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❚❤❡ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ♦❢ ♣✉❜❧✐❝ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❢♦r

❢♦r❡❝❛st✐♥❣ ❝r②♣t♦❝✉rr❡♥❝② ♣r✐❝❡s

❆❜str❛❝t

❈r②♣t♦❝✉rr❡♥❝✐❡s ❤❛✈❡ ❜❡❝♦♠❡ ❛ ✈❡r② ♣♦♣✉❧❛r t♦♣✐❝ r❡❝❡♥t❧②✱ ♣r✐♠❛r✐❧② ❞✉❡ t♦

t❤❡✐r ❞✐sr✉♣t✐✈❡ ♣♦t❡♥t✐❛❧ ❛♥❞ r❡♣♦rts ♦❢ ✉♥♣r❡❝❡❞❡♥t❡❞ r❡t✉r♥s✳ ■♥ ❛❞❞✐t✐♦♥✱

❛❝❛❞❡♠✐❝s ✐♥❝r❡❛s✐♥❣❧② ❛❝❦♥♦✇❧❡❞❣❡ t❤❡ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ♦❢ ❚✇✐tt❡r ❢♦r ❛ ✇✐❞❡

✈❛r✐❡t② ♦❢ ❡✈❡♥ts ❛♥❞ ♠♦r❡ s♣❡❝✐✜❝❛❧❧② ❢♦r ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts✳ ❚❤✐s ♣❛♣❡r st✉❞✐❡s

t♦ ✇❤❛t ❡①t❡♥t ♣✉❜❧✐❝ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❝❛♥ ❜❡ ✉s❡❞ t♦ ♣r❡❞✐❝t ♣r✐❝❡ r❡t✉r♥s

❢♦r t❤❡ ♥✐♥❡ ❧❛r❣❡st ❝r②♣t♦❝✉rr❡♥❝✐❡s✿ ❇✐t❝♦✐♥✱ ❊t❤❡r❡✉♠✱ ❳❘P✱ ❇✐t❝♦✐♥ ❈❛s❤✱

❊❖❙✱ ▲✐t❡❝♦✐♥✱ ❈❛r❞❛♥♦✱ ❙t❡❧❧❛r ❛♥❞ ❚❘❖◆✳ ❇② ✉s✐♥❣ ❛ ❝r②♣t♦❝✉rr❡♥❝②✲s♣❡❝✐✜❝

❧❡①✐❝♦♥✲❜❛s❡❞ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ❛♣♣r♦❛❝❤✱ ✜♥❛♥❝✐❛❧ ❞❛t❛ ❛♥❞ ❜✐❧❛t❡r❛❧ ●r❛♥❣❡r✲

❝❛✉s❛❧✐t② t❡st✐♥❣✱ ✐t ✇❛s ❢♦✉♥❞ t❤❛t ❚✇✐tt❡r s❡♥t✐♠❡♥t ❤❛s ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ❢♦r

t❤❡ r❡t✉r♥s ♦❢ ❇✐t❝♦✐♥✱ ❇✐t❝♦✐♥ ❈❛s❤ ❛♥❞ ▲✐t❡❝♦✐♥✳ ❯s✐♥❣ ❛ ❜✉❧❧✐s❤♥❡ss r❛t✐♦✱

♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ✐s ❢♦✉♥❞ ❢♦r ❊❖❙ ❛♥❞ ❚❘❖◆✳ ❋✐♥❛❧❧②✱ ❛ ❤❡✉r✐st✐❝ ❛♣♣r♦❛❝❤ ✐s

❞❡✈❡❧♦♣❡❞ t♦ ❞✐s❝♦✈❡r t❤❛t ❛t ❧❡❛st ✶✲✶✹✪ ♦❢ t❤❡ ♦❜t❛✐♥❡❞ ❚✇❡❡ts ✇❡r❡ ♣♦st❡❞

❜② ❚✇✐tt❡r ✏❜♦t✑ ❛❝❝♦✉♥ts✳ ❚❤✐s ♣❛♣❡r ✐s t❤❡ ✜rst t♦ ❝♦✈❡r t❤❡ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r

♦❢ ❚✇✐tt❡r s❡♥t✐♠❡♥t ✐♥ t❤❡ s❡tt✐♥❣ ♦❢ ♠✉❧t✐♣❧❡ ❝r②♣t♦❝✉rr❡♥❝✐❡s ❛♥❞ t♦ ❡①♣❧♦r❡

t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞ ❚✇✐tt❡r ❜♦ts✳

❑❡②✇♦r❞s✿ ❝r②♣t♦❝✉rr❡♥❝✐❡s✱ t✐♠❡ s❡r✐❡s ❛♥❛❧②s✐s✱ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s✱ ◆❛t✉r❛❧

▲❛♥❣✉❛❣❡ Pr♦❝❡ss✐♥❣✱ ❚✇✐tt❡r✱ ❜♦ts✳

✶✳ ■♥tr♦❞✉❝t✐♦♥

❈r②♣t♦❝✉rr❡♥❝✐❡s ❛r❡ ❞✐❣✐t❛❧ ❝✉rr❡♥❝✐❡s t❤❛t ♠❛❦❡ ✉s❡ ♦❢ ❜❧♦❝❦❝❤❛✐♥ t❡❝❤♥♦❧♦❣②✱

❛ ❞✐sr✉♣t✐✈❡✱ ❞❡❝❡♥tr❛❧✐s❡❞ ❛♥❞ ❝r②♣t♦❣r❛♣❤✐❝ t❡❝❤♥♦❧♦❣② t❤❛t ❡♥❛❜❧❡s t❤❡ ❞✐❣✲

✐t❛❧✐s❛t✐♦♥ ♦❢ tr✉st✳ ■♥ t❤❡ ❝♦♥t❡①t ♦❢ ❝r②♣t♦❝✉rr❡♥❝✐❡s✱ ❜❧♦❝❦❝❤❛✐♥ t❡❝❤♥♦❧♦❣②

✭✐♥ t❤❡♦r②✮ ❛❧❧♦✇s t❤❡ r♦❧❡ ♦❢ ❣♦✈❡r♥♠❡♥ts ❛s ♣r♦❞✉❝❡rs ♦❢ ❝✉rr❡♥❝② ❛♥❞ t❤❡ r♦❧❡

Pr❡♣r✐♥t s✉❜♠✐tt❡❞ t♦ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❋✐♥❛♥❝✐❛❧ ▼❛r❦❡ts✱ ■♥st✐t✉t✐♦♥s ✫ ▼♦♥❡②◆♦✈❡♠❜❡r ✼✱ ✷✵✶✾



♦❢ ✐♥t❡r♠❡❞✐❛r② ✭t❤✐r❞✲♣❛rt②✮ ♣❛rt✐❡s t♦ ✈❡r✐❢② ❛ tr❛♥s❛❝t✐♦♥ t♦ ❜❡❝♦♠❡ ♦❜s♦❧❡t❡✳

❆❧t❤♦✉❣❤ ❝r②♣t♦❝✉rr❡♥❝✐❡s ❤❛✈❡ ❜❡❡♥ ❛r♦✉♥❞ s✐♥❝❡ t❤❡ ❧❛✉♥❝❤ ♦❢ t❤❡ ❝r②♣t♦❝✉r✲

r❡♥❝② ❇✐t❝♦✐♥ ♦♥ ✶ ❏❛♥✉❛r② ✷✵✵✾ ✭◆❛❦❛♠♦t♦✱ ✷✵✵✽✮✱ t❤❡✐r ❞✐sr✉♣t✐✈❡ ♣♦t❡♥t✐❛❧ ❧❡❞

t♦ ❛♥ ❡①♣❧♦s✐✈❡ ❣r♦✇t❤ ♦❢ t❤❡ ✐♥t❡r❡st ✐♥✱ ❛♥❞ ❞❡✈❡❧♦♣♠❡♥t ♦❢✱ ❝r②♣t♦❝✉rr❡♥❝✐❡s

♦✈❡r t❤❡ ❝♦✉rs❡ ♦❢ ✷✵✶✼ ❛♥❞ ❡❛r❧② ✷✵✶✽✳ ❚❤❡ ❣r♦✇t❤ ❛♥❞ ✐♥t❡r❡st ✇❡r❡ ♣r✐♠❛r✐❧②

❝❛✉s❡❞ ❜② ♥❡✇s st♦r✐❡s ✇❤✐❝❤ r❡♣♦rt❡❞ t❤❡ ✉♥♣r❡❝❡❞❡♥t❡❞ r❡t✉r♥s ♦❢ ❝r②♣t♦❝✉r✲

r❡♥❝✐❡s✱ t❤❛t s✉❜s❡q✉❡♥t❧② ❛ttr❛❝t❡❞ ❛ t②♣❡ ♦❢ ❣♦❧❞ r✉s❤✳ ❙✐♠✉❧t❛♥❡♦✉s❧②✱ ❝✉rr❡♥t

❣❧♦❜❛❧ r❡❣✉❧❛t✐♦♥s ♦♥ ❝r②♣t♦❝✉rr❡♥❝✐❡s ❛r❡ ✈❡r② ❧✐♠✐t❡❞✱ ❛s ❝r②♣t♦❝✉rr❡♥❝✐❡s ❛r❡

♥♦t ②❡t ❛❝❦♥♦✇❧❡❞❣❡❞ ❛s ❛ ♠❛t✉r❡ ❛ss❡t ❝❧❛ss✳ ❚❤✐s r❡❣✉❧❛t♦r② ✈♦✐❞✱ ✐♥ ❝♦♠❜✐✲

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

t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t s♦ ✈♦❧❛t✐❧❡ t❤❛t ✐t ❤❛s ❡✈❡♥ ❜❡❡♥ ❝❛❧❧❡❞ ❛ ✏✇✐❧❞ ✇❡st✑✳

❚❤❡ ✈♦❧❛t✐❧✐t② ♦❢ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ✐s str♦♥❣❧② ❢✉❡❧❧❡❞ ❜② ♥❡✇s ♠❡s✲

s❛❣❡s ❛♥❞ ♣♦sts ♦♥ s♦❝✐❛❧ ♠❡❞✐❛✳ ❚❤✐s ❡✛❡❝t ✐s ❢✉rt❤❡r r❡✐♥❢♦r❝❡❞✱ ❛s ✐♥✈❡st♦rs

str✉❣❣❧❡ t♦ ❞✐s❝♦✈❡r ✇❤❡t❤❡r t❤❡ ♣♦st❡❞ ✐♥❢♦r♠❛t✐♦♥ ✐s tr✉❡ ♦r ❢❛❧s❡✳ ❉✉❡ t♦ t❤❡

r❡❧❛t✐✈❡❧② ②♦✉♥❣ ❛❣❡ ♦❢ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t✱ tr❛❞✐t✐♦♥❛❧ ♥❡✇s ♦✉t❧❡ts ❞♦

♥♦t ❛❧✇❛②s t✐♠❡❧② r❡♣♦rt ❡✈❡♥ts✱ ✇❤❛t ❤❛s ❧❡❞ t♦ s♦❝✐❛❧ ♠❡❞✐❛ ❜❡✐♥❣ ❛ ♣r✐♠❛r②

s♦✉r❝❡ ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❢♦r ❝r②♣t♦❝✉rr❡♥❝② ✐♥✈❡st♦rs✳ ❙♣❡❝✐✜❝❛❧❧②✱ ♠✐❝r♦✲❜❧♦❣❣✐♥❣

✇❡❜s✐t❡ ❚✇✐tt❡r✶ ✐s ❛ ✇✐❞❡❧② ✉s❡❞ s♦✉r❝❡ ❢♦r ❝r②♣t♦❝✉rr❡♥❝② ✐♥❢♦r♠❛t✐♦♥✳ ◆♦t

♦♥❧② ❞♦❡s ❚✇✐tt❡r ♣r♦✈✐❞❡ ❧✐✈❡ ✉♣❞❛t❡s ♦♥ ❝r②♣t♦❝✉rr❡♥❝✐❡s✱ ✐t ✐s ❛❧s♦ ❛ r✐❝❤

s♦✉r❝❡ ♦❢ ❡♠♦t✐♦♥❛❧ ✐♥t❡❧❧✐❣❡♥❝❡✱ ❛s ✐♥✈❡st♦rs ❢r❡q✉❡♥t❧② ❡①♣r❡ss t❤❡✐r s❡♥t✐♠❡♥t✳

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

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

❛✈❛✐❧❛❜❧❡ ❞❛t❛ ❢r♦♠ ❚✇✐tt❡r ❝♦♥t❛✐♥✐♥❣ t❤❡ ❡♠♦t✐♦♥❛❧ ✐♥t❡❧❧✐❣❡♥❝❡ ♦❢ ❝r②♣t♦❝✉r✲

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

❡①t❡♥t ♣✉❜❧✐❝ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❝❛♥ ❜❡ ✉s❡❞ t♦ ❢♦r❡❝❛st t❤❡ ♣r✐❝❡ ✢✉❝t✉❛t✐♦♥s

♦❢ ❝r②♣t♦❝✉rr❡♥❝✐❡s✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤✐s r❡s❡❛r❝❤ ✇✐❧❧ ❛❧s♦ r❡s❡❛r❝❤ ❜♦t❤ ❚✇❡❡t

♠❡ss❛❣❡ ✈♦❧✉♠❡ ❛♥❞ ❡①♣❧♦r❡ t♦ ✇❤❛t ❡①t❡♥t ❛✉t♦♠❛t❡❞ ❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞

❚✇✐tt❡r ✏❜♦t✑ ❛❝❝♦✉♥ts ❛r❡ ♣r❡s❡♥t✱ ❛s t❤❡② ❛r❡ ❦♥♦✇♥ t♦ ❝♦♠♠♦♥❧② s♣r❡❛❞ ♠✐s✲

✐♥❢♦r♠❛t✐♦♥ ❛♥❞ t❤✉s ❝❛♥ ♣♦t❡♥t✐❛❧❧② ✐♠♣❛❝t t❤❡ ✜♥❞✐♥❣s ♦❢ t❤✐s st✉❞②✳ ■t ❢❛❧❧s

✶❤tt♣s✿✴✴t✇✐tt❡r✳❝♦♠✴

✷



♦✉ts✐❞❡ ♦❢ t❤❡ s❝♦♣❡ ♦❢ t❤✐s ✇♦r❦ t♦ r❡s❡❛r❝❤ ❛♥② ❡✛❡❝ts s✉❝❤ ❜♦t ❛❝❝♦✉♥ts ♠✐❣❤t

❤❛✈❡ ♦♥ ❝r②♣t♦❝✉rr❡♥❝② ♣r✐❝❡s✳ ❚❤✐s st✉❞② ✐s ✉♥✐q✉❡ ✐♥ s❡✈❡r❛❧ ✇❛②s✳ ❋✐rst✱ t❤✐s

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

❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ❛♥❞ ✐ts ♣r❡❞✐❝t❛❜✐❧✐t②✳ ❙❡❝♦♥❞❧②✱ t❤✐s ✇♦r❦ ✇✐❧❧ ❝♦♥str✉❝t

❛ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s t♦♦❧ s♣❡❝✐✜❝❛❧❧② ❢♦r ❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞ ❚✇❡❡ts ❜② ❛❝✲

❝♦✉♥t✐♥❣ ❢♦r ❥❛r❣♦♥✳ ▼♦r❡♦✈❡r✱ ♠❛♥② ♣r❡✈✐♦✉s ❛❝❛❞❡♠✐❝ ✇♦r❦s ❤❛✈❡ ♦♥❧② ✭♦r

♣r✐♠❛r✐❧②✮ ❢♦❝✉s❡❞ ♦♥ ❇✐t❝♦✐♥✳ ❚❤✐s st✉❞② ✐s ♦♥❡ ♦❢ t❤❡ ❢❡✇ ✇♦r❦s t♦ r❡s❡❛r❝❤

t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ✐♥ ❣❡♥❡r❛❧ ❛♥❞ st✉❞② ❜❡②♦♥❞ t❤❡ s❝♦♣❡ ♦❢ ❇✐t❝♦✐♥✳

❚❤❡ r❛t✐♦♥❛❧❡ ❢♦r t❤✐s st✉❞② ✐s ❢✉rt❤❡r s✉♣♣♦rt❡❞ ❜② ✇❡❧❧✲❦♥♦✇♥ r❡❧❛t❡❞ ✇♦r❦s

t❤❛t ♦❜t❛✐♥❡❞ ♣r♦♠✐s✐♥❣ r❡s✉❧ts ❢♦r ✉s✐♥❣ ❚✇✐tt❡r s❡♥t✐♠❡♥t t♦ ♣r❡❞✐❝t ✜♥❛♥❝✐❛❧

♠❛r❦❡ts ✭❇♦❧❧❡♥ ❡t ❛❧✳✱ ✷✵✶✶❀ ▲✐ ❡t ❛❧✳✱ ✷✵✶✼✮✳

❚❤❡ r❡st ♦❢ t❤✐s st✉❞② ✐s str✉❝t✉r❡❞ ❛s ❢♦❧❧♦✇s✿ ❙❡❝t✐♦♥ ✷ ✇✐❧❧ ♣r♦✈✐❞❡ ❛♥

❡❝♦♥♦♠✐❝ ❛♥❛❧②s✐s ♦❢ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ❛♥❞ ♣r♦✈✐❞❡ ❛♥ ❡①t❡♥s✐✈❡ ❧✐t❡r✲

❛t✉r❡ r❡✈✐❡✇ ♦❢ r❡❧❛t❡❞ st✉❞✐❡s✳ ❙❡❝t✐♦♥ ✸ ✇✐❧❧ t❤❡♥ ❞✐s❝✉ss t❤❡ ♠❡t❤♦❞♦❧♦❣② ❛♥❞

s✉❜s❡q✉❡♥t❧②✱ ❙❡❝t✐♦♥ ✹ ❛♥❞ ❙❡❝t✐♦♥ ✺ ✇✐❧❧ ❞✐s❝✉ss t❤❡ r❡s✉❧ts ❛♥❞ ❧✐♠✐t❛t✐♦♥s ♦❢

t❤✐s ✇♦r❦✳ ❚❤❡ ✜♥❞✐♥❣s ♦❢ t❤✐s st✉❞② ❛r❡ s✉♠♠❛r✐s❡❞ ✐♥ ❙❡❝t✐♦♥ ✻✳

✷✳ ▲✐t❡r❛t✉r❡ r❡✈✐❡✇ ❛♥❞ r❡❧❛t❡❞ ✇♦r❦

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

❡r❛❧ t♦♣✐❝s✳ ❋✐rst✱ ❝r②♣t♦❝✉rr❡♥❝✐❡s ❛r❡ ❞✐s❝✉ss❡❞✱ ❢♦❧❧♦✇❡❞ ❜② ❚✇✐tt❡r s❡♥t✐♠❡♥t

❛♥❛❧②s✐s✱ ✐ts ❛♣♣❧✐❝❛t✐♦♥s ✐♥ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts✱ ❛♥❞ ✐ts ❛♣♣❧✐❝❛t✐♦♥s ❢♦r ❝r②♣t♦❝✉r✲

r❡♥❝✐❡s✳ ❚❤❡♥✱ ✇♦r❦s ♦♥ ❜♦t ✐❞❡♥t✐✜❝❛t✐♦♥ ❛r❡ r❡✈✐❡✇❡❞✳

✷✳✶✳ ❈r②♣t♦❝✉rr❡♥❝✐❡s

✷✳✶✳✶✳ ❚❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t

■♥ ❧❛t❡ ✷✵✵✽✱ ❛ ♥❡✇ ❞❡❝❡♥tr❛❧✐s❡❞ ❝r②♣t♦❣r❛♣❤✐❝ ❝❛s❤ s②st❡♠ ✇❛s ❛♥♦♥②✲

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

♦❢ ❜❧♦❝❦❝❤❛✐♥ t❡❝❤♥♦❧♦❣②✳ ❙✐♠✉❧t❛♥❡♦✉s❧② ✐t ❧❛✉♥❝❤❡❞ ❜❧♦❝❦❝❤❛✐♥ t❡❝❤♥♦❧♦❣②✬s

♠♦st ❝♦♠♠♦♥❧② ❦♥♦✇♥ ❛♣♣❧✐❝❛t✐♦♥ ✐♥ t❤❡ ❢♦r♠ ♦❢ ❛ ❝r②♣t♦❝✉rr❡♥❝② ❝❛❧❧❡❞ ❇✐t✲

❝♦✐♥ ✭◆❛❦❛♠♦t♦✱ ✷✵✵✽✮✳ ◆❛❦❛♠♦t♦✬s ✇❤✐t❡♣❛♣❡r ✐s s❡❡♥ ❛s ❛ r❡✈♦❧✉t✐♦♥❛r② ✇♦r❦

✸



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

❝✉rr❡♥❝② s✉❝❤ ❛s t❤❡ ❞♦✉❜❧❡✲s♣❡♥❞✐♥❣ ♣r♦❜❧❡♠✱ ❤❛❝❦ ❛tt❛❝❦s ❞✉❡ t♦ ♥❡t✇♦r❦

❝❡♥tr❛❧✐t② ❛♥❞ t❤❡ r❡❧❛t✐✈❡ ❤✐❣❤ ❝♦sts ❛♥❞ ❧♦♥❣ ♣❡r✐♦❞s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❝r♦ss✲

❜♦r❞❡r ❛♥❞✴♦r ✐♥t❡r❜❛♥❦ tr❛♥s❛❝t✐♦♥s✳ ■♥ t❤❡ ②❡❛rs ❛❢t❡r ❇✐t❝♦✐♥✬s ✐♥❝❡♣t✐♦♥✱

♠❛♥② ♦t❤❡r ❝r②♣t♦❝✉rr❡♥❝✐❡s ✭r❡❢❡rr❡❞ t♦ ❛s ❛❧t❝♦✐♥s✮ s✉❝❤ ❛s ❊t❤❡r❡✉♠✷ ❛♥❞

▲✐t❡❝♦✐♥✸ ✇❡r❡ ❞❡✈❡❧♦♣❡❞✳ ❖❢t❡♥✱ t❤❡s❡ ❛❧t❝♦✐♥s ✇❡r❡ ❞❡✈❡❧♦♣❡❞ ❢♦r ❛ ❞✐✛❡r✲

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

❧✐♠✐t❡❞ s✉♣♣❧②✱ t❤❡ ♥❡t✇♦r❦✬s ❤✐❣❤ ❡♥❡r❣② ❝♦♥s✉♠♣t✐♦♥ ♦r t❤❡ Pr♦♦❢✲♦❢✲❲♦r❦

✉s❡r✲❝♦♥s❡♥s✉s ♠❡❝❤❛♥✐s♠✳ ■♥✐t✐❛❧❧②✱ ❝r②♣t♦❝✉rr❡♥❝✐❡s ❤❛❞ ❛ q✉❡st✐♦♥❛❜❧❡ r❡♣✲

✉t❛t✐♦♥ ❜② ♦❢t❡♥ ❜❡✐♥❣ ❧❛❜❡❧❧❡❞ ❛s s❤❛❞② ♦r ✏❝✉rr❡♥❝✐❡s ❢♦r ❝r✐♠✐♥❛❧s✑ ✭▼✐❤♠✱

✷✵✶✸✮✱ ②❡t t❤✐s ❝❤❛♥❣❡❞ ✇❤❡♥ t❤❡ ✐♥t❡r❡st ✐♥ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ❡①♣❧♦❞❡❞

♦✈❡r t❤❡ ❝♦✉rs❡ ♦❢ ✷✵✶✼ ❛♥❞ ❡❛r❧② ✷✵✶✽✱ ❧❡❛❞✐♥❣ t♦ ❛ ❤②♣❡ ❛♥❞ ❛♥ ❡①tr❡♠❡ ❜✉❧❧

♠❛r❦❡t ❢✉❡❧❧❡❞ ❜② t❤❡ ❢❡❛r ♦❢ ♠✐ss✐♥❣ ♦✉t✳ ❆s ❛ r❡s✉❧t✱ t❤❡ ♥✉♠❜❡r ♦❢ ❧✐st❡❞

❝r②♣t♦❝✉rr❡♥❝✐❡s ♠♦r❡ t❤❛♥ tr✐♣❧❡❞ t♦ ✶✱✽✻✺ ❛♥❞ t❤❡ t♦t❛❧ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r✲

❦❡t ❝❛♣✐t❛❧✐s❛t✐♦♥ ❣r❡✇ ❢r♦♠ ✩✶✼ ❜✐❧❧✐♦♥ ♦♥ ✶ ❏❛♥✉❛r② ✷✵✶✼ t♦ ✩✽✶✸ ❜✐❧❧✐♦♥ ❛❧♠♦st

♦♥❡ ②❡❛r ❧❛t❡r ✭❈♦✐♥▼❛r❦❡t❈❛♣✱ ✷✵✶✽✮✳ ❆ ❣♦♦❞ ❡①❛♠♣❧❡ ♦❢ t❤✐s ❤②♣❡ ✐s ✐❧❧✉s✲

tr❛t❡❞ ✐♥ ❈♦r❜❡t ❡t ❛❧✳ ✭✷✵✶✾✮✱ ✇❤♦ ❞❡s❝r✐❜❡ ❤♦✇ ❛♥♥♦✉♥❝✐♥❣ t❤❡ ❞❡✈❡❧♦♣♠❡♥t

♦❢ ❛ ❝♦♠♣❛♥②✲❜❛s❡❞ ❝r②♣t♦❝✉rr❡♥❝② ❢✉❡❧❡❞ t❤❡ ❝♦♠♣❛♥②✬s st♦❝❦ ♣r✐❝❡✳

■t ✐s ♦❢t❡♥ ❛r❣✉❡❞ ✇❤❛t t②♣❡ ♦❢ ❛ss❡t ❝❧❛ss ❝r②♣t♦❝✉rr❡♥❝✐❡s ❛r❡✳ ❆❧t❤♦✉❣❤

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

❝❤❛♥❣❡✱ t❤❡r❡ ❛r❡ ❛❧s♦ s❡✈❡r❛❧ ❧✐♠✐t❛t✐♦♥s t♦ t❤❛t ✐❞❡❛✳ ❚❤❡ ♣r✐♠❛r② r❡❛s♦♥ ❢♦r

✐♥❞✐✈✐❞✉❛❧s t♦ ✉s❡ ❛♥ ❡st❛❜❧✐s❤❡❞ ❝✉rr❡♥❝② ❧✐❦❡ t❤❡ ❯❙ ❉♦❧❧❛r ✭❯❙❉✮ ♦r ❊✉r♦

✭❊❯❘✮ ✐s t❤❛t ✐ts ✈❛❧✉❡ r❡♠❛✐♥s r❡❧❛t✐✈❡❧② ❝♦♥s✐st❡♥t ♦✈❡r t✐♠❡ ❛♥❞ t❤❛t ❛ ❣♦✈✲

❡r♥♠❡♥t ❛❝ts ❛s ❛ ❣✉❛r❛♥t♦r✳ ❈r②♣t♦❝✉rr❡♥❝✐❡s ❧❛❝❦ ❜♦t❤ ❡❧❡♠❡♥ts✱ ✇❤❛t ❝❛✉s❡s

t❤❡ ♠❛r❦❡t t♦ ❜❡ ❡①tr❡♠❡❧② ✈♦❧❛t✐❧❡ ❛♥❞ ❝✉rr❡♥t❧② ♠❛❦❡ ❝r②♣t♦❝✉rr❡♥❝✐❡s ✉♥✲

s✉✐t❛❜❧❡ ❛s ❛ r❡❧✐❛❜❧❡ st♦r❛❣❡ ♦❢ ✈❛❧✉❡ ♦r ❛ ♠❡❞✐✉♠ ♦❢ ❡①❝❤❛♥❣❡ ✭❈✐❛✐❛♥ ❡t ❛❧✳✱

✷✵✶✻✮✳ ❉❛②s ✇❤❡r❡ t❤❡ ❡♥t✐r❡ ♠❛r❦❡t✬s ✈❛❧✉❡ ✐♥✲ ♦r ❞❡❝r❡❛s❡s ❜② ✷✵✲✸✵✪ ❛r❡ ♥♦t

✉♥❝♦♠♠♦♥ ❛♥❞ ♥✉♠❡r♦✉s ❝✉rr❡♥❝✐❡s ❤❛✈❡ ❡①♣❡r✐❡♥❝❡❞ ❡♥♦r♠♦✉s ❣❛✐♥s ♦r ❧♦ss❡s

✷❙❡❡ ❤tt♣s✿✴✴✇✇✇✳❡t❤❡r❡✉♠✳♦r❣✴
✸❙❡❡ ❤tt♣s✿✴✴❧✐t❡❝♦✐♥✳♦r❣✴

✹
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✐♥ ✈❡r② s❤♦rt ♣❡r✐♦❞s ♦❢ t✐♠❡✳ ❋r♦♠ t❤❡ ♣❡❛❦ ♦❢ t❤❡ ♠❛r❦❡t ✐♥ ❉❡❝❡♠❜❡r ✷✵✶✼ t♦

❖❝t♦❜❡r ✷✵✶✽✱ t❤❡ ♠❛r❦❡t ❤❛s ❧♦st ♠♦r❡ t❤❛♥ ✼✺✪ ♦❢ ✐ts ✈❛❧✉❡ ✭❈♦✐♥▼❛r❦❡t❈❛♣✱

✷✵✶✽✮✳ ❨❡r♠❛❝❦ ✭✷✵✶✺✮ ♥❛♠❡s ❇✐t❝♦✐♥✬s s❝❛r❝✐t② ❛♥❞ ✐ts ✐♥st❛❜✐❧✐t② ❛s r❡❛s♦♥s

❢♦r ✐t ♥♦t ❜❡ ❝❧❛ss✐✜❡❞ ❛s ❛ ✏r❡❛❧ ✑ ❝✉rr❡♥❝②✱ ✇❤✐❝❤ ❛❧s♦ ❛♣♣❧✐❡s t♦ ♠❛♥② ♦t❤❡r

❝r②♣t♦❝✉rr❡♥❝✐❡s✳ ❋✉rt❤❡r♠♦r❡✱ ❞❛t❛ ❢r♦♠ ❈❤❛✐♥❛♥❛❧②s✐s✹ ✐♥ ✷✵✶✽ ✐♥❞✐❝❛t❡s t❤❛t

♠♦st ✐♥✈❡st♦rs ❞♦ ♥♦t ✉s❡ ❇✐t❝♦✐♥ ❛s ❛ ♠❡❞✐✉♠ ♦❢ ❡①❝❤❛♥❣❡ ❜✉t r❛t❤❡r s❡❡ ✐t ❛s

❛♥ ✐♥✈❡st♠❡♥t t♦♦❧✳ ■t ✐♥❞✐❝❛t❡s t❤❛t ✻ ♠✐❧❧✐♦♥ ❇✐t❝♦✐♥s ❛r❡ ❤❡❧❞ ❜② ❧♦♥❣✲t❡r♠

✭❃ ✶ ②❡❛r✮ ✐♥✈❡st♦rs ❛s ♦♣♣♦s❡❞ t♦ ✺ ♠✐❧❧✐♦♥ ❇✐t❝♦✐♥s ❤❡❧❞ ❜② s❤♦rt✲t❡r♠ ✭❁ ✶

②❡❛r✮ s♣❡❝✉❧❛t♦rs✳ ❚❤❡ r❡♠❛✐♥✐♥❣ ✶✵ ♠✐❧❧✐♦♥ ❇✐t❝♦✐♥s ❛r❡ ❡✐t❤❡r ❞❡❡♠❡❞ ❧♦st ♦r

❤❛✈❡ ♥♦t ❜❡❡♥ ♠✐♥❡❞ ②❡t✳ ❚❤❡ ❞❛t❛ ❛❧s♦ ✐♥❞✐❝❛t❡s t❤❛t t❤❡ ✈❛st ♠❛❥♦r✐t② ♦❢

tr❛♥s❛❝t✐♦♥s ♦❢ ❇✐t❝♦✐♥ ❛r❡ ❜❡t✇❡❡♥ ❡①❝❤❛♥❣❡s ❛♥❞ t❤❛t ❇✐t❝♦✐♥ ✐s s❡❧❞♦♠ ✉s❡❞

t♦ ♣❛② ❢♦r ❣♦♦❞s ♦r s❡r✈✐❝❡s ✭▼✉r♣❤②✱ ✷✵✶✽✮✳ ❚❤❡ ❯✳❙✳ ❙❡❝✉r✐t✐❡s ❛♥❞ ❊①❝❤❛♥❣❡

❈♦♠♠✐ss✐♦♥ r❡♣♦rt❡❞ ✐♥ ❏✉♥❡ ✷✵✶✽ t❤❛t ❇✐t❝♦✐♥ ❛♥❞ ❊t❤❡r❡✉♠ ❝❛♥♥♦t ❜❡ ❝❧❛ss✐✲

✜❡❞ ❛s s❡❝✉r✐t✐❡s ❜✉t ♠✐❣❤t ❜❡❝♦♠❡ ♠♦r❡ ❛❦✐♥ t♦ ❛ ❝♦♠♠♦❞✐t② ✭❍✐♥♠❛♥✱ ✷✵✶✽✮✳

■♥ ❛❞❞✐t✐♦♥✱ ❛ st✉❞② ❜② ❉②❤r❜❡r❣ ✭✷✵✶✻✮ ❛♥❛❧②s❡s ❇✐t❝♦✐♥ ❜② ✉s✐♥❣ ●❆❘❈❍✲

t✐♠❡✲s❡r✐❡s ♠♦❞❡❧❧✐♥❣ ❛♥❞ ✜♥❞s t❤❛t ❇✐t❝♦✐♥ s❤♦✇s s❡✈❡r❛❧ s✐♠✐❧❛r✐t✐❡s t♦ ❣♦❧❞

❛♥❞ t❤❡ ❯❙❉✳ ❆ ♠♦r❡ r❡❝❡♥t st✉❞② ❜② ❇❛✉r ❡t ❛❧✳ ✭✷✵✶✽✮ ✜♥❞s t❤❛t ❇✐t❝♦✐♥ ✐s ❛

s♣❡❝✉❧❛t✐✈❡ ❛ss❡t ❛♥❞ ♥♦t ❛♥ ❛❧t❡r♥❛t✐✈❡ ❝✉rr❡♥❝②✳ ■t ✐s ❞✐✣❝✉❧t t♦ ❦♥♦✇ ✇❤❡t❤❡r

t❤❡ r❡s✉❧ts ♦❢ s✉❝❤ ❇✐t❝♦✐♥✲s♣❡❝✐✜❝ st✉❞✐❡s ❛r❡ ❣❡♥❡r❛❧✐s❛❜❧❡ t♦ ❛❧❧ ❝r②♣t♦❝✉rr❡♥✲

