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✟�✁❛☎✠ ✝✂t♦ �✄�✁tr♦✂❡♣♦✠✝tr♦✂ ♣❛✝r✠ ✭✁❛✄✄�✟ ➁✄�♣t♦✂✡♣❛✝r ❈�r�✂❦♦☛ r❛✟✝❛t✝♦✂➂✆ ▲✍❈❘✆

♦r ➁☛❛✁✉✉♠✡♣❛✝r �♠✝✠✠✝♦✂➂✮ ❜�✁♦♠�✠ ❦✝✂�♠❛t✝✁❛✄✄☎ ❛✄✄♦✇�✟ ✉✂✟�r ❛ ▲♦r�✂t③ ✂♦✂✝✂✡

☛❛r✝❛✂✁� ♦❢ t❤� ✂�✉tr✝✂♦ ✟✝✠♣�r✠✝♦✂ r�✄❛t✝♦✂♥ ❖✂� ♦❜✠�r☛�✠ t❤❛t �☛�✂ ❛ ✠✄✝✞❤t ☛✝♦✄❛t✝♦✂

♦❢ ▲♦r�✂t③ ✝✂☛❛r✝❛✂✁� ❛t ❤✝✞❤ �✂�r✞☎ ✇♦✉✄✟ ✄�❛✟ t♦ ❛ ✄❛r✞� ✟�☛✝❛t✝♦✂ ♦❢ t❤� ✟✝✠♣�r✡

✠✝♦✂ r�✄❛t✝♦✂ ❢r♦♠ t❤� ✄✝✞❤t ✁♦✂� ✭➁☛✝rt✉❛✄✝t☎➂✮ ❊✷ ❾ ✎✷ ❂ ✎✷✭✈✷ ❾ ✏✮✆ ✇❤�r� ✈ ✑ ✏

✝✠ t❤� ☛�✄♦✁✝t☎ ♣❛r❛♠�t�r✆ ❜�✁❛✉✠� ♦❢ t❤� ♠✉✄t✝♣✄✝✁❛t✝☛� ♣r�❢❛✁t♦r ✎✷ ✒ ❊✷ ✭✝✂ ❢r♦✂t

♦❢ ✈✷ ❾✏✮ ✇❤✝✁❤ ✞r♦✇✠ ✇✝t❤♦✉t ❜♦✉✂✟ ❛t ❤✝✞❤ �✂�r✞☎♥ ❋♦r ❤✝✞❤ �✂�r✞☎✆ t❤� q✉❛✂t✝t☎

✓✷ ❂ ❊✷ ❾ ✎✷ �✔✁��✟✠ t❤� �✄�✁tr♦✂❡♣♦✠✝tr♦✂✡♣❛✝r ♣r♦✟✉✁t✝♦✂ t❤r�✠❤♦✄✟♥

❱�r☎ r�✁�✂t✄☎✆ t❤�✠� ✁❛✄✁✉✄❛t✝♦✂✠ ❤❛☛� ❜��✂ ✠✉♣♣✄�♠�✂t�✟ ❜☎ ❛✂ ❛✂❛✄☎✠✝✠ ♦❢ t❤�

✂�✉tr✝✂♦ ✠♣✄✝tt✝✂✞ ♣r♦✁�✠✠✸ ✭✕ ✖ ✕➥✕✕✆ ✂�✉tr✝✂♦✡♣❛✝r ❈�r�✂❦♦☛ r❛✟✝❛t✝♦✂✆ ◆✍❈❘✮✆

✇❤✝✁❤ ✝✂ ✁♦✂tr❛✠t t♦ ✁❤❛r✞�✟✡✄�♣t♦✂✡♣❛✝r ❈�r�✂❦♦☛ r❛✟✝❛t✝♦✂✹✗✺ ✭✕ ✖ ✕✘✘✰✮ ❤❛✠ ✂�✞✡

✄✝✞✝❜✄� t❤r�✠❤♦✄✟ ❛✂✟ ✁❛✂ ✠�r☛� t♦ ✠�t �☛�✂ t✝✞❤t�r ❜♦✉✂✟✠ ♦✂ t❤� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞

♣❛r❛♠�t�r✠♥

❖✂ t❤� t❤�♦r�t✝✁❛✄ ✠✝✟�✆ ✁♦rr�✠♣♦✂✟✝✂✞ ✁❛✄✁✉✄❛t✝♦✂✠ ❛r� ♠❛✝✂✄☎ ❜❛✠�✟ ♦✂ t❤�

✂♦t✝♦✂ t❤❛t ▲♦r�✂t③ ✂♦✂✝✂☛❛r✝❛✂✁� ✝✠ r�✠tr✝✁t�✟ t♦ t❤� ✂�✉tr✝✂♦ ✠�✁t♦r✆ ✇❤✝✄� t❤�

▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r ✙✚ ❂ ✈✷✚ ❾ ✏ ✝✠ ✠�t �q✉❛✄ t♦ ③�r♦ ❢♦r �✄�✁tr♦✂✠ ❛✂✟

♣♦✠✝tr♦✂✠♥ ❚❤❛t ✝✠ ♦✂� ❛✠✠✉♠�✠ t❤❛t t❤� ♠❛✔✝♠✉♠ ❛tt❛✝✂❛❜✄� ☛�✄♦✁✝t☎ ❢♦r �✄�✁tr♦✂✠

✝✠ �✔❛✁t✄☎ �q✉❛✄ t♦ ✈✚ ❂ ❝✆ ✇❤�r� ❝ ✝✠ t❤� ✠♣��✟ ♦❢ ✄✝✞❤t♥☞✗✷✗✹✌✻ ❖✂� ♠✝✞❤t ❛r✞✉�✆

t❤♦✉✞❤✆ t❤❛t �✄�✁tr♦✂✠ ❛✂✟ ✂�✉tr✝✂♦✠ �✂t�r ❛✂ ❙✛✭✜✮✢ ✟♦✉❜✄�t✆ ✠♦ t❤❛t ✝✂ ❛✟✟✝t✝♦✂

t♦ ▲♦r�✂t③ ☛✝♦✄❛t✝♦✂✆ ❛✄✠♦ t❤� ✞❛✉✞� ✠☎♠♠�tr☎ ✝✠ ☛✝♦✄❛t�✟ ✝❢ ♦✂� ❛✠✠✉♠�✠ ❛ ✟✝❞�r�✂t

♣r♦♣❛✞❛t✝♦✂ ☛�✄♦✁✝t☎ ❢♦r ✁❤❛r✞�✟ ✄�♣t♦✂✠ ❛✂✟ ✂�✉tr✝✂♦✠ ✝✂ t❤� ❤✝✞❤✡�✂�r✞☎ ✄✝♠✝t♥

❲� ✠❤♦✉✄✟ ♣♦✝✂t ♦✉t t❤❛t ▲♦r�✂t③ ☛✝♦✄❛t✝♦✂ ❢♦r ✁❤❛r✞�✟ ♣❛rt✝✁✄�✠ ✁❛✂ ♦❢t�✂

❜� ✠t✉✟✝�✟ ♠♦r� �❛✠✝✄☎ ✉✠✝✂✞ ♦t❤�r ❦✝✂✟✠ ♦❢ ♣r♦✁�✠✠�✠ ✭✝✂☛♦✄☛✝✂✞ �✄�✁tr♦✂✠✆

♣♦✠✝tr♦✂✠✆ ❛✂✟ ♣❤♦t♦✂✠✆ ❢♦r �✔❛♠♣✄�✮♥ ❚❤� ❢❛✁t t❤❛t t❤� ▲♦r�✂t③✡☛✝♦✄❛t✝♦✂ ✁♦�❢✡

➇✁✝�✂t✠ ❢♦r ✁❤❛r✞�✟ ✄�♣t♦✂✠ ❛✂✟ ✂�✉tr✝✂♦✠ ❛r� ✂♦t ✝✂✟�♣�✂✟�✂t✆ ✟✉� t♦ t❤� �✔✝✠✡

t�✂✁� ♦❢ ❙✛✭✜✮✢ × ✛✭✣✏✮❨ ✞❛✉✞� ✠☎♠♠�tr☎✆ ❤❛✠ ❛✄r�❛✟☎ ❜��✂ ✉✠�✟ ✝✂ t❤� ✄✝t�r❛✡

t✉r�♥
✼✗✽ ❍♦✇�☛�r✆ ❢♦r ❛ ✂✉♠❜�r ♦❢ r�❛✠♦✂✠✆ ✝t ❤❛✠ ❜��✂ ♦❢ ♣r✝♠� ✝✂t�r�✠t t♦ ✝✂❢�r

❜♦✉✂✟✠ ❢♦r ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r✠ ✝✂ t❤� ✂�✉tr✝✂♦ ✠�✁t♦r✆ �☛�✂ ✝❢ t❤� ♠♦✟✡

�✄✠ ✝✂☛♦✄☛�✟ ♠✝✞❤t ❜� ✁♦✂✠✝✟�r�✟ ❛✠ ➁❦✝✂�♠❛t✝✁✠✡♦✂✄☎➂ ❛♣♣r♦❛✁❤�✠ ❛✂✟ ✄�❛✟ t♦ ❛

✠✄✝✞❤t✆ ♣�rt✉r❜❛t✝☛� ❜r�❛❦✝✂✞ ♦❢ ✞❛✉✞� ✝✂☛❛r✝❛✂✁�✆ t♦ t❤� �✔t�✂t t♦ ❜� ✟✝✠✁✉✠✠�✟

❜�✄♦✇♥

❚✇♦ ♠♦✟�✄✠ ❤❛☛� ❜��✂ ✝✂☛�✠t✝✞❛t�✟ ✝✂ t❤✝✠ ✁♦✂t�✔t ❜☎ ❇�③r✉❦♦☛ ❛✂✟ ▲��✺ ✝✂

♦r✟�r t♦ ❛✂❛✄☎③� t❤� ✟�✁❛☎ ♦❢ ✠✉♣�r✄✉♠✝✂❛✄ ✂�✉tr✝✂♦✠ ❜☎ �✄�✁tr♦✂❡♣♦✠✝tr♦✂✡♣❛✝r

�♠✝✠✠✝♦✂❀ ♦✂� ✭➁♠♦✟�✄ ✤➂✮ ✝✂ ✇❤✝✁❤ t❤� ✂♦r♠❛✄ ▲♦r�✂t③ ♠�tr✝✁ �✂t�r✠ t❤� ✝✂t�r❛✁✡

t✝♦✂ ▲❛✞r❛✂✞✝❛✂✆ ❛✂✟ ❛✂♦t❤�r ♦✂� ✭➁♠♦✟�✄ ✤✤➂✮ ✝✂ ✇❤✝✁❤ t❤� ✠❛♠� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞

➁♠�tr✝✁➂

✥❣
➭✦
✭✈✮ ❂ ✥❣➭✦✭✈✮ ❂ ✟✝❛✞✭✏✧ ❾✈✧❾✈✧❾✈✮✧ ✈ ✑ ✏✧ ✭✏✮

�✂t�r✠ ❛✠ ✝✂ t❤� ✟✝✠♣�r✠✝♦✂ r�✄❛t✝♦✂ ♦❢ t❤� ✟�✁❛☎✝✂✞ ✂�✉tr✝✂♦♥ ✭❚❤� ➁♠�tr✝✁➂ ✝✠ ✂♦✂✁♦✡

☛❛r✝❛✂t✆ ❤�✂✁� t❤�r� ✝✠ ✂♦ ✟✝✠t✝✂✁t✝♦✂ ❜�t✇��✂ ✉♣♣�r ❛✂✟ ✄♦✇�r ✝✂✟✝✁�✠♥✮ ✍♦t�✂t✝❛✄✄☎✆

➍➎➏➐➐➑➒➓➒
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▲✵✹✽✻✾③ q✹✽❃✇✲✻❆ ❃✻❄ ❻❼✭✷✌❽ ➃ ❼✭☛✌➄ ❆❃✸❆✽ ✲✻✼❃✹✲❃✻❂✽ ❀✵✹ ✻✽✸✾✹✲✻✵✴

t❤✝✠ ➁♠�tr✝✁➂ ✭♦r ➁♣✠�✉✟♦✡♠�tr✝✁➂✮ ❛✄✠♦ �✂t�r✠ t❤� �❞�✁t✝☛� ✝✂t�r❛✁t✝♦✂ ▲❛✞r❛✂✞✝❛✂

✟�✠✁r✝❜✝✂✞ t❤� ✟�✁❛☎ ♣r♦✁�✠✠✆ ✇❤�r� ✈ ✄ ✏ ✝✠ ❛ ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r✆ ✇❤✝✁❤

✁❛✂ ❜� ✟✝❞�r�✂t ❢♦r t❤� ♠❛✔✝♠✉♠ ☛�✄♦✁✝t✝�✠ ♦❢ t❤� ✝✂✝t✝❛✄ ✭✈ ❂ ✈✐✮ ❛✂✟ ➇✂❛✄ ✭✈ ❂ ✈❢ ✮

♣❛rt✝✁✄�✠ ✝✂ t❤� ✟�✁❛☎ ♣r♦✁�✠✠♥ ✭✤✂ t❤✝✠ ♣❛♣�r✆ ✇� ❤❛☛� ✁ ❂ ❝ ❂ �✵ ❂ ✏♥✮

✤✂ ❘�❢♥ ✸✆ ❛✂ �☛�✂ ♠♦r� ✞�✂�r❛✄ ❛♣♣r♦❛✁❤ ✝✠ t❛❦�✂✆ ❛✂✟ t❤� ♠�tr✝✁ �✂t�r✝✂✞ t❤�

✝✂t�r❛✁t✝♦✂ ▲❛✞r❛✂✞✝❛✂ ✝✠ t❛❦�✂ ✝✂ t❤� ❢♦r♠

✥❣
➭✦
✭✈✂☎t✮ ❂ ✟✝❛✞✭✏✧ ❾✈✂☎t✧ ❾✈✂☎t✧ ❾✈✂☎t✮✧ ✭✜✮

✇❤�r� ✈✂☎t ✝✠ ✂♦t ✂�✁�✠✠❛r✝✄☎ �q✉❛✄ t♦ ✈✐ ♦r ✈❢ ♥

❍�r�✆ ✇� ✠❤♦✇ ✝✂ ✟�t❛✝✄ ❤♦✇ t❤� ♣❛r❛♠�t�r✠ ♦❢ t❤� ♠♦✟�✄✠ ✉✠�✟ ❜☎ ❈♦❤�✂ ❛✂✟

●✄❛✠❤♦✇✆✹ ❜☎ ❇�③r✉❦♦☛ ❛✂✟ ▲��✺ ❛✂✟ ❜☎ ✉✠ ✝✂ ❘�❢♥ ✸ ❛r� r�✄❛t�✟ t♦ t❤� ✞❛✉✞�

✝✂☛❛r✝❛✂✁� ✉✂✟�r t❤� ❙✛✭✜✮✢ ✞r♦✉♣✆ ❛✂✟ ❤♦✇ t❤� ❢♦r♠✉✄❛t✝♦✂ ♦❢ t❤� ✞❛✉✞� ✠�✁t♦r

r�✄❛t�✠ t♦ t❤� ✝✂✟✝☛✝✟✉❛✄ ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r✠ ♦❢ t❤� ✂�✉tr✝✂♦ ➈❛☛♦r ❛✂✟

♠❛✠✠ �✝✞�✂✠t❛t�✠✆ ❛✂✟ t❤♦✠� ♦❢ t❤� ✁❤❛r✞�✟ ✄�♣t♦✂✠♥

✤✂ ♣❛rt✝✁✉✄❛r✆ ✇� ✁❛✂ ❛✂t✝✁✝♣❛t� t❤❛t t❤� ♠♦✟�✄ ✉✠�✟ ❜☎ ❇�③r✉❦♦☛ ❛✂✟ ▲��✺ ❢♦r

☛❛✁✉✉♠✡♣❛✝r �♠✝✠✠✝♦✂ t✉r✂✠ ♦✉t t♦ ❜� ✞❛✉✞�✡✝✂☛❛r✝❛✂t ✭●✤✮ ♦✂✄☎ ✇✝t❤ r�✠♣�✁t t♦ ❛

r�✠tr✝✁t�✟ ✠✉❜✞r♦✉♣ ♦❢ t❤� ✠�t ♦❢ ❙✛✭✜✮✢ ✞❛✉✞� tr❛✂✠❢♦r♠❛t✝♦✂✠❀ ✇� ✇✝✄✄ ✝✂☛�✠t✝✞❛t�

t❤� r�✠♣�✁t✝☛� ✠✉❜✞r♦✉♣♥

❚❤✝✠ ✝✠ ✝♠♣♦rt❛✂t ❢♦r ❛ ✞�✂�r❛✄ ✉✂✟�r✠t❛✂✟✝✂✞ ♦❢ t❤� r�✄❛t✝♦✂ ♦❢ ♣♦t�✂t✝❛✄ ▲♦r�✂t③

