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s✐✂❡rs✱ ❛♥❞ ❛♥ ✐♥❝r❡❛s❡❞ ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡ r❡❧❛t✐♦♥s ❜❡✲

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

♦♥ t❤❡ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ♣r♦❝❡ss✱ ❛✈♦✐❞✐♥❣ ♠✐ss✐♥❣ ♣❛t❤♦✲

❧♦❣✐❝❛❧ ♣❛t✐❡♥ts ✇❤❡♥ t❤❡② ❛r❡ ❝♦♥s✉❧t✐♥❣ ✇✐t❤ ❛ ❧❡ss ❡①♣❡✲

r✐❡♥❝❡❞ ♣r♦❢❡ss✐♦♥❛❧✳ ❚❤✐s ✇♦✉❧❞ ❛❧❧♦✇ ❞❡t❡❝t✐♥❣ ❛♥❞ ✐♥✐t✐✲

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

r❡❞✉❝✐♥❣ ❝♦sts✳ ❱❡r② ❢❡✇ ✇♦r❦s ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ r❡♣♦rt ♦♥

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

♥✐q✉❡s✳ ❚❤❡ ❯♥✐✈❡rs✐t② ♦❢ ❈❛❧✐❢♦r♥✐❛ ❛t ■r✈✐♥❡ ✭❯❈■✮ r❡♣♦s✲

✐t♦r② ❤❛s s♦♠❡ ❞❛t❛s❡ts r❡❧❛t❡❞ t♦ ❝❛r❞✐♦❧♦❣②✳ ❚❤❡ ♦♥❡ ♠♦st

r❡❧❛t❡❞ t♦ ♦✉r ❞❛t❛s❡t ✐s t❤❡ ➇❍❡❛rt ❉✐s❡❛s❡➈ ❬✷❪✳ ❆❝❝♦r❞✐♥❣

t♦ t❤❡ ❯❈■ ✇❡❜s✐t❡✱ t❤✐s ❞❛t❛❜❛s❡ ❝♦♥t❛✐♥s ✼✻ ❛ttr✐❜✉t❡s✱ ❜✉t

❛❧❧ ♣✉❜❧✐s❤❡❞ ❡①♣❡r✐♠❡♥ts r❡❢❡r t♦ ✉s✐♥❣ ❛ s✉❜s❡t ♦❢ ✶✹ ♦❢

t❤❡♠✳ ■♥ ♣❛rt✐❝✉❧❛r✱ t❤❡ ❈❧❡✈❡❧❛♥❞ ❞❛t❛❜❛s❡ ✐s t❤❡ ♦♥❧② ♦♥❡

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

❞❛t❡✳ ❚❤❡ ➇❣♦❛❧➈ ❛ttr✐❜✉t❡ ✐♥ t❤✐s ❞❛t❛❜❛s❡ r❡❢❡rs t♦ t❤❡ ♣r❡s✲

❡♥❝❡ ♦❢ ❤❡❛rt ❞✐s❡❛s❡ ✐♥ t❤❡ ♣❛t✐❡♥t✳ ■t ✐s ❛♥ ✐♥t❡❣❡r ✈❛❧✉❡❞

❢r♦♠ ✵ ✭♥♦ ♣r❡s❡♥❝❡✮ t♦ ✹✳ ❊①♣❡r✐♠❡♥ts ✇✐t❤ t❤❡ ❈❧❡✈❡❧❛♥❞

❞❛t❛❜❛s❡ ❤❛✈❡ ❢♦❝✉s❡❞ ♦♥ ❛tt❡♠♣t✐♥❣ t♦ ❞✐st✐♥❣✉✐s❤ ♣r❡s✲

❡♥❝❡ ♦❢ ❞✐s❡❛s❡ ✭✈❛❧✉❡s ✶✱✷✱✸✱✹✮ ❢r♦♠ ❛❜s❡♥❝❡ ♦❢ ❞✐s❡❛s❡

✭✈❛❧✉❡ ✵✮✳ ❚❤❡s❡ ❡①♣❡r✐♠❡♥ts ❢♦❝✉s❡❞ ♠❛✐♥❧② ♦♥ ❝❧❛ss✐✂✲

❝❛t✐♦♥ ♣❡r❢♦r♠❛♥❝❡✳ ❙♦♠❡ ♦❢ t❤❡♠ ✉s❡ ❢❡❛t✉r❡ s❡❧❡❝t✐♦♥

t♦ ❜✉✐❧❞ ❝❧❛ss✐✂❡rs ❜✉t ❞♦ ♥♦t ❢♦❝✉s ♦♥ t❤❡ ✐♥❞✐✈✐❞✉❛❧ ❢❡❛✲

t✉r❡ ✐♠♣♦rt❛♥❝❡ ❛s ✇❡ ❞♦ ✐♥ t❤✐s ✇♦r❦✳ ❚❤❡ r❡s✉❧ts ♦❜t❛✐♥❡❞

✇✐t❤ ❛♥ ✐♥st❛♥❝❡✲❜❛s❡❞ ❧❡❛r♥✐♥❣ ❛❧❣♦r✐t❤♠ ✭■❇✶✮ r❡♣♦rt ❛♥

❛❝❝✉r❛❝② ♦❢ ✼✺✳✼✪ ✭✝�✿✽✮ ❬✸❪✳ ❆♥♦t❤❡r ❡①♣❡r✐♠❡♥t ✇✐t❤

t❤❡ s❛♠❡ ❞❛t❛s❡t✱ ❛❧s♦ t♦ ❞✐❛❣♥♦s❡ ❞✐s❡❛s❡✱ ✉s❡❞ ❛ ♥❡✉r❛❧

♥❡t✇♦r❦ ❛❧❣♦r✐t❤♠ ❛♥❞ r❡♣♦rt❡❞ ❛♥ ❛❝❝✉r❛❝② ♦❢ ✁✼✳✺✪ ❬✹❪✳

▼♦r❡ r❡❝❡♥t❧②✱ t❤❡ s❛♠❡ ❈❧❡✈❡❧❛♥❞ ❞❛t❛s❡t ✇❛s ✉s❡❞ ✐♥ ❡①✲

♣❡r✐♠❡♥ts t❤❛t ✉s❡ ❘❛❞✐❛❧ ❇❛s✐s ❋✉♥❝t✐♦♥ ◆❡t✇♦r❦s✱ t❤❛t r❡✲

♣♦rt ❛♥ ❛❝❝✉r❛❝② ♦❢ ✁✹✪ ❬✺❪✳ ❆ ♠♦r❡ r❡❝❡♥t ✇♦r❦ ❬✻❪ ❤❛❞