❝✐❡s✱ ❡s♣❡❝✐❛❧❧② s✐♥❝❡ ❡✈❡r② ❝✉rr❡♥❝② s❡r✈❡s ✐ts ♦✇♥ ♣✉r♣♦s❡ ❛♥❞ ❤❛s ❞✐st✐♥❝t

❝❤❛r❛❝t❡r✐st✐❝s s✉❝❤ ❛s s✉♣♣❧②✱ ❞❡♠❛♥❞ ❛♥❞ tr❛♥s❛❝t✐♦♥ ✈♦❧✉♠❡✳ ❚♦ ✇❤✐❝❤ ❛ss❡t

❝❧❛ss ❝r②♣t♦❝✉rr❡♥❝✐❡s ❜❡❧♦♥❣ ✐s t❤❡r❡❢♦r❡ ❤❛r❞ t♦ ❞❡✜♥❡✱ ❛s t❤❡② s❤❛r❡ ❝❤❛r❛❝✲

t❡r✐st✐❝s ❢r♦♠ ✈❛r✐♦✉s ❡①✐st✐♥❣ ❛ss❡t ❝❧❛ss❡s✳ ■t ❝♦✉❧❞ ♣♦t❡♥t✐❛❧❧② ❡✈❡♥ ❜❡ ❛r❣✉❡❞

t❤❛t ❝r②♣t♦❝✉rr❡♥❝✐❡s ❢♦r♠ ❛♥ ❡♥t✐r❡❧② ♥❡✇ ❛ss❡t ❝❧❛ss✳

❘❡❣✉❧❛t♦rs ❤❛✈❡ t❤❡r❡❢♦r❡ t❛❦❡♥ ✈❛r✐♦✉s st❛♥❝❡s ♦♥ ❝r②♣t♦❝✉rr❡♥❝✐❡s✱ ✇❤✐❧❡

t❤❡② tr② t♦ ✉♥❞❡rst❛♥❞ t❤❡✐r ♣♦t❡♥t✐❛❧ ❜❡♥❡✜t ❛♥❞ ❤♦✇ t❤❡② s❤♦✉❧❞ ❜❡ tr❡❛t❡❞

❢r♦♠ ❛ ❧❡❣✐s❧❛t✐✈❡ ♣❡rs♣❡❝t✐✈❡✳ ▼❛♥② ❝r②♣t♦❝✉rr❡♥❝② ❡①❝❤❛♥❣❡s ❤❛✈❡ ❤❛❞ t♦

❝♦♠♣❧② ✇✐t❤ ❆♥t✐ ▼♦♥❡② ▲❛✉♥❞❡r✐♥❣ ✭❆▼▲✮ ❛♥❞ ❑♥♦✇ ❨♦✉r ❈✉st♦♠❡r ✭❑❨❈✮

r❡❣✉❧❛t✐♦♥s✱ ②❡t ✐♥ ♠❛♥② ❝♦✉♥tr✐❡s t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t r❡♠❛✐♥s ❤✐❣❤❧②

✹❙❡❡ ❤tt♣s✿✴✴✇✇✇✳❝❤❛✐♥❛❧②s✐s✳❝♦♠✴

✺
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✉♥r❡❣✉❧❛t❡❞✳ ❚❤✐s ❧❛❝❦ ♦❢ ❛❞❡q✉❛t❡ r❡❣✉❧❛t✐♦♥✱ t❤❡ s♣❡❝✉❧❛t✐✈❡ ♥❛t✉r❡ ♦❢ ❝r②♣✲

t♦❝✉rr❡♥❝✐❡s ❛♥❞ t❤❡ ❧❛❝❦ ♦❢ ❛ ❣♦✈❡r♥♠❡♥t❛❧ ♦r ✐♥st✐t✉t✐♦♥❛❧ ❣✉❛r❛♥t♦r ❝♦♥tr✐❜✉t❡

t♦ t❤❡ ♠❛r❦❡t✬s ❡①tr❡♠❡ ✈♦❧❛t✐❧✐t② ❛♥❞ ❤❛✈❡ ❧❡❢t t❤❡ ♠❛r❦❡t ♣r♦♥❡ t♦ ♠❛♥✐♣✉✲

❧❛t✐♦♥✳ Pr✐❝❡ ♠❛♥✐♣✉❧❛t✐♦♥ ❢♦r ❇✐t❝♦✐♥ ✇❛s r❡s❡❛r❝❤❡❞ ❜② ●❛♥❞❛❧ ❡t ❛❧✳ ✭✷✵✶✽✮✱

✇❤♦ ❢♦❝✉s ♦♥ s✉s♣✐❝✐♦✉s tr❛❞✐♥❣ ❛❝t✐✈✐t✐❡s ♦♥ t❤❡ ▼t✳ ●♦① ❡①❝❤❛♥❣❡ ❜❡t✇❡❡♥

✷✵✶✵ ❛♥❞ ✷✵✶✸ ❛♥❞ ❢♦✉♥❞ t❤❛t ✇✐t❤✐♥ t✇♦ ♠♦♥t❤s✱ ❛ s✐♥❣❧❡ ❛❝t♦r ❞r♦✈❡ ✉♣ ❇✐t✲

❝♦✐♥✬s ♣r✐❝❡ ❢r♦♠ ✩✶✺✵ t♦ ✩✶✵✵✵✳ ●r✐✣♥ ❛♥❞ ❙❤❛♠s ✭✷✵✶✽✮ ♣r♦✈❡s t❤❛t ✐♥ ✷✵✶✼✱

❝r②♣t♦❝✉rr❡♥❝② ❡①❝❤❛♥❣❡ ❇✐t✜♥❡① ✉s❡❞ ❚❡t❤❡r✺ t♦ ♠❛♥✐♣✉❧❛t❡ ❇✐t❝♦✐♥✬s ♣r✐❝❡ ♦♥

❛ ✈❡r② ❧❛r❣❡ s❝❛❧❡✳ ▼♦r❡♦✈❡r✱ ✐t ✇❛s ❢♦✉♥❞ t❤❛t ❛ ♣r♦❧♦♥❣❡❞ ♠❛♥✐♣✉❧❛t✐♦♥ ❝❛♠✲

♣❛✐❣♥ ❛❝❝♦✉♥t❡❞ ❢♦r ✺✵✪ ♦❢ ❇✐t❝♦✐♥✬s ♣r✐❝❡ ✐♥❝r❡❛s❡ ❛♥❞ ✻✹✪ ♦❢ ♠❛❥♦r ❛❧t❝♦✐♥

♣r✐❝❡ ✐♥❝r❡❛s❡s ❜❡t✇❡❡♥ ▼❛r❝❤ ✷✵✶✼ ❛♥❞ ▼❛r❝❤ ✷✵✶✽✳ ❈♦♥tr✐❜✉t✐♥❣ t♦ ♣r✐❝❡ ♠❛✲

♥✐♣✉❧❛t✐♦♥ ♦♣♣♦rt✉♥✐t✐❡s ✐s t❤❡ ✉♥❡q✉❛❧✐t② ✐♥ t❤❡ ✇❡❛❧t❤ ❞✐str✐❜✉t✐♦♥ ❢♦r t❤❡ ✈❛st

♠❛❥♦r✐t② ♦❢ ❧✐st❡❞ ❝r②♣t♦❝✉rr❡♥❝✐❡s✳ ❆❝❝♦r❞✐♥❣ t♦ ❞❛t❛ ❢r♦♠ ❇✐t✐♥❢♦❝❤❛rts✳❝♦♠

✐♥ ❏✉♥❡ ✷✵✶✽✱ t❤❡ t♦♣ ✶✵✱✵✵✵ ✇❡❛❧t❤✐❡st ❛❞❞r❡ss❡s ❝♦♥tr♦❧ ❜❡t✇❡❡♥ ✺✵✲✾✺✪ ♦❢ t❤❡

❡♥t✐r❡ ♠❛r❦❡t ❝❛♣✐t❛❧✐s❛t✐♦♥ ❢♦r ♠♦st ♠❛❥♦r ❝r②♣t♦❝✉rr❡♥❝✐❡s✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱

t❤❡ t♦♣ ✶✵✵ r✐❝❤❡st ❛❞❞r❡ss❡s ❝♦♥tr♦❧ ✉♣ t♦ ✶✺✲✹✺✪ ♦❢ t❤❡ ❡♥t✐r❡ ♠❛r❦❡t ❝❛♣✐t❛❧✲

✐s❛t✐♦♥ ♦❢ ♠♦st ♠❛❥♦r ❝r②♣t♦❝✉rr❡♥❝✐❡s ✭❇✐t✐♥❢♦❝❤❛rts✳❝♦♠✱ ✷✵✶✽✮✳ ❇② ❤♦❧❞✐♥❣

❧❛r❣❡ st❛❦❡s ✭❝♦♠♠♦♥❧② r❡❢❡rr❡❞ t♦ ✐♥ t❤❡ ❝r②♣t♦❝✉rr❡♥❝②✴✜♥❛♥❝❡ s♣❛❝❡ ❛s ❜❡✐♥❣

❛ ✇❤❛❧❡✮✱ t❤❡s❡ ✐♥✈❡st♦rs ❝❛♥ st❡❡r ♣r✐❝❡s t❤r♦✉❣❤ ❡✳❣✳ ♣✉♠♣✲❛♥❞✲❞✉♠♣ s❝❤❡♠❡s✳

❙✉❝❤ s❝❤❡♠❡s ❛r❡ ❞❡❡♠❡❞ ✐❧❧❡❣❛❧ ✇✐t❤✐♥ ❝✉rr❡♥t ❣❧♦❜❛❧ ✜♥❛♥❝✐❛❧ ❧❡❣✐s❧❛t✐♦♥s✱ ❜✉t

t❤❡ ❧❛❝❦ ♦❢ r❡❣✉❧❛t✐♦♥ ♦♥ ❝r②♣t♦❝✉rr❡♥❝✐❡s ❤❛✈❡ ♠❛❞❡ t❤❡s❡ ❝❛rt❡❧ s❝❤❡♠❡s ❛

❝♦♠♠♦♥ ♦❝❝✉rr❡♥❝❡ ✇✐t❤✐♥ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t✳

❙❡✈❡r❛❧ r❡s❡❛r❝❤❡rs ❛♥❞ ♣r♦♠✐♥❡♥t ✐♥❞✐✈✐❞✉❛❧s ✐♥ t❤❡ ✜♥❛♥❝✐❛❧ ✐♥❞✉str② ❤❛✈❡

❛❧s♦ ❛r❣✉❡❞ t❤❛t ❇✐t❝♦✐♥ ❛♥❞ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ❢♦❧❧♦✇ ❛❧❧ ❝❧❛ss✐❝ ♣❛t✲

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

❛s t❤❡ ✶✾✾✾ ❉♦t❈♦♠ ❜✉❜❜❧❡ ❛♥❞ t❤❡ ✶✻✸✼ ❉✉t❝❤ ❚✉❧✐♣ ▼❛♥✐❛ ✭❆✉t❤❡rs✱ ✷✵✶✼❀

P❤✐❧❧✐♣s ❛♥❞ ●♦rs❡✱ ✷✵✶✼❀ ❙♦✈❜❡t♦✈✱ ✷✵✶✽❀ ❇❧❛✉✱ ✷✵✶✽✮✳ ❇② ❧♦♦❦✐♥❣ ❛t t❤❡✐r

✺❚❡t❤❡r ✐s ❛ ❝r②♣t♦❝✉rr❡♥❝② t❤❛t ♣r♦✜❧❡s ✐ts❡❧❢ ❛s ❛ st❛❜❧❡ ❝r②♣t♦❝✉rr❡♥❝② ✭✏st❛❜❧❡❝♦✐♥✑✮

✇✐t❤✐♥ t❤❡ ✉♥st❛❜❧❡ ♠❛r❦❡t✱ ❛✐♠✐♥❣ t♦ ❝♦♥t✐♥✉♦✉s❧② tr❛❞❡ ❛r♦✉♥❞ ✩✶ t❤r♦✉❣❤ r❡♣♦rt❡❞❧② ❜❡✐♥❣

❜❛❝❦❡❞ ✶✿✶ ✇✐t❤ t❤❡ ❯❙❉✳

✻



st❛t❡♠❡♥ts ✐t ❝♦✉❧❞ ❜❡ ❛r❣✉❡❞ t❤❛t✱ ❞✉r✐♥❣ ✐ts ❡①✐st❡♥❝❡✱ t❤❡ ♠❛r❦❡t ❤❛s ❛❧✲

r❡❛❞② ❡①♣❡r✐❡♥❝❡❞ ✺✲✻ ❜✉❜❜❧❡s✳ ❚❤❡ ♠❛r❦❡t✬s ❜❡❤❛✈✐♦✉r ❛❧s♦ ❛❧✐❣♥s ✇✐t❤ s❡✈❡r❛❧

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

❛♥❞ ❖✬❑❡❡❢❡ ✭✷✵✵✶✮✱ s✉❝❤ ❛s t❤❡ ✏✇✐❞❡s♣r❡❛❞ ❛❞♦♣t✐♦♥ ♦❢ ❛♥ ✐♥✈❡♥t✐♦♥ t❤❛t ❤❛s

♣❡r✈❛s✐✈❡ ❡✛❡❝ts✑ ❛♥❞ ✐♥✈❡st♦rs ✇❤♦ ✏❜✉② ❣♦♦❞s ❛♥❞ s❡❝✉r✐t✐❡s t♦ ♣r♦✜t ❢r♦♠ t❤❡

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

❛♥❞ s❡❝✉r✐t✐❡s✑✳ ❚❤❡ ❧❛tt❡r ❤❛s ❛❧s♦ ❜❡❡♥ ❛♥ ✐♠♣♦rt❛♥t ❛r❣✉♠❡♥t ✐♥ t❤❡ ♦♥✲❣♦✐♥❣

❞❡❜❛t❡ ❛❜♦✉t t❤❡ ✐♥tr✐♥s✐❝ ✈❛❧✉❡ ♦❢ ❝r②♣t♦❝✉rr❡♥❝✐❡s✳ ❈r✐t✐❝s ❛r❣✉❡ t❤❛t ❝r②♣✲

t♦❝✉rr❡♥❝✐❡s r❡t✉r♥ ♥♦ ❞✐s❝♦✉♥t❡❞ ❢✉t✉r❡ ❝❛s❤ ✢♦✇s ✭❡✳❣✳ ❞✐✈✐❞❡♥❞s✮ ❛♥❞ ❤❡♥❝❡

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

❛ ❢✉t✉r❡ r❡s❛❧❡ ✈❛❧✉❡ ✭❙✐❧✈❡r♠❛♥ ❡t ❛❧✳✱ ✷✵✶✼❀ ▼❛✐ ❡t ❛❧✳✱ ✷✵✶✽✮✳

❚❤❡ ✉s❡ ♦❢ ❝r②♣t♦❝✉rr❡♥❝✐❡s ❛s ❛ ❤❡❞❣✐♥❣ t♦♦❧ ❛❣❛✐♥st ♣♦❧✐t✐❝❛❧ ❛♥❞ ✜♥❛♥❝✐❛❧

♠❛r❦❡t ✉♥❝❡rt❛✐♥t② ❤❛s ❛❧s♦ ❜❡❡♥ ❛ ❝♦♠♠♦♥❧② r❡s❡❛r❝❤❡❞ t♦♣✐❝✳ ❚❤❡ ✇♦r❦s ♦❢

❇r✐èr❡ ❡t ❛❧✳ ✭✷✵✶✺✮✱ ❉②❤r❜❡r❣ ✭✷✵✶✻✮✱ ▲✐ ❛♥❞ ❲❛♥❣ ✭✷✵✶✼✮ ❛♥❞ ❇♦✉r✐ ❡t ❛❧✳

✭✷✵✶✼✮ ✜♥❞ t❤❛t ❇✐t❝♦✐♥ ❝❛♥ ❜❡ ✉s❡❞ ❛s ❛ ❤❡❞❣✐♥❣ t♦♦❧ ❛❣❛✐♥st ❣❧♦❜❛❧ ✉♥❝❡r✲

t❛✐♥t② ❛♥❞ t❤❛t ✐t ❢♦r♠s ❛ ❣♦♦❞ ✐♥✈❡st♠❡♥t ♣♦rt❢♦❧✐♦ ❞✐✈❡rs✐✜❡r ❢♦r ❛ ✇✐❞❡ r❛♥❣❡

♦❢ ✐♥❞✐❝❡s✱ ❝✉rr❡♥❝✐❡s ❛♥❞ ❝♦♠♠♦❞✐t✐❡s✳ Pr✐❝❡ ❝❧✉st❡r✐♥❣ ❢♦r ❇✐t❝♦✐♥ ✐s ❛❧s♦ ❢♦✉♥❞

❜② ❯rq✉❤❛rt ✭✷✵✶✼✮ ❛♥❞ ✐♥ ❛❞❞✐t✐♦♥✱ ♣r❡❞✐❝t❛❜✐❧✐t② ❛♥❞ ✈♦❧❛t✐❧✐t② ♦❢ ❝r②♣t♦❝✉r✲

r❡♥❝✐❡s ✉s✐♥❣ ●❆❘❈❍✲♠♦❞❡❧❧✐♥❣ ✐s ❢✉rt❤❡r st✉❞✐❡❞ ✐♥ t❤❡ ✇♦r❦s ♦❢ ❈❤✉ ❡t ❛❧✳

✭✷✵✶✼✮ ❛♥❞ ❑❛ts✐❛♠♣❛ ✭✷✵✶✼✮✳

✷✳✶✳✷✳ Pr❡❞✐❝t❛❜✐❧✐t② ❛♥❞ ♣r✐❝❡ ❞✐s❝♦✈❡r②

❚❤❡ ♣r❡❞✐❝t❛❜✐❧✐t② ♦❢ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ✐s r❡♠❛r❦❛❜❧❡ ❜❡❝❛✉s❡ ❛❝✲

❝♦r❞✐♥❣ t♦ t❤❡ ❊✣❝✐❡♥t ▼❛r❦❡t ❍②♣♦t❤❡s✐s ✭❊▼❍✮✱ ❛ ♣r❡❞✐❝t❛❜❧❡ ♠❛r❦❡t ✐s

✐♥❢♦r♠❛t✐♦♥❛❧❧② ✐♥❡✣❝✐❡♥t ❛s t❤❡ ❛✈❛✐❧❛❜❧❡ ✐♥❢♦r♠❛t✐♦♥ ✐s ♥♦t ❢✉❧❧② r❡✢❡❝t❡❞ ✐♥

♠❛r❦❡t ♣r✐❝❡s✳ ❚❤❡ ♠❛r❦❡t✬s ✐♥❡✣❝✐❡♥❝② ✐s ❢✉rt❤❡r s✉♣♣♦rt❡❞ ❜② ✈❛r✐♦✉s ♠❛r✲

❦❡t ❛♥♦♠❛❧✐❡s✳ ❖♥❡ ❡①❛♠♣❧❡ ✐s t❤❡ ✇♦r❦ ♦❢ ❈✐❛✐❛♥ ❡t ❛❧✳ ✭✷✵✶✽✮✱ ✇❤♦ ✜♥❞ t❤❛t

❇✐t❝♦✐♥✬s ♠❛r❦❡t ❛♥❞ ❛❧t❝♦✐♥ ♠❛r❦❡ts ❛r❡ ✈❡r② ✐♥t❡r❞❡♣❡♥❞❡♥t ❛♥❞ t❤❛t t❤❡ ❝♦r✲

r❡❧❛t✐♦♥ ✐s str♦♥❣❡r ❞✉r✐♥❣ t❤❡ s❤♦rt✲t❡r♠ t❤❛♥ t❤❡ ❧♦♥❣✲t❡r♠✳ ❚❤✐s ❣♦❡s ❛❣❛✐♥st

t❤❡ ❛ss✉♠♣t✐♦♥ ♦❢ t❤❡ ❊▼❍✱ ✇❤✐❝❤ st❛t❡s t❤❛t ✐♥ ❛♥ ❡✣❝✐❡♥t ♠❛r❦❡t✱ s✉❝❝❡ss✐✈❡

♣r✐❝❡ ❝❤❛♥❣❡s ❛r❡ ✐♥❞❡♣❡♥❞❡♥t ✭❋❛♠❛✱ ✶✾✼✵✮✳ ❆♥♦t❤❡r ✐♠♣♦rt❛♥t ❛ss✉♠♣t✐♦♥ ♦❢
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t❤❡ ❊▼❍ st❛t❡s t❤❛t ✐♥✈❡st♦rs ❛r❡ ❛ss✉♠❡❞ t♦ ❜❡ r❛t✐♦♥❛❧ ❛♥❞ ✈❛❧✉❡ ❛♥ ❛ss❡t

❜❛s❡❞ ♦♥ ✐ts ❢✉♥❞❛♠❡♥t❛❧ ✈❛❧✉❡✳ ■♥ ❛♥ ❛rt✐❝❧❡ ❜② ❙✐❧✈❡r♠❛♥ ❡t ❛❧✳ ✭✷✵✶✼✮✱ ❲✐❧❧✐❛♠

●♦❡t③♠❛♥♥ ✲ ❛♥ ❡❝♦♥♦♠✐st ❛t ❨❛❧❡ ❯♥✐✈❡rs✐t② ✲ st❛t❡s t❤❛t ❞✉❡ t♦ t❤❡ ❧❛❝❦ ♦❢

✐♥tr✐♥s✐❝ ✈❛❧✉❡ ❛♥❞ t❤❡ ♣r✐❝❡s ♦❢ ❝r②♣t♦❝✉rr❡♥❝✐❡s ❜❡✐♥❣ ❞r✐✈❡♥ ❜② s♣❡❝✉❧❛t✐♦♥✱

t❤❡r❡ ✐s ♥♦ ✇❛② ❢♦r ❝r②♣t♦❝✉rr❡♥❝✐❡s t♦ ❜❡ ✈❛❧✉❡❞ ❢✉♥❞❛♠❡♥t❛❧❧②✱ ♠❛❦✐♥❣ t❤❡

♠❛r❦❡t ✐rr❛t✐♦♥❛❧✳ ❚❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ❛❧s♦ ♦✛❡rs ❧✐♠✐t❡❞ ✐♥str✉♠❡♥ts

❛♥❞ ♦♣♣♦rt✉♥✐t✐❡s ❢♦r ✐♥✈❡st♦rs t♦ ❝♦♠♠✉♥✐❝❛t❡ ❛ ❞♦✇♥✇❛r❞ ♣r✐❝❡ ♣♦t❡♥t✐❛❧✱

❝♦♥tr✐❜✉t✐♥❣ t♦ ❛♥ ✐♥❡✣❝✐❡♥t ♠❛r❦❡t✳ ❇❡❢♦r❡ t❤❡ ✐♥tr♦❞✉❝t✐♦♥ ♦❢ ❢✉t✉r❡s ❝♦♥✲

tr❛❝ts ❢♦r ❇✐t❝♦✐♥ ❜② t❤❡ ❈❤✐❝❛❣♦ ▼❡r❝❛♥t✐❧❡ ❊①❝❤❛♥❣❡ ✭❈▼❊✮ ❛♥❞ ❈❤✐❝❛❣♦

❇♦❛r❞ ❖♣t✐♦♥s ❊①❝❤❛♥❣❡ ✭❈❇❖❊✮ ✐♥ ❉❡❝❡♠❜❡r ✷✵✶✼✱ ✐♥✈❡st♦rs ✇❡r❡ ❧✐♠✐t❡❞ t♦

✉s✐♥❣ ♠❛r❣✐♥ tr❛❞✐♥❣ t♦♦❧s ❛✈❛✐❧❛❜❧❡ ♦♥❧② ♦♥ ❛ ❧✐♠✐t❡❞ ♥✉♠❜❡r ♦❢ ❝r②♣t♦❝✉rr❡♥❝②

❡①❝❤❛♥❣❡s✳

❙♦♠❡ ♣❛rt✐❡s ♥♦✇ ❛❧s♦ ♦✛❡r ❝r②♣t♦❝✉rr❡♥❝② ♦♣t✐♦♥ ❝♦♥tr❛❝ts✱ st✐❧❧ ❢♦r ♠❛♥②

❝r②♣t♦❝✉rr❡♥❝✐❡s t❤❡r❡ ❛r❡ ❝✉rr❡♥t❧② ❧✐♠✐t❡❞ ♠❡t❤♦❞s ✲ ♦t❤❡r t❤❛♥ s❡❧❧✐♥❣ ✲ t♦

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

❦❡t t♦ ❢♦r♠ ❛ ❜✉❜❜❧❡✳ ❚❤✐s ✐s ❛❧s♦ ✇❤② ✈❛r✐♦✉s ✐♥st✐t✉t✐♦♥❛❧ ♣❛rt✐❡s ❛r❡ ❧♦♦❦✐♥❣ t♦

❡st❛❜❧✐s❤ ❛ ❝r②♣t♦❝✉rr❡♥❝②✲❜❛s❡❞ ❊①❝❤❛♥❣❡✲❚r❛❞❡❞ ❋✉♥❞ ✭❊❚❋✮ t❤❛t ✇✐❧❧ ❝♦♥✲

tr✐❜✉t❡ t♦ t❤❡ ♠❛t✉r❛t✐♦♥ ♦❢ t❤❡ ♠❛r❦❡t✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡ ♣r✐❝❡s ♦❢ ❝r②♣t♦❝✉r✲

r❡♥❝✐❡s ❝❛♥ ✈❛r② s✉❜st❛♥t✐❛❧❧② ❛❝r♦ss ✈❛r✐♦✉s ♠❛r❦❡ts ❛♥❞ ❡①❝❤❛♥❣❡s✱ ❛❧❧♦✇✐♥❣

❢♦r ❛r❜✐tr❛❣❡ ✲ ❛ ❝❤❛r❛❝t❡r✐st✐❝ ♦❢ ✐♥❡✣❝✐❡♥t ♠❛r❦❡ts ✲ t♦ ❜❡ ❛ ♣r♦✜t❛❜❧❡ tr❛❞✐♥❣

str❛t❡❣② ✭❇❛❦❡r ❛♥❞ ❲✉r❣❧❡r✱ ✷✵✵✻✮✳ ❚❤❡ ✐♥❢♦r♠❛t✐♦♥❛❧ ✐♥❡✣❝✐❡♥❝② ❛❧s♦ s✉❣❣❡sts

✇❤② t❤❡ ♠❛r❦❡t r❡❛❝ts s♦ ❤❡❛✈✐❧② t♦ ♥❡✇s ♠❡ss❛❣❡s✳ ❚❤✐s ✐s ♦❜s❡r✈❡❞ ❜② ❈✐❛✲

✐❛♥ ❡t ❛❧✳ ✭✷✵✶✻✮ ❛♥❞ ❙♦✈❜❡t♦✈ ✭✷✵✶✽✮✱ ✇✐t❤ ✐♥✈❡st♦rs ❣❛✐♥✐♥❣ ❛♥ ✐♥❢♦r♠❛t✐♦♥❛❧

❛❞✈❛♥t❛❣❡ ✐♥ ♣r❡❞✐❝t✐♥❣ r❡t✉r♥s✳

❋r♦♠ ❛ r❡s❡❛r❝❤ ♣❡rs♣❡❝t✐✈❡✱ t❤❡ ❝r②♣t♦❝✉rr❡♥❝②✬s ♠❛r❦❡t ❡✣❝✐❡♥❝② ✐s r❡✲

s❡❛r❝❤❡❞ ❜② ❯rq✉❤❛rt ✭✷✵✶✻✮✱ ✇❤♦ ♦❜s❡r✈❡❞ ❇✐t❝♦✐♥ ♣r✐❝❡s ❜❡t✇❡❡♥ ✷✵✶✵ ❛♥❞

✷✵✶✻✱ ❛♥❞ ❞✐s❝♦✈❡rs t❤❛t t❤❡ ❇✐t❝♦✐♥ ♠❛r❦❡t ✐s ✐♥❡✣❝✐❡♥t ❜✉t ♠✐❣❤t ❜❡ ♠♦✈✲

✐♥❣ t♦✇❛r❞s ❛ ♠♦r❡ ❡✣❝✐❡♥t ♠❛r❦❡t✳ ❇❛r✐✈✐❡r❛ ✭✷✵✶✼✮ ❛♥❞ ❚✐✇❛r✐ ❡t ❛❧✳ ✭✷✵✶✽✮

✜♥❞ t❤❛t ❇✐t❝♦✐♥✬s ♠❛r❦❡t ✐s ❡✣❝✐❡♥t✱ ❜✉t ✐t ✐s ✉♥❧✐❦❡❧② t❤❛t t❤❡s❡ r❡s✉❧ts ❝❛♥

❜❡ ❛♣♣❧✐❡❞ t♦ t❤❡ ❡♥t✐r❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t✳ ❆ ❞✐✛❡r❡♥t st✉❞② ❜② ▼❡♥s✐

❡t ❛❧✳ ✭✷✵✶✾✮ r❡s❡❛r❝❤❡s t❤❡ ❡✣❝✐❡♥❝② ♦❢ ❇✐t❝♦✐♥ ❛♥❞ ❊t❤❡r❡✉♠ ❛♥❞ ✜♥❞s ❛ ♣r✐❝❡

✽



❞②♥❛♠✐❝s ♣❛tt❡r♥✱ s✉❣❣❡st✐♥❣ t❤❛t ❇✐t❝♦✐♥ ❛♥❞ ❊t❤❡r❡✉♠ ♠❛r❦❡ts ❛r❡ ✐♥❡✣✲

❝✐❡♥t✳ ❙❡♥s♦② ✭✷✵✶✾✮ ❝♦♠♣❛r❡❞ ✇❡❛❦ ❢♦r♠ ❡✣❝✐❡♥❝② ❢♦r t❤❡ ❇❚❈✴❯❙❉ ✈❡rs✉s

t❤❡ ❇❚❈✴❊❯❘ ♠❛r❦❡t ❛♥❞ ✜♥❞s t❤❛t t❤❡ ❇❚❈✴❯❙❉ ♠❛r❦❡t ✐s s❧✐❣❤t❧② ♠♦r❡

❡✣❝✐❡♥t ❛♥❞ t❤❛t ❜♦t❤ ♠❛r❦❡ts ❤❛✈❡ ❜❡❝♦♠❡ ♠♦r❡ ❡✣❝✐❡♥t ♦✈❡r t✐♠❡✳ ▲❛st❧②✱

❆s❧❛♥ ❛♥❞ ❙❡♥s♦② ✭✷✵✶✾✮ ✉s❡ s❡✈❡r❛❧ ❞✐✛❡r✐♥❣ ♠❡t❤♦❞s t♦ ❡st✐♠❛t❡ t❤❡ ❍✉rst

❡①♣♦♥❡♥t ❛♥❞ ✜♥❞ t❤❛t t❤❡ ❡✣❝✐❡♥❝② ✐♥ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ✈❛r✐❡s ♣❡r

❝r②♣t♦❝✉rr❡♥❝② ❛♥❞ ♣❡r ✐♥tr❛❤♦✉r❧② s❛♠♣❧✐♥❣ ❢r❡q✉❡♥❝②✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ ♠❛r✲

❦❡t ❡✣❝✐❡♥❝② ✐s ❢♦✉♥❞ t♦ ❢♦❧❧♦✇ ❛ ❯✲s❤❛♣❡❞ ♣❛tt❡r♥ ✇✐t❤ ✇❡❛❦ ❢♦r♠ ❡✣❝✐❡♥❝②

♦♥❧② ♦❝❝✉r✐♥❣ ❛r♦✉♥❞ t❤❡ ✺✲♠✐♥ ❛♥❞ ✶✵✲♠✐♥ ✐♥t❡r✈❛❧s✱ s✉♣♣♦rt✐♥❣ t❤❛t ❤♦✉r❧②

♣r❡❞✐❝t❛❜✐❧✐t② ❢♦r ❝❡rt❛✐♥ ❝r②♣t♦❝✉rr❡♥❝✐❡s ✐s ♣♦ss✐❜❧❡✳ ▼❡♥s✐ ❡t ❛❧✳ ✭✷✵✶✾✮ ❛♥❞

❙❡♥s♦② ✭✷✵✶✾✮ ❛❧s♦ ✜♥❞ t❤❛t ❡✣❝✐❡♥❝② ❧❡✈❡❧s ✈❛r② ♦✈❡r ❞✐✛❡r❡♥t s❛♠♣❧✐♥❣ ❢r❡✲

q✉❡♥❝✐❡s✳ ◆♦t❡ t❤❛t ❛❣❛✐♥✱ t❤❡r❡ ❡①✐sts ❧✐tt❧❡ r❡s❡❛r❝❤ ✐♥t♦ ♦t❤❡r ❝r②♣t♦❝✉rr❡♥❝✐❡s

t❤❛♥ ❇✐t❝♦✐♥✳

❚❤❡ ❊▼❍ ✐s t❤❡ ♥❡♦❝❧❛ss✐❝❛❧ st❛♥❞❛r❞ t❤❡♦r② ♦❢ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts ❜✉t ❢♦❝✉s❡s

❧❡ss ♦♥ t❤❡ ❜❡❤❛✈✐♦✉r❛❧ ❛♥❞ ❡♠♦t✐♦♥❛❧ ❡✛❡❝ts t❤❛t ♠❛r❦❡t ❛❝t♦rs ❤❛✈❡ ♦♥ ♣r✐❝❡s✳

●✐✈❡♥ t❤❡ ♠♦r❡ ❜❡❤❛✈✐♦✉r❛❧ ♥❛t✉r❡ ♦❢ t❤✐s ✇♦r❦ ❛♥❞ str♦♥❣ ♣r❡s❡♥❝❡ ♦❢ ❡♠♦✲

t✐♦♥❛❧❧② ❞r✐✈❡♥ ✐♥✈❡st♠❡♥t ❞❡❝✐s✐♦♥s✱ ❜❡st ♦❜s❡r✈❡❞ t❤r♦✉❣❤ t❤❡ str♦♥❣ ✈♦❧❛t✐❧✐t②

✐♥ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t✱ t❤❡ ❆❞❛♣t✐✈❡ ▼❛r❦❡ts ❍②♣♦t❤❡s✐s ✭❆▼❍✮ ♣r♦✲

♣♦s❡❞ ❜② ▲♦ ✭✷✵✵✹✮ ✐s ❞❡❡♠❡❞ ❛ ♠♦r❡ ❛♣♣r♦♣r✐❛t❡ ❢r❛♠❡✇♦r❦ ❢♦r t❤✐s st✉❞②✳

▲♦ ✭✷✵✵✹✮ ❛r❣✉❡s t❤❛t t❤❡ ❊▼❍ ✐s ♥♦t ✇r♦♥❣ ❜✉t ♠❡r❡❧② ✐♥❝♦♠♣❧❡t❡ ❜❡❝❛✉s❡ ✐t

❞♦❡s ♥♦t ❢✉❧❧② ❡①♣❧❛✐♥ ♠❛r❦❡t ❜❡❤❛✈✐♦✉r ❛s ✐rr❛t✐♦♥❛❧✐t② ❛♥❞ r❛t✐♦♥❛❧✐t② ❝♦❡①✐st

✐♥ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts✳ ❚♦ r❡❝♦♥❝✐❧❡ t❤❡ ♦♠♥✐♣r❡s❡♥t ❊▼❍ ❛♥❞ ❡✈♦❧✉t✐♦♥❛r② ❜❡✲

