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❆♥❞ t❤❛t ✐s ♣r❡❝✐s❡❧② ♦✉r ❛✐♠✳ ■♥ t❤✐s ♣❛♣❡r✱ ❛ ♠❡❛s✉r❡♠❡♥t ❢♦r ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❡①♣♦s✉r❡
t♦ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ✐s ❞❡✈❡❧♦♣❡❞ ❢♦r t❤❡ ✜rst t✐♠❡ ❡✈❡r✳ ❲❡ ✉s❡ ♦✉r ❡①♣♦s✉r❡ ♠❡❛s✉r❡ t♦ t❡st t❤❡✲
♦r❡t✐❝❛❧ ♣r❡❞✐❝t✐♦♥s ♦♥ ✐ts ❡✛❡❝ts ♦♥ ✇♦r❧❞✈✐❡✇✱ ❧✐❢❡ ♣❡rs♣❡❝t✐✈❡s✱ ❛♥❞ ✈❛r✐♦✉s ✇❡❧❢❛r❡ ♠❡❛s✉r❡s✳
■♥ ♦✉r s❛♠♣❧❡✱ t❤❡ ❡①♣♦s✉r❡ ❞❡❣r❡❡ t♦ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ✈❛r✐❡s s✐❣♥✐✜❝❛♥t❧②✱ ✇✐t❤ ❛ s❧✐❣❤t ♠❛❥♦r✐t②
✐❞❡♥t✐✜❡❞ ❛s ✏❡①♣♦s❡❞✑ ❛❝❝♦r❞✐♥❣ t♦ ♦✉r ✜rst✲♦❢✲✐ts✲❦✐♥❞ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❊①✲
♣♦s✉r❡ ■♥❞❡①✳ ❖✉r r❡s✉❧ts s❤♦✇ t❤❛t ❜❡✐♥❣ ❡①♣♦s❡❞ t♦ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ✐♥❝r❡❛s❡s✿ ✶✮ t♦❧❡r❛♥❝❡
♦✈❡r❛❧❧ ✭❛♥❞ ✐♥ ♣❛rt✐❝✉❧❛r t♦✇❛r❞s ♠❛❝r♦❡❝♦♥♦♠✐sts✱ st❛t✐st✐❝✐❛♥s ❛♥❞ ♣❡♦♣❧❡ ✇❡❛r✐♥❣ s♦❝❦s ✇✐t❤
s❛♥❞❛❧s✮✱ ✷✮ ♣r❡❢❡r❡♥❝❡ ♦❢ ♣♦st❞♦❝s ♦✈❡r P❤❉s ✐♥ t✐♠❡s ♦❢ s❝❛r❝✐t②✱ ✸✮ s❡❧❢✲♣❡r❝❡✐✈❡❞ ✇❡❛❧t❤✱ ❛♥❞
✹✮ ❛ ♣❡rs♦♥✬s ❝♦♥s❝✐♦✉s♥❡ss t♦✇❛r❞s ❣❧♦❜❛❧ ♣r♦❜❧❡♠s s✉❝❤ ❛s ✐♥❡q✉❛❧✐t②✱ ♣♦✈❡rt②✱ ❛♥❞ ❝❧✐♠❛t❡
❝❤❛♥❣❡✳ ❋✉rt❤❡r♠♦r❡✱ ✇❡ s❤♦✇ t❤❛t s♣❡❝✐✜❝ ❤❛❜✐ts s✉❝❤ ❛s s✐❣♥✐♥❣ ❡♠❛✐❧s ✇✐t❤ ✐♥✐t✐❛❧s✱ s♦❝✐❛❧
♠❡❞✐❛ ✉s❛❣❡✱ ❛♥❞ ❜r✉s❤✐♥❣ t❡❡t❤ ❝❛♥ ♣❛rt❧② ❡①♣❧❛✐♥ t❤❡ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❡✛❡❝t✳ ❚❤❡ ❞❛t❛ ❛❧❧♦✇ ✉s
t♦ ❞r❛✇ s♦♠❡ ❤✐❣❤❧② r❡❧❡✈❛♥t ♣♦❧✐❝② ❝♦♥❝❧✉s✐♦♥s✳ ❲❡ ❝♦♥❝❧✉❞❡ t❤❛t ✇❤✐❧❡ ❝❛✉t✐♦♥ ♦♥ t❤❡ ❝❛✉s❛❧
✐♥t❡r♣r❡t❛t✐♦♥ ♦❢ ♦✉r ❡st✐♠❛t❡s ✐s ♥❡❡❞❡❞✱ ♦✉r ❡①❡r❝✐s❡ ❝♦♥✜r♠s ②❡❛rs ♦❢ q✉❛❧✐t❛t✐✈❡ ❡✈✐❞❡♥❝❡
✇❤✐❝❤ ❤❛s ✉♥❡q✉✐✈♦❝❛❧❧② ✐♥❞✐❝❛t❡❞ t❤❡ ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❜❡♥❡✜ts ♦❢ ❜❡✐♥❣ ❡①♣♦s❡❞ t♦ ❙t❡♣❤❛♥
❑❧❛s❡♥✳

❑❡②✇♦r❞s✿ ❍❛❜✐t ❢♦r♠❛t✐♦♥✱ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ✐♥❞❡①✱ ❘♦❧❡ ♠♦❞❡❧
❏❊▲ ❈❧❛ss✐✜❝❛t✐♦♥✿ ❉✵✸✱ ■✸✶

∗❲❡ ❛r❡ ✐♥❞❡❜t❡❞ t♦ ❇r✉♥♦ ▼❝❉✉❝❦ ✭❛❧s♦ ❦♥♦✇♥ ❛s ❲✐t③❡❧✲❙♦✉③❛✮ ✇❤♦ ✐♠♣r♦✈❡❞ t❤❡ ♣❛♣❡r ❝♦♥s✐❞❡r❛❜❧② ✇✐t❤ s❛❧t ❛♥❞
♣❡♣♣❡r✳ ❲❡ t❤❛♥❦ t❤❡ ●❧♦❜❛❧❋♦♦❞ st✉❞❡♥t ❛ss✐st❛♥ts ❈❤r✐st✐♥❛ ●r♦❤♠❛♥♥✱ ❈❛r❧♦s ●✉❡✐r♦s✱ ❛♥❞ ▼✐❝❛❡❧❛ ❘♦s❛❞✐♦ ❢♦r ❡①❝❡❧❧❡♥t
r❡s❡❛r❝❤ ❛ss✐st❛♥❝❡ ❛♥❞ ❇r✐❛♥ ❏♦❦✐❝❤ ❢♦r ✐♥✲❞❡♣t❤ ♣r♦♦❢✲r❡❛❞✐♥❣✳ ❲❡ ❛r❡ ❣r❛t❡❢✉❧ t♦ s❡✈❡r❛❧ s❡♠✐♥❛r ♣❛rt✐❝✐♣❛♥ts✱ ❛♥❞ t❤r❡❡
❛♥♦♥②♠♦✉s r❡❢❡r❡❡s ❢♦r ❤❡❧♣❢✉❧ ❝♦♠♠❡♥ts✳ ❚❤❡ ❛✉t❤♦rs ❞❡❝❧❛r❡ t❤❛t t❤❡② ❤❛✈❡ ♦♥❧② ✈❡r② ❧✐♠✐t❡❞ ♠❛t❡r✐❛❧ ✜♥❛♥❝✐❛❧ ✐♥t❡r❡sts
r❡❧❛t❡❞ t♦ t❤❡ r❡s❡❛r❝❤ ❞❡s❝r✐❜❡❞ ✐♥ t❤✐s ♣❛♣❡r✳
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✷✵✶✷✮✳ ❆❧♦♥❣ t❤✐s ❧✐♥❡ ♦❢ t❤✐♥❦✐♥❣✱ ✇❡ ♠✐❣❤t ❡✈❡♥ ❜❡❣✐♥ t♦ ✇♦♥❞❡r ✇❤❡t❤❡r ❙❝r♦♦❣❡ ▼❝❉✉❝❦ ❤❛s

❝❛♣t❛✐♥❡❞ r❡❝❡♥t ✇❡st❡r♥ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ♠♦r❡ s✐❣♥✐✜❝❛♥t❧② t❤❛♥ ❏♦❤♥ ❉✳ ❘♦❝❦❢❡❧❧❡r✳ ❆❧t❤♦✉❣❤

t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ r♦❧❡ ♠♦❞❡❧s ❤❛s ❝❛♣t✉r❡❞ t❤❡ ❛tt❡♥t✐♦♥ ♦❢ ❛❝❛❞❡♠✐❝s ❛♥❞ ♣♦❧✐❝②♠❛❦❡rs ❛❧✐❦❡✱

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

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

r❡❧❛t✐✈❡ ✐♥t❡♥s✐t② ♦❢ t❤❡ r❡❧❛t✐♦♥s❤✐♣s ✇✐t❤ t❤❡ r♦❧❡ ♠♦❞❡❧s✱ ❛ ♣r✐♠❡ ❡①❛♠♣❧❡ ❜❡✐♥❣ t❤❡ ♦✉tst❛♥❞✐♥❣

✐♥✢✉❡♥❝❡ ♦❢ t❤❡ r❡s❡❛r❝❤❡r ♦❢ t❤✐s st✉❞②✱ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ✭❤❡♥❝❡❢♦rt❤ ❙❑✮✳ ❖✉r ❛✐♠ ✐s t❤❡r❡❢♦r❡ t♦

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

❛♥❞ ✇❡❧❢❛r❡ ♦❢ ♣❡♦♣❧❡ ✇❤♦ ❛r❡ s♣r❡❛❞ ❛r♦✉♥❞ ✸✺✰ ❝♦✉♥tr✐❡s✳ ❆s ♥♦ s✐♥❣❧❡ ✐♥❞✐❝❛t♦r ❝❛♥ ❝❛♣t✉r❡

t❤❡ ♠✉❧t✐♣❧❡ ❞✐♠❡♥s✐♦♥s ♦❢ t❤❡ ✐♥✢✉❡♥❝❡ ♦❢ t❤❡ ✇♦r❦ ❛♥❞ ❝♦♥t❛❝t t♦ ❙❑✱ ✇❡ ❤❛✈❡ ❞❡✈❡❧♦♣❡❞ t❤❡

▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❊①♣♦s✉r❡ ■♥❞❡① ✭❤❡♥❝❡❢♦rt❤ ▼❙❑❊■✮✳ ❚❤❡ ▼❙❑❊■ ❝♦♥s✐❞❡rs ❜♦t❤

❡①♣♦s✉r❡ ❛♥❞ ❡①♣♦s✉r❡ ✐♥t❡♥s✐t② ♦❢ ✐♥✈✐t❡❡s ♦❢ ❙❑✬s ❋❛r❡✇❡❧❧ ▲❡❝t✉r❡✳ ❚❤✐s ❛❧❧♦✇s ✉s t♦ ✐♥❝♦r♣♦r❛t❡

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

❘❡s❡❛r❝❤ ♦♥ r♦❧❡ ♠♦❞❡❧s ❤❛s ♠❛✐♥❧② r❡❧✐❡❞ ♦♥ ❡①♣❡r✐♠❡♥t❛❧ ❡✈✐❞❡♥❝❡ ✉s✐♥❣ ✈✐❞❡♦s✱ t❤❡ ♣r❡s❡♥❝❡

♦❢ r❡❛❧ ♠♦❞❡❧s✱ ❛♥❞ ♥❛t✉r❛❧ ❡①♣❡r✐♠❡♥t s❡t✉♣s✳ ❇❡r♥❛r❞ ❡t ❛❧✳ ✭✷✵✶✹✮ ✜♥❞ t❤❛t ❜❡✐♥❣ ❡①♣♦s❡❞ t♦

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

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

✐♥❞✐✈✐❞✉❛❧s✳ ❆♥♦t❤❡r st✉❞② ❜② ▼❡✐❡r ❡t ❛❧✳ ✭✷✵✶✾✮✱ r✉♥ ♦♥ ❆♠❛③♦♥ ▼❡❝❤❛♥✐❝❛❧ ❚✉r❦✱ ❝♦♥❢r♦♥ts

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

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

❣❛♣ ✐♥ t♦✉r♥❛♠❡♥t ❡♥tr②✱ ✇❤✐❧❡ t❤❡ ♠❛❧❡ r♦❧❡ ✈✐❞❡♦ ✇✐❞❡♥s t❤❡ ❣❛♣ ❝♦♠♣❛r❡❞ t♦ ❛ ♣❧❛❝❡❜♦ ✈✐❞❡♦✳ ■♥

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

❛s♣✐r❛t✐♦♥s✱ ❝❛r❡❡r ❝❤♦✐❝❡s✱ ❛♥❞ ❡❞✉❝❛t✐♦♥❛❧ ❛tt❛✐♥♠❡♥t ✭◆❛✉t❛ ❡t ❛❧✳ ✶✾✾✽❀ ❘✐❝❤♠❛♥ ❡t ❛❧✳ ✷✵✶✶❀

❙t♦✉t ❡t ❛❧✳ ✷✵✶✶❀ ❘✐❧❡② ✷✵✶✼✮✳ ▼❛❝♦✉rs ❛♥❞ ❱❛❦✐s ✭✷✵✶✹✮ ❡♠♣❧♦② r❡❛❧✲❧✐❢❡ s✉❝❝❡ss❢✉❧ ❧❡❛❞❡rs ✐♥

◆✐❝❛r❛❣✉❛♥ ❝♦♠♠✉♥✐t✐❡s t♦ t❛❧❦ t♦ ♣r♦❥❡❝t ❜❡♥❡✜❝✐❛r✐❡s✳ ❚❤♦s❡ ❡①♣♦s❡❞ t♦ ❛ ❧❡❛❞❡r ♣♦ss❡ss ❤✐❣❤❡r

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

♥♦t ✐♥t❡r❛❝t ✇✐t❤ ♦♥❡✳

❖♥❡ ❝❛♥ t❤✐♥❦ t❤❛t s✉❝❤ ❜r✐❡❢ ❡①♣♦s✉r❡s ✕ s✉❝❤ ❛s s❡❡✐♥❣ ❛ ✈✐❞❡♦✱ r❡❛❞✐♥❣ ❛❜♦✉t ❛ r♦❧❡ ♠♦❞❡❧✱ ♦r

❛ ♦♥❡✲t✐♠❡ ❡①♣♦s✉r❡ t♦ ❛ r♦❧❡ ♠♦❞❡❧ ✕ ♠❛② ♥♦t r❡✢❡❝t r❡❛❧ ❧✐❢❡✱ ✐♥ ✇❤✐❝❤ ❡①♣♦s✉r❡ ✐s ♠♦r❡ ❡♥❞✉r✐♥❣✳

❚❤❡r❡❢♦r❡✱ ❛❞❞✐t✐♦♥❛❧ st✉❞✐❡s ✉s❡ ♥❛t✉r❛❧ ❡①♣❡r✐♠❡♥ts t♦ ❞r❛✇ ❢✉rt❤❡r ❡✈✐❞❡♥❝❡✳ ❚❱ ❡①♣♦s✉r❡ ✐s

r❡❧❛t❡❞ t♦ ❞✐✈♦r❝❡ r❛t❡s ✐♥ ❇r❛③✐❧ ✭❈❤♦♥❣ ❛♥❞ ❋❡rr❛r❛ ✷✵✵✾✮✱ ❛♥❞ r♦❧❧ ♦✉t ♦❢ ❝❛❜❧❡ t❡❧❡✈✐s✐♦♥ s❡❡♠s

t♦ ❜❡ ❧✐♥❦❡❞ t♦ ❝❤❛♥❣❡s ✐♥ ❛tt✐t✉❞❡s ✭❡✳❣✳ ❞♦♠❡st✐❝ ✈✐♦❧❡♥❝❡✮ ❛♥❞ ❜❡❤❛✈✐♦r ✭❡✳❣✳ s❝❤♦♦❧ ❡♥r♦❧❧♠❡♥t✮

✐♥ ■♥❞✐❛ ✭❏❡♥s❡♥ ❛♥❞ ❖st❡r ✷✵✵✾✮✳ ▲✐❦❡✇✐s❡✱ ❇❡❛♠❛♥ ❡t ❛❧✳ ✭✷✵✶✷✮ s❤♦✇ t❤❛t ✈✐❧❧❛❣❡s ✐♥ ■♥❞✐❛ ✇✐t❤

✈✐s✐❜❧❡ ❢❡♠❛❧❡ ❧❡❛❞❡rs❤✐♣ ❝❧♦s❡ t❤❡ ❣❡♥❞❡r ❣❛♣ ✐♥ r❡❣❛r❞ t♦ ❛s♣✐r❛t✐♦♥s ❛♥❞ ❡❞✉❝❛t✐♦♥❛❧ ❛tt❛✐♥♠❡♥t✱
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❛♥❞ ❣✐r❧s s♣❡♥❞ ❧❡ss t✐♠❡ ♦♥ ❤♦✉s❡❤♦❧❞ ❝❤♦r❡s✳ ❲✐t❤ s✉❝❤ ❝♦♠♣❡❧❧✐♥❣ ❡✈✐❞❡♥❝❡✱ t❤❡ ❡t❡r♥❛❧ q✉❡st✐♦♥

♦❢ ❡♥❞♦❣❡♥❡✐t② ❣♦❡s t❤r♦✉❣❤ t❤❡ r♦♦❢ ❛♥❞ r❡❛❝❤❡s t❤❡ ✈❡r② s✉❜❥❡❝t ♠❛tt❡r ♦❢ t❤✐s ♣❛♣❡r✿ ❲❛s ❲♦♥❞❡r

❲♦♠❛♥ t❤❡ ❝❛✉s❡ ❢♦r ❙t❡♣❤❛♥ ❑❧❛s❡♥✬s ♣✐♦♥❡❡r✐♥❣ r❡s❡❛r❝❤ ♦♥ ❣❡♥❞❡r❄ ❖r ❞✐❞ ❤❡ ❡♥❥♦② t❤❡ ♠♦✈✐❡

❜❡❝❛✉s❡ ♦❢ ❝♦♥❢♦✉♥❞❡rs t❤❛t ❧❡❞ t♦ ❤✐s r❡s❡❛r❝❤ q✉❡st✐♦♥s❄ ❚❤❡ r❡❛❞❡r ✇✐❧❧ ✜♥❞ ♠♦r❡ ❡✈✐❞❡♥❝❡ ♦♥

t❤✐s ❛♥❞ ♦t❤❡r ❢❛s❝✐♥❛t✐♥❣ t❤❡♠❡s ✐♥ t❤❡ t❡①t✳✶

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

❛♥❞ ✇❡❧❢❛r❡✱ ✇❡ ❝♦♥❞✉❝t❡❞ ❛♥ ♦♥❧✐♥❡ s✉r✈❡② ✇✐t❤ ♦✈❡r ✸✺✵ ✐♥✈✐t❡❡s ♦❢ ❙❑✬s ❋❛r❡✇❡❧❧ ▲❡❝t✉r❡ ❛t t❤❡

❡♥❞ ♦❢ ❖❝t♦❜❡r ✷✵✶✾✳ ❚❤❡ s✉r✈❡② ✇❛s ❞✐str✐❜✉t❡❞ ✈✐❛ ❡♠❛✐❧✱ ♣❛rt✐❝✐♣❛♥ts ❤❛❞ ♦♥❡ ✇❡❡❦ t♦ ❛♥s✇❡r

❛♥❞ ✇❡r❡ ❛s❦❡❞ t♦ s❡♥❞ ❛ ♣✐❝t✉r❡ ✇❤✐❧❡ t❤❡② ✇❡r❡ ✜❧❧✐♥❣ ✐♥ t❤❡ s✉r✈❡② ✭s❡❡ ❆♣♣❡♥❞✐①✮✳ ❆❧t❤♦✉❣❤

♦✉r s❛♠♣❧❡ ❧✐❦❡❧② s✉✛❡rs ❢r♦♠ s♦❝✐❛❧ ❞❡s✐r❛❜✐❧✐t② ❜✐❛s✱ ✇❡ ❜❡❧✐❡✈❡ t❤❛t s❡❧❢✲❝♦♠♣❧❡t✐♦♥ ♠❛✐♥t❛✐♥❡❞

❛♥♦♥②♠✐t② ✭❜❛❞ ❧✉❝❦ ❢♦r t❤♦s❡ ✇❤♦ ❛r❡ t❤❡ s✐♥❣❧❡ r❡♣r❡s❡♥t❛t✐✈❡s ♦❢ t❤❡✐r ❝♦✉♥tr✐❡s ♦❢ ♦r✐❣✐♥✮✳ ❚❤✐s

♠❡t❤♦❞ ❛❧s♦ ❡♥s✉r❡❞ ❝♦♥✜❞❡♥t✐❛❧✐t②✱ ❡♥❝♦✉r❛❣✐♥❣ ✐♥❞✐✈✐❞✉❛❧s t♦ ❛♥s✇❡r tr✉t❤❢✉❧❧② ✭✇❡ ❝❛♥♥♦t ❝♦♥tr♦❧

♦✈❡r✲❡①♣♦s❡❞ t♦ P✐♥♦❝❝❤✐♦ ❛s ❝❤✐❧❞r❡♥✮✳ ❚❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s s✉♣♣♦rts t❤❡ ❤②♣♦t❤❡s✐s t❤❛t ❣r❡❛t❡r

❡①♣♦s✉r❡ t♦ ❙❑ ❧❡❛❞s t♦ ✐♠♣r♦✈❡❞ ✇❡❧❢❛r❡ ♦✉t❝♦♠❡s✱ ❛✛❡❝ts ♣r❡❢❡r❡♥❝❡s✱ ❛♥❞ ❡✈❡♥ ❛❧t❡rs t❤❡ ❜❡❤❛✈✐♦r

♦❢ ✐♥❞✐✈✐❞✉❛❧s✳ ❆s ✇❡❧❧✲tr❛✐♥❡❞ ❡❝♦♥♦♠✐sts✱ ✇❡ str❡ss t❤❡ str✐♥❣❡♥t❧② ♣♦s✐t✐✈❡ ❛♥❞ ♥♦♥✲♥♦r♠❛t✐✈❡

♥❛t✉r❡ ♦❢ t❤❡s❡ ❝♦♥❝❧✉s✐♦♥s✳ ❲❡ s❤♦✇ t❤❛t ❤✐❣❤❡r ❙❑ ❡①♣♦s✉r❡ ❝♦rr❡❧❛t❡s str♦♥❣❧② ✇✐t❤ ♣r❡❢❡r❡♥❝❡s

❢♦r ❙❛♥t❛ ❈❧❛✉s✱ ✉♥✐❝♦r♥s✱ s♦❝❦s ✇✐t❤ s❛♥❞❛❧s✱ ❛♥❞ ❘❈❚s ✕ ❛❧❧ ✐♥❞❡♣❡♥❞❡♥t❧② ♦❢ ❡❛❝❤ ♦t❤❡r✱ ♦❢ ❝♦✉rs❡✳

❉❛✈✐❞ ❍✉♠❡ ♦♥❝❡ s✉♠♠❛r✐③❡❞ s✐♠✐❧❛r r❡s✉❧ts t♦ ❙✐r ■s❛❛❝ ◆❡✇t♦♥✿ ✏❉✐✛❡r❡♥t str♦❦❡s ❢♦r ❞✐✛❡r❡♥t

❢♦❧❦s✦✑✳✷ ❚❤❡ ♣❛♣❡r ❛❧s♦ ❝♦♥✜r♠s ♦✉r ♣r❡♠✐s❡ t❤❛t ❡①♣♦s✉r❡ t♦ ❙❑ ✐s ❡①tr❡♠❡❧② ❡♥r✐❝❤✐♥❣✳ ❚❤❡ ❢❛❝t

t❤❛t ✇❡ r❡❛❝❤ t❤✐s ❝♦♥❝❧✉s✐♦♥ ❛s ❢r✐❡♥❞s ✭❛s ✇❡❧❧ ❛s ❛❞♠✐r❡rs ♦❢ ❙❑✬s ❛tt✐t✉❞❡s t♦✇❛r❞s t❤❡ ✇♦r❧❞✮✱

✇✐❧❧ ❞❡❝r❡❛s❡ t❤❡ s❝✐❡♥t✐✜❝ ✈❛❧✉❡ ♦❢ ♦✉r ❝♦♥❝❧✉s✐♦♥✱ ❜✉t ✇✐❧❧ ❝❡rt❛✐♥❧② ✐♥❝r❡❛s❡ ✐ts s✐♥❝❡r✐t②✳

❲❡ ♠❛❦❡ t❤r❡❡ ♠❛✐♥ ❝♦♥tr✐❜✉t✐♦♥s t♦ t❤❡ ❧✐t❡r❛t✉r❡ ♦♥ r♦❧❡ ♠♦❞❡❧s✳ ❚❤✐s ✐s t❤❡ ✜rst st✉❞②✱ t♦

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

t❤❡ ▼❙❑❊■✳ ❚❤✐s ✐♥❞❡① ❝❛♥ ♥♦✇ ❜❡ ✉s❡❞ ❢♦r ❢✉t✉r❡ ✭❝❡rt❛✐♥❧② ❤✐❣❤❧② r❡❧❡✈❛♥t✮ r❡s❡❛r❝❤✳ ❋✉rt❤❡r✱

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

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

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

tr❛✐ts ♦❢ t❤❡ r♦❧❡ ♠♦❞❡❧✳

❚❤❡ ♣❛♣❡r ✐s str✉❝t✉r❡❞ ❛s ❢♦❧❧♦✇s✳ ❙❡❝t✐♦♥ ✷ ♣r❡s❡♥ts t❤❡ ✉♥❞❡r❧②✐♥❣ t❤❡♦r❡t✐❝❛❧ ❢r❛♠❡✇♦r❦

❜❡❢♦r❡ ❙❡❝t✐♦♥ ✸ ❞❡s❝r✐❜❡s t❤❡ s❛♠♣❧✐♥❣ ♦❢ t❤❡ ❞❛t❛ ❛♥❞ t❤❡ ❝♦♥str✉❝t✐♦♥ ♦❢ t❤❡ ♠❡❛s✉r❡s ♦❢ ❡①♣♦s✉r❡✳

■t ❢♦❝✉s❡s ♣❛rt✐❝✉❧❛r❧② ♦♥ t❤❡ s❝✐❡♥t✐✜❝ ♥❛t✉r❡ ♦❢ t❤❡ ▼❙❑❊■❀ ✇❡ s❤♦✇ t❤❛t ✐t ✐s ❛♥ ❖❑ ♠❡❛s✉r❡✱ ❙❑ ✦

❙❡❝t✐♦♥ ✹ ❡①♣❧❛✐♥s t❤❡ ❡♠♣✐r✐❝❛❧ str❛t❡❣② ❛♥❞ s❤♦✇s t❤❡ r❡s✉❧ts✳ ❈♦♥❝❧✉❞✐♥❣ r❡♠❛r❦s ❛♥❞ s✉❣❣❡st✐♦♥s

❢♦r ❢✉rt❤❡r r❡s❡❛r❝❤ ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❙❡❝t✐♦♥ ✺✳

✶❆❢t❡r t❤✐s ❝✉tt✐♥❣✲❡❞❣❡ r❡✈✐❡✇ ♦❢ t❤❡ ❧✐t❡r❛t✉r❡✱ s❦❡♣t✐❝s ❛♥❞ ♦t❤❡r ✉♥✐❝♦r♥✲❧✐❦❡ ❤❡t❡r♦❞♦①✐❡s ❛r❡ ❧❡❢t ✇✐t❤ t❤❡
q✉❡st✐♦♥ ♦❢ ✇❤❡t❤❡r r❡❛❞✐♥❣ ❉♦st♦❡✈s❦② ✐s ♠♦r❡ ♦r ❧❡ss ❞❛♥❣❡r♦✉s t❤❛♥ ♣❧❛②✐♥❣ ✈✐❞❡♦❣❛♠❡s✱ ❛❝❝♦r❞✐♥❣ t♦ s✉❝❤ r♦❧❡
♠♦❞❡❧s✳

✷❚❤✐s ✐s ♦❜✈✐♦✉s❧② ❛ ❢❛❦❡ r❡❢❡r❡♥❝❡❀ ✇❡ ❡①♣❡❝t ♣❡♦♣❧❡ t♦ ♥♦t✐❝❡ ✐t ♦r t♦ ❝❤❡❝❦ t❤✐s ❢♦♦t♥♦t❡✳



✷ ❋❘❆▼❊❲❖❘❑ ✹

✷ ❋r❛♠❡✇♦r❦

❈♦♥s✐❞❡r ❛ ②♦✉♥❣ r❡s❡❛r❝❤❡r ❡♥t❡r✐♥❣ ●♦❡tt✐♥❣❡♥ ❯♥✐✈❡rs✐t②✱ t❤❡ ♣❧❛❝❡ ♦♥ ❡❛rt❤ ✇✐t❤ ❛❧❧❡❣❡❞❧② t❤❡

❣r❡❛t❡st ♣♦t❡♥t✐❛❧ ❢♦r ❙❑ ❡①♣♦s✉r❡✳ ▲❡t t❤❡ t✐♠❡ ♦❢ ❡♥tr② ❜❡ ♥♦r♠❛❧✐③❡❞ t♦ ③❡r♦✳ ❚❤❡ r❡s❡❛r❝❤❡r

❡①♣❡r✐❡♥❝❡s ✉t✐❧✐t② ❢r♦♠ s❝✐❡♥t✐✜❝ ♦✉t♣✉t s ❛♥❞ ❢r♦♠ ❙❑ ❡①♣♦s✉r❡ x✳ ■❢ ✉t✐❧✐t② u(s, x) > 0✱ t❤❡♥ t❤❡

✉t✐❧✐t② ❢✉♥❝t✐♦♥ ❡①❤✐❜✐ts ♣♦s✐t✐✈❡ ❛♥❞ ♥♦♥✲✐♥❝r❡❛s✐♥❣ ♠❛r❣✐♥❛❧ ✉t✐❧✐t②✳ ❲❡ ❛❧s♦ ❛❧❧♦✇ ❢♦r t❤❡ s♣❡❝✐❛❧

❝❛s❡ ♦❢ ❛ ♣✉r❡❧② ♦✉t♣✉t✲♠✐♥❞❡❞ ❣✉②✱ ✐♥ ✇❤✐❝❤ ❙❑ ❡①♣♦s✉r❡ ✐s ♥♦ ❢✉♥✱ ∂u/∂x = 0✳ ❆t ❛♥② ✉♥✐t ♦❢

t✐♠❡ ✭❧❡t✬s s❛② ♣❡r ❞❛②✮ t❤❡r❡ ❡①✐sts ❛ ♣❤②s✐❝❛❧ ♠❛①✐♠✉♠ ♦❢ ❙❑ ❡①♣♦s✉r❡✱ ✇❤✐❝❤ ✐s ♥♦r♠❛❧✐③❡❞ t♦

✶✱ s✉❝❤ t❤❛t x ❝❛♥ ❜❡ ✐♠❛❣✐♥❡❞ ❛s t❤❡ s❤❛r❡ ♦❢ t❤❡ t✐♠❡ ✉♥✐t ✭✐✳❡✳ t❤❡ ❞❛②✮ ✇✐t❤ ❙❑ ❡①♣♦s✉r❡✳ ❚❤❡

❣♦❛❧ ♦❢ t❤❡ ②♦✉♥❣ r❡s❡❛r❝❤❡r ✐s t♦ ♠❛①✐♠✐③❡ ✐♥t❡rt❡♠♣♦r❛❧ ✉t✐❧✐t②

∫ T

0

u(s, x)e−ρtdt, ✭✶✮

✐♥ ✇❤✐❝❤ ρ ✐s t❤❡ t✐♠❡ ♣r❡❢❡r❡♥❝❡ r❛t❡ ❛♥❞ T ✐s t❤❡ ✜①❡❞ ❡♥❞ ♦❢ t❤❡ ❝♦♥tr❛❝t ♦❢ t❤❡ ②♦✉♥❣ r❡s❡❛r❝❤❡r✳

❋♦r ♠♦st r❡s❡❛r❝❤❡rs✱ T ∈ [2, 12] ②❡❛rs✳ ❚❤✐s ♠❡❛♥s t❤❛t T ✐s ❝❡rt❛✐♥❧② ❢❛r ❛✇❛② ❢r♦♠ ✐♥✜♥✐t②✱ ❛♥

