✯♥✲✯✴✲
★✩✬✸✫✫✿❀

✮ ❛t ✺✍✒✱ ✺✼✼✱ ✺✽✍✱ ❛✆❞

✍✺✙ ✆✞✳ ■r ✐s t❤❡ ✐✆t❡✆s✐t② ♦❢ ❞✐☛✉s❡❧② ☎❡✎❡❝t❡❞ ❧✐❣❤t✳ ◆♦☎✞❛❧✐s❛t✐♦✆ ❜② ❛ st❛✆❞❛☎❞ ✐s ✉s❡❞ t♦

❝♦✞♣❡✆s❛t❡ ❢♦☎ ❞✐☛❡☎❡✆❝❡s ✐✆ t❤❡ ✐✆♣✉t s✐❣✆❛❧s✳ ✟❤❡ ✐✆❞✐❝❡s ❛☎❡ ❞❡✓✆❡❞ ❛s

■✗✘✷ ❂ ✙❁✍✼❃ ✢
❄✧r✣❅❅❋✣✤☞ ✥ ✒✌✶✼❄✧r✣☞✾❋✣✤☞

❄✧r✣☞✾❋✣✤☞
✭✍✳❃✮

■✦❇ ❂ ✄✙✙ ✢ ❄✧r✣☞✾❋☞✣✵ ✭✍✳✛✮

✇❤❡☎❡ ❄✧r ✐s t❤❡ ❞✐☛❡☎❡✆❝❡ ✐✆ ☎❡❧❛t✐✈❡ ❛❜s♦☎♣t✐♦✆ ♦❢ t❤❡ t✇♦ ✇❛✈❡❧❡✆❣t❤s ✐✆❞✐❝❛t❡❞ ✐✆ t❤❡ s✉❜s❝☎✐♣t✳

✺✍✒ ✆✞ ✐s ❛✆ ✐s♦❜❡st✐❝ ♣♦✐✆t✱ ❤❡✆❝❡ t❤❡ ☎❡✎❡❝t❛✆❝❡ ✐s ✐✆❞❡♣❡✆❞❡✆t ♦❢ t❤❡ ♦①②❣❡✆❛t✐♦✆ ✇❤✐❧❡ t❤❡



❈❍�✁❚❊❘ ✻✂ ❙✁❊❈❚❘❖❙❈❖✁❨ ✶✄☎

❛✆s♦✝♣t✐♦✞ ❛t ✟✠✡ ✞♠ ✐s ✝❡❧❛t✐✈❡❧② ❧♦✇ ❝♦♠♣❛✝❡❞ t♦ ✠✟✺ ✞♠ ❛✞❞ ☛✉ ❡t ❛❧✳ ❛♣♣✝♦①✐♠❛t❡ ✐t ✇✐t❤ ③❡✝♦✳

☞❤✐s ❝❤♦✐❝❡ ♦✌ ✇❛✈❡❧❡✞❣t❤s ❛❧❧♦✇s ♠❡❛s✉✝✐✞❣ t❤❡ t♦t❛❧ ❤❛❡♠♦❣❧♦✆✐✞ ❝♦✞t❡✞t✳ ☞❤❡ ✐✞❞❡① ✐s ❧✐✞❡❛✝

✉♣ t♦ ❛ ❤❛❡♠♦❣❧♦✆✐✞ ❝♦✞❝❡✞t✝❛t✐♦✞ ♦✌ ✶✠✡ ✞♠♦❧✴❣ ♦✌ t✐ss✉❡✱ ❛✆♦✈❡ t❤✐s ❡✝✝♦✝s ❛✝❡ ✐✞t✝♦❞✉❝❡❞ ❞✉❡ t♦

t❤❡ ❛♣♣✝♦①✐♠❛t✐♦✞✱ ✆✉t st✐❧❧ t❤✐s ✐✞❞❡① ✐s ✉s❡❞ ✐✞ ❝♦♠♠❡✝❝✐❛❧ s②st❡♠s✳ ☞❤❡ t✐ss✉❡ ♦①②❣❡✞❛t✐♦✞ ✐s

♠❡❛s✉✝❡❞ ❛t t✇♦ ✐s♦✆❡st✐❝ ♣♦✐✞t ✠✍✟✱ ❛✞❞ ✠✟✺ ✞♠✱ ❛✞❞ ❛t t❤❡ ♣❡❛✎ ❛✆s♦✝♣t✐♦✞ ♦✌ ♦①②❤❛❡♠♦❣❧♦✆✐✞

✏❜✑✷ ❛t ✠✒✒ ✞♠ ❣✐✈✐✞❣ ❛ ❤✐❣❤ ❞✐✓❡✝❡✞❝❡ ✆❡t✇❡❡✞ t❤❡ ❛✆s♦✝♣t✐♦✞ ♦✌ ♦①②✲ ❛✞❞ ❞❡✲♦①②❣❡✞❛t❡❞ ✆❧♦♦❞✳

☞❤❡ ■✞☛♣❡❝t✝❛✔▼ ☛t✕✄ ☞✐ss✉❡ ✕①②❣❡✞❛t✐♦✞ ✖♦✞✐t♦✝✱ ✖♦❞❡❧ ✟✠✡ ✭✗✉t❝❤✐✞s♦✞ ☞❡❝❤✞♦❧♦❣② ■✞❝✳✱

✗✉t❝❤✐✞s♦✞✱ ✖◆✱ ❯☛❆✘ ✐s ❛✆❧❡ t♦ ♠❡❛s✉✝❡ t✐ss✉❡ ♦①②❣❡✞❛t✐♦✞ ❛✞❞ t✐ss✉❡ ❤❛❡♠♦❣❧♦✆✐✞ ✐✞❞❡①✳ ☞❤❡

❧❛tt❡✝ ✐s ❛ ♠❡❛s✉✝❡ ♦✌ t❤❡ ❤❛❡♠♦❣❧♦✆✐✞ s✐❣✞❛❧ st✝❡✞❣t❤ ❛✞❞ ✉s❡❞ t♦ ❞❡t❡✝♠✐✞❡ ❝♦✝✝❡❝t ♣♦s✐t✐♦✞✐✞❣

♦✌ t❤❡ s❡✞s♦✝ ❬✄✶✠✙✳ ✖②❡✝s ❡t ❛❧✳ ❬✄✶✠✙ ✐✞✈❡st✐❣❛t❡ t❤❡ ✉s❡ ♦✌ t✐ss✉❡ ❤❛❡♠♦❣❧♦✆✐✞ ✐✞❞❡① t♦ ♠❡❛s✉✝❡

t♦t❛❧ ❤❛❡♠♦❣❧♦✆✐✞ ❝♦✞❝❡✞t✝❛t✐♦✞✳ ☞❤❡ t✐ss✉❡ ❤❛❡♠♦❣❧♦✆✐✞ ✐✞❞❡① ✚✏✛ ✐s ❞❡✜✞❡❞ ❛s

✚✏✛ ❂
✢✣✤✷✭✄❉✼✥✵✘

P✦❋
✭✟✳✠✘

✄❉✼✥✵ ❂ ✧✽✵✵ ★ ✄✧✼✥✵ ✰ ✧✼✷✵ ✭✟✳✟✘

✇✐t❤ ❛ s❝❛❧✐✞❣ ✌❛❝t♦✝ P✦❋ ❛❝❝♦✉✞t✐✞❣ ✌♦✝ s♣❛❝✐✞❣ ✆❡t✇❡❡✞ ✐❧❧✉♠✐✞❛t✐♦✞ ❛✞❞ ♣✝♦✆❡ ♦♣t✐❝❛❧ ✜✆✝❡✱ t❤❡

❧✐✞❡❛✝ s❧♦♣❡ ❝♦❡✩❝✐❡✞t ✢✣✤✷✱ t❤❡ s❡❝♦✞❞ ❞❡✝✐✈❛t✐✈❡ ❛tt❡✞✉❛t✐♦✞ ✄❉✼✥✵✱ ❛✞❞ t❤❡ t✐ss✉❡ ❛tt❡✞✉❛t✐♦✞

✧ ❂ ❧♦❣✭✛r✪❢✫✛✬✮✯✸✹✪✘ ♠❡❛s✉✝❡❞ ❛t t❤❡ ✇❛✈❡❧❡✞❣t❤ ❞❡✞♦t❡❞ ✆② t❤❡ s✉✆s❝✝✐♣t ❬✄✶✟✙✳ ☞❤✐s ✐s ❛✞

❡♠♣✐✝✐❝❛❧❧② ❞❡t❡✝♠✐✞❡❞ ❡q✉❛t✐♦✞ ❛✞❞ ✝❡q✉✐✝❡s t❤❡ ♠❡❛s✉✝❡♠❡✞t ♦✌ t❤❡ t✐ss✉❡ ♦①②❣❡✞❛t✐♦✞ ✐✞ ♦✝❞❡✝ t♦

❞❡t❡✝♠✐✞❡ t❤❡ ❧✐✞❡❛✝ s❧♦♣❡ ❝♦❡✩❝✐❡✞t✳ ❲❤✐❧❡ t❤❡ t✐ss✉❡ ❤❛❡♠♦❣❧♦✆✐✞ ✐✞❞❡① ✐s ✐✞s❡✞s✐t✐✈❡ t♦ ❝❤❛✞❣❡s

♦✌ t❤❡ ♦①②❣❡✞❛t✐♦✞ ✐s ❞♦❡s ✞♦t ✝❡❧✐❛✆❧② ♠❡❛s✉✝❡ t❤❡ t♦t❛❧ ❤❛❡♠♦❣❧♦✆✐✞ ❝♦✞❝❡✞t✝❛t✐♦✞ s❤♦✇✐✞❣ t❤❡

✞❡❡❞ ✌♦✝ ❛ ✆❡tt❡✝ ❝❤♦✐❝❡ ♦✌ ✇❛✈❡❧❡✞❣t❤s ✌♦✝ ♠❡❛s✉✝❡♠❡✞ts✳

✕t❤❡✝ ❣✝♦✉♣s ❞❡t❡✝♠✐✞❡ t❤❡ t♦t❛❧ ❤❛❡♠♦❣❧♦✆✐✞ ❝♦✞❝❡✞t✝❛t✐♦✞ ✇✐t❤ ♠❡❛s✉✝❡♠❡✞ts ❛t ✒✠✍✱ ✒✺✠✱

❛✞❞ ✍☎☎ ✞♠ ✐✞ ❛ t✐♠❡ ✝❡s♦❧✈❡❞ s♣❡❝t✝♦s❝♦♣② s②st❡♠ ❬✄✶✒✙✱ ✐✞ t❤❡ ✝❛✞❣❡ ♦✌ ✒✾✡ t♦ ✶✡✾✡ ✞♠ ✉s✐✞❣

✿❤♦t♦✲❆❝♦✉st✐❝ ☛♣❡❝t✝♦s❝♦♣② ❬✄✶✍✙✱ ♦✝ ✜✞❞ ✐✞ s✐♠✉❧❛t✐♦✞s t❤❛t t❤❡ ✆❡st ✇❛✈❡❧❡✞❣t❤s ✌♦✝ ♠❡❛s✉✝❡✲

♠❡✞ts ❛✝❡ ✶✡✾✡✱ ✶✶✄✡✱ ✶✶✾✡ ❛✞❞ ✶✄✡✡ ✞♠ ✭✐✞✈❡st✐❣❛t✐✞❣ t❤❡ ✝❛✞❣❡ ♦✌ ✍✡✡ t♦ ✶✟✡✡ ✞♠✘ ❬✄✶✺✙✳

❆ ✇✐❞❡ ✈❛✝✐❡t② ♦✌ ✇❛✈❡❧❡✞❣t❤ ✐✞ t❤❡ ✝❛✞❣❡ ♦✌ ✠✟✡ t♦ ✶✄✡✡ ✞♠ ❛✞❞ ❞✐✓❡✝❡✞t ❝❛❧❝✉❧❛t✐♦✞s ❛✝❡ ✉s❡❞

t♦ ❞❡t❡✝♠✐✞❡ t❤❡ t✐ss✉❡ ♦①②❣❡✞❛t✐♦✞ ❛✞❞ ❤❛❡♠♦❣❧♦✆✐✞ ❝♦✞❝❡✞t✝❛t✐♦✞✳ ☞❤❡ ❝❤♦✐❝❡ ♦✌ ✇❛✈❡❧❡✞❣t❤s ✐s

✐♠♣♦✝t❛✞t ✐✞ ♦✝❞❡✝ t♦ ❣❡t ❛ ✝❡❧✐❛✆❧❡ ❛✞❞ ♠❡❛s✉✝❛✆❧❡ ✝❡s♣♦✞s❡ ❛s ✇❡❧❧ ❛s t♦ ♠❡❛s✉✝❡ t❤❡ ♦①②❣❡✞❛t✐♦✞

✐✞❞❡♣❡✞❞❡✞t ♦✌ t❤❡ t♦t❛❧ ❤❛❡♠♦❣❧♦✆✐✞ ❝♦✞t❡✞t ❛✞❞ ✈✐❝❡ ✈❡✝s❛✳ ☛✐♠✉❧❛t✐♦✞s ❛✝❡ ❝♦✞❞✉❝t❡❞ ❧❛t❡✝ ✐✞

♦✝❞❡✝ t♦ ✜✞❞ t❤❡ ✆❡st ✇❛✈❡❧❡✞❣t❤s t♦ ♠❡❛s✉✝❡ ✆❧♦♦❞ ❝♦✞t❡✞t ❛✞❞ ♦①②❣❡✞❛t✐♦✞ ✐✞ t❤✐s ❛♣♣❧✐❝❛t✐♦✞✳



❈❍�✁❚❊❘ ✻✂ ❙✁❊❈❚❘❖❙❈❖✁❨ ✶✄☎

✆✳✷ ✝❤✞♦r② ♦❢ ❆❜✟♦r♣✠✐♦♥ ▼✞❛✟✉r✞♠✞♥✠✟

✡☛☞☛✌ ▲✍✎✏❡✑t✲✒❡❡✑ ▲✍✇

❋✓✔ s✕✖✗❧✕❝✕✘✙✱ ✚✛s✓✔✗✘✕✓✜ ✖✓❞✢❧s ✕✜ ❧✕✘✢✔✚✘✣✔✢ ✚✔✢ ✖✓s✘❧✙ ✛✚s✢❞ ✓✜ ✘✤✢ ✥✚✖✛✢✔✘✦❇✢✢✔ ✓✔ ✧✓❞✕★✢❞
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✈✐❡✇ ♦✭ ✫❤❡ ♠✐❞❞❧❡ ❡❛r ♠✥❝♦✯❛✧ ❏❤❡ ❞❡✫❡❝✫❡❞ ✯✐❣✭❛❧ ❑▲◆▲P◗ ✐✯ ❝♦♠♣♦✯❡❞ ♦✮ ✫❤❡ r❡✬❡❝✫✐♦✭ ✮r♦♠

✫❤❡ ❡❛r❞r✥♠ ❑❯❳ ❛✭❞ ✫❤❡ r❡✬❡❝✫✐♦✭✯ ✮r♦♠ ✫❤❡ ♠✥❝♦✯❛ ❩❳ ❛✫✫❡✭✥❛✫❡❞ ❜② ✫❤❡ ❡❛r❞r✥♠ ❬❯❳ ❛✯

✯❝❤❡♠❛✫✐❝❛❧❧② ✯❤♦✇✭ ✐✭ ❋✐❣✥r❡ ✦✧❭✧

❪❧❧ ♦✫❤❡r ♣♦✯✯✐❜✐❧✐✫✐❡✯ ✯✥❝❤ ❛✯ r❡✬❡❝✫✐♦✭✯ ✮r♦♠ ♦✯✯✐❝❧❡✯ ❛r❡ ✭❡❣❧❡❝✫❡❞ ❛✯ ✫❤❡✯❡ ❝❛✭ ❜❡ ❛✈♦✐❞❡❞

❞✥r✐✭❣ ♠❡❛✯✥r❡♠❡✭✫✯ ❝❤♦♦✯✐✭❣ ❛✭ ❛♣♣r♦♣r✐❛✫❡ ✯❛♠♣❧✐✭❣ ❛r❡❛✧ ❏❤❡ ❜❡✯✫ ❛r❡❛ ✮♦r ♠❡❛✯✥r❡♠❡✭✫✯ ✐✯

♠❛r❦❡❞ ✐✭ ❋✐❣✥r❡ ✶✧✄✧ ❏❤✐✯ ♣♦✯✐✫✐♦✭ ✐✯ ❝❧♦✯❡ ✫♦ ✫❤❡ ❫✥✯✫❛❝❤✐❛✭ ✫✥❜❡● ✇❤❡r❡ ✫❤❡ ✐✭✬❛♠♠❛✫✐♦✭ ✐✯

♠♦✯✫ ✯❡✈❡r❡✧ ❋✥r✫❤❡r● ✫❤❡ ♦✯✯✐❝❧❡✯ ❛r❡ ❧♦❝❛✫❡❞ ✐✭ ✫❤❡ ✥♣♣❡r ♣❛r✫ ♦✮ ✫❤❡ ✫②♠♣❛✭✐❝ ❝❛✈✐✫② ❛✭❞ ✫❤✥✯

❞♦ ✭♦✫ ♦❜✯❝✥r❡ ✫❤❡ ❧✐❣❤✫ ♣❛✫❤ ✐✭ ✫❤✐✯ ❛r❡❛✧ ❴❛✯✫● ✫❤❡ ❡❛r❞r✥♠ ✐✯ ✫❤✐✭✭❡✯✫ ✐✭ ✫❤✐✯ r❡❣✐♦✭ r❡✯✥❧✫✐✭❣ ✐✭

✫❤❡ ❧♦✇❡✯✫ ✯❝❛✫✫❡r✐✭❣ ❛✭❞ ❛❜✯♦r♣✫✐♦✭ ♣♦✯✯✐❜❧❡✧ ❵❡✬❡❝✫✐♦✭✯ ✮r♦♠ ✫❤❡ ✇❛❧❧ ♦✮ ✫❤❡ ❡①✫❡r✭❛❧ ❡❛r ❝❛✭❛❧

❛r❡ ❜❧♦❝❦❡❞ ❜② ✫❤❡ ✯♣❡❝✥❧✥♠ ❛❧❧♦✇✐✭❣ ♦✭❧② ❧✐❣❤✫ ✫♦ ❡✭✫❡r ❛✭❞ ♣❛✯✯ ✫❤❡ ♦♣✫✐❝❛❧ ✯②✯✫❡♠ ✇✐✫❤ ✯♠❛❧❧

❛✭❣❧❡✯ ✫♦✇❛r❞✯ ✫❤❡ ♦♣✫✐❝❛❧ ❛①✐✯✧ ❏❤✐✯ ✭❡❣❛✫✐✈❡ ❡❢❡❝✫ r❡✯✫r✐❝✫✐✭❣ ✫❤❡ ❥❪ ✫❤✥✯ q❧✫❡r✯ ✇✐❞❡ ✯❝❛✫✫❡r❡❞

❧✐❣❤✫ ✫❤❛✫ ❝♦✥❧❞ r❡❛❝❤ ♣❛r✫✯ ♦✮ ✫❤❡ ♠✐❞❞❧❡ ❡❛r ♦✫❤❡r ✫❤❛✭ ♠✥❝♦✯❛ ❛✭❞ ❡❛r❞r✥♠✧

❏❤❡ ✯✐❣✭❛❧✯ ❛r❡ ❣✐✈❡✭ ❜②

❑▲◆▲P◗ ③ ❑❯❳ ④ ❑❳ ⑤✦✧✶❭⑥

❑❯❳ ③ ⑦⑧ ⑨ ❩❯❳ ⑨ ⑩◆❶▲❷❸❹ ⑤✦✧✶✦⑥

❑❳ ③ ⑦⑧ ⑨ ❩❳❬
❺
❯❳ ⑨ ⑩◆❶▲❷❸❹ ⑤✦✧✶❻⑥

✇❤❡r❡ ⑦⑧ ✐✯ ✫❤❡ ✐✭♣✥✫ ♣♦✇❡r● ❩❯❳ ✐✯ ✫❤❡ r❡✬❡❝✫❛✭❝❡ ♦✮ ✫❤❡ ❡❛r❞r✥♠● ❩❳ ✫❤❡ r❡✬❡❝✫❛✭❝❡ ♦✮ ✫❤❡





❈❍�✁❚❊❘ ✻✂ ❙✁❊❈❚❘❖❙❈❖✁❨ ✶✄☎

❋✐❣✆r❡ ✝✞✝ ✭❛✟ s❤♦✇s t❤❡ s✐♠✆❧❛t❡❞ s✐❣✠❛❧ ✇❤❡✠ ❞❡t❡❝t❡❞ ✇✐t❤ t❤❡ ♦✡t✐❝❛❧ s②st❡♠ ✇✐t❤♦✆t ❛✡✡❧②✲

✐✠❣ st♦✡ ☞❧t❡r✐✠❣ ❛✠❞ ✇❤❡✠ ☞❧t❡r✐✠❣ t❤❡ s✐❣✠❛❧ ✇✐t❤ ❛ st♦✡ ♦☛ ☎✞✼✌♠♠ r❛❞✐✆s ✭t❤❡ ❛❝t✆❛❧ ✆s❡❞ r❛❞✐✆s

♦✠ t❤❡ ❞❡t❡❝t♦r ✐s ☎✞✄♠♠ ❜✆t t❤✐s ❝♦rr❡s✡♦✠❞s t♦ ❛ st♦✡ r❛❞✐✆s ♦☛ ☎✞✼✌♠♠ ❛t t❤❡ ✆s❡❞ ♠❛❣✠✐☞❝❛t✐♦✠

♦☛ t❤❡ ❧❡✠s❡s ✍ ❂ ☎✿✄✼✟ ✐✠ s✆❜☞❣✆r❡ ✭❜✟✞ ✎❤❡ ❞❡t❡❝t❡❞ s✐❣✠❛❧ ✐s s✡❧✐t ✐✠t♦ t❤❡ ❜❛❝❦❣r♦✆✠❞ ☛r♦♠ t❤❡

❡❛r❞r✆♠ ❛✠❞ t❤❡ s✐❣✠❛❧ ☛r♦♠ t❤❡ ♠✆❝♦s❛✞ ❲✐t❤♦✆t t❤❡ st♦✡ ☞❧t❡r✐✠❣ t❤❡ ❜❛❝❦❣r♦✆✠❞ ✐s ❤✐❣❤❡r t❤❛✠

t❤❡ s✐❣✠❛❧ ✭✏❇✑ ♦☛ ☎✞✄ t♦ ☎✞✽✟ ❛✠❞ ❝❤❛✠❣❡s ✐✠ t❤❡ ❜❛❝❦❣r♦✆✠❞ ✇✐❧❧ ❛✒❡❝t t❤❡ ♠❡❛s✆r❡♠❡✠t✞ ❲❤❡✠

✆s✐✠❣ st♦✡ ☞❧t❡r✐✠❣ t❤❡ ❜❛❝❦❣r♦✆✠❞ ✐s r❡❞✆❝❡❞ t♦ ❧❡ss t❤❛✠ t❤❡ s✐❣✠❛❧ ✭✏❇✑ ♦☛ ✶✝ t♦ ✷✶✝✟✱ s❤♦✇✐✠❣

t❤❡ ❛✡✡r♦①✐♠❛t✐♦✠ ♠❛❞❡ ✐✠ ✓q✆❛t✐♦✠ ✭✝✞✶✔✟✱ ✠❡❣❧❡❝t✐✠❣ t❤❡ ❜❛❝❦❣r♦✆✠❞ ✕✖▼✱ ✐s ✈❛❧✐❞✞ ❇✆t ❛❧s♦

t❤❡ ❞❡t❡❝t❡❞ s✐❣✠❛❧ ✡♦✇❡r ✐s r❡❞✆❝❡❞ ❜② t❤❡ st♦✡✱ ❧✐♠✐t✐✠❣ t❤❡ ♠❛①✐♠✆♠ ✡♦ss✐❜❧❡ st♦✡ s✐③❡✞ ✎❤❡

❞♦tt❡❞ ✈❡rt✐❝❛❧ ❧✐✠❡s ✐✠ s✆❜☞❣✆r❡ ✭❜✟ ✐✠❞✐❝❛t❡ t❤❡ ✇❛✈❡❧❡✠❣t❤s t❤❛t ✇❡r❡ ❞❡t❡r♠✐✠❡❞ t♦ ❜❡ ❜❡st ☛♦r

♠❡❛s✆r❡♠❡✠ts ♦☛ t❤❡ ❜❧♦♦❞ ❝♦✠❝❡✠tr❛t✐♦✠ ❛s ✇✐❧❧ ❜❡ ❞❡s❝r✐❜❡❞ ❧❛t❡r✞

✎❤❡ tr❛✠s♠✐ss✐♦✠ ♦☛ t❤❡ ❡❛r❞r✆♠ ❛t ❞✐✒❡r❡✠t ✇❛✈❡❧❡✠❣t❤s ❝❛✠ ❜❡ ❝♦♠❜✐✠❡❞ ✐✠t♦ ♦✠❡ ☛❛❝t♦r

✗✖▼ ❂
✘✙✚✛✜✢✣✮
✘✙✚✛✜✢✙✮

✞ ❆✠ ❡q✆❛❧ ♠✆❧t✐✡❧✐❝❛t✐✈❡ ❝❤❛✠❣❡ ♦☛ t❤❡ tr❛✠s♠✐ss✐♦✠ ❛t ❜♦t❤ ✇❛✈❡❧❡✠❣t❤s ❞♦❡s

✠♦t ❛✒❡❝t t❤❡ ♠❡❛s✆r❡♠❡✠t ❛s t❤❡ ❡❛r❞r✆♠ ☛❛❝t♦r ✗✖▼ ✐s ❝♦✠st❛✠t✞ ✤✠❧② ❞✐✒❡r❡✠t ❝❤❛✠❣❡s ❛t

❜♦t❤ ✇❛✈❡❧❡✠❣t❤s ✇✐❧❧ ❛✒❡❝t t❤❡ ♠❡❛s✆r❡♠❡✠t✞ ✎❤✐s ✇✐❧❧ ❜❡ ✐✠✈❡st✐❣❛t❡❞ ❝❧♦s❡r ✐✠ ✏❡❝t✐♦✠ ✝✞✌✞✄✱ ❛✠

❡q✆❛❧ ❝❤❛✠❣❡ ✇✐❧❧ ❜❡ ❛ss✆♠❡❞ ☛♦r ✠♦✇✞ ❆s t❤❡ tr❛✠s♠✐ss✐♦✠ ✐s ♠❛✐✠❧② ✐✠✥✆❡✠❝❡❞ ❜② s❝❛tt❡r✐✠❣ t❤✐s

❛ss✆♠✡t✐♦✠ ❝❛✠ ❜❡ ❡✠s✆r❡❞ ❜② s❡❧❡❝t✐✠❣ ❜♦t❤ ✇❛✈❡❧❡✠❣t❤s t♦ ❜❡ s✐♠✐❧❛r✞ ✦❡✠❝❡ t❤❡ ✐✠✥❛♠♠❛t✐♦✠

✐✠❞❡① ✐s ❣✐✈❡✠ ❜②

■■ ✧
✕▼✭★✩✟

✕▼✭★✪✟
✫ ✗✖▼ ✭✝✞✷☎✟

✇❤❡r❡ ✗✖▼ ✐s ❝♦✠st❛✠t ❣✐✈❡✠ t❤❡ ❛ss✆♠✡t✐♦✠s ♠❛❞❡ ❛❜♦✈❡✞ ✎❤❡ r❡❧❛t✐♦✠ ✭s❝❛❧✐✠❣ ❛✠❞ ❧✐✠❡❛r✐t②✟ ♦☛

✬✛✜✢✣✮
✬✛✜✢✙✮

t♦ t❤❡ ✐✠✥❛♠♠❛t✐♦✠ ❛✠❞ t❤❡ ❜❡st ❝❤♦✐❝❡ ♦☛ ✇❛✈❡❧❡✠❣t❤s ✐s ✐✠✈❡st✐❣❛t❡❞ ❧❛t❡r ✐✠ ✏❡❝t✐♦✠ ✝✞✹✞

✯✳✸✳✸ ✰✴✵✺✾♥❀✵❁❃✺ ❄♥❅❁❉✺●

Pr❡✈✐♦✆s❧②✱ t❤❡ ✐✠✥❛♠♠❛t✐♦✠ ✐✠❞❡① ✇❛s ❞❡☞✠❡❞ ❛s t❤❡ r❛t✐♦ ♦☛ t❤❡ ❞❡t❡❝t❡❞ s✐❣✠❛❧ ❛t t✇♦ ✇❛✈❡✲

❧❡✠❣t❤s ✓q✆❛t✐♦✠ ✭✝✞✶✽✟✞ ❆❧t❡r✠❛t✐✈❡ ✐✠❞✐❝❡s s✆❝❤ ❛s ❛ ❞✐✒❡r❡✠❝❡ ♦☛ t❤❡ s✐❣✠❛❧s ❛t ❞✐✒❡r❡✠t ✇❛✈❡✲

❧❡✠❣t❤s ❛s ❞♦✠❡ ❜② ✏✆ ❛✠❞ ❏②❡rs ❬✶✌✹✱✷✶✌❑ ❝♦✆❧❞ ❜❡ ❞❡☞✠❡❞▲

■■◆◗❢❯ ❂ ❱❳❩❳❭❪✭★✩✟ ❫ ❱❳❩❳❭❪✭★✪✟

❂ ❬✕✖▼✭★✩✟ ❴ ✕▼✭★✩✟❵
✪
✖▼✭★✩✟❑ ✫ ■❥✭★✩✟✗❩♣❳◗✉④ ❫ ❬✕✖▼✭★✪✟ ❴ ✕▼✭★✪✟❵

✪
✖▼✭★✪✟❑ ✫ ■❥✭★✪✟✗❩♣❳◗✉④

✭✝✞✷✶✟

✎❤❡ ✐✠✡✆t ✡♦✇❡r ❛✠❞ s❝❛❧✐✠❣ ☛❛❝t♦r ♦☛ t❤❡ ♦✡t✐❝s ❝❛✠✠♦t ❜❡ ✠❡❣❧❡❝t❡❞ ❛s ❝♦✠st✐t✆t✐✠❣ ❛ s❝❛❧✐✠❣
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❋♦r s✐♠✛❧✐✝✐t②✱ ♦✆❧② ✐✆❞✐✝❡s ✉s✐✆❣ t✇♦ ✇❛✈❡❧❡✆❣t❤s ❛r❡ ✝♦✆s✐❞❡r❡❞✗ ❆s ♦✆❧② t❤❡ t✇♦ ♠❛✐✆ ❞❡r✐✈❛✽

t✐✈❡s ♦❢ ❤❛❡♠♦❣❧♦✚✐✆ ✭♦①② ❛✆❞ ❞❡✽♦①②✮ ❛r❡ ♠❡❛s✉r❡❞✱ t✇♦ ✇❛✈❡❧❡✆❣t❤s s❤♦✉❧❞ ✚❡ s✉✾✝❡✆t ❡①✝❡✛t

❢♦r ✝❛s❡s ♦❢ ❛✚✆♦r♠❛❧ ❤✐❣❤ ✝♦✆✝❡✆tr❛t✐♦✆s ♦❢ ♦t❤❡r ✚❧♦♦❞ ❞❡r✐✈❛t✐✈❡s ✇❤✐✝❤ ✇♦✉❧❞ ✐✆tr♦❞✉✝❡ ❛✆

❡rr♦r ❬☎☎✶✿✗ ❆✆ ♦✛t✐♦✆ ✇♦✉❧❞ ✚❡ t❤❡ ✉s❡ ♦❢ ♠♦r❡ ✝♦♠✛❧✐✝❛t❡❞ ✐✆❞✐✝❡s ✚❛s❡❞ ♦✆ ♠❡❛s✉r❡♠❡✆ts ♦❢

t❤r❡❡ ♦r ♠♦r❡ ✇❛✈❡❧❡✆❣t❤s ❛s ❢♦r ❡①❛♠✛❧❡ ❞♦✆❡ ✚② ❀✉ ❡t ❛❧✗ ❬✶❁❃✿ ✉s✐✆❣ ❢♦✉r ✇❛✈❡❧❡✆❣t❤s t♦ ♠❡❛✽
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✝♦✽♦①✐♠❡t❡rs ✉s✐✆❣ ♠♦r❡ t❤❛✆ s❡✈❡✆ ✇❛✈❡❧❡✆❣t❤s ✝♦♠✛❛r❡❞ t♦ st❛✆❞❛r❞ ✛✉❧s❡ ♦①✐♠❡t❡rs ✉s✐✆❣ ♦✆❧②

t✇♦ ✇❛✈❡❧❡✆❣t❤s✗ ❅❤✐s ❛❧❧♦✇s t♦ ❞❡t❡r♠✐✆❡ t❤❡ ✝♦✆✝❡✆tr❛t✐♦✆ ♦❢ ♦①②✽✱ ✝❛r✚♦①②✱ ❛✆❞ ♠❡t❤❛❡♠♦❣❧✐✆

❛s ✇❡❧❧ ❛s t♦t❛❧ ❤❛❡♠♦❣❧♦✚✐✆ ✝♦✆✝❡✆tr❛t✐♦✆ ❬❇✶✿✗ ❲❤✐❧❡ t❤✐s ✛r♦❥❡✝t ✝♦✆s✐❞❡rs ♦✆❧② t❤❡ ♠❡❛s✉r❡♠❡✆t

♦❢ t♦t❛❧ ❤❛❡♠♦❣❧♦✚✐✆ ✝♦✆t❡✆t ❛✆❞ ♦①②❣❡✆❛t✐♦✆ ❛✆❞ ♦✆❧② t✇♦ ✇❛✈❡❧❡✆❣t❤s ❛r❡ ✝♦✆s✐❞❡r❡❞✱ t❤❡ ✉s❡ ♦❢

❛❞❞✐t✐♦✆❛❧ ✇❛✈❡❧❡✆❣t❤s ♠✐❣❤t ❛❞❞ ♠♦r❡ ✐✆❢♦r♠❛t✐♦✆ ❛✆❞ ✐✆✝r❡❛s❡ ❛✝✝✉r❛✝②✗
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✘✆ ♦r❞❡r t♦ st✉❞② t❤❡ ✐✆❴✉❡✆✝❡ ♦❢ ✚❧♦♦❞ ♦①②❣❡✆❛t✐♦✆ ❵ ❂
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♦✆ r❡❴❡✝t✐♦✆ ❛✆❞ ✐✆❴❛♠♠❛t✐♦✆

✐✆❞❡① t❤❡ s✐♠✉❧❛t✐♦✆s ✇❡r❡ r❡✛❡❛t❡❞ ✇✐t❤ ✝♦✆st❛✆t ✚❧♦♦❞ ✈♦❧✉♠❡ ❢r❛✝t✐♦✆ ♦❢ ❁⑤ ❛✆❞ ✝❤❛✆❣❡❞

♦①②❣❡✆❛t✐♦✆ ❢r♦♠ ✄⑥ t♦ ⑦⑥⑤✗ ❅❤✐s ✝❤❛✆❣❡s t❤❡ ❛✚s♦r✛t✐♦✆ ✝♦❡✾✝✐❡✆t ❛✝✝♦r❞✐✆❣ t♦ ❄q✉❛t✐♦✆ ✭✄✗✶⑥✮

❛✆❞ s❤♦✇✆ ✐✆ ❋✐❣✉r❡ ✖✗⑧✗ ❅❤❡ r❡s✉❧t✐✆❣ r❡❴❡✝t✐♦✆ s✛❡✝tr❛ ❛r❡ s❤♦✇✆ ✐✆ ❋✐❣✉r❡ ✖✗❇ ✇❤❡✆ ❞❡t❡✝t❡❞

✇✐t❤ t❤❡ ❛✆t✐✽✝♦✆❢♦✝❛❧ s②st❡♠ ✇✐t❤ st♦✛ r❛❞✐✉s ♦❢ ⑥✗⑧❁♠♠✗ ❅❤❡ ❞♦tt❡❞ ✈❡rt✐✝❛❧ ❧✐✆❡s ✐✆❞✐✝❛t❡

t❤❡ ✇❛✈❡❧❡✆❣t❤s t❤❛t ✇❡r❡ ❞❡t❡r♠✐✆❡❞ t♦ ✚❡ ✚❡st ❢♦r ♠❡❛s✉r❡♠❡✆ts ♦❢ t❤❡ ♦①②❣❡✆❛t✐♦✆ ❛s ✇✐❧❧ ✚❡

❞❡s✝r✐✚❡❞ ❧❛t❡r✗
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✈♦❧✦✯❡ ❢r✮❝t✐♦✬ ♦❢ ✰✱★ ✳✬t❡r✯❡❞✐✮t❡ st❡♣s ✮r❡ s❤♦✇✬ ✐✬ ✶✴✱ st❡♣s ♦❢ ♦①②❣❡✬✮t✐♦✬★

✷✸✸ ✷✷✸ ✹✸✸ ✹✷✸ ✿✸✸ ✿✷✸ ❀✸✸ ❀✷✸ ❁✸✸ ❁✷✸

❂❃❄❅❇❅❉●❏❑ ▲❉▼◆

✸

✸P✸◗

✸P✸❯

✸P✸✹

✸P✸❀

✸P❱

✸P❱◗

✸P❱❯

✸P❱✹

❳
❩❬
❭

❪❫❴❵❜❥ ❦♥q✉③④⑤
❪❫❴❵❜❥ ❦♥q✉⑥④⑤

❪❫❴❵❜❥ ⑦❵⑧⑨⑩❶⑨❷❫❜⑧⑨
❸❜❹❺❴⑩❻❼❵❷

❋✐❣✦r❡ ✧★❽✪ ❾✐✯✦❧✮t❡❞ r❡❿❡❝t✮✬❝❡ ➀ ❢♦r ❝❤✮✬❣✐✬❣ ♦①②❣❡✬✮t✐♦✬ ✮✬❞ ✮ st♦♣ ✇✐t❤ ✴★✩✰✯✯ r✮❞✐✦s★

✳✬t❡r✯❡❞✐✮t❡ st❡♣s ✮r❡ s❤♦✇✬ ✐✬ ✶✴✱ st❡♣s ♦❢ ♦①②❣❡✬✮t✐♦✬★ ➁✮s❤❡❞➂❞♦tt❡❞➃ ✈❡rt✐❝✮❧ ❧✐✬❡s ✐✬❞✐❝✮t❡

✇✮✈❡❧❡✬❣t❤s t❤✮t ✇❡r❡ ❢♦✦✬❞ t♦ ✫❡ ✫❡st t♦ ✯❡✮s✦r❡ ✫❧♦♦❞ ♦①②❣❡✬✮t✐♦✬★



❈❍�✁❚❊❘ ✻✂ ❙✁❊❈❚❘❖❙❈❖✁❨ ✶✄☎

✆❤❡ s❛✝❡ ✐♥❞✐❝❡s ❛s ❞❡☞♥❡❞ ❢♦✞ t❤❡ ❜❧♦♦❞ ❝♦♥t❡♥t ✇✐❧❧ ❜❡ ❛✟✟❧✐❡❞ t♦ t❤❡ ♦①②❣❡♥❛t✐♦♥✱ ✞❡s✉❧t✐♥❣

✐♥

■✠✡☛✌✍r✎✏ ❂
✑✭✕✒✮

✑✭✕✷✮
✭✓✔✖☎✮

■✠✡☛✌r✗✘✳✙✚✍✳ ❂
✑✭✕✒✮ ✛ ✑✭✕✷✮

✑✭✕✒✮ ✰ ✑✭✕✷✮
✭✓✔✖✜✮

✢✣✹ ❋✤✥✦✤✥✧ ★✩✪ ✫✪✬★ ✯✥✲✴♠♠✴★✤✵✥ ✯✥✦✪✸

❆♥ ♦✟t✐✝✉✝ ✇❛✈❡❧❡♥❣t❤ ❝♦✝❜✐♥❛t✐♦♥ ❛♥❞ ❢♦✞✝✉❧❛ ❢♦✞ t❤❡ ✐♥✺❛✝✝❛t✐♦♥ ✐♥❞❡① ✐s t♦ ❜❡ ❢♦✉♥❞✔ ❆

❣♦♦❞ ✐♥❞❡① ✐s ❝❤❛✞❛❝t❡✞✐s❡❞ ❜②✿

✶✔ ✼✐❣❤ ❞❡✟❡♥❞❡♥❝② ♦❢ t❤❡ ✐♥✺❛✝✝❛t✐♦♥ ✐♥❞❡① ♦❢ t❤❡ ❜❧♦♦❞ ❝♦♥❝❡♥t✞❛t✐♦♥ ✽✾❀✔ ✆❤✐s ✐s ✝❡❛s✉✞❡❞

❜② t❤❡ s❡♥s✐t✐✈✐t② ♦❢ t❤❡ s②st❡✝✱ ✝❡❛s✉✞❡❞ ❜② t❤❡ s❧♦✟❡ ❁✏✾❀ ❬✖✖✖❃ ♦❢ ❛ ❧✐♥❡❛✞ ✐♥t❡✞✟♦❧❛t✐♦♥

♦❢ t❤❡ ✐♥✺❛✝✝❛t✐♦♥ ✐♥❞❡① ■■ ❂ ❁✏✾❀ ❄ ✽✾❀ ✰ ❅✏✾❀ ♦✞ ❁✠✡☛ ♦❢ t❤❡ ♦①②❣❡♥❛t✐♦♥ ✐♥❞❡① ■✠✡☛ ❂

❁✠✡☛ ❄ ❇❉● ✰ ❅✠✡☛✔

✖✔ ✼✐❣❤ ❧✐♥❡❛✞✐t② ♦❢ t❤❡ ♦✉t✟✉t✱ ❡①✟✞❡ss✐♥❣ ❤♦✇ st✞♦♥❣ t❤❡ ❛❝t✉❛❧ ❝✉✞✈❡ ❞❡✈✐❛t❡s ❢✞♦✝ ❛ ❧✐♥❡❛✞

❝✉✞✈❡✔ ✆❤✐s ✐s ♦❢t❡♥ ✝❡❛s✉✞❡❞ ✐♥ ✟❡✞❝❡♥t ❬✖✖✖❃ ❜✉t ❤❡✞❡ t❤❡ ❏✷ ✈❛❧✉❡ ♦❢ t❤❡ ❧✐♥❡❛✞ ✐♥t❡✞✟♦❧❛t✐♦♥

✐s ✉s❡❞ ❛s ✝❡❛s✉✞❡✔ ❑✉✞t❤❡✞✱ ✐t ✐s ❝❤❡❝❦❡❞ ✇❤❡t❤❡✞ t❤❡ ❝♦✉✞s❡ ✐s ✝♦♥♦t♦♥✐❝✔ ▲❢ ♥♦t✱ t❤❡♥ t❤❡

✐♥❞❡① ✐s ♥♦t ❝♦♥s✐❞❡✞❡❞✔

✼❡♥❝❡✱ ✇❡ ✟✞♦✟♦s❡ t❤❡ ✝❡❛s✉✞❡

▼✏✾❀ ❂ ❥❁✏✾❀❥❏
✷
✏✾❀ ✭✓✔✖✓✮

✉s❡❞ t♦ ❡✈❛❧✉❛t❡ t❤❡ ✐♥✺❛✝✝❛t✐♦♥ ✐♥❞❡①✔ ❑✉✞t❤❡✞✱ t❤❡ ❜❧♦♦❞ ♦①②❣❡♥❛t✐♦♥ ❇❉● ✝✉st ❜❡ ❝♦♥s✐❞❡✞❡❞✔

✆❤❡ ❜❡❤❛✈✐♦✉✞ ♦❢ t❤❡ ♦①②❣❡♥❛t✐♦♥ ❞✉✞✐♥❣ ✐♥✺❛✝✝❛t✐♦♥ ✐s ♥♦t ❦♥♦✇♥✱ t❤✉s t❤❡ ✐♥✺❛✝✝❛t✐♦♥ ✐♥❞❡①

✝✉st ❜❡ ✐♥❞❡✟❡♥❞❡♥t ♦❢ t❤❡ ♦①②❣❡♥❛t✐♦♥✔ ✆❤✐s ✐s ✝❡❛s✉✞❡❞ ❜② t❤❡ s❧♦✟❡ ♦❢ t❤❡ ✐♥❞❡① ❞❡✟❡♥❞❡♥t

♦♥ t❤❡ ❜❧♦♦❞ ♦①②❣❡♥❛t✐♦♥ ❁✠✡☛✔ ✆❤❡ ❧✐♥❡❛✞✐t② ♦❢ t❤✐s ✐♥❞❡① ✐s ♥♦t ❝♦♥s✐❞❡✞❡❞✔ ❆s t❤✐s ✟❛✞t ✐s t♦

❜❡ ✝✐♥✐✝✐s❡❞✱ t❤❡ ☞♥❛❧ ✝❡❛s✉✞❡ ✐s ❛ s✉❜t✞❛❝t✐♦♥ ♦❢ ❜♦t❤ ❡❧❡✝❡♥ts✔ ◆♦t❤ s❧♦✟❡s ✝✉st ❜❡ s❝❛❧❡❞ ❜②

t❤❡ s✐✝✉❧❛t❡❞ ✞❛♥❣❡✱ ❡✐t❤❡✞ P✠✡☛ ♦✞ P✏✾❀✔ ❆s t❤❡ s❧♦✟❡ ♦❢ t❤❡ ♦①②❣❡♥❛t✐♦♥ ✐s ❞❡s✐✞❡❞ t♦ ❜❡ ❧♦✇❡✞

t❤❛♥ t❤❡ s❧♦✟❡ ♦❢ t❤❡ ❜❧♦♦❞ ✈♦❧✉✝❡ ❢✞❛❝t✐♦♥ ❛ ❢❛❝t♦✞ ♦❢ ✜ ✐s ✐♥t✞♦❞✉❝❡❞ t♦ ❡♥s✉✞❡ ❁✏✾❀ ◗ ❁✠✡☛ ✐♥

t❤❡ s❡❧❡❝t❡❞ ✝❡❛s✉✞❡✔ ✆❤✐s ✐s ❛♥ ❛✞❜✐t✞❛✞② ❝❤♦s❡♥ ✈❛❧✉❡ t❤❛t ❞❡❝✐❞❡s t❤❡ ✐♥✺✉❡♥❝❡ ♦❢ ❜♦t❤ s❧♦✟❡s

♦♥ t❤❡ ✐♥❞❡① ❛♥❞ ✐ts ✐♥✺✉❡♥❝❡ ✐s ✐♥✈❡st✐❣❛t❡❞ ❧❛t❡✞ ✐♥ ❯❡❝t✐♦♥ ✓✔☎✔✖✔ ✆❤✐s ✞❡s✉❧ts ✐♥ t❤❡ ✝❡❛s✉✞❡

▼✏✾❀❱✠✡☛ ❂ ❥❁✏✾❀❥P✏✾❀ ❄ ❏
✷
✏✾❀ ✛ ✜ ❄ ❥❁✠✡☛❥P✠✡☛ ✭✓✔✖❲✮

❆ ❤✐❣❤ ▼✏✾❀❱✠✡☛ ✐♥❞✐❝❛t❡s ❛ ❤✐❣❤ ❞❡✟❡♥❞❡♥❝❡ ♦❢ t❤❡ ✐♥❞❡① ♦♥ t❤❡ ❜❧♦♦❞ ✈♦❧✉✝❡ ❝♦♥❝❡♥t✞❛t✐♦♥✱ ❛

❣♦♦❞ ❧✐♥❡❛✞ ☞t✱ ❛♥❞ ❛ ❧♦✇ ❞❡✟❡♥❞❡♥❝❡ ♦♥ t❤❡ ❜❧♦♦❞ ♦①②❣❡♥❛t✐♦♥✔



❈❍�✁❚❊❘ ✻✂ ❙✁❊❈❚❘❖❙❈❖✁❨ ✶✄☎

✆✝✇❡✈❡r✱ ❛ ♥✝♥✲♠✝♥✝♦✝♥✐❝ ❞❡♣❡♥❞❡♥❝❡ ✝✞ ♦❤❡ ✐♥✌❛♠♠❛♦✐✝♥ ✐♥❞❡① ✝♥ ♦❤❡ ✝①②❣❡♥❛♦✐✝♥ ❝❛♥ r❡s✉❧♦

✐♥ ❛ s♠❛❧❧ s❧✝♣❡ ❡✈❡♥ ♦❤✝✉❣❤ ♦❤❡ ❞✐☛❡r❡♥❝❡ ❜❡♦✇❡❡♥ ♦✇✝ s✐♥❣❧❡ ✈❛❧✉❡s ❝❛♥ ❜❡ ❜✐❣❣❡r✳ ✟✝ ❛❝❝✝✉♥♦

✞✝r ♦❤✐s ♦❤❡ s❧✝♣❡ ✝✞ ♦❤❡ ✐♥✌✉❡♥❝❡ ✝✞ ✝①②❣❡♥❛♦✐✝♥ ✠✡☞✍ ✐s r❡♣❧❛❝❡❞ ❜② ♦❤❡ ♠❛①✐♠✉♠ ❞✐☛❡r❡♥❝❡

♠❛①✭■✡☞✍✮ ✎ ♠✐♥✭■✡☞✍✮ s✝ ♦❤❛♦ ♦❤❡ ♠❡❛s✉r❡ r❡s✉❧♦s ✐♥

▼✏✑✒✓✡☞✍ ❂ ❥✠✏✑✒❥✔✏✑✒ ✕ ✖
✷
✏✑✒ ✎ ☎ ✕ ❥♠❛①✭■✡☞✍✮ ✎ ♠✐♥✭■✡☞✍✮❥ ✭✗✳✘✙✮

✚♥ ♦❤✐s ❝❛s❡ s❝❛❧✐♥❣ ❜② ♦❤❡ r❛♥❣❡ ✔✡☞✍ ✐s ♥✝♦ ♥❡❝❡ss❛r② ❛s ❝✝♥s✐❞❡r❡❞ ✐♥ ♦❤❡ ❝❛❧❝✉❧❛♦✐✝♥ ✝✞ ♦❤❡ s❧✝♣❡

✭♦❤❡ s❧✝♣❡ ✝✞ ❛ ❧✐♥❡❛r ✞✉♥❝♦✐✝♥ ✐s ❝❛❧❝✉❧❛♦❡❞ ❜② ✠ ❂
✛✜✢☞✣✤✥✦✧★✩✜✪✫✣✤✥✦✧★✛

✬✯✰✴ ✮✳ ❋✝r ❝✝♠♣❧❡♦❡♥❡ss✱ ♦❤❡

s❛♠❡ ♠❡❛s✉r❡ ✐s ❛♣♣❧✐❡❞ ♦✝ ❛♥ ✝①②❣❡♥❛♦✐✝♥ ✐♥❞❡① ❛♥❞ ❞❡✵♥❡❞ ❛s

▼✡☞✍✓✏✑✒ ❂ ❥✠✡☞✍❥✔✡☞✍ ✕ ✖
✷
✡☞✍ ✎ ☎ ✕ ❥♠❛①✭■■✮ ✎ ♠✐♥✭■■✮❥ ✭✗✳✘✸✮

✐♥❞✐❝❛♦✐♥❣ ❛ ❤✐❣❤ ❞❡♣❡♥❞❡♥❝❡ ✝♥ ♦❤❡ ✝①②❣❡♥❛♦✐✝♥ ❜✉♦ ❧✝✇ ❞❡♣❡♥❞❡♥❝❡ ✝♥ ♦❤❡ ♦✝♦❛❧ ❜❧✝✝❞ ❝✝♥♦❡♥♦✳

✟❤❡ ❧✐♦❡r❛♦✉r❡ ✐s ♥✝♦ ❝❧❡❛r ✐✞ ♦❤❡r❡ ✐s ❛ ❝✝♥♥❡❝♦✐✝♥ ✝✞ ✝①②❣❡♥❛♦✐✝♥ ❛♥❞ ✐♥✌❛♠♠❛♦✐✝♥ ❜✉♦ ♦❤✐s ♠❡❛s✉r❡

❝✝✉❧❞ ❣✐✈❡ ❛❞❞✐♦✐✝♥❛❧ ✐♥✞✝r♠❛♦✐✝♥ ❛❜✝✉♦ ♦❤❡ s♦❛♦❡ ✝✞ ♦❤❡ ♠✐❞❞❧❡ ❡❛r ♠✉❝✝s❛ ✐♥ ❝❛s❡ ♦❤❡r❡ ✐s ❛
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➂❾✉ ❹✉❿⑦ ♠❷⑧♠❼✉❿ ❻⑨s ⑨⑩❶♣✉❷⑥⑦♠⑨❷➁ ④♠❷♠④♠❿♠❷♣ ⑧✉❸✉❷⑧✉❷❼✉ ⑨❷ ❹⑤⑨⑨⑧ ❺⑨⑤q④✉ ❻s⑥❼⑦♠⑨❷ ⑥s✉ ♣♠❺✉❷

❹❶

➌➍➎➏➐➑➒➓➔→➐➣↔ ↕
➙➛➜➛➏➝➄➞➟➆➇

➙➛➜➛➏➝➄✇✇➆➇
➄✇①✄➟➇

➌➎➠➝➡➢➤➍➡➑➒➓➔→➐➣↔ ↕
➙➛➜➛➏➝➄➞➟➆➇ ➥ ➙➛➜➛➏➝➄✇✇➆➇

➙➛➜➛➏➝➄➞➟➆➇ ➦ ➙➛➜➛➏➝➄✇✇➆➇
➄✇①✄➅➇

⑥❷⑧ ⑦❾✉ s✉⑤⑥⑦♠⑨❷ ⑦⑨ ⑨⑩❶♣✉❷⑥⑦♠⑨❷ ⑥❷⑧ ❹⑤⑨⑨⑧ ❼⑨❷❼✉❷⑦s⑥⑦♠⑨❷ ❿❾⑨➀❷ ♠❷ ❦♠♣qs✉ ✇①✶✶① ➂❾✉ ❻⑨q❷⑧ ➀⑥❺✉➧

⑤✉❷♣⑦❾❿ ❻⑨s ⑦❾✉ ❻s⑥❼⑦♠⑨❷ ⑥s✉ ♠❷ ⑥❼❼⑨s⑧⑥❷❼✉ ➀♠⑦❾ ⑦❾⑨❿✉ q❿✉⑧ ♠❷ ❸q⑤❿✉ ⑨⑩♠④✉⑦s❶ ➨☎➅➩①

➫➭➯➭➲ ➳➵➸➺➻➵➼➻ ➽➾ ➚➪➻ ➶➼➹➘➴➵➷ ➬➹➼➚➽➮ ➹➵➱ ➶➚➽✃ ❐➹➱➴➺❒

❮❰ÏÐÑÒÓ ÔÏ❰ÕÖ×

➂❾✉ ❻⑥❼⑦⑨s ⑨❻ ➅ ➀⑥❿ ❼❾⑨❿✉❷ ♠❷ ØÙq⑥⑦♠⑨❷ ➄✇①Ú☎➇ ⑦⑨ ✉❷❿qs✉ ⑥ ❿④⑥⑤⑤ ♠❷➋q✉❷❼✉ ⑨❻ ⑦❾✉ ⑨⑩❶♣✉❷⑥⑦♠⑨❷ ⑨❷ ⑦❾✉

♠❷➋⑥④④⑥⑦♠⑨❷ ♠❷⑧✉⑩① ➂❾✉ ♠❷➋q✉❷❼✉ ⑨❻ ⑦❾♠❿ ❻⑥❼⑦⑨s ⑨❷ ⑦❾✉ ❿✉⑤✉❼⑦✉⑧ ➀⑥❺✉⑤✉❷♣⑦❾❿ ♠❿ ❿❾⑨➀❷ ♠❷ ➂⑥❹⑤✉ ✇①✶
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❧✐st✐♥❣ t❤❡ s❡❧❡❝t❡❞ ✇❛✈❡❧❡♥❣t❤s ☛♦☞ ❞✐✜❡☞❡♥t ☛❛❝t♦☞s✟

❲❤✐❧❡ t❤❡ s❡❧❡❝t❡❞ ✇❛✈❡❧❡♥❣t❤s ☛♦☞ ♠❡❛s✉☞✐♥❣ t❤❡ ✝❧♦♦❞ ❝♦♥❝❡♥t☞❛t✐♦♥ ❛s ☞❡❧❛t✐✈❡ ❞✐✜❡☞❡♥❝❡ ❛☞❡

✐♥❞❡♣❡♥❞❡♥t ♦☛ t❤❡ s❝❛❧✐♥❣ ☛❛❝t♦☞ ✭❡✢❝❡♣t ☛♦☞ ☛❛❝t♦☞ ✣✤✱ t❤✐s ✐s ♥♦t t☞✉❡ ☛♦☞ t❤❡ ✐♥❞❡✢ ❞❡✥♥❡❞ ❛s

☛☞❛❝t✐♦♥✟ ✆❤❡ ✇❛✈❡❧❡♥❣t❤s ❝❤❛♥❣❡ s❧✐❣❤t❧✦ ✝✉t ✐♥ ❛❧❧ ❝❛s❡s ♦♥❡ ✇❛✈❡❧❡♥❣t❤ ✐♥ t❤❡ ❤✐❣❤ ❛✝s♦☞♣t✐✈❡

❣☞❡❡♥ ☞❡❣✐♦♥ ❛♥❞ ♦♥❡ ✐♥ t❤❡ ❧♦✇ ❛✝s♦☞♣t✐✈❡ ◆✧★ ☞❡❣✐♦♥ ❛☞❡ s❡❧❡❝t❡❞✟

✩♦☞ ♦✢✦❣❡♥❛t✐♦♥ ♠❡❛s✉☞❡♠❡♥ts t❤❡ ✇❛✈❡❧❡♥❣t❤ ♦☛ ✪✫✣ ❛♥❞ ✞✞✣ ♥♠ ❛☞❡ ♠♦st❧✦ s❡❧❡❝t❡❞✱ ❡s♣❡❝✐❛❧❧✦

☛♦☞ ❤✐❣❤❡☞ s❝❛❧✐♥❣ ☛❛❝t♦☞s✟ ✆❤❡ ♦✢✦❣❡♥❛t✐♦♥ ✐♥❞❡✢ ❞❡✥♥❡❞ ✝✦ ☞❡❧❛t✐✈❡ ☛☞❛❝t✐♦♥ s❤♦✇s t❤❛t t❤❡ s❡❧❡❝t❡❞

✇❛✈❡❧❡♥❣t❤s ❤❛✈❡ ❛ s✐♠✐❧❛☞ ☞❛t✐♥❣ ❛s t❤❡ s❡❧❡❝t✐♦♥ s✇✐t❝❤❡s ☛☞♦♠ ✪✫✣✬✞✞✣ ♥♠ t♦ ✇❛✈❡❧❡♥❣t❤s ✐♥ t❤❡

❣☞❡❡♥ ☞❛♥❣❡ ❛♥❞ ✝❛❝❦✱ ✐♥❞✐❝❛t✐♥❣ t❤❛t s♠❛❧❧ ❝❤❛♥❣❡s ✐♥ t❤❡ ☞❛t✐♥❣ ♠❡t☞✐❝ ❝❛✉s❡ ❛ ❝❤❛♥❣❡ ✐♥ t❤❡

s❡❧❡❝t❡❞ ✇❛✈❡❧❡♥❣t❤s✟ ✆❤❡ s❝❛❧✐♥❣ ☛❛❝t♦☞ ❞♦❡s ♥♦t ❝❤❛♥❣❡ t❤❡ s❡❧❡❝t❡❞ ✇❛✈❡❧❡♥❣t❤s s✐❣♥✐✥❝❛♥t❧✦✱

❛♥❞ ❛ ☛❛❝t♦☞ ♦☛ ✮ s❡❡♠s t♦ ✝❡ ❛ ❣♦♦❞ ❝♦♠♣☞♦♠✐s❡✟

✯✰✲✿ ❀❁❂❃❄❅

✆❤❡ ✐♥❆✉❡♥❝❡ ♦☛ t❤❡ st♦♣ ☞❛❞✐✉s ♦♥ t❤❡ ✐♥❆❛♠♠❛t✐♦♥ ✐♥❞❡✢ ❛♥❞ t❤❡ s❡❧❡❝t❡❞ ✇❛✈❡❧❡♥❣t❤s ✐s ✐♥❉

✈❡st✐❣❛t❡❞✟ ✆❛✝❧❡ ✞✟● s❤♦✇s t❤❡ s❡❧❡❝t❡❞ ✇❛✈❡❧❡♥❣t❤s ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ st♦♣ ☞❛❞✐✉s✟ ✧♥ ❝❛s❡ ♦☛

♦✢✦❣❡♥❛t✐♦♥ ♠❡❛s✉☞❡♠❡♥ts ✐t ✐s ♦✝✈✐♦✉s t❤❛t t❤❡ st♦♣ ☞❛❞✐✉s ❞♦❡s ♥♦t ❤❛✈❡ ❛ ✝✐❣ ✐♥❆✉❡♥❝❡✟ ■♥❧✦

☛♦☞ s♠❛❧❧ ☞❛❞✐✐✱ ❛♥ ✐♥❆✉❡♥❝❡ ✐s ♦✝s❡☞✈❡❞ ❛♥❞ t❤❡ ✇❛✈❡❧❡♥❣t❤s ❞♦ ♥♦t ❝❤❛♥❣❡ ❛✝♦✈❡ ❛ st♦♣ ☞❛❞✐✉s ♦☛

✣✟●✮♠♠✟ ✧♥ t❤❡ ❝❛s❡ ♦☛ t❤❡ ✝❧♦♦❞ ❝♦♥❝❡♥t☞❛t✐♦♥ ♠❡❛s✉☞❡♠❡♥ts ❞❡✥♥❡❞ ✝✦ t❤❡ ☞❡❧❛t✐✈❡ ❞✐✜❡☞❡♥❝❡

♥♦ ❝❤❛♥❣❡s ❛☞❡ ♦✝s❡☞✈❡❞ ✇❤✐❧❡ ✐♥ ❝❛s❡ ♦☛ t❤❡ ✐♥❞❡✢ ❞❡✥♥❡❞ ❛s t❤❡ ☛☞❛❝t✐♦♥ t❤❡ ✇❛✈❡❧❡♥❣t❤ ❝❤❛♥❣❡

✇✐t❤✐♥ ❛ s♠❛❧❧ ☞❛♥❣❡✟ ❏✉t ❛❣❛✐♥✱ ❛s ☛♦☞ ✈❛☞✐❛t✐♦♥ ♦☛ t❤❡ s❝❛❧✐♥❣ ☛❛❝t♦☞✱ ♦♥❡ ✇❛✈❡❧❡♥❣t❤ ✐♥ t❤❡ ❣☞❡❡♥

❛♥❞ t❤❡ s❡❝♦♥❞ ♦♥❡ ✐♥ t❤❡ ◆✧★ ☞❛♥❣❡ ❛☞❡ s❡❧❡❝t❡❞✟ ✆❤✐s s❤♦✇s t❤❛t ❛❧s♦ t❤❡ st♦♣ ☞❛❞✐✉s ❞♦❡s ♥♦t

❤❛✈❡ ❛ s✐❣♥✐✥❝❛♥t ✐♥❆✉❡♥❝❡ ♦♥ t❤❡ s❡❧❡❝t❡❞ ✇❛✈❡❧❡♥❣t❤s✟

✧♥ ❝♦♥t☞❛st t♦ t❤❡ ✇❛✈❡❧❡♥❣t❤s✱ t❤❡ ✐♥❞❡✢ ✐ts❡❧☛ ✐s ✐♥❆✉❡♥❝❡❞ ✝✦ t❤❡ st♦♣ ☞❛❞✐✉s ❛s s❤♦✇♥

✐♥ ✩✐❣✉☞❡ ✞✟✶●✟ ✆❤❡ ✐♥❆❛♠♠❛t✐♦♥ ✐♥❞❡✢ ✭❞❡✥♥❡❞ ✝✦ ☛☞❛❝t✐♦♥✤ ✐s s❤♦✇♥ ☛♦☞ t❤❡ ☞❡s♣❡❝t✐✈❡ ✝❡st
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P✐❣✉r❡ ✞✟✶✷✠ ✡✐◗✉❧❛t❡❞ ✐♥❯❛◗◗❛t✐♦♥ ✐♥❞❡❲ ☛♦r ❝❤❛♥❣✐♥❣ st♦♣ r❛❞✐✉s✟

✇❛✈❡❧❡♥❣t❤ ❝♦◗✝✐♥❛t✐♦♥ ☛♦r ❞✐❳❡r❡♥t st♦♣ r❛❞✐✐✟ ✆❤❡ ✐♥❞❡❲ ✐♥❝r❡❛s❡s ✇✐t❤ st♦♣ r❛❞✐✉s ❛s ◗♦r❡

✝❛❝❦❣r♦✉♥❞ ✐s ✝❧♦❝❦❡❞ ❛♥❞ t❤✉s t❤❡ ❞❡♣❡♥❞❡♥❝❡ ♦☛ t❤❡ s✐❣♥❛❧ ♦♥ t❤❡ ❛✝s♦r♣t✐♦♥ ✐♥ t❤❡ ◗✉❝♦s❛

✐♥❝r❡❛s❡❞✟

❩❭❫❭❴ ❵❜❥q③④⑤④⑤⑥ ⑦⑧⑨ ⑩⑤❶⑨❜

✆❤❡ ✐♥❯❛◗◗❛t✐♦♥ ✐♥❞❡❲ ❞❡❷♥❡❞ ❛s ❛ ☛r❛❝t✐♦♥ ✇✐❧❧ ✝❡ ✉s❡❞ ☛✉rt❤❡r ❛s t❤❡ ◗❡❛s✉r❡ r❛t✐♥❣ t❤❡ ✐♥❞✐❝❡s

❸✐❡❧❞s ❤✐❣❤❡r ✈❛❧✉❡s ❛♥❞ t❤❡ s❡❧❡❝t❡❞ ✇❛✈❡❧❡♥❣t❤ ❛r❡ ❝❧♦s❡r ❹❺✄❻ ❛♥❞ ❼❽✞ ♥◗ ☛♦r t❤❡ ☛r❛❝t✐♦♥ ✈❡rs✉s

❺☎❾ ❛♥❞ ❼❻❻♥◗ ☛♦r t❤❡ r❡❧❛t✐✈❡ ❞✐❳❡r❡♥❝❡❿✟ ✆❤❡ s❡❧❡❝t❡❞ ✐♥❞✐❝❡s ❛r❡

➀➀ ➁
➂➃➄➃➅➆❹❺✄❻❿

➂➃➄➃➅➆❹❼❽✞❿
❹✞✟✄✞❿

➀➇➈➉ ➁
➂➃➄➃➅➆❹☎❽❻❿

➂➃➄➃➅➆❹✞✞❻❿
❹✞✟✄❺❿
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✆❤❡s❡ ✇❛✈❡❧❡♥❣✝❤s ✇❡r❡ ♠❛r❦❡❞ ✐♥ ✝❤❡ ♣❧♦✝s ♦✞ s✐♠✉❧❛✝❡❞ r❡✌❡❝✝❛♥❝❡ ❋✐❣✉r❡ ✟✠✟ ❛♥❞ ❋✐❣✉r❡ ✟✠✽✠

✆❤❡ ♣❤②s✐❝❛❧ ♠❡❛♥✐♥❣ ✞♦r ✝❤❡s❡ ✐♥❞✐❝❡s ✐s ❡①♣❧❛✐♥❡❞ ❜❡❧♦✇✠

❇✡☛☛☞ ❱☛✡✍✎✏ ✑☛✒t✏✒t

■♥✌❛♠♠❛✝✐♦♥ r❡s✉❧✝s ✐♥ ❛ ❤✐❣❤❡r ♠❡✝❛❜♦❧✐s♠✱ ✇❤✐❝❤ ✐♥ ✝✉r♥ r❡s✉❧✝s ✐♥ ❛ ❤✐❣❤❡r ❜❧♦♦❞ ❝♦♥✝❡♥✝ ✝♦

♠❡❡✝ ✝❤❡ ❤✐❣❤❡r ♦①②❣❡♥ ❞❡♠❛♥❞✠ ✓♦✝❤ ♦①②❣❡♥❛✝❡❞ ❛♥❞ ❞❡✲♦①②❣❡♥❛✝❡❞ ❜❧♦♦❞ ❝♦♥✝❡♥✝ ❛r❡ ✐♥❝r❡❛s❡❞

❛♥❞ ✝❤❡ ♦①②❣❡♥❛✝✐♦♥ ❦❡♣✝ ❝♦♥s✝❛♥✝✱ ✐♥ ✝❤❡ ♠♦❞❡❧ ✉s❡❞ ❤❡r❡✠ ❆❧s♦ ✝❤❡ s❝❛✝✝❡r✐♥❣ ✐s ❛ss✉♠❡❞ ✝♦

❜❡ ✉♥❛✔❡❝✝❡❞ ❜② ✐♥✌❛♠♠❛✝✐♦♥ ✭s❡❡ ✕❡❝✝✐♦♥ ✸✠✸✠✷✖✠ ❆s ❜❧♦♦❞ ✐s ✝❤❡ ♠❛✐♥ ❛❜s♦r❜❡r ✐♥ ✝✐ss✉❡ ✝❤✐s

✐♥❝r❡❛s❡s ✝❤❡ ❛❜s♦r♣✝✐♦♥ ❝♦❡✗❝✐❡♥✝ ❛♥❞ r❡❞✉❝❡s ✝❤❡ r❡✌❡❝✝✐♦♥ s✐❣♥❛❧✠ ✆❤❡ ❝❤❛♥❣❡ ✐♥ ❛❜s♦r♣✝✐♦♥

❝♦❡✗❝✐❡♥✝ ✇✐✝❤ ❜❧♦♦❞ ❝♦♥❝❡♥✝r❛✝✐♦♥ ✇❛s ♣r❡✈✐♦✉s❧② ♣r❡s❡♥✝❡❞ ✐♥ ❋✐❣✉r❡ ✟✠✷ ❛♥❞ ✝❤❡ ❝❤❛♥❣❡ ♦✞

r❡✌❡❝✝✐♦♥ s✐❣♥❛❧ ✐♥ ❋✐❣✉r❡ ✟✠✟✠

■♥ ✝❤❡ ✼☎☎ ✝♦ ✾✄☎ ♥♠ ✇❛✈❡❧❡♥❣✝❤ r❛♥❣❡ ✝❤❡ ❛❜s♦r♣✝✐♦♥ ❛♥❞ s❝❛✝✝❡r✐♥❣ ❝♦❡✗❝✐❡♥✝s ❛r❡ ❧♦✇❡r

✝❤❛♥ ✐♥ ✝❤❡ r❛♥❣❡ ♦✞ ✺☎☎ ✝♦ ✟☎☎ ♥♠✠ ❆♥ ✐♥❝r❡❛s❡❞ ❛❜s♦r♣✝✐♦♥ ❝♦❡✗❝✐❡♥✝ r❡❞✉❝❡s ✝❤❡ r❡✌❡❝✝✐♦♥

s✐❣♥❛❧ s✐❣♥✐✘❝❛♥✝❧② ✇❤✐❧❡ ✐♥❝r❡❛s❡❞ s❝❛✝✝❡r✐♥❣ ✐♥❝r❡❛s❡s ✝❤❡ r❡✌❡❝✝✐♦♥ s✐❣♥❛❧ ❜✉✝ s❤♦✇s ❛ ❧♦✇❡r

❞❡♣❡♥❞❡♥❝❡✠ ✆❤✐s ❝❛✉s❡s ✝❤❡ r❡✌❡❝✝✐♦♥ ✝♦ ❜❡ ❤✐❣❤❡r ❛✝ ✼☎☎ ✝♦ ✾✄☎ ♥♠ ✝❤❛♥ ✺☎☎ ✝♦ ✟☎☎ ♥♠✱ ❞✉❡ ✝♦

✝❤❡ s✝r♦♥❣❡r ✐♥✌✉❡♥❝❡ ♦✞ ❛❜s♦r♣✝✐♦♥ ❝♦♠♣❛r❡❞ ✝♦ s❝❛✝✝❡r✐♥❣✠ ✆❤❡ ❝❤❛♥❣❡ ♦✞ ❜❧♦♦❞ ❝♦♥❝❡♥✝r❛✝✐♦♥

❤❛s ✝❤❡ s❛♠❡ ♠✉❧✝✐♣❧✐❝❛✝✐✈❡ ❡✔❡❝✝ ♦♥ ✝❤❡ ❛❜s♦r♣✝✐♦♥ ❝♦❡✗❝✐❡♥✝ ❛✝ ❛❧❧ ✇❛✈❡❧❡♥❣✝❤s ✭❛♣❛r✝ ✞r♦♠ ❛

s♠❛❧❧ ♦✔s❡✝ ✐♥ ✝❤❡ ♠♦❞❡❧ ❞✉❡ ✝♦ ✝✐ss✉❡ ❜❛❝❦❣r♦✉♥❞ ❛❜s♦r♣✝✐♦♥✖ ❜✉✝ ♥♦✝ ♦♥ ✝❤❡ r❡✌❡❝✝✐♦♥ ❞✉❡ ✝♦ ❛

♥♦♥✲❧✐♥❡❛r r❡❧❛✝✐♦♥ ✭✝❤❡ ❧✐♥❡❛r ▲❛♠❜❡r✝✲✓❡❡r r❡❧❛✝✐♦♥ ✐s ♦♥❧② ❛♥ ❛♣♣r♦①✐♠❛✝✐♦♥✖ ❛♥❞ ✐♥✌✉❡♥❝❡ ♦✞

✝❤❡ s❝❛✝✝❡r✐♥❣ ❝♦❡✗❝✐❡♥✝✠

✆❤✐s ✐s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✟✠✶✸ ✇❤❡r❡ ✝❤❡ r❡✌❡❝✝✐♦♥ s✐❣♥❛❧ ❛✝ ✞♦✉r ✇❛✈❡❧❡♥❣✝❤s ✭❝❤❛♥❣✐♥❣ ✝❤❡

s❝❛✝✝❡r✐♥❣ ❝♦❡✗❝✐❡♥✝✖ ✐s s❤♦✇♥ ❞❡♣❡♥❞❡♥✝ ♦♥ ✝❤❡ ❛❜s♦r♣✝✐♦♥ ❝♦❡✗❝✐❡♥✝ ✐♥ ✭❛✖ ❛♥❞ ✝❤❡ ❜❧♦♦❞ ❝♦♥✲

❝❡♥✝r❛✝✐♦♥ ✐♥ ✭❜✖✠ ✆❤❡ ✝❤✐♥ ❧✐♥❡s ✐♥ s✉❜✘❣✉r❡ ✭❛✖ s❤♦✇ ✝❤❡ ✞✉❧❧ r❛♥❣❡ ♦✞ ❛❜s♦r♣✝✐♦♥ ❝♦❡✗❝✐❡♥✝✱

✇❤✐❧❡ ✝❤❡ ✝❤✐❝❦ ❧✐♥❡s ✐♥❞✐❝❛✝❡ ✝❤❡ r❛♥❣❡ s♣❛♥♥❡❞ ✇❤❡♥ ✈❛r②✐♥❣ ✝❤❡ ❜❧♦♦❞ ❝♦♥❝❡♥✝r❛✝✐♦♥ ✞r♦♠ ✷ ✝♦

✷☎✪✠ ✆❤❡ ①✲❛①✐s ✐s s❤♦✇♥ ✐♥ ❧♦❣❛r✐✝❤♠✐❝ s❝❛❧❡ ✞♦r ❜❡✝✝❡r ✈✐s✐❜✐❧✐✝② ❛✝ s♠❛❧❧ ✈❛❧✉❡s ♦✞ ✝❤❡ ❛❜s♦r♣✝✐♦♥

❝♦❡✗❝✐❡♥✝✠ ✆❤❡ ❝✉r✈❡s s❤♦✇ ❛ ♥♦♥✲❧✐♥❡❛r ❜❡❤❛✈✐♦✉r ❛s ♠❡♥✝✐♦♥❡❞ ❡❛r❧✐❡r✠ ❲❤❡♥ ✈❛r②✐♥❣ ✝❤❡ ❜❧♦♦❞

❝♦♥❝❡♥✝r❛✝✐♦♥ ❞✐✔❡r❡♥✝ s❡❝✝✐♦♥s ♦✞ ✝❤❡s❡ ❝✉r✈❡s ❛r❡ r❡❛❝❤❡❞✠ ✕✉❜✘❣✉r❡ ✭❜✖ s❤♦✇s ✝❤❡s❡ s❡❝✝✐♦♥s ♦✞

✝❤❡ r❡✌❡❝✝❛♥❝❡ s✐❣♥❛❧ ✐♥❞✐❝❛✝❡❞ ❛s ✝❤✐❝❦ ❧✐♥❡s ✐♥ ❞❡♣❡♥❞❡♥❝❡ ♦✞ ✝❤❡ ❜❧♦♦❞ ❝♦♥❝❡♥✝r❛✝✐♦♥ ✐♥s✝❡❛❞ ♦✞

✝❤❡ ❛❜s♦r♣✝✐♦♥ ❝♦❡✗❝✐❡♥✝✠

✆❤✐s s❤♦✇s ❝❧❡❛r❧② ❤♦✇ ✝❤❡ ❝❤❛♥❣❡ ✐♥ r❡✌❡❝✝❛♥❝❡ ❞❡♣❡♥❞s ♦♥ ✝❤❡ ✇❛✈❡❧❡♥❣✝❤✠ ❋♦r ❡①❛♠♣❧❡✱ ❛✝

✼✸☎ ♥♠ ✝❤❡ r❡✌❡❝✝✐♦♥ ✈❛❧✉❡ ❞❡❝r❡❛s❡s ❜② ☎✠☎✸✄✪ ✭✞❛❝✝♦r ♦✞ ☎✠✷☎ ♦✞ s✝❛r✝ ✈❛❧✉❡✖ ✇❤✐❧❡ ✝❤❡ ❞❡❝r❡❛s❡

❛✝ ✺✄✟ ♥♠ ✐s ❤✐❣❤❡r ✇✐✝❤ ❛ ❝❤❛♥❣❡ ♦✞ ☎✠☎✺✶✪ ✭✞❛❝✝♦r ♦✞ ☎✠✼✼✖✠ ❲❤✐❧❡ ❜♦✝❤ r❡✌❡❝✝✐♦♥ ✈❛❧✉❡s ❛r❡

❞❡❝r❡❛s✐♥❣✱ ✝❤❡ ❞❡❝r❡❛s❡ ✐s ♠♦r❡ s✐❣♥✐✘❝❛♥✝ ❛✝ ✺✄✟ ♥♠✠ ✆❤❡ ✐♥✌❛♠♠❛✝✐♦♥ ✐♥❞❡① ❞❡✘♥❡❞ ❛s ✝❤❡

r❡✌❡❝✝✐♦♥ ❛✝ ✼✸☎ ♥♠ ❞✐✈✐❞❡❞ ❜② ✝❤❡ r❡✌❡❝✝✐♦♥ ❛✝ ✺✄✟ ♥♠ ✐s ✝❤✉s ✐♥❝r❡❛s✐♥❣ ✇✐✝❤ ✐♥❝r❡❛s✐♥❣ ❜❧♦♦❞

❝♦♥❝❡♥✝r❛✝✐♦♥ ❛s ✝❤❡ ❞❡♥♦♠✐♥❛✝♦r ✐s ❞❡❝r❡❛s✐♥❣ ✞❛s✝❡r✠
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☎✆✲✝ ☎✆✵

✼
❛
❂✞✟✠

✡☛
✮ ☞✌✍✎✎✏

✆

✆✑✆✒

✆✑✆✓

✆✑✆✔

✆✑✆✕

✆✑☎

✆✑☎✒

✆✑☎✓

✆✑☎✔

✖
✗✘
✙

✚✺✛✜✢✣✤✥✦✧★

✚✺✛✜✢✣✤✥✦✧✵★

✩ ✚✺✛✜

✚✪✫✵✢✣✤✥✦✧★

✚✪✫✵✢✣✤✥✦✧✵★

✩ ✚✪✫✵

✬✭✯✰✱✳✴

✬✭✱✱✷✳✴
✬✭✸✹✷✳✴

✬✭✽✰✷✳✴

✾✿❀ ❁❡❃❡❝t✿♥❝❡ ❞❡♣❡♥❞❡♥t ♦♥ ✿❜s♦r♣t✐♦♥ ❝♦❡❄❝✐❡♥t ❝❤✿♥❣✐♥❣

✇✐t❤ ❜❧♦♦❞ ❝♦♥❝❡♥tr✿t✐♦♥

❅ ❆ ❇ ❉ ❋● ❋❅ ❋❆ ❋❇ ❋❉ ❅●

❱
■❏

❑▲▼

●

●◆●❅

●◆●❆

●◆●❇

●◆●❉

●◆❋

●◆❋❅

●◆❋❆

●◆❋❇

P
◗❯
❲

❳❩❬❭❪❫❴

❳❩❪❪❵❫❴
❳❩❢❥❵❫❴

❳❩❦❭❵❫❴

✾❜❀ ❁❡❃❡❝t✿♥❝❡ ❞❡♣❡♥❞❡♥t ♦♥ ❜❧♦♦❞ ❝♦♥❝❡♥tr✿t✐♦♥♠

q✉✈①②③ ④⑤✶⑥⑦ ⑧✉⑨①⑩❶❷③❸ ②③❹③❺❷❶❻❺③⑤ ❼❽③ ❷❽✉❺❾ ⑩✉❻③❿ ✉❻ ❿①➀➁✈①②③ ➂❶➃ ✉❻❸✉❺❶❷③ ❷❽③ ②❶❻✈③ ❶❺❽✉③➄③❸

➅❽③❻ ➄❶②➆✉❻✈ ❷❽③ ➀⑩➇➇❸ ❺➇❻❺③❻❷②❶❷✉➇❻ ➈②➇⑨ ➉ ❷➇ ➉➊ ➋ ➅❽✉⑩③ ❷❽③ ❷❽✉❻ ⑩✉❻③❿ ❿❽➇➅ ❷❽③ ➈①⑩⑩ ②❶❻✈③⑤

⑧①➀➁✈①②③ ➂➀➃ ❿❽➇➅❿ ❷❽③ ②③❹③❺❷❶❻❺③ ❸③➌③❻❸③❻❷ ➇❻ ❷❽③ ➀⑩➇➇❸ ❺➇❻❺③❻❷②❶❷✉➇❻⑤ ➍➂➎⑥➊➃➏➍➂➐✄④➃ ✈✉➄③❿ ❶

✈➇➇❸ ✉❻❸③➑ ➅❽✉⑩③ ➍➂➒✄➊➃➏➍➂④④➊➃ ❸➇③❿ ❻➇❷⑤
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■♥ ❝♦♥tr❛✆t t❤❡ t✇♦ ♦t❤❡r ✇❛✈❡❧❡♥❣t❤✆ ✆❤♦✇♥ ✐♥ t❤❡ ❣r❛✝❤ ✆❤♦✇ ❛ ✆✐♠✐❧❛r ❝❤❛♥❣❡ ♦✞ r❡✌❡❝t✐♦♥

✇✐t❤ ❝❤❛♥❣✐♥❣ ❜❧♦♦❞ ❝♦♥❝❡♥tr❛t✐♦♥ ❛♥❞ t❤❡ r❡❧❛t✐♦♥ ♦✞ ❜♦t❤ r❡✌❡❝t✐♦♥ ✈❛❧✉❡✆ ✐✆ ❛❧♠♦✆t ✐♥❞❡✝❡♥❞❡♥t

♦✞ t❤❡ ❜❧♦♦❞ ❝♦♥❝❡♥tr❛t✐♦♥✳ ✟❤✐✆ ✆❤♦✇✆ t❤❛t ❛ ❣♦♦❞ ❝❤♦✐❝❡ ♦✞ ✇❛✈❡❧❡♥❣t❤✆ ✐✆ ♥❡❝❡✆✆❛r② ✐♥ ♦r❞❡r t♦

❛❧❧♦✇ ♠❡❛✆✉r❡♠❡♥t✆ ♦✞ t❤❡ ✐♥✌❛♠♠❛t✐♦♥ ❛♥❞ ❜❡✆t ♠❡❛✆✉r❡♠❡♥t✆ ❛r❡ ❛❝❤✐❡✈❡❞ ✉✆✐♥❣ ♦♥❡ ✇❛✈❡❧❡♥❣t❤

✇❤❡r❡ t❤❡ ❛❜✆♦r✝t✐♦♥ ♦✞ ❜❧♦♦❞ ✐✆ ❤✐❣❤ ✭❡✳❣✳ ✺✄✠ ♥♠✮ ❛♥❞ ♦♥❡ ✇❤❡r❡ ✐t ✐✆ ❧♦✇ ✭❡✳❣✳ ✼✡☛ ♥♠✮✳