❤❛✈✐♦✉r❛❧ ❛s♣❡❝ts✱ t❤❡ ❆▼❍ st❛t❡s t❤❛t ✏♠❛r❦❡ts ❛r❡ ♥♦t ❛❧✇❛②s ❡✣❝✐❡♥t✱ ❜✉t

❛r❡ ✉s✉❛❧❧② ❝♦♠♣❡t✐t✐✈❡ ❛♥❞ ❛❞❛♣t✐✈❡✱ ✈❛r②✐♥❣ ✐♥ t❤❡✐r ❞❡❣r❡❡ ♦❢ ❡✣❝✐❡♥❝② ❛s t❤❡

❡♥✈✐r♦♥♠❡♥t ❛♥❞ ✐♥✈❡st♦r ♣♦♣✉❧❛t✐♦♥ ❝❤❛♥❣❡ ♦✈❡r t✐♠❡✑ ✭▲♦✱ ✷✵✶✷✮✳ ❲❤❡r❡ t❤❡

❊▼❍ r❡❧✐❡s ♦♥ t❤❡ ❛ss✉♠♣t✐♦♥ ♦❢ t❤❡ ❤♦♠♦ ❡❝♦♥♦♠✐❝✉s ❛s ❛ ❝♦♥s✐st❡♥t r❛t✐♦♥❛❧

❛❝t♦r✱ t❤❡ ❆▼❍ st❛t❡s t❤❛t t❤✐s ♦♥❧② ♦❝❝✉rs ❛t t✐♠❡s ♦❢ ❝❡rt❛✐♥t②✳ ❚❤❡ ❛❝t♦r✬s

❜❡❤❛✈✐♦✉r ❛t t✐♠❡s ♦❢ ✉♥❝❡rt❛✐♥t② ✐s ❞✐✣❝✉❧t t♦ ❡①♣❧❛✐♥✱ ❛s t❤✐s ✐s ❞r✐✈❡♥ ❜②

❡♠♦t✐♦♥ ❛♥❞ ✐♥st✐♥❝t✳ ❚❤✐s ✐s ❜❡st ❞❡♠♦♥str❛t❡❞ ❜② t❤❡ ✢✐❣❤t✲♦❢✲s❛❢❡t② ♣r✐♥❝✐✲

♣❧❡✱ ✇❤✐❝❤ ✐s ♦♥❡ ♦❢ t❤❡ ❦❡② ✐♠♣❧✐❝❛t✐♦♥s ♦❢ t❤❡ ❆▼❍ ❛♥❞ ❝❛♥ ❛❧s♦ ❜❡ ♦❜s❡r✈❡❞ ✐♥

t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t✳ ❉✉r✐♥❣ ✈♦❧❛t✐❧❡ ♣❡r✐♦❞s✱ ✇❤❡r❡ t❤❡ ♠❛r❦❡t ✐s ❞✐s❧♦✲

✾



❝❛t❡❞ ❛♥❞ ✭❡①tr❡♠❡✮ ❣r❡❡❞ ❛♥❞✴♦r ❢❡❛r ❞♦♠✐♥❛t❡ t❤r♦✉❣❤ t❤❡ s♦✲❝❛❧❧❡❞ ♠❛❞♥❡ss

♦❢ t❤❡ ♠♦❜s✱ ✐♥✈❡st♦rs ✇✐❧❧ ❞✐✈❡st t❤❡✐r r✐s❦② ❛ss❡ts ✐♥t♦ ❞❡❢❡♥s✐✈❡ ❛ss❡ts✳ ❆s

♠❡♥t✐♦♥❡❞ ❜❡❢♦r❡ ❛♥❞ ❜② ❇♦❧t♦♥ ✭✷✵✶✽✮✱ ♠❛♥② ❝r②♣t♦❝✉rr❡♥❝② ✐♥✈❡st♦rs ✇✐❧❧ ✉s❡

st❛❜❧❡❝♦✐♥s s✉❝❤ ❛s ❚❡t❤❡r✱ P❛①♦s ♦r ❯❙❉ ❈♦✐♥ ❛s ❛ s❛❢❡✲❤❛✈❡♥ ✇❤❡♥ t❤❡ ♠❛r❦❡t

✐s ♠♦r❡ ✈♦❧❛t✐❧❡✳ ❖♥❝❡ t❤❡ ✈♦❧❛t✐❧✐t② ❞❡❝r❡❛s❡s✱ t❤❡ ♠❛r❦❡t r❡t✉r♥s t♦ t❤❡ ✇✐s✲

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

✐♥❢♦r♠❛t✐♦♥✳ ■♥ ❛❞❞✐t✐♦♥✱ ▲♦ ❛r❣✉❡s t❤❛t ✏❛ r❡❧❛t✐✈❡❧② ♥❡✇ ♠❛r❦❡t ✐s ❧✐❦❡❧② t♦ ❜❡

❧❡ss ❡✣❝✐❡♥t t❤❛♥ ❛ ♠❛r❦❡t t❤❛t ❤❛s ❜❡❡♥ ✐♥ ❡①✐st❡♥❝❡ ❢♦r ❞❡❝❛❞❡s✑ ✭▲♦✱ ✷✵✶✷✮✳

❚❤✐s ❢✉rt❤❡r s✉♣♣♦rts t❤❡ ♣r♦♣♦s❡❞ ❛r❣✉♠❡♥t t❤❛t t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t

✐s ✐♥❡✣❝✐❡♥t ❛♥❞ t❤✉s ❝❛♥ ❜❡ ♣r❡❞✐❝t❡❞ t♦ ❛ ❝❡rt❛✐♥ ❡①t❡♥t✳

❚♦ ✜♥❞ ✇❤❡t❤❡r ❚✇✐tt❡r s❡♥t✐♠❡♥t ✐s ❛ ❝r②♣t♦❝✉rr❡♥❝② ♣r✐❝❡ ❞r✐✈✐♥❣ ❢❛❝t♦r✱

✐t ✐s ✐♠♣♦rt❛♥t t♦ ❡①♣❧♦r❡ ♦t❤❡r ❞r✐✈✐♥❣ ❢❛❝t♦rs ♦❢ ❝r②♣t♦❝✉rr❡♥❝② ♣r✐❝❡s✳ ❘❡✲

s❡❛r❝❤❡rs ❤❛✈❡ ❡①t❡♥s✐✈❡❧② st✉❞✐❡❞ t❤❡s❡ ❢❛❝t♦rs ❢♦r ❛ ✇✐❞❡ r❛♥❣❡ ♦❢ ✈❛r✐❛❜❧❡s✳

❚❤❡ ♠♦st ❝r❡❞✐❜❧❡ ❛❝❛❞❡♠✐❝ ✇♦r❦s t❤❡ ♣r✐❝❡ ❞r✐✈✐♥❣ ❢❛❝t♦rs ♦❢ ❝r②♣t♦❝✉rr❡♥❝✐❡s

❛r❡ ❜② ❙♦✈❜❡t♦✈ ✭✷✵✶✽✮ ❛♥❞ ❈✐❛✐❛♥ ❡t ❛❧✳ ✭✷✵✶✽✮✳ ❋♦r ❇✐t❝♦✐♥ s♣❡❝✐✜❝❛❧❧②✱ t❤❡

✇♦r❦ ♦❢ ❑r✐st♦✉❢❡❦ ✭✷✵✶✺✮ ✐s ❝♦♠♣r❡❤❡♥s✐✈❡✳ ❚❤✐s st✉❞② ❞✐st✐♥❣✉✐s❤❡s t✇♦ t②♣❡s

♦❢ ❢❛❝t♦rs t❤❛t ❝❛♥ ❛✛❡❝t ❝r②♣t♦❝✉rr❡♥❝② ♣r✐❝❡s✿ ✐♥t❡r♥❛❧ ❢❛❝t♦rs ✭❡✳❣✳ s✉♣♣❧②✱

❞❡♠❛♥❞ ❛♥❞ ♠✐♥✐♥❣ ❞✐✣❝✉❧t②✮ ❛♥❞ ❡①t❡r♥❛❧ ✭❡✳❣✳ ♠❛r❦❡t tr❡♥❞s ❛♥❞ ♠❛❝r♦✲

❡❝♦♥♦♠✐❝ ❢❛❝t♦rs✮✳ ❖t❤❡r ❢❛❝t♦rs t❤❛t ❛✛❡❝t ❝r②♣t♦❝✉rr❡♥❝② ♣r✐❝❡s ✐♥❝❧✉❞❡✱ ❜✉t

❛r❡ ♥♦t ❧✐♠✐t❡❞ t♦✱ t❤❡ ❙✫P ✺✵✵ ✭❙♦✈❜❡t♦✈✱ ✷✵✶✽✮✱ ❣♦❧❞ ♣r✐❝❡s ✭P♦②s❡r✱ ✷✵✶✼✮✱

t❤❡ ❯❙❉✴❊❯❘ ❡①❝❤❛♥❣❡ r❛t❡ ✭●❡♦r❣♦✉❧❛ ❡t ❛❧✳✱ ✷✵✶✺✮✱ ♠✐♥✐♥❣ ❞✐✣❝✉❧t② ✭▲✐ ❛♥❞

❲❛♥❣✱ ✷✵✶✼✮✱ t❤❡ ♣♦❧✐t✐❝❛❧ s✐t✉❛t✐♦♥ ♦❢ ❛ ❝♦✉♥tr② ✭❡✳❣✳ ❱❡♥❡③✉❡❧❛✮ ✭P♦②s❡r✱ ✷✵✶✼✮✱

❚✇✐tt❡r ♠❡♥t✐♦♥s ✭▲✐ ❛♥❞ ❲❛♥❣✱ ✷✵✶✼✮✱ ♥❡✇s s❡♥t✐♠❡♥t ❛♥❞ ✈♦❧✉♠❡ ✭P♦❧❛s✐❦

❡t ❛❧✳✱ ✷✵✶✺✮✱ s♣❡❝✉❧❛t✐♦♥ ✭❙♦✈❜❡t♦✈✱ ✷✵✶✽✮✱ r❡❣✉❧❛t✐♦♥ ❛♥♥♦✉♥❝❡♠❡♥ts✱ ■♥✐t✐❛❧

❈♦✐♥ ❖✛❡r✐♥❣s ✭■❈❖✮✻✱ ❤❛r❞ ❢♦r❦s✼✱ ❛✐r❞r♦♣s ✽✱ ❝r②♣t♦❝✉rr❡♥❝② ❡①❝❤❛♥❣❡ ❤❛❝❦s

✻❆♥ ■❈❖ ♦r ■♥✐t✐❛❧ ❈♦✐♥ ❖✛❡r✐♥❣ ✐s ❛♥ ✉♥r❡❣✉❧❛t❡❞ ❢✉♥❞✲r❛✐s✐♥❣ ❡✈❡♥t ❢♦r ❛ ♥❡✇ ❝r②♣t♦❝✉r✲

r❡♥❝② ♣r♦❥❡❝t✳
✼❆ ❞✐s♣✉t❡ ❜❡t✇❡❡♥ ❞❡✈❡❧♦♣❡rs ❛♥❞✴♦r ♠✐♥❡rs✱ ✇❤❡r❡ ❛ ❜❧♦❝❦❝❤❛✐♥ ✐s ❝❧♦♥❡❞ ❜② ❛ ♥❡✇ t❡❛♠

♦❢ ❞❡✈❡❧♦♣❡rs ✇❤♦ s❧✐❣❤t❧② ❛❧t❡r t❤❡ ❜❧♦❝❦❝❤❛✐♥✬s ♣r♦t♦❝♦❧✳
✽❆♥ ❛✐r❞r♦♣ ✐s ❛♥ ❡✈❡♥t ✇❤❡r❡ ❛ ❜❧♦❝❦❝❤❛✐♥ ♣r♦❥❡❝t ❞✐str✐❜✉t❡s ❛ ♥❡✇ ❝✉rr❡♥❝② ❢♦r ❢r❡❡

❛♠♦♥❣st ✐♥✈❡st♦rs ✇❤♦ ♦✇♥ t❤❡ ❝✉rr❡♥❝② ✐♥ q✉❡st✐♦♥✳

✶✵



❛♥❞ ❝r②♣t♦❝✉rr❡♥❝② ❡①❝❤❛♥❣❡ ✭❞❡✮❧✐st✐♥❣s✳ ❋✉rt❤❡r♠♦r❡✱ ❛ s✉r✈❡② ❜② ❈♦✐♥❉❡s❦

❛♠♦♥❣st ✸✱✵✵✵ ❝r②♣t♦❝✉rr❡♥❝② ✐♥✈❡st♦rs ✐♥❞✐❝❛t❡s t❤❛t ❛ ❝r②♣t♦❝✉rr❡♥❝②✬s ♠❛r✲

❦❡t ❝❛♣✐t❛❧✐s❛t✐♦♥ ✐s t❤❡ ♠♦st ✐♠♣♦rt❛♥t ✐♥✈❡st♠❡♥t ❝r✐t❡r✐♦♥✱ ❢♦❧❧♦✇❡❞ ❜② ❡①✲

❝❤❛♥❣❡ ✈♦❧✉♠❡✱ ♥✉♠❜❡r ♦❢ ❡①❝❤❛♥❣❡s t❤❛t ❧✐st t❤❛t ❝✉rr❡♥❝② ❛♥❞ ❛ ❝r②♣t♦❝✉r✲

r❡♥❝②✬s tr❛♥s❛❝t✐♦♥ ✈♦❧✉♠❡ ✭❈♦✐♥❉❡s❦✱ ✷✵✶✽✮✳

✷✳✷✳ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ❛♥❞ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts

✷✳✷✳✶✳ ❙❡♥t✐♠❡♥t ❛♥❞ ♣r❡❞✐❝t❛❜✐❧✐t②

❲✐t❤✐♥ t❤❡ ❝♦♥t❡①t ♦❢ ❡❝♦♥♦♠✐❝s✱ ❑❛♣❧❛♥s❦✐ ❛♥❞ ▲❡✈② ✭✷✵✶✵✮ ❞❡✜♥❡ s❡♥t✐✲

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

♦❢ ❛♥ ❛ss❡t✳ ❙❡♥t✐♠❡♥t ❝❛♥ t❤❡r❡❢♦r❡ ♠❛❦❡ ❛ss❡ts s♣❡❝✉❧❛t✐✈❡✱ ❛s ❛❝❝♦r❞✐♥❣ t♦

❇❛❦❡r ❛♥❞ ❲✉r❣❧❡r ✭✷✵✵✼✮✱ t❤❡ ❝r✉❝✐❛❧ ❝❤❛r❛❝t❡r✐st✐❝ ❞❡✜♥✐♥❣ ✇❤❛t ♠❛❦❡s s♦♠❡

❛ss❡ts ♠♦r❡ s♣❡❝✉❧❛t✐✈❡ t❤❛♥ ♦t❤❡rs ✐s ✏t❤❡ ❞✐✣❝✉❧t② ❛♥❞ s✉❜❥❡❝t✐✈✐t② ♦❢ ❞❡t❡r✲

♠✐♥✐♥❣ t❤❡✐r tr✉❡ ✈❛❧✉❡✑✳ ❚❤✐s ✐s r❡❧❛t❡❞ t♦ ❛ ❢✉♥❞❛♠❡♥t❛❧ ♣s②❝❤♦❧♦❣✐❝❛❧ ❝♦♥❝❡♣t

♦❢ ✭✜♥❛♥❝✐❛❧✮ ♠❛r❦❡ts ✇❤✐❝❤ st❛t❡s t❤❛t ❞❡❝✐s✐♦♥✲♠❛❦✐♥❣ ✐s ❞r✐✈❡♥ ❜② ♣s②❝❤♦❧♦❣✲

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

s②♥♦♥②♠♦✉s ✇✐t❤ t❤❡ ❢✉♥❞❛♠❡♥t❛❧ ✈❛❧✉❡ ♦❢ ❛♥ ❛ss❡t ✭P❡t❡rs♦♥✱ ✷✵✶✻✮✳ ■♥✈❡st♦rs

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

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

❆s ♥❡✇s ✐s ✉♥♣r❡❞✐❝t❛❜❧❡✱ st♦❝❦ ♣r✐❝❡s ❛r❡ ❛❧s♦ ✉♥♣r❡❞✐❝t❛❜❧❡ ✭❋❛♠❛ ❡t ❛❧✳✱

✶✾✻✾✮✳ ❍♦✇❡✈❡r✱ s♦♠❡ r❡s❡❛r❝❤❡rs ❞❡♠♦♥str❛t❡ t❤❛t st♦❝❦ ♣r✐❝❡s ❞♦ ♥♦t ❢♦❧❧♦✇ ❛

r❛♥❞♦♠ ✇❛❧❦ ❛♥❞ ❛r❡ t❤❡r❡❢♦r❡ ♣r❡❞✐❝t❛❜❧❡ ✭❇♦❧❧❡♥ ❡t ❛❧✳✱ ✷✵✶✶✮✳ ❋r♦♠ ♣r❡✈✐♦✉s

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

t❤❛t ♥❡✇s ❛✛❡❝ts s❡♥t✐♠❡♥t ✭P❡t❡rs♦♥✱ ✷✵✶✻✮✳ ■♥ ♠♦r❡ r❡❝❡♥t st✉❞✐❡s✱ r❡s❡❛r❝❤❡rs

❛♥❞ ✐♥✈❡st♦rs ❤❛✈❡ ✐♥❝r❡❛s✐♥❣❧② ❛❝❦♥♦✇❧❡❞❣❡❞ t❤❡ ♣♦✇❡r ♦❢ ◆❛t✉r❛❧ ▲❛♥❣✉❛❣❡

Pr♦❝❡ss✐♥❣ ✭◆▲P✮ ❛♥❞ t❡①t ♠✐♥✐♥❣ ❛♣♣r♦❛❝❤❡s t♦ ❡①tr❛❝t s❡♥t✐♠❡♥t ❢r♦♠ ♥❡✇s✱

❛s s❤♦✇♥ ✇✐t❤ t❤❡ ❚❤♦♠s♦♥ ❘❡✉t❡rs ▼❛r❦❡tPs②❝❤ ■♥❞✐❝❡s ✭❚❘▼■✮ ♦r ✐♥ t❤❡

✇♦r❦s ♦❢ ▼❛♦ ❡t ❛❧✳ ✭✷✵✶✶✮ ❛♥❞ ▲✐ ❡t ❛❧✳ ✭✷✵✶✹✮✳ ❙t♦❝❦ ♠✐❝r♦✲❜❧♦❣s s✉❝❤ ❛s

❙t♦❝❦❚✇✐ts✾✱ ♠❡ss❛❣❡ ❜♦❛r❞s ❛♥❞ s♦❝✐❛❧ ♠❡❞✐❛ ❤❛✈❡ ❛❧s♦ ❞❡♠♦♥str❛t❡❞ t♦ ❣✐✈❡

✾❙❡❡ ❤tt♣s✿✴✴st♦❝❦t✇✐ts✳❝♦♠✴

✶✶

https://stocktwits.com/


✉s❡❢✉❧ r❡s✉❧ts ❢♦r ♣r❡❞✐❝t✐♥❣ st♦❝❦ ♣r✐❝❡s ✭❆♥t✇❡✐❧❡r ❛♥❞ ❋r❛♥❦✱ ✷✵✵✹❀ ◆❣✉②❡♥

❡t ❛❧✳✱ ✷✵✶✺❀ ▲✐ ❡t ❛❧✳✱ ✷✵✶✼✮✳ ❚r❛❞✐t✐♦♥❛❧❧②✱ ✐♥✈❡st♦rs ✉s❡ ✈❛r✐♦✉s ✐♥❞✐❝❛t♦rs

t♦ ♠❡❛s✉r❡ s❡♥t✐♠❡♥t✳ ■♥✈❡st♦r s✉r✈❡②s s✉❝❤ ❛s t❤❡ ❆♠❡r✐❝❛♥ ❆ss♦❝✐❛t✐♦♥ ♦❢

■♥❞✐✈✐❞✉❛❧ ■♥✈❡st♦rs ✭❆❆■■✮ ♦r ■♥✈❡st♦r ■♥t❡❧❧✐❣❡♥❝❡ ✭■■✮ ❛r❡ ✇✐❞❡❧② ✉s❡❞ ❜✉t

❛r❡ ❧✐♠✐t❡❞ ❜② t❤❡✐r ♥❡❡❞ ❢♦r r❡❝✐♣✐❡♥ts t♦ ♦❜t❛✐♥ r❡♣r❡s❡♥t❛t✐✈❡ r❡s✉❧ts ✭❇❛❦❡r

❛♥❞ ❲✉r❣❧❡r✱ ✷✵✵✼✮✳ ■♥ ❛❞❞✐t✐♦♥✱ ✈❛r✐♦✉s t❡❝❤♥✐❝❛❧ s❡♥t✐♠❡♥t ✐♥❞✐❝❛t♦rs s✉❝❤

❛s t❤❡ ❈❇❖❊ ❱♦❧❛t✐❧✐t② ■♥❞❡① ✭❱■❳✮ ❛♥❞ ❝r♦ss♦✈❡rs ✐♥ t❤❡ ▼♦✈✐♥❣ ❆✈❡r❛❣❡

❈♦♥✈❡r❣❡♥❝❡ ❉✐✈❡r❣❡♥❝❡ ✭▼❆❈❉✮✱ ✺✵✲❞❛② ❛♥❞ ✷✵✵✲❞❛② ▼♦✈✐♥❣ ❆✈❡r❛❣❡s ❛r❡

✉s❡❞✳

✷✳✷✳✷✳ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s

❚❤❡ ✉s❡ ♦❢ s❡♣❛r❛t❡ s❡♥t✐♠❡♥t ✐♥❞✐❝❛t♦rs s✉❝❤ ❛s s✉r✈❡②s✱ t❡❝❤♥✐❝❛❧ t♦♦❧s ♦r

♥❡✇s ❧✐♠✐ts r❡s❡❛r❝❤❡rs ❛♥❞ ✐♥✈❡st♦rs✳ ❚✇✐tt❡r ❢♦r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ❤❛s ❜❡❡♥

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

❚✇✐tt❡r ♦✛❡rs ❛ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❜♦t❤ ♥❡✇s ❛♥❞ ✐♥✈❡st♦r s❡♥t✐♠❡♥t✳ ❙❡♥t✐♠❡♥t

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

♣r❛✐s❛❧s✱ ❛tt✐t✉❞❡s✱ ❛♥❞ ❡♠♦t✐♦♥s t♦✇❛r❞ ❡♥t✐t✐❡s✱ ✐♥❞✐✈✐❞✉❛❧s✱ ✐ss✉❡s✱ ❡✈❡♥ts✱

t♦♣✐❝s ❛♥❞ t❤❡✐r ❛ttr✐❜✉t❡s✑ ✭▲✐✉ ❛♥❞ ❩❤❛♥❣✱ ✷✵✶✷✮ ✇❤❡r❡ t❤❡ ♠❛✐♥ ❣♦❛❧ ✐s t♦

❛ss✐❣♥ ❛ ♣♦s✐t✐✈❡✱ ♥❡❣❛t✐✈❡ ♦r ♥❡✉tr❛❧ s❡♥t✐♠❡♥t ♣♦❧❛r✐t② s❝♦r❡ t♦ ✉♥str✉❝t✉r❡❞

t❡①t✳ ❚❤❡ ✷✽✵✲❝❤❛r❛❝t❡r ❧❡♥❣t❤ ❧✐♠✐t❛t✐♦♥ ♦❢ ❚✇❡❡ts ♠❛❦❡ t❤❡♠ ❡①tr❡♠❡❧② ♥♦✐s②

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

♦❢ ❣r❛♥✉❧❛r✐t② ✭●✐❛❝❤❛♥♦✉ ❛♥❞ ❈r❡st❛♥✐✱ ✷✵✶✻✮✳

❲✐t❤✐♥ t❤❡ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ❧✐t❡r❛t✉r❡✱ ●✐❛❝❤❛♥♦✉ ❛♥❞ ❈r❡st❛♥✐

✭✷✵✶✻✮ ❞✐st✐♥❣✉✐s❤ ❢♦✉r t②♣❡s ♦❢ ❛♣♣r♦❛❝❤❡s✿ ✭✶✮ ❛ s✉♣❡r✈✐s❡❞ ♠❛❝❤✐♥❡ ❧❡❛r♥✐♥❣✲

❜❛s❡❞✱ ✭✷✮ ❛ ❧❡①✐❝♦♥✲❜❛s❡❞✱ ✭✸✮ ❛ ❤②❜r✐❞ ✭▼▲ ✫ ▲❇✮ ♦r ✭✹✮ ❛ ❣r❛♣❤✲❜❛s❡❞ ❛♣✲

♣r♦❛❝❤✳ ❚❛❢t✐ ❡t ❛❧✳ ✭✷✵✶✻✮❀ P❡t❡rs♦♥ ✭✷✵✶✻✮ ❛♥❞ ▲✐ ❡t ❛❧✳ ✭✷✵✶✼✮ st❛t❡ t❤❛t ♠✐❝r♦✲

❜❧♦❣s s✉❝❤ ❛s ❚✇✐tt❡r ❛r❡ ❜❡tt❡r ❛❜❧❡ t♦ ❛❞❡q✉❛t❡❧② ♣r♦✈✐❞❡ ❛ ❜r♦❛❞ ❛♥❞ ❣❧♦❜❛❧

❧✐✈❡✲str❡❛♠ ♦❢ ♠❛r❦❡t ✐♥❢♦r♠❛t✐♦♥✳ ■♥ ❛❞❞✐t✐♦♥✱ ♠✐❝r♦✲❜❧♦❣s s♣r❡❛❞ ❣❡♥❡r❛t❡❞

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

♠♦✈✐♥❣ ✐♠♣❛❝t ♦♥ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts✳ ❚✇✐tt❡r ❞❛t❛ ♣r♦✈✐❞❡s ❛ r✐❝❤ s♦✉r❝❡ ♦❢

✐♥❢♦r♠❛t✐♦♥ t❤❛t ❝❛♥ ❛✛❡❝t ♠❛r❦❡ts✱ ✇❤✐❝❤ ❝❛♥ ❜❡ ✉s❡❞ t♦ ❡①tr❛❝t ❡♠♦t✐♦♥❛❧ ✐♥✲

✶✷



t❡❧❧✐❣❡♥❝❡ t❤r♦✉❣❤ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s✳ ■♥ r❡❧❛t❡❞ ✇♦r❦s✱ t❤❡ ✉s❡ ❛♥❞ ❡✛❡❝t✐✈❡♥❡ss

♦❢ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s t♦ ♣r❡❞✐❝t ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts ✐s ❜❡st ❞❡♠♦♥str❛t❡❞

✐♥ t❤❡ ✇❡❧❧✲❦♥♦✇♥ st✉❞② ❜② ❇♦❧❧❡♥ ❡t ❛❧✳ ✭✷✵✶✶✮ ❛♥❞ ♠♦r❡ r❡❝❡♥t❧② ✐♥ t❤❡ ✇♦r❦

♦❢ ▲✐ ❡t ❛❧✳ ✭✷✵✶✼✮✳ ❆❧t❤♦✉❣❤ t❤❡ ✇♦r❦ ♦❢ ❇♦❧❧❡♥ ❡t ❛❧✳ ✭✷✵✶✶✮ ✐s r❡♠❛r❦❛❜❧❡

✇✐t❤ ❛♥ ❛❝❝✉r❛❝② ♦❢ ✽✻✳✼✪✱ t❤❡ st✉❞② ❤❛s ❛❧s♦ ❜❡❡♥ ❤❡❛✈✐❧② ❝r✐t✐❝✐s❡❞ ❢♦r ♠❛❦✐♥❣

✐♥❝♦rr❡❝t st❛t✐st✐❝❛❧ ❛ss✉♠♣t✐♦♥s ✭▲❛❝❤❛♥s❦✐ ❛♥❞ P❛✈✱ ✷✵✶✼✮✳ ▲✐ ❡t ❛❧✳ ✭✷✵✶✼✮ ✉s❡

❛ ◆❛✐✈❡ ❇❛②❡s s❡♥t✐♠❡♥t ❝❧❛ss✐✜❡r✱ ✐♥ ❝♦♠❜✐♥❛t✐♦♥ ✇✐t❤ r❡❣r❡ss✐♦♥ ♠♦❞❡❧s✱ t♦

✜♥❞ t❤❛t st♦❝❦✲r❡❧❛t❡❞ ❚✇❡❡ts ❤❛✈❡ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ❢♦r ❞❛✐❧② st♦❝❦ r❡t✉r♥s✳ ■t

✐s ❛❧s♦ s❤♦✇♥ t❤❛t ♣r❡✈✐♦✉s ❞❛② ✈♦❧❛t✐❧✐t② ❧❡❛❞s t♦ ✐♥❝r❡❛s❡s ✐♥ ❚✇✐tt❡r ✈♦❧✉♠❡✱

s✉❣❣❡st✐♥❣ t❤❛t ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛❝ts ❛s ❜♦t❤ ❛ ✏❝❛✉s❡✑ ❛♥❞ ✏❡✛❡❝t✑ ♦❢ ✜♥❛♥❝✐❛❧

♠❛r❦❡ts✳ ❖t❤❡r ✇♦r❦s t❤❛t r❡♣♦rt t❤❡ ❛❞❞❡❞ ❜❡♥❡✜t ♦❢ ✐♥❝❧✉❞✐♥❣ ❚✇✐tt❡r s❡♥t✐✲

♠❡♥t ❢♦r ♣r❡❞✐❝t✐♥❣ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts ✐♥❝❧✉❞❡ ❩❤❛♥❣ ❡t ❛❧✳ ✭✷✵✶✶✮ ❛♥❞ ❙♣r❡♥❣❡r

❡t ❛❧✳ ✭✷✵✶✹❜✮✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ ▼❛♦ ❡t ❛❧✳ ✭✷✵✶✶✮ s❤♦✇ t❤❛t ❛❧t❤♦✉❣❤ tr❛❞✐✲

t✐♦♥❛❧ ✐♥✈❡st♦r s❡♥t✐♠❡♥t ❞♦❡s ♥♦t ❤❛✈❡ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ❢♦r ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts✱

❚✇✐tt❡r s❡♥t✐♠❡♥t ✐s ❛❜❧❡ t♦ ❤❛✈❡ str♦♥❣ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ❢♦r t❤❡ ♥❡①t ✶✲✷ ❞❛②✭s✮

r❡t✉r♥s✳

▼♦st ♦❢ t❤❡ r❡❧❛t❡❞ ✇♦r❦s ❢♦❧❧♦✇ ❛ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ❛♣♣r♦❛❝❤✱ ✐♥ ❝♦♠✲

❜✐♥❛t✐♦♥ ✇✐t❤ r❡❣r❡ss✐♦♥ ♠♦❞❡❧s ♦r ❛ ✭●r❛♥❣❡r✲✮❝❛✉s❛❧✐t② t❡st✱ t♦ ❡①❛♠✐♥❡ t❤❡

♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ♦❢ ❚✇✐tt❡r s❡♥t✐♠❡♥t ✐♥ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts ✭❇♦❧❧❡♥ ❡t ❛❧✳✱ ✷✵✶✶❀

▼❛♦ ❡t ❛❧✳✱ ✷✵✶✶❀ P♦rs❤♥❡✈ ❡t ❛❧✳✱ ✷✵✶✸❀ ❙♣r❡♥❣❡r ❡t ❛❧✳✱ ✷✵✶✹❛❀ ▲✐ ❡t ❛❧✳✱ ✷✵✶✼✮✳

❙♦♠❡ ✇♦r❦s ❛❧s♦ ❛♣♣❧② ◆❡✉r❛❧ ◆❡t✇♦r❦s ❛s ❛♥ ❛✉①✐❧✐❛r② t❡st t♦ ❡①♣❧♦r❡ t❤❡ ♣r❡✲

❞✐❝t✐✈❡ ❢❛❝t♦r ♦❢ ❚✇✐tt❡r s❡♥t✐♠❡♥t ✭❇♦❧❧❡♥ ❡t ❛❧✳✱ ✷✵✶✶❀ P♦rs❤♥❡✈ ❡t ❛❧✳✱ ✷✵✶✸✮✳

❚❤❡ st✉❞✐❡s ✈❛r② ✐♥ t❤❡✐r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ❛♣♣r♦❛❝❤✱ ✇❤❡r❡ ♠♦st ❛✉t❤♦rs ❡✐t❤❡r

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

❢♦❧❧♦✇ ❛ ❤②❜r✐❞ ❛♣♣r♦❛❝❤✳ ❙t✉❞✐❡s t❤❛t ✉s❡ ❛ ❤②❜r✐❞ ♦r ❧❡①✐❝♦♥✲❜❛s❡❞ ❛♣♣r♦❛❝❤

♦❢t❡♥ ✉s❡ t❤❡ ▲♦✉❣❤r❛♥ ✫ ▼❝❉♦♥❛❧❞ ✜♥❛♥❝✐❛❧ ❝♦r♣✉s ❛♥❞✴♦r t❤❡ ❍❛r✈❛r❞ ■❱✲✹

♣s②❝❤♦❧♦❣✐❝❛❧ ❝♦r♣✉s ✭▼❛♦ ❡t ❛❧✳✱ ✷✵✶✶❀ ▲✐ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ▲♦✉❣❤r❛♥ ❛♥❞ ▼❝❉♦♥✲

❛❧❞ ✭✷✵✶✶✮ ❞❡♠♦♥str❛t❡ t❤❛t t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ❛ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ❝❧❛ss✐✜❡r

s✉❜st❛♥t✐❛❧❧② ✐♠♣r♦✈❡s ✇❤❡♥ ❛ ❝♦♥t❡①t✲s♣❡❝✐✜❝ ❞✐❝t✐♦♥❛r② ✐s ✉s❡❞✳ ❚❤❡ ♣r❡✲

❞✐❝t✐✈❡ ♣♦✇❡r ♦❢ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❢♦r ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts ✐s ❣❡♥❡r❛❧❧② ♦❜s❡r✈❡❞

t♦ ❜❡ t❤❡ str♦♥❣❡st ❜❡t✇❡❡♥ ✶✲✹ ❞❛②s ✭❇♦❧❧❡♥ ❡t ❛❧✳✱ ✷✵✶✶❀ ❩❤❛♥❣ ❡t ❛❧✳✱ ✷✵✶✶❀

✶✸



❙♣r❡♥❣❡r ❡t ❛❧✳✱ ✷✵✶✹❛❀ ▲✐ ❡t ❛❧✳✱ ✷✵✶✼✮✳ ❚❤❡r❡ ❛r❡ s❡✈❡r❛❧ ❧✐♠✐t❛t✐♦♥s ♦❢ t❤❡

●r❛♥❣❡r✲❝❛✉s❛❧✐t② t❡st ✇✐t❤ r❡❣❛r❞ t♦ ❜✐❛s ❛♥❞ ❛ss✉♠♣t✐♦♥s✳ ❖♥❡ ♦❢ t❤❡ ♠❛✐♥

❧✐♠✐t❛t✐♦♥s ♦❢ t❤❡ ♦r✐❣✐♥❛❧ ●r❛♥❣❡r✲❝❛✉s❛❧✐t② t❡st ✐s t❤❛t ✐t r❡q✉✐r❡s st❛t✐♦♥❛r②

