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t✐ ❬✣❪✳

❳❛✈❛♥t❡sÕ ♣r✐❣r❛♠♠✆♥❣ ♠✐❞❡❧ ❛❧❧✐✇s t✐ s♣❡✝✆❢② ❛♣♣❧✆✝❛t✆✐♥s ❛s str✉✝t✉r❡❞ ♣r✐✝❡ss❡s✱

✝✐♥t❛✆♥✆♥❣ ❛ ❤✆❡r❛r✝❤② ✐❢ ✝✐♥tr✐❧ ✝✐♥str✉✝ts t✐ ❞❡t❡r♠✆♥❡ t❤❡ ✝✐♥tr✐❧ ✴✐✇✳ ■♥ ❛ ♣r✐✝❡ss✱ ❛♥

❛✝t✆✈✆t② r❡♣r❡s❡♥ts ❛♥ ❛t✐♠✆✝ t❛s❦✱ ❛♥❞ ❛ ❝✒✎✟✓✒✗✗✌✓ r❡♣r❡s❡♥ts ❛ ✝✐♥tr✐❧ str✉✝t✉r❡ t❤❛t ✐r❣❛♥✆✤❡s

t❤❡ ❡①❡✝✉t✆✐♥ ✐r❞❡r ✐❢ ✆♥♥❡r ♣r✐✝❡ss ❡❧❡♠❡♥ts✳ ✔❤❡ ✝✐♥tr✐❧❧❡rs ✝❛♥ ❜❡ ♥❡st❡❞✱ ❛❧❧✐✇✆♥❣ t❤❡

❤✆❡r❛r✝❤✆✝❛❧ s♣❡✝✆✸✝❛t✆✐♥ ✐❢ t❤❡ ✝✐♥tr✐❧✱ s✆♠✆❧❛r❧② t✐ str✉✝t✉r❡❞ ♣r✐❣r❛♠♠✆♥❣ ❧❛♥❣✉❛❣❡s✳ ✔❤❡

♣r✐❣r❛♠♠✆♥❣ ♠✐❞❡❧ ✆s ❜❛s❡❞ ✆♥ ✹✜✺✻✱ ❛♥❞ t❤❡ ✝✐♥tr✐❧❧❡rs ❛r❡ s♣❡✝✆✸❡❞ ✆♥ t❤❡ ♣r✐❣r❛♠♠✆♥❣

♠✐❞❡❧ ❜② t❤❡ ❞❡✈❡❧✐♣❡r✳ ✔❤❡ ✝✐♥tr✐❧❧❡rs s♣❡✝✆✸✝❛t✆✐♥ s❤✐✇s t✐ t❤❡ ♠✆❞❞❧❡✇❛r❡ ✇❤✆✝❤ t❛s❦s ❛r❡

♣❛r❛❧❧❡❧✱ ✇❤✆✝❤ t❛s❦s ❛r❡ s❡q✉❡♥t✆❛❧ ❛♥❞ ❤✐✇ t❤❡ ✝✐♥tr✐❧❧❡rs ✆♥t❡r❛✝t✳

☎ ✼✙✓✌❝✟✌☞ ✽❝✏❝✗✙❝ ●✓✠✍✕ ✭✞☎✾✮ ✆s ✉s❡❞ t✐ r❡♣r❡s❡♥t ❛ ♣r✐✝❡ss✿ ♥✐❞❡s ❛r❡ t❛s❦s✱ ❧❛❜❡❧❡❞ ✇✆t❤

✝✐♠♣✉t❛t✆✐♥❛❧ ✝✐sts❀ ❡❞❣❡s ❛r❡ ❞❡♣❡♥❞❡♥✝② ✝✐♥str❛✆♥ts✱ ❧❛❜❡❧❡❞ ✇✆t❤ ✝✐♠♠✉♥✆✝❛t✆✐♥ ✝✐sts✳ ■♥

t❤❡ ✞☎✾ ✐❢ t❤❡ ✥✆❣✉r❡ ❁✱ t❤❡ r❡✝t❛♥❣❧❡ ❁ r❡♣r❡s❡♥ts ❛ ♣❛r❛❧❧❡❧ ✝✐♥tr✐❧❧❡r ✝✐♥t❛✆♥✆♥❣ t❤❡ t❛s❦s ❂

❛♥❞ ❃✱ ❛♥❞ t❤❡ r❡✝t❛♥❣❧❡ ✣ r❡♣r❡s❡♥ts ❛ s❡q✉❡♥t✆❛❧ ✝✐♥tr✐❧❧❡r ✝✐♥t❛✆♥✆♥❣ t❤❡ ❛✝t✆✈✆t✆❡s ✷✱ ❄ ❛♥❞

❁❅✱ ❛♥❞ t❤❡ ✝✐♥tr✐❧❧❡r ❁✳

✔❤❡ ♣r✐❣r❛♠♠✆♥❣ ♠✐❞❡❧ ❤❛s s✐♠❡ ✝❤❛r❛✝t❡r✆st✆✝s t❤❛t r❡str✆✝t ✐♥ t❤❡ s❡t ✐❢ ✞☎✾s t❤❛t ✝❛♥

❜❡ ❞❡✈❡❧✐♣❡❞ ✇✆t❤ ✆t✳ ☎✝t✉❛❧❧②✱ s✐♠❡ ✞☎✾s ✝❛♥♥✐t ❜❡ Ò❞✆r❡✝t❧②Ó ❞❡✈❡❧✐♣❡❞✳ ◆❡✈❡rt❤❡❧❡ss✱ ✆t

✆s ♣✐ss✆❜❧❡ t✐ ✉s❡ s❤❛r❡❞ ✈❛r✆❛❜❧❡s ✆♥ t❤❡ ✝✐♥tr✐❧❧❡rs t✐ ♠❛❦❡ ✞☎✾s ❣❡♥❡r❛t❡❞ ❜② t❤❡ ♠✐❞❡❧

t✐ ❤❛✈❡ t❤❡ s❛♠❡ ❢✉♥✝t✆✐♥ ❛s ❛♥② ♥✐t ❞✆r❡✝t❧② s✉♣♣✐rt❡❞ ✞☎✾s✳ ☎❧s✐✱ ✝✐♥s✆❞❡r✆♥❣ ❛ ✞☎✾ t❤❛t

✝❛♥♥✐t ❜❡ ❞✆r❡✝t❧② ❞❡✈❡❧✐♣❡❞ ✉s✆♥❣ t❤❡ ♣r✐❣r❛♠♠✆♥❣ ♠✐❞❡❧✱ ✆t ✆s ♣✐ss✆❜❧❡ t✐ ❤❛✈❡ ❛ t❛s❦ t❤❛t

❡①❡✝✉t❡s t❤❡ ✞☎✾Õs s✉❜❣r❛♣❤ t❤❛t ✝❛♥♥✐t ❜❡ ✇r✆tt❡♥ ✉s✆♥❣ t❤❡ ♣r✐❣r❛♠♠✆♥❣ ♠✐❞❡❧✳ ✔❤✉s✱ ❛♥②

❈❏❑❖◗❨❩❭❫ ❴❵ ♦③③③ ④❏❭⑤ ⑥❨⑦⑧❖ ⑨ ⑩❏⑤❶❷ ▲❫❸❹ ❺❻❼❽❾❿❿➀❼❽➁ ❺❻➂➃❾➄➅➄➆➇ ➈❿➅❽➄➆ ➉➊➃➀❿➆ ♦③③③➋ ➌➌➍➎Ð➏

➈❿➀➃➅❿➀➐ ❾➑➒❼➓ ➔→➣↔↕➙➛➜➔➝➞



❆�❆✁❚■❱✂ ❚❆✄❑ ✄❈❍✂�❯☎■◆✆ ❖◆ ✆❘■�✄ ✸

❋✐✝✉r❡ ✶✿ ✞❛s❦ ✝r❛♣❤ ❡①❛♠♣❧❡✳

❉✟● ❝❛♥ ❜❡ ❡①❡❝✉t❡❞ ✉s✐♥✝ t❤❡ ❳❛✈❛♥t❡s ♠✐❞❞❧❡✇❛r❡✱ ❜✉t s♦♠❡ ♦❢ t❤❡♠ ♥❡❡❞ t♦ ❜❡ ✇r✐tt❡♥

✐♥ ❛ ❞✐✦❡r❡♥t ✇❛②✳

✟ ❝♦♥tr♦❧❧❡r ❦♥♦✇s t❤❡ ❡①❡❝✉t✐♦♥ st❛t❡ ♦❢ t❤❡ t❛s❦s s✉❜♦r❞✐♥❛t❡❞ t♦ ✐t✳ ✠❡♥❝❡✱ ❝♦♥tr♦❧❧❡rs

❝❛♥ ♣r♦✈✐❞❡ r❡❝♦✈❡r②✱ ❞❡♣❡♥❞❛❜✐❧✐t②✱ ❛♥❞ ❝❛♥ ❢❛❝✐❧✐t❛t❡ t❤❡ ❢❛✉❧t t♦❧❡r❛♥❝❡ ♠❡❝❤❛♥✐s♠✱ ✇❤✐❧❡

t❤❡② s❝❛❧❡ ✇❡❧❧✱ ❞✐str✐❜✉t✐♥✝ t❤❡ ♣r♦❝❡ss ♠❛♥❛✝❡♠❡♥t✳ ✡♥ ❛❞❞✐t✐♦♥✱ ❝♦♥tr♦❧❧❡rs ❤❛✈❡ ❛ s❤❛r❡❞

♠❡♠♦r②✱ ✇❤✐❝❤ ❝♦✉❧❞ ❜❡ ✉s❡❞ t♦ ❛❧❧♦❝❛t❡ s❤❛r❡❞ ✈❛r✐❛❜❧❡s✱ ♠❛❦✐♥✝ ♣♦ss✐❜❧❡ t❤❡ ❝♦♠♠✉♥✐❝❛t✐♦♥

❜❡t✇❡❡♥ ♣❛r❛❧❧❡❧ t❛s❦s✳

❳❛✈❛♥t❡s ♦r✝❛♥✐☛❡s t❤❡ ✝r✐❞ ✐♥ ❛✉t♦♥♦♠♦✉s ✝r♦✉♣s ♦❢ ❞✐str✐❜✉t❡❞ r❡s♦✉r❝❡s✳ ❋♦r ❡①❛♠♣❧❡✱ ❛

❝❧✉st❡r ♦r ❛ ▲✟☞ ❝♦✉❧❞ ❜❡ ❛ ✝r♦✉♣✳ ✡♥ ❡❛❝❤ ✝r♦✉♣ t❤❡r❡ ❛r❡ t❤r❡❡ ❦✐♥❞s ♦❢ ❡♥t✐t✐❡s✿ ♦♥❡ ✌✍✎✏✑

▼✒✓✒✔✕✍ ✭●✖✮✱ ♦♥❡ ♦r ♠♦r❡ P✍✎✗✕✘✘ ▼✒✓✒✔✕✍✘ ✭✙✖✮ ❛♥❞ ♦♥❡ ♦r ♠♦r❡ ✚✗✛✜✢✜✛✣ ▼✒✓✒✔✕✍✘

✭✟✖✮✳ ✞❤❡ ●✖ ✐s r❡s♣♦♥s✐❜❧❡ ❢♦r ♠❛♥t❛✐♥✐♥✝ ❛ r❡♣♦s✐t♦r② ♦❢ t❤❡ r❡s♦✉r❝❡s t❤❛t ❛r❡ ✐♥ t❤❡

✝r♦✉♣✱ ✇✐t❤ ✐♥❢♦r♠❛t✐♦♥s ❛❜♦✉t ❜❛♥❞✇✐❞t❤✱ ♣r♦❝❡ss✐♥✝ ♣♦✇❡r✱ ❧♦❛❞✱ ❡t❝✳ ✞❤❡s❡ ✐♥❢♦r♠❛t✐♦♥s

❛r❡ ❞②♥❛♠✐❝ ❛♥❞ ❝❛♥ ❜❡ ✉♣❞❛t❡❞ ❜② t❤❡ ✐♥❢r❛str✉❝t✉r❡ ✇❤❡♥ ♥❡❝❡ss❛r②✳ ✞❤❡ ✙✖s ❛r❡ r❡s♣♦♥s✐❜❧❡

❢♦r ❡①❡❝✉t✐♥✝ t❤❡ ❝♦♥tr♦❧❧❡rs ❛♥❞ ♠❛♥❛✝✐♥✝ t❤❡ ❡①❡❝✉t✐♦♥ ♦❢ ♣r♦❝❡ss❡s✱ ❛♥❞ t❤❡ ✟✖s ❛r❡ t❤❡

✇♦r❦❡rs t❤❛t ❡①❡❝✉t❡ t❛s❦s ♠❛♥❛✝❡❞ ❜② t❤❡ ✙✖s✳

✞❤❡ ♠❛✐♥ ✝♦❛❧s ♦❢ ❳❛✈❛♥t❡s ❛r❡ ❤✐✝❤✲♣❡r❢♦r♠❛♥❝❡ ❛♥❞ r❡❧✐❛❜❧❡ ❡♥❛❝t♠❡♥t ♦❢ ❛♣♣❧✐❝❛t✐♦♥s✳ ✞❤❡

❤✐❡r❛r❝❤✐❝❛❧ ❡①❡❝✉t✐♦♥ ♦❢ str✉❝t✉r❡❞ ♣r♦❝❡ss❡s ✐♥ ❞✐str✐❜✉t❡❞ ✝r♦✉♣s ♦❢ r❡s♦✉r❝❡s ❧❡✈❡r❛✝❡s t❤❡

s❝❛❧❛❜✐❧✐t② ♦❢ t❤❡ ✝r✐❞✳ ✞❤❡ ❡①♣❧✐❝✐t s✉♣♣♦rt t♦ ♣r♦❝❡ss ❡①❡❝✉t✐♦♥ ❛❧❧♦✇s ❜❡tt❡r ❢❛✉❧t t♦❧❡r❛♥❝❡

❛♥❞ s❝❤❡❞✉❧✐♥✝✱ ✐♠♣r♦✈✐♥✝ t❤❡ ✝r✐❞ r❡❧✐❛❜✐❧✐t② ❛♥❞ ♣❡r❢♦r♠❛♥❝❡✳ ✟❧s♦✱ t❤❡ ❝♦♥❝❡♣t ♦❢ ❝♦♥tr♦❧❧❡rs

♣r♦✈✐❞❡s ❞✐str✐❜✉t❡❞ ♠❛♥❛✝❡♠❡♥t ♦❢ ♣r♦❝❡ss❡s✱ ✝✐✈✐♥✝ ❛♥ ❡✧❝✐❡♥t r❡❝♦✈❡r② ♠❡❝❤❛♥✐s♠✳ ✞❤❡

❞❡✈❡❧♦♣♠❡♥t ♦❢ ❛ ✝♦♦❞ t❛s❦ s❝❤❡❞✉❧❡r ❢♦r t❤❡ ❳❛✈❛♥t❡s ✐s ❢✉♥❞❛♠❡♥t❛❧ t♦ ❞❡♣❧♦② ❛ ♠✐❞❞❧❡✇❛r❡

t❤❛t ♣r♦✈✐❞❡s ❛ r❡❝♦✈❡② ❜❛❝❦✝r♦✉♥❞ ✇✐t❤ ❡✧❝✐❡♥t ♣r♦❝❡ss ❡①❡❝✉t✐♦♥✳

❈✤✥★✩✪❣✫✬ ✯✰ ✷✴✴✴ ❏✤✫✵ ❲✪✹✺★ ✻ ✄✤✵✼✽ ☎✬✾❀ ❁❂❃❄❅❇❇❊❃❄◗ ❁❂❙❨❅❩❬❩❭❪ ❫❇❬❄❩❭ ❴❵❨❊❇❭ ✷✴✴✴❥ qq③④Ð⑤

❫❇❊❨❬❇❊⑥ ❅⑦⑧❃⑨ ⑩❶❷❸❹❺❻❼⑩❽❾
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☎✆✝✞✟✆✠ ❲❖☎✡

☛❛s❦ s❝❤❡❞✉❧☞✌❣ ☞s st✉❞☞❡❞ ☞✌ ❤♦♠♦❣❡✌❡♦✉s s②st❡♠s ✭❬✍✱ ✶✹❪✎ ❛s ✇❡❧❧ ❛s ☞✌ ❤❡t❡r♦❣❡✌❡♦✉s s②st❡♠s

✭❬✶✱ ✶✶✱ ✶✷❪✎✳ ✏☞st s❝❤❡❞✉❧☞✌❣✱ ❝❧✉st❡r☞✌❣ ❛✌❞ t❛s❦ ❞✉♣❧☞❝❛t☞♦✌ ❛r❡ ✑✒● s❝❤❡❞✉❧☞✌❣ t❡❝❤✌☞✐✉❡s

❢♦r ❤♦♠♦❣❡✌❡♦✉s ❛✌❞ ❤❡t❡r♦❣❡✌❡♦✉s s②st❡♠s✳

☛❤❡ ❍❡t❡r♦❣❡✌❡♦✉s ❊❛r❧☞❡st ✓☞✌☞s❤ ☛☞♠❡ ✭❍❊✓☛✎ ❬✶✷❪ ❛❧❣♦r☞t❤♠ ✉s❡s t❤❡ ❧☞st s❝❤❡❞✉❧☞✌❣

t❡❝❤✌☞✐✉❡✳ ✓☞rst✱ ❍❊✓☛ ❝♦♠♣✉t❡s t❤❡ ✔✕♥✖✗ ✈❛❧✉❡ ❢♦r ❡❛❝❤ t❛s❦✱ tr❛✈❡rs☞✌❣ t❤❡ ❣r❛♣❤