✟❤❡ ✇❤♦❧❡ ❝❤❛✐♥ ♦✞ ❡☞❡❝t✆ ✐✆ ✆✉♠♠❛r✐✆❡❞ ✐♥ ❋✐❣✉r❡ ✠✳✶✺✳

✍①✎✏✑✒✓✔✕✖✒

▲✐t❡r❛t✉r❡ ✐✆ ✐♥❝♦♥✆✐✆t❡♥t ❛❜♦✉t t❤❡ r❡❧❛t✐♦♥ ♦✞ ♠❡t❛❜♦❧✐✆♠ ❛♥❞ ♦✗②❣❡♥❛t✐♦♥✱ ❜♦t❤ ❛♥ ✐♥❝r❡❛✆❡ ❞✉❡ t♦

✐♥❝r❡❛✆❡❞ ❜❧♦♦❞ ✆✉✝✝❧② ❛♥❞ ❞❡❝r❡❛✆❡ ❞✉❡ t♦ ❤✐❣❤❡r ♦✗②❣❡♥ ❞❡♠❛♥❞ ❛r❡ r❡✝♦rt❡❞ ✭✆❡❡ ✘❡❝t✐♦♥ ✡✳✡✳☎✮✳

❆♥ ✐♥❝r❡❛✆❡ ✐♥ ♦✗②❣❡♥❛t✐♦♥ ✐✆ ❛✆✆✉♠❡❞ ❤❡r❡ ✐♥ ♦r❞❡r t♦ ❡✗✝❧❛✐♥ t❤❡ ✞✉rt❤❡r ❝❤❛✐♥ ♦✞ ❝❛✉✆❡✆✳

✙✗②❣❡♥❛t✐♦♥ ♠❡❛✆✉r❡♠❡♥t✆ ❛r❡ ❜❛✆❡❞ ♦♥ t❤❡ ❞✐☞❡r❡♥t ✆✝❡❝✐✚❝ ❡✗t✐♥❝t✐♦♥ ❝♦❡✛❝✐❡♥t✆ ♦✞ ♦✗②✲

❣❡♥❛t❡❞ ❤❛❡♠♦❣❧♦❜✐♥ ✜✢✣✤✥ ❛♥❞ ❞❡♦✗②✲❤❛❡♠♦❣❧♦❜✐♥ ✜✢✣ ❝❛✉✆✐♥❣ t❤❡ t♦t❛❧ ❛❜✆♦r✝t✐♦♥ ✆✝❡❝tr✉♠ t♦

❝❤❛♥❣❡ ❛✆ ✆❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✠✳✼✳ ✟❤❡ ❡✗t✐♥❝t✐♦♥ ❝♦❡✛❝✐❡♥t ♦✞ ♦✗②✲❤❛❡♠♦❣❧♦❜✐♥ ✜✢✣✤✥ ❛t ✾✄☛♥♠

✐✆ ❤✐❣❤❡r t❤❛♥ t❤❡ ❡✗t✐♥❝t✐♦♥ ❝♦❡✛❝✐❡♥t ♦✞ ❞❡♦✗②✲❤❛❡♠♦❣❧♦❜✐♥ ✜✢✣✱ t❤❡ r❡✈❡r✆❡ ✐✆ tr✉❡ ❛t ✠✠☛♥♠✳

✦♦♥✆❡q✉❡♥t❧②✱ t❤❡ ❛❜✆♦r✝t✐♦♥ ❝♦❡✛❝✐❡♥t ✐✆ ✐♥❝r❡❛✆✐♥❣ ❛t ✾✄☛♥♠ ❛♥❞ ❞❡❝r❡❛✆✐♥❣ ❛t ✠✠☛ ♥♠ ✇✐t❤

✐♥❝r❡❛✆✐♥❣ ♦✗②❣❡♥❛t✐♦♥✳ ✟❤✐✆ ❝❛✉✆❡✆ t❤❡ r❡✌❡❝t✐♦♥ ✆✐❣♥❛❧ t♦ ✐♥❝r❡❛✆❡ ❛t ✠✠☛♥♠ ❛♥❞ ❞❡❝r❡❛✆❡ ❛t

✾✄☛ ♥♠ ❛✆ ✆❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✠✳✽✳

❆✆ ❞♦♥❡ ✝r❡✈✐♦✉✆❧② ✞♦r t❤❡ ❜❧♦♦❞ ❝♦♥❝❡♥tr❛t✐♦♥✱ t❤❡ r❡✌❡❝t✐♦♥ ✐✆ ✚r✆t ✆❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✠✳✶✄

✭❛✮ ✐♥ ❞❡✝❡♥❞❡♥❝❡ ♦✞ t❤❡ ❛❜✆♦r✝t✐♦♥ ❝♦❡✛❝✐❡♥t✱ ✇✐t❤ t❤❡ t❤✐♥ ❧✐♥❡✆ ✐♥❞✐❝❛t✐♥❣ t❤❡ ✞✉❧❧ r❛♥❣❡ ❛♥❞

t❤❡ t❤✐❝❦ ❧✐♥❡✆ ✆❤♦✇✐♥❣ t❤❡ r❛♥❣❡ ✆✝❛♥♥❡❞ ✇❤❡♥ ❝❤❛♥❣✐♥❣ t❤❡ ♦✗②❣❡♥❛t✐♦♥ ♦✞ ❜❧♦♦❞✳ ■t ❤❛✆ t♦ ❜❡

♥♦t❡❞ t❤❛t t❤❡ ❛❜✆♦r✝t✐♦♥ ❛t ✠✠☛ ♥♠ ✐✆ ❤✐❣❤❡✆t ✞♦r ❤✐❣❤ ♦✗②❣❡♥❛t✐♦♥ ❛♥❞ ❞❡❝r❡❛✆❡✆ ✇✐t❤ ❞❡❝r❡❛✆✐♥❣

♦✗②❣❡♥❛t✐♦♥✱ ✇❤✐❧❡ t❤❡ ♦✝✝♦✆✐t❡ ✐✆ tr✉❡ ✞♦r t❤❡ ♦t❤❡r ✆❤♦✇♥ ✇❛✈❡❧❡♥❣t❤✆✳ ❋✐❣✉r❡ ✠✳✶✄ ✭❜✮ ✆❤♦✇✆

t❤❡ r❡✌❡❝t✐♦♥ ✆✐❣♥❛❧ ✐♥ ❞❡✝❡♥❞❡♥❝❡ ♦✞ t❤❡ ♦✗②❣❡♥❛t✐♦♥ ❛♥❞ t❤❡ ✐♥❝r❡❛✆❡ ❛t ✠✠☛ ♥♠ ❛♥❞ ❞❡❝r❡❛✆❡ ❛t

✾✄☛ ♥♠ ♦✞ t❤❡ r❡✌❡❝t✐♦♥ ✆✐❣♥❛❧ ✇✐t❤ ♦✗②❣❡♥❛t✐♦♥ ✐✆ ♠♦r❡ ♦❜✈✐♦✉✆✳

✟❤❡ ✐♥❞❡✗ ❞❡✚♥❡❞ ❛✆ t❤❡ r❡✌❡❝t✐♦♥ ❛t ✠✠☛♥♠ ❞✐✈✐❞❡❞ ❜② t❤❡ r❡✌❡❝t✐♦♥ ❛t ✾✄☛ ♥♠ ✐♥❝r❡❛✆❡✆

✇✐t❤ ✐♥❝r❡❛✆✐♥❣ ♦✗②❣❡♥❛t✐♦♥✳ ❆❣❛✐♥ ❛ ❣♦♦❞ ❝❤♦✐❝❡ ♦✞ ✇❛✈❡❧❡♥❣t❤✆ ✐✆ ♥❡❝❡✆✆❛r② ❛✆ ✐♥❞✐❝❛t❡❞ ❜② t❤❡

♦t❤❡r t✇♦ ✇❛✈❡❧❡♥❣t❤✆ ✐♥ t❤❡ ❣r❛✝❤✆✱ ❜♦t❤ ✆❤♦✇✐♥❣ ❛ ✆♠❛❧❧ ❝❤❛♥❣❡ ✇✐t❤ ♦✗②❣❡♥❛t✐♦♥ ❛♥❞ t❤✉✆ ❛

r❡❧❛t✐♦♥ t❤❛t ✐✆ ❛❧♠♦✆t ✐♥❞❡✝❡♥❞❡♥t ♦✞ t❤❡ ♦✗②❣❡♥❛t✐♦♥✳ ✟❤❡ ✇❤♦❧❡ ❝❤❛✐♥ ♦✞ ❡☞❡❝t✆ ✐✆ ✆✉♠♠❛r✐✆❡❞

✐♥ ❋✐❣✉r❡ ✠✳✶✺✳
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✝✵✝✕
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✝✵✆✔

✝✵✆✕

✗
✘✙
✚

✛✜✜✢✣✤✥✦✧★✢✩

✛✜✜✢✣✤✥✦✧✪✢✩

✫ ✛✜✜✢✛★✾✢✣✤✥✦✧✪✢✩

✛★✾✢✣✤✥✦✧★✢✩

✫ ✛★✾✢

✬✭✮✯✰✱✳

✬✭✰✰✴✱✳
✬✭✷✸✴✱✳

✬✭✹✯✴✱✳

✺✽✿ ❀❡❁❡❝t✽♥❝❡ ❞❡♣❡♥❞❡♥t ♦♥ ✽❜s♦r♣t✐♦♥ ❝♦❡❃❝✐❡♥t ❝❤✽♥❣✐♥❣

✇✐t❤ ❜❧♦♦❞ ♦①②❣❡♥✽t✐♦♥

❄❅ ❆❅ ❇❅ ❉❅ ❋❅ ●❅ ■❅
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❅❭❅❪

❅❭❅❆

❅❭❅❉

❅❭❅●

❅❭❫

❅❭❫❪

❅❭❫❆

❅❭❫❉

❅❭❫●

❴
❵❢
❥

❦♠q✉✈③④

❦♠✈✈⑤③④
❦♠⑥⑦⑤③④

❦♠⑧✉⑤③④

✺❜✿ ❀❡❁❡❝t✽♥❝❡ ❞❡♣❡♥❞❡♥t ♦♥ t❤❡ ❜❧♦♦❞ ♦①②❣❡♥✽t✐♦♥

⑨⑩❶❷❸❹ ❺❻✶✄❼ ❽⑩❾❷❿➀➁❹➂ ❸❹➃❹➄➁➀➅➄❹ ➂❹➆❹➅➂❹➅➁ ➇➅ ➈❿➇➇➂ ➇➉➊❶❹➅➀➁⑩➇➅❻ ➋➌❹ ➁➌⑩➄➍ ❿⑩➅❹➎ ⑩➅ ➏➀➐ ⑩➅➂⑩➄➀➁❹

➁➌❹ ❸➀➅❶❹ ➀➄➌⑩❹➑❹➂ ➒➌❹➅ ➑➀❸➊⑩➅❶ ➁➌❹ ➇➉➊❶❹➅➀➁⑩➇➅ ➓❸➇❾ ☎➔ ➁➇ →➔ ➣ ➀➅➂ ➁➌⑩➅ ❿⑩➅❹➎ ➎➌➇➒ ➁➌❹ ➓❷❿❿

❸➀➅❶❹❻ ❽❷➈↔❶❷❸❹ ➏➈➐ ➎➌➇➒➎ ➁➌❹ ❸❹➃❹➄➁➀➅➄❹ ➂❹➆❹➅➂❹➅➁ ➇➅ ➁➌❹ ➈❿➇➇➂ ➇➉➊❶❹➅➀➁⑩➇➅❻ ↕➏→✄➔➐➙↕➏❺❺➔➐

❶⑩➑❹➎ ➀ ❶➇➇➂ ⑩➅➂❹➉ ➓➇❸ ➇➉➊❶❹➅➀➁⑩➇➅ ➒➌⑩❿❹ ↕➏➛☎➔➐➙↕➏➜✄❺➐ ➂➇❹➎ ➅➇➁❻
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Inflammation

Metabolism

(oxygen demand)

Blood concentration Oxygenation

☎a(546nm) ☎a(730nm) ☎a(660nm) ☎a(940nm)

R(546nm) R(730nm) R(660nm) R(940nm)

II=R(730nm)/R(546nm) IIOxy=R(660nm)/R(940nm)

increase

increase

strong

increase
increase increase

increaseincrease

increasedecrease

decrease

decreasestrong

decrease

?

increase in

❋✐❣✆r❡ ✝✞✶✟✠ ✡❛✆s❛☛ r❡☛❛☞✐♦✌s ✐✌ ❢♦r♠❛☞✐♦✌ ♦❢ ☞❤❡ ✐✌✍❛♠♠❛☞✐♦✌ ❛✌❞ ♦①②❣❡✌ ✐✌❞❡①✞ ▲✐☞❡r❛☞✆r❡ ✐s

✐✌❝♦✌s✐s☞❡✌☞ ❛✎♦✆☞ ☞❤❡ r❡☛❛☞✐♦✌ ♦❢ ♠❡☞❛✎♦☛✐s♠ ❛✌❞ ♦①②❣❡✌❛☞✐♦✌✱ ✎♦☞❤ ❛✌ ✐✌❝r❡❛s❡ ❞✆❡ ☞♦ ✐✌❝r❡❛s❡❞

✎☛♦♦❞ s✆♣♣☛② ❛✌❞ ❞❡❝r❡❛s❡ ❞✆❡ ☞♦ ❤✐❣❤❡r ♦①②❣❡✌ ❞❡♠❛✌❞ ❛r❡ r❡♣♦r☞❡❞ ✭s❡❡ ✏❡❝☞✐♦✌ ✸✞✸✞✷✑✞ ❆✌

✐✌❝r❡❛s❡ ✐✌ ♦①②❣❡✌❛☞✐♦✌ ✐s ❛ss✆♠❡❞ ❤❡r❡ ✐✌ ♦r❞❡r ☞♦ ❡①♣☛❛✐✌ ☞❤❡ ❢✆r☞❤❡r ❝❤❛✐✌ ♦❢ ❝❛✆s❡s✞

✒✳✺ ■♥✓✔✕♥✖✕ ✗✘ ✙t✚✕✛ P✜✛✜✢✕t✕✛✣ ✗♥ t✚✕ ■♥✓✜✢✢✜t✤✗♥ ■♥✥

✦✕✧

✡❤❛✌❣❡s ♦❢ ♦♣☞✐❝❛☛ ♣r♦♣❡r☞✐❡s ♦❢ ☞❤❡ ♠✐❞❞☛❡ ❡❛r ❛✌❞ ♦♣☞✐❝❛☛ ♣❛r❛♠❡☞❡rs ♦❢ ☞❤❡ ❛✌☞✐✲❝♦✌❢♦❝❛☛ s②s☞❡♠

✭☛✐s☞❡❞ ✐✌ ★❛✎☛❡ ✟✞✼✑ ❤❛✈❡ ✎❡❡✌ s✐♠✆☛❛☞❡❞ ❛✌❞ ☞❤❡✐r ✐✌✍✆❡✌❝❡ ♦✌ s✐✌❣☛❡ ♠❡❛s✆r❡♠❡✌☞s ♣r❡s❡✌☞❡❞

✐✌ ✏❡❝☞✐♦✌ ✟✞✄✞✸✞ ✩❡r❡✱ ☞❤❡ ✐✌✍✆❡✌❝❡ ♦❢ ☞❤❡s❡ ♣❛r❛♠❡☞❡rs ♦✌ ♠❡❛s✆r❡♠❡✌☞s ♦❢ ☞❤❡ ✐✌✍❛♠♠❛☞✐♦✌

✐✌❞❡① ✐s ✐✌✈❡s☞✐❣❛☞❡❞✞ ✏♦♠❡ ♦❢ ☞❤❡s❡ ❡✪❡❝☞s ❛r❡ ❡①♣❡❝☞❡❞ ☞♦ ❤❛✈❡ ✌♦ ✐✌✍✆❡✌❝❡ ♦✌ ☞❤❡ ✐✌✍❛♠♠❛☞✐♦✌

✐✌❞❡① ❛s ❛❝☞✐✌❣ s✐♠✐☛❛r☛② ♦✌ ✎♦☞❤ ✇❛✈❡☛❡✌❣☞❤s ✇❤✐☛❡ ♦☞❤❡rs ✇✐☛☛ ❤❛✈❡ ❛✌ ✐✌✍✆❡✌❝❡✞ ★❤❡ ♣r♦♣❡r☞✐❡s

♦❢ ☞❤❡ ♠✐❞❞☛❡ ❡❛r ✭❞✐s☞❛✌❝❡ ✎❡☞✇❡❡✌ ❡❛r❞r✆♠ ❛✌❞ ♠✆❝♦s❛✱ s❝❛☞☞❡r✐✌❣ ❝♦❡✫❝✐❡✌☞ ♦❢ ☞❤❡ ♠✆❝♦s❛✱

☞r❛✌s♠✐ss✐♦✌ ❝❤❛r❛❝☞❡r✐s☞✐❝s ♦❢ ☞❤❡ ❡❛r❞r✆♠✱ ❛✌❞ s✆r❢❛❝❡ ♦r✐❡✌☞❛☞✐♦✌ ❛✌❞ r♦✆❣❤✌❡ss✑ ❛r❡ ❛☛☞❡r❡❞ ❛✌❞

☞❤❡✐r ✐✌✍✆❡✌❝❡ ✐✌✈❡s☞✐❣❛☞❡❞ ✇❤✐☛❡ ☞❤❡ ♦♣☞✐❝❛☛ s②s☞❡♠ ✭❢♦❝✆s✱ ✎♦☞❤ ✐☛☛✆♠✐✌❛☞✐♦✌ ❛✌❞ ❞❡☞❡❝☞✐♦✌ ◆❆✱

❛✌❞ s☞♦♣ r❛❞✐✆s✑ ❛r❡ ❦❡♣☞ ❝♦✌s☞❛✌☞ ❛❝❝♦r❞✐✌❣ ☞♦ ☞❤❡ ♣r❡✈✐♦✆s r❡s✆☛☞s✞ ★❤❡ ✇❛✈❡☛❡✌❣☞❤ ❛✌❞ ✎☛♦♦❞

❝♦✌☞❡✌☞ ❞❡♣❡✌❞❡✌☞ ❛✎s♦r♣☞✐♦✌ ❝♦❡✫❝✐❡✌☞ ♦❢ ☞❤❡ ♠✆❝♦s❛ ✐s ☞❤❡ ✐✌♣✆☞ ♣❛r❛♠❡☞❡r ☞♦ ✎❡ ♠❡❛s✆r❡❞✱

✇❤✐☛❡ ❛☛☛ ♦☞❤❡r ♣❛r❛♠❡☞❡rs ♦❢ ☞❤❡ ♠✆❝♦s❛ ✐✌☞❡r❢❡r❡ ✇✐☞❤ ☞❤❡ ❛ss❡ss♠❡✌☞ ♦❢ ☞❤❡ ✐✌✍❛♠♠❛☞✐♦✌✞

✬✮✯✮✰ ❉✴✵✹✽✾✿❀ ❁❂❃❄ ❅✽❂❇❂✉❄ ✹❃ ▼✉✿❃✵✽

★❤❡ ❞✐s☞❛✌❝❡ ✎❡☞✇❡❡✌ ❡❛r❞r✆♠ ❛✌❞ ♠✆❝♦s❛ ✐s ❝❤❛✌❣❡❞ ❢r♦♠ ✸♠♠ ☞♦ ✷ ❛✌❞ ✄♠♠ ✐✌ s✐♠✆☛❛☞✐♦✌s ♦❢

☞❤❡ ✐✌✍❛♠♠❛☞✐♦✌ ✐✌❞❡① ❛✌❞ r❡s✆☛☞s s❤♦✇✌ ✐✌ ❋✐❣✆r❡ ✝✞✶✝✞

❆ ❝❤❛✌❣❡ ✐✌ ✐✌✍❛♠♠❛☞✐♦✌ ✐✌❞❡① ✐s ♦✎✈✐♦✆s ❛✌❞ r❡s✆☛☞s ❢r♦♠ ☞❤❡ ❞✐✪❡r❡✌☞ ✐✌✍✆❡✌❝❡s ♦❢ ☞❤❡
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✷ ✆ ✝✞ ✝✟ ✝✠
✷

✟

✆

✠

✝✞

✝✷

✝✟

❱✡☛ ✥☞✌

■■
✍
✎
✏✑
✒
✓
✔✕
✎
✏✖
✗
✘
✔

✷✙✙
✸✙✙
✟✙✙

❋✐❣✚r❡ ✛✜✶✛✢ ✣♥✤✚❡♥❝❡ ♦✦ ❞✐st❛♥❝❡ ✦r♦✧ ❡❛r❞r✚✧ t♦ ✧✚❝♦s❛ ♦♥ t❤❡ ✐♥✤❛✧✧❛t✐♦♥ ✐♥❞❡①✜

❞✐st❛♥❝❡ ♦♥ t❤❡ ❞❡t❡❝t❡❞ r❡✤❡❝t✐♦♥ ♦✦ t❤❡ ✧✚❝♦s❛ ✦♦r ❞✐★❡r❡♥t ❛✩s♦r♣t✐♦♥ ❝♦❡✪❝✐❡♥ts ♦✩s❡r✈❡❞ ✐♥

✫❡❝t✐♦♥ ☎✜✄✜✬✜ ❲❤✐❧❡ t❤❡ ❞✐st❛♥❝❡ ❞♦❡s ♥♦t ❤❛✈❡ ❛ s✐❣♥✐✭❝❛♥t ✐♥✤✚❡♥❝❡ ♦♥ t❤❡ ❞❡t❡❝t❡❞ s✐❣♥❛❧ ✐♥ ❝❛s❡

♦✦ ❛ ❧♦✇ ❛✩s♦r♣t✐♦♥ ♦✦ t❤❡ ✧✚❝♦s❛✮ ❛ ❧❛r❣❡ ❞❡♣❡♥❞❡♥❝❡ ✐s ♣r❡s❡♥t ✦♦r ❤✐❣❤❡r ❛✩s♦r♣t✐♦♥✜ ✯❤✐s ❝❛✚s❡s

t❤❡ ❣r❡❡♥ s✐❣♥❛❧ t♦ ❝❤❛♥❣❡ ✇✐t❤ ❝❤❛♥❣✐♥❣ ❞✐st❛♥❝❡ ✇❤✐❧❡ t❤❡ ◆✣✰ s✐❣♥❛❧ ✐s r❡❧❛t✐✈❡❧② ✚♥❛★❡❝t❡❞ ❛♥❞

t❤✐s ✐♥ t✚r♥ ❛★❡❝ts t❤❡ ✐♥✤❛✧✧❛t✐♦♥ ✐♥❞❡①✜

✱✳✺✳✲ ✴✵✹✼✼✽✾✿❀❁ ❂❢ ✼❃✽ ▼✉✵❂❄✹

✯❤❡ s❝❛tt❡r✐♥❣ ❝♦❡✪❝✐❡♥t ♦✦ t❤❡ ✧✚❝♦s❛ ✇❛s ❛ss✚✧❡❞ t♦ ✩❡ ❝♦♥st❛♥t ✦♦r ❞✐★❡r❡♥t ✐♥✤❛✧✧❛t♦r②

st❛❣❡s✜ ✯❤✐s ❛ss✚✧♣t✐♦♥ ✐s ✩❛s❡❞ ♦♥ ❧✐t❡r❛t✚r❡ r❡s❡❛r❝❤ ♣r❡s❡♥t❡❞ ✐♥ ✫❡❝t✐♦♥ ✬✜✬✜❅✜ ❇✚t t❤❡ s❝❛tt❡r❆

✐♥❣ ❝♦❡✪❝✐❡♥t ♦✦ t✐ss✚❡ ❝❛♥ ❝❤❛♥❣❡ ✦r♦✧ ♣❡rs♦♥ t♦ ♣❡rs♦♥ ❛♥❞ ✈❛r✐❛t✐♦♥s ♦✦ t❤❡ s❝❛tt❡r✐♥❣ ❝♦❡✪❝✐❡♥t

❛r❡ s✐✧✚❧❛t❡❞ ❤❡r❡ ❛♥❞ ✐ts ✐♥✤✚❡♥❝❡ ♦♥ t❤❡ ✐♥✤❛✧✧❛t✐♦♥ ✐♥❞❡① ✐♥✈❡st✐❣❛t❡❞✜

✯❤❡ s❝❛tt❡r✐♥❣ ❝♦❡✪❝✐❡♥t ♦✦ t❤❡ ✧✚❝♦s❛ ✐s ❝❤❛♥❣❡❞ ✩② ❉❅●✮ ❉✶●✮ ❛♥❞ ❉☎ ❏ ❑❝♦rr❡s♣♦♥❞✐♥❣

t♦ s❝❛❧✐♥❣ ✩② t❤❡ ✦❛❝t♦rs ●✜▲✮ ●✜P✮ ●✜P☎✮ ✶✜●☎✮ ✶✜✶✮ ❛♥❞ ✶✮❅◗✮ t❤❡ r❡✤❡❝t❛♥❝❡ s✐✧✚❧❛t❡❞✮ ❛♥❞ t❤❡

✐♥✤❛✧✧❛t✐♦♥ ✐♥❞❡① ❝❛❧❝✚❧❛t❡❞✜ ❋✐❣✚r❡ ✛✜✶❯ s❤♦✇s t❤❡ ✚s❡❞ s❝❛tt❡r✐♥❣ ❝♦❡✪❝✐❡♥ts ♦✈❡r t❤❡ ✇❤♦❧❡

✇❛✈❡❧❡♥❣t❤ r❛♥❣❡✜

✯❤❡ ✐♥✤❛✧✧❛t✐♦♥ ✐♥❞❡① ✐s s❤♦✇♥ ✐♥ ❋✐❣✚r❡ ✛✜✶▲ ❛◗ ✇✐t❤ t❤❡ ♦r✐❣✐♥❛❧ s✐✧✚❧❛t✐♦♥ ❛s ✩❧❛❝❦✮ s♦❧✐❞

❧✐♥❡ ❛♥❞ t❤❡ r❡s✚❧t✐♥❣ ✐♥❞❡① ✇✐t❤ ❝❤❛♥❣❡❞ s❝❛tt❡r✐♥❣ ❛s ❞❛s❤❡❞ ❧✐♥❡s✜ ✯❤❡ ❡rr♦r ✐♥ t❤❡ ✐♥❞❡① ✐s

s✧❛❧❧❡r t❤❛♥ t❤❡ ✈❛r✐❛t✐♦♥ ♦✦ t❤❡ s❝❛tt❡r✐♥❣ ❝♦❡✪❝✐❡♥t ❛s ♦✩✈✐♦✚s ✦r♦✧ ❋✐❣✚r❡ ✛✜✶▲ ✩◗ s❤♦✇✐♥❣ t❤❡

❡rr♦r ✐♥ ♣❡r❝❡♥t ♦✦ t❤❡ ♦r✐❣✐♥❛❧ ✈❛❧✚❡ ❳ ❩
❥❬❬❭❪❫❴❵❜♠q❬❬③④⑤❵⑤❴❫⑥❥

❬❬③④⑤❵⑤❴❫⑥
✜ ✯❤❡ ✧❛①✐✧✚✧ ❡rr♦r ✐s ✬✜❯ ❏ ✦♦r ❛

❅● ❏ ❝❤❛♥❣❡ ✐♥ t❤❡ s❝❛tt❡r✐♥❣ ❝♦❡✪❝✐❡♥t✮ ✶✜☎ ❏ ✦♦r ❛ ✶● ❏ ❝❤❛♥❣❡✮ ❛♥❞ ●✜❯ ❏ ✦♦r ❛ ☎ ❏ ❝❤❛♥❣❡✜ ✯❤✐s

s❤♦✇s t❤❛t t❤❡ ✐♥✤❛✧✧❛t✐♦♥ ✐♥❞❡① ✐s r❡❧❛t✐✈❡❧② r♦✩✚st t♦ ✈❛r✐❛t✐♦♥s ♦✦ ❝❤❛♥❣❡s ✐♥ t❤❡ s❝❛tt❡r✐♥❣ ♦✦
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❋✐❣✬r❡ ☎✭✶✮✯ ❱❛✰✬❡✱ ❢♦r t❤❡ ❝❤❛✲❣❡❞ ✱❝❛tt❡r✐✲❣ ❝♦❡✳❝✐❡✲t ♦❢ t❤❡ ♠✬❝♦✱❛✭

t❤❡ ♠✐❞❞✰❡ ❡❛r ♠✬❝♦✱❛✭

✴✵✹✵✿ P❀❁♣❂❀❃❄❂❅ ❁❆ ❃❇❂ ❉●❀■❀✉❏

❑ ❝❤❛✲❣❡ ✐✲ t❤❡ tr❛✲✱♠✐✱✱✐♦✲ ♦❢ ✰✐❣❤t t❤r♦✬❣❤ t❤❡ ❡❛r❞r✬♠ ✇✐t❤ t❤❡ ✱❛♠❡ ❢❛❝t♦r ❛t ❜♦t❤ ✬✱❡❞

✇❛✈❡✰❡✲❣t❤ ▲❦ ▼◆ ◗▲❯❳❳ ✇✐✰✰ ✲♦t ❛❩❡❝t t❤❡ ♠❡❛✱✬r❡♠❡✲t ♦❢ t❤❡ ✐✲❬❛♠♠❛t✐♦✲ ✐✲❞❡① ✐✲ t❤❡ ✱✐♠❭✰✐❪❡❞

❡q✬❛t✐♦✲✱ ❭r❡✱❡✲t❡❞ ❛❜♦✈❡ ❛✱ t❤❡ tr❛✲✱♠✐✱✱✐♦✲ ❢❛❝t♦r ❫❴❵ ◆
❥❧♥②❧③④⑤⑥⑦⑧
❥❧♥②❧③④⑤⑥❧⑧

✐✱ ❝♦✲✱t❛✲t✭ ⑨✬t ✐❢ t❤❡

tr❛✲✱♠✐✱✱✐♦✲ ♦❢ t❤❡ ❡❛r❞r✬♠ ✐✱ ❛❩❡❝t❡❞ ❜⑩ ❛❜✱♦r❭t✐♦✲ ♦❢ ❜✰♦♦❞ ♦r ♦t❤❡r ❛❜✱♦r❜❡r✱ ❛✲❞ ✱❝❛tt❡r❶

✐✲❣ ❡✰❡♠❡✲t✱ ✇✐t❤✐✲ t❤❡ t✐✱✱✬❡ ✇✐t❤ ✇❛✈❡✰❡✲❣t❤ ❞❡❭❡✲❞❡✲t r❡✰❛t✐♦✲❷ t❤❡✲ t❤❡ ♠❡❛✱✬r❡♠❡✲t ♦❢ t❤❡

✐✲❬❛♠♠❛t✐♦✲ ✐✲❞❡① ✇✐✰✰ ❜❡ ❛❩❡❝t❡❞ ❫❴❵ ◆
❥❧⑤⑥⑦⑧♥②❧③④⑤⑥⑦⑧
❥❧⑤⑥❧⑧♥②❧③④⑤⑥❧⑧

✭

❑ ❭♦✱✱✐❜✐✰✐t⑩ t♦ ❛❝❝♦✬✲t ❢♦r t❤✐✱ ❝❤❛✲❣❡ ✐✱ t♦ ✬✱❡ t❤❡ r❡❬❡❝t❡❞ ✰✐❣❤t ❢r♦♠ t❤❡ ❡❛r❞r✬♠ ❸❴❵

❝♦✰✰❡❝t❡❞ ✐✲✱✐❞❡ t❤❡ ✱t♦❭ r❛❞✐✬✱ ❛✲❞ ✬✱❡ ✐t✱ ✐✲❢♦r♠❛t✐♦✲ t♦ ♠❛❹❡ ❝♦✲❝✰✬✱✐♦✲✱ ❛❜♦✬t t❤❡ tr❛✲✱♠✐✱✱✐♦✲✭

❺✲ ❡❩❡❝t❷ t❤✐✱ ✇♦✬✰❞ ❜❡ ❝♦✲❢♦❝❛✰ ❞❡t❡❝t✐♦✲ ♦❢ t❤❡ ❭r♦❭❡rt✐❡✱ ♦❢ t❤❡ ❡❛r❞r✬♠ ❛t t❤❡ ✱❛♠❡ t✐♠❡ ❛✱

❭❡r❢♦r♠✐✲❣ ❛✲t✐❶❝♦✲❢♦❝❛✰ ❞❡t❡❝t✐♦✲ ♦❢ t❤❡ ♠✬❝♦✱❛✭ ❻✲✰⑩ t❤❡ ✱♠❛✰✰ ✐✰✰✬♠✐✲❛t❡❞ ❛r❡❛ ✇♦✬✰❞ ❜❡ ❭r♦❜❡❞

❛✲❞ t❤❡ ❡❛r❞r✬♠ ❝❤❛r❛❝t❡r✐✱t✐❝✱ ♦❢ ❛ ✱♠❛✰✰ ❛r❡❛ ❞❡t❡r♠✐✲❡❞✭ ❼❤✐✱ ❛r❡❛ ❛❩❡❝t✱ t❤❡ tr❛✲✱♠✐✱✱✐♦✲ ♦❢

t❤❡ ✐✰✰✬♠✐✲❛t✐♦✲✭ ❼❤❡ ❝❤❛r❛❝t❡r✐✱❛t✐♦✲ ♦❢ ❛ ✇✐❞❡r ❛r❡❛ ♦❢ t❤❡ ❡❛r❞r✬♠ ✇♦✬✰❞ ❜❡ ✲❡❝❡✱✱❛r⑩ t♦ ❛✰✱♦

❝❤❛r❛❝t❡r✐✱❡ t❤❡ tr❛✲✱♠✐✱✱✐♦✲ ♦❢ ❜❛❝❹✱❝❛tt❡r❡❞ ✰✐❣❤t✭ ❋✬rt❤❡r❷ t❤❡ ❛①✐❛✰ r❡✱♦✰✬t✐♦✲ ♦❢ t❤❡ ❝♦✲❢♦❝❛✰

✱⑩✱t❡♠ ✇✐t❤ ❽❑ ♦❢ ❾✭❾❿ ✇♦✬✰❞ ❜❡ ➀➁➂➃➁➄ ◆ ✶➅➆➇ ⑥
➈➉❧ ◆ ✶❿➊➋♠ ❢♦r ❿❾❿ ✲♠ ➌✶➊➆➍✭ ❼❤✐✱ ✐✱ ♠♦r❡

t❤❛✲ t❤❡ t❤✐❝❹✲❡✱✱ ♦❢ t❤❡ ❡❛r❞r✬♠✭ ➎❡✲❝❡❷ r❡❬❡❝t✐♦✲✱ ❢r♦♠ t❤❡ ✱✬r❢❛❝❡ ❝❛✲✲♦t ❜❡ r❡➏❡❝t❡❞ ❛✲❞ ✇✐✰✰

✐✲❬✬❡✲❝❡ t❤❡ ♠❡❛✱✬r❡♠❡✲t✱✭

❺✲❝r❡❛✱❡❞ ❛❜✱♦r❭t✐♦✲ ✐✲✱✐❞❡ t❤❡ ❡❛r❞r✬♠ ✇♦✬✰❞ r❡✱✬✰t ✐✲ ❛ ✱♠❛✰✰❡r r❡❬❡❝t✐♦✲ ✱✐❣✲❛✰ ❸❴❵ ❛✲❞

✰♦✇❡r tr❛✲✱♠✐✱✱✐♦✲✭ ➎❡✲❝❡❷ ✐t ✱❤♦✬✰❞ ❜❡ ❭♦✱✱✐❜✰❡ t♦ ❛❝❝♦✬✲t ❢♦r ❛ ❝❤❛✲❣❡❞ ❛❜✱♦r❭t✐♦✲ ❝♦❡✳❝✐❡✲t ✐✲

t❤❡ ❡❛r❞r✬♠✭ ❑✲ ✐✲❝r❡❛✱❡❞ ✱❝❛tt❡r✐✲❣ ❝♦❡✳❝✐❡✲t ✇✐✰✰ ❞❡❝r❡❛✱❡ t❤❡ tr❛✲✱♠✐tt❡❞ ✱✐❣✲❛✰ ❜✬t ✐✲❝r❡❛✱❡
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t❤❡ r❡✌❡❝t❡❞ ❜❛❝❦❣r♦✆♥❞ ✭❛✝ ♣r❡✝❡♥t❡❞ ✐♥ ✞❡❝t✐♦♥ ✺✟✄✟✸ ❞❡✝❝r✐❜✐♥❣ t❤❡ ✐♥✌✆❡♥❝❡ ♦✠ ✝❝❛tt❡r✐♥❣ ✐♥ t❤❡

❡❛r❞r✆♠ ♦♥ ✝✐❣♥❛✡ ❛♥❞ ❜❛❝❦❣r♦✆♥❞✮✟ ☛❤❡✝❡ ❛✝✝✆♠♣t✐♦♥✝ ✇✐✡✡ ❜❡ t❡✝t❡❞ ♦♥ ✝✐♠✆✡❛t✐♦♥✝ ✈❛r②✐♥❣ t❤❡

❡❛r❞r✆♠ ♣❛r❛♠❡t❡r✝ ♣r❡✝❡♥t❡❞ ❜❡✡♦✇✟

❆☞s✍✎✏✑✒✍✓ ✍✔ ✑✕✖ ✗✘✎✙✎✉✚

☛❤❡ ❛❜✝♦r♣t✐♦♥ ♦✠ t❤❡ ❡❛r❞r✆♠ ✐✝ ❝❤❛♥❣❡❞ ✐♥ ✝✐♠✆✡❛t✐♦♥✝ ✐♥ ♦r❞❡r t♦ ✐♥✈❡✝t✐❣❛t❡ t❤❡ ✐♥✌✆❡♥❝❡ ♦♥ t❤❡

✐♥✌❛♠♠❛t✐♦♥ ✐♥❞❡①✟ ☛✇♦ ✇❛✈❡✡❡♥❣t❤ ✐♥❞❡♣❡♥❞❡♥t ❝❛✝❡✝ ✇❡r❡ ✐♥✈❡✝t✐❣❛t❡❞✱ ✐♥ ♦♥❡ t❤❡ ❛❜✝♦r♣t✐♦♥ ❛t

❜♦t❤ ✇❛✈❡✡❡♥❣t❤✝ ✐✝ ❡✐t❤❡r ❞♦✆❜✡❡❞ ♦r ❤❛✡✈❡❞✟ ❋✆rt❤❡r✱ t❤❡ ❛❜✝♦r♣t✐♦♥ ✐✝ ❝❤❛♥❣❡❞ ❞✐✛❡r❡♥t✡② ❛t ❜♦t❤

✇❛✈❡✡❡♥❣t❤ ❜② ❛ ✠❛❝t♦r ✜ ♦✠ ✷✟✷ ✭♠✆✡t✐♣✡✐❝❛t✐♦♥ ❜② ✄✟✸✸ ❛♥❞ ✷ ✠♦r ✺✄✢ ♥♠ ❛♥❞ ✼✸✣ ♥♠✱ r❡✝♣❡❝t✐✈❡✡②✮
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❋✐❣✆r❡ ✢✟✶✤❽ ❾♥✌✆❡♥❝❡ ♦✠ ❛❜✝♦r♣t✐♦♥ ♦✠ t❤❡ ❡❛r❞r✆♠ ♦♥ t❤❡ ✐♥✌❛♠♠❛t✐♦♥ ✐♥❞❡①✟

☛❤❡ ✇❛✈❡✡❡♥❣t❤ ✐♥❞❡♣❡♥❞❡♥t ❝❤❛♥❣❡ ♦✠ ❛❜✝♦r♣t✐♦♥ ✐♥tr♦❞✆❝❡✝ ❛♥ ❡rr♦r ✭♠❛①✐♠✆♠ ♦✠ ✼✟✢❿

❛♥❞ ✼✟✼❿ ✠♦r ✝❝❛✡✐♥❣ ♦✠ ✣✟✺ ❛♥❞ ✷ r❡✝♣❡❝t✐✈❡✡②✮ ❞✆❡ t♦ ♥♦♥➀✡✐♥❡❛r ❡✛❡❝t✝ ❞✆❡ t♦ ✝❝❛tt❡r✐♥❣ t❤❛t

✇❡r❡ ♥❡❣✡❡❝t❡❞ ✐♥ t❤❡ ✝✐♠♣✡✐✥❡❞ ❞❡r✐✈❛t✐♦♥✝ ❛♥❞ ❞❡✥♥✐t✐♦♥ ♦✠ ❡❛r❞r✆♠ ✠❛❝t♦r ➁➂➃✟ ➄ ✇❛✈❡✡❡♥❣t❤

❞❡♣❡♥❞❡♥t ❝❤❛♥❣❡ ❤❛✝ ❛ ♠✆❝❤ ❤✐❣❤❡r ❡✛❡❝t ♦♥ t❤❡ ✐♥✌❛♠♠❛t✐♦♥ ✐♥❞❡① ❛✝ ♦❜✝❡r✈❡❞ ✐♥ ❋✐❣✆r❡ ✢✟✶✤

✭❛✮✟ ☛❤✐✝ ✐♥✌✆❡♥❝❡ ✐✝ ❞✆❡ t♦ t❤❡ ✠❛❝t t❤❛t t❤❡ ✡✐❣❤t ❛t ✺✄✢ ♥♠ ✐✝ ♠♦r❡ ✝tr♦♥❣✡② ❛tt❡♥✆❛t❡❞ t❤❛♥ ❛t

✼✸✣ ♥♠ ❛♥❞ t❤✆✝ t❤❡ r❡✡❛t✐♦♥ r❡❞✆❝❡❞✟ ➄✝ t❤❡ ✡✐❣❤t ♣❛✝✝❡✝ t❤❡ ❡❛r❞r✆♠ t✇✐❝❡✱ t❤❡ ✐♥❞❡① ✐✝ ❝♦rr❡❝t

❜② t❤❡ ✝q✆❛r❡ ♦✠ t❤❡ ✝❝❛✡✐♥❣ ✠❛❝t♦r ✜✦➅ t❤❡ r❡✝✆✡t✝ ❛r❡ ✝❤♦✇♥ ✐♥ ✝✆❜✥❣✆r❡ ✭❜✮✟ ☛❤❡ ❡rr♦r ✐✝ ✝t✐✡✡

❤✐❣❤❡r t❤❛♥ ✠♦r t❤❡ ❝❛✝❡✝ ♦✠ ❡q✆❛✡ ❝❤❛♥❣❡ ✝❤♦✇✐♥❣ t❤❛t ❝♦rr❡❝t✐♦♥ ♦✠ t❤❡ ✐♥✌❛♠♠❛t✐♦♥ ✐♥❞❡① ✆✝✐♥❣
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➆❡①t t❤❡ ❝♦♥✠♦❝❛✡ ❞❡t❡❝t❡❞ ✝✐❣♥❛✡ ♦✠ t❤❡ ❡❛r❞r✆♠ ➇➈➉➊➋ ✐✝ ♠❡❛✝✆r❡❞ ❛♥❞ t❤❡ r❡✡❛t✐♦♥ ➌➈➉➊➋ ♦✠
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❷❸❹❺❻❼ ❽❾❿➀➁ ➂❼➃➄➅❸➆➇ ➈➉➊➋➌ ➆➍ ➎➆➇➍➆➎➄➃ ➏❸❹➇➄➃ ➐➀❾➀✄ ➑➑ ➒❸➇➓➆➃❼ ❻➄➔❸❺➏→ ➍❻➆➑ ❼➄❻➔❻❺➑ ➄➅ ➣↔➀ ➄➇➔
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➅➓❼ ➏❸❹➇➄➃ ➄➅ ➣↔➀ ➄➇➔ ↕✄❽ ➇➑ ➏➓➆➝➇ ❸➇ ❷❸❹❺❻❼ ❽❾❿➀ ➐➄→❾ ➞➓❼ ❻❼➃➄➅❸➆➇ ➆➍ ➔❼➅❼➎➅❼➔ ➏❸❹➇➄➃ ❸➏ ➄➃➑➆➏➅
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❸➇ ➑➆➏➅ ➎➄➏❼➏❾ ❷➆❻ ➏➅❻➆➇❹➃➟ ➍➆❻➝➄❻➔ ➏➎➄➅➅❼❻❸➇❹➤ ➅➓❼ ➆➒➒➆➏❸➅❼ ➎➄➇ ➜❼ ➅❻❺❼❾ ➞➓❼ ❼➲❼➎➅ ➆➍ ➏➎➄➅➅❼❻❸➇❹

➆➇ ➅➓❼ ❸➇➙➄➑➑➄➅❸➆➇ ❸➇➔❼➛ ❸➏ ❸➇➫❼➏➅❸❹➄➅❼➔ ➓❼❻❼❾

❮➄➫❼➃❼➇❹➅➓ ❸➇➔❼➒❼➇➔❼➇➅ ➄➇➔ ➝➄➫❼➃❼➇❹➅➓ ➔❼➒❼➇➔❼➇➅ ➎➓➄➇❹❼➏ ➆➍ ➅➓❼ ➏➎➄➅➅❼❻❸➇❹ ➎➆❼❒➎❸❼➇➅ ➄❻❼

❸➇➫❼➏➅❸❹➄➅❼➔❾ ❷❸❹❺❻❼ ❽❾❿✶ ➐➄→ ➏➓➆➝➏ ➝➄➫❼➃❼➇❹➅➓ ❸➇➔❼➒❼➇➔❼➇➅ ➎➓➄➇❹❼➏ ➐➍➄➎➅➆❻ ➆➍ ❿➤ ✶❾↕➤ ➄➇➔ ➀❾➩✄→ ❸➇

❻❼➔ ➄➇➔ ➝➄➫❼➃❼➇❹➅➓ ➔❼➒❼➇➔❼➇➅ ➎➓➄➇❹❼➏ ➐❰❿➛Ï ❸➇➔❸➎➄➅❼➏ ➅➓❼ ➏❸❹➇➄➃ ➄➅ ➣↔➀ ➇➑ ❸➏ ➑❺➃➅❸➒➃❸❼➔ ➜➟ ❿ ➄➇➔

❰➀❾↕Ï ➅➓➄➅ ➅➓❼ ➏❸❹➇➄➃ ➄➅ ↕✄❽ ➇➑ ❸➏ ➑❺➃➅❸➒➃❸❼➔ ➜➟ ❿→ ❸➇ ❹❻❼❼➇❾

✃➆➅➓➤ ➅➓❼ ➝➄➫❼➃❼➇❹➅➓ ❸➇➔❼➒❼➇➔❼➇➅ ➄➇➔ ➔❼➒❼➇➔❼➇➅ ➎➄➏❼➏ ➎➓➄➇❹❼ ➅➓❼ ❸➇➙➄➑➑➄➅❸➆➇ ❸➇➔❼➛ ➏❸❹➇❸➢❐
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➉✐♥➊♦❼❡ ➋❛❞✐➌➄✸ ➂➋♦♠ ❡❛➋❞➋➌♠ ❛t ➍➎➆ ❛♥❞ ➏➈➐ ♥♠

➑➒➓➔→➣ ↔↕➙✶➛ ➜➝➞➔➣➝➟➣ ➠➡ ➢➟➤➥➥➣→➒➝➓ ➠➡ ➥➦➣ ➣➤→➧→➔➨ ➠➝ ➥➦➣ ➒➝➞➤➨➨➤➥➒➠➝ ➒➝➧➣➩ ➤➝➧ ➟➠➝➡➠➟➤➫ ➢➒➓➝➤➫

➡→➠➨ ➥➦➣ ➣➤→➧→➔➨↕

➢➒➓➝➤➫ ➠➝ ➥➦➣ ➧➣➥➣➟➥➠→↕ ➭ ➯➤➲➣➫➣➝➓➥➦ ➒➝➧➣➳➣➝➧➣➝➥ ➒➝➟→➣➤➢➣ ➒➝ ➢➟➤➥➥➣→➒➝➓ →➣➧➔➟➣➢ ➥➦➣ ➒➝➞➤➨➨➤➥➒➠➝

➒➝➧➣➩➵ ➯➦➒➫➣ ➥➦➣ ➠➳➳➠➢➒➥➣ ➒➢ ➥→➔➣ ➡➠→ ➤ ➧➣➟→➣➤➢➣ ➒➝ ➢➟➤➥➥➣→➒➝➓↕ ➭➝ ➒➝➟→➣➤➢➣ ➒➝ ➢➟➤➥➥➣→➒➝➓ ➤➥ ➸➺☎ ➝➨

➻➼➙➩➽➾ ➒➝➟→➣➤➢➣➢ ➥➦➣ ➒➝➧➣➩↕ ➚➦➒➢ ➒➢ ➔➝➣➩➳➣➟➥➣➧ ➤➢ ➤➝ ➒➝➟→➣➤➢➣ ➒➝ ➢➟➤➥➥➣→➒➝➓ ➒➢ ➣➩➳➣➟➥➣➧ ➥➠ →➣➧➔➟➣

➥➦➣ ➢➒➓➝➤➫ ➤➥ ➸➺☎ ➝➨ ➤➝➧ ➥➦➔➢ ➧➣➟→➣➤➢➣ ➥➦➣ ➒➝➧➣➩↕ ➪➔➥ ➥➦➣ ➠➳➳➠➢➒➥➣ ➒➢ ➥→➔➣ ➤➢ ➥➦➣ ➢➒➓➝➤➫ ➒➢ ➡➔→➥➦➣→

➢➳→➣➤➧ ➧➔➣ ➥➠ ➦➒➓➦➣→ ➢➟➤➥➥➣→➒➝➓ ➤➝➧ ➥➦➔➢ ➨➠→➣ ➢➒➓➝➤➫ ➧➣➥➣➟➥➣➧ ➔➢➒➝➓ ➤ ➢➥➠➳↕ ➜➝ ➥➦➣ ➢➤➨➣ ➯➤➶➵ ➤➝

➒➝➟→➣➤➢➣ ➠➡ ➢➟➤➥➥➣→➒➝➓ ➤➥ ✄➹↔ ➝➨ ➻➼☎↕✄➩➽➾ ➒➝➟→➣➤➢➣➢ ➥➦➣ ➧➣➥➣➟➥➣➧ ➢➒➓➝➤➫ ➒➝ ➥➦➣ ➓→➣➣➝ →➤➝➓➣ ➧➔➣ ➥➠

➨➠→➣ ➢➒➓➝➤➫ ➘➣➒➝➓ ➢➟➤➥➥➣→➣➧ ➒➝➥➠ ➥➦➣ ➧➣➥➣➟➥➒➠➝ ➤➳➣→➥➔→➣ ➤➝➧ ➥➦➣ ➒➝➞➤➨➨➤➥➒➠➝ ➒➝➧➣➩ ➒➢ ➧➣➟→➣➤➢➣➧↕

➑➒➓➔→➣ ↔↕➙✶ ➻➘➾ ➢➦➠➯➢ ➥➦➣ ➟➠➝➡➠➟➤➫ ➧➣➥➣➟➥➣➧ ➢➒➓➝➤➫ ➡→➠➨ ➥➦➣ ➣➤→➧→➔➨ ➯➦➒➟➦ ➒➢ ➤➓➤➒➝ ➒➝➧➣➳➣➝➧➣➝➥

➠➡ ➥➦➣ ➘➫➠➠➧ ➟➠➝➥➣➝➥↕ ➚➦➣ ➯➤➲➣➫➣➝➓➥➦ ➒➝➧➣➳➣➝➧➣➝➥ ➟➤➢➣➢ ➧➠ ➝➠➥ ➢➦➠➯ ➤ ➟➦➤➝➓➣ ➒➝ ➟➠➝➡➠➟➤➫ ➢➒➓➝➤➫

→➣➫➤➥➒➠➝ ➣➲➣➝ ➥➦➠➔➓➦ ➥➦➣ ➤➝➥➒➴➟➠➝➡➠➟➤➫ ➢➒➓➝➤➫ ➟➦➤➝➓➣➧↕ ➑➔→➥➦➣→➵ ➤ ➧➣➟→➣➤➢➣➧ ➤➝➥➒➴➟➠➝➡➠➟➤➫ ➢➒➓➝➤➫

→➣➫➤➥➒➠➝ ➻➧➤→➷ ➓→➣➣➝➾ ➒➢ ➤➢➢➠➟➒➤➥➣➧ ➯➒➥➦ ➤➝ ➒➝➟→➣➤➢➣➧ ➟➠➝➡➠➟➤➫ ➢➒➓➝➤➫ ➯➦➒➫➣ ➥➦➣ ➠➳➳➠➢➒➥➣ ➒➢ ➥→➔➣ ➡➠→

➟➦➤➝➓➣➢ ➒➝ ➥➦➣ ➤➘➢➠→➳➥➒➠➝ ➟➠➣➬➟➒➣➝➥↕

➮➱✃❐❒❮❰Ï➱✃

➚➦➣ ➢➒➨➔➫➤➥➒➠➝➢ ➢➦➠➯➣➧ ➥➦➤➥ ➘➠➥➦ ➥➦➣ ➤➘➢➠→➳➥➒➠➝ ➤➢ ➯➣➫➫ ➤➢ ➥➦➣ ➢➟➤➥➥➣→➒➝➓ ➟➠➣➬➟➒➣➝➥ ➠➡ ➥➦➣ ➣➤→➧→➔➨

➒➝➞➔➣➝➟➣ ➥➦➣ ➒➝➞➤➨➨➤➥➒➠➝ ➒➝➧➣➩ ➣➲➣➝ ➯➦➣➝ ➤ ➟➦➤➝➓➣ ➒➢ ➒➝➧➣➳➣➝➧➣➝➥ ➠➡ ➥➦➣ ➯➤➲➣➫➣➝➓➥➦↕ ➚➦➒➢ ➢➦➠➯➢

➥➦➤➥ ➥➦➣ ➢➒➨➳➫➒Ð➣➧ ➟➤➫➟➔➫➤➥➒➠➝➢ ➨➤➧➣ ➤➘➠➲➣ ➤→➣ ➝➠➥ ➲➤➫➒➧ ➻➢➥➒➫➫ ➥➦➣➶ ➲➒➢➔➤➫➒➢➣ ➥➦➣ ➘➤➢➒➟ ➟➠➝➟➣➳➥ ➠➡

➥➦➣ ➨➣➤➢➔→➣➨➣➝➥➢➾↕ ➭➫➢➠➵ ➥➦➣ ➟➠→→➣➟➥➒➠➝ ➠➡ ➥➦➣ ➒➝➞➤➨➨➤➥➒➠➝ ➒➝➧➣➩ ➘➶ ➥➦➣ ➟➠➝➡➠➟➤➫ ➧➣➥➣➟➥➣➧ ➢➒➓➝➤➫

➠➡ ➥➦➣ ➣➤→➧→➔➨ ➒➢ ➝➠➥ ➥→➒➲➒➤➫ ➤➢ ➢➟➤➥➥➣→➒➝➓ ➤➝➧ ➤➘➢➠→➳➥➒➠➝ ➢➦➠➯ ➠➳➳➠➢➒➥➣ ➣Ñ➣➟➥➢↕ ➚➦➣ ➒➝➞➔➣➝➟➣ ➠➡

➥➦➣ ➢➟➤➥➥➣→➒➝➓ ➤➝➒➢➠➥→➠➳➶ ➦➤➢ ➝➠➥ ➘➣➣➝ ➢➒➨➔➫➤➥➣➧ ➤➝➧ ➯➠➔➫➧ ➟➠➨➳➫➒➟➤➥➣ ➥➦➣ ➢➒➓➝➤➫ ➳→➠➟➣➢➢➒➝➓ ➣➲➣➝

➨➠→➣↕
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✌☞✒ ❜❡ ❡①♣r❡✎✎❡❞ ☞✎

✯✙✘✙✮✰✭✲✜ ❂ ■✵ ✴ ✷▼✭✲✜✸ ✼
✽▼✭✲✜❝✗✘✙✾▼✭✲✜❝✗✘✤✥✦✾▼✭✲✜ ✴ ❝✘✿✙❀✬❁

❃ ■✵ ✴ ✷✽▼✭✲✜❝✗✘✙✾✽▼✭✲✜❝✗✘✤✥✦✾✽▼✭✲✜ ✴ ❝✘✿✙❀✬❁

❃ ★✬✮♠✩✗✮ ❃ ★✗✩✪✫

✭✛✕❄❅✜

❆✎ ❡①♣❧☞✑✒❡❞ ♣r❡✈✑✍✏✎❧②✣ ✡☛❡ ❜☞✌❦❣r✍✏✒❞ r❡✖❡✌✡✑✍✒ ❜② ✡☛❡ ❡☞r❞r✏✓ ✑✎ ☞✈✍✑❞❡❞ ❜② ✏✎❡ ✍❢ ✡☛❡ ☞✒✡✑❉

✌✍✒❢✍✌☞❧ ✎②✎✡❡✓ ✇✑✡☛ ☛✑❣☛ ✢❇●✕ ❏✍✑✎❡ ✎✏❜✡r☞✌✡✑✍✒ ✭❜② ✏✎❡ ✍❢ ☞✒ ✑✓☞❣❡ r❡✌✍r❞❡❞ ✇✑✡☛ ✡☛❡ ❧☞✎❡r

✎✇✑✡✌☛❡❞ ✍✒ ☞✒❞ ❜❡☞✓ r❡✖❡✌✡❡❞ ❢r✍✓ ✡☛❡ ✎☞✓♣❧❡ ❞✑r❡✌✡❡❞ ☞✇☞② ❢r✍✓ ✡☛❡ ❞❡✡❡✌✡✍r✜ ❜✍✡☛ ✒✍✑✎❡

✌✍✓♣✍✒❡✒✡✎ ✌☞✒ ❜❡ ✓✑✒✑✓✑✎❡❞✕ ✧☛❡ ✡✍✡☞❧ ✎✑❣✒☞❧ ✎✑✓♣❧✑❑❡✎ ✡✍

✯✙✘✙✮✰✭✲✜ ▲ ■✵ ✴ ✷▼✭✲✜✸ ✼
✽▼✭✲✜❝✗✘✙✾▼✭✲✜❝✗✘✤✥✦✾▼✭✲✜ ✴ ❝✘✿✙❀✬❁ ✭✛✕P◗✜

❯✎❡ ✍❢ ✡☛❡ ✑✒✖☞✓✓☞✡✑✍✒ ✑✒❞❡① ☞✎ ✓❡☞✎✏r❡ ✇✑❧❧ ❣❡✡ r✑❞ ✍❢ ✡☛❡ r✍✏❣☛✒❡✎✎ ☞✒❞ r✍✡☞✡✑✍✒ ✌✍✒✎✡☞✒✡✎ ✑❢

❜✍✡☛ ❢☞✌✡✍r✎ ☞r❡ ✑✒❞❡♣❡✒❞❡✒✡ ✍✒ ✡☛❡ ✇☞✈❡❧❡✒❣✡☛✎✕ ✧☛✑✎ ✑✎ ☞✎✎✏✓❡❞ ✡✍ ❜❡ ✡☛❡ ✌☞✎❡ ☞✎ ✑✡ ✑✎ ✑✒✡❡✒❞❡❞

✡✍ ✏✎❡ ✇☞✈❡❧❡✒❣✡☛✎ ✡☛☞✡ ☞r❡ r❡❧☞✡✑✈❡❧② ✌❧✍✎❡ ✡✍ ❡☞✌☛ ✍✡☛❡r ☞✒❞ ✡☛❡ ✎☞✓❡ ✎✏r❢☞✌❡ ✑✎ ✎☞✓♣❧❡❞ ❞✏❡

✡✍ ☞❧✑❣✒✓❡✒✡ ✍❢ ✡☛❡ ❧☞✎❡r✎✕ ✧☛❡ ✍♣✡✑✌✎ ✎✌☞❧✑✒❣ ❢☞✌✡✍r ☞✒❞ ✑✒♣✏✡ ♣✍✇❡r ✌☞✒ ☞❧✎✍ ❜❡ ✒❡❣❧❡✌✡❡❞ ☞✎

❡①♣❧☞✑✒❡❞ ♣r❡✈✑✍✏✎❧②✕ ❱❡✒✌❡✣ ✡☛❡ ✑✒✖☞✓✓☞✡✑✍✒ ✑✒❞❡① ✌☞✒ ❜❡ ❡①♣r❡✎✎❡❞ ☞✎ ❣✑✈❡✒ ✑✒ ✚q✏☞✡✑✍✒ ✭✛✕❲◗✜

☞✒❞ ✇✑❧❧ ✒✍✡ ❜❡ ☞✔❡✌✡❡❞ ❜② ✡☛❡ ☞❜✍✈❡ ❢☞✌✡✍r✎✕

❳❩❳ ❬❭❪❫❴❵❥③❭❪

❇❡✎✡ ✇☞✈❡❧❡✒❣✡☛ ❢✍r ✡☛❡ ✓❡☞✎✏r❡✓❡✒✡ ✍❢ ✡☛❡ ✑✒✖☞✓✓☞✡✑✍✒ ✭❜❧✍✍❞ ✌✍✒✌❡✒✡r☞✡✑✍✒ ✑✒ ✡✑✎✎✏❡✜ ☞✒❞

✍①②❣❡✒☞✡✑✍✒ ☛☞✈❡ ❜❡❡✒ ❢✍✏✒❞ ✑✒ ✎✑✓✏❧☞✡✑✍✒✎ ☞✒❞ ✓☞✡✌☛ ✇✑✡☛ ✇☞✈❡❧❡✒❣✡☛✎ ✏✎❡❞ ✑✒ ❧✑✡❡r☞✡✏r❡✕ ✧☛❡

✑✒❞❡① ✑✎ r❡❧☞✡✑✈❡❧② ✏✒☞✔❡✌✡❡❞ ❜② ✌☛☞✒❣❡✎ ✑✒ ✎✌☞✡✡❡r✑✒❣ ✍❢ ✡☛❡ ✓✏✌✍✎☞✣ r✍✏❣☛✒❡✎✎✣ ☞✒❣❧❡ ✍❢ ✡☛❡ ✎✏r❢☞✌❡✣

☞✒❞ ✇☞✈❡❧❡✒❣✡☛ ✑✒❞❡♣❡✒❞❡✒✡ ✌☛☞✒❣❡✎ ✍❢ ✡☛❡ ☞❜✎✍r♣✡✑✍✒ ✍❢ ✡☛❡ ❡☞r❞r✏✓✕ ④✒ ✌✍✒✡r☞✎✡✣ ✡☛❡ ❞✑✎✡☞✒✌❡

❜❡✡✇❡❡✒ ❡☞r❞r✏✓ ☞✒❞ ✓✏✌✍✎☞✣ ✡☛❡ ✎✌☞✡✡❡r✑✒❣ ☞✒❞ ✇☞✈❡❧❡✒❣✡☛ ❞❡♣❡✒❞❡✒✡ ✌☛☞✒❣❡✎ ✍❢ ✡☛❡ ☞❜✎✍r♣✡✑✍✒

✍❢ ✡☛❡ ❡☞r❞r✏✓ ☞✔❡✌✡ ✡☛❡ ✓❡☞✎✏r❡✓❡✒✡✕ ⑤☛✑❧❡ ✡☛❡ ✌✍✒❢✍✌☞❧ ❞❡✡❡✌✡❡❞ ✎✑❣✒☞❧ ✍❢ ✡☛❡ ❡☞r❞r✏✓ ✓✑❣☛✡



❈❍�✁❚❊❘ ✻✂ ❙✁❊❈❚❘❖❙❈❖✁❨ ✶✄☎

❣✆✈❡ ✆♥❢♦✝♠❛✞✆♦♥ ❛✟♦✠✞ ✆✞s ♣✝♦♣❡✝✞✆❡s s✆❣♥❛✡ ♣✝♦❝❡ss✆♥❣ ✆s ♥♦✞ ✞✝✆✈✆❛✡ ❛s s❝❛✞✞❡✝✆♥❣ ❛♥❞ ❛✟s♦✝♣✞✆♦♥

❤❛✈❡ ♦♣♣♦s✆✞❡ ✆♥✌✠❡♥❝❡s ♦♥ ✞❤❡ ✆♥✌❛♠♠❛✞✆♦♥ ✆♥❞❡① ❛♥❞ ✞❤❡ ❝♦♥❢♦❝❛✡ ❡❛✝❞✝✠♠ s✆❣♥❛✡✳ ☛❤❡ ✠s❡

♦❢ ✇❛✈❡✡❡♥❣✞❤s ❝✡♦s❡✝ ✞♦ ❡❛❝❤ ♦✞❤❡✝ ✇♦✠✡❞ ✝❡❞✠❝❡ ✞❤❡ ✆♥✌✠❡♥❝❡ ♦❢ ❝❤❛♥❣❡s ✆♥ s❝❛✞✞❡✝✆♥❣ ♦♥ ✞❤❡

❡❛✝❞✝✠♠✱ ✟✠✞ ✝❡❞✠❝❡ ✞❤❡ s❡♥s✆✞✆✈✆✞② ♦❢ ✆♥✌❛♠♠❛✞✆♦♥ ✆♥❞❡① ✞♦ ❝❤❛♥❣❡s ✆♥ ✞❤❡ ✟✡♦♦❞ ❝♦♥✞❡♥✞✳

❲❤✆✡❡ ✞❤❡ ✆♥✌✠❡♥❝❡ ♦❢ ✞❤❡ ❡❛✝❞✝✠♠ ♦♥ ✞❤❡ ♠❡❛s✠✝❡♠❡♥✞s ❝❛♥ ✟❡ ✝❡❞✠❝❡❞ ✠s✆♥❣ ✞❤❡s❡ ✞✇♦

❛♣♣✝♦❛❝❤❡s✱ ✞❤❡② ❝❛♥♥♦✞ ❝♦♠♣✡❡✞❡✡② ❝♦♠♣❡♥s❛✞❡ ❢♦✝ ✆✞✳ ☛❤✆s ♠❡❛♥s✱ ✆❢ ✞❤❡ ❛✟s♦✝♣✞✆♦♥ ❛♥❞ s❝❛✞✞❡✝✆♥❣

♦❢ ✞❤❡ ❡❛✝❞✝✠♠ ✈❛✝② s✆❣♥✆☞❝❛♥✞✡② ✟❡✞✇❡❡♥ ❞✆✍❡✝❡♥✞ ♣❛✞✆❡♥✞s ♦✝ ✇✆✞❤✆♥ ♦♥❡ ♣❡✝s♦♥ ♦✈❡✝ ✞✆♠❡✱ ✞❤❡♥ ✞❤❡

✆♥✌❛♠♠❛✞✆♦♥ ✆♥❞❡① ❝❛♥♥♦✞ ✟❡ ✝❡✡✆❛✟✡② ♠❡❛s✠✝❡❞ ❛s ✞❤❡ ❡❛✝❞✝✠♠ ♣✝♦♣❡✝✞✆❡s ❛✍❡❝✞ ✞❤❡ ♠❡❛s✠✝❡♠❡♥✞

❛♥❞ ❝❛✡✆✟✝❛✞✆♦♥ ❝❛♥ ♦♥✡② ✟❡ ♣❡✝❢♦✝♠❡❞ ♦♥ ❛♥ ❛✈❡✝❛❣❡ s❡✞ ♦❢ ♦♣✞✆❝❛✡ ♣✝♦♣❡✝✞✆❡s✳



❈❤�♣✁❡r ✼

❊①✂✄☎✐♠✄♥t❛❧ ❱❛❧✐❞❛t✐♦♥

❉✉✆✝✞❣ s✝✟✉✠✡☛✝☞✞s ☛✌✍ ✇✡✈✍✠✍✞❣☛✌s ✎✏✑ ✡✞✒ ✺✓✔✞✟ ✇✍✆✍ ❢☞✉✞✒ ☛☞ ❜✍ ✟☞s☛ s✉✝☛✡❜✠✍ ❢☞✆ ✟✍✡s✉✆✍✲
✟✍✞☛s ☞❢ ☛✌✍ ✝✞✕✡✟✟✡☛✝☞✞ ❣✝✈✝✞❣ ✌✝❣✌✍s☛ s✍✞s✝☛✝✈✝☛②✳ ❇✉☛ ✞☞ ✠✡s✍✆s ✡✆✍ ✡✈✡✝✠✡❜✠✍ ✡☛ ✺✓✔✞✟ ☞✆ ✝✞
☛✌✍ ❣✆✍✍✞ ✆✡✞❣✍ ✡❜☞✈✍✳ ❍✍✞❝✍✱ ✡ ✠✡s✍✆ ✇✝☛✌ ✺✏✖ ✞✟ ✇✡✈✍✠✍✞❣☛✌ ✝s ✉s✍✒ ✝✞s☛✍✡✒✳ ❆✞ ◆✗❘ ✠✡s✍✆ ✇✝☛✌
✽✑✽ ✞✟ ✇✡✈✍✠✍✞❣☛✌ ✇✡s ✡✈✡✝✠✡❜✠✍ ✡✞✒ ✉s✍✒ ✝✞s☛✍✡✒ ☞❢ ✡ ✎✏✑ ✞✟ ✠✡s✍✆ ✡s s✉❣❣✍s☛✍✒ ❜② s✝✟✉✠✡☛✝☞✞s✳
❚✌✝s ✇✝✠✠ ✒✍❝✆✍✡s✍ ☛✌✍ s✍✞s✝☛✝✈✝☛② ☞❢ ☛✌✍ ✝✞✕✡✟✟✡☛✝☞✞ ✝✞✒✍✘ ✡s s✌☞✇✞ ✝✞ ❋✝❣✉✆✍ ✎✳✶✱ ✇✌✍✆✍ ☛✌✍
✝✞✕✡✟✟✡☛✝☞✞ ✝✞✒✍✘ ✡✞✒ ✒✍✙✍✞✒✍✞❝✍ ☞❢ ☛✌✍ ✟✍✡s✉✆✍✟✍✞☛ ☞✞ ☞✘②❣✍✞✡☛✝☞✞ ☞❢ ☛✌✍ s✝✟✉✠✡☛✍✒ ✡✞✒ ❢☞✆
✍✘✙✍✆✝✟✍✞☛s s✍✠✍❝☛✍✒ ✇✡✈✍✠✍✞❣☛✌s ✝s s✌☞✇✞✳ ❚✌✍ ✒✍✙✍✞✒✍✞❝✍ ☞✞ ☛✌✍ ☞✘②❣✍✞✡☛✝☞✞ ✝s ✠☞✇ ❢☞✆ ❜☞☛✌
✇✡✈✍✠✍✞❣☛✌ ❝☞✟❜✝✞✡☛✝☞✞s ✇✌✝✠✍ ☛✌✍ ✒✍✙✍✞✒✍✞❝✍ ☞✞ ❜✠☞☞✒ ❝☞✞❝✍✞☛✆✡☛✝☞✞ ✝s ✠☞✇✍✆ ❢☞✆ ☛✌✍ ✇✡✈✍✠✍✞❣☛✌s
✉s✍✒ ✝✞ ✍✘✙✍✆✝✟✍✞☛s✳ ❚✌✍ ✟✍✡s✉✆✍ ❢☞✆ ☛✌✍ s✍✞s✝☛✝✈✝☛② ☞❢ ☛✌✍ ✝✞✕✡✟✟✡☛✝☞✞ ✝✞✒✍✘ ▼✚✛✜✢❖✣✤ ✒✍✥✞✍✒
✡❝❝☞✆✒✝✞❣ ☛☞ ✦q✉✡☛✝☞✞ ✭✔✳✖✽✷ ✝s ✒✍❝✆✍✡s✍✒ ❜② ✡ ❢✡❝☛☞✆ ☞❢ ✑✳✽✖✳

✧★✩ ✪✫✬✮✯✰✴ ❙✵✬✸✫

❚✌✍ ✡✞☛✝✲❝☞✞❢☞❝✡✠ s②s☛✍✟ ✇✡s s✍☛ ✉✙ ☞✞ ✡✞ ☞✙☛✝❝✡✠ ❜✍✞❝✌ ❢☞✆ ❝✌✡✆✡❝☛✍✆✝s✡☛✝☞✞✳ ❆ s❦✍☛❝✌ ☞❢ ☛✌✍
s②s☛✍✟ ✝s s✌☞✇✞ ✝✞ ❋✝❣✉✆✍ ✎✳✖✳ ❚✌✍ ✉s✍✒ ✠✡s✍✆s ✡✆✍ ✍✝☛✌✍✆ ✡ ✆✍✒ ✠✡s✍✆ ✇✝☛✌ ✔✺✑ ✞✟ ✇✡✈✍✠✍✞❣☛✌ ☞✆
✡ ❣✆✍✍✞ ✠✡s✍✆ ✇✝☛✌ ✺✏✖ ✞✟ ✭❇❲◆✲✺✏✖✲✏✑✱ ❇✹❲ ❚✍❦✱ ◆✍✇✡✆❦✱ ❉✦✱ ❯✻❆✷ ✡✞✒ ✡ ◆✗❘ ✠✡s✍✆ ✇✝☛✌
✇✡✈✍✠✍✞❣☛✌ ☞❢ ✽✑✽ ✞✟ ✭▲✽✑✽✾✑✶✑✱ ❚✌☞✆✠✡❜s✱ ◆✍✇☛☞✞✱ ◆✍✇ ❏✍✆s✍②✱ ❯✻❆✱ ❝☞✞☛✆☞✠✠✍✒ ❜② ☛✌✍ ✙☞✇✍✆
✡✞✒ ☛✍✟✙✍✆✡☛✉✆✍ ❝☞✞☛✆☞✠✠✍✆ ❦✝☛ ▲❚✿✶✑✑✲❇ ▲❉✱ ❚✌☞✆✠✡❜s✱ ◆✍✇☛☞✞✱ ◆✍✇ ❏✍✆s✍②✱ ❯✻❆✷✳ ❚✌✍ ✆✍✒
✠✡s✍✆ ✝s ✉s✍✒ ❢☞✆ ❝✌✡✆✡❝☛✍✆✝s✡☛✝☞✞ ☞❢ ☛✌✍ ✡✞☛✝✲❝☞✞❢☞❝✡✠ s②s☛✍✟ ✡✞✒ ✠✡☛✍✆ ✆✍✙✠✡❝✍✒ ❜② ☛✌✍ ❣✆✍✍✞ ✠✡s✍✆
❢☞✆ s✙✍❝☛✆✡✠ ✟✍✡s✉✆✍✟✍✞☛s✳ ❚✌✍ ✆✍✒ ✠✡s✍✆ ✇✡s ✉s✍✒ ☛☞ ❝✌✡✆✡❝☛✍✆✝s✍ ☛✌✍ ✡✞☛✝✲❝☞✞❢☞❝✡✠ s②s☛✍✟ ✡✞✒
✆✍✙✠✡❝✍✒ ❜② ☛✌✍ ❣✆✍✍✞ ✠✡s✍✆ ✡❢☛✍✆ ✡❝❝☞✆✒✝✞❣ ☛☞ s✙✍❝☛✆✡✠ s✝✟✉✠✡☛✝☞✞s ✙✆✍s✍✞☛✍✒ ✝✞ ☛✌✍ ✙✆✍✈✝☞✉s ❝✌✡✙☛✍✆✳
❚✌✍ ❜✍✡✟s ✡✆✍ ✍✘✙✡✞✒✍✒ ☛☞ ✡❝✌✝✍✈✍ ✡ ✒✝✡✟✍☛✍✆ ✠✡✆❣✍✆ ☛✌✡✞ ✶✖✟✟✱ ✡✠✝❣✞✍✒ ✉s✝✞❣ ✡ ✟✝✆✆☞✆ ✙✡✝✆✱
✡✞✒ ✡☛☛✍✞✉✡☛✍✒ ☛☞ ☛✌✍ s✡✟✍ ✙☞✇✍✆ ✠✍✈✍✠ s☞ ✡✈☞✝✒✝✞❣ s✡☛✉✆✡☛✝☞✞ ☞❢ ☛✌✍ ❝✡✟✍✆✡ ✒✉✆✝✞❣ ✆✍❝☞✆✒✝✞❣s

✶✺✏
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✷ ✆ ✝✞ ✻ ✆ ✟✝✠✝✝ ✡✞ ✆ ☛✻✠✻✻ ✡✟ ✆ ☞✞ ✡✌ ✆ ✌✝✠✝✝
✷

✝

✟

☛

✻

☞

✌

✾

✍
✎✏

✥✑✒ ✆ ✓✔✕ ✥✑✒

✖✗
✘✙
✚
✛
✛
✚
✜✢
✣
✗
✖✗
✤
✦
✧

❜★✩✪ ✫☞✝✞✬☛✟✻✭

★✔❡★✮✯✰★✱✪✲✳ ✫☞✾✌✬☛✝✞✭

✴✱✵✳✸★✱✹★ ✓✔✕ ✫☞✝✞✬☛✟✻✭

✴✱✵✳✸★✱✹★ ✓✔✕ ✫☞✾✌✬☛✝✞✭

❋✐❣✺r✽ ✿❀✶❁ ❙✐♠✺❧❛❂✽❞ ✐♥❃❛♠♠❛❂✐♦♥ ✐♥❞✽① ❢♦r ❄✽s❂ ✇❛✈✽❧✽♥❣❂❤s ❅✿❇● ❛♥❞ ❏☎✄ ♥♠❑ ❛♥❞ ✽①♣✽r✐♠✽♥▲

❂❛❧❧② ✺s✽❞ ✇❛✈✽❧✽♥❣❂❤s ❅✿P◗ ❛♥❞ ✄❇● ♥♠❑❀ ❯❲❂✺❛❧❧②❨ ◗●◗ ❛♥❞ ✄❇❩ ♥♠ ✇✽r✽ ✺s✽❞ ✐♥ ✽①♣✽r✐♠✽♥❂s ❄✺❂

✇✽r✽ ♥♦❂ s✐♠✺❧❛❂✽❞ ❛♥❞ ❤✽♥❲✽ ❂❤✽ ❲❧♦s✽s❂ s✐♠✺❧❛❂✽❞ ✇❛✈✽❧✽♥❣❂❤s ❛r✽ ✺s✽❞ ❛s ❛♣♣r♦①✐♠❛❂✐♦♥s❀

❛♥❞ ❛❧❧♦✇✐♥❣ ❂♦ ✺s✽ ❂❤✽ s❛♠✽ ✽①♣♦s✺r✽ ❂✐♠✽ ❢♦r ♠✽❛s✺r✽♠✽♥❂s ✇✐❂❤ ❄♦❂❤ ❧❛s✽rs❀ ❬❤✽ s✽❲♦♥❞

♠✐rr♦r ✐♥ ❄✽❛♠ ♣❛❂❤ ♦❢ ❧❛s✽r ✶ ✐s ❛ ❲♦❧❞ ♠✐rr♦r ❅❭❩✄☎❪☎✄❨ ❬❤♦r❧❛❄s❨ ❫✽✇❂♦♥❨ ❫✽✇ ❴✽rs✽②❨ ❵❙❯❑

❂r❛♥s♠✐❂❂✐♥❣ ✇❛✈✽❧✽♥❣❂❤s ❤✐❣❤✽r ❂❤❛♥ ✿●● ♥♠ ❛♥❞ r✽❃✽❲❂✐♥❣ ✇❛✈✽❧✽♥❣❂❤s ❧♦✇✽r ❂❤❛♥ ✿●● ♥♠ ✺s✽❞

❂♦ ❲♦♠❄✐♥✽ ❄♦❂❤ ❧❛s✽r ❄✽❛♠s ✇✐❂❤♦✺❂ s✐❣♥✐❝❲❛♥❂ ❧♦ss ♦❢ ♣♦✇✽r❀

❯♥ ❛❞❥✺s❂❛❄❧✽ ✐r✐s ❞✐❛♣❤r❛❣♠ ✇✐❂❤ ❛ ♠❛①✐♠✺♠ ❄✽❛♠ ❞✐❛♠✽❂✽r ♦❢ ✶❩ ♠♠ ❅❙❭✶❦✶❩❪❨ ❬❤♦r❧❛❄s❨

❫✽✇❂♦♥❨ ❫✽✇ ❴✽rs✽②❨ ❵❙❯❑ r✽s❂r✐❲❂s ❂❤✽ ❄✽❛♠ ❞✐❛♠✽❂✽r ❄✽❢♦r✽ ❞✐r✽❲❂✐♥❣ ❂❤✽ ❄✽❛♠ ♦♥ ❂❤✽ ♣✽❧❧✐❲❧✽

❄✽❛♠s♣❧✐❂❂✽r ❅❪❭✶▲qt✶☎✄q❩❨ ❬❤♦r❧❛❄s❨ ❫✽✇❂♦♥❨ ❫✽✇ ❴✽rs✽②❨ ❵❙❯❑ ✇✐❂❤ ❛ s♣❧✐❂ r❛❂✐♦ ♦❢ ☎✄❁✄✄

❅✉❁❬❑ ✐♥ ❂❤✽ ✿●● ❂♦ P●● ♥♠ ✇❛✈✽❧✽♥❣❂❤ r❛♥❣✽❀ ❬❤✽ ✺s✽ ♦❢ ❛ ♣✽❧❧✐❲❧✽ ❄✽❛♠s♣❧✐❂❂✽r ✐s ✐♠♣♦r❂❛♥❂

❄✽❲❛✺s✽ ❲✺❄✽ ♦r ♣❧❛❂✽ ❄✽❛♠s♣❧✐❂❂✽rs r✽s✺❧❂ ✐♥ ❣❤♦s❂ ✐♠❛❣✽s ✇✐❂❤ ✐♥❂✽♥s✐❂✐✽s ❤✐❣❤✽r ❂❤❛♥ ❂❤✽ s✐❣♥❛❧

r✽❃✽❲❂✽❞ ❢r♦♠ ❞✐③✺s✽ s❛♠♣❧✽s❀ ❬❤✽ r✽❃✽❲❂✽❞ ❄✽❛♠ ✐♥ ❂❤✽ ✺♥✺s✽❞ ♣❛❂❤ ✐s ✽❧✐♠✐♥❛❂✽❞ ✐♥ ❛ ❄✽❛♠

❞✺♠♣ ❂♦ ❛✈♦✐❞ r✽❃✽❲❂✐♦♥s ❂♦ ✐♥❃✺✽♥❲✽ ❂❤✽ ♠✽❛s✺r✽♠✽♥❂s❀ ❯ s✽❲♦♥❞ ✐r✐s ❞✐❛♣❤r❛❣♠ ♣❧❛❲✽❞ ❄✽❂✇✽✽♥

♦❄❥✽❲❂✐✈✽ ❧✽♥s ❛♥❞ ❄✽❛♠ s♣❧✐❂❂✽r ✐s ✺s✽❞ ❂♦ r✽s❂r✐❲❂ ❂❤✽ ❞✽❂✽❲❂✐♦♥ ❛♣✽r❂✺r✽❀ ❬❤✽ ❛♣✽r❂✺r✽ ♦❢ ❄♦❂❤

✐r✐s✽s ✐s ❛❞❥✺s❂❛❄❧✽ ❂♦ ❛❧❧♦✇ ❛ ❲❤❛♥❣✽ ♦❢ ❂❤✽ ❫❯ ♦❢ ❂❤✽ s②s❂✽♠ ❢♦r ❲❤❛r❛❲❂✽r✐s❛❂✐♦♥❀ ❬❤✽ ❝rs❂ ♦♥✽

✐s ♥✽❲✽ss❛r② ❂♦ r✽❞✺❲✽ ❂❤✽ ❄✽❛♠ ❞✐❛♠✽❂✽r ❄✽❢♦r✽ ❂❤✽ ❄✽❛♠s♣❧✐❂❂✽r ❂♦ ❛✈♦✐❞ r✽❃✽❲❂✐♦♥s ❢r♦♠ ❂❤✽

❄❛❲④s✐❞✽ ♦❢ ❂❤✽ s✽❲♦♥❞ ✐r✐s ❂❤❛❂ ❲❛♥ r✽❛❲❤ ❂❤✽ ❞✽❂✽❲❂♦r ❛♥❞ ❛❞❞ ❄❛❲④❣r♦✺♥❞ ♥♦✐s✽❀

❬✇♦ ❛❲❤r♦♠❛❂✐❲ ❞♦✺❄❧✽❂ ❧✽♥s✽s ❛r✽ ✺s✽❞ ❛s ✐♠❛❣✐♥❣ ❛♥❞ ♦❄❥✽❲❂✐✈✽ ❧✽♥s r✽s♣✽❲❂✐✈✽❧②❀ ❬❤✽ ❢♦❲❛❧

❧✽♥❣❂❤s ❛r✽ ◗●❀❇ ♠♠ ❅❯❪❩✄☎▲●◗●▲q❨ ❬❤♦r❧❛❄s❨ ❫✽✇❂♦♥❨ ❫✽✇ ❴✽rs✽②❨ ❵❙❯❑ ❢♦r ❂❤✽ ♦❄❥✽❲❂✐✈✽ ❛♥❞

☎● ♠♠ ❢♦r ❂❤✽ ✐♠❛❣✐♥❣ ❧✽♥s ✇❤✽♥ ✺s✐♥❣ ❂❤✽ r✽❞ ❧❛s✽r❀ ❬❤✽ ❧✽♥s✽s ❛r✽ ❲♦❛❂✽❞ ❢♦r ❧♦✇ r✽❃✽❲❂✐♦♥s ✐♥