❛s ♦❜❥❡❝t✐✈❡ t♦ ♠♦❞❡❧ ❞❡t❡❝t✐♦♥ ♦❢ ❤❡❛rt ❢❛✐❧✉r❡ ♠♦r❡ t❤❛♥

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

♠❛❝❤✐♥❡ ❧❡❛r♥✐♥❣ t❡❝❤♥✐q✉❡s t♦ ❊❍❘ ❞❛t❛✳ ❚❤❡② ❝♦♠♣❛r❡❞

t❤❡ ♣❡r❢♦r♠❛♥❝❡s ♦❢ ❧♦❣✐st✐❝ r❡❣r❡ss✐♦♥✱ ❙❱▼ ❛♥❞ ❇♦♦st✲

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

❢❛✐❧✉r❡ ♣r❡❞✐❝t✐♦♥✳ ❆ ✈❛❧✉❡ ♦❢ ✵✳✼✼ ❢♦r t❤❡ ❛r❡❛ ✉♥❞❡r t❤❡

❘❖❈ ✭❆❯❘❖❈✮ ❢♦r t❤❡ ❜❡st ❝❧❛ss✐✂❡r ✇❛s r❡♣♦rt❡❞✳ Pr❡✲

✈✐♦✉s ✇♦r❦ ♦♥ ❛ s♠❛❧❧❡r ❞❛t❛s❡t ♦❢ ✶✻✾ ❝❤✐❧❞r❡♥ ❬✼❪✱ ❛♥❞

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

❞✉❝❡❞ ❛♥ ❛❝❝✉r❛❝② ♦❢ ✾✵✳✺✪ ❛♥❞ ❆❯❘❖❈ ♦❢ ✵✳✁✸✳ ❋♦r t❤✐s

❞❛t❛s❡t ✇✐t❤ ✼✶✾✾ ❝❤✐❧❞r❡♥✱ ♦✉r tr❛✐♥✐♥❣ ❛❝❝✉r❛❝② ✐s ✾✸✪

✇❤❡♥ ♣r❡❞✐❝t✐♥❣ ❝❛r❞✐❛❝ ♣❛t❤♦❧♦❣✐❝❛❧ ❝❛s❡s✱ ✉s✐♥❣ ❛♥ ❙❱▼✳

✄ ☎✆✞✟✠✡✆☛☞ ✆✌✍ ☎✟✞✎✏✍☞

✑✒✓ ✔✕✖✕✗✘✖

❚❤❡ ❞❛t❛ ✉s❡❞ ✐♥ t❤✐s st✉❞② ✇❛s ❝♦❧❧❡❝t❡❞ ✐♥ t❤❡ ❘❡❛❧

❍♦s♣✐t❛❧ P♦rt✉❣✉❼❡s ✭❘❍P✮✱ ❇r❛③✐❧✱ t❤❡♥ ❛♥♦♥②♠✐③❡❞ ❛♥❞

s❤✐♣♣❡❞ t♦ P♦rt✉❣❛❧ ✇✐t❤ t❤❡ ❛♣♣r♦✈❛❧ ♦❢ t❤❡ ❘❍P ❊t❤✐❝s

❈♦♠♠✐t❡❡✳ ❚❤❡ ❊t❤✐❝s ❈♦♠♠✐tt❡❡ ♦❢ t❤❡ ❯♥✐✈❡rs✐t② ♦❢

P♦rt♦✱ P♦rt✉❣❛❧ ❛❧s♦ ❛♣♣r♦✈❡❞ t❤✐s st✉❞②✳

■♥ t❤❡ ♦r✐❣✐♥❛❧ ❞❛t❛s❡t ❝♦♥t❛✐♥✐♥❣ ✼✻✵✸ ✐♥st❛♥❝❡s ❛♥❞ ✸✸

❢❡❛t✉r❡s✱ ✇❡ ♣❡r❢♦r♠❡❞ ♣r❡✲♣r♦❝❡ss✐♥❣ t❛s❦s✱ ♥❛♠❡❧②✱ ❞❛t❛

❝❧❡❛♥✐♥❣✱ ❞❛t❛ tr❛♥s❢♦r♠❛t✐♦♥✱ ❞❛t❛ ♥♦r♠❛❧✐③❛t✐♦♥✱ ❛s ✇❡❧❧

❛s r❡♠♦✈❛❧ ♦❢ ✐rr❡❧❡✈❛♥t ❢❡❛t✉r❡s✱ ❧✐❦❡ ■❉✱ ♥❛♠❡ ♦❢ ❞♦❝t♦r✱

❡t❝✳ ❙✐♥❝❡ ✇❡ ✇❛♥t t♦ ✉s❡ t❤❡ ❜♦❞② ♠❛ss ✐♥❞❡① ✭❇▼■✮ ✐♥

♦✉r st✉❞② ❛♥❞ t❤✐s ❢❡❛t✉r❡ ✐s ✉s✉❛❧❧② ❛ss❡ss❡❞ ❢♦r ✷✲②❡❛r ♦❧❞

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

❞r❡♥ ②♦✉♥❣❡r t❤❛♥ ✷ ②❡❛rs ♦❧❞✳ ❚❤❡r❡❢♦r❡✱ ♦✉r ❞❛t❛s❡t✱ ❛❢✲

t❡r ♣r❡✲♣r♦❝❡ss✐♥❣✱ ❝♦♥s✐sts ♦❢ ✼✶✾✾ ❝❛s❡s ❛♥❞ ✷✶ ❢❡❛t✉r❡s✳

❖❢ t❤❡s❡ ✼✶✾✾ ❝❛s❡s✱ ✷✺✵✼ ✭✸✹✳✁✪✮ ❛r❡ ♣❛t❤♦❧♦❣✐❝❛❧✱ ✇❤✐❧❡

✹✻✾✷ ✭✻✺✳✷✪✮ ❛r❡ ❤❡❛❧t❤②✳ ❚❤❡ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ ❞❛t❛ ✇✐t❤

✐ts ✈❛r✐❛❜❧❡s ✐s s❤♦✇♥ ✐♥ ❚❛❜❧❡s ✁ ❛♥❞ ✾ ✐♥ t❤❡ ❛♣♣❡♥❞✐①✳ ❲❡

♥♦t❡ t❤❛t ❛❣❡✱ ❇▼■✱ s②st♦❧✐❝ ❜❧♦♦❞ ♣r❡ss✉r❡✱ ❛♥❞ ❞✐❛st♦❧✐❝

❜❧♦♦❞ ♣r❡ss✉r❡ ❛r❡ r❡♣r❡s❡♥t❡❞ ✐♥ ♥✉♠❡r✐❝❛❧ ❛♥❞ ❝❛t❡❣♦r✐❝❛❧

✈❡rs✐♦♥s✳ ❲❡ ✉s❡❞ ♦♥❧② t❤❡ ❝❛t❡❣♦r✐❝❛❧ ✈❡rs✐♦♥s ✐♥ ♦✉r ❛♥❛❧✲

②s✐s✱ t❤❡r❡❜② r❡❞✉❝✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ ❛♥❛❧②③❡❞ ❢❡❛t✉r❡s t♦