❜❛❝❦✇❛r❞s✳ ☛❤❡ ✉✌s❝❤❡❞✉❧❡❞ t❛s❦ ✇☞t❤ t❤❡ ❤☞❣❤❡st ✔✕♥✖✗ ✈❛❧✉❡ ☞s s❝❤❡❞✉❧❡❞ ♦✌ t❤❡ ♣r♦❝❡ss♦r

t❤❛t ❣☞✈❡s t❤❡ s♠❛❧❧❡st ❡st☞♠❛t❡❞ Þ✌☞s❤ t☞♠❡ ❢♦r t❤❡ t❛s❦✳ ❍❊✓☛ ❧♦♦❦s ❢♦r ☞❞❧❡ t☞♠❡ s❧♦ts ☞✌ t❤❡

❝✉rr❡✌t s❝❤❡❞✉❧❡ ✇❤❡✌ s❝❤❡❞✉❧☞✌❣ ❛ t❛s❦✳ ☛❤❡ t☞♠❡ ❝♦♠♣❧❡①☞t② ♦❢ ❍❊✓☛ ☞s ✘✭✔♥✸✎ ❬✙❪✱ ✇❤❡r❡

✔ ☞s t❤❡ ✌✉♠❜❡r ♦❢ r❡s♦✉r❝❡s ❛✌❞ ♥ ☞s t❤❡ ✌✉♠❜❡r ♦❢ t❛s❦s ♦❢ t❤❡ ♣r♦❝❡ss✳ ☛❤❡ ✚r☞t☞❝❛❧ P❛t❤ ♦✌

❛ Pr♦❝❡ss♦r ✭✚P✛P✎ ❬✶✷❪ ❛❧❣♦r☞t❤♠ ☞s s☞♠☞❧❛r t♦ ❍❊✓☛✳ ☛❤❡ ♠❛☞✌ ❞☞✦❡r❡✌❝❡ ☞s t❤❛t ❛❧❧ ✌♦❞❡s

♦✌ t❤❡ ✑✒●Õs ❝r☞t☞❝❛❧ ♣❛t❤ ❛r❡ s❝❤❡❞✉❧❡❞ ♦✌ t❤❡ s❛♠❡ ♣r♦❝❡ss♦r✳

✒ ✑✒● ♠❡t❛✲s❝❤❡❞✉❧❡r ❢♦r ❣r☞❞s ☞s ♣r♦♣♦s❡❞ ☞✌ ✑✒●✜❛✌ ❬✢❪✳ ■t ❥✉st s❡✌❞s ♦✌❡ t❛s❦ ❛t ❛ t☞♠❡

t♦ t❤❡ s❝❤❡❞✉❧❡r✱ ✇❤☞❝❤ s❝❤❡❞✉❧❡s t❤❡ t❛s❦s ❧☞❦❡ ☞✌❞❡♣❡✌❞❡✌t t❛s❦s✱ ✇☞t❤♦✉t ❦✌♦✇❧❡❞❣❡ ❛❜♦✉t

❞❡♣❡✌❞❡✌❝☞❡s✳ ■✌ ❬✶✵❪✱ ❛ ❝❛s❡ st✉❞② ♦✌ ❞②✌❛♠☞❝ s❝❤❡❞✉❧☞✌❣ ❢♦r s❝☞❡✌t☞Þ❝ ✇♦r❦ß♦✇ ❛♣♣❧☞❝❛t☞♦✌s

♦✌ t❤❡ ❣r☞❞ ☞s ♣r❡s❡✌t❡❞✳ ■t ♣r♦♣♦s❡s ❛ st❛t☞❝ r❡s❝❤❡❞✉❧❡ ✇☞t❤ ☞t❡r❛t☞♦✌s ♦✈❡r t❤❡ ✇♦r❦ß♦✇

❛♣♣❧☞❝❛t☞♦✌✱ ❣❡✌❡r❛t☞✌❣ ❛ st❛t☞❝ ✑✒● ✇☞t❤ t❤❡ t❛s❦s t❤❛t ✇♦✉❧❞ ❜❡ r❡s❝❤❡❞✉❧❡❞ ♦✌ ❡❛❝❤

☞t❡r❛t☞♦✌✳ ✒❢t❡r t❤❛t✱ t❤❡ ❣❡✌❡r❛t❡❞ ✑✒● ☞s s❝❤❡❞✉❧❡❞✱ ❛❝t✉❛❧❧② ♣❡r❢♦r♠☞✌❣ ❛ r❡s❝❤❡❞✉❧❡ ♦❢

☞ts t❛s❦s✳ ✒ ❞②✌❛♠☞❝ t✇♦ ❧❡✈❡❧ s❝❤❡❞✉❧☞✌❣ ❢♦r ✇☞❞❡ ❛r❡❛ ✌❡t✇♦r❦s ☞s ♣r♦♣♦s❡❞ ☞✌ ❬✣❪✱ ✇❤❡r❡ ❛

t♦♣ ❧❡✈❡❧ s❝❤❡❞✉❧❡r ❝♦✌s✉❧ts t❤❡ s❡❝♦✌❞ ❧❡✈❡❧ s❝❤❡❞✉❧❡rs t♦ s❡❧❡❝t ☞✌ ✇❤☞❝❤ ✏✒◆ t❤❡ ♣r♦❝❡ss ✇☞❧❧

❜❡ ❡①❡❝✉t❡❞✳ ☛❤❡r❡ ☞s ✌♦ ✇❛② ♦❢ s♣❧☞tt☞✌❣ t❤❡ ♣r♦❝❡ss t♦ ❡①❡❝✉t❡ ☞✌ ♠♦r❡ t❤❛✌ ♦✌❡ ✏✒◆✱ ✇❤❛t

❝❛✌ ❧❡❛❞ t♦ ❤☞❣❤❡r ❝♦♠♣❧❡t☞♦✌ t☞♠❡s✳ ✒❧s♦✱ ❛❧❧ s❝❤❡❞✉❧❡rs ☞✌ t❤❡ s❡❝♦✌❞ ❧❡✈❡❧ ♠✉st r❡♣❧② ❡❛❝❤

s❝❤❡❞✉❧☞✌❣ r❡✐✉❡st✳ ■❢ t❤❡r❡ ❛r❡ ♠❛✌② r❡✐✉❡sts✱ t❤☞s ♠❛② ♦✈❡r❧♦❛❞ t❤❡ s❝❤❡❞✉❧❡rs✳

☛❤❡ P✚❍ ❛❧❣♦r☞t❤♠ ❬✷❪ ✉s❡s ❛ ❤②❜r☞❞ ❝❧✉st❡r☞✌❣✲❧☞st✲s❝❤❡❞✉❧☞✌❣ str❛t❡❣② t♦ s❝❤❡❞✉❧❡ t❛s❦

❣r❛♣❤s ♦✌ ❛ ❣r☞❞✳ ❍❊✓☛✱ ✚P✛P ❛✌❞ ♦t❤❡r ❣r☞❞ t❛s❦ s❝❤❡❞✉❧❡rs ✭❬✤❪✱❬✢❪✱❬✥❪✱❬✶✵❪✎ ❞♦ ✌♦t ❝♦✌s☞❞❡r

t❤❡ ❡①☞st❡✌❝❡ ♦❢ ❝♦✌tr♦❧❧❡rs✱ ❡✌t☞t☞❡s ✉s❡❞ ❜② t❤❡ ❳❛✈❛✌t❡s ♠☞❞❞❧❡✇❛r❡ t♦ ❝♦✌tr♦❧ t❤❡ ♣r♦❝❡ss

❡①❡❝✉t☞♦✌ ❛✌❞ ♣r♦✈☞❞❡ r❡❝♦✈❡r②✳ ☛❤☞s ❝❛✌ ❧❡❛❞ t♦ t❤❡ ❞☞s♣❡rs❛❧ ♦❢ t❤❡ ❛♣♣❧☞❝❛t☞♦✌ t❛s❦s✱ ❤❡✌❝❡

❡①♣❡✌s☞✈❡ ❝♦♠♠✉✌☞❝❛t☞♦✌ ❝♦sts✳ P✚❍ ☞s ❛ ❤❡✉r☞st☞❝ t❤❛t s❝❤❡❞✉❧❡s r❡❧❛t❡❞ t❛s❦s ❛✌❞ ❝♦✌tr♦❧❧❡rs

♦✌ ✌❡❛r❜② r❡s♦✉r❝❡s✱ ♠☞✌☞♠☞✧☞✌❣ t❤❡☞r ❝♦♠♣❧❡t☞♦✌ t☞♠❡s✳ ★☞t❤ ❜♦t❤ ❞②✌❛♠☞❝ ❛✌❞ ❛❞❛♣t☞✈❡

♣r♦♣♦s❛❧s✱ t❤❡ P✚❍ ❝❛✌ ❛❞❥✉st t❤❡ s❝❤❡❞✉❧❡ ❛❝❝♦r❞☞✌❣ t♦ t❤❡ ♣❡r❢♦r♠❛✌❝❡ ♦❢ t❤❡ r❡s♦✉r❝❡s✳

✞ ✠❨✩✞✪✫✬ ✞✮✮☎❖✞✬✯

☛❤❡ ♦❜❥❡❝t☞✈❡s ♦❢ ❛ t❛s❦ s❝❤❡❞✉❧❡r ☞✌❝❧✉❞❡ ♠☞✌☞♠☞✧☞✌❣ t❤❡ ❡①❡❝✉t☞♦✌ t☞♠❡ ✭✰✴✺✻✼✽✴✾✎ ♦❢ ❛

♣r♦❝❡ss✱ ♠❛①☞♠☞✧☞✌❣ ♣❧❛t❢♦r♠ ✉t☞❧☞✧❛t☞♦✌ ❛✌❞ ♠❛①☞♠☞✧☞✌❣ t❤r♦✉❣❤♣✉t✳ ■✌ t❤☞s ✇♦r❦ ✇❡ ❢♦❝✉s ♦✌

t❤❡ ❢♦r♠❡r✳ ■✌ ❳❛✈❛✌t❡s✱ ❝♦✌tr♦❧❧❡rs ❤❛✈❡ ❛✌ ☞♠♣♦rt❛✌t r♦❧❡ ☞✌ t❤❡ ♣r♦❝❡ss ❡①❡❝✉t☞♦✌✱ s☞✌❝❡ t❤❡②

❛r❡ r❡s♣♦✌s☞❜❧❡ ❢♦r ♠❛✌❛❣☞✌❣ t❤❡ ❡①❡❝✉t☞♦✌ ❛✌❞ ❝♦♠♠✉✌☞❝❛t☞♦✌ ♦❢ t❛s❦s✱ ❜❡☞✌❣ ❛❜❧❡ t♦ ♣r♦✈☞❞❡

❡✿❝☞❡✌t r❡❝♦✈❡r②✳ ❙♦✱ ❛ ❝♦♠♠✉✌☞❝❛t☞♦✌ ❜❡t✇❡❡✌ t✇♦ t❛s❦s ♠✉st ❜❡ ✈☞❛ t❛s❦sÕ ❝♦✌tr♦❧❧❡rs✱ ❣☞✈☞✌❣

t♦ t❤❡ ❝♦✌tr♦❧❧❡rs t❤❡ ❦✌♦✇❧❡❞❣❡ t♦ ♠❛❦❡ t❤❡ r❡❝♦✈❡r② ♦❢ t❛s❦s ✇❤❡✌ ✌❡❝❡ss❛r②✳ ✚♦♠❜☞✌☞✌❣ t❤❡

♦❜❥❡❝t☞✈❡ ♦❢ ❛ t❛s❦ s❝❤❡❞✉❧❡r ✇☞t❤ t❤❡ ❡①☞❣❡✌❝❡ ♦❢ ❝♦♠♠✉✌☞❝❛t☞♦✌s t♦ ❜❡ ✈☞❛ ❝♦✌tr♦❧❧❡rs✱ t❤❡

s❝❤❡❞✉❧❡r ♦❜❥❡❝t☞✈❡ ☞s str❛☞❣❤t❢♦r✇❛r❞❀ ♠☞✌☞♠☞✧❡ t❤❡ ♠❛❦❡s♣❛✌ ✇☞t❤♦✉t ❝r❡❛t☞✌❣ t♦♦ ♠✉❝❤

❝♦♠♠✉✌☞❝❛t☞♦✌ ♦✈❡r❤❡❛❞ ❜❡t✇❡❡✌ t❛s❦s ❛✌❞ ❝♦✌tr♦❧❧❡rs✳

❈❁❂❃❄❅❏❑◗ ❱❩ ❭❫❫❫ ❴❁❑❵ q❅③④❃ ⑤ ⑥❁❵⑦⑧ ▲◗⑨⑩ ❶❷❸❹❺❻❻❼❸❹❽ ❶❷❾❿❺➀➁➀➂➃ ➄❻➁❹➀➂ ➅➆❿❼❻➂ ❭❫❫❫➇ ➈➈➉➊Ð➋
➄❻❼❿➁❻❼➌ ❺➍➎❸➏ ➐➑➒➓➔→➣↔➐↕➙



❆�❆✁❚■❱✂ ❚❆✄❑ ✄❈❍✂�❯☎■◆✆ ❖◆ ✆❘■�✄ ✺

✝♥ ❬✞❪ ✇❡ s❤♦✇ t❤❛t t❤❡ st❛t✐✟ P✠✡ ❣✐☛❡s ❣♦♦❞ r❡s✉❧ts ✐♥ ❛ st❛t✐✟ ❤❡t❡r♦❣❡♥❡♦✉s ❡♥☛✐r♦♥♠❡♥t

✇✐t❤ ❛ ♠❡s❤ ❤❡t❡r♦❣❡♥❡♦✉s ✭♥♦✲❣r♦✉♣✮ t♦♣♦❧♦❣②✳ ✝♥ ❛ ❞②♥❛♠✐✟ ❤❡t❡r♦❣❡♥❡♦✉s ❡♥☛✐r♦♥♠❡♥t t❤❡r❡

✐s ❛ ♥❡❡❞ ❢♦r ❛ ❞②♥❛♠✐✟ ❛♣♣r♦❛✟❤✱ ❛❞❛♣t✐♥❣ t❤❡ r❡s♦✉r✟❡ s❡❧❡✟t✐♦♥ t♦ t❤❡ ❞②♥❛♠✐✟ ❜❡❤❛☛✐♦r ♦❢

t❤❡ ❣r✐❞✳ ❲❡ ❞❡☛❡❧♦♣❡❞ ❛♥ ❛♣♣r♦❛✟❤ t♦ ❞②♥❛♠✐✟❛❧❧② s✟❤❡❞✉❧❡ ✇♦r❦ß♦✇s✱ tr②✐♥❣ t♦ ♠✐♥✐♠✐☞❡

t❤❡ ❡✦❡✟ts ♦❢ ❛ ♣♦ss✐❜❧❡ ♣❡r❢♦r♠❛♥✟❡ ❧♦ss✳

✌ ❞②♥❛♠✐✟ t❛s❦ s✟❤❡❞✉❧❡r ✟❛♥ ✉s❡✱ ✐♥ ❣❡♥❡r❛❧✱ t✇♦ str❛t❡❣✐❡s✿ s✟❤❡❞✉❧❡ ❛❧❧ t❛s❦s st❛t✐✟❛❧❧②

❛♥❞ t❤❡♥ r❡s✟❤❡❞✉❧❡ t❛s❦s ✇❤❡♥ ♥❡✟❡ss❛r②❀ ♦r ❣r❛❞✉❛❧❧② s✟❤❡❞✉❧❡ ❛♥❞ ❡①❡✟✉t❡ t❤❡ t❛s❦s ❜❛s❡❞

♦♥ ❛ ♣r✐♦r✐t② ♣♦❧✐✟②✳ ❲❡ ❤❛☛❡ ✟❤♦s❡♥ t❤❡ Þrst str❛t❡❣② ❜❡✟❛✉s❡ ✐t ❢♦❧❧♦✇s ❛ ♣r♦✟❡ss ❋✠❋❙ ✭❋✐rst

✠♦♠❡✱ ❋✐rst ❙❡r☛❡❞✮ ♣♦❧✐✟②✳ ✍❤✐s ♠❡❛♥s t❤❛t t❤❡ Þrst ♣r♦✟❡ss t♦ ❛rr✐☛❡ ✐s t❤❡ Þrst ♣r♦✟❡ss t♦

❡♥❞✱ ❧✐❦❡ ✐♥ ❛ ❜❛t✟❤ ❡①❡✟✉t✐♦♥ ♦❢ ♣r♦✟❡ss❡s✳ ✝❢ ✇❡ ✟❤♦♦s❡ t❤❡ s❡✟♦♥❞ str❛t❡❣② ❛♥❞ t❤❡r❡ ❛r❡

♠❛♥② ♣r♦✟❡ss ❛rr✐☛✐♥❣✱ t❤❡ Þrst ♣r♦✟❡ss ✟❛♥ ❞❡❧❛② s♦ ♠✉✟❤ t❤❛t ✐t ✇♦✉❧❞ ❜❡ ❜❡tt❡r t♦ ❡①❡✟✉t❡ ✐t