❂❤✽ ❏✄● ❂♦ ✶●✄● ♥♠ r❛♥❣✽❀ ⑤♥ ❲❛s✽ ♦❢ ❂❤✽ ❣r✽✽♥ ❧❛s✽r❨ ❂❤✽ ❢♦❲❛❧ ❧✽♥❣❂❤s ❛r✽ P● ♠♠ ❢♦r ❂❤✽ ♦❄❥✽❲❂✐✈✽
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❛✆❞ ✽✝✞✸♠♠ ✭✟✠✷✄✡☛✝✽✝☛❇✱ ☞❤♦✌❧❛✍s✱ ✎✏✇t♦✆✱ ✎✏✇ ❏✏✌s✏②✱ ❯✑✟✒ ❢♦✌ t❤✏ ✐♠❛✓✐✆✓ ❧✏✆s✞ ☞❤✏ ❧✏✆s✏s

❛✌✏ ❛✓❛✐✆ ❝♦❛t✏❞ ❢♦✌ ❧♦✇ ✌✏✔✏❝t✐♦✆s ✍✉t t❤✐s t✐♠✏ ✐✆ ❛ ✇✐❞✏✌ ✇❛✈✏❧✏✆✓t❤ ✌❛✆✓✏ ❞♦✇✆ t♦ ✓✌✏✏✆✞ ☞❤✏

♠✐❞❞❧✏ ✏❛✌ ♣❤❛✆t♦♠ ✐s ♣❧❛❝✏❞ ♦✆ t❤✏ s❛♠♣❧✏ ❤♦❧❞✏✌ ♣✌✏s✏✆t✏❞ ✐✆ ✑✏❝t✐♦✆ ✸✞✄✞✡ ✇✐t❤ t❤✏ ✏❛✌❞✌✉♠

♣❤❛✆t♦♠ ✐✆ ❢♦❝✉s✞ ☞❤✏ ❝❛♠✏✌❛ ✐✕♦✆✖✗✰ ✭✟✆❞♦✌✱ ❇✏❧❢❛st✱ ✎♦✌t❤✏✌✆ ✘✌✏❧❛✆❞✒ ✐s ♣❧❛❝✏❞ ✐✆ t❤✏ ✐♠❛✓✏

♦❢ t❤✏ ✏❛✌❞✌✉♠ ❛✆❞ ❛❝ts ❛s st♦♣ ❛✆❞ ❞✏t✏❝t♦✌✞ ✑♣❛t✐❛❧ ✙❧t✏✌✐✆✓ ✐s ❞♦✆✏ ✐✆ ♣♦st☛♣✌♦❝✏ss✐✆✓ ✉s✐✆✓

✚✟☞▲✟❇✱ ✍② ✌✏❥✏❝t✐✆✓ ♣✐①✏❧s ✇✐t❤✐✆ t❤✏ st♦♣ ✌❛❞✐✉s✞ ☞❤✏ ❝❛♠✏✌❛ ❤❛s ❛ ♠♦✆♦❝❤✌♦♠✏ ✠✠✛ s✏✆s♦✌

✇✐t❤ ✶✝✝✷①✶✝✝✡ ✌✏s♦❧✉t✐♦✆✱ ♣✐①✏❧ ❞✐♠✏✆s✐♦✆ ♦❢ ✽ ✜♠ sq✉❛✌✏✱ ❛✆❞ ✶✡❇✐t ❞✏♣t❤✞ ✟ ❤✐✓❤ ❞②✆❛♠✐❝

✌❛✆✓✏ ✐s ✆✏❝✏ss❛✌② t♦ ❛❧❧♦✇ ❞✏t✏❝t✐♦✆ ♦❢ s❝❛tt✏✌✏❞ ❧✐✓❤t ✇✐t❤ ❧♦✇ ✐✆t✏✆s✐t② ✇❤✐❧✏ ✆♦t s❛t✉✌❛t✐✆✓

❝✏✆t✌❛❧ ♣✐①✏❧ ✌✏❝♦✌❞✐✆✓ t❤✏ ❤✐✓❤ ♣♦✇✏✌ ✌✏✔✏❝t✏❞ ❛✆❞ ❢♦❝✉s✏❞ s✐✓✆❛❧ ❢✌♦♠ t❤✏ ✏❛✌❞✌✉♠✞ ✷ ✢ ✷ ♣✐①✏❧

✍✐✆✆✐✆✓ ♠♦❞✏ ✐s ✉s✏❞ ❛s t❤✏ ❢✉❧❧ ✶✡ ✍✐t ❞✏♣t❤ ✐s ✆♦t ❛❝❤✐✏✈✏❞ ✇✐t❤♦✉t ♣✐①✏❧ ✍✐✆✆✐✆✓✞ ☞❤✐s ✌✏s✉❧ts ✐✆

✄✝✶ ✢ ✄✝✷ ✌✏s♦❧✉t✐♦✆ ✇✐t❤ ✶☎ ✜♠ ♣✐①✏❧ s✐③✏✞

✟✆ ❛✆✓❧✏❞ ♠✐✌✌♦✌ ❛✆❞ ❛ ✌✏❢✏✌✏✆❝✏ t❛✌✓✏t ✭❲✑☛✶☛✑✑✱ ✣❝✏❛✆ ✣♣t✐❝s✱ ✛✉✆✏❞✐✆✱ ❋❧♦✌✐❞❛✱ ❯✑✟✒

❝❛✆ ✍✏ ♣❧❛❝✏❞ ✍✏t✇✏✏✆ s❛♠♣❧✏ ❛✆❞ ♦✍❥✏❝t✐✈✏ ❧✏✆s ❢♦✌ ✏✐t❤✏✌ ✆♦✐s✏ ♦✌ ✌✏❢✏✌✏✆❝✏ ♠✏❛s✉✌✏♠✏✆ts✞ ☞❤✏

♠✐✌✌♦✌ ❞✐✌✏❝ts ❛❧❧ ❧✐✓❤t t♦ ❛ ✍✏❛♠ ❞✉♠♣ s♦ t❤❛t ❛❧❧ ✆♦✐s✏ ✇✐t❤✐✆ t❤✏ s②st✏♠ ✭s✏✆s♦✌ ✆♦✐s✏✱ ✌✏✔✏❝t✐♦✆s

✇✐t❤✐✆ t❤✏ ♦♣t✐❝❛❧ s②st✏♠✱ ❛♠✍✐✏✆t ❧✐✓❤t✒ ✐s ✌✏❝♦✌❞✏❞✞ ☞❤✏ ✌✏✔✏❝t✐♦✆ st❛✆❞❛✌❞ ✐s ✉s✏❞ t♦ ✆♦✌♠❛❧✐s✏

t❤✏ ♣♦✇✏✌ ♦❢ ✍♦t❤ ❧❛s✏✌s✞ ☞❤✏ ✇❤♦❧✏ ♦♣t✐❝❛❧ s②st✏♠ ✐s ♣❧❛❝✏❞ ✐✆ ❛ ✍♦① ✍❧♦❝❦✐✆✓ ♠♦st ❛♠✍✐✏✆t ❧✐✓❤t

✐✆ ♦✌❞✏✌ t♦ ✌✏❞✉❝✏ t❤✏ ✍❛❝❦✓✌♦✉✆❞ ✆♦✐s✏ ✐✆ t❤✏ s②st✏♠✞

☞❤✏ ❛❧t✏✌✆❛t✐✈✏ t♦ t❤✏ ✉s✏ ♦❢ ❛ ❝❛♠✏✌❛ ✇♦✉❧❞ ✍✏ t♦ ✉s✏ ❛ ♣❤②s✐❝❛❧ st♦♣ ❛✆❞ ❛ ♣❤♦t♦ ❞✐♦❞✏✞

☞❤✐s ✇♦✉❧❞ ✐✆❝✌✏❛s✏ t❤✏ ❛✍✐❧✐t② t♦ ❞✏t✏❝t s♠❛❧❧ s✐✓✆❛❧s ❛s ❤✐✓❤ ✍❛❝❦✓✌♦✉✆❞ ✌✏✔✏❝t✐♦✆s ❢✌♦♠ t❤✏

✏❛✌❞✌✉♠ ❛✌✏ ❞✐✌✏❝t❧② ✌✏❥✏❝t✏❞ ✍② t❤✏ st♦♣ ❛✆❞ t❤✏ ♣♦✇✏✌ ❝♦✉❧❞ ✍✏ ✐✆❝✌✏❛s✏❞ t♦ ❧✏✈✏❧s ✇❤✏✌✏ ❝✏✆t✌❛❧

❝❛♠✏✌❛ ♣✐①✏❧ ✇♦✉❧❞ s❛t✉✌❛t✏ ❛✆❞ ❝❛✉s✏ ✍❧♦♦♠✐✆✓ ✏✤✏❝ts✞ ✣✆ t❤✏ ♦t❤✏✌ ❤❛✆❞✱ ❛❧✐✓✆♠✏✆t ✇♦✉❧❞ ✍✏

♠♦✌✏ ❞✐✥❝✉❧t✱ t❤✏ st♦♣ ✌❛❞✐✉s ✇♦✉❧❞ ✍✏ ✙①✏❞ ❛✆❞ t❤✏ s♣❛t✐❛❧ ❞✐st✌✐✍✉t✐♦✆ ♦❢ t❤✏ s✐✓✆❛❧ ✇♦✉❧❞ ✍✏

✉✆❦✆♦✇✆✞ ❲✐t❤ t❤✏ ❝❛♠✏✌❛ ❛s ❞✏t✏❝t♦✌✱ t❤✏ st♦♣ ✌❛❞✐✉s ❝❛✆ ✏❛s✐❧② ✍✏ ❝❤❛✆✓✏❞ ✐✆ s♦❢t✇❛✌✏ ❛✆❞

t❤✏ ✇❤♦❧✏ ❞✏t✏❝t♦✌ ❛✌✏❛ ✐✆✈✏st✐✓❛t✏❞ t♦ ✙✆❞ t❤✏ ❤✐✓❤✏st s✐✓✆❛❧ ❛✆❞ ❧♦✇✏st ✍❛❝❦✓✌♦✉✆❞ ❝♦♠♣♦✆✏✆ts✞

✟❞❞✐t✐♦✆❛❧❧②✱ t❤✏ ❝✏✆t✌❛❧ ♣✐①✏❧ ♦❢ t❤✏ ✠✠✛ ❞✏t✏❝t♦✌ ❝❛✆ ❛❧s♦ ✍✏ ✉s✏❞ t♦ ❝♦✆❢♦❝❛❧❧② ❛ss✏ss t❤✏

✏❛✌❞✌✉♠ ❛s ✏①♣❧❛✐✆✏❞ ✐✆ ✑✏❝t✐♦✆ ✦✞✸✞✸✞

✧✳★✳★ ✩✪✫✬❡ ✮❡✯✲✴✵✫✪♥ ✹♥✯ ✩✪r✺✹✻✫✬✹✵✫✪♥

✛❛✌❦ ✆♦✐s✏ ❛✆❞ ✌✏✔✏❝t✐♦✆s ✇✐t❤✐✆ t❤✏ ♦♣t✐❝❛❧ s②st✏♠ ❛❞❞ ❛✆ ♦✤s✏t t♦ t❤✏ ✌✏❝♦✌❞✏❞ ✐♠❛✓✏s✞ ✾✏✆❝✏✱

✆♦✐s✏ ✐♠❛✓✏s ❛✌✏ s✉✍t✌❛❝t✏❞ ❢✌♦♠ t❤✏ ✌✏❝♦✌❞✐✆✓s ✐✆ ♦✌❞✏✌ t♦ ♠✐✆✐♠✐s✏ t❤✏ ✍❛❝❦✓✌♦✉✆❞✞ ☞❤✏s✏ ❛✌✏

✌✏❝♦✌❞✏❞ ❛s s❤♦✇✆ ✐✆ ❋✐✓✉✌✏ ✦✞✷ ♦♣t✐♦✆ ✷✿ ❛ ♠✐✌✌♦✌ ❞✐✌✏❝ts t❤✏ s❛♠♣❧✐✆✓ ✍✏❛♠ t♦ ❛ ✍✏❛♠ ❞✉♠♣

✌✏s✉❧t✐✆✓ ✐✆ ✆♦ s✐✓✆❛❧ ✌✏❛❝❤✐✆✓ t❤✏ ❞✏t✏❝t♦✌✞ ❋✉✌t❤✏✌✱ t❤✏ ♣♦✇✏✌ ♦❢ ✏❛❝❤ ❧❛s✏✌ ✐s ✆♦✌♠❛❧✐s✏❞ ✉s✐✆✓

t❤✏ ♠✏❛s✉✌✏♠✏✆t ♦❢ ✌✏✔✏❝t✐♦✆s ❢✌♦♠ ❛ ✌✏✔✏❝t✐♦✆ st❛✆❞❛✌❞ ✇✐t❤ ✌✏❢✏❝t✐♦✆ ✍✐✓✓✏✌ t❤❛✆ ❀✽❁ ❢♦✌ ✷✄✝

t♦ ✶✄✝✝ ✆♠ ❬✷✷✸❂✞



❈❍�✁❚❊❘ ✼✂ ❊❳✁❊❘■▼❊◆❚�❆ ❱�❆■❉�❚■❖◆ ✶✄☎

✆❤❡ r❡❝♦r❞❡❞ ♣♦✇❡r ❝❤❛✝❣❡s ♦✈❡r t✐♠❡ ❛s s❤♦✇✝ ❜② t❤❡ ❡①❛♠♣❧❡ r❡❝♦r❞✐✝❣ ✐✝ ❋✐❣✞r❡ ☎✟✸✟ ✆❤❡

✠✡☛ ❧❛s❡r ❛✝❞ ❝❛♠❡r❛ ❛r❡ s✇✐t❝❤❡❞ ♦✝ ❢♦r ❛t ❧❡❛st ✶✄♠✐✝✞t❡s t♦ ❛❧❧♦✇ t❤❡ t❡♠♣❡r❛t✞r❡s ❛✝❞ ❧❛s❡r

♦✞t♣✞t t♦ st❛❜✐❧✐s❡✟ ✠♦✐s❡ ✐♠❛❣❡s ❛r❡ t❤❡✝ r❡❝♦r❞❡❞ ♦✈❡r ❛ t✐♠❡ ❝♦✞rs❡ ♦❢ ✷☎♠✐✝✞t❡s ❛✝❞ s✞❜tr❛❝t❡❞

❢r♦♠ ❛ s✐❣✝❛❧ ✐♠❛❣❡ r❡❝♦r❞❡❞ ❛t ☞ ❂ ✶✄♠✐✝✱ r❡s✞❧t✐✝❣ ✐✝ ❛ ❧♦✝❣❡r ❜r❡❛✌ ✐✝ t❤❡ r❡❝♦r❞✐✝❣ ♦❢ t❤❡ ✝♦✐s❡

✐♠❛❣❡s ❛✝❞ ❡①♣♦s✞r❡ ♦❢ t❤❡ s❡✝s♦r t♦ ❧❛s❡r r❛❞✐❛t✐♦✝✱ ✐✝❞✐❝❛t❡❞ ❜② t❤❡ ❞❛s❤❡❞ s❡❝t✐♦✝ ✐✝ t❤❡ ❣r❛♣❤✟

✆❤❡ s✞♠ ♦❢ ❛❧❧ ♣✐①❡❧s ✝♦r♠❛❧✐s❡❞ ❜② t❤❡ ❛✈❡r❛❣❡ ♦❢ ❛❧❧ ♠❡❛s✞r❡♠❡✝ts

P
✍✎♥✭✏✮

✑✒✓✔✭
P

✍✎♥✭✏✮✮ ✐s s❤♦✇✝ ❤❡r❡

❛✝❞ ✈❛r✐❛t✐♦✝s ❛r❡ ✞♣ t♦ ✄✪ ❛r❡ ✈✐s✐❜❧❡✟ ✆❤✐s ✐s ❛ss✞♠❡❞ t♦ ❜❡ ❛ r❡s✞❧t ♦❢ t❡♠♣❡r❛t✞r❡ ❝❤❛✝❣❡s ♦❢

t❤❡ ❞❡t❡❝t♦r ❡✈❡✝ t❤♦✞❣❤ t❤❡ ❝❛♠❡r❛ ✐s t❡♠♣❡r❛t✞r❡ ❝♦✝tr♦❧❧❡❞✟ ✆❤❡s❡ s♠❛❧❧ t❡♠♣❡r❛t✞r❡ ❝❤❛✝❣❡s

❝❤❛✝❣❡ t❤❡ ❜❛❝✌❣r♦✞✝❞ ❧❡✈❡❧ ❛✝❞ t❤✞s t❤❡ ✕✝❛❧ s✐❣✝❛❧✟ ✆❤❡ ✐✝✖✞❡✝❝❡ ✐s r❡❧❛t✐✈❡❧② ❤✐❣❤ ❤❡r❡ ❛s t❤❡

s✐❣✝❛❧ ✐s ✈❡r② ❧♦✇✟ ✆❤❡ ❤✐❣❤❡st ❝❤❛✝❣❡ ✇❤❡✝ r❡❝♦r❞✐✝❣ t❤❡ s✐❣✝❛❧ ✐♠❛❣❡ ❝❛✝ ❜❡ ❡①♣❧❛✐✝❡❞ ❜② t❤❡

❧♦✝❣❡r ✐✝t❡r✈❛❧ ❜❡t✇❡❡✝ t❤❡ ✝♦✐s❡ r❡❝♦r❞✐✝❣s ❛✝❞ ❡①♣♦s✞r❡ ♦❢ t❤❡ ❝❛♠❡r❛ t♦ ❧❛s❡r r❛❞✐❛t✐♦✝ ❛✝❞

❤❡✝❝❡ ✇❛r♠✐✝❣ ♦❢ t❤❡ ❞❡t❡❝t♦r✟

✗s ❛ r❡s✞❧t✱ t❤❡ ❜❛❝✌❣r♦✞✝❞ ❛✝❞ ✝♦r♠❛❧✐s❛t✐♦✝ ✐♠❛❣❡s ❤❛✈❡ t♦ ❜❡ r❡❝♦r❞❡❞ ❛s ❝❧♦s❡ ❛s ♣♦ss✐❜❧❡

t♦ t❤❡ r❡❝♦r❞✐✝❣ ♦❢ s✐❣✝❛❧ ✐♠❛❣❡s ✐✝ ♦r❞❡r t♦ ♠✐✝✐♠✐s❡ ✈❛r✐❛t✐♦✝s ✐✝ t❤❡ ❜❛❝✌❣r♦✞✝❞ ✝♦✐s❡✟ ✆❤✐s

r❡s✞❧ts ✐✝ t❤❡ ❡①♣❡r✐♠❡✝t❛❧ ♣r♦t♦❝♦❧ ❛s ❢♦❧❧♦✇s✿

✶✟ ✆❤❡ r❡✖❡❝t✐♦✝ ❢r♦♠ ❛ ✇❤✐t❡ r❡✖❡❝t✐♦✝ st❛✝❞❛r❞ ✐s ♠❡❛s✞r❡❞ t♦ ❞❡t❡r♠✐✝❡ t❤❡ ❧❛s❡r ♣♦✇❡r✟

✷✟ ✆❤❡ ❜❛❝✌❣r♦✞✝❞ ✝♦✐s❡ ✐s ♠❡❛s✞r❡❞ ✇✐t❤ ❛ ♠✐rr♦r ❞✐r❡❝t✐✝❣ t❤❡ s❛♠♣❧✐✝❣ ❜❡❛♠ ❛✇❛② ❢r♦♠ t❤❡

❞❡t❡❝t♦r✟

✸✟ ✆❤❡ r❡✖❡❝t✐♦✝ ❢r♦♠ t❤❡ s❛♠♣❧❡ ✐s ♠❡❛s✞r❡❞✟

✆❤✐s ♣r♦❝❡ss ✐s r❡♣❡❛t❡❞ ❢♦r ❡✈❡r② s❛♠♣❧❡ ❛✝❞ ❡❛❝❤ ✇❛✈❡❧❡✝❣t❤✟ ✆❤❡ ✕✝❛❧ s✐❣✝❛❧ ✘ ✐s t❤❡✝ ❝❛❧❝✞❧❛t❡❞

❛s t❤❡ s✞♠ ♦✈❡r t❤❡ ♣✐①❡❧ ✈❛❧✞❡s ♦❢ t❤❡ s❡❧❡❝t❡❞ ❛r❡❛ ♦❢ t❤❡ s✐❣✝❛❧ ✐♠❛❣❡ ✙✚✑✛ ✇✐t❤ ❜❛❝✌❣r♦✞✝❞

✝♦✐s❡ ✙✜✓✢❦✛✣✤✉✔✥ s✞❜tr❛❝t❡❞ ❛✝❞ s❝❛❧❡❞ ❜② t❤❡ ✐✝♣✞t ♣♦✇❡r ❣✐✈❡✝ ❜② t❤❡ r❡❢❡r❡✝❝❡ ♣♦✇❡r ✙✣✒✦ ♠✐✝✞s

❜❛❝✌❣r♦✞✝❞ ✐♠❛❣❡

✘ ❂
✧

★✒✩✳ ✓✣✒✓

✙✚✑✛ ✫ ✙✜✓✢❦✛✣✤✉✔✥

✙✣✒✦ ✫ ✙✜✓✢❦✛✣✤✉✔✥
✬☎✟✶✯

✆❤❡ s❤♦rt t❡r♠ ✈❛r✐❛t✐♦✝ ❢r♦♠ ♦✝❡ t✐♠❡ ♣♦✐✝t t♦ t❤❡ ✝❡①t ✐s s♠❛❧❧❡r t❤❛✝ t❤❡ ❧♦✝❣ t❡r♠ ✈❛r✐❛t✐♦✝

♦✈❡r t❤❡ ✇❤♦❧❡ t✐♠❡s♣❛✝✟ ✰❡✝❝❡✱ t❤❡ s✐❣✝❛❧ ✇✐❧❧ ❜❡ ✐♠♣r♦✈❡❞ ❜② r❡♣❡❛t❡❞ ✞♣❞❛t❡s ♦❢ t❤❡ ❜❛❝✌❣r♦✞✝❞

✐♠❛❣❡✟

✸✷ ❢r❛♠❡s ✇❡r❡ ❛✈❡r❛❣❡❞ ❢♦r ❡❛❝❤ ♠❡❛s✞r❡♠❡✝t ❛✝❞ t❤❡ ❡①♣♦s✞r❡ t✐♠❡ ✇❛s ✷✲♠s✟ ✴①♣❡r✐♠❡✝ts

s❤♦✇❡❞ t❤❛t t❤❡ ❝♦✝tr❛st ❜❡t✇❡❡✝ t❤❡ ♣❤❛✝t♦♠s ❝❛✝✝♦t ❜❡ r❡❧✐❛❜❧② ❞❡t❡❝t❡❞ ✇❤❡✝ ✞s✐✝❣ ♦✝❧② ✹ ♦r

❧❡ss ❢r❛♠❡s ♦r r❡❞✞❝✐✝❣ t❤❡ ❜✐t ❞❡♣t❤ t♦ ✶✲ ❜✐t ♦r ❧♦✇❡r✟ ✆❤✐s ❛❣❛✐✝ s❤♦✇s ❤♦✇ ❝r✐t✐❝❛❧ ❣♦♦❞ ✝♦✐s❡

r❡❞✞❝t✐♦✝ ✐s✟ ✡t ❛❧s♦ s❤♦✇s t❤❡ r❡q✞✐r❡♠❡✝ts ♦❢ ❤✐❣❤ ❞②✝❛♠✐❝ r❛✝❣❡ ♦❢ ❞❡t❡❝t♦rs ❢♦r ❛✝t✐✵❝♦✝❢♦❝❛❧

♠❡❛s✞r❡♠❡✝ts✟
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✵ ✺ ✆✵ ✆✺ ✷✵ ✷✺
✵✝✞✺

✵✝✞✟

✵✝✞✠

✵✝✞✡
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✆

✆✝✵✆

✆✝✵✷

✆✝✵☛

✆✝✵☞

✌✍✎✏ ✑✎✍✒✓

✔
✕
✖✗
✘
✙✚✛
✜
✢
✣
✚✤
✥✘
✙✦
✔
✕
✚✛
✜✧
★✩

❋✐❣✪r❡ ✫✬✸✭ ✮♥✯✪❡♥❝❡ ♦✰ ✈❛r②✐♥❣ ❜❛❝❦❣r♦✪♥❞ ♦♥ t❤❡ ♠❡❛✱✪r❡❞ ✱✐❣♥❛✲ ♦✈❡r t✐♠❡✬ ✳❤❡ ✱❤♦✇♥ ❡①❛♠♣✲❡

✐✱ r❡❝♦r❞❡❞ ✪✱✐♥❣ t❤❡ ✴✮✹ ✲❛✱❡r✬ ✮♥ t❤❡ ❜❡❣✐♥♥✐♥❣ ❛♥ ✐♠❛❣❡ ✇❛✱ r❡❝♦r❞❡❞ ❡✈❡r② ✸✻ ✱ ❛♥❞ ❛✰t❡r ❛

✱❤♦rt ❜r❡❛❦ ✽❞❛✱❤❡❞ ✱❡❝t✐♦♥✾ t❤❡ ✐♥t❡r✈❛✲ ✇❛✱ ✱❡t t♦ ✿✻ ✱✬

❀❁❂❁❃ ❇❄❅● ❲❏❑▲P ❅▲ ❙❅●◗❯❄

✮♥ ♦r❞❡r t♦ ❝❤❛r❛❝t❡r✐✱❡ t❤❡ ✰♦❝✪✱ ♦✰ ✐✲✲✪♠✐♥❛t✐♦♥ ❛t t❤❡ ✱❛♠♣✲❡❨ t❤❡ ❜❡❛♠ ✇✐❞t❤ ❛t t❤❡ ✰♦❝❛✲ r❡❣✐♦♥

✐✱ ♠❡❛✱✪r❡❞✬ ✳❤✐✱ ✐✱ ♥❡❝❡✱✱❛r② t♦ ❡♥✱✪r❡ ❛ ❣♦♦❞ ✰♦❝✪✱ t♦ ❛✲✲♦✇ ❝♦♠♣❛r✐✱♦♥ ♦✰ ❝♦♥✰♦❝❛✲ ❛♥❞ ❛♥t✐❩

❝♦♥✰♦❝❛✲ ❞❡t❡❝t✐♦♥ ✲❛t❡r✬ ✳❤❡ ❜❡❛♠ ✇✐❞t❤ ✐✱ ♠❡❛✱✪r❡❞ ❜② t❤❡ ❦♥✐✰❡ ❡❞❣❡ ♠❡❛✱✪r❡♠❡♥t ❛❝❝♦r❞✐♥❣

t♦ ❬❭❭❪❫✬ ❋♦r t❤✐✱ t❤❡ ❞❡t❡❝t❡❞ ♣♦✇❡r ✐✱ r❡❝♦r❞❡❞ ♦♥ t❤❡ tr❛♥✱✐t✐♦♥ ♦✰ ❛ ♥♦♥❩r❡✯❡❝t✐♥❣ t♦ r❡✯❡❝t✐♥❣

✱tr❛✐❣❤t ❡❞❣❡✬ ✳❤✐✱ ✐✱ ❛❝❤✐❡✈❡❞ ❤❡r❡ ❜② ♠♦✈✐♥❣ ❛ t❡✱t r❡✱♦✲✪t✐♦♥ t❛r❣❡t ♦rt❤♦❣♦♥❛✲ t♦ t❤❡ ♦♣t✐❝❛✲

❛①✐✱ ✽①❩❞✐r❡❝t✐♦♥✾ ❛♥❞ ❛♥ ❡①❛♠♣✲❡ r❡✱✪✲t ✱❤♦✇♥ ✐♥ ❋✐❣✪r❡ ✫✬❪ ✽❛✾✬

❴❤❡♥ t❤❡ ❜❡❛♠ ✐✱ ✐♥❝✐❞❡♥t ♦♥ t❤❡ r❡✯❡❝t✐✈❡ ❛r❡❛❨ t❤❡ ❤✐❣❤❡✱t ♣♦✇❡r ✐✱ r❡❝♦r❞❡❞✬ ❵✱ ✱♦♦♥ ❛✱

♣❛rt ♦✰ t❤❡ ❜❡❛♠ ❤✐t✱ t❤❡ ♥♦♥❩r❡✯❡❝t✐✈❡ ❛r❡❛❨ t❤❡ r❡✯❡❝t❡❞ ♣♦✇❡r ✐✱ r❡❞✪❝❡❞ ❛♥❞ r❡❛❝❤❡✱ ❛ ♠✐♥✐♠✪♠

✇❤❡♥ t❤❡ ✇❤♦✲❡ ❜❡❛♠ ✐✱ ✰❛✲✲✐♥❣ ♦♥ t❤❡ ♥♦♥❩r❡✯❡❝t✐✈❡ ❛r❡❛✬ ✳❤❡ ✇✐❞t❤ ♦✰ t❤❡ tr❛♥✱✐t✐♦♥ ✐✱ ✪✱❡❞ t♦

❞❡t❡r♠✐♥❡ t❤❡ ❜❡❛♠ ✇✐❞t❤✬ ✳❤❡ ❞✐✱t❛♥❝❡ ❢❥❧qs❧ ❜❡t✇❡❡♥ t❤❡ ♣♦✐♥t ✱❤♦✇✐♥❣ ✉✻③ ♦✰ t❤❡ ♣♦✇❡r t♦

t❤❡ ♣♦✐♥t ✱❤♦✇✐♥❣ ✶✻③ ♦✰ t❤❡ ♣♦✇❡r ✐✱ ✪✱❡❞ ❛✱ ❛ ♠❡❛✱✪r❡ ❛✱ t❤❡ ❡❞❣❡✱ ♦✰ t❤❡ tr❛♥✱✐t✐♦♥ ❛r❡ ♥♦t ❡❛✱②

t♦ ✐❞❡♥t✐✰②✬ ✳❤❡ ✉✻④✶✻ ❞✐✱t❛♥❝❡ ♦✰ ❛ ⑤❛✪✱✱✐❛♥ ❜❡❛♠ ✐✱ r❡✲❛t❡❞ t♦ t❤❡ ✰✪✲✲ ✇✐❞t❤ ❛t ❤❛✲✰ ♠❛①✐♠✪♠

✽❋❴⑥⑦✾ ❛♥❞ ✶⑧⑨⑩ r❛❞✐✪✱ ♦✰ t❤❡ ❶❷❋ ❜② ❬❭❭❪❫

❢❥❧qs❧ ❸ ✶❹✻✉ ❺ ❻❼❽❾ ❸ ✶❹❭☎ ❺ ❿sq➀➁ ✽✫✬❭✾

✳❤❡ ✶⑧⑨⑩ r❛❞✐✪✱ ✐✱ t❤❡ ♠❡❛✱✪r❛❜✲❡ ❞✐❛♠❡t❡r ♦✰ t❤❡ ❜❡❛♠ ✇❤❡r❡ t❤❡ ♣♦✇❡r ✐✱ r❡❞✪❝❡❞ t♦ ✶⑧⑨⑩ ♦✰ t❤❡

♠❛①✐♠✪♠ ♣♦✇❡r❨ ❝♦♥t❛✐♥✐♥❣ ☎✿✬✄③ ♦✰ t❤❡ ❜❡❛♠ ♣♦✇❡r ❬❭❭✄❫✬ ❋✐❣✪r❡ ✫✬❪ ✽❜✾ ✱❤♦✇✱ t❤✐✱ r❛❞✐✪✱ ✐✱

❞❡♣❡♥❞❡♥t ♦♥ t❤❡ ♣♦✱✐t✐♦♥ ♦✰ t❤❡ t❛r❣❡t ♦♥ t❤❡ ♦♣t✐❝❛✲ ❛①✐✱✬ ❷❡✈❡r❛✲ ♠❡❛✱✪r❡♠❡♥t✱ ✇❡r❡ t❛❦❡♥ ✰♦r

t❤❡ ❣r❡❡♥ ✲❛✱❡r❨ ✇❤✐✲❡ ♦♥✲② ♦♥❡ ✐✱ ✱❤♦✇♥ ✰♦r t❤❡ ✴✮✹ ✲❛✱❡r✬ ✳❤❡ ❜❡❛♠ ✐✱ ✐♥ ✰♦❝✪✱ ❛t ➂ ❸ ✻✬
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↕➓➆ ➔➆➌➎ ➂➍ ➅➆➞➑➅➣➆➣ ➔➙ ➌ ➤➝➥ ➞➌➎➆➅➌ ➡➦➧➧✶➨➉✄➧➩ ↕➓➑➅➛➌➔➍➩ ➫➆→➐➑➏➩ ➫➆→ ➭➆➅➍➆➙➩ ➯➲➳➢ ➟➛➌➞➆➣

➌➐ ➐➓➆ ➍➌➎➟➛➆ ➟➑➍➂➐➂➑➏➩ ➍➛➂➃➓➐➛➙ ➑➄➐ ➑➒ ➒➑➞➄➍➈ ↕➓➆ ➃➅➆➆➏ ➔➆➌➎ ➍➓➑→➍ ➌ ➝➌➄➍➍➂➌➏ ➍➓➌➟➆ ➔➄➐ ➂➍ ➞➄➐

➑➵ →➓➂➛➆ ➐➓➆ ➫➸➤ ➔➆➌➎ ➍➓➑→➍ ➌ ➅➆➛➌➐➂➜➆ ➞➑➏➍➐➌➏➐ ➟➑→➆➅ ➣➂➍➐➅➂➔➄➐➂➑➏➈ ↕➓➆ ➔➛➄➆ ➣➌➍➓➆➣ ➛➂➏➆ ➍➓➑→➍

➌➏ ➂➣➆➌➛ ➝➌➄➍➍➂➌➏ ➣➂➍➐➅➂➔➄➐➂➑➏ →➂➐➓ ✄➺➻ ➟➂➼➆➛ ➅➌➣➂➄➍➈

➳➍ ➔➑➐➓ ➔➆➌➎➍ ➍➓➑→ ➌ ➞➛➆➌➅ ➞➄➐➽➑➵➩ ➐➓➆ ➐➅➌➏➍➂➐➂➑➏ ➒➅➑➎ ➞➑➏➍➐➌➏➐ ➎➌➼➂➎➄➎ ➌➏➣ ➎➂➏➂➎➄➎ ➟➑→➆➅

➐➑ ➐➅➌➏➍➂➐➂➑➏ ➅➆➃➂➑➏ ➂➍ ➎➑➅➆ ➣➂➍➐➂➏➞➐ ➐➓➌➏ ➒➑➅ ➝➌➄➍➍➂➌➏ ➔➆➌➎➍ ➌➏➣ ➐➓➆ ➣➂➍➐➌➏➞➆ ➔➆➐→➆➆➏ ➎➌➼➂➎➄➎
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➍➓➑→➏ ➂➏ ➁➂➃➄➅➆ ➇➈✄ ➡➔➢ ➂➏ ➃➅➆➆➏ ➌➏➣ ➐➓➆ ➟➅➆➜➂➑➄➍➛➙ ➎➆➌➍➄➅➆➣ ➔➆➌➎ →➂➣➐➓ ➂➍ ➍➓➑→➏ ➂➏ ➔➛➄➆➈ ➳
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á➘➔ ➠➛➴➢➬ ➷➬➢➟➔ ➐➤ ➤➴➢➟➟➔➜ ➥➘➓➛➒➑➘ ➥➘➔ ➤➢➡➷➬➔ ➢➬➛➟➑ ➥➘➔ ➛➷➥➐➴➢➬ ➢❰➐➤ âãä➢❰➐➤å➣ ➹➟ ➴➢➤➔ ➛➠ ➥➘➔

➴➛➟➠➛➴➢➬ ➤æ➤➥➔➡ â➷➐➟➘➛➬➔ ➝➬➥➔➓➐➟➑å ➢ ➡➢❰➐➡➒➡ ➤➐➑➟➢➬ ➐➤ ➔❰➷➔➴➥➔➜ ➮➘➔➟ ➥➘➔ ➤➢➡➷➬➔ ➐➤ ➐➟ ➠➛➴➒➤❮

➮➘➐➬➔ ➢ ➡➐➟➐➡➒➡ ➐➤ ➔❰➷➔➴➥➔➜ ➠➛➓ ➥➘➔ ➢➟➥➐ä➴➛➟➠➛➴➢➬ ➤æ➤➥➔➡➣ ➏➐➓➤➥❮ ➢ ➡➐➓➓➛➓ ➐➤ ➒➤➔➜ ➢➤ ➤➢➡➷➬➔ ➢➟➜

➥➘➔ ➓➔➴➛➓➜➔➜ ➷➛➮➔➓ ➜➔➷➔➟➜➔➟➥ ➛➟ ➥➘➔ ➠➛➴➒➤ ➷➛➤➐➥➐➛➟ ➠➛➓ ➜➐ç➔➓➔➟➥ ➷➐➟➘➛➬➔ ➛➓ ➤➥➛➷ ➓➢➜➐➐ ➤➘➛➮➟ ➐➟

➏➐➑➒➓➔ →➣✄ â➢å ➢➟➜ âÏå❮ ➓➔➤➷➔➴➥➐❐➔➬æ➣ è➥ é ê ☎➡➡ ➥➘➔ ➤➢➡➷➬➔ ➐➤ ➷➬➢➴➔➜ ➴➬➛➤➔➤➥ ➥➛ ➥➘➔ ➛Ïë➔➴➥➐❐➔ ➬➔➟➤

➢➟➜ ➐➤ ➡➛❐➔➜ ➠➒➓➥➘➔➓ ➢➮➢æ ➮➐➥➘ ➐➟➴➓➔➢➤➐➟➑ é➣

➏➓➛➡ ➤➒Ï➝➑➒➓➔ â➢å ➐➥ ➐➤ ➛Ï❐➐➛➒➤ ➥➘➢➥ ➥➘➔ ➡➐➓➓➛➓ ➐➤ ➐➟ ➠➛➴➒➤❮ ➢➥ é ì ✶íî↔➡➡ ➢➤ ➢ ➡➢❰➐➡➒➡

➤➐➑➟➢➬ ➐➤ ➤➘➛➮➟➣ ➏➒➓➥➘➔➓❮ ➐➥ ➴➢➟ Ï➔ ➤➔➔➟ ➥➘➢➥ ➡➛➓➔ ➷➛➮➔➓ ➐➤ ➜➔➥➔➴➥➔➜ ➠➛➓ ➢ ➘➐➑➘➔➓ ➷➐➟➘➛➬➔ ➓➢➜➐➒➤

➢➟➜ ➢➬➤➛ ➥➘➔ ➷➔➢➞ ➐➤ ➮➐➜➔➓ ➐➟➜➐➴➢➥➐➟➑ ➢➟ ➐➟➴➓➔➢➤➔➜ ➜➔➥➔➴➥➐➛➟ ➜➔➷➥➘ ➢➟➜ ➜➔➴➓➔➢➤➔➜ ➜➔➷➥➘ ➓➔➤➛➬➒➥➐➛➟➣
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á➘➔ ➜➢➤➘➔➜ ➬➐➟➔➤ ➐➟ ➤➒Ï➝➑➒➓➔ â➢å ➢➟➜ âÏå ➤➘➛➮ ➥➘➔ ➥➘➔➛➓➔➥➐➴➢➬ ➤➐➑➟➢➬➤ ➴➢➬➴➒➬➢➥➔➜ Ïæ ➑➔➛➡➔➥➓➐➴➢➬

➛➷➥➐➴➤➣ á➘➔ ➜➔➥➔➴➥➔➜ ➷➛➮➔➓ ➐➤ ➴➢➬➴➒➬➢➥➔➜ ➒➤➐➟➑ ➥➘➔ ➥➘➐➟ ➬➔➟➤ ➢➟➜ ➷➢➓➢❰➐➢➬ ➢➷➷➓➛❰➐➡➢➥➐➛➟ ➢➟➜

➛➷➥➐➴➢➬ ➤æ➤➥➔➡ ➢➤ ➒➤➔➜ ➐➟ ➥➘➔ ➔❰➷➔➓➐➡➔➟➥➣ è ➘➛➡➛➑➔➟➔➛➒➤ Ï➔➢➡ ➐➤ ➢➤➤➒➡➔➜ ➢➟➜ ➥➘➔ ➜➔➥➔➴➥➔➜

➷➛➮➔➓ ➴➢➬➴➒➬➢➥➔➜ Ïæ ➥➘➔ ➥➓➢➟➤➡➐➤➤➐❐➔ ➢➓➔➢ ➛➠ ➥➘➔ ➝➬➥➔➓ ➜➐❐➐➜➔➜ Ïæ ➥➘➔ Ï➔➢➡ ➜➐➢➡➔➥➔➓ ➢➥ ➥➘➔ ➝➬➥➔➓
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☎✆ ☎☎ ☎✝ ☎✞ ☎✟ ☎✠ ☎✡ ☎☛
✆

✆✵✠

☎

☎✵✠

✝

✝✵✠
① ☎✆

✺

③☞✌✍✎✏✑✏✍✒ ✓✔✔✕

✖
✗
✘✗
✙✘
✗
✚
✛
✜
✢
✗
✣
✤✥
✦✧
✦★

✽♠✔

☎✡♠✔

✞✝♠✔

✟✽♠✔

✩✪✫✍✬✭

✮❛✯ ✰✐rr✱r ❛s s❛✲♣❧❡✳ ♣✐♥❤✱❧❡ r❛❞✐✉s ❛❝❝✱r❞✐♥❣ t✱ ❧❡❣❡♥❞

✴ ✷✸ ✷✴ ✹✸ ✹✴
✸

✸✻✴

✷

✷✻✴

✹

✹✻✴
✾ ✷✸

✿

❀❁❂❃❄❅❇❅❃❋ ●❏❏❑

▲
P
◗P
❙◗
P
❯
❲
❨
❩
P
❬
❭❪
❫❴
❫❵

✸♠❏

❜✸♠❏

✹❢✸♠❏

❢❜✸♠❏

❥✹✸♠❏

❦♦q❃✈✇

✮②✯ ✰✐rr✱r ❛s s❛✲♣❧❡✳ st✱♣ r❛❞✐✉s ❛❝❝✱r❞✐♥❣ t✱ ❧❡❣❡♥❞

④ ⑤ ⑥④ ⑥⑤ ⑦④ ⑦⑤
④

④⑧⑥

④⑧⑦

④⑧⑨

④⑧⑩

④⑧⑤

❶❷❸❹❺❻❼❻❹❽ ❾❿❿➀

➁
➂
➃➂
➄➃
➂
➅
➆
➇
➈
➂
➉
➊➋
➌➍
➌➎

➏➐➑❼❼➒➓❻❽➔
❸⑥→➏➐➑❼⑧
❸⑥

✮❝✯ ➣✐♥❤✱❧❡ ↔✐t❤ ↕➙ ➛✲ r❛❞✐✉s✳ s❛✲♣❧❡ ❛❝❝✱r❞✐♥❣

t✱ ❧❡❣❡♥❞

➜ ➝ ➞➜ ➞➝ ➟➜ ➟➝
➜

➜➠➟

➜➠➡

➜➠➢

➜➠➤

➥➦➧➨➩➫➭➫➨➯ ➲➳➳➵

➸
➺
➻➺
➼➻
➺
➽
➾
➚
➪
➺
➶
➹➘
➴➷
➴➬

➮➱✃➭➭❐❒➫➯❮
➧➞❰➮➱✃➭➠
➧➞

✮❞✯ Ït✱♣ ↔✐t❤ ↕➙Ð ➛✲ r❛❞✐✉s✳ s❛✲♣❧❡ ❛❝❝✱r❞✐♥❣ t✱

❧❡❣❡♥❞

ÑÒÓÔÕÖ ×Ø✄Ù ÚÛÜÝÞß àáÕâÔÓá Þ ÜÞãäåÖ ÔÜÒßÓ ÝâßæâÝÞå Þßç ÞßàÒÛÝâßæâÝÞå èåàÖÕÒßÓØ éà ê ë ì àáÖ ÜÞãäåÖ

ÒÜ äåÞÝÖç ÝåâÜÖÜà àâ àáÖ âäàÒÝÜØ
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♣♦✆✐t✐♦✝✳

P✞✟♥❤✠❧❡ ❂
✙r✷✞✟♥❤✠❧❡

✙r✷❇❡❛♠

✭✡✳✹☛

P❙☞✠✌ ❂ ✶ ✍ P✞✟♥❤✠❧❡ ✭✡✳✺☛

✇✎✏✑✏ t✎✏ ❜✏✒✓ ✑✒✔✐✉✆ r❇❡❛♠ ✐✆ ✏✒✆✐✕② ❝✒✕❝✉✕✒t✏✔ ✉✆✐✝❣ ❣✏♦✓✏t✑✐❝✒✕ ♦♣t✐❝✆✳ ✖✎✏ t✎✏♦✑✏t✐❝✒✕ ✈✒✕✉✏✆

♦✝✕② ✒❝❝♦✉✝t ❢♦✑ ✆✐❣✝✒✕ ✕♦✆✆ ✒t t✎✏ ✆♣✒t✐✒✕ ✗✕t✏✑ ✒✝✔ ✝✏✏✔ t♦ ❜✏ ✆❝✒✕✏✔ t♦ ✓✒t❝✎ t✎✏ ✓✏✒✆✉✑✏✔

♣♦✇✏✑✳ ✖✎✏ ✆❝✒✕✐✝❣ ✉✆✏✔ ✎✏✑✏ ✐✆ ❝✎♦✆✏✝ t♦ ✓✒t❝✎ t✎✏ t♦t✒✕ ♣♦✇✏✑ ✇✎✏✝ ✝♦ ✆t♦♣ ♦✑ ♣✐✝✎♦✕✏ ✗✕t✏✑✐✝❣

✐✆ ✒♣♣✕✐✏✔✳ ✘✝♦t✎✏✑ ✏✚✏❝t ✐✆ ✈✐✆✐❜✕✏ ✐✝ t✎✏ t♦t✒✕ ✆✐❣✝✒✕ ✭✆t♦♣ ♦❢ ✵✓✓ ✔✐✒✓✏t✏✑☛✱ ✇✎✏✑✏ t✎✏ ♣♦✇✏✑

✔✏❝✑✏✒✆✏✆ ✇✎✏✝ t✎✏ ✓✐✑✑♦✑ ♣✒✆✆✏✆ t✎✏ ❢♦❝✉✆✳ ✖✎✐✆ ✐✆ ✔✉✏ t♦ t✎✏ ❢✒❝t t✎✒t t✎✏ ✑✏✛✏❝t✏✔ ❜✏✒✓ ✐✆ ❝✉t

♦✚ ❜② t✎✏ ✕✏✝✆ ✒♣✏✑t✉✑✏ ✒✝✔ t✎✉✆ ✕✏✆✆ ✕✐❣✎t ✐✆ ✔✏t✏❝t✏✔✳ ✖✎✐✆ ✏✚✏❝t ✐✆ ✆✎♦✇✝ ✐✝ ✓✏✒✆✉✑✏✓✏✝t✆ ✒✝✔

t✎✏♦✑②✳ ✖✎✏ ✓✒t✎✆ ✉✆✏✔ ✎✏✑✏ ✐✆ ✔✐✚✏✑✏✝t ❢✑♦✓ t✎✏ ✝♦✑✓✒✕ ❝♦✝❢♦❝✒✕ t✎✏♦✑② ✐✝ t✎✒t t✎✏ ♣✐✝✎♦✕✏ ✑✒✔✐✉✆

✐✆ ✐✝❝✑✏✒✆✏✔ t♦ ✒ ✕✏✈✏✕ ✇✎✏✑✏ ✔✐✚✑✒❝t✐♦✝ ✏✚✏❝t✆ ✒✑✏ ✝✏❣✕✐❣✐❜✕✏ ✒✝✔ ❣✏♦✓✏t✑✐❝✒✕ ♦♣t✐❝✆ ❝✒✝ ❜✏ ✉✆✏✔✳

✖✎✏ t✎✏♦✑② ✗t✆ ✇✏✕✕ ✐✝ t✎✏ ✒✝t✐✲❝♦✝❢♦❝✒✕ ❝✒✆✏✱ ✏①❝✏♣t t✎✒t t✎✏ ✆✐❣✝✒✕ ✔♦✏✆ ✝♦t ❣♦ t♦ ③✏✑♦✳ ✖✎✐✆

✐✆ ✒✆✆✉✓✏✔ t♦ ❜✏ ✔✉✏ t♦ t✎✏ ♦✚✆✏t ❝✒✉✆✏✔ ❜② t✎✏ ❜✒❝❦❣✑♦✉✝✔ ✕✏✈✏✕ t✎✒t ❝✒✝✝♦t ❜✏ ✑✏✓♦✈✏✔ ✔✉✏

t♦ t✎✏ ✕♦✝❣ t✐✓✏ ✔✐✚✏✑✏✝❝✏ ❜✏t✇✏✏✝ ✑✏❝♦✑✔✐✝❣ ♦❢ t✎✏ ❜✒❝❦❣✑♦✉✝✔ ✒✝✔ ✆✐❣✝✒✕ ✐✓✒❣✏✳ ✖✎✏ t✎✏♦✑②

✒✝✔ ✓✏✒✆✉✑✏✓✏✝t ✔✐✚✏✑ ✓♦✑✏ ✐✝ t✎✏ ❝♦✝❢♦❝✒✕ ❝✒✆✏✳ ✖✎✏ ♣✏✒❦✆ ✒✑✏ ✕✏✆✆ ✔✐✆t✐✝❝t ✒✝✔ ✇✐✔✏✑ ✐✝ t✎✏

✓✏✒✆✉✑✏✓✏✝t✳ ✖✎✐✆ ✐✆ ✔✉✏ t♦ ✒❜✏✑✑✒t✐♦✝✆ ✐✝ t✎✏ ✆②✆t✏✓ ❝✒✉✆✐✝❣ ✒ ✇✐✔✏✑ ✒✝✔ ✝♦t ♣✏✑❢✏❝t✕② ❢♦❝✉✆✏✔

❜✏✒✓✳ ✜✏✝❝✏✱ ✒ ✕✒✑❣✏ ♣✐✝✎♦✕✏ ✓✉✆t ❜✏ ✉✆✏✔✱ ✔✏❣✑✒✔✐✝❣ t✎✏ ✒①✐✒✕ ✑✏✆♦✕✉t✐♦✝✳ ✢✉t ✒✆ t✎✏ ✆✒✓♣✕✏

✐✝✈✏✆t✐❣✒t✏✔ ✎✏✑✏ ✐✆ ❝✎✒✑✒❝t✏✑✐✆✏✔ ❜② ✒ ✔✐✆t✒✝❝✏ ♦❢ ✸✓✓ ❜✏t✇✏✏✝ ✓✉❝♦✆✒ ✒✝✔ ✏✒✑✔✑✉✓✱ t✎✏ ✑✏✔✉❝✏✔

✑✏✆♦✕✉t✐♦✝ ✐✆ ✝♦t ✒ ♣✑♦❜✕✏✓✳ ✜♦✇✏✈✏✑ ✒✆ t✎✏ ♣✐①✏✕ ✆✐③✏ ✐✆ ✶✄ ✣ ✶✄ ✤✓ ✒ ♣✐✝✎♦✕✏ ✇✐t✎ ✑✒✔✐✉✆ ✆✐✓✐✕✒✑

t♦ t✎✏ ♣✐①✏✕ ✔✐✓✏✝✆✐♦✝ ✐✆ ♦✝✕② ✒❜✕✏ t♦ ❜✏ ✒♣♣✑♦①✐✓✒t✏✔ ✇✐t✎ ✒ ✕♦✇ ✑✏✆♦✕✉t✐♦✝✳

❋✐❣✉✑✏ ✡✳✄ ✭❝☛ ✒✝✔ ✭✔☛ ✆✎♦✇ t✎✏ ✆✒✓✏ ✆❝✒✝ ♦✈✏✑ ✒ ✇✐✔✏✑ ③✲✑✒✝❣✏ ❢♦✑ ✔✐✚✏✑✏✝t ✆✒✓♣✕✏✆✱ t✎✏ ✔✐✚✉✆✏✑

✒✆ ✆❝✒tt✏✑✐✝❣ ✕✒②✏✑✱ ✒ ✓✉❝♦✆✒ ♣✎✒✝t♦✓✱ ✒✝✔ t✎✏ ❝♦✓♣✕✏t✏ ✓✐✔✔✕✏ ✏✒✑ ♣✎✒✝t♦✓ ❝♦✓♣♦✆✏✔ ♦❢ ✓✉❝♦✆✒

✒✝✔ ✏✒✑✔✑✉✓✳ ❲✎✏✝ ✉✆✐✝❣ t✎✏ ✓✉❝♦✆✒ ♣✎✒✝t♦✓✆ ♦✝✕②✱ ✒ ❝✕✏✒✑ ♣✏✒❦ ✐✆ ✈✐✆✐❜✕✏ ✐✝ t✎✏ ❝♦✝❢♦❝✒✕ ❝✒✆✏

✐✝✔✐❝✒t✐✝❣ t✎✏ ③✲♣♦✆✐t✐♦✝ ♦❢ t✎✏ ✆✉✑❢✒❝✏✳ ✖✎✏ ❝✒✆✏✆ ♦❢ ✒ ✆❝✒tt✏✑✐✝❣ ✕✒②✏✑ ✆✎♦✇ ✒ ✆✓✒✕✕✏✑ ♣✏✒❦ ✒t t✎✏

♣♦✆✐t✐♦✝ ♦❢ t✎✏ ✆❝✒tt✏✑✐✝❣ ✕✒②✏✑ ✆✉✑❢✒❝✏✳ ✖✎✏ ♣✏✒❦ ✐✆ ✕♦✇✏✑ ✒✆ t✎✏ ✆✐❣✝✒✕ ✐✆ ✆✓✒✕✕✏✑ ❢♦✑ t✎✏ ✆❝✒tt✏✑✐✝❣

✕✒②✏✑✳ ✖✎✏ ❝✒✆✏ ♦❢ ✏✒✑✔✑✉✓ ♦✝✕② ✒✝✔ ❝♦✓♣✕✏t✏ ✓✐✔✔✕✏ ✏✒✑ ♣✎✒✝t♦✓ ✒✑✏ ✝♦t ✔✐✆t✐✝❣✉✐✆✎✒❜✕✏ ✒✝✔ ✝♦

♣✏✒❦ ✐✆ ✆✏✏✝ ❢♦✑ t✎✏ ♣✎✒✝t♦✓ ✆✉✑❢✒❝✏ ✒✆ ♦✝✕② ❢✏✇ ✉✝✆❝✒tt✏✑✏✔ ♣✎♦t♦✝✆ ♣✒✆✆ t✎✏ ✏✒✑✔✑✉✓ ♣✎✒✝t♦✓

t✇✐❝✏ ✒✝✔ ✈✏✑② ✕♦✇ ✆✐❣✝✒✕ ✐✆ ✔✏t✏❝t✏✔✳

✖✎✏ ✒✝t✐✲❝♦✝❢♦❝✒✕ ✗✕t✏✑✐✝❣ ✆✎♦✇✆ ✒ ❝✕✏✒✑ ✓✐✝✐✓✉✓ ❢♦✑ t✎✏ ✓✉❝♦✆✒ ♣✎✒✝t♦✓ ♦✝✕②✱ ✇✎✐✕✏ t✎✏

✓✐✝✐✓✉✓ ✐✆ ✕✏✆✆ ❝✕✏✒✑ ❢♦✑ t✎✏ ❝✒✆✏ ♦❢ ✓✐✔✔✕✏ ✏✒✑ ♣✎✒✝t♦✓✳ ✖✎✏ ❝✒✆✏ ♦❢ ✏✒✑✔✑✉✓ ♣✎✒✝t♦✓ ♦✝✕② ✐✆

❝✕✏✒✑✕② ✆✏♣✒✑✒t✏✔ ❢✑♦✓ t✎✏ ❝✒✆✏ ♦❢ ✓✐✔✔✕✏ ✏✒✑ ♣✎✒✝t♦✓✳
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✆✳✷✳✷ ✝❛❞✞❛❧ ✝❡s♦❧✉✟✞♦♥

✠❤✡ r☛☞✐☛✌ r✡✍✎✌✏t✐✎✑ ✎✒ t❤✡ ✍②✍t✡♠ ✐✍ ❝❤☛r☛❝t✡r✐✍✡☞ ✒✎r ♠✡☛✍✏r✡♠✡✑t✍ t❤r✎✏❣❤ t❤✡ ✡☛r☞r✏♠✓ ✠❤✡

✍☛♠✡ ✍✡t✏♣ ☛✍ t❤✡ ❜✡☛♠ ✇✐☞t❤ ♠✡☛✍✏r✡♠✡✑t ✡①♣✌☛✐✑✡☞ ✐✑ ❙✡❝t✐✎✑ ✔✓✶✓✕ ✐✍ ✏✍✡☞ ✇✐t❤ t❤✡ ☞✐✖✡r✡✑❝✡

t❤☛t ♠✡☛✍✏r✡♠✡✑t✍ ☛r✡ ❝✎✑☞✏❝t✡☞ ✇✐t❤ ☛✑ ✡☛r☞r✏♠ ✍☛♠♣✌✡ ✐✑ t❤✡ ❜✡☛♠ ♣☛t❤✓ ✗✑ ❝☛✍✡ ✎✒ t❤✡

❝✎✑✒✎❝☛✌ ♠✡☛✍✏r✡♠✡✑t✱ t❤✡ ✍✏r✒☛❝✡ ✎✒ t❤✡ ♠✐rr✎r ✐✍ ♣✌☛❝✡☞ ✐✑ ✒✎❝✏✍ ☛✑☞ t❤✡ ✡☛r☞r✏♠ ✍☛♠♣✌✡ ☎♠♠

✐✑ ✒r✎✑t ✎✒ ✐t✓ ✗✑ ❝☛✍✡ ✎✒ t❤✡ ☛✑t✐✲❝✎✑✒✎❝☛✌ ♠✡☛✍✏r✡♠✡✑t t❤✡ ✡☛r☞r✏♠ ✐✍ ♣✌☛❝✡☞ ✐✑ ✒✎❝✏✍ ☛✑☞ t❤✡

♠✐rr✎r ✐✍ ♣✌☛❝✡☞ ✇✐t❤ ☛ ☞✐✍t☛✑❝✡ ✎✒ ☎♠♠ ❜✡❤✐✑☞ ✐t✓ ✠❤✡ ☞✡t✡❝t✡☞ ✍✐❣✑☛✌ ✐✍ ♠✡☛✍✏r✡☞ ✇❤✡✑ ♠✎✈✐✑❣

☛ r✡✘✡❝t✐✈✡ ✡☞❣✡ t❤r✎✏❣❤ t❤✡ ❜✡☛♠✓ ✠❤✡ t✡✍t r✡✍✎✌✏t✐✎✑ t☛r❣✡t ✏✍✡☞ ✡☛r✌✐✡r ✐✍ r✡♣✌☛❝✡☞ ❜② t❤✡ ✡☞❣✡

✎✒ ☛ ♠✐rr✎r ❜✡❝☛✏✍✡ ☛ ✌☛r❣✡ ❤✎♠✎❣✡✑✡✎✏✍ ☛r✡☛ ✐✍ ✑✡❝✡✍✍☛r② t✎ ♠✡☛✍✏r✡ t❤✡ r✡✍✎✌✏t✐✎✑ ✎✒ t❤✡ ✇✐☞✡

✍♣r✡☛☞ ✍❝☛tt✡r✡☞ ✍✐❣✑☛✌✓ ✙✡✍✎✌✏t✐✎✑ ✒✎r ❜✎t❤ ❝✎✑✒✎❝☛✌ ☛✑☞ ☛✑t✐✲❝✎✑✒✎❝☛✌ ✍②✍t✡♠✍ ☛r✡ ♠✡☛✍✏r✡☞✱ ✇✐t❤

t❤✡ ♠✐rr✎r ☛✌✎✑✡ ☛✑☞ ✇✐t❤ t❤✡ ☞✐✖✏✍✡r ☛✍ ✡☛r☞r✏♠ ♣❤☛✑t✎♠ ♣✌☛❝✡☞ ✐✑ ✒r✎✑t ✎✒ t❤✡ ♠✐rr✎r✓ ✠❤✡

❣r✡✡✑ ✌☛✍✡r ✐✍ ✏✍✡☞ ✒✎r ✍☛♠♣✌✐✑❣✓

❋✐❣✏r✡ ✔✓✔ ✍❤✎✇✍ t❤✡ r✡✍✏✌t ✎✒ t❤✡ ✡①♣✡r✐♠✡✑t ✇✐t❤ ✡☛❝❤ ♠✡☛✍✏r✡♠✡✑t ✑✎r♠☛✌✐✍✡☞ t✎ ✐t✍ ♠☛①✐✲

♠✏♠ ✈☛✌✏✡ r✡✍✏✌t✐✑❣ ✐✑ ☛ ✍❝☛✌✡ ✎✒ ✵ t✎ ✶ ✎✒ t❤✡ ☞✡t✡❝t✡☞ ♣✎✇✡r✓ ✠❤✡ ❝✎✑✒✎❝☛✌ ✍✐❣✑☛✌ ♠✡☛✍✏r✡☞ ✎✑ t❤✡

♠✐rr✎r ✍❤✎✇✍ ☛ ✍❤☛r♣ tr☛✑✍✐t✐✎✑ ✇✐t❤ ☛ ✇✐☞t❤ ✎✒ ☛❜✎✏t ✕✚ ✛♠✓ ✠❤✡ ☛♣♣r✎①✐♠☛t✡ tr☛✑✍✐t✐✎✑ ✇✐☞t❤

✐✍ ♠☛r❦✡☞ ❜② t❤✡ ✈✡rt✐❝☛✌ ☞✎tt✡☞ ✌✐✑✡✍✓ ❲❤✡✑ ♣✌☛❝✐✑❣ t❤✡ ☞✐✖✏✍✡r ✐✑ ✒r✎✑t t❤✡ ♠✐rr✎r t❤✡ ✇✐☞t❤

✎✒ t❤✡ tr☛✑✍✐t✐✎✑ ❣✡t✍ ✇✐☞✡r ✭☛❜✎✏t ✕✵✵✛♠✮ ☛✑☞ t❤✡ ❝✎✑tr☛✍t ✐✍ ☞✡❝r✡☛✍✡☞✓ ✠❤✡ ✌☛tt✡r ✐✍ t❤✡ ❝☛✍✡

❜✡❝☛✏✍✡ t❤✡ ✍✐❣✑☛✌ ✐✍ r✡☞✏❝✡☞ ☞✏✡ t✎ ✍❝☛tt✡r✐✑❣ ☛✑☞ ❜☛❝❦❣r✎✏✑☞ ✐✍ ☛☞☞✡☞ ☞✏✡ t✎ ☛ ✏✍✡ ✎✒ ☛ ♣✐✑❤✎✌✡

✎✒ ✹✜✛♠ r☛☞✐✏✍✓

✠❤✡ tr☛✑✍✐t✐✎✑ ☛r✡☛ ✐✍ ☛❜✎✏t ✄✔✵✛♠ ✇✐☞✡ ✒✎r t❤✡ ☛✑t✐✲❝✎✑✒✎❝☛✌ ✍②✍t✡♠ ✭✍t✎♣ r☛☞✐✏✍ ✎✒ ✹✜✵✛♠✮

✇✐t❤✎✏t t❤✡ ☞✐✖✏✍✡r ✐✑ ♣✌☛❝✡✓ ✠❤✐✍ ✐✑❝r✡☛✍✡ ✐✍ ☛ r✡✍✏✌t ✎✒ t❤✡ ❜✡☛♠ ❜✡✐✑❣ ✒✎❝✏✍✡☞ ✹♠♠ ✐✑ ✒r✎✑t

✎✒ t❤✡ ♠✐rr✎r ✭☛t t❤✡ ♣✎✍✐t✐✎✑ ✇❤✡r✡ t❤✡ ☞✐✖✏✍✡r ✇✎✏✌☞ ❜✡ ✐✑ ✒✎❝✏✍✮ r✡✍✏✌t✐✑❣ ✐✑ ☛ ❜✡☛♠ r☛☞✐✏✍ ✎✒

☎✵✵✛♠ ☛t t❤✡ ♠✐rr✎r✓ ✠❤✐✍ tr☛✑✍✐t✐✎✑ ☛r✡☛ ✐✍ ✒✏rt❤✡r ✐✑❝r✡☛✍✡☞ t✎ ☛❜✎✏t ✶✵✚✵✛♠ ✇❤✡✑ ♣✌☛❝✐✑❣ t❤✡

☞✐✖✏✍✡r ✐✑ t❤✡ ❜✡☛♠ ♣☛t❤ ☛✍ t❤✡ ✌✐❣❤t ✐✍ ✍♣r✡☛☞ ✒✏rt❤✡r ☞✏✡ t✎ ✍❝☛tt✡r✐✑❣✓ ❇✏t ☛t t❤✡ ✍☛♠✡ t✐♠✡

t❤✡ ❝✎✑tr☛✍t ✐✍ ✐✑❝r✡☛✍✡☞ ❝✎♠♣☛r✡☞ t✎ t❤✡ ❝✎✑✒✎❝☛✌ ✍②✍t✡♠✓

✠❤✡ ☞✡t✡❝t✡☞ ❝✎✑✒✎❝☛✌ ♣✎✇✡r ✐✍ ☛❜✎✏t ✚✵ t✐♠✡✍ ✌✎✇✡r t❤☛✑ t❤✡ ☛✑t✐✲❝✎✑✒✎❝☛✌ ✍✐❣✑☛✌✓ ✠❤✐✍ ✍❤✎✇✍

t❤✡ ❜✡tt✡r r✡✍✎✌✏t✐✎✑ ❜✏t ✌✎✇✡r ✍✐❣✑☛✌ ✌✡✈✡✌ ✎✒ t❤✡ ❝✎✑✒✎❝☛✌ ✍②✍t✡♠✓ ✢✍ t❤✡ r✡✍✎✌✏t✐✎✑ ✐✍ ✑✎t r✡✌✡✈☛✑t

✐✑ t❤✐✍ ☛♣♣✌✐❝☛t✐✎✑ ✇❤✐✌✍t t❤✡ ✍✐❣✑☛✌ ✌✡✈✡✌ ✐✍✱ t❤✡ ☛✑t✐✲❝✎✑✒✎❝☛✌ ✍②✍t✡♠ ✐✍ ☛☞✈☛✑t☛❣✡✎✏✍✓

✆✳✷✳✸ ✝❛❞✞❛❧ P♦✣❡✤ ✥✞s✟✤✞✦✉✟✞♦♥

✗✑ t❤✐✍ ✍✡❝t✐✎✑ ✐✑ t❤✡ ✧✧★ ❝☛♠✡r☛ ✐♠☛❣✡✍ ☛r✡ ☛✑☛✌②✍✡☞ t✎ ☛✌✌✎✇ ✒✏rt❤✡r ✍✐❣✑☛✌ ♣r✎❝✡✍✍✐✑❣✓ ✗✑

t❤✐✍ ☛✑☞ ✐✑ ☛✌✌ ✒✎✌✌✎✇✐✑❣ ✡①♣✡r✐♠✡✑t✍ ✭✏✑✌✡✍✍ ✍t☛t✡☞ ✎t❤✡r✇✐✍✡✮ ✇✐t❤ t❤✡ ☛✑t✐✲❝✎✑✒✎❝☛✌ ✍✡t✏♣ t❤✡

✎♣t✐❝☛✌ ✍②✍t✡♠ ✐✍ ✒✎❝✏✍✡☞ ✎✑ t❤✡ ✍✏r✒☛❝✡ ✎✒ t❤✡ ✡☛r☞r✏♠✓ ✗✒ ✑✎ ✡☛r☞r✏♠ ♣❤☛✑t✎♠ ✐✍ ✏✍✡☞ ☞✏r✐✑❣ t❤✡

✡①♣✡r✐♠✡✑t✍✱ t❤✡ ✒✎❝✏✍ ✐✍ ✑✎t ❝❤☛✑❣✡☞ ☛✑☞ ✐✍ ✇❤✡r✡ t❤✡ ✍✏r✒☛❝✡ ✎✒ t❤✡ ✡☛r☞r✏♠ ✇✎✏✌☞ ❜✡ ✐✒ ♣✌☛❝✡☞✓
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✲✆✝✝ ✲✞✝✝ ✲✟✝✝ ✲✠✝✝ ✝ ✠✝✝ ✟✝✝ ✞✝✝ ✆✝✝ ✡✝✝✝

☛☞✌✍✎✏✑✒ ✓✔♠✕

✝

✝✵✠

✝✵✟

✝✵✞

✝✵✆

✡

✖
✗
✘✙
✚
✛✜
✢
✣
✤
✥
✣
✦✣
✧
✦✣
✤
★
✗
✩
✣
✘

❙✪✫✬ ✭✮✯✯✫✯

❙✪✫✬ ✭✮✯✯✫✯ ✰ ✱✮✳✳✴✷✸✯

P✮✹✺✫✻✸ ✭✮✯✯✫✯
P✮✹✺✫✻✸ ✭✮✯✯✫✯ ✰ ✱✮✳✳✴✷✸✯

❋✐❣✽r❡ ✾✿✾❀ ❁❂s❝❛❃ t❤r♦✽❣❤ ❛ s❛❄♣❧❡ ✽s✐❃❣ ❝♦❃❢♦❝❛❧ ❛❃❞ ❛❃t✐❂❝♦❃❢♦❝❛❧ ❅❧t❡r✐❃❣✿ ❇✐❃❤♦❧❡ r❛❞✐✽s ●

☎❏❑❄▲ st♦♣ r❛❞✐✽s ● ☎❏◗❑❄▲ ❛❃❞ s❛❄♣❧❡ ❛❃❞ ❅❧t❡r✐❃❣ ❛❝❝♦r❞✐❃❣ t♦ ❧❡❣❡❃❞✿

❯❤❡ ❄✽❝♦s❛ ♣❤❛❃t♦❄s ❛r❡ ♣❧❛❝❡❞ ❲❄❄ ❜❡❤✐❃❞ t❤❡ ❡❛r❞r✽❄ ♦r ✐ts t❤❡♦r❡t✐❝❛❧ ♣♦s✐t✐♦❃ ❛❃❞ ♦✽t ♦❢

❢♦❝✽s✿

❨❡❝♦r❞❡❞ ✐❄❛❣❡s ♦❢ t❤❡ ❛❃t✐❂❝♦❃❢♦❝❛❧ ❞❡t❡❝t♦r ❛r❡ s❤♦✇❃ ✐❃ ❋✐❣✽r❡ ✾✿❏ ✽s✐❃❣ ❛ ❧♦❣❛r✐t❤❄✐❝ s❝❛❧❡✿

❯❤❡ ❧❡❢t ✐❄❛❣❡ s❤♦✇s t❤❡ ♣♦✇❡r ❞✐str✐❜✽t✐♦❃ ✇❤❡❃ ♦❃❧② ❛ ❄✽❝♦s❛ ♣❤❛❃t♦❄ ✐s ✽s❡❞ ❛s t❛r❣❡t▲ ✐❃ t❤❡

❄✐❞❞❧❡ ✐❄❛❣❡ ♦❃❧② t❤❡ ❡❛r❞r✽❄ ♣❤❛❃t♦❄ ✐s ✽s❡❞ ❛s t❛r❣❡t▲ ❛❃❞ ♦❃ t❤❡ r✐❣❤t t❤❡ ❞❡t❡❝t❡❞ ♣♦✇❡r ✐s

s❤♦✇❃ ✇❤❡❃ ❜♦t❤ ❄✽❝♦s❛ ❛❃❞ ❡❛r❞r✽❄ ♣❤❛❃t♦❄ ❛r❡ ✽s❡❞ ❛s t❛r❣❡t✿ ❩❧❧ t❤r❡❡ ✐❄❛❣❡s s❤♦✇ t❤❡ s❛❄❡

s❝❛❧❡ ♦❢ ♣✐①❡❧ r❡❛❞✐❃❣s ♦❢ t❤❡ ❝❛❄❡r❛✿ ❬❃ ❝❛s❡ ♦❢ t❤❡ ❄✽❝♦s❛ ♣❤❛❃t♦❄▲ t❤❡ s✐❣❃❛❧ ✐s ❞✐str✐❜✽t❡❞ ♦✈❡r

❛ ✇✐❞❡r r❛❃❣❡ ❛s t❤❡ ❜❡❛❄ ✐s ❞❡❢♦❝✽ss❡❞ ❛❃❞ ❧✐❣❤t s❝❛tt❡r❡❞ ✐❃s✐❞❡ t❤❡ ♣❤❛❃t♦❄✿ ❯❤❡ ✐❧❧✽❄✐❃❛t✐♦❃

✐s ❢♦❝✽s❡❞ ♦❃ t❤❡ ❡❛r❞r✽❄ ❛❃❞ t❤✽s ❛ ❤✐❣❤❡r ❄❛①✐❄✽❄ ✐❃t❡❃s✐t② ✐s s❡❡❃ ❛❃❞ t❤❡ ♣♦✇❡r ✐s ❄♦r❡

❝♦❃❝❡❃tr❛t❡❞ ✐❃ t❤❡ ❄✐❞❞❧❡ ❣r❛♣❤ ✐❃ ❋✐❣✽r❡ ✾✿❏✿ ❋♦r t❤❡ ❝♦❄♣❧❡t❡ ❄✐❞❞❧❡ ❡❛r ♣❤❛❃t♦❄ ❜♦t❤ ✐❄❛❣❡s

❛r❡ s✽♣❡r✐❄♣♦s❡❞▲ ✇✐t❤ t❤❡ s✐❣❃❛❧ ❢r♦❄ t❤❡ ❄✽❝♦s❛ ❛tt❡❃✽❛t❡❞✿

❭❄❡❛r✐❃❣ ♦❢ t❤❡ s✐❣❃❛❧ ❜❡❧♦✇ t❤❡ ❝❡❃tr❡ ✐s ♦❜s❡r✈❡❞ ✐❃ ❛❧❧ ✐❄❛❣❡s ❡✈❡❃ t❤♦✽❣❤ ✐❄❛❣❡s ❛r❡ ❃♦t

s❛t✽r❛t❡❞✿ ❯❤❡ ✽s❡❞ ❝❛❄❡r❛ ✐s ❛ ❢r❛❄❡ tr❛❃s❢❡r ❪❪❫ ❛❃❞ t❤❡ ♣✐①❡❧s ❛r❡ st✐❧❧ ❡①♣♦s❡❞ t♦ ❧✐❣❤t ❞✽r✐❃❣

t❤❡ ❢r❛❄❡ tr❛❃s❢❡r ❴❵❵✄❥✿ ❯❤✐s ❝❛✽s❡s t❤❡ ♦❜s❡r✈❡❞ s❄❡❛r✐❃❣▲ ✇❤✐❝❤ ✐s ❄♦r❡ ♦❜✈✐♦✽s ❢♦r s❄❛❧❧❡r

❡①♣♦s✽r❡ t✐❄❡s ❦❵◗❄s ❛r❡ ✽s❡❞ ❤❡r❡♥✿ ❯♦ ❛✈♦✐❞ t❤✐s ❡q❡❝t▲ t❤❡ ❧♦✇❡r ❤❛❧❢ ♦❢ t❤❡ ✐❄❛❣❡s ✐s ✐❣❃♦r❡❞✿

❯♦ ❛❃❛❧②s❡ t❤❡ ♣♦✇❡r ❞✐str✐❜✽t✐♦❃ ✐❃ ❄♦r❡ ❞❡t❛✐❧▲ t❤❡ ♣♦✇❡r ❞❡♣❡❃❞❡❃t ♦❃ t❤❡ r❛❞✐❛❧ ❞✐st❛❃❝❡

✉ ❢r♦❄ t❤❡ ❝❡❃tr❡ ♦❢ t❤❡ ❜❡❛❄ ✐s s❤♦✇❃ ✐❃ ❋✐❣✽r❡ ✾✿③✿ ④❩❯⑤❩⑥ ✇❛s ✽s❡❞ t♦ ❅❃❞ t❤❡ ❝❡❃tr❡ ♦❢

t❤❡ ❜❡❛❄▲ ❞❡❅❃❡❞ ❛s ❝❡❃tr♦✐❞ ♦❢ t❤❡ ❛r❡❛ ✇❤❡r❡ t❤❡ ✐❃t❡❃s✐t② ✐s ❤✐❣❤❡r t❤❛❃ ⑦
⑧ ❄❛①✐❄✽❄ ✐❃t❡❃s✐t②▲

❛❃❞ ❝❛❧❝✽❧❛t✐♦❃ ♦❢ t❤❡ ♣♦✇❡r✿ ❯❤❡ r❛❞✐✽s ✐s ❛❃❛❧②s❡❞ ✐❃ st❡♣s ♦❢ ❵ ♣✐①❡❧ ❡⑨✽❛❧ t♦ ❲❵❑❄ ♦r ❛❜♦✽t

❢♦✽r t✐❄❡s t❤❡ ❞✐❛❄❡t❡r ♦❢ t❤❡ ♣♦✐❃t s♣r❡❛❞ ❢✽❃❝t✐♦❃ ❛t t❤❡ ❢♦❝✽s✿ ❯❤❡ ♣♦✇❡r ✐❃ ❡❛❝❤ r❛❞✐❛❧ ❛r❡❛ ✐s

s❤♦✇❃ ❞❡♣❡❃❞❡❃t ♦❃ t❤❡ r❛❞✐✽s ♦❃ t❤❡ ①❂❛①✐s ❛❃❞ ✐s ❞✐q❡r❡❃t ❢r♦❄ t❤❡ ✐❃t❡❃s✐t② ❦♣♦✇❡r ♣❡r ❛r❡❛♥
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✓
✔✕
✖✗
✘
❧
✙
✚
❧✛
✘
✜

✵

✷

✹

✻

✽

❋✐❣✢r❡ ✣✤✥✦ ✧①❛★♣✩❡s ♦✪ r❡❝♦r❞❡❞ ✐★❛❣❡s ✪♦r ❛✫t✐✲❝♦✫✪♦❝❛✩ ❞❡t❡❝t✐♦✫ ✪r♦★ ❞✐✬❡r❡✫t ♣❤❛✫t♦★s✤

❙★❡❛r✐✫❣ ✐s ✈✐s✐❜✩❡ ✐✫ ❛✩✩ ✐★❛❣❡s ❛s ❜r✐❣❤t ✩✐✫❡s ❜❡✩♦✇ t❤❡ ❝❡✫tr❛✩ s✐❣✫❛✩ s♣♦t✤ ✭❤❡ ❝❛★❡r❛ ❛r❡❛ ✐s

✥ ✮ ✥★★✯✤

❛s t❤❡ ❛r❡❛ ✪♦r ❡❛❝❤ r❛❞✐❛✩ s❡❝t✐♦✫ ❝❤❛✫❣❡s ✇✐t❤ ✰✯✤ ✱❡✫❝❡✳ t❤❡ ✐✫t❡✫s✐t② ✪❛✩✩s ♦✬ ★♦r❡ q✢✐❝❦✩② t❤❛✫

t❤❡ s❤♦✇✫ ♣♦✇❡r ♣❡r ❛✫❣✩❡✤ ✭❤✐s ❝✢rr❡✫t ✇❛② ♦✪ ♣✩♦tt✐✫❣ ✐s s❡✩❡❝t❡❞ ❛s ✐t ❞✐r❡❝t✩② s❤♦✇s t❤❡ ♣♦✇❡r

t❤❛t ✇✐✩✩ ❜❡ s❡✩❡❝t❡❞ ❜② ❛✫t✐✲❝♦✫✪♦❝❛✩ st♦♣ ✴✩t❡r✐✫❣ ✇✐t❤ ❛ ❝❡rt❛✐✫ r❛❞✐✢s✤

✭❤❡ ❝♦✩♦✢r❡❞ s♦✩✐❞ ✩✐✫❡s s❤♦✇ t❤❡ ♣♦✇❡r ❞✐str✐❜✢t✐♦✫ ♦✪ t❤❡ ★✢❝♦s❛ ♣❤❛✫t♦★ ♦✫✩②✳ ❡❛❝❤ ❝♦✩♦✢r

✐✫❞✐❝❛t❡s ❛ ❞✐✬❡r❡✫t ♣❤❛✫t♦★✤ ✭❤❡ ❞❛s❤❡❞ ✩✐✫❡s s❤♦✇ t❤❡ ♣♦✇❡r ❞✐str✐❜✢t✐♦✫ ✪♦r t❤❡ ★✐❞❞✩❡ ❡❛r

♣❤❛✫t♦★ ✇✐t❤ t❤❡ s❛★❡ ❝♦✩♦✢r ❝♦❞✐✫❣ ✢s❡❞ ✪♦r t❤❡ ❞✐✬❡r❡✫t ★✢❝♦s❛ ♣❤❛✫t♦★s✤ ✭❤❡ ❜✩❛❝❦ ❞❛s❤✲

❞♦tt❡❞ ✩✐✫❡ s❤♦✇s t❤❡ r❡❝♦r❞❡❞ ♣♦✇❡r ✪♦r t❤❡ ❡❛r❞r✢★ ♣❤❛✫t♦★✤

✸t ✐s ♦❜✈✐♦✢s t❤❛t t❤❡ s✐❣✫❛✩ ✪r♦★ t❤❡ ❡❛r❞r✢★ ♣❤❛✫t♦★ ✐s s♣r❡❛❞ ♦✈❡r ❛ s★❛✩✩❡r ❛r❡❛ ❛✫❞ s❤♦✇s

❛ ❤✐❣❤❡r ★❛①✐★✢★ ✈❛✩✢❡ t❤❛✫ t❤❡ ★✢❝♦s❛ ♣❤❛✫t♦★s ♦✫✩②✤ ✭❤❡ ★✢❝♦s❛ ♣❤❛✫t♦★s s❤♦✇ ❛ ★❛✐✫

✩♦❜❡ ✇✐t❤ ❛❜♦✢t ✺✾✿ ❀★ r❛❞✐✢s ❛✫❞ t❤❡✫ ❛ ❁❛tt❡r ❞❡❝❛② ✪♦r ❛ ❤✐❣❤❡r r❛❞✐✢s ❂tr❛✫s✐t✐♦✫ ✐✫❞✐❝❛t❡❞

❜② t❤❡ ✈❡rt✐❝❛✩ ❜✩❛❝❦ ❞♦tt❡❞ ✩✐✫❡❃✤ ✭❤✐s ★❛✐✫ ✩♦❜❡ ✐s ❛ r❡s✢✩t ♦✪ ❞✐r❡❝t r❡❁❡❝t✐♦✫s ✪r♦★ t❤❡ ♣❤❛✫t♦★

s✢r✪❛❝❡✤ ✭❤❡ t❤❡♦r❡t✐❝❛✩ ✇✐❞t❤ ♦✪ t❤❡ ✐✩✩✢★✐✫❛t✐♦✫ ❜❡❛★ ❞✐❛★❡t❡r ❛t ♣❤❛✫t♦★ s✢r✪❛❝❡ ❄ ✐s ❣✐✈❡✫

❜②

❄ ❅
✰

❢
❇ ● ❏ ❑▲ ❇ ● ❅ ✿P✿✥ ❇ ◗★★ ❅ ✿P✺★★ ❂✣✤✄❃

✇❤❡r❡ ✰ ✐s t❤❡ ❛♣❡rt✢r❡ r❛❞✐✢s✳ ❢ t❤❡ ✪♦❝❛✩ ✩❡✫❣t❤ ♦✪ t❤❡ ✩❡✫s✳ ❛✫❞ ● t❤❡ ❞✐st❛✫❝❡ ✪r♦★ s❝❛tt❡r✐✫❣

s✢r✪❛❝❡ t♦ ★✢❝♦s❛ s✢r✪❛❝❡✤ ✭❤✐s ✴ts ✇❡✩✩ ✇✐t❤ t❤❡ ★❡❛s✢r❡★❡✫t ❛✫❞ ✐s ❛✩s♦ ✈✐s✐❜✩❡ ✐✫ ❡①♣❡r✐★❡✫ts

s❤♦✇✫ ✩❛t❡r ✇❤❡r❡ t❤❡ ❞✐st❛✫❝❡ ❛✫❞ ❯❲ ❛r❡ ✈❛r✐❡❞✤

✭❤❡ ★❛①✐★✢★ ♦✪ t❤❡ ♣♦✇❡r ❛t ❛r♦✢✫❞ ✶☎✿ ❀★ ♦❜s❡r✈❡❞ ❤❡r❡ ✐s ❛ r❡s✢✩t ♦✪ ❞❡❝r❡❛s✐✫❣ ✐✫t❡✫s✐t②

✇✐t❤ ✐✫❝r❡❛s✐✫❣ r❛❞✐✢s ❜✢t ❛t t❤❡ s❛★❡ t✐★❡ ✐✫❝r❡❛s✐✫❣ ❛r❡❛✤ ✸✫t❡✫s✐t② ♣✩♦ts ❞♦ ✫♦t s❤♦✇ t❤✐s