✠☎♠♠�tr☎ ❜r�❛❦✝✂✞ ✝✂ t❤� ✂�✉tr✝✂♦ ✠�✁t♦r✆ t♦ ❢✉✂✟❛♠�✂t❛✄ ✠☎♠♠�tr✝�✠ ❛✂✟ t♦ ♦t❤�r

✁♦✂✁�✝☛❛❜✄� ✂♦✂✠t❛✂✟❛r✟ ✝✂t�r❛✁t✝♦✂✠♥✾ ✭◆♦t� t❤❛t ✁♦rr�✠♣♦✂✟✝✂✞ q✉�✠t✝♦✂✠ ✟♦ ✂♦t

♦✁✁✉r ✝✂ ▲♦r�✂t③✡✠☎♠♠�tr☎ ✁♦✂✠�r☛✝✂✞ ♠♦✟�✄✠♥☞✵✮ ❚❤� ✉✂✟�r✄☎✝✂✞ q✉�✠t✝♦✂ ✝✠ t❤�

❢♦✄✄♦✇✝✂✞✿ ✤✠ t❤� �✔✝✠t�✂✁� ♦❢ t❤� ▲✍❈❘ ♣r♦✁�✠✠ ✁♦♠♣❛t✝❜✄� ✇✝t❤ �✄�✁tr♦✇�❛❦ ✞❛✉✞�

✝✂☛❛r✝❛✂✁�✆ ♦r ✟♦ t❤� t✝✞❤t ❜♦✉✂✟✠ ✟�r✝☛�✟ ✝✂ ❘�❢✠♥ ✏❡✸ ✭❛✂✟ t❤� t❤�♦r�t✝✁❛✄ ✁❛✄✡

✁✉✄❛t✝♦✂✠ r�♣♦rt�✟ ✝✂ ❘�❢✠♥ ✸❡✆✮ ❛✟✟✝t✝♦✂❛✄✄☎ ✟�♣�✂✟ ♦✂ t❤� ♣♦✠✠✝❜✄☎ ♣r♦❜✄�♠❛t✝✁

❛✠✠✉♠♣t✝♦✂ ♦❢ ❛ ❜r�❛❦✝✂✞ ♦❢ ❙✛✭✜✮✢ ✠☎♠♠�tr☎✆ ✝✂ ❛✟✟✝t✝♦✂ t♦ ▲♦r�✂t③ ✠☎♠♠�✡

tr☎② ❚❤�✠� ✁♦✂✠✝✟�r❛t✝♦✂✠ ❛r� q✉✝t� ✁r✉✁✝❛✄ ❢♦r t❤� ✁✄❛r✝➇✁❛t✝♦✂ ♦❢ t❤� ✠t❛t✉✠ ♦❢ t❤�

✟�r✝☛�✟ ❛✠tr♦♣❤☎✠✝✁❛✄ ❜♦✉✂✟✠ ♦✂ t❤� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r✠♥☞✌✸

❲� ✁❛✂ ✄✝❦�✇✝✠� ❛✂t✝✁✝♣❛t� t❤❛t ♦✉r ✟✝✠✁✉✠✠✝♦✂ ✇✝✄✄ ✄�❛✟ t♦ ❛ ❢✉✄✄☎ ❙✛✭✜✮✢ ×

✛✭✏✮❨ ✞❛✉✞�✡✝✂☛❛r✝❛✂t ♠♦✟�✄✆ ✇✝t❤ ✟✝❞�r�✂t✝❛✄ ▲♦r�✂t③✡✠☎♠♠�tr☎ ❜r�❛❦✝✂✞ ❛✁r♦✠✠

✞�✂�r❛t✝♦✂✠✆ t❤❛t ✁❛✂ ✠t✝✄✄ ❛✁✁♦♠♠♦✟❛t� ❢♦r t❤� ♣♦✠✠✝❜✝✄✝t☎ ♦❢ ✂�✉tr✝✂♦ ✟�✁❛☎✆ ☛✝❛

❜♦t❤ ◆✍❈❘ ❛✂✟ ▲✍❈❘ ♣r♦✁�✠✠�✠✆ ✝✂ t❤� ❤✝✞❤✡�✂�r✞☎ ✄✝♠✝t ✭✠�� ❙�✁♥ ✸♥✸✮♥

❚❤✝✠ ♣❛♣�r ✝✠ ♦r✞❛✂✝③�✟ ❛✠ ❢♦✄✄♦✇✠♥ ✤✂ ❙�✁♥ ✜✆ ✇� ✝✂tr♦✟✉✁� ❛ ♠♦✟✝➇�✟ ❉✝r❛✁

❛✄✞�❜r❛✆ ❛✟❛♣t�✟ t♦ t❤� ✟�✠✁r✝♣t✝♦✂ ♦❢ ▲♦r�✂t③✡✠☎♠♠�tr☎ ❜r�❛❦✝✂✞ ✠♣✝✂✡✏✴✜ ♣❛r✡

t✝✁✄�✠♥ ❖✉r ✝✂☛�✠t✝✞❛t✝♦✂✠ ✁♦✂t✝✂✉� ✝✂ ❙�✁♥ ✸♥✏ ✇✝t❤ t❤� ✟✝✠✁✉✠✠✝♦✂ ♦❢ ❛ ♠❛✂✝❢�✠t✄☎

▲♦r�✂t③✡ ❛✂✟ ✞❛✉✞�✡✠☎♠♠�tr☎ ❜r�❛❦✝✂✞ ♠♦✟�✄ ❢♦r t❤� ✝✂t�r❛✁t✝♦✂ ♦❢ ✭✁♦✂✁�✝☛❛❜✄�✮

✠✉♣�r✄✉♠✝✂❛✄ ✂�✉tr✝✂♦✠ ✇✝t❤ �✄�✁tr♦✇�❛❦ ✞❛✉✞� ❜♦✠♦✂✠❀ t❤✝✠ ♠♦✟�✄ ❤❛✠ r�✁�✂t✄☎ ❜��✂

✉✠�✟ ✝✂ ❘�❢✠♥ ✹ ❛✂✟ ✆♥ ✤✂ ❙�✁♥ ✸♥✜✆ ✇� ✁♦✂t✝✂✉� ✇✝t❤ t❤� ✝✂☛�✠t✝✞❛t✝♦✂ ♦❢ ❛ ♠♦✟�✄

✇❤✝✁❤ ❜r�❛❦✠ ▲♦r�✂t③ ✠☎♠♠�tr☎ ❛✂✟ ✭♣❛rt✝❛✄✄☎✮ r�✠t♦r�✠ �✄�✁tr♦✇�❛❦ ✞❛✉✞� ✠☎♠♠�✡

tr☎✆ ✇✝t❤✝✂ ❛ r�✠tr✝✁t�✟ �✄�✁tr♦✇�❛❦✡✠☎♠♠�tr☎ ✞r♦✉♣♥ ❲� ✁♦✂t✝✂✉� ✝✂ ❙�✁♥ ✸♥✸ ✇✝t❤

t❤� ✟✝✠✁✉✠✠✝♦✂ ♦❢ ❛ ▲♦r�✂t③✡❜r�❛❦✝✂✞ ♠♦✟�✄ ✇❤✝✁❤ ❢✉✄✄☎ r�✠t♦r�✠ t❤� �✄�✁tr♦✇�❛❦✡

✠☎♠♠�tr☎ ✞r♦✉♣♥ ◆�✉tr✝✂♦ ✟�✁❛☎ ✝✂ ❛ ❢✉✄✄☎ ✞❛✉✞�✡✝✂☛❛r✝❛✂t ♠♦✟�✄ ✝✠ ✟✝✠✁✉✠✠�✟ ✝✂

❙�✁♥ ✹♥ ❈♦✂✁✄✉✠✝♦✂✠ ❛r� r�✠�r☛�✟ ❢♦r ❙�✁♥ ✆✆ ❛✂✟ ✠♦♠� ❛✟✟✝t✝♦✂❛✄ ✞�✂�r❛✄ r�♠❛r❦✠ ♦✂
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✺❡ ❭❡ ❏✽✻✾✴❂❅✸✹❃❇ ✱❡ ✳➫❃✻❄✵✹✲ ✫ ❴❡ ❁✵s✵❆✿✲

t❤� r�✄❛t✝♦✂ ♦❢ ✭✠♣♦✂t❛✂�♦✉✠✮ ▲♦r�✂t③✡✠☎♠♠�tr☎ ❜r�❛❦✝✂✞ ❛✂✟ ✞❛✉✞� ✝✂☛❛r✝❛✂✁� ❛r�

r�✄�✞❛t�✟ t♦ ❆♣♣�✂✟✝✔ ❆♥

✧✶ ❘✘�✛✚✢✗✙ ✚✗ ▼✗✣✢❞✘✣ ❉✢r✛✫ ✁�❣✘❜r✛

❲� ✇♦✉✄✟ ✄✝❦� t♦ ❜r✝�➈☎ ✟✝✠✁✉✠✠ ❛ ✁♦✂✂�✁t✝♦✂ ♦❢ t❤� ✁♦♠♠♦✂ ▲❛✞r❛✂✞✝❛✂ ✉✠�✟ ✝✂

t❤� ✟�✠✁r✝♣t✝♦✂ ♦❢ ✠✉♣�r✄✉♠✝✂❛✄✆ ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ✂�✉tr✝✂♦✠ t♦ ❛ ✞�✂�r❛✄✝③�✟ ❉✝r❛✁

❛✄✞�❜r❛♥ ❆✁✁♦r✟✝✂✞ t♦ ❊q♥ ✭✏✶✮ ♦❢ ❘�❢♥ ✸✆ ♦✂� ♠❛☎ ✉✠� t❤� ❢♦✄✄♦✇✝✂✞ ▲❛✞r❛✂✞✝❛✂✆ ❢♦r

❛ ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞✆ ♠❛✠✠✄�✠✠✆ ✄�❢t✡❤❛✂✟�✟ ❉✝r❛✁ ♣❛rt✝✁✄�✿

▲ ❂ ✝ ➥☎✂➭✥❣
➭✦
✭✈✮✝✦☎✧ ✭✸✮

✇❤�r� ✇� ❛✠✠✉♠� t❤❛t ☎ ❂ ✕
✭✄✮
✆ ✝✠ ❛ ✄�❢t✡❤❛✂✟�✟ ✂�✉tr✝✂♦ ♠❛✠✠ �✝✞�✂✠t❛t�✆ ✝♥�♥✆

❬✭✏ ❾ ✂✺✮✴✜✷☎ ❂ ☎♥ ✭✤✂ t❤� ✁♦✉r✠� ♦❢ t❤� ✁✉rr�✂t ✝✂☛�✠t✝✞❛t✝♦✂✠✆ ✇� ❛tt�♠♣t t♦

❦��♣ t❤� ✂♦t❛t✝♦✂ ❛✠ ✁♦✂✁✝✠� ❛✠ ♣♦✠✠✝❜✄� ❛✂✟ ❛☛♦✝✟ ❛✂☎ ✠✉♣�r➈✉♦✉✠ ✠✉♣�r✠✁r✝♣t✠✆ ♦r

✠✉❜✠✁r✝♣t✠♥✮ ❲� ✁❛✂ ✇r✝t� t❤� ▲❛✞r❛✂✞✝❛✂ ❢♦r t❤� ♠❛✠✠✄�✠✠ ✁❛✠� ❛✠

▲ ❂ ➥☎✝✥✂
➭
✝➭☎✧ ✭✹✮

✇❤�r� ✥✂➭ ❛r� ✞✝☛�✂ ❛✠

✥✂
✵
❂ ✏✧ ✥✂

✐
❂ ✈✂

✐
✳ ✭✆✮

❚❤�✠� ❢✉✄➇✄✄ t❤� ❛✂t✝✡✁♦♠♠✉t❛t♦r r�✄❛t✝♦✂

④✥✂
➭
✧ ✥✂
✦
⑥ ❂ ✜✥❣

➭✦
✭✈
✷
✮ ❂ ✜✟✝❛✞✭✏✧ ❾✈

✷
✧ ❾✈

✷
✧ ❾✈

✷
✮✧ ✭✶✮

✇❤�r� ✇� ✂♦t� t❤� ✠q✉❛r� ♦❢ t❤� ☛�✄♦✁✝t☎♥ ◆♦t� t❤❛t t❤� ✞✝☛�✂ ♣✠�✉✟♦✡♠�tr✝✁ ✝♠♣✄✝�✠

❛ ✠♣❛t✝❛✄✄☎ ✝✠♦tr♦♣✝✁ ❜r�❛❦✝✂✞ ♦❢ ▲♦r�✂t③ ✝✂☛❛r✝❛✂✁�♥ ❋♦r ❜♦✉✂✟✠ ♦✂ ✁♦�❡✁✝�✂t✠ ✇✝t❤

✟✝r�✁t✝♦✂❛✄ ✟�♣�✂✟�✂✁�✆ ✇� r�❢�r t♦ t❤� ✟❛t❛ ✁♦♠♣✝✄❛t✝♦✂ ♣r�✠�✂t�✟ ✝✂ ❘�❢♥ ✏✏♥

❖✂� ✁❛✂ ✝✂ ❢❛✁t r�✄❛t� t❤✝✠ ❢♦r♠❛✄✝✠♠ t♦ t❤� ✠♦✡✁❛✄✄�✟ ✈✞✟✠✡✟✞✐ ✁♦�❡✁✝�✂t✠

✭✁❢♥ ❘�❢✠♥ ✏✜❡✏❹✮♥ ◆❛♠�✄☎✆ ✝✂ ❛ ♠♦r� ✞�✂�r❛✄ ✁♦✂t�✔t✆ ♦✂� ✁❛✂ ✟�➇✂� t❤� ✞�✂�r❛✄✝③�✟

❉✝r❛✁ ♠❛tr✝✁�✠

✥✂
➭
❂ ✘

➭
☛✂

☛
✧ ✭❹✮

✇❤�r� t❤� ❊✝✂✠t�✝✂ ✠✉♠♠❛t✝♦✂ ✁♦✂☛�✂t✝♦✂ ✝✠ ✉✠�✟✆ ❛✂✟ ✂☛ ✇✝t❤ ☞ ❂ ❂✧ ✏✧ ✜✧ ✸ ❛r�

t❤� ♦r✟✝✂❛r☎ ❉✝r❛✁ ✂ ♠❛tr✝✁�✠✆ ✇❤✝✄� ✘
➭
☛ t❛❦� t❤� r♦✄� ♦❢ t❤� ✠♦✡✁❛✄✄�✟ ➁☛✝�r❜�✝✂➂ ✝✂

✞�✂�r❛✄ r�✄❛t✝☛✝t☎✆ ✇✝t❤ t❤� ♣r♦♣�rt☎

✥❣
➭✦
✭✈
✷
✮ ❂ ✘

☛
➭ ❣☛✌✘

✌
✦ ❂ ✘

☛
➭ ✘✦☛✳ ✭✍✮

❚❤✝✠ ✝♠♣✄✝�✠ t❤❛t t❤� ➁☛✝�r❜�✝✂➂ t❛❦�✠ t❤� r♦✄� ♦❢ t❤� ✠q✉❛r� r♦♦t ♦❢ t❤� ♠�tr✝✁♥☞✸

❈❛♣✝t❛✄ ▲❛t✝✂ ✝✂✟✝✁�✠ ✁❛✂ ❜� r❛✝✠�✟ ✇✝t❤ t❤� ➈❛t✡✠♣❛✁� ♠�tr✝✁ ❣☛✌♥ ❖✂� ✁❛✂ t❤�✂

�❛✠✝✄☎ ✠❤♦✇ t❤❛t

④✥✂
➭
✧ ✥✂
✦
⑥ ❂ ✘

➭
☛✘

✦
✌④✂

☛
✧ ✂
✌
⑥ ❂ ✘

➭
☛✘

✦
✌✭✜❣

☛✌
✮ ❂ ✜✥❣

➭✦
✭✈
✷
✮✳ ✭✎✮

❚❤� ❛✂❛✄♦✞☎ t♦ t❤� ❢♦r♠❛✄✝✠♠ ♦❢ ✞�✂�r❛✄ r�✄❛t✝☛✝t☎ ✝♠♣✄✝�✠ t❤❛t ✥❣➭✦✭✈✷✮ t❛❦�✠

t❤� r♦✄� ♦❢ ❛ ♠♦✟✝➇�✟ ▲♦r�✂t③ ➁♠�tr✝✁➂✆ ❜✉t ✇✝t❤♦✉t ✁✉r☛❛t✉r� ✭❜�✁❛✉✠� ✇� ❛✠✠✉♠�

t❤❛t t❤� ✁♦�❡✁✝�✂t✠ ❛r� ✁♦✂✠t❛✂t✮♥ ❚❤� ✇♦r✟ ➁♠�tr✝✁➂ ✠❤♦✉✄✟ ❜� ✉✂✟�r✠t♦♦✟ ✇✝t❤
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▲✵✹✽✻✾③ q✹✽❃✇✲✻❆ ❃✻❄ ❻❼✭✷✌❽ ➃ ❼✭☛✌➄ ❆❃✸❆✽ ✲✻✼❃✹✲❃✻❂✽ ❀✵✹ ✻✽✸✾✹✲✻✵✴

