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❚❤❡ t♦♣●❖ ♣❛❝❦❛❣❡ ✐s ❞❡s✐❣♥❡❞ t♦ ❢❛❝✐❧✐t❛t❡ s❡♠✐✲❛✉t♦♠❛t❡❞ ❡♥r✐❝❤♠❡♥t ❛♥❛❧②s✐s ❢♦r ●❡♥❡ ❖♥t♦❧♦❣② ✭●❖✮
t❡r♠s✳ ❚❤❡ ♣r♦❝❡ss ❝♦♥s✐sts ♦❢ ✐♥♣✉t ♦❢ ♥♦r♠❛❧✐s❡❞ ❣❡♥❡ ❡①♣r❡ss✐♦♥ ♠❡❛s✉r❡♠❡♥ts✱ ❣❡♥❡✲✇✐s❡ ❝♦rr❡❧❛t✐♦♥
♦r ❞✐✛❡r❡♥t✐❛❧ ❡①♣r❡ss✐♦♥ ❛♥❛❧②s✐s✱ ❡♥r✐❝❤♠❡♥t ❛♥❛❧②s✐s ♦❢ ●❖ t❡r♠s✱ ✐♥t❡r♣r❡t❛t✐♦♥ ❛♥❞ ✈✐s✉❛❧✐s❛t✐♦♥ ♦❢ t❤❡
r❡s✉❧ts✳

❖♥❡ ♦❢ t❤❡ ♠❛✐♥ ❛❞✈❛♥t❛❣❡s ♦❢ t♦♣●❖ ✐s t❤❡ ✉♥✐✜❡❞ ❣❡♥❡ s❡t t❡st✐♥❣ ❢r❛♠❡✇♦r❦ ✐t ♦✛❡rs✳ ❇❡s✐❞❡s ♣r♦✈✐❞✐♥❣
❛♥ ❡❛s② t♦ ✉s❡ s❡t ♦❢ ❢✉♥❝t✐♦♥s ❢♦r ♣❡r❢♦r♠✐♥❣ ●❖ ❡♥r✐❝❤♠❡♥t ❛♥❛❧②s✐s✱ ✐t ❛❧s♦ ❡♥❛❜❧❡s t❤❡ ✉s❡r t♦ ❡❛s✐❧②
✐♠♣❧❡♠❡♥t ♥❡✇ st❛t✐st✐❝❛❧ t❡sts ♦r ♥❡✇ ❛❧❣♦r✐t❤♠s t❤❛t ❞❡❛❧ ✇✐t❤ t❤❡ ●❖ ❣r❛♣❤ str✉❝t✉r❡✳ ❚❤✐s ✉♥✐✜❡❞
❢r❛♠❡✇♦r❦ ❛❧s♦ ❢❛❝✐❧✐t❛t❡s t❤❡ ❝♦♠♣❛r✐s♦♥ ❜❡t✇❡❡♥ ❞✐✛❡r❡♥t ●❖ ❡♥r✐❝❤♠❡♥t ♠❡t❤♦❞♦❧♦❣✐❡s✳

❚❤❡r❡ ❛r❡ ❛ ♥✉♠❜❡r ♦❢ t❡st st❛t✐st✐❝s ❛♥❞ ❛❧❣♦r✐t❤♠s ❞❡❛❧✐♥❣ ✇✐t❤ t❤❡ ●❖ ❣r❛♣❤ str✉❝t✉r❡❞ r❡❛❞② t♦ ✉s❡ ✐♥
t♦♣●❖✳ ❚❛❜❧❡ ✶ ♣r❡s❡♥ts t❤❡ ❝♦♠♣❛t✐❜✐❧✐t② t❛❜❧❡ ❜❡t✇❡❡♥ t❤❡ t❡st st❛t✐st✐❝s ❛♥❞ ●❖ ❣r❛♣❤ ♠❡t❤♦❞s✳

✜s❤❡r ❦s t ❣❧♦❜❛❧t❡st s✉♠
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❚❛❜❧❡ ✶✿ ❆❧❣♦r✐t❤♠s ❝✉rr❡♥t❧② s✉♣♣♦rt❡❞ ❜② t♦♣●❖✳

❚❤❡ ❡❧✐♠ ❛♥❞ ✇❡✐❣❤t ❛❧❣♦r✐t❤♠s ✇❡r❡ ✐♥tr♦❞✉❝❡❞ ✐♥ ❆❧❡①❛ ❡t ❛❧✳ ✭✷✵✵✻✮✳ ❚❤❡ ❞❡❢❛✉❧t ❛❧❣♦r✐t❤♠ ✉s❡❞ ❜② t❤❡
t♦♣●❖ ♣❛❝❦❛❣❡ ✐s ❛ ♠✐①t✉r❡ ❜❡t✇❡❡♥ t❤❡ ❡❧✐♠ ❛♥❞ t❤❡ ✇❡✐❣❤t ❛❧❣♦r✐t❤♠s ❛♥❞ ✐t ✇✐❧❧ ❜❡ r❡❢❡rr❡❞ ❛s ✇❡✐❣❤t✵✶✳
❚❤❡ ♣❛r❡♥t❈❤✐❧❞ ❛❧❣♦r✐t❤♠ ✇❛s ✐♥tr♦❞✉❝❡❞ ❜② ●r♦ss♠❛♥♥ ❡t ❛❧✳ ✭✷✵✵✼✮✳

❲❡ ❛ss✉♠❡ t❤❡ ✉s❡r ❤❛s ❛ ❣♦♦❞ ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ ●❖✱ s❡❡ ❈♦♥s♦rt✐✉♠ ✭✷✵✵✶✮✱ ❛♥❞ ✐s ❢❛♠✐❧✐❛r ✇✐t❤ ❣❡♥❡ s❡t
❡♥r✐❝❤♠❡♥t t❡sts✳ ❆❧s♦ t❤✐s ❞♦❝✉♠❡♥t r❡q✉✐r❡s ❜❛s✐❝ ❦♥♦✇❧❡❞❣❡ ♦❢ ❘ ❧❛♥❣✉❛❣❡✳

❚❤❡ ♥❡①t s❡❝t✐♦♥ ♣r❡s❡♥ts ❛ q✉✐❝❦ t♦✉r ✐♥t♦ t♦♣●❖ ❛♥❞ ✐s t❤♦✉❣❤t t♦ ❜❡ ✐♥❞❡♣❡♥❞❡♥t ♦❢ t❤❡ r❡st ♦❢ t❤✐s
♠❛♥✉s❝r✐♣t✳ ❚❤❡ r❡♠❛✐♥✐♥❣ s❡❝t✐♦♥s ♣r♦✈✐❞❡ ❞❡t❛✐❧s ♦♥ t❤❡ ❢✉♥❝t✐♦♥s ✉s❡❞ ✐♥ t❤❡ s❛♠♣❧❡ s❡❝t✐♦♥ ❛s ✇❡❧❧ ❛s
s❤♦✇✐♥❣ ♠♦r❡ ❛❞✈❛♥❝❡ ❢✉♥❝t✐♦♥❛❧✐t② ✐♠♣❧❡♠❡♥t❡❞ ✐♥ t❤❡ t♦♣●❖ ♣❛❝❦❛❣❡✳
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❚❤✐s s❡❝t✐♦♥ ❜r✐❡✢② ❞❡s❝r✐❜❡ t❤❡ ♥❡❝❡ss❛r② t♦ ❣❡t t♦♣●❖ r✉♥♥✐♥❣ ♦♥ ②♦✉r s②st❡♠✳ ❲❡ ❛ss✉♠❡ t❤❛t t❤❡ ✉s❡r
❤❛✈❡ t❤❡ ❘ ♣r♦❣r❛♠ ✭s❡❡ t❤❡ ❘ ♣r♦❥❡❝t ❛t ❤tt♣✿✴✴✇✇✇✳r✲♣r♦❥❡❝t✳♦r❣✮ ❛❧r❡❛❞② ✐♥st❛❧❧❡❞ ❛♥❞ ✐ts ❢❛♠✐❧✐❛r ✇✐t❤
✐t✳ ❨♦✉ ✇✐❧❧ ♥❡❡❞ t♦ ❤❛✈❡ ❘ ✷✳✶✵✳✵ ♦r ❧❛t❡r t♦ ❜❡ ❛❜❧❡ t♦ ✐♥st❛❧❧ ❛♥❞ r✉♥ t♦♣●❖✳

❚❤❡ t♦♣●❖ ♣❛❝❦❛❣❡ ✐s ❛✈❛✐❧❛❜❧❡ ❢r♦♠ t❤❡ ❇✐♦❝♦♥❞✉❝t♦r r❡♣♦s✐t♦r② ❛t ❤tt♣✿✴✴✇✇✇✳❜✐♦❝♦♥❞✉❝t♦r✳♦r❣ ❚♦ ❜❡
❛❜❧❡ t♦ ✐♥st❛❧❧ t❤❡ ♣❛❝❦❛❣❡ ♦♥❡ ♥❡❡❞s ✜rst t♦ ✐♥st❛❧❧ t❤❡ ❝♦r❡ ❇✐♦❝♦♥❞✉❝t♦r ♣❛❝❦❛❣❡s✳ ■❢ ②♦✉ ❤❛✈❡ ❛❧r❡❛❞②
✐♥st❛❧❧❡❞ ❇✐♦❝♦♥❞✉❝t♦r ♣❛❝❦❛❣❡s ♦♥ ②♦✉r s②st❡♠ t❤❡♥ ②♦✉ ❝❛♥ s❦✐♣ t❤❡ t✇♦ ❧✐♥❡s ❜❡❧♦✇✳

❃ ✐❢ ✭✦r❡q✉✐r❡◆❛♠❡s♣❛❝❡✭✧❇✐♦❝▼❛♥❛❣❡r✧✱ q✉✐❡t❧②❂❚❘❯❊✮✮

✰ ✐♥st❛❧❧✳♣❛❝❦❛❣❡s✭✧❇✐♦❝▼❛♥❛❣❡r✧✮

❃ ❇✐♦❝▼❛♥❛❣❡r✿✿✐♥st❛❧❧✭✮

❖♥❝❡ t❤❡ ❝♦r❡ ❇✐♦❝♦♥❞✉❝t♦r ♣❛❝❦❛❣❡s ❛r❡ ✐♥st❛❧❧❡❞✱ ✇❡ ❝❛♥ ✐♥st❛❧❧ t❤❡ t♦♣●❖ ♣❛❝❦❛❣❡ ❜②

❃ ✐❢ ✭✦r❡q✉✐r❡◆❛♠❡s♣❛❝❡✭✧❇✐♦❝▼❛♥❛❣❡r✧✱ q✉✐❡t❧②❂❚❘❯❊✮✮

✰ ✐♥st❛❧❧✳♣❛❝❦❛❣❡s✭✧❇✐♦❝▼❛♥❛❣❡r✧✮

❃ ❇✐♦❝▼❛♥❛❣❡r✿✿✐♥st❛❧❧✭✧t♦♣●❖✧✮



✸ ◗✉✐❝❦ st❛rt ❣✉✐❞❡

❚❤✐s s❡❝t✐♦♥ ❞❡s❝r✐❜❡s ❛ s✐♠♣❧❡ ✇♦r❦✐♥❣ s❡ss✐♦♥ ✉s✐♥❣ t♦♣●❖✳ ❚❤❡r❡ ❛r❡ ♦♥❧② ❛ ❤❛♥❞❢✉❧ ♦❢ ❝♦♠♠❛♥❞s ♥❡❝❡ss❛r②
t♦ ♣❡r❢♦r♠ ❛ ❣❡♥❡ s❡t ❡♥r✐❝❤♠❡♥t ❛♥❛❧②s✐s ✇❤✐❝❤ ✇✐❧❧ ❜❡ ❜r✐❡✢② ♣r❡s❡♥t❡❞ ❜❡❧♦✇✳