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

♦♥❧② ❢♦r t → ∞✮✳

❚❤❡ ②♦✉♥❣ r❡s❡❛r❝❤❡r ❤❛s t♦ ❞❡❝✐❞❡ ❤♦✇ t♦ ❞✐✈✐❞❡ ❤✐s t✐♠❡ ❜❡t✇❡❡♥ ❙❑ ❡①♣♦s✉r❡ ❛♥❞ ❙❑✲❢r❡❡

t✐♠❡✳ ❍✐s ♦r ❤❡r s❝✐❡♥t✐✜❝ ♦✉t♣✉t ❡✈♦❧✈❡s ❛❝❝♦r❞✐♥❣ t♦

ṡ = [ǫ1x
α + ǫ2(1− x)] sγ , ✭✷✮

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

✇r✐tt❡♥ ♣❡r ❞❛②✮✳ ❋♦r ǫ1 > 0 ❛♥❞ α > 0 ✭✇❤✐❝❤ ✐s ❤❡♥❝❡❢♦rt❤ ❛ss✉♠❡❞✮✱ t❤❡r❡ ❡①✐st t✇♦ ♠♦t✐✈❡s

❢♦r ❙❑ ❡①♣♦s✉r❡✿ ❞✐r❡❝t ✉t✐❧✐t② ❣❛✐♥s ❛♥❞ s❝✐❡♥t✐✜❝ s✉❝❝❡ss✳ ❲✐t❤ α ✇❡ ❝♦♥tr♦❧ ❢♦r t❤❡ ❢❡❛t✉r❡ t❤❛t

t❤❡r❡ ❛r❡ ♣♦t❡♥t✐❛❧❧② ❞❡❝r❡❛s✐♥❣ r❡t✉r♥s ✐♥ ❙❑ ❡①♣♦s✉r❡✱ 0 < α ≤ 1✳ ❚❤❡ ♣❛r❛♠❡t❡r ǫ2 > 0 ♠❡❛s✉r❡s

s❝✐❡♥t✐✜❝ ♣r♦❞✉❝t✐✈✐t② t❤❛t t❤❡ ②♦✉♥❣ r❡s❡❛r❝❤❡r ♣♦ss❡ss❡s ✐♥❞❡♣❡♥❞❡♥t❧② ♦❢ ❙❑ ❡①♣♦s✉r❡✳ ◆❛t✉r❛❧❧②✱

✇❡ ❛ss✉♠❡ ǫ1 > ǫ2✳ ❲✐t❤ γ > 0 ✇❡ ❛❧❧♦✇ ❢♦r ✐♥❝r❡❛s✐♥❣ r❡t✉r♥s t♦ s❝❛❧❡ ✐♥ s❝✐❡♥t✐✜❝ ♣r♦❞✉❝t✐♦♥ ✭❡✳❣✳

t❤❛t t❤❡ s❡❝♦♥❞ ♣❛♣❡r ✐s ✇r✐tt❡♥ ♠♦r❡ ❡❛s✐❧② t❤❛♥ t❤❡ ✜rst ♦♥❡✮✳

❆s ❛♥ ❡①t❡r♥❛❧ ❡✛❡❝t ♦❢ ❙❑ ❡①♣♦s✉r❡✱ t❤❡ ②♦✉♥❣ r❡s❡❛r❝❤❡r ♠❛② ❝❤❛♥❣❡ ❤✐s ✈✐❡✇s✱ ♣r❡❢❡r❡♥❝❡s✱

❜❡❧✐❡❢s✱ ♦r ❤❛❜✐ts h s✉❝❤ t❤❛t

ḣ = θx

(

1−
h

hSK

)

. ✭✸✮

❍❡r❡ ❙❑✬s ❤❛❜✐ts ❛r❡ ❣✐✈❡♥ ❜② hSK ❛♥❞ t❤❡ ♣❛r❛♠❡t❡r θ ✐s ❛ ❝❤❛r❛❝t❡r tr❛✐t t❤❛t ❝♦♥tr♦❧s t❤❡ s♣❡❡❞

♦❢ ❤❛❜✐t ❢♦r♠❛t✐♦♥✳ ❊q✉❛t✐♦♥ ✭✸✮ ✐♠♣❧✐❡s t❤❛t✱ r❡s❡❛r❝❤❡rs ✇✐t❤ ❛♥② ❣✐✈❡♥ ✐♥✐t✐❛❧ ❤❛❜✐ts h(0) ✇♦✉❧❞

❝♦♠♣❧❡t❡❧② ❛ss✐♠✐❧❛t❡ ❢♦r t → ∞✳ ❍♦✇❡✈❡r✱ ❛s ❛❧r❡❛❞② ♠❡♥t✐♦♥❡❞✱ t✐♠❡ ✐s ❜♦✉♥❞❡❞ ❜② ✐✮ T s✉❝❤

t❤❛t ✐t ❞❡♣❡♥❞s ♦♥ ♣❡rs♦♥❛❧ ✐♥❞❡♣❡♥❞❡♥❝❡ ✭✇❤✐❝❤ ✐s ❤✐❣❤❡r ❢♦r ❧♦✇❡r θ✮ ❛♥❞ ✐✐✮ ❞❛✐❧② ❡①♣♦s✉r❡ x

❤♦✇ q✉✐❝❦❧② t❤❡ ②♦✉♥❣ r❡s❡❛r❝❤❡r ❛ss✐♠✐❧❛t❡s✳ ◆♦t✐❝❡ t❤❛t ❜❡❧✐❡❢s ♦r ❤❛❜✐ts ❤❛✈❡ ♥♦ ✐♠♣❛❝t ♦♥ s✳

❚❤✐s ✐♠♣❧✐❡s t❤❡ str♦♥❣ ❛ss✉♠♣t✐♦♥ t❤❛t ❜❡❧✐❡❢s ❛❜♦✉t✱ ❢♦r ❡①❛♠♣❧❡✱ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ✉♥✐❝♦r♥s✱

♠❛❝r♦❡❝♦♥♦♠✐sts✱ ♦r ❢♦r❡✐❣♥ ❛✐❞ ❞♦❡s ♥♦t ❛✛❡❝t s❝✐❡♥t✐✜❝ ♣r♦❞✉❝t✐✈✐t②✳
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P❡r❤❛♣s t❤❡ ❣r❡❛t❡st ❧✐♠✐t❛t✐♦♥ ♦❢ t❤❡ s✐♠♣❧❡ ♠♦❞❡❧ ✐s t❤❛t ❙❑✲❜❡❤❛✈✐♦r ✐s t❛❦❡♥ ❡①♦❣❡♥♦✉s❧②✳

❚❤✐s ♠❡❛♥s t❤❛t ❙t❡♣❤❛♥ ❑❧❛s❡♥✬s ❤❛❜✐ts hSK ❛r❡ ❣✐✈❡♥ ❛♥❞ ❛r❡ ✐♥✈❛r✐❛♥t t♦ ❡①♣♦s✉r❡ t♦ ②♦✉♥❣

r❡s❡❛r❝❤❡rs✳ ■t ❛❧s♦ ♠❡❛♥s t❤❛t ✕ ✇✐t❤✐♥ ❧✐♠✐ts ✕ x ❝❛♥ ❜❡ ♣❡r❢❡❝t❧② ❝♦♥tr♦❧❧❡❞ ❜② t❤❡ ②♦✉♥❣ r❡s❡❛r❝❤❡r✳

❆♥ ❛❧t❡r♥❛t✐✈❡ ❛♣♣r♦❛❝❤ ✇♦✉❧❞ ❜❡ t❤❛t ❡①♣♦s✉r❡ ✐s ❞❡t❡r♠✐♥❡❞ ❜✐❧❛t❡r❛❧❧② ❜② ❙❑ ❛♥❞ t❤❡ ②♦✉♥❣

r❡s❡❛r❝❤❡r✱ ✇❤✐❝❤ ✇♦✉❧❞ r❡q✉✐r❡ ❛ ◆❛s❤✲ ♦r ❙t❛❝❦❡❧❜❡r❣✲s♦❧✉t✐♦♥ ♦❢ ❛ ❞✐✛❡r❡♥t✐❛❧ ❣❛♠❡✳ ❙✉❝❤ ❛♥

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

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

❚❤❡ ②♦✉♥❣ r❡s❡❛r❝❤❡r ♠❛①✐♠✐③❡s t❤❡ ✈❛❧✉❡ ♦❢ ❤✐s ♦r ❤❡r r❡s❡❛r❝❤ st❛② ✐♥ ●♦❡tt✐♥❣❡♥ s✉❜❥❡❝t

t♦ ✭✶✮ ❛♥❞ ✭✷✮✳ ◆♦t✐❝❡ t❤❛t ✇❡ ❛ss✉♠❡ ❤❡r❡ s♦♠❡ ❜♦✉♥❞❡❞ r❛t✐♦♥❛❧✐t② s✐♥❝❡ t❤❡ ②♦✉♥❣ r❡s❡❛r❝❤❡r

❢❛✐❧s t♦ t❛❦❡ ✭✸✮ ✐♥t♦ ❛❝❝♦✉♥t✱ ✐✳❡✳ ❤❡ ♦r s❤❡ ✐❣♥♦r❡s t❤❡ ✐♠♣❛❝t ♦❢ ❙❑ ❡①♣♦s✉r❡ ♦♥ ❤❛❜✐t ❢♦r♠❛t✐♦♥✳

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

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

✭✶✮ ❛♥❞ ✭✷✮ r❡q✉✐r❡s t❤❡ ♠❛①✐♠✐③❛t✐♦♥ ♦❢ t❤❡ ❛ss♦❝✐❛t❡❞ ❝✉rr❡♥t ✈❛❧✉❡ ❍❛♠✐❧t♦♥✐❛♥✿

H = u(s, x) + λ [ǫ1x
α + ǫ2(1− x)] sγ , ✭✹✮

✐♥ ✇❤✐❝❤ λ ✐s t❤❡ s❤❛❞♦✇ ✈❛❧✉❡ ♦❢ s❝✐❡♥t✐✜❝ ♦✉t♣✉t ❝r❡❛t❡❞ ✐♥ ●♦❡tt✐♥❣❡♥✳

❚❤❡ ✜rst ♦r❞❡r ❝♦♥❞✐t✐♦♥ ❢♦r ♦♣t✐♠❛❧ ❡①♣♦s✉r❡ ✐s

(1− x)

[

∂u

∂x
+ λ

{

ǫ1αx
α−1

− ǫ2
}

sγ
]

= 0. ✭✺✮

◆♦t✐❝❡ t❤❛t t❤✐s ✐s ❛ ❑✉❤♥✲❚✉❝❦❡r ❝♦♥❞✐t✐♦♥ t❤❛t t❛❦❡s t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ ❛ ❝♦r♥❡r s♦❧✉t✐♦♥ ❡①♣❧✐❝✐t❧②

✐♥t♦ ❛❝❝♦✉♥t✳ ■♥s♣❡❝t✐♦♥ ♦❢ ✭✹✮ ❧❡❛❞s t♦ t❤❡ ❢♦❧❧♦✇✐♥❣ ❝♦♥❝❧✉s✐♦♥✿

Pr♦♣♦s✐t✐♦♥ ✶ ■❢ t❤❡r❡ ❛r❡ ♥♦ ❞❡❝r❡❛s✐♥❣ r❡t✉r♥s ✐♥ s❝✐❡♥t✐✜❝ ❝♦❧❧❛❜♦r❛t✐♦♥ ✇✐t❤ ❙❑✱ t❤❡ ②♦✉♥❣

r❡s❡❛r❝❤❡r s❤♦✉❧❞ ✐♥✈❡st ❛❧❧ ♦❢ ❤✐s t✐♠❡ ✐♥ ❙❑ ❡①♣♦s✉r❡✱ x∗ = 1✳

❚❤❡ ♣r♦♦❢ s♦❧✈❡s ✭✹✮ ❢♦r α = 1✱ ♥♦t✐❝✐♥❣ t❤❛t ǫ1 > ǫ2✳

Pr♦♣♦s✐t✐♦♥ ✷ ■❢ t❤❡r❡ ❛r❡ ❞❡❝r❡❛s✐♥❣ r❡t✉r♥s ✐♥ s❝✐❡♥t✐✜❝ ❝♦❧❧❛❜♦r❛t✐♦♥ ✇✐t❤ ❙❑ ❛♥❞ t❤❡ ②♦✉♥❣

r❡s❡❛r❝❤❡r ❡①♣❡r✐❡♥❝❡s ♥♦ ✉t✐❧✐t② ❢r♦♠ ❙❑ ❡①♣♦s✉r❡✱ ♦♣t✐♠❛❧ ❡①♣♦s✉r❡ ✐s ❣✐✈❡♥ ❜②

x∗ =

[

αǫ1
ǫ2

]
1

1−α

.

❚❤❡ ♣r♦♦❢ s♦❧✈❡s ✭✹✮ ❢♦r ∂u/∂x = 0✳ ❚❤❡ r❡s✉❧t ✐s ✐♥t✉✐t✐✈❡✿ ❛ r❡❧❛t✐✈❡❧② ❣r❡❛t❡r ✐♥❞❡♣❡♥❞❡♥t

♣r♦❞✉❝t✐✈✐t② ♦❢ t❤❡ r❡s❡❛r❝❤❡r ✭❣r❡❛t❡r ǫ2/ǫ1✮ ♦r ♠♦r❡ st❡❡♣❧② ❞❡❝❧✐♥✐♥❣ r❡t✉r♥s ✭❧♦✇❡r α✮ r❡❞✉❝❡

♦♣t✐♠❛❧ ❡①♣♦s✉r❡✳ ❲❡ ♥❡①t ❝♦♥s✐❞❡r t❤❡ ❝❛s❡ t❤❛t ❙❑ ❡①♣♦s✉r❡ ✐s ❛❧s♦ ❡♥❥♦②❛❜❧❡✳

Pr♦♣♦s✐t✐♦♥ ✸ ■❢ t❤❡r❡ ❛r❡ ❞❡❝r❡❛s✐♥❣ r❡t✉r♥s ✐♥ s❝✐❡♥t✐✜❝ ❝♦❧❧❛❜♦r❛t✐♦♥ ✇✐t❤ ❙❑ ❛♥❞ ❙❑ ❡①♣♦✲

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

❢r♦♠ ❙❑ ❛❧s♦ ❡①♣❡r✐❡♥❝❡ ❣r❡❛t❡r ✉t✐❧✐t② ❢r♦♠ ❡①♣♦s✉r❡ t♦ ❙❑✳
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❚♦ ✈❡r✐❢② t❤✐s ✏str❛t❡❣✐❝ ❝♦♠♣❧❡♠❡♥t❛r✐t②✑ ♥♦t✐❝❡ t❤❛t s ❛♥❞ λ ❛r❡ ❣✐✈❡♥ ❢♦r ❛ ❣✐✈❡♥ t✳ ❚❤✉s✱

✐♥s♣❡❝t✐♦♥ ♦❢ ✭✺✮ r❡✈❡❛❧s t❤❛t ❣r❡❛t❡r ǫ1/ǫ2 r❡q✉✐r❡s ❣r❡❛t❡r x✱ ✐♠♣❧②✐♥❣ ❧♦✇❡r ♠❛r❣✐♥❛❧ s❝✐❡♥t✐✜❝

r❡t✉r♥s✱ ❧♦✇❡r ♠❛r❣✐♥❛❧ ✉t✐❧✐t②✱ ❛♥❞ ❤✐❣❤❡r ❛❜s♦❧✉t❡ ✉t✐❧✐t② ❢r♦♠ ❙❑ ❡①♣♦s✉r❡✳ ❚❤❡ ✐♥t✉✐t✐♦♥ ✐s ❝❧❡❛r✿

✐❢ t❤❡ r❡s❡❛r❝❤❡r ❧✐❦❡s t♦ ❤❛✈❡ ❜❡❡rs✱ ✈✐s✐t t❤❡ ✉♥✐✈❡rs✐t②✬s ❝❛♥t❡❡♥✱ ♦r ❤❛✈❡ ❞✐s❝✉ss✐♦♥s ❛❜♦✉t t❤❡

♣❧❛✉s✐❜✐❧✐t② ♦❢ ✉♥✐❝♦r♥s ♦r ❢♦r❡✐❣♥ ❛✐❞ ✇✐t❤ ❙❑✱ t❤❡♥ ❙❑ ❡①♣♦s✉r❡ ✐s ❡①t❡♥❞❡❞ ❜❡②♦♥❞ ✇❤❛t ✇♦✉❧❞

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

❤✐s s✐♥❣❧❡✲❛✉t❤♦r❡❞ ♣❛♣❡r✳

❚❤❡ ❝♦♠♣❛r❛t✐✈❡✲st❛t✐❝ ❛♥❛❧②s✐s✱ ❤♦✇❡✈❡r✱ ✐❣♥♦r❡s t❤❛t s ❛♥❞ λ ❛r❡ ♥♦t ✐♥❞❡♣❡♥❞❡♥t ❛♥❞ ❛r❡ ❛❧s♦

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

❡q✉❛t✐♦♥
∂u

∂s
+ λ [ǫ1x

α + ǫ2(1− x)] γsγ−1 = λρ− λ̇

❛♥❞ t❤❡ tr❛♥s✈❡rs❛❧✐t② ❝♦♥❞✐t✐♦♥ λ(T )s(T ) = 0✳ ❙✐♥❝❡ s❝✐❡♥t✐✜❝ ♦✉t♣✉t ✐s ♥♦♥✲③❡r♦✱ s > 0✱ t❤❡

tr❛♥s✈❡rs❛❧✐t② r❡q✉✐r❡s t❤❛t t❤❡ ✈❛❧✉❡ ♦❢ ❛❞❞✐t✐♦♥❛❧ s❝✐❡♥t✐✜❝ ♦✉t♣✉t ✐s ③❡r♦ ✇❤❡♥ t❤❡ r❡s❡❛r❝❤❡r✬s

❝♦♥tr❛❝t ✐♥ ●♦❡tt✐♥❣❡♥ ❡♥❞s✳ ❲❤✐❧❡ ❛❜s♦❧✉t❡❧② r❡❛s♦♥❛❜❧❡✱ t❤❡ ❝♦♥❞✐t✐♦♥ r❡q✉✐r❡s ❛ ❧♦t ♦❢ ♣❧❛♥♥✐♥❣

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

■♥s♣❡❝t✐♥❣ t❤❡ tr❛♥s✈❡rs❛❧✐t② ❝♦♥❞✐t✐♦♥ ✐♥ ❝♦♥❥✉♥❝t✐♦♥ ✇✐t❤ t❤❡ ❝♦✲st❛t❡ ❡q✉❛t✐♦♥ s❤♦✇s t❤❛t

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

●♦❡tt✐♥❣❡♥ ✉♥t✐❧ ✐t ❤✐ts ③❡r♦ ❛t T ✳ ❚❤✐s ✐♥ t✉r♥ ♠❡❛♥s t❤❛t λ ✐s ♣♦s✐t✐✈❡ ✉♥t✐❧ t❤❡ ❝♦♥tr❛❝t ❡①♣✐r❡s✳

❙✐♥❝❡ ❞✉r✐♥❣ t❤❡ ❝❛r❡❡r ✐♥ ●♦❡tt✐♥❣❡♥ s ✐♥❝r❡❛s❡s ❛♥❞ λ ❞❡❝❧✐♥❡s✱ t❤❡ ♦♣t✐♠❛❧ ❡✈♦❧✉t✐♦♥ ♦❢ ❡①♣♦s✉r❡

x ✐s ❛♠❜✐❣✉♦✉s✳ ❚♦ s❡❡ t❤✐s✱ ✐♥s♣❡❝t ✭✺✮ ❛♥❞ ❝♦♥❝❧✉❞❡ t❤❛t ♦♣t✐♠❛❧ ❙❑ ❡①♣♦s✉r❡ ❞❡❝❧✐♥❡s ♦✈❡r t✐♠❡

✐❢ ❛♥❞ ♦♥❧② ✐❢ λsγ ✐♥❝r❡❛s❡s ♦✈❡r t✐♠❡✳ ❙✐♥❝❡ s ❛♥❞ λ ♠♦✈❡ ✐♥ t❤❡ ♦♣♣♦s✐t❡ ❞✐r❡❝t✐♦♥✱ t❤❡ ♠♦✈❡♠❡♥t

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

❝❛♥♥♦t ❜❡ ♥❡❣❛t✐✈❡ ✇❡ ❝❛♥ ❝♦♥❝❧✉❞❡ t❤❛t ❛❜s♦❧✉t❡ ❙❑ ❡①♣♦s✉r❡✱ X =
∫ T

0
xdt ✐s ♥♦♥✲❞❡❝r❡❛s✐♥❣ ❢♦r

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

❤❛❜✐ts ❛♥❞ ♣r❡❢❡r❡♥❝❡s✳

Pr♦♣♦s✐t✐♦♥ ✹ ❘❡s❡❛r❝❤❡rs ❞✐s♣❧❛② ♠♦r❡ ❙❑✲❧✐❦❡ ❤❛❜✐ts ✐❢ ✕ ❢♦r ❛ ❣✐✈❡♥ ❧❡♥❣t❤ ♦❢ st❛② t t❤❡②

❜❡♥❡✜tt❡❞ ♠♦r❡ s❝✐❡♥t✐✜❝❛❧❧② ❢r♦♠ ❙❑ ❡①♣♦s✉r❡ ♦r ✕ ❢♦r ❣✐✈❡♥ ❡①♣♦s✉r❡ ✕ t❤❡② st❛②❡❞ ❢♦r ❛ ❧♦♥❣❡r

t✐♠❡ ✐♥ ●♦❡tt✐♥❣❡♥✳

❲❤✐❧❡ t❤❡ r❡s✉❧t s♦✉♥❞s ❛❧♠♦st tr✐✈✐❛❧✱ ✐t ❧❡❛❞s t♦ ❛♥ ✐♥t❡r❡st✐♥❣ ❤②♣♦t❤❡s✐s✳

❈♦r♦❧❧❛r② ✶ ❘❡s❡❛r❝❤❡rs ✇❤♦ ❜❡♥❡✜tt❡❞ ♠♦r❡ s❝✐❡♥t✐✜❝❛❧❧② ❢r♦♠ ❙❑ ❡①♣♦s✉r❡ ♦r ✇❤♦ st❛②❡❞

❧♦♥❣❡r ✐♥ ●♦❡tt✐♥❣❡♥ ❞✐s♣❧❛② ♠♦r❡ ❙❑✲❧✐❦❡ ❜❡❧✐❡❢s ❛♥❞ ❛tt✐t✉❞❡s✳

❚❤✐s ❝♦♥❝❧✉s✐♦♥ r❡q✉✐r❡s t❤❛t s✉s❝❡♣t✐❜✐❧✐t② t♦ ❙❑ ✐♥✢✉❡♥❝❡ ♦♥ ❤❛❜✐ts θ ✐s ✐♥❞❡♣❡♥❞❡♥t❧② ❞✐s✲

tr✐❜✉t❡❞✱ ❛♥❞ ✐♥ ♣❛rt✐❝✉❧❛r✱ t❤❛t ✐t ❞♦❡s ♥♦t ❝♦rr❡❧❛t❡ ✇✐t❤ ǫ1 ♦r ǫ2✱ ❯♥❞❡r t❤✐s r❡❛s♦♥❛❜❧❡ ❛ss✉♠♣✲

t✐♦♥✱ t❤❡ ❝♦r♦❧❧❛r② ❢♦❧❧♦✇s ✐♠♠❡❞✐❛t❡❧② ❢r♦♠ Pr♦♣♦s✐t✐♦♥ ✹ ❛♥❞ ✭✸✮✳ ❆♥♦t❤❡r ✐♥t❡r❡st✐♥❣ ❢❡❛t✉r❡ ✐s

t❤❛t ✇❡ ❝❛♥ ✐♥✈❡rt t❤❡ ❝♦r♦❧❧❛r② t♦ ♠❛❦❡ ✐♥❢❡r❡♥❝❡s ❛❜♦✉t ❙t❡♣❤❛♥ ❑❧❛s❡♥✬s ♣r❡❢❡r❡♥❝❡s ❛♥❞ ❜❡❧✐❡❢s✱

✇❤✐❝❤ ✇♦✉❧❞ ❜❡ ♦t❤❡r✇✐s❡ ❤❛r❞ t♦ ❛❝❝❡ss ❡♠♣✐r✐❝❛❧❧②✳



✸ ❘❊❙❊❆❘❈❍ ❙❊❚❚■◆● ❆◆❉ ❉❆❚❆ ✼

❈♦r♦❧❧❛r② ✷ ❈♦♥s✐❞❡r ✷ ❛r❜✐tr❛r② ❛tt✐t✉❞❡s ♦r ❜❡❧✐❡❢s z1 ❛♥❞ z2✳ ■❢ z1 � z2 ❢♦r r❡s❡❛r❝❤❡rs

✇❤♦ ❜❡♥❡✜tt❡❞ ♠♦r❡ ❢r♦♠ ❙❑ ❡①♣♦s✉r❡ ♦r ✇❤♦ r❡❝❡✐✈❡❞ ❧♦♥❣❡r ❝♦♥tr❛❝ts ✐♥ ●♦❡tt✐♥❣❡♥✱ t❤❡♥ ❙t❡♣❤❛♥

❑❧❛s❡♥ z1 � z2✳

■♥ ✇♦r❞s✱ ✐❢ r❡s❡❛r❝❤❡rs ✇✐t❤ ❣r❡❛t❡r ❛❣❣r❡❣❛t❡ ❙❑ ❡①♣♦s✉r❡ ✇❡❛❦❧② ♣r❡❢❡r ✉♥✐❝♦r♥s✱ ❢♦r❡✐❣♥

❛✐❞✱ ♠❡ss② ♦✣❝❡ ❞❡s❦s✱ ♦r ❤❛✈✐♥❣ ♠❛❝r♦❡❝♦♥♦♠✐sts ❛s ♥❡✐❣❤❜♦rs✱ t❤❡♥ ❙❑ ✐s ❧✐❦❡❧② t♦ ❤❛✈❡ t❤❡s❡

♣r❡❢❡r❡♥❝❡s ❛s ✇❡❧❧✳

✸ ❘❡s❡❛r❝❤ ❙❡tt✐♥❣ ❛♥❞ ❉❛t❛

❚♦ ❛♥❛❧②③❡ t❤❡ ✐♠♣❛❝t ♦❢ ❙❑ ❡①♣♦s✉r❡✱ ✇❡ ❝♦♥❞✉❝t❡❞ ❛♥ ♦♥❧✐♥❡ s✉r✈❡② ✐♥ ❖❝t♦❜❡r ✷✵✶✾✳ ❚❤❡ s✉r✈❡②

✇❛s s❡♥t ♦✉t t♦ ❛♣♣r♦①✐♠❛t❡❧② ✸✺✵ ✐♥❞✐✈✐❞✉❛❧s✱ ✇❤♦s❡ ❡♠❛✐❧s ✇❡r❡ r❡tr✐❡✈❡❞ ❢r♦♠ t❤❡ ❧✐st ♦❢ ✐♥✈✐t❡❡s

❢♦r t❤❡ ❙❑ ❋❛r❡✇❡❧❧ ▲❡❝t✉r❡✳ ❚❤✐s s❛♠♣❧✐♥❣ str❛t❡❣② ❡♥s✉r❡❞ t❤❛t ✇❡ ✇♦✉❧❞ r❡❛❝❤ ✐♥❞✐✈✐❞✉❛❧s ✇❤♦

❤❛❞ ❜❡❡♥ ✐♥ ❝♦♥t❛❝t ✇✐t❤ ❙❑ ❛t s♦♠❡ ♣♦✐♥t✳ ❖✈❡r t❤❡ ❝♦✉rs❡ ♦❢ t❡♥ ❞❛②s✱ ✶✻✵ ✐♥❞✐✈✐❞✉❛❧s r❡s♣♦♥❞❡❞✳

❚❤❡ r❡s♣♦♥s❡ r❛t❡ ♦❢ ✹✻✪ ✐s ❝♦♥s✐❞❡r❛❜❧② ❤✐❣❤❡r t❤❛♥ t②♣✐❝❛❧ r❡s♣♦♥s❡ r❛t❡s t♦ ♦♥❧✐♥❡ s✉r✈❡②s✱ ❞❡s♣✐t❡

t❤❡ ❢❛❝t t❤❛t t❤❡r❡ ✇❡r❡ ♥♦ r❡♠✐♥❞❡r ❡♠❛✐❧s ♥♦r ♠♦♥❡t❛r② ✐♥❝❡♥t✐✈❡s ✭P❡❞❡rs❡♥ ❛♥❞ ◆✐❡❧s❡♥ ✷✵✶✻✮✳✸

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

❝r✉❝✐❛❧ t♦ ❦❡❡♣ ❙❑ ✉♥❛✇❛r❡ t❤❛t t❤❡ s✉r✈❡② ✇❛s t❛❦✐♥❣ ♣❧❛❝❡✳ ❖t❤❡r✇✐s❡✱ ❣✐✈❡♥ ❤✐s str♦♥❣ ✐♥✢✉❡♥❝❡

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

t❤❡ ❡①t❡♥t t♦ ✇❤✐❝❤ ❙❑ ✭✉♥❞❡r t❤❡ ❝❧❡✈❡r ❞✐s❣✉✐s❡ ♦❢ ✈❛r✐♦✉s ❡♠❛✐❧ ❛❞❞r❡ss❡s✮ ✇❛s ❛❜❧❡ t♦ ❡①✲❛♥t❡

✐♥✜❧tr❛t❡ t❤❡ ♠❛✐❧✐♥❣ ❧✐sts t❤❛t ❞❡✜♥❡❞ ♦✉r ♣♦♣✉❧❛t✐♦♥ ♦❢ ✐♥t❡r❡st✳ ❲❡ ❤❛❞ t♦ ❞❡s✐❣♥ ❛♥❞ ✐♠♣❧❡♠❡♥t

s♦♣❤✐st✐❝❛t❡❞ ❛❧❣♦r✐t❤♠s t♦ t❡♠♣♦r❛r✐❧② ❡①❝❧✉❞❡ ❙❑ ❢r♦♠ t❤❡s❡ ♠❛✐❧✐♥❣ ❧✐sts ❞✉r✐♥❣ t❤❡ ✜❡❧❞✐♥❣ ♦❢

t❤❡ s✉r✈❡②✳

■t ✐s ✐♠♣♦rt❛♥t t♦ ♥♦t❡ t❤❛t t❤❡ ❣r♦✉♣ ♦❢ r❡s♣♦♥❞❡♥ts ✐s ❜② ♥♦ ♠❡❛♥s r❡♣r❡s❡♥t❛t✐✈❡ ♦❢ t❤❡ ✉♥✐✈❡rs❡

♦❢ ❙❑✬s ❛❝q✉❛✐♥t❛♥❝❡s✳ ❙❡❧❡❝t✐♦♥ ❤❛♣♣❡♥❡❞ ❛t t✇♦ st❛❣❡s✿ ✜rst✱ ✐♥❞✐✈✐❞✉❛❧s ✇❤♦ ✇❡r❡ ✐♥✈✐t❡❞ t♦ t❤❡

❢❛r❡✇❡❧❧ ❧❡❝t✉r❡ ♠✉st ❤❛✈❡ ❧❡❢t ❛ ❢❛✈♦r❛❜❧❡ ✐♠♣r❡ss✐♦♥ ✭♦r ❛❧t❡r♥❛t✐✈❡❧②✿ ❛r❡ ✈❡r② ✐♠♣♦rt❛♥t✮❀ s❡❝♦♥❞✱

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

❥✉st ❤❛✈❡ ❛ ❧♦t ♦❢ t✐♠❡✮✳✹ ❯♥❢♦rt✉♥❛t❡❧②✱ ♦✉r ❞❛t❛ ❞♦❡s ♥♦t ❛❧❧♦✇ ✉s t♦ ❛♥❛❧②③❡ t❤❡ ❡①t❡♥t ♦❢ t❤❡

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

❛❞❞ ❛s ♠❛♥② ❣r❛✐♥s ♦❢ s❛❧t ❛s ♥❡❡❞❡❞ ❛❧♦♥❣ t❤❡ ✇❛②✮✳

❚❤❡ s✉r✈❡② ❝♦✈❡r❡❞ ❢♦✉r s❡❝t✐♦♥s✿ ✭❛✮ q✉❡st✐♦♥s t❤❛t ❝❛♣t✉r❡ t❤❡ ❞❡❣r❡❡ ♦❢ ❡①♣♦s✉r❡ t♦ ❙❑

✭❡✳❣✳ ♥✉♠❜❡r ♦❢ ②❡❛rs t❤❡② ❦♥♦✇ ❡❛❝❤ ♦t❤❡r✱ ♥✉♠❜❡r ♦❢ ❜❡❡rs t❤❡② ❤❛❞ t♦❣❡t❤❡r✱ ❛❝❝❡ss t♦ ❙❑✬s