❧♦✟❛❧❧②✱ ♥♦t ✐♥ t❤❡ ❣r✐❞✳ ✍❤❡ P✠✡ ♠❛❦❡s t❤❡ ✐♥✐t✐❛❧ s✟❤❡❞✉❧❡ ❛♥❞ t❤❡♥ ❛ ✎✏✑✒✓✔✕✖✗✘✓ ❛♣♣r♦❛✟❤

✐s ❛♣♣❧✐❡❞ t♦ r❡s✟❤❡❞✉❧❡ t❛s❦s ✇❤❡♥ ♥❡✟❡ss❛r②✳ ✌❧❣♦r✐t❤♠ ✶ ✐s ❛♥ ♦☛❡r☛✐❡✇ ♦❢ t❤✐s ❛♣♣r♦❛✟❤✳

✙✚✛✜✢✣✤✥✧ ★ ❉②♥❛♠✐✟ ✌♣♣r♦❛✟❤ ✩☛❡r☛✐❡✇

✪✫ ❙✟❤❡❞✉❧❡ ❉✌● ✬ ✉s✐♥❣ t❤❡ st❛t✐✟ P✠✡ ✌❧❣♦r✐t❤♠

✷✫ ✯✥✣✚✰ ♥♦t✭❛❧❧ ♥♦❞❡s ♦❢ ✬ ❤❛☛❡ Þ♥✐s❤❡❞✮ ✴✜

✸✫ ❙❡❧❡✟t t❛s❦s t♦ ❡①❡✟✉t❡ ❛✟✟♦r❞✐♥❣ t♦ ❛ ♣♦❧✐✟②✳

✹✫ ❙❡♥❞ t❛s❦s ♦❢ t❤✐s r♦✉♥❞ t♦ ❡①❡✟✉t✐♦♥✳

✵✫ ❊☛❛❧✉❛t❡ t❤❡ r❡s♦✉r✟❡s ♣❡r❢♦r♠❛♥✟❡✳

✻✫ ✼❡s✟❤❡❞✉❧❡ t❛s❦s ✐❢ ♥❡✟❡ss❛r②✳

✽✫ ✰✾✴ ✯✥✣✚✰

✍♦ ♠❛❦❡ ❛ ❞②♥❛♠✐✟ s✟❤❡❞✉❧❡ ♦❢ t❛s❦s ✇❡ ❞❡☛❡❧♦♣❡❞ t❤❡ ✟♦♥✟❡♣t ♦❢ ✎✏✑✒✓✗✳ ✩♥ ❡❛✟❤ r♦✉♥❞

s♦♠❡ t❛s❦s ❛r❡ s❡❧❡✟t❡❞ ❜❛s❡❞ ♦♥ ❛ ✟r✐t❡r✐♦♥ ❛♥❞ s❡♥t t♦ ❡①❡✟✉t✐♦♥✳ ✍❤❡♥✱ t❤❡ s✟❤❡❞✉❧❡r ☛❡r✐Þ❡s

t❤❡ ♣❡r❢♦r♠❛♥✟❡ ♦❜t❛✐♥❡❞ ♦♥ ❡❛✟❤ r❡s♦✉r✟❡ ✉s❡❞ ♦♥ t❤❛t r♦✉♥❞✳ ✝❢ t❤❡ ♣❡r❢♦r♠❛♥✟❡ ♦❢ ❛ r❡s♦✉r✟❡

✐s ❜❡❧♦✇ ❛ t❤r❡s❤♦❧❞✱ t❤❡ ❛❧❣♦r✐t❤♠ r❡s✟❤❡❞✉❧❡s t❤❡ ♥♦♥ ❡①❡✟✉t❡❞ t❛s❦s✳

✝♥ ❳❛☛❛♥t❡s✱ t❤❡ s✟❤❡❞✉❧❡r ✐s r❡s♣♦♥s✐❜❧❡ ❢♦r ❞❡t❡✟t✐♥❣ ❛♥❞ r❡s✟❤❡❞✉❧✐♥❣ t❛s❦s t❤❛t ❛r❡ ♦♥

r❡s♦✉r✟❡s ✇✐t❤ ❧♦✇ ♣❡r❢♦r♠❛♥✟❡✳ ❋❛✐❧s ✐♥ r❡s♦✉r✟❡s ❛r❡ ❞❡t❡✟t❡❞ ❜② t❤❡ ♠✐❞❞❧❡✇❛r❡ ❛♥❞ t❤❡

t❛s❦s ❛r❡ s❡♥t t♦ t❤❡ s✟❤❡❞✉❧❡r✱ s♦ ✐t ✟❛♥ r❡s✟❤❡❞✉❧❡ t❤❡♠✳ ✍❤❡ ♣r♦✟❡ss ♦❢ r❡✟♦☛❡r② ✐s ❤❛♥❞❧❡❞

❜② t❤❡ ♠✐❞❞❧❡✇❛r❡✱ ✉s✐♥❣ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ♣r♦☛✐❞❡❞ ❜② t❤❡ ✟♦♥tr♦❧❧❡rs✳

❁✤❂✤✣❝ ❃❄❅

✍❤❡ Þrst st❡♣ ♦❢ t❤❡ ❞②♥❛♠✐✟ s✟❤❡❞✉❧✐♥❣ ✐s t♦ s✟❤❡❞✉❧❡ t❤❡ t❛s❦s ✉s✐♥❣ t❤❡ st❛t✐✟ P✠✡✳ ✍♦

r❡❞✉✟❡ t❤❡ ✟♦♠♠✉♥✐✟❛t✐♦♥ ❜❡t✇❡❡♥ t❛s❦s ❛♥❞ ✟♦♥tr♦❧❧❡rs✱ P✠✡ ❣r♦✉♣s ♣❛t❤s ♦❢ t❤❡ ❉✌●✱

✟r❡❛t✐♥❣ ❇❏✑✗▲✘✎✗ ♦❢ t❛s❦s✳ ✍❤❡ ✟r❡❛t✐♦♥ ♦❢ ❣r♦✉♣s ❜❛s❡❞ ♦♥ ♣❛t❤s ♦❢ t❤❡ ❉✌● ❤❛s ❛ ❣♦♦❞

✐♠♣❛✟t ♦♥ ♠✐♥✐♠✐☞✐♥❣ t❤❡ ✟♦♥tr♦❧❧❡rsÕ ✟♦♠♠✉♥✐✟❛t✐♦♥ ♦☛❡r❤❡❛❞✱ s✐♥✟❡ t❤❡ ✟r❡❛t❡❞ ✟❧✉st❡rs

❤❛☛❡ ♥♦♥ ♣❛r❛❧❧❡❧ t❛s❦s ♦❢ ❛ ✟♦♥tr♦❧❧❡r✳ ❲✐t❤ ❛ ✟♦♥tr♦❧❧❡r ❡①❡✟✉t✐♥❣ ♦♥ t❤❡ s❛♠❡ r❡s♦✉r✟❡ ♦❢

♠♦st ♦❢ ✐ts t❛s❦s✱ t❤❡ ✟♦♠♠✉♥✐✟❛t✐♦♥ ♦☛❡r❤❡❛❞ ✐s r❡❞✉✟❡❞✳ ❋♦r ❡①❛♠♣❧❡✱ ✐♥ ❋✐❣✉r❡ ✶ t❤❡ t❛s❦s

▼✱ ◗✱ ❛♥❞ ❨ ❛r❡ ✉♥❞❡r t❤❡ ✟♦♥tr♦❧❧❡r ❩✳ ✍❤✐s ✇❛②✱ ✐❢ t❛s❦s ▼✱ ◗✱ ❛♥❞ ❨ ❡①❡✟✉t❡ ✐♥ t❤❡ s❛♠❡

r❡s♦✉r✟❡ ♦❢ ✟♦♥tr♦❧❧❡r ❩✱ t❤❡ ✟♦♠♠✉♥✐✟❛t✐♦♥ ✟♦st ❜❡t✇❡❡♥ t❤❡s❡ t❛s❦s ✇♦✉❧❞ ❜❡ ❭✳ ❫♦t❡ t❤❛t

❈❴❵❥q✈③④⑤ ⑥⑦ ✷⑧⑧⑧ ⑨❴④⑩ ❶✈❷❸❥ ❹ ✄❴⑩❺❻ ☎⑤❼❽ ❾❿➀➁➂➃➃➄➀➁➅ ❾❿➆➇➂➈➉➈➊➋ ➌➃➉➁➈➊ ➍➎➇➄➃➊ ✷⑧⑧⑧➏ ➐➐✫✪Ð✽
➌➃➄➇➉➃➄➑ ➂➒➓➀➔ →➣↔↕➙➛➜➝→➞➟



✻ ❇�❚❚✁✂❈✄❯❘❚ ▲ ❋ ❆✂❉ ▼❆❉✁�❘❆ ✁ ❘ ▼

❛♥② ❝♦♠♠✉♥✐❝❛t✐♦♥ ❜❡t✇❡❡♥ ❡♥t✐t✐❡s ❡①❡❝✉t✐♥❣ ✐♥ t❤❡ s❛♠❡ r❡s♦✉r❝❡ ✐s ✵ ❜❡❝❛✉s❡ t❤❡ ❞❛t❛ ❞♦❡s

♥♦t ❝r♦ss ❛♥② ❧✐♥❦✳

☎✆Þ✝✞✟✞✠✝✡

☛❤❡ P☞❍ ❛❧❣♦r✐t❤♠ ✉s❡s s♦♠❡ ❣r❛♣❤ ❛ttr✐❜✉t❡s✱ ❝❛❧❝✉❧❛t❡❞ ❛s ❢♦❧❧♦✇s✳

➙ ❲✌✍✎✏✑ ✭✒✓✔✕✖✑✗✑✍✓✘ ✒✓✙✑✮✿

✚✛ ❂
✜✢✣✤✥✦✧✤✜★✢✣✛

✩★✚✪✥✫

✚✛ r❡♣r❡s❡♥ts t❤❡ ❝♦♠♣✉t❛t✐♦♥ ❝♦st ♦❢ t❤❡ ♥♦❞❡ ✜ ✐♥ t❤❡ r❡s♦✉r❝❡ ✥✳ ✬★✚✪✥✫ ✐s t❤❡ ♣r♦❝❡ss✐♥❣

♣♦✇❡r ♦❢ t❤❡ r❡s♦✉r❝❡ ✥✱ ✐♥ ✐♥str✉❝t✐♦♥s ♣❡r s❡❝♦♥❞✳

➙ ✒✓✔✔✖✘✍✯✗✑✍✓✘ ✒✓✙✑✿

✧✛✰❥ ❂
✲✴✤✴✛✰❥

✶✴✢✲✚✜✲✤✷✫✰✸

✧✛✰❥ r❡♣r❡s❡♥ts t❤❡ ❝♦♠♠✉♥✐❝❛t✐♦♥ ❝♦st ❜❡t✇❡❡♥ ♥♦❞❡s ✜ ❛♥❞ ✹✱ ✉s✐♥❣ t❤❡ ❧✐♥❦ ❜❡t✇❡❡♥ t❤❡

r❡s♦✉r❝❡s ✥ ❛♥❞ ✤✱ ✇❤❡r❡ t❤❡② ❛r❡ s❝❤❡❞✉❧❡❞✳ ■❢ ✥ ❂ ✤ ✱ ✧✛✰❥ ❂ ✵✳

➙ ✺✼✍✓✼✍✑✽✿

✬✛ ❂

✾
❀

❁

✚✛❃ ✐❢ ✜ ✐s t❤❡ ❡①✐t ♥♦❞❡

✚✛ ❄ ♠❛①
❅❊●❏❑◆◆❖❅◗❙

❱✧✛✰❥ ❄ ✬❥❳❃ ♦t❤❡r✇✐s❡

✬✛ ✐s t❤❡ ♣r✐♦r✐t② ❧❡✈❡❧ ♦❢ t❤❡ ♥♦❞❡ ✜✳

➙ ❨✗✼❩✍✌✙✑ ❬✑✗✼✑ ❭✍✔✌✿

❪❫❴❱✢✛❃ ✥❵❳ ❂

✾
❀

❁

❴✜q✪❱✥❵❳❃ ✐❢ ✜ ❂ ③

♠❛①④❴ ✜q✪❱✥❵❳❃ ♠❛①
❅⑤●⑥✫⑦⑧❖❅◗❙

❱❪❫❴⑨ ❄ ✚⑨ ❄ ✧⑨✰✛❳⑩❃ ♦t❤❡r✇✐s❡

❪❫❴❱✢✛❃ ✥❵❳ r❡♣r❡s❡♥ts t❤❡ ❡❛r❧✐❡st st❛rt t✐♠❡ ♦❢ t❤❡ ♥♦❞❡ ✜ ✐♥ r❡s♦✉r❝❡ ❶✳ ❴ ✜q✪❱✥❵❳ ✐s t❤❡

t✐♠❡ ✇❤❡♥ t❤❡ r❡s♦✉r❝❡ ❶ ✐s r❡❛❞② ❢♦r t❛s❦ ❡①❡❝✉t✐♦♥✳

➙ ❨✙✑✍✔✗✑✌❷ ❸✍✘✍✙✏ ❭✍✔✌✿

❪❹❴❱✢✛❃ ✥❵❳ ❂ ❪❫❴❱✢✛❃ ✥❵❳ ❄
✜✢✣✤✥✦✧✤✜★✢✣✛

✩★✚✪✥❵

❪❹❴❱✢✛❃ ✥❵❳ r❡♣r❡s❡♥ts t❤❡ ❡st✐♠❛t❡❞ ❺♥✐s❤ t✐♠❡ ♦❢ t❤❡ ♥♦❞❡ ✜ ✐♥ t❤❡ r❡s♦✉r❝❡ ❶✳
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r❡s♦✉r❝❡ ❛❧r❡❛❞② ❤❛s ❛ ❝❧✉st❡r ♦❢ t❤❡ s❛♠❡ ☎✆●✱ t❤❡ t❛s❦s ❛r❡ s♦rt❡❞ ✐✝ ❞❡s❝❡✝❞✐✝❣ ♦r❞❡r ♦❢

♣r✐♦r✐t② t♦ ♦❜❡② t❤❡ ♣r❡❝❡❞❡✝❝❡ ❝♦✝str❛✐✝ts✱ ❛✈♦✐❞✐✝❣ ❞❡❛❞❧♦❝❦s✳

✞❤❡ ✝❡①t st❡♣ ✐s t♦ ❝❛❧❝✉❧❛t❡ t❤❡ ❊❙✞ ♦❢ t❤❡ s✉❝❝❡ss♦r ♦❢ t❤❡ ❧❛st ✝♦❞❡ ♦❢ t❤❡ ❝❧✉st❡r ❜❡✐✝❣

s❝❤❡❞✉❧❡❞✳ ✞❤❡ Þrst ❝❧✉st❡r ❤❛s ✝♦ ♣r❡❞❡❝❡ss♦rs ❛✝❞ ✝♦ s✉❝❝❡ss♦rs✱ s✐✝❝❡ ✐t st❛rts ♦✝ t❤❡ ♣r♦❝❡ssÕ

Þrst ✝♦❞❡ ❛✝❞ ❡✝❞s ♦✝ t❤❡ ❧❛st ♦✝❡✳ ❙♦✱ ❤❛✈✐✝❣ ✝♦ s✉❝❝❡ss♦rs✱ ✐t ✐s s❝❤❡❞✉❧❡❞ ♦✝ t❤❡ r❡s♦✉r❝❡

t❤❛t ❣✐✈❡s t❤❡ s♠❛❧❧❡st ❊✟✞ ❢♦r ✐ts ❧❛st ✝♦❞❡✳ ✞❤❡ ♦t❤❡r ❝❧✉st❡rs ❤❛✈❡ ♦✝❧② ♦✝❡ s✉❝❝❡ss♦r ❛✝❞

t❤✐s s✉❝❝❡ss♦r ✐s ❛❧r❡❛❞② s❝❤❡❞✉❧❡❞✱ s✐✝❝❡✱ ❜② ❝♦✝str✉❝t✐♦✝✱ t❤❡ ❧❛st ✝♦❞❡ ♦❢ t❤❡ ❝❧✉st❡r ❞♦❡s

✝♦t ❤❛✈❡ ✉✝s❝❤❡❞✉❧❡❞ s✉❝❝❡ss♦rs✳ ✆ ❝❧✉st❡r ✠✡☛☞ ✐s s❝❤❡❞✉❧❡❞ ♦✝ t❤❡ r❡s♦✉r❝❡ t❤❛t ❣✐✈❡s t❤❡

s♠❛❧❧❡st ❊❙✞ ❢♦r t❤❡ s✉❝❝❡ss♦r ♦❢ ✠✡☛☞✳ ✆❢t❡r t❤❡ s❝❤❡❞✉❧✐✝❣ ♦❢ ❡❛❝❤ ❝❧✉st❡r✱ t❤❡ ❲❡✐❣❤ts✱ ❊❙✞s

❛✝❞ ❊✟✞s ❛r❡ r❡❝♦♠♣✉t❡❞✳ ✟♦r t❤❡ ❡①❛♠♣❧❡ ♦❢ ✟✐❣✉r❡ ✶✱ ✠✡☛✵ ✐s s❝❤❡❞✉❧❡❞ ♦✝ r❡s♦✉r❝❡ ✌✱ ✠✡☛✍ ♦✝

r❡s♦✉r❝❡ ✶✱ ❛✝❞ ✠✡☛✷ ♦✝ r❡s♦✉r❝❡ ✌✱ ✇✐t❤ ♥✎ ❜❡❢♦r❡ ✝♦❞❡ ♥✍✵✱ ♦❜❡②✐✝❣ t❤❡ ♣r❡❝❡❞❡✝❝❡ ❝♦✝str❛✐✝ts✳
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✑✒✓✔✕✖✗✘✙ ✚ ❣❡t ❜❡st r❡s♦✉r❝❡