✶✼✳ ❚❤❡ ♠❛✐♥ ❣♦❛❧ ♦❢ t❤✐s ✇♦r❦ ✐s t♦ ❛♣♣❧② ❢❡❛t✉r❡ ✐♠♣♦r✲

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

♦❢ ❝❛r❞✐❛❝ ♣❛t❤♦❧♦❣✐❡s✳

✑✒✑ ✙✘✖✚✛✜✛✢✛✣✤

❲❡ ♥♦✇ ♣r❡s❡♥t ✐♥ ❞❡t❛✐❧ t❤❡ ♠❡t❤♦❞s ❛♣♣❧✐❡❞ ✐♥ ♦✉r

❞❛t❛s❡t✳ ❲❡ t❛❦❡ t✇♦ ❛♣♣r♦❛❝❤❡s t♦ ✂♥❞ t❤❡ ♠♦st r❡❧❡✈❛♥t

❛ttr✐❜✉t❡s t♦ ♣r❡❞✐❝t ♣❛t❤♦❧♦❣✐❡s✳ ❋✐rst✱ ✇❡ ✉s❡ ❛ ✂❧t❡r ❜❛s❡❞

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

t✉❛❧ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ❝❤✐✲sq✉❛r❡❞ t❡sts✳ ❚❤❡♥✱ ✇❡ ✉s❡ ♠♦❞❡❧

s♣❡❝✐✂❝ ♠❡tr✐❝s✱ ♥❛♠❡❧② ❛ ✈❛r✐❛❜❧❡ ✐♠♣♦rt❛♥❝❡♠❡❛s✉r❡ ❜② ❛

r❛♥❞♦♠ ❢♦r❡st ❝❧❛ss✐✂❡r ❛♥❞ ❛ ❧♦❣✐st✐❝ r❡❣r❡ss✐♦♥ ♦❞❞s r❛t✐♦

❛♥❛❧②s✐s✳

❚❤❡ ♠✉t✉❛❧ ✐♥❢♦r♠❛t✐♦♥ ❛♣♣r♦❛❝❤ t♦ ❢❡❛t✉r❡ s❡❧❡❝t✐♦♥

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

❛ttr✐❜✉t❡ ❛♥❞ t❤❡ ❝❧❛ss ✈❛r✐❛❜❧❡✳ ❚❤✐s ❣✐✈❡s ✐♥❢♦r♠❛t✐♦♥ ♦♥

❤♦✇ ❝♦rr❡❧❛t❡❞ t❤❡② ❛r❡✳ ❘❡♠❡♠❜❡r✐♥❣ t❤❡ ❞❡✂♥✐t✐♦♥ ♦❢ ♠✉✲

t✉❛❧ ✐♥❢♦r♠❛t✐♦♥ ✥✦❳❀ ❨ ✧ ❂ ★✦❳✧ ✩ ★✦❳✫❨ ✧✱ ✇❤❡r❡ ❳

✐s ♦✉r ❝❧❛ss ✈❛r✐❛❜❧❡ ❛♥❞ ❨ ✐s t❤❡ ❢❡❛t✉r❡ ✉♥❞❡r ❛♥❛❧②s✐s ❬✁❪✳

❚♦ ❤❛✈❡ t❤❡ r❡s✉❧ts ❜♦✉♥❞❡❞ ❜❡t✇❡❡♥ ✵ ❛♥❞ ✶✱ ✇❡ ❞❡✂♥❡ ❛

♥♦r♠❛❧✐③❡❞ ♠✉t✉❛❧ ✐♥❢♦r♠❛t✐♦♥ ♠❡❛s✉r❡ ❛s✬

✥✯✰✴❁✦❳❀ ❨ ✧ ❂ ✥✦❳❀ ❨ ✧❃★✦❳✧ ❂ ❄ ✩ ★✦❳✫❨ ✧❃★✦❳✧✿

❚❤❡ ✐♥t✉✐t✐♦♥ t❤✐s r❡s✉❧t ❣✐✈❡s ✉s ✐s t❤❡ ❢♦❧❧♦✇✐♥❣✬ ■❢ ❳

❛♥❞ ❨ ❛r❡ st❛t✐st✐❝❛❧❧② ✐♥❞❡♣❡♥❞❡♥t r❛♥❞♦♠ ✈❛r✐❛❜❧❡s✱ t❤❡♥

★✦❳✫❨ ✧ ❂ ★✦❳✧✱ t❤❛t ✐s✱ t❤❡ ❦♥♦✇❧❡❞❣❡ ♦❢ ❨ ❞♦❡s ♥♦t r❡✲

❞✉❝❡ t❤❡ ✉♥❝❡rt❛✐♥t② ❛❜♦✉t ❳✳ ❚❤❡r❡❢♦r❡✱ ✥✯✰✴❁✦❳❀ ❨ ✧ ❂ �✳

■❢ t❤❡ ❦♥♦✇❧❡❞❣❡ ♦❢ ❅ r❡♠♦✈❡s ❛❧❧ t❤❡ ✉♥❝❡rt❛✐♥t② ❛❜♦✉t ❳✱

t❤❡♥ ★✦❳✫❨ ✧ ❂ �✱ ❛s ❛ r❡s✉❧t ✥✯✰✴❁✦❳❀ ❨ ✧ ❂ ❄✳ ❙♦✱ t❤❡

❝❧♦s❡r t❤❡ r❡s✉❧t ✐s t♦ ✶✱ t❤❡ ♠♦r❡ ✐♠♣♦rt❛♥t ✐s t❤❡ ❢❡❛t✉r❡

❛❝❝♦r❞✐♥❣ t♦ t❤✐s ♠❡❛s✉r❡✳

❚❤❡ ❝❤✐✲sq✉❛r❡❞ t❡st ✐s ✉s❡❞ ❛s ❛ t❡st ♦❢ ✐♥❞❡♣❡♥❞❡♥❝❡ ❜❡✲

t✇❡❡♥ t✇♦ r❛♥❞♦♠ ✈❛r✐❛❜❧❡s✳ ❚❤❡ ✂rst st❡♣ ✐s t♦ ❝❛❧❝✉❧❛t❡ t❤❡

❝❤✐✲sq✉❛r❡❞ t❡st st❛t✐st✐❝✱ ●❏✱ ✇❤✐❝❤ r❡s❡♠❜❧❡s ❛ ♥♦r♠❛❧✐③❡❞

s✉♠ ♦❢ sq✉❛r❡❞ ❞❡✈✐❛t✐♦♥s ❜❡t✇❡❡♥ ♦❜s❡r✈❡❞ ❛♥❞ ❡①♣❡❝t❡❞

❢r❡q✉❡♥❝✐❡s✳ ❚❤❡ s❡❝♦♥❞ st❡♣ ✐s t♦ ❞❡t❡r♠✐♥❡ t❤❡ ❞❡❣r❡❡s ♦❢
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❢r❡❡❞♦♠✱ �✱ ♦❢ t❤❛t st❛t✐st✐❝✱ ✇❤✐❝❤ ✐s ❡ss❡♥t✐❛❧❧② t❤❡ ♥✉♠✲