❜❡❤❛✈✐♦✢r ❜✢t s❤♦✇ ❛ ★❛①✐★✢★ ✐✫ t❤❡ ❝❡✫t❡r ✐✫st❡❛❞✤

❋✢rt❤❡r✳ ✐t ❝❛✫ ❜❡ s❡❡✫ t❤❛t t❤❡ ♣♦✇❡r ✐s ❤✐❣❤❡r ✪♦r t❤❡ ♣❤❛✫t♦★s ✇✐t❤ ✩♦✇❡r ❛❜s♦r♣t✐♦✫ ❝♦❡❨✲

❝✐❡✫t ❂✩♦✇❡r ✫✢★❜❡r❃ ✇❤❡✫ ★❡❛s✢r✐✫❣ t❤❡ r❡❁❡❝t❛✫❝❡ ♦✪ t❤❡ ★✢❝♦s❛ ♣❤❛✫t♦★ ♦✫✩② ❂✪❛❝t♦r ♦✪ ❛❜♦✢t
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✵ ✷✵✵ ✹✵✵ ✻✵✵ ✽✵✵ ☎✵✵✵ ☎✷✵✵ ☎✹✵✵ ☎✻✵✵ ☎✽✵✵

✆✝✞✟✠✡ ☛ ☞♠✌

☎✵✲✍

☎✵✲✎

☎✵✲✏

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

✪✫✬✭✮✯✰
✪✫✬✭✮✯✱
✪✫✬✭✮✯✳
✪✫✬✭✮✯✴
✪✫✬✭✮✯✰ ✸ ✺✯✾✿✾✫❀
✪✫✬✭✮✯✱ ✸ ✺✯✾✿✾✫❀
✪✫✬✭✮✯✳ ✸ ✺✯✾✿✾✫❀
✪✫✬✭✮✯✴ ✸ ✺✯✾✿✾✫❀
✺✯✾✿✾✫❀

❋✐❣❁r❡ ❂❃❄❅ ❇❛●✐❛❏ ●✐str✐❜❁t✐♦❑ ♦▲ ♣♦✇❡r ✐❑ t❤❡ ✐P❛❣❡s❃

✶❃✶◗ ✶❃❙◗ ❛❑● ✶❃❯ ✐❑ t❤❡ P❛✐❑ ❏♦❜❡ ♦r ✶❃❲◗ ❲◗ ❛❑● ❯❃✶ ✐❑ t♦t❛❏ ♦▲ ♣❤❛❑t♦P ✶ ❝♦P♣❛r❡● t♦ t❤❡ ♦t❤❡rs❨❃

❩t ❤✐❣❤ r❛●✐✐ ❬❜✐❣❣❡r t❤❛❑ ❛r♦❁❑● ✄❭❭ ❪P❨ t❤❡ s❛P❡ ✐s tr❁❡ ▲♦r t❤❡ ❝♦P♣❏❡t❡ P✐●●❏❡ ❡❛r ♣❤❛❑t♦P❃

❩t ❏♦✇❡r r❛●✐✐ t❤✐s ✐s ❑♦t tr❁❡ ❛s ✐❑ t❤❡ ❝❡❑tr❡ t❤❡ ♣♦✇❡r ✐s P♦r❡ ●❡t❡rP✐❑❡● ❜② r❡❫❡❝t✐♦❑s ▲r♦P

t❤❡ ❡❛r●r❁P r❛t❤❡r t❤❛❑ t❤❡ P❁❝♦s❛ ♣❤❛❑t♦P❃

❴❵❞❵❢ ❥❦❧♥q✉❦✈① ③④ ♥⑤q ⑥❦①✈⑦❧ ⑧⑨❦✈① ♥⑤q ⑩✈♥❦❶❷③✈④③❸⑦❧ ⑥♥③❹

❩s s❡❡❑ ✐❑ ❋✐❣❁r❡ ❂❃❄◗ t❤❡ ●❡t❡❝t❡● s✐❣❑❛❏ ▲r♦P t❤❡ P✐●●❏❡ ❡❛r ♣❤❛❑t♦Ps ❝❛❑ ❜❡ ●✐st✐❑❣❁✐s❤❡●

❛t r❛●✐✐ ❤✐❣❤❡r t❤❛❑ ❛r♦❁❑● ✄❭❭ ❪P ✇❤✐❏❡ t❤✐s ✐s ❑♦t t❤❡ ❝❛s❡ ▲♦r sP❛❏❏❡r r❛●✐✐❃ ❺❡❑❝❡◗ t❤❡ ❛❑t✐❻

❝♦❑▲♦❝❛❏ st♦♣ ✐s ❁s❡● t♦ r❡❼❡❝t t❤❡ ❝❡❑tr❛❏ ♣♦rt✐♦❑ ❛❑● ♦❑❏② r❡❝♦❽❡r t❤❡ ❛❜s♦r♣t✐♦❑ ●❡♣❡❑●❡❑t

s✐❣❑❛❏❃ ❋✐❣❁r❡ ❂❃✶❭ s❤♦✇s t❤❡ ●❡t❡❝t❡● s✐❣❑❛❏ ▲♦r t❤❡ ▲♦❁r P❁❝♦s❛ ♣❤❛❑t♦Ps ✇❤❡❑ ❁s✐❑❣ st♦♣s

✇✐t❤ ●✐❾❡r❡❑t r❛●✐✐ r❛❑❣✐❑❣ ▲r♦P ✶✄❭ t♦ ✄❿❭ ❪P❃ ➀❤❡ ●❡t❡❝t❡● ♣♦✇❡r ✐s s❤♦✇❑ ●❡♣❡❑●❡❑t ♦❑ t❤❡

❛❜s♦r♣t✐♦❑ ❝♦❡➁❝✐❡❑t ♦▲ t❤❡ ♣❤❛❑t♦Ps ❛t ➂❭➂ ❑P ✇❛❽❡❏❡❑❣t❤ ❛❏♦❑❣ t❤❡ ➃❻❛➃✐s❃ ➀❤❡ t♦t❛❏ ●❡t❡❝t❡●

♣♦✇❡r ✇✐t❤♦❁t st♦♣ ➄❏t❡r✐❑❣ ✐s s❤♦✇❑ ❛s ❛ s♦❏✐● ❏✐❑❡ ✇❤✐❏❡ t❤❡ ♣♦✇❡r ✇❤❡❑ ❁s✐❑❣ st♦♣ ➄❏t❡r✐❑❣

❛r❡ s❤♦✇❑ ❛s ●❛s❤❡● ❏✐❑❡s❃ ➀❤❡ r❡● ❏✐❑❡ ✐❑●✐❝❛t❡s t❤❡ P❡❛s❁r❡P❡❑t ✇❤❡r❡ t❤❡ s❛P♣❏❡ ❁s❡● ✐s t❤❡

P❁❝♦s❛ ♣❤❛❑t♦P ✇✐t❤♦❁t t❤❡ ❡❛r●r❁P ♣❤❛❑t♦P ✐❑ ♣❏❛❝❡❃ ➀❤✐s ✐s t❤❡ ✐●❡❛❏ s✐❣❑❛❏ t❤❛t ❝♦❁❏● ❜❡

❛❝❤✐❡❽❡● ✇❤❡❑ t❤❡ s✐❣❑❛❏ ♣❛t❤ ✐s ❑♦t ❜❏♦❝➅❡● ❛❑● ✐s ❁s❡● ❛s ❛ r❡▲❡r❡❑❝❡❃ ➀❤❡ ♣♦✇❡r ✐s ❑♦rP❛❏✐s❡●

t♦ t❤❡ ♣♦✇❡r ♦▲ ➆❤❛❑t♦P ✶ ❬❏♦✇❡st ❛❜s♦r♣t✐♦❑❨ ▲♦r ❡❛❝❤ s❡r✐❡s t♦ ❛❏❏♦✇ ❡❛s② ❝♦P♣❛r✐s♦❑ ♦▲ t❤❡

❝♦❑tr❛st ❜❡t✇❡❡❑ t❤❡ ♣❤❛❑t♦Ps❃ ❋✐❽❡ ♣♦s✐t✐♦❑s ❬✶PP ❛♣❛rt❨ ✇❡r❡ P❡❛s❁r❡●◗ t❤❡ P❡❛❑ ❽❛❏❁❡s ❛r❡
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✵✆✵✝✞ ✵✆✞ ✵✆✞✟ ✵✆✠✝✡

☛
❛

✥☞✌✍✍✎

✵

✵✆✠

✵✆✡

✵✆✝

✵✆✟

✞

✏
✑
✒✓
✔
✕
✖
✑
✗

✘✙✚✛✜✢

✘✣ ✤✛ ✜✦✛✧

✘✣ ★✩✪✫♠
✘✣ ✬✭✪✫♠

✘✣ ✮✯✪✫♠
✘✣ ✩✮✪✫♠

❋✐❣✰r❡ ☎✱✶✲✳ ✴♦✷tr✸✹t ❜❡t✇❡❡✷ ♣❤✸✷t♦✺✹ ❢♦r ❞✐✻❡r❡✷t ✹t♦♣ r✸❞✐✐✱ ✽❤❡ ✸❜✹♦r♣t✐♦✷ ❝♦❡✾❝✐❡✷t

❢♦r ❡✸❝❤ ♣❤✸✷t♦✺ ✐✹ ❣✐✈❡✷ ♦✷ t❤❡ ①✿✸①✐✹ ❀❁❂❃P❄❂♥❅❇●❏ ❑ ✲▲✲✄✶ ✺✺◗❏❙ ❁❂❃P❄❂♥❅❇●❯ ❑ ✲▲✶ ✺✺◗❏❙

❁❂❃P❄❂♥❅❇●❲ ❑ ✲▲✶❨ ✺✺◗❏❙ ❁❂❃P❄❂♥❅❇●❩ ❑ ✲▲❬✄❭ ✺✺◗❏❪✱ ❫❴ ④ ✺✐❞❞❧❡ ❡✸r ♣❤✸✷t♦✺ ❝♦✺♣♦✹❡❞ ♦❢

✺✰❝♦✹✸ ✸✷❞ ❡✸r❞r✰✺✱

✹❤♦✇✷ ❤❡r❡ ✇✐t❤ t❤❡ ✹t✸✷❞✸r❞ ❞❡✈✐✸t✐♦✷✹ ✹❤♦✇✷ ❜② t❤❡ ❡rr♦r❜✸r✹✱ ❵❞❞✐t✐♦✷✸❧❧② t♦ t❤❡ ✹t♦♣❙ ✸ ❧✸r❣❡

♣✐✷❤♦❧❡ ✇✐t❤ r✸❞✐✰✹ ♦❢ ✶✱❥❬ ✺✺ ✇✸✹ ✸♣♣❧✐❡❞ t♦ r❡❞✰❝❡ t❤❡ ✐✷❦✰❡✷❝❡ ♦❢ ❜✸❝q❣r♦✰✷❞ ✈✸r✐✸t✐♦✷✹ ❢✸r

✸✇✸② ❢r♦✺ t❤❡ ❝❡✷tr❡ ♦❢ t❤❡ ❜❡✸✺✱

✽❤❡ r❡❢❡r❡✷❝❡ ✺❡✸✹✰r❡ ♦❢ t❤❡ t♦t✸❧ ❞❡t❡❝t❡❞ ♣♦✇❡r ♦❢ t❤❡ ✺✰❝♦✹✸ ♣❤✸✷t♦✺✹ ✹❤♦✇✹ ✸ ❝♦✷tr✸✹t

❜❡t✇❡❡✷ t❤❡ ♣❤✸✷t♦✺✹ ✇✐t❤ ✹✺✸❧❧ ❡rr♦r❜✸r✹ ✐✷❞✐❝✸t✐✷❣ ❤♦✺♦❣❡✷❡✐t② ♦❢ t❤❡ ♣❤✸✷t♦✺✹✱ ✽❤✐✹ ❝♦✷tr✸✹t

✐✹ ✷♦t ✈✐✹✐❜❧❡ ✇✐t❤♦✰t ✹t♦♣ s❧t❡r✐✷❣ ✇❤❡✷ t❤❡ ❡✸r❞r✰✺ ♣❤✸✷t♦✺ ✐✹ ♣❧✸❝❡❞ ✐✷ ❢r♦✷t ♦❢ t❤❡ ✺✰❝♦✹✸

✸✹ t❤❡ ✺✰❝♦✹✸ ✹✐❣✷✸❧ ✐✹ ✸tt❡✷✰✸t❡❞ ✸✷❞ ✹✰♣❡r✐✺♣♦✹❡❞ ❜② t❤❡ r❡❦❡❝t✐♦✷✹ ❢r♦✺ t❤❡ ❡✸r❞r✰✺✱ ✽❤❡

❧✸r❣❡ ❡rr♦r❜✸r✹ ♦❢ t❤❡ t♦t✸❧ ✹✐❣✷✸❧ ✹t❡✺ ❢r♦✺ ✐✷❤♦✺♦❣❡✷❡✐t✐❡✹ ♦❢ t❤❡ ❞✐✻✰✹❡r ✰✹❡❞ ✸✹ t❤❡ ❡✸r❞r✰✺

♣❤✸✷t♦✺ ✸✷❞ t❤❡ ✹✺✸❧❧ ✹✸✺♣❧❡❞ ✸r❡✸ ✸✹ t❤❡ ❜❡✸✺ ✐✹ ❢♦❝✰✹❡❞ ♦✷ t❤❡ ❡✸r❞r✰✺✱

✉❤❡✷ ✸♣♣❧②✐✷❣ ✸ ✹t♦♣❙ t❤❡ ❝♦✷tr✸✹t ✐✹ ✐✺♣r♦✈❡❞ ✸✷❞ t❤❡ ❡rr♦r❜✸r✹ r❡❞✰❝❡❞ ✸✹ t❤❡ r❡❦❡❝t✐♦✷✹

❢r♦✺ t❤❡ ❡✸r❞r✰✺ ✸r❡ r❡③❡❝t❡❞ ✇❤✐❧❡ ✹✐❣✷✸❧ ❢r♦✺ t❤❡ ✺✰❝♦✹✸ ✐✹ ✹t✐❧❧ ❞❡t❡❝t❡❞✱ ✉❤❡✷ ✰✹✐✷❣ ✸ ✹t♦♣❙

t❤❡ ❝♦✷tr✸✹t ✸❧✹♦ ✐✺♣r♦✈❡✹ ❢♦r t❤❡ ✺✰❝♦✹✸ ♣❤✸✷t♦✺ ♦✷❧② ❀✷♦t ✹❤♦✇✷❪ ✸✹ ❞✐r❡❝t ✹✰r❢✸❝❡ r❡❦❡❝t✐♦✷✹

✸r❡ r❡③❡❝t❡❞ ❧❡✸✈✐✷❣ ♦✷❧② ✹❝✸tt❡r❡❞ ❧✐❣❤t✱ ❋♦r t❤❡ ❢✰❧❧ ✺✐❞❞❧❡ ❡✸r ♣❤✸✷t♦✺ ✐✷❝❧✰❞✐✷❣ t❤❡ ❡✸r❞r✰✺❙

t❤❡ ❝♦✷tr✸✹t ✐✷❝r❡✸✹❡✹ ❢✰rt❤❡r ✸✹ ✺♦r❡ ✸✷❞ ✺♦r❡ ✹❝✸tt❡r❡❞ ❧✐❣❤t ❢r♦✺ t❤❡ ❡✸r❞r✰✺ ✐✹ r❡③❡❝t❡❞✱

⑤✸❧✰❡✹ ❜❡❧♦✇ ⑥❡r♦ ✸r❡ r❡✸❝❤❡❞ ✇❤❡✷ t❤❡ ✐✷❦✰❡✷❝❡ ♦❢ t❤❡ ✈✸r②✐✷❣ ❜✸❝q❣r♦✰✷❞ ✷♦✐✹❡ ❝✸✰✹❡✹ ✷❡❣✸t✐✈❡

♣✐①❡❧ r❡✸❞✐✷❣✹ ✸❢t❡r ✷♦✐✹❡ ✹✰❜tr✸❝t✐♦✷✱ ⑦✰t t❤❡ ✹t✸✷❞✸r❞ ❞❡✈✐✸t✐♦✷ ✐✷❝r❡✸✹❡✹ ✸❣✸✐✷ ❢♦r ❤✐❣❤❡r r✸❞✐✐

❜❡❝✸✰✹❡ t❤❡ ✹✐❣✷✸❧ ♣♦✇❡r ❞❡❝r❡✸✹❡✹ ✇✐t❤ ✐✷❝r❡✸✹✐✷❣ ✹t♦♣ r✸❞✐✰✹❙ ✐✷❝r❡✸✹✐✷❣ t❤❡ ✐✷❦✰❡✷❝❡ ♦❢ t❤❡

❜✸❝q❣r♦✰✷❞✱

❋✐❣✰r❡ ☎✱✶✶ ❀✸❪ ✹❤♦✇✹ t❤❡ ✸❜✹♦❧✰t❡ ♣♦✇❡r ♦❢ ✺✰❝♦✹✸ ♣❤✸✷t♦✺ ✶ ✸❧♦✷❡❙ ❡✸r❞r✰✺ ♣❤✸✷t♦✺ ✸❧♦✷❡❙
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✵ ✷✵✵ ✹✵✵ ✻✵✵ ✽✵✵

✵

✵✆✵✷

✵✆✵✹

✵✆✵✻

✵✆✵✽

✵✆✝

❙✞✟✠ ✡☛☞✌✍✎ ✏♠✑✒

✓
✔
✕✖
✗
✘
✙
✚
✛
✜✓
✖✢
✖✣

✤✌☞☞✥✦ ✧☛★
✤✍✩✟✎☛ ✝
✧☛★☞★✍✑

✭❛✮ ✪❜s♦❧✉t❡ P♦✇❡r

✫ ✬✫✫ ✯✫✫ ✰✫✫ ✱✫✫
✫

✬

✯

✰

✱

✲✫

✳✴✸✺ ✾✿❀❁❂❃ ❄❅❇❋

●
❏
❑

✭❜✮ ▲◗❯

❲✐❣❨❩❬ ❭❪✶✶❫ ❴❵❝❞❢❨❤❬ ♣❞❥❬❩ ❦♥q ✈①② ③❞❩ q✐④❬❩❬♥❤ ❝❤❞♣ ❩❦q✐✐❪ ⑤♥❦⑥⑥❨❩❦❤❬ ❵❦⑥⑦❣❩❞❨♥q ♥❞✐❝❬ ❝❨❵⑧

❤❩❦⑥❤✐❞♥ ⑥❦❨❝❬❝ ♥❬❣❦❤✐⑨❬ ♣✐⑩❬❢ ❩❬❦q✐♥❣❝ ③❞❩ ❤❶❬ ❬❦❩q❩❨❷ ♣❶❦♥❤❞❷ ❦♥q ❶❬♥⑥❬ ❤❶❬ ✈①② ⑥❦♥ ♥❞❤ ❵❬

⑥❦❢⑥❨❢❦❤❬q❪

❦♥q ⑥❞❷♣❢❬❤❬ ❷✐qq❢❬ ❬❦❩ ♣❶❦♥❤❞❷ ✐♥ q❬♣❬♥q❬♥⑥❬ ❞③ ❤❶❬ ❝❤❞♣ ❩❦q✐❨❝❪ ❸❶❬ ♣❞❥❬❩ ❞③ ❤❶❬ ❷❨⑥❞❝❦

♣❶❦♥❤❞❷ q❬⑥❩❬❦❝❬❝ ❝❢❞❥❬❩ ❤❶❦♥ ❤❶❬ ♣❞❥❬❩ q❬❤❬⑥❤❬q ③❩❞❷ ❷✐qq❢❬ ❬❦❩ ❦♥q ❬❦❩q❩❨❷ ♣❶❦♥❤❞❷❪ ❸❶✐❝

❝❶❞❥❝ ❤❶❦❤ ❤❶❬ ❝❤❞♣ ✐❝ ❬④❬⑥❤✐⑨❬ ❦❤ ❩❬❹❬⑥❤✐♥❣ ❷❞❩❬ ♣❞❥❬❩ ③❩❞❷ ❤❶❬ ❬❦❩q❩❨❷ ❤❶❦♥ ③❩❞❷ ❤❶❬ ❷❨⑥❞❝❦❪

❸❶❬ ♣❞❥❬❩ ❞③ ❤❶❬ ❬❦❩q❩❨❷ ❩❬❦⑥❶❬❝ ♥❬❣❦❤✐⑨❬ ⑨❦❢❨❬❝ q❨❬ ❤❞ ❤❶❬ ⑨❦❩✐❦❤✐❞♥ ❞③ ❤❶❬ ❵❦⑥⑦❣❩❞❨♥q ❢❬⑨❬❢

❞❵❝❬❩⑨❬q ✐♥ ❲✐❣❨❩❬ ❭❪❺ ❩❬❝❨❢❤✐♥❣ ✐♥ ✐♥❦⑥⑥❨❩❦❤❬ ♥❞✐❝❬ ❝❨❵❤❩❦⑥❤✐❞♥❪ ⑤♥ ⑥❦❝❬ ❞③ ❤❶❬ ❬❦❩q❩❨❷ ❦❝ ❢❞♥❬

♣❶❦♥❤❞❷ ❞♥❢❻ ❝✐❣♥❦❢❝ ❦❩❬ ❬⑩♣❬⑥❤❬q ✐♥ ❤❶❬ ⑥❬♥❤❬❩ ❞③ ❤❶❬ ⑥❦❷❬❩❦ ❦❩❬❦❪ ❸❶❨❝ ❦❤ ❢❦❩❣❬❩ ❩❦q✐✐❼ ♥❞ ❝✐❣♥❦❢

✐❝ ♣❩❬❝❬♥❤ ❦♥❝ ❝❷❦❢❢ ❬❩❩❞❩ ✐♥ ♥❞✐❝❬ ❝❨❵❤❩❦⑥❤✐❞♥ ⑥❦❨❝❬ ❤❶❬ ❞❵❝❬❩⑨❬q ♥❬❣❦❤✐⑨❬ ⑨❦❢❨❬❝❪ ✈✐❷✐❢❦❩ ❩❬❝❨❢❤

❥❬❩❬ ❞❵❝❬❩⑨❬q ✐♥ ❞❤❶❬❩ ❷❬❦❝❨❩❬❷❬♥❤❝❼ ❦♥ ✐♥⑥❩❬❦❝❬ ✐♥ ❵❦⑥⑦❣❩❞❨♥q ❢❬⑨❬❢ ❩❬❝❨❢❤❝ ✐♥ ♥❬❣❦❤✐⑨❬ ⑨❦❢❨❬❝

❥❶✐❢❬ ❦ q❬⑥❩❬❦❝❬ ✐♥ ❵❦⑥⑦❣❩❞❨♥q ⑥❦❨❝❬❝ ❦ ♣❞❝✐❤✐⑨❬ ❞④❝❬❤❪

❸❶❬ ❵❦⑥⑦❣❩❞❨♥q ❦♥q ⑥❞❷❵✐♥❬q ❝✐❣♥❦❢ ❞③ ❵❦⑥⑦❣❩❞❨♥q ❦♥q ❝✐❣♥❦❢ ❦❩❬ q✐❩❬⑥❤❢❻ ❦⑨❦✐❢❦❵❢❬ ③❩❞❷

❤❶❬ ❷❬❦❝❨❩❬❷❬♥❤❝❼ ❤❶❬ ❽❩❝❤ ❷❬❦❝❨❩❬q ❵❻ ❤❶❬ ❩❬❾❬⑥❤✐❞♥ ❝✐❣♥❦❢ ③❩❞❷ ❬❦❩q❩❨❷ ❦❢❞♥❬ ❿➀➁➂➃➂➄➅ ❦♥q

❤❶❬ ❢❦❤❤❬❩ ❷❬❦❝❨❩❬q ❵❻ ❤❶❬ ⑥❞❷♣❢❬❤❬ ❷✐qq❢❬ ❬❦❩ ♣❶❦♥❤❞❷ ❿➅➆➃➃➇➀ ➀➁➂❪ ❸❶❬ ❝✐❣♥❦❢ ✐❝ ♥❞❤ q✐❩❬⑥❤❢❻

❦⑨❦✐❢❦❵❢❬ ❦♥q ❷❨❝❤ ❵❬ q❬❩✐⑨❬q ❵❻ ❝❨❵❤❩❦⑥❤✐♥❣ ❤❶❬ ❵❦⑥⑦❣❩❞❨♥q ③❩❞❷ ❤❶❬ ⑥❞❷❵✐♥❬q ❝✐❣♥❦❢❪ ❸❶❬ ✈①②

✐♥ ❤❶❬ ❷❬❦❝❨❩❬❷❬♥❤❝ ✐❝ ⑥❦❢⑥❨❢❦❤❬q ❦⑥⑥❞❩q✐♥❣ ❤❞

➈➉➊ ➋
❿➅➆➃➃➇➀ ➀➁➂ ➌ ❿➀➁➂➃➂➄➅

❿➀➁➂➃➂➄➅
➍❭❪❭➎

⑤♥ ❦⑥⑥❞❩q❦♥⑥❬ ❥✐❤❶ ❝✐❷❨❢❦❤✐❞♥❝❼ ❤❶❬ ❩❬❝❨❢❤✐♥❣ ✈①② ❝❶❞❥♥ ✐♥ ❲✐❣❨❩❬ ❭❪✶✶ ➍❵➎ ❽❩❝❤ ✐♥⑥❩❬❦❝❬❝ ❥✐❤❶ ❝❤❞♣

❩❦q✐❨❝❼ ❵❨❤ ♥❞ ⑨❦❢❨❬❝ ❦❩❬ ❝❶❞❥♥ ❦❵❞⑨❬ ✶✄➏ ➐❷ ❦❝ ❤❶❬ ❵❦⑥⑦❣❩❞❨♥q ❷❬❦❝❨❩❬❷❬♥❤ ❩❬❦⑥❶❬❝ ♥❬❣❦❤✐⑨❬

⑨❦❢❨❬❝ ❦♥q ❤❶❬ ⑥❦❢⑥❨❢❦❤✐❞♥ ❞③ ❤❶❬ ✈①② ✐❝ ♥❞❤ ⑨❦❢✐q ❦♥❻ ❷❞❩❬❪ ⑤♥ ❤❶❬❞❩❻ ❤❶❬ ✈①② ❝❶❞❨❢q ✐♥⑥❩❬❦❝❬

③❨❩❤❶❬❩ ❦❝ ❤❶❬ ❵❦⑥⑦❣❩❞❨♥q q❬⑥❩❬❦❝❬❝ ③❦❝❤❬❩ ❤❶❦♥ ❤❶❬ ❝✐❣♥❦❢ ❦♥q ❩❬❦⑥❶❬❝ ❦❢❷❞❝❤ ➑❬❩❞❪ ❸❶❬ ✈①②

✐❝ ❦ q❬❩✐⑨❬q ❷❬❦❝❨❩❬ q❬♣❬♥q❬♥❤ ❞♥ q✐④❬❩❬♥❤ ❷❬❦❝❨❩❬❷❬♥❤❝ ❦♥q ❝❤❩❞♥❣❢❻ ❦④❬⑥❤❬q ❵❻ ❤❶❬ ⑥❶❦♥❣✐♥❣
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✵ ✵✆✵✝✞ ✵✆✞ ✵✆✞✟ ✵✆✠✝✡ ✐☛☞

✌❛ ✥✍✎✏✏✑

✵

✵✆✵✒

✵✆✞

✵✆✞✒

✵✆✠

✵✆✠✒

✓
✔
✕
✖
✗
✘
✙
✚
✛
✜✓
✖✢
✖✣

✤✦✧★✩✪
✤✫ ✬★ ✩✭★✮
✤✫ ✯✰✱✲♠
✤✫ ✳✴✱✲♠
✤✫ ✷✸✱✲♠
✤✫ ✰✷✱✲♠

❋✹❣✺r❡ ✻✽✶✾✿ ❀❡t❡❝t❡❞ P♦✇❡r ❢♦r ❞✹❁❡r❡♥t ❂✺❝♦❃❄ ♣❤❄♥t♦❂❃ ✇✹t❤ ❅❇ ❢♦r ❡❄❝❤ ♣❤❄♥t♦❂ ♦♥ t❤❡

①●❄①✹❃✽

❜❄❝❦❣r♦✺♥❞ ❧❡✈❡❧❏ ❄♥❞ ❤❡♥❝❡ ♥♦t ✈❡r② ❄❝❝✺r❄t❡✽ ❑♥❃t❡❄❞ ♦❢ t❤❡ ❃✹❣♥❄❧ ❧❡✈❡❧ ❄♥❞ ❙▲◗ ❄❃ ✺❃❡❞ ✹♥

t❤❡ ❃✹❂✺❧❄t✹♦♥❃❏ t❤❡ ❄❜✹❧✹t② ♦❢ t❤❡ ❄♥t✹●❝♦♥❢♦❝❄❧ ❃②❃t❡❂ t♦ ❞❡t❡❝t ❄ ❞✹❁❡r❡♥❝❡ ✹♥ t❤❡ ❃✹❣♥❄❧ ❢r♦❂

❞✹❁❡r❡♥t ❂✺❝♦❃❄ ♣❤❄♥t♦❂❃ ✹❃ ✺❃❡❞ ❄❃ ❄ ❂❡❄❃✺r❡✽

❋✹❣✺r❡ ✻✽✶✾ ❃❤♦✇❃ t❤❡ ❄❜❃♦❧✺t❡ ♣♦✇❡r ✇❤❡♥ ❄♣♣❧②✹♥❣ ❃t♦♣❃ ❃✹❂✹❧❄r t♦ ❋✹❣✺r❡ ✻✽✶❯ ✇❤❡r❡ t❤❡

r❡❧❄t✹✈❡ ♣♦✇❡r ✇❄❃ ❃❤♦✇♥✽ ❲❞❞✹t✹♦♥❄❧❧② t♦ t❤❡ ♣r❡✈✹♦✺❃ ❂✺❝♦❃❄ ❃❄❂♣❧❡❃❏ ❄ ✇❤✹t❡ ❨❅❇ ❩ ❯ ❂❂❬❭❪

❄♥❞ ❝♦❂♣❧❡t❡❧② ❄❜❃♦r❜✹♥❣ ❨❅❇ ❩ ✹♥❢ ❂❂❬❭❪ ❃❄❂♣❧❡ ❄r❡ ✹♥❝❧✺❞❡❞✽ ❫❤❡ ✇❤✹t❡ ❃❄❂♣❧❡ ✹❃ t❤❡ r❡❴❡❝t✹♦♥❃

❃t❄♥❞❄r❞ ❄♥❞ t❤❡ t♦t❄❧ ❄❜❃♦r❜✹♥❣ ❃✹❣♥❄❧ ✹❃ ❂❡❄❃✺r❡❞ ✇❤❡♥ ✺❃✹♥❣ ❄ ❂✹rr♦r t♦ ❞✹r❡❝t ❄❧❧ ❃✹❣♥❄❧ ❄✇❄②❏

❃✹❂✺❧❄t✹♥❣ t♦t❄❧ ❄❜❃♦r♣t✹♦♥✽ ❫❤✹❃ ❣r❄♣❤ ✹❧❧✺❃tr❄t❡❃ t❤❡ ❝♦♥tr❄❃t ♦❢ t❤❡ ❢♦✺r ❂✺❝♦❃❄ ♣❤❄♥t♦❂❃

❨❅❇ ❩ ❯❵❯✄✶❏ ❯✽✶❏ ❯✽✶❥❏ ❯✽✾✄q ❂❂❬❭❪ ❄t ❄ ❃❝❄❧❡ r❄♥❣✹♥❣ ❢r♦❂ ✶❯❯ s r❡❴❡❝t✹♦♥ ❢r♦❂ t❤❡ ❂✺❝♦❃❄

❨r❡❴❡❝t✹♦♥❃ ❃t❄♥❞❄r❞❪ t♦ ♥♦ r❡❴❡❝t✹♦♥ ❨❂✹rr♦r❪✽ ❫❤❡ ♣❤❄♥t♦❂❃ ❃♣❄♥ ♦♥❧② ❄ ❃❂❄❧❧ r❄♥❣❡ ♦❢ t❤❡ t♦t❄❧

❝♦♥tr❄❃t❏ ❜✺t ❃t✹❧❧ ❝❄♥ ❜❡ ❞✹❃t✹♥❣✺✹❃❤❡❞ ❄❃ ❃❤♦✇♥ ❡❄r❧✹❡r✽ ❫❤❡ ✉❣✺r❡ ❢✺rt❤❡r ❃❤♦✇❃ t❤❡ ❞❡❝r❡❄❃✹♥❣

❞❡t❡❝t❡❞ ♣♦✇❡r ✇❤❡♥ ✺❃✹♥❣ ❧❄r❣❡r ❃t♦♣❃✽

③④⑤④⑥ ⑦⑧⑨⑩❶⑧❷❶ ❸❹ ❺❻❼❶❽ ❾❿❽❿➀❶❻❶❽➁ ❸⑧ ❻❼❶ ➂❶❿➁⑩❽❶➀❶⑧❻

❀✺r✹♥❣ ❃✹❂✺❧❄t✹♦♥❃ t❤❡ ✹♥❴✺❡♥❝❡ ♦❢ ♦♣t✹❝❄❧ ♣❄r❄❂❡t❡r❃ ♦t❤❡r t❤❄♥ t❤❡ ❄❜❃♦r♣t✹♦♥ ♦❢ t❤❡ ❂✺❝♦❃❄ ♦♥

t❤❡ ❂❡❄❃✺r❡❂❡♥t❃ ✇❡r❡ ✹♥✈❡❃t✹❣❄t❡❞✽ ❫❤❡❃❡ ♣❄r❄❂❡t❡r❃ ✇❡r❡ ❧✹❃t❡❞ ✹♥ ❫❄❜❧❡ ➃✽✻ ❄♥❞ ❝❄♥ ❜❡ ❃♣❧✹t

✹♥t♦ ♣❄r❄❂❡t❡r❃ ♦❢ t❤❡ ♦♣t✹❝❄❧ ❃②❃t❡❂ ❄♥❞ ♣r♦♣❡rt✹❡❃ ♦❢ t❤❡ ❂✹❞❞❧❡ ❡❄r✽ ❫❤❡ ❃✺❜❃❡➄✺❡♥t ❃❡❝t✹♦♥❃

✇✹❧❧ ✹♥✈❡❃t✹❣❄t❡ t❤❡✹r ✹♥❴✺❡♥❝❡ ♦♥ ❄♥t✹●❝♦♥❢♦❝❄❧ ❂❡❄❃✺r❡❂❡♥t❃ ❡①♣❡r✹❂❡♥t❄❧❧②✽ ❫❤❡ ❝♦❂❜✹♥❄t✹♦♥ ♦❢

♣✹♥❤♦❧❡ ❄♥❞ ❃t♦♣ ✹❃ ♥♦t ✹♥✈❡❃t✹❣❄t❡❞ ❄❃ ❃✹❂✺❧❄t✹♦♥❃ ❃❤♦✇❡❞ ♥♦ ❄❞✈❄♥t❄❣❡ ❄♥❞ ❜❡❝❄✺❃❡ ✹t ✇♦✺❧❞ ❝♦❂●

♣❧✹❝❄t❡ t❤❡ ♦♣t✹❝❄❧ ❃❡t✺♣✽ ❋✺rt❤❡r❏ ❃❝❄tt❡r✹♥❣ ♦❢ t❤❡ ❂✺❝♦❃❄ ✹❃ ♥♦t ✈❄r✹❡❞ ❄❃ t❤✹❃ ✇♦✺❧❞ r❡➄✺✹r❡ t❤❡

♣r♦❞✺❝t✹♦♥ ♦❢ ❄❞❞✹t✹♦♥❄❧ ♣❤❄♥t♦❂❃ ❄♥❞ ❃✹❂✺❧❄t✹♦♥❃ ❃❤♦✇❃ ♦♥❧② ❃❂❄❧❧ ✹♥❴✺❡♥❝❡❃ ♦♥ ❂❡❄❃✺r❡❂❡♥t❃
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✵ ✷✵✵ ✹✵✵ ✻✵✵ ✽✵✵ ✆✵✵✵ ✆✷✵✵ ✆✹✵✵ ✆✻✵✵ ✆✽✵✵
✆✵
✲✝

✆✵
✲✞

✆✵
✲✟

✆✵
✲✠

✡☛☞✌✍✎ ✏♠✑✒

✓
✔
✕✔
✖
✕✔
✗
✘
✙
✚
✔
✛
✜
✔
✛
✢
✣
✗
✤✥
✦
✧★
✩✪
✩✫

✵➦ ✬✍✭✮✎☛

✺➦ ✬✍✭✮✎☛

✵➦ ✬✌☞☞✯✰ ✱☛✳

✺➦ ✬✌☞☞✯✰ ✱☛✳

✵➦ ✱☛✳☞✳✍✑

✺➦ ✱☛✳☞✳✍✑

❋✐❣✴r❡ ✄✸✶✾✿ ❀❛❁✐❛❂ ❁✐str✐❜✴t✐♦❃ ♦❄ ♣♦✇❡r ❁❡♣❡❃❁❡❃t ♦❃ t❤❡ s✴r❄❛❅❡ ♦r✐❡❃t❛t✐♦❃✸

♦❄ t❤❡ ✐❃❇❛●●❛t✐♦❃ ✐❃❁❡①✸ ❏❂❂ ♦t❤❡r ♣❛r❛●❡t❡rs ✇✐❂❂ ❜❡ ✈❛r✐❡❁✸

❑♥▲✉P♥❝P ◗❙ ❯❲P ❨✉❩❙❬❝P

❭❃ t❤✐s s❡❅t✐♦❃ t❤❡ ✐❃❇✴❡❃❅❡ ♦❄ t❤❡ s✴r❄❛❅❡ ♦❄ t❤❡ ♣❤❛❃t♦● ❛❃❁ t❤❡ ❛❃❣❂❡ ♦❄ t❤❡ s✴r❄❛❅❡ t♦✇❛r❁s

t❤❡ ♦♣t✐❅❛❂ ❛①✐s ✐s ✐❃✈❡st✐❣❛t❡❁✸ ❋♦r t❤✐s t❤❡ ❛❜♦✈❡ ●❡❛s✴r❡●❡❃t ✐s r❡♣❡❛t❡❁ ❄♦r t✇♦ ❛❃❣❂❡s ❪☎ ❛❃❁

❫ ❴❵ ♦❄ t❤❡ ●✐❁❁❂❡ ❡❛r ♣❤❛❃t♦● ❛❃❁ t✇♦ ❁✐❞❡r❡❃t s✴r❄❛❅❡s ♦❄ t❤❡ ●✴❅♦s❛ ♣❤❛❃t♦●✸ ❢❃❡ s✴r❄❛❅❡ ✐s

r♦✴❣❤ ❁✴❡ t♦ ●❛❅❤✐❃✐❃❣ ♦❄ t❤❡ s❛●♣❂❡s ❛❃❁ t❤❡ s❡❅♦❃❁ ♦❃❡ ✐s ♣♦❂✐s❤❡❁❥ s❤♦✇✐❃❣ ♣❛rt❂② s♣❡❅✴❂❛r

r❡❇❡❅t✐♦❃s✸

❦❤❡ ✐❃❇✴❡❃❅❡ ♦❄ t❤❡ ❛❃❣❂❡ ♦❃ t❤❡ ●❡❛s✴r❡●❡❃ts ✐s s❤♦✇❃ ❄♦r t❤❡ ♣♦❂✐s❤❡❁ s✐❁❡ ❛s t❤❡ ❡❞❡❅t ✐s

●♦r❡ ❁✐st✐❃❅t✸ ❋✐❣✴r❡ ✄✸✶✾ s❤♦✇s t❤❡ r❛❁✐❛❂ ❁✐str✐❜✴t✐♦❃ ❄♦r ●✴❅♦s❛ ♣❤❛❃t♦● ✶❥ ❅♦●♣❛r❡❁ ❄♦r ❜♦t❤

❛❃❣❂❡s❥ ✇❤❡r❡ ❣r❡❡❃ ❂✐❃❡s ❛r❡ ✴s❡❁ ❄♦r ☎ ❴ ❛❃❁ ❜❂✴❡ ❂✐❃❡s ❄♦r ❫ ❴ ♦r✐❡❃t❛t✐♦❃✸ ❧♦❂✐❁ ❂✐❃❡s s❤♦✇ t❤❡

●✴❅♦s❛❥ ❁❛s❤❡❁ ❂✐❃❡s t❤❡ ●✐❁❁❂❡ ❡❛r❥ ❛❃❁ ❁❛s❤❡❁q❁♦tt❡❁ ❂✐❃❡s t❤❡ ❡❛r❁r✴● ♣❤❛❃t♦●✸

③♦●♣❛r✐❃❣ t❤❡ s✐❣❃❛❂ ❄r♦● t❤❡ ●✴❅♦s❛ ♣❤❛❃t♦● ❛ ❤✐❣❤❡r ●❛✐❃ ❂♦❜❡ ❄♦r ☎ ❴ ✐s ✈✐s✐❜❂❡✸ ❦❤✐s ✐s

❁✴❡ t♦ t❤❡ ❄❛❅t t❤❛t s♣❡❅✴❂❛r s✴r❄❛❅❡ r❡❇❡❅t✐♦❃s ❛r❡ ❁✐r❡❅t❂② r❡❇❡❅t❡❁ ❜❛❅④ ❛❃❁ r❡❛❅❤ t❤❡ ❁❡t❡❅t♦r

✇❤✐❂❡ t❤✐s ✐s ❃♦t t❤❡ ❅❛s❡ ✇❤❡❃ ❛❃❣❂❡❁ ❛s s♣❡❅✴❂❛r s✴r❄❛❅❡ r❡❇❡❅t✐♦❃s ❛r❡ ❁✐r❡❅t❡❁ ❛✇❛② ❄r♦● t❤❡

❅♦❂❂❡❅t✐♦❃ ♦♣t✐❅s✸ ❦❤❡ s✐❣❃❛❂ ❄r♦● t❤❡ ❡❛r❁r✴● ♣❤❛❃t♦● ✐s s✐●✐❂❛r ❜✴t ❤✐❣❤❡r ❄♦r ☎ ❴ ❛s t❤❡ ●❛✐❃

s❅❛tt❡r✐❃❣ ❁✐r❡❅t✐♦❃ ✐s t♦✇❛r❁s t❤❡ ❁❡t❡❅t✐♦❃ ❛♣❡rt✴r❡ ✇❤✐❂❡ ✐t ✐s ❛✇❛② ❄r♦● t❤❡ ❁❡t❡❅t✐♦❃ ❛♣❡rt✴r❡

❄♦r t❤❡ ❛❃❣❂❡❁ ❅❛s❡✸ ❦❤❡ s❛●❡ ❡❞❡❅ts ❛r❡ ✈✐s✐❜❂❡ ❄♦r t❤❡ ❄✴❂❂ ●✐❁❁❂❡ ❡❛r ♣❤❛❃t♦●❥ ✇❤❡r❡ t❤❡ ●❛✐❃
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✵☎✵✆✝ ✵☎✝ ✵☎✝✞ ✵☎✟✆✠
✵

✵☎✟

✵☎✠

✵☎✆

✵☎✞

✝

♠❛ ✥✝✡☛☛☞

✌
✍
✎✏
✑
✒
✓
✍
✔

✕ ✖✗ ✘✙✗✚

✕ ✠✞✵♠☛

✕✛ ✖✗ ✘✙✗✚

✕✛ ✠✞✵♠☛

✭✜✮ ✺
✢

♦r✣❡♥t✜t✣♦♥

✵☎✵✆✝ ✵☎✝ ✵☎✝✞ ✵☎✟✆✠
✵

✵☎✟

✵☎✠

✵☎✆

✵☎✞

✝

♠❛ ✥✝✡☛☛☞

✌
✍
✎✏
✑
✒
✓
✍
✔

✕ ✖✗ ✘✙✗✚

✕ ✠✞✵♠☛

✕✛ ✖✗ ✘✙✗✚

✕✛ ✠✞✵♠☛

✭❜✮ ✤
✢

♦r✣❡♥t✜t✣♦♥

❋✐❣✦✧★ ✄✩✶✪✫ ✬✯✰✦★✯❝★ ✱✲ s✦✧✲✳❝★ ✱✧✐★✯✴✳✴✐✱✯ ✱✯ ✴❤★ ❝✱✯✴✧✳s✴ ✳✴ s✴✱✷ ✧✳✸✐✦s ✱✲ ✹✩✪✻ ✽✽✩ ✾ ④ ✽✦❝✱s✳

✷❤✳✯✴✱✽✿ ✾❀ ④ ✽✐✸✸❧★ ★✳✧ ✷❤✳✯✴✱✽✩

❧✱❁★ ✐s ✽✱✧★ ✷✧✱✯✱✦✯❝★✸ ✲✱✧ ✹ ❂✩ ❃❤★ ✲✳❧❧✱❄ ✱✲ ✴❤★ ❅ ❂ ✽✦❝✱s✳ s✐❣✯✳❧ ✳✴ ❤✐❣❤ ✧✳✸✐✐ ✐s ✳ ✧★s✦❧✴ ✱✲ ✳

❝❤✳✯❣✐✯❣ ❁✳❝❦❣✧✱✦✯✸ ❧★✈★❧ ✸✦✧✐✯❣ ✴❤★ ✽★✳s✦✧★✽★✯✴✩

❋✐❣✦✧★ ✄✩✶✪ ❝✱✽✷✳✧★s ✴❤★ ❝✱✯✴✧✳s✴ ✲✱✧ ❁✱✴❤ ❝✳s★s ✳✴ ✳ s✴✱✷ ✧✳✸✐✦s ✱✲ ❇ ● ✹❏✪✻ ✽✽✩ ❙✦❁❑❣✦✧★ ▲✳P

✇✳s s❤✱✇✯ ✷✧★✈✐✱✦s❧② ✇❤✐❧★ s✦❁❑❣✦✧★ ▲❁P s❤✱✇s ✴❤★ ❝✱✯✴✧✳s✴ ✲✱✧ ✹ ❂ ✱✧✐★✯✴✳✴✐✱✯✩ ❲❤✐❧★ ✴❤★ ❝✱✯✴✧✳s✴

✐s ✈✐s✐❁❧★ ✲✱✧ ✴❤★ ✽✦❝✱s✳ ✷❤✳✯✴✱✽ ✱✯❧② ✳✴ ❅ ❂ ✽★✳s✦✧★✽★✯✴s✿ ✴❤✐s ✐s ✯✱✴ ✴❤★ ❝✳s★ ✲✱✧ ✹ ❂✩ ❃❤✐s ✐s ✸✦★
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r❡✌❡❝t✐♦✆✳ ✝❤✐s ❛✞✞♦✇❡❞ ❛✆ ✐✆❝r❡❛s❡ ♦✟ t❤❡ ✐✞✞✉♠✐✆❛t✐♦✆ ♣♦✇❡r ✇✐t❤♦✉t s❛t✉r❛t✐✆❣ t❤❡ ❝❛♠❡r❛ ✐♠❛❣❡

❛✆❞ ❡✆❛✠✞❡❞ ❞❡t❡❝t✐♦✆ ♦✟ s✐❣✆❛✞ ✟r♦♠ t❤❡ ♠✉❝♦s❛✳

✝❤✐s s❤♦✇s ✞✐♠✐t❛t✐♦✆s ♦✟ t❤❡ ✉s❡ ♦✟ ❛ ❝❛♠❡r❛ ✐✆st❡❛❞ ♦✟ ❛ ♣❤②s✐❝❛✞ st♦♣✳ ✡ ♣❤②s✐❝❛✞ st♦♣

✇♦✉✞❞ r❡❥❡❝t t❤❡ ❝❡✆tr❛✞ ❤✐❣❤ ✐✆t❡✆s✐t② ❛✆❞ ❛✈♦✐❞ s❛t✉r❛t✐♦✆ ♦✟ t❤❡ ❞❡t❡❝t♦r ❛✆❞ t❤❡ ✆❡❡❞ ✟♦r ❛ ❤✐❣❤

❞②✆❛♠✐❝ r❛✆❣❡ ♦✟ t❤❡ ❞❡t❡❝t♦r ✐✆ ♦r❞❡r t♦ ♣✐❝❦ ✉♣ s♠❛✞✞ ♠✉❝♦s❛ s✐❣✆❛✞s✳ ☛♦✇❡✈❡r✱ t❤✐s ❛✞s♦ s❤♦✇s

❛✆♦t❤❡r ♣♦s✐t✐✈❡ ❡☞❡❝t ♦✟ ❛ ❞❡✟♦❝✉ss❡❞ s②st❡♠✱ ❛♣❛rt ✟r♦♠ t❤❡ r❡❞✉❝❡❞ ✈❛r✐❛t✐♦✆ ♦✟ t❤❡ s✐❣✆❛✞✳ ✍t

❛✞✞♦✇s ❛✆ ✐✆❝r❡❛s❡ ♦✟ t❤❡ ✐✆♣✉t ♣♦✇❡r ✇✐t❤♦✉t s❛t✉r❛t✐✆❣ t❤❡ ❞❡t❡❝t♦r ❛✆❞ t❤✉s ❛✆ ✐✆❝r❡❛s❡ ♦✟ t❤❡
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✝❤❡ ✉s❡ ♦✟ ❛ s♠❛✞✞ ✐✞✞✉♠✐✆❛t✐♦✆ ❞✐❛♠❡t❡r ✇❛s ♣r♦♣♦s❡❞ ✐✆ ♦r❞❡r t♦ s✐♠♣✞✐✟② t❤❡ ♦♣t✐❝❛✞ s❡t✉♣ ❛s

✆♦ ✠❡❛♠ ❡①♣❛✆s✐♦✆ ✇♦✉✞❞ ✠❡ ✆❡❝❡ss❛r②✳ ✝❤❡ s✐♠✉✞❛t✐♦✆s s✉❣❣❡st❡❞ t❤❛t t❤✐s ✇✐✞✞ ✆♦t ❛☞❡❝t t❤❡

♣❡r✟♦r♠❛✆❝❡ ♦✟ t❤❡ ❛✆t✐✲❝♦✆✟♦❝❛✞ s②st❡♠✳ ✝❤✐s ✐s t❡st❡❞ ✠② r❡❞✉❝✐✆❣ t❤❡ ✐✞✞✉♠✐✆❛t✐♦✆ ❞✐❛♠❡t❡r

✟r♦♠ ✶✙ t♦ ✶♠♠ ✐✆ ❡①♣❡r✐♠❡✆ts✳ ✝❤✐s ❝❛✉s❡s ❛✞✞ ♣♦✇❡r ♦✟ t❤❡ ✐✆♣✉t ✠❡❛♠ t♦ ✠❡ ❝❡✆tr❡❞ ❝✞♦s❡ t♦

t❤❡ ♦♣t✐❝❛✞ ❛①✐s ✇❤❡r❡ t❤❡ ✞❡✆s s✉r✟❛❝❡ ✐s ❛✞♠♦st ♦rt❤♦❣♦✆❛✞ t♦ t❤❡ ♦♣t✐❝❛✞ ❛①✐s✳ ✝❤✐s r❡s✉✞ts ✐✆

♠♦r❡ ♣♦✇❡r ✠❡✐✆❣ r❡✌❡❝t❡❞ ✟r♦♠ t❤❡ ✞❡✆s❡s ✠❛❝❦ ❛✞♦✆❣ t❤❡ ♦♣t✐❝❛✞ ❛①✐s ❛✆❞ ✐✆❝r❡❛s❡s r❡✌❡❝t✐♦✆s ❛✆❞

✠❛❝❦❣r♦✉✆❞ ✆♦✐s❡ ♦✆ t❤❡ ❝❛♠❡r❛✳ ✝❤✐s ✐✆tr♦❞✉❝❡s ✆♦✐s❡ ♠❛s❦✐✆❣ t❤❡ s♠❛✞✞ ♠✉❝♦s❛ s✐❣✆❛✞ ❛✆❞ ❤❡✆❝❡

✆♦ ❝♦✆tr❛st ❝❛✆ ✠❡ r❡❝♦✈❡r❡❞✳ ✝❤✐s r❡s✉✞t ❝♦✉✞❞ ✆♦t ✠❡ ♣r❡❞✐❝t❡❞ ✐✆ s✐♠✉✞❛t✐♦✆s ❛s ✆♦ r❡✌❡❝t✐♦✆s

♦✆ ♦♣t✐❝❛✞ ❡✞❡♠❡✆ts ♦r ✆♦✐s❡ ✇❛s s✐♠✉✞❛t❡❞✳
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✝❤❡ ✐✆✌✉❡✆❝❡ ♦✟ t❤❡ ✜✡ ♦✆ t❤❡ ❛✆t✐✲❝♦✆✟♦❝❛✞ s②st❡♠ ✐s ✐✆✈❡st✐❣❛t❡❞ ✠② ❝❤❛✆❣✐✆❣ t❤❡ ✜✡ ✟r♦♠ ✵✳✵✙✄

t♦ ✵✳✶✢✣✳ ✤✆❡ ✐r✐s ✐s ✉s❡❞ t♦ r❡str✐❝t t❤❡ ✐✆♣✉t ✠❡❛♠ ❞✐❛♠❡t❡r ✥ ❛✆❞ ❛ s❡❝♦✆❞ ♦✆❡ t♦ r❡str✐❝t t❤❡

❞❡t❡❝t✐♦✆ ❛♣❡rt✉r❡✳ ✝❤❡ ✜✡ ✐s ❝❤❛✆❣❡❞ ❛❝❝♦r❞✐✆❣ t♦ ✦✧ ❂
★
❢ ✳ ✝❤❡ ♠❛①✐♠✉♠ ✠❡❛♠ ❞✐❛♠❡t❡r ✐s

✶✙♠♠ ❛✆❞ ❤❡✆❝❡ t❤❡ ♠❛①✐♠✉♠ ❛❝❤✐❡✈❛✠✞❡ ✜✡ ✇✐t❤ t❤❡ ❝✉rr❡✆t ✞❡✆s ✇✐t❤ ✽✵✳✸♠♠ ✟♦❝❛✞ ✞❡✆❣t❤ ✐s

❛✠♦✉t ✵✳✵✽✳ ✝♦ ❛❝❤✐❡✈❡ ❛ ❤✐❣❤ ✜✡ t❤✐s ✞❡✆s ✐s r❡♣✞❛❝❡❞ ✠② ❛ ✞❡✆s ✇✐t❤ ✸✵♠♠ ✟♦❝❛✞ ✞❡✆❣t❤ ❛❝❤✐❡✈✐✆❣

❛ ♠❛①✐♠✉♠ ✜✡ ♦✟ ✵✳✶✢✣✳ ❇✉t t❤✐s ❝❤❛✆❣❡s t❤❡ ♠❛❣✆✐✩❝❛t✐♦✆ ♦✟ t❤❡ ✞❡✆s s②st❡♠ ✭☎✵ ✿ ✽✵✪✸ ❂ ✵✪✺

✈❡rs✉s ☎✵ ✿ ✸✵ ❂ ✶✪✸✸✫ ❛✆❞ t❤❡ st♦♣ ❞✐♠❡✆s✐♦✆ ♦✆ t❤❡ ❝❛♠❡r❛ ✆❡❡❞ t♦ ✠❡ ❛❞♦♣t❡❞ ✠② t❤❡ ❝❤❛✆❣❡ ✐✆

♠❛❣✆✐✩❝❛t✐♦✆ ✙✳✣✽✳

✝❤❡ r❡s✉✞ts ✟♦r t❤❡s❡ ❡①♣❡r✐♠❡✆ts ❛r❡ s❤♦✇✆ ✐✆ ❋✐❣✉r❡ ✄✳✶✄ ✇❤❡r❡ t❤❡ r❛❞✐❛✞ ♣♦✇❡r ❞✐str✐✠✉t✐♦✆

✟♦r ❡❛❝❤ ✜✡ ✐s ♣✞♦tt❡❞ ✐✆ s✉✠✩❣✉r❡s ✭❛✫ t♦ ✭❝✫✳ ✬✉✠✩❣✉r❡ ✭❛✫ s❤♦✇s t❤❡ ♣♦✇❡r ❞✐str✐✠✉t✐♦✆ ✟♦r t❤❡

♠✉❝♦s❛ ♣❤❛✆t♦♠✱ ✭✠✫ ✟♦r t❤❡ ❡❛r❞r✉♠ ♣❤❛✆t♦♠✱ ❛✆❞ ✭❝✫ ✟♦r t❤❡ ♠✐❞❞✞❡ ❡❛r ♣❤❛✆t♦♠ ❝♦✆s✐st✐✆❣

♦✟ ✠♦t❤✳ ✬✉✠✩❣✉r❡ ✭❞✫ s❤♦✇s t❤❡ t♦t❛✞ ♣♦✇❡r ❛t t❤❡ ❞❡t❡❝t♦r ✟♦r ❛✞✞ ❝❛s❡s✱ ❞❡♣❡✆❞❡✆t ♦✆ t❤❡ ✜✡✳

✡s t❤❡ ✐✆❝✐❞❡✆t ♣♦✇❡r ✐s s❝❛✞❡❞ ✇✐t❤ t❤❡ ✐✆♣✉t ❛♣❡rt✉r❡✱ t❤❡ ❞❛t❛ s❤♦✇✆ ❤❡r❡ ✐s ✆♦r♠❛✞✐s❡❞ t♦ t❤❡

✐✆♣✉t ♣♦✇❡r ❛✆❞ ♦✆✞② t❤❡ ❡☞❡❝t ♦✟ t❤❡ ❞❡t❡❝t✐♦✆ ❛♣❡rt✉r❡ ✐s s❤♦✇✆✳
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✵ ✺✵✵ ✆✵✵✵ ✆✺✵✵

✵

✵✝✺

✆

✆✝✺

✷

✷✝✺
① ✆✵

✲✞

✟✠✡☛☞✌ ✍♠✎✏

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

✪✫✵✝✵✷✬
✪✫✵✝✵✺✺
✪✫✵✝✵✭
✪✫✵✝✆✮
✪✫✵✝✆✯✰

✱❛✳ P♦✇❡r ❞✐str✐❜✉t✐♦♥ ❢♦r t❤❡ ✴✉❝♦s❛ ♣❤❛♥t♦✴

✸ ✹✸✸ ✻✸✸✸ ✻✹✸✸

✸

✻

✽

✾

✿
❀ ✻✸

❁❂

❃❄❅❇❋● ❏❑▲◗

❙
❯
❲❯
❨
❲❯
❩
❬
❭
❪
❯
❫
❴
❯
❫
❵
❣
❩
❥❦
❧
q✈
②③
②④

⑤⑥✸⑦✸✽⑧

⑤⑥✸⑦✸✹✹

⑤⑥✸⑦✸⑨

⑤⑥✸⑦✻✿
⑤⑥✸⑦✻⑩❶

✱❜✳ P♦✇❡r ❞✐str✐❜✉t✐♦♥ ❢♦r t❤❡ ❡❛r❞r✉✴ ♣❤❛♥t♦✴

❷ ❸❷❷ ❹❷❷❷ ❹❸❷❷

❷

❷❺❸

❹

❹❺❸

❻

❻❺❸

❼

❼❺❸
❽ ❹❷

❾❿

➀➁➂➃➄➅ ➆♠➇➈

➉
➊
➋➊
➌➋
➊
➍
➎
➏
➐
➊
➑
➒
➊
➑
➓
➔
➍
→➣
↔
↕➙
➛➜
➛➝

➞➟❷❺❷❻➠
➞➟❷❺❷❸❸
➞➟❷❺❷➡
➞➟❷❺❹➢
➞➟❷❺❹➤➥

✱❝✳ P♦✇❡r ❞✐str✐❜✉t✐♦♥ ❢♦r t❤❡ ✴✐❞❞➦❡ ❡❛r ♣❤❛♥t♦✴

➧➨➧➩➫ ➧➨➧➭➭ ➧➨➧➯ ➧➨➲➳ ➧➨➲➵➸

➧

➧➨➭

➲

➲➨➭

➩

➩➨➭
➺ ➲➧

➻➼

➽➾

➚
➪
➶➪
➹➶
➪
➘
➴
➷
➬
➪
➮
➱✃
❐❒
❐❮

❰ÏÐÐÑÒ ÓÔÕ
ÓÔÕÐÕÖ×
❰ÖØÙÚÔ

✱❞✳ Û♦t❛➦ P♦✇❡r ❞❡♣❡♥❞❡♥t ♦♥ ÜÝ

Þßàáâã ✄ä✶✄å æçèßçé êëìãâ èßíîâßïáîßëð ñëâ èßòãâãðî óô

õî ßí ëïößëáí î÷çî î÷ã èãîãøîãè êëìãâ ßðøâãçíãí ìßî÷ ßðøâãçíßðà óô çí ùëâã ìßèãéú íøçîîãâãè

ê÷ëîëðí çâã èãîãøîãèä õð øçíã ëñ î÷ã ùáøëíç ê÷çðîëù çéëðãû í÷ëìð ßð íáïüàáâã ýçþû î÷ã íßàðçé ßí

ñáâî÷ãâ íêâãçè çí ç ïßààãâ çâãç ëñ î÷ã ùáøëíç ßí ßééáùßðçîãè çøøëâèßðà îë ÿqáçîßëð ý✄ä✻þä ❲÷ßéã î÷ã

ùáøëíç ßí ëáî ëñ ñëøáí çðè î÷ã ßééáùßðçîãè çâãç ßðøâãçíãí ìßî÷ óôû î÷ã ãçâèâáù ßí ßð ñëøáí çðè î÷ã

ßééáùßðçîãè çâãç çðè íßàðçé èßíîâßïáîßëð ëð î÷ã èãîãøîëâ í÷ëáéè ïã áðø÷çðàãèû ã①øãêî ñëâ ç ÷ßà÷ãâ

íßàðçé éãöãéä ❇áî çí Þßàáâã ✄ä✶✄ ýïþ í÷ëìíû î÷ã íßàðçé ßí çéíë ùëâã ìßèãéú íêâãçè ßð øçíãí ëñ ç ÷ßà÷

óôä ❚÷ßí ãòãøî ßí øçáíãè ïú íê÷ãâßøçé çïãââçîßëðí ëñ î÷ã ëêîßøçé íúíîãùä ❚ìë çø÷âëùçîßø èëáïéãî

éãðíãí ìßî÷ ✸� çðè ✹�ùù ñëøçé éãðàî÷û âãíêãøîßöãéúû çâã áíãè ñëâ ßùçàßðàû âãíáéîßðà ßð ùç①ßùáù

îâçöãâíã íê÷ãâßøçé çïãââçîßëðí ëñ �ä✸û ✷ä✻û ✽û ✹�û çðè ✶�� ✖ù ñëâ î÷ã óô ëñ �ä�✷✄û �ä�☎☎û �ä�✽û

�ä✶✹û çðè �ä✶✶✻û âãíêãøîßöãéú ýøçéøáéçîãè áíßðà ❭❲ßð▲ãðí✸✁✧û ◗ßëêîßqû Pçâßíû Þâçðøã çðè î÷ã éãðí

íêãøßüøçîßëðí ñëâ ❵ô❈✷☎✹✺�✸�✺❇✬ çðè ❵ô❈✷☎✹✺�✹�✺❇✬û ❚÷ëâéçïíû óãìîëðû óãì ❏ãâíãúû ❯✂ôþä ❚÷ßí

øëðíßèãâí íê÷ãâßøçé çïãââçîßëðí ëðéú çðè çííáùãí êãâñãøî çéßàðùãðîû ÷ãðøã î÷ã îëîçé çïãââçîßëðí çâã
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❡①♣❡❝t❡❞ t♦ ❜❡ ❤✐❣❤❡r✳ ✆❤✐s s❤♦✇s t❤❛t ❛❜❡rr❛t✐♦✝s ❛r❡ ✝♦t ❛ ♣r♦❜❧❡♠ ❢♦r s♠❛❧❧ ✞✟ ❜✉t ✇✐❧❧ r❡s✉❧t

✐✝ ❛ ❜❛❞ ❢♦❝✉s ♦❢ t❤❡ s②st❡♠ ✉s✐✝❣ ❤✐❣❤❡r ✞✟✳ ✆❤✐s ❞❡❢♦❝✉s ✐s ♦❜s❡r✈❡❞ ✐✝ s✉❜☞❣✉r❡ ✭❜✮ ❛✝❞ ✭❝✮✳

❲❤❡✝ ❛ st♦♣ ✇✐t❤ s♠❛❧❧ r❛❞✐✉s ✐s ✉s❡❞✱ ❜❛❝❦❣r♦✉✝❞ ✇✐❧❧ ❜❡ ❛❜❧❡ t♦ ♣❛ss t❤❡ st♦♣ ❞✉❡ t♦ ❛❜❡rr❛t✐♦✝s

❛✝❞ t❤❡ ♣❡r❢♦r♠❛✝❝❡ ♦❢ t❤❡ s②st❡♠ ❞❡❝r❡❛s❡❞✳ ❇✉t ❛ r❛❞✐✉s ♦❢ ✵✳✹✠♠♠ ♦❢ t❤❡ st♦♣ ✐s s❡❧❡❝t❡❞ ❧❛t❡r

❛✝❞ ❤❡✝❝❡ t❤❡ ❛❜❡rr❛t✐♦✝s ❞♦ ✝♦t ♣♦s❡ ❛ ♣r♦❜❧❡♠ ✐✝ t❤❡ ❝✉rr❡✝t s②st❡♠✳

✆❤❡ ❝♦✝tr❛st ❞♦❡s ✝♦t ✐♠♣r♦✈❡ s✐❣✝✐☞❝❛✝t❧② ✇✐t❤ ✐✝❝r❡❛s✐✝❣ ✞✟ ✐✝ ❝♦✝tr❛st t♦ r❡s✉❧ts ✐✝ t❤❡

s✐♠✉❧❛t✐♦✝s✳ ✡✐☛❡r❡✝t s❝❛tt❡r✐✝❣ ❛✝❞ r❡✌❡❝t✐♦✝ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ t❤❡ ❡❛r❞r✉♠ ♣❤❛✝t♦♠s ❜❡t✇❡❡✝

s✐♠✉❧❛t✐♦✝ ❛✝❞ ♠❡❛s✉r❡♠❡✝ts ❛r❡ t❤❡ r❡❛s♦✝✳ ✍✝ t❤❡ s✐♠✉❧❛t✐♦✝ ✐t ✇❛s ❡①♣❡❝t❡❞ t❤❛t t❤❡ ❜❛❝❦❣r♦✉✝❞

✭r❡✌❡❝t✐♦✝s ❛✝❞ s❝❛tt❡r✐✝❣ ❢r♦♠ t❤❡ ❡❛r❞r✉♠✮ ✐✝❝r❡❛s❡s ♠✉❝❤ ❧❡ss t❤❛✝ t❤❡ s✐❣✝❛❧ ✭r❡✌❡❝t✐♦✝s ❛✝❞

s❝❛tt❡r✐✝❣ ❢r♦♠ t❤❡ ♠✉❝♦s❛✮ ✇✐t❤ ✐✝❝r❡❛s✐✝❣ ✞✟✳ ❇✉t ❛s s❤♦✇✝ ✐✝ ❋✐❣✉r❡ ✄✳✶✄ ✭❞✮ t❤✐s ✐s ✝♦t t❤❡

❝❛s❡ ✐✝ t❤❡ ♠❡❛s✉r❡♠❡✝ts✱ ❜♦t❤ ❝♦♠♣♦✝❡✝ts ✐✝❝r❡❛s❡ s✐♠✐❧❛r❧② ❛✝❞ t❤❡ ❞✐☛❡r❡✝❝❡ ✐s ✝♦t ❛s ❜✐❣ ❛s

❡①♣❡❝t❡❞✳ ✞♦✝❡t❤❡❧❡ss✱ t❤❡ s✐❣✝❛❧ ❧❡✈❡❧ ✐✝❝r❡❛s❡s ♠❛❦✐✝❣ ❛ ❤✐❣❤ ✞✟ ❢❛✈♦✉r❛❜❧❡✳

❙✎✏✏✑✒✓

✆❤❡ ✐✝✌✉❡✝❝❡ ♦❢ t❤❡ s✉r❢❛❝❡✱ ✇❛✈❡❧❡✝❣t❤✱ ❢♦❝✉s✱ ❞✐st❛✝❝❡ ❜❡t✇❡❡✝ ❡❛r❞r✉♠ ❛✝❞ ♠✉❝♦s❛✱ s❝❛tt❡r✐✝❣

♦❢ t❤❡ ❡❛r❞r✉♠✱ ❛✝❞ ✞✟ ♦✝ t❤❡ ❛✝t✐✲❝♦✝❢♦❝❛❧ ♠❡❛s✉r❡♠❡✝ts ❤❛✈❡ ❜❡❡✝ ✐✝✈❡st✐❣❛t❡❞✳ ✆❤❡ ❝♦✝tr❛st

❜❡t✇❡❡✝ t❤❡ r❡✌❡❝t✐♦✝ s✐❣✝❛❧ ♦❢ t❤❡ ❞✐☛❡r❡✝t ♠✉❝♦s❛ ♣❤❛✝t♦♠s ✇❛s ✉s❡❞ t♦ ❝♦♠♣❛r❡ t❤❡ ✐✝✌✉❡✝❝❡

♦❢ t❤❡ ♣❛r❛♠❡t❡rs ❛✝❞ t❤❡ r❡s✉❧ts ❛r❡ s✉♠♠❛r✐s❡❞ ❜❡❧♦✇✳

✆❤❡ s✉r❢❛❝❡ r♦✉❣❤✝❡ss ❛✝❞ ♦r✐❡✝t❛t✐♦✝ ❝❛✝ ❤❛✈❡ ❛ ❤✐❣❤ ✐✝✌✉❡✝❝❡ ♦✝ t❤❡ ♠❡❛s✉r❡♠❡✝t ❞✉❡ t♦

❞✐r❡❝t r❡✌❡❝t✐♦✝s ❢r♦♠ t❤❡ s✉r❢❛❝❡ ❜✉t ✐✝ ❛❧❧ ✐✝✈❡st✐❣❛t❡❞ ❝❛s❡s ❛✝t✐✲❝♦✝❢♦❝❛❧ st♦♣ ☞❧t❡r ✐s ❛❜❧❡

t♦ ❞❡t❡❝t t❤❡ ❝♦✝tr❛st ❛✝❞ ♠✐✝✐♠✐s❡ t❤❡ ❡☛❡❝ts✳ ✆❤❡ ❛❜s♦r♣t✐♦✝ ❛✝❞ s❝❛tt❡r✐✝❣ ♦❢ t❤❡ ♠✉❝♦s❛

♣❤❛✝t♦♠s ❛r❡ ❛ ❢✉✝❝t✐♦✝ ♦❢ t❤❡ ✇❛✈❡❧❡✝❣t❤ ❛✝❞ ❤❡✝❝❡✱ t❤❡ ❞❡t❡❝t❡❞ s✐❣✝❛❧ ✐s ✇❛✈❡❧❡✝❣t❤ ❞❡♣❡✝❞❡✝t

❛✝❞ ☞ts ✇❡❧❧ ✇✐t❤ s✐♠✉❧❛t✐♦✝s✳ ✟ ❝❤❛✝❣❡ ♦❢ t❤❡ ❢♦❝✉s ♣♦s✐t✐♦✝ ❞♦❡s ✝♦t ❤❛✈❡ ❛✝ ✐✝✌✉❡✝❝❡ ♦✝ t❤❡

❝♦✝tr❛st ✐ts❡❧❢ ❜✉t ❞❡❝r❡❛s❡s t❤❡ ❞❡✈✐❛t✐♦✝ ❜❡t✇❡❡✝ ♠❡❛s✉r❡♠❡✝ts ❛s ❤✐❣❤❡r s✐❣✝❛❧s ❛r❡ ♣♦ss✐❜❧❡

❛✝❞ ❛ ❧❛r❣❡r ❛r❡❛ ♦❢ t❤❡ ❡❛r❞r✉♠ ✐s s❛♠♣❧❡❞✱ r❡❞✉❝✐✝❣ t❤❡ ✐✝✌✉❡✝❝❡ ♦❢ s✉r❢❛❝❡ ✈❛r✐❛t✐♦✝s✳ ✟✝

✐✝❝r❡❛s❡ ✐✝ t❤❡ ❞✐st❛✝❝❡ ❜❡t✇❡❡✝ ❡❛r❞r✉♠ ❛✝❞ ♠✉❝♦s❛ s❧✐❣❤t❧② ❞❡❝r❡❛s❡s t❤❡ ♠❡❛s✉r❡❞ ❝♦✝tr❛st

❛s t❤❡ ❞✐str✐❜✉t✐♦✝ ♦❢ t❤❡ s✐❣✝❛❧ ✐s ❝❤❛✝❣❡❞✳ ✆❤❡ ❡❛r❞r✉♠ ♣❤❛✝t♦♠ ❤❛s ❛ str♦✝❣ ✐✝✌✉❡✝❝❡ ♦✝

t❤❡ ♠❡❛s✉r❡❞ ❝♦✝tr❛st✱ ❛t ✈❡r② ❤✐❣❤ s❝❛tt❡r✐✝❣ ✝♦ ❝♦✝tr❛st ❝❛✝ ❜❡ r❡❝♦✈❡r❡❞ ❛✝❞ ❛❧s♦ ❤✐❣❤ ❞✐r❡❝t

r❡✌❡❝t✐♦✝s ♦❢ t❤❡ ❡❛r❞r✉♠ ♣❤❛✝t♦♠ ❝❛✝ ❝❛✉s❡ t❤❡ ✝❡❡❞ ❢♦r ❧♦✇❡r ✐✝♣✉t ♣♦✇❡r ❛✝❞ t❤✉s ✝♦ ❝♦✝tr❛st

❝❛✝ ❜❡ ❞❡t❡❝t❡❞✳ ❲❤✐❧❡ t❤❡s❡ ❛r❡ ❡①tr❡♠❡ ❝❛s❡s✱ t❤❡ ❝♦✝tr❛st ❝❛✝ ❜❡ r❡❝♦✈❡r❡❞ ✇❤❡✝ t❤❡ ♣r♦♣❡rt✐❡s

♦❢ t❤❡ ❡❛r❞r✉♠ ♣❤❛✝t♦♠ ❛r❡ ❝❤❛✝❣❡❞ ✇✐t❤✐✝ ❡①♣❡❝t❡❞ ❧✐♠✐ts✳ ✍✝ ❝♦✝tr❛st t♦ s✐♠✉❧❛t✐♦✝s✱ ❛ s♠❛❧❧

✐❧❧✉♠✐✝❛t✐♦✝ ❞✐❛♠❡t❡r ❝❛✝✝♦t ❜❡ ✐♠♣❧❡♠❡✝t❡❞ ❛s s✉r❢❛❝❡ r❡✌❡❝t✐♦✝s ♦✝ ♦♣t✐❝❛❧ ❡❧❡♠❡✝ts ♠❛s❦ t❤❡

s✐❣✝❛❧✳ ✆❤❡ ❞❡t❡❝t❡❞ s✐❣✝❛❧ ✐✝❝r❡❛s❡s ✇✐t❤ ✞✟ ❜✉t t❤❡ ❝♦✝tr❛st ❞♦❡s ✝♦t ✐✝❝r❡❛s❡ ❛s ❛✝t✐❝✐♣❛t❡❞ ❛s

t❤❡ ❜❛❝❦❣r♦✉✝❞ ❝❤❛✝❣❡s s✐♠✐❧❛r❧② ✇✐t❤ ✐✝❝r❡❛s✐✝❣ ✞✟✳

❲❤✐❧❡ s♦♠❡ ♦❢ t❤❡s❡ ❡☛❡❝ts ❛r❡ ✇❛✈❡❧❡✝❣t❤ ❞❡♣❡✝❞❡✝t✱ ♦t❤❡rs ❛r❡ ✝♦t✳ ✆❤✉s✱ t❤❡ t♦t❛❧ ❡☛❡❝t
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✭❛✮ ☎♦♥❢♦❝❛❧ r✆✌✆❝t✐♦♥ ✐♠❛❣✆ ❛t ✹✽✽ ♥♠✱ ❢♦❝✉s✆❞ ♦♥

t❤✆ t❛r❣✆t

✭❜✮ ❲✐❞✆✲☞✆❧❞ tr❛♥s♠✐ss✐♦♥ ✐♠❛❣✆✱ ❢♦❝✉s✆❞ ♦♥ t❤✆

❞✐☛✉s✆r

❋✝✞✟✠❡ ✄✡✶✍✎ ✏✑✒✓✑✔✕✖ ✝✗✕✞✝✒✞ ✘✙✠✑✟✞✙ ✘✙❡ ✚✝✛✟✜❡✠✡ ✢✙❡ ✘✕✠✞❡✘ ✝✜ ✚✝✠❡✔✘✖② ✈✝✜✝✣✖❡ ✑✒ ✘✙❡ ✖❡✓✘ ✜✝✚❡ ✑✓

✘✙❡ ✝✗✕✞❡✜ ✇✙✝✖❡ ✝✘ ✝✜ ✔✑✈❡✠❡✚ ✣② ✘✙❡ ✚✝✛✟✜❡✠ ✑✒ ✘✙❡ ✠✝✞✙✘✡ ✢✙❡ ✔✑✒✓✑✔✕✖ ✝✗✕✞❡ ✜✙✑✇✜ ✘✙❡ ✠❡✤❡✔✘✝✈❡

✣✕✠✜ ✕✜ ✣✠✝✞✙✘ ✕✠❡✕✜ ✣✟✘ ✘✙❡✜❡ ✕✠❡ ✑✒✖② ✈✝✜✝✣✖❡ ✇✙❡✒ ✚✝✠❡✔✘✖② ✈✝✜✝✣✖❡✡ ✥✒ ✘✙❡ ✘✠✕✒✜✗✝✜✜✝✑✒ ✝✗✕✞❡✦ ✘✙❡

✠❡✤❡✔✘✝✈❡ ✣✕✠✜ ✕✠❡ ✈✝✜✝✣✖❡ ✕✜ ✚✕✠❦ ✕✠❡✕✦ ❡✈❡✒ ✇✙❡✒ ♣✖✕✔❡✚ ✣❡✙✝✒✚ ✘✙❡ ✚✝✛✟✜❡✠✡ ✢✙❡ ✈❡✠✘✝✔✕✖ ✚✕✠❦

✖✝✒❡ ✝✒ ✘✙❡ ✘✠✕✒✜✗✝✜✜✝✑✒ ✝✗✕✞❡ ✝✜ ✔✕✟✜❡✚ ✣② ✘✙❡ ❡✚✞❡ ✑✓ ✘✙❡ ✚✝✛✟✜❡✠✦ ✣✖✑✔❦ ✖✝✞✙✘ ✘✠✕✒✜✗✝✜✜✝✑✒✡ ✥✘✜

✠✑✟✞✙ ✜✟✠✓✕✔❡ ✝✒✚✝✔✕✘❡✚ ✣② ✘✙❡ ✞✠✕✝✒② ✕✠❡✕ ✑✒ ✘✙❡ ✠✝✞✙✘ ✜✝✚❡ ✑✓ ✘✙❡ ✝✗✕✞❡✡

✑✒ ✘✙❡ ✝✒✤✕✗✗✕✘✝✑✒ ✝✒✚❡① ✔✕✒ ✣❡ ✚✝✛❡✠❡✒✘ ✕✜ ✓✑✠✗❡✚ ✣② ✘✙❡ ✠❡✖✕✘✝✑✒ ✑✓ ✘✇✑ ✗❡✕✜✟✠❡✗❡✒✘✜ ✕✘

✚✝✛❡✠❡✒✘ ✇✕✈❡✖❡✒✞✘✙✜✡ ✏✑✒✜❡q✟❡✒✘✖②✦ ✘✙❡ ✝✒✤✟❡✒✔❡ ✑✓ ✘✙❡✜❡ ♣✕✠✕✗❡✘❡✠✜ ✑✒ ✝✒✤✕✗✗✕✘✝✑✒ ✝✒✚❡① ✕✠❡

✝✒✈❡✜✘✝✞✕✘❡✚ ✖✕✘❡✠ ✝✒ ❙❡✔✘✝✑✒ ✄✡✸✡✷✡

✧✳★✳✻ ✩✪✫✬✯✰✴✵✪✺ ✾✴✿❀ ✩✪✺❁✪❂✯❃

✥✒ ✑✠✚❡✠ ✘✑ ✔✑✗♣✕✠❡ ✘✙❡ ✔✑✒✓✑✔✕✖ ✘✑ ✘✙❡ ✕✒✘✝❄✔✑✒✓✑✔✕✖ ✜②✜✘❡✗✦ ✘✙❡ ✑♣✘✝✔✜ ✇❡✠❡ ✠❡✕✠✠✕✒✞❡✚ ✓✑✠ ✔✑✒✓✑✔✕✖

✗❡✕✜✟✠❡✗❡✒✘✜✡ ❋✑✠ ✘✙✝✜✦ ✘✙❡ ✗✟✔✑✜✕ ♣✙✕✒✘✑✗ ✝✜ ♣✖✕✔❡✚ ✝✒ ✓✑✔✟✜✦ ♣✝✒✙✑✖❡ ✝✒✜✘❡✕✚ ✑✓ ✜✘✑♣ ❅✖✘❡✠✝✒✞ ✝✜

✕♣♣✖✝❡✚✦ ✕✒✚ ✘✙❡ ♣✠❡✈✝✑✟✜ ❡①♣❡✠✝✗❡✒✘✜ ✠❡♣❡✕✘❡✚✡ ✢✙❡ ✔✑✒✘✠✕✜✘ ✣❡✘✇❡❡✒ ✘✙❡ ✓✑✟✠ ✗✟✔✑✜✕ ♣✙✕✒✘✑✗✜

✔✑✟✖✚ ✒✑✘ ✣❡ ✠❡✔✑✈❡✠❡✚ ✕✒✚ ✒✑ ✠❡✜✟✖✘✜ ✕✠❡ ✜✙✑✇✒✡

✢✑ ✔✑✒❅✠✗ ✘✙❡✜❡ ✠❡✜✟✖✘✜✦ ✔✑✗♣✕✠✕✘✝✈❡ ✘❡✜✘✜ ✇❡✠❡ ✔✑✒✚✟✔✘❡✚ ✑✒ ✕ ✔✑✗✗❡✠✔✝✕✖ ✔✑✒✓✑✔✕✖ ✗✝✔✠✑❄

✜✔✑♣❡✡ ✢✙❡ ✜✕✗❡ ✔✑✒❅✞✟✠✕✘✝✑✒ ✕✜ ♣✠❡✈✝✑✟✜✖② ♣✠❡✜❡✒✘❡✚ ✝✒ ❙❡✔✘✝✑✒ ❇ ✇✕✜ ✟✜❡✚ ✕✒✚ ✘✙❡ ❡✕✠✚✠✟✗ ✝✜

✠❡♣✖✕✔❡✚ ✣② ✘✙❡ ✶●❏❏ ✞✠✝✚ ✞✠✑✟✒✚ ✞✖✕✜✜ ✚✝✛✟✜❡✠✡ ✢✙❡ ✘❡✜✘ ✠❡✜✑✖✟✘✝✑✒ ✘✕✠✞❡✘ ♣✠✑✈✝✚❡✚ ✕ ✙✝✞✙ ✔✑✒✘✠✕✜✘

✔✑✗♣✕✠❡✚ ✘✑ ✘✙❡ ✗✟✔✑✜✕ ♣✙✕✒✘✑✗✜ ✟✜❡✚ ✝✒ ✘✙❡ ♣✠❡✈✝✑✟✜ ❡①♣❡✠✝✗❡✒✘✡

❋✝✞✟✠❡ ✄✡✶✍ ❑✕▲ ✜✙✑✇✜ ✘✙❡ ✔✑✒✓✑✔✕✖ ✝✗✕✞❡ ✑✓ ✘✙❡ ✘❡✜✘ ✘✕✠✞❡✘ ✙✕✖✓ ✔✑✈❡✠❡✚ ✣② ✘✙❡ ✚✝✛✟✜❡✠✦ ✠❡✔✑✠✚❡✚

✣② ✘✙❡ ✔✑✗✗❡✠✔✝✕✖ ✔✑✒✓✑✔✕✖ ✜②✜✘❡✗✡ ✢✙❡ ✘✕✠✞❡✘ ✝✜ ✚✝✠❡✔✘✖② ✈✝✜✝✣✖❡ ✑✒ ✘✙❡ ✖❡✓✘ ✜✝✚❡✦ ✕✒✚ ✘✙❡ ✠❡✤❡✔✘✝✈❡
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❜❛✆s ❛✆❡ ❝❧❡❛✆❧② ✈✐s✐❜❧❡✳ ✝♥ t❤❡ ✆✐❣❤t s✐❞❡✱ ✇❤❡✆❡ t❤❡ ❞✐☛✉s❡✆ ✐s ✐♥ t❤❡ ❧✐❣❤t ♣❛t❤✱ ♥♦ s✐❣♥❛❧ ✐s ✈✐s✐❜❧❡✳