✛✜ ✢✔✕ ✣✒✒ ✤ ✐✝ ✤✥☛✦✧✤✠✥☛ ★✔

✩✜ ☛✠✪✥✫✧✡✥ ✬ ■✝s❡rt ✠✡✧☛✭✥✤ ✐✝ ☛✠✪✥✫✧✡✥✮
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✼✜ ✾✿★ ✢✔✕

❀✜ ✕✾✗❁✕✿ r❡s♦✉r❝❡ ✤ ✇✐t❤ t❤❡ s♠❛❧❧❡st ✭✺✻✥✮

❂❃❄❅❍❃❏❏❑❍ ◆❖P❑◗❱❏❳❄❨

❲✐t❤ ❛❧❧ ✝♦❞❡s s❝❤❡❞✉❧❡❞✱ ❡❛❝❤ ❝♦✝tr♦❧❧❡r ♠✉st ❜❡ ❛ss✐❣✝❡❞ t♦ ❛ ♣r♦❝❡ss♦r t❤❛t ♠✐✝✐♠✐❩❡s t❤❡

❝♦♠♠✉✝✐❝❛t✐♦✝ ✇✐t❤ ✐ts ✝♦❞❡s ❛✝❞ ✇✐t❤ ✐ts s✉❜❝♦✝tr♦❧❧❡rs✳ ❙✐✝❝❡ ❛❧❧ ❝♦♠♠✉✝✐❝❛t✐♦✝ ❜❡t✇❡❡✝

t❛s❦s ♠✉st ❜❡ ✈✐❛ t❤❡✐r ❝♦✝tr♦❧❧❡rs✱ t❤❡ ♣♦❧✐❝② ♦❢ ❝r❡❛t✐✝❣ ❝❧✉st❡rs ❜❛s❡❞ ♦✝ s❡q✉❡✝t✐❛❧ t❛s❦s ✐✝

t❤❡ ☎✆● r❡❞✉❝❡s t❤❡ ❝♦♠♠✉✝✐❝❛t✐♦✝ ♦✈❡r❤❡❛❞ ❣❡✝❡r❛t❡❞ ❜② t❤❡ ❝♦✝tr♦❧❧❡rs✳ ✆ ❝♦✝tr♦❧❧❡r ❝❛✝

❜❡ s❡❧❡❝t❡❞ t♦ ❜❡ s❝❤❡❞✉❧❡❞ ✐❢ ✐t ❤❛s ✝♦ ✉✝s❝❤❡❞✉❧❡❞ s✉❜❝♦✝tr♦❧❧❡rs✳ ✆ ❝♦✝tr♦❧❧❡r ✐s s❝❤❡❞✉❧❡❞

♦✝ t❤❡ r❡s♦✉r❝❡ t❤❛t ♠✐✝✐♠✐❩❡s ✐ts ❝♦♠♠✉✝✐❝❛t✐♦✝ ✇✐t❤ t❛s❦s ❛✝❞ ♦t❤❡r ❝♦✝tr♦❧❧❡rs✳ ✞❤✐s st❡♣

✐s ❞♦✝❡ ❜② t❤❡ ❬❖P❑◗❱❏❑ ❖❃❄❅❍❃❏❏❑❍❬❭❪ r♦✉t✐✝❡ ✐✝ ✆❧❣♦r✐t❤♠ ❫✱ ✇❤✐❝❤ s❤♦✇s t❤❡ ✇❤♦❧❡ s❝❤❡❞✉❧✐✝❣

❛❧❣♦r✐t❤♠✳ ✞❤❡ Þ✝❛❧ s❝❤❡❞✉❧❡ ❢♦r t❤❡ ❡①❛♠♣❧❡ ✐s s❤♦✇✝ ✐✝ ✟✐❣✉r❡ ✏✳

❴✔❁✿★❵ ✣✿★ ❥③✿✣✙✖④ ❴✾❵④✘✾★❁✒✾

✆❢t❡r t❤❡ ✐✝✐t✐❛❧ s❝❤❡❞✉❧❡✱ t❤❡ ❞②✝❛♠✐❝ r❡s❝❤❡❞✉❧❡ ✐s st❛rt❡❞✳ ✟✐rst✱ t❤❡ ❛❧❣♦r✐t❤♠ s❡❧❡❝ts ♦✝❧②

♣❛rt ♦❢ t❤❡ ☎✆● t♦ ❜❡ s❡✝t t♦ ❡①❡❝✉t✐♦✝✳ ✆ ✝♦❞❡ ♥ ✐s s❡✝t t♦ ❡①❡❝✉t✐♦✝ ✐✝ ❛ r♦✉✝❞ ⑤ ✰♦❢ ❛ t♦t❛❧

♦❢ ⑥ r♦✉✝❞s✲ ✐❢ ♥ ❤❛s ✝♦t st❛rt❡❞ ✐ts ❡①❡❝✉t✐♦✝ ❛✝❞ ✐❢ ⑦⑧⑥⑨ ⑩
❶❷☞❸❹❺❷⑨
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☞✌ ✍❢ ✎✏❡ ✎❛s❦ ✍s ✎✏❡ Þ✌s✎ ✎❛s❦ ☞♥ ✎✏❡ ✌❡s☞✉✌❝❡ s❝✏❡❞✉❧❡✳ ✡s ✎✏❡ ✎❛s❦s ❛✌❡ ✓❡✍♥☛ ❡①❡❝✉✎❡❞✱

✎✏❡ ❝☞♥✎✌☞❧❧❡✌s ❦♥☞✫ ✎✏❡ ✌❡❛❧ ❡①❡❝✉✎✍☞♥ ✎✍✑❡s ☞❢ ❡❛❝✏ ✎❡✌✑✍♥❛✎❡❞ ✎❛s❦✱ s☞ ✎✏❡ s❝✏❡❞✉❧❡✌ ❝❛♥

❝☞✑♣❛✌❡ ✎✏❡ ✌❡❛❧ ❡①❡❝✉✎✍☞♥ ✎✍✑❡ ✫✍✎✏ ✎✏❛✎ ❡s✎✍✑❛✎❡❞ ✓② ✎✏❡ ✎❛s❦sÕ ❛✎✎✌✍✓✉✎❡s ❝❛❧❝✉❧❛✎❡❞ ✓② ✎✏❡

❛❧☛☞✌✍✎✏✑✳ ✥✌②✍♥☛ ✎☞ ♥☞✎ ❧❡❛✈❡ ❛ ✌❡s☞✉✌❝❡ ✍❞❧❡✱ ✎✏❡ s❝✏❡❞✉❧❡✌ ❞☞❡s ♥☞✎ ✫❛✍✎ ✎✏❡ ❧❛s✎ ✎❛s❦ ☞❢ ✎✏❡

✌❡s☞✉✌❝❡ ✎☞ Þ♥✍s✏✳ ✬♥s✎❡❛❞✱ ✫✏❡♥ ❛ ✌❡s☞✉✌❝❡ ❡♥❞s ✎✏❡ ❡①❡❝✉✎✍☞♥ ☞❢ ✎✏❡ ♣❡♥✉❧✎✍✑❛✎❡ ♥☞❞❡ ☞❢ ❛

♣✌☞❝❡ss s❝✏❡❞✉❧❡❞ ✎☞ ✍✎✱ ✎✏❡ ❛❧☛☞✌✍✎✏✑ ❝❛❧❝✉❧❛✎❡s ✎✏❡ ✌❡❛❧ ❡①❡❝✉✎✍☞♥ ✎✍✑❡ ☞❢ ✎✏❡ Þ♥✍s✏❡❞ ✎❛s❦s

☞♥ ✎✏❛✎ ✌❡s☞✉✌❝❡✳ ✥✏❡♥ ✎✏❡ ❛❧☛☞✌✍✎✏✑ ❝☞✑♣❛✌❡s ✎✏✍s ✌❡❛❧ ❡①❡❝✉✎✍☞♥ ✎✍✑❡ ✫✍✎✏ ✎✏❡ ❡①♣❡❝✎❡❞

☞♥❡ ✎☞ ❦♥☞✫ ✍❢ ✎✏❡✌❡ ✑✉s✎ ✓❡ ❛ ✌❡s❝✏❡❞✉❧❡ ☞♥ ✎✏❛✎ ✌❡s☞✉✌❝❡✳ ✬❢ ✎✏❡✌❡ ✍s ❛ ♣❡✌❢☞✌✑❛♥❝❡ ❧☞ss

✏✍☛✏❡✌ ✎✏❛♥ ❛ ✎✏✌❡s✏☞❧❞ ✭❢☞✌ ❡①❛✑♣❧❡✱ ✪✵✯✮ ✍♥ ❛ ✌❡s☞✉✌❝❡✱ ✎✏❡ ✎❛s❦s ✎✏❛✎ ✏❛✈❡ ♥☞✎ s✎❛✌✎❡❞ ✎✏❡✍✌

❡①❡❝✉✎✍☞♥ ❛♥❞ ❛✌❡ s❝✏❡❞✉❧❡❞ ✎☞ ✎✏❛✎ ✌❡s☞✉✌❝❡ ❛✌❡ ✌❡s❝✏❡❞✉❧❡❞ ✉s✍♥☛ ✎✏❡ P✟✠ ❛❧☛☞✌✍✎✏✑✳ ✡❧s☞✱

❛ ♥❡✫ ✌❡s☞✉✌❝❡ ♣✌☞❝❡ss✍♥☛ ♣☞✫❡✌ ✍s s❡✎ ✍♥ ✎✏❡ ✌❡♣☞s✍✎☞✌② ✭●▼✮✱ ❛❝❝☞✌❞✍♥☛❧② ✎☞ ✎✏❡ ✑❡❛s✉✌❡❞

♣❡✌❢☞✌✑❛♥❝❡✳ ✥✏❡ ❞②♥❛✑✍❝ P✟✠ ✍s s✏☞✫♥ ✍♥ ✡❧☛☞✌✍✎✏✑ ✰✳

✥✏❡ ❝❛s❡ ✫✏❡✌❡ ✎✏❡✌❡ ✍s ☞♥❧② ☞♥❡ ✎❛s❦ ☞❢ ❛ ❉✡● ☞♥ ❛ ✌❡s☞✉✌❝❡ ✍♥ ❛ ✌☞✉♥❞ ❞❡s❡✌✈❡s s♣❡❝✍❛❧

❛✎✎❡♥✎✍☞♥✳ ✬♥ ✎✏✍s ❝❛s❡ ✎✏❡ s❝✏❡❞✉❧❡✌ ❦♥☞✫s ✎✏❛✎ ✎✏❡✌❡ ✍s ♣❡✌❢☞✌✑❛♥❝❡ ❧☞ss ✍❢ ✎✏✍s ✉♥✍✲✉❡ ✎❛s❦

❞☞❡s ♥☞✎ Þ♥✍s✏ ✍♥ ✎✏❡ ❡①♣❡❝✎❡❞ ✎✍✑❡✳ ✬❢ ✍✎ Þ♥✍s✏❡s ✍♥ ✎✏❡ ❡①♣❡❝✎❡❞ ✎✍✑❡ ❛♥❞ ✎✏❡✌❡ ❛✌❡ ✑☞✌❡

✎❛s❦s ❢✌☞✑ ✎✏❡ s❛✑❡ ☛✌❛♣✏ ☞♥ ✎✏❡ ✌❡s☞✉✌❝❡ s❝✏❡❞✉❧❡✱ ✎✏❡✌❡ ✫✍❧❧ ✓❡ ❛♥ ✍❞❧❡ ✎✍✑❡ ☞♥ ✎✏❡ ♣✌☞❝❡ss☞✌

✉♥✎✍❧ ✍✎ ✌❡❝❡✍✈❡s ✎✏❡ ✎❛s❦s ✎☞ ✎✏❡ ♥❡①✎ ✌☞✉♥❞✳ ✥✏✍s ♣✌☞✓❧❡✑ ❝☞✉❧❞ ✓❡ s☞❧✈❡❞ ✍❢ ✎✏❡ ❛❧☛☞✌✍✎✏✑

s❡♥❞s ✎✫☞ ✎❛s❦s ✎☞ ❛ ✌❡s☞✉✌❝❡✱ ❡✈❡♥ ✍❢ ✎✏❡ s❡❝☞♥❞ ☞♥❡ s✏☞✉❧❞ ♥☞✎ ✓❡ s❡♥✎ ☞♥ ✎✏❛✎ ✌☞✉♥❞✳ ✥✏❡♥✱

✍❢ ✎✏❡✌❡ ✍s ❧☞ss ☞❢ ♣❡✌❢☞✌✑❛♥❝❡✱ ✎✏❡ s❡❝☞♥❞ ✎❛s❦ ✭❛♥❞ ☞✎✏❡✌s ☞♥ ✎✏❡ ✌❡s☞✉✌❝❡Õs s❝✏❡❞✉❧❡✱ ✍❢ ❛♥②✮

❈✴❀❁❂❃❄❅❇ ❏▲ ✷◗◗◗ ❳✴❅❨ ❩❃❬❭❁ ❪ ✄✴❨❫❴ ☎❇❵❜ ❥q③④⑤⑥⑥⑦③④⑧ ❥q⑨⑩⑤❶❷❶❸❹ ❺⑥❷④❶❸ ❻❼⑩⑦⑥❸ ✷◗◗◗❽ ❾❾✒✶Ð✼

❺⑥⑦⑩❷⑥⑦❿ ⑤➀➁③➂ ➃➄➅➆➇➈➉➊➃➋➌



✶� ❇✁❚❚✂✄❈☎❯❘❚ ▲ ❋ ❆✄❉ ▼❆❉✂✁❘❆ ✂ ❘ ▼

✆✝❣♦r✐t❤♠ ✺ ✞②♥❛✟✠✡ P☛❍ ☞❧✌✍✎✠✏✑✟

✒✓ ❙✡✑❡❞✉❧❡ ✞☞● ✔ ✉s✠♥✌ ✏✑❡ P☛❍ ☞❧✌✍✎✠✏✑✟

✷✓ ✕ ✧ ♥✉✟❜❡✎ ✍❢ ✎✍✉♥❞s

✸✓ ✖♦r ✗✝✝ ✘ ✏✑❛✏ ✑❛s ❛ ♥✍❞❡ ✍❢ ✔ ✍♥ ✠✏s s✡✑❡❞✉❧❡ ✙♦

✹✓ ✘✚✛✜✢✣ ✧ ✶ ✤✤✥✦★✩✪ ★✫✬✭✮ ✫✭ ✯✰✰ ★✱✩✫✬★❝✱✩

✲✓ ◆✣ ✧ ♥✍✏ ❡①❡✡✉✏❡❞ ♥✍❞❡s ✍❢ ✔ ✠♥ ✘Õs s✡✑❡❞✉❧❡ ✇✠✏✑ ❊✳✕ ✴
✵✻❦✼✽♣✻✾
✿❀✣❁❂✾❃❄

❅✓ ❙❡♥❞ ✏❛s■s ✍❢ ◆✣ ✏✍ ❡①❡✡✉✏❡ ✠♥ ✘❏

❑✓ ❖◗✙ ✖♦r

❱✓ ❲❤✐✝❖ ♥✍✏❳❛❧❧ ♥✍❞❡s ✍❢ ● ✑❛✈❡ Þ♥✠s✑❡❞❨ ✙♦

❩✓ ❬ ✧ ✇❛✠✏ ♥❡①✏ ✏❛s■ ✏✍ Þ♥✠s✑❳❨ ✤✤❭✰✫❝❪✦✭❫ ❴✯✦✪

✒❵✓ ✘ ✧ ✎❡s✍✉✎✡❡ ✍❢ ❬

✒✒✓ ❬✚❬❥q ③④③⑤ ❬⑥⑦③✣ ✧ ❬✚❬❥q ③④③⑤ ❬⑥⑦③✣ ⑧ ③④③⑤✛❬⑥✚✜ ❬⑥⑦③⑨

✒✷✓ ✐✖ ❬ ✠s ✏✑❡ ⑩❡♥✉❧✏✠✟❛✏❡ ✏❛s■ ✍❢ ● ✠♥ ✘Õs ❡①❡✡✉✏✠✍♥ ❶✉❡✉❡ t❤❖◗

✒✸✓ ✐✖ ❬✚❬❥q ③④③⑤ ❬⑥⑦③✣ ❷ ③④❸③⑤❬③✢ ③④③⑤ ❬⑥⑦③✣ ⑧ ❬❹✘③❺❹✚q✢ t❤❖◗

✒✹✓ ❻❡s✡✑❡❞✉❧❡ ♥✍✏ s✏❛✎✏❡❞ ✏❛s■s ✍❢ ✘ ✇✠✏✑ P☛❍

✒✲✓ ✘ ✧ ♥❡✇ ✎❡s✍✉✎✡❡ ✏✍ ❡①❡✡✉✏❡ ✏❛s■s ✍❢ ◆✣

✒❅✓ ❖◗✙ ✐✖

✒❑✓ ✘✚✛✜✢✣ ✧ ✘✚✛✜✢✣ ⑧ ✶ ✤✤✭✱❼✪ ★✫✬✭✮

✒❱✓ ◆✣ ✧ ♥✍✏ s✏❛✎✏❡❞ ♥✍❞❡s ✍❢ ✔ ✠♥ ✘Õs s✡✑❡❞✉❧❡ ✇✠✏✑ ❊✳✕ ✴
✵✻❦✼✽♣✻✾
✿❀✣❁❂✾❃❄

✒❩✓ ❙❡♥❞ ✏❛s■s ✍❢ ◆✣ ✏✍ ❡①❡✡✉✏❡ ✠♥ ✘❏

✷❵✓ ❖◗✙ ✐✖

✷✒✓ ❖◗✙ ❲❤✐✝❖

✡✍✉❧❞ ❜❡ ✎❡s✡✑❡❞✉❧❡❞ ❜❡❢✍✎❡ ✏✑❡ ❡♥❞ ✍❢ ✏✑❡ Þ✎s✏ ✏❛s■❏ ❽❢ ✏✑❡✎❡ ✠s ♥✍ ❧✍ss ✍❢ ⑩❡✎❢✍✎✟❛♥✡❡❾ ✏✑❡✎❡