❆ t②♣✐❝❛❧ s❡ss✐♦♥ ❝❛♥ ❜❡ ❞✐✈✐❞❡❞ ✐♥t♦ t❤r❡❡ st❡♣s✿

✶✳ ❉❛t❛ ♣r❡♣❛r❛t✐♦♥✿ ▲✐st ♦❢ ❣❡♥❡s ✐❞❡♥t✐✜❡rs✱ ❣❡♥❡ s❝♦r❡s✱ ❧✐st ♦❢ ❞✐✛❡r❡♥t✐❛❧❧② ❡①♣r❡ss❡❞ ❣❡♥❡s ♦r ❛ ❝r✐t❡r✐❛
❢♦r s❡❧❡❝t✐♥❣ ❣❡♥❡s ❜❛s❡❞ ♦♥ t❤❡✐r s❝♦r❡s✱ ❛s ✇❡❧❧ ❛s ❣❡♥❡✲t♦✲●❖ ❛♥♥♦t❛t✐♦♥s ❛r❡ ❛❧❧ ❝♦❧❧❡❝t❡❞ ❛♥❞ st♦r❡❞
✐♥ ❛ s✐♥❣❧❡ ❘ ♦❜❥❡❝t✳

✷✳ ❘✉♥♥✐♥❣ t❤❡ ❡♥r✐❝❤♠❡♥t t❡sts✿ ❯s✐♥❣ t❤❡ ♦❜❥❡❝t ❝r❡❛t❡❞ ✐♥ t❤❡ ✜rst st❡♣ t❤❡ ✉s❡r ❝❛♥ ♣❡r❢♦r♠ ❡♥r✐❝❤♠❡♥t
❛♥❛❧②s✐s ✉s✐♥❣ ❛♥② ❢❡❛s✐❜❧❡ ♠✐①t✉r❡ ♦❢ st❛t✐st✐❝❛❧ t❡sts ❛♥❞ ♠❡t❤♦❞s t❤❛t ❞❡❛❧ ✇✐t❤ t❤❡ ●❖ t♦♣♦❧♦❣②✳

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

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

■♥ t❤✐s s❡❝t✐♦♥ ✇❡ ✇✐❧❧ t❡st t❤❡ ❡♥r✐❝❤♠❡♥t ♦❢ ●❖ t❡r♠s ✇✐t❤ ❞✐✛❡r❡♥t✐❛❧❧② ❡①♣r❡ss❡❞ ❣❡♥❡s ✉s✐♥❣ t✇♦ st❛t✐st✐❝❛❧
t❡sts✱ ♥❛♠❡❧② ❑♦❧♠♦❣♦r♦✈✲❙♠✐r♥♦✈ t❡st ❛♥❞ ❋✐s❤❡r✬s ❡①❛❝t t❡st✳

✸✳✶ ❉❛t❛ ♣r❡♣❛r❛t✐♦♥

■♥ t❤❡ ✜rst st❡♣ ❛ ❝♦♥✈❡♥✐❡♥t ❘ ♦❜❥❡❝t ♦❢ ❝❧❛ss t♦♣●❖❞❛t❛ ✐s ❝r❡❛t❡❞ ❝♦♥t❛✐♥✐♥❣ ❛❧❧ t❤❡ ✐♥❢♦r♠❛t✐♦♥ r❡q✉✐r❡❞
❢♦r t❤❡ r❡♠❛✐♥✐♥❣ t✇♦ st❡♣s✳ ❚❤❡ ✉s❡r ♥❡❡❞s t♦ ♣r♦✈✐❞❡ t❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡✱ ●❖ ❛♥♥♦t❛t✐♦♥s ❛♥❞ ❡✐t❤❡r ❛
❝r✐t❡r✐❛ ❢♦r s❡❧❡❝t✐♥❣ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s ✭❡✳❣✳ ❞✐✛❡r❡♥t✐❛❧❧② ❡①♣r❡ss❡❞ ❣❡♥❡s✮ ❢r♦♠ t❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡ ♦r ❛ s❝♦r❡
❛ss♦❝✐❛t❡❞ ✇✐t❤ ❡❛❝❤ ❣❡♥❡✳

■♥ t❤✐s s❡ss✐♦♥ ✇❡ ✇✐❧❧ t❡st t❤❡ ❡♥r✐❝❤♠❡♥t ♦❢ ●❖ t❡r♠s ✇✐t❤ ❞✐✛❡r❡♥t✐❛❧❧② ❡①♣r❡ss❡❞ ❣❡♥❡s✳ ❚❤✉s✱ t❤❡ st❛rt✐♥❣
♣♦✐♥t ✐s ❛ ❧✐st ♦❢ ❣❡♥❡s ❛♥❞ t❤❡ r❡s♣❡❝t✐✈❡ p✲✈❛❧✉❡s ❢♦r ❞✐✛❡r❡♥t✐❛❧ ❡①♣r❡ss✐♦♥✳ ❆ t♦② ❡①❛♠♣❧❡ ♦❢ ❛ ❧✐st ♦❢ ❣❡♥❡
p✲✈❛❧✉❡s ✐s ♣r♦✈✐❞❡❞ ❜② t❤❡ ❣❡♥❡▲✐st ♦❜❥❡❝t✳

❃ ❧✐❜r❛r②✭t♦♣●❖✮

❃ ❧✐❜r❛r②✭❆▲▲✮

❃ ❞❛t❛✭❆▲▲✮

❃ ❞❛t❛✭❣❡♥❡▲✐st✮

❚❤❡ ❣❡♥❡▲✐st ❞❛t❛ ✐s ❜❛s❡❞ ♦♥ ❛ ❞✐✛❡r❡♥t✐❛❧ ❡①♣r❡ss✐♦♥ ❛♥❛❧②s✐s ♦❢ t❤❡ ❆▲▲✭❆❝✉t❡ ▲②♠♣❤♦❜❧❛st✐❝ ▲❡✉❦❡♠✐❛✮
❞❛t❛s❡t t❤❛t ✇❛s ❡①t❡♥s✐✈❡❧② st✉❞✐❡❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ♦♥ ♠✐❝r♦❛rr❛② ❛♥❛❧②s✐s ❈❤✐❛r❡tt✐✱ ❙✳✱ ❡t ❛❧✳ ✭✷✵✵✹✮✳ ❖✉r
t♦② ❡①❛♠♣❧❡ ❝♦♥t❛✐♥s ❥✉st ❛ s♠❛❧❧ ❛♠♦✉♥t✱ 323✱ ♦❢ ❣❡♥❡s ❛♥❞ t❤❡✐r ❝♦rr❡s♣♦♥❞✐♥❣ p✲✈❛❧✉❡s✳ ❚❤❡ ♥❡①t ❞❛t❛
♦♥❡ ♥❡❡❞s ❛r❡ t❤❡ ❣❡♥❡ ❣r♦✉♣s ✐ts❡❧❢✱ t❤❡ ●❖ t❡r♠s ✐♥ ♦✉r ❝❛s❡✱ ❛♥❞ t❤❡ ♠❛♣♣✐♥❣ t❤❛t ❛ss♦❝✐❛t❡ ❡❛❝❤ ❣❡♥❡
✇✐t❤ ♦♥❡ ♦r ♠♦r❡ ●❖ t❡r♠✭s✮✳ ❚❤❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ✇❤❡r❡ t♦ ✜♥❞ t❤❡ ●❖ ❛♥♥♦t❛t✐♦♥s ✐s st♦r❡❞ ✐♥ t❤❡ ❆▲▲

♦❜❥❡❝t ❛♥❞ ✐t ✐s ❡❛s✐❧② ❛❝❝❡ss✐❜❧❡✳

❃ ❛❢❢②▲✐❜ ❁✲ ♣❛st❡✭❛♥♥♦t❛t✐♦♥✭❆▲▲✮✱ ✧❞❜✧✱ s❡♣ ❂ ✧✳✧✮

❃ ❧✐❜r❛r②✭♣❛❝❦❛❣❡ ❂ ❛❢❢②▲✐❜✱ ❝❤❛r❛❝t❡r✳♦♥❧② ❂ ❚❘❯❊✮

❚❤❡ ♠✐❝r♦❛rr❛② ✉s❡❞ ✐♥ t❤❡ ❡①♣❡r✐♠❡♥t ✐s t❤❡ ❤❣✉✾✺❛✈✷ ❢r♦♠ ❆✛②♠❡tr✐①✱ ❛s ✇❡ ❝❛♥ s❡❡ ❢r♦♠ t❤❡ ❛❢❢②▲✐❜

♦❜❥❡❝t✳ ❲❤❡♥ ✇❡ ❧♦❛❞❡❞ t❤❡ ❣❡♥❡▲✐st ♦❜❥❡❝t ❛ s❡❧❡❝t✐♦♥ ❢✉♥❝t✐♦♥ ✉s❡❞ ❢♦r ❞❡✜♥✐♥❣ t❤❡ ❧✐st ♦❢ ❞✐✛❡r❡♥t✐❛❧❧②
❡①♣r❡ss❡❞ ❣❡♥❡s ✐s ❛❧s♦ ❧♦❛❞❡❞ ✉♥❞❡r t❤❡ ♥❛♠❡ ♦❢ t♦♣❉✐❢❢●❡♥❡s✳ ❚❤❡ ❢✉♥❝t✐♦♥ ❛ss✉♠❡s t❤❛t t❤❡ ♣r♦✈✐❞❡❞
❛r❣✉♠❡♥t ✐s ❛ ♥❛♠❡❞ ✈❡❝t♦r ♦❢ p✲✈❛❧✉❡s✳ ❲✐t❤ t❤❡ ❤❡❧♣ ♦❢ t❤✐s ❢✉♥❝t✐♦♥ ✇❡ ❝❛♥ s❡❡ t❤❛t t❤❡r❡ ❛r❡ ✺✵ ❣❡♥❡s
✇✐t❤ ❛ r❛✇ p✲✈❛❧✉❡ ❧❡ss t❤❛♥ 0.01 ♦✉t ♦❢ ❛ t♦t❛❧ ♦❢ ✸✷✸ ❣❡♥❡s✳

❃ s✉♠✭t♦♣❉✐❢❢●❡♥❡s✭❣❡♥❡▲✐st✮✮

❬✶❪ ✺✵



❲❡ ♥♦✇ ❤❛✈❡ ❛❧❧ ❞❛t❛ ♥❡❝❡ss❛r② t♦ ❜✉✐❧❞ ❛♥ ♦❜❥❡❝t ♦❢ t②♣❡ t♦♣●❖❞❛t❛✳ ❚❤✐s ♦❜❥❡❝t ✇✐❧❧ ❝♦♥t❛✐♥ ❛❧❧ ❣❡♥❡
✐❞❡♥t✐✜❡rs ❛♥❞ t❤❡✐r s❝♦r❡s✱ t❤❡ ●❖ ❛♥♥♦t❛t✐♦♥s✱ t❤❡ ●❖ ❤✐❡r❛r❝❤✐❝❛❧ str✉❝t✉r❡ ❛♥❞ ❛❧❧ ♦t❤❡r ✐♥❢♦r♠❛t✐♦♥
♥❡❡❞❡❞ t♦ ♣❡r❢♦r♠ t❤❡ ❞❡s✐r❡❞ ❡♥r✐❝❤♠❡♥t ❛♥❛❧②s✐s✳