❞❛t❛ ❛♥❞ ❛ss✉♠❡s ❧✐♥❡❛r r❡❧❛t✐♦♥s ❜❡t✇❡❡♥ t❤❡ r❡s❡❛r❝❤❡❞ ✈❛r✐❛❜❧❡s✳ ▼❛♥② ♦❢ t❤❡

r❡❧❛t❡❞ st✉❞✐❡s ♠❡♥t✐♦♥❡❞ ✐♥ t❤✐s ❙❡❝t✐♦♥✱ ✉s❡ ●r❛♥❣❡r✲❝❛✉s❛❧✐t② t♦ ✜♥❞ ♣r❡❞✐❝✲

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

t❤❡ r❡❧❛t✐♦♥s ❜❡t✇❡❡♥ ❛ ✈❛r✐❛❜❧❡ ❛♥❞ st♦❝❦ ♦r ❝r②♣t♦❝✉rr❡♥❝② ♣r✐❝❡s ❛r❡ ❛❧♠♦st

❝❡rt❛✐♥❧② ♥♦♥✲❧✐♥❡❛r✱ ❡s♣❡❝✐❛❧❧② s✐♥❝❡ t❤❡r❡ ❛r❡ ♠❛♥② ❞✐✛❡r❡♥t ❢❛❝t♦rs t❤❛t ❛✛❡❝t

♣r✐❝❡s ✭❇♦❧❧❡♥ ❡t ❛❧✳✱ ✷✵✶✶❀ ❇❛❧❝✐❧❛r ❡t ❛❧✳✱ ✷✵✶✼✮✳

✷✳✸✳ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ❛♥❞ ❝r②♣t♦❝✉rr❡♥❝✐❡s

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

r❡♥❝✐❡s ❛♥❞ ❝❛♥ ❜❡ ❞✐✈✐❞❡❞ ✐♥t♦ ❚✇✐tt❡r✱ ❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞ ❢♦r✉♠s ❛♥❞

❝r②♣t♦❝✉rr❡♥❝② ♥❡✇s s✐t❡s✳ ❘❡s❡❛r❝❤❡rs ❤❛✈❡ ✉s❡❞ ♠❡ss❛❣❡s ❢r♦♠ ❢♦r✉♠s s✉❝❤

❛s ❘❡❞❞✐t ❛♥❞ ❇✐t❝♦✐♥t❛❧❦✳♦r❣ ✭▼❛✐ ❡t ❛❧✳✱ ✷✵✶✺❀ ❑✐♠ ❡t ❛❧✳✱ ✷✵✶✻✱ ✷✵✶✼❀ ❳✐❡✱

✷✵✶✼✮ ✐♥ ❛❞❞✐t✐♦♥ t♦ ✈❛r✐♦✉s ♥❡✇s s♦✉r❝❡s ✭❑❛r❛❧❡✈✐❝✐✉s ❡t ❛❧✳✱ ✷✵✶✽✮ t♦ ♣❡r❢♦r♠

s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ❛♥❞ ♣r❡❞✐❝t ✢✉❝t✉❛t✐♦♥s ✐♥ ❇✐t❝♦✐♥✬s ♣r✐❝❡✳ ▼♦st r❡s❡❛r❝❤❡rs

❛❝❦♥♦✇❧❡❞❣❡ t❤❡ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ♦❢ s♦❝✐❛❧ ♠❡❞✐❛ ❛♥❞ ♥❡✇s s❡♥t✐♠❡♥t ❢♦r ❇✐t❝♦✐♥

♣r✐❝❡s ❛♥❞✴♦r tr❛❞✐♥❣ ✈♦❧✉♠❡ ♦♥ t❤❡ s❤♦rt✲t❡r♠ ✭✶✲✼ ❞❛②s✮ ❛♥❞ ❧♦♥❣✲t❡r♠ ✭✸✵✲✾✵

❞❛②s✮✳ ❚❤❡ ✈♦❧✉♠❡ ♦❢ ♣♦sts ♦r ♠❡ss❛❣❡s ❛❧s♦ ❝♦rr❡❧❛t❡s ✇✐t❤ ❇✐t❝♦✐♥✬s tr❛❞✐♥❣

✈♦❧✉♠❡ ✭▼❛✐ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ■♥ ❛❞❞✐t✐♦♥✱ ❑❛r❛❧❡✈✐❝✐✉s ❡t ❛❧✳ ✭✷✵✶✽✮ ❝♦♥✜r♠ ✇❤❛t

✇❛s s✉❣❣❡st❡❞ ❡❛r❧✐❡r❀ ❝r②♣t♦❝✉rr❡♥❝② ✐♥✈❡st♦rs ❛♣♣❡❛r t♦ ♦✈❡rr❡❛❝t t♦ ♥❡✇s ❧❡❛❞✲

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

t❤❡♥ s❧✐❣❤t❧② ❝♦rr❡❝t❡❞✳ ▼♦r❡♦✈❡r✱ P❤✐❧❧✐♣ ❡t ❛❧✳ ✭✷✵✶✽✮ ✉s❡ ❡♣✐❞❡♠✐❝ ♠♦❞❡❧✐♥❣

❛♥❞ ❘❡❞❞✐t t♦♣✐❝ ♣❛❣❡s t♦ ❛❝❝✉r❛t❡❧② ♣r❡❞✐❝t ♣r✐❝❡ ❜✉❜❜❧❡s ❛♥❞ ♠♦✈❡♠❡♥ts ❢♦r

❇✐t❝♦✐♥✱ ❊t❤❡r❡✉♠✱ ▲✐t❡❝♦✐♥ ❛♥❞ ▼♦♥❡r♦✳

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

❝♦✐♥✬s ♣r✐❝❡ ✢✉❝t✉❛t✐♦♥s✳ ■♥ ❛ st✉❞② ❜② ●❡♦r❣♦✉❧❛ ❡t ❛❧✳ ✭✷✵✶✺✮✱ ❛ ❙✉♣♣♦rt

❱❡❝t♦r ▼❛❝❤✐♥❡ ✭❙❱▼✮ ❛♥❞ ✈❛r✐♦✉s r❡❣r❡ss✐♦♥ ♠♦❞❡❧s ✇❡r❡ ✉s❡❞ t♦ ♣r❡❞✐❝t

❇✐t❝♦✐♥✬s ♣r✐❝❡ ✢✉❝t✉❛t✐♦♥s ✉s✐♥❣ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s✳ ❚❤❡ ❛✉t❤♦rs ♦❜✲

t❛✐♥❡❞ ❛♥ ❛❝❝✉r❛❝② ♦❢ ✽✾✳✻✪ ❛♥❞ ♦♥❧② ❢♦✉♥❞ ❛ s❤♦rt✲t❡r♠ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥

✶✹



♣♦s✐t✐✈❡ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❞ ❇✐t❝♦✐♥✬s ♣r✐❝❡✳ ●❛r❝✐❛ ❛♥❞ ❙❝❤✇❡✐t③❡r ✭✷✵✶✺✮

✉s❡ ❛ ❧❡①✐❝♦♥✲❜❛s❡❞ ❛♣♣r♦❛❝❤ ✇✐t❤ ❛ ❱❡❝t♦r ❆✉t♦r❡❣r❡ss✐✈❡ ✭❱❆❘✮ ♠♦❞❡❧ ❛♥❞

●r❛♥❣❡r✲❝❛✉s❛❧✐t② t❡st✐♥❣✱ t♦ ✜♥❞ t❤❛t ✐♥❝r❡❛s❡s ✐♥ ❚✇✐tt❡r s❡♥t✐♠❡♥t ♣♦❧❛r✐t②

♣r❡❝❡❞❡ ❇✐t❝♦✐♥ ♣r✐❝❡ ✢✉❝t✉❛t✐♦♥s✳ ■♥ ❛❞❞✐t✐♦♥✱ ▼❛✐ ❡t ❛❧✳ ✭✷✵✶✺✮ ✐♥❝♦r♣♦r❛t❡

✐♥tr❛❞❛② ❛♥❛❧②s✐s ❛♥❞ s❤♦✇ t❤❛t ❚✇✐tt❡r ♣♦sts ❛r❡ ✉s❡❢✉❧ ❢♦r ♣r❡❞✐❝t✐♥❣ ❇✐t❝♦✐♥

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

❜❡✐♥❣ s♦✉r❝❡❞ ❢r♦♠ ♦♥❧② ♦♥❡ ❡①❝❤❛♥❣❡✳ Pr✐❝❡s ✐♥ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ❝❛♥

✈❛r② s✉❜st❛♥t✐❛❧❧② ❛❝r♦ss ❡①❝❤❛♥❣❡s✱ t❤❡r❡❜② ♠❛❦✐♥❣ s✉❝❤ ❛ r❡s✉❧t q✉❡st✐♦♥❛❜❧❡✳

❚❤❡ ♠❡♥t✐♦♥❡❞ r❡❧❛t❡❞ ✇♦r❦s ❤❛✈❡ t❛❦❡♥ s✐♠✐❧❛r ❛♣♣r♦❛❝❤❡s ❛s st✉❞✐❡s t❤❛t

♣r❡❞✐❝t❡❞ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts ✉s✐♥❣ ❚✇✐tt❡r s❡♥t✐♠❡♥t✱ ✇❤❡r❡ ❛ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s

❛♣♣r♦❛❝❤ ✐s ♦❢t❡♥ ❝♦♠❜✐♥❡❞ ✇✐t❤ ❛ ✭●r❛♥❣❡r✲✮❝❛✉s❛❧✐t② t❡st ❛♥❞✴♦r ✭❛✮ r❡❣r❡ss✐♦♥

♠♦❞❡❧✭s✮✳ ❘❡s❡❛r❝❤❡rs ❛♣♣❧② ❡①t❡♥s✐✈❡ ♣r❡✲♣r♦❝❡ss✐♥❣ t❡❝❤♥✐q✉❡s s✉❝❤ ❛s t♦❦❡♥✐✲

s❛t✐♦♥✱ st❡♠♠✐♥❣✱ st♦♣✲✇♦r❞ r❡♠♦✈❛❧ ❛♥❞ ✜❧t❡r✐♥❣ ♦✉t ♥♦♥✲❊♥❣❧✐s❤ ❚✇❡❡ts✱ t♦

❝❧❡❛♥ t❤❡✐r ❚✇✐tt❡r ❞❛t❛✳ ❖❢ t❤❡ ✈❛r✐♦✉s ✇♦r❦s t❤❛t ❢♦❧❧♦✇ ❛ ❧❡①✐❝♦♥✲❜❛s❡❞ ❛♣✲

♣r♦❛❝❤✱ ♠❛♥② ✉s❡ t❤❡ ▲♦✉❣❤r❛♥ ✫ ▼❝❉♦♥❛❧❞ ✜♥❛♥❝✐❛❧ ❝♦r♣✉s ✭▼❛✐ ❡t ❛❧✳✱ ✷✵✶✺❀

❳✐❡✱ ✷✵✶✼❀ ❑❛r❛❧❡✈✐❝✐✉s ❡t ❛❧✳✱ ✷✵✶✽✮✳ ❚❤❡ ♠♦st ❡✛❡❝t✐✈❡ ♥✉♠❜❡r ♦❢ ❧❛❣s ✐s ♦❜✲

s❡r✈❡❞ ❢r♦♠ ✶✲✺ ❧❛❣s ❢♦r ✐♥t❡r❞❛② ❛♥❛❧②s✐s✱ ❛♥❞ ✷✲✹ ❧❛❣s ❢♦r ✐♥tr❛❞❛② ❛♥❛❧②s✐s✳

✷✳✹✳ ▲✐♠✐t❛t✐♦♥s ♦❢ ❝✉rr❡♥t ❧✐t❡r❛t✉r❡

■t ✐s ❢♦✉♥❞ t❤❛t t❤❡ ❝✉rr❡♥t ❧✐t❡r❛t✉r❡ ♦♥ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s t♦ ♣r❡✲

❞✐❝t ❝r②♣t♦❝✉rr❡♥❝② ♣r✐❝❡s ✐s s❡✈❡r❡❧② ❧✐♠✐t❡❞ ✐♥ ♠✉❧t✐♣❧❡ ✇❛②s✳ ❋✐rst❧②✱ t❤❡r❡

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

❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s✱ ♦t❤❡r t❤❛♥ t❤❡ ✇♦r❦s ♦❢ ❳✐❡ ✭✷✵✶✼✮✳ ◆❡❛r❧② ❛❧❧ ♦❢

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

❛♥❞✴♦r ♣r❡❞✐❝t✐♦♥s ♦❢ ❇✐t❝♦✐♥✳ ❋♦r t❤❡ ❛❝❛❞❡♠✐❝ ✇♦r❦s t❤❛t ❤❛✈❡ st✉❞✐❡❞ ❇✐t❝♦✐♥✱

t❤❡ ♠❛✐♥ ✐ss✉❡s ❛r❡ t❤❡✐r s❝❛r❝✐t② ✲ ♣♦t❡♥t✐❛❧❧② ❞✉❡ t♦ t❤❡ ❝♦♠♣❧❡① ❛♥❞ r❡❧❛t✐✈❡

②♦✉♥❣ ♥❛t✉r❡ ♦❢ ❝r②♣t♦❝✉rr❡♥❝✐❡s ✲ ✐♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ r❛♣✐❞ ❞❡✈❡❧♦♣♠❡♥t ♦❢ t❤❡

♠❛r❦❡t✱ ♠❛❦✐♥❣ t❤❡ r❡s✉❧ts ♦❢ s♦♠❡ ❛rt✐❝❧❡s ❛❧r❡❛❞② ♦✉t❞❛t❡❞✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡

♠❛❥♦r✐t② ♦❢ t❤❡ ✇♦r❦s ✐s ❧✐♠✐t❡❞ ✐♥ t❤❡✐r ❞❛t❛ ❝♦❧❧❡❝t✐♦♥ ❜② ❛ s♠❛❧❧ s❡t ♦❢ ❚✇✐tt❡r

s❡❛r❝❤ q✉❡r② t❡r♠s✱ t❤❡ ❞❛t❛ ❝♦❧❧❡❝t✐♦♥ ❧✐♠✐t❛t✐♦♥s ♦❢ t❤❡ ❚✇✐tt❡r ❙❡❛r❝❤ ❆P■

❛♥❞✴♦r ♦❜s❡r✈✐♥❣ ♦♥❧② s❤♦rt ♣❡r✐♦❞s ♦❢ t✐♠❡✳ ▼❛♥② ✇♦r❦s ❤❛✈❡ s❡❛r❝❤❡❞ ❢♦r

✶✺



♦♥❧② ♦♥❡ ♦r t✇♦ s❡❛r❝❤ t❡r♠s ❛♥❞ ❞✐❞ ♥♦t ✐♥❝❧✉❞❡ ❛♥② ♦❢ t❤❡ ❝✉rr❡♥❝✐❡s✬ ❛❜❜r❡✲

✈✐❛t✐♦♥s ❛♥❞✴♦r t✐❝❦❡rs✳ ❚❤❡ ❚✇✐tt❡r ❙❡❛r❝❤ ❆P■ ✐s ❧✐♠✐t❡❞✱ s✐♥❝❡ ✐t ♦♥❧② ❛❧❧♦✇s

❛ ♠❛①✐♠✉♠ ♥✉♠❜❡r ♦❢ ✶✽✵ q✉❡r✐❡s ♣❡r ✶✺ ♠✐♥✉t❡s✳ ❚❤❡ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ t❤❡

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

t✐♦♥ ♦❢ t❤❡ ❢✉❧❧ s❝♦♣❡ ♦❢ ❚✇❡❡ts ❛✈❛✐❧❛❜❧❡✱ t❤❡r❡❜② ❧✐♠✐t✐♥❣ t❤❡ ❣❡♥❡r❛❧✐s❛❜✐❧✐t②

♦❢ t❤❡✐r r❡s✉❧ts✳ ❚❤❡r❡ ❛❧s♦ ❛r❡ ✈❛r✐♦✉s ✇♦r❦s t❤❛t s♦✉r❝❡❞ t❤❡✐r ❝r②♣t♦❝✉rr❡♥❝②

♣r✐❝❡s ❢r♦♠ ❛ s✐♥❣❧❡ ❡①❝❤❛♥❣❡✳ ❆♥♦t❤❡r ✉♥❡①♣❧♦r❡❞ ❛r❡❛ ✇✐t❤✐♥ ♣r❡✈✐♦✉s ❧✐t❡r❛✲

t✉r❡ ✐s t❤❛t ♥♦ ♣r❡✈✐♦✉s ♣❛♣❡rs ❤❛✈❡ ✐♥❝♦r♣♦r❛t❡❞ ❝r②♣t♦❝✉rr❡♥❝② s♣❡❝✐✜❝ s❧❛♥❣

♦r ❧❛♥❣✉❛❣❡ ✐♥t♦ t❤❡✐r s❡♥t✐♠❡♥t ❝❧❛ss✐✜❡r✳ ❚❤✐s ✇♦r❦ ♦✛❡rs ❛ ❝♦♥tr✐❜✉t✐♦♥ t♦

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

✇♦r❦s✳ ❙♣❡❝✐✜❝❛❧❧②✱ ✐t ❢♦❝✉s❡s ♦♥ ❛ r♦❜✉st ❛♣♣r♦❛❝❤ ✐♥ ❝♦❧❧❡❝t✐♥❣ ❛♥❞ ♣r♦❝❡ss✲

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

❝♦♥❞✉❝t✐♥❣ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ❢♦r ❝r②♣t♦❝✉rr❡♥❝✐❡s ✐s ♣r❡s❡♥t❡❞✳

✷✳✺✳ ■❞❡♥t✐❢②✐♥❣ ✭❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞✮ ❚✇✐tt❡r ❜♦t ❛❝❝♦✉♥ts

❘❡✉t③❡❧ ✭✷✵✶✽✮ ♦✉t❧✐♥❡s ❢♦✉r ❝♦♠♠♦♥ ❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞ ❚✇✐tt❡r s❝❛♠

t❡❝❤♥✐q✉❡s ✉s❡❞ ❜② ❜♦ts ❛♥❞ tr♦❧❧ ❛❝❝♦✉♥ts✿ ✭✶✮ ❚❤❡ ❚✇❡❡t st❛t❡s t♦ ❣✐✈❡ ❛✇❛②

❢r❡❡ ❝r②♣t♦❝✉rr❡♥❝② ♦r ❣✐✈❡ ❛✇❛② ❢r❡❡ ❝r②♣t♦❝✉rr❡♥❝② ❛❢t❡r ❛ s♠❛❧❧ ❛♠♦✉♥t ✐s

tr❛♥s❢❡rr❡❞✳ ✭✷✮ ❚❤❡ ❚✇❡❡t ♣♦sts ❧✐♥❦s t♦ ♦t❤❡r ❜♦t ❛❝❝♦✉♥ts ✇❤✐❝❤ ✉s❡rs ❛r❡

❛s❦❡❞ t♦ ❢♦❧❧♦✇✳ ✭✸✮ ❚❤❡ ❜♦t ❛❝❝♦✉♥t ✉s❡r♥❛♠❡s ♦❢t❡♥ ✐♠♣❡rs♦♥❛t❡ ♦t❤❡r ❡s✲

t❛❜❧✐s❤❡❞ ♥❛♠❡s ❛♥❞✴♦r ❛❝❝♦✉♥ts✳ ✭✹✮ ❚❤❡ ❚✇❡❡t ❝❛❧❧s ❛♥♦t❤❡r ✉s❡r ♦r ♣♦st

❛ s❝❛♠✳ ▼♦r❡ r❡❝❡♥t❧②✱ ❛♥ ✐♥s✐❣❤t❢✉❧ r❡♣♦rt ❜② ❲r✐❣❤t ❛♥❞ ❆♥✐s❡ ✭✷✵✶✽✮ ♣r♦✲

✈✐❞❡s ❡✈✐❞❡♥❝❡ ❢♦r ❛ ❝r②♣t♦❝✉rr❡♥❝② ❚✇✐tt❡r ❜♦t ♥❡t✇♦r❦✱ ❝♦♥s✐st✐♥❣ ♦❢ ✶✺✱✵✵✵

❛❝❝♦✉♥ts✳ ❋❡❛t✉r❡s t❤❛t ❝♦✉❧❞ ❜❡ ❝♦♥s✐❞❡r❡❞ ❛s r❡❧❡✈❛♥t ✐♥❝❧✉❞❡ ❛ ❤✐❣❤ r❛t✐♦ ♦❢

❢♦❧❧♦✇✐♥❣✴❢♦❧❧♦✇❡rs✱ ❛ ❤✐❣❤ ♥✉♠❜❡r ♦❢ ❤❛s❤t❛❣s ✐♥ ❛ ❚✇❡❡t✱ ✇❤❡t❤❡r t❤❡ ❛❝❝♦✉♥t

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

✸✳ ▼❡t❤♦❞♦❧♦❣②

✸✳✶✳ ❉❛t❛ ❝♦❧❧❡❝t✐♦♥

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

❝r②♣t♦❝✉rr❡♥❝✐❡s✱ ✇❤❡r❡ t❤❡✐r s✐③❡ ✐s ❜❛s❡❞ ♦♥ t❤❡✐r ♠❛r❦❡t ❝❛♣✐t❛❧✐s❛t✐♦♥ ✐♥ ▼❛②

✶✻



✷✵✶✽✳ ❙♣❡❝✐✜❝❛❧❧②✱ ✐♥ ❞❡s❝❡♥❞✐♥❣ ♦r❞❡r ♦❢ ♠❛r❦❡t ❝❛♣✐t❛❧✐s❛t✐♦♥ ❇✐t❝♦✐♥ ✭❇❚❈ ✮✱

❊t❤❡r❡✉♠ ✭❊❚❍ ✮✱ ❳❘P ✭❳❘P✮✱ ❇✐t❝♦✐♥ ❈❛s❤ ✭❇❈❍ ✮✱ ❊❖❙ ✭❊❖❙ ✮✱ ▲✐t❡❝♦✐♥

✭▲❚❈ ✮✱ ❈❛r❞❛♥♦ ✭❆❉❆✮✱ ❙t❡❧❧❛r ✭❳▲▼ ✮ ❛♥❞ ❚❘❖◆ ✭❚❘❳ ✮ ❛r❡ r❡s❡❛r❝❤❡❞✳

❚❤❡ ❞❛t❛ ❝♦❧❧❡❝t✐♦♥ ✐s ❞✐✈✐❞❡❞ ✐♥t♦ t✇♦ s❡❝t✐♦♥s✳ ❚❤❡ ✜rst s❡❝t✐♦♥ ❢♦❝✉s❡s ♦♥ t❤❡

❝♦❧❧❡❝t✐♦♥ ♦❢ ❚✇❡❡ts ❢r♦♠ ❚✇✐tt❡r ❛♥❞ t❤❡ s❡❝♦♥❞ s❡❝t✐♦♥ ❢♦❝✉s❡s ♦♥ ❝♦❧❧❡❝t✐♥❣

✜♥❛♥❝✐❛❧ ❞❛t❛ ❢r♦♠ ❈♦✐♥▼❛r❦❡t❈❛♣✶✵✳ ❆♥ ♦✈❡r✈✐❡✇ ♦❢ t❤❡ ❞❛t❛ ❝♦❧❧❡❝t✐♦♥ ❝❛♥

❜❡ ❢♦✉♥❞ ✐♥ ❋✐❣✉r❡ ✶✳

✸✳✶✳✶✳ ❚✇✐tt❡r ❞❛t❛

❚✇❡❡ts ✇❡r❡ ♦❜t❛✐♥❡❞ s❡♣❛r❛t❡❧② ❢♦r ❡❛❝❤ ❝r②♣t♦❝✉rr❡♥❝② ❜❡t✇❡❡♥ t❤❡ ♣❡r✐♦❞

♦❢ ✹ ❏✉♥❡ ✷✵✶✽ ❛♥❞ ✹ ❆✉❣✉st ✷✵✶✽✱ r❡s✉❧t✐♥❣ ✐♥ ♥✐♥❡ ❞❛t❛s❡ts ✇✐t❤ ❛ t♦t❛❧ ♦❢

✷✹✱✵✸✺✱✵✼✺ ♣✉❜❧✐❝ ❚✇❡❡ts✳ ❆ ❧✐✈❡ str❡❛♠ ❝r❛✇❧❡r ✇❛s ✐♠♣❧❡♠❡♥t❡❞ ✉s✐♥❣ t❤❡

❚✇✐tt❡r ❆P■✱ t❤❛t ❝♦♥t✐♥✉♦✉s❧② st♦r❡❞ ❚✇❡❡ts ❛s t❤❡② ✇❡r❡ ♣♦st❡❞ ✐♥ r❡❛❧✲t✐♠❡✳

❚❤✐s ❛♣♣r♦❛❝❤ ✐s ❛❞✈❛♥t❛❣❡♦✉s ❝♦♠♣❛r❡❞ t♦ ♣r❡✈✐♦✉s st✉❞✐❡s✱ ✐t ❡♥s✉r❡s t❤❛t ❛

✇✐❞❡r s♣❡❝tr✉♠ ♦❢ ❚✇❡❡ts ✐s ❝♦❧❧❡❝t❡❞✶✶✳ ■t ✐s ❝♦♠♠♦♥ ❢♦r t❤❡ ❚✇✐tt❡r ❝♦♠♠✉♥✐t②

t♦ ✉s❡ ❤❛s❤t❛❣s ✭★✮ ❛s ❛ ♣r❡✜① t♦ ✐♥❞✐❝❛t❡ t♦♣✐❝s ❛♥❞ t♦ ✉s❡ t❤❡ ❞♦❧❧❛r s②♠❜♦❧ ✭✩✮

❛s ❛ ♣r❡✜① t♦ ❝♦♠♠✉♥✐❝❛t❡ ❛❜♦✉t ✜♥❛♥❝✐❛❧ ♣r♦❞✉❝ts s✉❝❤ ❛s ❝r②♣t♦❝✉rr❡♥❝✐❡s ♦r

st♦❝❦s✳ ❚❤❡ ✉s❡❞ ❚✇✐tt❡r s❡❛r❝❤ t❡r♠s ✇❡r❡ ♦❜t❛✐♥❡❞ ❜② ✐♠♣❧❡♠❡♥t✐♥❣ ✈❛r✐♦✉s

❝♦♠❜✐♥❛t✐♦♥s ♦❢ t❤❡ ❝r②♣t♦❝✉rr❡♥❝②✬s ♥❛♠❡ ❛♥❞ ✐ts t✐❝❦❡r✳ ◆♦♥✲❊♥❣❧✐s❤ ❚✇❡❡ts

✇❡r❡ ✜❧t❡r❡❞ ♦✉t ❛♥❞ ♥✉♠❡r♦✉s ✭✉s❡r✮ ✈❛r✐❛❜❧❡s ✇❡r❡ ❝♦❧❧❡❝t❡❞ t♦ ❜❡ ✉s❡❞ ✐♥

t❤❡ ❚✇✐tt❡r ❜♦t ✐❞❡♥t✐✜❝❛t✐♦♥ s❡❝t✐♦♥ ♦❢ t❤✐s st✉❞②✳ ▼♦r❡ ❞❡t❛✐❧s ♦❢ t❤❡ ❚✇✐tt❡r

❞❛t❛s❡ts ❝❛♥ ❜❡ ❢♦✉♥❞ ✐♥ ❚❛❜❧❡ ✶✳

✸✳✶✳✷✳ ❋✐♥❛♥❝✐❛❧ ❞❛t❛

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

❈♦✐♥▼❛r❦❡t❈❛♣ ❜❡t✇❡❡♥ ✹ ❏✉♥❡ ✷✵✶✽ ❛♥❞ ✹ ❆✉❣✉st ✷✵✶✽✳ ❚❤❡ r❛t✐♦♥❛❧❡ ✐s t❤❛t

t❤❡ ♣r✐❝❡s ♦❢ ❝r②♣t♦❝✉rr❡♥❝✐❡s ❝❛♥ ✈❛r② s✉❜st❛♥t✐❛❧❧② ❛❝r♦ss ✈❛r✐♦✉s ❡①❝❤❛♥❣❡s✳

❈♦✐♥▼❛r❦❡t❈❛♣ ✐s ❛ ✇✐❞❡❧② ✉s❡❞ ♣r♦①② ❢♦r ❝r②♣t♦❝✉rr❡♥❝② ♣r✐❝❡s ❛s ✐t ❝♦♠❜✐♥❡s

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

✶✵❙❡❡ ❤tt♣s✿✴✴❝♦✐♥♠❛r❦❡t❝❛♣✳❝♦♠✴
✶✶❙❡❡✿ ❤tt♣s✿✴✴❣✐t❤✉❜✳❝♦♠✴t✇✐tt❡r❢♦r❝r②♣t♦✴t✇✐tt❡r✲❝r❛✇❧❡r ❢♦r t❤❡ ❢✉❧❧ s❝r✐♣t✳

✶✼

 https://coinmarketcap.com/
https://github.com/twitterforcrypto/twitter-crawler


❣❡♥❡r❛❧ ✈❛❧✉❡ r❡♣r❡s❡♥t❛t✐♦♥ t❤❛t ✐s ✐♥❞❡♣❡♥❞❡♥t ♦❢ ❛♥② ❡①❝❤❛♥❣❡ ♣r✐❝❡ ❜✐❛s✳ ❚❤❡

❈♦✐♥▼❛r❦❡t❈❛♣ ❆P■ ✇❛s ✉s❡❞ t♦ ❝♦❧❧❡❝t ✜♥❛♥❝✐❛❧ ❞❛t❛ ♦♥ ❛ ❞❛✐❧② ❛♥❞ ❤♦✉r❧②

✐♥t❡r✈❛❧✳ ❙♣❡❝✐✜❝❛❧❧②✱ ✜♥❛♥❝✐❛❧ ✈❛r✐❛❜❧❡s s✉❝❤ ❛s ♣r✐❝❡ ✐♥ ❯❙❉ ❛♥❞ ❇❚❈✱ ❞❛✐❧②

tr❛❞✐♥❣ ✈♦❧✉♠❡✱ ♠❛r❦❡t ❝❛♣✐t❛❧✐s❛t✐♦♥ ✐♥ ❯❙❉ ❛♥❞ s✉♣♣❧② ✇❡r❡ ♦❜t❛✐♥❡❞✳ ❇❡✲

❝❛✉s❡ t❤✐s ✇♦r❦ ✇✐❧❧ r❡s❡❛r❝❤ t❤❡ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ♦❢ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❞

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

✈❡rt❡❞ ✐♥t♦ ❛ t✐♠❡ s❡r✐❡s✳ ❲❡ ✉s❡ ❞❛✐❧② ✏❝❧♦s✐♥❣✑ ✭❡✳❣✳ ✷✽ ❏✉❧② ✷✵✶✽ ✵✳✵✵❆▼✮

❛♥❞ ❤♦✉r❧② ✭❡✳❣✳ ✷✽ ❏✉❧② ✷✵✶✽ ✶✶✳✵✵❆▼✮ ♣r✐❝❡s✳

✸✳✷✳ ❉❛t❛ ♣r❡✲♣r♦❝❡ss✐♥❣ ❛♥❞ ❢❡❛t✉r❡ s❡❧❡❝t✐♦♥

❚✇✐tt❡r ❞❛t❛ ✐s ❦♥♦✇♥ ❢♦r ✐ts ❧❛❝❦ ♦❢ str✉❝t✉r❡ ❛♥❞ ✐ts ❤✐❣❤ ❧❡✈❡❧s ♦❢ ♥♦✐s❡✳ ❆s

❛ r❡s✉❧t✱ t❤❡ ❝♦❧❧❡❝t❡❞ ❚✇✐tt❡r ❞❛t❛ r❡q✉✐r❡s ❡①t❡♥s✐✈❡ ♣r❡✲♣r♦❝❡ss✐♥❣ t♦ ♠❛❦❡ ✐t

✉s❡❢✉❧ ✐♥ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s✳ ❆♥ ❛rr❛② ♦❢ ✶✽ s❡♥t✐♠❡♥t ♣r❡✲♣r♦❝❡ss✐♥❣ t❡❝❤♥✐q✉❡s

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

❡❧❡♠❡♥ts ❢r♦♠ ❚✇❡❡t t❡①ts✳ ❋✐rst✱ t♦❦❡♥✐s❛t✐♦♥ ❛♥❞ ♥♦r♠❛❧✐s❛t✐♦♥ ❛r❡ ❛♣♣❧✐❡❞ ❜②

r❡♠♦✈✐♥❣ ❯❘▲s✱ ❡①❝❡ss ✭✇❤✐t❡✮ s♣❛❝❡s✱ ❛♥❞ ✉s❡r ♠❡♥t✐♦♥s ✭❡✳❣✳ ❅❛❝❝♦✉♥t✮ ❢r♦♠

t❤❡ ❚✇❡❡ts✳ ❲❤❡t❤❡r ❛ ❚✇❡❡t ✇❛s ♣♦st❡❞ ❛s ❛ ❘❡t✇❡❡t t❤❡ ✏❘❚✑ ❛t t❤❡ st❛rt

♦❢ t❤❡ ❚✇❡❡t t❡①t ✐s r❡♠♦✈❡❞✳ ❚✇❡❡ts ✇✐t❤ ❧❡ss t❤❛♥ ❢♦✉r t♦❦❡♥s ❛r❡ ♦♠✐tt❡❞

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

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

❤❛s❤t❛❣s ✐s ♣r♦♣♦s❡❞✳ ❚❤❡ ❤❛s❤t❛❣ ♣r❡✜① ❢r♦♠ t❤❡ t♦❦❡♥ ✐s ❞❡❧❡t❡❞ ✐❢ t❤❛t t♦❦❡♥

✐s ♣r❡s❡♥t ✐♥ t❤❡ ◆▲❚❑ ❘❡✉t❡rs ❊♥❣❧✐s❤ ❞✐❝t✐♦♥❛r②✶✷✳ ■❢ t❤❡ t♦❦❡♥ ✐s ♥♦t ♣r❡s❡♥t

✐♥ t❤❡ ❞✐❝t✐♦♥❛r②✱ t❤❡ ❡♥t✐r❡ ❤❛s❤t❛❣ ✐s r❡♠♦✈❡❞ ❢r♦♠ t❤❡ t❡①t✳ ❚♦ ✐❧❧✉str❛t❡✱ t❛❦❡

t❤❡ ❢♦❧❧♦✇✐♥❣ ❚✇❡❡t ❛s ❛♥ ❡①❛♠♣❧❡✿ ✏❚❤✐s ❝r②♣t♦❝✉rr❡♥❝② ✐s ❛ ★r❡❛❧❧② ★❣♦♦❞

★❜✉② ★❜✉②♥♦✇ ★❜t❝ ★❝r②♣t♦❝✉rr❡♥❝②✑✳ ❖♠✐tt✐♥❣ ❛❧❧ ❤❛s❤t❛❣s ✐♥ t❤✐s ❚✇❡❡t

✇♦✉❧❞ r❡s✉❧t ✐♥ ❞❡❧❡t✐♥❣ ❛ ❧❛r❣❡ ♣❛rt ♦❢ ✐ts s❡♥t✐♠❡♥t❛❧ ✈❛❧✉❡✳ ❋♦❧❧♦✇✐♥❣ t❤❡

❛❜♦✈❡ ❡①❛♠♣❧❡✱ t❤❡ s❡♥t❡♥❝❡ ✇♦✉❧❞ t❤❡♥ ❜❡ ♣r♦❝❡ss❡❞ t♦ ✏❚❤✐s ❝r②♣t♦❝✉rr❡♥❝②

✐s ❛ r❡❛❧❧② ❣♦♦❞ ❜✉②✑✳

❋♦❧❧♦✇✐♥❣ t❤✐s✱ t❤❡ ❝♦♥tr❛❝t✐♦♥s ♦❢ t♦❦❡♥s ❛r❡ ❡①♣❛♥❞❡❞ ✭❡✳❣✳ ✏✇❡✬r❡✑ ✐♥t♦

✶✷❙❡❡✿ ❤tt♣✿✴✴♥❧t❦✳♦r❣

✶✽
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✏✇❡ ❛r❡✬✑✮✱ ❜♦t❤ t✐❝❦❡r s②♠❜♦❧s ✭❡✳❣✳ ✏✩❇❚❈✑✮ ❛♥❞ t♦❦❡♥s ❝♦♥t❛✐♥✐♥❣ ♥✉♠❡r✐❝❛❧