✠s ♥✍ ✠❞❧❡ ⑩❡✎✠✍❞❾ s✠♥✡❡ ✏✑❡ s❡✡✍♥❞ ✏❛s■ ✡✍✉❧❞ s✏❛✎✏ ❿✉s✏ ❛❢✏❡✎ ✏✑❡ Þ✎s✏ ✍♥❡ Þ♥✠s✑❡s❏

➀✠♥■s ✡❛♥ s✉➁❡✎ ✍❢ ⑩❡✎❢✍✎✟❛♥✡❡ ❧✍ss ✏✍✍❏ ❽♥ ✏✑✠s ❛❧✌✍✎✠✏✑✟ ✏✑❡✎❡ ✠s ♥✍ ❞②♥❛✟✠✡ ✟❡✡✑❛♥✠s✟ ✏✍

❛❞❞✎❡ss ✏✑✠s ✠ss✉❡❏ ➂✑❡ s✏❛✏✠✡ P☛❍ ❛❧✌✍✎✠✏✑✟ ✉s❡s ✏✑❡ ❜❛♥❞✇✠❞✏✑ ✌✠✈❡♥ ❜② ✏✑❡ ●➃ ✎❡⑩✍s✠✏✍✎②❾

❛ss✉✟✠♥✌ ✏✑❛✏ ✠✏ ✠s ❛ ✌✍✍❞ ❢✍✎❡✡❛s✏❏ ➄♥❡ ✇❛② ✍❢ ❞✍✠♥✌ ✏✑✠s ❢✍✎❡✡❛s✏ ✠s ✇✠✏✑ ✏✑❡ ➅❡✏✇✍✎■ ➆❡❛✏✑❡✎

❙❡✎✈✠✡❡ ❳➅➆❙❨ ➇✶➈➉❏

✆➊✆➋➌➍➎➏ ➏➐➌➏➑➒➍➓➑

☞❢✏❡✎ ⑩✎✍✈✠❞✠♥✌ ❛ ❞②♥❛✟✠✡ ❛❧✌✍✎✠✏✑✟ ✏✍ ❞❡❛❧ ✇✠✏✑ ⑩❡✎❢✍✎✟❛♥✡❡ ❧✍ss❡s ✠♥ ✎❡s✍✉✎✡❡s❾ ♥✍✇ ✇❡

⑩✎✍⑩✍s❡ ❛♥ ❛❞❛⑩✏✠✈❡ ❛❧✌✍✎✠✏✑✟ ✏✑❛✏ ❛❞❿✉s✏s ✏✑❡ ♥✉✟❜❡✎ ✍❢ ✎✍✉♥❞s ✏✍ ✞☞●s ✍❢ ❞✠➁❡✎❡♥✏ s✠➔❡s

❛♥❞ ✎❡s✍✉✎✡❡s ✇✠✏✑ ✈❛✎✠❛❜❧❡ ⑩❡✎❢✍✎✟❛♥✡❡❏ ➂✑❡ ✍❜❿❡✡✏✠✈❡ ✍❢ ✏✑✠s ❛❞❛⑩✏✠✈❡ ❡①✏❡♥s✠✍♥ ✠s ✏✍ ✈❛✎②

✏✑❡ ✎✍✉♥❞ s✠➔❡ ❛✡✡✍✎❞✠♥✌ ✏✍ ✏✑❡ ✇❡✠✌✑✏ ✍❢ ✏✑❡ ✏❛s■s❾ ✏✑❡ s✠➔❡ ✍❢ ✏✑❡ ⑩✎✍✡❡ss ❛♥❞ ✏✑❡ ✎❡s✍✉✎✡❡s

⑩❡✎❢✍✎✟❛♥✡❡❏ ❙✍✟❡ ✡✑❛✎❛✡✏❡✎✠s✏✠✡s ❛✎❡ ❞❡s✠✎❛❜❧❡ ✠♥ ✏✑❡ ❛❞❛⑩✏✠✈❡ ❛❧✌✍✎✠✏✑✟→

✶❏ ☞❞❛⑩✏ ✏✑❡ s✠➔❡ ✍❢ ✏✑❡ ✎✍✉♥❞s ❛✡✡✍✎❞✠♥✌ ✏✍ ✏✑❡ ✇❡✠✌✑✏ ✍❢ ✏✑❡ ✏❛s■s❏
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✷✔ ❢♦r ✖✝✝ ✗ ✦ ✘ ✙♦

✸✔ ✗✚✛✜✢✣ ✧ ✶ ✤✤✥★✩✪✫ ✩✬✭✮✯ ✬✮ ✰✱✱ ✩✲✪✬✭✩❝✲✪

✹✔ ✜✳①✴ ✴✚✴✵✺ ✳①✳✼ ✴✽✾✳✣ ✧ ✵✿✗❀ ✇❁✕❂

❃✔ ❄✣❅✣❊■❏❑◆ ✧ ♥❡❖✟ ✟❛s❦s ✟✏ ❡❖❡✌✉✟❡❁❄◗ ✗◗ ✗✚✛✜✢✣◗ ❱✼❲✳✢✛✺✳✣◗ ✳①✳✼ ✴✽✾✳✣◗ ✳①❳ ✴✽✾✳✣◗

✜✳①✴ ✴✚✴✵✺ ✳①✳✼ ✴✽✾✳✣❂

❨✔ ❙❡♥❞ ✟❛s❦s ✏❩ ❄✣❅✣❊■❏❑◆ ✟✏ ❡❖❡✌✉✟✠✏♥ ✠♥ ✗❬

❭✔ ❪❫✙ ❢♦r

❴✔ ❵❤✐✝❪ ♥✏✟❁❛❧❧ ♥✏❞❡s ✏❩ ● ✒❛✡❡ Þ♥✠s✒❡❞❂ ✙♦

❜✔ ✴ ✧ ❥❛✠✟ ♥❡❖✟ ✟❛s❦ ✟✏ Þ♥✠s✒❁❂ ✤✤q✱✬❝✈★✮③ ④✰★✫

✓⑤✔ ✗ ✧ ✑❡s✏✉✑✌❡ ✏❩ ✴

✓✓✔ ✳①✳✼ ✴✽✾✳✣ ✧ ✳①✳✼ ✴✽✾✳✣ ⑥ ✗✳✵✺ ✳①✳✼✛✴✽✚✜ ✴✽✾✳⑦

✓✷✔ ✐❢ ✴ ✠s ✟✒❡ ❧❛s✟ ✟❛s❦ ✏❩ ● ✠♥ ✗Õs ❡❖❡✌✉✟✠✏♥ ⑧✉❡✉❡ t❤❪❫

✓✸✔ ✗✚✛✜✢✣ ✧ ✗✚✛✜✢✣ ⑥ ✶ ✤✤✮✲⑨✫ ✩✬✭✮✯

✓✹✔ ✜✳✇ ✗ ✧ ✗

✓❃✔ ✐❢ ✳①✳✼ ✴✽✾✳✣ ⑩ ✳①❳ ✴✽✾✳✣ ⑥ ✴❲✗✳❱❲✚✺✢ t❤❪❫

✓❨✔ ❶❡s✌✒❡❞✉❧❡ ♥✏✟ s✟❛✑✟❡❞ ✟❛s❦s ✏❩ ✗ ❥✠✟✒ P✍❍

✓❭✔ ✜✳✇ ✗ ✧ ♥❡❥ ✑❡s✏✉✑✌❡ s❡❧❡✌✟❡❞ ✟✏ ❡❖❡✌✉✟❡ ✟❛s❦s ✏❩ ❱✼❲✳✢✛✺✳✣

✓❴✔ ❪❫✙ ✐❢

✓❜✔ ❄❏❷❸ ✣❅✣❊■❏❑❹❺❻ ◆ ✧ ♥❡❖✟ ✟❛s❦s ✟✏ ❡❖❡✌✉✟❡❁❄◗ ✜✳✇ ✗◗ ✗✚✛✜✢✣◗ ❱✼❲✳✢✛✺✳❏❷❸ ✣◗

✳①✳✼ ✴✽✾✳✣◗ ✳①❳ ✴✽✾✳✣◗ ✜✳①✴ ✴✚✴✵✺ ✳①✳✼ ✴✽✾✳✣❂

✷⑤✔ ❙❡♥❞ ✟❛s❦s ✏❩ ❄❏❷❸ ✣❅✣❊■❏❑❹❺❻ ◆ ✟✏ ❡❖❡✌✉✟❡ ✠♥ ✜✳✇ ✗❬

✷✓✔ ❪❫✙ ✐❢

✷✷✔ ❪❫✙ ❵❤✐✝❪

✕ ✏♥ ✠✟s s✌✒❡❞✉❧❡❬ ❼✒❡ Þ✑s✟ ✑✏✉♥❞ ✏♥ ❛❧❧ ✑❡s✏✉✑✌❡s ❥✠❧❧ ✒❛✡❡ ✟✒❡ s✠❽❡ ✏❩ ✟✒❡ ❛✡❡✑❛✎❡ ❥❡✠✎✒✟

✏❩ ♥✏❞❡s ✠♥ ✕ ❁❧✠♥❡ ❾❂❬ ❿✠♥❡ ➀ ✎❡♥❡✑❛✟❡s ✟✒❡ s❡✟ ❄✣❅➁ ❩✏✑ ❡❛✌✒ ✑❡s✏✉✑✌❡ ❛♥❞ ✟✒❡♥ ✟✒✠s s❡✟ ✠s

s❡♥✟ ✟✏ ❡❖❡✌✉✟✠✏♥ ✠♥ ❧✠♥❡ ➂❬ ❼✒❡ ❧✏✏♣ ✠♥ ❧✠♥❡ ➃ ✠✟❡✑❛✟❡s ✉♥✟✠❧ ✟✒❡ ♣✑✏✌❡ss ❡❖❡✌✉✟✠✏♥ Þ♥✠s✒❡s❬

❿✠♥❡ ✶✶ ❛✌✌✉☞✉❧❛✟❡s ✟✒❡ ✑❡❛❧ ❡❖❡✌✉✟✠✏♥ ✟✠☞❡ ✏❩ ✟❛s❦s ✟✒❛✟ ❛✑❡ Þ♥✠s✒❡❞❬ ❿✠♥❡ ✶� ✡❡✑✠Þ❡s ✠❩ ✟✒❡

Þ♥✠s✒❡❞ ✟❛s❦ ✠s ✟✒❡ ❧❛s✟ ✟❛s❦ ✏❩ ✟✒❡ ✑✏✉♥❞ ✏♥ ✟✒❡ ✑❡s✏✉✑✌❡❬ ➄❩ ②❡s◗ ✟✒❡ ❛❧✎✏✑✠✟✒☞ ✎✏❡s ✟✏ ✟✒❡

♥❡❖✟ ✑✏✉♥❞ ✏♥ ✟✒❛✟ ✑❡s✏✉✑✌❡❬ ❿✠♥❡ ✶➀ ✡❡✑✠Þ❡s ✟✒❡ ♥❡✌❡ss✠✟② ✏❩ ✑❡s✌✒❡❞✉❧❡ ➅② ✌✏☞♣❛✑✠♥✎ ✟✒❡ ✑❡❛❧

❡❖❡✌✉✟✠✏♥ ✟✠☞❡s ❛✌✌✉☞✉❧❛✟❡❞ ✠♥ ❧✠♥❡ ✶✶ ❥✠✟✒ ✟✒❡ ❡❖♣❡✌✟❡❞ ❡❖❡✌✉✟✠✏♥ ✟✠☞❡◗ ✌❛❧✌✉❧❛✟❡❞ ❩✑✏☞ ✟✒❡

☛✞● ❛✟✟✑✠➅✉✟❡s❬ ❼✒❡ ❛❧✎✏✑✠✟✒☞ ✎❡♥❡✑❛✟❡s ✟✒❡ ♥❡❥ ❄❏❷❸ ✣❅✣❊■❏❑❹❺❻ ◆ ❁❧✠♥❡ ✶➆❂ ❛♥❞ s❡♥❞s ✠✟ ✟✏

❡❖❡✌✉✟✠✏♥ ✏♥ ✑❡s✏✉✑✌❡ ✜✳✇ ✗ ❁❧✠♥❡ �➇❂❬ ➈✏✟❡ ✟✒❛✟ ✜✳✇ ✗ ✌❛♥ ➅❡ ✟✒❡ s❛☞❡ ✑❡s✏✉✑✌❡ ❛s ✗ ✠♥ ✟❥✏

✌❛s❡s➉ Þ✑s✟ ✠❩ ✗ ♣❡✑❩✏✑☞❡❞ ❛s ❡❖♣❡✌✟❡❞◗ s❡✌✏♥❞ ✠❩ ✟✒❡ ✑❡s✌✒❡❞✉❧❡ ✑❡s✉❧✟s ✠♥ ✟✒❡ s❛☞❡ s✌✒❡❞✉❧❡

❁✠❬❡❬ ✟✒❡✑❡ ✠s ♥✏ ➅❡✟✟❡✑ ✑❡s✏✉✑✌❡ ✟✏ ❡❖❡✌✉✟❡ ✟✒❡ ✑❡☞❛✠♥✠♥✎ ✟❛s❦s❂❬

❼✒❡ ✞❧✎✏✑✠✟✒☞ ➊ ✠s ✟✒❡ ❛❞❛♣✟✠✡❡ ❡❖✟❡♥s✠✏♥ ✟✒❛✟ ✎❡♥❡✑❛✟❡s ✟✒❡ s❡✟ ❄✣❅➋ ❛✌✌✏✑❞✠♥✎ ✟✏ ✟✒❡

♣❡✑❩✏✑☞❛♥✌❡ ✏❩ ✟✒❡ ✑❡s✏✉✑✌❡s ✏♥ ❡❛✌✒ ✑✏✉♥❞❬ ➄♥ ❧✠♥❡s � ✟✏ ❾ ✟✒❡ ❛❧✎✏✑✠✟✒☞ ✌❛❧✌✉❧❛✟❡s ✟✒❡

♣❡✑❩✏✑☞❛♥✌❡ ✏❩ ✟✒❡ ✑❡s✏✉✑✌❡ ✏♥ ✟✒❡ ❧❛s✟ ✑✏✉♥❞ ❁❧✠♥❡ �❂ ❛♥❞ ❛ss✠✎♥s ✟✒❡ s✠❽❡ ✏❩ ✟✒❡ ♥❡❖✟ ✑✏✉♥❞

✟✏ ✟✒❡ ✡❛✑✠❛➅❧❡ ✜✳①✴ ✴✚✴✵✺ ✳①✳✼ ✴✽✾✳✣ ❁❧✠♥❡ ➌❂❬ ❿✠♥❡ ❾ ❡❖✌❧✉❞❡s ✟✒❡ ❛❧✑❡❛❞② ❡❖❡✌✉✟❡❞ ✟❛s❦s ❩✑✏☞

✟✒❡ ⑧✉❡✉❡❬ ➄❩ ✠✟ ✠s ✟✒❡ Þ✑s✟ ✑✏✉♥❞◗ ❧✠♥❡s � ✟✏ ❾ s✒✏✉❧❞ ♥✏✟ ➅❡ ❡❖❡✌✉✟❡❞ ❁❧✠♥❡ ✶❂◗ s✠♥✌❡ ✟✒❡✑❡

✠s ♥✏ ♣❡✑❩✏✑☞❛♥✌❡ ✟✏ ❡✡❛❧✉❛✟❡ ❛♥❞ ✟✒❡✑❡ ✠s ♥✏ ❛❧✑❡❛❞② ❡❖❡✌✉✟❡❞ ✟❛s❦s ✏♥ ✟✒❡ ✑❡s✏✉✑✌❡❬ ❼✒❡♥◗

❈➍➎➏➐➑➒➓➔ →➣ ✷⑤⑤⑤ ↔➍➓↕ ➙➑➛➜➏ ➝ ➞➍↕➟➠ ▲➔➡➢ ➤➥➦➧➨➩➩➫➦➧➭ ➤➥➯➲➨➳➵➳➸➺ ➻➩➵➧➳➸ ➼➽➲➫➩➸ ✷⑤⑤⑤➾ ➚➚✔✓Ð❭

➻➩➫➲➵➩➫➪ ➨➶➹➦➘ ➴➷➬➮➱✃❐❒➴❮❰



❆�❆✁❚■❱✂ ❚❆✄❑ ✄❈❍✂�❯☎■◆✆ ❖◆ ✆❘■�✄ ✶✝

✞✟❣♦r✐t❤♠ ✼ ♥✠①✡ ✡☛s❦s ✡☞ ✠①✠❡✌✡✠✍▼✱ ✎✱ ✎✏✉✑❞✒✱ ✓✔✕✖❞✉❧✖✒✱ ✖✗✖✔ ✘✙✚✖✒✱ ✖✗♣ ✘✙✚✖✒✱