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

s❝❤❡❞✉❧❡✱ st②❧❡ ♦❢ ❛♥s✇❡r✐♥❣ ❡♠❛✐❧s✮❀ ✭❝✮ q✉❡st✐♦♥s ❝❛♣t✉r✐♥❣ ♣❡rs♣❡❝t✐✈❡s ♦♥ ❧✐❢❡ ❛♥❞ t❤❡ ✇♦r❧❞✱ ❛♥❞

✜♥❛❧❧② ✭❞✮ st❛♥❞❛r❞ s♦❝✐♦✲❞❡♠♦❣r❛♣❤✐❝ ❛♥❞ s♦❝✐♦✲❡❝♦♥♦♠✐❝ ❝❤❛r❛❝t❡r✐st✐❝s ✭❡✳❣✳ ❛❣❡✱ ❣❡♥❞❡r✱ ❤❡✐❣❤t✱

✸❆ ♥✉♠❜❡r ♦❢ s✉r✈❡② ♣❛rt✐❝✐♣❛♥ts ✜❧❧✐♥❣ ♦✉t t❤❡ s✉r✈❡② ❛r❡ ❞❡♣✐❝t❡❞ ✐♥ ❆♣♣❡♥❞✐① ❆✳
✹❚❤❡ ❛✉t❤♦rs ♦❢ t❤✐s st✉❞②✱ ❛❧t❤♦✉❣❤ t♦♦ ❢❡✇ t♦ ✐♥✢✉❡♥❝❡ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡❝♦♥♦♠❡tr✐❝ ❛♥❛❧②s✐s✱ ❛r❡ ❛ ❝❧❡❛r✲❝✉t ❝❛s❡

♦❢ ❞♦✉❜❧❡ s❡❧❡❝t✐♦♥✿ t❤❡② ❛r❡ ❜♦t❤ ✈❡r② ✐♠♣♦rt❛♥t ❛♥❞ ❡①tr❡♠❡❧② ♣r♦✲s♦❝✐❛❧✱ ❛❝t✐✈❡✱ ❛♥❞ ♦♣❡♥✲♠✐♥❞❡❞✳ ❆♥ ❡①t❡♥s✐✈❡
❧✐st ♦❢ r❡❢❡r❡♥❝❡s s✉♣♣♦rt✐♥❣ t❤✐s ❝❧❛✐♠✖✇❤✐❧❡ ♦✉ts✐❞❡ t❤❡ s❝♦♣❡ ♦❢ t❤✐s ❛rt✐❝❧❡✖✐s ❛✈❛✐❧❛❜❧❡ ❢r♦♠ t❤❡ ❛✉t❤♦rs ✉♣♦♥
r❡q✉❡st✳



✸ ❘❊❙❊❆❘❈❍ ❙❊❚❚■◆● ❆◆❉ ❉❆❚❆ ✽

♦❝❝✉♣❛t✐♦♥✱ ③♦❞✐❛❝ s✐❣♥✮✳ ◗✉❡st✐♦♥s ✇❡r❡ ♣r❡s❡♥t❡❞ ✐♥ r❛♥❞♦♠ ♦r❞❡r t♦ r❡❞✉❝❡ ❢❛t✐❣✉❡ ❛♥❞ ♦❜s❝✉r❡

t❤❡ s✉r✈❡②✬s ♣✉r♣♦s❡✱ t❤❡r❡❜② ❧✐♠✐t✐♥❣ ♣♦t❡♥t✐❛❧ ❞❡♠❛♥❞ ❡✛❡❝ts✳

❚❛❜❧❡ ✶✿ ❈❤❛r❛❝t❡r✐st✐❝s ♦❢ ❘❡s♣♦♥❞❡♥ts

♠❡❛♥ s❞ ♠✐♥ ♠❛① ♣✺✵ ❝♦✉♥t

❆❣❡ ✸✾✳✶✷ ✶✵✳✵✻ ✷✸ ✽✶ ✸✼ ✶✺✹
❋❡♠❛❧❡ ✵✳✹✽ ✵✳✺✵ ✵ ✶ ✵ ✶✺✷
❍❡✐❣❤t ✭✐♥ ❝♠✮ ✶✼✸✳✺✶ ✶✸✳✻✵ ✻✷ ✷✵✵ ✶✼✺ ✶✺✻
❲❡✐❣❤t ✭✐♥ ❦❣✮ ✼✶✳✺✵ ✶✷✳✽✻ ✺✵ ✶✵✺ ✼✵ ✶✺✵
▲❡❢t✲❤❛♥❞❡❞ ✵✳✶✹ ✵✳✸✺ ✵ ✶ ✵ ✶✺✾
▼❛rr✐❡❞ ✵✳✺✷ ✵✳✺✵ ✵ ✶ ✶ ✶✺✾
❈❤✐❧❞r❡♥ ✵✳✾✼ ✶✳✶✹ ✵ ✺ ✶ ✶✺✻
P✉❜❧✐❝ ❙❡❝t♦r ✵✳✽✶ ✵✳✸✾ ✵ ✶ ✶ ✶✺✽
Pr✐✈❛t❡ ❙❡❝t♦r ✵✳✶✵ ✵✳✸✵ ✵ ✶ ✵ ✶✺✽
❙❡❧❢✲❡♠♣❧♦②❡❞ ✵✳✵✹ ✵✳✶✾ ✵ ✶ ✵ ✶✺✽
❘✐s❦ Pr❡❢❡r❡♥❝❡s ✺✳✻✷ ✷✳✸✺ ✵ ✶✵ ✻ ✶✺✼
❈❛t P❡rs♦♥ ✵✳✷✶ ✵✳✹✶ ✵ ✶ ✵ ✶✺✼
❉♦❣ P❡rs♦♥ ✵✳✸✶ ✵✳✹✻ ✵ ✶ ✵ ✶✺✼
❯♥✐❝♦r♥ P❡rs♦♥ ✵✳✷✸ ✵✳✹✷ ✵ ✶ ✵ ✶✺✼

❘❡s♣♦♥❞❡♥ts ❝♦♠❡ ❢r♦♠ ✸✻ ❞✐✛❡r❡♥t ❝♦✉♥tr✐❡s✿ ✻✵✪ ❛r❡ ❢r♦♠ ●❡r♠❛♥② ❛♥❞ ❡①❛❝t❧② ♦♥❡ ✐s ❢r♦♠

❈❤r✐st♠❛s ■s❧❛♥❞ ✭s❡❡ ❚❛❜❧❡ ❆✳✶ ✐♥ ❆♣♣❡♥❞✐① ❆✮✳✺ ❚❛❜❧❡ ✶ ❞❡s❝r✐❜❡s s♦♠❡ ♦t❤❡r ✐♠♣♦rt❛♥t r❡s♣♦♥✲

❞❡♥t ❝❤❛r❛❝t❡r✐st✐❝s✳ ❆❣❡ ✈❛r✐❡s ❜❡t✇❡❡♥ ✷✸ ❛♥❞ ✽✶ ②❡❛rs ♦❧❞✱ ✇✐t❤ t❤❡ ♠❛❥♦r✐t② ❜❡✐♥❣ ✸✼ ②❡❛rs ♦r

♦❧❞❡r✳ ❍❛❧❢ ♦❢ t❤❡ r❡s♣♦♥❞❡♥ts ❛r❡ ❢❡♠❛❧❡❀ r❡s♣♦♥❞❡♥ts ❛r❡ ♦♥ ❛✈❡r❛❣❡ ✶✼✹ ❝♠ t❛❧❧ ✭❡①❝❡❡❞✐♥❣ ❥✉st

s❧✐❣❤t❧② t❤❡ ❛✈❡r❛❣❡ ❤❡✐❣❤t ♦❢ ❛ ●❡r♠❛♥✮❀ ✇❡✐❣❤t ♦♥ ❛✈❡r❛❣❡ ✇❛s ✼✷ ❦❣ ✭✇❤✐❝❤ ✐s ❝♦♥s✐❞❡r❛❜❧② ❧❡ss

t❤❛♥ t❤❡ ❛✈❡r❛❣❡ ✇❡✐❣❤t ♦❢ ❛ ●❡r♠❛♥ ✲ ✽✵ ❦❣✮✳ ■♥ t❡r♠s ♦❢ ❛♥✐♠❛❧ ♣r❡❢❡r❡♥❝❡s✱ t❤❡r❡ ✐s ❛ s❧✐❣❤t

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

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

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

♠❡❛s✉r❡s ❛r❡ ♥♦t ❛❜❧❡ t♦ ❝❛♣t✉r❡ ✐♠♣♦rt❛♥t ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ ❛ ♣♦♣✉❧❛t✐♦♥✳ ❋✉rt❤❡r r❡s❡❛r❝❤ ✐♥ t❤✐s

❛r❡❛ ✐s r❡q✉✐r❡❞ t♦ ✜♥❞ ♦✉t ✇❤✐❝❤ ❛❞❞✐t✐♦♥❛❧ ❞✐♠❡♥s✐♦♥s ✲ ❢♦r ❡①❛♠♣❧❡✱ ❛♥✐♠❛❧ ♣r❡❢❡r❡♥❝❡s ✲ s❤♦✉❧❞

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

❚❤❡ ❛✈❡r❛❣❡ r❡s♣♦♥❞❡♥t ✐s ♠❛rr✐❡❞ ❛♥❞ ❤❛s ♦♥❡ ❝❤✐❧❞✳ ✽✵✪ ✇♦r❦ ✐♥ t❤❡ ♣✉❜❧✐❝ s❡❝t♦r ❛♥❞ ✶✹✪ ❛r❡

❧❡❢t✲❤❛♥❞❡❞✳ ❖✈❡r❛❧❧✱ r❡s♣♦♥❞❡♥ts ❝♦✉❧❞ ❜❡ ❝❧❛ss✐✜❡❞ ❛s r❛t❤❡r r✐s❦✲♥❡✉tr❛❧✳ ■♥t❡r❡st✐♥❣❧②✱ ❞✐✛❡r❡♥t

t♦ t❤❡ ❣❡♥❡r❛❧ ♣♦♣✉❧❛t✐♦♥✱ t❤❡ ❢❡♠❛❧❡s ❛♠♦♥❣ ❙❑ ❛❝q✉❛✐♥t❛♥❝❡s ❛r❡ ♦✈❡r❛❧❧ ♠♦r❡ r✐s❦✲s❡❡❦✐♥❣ t❤❛♥

♠❛❧❡s✱ ❤✐❣❤❧✐❣❤t✐♥❣ ♦♥❝❡ ❛❣❛✐♥ t❤❡ ❡①❝❡♣t✐♦♥❛❧❧② ✐♥t❡r❡st✐♥❣ ♣r♦✜❧❡ ♦❢ t❤❡ s♣❡❝✐❡s ❵❙❑ ❛❝q✉❛✐♥t❛♥❝❡s✬✳

■t ✐s ✇♦rt❤ ♥♦t✐♥❣ t❤❛t t❤❡ s❛♠♣❧❡ ✐s ♥♦t ❡✈❡♥❧② ❞✐str✐❜✉t❡❞ ❛❝r♦ss ③♦❞✐❛❝ s✐❣♥s ✭s❡❡ ❋✐❣✉r❡ ✶✮✳ ❚❛✉r✉s

s✐❣♥s ❛r❡ str♦♥❣❧② ✉♥❞❡rr❡♣r❡s❡♥t❡❞✳ ❲❡ ❝❛♥ ♦♥❧② s♣❡❝✉❧❛t❡ ❛❜♦✉t t❤❡ r❡❛s♦♥s✳ P❡♦♣❧❡ ❜♦r♥ ✉♥❞❡r

t❤❡ s✐❣♥ ♦❢ ❚❛✉r✉s ♠✐❣❤t ❜❡ ❧❡ss ❦❡❡♥ ♦♥ ✜❧❧✐♥❣ ♦✉t s✉r✈❡②s✱ ♦r ❙❑ ♠✐❣❤t ❤❛✈❡ ❛ ❣❡♥❡r❛❧ ❞✐s❧✐❦❡ ❢♦r

✺❚❤❡ r❡s♣♦♥❞❡♥t ❢r♦♠ ❈❤r✐st♠❛s ■s❧❛♥❞ ✇✐❧❧ ❜❡ t❤❡ s✉❜❥❡❝t ♦❢ ❛ ❢✉t✉r❡ ❝❛s❡ st✉❞② ❛rt✐❝❧❡✳ ❚❤❡ r❡♠♦t❡ ✐s❧❛♥❞ ❤❛❞
✶✱✽✹✸ r❡s✐❞❡♥ts ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❧❛t❡st ✷✵✶✻ ❝❡♥s✉s✳ ❚❤r♦✉❣❤ t❤✐s ♠②st❡r✐♦✉s r❡s♣♦♥❞❡♥t✱ ✐t ✐s ❜② ❢❛r t❤❡ t❡rr✐t♦r② ✐♥
t❤❡ ✇♦r❧❞ ♠♦st ❡①♣♦s❡❞ t♦ ❙❑✬s ❡❝♦♥♦♠✐❝ ❞♦❝tr✐♥❡ ♦♥ ❛ ♣❡r ❝❛♣✐t❛ ❜❛s✐s✳
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❋✐❣✉r❡ ✶✿ ❉✐str✐❜✉t✐♦♥ ♦❢ ❩♦❞✐❛❝ ❙✐❣♥s

▼♦st ♦❢ t❤❡ r❡s♣♦♥❞❡♥ts ✜❧❧❡❞ ♦✉t t❤❡ s✉r✈❡② ❞✉r✐♥❣ ♦✣❝❡ t✐♠❡✱ s✉❣❣❡st✐♥❣ t❤❡② ✇❡r❡ ♣❛rt✐❝✉❧❛r❧②

✇❡❧❧ ❝♦♥❝❡♥tr❛t❡❞ ✭s❡❡ ❋✐❣✉r❡ ✷✮✳ ❆❧t❡r♥❛t✐✈❡❧②✱ st❛♥❞❛r❞ ♥❡♦❝❧❛ss✐❝❛❧ t❤❡♦r② ♦♥ t❤❡ ❛❧❧♦❝❛t✐♦♥ ♦❢

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

❧♦✇ ♦♣♣♦rt✉♥✐t② ❝♦st ♦❢ ✜❧❧✐♥❣ ♦✉t ♦✉r s✉r✈❡②✳

✻❲❡ ❝♦♥s✉❧t❡❞ ❛♥ ❡①♣❡rt ❛str♦❧♦❣❡r ✭✇❤♦ ♣r❡❢❡rs t♦ r❡♠❛✐♥ ✉♥♥❛♠❡❞✮ ❛♥❞ ❧❡❛r♥❡❞ t❤❛t ✏❧✐❦❡ t❤❡✐r ❝❡❧❡st✐❛❧ s♣✐r✐t
❛♥✐♠❛❧✱ t❤❡ ❜✉❧❧ ✭✐♥ ▲❛t✐♥✿ ❚❛✉r✉s✮✱ ❚❛✉r❡❛♥s ❡♥❥♦② r❡❧❛①✐♥❣ ✐♥ s❡r❡♥❡✱ ❜✉❝♦❧✐❝ ❡♥✈✐r♦♥♠❡♥ts✱ s✉rr♦✉♥❞❡❞ ❜② s♦❢t
s♦✉♥❞s✱ s♦♦t❤✐♥❣ ❛r♦♠❛s✱ ❛♥❞ s✉❝❝✉❧❡♥t ✢❛✈♦rs✳✑
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47.80%

2.52%5.03%

10.69%

2.52%
3.77%

27.67%

At my office desk In a fancy coffee house
In a work meeting In bed
In the toilet In the train
Other

❋✐❣✉r❡ ✷✿ ▲♦❝❛t✐♦♥ ❲❤❡♥ ❆♥s✇❡r✐♥❣ t❤❡ ❙✉r✈❡②

✹ ❊♠♣✐r✐❝❛❧ ❆♥❛❧②s✐s

✹✳✶ ❊st✐♠❛t✐♦♥ ❙tr❛t❡❣②

❚♦ ❛♥❛❧②③❡ t❤❡ ❡✛❡❝t ♦❢ ❡①♣♦s✉r❡ t♦ ❙❑ ♦♥ ♣❡rs♣❡❝t✐✈❡s ♦♥ t❤❡ ✇♦r❧❞ ❛♥❞ ❧✐❢❡ ✇❡ ❡st✐♠❛t❡ t❤❡

❢♦❧❧♦✇✐♥❣ ❧✐♥❡❛r ♣r♦❜❛❜✐❧✐t② ♠♦❞❡❧✿

perspectivei = θ + βMSKEIi +Xi + ǫi ✭✻✮

✇❤❡r❡ perspectivei ❞❡s❝r✐❜❡s ✐♥❞✐✈✐❞✉❛❧ i✬s ♣❡rs♣❡❝t✐✈❡ ♦♥ t❤❡ ✇♦r❧❞✱ MSKEIi ✐s ✐♥❞✐✈✐❞✉❛❧ i✬s

▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❊①♣♦s✉r❡ ■♥❞❡① ✲ ▼❙❑❊■✱ ♠❡❛s✉r✐♥❣ t❤❡ ❞❡❣r❡❡ ♦❢ ♣❡rs♦♥❛❧ ❡①✲

♣♦s✉r❡ t♦ ❙❑✱ ❛♥❞ Xi ❝❛♣t✉r❡s ✐♠♣♦rt❛♥t ❝♦♥tr♦❧ ✈❛r✐❛❜❧❡s✱ s✉❝❤ ❛s ❣❡♥❞❡r✱ ❛❣❡✱ ✇❡✐❣❤t✱ ❛♥❞ ❛♥✐♠❛❧

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

▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❊①♣♦s✉r❡ ■♥❞❡①✳

✹✳✶✳✶ P❡rs♣❡❝t✐✈❡s ♦♥ t❤❡ ❲♦r❧❞ ❛♥❞ ▲✐❢❡

❚❤❡ s✉r✈❡② ❛s❦s ❛❜♦✉t ❝r✉❝✐❛❧ ❛s♣❡❝ts ♦❢ ❛ ♣❡rs♦♥✬s ✇♦r❧❞✈✐❡✇✳ ❲❡ str♦♥❣❧② ❜❡❧✐❡✈❡ t❤❛t t❤❡s❡

❛s♣❡❝ts ❝❛♣t✉r❡ q✉✐t❡ ✇❡❧❧ ❛♥ ✐♥❞✐✈✐❞✉❛❧✬s ❣❡♥❡r❛❧ ❛tt✐t✉❞❡ t♦✇❛r❞s ❧✐❢❡✳ ❚❤❡ ♣❡rs♣❡❝t✐✈❡s ❝❛♥ ❜❡

r♦✉❣❤❧② ❝❧❛ss✐✜❡❞ ✐♥t♦ ❣❧♦❜❛❧✱ s♦❝✐❛❧✱ ❛♥❞ r❡s❡❛r❝❤✲r❡❧❛t❡❞ ❛s♣❡❝ts✳ ❙♦❝✐❛❧ ❛s♣❡❝ts ✐♥❝❧✉❞❡ ✐♠♣♦rt❛♥t

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

✇❤✐t❡ s♦❝❦s ✇✐t❤ s❛♥❞❛❧s✳ ●❧♦❜❛❧ ❛s♣❡❝ts ✐♥❝❧✉❞❡ ♣r❡❢❡r❡♥❝❡s ❢♦r ●▼❖s✱ s♣❡❡❞ ❧✐♠✐ts✱ ❛♥❞ t❤❡

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

✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡s ✭■❱s✮✱ r❛♥❞♦♠✐③❡❞ ❝♦♥tr♦❧ tr✐❛❧s ✭❘❈❚s✮✱ ❛♥❞ ❤✐r✐♥❣ ❞❡❝✐s✐♦♥s ✐♥ ❛❝❛❞❡♠✐❛✳
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❙♦❝✐❛❧ P❡rs♣❡❝t✐✈❡s ♦♥ ▲✐❢❡

❚❛❜❧❡ ✷ ❞❡♣✐❝ts ♣❡rs♣❡❝t✐✈❡s ♦♥ s♦❝✐❛❧ ✐ss✉❡s✳ ❘❡s♣♦♥❞❡♥ts ❝❧❡❛r❧② ❞✐s❝r✐♠✐♥❛t❡ ❛❣❛✐♥st ❤❡❛✈②

❞r✐♥❦❡rs✱ ✇✐t❤ t✇♦ ♦✉t ♦❢ t❤r❡❡ ♦♣t✐♥❣ ❛❣❛✐♥st ❤❛✈✐♥❣ ❛ ❤❡❛✈② ❞r✐♥❦❡r ❛s ❛ ♥❡✐❣❤❜♦r✳ ■♥t❡r❡st✐♥❣❧②✱

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

t❤r❡❡ r❡s♣♦♥❞❡♥ts✳✼ ❖♥❧② ❡❝♦♥♦♠✐❝ ❤✐st♦r✐❛♥s ❛♥❞ st❛t✐st✐❝✐❛♥s s❡❡♠ t♦ ❜❡ ❣❡♥❡r❛❧❧② ❛❝❝❡♣t❛❜❧❡

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

❚❛❜❧❡ ✷✿ P❡rs♣❡❝t✐✈❡s ♦♥ ▲✐❢❡ ✭❙♦❝✐❛❧✮

♠❡❛♥ s❞ ❝♦✉♥t

❉✐s❧✐❦❡ ❘❛♥❞♦♠✐st❛s ❛s ◆❡✐❣❤❜♦rs ✵✳✸✸ ✵✳✹✼ ✶✺✻
❉✐s❧✐❦❡ ❊❝♦♥♦♠✐❝ ❍✐st♦r✐❛♥ ❛s ◆❡✐❣❤❜♦rs ✵✳✵✾ ✵✳✷✾ ✶✺✽
❉✐s❧✐❦❡ P♦❧✐❝②♠❛❦❡rs ❛s ◆❡✐❣❤❜♦rs ✵✳✸✸ ✵✳✹✼ ✶✺✼
❉✐s❧✐❦❡ ❍❡❛✈② ❉r✐♥❦❡rs ❛s ◆❡✐❣❤❜♦rs ✵✳✻✽ ✵✳✹✼ ✶✺✹
❉✐s❧✐❦❡ ❙♦❝✐♦❧♦❣✐sts ❛s ◆❡✐❣❤❜♦rs ✵✳✷✷ ✵✳✹✷ ✶✺✼
❉✐s❧✐❦❡ ▼❛❝r♦❡❝♦♥♦♠✐sts ❛s ◆❡✐❣❤❜♦rs ✵✳✸✺ ✵✳✹✽ ✶✺✻
❉✐s❧✐❦❡ ❙t❛t✐st✐❝✐❛♥s ❛s ◆❡✐❣❤❜♦rs ✵✳✶✹ ✵✳✸✺ ✶✺✽
❉✐s❧✐❦❡ ❲❤✐t❡ ❙♦❝❦s ✇✐t❤ ❙❛♥❞❛❧s ✵✳✻✼ ✵✳✹✼ ✶✺✻
❉❡❣r❡❡ ♦❢ ❙♦❝✐❛❧ ■♥t♦❧❡r❛♥❝❡ ✵✳✸✺ ✵✳✶✾ ✶✺✾

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

s❛♥❞❛❧s✳ ❚❤❡r❡ ✐s ❛ ❝❧❡❛r ❞✐s❧✐❦❡ t♦✇❛r❞s t❤✐s ❢❛s❤✐♦♥ ❝❤♦✐❝❡ ❛♠♦♥❣ ❙❑✬s ❛❝q✉❛✐♥t❛♥❝❡s✱ ✇❤✐❝❤

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

❛♥❞ ❤❡❛❧t❤② ❡②❡s✐❣❤t✳ ❋r♦♠ t❤❡s❡ ✐♥❞✐❝❛t♦rs ✭❞✐s❧✐❦❡ ♦❢ ♥❡✐❣❤❜♦rs ❛♥❞ ❞✐s❧✐❦❡ ♦❢ ✇❤✐t❡ s♦❝❦s ✇✐t❤

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

❡✐❣❤t q✉❡st✐♦♥s✳ ❚❤✐s ✈❛r✐❛❜❧❡ t❤✉s ❣♦❡s ❢r♦♠ ✵ t♦ ✶✱ ✶ ✐♥❞✐❝❛t✐♥❣ ❛ ✈❡r② ✐♥t♦❧❡r❛♥t ♣❡rs♦♥✱ ✇❤✐❧❡

✵ ✐♥❞✐❝❛t❡s ❛ ✈❡r② t♦❧❡r❛♥t ♣❡rs♦♥✳ ❙❑✬s ❛❝q✉❛✐♥t❛♥❝❡s s❡❡♠ t♦ ❜❡ r❡❧❛t✐✈❡❧② t♦❧❡r❛♥t✱ ♦♥ ❛✈❡r❛❣❡✱

❛❧t❤♦✉❣❤ t❤❡r❡ ✐s ❛ ❧❛r❣❡ ❞✐s♣❡rs✐♦♥ ✭s❡❡ ❚❛❜❧❡ ✷✮✳

◆❛t✉r❛❧❧②✱ ✇❡ ❛❧s♦ ❛s❦❡❞ ❛❜♦✉t t❤❡ ♣❡r❢❡❝t ❈❤r✐st♠❛s ❣✐❢t✳ ❚❤❡ r❡s✉❧ts ❛r❡ ✐♥t❡r❡st✐♥❣ ✭s❡❡ ❋✐❣✉r❡

✸✮✳ ❖✈❡r❛❧❧✱ ❞❡s♣✐t❡ t❤❡ ❤✐❣❤❧② ❡❞✉❝❛t❡❞ ♣r♦✜❧❡ ♦❢ t❤❡ s❛♠♣❧❡✱ t❤❡r❡ s❡❡♠s t♦ ❜❡ ❛ ♣r❡❢❡r❡♥❝❡ ❢♦r

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

❜♦♦❦ ♦✈❡r ❛ ✭♠✉❝❤ ❧❡ss ❛♥❝✐❡♥t✮ ✐ss✉❡ ♦❢ ❚❤❡ ❘❡✈✐❡✇ ♦❢ ■♥❝♦♠❡ ❛♥❞ ❲❡❛❧t❤✳ ❚❤✐s ✐s ✇♦rr✐s♦♠❡✳

❋r♦♠ t❤❡ ❈❤r✐st♠❛s ❣✐❢t q✉❡st✐♦♥ ✇❡ ❞❡r✐✈❡ ❛ ❝❤♦❝♦❧❛t❡✲♦✈❡r✲❜♦♦❦s ✐♥❞✐❝❛t♦r✳✽

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

✽❯♥❢♦rt✉♥❛t❡❧②✱ t❤❡ s❡❝t✐♦♥ ✐♥ ♦✉r ♣r❡✲❛♥❛❧②s✐s ♣❧❛♥ ✇❤❡r❡ ✇❡ ♣r♦♣♦s❡❞ t♦ ❝♦rr❡❧❛t❡ ❝❤♦❝♦❧❛t❡✲♦✈❡r✲❜♦♦❦s ✇✐t❤ ❛♥
✐♥❞✐✈✐❞✉❛❧✬s ✇❡✐❣❤t ✇❛s ✈❡t♦❡❞ ❜② ❛♥ ❡t❤✐❝❛❧ ❝♦♠♠✐tt❡❡ ✭❝♦♠♣♦s❡❞ ❡①❝❧✉s✐✈❡❧② ♦❢ ❚❛✉r❡❛♥s ❜♦r♥ ♦♥ ❈❤r✐st♠❛s ■s❧❛♥❞✮✳
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7.59%

13.29%

37.97%

18.35%

22.78%

Issue '04 of The Review of Income & Wealth Issue '06 of The Review of Income & Wealth

A big chocolate Santa Claus A small chocolate Santa Claus

An ancient Chinese philosophy book

❋✐❣✉r❡ ✸✿ P❡r❢❡❝t ❈❤r✐st♠❛s ●✐❢t
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●❧♦❜❛❧ P❡rs♣❡❝t✐✈❡s ♦♥ ▲✐❢❡

❆s ❢♦r ♠♦r❡ ❣❧♦❜❛❧ ♣❡rs♣❡❝t✐✈❡s ♦♥ ❧✐❢❡✱ ✇❡ ❛s❦❡❞ ❛ s❡r✐❡s ♦❢ q✉❡st✐♦♥s ❝❛♣t✉r✐♥❣ t❤❡ ♠♦st ✐♠♣♦r✲

t❛♥t t♦♣✐❝s ♦❢ ♦✉r t✐♠❡✱ s✉❝❤ ❛s ❞❡✈❡❧♦♣♠❡♥t ❛✐❞✱ ●▼❖s✱ s❡♣❛r❛t✐♦♥ ♦❢ s✉♠♠❡r ❛♥❞ ✇✐♥t❡r t✐♠❡✱ ❛♥❞

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

✐♥ ❚❛❜❧❡ ✸✳

❚❛❜❧❡ ✸✿ P❡rs♣❡❝t✐✈❡s ♦♥ ▲✐❢❡ ✭●❧♦❜❛❧✮

♠❡❛♥ s❞ ❝♦✉♥t

■♥ ❢❛✈♦r ♦❢ ❞❡✈❡❧♦♣♠❡♥t ❛✐❞ ✵✳✼✷ ✵✳✹✺ ✶✺✽
■♥ ❢❛✈♦r ♦❢ ●▼❖ ✵✳✸✷ ✵✳✹✼ ✶✺✶
■♥ ❢❛✈♦r ♦❢ s✉♠♠❡r ✫ ✇✐♥t❡r t✐♠❡ s❡♣❛r❛t✐♦♥ ✵✳✸✼ ✵✳✹✾ ✶✺✽
■♥ ❢❛✈♦r ♦❢ ❆✉t♦❜❛❤♥ s♣❡❡❞ ❧✐♠✐t ✵✳✻✷ ✵✳✹✾ ✶✺✽
■♥ ❢❛✈♦r ♦❢ ❛♥t❤r♦♣♦❧♦❣✐sts ❡❛r♥✐♥❣ ♠♦r❡ t❤❛♥ ❡❝♦♥♦♠✐sts ✵✳✸✾ ✵✳✹✾ ✶✺✽
❆❣❛✐♥st ♣❤②s✐❝✐sts ✐♥ ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s ✵✳✷✽ ✵✳✹✺ ✶✺✽

❙❑✬s ❛❝q✉❛✐♥t❛♥❝❡s ❤❛✈❡ ❛ ❝❧❡❛r ♣r❡❢❡r❡♥❝❡ ❢♦r ❞❡✈❡❧♦♣♠❡♥t ❛✐❞ ❜✉t ❛r❡ ♠♦r❡ s❦❡♣t✐❝❛❧ t♦✇❛r❞s

●▼❖s ♦r s✉♠♠❡r✴✇✐♥t❡r t✐♠❡ s❡♣❛r❛t✐♦♥✳ ▼♦st ✇♦✉❧❞ ❢❡❡❧ ✉♥❝♦♠❢♦rt❛❜❧❡ ✐❢ ❛♥t❤r♦♣♦❧♦❣✐sts ✇♦✉❧❞

❡❛r♥ ♠♦r❡ t❤❛♥ ❛♥ ❡q✉❛❧❧② q✉❛❧✐✜❡❞ ❡❝♦♥♦♠✐st✱ ❜✉t t❤❡ ♠❛❥♦r✐t② ✇♦✉❧❞ ♥♦t ♦♣♣♦s❡ ❤❛✈✐♥❣ ♣❤②s✐❝✐sts

✐♥ ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s✳

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

t❤❡ ✇♦r❧❞ ✐s ❝✉rr❡♥t❧② ❢❛❝✐♥❣ ✭s❡❡ ❋✐❣✉r❡ ✹✮✳ ❚✇♦ ♦✉t ♦❢ t❤r❡❡ r❡s♣♦♥❞❡♥ts ♥❛♠❡ ❝❧✐♠❛t❡ ❝❤❛♥❣❡✱

✐♥❡q✉❛❧✐t② ♦r ♣♦✈❡rt②✳ ❚❤❡ r❡♠❛✐♥✐♥❣ ♦♥❡✲t❤✐r❞ ♥❛♠❡ r❡❢❡r❡❡s✱ ❵❉❡✉ts❝❤❡ ❇❛❤♥ ❞❡❧❛②s✬✱ ❡♥❞♦❣❡♥❡✐t②✱

❛♥❞ t❤❡ ✬❝r♦✇❞❡❞ ▼❡♥s❛✬ ✭✉♥✐✈❡rs✐t② ❝❛♥t❡❡♥ ✐♥ ●❡r♠❛♥②✮ ❛s t❤❡ ♠♦st s❡r✐♦✉s ♣r♦❜❧❡♠✳ ❙❑✬s