❝❤❛r❛❝t❡rs ✭❡✳❣✳ ✏✷♥❞✑ ♦r ✏✶✷✸✑✮ ❛r❡ r❡♠♦✈❡❞ ❛♥❞ ♥❡❣❛t✐♦♥s ❛r❡ ❤❛♥❞❧❡❞ ✭❡✳❣✳

✏❤❛✈❡♥✬t✑ ✐♥t♦ ✏❤❛✈❡ ♥♦t✑✮✳ ◆♦t❡ t❤❛t t✐❝❦❡r s②♠❜♦❧s ✇❡r❡ ✉s❡❞ t♦ ♦❜t❛✐♥ ❚✇❡❡ts

❜✉t ❛r❡ r❡♠♦✈❡❞ ❛s t❤❡② ❛r❡ ♥♦✐s❡ ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s✳ ✭❈r②♣✲

t♦❝✉rr❡♥❝②✮ ✭s❧❛♥❣✮ ❛❜❜r❡✈✐❛t✐♦♥s ❛♥❞ ❛❝r♦♥②♠s ✭❡✳❣✳ ✏▲❖▲✑ ♦r ✏❇❚❲✑✮ ❛r❡

❤❛♥❞❧❡❞ ✉s✐♥❣ ❛ ♠❛♥✉❛❧❧② ❝♦♠♣✐❧❡❞ ❧✐st ❛♥❞ ❝❛s❡✲❢♦❧❞✐♥❣ ✭❡✳❣✳ ✏❇❯❨✑ t♦ ✏❜✉②✑✮

✐s ❛❧s♦ ❛♣♣❧✐❡❞✳ ❚❤❡ ❝r②♣t♦❝✉rr❡♥❝② ✇♦r❞✲❧✐st ✐s ❝r❡❛t❡❞ ❜② ✉s✐♥❣ ✈❛r✐♦✉s ♦♥❧✐♥❡

❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞ ❛rt✐❝❧❡s ❛♥❞ ♣♦sts✱ ❛s ✇❡❧❧ ❛s t❤❡ ✜♥❞✐♥❣s ❢r♦♠ ❙❡❝t✐♦♥

✷✳✶ ❛♥❞ ❛❞❞✐t✐♦♥❛❧ t❡r♠s ✇❤✐❝❤ ❛r❡ ❦♥♦✇♥ t♦ ❜❡ ❢r❡q✉❡♥t ✐♥ t❤❡ ❝r②♣t♦❝✉rr❡♥❝②

s♣❛❝❡✳ ❚❤❡ ✉s❡ ♦❢ ❝r②♣t♦❝✉rr❡♥❝② s♣❡❝✐✜❝ ❥❛r❣♦♥ ✇✐❧❧ ❜❡ ❡①♣❧❛✐♥❡❞ ✐♥ ♠♦r❡ ❞❡t❛✐❧

✐♥ t❤❡ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s s❡❝t✐♦♥ ♦❢ t❤✐s ✇♦r❦✳ ❚♦❦❡♥s ✇✐t❤ ❝❤❛r❛❝t❡r s❡q✉❡♥❝❡s

❧♦♥❣❡r t❤❛♥ t❤r❡❡ ❝❤❛r❛❝t❡rs ❛r❡ r❡❞✉❝❡❞ t♦ ❝❤❛r❛❝t❡r s❡q✉❡♥❝❡s ♦❢ t❤r❡❡ ✭❡✳❣✳

✏❤❡❡❡❡❧❧❧❧❧♦♦✑ t♦ ✏❤❡❡❡❧❧❧♦♦✑✮ ❛♥❞ ♣✉♥❝t✉❛t✐♦♥ ✐s r❡♠♦✈❡❞ t♦ ❢✉rt❤❡r r❡❞✉❝❡ ♥♦✐s❡✳

❙✉❜s❡q✉❡♥t❧②✱ ✐rr❡❧❡✈❛♥t st♦♣ ✇♦r❞s ✭❡✳❣✳ ✏♠❡✑ ♦r ✏✇❤♦✑✮ ❛r❡ r❡♠♦✈❡❞ ❜② ✉s✐♥❣ ❛

❝✉st♦♠✐s❡❞ ✈❡rs✐♦♥ ♦❢ ◆▲❚❑✬s ❊♥❣❧✐s❤ st♦♣ ✇♦r❞ ❧✐st✳ ▲❡♠♠❛t✐s❛t✐♦♥ ✐s ❛♣♣❧✐❡❞

✉s✐♥❣ t❤❡ ❲♦r❞◆❡t ▲❡♠♠❛t✐③❡r ❛♥❞ st❡♠♠✐♥❣ ✇❛s ❡①♣❧♦r❡❞ ❜② ✉s✐♥❣ ❜♦t❤ ❛

P♦rt❡r ❙t❡♠♠❡r ❛♥❞ ❛ ❙♥♦✇❜❛❧❧ ❙t❡♠♠❡r✱ ❜✉t st❡♠♠✐♥❣ ✐s ♥♦t ❛♣♣❧✐❡❞ t♦ t❤❡

❞❛t❛ ❛s t❤❡ ❡✛❡❝ts ♦❢ ❜♦t❤ st❡♠♠❡rs ❛r❡ ❢♦✉♥❞ t♦ ❜❡ t♦♦ ❛❣❣r❡ss✐✈❡✳ ❚❤❡ ❤❛♥✲

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

♣♦ss✐❜❧❡ t✐♠❡ ❞✐✛❡r❡♥❝❡s ✐♥ t❤❡ ❚✇✐tt❡r ❛♥❞ ✜♥❛♥❝✐❛❧ ❞❛t❛s❡ts ❛r❡ ♠✐t✐❣❛t❡❞ ❜②

✉s✐♥❣ ❯❚❈✲✶ t✐♠❡st❛♠♣s ❢♦r ❛❧❧ ❞❛t❛✳ ❆♥ ❡①❛♠♣❧❡ ♦❢ ❤♦✇ t❤❡ ❛❜♦✈❡ t❡❝❤♥✐q✉❡s

❛r❡ ❛♣♣❧✐❡❞ ✐s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✷ ❛♥❞ ♠♦r❡ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ❞❛t❛s❡ts ❛❢✲

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

♣r❡✲♣r♦❝❡ss✐♥❣ ✇❛s ✷✷✱✾✶✷✱✵✸✾✳

✸✳✸✳ ▼❡t❤♦❞s

✸✳✸✳✶✳ ❚❡st✐♥❣ ❢♦r t❤❡ ♣r❡s❡♥❝❡ ♦❢ ✭❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞✮ ❚✇✐tt❡r ❜♦ts

■♥ ❙❡❝t✐♦♥ ✷✳✺✱ ♠✉❧t✐♣❧❡ st✉❞✐❡s ❛♥❞ ❛rt✐❝❧❡s ♠❡♥t✐♦♥❡❞ t❤❡ ❧❛r❣❡ ♣r❡s❡♥❝❡ ♦❢

❜♦t ❛❝❝♦✉♥ts ✇✐t❤✐♥ t❤❡ ❝♦♥t❡①t ♦❢ ❚✇✐tt❡r ❛♥❞ ❝r②♣t♦❝✉rr❡♥❝✐❡s✱ ✇❤❡r❡ ✐t ✇❛s

❢♦✉♥❞ t❤❛t ♥♦♥❡ ♦❢ t❤❡ ❞❡s❝r✐❜❡❞ ✇♦r❦s ❤❛✈❡ q✉❛♥t✐✜❡❞ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❚✇✐t✲

t❡r ❜♦ts ✐♥ t❤❡✐r ❛♥❛❧②s✐s✳ ❚❤❡r❡❢♦r❡✱ t❤✐s ✇♦r❦ ✇✐❧❧ ❛❧s♦ ❡①♣❧♦r❡ t❤❡ ♣r❡s❡♥❝❡ ♦❢

✶✾



❚✇✐tt❡r ❜♦ts ✇✐t❤✐♥ t❤❡ ♦❜t❛✐♥❡❞ ❞❛t❛s❡ts✱ ❜② ✉s✐♥❣ ❛ s✐♠♣❧❡ ❤❡✉r✐st✐❝ ❛♣♣r♦❛❝❤✳

❉✉❡ t♦ t❤❡ s❝♦♣❡ ❛♥❞ ❧✐♠✐t❛t✐♦♥s ♦❢ t❤✐s st✉❞②✱ t❤❡ ♣♦ss✐❜❧❡ ❡✛❡❝ts ♦❢ ❚✇✐tt❡r

❜♦ts ♦♥ s❡♥t✐♠❡♥t ❛♥❞✴♦r ♣r✐❝❡s ❛r❡ ♥♦t r❡s❡❛r❝❤❡❞✳

❚♦ t❡st ❢♦r t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❜♦t ❛❝❝♦✉♥ts ✐♥ t❤❡ ❝♦❧❧❡❝t❡❞ ❚✇✐tt❡r ❞❛t❛✱ s✐① s✐♠♣❧❡

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

✜♥❞✐♥❣s ♦❢ ❙❡❝t✐♦♥ ✷✳✺ ❛♥❞ ♣❛tt❡r♥s ❢♦✉♥❞ t❤r♦✉❣❤ ♠❛♥✉❛❧ ✐♥s♣❡❝t✐♦♥ ♦❢ t❤❡

❞❛t❛s❡ts✳ ❚♦ ❡♥s✉r❡ ❛ s❧✐❣❤t❧② ❜❡tt❡r ❣✉❛r❛♥t❡❡ ❢♦r ✐❞❡♥t✐❢②✐♥❣ ❜♦ts✱ ❛ ❚✇❡❡t ✐s

❝♦♥s✐❞❡r❡❞ t♦ ❜❡ ♣♦st❡❞ ❜② ❛ ❝r②♣t♦❝✉rr❡♥❝② ❜♦t ✐❢ ✐t ♠❡❡ts t✇♦ ✭r❛t❤❡r t❤❛♥

♦♥❡✮ ♦r ♠♦r❡ ♦❢ t❤❡ ❢♦❧❧♦✇✐♥❣ ❝r✐t❡r✐❛✿ ✭✶✮ ❚❤❡ ❚✇❡❡t t❡①t ❝♦♥t❛✐♥s ✏❣✐✈❡ ❛✇❛②✑

♦r ✏❣✐✈✐♥❣ ❛✇❛②✑ ✭❘❡✉t③❡❧✱ ✷✵✶✽✮✳ ✭✷✮ ❚❤❡ ❚✇❡❡t ❝♦♥t❛✐♥s ✏♣✉♠♣✑ ❛♥❞ ❡✐t❤❡r

✏r❡❣✐st❡r✑ ♦r ✏❥♦✐♥✑ ✭r❡❢❡rr✐♥❣ ❜♦ts ❛s❦✐♥❣ t♦ ❥♦✐♥ ❛♥❞✴♦r r❡❣✐st❡r ❢♦r ❢r❛✉❞✉❧❡♥t

♣✉♠♣✲❛♥❞✲❞✉♠♣ s❝❤❡♠❡s✮✳ ✭✸✮ ❚❤❡ ❚✇❡❡t ❝♦♥t❛✐♥s ♠♦r❡ t❤❛♥ ✶✹ ❤❛s❤t❛❣s✳ ✭✹✮

❚❤❡ ❚✇❡❡t ❝♦♥t❛✐♥s ♠♦r❡ t❤❛♥ ✶✹ t✐❝❦❡r s②♠❜♦❧s✳ ✭✺✮ ❚❤❡ ♣❧❛t❢♦r♠ s♦✉r❝❡ ♦❢

t❤❡ ❚✇❡❡t ❝♦♥t❛✐♥s ✏❜♦t✑✳ ✭✻✮ ❚❤❡ ✉s❡r ❢♦❧❧♦✇s ❧❡ss t❤❛♥ ✶✵✵✵ ❛❝❝♦✉♥ts ❛♥❞ t❤❡

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

✉s❡r ✐s ❧❛r❣❡r t❤❛♥ t❡♥✳ ❚❤❡ ♣❧❛t❢♦r♠ s♦✉r❝❡ r❡❢❡rs t♦ t❤❡ ❚✇✐tt❡r ❝❧✐❡♥t t❤❛t

✇❛s ✉s❡❞ t♦ ♣♦st t❤❡ ❚✇❡❡t✳ ◆♦t❡ t❤❛t t❤❡ ✈❛❧✉❡s ❢♦r ✭✸✮✱ ✭✹✮ ❛♥❞ ✭✻✮ ✇❡r❡ ♥♦t

❝❤♦s❡♥ ❛r❜✐tr❛r✐❧② ❜✉t ✇❡r❡ s❡❧❡❝t❡❞ ❜② t❛❦✐♥❣ ❛ ♥✉♠❜❡r ✇❤✐❝❤ ✇❛s t✇♦ st❛♥✲

❞❛r❞ ❞❡✈✐❛t✐♦♥s ❢r♦♠ t❤❡ ♦❜s❡r✈❡❞ ♠❡❛♥ ♥✉♠❜❡r ♦❢ ❤❛s❤t❛❣s✱ t✐❝❦❡r s②♠❜♦❧s ❛♥❞

❢♦❧❧♦✇❡r✴❢♦❧❧♦✇✐♥❣ r❛t✐♦ ♣❡r ❚✇❡❡t ❢♦r ❛❧❧ ♥✐♥❡ ❞❛t❛s❡ts✳

✸✳✸✳✷✳ ❙❡♥t✐♠❡♥t ❛♥❛❧②s✐s

❙❡♥t✐♠❡♥t ♣♦❧❛r✐t② s❝♦r❡s ❛r❡ ♦❜t❛✐♥❡❞ ✉s✐♥❣ t❤❡ ❱❛❧❡♥❝❡ ❆✇❛r❡ ❉✐❝t✐♦♥❛r②

❛♥❞ ❙❡♥t✐♠❡♥t ❘❡❛s♦♥❡r ✭❱❆❉❊❘✮ ❛❧❣♦r✐t❤♠ ✭●✐❧❜❡rt ❛♥❞ ❍✉tt♦✱ ✷✵✶✹✮✱ t❤❡

▲♦✉❣❤r❛♥ ✫ ▼❝❉♦♥❛❧❞ ✜♥❛♥❝✐❛❧ ❝♦r♣✉s ✭▲♦✉❣❤r❛♥ ❛♥❞ ▼❝❉♦♥❛❧❞✱ ✷✵✶✶✮ ❛♥❞

❛ ♠❛♥✉❛❧❧② ❝♦♠♣✐❧❡❞ ❝r②♣t♦❝✉rr❡♥❝② ❧❡①✐❝♦♥ ♦❢ ✻✸ ✇♦r❞s ❛♥❞ ❛❜❜r❡✈✐❛t✐♦♥s✳

❚✇❡❡ts ✇✐❧❧ ❡✐t❤❡r ❜❡ ❝❧❛ss✐✜❡❞ ❛s ♣♦s✐t✐✈❡✱ ♥❡✉tr❛❧ ♦r ♥❡❣❛t✐✈❡ t♦ ❝♦rr❡s♣♦♥❞

✇✐t❤ t❤❡ ✜♥❛♥❝✐❛❧ r❡❝♦♠♠❡♥❞❛t✐♦♥s ♦❢ ❜✉②✱ ❤♦❧❞ ♦r s❡❧❧✳ ❚❤❡ ♥❡✉tr❛❧ ❝❧❛ss ✐s

✐♥❝❧✉❞❡❞ t♦ r❡❞✉❝❡ t❤❡ ❧✐❦❡❧✐❤♦♦❞ t❤❛t t❤❡ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ♠♦❞❡❧ ✇✐❧❧ ♦✈❡r✜t✳

✷✵



✸✳✸✳✷✳✶ ▲❡①✐❝♦♥✲❜❛s❡❞ ❛♣♣r♦❛❝❤

❆ r♦❜✉st ❧❡①✐❝♦♥✲❜❛s❡❞ ❛♣♣r♦❛❝❤✱ t❛✐❧♦r❡❞ ❢♦r ❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞ ❚✇❡❡ts

✐s ✉s❡❞✱ ✇❤❡r❡ s❡✈❡r❛❧ ❧❡①✐❝♦♥s ❛r❡ ❝♦♠❜✐♥❡❞✳ ❚❤❡ ❱❆❉❊❘ ❛❧❣♦r✐t❤♠ ✭●✐❧❜❡rt

❛♥❞ ❍✉tt♦✱ ✷✵✶✹✮ ✐s ✐♠♣❧❡♠❡♥t❡❞ ❛s ❛ ❜❛s❡❧✐♥❡ t♦♦❧ ❢♦r t❤❡ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s✳

❱❆❉❊❘ ✐s ❛ ❧❡①✐❝♦♥ ❛♥❞ ❛ r✉❧❡✲❜❛s❡❞ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ♠♦❞❡❧ t❤❛t ✐s s♣❡❝✐✜✲

❝❛❧❧② tr❛✐♥❡❞✱ ❛♥❞ s✉✐t❛❜❧❡ ❢♦r✱ s❡♥t✐♠❡♥ts ❡①♣r❡ss❡❞ ✐♥ s♦❝✐❛❧ ♠❡❞✐❛✳ ▼♦r❡♦✈❡r✱

✐♥ ❛ s✐♠✐❧❛r st✉❞② ❜② ❑✐♠ ❡t ❛❧✳ ✭✷✵✶✻✮✱ t❤❡ ❱❆❉❊❘ ❛❧❣♦r✐t❤♠ ✇❛s ❛❧s♦ ✉s❡❞ t♦

♦❜t❛✐♥ ❛❝❝✉r❛t❡ ♣♦❧❛r✐t② s❝♦r❡s ❢r♦♠ s♦❝✐❛❧ ♠❡❞✐❛ t❡①ts t♦ ♣r❡❞✐❝t ❝r②♣t♦❝✉rr❡♥❝②

♣r✐❝❡ ✢✉❝t✉❛t✐♦♥s✳ ●✐❧❜❡rt ❛♥❞ ❍✉tt♦ ✭✷✵✶✹✮ s❤♦✇ t❤❛t ❱❆❉❊❘ ❝❛♥ ♦✉t♣❡r❢♦r♠

❜♦t❤ ❤✉♠❛♥ ❛♥♥♦t❛t♦rs ❛♥❞ ♠♦st ❝❧❛ss✐✜❡r ❜❡♥❝❤♠❛r❦s✳

■♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ♣r❡✲♣r♦❝❡ss✐♥❣ st❡♣s ❛❧r❡❛❞② ♣❡r❢♦r♠❡❞ ✐♥ ❙❡❝t✐♦♥ ✸✳✷✱ ❱❆❉❊❘

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

❞❡❣r❡❡ ♠♦❞✐✜❡rs✱ s❧❛♥❣ ❛♥❞ ❛❝r♦♥②♠s✳ ❚❤❡ ❱❆❉❊❘ ❧❡①✐❝♦♥ ✐s ❝♦♠♣❧❡♠❡♥t❡❞

❜② ❛❞❞✐♥❣ t❤❡ t♦❦❡♥s ❢r♦♠ t❤❡ ✷✵✶✻ ▲♦✉❣❤r❛♥ ✫ ▼❝❉♦♥❛❧❞ ✜♥❛♥❝✐❛❧ ❝♦r♣✉s✶✸

t❤❛t ❛r❡ ♥♦t ❛❧r❡❛❞② ♣r❡s❡♥t ✐♥ t❤❡ ❱❆❉❊❘ ❧❡①✐❝♦♥✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ♠❛♥✉✲

❛❧❧② ❝♦♠♣✐❧❡❞ ❝r②♣t♦❝✉rr❡♥❝② ❧❡①✐❝♦♥ ♦❢ ✻✸ r❡❧❡✈❛♥t ✇♦r❞s✱ ❛❜❜r❡✈✐❛t✐♦♥s✱ s❧❛♥❣

❛♥❞ ❛❝r♦♥②♠s ✐s ❛❞❞❡❞ t♦ t❤❡ ✐♥✐t✐❛❧ ❧❡①✐❝♦♥✳ ❯s✐♥❣ t❤❡ ✈❛❧❡♥❝❡ s❝♦r❡s✱ ❱❆❉❊❘

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

❚❤✐s ❝♦♠♣♦✉♥❞ ♦r ♣♦❧❛r✐t② s❝♦r❡ ✐♥❞✐❝❛t❡s ✇❤❡t❤❡r ❛ ❚✇❡❡t ✐s ♣♦s✐t✐✈❡ ✭≥ ✵✳✵✺✮✱

♥❡✉tr❛❧ ✭❃ ✲✵✳✵✺ ❛♥❞ ❁ ✵✳✵✺✮ ♦r ♥❡❣❛t✐✈❡ ✭≤ ✲✵✳✵✺✮ ✭●✐❧❜❡rt ❛♥❞ ❍✉tt♦✱ ✷✵✶✹✮✳

❙✉❜s❡q✉❡♥t❧②✱ t❤❡s❡ s❝♦r❡s ❛r❡ ✉s❡❞ t♦ ❝❧❛ss✐❢② tr❛❞❡ r❡❝♦♠♠❡♥❞❛t✐♦♥s ❛❝❝♦r❞✲

✐♥❣❧②✳ ❚❤❡ ♣♦❧❛r✐t② s❝♦r❡s ❛r❡ t❤❡♥ ❝♦♥✈❡rt❡❞ ✐♥t♦ t✐♠❡ s❡r✐❡s ❛♥❞ ❛❣❣r❡❣❛t❡❞

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

♣❡r ✐♥t❡r✈❛❧✳ ■t ❢❛❧❧s ♦✉ts✐❞❡ ♦❢ t❤❡ s❝♦♣❡ ♦❢ t❤✐s ✇♦r❦ t♦ r❡s❡❛r❝❤ ❛♥② ❡✛❡❝ts

♦❢ ✉s❡r ✐♥✢✉❡♥❝❡✳ ❚✇❡❡ts ❛♥❞ ✉s❡rs ❛r❡ t❤❡r❡❢♦r❡ tr❡❛t❡❞ ❡q✉❛❧❧②✱ r❡❣❛r❞❧❡ss ♦❢

❘❡t✇❡❡ts✱ ❢❛✈♦✉r✐t❡s ♦r ✉s❡r ❝❤❛r❛❝t❡r✐st✐❝s✳

✶✸❙❡❡ ❤tt♣s✿✴✴sr❛❢✳♥❞✳❡❞✉✴t❡①t✉❛❧✲❛♥❛❧②s✐s✴r❡s♦✉r❝❡s✴

✷✶
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✸✳✸✳✸✳ ●r❛♥❣❡r✲❝❛✉s❛❧✐t② t❡st✐♥❣

❚♦ ❡①♣❧♦r❡ ✇❤❡t❤❡r ❝❡rt❛✐♥ ❢❛❝t♦rs ❛r❡ ❞r✐✈✐♥❣ ♣r✐❝❡s✱ t❤✐s ✇♦r❦ ❧♦♦❦s ❛t t❤❡

❜✐✈❛r✐❛t❡ ●r❛♥❣❡r✲❝❛✉s❛❧✐t② t❡st✳ ■t ✐s ✐♠♣♦rt❛♥t t♦ ♥♦t❡ t❤❛t ●r❛♥❣❡r✲❝❛✉s❛❧✐t②

❞♦❡s ♥♦t ❡st❛❜❧✐s❤ ❛❝t✉❛❧ ❝❛✉s❛❧✐t② ❜✉t r❛t❤❡r ✜♥❞s ❛ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t

♣❛tt❡r♥ ✐♥ ❧❛❣❣❡❞ ✈❛❧✉❡s ♦❢ ❳ ❛♥❞ ❨✳ ❚❤✐s ❝❛♥ ❜❡ ✐♥t❡r♣r❡t❡❞ ❛s ✏❳ ❤❛s ♣r❡❞✐❝t✐✈❡

♣♦✇❡r ❢♦r ❨✑ ✭▼❛♦ ❡t ❛❧✳✱ ✷✵✶✶✮ ❛♥❞ r❡❧❛t❡s ❜❛❝❦ t♦ t❤❡ ❦❡② ❝♦♥❝❡♣t ♦❢ st❛t✐st✐❝s

✇❤❡r❡ ❝♦rr❡❧❛t✐♦♥ ✐s ♥♦t ❝❛✉s❛t✐♦♥✳ ■♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ❧✐♠✐t❛t✐♦♥s ♦❢ t❤❡ ♦r✐❣✐♥❛❧

●r❛♥❣❡r✲❝❛✉s❛❧✐t② t❡st ♠❡♥t✐♦♥❡❞ ✐♥ ❙❡❝t✐♦♥ ✷✳✷✱ t❡st✐♥❣ ❢♦r ●r❛♥❣❡r✲❝❛✉s❛❧✐t②

❜② ✉s✐♥❣ t❤❡ ❋✲t❡st st❛t✐st✐❝ ✇❤❡♥ ♦♥❡ ♦r ❜♦t❤ t✐♠❡ s❡r✐❡s ❛r❡ ♥♦♥✲st❛t✐♦♥❛r②✱ ❝❛♥

❧❡❛❞ t♦ s♣✉r✐♦✉s r❡❧❛t✐♦♥s✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ ❊♥❣❧❡ ❛♥❞ ●r❛♥❣❡r ✭✶✾✽✼✮ ♣♦✐♥t

♦✉t t❤❛t ✇❤❡♥ ♦♥❡ ♦r ❜♦t❤ s❡r✐❡s ❛r❡ ♥♦♥✲st❛t✐♦♥❛r② ❛♥❞ ❝♦✲✐♥t❡❣r❛t❡❞✱ t❤❡

♦r✐❣✐♥❛❧ ●r❛♥❣❡r✲❝❛✉s❛❧✐t② t❡st ✐s ✐♥✈❛❧✐❞✳ ❚♦ ♠✐t✐❣❛t❡ t❤❡ ❛❜♦✈❡ ♣r♦❜❧❡♠s✱ t❤✐s

st✉❞② ❛♣♣❧✐❡s t❤❡ ❛✉❣♠❡♥t❡❞ ❚♦❞♦ ✫ ❨❛♠❛♠♦t♦ ✭✏❚✫❨✑✮ ●r❛♥❣❡r✲❝❛✉s❛❧✐t②

t❡st ♣r♦♣♦s❡❞ ❜② ❚♦❞❛ ❛♥❞ ❨❛♠❛♠♦t♦ ✭✶✾✾✺✮✳ ❚❤❡ st❡♣s ♦✉t❧✐♥❡❞ ❜② ❚♦❞❛

❛♥❞ ❨❛♠❛♠♦t♦ ✭✶✾✾✺✮ ❛r❡ ♣❛rt✐❝✉❧❛r❧② s✉✐t❛❜❧❡ ❢♦r s❡r✐❡s t❤❛t ❤❛✈❡ ❞✐✛❡r❡♥t

♦r❞❡rs ♦❢ ✐♥t❡❣r❛t✐♦♥ ❛♥❞ t❤❡ ❛♣♣r♦❛❝❤ ❞♦❡s ♥♦t r❡q✉✐r❡ ❞✐✛❡r❡♥❝✐♥❣ ❛♥❞ ❝♦✲

✐♥t❡❣r❛t✐♦♥ t❡st✐♥❣✳ ❚❤✐s ✐s ❜❡♥❡✜❝✐❛❧ ❛s ✐t ❝✐r❝✉♠✈❡♥ts t❤❡ ♣♦t❡♥t✐❛❧ ❜✐❛s ♣r❡s❡♥t

✐♥ ❞✐✛❡r❡♥❝✐♥❣ t❡❝❤♥✐q✉❡s ❛♥❞ ❝♦✲✐♥t❡❣r❛t✐♦♥ t❡sts✳ ■t ❝❛♥ ❛❧s♦ ❜❡ ❛♣♣❧✐❡❞ t♦ ❛♥②

t②♣❡ ♦❢ ✈❛r✐❛❜❧❡❀ r❡❣❛r❞❧❡ss ♦❢ t❤❡ ✈❛r✐❛❜❧❡s ❜❡✐♥❣ ✐♥ st❛t❡ ■✭✵✮✱ ■✭✶✮ ♦r ■✭✷✮✱

❝♦✲✐♥t❡❣r❛t❡❞ ♦r ♥♦♥ ❝♦✲✐♥t❡❣r❛t❡❞✳ ❆♥ ❆✉❣♠❡♥t❡❞ ❉✐❝❦❡②✲❋✉❧❧❡r ✭❆❉❋✮ t❡st ✐s

✉s❡❞ t♦ t❡st ❢♦r st❛t✐♦♥❛r✐t② ❛♥❞ ❞❡t❡r♠✐♥❡ t❤❡ ♠❛①✐♠✉♠ ♦r❞❡r ♦❢ ✐♥t❡❣r❛t✐♦♥

Dmax✱ ✇❤❡r❡ ✇❡ ❛❧❧♦✇ ❢♦r ❛ ❞r✐❢t ✐♥ ❡❛❝❤ ♦❢ t❤❡ s❡r✐❡s✳ ❚♦ ❛❝❝♦✉♥t ❢♦r t❤❡

❛✉t♦❝♦rr❡❧❛t✐♦♥ ✐♥ t❤❡ r❡s✐❞✉❛❧s ♦❢ t❤❡ s♣❡❝✐✜❡❞ ❚✫❨ ❱❡❝t♦r ❆✉t♦r❡❣r❡ss✐✈❡

✭❱❆❘✮ ♠♦❞❡❧s✱ t❤❡ ❝♦♠♠♦♥❧② ✉s❡❞ ❇r❡✉s❝❤✲●♦❞❢r❡② ▲▼ t❡st ✐s ✉s❡❞ t♦ ❡✈❛❧✉❛t❡✳

❚❤❡ ♣r♦❝❡❞✉r❡ ♦❢ ❚✫❨ ✐s ❜❛s❡❞ ♦♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❛✉❣♠❡♥t❡❞ ❱❆❘✭❧✬✰Dmax✮

♠♦❞❡❧s✿

Xt = µ+

l′+Dmax∑

i=1

αtYt−i +

l′+Dmax∑

i=1

βiXt−i + µ1t ✭✶✮

Yt = µ+

l′+Dmax∑

i=1

γtXt−i +

l′+Dmax∑

i=1

δiYt−i + µ2t ✭✷✮

✷✷



❍❡r❡✱ ❧✬ r❡♣r❡s❡♥ts t❤❡ r❡s♣❡❝t✐✈❡ ❧❛❣ ♦r❞❡rs ❛♥❞ µ r❡♣r❡s❡♥ts t❤❡ ❡rr♦r t❡r♠s✳

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

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

❛❧s♦ ❛♣♣❧✐❡s ❏♦❤❛♥s❡♥✬s ❚r❛❝❡ ❛♥❞ ▼❛①✐♠✉♠ ❊✐❣❡♥✈❛❧✉❡ t❡sts t♦ t❡st t❤❡ ✈❛✲

❧✐❞✐t② ♦❢ t❤❡ ❚✫❨ r❡s✉❧ts ❢♦r s❡r✐❡s t❤❛t ✐♥✈♦❧✈❡ ❛t ❧❡❛st ♦♥❡ ■✭✶✮ s❡r✐❡s✳ ❇②

❝r♦ss✲r❡❢❡r❡♥❝✐♥❣ t❤❡ ❚✫❨ r❡s✉❧ts ✇✐t❤ t❤❡ r❡s✉❧ts ♦❢ ❏♦❤❛♥s❡♥✬s t❡sts✱ ❛ r♦❜✉st

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

❝❛✉s❛❧✐t②✱ ❡✐t❤❡r ♦♥❡✲✇❛② ♦r ✐♥ ❜♦t❤ ❞✐r❡❝t✐♦♥s ✭❊♥❣❧❡ ❛♥❞ ●r❛♥❣❡r✱ ✶✾✽✼✮✳ ❋✉r✲

t❤❡r♠♦r❡✱ t❤❡ ♦r✐❣✐♥❛❧ ●r❛♥❣❡r✲❝❛✉s❛❧✐t② t❡st ✐s ❛♣♣❧✐❡❞ t♦ ❛❧❧ st❛t✐♦♥❛r② ■✭✵✮

s❡r✐❡s✱ ❛❣❛✐♥ t♦ ❜❡ ✉s❡❞ ❛s ❛ ❝r♦ss✲r❡❢❡r❡♥❝❡ ❛♥❞ t♦ ❡①♣❧♦r❡ ✈❛r✐♦✉s ❧❛❣s✳ ❚❤❡

♥✉♠❜❡r ♦❢ ❧❛❣s ❢♦r t❤❡ ♦r✐❣✐♥❛❧ ●r❛♥❣❡r✲❝❛✉s❛❧✐t② t❡sts ❛r❡ ❝❤♦s❡♥ ✐♥ ❧✐♥❡ ✇✐t❤

r❡s✉❧ts ♦❢ t❤❡ ❛❢♦r❡♠❡♥t✐♦♥❡❞ st✉❞✐❡s ❢r♦♠ ❙❡❝t✐♦♥ ✷✳✸✿ ✉♣ t♦ ✜✈❡ ❧❛❣s ❢♦r ✐♥✲

t❡r❞❛② ❛♥❛❧②s✐s ❛♥❞ ✉♣ t♦ s✐① ❧❛❣s ❢♦r ✐♥tr❛❞❛② ❛♥❛❧②s✐s✳ ❙✐♠✐❧❛r ✇♦r❦s ❤❛✈❡

❛❧s♦ ✉s❡❞ ❱❡❝t♦r ❊rr♦r ❈♦rr❡❝t✐♦♥ ▼♦❞❡❧s ✭❱❊❈▼✮ ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ ❝❛✉s❛❧✐t②

t❡st✐♥❣✱ ②❡t ❱❊❈▼ ♠♦❞❡❧s ❛r❡ ♦♥❧② ✉s❡❞ ✇❤❡♥ t❤❡ s❡r✐❡s ❛r❡ ❝♦✲✐♥t❡❣r❛t❡❞ ❛♥❞

t❤❡ ❡st✐♠❛t❡❞ ❱❆❘ ♠♦❞❡❧ ✐s ✉s❡❞ ❢♦r ♦t❤❡r ♣✉r♣♦s❡s t❤❛♥ ●r❛♥❣❡r✲❝❛✉s❛❧✐t②

t❡st✐♥❣✳

✸✳✸✳✹✳ ▼❡tr✐❝s ❛♥❞ ✈❛r✐❛❜❧❡s

❉❛✐❧② ❛♥❞ ❤♦✉r❧② ❚✇✐tt❡r s❡♥t✐♠❡♥t ST ✱ ❜✉❧❧✐s❤♥❡ss ❇ ❛♥❞ ♠❡ss❛❣❡ ✈♦❧✉♠❡

Vmes ❛r❡ ✐♥❞✐✈✐❞✉❛❧❧② ✉s❡❞ ❛s ✐♥❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s ❳✱ t♦ ❡①♣❧♦r❡ ✇❤❡t❤❡r t❤❡②