❛ ✞r❛✝✂ ♦❢ ✠❛✄t ✭❤�✂✁� t❤� ❛♣♦✠tr♦♣❤�✠✮✆ ❜�✁❛✉✠� ✝t ✟♦�✠ ✂♦t ✁♦✂✠t✝t✉t� ❛ ✠♣❛✁�✡t✝♠�

♠�tr✝✁ ✝✂ t❤� ✠�✂✠� ♦❢ ✞�✂�r❛✄ r�✄❛t✝☛✝t☎✆ t❤❛t ✝✠ ✉✠�✟ t♦ ♠�❛✠✉r� ✠♣❛✁�✡t✝♠� ✝✂t�r☛❛✄✠✆

❜✉t r❛t❤�r✆ ❛ ♠❛t❤�♠❛t✝✁❛✄ ♦❜❥�✁t ✉✠�✟ t♦ ♣❛r❛♠�t�r✝③� t❤� ✟✝✠♣�r✠✝♦✂ r�✄❛t✝♦✂ ♦❢

❛ ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛rt✝✁✄�♥ ❖✂� ♠✝✞❤t t❤✉✠ ✁❛✄✄ ✝t ❛ ➁♣✠�✉✟♦✡♠�tr✝✁➂♥ ❇�✁❛✉✠� ♦❢

t❤� ✄❛✁❦ ♦❢ ✁✉r☛❛t✉r�✆ t❤� ♣✠�✉✟♦✡♠�tr✝✁ ✥❣➭✦✭✈
✷✮ ✝✠ ✠t✝✄✄ ✁❤❛r❛✁t�r✝③✝✂✞ ❛ ➈❛t ➁✠♣❛✁�✡

t✝♠�➂♥ ❋♦r ❛ tr✉✄☎ ✁✉r☛�✟ ✠♣❛✁�✆ t❤� ✂♦t❛t✝♦✂ ❣➭✦ ❤❛✠ ❜��✂ ♣r♦♣♦✠�✟ ✝✂ ❘�❢✠♥ ✏✜❡✏❹

✝✂ ♦r✟�r t♦ ✟✝✠t✝✂✞✉✝✠❤ t❤� ✁✉r☛�✟✡✠♣❛✁� q✉❛✂t✝t✝�✠ ❢r♦♠ t❤� ➈❛t✡✠♣❛✁� ♦✂�✠♥ ❬❆✠
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✝✠ ✟✝❞�r�✂t ❢r♦♠ ▲♦r�✂t③✡✁♦✂✠�r☛✝✂✞✆ ✂✺✡❍�r♠✝t✝❛✂ ✭➁♣✠�✉✟♦✡❍�r♠✝t✝❛✂➂✮ ♠♦✟�✄✠

✟✝✠✁✉✠✠�✟ ✝✂ t❤� ✄✝t�r❛t✉r�♥☞✽✷
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➭
✝➭ ❾♠✮☎ ❂ ❂✳ ✭✏✏✮
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✤✂ ♦r✟�r t♦ ✟r❛✇ ❛ ✁♦✂✂�✁t✝♦✂ t♦ t❤� ❜❛✠✝✠ ♦❢ t❤� ❢�r♠✝♦✂✠ ♦❢ t❤� ❙t❛✂✟❛r✟
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❊q♥ ✭✎✮ ♦❢ ❘�❢♥ ✏✎✆ t♦ t❤� ✁❛✠�

✚❝
➭✦
❋✄❋ ✄✄ ❂ ✙❋ ✄❋ ✄✄❝

➭✦
✧ ❝

➭✦
❂ ✭✈ ❾ ✏✮✭❣

➭✦
❾ t

➭
t
✦
✮✧ ✭✏✆✮

✇❤�r� t❤� ✟✝❛✞♦✂❛✄✝t☎ ✝✂ t❤� ❢�r♠✝♦✂ ➈❛☛♦r ✝✂✟✝✁�✠ ☎ ✆ ❛✂✟ ☎
✆✆ ✠✝♠♣✄☎ ♠�❛✂✠ t❤❛t

♦✉r ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♠♦✟�✄ ✟♦�✠ ✂♦t ✝✂☛♦✄☛� ❛✟✟✝t✝♦✂❛✄ ➈❛☛♦r ♠✝✔✝✂✞♥ ❚❤� t✝♠�✡✄✝❦�

✉✂✝t ☛�✁t♦r t➭ ❂ ✭✏✧ ❂✧ ❂✧ ❂✮ ✝✠ ✉✠�✟ t❤r♦✉✞❤♦✉t t❤✝✠ ♣❛♣�r♥ ◆♦t�✆ ✝✂✁✝✟�✂t❛✄✄☎✆ t❤❛t

t❤� ✚✝
➭
☛✌ ♠❛tr✝✁�✠ ✟�➇✂�✟ ✝✂ ❊q♥ ✭✎✮ ♦❢ ❘�❢♥ ✏✎ ✁♦rr�✠♣♦✂✟ t♦ ♦✉r ✥✂ ♠❛tr✝✁�✠✆ ✝✂ t❤�

✠�✂✠� t❤❛t

✚✝
➭
❋✄❋ ✄✄ ❂ ✝

➭
✙❋✄❋ ✄✄ ✧ ✝

➭
❂ ❝

➭✦
✂✦ ❂ ✥✂

➭
✳ ✭✏✶✮

➍➎➏➐➐➑➒➓➏

In
t.

 J
. 
M

o
d
. 
P

h
y
s.

 E
 D

o
w

n
lo

ad
ed

 f
ro

m
 w

w
w

.w
o
rl

d
sc

ie
n
ti

fi
c.

co
m

b
y
 E

U
R

O
P

E
A

N
 O

R
G

A
N

IZ
A

T
IO

N
 F

O
R

 N
U

C
L

E
A

R
 R

E
S

E
A

R
C

H
 (

C
E

R
N

) 
o
n
 1

1
/1

3
/1

9
. 
R

e-
u
se

 a
n
d
 d

is
tr

ib
u
ti

o
n
 i

s 
st

ri
ct

ly
 n

o
t 

p
er

m
it

te
d
, 
ex

ce
p
t 

fo
r 

O
p
en

 A
cc

es
s 

ar
ti

cl
es

.



✺❡ ❭❡ ❏✽✻✾✴❂❅✸✹❃❇ ✱❡ ✳➫❃✻❄✵✹✲ ✫ ❴❡ ❁✵s✵❆✿✲

◆♦t� ❛✄✠♦ t❤❛t✆ ❛✠ ♣♦✝✂t�✟ ♦✉t ✝✂ t❤� t�✔t ❢♦✄✄♦✇✝✂✞ ❊q♥ ✭✎✮ ♦❢ ❘�❢♥ ✏✎✆ t❤� ▲♦r�✂t③

❜r�❛❦✝✂✞ ✝♠♣✄✝�✟ ❜☎ t❤� ♣❛r❛♠�t�r✠ ❝➭✦ ✝✠ ❈✍❚ �☛�✂ ❛✂✟ t❤✉✠ ✄�❛☛�✠ t❤� ❈✍❚

✠☎♠♠�tr☎ ✝✂t❛✁t♥ ✭✤t ✝✠ ✠t✝✄✄ ✝✂t�r�✠t✝✂✞ t♦ ✟✝✠✁✉✠✠ ♣♦✠✠✝❜✄� ✁♦✂✂�✁t✝♦✂✠ ♦❢ ▲♦r�✂t③✡

✠☎♠♠�tr☎ ❜r�❛❦✝✂✞ ❛✂✟ ❈✍❚ ☛✝♦✄❛t✝♦✂❀ ❛ ❢�✇ r�♠❛r❦✠ ♦✂ t❤✝✠ ♣♦✝✂t ✇✝✄✄ ❜� ✞✝☛�✂ ✝✂

t❤� ❢♦✄✄♦✇✝✂✞♥✮ ❆✄✠♦✆ ❙�✁♥ ✤✤ ♦❢ ❘�❢♥ ✏✎ ❛✟✟r�✠✠�✠ t❤� ♣r♦❜✄�♠ ♦❢ ✟�➇✂✝✂✞ ▼❛❥♦r❛✂❛

❢�r♠✝♦✂✠ ✝✂ ❛ ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ �✔t�✂✠✝♦✂ ♦❢ t❤� ❙t❛✂✟❛r✟ ▼♦✟�✄♥ ❋✉rt❤�r ✁♦✂✠✝✟�r✡

❛t✝♦✂✠ ♦✂ t❤✝✠ ♣♦✝✂t ✁❛✂ ❜� ❢♦✉✂✟ ✝✂ ❘�❢♥ ✜❂♥

✸✶ ▲✗r✘✙✚③ ❱✢✗�✛✚✢✗✙ ✛✙✣ ●✛✉❣✘ ❈✗✉✎�✢✙❣
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✤✂ t❤✝✠ ✠✉❜✠�✁t✝♦✂✆ ✇� ✟✝✠✁✉✠✠ ❤♦✇ t❤� ✁♦✉♣✄✝✂✞ t♦ t❤� �✄�✁tr♦✇�❛❦ ✞❛✉✞� ✠�✁t♦r
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✤✂ ❘�❢✠♥ ✜✏ ❛✂✟ ✜✜✆ t❤� ✌✡t�r♠ ✝✠ ❛✟☛♦✁❛t�✟ t♦ ❜� t❤� ✠✉❜✡✍✄❛✂✁❦ ✄✝♠✝t ♦❢ ❛

✂♦✂✄♦✁❛✄ t❤�♦r☎ ✇✝t❤ ✠♣♦✂t❛✂�♦✉✠ ▲♦r�✂t③ ❛✂✟ ❈✍❚ ☛✝♦✄❛t✝♦✂✠✆✷☞ ♦r ✝✂ ♠♦r� ✞�✂✡

�r❛✄ t�r♠✠✆ ❛✠ t❤� ✄♦✇✡�✂�r✞☎ ✄✝♠✝t ♦❢ ✂�✇ ♣❤☎✠✝✁✠ ♦r✝✞✝✂❛t✝✂✞ ❢r♦♠ t❤� ✍✄❛✂✁❦

✠✁❛✄�♥ ✤✂✟��✟✆ ❛✠ ✇� ✝✂☛�✠t✝✞❛t� ♣♦✠✠✝❜✄� ☛✝♦✄❛t✝♦✂✠ ♦❢ ▲♦r�✂t③ ✝✂☛❛r✝❛✂✁�✆ ✇� �✔♣✄♦r�

t❤� ✄✝♠✝t✠ ♦❢ ☛❛✄✝✟✝t☎ ♦❢ ♦✉r ✁✉rr�✂t ✉✂✟�r✠t❛✂✟✝✂✞ ♦❢ ❢✉✂✟❛♠�✂t❛✄ q✉❛✂t✉♠ ➇�✄✟

t❤�♦r☎♥ ❋♦r �✔❛♠♣✄�✆ ✝t ✝✠ ✇�✄✄ ❦✂♦✇✂ t❤❛t ▲♦r�✂t③ ✝✂☛❛r✝❛✂✁� ✝✠ ♦✂� ♦❢ t❤� ❛✠✠✉♠♣✡

t✝♦✂✠ ✉✂✟�r✄☎✝✂✞ t❤� ♣r♦♦❢ ♦❢ t❤� ❈✍❚ t❤�♦r�♠♥✷✸ ❆ ☛✝♦✄❛t✝♦✂ ♦❢ ▲♦r�✂t③ ✝✂☛❛r✝❛✂✁�

t❤�r�❢♦r� ❛✄✄♦✇✠ ❢♦r ☛✝♦✄❛t✝♦✂✠ ♦❢ ❈✍❚✆ ❛✂✟ ✝✂✟��✟✆ ✠♦♠� ♦❢ t❤� ♦♣�r❛t♦r✠ ✝✂ t❤�

❢✉✄✄ ❛✐s❛t③ ❢♦r ✌✆ ❛✠ ✟✝✠✁✉✠✠�✟ ✝✂ ❘�❢♥ ✏✎✆ ❛r� ❈✍❚ ♦✟✟♥ ❋♦r ❛ ✄♦✂✞ t✝♠�✆ ♦✂� ❤❛✠

❤�✄✟ t❤� ❜�✄✝�❢ t❤❛t ❈✍❚ ☛✝♦✄❛t✝♦✂ ❛✉t♦♠❛t✝✁❛✄✄☎ ✝♠♣✄✝�✠ ❛ ☛✝♦✄❛t✝♦✂ ♦❢ ▲♦r�✂t③

✝✂☛❛r✝❛✂✁�✆✷✹ ✇❤✝✄� ✁♦✂☛�r✠�✄☎✆ ❜r♦❦�✂ ▲♦r�✂t③ ✝✂☛❛r✝❛✂✁� ❛✄✄♦✇✠ ❢♦r✆ ❜✉t ✟♦�✠ ✂♦t

r�q✉✝r�✆ ❜r♦❦�✂ ❈✍❚ ✝✂☛❛r✝❛✂✁�♥
✷✹ ❘�✁�✂t✄☎✆

✷✺✗✷✻ ✝✂☛♦❦✝✂✞ ❛✟✟✝t✝♦✂❛✄ ✁♦✂✁�♣t✠ ✄✝❦�

✂♦✂✄♦✁❛✄ ✝✂t�r❛✁t✝♦✂✠✆ t❤� ✁♦✂✁✄✉✠✝♦✂✠ ♦❢ ❘�❢♥ ✜✹ ❤❛☛� ❜��✂ q✉�✠t✝♦✂�✟✆ ❛✂✟ ✝t ❤❛✠

❜��✂ ✁✄❛✝♠�✟ t❤❛t ✠✁�✂❛r✝♦✠ �✔✝✠t ✇❤�r� ❈✍❚ ✝✂☛❛r✝❛✂✁� ✝✠ ❜r♦❦�✂✆ ❜✉t ▲♦r�✂t③

✝✂☛❛r✝❛✂✁� ✠t✝✄✄ ❤♦✄✟✠♥ ✤✂ ✞�✂�r❛✄✆ t❤� q✉�✠t✝♦✂✠ r�✞❛r✟✝✂✞ t❤� ✉✄t✝♠❛t� ✄✝♠✝t✠ ♦❢ t❤�

☛❛✄✝✟✝t☎ ♦❢ ♦✉r ✁✉rr�✂t ✉✂✟�r✠t❛✂✟✝✂✞ ♦❢ ❢✉✂✟❛♠�✂t❛✄ ♣❤☎✠✝✁❛✄ ✄❛✇✠ ♠✉✠t ✝✂✁✄✉✟�

❜♦✉✂✟✠ ♦✂ ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ t�r♠✠✆ ❛✂✟ t�r♠✠ t❤❛t ❛✄✄♦✇ ❢♦r ♦t❤�r ❜r♦❦�✂ ❢✉✂✟❛✡

♠�✂t❛✄ ✠☎♠♠�tr✝�✠✆ ✄✝❦� t❤� ❈✍❚♥
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▲✵✹✽✻✾③ q✹✽❃✇✲✻❆ ❃✻❄ ❻❼✭✷✌❽ ➃ ❼✭☛✌➄ ❆❃✸❆✽ ✲✻✼❃✹✲❃✻❂✽ ❀✵✹ ✻✽✸✾✹✲✻✵✴

❋✉rt❤�r♠♦r�✆ t❤� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♦♣�r❛t♦r✠ ❛r� ❛✠✠✉♠�✟ t♦ ❜� t❤� ✠✉❜✡✍✄❛✂✁❦

✄✝♠✝t ♦❢ ✂�✇ ♣❤☎✠✝✁✠ ♦r✝✞✝✂❛t✝✂✞ ❛t t❤� ✍✄❛✂✁❦ ✠✁❛✄�✆ ✇❤�r� t❤� ❢✉✂✟❛♠�✂t❛✄ ✝✂t�r✡

❛✁t✝♦✂✠ ✇✝✄✄ ❜� ✁♦♠♣✄�t�✄☎ ✟✝❞�r�✂t ❢r♦♠ ➁✄♦✇➂ �✂�r✞☎ ♣❤☎✠✝✁✠ ❬✇❤�r� ➁✄♦✇➂ �✂�r✞☎

✁♦✉✄✟ �☛�✂ �✔t�✂✟ t♦ t❤� ✍�❱ ✠✁❛✄�✆ ✇❤✝✁❤ ✝✠ ✠t✝✄✄ ✏✜ ♦r✟�r✠ ♦❢ ♠❛✞✂✝t✉✟� ❜�✄♦✇

t❤� ✭r�✟✉✁�✟✮ ✍✄❛✂✁❦ ✠✁❛✄� ♦❢
✂
✏✴✭✍✞�✮ ❂ ✜✳✹ × ✏❂☞✽●�❱✷♥ ❆t ➁✄♦✇➂ �✂�r✞☎✆ t❤�

✁♦✉♣✄✝✂✞ t♦ t❤� �✄�✁tr♦✇�❛❦ ✞❛✉✞� ❜♦✠♦✂✠ ♣r♦✁��✟✠ ❜☎ t❤� ✠✉❜✠t✝t✉t✝♦✂

✝➭ ✖ ❉➭✧ ✭✏✎✮

✇❤�r� t❤� ♦♣�r❛t♦r ❉➭ ✁♦✂✠t✝t✉t�✠ t❤� ❙✛✭✜✮✢✡✁♦☛❛r✝❛✂t ✟�r✝☛❛t✝☛�✆ ❛♣♣✄✝�✟ t♦ ❛✂

❙✛✭✜✮✢ ✟♦✉❜✄�t✆ ❛✠ ✟✝✠✁✉✠✠�✟ ❜�✄♦✇♥ ✤t ✝✠ t❤�r�❢♦r� ♣�r♠✝✠✠✝❜✄�✆ ♦r ✠✉✞✞�✠t�✟✆ t♦