✑✖✗✘ ✘✏✘✛❧ ✖✗✖✔ ✘✙✚✖✒✮

✜✢ ✐✣ ✎✏✉✑❞✒ ❃ ✶ t❤✤✥

✷✢ ♣✒ ✧
✖✗♣ ✘✙✚✖✒

✎✖✛❧ ✖✗✖✔ ✘✙✚✖✒
✸✢ ✑✖✗✘ ✘✏✘✛❧ ✖✗✖✔ ✘✙✚✖✒ ✧ ✑✖✗✘ ✘✏✘✛❧ ✖✗✖✔ ✘✙✚✖✒ ✫ ♣✒ ✰ ✬♣✒✭ ✫ ✎✦✎❞ ❢✛✔✘✏✎ ✫ ✖✗♣ ✘✙✚✖✒

✹✢ ✘✛✓★✓ ✘✏ ✖✗✖✔✉✘✖ ✧ ✓✔✕✖❞✉❧✖✒ ✪ ✓✘✛✎✘✖❞ ✘✛✓★✓✒ ✴✴s✠✡ ☞✩✠✯☛✡✲☞♥

✺✢ ✤✥✳ ✐✣

✻✢ ▼✒✵✒✽✾✿❀❁ ✧ Þ✯s✡ ✡☛s❦ ☞❂✍✘✛✓★ ✘✏ ✖✗✖✔✉✘✖✒✮ ✴✴▼✒✵✒✽✾✿❀❁ ❄☛s ☞♥❅❇ ✡❄✠ Þ✯s✡ ✡☛s❦ ☞❂ ✡❄✠ q✌✠✌✠

❉✢ ✘✛✓★✓ ✘✏ ✖✗✖✔✉✘✖ ✧ ✘✛✓★✓ ✘✏ ✖✗✖✔✉✘✖ ✪▼✒✵✒✽✾✿❀❁ ✴✴s✠✡ ☞✩✠✯☛✡✲☞♥

❊✢ ✖✗✖✔ ✘✙✚✖❋❁●❁❏▲P◗❁ ✧ ❙❲❳❨ ✪ ❙❩❳❨

❬✢ ✇❤✐✟✤ ✖✗✖✔ ✘✙✚✖❋❁●❁❏▲P◗❁ ❭ ✑✖✗✘ ✘✏✘✛❧ ✖✗✖✔ ✘✙✚✖✒ ✳♦

✜❪✢ ✘ ✧ Þ✯s✡ ✡☛s❦ ☞❂✍✘✛✓★✓ ✘✏ ✖✗✖✔✉✘✖✒✮

✜✜✢ ✐✣ ✖✗✖✔ ✘✙✚✖❋❁●❁❏▲P◗❁ ✰ ✍❙❲❳❨ ✪ ❙❩❳❨✮ ❫ ✑✖✗✘ ✘✏✘✛❧ ✖✗✖✔ ✘✙✚✖✒ t❤✤✥

✜✷✢ ▼✒✵✒✽✾✿❀❁ ✧ ▼✒ ❴ ✘

✜✸✢ ✘✛✓★✓ ✘✏ ✖✗✖✔✉✘✖ ✧ ✘✛✓★✓ ✘✏ ✖✗✖✔✉✘✖ ✪ ✘

✜✹✢ ✖✗✖✔ ✘✙✚✖❋❁●❁❏▲P◗❁ ✧ ✖✗✖✔ ✘✙✚✖❋❁●❁❏▲P◗❁ ✰ ✍❙❲❳❨ ✪ ❙❩❳❨✮

✜✺✢ ✤✥✳ ✐✣

✜✻✢ ✤✥✳ ✇❤✐✟✤

✜❉✢ ✯✠✡✌✯♥ ▼✒✵✒✽✾✿❀❁

✡❄✠ ☛❅❵☞✯✲✡❄❛ ☛ss✲❵♥s ✡❄✠ Þ✯s✡ ♥☞✡ ✠①✠❡✌✡✠❜ ✡☛s❦ ✡☞ ✡❄✠ ✈☛✯✲☛❝❅✠ ▼✒✵✒✽✾✿❀❁❥ ②❄✲❅✠ ✡❄✠ s✌❛

☞❂ ✡❄✠ ③✠✲❵❄✡s ☞❂ ✡❄✠ ✡☛s❦s ✲♥ ▼✒✵✒✽✾✿❀❁ ✲s ❅✠ss ✡❄☛♥ ✡❄✠ s✲④✠ ☞❂ ✡❄✠ ❡✌✯✯✠♥✡ ✯☞✌♥❜ ✍❅✲♥✠ ⑤✮✱

✡❄✠ ☛❅❵☞✯✲✡❄❛ ❦✠✠✩s ✡☛❦✲♥❵ ✡❄✠ Þ✯s✡ ✡☛s❦ ☞❂ ✡❄✠ q✌✠✌✠ ✍❅✲♥✠ ✶⑥✮ ☛♥❜✱ ✲❂ ✡❄✠✯✠ ✲s ✯☞☞❛ ✡☞ ✡❄✠

✡☛s❦ ✍❅✲♥✠ ✶✶✮✱ ✲✡ ✲s ☛❜❜✠❜ ✡☞ ▼✒✵✒✽✾✿❀❁ ✍❅✲♥✠ ✶⑦✮✱ ☛❅③☛❇s ☛❡❡✌❛✌❅☛✡✲♥❵ ✡❄✠ ✡☞✡☛❅ ③✠✲❵❄✡ ✲♥ ✡❄✠

✈☛✯✲☛❝❅✠ ✖✗✖✔ ✘✙✚✖❋❁●❁❏▲P◗❁ ✍❅✲♥✠ ✶⑧✮ ☛♥❜ ✡☛❦✲♥❵ ✡❄✠ ✡☛s❦s ☞✌✡ ☞❂ ✡❄✠ q✌✠✌✠ ✍❅✲♥✠ ✶✝✮❥

⑨⑩❶⑨❷❸❹⑨❺❻✞❼ ❷⑨❽❾❼❻❽

❿♥ ✡❄✠ ❡❄☞s✠♥ s✡✯☛✡✠❵❇✱ ③❄✠✯✠ ✯✠s❡❄✠❜✌❅✠ ✲s ❛☛❜✠ ☛❂✡✠✯ ☛♥ ✲♥✲✡✲☛❅ s✡☛✡✲❡ s❡❄✠❜✌❅✠✱ ✡❄✠ ✯✠s✌❅✡s

☞❂ ✡❄✠ ❜❇♥☛❛✲❡ ☛✩✩✯☞☛❡❄ ☛✯✠ ✠①✡✯✠❛✠❅❇ ❜✠✩✠♥❜✠♥✡ ☞♥ ✡❄✠ ✲♥✲✡✲☛❅ s✡☛✡✲❡ s❡❄✠❜✌❅✠❥ ➀☞✱ ✲✡ ✲s

✲❛✩☞✯✡☛♥✡ ✡☞ ❄☛✈✠ ❡☞♥s✲s✡✠♥✡ ✯✠s✌❅✡s ❂☞✯ ✡❄✠ ➁➂➃ ✡☞ ❵✲✈✠ ✡☞ ✡❄✠ ❜❇♥☛❛✲❡ ☛✩✩✯☞☛❡❄ ☛ ❵☞☞❜

✲♥✲✡✲☛❅ ❛☛❦✠s✩☛♥❥ ➄❄✌s✱ Þ✯s✡ ③✠ ❡☞❛✩☛✯✠❜ ✡❄✠ s✡☛✡✲❡ ➁➂➃ ☛❅❵☞✯✲✡❄❛ ③✲✡❄ ➃➅➆➄ ☛♥❜ ➂➁➇➁

☛❅❵☞✯✲✡❄❛s✱ ✡❄✠♥✱ ③✠ ❡☞❛✩☛✯✠❜ ✡❄✠ s✡☛✡✲❡ ☛♥❜ ❜❇♥☛❛✲❡ ➁➂➃❥ ➈❂✡✠✯ ✡❄☛✡✱ ③✠ ❡☞❛✩☛✯✠❜ ✡❄✠

❜❇♥☛❛✲❡ ➁➂➃ ③✲✡❄ ☛♥❜ ③✲✡❄☞✌✡ ✡❄✠ ☛❜☛✩✡✲✈✠ ✠①✡✠♥s✲☞♥❥ ➆✲❂✡✠✠♥ ❵✯☛✩❄s s✌✩✩☞✯✡✠❜ ❝❇ ✡❄✠

✩✯☞❵✯☛❛❛✲♥❵ ❛☞❜✠❅ ③✠✯✠ ✯☛♥❜☞❛❅❇ ✡☛❦✠♥ ❂☞✯ ✡❄✠ ✠①✩✠✯✲❛✠♥✡s✱ ③✲✡❄ ♥✌❛❝✠✯ ☞❂ ♥☞❜✠s ❝✠✡③✠✠♥ ➉

☛♥❜ ➊⑦❥ ➄❄✠ ☛❅❵☞✯✲✡❄❛s ③✠✯✠ ✠①✠❡✌✡✠❜ ③✲✡❄ ❡☞♥✡✯☞❅❅✠✯s ✍❡☞❛❛✌♥✲❡☛✡✲☞♥ ❝✠✡③✠✠♥ ✡☛s❦s ③✠✯✠ ✈✲☛

❡☞♥✡✯☞❅❅✠✯s✮ ☛♥❜ ③✲✡❄☞✌✡ ❡☞♥✡✯☞❅❅✠✯s ✍❜✲✯✠❡✡ ❡☞❛❛✌♥✲❡☛✡✲☞♥ ❝✠✡③✠✠♥ ✡☛s❦s✮ ☛♥❜ ③✲✡❄ ✯☛♥❜☞❛

✈☛❅✌✠s ✲♥ ❡☞❛❛✌♥✲❡☛✡✲☞♥ ☛♥❜ ❡☞❛✩✌✡☛✡✲☞♥ ❡☞s✡s❥ ➋✠❜✲✌❛ ❡☞❛❛✌♥✲❡☛✡✲☞♥ ❛✠☛♥s ✡❄☛✡ ✡❄✠

❡☞❛❛✌♥✲❡☛✡✲☞♥ ☛♥❜ ❡☞❛✩✌✡☛✡✲☞♥ ❡☞s✡s ③✠✯✠ ✯☛♥❜☞❛❅❇ ❵✠♥✠✯☛✡✠❜ ✲♥ ✡❄✠ s☛❛✠ ✲♥✡✠✯✈☛❅ ✍❂✯☞❛

➌⑥⑥ ✡☞ ✶✶⑥⑥ ✡✲❛✠ ✌♥✲✡s✮❥ ➃✲❵❄ ❡☞❛❛✌♥✲❡☛✡✲☞♥ ❛✠☛♥s ☛❅❅ ❡☞❛❛✌♥✲❡☛✡✲☞♥ ❡☞s✡s ✍❂✯☞❛ ✶✶⑥⑥ ✡☞

✶➍⑥⑥ ✡✲❛✠ ✌♥✲✡s✮ ③✠✯✠ ❄✲❵❄✠✯ ✡❄☛♥ ☛❅❅ ❡☞❛✩✌✡☛✡✲☞♥ ❡☞s✡s ✍❂✯☞❛ ➌⑥⑥ ✡☞ ✶✶⑥⑥ ✡✲❛✠ ✌♥✲✡s✮❥ ➄❄✠

❈➎➏➐➑➒➓➔→ ➣↔ ✷❪❪❪ ↕➎➔➙ ➛➒➜➝➐ ➞ ✄➎➙➟➠ ☎→➡➢ ➤➥➦➧➨➩➩➫➦➧➭ ➤➥➯➲➨➳➵➳➸➺ ➻➩➵➧➳➸ ➼➽➲➫➩➸ ✷❪❪❪➾ ➚➚✢✜Ð❉

➻➩➫➲➵➩➫➪ ➨➶➹➦➘ ➴➷➬➮➱✃❐❒➴❮❰



✶� ❇✁❚❚✂✄❈☎❯❘❚ ▲ ❋ ❆✄❉ ▼❆❉✂✁❘❆ ✂ ❘ ▼
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Number of groups
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HEFT/Controllers
PCH/Controllers

CPOP/Controllers

HEFT
PCH

CPOP

✆✐✝✉r❡ ✸✿ ✞✈❡r❛✝❡ ❙✟✠✳

 1.4

 1.6

 1.8

 2

 2.2

 2.4

 2.6

 5  10  15  20  25

Number of groups

Medium Communication

HEFT/Controllers
PCH/Controllers

CPOP/Controllers

HEFT
PCH

CPOP

✆✐✝✉r❡ �✿ ✞✈❡r❛✝❡ ❙♣❡❡❞✉♣✳

❡①♣❡r✐✡❡♥ts ✇❡r❡ ✡❛❞❡ s✐✡✉❧❛t✐♥✝ ❛ ✝r♦✉♣ t♦♣♦❧♦✝②✱ ❛s ❞❡s❝r✐☛❡❞ ✐♥ t❤❡ ❳☞✌☞✍✎✏✑ ✒✓✔✔✕✏✖☞✗✏

s❡❝t✐♦♥✳ ✆♦r ❡❛❝❤ ♥✉✡☛❡r ♦❢ ✝r♦✉♣s✱ ✈❛r②✐♥✝ ❢r♦✡ ✷ t♦ ✷✺✱ ❡❛❝❤ ✝r❛♣❤ ✇❛s s❝❤❡❞✉❧❡❞ ✶✵✵✵

t✐✡❡s✳ ❊❛❝❤ ✝r♦✉♣ ❤❛❞ ❛ r❛♥❞♦✡ ♥✉✡☛❡r ♦❢ ❤❡t❡r♦✝❡♥❡♦✉s r❡s♦✉r❝❡s✱ ✈❛r②✐♥✝ ❢r♦✡ ✶ t♦ ✺✳

✘❤❡ ✡❛✐♥ ❝♦✡♣❛r✐s♦♥ ✡❡tr✐❝s ✉s❡❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ❛r❡ t❤❡ ❙❝❤❡❞✉❧❡ ✟❡♥✝t❤ ✠❛t✐♦ ✭❙✟✠✮

❛♥❞ t❤❡ s♣❡❡❞✉♣✳ ✘❤❡ ❙✟✠ s❤♦✇s ❤♦✇ ✡❛♥② t✐✡❡s t❤❡ s❝❤❡❞✉❧❡ ❧❡♥✝t❤ ✐s ☛✐✝✝❡r t❤❛♥ t❤❡

❡①❡❝✉t✐♦♥ ♦❢ t❤❡ ❝r✐t✐❝❛❧ ♣❛t❤ ♦❢ t❤❡ ✙✞● ♦♥ t❤❡ ☛❡st r❡s♦✉r❝❡ ❛✈❛✐❧❛☛❧❡✳ ✘❤❡ s♣❡❡❞✉♣ s❤♦✇s

❤♦✇ ✡❛♥② t✐✡❡s ❢❛st❡r ✐s t❤❡ ❡①❡❝✉t✐♦♥ ✇✐t❤ t❤❡ ❝✉rr❡♥t s❝❤❡❞✉❧❡ t❤❛♥ t❤❡ s❡q✉❡♥t✐❛❧ ❡①❡❝✉t✐♦♥

♦❢ ❛❧❧ t❛s❦s ♦♥ t❤❡ ☛❡st r❡s♦✉r❝❡✳ ✘❤❡ ♥✉✡☛❡r ♦❢ t✐✡❡s ❛♥ ❛❧✝♦r✐t❤✡ ✝✐✈❡s ❛ ☛❡tt❡r s❝❤❡❞✉❧❡

t❤❛♥ ❛♥♦t❤❡r ✐s ❛❧s♦ ❛ ❝♦✡♣❛r✐s♦♥ ✡❡tr✐❝✳

✚✛✜✛✢✣ P✤❍ ✥✦✜✧★✜✛✢✩✪

✆✐✝✉r❡s ✸ ❛♥❞ � s❤♦✇ t❤❡ ❛✈❡r❛✝❡ ❙✟✠ ❛♥❞ s♣❡❡❞✉♣ ❢♦r ✡❡❞✐✉✡ ❝♦✡✡✉♥✐❝❛t✐♦♥✳ ❲✐t❤

❝♦♥tr♦❧❧❡rs ✫✬✯ ✝✐✈❡s ☛❡tt❡r r❡s✉❧ts t❤❛♥ ✯❊✆✘ ❛♥❞ ✬✫❖✫ ✇✐t❤ ❛♥② ♥✉✡☛❡r ♦❢ ✝r♦✉♣s✳

❲✐t❤♦✉t ❝♦♥tr♦❧❧❡rs ✫✬✯ ✝✐✈❡s r❡s✉❧ts s✐✡✐❧❛r t♦ ✯❊✆✘✱ ✇✐t❤ ✫✬✯ ✝❡tt✐♥✝ ☛❡tt❡r ✇❤❡♥