❃ s❛♠♣❧❡●❖❞❛t❛ ❁✲ ♥❡✇✭✧t♦♣●❖❞❛t❛✧✱

✰ ❞❡s❝r✐♣t✐♦♥ ❂ ✧❙✐♠♣❧❡ s❡ss✐♦♥✧✱ ♦♥t♦❧♦❣② ❂ ✧❇P✧✱

✰ ❛❧❧●❡♥❡s ❂ ❣❡♥❡▲✐st✱ ❣❡♥❡❙❡❧ ❂ t♦♣❉✐❢❢●❡♥❡s✱

✰ ♥♦❞❡❙✐③❡ ❂ ✶✵✱

✰ ❛♥♥♦t ❂ ❛♥♥❋❯◆✳❞❜✱ ❛❢❢②▲✐❜ ❂ ❛❢❢②▲✐❜✮

❚❤❡ ♥❛♠❡s ♦❢ t❤❡ ❛r❣✉♠❡♥ts ✉s❡❞ ❢♦r ❜✉✐❧❞✐♥❣ t❤❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t s❤♦✉❧❞ ❜❡ s❡❧❢✲❡①♣❧❛♥❛t♦r②✳ ❲❡ q✉✐❝❦❧②
♠❡♥t✐♦♥ t❤❛t ♥♦❞❡❙✐③❡ ❂ ✶✵ ✐s ✉s❡❞ t♦ ♣r✉♥❡ t❤❡ ●❖ ❤✐❡r❛r❝❤② ❢r♦♠ t❤❡ t❡r♠s ✇❤✐❝❤ ❤❛✈❡ ❧❡ss t❤❛♥ 10

❛♥♥♦t❛t❡❞ ❣❡♥❡s ❛♥❞ t❤❛t ❛♥♥❋❯◆✳❞❜ ❢✉♥❝t✐♦♥ ✐s ✉s❡❞ t♦ ❡①tr❛❝t t❤❡ ❣❡♥❡✲t♦✲●❖ ♠❛♣♣✐♥❣s ❢r♦♠ t❤❡ ❛❢❢②▲✐❜
♦❜❥❡❝t✳ ❙❡❝t✐♦♥ ✹✳✷ ❞❡s❝r✐❜❡s t❤❡ ♣❛r❛♠❡t❡rs ✉s❡❞ t♦ ❜✉✐❧❞ t❤❡ t♦♣●❖❞❛t❛ ✐♥ ❞❡t❛✐❧s✳

❆ s✉♠♠❛r② ♦❢ t❤❡ s❛♠♣❧❡●❖❞❛t❛ ♦❜❥❡❝t ❝❛♥ ❜❡ s❡❡♥ ❜② t②♣✐♥❣ t❤❡ ♦❜❥❡❝t ♥❛♠❡ ❛t t❤❡ ❘ ♣r♦♠♣t✳ ❍❛✈✐♥❣ ❛❧❧
t❤❡ ❞❛t❛ st♦r❡❞ ✐♥t♦ t❤✐s ♦❜❥❡❝t ❢❛❝✐❧✐t❛t❡s t❤❡ ❛❝❝❡ss t♦ ✐❞❡♥t✐✜❡rs✱ ❛♥♥♦t❛t✐♦♥s ❛♥❞ t♦ ❜❛s✐❝ ❞❛t❛ st❛t✐st✐❝s✳

❃ s❛♠♣❧❡●❖❞❛t❛

✸✳✷ P❡r❢♦r♠✐♥❣ t❤❡ ❡♥r✐❝❤♠❡♥t t❡sts

❖♥❝❡ ✇❡ ❤❛✈❡ ❛♥ ♦❜❥❡❝t ♦❢ ❝❧❛ss t♦♣●❖❞❛t❛ ✇❡ ❝❛♥ st❛rt ✇✐t❤ t❤❡ ❡♥r✐❝❤♠❡♥t ❛♥❛❧②s✐s✳ ❲❡ ✇✐❧❧ ✉s❡ t✇♦
t②♣❡s ♦❢ t❡st st❛t✐st✐❝s✿ ❋✐s❤❡r✬s ❡①❛❝t t❡st ✇❤✐❝❤ ✐s ❜❛s❡❞ ♦♥ ❣❡♥❡ ❝♦✉♥ts✱ ❛♥❞ ❛ ❑♦❧♠♦❣♦r♦✈✲❙♠✐r♥♦✈ ❧✐❦❡
t❡st ✇❤✐❝❤ ❝♦♠♣✉t❡s ❡♥r✐❝❤♠❡♥t ❜❛s❡❞ ♦♥ ❣❡♥❡ s❝♦r❡s✳ ❲❡ ❝❛♥ ✉s❡ ❜♦t❤ t❤❡s❡ t❡sts s✐♥❝❡ ❡❛❝❤ ❣❡♥❡ ❤❛s ❛
s❝♦r❡ ✭r❡♣r❡s❡♥t✐♥❣ ❤♦✇ ❞✐✛❡r❡♥t✐❛❧❧② ❡①♣r❡ss❡❞ ❛ ❣❡♥❡ ✐s✮ ❛♥❞ ❜② t❤❡ ♠❡❛♥s ♦❢ t♦♣❉✐❢❢●❡♥❡s ❢✉♥❝t✐♦♥s t❤❡
❣❡♥❡s ❛r❡ ❝❛t❡❣♦r✐③❡❞ ✐♥t♦ ❞✐✛❡r❡♥t✐❛❧❧② ❡①♣r❡ss❡❞ ♦r ♥♦t ❞✐✛❡r❡♥t✐❛❧❧② ❡①♣r❡ss❡❞ ❣❡♥❡s✳ ❆❧❧ t❤❡s❡ ❛r❡ st♦r❡❞
✐♥t♦ s❛♠♣❧❡●❖❞❛t❛ ♦❜❥❡❝t✳

❚❤❡ ❢✉♥❝t✐♦♥ r✉♥❚❡st ✐s ✉s❡❞ t♦ ❛♣♣❧② t❤❡ s♣❡❝✐✜❡❞ t❡st st❛t✐st✐❝ ❛♥❞ ♠❡t❤♦❞ t♦ t❤❡ ❞❛t❛✳ ■t ❤❛s t❤r❡❡ ♠❛✐♥
❛r❣✉♠❡♥ts✳ ❚❤❡ ✜rst ❛r❣✉♠❡♥t ♥❡❡❞s t♦ ❜❡ ❛♥ ♦❜❥❡❝t ♦❢ ❝❧❛ss t♦♣●❖❞❛t❛✳ ❚❤❡ s❡❝♦♥❞ ❛♥❞ t❤✐r❞ ❛r❣✉♠❡♥t
❛r❡ ♦❢ t②♣❡ ❝❤❛r❛❝t❡r❀ t❤❡② s♣❡❝✐❢② t❤❡ ♠❡t❤♦❞ ❢♦r ❞❡❛❧✐♥❣ ✇✐t❤ t❤❡ ●❖ ❣r❛♣❤ str✉❝t✉r❡ ❛♥❞ t❤❡ t❡st st❛t✐st✐❝✱
r❡s♣❡❝t✐✈❡❧②✳

❋✐rst✱ ✇❡ ♣❡r❢♦r♠ ❛ ❝❧❛ss✐❝❛❧ ❡♥r✐❝❤♠❡♥t ❛♥❛❧②s✐s ❜② t❡st✐♥❣ t❤❡ ♦✈❡r✲r❡♣r❡s❡♥t❛t✐♦♥ ♦❢ ●❖ t❡r♠s ✇✐t❤✐♥ t❤❡
❣r♦✉♣ ♦❢ ❞✐✛❡r❡♥t✐❛❧❧② ❡①♣r❡ss❡❞ ❣❡♥❡s✳ ❋♦r t❤❡ ♠❡t❤♦❞ ❝❧❛ss✐❝ ❡❛❝❤ ●❖ ❝❛t❡❣♦r② ✐s t❡st❡❞ ✐♥❞❡♣❡♥❞❡♥t❧②✳

❃ r❡s✉❧t❋✐s❤❡r ❁✲ r✉♥❚❡st✭s❛♠♣❧❡●❖❞❛t❛✱ ❛❧❣♦r✐t❤♠ ❂ ✧❝❧❛ss✐❝✧✱ st❛t✐st✐❝ ❂ ✧❢✐s❤❡r✧✮

r✉♥❚❡st r❡t✉r♥s ❛♥ ♦❜❥❡❝t ♦❢ ❝❧❛ss t♦♣●❖r❡s✉❧t✳ ❆ s❤♦rt s✉♠♠❛r② ♦❢ t❤✐s ♦❜❥❡❝t ✐s s❤♦✇♥ ❜❡❧♦✇✳

❃ r❡s✉❧t❋✐s❤❡r

❉❡s❝r✐♣t✐♦♥✿ ❙✐♠♣❧❡ s❡ss✐♦♥

❖♥t♦❧♦❣②✿ ❇P

✬❝❧❛ss✐❝✬ ❛❧❣♦r✐t❤♠ ✇✐t❤ t❤❡ ✬❢✐s❤❡r✬ t❡st

✾✻✽ ●❖ t❡r♠s s❝♦r❡❞✿ ✶✽ t❡r♠s ✇✐t❤ ♣ ❁ ✵✳✵✶

❆♥♥♦t❛t✐♦♥ ❞❛t❛✿

❆♥♥♦t❛t❡❞ ❣❡♥❡s✿ ✸✶✺

❙✐❣♥✐❢✐❝❛♥t ❣❡♥❡s✿ ✺✵

▼✐♥✳ ♥♦✳ ♦❢ ❣❡♥❡s ❛♥♥♦t❛t❡❞ t♦ ❛ ●❖✿ ✶✵

◆♦♥tr✐✈✐❛❧ ♥♦❞❡s✿ ✽✾✷

◆❡①t ✇❡ ✇✐❧❧ t❡st t❤❡ ❡♥r✐❝❤♠❡♥t ✉s✐♥❣ t❤❡ ❑♦❧♠♦❣♦r♦✈✲❙♠✐r♥♦✈ t❡st✳ ❲❡ ✇✐❧❧ ✉s❡ t❤❡ ❜♦t❤ t❤❡ ❝❧❛ss✐❝ ❛♥❞
t❤❡ ❡❧✐♠ ♠❡t❤♦❞✳