�✔♣�r✝♠�✂t ✇✝t❤ t❤� ✝✟�❛ t❤❛t t❤� ✠✉❜✠t✝t✉t✝♦✂ ✭✏✎✮ ❛♣♣✄✝�✠ ♦✐❧✁ t♦ t❤� ✉✂♣�rt✉r❜�✟

▲❛✞r❛✂✞✝❛✂ ✝✂ ❊q♥ ✭✏✍✮✆ ❜✉t ✄�❛☛�✠ t❤� ♣�rt✉r❜❛t✝☛� ✌✡t�r♠ ✉✂✁❤❛✂✞�✟♥ ✤✂ t❤✝✠ ✁❛✠�✆

t❤� ♣�rt✉r❜❛t✝☛� t�r♠ ✟♦�✠ ✂♦t ♣❛rt✝✁✝♣❛t� ✝✂ t❤� �✄�✁tr♦✇�❛❦ ✝✂t�r❛✁t✝♦✂ ❬❙✛✭✜✮✢✡

✟♦✉❜✄�t✷✆ ✇❤✝✄� ♠♦✟✝❢☎✝✂✞ t❤� ❢r�� ♣r♦♣❛✞❛t✝♦✂ ♦❢ t❤� ✂�✉tr✝✂♦ ❬♦✂✁� t❤� ✌✡♦♣�r❛t♦r

✝✠ ✇r✝tt�✂ ✠♦ t❤❛t ✝t ❛♣♣✄✝�✠ ♦✂✄☎ t♦ t❤� ✉♣♣�r ✁♦♠♣♦✂�✂t ♦❢ t❤� ❙✛✭✜✮✢ ✟♦✉❜✄�t✆

✝♥�♥✆ ♦✂✄☎ t♦ t❤� ✂�✉tr✝✂♦✷♥

❚♦ ❜� ✠♣�✁✝➇✁✆ ✄�t ✉✠ ✠t❛rt ❢r♦♠ t❤� ✟♦✉❜✄�t

▲✚ ❂

✂
✕✚

✘✢

✟

✭✜❂✮

❬✠�� ❊q♥ ✭✏✜♥✜✜❹✮ ♦❢ ❘�❢♥ ✜❹✷✆ ✇❤�r� ✕✚ ✝✠ t❤� �✄�✁tr♦✂ ✂�✉tr✝✂♦ ➇�✄✟ ❛✂✟ ✘✢ ✝✠ t❤�

✄�❢t✡❤❛✂✟�✟ �✄�✁tr♦✂❡♣♦✠✝tr♦✂ ➇�✄✟✆ ❛✂✟ ✁♦✂✠✝✟�r t❤� ✁♦✉♣✄✝✂✞ t♦ t❤� �✄�✁tr♦✇�❛❦

✠�✁t♦r✆ ❛✠ ✝✂ ❊q♥ ✭✏✜♥✜✸✜✮ ♦❢ ❘�❢♥ ✜❹✆ ✁♦✂✁�✂tr❛t✝✂✞ ♦✂ t❤� t�r♠✠ t❤❛t ✁♦✉♣✄� t♦ t❤�

�✄�✁tr♦✇�❛❦ ✞❛✉✞� ➇�✄✟✠ ✭✝✂ t❤� ▲♦r�✂t③✡✁♦☛❛r✝❛✂t t❤�♦r☎✮

▲● ❂ ➥▲✚✭✝✂
➭
❉➭✮▲✚

❂ ➥▲✚

✠

✝✂
➭

✡

✝➭ ❾
❣✆

✜
❇➭ ❾ ❣

✄✐

✜
☞✐✐➭

☛☎

▲✚✧ ✭✜✏✮

✇❤�r� t❤� ❇ ❛✂✟ t❤� ☞✐ ✭✱ ❂ ✏✧ ✜✧ ✸✮ ➇�✄✟✠ tr❛✂✠❢♦r♠ ✝✂t♦ t❤� ♣❤♦t♦✂✆ ❩✵✆ ❛✂✟ ❲
➧

✞❛✉✞� ❜♦✠♦✂✠ ✉✂✟�r �✄�✁tr♦✇�❛❦ ✉✂✝➇✁❛t✝♦✂ ✭❢♦r ✟�t❛✝✄✠✆ ✠�� t❤� ✟✝✠✁✉✠✠✝♦✂ ❜�✄♦✇✮♥

❚❤� ✍❛✉✄✝ ♠❛tr✝✁�✠ ❛r� ✄✐✆ ❛✂✟ t❤�☎ ❛✁t ✇✝t❤✝✂ t❤� ❙✛✭✜✮✢ ✟♦✉❜✄�t♥ ❚❤� ✁❤❛r✞� ✘

❛✂✟ t❤� �✄�✁tr♦✇�❛❦ ✁♦✉♣✄✝✂✞✠ ✝✂✁✄✉✟✝✂✞ t❤� ❲�✝✂❜�r✞ ❛✂✞✄� ❛r� r�✄❛t�✟ t♦ ❣ ❛✂✟ ❣✆

❬✠�� ❊q♥ ✭✸✸✮ ❜�✄♦✇✷♥ ✤❢ ✇� ❛✟✟ t♦ ▲● t❤� ♠❛✠✠ t�r♠

▲▼ ❂ ❾➥▲✚ ➲▼ ➲ ▲✚

❂

✂
➥✕✚

➥☎✚

✟✂
❾♠✦ ✰✌ ❂

❂ ❾♠✚

✟✂
✕✚

☎✚

✟

✧ ✭✜✜✮

t❤�✂ t❤� ♠�tr✝✁ t♦ ❜� ✉✠�✟ ❢♦r t❤� �❞�✁t✝☛� ✝✂t�r❛✁t✝♦✂ ✭❋�r♠✝ ✝✂t�r❛✁t✝♦✂✮ ❛t t❤�

�✄�✁tr♦✇�❛❦ ☛�rt�✔ r�♠❛✝✂✠ t❤� ✉✂♣�rt✉r❜�✟ ▲♦r�✂t③ ♠�tr✝✁ ❣➭✦✆ ✇❤✝✄� t❤� ♣r♦♣❛✞❛✡

t✝♦✂ ♦❢ ❢r�� ✂�✉tr✝✂♦✠ ❛✁q✉✝r�✠ ❛ ▲♦r�✂t③✡❜r�❛❦✝✂✞ t�r♠ ✌✆ ❛✠ ✠♣�✁✝➇�✟ ✝✂ ❊q♥ ✭✏✍✮♥

✤✂ ✇r✝t✝✂✞ ❊q♥ ✭✜✜✮✆ ✇� ✉✠� ❛✂ ♦✠✁✝✄✄❛t✝♦✂✡❢r�� ✂�✉tr✝✂♦ ♠♦✟�✄✆ ❛✂✟ ❛✠✠✉♠�✆ ❢✉rt❤�r✡

♠♦r�✆ t❤❛t t❤� ✂�✉tr✝✂♦ ♠❛✠✠ t�r♠ ✝✠ ♦❢ t❤� ▼❛❥♦r❛✂❛ t☎♣�✆ ✝♥�♥✆ ✕✚ ❂ ✕
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❈ ✟�✂♦t�✠ t❤� ✁❤❛r✞� ✁♦✂❥✉✞❛t�♥ ❲� ❛✄✠♦ ✠✉♣♣✄�♠�✂t t❤� r✝✞❤t✡❤❛✂✟�✟ ✁♦♠♣♦✂�✂t

♦❢ t❤� �✄�✁tr♦✂ ➇�✄✟✆ ☎✚ ❂ ✘✢ ✰ ✘❘✆ ❢♦r t❤� ❉✝r❛✁ ♠❛✠✠ t�r♠ ♦❢ t❤� �✄�✁tr♦✂♥ ❆✂

✝✂✠♣�✁t✝♦✂ ✠❤♦✇✠ t❤❛t t❤� ▲❛✞r❛✂✞✝❛✂

▲ ❂ ▲● ✰ ▲▼ ✭✜✸✮
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❜r�❛❦✠ �✄�✁tr♦✇�❛❦ ✞❛✉✞� ✝✂☛❛r✝❛✂✁� ✟✉� t♦ t❤� ♣r�✠�✂✁� ♦❢ ♣❛rt✝❛✄ ✭✂♦t ✁♦☛❛r✝❛✂t✮

✟�r✝☛❛t✝☛� ♦♣�r❛t♦r✠ ✝✂ ✌✆ ❜✉t t❤� ✞❛✉✞� ❛✂✟ ▲♦r�✂t③✡❜r�❛❦✝✂✞ t�r♠✠ �✂t�r ❛t t❤�

✠❛♠� ♣�rt✉r❜❛t✝☛� ✄�☛�✄✆ ✂❛♠�✄☎✆ ❛t ➇r✠t ♦r✟�r ✝✂ ✌ ✭✠�� ❛✄✠♦ ❆♣♣�✂✟✝✔ ❆✮♥

✸✶✧✶ ▲♦r❡♥�✁♥✈✂♦✄☎�✂♦♥ ☎♥✆ ❣☎✝❣❡ ❝♦✝♣✄✂♥❣� ❖♥❡♥✁☎✈♦r ♠♦✆❡✄

✤✂ t❤✝✠ ✠✉❜✠�✁t✝♦✂✆ ✇� ✝✂☛�✠t✝✞❛t� ✇❤✝✁❤ ▲❛✞r❛✂✞✝❛✂ ✠❤♦✉✄✟ ❜� ✉✠�✟ ✝✂ t❤� ✁❛✄✁✉✄❛t✝♦✂

♦❢ ☛❛✁✉✉♠✡♣❛✝r �♠✝✠✠✝♦✂ ❛✂✟ ✂�✉tr✝✂♦ ✠♣✄✝tt✝✂✞ ✝❢ ✇� ✝✂t�✂✟ t♦ ♣r�✠�r☛� �✄�✁tr♦✇�❛❦

✞❛✉✞� ✝✂☛❛r✝❛✂✁� t♦ t❤� �✔t�✂t ♣♦✠✠✝❜✄�♥ ❲� ✝✂t�✂✟ t♦ ✠❤♦✇ t❤❛t ✝t ✝✠ ♣♦✠✠✝❜✄� t♦

♣r�✠�r☛� ❙✛✭✜✮✢ ✞❛✉✞� ✝✂☛❛r✝❛✂✁� ✉✂✟�r ❛ r�✠tr✝✁t�✟ ✠�t ♦❢ ✞❛✉✞� tr❛✂✠❢♦r♠❛t✝♦✂✠
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✟✉� t♦ t❤� ♦❞✡✟✝❛✞♦✂❛✄ �✂tr✝�✠ ♦❢ t❤� ✍♦✂t�✁♦r☛♦❡▼❛❦✝❡◆❛❦❛✞❛✇❛❡❙❛❦❛t❛ ✭✍▼◆❙✮

♠❛tr✝✔♥
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t❤� ✥✂➭ ♠❛tr✝✁�✠ ❛✁t ♦✂ t❤� �✄�✁tr♦✂✠ ❛✂✟ ✂�✉tr✝✂♦✠ ✠�♣❛r❛t�✄☎♥ ❚❤� ➇r✠t ♦❜✠�r☛❛t✝♦✂

✝✠ t❤❛t ♦✂� ✁❛✂ ✁❤♦♦✠� t❤� ❢r�� ▲❛✞r❛✂✞✝❛✂ ❛✠ ❢♦✄✄♦✇✠ ✭✇� ✝✞✂♦r� t❤� ♠❛✠✠ t�r♠✠
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✑
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❉�➇✂✝✂✞✆ ❛✠ ✝✂ ❊q♥ ✭✏✜♥✜✸✍✮ ♦❢ ❘�❢♥ ✜❹✆ t❤� ❩✵ ❛✂✟ ☞✸ ➇�✄✟✠ ❛✠
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✆
❇➭✮✧ ✭✸❂✮

☞✸✐➭ ❂
✏

✂
❣✷ ✰ ❣✆✷

✭❣❇➭ ✰ ❣
✆
☞✸✐➭✮✧ ✭✸✏✮
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✜

✓
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➭
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✔
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➭
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✘ ❂
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❣
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✆
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❛✂✟ ✠❲ ✝✠ t❤� ❲�✝✂❜�r✞ ❛✂✞✄� ❛✂✟ ✘ ✝✠ t❤� �✄�✁tr♦✂ ✁❤❛r✞�♥ ✭❆✟✟✝✂✞ t❤� r✝✞❤t✡❤❛✂✟�✟

✁♦♠♣♦✂�✂t ♦❢ t❤� ✁❤❛r✞�✟ ❢�r♠✝♦✂ ➇�✄✟ r�✠t♦r�✠ t❤� ❢✉✄✄ ◗❊❉ ▲❛✞r❛✂✞✝❛✂ ❢♦r t❤�

✁♦✉♣✄✝✂✞ ♦❢ t❤� �✄�✁tr♦✂❡♣♦✠✝tr♦✂ ➇�✄✟♥✮ ❚❤� r�✠✉✄t ✭✸✜✮ ✝✠ �✔❛✁t✄☎ �q✉✝☛❛✄�✂t t♦ t❤�
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✺❡ ❭❡ ❏✽✻✾✴❂❅✸✹❃❇ ✱❡ ✳➫❃✻❄✵✹✲ ✫ ❴❡ ❁✵s✵❆✿✲

✁♦rr�✠♣♦✂✟✝✂✞ t�r♠✠ ✝✂ ❊q♥ ✭✏✜♥✜✹❂✮ ♦❢ ❘�❢♥ ✜❹✆ ✇✝t❤ t❤� r�♣✄❛✁�♠�✂t ✂➭ ✖ ✥✂➭✦❡ ❢♦r

t❤� ✂�✉tr✝✂♦ ✁♦✉♣✄✝✂✞✠ t♦ t❤� ❩✵ ❜♦✠♦✂✆ ❛✂✟ ✂➭ ✖ ✥✂➭✚ ❢♦r t❤� �✄�✁tr♦✂ ✁♦✉♣✄✝✂✞✠

t♦ t❤� ❩✵ ❜♦✠♦✂♥ ❚❤� r�✠✉✄t✝✂✞ ♠♦✟✝➇�✟ �❞�✁t✝☛� ❋�r♠✝ ▲❛✞r❛✂✞✝❛✂ ✟�✠✁r✝❜✝✂✞ t❤�

✁♦✉♣✄✝✂✞ ♦❢ �✄�✁tr♦✂✠ ❛✂✟ ✂�✉tr✝✂♦ ✝✠ t❤✉✠ �✔❛✁t✄☎ t❤� ♦✂� ♦❢ ➁♠♦✟�✄ ✤✤➂ ✉✠�✟ ❜☎

❇�③r✉❦♦☛ ❛✂✟ ▲��✆ ❛✂✟ ❜☎ ✉✠ ✝✂ ❘�❢♥ ✸♥ ✭❲� r�✁❛✄✄ t❤❛t t❤� ✟♦♠✝✂❛✂t ✁♦✂tr✝❜✉✡

t✝♦✂✠ t♦ ❜♦t❤ ✂�✉tr✝✂♦✡ ❛✠ ✇�✄✄ ❛✠ ✄�♣t♦✂✡♣❛✝r ❈�r�✂❦♦☛ r❛✟✝❛t✝♦✂✠ ♣r♦✁��✟ ❜☎ ❩✵

�✔✁❤❛✂✞�♥✮

❋♦r t❤� ✁❛✄✁✉✄❛t✝♦✂ ♦❢ ✂�✉tr✝✂♦ ✠♣✄✝tt✝✂✞✆✸ ✝t ♠�❛✂✠ t❤❛t✆ ❢♦r �✔❛♠♣✄�✆ ✝❢ ✥✂➭✦➭ ❢♦r

♠✉♦✂ ✂�✉tr✝✂♦✠ ❛r� ✟✝❞�r�✂t ❢r♦♠ t❤♦✠� ♦❢ �✄�✁tr♦✂✠ ✂�✉tr✝✂♦✠✆ ✥✂➭✦❡ ✆ ❜�✁❛✉✠� ♦❢ ❛

✟✝❞�r�✂t ♠❛✔✝♠✉♠ ☛�✄♦✁✝t☎ ❢♦r t❤� t✇♦ ✠♣�✁✝�✠✆ t❤�✂ t❤� ✂�✉tr✝✂♦ ✠♣✄✝tt✝✂✞ ♣r♦✁�✠✠