❛❝q✉❛✐♥t❛♥❝❡s s❡❡♠ t❤✉s ♦✈❡r❛❧❧ ✈❡r② ❝r✐t✐❝❛❧ ♦❢ t❤❡ ❝✉rr❡♥t ❣❧♦❜❛❧ s✐t✉❛t✐♦♥✳

28.30%

1.89%

6.29%

5.66%
1.26%25.16%

6.92%

13.84%

7.55%
3.14%

Climate change Inequality
Poverty Referees in peer-reviewed journa
Missing values Deutsche Bahn delays
Endogeneity Reimbursement forms
Crowded mensa Fieldwork catastrophes

❋✐❣✉r❡ ✹✿ ▼♦st ❙❡r✐♦✉s Pr♦❜❧❡♠s
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❘❡s❡❛r❝❤ P❡rs♣❡❝t✐✈❡s ♦♥ ▲✐❢❡

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

■♥ ♦✉r s✉r✈❡②✱ ✇❡ ❛r❡ ❛❜❧❡ t♦ ❝❛♣t✉r❡ t❤r❡❡ ✐♠♣♦rt❛♥t r❡s❡❛r❝❤ r❡❧❛t❡❞ ❞✐♠❡♥s✐♦♥s✿ ✭✐✮ ✇❤❡t❤❡r ❛ ❜❛❞

✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡ ✭■❱✮ ✐s ♣r❡❢❡r❛❜❧❡ t♦ ♥♦ ■❱ ❛t ❛❧❧✱ ✭✐✐✮ ✇❤❡t❤❡r ♣♦st❞♦❝s s❤♦✉❧❞ ❜❡ ♣r❡❢❡rr❡❞

♦✈❡r P❤❉s ✇❤❡♥ ❥♦❜s ❛r❡ s❝❛r❝❡✱ ❛♥❞ ✭✐✐✐✮ t❤❡ ❧✐❦❡✴❞✐s❧✐❦❡ ♦❢ r❛♥❞♦♠✐③❡❞ ❝♦♥tr♦❧ tr✐❛❧s ✭❘❈❚s✮✳

❚❛❜❧❡ ✹✿ P❡rs♣❡❝t✐✈❡s ♦♥ ▲✐❢❡ ✭❘❡s❡❛r❝❤✮

♠❡❛♥ s❞ ❝♦✉♥t

❍❛✈✐♥❣ ❛ ❜❛❞ ✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡ ✐s ❜❡tt❡r t❤❛♥ ❤❛✈✐♥❣ ♥♦♥❡ ✵✳✷✵ ✵✳✹✵ ✶✺✼
Pr♦❢s s❤♦✉❧❞ ♣r❡❢❡r ♣♦st❞♦❝s ♦✈❡r P❤❉s ✇❤❡♥ ❥♦❜s ❛r❡ s❝❛r❝❡ ✵✳✷✽ ✵✳✹✺ ✶✺✻
■♥ ❢❛✈♦r ♦❢ ❘❈❚s ✵✳✻✹ ✵✳✹✽ ✶✺✻

❚❛❜❧❡ ✹ ❞❡♣✐❝ts t❤❡ r❡s✉❧ts✳ ❖♥❧② ✷✵✪ ♦❢ t❤❡ r❡s♣♦♥❞❡♥ts ❜❡❧✐❡✈❡ t❤❛t ❛ ❜❛❞ ✐♥str✉♠❡♥t ✐s ❜❡tt❡r

t❤❛♥ ♥♦♥❡✳ ■♥t❡r❡st✐♥❣❧②✱ ✉♥✐❝♦r♥ ♣❡rs♦♥s ❛r❡ ♠✉❝❤ ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡❧✐❡✈❡ t❤❛t ❛ ❜❛❞ ✐♥str✉♠❡♥t ✐s

❜❡tt❡r t❤❛♥ ♥♦♥❡ ✭s❡❡ ❋✐❣✉r❡ ✺✮✳ ❙❧✐❣❤t❧② ♠♦r❡ t❤❛♥ ♦♥❡ ♦✉t ♦❢ ❢♦✉r r❡s♣♦♥❞❡♥ts ❜❡❧✐❡✈❡ t❤❛t ❥♦❜s

s❤♦✉❧❞ ❜❡ ❣✐✈❡♥ t♦ ♣♦st❞♦❝s r❛t❤❡r t❤❛♥ P❤❉s ✇❤❡♥ ❥♦❜s ❛r❡ s❝❛r❝❡ ✭t❤✐s ✐s ♥♦t ❝♦rr❡❧❛t❡❞ ✇✐t❤

❛❣❡✮✳ ❙✉r♣r✐s✐♥❣❧②✱ ❛♠♦♥❣ ❙❑✬s ❛❝q✉❛✐♥t❛♥❝❡s✱ t❤❡r❡ s❡❡♠s t♦ ❜❡ ❛ ❣❡♥❡r❛❧ t❡♥❞❡♥❝② t♦✇❛r❞s ❘❈❚s✳

❍♦✇❡✈❡r✱ ❝❛t ♣❡rs♦♥s s❡❡♠ t♦ ❤❛✈❡ ❛ ♣❛rt✐❝✉❧❛r❧② str♦♥❣ ❞✐s❧✐❦❡ ❢♦r ❘❈❚s✳ ❲❡ ❝❛♥ ♦♥❧② s♣❡❝✉❧❛t❡

❛❜♦✉t t❤❡ ✉♥❞❡r❧②✐♥❣ ♠❡❝❤❛♥✐s♠s✳

0
.2

.4
.6

.8

cat person dog person unicorn person

Favor Bad IV over None Favor Postdocs over PhDs
In Favor of RCTs

❋✐❣✉r❡ ✺✿ ❆♥✐♠❛❧ Pr❡❢❡r❡♥❝❡s ❛♥❞ ❘❡s❡❛r❝❤ P❡rs♣❡❝t✐✈❡s

✹✳✶✳✷ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❊①♣♦s✉r❡ ■♥❞❡① ✲ ▼❙❑❊■

❆♥❛❧②t✐❝❛❧ ❙tr❛t❡❣②

■♥ ♦r❞❡r t♦ ❡st✐♠❛t❡ t❤❡ ❡①♣♦s✉r❡ ❡✛❡❝t t♦ ❙❑✱ ✇❡ ❣❡♥❡r❛t❡ t❤❡ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❙t❡♣❤❛♥ ❑❧❛s❡♥

❊①♣♦s✉r❡ ■♥❞❡①✳ ❲❡ ✜rst ✐❞❡♥t✐❢② ❡①♣♦s✉r❡ t♦ ❙❑ ❜② ✉s✐♥❣ ♠❡❛s✉r❡s ♦❢ ✐♥t❡r❛❝t✐♦♥ ✇✐t❤ ❙❑ ❢r♦♠

t❤❡ ♦♥❧✐♥❡ s✉r✈❡② ❛♥❞ t❤❡♥ ❛♣♣❧② t❤❡ ❆❧❦✐r❡✲❋♦st❡r ♠❡t❤♦❞ ✭s❡❡ ❆❧❦✐r❡ ❛♥❞ ❋♦st❡r ✷✵✶✶✮ t♦ ✐❞❡♥t✐❢②

t❤❡ ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧❧② ❧❡ss✲❡①♣♦s❡❞ t♦ ❙❑✳
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❚❤❡ ▼❙❑❊■ ❝♦♠❜✐♥❡s t✇♦ ❦❡② ♣✐❡❝❡s ♦❢ ✐♥❢♦r♠❛t✐♦♥ t♦ ♠❡❛s✉r❡ ❡①♣♦s✉r❡ t♦ ❙❑✿ t❤❡ ✐♥❝✐❞❡♥❝❡

♦❢ ❡①♣♦s✉r❡✱ t❤❡ ♣r♦♣♦rt✐♦♥ ♦❢ ♣❡♦♣❧❡ ✭✇✐t❤✐♥ ♦✉r s❛♠♣❧❡✮ ✇❤♦ ❤❛✈❡ ❡①♣❡r✐❡♥❝❡❞ ♠✉❧t✐♣❧❡ ❡①♣♦s✉r❡s

t♦ ❙❑✱ ❛♥❞ t❤❡ ✐♥t❡♥s✐t② ♦❢ t❤❡✐r ❡①♣♦s✉r❡ ✲ t❤❡ ❛✈❡r❛❣❡ ♣r♦♣♦rt✐♦♥ ♦❢ ✭✇❡✐❣❤t❡❞✮ ❡①♣♦s✉r❡ t❤❡②

❤❛✈❡ ❡①♣❡r✐❡♥❝❡❞✳ ❚❤❡r❡ ❛r❡ ♠❛♥② ❛❞✈❛♥t❛❣❡s ♦❢ t❤❡ ▼❙❑❊■✳ ❇❡❝❛✉s❡ ♦❢ ✐ts r♦❜✉st ❢✉♥❝t✐♦♥❛❧ ❢♦r♠

❛♥❞ ❞✐r❡❝t ♠❡❛s✉r❡s ♦❢ ❙❑ ❡①♣♦s✉r❡✱ ✐t ❛❧❧♦✇s ❢♦r ❝♦♠♣❛r✐s♦♥s ❛❝r♦ss r❡❣✐♦♥s ♦❢ t❤❡ ✇♦r❧❞✱ ❛s ✇❡❧❧

❛s ♦t❤❡r ❦❡② ✐♥❞✐✈✐❞✉❛❧ ❝❤❛r❛❝t❡r✐st✐❝s ✭③♦❞✐❛❝ s✐❣♥s✱ ♥❡r❞✐♥❡ss✱ ♣r❡❢❡r❡♥❝❡ ❢♦r s♦❝❦s ✇✐t❤ s❛♥❞❛❧s✱

❞❡✈❡❧♦♣♠❡♥t ❛✐❞✱ ❘❈❚s✱ ❛♥❞ ♠✉❝❤ ♠♦r❡✮✳ ❋✉rt❤❡r♠♦r❡✱ ✐t ❡♥❛❜❧❡s ❛♥❛❧②s✐s ♦❢ ♣❛tt❡r♥s ♦❢ ❡①♣♦s✉r❡✿

❤♦✇ ♠✉❝❤ ❡❛❝❤ ✐♥❞✐❝❛t♦r ❛♥❞ ❡❛❝❤ ❞✐♠❡♥s✐♦♥ ❝♦♥tr✐❜✉t❡s t♦ ♦✈❡r❛❧❧ ❙❑ ❡①♣♦s✉r❡✳

❈♦♠♣♦♥❡♥ts ♦❢ t❤❡ ▼❙❑❊■✿

❚❤❡ ▼❙❑❊■ ✐s ❝♦♠♣♦s❡❞ ♦❢ t❤r❡❡ ❞✐♠❡♥s✐♦♥s ❛♥❞ ❢♦✉rt❡❡♥ ✐♥❞✐❝❛t♦rs ✭s❡❡ ❋✐❣✉r❡ ✻✮✳ ❊❛❝❤

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

❝✉t✲♦✛✳ ❚❤❡ ✶✹ ✐♥❞✐❝❛t♦rs ♦❢ t❤❡ ▼❙❑❊■ ✐♥❝❧✉❞❡ ❢♦✉r ✐♥❞✐❝❛t♦rs ❢♦r ♣r♦❢❡ss✐♦♥❛❧ ❡①♣♦s✉r❡✱ t❤r❡❡ ❢♦r

s♦❝✐❛❧ ❡①♣♦s✉r❡✱ ❛♥❞ s❡✈❡♥ ❢♦r ❣❡♥❡r❛❧ ❦♥♦✇❧❡❞❣❡ ♦❢ ❙❑✳ ❚❤❡ ✐♥❞✐❝❛t♦rs ♦❢ t❤❡ ▼❙❑❊■ ✇❡r❡ s❡❧❡❝t❡❞

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

❋✐❣✉r❡ ✻✿ ❈♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ ▼❙❑❊■

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

▼❙❑❊■✳ ❚❤❡ s❡❧❡❝t✐♦♥ ♦❢ t❤❡ ❞✐♠❡♥s✐♦♥s ❛♥❞ ✐♥❞✐❝❛t♦r ❝✉t✲♦✛s ❛r❡ ❡①♣❧❛✐♥❡❞ ❜❡❧♦✇✳

✶✲ Pr♦❢❡ss✐♦♥❛❧ ✐♥t❡r❛❝t✐♦♥s✿ ❚❤❡ ▼❙❑❊■ ✉s❡s ❢♦✉r ✐♥❞✐❝❛t♦rs t❤❛t ❝♦♠♣❧❡♠❡♥t ❡❛❝❤ ♦t❤❡r ✇✐t❤✐♥

t❤❡ ♣r♦❢❡ss✐♦♥❛❧ ❞✐♠❡♥s✐♦♥✿ ②❡❛r ♦❢ ♠❡❡t✐♥❣ ❙❑ ❢♦r t❤❡ ✜rst t✐♠❡✱ ♥✉♠❜❡r ♦❢ ❥♦✐♥t ♣❛♣❡rs ✇✐t❤ ❙❑✱

❧❛st ❡♠❛✐❧ ❝♦rr❡s♣♦♥❞❡♥❝❡ ✇✐t❤ ❙❑✱ ❛♥❞ ♣❡r❝❡♥t❛❣❡ ♦❢ ❝♦❧❧❡❛❣✉❡s ✇♦r❦✐♥❣ ✇✐t❤ ❙❑✳ ■♥ t❡r♠s ♦❢

❡①♣♦s✉r❡ ❝✉t✲♦✛s ❢♦r t❤✐s ❞✐♠❡♥s✐♦♥✱ t❤❡ ▼❙❑❊■ r❡q✉✐r❡s t❤❛t t❤❡ r❡s♣♦♥❞❡♥t s❤♦✉❧❞ ❤❛✈❡ ♠❡t ❙❑
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✜rst ❛t ❧❡❛st ❜② ✷✵✶✻✱ ❤❛✈❡ ❛t ❧❡❛st ♦♥❡ ❥♦✐♥t ♣r♦❥❡❝t✱ ❡①❝❤❛♥❣❡❞ ❡♠❛✐❧s ✇✐t❤ ❙❑ ✐♥ t❤❡ ❧❛st ✶✷

♠♦♥t❤s✱ ❛♥❞ ❤❛✈❡ ❛t ❧❡❛st ✺✵✪ ♦❢ ❝♦❧❧❡❛❣✉❡s ✐♥ ❝♦♠♠♦♥✳

✷✲ ❙♦❝✐❛❧ ✐♥t❡r❛❝t✐♦♥s✿ ❋♦r t❤❡ s♦❝✐❛❧ ✐♥t❡r❛❝t✐♦♥s ❞✐♠❡♥s✐♦♥✱ t❤❡ ▼❙❑❊■ ✉s❡s t❤❡ ♥✉♠❜❡r ♦❢

tr✐♣s ♠❛❞❡ t♦ t❤❡ ▼❡♥s❛ ✇✐t❤ ❙❑ ❢♦r ❧✉♥❝❤ ♦r ❝♦✛❡❡✱ ♥✉♠❜❡r ♦❢ s❤❛r❡❞ ❜❡❡rs ✇✐t❤ ❙❑✱ ❛♥❞ ♥✉♠❜❡r

♦❢ s❤❛r❡❞ ❝✐❣❛r❡tt❡s ✇✐t❤ ❙❑✳ ■♥ t❡r♠s ♦❢ ❡①♣♦s✉r❡ ❝✉t✲♦✛s ❢♦r t❤✐s ❞✐♠❡♥s✐♦♥✱ t❤❡ ▼❙❑❊■ r❡q✉✐r❡s

t❤❛t t❤❡ r❡s♣♦♥❞❡♥t ♠❛❞❡ ❛t ❧❡❛st ✼ tr✐♣s t♦ t❤❡ ▼❡♥s❛ ✇✐t❤ ❙❑✱ s❤❛r❡❞ ❛t ❧❡❛st ✶ ❜❡❡r✱ ❛♥❞ s❤❛r❡❞

❛t ❧❡❛st ✶ ❝✐❣❛r❡tt❡✳

✸✲ ●❡♥❡r❛❧ ❦♥♦✇❧❡❞❣❡✿ ❚❤❡ ❧❛st ❞✐♠❡♥s✐♦♥ ✐♥❝❧✉❞❡s ✐♥❞✐❝❛t♦rs ♦♥ ❣❡♥❡r❛❧ ❦♥♦✇❧❡❞❣❡ ❛❜♦✉t ❙❑✿

❛❝❝❡ss t♦ ❙❑✬s ♣❡rs♦♥❛❧ ♠♦❜✐❧❡ ♥✉♠❜❡r✱ r❡❝❛❧❧ ♦❢ ♥❛♠❡s ♦❢ ❙❑✬s s♦♥s✱ r❡❝❛❧❧ ♦❢ ❛♥ ❛❜str❛❝t ❢r♦♠ ❛♥

❙❑ ♣❛♣❡r✱ r❡❝❛❧❧ ♦❢ t❤❡ ♥❛♠❡ ♦❢ t❤❡ ❦❡②♥♦t❡ s♣❡❛❦❡r ❛t ❙❑✬s ❜✐rt❤❞❛② ❝♦♥❢❡r❡♥❝❡ ✐♥ ❏✉♥❡ ✷✵✶✻✱ r❡❝❛❧❧

♦❢ ❙❑✬s ♣♦s✐t✐♦♥ ✐♥ ❢♦♦t❜❛❧❧✱ r❡❝❛❧❧ ♦❢ ✇❤♦ ♣❛✐❞ ❢♦r ❞r✐♥❦s ❛t ❙❑✬s ❜✐rt❤❞❛② ❝♦♥❢❡r❡♥❝❡ ✐♥ ❏✉♥❡ ✷✵✶✻✱

❛♥❞✱ ❧❛st ❜✉t ♥♦t ❧❡❛st✱ t❤❡ ♥✉♠❜❡r ♦❢ ♥❛♠❡s ♦❢ ❙❑✬s P❤❉ st✉❞❡♥ts t❤❡ r❡s♣♦♥❞❡♥t ❝♦✉❧❞ r❡❝❛❧❧ ✐♥

✉♥❞❡r ✶✵ s❡❝♦♥❞s✳ ❚❤❡ ❡①♣♦s✉r❡ ❝✉t✲♦✛s ❢♦r t❤✐s ❞✐♠❡♥s✐♦♥ ❛r❡ ❡❛s✐❡r t♦ ❝♦♥str✉❝t✱ ❛s ❛❧❧ ❜✉t ♦♥❡

✐♥❞✐❝❛t♦r ❛r❡ ❜✐♥❛r②✳ ❋♦r t❤❡ r❡❝❛❧❧ ♦❢ ♥❛♠❡s ♦❢ P❤❉ st✉❞❡♥ts✱ t❤❡ ❝✉t✲♦✛ ✐s ✺ ♦r ♠♦r❡ ♥❛♠❡s✳

❚❛❜❧❡ ✺✿ ❚❤❡ ▼❙❑❊■ ✲ ❉✐♠❡♥s✐♦♥s ❛♥❞ ■♥❞✐❝❛t♦rs

❉✐♠❡♥s✐♦♥s ■♥❞✐❝❛t♦rs ✲ ❊①♣♦s❡❞ ✐❢✳ ✳ ✳ ❈✉t✲♦✛ ❘❡❧❛t✐✈❡ ✇t

✶✲ ❙❑ Pr♦❢❡ss✐♦♥❛❧ ✐♥t❡r❛❝t✐♦♥s

❋✐rst ♠❡t ❨❡❛r ♦❢ ♠❡❡t✐♥❣ ❙❑ ✭✶✾✺✵ t♦ ✷✵✶✾✮ ✷✵✶✻ ✽✳✸✸✪
❏♦✐♥t ✇♦r❦ ◆✉♠❜❡r ♦❢ ❥♦✐♥t ♣❛♣❡rs ✇✐t❤ ❙❑ ✶ ✽✳✸✸✪

❈♦rr❡s♣♦♥❞❡♥❝❡ ▲❛st ❡♠❛✐❧ ❝♦rr❡s♣♦♥❞❡♥❝❡ ✇✐t❤ ❙❑ ❖♥❡ ②❡❛r ♦r ♠♦r❡ ✽✳✸✸✪
❈♦❧❧❡❛❣✉❡s ✪ ♦❢ ❝♦❧❧❡❛❣✉❡s ✇♦r❦✐♥❣ ✇✐t❤ ❙❑ ✺✵✪ ✽✳✸✸✪

✷✲ ❙❑ ❙♦❝✐❛❧ ✐♥t❡r❛❝t✐♦♥s

▼❡♥s❛ tr✐♣s ✇✐t❤ ❙❑ ◆✉♠❜❡r ♦❢ tr✐♣s ♠❛❞❡ t♦ t❤❡ ♠❡♥s❛ ✇✐t❤ ❙❑ ❢♦r ❧✉♥❝❤ ♦r ❝♦✛❡❡ ✼ ✶✶✳✶✶✪
❇❡❡rs t♦❣❡t❤❡r ✇✐t❤ ❙❑ ❆♥② ❛❞✉❧t ✭✶✻ ♦r ♦❧❞❡r✮ ❤❛s s❤❛r❡❞ ❛ ❜❡❡r ✇✐t❤ ❙❑ ❛t s♦♠❡ ♣♦✐♥t ✶ ❇❡❡r ✶✶✳✶✶✪

❈✐❣❛r❡tt❡s t♦❣❡t❤❡r ✇✐t❤ ❙❑ ❆♥② ❛❞✉❧t ✭✶✽ ♦r ♦❧❞❡r✮ ❤❛s s❤❛r❡❞ ❛ ❝✐❣❛r❡tt❡ ✇✐t❤ ❙❑ ❛t s♦♠❡ ♣♦✐♥t ✶ ❙♠♦❦❡ ✶✶✳✶✶✪

✸✲ ❙❑ tr✐✈✐❛

P❤♦♥❡ ♥✉♠❜❡r ❆❝❝❡ss t♦ ❙❑✬s ♣❡rs♦♥❛❧ ♠♦❜✐❧❡ ♥✉♠❜❡r ✵✲✶ ✹✳✼✻✪
❑✐❞s✬ ♥❛♠❡s ❘❡❝❛❧❧ ♦❢ ♥❛♠❡s ♦❢ ✐♥❞✐✈✐❞✉❛❧s ✉♥❞❡r ✶✽ ②❡❛rs ♦❢ ❛❣❡ ✐♥ t❤❡ ❑❧❛s❡♥ ❤♦✉s❡❤♦❧❞ ✵✲✶ ✹✳✼✻✪

❆❜str❛❝t s❡♥t❡♥❝❡ ❘❡❝❛❧❧ ♦❢ ❛♥ ❛❜str❛❝t ❢r♦♠ ❛♥ ❙❑ ♣❛♣❡r ✵✲✶ ✹✳✼✻✪
❑❡②♥♦t❡ ❛t ❜❞❛② ❝♦♥❢❡r❡♥❝❡ ❘❡❝❛❧❧ ♦❢ ♥❛♠❡ ♦❢ t❤❡ ❦❡②♥♦t❡ s♣❡❛❦❡r ❛t ❙❑✬s ❜✐rt❤❞❛② ❝♦♥❢❡r❡♥❝❡ ✐♥ ❏✉♥❡ ✷✵✶✻ ✵✲✶ ✹✳✼✻✪

❋♦♦t❜❛❧❧ ♣❧❛②❡r t②♣❡ ❘❡❝❛❧❧ ♦❢ ❙❑✬s ❢♦♦t❜❛❧❧ ♣♦s✐t✐♦♥ ✵✲✶ ✹✳✼✻✪
❲❤♦ ♣❛✐❞ ❢♦r ❞r✐♥❦s ❘❡❝❛❧❧ ♦❢ ✇❤♦ ♣❛✐❞ ❢♦r ❞r✐♥❦s ❛t ❙❑✬s ❜✐rt❤❞❛② ❝♦♥❢❡r❡♥❝❡ ✐♥ ❏✉♥❡ ✷✵✶✻ ✵✲✶ ✹✳✼✻✪
◆❛♠❡ P❤❉ st✉❞❡♥ts ❘❡❝❛❧❧ ♦❢ ♥❛♠❡s ♦❢ ❙❑✬s P❤❉ st✉❞❡♥ts ✐♥ ✉♥❞❡r ✶✵ s❡❝♦♥❞s ✺ ♦r ♠♦r❡ ✹✳✼✻✪

▼❡❛s✉r❡♠❡♥t✿ ◆♦t❛t✐♦♥ ❛♥❞ ❉❡✜♥✐t✐♦♥s

❚❤❡ ❢♦❧❧♦✇✐♥❣ st❡♣s ❛r❡ ❢♦❧❧♦✇❡❞ t♦ ❝♦♥str✉❝t t❤❡ ▼❙❑❊■✿

❙t❡♣ ✶✿ ❉❛t❛ ❝♦❧❧❡❝t✐♦♥ ♦♥ ❡①♣♦s✉r❡ t♦ ❙❑ ✿

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

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

❙t❡♣ ✷✿ ❈❤♦♦s✐♥❣ t❤❡ ✐♥❞✐❝❛t♦rs✬ ❡①♣♦s✉r❡ ❝✉t✲♦✛s✿

❚❤❡ ▼❙❑❊■ r❡q✉✐r❡s ❛♥ ❡①♣♦s✉r❡ ❝✉t✲♦✛ ❢♦r ❡❛❝❤ ✐♥❞✐❝❛t♦r✳ ❯s✉❛❧❧②✱ t❤❡ ✐♥❞✐❝❛t♦rs✬ ❡①♣♦s✉r❡

❝✉t✲♦✛s ❛r❡ ♥♦t❡❞ ❛s zi✱ s♦ t❤❛t ♣❡rs♦♥ ✐ ✐s ❝♦♥s✐❞❡r❡❞ ❧❡ss✲❡①♣♦s❡❞ ✐❢ t❤❡✐r ❛❝❤✐❡✈❡♠❡♥t ✐♥ t❤❛t

✐♥❞✐❝❛t♦r xi ✐s ❜❡❧♦✇ t❤❡ ❝✉t✲♦✛✱ t❤❛t ✐s✱ ✐❢ xi < zi✳ ❚❤❡ ❝✉t✲♦✛s ❢♦r ❡❛❝❤ ✐♥❞✐❝❛t♦r ❛r❡ s❤♦✇♥ ✐♥

❚❛❜❧❡ ✺✳

❙t❡♣ ✸✿ ❈❤♦♦s✐♥❣ t❤❡ ✐♥❞✐❝❛t♦rs✬ ✇❡✐❣❤ts✿

❖♥❝❡ t❤❡ ✐♥❞✐❝❛t♦rs ❛♥❞ t❤❡✐r ❝♦rr❡s♣♦♥❞✐♥❣ ❝✉t✲♦✛s ❤❛✈❡ ❜❡❡♥ s❡❧❡❝t❡❞✱ t❤❡ ♥❡①t st❡♣ ✐s t♦ ❞❡✜♥❡
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t❤❡ ✇❡✐❣❤ts ❢♦r ❡❛❝❤ ✐♥❞✐❝❛t♦r ✐♥ t❤❡ ❡①♣♦s✉r❡ ♠❡❛s✉r❡✳ ■♥ t❤❡ ▼❙❑❊■✱ t❤❡ t❤r❡❡ ❞✐♠❡♥s✐♦♥s ❛r❡

❡q✉❛❧❧② ✇❡✐❣❤t❡❞✱ s♦ t❤❛t ❡❛❝❤ ♦❢ t❤❡♠ r❡❝❡✐✈❡s ❛ ✶✴✸ ✇❡✐❣❤t✳ ❚❤❡ ✐♥❞✐❝❛t♦rs ✇✐t❤✐♥ ❡❛❝❤ ❞✐♠❡♥s✐♦♥

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

❛ ✶✴✹ ✇❡✐❣❤t✱ ❡❛❝❤ ✐♥❞✐❝❛t♦r ✇✐t❤✐♥ t❤❡ s♦❝✐❛❧ ✐♥t❡r❛❝t✐♦♥ ❞✐♠❡♥s✐♦♥ r❡❝❡✐✈❡s ❛ ✶✴✸ ✇❡✐❣❤t✱ ❛♥❞ ❡❛❝❤

✐♥❞✐❝❛t♦r ✇✐t❤✐♥ t❤❡ tr✐✈✐❛ ❞✐♠❡♥s✐♦♥ r❡❝❡✐✈❡s ❛ ✇❡✐❣❤t ♦❢ ✶✴✼✳ ❋✐♥❛❧❧②✱ t❤❡ ✐♥❞✐❝❛t♦r ✐ ✇❡✐❣❤t ❛s wi✱

✇✐t❤
∑d

i=1
wi = 1

❙t❡♣ ✹✿ ■❞❡♥t✐❢②✐♥❣ t❤❡ ✏♣♦♦r❧②✲❡①♣♦s❡❞✑ ✲ ❈❤♦♦s✐♥❣ t❤❡ ❡①♣♦s✉r❡ ❝✉t✲♦✛

◆❡①t✱ ❡❛❝❤ ♣❡rs♦♥ ✐s ❛ss✐❣♥❡❞ ❛♥ ❡①♣♦s✉r❡ s❝♦r❡ ❛❝❝♦r❞✐♥❣ t♦ ❤❡r ❡①♣♦s✉r❡ ✐♥ t❤❡ ❝♦♠♣♦♥❡♥t

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

♦❢ ❡①♣♦s✉r❡ ♠❡❛s✉r❡s✱ s♦ t❤❛t t❤❡ ❡①♣♦s✉r❡ s❝♦r❡ ❢♦r ❡❛❝❤ ♣❡rs♦♥ ❧✐❡s ❜❡t✇❡❡♥ ✵ ❛♥❞ ✶✹✳ ❚❤❡ s❝♦r❡

✐♥❝r❡❛s❡s ❛s t❤❡ ♥✉♠❜❡r ♦❢ ❡①♣♦s✉r❡ ♠❡❛s✉r❡s ♦❢ t❤❡ ♣❡rs♦♥ ✐♥❝r❡❛s❡s ❛♥❞ r❡❛❝❤❡s ✐ts ♠❛①✐♠✉♠ ♦❢

✶✹ ✇❤❡♥ t❤❡ ♣❡rs♦♥ ✐s ❢✉❧❧②✲❡①♣♦s❡❞ t♦ ❙❑ ✐♥ ❛❧❧ ❝♦♠♣♦♥❡♥t ✐♥❞✐❝❛t♦rs✳ ❆ ♣❡rs♦♥ ✇❤♦ ✐s ♥♦t ❡①♣♦s❡❞

✐♥ ❛♥② ✐♥❞✐❝❛t♦r r❡❝❡✐✈❡s ❛ s❝♦r❡ ❡q✉❛❧ t♦ ✵✳

❋♦r♠❛❧❧②✿

Ci = W1I1i +W2iI2i + ...+WdiIdi

✇❤❡r❡✿

• Ii = 1 ✐❢ ❛ ♣❡rs♦♥ ✐s ❡①♣♦s❡❞ ✐♥ ✐♥❞✐❝❛t♦r i✱ ✵ ♦t❤❡r✇✐s❡✳

• Ci(k) ✐s t❤❡ ❡①♣♦s✉r❡ s❝♦r❡ ♦❢ ✐♥❞✐✈✐❞✉❛❧ i✱

• wi ✐s t❤❡ ✇❡✐❣❤t ❛tt❛❝❤❡❞ t♦ ✐♥❞✐❝❛t♦r i ✇✐t❤
∑d

i=1
Wi = 1

❆ s❡❝♦♥❞ ❝r♦ss✲❞✐♠❡♥s✐♦♥❛❧ ❝✉t✲♦✛ ♦r t❤r❡s❤♦❧❞ ✐s ✉s❡❞ t♦ ✐❞❡♥t✐❢② t❤❡ ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧❧② ❙❑✲

❡①♣♦s❡❞✳ ❲❡ ❞❡✜♥❡ t❤❡ ❡①♣♦s✉r❡ ❝✉t✲♦✛ ❛s t❤❡ ♠✐♥✐♠✉♠ s❤❛r❡ ♦❢ ✭✇❡✐❣❤t❡❞✮ ❡①♣♦s✉r❡ ❛ ♣❡rs♦♥

♠✉st s✉r♣❛ss ✐♥ ♦r❞❡r t♦ ❜❡ ❝♦♥s✐❞❡r❡❞ ❙❑✲❡①♣♦s❡❞✱ ✇❤✐❝❤ ✐s ❞❡♥♦t❡❞ ❜② ❦✳ ■♥ t❤✐s ✇❛②✱ s♦♠❡♦♥❡

✐s ❝♦♥s✐❞❡r❡❞ ❙❑✲❡①♣♦s❡❞ ✐❢ t❤❡✐r ❡①♣♦s✉r❡ s❝♦r❡ Ci ✐s ❣r❡❛t❡r t❤❛♥ t❤❡ ❡①♣♦s✉r❡ ❝✉t✲♦✛ k✳ ■♥ t❤❡

▼❙❑❊■✱ ❛ ♣❡rs♦♥ ✐s ✐❞❡♥t✐✜❡❞ ❛s ❙❑✲❡①♣♦s❡❞ ✐❢ s❤❡ ❤❛s ❛♥ ❡①♣♦s✉r❡ s❝♦r❡ ❤✐❣❤❡r t❤❛♥ ✹✵✪ ♦❢ t❤❡

♠❛①✐♠✉♠ ✭✇❡✐❣❤t❡❞✮ s❝♦r❡ ♣♦ss✐❜❧❡✳ ❲❡ ❝♦♥str✉❝t ❛ ❜✐♥❛r② ✐♥❞✐❝❛t♦r s❤♦✇✐♥❣ ❡①♣♦s❡❞✲st❛t✉s✳ ❚❤❡

✈❛r✐❛❜❧❡ t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ♦♥❡ ❢♦r t❤♦s❡ ✇❤♦s❡ ❡①♣♦s✉r❡ s❝♦r❡ ✐s ❛❜♦✈❡ t❤❡ ❝✉t✲♦✛✱ ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳

❚❤❛t ✐s✿

Ci > k✱ t❤❡♥ Ci(k) = 1 ✱ ❛♥❞ Ci ≤ k✱ t❤❡♥ Ci(k) = 0
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Epanechnikov kernel, bandwidth of 0.8676.
Red line shows the cross-dimensional cut-off of 40% of the maximum score (14).