❃ r❡s✉❧t❑❙ ❁✲ r✉♥❚❡st✭s❛♠♣❧❡●❖❞❛t❛✱ ❛❧❣♦r✐t❤♠ ❂ ✧❝❧❛ss✐❝✧✱ st❛t✐st✐❝ ❂ ✧❦s✧✮

❃ r❡s✉❧t❑❙✳❡❧✐♠ ❁✲ r✉♥❚❡st✭s❛♠♣❧❡●❖❞❛t❛✱ ❛❧❣♦r✐t❤♠ ❂ ✧❡❧✐♠✧✱ st❛t✐st✐❝ ❂ ✧❦s✧✮



●❖✳■❉ ❚❡r♠ ❆♥♥♦t❛t❡❞ ❙✐❣♥✐✜❝❛♥t ❊①♣❡❝t❡❞ ❘❛♥❦ ✐♥ ❝❧❛ss✐❝❋✐s❤❡r ❝❧❛ss✐❝❋✐s❤❡r ❝❧❛ss✐❝❑❙ ❡❧✐♠❑❙
✶ ●❖✿✵✵✺✶✸✵✶ ❝❡❧❧ ❞✐✈✐s✐♦♥ ✶✹✹ ✶✻ ✷✷✳✽✻ ✽✻✽ ✵✳✾✾ ✷✳✾❡✲✵✼ ✼✳✻❡✲✵✼
✷ ●❖✿✵✵✸✶✻✻✽ ❝❡❧❧✉❧❛r r❡s♣♦♥s❡ t♦ ❡①tr❛❝❡❧❧✉❧❛r st✐♠✉✳✳✳ ✶✶ ✽ ✶✳✼✺ ✶ ✷✳✼❡✲✵✺ ✶✳✶❡✲✵✺ ✶✳✶❡✲✵✺
✸ ●❖✿✵✵✵✼✵✹✾ ❝❡❧❧ ❝②❝❧❡ ✶✾✸ ✷✺ ✸✵✳✻✸ ✽✺✷ ✵✳✾✼ ✶✳✻❡✲✶✵ ✵✳✵✵✶✵
✹ ●❖✿✵✵✹✽✻✸✽ r❡❣✉❧❛t✐♦♥ ♦❢ ❞❡✈❡❧♦♣♠❡♥t❛❧ ❣r♦✇t❤ ✶✵ ✸ ✶✳✺✾ ✷✼✽ ✵✳✷✵ ✵✳✵✵✶✶✵ ✵✳✵✵✶✶
✺ ●❖✿✵✵✵✻✷✼✺ r❡❣✉❧❛t✐♦♥ ♦❢ ❉◆❆ r❡♣❧✐❝❛t✐♦♥ ✷✹ ✷ ✸✳✽✶ ✼✽✹ ✵✳✾✷ ✵✳✵✵✷✹✸ ✵✳✵✵✷✹
✻ ●❖✿✵✵✸✷✹✻✺ r❡❣✉❧❛t✐♦♥ ♦❢ ❝②t♦❦✐♥❡s✐s ✶✸ ✷ ✷✳✵✻ ✺✷✼ ✵✳✻✹ ✵✳✵✵✸✶✽ ✵✳✵✵✸✷
✼ ●❖✿✵✵✺✶✷✼✻ ❝❤r♦♠♦s♦♠❡ ♦r❣❛♥✐③❛t✐♦♥ ✽✹ ✽ ✶✸✳✸✸ ✽✻✵ ✵✳✾✽ ✵✳✵✵✵✻✼ ✵✳✵✵✸✼
✽ ●❖✿✵✵✺✶✼✷✻ r❡❣✉❧❛t✐♦♥ ♦❢ ❝❡❧❧ ❝②❝❧❡ ✶✷✺ ✶✺ ✶✾✳✽✹ ✽✸✶ ✵✳✾✻ ✵✳✵✵✵✶✷ ✵✳✵✵✹✸
✾ ●❖✿✵✵✷✷✹✵✷ ❝❡❧❧ ❝②❝❧❡ ♣r♦❝❡ss ✶✹✼ ✶✼ ✷✸✳✸✸ ✽✻✶ ✵✳✾✽ ✶✳✻❡✲✵✻ ✵✳✵✵✹✽
✶✵ ●❖✿✵✵✸✶✵✷✸ ♠✐❝r♦t✉❜✉❧❡ ♦r❣❛♥✐③✐♥❣ ❝❡♥t❡r ♦r❣❛♥✐③❛t✐✳✳✳ ✷✺ ✸ ✸✳✾✼ ✻✸✶ ✵✳✼✾ ✵✳✵✵✺✷✷ ✵✳✵✵✺✷

❚❛❜❧❡ ✷✿ ❙✐❣♥✐✜❝❛♥❝❡ ♦❢ ●❖ t❡r♠s ❛❝❝♦r❞✐♥❣ t♦ ❝❧❛ss✐❝ ❛♥❞ ❡❧✐♠ ♠❡t❤♦❞s✳

P❧❡❛s❡ ♥♦t❡ t❤❛t ♥♦t ❛❧❧ st❛t✐st✐❝❛❧ t❡sts ✇♦r❦ ✇✐t❤ ❡✈❡r② ♠❡t❤♦❞✳ ❚❤❡ ❝♦♠♣❛t✐❜✐❧✐t② ♠❛tr✐① ❜❡t✇❡❡♥ t❤❡
♠❡t❤♦❞s ❛♥❞ st❛t✐st✐❝❛❧ t❡sts ✐s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✶✳

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

✸✳✸ ❆♥❛❧②s✐s ♦❢ r❡s✉❧ts

❆❢t❡r t❤❡ ❡♥r✐❝❤♠❡♥t t❡sts ❛r❡ ♣❡r❢♦r♠❡❞ t❤❡ r❡s❡❛r❝❤❡r ♥❡❡❞s t♦♦❧s ❢♦r ❛♥❛❧②s✐♥❣ ❛♥❞ ✐♥t❡r♣r❡t✐♥❣ t❤❡ r❡s✉❧ts✳
●❡♥❚❛❜❧❡ ✐s ❛♥ ❡❛s② t♦ ✉s❡ ❢✉♥❝t✐♦♥ ❢♦r ❛♥❛❧②s✐♥❣ t❤❡ ♠♦st s✐❣♥✐✜❝❛♥t ●❖ t❡r♠s ❛♥❞ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ p✲
✈❛❧✉❡s✳ ■♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡①❛♠♣❧❡✱ ✇❡ ❧✐st t❤❡ t♦♣ 10 s✐❣♥✐✜❝❛♥t ●❖ t❡r♠s ✐❞❡♥t✐✜❡❞ ❜② t❤❡ ❡❧✐♠ ♠❡t❤♦❞✳ ❆t
t❤❡ s❛♠❡ t✐♠❡ ✇❡ ❛❧s♦ ❝♦♠♣❛r❡ t❤❡ r❛♥❦s ❛♥❞ t❤❡ p✲✈❛❧✉❡s ♦❢ t❤❡s❡ ●❖ t❡r♠s ✇✐t❤ t❤❡ ♦♥❡s ♦❜t❛✐♥❡❞ ❜② t❤❡
❝❧❛ss✐❝ ♠❡t❤♦❞✳

❃ ❛❧❧❘❡s ❁✲ ●❡♥❚❛❜❧❡✭s❛♠♣❧❡●❖❞❛t❛✱ ❝❧❛ss✐❝❋✐s❤❡r ❂ r❡s✉❧t❋✐s❤❡r✱

✰ ❝❧❛ss✐❝❑❙ ❂ r❡s✉❧t❑❙✱ ❡❧✐♠❑❙ ❂ r❡s✉❧t❑❙✳❡❧✐♠✱

✰ ♦r❞❡r❇② ❂ ✧❡❧✐♠❑❙✧✱ r❛♥❦s❖❢ ❂ ✧❝❧❛ss✐❝❋✐s❤❡r✧✱ t♦♣◆♦❞❡s ❂ ✶✵✮

❚❤❡ ●❡♥❚❛❜❧❡ ❢✉♥❝t✐♦♥ r❡t✉r♥s ❛ ❞❛t❛ ❢r❛♠❡ ❝♦♥t❛✐♥✐♥❣ t❤❡ t♦♣ t♦♣◆♦❞❡s ●❖ t❡r♠s ✐❞❡♥t✐✜❡❞ ❜② t❤❡ ❡❧✐♠

❛❧❣♦r✐t❤♠✱ s❡❡ ♦r❞❡r❇② ❛r❣✉♠❡♥t✳ ❚❤❡ ❞❛t❛ ❢r❛♠❡ ✐♥❝❧✉❞❡s s♦♠❡ st❛t✐st✐❝s ♦♥ t❤❡ ●❖ t❡r♠s ❛♥❞ t❤❡ p✲✈❛❧✉❡s
❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❡❛❝❤ ♦❢ t❤❡ t♦♣●❖r❡s✉❧t ♦❜❥❡❝t s♣❡❝✐✜❡❞ ❛s ❛r❣✉♠❡♥ts✳ ❚❛❜❧❡ ✷ s❤♦✇s t❤❡ r❡s✉❧ts✳

❋♦r ❛❝❝❡ss✐♥❣ t❤❡ ●❖ t❡r♠✬s p✲✈❛❧✉❡s ❢r♦♠ ❛ t♦♣●❖r❡s✉❧t ♦❜❥❡❝t t❤❡ ✉s❡r s❤♦✉❧❞ ✉s❡ t❤❡ s❝♦r❡ ❢✉♥❝t✐♦♥s✳
❆s ❛ s✐♠♣❧❡ ❡①❛♠♣❧❡✱ ✇❡ ❧♦♦❦ ❛t t❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❝❧❛ss✐❝ ❛♥❞ t❤❡ ❡❧✐♠ ♠❡t❤♦❞s ✐♥
t❤❡ ❝❛s❡ ♦❢ t❤❡ ❑♦❧♠♦❣♦r♦✈✲❙♠✐r♥♦✈ t❡st✳ ❚❤❡ ❡❧✐♠ ♠❡t❤♦❞ ✇❛s ❞❡s✐❣♥ t♦ ❜❡ ♠♦r❡ ❝♦♥s❡r✈❛t✐✈❡ t❤❡♥ t❤❡
❝❧❛ss✐❝ ♠❡t❤♦❞ ❛♥❞ t❤❡r❡❢♦r❡ ♦♥❡ ❡①♣❡❝ts t❤❡ p✲✈❛❧✉❡s r❡t✉r♥❡❞ ❜② t❤❡ ❢♦r♠❡r ♠❡t❤♦❞ ❛r❡ ❧♦✇❡r ❜♦✉♥❞❡❞
❜② t❤❡ p✲✈❛❧✉❡s r❡t✉r♥❡❞ ❜② t❤❡ ❧❛t❡r ♠❡t❤♦❞✳ ❚❤❡ ❡❛s✐❡st ✇❛② t♦ ✈✐s✉❛❧✐③❡ t❤✐s ♣r♦♣❡rt② ✐s t♦ s❝❛tt❡r ♣❧♦t
t❤❡ t✇♦ s❡ts ♦❢ p✲✈❛❧✉❡s ❛❣❛✐♥st ❡❛❝❤ ♦t❤❡r✳

❃ ♣❱❛❧✉❡✳❝❧❛ss✐❝ ❁✲ s❝♦r❡✭r❡s✉❧t❑❙✮

❃ ♣❱❛❧✉❡✳❡❧✐♠ ❁✲ s❝♦r❡✭r❡s✉❧t❑❙✳❡❧✐♠✮❬♥❛♠❡s✭♣❱❛❧✉❡✳❝❧❛ss✐❝✮❪

❃ ❣st❛t ❁✲ t❡r♠❙t❛t✭s❛♠♣❧❡●❖❞❛t❛✱ ♥❛♠❡s✭♣❱❛❧✉❡✳❝❧❛ss✐❝✮✮

❃ ❣❙✐③❡ ❁✲ ❣st❛t✩❆♥♥♦t❛t❡❞ ✴ ♠❛①✭❣st❛t✩❆♥♥♦t❛t❡❞✮ ✯ ✹

❃ ❣❈♦❧ ❁✲ ❝♦❧▼❛♣✭❣st❛t✩❙✐❣♥✐❢✐❝❛♥t✮

❃ ♣❧♦t✭♣❱❛❧✉❡✳❝❧❛ss✐❝✱ ♣❱❛❧✉❡✳❡❧✐♠✱ ①❧❛❜ ❂ ✧♣✲✈❛❧✉❡ ❝❧❛ss✐❝✧✱ ②❧❛❜ ❂ ✧♣✲✈❛❧✉❡ ❡❧✐♠✧✱

✰ ♣❝❤ ❂ ✶✾✱ ❝❡① ❂ ❣❙✐③❡✱ ❝♦❧ ❂ ❣❈♦❧✮

❲❡ ❝❛♥ s❡❡ ✐♥ ❋✐❣✉r❡ ✶ t❤❛t t❤❡r❡ ❛r❡ ✐♥❞❡❡❞ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ t✇♦ ♠❡t❤♦❞s✳ ❙♦♠❡ ●❖ t❡r♠s ❢♦✉♥❞
s✐❣♥✐✜❝❛♥t ❜② t❤❡ ❝❧❛ss✐❝ ♠❡t❤♦❞ ❛r❡ ❧❡ss s✐❣♥✐✜❝❛♥t ✐♥ t❤❡ ❡❧✐♠✱ ❛s ❡①♣❡❝t❡❞✳ ❍♦✇❡✈❡r✱ ✐♥ s♦♠❡ ❝❛s❡s✱ ✇❡
❝❛♥ ✈✐s✐❜❧❡ ✐❞❡♥t✐❢② ❛ ❢❡✇ ●❖ t❡r♠s ❢♦r ✇❤✐❝❤ t❤❡ ❡❧✐♠ p✲✈❛❧✉❡ ✐s ❧❡ss ❝♦♥s❡r✈❛t✐✈❡ t❤❡♥ t❤❡ ❝❧❛ss✐❝ p✲✈❛❧✉❡✳ ■❢
s✉❝❤ ●❖ t❡r♠s ❡①✐st✱ ✇❡ ❝❛♥ ✐❞❡♥t✐❢② t❤❡♠ ❛♥❞ ✜♥❞ t❤❡ ♥✉♠❜❡r ♦❢ ❛♥♥♦t❛t❡❞ ❣❡♥❡s✿