✞❤❡ t✆❛♥s♠✐ss✐♦♥ ✐♠❛❣❡ ❢♦❝✉ss❡❞ ♦♥ t❤❡ ❞✐☛✉s❡✆ s❤♦✇♥ ✐♥ s✉❜☞❣✉✆❡ ✭❜✮ s❤♦✇s t❤❡ ✆❡✌❡❝t✐✈❡ ❜❛✆s

❜❡❤✐♥❞ t❤❡ ❞✐☛✉s❡✆✳

✞❤❡ ♣✐♥❤♦❧❡ ❞✐❛♠❡t❡✆ ✇❛s ✈❛✆✐❡❞ ❢✆♦♠ ✻✟ t♦ ✻✟✟ ✖♠✱ ❛♥❞ t❤❡ ❣❛✐♥ s❡t t♦ ❛ ♠❛✠✐♠✉♠ ✉♥t✐❧

t❤❡ ✐♠❛❣❡ s❛t✉✆❛t❡❞✳ ✡♥ ♥♦♥❡ ♦❢ t❤❡ ❝❛s❡s ❞✐❞ t❤❡ ❜❛✆s ❜❡❝♦♠❡ ✈✐s✐❜❧❡ ❜❡❤✐♥❞ t❤❡ ❞✐☛✉s❡✆ ✐♥ t❤❡

❝♦♥❢♦❝❛❧ ✐♠❛❣❡✳ ✞❤✐s ♠❡❛♥s t❤❡ ❝♦♥❢♦❝❛❧ s②st❡♠ ❝❛♥♥♦t ♣✐❝❦ ✉♣ ❛ s✐❣♥❛❧ ♦❢ t❤❡ t❡st t❛✆❣❡t ✇❤❡♥

♣❧❛❝❡❞ ❜❡❤✐♥❞ ❛ ❞✐☛✉s❡✆ ❡✈❡♥ t❤♦✉❣❤ t❤❡ ❝♦♥t✆❛st ✐s ❤✐❣❤❡✆ t❤❛♥ ❢♦✆ t❤❡ ♠✉❝♦s❛ t✐ss✉❡ ♣❤❛♥t♦♠s✳

✞❤✐s s❤♦✇s s✉♣❡✆✐♦✆✐t② ♦❢ t❤❡ ❛♥t✐✲❝♦♥❢♦❝❛❧ s②st❡♠ ✐♥ ❞✐st✐♥❣✉✐s❤✐♥❣ t❤❡ ♠✉❝♦s❛ ♣❤❛♥t♦♠s ❛♥❞

❤❡♥❝❡ ❞❡t❡❝t✐♥❣ ✐♥✌❛♠♠❛t✐♦♥ ✐♥ t❤❡ ✐♥✈❡st✐❣❛t❡❞ ❝❛s❡✳

✍✎✷✎✍ ✏✑✒✓✔✕✗✘✑✒

✞❤❡ ♣❤❛♥t♦♠s ❝❛♥ ❜❡ ❞✐st✐♥❣✉✐s❤❡❞ ❢♦✆ ♠♦st ♦❢ t❤❡ ♣✆❡s❡♥t❡❞ ❝❛s❡s ❡✠❝❡♣t ✇❤❡♥ t❤❡ s❝❛tt❡✆✐♥❣ ✐s

t♦♦ ❤✐❣❤ ❛s ✇❤❡♥ t❤❡ ❡❛✆❞✆✉♠ ✐s s✐♠✉❧❛t❡❞ ❜② ❛ ❣✆❡❛s❡♣✆♦♦❢ ♣❛♣❡✆✳ ✞❤✐s ✐s ♥♦t t❤❡ ❝❛s❡ ❢♦✆ ❝♦♥❢♦❝❛❧

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

✈❡✆s✉s ❝♦♥❢♦❝❛❧ s②st❡♠✳ ❙✐♠✉❧❛t✐♦♥ ✆❡s✉❧ts ❛✆❡ ♠♦st❧② ❝♦♥☞✆♠❡❞ ❡✠❝❡♣t ❢♦✆ t❤❡ ♣✆❡❞✐❝t❡❞ ✐♠♣✆♦✈❡❞

❙❇✙ ✇✐t❤ ✐♥❝✆❡❛s✐♥❣ ✚✛ ❞✉❡ t♦ ❞✐☛❡✆❡♥t ❝❤❛✆❛❝t❡✆✐st✐❝s ♦❢ t❤❡ ❡❛✆❞✆✉♠ ♣❤❛♥t♦♠✳

✜✢✸ ✣✤✥✦✧r★✩✦★✤✪

✞❤❡ ❛♥t✐✲❝♦♥❢♦❝❛❧ s②st❡♠ ❤❛s ❜❡❡♥ t❡st❡❞ ❛♥❞ ❜❡❡♥ s❤♦✇♥ t♦ ❜❡ ❛❜❧❡ t♦ ❞❡t❡❝t s✐❣♥❛❧ ❢✆♦♠ ❞✐☛❡✆❡♥t

♠✉❝♦s❛ ♣❤❛♥t♦♠s✳ ✡♥ t❤✐s s❡❝t✐♦♥ t✇♦ ✇❛✈❡❧❡♥❣t❤ s♣❡❝t✆♦s❝♦♣✐❝ ♠❡❛s✉✆❡♠❡♥ts ✇✐❧❧ ❜❡ ❝♦♥❞✉❝t❡❞

✐♥ ♦✆❞❡✆ t♦ ❞❡t❡✆♠✐♥❡ t❤❡ ❛❜✐❧✐t② t♦ ♠❡❛s✉✆❡ ❜❧♦♦❞ ❝♦♥t❡♥t ✐♥ t✐ss✉❡✳

✞❤❡ s❡t✉♣ ✇✐t❤ ❣✆❡❡♥ ❛♥❞ ✚✡✙ ❧❛s❡✆ ✐s ✉s❡❞ ✐♥ t❤✐s s❡❝t✐♦♥ ❛♥❞ ♠❡❛s✉✆❡♠❡♥ts ❛✆❡ ♣❡✆❢♦✆♠❡❞

♦♥ t❤❡ ♠✉❝♦s❛ ♣❤❛♥t♦♠s ♠❛t❝❤✐♥❣ t❤❡ t✐ss✉❡ ♣✆♦♣❡✆t✐❡s ❛t t✇♦ ✇❛✈❡❧❡♥❣t❤s✳ ✛s ♣✆❡✈✐♦✉s❧② ✐♥

❙❡❝t✐♦♥ ✄✳✫✱ t❤❡ ♠✉❝♦s❛ ♣❤❛♥t♦♠s ❛✆❡ ♣❧❛❝❡❞ ❜❡❤✐♥❞ ❛♥ ❡❛✆❞✆✉♠ ♣❤❛♥t♦♠ ✭st❛♥❞❛✆❞ ❞✐☛✉s❡✆✮ ❛♥❞

t❤❡ ✆❡✌❡❝t✐♦♥ ❞❡t❡❝t❡❞ ❛t t✇♦ ✇❛✈❡❧❡♥❣t❤s t♦ ❛❧❧♦✇ ♠❡❛s✉✆❡♠❡♥t ♦❢ t❤❡ ✐♥✌❛♠♠❛t✐♦♥ ✐♥❞❡✠ ✬✬

❞❡☞♥❡❞ ❛s ✆❛t✐♦ ♦❢ ✆❡✌❡❝t✐♦♥ ✐♥ t❤❡ ✚✡✙ t♦ ✆❡✌❡❝t✐♦♥ ✐♥ t❤❡ ❣✆❡❡♥✳

✞❤❡ ❝♦♥t✆❛st ❢♦✆ st♦♣ ☞❧t❡✆✐♥❣ ✐s s❤♦✇♥ ✐♥ ❋✐❣✉✆❡ ✄✳✶✯ ✭❛✮ ❢♦✆ t❤❡ ❣✆❡❡♥✱ ❛♥❞ ✭❜✮ ❢♦✆ t❤❡ ✚✡✙

❧❛s❡✆✳ ✰❛❝❤ ♦❢ t❤❡ ❣✆❛♣❤s s❤♦✇s t❤❡ t♦t❛❧ ❞❡t❡❝t❡❞ s✐❣♥❛❧ ❛s ❛ s♦❧✐❞ ❧✐♥❡ ❛♥❞ t❤❡ s✐❣♥❛❧ ✇❤❡♥ ✉s✐♥❣

❛ st♦♣ ❢♦✆ ☞❧t❡✆✐♥❣ ❛s ❞❛s❤❡❞ ❧✐♥❡✱ ❡❛❝❤ ♣❧♦t ✐s ♥♦✆♠❛❧✐s❡❞ t♦ ✐ts ♠❛✠✐♠✉♠ ✈❛❧✉❡✳ ❇♦t❤ ❣✆❛♣❤s s❤♦✇

t❤❡ ❞❡♣❡♥❞❡♥❝❡ ✉♣♦♥ t❤❡ ❛❜s♦✆♣t✐♦♥ ❝♦❡✴❝✐❡♥t ♦❢ t❤❡ ♣❤❛♥t♦♠ ❛t ✺✵✫ ♥♠✳

✞❤❡ ❣✆❡❡♥ s✐❣♥❛❧ s❤♦✇s t❤❡ ❡✠♣❡❝t❡❞ ❝♦✉✆s❡✱ ❛ ❞❡❝✆❡❛s✐♥❣ s✐❣♥❛❧ ✇✐t❤ ✐♥❝✆❡❛s✐♥❣ ❛❜s♦✆♣t✐♦♥

❝♦❡✴❝✐❡♥t✳ ✞❤❡ ✚✡✙ s✐❣♥❛❧ ✐s ❡✠♣❡❝t❡❞ t♦ ❜❡ ❝♦♥st❛♥t ❛s t❤❡ ♣❤❛♥t♦♠ ✐s ❞❡s✐❣♥❡❞ t♦ ❤❛✈❡ ❝♦♥st❛♥t

❛❜s♦✆♣t✐♦♥ ❛t ☎✟☎ ♥♠✳ ✞❤❡ ✆❡❛s♦♥ ❢♦✆ t❤❡ ✐♥❝✆❡❛s❡ ✐s ❛ ❞❡❝✆❡❛s✐♥❣ ❛❜s♦✆♣t✐♦♥ ❝♦❡✴❝✐❡♥t ✇❤✐❝❤ ✐s

❞✉❡ t♦ ❛♥ ❡✆✆♦✆ ✐♥ t❤❡ ❝❤❛✆❛❝t❡✆✐s❛t✐♦♥ ♦❢ t❤❡ ❞②❡s✳ ❋✐❣✉✆❡ ✵✳✫✹ s❤♦✇s t❤❡ s♣❡❝t✆❛ ♦❢ t❤❡ ✉s❡❞ ❞②❡s
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✵✆✝✞✞ ✵✆✟✠✡ ☛✆☞✵✝ ✝✆☛✡☛

✌
❛
✭✍✎✏✑✒✓ ✔✕✖✒✒✗

✵

✵✆✝

✵✆✞

✵✆✘

✵✆✟

☛

✙
✚
✛✜
✢
✣
✤
✚
✥

✦✧ ★✩✧✪
✫✬✮✯♠

✹✰✮✯♠
✰✮✮✯♠

✫✫✱✮✯♠
✫✹✹✮✯♠

✲✳✴ ✷✸t✸❝t✸❞ s✐❣♥✳❧ ❣r✸✸♥

✵✆✝✞✞ ✵✆✟✠✡ ☛✆☞✵✝ ✝✆☛✡☛

✌
❛
✭✍✎✏✑✒✓ ✔✕✖✒✒✗

✵

✵✆✝

✵✆✞

✵✆✘

✵✆✟

☛

✙
✚
✛✜
✢
✣
✤
✚
✥

✦✧ ★✩✧✪
✫✬✮✯♠

✹✰✮✯♠
✰✮✮✯♠

✫✫✱✮✯♠
✫✹✹✮✯♠

✲❜✴ ✷✸t✸❝t✸❞ s✐❣♥✳❧ ✺✻✽

✾ ✾✿❀❁❁ ✾✿❂❃❄ ❅✿❇✾❀ ❀✿❅❄❅

❋
●
❏❑▲P◗❙❯ ❲❨❩❙❙❬

✾

❀

❁

❭

❂

❅✾

❅❀

❪❪
❫
❴
❪❵
❡❢
❤❥
❥
❦

♦♣ q✉♣✈

✇①②③④

⑤⑥②③④

⑥②②③④

✇✇⑦②③④

✇⑤⑤②③④

✲❝✴ ✻♥⑧✳⑨⑨✳t✐⑩♥ ✐♥❞✸❶

❷❸❹❺❻❼ ✄❽✶☎❾ ❿❼➀❼➁➀❼➂ ➃❸❹➄➅➆ ➅➄➂ ❸➄➇➅➈➈➅➀❸➉➄ ❸➄➂❼➊ ➂❼➋❼➄➂❼➄➀ ➉➄ ➀➌❼ ➃➀➉➋ ❻➅➂❸❺➃❽
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❛✆ ✇❡❧❧ ❛✆ t❤❡ ❞❛t❛ ❣✝✈❡♥ ❜② ❋✝r❜❛♥❦ ❬✶✄✞✟ ❛♥❞ ❞✝☛❡r❡♥❝❡✆ ✝♥ t❤❡ ✆♣❡❝tr✉♠ ❛r❡ ❛♣♣❛r❡♥t✳ ✠t ✄☎✄ ♥♠

t❤❡ ❛❜✆♦r♣t✝♦♥ ❝♦❡✍❝✝❡♥t ♦✡ ❬✶✄✞✟ ✝✆ ❤✝❣❤❡r t❤❛♥ t❤❡ ♦♥❡ ♠❡❛✆✉r❡❞ ❤❡r❡✳ ☞❤✝✆ ❡rr♦r ✝✆ ❛✆✆✉♠❡❞ t♦

❜❡ ❝❛✉✆❡❞ ❜② t❤❡ ✆♣❡❝tr♦♠❡t❡r✳ ☞❤✝✆ ♠❡❛♥✆ t❤❡ ❛❝t✉❛❧ ❛❜✆♦r♣t✝♦♥ ✝✆ ❤✝❣❤❡r t❤❛♥ t❤❡ ♦♥❡ ❛✆✆✉♠❡❞

✝♥ t❤❡ r❡❝✝♣❡ ❛♥❞ r❡✆✉❧t✆ ✝♥ ❤✝❣❤❡r ❛❜✆♦r♣t✝♦♥ ✝♥ ♣❤❛♥t♦♠ ✶ ❛♥❞ ❧♦✇❡r ❛❜✆♦r♣t✝♦♥ ✝♥ ♣❤❛♥t♦♠ ✞✹

❡①♣❧❛✝♥✝♥❣ t❤❡ ♦❜✆❡r✈❡❞ ✝♥❝r❡❛✆❡ ✝♥ r❡✌❡❝t✝♦♥ ✆✝❣♥❛❧✳ ✠❧t❤♦✉❣❤ t❤❡ ♣❤❛♥t♦♠ ✇❛✆ ♥♦t ❝♦rr❡❝t❧②

❝❤❛r❛❝t❡r✝✆❡❞✹ ♥❡✇ ♣❤❛♥t♦♠✆ ✇❡r❡ ♥♦t ♣r♦❞✉❝❡❞ ❛✆ t❤❡ ✝♥✌❛♠♠❛t✝♦♥ ✝♥❞❡① ❝❛♥ ❜❡ ♠❡❛✆✉r❡❞ ❛♥❞

t❤❡ ♠♦❞❡❧ ♦✡ ❛❜✆♦r♣t✝♦♥ ✇❛✆ ✈❛❧✝❞❛t❡❞ ♦♥ ❧✝✈✝♥❣ t✝✆✆✉❡ ❛✆ ❞❡✆❝r✝❜❡❞ ✝♥ ✠♣♣❡♥❞✝① ❋✳

❋✝❣✉r❡ ✎✳✶✏ ✭❝✮ ✑♥❛❧❧② ✆❤♦✇✆ t❤❡ ✝♥✌❛♠♠❛t✝♦♥ ✝♥❞❡① ✒✒ ❂ ✓✔✕
●✖✗✗✘ ❞❡♣❡♥❞❡♥t ♦♥ t❤❡ ❛❜✆♦r♣t✝♦♥

❝♦❡✍❝✝❡♥t ❛t ✺✙✚ ♥♠ ✡♦r ❞✝☛❡r❡♥t ✆t♦♣ r❛❞✝✝✳ ❋♦r ❛❧❧ r❛❞✝✝✹ t❤❡ ✝♥✌❛♠♠❛t✝♦♥ ✝♥❞❡① ✝♥❝r❡❛✆❡✆ ✇✝t❤

✝♥❝r❡❛✆❡❞ ❛❜✆♦r♣t✝♦♥✹ ❡q✉✝✈❛❧❡♥t t♦ ❛ ❤✝❣❤❡r ❜❧♦♦❞ ❝♦♥❝❡♥tr❛t✝♦♥ ❛♥❞ ✝♥✌❛♠♠❛t✝♦♥✳ ✠ ❤✝❣❤❡r ✆t♦♣

r❛❞✝✉✆ r❡✆✉❧t✆ ✝♥ ❛ ✆t❡❡♣❡r ❝✉r✈❡ ❞✉❡ t♦ ❛♥ ✝♥❝r❡❛✆❡❞ ❝♦♥tr❛✆t ✝♥ t❤❡ r❡✌❡❝t❛♥❝❡ ♠❡❛✆✉r❡♠❡♥t✆✳

✠❞❞✝t✝♦♥❛❧❧② ✡♦r t❤❡ ✡♦✉r ♣❤❛♥t♦♠✆ ✆❤♦✇♥ ❜❡✡♦r❡ ✭✛✜✭✺✙✚✮ ❂ ☎✿✚✞✞✹ ☎✳✄✎✙✹ ✶✳✺☎✚✹ ❛♥❞ ✚✳✶✙✶♠♠✢✣✮

t❤❡ ✝♥❞❡① ✡♦r ❛ ♣❤❛♥t♦♠ ✇✝t❤♦✉t ❛❜✆♦r♣t✝♦♥ ✭✛✜✭✺✙✚✮ ❂ ☎♠♠✢✣✮ ✝✆ ✆❤♦✇♥✳ ☞❤✝✆ ♣❤❛♥t♦♠ ✆❤♦✇✆

♦♥❧② ✆❝❛tt❡r✝♥❣ ❛♥❞ ✝✆ ✉✆❡❞ ❛✆ r❡✡❡r❡♥❝❡✳ ☞❤❡ ✒✒ ✡♦r t❤✝✆ ♣❤❛♥t♦♠ ✝✆ ❡①♣❡❝t❡❞ t♦ ❜❡ ❝❧♦✆❡ t♦ ✶ ❛✆

t❤❡ ✆✝❣♥❛❧ ✝✆ ♦♥❧② ❛☛❡❝t❡❞ ❜② t❤❡ r❡❞✉❝❡❞ ✆❝❛tt❡r✝♥❣ ❝♦❡✍❝✝❡♥t ✇❤✝❝❤ ✝✆ ❛❜♦✉t ✶✶♠♠✢✣ ✡♦r ✺✙✚ ♥♠

✭✝♥t❡r♣♦❧❛t❡❞ ✡r♦♠ ✄☎✄ ♥♠ ✉✆✝♥❣ t❤❡ ❝♦✉r✆❡ ❣✝✈❡♥ ✝♥ ❬✶✄✺✟✮ ❛♥❞ ✻♠♠✢✣ ✡♦r ✄☎✄ ♥♠✳

☞❤✝✆ ✆❤♦✇✆ t❤❛t ❝❤❛♥❣❡✆ ✝♥ t❤❡ ❜❧♦♦❞ ❝♦♥❝❡♥tr❛t✝♦♥ ❝❛♥ ❜❡ ♠❡❛✆✉r❡❞ ❛♥❞ ✝t ✆❤♦✉❧❞ ❜❡ ♣♦✆✆✝❜❧❡ t♦

♠❡❛✆✉r❡ ❜❧♦♦❞ ❝♦♥❝❡♥tr❛t✝♦♥ ❛✡t❡r ❝❛❧✝❜r❛t✝♦♥ ♦✡ t❤❡ ✆②✆t❡♠✳ ✤♥ t❤❡ ♥❡①t ✆t❡♣ ❞✝☛❡r❡♥t ♣❛r❛♠❡t❡r✆

✭❛♥❣❧❡ ♦✡ t❤❡ ✆✉r✡❛❝❡ t♦✇❛r❞✆ t❤❡ ✝♥❝✝❞❡♥t ❧✝❣❤t✹ ❞✝✆t❛♥❝❡ ❜❡t✇❡❡♥ ✆❝❛tt❡r✝♥❣ ❧❛②❡r ❛♥❞ ♠✉❝♦✆❛✹ ❛♥❞

✆❝❛tt❡r✝♥❣ ❛✆ ✇❡❧❧ ❛✆ ❛❜✆♦r♣t✝♦♥ ❝❤❛r❛❝t❡r✝✆t✝❝✆ ♦✡ t❤❡ ❡❛r❞r✉♠ ♣❤❛♥t♦♠✮ ❛r❡ ❛❧t❡r❡❞ ✝♥ ♦r❞❡r t♦

✝♥✈❡✆t✝❣❛t❡ t❤❡ r♦❜✉✆t♥❡✆✆ ♦✡ t❤❡ ✝♥❞❡① t♦ ❝❤❛♥❣❡✆ ♦✡ t❤❡ ♣❤❛♥t♦♠✳

✥✦✸✦✧ ❇★s✩ ❙✩✪✫ ✬✯✰✱✲s

☞❤❡ ✝♥✌❛♠♠❛t✝♦♥ ✝♥❞❡① ✝♥❝r❡❛✆❡✆ ✇✝t❤ ✆t♦♣ r❛❞✝✉✆✹ ❜✉t t❤❡ ✆t❛♥❞❛r❞ ❞❡✈✝❛t✝♦♥ ✝♥❝r❡❛✆❡✆ ❛t t❤❡

✆❛♠❡ t✝♠❡✳ ✠ ❤✝❣❤ ❧✝♥❡❛r✝t② ✇✝t❤ ❤✝❣❤ ❞❡♣❡♥❞❡♥❝② ♦✡ t❤❡ ♠❡❛✆✉r❡❞ ✝♥❞❡① ❛♥❞ ❜❧♦♦❞ ❝♦♥❝❡♥tr❛✴

t✝♦♥✵❛❜✆♦r♣t✝♦♥ ✭✆❡♥✆✝t✝✈✝t②✮ ❛♥❞ ❛ ❧♦✇ ✈❛r✝❛t✝♦♥ ♦✡ t❤❡ ✆✝❣♥❛❧ ✝✆ ❞❡✆✝r❡❞ ✭❤✝❣❤ ♣r❡❝✝✆✝♦♥✮ ❬✚✚✚✟✳

✷❡♥❝❡✹ ❛ ♠❡❛✆✉r❡ ✽ ✡♦r ❛ ❣♦♦❞ ✝♥❞❡① ✝✆ ♣r♦♣♦✆❡❞ ❛✆

✽ ❂
✾ ❀ ❁❃

❄
✭✎✳✄✮

✇❤❡r❡ ✾ ✝✆ t❤❡ ✆❧♦♣❡ ♦✡ ❛ ❧✝♥❡❛r ✝♥t❡r♣♦❧❛t✝♦♥ ♦✡ t❤❡ ✝♥❞❡① ✒✒ ❂ ✾✛✜ ❅ ❏✹ ❁❃ ✝✆ t❤❡ ❝♦❡✍❝✝❡♥t ♦✡

❞❡t❡r♠✝♥❛t✝♦♥ ✝♥❞✝❝❛t✝♥❣ t❤❡ ❣♦♦❞♥❡✆✆ ♦✡ t❤❡ ❧✝♥❡❛r ✑t✹ ❛♥❞ ❄ ✝✆ t❤❡ ✆t❛♥❞❛r❞ ❞❡✈✝❛t✝♦♥ ♦✡ t❤❡ ✺

♠❡❛✆✉r❡♠❡♥t✆✹ ✆❤♦✇♥ ✝♥ ❋✝❣✉r❡ ✎✳✶✏ ✭❝✮ ❛✆ ❡rr♦r❜❛r✆✳ ✤♥ t❤❡ ❡①❛♠♣❧❡ ✆❤♦✇♥ t❤✝✆ r❡✆✉❧t✆ ✝♥ ❛ ❜❡✆t

✝♥✌❛♠♠❛t✝♦♥ ✝♥❞❡① ✇❤❡♥ ✉✆✝♥❣ ❛ ✆t♦♣ r❛❞✝✉✆ ♦✡ ✻✞☎ ❑♠✳ ✠✈❡r❛❣✝♥❣ t❤❡ ❜❡✆t ✆t♦♣ r❛❞✝✉✆ ♦✈❡r ❛❧❧

♠❡❛✆✉r❡♠❡♥t✆ ❞♦♥❡ ✡♦r ❞✝☛❡r❡♥t ✈❛r✝❛t✝♦♥✆ ♦✡ t❤❡ ♣❤❛♥t♦♠ ❛✆ ♣r❡✆❡♥t❡❞ ❜❡❧♦✇ r❡✆✉❧t✆ ✝♥ ❛ ✈❛❧✉❡ ♦✡

✞✄☎ ❑♠✳ ☞❤✝✆ ✆t♦♣ r❛❞✝✉✆ ✇✝❧❧ ❜❡ ✉✆❡❞ ✡♦r ❛❧❧ ✡✉rt❤❡r ❣r❛♣❤✆✳ ☞❤❡ ✈❛r✝❛t✝♦♥ ♦✡ t❤❡ ❜❡✆t ✆t♦♣ r❛❞✝✉✆



❈❍�✁❚❊❘ ✼✂ ❊❳✁❊❘■▼❊◆❚�❆ ❱�❆■❉�❚■❖◆ ✶✄✶

✵ ✵☎✆✝✝ ✵☎✞✟✠ ✡☎☛✵✆ ✆☎✡✠✡

☞❛✭✌✍✎✏✑✒ ✓✔✕✑✑✖

✵

✡

✆

✠

✝

✗✗
✘
✙
✗✚
✛✜
✢✣
✣
✤

✥✦✧★✩✪✦✫✦✬✮ ✯
✥✦✧★✩✪✦✫✦✬✮ ✰
✥✦✧★✩✪✦✫✦✬✮ ✱
✥✦✧✬

❋✐❣✲r❡ ✳✴✷✸✹ ✺✻r✐✻✽✐♦✾ ♦✿ ✽❤❡ ✐✾❀✻❁❁✻✽✐♦✾ ✐✾❞❡① ♦✿ ✽❤❡ s✻❁❡ s✻❁♣❧❡ ❞✲r✐✾❣ ✽❤r❡❡ ✐✾❞❡♣❡✾❞❡✾✽

❁❡✻s✲r❡❁❡✾✽s✴

✐s ❤✐❣❤❂ r✻✾❣✐✾❣ ♦✈❡r ✽❤❡ ✇❤♦❧❡ ✽❡s✽❡❞ r✻✾❣❡ ✇✐✽❤ ✻ s✽✻✾❞✻r❞ ❞❡✈✐✻✽✐♦✾ ♦✿ ❃❄❅✷ ❇❁✴ ●❤❡s❡ ✈✻❧✲❡s

✻r❡ ✽r✲❡ ✿♦r ✽❤❡ ❝✲rr❡✾✽ ♦♣✽✐❝✻❧ s❡✽✲♣ ✻✾❞ ❞❡♣❡✾❞ ♦✾ ✿✻❝✽♦rs s✲❝❤ ✻s ✿♦❝✻❧ ❧❡✾❣✽❤ ♦✿ ✽❤❡ ❧❡✾s❡s❂ ❧❡✾s

✻♣❡r✽✲r❡s❂ ✻✾❞ ❞✐s✽✻✾❝❡s ❜❡✽✇❡❡✾ ✽❤❡ ❧❡✾s❡s✴

❏❑▲❑P ◗❙❯❙♠❲t❲❯❨ ❙❩❲❬t❭♥❪ t❫❲ ❴❲❙❨✉❯❲♠❲♥t

❵❤❡✾ ❝❤✻r✻❝✽❡r✐s✐✾❣ ✽❤❡ ✻✾✽✐❢❝♦✾✿♦❝✻❧ s②s✽❡❁ ✽❤❡ ✐✾❀✲❡✾❝❡ ♦✿ ❞✐❥❡r❡✾✽ ♣✻r✻❁❡✽❡rs ♦✾ ✽❤❡ ❁❡✻s✲r❡❢

❁❡✾✽s ✇❡r❡ ♣r❡s❡✾✽❡❞ ✐✾ ❦❡❝✽✐♦✾ ✳✴✷✴q✴ ③♦✇❂ ✽❤❡ ✐✾❀✲❡✾❝❡ ♦✿ ✽❤❡s❡ ♣✻r✻❁❡✽❡rs ♦✾ ❁❡✻s✲r❡❁❡✾✽s

♦✿ ✽❤❡ ✐✾❀✻❁❁✻✽✐♦✾ ✐✾❞❡① ✐s ✐✾✈❡s✽✐❣✻✽❡❞✴ ●❤✐s ❝♦✲❧❞ ❜❡ ❞✐❥❡r❡✾✽ ✿r♦❁ ✽❤❡ ♣r❡✈✐♦✲s r❡s✲❧✽s ✻s

✽❤❡ r❡❧✻✽✐♦✾ ♦✿ ❁❡✻s✲r❡❁❡✾✽s ✻✽ ✽✇♦ ✇✻✈❡❧❡✾❣✽❤s ✐s ✽✻④❡✾ ✻✾❞ ❝❤✻✾❣❡s ❁✐❣❤✽ ❝✻✾❝❡❧ ❡✻❝❤ ♦✽❤❡r ♦r

✻❁♣❧✐✿②✴

⑤✲✽ ❜❡✿♦r❡ ❝❤✻✾❣✐✾❣ ✻✾② ♣✻r✻❁❡✽❡rs ♦✿ ✽❤❡ s✻❁♣❧❡❂ ✽❤❡ s✽✻✾❞✻r❞ ❁❡✻s✲r❡❁❡✾✽ ✐s r❡♣❡✻✽❡❞

✽❤r❡❡ ✽✐❁❡s ✽♦ ❞❡✽❡r❁✐✾❡ ✽❤❡ ✈✻r✐✻✽✐♦✾ ✿r♦❁ ❁❡✻s✲r❡❁❡✾✽ ✽♦ ❁❡✻s✲r❡❁❡✾✽✴ ❋✐❣✲r❡ ✳✴✷✸ s❤♦✇s ✽❤❡

✽❤r❡❡ ✐✾❞❡♣❡✾❞❡✾✽ ❁❡✻s✲r❡❁❡✾✽ s❡r✐❡s ✐✾ ❣r❡② ✇✐✽❤ ❡rr♦r❜✻rs ✐✾❞✐❝✻✽✐✾❣ ✈✻r✐✻✽✐♦✾ ❜❡✽✇❡❡✾ ❞✐❥❡r❡✾✽

❁❡✻s✲r❡❁❡✾✽ ♣♦✐✾✽s✴ ●❤❡ ❁❡✻✾ ♦✿ ✻❧❧ ❁❡✻s✲r❡❁❡✾✽s ✐s s❤♦✇✾ ✐✾ ❜❧✻❝④ ✇✐✽❤ ❡rr♦r❜✻rs ✐✾❞✐❝✻✽✐✾❣
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⑥s ❡①♣❡❝✡❡❞q ✡❤❡ ✐☛❢❛♠♠❛✡✐♦☛ ✐☛❞❡① ✐☛❝r❡❛s❡s ✇✐✡❤ ✐☛❝r❡❛s✐☛❣ ❛✝s♦r♣✡✐♦☛ ✐☛ ✡❤❡ ❣r❡❡☛ r❡❣✐♦☛

❝♦♠♣❛r❡❞ ✡♦ ✡❤❡ ⑦⑩❶ ❛✝s♦r♣✡✐♦☛ ④❣♦✐☛❣ ✎r♦♠ s❛♠♣❧❡ ⑧⑦⑩❶✶⑨ ✡♦ ⑧r❡❞❷⑨⑤✟ ✆❤❡ ♦☛❧② ❡①❝❡♣✡✐♦☛ ✐s

✡❤❡ ✐☛❞❡① ♠❡❛s☞r❡❞ ✎♦r ⑧⑦⑩❶③⑨✟ ✆❤✐s ✐s ❛ss☞♠❡❞ ✡♦ ✝❡ ❛☛ ❡rr♦r ✐☛✡r♦❞☞❝❡❞ ✝② s❝❛✡✡❡r✐☛❣ ✡❤❛✡

❛❧s♦ ✐☛❢☞❡☛❝❡s ✡❤❡ ✐☛❢❛♠♠❛✡✐♦☛ ✐☛❞❡① ❛s s❤♦✇☛ ❧❛✡❡r✟ ✆❤❡ ✏✝r❡ ❣❧❛ss s❛♠♣❧❡s s❤♦✇ r❡❧❛✡✐✈❡

✐☛❤♦♠♦❣❡☛❡♦☞s s❝❛✡✡❡r✐☛❣ ❝❤❛r❛❝✡❡r✐s✡✐❝s✟ ✆❤✐s ❝❛☛ ♠❛s❸ ✡❤❡ s♠❛❧❧ ❝❤❛☛❣❡ ✐☛ ❛✝s♦r♣✡✐♦☛ ✝❡✡✇❡❡☛

✡❤❡ ✇❤✐✡❡ ❛☛❞ ✡✇♦ ⑦⑩❶ ❡❛r❞r☞♠ s❛♠♣❧❡s✟

⑥❧❧ ✐☛ ❛❧❧q ✡❤❡ ♦✝s❡r✈❛✡✐♦☛s ❛r❡ ✐☛ ❛❝❝♦r❞❛☛❝❡ ✇✐✡❤ ✡❤❡ s✐♠☞❧❛✡✐♦☛sq s❤♦✇✐☛❣ ❛ s✡r♦☛❣ ✐☛❢☞❡☛❝❡ ♦✎

✇❛✈❡❧❡☛❣✡❤ ❞❡♣❡☛❞❡☛✡ ❛✝s♦r♣✡✐♦☛ ♦☛ ✡❤❡ ♠❡❛s☞r❡❞ ✐☛❢❛♠♠❛✡✐♦☛ ✐☛❞❡①✟ ⑥ ✇❛✈❡❧❡☛❣✡❤ ✐☛❞❡♣❡☛❞❡☛✡

❝❤❛☛❣❡ ✐☛ ❛✝s♦r♣✡✐♦☛ ❛s s✐♠☞❧❛✡❡❞ ✐s ☛♦✡ ✡❡s✡❡❞q ✝☞✡ ♦☛❧② ❛ s♠❛❧❧ ❝❤❛☛❣❡ ♦✎ ✡❤❡ ✐☛❢❛♠♠❛✡✐♦☛ ✐☛❞❡①

✐s ❡①♣❡❝✡❡❞✟
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✵ ✵✆✝✞✞ ✵✆✟✠✡ ☛✆☞✵✝ ✝✆☛✡☛

✌
❛
✭✍✎✏✑✒✓

✵

☞

☛✵

☛☞

✔✔
✕
✖
✔✗
✘✙
✚✛
✛
✜

r✢✣✤

r✢✣✥

r✢✣✦

r✢✣✧

✇★✩✪✢

✫✬✮✧

✫✬✮✦

✯✰✱ ✲❜s♦✳✴t✐♦♥

✷ ✷✸✹✺✺ ✷✸✻✽✾ ✿✸❀✷✹ ✹✸✿✾✿

❁
❂
❃❄❅❇❋●❏ ❑▲P●●◗

✷

✿

✹

✾

✺

❀

❙

✽

❯❯
❲
❨
❯❩
❬❭
❪❫
❫
❴

❵❝❞❞❡❢❣❤

❥❦❧

❥❦♠

❥❦♣

✯❜✱ q✉✰tt✈✳✐♥①

②③④⑤⑥⑦ ⑧⑨⑩⑩❶ ❷❸❹⑤⑦❸❺⑦ ❻❼ ⑦❽⑥❾⑥⑤❿ ➀⑥❻➀⑦⑥➁③⑦➂ ❻❸ ➁➃⑦ ③❸❹❽❿❿❽➁③❻❸ ③❸❾⑦➄⑨
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✆❛✝❧❡ ✞✟✷✠ ✡❡♥tr❛❧ tr❛♥s♠✐ss✐♦♥ t❤r♦☛❣❤ ❞✐☞❡r❡♥t s❝❛tt❡r✐♥❣ ❡❛r❞r☛♠ s❛♠♣❧❡s ♠❛❞❡ ☛s✐♥❣ s❛♥❞♣❛✌

♣❡r ❵tr❡❛t❡❞✬ ♠✐❝r♦s❝♦♣❡ s❧✐❞❡s ❭✍●✧✟

✎✏✑✒✓✔✕ ✖✓✔✑✗✘✙✗✗✙✚✑ ✛✏✕✔✒✙✚✑

❙✔✘✜✕✏ ✺✸✢ ✑✘ ✽✵✽ ✑✘ ✽✵✽✴✺✸✢

✣✤✥✉✦★✩ ✪✳✪✪✫ ✪✳✪✭✮ ✮✭✳✯✭

✰✱ ✭ ✪✳✪✻✫ ✪✳✫✲✹ ✮✳✾✭

✰✱ ✻ ✪✳✪✫✹ ✪✳✫✪✾ ✲✳✿✭

✰✱ ✲ ✪✳✪✪✪ ✪✳✪✪✮ ✻✳✿✾

❀❁❂❃❃❄❅❇❋❏ ❑▲ ❃P❄ ◗❂❅❯❅❲❨

✆❤❡ s❝❛tt❡r✐♥❣ ❝❤❛r❛❝t❡r✐st✐❝s ❛❧s♦ ✐♥❩☛❡♥❝❡ t❤❡ ♠❡❛s☛r❡❞ ✐♥❩❛♠♠❛t✐♦♥ ✐♥❞❡①✟ ✆❤✐s ✐s s❤♦✇♥ ✐♥

❬✐❣☛r❡ ✞✟✷✷ ❪✝❫ t❤❛t ✐❧❧☛str❛t❡s t❤❡ ✐♥❞❡① ❢♦r t❤❡ st❛♥❞❛r❞ s❛♠♣❧❡ ❛♥❞ t❤r❡❡ ❞✐☞❡r❡♥t❧② s❛♥❞♣❛♣❡r

❵tr❡❛t❡❞✬ ♠✐❝r♦s❝♦♣❡ s❧✐❞❡s✟ ✆❤❡ ❴rst s❛♠♣❧❡ ❭✍●❜✧ ✇❛s tr❡❛t❡❞ ✇✐t❤ ❥✷❦q ❣r✐❞ s❛♥❞♣❛♣❡r ❛t ✝♦t❤

s✐❞❡s✈ ✇✐t❤ ♦rt❤♦❣♦♥❛❧ s❝r❛t❝❤ ❞✐r❡❝t✐♦♥s✟ ✆❤❡ ♦t❤❡r t✇♦ s❛♠♣❧❡s ✇❡r❡ tr❡❛t❡❞ ✇✐t❤ r♦☛❣❤❡r ❥❦q

❣r✐❞ s❛♥❞♣❛♣❡r✈ ❭✍●③✧ ❛t ♦♥❡ ❛♥❞ ❭✍●✞✧ ❛t ✝♦t❤ s✐❞❡s✟ ✆❤❡ ♠❡❛s☛r❡❞ ❝❡♥tr❛❧ tr❛♥s♠✐ss✐♦♥ ❛♥❞

s♦ s❝❛tt❡r✐♥❣ ♦❢ t❤❡ ♣❤❛♥t♦♠ ❛t ☎❜✷ ❛♥❞ ✄q✄ ♥♠ ❛s ✇❡❧❧ ❛s t❤❡ r❡❧❛t✐♦♥ ✝❡t✇❡❡♥ ✝♦t❤ tr❛♥s♠✐ss✐♦♥

④❛❧☛❡s ❛r❡ ❣✐④❡♥ ✐♥ ✆❛✝❧❡ ✞✟✷✟

✆❤❡ r❡❧❛t✐♦♥ ✝❡t✇❡❡♥ s❝❛tt❡r✐♥❣ ❛♥❞ ♠❡❛s☛r❡❞ ✐♥❩❛♠♠❛t✐♦♥ ✐♥❞❡① ✐s ♠♦r❡ ❝♦♠♣❧❡① t❤❛♥ ❢♦r

❛✝s♦r♣t✐♦♥✟ ⑤❝❝♦r❞✐♥❣ t♦ s✐♠☛❧❛t✐♦♥s✈ ❡④❡♥ ❛ ✇❛④❡❧❡♥❣t❤ ✐♥❞❡♣❡♥❞❡♥t ❝❤❛♥❣❡ ✐♥ s❝❛tt❡r✐♥❣ ❝❤❛♥❣❡s

t❤❡ ✐♥❩❛♠♠❛t✐♦♥ ✐♥❞❡①✟ ✆❤✐s ✐s ♦✝④✐♦☛s ✇❤❡♥ ❝♦♠♣❛r✐♥❣ t❤❡ r❡s☛❧ts ♦❢ ❭✍●③✧ ❛♥❞ ❭✍●✞✧✟ ⑥♦t❤

❤❛④❡ ❛ s✐♠✐❧❛r r❛t✐♦ ♦❢ tr❛♥s♠✐tt❡❞ ❧✐❣❤t ❛t ☎❜✷ ❛♥❞ ✄q✄ ♥♠ ❪✞✟⑦❜ ④s✟ ③✟⑦✄❫ ✝☛t ❞✐☞❡r❡♥t t♦t❛❧

tr❛♥s♠✐ss✐♦♥ ❪✶q✟✄⑧ ④s q✟✷⑧ ❛t ✄q✄ ♥♠❫✟ ✆❤✐s ❝❛☛s❡s ♦♥❡ ✐♥❩❛♠♠❛t✐♦♥ ✐♥❞❡① ♠❡❛s☛r❡♠❡♥t t♦

✝❡ ✐♥❝r❡❛s❡❞ ❛♥❞ t❤❡ ♦t❤❡r ♦♥❡ t♦ ❞❡❝r❡❛s❡ ❡④❡♥ t❤♦☛❣❤ t❤❡ r❡❧❛t✐♦♥ ♦❢ tr❛♥s♠✐tt❡❞ ❧✐❣❤t ❛t ✝♦t❤

✇❛④❡❧❡♥❣t❤s ✐s s✐♠✐❧❛r✟ ✆❤❡ t✇♦ ❡☞❡❝ts t♦ ✝❡ ❝♦♥s✐❞❡r❡❞ ❛r❡ ❛ ❞❡❝r❡❛s❡ ✐♥ t♦t❛❧ s✐❣♥❛❧ ❞☛❡ t♦ ❤✐❣❤❡r

❛tt❡♥☛❛t✐♦♥ ✝☛t ❛t t❤❡ s❛♠❡ t✐♠❡ ❛ ❤✐❣❤❡r ♣♦rt✐♦♥ ♦❢ t❤✐s s✐❣♥❛❧ ❝❛♥ ✝❡ ❞❡t❡❝t❡❞ ❞☛❡ t♦ ❛ ❝❤❛♥❣❡❞

❞✐str✐✝☛t✐♦♥ ♦❢ t❤❡ s✐❣♥❛❧✟ ✆❤✐s r❡s☛❧ts ✐♥ ❛ r❡❧❛t✐♦♥ ♦❢ s❝❛tt❡r✐♥❣ t♦ ❝❤❛♥❣❡ ✐♥ ✐♥❩❛♠♠❛t✐♦♥ ✐♥❞❡①

t❤❛t ✐s ♥♦t ❡❛s✐❧② ♣r❡❞✐❝t❡❞✟

⑨⑩❶⑩❶ ❷❸❹❹❺❻❼❽❾❿ ❼➀❺ ➁❾➂➃➄➄➃❼❽❸❾ ➁❾➅❺➆

✆❤❡ ✐♥❩☛❡♥❝❡ ♦❢ s❝❛tt❡r✐♥❣ ❝♦☛❧❞ ✝❡ ❞❡❝r❡❛s❡❞ ☛s✐♥❣ ❝❧♦s❡r ✇❛④❡❧❡♥❣t❤s ❛♥❞ t❤☛s r❡❞☛❝✐♥❣ t❤❡

❞✐☞❡r❡♥❝❡ ✐♥ s❝❛tt❡r✐♥❣ ❝♦❡➇❝✐❡♥ts✟ ⑥☛t t❤✐s ✇♦☛❧❞ ❞❡❝r❡❛s❡ t❤❡ s❡♥s✐t✐④✐t② ♦❢ t❤❡ ✐♥❩❛♠♠❛t✐♦♥

✐♥❞❡① ✐ts❡❧❢ ❛♥❞ ❝❛♥♥♦t ♠✐♥✐♠✐s❡ t❤❡ ✐♥❩☛❡♥❝❡ ♦❢ ❛✝s♦r♣t✐♦♥ ❛♥❞ ❣❡♦♠❡tr② ♦♥ t❤❡ ♠❡❛s☛r❡❞ ✐♥❞❡①✟

⑤♥♦t❤❡r ✐❞❡❛ t♦ ❝♦rr❡❝t t❤❡ ✐♥❩❛♠♠❛t✐♦♥ ✐♥❞❡① ✐s t♦ ☛s❡ ❝♦♥❢♦❝❛❧ ❞❡t❡❝t✐♦♥ ♦❢ t❤❡ ❡❛r❞r☛♠ ✐♥

♦r❞❡r t♦ ❞❡t❡r♠✐♥❡ ✐ts ♦♣t✐❝❛❧ ♣r♦♣❡rt✐❡s✟ ➈❡t❡❝t✐♦♥ ✐s ❡❛s✐❧② ❞♦♥❡ ✇✐t❤ t❤❡ ❝❛♠❡r❛ ❢♦❝☛s❡❞ ♦♥ t❤❡



❈❍�✁❚❊❘ ✼✂ ❊❳✁❊❘■▼❊◆❚�❆ ❱�❆■❉�❚■❖◆ ✶✄☎

❡❛✆❞✆✉♠ ❛✝❞ ♣✐✝❤♦✞❡ ☞✞t❡✆✐✝❣ ✉s✐✝❣ t❤❡ ❝❡✝t✆❛✞ ♣✐①❡✞ ❛t t❤❡ s❛♠❡ t✐♠❡ ❛s ♣❡✆❢♦✆♠✐✝❣ ❛✝t✐✲❝♦✝❢♦❝❛✞

☞✞t❡✆✐✝❣ ✉s✐✝❣ ♣❡✆✐♣❤❡✆❛✞ ♣✐①❡✞✳ ✟❤❡ ❝♦✝❢♦❝❛✞ s✐❣✝❛✞ ❝❛✝ t❤❡✝ ❜❡ ✉s❡❞ t♦ ❞❡t❡✆♠✐✝❡ t❤❡ ♦♣t✐❝❛✞

♣✆♦♣❡✆t✐❡s ♦❢ t❤❡ ❡❛✆❞✆✉♠ ❛✝❞ ✆❡❝♦✝st✆✉❝t t❤❡ ♦✆✐❣✐✝❛✞ ✐✝✌❛♠♠❛t✐♦✝ ✐✝❞❡①✳ ❲❤✐✞❡ ❞❡t❡✆♠✐✝❛t✐♦✝

♦❢ s❝❛tt❡✆✐✝❣ ❝❤❛✆❛❝t❡✆✐st✐❝s ✐s ❝❤❛✞✞❡✝❣✐✝❣✠ t❤❡ ✐✝✌✉❡✝❝❡ ♦❢ ❛❜s♦✆♣t✐♦✝ ❝❛✝ ❜❡ ❞❡t❡✆♠✐✝❡❞ ❡❛s✐✞②✳

✡✝ ✐✝❝✆❡❛s❡ ✐✝ ❛❜s♦✆♣t✐♦✝ ❞❡❝✆❡❛s❡s t❤❡ ❝♦✝❢♦❝❛✞ ❛s ✇❡✞✞ ❛s t❤❡ ❛✝t✐✲❝♦✝❢♦❝❛✞ s✐❣✝❛✞ ❛✝❞ ❛❢t❡✆

❞❡t❡✆♠✐✝✐✝❣ t❤❡ ✆❡✞❛t✐♦✝ ♦❢ ❜♦t❤ ❡☛❡❝ts✠ t❤❡ ❝♦✝❢♦❝❛✞ s✐❣✝❛✞ ❝❛✝ ❜❡ ✉s❡❞ t♦ ❝♦✆✆❡❝t t❤❡ ✐✝✌❛♠♠❛t✐♦✝

✐✝❞❡①✳

✟❤✐s ✐s t❡st❡❞ ♦✝ t❤❡ ❝♦✞♦✉✆❡❞ ☞❜✆❡ ✆❡s✐✝ ❡❛✆❞✆✉♠ ♣❤❛✝t♦♠s ✉s❡❞ t♦ ❛✞t❡✆ t❤❡ ❛❜s♦✆♣t✐♦✝ ♦❢ t❤❡

❡❛✆❞✆✉♠✳ ❋✐❣✉✆❡ ✍✳✷✎ ✭❛✏ s❤♦✇s t❤❡ ✆❡✞❛t✐♦✝ ♦❢ ✑✒✓ t♦ ❣✆❡❡✝ ❝♦✝❢♦❝❛✞ ❞❡t❡❝t❡❞ s✐❣✝❛✞ r✔✕♥✕✖✔✗❧ ❢♦✆

t❤❡ s❡✈❡✝ ❞✐☛❡✆❡✝t ❡❛✆❞✆✉♠ s❛♠♣✞❡s✳ ✟❤❡ ❝♦✝❢♦❝❛✞ s✐❣✝❛✞ ✐s ♠❡❛s✉✆❡❞ ❢♦✆ s✐① ❞✐☛❡✆❡✝t ♣❤❛✝t♦♠s

✭☞✈❡ ❞✐☛❡✆❡✝t ♠✉❝♦s❛ ♣❤❛✝t♦♠s ❛✝❞ ♦✝❡ ♠❡❛s✉✆❡♠❡✝t ♦✝ t❤❡ ❡❛✆❞✆✉♠ ♦✝✞②✏✠ t❤❡ ❛✈❡✆❛❣❡ ♦❢ t❤❡s❡

s✐① ♠❡❛s✉✆❡♠❡✝ts ✐s s❤♦✇✝ ❤❡✆❡✠ ❛✝❞ t❤❡ st❛✝❞❛✆❞ ❞❡✈✐❛t✐♦✝ ✐s ✐✝❞✐❝❛t❡❞ ❜② t❤❡ ❡✆✆♦✆❜❛✆s✳

✟❤❡ ✆❡❞ ❛✝❞ ✉✝❝♦✞♦✉✆❡❞ ♣❤❛✝t♦♠s s❤♦✇ t❤❡ ❡①♣❡❝t❡❞ ✆❡✞❛t✐♦✝✠ t❤❡ ✑✒✓ ❝♦♠♣❛✆❡❞ t♦ t❤❡ ❣✆❡❡✝

s✐❣✝❛✞ ❞❡❝✆❡❛s❡s ✇✐t❤ ❞❡❝✆❡❛s✐✝❣ ❞②❡ ❝♦✝❝❡✝t✆❛t✐♦✝✳ ✟❤✐s ♠❡❛✝s ❛ ❤✐❣❤❡✆ ❛❜s♦✆♣t✐♦✝ ✐✝ t❤❡ ❣✆❡❡✝

✆❛✝❣❡ ♦❢ t❤❡ ❡❛✆❞✆✉♠ ♣❤❛✝t♦♠ ❞❡❝✆❡❛s❡s t❤❡ ❝♦✝❢♦❝❛✞ ❞❡t❡❝t❡❞ ❣✆❡❡✝ s✐❣✝❛✞ ❛s ✇❡✞✞ ❛s t❤❡ ❛✝t✐✲

❝♦✝❢♦❝❛✞ ❞❡t❡❝t❡❞ s✐❣✝❛✞ ♦❢ t❤❡ ♠✉❝♦s❛✳ ✟❤✐s ✆❡✞❛t✐♦✝ ✐s ✝♦t ♦❜s❡✆✈❡❞ ❢♦✆ t❤❡ ✑✒✓ ❞②❡ s❛♠♣✞❡s✳ ✘✉❡

t♦ t❤❡ ❢❛❝t t❤❛t t❤❡② s❤♦✇ ❛ ♠✉❝❤ ✞♦✇❡✆ ❝❤❛✝❣❡ ✐✝ ❛❜s♦✆♣t✐♦✝ ❛✝❞ ❜❡❝❛✉s❡ s✉✆❢❛❝❡ ❛✝❞ s❝❛tt❡✆✐✝❣

❝❤❛✆❛❝t❡✆✐st✐❝s ♦❢ t❤❡ s❛♠♣✞❡s ✐✝✌✉❡✝❝❡ t❤❡ ♠❡❛s✉✆❡♠❡✝t✳ ✟❤❡ ❛①✐❛✞ ✆❡s♦✞✉t✐♦✝ ♦❢ t❤❡ ❝♦✝❢♦❝❛✞

❞❡t❡❝t✐♦✝ s②st❡♠ ✐s r✗✙✚✗❧ ❂ ✶✿✺✛
✜

✢✣✤ ❂ ✶✄✥✦♠ ❛t ✄✽✄ ✝♠ ✇❛✈❡✞❡✝❣t❤ ❛✝❞ t❤❡ ✆❡✌❡❝t✐♦✝s ❢✆♦♠ t❤❡

s✉✆❢❛❝❡ ❝❛✝✝♦t ❜❡ ✆❡❥❡❝t❡❞✳ ❋✉✆t❤❡✆✠ ❛✝ ✐✝❛❝❝✉✆❛t❡ ❢♦❝✉s ♦❢ t❤❡ s②st❡♠ ❛✞s♦ ❝❤❛✝❣❡s t❤❡ ❝♦✝❢♦❝❛✞

❞❡t❡❝t❡❞ s✐❣✝❛✞✳ ✟❤✐s ♠❛✧❡s t❤❡ ❝♦✝❢♦❝❛✞ ❞❡t❡❝t✐♦✝ ♦❢ t❤❡ ❛❜s♦✆♣t✐♦✝ ♦❢ t❤❡ ❡❛✆❞✆✉♠ ❞✐★❝✉✞t✳

✑♦✝❡t❤❡✞❡ss✠ t❤❡ ❞❡t❡❝t❡❞ ♣✆♦♣❡✆t✐❡s ♦❢ t❤❡ ❡❛✆❞✆✉♠ ❝❛✝ ❜❡ ✉s❡❞ t♦ ❝♦✆✆❡❝t t❤❡ ✐✝✌❛♠♠❛t✐♦✝

✐✝❞❡①✳ ✟❤❡ ✐❞❡❛✞ ❝♦✆✆❡❝t✐♦✝ ❢❛❝t♦✆ ✐s t❤❡ ✐✝✈❡✆s❡ ♦❢ t❤❡ s✞♦♣❡ ✩ ❂
✪
✫✬✬

♦❢ t❤❡ ✞✐✝❡❛✆✞② ✐✝t❡✆♣♦✞❛t❡❞

✐✝✌❛♠♠❛t✐♦✝ ✐✝❞❡①

✮✮ ❂ ✯✰✰ ✱ ✴✗✭✺✎✷✏ ✵ ✸✰✰ ✭✍✳✥✏

❇✉t t❤✐s s✞♦♣❡ ✐s ✝♦t ❛✈❛✐✞❛❜✞❡ ❢♦✆ ✞❛t❡✆ ♠❡❛s✉✆❡♠❡✝ts✳ ✹❡✝❝❡✠ t❤❡ ✆❡✞❛t✐♦✝ ♦❢ t❤❡ ❝♦✝❢♦❝❛✞ ❞❡t❡❝t❡❞

s✐❣✝❛✞ r✔✕♥✖✕✔✗❧ ❂
✻✾✬❀❁❃❄❅●❄❃❏❑
✻▲P◗◗❅❁❃❄❅●❄❃❏❑

✐s ✉s❡❞ t♦ ✐✝t❡✆♣♦✞❛t❡ t❤❡ s✞♦♣❡✳ ✟❤✐s ✆❡✞❛t✐♦✝ ✐s ❛❣❛✐✝ ✞✐✝❡❛✆✞②

✐✝t❡✆♣♦✞❛t❡❞

✩ ❂
✶

✯✰✰
❂ ✯ ✱ r✔✕♥✖✕✔✗❧ ✵ ✸ ✭✍✳✶✽✏

✡✝❞ t❤❡✝ t❤❡ ❝♦✆✆❡❝t✐♦✝ ❢❛❝t♦✆ ❛s ❛ ❢✉✝❝t✐♦✝ ♦❢ t❤❡ ❝♦✝❢♦❝❛✞ ✆❡✞❛t✐♦✝ ✩ ❂ ❙✭r✔✕♥✖✕✔✗❧✏ ✉s❡❞ t♦ ❛❞♦♣t

t❤❡ ✐✝✌❛♠♠❛t✐♦✝ ✐✝❞❡①✳ ✓❡s✉✞ts ❛✆❡ s❤♦✇✝ ✐✝ ❋✐❣✉✆❡ ✍✳✷✎ ✭❜✏✳ ❲❤✐✞❡ t❤❡ ✐✝✌❛♠♠❛t✐♦✝ ✐✝❞❡①

♠❡❛s✉✆❡ ❛t t❤❡ ✆❡❞ ♣❤❛✝t♦♠s s❤♦✇ ✞❡ss ✈❛✆✐❛t✐♦✝✠ t❤❡ s✐❣✝❛✞ ❢♦✆ t❤❡ ❣✆❡❡✝ ♣❤❛✝t♦♠s ✐s ✇♦✆s❡

❝♦♠♣❛✆❡❞ t♦ t❤❡ ♦✆✐❣✐✝❛✞ ♠❡❛s✉✆❡❞ ✐✝❞❡① s❤♦✇✝ ✐✝ ❋✐❣✉✆❡ ✍✳✷✷ ✭❛✏✳

✟❤❡ ❝❛✞✐❜✆❛t✐♦✝ ❛✝❞ t❡st ❞❛t❛ s❡t ❛✆❡ t❤❡ s❛♠❡ ✐✝ t❤❡ ❡①♣❡✆✐♠❡✝ts s❤♦✇✝ ❤❡✆❡✳ ✟❤✐s ❡①♣✞❛✐✝s



❈❍�✁❚❊❘ ✼✂ ❊❳✁❊❘■▼❊◆❚�❆ ❱�❆■❉�❚■❖◆ ✶✄☎

✆✝ ✆✞ ✆✟ ✆✠ ❲ ✡☛✆✠ ✡☛✆✟

P☞✌✍✎✏✑

✵✒✝

✵✒✓

✵✒✔

✠

✕
✖✗
✘✙
✚✛
✛
✜

✭❛✮ ✢♦♥❢♦❝❛❧ ❞❡t❡❝t✐♦♥ ♦❢ t❤❡ ❡❛r❞r✣♠

✤ ✤✥✦✧✧ ✤✥★✩✪ ✫✥✬✤✦ ✦✥✫✪✫

✯
✰
✱✲✳✴✷✸✹

✤

✦

✧

✻

★

✫✤

✺✺
✽
✾
✺✿
❀❁
❂❃
❃
❄

❅❇❋●

❅❇❋❏

❅❇❋❑

❅❇❋▲

✇◗❙❯❇

❨❩❬▲

❨❩❬❑

✭❜✮ ✢♦rr❡❝t❡❞ ✐♥❭❛♠♠❛t✐♦♥ ✐♥❞❡①

❪❫❣❴❵❥ ☎❦♣qs ✉✈❫②❣ ③④②⑤④③⑥⑦ ⑧❥⑨❥③⑨❥⑧ ✈❫❣②⑥⑦ ⑤❵④⑩ ⑨❶❥ ❥⑥❵⑧❵❴⑩ ⑨④ ③④❵❵❥③⑨ ⑨❶❥ ❫②❷⑥⑩⑩⑥⑨❫④② ❫②⑧❥❸❦
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♣❛☎t② ✇❤② t❤❡ ✐♥✌❛✆✆❛t✐♦♥ ✐♥❞❡① ✐✆♣☎♦✈❡❞ ✆♦☎❡ ❢♦☎ t❤❡ ☎❡❞ s❛✆♣❧❡s t❤❛♥ ❢♦☎ t❤❡ ❣☎❡❡♥ ♦♥❡s✳

✝♥♦t❤❡☎ ☎❡❛s♦♥ ❢♦☎ ♥♦ ✐✆♣☎♦✈❡✆❡♥t ♦❢ t❤❡ ❣☎❡❡♥ s❛✆♣❧❡s ✐s t❤❡ ✐♥✌✉❡♥❝❡ ♦❢ s✉☎❢❛❝❡ ☎♦✉❣❤♥❡ss ❛♥❞

❢♦❝✉s ♦♥ t❤❡ ❝♦☎☎❡❝t✐♦♥ ❛❧❣♦☎✐t❤✆✳ ✝♥ ✐♥❛❝❝✉☎❛t❡ ❢♦❝✉s ♦❢ t❤❡ ❝♦♥❢♦❝❛❧ ❞❡t❡❝t✐♦♥ ❛s ✇❡❧❧ ❛s ❛♥ ✆♦☎❡

❞✐☛✉s❡ s✉☎❢❛❝❡ ❞❡❝☎❡❛s❡ t❤❡ ❝♦♥❢♦❝❛❧ ❞❡t❡❝t❡❞ s✐❣♥❛❧ ✞✟✠✡☞✠✟✍✎ ❛♥❞ t❤✉s ✐♥✌✉❡♥❝❡ t❤❡ ❝♦☎☎❡❝t✐♦♥

❢❛❝t♦☎ ✏ ❂ ✑✭✞✒✓✔✱✟✠✡☞✠✟✍✎❀ ✞✕r✖✖✡✱✟✠✡☞✠✟✍✎✮✳ ❙t✐❧❧✗ t❤❡ ☎❡s✉❧ts s❤♦✇ t❤❛t ✐t ✐s ♣♦ss✐❜❧❡ t♦ ✉s❡ t❤❡

❝♦♥❢♦❝❛❧ s✐❣♥❛❧ ❢☎♦✆ t❤❡ ❡❛☎❞☎✉✆ t♦ ❝♦☎☎❡❝t t❤❡ ✐♥✌❛✆✆❛t✐♦♥ ✐♥❞❡① ❢♦☎ ❝❤❛♥❣❡s ✐♥ ❛❜s♦☎♣t✐♦♥ ♦❢

t❤❡ ❡❛☎❞☎✉✆ ✐❢ ❝♦☎☎❡❝t ❝❛❧✐❜☎❛t✐♦♥ ✐s ✉s❡❞✳ ✘❤❡ ☎❡✆❛✐♥✐♥❣ ❝❤❛❧❧❡♥❣❡s ❛☎❡ t♦ ❝♦☎☎❡❝t t❤❡ ✐♥✌❛✆✆❛t✐♦♥

✐♥❞❡① ❢♦☎ ❝❤❛♥❣❡s ✐♥ s❝❛tt❡☎✐♥❣ ❛s ✇❡❧❧ ❛s t❤❡ ❛❜s♦☎♣t✐♦♥ ❛♥❞ ✐✆♣☎♦✈❡❞ ❝❛❧✐❜☎❛t✐♦♥ ♦❢ t❤❡ ❝♦☎☎❡❝t✐♦♥

❢❛❝t♦☎ ✏ ✈❛❧✐❞ ❢♦☎ ❤✉✆❛♥ ❡❛☎❞☎✉✆s✳

✙✚✸✚✹ ✛✜✢✣✤✥✦✧✜✢

✘❤✐s s❡❝t✐♦♥ s❤♦✇❡❞ t❤❛t ✆❡❛s✉☎❡✆❡♥t ♦❢ t❤❡ s✐✆✉❧❛t❡❞ ❜❧♦♦❞ ❝♦♥t❡♥t ♦❢ t❤❡ ✆✉❝♦s❛ ♣❤❛♥t♦✆s

t❤☎♦✉❣❤ ❞✐☛❡☎❡♥t ❡❛☎❞☎✉✆ ♣❤❛♥t♦✆s ✐s ♣♦ss✐❜❧❡✳ ✝❧❧ ✆❡❛s✉☎❡✆❡♥ts s❤♦✇ ❛♥ ✐♥❝☎❡❛s❡ ♦❢ t❤❡ ✐♥✌❛✆✲

✆❛t✐♦♥ ✐♥❞❡① ✇✐t❤ ❜❧♦♦❞ ❝♦♥❝❡♥t☎❛t✐♦♥✗ ❜✉t t❤❡ s❧♦♣❡ ✐s ✐♥✌✉❡♥❝❡❞ ❜② t❤❡ ♦☎✐❡♥t❛t✐♦♥ ♦❢ t❤❡ s❛✆♣❧❡

t♦✇❛☎❞s t❤❡ ♦♣t✐❝❛❧ ❛①✐s✗ ❞✐st❛♥❝❡ ❜❡t✇❡❡♥ ❡❛☎❞☎✉✆ ❛♥❞ ✆✉❝♦s❛✗ ❛♥❞ ♣☎♦♣❡☎t✐❡s ♦❢ t❤❡ ❡❛☎❞☎✉✆✳

❲❤✐❧❡ ❝♦☎☎❡❝t✐♦♥ ♦❢ t❤❡ ✐♥❞❡① ✐s ♣♦ss✐❜❧❡ ✉s✐♥❣ t❤❡ ❝♦♥❢♦❝❛❧ ❞❡t❡❝t❡❞ s✐❣♥❛❧ ♦❢ t❤❡ ❡❛☎❞☎✉✆✗ t❤✐s

♣☎♦❝❡ss✐♥❣ ✐s ♥♦t t☎✐✈✐❛❧ ❞✉❡ t♦ ❞✐☛❡☎❡♥t ✐♥✌✉❡♥❝❡s ♦❢ t❤❡ ❛❜s♦☎♣t✐♦♥ ❛♥❞ s❝❛tt❡☎✐♥❣ ♦♥ t❤❡ ❞✐☛❡☎❡♥t

s✐❣♥❛❧s✳
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✂♦♥✄☎✉✆✐♦♥ ❛♥✝ ❋✉✞✉✟✠ ❲♦✟❦

✡✳✶ ❙☛☞☞✌✍②

❚✎✏ ✑✒♠ ✓✔ t✎✒s ✕✖✓❥✏❝t ✒s t✓ ❞✏✈✏❧✓✕ ✑ ❞✏✈✒❝✏ t✓ ✑ss✏ss t✎✏ ✒✗✘✑♠♠✑t✓✖✙ st✑t✏ ✓✔ t✎✏ ♠✒❞❞❧✏
✏✑✖ ♠✚❝✓s✑ ✒✗ ❝✎✒❧❞✖✏✗ ✑✔t✏✖ ❣✖✓♠♠✏t ✒✗s✏✖t✒✓✗ ✚s✏❞ t✓ t✖✏✑t ❖▼❊✛ ■t ✒s ✎✙✕✓t✎✏s✒s✏❞ t✎✑t t✎✏
✒✗✘✑♠♠✑t✒✓✗ ✒s ❧✒✗✜✏❞ t✓ ✖✏❝✚✖✖✏✗❝✏ ✓✔ ✓t✒t✒s ♠✏❞✒✑ ✇✒t✎ ✏✢✚s✒✓✗ ✑✗❞ ✑ ❞✒✑❣✗✓st✒❝ ❞✏✈✒❝✏ ❝✓✚❧❞ ❜✏
✚s✏❞ t✓ ✕✖✏❞✒❝t t✎✏ ❝✓✚✖s✏ ✓✔ ❖▼❊✛ ◆✓✗✏ ✓✔ t✎✏ ❝❧✒✗✒❝✑❧❧✙ ✑✈✑✒❧✑❜❧✏ ❞✒✑❣✗✓st✒❝ ❞✏✈✒❝✏s ✑✖✏ ✑❜❧✏ t✓
✑ss✏ss t✎✏ ✒✗✘✑♠♠✑t✒✓✗ ❞✒✖✏❝t❧✙✱ ✇✒t✎ ✓✗❧✙ s✙♠✕t✓♠s ❞✏t✏❝t✏❞✛ ✣✎✒❧✏ s✏✈✏✖✑❧ ❣✖✓✚✕s ✑✖✏ ✇✓✖✜✒✗❣
✓✗ ✒♠✕✖✓✈✏❞ ✒♠✑❣✒✗❣ ✓✔ t✎✏ ✏✑✖❞✖✚♠ ✑✗❞ ❞✒✑❣✗✓s✒s ✓✔ ❞✒✢✏✖✏✗t ❝✑s✏s ✓✔ ♠✒❞❞❧✏ ✏✑✖ ✒✗✘✑♠♠✑t✒✓✗✱
✗✓✗✏ ✓✔ t✎✏s✏ ❣✖✓✚✕s ✑❞❞✖✏ss✏s t✎✏ ✒✗✘✑♠♠✑t✓✖✙ st✑t✏ ✓✔ t✎✏ ♠✚❝✓s✑ ❞✒✖✏❝t❧✙✛ ■✗ t✎✒s ✖✏✕✓✖t ✑✗
✓✕t✒❝✑❧ ❞✏✈✒❝✏ ✇✑s ❞✏✈✏❧✓✕✏❞ t✓ ❞✓ s✓✛

❆s ✑ ✤✖st st✏✕ ✔✓✖ t✎✒s ✇✓✖✜ ✑ st✑❜❧✏ ♠✒❞❞❧✏ ✏✑✖ ✕✎✑✗t✓♠ ✇✑s ❞✏✈✏❧✓✕✏❞✱ ✒t ❝✓✗s✒sts ✓✔ ✏✑✖❞✖✚♠
✑✗❞ ♠✚❝✓s✑✛ ❆❧❧ ✓t✎✏✖ ✕✑✖ts ✓✔ t✎✏ ✏✑✖ ❞✓ ✗✓t ✒✗✘✚✏✗❝✏ t✎✏ ♠✏✑s✚✖✏♠✏✗ts ✇✎✏✗ ❝✎✓✓s✒✗❣ ✑✗
✑✕✕✖✓✕✖✒✑t✏ ♠✏✑s✚✖✏♠✏✗t ✕✓s✒t✒✓✗ ✑✗❞ ♠✏t✎✓❞✛ ❍✏✗❝✏✱ ✗✓ ✓t✎✏✖ st✖✚❝t✚✖✏s ✓✔ t✎✏ ♠✒❞❞❧✏ ✏✑✖
✗✏✏❞✏❞ t✓ ❜✏ ✒✗❝❧✚❞✏❞ ✒✗ t✎✏ ♠✓❞✏❧✛ ❚✎✏ ♠✚❝✓s✑ ✕✎✑✗t✓♠ ✒s ❜✑s✏❞ ✓✗ t✎✏ ✖✏❝✒✕✏ ✕✖✏s✏✗t✏❞
✒✗ ❬✥✦✧✱ ✥✦★✩ ✇✎✏✖✏ ✑✗ ✏✕✓①✙ ✖✏s✒✗ ✒s ✚s✏❞ ✑s ❜✑s✏ ♠✑t✏✖✒✑❧ ✑✗❞ s❝✑tt✏✖✒✗❣ ✑✗❞ ✑❜s✓✖❜✒✗❣ ✕✑✖t✒❝❧✏s
✑✖✏ ✑❞❞✏❞ t✓ s✏t t✎✏ ✓✕t✒❝✑❧ ✕✖✓✕✏✖t✒✏s✛ ❆ ✗✏✇ ❞✙✏ ✇✑s ❝✎✑✖✑❝t✏✖✒s✏❞ ✑✗❞ ✒✗❝❧✚❞✏❞ ✒✗t✓ t✎✏ ✖✏❝✒✕✏
t✓ ✑❧❧✓✇ ♠✑t❝✎✒✗❣ t✎✏ ✓✕t✒❝✑❧ ✕✖✓✕✏✖t✒✏s ✓✔ t✒ss✚✏s ✒✗ t✎✏ ❣✖✏✏✗ ✑✗❞ ◆■❘ ✇✑✈✏❧✏✗❣t✎ ✖✑✗❣✏✛ ❆
♠✓❞✏❧ ✔✓✖ t✎✏ ✑❜s✓✖✕t✒✓✗ ✓✔ t✎✏ ♠✚❝✓s✑ ❞✏✕✏✗❞✏✗t ✓✗ t✎✏ ❜❧✓✓❞ ❝✓✗t✏✗t ✑✗❞ t✎✚s ✒✗✘✑♠♠✑t✒✓✗
❧✏✈✏❧ ✇✑s ✑❞✓✕t✏❞ ✔✖✓♠ ❧✒t✏✖✑t✚✖✏✛ ❚✎✒s ♠✓❞✏❧ ✇✑s ✚s✏❞ t✓ ❞✏t✏✖♠✒✗✏ t✎✏ ✓✕t✒❝✑❧ ✕✖✓✕✏✖t✒✏s ✓✔
t✎✏ ♠✚❝✓s✑ ✕✎✑✗t✓♠s ✑✗❞ ✚s✏❞ ✒✗ s✒♠✚❧✑t✒✓✗s✛ ✪✓✖ t✎✏ ✤✖st t✒♠✏ t✓ t✎✏ ✑✚t✎✓✖✬s ✜✗✓✇❧✏❞❣✏✱
❧✒❣✎t t✖✑✗s♠✒ss✒✓✗ ✑✗❞ s❝✑tt✏✖✒✗❣ ❝✎✑✖✑❝t✏✖✒st✒❝s ✓✔ t✎✏ ✏✑✖❞✖✚♠ ✇✏✖✏ ♠✏✑s✚✖✏❞ ✑✗❞ ✑ s✒♠✚❧✑t✒✓✗
♠✓❞✏❧ ✤tt✏❞✛ ●✚✒✗✏✑ ✕✒❣ ✏✑✖❞✖✚♠s ✇✏✖✏ ✚s✏❞ ✑s t✎✏ ✑✗✒♠✑❧ ♠✓❞✏❧ ✑s ✗✓ ✎✚♠✑✗ ✏✑✖❞✖✚♠s ✇✏✖✏
✑✈✑✒❧✑❜❧✏✛ ❆s t✎✏ ❣✚✒✗✏✑ ✕✒❣ ✏✑✖❞✖✚♠ ✒s t✎✒✗✗✏✖ t✎✑✗ t✎✏ ✎✚♠✑✗ ✓✗✏ ✑✗❞ ✕✓ss✏ss✏s ✓✗❧✙ ✓✗✏

✥✦✫
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❝♦✞✞❛✟✠♥ ☞❜r✠ ✞❛②✠r ✐♥ ❝♦♥tr❛✡t t♦ t✇♦ ✞❛②✠r✡ ✐♥ t❤✠ ❤✉♠❛♥ ✠❛r❞r✉♠✱ t✇♦ ✟✉✐♥✠❛ ♣✐✟ ✠❛r❞r✉♠✡

♦rt❤♦✟♦♥❛✞✞② ❛✞✐✟♥✠❞ ♦♥ t♦♣ ♦☛ ✠❛❝❤ ♦t❤✠r ✇✠r✠ ✉✡✠❞ ❛✡ ❛ ♠♦❞✠✞✳ ✌✐✟❤t ✐✡ ♠♦✡t✞② ✡❝❛tt✠r✠❞ ☛r♦♠

t❤✠ ❝♦✞✞❛✟✠♥ ☞❜r✠✡ ✐♥ t❤✠ ✠❛r❞r✉♠✱ r✠✡✉✞t✐♥✟ ✐♥ ❛ ♠❛✐♥ ❞✐r✠❝t✐♦♥ ♦☛ ✡❝❛tt✠r✐♥✟ ♦rt❤♦✟♦♥❛✞ t♦ t❤✠

☞❜r✠ ♦r✐✠♥t❛t✐♦♥✳ ✍✡ t✇♦ ♦rt❤♦✟♦♥❛✞ ☞❜r✠ ✞❛②✠r✡ ❛r✠ ♣r✠✡✠♥t ✐♥ t❤✠ ❛♥✐♠❛✞ ✠❛r❞r✉♠ ♠♦❞✠✞✱ t✇♦

♠❛✐♥ ✡❝❛tt✠r✐♥✟ ❞✐r✠❝t✐♦♥✡ ✇✠r✠ ♦❜✡✠r✈✠❞✳ ✎❤✠ ❝♦✞✞❛✟✠♥ ☞❜r✠✡ ❤❛✈✠ ❛ ✞❛r✟✠ ❞✐❛♠✠t✠r ✭✶✏✑✏✏✖♠ ❬✶✒✝✓✮

❝♦♠♣❛r✠❞ t♦ t❤✠ ✇❛✈✠✞✠♥✟t❤✡ ✉✡✠❞✱ ❝❛✉✡✐♥✟ t❤✠ ✡❝❛tt✠r✐♥✟ t♦ ❜✠ ✈✠r② ☛♦r✇❛r❞ ❞✐r✠❝t✠❞ ❛♥❞ r✠✡✉✞t✐♥✟

❛♥ ❛♥✐✡♦tr♦♣② ☛❛❝t♦r ♦☛ ✝✳✆✆ ♦☛ t❤✠ ✡✐♠✉✞❛t✐♦♥ ♠♦❞✠✞✳ ✍ ✡❝❛tt✠r✐♥✟ ❝♦✠✔❝✐✠♥t ♦☛ ✶✶♠♠✕✗ ❛♥❞

❛❜✡♦r♣t✐♦♥ ❝♦✠✔❝✐✠♥t ♦☛ ✶✳✘♠♠✕✗ ❛♣♣r♦①✐♠❛t✠ t❤✠ ✡❝❛tt✠r✐♥✟ ♦☛ t❤✠ ✠❛r❞r✉♠ ♠♦❞✠✞ ❜✠✡t✳ ✎❤✠

✡✐♠✉✞❛t✐♦♥ ♠♦❞✠✞ ✐✟♥♦r✠✡ t❤✠ ❛✙✐♠✉t❤❛✞ ❞✐r✠❝t✐♦♥ ✭r♦t❛t✐♦♥ ❛r♦✉♥❞ t❤✠ ♦♣t✐❝❛✞ ❛①✐✡✮ ♦☛ ✡❝❛tt✠r✐♥✟

❛✡ t❤✠ ♦♣t✐❝❛✞ ✡②✡t✠♠ ✐✡ ❝✐r❝✉✞❛r✞② ✡②♠♠✠tr✐❝✳ ✎❤✠ ❛❜✡♦r♣t✐♦♥ ❝♦✠✔❝✐✠♥t ♦☛ t❤✠ ✡✐♠✉✞❛t✐♦♥ ♠♦❞✠✞ ✐✡

r✠✞❛t✐✈✠✞② ❤✐✟❤ ❛✡ t❤✠ tr❛♥✡♠✐tt✠❞ ✞✐✟❤t ✇❛✡ ❝❤❛r❛❝t✠r✐✡✠❞ ✇✐t❤✐♥ ❛ ✡♠❛✞✞ ✡❝❛tt✠r✐♥✟ ❛♥✟✞✠ ♦♥✞②✱ ❞✉✠

t♦ t❤✠ ✡♠❛✞✞ ❞✠t✠❝t♦r ❛r✠❛✳ ✚✐❞✠✞② ✡❝❛tt✠r✠❞ ✞✐✟❤t ✐✡ ♥♦t ❞✠t✠❝t✠❞ ❛✡ ✐t ☛❛✞✞✡ ♦✉t✡✐❞✠ t❤✠ ❞✠t✠❝t♦r

❛r✠❛✛ t❤✐✡ ❞✠❝r✠❛✡✠✡ t❤✠ ❞✠t✠❝t✠❞ ♣♦✇✠r✱ r✠❞✉❝✠✡ t❤✠ ♠✠❛✡✉r✠❞ tr❛♥✡♠✐✡✡✐♦♥✱ ❛♥❞ ✐♥❝r✠❛✡✠✡ t❤✠

♠✠❛✡✉r✠❞ ❛❜✡♦r♣t✐♦♥ ♦☛ t❤✠ ✠❛r❞r✉♠✳ ❉✐✜✠r✠♥t ♣❤❛♥t♦♠✡ ✇✠r✠ ❞✠✈✠✞♦♣✠❞ t♦ ♠✐♠✐❝ t❤✠ ✠❛r❞r✉♠✱

✇✐t❤ t❤✠ ♠♦✡t r✠❛✞✐✡t✐❝ ♣❤❛♥t♦♠✡ ❜✠✐♥✟ ☞❜r✠ ✟✞❛✡✡ ♠❛t✡ ❝❛✡t ✐♥ r✠✡✐♥ t♦ ✡✠t t❤✠ ✡❝❛tt✠r✐♥✟ ✇✐t❤

❞②✠ ❛❞❞✠❞ t♦ ❞✠t✠r♠✐♥✠ t❤✠ ❛❜✡♦r♣t✐♦♥ ♦☛ t❤✠ ♣❤❛♥t♦♠✳ ✍ ❝✉✡t♦♠ ❜✉✐✞t ❤♦✞❞✠r ❛✞✞♦✇✡ ✈❛r✐❛t✐♦♥

♦☛ t❤✠ ❞✐✡t❛♥❝✠ ❜✠t✇✠✠♥ ✠❛r❞r✉♠ ❛♥❞ ♠✉❝♦✡❛ ♣❤❛♥t♦♠ ❛✡ ✇✠✞✞ ❛✡ ♠✠❛✡✉r✠♠✠♥t✡ ✇✐t❤ ✈❛r✐❛❜✞✠ ❜✉t

r✠♣✠❛t❛❜✞✠ ☛♦❝✉✡✱ ♣♦✡✐t✐♦♥✱ ❛♥❞ ♦r✐✠♥t❛t✐♦♥ ♦☛ t❤✠ ♠✐❞❞✞✠ ✠❛r ♣❤❛♥t♦♠✳

❉✉r✐♥✟ t❤✠ ✞✐t✠r❛t✉r✠ r✠✈✐✠✇ ♣❤♦t♦✑❛❝♦✉✡t✐❝ t♦♠♦✟r❛♣❤② ✭P✍✎✮✱ ✡♣✠❝tr♦✡❝♦♣✐❝ ♦♣t✐❝❛✞ ❝♦❤✠r✠♥❝✠

t♦♠♦✟r❛♣❤② ✭❙✢✣✎✮✱ ❛♥❞ ❝♦♥☛♦❝❛✞ ♠✐❝r♦✡❝♦♣② ✇✠r✠ ❞✠t✠r♠✐♥✠❞ t♦ ❜✠ t❤✠ ♠♦✡t ✡✉✐t❛❜✞✠ ♠✠t❤♦❞✡

t♦ ❞✐❛✟♥♦✡✠ t❤✠ ♠✐❞❞✞✠ ✠❛r ✐♥✤❛♠♠❛t✐♦♥ ❛✡ ❛✞✞ t❤r✠✠ ♠✠t❤♦❞✡ ❛r✠ ❛❜✞✠ t♦ ✡♣✠❝tr♦✡❝♦♣✐❝❛✞✞② ❛✡✡✠✡✡

t❤✠ ✐♥✤❛♠♠❛t✐♦♥ ❛♥❞ ✡♣❛t✐❛✞✞② ✡✠♣❛r❛t✠ ✡✐✟♥❛✞✡ ☛r♦♠ ✠❛r❞r✉♠ ❛♥❞ ♠✉❝♦✡❛✳ ✥①♣✠r✐♠✠♥t✡ ✇✐t❤ t❤✠

❞✠✈✠✞♦♣✠❞ ✠❛r❞r✉♠ ♠♦❞✠✞ ♦♥ ❛ ❝♦♠♠✠r❝✐❛✞ ❝♦♥☛♦❝❛✞ ✡②✡t✠♠ ✡❤♦✇✠❞ t❤❛t ✐t ✐✡ ♣♦✡✡✐❜✞✠ t♦ ✐♠❛✟✠ ❛

t❛r✟✠t t❤r♦✉✟❤ t❤✠ ✠❛r❞r✉♠ ❛♥❞ ❝♦♥☛♦❝❛✞ ✐♠❛✟✐♥✟ ✐✡ ✡✠✞✠❝t✠❞ ❜✠❝❛✉✡✠ ✐t ❤❛✡ ❛ ✡✐♠♣✞✠r ✡✠t✉♣ t❤❛♥

t❤✠ t✇♦ ♦t❤✠r ♦♣t✐♦♥✡✳ ✎❤✐✡ ✐✡ ♥✠❝✠✡✡❛r② ❜✠❝❛✉✡✠ ❛ ❝❤✠❛♣ ❛♥❞ ✡✐♠♣✞✠ ✡②✡t✠♠ ✐✡ r✠q✉✐r✠❞ ✇✐t❤ r✠✟❛r❞

t♦ t❤✠ ☛✉t✉r✠ ❝✞✐♥✐❝❛✞ ✉✡✠✳ ✦♥✤❛♠♠❛t✐♦♥ ✐✡ ♥♦r♠❛✞✞② ♠✠❛✡✉r✠❞ ✡♣✠❝tr♦✡❝♦♣✐❝❛✞✞② ❛t t✇♦ ♦r ♠♦r✠