❜❡r ♦❢ ❢r❡q✉❡♥❝✐❡s r❡❞✉❝❡❞ ❜② t❤❡ ♥✉♠❜❡r ♦❢ ♣❛r❛♠❡t❡rs ♦❢

t❤❡ ✂tt❡❞ ❞✐str✐❜✉t✐♦♥✳ ■♥ t❤❡ t❤✐r❞ st❡♣✱ ✤✷ ✐s ❝♦♠♣❛r❡❞ t♦

t❤❡ ❝r✐t✐❝❛❧ ✈❛❧✉❡ ♦❢ ♥♦ s✐❣♥✐✂❝❛♥❝❡ ❢r♦♠ t❤❡ ✤✷
✁ ❞✐str✐❜✉✲

t✐♦♥✱ ✇❤✐❝❤ ✐♥ ♠❛♥② ❝❛s❡s ❣✐✈❡s ❛ ❣♦♦❞ ❛♣♣r♦①✐♠❛t✐♦♥ ♦❢

t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ✤✷✳

❲❡ t❤❡♥ ❛♥❛❧②③❡ t❤❡ s♣❡❝✐✂❝ ✐♠♣♦rt❛♥❝❡ ♠❡tr✐❝s✳ ❋✐rst✱

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

❞♦♠ ❢♦r❡st ❝❧❛ss✐✂❡r✳ ❆ r❛♥❞♦♠ ❢♦r❡st ✐s ❛♥ ❡♥s❡♠❜❧❡ ❝❧❛s✲

s✐✂❡r t❤❛t ❝♦♥s✐sts ♦❢ ♠❛♥② ❞❡❝✐s✐♦♥ tr❡❡s✱ ❛♥❞ ♦✉t♣✉ts t❤❡

❝❧❛ss t❤❛t ✐s t❤❡ ♠♦❞❡ ♦❢ t❤❡ ❝❧❛ss❡s ♦✉t♣✉t ❜② ✐♥❞✐✈✐❞✉❛❧

tr❡❡s✳ ❚❤❡ ♠❡t❤♦❞ ❝♦♠❜✐♥❡s ❇r❡✐♠❛♥✬s ✄☎✆✆✝✞✆ ✐❞❡❛ ❬✾❪

❛♥❞ t❤❡ r❛♥❞♦♠ s❡❧❡❝t✐♦♥ ♦❢ ❢❡❛t✉r❡s✱ ✐♥tr♦❞✉❝❡❞ ✐♥❞❡♣❡♥✲

❞❡♥t❧② ❜② ❍♦ ❬✶✵❪ ❛♥❞ ❆♠✐t ❛♥❞ ●❡♠❛♥ ❬✶✶❪ t♦ ❝♦♥str✉❝t ❛

❝♦❧❧❡❝t✐♦♥ ♦❢ ❞❡❝✐s✐♦♥ tr❡❡s ✇✐t❤ ❝♦♥tr♦❧❧❡❞ ✈❛r✐❛t✐♦♥✳

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

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

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

t❤✐♥❦ ♦❢ t❤❡ ❝❧❛ss ✈❛r✐❛❜❧❡ ✟ ❛s ❤❛✈✐♥❣ ❛ ❇❡r♥♦✉❧❧✐ ❞✐str✐❜✉✲

t✐♦♥ ✇✐t❤ ♣❛r❛♠❡t❡r ✠ ❣✐✈❡♥ ❜②

✠ ❂ P✭✟ ❂ ✡❥☛
☞
✌✮ ❂ ✍

✏

☛
☞
✌

✑

❀

✇❤❡r❡ ☛ ❂ ✎✒✓❀ ✒✷❀ ✿ ✿ ✿ ❀ ✒✔ ✕☞ ❛r❡ t❤❡ r❡❣r❡ss✐♦♥ ❝♦❡❢✂❝✐❡♥ts✱

✖ ✐s t❤❡ ♥✉♠❜❡r ♦❢ ❢❡❛t✉r❡s✱ ✌ ❂ ✎✗✓❀ ✗✷❀ ✿ ✿ ✿ ❀ ✗✔ ✕ ✐s t❤❡ ✈❡❝✲

t♦r ❝♦♥t❛✐♥✐♥❣ t❤❡ ❢❡❛t✉r❡s✱ ✗✘ ✐s t❤❡ ✈❛❧✉❡ t❤❡ ✙✲t❤ ❢❡❛t✉r❡✱

❛♥❞ ✍✭✚✮ ✐s t❤❡ ❧♦❣✐st✐❝ ❢✉♥❝t✐♦♥✳ ❚❤❡ ❧♦❣ ♦❞❞s ♦❢ t❤❡ ♦✉t✲

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

✈❛r✐❛❜❧❡s ✛✜

✏
✢

✓✣✢

✑

❂ ☛
☞
✌✿ ❚❤❡ ♦❞❞s r❛t✐♦ ❢♦r t❤❡ ✙✲t❤

❢❡❛t✉r❡ ✐s s✐♠♣❧② ❣✐✈❡♥ ❜② ❡①♣♦♥❡♥t✐❛t✐♥❣ t❤❡ ✙✲t❤ ❢❡❛t✉r❡

r❡❣r❡ss✐♦♥ ❝♦❡❢✂❝✐❡♥t ❛♥❞ ❝❛♥ ❜❡ s❡❡♥ ❛s ❤♦✇ ❛♥ ✐♥❝r❡❛s❡

✥♣r❡s❡♥❝❡✦ ♦❢ ❛ ♥✉♠❡r✐❝❛❧ ✥❝❛t❡❣♦r✐❝❛❧✦ ❢❡❛t✉r❡ ✐♥✧✉❡♥❝❡ t❤❡

♣r♦❜❛❜✐❧✐t② ♦❢ ♦❝❝✉rr❡♥❝❡ ♦❢ t❤❡ ❝❧❛ss ✈❛r✐❛❜❧❡ ❬✶★❪✳

✸ ❘✩✪✫✯✰✪ ✴✹✺ ❉✻✪✼✫✪✪✻✽✹

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

✐♥❣ t❤❡ ❢❡❛t✉r❡ ✐♠♣♦rt❛♥❝❡ ♠❡tr✐❝s ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ♣r❡✈✐✲