❃ s❡❧✳❣♦ ❁✲ ♥❛♠❡s✭♣❱❛❧✉❡✳❝❧❛ss✐❝✮❬♣❱❛❧✉❡✳❡❧✐♠ ❁ ♣❱❛❧✉❡✳❝❧❛ss✐❝❪

❃ ❝❜✐♥❞✭t❡r♠❙t❛t✭s❛♠♣❧❡●❖❞❛t❛✱ s❡❧✳❣♦✮✱

✰ ❡❧✐♠ ❂ ♣❱❛❧✉❡✳❡❧✐♠❬s❡❧✳❣♦❪✱

✰ ❝❧❛ss✐❝ ❂ ♣❱❛❧✉❡✳❝❧❛ss✐❝❬s❡❧✳❣♦❪✮
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❋✐❣✉r❡ ✶✿ p✲✈❛❧✉❡s s❝❛tt❡r ♣❧♦t ❢♦r t❤❡ ❝❧❛ss✐❝ ✭x ❛①✐s✮ ❛♥❞ ❡❧✐♠ ✭y ❛①✐s✮ ♠❡t❤♦❞s✳ ❖♥ t❤❡ r✐❣❤t ♣❛♥❡❧ t❤❡ p✲✈❛❧✉❡s
❛r❡ ♣❧♦tt❡❞ ♦♥ ❛ ❧✐♥❡❛r s❝❛❧❡✳ ❚❤❡ ❧❡❢t ♣❛♥♥❡❞ ♣❧♦ts t❤❡ s❛♠❡ p✲✈❛❧✉❡s ♦♥ ❛ ❧♦❣❛r✐t❤♠✐❝ s❝❛❧❡✳ ❚❤❡ s✐③❡ ♦❢ t❤❡ ❞♦t
✐s ♣r♦♣♦rt✐♦♥❛❧ ✇✐t❤ t❤❡ ♥✉♠❜❡r ♦❢ ❛♥♥♦t❛t❡❞ ❣❡♥❡s ❢♦r t❤❡ r❡s♣❡❝t✐✈❡ ●❖ t❡r♠ ❛♥❞ ✐ts ❝♦❧♦r✐♥❣ r❡♣r❡s❡♥ts t❤❡
♥✉♠❜❡r ♦❢ s✐❣♥✐✜❝❛♥t❧② ❞✐✛❡r❡♥t✐❛❧❧② ❡①♣r❡ss❡❞ ❣❡♥❡s✱ ✇✐t❤ t❤❡ ❞❛r❦ r❡❞ ♣♦✐♥ts ❤❛✈✐♥❣ ♠♦r❡ ❣❡♥❡s t❤❡♥ t❤❡ ②❡❧❧♦✇
♦♥❡s✳

❆♥♥♦t❛t❡❞ ❙✐❣♥✐❢✐❝❛♥t ❊①♣❡❝t❡❞ ❡❧✐♠ ❝❧❛ss✐❝

●❖✿✵✵✵✻✶✸✾ ✶✶✺ ✷✸ ✶✽✳✷✺ ✵✳✶✸✽✷✻✸✶✼ ✵✳✷✻✷✽✼✵✹✽

●❖✿✵✵✵✻✼✷✺ ✶✶✺ ✷✸ ✶✽✳✷✺ ✵✳✶✸✽✷✻✸✶✼ ✵✳✷✻✷✽✼✵✹✽

●❖✿✵✵✵✽✶✺✷ ✷✺✹ ✹✵ ✹✵✳✸✷ ✵✳✼✹✺✻✼✷✽✸ ✵✳✽✶✼✶✹✶✵✶

●❖✿✵✵✶✾✷✶✾ ✾✻ ✷✵ ✶✺✳✷✹ ✵✳✶✶✽✵✺✾✾✻ ✵✳✶✺✸✼✺✶✹✺

●❖✿✵✵✷✷✻✵✼ ✶✵✶ ✶✾ ✶✻✳✵✸ ✵✳✵✺✺✽✽✶✾✺ ✵✳✵✽✹✽✸✸✷✻

●❖✿✵✵✸✹✻✹✶ ✶✷✹ ✷✹ ✶✾✳✻✽ ✵✳✶✼✹✻✽✺✶✵ ✵✳✸✼✹✾✶✹✺✸

●❖✿✵✵✹✵✵✵✽ ✷✷ ✸ ✸✳✹✾ ✵✳✸✾✹✺✻✷✸✵ ✵✳✸✾✼✻✸✶✻✾

●❖✿✵✵✹✹✵✽✺ ✶✵✻ ✷✶ ✶✻✳✽✸ ✵✳✶✵✼✷✶✹✺✽ ✵✳✶✹✼✼✻✻✶✻

●❖✿✵✵✹✹✷✸✼ ✷✹✻ ✸✾ ✸✾✳✵✺ ✵✳✻✹✹✶✾✼✼✾ ✵✳✼✷✾✻✷✹✼✷

●❖✿✵✵✹✹✷✸✽ ✷✹✼ ✸✾ ✸✾✳✷✶ ✵✳✻✺✻✽✸✾✸✵ ✵✳✼✹✵✼✹✷✻✶

●❖✿✵✵✹✻✹✽✸ ✶✶✽ ✷✸ ✶✽✳✼✸ ✵✳✶✼✻✶✹✾✵✺ ✵✳✸✾✵✷✾✵✷✷

●❖✿✵✵✺✵✼✾✹ ✷✸✼ ✹✷ ✸✼✳✻✷ ✵✳✵✺✽✼✻✷✷✺ ✵✳✵✺✽✾✺✷✼✶

●❖✿✵✵✼✶✼✵✹ ✷✺✸ ✹✵ ✹✵✳✶✻ ✵✳✼✸✸✵✷✵✾✻ ✵✳✽✵✻✹✺✷✵✺

●❖✿✵✵✾✵✸✵✹ ✶✶✹ ✷✸ ✶✽✳✶✵ ✵✳✶✷✻✾✵✵✾✻ ✵✳✶✽✻✷✵✷✸✼

●❖✿✶✾✵✶✸✻✵ ✶✷✵ ✷✺ ✶✾✳✵✺ ✵✳✶✷✹✺✹✵✽✶ ✵✳✷✸✵✻✼✾✶✵

■t ✐s q✉✐t❡ ✐♥t❡r❡st✐♥❣ t❤❛t s✉❝❤ ❝❛s❡s ❛♣♣❡❛r ✲ t❤❡ ❛❜♦✈❡ t❛❜❧❡ ✇✐❧❧ ♥♦t ❜❡ ❡♠♣t②✳ ❚❤❡s❡ ●❖ t❡r♠s ❛r❡ r❛t❤❡r
❣❡♥❡r❛❧ ✭❤❛✈✐♥❣ ♠❛♥② ❛♥♥♦t❛t❡❞ ❣❡♥❡s✮ ❛♥❞ t❤❡✐r p✲✈❛❧✉❡s ❛r❡ ♥♦t s✐❣♥✐✜❝❛♥t ❛t t❤❡ 0.05 ❧❡✈❡❧✳ ❚❤❡r❡❢♦r❡
t❤❡s❡ ●❖ t❡r♠s ✇♦✉❧❞ ♥♦t ❛♣♣❡❛r ✐♥ t❤❡ ❧✐st ♦❢ t♦♣ s✐❣♥✐✜❝❛♥t t❡r♠s✳ ▼♦r❡ s✐❣♥✐✜❝❛♥t ●❖ t❡r♠s ❛r❡ ❧❡ss
❧✐❦❡❧② t♦ ❜❡ ✐♥✢✉❡♥❝❡❞ ❜② t❤✐s ♥♦♥ ♠♦♥♦t♦♥✐❝ ❜❡❤❛✈✐♦r✳

❆♥♦t❤❡r ✐♥s✐❣❤t❢✉❧ ✇❛② ♦❢ ❧♦♦❦✐♥❣ ❛t t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❛♥❛❧②s✐s ✐s t♦ ✐♥✈❡st✐❣❛t❡ ❤♦✇ t❤❡ s✐❣♥✐✜❝❛♥t ●❖ t❡r♠s
❛r❡ ❞✐str✐❜✉t❡❞ ♦✈❡r t❤❡ ●❖ ❣r❛♣❤✳ ❋✐❣✉r❡ ✷ s❤♦✇s t❤❡ t❤❡ s✉❜❣r❛♣❤ ✐♥❞✉❝❡❞ ❜② t❤❡ 5 ♠♦st s✐❣♥✐✜❝❛♥t ●❖
t❡r♠s ❛s ✐❞❡♥t✐✜❡❞ ❜② t❤❡ ❡❧✐♠ ❛❧❣♦r✐t❤♠✳ ❙✐❣♥✐✜❝❛♥t ♥♦❞❡s ❛r❡ r❡♣r❡s❡♥t❡❞ ❛s r❡❝t❛♥❣❧❡s✳ ❚❤❡ ♣❧♦tt❡❞ ❣r❛♣❤
✐s t❤❡ ✉♣♣❡r ✐♥❞✉❝❡❞ ❣r❛♣❤ ❣❡♥❡r❛t❡❞ ❜② t❤❡s❡ s✐❣♥✐✜❝❛♥t ♥♦❞❡s✳

❃ s❤♦✇❙✐❣❖❢◆♦❞❡s✭s❛♠♣❧❡●❖❞❛t❛✱ s❝♦r❡✭r❡s✉❧t❑❙✳❡❧✐♠✮✱ ❢✐rst❙✐❣◆♦❞❡s ❂ ✺✱ ✉s❡■♥❢♦ ❂ ✬❛❧❧✬✮



GO:0006139
nucleobase−containin...

0.13826
23 / 115

GO:0006259
DNA metabolic proces...

0.11289
9 / 59

GO:0006260
DNA replication

0.17526
2 / 25

GO:0006275
regulation of DNA re...

0.00243
2 / 24

GO:0006725
cellular aromatic co...

0.13826
23 / 115

GO:0006807
nitrogen compound me...

0.70918
35 / 218

GO:0007049
cell cycle
0.00104
25 / 193

GO:0007154
cell communication

0.47077
27 / 149

GO:0008150
biological_process

1.00000
50 / 315

GO:0008152
metabolic process

0.74567
40 / 254

GO:0009605
response to external...

0.59849
18 / 73

GO:0009987
cellular process

0.65204
50 / 313

GO:0009991
response to extracel...

0.47314
8 / 16

GO:0019219
regulation of nucleo...

0.11806
20 / 96

GO:0019222
regulation of metabo...

0.62901
28 / 169

GO:0031323
regulation of cellul...

0.54039
25 / 153

GO:0031668
cellular response to...

1.14e−05
8 / 11

GO:0032502
developmental proces...

0.96082
25 / 148

GO:0034641
cellular nitrogen co...

0.17469
24 / 124

GO:0040007
growth

0.50607
3 / 28

GO:0040008
regulation of growth

0.39456
3 / 22

GO:0043170
macromolecule metabo...

0.46794
35 / 209

GO:0044237
cellular metabolic p...

0.64420
39 / 246

GO:0044238
primary metabolic pr...

0.65684
39 / 247

GO:0044260
cellular macromolecu...

0.22894
24 / 174

GO:0046483
heterocycle metaboli...

0.17615
23 / 118

GO:0048589
developmental growth

0.15507
3 / 16

GO:0048638
regulation of develo...

0.00110
3 / 10

GO:0050789
regulation of biolog...

0.13044
43 / 244

GO:0050793
regulation of develo...

0.43035
14 / 66

GO:0050794
regulation of cellul...

0.05876
42 / 237

GO:0050896
response to stimulus

0.48028
36 / 192

GO:0051052
regulation of DNA me...

0.22646
6 / 42

GO:0051171
regulation of nitrog...

0.31525
25 / 147

GO:0051301
cell division
7.62e−07
16 / 144

GO:0051716
cellular response to...