❡①❤✐❜✐t ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ❢♦r ❡❛❝❤ ♦❢ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s ❨ ✿ ♣r✐❝❡ r❡t✉r♥s

PR ❛♥❞ ❞❛✐❧② tr❛❞✐♥❣ ✈♦❧✉♠❡ V D
trad✳ ❚❤❡ r❡❧❛t✐♦♥s ❛r❡ ❜✐❧❛t❡r❛❧❧② t❡st❡❞ t♦ ❡①✲

♣❧♦r❡ ✇❤❡t❤❡r ❝❛✉s❛❧✐t② ❡①✐sts ✐♥ ❛♥② ❞✐r❡❝t✐♦♥✳ ❚♦ ❛✈♦✐❞ ❛✉t♦❝♦rr❡❧❛t✐♦♥ ✐ss✉❡s

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

PR ✐♥st❡❛❞ ♦❢ r❡❣✉❧❛r ♣r✐❝❡ t✐♠❡ s❡r✐❡s✱ s✐♠✐❧❛r t♦ t❤❡ ✈❛st ♠❛❥♦r✐t② ♦❢ ❛❢♦r❡♠❡♥✲

t✐♦♥❡❞ r❡❧❛t❡❞ st✉❞✐❡s✳ ❋♦r t❤❡ ❝❛❧❝✉❧❛t✐♦♥ ♦❢ ❜✉❧❧✐s❤♥❡ss ❢♦r ❛ ❝r②♣t♦❝✉rr❡♥❝② ❝✱

❧❡t Mbuy ❜❡ t❤❡ ♥✉♠❜❡r ♦❢ ❚✇❡❡ts ✇✐t❤ ❛ ✏❇❯❨✑ r❡❝♦♠♠❡♥❞❛t✐♦♥ ❛♥❞ Msell ❜❡

t❤❡ ♥✉♠❜❡r ♦❢ ❚✇❡❡ts ✇✐t❤ ❛ ✏❙❊▲▲✑ r❡❝♦♠♠❡♥❞❛t✐♦♥ ❛t ✐♥t❡r✈❛❧ t✳ ❇❛s❡❞ ♦♥

t❤❡ ❞❡✜♥✐t✐♦♥ ❜② ❆♥t✇❡✐❧❡r ❛♥❞ ❋r❛♥❦ ✭✷✵✵✹✮ ❛♥❞ ▲✐ ❡t ❛❧✳ ✭✷✵✶✼✮✱ ❜✉❧❧✐s❤♥❡ss ✐s

❝❛❧❝✉❧❛t❡❞ ❛s✿

✷✸



Bc
t = ln(1 +

M buy
c

Msell
c

) ✭✸✮

◆♦t❡ t❤❛t t❤❡ ❢✉♥❝t✐♦♥ ❞♦❡s ♥♦t ❝♦♥t❛✐♥ ✏❍❖▲❉✑ r❡❝♦♠♠❡♥❞❛t✐♦♥s✱ ❜❡❝❛✉s❡

t❤❡② ♣r♦✈✐❞❡ ♥❡✉tr❛❧ ✐♥❢♦r♠❛t✐♦♥✳ ▼❡ss❛❣❡ ✈♦❧✉♠❡ Vmes ❢♦r ❛ ❝r②♣t♦❝✉rr❡♥❝② ❝

✐s ❝❛❧❝✉❧❛t❡❞ ❜② t❛❦✐♥❣ t❤❡ t♦t❛❧ ♥✉♠❜❡r ♦❢ ❚✇❡❡ts ▼ ❛t ✐♥t❡r✈❛❧ t ✿

V c
mes = ln(1 +

c∑

t

M) ✭✹✮

❚r❛❞✐♥❣ ✈♦❧✉♠❡ Vtrad ❞❛t❛ ❢♦r ❛ ❝r②♣t♦❝✉rr❡♥❝② ❝ ✐s ♦♥❧② ❛✈❛✐❧❛❜❧❡ ♦♥ ❛ ❞❛✐❧②

✐♥t❡r✈❛❧ ❛♥❞ ✐s ❞❡✜♥❡❞ ❛s✿

V c
trad = ln(1 + V c

trad) ✭✺✮

▲❛st❧②✱ t❤❡ ♣r✐❝❡ r❡t✉r♥s PR ❢♦r ❛ ❝r②♣t♦❝✉rr❡♥❝② ❝ ❛t ✐♥t❡r✈❛❧ t ❛r❡ ❝❛❧❝✉❧❛t❡❞

❛s ❢♦❧❧♦✇s✿

P t
Rc = ln(1 +

P c
t

P c
t−1

) ✭✻✮

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

♣♦s❡s ❛♥❞ t♦ ❡♥❛❜❧❡ t❤❡ ❝♦♠♣❛r✐s♦♥s ♦❢ t✐♠❡ s❡r✐❡s✱ ❛❧✐❣♥✐♥❣ ✇✐t❤ ❙♣r❡♥❣❡r ❡t ❛❧✳

✭✷✵✶✹❜✮ ❛♥❞ ▲✐ ❡t ❛❧✳ ✭✷✵✶✼✮✳ ❙✐♠✐❧❛r ✇♦r❦s s✉❝❤ ❛s ❤❛✈❡ ❛❧s♦ st✉❞✐❡❞ t❤❡ ♣r❡✲

❞✐❝t✐✈❡ ♣♦✇❡r ♦❢ s❡♥t✐♠❡♥t ✐♥ tr❛❞✐t✐♦♥❛❧ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts✳ ❚❤❡s❡ ✇♦r❦s ✐♥❝❧✉❞❡

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

❢♦r ❛♥② ❞❛t❡ s♣❡❝✐✜❝ ❝❤❛r❛❝t❡r✐st✐❝s✳ ❚❤✐s ✇♦r❦ ❞♦❡s ♥♦t ✐♥❝❧✉❞❡ ❛❜♥♦r♠❛❧ r❡✲

t✉r♥s ❜❡❝❛✉s❡ ♦♥❧② ♥✐♥❡ ♦✉t ♦❢ t❤❡ ♠♦r❡ t❤❛♥ ✶✱✺✵✵ ❝r②♣t♦❝✉rr❡♥❝✐❡s ❛r❡ st✉❞✐❡❞

❛♥❞ t❤❡r❡ ❡①✐sts ♥♦ r❡❝♦❣♥✐s❡❞ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ♣r✐❝❡ ✐♥❞❡① t❤❛t ❝❛♥ ❜❡

✉s❡❞ ❛s ❛ ❜❡♥❝❤♠❛r❦✳ ❉❛t❡ s♣❡❝✐✜❝ ❝❤❛r❛❝t❡r✐st✐❝s ❛r❡ ❛❧s♦ ♥♦t ❛❝❝♦✉♥t❡❞ ❢♦r✱ ❛s

t❤❡ ♠❛r❦❡t ✐s ❝♦♥t✐♥✉♦✉s❧② tr❛❞✐♥❣ ❛♥❞ ❞♦❡s ♥♦t ❝❧♦s❡ ❧✐❦❡ tr❛❞✐t✐♦♥❛❧ ✜♥❛♥❝✐❛❧

♠❛r❦❡ts ❞♦✳ ❚❤❡r❡❢♦r❡✱ ✐t ✐s ❛ss✉♠❡❞ t❤❛t t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ❜❡❤❛✈❡s

✷✹



r❡❧❛t✐✈❡❧② s✐♠✐❧❛r ♦✈❡r t✐♠❡✱ r❡❣❛r❞❧❡ss ♦❢ t❤❡ t✐♠❡ ♦❢ ❞❛②✱ ❞❛② ♦❢ t❤❡ ✇❡❡❦ ♦r

❛♥② ❤♦❧✐❞❛② ♣❡r✐♦❞s✳

✷✺



✹✳ ❘❡s✉❧ts ❛♥❞ ❛♥❛❧②s✐s

✹✳✶✳ ❚❤❡ ♣r❡s❡♥❝❡ ♦❢ ✭❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞✮ ❚✇✐tt❡r ❜♦ts

❋✐❣✉r❡ ✷ ❛♥❞ ❚❛❜❧❡ ✹ s✉♠♠❛r✐s❡ t❤❡ ✜♥❞✐♥❣s ❢♦r ❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞ ❚✇✐t✲

t❡r ❜♦ts ✇✐t❤✐♥ t❤❡ ♦❜t❛✐♥❡❞ ❞❛t❛s❡ts✳ ■t ❝❛♥ ❜❡ ♦❜s❡r✈❡❞ t❤❛t ❚✇✐tt❡r ❜♦ts ❛r❡

❝♦♠♠♦♥❧② ♣r❡s❡♥t✱ ❛s t❤❡② ❛❝❝♦✉♥t ❢♦r ❛♥ ❡st✐♠❛t❡❞ ✶✪ ✲ ✶✹✪ ♦❢ t❤❡ ❚✇❡❡ts

♣♦st❡❞✳ ❚❤❡ ♣r❡s❡♥❝❡ ♦❢ ❜♦t ❛❝❝♦✉♥ts ✐s r❡❧❡✈❛♥t ❜❡❝❛✉s❡ t❤❡② ❝❛♥ ♣♦t❡♥t✐❛❧❧② ❜❡

✉s❡❞ t♦ st❡❡r t❤❡ s❡♥t✐♠❡♥t ♦❢ ✐♥✈❡st♦rs ♦♥ ❚✇✐tt❡r ❛♥❞ s♣r❡❛❞ ❢❛❧s❡ ✐♥❢♦r♠❛t✐♦♥✱

t❤❡r❡❜② ✐♠♣❛❝t✐♥❣ t❤❡ ✜♥❞✐♥❣s ♦❢ t❤✐s st✉❞②✳ ■♥t❡r❡st✐♥❣❧②✱ t❤❡ ❧♦✇❡st ♣❡r❝❡♥t✲

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

❝r②♣t♦❝✉rr❡♥❝②✳ ❚❤❡ ❧❛r❣❡st r❡❧❛t✐✈❡ ♣r❡s❡♥❝❡ ♦❢ ❜♦t ❛❝❝♦✉♥ts ✐s ♦❜s❡r✈❡❞ ❢♦r

❚✇❡❡ts r❡❧❛t❡❞ t♦ ❈❛r❞❛♥♦✳ ❋✐❣✉r❡ ✷ ❛❧s♦ s❤♦✇s t❤❡ ♣❡r❝❡♥t✉❛❧ ❞✐str✐❜✉t✐♦♥ ♦❢

t❤❡ ♥✉♠❜❡r ♦❢ ❜♦t ❝❤❛r❛❝t❡r✐st✐❝s ♣❡r ❝r②♣t♦❝✉rr❡♥❝②✳ ❚❤❡ r❡s✉❧ts ✐♥ ❚❛❜❧❡ ✹

❛r❡ ❝❧♦s❡ t♦ t❤❡ ❛❢♦r❡♠❡♥t✐♦♥❡❞ ❡st✐♠❛t✐♦♥s ♦❢ ❚✇✐tt❡r✱ ✇❤✐❝❤ r❡♣♦rt❡❞ t❤❛t ❛♥

❡st✐♠❛t❡❞ ✽✳✺✪ ♦❢ ❛❧❧ ❚✇✐tt❡r ❛❝❝♦✉♥ts ❛r❡ ❜♦t ❛❝❝♦✉♥ts ✭❙✉❜r❛❤♠❛♥✐❛♥ ❡t ❛❧✳✱

✷✵✶✻✮✳ ❍♦✇❡✈❡r✱ ✐t ✐s ❧✐❦❡❧② t❤❛t t❤❡ ❛❝t✉❛❧ ♥✉♠❜❡r ♦❢ ❚✇✐tt❡r ❜♦ts ✇✐t❤✐♥ t❤❡

❝r②♣t♦❝✉rr❡♥❝② s♣❛❝❡ ✐s ❤✐❣❤❡r t❤❛♥ t❤❡ ♦❜s❡r✈❡❞ ♣❡r❝❡♥t❛❣❡s✳ ❚♦ ✐❧❧✉str❛t❡✱

✇❤❡♥ ❢♦r ❡①❛♠♣❧❡ ❛ ❚✇❡❡t ♠❡♥t✐♦♥s ❛ ❣✐✈❡ ❛✇❛②✱ ✐t ✐s ❡①tr❡♠❡❧② ❧✐❦❡❧② t♦ ❜❡ ❛

❜♦t ❛❝❝♦✉♥t✳ ❨❡t s✉❝❤ ❛ ❚✇❡❡t ✐s ♦♥❧② ❝❧❛ss✐✜❡❞ ❛s ❛ ❜♦t ❛❝❝♦✉♥t ✐❢ ✐t ♠❡❡ts ❛♥

❡①tr❛ ❝r✐t❡r✐♦♥✳ ■t ✐s t❤❡r❡❢♦r❡ ♠♦r❡ ❧✐❦❡❧② t❤❛t t❤❡ tr✉❡ ♥✉♠❜❡r ♦❢ ❜♦t ❛❝❝♦✉♥ts

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

✹✳✷✳ ❙❡♥t✐♠❡♥t ❛♥❛❧②s✐s

❚❤❡ r❡s✉❧ts ❢r♦♠ t❤❡ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ✐♥ ❚❛❜❧❡ ✸ ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ♣♦❧❛r✐t②

s❝♦r❡s ❢♦r ❛❧❧ ♥✐♥❡ ❝r②♣t♦❝✉rr❡♥❝✐❡s ❛r❡ r❡❧❛t✐✈❡❧② ❛♥❞ s✐♠✐❧❛r❧② ❝♦♥st❛♥t ♦✈❡r

t✐♠❡✳ ❚❤❡ s❝♦r❡s ❛r❡ ❛❧s♦ ❝♦♥s✐st❡♥t❧② ♣♦s✐t✐✈❡❧② s❦❡✇❡❞ ✇✐t❤ ❛ ♠❡❛♥ ♣♦❧❛r✐t②

♦❢ ✵✳✸✸✳ ❚❤✐s ✐s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ r❡s✉❧ts ♦❢ ❑❡♥♥❡❞② ❛♥❞ ■♥❦♣❡♥ ✭✷✵✵✻✮✱ ✇❤♦

♦❜s❡r✈❡ t❤❛t ❧❡①✐❝♦♥✲❜❛s❡❞ ❛♣♣r♦❛❝❤❡s ❣❡♥❡r❛❧❧② ❤❛✈❡ ❛ ♣♦s✐t✐✈❡ ❜✐❛s✱ ✇❤✐❝❤ ❝❛♥

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

t❤❡ r❡s✉❧ts s✉❣❣❡st ❛ s❡❛s♦♥❛❧ ♣❛tt❡r♥ ✐♥ t❤❡ ❤♦✉r❧② s❡♥t✐♠❡♥t ❢♦r ❛❧❧ ♥✐♥❡ ❝r②♣✲

t♦❝✉rr❡♥❝✐❡s✱ ✇❤❡r❡ t❤❡ ✜rst ✶✷ ❤♦✉rs ♦❢ ❞❛② ❡①❤✐❜✐t ❛ ❜✉❧❧✐s❤ tr❡♥❞ ❛♥❞ t❤❡ ♥❡①t

✷✻



✶✷ ❤♦✉rs ❡①❤✐❜✐t ❛ ❜❡❛r✐s❤ tr❡♥❞✳ ❖✉t❧✐❡rs ✐♥ t❤❡ s❡♥t✐♠❡♥t ♣♦❧❛r✐t② t✐♠❡ s❡r✐❡s

♦❝❝✉r s♣♦r❛❞✐❝❛❧❧② ❛♥❞ ✉s✉❛❧❧② q✉✐❝❦❧② r❡❝♦✈❡r✳ ❆ s✉❣❣❡st❡❞ ❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤✐s

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

♠❡ss❛❣❡s t❤❛t ♦❜t❛✐♥ s✐♠✐❧❛r ♣♦❧❛r✐t② s❝♦r❡s✳ ❍♦✇❡✈❡r✱ t❤❡ ✜♥❞✐♥❣s ♦❢ t❤✐s st✉❞②

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

❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤❡ ♦❜s❡r✈❡❞ ♦✉t❧✐❡rs✳

✹✳✸✳ ●r❛♥❣❡r✲❝❛✉s❛❧✐t② t❡st✐♥❣

❚❤❡ ❝❡♥tr❛❧ r❡s❡❛r❝❤ q✉❡st✐♦♥ ♦❢ t❤✐s ✇♦r❦ ✐s ✇❤❡t❤❡r ❚✇✐tt❡r ✭s❡♥t✐♠❡♥t✮ ❤❛s

♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ❢♦r s❡✈❡r❛❧ ✐♠♣♦rt❛♥t ❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞ ✈❛r✐❛❜❧❡s✳ ▼♦r❡

s♣❡❝✐✜❝❛❧❧②✱ t❤✐s ♣❛♣❡r ❛✐♠s t♦ ✜♥❞ ✇❤❡t❤❡r ❚✇✐tt❡r ✭s❡♥t✐♠❡♥t✮ ✏❝❛✉s❡s✑ ♦r

r❡✢❡❝ts t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t✳ ❚❤❡ r❡s✉❧ts ❢♦r t❤❡ ❝❛✉s❛❧✐t② t❡sts ❛r❡ s❤♦✇♥

✐♥ ❆♣♣❡♥❞✐①✱ ❚❛❜❧❡ ✺ ✲ ✷✷✱ ✐♥❞✐❝❛t✐♥❣ t❤❡ ♠❛①✐♠✉♠ ♦r❞❡r ♦❢ ✐♥t❡❣r❛t✐♦♥ Dmax✱

t❤❡ ❛♣♣r♦♣r✐❛t❡ ✭❧✮ ❛♥❞ s❡❧❡❝t❡❞ ✭❧✬ ✮ ♥✉♠❜❡r ♦❢ ❧❛❣s ❛♥❞ t❤❡ ♣✲✈❛❧✉❡s ❢♦r t❤❡ t✇♦

t②♣❡s ♦❢ ❝❛✉s❛❧✐t② t❡sts ✭✐❢ ❜♦t❤ ✇❡r❡ ❛♣♣❧✐❡❞✮✳ ❚❤❡ r❡s✉❧ts ✐♥ ❚❛❜❧❡ ✺ ✲ ✷✷ ❛❧s♦

❞❡♠♦♥str❛t❡ t❤❛t t❤❡ ❚✫❨ ❛♥❞ ♦r✐❣✐♥❛❧ ●r❛♥❣❡r✲❝❛✉s❛❧✐t② ✭❖●❈✮ ❛♣♣r♦❛❝❤❡s

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

t❤❡ ❝♦♥❣r✉❡♥❝❡ ✐♥ t❤❡✐r ♠❡t❤♦❞♦❧♦❣✐❡s✳ ❚❤❡ ✈❛r✐♦✉s ❝r②♣t♦❝✉rr❡♥❝② ♣r✐❝❡ t✐♠❡

s❡r✐❡s ✐♥❞✐❝❛t❡ ❡①❝❡ss✐✈❡ ♣r✐❝❡ ✈♦❧❛t✐❧✐t②✱ ✇❤❛t ❛❧❧♦✇s t❤✐s st✉❞② t♦ ♣❡r❢♦r♠ t❤❡

❛♥❛❧②s✐s ✉♥❞❡r ✈❛r✐♦✉s ♠❛r❦❡t ❝♦♥❞✐t✐♦♥s✳ ❉✉❡ t♦ t❤❡ ❤✐❣❤ ♥✉♠❜❡r ♦❢ t❡sts✱ ✇❡

♠❛✐♥❧② ❢♦❝✉s ♦♥ t❤❡ r❡❧❛t✐♦♥s t❤❛t ❛r❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ✭♣ ❁ ✵✳✵✺✮✳

✹✳✸✳✶✳ ❘❡s✉❧ts ♣❡r ❝r②♣t♦❝✉rr❡♥❝②

❋♦r t❤❡ ❞❛✐❧② ✐♥t❡r✈❛❧s ♦❢ ❇✐t❝♦✐♥✱ ❚✇✐tt❡r s❡♥t✐♠❡♥t ✭♣ ❁ ✵✳✵✶✮ ❛♥❞ ❜✉❧❧✐s❤✲

♥❡ss ✭♣ ❁ ✵✳✵✺✮ str♦♥❣❧② ❛✛❡❝t t❤❡ tr❛❞✐♥❣ ✈♦❧✉♠❡ ❢♦r ✈❛r✐♦✉s ❧❛❣s✳ ❆❧t❤♦✉❣❤ ♥♦

❝❛✉s❛❧ r❡❧❛t✐♦♥ ✐s ❢♦✉♥❞ ✉♥❞❡r t❤❡ ❚✫❨ ❛♣♣r♦❛❝❤✱ t❤❡ ❖●❈ ❛♣♣r♦❛❝❤ ✐♥❞✐❝❛t❡s

s✐❣♥✐✜❝❛♥t ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ✭♣ ❁ ✵✳✵✺✮ ♦❢ ❚✇✐tt❡r s❡♥t✐♠❡♥t ♦♥ ♣r✐❝❡ r❡t✉r♥s ❢♦r

t❤❡ ♣❛st t❤r❡❡ ❞❛②s✳ ❆s t❤❡ ❞❛t❛ ✐s st❛t✐♦♥❛r② ❛♥❞ t❤❡ ❖●❈ ❛♣♣r♦❛❝❤ ✐s ♠♦r❡

s✉✐t❛❜❧❡ ❢♦r st❛t✐♦♥❛r② ❞❛t❛✱ t❤❡ r❡s✉❧ts ❢r♦♠ t❤❡ ❖●❈ ❛♣♣r♦❛❝❤ ❛r❡ ❛ss✉♠❡❞ t♦

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

❇✐t❝♦✐♥ ❛❧s♦ ❛❧✐❣♥s ✇✐t❤ t❤❡ ✜♥❞✐♥❣s ♦❢ ●❛r❝✐❛ ❛♥❞ ❙❝❤✇❡✐t③❡r ✭✷✵✶✺✮✳ ❇✉❧❧✐s❤✲

✷✼



♥❡ss ✐s ♦❜s❡r✈❡❞ t♦ ❜❡ ❛ str♦♥❣ ❡✛❡❝t ♦❢ ♣r✐❝❡ r❡t✉r♥s✱ ✐♥❞✐❝❛t✐♥❣ t❤❛t ❚✇✐tt❡r

✉s❡rs ❚✇❡❡t ♠♦r❡ ♣♦s✐t✐✈❡❧② ♦r ♥❡❣❛t✐✈❡❧② ❞❡♣❡♥❞✐♥❣ ♦♥ ❇✐t❝♦✐♥✬s ♣r✐❝❡ r❡t✉r♥s✳

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

❛♥❞ ✐♥ ❝♦♥tr❛st t♦ ▼❛✐ ❡t ❛❧✳ ✭✷✵✶✺✮✱ ♥♦ ❝❛✉s❛❧ r❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ♠❡ss❛❣❡ ✈♦❧✉♠❡

❛♥❞ tr❛❞✐♥❣ ✈♦❧✉♠❡ ✇❛s ❢♦✉♥❞✳

❋♦r t❤❡ ❞❛✐❧② ✐♥t❡r✈❛❧s ♦❢ ❊t❤❡r❡✉♠✱ ♥♦ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ❢♦r ❚✇✐tt❡r s❡♥t✐✲

♠❡♥t ♦♥ ♣r✐❝❡ r❡t✉r♥s ✐s ❢♦✉♥❞✳ ■♥ t❤❡ ♦♣♣♦s✐t❡ ❞✐r❡❝t✐♦♥✱ ✐t ✐s ♦❜s❡r✈❡❞ t❤❛t

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

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

❛♥❞ ✹✮✳ ❚❤✐s ❛❣❛✐♥ ✐♥❞✐❝❛t❡s t❤❛t ❚✇✐tt❡r ♠❡r❡❧② r❡s♣♦♥❞s t♦ t❤❡ ♣r✐❝❡ r❡t✉r♥s

♦❢ ❊t❤❡r❡✉♠ ❛♥❞ ❞♦❡s ♥♦t ●r❛♥❣❡r✲❝❛✉s❡ ✐ts ♣r✐❝❡ r❡t✉r♥s✳

◆♦ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ❢♦r ❚✇✐tt❡r s❡♥t✐♠❡♥t ♦♥ ♣r✐❝❡ r❡t✉r♥s ✐s ♦❜s❡r✈❡❞ ❢♦r

❳❘P ♦♥ t❤❡ ❞❛✐❧② ✐♥t❡r✈❛❧ ❜✉t ❚✇✐tt❡r s❡♥t✐♠❡♥t ✐s ❢♦✉♥❞ t♦ ❜❡ ❛♥ ❡✛❡❝t ♦❢ ♣r✐❝❡

r❡t✉r♥s ♦♥ t❤❡ ❤♦✉r❧② ✐♥t❡r✈❛❧✳ ❚❤❡ r❡s✉❧ts ✐♥ ❚❛❜❧❡ ✾ ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ❡✛❡❝ts ♦❢

♠❡ss❛❣❡ ✈♦❧✉♠❡ ♦♥ ❜♦t❤ ♣r✐❝❡ r❡t✉r♥s ✭❧❛❣s ✹ ❛♥❞ ✺✮ ❛♥❞ tr❛❞✐♥❣ ✈♦❧✉♠❡ ✭❧❛❣ ✺✮

❛r❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ✭♣ ❁ ✵✳✵✺✮ ❛♥❞ ❝♦♥tr❛r✐❧② ♠❡ss❛❣❡ ✈♦❧✉♠❡ ✐s ❢♦✉♥❞

t♦ ❜❡ ❛ str♦♥❣ ❡✛❡❝t ♦❢ ♣r✐❝❡ r❡t✉r♥s ♦♥ t❤❡ ❤♦✉r❧② ✐♥t❡r✈❛❧✳ ■t ✇❛s ♣r❡✈✐♦✉s❧②

❡①♣❧❛✐♥❡❞ t❤❛t ❏♦❤❛♥s❡♥✬s t❡sts ❛r❡ ✉s❡❞ t♦ ❝r♦ss✲r❡❢❡r❡♥❝❡ t❤❡ r❡s✉❧ts ✐♥ t❤❡

❝❛s❡ ♦❢ ♥♦♥✲st❛t✐♦♥❛r② ❞❛t❛s❡ts✳ ❚❤❡ r❡s✉❧ts ❢r♦♠ ❏♦❤❛♥s❡♥✬s t❡sts ❢♦r ❳❘P

❝♦♥tr❛❞✐❝t t❤❡ ✜♥❞✐♥❣s ♦❢ t❤❡ ❚✫❨ ❛♣♣r♦❛❝❤✱ ❜✉t ✐t ✐s ❧✐❦❡❧② t❤❛t s♦♠❡ ❝❛✉s❛❧

r❡❧❛t✐♦♥ ❡①✐sts ❜❡②♦♥❞ t❤❡ s❡❧❡❝t❡❞ ❧❛❣✳ ■t ✐s ❜❡②♦♥❞ t❤❡ s❝♦♣❡ ♦❢ t❤✐s ✇♦r❦ t♦

❡①♣❧♦r❡ ❛♥② s✉❝❤ ♣♦t❡♥t✐❛❧ r❡❧❛t✐♦♥s ✐♥ t❤❡ ❝❛s❡ ♦❢ ♥♦♥✲st❛t✐♦♥❛r② ❞❛t❛ ❛s t❤❡

❚✫❨ ❛♣♣r♦❛❝❤ ✜ts t❤❡ ♦♣t✐♠❛❧ ♠♦❞❡❧ ✇✐t❤ t❤❡ ♦♣t✐♠❛❧ s✐♥❣❧❡ ❧❛❣✳

❚✇✐tt❡r s❡♥t✐♠❡♥t ❝❛♥ ❤❡❧♣ ♣r❡❞✐❝t t❤❡ ♣r✐❝❡ r❡t✉r♥s ♦❢ ❇✐t❝♦✐♥ ❈❛s❤✱ ✇❤✐❝❤

✐s ♦❜s❡r✈❡❞ ❢♦r ✈❛r✐♦✉s ❤♦✉r❧② ❧❛❣s ✭✶ ❛♥❞ ✸✮ ❜✉t ♥♦t ✐♥ t❤❡ ✐♥t❡r❞❛② ❛♥❛❧②s✐s✳

❚❤❡ ♦t❤❡r r❡s✉❧ts ✐♥ ❆♣♣❡♥❞✐①✱ ❚❛❜❧❡ ✶✶ s❤♦✇ t❤❛t ♦♥ t❤❡ ❞❛✐❧② ❧❡✈❡❧ ❚✇✐tt❡r

r❛t❤❡r r❡s♣♦♥❞s t♦ t❤❡ ♠❛r❦❡t✱ ❛s ❚✇✐tt❡r s❡♥t✐♠❡♥t ✐s ❛ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t

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

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

♠❡ss❛❣❡ ✈♦❧✉♠❡ ✇❛s ❢♦✉♥❞ ❢♦r t❤❡ ✜rst ❧❛❣ ♦❢ t❤❡ ✐♥tr❛❞❛② ❛♥❛❧②s✐s✱ ✐♥❞✐❝❛t✐♥❣

✐♥✈❡st♦rs r❡s♣♦♥❞✐♥❣ t♦ ♣r✐❝❡ r❡t✉r♥s✳
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❋♦r ❊❖❙✱ ♥♦ ❝❛✉s❛❧ r❡❧❛t✐♦♥s❤✐♣s ✇❡r❡ ❢♦✉♥❞ ♦t❤❡r t❤❛♥ ❛ st❛t✐st✐❝❛❧ s✐❣♥✐❢✲

✐❝❛♥t ❡✛❡❝t ♦❢ ❞❛✐❧② ♠❡ss❛❣❡ ✈♦❧✉♠❡ ♦♥ ❞❛✐❧② tr❛❞✐♥❣ ✈♦❧✉♠❡✳ ■♥ t❤❡ ❤♦✉r❧②

❛♥❛❧②s✐s✱ t❤❡ r❡s✉❧ts ✐♥ ❆♣♣❡♥❞✐①✱ ❚❛❜❧❡ ✶✹ ✐♥❞✐❝❛t❡ t❤❛t ❚✇✐tt❡r s❡♥t✐♠❡♥t ❝❛♥

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

s✐❣♥✐✜❝❛♥t ✭♣ ❁ ✵✳✵✺✮ ❢♦r ❜✉❧❧✐s❤♥❡ss ♦♥ ♣r✐❝❡ r❡t✉r♥s✳

❈♦♠♣❛r❡❞ t♦ t❤❡ ♦t❤❡r r❡s❡❛r❝❤❡❞ ❝r②♣t♦❝✉rr❡♥❝✐❡s✱ t❤❡ r❡s✉❧ts ❢♦r ▲✐t❡❝♦✐♥

❛r❡ t❤❡ ♠♦st ✐♥t❡r❡st✐♥❣✳ ❆ str♦♥❣ ❡✛❡❝t ✭♣ ❁ ✵✳✵✺✮ ♦❢ ❞❛✐❧② ❚✇✐tt❡r s❡♥t✐♠❡♥t

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

✐♥s✐❣♥✐✜❝❛♥t t❤❡r❡❛❢t❡r✳ ❚❤✐s ❝❛♥ ❛❧s♦ ❝❧❡❛r❧② ❜❡ ♦❜s❡r✈❡❞ ✐♥ ❋✐❣✉r❡ ✸✳ ❋✉r✲

t❤❡r♠♦r❡✱ ❞❛✐❧② ♠❡ss❛❣❡ ✈♦❧✉♠❡ ✐s st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t❧② ❛✛❡❝t✐♥❣ ❜♦t❤ ❞❛✐❧②

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

♦❢ t❤❡ ❛♣♣❧✐❡❞ ❏♦❤❛♥s❡♥✬s t❡sts✳ ❖♥ t❤❡ ❤♦✉r❧② ✐♥t❡r✈❛❧✱ t❤❡ ♠❡ss❛❣❡ ✈♦❧✉♠❡ ❛♥❞

♣r✐❝❡ r❡t✉r♥s ❢♦r ▲✐t❡❝♦✐♥ ❛r❡ str♦♥❣❧② ❝♦rr❡❧❛t❡❞ ❢♦r ✈❛r✐♦✉s ❧❛❣s✱ ♦❝❝✉rr✐♥❣ ❛t

✈❛r✐♦✉s ❧❛❣s ✐♥ ❜♦t❤ ❞✐r❡❝t✐♦♥s✳

❋♦r ❈❛r❞❛♥♦✱ t❤❡ ♣r❡❞✐❝t✐✈❡ ❡✛❡❝t ♦❢ ❚✇✐tt❡r s❡♥t✐♠❡♥t ♦♥ ❞❛✐❧② tr❛❞✐♥❣

✈♦❧✉♠❡ ✐s ♦❜s❡r✈❡❞ t♦ ❜❡ ♣r❡s❡♥t s❤♦rt t❡r♠ ✭❧❛❣ ✶✮✳ ■t ❝❛♥ ❜❡ ♦❜s❡r✈❡❞ t❤❛t t❤❡

r❡s✉❧ts ❢r♦♠ ❏♦❤❛♥s❡♥✬s t❡st ❛❣❛✐♥ ❝♦rr❡s♣♦♥❞ ✇✐t❤ t❤❡ ✜♥❞✐♥❣s ♦❢ t❤❡ ❝❛✉s❛❧✐t②

t❡sts ❛♥❞ t❤❛t t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❚✫❨ ❛♣♣r♦❛❝❤ ❛r❡ s✐♠✐❧❛r t♦ t❤❡ r❡s✉❧ts ❢r♦♠ t❤❡

❖●❈ ❛♣♣r♦❛❝❤✳ ❖♥ t❤❡ ✐♥tr❛❞❛② ❧❡✈❡❧✱ ♥♦ ❝❛✉s❛❧ r❡❧❛t✐♦♥s ❛r❡ ❢♦✉♥❞✳ ◆♦ ❝❛✉s❛❧

r❡❧❛t✐♦♥s ❛r❡ ♦❜s❡r✈❡❞ ❢♦r ❙t❡❧❧❛r ✐♥ ❛♥② ♦❢ t❤❡ ❞✐r❡❝t✐♦♥s✳ ▲❛st❧②✱ t❤❡ r❡s✉❧ts ❢♦r

❚❘❖◆ ✇❡r❡ ♦❜s❡r✈❡❞ t♦ ♦♥❧② ❤❛✈❡ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ♦♥ ❛ ❞❛✐❧② ✐♥t❡r✈❛❧✳ ■t ✇❛s