❋✐❣✉r❡ ✼✿ ❉❡♥s✐t② ❊st✐♠❛t✐♦♥ ♦❢ ❙❑ ❊①♣♦s✉r❡ ✭✇❡✐❣❤t❡❞ s❝♦r❡✮

❲❡ ♥♦✇ t✉r♥ t♦ t❤❡ ❞❡♥s✐t② ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ❝♦♥str✉❝t❡❞ ❙❑ ❡①♣♦s✉r❡ ✭s❡❡ ❋✐❣✉r❡ ✼✮✳ ■♥ t❤❡

✇♦r❞s ♦❢ ♦♥❡ ♦❢ t❤❡ ❝♦❛✉t❤♦rs✿ ❲♦✇✦ ❚❤❛t✬s ❛ ♣❡r❢❡❝t ❜❡❧❧✦ ■♥❞❡❡❞✱ t❤❡ ❞❡♥s✐t② ❝❧♦s❡❧② ❢♦❧❧♦✇s ❛

♥♦r♠❛❧ ❞✐str✐❜✉t✐♦♥ ✇✐t❤ ❛ ♠❡❛♥ ♦❢ ✻ ❛♥❞ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ✷✳✻✳ ❚❤♦s❡ ✐♥❞✐✈✐❞✉❛❧s ❛❜♦✈❡ t❤❡

❝r♦ss✲❞✐♠❡♥s✐♦♥❛❧ ❝✉t✲♦✛ ❛r❡ ✐❞❡♥t✐✜❡❞ ❛s ❡①♣♦s❡❞ t♦ ❙❑ ✭✺✻✪ ♦❢ t❤❡ s❛♠♣❧❡✮✳ ■♥t❡r❡st✐♥❣❧②✱ t❤❡

♥❡❛r❧②✲♣❡r❢❡❝t ❜❡❧❧ s❤❛♣❡ s❤♦✇s ❛ ❧✐tt❧❡ ❥✉♠♣ r✐❣❤t ❛❜♦✈❡ t❤✐s ❝✉t✲♦✛✳ ❚❤✐s ✐s ♣❛rt✐❝✉❧❛r❧② s✉r♣r✐s✐♥❣

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

♦❢ t❤❡ ♣❛♣❡r ❝♦❛✉t❤♦rs✱ r✉❧✐♥❣ ♦✉t t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ ❛ss✐❣♥♠❡♥t ♠❛♥✐♣✉❧❛t✐♦♥ ❜② t❤❡ r❡s❡❛r❝❤❡rs✳ ■s

✐t ♣♦ss✐❜❧❡ t❤❛t ❙❑✬s ❛❝q✉❛✐♥t❛♥❝❡s ❛r❡ s✉❜❝♦♥s❝✐♦✉s❧② ❛✇❛r❡ ♦❢ ✇❤❛t ✐t t❛❦❡s t♦ ❛❝❤✐❡✈❡ ❡①♣♦s❡❞✲

st❛t✉s✱ ❛♥❞ ❝♦♥s❡q✉❡♥t❧② ♠❛❦❡ ❛♥ ❡①tr❛ ❡✛♦rt t♦ ❛❝❤✐❡✈❡ ✐t✱ ❞❡❢②✐♥❣ st❛t✐st✐❝❛❧ ❧❛✇s❄ ❆♥❞ ✐❢ s♦✱

✇♦✉❧❞ t❤✐s ♥♦t ❝♦♥✈✐♥❝✐♥❣❧② ✈❛❧✐❞❛t❡ ♦✉r ❝❤♦✐❝❡ ♦❢ t❤❡ ❝✉t✲♦✛ ✈❛❧✉❡✱ r❡♠♦✈✐♥❣ ✐ts ❛r❜✐tr❛r② ♥❛t✉r❡

❛♥❞ t❤❡r❡❜② s♦❧✈✐♥❣ ♦♥❡ ♦❢ t❤❡ ❧♦♥❣✲st❛♥❞✐♥❣ ✐ss✉❡s ✐♥ ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ♠❡❛s✉r❡♠❡♥t❄✾ ❚❤❡s❡ ❛r❡

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

❚❛❜❧❡ ✻✿ ❈♦rr❡❧❛t✐♦♥ ♠❛tr✐①✳ ❊①♣♦s✉r❡ ❛♥❞ P❡r❝❡✐✈❡❞ ❊①♣♦s✉r❡

✭✶✮

❊①♣♦s✉r❡ t♦ ❙❑ ❊①♣♦s❡❞ t♦ ❙❑ P❡r❝✳ ❡①♣♦s✉r❡ ✭♣r♦❢❡ss✐♦♥❛❧✮ P❡r❝✳ ❡①♣♦s✉r❡ ✭♣❡rs♦♥❛❧✮

❊①♣♦s✉r❡ t♦ ❙❑ ✶
❊①♣♦s❡❞ t♦ ❙❑ ✵✳✽✷✾∗∗∗ ✶
P❡r❝✳ ❡①♣♦s✉r❡ ✭♣r♦❢❡ss✐♦♥❛❧✮ ✵✳✸✹✹∗∗∗ ✵✳✷✺✽∗∗ ✶
P❡r❝✳ ❡①♣♦s✉r❡ ✭♣❡rs♦♥❛❧✮ ✵✳✹✸✶∗∗∗ ✵✳✹✸✶∗∗∗ ✵✳✹✷✶∗∗∗ ✶
∗

p < 0.05✱ ∗∗

p < 0.01✱ ∗∗∗

p < 0.001

◆♦t❡s✿ ✯✱ ✯✯✱ ✯✯✯ s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✵✳✶✱ ✵✳✺ ❛♥❞ ✵✳✵✶ ❧❡✈❡❧✳

✾❙❡❡ ❉♦tt❡r ❛♥❞ ❑❧❛s❡♥ ✭✷✵✶✼✮ ❢♦r ❛ ♥✐❝❡ ❞✐s❝✉ss✐♦♥ ♦♥ ❝♦♥❝❡♣t✉❛❧ ✐ss✉❡s ♦❢ ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ✐♥❞✐❝❡s✳



✹ ❊▼P■❘■❈❆▲ ❆◆❆▲❨❙■❙ ✶✾

❲❡ ❡♥❞ t❤✐s s❡❝t✐♦♥ ❜② ❢✉rt❤❡r ✈❛❧✐❞❛t✐♥❣ ♦✉r ❝♦♥t✐♥✉♦✉s ❛♥❞ ❜✐♥❛r② ♠❡❛s✉r❡s ♦❢ ❡①♣♦s✉r❡ ✇✐t❤

s❡❧❢✲♣❡r❝❡✐✈❡❞ ❙❑ ❡①♣♦s✉r❡ ♦♥ ❛ ✶✲✶✵ s❝❛❧❡ ✐♥ t❤❡ ♣r♦❢❡ss✐♦♥❛❧ ❛♥❞ ♣❡rs♦♥❛❧ ❞✐♠❡♥s✐♦♥s✳ ❆s s❤♦✇♥ ✐♥

t❤❡ ❝♦rr❡❧❛t✐♦♥ ♠❛tr✐①✱ ♦✉r ♠❡❛s✉r❡s ❛r❡ ❤✐❣❤❧② ❝♦rr❡❧❛t❡❞ ✇✐t❤ s❡❧❢✲♣❡r❝❡✐✈❡❞ ❡①♣♦s✉r❡✳ ▼♦r❡♦✈❡r✱

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

♦t❤❡r ✭❚❛❜❧❡ ✻✮✳

✹✳✷ ❘❡s✉❧ts

❲❡ st❛rt ❜② ❞✐s❝✉ss✐♥❣ t❤❡ r❡s✉❧ts ♦❢ ♠♦❞❡❧ ✻✱ ✐♥ ✇❤✐❝❤ ✇❡ r❡❣r❡ss s♦❝✐❛❧✱ ❣❧♦❜❛❧ ❛♥❞ r❡s❡❛r❝❤

♣❡rs♣❡❝t✐✈❡s ♦♥ t❤❡ ✇♦r❧❞ ❛♥❞ ❧✐❢❡ ♦♥ ❡①♣♦s✉r❡ t♦ ❙❑✳ ■♥ ❛❧❧ t❛❜❧❡s✱ ♦✉r ❡①♣❧❛♥❛t♦r② ✈❛r✐❛❜❧❡ ♦❢

✐♥t❡r❡st ✐s ❛ ❞✉♠♠② ✐♥❞✐❝❛t✐♥❣ ✇❤❡t❤❡r ✐♥❞✐✈✐❞✉❛❧s ❤❛✈❡ ❜❡❡♥ ❡①♣♦s❡❞ t♦ ❙❑ ❜❛s❡❞ ♦♥ t❤❡MSKEI✳

❲❡ ❡st✐♠❛t❡ t❤❡ r❡s✉❧ts ✉s✐♥❣ ❛ ❧✐♥❡❛r ♣r♦❜❛❜✐❧✐t② ♠♦❞❡❧✳✶✵

❙♦❝✐❛❧ ♣❡rs♣❡❝t✐✈❡s ♦♥ ❧✐❢❡ ❚❛❜❧❡ ✼ s❤♦✇s t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❡✛❡❝t ♦❢ ❡①♣♦s✉r❡ t♦ ❙❑ ♦♥ s♦❝✐❛❧

♣❡rs♣❡❝t✐✈❡s✳ ■♥ ❝♦❧✉♠♥s ✶ t♦ ✺✱ ✇❡ ❤❛✈❡ ❞✐✛❡r❡♥t ✈❛r✐❛❜❧❡s t❤❛t r❡✢❡❝t ✐♥❞✐✈✐❞✉❛❧ ♣❡rs♣❡❝t✐✈❡s ♦♥

s♦❝✐❛❧ ✐ss✉❡s✳ ■♥ ❝♦❧✉♠♥s ✶ ❛♥❞ ✷ t❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡ ✐s ❛ ❞✉♠♠② ✇❤✐❝❤ ❡q✉❛❧s ✶ ✐❢ ✐♥❞✐✈✐❞✉❛❧s st❛t❡

t❤❛t t❤❡② ❞✐s❧✐❦❡ ❤❛✈✐♥❣ ♠❛❝r♦❡❝♦♥♦♠✐sts ❛♥❞ st❛t✐st✐❝✐❛♥s ❛s ♥❡✐❣❤❜♦rs✳ ■♥ ❝♦❧✉♠♥s ✸ ❛♥❞ ✹ t❤❡

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

❈❤r✐st♠❛s ❛♥❞ ✐❢ t❤❡② ❞✐s❧✐❦❡ t❤❡ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ✇❤✐t❡ s♦❝❦s ❛♥❞ s❛♥❞❛❧s✳ ■♥ ❝♦❧✉♠♥ ✺ t❤❡ ♦✉t❝♦♠❡

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

✐♥ t❤❡ ❡✐❣❤t q✉❡st✐♦♥s ❛❜♦✉t ♥❡✐❣❤❜♦rs ❛♥❞ ✇❤✐t❡ s♦❝❦s ✇✐t❤ s❛♥❞❛❧s✳ ❖✉r r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t

❡①♣♦s✉r❡ t♦ ❙❑ s✐❣♥✐✜❝❛♥t❧② ❛✛❡❝ts ✐♥❞✐✈✐❞✉❛❧✬s s♦❝✐❛❧ ♣❡rs♣❡❝t✐✈❡s✳ ❋♦r ✐♥st❛♥❝❡✱ ❜❡✐♥❣ ❡①♣♦s❡❞ t♦

❙❑ r❡❞✉❝❡s t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❞✐s❧✐❦✐♥❣ ♠❛❝r♦❡❝♦♥♦♠✐sts ❛♥❞ st❛t✐st✐❝✐❛♥s ❛s ♥❡✐❣❤❜♦rs ❜② ✷✵✳✼ ❛♥❞

✶✸✳✼ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✱ r❡s♣❡❝t✐✈❡❧②✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡ t❛❜❧❡ s❤♦✇s t❤❛t ✇❤✐❧❡ ❢❡♠❛❧❡s ❛r❡ ❣❡♥❡r❛❧❧②

♠♦r❡ t♦❧❡r❛♥t t♦ ❤❛✈✐♥❣ ♠❛❝r♦❡❝♦♥♦♠✐sts ❛s ♥❡✐❣❤❜♦rs✱ ❧❡❢t✲❤❛♥❞❡❞ ✐♥❞✐✈✐❞✉❛❧s ❛r❡ ❧❡ss t♦❧❡r❛♥t

t♦✇❛r❞s st❛t✐st✐❝✐❛♥s✳ ❖♥ ❛ ♠♦r❡ ❝r✉❝✐❛❧ ✐ss✉❡✱ ❚❛❜❧❡ ✼ ✐♥❞✐❝❛t❡s t❤❛t ✐♥❞✐✈✐❞✉❛❧s ✇❤♦ ❛r❡ ❡①♣♦s❡❞

t♦ ❙❑ ❛r❡ ♠♦r❡ ❢❛✈♦r❛❜❧❡ t♦ t❤❡ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ✇❤✐t❡ s♦❝❦s ❛♥❞ s❛♥❞❛❧s✳ ❖♥❡ s❤♦✉❧❞ ♥♦t❡✱ ❤♦✇❡✈❡r✱

t❤❛t ✇❡ ❝❛♥♥♦t r✉❧❡ ♦✉t t❤❡ ♣♦ss✐❜✐❧✐t② t❤❛t ♦✉r r❡s✉❧ts ❛r❡ ❞r✐✈❡♥ ❜② s❡❧❡❝t✐♦♥ ❛❧♦♥❣ t❤✐s ✐♠♣♦rt❛♥t

s♦❝✐❛❧ ❞✐♠❡♥s✐♦♥✳ ❖✈❡r❛❧❧✱ ❝♦❧✉♠♥ ✺ s❤♦✇s t❤❛t ❡①♣♦s✉r❡ t♦ ❙❑ ♠❛❦❡s r❡s♣♦♥❞❡♥ts ♠♦r❡ s♦❝✐❛❧❧②

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

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

●❧♦❜❛❧ ♣❡rs♣❡❝t✐✈❡s ♦♥ ❧✐❢❡ ❲❡ ♥♦✇ t✉r♥ t♦ t❤❡ ❡✛❡❝ts ♦❢ ❡①♣♦s✉r❡ t♦ ❙❑ ♦♥ ❣❧♦❜❛❧ ♣❡rs♣❡❝t✐✈❡s

♦♥ ❧✐❢❡✳ ❚❛❜❧❡ ✽ s❤♦✇s t❤❡ r❡s✉❧ts✳ ■♥ ❝♦❧✉♠♥ ✶✱ t❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡ ✐s ❛ ❞✉♠♠② ✇❤✐❝❤ ❡q✉❛❧s

✶ ✐❢ r❡s♣♦♥❞❡♥ts st❛t❡ t❤❛t ❉❡✉ts❝❤❡ ❇❛❤♥ ❞❡❧❛②s ❛r❡ t❤❡ ♠♦st s❡r✐♦✉s ♣r♦❜❧❡♠ t❤❛t t❤❡ ✇♦r❧❞ ✐s

❝✉rr❡♥t❧② ❢❛❝✐♥❣✳ ■♥ ❝♦❧✉♠♥ ✷✱ t❤❡ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❡q✉❛❧s ✶ ✐❢ ❡✐t❤❡r ❝❧✐♠❛t❡ ❝❤❛♥❣❡✱ ♣♦✈❡rt②✱ ♦r

✐♥❡q✉❛❧✐t② ❛r❡ ❝❤♦s❡♥ ❛s t❤❡ ✇♦r❧❞✬s ♠♦st s❡r✐♦✉s ✐ss✉❡✳ ❖✉r r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t ❡①♣♦s✉r❡ t♦ ❙❑

r❡❞✉❝❡s t❤❡ ♣r♦❜❛❜✐❧✐t② t❤❛t ✐♥❞✐✈✐❞✉❛❧s ❝♦♥s✐❞❡r ❉❡✉ts❝❤❡ ❇❛❤♥ ❞❡❧❛②s ❛s t❤❡ ♠♦st s❡r✐♦✉s ♣r♦❜❧❡♠✱

❛♥❞ ✐♥st❡❛❞ ✐♥❝r❡❛s❡s t❤❡ ♣r♦❜❛❜✐❧✐t② t❤❛t ❝❧✐♠❛t❡ ❝❤❛♥❣❡✱ ✐♥❡q✉❛❧✐t②✱ ❛♥❞ ♣♦✈❡rt② ❛r❡ ❝❤♦s❡♥ ❛s t❤❡

✶✵❙❡❡ ❛❞❞✐t✐♦♥❛❧ r❡s✉❧ts ✐♥ t❤❡ ❆♣♣❡♥❞✐① ❇✳
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❚❛❜❧❡ ✼✿ ▼❛✐♥ r❡s✉❧ts✳ ❙❑ ❊✛❡❝t ♦♥ ❙♦❝✐❛❧ P❡rs♣❡❝t✐✈❡s
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▼❛❝r♦❡❝♦♥♦♠✐st ❙t❛t✐st✐❝✐❛♥ ❈❤♦❝♦❧❛t❡ ♦✈❡r ❇♦♦❦s ❙♦❝❦s ❛♥❞ ❙❛♥❞❛❧s ■♥t♦❧❡r❛♥❝❡

❜✴s❡ ❜✴s❡ ❜✴s❡ ❜✴s❡ ❜✴s❡
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❍❡✐❣❤t ✭✐♥ ❝♠✮ ✵✳✵✵✶ ✵✳✵✵✷ ✵✳✵✵✺✯ ✲✵✳✵✵✸ ✲✵✳✵✵✶
✭✵✳✵✵✸✮ ✭✵✳✵✵✶✮ ✭✵✳✵✵✸✮ ✭✵✳✵✵✷✮ ✭✵✳✵✵✶✮
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❘✐s❦ ♣r❡❢❡r❡♥❝❡s ✵✳✵✶✸ ✵✳✵✶✼ ✲✵✳✵✹✶✯✯ ✲✵✳✵✶✷ ✵✳✵✶✵
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❖❜s❡r✈❛t✐♦♥s ✶✸✾ ✶✹✵ ✶✸✾ ✶✸✽ ✶✹✵
❘✲sq✉❛r❡❞ ✵✳✶✷✺ ✵✳✶✵✾ ✵✳✶✷✺ ✵✳✵✼✶✹ ✵✳✶✺✽

◆♦t❡s✿✯✱ ✯✯✱ ✯✯✯ s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✵✳✶✱ ✵✳✺ ❛♥❞ ✵✳✵✶ ❧❡✈❡❧✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s✐s✳ ❊①♣♦s❡❞ t♦ ❙❑ ✐s ❛ ❞✉♠♠② ✐♥❞✐❝❛t✐♥❣ ❡①♣♦✲
s✉r❡ t♦ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❜❛s❡❞ ♦♥ t❤❡ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❊①♣♦s✉r❡ ■♥❞❡①✳ ❆❧❧ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s ❛r❡ ❜✐♥❛r②✱ ❡①❝❡♣t ❢♦r ❝♦❧✉♠♥
✺✳ ❋♦r ❝♦❧✉♠♥s ✶ ❛♥❞ ✷ t❤❡② t❛❦❡ t❤❡ ✈❛❧✉❡ ♦❢ ✶ ❢♦r ❞✐s❧✐❦✐♥❣ ♠❛❝r♦❡❝♦♥♦♠✐sts ♦r st❛t✐st✐❝✐❛♥s ❛s ♥❡✐❣❤❜♦rs ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳ ■♥ ❝♦❧✉♠♥s ✸ ❛♥❞
✹✱ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ✶ ✐❢ ❝❤♦❝♦❧❛t❡s ❛r❡ ♣r❡❢❡rr❡❞ ♦✈❡r ❜♦♦❦s ❛s ❈❤r✐st♠❛s ♣r❡s❡♥ts ❛♥❞ ✐❢ t❤❡ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ✇❤✐t❡
s♦❝❦s ❛♥❞ s❛♥❞❛❧s ✐s ❞✐s❧✐❦❡❞✱ ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳ ■♥ ❝♦❧✉♠♥ ✺✱ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ❛ ♠❡❛s✉r❡ ♦❢ s♦❝✐❛❧ ✐♥t♦❧❡r❛♥❝❡✳ ❆❧❧ ❡st✐♠❛t✐♦♥s ❝♦♥tr♦❧
❢♦r ❣❡♥❞❡r✱ ❛❣❡✱ ♣✉❜❧✐❝ s❡❝t♦r ❡♠♣❧♦②♠❡♥t✱ ❞♦❣ ♣❡rs♦♥✱ ❜❡✐♥❣ ❧❡❢t✲❤❛♥❞❡❞✱ ❤❡✐❣❤t✱ ✇❡✐❣❤t✱ ♥✉♠❜❡r ♦❢ ❝❤✐❧❞r❡♥✱ ❛♥❞ r✐s❦ ♣r❡❢❡r❡♥❝❡s✳

♠♦st ♣r❡ss✐♥❣ ✐ss✉❡s✳ ❚❤✐s ❝♦♠❡s ❛s ♥♦ s✉r♣r✐s❡ t♦ ✉s✱ ❛s ❙❑✬s ♠♦st ❝✐t❡❞ ♣✉❜❧✐❝❛t✐♦♥s ❛r❡ ✐♥❞❡❡❞ ♦♥

✐ss✉❡s ♦❢ ✭♠❡❛s✉r✐♥❣✮ ♣♦✈❡rt② ✭❑❧❛s❡♥✱ ✷✵✵✵✿ ✻✸✶ ❝✐t❛t✐♦♥s✮ ❛♥❞ ✭❣❡♥❞❡r✮ ✐♥❡q✉❛❧✐t② ✭❑❧❛s❡♥✱ ✷✵✵✷✿

✼✹✽ ❝✐t❛t✐♦♥s✮✱ ❛♥❞ ♥♦t ♦♥ ❉❡✉ts❝❤❡ ❇❛❤♥ ❞❡❧❛②s✳ ❍♦✇❡✈❡r✱ t❤❡r❡ ❛r❡ t✇♦ ♣♦ss✐❜❧❡ ✐♥t❡r♣r❡t❛t✐♦♥s

♦❢ ♦✉r r❡s✉❧ts✿ ❡✐t❤❡r ❡①♣♦s✉r❡ t♦ ❙❑ ✐♥❝r❡❛s❡s ❛♥ ✐♥❞✐✈✐❞✉❛❧✬s ❝♦♥s❝✐♦✉s♥❡ss ❛❜♦✉t ✇♦r❧❞ ♣r♦❜❧❡♠s

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

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

❘❡s❡❛r❝❤ ♣❡rs♣❡❝t✐✈❡s ■♥ ✇❤❛t ❢♦❧❧♦✇s✱ ✇❡ ❞✐s❝✉ss t❤❡ r❡s✉❧ts ♦❢ ❡①♣♦s✉r❡ t♦ ❙❑ ♦♥ ♣♦❧❛r✐③✐♥❣

❛❝❛❞❡♠✐❝ ✐ss✉❡s✳ ❘❡s✉❧ts ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❝♦❧✉♠♥s ✶ t♦ ✸ ♦❢ ❚❛❜❧❡ ✾✳ ❖✉t❝♦♠❡ ✈❛r✐❛❜❧❡s ❡q✉❛❧ ✶ ✐❢

r❡s♣♦♥❞❡♥ts ❛❣r❡❡ t❤❛t ❛ ❜❛❞ ✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡ ✐s ♣r❡❢❡r❛❜❧❡ t♦ ♥♦ ✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡✱ t❤❛t

♣♦st❞♦❝s s❤♦✉❧❞ ❜❡ ❣✐✈❡♥ ♣r✐♦r✐t② ♦✈❡r P❤✳❉✳ st✉❞❡♥ts ✇❤❡♥ ❥♦❜s ❛r❡ s❝❛r❝❡✱ ❛♥❞ t❤❛t t❤❡② s✉♣♣♦rt

r❛♥❞♦♠✐③❡❞ ❝♦♥tr♦❧ tr✐❛❧s✳ ❆ ❝♦✉♣❧❡ ♦❢ ✐♥t❡r❡st✐♥❣ r❡s✉❧ts ❛r❡ s❤♦✇♥✳ ❋✐rst✱ t❤❡ r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t

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

♠♦r❡ ♣r♦♥❡ t♦ s✉♣♣♦rt ❘❈❚s✳ ■♥t❡r❡st✐♥❣❧②✱ ❙❑ ❡①♣♦s✉r❡ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛ ♣r❡❢❡r❡♥❝❡ ♦❢ ♣♦st❞♦❝s

♦✈❡r P❤✳❉✳ st✉❞❡♥ts ✐♥ t✐♠❡s ♦❢ ❝r✐s✐s✱ ✇❤✐❝❤ ✐s ♥♦t ❡①♣❧❛✐♥❡❞ ❜② s♦❝✐♦✲❞❡♠♦❣r❛♣❤✐❝ ❝❤❛r❛❝t❡r✐st✐❝s✱
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❚❛❜❧❡ ✽✿ ▼❛✐♥ r❡s✉❧ts✳ ❙❑ ❊✛❡❝t ♦♥ ●❧♦❜❛❧ P❡rs♣❡❝t✐✈❡s

✭✶✮ ✭✷✮
❉❡✉ts❝❤❡ ❇❛❤♥ ❞❡❧❛②s ●❧♦❜❛❧ ♣r♦❜❧❡♠

❜✴s❡ ❜✴s❡

❊①♣♦s❡❞ t♦ ❙❑ ✲✵✳✵✽✻✯ ✵✳✶✻✽✯✯
✭✵✳✵✹✹✮ ✭✵✳✵✼✻✮

❋❡♠❛❧❡ ✲✵✳✵✶✼ ✵✳✵✶✽
✭✵✳✵✻✻✮ ✭✵✳✶✶✺✮

❆❣❡ ✲✵✳✵✵✷ ✵✳✵✶✹✯✯✯
✭✵✳✵✵✷✮ ✭✵✳✵✵✹✮

P✉❜❧✐❝ ❙❡❝t♦r ✲✵✳✵✸✶ ✵✳✶✶✸
✭✵✳✵✺✹✮ ✭✵✳✵✾✹✮

❉♦❣ P❡rs♦♥ ✲✵✳✵✷✽ ✵✳✶✼✸✯✯
✭✵✳✵✹✼✮ ✭✵✳✵✽✷✮

▲❡❢t✲❤❛♥❞❡❞ ✵✳✵✵✾ ✲✵✳✵✹✶
✭✵✳✵✻✷✮ ✭✵✳✶✵✽✮

❍❡✐❣❤t ✭✐♥ ❝♠✮ ✵✳✵✵✶ ✲✵✳✵✵✺
✭✵✳✵✵✷✮ ✭✵✳✵✵✸✮

❲❡✐❣❤t ✭✐♥ ❦❣✮ ✲✵✳✵✵✶ ✵✳✵✵✵
✭✵✳✵✵✸✮ ✭✵✳✵✵✺✮

❘✐s❦ ♣r❡❢❡r❡♥❝❡s ✵✳✵✵✾ ✵✳✵✵✺
✭✵✳✵✶✵✮ ✭✵✳✵✶✼✮

❖❜s❡r✈❛t✐♦♥s ✶✹✵ ✶✹✵
❘✲sq✉❛r❡❞ ✵✳✵✼✶✵ ✵✳✶✾✹

◆♦t❡s✿ ✯✱ ✯✯✱ ✯✯✯ s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✵✳✶✱ ✵✳✺ ❛♥❞ ✵✳✵✶ ❧❡✈❡❧✳ ❘♦❜✉st st❛♥❞❛r❞ ❡r✲
r♦rs ✐♥ ♣❛r❡♥t❤❡s✐s✳ ❊①♣♦s❡❞ t♦ ❙❑ ✐s ❛ ❞✉♠♠② ✐♥❞✐❝❛t✐♥❣ ❡①♣♦s✉r❡ t♦ ❙t❡♣❤❛♥
❑❧❛s❡♥ ❜❛s❡❞ ♦♥ t❤❡ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❑❧❛s❡♥ ❊①♣♦s✉r❡ ■♥❞❡①✳ ❚❤❡ ❞❡♣❡♥❞❡♥t
✈❛r✐❛❜❧❡ ✐♥ ❝♦❧✉♠♥ ✶ t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ✶ ✐❢ ❉❡✉ts❝❤❡ ❇❛❤♥ ❞❡❧❛②s ✇❡r❡ ❝❤♦s❡♥ ❛s
t❤❡ ♠♦st s❡r✐♦✉s ♣r♦❜❧❡♠ t❤❡ ✇♦r❧❞ ❢❛❝❡s ❛♥❞ ✵ ♦t❤❡r✇✐s❡✱ ✇❤❡r❡❛s ✐♥ ❝♦❧✉♠♥ ✷
✐t t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ✶ ✐❢ ❝❧✐♠❛t❡ ❝❤❛♥❣❡✱ ♣♦✈❡rt② ♦r ✐♥❡q✉❛❧✐t② ✇❛s ❝❤♦s❡♥ ❛s t❤❡
♠♦st s❡r✐♦✉s ♣r♦❜❧❡♠ t❤❛t t❤❡ ✇♦r❧❞ ❢❛❝❡s ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳ ❆❧❧ ❡st✐♠❛t✐♦♥s ❝♦♥✲
tr♦❧ ❢♦r ❣❡♥❞❡r✱ ❛❣❡✱ ♣✉❜❧✐❝ s❡❝t♦r ❡♠♣❧♦②♠❡♥t✱ ❞♦❣ ♣❡rs♦♥✱ ❜❡✐♥❣ ❧❡❢t✲❤❛♥❞❡❞✱
❤❡✐❣❤t✱ ✇❡✐❣❤t✱ ♥✉♠❜❡r ♦❢ ❝❤✐❧❞r❡♥ ❛♥❞ r✐s❦ ♣r❡❢❡r❡♥❝❡s✳

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

✐♥❣❢✉❧✱ ✇✐t❤ ❡①♣♦s❡❞ ✐♥❞✐✈✐❞✉❛❧s ❜❡✐♥❣ ✶✺✳✼ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦ ❣✐✈❡ ♣r✐♦r✐t② t♦ ♣♦st❞♦❝s

✇❤❡♥ ❥♦❜s ❛r❡ s❝❛r❝❡✳
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❚❛❜❧❡ ✾✿ ▼❛✐♥ r❡s✉❧ts✳ ❙❑ ❊✛❡❝t ♦♥ ❘❡s❡❛r❝❤ P❡rs♣❡❝t✐✈❡s