0.59122
31 / 169

GO:0060255
regulation of macrom...

0.53359
27 / 160

GO:0065007
biological regulatio...

0.20102
43 / 248

GO:0071496
cellular response to...

0.34539
8 / 12

GO:0071704
organic substance me...

0.73302
40 / 253

GO:0080090
regulation of primar...

0.41628
25 / 148

GO:0090304
nucleic acid metabol...

0.12690
23 / 114

GO:1901360
organic cyclic compo...

0.12454
25 / 120

❋✐❣✉r❡ ✷✿ ❚❤❡ s✉❜❣r❛♣❤ ✐♥❞✉❝❡❞ ❜② t❤❡ t♦♣ 5 ●❖ t❡r♠s ✐❞❡♥t✐✜❡❞ ❜② t❤❡ ❡❧✐♠ ❛❧❣♦r✐t❤♠ ❢♦r s❝♦r✐♥❣ ●❖ t❡r♠s ❢♦r
❡♥r✐❝❤♠❡♥t✳ ❘❡❝t❛♥❣❧❡s ✐♥❞✐❝❛t❡ t❤❡ 5 ♠♦st s✐❣♥✐✜❝❛♥t t❡r♠s✳ ❘❡❝t❛♥❣❧❡ ❝♦❧♦r r❡♣r❡s❡♥ts t❤❡ r❡❧❛t✐✈❡ s✐❣♥✐✜❝❛♥❝❡✱
r❛♥❣✐♥❣ ❢r♦♠ ❞❛r❦ r❡❞ ✭♠♦st s✐❣♥✐✜❝❛♥t✮ t♦ ❜r✐❣❤t ②❡❧❧♦✇ ✭❧❡❛st s✐❣♥✐✜❝❛♥t✮✳ ❋♦r ❡❛❝❤ ♥♦❞❡✱ s♦♠❡ ❜❛s✐❝ ✐♥❢♦r♠❛t✐♦♥
✐s ❞✐s♣❧❛②❡❞✳ ❚❤❡ ✜rst t✇♦ ❧✐♥❡s s❤♦✇ t❤❡ ●❖ ✐❞❡♥t✐✜❡r ❛♥❞ ❛ tr✐♠♠❡❞ ●❖ ♥❛♠❡✳ ■♥ t❤❡ t❤✐r❞ ❧✐♥❡ t❤❡ r❛✇ ♣✲✈❛❧✉❡
✐s s❤♦✇♥✳ ❚❤❡ ❢♦rt❤ ❧✐♥❡ ✐s s❤♦✇✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ s✐❣♥✐✜❝❛♥t ❣❡♥❡s ❛♥❞ t❤❡ t♦t❛❧ ♥✉♠❜❡r ♦❢ ❣❡♥❡s ❛♥♥♦t❛t❡❞ t♦
t❤❡ r❡s♣❡❝t✐✈❡ ●❖ t❡r♠✳



✹ ▲♦❛❞✐♥❣ ❣❡♥❡s ❛♥❞ ❛♥♥♦t❛t✐♦♥s ❞❛t❛

✹✳✶ ●❡tt✐♥❣ st❛rt❡❞

❚♦ ❞❡♠♦♥str❛t❡ t❤❡ ♣❛❝❦❛❣❡ ❢✉♥❝t✐♦♥❛❧✐t② ✇❡ ✇✐❧❧ ✉s❡ t❤❡ ❆▲▲✭❆❝✉t❡ ▲②♠♣❤♦❜❧❛st✐❝ ▲❡✉❦❡♠✐❛✮ ❣❡♥❡ ❡①♣r❡s✲
s✐♦♥ ❞❛t❛ ❢r♦♠ ❈❤✐❛r❡tt✐✱ ❙✳✱ ❡t ❛❧✳ ✭✷✵✵✹✮✳ ❚❤❡ ❞❛t❛s❡t ❝♦♥s✐sts ♦❢ 128 ♠✐❝r♦❛rr❛②s ❢r♦♠ ❞✐✛❡r❡♥t ♣❛t✐❡♥ts
✇✐t❤ ❆▲▲ ♠❡❛s✉r❡❞ ✉s✐♥❣ t❤❡ ❍●❯✾✺❛❱✷ ❆✛②♠❡tr✐① ❝❤✐♣✳ ❆❞❞✐t✐♦♥❛❧❧②✱ ❝✉st♦♠ ❛♥♥♦t❛t✐♦♥s ❛♥❞ ❛rt✐✜❝✐❛❧
❞❛t❛s❡ts ✇✐❧❧ ❜❡ ✉s❡❞ t♦ ❞❡♠♦♥str❛t❡ s♣❡❝✐✜❝ ❢❡❛t✉r❡s✳

❲❡ ✜rst ❧♦❛❞ t❤❡ r❡q✉✐r❡❞ ❧✐❜r❛r✐❡s ❛♥❞ ❞❛t❛✿

❃ ❧✐❜r❛r②✭t♦♣●❖✮

❃ ❧✐❜r❛r②✭❆▲▲✮

❃ ❞❛t❛✭❆▲▲✮

❲❤❡♥ t❤❡ t♦♣●❖ ♣❛❝❦❛❣❡ ✐s ❧♦❛❞❡❞ t❤r❡❡ ❡♥✈✐r♦♥♠❡♥ts ●❖❇P❚❡r♠✱ ●❖▼❋❚❡r♠ ❛♥❞ ●❖❈❈❚❡r♠ ❛r❡ ❝r❡❛t❡❞ ❛♥❞
❜♦✉♥❞ t♦ t❤❡ ♣❛❝❦❛❣❡ ❡♥✈✐r♦♥♠❡♥t✳ ❚❤❡s❡ ❡♥✈✐r♦♥♠❡♥ts ❛r❡ ❜✉✐❧❞ ❜❛s❡❞ ♦♥ t❤❡ ●❖❚❊❘▼ ❡♥✈✐r♦♥♠❡♥t ❢r♦♠
♣❛❝❦❛❣❡ ●❖✳❞❜✳ ❚❤❡② ❛r❡ ✉s❡❞ ❢♦r ❢❛st r❡❝♦✈❡r✐♥❣ ♦❢ t❤❡ ✐♥❢♦r♠❛t✐♦♥ s♣❡❝✐✜❝ t♦ ❡❛❝❤ ♦❢ t❤❡ t❤r❡❡ ♦♥t♦❧♦❣✐❡s✿
❇P✱ ▼❋ ❛♥❞ ❈❈✳ ■♥ ♦r❞❡r t♦ ❛❝❝❡ss ❛❧❧ ●❖ ❣r♦✉♣s t❤❛t ❜❡❧♦♥❣ t♦ ❛ s♣❡❝✐✜❝ ♦♥t♦❧♦❣②✱ ❡✳❣✳ ❇✐♦❧♦❣✐❝❛❧ Pr♦❝❡ss
✭❇P✮✱ ♦♥❡ ❝❛♥ t②♣❡✿

❃ ❇Pt❡r♠s ❁✲ ❧s✭●❖❇P❚❡r♠✮

❃ ❤❡❛❞✭❇Pt❡r♠s✮

❬✶❪ ✧●❖✿✵✵✵✵✵✵✶✧ ✧●❖✿✵✵✵✵✵✵✷✧ ✧●❖✿✵✵✵✵✵✵✸✧ ✧●❖✿✵✵✵✵✵✶✶✧ ✧●❖✿✵✵✵✵✵✶✷✧ ✧●❖✿✵✵✵✵✵✶✼✧

❯s✉❛❧❧② ♦♥❡ ♥❡❡❞s t♦ r❡♠♦✈❡ ♣r♦❜❡s✴❣❡♥❡s ✇✐t❤ ❧♦✇ ❡①♣r❡ss✐♦♥ ✈❛❧✉❡ ❛s ✇❡❧❧ ❛s ♣r♦❜❡s ✇✐t❤ ✈❡r② s♠❛❧❧
✈❛r✐❛❜✐❧✐t② ❛❝r♦ss s❛♠♣❧❡s✳ P❛❝❦❛❣❡ ❣❡♥❡❢✐❧t❡r ♣r♦✈✐❞❡s t♦♦❧s ❢♦r ✜❧t❡r✐♥❣ ❣❡♥❡s✳ ■♥ t❤✐s ❛♥❛❧②s✐s ✇❡ ❝❤♦♦s❡
t♦ ✜❧t❡r ❛s ♠❛♥② ❣❡♥❡s ❛s ♣♦ss✐❜❧❡ ❢♦r ❝♦♠♣✉t❛t✐♦♥❛❧ r❡❛s♦♥s❀ ✇♦r❦✐♥❣ ✇✐t❤ ❛ s♠❛❧❧❡r ❣❡♥❡ ✉♥✐✈❡rs❡ ❛❧❧♦✇s ✉s
t♦ ❡①❡♠♣❧✐❢② ♠♦r❡ ♦❢ t❤❡ ❢✉♥❝t✐♦♥❛❧✐t✐❡s ✐♠♣❧❡♠❡♥t❡❞ ✐♥ t❤❡ t♦♣●❖ ♣❛❝❦❛❣❡ ❛♥❞ ❛t t❤❡ s❛♠❡ t✐♠❡ ❛❧❧♦✇s t❤✐s
❞♦❝✉♠❡♥t t♦ ❜❡ ❝♦♠♣✐❧❡❞ ✐♥ ❛ r❡❧❛t✐✈❡❧② s❤♦rt t✐♠❡✳ ❚❤❡ ❡✛❡❝t ♦❢ ❣❡♥❡ ✜❧t❡r✐♥❣ ✐s ❞✐s❝✉ss❡❞ ✐♥ ♠♦r❡ ❞❡t❛✐❧s
✐♥ ❙❡❝t✐♦♥ ✹✳✻✳

❃ ❧✐❜r❛r②✭❣❡♥❡❢✐❧t❡r✮

❃ s❡❧Pr♦❜❡s ❁✲ ❣❡♥❡❢✐❧t❡r✭❆▲▲✱ ❢✐❧t❡r❢✉♥✭♣❖✈❡r❆✭✵✳✷✵✱ ❧♦❣✷✭✶✵✵✮✮✱ ❢✉♥❝t✐♦♥✭①✮ ✭■◗❘✭①✮ ❃ ✵✳✷✺✮✮✮

❃ ❡s❡t ❁✲ ❆▲▲❬s❡❧Pr♦❜❡s✱ ❪

❚❤❡ ✜❧t❡r s❡❧❡❝ts ♦♥❧② 4101 ♣r♦❜❡s❡ts ♦✉t ♦❢ 12625 ♣r♦❜❡s❡ts ❛✈❛✐❧❛❜❧❡ ♦♥ t❤❡ hgu95av2 ❛rr❛②✳

❚❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡ ❛♥❞ t❤❡ s❡t ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s

❚❤❡ s❡t ♦❢ ❛❧❧ ❣❡♥❡s ❢r♦♠ t❤❡ ❛rr❛②✴st✉❞② ✇✐❧❧ ❜❡ r❡❢❡rr❡❞ ❢r♦♠ ♥♦✇ ♦♥ ❛s t❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡✳ ❍❛✈✐♥❣ t❤❡
❣❡♥❡ ✉♥✐✈❡rs❡✱ t❤❡ ✉s❡r ❝❛♥ ❞❡✜♥❡ ❛ ❧✐st ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s ♦r t♦ ❝♦♠♣✉t❡ ❣❡♥❡✲✇✐s❡ s❝♦r❡s t❤❛t q✉❛♥t✐❢② t❤❡
s✐❣♥✐✜❝❛♥❝❡ ♦❢ ❡❛❝❤ ❣❡♥❡✳ ❲❤❡♥ ❣❡♥❡✲✇✐s❡ s❝♦r❡s ❛r❡ ❛✈❛✐❧❛❜❧❡ t❤❡ ❧✐st ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s ✐s ❞❡✜♥❡❞ t♦ ❜❡
t❤❡ s❡t ♦❢ ❣❡♥❡ ✇✐t❤ ❛ s✐❣♥✐✜❝❛♥t s❝♦r❡✳ ❚❤❡ t♦♣●❖ ♣❛❝❦❛❣❡ ❞❡❛❧s ✇✐t❤ t❤❡s❡ t✇♦ ❝❛s❡s ✐♥ ❛ ✉♥✐✜❡❞ ✇❛② ♦♥❝❡
t❤❡ ♠❛✐♥ ❞❛t❛ ❝♦♥t❛✐♥❡r✱ t❤❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t✱ ✐s ❝♦♥str✉❝t❡❞✳ ❚❤❡ ♦♥❧② t✐♠❡ t❤❡ ✉s❡r ♥❡❡❞s t♦ ❞✐st✐♥❣✉✐s❤
❜❡t✇❡❡♥ t❤❡s❡ t✇♦ ❝❛s❡s ✐s ❞✉r✐♥❣ t❤❡ ❝♦♥str✉❝t✐♦♥ ♦❢ t❤❡ ❞❛t❛ ❝♦♥t❛✐♥❡r✳