♦✉s s❡❝t✐♦♥ t♦ ♦✉r ❞❛t❛❜❛s❡✳ ❚❤❡ ♠✉t✉❛❧ ✐♥❢♦r♠❛t✐♦♥ r❡✲

s✉❧ts✱ ✉s✐♥❣ t❤❡ ✶❁ ❢❡❛t✉r❡s✱ ♣❧❛❝❡ ♠✉r♠✉r ❛s t❤❡ ❢❡❛t✉r❡

t❤❛t ♠♦st r❡❞✉❝❡s t❤❡ ✉♥❝❡rt❛✐♥t② ♦❢ t❤❡ ❝❧❛ss ✈❛r✐❛❜❧❡ ✥❡✐✲

t❤❡r ♣❛t❤♦❧♦❣✐❝❛❧ ♦r ♥♦t✦✳ ■♥ ❢❛❝t✱ ♠✉r♠✉r ♣r❡s❡♥ts ❛ s❝♦r❡

♠✉❝❤ ❤✐❣❤❡r t❤❛♥ t❤❡ r❡♠❛✐♥✐♥❣ ❢❡❛t✉r❡s ✥❚❛❜❧❡ ✶✦✳

❋r♦♠ t❤❡ ♣r❡s❡♥t❡❞ r❡s✉❧t✱ ♠✉r♠✉r ♣❧❛②s ❛♥ ✐♠♣♦rt❛♥t

r♦❧❡ ✇❤❡♥ ♣r❡❞✐❝t✐♥❣ ❝❛r❞✐❛❝ ♣❛t❤♦❧♦❣②✱ ✇❤✐❝❤ ✐s ✐♥ ❛❝❝♦r✲

❞❛♥❝❡ t♦ ❝❧✐♥✐❝❛❧ ❛ss❡ss♠❡♥t ❬✶❃❪✳ ◆♦♥❡t❤❡❧❡ss✱ ❢r♦♠ ❛❧❧ t❤❡

❝❛s❡s ✐♥ t❤❡ ❞❛t❛❜❛s❡ ✇❡ ♦❜s❡r✈❡ t❤❛t ❄✱✵✵✵ ♣❛t✐❡♥ts ❤❛✈❡

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

✥❅✵❅ ♣❛t❤♦❧♦❣✐❝❛❧✱ ❈ ❊❏ ❛♥❞ ❅✱❄✾❑ ♥♦r♠❛❧✱ ❈ ✾★❏✦✳ ❙✐♥❝❡

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

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

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

▲▼❖◗❯ ❱❳ ❨❩❭❩▼◗ ❫❴❵④⑤⑥▼❭⑦④❴ ▼⑧⑧◗⑦❯⑨ ❭④ ❭⑩❯ ❱❶

❵❯▼❭❩⑤❯❷❸ ❶❱❹❹ ❺▼❷❯❷

❻❼❽❾❿➀❼ ➁➂➃➀❼

➄✉r♠✉r ✵✳❑✶

❙❡❝♦♥❞❛r② ➅❡❛s♦♥ ✵✳✶✵

❲❡✐❣❤t ✵✳✵✾

➆r✐♠❛r② ➅❡❛s♦♥ ✵✳✵❄

❍➅ ✵✳✵❄

❞❡t❡❝t✐♦♥ ♦❢ t❤❡s❡ ♣❛t❤♦❧♦❣✐❝❛❧ ❝❛s❡s✱ ✇❡ ❛♣♣❧② ♠✉t✉❛❧ ✐♥✲

❢♦r♠❛t✐♦♥ t♦ t❤❡ ❞❛t❛s❡t ❝♦♥t❛✐♥✐♥❣ ♦♥❧② t❤❡ ♣❛t✐❡♥ts ✇✐t❤

❛❜s❡♥t ♠✉r♠✉r✳ ➅❡s✉❧ts ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❚❛❜❧❡ ★✳