✇❛✈✠✞✠♥✟t❤✡ ❛♥❞ ❤✠♥❝✠✱ t✇♦ ✇❛✈✠✞✠♥✟t❤✡ ✇✠r✠ ✐♥❝✞✉❞✠❞ ✐♥t♦ t❤✠ ❝♦♥☛♦❝❛✞ ✡②✡t✠♠✳

✎❤✠ ❝♦♥☛♦❝❛✞ ✡②✡t✠♠ ✇❛✡ ❛❞♦♣t✠❞ ☛♦r t❤✠ ✡♣✠❝✐❛✞ ✟✠♦♠✠tr② ✐♥ t❤✠ ✠❛r✱ r✠✡✉✞t✐♥✟ ✐♥ t❤✠ ❭❛♥t✐✑

❝♦♥☛♦❝❛✞✧ ✡②✡t✠♠✳ ✎❤✠ ❛♥t✐✑❝♦♥☛♦❝❛✞ ✡②✡t✠♠ ✉✡✠✡ ❛ ❝✠♥tr❛✞ ✡t♦♣ r❛t❤✠r t❤❛♥ ❛ ♣✐♥❤♦✞✠ t♦ r✠❥✠❝t ✞✐✟❤t

✐♥✡✐❞✠ ✐♥✡t✠❛❞ ♦☛ ♦✉t✡✐❞✠ ✐t✡ r❛❞✐✉✡✳ ✎❤✐✡ ❛✞✞♦✇✡ ❝❛♥❝✠✞✞❛t✐♦♥ ♦☛ ✞✐✟❤t r✠✤✠❝t✠❞ ☛r♦♠ t❤✠ ✠❛r❞r✉♠

✇✐t❤ ♦♥✞② ✡✐✟♥❛✞✡ ☛r♦♠ t❤✠ ♠✉❝♦✡❛ ❞✠t✠❝t✠❞ ✇❤✠♥ ♣✠r☛♦r♠✐♥✟ ♠✠❛✡✉r✠♠✠♥t✡ ♦♥ t❤✠ ♠✐❞❞✞✠ ✠❛r✳ ✎❤✠

♦♣t✐❝❛✞ r✠✡♦✞✉t✐♦♥ ✐✡ ✟r✠❛t✞② r✠❞✉❝✠❞ ❜② t❤✐✡ ❝❤❛♥✟✠ ❜✉t t❤✐✡ ✐✡ ♥♦t ❛ ❞✐✡❛❞✈❛♥t❛✟✠ ✐♥ t❤✠ ❝✉rr✠♥t t❛✡❦

❛✡ ❛ r✠✞❛t✐✈✠✞② ✞❛r✟✠ ❛r✠❛ ♥✠✠❞✡ t♦ ❜✠ ✡❛♠♣✞✠❞ ✐♥ ♦r❞✠r t♦ ♠✠❛✡✉r✠ r✠♣r✠✡✠♥t❛❜✞✠ ♣r♦♣✠rt✐✠✡ ♦☛ t❤✠

♠✉❝♦✡❛✳ ▼✍✎✌✍★ ❝♦❞✠ ✇❛✡ ✐♠♣✞✠♠✠♥t✠❞ ✐♥ ♦r❞✠r t♦ ✡✐♠✉✞❛t✠ t❤✠ ❛♥t✐✑❝♦♥☛♦❝❛✞ ✡②✡t✠♠✳ ✎❤✠ ❝♦❞✠

✉t✐✞✐✡✠✡ ▼♦♥t✠✑✣❛r✞♦ ♠✠t❤♦❞✡ t♦ ✡✐♠✉✞❛t✠ ✞✐✟❤t ♣r♦♣❛✟❛t✐♦♥ ✐♥✡✐❞✠ t❤✠ t✐✡✡✉✠ ❛♥❞ ✟✠♦♠✠tr✐❝❛✞ ♦♣t✐❝✡



❈❍�✁❚❊❘ ✽✂ ❈❖◆❈▲✄☎■❖◆ �◆❆ ❋✄❚✄❘❊ ❲❖❘❑ ✶✆✶

t♦ s✐♠✉❧❛t❡ t❤❡ ♦✝t✐❝❛❧ s②st❡♠✳ ❙✐♠✉❧❛t✐♦✞s s❤♦✇ ❛ s✉✝❡r✐♦r✐t② ♦✟ t❤❡ ❛✞t✐✲❝♦✞✟♦❝❛❧ ✈❡rs✉s ❝♦✞✟♦❝❛❧

s②st❡♠ r❡❣❛r❞✐✞❣ ❞❡t❡❝t❡❞ s✐❣✞❛❧ ❧❡✈❡❧ ❛✞❞ ❜❛❝❦❣r♦✉✞❞ r❡❥❡❝t✐♦✞ ✐✞ t❤❡ ✐✞✈❡st✐❣❛t❡❞ ❛✝✝❧✐❝❛t✐♦✞✳

✠❤✐s ❤♦❧❞s ✟♦r ❝❤❛✞❣❡❞ ✝❛r❛♠❡t❡rs ♦✟ t❤❡ ♦✝t✐❝❛❧ s②st❡♠ ❛✞❞ t✐ss✉❡ ♠♦❞❡❧✳ ✠❤❡ ✡☛ ✐s r❡str✐❝t❡❞ t♦

✵✳✵☞ ✐✞ t❤❡ ❡❛r ❝❛✞❛❧ ✇❤❡✞ ✉s✐✞❣ st❛✞❞❛r❞ ♦t♦s❝♦✝❡ s✝❡❝✉❧❛ ❜✉t ❛✞ ✐✞❝r❡❛s❡ ✐✞ ✡☛ ✇♦✉❧❞ ✐✞❝r❡❛s❡

t❤❡ ❞❡t❡❝t❡❞ s✐❣✞❛❧ ✐✞ t❤❡ ❛✞t✐✲❝♦✞✟♦❝❛❧ s②st❡♠ ❛✞❞ t❤✉s ✐♠✝r♦✈❡ ✐ts ✝❡r✟♦r♠❛✞❝❡ ❛❧t❤♦✉❣❤ ❛ ♠♦r❡

❝♦♠✝❧✐❝❛t❡❞ ♦✝t✐❝❛❧ ❛rr❛✞❣❡♠❡✞t ✇♦✉❧❞ ❜❡ ✞❡❝❡ss❛r② t♦ ❛❝❤✐❡✈❡ t❤✐s✳ ✌✞❝r❡❛s❡❞ s❝❛tt❡r✐✞❣ ♦✟ t❤❡

❡❛r❞r✉♠ ❝❛✞ ❡✈❡✞ ✐✞❝r❡❛s❡ t❤❡ s✐❣✞❛❧ ✐✞ t❤❡ ❛✞t✐✲❝♦✞✟♦❝❛❧ s②st❡♠ ✇❤✐❧❡ t❤✐s ✐s ✞♦t t❤❡ ❝❛s❡ ✐✞

t❤❡ ❝♦✞✟♦❝❛❧ ❝❛s❡✳ ✠❤✐s s❤♦✇s t❤❛t t❤❡ s✐♠✉❧❛t❡❞ r❡s✉❧ts ❛r❡ r❡❧✐❛❜❧❡ ❡✈❡✞ ✟♦r ✐✞❛❝❝✉r❛t❡ ♦✝t✐❝❛❧

✝r♦✝❡rt✐❡s ♦✟ t❤❡ ♠✐❞❞❧❡ ❡❛r ♠♦❞❡❧✳

✍✉rt❤❡r✱ t❤❡ ✇❛✈❡❧❡✞❣t❤ ❞❡✝❡✞❞❡✞t r❡✎❡❝t✐♦✞ s✐❣✞❛❧ ♦✟ t❤❡ ♠✐❞❞❧❡ ❡❛r ✇❛s s✐♠✉❧❛t❡❞ ✐✞ ♦r❞❡r t♦

❞❡t❡r♠✐✞❡ t❤❡ ❜❡st ✇❛✈❡❧❡✞❣t❤s t♦ ♠❡❛s✉r❡ ✐✞✎❛♠♠❛t✐♦✞✳ ✏❡s✉❧ts s❤♦✇ t❤❛t ❛ ❤✐❣❤❡st ❞❡✝❡✞❞❡✞❝❡

♦✞ t❤❡ ❜❧♦♦❞ ❝♦✞t❡✞t ✐s ❛❝❤✐❡✈❡❞ ✇❤❡✞ ♠❡❛s✉r✐✞❣ t❤❡ ✐✞✎❛♠♠❛t✐♦✞ ❛s t❤❡ r❛t✐♦ ♦✟ ❞❡t❡❝t❡❞ ❧✐❣❤t ✐✞

t❤❡ ✡✌✏ ❞✐✈✐❞❡❞ ❜② t❤❡ r❡✎❡❝t✐♦✞ ✐✞ t❤❡ ❣r❡❡✞ ❛❝❝♦r❞✐✞❣ t♦ ✑✑ ❂
✒✭✼✸✓✮
✒✭✺✹✻✮ ✳ ☛ ♠♦r❡ s❡✈❡r❡ ✐✞✎❛♠♠❛t✐♦✞

✐✞❝r❡❛s❡s t❤❡ ❜❧♦♦❞ ❝♦✞t❡✞t ✐✞ t✐ss✉❡ ✇❤✐❝❤ str♦✞❣❧② r❡❞✉❝❡s t❤❡ ❞❡t❡❝t❡❞ ✝♦✇❡r ❛t ✔✕✖ ✞♠ ❞✉❡ t♦

t❤❡ ❤✐❣❤ s✝❡❝✐✗❝ ❛❜s♦r✝t✐♦✞ ❝♦❡✘❝✐❡✞t ♦✟ ❜❧♦♦❞ ✐✞ t❤✐s r❡❣✐♦✞✳ ✠❤❡ r❡✎❡❝t❡❞ s✐❣✞❛❧ ❛t ✙✚✵ ✞♠ ✐s ❧❡ss

✐✞✎✉❡✞❝❡❞ ❜② t❤❡ ❜❧♦♦❞ ❝♦✞❝❡✞tr❛t✐♦✞ ❞✉❡ t♦ ❛ ❧♦✇ ❛❜s♦r✝t✐♦✞ ❝♦❡✘❝✐❡✞t ✐✞ t❤✐s r❛✞❣❡✱ ❝❛✉s✐✞❣ t❤❡

✐✞❞❡① ✑✑ t♦ ✐✞❝r❡❛s❡ ✇✐t❤ ✐✞❝r❡❛s✐✞❣ s❡✈❡r✐t② ♦✟ t❤❡ ✐✞✎❛♠♠❛t✐♦✞✳ ✠❤✐s ♠❡❛s✉r❡ ✐s ✐✞❞❡✝❡✞❞❡✞t ♦✟

t❤❡ ♦①②❣❡✞❛t✐♦✞ ♦✟ t❤❡ ❜❧♦♦❞ ❛s s❤♦✇✞ ✐✞ s✐♠✉❧❛t✐♦✞s✳ ☛❞❞✐t✐♦✞❛❧ ✇❛✈❡❧❡✞❣t❤s ❝♦✉❧❞ ❜❡ ✐✞❝❧✉❞❡❞

✐✞t♦ t❤❡ ♠❡❛s✉r❡♠❡✞t t♦ ♠❡❛s✉r❡ ♦①②❣❡✞❛t✐♦✞ ❛s ✇❡❧❧✳ ☛ ❣♦♦❞ ❝❤♦✐❝❡ ♦✟ ✇❛✈❡❧❡✞❣t❤s ✟♦r t❤✐s ✇♦✉❧❞

❜❡ ✆✕✵ ❛✞❞ ✖✖✵ ✞♠✳

✠❤❡ ❛✞t✐✲❝♦✞✟♦❝❛❧ s②st❡♠ ✇❛s s❡t ✉✝ ❛s ❛ ❜❡✞❝❤ t♦✝ s②st❡♠ ✉s✐✞❣ ♦✛ t❤❡ s❤❡❧✟ ♦✝t✐❝❛❧ ❝♦♠✝♦✲

✞❡✞ts✳ ✠❤❡ ♦r✐❣✐✞❛❧❧② ✝r♦✝♦s❡❞ ✇❛✈❡❧❡✞❣t❤s ✜✙✚✵ ❛✞❞ ✔✕✖ ✞♠✢ ✇❡r❡ ❝❤❛✞❣❡❞ t♦ ☞✵☞ ❛✞❞ ✔✚✣ ✞♠ ❞✉❡

t♦ t❤❡ s♦✉r❝❡s ❛✈❛✐❧❛❜❧❡✳ ✠❤✐s r❡❞✉❝❡s t❤❡ ♠❡❛s✉r❛❜❧❡ r❛✞❣❡ ♦✟ t❤❡ ✐✞✎❛♠♠❛t✐♦✞ ✐✞❞❡① ❜② ✟❛❝t♦r

♦✟ ✵✳☞✣ ✜♠❡❛s✉r❡❞ ❜② ▼✤✥✦✧★✩✪ ❞❡✗✞❡❞ ❛❝❝♦r❞✐✞❣ t♦ ✫q✉❛t✐♦✞ ✜✖✳✣☞✢✢ ❛✞❞ t❤❡ s②st❡♠ ❝♦✉❧❞ ❜❡

✐♠✝r♦✈❡❞ ❜② ✉s✐✞❣ t❤❡ ✝r♦✝♦s❡❞ ✙✚✵ ✞♠ ✐✞st❡❛❞ ♦✟ ☞✵☞ ✞♠ ❜✉t ✞♦ ❧❛s❡rs ❛r❡ ❛✈❛✐❧❛❜❧❡ ❛t ✔✕✖ ✞♠✳

☛ ✬✬❉ ❝❛♠❡r❛ ✐s ✉s❡❞ ❛s t❤❡ ❞❡t❡❝t♦r ❛❧❧♦✇✐✞❣ ❝♦✞✟♦❝❛❧ ❛✞❞ ❛✞t✐✲❝♦✞✟♦❝❛❧ ✗❧t❡r✐✞❣ ✇✐t❤ ✈❛r✐❛❜❧❡

st♦✝ ❛✞❞ ✝✐✞❤♦❧❡ r❛❞✐✐ ❞✉r✐✞❣ ✝♦st✲✝r♦❝❡ss✐✞❣✳ ✫①✝❡r✐♠❡✞ts ♦✞ t❤❡ ♦✝t✐❝❛❧ ♠✐❞❞❧❡ ❡❛r ✝❤❛✞t♦♠

❝♦✞✗r♠❡❞ t❤❡ r❡s✉❧ts ♦✟ t❤❡ s✐♠✉❧❛t✐♦✞s✳ ✠❤❡ ❛✞t✐✲❝♦✞✟♦❝❛❧ s②st❡♠ ✐s ❛❜❧❡ t♦ ❞✐st✐✞❣✉✐s❤ ❜❡t✇❡❡✞

❞✐✛❡r❡✞t st❛t❡s ♦✟ t❤❡ ♠✉❝♦s❛ ✜s✐♠✉❧❛t❡❞ ❜② ✝❤❛✞t♦♠s ✇✐t❤ ❞✐✛❡r❡✞t ❛❜s♦r✝t✐♦✞ ❝❤❛r❛❝t❡r✐st✐❝s

❛❝❝♦r❞✐✞❣ t♦ t❤❡ ❜❧♦♦❞ ❝♦✞t❡✞t✢ ✇❤✐❧❡ t❤❡ ❝♦✞✟♦❝❛❧ s②st❡♠ ✐✞ ✞♦t ❛❜❧❡ t♦ ❞♦ s♦✳ ☛✞ ♦✝t✐♠✉♠

st♦✝ r❛❞✐✉s ♦✟ ✵✳✕☞♠♠ ❤❛s ❜❡❡✞ ❞❡t❡r♠✐✞❡❞ ✟♦r t❤❡ ❝✉rr❡✞t t✐ss✉❡ ♠♦❞❡❧✳ ❉✐✛❡r❡✞t ✝r♦✝❡rt✐❡s

♦✟ t❤❡ ❡❛r❞r✉♠ ❛✛❡❝t t❤❡ ♠❡❛s✉r❡❞ ✐✞✎❛♠♠❛t✐♦✞ ✐✞❞❡①✱ ✇❤✐❧❡ t❤❡ ❞✐✛❡r❡✞t ✝❤❛✞t♦♠s ❛r❡ ❛❧✇❛②s

❞✐st✐✞❣✉✐s❤❛❜❧❡ ✇✐t❤✐✞ ♦✞❡ s❡r✐❡s✳ ✌✞ s✐♠✉❧❛t✐♦✞s ❛✞❞ ❡①✝❡r✐♠❡✞ts✱ t❤❡ ✝r♦✝❡rt✐❡s ♦✟ t❤❡ ♠✐❞❞❧❡

❡❛r ✝❤❛✞t♦♠s ❞✐✛❡r ❛✞❞ ❛✞ ❡①❛❝t ❝♦♠✝❛r✐s♦✞ ✐s ✞♦t ✝♦ss✐❜❧❡✱ ❜✉t t❤❡ r❡✝♦rt❡❞ tr❡✞❞s ❛✞❞ ♦✈❡r❛❧❧

r❡s✉❧ts ❛❣r❡❡✳



❈❍�✁❚❊❘ ✽✂ ❈❖◆❈▲✄☎■❖◆ �◆❆ ❋✄❚✄❘❊ ❲❖❘❑ ✶✆✝

✞♦✟❢♦❝❛✠ ❞❡t❡❝t✐♦✟ ♦❢ t❤❡ ❡❛✡❞✡✉♠ ♣❛✡❛♠❡t❡✡s ✇❡✡❡ ♣❡✡❢♦✡♠❡❞ ✐✟ ♦✡❞❡✡ t♦ ❞❡t❡✡♠✐✟❡ ✐ts ♦♣✲

t✐❝❛✠ ♣✡♦♣❡✡t✐❡s t♦ ❝♦✡✡❡❝t t❤❡ ✐✟✌❛♠♠❛t✐♦✟ ✐✟❞❡① ❝❤❛✟❣❡❞ ❜② t✡❛✟s♠✐ss✐♦✟ ❝❤❛✡❛❝t❡✡✐st✐❝s ♦❢ t❤❡

❡❛✡❞✡✉♠✳ ☛ ❝❤❛✟❣❡ ✐✟ t❤❡ ♠❡❛s✉✡❡❞ ✐✟✌❛♠♠❛t✐♦✟ ✐✟❞❡① ❞✉❡ t♦ ❛❜s♦✡♣t✐♦✟ ❝❛✟ ❜❡ ♣❛✡t✠② ❝♦✡✲

✡❡❝t❡❞✳ ☞♠♣✡♦✈❡❞ s✐❣✟❛✠ ♣✡♦❝❡ss✐✟❣ ❛✠❣♦✡✐t❤♠s ❛✡❡ ✟❡❝❡ss❛✡② t♦ ✐♠♣✡♦✈❡ t❤❡ ❝♦✡✡❡❝t✐♦✟ ❛✟❞ ❛✠s♦

✐✟❝✠✉❞❡ s❝❛tt❡✡✐✟❣ ✐✟t♦ t❤❡ ♠♦❞❡✠✳ ✍✉✡t❤❡✡✱ t❤❡ ❛❞❞✐t✐♦✟ ♦❢ ♠♦✡❡ ✇❛✈❡✠❡✟❣t❤s ❢♦✡ ♠❡❛s✉✡❡♠❡✟ts

♠✐❣❤t ♣✡♦✈✐❞❡ ♠♦✡❡ ✐✟❢♦✡♠❛t✐♦✟ ❛✟❞ ✐♠♣✡♦✈❡ t❤❡ s②st❡♠✳ ✍♦✡ ❡①❛♠♣✠❡✱ t❤❡ ♦①②❣❡✟❛t✐♦✟ ♦❢ t❤❡

t✐ss✉❡ ❝♦✉✠❞ ❜❡ ❛ss❡ss❡❞ ❜② ❛❞❞✐t✐♦✟ ♦❢ ♠❡❛s✉✡❡♠❡✟ts ❛t ✆✾✎ ❛✟❞ ✻✻✎ ✟♠✳ ☛✟ ❡①❛♠♣✠❡ ❢♦✡ t❤❡ ✉s❡

♦❢ ❛❞❞✐t✐♦✟❛✠ ✇❛✈❡✠❡✟❣t❤s ✐s t❤❡ ♣✉✠s❡✲❝♦ ♦①✐♠❡t❡✡ ❬✏✎✑ ✉s✐✟❣ s❡✈❡✟ ✐✟st❡❛❞ ♦❢ t✇♦ ✇❛✈❡✠❡✟❣t❤ ❢♦✡

♠❡❛s✉✡❡♠❡✟ts ❛s ❝♦♠♣❛✡❡❞ t♦ t❤❡ ❝♦✟✈❡✟t✐♦✟❛✠ ♣✉✠s❡ ♦①✐♠❡t❡✡✳ ✒❤✐s ❛✠✠♦✇s ♠❡❛s✉✡✐✟❣ t❤❡ t♦t❛✠

❜✠♦♦❞ ❝♦✟❝❡✟t✡❛t✐♦✟ ❛✟❞ ❝♦✟❝❡✟t✡❛t✐♦✟ ♦❢ ❜✠♦♦❞ ❞❡✡✐✈❛t✐✈❡s ❛❞❞✐t✐♦✟❛✠✠② t♦ t❤❡ ♦①②❣❡✟❛t✐♦✟✳

✒❤❡ s②st❡♠ ✇❛s ❛✠s♦ t❡st❡❞ ♦✟ ❤✉♠❛✟ ✈♦✠✉✟t❡❡✡s ✭s❡❡ ☛♣♣❡✟❞✐① ✍✮✳ ✍♦✡ t❤✐s✱ t❤❡ s②st❡♠ ✇❛s

s❤♦✇✟ t♦ ❜❡ s❛❢❡ ❢♦✡ t❡sts ♦✟ ❤✉♠❛✟s✱ ❛ ✓✡st st❡♣ ♦❢ t❤❡ s②st❡♠ t♦✇❛✡❞s ❝✠✐✟✐❝s✳ ❡ ❜✠♦♦❞ ✌♦✇ ✐✟

❛ ❤❛✟❞ ✇❛s ❛✠t❡✡❡❞ ❜② ❡①♣♦s✉✡❡ t♦ ❝♦✠❞ ✇❛t❡✡ ❛✟❞ ✉s❡❞ ❛s ❛ ♠♦❞❡✠✳ ✒❤❡ ❛✟t✐✲❝♦✟❢♦❝❛✠ s②st❡♠

✇❛s ❛❜✠❡ t♦ ❞❡t❡❝t ❝❤❛✟❣❡s ✐✟ t❤❡ ❜✠♦♦❞ ✠❡✈❡✠ ✇✐t❤ ♠❡❛s✉✡❡♠❡✟ts ❝♦✟❞✉❝t❡❞ t❤✡♦✉❣❤ ❛✟ ❡❛✡❞✡✉♠

♣❤❛✟t♦♠✳

✒❤❡ ❞❡✈❡✠♦♣❡❞ s♣❡❝t✡♦s❝♦♣✐❝ ❛✟t✐✲❝♦✟❢♦❝❛✠ s②st❡♠ ✐s ❛❜✠❡ t♦ ♠❡❛s✉✡❡ ❜✠♦♦❞ ❝♦✟t❡✟t t✐ss✉❡s

t❤✡♦✉❣❤ ❛✟ ❡❛✡❞✡✉♠ s✐♠✉✠❛t✐✟❣ s❝❛tt❡✡✐✟❣ ✠❛②❡✡✳ ✒❤✐s ✐s t✡✉❡ ❢♦✡ ❛ ✈❛✡✐❡t② ♦❢ ❞✐✔❡✡❡✟t s❝❛tt❡✡✐✟❣

✠❛②❡✡s ✇❤✐✠❡ ✟♦ ♠❡❛s✉✡❡♠❡✟ts ❛✡❡ ♣♦ss✐❜✠❡ ❢♦✡ ✈❡✡② ❤✐❣❤ s❝❛tt❡✡✐✟❣✳ ✒❤❡ s❝❛tt❡✡✐✟❣ ✠❛②❡✡ ✐✟✌✉❡✟❝❡s

t❤❡ ♠❡❛s✉✡❡♠❡✟t ♦❢ t❤❡ ❜✠♦♦❞ ❝♦✟t❡✟t❀ ✇❤✐✠❡ ❝❤❛✟❣❡s ✐✟ ❛❜s♦✡♣t✐♦✟ ❝❛✟ ❜❡ ❝♦✡✡❡❝t❡❞ ❜② ❝♦✟❢♦❝❛✠

❞❡t❡❝t✐♦✟ ♦❢ t❤❡ ❡❛✡❞✡✉♠✱ ✟♦ ❝♦✡✡❡❝t✐♦✟ ✇❛s ❢♦✉✟❞ ❢♦✡ ❝❤❛✟❣❡s ✐✟ s❝❛tt❡✡✐✟❣✳ ✒❤✐s ♠❡❛✟s ✠❛✡❣❡

❝❤❛✟❣❡s ✐✟ ❝❤❛✡❛❝t❡✡✐st✐❝s ♦❢ t❤❡ ❡❛✡❞✡✉♠ ✇✐✠✠ ♠❛✕❡ ✡❡✠✐❛❜✠❡ ♠❡❛s✉✡❡♠❡✟ts ♦❢ t❤❡ ✐✟✌❛♠♠❛t✐♦✟

❞✐✖❝✉✠t✳ ✍✉t✉✡❡ ✇♦✡✕ ✐✟❝✠✉❞❡s t❤❡ ♠✐✟✐♠✐s❛t✐♦✟ ♦❢ t❤❡ s②st❡♠ ❢♦✡ ❝✠✐✟✐❝❛✠ ✉s❡ ❛✟❞ t❤❡ ❝♦✟❞✉❝t✐♦✟

♦❢ t✡✐❛✠s ♦✟ ✐♠♣✡♦✈❡❞ ✐✟✌❛♠♠❛t✐♦✟ ♠♦❞❡✠s ❛✟❞ ✐✟ ❝✠✐✟✐❝s✱ ❛s ✇✐✠✠ ❜❡ ♣✡❡s❡✟t❡❞ ✐✟ t❤❡ ✟❡①t s❡❝t✐♦✟

✐✟ ♠♦✡❡ ❞❡t❛✐✠✳ ✒❤❡ s♣❡❝✐✓❝❛t✐♦✟s ♦❢ t❤❡ ❛✟t✐✲❝♦✟❢♦❝❛✠ s②st❡♠ ❛✡❡ ✠✐st❡❞ ❜❡✠♦✇✳

✗✘✙✘✙ ✚✛✜✛✢✣✤♥✥ ✦♥ ✚✛q✧✤r✛★✛♥✣✩

❙❡❝t✐♦✟ ✶✳✺ st❛t❡❞ t❤❡ ✡❡✪✉✐✡❡♠❡✟ts ♦❢ t❤❡ ♦♣t✐❝❛✠ ❞✐❛❣✟♦st✐❝ ❞❡✈✐❝❡ ✉✟❞❡✡ ❞❡✈❡✠♦♣♠❡✟t✳ ✒❤❡s❡

✡❡✪✉✐✡❡♠❡✟ts ❛✡❡ t❤❛t t❤❡ s②st❡♠ ♠✉st ❜❡ ❛❜✠❡ t♦ s❤♦✇ t❤❡ ✐✟✌❛♠♠❛t✐♦✟✱ ❤❛✈❡ ❛✟ ✐♠❛❣✐✟❣ ❞❡♣t❤

❤✐❣❤ ❡✟♦✉❣❤ t♦ ♣✡♦❜❡ t❤❡ ♠✉❝♦s❛ t❤✡♦✉❣❤ t❤❡ ❡❛✡❞✡✉♠ ❛✟❞ ♠✐❞❞✠❡ ❡❛✡ ❝❛✈✐t② ✇❤✐✠❡ ✟♦ ✡❡✪✉✐✡❡♠❡✟ts

✇❡✡❡ ♣♦s❡❞ t♦ t❤❡ ✡❡s♦✠✉t✐♦✟ ❡①❝❡♣t ❢♦✡ ❜❡✐✟❣ ❛❜✠❡ t♦ ❞✐st✐✟❣✉✐s❤ ❜❡t✇❡❡✟ ❡❛✡❞✡✉♠ ❛✟❞ ♠✐❞❞✠❡ ❡❛✡

♠✉❝♦s❛✱ ❛✠✠♦✇ ✟♦✟✲✐✟✈❛s✐✈❡ ❛✟❞ ✪✉✐❝✕ ❞✐❛❣✟♦s✐s✱ ❜❡ ❝❤❡❛♣ ❞❡✈✐❝❡ t♦ ❡✟❛❜✠❡ ❛ ✇✐❞❡ ✉s❡✱ ❜❡ ❤❛✟❞✲❤❡✠❞

❢♦✡ ❡❛s② ✉s❡✱ ❛✟❞ ✓✟❛✠✠② t♦ ❜❡ s❛❢❡ ♦✟ ❤✉♠❛✟s✳ ☞t ✐s ❞✐s❝✉ss❡❞ ❜❡✠♦✇ ✇❤❡t❤❡✡ t❤❡s❡ ✡❡✪✉✐✡❡♠❡✟ts

❛✡❡ ♠❡t✳

✫✬✯✰ ✴✬✵ ✷✸✹✼✿✿✼✴✷✯✸ ❁①♣❡✡✐♠❡✟ts s❤♦✇❡❞ t❤❛t t❤❡ ❞❡✈❡✠♦♣❡❞ s②st❡♠ ✐s ❛❜✠❡ t♦ ❛ss❡ss t❤❡
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❜❧♦♦❞ ❧❡✈❡❧ ✐♥ t❤❡ ♠✐❞❞❧❡ ❡❛✞ ♠✉❝♦✟❛ ♣❤❛♥t♦♠✟ ❛♥❞ t❤✉✟ ✇✐❧❧ ❜❡ ❛❜❧❡ t♦ ❛✟✟❡✟✟ t❤❡ ✐♥✌❛♠♠❛✠

t✐♦♥✳ ❇✉t ✐♠♣✞♦✈❡❞ ✟✐❣♥❛❧ ♣✞♦❝❡✟✟✐♥❣ ✐✟ ♥❡❝❡✟✟❛✞② t♦ ❛❧❧♦✇ ✞❡♣❡❛t❛❜❧❡ ❡①♣❡✞✐♠❡♥t✟ ✐♥ ❝❛✟❡✟

✇❤❡✞❡ ❝❤❛♥❣✐♥❣ ❡❛✞❞✞✉♠ ♣✞♦♣❡✞t✐❡✟ ❛✡❡❝t t❤❡ ♠❡❛✟✉✞❡♠❡♥t✳

☛☞✍✎✏✑✎ ✒✓✔✕✖ ✗❤❡ ✟②✟t❡♠ ✐✟ ❛❜❧❡ t♦ ♣✐❝❦ ✉♣ ✟✐❣♥❛❧✟ ❢✞♦♠ t❤❡ ♠✐❞❞❧❡ ❡❛✞ ♠✉❝♦✟❛ ❤✐❞❞❡♥ ❜❡❤✐♥❞

t❤❡ ❡❛✞❞✞✉♠ ❛♥❞ ♠✐❞❞❧❡ ❡❛✞ ❝❛✈✐t②✳ ✘ ❞❡♣t❤ ♦❢ ✉♣ t♦ ✹♠♠ ✇❛✟ t❡✟t❡❞ ✐♥ ❡①♣❡✞✐♠❡♥t✟ ❛♥❞

✉♣ t♦ ✙♠♠ ✐♥ ✟✐♠✉❧❛t✐♦♥✟✱ ✇❤✐❧❡ ❛ ♠❛①✐♠ ❞✐✟t❛♥❝❡ ♦❢ ✹♠♠ ✐✟ ❡①♣❡❝t❡❞✳

☛☞✍✎✏✑✎ r✓s✚✛✜✕✏✚✑ ✘ ✟✐♥❣❧❡ ♠❡❛✟✉✞❡♠❡♥t ✐✟ ♣❡✞❢♦✞♠❡❞ ❛✟✟❡✟✟✐♥❣ t❤❡ ✐♥✌❛♠♠❛t✐♦♥✱ ❛♥❞ ❜❛❝❦✠

❣✞♦✉♥❞ ❢✞♦♠ t❤❡ ❡❛✞❞✞✉♠ ✞❡❥❡❝t❡❞✳

✢✚✑✲✏✑✣✍s✏✣✓ ✍✑✒ q✜✏✤✥ ✗❤❡ ♠❡❛✟✉✞❡♠❡♥t ✐✟ ❞♦♥❡ t❤✞♦✉❣❤ t❤❡ ❡❛✞ ❝❛♥❛❧ ❛♥❞ ❞❛t❛ ❛❝✦✉✐✟✐t✐♦♥

t❛❦❡✟ ❧❡✟✟ t❤❛♥ ❛ ❢❡✇ ✟❡❝♦♥❞✟ ❛❢t❡✞ t❤❡ ♦♣❡✞❛t♦✞ ❛❧✐❣♥❡❞ t❤❡ ✟②✟t❡♠ ♠❛♥✉❛❧❧②✳

✧✖✓✍✔ ✗❤❡ ❝✉✞✞❡♥t ♦♣t✐❝❛❧ ✟②✟t❡♠ ✐✟ ♥♦t ❝❤❡❛♣ ❛✟ ❛♥ ❡①♣❡♥✟✐✈❡ ❛♥❞ ❝♦♦❧❡❞ ★★❉ ❝❛♠❡✞❛ ✭✐❳♦♥✩▼✰✱

✘♥❞♦✞✱ ❇❡❧❢❛✟t✱ ✪♦✞t❤❡✞♥ ✫✞❡❧❛♥❞✮ ✐✟ ✉✟❡❞ ❛✟ ❞❡t❡❝t♦✞ ❛t t❤❡ ♠♦♠❡♥t✳ ✘♥ ✐♠♣✞♦✈❡❞ ❞❡✟✐❣♥

♦❢ t❤❡ ❞❡t❡❝t✐♦♥ ✟②✟t❡♠ ✐✟ ♥❡❝❡✟✟❛✞② t♦ ❛❧❧♦✇ t❤❡ ✉✟❡ ♦❢ ❛ ❝❤❡❛♣❡✞ ❞❡t❡❝t♦✞ ✇❤✐❧❡ ✟t✐❧❧ ✟♦❧✈✐♥❣

t❤❡ ♥♦✐✟❡ ♣✞♦❜❧❡♠ ♣♦✟❡❞ ❜② t❤❡ ❧♦✇ ✟✐❣♥❛❧ ❝♦♠♣♦♥❡♥t✟ ✟♣✞❡❛❞ ♦✈❡✞ ❛ ❧❛✞❣❡ ❛✞❡❛✳

✬✍✑✒✲✖✓✛✒ ✗❤❡ ❝✉✞✞❡♥t ♦♣t✐❝❛❧ ✟②✟t❡♠ ✐✟ ♥♦t ❤❛♥❞ ❤❡❧❞ ❜✉t ✐✟ ❛ ❧❛✞❣❡ ✟❡t✠✉♣ ♦♥ ❛♥ ♦♣t✐❝❛❧ ❜❡♥❝❤✳

❇✉t ❛ ♣❛✞t❧② ❤❛♥❞✠❤❡❧❞ ✟②✟t❡♠ ✐✟ ♣✞♦♣♦✟❡❞ ✐♥ ❙❡❝t✐♦♥ ✙✳✷✳✷ t❤❛t ✇✐❧❧ ♠❡❡t t❤✐✟ ✞❡✦✉✐✞❡♠❡♥t

♦♥❝❡ ✐♠♣❧❡♠❡♥t❡❞✳

✯✍✴✓ ✗❤❡ ♦♣t✐❝❛❧ ✟②✟t❡♠ ✇❛✟ ❞❡✟✐❣♥❡❞ ✟♦ t❤❛t t❤❡ ♠❡❝❤❛♥✐❝❛❧ ♣❛✞t ✐♥ ❝♦♥t❛❝t ✇✐t❤ t❤❡ ♣❛t✐❡♥t

✭✐✳❡✳ t❤❡ ✟♣❡❝✉❧✉♠✮ ♦❢ ✟t❛♥❞❛✞❞ ♦t♦✟❝♦♣❡✟ ❝❛♥ ❜❡ ✉✟❡❞✳ ✗❤✐✟ ❡♥✟✉✞❡✟ ✟❛❢❡ ✉✟❡ ✐❢ ❛✟✟❡✟✟♠❡♥t ✐✟

♣❡✞❢♦✞♠❡❞ ❜② ❛ t✞❛✐♥❡❞ ♦♣❡✞❛t♦✞ ❛♥❞ t❤❛t t❤❡ ❡❛✞❞✞✉♠ ❝❛♥ ♥♦t ❜❡ ✞✉♣t✉✞❡❞ ❞✉✞✐♥❣ ❞✐❛❣♥♦✟✐✟✳

✵✉✞t❤❡✞✱ t❤❡ ♦♣t✐❝❛❧ ✟②✟t❡♠ ✇❛✟ ✟❤♦✇♥ t♦ ❜❡ ✟❛❢❡ ❢♦✞ ✉✟❡ ♦♥ ❤✉♠❛♥✟ ❛♥❞ ❧❛✟❡✞ ✟❛❢❡t② ❧✐♠✐t✟

❛✞❡ ♥♦t ❡①❝❡❡❞❡❞✳

▼♦✟t ♦❢ t❤❡ ✞❡✦✉✐✞❡♠❡♥t✟ ❛✞❡ ♠❡t✱ ✇❤✐❧❡ ❢✉✞t❤❡✞ ❞❡✈❡❧♦♣♠❡♥t ✐✟ ♥❡❝❡✟✟❛✞② t♦ ❞❡✟✐❣♥ ❛ ❝❤❡❛♣

♦♣t✐❝❛❧ ✟②✟t❡♠ ❛♥❞ t♦ ❛❧❧♦✇ ✞❡♣❡❛t❛❜❧❡ ✞❡✟✉❧t✟ ✇❤❡♥ t❤❡ ♦♣t✐❝❛❧ ♣✞♦♣❡✞t✐❡✟ ♦❢ t❤❡ ❡❛✞❞✞✉♠ ❝❤❛♥❣❡✳

✸✺✻✺✼ ✾✿❀❁❂❃❁❄❅❂●❏P ●◗ ❅❯❀ ❱❏❅❂❨❩●❏◗●❁❄❬ ✾❭P❅❀❪

▼♦✟t ♦❢ t❤❡ ✟♣❡❝✐❫❝❛t✐♦♥✟ ♦❢ t❤❡ ✟②✟t❡♠ ❞❡♣❡♥❞ ♦♥ t❤❡ ♦♣t✐❝❛❧ ♣✞♦♣❡✞t✐❡✟ ♦❢ t❤❡ ✟❛♠♣❧❡ ❛✟ ❞❡✟❝✞✐❜❡❞

❜❡❧♦✇✳

✯✍☞✔✛✓✒ ✍r✓✍❴ ✗❤❡ ✟❛♠♣❧❡❞ ❛✞❡❛ ✐✟ ❞❡♣❡♥❞❡♥t ♦♥ t❤❡ ❛❜✟♦✞♣t✐♦♥ ❛♥❞ ✟❝❛tt❡✞✐♥❣ ❝❤❛✞❛❝t❡✞✐✟t✐❝✟ ♦❢

t❤❡ ♠✉❝♦✟❛ ❞❡t❡✞♠✐♥✐♥❣ t❤❡ ♠❡❛♥ ❢✞❡❡ ♣❛t❤✳ ✫t ✐✟ ❢✉✞t❤❡✞ ✐♥✌✉❡♥❝❡❞ ❜② t❤❡ ✐❧❧✉♠✐♥❛t❡❞ ❛✞❡❛

♦♥ t❤❡ ♠✉❝♦✟❛✱ ❞❡t❡✞♠✐♥❡❞ ❜② t❤❡ ✟❝❛tt❡✞✐♥❣ ❝❤❛✞❛❝t❡✞✐✟t✐❝✟ ♦❢ t❤❡ ❡❛✞❞✞✉♠ ❛♥❞ t❤❡ ❞✐✟t❛♥❝❡
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♦✞ t❤❡ ✞♦❝✉s ✞r♦✟ t❤❡ ✟✉❝♦s❛ s✉r✞❛❝❡ ❛s ✇❡❧❧ ❛s t❤❡ ✠✡ ♦✞ t❤❡ s②st❡✟✳ ✡s ❛☛ ❡①❛✟♣❧❡✱ t❤❡

s❛✟♣❧❡❞ ✈♦❧✉✟❡ ✐s ❞❡r✐✈❡❞ ✞r♦✟ s✐✟✉❧❛t✐♦☛s ❜❛s❡❞ ♦☛ t❤❡ st❛☛❞❛r❞ ♣❛r❛✟❡t❡rs ♦✞ t❤❡ s②st❡✟✳

☞❤❡ s❛✟♣❧❡❞ ✈♦❧✉✟❡ ✐s ❞❡✌☛❡❞ ❛s t❤❡ ✈♦❧✉✟❡ ✇❤❡r❡ t❤❡ ❧✐❣❤t ✍✉① ✐s ❤✐❣❤❡r t❤❛☛ ✎
✏✷ ♦✞ t❤❡

✟❛①✐✟✉✟ ✍✉① ❛t t❤❡ ✟✉❝♦s❛ s✉r✞❛❝❡✳ ☞❤❡ ❞❡♣t❤ ❛☛❞ r❛❞✐✉s ❛r❡ ✵✳✑✆✒✵✳✝ ✟✟✓ ❛t ✺✔✑☛✟

❛☛❞ ✑✵ ✪ ❜❧♦♦❞ ❝♦☛❝❡☛tr❛t✐♦☛ ✭✖✕ ❂ ✑✿✶✔ ✟✟✗✎✱ ✖✘ ❂ ✑✑✿✔ ✟✟✗✎✮ ❛☛❞ ✵✳✻✒✶✳✶✆ ✟✟✓ ✞♦r

✙✵✙ ☛✟ ❛☛❞ ✑ ✪ ❜❧♦♦❞ ❝♦☛❝❡☛tr❛t✐♦☛ ✭✖✕ ❂ ✵✿✵✝ ✟✟✗✎✱ ✖✘ ❂ ✶✶✿✼ ✟✟✗✎✮✳ ☞❤❡s❡ ✈❛❧✉❡s ✇✐❧❧

❝❤❛☛❣❡ ✇❤❡☛ ❝❤❛☛❣✐☛❣ ♣r♦♣❡rt✐❡s ♦✞ t❤❡ ❡❛r❞r✉✟✱ t❤❡ ♣♦s✐t✐♦☛ ♦✞ t❤❡ ✞♦❝✉s✱ ♦r t❤❡ ✠✡✳ ☞❤❡

✉s❡❞ ❞❡✌☛✐t✐♦☛ r❡s✉❧ts ✐☛ ❛ ❤✐❣❤❡r ❛①✐❛❧ ♣❡☛❡tr❛t✐♦☛ ❞❡♣t❤ t❤❛☛ r❛❞✐❛❧ s♣r❡❛❞ ♦✞ t❤❡ s✐❣☛❛❧

❛s ✐☛❝✐❞❡☛t ♣❤♦t♦☛s ♣r♦♣❛❣❛t❡ ✞♦r✇❛r❞ ✐☛ ❛①✐❛❧ ❞✐r❡❝t✐♦☛ ❜❡✞♦r❡ ❜❡✐☛❣ s❝❛tt❡r❡❞ ❛☛❞ t❤✉s

✐☛❝r❡❛s❡s t❤❡ ♣❡☛❡tr❛t✐♦☛ ❞❡♣t❤ ✐☛ ❛①✐❛❧ ❞✐r❡❝t✐♦☛✳

❙✚✛✜ ✢✣✤✥✦✧★ ✡ r❛❞✐✉s ♦✞ ✝✙✵ ✩✟ ✇❛s ✐❞❡☛t✐✌❡❞ t♦ s❤♦✇ ❜❡st ♣❡r✞♦r✟❛☛❝❡ ✐☛ t❤❡ ✐☛✈❡st✐❣❛t❡❞

♣❤❛☛t♦✟s✳

❙❇✫★ ☞❤❡ s✐❣☛❛❧✲t♦✲❜❛❝❦❣r♦✉☛❞ r❛t✐♦ ✭✬✯✰✮ ❞❡✌☛❡❞ ❛s r❛t✐♦ ♦✞ ❞❡t❡❝t❡❞ s✐❣☛❛❧ ✞r♦✟ t❤❡ ✟✉❝♦s❛

t♦ ❜❛❝❦❣r♦✉☛❞ ✞r♦✟ t❤❡ ❡❛r❞r✉✟ ✐☛❝r❡❛s❡s ✇✐t❤ st♦♣ r❛❞✐✉s ❛❝❝♦r❞✐☛❣ t♦ s✐✟✉❧❛t✐♦☛s✳ ✴☛

✟❡❛s✉r❡✟❡☛ts✱ t❤✐s ✐s ☛♦t tr✉❡ ❛s ☛♦✐s❡ ♦✞ t❤❡ s②st❡✟ ❛☛❞ ❞②☛❛✟✐❝ r❛☛❣❡ ♦✞ t❤❡ ❝❛✟❡r❛

r❡str✐❝ts t❤❡ ✟✐☛✐✟✉✟ ❞❡t❡❝t❛❜❧❡ s✐❣☛❛❧ ❧❡✈❡❧✳ ✡ ❜❛❧❛☛❝❡ ❜❡t✇❡❡☛ s✐❣☛❛❧ str❡☛❣t❤ ❛☛❞ ✬✯✰

☛❡❡❞s t♦ ❜❡ ✞♦✉☛❞✱ r❡s✉❧t✐☛❣ ✐☛ t❤❡ ❛❜♦✈❡ st♦♣ r❛❞✐✉s✳

✸✣✹✾✢✣★ ✡ ❝❛✟❡r❛ ✇✐t❤ ❛t ❧❡❛st ✶✵ ❜✐t ❞②☛❛✟✐❝ r❛☛❣❡ ✐s r❡q✉✐r❡❞✳ ❀❤❡☛ r❡❞✉❝✐☛❣ t❤❡ ❜✐t ❞❡♣t❤

❜❡❧♦✇ t❤✐s ✈❛❧✉❡ ✐☛ t❤❡ ✟❡❛s✉r❡✟❡☛ts✱ r❡s✉❧ts ❜❡❝♦✟❡ ✉☛r❡❧✐❛❜❧❡✳ ☞❤✐s ✐s ❞✉❡ t♦ t❤❡ ✞❛❝t✱

t❤❛t t❤❡ s✐❣☛❛❧ ✞r♦✟ t❤❡ ✟✉❝♦s❛ ✐s s♣r❡❛❞ ♦✈❡r ❛ ❧❛r❣❡ ❛r❡❛ ❛☛❞ t❤❡ ✐☛t❡☛s✐t② ♦☛ ❛ s✐☛❣❧❡ ♣✐①❡❧

✐s t♦♦ ❧♦✇ t♦ ❜❡ ❞❡t❡❝t❡❞ ✇❤❡☛ ✉s✐☛❣ ❧❡ss t❤❛☛ ✶✵ ❜✐ts✳ ❀❤✐❧❡ ❛☛ ✐☛❝r❡❛s❡ ✐☛ ♦♣t✐❝❛❧ ✐☛♣✉t

♣♦✇❡r ✐s ☛♦t ❛☛ ♦♣t✐♦☛ ❛s t❤❡ ❝❛✟❡r❛ ✇♦✉❧❞ s❛t✉r❛t❡ ❞✉❡ t♦ ❤✐❣❤ ❜❛❝❦❣r♦✉☛❞ ❝♦✟♣♦☛❡☛ts

✞r♦✟ t❤❡ ❡❛r❞r✉✟ ❛☛❞ ♣♦ss✐❜❧② ❞❛✟❛❣❡ t❤❡ t✐ss✉❡✳ ☞❤✐s ❝♦✉❧❞ ❜❡ ✐✟♣r♦✈❡❞ ❜② ☛♦t ✞♦❝✉s✐☛❣

t❤❡ ♦♣t✐❝s ❞✐r❡❝t❧② ♦☛ t❤❡ ❡❛r❞r✉✟ r❡s✉❧t✐☛❣ ✐☛ ❛ ❧❛r❣❡r ✐❧❧✉✟✐☛❛t❡❞ ❛r❡❛ ❛☛❞ ❧♦✇❡r ♣♦✇❡r

❞❡☛s✐t②✱ ❛❧❧♦✇✐☛❣ ❤✐❣❤❡r ♣♦✇❡r ✇✐t❤♦✉t s❛t✉r❛t✐☛❣ t❤❡ ❞❡t❡❝t♦r ❛☛❞ t❤✉s ❣✐✈✐☛❣ ❛ ❤✐❣❤❡r

s✐❣☛❛❧✳ ✡❧s♦ ❝♦♦❧✐☛❣ ♦✞ t❤❡ ❝❛✟❡r❛ ✐s ♦✞ ❛❞✈❛☛t❛❣❡ ✐☛ ♦r❞❡r t♦ ✟✐☛✐✟✐s❡ ♦❁s❡t ❞r✐✞ts ✟❛s❦✐☛❣

t❤❡ ❧♦✇ s✐❣☛❛❧✳ ❃♦r ❡①❛✟♣❧❡✱ ✉s✐☛❣ ❛☛ ✉☛❝♦♦❧❡❞ ✶✑ ❜✐t ❝❛✟❡r❛ ✭P❄✲✯✆✺✺❅✱ P✐①❡❄✐☛❦✱ ❉tt❛✇❛✱

❉☛t❛r✐♦✱ ●❛☛❛❞❛✮ ✐☛st❡❛❞ ♦✞ t❤❡ ✶✝ ❜✐t ❝❛✟❡r❛ ✇✐t❤ ❝♦♦❧❡❞ s❡☛s♦r ♣r❡s❡☛t❡❞ ♣r❡✈✐♦✉s❧②✱ ❞♦❡s

☛♦t r❡s✉❧t ✐☛ r❡♣r♦❞✉❝✐❜❧❡ ✟❡❛s✉r❡✟❡☛ts✳

❏✛▼✦✧★ ✡☛ ❡①❛❝t ✞♦❝✉s ♦✞ t❤❡ ❛☛t✐✲❝♦☛✞♦❝❛❧ ✐s ☛♦t ☛❡❝❡ss❛r②✳ ✡ s❧✐❣❤t ❞❡✞♦❝✉s ❝❛☛ ❡✈❡☛ ✐✟♣r♦✈❡

✟❡❛s✉r❡✟❡☛ts ❛s t❤❡ s✐❣☛❛❧ ❧❡✈❡❧ ❝❛☛ ❜❡ ✐☛❝r❡❛s❡❞ ✇✐t❤♦✉t s❛t✉r❛t✐☛❣ t❤❡ ❝❛✟❡r❛✳ ✯✉t ❝♦☛✲

✞♦❝❛❧ ❞❡t❡❝t✐♦☛ ♦✞ ❡❛r❞r✉✟ ♣❛r❛✟❡t❡rs ✇✐❧❧ ☛♦t ❜❡ ♣♦ss✐❜❧❡ ✇✐t❤ ❛ ❞❡✞♦❝✉s❡❞ s②st❡✟✳



❈❍�✁❚❊❘ ✽✂ ❈❖◆❈▲✄☎■❖◆ �◆❆ ❋✄❚✄❘❊ ❲❖❘❑ ✶✆✝

✞✳✷ ✟✉✠✉✡❡ ☛♦✡❦

☞✌t✌r✍ ✇✎r✏ ✐♥✈✎✑✈✍s t❤✍ ✐♠♣r✎✈✍♠✍♥t ✎✒ s✐❣♥❛✑ ♣r✎❝✍ss✐♥❣ ❛✑❣✎r✐t❤♠s t✎ ❛❝❝✎✌♥❞ ✒✎r ❝❤❛♥❣✍s ✐♥

t❤✍ ✍❛r❞r✌♠ ❛♥❞ t❤✍ ❝✎♥str✌❝t✐✎♥ ✎✒ ❛ ❤❛♥❞✲❤✍✑❞ s②st✍♠ t✎ ❛✑✑✎✇ t✍st ✎♥ t❤✍ ✍❛r ❛♥❞ ❝✑✐♥✐❝❛✑

tr✐❛✑s t✎ ❝❛✑✐❜r❛t✍ t❤✍ s②st✍♠ ❛♥❞ t✍st t❤✍ ❤②♣✎t❤✍s✐s t❤❛t ❛ r✍❝✌rr✍♥❝✍ ✎✒ ✓▼✔ ✐s ❝✎♥♥✍❝t✍❞ t✎

❛ r✍♠❛✐♥✐♥❣ ✐♥✕❛♠♠❛t✐✎♥ ✎✒ t❤✍ ♠✐❞❞✑✍ ✍❛r ♠✌❝✎s❛✖ ☞✌rt❤✍r✱ s✎♠✍ ❛❞❞✐t✐✎♥s t✎ t❤✍ ♣r✎♣✎s✍❞

s②st✍♠ ❛r✍ ♣r✍s✍♥t✍❞ t❤❛t ❛r✍ ✍❛s✐✑② ✐♥❝✑✌❞✍❞ ❛♥❞ ❤❛✈✍ t❤✍ ♣✎ss✐❜✐✑✐t② t✎ ❛❞❞ ♠✎r✍ ✐♥✒✎r♠❛t✐✎♥ ❛♥❞

✐♠♣r✎✈✍ ❞✐❛❣♥✎st✐❝ ❛❝❝✌r❛❝②✖

✗✘✙✘✚ P✛✜✜✢✣✤✥ ✦✧★✩✛✪✥✧✥✫✬✜ ✭✫✮ ✯✮✮✢✬✢✛✫✜ ✬✛ ✬✰✥ ❙✴✜✬✥✧

✵s s❤✎✇♥ ❜② ❬✸✹✺✸✻✼ t❤✍ ❛❝q✌✐s✐t✐✎♥ ✎✒ ❛✌t✎✲✕✌✎r✍s❝✍♥❝✍ s♣✍❝tr❛ ❝❛♥ ❛❞❞ ✐♥✒✎r♠❛t✐✎♥ ❛❜✎✌t ❜❛❝t✍r✐❛

✾❛ss✌♠✍❞ t✎ ❜✍ ❛ ❝❛✌s✍ ✒✎r ✓▼✔ ❬✿✼❀ ✐♥ t❤✍ ✍❛r ✎r s✎♠✍ ♣❛t❤✎✑✎❣✐❝❛✑ ❝❛s✍s ✎✒ t❤✍ ♠✐❞❞✑✍ ✍❛r✖ ❁❤✐s

❝✎✌✑❞ ❜✍ ✍❛s✐✑② ❛❞❞✍❞ t✎ t❤✍ ♣r✎♣✎s✍❞ s②st✍♠ ❜② ❛❞❞✐♥❣ ❂✑t✍rs ✐♥ t❤✍ ❞✍t✍❝t✐✎♥ ♣❛t❤ t✎ r✍❥✍❝t

r✍✕✍❝t✐✎♥s ❛t t❤✍ ✐✑✑✌♠✐♥❛t✐✎♥ ✇❛✈✍✑✍♥❣t❤ ❛♥❞ ❛❞❞✐t✐✎♥ ✎✒ ❛♥ ❛♣♣r✎♣r✐❛t✍ ✍①❝✐t❛t✐✎♥ ✇❛✈✍✑✍♥❣t❤ ❛s

❞✎♥✍ ✐♥ ❬✸✻✼ ✐♥ ❝❛s✍ ✎✒ ❛ st❛♥❞❛r❞ ✎t✎s❝✎♣✍✖

✵❞❞✐t✐✎♥❛✑ ✇❛✈✍✑✍♥❣t❤s ❝✎✌✑❞ ❜✍ ✐♥❝✑✌❞✍❞ ✐♥t✎ t❤✍ s②st✍♠ t✎✱ ✒✎r ✍①❛♠♣✑✍✱ ♠✍❛s✌r✍ t❤✍ ✎①②❣✍♥❛✲

t✐✎♥ ✎✒ t✐ss✌✍ ❛♥❞ ✎t❤✍r ❜✑✎✎❞ ❞✍r✐✈❛t✐✈✍s✖ ❃❤✐✑✍ ❣✍♥✍r❛✑ ✑✐t✍r❛t✌r✍ ❛❜✎✌t ✐♥✕❛♠♠❛t✎r② ❞✐s✍❛s✍s

✾♥✎t s♣✍❝✐❂❝ t✎ ♠✐❞❞✑✍ ✍❛r ✐♥✕❛♠♠❛t✐✎♥❀ s❤✎✇✍❞ ♥✎ ❝✎rr✍✑❛t✐✎♥ ✎✒ ❜✑✎✎❞ ✎①②❣✍♥❛t✐✎♥ ❛♥❞ ✐♥✕❛♠✲

♠❛t✐✎♥✱ ❛ ❝✎♥♥✍❝t✐✎♥ ❝✎✌✑❞ ❜✍ ♣r✍s✍♥t ✐♥ ♠✐❞❞✑✍ ✍❛r ✐♥✕❛♠♠❛t✐✎♥ ❛♥❞ ❛♥ ✐♥✈✍st✐❣❛t✐✎♥ ❝✎✌✑❞ ❜✍

✎✒ ✈❛✑✌✍✖

✗✘✙✘✙ ❄✭✫✮❅✰✥✤✮ ❙✴✜✬✥✧

❁❤✍ ♣r✎♣✎s✍❞ s②st✍♠ ✐s ❝✎♠♣✎s✍❞ ✎✒ ❛ t❛❜✑✍ t✎♣ s✍t✌♣ ✐♥❝✑✌❞✐♥❣ t❤✍ ✑❛s✍rs✱ ✍✑✍❝tr✎♥✐❝s✱ ❛♥❞ ❇❉ ✒✎r

s✐❣♥❛✑ ♣r✎❝✍ss✐♥❣ ❛s ✇✍✑✑ ❛s ❞❛t❛ ✈✐s✌❛✑✐s❛t✐✎♥ ❛♥❞ t❤✍ ❤❛♥❞✲❤✍✑❞ ❤✍❛❞ ✐♥❝✑✌❞✐♥❣ t❤✍ ❛♥t✐✲❝✎♥✒✎❝❛✑

s②st✍♠ ❛s s❤✎✇♥ ✐♥ ☞✐❣✌r✍ ●✖✶✖ ❏♥ t❤✍ ❜✍♥❝❤ t✎♣ s②st✍♠ t❤✍ ✑❛s✍rs ✇✐✑✑ ❜✍ ❛✑✐❣♥✍❞✱ s❤✌tt✍rs ✌s✍❞ t✎

q✌✐❝✏✑② s✍✑✍❝t t❤✍ ♠✍❛s✌r✍♠✍♥t ✇❛✈✍✑✍♥❣t❤✱ ❛♥❞ t❤✍ ✑✐❣❤t ❝✎✌♣✑✍❞ ✐♥t✎ ❛♥ ✎♣t✐❝❛✑ ❂❜r✍✖ ▼✎r✍ t❤❛♥

t✇✎ ✑❛s✍rs ❝❛♥ ❜✍ ✍❛s✐✑② ✐♥❝✑✌❞✍❞ ✐♥t✎ t❤✐s s✍t✌♣✖ ❁❤✍ ✎♣t✐❝❛✑ ❂❜r✍ ✐s ❝✎♥♥✍❝t✍❞ t✎ t❤✍ ❤❛♥❞✲❤✍✑❞

❤✍❛❞ t✎ ♣r✎✈✐❞✍ t❤✍ ✐✑✑✌♠✐♥❛t✐✎♥✖

❏♥ t❤✍ ✎♣t✐❝❛✑ ❤✍❛❞✱ t❤✍ ❜✍❛♠ ✇✐✑✑ ❜✍ ❂rst ✍①♣❛♥❞✍❞ t✎ ✌s✍ t❤✍ ✒✌✑✑ ❛♣✍rt✌r✍ ❛✈❛✐✑❛❜✑✍ ✐♥ t❤✍

✍❛r ❛♥❞ t❤✍♥ ❝✎✑✑✐♠❛t✍❞✖ ✵ ❜✍❛♠ s♣✑✐tt✍r ❞✐r✍❝ts t❤✍ ✑✐❣❤t t✎✇❛r❞s t❤✍ ✍❛r✱ ✇❤✐✑✍ t❤✍ ✑✐❣❤t ✐♥

t❤✍ ✌♥✌s✍❞ ♣❛t❤ ♥✍✍❞s t✎ ❜✍ ❞✐r✍❝t✍❞ t✎ ❛ ❜✍❛♠ ❞✌♠♣ t✎ ❛✈✎✐❞ r✍✕✍❝t✐✎♥s✖ ✵♥ ✎❜❥✍❝t✐✈✍ ✑✍♥s

✇✐t❤ ❛❜✎✌t ●◗♠♠ ✒✎❝❛✑ ✑✍♥❣t❤ ✐s ♥✍❝✍ss❛r② t✎ ✒✎❝✌s t❤✍ ✐✑✑✌♠✐♥❛t✐✎♥ ✑✐❣❤t ✎♥ t❤✍ ✍❛r❞r✌♠✖ ❁❤✐s

✑✍♥s ♥✍✍❞s t✎ ❜✍ ♠✎✈❛❜✑✍ ✐♥ ✎r❞✍r t✎ ♠❛♥✌❛✑✑② ❛❞✎♣t t❤✍ ✒✎❝✌s ✎✒ t❤✍ s②st✍♠ ❛s t❤✍ ♣✎s✐t✐✎♥ ✎✒ t❤✍

✍❛r❞r✌♠ ✈❛r✐✍s ✐♥ ♣❛t✐✍♥ts✖ ❏♠❛❣✐♥❣ ✎✒ t❤✍ ✍❛r❞r✌♠ ❛s ✈✐s✌❛✑ ✒✍✍❞❜❛❝✏ ✐s ♥✍❝✍ss❛r② ✐♥ ✎r❞✍r t✎ ❛✑✑✎✇

♠❛♥✌❛✑ ✒✎❝✌s✐♥❣✖ ❁❤✍ ❯✵ ✐s r✍str✐❝t✍❞ t✎ ◗✖◗● ❜② t❤✍ ❝✑✐♥✐❝❛✑✑② ✌s✍❞ s♣✍❝✌✑✌♠ ♣r✎✈✐❞✐♥❣ ❝✎♥t❛❝t





❈❍�✁❚❊❘ ✽✂ ❈❖◆❈▲✄☎■❖◆ �◆❆ ❋✄❚✄❘❊ ❲❖❘❑ ✶✆✝

❛✞❞ ❛✟✐❣✞♠❡✞t ♦✠ ♦✡t✐❝❛✟ ❤❡❛❞ ❛✞❞ ❡❛☛ ❝❛✞❛✟✳ ☞❤❡ ☛❡✌❡❝t❡❞ ✟✐❣❤t ✐s ✠♦❝✉s❡❞ ♦✞ ❛ ❞❡t❡❝t♦☛ ✈✐❛ t❤❡

♦✍❥❡❝t✐✈❡ ❛✞❞ ❛✞ ✐♠❛❣✐✞❣ ✟❡✞s✳ ✎❡ ✡☛♦✡♦s❡ t❤❡ ✉s❡ ♦✠ ❛ ❝❛♠❡☛❛ ❛s ❞❡t❡❝t♦☛ ❛s t❤✐s ❛✟✟♦✇s ✈✐s✉❛✟

✐✞s✡❡❝t✐♦✞ ♦✠ t❤❡ ❡❛☛❞☛✉♠ ❛s ✇❡✟✟ ❛s ❛✞t✐✲❝♦✞✠♦❝❛✟ ❛✞❞ ❝♦✞✠♦❝❛✟ ✏✟t❡☛✐✞❣ ❞✉☛✐✞❣ ✐♠❛❣❡ ✡☛♦❝❡ss✐✞❣✳

✑♦☛ ✈✐s✉❛✟ ✐✞s✡❡❝t✐♦✞ ♦✠ t❤❡ ❡❛☛✱ t❤❡ ✟❛s❡☛ s♦✉☛❝❡s ♠✉st ✍❡ s✇✐t❝❤❡❞ ♦✒ ❛✞❞ ❛ ✇✐❞❡ ✏❡✟❞ ✐✟✟✉♠✐✞❛t✐♦✞

s✐♠✐✟❛☛ t♦ ✞♦☛♠❛✟ ♦t♦s❝♦✡❡s ✐s ✡☛♦✈✐❞❡❞ t❤☛♦✉❣❤ t❤❡ s✡❡❝✉✟✉♠✳ ☞❤❡ ❡❛☛❞☛✉♠ ❝❛✞ t❤❡✞ ✍❡ ♦✍s❡☛✈❡❞

♦✞ ❛ s❝☛❡❡✞ ❝♦✞✞❡❝t❡❞ t♦ t❤❡ ❝❛♠❡☛❛✳ ✓✞ ❛✟t❡☛✞❛t✐✈❡ ✇♦✉✟❞ ✍❡ t❤❡ ✉s❡ ♦✠ ❛ ✡❤②s✐❝❛✟ st♦✡ ❛✞❞ s✐✞❣✟❡

s❡✞s♦☛ ✐✞st❡❛❞ ♦✠ ✉s✐✞❣ ❛ ❝❛♠❡☛❛✳ ☞❤✐s ✇♦✉✟❞ ☛❡❞✉❝❡ t❤❡ ❝♦sts ♦✠ t❤❡ s②st❡♠ ✍✉t ❛ s❡❝♦✞❞ ✟✐❣❤t ✡❛t❤

✇♦✉✟❞ ✞❡❡❞ t♦ ✍❡ ✐✞❝✟✉❞❡❞ ✠♦☛ ✈✐s✉❛✟ ✐✞s✡❡❝t✐♦✞ ❛✞❞ ☛❡❝♦☛❞✐✞❣ ♦✠ ✡✐❝t✉☛❡s ♦✠ t❤❡ ❡❛☛❞☛✉♠ ✇♦✉✟❞

✞♦t ✍❡ ✡♦ss✐✍✟❡✳

☞❤❡ ❞✐♠❡✞s✐♦✞s ♦✠ t❤❡ ❤❛✞❞✲❤❡✟❞ s②st❡♠ ❞❡✡❡✞❞ ♦✞ t❤❡ ✉s❡❞ ❝❛♠❡☛❛ ❛✞❞ ❝♦✉✟❞ ✍❡ ♠✐✞✐♠✐s❡❞

✉s✐✞❣ ❛ s❡✞s♦☛ ✇✐t❤ ❝✉st♦♠ ❡✟❡❝t☛♦✞✐❝s ✡❛☛t✟② ✡✟❛❝❡❞ ✐✞ t❤❡ t❛✍✟❡ t♦✡ s❡t✉✡✳ ☞❤❡ ✔✓✕ ✈✐❡✇ ♦✠ t❤❡

❤❡❛❞ ✐✞ ✑✐❣✉☛❡ ✖✳✶ ✭❝✮ s❤♦✇s ❛ ✔✔✕ s❡✞s♦☛ ❛✞❞ ❝♦♦✟✐✞❣ ☛✐✍ ❛s ❤❡❛t s✐✞❦ ✐✞st❡❛❞ ♦✠ ❛ ❝♦♠✡✟❡t❡ ❝❛♠❡☛❛

s②st❡♠✳ ☞❤✐s ✈✐s✉❛✟✐s❡s ✡♦ss✐✍✟❡ ❞✐♠❡✞s✐♦✞s ♦✠ ❛ ♠✐✞✐❛t✉☛✐s❡❞ ✔✔✕ s❡t✲✉✡ ✇✐t❤ ❡✟❡❝t☛♦✞✐❝s ✡✟❛❝❡❞

✐✞ t❤❡ t❛✍✟❡ t♦✡ s❡t✲✉✡✳ ☞❤❡ ❞✐♠❡✞s✐♦✞ ♦✠ t❤❡ s②st❡♠ s❤♦✇✞ ❤❡☛❡ ❛☛❡ ❛✍♦✉t ✹✗ ✘ ✶✙✗ ✘ ✶✖✗♠♠✸

✭✇✐❞t❤✘❤❡✐❣❤t✘✟❡✞❣t❤✮✱ ✐✞❝✟✉❞✐✞❣ t❤❡ s✡❡❝✉✟✉♠✳

✓ ♠❡❛s✉☛❡♠❡✞t s❡q✉❡✞❝❡ ✐✞❝✟✉❞❡s ♠❛✞✉❛✟ ❛✟✐❣✞♠❡✞t ♦✠ t❤❡ s②st❡♠ ✐✞❝✟✉❞✐✞❣ ✠♦❝✉ss✐✞❣ ♦✞ t❤❡

❡❛☛❞☛✉♠ ❛✞❞ s❡✟❡❝t✐♦✞ ♦✠ ❛✞ ❛✡✡☛♦✡☛✐❛t❡ s❛♠✡✟✐✞❣ ❛☛❡❛✳ ☞❤❡ ✇❤✐t❡ ✟✐❣❤t s♦✉☛❝❡ ✇✐✟✟ t❤❡✞ ✍❡

s✇✐t❝❤❡❞ ♦✒ ❛✞❞ ❛✞t✐✲❝♦✞✠♦❝❛✟ ♠❡❛s✉☛❡♠❡✞ts t❛❦❡✞✳ ✚❡✠❡☛❡✞❝❡ ❛✞❞ ✞♦✐s❡ ♠❡❛s✉☛❡♠❡✞ts ❤❛✈❡ t♦ ✍❡

☛❡❝♦☛❞❡❞ t♦ ☛❡❞✉❝❡ ✍❛❝❦❣☛♦✉✞❞ ✞♦✐s❡ ❛✞❞ ❞❡t❡☛♠✐✞❡ t❤❡ ✐✟✟✉♠✐✞❛t✐♦✞ ✡♦✇❡☛✳ ☞❤❡ ✐✞✡✉t ✡♦✇❡☛ ❝❛✞

✍❡ ❡❛s✐✟② ♠❡❛s✉☛❡❞ ✍② ❛ ✡❤♦t♦ ❞✐♦❞❡ ✐✞ t❤❡ ✉✞✉s❡❞ ✍❡❛♠s✡✟✐tt❡☛ ✡❛t❤ ✇❤✐✟❡ ❛✞ ❡①t☛❛ ♠❡❛s✉☛❡♠❡✞t

✐s ✞❡❝❡ss❛☛② ✠♦☛ t❤❡ ✍❛❝❦❣☛♦✉✞❞ s✉✍t☛❛❝t✐♦✞✳ ✕✉☛✐✞❣ t❤✐s ♠❡❛s✉☛❡♠❡✞t ✞♦ s✐❣✞❛✟ ♠❛② ✍❡ ☛❡✌❡❝t❡❞

✠☛♦♠ t❤❡ s❛♠✡✟✐✞❣ ✡❛t❤ ❛✞❞ ❛♠✍✐❡✞t ✟✐❣❤t ✞❡❡❞s t♦ ✍❡ ☛❡❥❡❝t❡❞✳

✛✜✷✜✢ ✣✤♣✥✦✧★✩ ❙✪✫♥✬❧ P✥✦✯★✰✰✪♥✫

☞❤❡ ✍✐❣❣❡st ☛❡♠❛✐✞✐✞❣ ❝❤❛✟✟❡✞❣❡ ♦✠ t❤❡ s②st❡♠ ✐s t❤❛t ♠❡❛s✉☛❡♠❡✞ts ♦✠ t❤❡ ✐✞✌❛♠♠❛t✐♦✞ ✐✞❞❡① ❛☛❡

❛✒❡❝t❡❞ ✍② t❤❡ ♦✡t✐❝❛✟ ✡☛♦✡❡☛t✐❡s ♦✠ t❤❡ ❡❛☛❞☛✉♠✳ ✎❤✐✟❡ ❛ ♠❡t❤♦❞ ✇❛s ✡☛❡s❡✞t❡❞ t♦ ❛✟✟♦✇ ❝♦☛☛❡❝t✐♦✞

♦✠ t❤❡ ✐✞✌❛♠♠❛t✐♦✞ ✐✞❞❡① ✠♦☛ ❝❤❛✞❣❡s ✐✞ ❛✍s♦☛✡t✐♦✞ ♦✠ t❤❡ ❡❛☛❞☛✉♠✱ ❝❤❛✞❣❡s ♦✠ s❝❛tt❡☛✐✞❣ ❛☛❡ ✞♦t

❝♦✞s✐❞❡☛❡❞ ✐✞ t❤❡ ❝✉☛☛❡✞t s②st❡♠✳ ☞❤❡ ✡☛♦✡♦s❡❞ ❛✡✡☛♦❛❝❤ ✐s t♦ ❞❡t❡☛♠✐✞❡ t❤❡ ♦✡t✐❝❛✟ ✡☛♦✡❡☛t✐❡s ♦✠

t❤❡ ❡❛☛❞☛✉♠ ✉s✐✞❣ ❝♦✞✠♦❝❛✟ ♠❡❛s✉☛❡♠❡✞t ❛t t❤❡ s❛♠❡ t✐♠❡ ❛s ❛✞t✐✲❝♦✞✠♦❝❛✟✟② ❛ss❡ss✐✞❣ t❤❡ ♠✐❞❞✟❡

❡❛☛ ♠✉❝♦s❛✳ ✴♠✡☛♦✈❡❞ s✐❣✞❛✟ ✡☛♦❝❡ss✐✞❣ ❛✞❞ ✠✉☛t❤❡☛ ✐✞✈❡st✐❣❛t✐♦✞ ✐s ✞❡❝❡ss❛☛② ✐✞ ♦☛❞❡☛ t♦ ❞❡✈❡✟♦✡

❝♦☛☛❡❝t✐♦✞ ❛✟❣♦☛✐t❤♠s t❤❛t ❛❝❝♦✉✞t ✠♦☛ ❝❤❛✞❣❡s ♦✠ s❝❛tt❡☛✐✞❣ ✐✞ ❛❞❞✐t✐♦✞ t♦ ❛✍s♦☛✡t✐♦✞✳ ✵✞✟② ✇❤❡✞

t❤✐s ✡☛♦✍✟❡♠ ✐s s♦✟✈❡❞ ❛✞❞ t❤❡ ♦✡t✐❝❛✟ s②st❡♠ ♠✐✞✐♠✐s❡❞ ❝✟✐✞✐❝❛✟ t☛✐❛✟s ❝❛✞ ✍❡ ❝♦✞s✐❞❡☛❡❞✳
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❍✐st♦❧♦❣✐❝✂❧ ■♠✂❣✄s ♦❢ t❤✄ ●✉✐☎✄✂

P✐❣ ▼✐❞❞❧✄ ❊✂r

✆✝✞✟✠❛ ✡✞☛ ☞✞✌✌✍✠ ✠❛✎ ✏❛☞✡✍✠✏ ✇✠✎✠ ✑✒✠✌ ✞✟ ✓✔✎☞❛✍✌✠✕②✌✠ ✓✔✎ ✏✖✔✎❛☛✠✳ ❚✕✠ ✏❛☞✡✍✠✏ ✇✠✎✠ ✎✠☞✔✈✠✌
✓✎✔☞ ✖✕✠ ✓✔✎☞❛✍✌✠✕②✌✠ ✏✔✍✝✖✞✔✟✱ ✌✠✕②✌✎❛✖✠✌✱ ❛✟✌ ✖✕✠✟ ✡✍❛✗✠✌ ✞✟ ❛ ✡❛✎❛✘✟ ✇❛✒ ☞✔✝✍✌✳ ✙ ☞✞✗✎✔✚
✖✔☞✠ ✇❛✏ ✝✏✠✌ ✖✔ ✗✝✖ ✏❛☞✡✍✠ ✏✍✞✗✠✏ ✇✞✖✕ ❛ ✖✕✞✗❦✟✠✏✏ ✔✓ ✽ ✛☞✳ ❚✕✠✏✠ ✏✍✞✗✠✏ ✇✠✎✠ ✖✕✠✟ ✡✍❛✗✠✌ ✔✟
❛ ☞✞✗✎✔✏✗✔✡✠ ✏✍✞✌✠✱ ✏✖❛✞✟✠✌ ✇✞✖✕ ✜❛✏✏✔✟✬✏ ❚✠✗✕✟✞q✝✠✱ ❛✟✌ ✑✟❛✍✍② ☞✔✝✟✖✠✌ ✝✏✞✟☛ ❛ ✗✔✈✠✎ ✏✍✞✡ ❛✟✌
❉✢❳ ✭✜✔✝✟✖✞✟☛ ☞✠✌✞✝☞ ✇✞✖✕ ✎✠✓✎❛✗✖✞✈✠ ✞✟✌✠✒ ✏✞☞✞✍❛✎ ✖✔ ☛✍❛✏✏✮✳ ✜❛✏✏✔✟✬✏ ❚✠✗✕✟✞q✝✠ ✞✏ ✏✝✞✖❛✣✍✠
✓✔✎ ✗✔✍✍❛☛✠✟ ✏✖❛✞✟✞✟☛ ❬✷✷✤✥ ❛✟✌ ✟✝✗✍✠✞ ❛✎✠ ✏✖❛✞✟✠✌ ✣✍✝✠✚✣✍❛✗❦❀ ✜✝✏✗✍✠✱ ✎✠✌ ✣✍✔✔✌ ✗✠✍✍✏✱ ❛✟✌ ✑✣✎✞✟ ❛✎✠
✏✖❛✞✟✠✌ ✎✠✌❀ ❛✟✌ ✗✔✟✟✠✗✖✞✈✠ ✖✞✏✏✝✠ ❛✎✠ ✏✖❛✞✟✠✌ ✣✍✝✠ ✔✎ ☛✎✠✠✟ ✌✠✡✠✟✌✠✟✖ ✔✟ ✖✕✠ ✗✔✝✟✖✠✎✏✖❛✞✟ ✝✏✠✌✳

❋✞☛✝✎✠ ✙✳✶ ✏✕✔✇✏ ❛ ✶✦✧ ☞❛☛✟✞✑✗❛✖✞✔✟ ✏❛☞✡✍✠ ✔✓ ✖✕✠ ✗✔☞✡✍✠✖✠ ☛✝✞✟✠❛ ✡✞☛ ☞✞✌✌✍✠ ✠❛✎ ✔✟ ✖✕✠ ✍✠✓✖
❛✟✌ ✓✔✝✎ ✺✦✧ ✏❛☞✡✍✠✏ ✔✓ ✏✠✗✖✞✔✟✏ ✔✓ ✖✕✠ ✠❛✎✌✎✝☞ ✔✟ ✖✕✠ ✎✞☛✕✖✳ ❚✕✠ ✓✝✍✍ ☞✞✌✌✍✠ ✠❛✎ ✏❛☞✡✍✠ ✏✕✔✇✏
✖✕✠ ✖✕✞✟ ✠❛✎✌✎✝☞ ✔✟ ✖✕✠ ✎✞☛✕✖ ✞✟ ✎✠✌ ❛✟✌ ✖✕✠ ☞✞✌✌✍✠ ✠❛✎ ☞✝✗✔✏❛ ✞✟ ✝✟✌✠✎✍②✞✟☛ ✖✞✏✏✝✠ ✞✟ ✖✝✎q✝✔✞✏✠
❛✟✌ ✎✠✌✳ ❚✕✠ ❛✟✟✝✍✝✏ ❛✟✌ ❛✖✖❛✗✕☞✠✟✖ ✔✓ ✖✕✠ ✠❛✎✌✎✝☞ ✖✔ ✖✕✠ ☞✞✌✌✍✠ ✠❛✎ ✗❛✟ ✣✠ ✏✠✠✟ ✔✟ ✖✔✡ ❛✟✌
✣✔✖✖✔☞ ✔✓ ✖✕✠ ✠❛✎✌✎✝☞✳ ❚✕✠ ✠❛✎✌✎✝☞ ✕❛✏ ✣✠✠✟ ✓✎❛✗✖✝✎✠✌ ✌✝✎✞✟☛ ✡✎✔✗✠✏✏✞✟☛ ✣✝✖ ☞✔✏✖ ✔✓ ✞✖ ✞✏ ✏✖✞✍✍
✞✟ ✡✍❛✗✠✳ ❚✕✠ ✌✞✏✖❛✟✗✠ ✓✎✔☞ ✠❛✎✌✎✝☞ ✖✔ ☞✝✗✔✏❛ ✞✟ ✖✕✠ ☞✞✌✌✍✠ ✠❛✎ ✞✏ ✣✠✖✇✠✠✟ ✶✽✦ ✖✔ ✸★✦ ✛☞ ✇✞✖✕
❛✟ ❛✈✠✎❛☛✠ ✔✓ ✷✩✦ ✛☞✳

❋✔✝✎ ✞☞❛☛✠✏ ✔✓ ✖✕✠ ✠❛✎✌✎✝☞ ❛✎✠ ✏✕✔✇✟ ✔✟ ✖✕✠ ✎✞☛✕✖ ✇✞✖✕ ✕✞☛✕✠✎ ☞❛☛✟✞✑✗❛✖✞✔✟✱ ✠❛✗✕ ✏✕✔✇✞✟☛
❛✟✔✖✕✠✎ ✏✠✗✖✞✔✟ ✔✓ ✖✕✠ ✠❛✎✌✎✝☞ ❛✟✌ ✌✞✪✠✎✠✟✖ ✑✣✎✠ ✔✎✞✠✟✖❛✖✞✔✟✳ ❚✕✠ ✖✔✡ ✞☞❛☛✠ ✞✏ ✍✔✗❛✖✠✌ ✟✠❛✎ ✖✕✠
❛✖✖❛✗✕☞✠✟✖ ✔✓ ✖✕✠ ✠❛✎✌✎✝☞ ✖✔ ✖✕✠ ❛✟✟✝✍✝✏✳ ✙ ✎❛✌✞❛✍ ✑✣✎✠ ✞✏ ✈✞✏✞✣✍✠✱ ✗✝✖ ❛✍✔✟☛ ✞✖✏ ✍✠✟☛✖✕ ✣✝✖ ❛✍✏✔
✖✕✠ ✗✎✔✏✏ ✏✠✗✖✞✔✟✏ ✔✓ ✗✞✎✗✝✍❛✎ ✑✣✎✠✏ ❛✎✠ ✈✞✏✞✣✍✠✳ ❚✕✠ ✏✠✗✔✟✌ ✞☞❛☛✠ ✏✕✔✇✏ ✗✎✔✏✏✚✏✠✗✖✞✔✟❛✍ ✗✝✖✏ ✔✓
✎❛✌✞❛✍ ✑✣✎✠✏✳ ✫✟ ✖✕✠ ✖✕✞✎✌ ✞☞❛☛✠✱ ✖✕✠ ✎❛✌✞❛✍ ✑✣✎✠✏ ❛✎✠ ✗✝✖ ✔✎✖✕✔☛✔✟❛✍ ✖✔ ✖✕✠✞✎ ✍✠✟☛✖✕ ❛✟✌ ✓❛✍✍✠✟
✔✈✠✎ ✏✔ ✖✕❛✖ ✏✕✔✎✖ ✗②✍✞✟✌✠✎ ✏✠☛☞✠✟✖✏ ❛✎✠ ✈✞✏✞✣✍✠✳ ❚✕✠✏✠ ❛✎✠ ✈✞✏✞✣✍✠ ❛✏ ✏q✝❛✎✠✏ ✡✍❛✗✠✌ ✟✠✒✖ ✖✔ ✠❛✗✕
✔✖✕✠✎✳ ❚✕✞✏ ✞☞❛☛✠ ✏✕✔✇✏ ✖✕❛✖ ✖✕✠ ✑✣✎✠✏ ✕❛✈✠ ✌✞✪✠✎✠✟✖ ✌✞❛☞✠✖✠✎ ✎✠❛✗✕✞✟☛ ✓✎✔☞ ✷✳✶ ✖✔ ✤✳✷ ✛☞ ❛✟✌

✶✯✽
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❛✆ ❛✈❡r❛✝❡ ♦✞ ✹✟✹ ✖♠✟ ✠✆ t❤❡ ❧❛✡t ✐♠❛✝❡ t✇♦ ☞❜r❡✡ ❛r❡ ✈✐✡✐❜❧❡✟ ☛✆❡ ☞❜r❡ ✭❧♦✇❡r ❤❛❧✞ ♦✞ t❤❡ ✐♠❛✝❡✮ ✐✡
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✈❛r✐❡✡ ✞r♦♠ ✶✶ t♦ ✷✍✖♠ ✇✐t❤ ❛✆ ❛✈❡r❛✝❡ ♦✞ ✶✹✖♠✟
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✂❞❞✄t✄♦☎✆ t♦ t❤✝ ▼♦☎t✝ ❈❛r❧♦

❙♦❢t✇❛r✝

✞✳✶ ✟✠s✐✡☛ ❉✐s☞✌✐❜✍☞✐✠✡ ✎✠✌ ▲✏♠❜☛✌☞✐✏✡ ❘☛✑☛❝☞✐✠✡

❚✒✓ ✔✓✕✓✖✗✘✙✚ ✛✚❣✜✓ ✬ ✙✢ ✣✛✤✥✓✦✗✘✛✚ ✦✓✕✓✖✗✘✙✚ ✘✧ ❣✘✈✓✚ ✥② ✛ ✖✙✧✘✚✓ ✔✘✧✗✦✘✥✉✗✘✙✚ ✥✓✗★✓✓✚ ✗✒✓ ✛✚❣✜✓
✩✪❂✷ ✗✙ ✪❂✷ ✛✚✔ ✗✒✓ ✫✦✙✥✛✥✘✜✘✗② ✔✓✚✧✘✗② ✢✉✚✖✗✘✙✚ ✭P✮❋✯ ✘✧ ❣✘✈✓✚ ✥②

✰✱✲✴✵✸✹✺✻ ✼ ■✭✬✯ ✼ ■✽✾✿ ❀ ✖✙✧✭✬✯ ✭❁❃❄✯

❚✒✓ ✖✉✤✉✜✛✗✘✈✓ ✔✘✧✗✦✘✥✉✗✘✙✚ ✢✉✚✖✗✘✙✚ ✭❅✮❋✯ ✘✧ ✗✒✓ ✘✚✗✓❣✦✛✜ ✛✧ ✗✒✓ P✮❋

❊✱✲✴✵✸✹✺✻ ✼
❩

✰✱✲●✬ ✼
❩

■✽✾✿ ❀ ✖✙✧✭✬✯ ✼ ✧✘✚✭✬✯ ✭❁❃✷✯
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COSHH PROCEDURE ASSESSMENT FORM 

SCHOOL OF BIOLOGY 

Laboratory/Room: ❆✶�✱ ✁✐❢❡ ✂❝✐❡♥❝❡✄ ✥✉✐❧❞✐♥☎ UP QMC  

  

Title of procedure: ❖♣❡r❛✆✐♦♥ ♦❢ ❝❧❛✄✄ ✶ ✁❛✄❡r ✂②✄✆❡t ❢♦r ✂❦✐♥ ✝❡❢❧❡❝✆❛♥❝❡ ▼❡❛✄✉r❡t❡♥✆✄ 

Brief description of procedure: ❚❤✐✄ r✐✄❦ ❛✄✄❡✄✄t❡♥✆ ❝♦✞❡r✄ ✆❤❡ ✆✉r♥✐♥☎ ♦♥✱ ✄❛❢❡✆② ❝❤❡❝❦✱ ✉✄❡✱
❛♥❞ ✄❤✉✆✆✐♥☎ ❞♦✇♥ ♦❢ ✆❤❡ ❧❛✄❡r ✄②✄✆❡t✳ ✟✆ ❞♦❡✄ ♥♦✆ ❝♦✞❡r ❝❤❛♥☎❡✄ ♦❢ ✆❤❡ ✄②✄✆❡t ✐✆✄❡❧❢✳

❚❤✐✄ r✐✄❦ ❛✄✄❡✄✄t❡♥✆ r❡✠✉✐r❡✄ ❝❧❛✄✄ ✡✥ ❧❛✄❡r r✐✄❦ ❛✄✄❡✄✄t❡♥✆✄ ✆♦ ☛❡ ✐♥ ♣❧❛❝❡✳ ✂❛❢❡✆② ❝❤❡❝❦ ♦❢ ✆❤❡

✄②✄✆❡t r❡✠✉✐r❡✄ ✆❤❡ ✉✄❡r ✆♦ ❤❛✞❡ ✡✥ ❧❛✄❡r ✆r❛✐♥✐♥☎ ❛♥❞ ✐✄ ✄✉☛❥❡❝✆ ✆♦ ✆❤❡ ✟☛✐♦✄ ❝❧❛✄✄ ✡✥ ❧❛✄❡r ♣r♦✆♦❝♦❧✄✳

◆♦rt❛❧ ♦♣❡r❛✆✐♦♥ ♦❢ ✆❤❡ ✄②✄✆❡t ❞♦❡✄ ♥♦✆ r❡✠✉✐r❡ ❛♥② ❧❛✄❡r ✆r❛✐♥✐♥☎✱ ☛✉✆ ✐✄ ✄✉☛❥❡❝✆ ✆♦ ✆❤❡ ❛✆✆❛❝❤❡❞

✄❛❢❡✆② r❡♣♦r✆✳ 

Risk severity calculation ☞ see attached notes (page 3) 

Identified hazard Severity 

(S) 

Probability 

(P) 

Impact 

(I) 

Score 

(SxPxI) 
❊❧❡❝✆r✐❝❛❧ ✄✉♣♣❧② ✶ ✶ ✶ ✶

✂❤❛r♣✄ ✶ ✶ ✶ ✶

✥✐♦❧♦☎✐❝❛❧ ❛☎❡♥✆✄ ✶ ✶ ✶ ✶

❈❧❛✄✄ ✡✥ ❧❛✄❡r✄ ✡ ✶ ✶ ✡

score = 1-2 ✌ no further action required, but follow and maintain safe working practices. 

score = 3-4 ✌ action should be taken to ensure that control measures are in place within 1 month 

of hazard identification. Identify control/action required below. 

score = 6-8 ✌ work should not be started until control measures are in place. If work is already in 

progress, action should be taken as quickly as possible. Identify control/action required below. 

score = 9+ ✌ work must not start until control measures are in place to reduce the risk. If this is 

not possible then work may not begin. If work is already in progress it must be stopped 

immediately. Identify control/action required below. 