❢♦✉♥❞ t❤❛t ❞❛✐❧② tr❛❞✐♥❣ ✈♦❧✉♠❡ ✐s str♦♥❣❧② ❛✛❡❝t❡❞ ✭♣ ❁ ✵✳✵✺✮ ❜② ❜♦t❤ ❞❛✐❧②

❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❞ ❞❛✐❧② ❜✉❧❧✐s❤♥❡ss✳ ❉❛✐❧② ❜✉❧❧✐s❤♥❡ss ✐s ❛❧s♦ ❛ ♣r❡❞✐❝t✐✈❡

✐♥❞✐❝❛t♦r ❢♦r t❤❡ ❞❛✐❧② ♣r✐❝❡ r❡t✉r♥s ♦❢ ❚❘❖◆✳

✹✳✸✳✷✳ ●❡♥❡r❛❧ ❛♥❛❧②s✐s

❖✈❡r❛❧❧ ✐t ✐s ❢♦✉♥❞ t❤❛t ❚✇✐tt❡r ❤❛s ❝♦♥s✐❞❡r❛❜❧❡ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ❢♦r s❡✈✲

❡r❛❧ ❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞ ✈❛r✐❛❜❧❡s✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❤❛s

s✐❣♥✐✜❝❛♥t ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ❢♦r t❤❡ ♣r✐❝❡ r❡t✉r♥s ♦❢ ❇✐t❝♦✐♥✱ ❇✐t❝♦✐♥ ❈❛s❤ ❛♥❞

▲✐t❡❝♦✐♥✳ ❚❤❡ r❡s✉❧ts ✈❛r② ❧❛r❣❡❧② ❛❝r♦ss ❞✐✛❡r❡♥t ❡❝❤❡❧♦♥s✱ s✉❝❤ ❛s t❤❡ ❝r②♣✲

t♦❝✉rr❡♥❝② ✐ts❡❧❢ ♦r t❤❡ ❧❡✈❡❧ ♦❢ ❛♥❛❧②s✐s ✭✐♥t❡r✲ ♦r ✐♥tr❛❞❛②✮✳ ❯s✐♥❣ ❛ ❜✉❧❧✐s❤♥❡ss
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r❛t✐♦✱ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ❢♦r ♣r✐❝❡ r❡t✉r♥s ✐s ♦❜s❡r✈❡❞ ❢♦r ❊❖❙ ❛♥❞ ❚❘❖◆✳

❚✇✐tt❡r s❡♥t✐♠❡♥t ST ❛♥❞ ♠❡ss❛❣❡ ✈♦❧✉♠❡ Vmes ❛r❡ t❤❡ ♦✈❡r❛❧❧ str♦♥❣❡st

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

PR✳ ❲✐t❤✐♥ t❤❡ ✶✼ ♦❜s❡r✈❡❞ ●r❛♥❣❡r✲❝❛✉s✐♥❣ r❡❧❛t✐♦♥s❤✐♣s✱ t❤❡ ✐♥❞❡♣❡♥❞❡♥t

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

q✉❡♥t❧② ❛s t❤❡ ✏❝❛✉s✐♥❣✑ ✈❛r✐❛❜❧❡ t❤❛♥ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s ✭♣r✐❝❡ r❡t✉r♥s

❛♥❞ tr❛❞✐♥❣ ✈♦❧✉♠❡✮ ❞♦✳ ❋r♦♠ t❤❡ ✜♥❞✐♥❣s ♦❢ t❤✐s st✉❞②✱ ✐t ❝♦✉❧❞ t❤❡r❡❢♦r❡

❜❡ s✉❣❣❡st❡❞ t❤❛t ❚✇✐tt❡r ✐s s❧✐❣❤t❧② ♠♦r❡ ♦❢ ❛ ✏❝❛✉s❡✑ t❤❛♥ ❛♥ ✏❡✛❡❝t✑ ♦❢ t❤❡

❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t ♦♥ t❤❡ ❞❛✐❧② ❧❡✈❡❧✳ ■♥ t❤❡ ❝❛s❡ ♦❢ ❤♦✉r❧② ❛♥❛❧②s✐s✱ ✐t ✐s

♦❜s❡r✈❡❞ t❤❛t ✐♥ ♠♦st ❝❛s❡s ❚✇✐tt❡r ♠❡r❡❧② r❡s♣♦♥❞s t♦ ♠❛r❦❡t ❛❝t✐✈✐t✐❡s r❛t❤❡r

t❤❛♥ ✐t ❤❛✈✐♥❣ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r✳

■♥ ❛❞❞✐t✐♦♥✱ ❞❛✐❧② ♠❡ss❛❣❡ ✈♦❧✉♠❡ ✐s ♦❜s❡r✈❡❞ t♦ ●r❛♥❣❡r✲❝❛✉s❡ ❞❛✐❧② tr❛❞✐♥❣

✈♦❧✉♠❡ ❜✉t ♦♥❧② ❢♦r ❳❘P✱ ❊❖❙ ❛♥❞ ▲✐t❡❝♦✐♥✳ ❋✐❣✉r❡ ✹ ✐♥t❡r❡st✐♥❣❧② s✉❣❣❡sts

t❤❛t ♣❛rt✐❝✉❧❛r❧② ❢♦r ❇✐t❝♦✐♥ ❛♥❞ ❊t❤❡r❡✉♠✱ t❤❡✐r ❞❛✐❧② ♠❡ss❛❣❡ ❛♥❞ tr❛❞✐♥❣ ✈♦❧✲

✉♠❡ r❡s♣❡❝t✐✈❡❧② ❢♦❧❧♦✇ ✈❡r② ❝♦rr❡❧❛t❡❞ ♣❛tt❡r♥s✳ ❆❧t❤♦✉❣❤ ♥♦ ✐♠♠❡❞✐❛t❡ ❝❛✉s❡

❢♦r t❤✐s ✐s ❦♥♦✇♥✱ ✐t ✇♦✉❧❞ ❛❧✐❣♥ ✇✐t❤ t❤❡ ✜♥❞✐♥❣s ♦❢ t❤❡ st✉❞② ❜② ❈✐❛✐❛♥ ❡t ❛❧✳

✭✷✵✶✽✮✱ ✇❤♦ ♦❜s❡r✈❡ t❤❛t ❇✐t❝♦✐♥ ❛♥❞ ❛❧t❝♦✐♥ ♠❛r❦❡ts ❛r❡ str♦♥❣❧② ❝♦rr❡❧❛t❡❞✳

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

t♦rs ❛♥❞✴♦r t❤❡ ❛❢♦r❡♠❡♥t✐♦♥❡❞ ♣r✐❝❡ ♠❛♥✐♣✉❧❛t✐♦♥ ✭s❝❤❡♠❡s✮ t❤❛t ❝❛♥ ❛✛❡❝t

t❤❡ ❡♥t✐r❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t✳ ❚❤❡ r❡❛s♦♥ t❤❛t t❤❡ ❝❛✉s❛❧✐t② t❡st r❡s✉❧ts

❢♦r ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❞ ❜✉❧❧✐s❤♥❡ss ❛r❡ ♥♦t ❛❧✇❛②s ♣❛r❛❧❧❡❧ ❝❛♥ ❜❡ ❡①♣❧❛✐♥❡❞

❜② t❤❡ ❞✐✛❡r❡♥❝❡ ✐♥ t❤❡ ❝❛❧❝✉❧❛t✐♦♥ ♦❢ t❤❡s❡ ✈❛r✐❛❜❧❡s t❤r♦✉❣❤ t❤❡ ❡①❝❧✉s✐♦♥ ♦❢

✐♥❝❧✉❞✐♥❣ ✏❍❖▲❉✑ r❡❝♦♠♠❡♥❞❛t✐♦♥s✳

✺✳ ❉✐s❝✉ss✐♦♥

■♥ t❤✐s st✉❞②✱ ✇❡ ❤❛✈❡ ♠❛❞❡ ❛ss✉♠♣t✐♦♥s ❤❛✈❡ ❜❡❡♥ ♠❛❞❡ t❤❛t ♠❛② s❡♣❛r❛t❡

t❤❡♦r② ❢r♦♠ ♣r❛❝t✐❝❡✳ ❚❤❡ ❞❛✐❧② ❞❛t❛s❡ts ❝♦♥t❛✐♥❡❞ ✻✶ ✐♥st❛♥❝❡s✱ ✇❤❛t ✐s ❢♦✉♥❞

t♦ ❜❡ ❝❧♦s❡ t♦ s✉❜♦♣t✐♠❛❧ ❢♦r t❤❡ s❡❧❡❝t❡❞ ♥✉♠❜❡r ♦❢ ❧❛❣s ✐♥ t❤❡ ❚✫❨ ❛♣♣r♦❛❝❤✳

❋✉rt❤❡r♠♦r❡✱ t❤❡ t✇♦ ❧❡✈❡❧s ♦❢ ❛♥❛❧②s✐s✱ ❞❛✐❧② ❛♥❞ ❤♦✉r❧②✱ ♠✐❣❤t ❜❡ t♦♦ ❣❡♥❡r✐❝✱
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❛s ❚✇✐tt❡r✬s ♥❛t✉r❡ ✇❛rr❛♥ts ❛ s❤♦rt✲t❡r♠ ✐♥tr❛❞❛② ❛♥❛❧②s✐s✳ ❋✉rt❤❡r ❧✐♠✐t❛✲

t✐♦♥s r❡❣❛r❞✐♥❣ t❤❡ ❞❛t❛ ✐♥❝❧✉❞❡ t❤❡ ❣❡♥❡r❛❧ ✐ss✉❡ ♦❢ ❝♦♥t❡①t✉❛❧ r❡❧❡✈❛♥❝❡ ❞✉❡

t♦ t❤❡ ✉s❡❞ s❡❛r❝❤ t❡r♠s ❛♥❞ ✉s❡ ♦❢ ❤❛s❤t❛❣s ❜② ❚✇✐tt❡r ✉s❡rs✳ ❚♦ ✐❧❧✉str❛t❡✱

❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞ ❚✇❡❡ts ♦❢t❡♥ ✉s❡ ♠❛♥② ❤❛s❤t❛❣s t♦ ❛ttr❛❝t ❛tt❡♥t✐♦♥ ✐♥

s❡❛r❝❤ q✉❡r✐❡s✳ ❚❤✐s r❡s✉❧ts ✐♥ ❚✇❡❡ts t❤❛t ♠✐❣❤t r❡❢❡r❡♥❝❡ ❛ ❝r②♣t♦❝✉rr❡♥❝②✱

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

r❡♥❝②✳ ❆ s✐❞❡✲❡✛❡❝t ♦❢ t❤❡ ❛❜♦✈❡ ✐s ❛❧s♦ t❤❛t t❤❛t t❤❡ ❝♦❧❧❡❝t❡❞ ❞❛t❛s❡ts ❧✐❦❡❧②

❝♦♥t❛✐♥ ♦✈❡r❧❛♣♣✐♥❣ ❚✇❡❡ts✳ ▲❛st❧②✱ ♥♦ ✇❡✐❣❤t✐♥❣ ✇❛s ❣✐✈❡♥ t♦ s♣❡❝✐✜❝ ❚✇❡❡ts ♦r

✉s❡r ❝❤❛r❛❝t❡r✐st✐❝s✳ ❆♥② ❡✛❡❝ts ♦❢ ✉s❡r ♦r s♦❝✐❛❧ ✐♥✢✉❡♥❝❡ ✇❡r❡ ♥♦t r❡s❡❛r❝❤❡❞✳

❲✐t❤ r❡❣❛r❞ t♦ t❤❡ ❛♣♣❧✐❡❞ t❡❝❤♥✐q✉❡s✱ t❤❡ ♣r✐♠❛r② ❧✐♠✐t❛t✐♦♥ ❝♦♠❡s ❢r♦♠

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

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

t❡❝❤♥✐q✉❡s✱ ❞✉❡ t♦ t❤❡✐r st❛t✐❝ r✉❧❡✲❜❛s❡❞ ♥❛t✉r❡✳ ❆s ❛ r❡s✉❧t✱ t❤❡✐r ❣❡♥❡r❛❧✲

✐s❛t✐♦♥ ✐s ♦❢t❡♥ ✈❡r② ♣♦♦r ❛♥❞ t❤❡ ❛♣♣r♦❛❝❤ ✇♦r❦s ❧❡ss ✇❡❧❧ ♦♥ ✉♥str✉❝t✉r❡❞

t❡①ts s✉❝❤ ❛s ❚✇❡❡ts✳ ■♥ ❛❞❞✐t✐♦♥✱ s♦♠❡ ♦❢ t❤❡ ✈❛❧❡♥❝❡ s❝♦r❡s t❤❛t ✇❡r❡ ✉s❡❞ ❢♦r

t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ❧❡①✐❝♦♥ ❛r❡ s✉❜❥❡❝t✐✈❡ ❛♥❞ ❤❛✈❡ ♥♦t ❜❡❡♥ ❢♦r♠❛❧❧② ✈❡r✐✜❡❞✳

❆♥♦t❤❡r ♣♦✐♥t ♦❢ ❞✐s❝✉ss✐♦♥ ✐s t❤❛t ❙❡❝t✐♦♥ ✷✳✶ ♠❡♥t✐♦♥❡❞ t❤❛t t❤❡r❡ ❛r❡ ♠❛♥②

♣r✐❝❡ ❞r✐✈✐♥❣ ❢❛❝t♦rs✳ ■❢ ✐♥ ❛ ●r❛♥❣❡r✲❝❛✉s❛❧✐t② t❡st✱ ❛ ❢❛❝t♦r ❩ ✐♥✢✉❡♥❝❡s ❜♦t❤

t✐♠❡ s❡r✐❡s ❳ ❛♥❞ ❨✱ t❤❡ ♠♦❞❡❧ ✇✐❧❧ ❧✐❦❡❧② ♦✈❡r✜t ❞✉❡ t♦ s♣✉r✐♦✉s r❡❧❛t✐♦♥s❤✐♣s✳

▼♦r❡♦✈❡r✱ t❤✐s ✇♦r❦ ❤❛s ✉s❡❞ ❛ ❤❡✉r✐st✐❝ ❛♣♣r♦❛❝❤ t♦ ❡①♣❧♦r❡ t❤❡ ♣r❡s❡♥❝❡ ♦❢

❜♦ts✱ ❧❡❛❞✐♥❣ t♦ ♦♥❧② ❛♣♣r♦①✐♠❛t✐♦♥s ♦❢ ✇❤❛t ❛r❡ t❤♦✉❣❤t t♦ ❜❡ ❜♦t ❛❝❝♦✉♥ts✳

▲❛st❧②✱ ❜♦t❤ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ❛♥❞ ❝❛✉s❛❧✐t② t❡st✐♥❣ ❛r❡ s✉❜❥❡❝t✐✈❡ t❡❝❤♥✐q✉❡s

t❤❛t r❡q✉✐r❡ ❛ ❤✐❣❤ ❧❡✈❡❧ ♦❢ ❞❡t❛✐❧ ✐♥ t❤❡ ❛♥❛❧②s✐s t♦ ❜❡ ❛❜❧❡ t♦ ♠❛❦❡ t❤❡ r✐❣❤t

✐♥❢❡r❡♥❝❡s✳ ■t s❤♦✉❧❞ ❛❧s♦ ❜❡ ♠❡♥t✐♦♥❡❞ t❤❛t ❚✇❡❡ts ❛r❡ ✈❡r② ♥♦✐s② ❞❛t❛ ❛♥❞

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

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

s❝❡♥❛r✐♦✳
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✻✳ ❈♦♥❝❧✉s✐♦♥

❖✈❡r t❤❡ ❝♦✉rs❡ ♦❢ ✷✵✶✼ ❛♥❞ ❡❛r❧② ✷✵✶✽✱ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t r❡❝❡✐✈❡❞

❧❛r❣❡✲s❝❛❧❡ ❛tt❡♥t✐♦♥ ❞✉❡ t♦ ✐ts ❡①tr❡♠❡ ✈❛❧✉❡ ❣❛✐♥s ❛♥❞ ❧♦ss❡s✳ ❲❤✐❧❡ t❤❡ ♣♦✲

t❡♥t✐❛❧ ♦❢ ❝r②♣t♦❝✉rr❡♥❝✐❡s r❡❛❝❤❡s ❢❛r ❜❡②♦♥❞ ♣r✐❝❡s✱ t❤✐s st✉❞② ❤❛s r❡s❡❛r❝❤❡❞

t♦ ✇❤❛t ❡①t❡♥t ♣✉❜❧✐❝ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❝❛♥ ❜❡ ✉s❡❞ t♦ ❢♦r❡❝❛st t❤❡ ♣r✐❝❡s ♦❢

t❤❡ ♥✐♥❡ ❧❛r❣❡st ❝r②♣t♦❝✉rr❡♥❝✐❡s ❜② ♠❛r❦❡t ❝❛♣✐t❛❧✐s❛t✐♦♥✳

❇② ✐♠♣❧❡♠❡♥t✐♥❣ ❛ r♦❜✉st ❝r②♣t♦❝✉rr❡♥❝②✲s♣❡❝✐✜❝ ❧❡①✐❝♦♥✲❜❛s❡❞ s❡♥t✐♠❡♥t

❛♥❛❧②s✐s ❛♣♣r♦❛❝❤ ✐♥ ❝♦♠❜✐♥❛t✐♦♥ ✇✐t❤ ❜✐✈❛r✐❛t❡ ●r❛♥❣❡r✲❝❛✉s❛❧✐t② t❡sts✱ ✐t ✇❛s

❢♦✉♥❞ t❤❛t ❚✇✐tt❡r s❡♥t✐♠❡♥t ❝❛♥ ❜❡ ✉s❡❞ t♦ ♣r❡❞✐❝t t❤❡ ♣r✐❝❡ r❡t✉r♥s ♦❢ ❇✐t✲

❝♦✐♥✱ ❇✐t❝♦✐♥ ❈❛s❤ ❛♥❞ ▲✐t❡❝♦✐♥✳ ❯s✐♥❣ ❛ ❜✉❧❧✐s❤♥❡ss r❛t✐♦✱ ♣r❡❞✐❝t✐✈❡ ♣♦✇❡r ❢♦r

♣r✐❝❡ r❡t✉r♥s ✇❛s ❢♦✉♥❞ ❢♦r ❊❖❙ ❛♥❞ ❚❘❖◆✳ ▼❡ss❛❣❡ ✈♦❧✉♠❡ ✐s ❛ ♣r❡❞✐❝t♦r ♦❢

♣r✐❝❡ r❡t✉r♥s ♦❢ ▲✐t❡❝♦✐♥ ❛♥❞ ❳❘P✱ ❜✉t ❢♦r ♠♦st ♦t❤❡r ❝r②♣t♦❝✉rr❡♥❝✐❡s✱ ♣r✐❝❡

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

t♦ t❤❡ ♠❛r❦❡t✳ ❚❤❡ str♦♥❣❡st ♣r❡❞✐❝t♦rs ♦♥ t❤❡ ❞❛✐❧② ❧❡✈❡❧ ❛r❡ ❚✇✐tt❡r s❡♥t✐♠❡♥t

❛♥❞ ♠❡ss❛❣❡ ✈♦❧✉♠❡✱ ✇❤✐❧❡ ♣r✐❝❡ r❡t✉r♥s ✐s t❤❡ str♦♥❣❡st ♣r❡❞✐❝t♦r ✈❛r✐❛❜❧❡ ♦♥

t❤❡ ✐♥tr❛❞❛② ❧❡✈❡❧✳ ■t ❝❛♥ t❤✉s ❜❡ s✉❣❣❡st❡❞ t❤❛t ❚✇✐tt❡r ❝❛✉s❡s✱ r❛t❤❡r t❤❛♥

❢♦❧❧♦✇s✱ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡t✳ ❍♦✇❡✈❡r✱ t❤✐s ❞✐✛❡r❡♥❝❡ ✐s ♠❛r❣✐♥❛❧✱ ❛s

t❤❡r❡ ❛r❡ s❡✈❡r❛❧ ❝❛s❡s ✇❤❡r❡ ♣r✐❝❡ r❡t✉r♥s ❝❛✉s❡ s❡♥t✐♠❡♥t✱ ♦❝❝✉rr✐♥❣ ♠♦st❧②

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

♦❢ ❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞ ❚✇✐tt❡r ❜♦ts✱ ✐t ✇❛s ❢♦✉♥❞ t❤❛t ✶✲✶✹✪ ♦❢ t❤❡ ❚✇❡❡ts

✐♥ t❤❡ ♦❜t❛✐♥❡❞ ❞❛t❛s❡ts ✇❡r❡ ♣♦st❡❞ ❜② ❜♦ts✳ ❚❤✐s ♥✉♠❜❡r ✐s ❛♥ ❡st✐♠❛t❡ ❛♥❞

✐t ✇❛s ❢♦✉♥❞ t❤❛t t❤❡ ❛❝t✉❛❧ ♥✉♠❜❡r ✐s ❧✐❦❡❧② t♦ ❜❡ ❤✐❣❤❡r✳

❈r②♣t♦❝✉rr❡♥❝✐❡s ❢♦r♠ ❛ ②♦✉♥❣ ❛♥❞ ✉♥❝❤❛rt❡❞ r❡s❡❛r❝❤ t♦♣✐❝✱ ✇❤❡r❡ t❤❡r❡ ❛r❡

♠❛♥② t♦♣✐❝s ❛✈❛✐❧❛❜❧❡ ❢♦r ❢✉t✉r❡ r❡s❡❛r❝❤✳ ❚❤✐s ✇♦r❦ ❤❛s ♦✛❡r❡❞ ❛ ❝♦♥tr✐❜✉t✐♦♥

t♦ t❤❡ ❧✐♠✐t❡❞ ❛♠♦✉♥t ♦❢ ❝r②♣t♦❝✉rr❡♥❝② r❡s❡❛r❝❤✱ ❜② ♣r♦✈✐❞✐♥❣ ❛ ❧✐t❡r❛t✉r❡ s✉r✲

✈❡② ♦♥ t❤❡ t♦♣✐❝✱ ❛ ❝r②♣t♦❝✉rr❡♥❝②✲s♣❡❝✐✜❝ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s t♦♦❧ ❛♥❞

r❡s❡❛r❝❤✐♥❣ ❜❡②♦♥❞ t❤❡ s❝♦♣❡ ♦❢ ❇✐t❝♦✐♥✳ ❆s s✉❣❣❡st✐♦♥s ❢♦r ❢✉t✉r❡ r❡s❡❛r❝❤✱ ♦♥❡

❝♦✉❧❞ ❛♣♣❧② t❤✐s r❡s❡❛r❝❤ t♦ ❛ ❧❛r❣❡r s❡t ♦❢ ❝r②♣t♦❝✉rr❡♥❝✐❡s✱ ❡①t❡♥❞ t❤❡ ♣❡r✐♦❞

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

t❤❡ ❡✛❡❝ts ♦❢ ✉s❡r✴s♦❝✐❛❧ ✐♥✢✉❡♥❝❡✳ ❆♥♦t❤❡r t♦♣✐❝ ❢♦r ❢✉t✉r❡ r❡s❡❛r❝❤ ✇♦✉❧❞ ❜❡

✸✷



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

st✉❞② ❤❛s r❡s❡❛r❝❤❡❞ t❤❡ ♣r❡s❡♥❝❡✱ ②❡t ♥♦t t❤❡ ❡✛❡❝ts ♦❢ ❝r②♣t♦❝✉rr❡♥❝②✲r❡❧❛t❡❞

❚✇✐tt❡r ❜♦ts ♦♥ ♣r✐❝❡s ❛♥❞✴♦r tr❛❞✐♥❣ ✈♦❧✉♠❡s✳ ❖♥❡ ❝♦✉❧❞ ❝♦♥s✐❞❡r r❡s❡❛r❝❤✐♥❣

❤♦✇ t♦ ✐❞❡♥t✐❢② t❤❡s❡ ❜♦ts ♠♦r❡ ❛❝❝✉r❛t❡❧② ❛♥❞ s✉❜s❡q✉❡♥t❧② t❡st t❤❡✐r ❡✛❡❝ts

♦♥ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❞✴♦r ❝r②♣t♦❝✉rr❡♥❝② ♣r✐❝❡s✳ ▲❛st❧②✱ ♦♥❡ ❝♦✉❧❞ t❡st t❤❡

r❡♣r♦❞✉❝✐❜✐❧✐t② ♦❢ t❤✐s r❡s❡❛r❝❤ ❜② tr②✐♥❣ t♦ r❡♣❧✐❝❛t❡ t❤❡ r❡s✉❧ts ♦r ✉s❡ t❤❡ ✜♥❞✲

✐♥❣s t♦ ♣r❡❞✐❝t ❡✳❣✳ ♣r✐❝❡ r❡t✉r♥s✳ ■♥ ❛ ♠♦r❡ ❛❞✈❛♥❝❡❞ s❡tt✐♥❣✱ t❤❡s❡ ✜♥❞✐♥❣s

❝❛♥ ❜❡ ✉s❡❞ t♦ ❞❡✈❡❧♦♣ ❛ tr❛❞✐♥❣ str❛t❡❣②✳ ❍♦✇❡✈❡r✱ ✐t ✐s ✐♠♣♦rt❛♥t t♦ st❛t❡

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

t✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡✱ ❞✉❡ t♦ t❤❡ ✐♥❝❧✉s✐♦♥ ♦❢ tr❛♥s❛❝t✐♦♥ ❝♦sts ✐♥ ❛ r❡❛❧✲❧✐❢❡ tr❛❞✐♥❣

❡♥✈✐r♦♥♠❡♥t✳

❘❡❢❡r❡♥❝❡s

❆♥t✇❡✐❧❡r✱ ❲✳ ❛♥❞ ▼✳ ❩✳ ❋r❛♥❦

✷✵✵✹✳ ■s ❆❧❧ ❚❤❛t ❚❛❧❦ ❏✉st ◆♦✐s❡❄ ❚❤❡ ■♥❢♦r♠❛t✐♦♥ ❈♦♥t❡♥t ♦❢ ■♥t❡r♥❡t

❙t♦❝❦ ▼❡ss❛❣❡ ❇♦❛r❞s✳

❆s❧❛♥✱ ❆✳ ❛♥❞ ❆✳ ❙❡♥s♦②

✷✵✶✾✳ ■♥tr❛❞❛② ❡✣❝✐❡♥❝②✲❢r❡q✉❡♥❝② ♥❡①✉s ✐♥ t❤❡ ❝r②♣t♦❝✉rr❡♥❝② ♠❛r❦❡ts✳ ❋✐✲

♥❛♥❝❡ ❘❡s❡❛r❝❤ ▲❡tt❡rs✱ ✭■♥ Pr❡ss✮✳

❆✉t❤❡rs✱ ❏✳

✷✵✶✼✳ ❚✉❧✐♣ ❜✉❜❜❧❡s ✈s ❜✐t❝♦✐♥✿ ❛ ❜✉❜❜❧❡ ❝♦♠♣❛r✐s♦♥✳

❇❛❦❡r✱ ▼✳ ❛♥❞ ❏✳ ❲✉r❣❧❡r

✷✵✵✻✳ ■♥✈❡st♦r ❙❡♥t✐♠❡♥t ❛♥❞ t❤❡ ❈r♦ss✲❙❡❝t✐♦♥ ♦❢ ❙t♦❝❦ ❘❡t✉r♥s✳ ❚❤❡ ❏♦✉r♥❛❧

♦❢ ❋✐♥❛♥❝❡✱ ✻✶✭✹✮✿✶✻✹✺✕✶✻✽✵✳

❇❛❦❡r✱ ▼✳ ❛♥❞ ❏✳ ❲✉r❣❧❡r

✷✵✵✼✳ ■♥✈❡st♦r s❡♥t✐♠❡♥t ✐♥ t❤❡ st♦❝❦ ♠❛r❦❡t✳ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ P❡rs♣❡❝✲

t✐✈❡s✱ ✷✶✭✷✮✿✶✷✾✕✶✺✷✳

✸✸



❇❛❧❝✐❧❛r✱ ▼✳✱ ❊✳ ❇♦✉r✐✱ ❘✳ ●✉♣t❛✱ ❛♥❞ ❉✳ ❘♦✉❜❛✉❞

✷✵✶✼✳ ❈❛♥ ✈♦❧✉♠❡ ♣r❡❞✐❝t ❇✐t❝♦✐♥ r❡t✉r♥s ❛♥❞ ✈♦❧❛t✐❧✐t②❄ ❆ q✉❛♥t✐❧❡s✲❜❛s❡❞

❛♣♣r♦❛❝❤✳ ❊❝♦♥♦♠✐❝ ▼♦❞❡❧❧✐♥❣✱ ✻✹✿✼✹✕✽✶✳

❇❛r✐✈✐❡r❛✱ ❆✳ ❋✳

✷✵✶✼✳ ❚❤❡ ✐♥❡✣❝✐❡♥❝② ♦❢ ❇✐t❝♦✐♥ r❡✈✐s✐t❡❞✿ ❆ ❞②♥❛♠✐❝ ❛♣♣r♦❛❝❤✳ ❊❝♦♥♦♠✐❝s

▲❡tt❡rs✱ ✶✻✶✿✶✕✹✳

❇❛✉r✱ ❉✳ ●✳✱ ❑✳ ❍✳ ❍♦♥❣✱ ❛♥❞ ❆✳ ❉✳ ▲❡❡

✷✵✶✽✳ ❇✐t❝♦✐♥✿ ▼❡❞✐✉♠ ♦❢ ❡①❝❤❛♥❣❡ ♦r s♣❡❝✉❧❛t✐✈❡ ❛ss❡ts❄ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r✲

♥❛t✐♦♥❛❧ ❋✐♥❛♥❝✐❛❧ ▼❛r❦❡ts✱ ■♥st✐t✉t✐♦♥s ❛♥❞ ▼♦♥❡②✱ ✺✹✿✶✼✼✕✶✽✾✳

❇✐t✐♥❢♦❝❤❛rts✳❝♦♠

✷✵✶✽✳ ❈r②♣t♦❝✉rr❡♥❝② ❙t❛t✐st✐❝s✳

❇❧❛✉✱ ❇✳ ▼✳

✷✵✶✽✳ Pr✐❝❡ ❞②♥❛♠✐❝s ❛♥❞ s♣❡❝✉❧❛t✐✈❡ tr❛❞✐♥❣ ✐♥ ❇✐t❝♦✐♥✳ ❘❡s❡❛r❝❤ ✐♥ ■♥t❡r✲

♥❛t✐♦♥❛❧ ❇✉s✐♥❡ss ❛♥❞ ❋✐♥❛♥❝❡✱ ✹✸✿✶✺✕✷✶✳

❇♦❧❧❡♥✱ ❏✳✱ ❍✳ ▼❛♦✱ ❛♥❞ ❳✳ ❩❡♥❣

✷✵✶✶✳ ❚✇✐tt❡r ♠♦♦❞ ♣r❡❞✐❝ts t❤❡ st♦❝❦ ♠❛r❦❡t✳ ❏♦✉r♥❛❧ ♦❢ ❈♦♠♣✉t❛t✐♦♥❛❧

❙❝✐❡♥❝❡✱ ✷✭✶✮✿✶✕✽✳

❇♦❧t♦♥✱ ▼✳

✷✵✶✽✳ ❈r②♣t♦ ■♥✈❡st♦rs ▲♦♦❦ t♦ ❇✉② ❚❡t❤❡r ❛s ❙❛❢❡ ❍❛✈❡♥ ❆❣❛✐♥st ❈r②♣t♦

❱♦❧❛t✐❧✐t②✳

❇♦✉r✐✱ ❊✳✱ P✳ ▼♦❧♥ár✱ ●✳ ❆③③✐✱ ❉✳ ❘♦✉❜❛✉❞✱ ❛♥❞ ▲✳ ■✳ ❍❛❣❢♦rs

✷✵✶✼✳ ❖♥ t❤❡ ❤❡❞❣❡ ❛♥❞ s❛❢❡ ❤❛✈❡♥ ♣r♦♣❡rt✐❡s ♦❢ ❇✐t❝♦✐♥✿ ■s ✐t r❡❛❧❧② ♠♦r❡

t❤❛♥ ❛ ❞✐✈❡rs✐✜❡r❄ ❋✐♥❛♥❝❡ ❘❡s❡❛r❝❤ ▲❡tt❡rs✱ ✷✵✿✶✾✷✕✶✾✽✳

❇r✐èr❡✱ ▼✳✱ ❑✳ ❖♦st❡r❧✐♥❝❦✱ ❛♥❞ ❆✳ ❙③❛❢❛r③

✷✵✶✺✳ ❱✐rt✉❛❧ ❝✉rr❡♥❝②✱ t❛♥❣✐❜❧❡ r❡t✉r♥✿ P♦rt❢♦❧✐♦ ❞✐✈❡rs✐✜❝❛t✐♦♥ ✇✐t❤ ❜✐t❝♦✐♥✳

❏♦✉r♥❛❧ ♦❢ ❆ss❡t ▼❛♥❛❣❡♠❡♥t✱ ✶✻✭✻✮✿✸✻✺✕✸✼✸✳
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❈❤✉✱ ❏✳✱ ❙✳ ❈❤❛♥✱ ❙✳ ◆❛❞❛r❛❥❛❤✱ ❛♥❞ ❏✳ ❖st❡rr✐❡❞❡r

✷✵✶✼✳ ●❆❘❈❍ ▼♦❞❡❧❧✐♥❣ ♦❢ ❈r②♣t♦❝✉rr❡♥❝✐❡s✳ ❏♦✉r♥❛❧ ♦❢ ❘✐s❦ ❛♥❞ ❋✐♥❛♥❝✐❛❧

▼❛♥❛❣❡♠❡♥t✱ ✶✵✭✹✮✿✶✼✳

❈✐❛✐❛♥✱ P✳✱ ▼✳ ❘❛❥❝❛♥✐♦✈❛✱ ❛♥❞ ❉✳ ❑❛♥❝s

✷✵✶✻✳ ❚❤❡ ❡❝♦♥♦♠✐❝s ♦❢ ❇✐t❝♦✐♥ ♣r✐❝❡ ❢♦r♠❛t✐♦♥✳ ❆♣♣❧✐❡❞ ❊❝♦♥♦♠✐❝s✱

✹✽✭✶✾✮✿✶✼✾✾✕✶✽✶✺✳

❈✐❛✐❛♥✱ P✳✱ ▼✳ ❘❛❥❝❛♥✐♦✈❛✱ ❛♥❞ ❉✳ ❑❛♥❝s

✷✵✶✽✳ ❱✐rt✉❛❧ r❡❧❛t✐♦♥s❤✐♣s✿ ❙❤♦rt✲ ❛♥❞ ❧♦♥❣✲r✉♥ ❡✈✐❞❡♥❝❡ ❢r♦♠ ❇✐t❝♦✐♥ ❛♥❞

❛❧t❝♦✐♥ ♠❛r❦❡ts✳ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❋✐♥❛♥❝✐❛❧ ▼❛r❦❡ts✱ ■♥st✐t✉t✐♦♥s ❛♥❞

▼♦♥❡②✱ ✺✷✿✶✼✸✕✶✾✺✳

❈♦✐♥❉❡s❦

✷✵✶✽✳ ❙t❛t❡ ♦❢ ❇❧♦❝❦❝❤❛✐♥ ✷✵✶✽✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✳