✐♥❝r❡❛s✐♥✝ t❤❡ ♥✉✡☛❡r ♦❢ ✝r♦✉♣s✳

■♥ ❛ ❤✐✝❤ ❝♦✡✡✉♥✐❝❛t✐♦♥ s❝❡♥❛r✐♦✱ t❤❡ ✝r❛♣❤✐❝sÕ s❤❛♣❡s ❛r❡ s✐✡✐❧❛r t♦ t❤❛t ✇✐t❤ ✡❡❞✐✉✡

❝♦✡✡✉♥✐❝❛t✐♦♥✱ ☛✉t ✇✐t❤ ✐♥❝r❡❛s✐♥✝ ❛❞✈❛♥t❛✝❡ ❢♦r t❤❡ ✫✬✯✱ s✐♥❝❡ t❤❡ ❝❧✉st❡rs ❝r❡❛t❡❞ ☛② ✫✬✯

✝r♦✉♣s ❝♦✉♣❧❡❞ t❛s❦s✱ s✉♣♣r❡ss✐♥✝ t❤❡ ❝♦✡✡✉♥✐❝❛t✐♦♥ ☛❡t✇❡❡♥ t❤❡✡✳ ■♥ ❛ ❧♦✇ ❝♦✡✡✉♥✐❝❛t✐♦♥

s❝❡♥❛r✐♦✱ ✇✐t❤ ❝♦♥tr♦❧❧❡rs ✫✬✯ ✐s ☛❡tt❡r t❤❛♥ ✯❊✆✘ ❛♥❞ ✬✫❖✫✱ ✇❤✐❧❡ ✇✐t❤♦✉t ❝♦♥tr♦❧❧❡rs ✐t

✐s ♦♥❧② ☛❡tt❡r t❤❛♥ ✬✫❖✫✳ ■♥ ✝❡♥❡r❛❧✱ t❤❡ r❡s✉❧ts ✇✐t❤ ❝♦♥tr♦❧❧❡rs ❛r❡ ✇♦rs❡ t❤❛♥ t❤❛t ✇✐t❤♦✉t

t❤❡✡✳ ✘❤✐s ✐s ☛❡❝❛✉s❡ ❝♦♥tr♦❧❧❡rs ✝❡♥❡r❛t❡ ♦✈❡r❤❡❛❞ t♦ ♣r♦✈✐❞❡ r❡❝♦✈❡r②✳ ✯♦✇❡✈❡r✱ ❛♥ ✐✡♣♦rt❛♥t

❛s♣❡❝t ♦❢ t❤❡ ❙✟✠ ❛♥❞ s♣❡❡❞✉♣ r❡s✉❧ts ✐s t❤❛t✱ ✇✐t❤ ✡♦r❡ t❤❛♥ ✺ ✝r♦✉♣s✱ r❡s✉❧ts ♦❢ ✫✬✯ ✖✓✎✰

❝♦♥tr♦❧❧❡rs ❛r❡ ☛❡tt❡r t❤❛♥ r❡s✉❧ts ♦❢ ✬✫❖✫ ✖✓✎✰✲✴✎ ❝♦♥tr♦❧❧❡rs✳ ✘❤✉s✱ t❤❡ ❝❧✉st❡r✐♥✝ str❛t❡✝②

❛❞♦♣t❡❞ ☛② ✫✬✯ ❝❛♥ ✡❛❦❡ t❤❡ ♦✈❡r❤❡❛❞ ♦❢ ❝♦♥tr♦❧❧❡rs ☛❡ ❧♦✇✱ ✝✐✈✐♥✝ t♦ t❤❡ ✐♥❢r❛str✉❝t✉r❡

❛s ❛ ✇❤♦❧❡ r❡❝♦✈❡r②✱ ❞❡♣❡♥❞❛☛✐❧✐t② ❛♥❞ ❢❛✉❧t t♦❧❡r❛♥❝❡✱ ♣r♦✈✐❞❡❞ ☛② t❤❡ ❝♦♥tr♦❧❧❡rs✱ ✇✐t❤ ❤✐✝❤

♣❡r❢♦r✡❛♥❝❡✳

❈✹✻✼✽✾❣❀❁ ❂❃ ❄❅❅❅ ❏✹❀❑ ◆✾◗❱✼ ❨ ❩✹❑❬❭ ▲❁❪❫ ❴❵❜❥♠③③④❜❥⑤ ❴❵⑥⑦♠⑧⑨⑧⑩❶ ❷③⑨❥⑧⑩ ❸❹⑦④③⑩ ❄❅❅❅❺ ❻❻❼❽Ð❾

❷③④⑦⑨③④❿ ♠➀➁❜➂ ➃➄➅➆➇➈➉➊➃➋➌



❆�❆✁❚■❱✂ ❚❆✄❑ ✄❈❍✂�❯☎■◆✆ ❖◆ ✆❘■�✄ ✶✝

✞❤❡ r❡s✉❧✟s s❤♦✇ ✟❤❛✟ ❛s ❤✐✠❤❡r ✐s ✟❤❡ ❝♦♠♠✉♥✐❝❛✟✐♦♥ ❜❡✟✇❡❡♥ ✟❛s❦s✱ ❜❡✟✟❡r ✐s ✟❤❡

P✡☛ ♣❡r❢♦r♠❛♥❝❡✳ ☞✟ ✐s ❡①♣❧❛✐♥❡❞ ❜② ✟❤❡ ❝❧✉s✟❡r✐♥✠ ♦❢ ❞❡♣❡♥❞❡♥✟ ✟❛s❦s ✟❤❛✟ s✉♣♣r❡ss❡s ✟❤❡

❝♦♠♠✉♥✐❝❛✟✐♦♥ ❝♦s✟s✳

❉✌✍✎✏✑✒ ✓✔✕ ✖✈✎✗✘✎t✑✙✍

✞❤❡ ♣r❡✚✐♦✉s ❡①♣❡r✐♠❡♥✟s ✐♥❞✐❝❛✟❡ ✟❤❛✟ P✡☛ ✠✐✚❡s ✠♦♦❞ r❡s✉❧✟s ✐♥ ❛ s②s✟❡♠ ✇✐✟❤♦✉✟ ✚❛r✐❛✟✐♦♥s

♦♥ r❡s♦✉r❝❡s ♣❡r❢♦r♠❛♥❝❡ ✇✐✟❤ ❛ ✠r♦✉♣ ✟♦♣♦❧♦✠②✳ ☞♥ ❛ ✠r✐❞ ✟❤❡ r❡s♦✉r❝❡s ♠❛② ♥♦✟ ❜❡ ❞❡❞✐❝❛✟❡❞✱

✇❤❛✟ ✐♠♣❧✐❡s ✐♥ ♣❡r❢♦r♠❛♥❝❡ ✚❛r✐❛✟✐♦♥s✳ ❲❡ ❝♦♠♣❛r❡❞ P✡☛ ✇✐✟❤ ❛♥❞ ✇✐✟❤♦✉✟ ❞②♥❛♠✐❝

r❡s❝❤❡❞✉❧❡✳ ✛♦ r❡s❝❤❡❞✉❧❡ ♠❡❛♥s ✟❤❛✟ ❛❧❧ ✟❛s❦s ❛r❡ ❡①❡❝✉✟❡❞ ✐♥ ✟❤❡ r❡s♦✉r❝❡s ✠✐✚❡♥ ❜② ✟❤❡ ✐♥✐✟✐❛❧

s❝❤❡❞✉❧❡✱ ♥♦ ♠❛✟✟❡r ✟❤❡✐r ♣❡r❢♦r♠❛♥❝❡✱ ❛♥❞ r❡s❝❤❡❞✉❧❡ ♠❡❛♥s ✟❤❛✟ ✟❤❡ ✟❛s❦s ❛r❡ r❡s❝❤❡❞✉❧❡❞

❛❝❝♦r❞✐♥✠ ✟♦ ✟❤❡ r❡s♦✉r❝❡s ♣❡r❢♦r♠❛♥❝❡✳ ✛♦✟❡ ✟❤❛✟ ✟❤❡r❡ ✐s ♥♦ ✜✢✣✤✤✥✦✣✧★✥✩ ♦❢ ✟❛s❦s✱ s♦ ✟❤❡r❡

✐s ♥♦ ♦✚❡r❤❡❛❞ ♦❢ ♠♦✚✐♥✠ ✟❛s❦s✱ s✐♥❝❡ ✟❤❡ r❡s❝❤❡❞✉❧❡ ✐s ♠❛❞❡ ❜❡❢♦r❡ ✟❤❡ ✟❛s❦s ❛r❡ s❡♥✟ ✟♦

❡①❡❝✉✟✐♦♥✳ ✞♦ ❞❡✟❡r♠✐♥❡ ✟❤❡ r❡s♦✉r❝❡s ♣❡r❢♦r♠❛♥❝❡✱ ✇❡ Þrs✟ ✠❡♥❡r❛✟❡❞ ❛ ♣❛✟✟❡r♥ ♦❢ r❡s♦✉r❝❡s

♣❡r❢♦r♠❛♥❝❡ ❜❛s❡❞ ♦♥ s♦♠❡ ♠❡❛s✉r❡♠❡♥✟s ♠❛❞❡ ♦♥ ❝♦♠♣✉✟❡rs ✐♥ ♦✉r ❧❛❜♦r❛✟♦r✐❡s✳ ✪s✐♥✠ ✟❤✐s

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

❜❡ ❡①❡❝✉✟❡❞✳ ✞❤❡s❡ ♣r♦❝❡ss✐♥✠ ♣♦✇❡rs ❛r❡ ✟❤❡ s❛♠❡ ❢♦r ✟❤❡ ❡①❡❝✉✟✐♦♥ ♦❢ ❡❛❝❤ ❛❧✠♦r✐✟❤♠✳ ✞❤❡

r❡s✉❧✟s ❢♦r ❡①❡❝✉✟✐♦♥s ✇✐✟❤ ❛ ✟♦✟❛❧ ♦❢ ✷✱ ✸✱ ❛♥❞ ✹ r♦✉♥❞s ✇✐✟❤ ♠❡❞✐✉♠ ❝♦♠♠✉♥✐❝❛✟✐♦♥ ❛♥❞

r❡s♦✉r❝❡ ♣❡r❢♦r♠❛♥❝❡ ✚❛r✐❛✟✐♦♥ ❛r❡ s❤♦✇♥ ✐♥ ❋✐✠✉r❡s ✝ ❛♥❞ ✼✳

✞❤❡ ❞✐✫❡r❡♥❝❡ ❜❡✟✇❡❡♥ ✟❤❡ r❡s✉❧✟s ✇✐✟❤ ❛♥❞ ✇✐✟❤♦✉✟ r❡s❝❤❡❞✉❧❡ ✐♥❝r❡❛s❡s ✇✐✟❤ ✟❤❡ ♥✉♠❜❡r

♦❢ r♦✉♥❞s✳ ❋♦r ❡①❛♠♣❧❡✱ ✇✐✟❤ ✶✵ ✠r♦✉♣s ❛♥❞ ♠❡❞✐✉♠ ❝♦♠♠✉♥✐❝❛✟✐♦♥ ✟❤❡ ❛❜s♦❧✉✟❡ ❞✐✫❡r❡♥❝❡s

❜❡✟✇❡❡♥ ✟❤❡ ❛✚❡r❛✠❡ ❙▲✬ ✇✐✟❤ ❛♥❞ ✇✐✟❤♦✉✟ r❡s❝❤❡❞✉❧❡ ❛r❡ ✵✭✸✸✱ ✵✭✻✮ ❛♥❞ ✵✭✮✸ ❢♦r ✷✱ ✸ ❛♥❞ ✹

r♦✉♥❞s✱ r❡s♣❡❝✟✐✚❡❧②✳ ❋♦r ✟❤❡ s♣❡❡❞✉♣✱ ✟❤❡s❡ ❞✐✫❡r❡♥❝❡s ❛r❡ ✵✭✵✻✱ ✵✭✶✸ ❛♥❞ ✵✭✶✯✱ ❛♥❞ ❢♦r ✟❤❡

♥✉♠❜❡r ♦❢ ❜❡s✟ s❝❤❡❞✉❧❡s ✷✰ ✸✯✶✲ ✹✰ ✶✝✯ ❛♥❞ ✹✰ ✮✮✸✳ ☞♥ ❛ ❤✐✠❤ ❝♦♠♠✉♥✐❝❛✟✐♦♥✱ ❢♦r ✟❤❡ ♥✉♠❜❡r

♦❢ ❜❡s✟ s❝❤❡❞✉❧❡s ✟❤❡ ❞✐✫❡r❡♥❝❡s ❛r❡ ✷✸✶✼✱ ✹✻✷✹ ❛♥❞ ✝✹✮✸✳ ✞❤❡ ❙▲✬ ❛♥❞ ❙♣❡❡❞✉♣ ❢♦r ❤✐✠❤

❝♦♠♠✉♥✐❝❛✟✐♦♥ ❛r❡ s❤♦✇♥ ✐♥ ❋✐✠✉r❡s ✻ ❛♥❞ ✯✳ ✛♦✟❡ ✟❤❛✟ ✟❤❡ ❧✐✟✟❧❡ ❞✐✫❡r❡♥❝❡ ✐♥ ✟❤❡ ❝✉r✚❡s

✇✐✟❤♦✉✟ r❡s❝❤❡❞✉❧❡ ❢♦r ✷✱ ✸ ❛♥❞ ✹ r♦✉♥❞s ❛r❡ ❞✉❡ ✟♦ ✟❤❡ r❛♥❞♦♠ ♣❛r❛♠❡✟❡rs ✉s❡❞ ✐♥ ✟❤❡

s✐♠✉❧❛✟✐♦♥s✳ ☛♦✇❡✚❡r✱ ✇❤❛✟ ✐s ✐♠♣♦r✟❛♥✟ ✟♦ ♥♦✟❡ ❛r❡ ✟❤❡ ❞✐✫❡r❡♥❝❡s ❜❡✟✇❡❡♥ ✟❤❡ r❡s✉❧✟s ❢♦r

✟❤❡ s❛♠❡ ♥✉♠❜❡r ♦❢ r♦✉♥❞s✳ ✞❤❡s❡ ❞✐✫❡r❡♥❝❡s ❛r❡ ♥♦✟ ❛✫❡❝✟❡❞ ❜② ❞✐✫❡r❡♥❝❡s ✐♥ r❡s♦✉r❝❡s

♣❡r❢♦r♠❛♥❝❡✱ s✐♥❝❡ ✟❤❡ s❛♠❡ ♣❡r❢♦r♠❛♥❝❡ ✚❛❧✉❡s ❛r❡ ✉s❡❞ ♦♥ ❡❛❝❤ s✐♠✉❧❛✟✐♦♥ ✇✐✟❤ ✟❤❡ s❛♠❡

♥✉♠❜❡r ♦❢ r♦✉♥❞s✳

☞♥ ❛♥ ❡♥✚✐r♦♥♠❡♥✟ ✇✐✟❤ ♣❡r❢♦r♠❛♥❝❡ ✚❛r✐❛✟✐♦♥✱ ✟❤❡ ❞②♥❛♠✐❝ ❛♣♣r♦❛❝❤ ✐♠♣r♦✚❡s ✟❤❡ r❡s✉❧✟s

♦✚❡r ✟❤❡ s✟❛✟✐❝ P✡☛✳ ✞❤❡ r❡s✉❧✟s ❛r❡ ❜❡✟✟❡r ❛s ❤✐✠❤❡r ✐s ✟❤❡ ♥✉♠❜❡r ♦❢ r♦✉♥❞s✱ s✐♥❝❡ ✐♥ ❡❛❝❤

r♦✉♥❞ ✟❤❡ ♣❡r❢♦r♠❛♥❝❡ ❛❝❤✐❡✚❡❞ ✐♥ ✟❤❡ ❡①❡❝✉✟✐♦♥ ♦❢ ✟❛s❦s ✐s ♠❡❛s✉r❡❞✱ ✠✐✚✐♥✠ ❛ ♥❡✇ ✚✐❡✇ ♦❢

✟❤❡ r❡s♦✉r❝❡s ♣♦✇❡r ❛♥❞ ♣r♦✚✐❞✐♥✠ ❛ r❡s❝❤❡❞✉❧❡ ♦♣♣♦r✟✉♥✐✟②✳

✴✺✎✽t✑✈✖ ✖✾t✖✍✿✑✙✍ ✖✈✎✗✘✎t✑✙✍

❀❢✟❡r ♣r♦✚✐❞✐♥✠ ❡✚❛❧✉❛✟✐♦♥s ♦❢ ✟❤❡ s✟❛✟✐❝ ❛♥❞ ❞②♥❛♠✐❝ P✡☛✱ ✇❡ ♥♦✇ ❡✚❛❧✉❛✟❡ ❤♦✇ ✟❤❡ ♣r♦♣♦s❡❞

❛❞❛♣✟✐✚❡ ❡①✟❡♥s✐♦♥ ❜❡❤❛✚❡s✳ ❋✐✠✉r❡s ✮ ❛♥❞ ✶✵ s❤♦✇ ✟❤❡ r❡s✉❧✟s ❢♦r ✟❤❡ ❝♦♠♣❛r✐s♦♥ ❜❡✟✇❡❡♥