❜�✁♦♠�✠ ❦✝✂�♠❛t✝✁❛✄✄☎ ❛✄✄♦✇�✟ ✭❢♦r ✈✦➭ ❂ ✈❢ ✑ ✈✦❡ ❂ ✈✐✮♥ ❋✉rt❤�r♠♦r�✆ t❤� �❞�✁t✝☛�

✝✂t�r❛✁t✝♦✂ ▲❛✞r❛✂✞✝❛✂ ✟�✠✁r✝❜✝✂✞ t❤� ❢♦✉r✡❢�r♠✝♦✂ ☛�rt�✔ r�✁�✝☛�✠ ❛ ✁♦rr�✁t✝♦✂ ❢r♦♠

t❤� t✇♦ ❩✵ ☛�rt✝✁�✠✆ ✄�❛✟✝✂✞ t♦ t❤� ❛♣♣r♦♣r✝❛t� r�♣✄❛✁�♠�✂t

✈✂☎t ❂ ✈✐✈❢ ✭✸✹✮

❢♦r t❤� ♣✠�✉✟♦✡♠�tr✝✁ t♦ ❜� ✉✠�✟ ✝✂ t❤� �❞�✁t✝☛� ▲❛✞r❛✂✞✝❛✂ ✝✂ ❊q♥ ✭✏✍✮ ♦❢ ❘�❢♥ ✸✆

✇✝t❤✝✂ ❛ ✞❛✉✞�✡✝✂☛❛r✝❛✂t ❢♦r♠✉✄❛t✝♦✂♥ ❚❤� ✠❛♠� ✝✠ ✟♦✂� ✝✂ ➁♠♦✟�✄ ✤✤➂ ♦❢ ❘�❢♥ ✆♥ ❍�r�✆

✈✐ ✝✠ t❤� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ☛�✄♦✁✝t☎ ♣❛r❛♠�t�r ❢♦r t❤� ✝✂✝t✝❛✄ ✭♦✂✁♦♠✝✂✞✮ ♣❛rt✝✁✄�✆

✇❤✝✄� ✈❢ ✝✠ t❤❛t ♦❢ t❤� �♠✝tt�✟ ✭➇✂❛✄✮ ♣❛rt✝✁✄�♥

✤✂ t❤� ✁♦✂t�✔t ♦❢ ▲♦r�✂t③ ❜r�❛❦✝✂✞✆ ♦✂� ♦❢t�✂ ➇✂✟✠ t❤❛t ✠☎♠♠�tr☎ ✞r♦✉♣✠ ❛r�

❜r♦❦�✂ ✟♦✇✂ t♦ ✠♠❛✄✄�r ✠✉❜✞r♦✉♣✠ ✭✠�� ❛✄✠♦ t❤� ✟✝✠✁✉✠✠✝♦✂ ✝✂ ❆♣♣�✂✟✝✔ ❆✮♥ ❍�r�✆

✇� ♦❜✠�r☛� t❤❛t t❤� ▲♦r�✂t③✡❜r�❛❦✝✂✞ t�r♠✠ ✁❤❛✂✞� t❤� ✞❛✉✞� ✞r♦✉♣ ❢r♦♠ ❙✛✭✜✮✢×

✛✭✏✮❨ t♦ ✛✭✏✮✢ × ✛✭✏✮❨ ♥

✸✶✸✶ ▲♦r❡♥�✁ ✈✂♦✄☎�✂♦♥ ☎♥✆ ❣☎✝❣❡ ❝♦✝♣✄✂♥❣� ❚�r❡❡♥✁☎✈♦r ♠♦✆❡✄

✤✂ t❤� ❛❜♦☛� ✁♦✂✠✝✟�r❛t✝♦✂✠✆ ✇� ❤❛☛� ✠❤♦✇✂ t❤❛t ✝t ✝✠ ♣♦✠✠✝❜✄� t♦ ❢♦r♠✉✄❛t� ✟✝❞�r✡

�✂t✝❛✄ ▲♦r�✂t③ ☛✝♦✄❛t✝♦✂ ✝✂ t❤� ✠❛♠� ❙✛✭✜✮✢ ✟♦✉❜✄�t✆ t♦ ♦❜t❛✝✂ ✟✝❞�r�✂t ▲♦r�✂t③✡

❜r�❛❦✝✂✞ ♣❛r❛♠�t�r✠ ❢♦r �✄�✁tr♦✂ ✂�✉tr✝✂♦✠ ❛✠ ✁♦♠♣❛r�✟ t♦ ✭✄�❢t✡❤❛✂✟�✟✮ �✄�✁tr♦✂✠✆

✇❤✝✄� ♣r�✠�r☛✝✂✞ ✞❛✉✞� ✝✂☛❛r✝❛✂✁� ✇✝t❤ r�✠♣�✁t t♦ ❛ r�✠tr✝✁t�✟ ✠✉❜✠�t ♦❢ ❙✛✭✜✮✢

✞❛✉✞� tr❛✂✠❢♦r♠❛t✝♦✂✠♥ ❚❤✝✠ ✁♦✂✠✝✟�r❛t✝♦✂ r�q✉✝r�✟ t❤� ✉✠� ♦❢ ✟✝❞�r�✂t ✥✂➭ ♠❛tr✝✡

✁�✠ ❢♦r t❤� ✉♣♣�r ❛✂✟ ✄♦✇�r ✁♦♠♣♦✂�✂t✠ ♦❢ t❤� ✠❛♠� ❙✛✭✜✮✢ ✟♦✉❜✄�t♥ ❖✂� ♠✝✞❤t

❛✠❦ t❤� q✉�✠t✝♦✂ ✝❢ ✟✝❞�r�✂t ▲♦r�✂t③✡❜r�❛❦✝✂✞ ♣❛r❛♠�t�r✠ ✁♦✉✄✟ ❜� ♦❜t❛✝✂�✟ ❢♦r ✟✝❢✡

❢�r�✂t ✂�✉tr✝✂♦ ✠♣�✁✝�✠✆ ❛✠ ✁♦♠♣❛r�✟ t♦ �✄�✁tr♦✂✠✆ ❛✂✟ ❛♠♦✂✞ t❤� ✂�✉tr✝✂♦ ♠❛✠✠

�✝✞�✂✠t❛t�✠✆ �☛�✂ ✝❢ ♦✂� ✉✠�✠ t❤� ✠❛♠� ✥✂➭ ♠❛tr✝✁�✠ ❢♦r t❤� ✉♣♣�r ❛✂✟ ✄♦✇�r ✁♦♠✡

♣♦✂�✂t✠ ♦❢ t❤� ✠❛♠� ❙✛✭✜✮✢ ✟♦✉❜✄�t✆ ❛✂✟ ♦✂✄☎ ❛✠✠✉♠�✠ ❛ ✟�♣�✂✟�✂✁� ♦❢ t❤� ✥✂➭

♠❛tr✝✁�✠ ♦✂ t❤� ❢�r♠✝♦✂ ✞�✂�r❛t✝♦✂✠♥ ✤✂ ✁♦✂tr❛✠t t♦ t❤� ♠♦✟�✄ ✟✝✠✁✉✠✠�✟ ✝✂ ❙�✁♥ ✜✆

✇� ❤�r� ♣r�✠�r☛� ❢✉✄✄ ❙✛✭✜✮✢ ✞❛✉✞� ✝✂☛❛r✝❛✂✁�♥

❲� t❤✉✠ ✠t❛rt ❢r♦♠ t❤� ▲❛✞r❛✂✞✝❛✂ ✭✝✞✂♦r✝✂✞ t❤� ❢r�� ♠❛✠✠ t�r♠✠✮
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✇❤�r� ➁✸�➂ r�❢�r✠ t♦ t❤� t❤r�� ✞�✂�r❛t✝♦✂✠✆ ❛✂✟ ✇� ❛✠✠✉♠� ❛ ✉✂✝❢♦r♠ ▲♦r�✂t③

☛✝♦✄❛t✝♦✂ ✇✝t❤✝✂ t❤� ➇r✠t ✞�✂�r❛t✝♦✂✆ ❛✂✟ ✉✂✝❢♦r♠ ✇✝t❤✝✂ t❤� ✠�✁♦✂✟ ✞�✂�r❛t✝♦✂✆
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▲✵✹✽✻✾③ q✹✽❃✇✲✻❆ ❃✻❄ ❻❼✭✷✌❽ ➃ ❼✭☛✌➄ ❆❃✸❆✽ ✲✻✼❃✹✲❃✻❂✽ ❀✵✹ ✻✽✸✾✹✲✻✵✴
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✄
✦✁ ✧ ✥✂

✆
✦✁ ⑥ ❂ ④✥✂

✄
☎ ✧ ✥✂

✆
☎ ⑥ ❂ ✜✥❣

✄✆
✭✈
✷
☎ ✮✧ ✭✹✍✮

✇❤�r� t❤� ✠✉❜✠✁r✝♣t✠ ✘✆ ✁✆ ❛✂✟ ✄ r�❢�r t♦ t❤� ✟✝❞�r�✂t ❢�r♠✝♦✂ ➈❛☛♦r✠ ✭✞�✂�r❛t✝♦✂✠✮♥

❋♦r ❛❜✠♦✄✉t� ✁✄❛r✝t☎✆ ✇� r�✝t�r❛t� t❤❛t✆ ❛✁✁♦r✟✝✂✞ t♦ t❤� ✟✝✠✁✉✠✠✝♦✂ ❛❜♦☛�✆ t❤� ☛�✄♦✁✡

✝t✝�✠ ✈✚✆ ✈➭✆ ❛✂✟ ✈☎ ❛r� ✟�➇✂�✟✆ ➇r✠t ❛✂✟ ❢♦r�♠♦✠t✆ ✝✂ t❤� ➈❛☛♦r �✝✞�✂✠t❛t� ❜❛✠✝✠✆

✇✝t❤ t❤� ✁❤❛r✞�✟ ❢�r♠✝♦✂✠ ❛✂✟ ✂�✉tr✝✂♦✠ ✇✝t❤✝✂ t❤� ✠❛♠� ✞�✂�r❛t✝♦✂ ❛tt❛✝✂✝✂✞ t❤�

✠❛♠� ☛�✄♦✁✝t☎♥

❚❤� ▲❛✞r❛✂✞✝❛✂✆ ✝✂ t❤� ❤✝✞❤✡�✂�r✞☎ ✄✝♠✝t✆ ✁❛✂ ❜� ✇r✝tt�✂ ❛✠

▲❋ ✒ ✝➥✕
✭✭✮
❦ ✥✂

✭✭✮✐➭
❦ ✝➭✕

✭✭✮
❦ ✒ ✝➥✕

✭✄✮
❦ ✥✂

✭✄✮✐➭
❦ ✝➭✕

✭✄✮
❦ ✧

✂
✭✄✮✐➭
❦ ✖ ✂

✭✭✮✐➭
❦ ✧ ✕

✭✄✮
❦ ✖ ✕

✭✭✮
❦ ✧ ✭❤✝✞❤✡�✂�r✞☎ ✄✝♠✝t ✇✝t❤ ✈✚ ✝❂ ✈➭ ✝❂ ✈☎ ✮✧

✭✹✎✮

✇❤�r� ✇� r�♠�♠❜�r t❤❛t ✇� ✠t❛rt�✟ ❢r♦♠ t❤� ✥✂
✭✭✮✐➭
❦ ♠❛tr✝✁�✠ ✇❤✝✁❤ ✇�r� ✟✝❛✞♦✂❛✄ ✝✂

t❤� ➈❛☛♦r ❜❛✠✝✠ ❬✠�� ❊q♥ ✭✸✆✮✆ ✇✝t❤ � ❂ ✘✧ ✁✄ ✷♥ ❯✂✟�r t❤✝✠ ❛✠✠✉♠♣t✝♦✂✆ ❜♦t❤ ☛❛✁✉✉♠✡

♣❛✝r �♠✝✠✠✝♦✂ ✭❘�❢✠♥ ✹ ❛✂✟ ✆✮ ❛✠ ✇�✄✄ ❛✠ ✂�✉tr✝✂♦ ✠♣✄✝tt✝✂✞ ❛r� ❦✝✂�♠❛t✝✁❛✄✄☎ ❛✄✄♦✇�✟

➍➎➏➐➐➑➒➓➍➒
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▲✵✹✽✻✾③ q✹✽❃✇✲✻❆ ❃✻❄ ❻❼✭✷✌❽ ➃ ❼✭☛✌➄ ❆❃✸❆✽ ✲✻✼❃✹✲❃✻❂✽ ❀✵✹ ✻✽✸✾✹✲✻✵✴

❛✁r♦✠✠ ✭❜✉t ✂♦t ✇✝t❤✝✂✣✮ ✞�✂�r❛t✝♦✂✠ ✭➈❛☛♦r✠✮✆ ♣r♦☛✝✟�✟ ✇� ❤❛☛�

✈❢ ❁ ✈✐ ✭❢✧ ✱ ❂ ✘✧✁✧ ✄✮✳ ✭✆❂✮

❚❤❛t ✝✠ t♦ ✠❛☎✆ t❤� ➁❢❛✠t�r ✞�✂�r❛t✝♦✂➂ ✟�✁❛☎✠ ✝✂t♦ t❤� ➁✠✄♦✇�r ✞�✂�r❛t✝♦✂➂♥ ❲� r�✁❛✄✄

♦✂✁� ♠♦r� t❤❛t✆ ✇✝t❤✝✂ t❤� ✞❛✉✞�✡✝✂☛❛r✝❛✂t ♠♦✟�✄✆ t❤� ✁❤❛r✞�✟ ❢�r♠✝♦✂✠ ♦❞�r t❤�

✠❛♠� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r✠ ❛✠ t❤� ✁♦rr�✠♣♦✂✟✝✂✞ ✂�✉tr✝✂♦ ➈❛☛♦r✠✆ ❛✂✟ ❤�✂✁�✆

✈❢ ✞ ✈
✭✭✮
❦ ♥ ◆�✉tr✝✂♦ ✠♣✄✝tt✝✂✞ ❛✠ ✇�✄✄ ❛✠ ☛❛✁✉✉♠✡♣❛✝r �♠✝✠✠✝♦✂ ❛r� ❜♦t❤ ❦✝✂�♠❛t✝✡

✁❛✄✄☎ ❛✄✄♦✇�✟✆ ❜�✁❛✉✠� ♦❢ t❤� ✟✝❞�r�✂✁�✠ ❛♠♦✂✞ t❤� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r✠

❢♦r t❤� ✟✝❞�r�✂t ✂�✉tr✝✂♦ ➈❛☛♦r✠✆ ✇❤✝✁❤ ❤❛♣♣�✂ t♦ ❛♣♣r♦✔✝♠❛t� t❤� ♠❛✠✠ ✭�✂�r✞☎✮

�✝✞�✂✠t❛t�✠ ✉✂✟�r t❤� ✞✝☛�✂ ❛✠✠✉♠♣t✝♦✂✠♥

❚❤� ✁♦✝✂✁✝✟�✂✁� ♦❢ t❤� ♠❛✠✠ ❛✂✟ ➈❛☛♦r �✝✞�✂✠t❛t�✠ ✝✂ t❤� ❤✝✞❤✡�✂�r✞☎ ✄✝♠✝t

♠❛❦�✠ t❤� t❤�♦r�t✝✁❛✄ ❛✂❛✄☎✠✝✠ �❛✠✝�r❀ t❤� ❛♣♣r♦♣r✝❛t� ✁❤♦✝✁� ❢♦r t❤� ♣❛r❛♠�t�r ✈✂☎t

✭✠�� ❘�❢♥ ✸✮ �✂t�r✝✂✞ t❤� ✝✂t�r❛✁t✝♦✂ ▲❛✞r❛✂✞✝❛✂ ✭✠�� ❛✄✠♦ ❙�✁♥ ✹ ❜�✄♦✇✮ ✝✠

✈✂☎t ❂ ✈✐✈❢ ❂ ✈
✭✭✮
✐ ✈

✭✭✮
❢ ✭❤✝✞❤✡�✂�r✞☎ ✄✝♠✝t ✇✝t❤ ✈✚ ✝❂ ✈➭ ✝❂ ✈☎ ✮✧ ✭✆✏✮

❛✂✟ ✝t ❢✉✄✄☎ ♣r�✠�r☛�✠ ♣r�✠�r☛�✠ ✞❛✉✞� ✝✂☛❛r✝❛✂✁�♥

❚❤� tr❛✂✠✝t✝♦✂ ❛♠♦✂✞ t❤� t✇♦ r�✞✝♠�✠ ✁❤❛r❛✁t�r✝③�✟ ❜☎ t❤� ▲❛✞r❛✂✞✝❛✂✠ ✭✹✎✮

❛✂✟ ✭✹✜✮ ♦✁✁✉r✠ ❛t ❛ ♠♦♠�✂t✉♠ ✠✁❛✄� ♦❢ t❤� ♦r✟�r ♦❢

⑤✎⑤ ❂

✖

✙♠✷✴✙❢✶❢✷ ✧ ✭✆✜✮

✇❤�r� ✙♠✷ ✝✠ ❛ t☎♣✝✁❛✄ ✂�✉tr✝✂♦ ♠❛✠✠ ✠q✉❛r� ✟✝❞�r�✂✁�✆ ❛✂✟ ♦❢ ✁♦✉r✠�✆ ✙❢✶❢✷ ✝✠

❛ t☎♣✝✁❛✄ ✟�✄t❛✡♣❛r❛♠�t�r ✟✝❞�r�✂✁� ❛♠♦✂✞ t❤� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r✠ ❢♦r

t❤� ✟✝❞�r�✂t ✂�✉tr✝✂♦ ➈❛☛♦r✠♥ ✭❲� ✠�t ✈✷ ❂ ✏ ✰ ✙✆ ✝✂ ❛✁✁♦r✟❛✂✁� ✇✝t❤ ❘�❢✠♥ ✸❡✆♥✮

❋♦r t❤� ♣❛r❛♠�t�r �✠t✝♠❛t�✠ ♦❢ t✇♦ ✟✝❞�r�✂t ✂�✉tr✝✂♦ ➈❛☛♦r✠ ♦❢ ✙❢✶❢✷ ☎ ✏❂❾✷✵

❛✂✟ ✙♠✷ ☎ ✏❂❾✸ �❱
✷
✆ t❤� tr❛✂✠✝t✝♦✂ ✠❤♦✉✄✟ ♦✁✁✉r ❛t ♠♦♠�✂t❛ ♦✂ t❤� ♦r✟�r ♦❢

✏❂✽ ➲ ➲ ➲ ✏❂✾ �❱♥ ✭✇� ❤�r� r�❢�r t♦ ❜♦✉✂✟✠ ♦✂ ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r✠ ❢r♦♠