✭✶✮ ✭✷✮ ✭✸✮
❇❛❞ ■❱ ♦✈❡r ♥♦♥❡ P♦st❞♦❝ ♦✈❡r P❤❉ ■♥ ❢❛✈♦r ♦❢ ❘❈❚s

❜✴s❡ ❜✴s❡ ❜✴s❡

❊①♣♦s❡❞ t♦ ❙❑ ✲✵✳✵✷✺ ✵✳✶✺✼✯✯ ✵✳✵✻✾
✭✵✳✵✼✷✮ ✭✵✳✵✼✺✮ ✭✵✳✵✽✻✮

❋❡♠❛❧❡ ✵✳✵✾✷ ✵✳✵✹✼ ✵✳✶✻✵
✭✵✳✶✶✹✮ ✭✵✳✶✷✸✮ ✭✵✳✶✷✾✮

❆❣❡ ✲✵✳✵✵✷ ✲✵✳✵✵✻ ✲✵✳✵✵✼
✭✵✳✵✵✹✮ ✭✵✳✵✵✹✮ ✭✵✳✵✵✺✮

P✉❜❧✐❝ ❙❡❝t♦r ✲✵✳✵✶✸ ✵✳✶✷✺ ✲✵✳✶✸✺
✭✵✳✵✽✺✮ ✭✵✳✵✽✽✮ ✭✵✳✵✾✼✮

❉♦❣ P❡rs♦♥ ✲✵✳✶✸✽✯✯ ✵✳✵✹✶ ✲✵✳✶✵✶
✭✵✳✵✻✽✮ ✭✵✳✵✽✽✮ ✭✵✳✵✾✶✮

▲❡❢t✲❤❛♥❞❡❞ ✵✳✵✼✶ ✲✵✳✵✸✽ ✲✵✳✵✽✹
✭✵✳✶✵✾✮ ✭✵✳✶✵✾✮ ✭✵✳✶✷✹✮

❍❡✐❣❤t ✭✐♥ ❝♠✮ ✵✳✵✵✶ ✲✵✳✵✵✷ ✵✳✵✵✼✯✯✯
✭✵✳✵✵✷✮ ✭✵✳✵✵✸✮ ✭✵✳✵✵✷✮

❲❡✐❣❤t ✭✐♥ ❦❣✮ ✵✳✵✵✷ ✵✳✵✵✼ ✲✵✳✵✵✸
✭✵✳✵✵✺✮ ✭✵✳✵✵✺✮ ✭✵✳✵✵✺✮

❘✐s❦ ♣r❡❢❡r❡♥❝❡s ✵✳✵✶✺ ✵✳✵✵✾ ✲✵✳✵✵✶
✭✵✳✵✶✻✮ ✭✵✳✵✶✼✮ ✭✵✳✵✷✵✮

❖❜s❡r✈❛t✐♦♥s ✶✸✾ ✶✸✽ ✶✸✽
❘✲sq✉❛r❡❞ ✵✳✵✹✻✸ ✵✳✵✼✽✸ ✵✳✵✼✵✺

◆♦t❡s✿ ✯✱ ✯✯✱ ✯✯✯ s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✵✳✶✱ ✵✳✺ ❛♥❞ ✵✳✵✶ ❧❡✈❡❧✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s✐s✳ ❊①✲
♣♦s❡❞ t♦ ❙❑ ✐s ❛ ❞✉♠♠② ✐♥❞✐❝❛t✐♥❣ ❡①♣♦s✉r❡ t♦ ❙❑ ❜❛s❡❞ ♦♥ t❤❡ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❑❧❛s❡♥ ❊①♣♦s✉r❡
■♥❞❡①✳ ❉❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s t❛❦❡ t❤❡ ✈❛❧✉❡ ♦❢ ✶ ✐❢ ❛ ❜❛❞ ■❱ ✐s ❜❡❧✐❡✈❡❞ t♦ ❜❡ ❜❡tt❡r t❤❛♥ ♥♦♥❡ ❛t ❛❧❧
✭❝♦❧✉♠♥ ✶✮✱ ✐❢ ♣r♦❢❡ss♦rs s❤♦✉❧❞ ❣✐✈❡ ♣r✐♦r✐t② t♦ ♣♦st❞♦❝s ✇❤❡♥ ❥♦❜s ❛r❡ s❝❛r❝❡ ✭❝♦❧✉♠♥ ✷✮✱ ❛♥❞ ✐❢ ❘❈❚s
❛r❡ s✉♣♣♦rt❡❞ ✭❝♦❧✉♠♥s ✸✮✱ ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳ ❆❧❧ ❡st✐♠❛t✐♦♥s ❝♦♥tr♦❧ ❢♦r ❣❡♥❞❡r✱ ❛❣❡✱ ♣✉❜❧✐❝ s❡❝t♦r
❡♠♣❧♦②♠❡♥t✱ ❞♦❣ ♣❡rs♦♥✱ ❜❡✐♥❣ ❧❡❢t✲❤❛♥❞❡❞✱ ❤❡✐❣❤t✱ ✇❡✐❣❤t✱ ♥✉♠❜❡r ♦❢ ❝❤✐❧❞r❡♥✱ ❛♥❞ r✐s❦ ♣r❡❢❡r❡♥❝❡s✳

✹✳✸ ❊①t❡♥❞❡❞ ❆♥❛❧②s✐s

✹✳✸✳✶ ❈❛♥ ❍❛❜✐t ❋♦r♠❛t✐♦♥ ❊①♣❧❛✐♥ t❤❡ ❊①♣♦s✉r❡ ❊✛❡❝t❄

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

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

❝❛♥ t❤✐s r❡s✉❧t ❜❡ ❡①♣❧❛✐♥❡❞ ❜② s✐♠✐❧❛r✐t✐❡s ✐♥ ❤❛❜✐ts ❜❡t✇❡❡♥ t❤❡ r❡s♣♦♥❞❡♥t ❛♥❞ ❙❑❄ ❚❤✐s s❡❧❡❝t✐♦♥

♠❡❝❤❛♥✐s♠ ❝♦✉❧❞ ♦♣❡r❛t❡ ❡✐t❤❡r ❢r♦♠ t❤❡ ❞❡♠❛♥❞ s✐❞❡✖✇✐t❤ ❙❑ s❡❧❡❝t✐♥❣ ✐♥❞✐✈✐❞✉❛❧s ✇✐t❤ ♠♦r❡

s✐♠✐❧❛r ❤❛❜✐ts✖♦r ❢r♦♠ t❤❡ s✉♣♣❧② s✐❞❡✖✇✐t❤ ✐♥❞✐✈✐❞✉❛❧s ✇❤♦s❡ ❤❛❜✐ts ❛r❡ ♠♦r❡ s✐♠✐❧❛r t♦ ❙❑✬s

s❡❧❢✲s❡❧❡❝t✐♥❣ ❛♥❞ ❜❡✐♥❣ ♠♦r❡ ❡①♣♦s❡❞ t♦ ❤✐♠✳ ❚♦ ❢✉rt❤❡r ✐♥✈❡st✐❣❛t❡ t❤✐s ♣♦ss✐❜✐❧✐t②✱ ✇❡ ♥♦✇ t✉r♥

t♦ t❤❡ r♦❧❡ ♦❢ ✐♥❞✐✈✐❞✉❛❧ ❤❛❜✐ts ❛s ❛ ♣♦t❡♥t✐❛❧ ❝❤❛♥♥❡❧ ❡①♣❧❛✐♥✐♥❣ t❤❡ ❡✛❡❝t ♦❢ ❡①♣♦s✉r❡ t♦ ❙❑ ♦♥

❛♥ ✐♥❞✐✈✐❞✉❛❧✬s ♣❡rs♣❡❝t✐✈❡s✳ ❲❡ ❡♠♣❧♦② ❛ r❛♥❣❡ ♦❢ ✐♥❞✐✈✐❞✉❛❧ ❤❛❜✐ts s✉❝❤ ❛s ♣r❡❢❡rr❡❞ ♠♦✈✐❡✱

♣❡r❝❡♥t❛❣❡ ♦❢ ♦✣❝❡ ❞❡s❦ st✐❧❧ ❛✈❛✐❧❛❜❧❡✱ ❞✉r❛t✐♦♥ ♦❢ ❧❛st ♠❡❡t✐♥❣✱ ❡♠❛✐❧ s✐❣♥❛t✉r❡✱ ♥✉♠❜❡r ♦❢ ❝♦✛❡❡
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❝✉♣s ♣❡r ❞❛②✱ ❛♥❞ st❛rt✐♥❣ t✐♠❡ ♦❢ ✇♦r❦✱ ❛♠♦♥❣ ♦t❤❡rs✳

❚❛❜❧❡ ✶✵✿ ❍❛❜✐ts

♠❡❛♥ s❞ ❝♦✉♥t

❲❤❛t ✐s t❤❡ ♣r♦♣♦rt✐♦♥ ♦❢ ②♦✉r ♦✣❝❡ ❞❡s❦ s✉r❢❛❝❡ t❤❛t ✐s st✐❧❧ ✈✐s✐❜❧❡❄ ✹✽✳✹✻ ✷✼✳✹✼ ✶✺✾
❍♦✇ ♠❛♥② ♠✐♥✉t❡s ❞✐❞ ②♦✉r ❧❛st ♣r♦❢❡ss✐♦♥❛❧ ♠❡❡t✐♥❣ t❛❦❡❄ ✺✸✳✵✻ ✹✸✳✹✺ ✶✺✼
❍♦✇ ♠❛♥② ✉♥❛♥s✇❡r❡❞ ❡♠❛✐❧s ❞♦ ②♦✉ ❤❛✈❡ ✐♥ ②♦✉r ✐♥❜♦①❄ ✼✶✽✶✳✽✹ ✽✵✻✷✷✳✵✼ ✶✺✹
❍♦✇ ♠❛♥② ❝✉♣s ♦❢ ❝♦✛❡❡ ❞♦ ②♦✉ ✉s✉❛❧❧② ❤❛✈❡ ✐♥ ❛ ❞❛②❄ ✷✳✺✻ ✶✳✾✾ ✶✺✼
❆rr✐✈❡s ❛t ✇♦r❦ ❜❡❢♦r❡ ✵✾✿✵✵ ✵✳✸✹ ✵✳✹✽ ✶✺✼

❚❛❜❧❡ ✶✵ s❤♦✇s t❤❡ s✉♠♠❛r② st❛t✐st✐❝s ❢♦r t❤❡s❡ ✈❛r✐❛❜❧❡s✳ ❘❡s♣♦♥❞❡♥ts ❤❛✈❡ ♦♥ ❛✈❡r❛❣❡ ✹✽✪

♦❢ t❤❡✐r ♦✣❝❡ ❞❡s❦ ❛✈❛✐❧❛❜❧❡✱ r❛✐s✐♥❣ ❝♦♥❝❡r♥s ❛❜♦✉t t❤❡ ♦r❣❛♥✐③❛t✐♦♥ ♣❛tt❡r♥s ♦❢ ✐♥❞✐✈✐❞✉❛❧s ✐♥ ♦✉r

s❛♠♣❧❡✳ Pr♦❢❡ss✐♦♥❛❧ ♠❡❡t✐♥❣s ❛r❡ r❛t❤❡r ❧♦♥❣✱ ❧❛st✐♥❣ ♦♥ ❛✈❡r❛❣❡ ✺✸ ♠✐♥✉t❡s ✭♣❡r❤❛♣s ❜❡❝❛✉s❡ ❛

❧❛r❣❡ ❝❤✉♥❦ ♦❢ t❤✐s t✐♠❡ ✐s s♣❡♥t ❧♦♦❦✐♥❣ ❢♦r ❞♦❝✉♠❡♥ts ✐♥ t❤❡ ✺✷✪ ♦❢ ❝❧✉tt❡r❡❞ ❞❡s❦ s♣❛❝❡✮✳ ❆s ❢♦r

t❤❡ ♥✉♠❜❡r ♦❢ ❝♦✛❡❡ ❝✉♣s ♣❡r ❞❛②✱ ✐♥ ♦✉r s❛♠♣❧❡✱ r❡s♣♦♥❞❡♥ts ❞r✐♥❦ ♦♥ ❛✈❡r❛❣❡ ✷✳✺ ❝✉♣s ♦❢ ❝♦✛❡❡✳

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

✇♦r❦ ❜❡❢♦r❡ ✾✿✵✵ ✭✸✹✪✮✳

❚❛❜❧❡ ✶✶✿ ❍♦✇ ❞✐❞ ②♦✉ s✐❣♥ ②♦✉r ❧❛st ❡♠❛✐❧❄

♣❝t

■ ❞✐❞ ♥♦t s✐❣♥ ✺✳✻✻
■♥✐t✐❛❧s ✸✳✼✼
▼② ✜rst ❛♥❞ ❧❛st ♥❛♠❡ ✷✵✳✼✺
▼② ✜rst ♥❛♠❡ ✻✸✳✺✷
▼② ❧❛st ♥❛♠❡ ✶✳✷✻
▼② ♥✐❝❦♥❛♠❡ ✸✳✶✹
❙♦♠❡♦♥❡ ❡❧s❡✬s ♥❛♠❡ ✶✳✽✾
❚♦t❛❧ ✶✵✵✳✵✵

❖❜s❡r✈❛t✐♦♥s ✶✺✾

❆s ❢♦r t❤❡ s✐♠✐❧❛r✐t✐❡s ✐♥ ❜❡❤❛✈✐♦r✱ ❚❛❜❧❡ ✶✶ s❤♦✇s t❤❛t ♦♥❧② ✸✳✽✪ ♦❢ r❡s♣♦♥❞❡♥ts s✐❣♥❡❞ t❤❡✐r

❧❛st ❡♠❛✐❧ ✉s✐♥❣ t❤❡✐r ✐♥✐t✐❛❧s✱ ✇✐t❤ t❤❡ ♠❛❥♦r✐t② ♦♣t✐♥❣ ❢♦r ❛ ♠♦r❡ ✐♥❢♦r♠❛❧ ✏✜rst ♥❛♠❡✑ ❛♣♣r♦❛❝❤✳

❖♥ ❛ ♠♦r❡ ❝♦♥tr♦✈❡rs✐❛❧ ♥♦t❡✱ ❛r♦✉♥❞ ✶✳✾✪ ♦❢ ❙❑✬s ❛❝q✉❛✐♥t❛♥❝❡s r❡✈❡❛❧ t❤❛t t❤❡② s✐❣♥❡❞ t❤❡✐r ❧❛st

❡♠❛✐❧ ✉s✐♥❣ s♦♠❡♦♥❡ ❡❧s❡✬s ♥❛♠❡✳ P♦ss✐❜❧❡ r❡❛s♦♥s ❢♦r t❤❛t ❛r❡ ♦♥❧② s♣❡❝✉❧❛t✐✈❡✳

❚❛❜❧❡ ✶✷ s❤♦✇s ✐♥❞✐✈✐❞✉❛❧ r❡s♣♦♥s❡s ♦♥ ♠♦✈✐❡ ♣r❡❢❡r❡♥❝❡s✳ ❆r♦✉♥❞ ♦♥❡ ❢♦✉rt❤ ♦❢ r❡s♣♦♥❞❡♥ts

st❛t❡ t❤❛t t❤❡② ♣r❡❢❡r s❡r✐❡s ♦✈❡r ♠♦✈✐❡s✳ ✸✻✪ st❛t❡ t❤❛t ❆ ❇❡❛✉t✐❢✉❧ ▼✐♥❞ ✐s t❤❡✐r ♣r❡❢❡rr❡❞ ❝❤♦✐❝❡✱

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

✇❤✐❝❤ ✐s ❛❧❧❡❣❡❞❧② ❙❑✬s ♣r❡❢❡rr❡❞ ♠♦✈✐❡✶✶✱ ✇❛s ❝❤♦s❡♥ ❜② ♦♥❧② ✻✳✺✽✪ ♦❢ ♦✉r s❛♠♣❧❡✳

❲❡ ♥♦✇ t❡st ✇❤❡t❤❡r s✐♠✐❧❛r✐t② t♦ ❙❑ ✐s t❤❡ ♠❡❝❤❛♥✐s♠ ✉♥❞❡r❧②✐♥❣ t❤❡ ❡①♣♦s✉r❡ ❡✛❡❝t ❢♦✉♥❞

❡❛r❧✐❡r✳ ❲❡ ❝♦♥str✉❝t ❛ s❡t ♦❢ s✐♠✐❧❛r✐t② ✈❛r✐❛❜❧❡s✿ ✭✶✮ ❛ ❞✉♠♠② ❝❛♣t✉r✐♥❣ ✇❤❡t❤❡r t❤❡ r❡s♣♦♥❞❡♥t✬s

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

✶✶❖♥❡ ♦❢ t❤❡ ❛✉t❤♦r✬s ♦✇♥ ♦❜s❡r✈❛t✐♦♥s ❞✉r✐♥❣ ❛ ❧♦♥❣ tr❛♥s❛t❧❛♥t✐❝ ✢✐❣❤t✳
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❚❛❜❧❡ ✶✷✿ ❋❛✈♦r✐t❡ ▼♦✈✐❡

♣❝t

❆ ❇❡❛✉t✐❢✉❧ ▼✐♥❞ ✸✻✳✽✹
❆❧❡①❛♥❞❡r ✸✳✷✾
❇♦❞②❣✉❛r❞ ✼✳✽✾
▲✐♦♥ ❑✐♥❣ ✶✾✳✵✽
❲❤❛t ✐s ❛ ♠♦✈✐❡❄ ■ ♦♥❧② ✇❛t❝❤ s❡r✐❡s✳ ✷✻✳✸✷
❲♦♥❞❡r ❲♦♠❛♥ ✻✳✺✽
❚♦t❛❧ ✶✵✵✳✵✵

❖❜s❡r✈❛t✐♦♥s ✶✺✷

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

❝❤❡❝❦s ❡♠❛✐❧s✱ ✭✺✮ t❤❡ ♥✉♠❜❡r ♦❢ ✉♥❛♥s✇❡r❡❞ ❡♠❛✐❧s ✐♥ t❤❡ r❡s♣♦♥❞❡♥t✬s ✐♥❜♦①✱ ❛♥❞ ✭✻✮ ❛ ❞✉♠♠②

❢♦r ✇❤❡t❤❡r t❤❡ r❡s♣♦♥❞❡♥t✬s ❧❛st ♣r♦❢❡ss✐♦♥❛❧ ♠❡❡t✐♥❣ ✇❛s s❤♦rt ✭❧❡ss t❤❛♥ ✶✺ ♠✐♥✉t❡s✮✳ ❚❤❡s❡

s✐♠✐❧❛r✐t② ✈❛r✐❛❜❧❡s ❛r❡ ❜❛s❡❞ ♦♥ ②❡❛rs ♦❢ q✉❛❧✐t❛t✐✈❡ ❞❛t❛ ❝♦❧❧❡❝t✐♦♥ ❛♥❞ ❝❧♦s❡ ♦❜s❡r✈❛t✐♦♥ ♦❢ ❙❑✬s

♠♦st s❡❝r❡t ❤❛❜✐ts✳ ❲✐t❤♦✉t ❛ ❞♦✉❜t✱ ❙❑✬s ❡♥❥♦②s ❲♦♥❞❡r ❲♦♠❛♥✱ s✐❣♥s ❡♠❛✐❧s ✇✐t❤ ❤✐s ✐♥✐t✐❛❧s✱

✉s❡❞ t♦ ❤❛✈❡ ♦♥❧② ✵✳✵✵✶✪ ♦❢ ❞❡s❦ s♣❛❝❡ ✈✐s✐❜❧❡✱ ♥❡✈❡r s♣❡❧❧✲❝❤❡❝❦s ❤✐s ❡♠❛✐❧s ✭❜✉t ❧❡❛✈❡s ✈❡r② ❢❡✇

✉♥❛♥s✇❡r❡❞✮✱ ❛♥❞ ✐s ❢❛♠♦✉s ❢♦r ❤✐s s❤♦rt ❛♥❞ s✉♣❡r✲❡✣❝✐❡♥t ♠❡❡t✐♥❣s✳

■♥ ❛❞❞✐t✐♦♥ t♦ t❤❡s❡ s✐♠✐❧❛r✐t② ♠❡❛s✉r❡s✱ ✇❡ ❛❧s♦ ❛❞❞ t♦ ♦✉r r❡❣r❡ss✐♦♥s s❡✈❡r❛❧ ♣❧❛❝❡❜♦ ✈❛r✐❛❜❧❡s✳

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

❙❑✬s ♦✇♥ ❜❡❤❛✈✐♦r✳ ■❢ ♦✉r ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣② ✐s ✈❛❧✐❞✱ t❤❡ ▼❙❑❊■ s❤♦✉❧❞ r♦❜✉st❧② ❝♦♥tr♦❧❧ ❢♦r

t❤❡s❡ ♣❧❛❝❡❜♦ ✈❛r✐❛❜❧❡s✳ ❚❤❡② ❛r❡✿ ✭✶✮ ❛ ❞✉♠♠② ❢♦r ✇❤❡t❤❡r t❤❡ r❡s♣♦♥❞❡♥t st❛rts ✇♦r❦✐♥❣ ❜❡❢♦r❡

✵✾✿✵✵✱ ✭✷✮ t❤❡ ♠❡❛♥s ♦❢ tr❛♥s♣♦rt t♦ ✇♦r❦✱ ✭✸✮ ❛ ❞✉♠♠② ❢♦r ✇❤❡t❤❡r ❞❛✐❧② ❝♦✛❡❡ ✐♥t❛❦❡ ✐s ❛❜♦✈❡ t❤❡

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

r❡s♣♦♥❞❡♥t✬s ♣r❡❢❡rr❡❞ s♦❝✐❛❧ ♠❡❞✐❛ ❝❤❛♥♥❡❧✳

❲❡ r❡r✉♥ ♦✉r ♠❛✐♥ r❡❣r❡ss✐♦♥s ♦♥ s♦❝✐❛❧ ♣❡rs♣❡❝t✐✈❡s ♦♥ ❧✐❢❡✱ ❣❧♦❜❛❧ ♣❡rs♣❡❝t✐✈❡s ♦♥ ❧✐❢❡✱ ❛♥❞

r❡s❡❛r❝❤ ♣❡rs♣❡❝t✐✈❡s✳ ❲❡ ❝♦♥tr♦❧ ✜rst ❢♦r t❤❡ s✐♠✐❧❛r✐t② ✈❛r✐❛❜❧❡s ❛♥❞ ❧❛t❡r ❢♦r t❤❡ ♣❧❛❝❡❜♦ ✈❛r✐❛❜❧❡s✳

❆❧❧ r❡❣r❡ss✐♦♥s ✐♥❝❧✉❞❡ t❤❡ ✉s✉❛❧ s❡t ♦❢ s♦❝✐♦✲❞❡♠♦❣r❛♣❤✐❝s✱ ✇❤♦s❡ ❝♦❡✣❝✐❡♥ts ❛r❡ ♥♦t s❤♦✇♥✱ ❞✉❡

t♦ s♣❛❝❡ ❧✐♠✐t❛t✐♦♥s✳

❙♦❝✐❛❧ ♣❡rs♣❡❝t✐✈❡s ♦♥ ❧✐❢❡ ❚❛❜❧❡ ✶✸ s❤♦✇s t❤❡ ❡st✐♠❛t❡s ❢♦r s♦❝✐❛❧ ♣❡rs♣❡❝t✐✈❡s✳ ❙❑ ❡①♣♦s✉r❡

❝♦♥t✐♥✉❡s t♦ r❡❞✉❝❡ t❤❡ ❧✐❦❡❧✐❤♦♦❞ t❤❛t ♣❡♦♣❧❡ ❞✐s❧✐❦❡ ♠❛❝r♦❡❝♦♥♦♠✐sts ❛♥❞ st❛t✐st✐❝✐❛♥s ❛s ♥❡✐❣❤❜♦rs

✭❡✈❡♥ t❤♦✉❣❤ ♦♥ ❝♦❧✉♠♥ ✷✱ t❤❡ ❡✛❡❝t ♦♥ ♠❛❝r♦❡❝♦♥♦♠✐sts ❜❡❝♦♠❡s ✐♠♣r❡❝✐s❡❧② ❡st✐♠❛t❡❞✮✳ ■♥t❡r✲

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

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

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

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

❜♦♦❦s ❢♦r ❈❤r✐st♠❛s✳ ❋✉t✉r❡ r❡s❡❛r❝❤ s❤♦✉❧❞ ✐♥✈❡st✐❣❛t❡ t❤✐s ✐ss✉❡ ❢✉rt❤❡r✳ ❈♦❧✉♠♥s ✼ ❛♥❞ ✽ r❡✈❡❛❧

t❤❛t t❤❡ ❡✛❡❝t ♦❢ ❙❑ ❡①♣♦s✉r❡ ♦♥ t❤❡ s✉♣♣♦rt ♦❢ ✇❤✐t❡ s♦❝❦s ✇✐t❤ s❛♥❞❛❧s ✐s ♥♦t r♦❜✉st t♦ t❤❡ ✐♥✲

❝❧✉s✐♦♥ ♦❢ t❤❡ ❡①t❡♥❞❡❞ ❝♦♥tr♦❧s ✭t❤✐s r❡s✉❧t ❝❛♠❡ ❛s ❛ r❡❧✐❡❢ ❢♦r ❛❧❧ t❤❡ ❛✉t❤♦rs ✐♥✈♦❧✈❡❞✦✮✳ ❲❤❛t ✇❡
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✜♥❞ ✐♥st❡❛❞ ✐s t❤❛t r❡s♣♦♥❞❡♥ts ✇❤♦s❡ ♠❛✐♥ s♦❝✐❛❧ ♠❡❞✐❛ ❝❤❛♥♥❡❧ ✐s ❚✐♥❞❡r ❛r❡ ♠✉❝❤ ♠♦r❡ t♦❧❡r❛♥t

t♦✇❛r❞s ✇❤✐t❡ s♦❝❦s ✇✐t❤ s❛♥❞❛❧s r❡❧❛t✐✈❡ t♦ t❤❡ ♦♠✐tt❡❞ ❣r♦✉♣ ♦❢ ❋❛❝❡❜♦♦❦ ✉s❡rs✳ ❲❤❡t❤❡r t❤✐s

❜✐③❛rr❡ ♣r❡❢❡r❡♥❝❡ ❤❡❧♣s ♦r ❤✐♥❞❡rs t❤❡✐r s✉❝❝❡ss r❛t❡ ♦♥ ❚✐♥❞❡r r❡♠❛✐♥s ❛♥ ✐♠♣♦rt❛♥t ❣❛♣ ✐♥ t❤❡

❧✐t❡r❛t✉r❡✳ ❋✐♥❛❧❧②✱ ✇❡ ✜♥❞ t❤❛t ✇❤❡♥ ❝♦♥tr♦❧❧✐♥❣ ❢♦r s✐♠✐❧❛r✐t② ♠❡❛s✉r❡s✱ t❤❡ ♥❡❣❛t✐✈❡ ❡①♣♦s✉r❡

❡✛❡❝t ♦♥ ✐♥t♦❧❡r❛♥❝❡ r❡♠❛✐♥s✳ ❇✉t ✐t ✈❛♥✐s❤❡s ♦♥❝❡ t❤❡ ♣❧❛❝❡❜♦ ✈❛r✐❛❜❧❡s ❛r❡ ✐♥❝❧✉❞❡❞✱ ❡✈❡♥ t❤♦✉❣❤

♥♦♥❡ ♦❢ t❤❡ ♣❧❛❝❡❜♦s ❛r❡ ❤✐❣❤❧② s✐❣♥✐✜❝❛♥t ♦♥ t❤❡✐r ♦✇♥✳

❖✈❡r❛❧❧✱ t❤❡ ✈❛st ♠❛❥♦r✐t② ♦❢ t❤❡ ♣❧❛❝❡❜♦ ✈❛r✐❛❜❧❡s ❤❛s ♥♦ ❡①♣❧❛♥❛t♦r② ♣♦✇❡r ❢♦r t❤❡ ❝❤♦s❡♥

♦✉t❝♦♠❡s✳ ❚❤✐s ❣✐✈❡s ✉s ❡①tr❛ ❝♦♥✜❞❡♥❝❡ ✐♥ t❤❡ ✈❛❧✐❞✐t② ♦❢ ♦✉r ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣②✳

●❧♦❜❛❧ ♣❡rs♣❡❝t✐✈❡s ♦♥ ❧✐❢❡ ❲❡ ♥♦✇ t✉r♥ t♦ ❣❧♦❜❛❧ ♣❡rs♣❡❝t✐✈❡s ♦♥ ❧✐❢❡ ✐♥ ❚❛❜❧❡ ✶✹✳ ❲❤❡♥

❝♦♥tr♦❧❧✐♥❣ ❢♦r t❤❡ ❛❞❞✐t✐♦♥❛❧ ✈❛r✐❛❜❧❡s✱ t❤❡ ♥❡❣❛t✐✈❡ ❡✛❡❝t ♦❢ ❙❑ ❡①♣♦s✉r❡ ♦♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ ♦❢

✈✐❡✇✐♥❣ ❉❡✉ts❝❤❡ ❇❛❤♥ ❞❡❧❛②s ❛s t❤❡ ✇♦r❧❞✬s ♠♦st ♣r❡ss✐♥❣ ♣r♦❜❧❡♠ r❡♠❛✐♥s ❤✐❣❤❧② s✐❣♥✐✜❝❛♥t ❛♥❞

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

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

❜r♦❛❞❡r ♣✉❜❧✐❝✳ ❚♦ ❜❡ s✉r❡✱ ✇❡ ❝❛♥♥♦t ❡①❝❧✉❞❡ t❤❡ ♣♦ss✐❜✐❧✐t② t❤❛t s♦♠❡ tr❛✐♥ ❝♦♠♠✉t❡rs s✇✐t❝❤ t♦

✇❛❧❦✐♥❣ ❛s ❛ r❡s♣♦♥s❡ t♦ t❤❡ ❢r❡q✉❡♥t ❞❡❧❛②s✳ ■♥ ❛♥② ❝❛s❡✱ t❤❡ ❡st✐♠❛t❡s ❛r❡ s❡♥s✐❜❧❡✿ ❢♦r ❡①❛♠♣❧❡✱

r❡s♣♦♥❞❡♥ts ✇✐t❤ ❛ ❤✐❣❤❡r ♥✉♠❜❡r ♦❢ ✉♥❛♥s✇❡r❡❞ ❡♠❛✐❧s ✕ ❛♥❞ t❤✉s ✇✐t❤ ♠♦r❡ ✇♦r❦ t♦ ❞♦ ✕ ❛r❡

♠♦r❡ ❝♦♥❝❡r♥❡❞ ❛❜♦✉t ❉❡✉ts❝❤❡ ❇❛❤♥ ❞❡❧❛②s ✭✇❤✐❝❤✱ ✐♥ ❝❛s❡ ✇❡ ❤❛✈❡♥✬t ♠❡♥t✐♦♥❡❞ ②❡t✱ ❛r❡ r❡❛❧❧②

✈❡r② ❢r❡q✉❡♥t ❛♥❞ ❤❛✈❡ ❜❡❡♥ ❦✐♥❞ ♦❢ ❣❡tt✐♥❣ ♦✉t ♦❢ ❤❛♥❞ ❧❛t❡❧②✳✳✳✮✳

■♥ ❝♦❧✉♠♥s ✸ ❛♥❞ ✹✱ ✇❡ ✜♥❞ t❤❛t ♣❡♦♣❧❡ ♠♦r❡ ❡①♣♦s❡❞ t♦ ❙❑ ❝♦♥t✐♥✉❡ t♦ r❛t❡ ♠♦r❡ ♦❢t❡♥ ❝❧✐♠❛t❡

❝❤❛♥❣❡✱ ♣♦✈❡rt②✱ ♦r ✐♥❡q✉❛❧✐t② ❛s t❤❡ ✇♦r❧❞✬s ♠♦st s❡r✐♦✉s ✐ss✉❡✳ ❚❤❡ ❝♦❡✣❝✐❡♥t ✐♥ ❝♦❧✉♠♥ ✹ t✉r♥s

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

❘❡s❡❛r❝❤ ♣❡rs♣❡❝t✐✈❡s ❋✐♥❛❧❧②✱ ✐♥ ❚❛❜❧❡ ✶✺✱ ✇❡ ❛❞❞r❡ss t❤❡ r♦❜✉st♥❡ss ♦❢ t❤❡ ✜♥❞✐♥❣s ♦♥ r❡s❡❛r❝❤