Control measures required  
(this may include training) 

Action required to achieve this Date action 
completed 

✁❛✄❡r r❡☎✐✄✆r❛✆✐♦♥✱ ✆r❛✐♥✐♥☎ ❛♥❞
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✝❡❢❡r ✆♦ ✁❛✄❡r r❡☎✐✄✆r❛✆✐♦♥ ❢♦rt✳ ❝♦t♣❧❡✆❡

❚❤❡ ❧❛✄❡r ✉✄❡r t✉✄✆ ❝♦♥❢✐rt ❝❧❛✄✄ ✶ ♦❢

❧❛✄❡r ✄②✄✆❡t ☛❡❢♦r❡ ✆❤❡ ✄✆❛r✆ ♦❢

❡✤♣❡r✐t❡♥✆✄✳ ❚❤✐✄ r❡✠✉✐r❡✄ ✡✥ ❧❛✄❡r

✆r❛✐♥✐♥☎✳

❋♦❧❧♦✇ ❝❤❡❝❦❧✐✄✆ ♦♥ ❛✆✆❛❝❤❡❞ ✄❛❢❡✆② r❡♣♦r✆✳

❚❤✐✄ ✐♥❝❧✉❞❡✄ t❡❛✄✉r✐♥☎ ♦❢ ✆❤❡ ♦✉✆♣✉✆

♣♦✇❡r ❛♥❞ t❡❝❤❛♥✐❝❛❧ ❧♦❝❦✐♥☎ ♦❢ ✆❤❡

✄②✄✆❡t✳

❖♥ ☎♦✐♥☎

✭☛❡❢♦r❡ ❡❛❝❤

❡✤♣❡r✐t❡♥✆✦

❚❤❡ ✉✄❡r t✉✄✆ ☛❡ ❢❛t✐❧✐❛r ✇✐✆❤ ✆❤❡

♦♣✆✐❝❛❧ ✄②✄✆❡t ❛♥❞ t❡❛✄✉r❡t❡♥✆

♣r♦✆♦❝♦❧✳

✟♥❞✐✞✐❞✉❛❧ t✉✄✆ r❡❛❞ ❛♥❞ ✄✐☎♥ ❛✆✆❛❝❤❡❞

✄❛❢❡✆② r❡♣♦r✆✳

❝♦t♣❧❡✆❡

 

Emergency contact person (if known):  

 

Assessed by: Signed: Date:  

Approved by:  Signed: Date:  
 

A HARD COPY OF THIS FORM MUST BE KEPT IN THE AREA WHERE THE PROCEDURE IS 

USED WITH RELEVANT SUBSTANCE RISK ASSESSMENT FORMS ATTACHED 
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❚☞❜❧❡ ❖✖ ◗☞s❡✍ ✗☞♦❡t✑✔ ❘❯❱ ♦☛✍ s❦✐♥ ❣✐✈❡♥ ♦☛✍ ✓ s ❡①♣☛s✉✍❡ t✐♠❡ ❲✇❤✐✒❤ ✐s ❳❩ t✐♠❡s t❤❡ ✍❡q✉✐✍❡✎

✒☞♠❡✍☞ ❡①♣☛s✉✍❡ t✐♠❡ ☞❧❧☛✇✐♥❣ ♦☛✍ s❧☛✇ s✇✐t✒❤✐♥❣ ☛♦ t❤❡ ❜❡☞♠ s❤✉tt❡✍s❬✔

❭❪❫ ❴❵❥✤⑤⑥ ✘⑦✙⑧✘⑨ ⑩✘⑨⑧✚ ❴❵❥✤⑤⑥ ✦✘❢✚

❈✘❶✚ ❷❸❹ ✥✤ ❥ ❺❻❺ ✥✤ ❷❸❹ ✥✤ ❥ ❺❻❺ ✥✤

✽❼✫✰ ❂✰✮✪✯✬✧ ✮✾★✪✬✩✫✮✰■ ❽❽❾❾❾ ❿ ❽➀❾➀➀ ●❅➁● ❿ ➂❅❽❁ ❨★✲

✽❼✫✰ ❂✻✮✪✲✩ ❝✬✲★■ ❽❽❾❾❾ ❿ ❽➀❾➀➀ ➃➃➂➀ ❿ ❁❽➄➂ ❨★✲

❊❏★ ❂✻✮✪✲✩ ❝✬✲★■ ❽❾ ❿ ❽➅❅❁ ❾❅❾❽ ❿ ❾❅❾❽➂ ❨★✲

✆✳➆ ➇➈➉➊➋✡➌➊✠➈ ➍✠➎✠✡➏➐

❚❤❡ ❡❧❡✒t✍✐✒☞❧ ❡q✉✐♣♠❡♥t ✉s❡✎ ✐♥ t❤❡ s✑st❡♠ ✉s❡ ❡✐t❤❡✍ st☞♥✎☞✍✎ ♣☛✇❡✍ s✉♣♣❧✐❡s ✇✐t❤ ✈☞❧✐✎ ❯✕❚ t❡st

☛✍ t❤❡✐✍ ✈☛❧t☞❣❡ ✐s ✍❡st✍✐✒t❡✎ t☛ ✓❖➑✔ ◆☛ ❡❧❡✒t✍✐✒☞❧ ❡q✉✐♣♠❡♥t ✐s ✒☛♥♥❡✒t❡✎ t☛ t❤❡ s☞♠♣❧❡ ❤☛❧✎❡✍✔

➒❡♥✒❡✱ ♥☛ ❡❧❡✒t✍✐✒☞❧ ❤☞✌☞✍✎s ❤☞✈❡ ❜❡❡♥ ✐✎❡♥t✐✏❡✎✔

✆✳➓ ➔➌→➈→➣➌➊✠➈ ✠↔➏ ↕➙➉✟➌➊✠➈ ➍✠➎✠✡➏➐

❚❤❡ ☛♥❧✑ ✒☛♥t☞✒t ♣☛✐♥t ☛♦ t❤❡ ✈☛❧✉♥t❡❡✍ ☞♥✎ t❤❡ s✑st❡♠ ✐s t❤❡ s☞♠♣❧❡ ❤☛❧✎❡✍✱ ♠☞✎❡ ☛♦ ☞❧✉♠✐♥✐✉♠✔

◆☛ ☛t❤❡✍ ✒❤❡♠✐✒☞❧ ☛✍ ❜✐☛❧☛❣✐✒☞❧ s✉❜st☞♥✒❡s ☞✍❡ ✐♥✈☛❧✈❡✎ ✐♥ t❤✐s s✑st❡♠ ☞♥✎ ❡①♣❡✍✐♠❡♥t✔ ➒❡♥✒❡

t❤❡✍❡ ☞✍❡ ♥☛ ❜✐☛❧☛❣✐✒☞❧ ☞♥✎ ✒❤❡♠✐✒☞❧ ❤☞✌☞✍✎s✔





✹ ❍�✁�❆❉❙ ✺

❚❛✂❧❡ ✸✄ ▲❛☎❡r P♦✇❡r ✐♥ t❤❡ ☎②☎t❡♠✳ P♦✇❡r ✐♥ ♦✆t✐❝❛❧ ☎②☎t❡♠ ✐☎ ♦♥❧② ❛❝❝❡☎☎✐✂❧❡ ✇❤❡♥ t❤❡ ✂♦① ✐☎

♦✆❡♥❡❞✳ ❚❤✐☎ ✐☎ ♠❡❝❤❛♥✐❝❛❧❧② ☞①❡❞ ❛♥❞ ♥♦t ✆♦☎☎✐✂❧❡ ❞✉r✐♥❣ ❡①✆❡r✐♠❡♥t☎✳

✽✵✽ ✝✞ ✟✠✷✝✞

✡☛✌✍✎✏☛✝ ✑☛✒✓✔ ❈✕✍ss ✑☛✒✓✔ ❈✕✍ss

✖✗✘✙✚ ✛✜✢❲ ✛❇ ✣✜✢❲ ✛❇

✤✥✥✙✘✘✦❜✧✙ ✦★ ✩♣✪✦✥✗✧ ✘✫✘✪✙✢ ✬✭✛✮✢❲ ✛❘ ✜✭✜✣✯✢❲ ✶

✤✥✥✙✘✘✦❜✧✙ ✗✪ ✘✗✢♣✧✙ ✜✭✮✬✣ ✰❲ ✶ ✜✭✛✾✛ ✰❲ ✶

✱✲✴✲✻ ✼❦✿❀

❚❤❡ ❤❛♥❞ ✇✐❧❧ ✂❡ ❡①✆♦☎❡❞ t♦ ❧❛☎❡r r❛❞✐❛t✐♦♥ ❞✉r✐♥❣ ♠❡❛☎✉r❡♠❡♥t☎✳ ❚❤❡ ❝❛❧❝✉❧❛t✐♦♥☎ ✂❡❧♦✇ ☎❤♦✇

t❤❛t t❤❡ ♠❛①✐♠✉♠ ✆❡r♠✐☎☎✐✂❧❡ ❡①✆♦☎✉r❡ ❁▼P❊❂ ✐☎ ♥♦t ❡①❝❡❡❞❡❞ ❞✉r✐♥❣ t❤❡ ❡①✆❡r✐♠❡♥t☎✳ ❚❤❡

❞❡☞♥✐t✐♦♥ ♦❃ ▼P❊ ❃♦r ❧❛☎❡r r❛❞✐❛t✐♦♥ ♦♥ ☎❄✐♥ ❛r❡ ❞❡☞♥❡❞ ✐♥ t❤❡ ❅❋■ ❋t❛♥❞❛r❞ ♦❃ ☎❛❃❡t② ♦❃ ❧❛☎❡r

✆r♦❞✉❝t☎ ❁❅❋ ❊◆ ●❏❑❖✺◗❯✄❖❏❯❱❂ ✐♥ ❚❛✂❧❡ ❳✳✺✳ ❨♦r ❡①✆♦☎✉r❡ t✐♠❡☎ ❩ ❬ ❯❏❭❪ t♦ ❯❏ ☎ t❤❡ ▼P❊ ✐☎

❣✐✈❡♥ ✂②

❫❴❵❁❱❏❏ ❢ ❥❏❏ ♥♠q ❯❏
❭❪

❢ ❯❏ ☎❂ ❬ ❯③❯ ④ ❯❏
⑤
④ ❩

⑥⑦⑧⑨
⑩❶♠

❭⑧
❁❯❂

❫❴❵❁❥❏❏ ❢ ❯❱❏❏ ♥♠q ❯❏
❭❪

❢ ❯❏ ☎❂ ❬ ❯③❯ ④ ❯❏
⑤
④ ❯❏

⑥⑦⑥⑥⑧❷❸❭❪⑥⑥❹
④ ❩

⑥⑦⑧⑨
⑩❶♠

❭⑧
❁❖❂

❛♥❞ ❃♦r ❯❏ t♦ ✸ ④ ❯❏⑤ ☎ ✂②

❫❴❵❁❱❏❏ ❢ ❥❏❏ ♥♠q ❯❏ ❢ ✸ ④ ❯❏
⑤
☎❂ ❬ ❖❏❏❏❺❶♠

❭⑧
❁✸❂

❫❴❵❁❥❏❏ ❢ ❯❱❏❏ ♥♠q ❯❏ ❢ ✸ ④ ❯❏
⑤
☎❂ ❬ ❖❏❏❏ ④ ❯❏

⑥⑦⑥⑥⑧❷❸❭❪⑥⑥❹
❬ ✸❖❑❻❺❶♠

❭⑧
❁❱❂

❚❤✐☎ ❝❛♥ ✂❡ ✉☎❡❞ t♦ tr❛♥☎❧❛t❡ t❤❡ ▼P❊ ❣✐✈❡♥ ✐♥ ❡♥❡r❣② ✆❡r ❛r❡❛ ✐♥t♦ ✆♦✇❡r ❛❝❝♦r❞✐♥❣ t♦

❼❽❾❿ ➀➁➂➃➄ ➃❾➀➁➅➆➄➃ ➇❺➈ ❬ ❫❴❵ ➇⑩❶♠
❭⑧

➈ ④
➉➊➋➌➍

❩
❁✺❂

✉☎✐♥❣ t❤❡ ❛r❡❛ ♦❃ t❤❡ ✂❡❛♠ ➉➊➋➌➍ ❬ ➎➏⑧➊➋➌➍ ❛t t❤❡ ☎❛♠✆❧❡✳ ➐❡❛rr❛♥❣❡❞ t♦ ❝❛❧❝✉❧❛t❡ t❤❡ ♠❛①✐♠✉♠

✆❡r♠✐☎☎✐✂❧❡ ❡①✆♦☎✉r❡ t✐♠❡ ❛♥❞ r❡✆❧❛❝✐♥❣ t❤❡ ▼P❊ ✂② t❤❡ ♠❡❛☎✉r❡❞ ✆♦✇❡r ❛t t❤❡ ☎❛♠✆❧❡☎ ☎t❛❣❡

r❡☎✉❧t☎ ✐♥

❩➍➌➑❁✺✸❖❂ ❬

➒
➓➔

➓→

➣
↔⑦↔↕↔⑥➙↕➛➜➝➞➟

➠❷⑨➡⑧❹

➢⑤➤➡
✐❃ ❴ ❁✺✸❖❂ ➥ ❖❏❏❏❺❶♠

⑧

✸ ④ ❯❏⑤ ✐❃ ❴ ❁✺✸❖❂ ➦ ❖❏❏❏❺❶♠⑧
❁●❂

❩➍➌➑❁❑❏❑❂ ❬

➒
➓➔

➓→

➣
↔⑦↔↕↔⑥➙↕↔⑥➧➨➧➧➩➫➭➧➭➯➲➧➧➳↕➛➜➝➞➟

➠ ❷➵⑥➵❹

➢⑤➤➡
✐❃ ❴ ❁❑❏❑❂ ➥ ✸❖❑❻❺❶♠⑧

✸ ④ ❯❏⑤ ✐❃ ❴ ❁❑❏❑❂ ➦ ✸❖❑❻❺❶♠⑧
❁❥❂

✇❤❡r❡ ❴ ❁✺✸❖❂ ❛♥❞ ❴❁❑❏❑❂ ✐☎ t❤❡ ✆♦✇❡r ❞❡♥☎✐t② ♦❃ t❤❡ ✂❡❛♠ ❣✐✈❡♥ ✂② t❤❡ ♠❡❛☎✉r❡❞ ✆♦✇❡r ♦❃ t❤❡

❧❛☎❡r ✂❡❛♠ ❞✐✈✐❞❡❞ ✂② t❤❡ ❡①✆❡❝t❡❞ ✂❡❛♠ ❛r❡❛ ➉➊➋➌➍✳



✺ ❙❆�❊❚❨ ❈❍❊❈❑✲▲✁❙❚ ✻

✂❤❡ ♣❡r♠✐ss✐❜❧❡ ❡①♣♦s✉r❡ t✐♠❡ ❞❡♣❡♥❞ ♦♥ t❤❡ r❛❞✐✉s ♦✄ t❤❡ ❜❡❛♠✳ ✂✇♦ ❝❛s❡s ❛r❡ ❝♦♥s✐❞❡r❡❞

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

✐♥t♦ ❛ ❞✐☛r❛❝t✐♦♥ ❧✐♠✐t❡❞ ❛r❡❛✳

◆☎✆✝✞✟ ❖✠✡✆✞✌✍☎✎✿ ■♥ ♥♦r♠❛❧ ♦♣❡r❛t✐♦♥ t❤❡ ❤❛♥❞ ✇✐❧❧ ❜❡ ♣❧❛❝❡❞ ✸♠♠ ❛✇❛② ✄r♦♠ t❤❡ ✄♦❝❛❧

s♣♦t✳ ✂❤❡ ❜❡❛♠ r❛❞✐✉s ✄♦r t❤❡ ♦♣t✐❝s ✇✐t❤ ❛♥❞ ✏✑ ♦✄ ❛❜♦✉t ✵✳✵✒ ✐s ✵✳✷✷✓♠♠ ❛♥❞ t❤❡ ❜❡❛♠

❛r❡❛ ✐s ✔✕✖✗✘ ❂ ✵✙✶✻♠♠✚✳ ✂❤✐s r❡s✉❧ts ✐♥ ❛ ♣♦✇❡r ❞❡♥s✐t② ♦♥ t❤❡ s❛♠♣❧❡ ♦✄ P ✭✒✵✒✽ ❂ ✸✙✶✛ ❛♥❞

P✭✓✸✷✽ ❂ ✷✙✓✷❲✴♠✚✳ ✂❤✐s ✐♥ t✉r♥ r❡s✉❧ts ✐♥ ❛ ♠❛①✐♠✉♠ ♣❡r♠✐ss✐❜❧❡ ❡①♣♦s✉r❡ t✐♠❡s ♦✄ ✸ ✜ ✶✵✹ s

✄♦r ❜♦t❤ ❧❛s❡rs✳

✢☎✆✣✌ ✤✞✣✡ ✥✦✡✎✞✆✍☎✿ ✂❤❡ r❛❞✐✉s ♦✄ t❤❡ ❞✐☛r❛❝t✐♦♥ ❧✐♠✐t❡❞ s♣♦t ✧✗★✩✪ ✐s ❣✐✈❡♥ ❜②

✧✗★✩✪ ❂ ✵✙✻✶ ✜
✫

✬✔
✭✒✽

❣✐✈✐♥❣ ❛ r❛❞✐✉s ♦✄ ✻✳✶✻ ✮♠ ❛♥❞ ✛✳✵✻ ✮♠ ✄♦r ✒✵✒ ❛♥❞ ✓✸✷ ♥♠✱ r❡s♣❡❝t✐✈❡❧②✳ ✂❤❡ ❛r❡❛ ♦✄ t❤❡ ❜❡❛♠ ✐s

✔✕✖✗✘✭✒✵✒✽ ❂ ✶✶✯ ❛♥❞ ✔✕✖✗✘✭✓✸✷✽ ❂ ✓✷ ✮♠✚✳ ✂❤✐s r❡s✉❧ts ✐♥ ❛ ♣♦✇❡r ♣❡r ❛r❡❛ ♦✄ P✭✒✵✒✽ ❂ ✛✶✯✸

❛♥❞ P✭✓✸✷✽ ❂ ✼✼✸✒❲✴♠✚ ❛♥❞ ♠❛①✐♠✉♠ ♣❡r♠✐ss✐❜❧❡ ❡①♣♦s✉r❡ t✐♠❡s ♦✄ ✼✳✵✷ ❛♥❞ ✶✳✻ s ✄♦r ✒✵✒ ❛♥❞

✓✸✷ ♥♠✳

✂❤❡ ❛❜♦✈❡ ♠❡❛s✉r❡❞ ♣♦✇❡r ✐s ✉s❡❞ ✐♥ ❝✉rr❡♥t ❡①♣❡r✐♠❡♥ts ✇✐t❤ r❡q✉✐r❡❞ ❡①♣♦s✉r❡ t✐♠❡ ♦✄ t❤❡
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Faculty of Engineering 

Process for approval of research study involving human participants 
 

Introduction 

This document describes the process to be followed when planning and obtaining approval for studies involving 

human participants within the Faculty of Engineering.  This process is based on one previously run within the 

School/Dept M3.  The process is administered by the Faculty Research Ethics Committee, and managed by the 

Chair of the Ethics Committee, Dr. Gary Burnett, and Faculty Research Ethics Officer, Dr. Sarah Sharples.  All 

queries regarding the process should be initially sent to the Faculty Ethics Administrator, Dina Martin.   

 

What is Ethics Approval?  

When conducting any study or observation or collecting data about individuals, it is essential that full 

consideration is given to ethical issues and that steps are taken to ensure participant well-being throughout the 

study.  

Participants involved in research studies have a right to: 

- Know the goals of the study and who is funding the work 

- Make an informed decision about whether or not they wish to participate 

- Leave the study at any time if they do not wish to continue 

- Know what will happen to them during the study and how long it will take 

- Know if they may experience any discomfort 

- Know what will happen to the findings 

- Privacy of personal information 

- Be treated courteously 

The University of Nottingham and Faculty of Engineering have an ethics procedure that requires all staff and 

students to submit an application for ethical approval before conducting any research study involving human 

participants.  Members of the Ethics Committee read through study proposals to check that the researcher has 

demonstrated that they have given full consideration to ethical issues and that they have provided participants 

with appropriate and sufficient information.  

 

Who needs Ethics Approval?  

ANY member of staff or registered student of the University of Nottingham involved in conducting any study or 

observation or collecting data about individuals MUST adhere to the University Code of Research Conduct and 

Research Ethics.  Those affiliated with the Faculty of Engineering MUST ALSO comply with the Faculty ethical 

approval process before commencing their study.  

 

Ethics application procedure 
 

The attached document outlines the ethics approval process within the Faculty of Engineering.  For all 

applications required to undergo formal review, applications must be submitted to the Ethics Administrator, 

Faculty of Engineering Research Office, Coates Building.  The application will then be reviewed by the ethics 

committee.  We aim to return a decision to applicants within two weeks but the procedure may be delayed if 

the ethics committee require further ✁�✂✄☎✆✝✞✁✄�✟ ✠✞ ✁✡ ✞☛☞ ✝✌✌✍✁✎✝�✞✏✡ ☎☞✡✌✄�✡✁✑✁✍✁✞✒ ✞✄ ✆✝✓☞ ✡✔☎☞ ✞☛✝✞

applications are submitted in good time. 

 

THE STUDY MAY NOT START UNTIL ETHICAL APPROVAL HAS BEEN AWARDED 

 

 



Information you should give to ALL participants 
 

The following list describes the information that should be given to all participants.  Normally this should be given in a 

participant information sheet at the beginning of the study, and participants should be required to confirm that they have 

understood the nature of the study, and that they are happy to participate.   

The following information should be included: 

 

� Details of who will be conducting the study. 

 

� Details about who is sponsoring the study and what the terms of the sponsorship are (i.e. who will 'own' the data 

and how the data will be used). 

 

� Details about the nature, purpose and duration of the study. (Participants whose first language is NOT English may 

need further explanation of what is involved as their understanding of some of the terminology may be limited). 

 

� What kinds of procedures will be used and what participant will be asked to do. 

 

� Details about any hazards, inconveniences and risks associated with the study. 

 

� What procedures will be followed if a participant is injured. (only needed if risk of injury has been identified) 

 

� What benefits (payments, expenses etc) are attached to the study. 

 

� What they need to do in order to receive the payments described above. 

 

� What procedures will be employed to maintain confidentiality and anonymity (e.g. removing personal details from 

data/reports, keeping data in locked files) 

 

� What will happen to the data (how it will be used, how it will be stored, in what form it will be disseminated and if it 

is likely to be used for further analysis). 

 

� How you will use photographs or video records (data analysis, illustration purposes, displayed to sponsors/ non-

public academic audiences, printed in public domain documents etc). 

 

� Details about who to contact if questions or problems arise.  

 

� ALL participants must be told that any involvement in the study is voluntary and they are free to withdraw at any 

time.  You should also explain any consequences for the participant of withdrawing from the study and indicate 

✁✂✄☎ ✁✆✝✝ ✞✟ ✠✡☛✟ ✁✆☎✂ ☎✂✟ ☞✄✌☎✆✍✆☞✄☛☎✎s data if they withdraw. 

 



Faculty of Engineering 

Application for approval of research study involving human participants 
 

ALL applicants must provide the following information  

The applicant must be the person who will conduct the investigations; each application must be made by one 

applicant: 

� usually the student in the case of taught or research courses,  

� usually the researcher (the member of university research or academic staff) who will conduct the study 

in the case of funded research projects,  

� usually the principal investigator in the case of applications for ethics approval in advance of submission 

of a research proposal 

 

If the applicant is an Undergraduate or Postgraduate taught or research student please complete the 

information below. The application must be approved by a Supervisor. 

Name of student: David Jung Student No: 4202060 

Course of study: PhD, EEE Email address: eexdsj@notthingham.ac.uk 

Supervisor: Chung See   

 

If the applicant is a member of university research or academic staff, please complete the information below: 

For research staff, the application must be approved by the Principal Investigator  

Name:  Principal Investigator   

(Budget Holder) 

 

Email address:  PI Signature: ✄✄✄✄✄✄✄✄✄✄✄✁✁✄✄✄✄✄✁✁✄✄✄✄✄✁✁✄✄✄ 

 

Title of investigation : Skin reflectance measurement under influence of temperature 

 

Planned date for study to begin:  1
st

 March 2016   Duration of Study: 1 Month (until end of March 2016) 

 

Please state whether this application is:  

New  Revised  A renewal  For a continuation study 

 

 

Selection of review process 

Please indicate whether the application is required to go forward to the ethics committee for formal review, or, 

in the case of projects completed by taught undergraduate and postgraduate students only, whether the 

application can be approved by the supervisor under the expedited review process. 

 

Formal review, application will be     Expedited review, application is approved  

 submitted to ethics committee     by supervisor  

 

Approval by supervisor: expedited review  

I approve the application as supervisor of this project, under the expedited review procedure.   

 

Name of supervisor✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂ Signature☎☎☎☎☎☎☎☎☎☎☎☎☎☎☎☎☎☎☎☎☎ ✆✝✞✟☎☎☎☎☎☎✠✠ 

 

Office use only                

Date form received:            

Passed to reviewers:   1. ✡☛☞✌✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✍ ✎☛✏✌✂✂✂✂✂✂✂✂✂✍✍ 

(formal review only) ✑✍ ✡☛☞✌✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✂✍ ✎☛✏✌✂✂✂✂✂✂✂✂✂✍✍ 

Date decision returned to applicant:                         



Ethical Issues Checklist 

 

The purpose of this Checklist is to facilitate the review process and to identify any ethical issues that may concern the 

Committee.  It is meant to be an aid to both the researcher and the Committee.  Listed below are areas which require some 

justification and attention on your part in specifying your study protocol.  Please answer each question honestly, giving full 

details where required✄ �✁✂☎✆✝✞✁✟ ✠✡☛☞✌ ✍✎ ✏✁✑ ✎✒ ✍✓✆ ✔✕✆✂✍✞✎✁✂ ☎✞✖✖ ✁✎✍ ✁✆✗✆✂✂✏✝✞✖✑ ✖✆✏✘ ✍✎ ✏ ✁✆✟✏✍✞✙✆ ✝✆✂✚✎✁✂✆ ✍✎ ✑✎✕✝

application but it will draw issues to your attention and give the reviewers the opportunity to ensure appropriate steps are 

being taken.  In expedited review, supervisors should ensure that for ✏✁✑ ✔✕✆✂✍✞✎✁✂ ☎✓✆✝✆ ✍✓✆ ✏✁✂☎✆✝ ✠✡☛☞✌ ✓✏✂ ✛✆✆✁

given, appropriate measures have been taken to maintain ethical compliance. 

 

Applicant✜s full name: David Jung 

   

You must complete ALL of this section before submitting your application  

  

1 Who is the population to be studied?   

  

Humans, 18+ years old, white skin colour. 
 

2 Please give details of how the participants will be identified, approached and recruited.  (Include any 

relationship between the investigator and participants e.g. instructor-student). 

  

  

Posters will be put up in the department. The information sheet will be send to interested individuals via 

email. 

 

3 Will the population studied include any vulnerable members of the public?  

Note: for the purpose of ethics approval this includes participants who are under 18, people who are 

disabled or in poor health, and also those who are non-English speakers and may not be able to 

understand the consent forms.  (If YES, please give further details) 

YES NO 

  

✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢✢ 
 

4 Will it be possible to associate specific information in your records with specific participants on the 

basis of name, position or other identifying information contained in your records? 

 

YES NO 

5 What steps have you taken to ensure confidentiality of personal information and anonymity of data 

both during the study and in the release of its findings? 

  

  

No personal data will be collected. Each participant will be given a unique 3 digit number. This number will 

be connected to the data, but not to the consent form. Their name will be only connected to the consent 

form but not the data. The participant will not be identifiable. 

 

6 Describe what data will be stored, where, for what period of time, the measures that will be put in 

place to ensure security of the data, who will have access to the data, and the method and timing of 

disposal of the data. 

  

  

The data to be stored are skin reflectance measurements and photographs of the hand. 

The original photographs will be stored on a removable SD card on the camera. This data will be transferred 

to the University network (Z: drive) and the original data on the SD card deleted. The measurement data will 

be stored on the University network directly. The data will be accessible by the student conducting the study 

only, using their username and password. 

The participant may request deletion of the data quoting their unique ID number, before publication of the 

data. All paper documents (consent form and data collection sheet) will be stored securely within the 

University. 

All data will be kept for 7 years after date of publication. 
 

7 Will persons participating in the study be subjected to physical or psychological discomfort, pain or 

aversive stimuli which is more than expected from everyday life?  (If YES, please give further details) 

YES NO 

  

Exposure of one hand to cold (~6°C) and hot (~47°C) water for 5 minutes each. 

 
 

 



8 Will participants engage in strenuous or unaccustomed physical activity? (If YES, please give further details) YES NO 

  

✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄ 
 

9 Will the investigation use procedures designed to induce participants to act contrary to their wishes? 

(If YES, please give further details) 

YES NO 

 ✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄ 
 

10 Will the investigation use procedures designed to induce embarrassment, humiliation, lowered self 

esteem, guilt, conflict, anger, discouragement or other emotional reactions?  (If YES, please give 

further details)  

YES NO 

 ✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄ 
 

11 Will participants be induced to disclose information of an intimate or otherwise sensitive nature? (If 

YES, please give further details) 

YES NO 

  

✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄ 
 

12 Will participants be deceived or actively misled in any manner? (If YES, please give further details) 

 
YES NO 

  

✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄ 
 

13 Will information be withheld from participants that they might reasonably expect to receive?  (If YES, 

please give further details) 

YES NO 

  

✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄ 
 

14 Will the research involve potentially sensitive topics? (If YES, please give further details) YES NO 

  

✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄ 
 

 

If you require space for additional information, please add it here and identify the question to which it refers: 



Checklist of information to include with your application: 

Please tick the boxes below to confirm that you have included the following information with your submission.  

Failure to include the required information may result in your ethics application and approval for start of your 

research to be delayed.  

 

A brief description of the study design: 

� number and type of participants 

� number and duration of activities participants will be involved in 

� equipment and procedures to be applied 

� information about how participants will be recruited  

� whether participants will be paid (state how this will be done) 

� plans to ensure participant confidentiality and anonymity  

� plans for storage and handling of data 

� information about what will happen to the data after the study   

� information about how any data and images may be used 

� state whether it will be possible to identify any individuals.  

 

Copies of any information sheets to be given to participants (include recruitment information (e.g. adverts, 

posters, letters, etc) 

 

A copy of the participant consent form 

 

Copies of data collection sheets, questionnaires, etc 

 

 

I confirm that all of the above is included in the application: 

 

As the applicant I confirm that I have read and understand the Ethical requirements for my study and have read 

and complied with the University of Nottingham Code of Research Conduct and Research Ethics.    

 

Signature of applicant ✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄  Date ✄✄✄✄✄✄✄✄✄✁✄✄✄✁ 

 

 

 

As supervisor, I confirm that I have checked the details of this application. 

 

Signature of supervisor ✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✁✄✁✁  Date ✄✄✄✄✄✄✄✄✄✄✄✄✁✁ 

 

NB The signature of the supervisor on this part of the application DOES NOT indicate supervisor 

approval for expedited review.  If supervisor approval is granted then the front page of the 

application MUST be signed for approval to be confirmed. 

 



Ethics Committee Reviewer Decision 

 

This form must be completed by each reviewer.   Each application will be reviewed by two members of the 

ethics committee.  Reviews may be completed electronically and sent to the Faculty ethics administrator (Dina 

Martin) from a University of Nottingham email address, or may be completed in paper form and delivered to 

the Faculty of Engineering Research Office. 

 

�✁✁✂✄☎✆✝✞ ✟✠✂✂ ✝✆✡☛ ☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞  

 

Reviewed by:  

 

Name              ☞☞☞☞☞☞✌✌☞☞✌☞☞☞☞☞☞✌☞☞☞☞☞☞☞☞☞☞☞☞☞✌✌☞☞☞☞☞☞☞☞  

 

Signature (paper based only)  ☞☞☞☞☞☞☞☞☞☞☞☞☞✌✌☞✌✌☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞  

 

✍✆✞☛ ☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞ 

 

 

Approval awarded - no changes required 

 

 Approval awarded - subject to required changes (see comments below) 

 

 Approval pending - further information & resubmission required (see comments) 

 

  Approval declined ✎ reasons given below 

 

 

Comments:  
 

☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞ 

☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞ 

☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞ 

☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞ 

☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞ 

☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞ 

☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞ 

☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞ 

☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞ 

☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞☞ 

 

Please note: 

 

1. The approval only covers the participants and trials specified on the form and further approval must be requested for 

any repetition or extension to the investigation. 

2. The approval covers the ethical requirements for the techniques and procedures described in the protocol but does 

not replace a safety or risk assessment. 

3. Approval is not intended to convey any judgement on the quality of the research, experimental design or techniques. 

4. Normally, all queries raised by reviewers should be addressed.  In the case of conflicting or incomplete views, the 

ethics committee chair will review the comments and relay these to the applicant via email.  All email correspondence 

related to the application must be copied to the Faculty research ethics administrator.   

 

Any problems which arise during the course of the investigation must be reported to the Faculty Research 

Ethics Committee 









Information for Participant   Page 2 of 2  

connected to your name. You can request deletion of the data quoting the ID 

number given on the top of this form. This is only possible before publication 

of the data. 

The collected data will primarily be used to validate the developed optical 

system. It might also be used in publications and for further research.  

 

Contact Student (conducting 

the study) 

 

 

Supervisor 

David Jung 

Email: david.jung@nottingham.ac.uk 

Phone: 0115 8468848 

 

John Crowe 

Email: John.Crowe@nottingham.ac.uk 

Phone: 0115 9515590 

 

Involvement in this study is voluntary and the participant is free to withdraw at any time without 

giving reasons. There are no consequences for the participant of withdrawing from the study. All 

data will be deleted in case of withdrawing from the study. 

You may contact the conductor of the study (see above) and request for your data to be removed 

from the study. You will need your identification number that was given to you during the data 

acquisition in order to do this (see top of this form).  Note: Once your data has been used in a 

publication (including thesis submission) the elements that appear in the results cannot be deleted or 

removed. 







1

Jung David

From: Deeley Joanne

Sent: 04 March 2016 14:50

To: Jung David

Subject: Ethics Application

Attachments: Jung_BR_Reviewer Decision.docx; Reviewer Decision - DM.docx

Categories: Important

Dear David

Please find attached the final decision on your recent ethics application.

The decision was: Approval Awarded � subject to required changes (see comments).

Please ensure that these changes are made and approved by your supervisor(s).

Best of luck with your study.

Best wishes,

Jo Deeley
Research Administrator
Engineering Faculty Research Office
University of Nottingham
University Park
Nottingham
NG7 2RD

Tel: 0115 74 84583



Ethics Committee Reviewer Decision 

 

This form must be completed by each reviewer.   Each application will be reviewed by two members of the 

ethics committee.  Reviews may be completed electronically and sent to the Faculty ethics administrator (Jo 

Deeley) from a University of Nottingham email address, or may be completed in paper form and delivered to 

the Faculty of Engineering Research Office. 

 

Applicant full name     David Jung 

 

Reviewed by:  Brendan Ryan 

 

Name             

Signature (paper based only)  ✄✄✄✄✄✄✄✄✄✄✄✄✄��✄��✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄  

 

✁✂☎✆ ✄✄✄✄4 March 2016✄✄✄✄ 

 

 

Approval awarded - no changes required 

 

 Approval awarded - subject to required changes (see comments below) 

 

 Approval pending - further information & resubmission required (see comments) 

 

 Approval declined ✝ reasons given below 

 

 
Comments:  
 

 ✄See above extract from the Study design document.  This is approved on the basis that this has been checked 

by the safety office and supervisor and does not present a risk to participants.  It may be advisable to point this 

out to participants if this has been approved. 

✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄

✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄

✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄

✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄

✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄

✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄ 

 

Please note: 

 

1. The approval only covers the participants and trials specified on the form and further approval must be requested for 

any repetition or extension to the investigation. 

2. The approval covers the ethical requirements for the techniques and procedures described in the protocol but does 

not replace a safety or risk assessment. 

3. Approval is not intended to convey any judgement on the quality of the research, experimental design or techniques. 

4. Normally, all queries raised by reviewers should be addressed.  In the case of conflicting or incomplete views, the 

ethics committee chair will review the comments and relay these to the applicant via email.  All email correspondence 

related to the application must be copied to the Faculty research ethics administrator.   

 

Any problems which arise during the course of the investigation must be reported to the Faculty Research 

Ethics Committee 



Ethics Committee Reviewer Decision 

 

This form must be completed by each reviewer.   Each application will be reviewed by two members of the 

ethics committee.  Reviews may be completed electronically and sent to the Faculty ethics administrator (Jo 

Deeley) from a University of Nottingham email address, or may be completed in paper form and delivered to 

the Faculty of Engineering Research Office. 

 

Applicant full name     David Jung 

 

Reviewed by:  

 

Name            David Morris 

Signature (paper based only)  ✄✄✄✄✄✄✄✄✄✄✄✄✄��✄��✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄  

 

✁✂☎✆ ✄✄✄✄1 Mar 2016..✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄✄ 

 

 

Approval awarded - no changes required 

 

 Approval awarded - subject to required changes (see comments below) 

 

 Approval pending - further information & resubmission required (see comments) 

 

 Approval declined ✝ reasons given below 

 

 

Comments:  
 

  

I am happy for this study to proceed as is. 

 

Please note: 

 

1. The approval only covers the participants and trials specified on the form and further approval must be requested for 

any repetition or extension to the investigation. 

2. The approval covers the ethical requirements for the techniques and procedures described in the protocol but does 

not replace a safety or risk assessment. 

3. Approval is not intended to convey any judgement on the quality of the research, experimental design or techniques. 

4. Normally, all queries raised by reviewers should be addressed.  In the case of conflicting or incomplete views, the 

ethics committee chair will review the comments and relay these to the applicant via email.  All email correspondence 

related to the application must be copied to the Faculty research ethics administrator.   

 

Any problems which arise during the course of the investigation must be reported to the Faculty Research 

Ethics Committee 
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✞❤✆ ✞✐✝✝✏✆ ✐✝ ❜☞☛❝❦✆❞✳ ❚❤✐✝ ❝✠✏✝✆✝ ✞❤✆ ✞☛✞✠☞ ❜☞☛☛❞ ☞✆✈✆☞ ✞☛ ✐✡❝✌✆✠✝✆ ✇❤✐☞✆ ✞❤✆ ✎✌✆✝✝✏✌✆ ✐✝ ✠✎✎☞✐✆❞✳
✦ ✎✌✆✝✝✏✌✆ ☛❢ ✤✺✧ ✟✟★❣ ✝✞☛✎✝ ❜☛✞❤ ❜☞☛☛❞ ✒☛✇✝✳ ❚❤✐✝ ❝✠✏✝✆✝ ✠ ✡✆✆❞ ❢☛✌ ☛✍②❣✆✡✠✞✆❞ ❜☞☛☛❞
✠✡❞ ✠ ✌✆☞✆✠✝✆ ☛❢ ✞❤✆ ✎✌✆✝✝✏✌✆ ❝✠✏✝✆✝ ✟☛✌✆ ❜☞☛☛❞ ✞☛ ✒☛✇ ✐✡✞☛ ✞❤✆ ☞✐✟❜ ✭✌✆✠❝✞✐✈✆ ❤②✎✆✌✆✟✐✠✩
✐✡ ☛✌❞✆✌ ✞☛ ✝✏✎✎☞② ✞❤✆ ✡✆✆❞✆❞ ❜☞☛☛❞ ✠✡❞ ✞❤✆ ❜☞☛☛❞ ❝☛✡❝✆✡✞✌✠✞✐☛✡ ✐✝ ✐✡❝✌✆✠✝✆❞ ❞✐✌✆❝✞☞② ✠❢✞✆✌
✎✌✆✝✝✏✌✆ ✌✆☞✆✠✝✆✳ ❚❤✆ ☛✍②❣✆✡✠✞✐☛✡ ✐✝ ✠☞✝☛ ✠☞✞✆✌✆❞ ❞✏✌✐✡❣ ✞❤✆✝✆ ✆✍✎✆✌✐✟✆✡✞✝✳

✪✗✖✫✬✛✗✙✮✿ ★✐✝✞✠✟✐✡✆ ❤✠✝ ✠✡ ✐✟✎☛✌✞✠✡✞ ✌☛☞✆ ✐✡ ✞❤✆ ✐✟✟✏✡✆ ✌✆✝✎☛✡✝✆ ✠✡❞ ✐✡✒✠✟✟✠✞✐☛✡✱ ✐✞ ❝✠✏✝✆✝
✞❤✆ ☞☛❝✠☞ ❜☞☛☛❞ ✈✆✝✝✆☞✝ ✞☛ ❞✐☞✠✞✆ ✠✡❞ ✐✡❝✌✆✠✝✆ ✐✡ ✎✆✌✟✆✠❜✐☞✐✞② ✞☛ ✠☞☞☛✇ ✟☛✌✆ ❜☞☛☛❞ ✞☛ ✌✆✠❝❤
✞❤✆ ✞✐✝✝✏✆ ❬✤✤✷✥✳ ■✞ ✐✝ ❝☛✟✟☛✡☞② ✏✝✆❞ ✐✡ ✠☞☞✆✌❣② ✝❦✐✡ ✞✆✝✞✝ ✞☛ ✈✠☞✐❞✠✞✆ ✞❤✆ ✡☛✌✟✠☞ ✌✆✝✎☛✡✝✆ ☛❢
✝❦✐✡ ❬✤✯✧✥✱ ✐✡ ✠✡✐✟✠☞ ✟☛❞✆☞✝ ✞☛ ✞✌✐❣❣✆✌ ✐✡✒✠✟✟✠✞✐☛✡ ❬✶✤✧✱✤✯✶✥✱ ✠✡❞ ✐✡ ❤✏✟✠✡ ✝✞✏❞✐✆✝ ❬✶✤✶✱✤✯✤✥✳
❚❤✐✝ ❝☛✏☞❞ ❜✆ ✏✝✆❞ ✞☛ ✐✡❞✏❝✆ ✐✡✒✠✟✟✠✞✐☛✡ ✠✡❞ ✠☞✞✆✌ ✞❤✆ ❜☞☛☛❞ ✒☛✇ ✐✡ ✠ ☞☛❝✠☞ ✠✌✆✠ ❜✏✞ ✇☛✏☞❞
✌✆q✏✐✌✆ ✠ ✞✌✠✐✡✆❞ ✎✆✌✝☛✡ ✞☛ ✠✎✎☞② ❤✐✝✞✠✟✐✡✆✳

✤✯✶



❆��❊◆✁■❳ ❋✳ ▼❊❆✂❯✄❊▼❊◆☎ ❖◆ ❍❯▼❆◆ ❱❖▲❯◆☎❊❊✄✂ ✷✆✷

✝①♣♦✞✉r❡ t♦ ❝♦✟❞ ❛✠❞ ❤❡❛t✿ ❲✡☛♠✐♥❣ ☞✌ ✍✐ss✎✏ ✑✡✎s✏s ✡ss✐♠✐❧✡✍✐☞♥ ✭✏✒✓✡♥s✐☞♥ ☞✌ ✍✔✏ ❜❧☞☞✕ ✈✏s✲

s✏❧s✮ ✇✔✐❧✏ ✏✒✓☞s✎☛✏ ✍☞ ✑☞❧✕ ✑✡✎s✏s ✈✡s☞✑☞♥s✍☛✐✑✍✐☞♥ ✭✕✏✑☛✏✡s✏ ✐♥ ✈✏ss✏❧ ✕✐✡♠✏✍✏☛✮ ✡♥✕ ✑✡♥

✕✏✑☛✏✡s✏ ❜❧☞☞✕ ✖☞✇ ✍☞ ✏ss✏♥✍✐✡❧ ③✏☛☞ ❬✷✆✆✗✘ ✙☞☛ ✏✒✡♠✓❧✏ ❙✍✏✓✔✏♥ ✏✍ ✡❧✘ ❬✷✆✚✗ ✎s✏ ✏✒✓☞s✎☛✏ ☞✌

✡ ✔✡♥✕ ✍☞ ✚✹✲✹✺ ✕✏❣ ✔☞✍ ✇✡✍✏☛ ✌☞☛ ✷♠✐♥✎✍✏s ✍☞ ✐♥✑☛✏✡s✏ ✍✔✏ ❜❧☞☞✕ ✖☞✇ ✡♥✕ ✍☞ ♠✏✡s✎☛✏ ✍✔✏

s❦✐♥ ✑☞❧☞✎☛✘

✛❝r❛t❝❤✜✠✢✿ ✣♥☞✍✔✏☛ ☞✓✍✐☞♥ ✇☞✎❧✕ ❜✏ ✍☞ s✑☛✡✍✑✔ ✍✔✏ s❦✐♥ ✡♥✕ ♠✏✡s✎☛✏ ✍✔✏ ☛✏s✎❧✍✐♥❣ ✐♥✑☛✏✡s✏ ✐♥

❜❧☞☞✕ ✖☞✇✘ ❚✔✏ s❦✐♥ ♠✐❣✔✍ ❜✏ ✐♥❥✎☛✏✕ ✡♥✕ ✍✔✏ ✡♠☞✎♥✍ ☞✌ s✑☛✡✍✑✔✐♥❣ ✐s ✔✡☛✕ ✍☞ ♠✏✡s✎☛✏ ✡♥✕

✑✡♥♥☞✍ ❜✏ ✏✡s✐❧② ☛✏✓☛☞✕✎✑✏✕✘

❚✔✏ ✏✒✓☞s✎☛✏ ✍☞ ✑☞❧✕ ✡♥✕ ✔✏✡✍ ✐s ✑✔☞s✏♥ ✡s ♠✏✍✔☞✕ ✡s ✐✍ ✐s ❧✏✡s✍ ✐♥✈✡s✐✈✏✱ ✡❧❧☞✇s ✡ ☛✏✓☛☞✕✎✑✐❜❧✏

✓☛☞✍☞✑☞❧✱ ✡♥✕ ✑✔✡♥❣✏s ✍✔✏ ❜❧☞☞✕ ✖☞✇ ☛✏❧✡✍✐✈✏❧② q✎✐✑❦❧② ✍☞ ✡❧❧☞✇ ✑☞♠✓✡☛✡❜❧✏ ♠✏✡s✎☛✏♠✏♥✍s ✡✍ ✍✔✏

s✡♠✏ ✡☛✏✡✘

✤✥✶ P✦✧★✧✩✧✪

✣✓✓☛☞✈✡❧ ✌☞☛ ✍✔✏s✏ ✏✒✓✏☛✐♠✏♥✍s ✇✡s ☞❜✍✡✐♥✏✕ ✡✍ ☞♥ ✍✔✏ ✺✚✵✺✆✵✷✺✫✬✱ ✍✔✏ ☛✏❧✏✈✡♥✍ ✕☞✑✎♠✏♥✍✡✍✐☞♥

✡♥✕ ✑☞♠♠✎♥✐✑✡✍✐☞♥s ✡☛✏ ✓☛✐♥✍✏✕ ✐♥ ✣✓✓✏♥✕✐✒ ✯✘ ✙☞✎☛ ✔✏✡❧✍✔② ✈☞❧✎♥✍✏✏☛s ✇✏☛✏ ☛✏✑☛✎✐✍✏✕ ❜✏✍✇✏✏♥

✍✔✏ ✺✰✵✺✆✵✷✺✫✬ ✡♥✕ ✫✰✵✺✆✵✷✺✫✬✘ ✴♥❧② ✈☞❧✎♥✍✏✏☛s ✇✐✍✔ ✇✔✐✍✏ s❦✐♥ ✑☞❧☞✎☛ ✇✏☛✏ s✏❧✏✑✍✏✕ ✍☞ ✡✈☞✐✕

✔✐❣✔ ♠✏❧✡♥✐♥ ✑☞♥✑✏♥✍☛✡✍✐☞♥s ✐♥ ✍✔✏ s❦✐♥ ✍✔✡✍ ♠✡② ✍☞ ✐♥✖✎✏♥✑✏ ♠✏✡s✎☛✏♠✏♥✍s✘ ❚✔✐s ✐s ✡✓✓☛☞✓☛✐✡✍✏

✡s ♥☞ ♠✏❧✡♥✐♥ ✐s ✓☛✏s✏♥✍ ✐♥ ✍✔✏ ♠✐✕✕❧✏ ✏✡☛ ♠✎✑☞s✡✘

✣✌✍✏☛ ✇✡✐✍✐♥❣ ✡✍ ☛☞☞♠ ✍✏♠✓✏☛✡✍✎☛✏ ✌☞☛ ♠☞☛✏ ✍✔✡♥ ✔✡❧✌ ✡♥ ✔☞✎☛ ✍☞ ✡✈☞✐✕ ✐♥✖✎✏♥✑✏s ☞✌ ✏✒✍☛✏♠✏

✍✏♠✓✏☛✡✍✎☛✏s ☞✎✍s✐✕✏ ✍✔✏ ✈☞❧✎♥✍✏✏☛ s✎❜♠✏☛❣✏✕ ✡ ✔✡♥✕ ✐♥ ✑☞❧✕ ✇✡✍✏☛ ✭✍✏♠✓✏☛✡✍✎☛✏ ✡❜☞✎✍ ✹ ✸❈✮ ✌☞☛

✹♠✐♥✎✍✏s✘ ❚✔✏ ✔✡♥✕ ✐s ✍✔✏♥ ✕☛✐✏✕ ✡♥✕ ✡ ✓✔☞✍☞❣☛✡✓✔ ✍✡❦✏♥✘ ❚✔✏♥ ✍✔✏ ✔✡♥✕ ✐s ✓❧✡✑✏✕ ☞♥ ✍✔✏ s✡♠✓❧✏

✔☞❧✕✏☛ ✓☛✏s✏♥✍✏✕ ✐♥ ✙✐❣✎☛✏ ✆✘✷✻ ✡✍ ✍✔✏ ✓☞s✐✍✐☞♥ ☞✌ ✍✔✏ ♠✎✑☞s✡ ✓✔✡♥✍☞♠ ✭✡s s✔☞✇♥ ✐♥ ✙✐❣✎☛✏ ✷

☞✌ ✍✔✏ ✡✍✍✡✑✔✏✕ s✡✌✏✍② ✕☞✑✎♠✏♥✍✡✍✐☞♥ ✣✓✓✏♥✕✐✒ ❉✮✘ ❚✔✏ ✫✹✺✺ ❣☛✐✕ ✕✐✼✎s✏☛ ✐s ✓❧✡✑✏✕ ✐♥ ✌☛☞♥✍ ✍☞

s✐♠✎❧✡✍✏ ✍✔✏ ✏✡☛✕☛✎♠✘ ❚✔✏ ❣☛✏✏♥ ✡♥✕ ✽✾❘ ☛✏✖✏✑✍✡♥✑✏ s✐❣♥✡❧s ✡☛✏ ✍✔✏♥ ☛✏✑☞☛✕✏✕ ☞✈✏☛ ✡ ✍✐♠✏ ✑☞✎☛s✏

☞✌ ✚♠✐♥✎✍✏s✱ ✇✐✍✔ ☞♥✏ ♠✏✡s✎☛✏♠✏♥✍ ✍✡❦✏♥ ✏✈✏☛② ♠✐♥✎✍✏✘ ❚✔✏ ✔✡♥✕ ✐s ❦✏✓✍ ☞♥ ✍✔✏ s✡♠✓❧✏ s✍✡❣✏

✕✎☛✐♥❣ ✍✔✏ ♠✏✡s✎☛✏♠✏♥✍s ✍☞ ✏♥s✎☛✏ s✡♠✓❧✐♥❣ ☞✌ ✍✔✏ s✡♠✏ ✡☛✏✡✘ ✣✌✍✏☛ ✍✔✏ ♠✏✡s✎☛✏♠✏♥✍ s✏☛✐✏s

✡♥☞✍✔✏☛ ✓✔☞✍☞❣☛✡✓✔ ☞✌ ✍✔✏ ✔✡♥✕ ✐s ✍✡❦✏♥✘ ❚✔✏ ✓✔☞✍☞❣☛✡✓✔ ✐s ✍✡❦✏♥ ✇✐✍✔ ✡ ✖✡s✔✱ ✐♥ ✡ ☛☞☞♠ ✇✐✍✔☞✎✍

✇✐♥✕☞✇s ✡♥✕ ✍✔✏ ☛☞☞♠ ❧✐❣✔✍ ☞♥ ✡♥✕ ✡ ✕✏❀♥✏✕ ✕✐s✍✡♥✑✏ ❜✏✍✇✏✏♥ ✔✡♥✕ ✡♥✕ ✑✡♠✏☛✡ ☞✌ ✡❜☞✎✍ ✷✺ ✑♠

✐♥ ☞☛✕✏☛ ✍☞ ✏♥s✎☛✏ ✑☞♥s✍✡♥✍ ❧✐❣✔✍✐♥❣✘ ❚✔✏ ✓☛☞✍☞✑☞❧ ☞✌ ✍✔✏ ♠✏✡s✎☛✏♠✏♥✍ ✐s ✐❧❧✎s✍☛✡✍✏✕ ✐♥ ✙✐❣✎☛✏ ✙✘✫✘

✣ s✡✌✏✍② ✕✡✍✡ s✔✏✏✍ ☞✌ ✍✔✏ s②s✍✏♠ ✐s ✓☛☞✕✎✑✏✕ ✡♥✕ s✔☞✇♥ ✐♥ ✣✓✓✏♥✕✐✒ ❉ ✐♥ ☞☛✕✏☛ ✍☞ s✔☞✇ ✍✔✏

s✡✌✏✍② ☞✌ ✍✔✏ ☞✓✍✐✑✡❧ s②s✍✏♠ ✡♥✕ ✡✑q✎✐☛✏ ✓✏☛♠✐ss✐☞♥ ✍☞ ✑☞♥✕✎✑✍ ✍✔✏ ✏✒✓✏☛✐♠✏♥✍s✘



❆��❊◆✁■❳ ❋✳ ▼❊❆✂❯✄❊▼❊◆☎ ❖◆ ❍❯▼❆◆ ❱❖▲❯◆☎❊❊✄✂ ✷✆✆

Room 

Temperature

Exposure to 

cold water 

for 5mins

Photograph Measurments Photograph

repeat 5x

wait 

1min

✝✐❣✞r❡ ✝✟✶✠ Pr♦✡♦❝♦☛ ♦☞ ✡❤❡ ❡①♣❡r✐♠❡♥✡s ♦♥ ❤✞♠❛♥ ❤❛♥❞s✟

✌✍✎ ❘✏✑✉✒t✑

❚❤❡ ❡①♣♦s✞r❡ ✡♦ ❝♦☛❞ ✇❛✡❡r ❝❛✞s❡s ✡❤❡ ❜☛♦♦❞ ❝♦♥✡❡♥✡ ✐♥ ✡❤❡ ❤❛♥❞ ✡♦ ✐♥❝r❡❛s❡ ✐♥ ♦r❞❡r ✡♦ ✐♥❝r❡❛s❡

✡❤❡ ✡❡♠♣❡r❛✡✞r❡ ♦☞ ✡❤❡ ❤❛♥❞✟ ❚❤✐s ✐s ✐♥ ❝♦♥✡r❛s✡ ✡♦ ❬✷✆✆✓ r❡♣♦r✡✐♥❣ ❛ ❞❡❝r❡❛s❡ ✐♥ ❜☛♦♦❞ ✔♦✇ ❞✞r✐♥❣

❡①♣♦s✞r❡ ✡♦ ❝♦☛❞✟ ✕✡ ✐s ❛ss✞♠❡❞ ✡❤❛✡ ✡❤❡ ✐♥❝r❡❛s❡ ✐♥ ❜☛♦♦❞ ✔♦✇ ♦❜s❡r✈❡❞ ❤❡r❡ ✐s ❞✞❡ ✡♦ ✡❤❡ ☞❛❝✡

✡❤❛✡ ♦♥☛② ♦♥❡ ❤❛♥❞ ✐s ❡①♣♦s❡❞ ✡♦ ❝♦☛❞ ❛♥❞ ✡❤❡ ❜♦❞② ❞♦❡s ♥♦✡ ♥❡❡❞ ✡♦ ♣r♦✡❡❝✡ ✡❤❡ ❜♦❞② ✡♦ ❜❡❝♦♠❡

❤②♣♦✡❤❡r♠✐❝✟ ✝✞r✡❤❡r✱ ✡❤❡ ♠❡❛s✞r❡♠❡♥✡s ❛r❡ ♠❛❞❡ ✇❤❡♥ ✡❤❡ ❤❛♥❞ ✐s ❡①♣♦s❡❞ ✡♦ ❛✐r ❛✡ r♦♦♠

✡❡♠♣❡r❛✡✞r❡ ❛♥❞ ✡❤❡ ✡❡♠♣❡r❛✡✞r❡ ♦☞ ✡❤❡ s❦✐♥ ✐s r✐s✐♥❣ ❛❣❛✐♥✟ ✖✈❡r ✡❤❡ ✡✐♠❡ ❝♦✞rs❡ ♦☞ ✹♠✐♥✞✡❡s

✡❤❡ ❤❛♥❞ ✇❛r♠s ✞♣ ❛♥❞ ✡❤❡ ❜☛♦♦❞ ✔♦✇ ✐s r❡❞✞❝❡❞✟ ❚❤✐s ✐s ✈✐s✐❜☛❡ ✐♥ ✡❤❡ ♣❤♦✡♦❣r❛♣❤s ✡❤❛✡ s❤♦✇

❛ r❡❞❞❡♥✐♥❣ ♦☞ ✡❤❡ ❤❛♥❞ ❞✐r❡❝✡☛② ❛☞✡❡r ❡①♣♦s✞r❡ ✡♦ ❝♦☛❞ ✇❛✡❡r ✐♥ ✝✐❣✞r❡ ✝✟✷ ✭❛✗✱ ✐♥❞✐❝❛✡✐♥❣ ❛ ❤✐❣❤

❜☛♦♦❞ ✈♦☛✞♠❡✟ ✘☞✡❡r ✹♠✐♥✞✡❡s✱ ✡❤❡ ❤❛♥❞ ✐s ☛❡ss r❡❞ ✐♥❞✐❝❛✡✐♥❣ ❛ ♥♦r♠❛☛ ❜☛♦♦❞ ☛❡✈❡☛ ❛s s❡❡♥ ✐♥

✝✐❣✞r❡ ✝✟✷ ✭❜✗✟

❚❤❡ ♠❡❛s✞r❡❞ ✐♥✔❛♠♠❛✡✐♦♥ ✐♥❞❡① ☞♦r ✡❤❡ ✹ ✈♦☛✞♥✡❡❡rs ✐s s❤♦✇♥ ✐♥ ✝✐❣✞r❡ ✝✟✷ ✭❝✗ ❛♥❞ s❤♦✇s ❛

❤✐❣❤❡s✡ ✈❛☛✞❡ ❞✐r❡❝✡☛② ❛☞✡❡r ✡❤❡ ❡①♣♦s✞r❡ ✡♦ ❝♦☛❞ ✇❛✡❡r ✭✙ ❂ ✵♠✐♥✗ ❛♥❞ ☛♦✇❡s✡ ✈❛☛✞❡ ❛☞✡❡r ✹♠✐♥✞✡❡s✟

❚❤❡ ♠❛r❦❡rs ✐♥❞✐❝❛✡❡ ♠❡❛s✞r❡♠❡♥✡s ❛♥❞ ✡❤❡ ☛✐♥❡s ❛r❡ ❡①♣♦♥❡♥✡✐❛☛ ✐♥✡❡r♣♦☛❛✡✐♦♥s ✚✚✛✜ ❂ ✢✣❡①♣✭✤✣✙✗✰

✥ ✇✐✡❤ ✡❤❡ ✦✧ ✈❛☛✞❡s ♦☞ ✵✟✽★✱ ✵✟✻✻✱ ✵✟★✻✱ ❛♥❞ ✵✟★✾✟ ❚❤❡ ❞✐✩❡r❡♥❝❡ ❜❡✡✇❡❡♥ ✡❤❡ ♠❡❛s✞r❡❞ ✐♥❞❡① ☞♦r ✡❤❡

✈♦☛✞♥✡❡❡rs ❝❛♥ ❜❡ ❡①♣☛❛✐♥❡❞ ❜② ❛♥② ♦☞ ✡❤❡ ☞♦☛☛♦✇✐♥❣ r❡❛s♦♥s✠ ❞✐✩❡r❡♥❝❡s ✐♥ ✡❤❡ ✡❤✐❝❦♥❡ss ♦☞ s❦✐♥ ✭✞♣

✡♦ ✶✟✾♠♠ ♦♥ ✡❤❡ ♣❛☛♠ ❬✷✆✾✓✗ ✇✐✡❤ ♥♦ ❜☛♦♦❞ ♣❡r☞✞s✐♦♥ ✐♥ ✡❤❡ ✡♦♣ ☛❛②❡r ✭❡♣✐❞❡r♠✐s✗ ❬✷✆✾✓✱ ❞✐✩❡r❡♥✡

☛❡✈❡☛s ♦☞ ❜☛♦♦❞ ♣❡r☞✞s✐♦♥✱ ♦r ❞✐✩❡r❡♥✡ r❡❛❝✡✐♦♥s ♦☞ ✡❤❡ ❜☛♦♦❞ ❝✐r❝✞☛❛✡✐♦♥ ✡♦ ❡①♣♦s✞r❡ ✡♦ ❝♦☛❞✟ ❙✡✐☛☛✱

❛☛☛ ❝❛s❡s s❤♦✇ ❛♥ ✐♥❝r❡❛s❡ ♦☞ ✡❤❡ ♠❡❛s✞r❡❞ ✐♥✔❛♠♠❛✡✐♦♥ ✐♥❞❡① ✇✐✡❤ ❜☛♦♦❞ ❝♦♥❝❡♥✡r❛✡✐♦♥✟ ✪♦☛✞♥✡❡❡r

✷ s❤♦✇s ❛ ✈❡r② s♠❛☛☛ ❝❤❛♥❣❡ ✐♥ ♠❡❛s✞r❡❞ ✐♥✔❛♠♠❛✡✐♦♥ ✐♥❞❡①✱ ❜✞✡ ✡❤✐s ✇❛s ❡①♣❡❝✡❡❞ ❛s ✡❤❡ ❤❛♥❞

❞✐❞ ♥♦✡ s❤♦✇ ❛ ❝❤❛♥❣❡ ✐♥ ❝♦☛♦✞r ❛♥❞ ✐✡ ✐s ❛ss✞♠❡❞ ✡❤❛✡ ✡❤❡ ❜☛♦♦❞ ❝♦♥✡❡♥✡ ❞✐❞ ♥♦✡ ❝❤❛♥❣❡✟

❚❤❡ ❝❤❛♥❣❡ ✐♥ ✐♥✔❛♠♠❛✡✐♦♥ ✐♥❞❡① s❡❡♥ ❤❡r❡ ❝♦rr❡s♣♦♥❞s ✡♦ ❛ ❝❤❛♥❣❡ ☞r♦♠ ♠✞❝♦s❛ ♣❤❛♥✡♦♠

✷ ✡♦ ♣❤❛♥✡♦♠ ✶ ❡q✞✐✈❛☛❡♥✡ ✡♦ ❛ ❝❤❛♥❣❡ ♦☞ ✽✫ ✡♦ ✷✫ ❜☛♦♦❞ ❝♦♥❝❡♥✡r❛✡✐♦♥✟ ❚❤✐s ❝♦♠♣❛r✐s♦♥ ❞♦❡s

♥♦✡ ❝♦♥s✐❞❡r ✡❤❡ s❦✐♥ ✇✐✡❤ ❛ ✡❤✐❝❦♥❡ss ✞♣ ✡♦ ✶✟✾♠♠✟ ✘ ♠♦r❡ ❛❝❝✞r❛✡❡ ♣❤❛♥✡♦♠ ♠♦❞❡☛ ✇♦✞☛❞ ❜❡

♥❡❝❡ss❛r② ☞♦r ❝♦rr❡❝✡ ❝❛☛✐❜r❛✡✐♦♥✟



❆��❊◆✁■❳ ❋✳ ▼❊❆✂❯✄❊▼❊◆☎ ❖◆ ❍❯▼❆◆ ❱❖▲❯◆☎❊❊✄✂ ✷✆✝

✭❛✮ P❤♦t♦❣r❛♣❤ ♦❢ t❤❡ ❤❛♥❞ ❛t t❤❡ st❛rt ♦❢

♠❡❛s✉r❡♠❡♥t ✭✞ ❂ ✵♠✐♥✮

✭❜✮ P❤♦t♦❣r❛♣❤ ♦❢ t❤❡ ❤❛♥❞ ❛t t❤❡ ❡♥❞ ♦❢

♠❡❛s✉r❡♠❡♥t ✭✞ ❂ ✹♠✐♥✮

✟ ✶ ✠ ✸ ✡

❚☛☞✌ ✍☞☛✎✏

✶

✶✑✠

✶✑✡

✶✑✒

✶✑✓

✠

✠✑✠

✠✑✡

✠✑✒

✔✔

✕✖✗✘✙✚✛✛✜ ✢

✕✖✗✘✙✚✛✛✜ ✣

✕✖✗✘✙✚✛✛✜ ✤

✕✖✗✘✙✚✛✛✜ ✥

✭❝✮ ✦✐♠❡ ❝♦✉rs❡ ♦❢ t❤❡ ✐♥✧❛♠♠❛t✐♦♥ ✐♥❞❡①★ ✩❛r✪❡rs ✐♥❞✐❝❛t❡

♠❡❛s✉r❡♠❡♥ts ❛♥❞ ❧✐♥❡s ✐♥❞✐❝❛t❡ ❡①♣♦♥❡♥t✐❛❧ ✫tt❡❞ ❝✉r✬❡s★

✯✰✱✲✴✺ ✯✻✷✼ ✽✾✿❀❁❁❀❃✰❄✾ ✰✾❅✺❇ ❁✺❀❈✲✴✺❅ ❄✾ ❉✲❁❀✾ ✈❄●✲✾❃✺✺✴❈✻ ❏❉✺ ❑❉❄❃❄✱✴❀❑❉❈ ❈❉❄✇ ❃❉✺ ❉❀✾❅

❄◗ ✈❄●✲✾❃✺✺✴ ✷ ❘✺◗❄✴✺ ❀✾❅ ❀◗❃✺✴ ❃❉✺ ❁✺❀❈✲✴✺❁✺✾❃ ❈✺✴✰✺❈✻



❆♣♣❡♥�✁① ●

P✉✂✄✐❝☎t✐♦✆✝

❚❤✞ ✟✠❜❧✡☛❛☞✡✌✍s r✞s✠❧☞✡✍❣ ❢r✌✎ ☞❤✡s ✟r✌❥✞☛☞ ❛r✞ ❛☞☞❛☛❤✞❞ ❜✞❧✌✇✳ ❋✡rs☞✱ ❛ ✟❛✟✞r ✟r✞s✞✍☞✡✍❣ ☞❤✞ ❛✍☞✡✲
☛✌✍❢✌☛❛❧ s②s☞✞✎ ❛✍❞ s✡✎✠❧❛☞✡✌✍s ✇❛s s✠❜✎✡☞☞✞❞ ☞✌ ❭✏❙✑ ✲ ✏✟☞✡☛s ✡✍ ☞❤✞ ▲✡❢✞ ❙☛✡✞✍☛✞s✧ ☛✌✍❢✞r✞✍☛✞
❤✞❧❞ ✡✍ ❱❛✍☛✌✠✈✞r✱ ❈❛✍❛❞❛ ❢r✌✎ ☞❤✞ ✶✒✓✔ ☞✌ ✶✕✓✔ ✌❢ ✑✟r✡❧ ✒✷✶✕✳ ❚❤✞ ✟❛✟✞r ✇❛s ❛☛☛✞✟☞✞❞ ❛s
✟✌s☞✞r ✟r✞s✞✍☞❛☞✡✌✍ ❛✍❞ ☞❤✞ ✟✌s☞✞r ✡s ✟r✡✍☞✞❞ ❛s ✇✞❧❧✳ ❙✞☛✌✍❞✱ ❛ ✎✌r✞ ❞✞☞❛✡❧✞❞ ❞✞s☛r✡✟☞✡✌✍ ✌❢ ☞❤✞
s✡✎✠❧❛☞✡✌✍s ❛✍❞ ☛❤❛✍❣✞ ✌❢ ✟❛r❛✎✞☞✞rs ✌❢ ☞❤✞ ✌✟☞✡☛❛❧ s②s☞✞✎ ❛✍❞ ☞✡ss✠✞ ✇❛s ❛☛☛✞✟☞✞❞ ❢✌r ✟✠❜❧✡☛❛☞✡✌✍
✡✍ ☞❤✞ ❭✖✡✌✎✞❞✡☛❛❧ ✏✟☞✡☛s ❊✗✟r✞ss✧✱ ❱✌❧✠✎✞ ✻✱ ■ss✠✞ ✶✷✱ ✟✠❜❧✡s❤✞❞ ✒✷✶✕✳

✒✘✕
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❬✶✂ ❆✄ ❘✄ ▼☎✆✆❡✝✱ ❍✞✟✠✡♥☛☞ ✌♥✟t✍♠✎✏ P❤✎s✡✍❧✍☛✎ ✟♥❞ ❉✡s✍✠❞✞✠s ✍❢ t❤✞ ✌✉❞✡t✍✠✎ ❙✎st✞♠✄ ✑✒✝✆✓✔✕✖
✗☎✔✱ ▼❆✱ ❯✘❆✙ ❆✚✛✜❡✢✓✚ ✣✝❡✤✤✱ ✷✥✥✦✄

❬✷✂ ❆✄ ❑✛✈✛✧✆✓✱ ▼✄ ❖✕❡✗✒✝✧✱ ★✄ ❨✓✆✜✓✝✓✢✱ ✘✄ ❑✛✝✛✧✛✤✱ ❚✄ ❑✛✝✆✓✜✛✕✱ ✛✔✜ ▼✄ ✘✛✝✤✓✆✢✛✩✱ ❭✪☎✆✒✢❡
✛✤✤❡✤✤✢❡✔✗ ☎✫ ✛✕❡✖✝❡✆✛✗❡✜ ✚☎✔✈❡✝✤✓☎✔ ☎✫ ✗✬❡ ✗✭✢✮✛✔✓✚ ✚✛✈✓✗✭ ✯✭ ✬❡✆✓✚✛✆ ✚☎✢✮✒✗❡✝✓✩❡✜ ✗☎✢☎✕✖
✝✛✮✬✭ ✤✚✛✔✔✓✔✕✱✰ ❙✟✉❞✡ ✲✞❞✡❝✟❧ ❏✍✉✠♥✟❧✱ ✮✄ ✹✱ ✷✥✥✹✄
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♣r♦♠♦✞✐♦✟✠⑦✝✐❣✐✞❛❧♠❛❝r♦✜✐❡✇⑦✠♣❡❝✠✳❤✞♠✱ ❬✡❝❝❡✠✠❡✝✿ ✶✣⑦✤✾⑦✷✤✶❱✦✳

❬✷✶✦ ✼✳ ❑✳ ★❛rr✐✠✱ ❑✳ ▼✳ ★✉✞❝❤✐✟✠♦✟✱ ❛✟✝ ❁✳ ▼♦r❛✜❡❝✱ ❭❚❤❡ ✉✠❡ ♦❢ ✞✯♠♣❛✟♦♠❡✞r✯ ❛✟✝ ♣✟❡✉♠❛✞✐❝

♦✞♦✠❝♦♣✯ ❢♦r ♣r❡✝✐❝✞✐✟❣ ♠✐✝✝❧❡ ❡❛r ✝✐✠❡❛✠❡✱✧ ☛❪ ❏ ☛✛❞✎✒✕✱ ✜♦❧✳ ✶✂✱ ✟♦✳ ✶✱ ♣♣✳ ✢✥✶✢✱ ✷✤✤❱✳
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❬✷✷☎ ✆✝ ✞✟♥❞✓❡♥✱ ✆✝ ❚❡♣♣♦✱ ❛♥❞ ▼✝ ✠❡✈♦♥t❛✱ ❭✡♣❡❝tr❛☛ ❣r❛❞✟❡♥t ❛❝♦☞st✟❝ r❡✌❡❝t♦✍❡tr② ✟♥ t❤❡ ❞✟❛❣✎

♥♦s✟s ♦✏ ✍✟❞❞☛❡✎❡❛r ✌☞✟❞ ✟♥ ❝❤✟☛❞r❡♥✱✧ ❊✉✑✒✔✕✖✗ ✘✑✙✚✐✛✕✜ ✒❢ ✢✣✒✲✤✚✐✗✒✲✥✖✑✦✗★✒❧✒★✦✱ ✈♦☛✝ ✷✩✂✱

♥♦✝ ✺✱ ♣♣✝ ✂✹✹✪✂✄✫✱ ✷✬✬✹✝

❬✷✭☎ ❚✝ ❱❡♥❡✍❛✱ ❭✮♦♥t✟♥☞✟♥❣ ❡❞☞❝❛t✟♦♥✿ ❚②✍♣❛♥♦✍❡tr②✱✧ t❡❝❤✝ r❡♣✝✱ ✯♥t❡r♥❛t✟♦♥❛☛ ✆❡❛r✟♥❣ ✡♦❝✟✎

❡t②✱ ✷✬✫✷✝

❬✷✂☎ ✮✝ ❱❡rt❛♥✱ ❉✝ ✰❤❡♦r❣❤❡✱ ❛♥❞ ✳✝ ✯♦♥❡s❝☞✱ ❭✴❛r❞r☞✍ ❝♦☛♦r ❝♦♥t❡♥t ❛♥❛☛②s✟s ✟♥ ✈✟❞❡♦✎♦t♦s❝♦♣②

✟✍❛❣❡s ✏♦r t❤❡ ❞✟❛❣♥♦s✟s s☞♣♣♦rt ♦✏ ♣❡❞✟❛tr✟❝ ♦t✟t✟s✱✧ ✟♥ ❙✐★✗✖❧✜✵ ❈✐✑✙✉✐✣✜ ✖✗✶ ❙✦✜✣✕✸✜

✻✼❙❙❈❙✽✵ ✾❀❁❁ ❁❀✣✚ ✼✗✣✕✑✗✖✣✐✒✗✖❧ ❙✦✸✔✒✜✐✉✸ ✒✗✱ ♣♣✝ ✫✪✂✱ ✷✬✫✫✝

❬✷✺☎ ✯✝ ▼✟r♦♥✟❝❛✱ ✮✝ ❱❡rt❛♥✱ ❛♥❞ ❉✝ ✰❤❡♦r❣❤❡✱ ❭❂☞t♦✍❛t✟❝ ♣❡❞✟❛tr✟❝ ♦t✟t✟s ❞❡t❡❝t✟♦♥ ❜② ❝☛❛ss✟❃✎

❝❛t✟♦♥ ♦✏ ❣☛♦❜❛☛ ✟✍❛❣❡ ✏❡❛t☞r❡s✱✧ ✟♥ ❊✲❄✕✖❧✣✚ ✖✗✶ ❅✐✒✕✗★✐✗✕✕✑✐✗★ ❈✒✗❢✕✑✕✗✙✕ ✻❊❄❅✽✵ ✾❀❁❁✱

♣♣✝ ✫✪✂✱ ✷✬✫✫✝

❬✷✩☎ ❂✝ ❑☞r☞✈✟☛☛❛✱ ◆✝ ✡❤❛✟❦❤✱ ❂✝ ✆♦❜❡r✍❛♥✱ ❛♥❞ ❏✝ ❑♦✈❛❋❝❡✈✟✓❝✱ ❭❂☞t♦✍❛t❡❞ ❞✟❛❣♥♦s✟s ♦✏ ♦t✟t✟s

✍❡❞✟❛✿ ❱♦❝❛❜☞☛❛r② ❛♥❞ ❣r❛✍✍❛r✱✧ ✼✗✣✕✑✗✖✣✐✒✗✖❧ P✒✉✑✗✖❧ ✒❢ ❅✐✒✸✕✶✐✙✖❧ ✼✸✖★✐✗★✱ ✈♦☛✝ ✷✬✫✭✱

♣✝ ✫✺✱ ✷✬✫✭✝

❬✷✹☎ ✞✝ ✮❤❡♥❣✱ ❏✝ ✞✟☞✱ ✮✝ ✠♦❡❤✍✱ ❛♥❞ ❚✝ ❱❛☛❞❡③✱ ❭✴♥❤❛♥❝❡❞ ✈✟❞❡♦ ✟✍❛❣❡s ✏♦r t②✍♣❛♥✟❝ ✍❡✍❜r❛♥❡

❝❤❛r❛❝t❡r✟③❛t✟♦♥✱✧ ✟♥ ❊✗★✐✗✕✕✑✐✗★ ✐✗ ◗✕✶✐✙✐✗✕ ✖✗✶ ❅✐✒❧✒★✦ ❙✒✙✐✕✣✦✵❊◗❅❈✵ ✾❀❁❁ ✘✗✗✉✖❧ ✼✗✲

✣✕✑✗✖✣✐✒✗✖❧ ❈✒✗❢✕✑✕✗✙✕ ✒❢ ✣✚✕ ✼❊❊❊✱ ♣♣✝ ✂✬✬✷✪✂✬✬✺✱ ✷✬✫✫✝

❬✷✄☎ ❂✝✎✡✝ ✡❤✟❛♦ ❛♥❞ ❨✝✎✮✝ ✰☞♦✱ ❭❂ ❝♦✍♣❛r✟s♦♥ ❛ss❡ss✍❡♥t ♦✏ ✈✟❞❡♦t❡☛❡s❝♦♣② ✏♦r ❞✟❛❣♥♦s✟s ♦✏

♣❡❞✟❛tr✟❝ ♦t✟t✟s ✍❡❞✟❛ ✇✟t❤ ❡❯☞s✟♦♥✱✧ ✼✗✣✕✑✗✖✣✐✒✗✖❧ P✒✉✑✗✖❧ ✒❢ ❲✕✶✐✖✣✑✐✙ ✢✣✒✑✚✐✗✒❧✖✑✦✗★✒❧✒★✦✱

✈♦☛✝ ✩❳✱ ♥♦✝ ✫✫✱ ♣♣✝ ✫✂❳✹✪✫✺✬✷✱ ✷✬✬✺✝

❬✷❳☎ ❚✝ ❂✝ ❱❛☛❞❡③✱ ◆✝ ✡♣❡❣❛③③✟♥✟✱ ✠✝ ❩❛♥❞❡②✱ ❑✝ ✞♦♥❣♦✱ ✮✝ ✰r✟♥❞☛❡✱ ❉✝ ❩❡t❡rs♦♥✱ ❛♥❞ ✯✝ ✳❛r✎

✍❛♥✱ ❭▼☞☛t✟✎❝♦☛♦r r❡✌❡❝t❛♥❝❡ ✟✍❛❣✟♥❣ ♦✏ ✍✟❞❞☛❡ ❡❛r ♣❛t❤♦☛♦❣② ✟♥ ✈✟✈♦✱✧ ✘✗✖❧ ❅✐✒✖✗✖❧ ❈✚✕✸✱

✈♦☛✝ ✂✬✹✱ ♥♦✝ ✫✷✱ ♣♣✝ ✭✷✹✹✪✄✭✱ ✷✬✫✺✝

❬✭✬☎ ▼✝ ✡☞♥❞❜❡r❣✱ ▼✝ ❩❡❡❜♦✱ ❪❂✝ ⑧❫❜❡r❣✱ ❩✝✎✰✝ ✞☞♥❞q☞✟st✱ ❛♥❞ ❚✝ ✡tr⑧♦✍❜❡r❣✱ ❭❉✟❯☞s❡ r❡✌❡❝t❛♥❝❡

s♣❡❝tr♦s❝♦♣② ♦✏ t❤❡ ❤☞✍❛♥ t②✍♣❛♥✟❝ ✍❡✍❜r❛♥❡ ✟♥ ♦t✟t✟s ✍❡❞✟❛✱✧ ❲✚✦✜✐✒❧✒★✐✙✖❧ ◗✕✖✜✉✑✕✸✕✗✣✱