✄❛❜♦r❛t♦r☎✡❜❛✠�✟ �✔♣�r✝♠�✂t✠✆
✷✾✗✸✵ ✇❤✝✁❤ ❛r� ✄�✠✠ ✠tr✝✁t t❤❛✂ t❤♦✠� ✟�r✝☛�✟ ❢r♦♠

❛✠tr♦♣❤☎✠✝✁❛✄ ♦❜✠�r☛❛t✝♦✂✠
✸☞✗✸✷❀ t❤� ✄❛tt�r✆ t❤♦✉✞❤✆ ❛r� ✉✂✟�r ✄�✠✠ ✠tr✝✂✞�✂t �✔t�r✂❛✄

✁♦✂tr♦✄♥✮

✹✶ ●✛✉❣✘ ■✙✈✛r✢✛✙✫✘ ✛✙✣ ◆✘✉✚r✢✙✗ ❉✘✫✛②

❚❤� ♦❜✠�r☛❛t✝♦✂✠ ♠❛✟� ❛❜♦☛�✆ �✠♣�✁✝❛✄✄☎ t❤♦✠� r�♣♦rt�✟ ✝✂ ❙�✁♥ ✸♥✸ ❢♦r t❤� ❤✝✞❤✡

�✂�r✞☎ ✄✝♠✝t ♦❢ ✟✝❞�r�✂t✝❛✄ ▲♦r�✂t③ ☛✝♦✄❛t✝♦✂ ❛✁r♦✠✠ ✞�✂�r❛t✝♦✂✠ ✭➈❛☛♦r✠✮✆ ❜✉t ✇✝t❤

t❤� ✠❛♠� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r✠ ❛✠✁r✝❜�✟ t♦ ✁❤❛r✞�✟ ❛✂✟ ✂�✉tr❛✄ ❢�r♠✝♦✂✠✆

❛✄✄♦✇ ✉✠ t♦ ✟✝✠✁✉✠✠ ❛ ❢✉✄✄☎ ✞❛✉✞�✡✠☎♠♠�tr☎ ✁♦✂✠�r☛✝✂✞ ♠♦✟�✄✆ ✇❤✝✁❤ ✠t✝✄✄ ❛✄✄♦✇✠

❢♦r ◆✍❈❘ ❛✂✟ ▲✍❈❘ ✟�✁❛☎✠ t♦ ♣r♦✁��✟♥ ❈♦♠♣❛r�✟ ✇✝t❤ ♦t❤�r ♠♦✟�✄✠ ✠t✉✟✝�✟

✝✂ t❤� ✄✝t�r❛t✉r� ✭✠�� ❘�❢✠♥ ✸❡✆✮✆ t❤� ♠♦✟�✄ ✟✝✠✁✉✠✠�✟ ❤�r� ✝✠ ♠♦✠t r�✠tr✝✁t�✟ ✝✂

♣❛r❛♠�t�r ✠♣❛✁� ✭✝t r�q✉✝r�✠ ➈❛☛♦r✡✟�♣�✂✟�✂t ▲♦r�✂t③✡❜r�❛❦✝✂✞ ♣❛r❛♠�t�r✠✮✆ ❜✉t

♣�r❤❛♣✠✆ ♠♦✠t ✠tr✝✂✞�✂t ✝✂ ✝t✠ t❤�♦r�t✝✁❛✄ ❢♦r♠✉✄❛t✝♦✂✆ ✝✂ t❤� ✠�✂✠� t❤❛t ✝t ✁❛✂ ❜�

❢✉✄✄☎ �♠❜�✟✟�✟ ✝✂t♦ t❤� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ❙▼❊♥ ❇�✁❛✉✠� ♦❢ ❢✉✄✄ ✞❛✉✞� ✝✂☛❛r✝❛✂✁�✆ ✇�

❛r� ❛✄✠♦ ❛❜✄� t♦ ❛✟✟r�✠✠✆ ✝✂ ♣❛✠✠✝✂✞✆ t❤� ✞❛✉✞� ✟�♣�✂✟�✂✁� ✂♦t ✇✝t❤✝✂ t❤� ❙✛✭✜✮✢×

✛✭✏✮❨ ✞❛✉✞� ✞r♦✉♣✆ ❜✉t ✇✝t❤✝✂ ❛✟✟✝t✝♦✂❛✄ t�r♠✠ ✝✂✟✉✁�✟ ❜☎ t❤� ❘✝ ✞❛✉✞� ❢♦r t❤� ❩
✵
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❋✄✎✳ ☛✳ ❋✁②�✒❛� ❞✄❛✎✂❛✒✞ ✆♦✂ t✝✁ ⑧P❈⑤ ❬P❛�✁♥ ✭❛✌☎ ❛�❞ ◆P❈⑤ ❬P❛�✁♥ ✭✑✌☎ ♣✂♦❝✁✞✞✁✞➉ t✝✁✞✁

♣✂♦❝✁✁❞ ⑥✄❛ ✁➁❝✝❛�✎✁ ♦✆ ❛ ⑥✄✂t☎❛♥ ✆✝ ✑♦✞♦�✳ ➀✝✁ ❞✄❛✎✂❛✒✞ ❛✂✁ ✁✞♣✁❝✄❛♥♥② ✂✁♥✁⑥❛�t ✄� t✝✁ ✝✄✎✝❷
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✷
✰ ✭✏ ❾ ✈�✮

✷✭t ➲ ♣✮✷ ❂ ❂♥

❲� ✂♦t� t❤❛t ✝✂ ❛ ✠♣♦✂t❛✂�♦✉✠✄☎ ❜r♦❦�✂ ✞❛✉✞� t❤�♦r☎✆ t❤� ✞❛✉✞� ✝✂☛❛r✝❛✂✁� ♦❢

t❤� ✠q✉❛r�✟ ♠❛tr✝✔ �✄�♠�✂t ✁♦♠♣✉t�✟ ✝✂ ❘✝ ✞❛✉✞� ✝✠ ✉✠✉❛✄✄☎ ♦✂✄☎ r�✁♦☛�r�✟ ♦✂✁�

✟✝❛✞r❛♠✠ ✝✂☛♦✄☛✝✂✞ ❜♦t❤ ☛�✁t♦r ❛✂✟ ✠✁❛✄❛r ❜♦✠♦✂ �✔✁❤❛✂✞�✠ ❛r� ✠✉♠♠�✟ ✉♣♥ ✭❚❤✝✠

♠❛☎ ✝✂☛♦✄☛� �✔✁❤❛✂✞�✠ ♦❢ ✞❛✉✞� ❜♦✠♦✂✠ ♦❢ t❤� ✇�❛❦ ✝✂t�r❛✁t✝♦✂ ❛✠ ✇�✄✄ ❛✠ ❍✝✞✞✠

♣❛rt✝✁✄� �✔✁❤❛✂✞�✠♥✮ ✤✂✟��✟✆ ✝✂ t❤� ❙t❛✂✟❛r✟ ▼♦✟�✄✆ t❤� ✄�❢t✡❤❛✂✟�✟ ✄�♣t♦✂ ✁✉rr�✂t

☎✂➭✭❝❱ ❾❝☛✂
✺✮☎ ✝✠ ✂♦t ✁♦✂✠�r☛�✟✆ ✇✝t❤ t❤� ✂♦✂✡✁♦✂✠�r☛❛t✝♦✂ ❜�✝✂✞ ♣r♦♣♦rt✝♦✂❛✄ t♦

t❤� ❢�r♠✝♦✂ ♠❛✠✠♥ ✭◆♦t� t❤❛t t❤✝✠ ✂♦✂✡✁♦✂✠�r☛❛t✝♦✂ ❛✄r�❛✟☎ ♦✁✁✉r✠ ❛t tr�� ✄�☛�✄ ❛✂✟

✁❛✂ ❜� ✟�r✝☛�✟ ♦✂ t❤� ❜❛✠✝✠ ♦❢ t❤� ❛✔✝❛✄ ✁♦♠♣♦✂�✂t ♦❢ t❤� ✁✉rr�✂t♥✮ ❍♦✇�☛�r✆ t❤�

♠❛✠✠ ✝t✠�✄❢ ✝✠ ♣r♦♣♦rt✝♦✂❛✄ t♦ t❤� ❨✉❦❛✇❛ ✁♦✉♣✄✝✂✞ ♦❢ t❤� ❢�r♠✝♦✂ ✭t♦ t❤� ❍✝✞✞✠ ♣❛r✡

t✝✁✄�✮♥ ❙✝✂✁� ✇� ❛r� ✇♦r❦✝✂✞ ✝✂ t❤� ♠❛✠✠✄�✠✠ ❛♣♣r♦✔✝♠❛t✝♦✂ ❢♦r ✄�♣t♦✂✠✆ t❤� ❨✉❦❛✇❛

✁♦✉♣✄✝✂✞✠ ✝✂ ♦✉r ♠♦✟�✄ ❛r� ✠�t t♦ ③�r♦✆ ❛✂✟ t❤� ✠✝✂✞✄� ✟✝❛✞r❛♠ ✇✝t❤ ♦✂✄☎ ❩✵ ❜♦✠♦✂
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✺❡ ❭❡ ❏✽✻✾✴❂❅✸✹❃❇ ✱❡ ✳➫❃✻❄✵✹✲ ✫ ❴❡ ❁✵s✵❆✿✲

�✔✁❤❛✂✞� ✝✠ ✞❛✉✞�✡✝✂☛❛r✝❛✂t ❜☎ ✝t✠�✄❢♥ ✤✂ ♣❛rt✝✁✉✄❛r✆ ✇� ❤❛☛� �✔♣✄✝✁✝t✄☎ ✁❤�✁❦�✟ t❤❛t

t�r♠✠ ✁♦♠✝✂✞ ❢r♦♠ ✁♦✂tr❛✁t✝♦✂✠ ✝✂☛♦✄☛✝✂✞ t❤� ♣❛rt ♦❢ t❤� ❩✵ ❜♦✠♦✂ ♣r♦♣❛✞❛t♦r ♣r♦✡

♣♦rt✝♦✂❛✄ t♦ ✭☛ ❾ ✏✮ ✠✉♠ t♦ ③�r♦ ✉♣♦✂ ✉✠✝✂✞ t❤� ✠✉♣�r✄✉♠✝✂❛✄ ✟✝✠♣�r✠✝♦✂ r�✄❛t✝♦✂♥

❋♦r ❛ ✞�✂�r❛✄ ✟�✁❛☎ ♣r♦✁�✠✠ ✝✂ ♦✉r ✞❛✉✞�✡✝✂☛❛r✝❛✂t ♠♦✟�✄✆ ✇� ♦❜t❛✝✂ t❤� ❢♦✄✄♦✇✝✂✞

❢♦r♠✉✄❛ ❢♦r t❤� ✟�✁❛☎ r❛t�✿

✝✦✐✄✦✐✞❢✞❢
❂

✡
❣
✷

✏✶�✷
❩ ✁♦✠✷ ✠❲

☛✷
❊✺
☞

✜✹✞✸

❝
✷
❱ ✰ ❝

✷
☛

✹✜❂♥s

× ✭✙✐ ❾ ✙❢ ✮
✓
✏❹✭✙✐ ❾ ✙❢ ✮

✷
✰ ❹✭✙✐ ✰ ✙❢✮

✷
✔
✳ ✭✶✏✮

❍�r�✆ ♥s ✁♦✉✂t✠ t❤� ❛✄✄♦✇�✟ ✠♣✝✂ ✠t❛t�✠ ♦❢ t❤� ✂�✉tr✝✂♦ ✭♥s ❂ ✜ ✝✂ ❘�❢♥ ✹ ❜✉t ♥s ❂ ✏

✝✂ ❘�❢♥ ✆✮♥ ◆♦t� t❤❛t t❤� ❢❛✁t♦r ❢✚ ✉✠�✟ ✝✂ t❤� ✂♦t❛t✝♦✂ ♦❢ ❘�❢♥ ✸ ✝✠ ❛❜✠♦r❜�✟ ✝✂

t❤� ♣r�❢❛✁t♦r ❝✷❱ ✰ ❝✷☛♥ ❚❤� �✂�r✞☎ ✄♦✠✠ r❛t� ✝✠ ♦❜t❛✝✂�✟✆ ✝✂ t❤� ❢✉✄✄☎ ✞❛✉✞�✡✝✂☛❛r✝❛✂t

♠♦✟�✄✆ ❛✠

✟❊✦✐✄✦✐✞❢✞❢

✟①
❂

✡
❣
✷

✏✶�✷
❩ ✁♦✠✷ ✠❲

☛✷
❊✻
☞

✜✹✞✸

❝
✷
❱ ✰ ❝

✷
☛

✶❹✜♥s

× ✭✙✐ ❾ ✙❢✮
✓
✜✜✭✙✐ ❾ ✙❢ ✮

✷
✰ ✍✭✙✐ ✰ ✙❢ ✮

✷
✔
✳ ✭✶✜✮

❋♦r ▲✍❈❘ ✟�✁❛☎✆ ✝✂ ♦✉r ✞❛✉✞�✡✝✂☛❛r✝❛✂t ♠♦✟�✄✆ ✇� ➇✂✟

✝✦✐✄✦✐✚❾✚✰ ❂ ❛●�
�
✷
❋

✏✎✜✞✸
�
✺
☞✧ ✭✶✸❛✮

✟❊✦✐✄✦✐✚❾✚✰

✟①
❂ ❾❛

✆
●�

�
✷
❋

✏✎✜✞✸
�
✻
☞✧ ✭✶✸❜✮

✇✝t❤ t❤� ❢♦✄✄♦✇✝✂✞ r�✠✉✄t✠✿

❛●� ❂
✏❹✭❝✷❱ ✰ ❝

✷
☛✮

✹✜❂♥s
✭✙✐ ❾ ✙❢✮

✠

✭✙✐ ❾ ✙❢ ✮
✷
✰

❹

✏❹
✭✙✐ ✰ ✙❢✮

✷

☎

✧ ✭✶✹❛✮

❛
✆
●� ❂

✏✏✭❝✷❱ ✰ ❝✷☛✮

✸✸✶♥s
✭✙✐ ❾ ✙❢✮

✠

✭✙✐ ❾ ✙❢ ✮
✷
✰

✹

✏✏
✭✙✐ ✰ ✙❢✮

✷

☎

✳ ✭✶✹❜✮

❋♦r ◆✍❈❘ ✟�✁❛☎✆ ✝✂ ♦✉r ✞❛✉✞�✡✝✂☛❛r✝❛✂t ♠♦✟�✄✆ ✇� ➇✂✟

✝✦✐✄✦✐✦❢✦❢ ❂ ❜●�
�
✷
❋

✏✎✜✞✸
�
✺
☞✧ ✭✶✆❛✮
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❂ ❾❜
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●�

�
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✇❤�r� t❤� ✁♦�❡✁✝�✂t✠ ❜●� ❛✂✟ ❜
✆
●� ✁❛✂ ❜� ♦❜t❛✝✂�✟ ❢r♦♠ ❊q♥ ✭✶✏✮ ❜☎ ✠�tt✝✂✞ ❝❱ ❂

❝☛ ❂ ✏✆

❜●� ❂
✏❹

✜✏❂♥s
✭✙✐ ❾ ✙❢ ✮

✠

✭✙✐ ❾ ✙❢ ✮
✷
✰

❹

✏❹
✭✙✐ ✰ ✙❢ ✮

✷

☎

✧ ✭✶✶❛✮

❜
✆
●� ❂

✏✏
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✭✙✐ ❾ ✙❢ ✮

✠

✭✙✐ ❾ ✙❢ ✮
✷
✰

✹

✏✏
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✷
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▲✵✹✽✻✾③ q✹✽❃✇✲✻❆ ❃✻❄ ❻❼✭✷✌❽ ➃ ❼✭☛✌➄ ❆❃✸❆✽ ✲✻✼❃✹✲❃✻❂✽ ❀✵✹ ✻✽✸✾✹✲✻✵✴