♣❡rs♣❡❝t✐✈❡s✳ ❚❤❡ ♦♥❧② s✐❣♥✐✜❝❛♥t ❡✛❡❝t ♦❢ ❙❑ ❡①♣♦s✉r❡ ✇❛s ♦♥ ♣r❡❢❡rr✐♥❣ ♣♦st❞♦❝s ♦✈❡r P❤❉s ✇❤❡♥
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✈❛r✐❛❜❧❡ t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ✶ ✐❢ ❝❤♦❝♦❧❛t❡s ❛r❡ ♣r❡❢❡rr❡❞ ♦✈❡r ❜♦♦❦s ❛s ❈❤r✐st♠❛s ♣r❡s❡♥ts ❛♥❞ ✐❢ t❤❡ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ s♦❝❦s ❛♥❞ s❛♥❞❛❧s ✐s ❞✐s❧✐❦❡❞✱ ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳ ❆❧❧ ❡st✐♠❛t✐♦♥s ❝♦♥tr♦❧ ❢♦r ❣❡♥❞❡r✱ ❛❣❡✱ ♣✉❜❧✐❝
s❡❝t♦r ❡♠♣❧♦②♠❡♥t✱ ❞♦❣ ♣❡rs♦♥✱ ❜❡✐♥❣ ❧❡❢t✲❤❛♥❞❡❞✱ ❤❡✐❣❤t✱ ✇❡✐❣❤t✱ ♥✉♠❜❡r ♦❢ ❝❤✐❧❞r❡♥✱ ❛♥❞ r✐s❦ ♣r❡❢❡r❡♥❝❡s✳
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◆♦t❡s✿ ✯✱ ✯✯✱ ✯✯✯ s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✵✳✶✱ ✵✳✺ ❛♥❞ ✵✳✵✶ ❧❡✈❡❧✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥✲
t❤❡s✐s✳ ❊①♣♦s❡❞ t♦ ❙❑ ✐s ❛ ❞✉♠♠② ✐♥❞✐❝❛t✐♥❣ ❡①♣♦s✉r❡ t♦ ❙❑ ❜❛s❡❞ ♦♥ t❤❡ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧
❙t❡♣❤❛♥ ❑❧❛s❡♥ ❊①♣♦s✉r❡ ■♥❞❡①✳ ❉❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐♥ ❝♦❧✉♠♥ ✶ t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ✶ ✐❢
❉❡✉ts❝❤❡ ❇❛❤♥ ❞❡❧❛②s ✇❡r❡ ❝❤♦s❡♥ ❛s t❤❡ ♠♦st s❡r✐♦✉s ♣r♦❜❧❡♠ t❤❡ ✇♦r❧❞ ❢❛❝❡s ❛♥❞ ✵ ♦t❤❡r✲
✇✐s❡✱ ✇❤❡r❡❛s ✐♥ ❝♦❧✉♠♥ ✷ ✐t t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ✶ ✐❢ ❝❧✐♠❛t❡ ❝❤❛♥❣❡✱ ♣♦✈❡rt② ♦r ✐♥❡q✉❛❧✐t② ✇❛s
❝❤♦s❡♥ ❛s t❤❡ ♠♦st s❡r✐♦✉s ♣r♦❜❧❡♠ t❤❛t t❤❡ ✇♦r❧❞ ❢❛❝❡s ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳ ❆❧❧ ❡st✐♠❛t✐♦♥s
❝♦♥tr♦❧ ❢♦r ❣❡♥❞❡r✱ ❛❣❡✱ ♣✉❜❧✐❝ s❡❝t♦r ❡♠♣❧♦②♠❡♥t✱ ❞♦❣ ♣❡rs♦♥✱ ❜❡✐♥❣ ❧❡❢t✲❤❛♥❞❡❞✱ ❤❡✐❣❤t✱
✇❡✐❣❤t✱ ♥✉♠❜❡r ♦❢ ❝❤✐❧❞r❡♥✱ ❛♥❞ r✐s❦ ♣r❡❢❡r❡♥❝❡s✳
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❲♦r❦✿ ♠❡❛♥s ♦❢ tr❛♥s♣♦rt ✭❘❡❢✳❂ ❈❛r✮
❚r❛✐♥ ✲✵✳✶✷✶ ✵✳✵✻✹ ✲✵✳✵✹✾

✭✵✳✷✶✶✮ ✭✵✳✷✵✾✮ ✭✵✳✷✹✹✮
❈♦♠❡ ♦♥✱ ✐t ✐s ❙✉♥❞❛②✦ ✵✳✶✵✻ ✵✳✶✼✸ ✲✵✳✺✷✷✯

✭✵✳✸✷✽✮ ✭✵✳✷✵✹✮ ✭✵✳✷✽✶✮
❈②❝❧✐♥❣ ✲✵✳✷✼✷✯ ✵✳✶✹✾ ✲✵✳✶✷✹

✭✵✳✶✻✶✮ ✭✵✳✶✺✸✮ ✭✵✳✷✵✽✮
❖t❤❡r ✲✵✳✷✾✽ ✵✳✶✾✸ ✵✳✶✸✻

✭✵✳✷✷✾✮ ✭✵✳✸✶✻✮ ✭✵✳✷✾✾✮
❲❛❧❦✐♥❣ ✲✵✳✸✷✷✯✯ ✵✳✸✸✻✯ ✲✵✳✵✼✼

✭✵✳✶✹✽✮ ✭✵✳✶✼✺✮ ✭✵✳✷✷✸✮
❈♦✛❡❡ ✐♥t❛❦❡ ❛❜♦✈❡ ❛✈❡r❛❣❡ ✲✵✳✵✸✾ ✵✳✵✼✻ ✵✳✷✵✸

✭✵✳✶✵✷✮ ✭✵✳✶✵✽✮ ✭✵✳✶✸✵✮
❖r❛❧ ❤②❣✐❡♥❡✿ ✷① ❛ ❞❛② ✲✵✳✵✻✹ ✲✵✳✶✾✵ ✵✳✷✾✷✯✯

✭✵✳✶✸✹✮ ✭✵✳✶✹✽✮ ✭✵✳✶✹✹✮
❙♦❝✐❛❧ ♠❡❞✐❛✱ ♠♦st ✉s❡❞ ✭❘❡❢✳❂ ❋❛❝❡❜♦♦❦✮
■♥st❛❣r❛♠ ✵✳✶✾✾ ✲✵✳✶✶✼ ✲✵✳✶✽✻

✭✵✳✶✽✸✮ ✭✵✳✶✾✹✮ ✭✵✳✶✼✻✮
❙♣❛♠ ✲✵✳✵✾✹ ✲✵✳✵✺✺ ✲✵✳✶✼✼

✭✵✳✶✷✾✮ ✭✵✳✶✻✽✮ ✭✵✳✶✾✷✮
❚✐♥❞❡r ✲✵✳✺✶✼ ✲✵✳✻✽✹ ✵✳✶✺✼

✭✵✳✼✺✺✮ ✭✵✳✻✼✻✮ ✭✵✳✻✸✶✮
❚✇✐tt❡r ✲✵✳✵✹✹ ✲✵✳✵✻✶ ✵✳✵✶✸

✭✵✳✶✶✺✮ ✭✵✳✶✸✻✮ ✭✵✳✶✹✽✮

❖❜s❡r✈❛t✐♦♥s ✶✷✹ ✶✵✶ ✶✷✸ ✾✾ ✶✷✸ ✶✵✵
❘✲sq✉❛r❡❞ ✵✳✵✾✽✵ ✵✳✷✼✼ ✵✳✶✻✹ ✵✳✷✻✾ ✵✳✶✸✹ ✵✳✷✸✺

◆♦t❡s✿ ✯✱ ✯✯✱ ✯✯✯ s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✵✳✶✱ ✵✳✺ ❛♥❞ ✵✳✵✶ ❧❡✈❡❧✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s✐s✳ ❊①♣♦s❡❞ t♦ ❙❑ ✐s ❛ ❞✉♠♠② ✐♥❞✐❝❛t✐♥❣
❡①♣♦s✉r❡ t♦ ❙❑ ❜❛s❡❞ ♦♥ t❤❡ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❊①♣♦s✉r❡ ■♥❞❡①✳ ❉❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s t❛❦❡ t❤❡ ✈❛❧✉❡ ♦❢ ✶ ✐❢ ❛ ❜❛❞ ■❱ ✐s
❜❡❧✐❡✈❡❞ t♦ ❜❡ ❜❡tt❡r t❤❛♥ ♥♦♥❡ ❛t ❛❧❧ ✭❝♦❧✉♠♥ ✶✮✱ ✐❢ Pr♦❢❡ss♦rs s❤♦✉❧❞ ❣✐✈❡ ♣r✐♦r✐t② t♦ P♦st❞♦❝s ♦✈❡r P❤❉s ✇❤❡♥ ❥♦❜s ❛r❡ s❝❛r❝❡ ✭❝♦❧✉♠♥
✷✮ ❛♥❞ ✐❢ ❘❈❚s ❛r❡ s✉♣♣♦rt❡❞ ✭❝♦❧✉♠♥ ✸✮✱ ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳ ❆❧❧ ❡st✐♠❛t✐♦♥s ❝♦♥tr♦❧ ❢♦r ❣❡♥❞❡r✱ ❛❣❡✱ ♣✉❜❧✐❝ s❡❝t♦r ❡♠♣❧♦②♠❡♥t✱ ❞♦❣ ♣❡rs♦♥✱
❜❡✐♥❣ ❧❡❢t✲❤❛♥❞❡❞✱ ❤❡✐❣❤t✱ ✇❡✐❣❤t✱ ♥✉♠❜❡r ♦❢ ❝❤✐❧❞r❡♥✱ ❛♥❞ r✐s❦ ♣r❡❢❡r❡♥❝❡s✳
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✹✳✸✳✷ ❲❡❧❢❛r❡ ■♠♣❧✐❝❛t✐♦♥s

❲❤✐❧❡ ✇❡ ❝❛♥ s❡❡ t❤❛t ❡①♣♦s✉r❡ t♦ ❙❑ ❝❧❡❛r❧② ❛✛❡❝ts ❛ ♣❡rs♦♥✬s ♣❡rs♣❡❝t✐✈❡s ♦♥ ❧✐❢❡✱ t❤❡ ✇❡❧❢❛r❡

✐♠♣❧✐❝❛t✐♦♥s ❛r❡ ❧❡ss ❛♣♣❛r❡♥t✳ ❲❡ ❝♦❧❧❡❝t❡❞ ❛ ♥✉♠❜❡r ♦❢ ✐♠♣♦rt❛♥t ✇❡❧❢❛r❡ ✐♥❞✐❝❛t♦rs✿ t❤❡ ❧❡♥❣t❤

♦❢ ❧✉♥❝❤ ❜r❡❛❦s ✭♠♦r❡ s♣❡❝✐✜❝❛❧❧②✿ ✇❤❡t❤❡r t❤❡② ❡①❝❡❡❞ ♦♥❡ ❤♦✉r✮✱ ✇❤❡t❤❡r ❛ ♣❡rs♦♥ ✐s ♠❛rr✐❡❞ ✭t❤❡

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

✉♣ t♦ t❤❡ r❡❛❞❡r✮✱ t❤❡ ♥✉♠❜❡r ♦❢ ❝❤✐❧❞r❡♥✱ t❤❡ ♥✉♠❜❡r ♦❢ ❝❛rs✱ t❤❡ ♥✉♠❜❡r ♦❢ ❜❛♥❦ ❛❝❝♦✉♥ts✱ ❛♥❞ ❛

s✉❜❥❡❝t✐✈❡ ✇❡❛❧t❤ ♠❡❛s✉r❡✳✶✷

❚❛❜❧❡ ✶✻✿ ❲❡❧❢❛r❡ ■♥❞✐❝❛t♦rs

♠❡❛♥ s❞ ♠✐♥ ♠❛① ♣✺✵ ❝♦✉♥t

▲♦♥❣ ❧✉♥❝❤ ❜r❡❛❦ ✵✳✶✸ ✵✳✸✸ ✵ ✶ ✵ ✶✺✽
▼❛rr✐❡❞ ✵✳✺✷ ✵✳✺✵ ✵ ✶ ✶ ✶✺✾
◆✉♠ ❝❤✐❧❞r❡♥ ✵✳✾✼ ✶✳✶✹ ✵ ✺ ✶ ✶✺✻
◆✉♠ ❝❛rs ✵✳✼✻ ✵✳✼✽ ✵ ✸ ✶ ✶✺✻
◆✉♠ ❜❛♥❦ ❛❝❝♦✉♥ts ✷✳✼✸ ✶✳✼✺ ✶ ✶✺ ✷ ✶✺✼
❙✉❜❥✳ ✇❡❛❧t❤ st❛t✉s ✻✳✾✼ ✶✳✼✹ ✶ ✶✵ ✼ ✶✺✸

❚❛❜❧❡ ✶✻ ❞❡s❝r✐❜❡s t❤❡s❡ ✈❛r✐❛❜❧❡s✳ ❖♥❧② ✶✸✪ ♦❢ t❤❡ r❡s♣♦♥❞❡♥ts ❤❛✈❡ ❛ ❧✉♥❝❤ ❜r❡❛❦ ✇❤✐❝❤

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

♦♥❡ ❝❛r ❛♥❞ ❤❛s t✇♦ ❜❛♥❦ ❛❝❝♦✉♥ts✳ ❘❡s♣♦♥❞❡♥ts ♣❡r❝❡✐✈❡ t❤❡♠s❡❧✈❡s ❛s r❛t❤❡r ✇❡❛❧t❤② ✭♦♥ ❛✈❡r❛❣❡

❧❡✈❡❧ ♦❢ ✼ ♦✉t ♦❢ ✶✵✮❀ ❤♦✇❡✈❡r✱ t❤❡r❡ ✐s s✉❜st❛♥t✐❛❧ ✈❛r✐❛t✐♦♥✳

❲❤❡♥ ❛♥❛❧②③✐♥❣ t❤❡ ✐♠♣❛❝t ♦❢ ❙❑ ❡①♣♦s✉r❡ ♦♥ ✇❡❧❢❛r❡ ✐♥❞✐❝❛t♦rs✱ s✉r♣r✐s✐♥❣❧② ❢❡✇ ❡✛❡❝ts ❝❛♥

❜❡ ❢♦✉♥❞ ✭s❡❡ ❚❛❜❧❡ ✶✼✮✳ ■t s❡❡♠s ♦♥❧② t♦ ❤❛✈❡ ❛ ♣♦s✐t✐✈❡ ❡✛❡❝t ♦♥ ♣❡r❝❡✐✈❡❞ ✇❡❛❧t❤ st❛t✉s✳ ❖♥❡

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

✐♥❝♦♠❡ ❝❛r❡❡r tr❛❥❡❝t♦r② ♦r ♣❡♦♣❧❡ ✇✐t❤ ❤✐❣❤❡r ❡①♣♦s✉r❡ t♦ ❙❑ ❛r❡ ♣❛rt✐❝✉❧❛r❧② ♦♣t✐♠✐st✐❝✳ ❲❡ ❢❛✈♦r

t❤❡ s❡❝♦♥❞ ❡①♣❧❛♥❛t✐♦♥✱ ❣✐✈❡♥ t❤❛t ✇❡ ✜♥❞ ♥♦ ❡✛❡❝ts ♦❢ ❙❑ ❡①♣♦s✉r❡ ♦♥ t❤❡ ♥✉♠❜❡r ♦❢ ❝❛rs ♥♦r ♦♥ t❤❡

♥✉♠❜❡r ♦❢ ❜❛♥❦ ❛❝❝♦✉♥ts✳ ❚❛❜❧❡ ✶✽ s❤♦✇s t❤❛t t❤❡ ♣♦s✐t✐✈❡ ❡①♣♦s✉r❡ ❡✛❡❝t ♦♥ s✉❜❥❡❝t✐✈❡ ✇❡❛❧t❤ ✐s

r♦❜✉st t♦ t❤❡ ✐♥❝❧✉s✐♦♥ ♦❢ s✐♠✐❧❛r✐t② ❛♥❞ ♣❧❛❝❡❜♦ ✈❛r✐❛❜❧❡s✳ ❙♦♠❡ ♦❢ t❤❡ ♥❡✇ ❝♦♥tr♦❧s ❛r❡ ✐♥t❡r❡st✐♥❣

✐♥ t❤❡✐r ♦✇♥ r✐❣❤t✳ ❲❡ ✜♥❞ str♦♥❣ ♣♦s✐t✐✈❡ ✇❡❛❧t❤ ❡✛❡❝ts ❢♦r ❢❛♥s ♦❢ ❲♦♥❞❡r ❲♦♠❛♥✱ ♣❡♦♣❧❡ ✇❤♦

❤❛✈❡ s❤♦rt ♠❡❡t✐♥❣s✱ ❛♥❞ t❤♦s❡ ✇❤♦s❡ ❢❛✈♦r✐t❡ s♦❝✐❛❧ ♠❡❞✐❛ ♥❡t✇♦r❦ ✐s ✏❙♣❛♠✑✳ ■♥ ❝♦♥tr❛st✱ s✐❣♥✐♥❣

❡♠❛✐❧s ✇✐t❤ ♦♥❡✬s ✐♥✐t✐❛❧s ❝♦rr❡❧❛t❡s ♥❡❣❛t✐✈❡❧② ✇✐t❤ s✉❜❥❡❝t✐✈❡ ✇❡❛❧t❤✳

❚❤❡r❡ ❛r❡ ♦t❤❡r ✐♥t❡r❡st✐♥❣ ✜♥❞✐♥❣s ✇✐t❤ ✐♠♣♦rt❛♥t ♣♦❧✐❝② ✐♠♣❧✐❝❛t✐♦♥s✿ ❧❡❢t✲❤❛♥❞❡❞ ❛♥❞ ❤❡❛✈✐❡r

♣❡♦♣❧❡ ❤❛✈❡ ❧♦♥❣❡r ❧✉♥❝❤ ❜r❡❛❦s❀ ❞♦❣ ♣❡rs♦♥s ❛r❡ ♠♦r❡ ❧✐❦❡❧② ✇❤✐❧❡ s❤♦rt❡r ♣❡rs♦♥s ❛r❡ ❧❡ss ❧✐❦❡❧② t♦

❜❡ ♠❛rr✐❡❞✳ ❋✉rt❤❡r♠♦r❡✱ ❛♠♦♥❣ ❙❑ ❛❝q✉❛✐♥t❛♥❝❡s✱ ❢❡♠❛❧❡s ❤❛✈❡ ❛ ❧♦✇❡r ❧✐❦❡❧✐❤♦♦❞ t♦ ❤❛✈❡ ❝❤✐❧❞r❡♥

✭✦✮✳ ❲❤✐❧❡ ✐t ✐s ✐♥ ♣r✐♥❝✐♣❧❡ ✈❡r② ✐♠♣♦rt❛♥t t♦ t❛❦❡ ❛ s✉✣❝✐❡♥t❧② ❧♦♥❣ ❧✉♥❝❤ ❜r❡❛❦ t♦ r❡❝❤❛r❣❡ ❡♥❡r❣②✱

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

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

❞✉r✐♥❣ ❧✉♥❝❤✱ ❛s ❝♦♥✈✐♥❝✐♥❣❧② s❤♦✇♥ ❜② ❍✐❣❣s ❛♥❞ ❏♦♥❡s ✭✷✵✶✸✮✳ ❙✐♥❝❡ ❧❡❢t✲❤❛♥❞❡❞ ♣❡♦♣❧❡ ❤❛✈❡

✶✷❲♦r❞✐♥❣ ♦❢ t❤❡ s✉❜❥❡❝t✐✈❡ ✇❡❛❧t❤ ♠❡❛s✉r❡✿ ■♠❛❣✐♥❡ ❛ ❧❛❞❞❡r✳ ❖♥ t❤✐s ❧❛❞❞❡r✱ t❤❡r❡ ❛r❡ ✶✵ ❛s❝❡♥❞✐♥❣ st❡♣s✿ ✶
✐♥❞✐❝❛t❡s t❤❡ ❧♦✇❡st ✐♥❝♦♠❡ ❣r♦✉♣ ❛♥❞ ✶✵ t❤❡ ❤✐❣❤❡st ✐♥❝♦♠❡ ❣r♦✉♣✳ ■♥ ②♦✉r ❝♦✉♥tr② ♦❢ r❡s✐❞❡♥❝❡✱ ✐♥ ✇❤❛t ❣r♦✉♣ ✐s
②♦✉r ❤♦✉s❡❤♦❧❞❄ ✭❆♥s✇❡r ❛♥ ✐♥t❡❣❡r ❜❡t✇❡❡♥ ✶ ❛♥❞ ✶✵✮✳



✹ ❊▼P■❘■❈❆▲ ❆◆❆▲❨❙■❙ ✸✵

❧♦♥❣❡r ❧✉♥❝❤ ❜r❡❛❦s✱ ✐t ❝♦✉❧❞ ❜❡ ❛♥ ✐♥❞✐❝❛t♦r t❤❛t t❤❡② t❛❦❡ t❤❡✐r ❝❤❡✇✐♥❣ t✐♠❡ ♠♦r❡ s❡r✐♦✉s❧②✳✶✸

◆❡✈❡rt❤❡❧❡ss✱ ✐t ✐s ❛t ✜rst ❛❧❛r♠✐♥❣ t❤❛t ♠♦r❡ ❝♦r♣✉❧❡♥t ♣❡♦♣❧❡ ❛r❡ ♦✉t ♦❢ t❤❡✐r ♦✣❝❡s ❢♦r ❛ ❧♦♥❣❡r

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

s✐③❡ ✐s ❝♦♥s✐❞❡r❛❜❧② ❧♦✇❡r t❤❛♥ t❤❛t ♦❢ ❛♥ ❛✈❡r❛❣❡ ●❡r♠❛♥✱ ✇❡ ❝♦♥❝❧✉❞❡ t❤❛t ❤❛✈✐♥❣ ❧♦♥❣❡r ❧✉♥❝❤

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

♦✈❡r✇❡✐❣❤t✳

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

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

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

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

❧❡✈❡❧ ♦❢ ❛ttr❛❝t✐♦♥✱ ❛♥❞ t❤❡r❡❢♦r❡ ❛ ❤✐❣❤❡r ❝❤❛♥❝❡ t♦ ♠❛t❡ ❛♥❞ ♠❛rr②✳ ■❢ ✐t ✐s ❛✐♠❡❞ ❛t ✐♥❝r❡❛s✐♥❣

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

❚❛❜❧❡ ✶✼✿ ▼❛✐♥ ❘❡s✉❧ts✳ ❙❑ ❊✛❡❝t ♦♥ ❲❡❧❢❛r❡

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮ ✭✻✮
▲♦♥❣ ❧✉♥❝❤ ❜r❡❛❦ ▼❛rr✐❡❞ ◆✉♠ ♦❢ ❝❤✐❧❞r❡♥ ◆✉♠ ♦❢ ❝❛rs ◆✉♠ ♦❢ ❜❛♥❦ ❛❝❝♦✉♥ts ❙✉❜❥✳ ✇❡❛❧t❤ st❛t✉s

❜✴s❡ ❜✴s❡ ❜✴s❡ ❜✴s❡ ❜✴s❡ ❜✴s❡

❊①♣♦s❡❞ t♦ ❙❑ ✵✳✵✷✼ ✵✳✵✾✹ ✵✳✶✵✷ ✵✳✵✻✾ ✵✳✸✶✵ ✵✳✼✹✹✯✯
✭✵✳✵✻✶✮ ✭✵✳✵✼✻✮ ✭✵✳✶✺✻✮ ✭✵✳✶✷✽✮ ✭✵✳✷✼✶✮ ✭✵✳✸✵✾✮

❋❡♠❛❧❡ ✵✳✵✻✾ ✲✵✳✶✸✾ ✲✵✳✹✹✹✯ ✲✵✳✷✹✶ ✲✵✳✺✺✽ ✲✵✳✹✽✹
✭✵✳✵✼✻✮ ✭✵✳✶✷✾✮ ✭✵✳✷✺✻✮ ✭✵✳✷✵✻✮ ✭✵✳✸✻✺✮ ✭✵✳✸✽✶✮

❆❣❡ ✲✵✳✵✵✸ ✵✳✵✷✸✯✯✯ ✵✳✵✺✶✯✯✯ ✵✳✵✷✶✯✯✯ ✵✳✵✵✺ ✵✳✵✻✵✯✯✯
✭✵✳✵✵✹✮ ✭✵✳✵✵✸✮ ✭✵✳✵✶✵✮ ✭✵✳✵✵✼✮ ✭✵✳✵✶✺✮ ✭✵✳✵✷✶✮

P✉❜❧✐❝ s❡❝t♦r ✲✵✳✵✶✸ ✲✵✳✵✹✻ ✲✵✳✷✾✷ ✲✵✳✵✶✹ ✲✵✳✾✶✾✯ ✲✵✳✵✸✷
✭✵✳✵✼✺✮ ✭✵✳✵✽✼✮ ✭✵✳✶✾✽✮ ✭✵✳✶✼✷✮ ✭✵✳✺✷✺✮ ✭✵✳✹✷✼✮

❉♦❣ ♣❡rs♦♥ ✲✵✳✵✶✾ ✵✳✷✷✶✯✯✯ ✵✳✶✻✶ ✲✵✳✶✶✽ ✲✵✳✶✵✵ ✲✵✳✵✷✼
✭✵✳✵✻✵✮ ✭✵✳✵✽✵✮ ✭✵✳✶✺✷✮ ✭✵✳✶✸✵✮ ✭✵✳✷✻✻✮ ✭✵✳✷✼✻✮

▲❡❢t✲❤❛♥❞❡❞ ✵✳✷✵✹✯ ✵✳✵✻✺ ✵✳✷✹✹ ✵✳✶✹✻ ✵✳✺✽✹ ✲✵✳✹✷✷
✭✵✳✶✶✵✮ ✭✵✳✶✷✹✮ ✭✵✳✷✷✻✮ ✭✵✳✷✸✺✮ ✭✵✳✻✼✶✮ ✭✵✳✸✽✾✮

❍❡✐❣❤t ✭✐♥ ❝♠✮ ✲✵✳✵✵✷ ✲✵✳✵✵✹✯✯ ✲✵✳✵✶✷✯✯✯ ✲✵✳✵✵✵ ✲✵✳✵✶✵ ✲✵✳✵✵✺
✭✵✳✵✵✷✮ ✭✵✳✵✵✷✮ ✭✵✳✵✵✹✮ ✭✵✳✵✵✹✮ ✭✵✳✵✵✽✮ ✭✵✳✵✶✵✮

❲❡✐❣❤t ✭✐♥ ❦❣✮ ✵✳✵✵✽✯✯ ✵✳✵✵✵ ✵✳✵✵✶ ✲✵✳✵✵✹ ✵✳✵✵✵ ✲✵✳✵✵✾
✭✵✳✵✵✸✮ ✭✵✳✵✵✻✮ ✭✵✳✵✶✵✮ ✭✵✳✵✵✽✮ ✭✵✳✵✶✷✮ ✭✵✳✵✶✻✮

❘✐s❦ ♣r❡❢❡r❡♥❝❡s ✲✵✳✵✵✷ ✲✵✳✵✵✷ ✵✳✵✹✽ ✵✳✵✵✽ ✵✳✵✾✽ ✲✵✳✵✼✻
✭✵✳✵✶✸✮ ✭✵✳✵✶✻✮ ✭✵✳✵✸✺✮ ✭✵✳✵✸✼✮ ✭✵✳✵✽✶✮ ✭✵✳✵✼✶✮

❖❜s❡r✈❛t✐♦♥s ✶✹✶ ✶✹✶ ✶✹✵ ✶✸✽ ✶✹✵ ✶✸✻
❘✲sq✉❛r❡❞ ✵✳✵✾✶✸ ✵✳✸✶✷ ✵✳✸✺✷ ✵✳✶✷✷ ✵✳✶✶✼ ✵✳✷✷✸

◆♦t❡s✿ ✯✱ ✯✯✱ ✯✯✯ s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✵✳✶✱ ✵✳✺ ❛♥❞ ✵✳✵✶ ❧❡✈❡❧✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s✐s✳ ❊①♣♦s❡❞ t♦ ❙❑ ✐s ❛ ❞✉♠♠② ✐♥❞✐❝❛t✐♥❣ ❡①♣♦s✉r❡ t♦ ❙t❡♣❤❛♥ ❑❧❛s❡♥
❜❛s❡❞ ♦♥ t❤❡ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❊①♣♦s✉r❡ ■♥❞❡①✳

✶✸❆❧t❡r♥❛t✐✈❡❧②✱ ❧❡❢t✲❤❛♥❞❡❞ ♣❡♦♣❧❡ ♠❛② ❜❡ r❡❧❛t✐✈❡❧② ❧❡ss s❦✐❧❧❡❞ ✐♥ t❤❡ ✉s❡ ♦❢ ❝✉t❧❡r②✳
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❚❛❜❧❡ ✶✽✿ ▼❡❝❤❛♥✐s♠s✿ ❙✐♠✐❧❛r✐t② ❛♥❞ ❙❑ ❊✛❡❝t ♦♥ ❲❡❧❢❛r❡

❙✉❜❥✳ ✇❡❛❧t❤ st❛t✉s
✭✶✮ ✭✷✮

❊①♣♦s❡❞ t♦ ❙❑ ✵✳✽✸✺✯✯ ✶✳✷✺✻✯✯✯
✭✵✳✸✸✸✮ ✭✵✳✸✻✻✮

❙✐♠✐❧❛r✐t②✿
❙❛♠❡ ❢❛✈♦r✐t❡ ♠♦✈✐❡ ✵✳✼✵✻ ✶✳✹✾✻✯✯

✭✵✳✹✾✷✮ ✭✵✳✻✾✺✮
❙✐❣♥s ❡♠❛✐❧ ✇✐t❤ ✐♥✐t✐❛❧s ✲✵✳✼✵✺ ✲✶✳✷✻✷✯✯

✭✵✳✺✻✷✮ ✭✵✳✹✾✺✮
✪ ♦❢ ❞❡s❦ ✈✐s✐❜❧❡ ✵✳✵✵✻ ✵✳✵✶✷

✭✵✳✵✵✻✮ ✭✵✳✵✵✽✮
❊♠❛✐❧ s♣❡❧❧✲❝❤❡❝❦❡❞✿ ♥❡✈❡r ✲✵✳✷✵✷ ✲✵✳✶✸✽

✭✵✳✸✸✶✮ ✭✵✳✹✹✷✮
❯♥❛♥s✇❡r❡❞ ❡♠❛✐❧s ✲✵✳✵✵✸✯ ✲✵✳✵✵✹

✭✵✳✵✵✶✮ ✭✵✳✵✵✸✮
❙❤♦rt ♠❡❡t✐♥❣ ✵✳✶✺✵ ✵✳✽✾✺✯✯

✭✵✳✹✵✽✮ ✭✵✳✹✷✷✮
P❧❛❝❡❜♦✿
❆rr✐✈❡s ❛t ✇♦r❦ ❜❡❢♦r❡ ✵✾✿✵✵ ✵✳✵✼✹

✭✵✳✸✼✶✮
❲♦r❦✿ ♠❡❛♥s ♦❢ tr❛♥s♣♦rt ✭❘❡❢✳ ❂ ❈❛r✮
❚r❛✐♥ ✲✶✳✵✺✵

✭✵✳✻✻✸✮
❈♦♠❡ ♦♥✱ ✐t ✐s ❙✉♥❞❛②✦ ✲✵✳✺✺✻

✭✵✳✼✾✺✮
❈②❝❧✐♥❣ ✲✵✳✷✾✹

✭✵✳✹✾✶✮
❖t❤❡r ✵✳✵✹✷

✭✶✳✵✷✷✮
❲❛❧❦✐♥❣ ✲✵✳✸✶✻

✭✵✳✺✹✻✮
❈♦✛❡❡ ✐♥t❛❦❡ ❛❜♦✈❡ ❛✈❡r❛❣❡ ✵✳✺✹✹

✭✵✳✹✶✶✮
❖r❛❧ ❤②❣✐❡♥❡✿ ✷① ❛ ❞❛② ✲✵✳✷✹✼

✭✵✳✹✹✽✮
❙♦❝✐❛❧ ♠❡❞✐❛✱ ♠♦st ✉s❡❞ ✭❘❡❢✳ ❂ ❋❛❝❡❜♦♦❦✮
■♥st❛❣r❛♠ ✵✳✶✽✻

✭✵✳✺✶✷✮
❙♣❛♠ ✵✳✾✹✷✯✯

✭✵✳✹✸✸✮
❚✐♥❞❡r ✲✶✳✾✼✵

✭✷✳✾✻✺✮
❚✇✐tt❡r ✵✳✹✺✻

✭✵✳✹✺✵✮

❖❜s❡r✈❛t✐♦♥s ✶✷✵ ✾✻
❘✲sq✉❛r❡❞ ✵✳✸✵✺ ✵✳✺✵✽

◆♦t❡s✿ ✯✱ ✯✯✱ ✯✯✯ s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✵✳✶✱ ✵✳✺ ❛♥❞ ✵✳✵✶ ❧❡✈❡❧✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥
♣❛r❡♥t❤❡s✐s✳ ❊①♣♦s❡❞ t♦ ❙❑ ✐s ❛ ❞✉♠♠② ✐♥❞✐❝❛t✐♥❣ ❡①♣♦s✉r❡ t♦ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❜❛s❡❞
♦♥ t❤❡ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❊①♣♦s✉r❡ ■♥❞❡①✳