❯s✉❛❧❧②✱ t❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡ ✐s ❞❡✜♥❡❞ ❛s ❛❧❧ ❢❡❛s✐❜❧❡ ❣❡♥❡s ♠❡❛s✉r❡❞ ❜② t❤❡ ♠✐❝r♦❛rr❛②✳ ■♥ t❤❡ ❝❛s❡ ♦❢ t❤❡
❆▲▲ ❞❛t❛s❡t ✇❡ ❤❛✈❡ 4101 ❢❡❛s✐❜❧❡ ❣❡♥❡s✱ t❤❡ ♦♥❡s t❤❛t ✇❡r❡ ♥♦t r❡♠♦✈❡❞ ❜② t❤❡ ✜❧t❡r✐♥❣ ♣r♦❝❡❞✉r❡✳

✹✳✷ ❚❤❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t

❚❤❡ ❝❡♥tr❛❧ st❡♣ ✐♥ ✉s✐♥❣ t❤❡ t♦♣●❖ ♣❛❝❦❛❣❡ ✐s t♦ ❝r❡❛t❡ ❛ t♦♣●❖❞❛t❛ ♦❜❥❡❝t✳ ❚❤✐s ♦❜❥❡❝t ✇✐❧❧ ❝♦♥t❛✐♥ ❛❧❧
✐♥❢♦r♠❛t✐♦♥ ♥❡❝❡ss❛r② ❢♦r t❤❡ ●❖ ❛♥❛❧②s✐s✱ ♥❛♠❡❧② t❤❡ ❧✐st ♦❢ ❣❡♥❡s✱ t❤❡ ❧✐st ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s✱ t❤❡ ❣❡♥❡
s❝♦r❡s ✭✐❢ ❛✈❛✐❧❛❜❧❡✮ ❛♥❞ t❤❡ ♣❛rt ♦❢ t❤❡ ●❖ ♦♥t♦❧♦❣② ✭t❤❡ ●❖ ❣r❛♣❤✮ ✇❤✐❝❤ ♥❡❡❞s t♦ ❜❡ ✉s❡❞ ✐♥ t❤❡ ❛♥❛❧②s✐s✳
❚❤❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t ✇✐❧❧ ❜❡ t❤❡ ✐♥♣✉t ♦❢ t❤❡ t❡st✐♥❣ ♣r♦❝❡❞✉r❡s✱ t❤❡ ❡✈❛❧✉❛t✐♦♥ ❛♥❞ ✈✐s✉❛❧✐s❛t✐♦♥ ❢✉♥❝t✐♦♥s✳

❚♦ ❜✉✐❧❞ s✉❝❤ ❛♥ ♦❜❥❡❝t t❤❡ ✉s❡r ♥❡❡❞s t❤❡ ❢♦❧❧♦✇✐♥❣✿



❼ ❆ ❧✐st ♦❢ ❣❡♥❡ ✐❞❡♥t✐✜❡rs ❛♥❞ ♦♣t✐♦♥❛❧❧② t❤❡ ❣❡♥❡✲✇✐s❡ s❝♦r❡s✳ ❚❤❡ s❝♦r❡ ❝❛♥ ❜❡ t❤❡ t✲t❡st st❛t✐st✐❝ ✭♦r
t❤❡ p✲✈❛❧✉❡✮ ❢♦r ❞✐✛❡r❡♥t✐❛❧ ❡①♣r❡ss✐♦♥✱ ❝♦rr❡❧❛t✐♦♥ ✇✐t❤ ❛ ♣❤❡♥♦t②♣❡✱ ♦r ❛♥② ♦t❤❡r r❡❧❡✈❛♥t s❝♦r❡✳

❼ ❆ ♠❛♣♣✐♥❣ ❜❡t✇❡❡♥ ❣❡♥❡ ✐❞❡♥t✐✜❡rs ❛♥❞ ●❖ t❡r♠s✳ ■♥ ♠♦st ❝❛s❡s t❤✐s ♠❛♣♣✐♥❣ ✐s ❞✐r❡❝t❧② ❛✈❛✐❧❛❜❧❡ ✐♥
❇✐♦❝♦♥❞✉❝t♦r ❛s ❛ ♠✐❝r♦❛rr❛② s♣❡❝✐✜❝ ❛♥♥♦t❛t✐♦♥ ♣❛❝❦❛❣❡✳ ■♥ t❤✐s ❝❛s❡ t❤❡ ✉s❡r ❥✉st ♥❡❡❞s t♦ s♣❡❝✐❢②
t❤❡ ♥❛♠❡ ♦❢ t❤❡ ❛♥♥♦t❛t✐♦♥ t♦ ❜❡ ✉s❡❞✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡ ❛♥♥♦t❛t✐♦♥ ♣❛❝❦❛❣❡ ♥❡❡❞❡❞ ❢♦r t❤❡ ❆▲▲
❞❛t❛s❡t ✐s ❤❣✉✾✺❛✈✷✳❞❜✳

❖❢ ❝♦✉rs❡✱ ❇✐♦❝♦♥❞✉❝t♦r ❞♦❡s ♥♦t ✐♥❝❧✉❞❡ ✉♣✲t♦✲❞❛t❡ ❛♥♥♦t❛t✐♦♥ ♣❛❝❦❛❣❡s ❢♦r ❛❧❧ ♣❧❛t❢♦r♠s✳ ❯s❡rs ✇❤♦
✇♦r❦ ✇✐t❤ ❝✉st♦♠ ❛rr❛②s ♦r ✇✐s❤ t♦ ✉s❡ ❛ s♣❡❝✐✜❝ ♠❛♣♣✐♥❣ ❜❡t✇❡❡♥ ❣❡♥❡s ❛♥❞ ●❖ t❡r♠s✱ ❤❛✈❡ t❤❡
♣♦ss✐❜✐❧✐t② t♦ ❧♦❛❞ ❝✉st♦♠ ❛♥♥♦t❛t✐♦♥s✳ ❚❤✐s ✐s ❞❡s❝r✐❜❡❞ ✐♥ ❙❡❝t✐♦♥ ✹✳✸✳

❼ ❚❤❡ ●❖ ❤✐❡r❛r❝❤✐❝❛❧ str✉❝t✉r❡✳ ❚❤✐s str✉❝t✉r❡ ✐s ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ●❖✳❞❜ ♣❛❝❦❛❣❡✳ ❆t t❤❡ ♠♦♠❡♥t
t♦♣●❖ s✉♣♣♦rts ♦♥❧② t❤❡ ♦♥t♦❧♦❣② ❞❡✜♥✐t✐♦♥ ♣r♦✈✐❞❡❞ ❜② ●❖✳❞❜✳

❲❡ ❢✉rt❤❡r ❞❡s❝r✐❜❡ t❤❡ ❛r❣✉♠❡♥ts ♦❢ t❤❡ ✐♥✐t✐❛❧✐③❡ ❢✉♥❝t✐♦♥ ✭♥❡✇✮ ✉s❡❞ t♦ ❝♦♥str✉❝t ❛♥ ✐♥st❛♥❝❡ ♦❢ t❤✐s
❞❛t❛ ❝♦♥t❛✐♥❡r ♦❜❥❡❝t✳

♦♥t♦❧♦❣②✿ ❝❤❛r❛❝t❡r str✐♥❣ s♣❡❝✐❢②✐♥❣ t❤❡ ♦♥t♦❧♦❣② ♦❢ ✐♥t❡r❡st ✭❇P✱ ▼❋ ♦r ❈❈✮

❞❡s❝r✐♣t✐♦♥✿ ❝❤❛r❛❝t❡r str✐♥❣ ❝♦♥t❛✐♥✐♥❣ ❛ s❤♦rt ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ st✉❞② ❬♦♣t✐♦♥❛❧❪✳

❛❧❧●❡♥❡s✿ ♥❛♠❡❞ ✈❡❝t♦r ♦❢ t②♣❡ ♥✉♠❡r✐❝ ♦r ❢❛❝t♦r✳ ❚❤❡ ♥❛♠❡s ❛ttr✐❜✉t❡ ❝♦♥t❛✐♥s t❤❡ ❣❡♥❡s ✐❞❡♥t✐✜❡rs✳ ❚❤❡
❣❡♥❡s ❧✐st❡❞ ✐♥ t❤✐s ♦❜❥❡❝t ❞❡✜♥❡ t❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡✳

❣❡♥❡❙❡❧❡❝t✐♦♥❋✉♥✿ ❢✉♥❝t✐♦♥ t♦ s♣❡❝✐❢② ✇❤✐❝❤ ❣❡♥❡s ❛r❡ ✐♥t❡r❡st✐♥❣ ❜❛s❡❞ ♦♥ t❤❡ ❣❡♥❡ s❝♦r❡s✳ ■t s❤♦✉❧❞ ❜❡
♣r❡s❡♥t ✐✛ t❤❡ ❛❧❧●❡♥❡s ♦❜❥❡❝t ✐s ♦❢ t②♣❡ ♥✉♠❡r✐❝✳

♥♦❞❡❙✐③❡✿ ❛♥ ✐♥t❡❣❡r ❧❛r❣❡r ♦r ❡q✉❛❧ t♦ 1✳ ❚❤✐s ♣❛r❛♠❡t❡r ✐s ✉s❡❞ t♦ ♣r✉♥❡ t❤❡ ●❖ ❤✐❡r❛r❝❤② ❢r♦♠ t❤❡ t❡r♠s
✇❤✐❝❤ ❤❛✈❡ ❧❡ss t❤❛♥ ♥♦❞❡❙✐③❡ ❛♥♥♦t❛t❡❞ ❣❡♥❡s ✭❛❢t❡r t❤❡ tr✉❡ ♣❛t❤ r✉❧❡ ✐s ❛♣♣❧✐❡❞✮✳

❛♥♥♦t❛t✐♦♥❋✉♥✿ ❢✉♥❝t✐♦♥ ✇❤✐❝❤ ♠❛♣s ❣❡♥❡s ✐❞❡♥t✐✜❡rs t♦ ●❖ t❡r♠s✳ ❚❤❡r❡ ❛r❡ ❛ ❝♦✉♣❧❡ ♦❢ ❛♥♥♦t❛t✐♦♥
❢✉♥❝t✐♦♥ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ♣❛❝❦❛❣❡ tr②✐♥❣ t♦ ❛❞❞r❡ss t❤❡ ✉s❡r✬s ♥❡❡❞s✳ ❚❤❡ ❛♥♥♦t❛t✐♦♥ ❢✉♥❝t✐♦♥s t❛❦❡
t❤r❡❡ ❛r❣✉♠❡♥ts✳ ❖♥❡ ♦❢ t❤♦s❡ ❛r❣✉♠❡♥ts ✐s s♣❡❝✐❢②✐♥❣ ✇❤❡r❡ t❤❡ ♠❛♣♣✐♥❣s ❝❛♥ ❜❡ ❢♦✉♥❞✱ ❛♥❞ ♥❡❡❞s
t♦ ❜❡ ♣r♦✈✐❞❡❞ ❜② t❤❡ ✉s❡r✳ ❍❡r❡ ✇❡ ❣✐✈❡ ❛ s❤♦rt ❞❡s❝r✐♣t✐♦♥ ♦❢ ❡❛❝❤✿