❚❤� ✁❤❛✂✞� ✝✂ t❤� ♣r�❢❛✁t♦r✠ ❛✠ ✁♦♠♣❛r�✟ t♦ t❤� ❦✝✂�♠❛t✝✁✠✡♦✂✄☎ ❛♣♣r♦❛✁❤ ♣✉r✠✉�✟

✝✂ ❘�❢✠♥ ✸❡✆ ✟♦�✠ ✂♦t ✠✝✞✂✝➇✁❛✂t✄☎ ✁❤❛✂✞� t❤� ✁♦✂✁✄✉✠✝♦✂✠ ✟r❛✇✂ ✝✂ ❘�❢♥ ✸ ♦✂ ❛✠tr♦✡

♣❤☎✠✝✁❛✄✄☎ ✟�r✝☛�✟ ❜♦✉✂✟✠ ❢♦r t❤� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r✠♥ ❲� ✁❛✂ �✠t❛❜✄✝✠❤

t❤❛t ❙✛✭✜✮▲ × ✛✭✏✮❨ ✞❛✉✞� ✝✂☛❛r✝❛✂✁� ✟♦�✠ ✐♦t ♣r♦t�✁t ✠✉♣�r✄✉♠✝✂❛✄ ✂�✉tr✝✂♦✠

❢r♦♠ ✟�✁❛☎ ❛✂✟ �✂�r✞☎ ✄♦✠✠ ♣r♦✁�✠✠�✠ ✭◆✍❈❘ ❛✂✟ ▲✍❈❘✮♥

✺✶ ❈✗✙✫�✉✬✢✗✙✬

✤✂ t❤✝✠ ♣❛♣�r✆ ✇� ❤❛☛� ✝✂☛�✠t✝✞❛t�✟ t❤� ❛✠✠✉♠♣t✝♦✂✠ ✉✂✟�r✄☎✝✂✞ t❤� ♠♦✟�✄✡

✟�♣�✂✟�✂t ✝✂t�r❛✁t✝♦✂ ▲❛✞r❛✂✞✝❛✂✠ ✉✠�✟ ✝✂ ❘�❢✠♥ ✸❡✆ ❢♦r t❤� ❢♦r♠✉✄❛t✝♦✂ ♦❢ t❤�

▲✍❈❘ ❛✂✟ ◆✍❈❘ ✭✠�� ❙�✁♥ ✹✮ ♣r♦✁�✠✠�✠✆ ✇❤✝✁❤ ❤❛☛� ✄�✟ t♦ ☛�r☎ t✝✞❤t ❜♦✉✂✟✠ ♦✂

t❤� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r✠ ✝✂ t❤� ✂�✉tr✝✂♦ ✠�✁t♦r♥☞✌✸ ❚❤� ♠❛✝✂ r�✠✉✄t✠ ✁❛✂

❜� ✠✉♠♠❛r✝③�✟ ❛✠ ❢♦✄✄♦✇✠♥

❈✗✙✫�✉✬✢✗✙ ✦✢★✶ ❚❤� ♠♦✟�✄ ✉✠�✟ ❜☎ ❈♦❤�✂ ❛✂✟ ●✄❛✠❤♦✇✹ ❛✂✟ ➁♠♦✟�✄ ✤➂ ♦❢

❇�③r✉❦♦☛ ❛✂✟ ▲��✺ ✁❛✂ ❜� tr❛✁�✟ t♦ ❛✂ ✝✂t�r❛✁t✝♦✂ ▲❛✞r❛✂✞✝❛✂ ✇❤✝✁❤ ❜r�❛❦✠ �✄�✁✡

tr♦✇�❛❦ ✞❛✉✞� ✝✂☛❛r✝❛✂✁�✆ ✝✂ ❛✟✟✝t✝♦✂ t♦ ▲♦r�✂t③ ✝✂☛❛r✝❛✂✁� ✭✠�� ❙�✁♥ ✸♥✏✮♥ ❍♦✇�☛�r✆

t❤✝✠ ❜r�❛❦✝✂✞ ♣r♦✁��✟✠ ♦✂ t❤� ✠❛♠� ♣�rt✉r❜❛t✝☛� ✄�☛�✄ ♦✂ ✇❤✝✁❤ t❤� ▲♦r�✂t③✡❜r�❛❦✝✂✞

t�r♠✠ t❤�♠✠�✄☛�✠ ❛r� ❢♦r♠✉✄❛t�✟ ❬✠�� ❊q♥ ✭✜✜✮✷♥ ❆ ✟✝✠✁✉✠✠✝♦✂ ♦✂ t❤� ✝♠♣✄✝✁❛t✝♦✂✠

✇✝t❤ r�✠♣�✁t t♦ ❢✉✂✟❛♠�✂t❛✄ ✠☎♠♠�tr✝�✠ ✝✠ ✞✝☛�✂ ✝✂ ❙�✁♥ ✸♥✏ ♦❢ t❤✝✠ ♣❛♣�r♥

❈✗✙✫�✉✬✢✗✙ ✦✢✢★✶ ➁▼♦✟�✄ ✤✤➂ ♦❢ ❇�③r✉❦♦☛ ❛✂✟ ▲��✆ ✉✠�✟ ✝✂ t❤� ❢♦r♠✉✄❛t✝♦✂ ♦❢

t❤� ▲✍❈❘ ♣r♦✁�✠✠ ✝✂ ❘�❢♥ ✆✆ ❛✂✟ ❛✄✠♦ ✉✠�✟ ❜☎ ✉✠ ✝✂ ❘�❢♥ ✸✆ ✝✠ ✞❛✉✞�✡✝✂☛❛r✝❛✂t ✉✂✟�r ❛

r�✠tr✝✁t�✟ ✠�t ♦❢ ✞❛✉✞� tr❛✂✠❢♦r♠❛t✝♦✂✠✆ ✇✝t❤✝✂ t❤� ❙✛✭✜✮✢ ✞❛✉✞� ✞r♦✉♣♥ ❚❤� ✉✠� ♦❢

✂♦✂✉✂✝❢♦r♠ ♠♦✟✝➇�✟ ❉✝r❛✁ ♠❛tr✝✁�✠✆ ✇✝t❤✝✂ t❤� ✠❛♠� ❙✛✭✜✮✢ ✟♦✉❜✄�t✆ ✝✠ ✁r✉✁✝❛✄ t♦

t❤✝✠ ♦❜✠�r☛❛t✝♦✂ ❬✠�� ❊q♥ ✭✜✹✮✷♥ ❚❤� ✟�r✝☛❛t✝♦✂ ✞♦�✠ t❤r♦✉✞❤ �☛�✂ ✝✂ ❛✂ ➁♦✠✁✝✄✄❛t✝♦✂✡

❢r��➂ �✂☛✝r♦✂♠�✂t ✇❤�r� ♦✂� ✂�✞✄�✁t✠ t❤� ♦❞✡✟✝❛✞♦✂❛✄ �✂tr✝�✠ ♦❢ t❤� ✍▼◆❙ ♠❛tr✝✔✆

✝✂ t❤� ✂�✉tr✝✂♦ ✠�✁t♦r♥ ❚❤� r�✠✉✄t ✞✝☛�✂ ✝✂ ❊q♥ ✭✸✹✮ ✁✄❛r✝➇�✠ t❤� ➁✞❛✉✞�✡✝✂☛❛r✝❛✂t➂

▲❛✞r❛✂✞✝❛✂ ✉✠�✟ ✝✂ ➁♠♦✟�✄ ✤✤➂ ❬✠�� ❊q♥ ✭✹✮ ♦❢ ❘�❢♥ ✆✷♥

❈✗✙✫�✉✬✢✗✙ ✦✢✢✢★✶ ✤❢ ♦✂� ✝✂☛♦❦�✠ ✂�✉tr✝✂♦ ♦✠✁✝✄✄❛t✝♦✂✠✆ t❤�✂ t❤� ✠✝t✉❛t✝♦✂ ✝✠ �☛�✂

♠♦r� ❢❛☛♦r❛❜✄� ❢♦r t❤� ✞❛✉✞�✡✝✂☛❛r✝❛✂t ♠♦✟�✄✠ ✭✠�� ❙�✁♥ ✸♥✸✮♥ ❖✂� ✁❛✂ ✉✠� ✉✂✝❢♦r♠

♠♦✟✝➇�✟ ❉✝r❛✁ ♠❛tr✝✁�✠ ✇✝t❤✝✂ t❤� ✠❛♠� ❙✛✭✜✮✢ ✟♦✉❜✄�t✆ ❜✉t ❛✠✠✉♠�✠ ✟✝❞�r�✂t

▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r ❜�t✇��✂ ✞�✂�r❛t✝♦✂✠ ❬✠�� ❊q♥ ✭✸✆✮✷♥ ❇☎ ❛✠✠✉♠✝✂✞ ♦✂✄☎

❛ ✞�✂�r❛t✝♦✂ ✟�♣�✂✟�✂✁�✆ ♦✂� ♦❜t❛✝✂✠ ✟✝❞�r�✂t✝❛✄ ▲♦r�✂t③ ☛✝♦✄❛t✝♦✂ ❛♠♦✂✞ t❤� ✂�✉✡

tr✝✂♦ ♠❛✠✠ �✝✞�✂✠t❛t�✠✆ ❛✂✟ ❜�t✇��✂ ✂�✉tr✝✂♦✠ ❛✂✟ ✁❤❛r✞�✟ ✄�♣t♦✂✠✆ ✇✝t❤♦✉t ❜r�❛❦✡

✝✂✞ ❙✛✭✜✮✢ × ✛✭✏✮❨ ✞❛✉✞�✡✝✂☛❛r✝❛✂✁�♥ ❯✂✟�r t❤�✠� ❛✠✠✉♠♣t✝♦✂✠ ❬✠�� ❊q♥ ✭✹✹✮✷✆ ✝t

✝✠ ✉✠�❢✉✄ t♦ ❦��♣ t❤� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r ✈✂☎t t❤❛t �✂t�r✠ t❤� ✝✂t�r❛✁t✝♦✂

▲❛✞r❛✂✞✝❛✂✆ ✠�♣❛r❛t� ❢r♦♠ t❤� ♦✂�✠ ♦❢ t❤� ✝✂✝t✝❛✄ ❛✂✟ ➇✂❛✄ ✠t❛t�✠✆ ❛✠ ✝✠ ✟♦✂� ✝✂

❘�❢♥ ✸♥ ✤✂✠♣✝r�✟ ❜☎ t❤� ✁♦✂✠✝✟�r❛t✝♦✂✠ r�♣♦rt�✟ ✝✂ ❙�✁♥ ✸♥✸✆ ♦✂� ♠❛☎ ✟�☛✝✠� ❛ ❢✉✄✄☎

❙✛✭✜✮✢×✛✭✏✮❨ ✞❛✉✞�✡✠☎♠♠�tr☎ ✁♦✂✠�r☛✝✂✞ ♠♦✟�✄✆ ✇❤✝✁❤ ✠t✝✄✄ ❛✄✄♦✇✠ ❢♦r t❤� ◆✍❈❘

❛✂✟ ▲✍❈❘ ✟�✁❛☎✠ t♦ ♣r♦✁��✟ ✭✠�� ❙�✁♥ ✹✮♥ ✤✂ t❤� ✁♦✉r✠� ♦❢ t❤� ✁❛✄✁✉✄❛t✝♦✂✠ r�♣♦rt�✟

✝✂ ❙�✁♥ ✹✆ ✇� ❛✄✠♦ ❛✟✟r�✠✠ t❤� q✉�✠t✝♦✂ r�✞❛r✟✝✂✞ t❤� ✟�♣�✂✟�✂✁� ♦❢ t❤� r�✠✉✄t✠ ♦✂

t❤� ✞❛✉✞� ✉✠�✟ ❢♦r t❤� ♠❛✠✠✝☛� ☛�✁t♦r ❜♦✠♦✂ ♣r♦♣❛✞❛t♦r ✭❘✝ ✞❛✉✞�✮♥

❲� ❤❛☛� t❤✉✠ ✁✄❛r✝➇�✟ t❤� ✁r☎♣t✝✁ r�♠❛r❦ ♦❢ t❤� ➁✞❛✉✞� ✝✂☛❛r✝❛✂✁�➂ ♦❢ ➁♠♦✟�✄

✤✤➂ ♦❢ ❇�③r✉❦♦☛ ❛✂✟ ▲�� ❬✠�� ❊q♥ ✭✹✮ ♦❢ ❘�❢♥ ✆✷✆ ❛✂✟ ♣r♦☛✝✟�✟ ❛✟✟✝t✝♦✂❛✄ ♠♦t✝☛❛t✝♦✂

➍➎➏➐➐➑➒➓➍➑
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✺❡ ❭❡ ❏✽✻✾✴❂❅✸✹❃❇ ✱❡ ✳➫❃✻❄✵✹✲ ✫ ❴❡ ❁✵s✵❆✿✲

❢♦r t❤� ❢✉✂✁t✝♦✂❛✄ ❢♦r♠ ♦❢ t❤� ☛❛r✝♦✉✠ ♠♦✟�✄✡✟�♣�✂✟�✂t ✝✂t�r❛✁t✝♦✂ ▲❛✞r❛✂✞✝❛✂✠

✉✠�✟ ✝✂ ❘�❢✠♥ ✸❡✆♥

❚❤� ☛�r☎ ✠tr✝✂✞�✂t ❜♦✉✂✟✠ ♦✂ t❤� ▲♦r�✂t③✡☛✝♦✄❛t✝✂✞ ♣❛r❛♠�t�r✠ ✝✂ t❤� ✂�✉tr✝✂♦

✠�✁t♦r✆ ❜❛✠�✟ ♦✂ ❛✠tr♦♣❤☎✠✝✁❛✄ ♦❜✠�r☛❛t✝♦✂✠✆☞✌✸ t❤✉✠ ✟♦ ✂♦t r�q✉✝r� ♠♦✟�✄✠ ✝✂ ✇❤✝✁❤

�✄�✁tr♦✇�❛❦ ✞❛✉✞� ✝✂☛❛r✝❛✂✁� ✝✠ ❜r♦❦�✂♥ ❚❤✝✠ ♦❜✠�r☛❛t✝♦✂ ✝✠ q✉✝t� ✁r✉✁✝❛✄ ❜�✁❛✉✠� ✝t

✝♠♣✄✝�✠ t❤❛t ♦✂� ✁❛✂✂♦t ➁❛r✞✉� ❛✇❛☎➂ t❤� t✝✞❤t ❜♦✉✂✟✠ ✟�r✝☛�✟ ✝✂ ❘�❢✠♥ ✏❡✸ ❢♦r t❤�

▲♦r�✂t③✡❜r�❛❦✝✂✞ ♣❛r❛♠�t�r✠ ✝✂ t❤� ✂�✉tr✝✂♦ ✠�✁t♦r✆ ❜❛✠�✟ ♦✂ t❤� ✂♦t✝♦✂ t❤❛t t❤�

♣r�✠�r☛❛t✝♦✂ ♦❢ �✄�✁tr♦✇�❛❦ ✞❛✉✞� ✝✂☛❛r✝❛✂✁� ✇♦✉✄✟ ♦t❤�r✇✝✠� ♣r�✁✄✉✟� t❤� �✔✝✠t�✂✁�

♦❢ t❤� ✟�✁❛☎ ♣r♦✁�✠✠�✠ ♦✂ ✇❤✝✁❤ t❤� ❜♦✉✂✟✠ ❛r� ❜❛✠�✟♥

✁✫✜✙✗✇�✘✣❣♠✘✙✚✬

❚❤� ❛✉t❤♦r✠ ✇♦✉✄✟ ✄✝❦� t♦ ❛✁❦✂♦✇✄�✟✞� ✠✉♣♣♦rt ❢r♦♠ t❤� ◆❛t✝♦✂❛✄ ❙✁✝�✂✁� ❋♦✉✂✟❛✡

t✝♦✂ ✭●r❛✂t ✍❍❨✡✏❹✏❂✍✆✶✮♥ ❚❤✝✠ ✇♦r❦ ✇❛✠ ❛✄✠♦ ✠✉♣♣♦rt�✟ ❜☎ t❤� ➫❯◆❯✍✡✏❹✡✸ ◆�✇

◆❛t✝♦✂❛✄ ❊✔✁�✄✄�✂✁� ✍r♦✞r❛♠ ♦❢ t❤� ▼✝✂✝✠tr☎ ♦❢ ❍✉♠❛✂ ❈❛♣❛✁✝t✝�✠ ♦❢ ❍✉✂✞❛r☎ ❛✂✟

❜☎ t❤� ●r❛✂t ❯ ✏✜✆✏❂✆ ♦❢ t❤� ◆❛t✝♦✂❛✄ ❘�✠�❛r✁❤✆ ❉�☛�✄♦♣♠�✂t ❛✂✟ ✤✂✂♦☛❛t✝♦✂

❋✉✂✟ ✝✂ ❍✉✂✞❛r☎♥

✁✎✎✘✙✣✢① ✁✶ ❙✎✗✙✚✛✙✘✗✉✬ ▲✗r✘✙✚③③❙②♠♠✘✚r② ❇r✘✛✜✢✙❣❣ ▼✗✣✘�✬

✛✙✣ ■♠✎�✢✫✛✚✢✗✙✬

❆✄t❤♦✉✞❤ t❤� ❛✐s❛t③ ♦❢ t❤� ✁✉rr�✂t ♣❛♣�r ✝✠ ✁♦♠♣✄�t�✄☎ ♣❤�✂♦♠�✂♦✄♦✞✝✁❛✄✆ ❛✂✟ ✇� ✟♦