✺ ❈❖◆❈▲❯❙■❖◆ ✸✷

✹✳✹ ❉✐s❝✉ss✐♦♥

❖✉r ❛♥❛❧②s❡s r❡✈❡❛❧ s♦♠❡ ✈❡r② ✐♥t❡r❡st✐♥❣ ✜♥❞✐♥❣s✳ ❇❡✐♥❣ ❡①♣♦s❡❞ t♦ ❙❑ s❡❡♠s t♦ r❡❞✉❝❡ t❤❡

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

✭✐t ✐s ✇❡❧❧ ❦♥♦✇♥ t❤❛t t❤❡s❡ t❤r❡❡ ❣r♦✉♣s st✐❧❧ s✉✛❡r ❝♦♥s✐❞❡r❛❜❧❡ ❞✐s❝r✐♠✐♥❛t✐♦♥ ✐♥ ♦✉r s♦❝✐❡t②✮✳

❋✉rt❤❡r♠♦r❡✱ ♦✉r r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t ✇❤✐❧❡✱ ♦♥ t❤❡ ♦♥❡ ❤❛♥❞✱ ❡①♣♦s✉r❡ t♦ ❙❑ ✐♥❝r❡❛s❡s ❛ ♣❡rs♦♥✬s

❝♦♥s❝✐♦✉s♥❡ss t♦✇❛r❞s ❣❧♦❜❛❧ ♣r♦❜❧❡♠s✱ s✉❝❤ ❛s ✐♥❡q✉❛❧✐t②✱ ♣♦✈❡rt②✱ ♦r ❝❧✐♠❛t❡ ❝❤❛♥❣❡✱ ♦♥ t❤❡ ♦t❤❡r

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

❉❡✉ts❝❤❡ ❇❛❤♥ ❞❡❧❛②s✳ ❈♦♥❝❡r♥✐♥❣ ❛❝❛❞❡♠✐❝ ❞❡❝✐s✐♦♥✲♠❛❦✐♥❣✱ ❡①♣♦s✉r❡ t♦ ❙❑ s❡❡♠s t♦ r❡s✉❧t ✐♥ ❛

♣r❡❢❡r❡♥❝❡ ♦❢ ♣♦st❞♦❝s ♦✈❡r P❤❉s ✐♥ t✐♠❡s ♦❢ ❥♦❜ s❝❛r❝✐t②✳ ❋✐♥❛❧❧②✱ ✐♥❞✐✈✐❞✉❛❧s ✇❤♦ ❛r❡ ♠♦r❡ ❡①♣♦s❡❞

t♦ ❙❑ ❢❡❡❧ ♦♥ ❛✈❡r❛❣❡ ✇❡❛❧t❤✐❡r✳✶✹ ■♥ ♦✉r ♣r❡❢❡rr❡❞ s♣❡❝✐✜❝❛t✐♦♥✱ t❤❡ ❡①♣♦s✉r❡ ❡✛❡❝t ✐s ♥❡❛r❧② ❛s

str♦♥❣ ❛s t❤❡ ✇❡❧❧✲❦♥♦✇♥ ❲♦♥❞❡r✲❲♦♠❛♥ ❡✛❡❝t ✭s❡❡ ❚❛❜❧❡ ✶✽✮✳

❲✐t❤♦✉t q✉❡st✐♦♥✱ t❤❡s❡ ✜♥❞✐♥❣s ❝❛♥ ❤❛✈❡ ❢❛r✲r❡❛❝❤✐♥❣ ♣♦❧✐❝② ✐♠♣❧✐❝❛t✐♦♥s✱ ❜✉t ❝❛✉t✐♦♥ ✐s ♣r♦✲

✈✐❞❡❞✳ ❚❤❡r❡ ❛r❡ ❡♥❞♦❣❡♥❡✐t② ❝♦♥❝❡r♥s t❤❛t ♠✐❣❤t ❝❤❛❧❧❡♥❣❡ ❛ ❝❛✉s❛❧ ✐♥t❡r♣r❡t❛t✐♦♥ ♦❢ ♦✉r ✜♥❞✐♥❣s✳

P❛rt✐❝✉❧❛r❧②✱ t❤❡ r❡❛❞❡r ♠✐❣❤t ❜❡ ❝♦♥❝❡r♥❡❞ ❛❜♦✉t r❡✈❡rs❡ ❝❛✉s❛❧✐t②✳ ❙❑ ♠✐❣❤t ❤❛✈❡ ❛ ♣r❡❢❡r❡♥❝❡ ❢♦r

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

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

s♣❡❝✐✜❝ ♣r♦✜❧❡ ♠✐❣❤t s❡❧❢✲s❡❧❡❝t ✐♥t♦ ❜❡✐♥❣ ♠♦r❡ ❡①♣♦s❡❞ t♦ ❙❑✳

❲❡ ❛r❡ ❝♦♥✜❞❡♥t t❤❛t t❤✐s ✐s ♥♦t ❛♥ ✐ss✉❡ ❢♦r ♦✉r ❛♥❛❧②s✐s✳ ❙♦❝✐❛❧ t♦❧❡r❛♥❝❡✱ ❝♦♥❝❡r♥s ❢♦r ❣❧♦❜❛❧

♣r♦❜❧❡♠s✱ ❛s ✇❡❧❧ ❛s ♦♣t✐♠✐s♠✱ ❛r❡ tr❛✐ts t❤❛t ❞❡✈❡❧♦♣ ♦✈❡r t✐♠❡ ❛♥❞ ❛r❡ ♥♦t ♣r❡✲❞❡t❡r♠✐♥❡❞✳ ❚❤❡②

❛r❡ ❛✛❡❝t❡❞ ❜② ❡❞✉❝❛t✐♦♥✱ ❡①♣❡r✐❡♥❝❡✱ ❛♥❞ ♠❡♥t❛❧ st❛t❡s ✭❙tr✉♥❦ ❡t ❛❧✳ ✷✵✵✻❀ ❙❤❛r♦t ✷✵✶✶❀ ❇❡r❣❣r❡♥

❛♥❞ ◆✐❧ss♦♥ ✷✵✶✻✮✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡ r✐❝❤♥❡ss ♦❢ ♦✉r ❞❛t❛ ❛❧❧♦✇s ✉s t♦ ❝♦♥tr♦❧ ❢♦r ❛ ♥✉♠❜❡r ♦❢

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

♦✉r ♠♦❞❡❧✱ ✇❡ ✜♥❞ t❤❛t✱ ✐♥ t❤❡ ✈❛st ♠❛❥♦r✐t② ♦❢ ❝❛s❡s✱ t❤❡② ❤❛✈❡ ♥♦ ❡①♣❧❛♥❛t♦r② ♣♦✇❡r✳ ❚❤❡ s✐♠✐❧❛r✐t②

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

❜✉t ♥♦t ❛❧✇❛②s✳ ■♥ s✉♠✱ ♦✉r ❛♥❛❧②s❡s s✉❣❣❡st t❤❛t ❡①♣♦s✉r❡ t♦ ❙❑ ♦♣❡r❛t❡s ✐♥ r✐❝❤ ❛♥❞ ❝♦♠♣❧❡①

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

✺ ❈♦♥❝❧✉s✐♦♥

❲❡ st❛rt t❤✐s ❝♦♥❝❧✉s✐♦♥ ✇✐t❤ ❛♥ ♦❜s❡r✈❛t✐♦♥ ♦❢ t❡❛♠✇♦r❦✱ ❡✣❝✐❡♥❝②✱ ❛♥❞ ❛❜✉♥❞❛♥❝❡ ♦❢ ❧❛❜♦r✳ ❖♥

❖❝t♦❜❡r ✶✹✱ ✷✵✶✾✱ t❤❡ ✜rst ❡♠❛✐❧ ✇❛s s❡♥t r❡❣❛r❞✐♥❣ t❤❡ ✐❞❡❛ ♦❢ t❤❡ ▼❙❑❊■ ♣❛♣❡r✳ ❆❢t❡r t❤❛t✱ ♥✐♥❡

s❡❡♠✐♥❣❧②✲✉♥❞❡r✇♦r❦❡❞ ❥✉♥✐♦r ❛❝❛❞❡♠✐❝s ❞❡s✐❣♥❡❞ ❛ q✉❡st✐♦♥♥❛✐r❡✱ ❢♦✉♥❞ ❡✈❡♥ ♠♦r❡ ✉♥❞❡r✇♦r❦❡❞

st✉❞❡♥t ❛ss✐st❛♥ts t♦ ♣r♦❣r❛♠ ✐t✱ ❜r♦❦❡ ❞❛t❛ ❝♦♥✜❞❡♥t✐❛❧✐t② r✉❧❡s ❛♥❞ ♠❛♥✐♣✉❧❛t❡❞ ❡♠❛✐❧✲❧✐sts t♦

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

♦♥ t❤❡ ♣❛②r♦❧❧ ♦❢ t❤❡ t❛①♣❛②❡r ❛t t❤❡ ♣♦✐♥t ✐♥ t✐♠❡✱ s✐♥❝❡ ♥❡❛r❧② ❤❛❧❢ ♦❢ t❤❡ r❡s♣♦♥❞❡♥ts ✜❧❧❡❞ ✐t ♦✉t

❛t t❤❡ ♦✣❝❡✮✱ ✇♦r❦❡❞ ✐♥ ❞❛②✲❛♥❞✲♥✐❣❤t s❤✐❢ts ♦♥ t❤❡ ♣❛♣❡r✳ ✳ ✳ ✱ ❛♥❞ ❤❡r❡ ✇❡ st❛♥❞ ♦♥ ◆♦✈❡♠❜❡r ✶✻✱

✷✵✶✾✦ ❚❤✐s ❛❧s♦ r❛✐s❡s ❞♦✉❜ts ❛s t♦ ✇❤② ♣❡♦♣❧❡ ✇♦✉❧❞ ♥❡❡❞ t❤r❡❡ ②❡❛rs ♦r ♠♦r❡ t♦ ✜♥✐s❤ ❛ P❤❉ ✕

✶✹❚❤✐s ♠✐❣❤t ❛❧s♦ ❜❡ ❞r✐✈❡♥ ❜② s♦❝✐❛❧ t♦❧❡r❛♥❝❡✳ ❋♦r ❡①❛♠♣❧❡✱ ■♥❣❧❡❤❛rt ❡t ❛❧✳ ✭✷✵✶✸✮ s❤♦✇ t❤❛t t♦❧❡r❛♥❝❡ ✐♥❝r❡❛s❡s
♣❡♦♣❧❡✬s s✉❜❥❡❝t✐✈❡ ✇❡❧❧✲❜❡✐♥❣✳



✺ ❈❖◆❈▲❯❙■❖◆ ✸✸

r♦✉❣❤❧② ❡①tr❛♣♦❧❛t✐♥❣ t❤✐s ♣❛♣❡r✬s t✐♠❡✱ ✐t ❝♦✉❧❞ ❡❛s✐❧② ❜❡ ❞♦♥❡ ✐♥ ✻✲✶✷ ♠♦♥t❤s✳ ❋✉rt❤❡r♠♦r❡✱ ✐❢ ②♦✉

t❛❦❡ ✐♥t♦ ❛❝❝♦✉♥t t❤❛t ②♦✉✱ ❛s ❛ ❥✉♥✐♦r r❡s❡❛r❝❤❡r✱ ❝❛♥ ✜♥❞ ✇❛②s t♦ ❝♦♥✈✐♥❝❡ t❤❡ ❧❡❛❞✐♥❣ ●❡r♠❛♥

❡❝♦♥♦♠✐st ✐♥ ✷✵✶✼ t♦ ✇r✐t❡ t❤❡ t❤❡♦r❡t✐❝❛❧ ❢♦✉♥❞❛t✐♦♥s ♦❢ ②♦✉r ♣❛♣❡r✳✳✳

❘❡❧②✐♥❣ ♦♥ ✐ts ✜rst✲♦❢✲✐ts✲❦✐♥❞ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ❊①♣♦s✉r❡ ■♥❞❡①✱ ✇❤✐❝❤ ✐❞❡♥t✐✜❡s

s❧✐❣❤t❧② ♠♦r❡ t❤❛♥ ❤❛❧❢ ♦❢ ❙❑✬s ❛❝q✉❛✐♥t❛♥❝❡s ❛s ❡①♣♦s❡❞ t♦ ❤✐♠✱ ✇❡ ❛r❡ ❛❜❧❡ t♦ ✉♥❝♦✈❡r t❤❛t✱ ✐♥

❧✐♥❡ ✇✐t❤ t❤❡♦r❡t✐❝❛❧ ♣r❡❞✐❝t✐♦♥s✱ ❡①♣♦s✉r❡ ✐♥❝r❡❛s❡s✿ ✶✮ t♦❧❡r❛♥❝❡ ♦✈❡r❛❧❧✱ ❛♥❞ ✐♥ ♣❛rt✐❝✉❧❛r t♦✇❛r❞s

♠❛❝r♦❡❝♦♥♦♠✐sts✱ st❛t✐st✐❝✐❛♥s✱ ❛♥❞ ♣❡♦♣❧❡ ✇❡❛r✐♥❣ s♦❝❦s ✇✐t❤ s❛♥❞❛❧s ✷✮ ♣r❡❢❡r❡♥❝❡ ♦❢ ♣♦st❞♦❝s ♦✈❡r

P❤❉s ✐♥ t✐♠❡s ♦❢ s❝❛r❝✐t② ✸✮ s❡❧❢✲♣❡r❝❡✐✈❡❞ ✇❡❛❧t❤✱ ❛♥❞ ✹✮ ❛ ♣❡rs♦♥✬s ❝♦♥s❝✐♦✉s♥❡ss t♦✇❛r❞s ❣❧♦❜❛❧

♣r♦❜❧❡♠s s✉❝❤ ❛s ✐♥❡q✉❛❧✐t②✱ ♣♦✈❡rt②✱ ❛♥❞ ❝❧✐♠❛t❡ ❝❤❛♥❣❡✳ ❲❤✐❧❡ ❛❧❧ ❢♦✉r ❝♦♥❝❧✉s✐♦♥s ❛r❡ s✉♣♣♦rt❡❞

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

❑❧❛s❡♥✬s ♠♦st ❝✐t❡❞ ♣✉❜❧✐❝❛t✐♦♥s ❛r❡ ✐♥❞❡❡❞ ♦♥ ✐ss✉❡s ♦❢ ✭♠❡❛s✉r✐♥❣✮ ♣♦✈❡rt② ✭❑❧❛s❡♥ ✷✵✵✵✿ ✻✸✶

❝✐t❛t✐♦♥s✮ ❛♥❞ ✭❣❡♥❞❡r✮ ✐♥❡q✉❛❧✐t② ✭❑❧❛s❡♥ ✷✵✵✷✿ ✼✹✽ ❝✐t❛t✐♦♥s✮✳

❖✉r r❡s✉❧ts s❤♦✇ t❤❛t ❢✉rt❤❡r r❡s❡❛r❝❤ s❤♦✉❧❞ ❜❡ ❝❛rr✐❡❞ ♦✉t ♦♥ ❛str♦❧♦❣② ❛♥❞ s♦❝✐❛❧ ♥❡t✇♦r❦s✳

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

t❤❡ ③♦❞✐❛❝✱ s♦ t❤✐s ✐s ♦❜✈✐♦✉s ❢r♦♠ t❤❡ ❣❡t✲❣♦✮✳ ■t ✐s ❛ r❡❧✐❡❢ ✭❢♦r t❤❛t ♠❡♠❜❡r✱ ❛t ❧❡❛st✮ t❤❛t t❤❡ s♦❝✐❛❧

♥❡t✇♦r❦ ♦❢ ❙t❡♣❤❛♥ ❑❧❛s❡♥ ✐s ❤❡❛✈✐❧② ✐♥✢✉❡♥❝❡❞ ❜② ❆r✐❡s✳ ▼②t❤ ✐♥ ❣❡♥❡r❛❧ ♥❡❡❞s ♠♦r❡ ❛tt❡♥t✐♦♥

✐♥ ❡❝♦♥♦♠✐sts✬ r❡s❡❛r❝❤ s✐♥❝❡ ♥❡❛r❧② ♦♥❡ q✉❛rt❡r ♦❢ t❤❡ r❡s♣♦♥❞❡♥ts ❛r❡ ✉♥✐❝♦r♥ ♣❡rs♦♥s ✲ s❤♦✇✐♥❣

t❤❡✐r ♦♣❡♥✲♠✐♥❞❡❞♥❡ss t♦ ❡❛❝❤ ❛♥❞ ❡✈❡r②t❤✐♥❣ ♦♥ t❤✐s ♣❧❛♥❡t ❡❛rt❤ ❛♥❞ ❡✈❡♥ ♦t❤❡r ♣❧❛♥❡ts ✭❡①❝❡♣t

♠❛②❜❡ ❢♦r ❤❡❛✈② ❞r✐♥❦❡rs ❛♥❞ ♠❛❝r♦❡❝♦♥♦♠✐sts✮✳ ■♥ ❧✐♥❡ ✇✐t❤ t❤✐s ✐s ❛❧s♦ t❤❡ ✜♥❞✐♥❣ t❤❛t ♦✈❡r ✺✵✪

❧✐❦❡ ❙❛♥t❛ ❈❧❛✉s✱ ❡✈❡♥ t❤♦✉❣❤ ❣❡♥❡r❛❧ ❜❡❧✐❡❢ ♦✉ts✐❞❡ ♦❢ ❡❝♦♥♦♠✐❝s ✐s t❤❛t ❙❛♥t❛ ✐s ❛ ♠②t❤✐❝❛❧ ♣❡rs♦♥✳

❚❤❡ ❧❛st ❛♥❞ ♠♦st ❝♦♥✈✐♥❝✐♥❣ ♣♦✐♥t ♦❢ ✇♦rr②✐♥❣ ♠♦r❡ ❛❜♦✉t ♠②t❤♦❧♦❣② ✐s t❤❛t ♥❡❛r❧② t✇♦✲t❤✐r❞s

♦❢ t❤❡ r❡s♣♦♥❞❡♥ts ❛r❡ ✐♥ ❢❛✈♦r ♦❢ ❘❈❚s✳ ❖♥❡ q✉✐❝❦ ♥♦t❡ ♦♥ t❤❡ r✐s❡ ♦❢ ❈❤✐♥❛✿ ✇❡ s❤♦✉❧❞ ❛❧s♦

♣♦ss✐❜❧② t❛❧❦ ♠♦r❡ ❛❜♦✉t ❈❤r✐st♠❛s ■s❧❛♥❞ ❛s ❜♦t❤ ❝♦✉♥tr✐❡s ❛r❡ ❡q✉❛❧❧② r❡♣r❡s❡♥t❡❞ ❛♠♦♥❣ t❤❡

s✉r✈❡② ♣❛rt✐❝✐♣❛♥ts✳

❲❡ ❡♥❞ t❤✐s ❣r♦✉♥❞❜r❡❛❦✐♥❣ ❛rt✐❝❧❡ ✇✐t❤ s❡✈❡r❛❧ ♣♦❧✐❝② r❡❝♦♠♠❡♥❞❛t✐♦♥s✳ ❋✐rst✱ t❤❡ ❣♦✈❡r♥♠❡♥t

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

✇✐t❤ s❛♥❞❛❧s ❛♠♦♥❣ ❚✐♥❞❡r ✉s❡rs✳ ❙❡❝♦♥❞✱ ❡✈❡r②♦♥❡ s❤♦✉❧❞ s❡❡ ❲♦♥❞❡r ❲♦♠❛♥ ❛s t❤❡r❡ ❛r❡ ❧❛r❣❡

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

❢♦r ❈❤r✐st♠❛s ✭❛ ✈❡r② ❤❡❛❧t❤② ❤❛❜✐t✮ ❛♥❞ r❡♣♦rt ♠✉❝❤ ❧❛r❣❡r ❧❡✈❡❧s ♦❢ ♣❡r❝❡✐✈❡❞ ♠❛t❡r✐❛❧ ✇❡❛❧t❤✳

❚❤✐r❞✱ ❧❡❢t✲❤❛♥❞❡❞ ♣❡♦♣❧❡✖❛ t♦♦✲♦❢t❡♥ ✐❣♥♦r❡❞ ♠✐♥♦r✐t②✖s❤♦✉❧❞ ❡♥❥♦② ❧♦♥❣❡r ❧✉♥❝❤ ❜r❡❛❦s✳ ❋♦✉rt❤✱

❛❝❛❞❡♠✐❝s s❤♦✉❧❞ ❛❧❧ ❣❡t ❛ r❡❣✉❧❛r ✇♦r❦s❤♦♣ ✭❧❡t✬s s❛② ❡✈❡r② t❤r❡❡ t♦ s✐① ♠♦♥t❤s✮ ♦♥ s❡❧❢✲ ❛♥❞ t✐♠❡✲

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

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

♦r ❜② ❡✐t❤❡r ❛♥s✇❡r✐♥❣ ♠♦r❡ ❢r❡q✉❡♥t❧② t♦ ❡♠❛✐❧s ♦r s✐♠♣❧② st♦♣♣✐♥❣ ❛♥s✇❡r✐♥❣ ❡♠❛✐❧s ❛❧t♦❣❡t❤❡r

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

❞♦ ♥♦t r❡s♣♦♥❞ ❛t ❛❧❧❄ ❖r ✐s t❤❡r❡ ❛♥ ♦✉t❧✐❡r❄ ❆♥❞ ✇❤♦ ✐s t❤✐s ♦✉t❧✐❡r❄✮✳ ■♥ ❛❞❞✐t✐♦♥✱ s✐♠♣❧② ❝♦♠✐♥❣

t♦ t❤❡ ♦✣❝❡ ❛t ❛ ✏♥♦r♠❛❧✑ t✐♠❡ ❝♦✉❧❞ ❛❧s♦ ❤❡❧♣✱ s✐♥❝❡ ♦♥❧② ❡✈❡r② t❤✐r❞ ♣❡rs♦♥ ❝♦♠❡s ❜❡❢♦r❡ ✾✿✵✵✳
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❝♦♥❝❡♣t✉❛❧ ❛♥❞ ❡♠♣✐r✐❝❛❧ ✐ss✉❡s✳ ❡♥❣✳ ❈♦✉r❛♥t ❘❡s❡❛r❝❤ ❈❡♥tr❡✿ P♦✈❡rt②✱ ❊q✉✐t② ❛♥❞ ●r♦✇t❤ ✲
❉✐s❝✉ss✐♦♥ P❛♣❡rs ✷✸✸✳ ●ött✐♥❣❡♥✳

❍✐❣❣s✱ ❙✉③❛♥♥❡ ❛♥❞ ❆❧✐s♦♥ ❏♦♥❡s ✭✷✵✶✸✮✳ ✏Pr♦❧♦♥❣❡❞ ❝❤❡✇✐♥❣ ❛t ❧✉♥❝❤ ❞❡❝r❡❛s❡s ❧❛t❡r s♥❛❝❦ ✐♥t❛❦❡✑✳
■♥✿ ❆♣♣❡t✐t❡ ✻✷✱ ♣♣✳ ✾✶✕✾✺✳

■♥❣❧❡❤❛rt✱ ❘♦♥❛❧❞✱ ❙✈❡t❧❛♥❛ ❇♦r✐♥s❦❛②❛✱ ❆♥♥❛ ❈♦tt❡r✱ ❏❛❛♥✉s ❍❛rr♦✱ ❘♦♥❛❧❞ ❈✳ ■♥❣❧❡❤❛rt✱ ❊❞✉❛r❞
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♣❛♣❡rs✳ ◆❛t✐♦♥❛❧ ❘❡s❡❛r❝❤ ❯♥✐✈❡rs✐t② ❍✐❣❤❡r ❙❝❤♦♦❧ ♦❢ ❊❝♦♥♦♠✐❝s✳

❏❡♥s❡♥✱ ❘♦❜❡rt ❛♥❞ ❊♠✐❧② ❖st❡r ✭❆✉❣✳ ✷✵✵✾✮✳ ✏❚❤❡ P♦✇❡r ♦❢ ❚❱✿ ❈❛❜❧❡ ❚❡❧❡✈✐s✐♦♥ ❛♥❞ ❲♦♠❡♥✬s
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Surprise survey for Stephan Klasen's Farewell
Lecture
Thank you for deciding to participate in the survey for Stephan Klasen's gift on his Farewell 
Lecture, on November 16, in Göttingen.
We would really appreciate if you take 10-15 minutes to answer the following questions. 

How much are you in favor of Development Aid?
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Not
at all

in
favor

Very
much
in
favor

1. 

How do you reach your workplace today / or normally?
Mark only one oval.

Walking

Cycling

By car

By train

Other

Come on, it is Sunday today!

2. 

Which sector are you working in?
Mark only one oval.

Private

Public

Self-employed

None of the above

3. 

Which of the following was a keynote speaker at Stephan Klasen’s 50th birthday
conference?
Mark only one oval.

Rolf-Georg Köhler

Stephan Klasen

Amartya Sen

Ayrton Senna

Eliana La Ferrara

4. 
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On this list are various groups of people. Could you please mention any that you would
like/not like to have as neighbours?
Mark only one oval per row.

Don’t like as
neighbour

Like as
neighbour

Do not know / cannot
say

Theoretical
economists
Randomistas
Economic historians
Policymakers
Heavy drinkers
Sociologists
Macroeconomists
Statisticians
Benevolent dictators

5. 

Who is your favorite politician?
Mark only one oval.

Nelson Mandela

José Mujica

Rolf-Georg Köhler

Justin Trudeau

Donald Trump

None of the above

6. 

How would you describe yourself? Are you generally willing to take risks, or do you try
to avoid taking risks? Please choose a number on the scale between 0 and 10, where
the value 0 means “always trying to avoid risks” and the value 10 means “fully
prepared to take risks”.
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

7. 

How many joint papers did/do you have?8. 

What type of person are you?
Mark only one oval.

dog person

cat person

unicorn person

None of the above

9. 

When did you meet Stephan Klasen for the
first time?

10. 
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In which country were you born?11. 

What is your gender ?
Mark only one oval.

Male

Female

Non-binary

Prefer not to say

Other

12. 

How nerdy are you on a scale from 0-10?
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Low High

13. 

Do you let your emails typically be spell- and grammar-checked?
Mark only one oval.

Yes, always

Most of the times

Every now and then

Never – why would I?

14. 

How many minutes did your last
professional meeting take?

15. 

At what time do you typically start working? Example: If you start working at 3pm,
please indicate it as 15:00.

Example: 8:30 AM

16. 

How much are you in favor of GMO?
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Not
at all

in
favor

Very
much
in
favor

17. 

What is the proportion of your office desk
surface that is still visible? (in %)

18. 
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What is your current marital status?
Mark only one oval.

Married

Living together as married

Divorced

Separated

Widowed

Single

Actively using online dating apps

19. 

How many times did you go to mensa
together with Stephan Klasen?

20. 

What is the proportion (%) of your friends
that have been or are currently working
with Stephan Klasen?

21. 

What do you think is your exposure to Stephan Klasen on a professional level ?
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Low High

22. 

How often do you brush your teeth?
Mark only one oval.

More than twice a day

Twice a day

Once a day

Few times per week

You don’t want to know

23. 

How many bank accounts do you have?24. 

What are the two last digits of Stephan
Klasen’s mobile phone number?

25. 
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Imagine a ladder. On this ladder, there are
10 ascending steps: 1 indicates the lowest
income group and 10 the highest income
group. In your country of residence, in
what group is your household? (Answer an
integer between 1 and 10)

26. 

With which hand do you write, paint etc?
Mark only one oval.

Left

Right

Both

27. 

How many cars does your household own?28. 

How many of Stephan Klasen’s former or
current PhD students can you name in 10
seconds? (Please write down a number)
Don’t cheat! Google is watching!

29. 

What is your favorite Soccer Club?
Mark only one oval.

Hertha BSC

Borussia Mönchengladbach

Hannover 96

New England Revolution

Juventus Turin

None of the above

30. 

How much are you in favor of people wearing white socks and sandals?
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Not
at all

in
favor

Very
much
in
favor

31. 
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How much are you in favor of the separation of summer and winter time?
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Not
at all

in
favor

Very
much
in
favor

32. 

As a University soccer player, Stephan Klasen was a mythical:
Pick the correct option
Mark only one oval.

Striker

Defender

Coach

Goalkeeper

All of the above

I have no clue!

33. 

Below, there is a list of some problems. Please indicate which of the following
problems you consider the most serious one for the world as a whole?
Mark only one oval.

Poverty

Inequality

Climate change

Endogeneity

Referees in peer-reviewed journals

Fieldwork catastrophes

Deutsche Bahn delays

Reimbursement forms

Crowded mensa

Missing values

34. 

Make your best guess: which of the following sentences are from a paper abstract by
Stephan Klasen?
Mark only one oval.

A - These outdated institutions both raise unemployment and lower growth rates. The
truth of propositions such as these depends on which labor market institutions really are bad
for unemployment and growth, and which are not.

B - This is most visible in labor markets, but also visible across a range of dimensions
of gender inequality. After documenting these developments, the paper suggests causes for
this change before suggesting policies to tackle remaining gender inequalities more
effectively.

C - Of particular interest is the new research literature that investigates the impact of
widening wage inequality on race and gender wage gaps.

35. 
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What is your age?36. 

What are names of Stephan Klasen’s kids?
Check all that apply.

Lucas

Rolf-Georg

Nicolas

Bruno

Nelson

37. 

How many cups of coffee do you usually
have in a day?

38. 

What social media channels do you use most?
Mark only one oval.

Twitter

Facebook

Instagram

Tinder

SPAM

39. 

Which conference type are you?
Mark only one oval.

Go there for food and coffee

Networking

Appreciating the interior design of the conference’s building

I don’t go to conferences

The one who has a hangover when presenting

40. 

What is your favorite movie?
Mark only one oval.

Wonder Woman

A beautiful mind

Alexander

Lion King

Bodyguard

What is a movie? I only watch series.

41. 
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What do you think is your exposure to Stephan Klasen on a personal level?
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Low High

42. 

How many unanswered emails do you have
in your inbox?

43. 

How much are you in favor of RCTs?
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Not
at all

in
favor

Very
much
in
favor

44. 

How many beers did you drink together
with Stephan Klasen?

45. 

What is your height (in cm)?46. 

How did you sign your last email?
Mark only one oval.

My first name

My last name

My first and last name

My nickname

Initials

Someone else’s name

I did not sign

47. 
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When did you send the last email to Stephan Klasen?
Mark only one oval.

This week

Last week

Last month

Between one month and six months ago

Between six months and a year ago

More than a year ago

I never wrote him per email :(

48. 

What is the perfect Christmas gift you would like to receive?
Mark only one oval.

A small chocolate Santa Claus

A big chocolate Santa Claus

An ancient Chinese philosophy book

A 2004 issue of The Review of Income and Wealth

A 2006 issue of The Review of Income and Wealth

49. 

What is your zodiac sign?
Mark only one oval.

Aries

Taurus

Gemini

Cancer

Leo

Virgo

Libra

Scorpio

Sagittarius

Capricorn

Aquarius

Pisces

50. 

How much are you in favor of a 130 km/h speed limit on the Autobahn?
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Not
at all

in
favor

Very
much
in
favor

51. 
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Where are you filling out this survey?
Mark only one oval.

In bed

In a work meeting

At my office desk

In the toilet

At the beach

In a fancy coffee house

In the train

Other

52. 

In the closing conference dinner of Stephan Klasen’s 50th birthday, the drinks were:
Mark only one oval.

Paid by the guests at above market rates

Paid by the guests at subsidized prices

Free for the guests

Free for the guests, but limited to tap water

I wasn’t there

I can’t remember, so it must be option c!

53. 

Do you agree, disagree or neither agree nor disagree with the following statements?
Mark only one oval per row.

Agree Neither Disagree

When jobs are scarce, scientists
should have more right to a job
than sport athletes.
When jobs are scarce, professors
should give priority to postdocs
over PhD students.
If an anthropologist earns more
money than an equally qualified
economist, it's almost certain to
cause problems.
Having a bad instrumental
variable (IV) is better than having
no IV at all.
There should be no physicists
allowed in financial institutions.

54. 

What is your weight (in kg)?55. 
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Powered by

How long is your lunch break?
Mark only one oval.

Less than 30min

Between 30 and 60min

Between 60 and 90min

2 hours

I don’t take a break and eat at my desk

56. 

How much are you in favor of a voucher when paying for the bathroom at train
stations?
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Not
at all

in
favor

Very
much
in
favor

57. 

Do you have any children? If yes, specify
the number of children. If no, answer 0.

58. 

How many cigarettes did Stephan Klasen
ask you for?

59. 

Thank you for participating! We hope to see you at the
Farewell Lecture.
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