▲▼❖◗❯ ➇❳ ❨❩❭❩▼◗ ❫❴❵④⑤⑥▼❭⑦④❴ ▼⑧⑧◗⑦❯⑨ ❭④ ❭⑩❯ ❱❶

❵❯▼❭❩⑤❯❷❸ ➈➉➉➉ ❺▼❷❯❷ ➊⑦❭⑩ ▼❖❷❯❴❭ ⑥❩⑤⑥❩⑤

❻❼❽❾❿➀❼ ➁➂➃➀❼

❲❡✐❣❤t ✵✳✶❁

❍➅ ✵✳✵❄

❍❡✐❣❤t ✵✳✵❅

❙★ ✵✳✵❅

❙❡❝♦♥❞❛r② ➅❡❛s♦♥ ✵✳✵★

❆❧t❤♦✉❣❤ ✇❡✐❣❤t✱ ❤❡❛rt r❛t❡✱ ❤❡✐❣❤t✱ ❙★ ❛♥❞ s❡❝♦♥❞❛r②

r❡❛s♦♥✱ r❡❛❝❤ t❤❡ t♦♣ ♦❢ t❤❡ r❛♥❦✐♥❣ ✥❚❛❜❧❡ ★✦✱ t❤❡✐r r❡❧❡✲

✈❛♥❝❡ ✐s ❧♦✇❡r ✇❤❡♥ ❝♦♠♣❛r❡❞ t♦ ♠✉r♠✉r ✥❚❛❜❧❡ ✶✦✳

➋❤✐✲sq✉❛r❡❞ r❡s✉❧ts ✉s✐♥❣ t❤❡ ✶❁ ❢❡❛t✉r❡s ❢r♦♠ t❤❡ ❁✶✾✾

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

✇❤❡♥ ❛ss❡ss✐♥❣ ❛ ❝❛r❞✐❛❝ ❞✐s❡❛s❡ ✥❚❛❜❧❡ ❃✦✳ ❲❤❡♥ ❛♣♣❧②✐♥❣

❝❤✐✲sq✉❛r❡❞ t❡st t♦ t❤❡ ❞❛t❛s❡t ✇✐t❤ ❛❜s❡♥t ♠✉r♠✉r ✥❚❛❜❧❡

❅✦✱ t❤❡ ❢❡❛t✉r❡ r❛♥❦✐♥❣ ♦❜t❛✐♥❡❞ ✐s ✈❡r② s✐♠✐❧❛r t♦ t❤❡ ❢❡❛t✉r❡

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

❜❡❢♦r❡✳

▲▼❖◗❯ ➌❳ ➍⑩⑦➎❷➏❩▼⑤❯⑨ ❭❯❷❭ ▼⑧⑧◗⑦❯⑨ ❭④ ❭⑩❯ ❱❶

❵❯▼❭❩⑤❯❷❸ ❶❱❹❹ ❺▼❷❯❷
❻❼❽❾❿➀❼ ➁➂➃➀❼

➄✉r♠✉r ❄✶❑✵✳❄❁

❲❡✐❣❤t ❁❃✵✳✵✵

❙❡❝♦♥❞❛r② ➅❡❛s♦♥ ❁✵★✳✾★

➆r✐♠❛r② ➅❡❛s♦♥ ❄✵✶✳❑❃

❍➅ ❅❅❄✳❃❃

➄♦✈✐♥❣ t♦ ❝❧❛ss✐✂❡r✲❜❛s❡❞ ❛♣♣r♦❛❝❤❡s✱ ✇❡ ✂rst ❝♦♠♣✉t❡

t❤❡ ♠❡❛♥ ❞❡❝r❡❛s❡ ●✐♥✐ ❛❝❤✐❡✈❡❞ ❜② ❛ r❛♥❞♦♠ ❢♦r❡st ❝❧❛ss✐✲

✂❡r t♦ t❤❡ ✶❁ ❢❡❛t✉r❡s ❢r♦♠ t❤❡ ❁✶✾✾ ✐♥st❛♥❝❡s✳ ■t ❢♦❝✉s❡s ♦♥

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

316 CBMS 2013



❚❛❜❧❡ ✹✳ ❈❤✐✲sq✉❛r❡❞ t❡st ❛♣♣❧✐❡❞ t♦ t❤❡ ✶✼

❢❡❛t✉r❡s✿ ✺✵✵✵ ❝❛s❡s ✇✐t❤ ❛❜s❡♥t ♠✉r♠✉r
❋�✁✂✄☎� ❙✆✝☎�

❲✞✟❣✠✡ ☛☞☞✌✽✻

✍✷ ✷☛☛✌☛✻

❍❘ ✎✏✾✌✑✎

❍✞✟❣✠✡ ✎✷☛✌✷✷

✍✞✒✓✔✕✖✗② ❘✞✖✘✓✔ ✻✷✌✽✾

✡✟✔❣ ✓✔ ✡✠✞ ✈✖✗✟✖✙✚✞✱ ✖✈✞✗✖❣✞✕ ✓✈✞✗ ✖✚✚ ✡✗✞✞✘✌ ✛✠✞ ✔✓✕✞ ✟✜✢✣✤

✗✟✡② ✟✘ ✜✞✖✘✣✗✞✕ ✙② ✡✠✞ ●✟✔✟ ✟✔✕✞①✌ ❆ ✈✖✗✟✖✙✚✞ ✡✠✖✡ ✕✞✒✗✞✖✘✞✘

✡✠✞ ●✟✔✟ ✟✔✕✞① ✡✠✞ ✜✓✘✡ ✟✘ ✗✞✘✢✓✔✘✟✙✚✞ ✥✓✗ ✖ ✕✞✒✗✞✖✘✞✕ ✔✓✕✞

✟✜✢✣✗✟✡②✱ ✠✞✔✒✞ ✟✡ ✟✘ ✡✠✞ ✜✓✘✡ ✟✜✢✓✗✡✖✔✡ ✟✔ ✡✞✗✜✘ ✓✥ ✘✞✢✖✗✖✡✤

✟✔❣ ✡✠✞ ✡✖✗❣✞✡ ✒✚✖✘✘✞✘✌ ❆✔✖✚②③✟✔❣ ✡✠✞ ✗✞✘✣✚✡✘ ✦✟✡✠ ✎☞ ✥✞✖✡✣✗✞✘

✥✗✓✜ ✡✠✞ ☞✎✾✾✤✒✖✘✞ ✕✖✡✖✘✞✡✱ ✜✣✗✜✣✗ ✟✘ ✡✠✞ ✒✗✣✒✟✖✚ ✥✞✖✡✣✗✞ ✟✔

✓✗✕✞✗ ✡✓ ✒✓✗✗✞✒✡✚② ✘✞✢✖✗✖✡✞ ✡✠✞ ✡✖✗❣✞✡ ✒✚✖✘✘✞✘✱ ✖✘ ✟✡ ✕✞✒✗✞✖✘✞✘

✡✠✞ ●✟✔✟ ✟✔✕✞① ✟✔ ✖✔ ✖✢✢✗✓①✟✜✖✡✞ ✘✒✓✗✞ ✓✥ ✎✾☞✻ ✭✛✖✙✚✞ ☛✮✌

❲✠✞✔ ✦✞ ✖✢✢✚② ✖ ✗✖✔✕✓✜ ✥✓✗✞✘✡ ✒✚✖✘✘✟✧✞✗ ✡✓ ✡✠✞ ✕✖✡✖✘✞✡ ✦✟✡✠

✖✙✘✞✔✡ ✜✣✗✜✣✗ ✭✛✖✙✚✞ ✻✮✱ ✦✞ ✔✓✡✟✒✞ ✡✠✖✡ ✡✠✞ ✡✓✢ ☛ ✥✞✖✡✣✗✞✘

✢✗✞✘✞✔✡ ✘✒✓✗✞✘ ✓✥ ✜✞✖✔ ✕✞✒✗✞✖✘✞ ●✟✔✟ ✡✠✖✡ ✖✗✞ ✚✞✘✘ ✗✞✚✞✈✖✔✡