✂♦t ✟✝✠✁✉✠✠ t❤� ♣♦✠✠✝❜✄� ♠�✁❤❛✂✝✠♠ ❜�❤✝✂✟ ▲♦r�✂t③ ☛✝♦✄❛t✝♦✂ ✝✂ ❛✂☎ ✞r�❛t�r ✟�t❛✝✄✆

✝t ✝✠ ✠t✝✄✄ ✝✂✠tr✉✁t✝☛� t♦ ♠�✂t✝♦✂ ❛ ✠♣�✁✝➇✁ ♠♦✟�✄ ♦❢ ✠♣♦✂t❛✂�♦✉✠ ▲♦r�✂t③ ✝✂☛❛r✝❛✂✁�

☛✝♦✄❛t✝♦✂✆ ✇❤✝✁❤ ❤❛✠ ❜��✂ ✟✝✠✁✉✠✠�✟ ✝✂ r❛t❤�r ✞r�❛t ✟�t❛✝✄ ✝✂ t❤� ✄✝t�r❛t✉r�♥

◆❛♠�✄☎✆ ❛✁✁♦r✟✝✂✞ t♦ ❘�❢✠♥ ✸✸❡✸✆✆ t❤� ♣❤♦t♦✂ ✁♦✉✄✟ ♣♦t�✂t✝❛✄✄☎ ❜� ❢♦r♠✉✄❛t�✟

❛✠ t❤� ◆❛♠❜✉❡●♦✄✟✠t♦✂� ❜♦✠♦✂ ✄✝✂❦�✟ t♦ ✠♣♦✂t❛✂�♦✉✠ ▲♦r�✂t③ ✝✂☛❛r✝❛✂✁� ☛✝♦✄❛t✝♦✂♥

✭❚❤✝✠ ❛✐s❛t③ ✇❛✠ ♦r✝✞✝✂❛✄✄☎ ❢♦r♠✉✄❛t�✟ ❜�❢♦r� �✄�✁tr♦✇�❛❦ ✉✂✝➇✁❛t✝♦✂♥✮ ✤✂t�r�✠t ✝✂

t❤✝✠ ❛♣♣r♦❛✁❤ ❤❛✠ r�✁�✂t✄☎ ❜��✂ r�☛✝☛�✟✆ ❛✂✟ t❤� t❤�♦r☎ ❤❛✠ ❜��✂ ✇♦r❦�✟ ♦✉t ✝✂

✞r�❛t�r ✟�t❛✝✄♥✸✸✌✹✹ ❇♦t❤ ❆❜�✄✝❛✂ ❛✠ ✇�✄✄ ❛✠ ❛ ✂♦✂❆❜�✄✝❛✂ ✞❛✉✞� t❤�♦r✝�✠ ❤❛☛� ❜��✂

✟✝✠✁✉✠✠�✟♥✸✼ ✤✂ t❤� ✁❛✠� ♦❢ ❛✂ ❆❜�✄✝❛✂ ✞❛✉✞� t❤�♦r☎✆ ♦✂� ❛✠✠✉♠�✠ t❤❛t t❤� ✞❛✉✞�

➇�✄✟ ☞➭ ♦❜t❛✝✂✠ ❛ ✂♦✂☛❛✂✝✠❤✝✂✞ ☛❛✁✉✉♠ �✔♣�✁t❛t✝♦✂ ☛❛✄✉� ❛✁✁♦r✟✝✂✞ t♦ ❬✠�� t�✔t

❛❢t�r ❊q♥ ✭✏✮ ♦❢ ❘�❢♥ ✹✸✷

☛☞➭☞ ❂ ♥➭�✧ ✭❆♥✏✮

✇❤�r� � ✝✠ ❛ ✭♣♦✠✠✝❜✄☎ ✄❛r✞�✮ �✂�r✞☎ ✠✁❛✄� ❛t ✇❤✝✁❤ t❤� ❜r�❛❦✝✂✞ ♦❢ ▲♦r�✂t③ ✠☎♠✡

♠�tr☎ ♦✁✁✉r✠♥ ❚❤� ▲♦r�✂t③ ✞r♦✉♣ r�✠tr✝✁t✠ ✝t✠�✄❢ t♦ ❙�✭✏✧ ✜✮ ✝❢ ♥➭ ✝✠ ✠♣❛✁�✡✄✝❦�

✭♥➭♥
➭ ❂ ❾✏✮✆ ❛✂✟ ✝✂t♦ ❙�✭✸✮ ✝❢ ♥➭ ✝✠ t✝♠�✡✄✝❦� ✭♥➭♥

➭ ❂ ✏✮♥

❚❤� ✟☎✂❛♠✝✁❛✄ ✁♦✂✠tr❛✝✂t ❬✠�� ❊q♥ ✭✏✮ ♦❢ ❘�❢♥ ✹✸✷

☞➭☞
➭
❂ ♥

✷
�

✷
✭❆♥✜✮

✝✠ ✝♠♣♦✠�✟ ♦✂ t❤� ☞➭ ➇�✄✟♥ ❖✂� t❤�✂ ♣❛r❛♠�t�r✝③�✠ t❤� ☞➭ ➇�✄✟ ❛✠ ❬✠�� ❊q♥ ✭✸✮ ♦❢

❘�❢♥ ✹✸✷

☞➭ ❂ ❛➭ ✰
♥➭

♥✷
✭♥ ➲ ☞✮✧ ✭❆♥✸✮
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▲✵✹✽✻✾③ q✹✽❃✇✲✻❆ ❃✻❄ ❻❼✭✷✌❽ ➃ ❼✭☛✌➄ ❆❃✸❆✽ ✲✻✼❃✹✲❃✻❂✽ ❀✵✹ ✻✽✸✾✹✲✻✵✴

✇❤�r� ❛➭ t❛❦�✠ t❤� r♦✄� ♦❢ t❤� ♣❤♦t♦✂ ➇�✄✟♥ ❚❤� ❢♦✄✄♦✇✝✂✞ ▲❛✞r❛✂✞✝❛✂ ✝✠ �☛�✂t✉❛✄✄☎

♦❜t❛✝✂�✟ ❛❢t�r ❛✂ �✔♣❛✂✠✝♦✂ ✝✂ ✄�❛✟✝✂✞ ♦r✟�r ✝✂ ✏✴� ❬✠�� ❊q♥ ✭✸✮ ♦❢ ❘�❢♥ ✹✸✷✿

▲✭❛✧☎✮ ❂ ❾
✏

✹
❢➭✦❢

➭✦
❾

✏

✜
✙✭♥ ➲ ❛✮

✷

✰ ➥☎✭✝✂
➭
✝➭ ❾♠✮☎ ❾ ✘❛➭

➥☎✂
➭
☎

❾
✏

✹
❢➭✦❤

➭✦ ♥
✷
❛✄❛

✄

�
✰

✘♥✷❛✄❛
✄

✜�

➥☎✭✂ ➲ ♥✮☎✳ ✭❆♥✹✮

❍�r�✆ ❛➭ t❛❦�✠ t❤� r♦✄� ♦❢ t❤� ✭q✉❛✂t✝③�✟✮ �✄�✁tr♦♠❛✞✂�t✝✁ ➇�✄✟✆ ✇❤✝✄� ❢➭✦ ❂ ✝➭❛✦ ❾

✝✦❛➭ ✝✠ t❤� ➇�✄✟ ✠tr�✂✞t❤ t�✂✠♦r♥ ❆✄✠♦✆ ❤➭✦ ❂ ♥
➭✝✦ ❾ ♥

✦✝➭ ✝✠ ❛✂ ♦r✝�✂t�✟ ▲♦r�✂t③✡

☛✝♦✄❛t✝✂✞ t�✂✠♦r♥ ❚❤� ♦rt❤♦✞♦✂❛✄✝t☎ ✁♦✂✟✝t✝♦✂ ♥ ➲ ❛ ❂ ❂ ✝✠ �✔♣✄✝✁✝t✄☎ ✝✂tr♦✟✉✁�✟

✝✂ t❤� ▲❛✞r❛✂✞✝❛✂ t❤r♦✉✞❤ ❛ ✞❛✉✞�✡➇✔✝✂✞ t�r♠ ✇✝t❤ ♣❛r❛♠�t�r ✙♥ ◆♦t� t❤❛t t❤�

▲❛✞r❛✂✞✝❛✂ ✭❆♥✹✮ ✝✠ ♦❜t❛✝✂�✟ ❛❢t�r ❛ ✠✉✝t❛❜✄� r�✟�➇✂✝t✝♦✂ ♦❢ t❤� ❢�r♠✝♦✂ ➇�✄✟✆ ❛✠

✞✝☛�✂ �✔♣✄✝✁✝t✄☎ ✝✂ ❊q♥ ✭✶✮ ♦❢ ❘�❢♥ ✹✸♥

❲� ✂♦t� t❤❛t t❤� ✠✉♠ ♦❢ t❤� t�r♠✠

➥☎✭✝✂
➭
✝➭ ❾♠✮☎ ❾ ✘❛➭

➥☎✂
➭
☎ ✭❆♥✆✮

✝✂ ❊q♥ ✭❆♥✹✮ ❛✟✟✠ ✉♣ t♦ t❤� ✞❛✉✞�✡✝✂☛❛r✝❛✂t q✉❛✂t✉♠ �✄�✁tr♦✟☎✂❛♠✝✁ ✝✂t�r❛✁t✝♦✂ ✭✘

✝✠ t❤� �✄�✁tr♦✂ ✁❤❛r✞�✮♥

✤✂ t❤� ✄✝♠✝t � ✖ ✂✆ t❤� �✂t✝r� ▲❛✞r❛✂✞✝❛✂ ✭❆♥✹✮ ❛♣♣r♦✔✝♠❛t�✠ t❤� ♦r✟✝✂❛r☎

◗❊❉ ▲❛✞r❛✂✞✝❛✂♥ ❍♦✇�☛�r✆ ❢♦r ➇✂✝t�� ✆ t❤� ➇❢t❤ ❛✂✟ ✠✝✔t❤ t�r♠✠ ♦✂ t❤� r✝✞❤t✡❤❛✂✟

✠✝✟� ♦❢ ❊q♥ ✭❆♥✹✮✆ ✇❤✝✁❤ ❛r� ✝✂✝t✝❛✄✄☎ ✞�✂�r❛t�✟ ❜☎ ✠♣♦✂t❛✂�♦✉✠ ▲♦r�✂t③ ❜r�❛❦✝✂✞

✝✂ t❤� �✄�✁tr♦♠❛✞✂�t✝✁ ✠�✁t♦r✆ �✔♣✄✝✁✝t✄☎ ❜r�❛❦ �✄�✁tr♦♠❛✞✂�t✝✁ ✞❛✉✞� ✝✂☛❛r✝❛✂✁�✆ ✝✂

❛✟✟✝t✝♦✂ t♦ ❜r�❛❦✝✂✞ ▲♦r�✂t③ ✝✂☛❛r✝❛✂✁�♥ ❚❤� ➇❢t❤ t�r♠ ✞�✂�r❛t�✠ ❛ t❤r��✡♣❤♦t♦✂

☛�rt�✔✆ ✇❤✝✄� t❤� ✠✝✔t❤ t�r♠ ✞�✂�r❛t�✠ ❛ t✇♦✡❢�r♠✝♦✂✆ t✇♦✡♣❤♦t♦✂ ✝✂t�r❛✁t✝♦✂ ✭✠��✆

❢♦r �✔❛♠♣✄� ❘�❢♥ ✹❂✮♥

✤✂ ❊q♥ ✭✜✜✮ ♦❢ ❘�❢♥ ✹❂✆ ✝t ✝✠ ✠❤♦✇✂ t❤❛t t❤� ✁♦✂tr✝❜✉t✝♦✂✠ ♦❢ ❜♦t❤ ♦❢ t❤� ▲♦r�✂t③✡

❜r�❛❦✝✂✞ t�r♠✠ t♦ t❤� �✄�✁tr♦✂❡♣❤♦t♦✂ ✠✁❛tt�r✝✂✞ ❛♠♣✄✝t✉✟� ☛❛✂✝✠❤ ✭✟✉� t♦ ♠✉t✉❛✄

✁❛✂✁�✄✄❛t✝♦✂✠✮ ✝❢ ✇� t❛❦� t❤� ♠❛tr✝✔ �✄�♠�✂t ❜�t✇��✂ ♦✂✡✠❤�✄✄ ✠♣✝✂♦r✠♥ ❆r♦✉✂✟ ❊q♥

✭✸✜✮ ♦❢ ❘�❢♥ ✹❂✆ ✝t ✝✠ ❛r✞✉�✟ t❤❛t t❤� ✠❛♠� ✁❛✂✁�✄✄❛t✝♦✂ ♦✁✁✉r✠ ❢♦r t❤� ♦✂�✡✄♦♦♣ ❛♠♣✄✝✡

t✉✟�✆ ✝❢ t❤� ✠♣�✁✝➇✁ ♣❤♦t♦✂ ♣r♦♣❛✞❛t♦r ✝✂t�✞r❛✄ ✞✝☛�✂ ✝✂ ❊q♥ ✭✸✜✮ ♦❢ ❘�❢♥ ✹❂ ✝✠ �☛❛✄✡

✉❛t�✟ ✝✂ ✟✝♠�✂✠✝♦✂❛✄ r�✞✉✄❛r✝③❛t✝♦✂♥ ❚❤�✠� ✁♦✂✠✝✟�r❛t✝♦✂✠ ✠❤♦✇ t❤❛t t❤� ▲♦r�✂t③✡

☛✝♦✄❛t✝✂✞ t�r♠✠ ✝✂ ❊q♥ ✭❆♥✹✮ ✟♦ ✂♦t ✂�✁�✠✠❛r✝✄☎ ✄�❛✟ t♦ ♦❜✠�r☛❛❜✄� �❞�✁t✠ ❛t ✄♦✇

�✂�r✞☎♥

❚❤� ✞�✂�r❛✄✝③❛t✝♦✂ t♦ ✠♣♦✂t❛✂�♦✉✠ ▲♦r�✂t③✡✠☎♠♠�tr☎ ❜r�❛❦✝✂✞ ✝✂ ✂♦✂✡❆❜�✄✝❛✂

✞❛✉✞� ➇�✄✟✠ ✝✂☛♦✄☛�✠ t❤� ❛✠✠✉♠♣t✝♦✂ ❬✠�� ❊q♥ ✭✎✮ ♦❢ ❘�❢♥ ✸❹✷

☛☞
✐
➭☞ ❂ ♥

✐
➭�✧ ✭❆♥✶✮

✇❤�r� t❤� ✉♣♣�r ✝✂✟�✔ ✱ ✟�✠✁r✝❜�✠ t❤� ✁♦♠♣♦✂�✂t ✇✝t❤✝✂ t❤� ✂♦✂✡❆❜�✄✝❛✂ ✞❛✉✞�

✞r♦✉♣✆ ❢♦r �✔❛♠♣✄�✆ ❙✛✭◆✮✆ ✝✂ ✇❤✝✁❤ ✁❛✠� ✱ ❂ ✏✧ ✳ ✳ ✳ ✧◆ ♥ ❋♦r t❤� ▲♦r�✂t③✡❜r�❛❦✝✂✞

t�r♠✠ t♦ ☛❛✂✝✠❤ ✝✂ t❤� ✄♦✇✡�✂�r✞☎ ✄✝♠✝t✆ ♦✂� t❤�✂ ❤❛✠ t♦ ♠❛❦� ❛✟✟✝t✝♦✂❛✄ ❛✠✠✉♠♣✡

t✝♦✂✠ r�✞❛r✟✝✂✞ t❤� ♠❛✠✠�✠ ♦❢ t❤� ♣❛rt✝✁✄�✠ ✝✂ ❛ ✞✝☛�✂ ❙✛✭◆✮ ♠✉✄t✝♣✄�t❀ ❢♦r �✔❛♠♣✄�✆

❛✁✁♦r✟✝✂✞ t♦ ❊q♥ ✭✏✎✮ ♦❢ ❘�❢♥ ✸❹✆ ♦✂� ✂��✟✠ t♦ ❛✠✠✉♠� t❤�✠� ♠❛✠✠�✠ t♦ ❜� �q✉❛✄♥
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