✈♦☛✝ ✷✺✱ ♥♦✝ ✩✱ ♣♣✝ ✫✂✹✭✪✫✂✄✭✱ ✷✬✬✂✝

❬✭✫☎ ▼✝ ✡☞♥❞❜❡r❣✱ ✢✔✣✐✙✖❧ ◗✕✣✚✒✶✜ ❢✒✑ ❴✦✸✔✖✗✐✙ ◗✕✸❵✑✖✗✕ ❈✚✖✑✖✙✣✕✑✐✜✖✣✐✒✗ ❥ ❴✒♠✖✑✶✜ ✢❵①✕✙✣✐✛✕

✢✣✒✜✙✒✔✦ ✐✗ ✢✣✐✣✐✜ ◗✕✶✐✖✝ ❩❤❉ t❤❡s✟s✱ ✞✟♥❦⑧♦♣✟♥❣ ④♥✟✈❡rs✟t②✱ ✳✟♦✍❡❞✟❝❛☛ ✯♥str☞✍❡♥t❛t✟♦♥✱

❚❤❡ ✯♥st✟t☞t❡ ♦✏ ❚❡❝❤♥♦☛♦❣②✱ ✷✬✬✄✝

❬✭✷☎ ✞✝ ✆❛☛☛✎✡t♦♦❞☛❡②✱ ⑤✝ ⑥✝ ✆☞✱ ❂✝ ✰✟❡s❡❦❡✱ ✞✝ ◆✟st✟❝♦✱ ❉✝ ◆❣☞②❡♥✱ ❏✝ ✆❛②❡s✱ ▼✝ ⑤♦r❜❡s✱ ❉✝ ❩✝

✰r❡❡♥❜❡r❣✱ ✳✝ ❉✟❝❡✱ ❂✝ ✳☞rr♦✇s✱ ❩✝ ❂✝ ⑦❛❝❦②✍✱ ❩✝ ✡t♦♦❞☛❡②✱ ❏✝ ✮✝ ❩♦st✱ ✰✝ ❉✝ ✴❤r☛✟❝❤✱ ❛♥❞
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❏✳ ❊✳ ❑❡rs❝❤♥❡r✱ ❭☎✐r❡❝t ❞❡t❡❝t✐♦♥ ♦✆ ❜❛❝t❡r✐❛✝ ❜✐♦✞✝♠s ♦♥ t❤❡ ♠✐❞❞✝❡✲❡❛r ♠✉❝♦s❛ ♦✆ ❝❤✐✝❞r❡♥

✇✐t❤ ❝❤r♦♥✐❝ ♦t✐t✐s ♠❡❞✐❛✱✧ ✟✠▼✠✱ ✈♦✝✳ ✷✄✡✱ ♥♦✳ ✷✱ ♣♣✳ ✷☛✷☞✷✌✌✱ ✷☛☛✡✳

❬✸✸✍ ✎✳ ☎✳ ❊❤r✝✐❝❤✱ ✏✳ ❱❡❡❤✱ ❳✳ ❲❛♥❣✱ ❏✳ ❲✳ ❈♦st❡rt♦♥✱ ❏✳ ☎✳ ✑❛②❡s✱ ❋✳ ❩✳ ✑✉✱ ✒✳ ❏✳ ☎❛✐❣✝❡✱ ✓✳ ☎✳

❊❤r✝✐❝❤✱ ❛♥❞ ❏✳ ❈✳ P♦st✱ ❭✓✉❝♦s❛✝ ❜✐♦✞✝♠ ✆♦r♠❛t✐♦♥ ♦♥ ♠✐❞❞✝❡✲❡❛r ♠✉❝♦s❛ ✐♥ t❤❡ ❝❤✐♥❝❤✐✝✝❛

♠♦❞❡✝ ♦✆ ♦t✐t✐s ♠❡❞✐❛✱✧ ✟✠▼✠✱ ✈♦✝✳ ✷✔✕✱ ♥♦✳ ✌✸✱ ♣♣✳ ✌✕✌☛☞✶✱ ✷☛☛✷✳

❬✸✂✍ ❏✳ ✖✳ ❲❡r❦❤❛✈❡♥✱ ✗✳ ✏❡✐♥✐s❝❤✱ ✓✳ ❙♦rr❡✝✝✱ ❏✳ ❚r✐❜❜✝❡✱ ❛♥❞ ✏✳ ✑✳ ✘ss♦✙✱ ❭✚♦♥✐♥✈❛s✐✈❡ ♦♣t✐❝❛✝

❞✐❛❣♥♦s✐s ♦✆ ❜❛❝t❡r✐❛ ❝❛✉s✐♥❣ ♦t✐t✐s ♠❡❞✐❛✱✧ ✛✜✢ ✣✤✥✦★✩✪✫✬✪✭✢✱ ✈♦✝✳ ✌☛✂✱ ♥♦✳ ✸✱ ♣♣✳ ✷✡✂☞✷✡✔✱

✌✄✄✂✳

❬✸✶✍ ✒✳ ❈✳ ❙♣❡❝t♦r✱ ✗✳ ✏❡✐♥✐s❝❤✱ ☎✳ ❙♠✐t❤✱ ❛♥❞ ❏✳ ✖✳ ❲❡r❦❤❛✈❡♥✱ ❭✚♦♥✐♥✈❛s✐✈❡ ✮✉♦r❡s❝❡♥t ✐❞❡♥✲

t✐✞❝❛t✐♦♥ ♦✆ ❜❛❝t❡r✐❛ ❝❛✉s✐♥❣ ❛❝✉t❡ ♦t✐t✐s ♠❡❞✐❛ ✐♥ ❛ ❝❤✐♥❝❤✐✝✝❛ ♠♦❞❡✝✱✧ ✛✜✢ ✣✤✥✦★✩✪✫✬✪✭✢✱

✈♦✝✳ ✌✌☛✱ ♥♦✳ ✕✱ ♣♣✳ ✌✌✌✄☞✌✌✷✸✱ ✷☛☛☛✳

❬✸✡✍ ❚✳ ✖✳ ❱❛✝❞❡③✱ ✏✳ P❛♥❞❡②✱ ✚✳ ❙♣❡❣❛③③✐♥✐✱ ❑✳ ✗♦♥❣♦✱ ❈✳ ✏♦❡❤♠✱ ✏✳ ✏✳ ☎❛s❛r✐✱ ❛♥❞ ✯✳ ✒❛r✲
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❬✂✢☎ ❉✳ ☛❜r❛♠✑♦✞✱ ☛✳ ☛❜r❛♠✑♦✞✱ ❛✞❞ ❉✳ ❈♦❧❡♠❛✞✱ ❭✉❧tr❛✑♦✞✍❝✑ ✍✞ ♦t♦❧❛r②✞✠♦❧♦✠②❀ ☛✞ ❛✍❞ ✍✞ t❤❡

❞✍❛✠✞♦✑✍✑ ♦✒ ♠✍❞❞❧❡ ❡❛r ④✡✍❞✱✧ ✰✙✜✕✮❁✖s ✛❢ ✦★✛✩✘✙✚♥❣✛✩✛❣✚✱ ✈♦❧✳ ✼❅✱ ✞♦✳ ✷✱ ✏✏✳ ✢✹❅✾✢✂✄✱ ✢✼❄✷✳



❇■❇▲■❖●❘❆�❍✁ ✷✂✄

❬✂✷✺ ❚✳ ☎✳ ✆✝✞❞r②✱ ❏✳ ❲✳ ✟✝❛✞s❜✉r②✱ ✟✳ ✠✳ ✡❞✝☛s♦✞✱ ▼✳ ✆✳ ✠✝✞❝❡✱ ✝✞❞ ❏✳ ✡✳ ✠r♦✇✞✱ ❭✟❡✝☞✲t❛☛❡

❛☛✝✌❛✞✌ ♦✍ ❛✞✲✈❛tr♦ ❤✉☛✝✞ ☛❛❞❞☞❡ ❡✝r ✉s❛✞✌ ❤❛✌❤ ✍r❡q✉❡✞❝② ✉☞tr✝s♦✉✞❞✱✧ ✎✏✑✒✐♥❣ ✓✏✔✏✑✒✕✖✱

✈♦☞✳ ✸✷✗✱ ♣♣✳ ✄✶✘✱ ✷✙✄✂✳

❬✂✸✺ ❏✳ ❙♦✞✌ ✝✞❞ ❑✳ ✚②✞②✞❡✞✱ ❭✡❝❝✉r✝t❡ ✝ss❡ss☛❡✞t ♦✍ ☛❛❞❞☞❡ ❡✝r ❡✛✉s❛♦✞ ❜② ☛♦✞❛t♦r❛✞✌ ✉☞tr✝✲

s♦✉✞❞ r❡✜❡❝t❛♦✞s ✍r♦☛ ✝ t②☛♣✝✞❛❝ ☛❡☛❜r✝✞❡✱✧ ❛✞ ❯❧✢✒✑✔✣♥✐✕✔ ✤✥♠✦✣✔✐★♠ ✭✩❯✤✮✪ ✫✵✵✾ ✩❊❊❊

✩♥✢✏✒♥✑✢✐✣♥✑❧✱ ♣♣✳ ✄✬✸✶✄✬✂✱ ❙❡♣t ✷✙✙✬✳

❬✂✯✺ ✡✳ ❉❡✟♦✇❡✱ ✰✳ ✴♣❤❛r✱ ❙✳ ❙✝❞❡✱ ☎✳ ❋❛s❤☛✝✞✱ ❉✳ ✴♣❤❛r✱ ▼✳ ☎r✝✞❦❛✞✱ ✝✞❞ ✡✳ ❑✝t③❛r✱ ❭✴♣t❛❝✝☞✲

✹❜❡r✲❝♦✉♣☞❡❞ ❛✞✍❡r♦☛❡tr❛❝ ☛❡✝s✉r❡☛❡✞t ♦✍ t②☛♣✝✞❛❝ ☛❡☛❜r✝✞❡ t❡☛♣❡r✝t✉r❡✿ ✝ ✞❡✇ ❞❛✝✌✲

✞♦st❛❝ t♦♦☞ ✍♦r ✝❝✉t❡ ♦t❛t❛s ☛❡❞❛✝✱✧ ❛✞ ✻✑✔✏✒✔ ✐♥ ✤★✒❣✏✒✥✼ ✽❀❁✑♥✕✏❀ ❈✖✑✒✑✕✢✏✒✐❂✑✢✐✣♥✪ ❃✖✏✒✑❄

✦✏★✢✐✕✔✪ ✑♥❀ ✤✥✔✢✏♠✔ ❱✩✩✩✱ ✈♦☞✳ ✸✷✯✂ ♦✍ ✤✣✕✐✏✢✥ ✣❢ P✖✣✢✣❄❅✦✢✐✕✑❧ ✩♥✔✢✒★♠✏♥✢✑✢✐✣♥ ❊♥❣✐♥✏✏✒✔

✭✤P✩❊✮ ❈✣♥❢✏✒✏♥✕✏ ✤✏✒✐✏✔✱ ♣♣✳ ✷✷✘✶✷✸✸✱ ❏✉☞ ✄✬✬◆✳

❬✂✂✺ ☎✳ ❋❛s❤☛✝✞✱ ✡✳ ❉❡✟♦✇❡✱ ✰✳ ✴♣❤❛r✱ ◗✳ ❙❝❤✝r✍✱ ✡✳ ❙❤✝❜t✝❛✱ ❉✳ ✴♣❤❛r✱ ✝✞❞ ✡✳ ❑✝t③❛r✱ ❭❳☛♣r♦✈❡❞

t②☛♣✝✞❛❝ t❤❡r☛♦☛❡t❡r ❜✝s❡❞ ♦✞ ✝ ✹❜❡r ♦♣t❛❝ ❛✞✍r✝r❡❞ r✝❞❛♦☛❡t❡r ✝✞❞ ✝✞ ♦t♦s❝♦♣❡ ✝✞❞ ❛ts

✉s❡ ✝s ✝ ✞❡✇ ❞❛✝✌✞♦st❛❝ t♦♦☞ ✍♦r ✝❝✉t❡ ♦t❛t❛s ☛❡❞❛✝✱✧ ❛✞ ❨✐❅✤❩✾✾ ✩♥✢✏✒♥✑✢✐✣♥✑❧ ❨✐✣♠✏❀✐✕✑❧

❅✦✢✐✕✔ ✤✥♠✦✣✔✐★♠✱ ♣♣✳ ✷✘◆✶✷◆✗✱ ❳✞t❡r✞✝t❛♦✞✝☞ ❙♦❝❛❡t② ✍♦r ✴♣t❛❝s ✝✞❞ ❪❤♦t♦✞❛❝s✱ ✄✬✬✬✳

❬✂✗✺ ✰✳ ❉✈❛r✱ ✟✳ ▼✳ ❑❛r❜❡r✌❡r✱ ✝✞❞ ✡✳ ☎✳ ❚❡r❜☞✝✞❝❤❡✱ ❭▼✝✌✞❡t❛❝ r❡s♦✞✝✞❝❡ ❛☛✝✌❛✞✌ ♦✍ ♦t❛t❛s ☛❡❞❛✝

❛✞ ✝ ❞♦✌✱✧ ❱✏✢ ✓✑❀✐✣❧ ❯❧✢✒✑✔✣★♥❀✱ ✈♦☞✳ ✯✄✱ ✞♦✳ ✄✱ ♣♣✳ ✯✗✶✬✱ ✷✙✙✙✳

❬✂✘✺ ❫✳ ✰✳ ✆♦✈❡✱ ✟✳ ❲✳ ❑r✝☛❡r✱ ☎✳ ❏✳ ❙♣♦❞✞❛❝❦✱ ✝✞❞ ❉✳ ✰✳ ❚❤r✝☞☞✱ ❭✟✝❞❛♦✌r✝♣❤❛❝ ✝✞❞ ❝♦☛♣✉t❡❞

t♦☛♦✌r✝♣❤❛❝ ❡✈✝☞✉✝t❛♦✞ ♦✍ ♦t❛t❛s ☛❡❞❛✝ ❛✞ t❤❡ ❞♦✌✱✧ ❱✏✢✏✒✐♥✑✒✥ ✓✑❀✐✣❧✣❣✥ ❴ ❯❧✢✒✑✔✣★♥❀✱

✈♦☞✳ ✸✗✱ ✞♦✳ ✂✱ ♣♣✳ ✸✘✂✶✸✘✬✱ ✄✬✬✂✳

❬✂◆✺ ✟✳ ❫✳ ❪❛tt☛✝✞✱ ❭✟❡✌✉☞✝t❛♦✞ ♦✍ t❛ss✉❡ ♦①②✌❡✞✝t❛♦✞✱✧ ❛✞ ❈✣❧❧✣❵★✐★♠ ✤✏✒✐✏✔ ✣♥ ✩♥✢✏❣✒✑✢✏❀ ✤✥✔❄

✢✏♠✔ P✖✥✔✐✣❧✣❣✥✼ ❥✒✣♠ ④✣❧✏✕★❧✏ ✢✣ ❥★♥✕✢✐✣♥✱ ✈♦☞✳ ✸✱ ♣♣✳ ✄✶✄✙✙✱ ▼♦r✌✝✞ ⑤ ⑥☞✝②♣♦♦☞ ✆❛✍❡

❙❝❛❡✞❝❡s✱ ✷✙✄✄✳

❬✂✬✺ ❭⑦✞❞❡rst✝✞❞❛✞✌ ❝♦✞t❛✞♦✉s ☛❛①❡❞ ✈❡✞♦✉s ♦①②✌❡✞ s✝t✉r✝t❛♦✞ ☛♦✞❛t♦r❛✞✌ ✇❛t❤ t❤❡ s✇✝✞✲✌✝✞③

♦①❛☛❡tr② t❞ s②st❡☛✱✧ ❊❀⑧✑✒❀✔ ✻✐❢✏✔✕✐✏♥✕✏✔ ✻✻❈✱ ✈♦☞✳ ✷✱ ✞♦✳ ✗✱ ✷✙✙✷✳

❬✗✙✺ ⑨✳✲✠✳ ✆❛✱ ⑩✳✲❏✳ ❙✉✞✱ ❶✳✲❷✳ ⑩✉✱ ✆✳✲▼✳ ❶✝✞✌✱ ❶✳✲❋✳ ❷❤✝✞✌✱ ❙✳✲❋✳ ❲❡✞✌✱ ❏✳✲❙✳ ❙❤❛✱ ✝✞❞ ❏✳✲☎✳ ❲✉✱

❭❉❛✝✌✞♦s❛s ♦✍ ✌✝str❛❝ ❛✞✜✝☛☛✝t❛♦✞ ✝✞❞ ☛✝☞❛✌✞✝✞❝② ❛✞ ❡✞❞♦s❝♦♣❛❝ ❜❛♦♣s❛❡s ❜✝s❡❞ ♦✞ ✍♦✉r❛❡r

tr✝✞s✍♦r☛ ❛✞✍r✝r❡❞ s♣❡❝tr♦s❝♦♣②✱✧ ❈❧✐♥✐✕✑❧ ❈✖✏♠✐✔✢✒✥✱ ✈♦☞✳ ✂✄✱ ✞♦✳ ✷✱ ♣♣✳ ✸✯✗✶✸✂✙✱ ✷✙✙✂✳

❬✗✄✺ ◗✳ ❑✳ ❑✝t✉❦✉r❛✱ ❏✳ ✚✝r✌r♦✈❡✱ ❙✳ ❏✳ ▼❛☞☞❡r✱ ❑✳ ✟✝❤✝☞✱ ❏✳ ❶✳ ❑✝♦✱ ✟✳ ❲♦☞t❡rs✱ ✰✳ ▼✳ ❷❛☛☛❡r✲

☛✝✞✞✱ ✝✞❞ ❚✳ ❉✳ ❲✝✞✌✱ ❭❉❡t❡❝t❛♦✞ ♦✍ ❝♦☞♦✞❛❝ ❛✞✜✝☛☛✝t❛♦✞ ✇❛t❤ ✍♦✉r❛❡r tr✝✞s✍♦r☛ ❛✞✍r✝r❡❞

s♣❡❝tr♦s❝♦♣② ✉s❛✞✌ ✝ ✜❡①❛❜☞❡ s❛☞✈❡r ❤✝☞❛❞❡ ✹❜❡r✱✧ ❨✐✣♠✏❀❸ ❅✦✢❸ ❊❹✦✒✏✔✔✱ ✈♦☞✳ ✄✱ ♣♣✳ ✄✙✄✯✶✄✙✷✂✱

✴❝t ✷✙✄✙✳
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❬✻✷✄ ☎✳ ✆✳ ❙❤❛✇✱ ✝✳ ✝✳ ▼❛✞ts❝❤✱ ❛✞❞ ❏✳ ❊✳ ✆✞❞❡rs♦✞✱ ❭✟✞❢r❛r❡❞ s♣❡❝tr♦s❝♦♣② ♦❢ ❞②str♦♣❤✐❝ ♠❞①

♠♦✠s❡ ♠✠s❝❧❡ t✐ss✠❡ ❞✐st✐✞❣✠✐s❤❡s ❛♠♦✞❣ tr❡❛t♠❡✞t ❣r♦✠♣s✱✧ ✡☛✉☞♥✌✍ ☛✎ ✏✑✑✍✒✓✔ P✕✖✗✒☛✍☛✘✖✱

✈♦❧✳ ✽✙✱ ✞♦✳ ✂✱ ♣✳ ✷✚✷✽✱ ✙✶✶✻✳

❬✻✚✄ ❉✳ ❈✳ ❞❡ ❱❡❧❞✱ ▼✳ ❙❦✠r✐❝❤✐✞❛✱ ▼✳ ❏✳ ❲✐t❥❡s✱ ☎✳ ✛✳ ❉✠✐✞✱ ✝✳ ❏✳ ❙t❡r❡✞❜♦r❣✱ ❛✞❞ ❏✳ ✜✳ ☎♦♦❞✲

❡✞❜✠r❣✱ ❭✆✠t♦✢✠♦r❡s❝❡✞❝❡ ❛✞❞ ❞✐✣✠s❡ r❡✢❡❝t❛✞❝❡ s♣❡❝tr♦s❝♦♣② ❢♦r ♦r❛❧ ♦✞❝♦❧♦❣②✱✧ ✤✌✗✓☞✗ ✒♥

✥✉☞✘✓☞✖ ✌♥✔ ✦✓✔✒★✒♥✓✱ ✈♦❧✳ ✚✻✱ ✞♦✳ ✂✱ ♣♣✳ ✚✂✻✸✚✻✩✱ ✷✪✪✂✳

❬✻✩✄ ❱✳ ❉✳ ✜❡r✞✐❛✱ ❭✫❛r❣❡t✐✞❣ t❤❡ ✐❢✞✲✬✴❝①❝❧✙✪ ♣❛t❤✇❛② ✐✞ ❧✐❝❤❡✞ ♣❧❛✞✠s✱✧ ✦✓✔✒★✌✍ ✭✖✑☛✮✕✓✗✓✗✱

✈♦❧✳ ✶✷✱ ♣♣✳ ✻✪✸✻✙✱ ✷✪✙✻✳

❬✻✂✄ ❑✳ ❩✳ ✜✐✠✱ ❳✳ ▼✳ ❳✐❛✞❣✱ ✆✳ ▼❛✞✱ ▼✳ ✯✳ ❙♦✇❛✱ ✆✳ ❈❤♦❧❛❦✐s✱ ❊✳ ✯❤✐❛❜✐✱ ❉✳ ✜✳ ❙✐✞❣❡r✱ ❛✞❞

❉✳ ✆✳ ❙❝♦tt✱ ❭✟✞ ✈✐✈♦ ❞❡t❡r♠✐✞❛t✐♦✞ ♦❢ ♠✠❧t✐♣❧❡ ✐✞❞✐❝❡s ♦❢ ♣❡r✐♦❞♦✞t❛❧ ✐✞✢❛♠♠❛t✐♦✞ ❜② ♦♣t✐❝❛❧

s♣❡❝tr♦s❝♦♣②✱✧ ✡ P✓☞✒☛✔☛♥✮✌✍ ✰✓✗✱ ✈♦❧✳ ✩✩✱ ✞♦✳ ✙✱ ♣♣✳ ✙✙✵✸✷✩✱ ✷✪✪✶✳
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s❛t♦r❛t✡✌✞ ✌❢ ❝❧✡✞✡❝❛❧❧② ❤❡❛❧t❤② ❛✞❞ ✡✞♥❛♠❡❞ ❣✡✞❣✡✈❛ ✡✞ ❤♦♠❛✞ s♦❜④❡❝ts✟✧ ✾ ✱✒✯✐✛✥✛✤✏✪✦ ✣✒✢✟

✈✌❧✝ ✷✂✟ ✞✌✝ ✷✟ ♣♣✝ ✓✸✕✽✟ ✶✓✓☎✝

❬✶✶❁✆ ✺✝ ✠✌❤♠❛✞✞✟ ❙✝ ✙✌❤✞✟ ❑✝ ▼⑦✘
⑤
⑥ ❧❧❡r✟ ☛✝ ❚r❛♠♣❡❧✟ ❛✞❞ ☛✝ ❚♦r✞❡r✟ ❭✼♠❛❣❡ r❡st✌r❛t✡✌✞ ❛✞❞

s♣❛t✡❛❧ r❡s✌❧♦t✡✌✞ ✡✞ ✔✲t❡s❧❛ ♠❛❣✞❡t✡❝ r❡s✌✞❛✞❝❡ ✡♠❛❣✡✞❣✟✧ ❄✪❀✤✒✏✐✩ ✣✒✢✛✤✪✤✩✒ ✐✤ ❄✒✥✐✩✐✤✒✟

✈✌❧✝ ✄❁✟ ✞✌✝ ✶✟ ♣♣✝ ✶✂✕✷✷✟ ✷☎✶☎✝
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❬✶✶✂☎ ✆✝ ✞♦❡❧ ❛✟❞ ❡t ❛❧✝✱ ❭✠✡❣☛ r❡s♦❧✉t✡♦✟ ❝t ⑤ r❛❞✡♦❧♦❣☞ r❡❢❡r❡✟❝❡ ❛rt✡❝❧❡ ⑤ r❛❞✡♦✌❛❡❞✡❛✝♦r❣✝✧

✍✟❧✡✟❡✝ ☛tt✌✿✴✴r❛❞✡♦✌❛❡❞✡❛✝♦r❣✴❛rt✡❝❧❡s✴☛✡❣☛✲r❡s♦❧✉t✡♦✟✲❝t✱ ❬✆❝❝❡ss❡❞✿ ✸✶✴✎✸✴✷✎✶✏☎✝

❬✶✶✏☎ ✆✝ ✞✝ ◗✉✡✟✟✱ ❏✝ ▼❝✑❡❧❧❛✟❞✱ ❚✝ ❊ss❡①✱ ❛✟❞ P✝ ▼✝ ❋❛rr✱ ❭▼❡❛s✉r❡♠❡✟t ♦❢ ❝✉t❛✟❡♦✉s ✡✟✒❛♠♠❛✲

t♦r☞ r❡❛❝t✡♦✟s ✉s✡✟❣ ❛ s❝❛✟✟✡✟❣ ❧❛s❡r✲❞♦✌✌❧❡r ✈❡❧♦❝✡♠❡t❡r✱✧ ✓✔ ✕ ❉✖✔✗✘✙✚✛✱ ✈♦❧✝ ✶✷✂✱ ✟♦✝ ✶✱

✌✌✝ ✸✎✜✄✱ ✶✢✢✶✝

❬✶✶✄☎ ❲✝ ❳✡❛✱ ✣✝ P✡r❛s✱ ❏✝ ❈✝ ✞✝ ✈❛✟ ✠❡s✌❡✟✱ ❙✝ ✈❛✟ ❱❡❧❞☛♦✈❡✟✱ ❈✝ Pr✡✟s✱ ❚✝ ✞✝ ✈❛✟ ✑❡❡✉✇❡✟✱

❲✝ ❙t❡❡✟❜❡r❣❡✟✱ ❛✟❞ ❙✝ ▼❛✟♦☛❛r✱ ❭✆✟ ♦✌t✡♠✡③❡❞ ✉❧tr❛s♦✉✟❞ ❞❡t❡❝t♦r ❢♦r ✌☛♦t♦❛❝♦✉st✡❝

❜r❡❛st t♦♠♦❣r❛✌☛☞✱✧ ✤✖✥✐✦✘✛ ★❤②✩✐✦✩✱ ✈♦❧✝ ✹✎✱ ✟♦✝ ✸✱ ✌✝ ✎✸✷✢✎✶✱ ✷✎✶✸✝

❬✶✶✪☎ ✆✝ ✆r✱ P✝ ✠❡r♠❛✟✱ ❊✝ ✑❡❝❛✡✟✱ ▼✝ ❲❛ss❡❢✱ P✝ ❚✝ ✫✝ ✠✉☞✱ ❛✟❞ ✬✝ ❊✝ ❑❛✟✡❛✱ ❭▼✡❞❞❧❡ ❡❛r ❣❛s

❧♦ss ✡✟ ✡✟✒❛♠♠❛t♦r☞ ❝♦✟❞✡t✡♦✟s✿ ❚☛❡ r♦❧❡ ♦❢ ♠✉❝♦s❛ t☛✡❝❦✟❡ss ❛✟❞ ❜❧♦♦❞ ✒♦✇✱✧ ✭✖✩♣✐✔✘✙✚✔②

★❤②✩✐✚✛✚✮② ✯ ◆✖✰✔✚✳✐✚✛✚✮②✱ ✈♦❧✝ ✶✂✂✱ ✟♦✝ ✷✱ ✌✌✝ ✶✏✄✜✶✄✏✱ ✷✎✎✄✝

❬✶✶✢☎ ✆✝ ❋❧♦r❡❛✱ ❏✝ ❊✝ ❩✇❛rt✱ ❈✝ ❲✝ ✑❡❡✱ ✆✝ ✣❡✌❡✇✱ ❙✝ ❑✝ P❛r❦✱ ❏✝ ✵✟♠❛✟✱ ✬✝ ❲❛r❡☛❛♠✱ ❑✝ ❏♦☛✟s♦✟✱

❊✝ ❏♦☛✟✱ ✞✝ ▼✝ ❲❛❧❧✱ ❛✟❞ ❚✝ ❏✉✟❣✱ ❭❊✺❡❝t ♦❢ t♦✌✡❝❛❧ ❞❡①❛♠❡t☛❛s♦✟❡ ✈❡rs✉s r✡♠❡①♦❧♦✟❡

♦✟ ♠✡❞❞❧❡ ❡❛r ✡✟✒❛♠♠❛t✡♦✟ ✡✟ ❡①✌❡r✡♠❡✟t❛❧ ♦t✡t✡s ♠❡❞✡❛ ✇✡t☛ ❡✺✉s✡♦✟✱✧ ✻✦✙✘ ✼✙✚✛✘✔②♥✮✚✛✱

✈♦❧✝ ✶✷✏✱ ✟♦✝ ✢✱ ✌✌✝ ✢✶✎✜✂✱ ✷✎✎✏✝

❬✶✷✎☎ P✝ ✫♦r✡ss♦✈❛✱ ❙✝ ❱❛❧❝☛❡✈❛✱ ❛✟❞ ✆✝ ✫❡❧❝☛❡✈❛✱ ❭✆✟t✡✡✟✒❛♠♠❛t♦r☞ ❡✺❡❝t ♦❢ ✒❛✈♦✟♦✡❞s ✡✟ t☛❡

✟❛t✉r❛❧ ❥✉✡❝❡ ❢r♦♠ ❛r♦✟✡❛ ♠❡❧❛✟♦❝❛r✌❛✱ r✉t✡✟ ❛✟❞ r✉t✡✟✲♠❛❣✟❡s✡✉♠ ❝♦♠✌❧❡① ♦✟ ❛✟ ❡①✌❡r✲

✡♠❡✟t❛❧ ♠♦❞❡❧ ♦❢ ✡✟✒❛♠♠❛t✡♦✟ ✡✟❞✉❝❡❞ ❜☞ ☛✡st❛♠✡✟❡ ❛✟❞ s❡r♦t♦✟✡✟✱✧ ✻✦✙✘ ♣❤②✩✐✚✛✚✮✐✦✘ ✖✙

♣❤✘✔✗✘✦✚✛✚✮✐✦✘ ✓✰✛✮✘✔✐✦✘✱ ✈♦❧✝ ✷✎✱ ✟♦✝ ✶✱ ✌✌✝ ✷✂✜✸✎✱ ✶✢✢✹✝

❬✶✷✶☎ ✍✝ ✠♦❧♠✱ ❊✝ ✑✡✟❞❡❧❧✱ ❛✟❞ ✑✝ ▼❛❧♠✱ ❭❈♦❧♦✉r ❝☛❛✟❣❡ ✡✟ t☛❡ ☛✉♠❛✟ ☛✡st❛♠✡✟❡ ✇☛❡❛❧ ♠❛❞❡

✈✡s✡❜❧❡ ❜☞ ❧☞☞✟✿ ❛ t❡❝☛✟✡q✉❡ t♦ ❡✟☛❛✟❝❡ ❝♦❧♦✉r ❞✡✺❡r❡✟❝❡s✱✧ ✽✾✐♥ ✭✖✩✖✘✔✦❤ ✘♥✥ ❀✖✦❤♥✚✛✚✮②✱

✈♦❧✝ ✶✏✱ ✟♦✝ ✹✱ ✌✌✝ ✸✪✂✜✸✪✢✱ ✷✎✶✎✝

❬✶✷✷☎ ✵✝ ❁✡s☛✡❞❛t❡✱ ❁✝ ❚❛✟❛❦❛✱ ❚✝ ❑❛✇❛s❡✱ ❚✝ ▼❛❡❞❛✱ ❚✝ ❨✉❛s❛✱ ❨✝ ✆✡③✉✱ ❚✝ ❨✉❛s❛✱ ❛✟❞ ❑✝ ❁✡✡③❡❦✡✱

❭❁♦✟✡✟✈❛s✡✈❡ ✡♠❛❣✡✟❣ ♦❢ ☛✉♠❛✟ s❦✡✟ ☛❡♠♦❞☞✟❛♠✡❝s ✉s✡✟❣ ❛ ❞✡❣✡t❛❧ r❡❞✲❣r❡❡✟✲❜❧✉❡ ❝❛♠❡r❛✱✧

✕✚✰✔♥✘✛ ✚❂ ✓✐✚✗✖✥✐✦✘✛ ✼♣✙✐✦✩✱ ✈♦❧✝ ✶✏✱ ✟♦✝ ✪✱ ✌✌✝ ✎✪✏✎✶✷✜✎✪✏✎✶✷✜✶✹✱ ✷✎✶✶✝

❬✶✷✸☎ ✬✝ ✑♦✟❣✱ ❚✝ ❑✡✟❣✱ ❚✝ ✆❦❧✱ ▼✝ ❁✝ ❊r✡❝s♦✟✱ ▼✝ ❲✡❧s♦✟✱ ✞✝ ✑✝ ❈♦t❃❡✱ ❛✟❞ ▼✝ ❏✝ ▼❝❙☛❛✟❡✱

❭✍✌t♦✒✉✡❞✡❝ ✌☛❛✟t♦♠ ♠✡♠✡❝❦✡✟❣ ♦✌t✡❝❛❧ ✌r♦✌❡rt✡❡s ♦❢ ✌♦r❝✡✟❡ ❧✡✈❡rs✱✧ ✓✐✚✗✖✥❄ ✼♣✙❄ ❅❯♣✔✖✩✩✱

✈♦❧✝ ✷✱ ✌✌✝ ✶✪✄✄✜✶✪✢✷✱ ❏✉❧ ✷✎✶✶✝

❬✶✷✹☎ ❱✝ ❱✝ ❚✉❝☛✡✟ ❛✟❞ ❱✝ ❚✉❝☛✡✟✱ ❀✐✩✩✰✖ ✚♣✙✐✦✩❪ ✛✐✮❤✙ ✩✦✘✙✙✖✔✐♥✮ ✗✖✙❤✚✥✩ ✘♥✥ ✐♥✩✙✔✰✗✖♥✙✩ ❂✚✔

✗✖✥✐✦✘✛ ✥✐✘✮♥✚✩✐✩✱ ✈♦❧✝ ✶✸✝ ❙P✵❊ ✌r❡ss ✫❡❧❧✡✟❣☛❛♠✱ ✷✎✎✄✝

❬✶✷✂☎ ❏✝ ❈r♦✇❡ ❛✟❞ ✣✝ ▼♦rr✡s✱ ❭✫✡♦♠❡❞✡❝❛❧ ♦✌t✡❝s✝✧ ✑❡❝t✉r❡ ❁♦t❡s✱ ❋❡❜ ✷✎✶✷✝
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❬✶✷☎✆ ❊✳ ▼✳ ✝✞❧❧♠❛✟✱ ❭✠♣t✞❝❛❧ ❜r❛✞✟ ✞♠❛✡✞✟✡ ✞✟ ✈✞✈♦☛ t❡❝❤✟✞q✉❡s ❛✟❞ ❛♣♣❧✞❝❛t✞♦✟s ❢r♦♠ ❛✟✞♠❛❧ t♦

♠❛✟✱✧ ❏ ☞✐✌✍✎✏ ✑✒✓✱ ✈♦❧✳ ✶✷✱ ✟♦✳ ✂✱ ♣✳ ✵✂✶✔✵✷✱ ✷✵✵✕✳

❬✶✷✕✆ ❙✳ ✖✳ ✗❛❝q✉❡s ❛✟❞ ✗✳ ❈✳ ✘❛♠❡❧❧❛✙✘♦♠❛✟✱ ❭✚♦❧❛r✞③❡❞ ❧✞✡❤t ✞♠❛✡✞✟✡ ♦❢ t✞ss✉❡s✱✧ ✞✟ ✛✜✢✎✣✢ ✜♥✏

✤✥✣✣✎♥✓ ✑✒✓✐✦✜★ ❚✎✦✩♥✐✪✥✎✢ ✐♥ ☞✐✌★✌❣✫ ✭✚✳ ✘✳ ✚❛❧✉♠❜♦ ✬✱ ❡❞✳✮✱ ✈♦❧✳ ✔ ♦❢ ✤✌✍✒✣✎✩✎♥✢✐✯✎ ✢✎✣✐✎✢

✐♥ ✒✩✌✓✌✦✩✎✍✐✢✓✣✫ ✜♥✏ ✒✩✌✓✌✰✐✌★✌❣✫✱ ❝❤✳ ✶✲✱ ♣♣✳ ✂✲✷✺☎✵✕✱ ✴❤❡ ✘♦②❛❧ ❙♦❝✞❡t② ♦❢ ❈❤❡♠✞str②✱

✷✵✵✔✳

❬✶✷✄✆ ❙✳ ✖✳ ✗❛❝q✉❡s✱ ❭✚r♦❜✞✟✡ ✟❛✟♦s❝❛❧❡ t✞ss✉❡ str✉❝t✉r❡ ✉s✞✟✡ ❧✞✡❤t s❝❛tt❡r✞✟✡✱✧ ✞✟ ✑✒✓✐✦✢ ✐♥ ✓✩✎

✛✐✸✎ ✹✦✐✎♥✦✎✢✱ ♣✳ ◆✻✼❈✳✷✱ ✠♣t✞❝❛❧ ❙♦❝✞❡t② ♦❢ ✽♠❡r✞❝❛✱ ✷✵✶✂✳

❬✶✷✲✆ ✽✳ ❑✞❡✟❧❡✱ ❋✳ ❑✳ ❋♦rst❡r✱ ❛✟❞ ✘✳ ✝✞❜st✱ ❭✽✟✞s♦tr♦♣② ♦❢ ❧✞✡❤t ♣r♦♣❛✡❛t✞♦✟ ✞✟ ❜✞♦❧♦✡✞❝❛❧ t✞ss✉❡✱✧
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✴✉❝❤✞✟✱ ❭✠♣t✞❝❛❧ ♣r♦♣❡rt✞❡s ♦❢ ❤✉♠❛✟ ❝♦❧♦✟ t✞ss✉❡s ✞✟ t❤❡ ✼✂✂✙✷✂✵✵ ✟♠ s♣❡❝tr❛❧ r❛✟✡❡✱✧

◗✥✜♥✓✥✍ ❯★✎✦✓✣✌♥✐✦✢✱ ✈♦❧✳ ✔✔✱ ✟♦✳ ✄✱ ♣♣✳ ✕✕✲✺✕✄✔✱ ✷✵✶✔✳

❬✶✼✂✆ ✽✳ ✿❛s❤❦❛t♦✈✱ ❃❊✳ ✬❡✟✞✟❛✱ ❱✳ ❑♦❝❤✉❜❡②✱ ❱✳ ✴✉❝❤✞✟✱ ❊✳ ❈❤✞❦✞✟❛✱ ✽✳ ❑✟②❛③❡✈✱ ❛✟❞ ✠✳ ▼❛r❡❡✈✱
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❭◆♦☎✲✐☎✈❛✟✐✈✆ ✝✆❛✟✣r✆✝✆☎t ♦❢ t✢✆ ✝♦r♣✢♦✠♦❣✡ ❛☎✤ ♣✢✡✟✐♦✠♦❣✡ ♦❢ ♦r❛✠ ✝✣✚♦✟❛ ❜✡ ✣✟✆ ♦❢

♦♣t✐✚❛✠ ✟♣✆✚tr♦✟✚♦♣✡✱✧ ✩✍☞❧ ✩♥❝✒❧✒✯②✱ ✈♦✠✳ ✹✹✱ ☎♦✳ ✓✱ ♣♣✳ ✻✂✾✔✓✱ ✷✞✞✕✳

❬✓✹✻✖ ✛✳ ✜❛t❛☎✤❛✱ P✳ ❱❛☎ ❉✆ ✪✆✡☎✐☎❣✱ ❏✳ ✙♦❣✆r✟✱ ❛☎✤ ✙✳ ✵r✟✱ ❭✙✆✢❛✈✐♦✣r ♦❢ ✝✐✤✤✠✆ ✆❛r ✚✠✆❢t

✝✣✚♦✟❛ ✤✣r✐☎❣ ✐☎✦❛✝✝❛t✐♦☎✿ ✪✐✟t♦✲ ✝♦r♣✢♦✝✆tr✐✚ ✟t✣✤✡✱✧ ✎❝✑☞ ✩✑✒❁❧☞✍②♥✯✒❧✒✯☛❝☞✱ ✈♦✠✳ ✓✷✻✱

☎♦✳ ✄✱ ♣♣✳ ✄✞✂✾✄✞✄✱ ✷✞✞✻✳
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❬✶☎✆✝ ▼✳ ❙❛✞❜♦✟❣✠✱ ▼✳ ✡❣❛☛❛☞❤✠✱ ❚✳ ✌❜✠✱ ▼✳ ❨❛✞❛❣✍❝❤✠✱ ◆✳ ✌②❛✞❛✱ ▼✳ ❑♦❜❛②❛☞❤✠✱ ❨✳ ❙❛✟♦✱

❙✳ ❨♦☞❤✠❞❛✱ ❛✟❞ ❑✳ ✎♦✟♦✱ ❭✏✟❛✑②☞✠☞ ♦✒ ☞♣❡❝t☛❛✑ ☛❡✓❡❝t❛✟❝❡ ♦✒ ✞✍❝♦✍☞ ✞❡✞❜☛❛✟❡ ✒♦☛ ❡✟❞♦✔

☞❝♦♣✠❝ ❞✠❛❣✟♦☞✠☞✱✧ ✠✟ ❊♥✕✖♥✗✗✘✖♥✕ ✖♥ ✙✗✚✖✛✖♥✗ ✜♥✚ ✢✖✣❧✣✕✤ ✥✣✛✖✗✦✤★ ✩✵✵✵✪ P✘✣✛✗✗✚✖♥✕✫ ✣❢ ✦✬✗

✩✩♥✚ ✭♥♥✉✜❧ ✮♥✦✗✘♥✜✦✖✣♥✜❧ ❈✣♥❢✗✘✗♥✛✗ ✣❢ ✦✬✗ ✮❊❊❊✱ ✈♦✑✳ ✷✱ ♣♣✳ ✶✄✷✂✯✶✄✷✰✱ ✷✄✄✄✳

❬✶☎✲✝ ▼✳ ❙❛✞❜♦✟❣✠✱ ▼✳ ✡❣❛☛❛☞❤✠✱ ❚✳ ✌❜✠✱ ▼✳ ❨❛✞❛❣✍❝❤✠✱ ◆✳ ✌❤②❛✞❛✱ ▼✳ ❑♦❜❛②❛☞❤✠✱ ❨✳ ❙❛✟♦✱

❙✳ ❨♦☞❤✠❞❛✱ ❛✟❞ ❑✳ ✎♦✟♦✱ ❭✏✟❛✑②☞✠☞ ♦✒ ☞♣❡❝t☛❛✑ ☛❡✓❡❝t❛✟❝❡ ✍☞✠✟❣ ✟♦☛✞❛✑✠③❛t✠♦✟ ✞❡t❤♦❞ ✒☛♦✞

❡✟❞♦☞❝♦♣✠❝ ☞♣❡❝t☛♦☞❝♦♣② ☞②☞t❡✞✱✧ ✴✸✦✖✛✜❧ ✹✗✺✖✗✻✱ ✈♦✑✳ ✰✱ ✟♦✳ ✂✱ ♣♣✳ ✷✼✲✯✷☎✼✱ ✷✄✄✷✳

❬✶☎✰✝ ❏✳ ✽✳ ❏❛②❛✟t❤✠✱ ✎✳ ❯✳ ◆✠☞❤❛✱ ❙✳ ▼❛✟❥✍✱ ✾✳ ❑✳ ✿❤✠✑✠♣✱ ✿✳ ❏❡❡✞♦✟✱ ❑✳ ❱✳ ❀❛✠❥✍✱ ❱✳ ❚✳ ❀❡❡✟❛✱

❛✟❞ ◆✳ ❙✍❜❤❛☞❤✱ ❭❁✠❂✍☞❡ ☛❡✓❡❝t❛✟❝❡ ☞♣❡❝t☛♦☞❝♦♣②❃ ❞✠❛❣✟♦☞t✠❝ ❛❝❝✍☛❛❝② ♦✒ ❛ ✟♦✟✔✠✟✈❛☞✠✈❡

☞❝☛❡❡✟✠✟❣ t❡❝❤✟✠q✍❡ ✒♦☛ ❡❛☛✑② ❞❡t❡❝t✠♦✟ ♦✒ ✞❛✑✠❣✟❛✟t ❝❤❛✟❣❡☞ ✠✟ t❤❡ ♦☛❛✑ ❝❛✈✠t②✱✧ ✢✙❄ ✴✸✗♥✱

✈♦✑✳ ✶✱ ✟♦✳ ✶✱ ✷✄✶✶✳

❬✶❅✄✝ ❁✳ ❉✠❞♦✈✠❋❝✔◗♦✇❡❛✱ ✾✳ ❲✑❛☛✠❞❣❡❛✱ ❚✳ ✡☞✞❛✠✑❜✱ ❛✟❞ ✿✳ ❚❛✟✠❡☛❡❜✱ ❭✏✟❛✑②☞✠☞ ♦✒ ✞✍✑t✠☞♣❡❝t☛❛✑

✠✞❛❣❡☞ ♦✒ t❤❡ ❝♦✑♦✟ t♦ ☛❡✈❡❛✑ ❤✠☞t♦✑♦❣✠❝❛✑ ❝❤❛✟❣❡☞ ❝❤❛☛❛❝t❡☛✠☞t✠❝ ♦✒ ❝❛✟❝❡☛✱✧ ✙✗✚✖✛✜❧ ✮♠✜✕✗

❳♥✚✗✘✫✦✜♥✚✖♥✕ ✭♥✜❧✤✫✖✫ ✙✮❳✭✱ ✈♦✑✳ ✶✱ ♣♣✳ ✂✂✯✆✄✱ ✷✄✄✂✳

❬✶❅✶✝ ✏✳ ❙❛❩✍❞♦✱ ❑✳ ❀❛❜❛✱ ❛✟❞ ❑✳ ✡❩✍t❛✱ ❭✏✟❛✑②☞✠☞ ♦✒ ✈✠☞✔✟✠☛ ☞♣❡❝t☛❛ ❝❤❛✟❣❡☞ t♦ ✞❡❛☞✍☛❡ t❤❡ ✠✟✔

✓❛✞✞❛t♦☛② ☛❡☞♣♦✟☞❡ ✠✟ t❤❡ ✟❛☞❛✑ ✞✍❝♦☞❛✑ ☛❡❣✠♦✟ ♦✒ ✠✟✓✍❡✟③❛ ❛ ❛✟❞ ❜ ✈✠☛✍☞✔✠✟✒❡❝t❡❞ ♣❛t✠❡✟t☞✱✧

❄✣✉✘♥✜❧ ✣❢ ❈❧✖♥✖✛✜❧ ❪✖✘✣❧✣✕✤✱ ✈♦✑✳ ❅❅✱ ✟♦✳ ☎✱ ♣♣✳ ✼✼☎✯✼✼✲✱ ✷✄✶✷✳

❬✶❅✷✝ ❨✳ ✽✠✍✱ ◗✳ ✾✳ ❀☛❛✟❞✱ ❱✳ ❚✍☛③❤✠t☞❩②✱ ❨✳ ✽✳ ❑✠✞✱ ❉✳ ❑✳ ◗♦②✱ ◆✳ ❉❛☞❛❜♦✍✱ ❲✳ ❙t✍☛❣✠☞✱ ❁✳ ❙❤❛❤✱

❲✳ ❉❛✑✑✱ ❛✟❞ ❱✳ ❀❛❝❩✞❛✟✱ ❭✌♣t✠❝❛✑ ✞❛☛❩❡☛☞ ✠✟ ❞✍♦❞❡✟❛✑ ✞✍❝♦☞❛ ♣☛❡❞✠❝t t❤❡ ♣☛❡☞❡✟❝❡ ♦✒

♣❛✟❝☛❡❛t✠❝ ❝❛✟❝❡☛✱✧ ❈❧✖♥✖✛✜❧ ❈✜♥✛✗✘ ✹✗✫✗✜✘✛✬✱ ✈♦✑✳ ✶✼✱ ✟♦✳ ✶❅✱ ♣♣✳ ☎✼✰✷✯☎✼✰✰✱ ✷✄✄✆✳

❬✶❅✼✝ ❁✳ ❉✠❞♦✈✠❝✔◗♦✇❡ ❛✟❞ ✾✳ ❲✑❛☛✠❞❣❡✱ ❭▼♦❞❡✑✔❜❛☞❡❞ ☛❡❝♦✈❡☛② ♦✒ ❤✠☞t♦✑♦❣✠❝❛✑ ♣❛☛❛✞❡t❡☛☞ ✒☛♦✞

✞✍✑t✠☞♣❡❝t☛❛✑ ✠✞❛❣❡☞ ♦✒ t❤❡ ❝♦✑♦✟✱✧ ✈♦✑✳ ❅✆☎❅✱ ♣♣✳ ✶✷✆✯✶✼✆✱ ✷✄✄❅✳

❬✶❅☎✝ ❑✳ ❲✳ ❙✍✱ ❫✳ ❴✳ ✽❡✍✟❣✱ ❛✟❞ ✿✳ ❉✳ ✎✍t❤✱ ❭✏☞☞❡☞☞✞❡✟t ♦✒ ✞✍❝♦☞❛✑ ❤❡✞♦❞②✟❛✞✠❝☞ ✠✟ ✟♦☛✞❛✑

❤✍✞❛✟ ❝♦✑♦✟ ❛✟❞ ♣❛t✠❡✟t☞ ✇✠t❤ ✠✟✓❛✞✞❛t♦☛② ❜♦✇❡✑ ❞✠☞❡❛☞❡✱✧ ❵✜✫✦✘✣✖♥✦✗✫✦ ❊♥✚✣✫✛✱ ✈♦✑✳ ✼❅✱

✟♦✳ ✶✱ ♣♣✳ ✷✷✯✆✱ ✶✰✲✰✳

❬✶❅❅✝ ▼✳ ❚☞✍❥✠❥✱ ❙✳ ❑❛✇❛✟♦✱ ❙✳ ❚☞✍❥✠✱ ✡✳ ❑♦❜❛②❛☞❤✠✱ ❨✳ ❚❛❩❡✠✱ ❑✳ ◆❛❣❛✟♦✱ ❉✳ ❫✍☞❛✞♦t♦✱ ❚✳ ❑❛✞❛❞❛✱

❚✳ ✌❣✠❤❛☛❛✱ ❛✟❞ ◆✳ ❙❛t♦✱ ❭❲♦✑♦✟✠❝ ✞✍❝♦☞❛✑ ❤❡✞♦❞②✟❛✞✠❝☞ ❛✟❞ t✠☞☞✍❡ ♦①②❣❡✟❛t✠♦✟ ✠✟ ♣❛t✠❡✟t☞

✇✠t❤ ✍✑❝❡☛❛t✠✈❡ ❝♦✑✠t✠☞❃ ✡✟✈❡☞t✠❣❛t✠♦✟ ❜② ♦☛❣❛✟ ☛❡✓❡❝t❛✟❝❡ ☞♣❡❝t☛♦♣❤♦t♦✞❡t☛②✱✧ ❄✣✉✘♥✜❧ ✣❢

❵✜✫✦✘✣✗♥✦✗✘✣❧✣✕✤✱ ✈♦✑✳ ✼✄✱ ✟♦✳ ✷✱ ♣♣✳ ✶✲✼✯✶✲✲✱ ✶✰✰❅✳

❬✶❅✂✝ ❙✳ ✿☛❛❤✑✱ ❭✌♣t✠❝❛✑ ❛❜☞♦☛♣t✠♦✟ ♦✒ ❤❡✞♦❣✑♦❜✠✟✳✧ ✌✟✑✠✟❡✱ ✶✰✰✰✳ ❤tt♣❃✐✐♦✞✑❝✳♦☛❣✐☞♣❡❝t☛❛✐

❤❡✞♦❣✑♦❜✠✟✐✠✟❞❡①✳❤t✞✑✱ ❬✏❝❝❡☞☞❡❞❃ ✶✂✐✄✶✐✷✄✶❅✝✳
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❬✄✶☎✆ ❙✳ ✝✳ ✞✟s❡♥❦♦ ❛♥❞ ▼✳ ▼✳ ❑✉❣❡✟❦♦✠ ❭✡♥❧✟♥❡ ❞❡t❡r♠✟♥❛t✟♦♥ ♦☛ ❜✟♦☞❤②s✟❝❛❧ ☞❛r❛♠❡t❡rs ♦☛ ♠✉❝♦✉s

♠❡♠❜r❛♥❡s ♦☛ ❛ ❤✉♠❛♥ ❜♦❞②✠✧ ◗✌✍✎✏✌✑ ❊✒✓✔✏✕✖✎✐✔✗✠ ✈♦❧✳ ✹✘✠ ♥♦✳ ☎✠ ☞✳ ✂✻✘✠ ✷✙✄✘✳

❬✄✶✻✆ ❉✳ ❨✉❞♦✈s❦② ❛♥❞ ✞✳ P✟❧♦♥✠ ❭✚❛☞✟❞ ❛♥❞ ❛❝❝✉r❛t❡ ❡st✟♠❛t✟♦♥ ♦☛ ❜❧♦♦❞ s❛t✉r❛t✟♦♥✠ ♠❡❧❛♥✟♥

❝♦♥t❡♥t✠ ❛♥❞ ❡☞✟❞❡r♠✟s t❤✟❝❦♥❡ss ☛r♦♠ s☞❡❝tr❛❧ ❞✟✛✉s❡ r❡✜❡❝t❛♥❝❡✠✧ ✢♣♣✒ ✣♣✏✠ ✈♦❧✳ ✹✤✠ ♥♦✳ ✄✙✠

☞☞✳ ✄☎✙☎✥✄✤✠ ✷✙✄✙✳

❬✄✶✤✆ ❙✳ Pr❛❤❧✠ ❭▼✟❡ s❝❛tt❡r✟♥❣ ❝❛❧❝✉❧❛t♦r✳✧ ✡♥❧✟♥❡✠ ✄✤✤✤✳ ❤tt☞✿✴✴♦♠❧❝✳♦r❣✴❝❛❧❝✴♠✟❡ ❝❛❧❝✳❤t♠❧✠

❬✝❝❝❡ss❡❞✿ ✄✂✴✙✄✴✷✙✄✶✆✳
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♠❡✆t ♣❛tt❡r✆✔ ♦✜ t❤❡ ✗❡r❜✐✝ t②♠♣❛✆✐❝ ♠❡♠❜r❛✆❡ ✐✆ ❡①♣❡r✐♠❡✆t❛✝ ♦t✐t✐✔ ♠❡❞✐❛ ✇✐t❤ ❡④✖✔✐♦✆✱✧

❫☛✌✏ ❄☛s✱ ✈♦✝✳ ✦✷✱ ✆♦✳ ✷✱ ♣♣✳ ✶✦❂★✄✂✱ ✶✄✄✩✳

❬✶✚✄☎ ❏✳ ✑✳ ✛✖❝✫✲✓❡❡✱ ✑✳ ▼✳ ✑✐✆✔✫②✱ ❈✳ ✪✳ ❙t❡❡✝❡✱ ❛✆❞ ❙✳ ✑✖r✐❛✱ ❭❋✐✆✐t❡ ❡✝❡♠❡✆t ♠♦❞❡✝✐✆✗ ♦✜ ❛❝♦✖✔t♦✲

♠❡❝❤❛✆✐❝❛✝ ❝♦✖♣✝✐✆✗ ✐✆ t❤❡ ❝❛t ♠✐❞❞✝❡ ❡❛r✱✧ ✢ ❚✟✍✉s☞ ✞✍✟ ❚✥✱ ✈♦✝✳ ✶✷❂✱ ✆♦✳ ✶✱ ♣♣✳ ✸❂✦★✂✷✱

✷✙✙✦✳
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❬✶☎✆✝ ✞✟ ✠✟ ❙♦✡☛❡s ✡❛❞ ☞✟ ☞✡✈✐❛s❦②✱ ❭✞✐st♦✌♦✍② ♦✎ s❤❡❡♣ t❡♠♣♦☛✡✌ ❜♦❛❡✱✧ ✏r✑③ ❏ ✒✓✔r✕✖♥✔❧✑r✗♥❣✔❧✱

✈♦✌✟ ✼✼✱ ❛♦✟ ✄✱ ♣♣✟ ✷☎✘✙✚✷✱ ✷✆✶✶✟

❬✶☎✶✝ ✛✟ P✡☛❦✱ ❚✟ ❙✟ ✜✢♠✱ ✣✟ ✞✟ ❑✇♦❛✱ ✣✟ ✞✟ P✡☛❦✱ ✠✟ ❑✟ ❑✐♠✱ ✡❛❞ ✣✟ ❑✟ ❙❤✐❛✱ ❭✤❤✡☛✡✥t❡☛✐✦✡t✐♦❛

✡❛❞ ♠♦❞❡✌✐❛✍ ✌✐✍❤t s✥✡tt❡☛✐❛✍ ✐❛ ❞✐★✢s❡☛ s❤❡❡ts✱✧ ❏✔✉r♥✑❧ ✔❢ ✩✔r✪✑♥ ✫✕✗✬✖❝✑❧ ✭✔❝✖✪✓✗✱ ✈♦✌✟ ✘✺✱

♣✟ ✺✺✱ ✣✡❛✟ ✷✆✆✚✟

❬✶☎✷✝ ❚❤♦☛✌✡❜s✱ ❭✮❛♠♦✢❛t❡❞ ❛✲❜❦✼ ✍☛♦✢❛❞ ✍✌✡ss ❞✐★✢s❡☛s✟✧ ✯❛✌✐❛❡✟ ❤tt♣✿✴✴✇✇✇✟t❤♦☛✌✡❜s✟❞❡✴❛❡✇

✍☛♦✢♣♣✡✍❡✚✟✥✎♠❄♦❜❥❡✥t✍☛♦✢♣ ✐❞❂✶✶✄✷✱ ❬✜✥✥❡ss❡❞✿ ✷✺✴✆✚✴✷✆✶✘✝✟

❬✶☎✄✝ ✠✟ ❲✟ P♦✍✢❡ ✡❛❞ ▼✟ ❙✟ P✡tt❡☛s♦❛✱ ❭✰❡✈✐❡✇ ♦✎ t✐ss✢❡ s✐♠✢✌✡t✐❛✍ ♣❤✡❛t♦♠s ✎♦☛ ♦♣t✐✥✡✌ s♣❡✥✲

t☛♦s✥♦♣②✱ ✐♠✡✍✐❛✍ ✡❛❞ ❞♦s✐♠❡t☛②✱✧ ❏ ✏✖✔✳✪✵ ✒✸✓✱ ✈♦✌✟ ✶✶✱ ❛♦✟ ✺✱ ♣✟ ✆✺✶✶✆✷✱ ✷✆✆✂✟

❬✶☎✺✝ ▼✟ ❋✐☛❜✡❛❦✱ ▼✟ ✯❞✡✱ ✡❛❞ ❉✟ ❚✟ ❉❡✌♣②✱ ❭✜❛ ✐♠♣☛♦✈❡❞ ❞❡s✐✍❛ ✎♦☛ ✡ st✡❜✌❡ ✡❛❞ ☛❡♣☛♦❞✢✥✐❜✌❡

♣❤✡❛t♦♠ ♠✡t❡☛✐✡✌ ✎♦☛ ✢s❡ ✐❛ ❛❡✡☛✲✐❛✎☛✡☛❡❞ s♣❡✥t☛♦s✥♦♣② ✡❛❞ ✐♠✡✍✐❛✍✱✧ ✫✕✗✬✖❝✬ ✖♥ ✹✪✵✖❝✖♥✪

✑♥✵ ✏✖✔❧✔❣✗✱ ✈♦✌✟ ✺✆✱ ❛♦✟ ✘✱ ♣✟ ✚✘✘✱ ✶✚✚✘✟

❬✶☎✘✝ ▼✟ ❋✐☛❜✡❛❦ ✡❛❞ ❉✟ ❚✟ ❉❡✌♣②✱ ❭✜ ❞❡s✐✍❛ ✎♦☛ ✡ st✡❜✌❡ ✡❛❞ ☛❡♣☛♦❞✢✥✐❜✌❡ ♣❤✡❛t♦♠ ✎♦☛ ✢s❡ ✐❛

❛❡✡☛ ✐❛✎☛✡✲☛❡❞ ✐♠✡✍✐❛✍ ✡❛❞ s♣❡✥t☛♦s✥♦♣②✱✧ ✫✕✗✬✖❝✬ ✖♥ ✹✪✵✖❝✖♥✪ ✑♥✵ ✏✖✔❧✔❣✗✱ ✈♦✌✟ ✄☎✱ ❛♦✟ ✂✱

♣✟ ☎✺✼✱ ✶✚✚✄✟

❬✶☎✂✝ ✜✟ ▼✥◆✡✢✍❤t✐♦❛✱ ❭▼❡✡s✢☛✐❛✍ s✢☛✎✡✥❡ ☛♦✢✍❤❛❡ss ✢s✐❛✍ ✥♦❛✎♦✥✡✌ ♠✐✥☛♦s✥♦♣② ✡❛❞ ✐♠✡✍❡❥ ✻♦☛ ✽❥✐

✈✡☛✐✡❛t✾✟✧ ✯❛✌✐❛❡✱ ✷✆✶✷✟ ❤tt♣✿✴✴♦✥✥♠✟♦t✡✍♦✟✡✥✟❛✦✴☛❡s♦✢☛✥❡s✴❙✢☛✎✡✥❡✲✰♦✢✍❤❛❡ss✲✰✡✲✮s✐❛✍✲

✤♦❛✎♦✥✡✌✟♣❞✎✱ ❬✜✥✥❡ss❡❞✿ ✆☎✴✆✚✴✷✆✶✘✝✟

❬✶☎✼✝ ✠✐♦♠❡❞✐✥✡✌ ❀♠✡✍✐❛✍ ✛☛♦✢♣✱ ❁❊✥♦✌❡ P♦✌②t❡✥❤❛✐q✢❡ ❋❁❡❞❁❡☛✡✌❡ ❞❡ ☞✡✢s✡❛❛❡✱ ❭❊①t❡❛❞❡❞ ❞❡♣t❤ ♦✎

✽❡✌❞✟✧ ✯❛✌✐❛❡✱ ✷✆✶✶✟ ❤tt♣✿✴✴❜✐✍✇✇✇✟❡♣❃✟✥❤✴❞❡♠♦✴❡❞✎✴✐❛❞❡①✟❤t♠✌✱ ❬✜✥✥❡ss❡❞✿ ✆☎✴✆✚✴✷✆✶✘✝✟

❬✶☎☎✝ ✠✟ ❋♦☛st❡☛✱ ❉✟ ❱✡❛ ❉❡ ❱✐✌✌❡✱ ✣✟ ✠❡☛❡❛t✱ ❉✟ ❙✡✍❡✱ ✡❛❞ ▼✟ ✮❛s❡☛✱ ❭✤♦♠♣✌❡① ✇✡✈❡✌❡ts ✎♦☛

❡①t❡❛❞❡❞ ❞❡♣t❤✲♦✎✲✽❡✌❞✿ ✜ ❛❡✇ ♠❡t❤♦❞ ✎♦☛ t❤❡ ✎✢s✐♦❛ ♦✎ ♠✢✌t✐✥❤✡❛❛❡✌ ♠✐✥☛♦s✥♦♣② ✐♠✡✍❡s✱✧

✹✖❝r✔✬❝✔✸✗ ❅✪✬✪✑r❝✕ ✑♥✵ ❈✪❝✕♥✖◗✉✪✱ ✈♦✌✟ ✂✘✱ ♣♣✟ ✄✄✙✺✷✱ ❙❡♣t❡♠❜❡☛ ✷✆✆✺✟

❬✶☎✚✝ ✛✤✞✱ ❭✛✥s✥✡✟✧ ✯❛✌✐❛❡✱ ✷✆✆✚✟ ❤tt♣✿✴✴✇✇✇✟✍✥s✥✡✟❛❡t✴❀✣✴❙✢☛✎✤❤✡☛✣✟❤t♠✌✱ ❬✜✥✥❡ss❡❞✿

✆☎✴✆✚✴✷✆✶✘✝✟

❬✶✚✆✝ ✛✟ ✤❤✐❛✍✡✱ P✟ ✯✟ ✣♦❤❛s❡❛✱ ✰✟ ❉♦✢✍❤❡☛t②✱ ❊✟ ☞✟ ✠❡☛✌✐✱ ✡❛❞ ✣✟ ❲✡✌t❡☛✱ ❭❯✢✡❛t✐✽✥✡t✐♦❛ ♦✎ t❤❡

✄❞ ♠✐✥☛♦st☛✢✥t✢☛❡ ♦✎ s✥ s✢☛✎✡✥❡s✱✧ ❏✔✉r♥✑❧ ✔❢ ✹✖❝r✔✬❝✔✸✗✱ ✈♦✌✟ ✷✷✼✱ ❛♦✟ ✄✱ ♣♣✟ ✷✘✺✙✷✂✘✱ ✷✆✆✼✟

❬✶✚✶✝ ✣✟ ☞✡✢✎❡☛✱ ❊✟ ❩❤✡❛✍✱ ✡❛❞ P✟ ✠❡✡☛❞✱ ❭❙❡✌❡✥t❡❞ t♦♣✐✥s ✐❛ q✢✡❛t✢♠ ❡✌❡✥t☛♦❛✐✥s✱ ✐❡❡❡ ❥♦✢☛❛✡✌ ♦✎✱✧

❳❨✑❧✉✑✓✖✔♥ ✔❢ ❪❫✬✔r❫✖♥❣ ❴✕r✔✳✔✸✕✔r✪✬ ❵✬✪✵ ✖♥ ❈✖✬✬✉✪ ✫✕✑♥✓✔✳✬ ❢✔r ④✉✑♥✓✖✓✑✓✖❨✪ ✫✕✔✓✔✑⑤

❝✔✉✬✓✖❝ ✭✸✪❝✓r✔✬❝✔✸✗ ✑♥✵ ⑥✳✑❣✖♥❣✱ ✈♦✌✟ ✶✂✱ ♣♣✟ ✂✆✆✙✂✆✼✱ ▼✡② ✷✆✶✆✟
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❬✶☎✷✆ P❛✝❡ ❚❡✝❤♥♦✞♦✟✠❡s✱ ❭✡☛r❛s✠✈❡ ✟r✠♥❞✠♥✟ ♣❛♣❡r✳✧ ☞♥✞✠♥❡✳ ❤tt♣✿✴✴✌✌✌✳♠❡t❛✞✞♦✟r❛♣❤✠✝✳✝♦♠✴

✍r♦✝❤✉r❡s✴✎✠❈♣❛♣❡r✳♣❞❢✱ ❬✡✝✝❡ss❡❞✿ ✵✄✴✵✄✴✷✵✶✂✆✳

❬✶☎✏✆ ▼✳ ✡✳ ◆✑✝✱ ✎✳ ✒✳ ❑✠♠✱ ✡✳ ❑❛♣♦♦r✱ ❛♥❞ ❚✳ ❏✉♥✟✱ ❭▼❡❛s✉r✠♥✟ t❤✠✝❦♥❡ss ♦❢ ♠✠❞❞✞❡ ❡❛r ♠✉✝♦s❛

✉s✠♥✟ ♠r✠ ❛♥❞ ✝t ✠♠❛✟✠♥✟ ✈❡rs✉s ❤✠st♦♣❛t❤♦✞♦✟✑✱✧ ✓✔✕✖✗✔✘✕✐✙✔✘❧ ✚✙✛✗✔✘❧ ✙✜ ✢✕✙❧✘✗②✔❣✙❧✙❣②✱

✈♦✞✳ ✷✵✶✷✱ ✷✵✶✷✳

❬✶☎✄✆ ❏✳✲✡✳ ❈♦♥✝❤❡✞✞♦ ❛♥❞ ❏✳ ❲✳ ✣✠✝❤t♠❛♥✱ ❭☞♣t✠✝❛✞ s❡✝t✠♦♥✠♥✟ ♠✠✝r♦s✝♦♣✑✱✧ ✤✘✕ ✥✖✕✦✱ ✈♦✞✳ ✷✱

♥♦✳ ✶✷✱ ♣♣✳ ☎✷✵✾☎✏✶✱ ✷✵✵★✳

❬✶☎★✆ ✩✳ ✪✳ ❲❡☛☛✱ ❭❈♦♥❢♦✝❛✞ ♦♣t✠✝❛✞ ♠✠✝r♦s✝♦♣✑✱✧ ✫✖✬✙✗✕✭ ✙✔ ✮✗✙❣✗✖✭✭ ✐✔ ✮✦②✭✐❝✭✱ ✈♦✞✳ ★☎✱ ♥♦✳ ✏✱

♣✳ ✄✷✹✱ ✶☎☎✂✳

❬✶☎✂✆ ❑✳ ✩✳ ✎♣r✠♥✟✱ ❚✳ ❏✳ ❋❡✞✞❡rs✱ ❛♥❞ ▼✳ ❲✳ ❉❛✈✠❞s♦♥✱ ❭❚❤❡♦r✑ ♦❢ ✝♦♥❢♦✝❛✞ ♠✠✝r♦s✝♦♣✑✱ s✠✟♥❛✞✲t♦✲

♥♦✠s❡ ✝♦♥s✠❞❡r❛t✠♦♥s✳✧ ☞♥✞✠♥❡✳ ❤tt♣✿✴✴✌✌✌✳♦✞✑♠♣✉s✝♦♥❢♦✝❛✞✳✝♦♠✴t❤❡♦r✑✴s✠✟♥❛✞t♦♥♦✠s❡✳❤t♠✞✱
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❬✷✄☎✆ ◆✝ ❨♦✞❤✐③❛✇❛✟ ❨✝ ❯✠❞❛✟ ✡✝ ◆❛✞✉✟ ✡✝ ☛❣✉r❛✟ ❊✝ ☛❤♠❛✠✟ ❑✝ ❨♦✞❤✐♠♦☞♦✟ ❨✝ ❚❛✌✠❤❛r❛✟ ❨✝ ❨❛✍

♠❛✞❤✐☞❛✟ ❛✎❞ ✡✝ ❙❛✌❛❤❛r❛✟ ❭❊✏✠❝☞ ♦✑ ☞❤✠ ❝❤✠✞☞ ✇❛✒✒ ♦✎ ☞❤✠ ♠✠❛✞✉r✠♠✠✎☞ ♦✑ ❤✠♠♦❣✒♦✓✐✎

❝♦✎❝✠✎☞r❛☞✐♦✎✞ ✓② ✎✠❛r✍✐✎✑r❛r✠❞ ☞✐♠✠✍r✠✞♦✒✈✠❞ ✞♣✠❝☞r♦✞❝♦♣② ✐✎ ✎♦r♠❛✒ ✓r✠❛✞☞ ❛✎❞ ❝❛✎❝✠r✟✧

✔✕❡✖st ❈✖♥✗❡✕✟ ♣♣✝ ✄✶☎✟ ✷✘✄✙✝

❬✷✄✚✆ ❏✝ ✛❛✉✑✠r✟ ❉✝ ❉✠✒♣②✟ ✜✝ ❊✒✇✠✒✒✟ ❛✎❞ P✝ ✢✠❛r❞✟ ❭✣✉❛✎☞✐☞❛☞✐✈✠ ✞♣❛☞✐❛✒✒② r✠✞♦✒✈✠❞ ♠✠❛✞✉r✠♠✠✎☞

♦✑ ☞✐✞✞✉✠ ❝❤r♦♠♦♣❤♦r✠ ❝♦✎❝✠✎☞r❛☞✐♦✎✞ ✉✞✐✎❣ ♣❤♦☞♦❛❝♦✉✞☞✐❝ ✞♣✠❝☞r♦✞❝♦♣②✿ ❛♣♣✒✐❝❛☞✐♦✎ ☞♦ ☞❤✠

♠✠❛✞✉r✠♠✠✎☞ ♦✑ ✓✒♦♦❞ ♦①②❣✠✎❛☞✐♦✎ ❛✎❞ ❤❛✠♠♦❣✒♦✓✐✎ ❝♦✎❝✠✎☞r❛☞✐♦✎✟✧ ✤✥✦s★✗s ★♥ ▼❡✩★✗★♥❡

✖♥✩ ✔★✪❧✪✫✦✟ ✈♦✒✝ ✙✷✟ ✎♦✝ ✄✟ ♣✝ ✄✬✄✟ ✷✘✘☎✝

❬✷✄✭✆ ✮✝ ❑✉♠❛r ❛✎❞ ❏✝ ✯✝ ❙❝❤♠✐☞☞✟ ❭☛♣☞✐♠✉♠ ✇❛✈✠✒✠✎❣☞❤✞ ✑♦r ♠✠❛✞✉r✠♠✠✎☞ ♦✑ ✓✒♦♦❞ ❤✠♠♦❣✒♦✓✐✎

❝♦✎☞✠✎☞ ❛✎❞ ☞✐✞✞✉✠ ❤②❞r❛☞✐♦✎ ✓② ✎✐r ✞♣✠❝☞r♦♣❤♦☞♦♠✠☞r②✟✧ ✈♦✒✝ ✷✂☎✚✟ ♣♣✝ ✬✬✷✶✬✙✹✟ ✄✭✭✂✝

❬✷✷✘✆ ✡✝ ❚❛✌✐✇❛✌✐✟ ❭✯✠❛✞✉r✠♠✠✎☞ ♦✑ ✞✌✐✎ ❝♦✒♦r✿ ♣r❛❝☞✐❝❛✒ ❛♣♣✒✐❝❛☞✐♦✎ ❛✎❞ ☞❤✠♦r✠☞✐❝❛✒ ❝♦✎✞✐❞✠r❛✍

☞✐♦✎✞✟✧ ✰ ▼❡✩ ✱♥✲❡st✟ ✈♦✒✝ ✬✬✟ ✎♦✝ ✹✍✬✟ ♣♣✝ ✄✷✄✶✂✟ ✄✭✭✚✝

❬✷✷✄✆ ❏✝ ✳✉❝✌♠❛✎✟ ✴ ❈✪✵✸✖✕✖t★✲❡ ✺t✻✩✦ ✪❢ ✼✪t✖❧ ✽❡✵✪✫❧✪❜★♥ ▼❡✖s✻✕❡✵❡♥t ✼❡✗✥♥✪❧✪✫✦✾ ❀✪♥★♥✲✖❁

s★✲❡ ✤✻❧s❡ ❈✪❁✪❂★✵❡t✕✦ ✖♥✩ ❈✪♥✲❡♥t★✪♥✖❧ ▼❡t✥✪✩s✝ ❯✎✐✈✠r✞✐☞② ♦✑ ✜♦✎✎✠❝☞✐❝✉☞✟ ✷✘✄✄✝

❬✷✷✷✆ ❏✝ ❏✝ ✜❛rr ❛✎❞ ❏✝ ✯✝ ✢r♦✇✎✟ ❭❙✠✎✞♦r ☞✠r♠✐✎♦✒♦❣② ✍ ✎❛☞✐♦✎❛✒ ✐✎✞☞r✉♠✠✎☞✞✝✧ ☛✎✒✐✎✠✟ ❙✠♣☞✝ ✷✘✄✹✝

❤☞☞♣✿❃❃✇✇✇✝✎✐✝❝♦♠❃✇❤✐☞✠✍♣❛♣✠r❃✄✬✚✂✘❃✠✎❃✟ ❬❄❝❝✠✞✞✠❞✿ ✄✭❃✄✘❃✷✘✄✂✆✝

❬✷✷✹✆ ❄✝ ✛✐✞✌✟ ❲✺❁❅ ❋❡◗❡✗t✖♥✗❡ ✺t✖♥✩✖✕✩ ❱✸❡✕✖t★♥✫ ✱♥st✕✻✗t★✪♥s✝ ☛❝✠❛✎ ☛♣☞✐❝✞✟ ✚✹✘ ❉♦✉❣✒❛✞ ❄✈✠✝✟

❉✉✎✠❞✐✎✟ ❳✛ ✹✬✂✭✚✟ ❯❙❄✟ ✘☎ ✷✘✄✄✝

❬✷✷✬✆ ❏✝ P✝ ✛❛✎❞r②✟ ❭☛♣☞✐❝❛✒ ♦✓✒✐q✉✠✍✐✎❝✐❞✠✎❝✠ r✠❩✠❝☞✐✈✐☞② ❞✐✏✠r✠✎❝✠ ♠✐❝r♦✞❝♦♣②✿ ❄♣♣✒✐❝❛☞✐♦✎ ☞♦

✒❛✓✠✒✍✑r✠✠ ❞✠☞✠❝☞✐♦✎ ♦✑ r✠❛❝☞✐♦✎✞ ✐✎ ✓✐♦♠♦✒✠❝✉✒❛r ♠✐❝r♦❛rr❛②✞✟✧ ✷✘✘✚✝

❬✷✷✙✆ ✳✝ P❛✞❝❤♦☞☞❛✟ ❭❊✎❝②❝✒♦♣✠❞✐❛ ♦✑ ✒❛✞✠r ♣❤②✞✐❝✞ ❛✎❞ ☞✠❝❤✎♦✒♦❣② ✍ ❣❛✉✞✞✐❛✎ ✓✠❛♠✞✟ ✒❛✞✠r

✓✠❛♠✟ ✑✉✎❞❛♠✠✎☞❛✒ ☞r❛✎✞✈✠r✞✠ ♠♦❞✠✞✝✧ ☛✎✒✐✎✠✝ ❤☞☞♣✞✿❃❃✇✇✇✝r♣✍♣❤♦☞♦✎✐❝✞✝❝♦♠❃❣❛✉✞✞✐❛✎

✓✠❛♠✞✝❤☞♠✒✟ ❬❄❝❝✠✞✞✠❞✿ ✷✄❃✘✹❃✷✘✄✂✆✝

❬✷✷✂✆ ❄✎❞♦r✝❝♦♠✟ ❭✜❝❞ ✞✠✎✞♦r ❛r❝❤✐☞✠❝☞✉r✠✞ ✍ ❛r❝❤✐☞✠❝☞✉r✠✞ ❝♦♠♠♦✎✒② ✉✞✠❞ ✑♦r ❤✐❣❤ ♣✠r✑♦r♠❛✎❝✠

❝❛♠✠r❛✞✝✧ ☛✎✒✐✎✠✝ ❤☞☞♣✿❃❃✇✇✇✝❛✎❞♦r✝❝♦♠❃✒✠❛r✎✐✎❣✍❛❝❛❞✠♠②❃❝❝❞✍✞✠✎✞♦r✍❛r❝❤✐☞✠❝☞✉r✠✞✍

❛r❝❤✐☞✠❝☞✉r✠✞✍❝♦♠♠♦✎✒②✍✉✞✠❞✍✑♦r✍❤✐❣❤✍♣✠r✑♦r♠❛✎❝✠✍❝❛♠✠r❛✞✟ ❬❄❝❝✠✞✞✠❞✿ ✷✬❃✘✙❃✷✘✄✂✆✝

❬✷✷☎✆ ❏✝ ✢❛✎❝r♦✑☞ ❛✎❞ ✡✝ ✜♦♦✌✟ ▼✖♥✻✖❧ ✪❢ ✥★st✪❧✪✫★✗✖❧ t❡✗✥♥★❪✻❡s ✖♥✩ t✥❡★✕ ✩★✖✫♥✪st★✗ ✖✸✸❧★✗✖t★✪♥✝

✜❤✉r❝❤✐✒✒ ✛✐✈✐✎❣✞☞♦✎✠✟ ✄✭✭✬✝

❬✷✷✚✆ ❚❤♦r✒❛✓✞✟ ❭✳✠✞♦✒✉☞✐♦✎ ☞✠✞☞ ☞❛r❣✠☞✞✟ ☞✠✞☞ ☞❛r❣✠☞✞✟ ❝❛✒✐✓r❛☞✐♦✎ ☞❛r❣✠☞✞✟ ❛✎❞ r✠☞✐❝✒✠✞✝✧ ☛✎✒✐✎✠✝

❤☞☞♣✿❃❃✇✇✇✝☞❤♦r✒❛✓✞✝❞✠❃✎✠✇❣r♦✉♣♣❛❣✠✭✝❝✑♠❫♦✓❥✠❝☞❣r♦✉♣ ✐❞❴✬✹✹✚✟ ❬❄❝❝✠✞✞✠❞✿ ✘☎❃✄✷❃✷✘✄✙✆✝
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❬✷✷☎✆ ❊♥❝②❝❧♦✝✚❞✐❛ ✞r✐t❛♥♥✐❝❛ ✟♥❧✐♥❡✱ ❭✠✐st❛✡✐♥❡✳✧ ✟♥❧✐♥❡✱ ✺ ✷☛☞✺✳ ❤tt✝✿✴✴✌✌✌✳❜r✐t❛♥♥✐❝❛✳❝♦✡✴

s❝✐❡♥❝❡✴❤✐st❛✡✐♥❡✱ ❬✍❝❝❡ss❡❞✿ ☞✄✴☛☎✴✷☛☞✺✆✳

❬✷✎☛✆ ▼❛②♦ ❋♦✏♥❞❛t✐♦♥ ❢♦r ▼❡❞✐❝❛❧ ❊❞✏❝❛t✐♦♥ ❛♥❞ ✑❡s❡❛r❝❤✱ ❭✍❧❧❡r❣② s❦✐♥ t❡sts✳✧ ✟♥✲

❧✐♥❡✱ ✷☛☞✒✳ ❤tt✝✿✴✴✌✌✌✳✡❛②♦❝❧✐♥✐❝✳♦r❣✴t❡sts✲✝r♦❝❡❞✏r❡s✴❛❧❧❡r❣②✲t❡sts✴❜❛s✐❝s✴✌❤❛t✲②♦✏✲❝❛♥✲

❡①✝❡❝t✴✝r❝✲✷☛☛☞✒✺☛✺✱ ❬✍❝❝❡ss❡❞✿ ☞✄✴☛☎✴✷☛☞✺✆✳

❬✷✎☞✆ ✍✳ ✞✳ ▼♦♥t❛♥❤❡r✱ ❙✳ ▼✳ ❩✏❝♦❧♦tt♦✱ ❊✳ P✳ ❙❝❤❡♥❦❡❧✱ ❛♥❞ ❚✳ ❙✳ ❋r⑧♦❞❡✱ ❭❊✈✐❞❡♥❝❡ ♦❢ ❛♥t✐✲

✐♥✓❛✡✡❛t♦r② ❡✔❡❝ts ♦❢ ✝❛ss✐✓♦r❛ ❡❞✏❧✐s ✐♥ ❛♥ ✐♥✓❛✡✡❛t✐♦♥ ✡♦❞❡❧✱✧ ❏✕✉✖✗✘✙ ✕✛ ✜✢✣✗✕♣✣✘✖✤

♠✘✥✕✙✕✦★✱ ✈♦❧✳ ☞☛☎✱ ♥♦✳ ✷✱ ✝✝✳ ✷✩☞✪✷✩✩✱ ✷☛☛✄✳

❬✷✎✷✆ ▼✳ ✫r♦ss✡❛♥♥✱ ▼✳ ✬✳ ✬❛✡✐❡s♦♥✱ ❛♥❞ ❲✳ ❑✐r❝❤✱ ❭✠✐st❛✡✐♥❡ r❡s✝♦♥s❡ ❛♥❞ ❧♦❝❛❧ ❝♦♦❧✐♥❣ ✐♥ t❤❡

❤✏✡❛♥ s❦✐♥✿ ✐♥✈♦❧✈❡✡❡♥t ♦❢ ❤☞✲ ❛♥❞ ❤✷✲r❡❝❡✝t♦rs✱✧ ✭✖✮✢✮✯✣ ❏✕✉✖✗✘✙ ✕✛ ❈✙✮✗✮✥✘✙ ✰✣✘✖♠✘✥✕✙✕✦★✱

✈♦❧✳ ✒✩✱ ♥♦✳ ✷✱ ✝✝✳ ✷☞✂✪✷✷✷✱ ☞☎☎☎✳

❬✷✎✎✆ ◆✳ ✵❤❛r❦♦✏❞✐❛♥✱ ❭❙❦✐♥ ❜❧♦♦❞ ✓♦✌ ✐♥ ❛❞✏❧t ❤✏✡❛♥ t❤❡r✡♦r❡❣✏❧❛t✐♦♥✿ ✠♦✌ ✐t ✌♦r❦s✱ ✌❤❡♥ ✐t

❞♦❡s ♥♦t✱ ❛♥❞ ✌❤②✱✧ ✶✘★✕ ❈✙✮✗✮✥ ✰✖✕✥✸✸✹✮✗✦✯✱ ✈♦❧✳ ✄✩✱ ♥♦✳ ✺✱ ✝✝✳ ✂☛✎✪✂☞✷✱ ✷☛☛✎✳
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