✦✠✞✔ ✒✓✜✢✖✗✞✕ ✡✓ ✡✠✞ ✗✞✘✣✚✡ ✖✒✠✟✞✈✞✕ ✙② ✜✣✗✜✣✗✌

❲✞ ✔✓✡✟✒✞✕ ✡✠✖✡ ✡✠✞ ✍✞✒✓✔✕✖✗② ❘✞✖✘✓✔ ✟✘ ✗✖✔❦✞✕ ✟✔ ✡✠✞

✡✓✢ ✷ ✡✦✟✒✞ ✖✔✕ ✟✔ ✡✠✞ ✡✓✢ ☛ ✡✠✗✞✞ ✡✟✜✞✘✌ ✛✠✟✘ ✒✖✔ ✙✞ ✞①✤

✢✚✖✟✔✞✕ ✙② ✡✠✞ ✥✖✒✡ ✡✠✖✡ ✓✔✞ ✓✥ ✡✠✞ ✢✓✘✘✟✙✚✞ ✍✞✒✓✔✕✖✗② ❘✞✖✤

✘✓✔✘ ✟✘ ➈P✗✞✘✞✔✒✞ ✓✥ ▼✣✗✜✣✗✘➈ ✭✘✞✞ ✛✖✙✚✞ ✾✮✌ ★✗✓✜ ✡✠✞ ✽✽✎

✓✒✒✣✗✗✞✔✒✞✘ ✓✥ ✡✠✖✡ ✚✖✙✞✚✱ ✻✸☛ ✭✩ ☞✷✪✮ ✖✗✞ ✖✘✘✓✒✟✖✡✞✕ ✦✟✡✠ ✖

✒✖✗✕✟✖✒ ✕✟✘✞✖✘✞✌ ✛✠✟✘ ✗✞✟✔✥✓✗✒✞✘ ✡✠✞ ✟✜✢✓✗✡✖✔✒✞ ✓✥ ✜✣✗✜✣✗

✟✔ ✡✠✞ ✖✒✒✣✗✖✡✞ ✕✞✡✞✒✡✟✓✔✴✒✚✖✘✘✟✧✒✖✡✟✓✔ ✓✥ ✒✖✗✕✟✖✒ ✢✖✡✠✓✚✓❣②✌

❚❛❜❧❡ ✺✳ ❱❛r✐❛❜❧❡ ✐♠♣♦rt❛♥❝❡ ❛s ♠❡❛s✉r❡❞ ❜✫

❛ ✬❛♥❞♦♠ ✯♦r❡st ❝❧❛ss✐✰❡r ❛♣♣❧✐❡❞ t♦ t❤❡ ✶✼

❢❡❛t✉r❡s✿ ✼✶❀❀ ❝❛s❡s
❋�✁✂✄☎� ❁�✁❂ ❉�✆☎�✁❃� ❄❅❂❅

▼✣✗✜✣✗ ✎✾☞☛✌✾✽

✍✞✒✓✔✕✖✗② ❘✞✖✘✓✔ ✷✎✻✌✏✏

❲✞✟❣✠✡ ✎✽✾✌✽✷

❍✞✟❣✠✡ ✎☞✷✌✻☛

❍❘ ✎✏✾✌✻✎

❲✞ ✡✠✞✔ ✖✢✢✚② ✚✓❣✟✘✡✟✒ ✗✞❣✗✞✘✘✟✓✔ ✖✔✕ ✒✓✜✢✣✡✞ ✡✠✞ ✓✕✕✘✤

✗✖✡✟✓ ✓✥ ✡✠✞ ✥✞✖✡✣✗✞✘✌ ✛✠✞ ✜✓✘✡ ✟✜✢✓✗✡✖✔✡ ✥✞✖✡✣✗✞✘ ✖✒✒✓✗✕✤

✟✔❣ ✡✓ ✡✠✞ ✓✕✕✘✤✗✖✡✟✓ ✟✘ ✡✠✞ ✢✗✞✘✞✔✒✞ ✓✥ ✘②✘✡✓✚✟✒ ✜✣✗✜✣✗✘✱

✦✠✟✒✠ ✟✔✒✗✞✖✘✞✘ ✡✠✞ ✢✗✓✙✖✙✟✚✟✡② ✓✥ ✠✖✈✟✔❣ ✖ ✢✖✡✠✓✚✓❣② ✙②

✖ ✥✖✒✡✓✗ ✓✥ ✖✢✢✗✓①✟✜✖✡✞✚② ✸✷✑✌ ✛✠✞ ✗✞✘✣✚✡✘ ✓✥ ✡✠✞ ✚✓❣✟✘✡✟✒

✗✞❣✗✞✘✘✟✓✔ ✖✚✘✓ ✘✠✓✦✘ ✡✠✖✡ ✖✔ ✖✙✔✓✗✜✖✚ ✍✷✱ ✘✣✒✠ ✖✘ ✠✖✈✟✔❣

✖✔ ✠②✢✞✗✢✠✓✔✞✡✟✒ ✍✷✱ ✟✔✒✗✞✖✘✞✘ ✡✠✞ ✓✕✕✘ ✓✥ ✠✖✈✟✔❣ ✖ ✒✖✗✕✟✖✒

✢✖✡✠✓✚✓❣② ✙② ✘✟①✌ ✛✠✟✘ ✗✞✘✣✚✡ ✒✓✔✡✗✖✘✡✘ ✦✟✡✠ ✡✠✞ ✓✔✞✘ ✓✙✤

✡✖✟✔✞✕ ✣✘✟✔❣ ✡✠✞ ✓✡✠✞✗ ✟✜✢✓✗✡✖✔✒✞ ✜✞✡✗✟✒✘ ✢✗✞✘✞✔✡✞✕ ✟✔ ✡✠✞

✢✖✢✞✗✌ ❆✔✖✚②③✟✔❣ ✍✷ ✟✔ ✜✓✗✞ ✕✞✡✖✟✚✱ ✦✞ ✜✖② ✔✓✡✟✒✞ ✡✠✖✡ ✟✥ ✍✷

❚❛❜❧❡ ❇✳ ❱❛r✐❛❜❧❡ ✐♠♣♦rt❛♥❝❡ ❛s ♠❡❛s✉r❡❞ ❜✫

❛ ✬❛♥❞♦♠ ✯♦r❡st ❝❧❛ss✐✰❡r ❛♣♣❧✐❡❞ t♦ t❤❡ ✶✼

❢❡❛t✉r❡s✿ ✺✵✵✵ ❝❛s❡s ✇✐t❤ ❛❜s❡♥t ♠✉r♠✉r
❋�✁✂✄☎� ❁�✁❂ ❉�✆☎�✁❃� ❄❅❂❅

❲✞✟❣✠✡ ✎✸✎✌☛✾

❍✞✟❣✠✡ ✎✎✾✌✸✻

❍❘ ✽✏✌✻✏

❊■❍ ✎ ✏✽✌✑☛

✍✞✒✓✔✕✖✗② ❘✞✖✘✓✔ ✏✻✌✏☛

✟✘ ✖✙✔✓✗✜✖✚ ✭✟✌✞✌ ✣✔✟❏✣✞✱ ✠②✢✞✗✢✠✓✔✞✡✟✒ ✓✗ ✧①✞✕ ✘✢✚✟✡✮ ✟✡ ✟✘

✢✓✘✘✟✙✚✞ ✡✓ ✞✖✘✟✚② ✘✞✢✖✗✖✡✞ ✡✠✞ ✢✖✡✠✓✚✓❣✟✒✖✚ ✒✖✘✞✘✌ ✛✠✞✗✞ ✖✗✞

✎✏✑ ✟✔✘✡✖✔✒✞✘ ✦✟✡✠ ✖✙✔✓✗✜✖✚ ✍✷✌ ★✗✓✜ ✡✠✞✘✞✱ ✎✷✾ ✭✩ ✾✷✪✮

✖✗✞ ✖✘✘✓✒✟✖✡✞✕ ✦✟✡✠ ✖ ✒✖✗✕✟✖✒ ✕✟✘✞✖✘✞ ✦✠✟✚✞ ✎✎ ✭✩ ✽✪✮ ✗✞✥✞✗

✡✓ ✠✞✖✚✡✠② ✒✠✟✚✕✗✞✔✌ ★✓✒✣✘✟✔❣ ✓✔ ✡✠✞ ☞✑✑☛ ✟✔✘✡✖✔✒✞✘ ✦✟✡✠

✔✓✗✜✖✚ ✍✷✱ ✡✠✞ ✕✟✘✡✗✟✙✣✡✟✓✔ ✓✥ ✖✙✔✓✗✜✖✚ ✖✔✕ ✔✓✗✜✖✚ ✒✖✘✞✘

✟✘ ✞①✡✗✞✜✞✚② ✘✟✜✟✚✖✗ ✡✓ ✡✠✞ ❑ ▲◆❖◗◆❖ ✕✟✘✡✗✟✙✣✡✟✓✔ ✭✘✞✞ ✛✖✙✚✞

✾✮✌ ★✗✓✜ ✡✠✞ ☞✑✑☛ ✒✖✘✞✘ ✦✟✡✠ ✔✓✗✜✖✚ ✍✷✱ ✷✸✸✽ ✭✩ ✸✸✪✮ ✖✗✞