❈♦✐♥▼❛r❦❡t❈❛♣

✷✵✶✽✳ ❈♦✐♥▼❛r❦❡t❈❛♣✳

❈♦r❜❡t✱ ❙✳✱ ❈✳ ▲❛r❦✐♥✱ ❇✳ ▲✉❝❡②✱ ❛♥❞ ▲✳ ❨❛r♦✈❛②❛

✷✵✶✾✳ ❑♦❞❛❦❝♦✐♥✿ ❛ ❜❧♦❝❦❝❤❛✐♥ r❡✈♦❧✉t✐♦♥ ♦r ❡①♣❧♦✐t✐♥❣ ❛ ♣♦t❡♥t✐❛❧ ❝r②♣t♦❝✉r✲

r❡♥❝② ❜✉❜❜❧❡❄ ❆♣♣❧✐❡❞ ❊❝♦♥♦♠✐❝s ▲❡tt❡rs✱ P♣✳ ✶✕✼✳

❉②❤r❜❡r❣✱ ❆✳ ❍✳

✷✵✶✻✳ ❇✐t❝♦✐♥✱ ❣♦❧❞ ❛♥❞ t❤❡ ❞♦❧❧❛r ✕ ❆ ●❆❘❈❍ ✈♦❧❛t✐❧✐t② ❛♥❛❧②s✐s✳ ❋✐♥❛♥❝❡

❘❡s❡❛r❝❤ ▲❡tt❡rs✱ ✶✻✿✽✺✕✾✷✳

❊♥❣❧❡✱ ❘✳ ❋✳ ❛♥❞ ❈✳ ❲✳ ❏✳ ●r❛♥❣❡r

✶✾✽✼✳ ❈♦✲✐♥t❡❣r❛t✐♦♥ ❛♥❞ ❡rr♦r ❝♦rr❡❝t✐♦♥✿ r❡♣r❡s❡♥t❛t✐♦♥✱ ❡st✐♠❛t✐♦♥✱ ❛♥❞

t❡st✐♥❣✳ ❊❝♦♥♦♠❡tr✐❝❛✿ ❏♦✉r♥❛❧ ♦❢ t❤❡ ❊❝♦♥♦♠❡tr✐❝ ❙♦❝✐❡t②✱ P♣✳ ✷✺✶✕✷✼✻✳

❋❛♠❛✱ ❊✳ ❋✳

✶✾✼✵✳ ❊✣❝✐❡♥t ❝❛♣✐t❛❧ ♠❛r❦❡ts✿ ❆ r❡✈✐❡✇ ♦❢ t❤❡♦r② ❛♥❞ ❡♠♣✐r✐❝❛❧ ✇♦r❦✳ ❚❤❡

❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡✱ ✷✺✭✷✮✿✸✽✸✕✹✶✼✳
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❋❛♠❛✱ ❊✳ ❋✳✱ ▲✳ ❋✐s❤❡r✱ ▼✳ ❈✳ ❏❡♥s❡♥✱ ❛♥❞ ❘✳ ❘♦❧❧

✶✾✻✾✳ ❚❤❡ ❛❞❥✉st♠❡♥t ♦❢ st♦❝❦ ♣r✐❝❡s t♦ ♥❡✇ ✐♥❢♦r♠❛t✐♦♥✳ ■♥t❡r♥❛t✐♦♥❛❧

❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✶✵✭✶✮✿✶✕✷✶✳

●❛♥❞❛❧✱ ◆✳✱ ❏✳ ❍❛♠r✐❝❦✱ ❚✳ ▼♦♦r❡✱ ❛♥❞ ❚✳ ❖❜❡r♠❛♥

✷✵✶✽✳ Pr✐❝❡ ♠❛♥✐♣✉❧❛t✐♦♥ ✐♥ t❤❡ ❇✐t❝♦✐♥ ❡❝♦s②st❡♠✳ ❏♦✉r♥❛❧ ♦❢ ▼♦♥❡t❛r②

❊❝♦♥♦♠✐❝s✳

●❛r❝✐❛✱ ❉✳ ❛♥❞ ❋✳ ❙❝❤✇❡✐t③❡r

✷✵✶✺✳ ❙♦❝✐❛❧ s✐❣♥❛❧s ❛♥❞ ❛❧❣♦r✐t❤♠✐❝ tr❛❞✐♥❣ ♦❢ ❇✐t❝♦✐♥✳ ❘♦②❛❧ ❙♦❝✐❡t② ❖♣❡♥

❙❝✐❡♥❝❡✱ ✷✭✾✮✿✶✺✵✷✽✽✳

●❡♦r❣♦✉❧❛✱ ■✳✱ ❉✳ P♦✉r♥❛r❛❦✐s✱ ❈✳ ❇✐❧❛♥❛❦♦s✱ ❉✳ ◆✳ ❙♦t✐r♦♣♦✉❧♦s✱ ❛♥❞ ●✳ ▼✳

●✐❛❣❧✐s

✷✵✶✺✳ ❯s✐♥❣ ❚✐♠❡✲❙❡r✐❡s ❛♥❞ ❙❡♥t✐♠❡♥t ❆♥❛❧②s✐s t♦ ❉❡t❡❝t t❤❡ ❉❡t❡r♠✐♥❛♥ts

♦❢ ❇✐t❝♦✐♥ Pr✐❝❡s✳ ❙❙❘◆ ❊❧❡❝tr♦♥✐❝ ❏♦✉r♥❛❧✳

●✐❛❝❤❛♥♦✉✱ ❆✳ ❛♥❞ ❋✳ ❈r❡st❛♥✐

✷✵✶✻✳ ▲✐❦❡ ■t ♦r ◆♦t✿ ❆ ❙✉r✈❡② ♦❢ ❚✇✐tt❡r ❙❡♥t✐♠❡♥t ❆♥❛❧②s✐s ▼❡t❤♦❞s✳ ❆❈▼

❈♦♠♣✉t✐♥❣ ❙✉r✈❡②s✱ ✹✾✭✷✮✿✶✕✹✶✳

●✐❧❜❡rt✱ ❈✳ ❛♥❞ ❊✳ ❍✉tt♦

✷✵✶✹✳ ❱❆❉❊❘✿ ❆ ♣❛rs✐♠♦♥✐♦✉s r✉❧❡✲❜❛s❡❞ ♠♦❞❡❧ ❢♦r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s ♦❢

s♦❝✐❛❧ ♠❡❞✐❛ t❡①t✳ ■♥ ❊✐❣❤t❤ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ❲❡❜❧♦❣s ❛♥❞ ❙♦✲

❝✐❛❧ ▼❡❞✐❛ ✭■❈❲❙▼✲✶✹✮✳ ❆✈❛✐❧❛❜❧❡ ❛t ✭✷✵✴✵✹✴✶✻✮ ❤tt♣✿✴✴❝♦♠♣✳ s♦❝✐❛❧✳ ❣❛t❡❝❤✳

❡❞✉✴♣❛♣❡rs✴✐❝✇s♠✶✹✳ ✈❛❞❡r✳ ❤✉tt♦✳ ♣❞❢✳

●r✐✣♥✱ ❏✳ ❛♥❞ ❆✳ ❙❤❛♠s

✷✵✶✽✳ ■s ❇✐t❝♦✐♥ r❡❛❧❧② ✉♥✲t❡t❤❡r❡❞❄

❍✐♥♠❛♥✱ ❲✳

✷✵✶✽✳ ❉✐❣✐t❛❧ ❆ss❡t ❚r❛♥s❛❝t✐♦♥s✿ ❲❤❡♥ ❍♦✇❡② ▼❡t ●❛r② ✭P❧❛st✐❝✮✱ ❘❡♠❛r❦s

❛t t❤❡ ❨❛❤♦♦ ❋✐♥❛♥❝❡ ❆❧❧ ▼❛r❦❡ts ❙✉♠♠✐t✿ ❈r②♣t♦✳

✸✻



❑❛♣❧❛♥s❦✐✱ ●✳ ❛♥❞ ❍✳ ▲❡✈②

✷✵✶✵✳ ❙❡♥t✐♠❡♥t ❛♥❞ st♦❝❦ ♣r✐❝❡s✿ ❚❤❡ ❝❛s❡ ♦❢ ❛✈✐❛t✐♦♥ ❞✐s❛st❡rs✳ ❏♦✉r♥❛❧ ♦❢

❋✐♥❛♥❝✐❛❧ ❊❝♦♥♦♠✐❝s✱ ✾✺✭✷✮✿✶✼✹✕✷✵✶✳

❑❛r❛❧❡✈✐❝✐✉s✱ ❱✳✱ ◆✳ ❉❡❣r❛♥❞❡✱ ❛♥❞ ❏✳ ❉❡ ❲❡❡r❞t

✷✵✶✽✳ ❯s✐♥❣ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s t♦ ♣r❡❞✐❝t ✐♥t❡r❞❛② ❇✐t❝♦✐♥ ♣r✐❝❡ ♠♦✈❡♠❡♥ts✳

❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❘✐s❦ ❋✐♥❛♥❝❡✱ ✶✾✭✶✮✿✺✻✕✼✺✳

❑❛ts✐❛♠♣❛✱ P✳

✷✵✶✼✳ ❱♦❧❛t✐❧✐t② ❡st✐♠❛t✐♦♥ ❢♦r ❇✐t❝♦✐♥✿ ❆ ❝♦♠♣❛r✐s♦♥ ♦❢ ●❆❘❈❍ ♠♦❞❡❧s✳

❊❝♦♥♦♠✐❝s ▲❡tt❡rs✱ ✶✺✽✿✸✕✻✳

❑❡♥♥❡❞②✱ ❆✳ ❛♥❞ ❉✳ ■♥❦♣❡♥

✷✵✵✻✳ ❙❡♥t✐♠❡♥t ❝❧❛ss✐✜❝❛t✐♦♥ ♦❢ ♠♦✈✐❡ r❡✈✐❡✇s ✉s✐♥❣ ❝♦♥t❡①t✉❛❧ ✈❛❧❡♥❝❡

s❤✐❢t❡rs✳ ❈♦♠♣✉t❛t✐♦♥❛❧ ■♥t❡❧❧✐❣❡♥❝❡✱ ✷✷✭✷✮✿✶✶✵✕✶✷✺✳

❑✐♠✱ ❨✳ ❇✳✱ ❏✳ ●✳ ❑✐♠✱ ❲✳ ❑✐♠✱ ❏✳ ❍✳ ■♠✱ ❚✳ ❍✳ ❑✐♠✱ ❙✳ ❏✳ ❑❛♥❣✱ ❛♥❞ ❈✳ ❍✳

❑✐♠

✷✵✶✻✳ Pr❡❞✐❝t✐♥❣ ❋❧✉❝t✉❛t✐♦♥s ✐♥ ❈r②♣t♦❝✉rr❡♥❝② ❚r❛♥s❛❝t✐♦♥s ❇❛s❡❞ ♦♥ ❯s❡r

❈♦♠♠❡♥ts ❛♥❞ ❘❡♣❧✐❡s✳ P❧♦❙ ❖◆❊✱ ✶✶✭✽✮✿❡✵✶✻✶✶✾✼✳

❑✐♠✱ ❨✳ ❇✳✱ ❏✳ ▲❡❡✱ ◆✳ P❛r❦✱ ❏✳ ❈❤♦♦✱ ❏✳✲❍✳ ❑✐♠✱ ❛♥❞ ❈✳ ❍✳ ❑✐♠

✷✵✶✼✳ ❲❤❡♥ ❇✐t❝♦✐♥ ❡♥❝♦✉♥t❡rs ✐♥❢♦r♠❛t✐♦♥ ✐♥ ❛♥ ♦♥❧✐♥❡ ❢♦r✉♠✿ ❯s✐♥❣ t❡①t

♠✐♥✐♥❣ t♦ ❛♥❛❧②s❡ ✉s❡r ♦♣✐♥✐♦♥s ❛♥❞ ♣r❡❞✐❝t ✈❛❧✉❡ ✢✉❝t✉❛t✐♦♥✳ P▲♦❙ ❖◆❊✱

✶✷✭✺✮✿❡✵✶✼✼✻✸✵✳

❑✐♥❞❧❡❜❡r❣❡r✱ ❈✳ P✳ ❛♥❞ ❘✳ ❖✬❑❡❡❢❡

✷✵✵✶✳ ▼❛♥✐❛s✱ ♣❛♥✐❝s ❛♥❞ ❝r❛s❤❡s✳ ❙♣r✐♥❣❡r✳

❑r✐st♦✉❢❡❦✱ ▲✳

✷✵✶✺✳ ❲❤❛t ❆r❡ t❤❡ ▼❛✐♥ ❉r✐✈❡rs ♦❢ t❤❡ ❇✐t❝♦✐♥ Pr✐❝❡❄ ❊✈✐❞❡♥❝❡ ❢r♦♠

❲❛✈❡❧❡t ❈♦❤❡r❡♥❝❡ ❆♥❛❧②s✐s✳ P▲♦❙ ❖◆❊✱ ✶✵✭✹✮✿✶✕✶✺✳

▲❛❝❤❛♥s❦✐✱ ▼✳ ❛♥❞ ❙✳ P❛✈

✷✵✶✼✳ ❙❤② ♦❢ t❤❡ ❈❤❛r❛❝t❡r ▲✐♠✐t✿ ✧❚✇✐tt❡r ▼♦♦❞ Pr❡❞✐❝ts t❤❡ ❙t♦❝❦ ▼❛r❦❡t✧

❘❡✈✐s✐t❡❞✳ ❊❝♦♥ ❏♦✉r♥❛❧ ❲❛t❝❤✱ ✶✹✭✸✮✿✸✵✷✳

✸✼



▲✐✱ ❚✳✱ ❏✳ ✈❛♥ ❉❛❧❡♥✱ ❛♥❞ P✳ ❏✳ ✈❛♥ ❘❡❡s

✷✵✶✼✳ ▼♦r❡ t❤❛♥ ❥✉st ♥♦✐s❡❄ ❊①❛♠✐♥✐♥❣ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ❝♦♥t❡♥t ♦❢ st♦❝❦

♠✐❝r♦❜❧♦❣s ♦♥ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts✳ ❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❚❡❝❤♥♦❧♦❣②✳

▲✐✱ ❳✳ ❛♥❞ ❈✳ ❆✳ ❲❛♥❣

✷✵✶✼✳ ❚❤❡ t❡❝❤♥♦❧♦❣② ❛♥❞ ❡❝♦♥♦♠✐❝ ❞❡t❡r♠✐♥❛♥ts ♦❢ ❝r②♣t♦❝✉rr❡♥❝② ❡①❝❤❛♥❣❡

r❛t❡s✿ ❚❤❡ ❝❛s❡ ♦❢ ❇✐t❝♦✐♥✳ ❉❡❝✐s✐♦♥ ❙✉♣♣♦rt ❙②st❡♠s✱ ✾✺✿✹✾✕✻✵✳

▲✐✱ ❳✳✱ ❍✳ ❳✐❡✱ ▲✳ ❈❤❡♥✱ ❏✳ ❲❛♥❣✱ ❛♥❞ ❳✳ ❉❡♥❣

✷✵✶✹✳ ◆❡✇s ✐♠♣❛❝t ♦♥ st♦❝❦ ♣r✐❝❡ r❡t✉r♥ ✈✐❛ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s✳ ❑♥♦✇❧❡❞❣❡✲

❇❛s❡❞ ❙②st❡♠s✱ ✻✾✭✶✮✿✶✹✕✷✸✳

▲✐✉✱ ❇✳ ❛♥❞ ▲✳ ❩❤❛♥❣

✷✵✶✷✳ ❆ s✉r✈❡② ♦❢ ♦♣✐♥✐♦♥ ♠✐♥✐♥❣ ❛♥❞ s❡♥t✐♠❡♥t ❛♥❛❧②s✐s✳ ■♥ ▼✐♥✐♥❣ ❚❡①t

❉❛t❛✱ ✈♦❧✉♠❡ ✾✼✽✶✹✻✶✹✸✷✱ P♣✳ ✹✶✺✕✹✻✸✳

▲♦✱ ❆✳ ❲✳

✷✵✵✹✳ ❚❤❡ ❛❞❛♣t✐✈❡ ♠❛r❦❡ts ❤②♣♦t❤❡s✐s✿ ▼❛r❦❡t ❡✣❝✐❡♥❝② ❢r♦♠ ❛♥ ❡✈♦❧✉t✐♦♥✲

❛r② ♣❡rs♣❡❝t✐✈❡✳

▲♦✱ ❆✳ ❲✳

✷✵✶✷✳ ❆❞❛♣t✐✈❡ ♠❛r❦❡ts ❛♥❞ t❤❡ ♥❡✇ ✇♦r❧❞ ♦r❞❡r ✭❝♦rr❡❝t❡❞ ▼❛② ✷✵✶✷✮✳

❋✐♥❛♥❝✐❛❧ ❆♥❛❧②sts ❏♦✉r♥❛❧✱ ✻✽✭✷✮✿✶✽✕✷✾✳

▲♦✉❣❤r❛♥✱ ❚✳ ❛♥❞ ❇✳ ▼❝❉♦♥❛❧❞

✷✵✶✶✳ ❲❤❡♥ ✐s ❛ ❧✐❛❜✐❧✐t② ♥♦t ❛ ❧✐❛❜✐❧✐t②❄ ❚❡①t✉❛❧ ❛♥❛❧②s✐s✱ ❞✐❝t✐♦♥❛r✐❡s✱ ❛♥❞

✶✵✲❑s✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡✱ ✻✻✭✶✮✿✸✺✕✻✺✳

▼❛✐✱ ❋✳✱ ◗✳ ❇❛✐✱ ❩✳ ❙❤❛♥✱ ❳✳ ❙✳ ❲❛♥❣✱ ❛♥❞ ❘✳ ❍✳ ❈❤✐❛♥❣

✷✵✶✺✳ ❋r♦♠ ❇✐t❝♦✐♥ t♦ ❇✐❣ ❈♦✐♥✿ ❚❤❡ ■♠♣❛❝ts ♦❢ ❙♦❝✐❛❧ ▼❡❞✐❛ ♦♥ ❇✐t❝♦✐♥

P❡r❢♦r♠❛♥❝❡✳ ❙❙❘◆ ❊❧❡❝tr♦♥✐❝ ❏♦✉r♥❛❧✱ P♣✳ ✶✕✶✻✳

▼❛✐✱ ❋✳✱ ❩✳ ❙❤❛♥✱ ◗✳ ❇❛✐✱ ❳✳ ❙✳ ❲❛♥❣✱ ❛♥❞ ❘✳ ❍✳ ❈❤✐❛♥❣

✷✵✶✽✳ ❍♦✇ ❉♦❡s ❙♦❝✐❛❧ ▼❡❞✐❛ ■♠♣❛❝t ❇✐t❝♦✐♥ ❱❛❧✉❡❄ ❆ ❚❡st ♦❢ t❤❡ ❙✐❧❡♥t

▼❛❥♦r✐t② ❍②♣♦t❤❡s✐s✳ ❏♦✉r♥❛❧ ♦❢ ▼❛♥❛❣❡♠❡♥t ■♥❢♦r♠❛t✐♦♥ ❙②st❡♠s✳

✸✽



▼❛♦✱ ❍✳✱ ❙✳ ❈♦✉♥ts✱ ❛♥❞ ❏✳ ❇♦❧❧❡♥

✷✵✶✶✳ Pr❡❞✐❝t✐♥❣ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts✿ ❈♦♠♣❛r✐♥❣ s✉r✈❡②✱ ♥❡✇s✱ t✇✐tt❡r ❛♥❞

s❡❛r❝❤ ❡♥❣✐♥❡ ❞❛t❛✳ ❛r❳✐✈ ♣r❡♣r✐♥t✿ ✶✶✶✷✳✶✵✺✶✳

▼❡♥s✐✱ ❲✳✱ ❨✳✲❏✳ ▲❡❡✱ ❑✳ ❍✳ ❆❧✲❨❛❤②❛❡❡✱ ❆✳ ❙❡♥s♦②✱ ❛♥❞ ❙✳✲▼✳ ❨♦♦♥

✷✵✶✾✳ ■♥tr❛❞❛② ❞♦✇♥✇❛r❞✴✉♣✇❛r❞ ♠✉❧t✐❢r❛❝t❛❧✐t② ❛♥❞ ❧♦♥❣ ♠❡♠♦r② ✐♥ ❇✐t❝♦✐♥

❛♥❞ ❊t❤❡r❡✉♠ ♠❛r❦❡ts✿ ❆♥ ❛s②♠♠❡tr✐❝ ♠✉❧t✐❢r❛❝t❛❧ ❞❡tr❡♥❞❡❞ ✢✉❝t✉❛t✐♦♥

❛♥❛❧②s✐s✳ ❋✐♥❛♥❝❡ ❘❡s❡❛r❝❤ ▲❡tt❡rs✱ ✸✶✿✶✾✕✷✺✳

▼✐❤♠✱ ❙✳

✷✵✶✸✳ ❆r❡ ❇✐t❝♦✐♥s t❤❡ ❈r✐♠✐♥❛❧✬s ❇❡st ❋r✐❡♥❞✳

▼✉r♣❤②✱ ❍✳

✷✵✶✽✳ ❲❤♦ r❡❛❧❧② ♦✇♥s ❇✐t❝♦✐♥ ♥♦✇❄

◆❛❦❛♠♦t♦✱ ❙✳

✷✵✵✽✳ ❇✐t❝♦✐♥✿ ❆ P❡❡r✲t♦✲P❡❡r ❊❧❡❝tr♦♥✐❝ ❈❛s❤ ❙②st❡♠✳

◆❣✉②❡♥✱ ❚✳ ❍✳✱ ❑✳ ❙❤✐r❛✐✱ ❛♥❞ ❏✳ ❱❡❧❝✐♥

✷✵✶✺✳ ❙❡♥t✐♠❡♥t ❛♥❛❧②s✐s ♦♥ s♦❝✐❛❧ ♠❡❞✐❛ ❢♦r st♦❝❦ ♠♦✈❡♠❡♥t ♣r❡❞✐❝t✐♦♥✳

❊①♣❡rt ❙②st❡♠s ✇✐t❤ ❆♣♣❧✐❝❛t✐♦♥s✱ ✹✷✭✷✹✮✿✾✻✵✸✕✾✻✶✶✳

P❡t❡rs♦♥✱ ❘✳ ▲✳

✷✵✶✻✳ ❚r❛❞✐♥❣ ♦♥ s❡♥t✐♠❡♥t✿ ❚❤❡ ♣♦✇❡r ♦❢ ♠✐♥❞s ♦✈❡r ♠❛r❦❡ts✳ ❲✐❧❡②✳

P❤✐❧❧✐♣✱ ❆✳✱ ❏✳ ❙✳ ❈❤❛♥✱ ❛♥❞ ❙✳ P❡✐r✐s

✷✵✶✽✳ ❆ ♥❡✇ ❧♦♦❦ ❛t ❈r②♣t♦❝✉rr❡♥❝✐❡s✳ ❊❝♦♥♦♠✐❝s ▲❡tt❡rs✱ ✶✻✸✿✻✕✾✳

P❤✐❧❧✐♣s✱ ❘✳ ❈✳ ❛♥❞ ❉✳ ●♦rs❡

✷✵✶✼✳ Pr❡❞✐❝t✐♥❣ ❝r②♣t♦❝✉rr❡♥❝② ♣r✐❝❡ ❜✉❜❜❧❡s ✉s✐♥❣ s♦❝✐❛❧ ♠❡❞✐❛ ❞❛t❛ ❛♥❞

❡♣✐❞❡♠✐❝ ♠♦❞❡❧❧✐♥❣✳ ■♥ ✷✵✶✼ ■❊❊❊ ❙②♠♣♦s✐✉♠ ❙❡r✐❡s ♦♥ ❈♦♠♣✉t❛t✐♦♥❛❧ ■♥✲

t❡❧❧✐❣❡♥❝❡ ✭❙❙❈■✮✱ P♣✳ ✶✕✼✳

P♦❧❛s✐❦✱ ▼✳✱ ❆✳ ■✳ P✐♦tr♦✇s❦❛✱ ❚✳ P✳ ❲✐s♥✐❡✇s❦✐✱ ❘✳ ❑♦t❦♦✇s❦✐✱ ❛♥❞ ●✳ ▲✐❣❤t❢♦♦t

✷✵✶✺✳ Pr✐❝❡ ❋❧✉❝t✉❛t✐♦♥s ❛♥❞ t❤❡ ❯s❡ ♦❢ ❇✐t❝♦✐♥✿ ❆♥ ❊♠♣✐r✐❝❛❧ ■♥q✉✐r②✳

■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ ❊❧❡❝tr♦♥✐❝ ❈♦♠♠❡r❝❡✱ ✷✵✭✶✮✿✾✕✹✾✳
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P♦rs❤♥❡✈✱ ❆✳✱ ■✳ ❘❡❞❦✐♥✱ ❛♥❞ ❆✳ ❙❤❡✈❝❤❡♥❦♦

✷✵✶✸✳ ▼❛❝❤✐♥❡ ❧❡❛r♥✐♥❣ ✐♥ ♣r❡❞✐❝t✐♦♥ ♦❢ st♦❝❦ ♠❛r❦❡t ✐♥❞✐❝❛t♦rs ❜❛s❡❞ ♦♥ ❤✐s✲

t♦r✐❝❛❧ ❞❛t❛ ❛♥❞ ❞❛t❛ ❢r♦♠ ❚✇✐tt❡r s❡♥t✐♠❡♥t ❛♥❛❧②s✐s✳ ■♥ ❉❛t❛ ▼✐♥✐♥❣ ❲♦r❦✲

s❤♦♣s ✭■❈❉▼❲✮✱ ✷✵✶✸ ■❊❊❊ ✶✸t❤ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥✱ P♣✳ ✹✹✵✕✹✹✹✳

■❊❊❊✳

P♦②s❡r✱ ❖✳

✷✵✶✼✳ ❊①♣❧♦r✐♥❣ t❤❡ ❞❡t❡r♠✐♥❛♥ts ♦❢ ❇✐t❝♦✐♥✬s ♣r✐❝❡✿ ❛♥ ❛♣♣❧✐❝❛t✐♦♥ ♦❢

❇❛②❡s✐❛♥ ❙tr✉❝t✉r❛❧ ❚✐♠❡ ❙❡r✐❡s✳ ❛r❳✐✈ ♣r❡♣r✐♥t✿ ✶✼✵✻✳✵✶✹✸✼✳

❘❡✉t③❡❧✱ ❇✳

✷✵✶✽✳ ✻ ❖✉tr❛❣❡♦✉s ▼♦♠❡♥ts ✐♥ ❈r②♣t♦ ❚✇✐tt❡r ❙❝❛♠ ❍✐st♦r②✳

❙❡♥s♦②✱ ❆✳

✷✵✶✾✳ ❚❤❡ ✐♥❡✣❝✐❡♥❝② ♦❢ ❇✐t❝♦✐♥ r❡✈✐s✐t❡❞✿ ❆ ❤✐❣❤✲❢r❡q✉❡♥❝② ❛♥❛❧②s✐s ✇✐t❤

❛❧t❡r♥❛t✐✈❡ ❝✉rr❡♥❝✐❡s✳ ❋✐♥❛♥❝❡ ❘❡s❡❛r❝❤ ▲❡tt❡rs✱ ✷✽✿✻✽✕✼✸✳

❙✐❧✈❡r♠❛♥✱ ●✳✱ ❍✳ ▼✉r♣❤②✱ ❛♥❞ ❏✳ ❆✉t❤❡rs

✷✵✶✼✳ ❇✐t❝♦✐♥✿ ❛♥ ✐♥✈❡st♠❡♥t ♠❛♥✐❛ ❢♦r t❤❡ ❢❛❦❡ ♥❡✇s ❡r❛✳

❙♦✈❜❡t♦✈✱ ❨✳

✷✵✶✽✳ ❋❛❝t♦rs ■♥✢✉❡♥❝✐♥❣ ❈r②♣t♦❝✉rr❡♥❝② Pr✐❝❡s✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❇✐t❝♦✐♥✱

❊t❤❡r❡✉♠✱ ❉❛s❤✱ ▲✐t❡❝♦✐♥✱ ❛♥❞ ▼♦♥❡r♦✳ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞ ❋✐♥❛♥❝✐❛❧

❆♥❛❧②s✐s✱ ✷✭✷✮✿✶✕✷✼✳

❙♣r❡♥❣❡r✱ ❚✳ ❖✳✱ P✳ ●✳ ❙❛♥❞♥❡r✱ ❆✳ ❚✉♠❛s❥❛♥✱ ❛♥❞ ■✳ ▼✳ ❲❡❧♣❡

✷✵✶✹❛✳ ◆❡✇s ♦r ◆♦✐s❡❄ ❯s✐♥❣ ❚✇✐tt❡r t♦ ■❞❡♥t✐❢② ❛♥❞ ❯♥❞❡rst❛♥❞ ❈♦♠♣❛♥②✲

s♣❡❝✐✜❝ ◆❡✇s ❋❧♦✇✳ ❏♦✉r♥❛❧ ♦❢ ❇✉s✐♥❡ss ❋✐♥❛♥❝❡ ✫ ❆❝❝♦✉♥t✐♥❣✱ ✹✶✭✼✲✽✮✿✼✾✶✕

✽✸✵✳

❙♣r❡♥❣❡r✱ ❚✳ ❖✳✱ ❆✳ ❚✉♠❛s❥❛♥✱ P✳ ●✳ ❙❛♥❞♥❡r✱ ❛♥❞ ■✳ ▼✳ ❲❡❧♣❡

✷✵✶✹❜✳ ❚✇❡❡ts ❛♥❞ tr❛❞❡s✿ ❚❤❡ ✐♥❢♦r♠❛t✐♦♥ ❝♦♥t❡♥t ♦❢ st♦❝❦ ♠✐❝r♦❜❧♦❣s✳

❊✉r♦♣❡❛♥ ❋✐♥❛♥❝✐❛❧ ▼❛♥❛❣❡♠❡♥t✱ ✷✵✭✺✮✿✾✷✻✕✾✺✼✳
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❙✉❜r❛❤♠❛♥✐❛♥✱ ❱✳✱ ❆✳ ❆③❛r✐❛✱ ❙✳ ❉✉rst✱ ❱✳ ❑❛❣❛♥✱ ❆✳ ●❛❧st②❛♥✱ ❑✳ ▲❡r♠❛♥✱

▲✳ ❩❤✉✱ ❊✳ ❋❡rr❛r❛✱ ❆✳ ❋❧❛♠♠✐♥✐✱ ❛♥❞ ❋✳ ▼❡♥❝③❡r

✷✵✶✻✳ ❚❤❡ ❉❆❘P❆ ❚✇✐tt❡r ❇♦t ❈❤❛❧❧❡♥❣❡✳ ❈♦♠♣✉t❡r✱ ✹✾✭✻✮✿✸✽✕✹✻✳

❚❛❢t✐✱ ❆✳✱ ❘✳ ❩♦tt✐✱ ❛♥❞ ❲✳ ❏❛♥❦

✷✵✶✻✳ ❘❡❛❧✲t✐♠❡ ❞✐✛✉s✐♦♥ ♦❢ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❚✇✐tt❡r ❛♥❞ t❤❡ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts✳

P❧♦❙ ❖◆❊✱ ✶✶✭✽✮✳

❚✐✇❛r✐✱ ❆✳ ❑✳✱ ❘✳ ❏❛♥❛✱ ❉✳ ❉❛s✱ ❛♥❞ ❉✳ ❘♦✉❜❛✉❞

✷✵✶✽✳ ■♥❢♦r♠❛t✐♦♥❛❧ ❡✣❝✐❡♥❝② ♦❢ ❇✐t❝♦✐♥✖❆♥ ❡①t❡♥s✐♦♥✳ ❊❝♦♥♦♠✐❝s ▲❡tt❡rs✱

✶✻✸✿✶✵✻✕✶✵✾✳

❚♦❞❛✱ ❍✳ ❨✳ ❛♥❞ ❚✳ ❨❛♠❛♠♦t♦

✶✾✾✺✳ ❙t❛t✐st✐❝❛❧ ✐♥❢❡r❡♥❝❡ ✐♥ ✈❡❝t♦r ❛✉t♦r❡❣r❡ss✐♦♥s ✇✐t❤ ♣♦ss✐❜❧② ✐♥t❡❣r❛t❡❞

♣r♦❝❡ss❡s✳ ❏♦✉r♥❛❧ ♦❢ ❡❝♦♥♦♠❡tr✐❝s✱ ✻✻✭✶✲✷✮✿✷✷✺✕✷✺✵✳

❯rq✉❤❛rt✱ ❆✳

✷✵✶✻✳ ❚❤❡ ✐♥❡✣❝✐❡♥❝② ♦❢ ❇✐t❝♦✐♥✳ ❊❝♦♥♦♠✐❝s ▲❡tt❡rs✱ ✶✹✽✿✽✵✕✽✷✳

❯rq✉❤❛rt✱ ❆✳

✷✵✶✼✳ Pr✐❝❡ ❝❧✉st❡r✐♥❣ ✐♥ ❇✐t❝♦✐♥✳ ❊❝♦♥♦♠✐❝s ▲❡tt❡rs✱ ✶✺✾✿✶✹✺✕✶✹✽✳

❲r✐❣❤t✱ ❏✳ ❛♥❞ ❖✳ ❆♥✐s❡

✷✵✶✽✳ ❉♦♥✬t ❅ ▼❡✱ ❍✉♥t✐♥❣ ❚✇✐tt❡r ❇♦ts ❛t ❙❝❛❧❡✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ ❉✉♦

▲❛❜s✳

❳✐❡✱ P✳

✷✵✶✼✳ Pr❡❞✐❝t✐♥❣ ❞✐❣✐t❛❧ ❝✉rr❡♥❝② ♠❛r❦❡t ✇✐t❤ s♦❝✐❛❧ ❞❛t❛✿ ■♠♣❧✐❝❛t✐♦♥s ♦❢

♥❡t✇♦r❦ str✉❝t✉r❡ ❛♥❞ ✐♥❝❡♥t✐✈❡ ❤✐❡r❛r❝❤②✳ P❤❉ t❤❡s✐s✱ ●❡♦r❣✐❛ ■♥st✐t✉t❡ ♦❢

❚❡❝❤♥♦❧♦❣②✳

❨❡r♠❛❝❦✱ ❉✳

✷✵✶✺✳ ■s ❇✐t❝♦✐♥ ❛ r❡❛❧ ❝✉rr❡♥❝②❄ ❆♥ ❡❝♦♥♦♠✐❝ ❛♣♣r❛✐s❛❧✳ ■♥ ❍❛♥❞❜♦♦❦ ♦❢

❉✐❣✐t❛❧ ❈✉rr❡♥❝②✱ P♣✳ ✸✶✕✹✸✳ ❊❧s❡✈✐❡r✳
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❩❤❛♥❣✱ ❳✳✱ ❍✳ ❋✉❡❤r❡s✱ ❛♥❞ P✳ ❆✳ ●❧♦♦r
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