✟❤❡ ❞②♥❛♠✐❝ P✡☛ ✇✐✟❤ ❛♥❞ ✇✐✟❤♦✉✟ r❡s❝❤❡❞✉❧❡✱ ❛♥❞ ✟❤❡ ❞②♥❛♠✐❝ P✡☛ ✇✐✟❤ ✟❤❡ ❛❞❛♣✟✐✚❡

❡①✟❡♥s✐♦♥✱ ✐♥ s✐♠✉❧❛✟✐♦♥s ✇✐✟❤ ♠❡❞✐✉♠ ❝♦♠♠✉♥✐❝❛✟✐♦♥✳ ❀s ✐♥ ✟❤❡ ♣r❡✚✐♦✉s ❡①♣❡r✐♠❡♥✟✱ ✇❡

❡①❡❝✉✟❡❞ s✐♠✉❧❛✟✐♦♥s ✇✐✟❤ ✟❤❡ ❞②♥❛♠✐❝ P✡☛ ❝♦♥s✐❞❡r✐♥✠ ♣❡r❢♦r♠❛♥❝❡ ✚❛r✐❛✟✐♦♥s ✐♥ r❡s♦✉r❝❡s✱

✇✐✟❤ ❛♥❞ ✇✐✟❤♦✉✟ r❡s❝❤❡❞✉❧❡✱ ❜✉✟ ✐♥ ✟❤❡s❡ ✠r❛♣❤✐❝s ✟❤❡ r❡s✉❧✟s ❢♦r ❡①❡❝✉✟✐♦♥s ✇✐✟❤ ✟❤❡ ❛❞❛♣✟✐✚❡

❈❁❂❃❄❅❣❇❊ ●❏ ▼◗◗◗ ❳❁❇❨ ❩❅❬❭❃ ❪ ✄❁❨❫❴ ☎❊❵❥ q③④⑤⑥⑦⑦⑧④⑤⑨ q③⑩❶⑥❷❸❷❹❺ ❻⑦❸⑤❷❹ ❼❽❶⑧⑦❹ ▼◗◗◗❾ ❿❿➀➁Ð➂

❻⑦⑧❶❸⑦⑧➃ ⑥➄➅④➆ ➇➈➉➊➋➌➍➎➇➏➐
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Number of groups

Medium Communication

 Rounds / Re−schedule

2 Rounds / No
2 Rounds / Yes
3 Rounds / No

3 Rounds / Yes
4 Rounds / No

4 Rounds / Yes

✆✐✝✉r❡ ✺✿ ✞✈❡r❛✝❡ ❙✟✠ ✇✐✡❤ r❡s❝❤❡❞✉❧❡

❛♥❞ ♠❡❞✐✉♠ ❝♦♠♠✉♥✐❝❛✡✐♦♥✳

 3.2

 3.4

 3.6

 3.8

 4

 4.2

 4.4

 4.6

 4.8
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 5  10  15  20  25

Number of groups

High Communication

 Rounds / Re−schedule

2 Rounds / No
2 Rounds / Yes

3 Rounds / No
3 Rounds / Yes

4 Rounds / No
4 Rounds / Yes

✆✐✝✉r❡ �✿ ✞✈❡r❛✝❡ ❙✟✠ ✇✐✡❤ r❡s❝❤❡❞✉❧❡

❛♥❞ ❤✐✝❤ ❝♦♠♠✉♥✐❝❛✡✐♦♥✳
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Number of groups

Medium Communication

 Rounds / Re−schedule

2 Rounds / No
2 Rounds / Yes
3 Rounds / No

3 Rounds / Yes
4 Rounds / No

4 Rounds / Yes

✆✐✝✉r❡ ✼✿ ✞✈❡r❛✝❡ s♣❡❡❞✉♣ ✇✐✡❤ r❡s❝❤❡❞✉❧❡

❛♥❞ ♠❡❞✐✉♠ ❝♦♠♠✉♥✐❝❛✡✐♦♥✳

 0.9

 0.95

 1

 1.05

 1.1

 1.15

 1.2

 5  10  15  20  25

Number of groups

High Communication

 Rounds / Re−schedule

2 Rounds / No
2 Rounds / Yes

3 Rounds / No
3 Rounds / Yes

4 Rounds / No
4 Rounds / Yes

✆✐✝✉r❡ ✽✿ ✞✈❡r❛✝❡ s♣❡❡❞✉♣ ✇✐✡❤ r❡s❝❤❡❞✉❧❡

❛♥❞ ❤✐✝❤ ❝♦♠♠✉♥✐❝❛✡✐♦♥✳

❡①✡❡♥s✐♦♥ ❛r❡ s❤♦✇♥✳ ☛❤❡ ♥✉♠❜❡r ♦❢ r♦✉♥❞s ✈❛r✐❡s ❢r♦♠ ✷ ✡♦ ✹ ✐♥ ❡①❡❝✉✡✐♦♥s ♦❢ ✡❤❡ ❞②♥❛♠✐❝

P☞❍ ✇✐✡❤♦✉✡ ✡❤❡ ❛❞❛♣✡✐✈❡ ❡①✡❡♥s✐♦♥✱ ❛♥❞ ✡❤❡s❡ ❡①❡❝✉✡✐♦♥s ❛r❡ ❝♦♠♣❛r❡❞ ❛✝❛✐♥s✡ ❡①❡❝✉✡✐♦♥s

✇✐✡❤ ✡❤❡ ❛❞❛♣✡✐✈❡ ❡①✡❡♥s✐♦♥✳ ☛❤❡ ❛❞❛♣✡✐✈❡ ❛❧✝♦r✐✡❤♠ ❞♦❡s ♥♦✡ ❤❛✈❡ ❛ ❞❡Þ♥❡❞ ♥✉♠❜❡r ♦❢ r♦✉♥❞s✳

■♥ ✡❤❡ Þ✝✉r❡s✱ ✡❤❡ ❦❡②s ✌ ✍✎✏✑✒✓✴✔✒✕✖t✗✘✙ ❤❛✈❡ ✡❤❡ ♥✉♠❜❡r ♦❢ r♦✉♥❞s ✡♦ s❤♦✇ ✡❤❛✡ ✡❤❡ ❝✉r✈❡

✇✐✡❤ ✚ r♦✉♥❞s ♦❢ ✡❤❡ ❛❞❛♣✡✐✈❡ ❡①✡❡♥s✐♦♥ s❤♦✉❧❞ ❜❡ ❝♦♠♣❛r❡❞ ✇✐✡❤ ❡①❡❝✉✡✐♦♥s ♦❢ ✡❤❡ ❞②♥❛♠✐❝

P☞❍ ✇✐✡❤ ✚ r♦✉♥❞s✳ ☛❤❡ ❛❞❛♣✡✐✈❡ ❛❧✝♦r✐✡❤♠ ✇❛s ❡①❡❝✉✡❡❞ ✇✐✡❤ ✛✜✛✢ ✣✤✥✦✧✛ ❂ ★✩★✺✳ ❖✡❤❡r

s✐♠✉❧❛✡✐♦♥s ♣❡r❢♦r♠❡❞ ✇✐✡❤ ❞✐✪❡r❡♥✡ ✛✜✛✢ ✣✤✥✦✧✛ ❤❛✈❡ s❤♦✇♥ ✡❤❛✡ ✐❢ ✡❤✐s ❢❛❝✡♦r ✐s ✡♦♦ ❤✐✝❤

✭❃ ★✩✸★✮✱ ✐✡ ❝❛♥ ♠❛❦❡ ✡❤❡ ♣❡r❢♦r♠❛❝❡ ✇♦rs❡✱ s✐♥❝❡ ✐✡ ✇✐❧❧ ♠❛❦❡ ✡❤❡ r♦✉♥❞s ❜✐✝✝❡r✱ r❡❞✉❝✐♥✝ ✡❤❡

♥✉♠❜❡r ♦❢ r♦✉♥❞s ✐♥ ❛ ♥♦♥ ❞❡s✐r❛❜❧❡ ✇❛②✳ ☞♦♥s✐❞❡r✐♥✝ ✡❤✐s✱ ✡❤❡ r❡✇❛r❞ ❢❛❝✡♦r ❝♦✉❧❞ ❜❡ ❛❞❥✉s✡❡❞

❛❝❝♦r❞✐♥✝ ✡♦ ✡❤❡ ❡①♣❡❝✡❛✡✐♦♥s ❛❜♦✉✡ ✡❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ❡❛❝❤ r❡s♦✉r❝❡✳

☛❤❡ ♥✉♠❜❡r ♦❢ ❜❡s✡ s❝❤❡❞✉❧❡s ✇✐✡❤ ✡❤❡ ❛❞❛♣✡✐✈❡ ❛❧✝♦r✐✡❤♠ r❛♥✝❡s ❢r♦♠ ✹✫ ★★★✱ ❢♦r s✐♠✉❧❛✡✐♦♥s

✇✐✡❤ ✷ ✝r♦✉♣s✱ ✡♦ ✽✫ ★★★✱ ❢♦r s✐♠✉❧❛✡✐♦♥s ✇✐✡❤ ✷✺ ✝r♦✉♣s✳ ❲✐✡❤ ✡❤❡ ❞②♥❛♠✐❝ P☞❍ ✇✐✡❤

r❡s❝❤❡❞✉❧❡✱ ✡❤✐s r❛♥✝❡ ✐s ❢r♦♠ ✷✫ ★★★ ✡♦ ✶✫ ★★★✳ ☛❤❡ r❛♥✝❡ ✇✐✡❤♦✉✡ r❡s❝❤❡❞✉❧❡ ✐s ❢r♦♠ ✷✫ ✺★★

❈✬✯✰✲✵❣✻✾ ❀❁ ❄❅❅❅ ❏✬✻❊ ●✵❑◆✰ ◗ ❱✬❊❳❨ ▲✾❩❬ ❭❪❫❴❵qq③❫❴④ ❭❪⑤⑥❵⑦⑧⑦⑨⑩ ❶q⑧❴⑦⑨ ❷❸⑥③q⑨ ❄❅❅❅❹ ❺❺❻❼Ð❽

❶q③⑥⑧q③❾ ❵❿➀❫➁ ➂➃➄➅➆➇➈➉➂➊➋
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 5  10  15  20  25

Number of groups

Medium Communication

 Rounds / Re−schedule

2 Rounds / No
2 Rounds / Yes
2 Rounds / Adaptive
3 Rounds / No
3 Rounds / Yes

3 Rounds / Adaptive
4 Rounds / No
4 Rounds / Yes
4 Rounds / Adaptive

❋✐✞✉r❡ ✾✿ ✟✈❡r❛✞❡ s♣❡❡❞✉♣ ✇✐✠❤

✠❤❡ ❛❞❛♣✠✐✈❡ ❛❧✞♦r✐✠❤♠✳

 2.6
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 5  10  15  20  25

Number of groups

Medium Communication

 Rounds / Re−schedule

2 Rounds / No
2 Rounds / Yes
2 Rounds / Adaptive
3 Rounds / No
3 Rounds / Yes

3 Rounds / Adaptive
4 Rounds / No
4 Rounds / Yes
4 Rounds / Adaptive

❋✐✞✉r❡ ✶✵✿ ✟✈❡r❛✞❡ ❙▲✡ ✇✐✠❤ ✠❤❡

❛❞❛♣✠✐✈❡ ❛❧✞♦r✐✠❤♠✳

✠♦ ✸✱ ✹✵✵✳ ☛❤❡ ♥✉♠❜❡r ♦❢ ❜❡s✠ s❝❤❡❞✉❧❡s s❤♦✇s ✠❤❛✠ ✠❤❡ P☞✌ ✇✐✠❤ ✠❤❡ ❛❞❛♣✠✐✈❡ ❡①✠❡♥s✐♦♥ ✞✐✈❡s

♠♦r❡ ❜❡s✠ s❝❤❡❞✉❧❡s ✠❤❛♥ ✠❤❡ ❞②♥❛♠✐❝ P☞✌ ✇✐✠❤ r❡s❝❤❡❞✉❧❡ ❛♥❞ ✇✐✠❤♦✉✠ r❡s❝❤❡❞✉❧❡✍ ✇❤✐❝❤

s✉✞✞❡s✠s ✠❤❛✠ ✠❤❡ ❛❞❛♣✠✐✈❡ ❛❧✞♦r✐✠❤♠ ✐♠♣r♦✈❡s ✠❤❡ r❡s✉❧✠s ♦❢ ✠❤❡ ❞②♥❛♠✐❝ P☞✌✳ ❲❡ ❝❛♥ ❛❧s♦

❝♦♥❝❧✉❞❡ ✠❤❛✠ ✠❤❡ ❛❧✞♦r✐✠❤♠ ✇✐✠❤ ✠❤❡ ❛❞❛♣✠✐✈❡ ❡①✠❡♥s✐♦♥ ✐♠♣r♦✈❡s ♠♦r❡ ✠❤❡ r❡s✉❧✠s ♦❢ ✠❤❡

❞②♥❛♠✐❝ P☞✌ ✇✐✠❤ r❡s❝❤❡❞✉❧❡ ✠❤❛♥ ✠❤❡ r❡s✉❧✠s ✇✐✠❤♦✉✠ r❡s❝❤❡❞✉❧❡✍ ❜❡❝❛✉s❡ ✠❤❡ r❛♥✞❡ ♦❢ ❜❡s✠

s❝❤❡❞✉❧❡s ✇✐✠❤ r❡s❝❤❡❞✉❧❡ ✐s ❜❡❧♦✇ ✠❤❡ r❛♥✞❡ ✇✐✠❤♦✉✠ r❡s❝❤❡❞✉❧❡✍ ✐♥✈❡r✠✐♥✞ ✇❤❛✠ ✐s s❤♦✇♥ ✐♥

✠❤❡ ♣r❡✈✐♦✉s ❡①♣❡r✐♠❡♥✠✳ ✎♥ s♣✐✠❡ ♦❢ ✠❤✐s✍ ✠❤❡ ❞②♥❛♠✐❝ P☞✌ ❝♦♥✠✐♥✉❡s ✠♦ ✞✐✈❡ ❜❡✠✠❡r ❛✈❡r❛✞❡

❙▲✡ ❛♥❞ s♣❡❡❞✉♣ ✠❤❛♥ ✠❤❡ s✠❛✠✐❝ ♦♥❡✍ ❛s s❤♦✇♥ ✐♥ ❋✐✞✉r❡s ✾ ❛♥❞ ✶✵✳ ✟ r❡❛s♦♥ ❢♦r ✠❤✐s ✐s

❜❡❝❛✉s❡ ✠✐❡s ❛r❡ ♥♦✠ s❤♦✇♥ ✐♥ ✠❤❡ ♥✉♠❜❡r ♦❢ ❜❡s✠ s❝❤❡❞✉❧❡s✍ ❛♥❞ ✠❤❡r❡ ❛r❡ ♠♦r❡ ✠✐❡s ✇❤❡r❡

❜♦✠❤ ✠❤❡ ❞②♥❛♠✐❝ P☞✌ ✇✐✠❤ r❡s❝❤❡❞✉❧❡ ❛♥❞ ✠❤❡ ❛❞❛♣✠✐✈❡ P☞✌ ❛r❡ ❜❡✠✠❡r ✠❤❛♥ ✠❤❡ ❞②♥❛♠✐❝

P☞✌ ✇✐✠❤♦✉✠ r❡s❝❤❡❞✉❧❡✳ ✟❧s♦✍ ❛s ❤✐✞❤❡r ✐s ✠❤❡ ♥✉♠❜❡r ♦❢ ✞r♦✉♣s✍ ❜❡✠✠❡r ✐s ✠❤❡ ♣❡r❢♦r♠❛♥❝❡

♦❢ ✠❤❡ ❛❞❛♣✠✐✈❡ ❛❧✞♦r✐✠❤♠✍ s✐♥❝❡ ✠❤❡r❡ ❛r❡ ♠♦r❡ ♦♣✠✐♦♥s ♦❢ r❡s♦✉r❝❡s ✇❤❡♥ r❡s❝❤❡❞✉❧✐♥✞ ✠❛s❦s✳

☛❤❡ s♣❡❡❞✉♣ ❛♥❞ ❙▲✡ r❡s✉❧✠s ✭❋✐✞✉r❡s ✾ ❛♥❞ ✶✵✮ s❤♦✇ ✠❤❛✠ ✠❤❡ ❛❞❛♣✠✐✈❡ ❡①✠❡♥s✐♦♥ ❝❛♥

♣r♦✈✐❞❡ ❢❛s✠❡r ❡①❡❝✉✠✐♦♥s ✐♥ ❛✈❡r❛✞❡ ✇❤❡♥ ❝♦♠♣❛r❡❞ ✠♦ ✠❤❡ ❞②♥❛♠✐❝ P☞✌ ✇✐✠❤♦✉✠ ✠❤❡

❡①✠❡♥s✐♦♥✳ ✟s ❡①♣❡❝✠❡❞✍ ❛s ❤✐✞❤❡r ✐s ✠❤❡ ♥✉♠❜❡r ♦❢ r♦✉♥❞s✍ ✠❤❡ ❞②♥❛♠✐❝ P☞✌ ✇✐✠❤ r❡s❝❤❡❞✉❧❡

✠❡♥❞s ✠♦ ❛♣♣r♦①✐♠❛✠❡ ✐✠s r❡s✉❧✠s ✠♦ ✠❤❛✠ ✇✐✠❤ ✠❤❡ ❛❞❛♣✠✐✈❡ ❡①✠❡♥s✐♦♥✍ s✐♥❝❡ ✐♥❝r❡❛s✐♥✞ ✠❤❡
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