✖✘✘✓✒✟✖✡✞✕ ✦✟✡✠ ✖ ✢✖✡✠✓✚✓❣②✱ ✦✠✟✚✞ ✡✠✞ ✗✞✜✖✟✔✟✔❣ ✏✻✻☞ ✭✩

✻☞✪✮ ✖✗✞ ✥✗✓✜ ✢✖✡✟✞✔✡✘ ✦✟✡✠ ✔✓ ✒✖✗✕✟✖✒ ✢✗✓✙✚✞✜✘✌ ❆✘ ✡✠✞

✔✓✗✜✖✚ ✍✷ ✖✗✞ ✟✔ ✜✣✒✠ ✠✟❣✠✞✗ ✔✣✜✙✞✗ ✡✠✖✔ ✡✠✞ ✖✙✔✓✗✜✖✚

✓✔✞✘✱ ❦✔✓✦✟✔❣ ✍✷ ✕✓✞✘ ✔✓✡ ✒✚✖✗✟✥② ✜✣✒✠ ✟✔ ✡✠✞ ✢✗✞✕✟✒✡✟✓✔

✓✥ ✒✖✗✕✟✖✒ ✢✖✡✠✓✚✓❣✟✞✘✱ ✖✘ ✢✗✓✈✞✕ ✙② ✡✠✞ ✜✣✡✣✖✚ ✟✔✥✓✗✜✖✡✟✓✔

✖✔✕ ✒✠✟✤✘❏✣✖✗✞✕ ✡✞✘✡✘✌

★✟✔✖✚✚②✱ ✦✞ ✢✞✗✥✓✗✜✞✕ ✖ ✘✜✖✚✚ ✞①✢✞✗✟✜✞✔✡ ✣✘✟✔❣ ✖ ✍❯▼

✒✚✖✘✘✟✧✞✗ ✖✢✢✚✟✞✕ ✡✓ ✡✠✞ ☞✎✾✾ ✒✖✘✞✘ ✡✓ ✢✗✞✕✟✒✡ ✒✖✗✕✟✖✒

✢✖✡✠✓✚✓❣✟✞✘ ✣✘✟✔❣✴✔✓✡ ✣✘✟✔❣ ✜✣✗✜✣✗ ✖✘ ✥✞✖✡✣✗✞✌ ✛✠✞ ✗✞✘✣✚✡✘✱

✓✙✡✖✟✔✞✕ ✦✟✡✠ ✎✑ ✡✟✜✞✘ ✎✑✤✥✓✚✕ ✒✗✓✘✘✤✈✖✚✟✕✖✡✟✓✔✱ ✖✗✞ ✟✔ ✛✖✤

✙✚✞ ☞ ✖✔✕ ✖✗✞ ✒✓✔✘✟✘✡✞✔✡ ✦✟✡✠ ✡✠✞ ✗✞✘✣✚✡✘ ✓✙✡✖✟✔✞✕ ✟✔ ✡✠✞ ✥✞✖✤

✡✣✗✞ ✟✜✢✓✗✡✖✔✒✞ ✖✔✖✚②✘✟✘✌ ❆✘ ✢✞✗✥✓✗✜✖✔✒✞ ✜✞✡✗✟✒✘✱ ✦✞ ✗✞✤

✢✓✗✡ ✡✠✞ ✖✈✞✗✖❣✞ ✔✣✜✙✞✗ ✓✥ ❊✓✗✗✞✒✡✚② ❊✚✖✘✘✟✧✞✕ ❳✔✘✡✖✔✒✞✘

✭❊❊❳✮✱ ✘✞✔✘✟✡✟✈✟✡② ✖✔✕ ✘✢✞✒✟✧✒✟✡②✌

❚❛❜❧❡ ✼✳ ❨r❡❞✐❝t✐♥❩ ❨❛t❤♦❧♦❩✫

▼✞✡✗✟✒✘ ❬✘✟✔❣ ✜✣✗✜✣✗ ❭✓✡ ✣✘✟✔❣ ✜✣✗✜✣✗

❊❊❳ ✭✪✮ ✾✸✌✷✎ ☞✸✌✎✷

✍✞✔✘✟✡✟✈✟✡② ✑✌✽☛ ✑✌✸☞

✍✢✞✒✟✧✒✟✡② ✑✌✾✽ ✑✌✾✷

❪ ❫❴❵❥④⑤⑥⑦❴❵⑥

❳✔ ✡✠✟✘ ✘✡✣✕② ✦✞ ✢✗✞✘✞✔✡ ✖✔ ✞①✢✚✓✗✖✡✓✗② ✖✔✖✚②✘✟✘ ✓✥ ✈✖✗✟✤

✓✣✘ ✒✖✗✕✟✖✒ ✖✔✕ ✕✞✜✓❣✗✖✢✠✟✒ ✥✞✖✡✣✗✞✘ ✒✓✚✚✞✒✡✞✕ ✥✗✓✜ ✒✠✟✚✤

✕✗✞✔ ✭✦✟✡✠ ✖✔✕ ✦✟✡✠✓✣✡ ✒✖✗✕✟✖✒ ✢✖✡✠✓✚✓❣②✮✱ ✟✔ ✘✡✖✔✕✖✗✕ ✒✚✟✔✤

✟✒✖✚ ✢✗✖✒✡✟✒✞✌ ✛✠✞ ✜✓✘✡ ✟✜✢✓✗✡✖✔✡ ✗✞✘✣✚✡ ✡✠✖✡ ✟✘ ✕✗✖✦✔ ✥✗✓✜

✡✠✞ ✘✞✈✞✗✖✚ ✞①✢✚✓✗✖✡✓✗② ✡✞✒✠✔✟❏✣✞✘ ✢✗✞✘✞✔✡✞✕✱ ✟✘ ✡✠✞ ✟✜✢✓✗✤

✡✖✔✒✞ ✓✥ ✡✠✞ ✢✗✞✘✞✔✒✞ ✓✥ ✜✣✗✜✣✗ ✟✔ ✡✠✞ ✕✞✡✞✒✡✟✓✔ ✓✥ ✒✖✗✤

✕✟✖✒ ✢✖✡✠✓✚✓❣②✌ ❆✚✡✠✓✣❣✠ ✡✠✟✘ ✟✔✥✓✗✜✖✡✟✓✔ ✟✘ ✔✓✡ ✔✞✦✱ ✖✔✕
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✐s ✇✐❞❡❧② ✉s❡❞ ✐♥ ❝❧✐♥✐❝❛❧ ♣r❛❝t✐❝❡ t♦ ❛ss❡ss ❝❛r❞✐♦✈❛s❝✉✲

❧❛r st❛t❡ ✐♥ ❝♦♥❥✉♥❝t✐♦♥ ✇✐t❤ ♦t❤❡r ❞❡♠♦❣r❛♣❤✐❝ ❞❛t❛ ❬✶✸❪✱

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

t❤❡ r❡♠❛✐♥✐♥❣ ✈❛r✐❛❜❧❡s ❛♥❛❧②③❡❞ ✐♥ t❤✐s st✉❞② ❞♦ ♥♦t ❝♦♥✲

tr✐❜✉t❡ ❛s ❞❡❝✐s✐✈❡❧② t♦ t❤❡ ♣❛t❤♦❧♦❣② ❞❡t❡❝t✐♦♥✳ ❍❡♥❝❡ ✐t

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

❡♥❝❡✳ ❚❛❦✐♥❣ ✐♥t♦ ❝♦♥s✐❞❡r❛t✐♦♥ t❤❛t s♦♠❡ st✉❞✐❡s r❡♣♦rt ❛

❤✐❣❤ ❞❡t❡❝t✐♦♥ ❡rr♦r ♦❢ ♠✐❧❞ ♠✉r♠✉rs✱ ✇❤❡♥ ❡✈❛❧✉❛t❡❞ ❜② ❛

❧❡ss ❡①♣❡r✐❡♥❝❡❞ ❝❧✐♥✐❝✐❛♥ ❬✶✹❪✱ t❤✐s ♠❛② ♣r❡s❡♥t ❛ ♠♦t✐✈❛✲
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