❛♥♥❋❯◆✳❞❜ t❤✐s ❢✉♥❝t✐♦♥ ✐s ✐♥t❡♥❞❡❞ t♦ ❜❡ ✉s❡❞ ❛s ❧♦♥❣ ❛s t❤❡ ❝❤✐♣ ✉s❡❞ ❜② t❤❡ ✉s❡r ❤❛s ❛♥ ❛♥♥♦t❛t✐♦♥
♣❛❝❦❛❣❡ ❛✈❛✐❧❛❜❧❡ ✐♥ ❇✐♦❝♦♥❞✉❝t♦r✳

❛♥♥❋❯◆✳♦r❣ t❤✐s ❢✉♥❝t✐♦♥ ✐s ✉s✐♥❣ t❤❡ ♠❛♣♣✐♥❣s ❢r♦♠ t❤❡ ✧♦r❣✳❳❳✳❳❳✧ ❛♥♥♦t❛t✐♦♥ ♣❛❝❦❛❣❡s✳ ❈✉r✲
r❡♥t❧②✱ t❤❡ ❢✉♥❝t✐♦♥ s✉♣♣♦rts t❤❡ ❢♦❧❧♦✇✐♥❣ ❣❡♥❡ ✐❞❡♥t✐✜❡rs✿ ❊♥tr❡③✱ ●❡♥❇❛♥❦✱ ❆❧✐❛s✱ ❊♥s❡♠❜❧✱
●❡♥❡ ❙②♠❜♦❧✱ ●❡♥❡◆❛♠❡ ❛♥❞ ❯♥✐●❡♥❡✳

❛♥♥❋❯◆✳❣❡♥❡✷●❖ t❤✐s ❢✉♥❝t✐♦♥ ✐s ✉s❡❞ ✇❤❡♥ t❤❡ ❛♥♥♦t❛t✐♦♥s ❛r❡ ♣r♦✈✐❞❡❞ ❛s ❛ ❣❡♥❡✲t♦✲●❖s ♠❛♣♣✐♥❣✳

❛♥♥❋❯◆✳●❖✷❣❡♥❡ t❤✐s ❢✉♥❝t✐♦♥ ✐s ✉s❡❞ ✇❤❡♥ t❤❡ ❛♥♥♦t❛t✐♦♥s ❛r❡ ♣r♦✈✐❞❡❞ ❛s ❛ ●❖✲t♦✲❣❡♥❡s ♠❛♣♣✐♥❣✳

❛♥♥❋❯◆✳❢✐❧❡ t❤✐s ❢✉♥❝t✐♦♥ ✇✐❧❧ r❡❛❞ t❤❡ ❛♥♥♦t❛t✐♦♥s♦❢ t❤❡ t②♣❡ ❣❡♥❡✷●❖ ♦r ●❖✷❣❡♥❡s ❢r♦♠ ❛ t❡①t
✜❧❡✳

✳✳✳✿ ❧✐st ♦❢ ❛r❣✉♠❡♥ts t♦ ❜❡ ♣❛ss❡❞ t♦ t❤❡ ❛♥♥♦t❛t✐♦♥❋✉♥

✹✳✸ ❈✉st♦♠ ❛♥♥♦t❛t✐♦♥s

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

❆♥♥♦t❛t✐♦♥s ♥❡❡❞ t♦ ❜❡ ♣r♦✈✐❞❡❞ ❡✐t❤❡r ❛s ❣❡♥❡✲t♦✲●❖s ♦r ❛s ●❖✲t♦✲❣❡♥❡s ♠❛♣♣✐♥❣s✳ ❆♥ ❡①❛♠♣❧❡ ♦❢ s✉❝❤
♠❛♣♣✐♥❣ ❝❛♥ ❜❡ ❢♦✉♥❞ ✐♥ t❤❡ ✧t♦♣●❖✴❡①❛♠♣❧❡s✧ ❞✐r❡❝t♦r②✳ ❚❤❡ ✜❧❡ ✧❣❡♥❡✐❞✷❣♦✳♠❛♣✧ ❝♦♥t❛✐♥s ❣❡♥❡✲t♦✲●❖s
♠❛♣♣✐♥❣s✳ ❋♦r ❡❛❝❤ ❣❡♥❡ ✐❞❡♥t✐✜❡r ❛r❡ ❧✐st❡❞ t❤❡ ●❖ t❡r♠s t♦ ✇❤✐❝❤ t❤✐s ❣❡♥❡ ✐s s♣❡❝✐✜❝❛❧❧② ❛♥♥♦t❛t❡❞✳ ❲❡
✉s❡ t❤❡ r❡❛❞▼❛♣♣✐♥❣s ❢✉♥❝t✐♦♥ t♦ ♣❛rs❡ t❤✐s ✜❧❡✳

❃ ❣❡♥❡■❉✷●❖ ❁✲ r❡❛❞▼❛♣♣✐♥❣s✭❢✐❧❡ ❂ s②st❡♠✳❢✐❧❡✭✧❡①❛♠♣❧❡s✴❣❡♥❡✐❞✷❣♦✳♠❛♣✧✱ ♣❛❝❦❛❣❡ ❂ ✧t♦♣●❖✧✮✮

❃ str✭❤❡❛❞✭❣❡♥❡■❉✷●❖✮✮



▲✐st ♦❢ ✻

✩ ✵✻✽✼✷✹✿ ❝❤r ❬✶✿✺❪ ✧●❖✿✵✵✵✺✹✽✽✧ ✧●❖✿✵✵✵✸✼✼✹✧ ✧●❖✿✵✵✵✶✺✸✾✧ ✧●❖✿✵✵✵✻✾✸✺✧ ✳✳✳

✩ ✶✶✾✻✵✽✿ ❝❤r ❬✶✿✻❪ ✧●❖✿✵✵✵✺✻✸✹✧ ✧●❖✿✵✵✸✵✺✷✽✧ ✧●❖✿✵✵✵✻✸✺✺✧ ✧●❖✿✵✵✹✺✹✹✾✧ ✳✳✳

✩ ✵✹✾✷✸✾✿ ❝❤r ❬✶✿✶✸❪ ✧●❖✿✵✵✶✻✼✽✼✧ ✧●❖✿✵✵✶✼✵✺✼✧ ✧●❖✿✵✵✵✺✾✼✺✧ ✧●❖✿✵✵✵✺✼✽✸✧ ✳✳✳

✩ ✵✻✼✽✷✾✿ ❝❤r ❬✶✿✶✻❪ ✧●❖✿✵✵✹✺✾✷✻✧ ✧●❖✿✵✵✶✻✻✶✻✧ ✧●❖✿✵✵✵✵✷✽✼✧ ✧●❖✿✵✵✸✵✶✹✺✧ ✳✳✳

✩ ✶✵✻✸✸✶✿ ❝❤r ❬✶✿✶✵❪ ✧●❖✿✵✵✹✸✺✻✺✧ ✧●❖✿✵✵✵✵✶✷✷✧ ✧●❖✿✵✵✵✸✼✵✵✧ ✧●❖✿✵✵✵✺✻✸✹✧ ✳✳✳

✩ ✷✶✹✼✶✼✿ ❝❤r ❬✶✿✼❪ ✧●❖✿✵✵✵✹✽✵✸✧ ✧●❖✿✵✵✵✺✻✸✹✧ ✧●❖✿✵✵✵✽✷✼✵✧ ✧●❖✿✵✵✵✸✻✼✼✧ ✳✳✳

❚❤❡ ♦❜❥❡❝t r❡t✉r♥❡❞ ❜② r❡❛❞▼❛♣♣✐♥❣s ✐s ❛ ♥❛♠❡❞ ❧✐st ♦❢ ❝❤❛r❛❝t❡r ✈❡❝t♦rs✳ ❚❤❡ ❧✐st ♥❛♠❡s ❣✐✈❡ t❤❡ ❣❡♥❡s
✐❞❡♥t✐✜❡rs✳ ❊❛❝❤ ❡❧❡♠❡♥t ♦❢ t❤❡ ❧✐st ✐s ❛ ❝❤❛r❛❝t❡r ✈❡❝t♦r ❛♥❞ ❝♦♥t❛✐♥s t❤❡ ●❖ ✐❞❡♥t✐✜❡rs ❛♥♥♦t❛t❡❞ t♦ t❤❡
s♣❡❝✐✜❝ ❣❡♥❡✳ ■t ✐s s✉✣❝✐❡♥t ❢♦r t❤❡ ♠❛♣♣✐♥❣ t♦ ❝♦♥t❛✐♥ ♦♥❧② t❤❡ ♠♦st s♣❡❝✐✜❝ ●❖ ❛♥♥♦t❛t✐♦♥s✳ ❍♦✇❡✈❡r✱
t♦♣●❖ ❝❛♥ ❛❧s♦ t❛❦❡ ❛s ❛♥ ✐♥♣✉t ✜❧❡s ✐♥ ✇❤✐❝❤ ❛❧❧ ♦r s♦♠❡ ❛♥❝❡st♦rs ♦❢ t❤❡ ♠♦st s♣❡❝✐✜❝ ●❖ ❛♥♥♦t❛t✐♦♥s ❛r❡
✐♥❝❧✉❞❡❞✳ ❚❤✐s r❡❞✉♥❞❛♥❝② ✐s ♥♦t ♠❛❦✐♥❣ ❢♦r ❛ ❢❛st❡r r✉♥♥✐♥❣ t✐♠❡ ❛♥❞ ✐❢ ♣♦ss✐❜❧❡ ✐t s❤♦✉❧❞ ❜❡ ❛✈♦✐❞❡❞✳

❚❤❡ ✉s❡r ❝❛♥ r❡❛❞ t❤❡ ❛♥♥♦t❛t✐♦♥s ❢r♦♠ t❡①t ✜❧❡s ♦r t❤❡② ❝❛♥ ❜✉✐❧❞ ❛♥ ♦❜❥❡❝t s✉❝❤ ❛s ❣❡♥❡■❉✷●❖ ❞✐r❡❝t❧②
✐♥t♦ ❘✳ ❚❤❡ t❡①t ✜❧❡ ❢♦r♠❛t r❡q✉✐r❡❞ ❜② t❤❡ r❡❛❞▼❛♣♣✐♥❣s ❢✉♥❝t✐♦♥ ✐s ✈❡r② s✐♠♣❧❡✳ ■t ❝♦♥s✐sts ♦❢ ♦♥❡ ❧✐♥❡ ❢♦r
❡❛❝❤ ❣❡♥❡ ✇✐t❤ t❤❡ ❢♦❧❧♦✇✐♥❣ s②♥t❛①✿

❣❡♥❡❴■❉❁❚❆❇❃●❖❴■❉✶✱ ●❖❴■❉✷✱ ●❖❴■❉✸✱ ✳✳✳✳

❘❡❛❞✐♥❣ ●❖✲t♦✲❣❡♥❡s ♠❛♣♣✐♥❣s ❢r♦♠ ❛ ✜❧❡ ✐s ❛❧s♦ ♣♦ss✐❜❧❡ ✉s✐♥❣ t❤❡ r❡❛❞▼❛♣♣✐♥❣s ❢✉♥❝t✐♦♥✳ ❍♦✇❡✈❡r✱ ✐t
✐s t❤❡ ✉s❡r r❡s♣♦♥s✐❜✐❧✐t② t♦ ❦♥♦✇ t❤❡ ❞✐r❡❝t✐♦♥ ♦❢ t❤❡ ♠❛♣♣✐♥❣s✳ ❚❤❡ ✉s❡r ❝❛♥ ❡❛s✐❧② tr❛♥s❢♦r♠ ❛ ♠❛♣♣✐♥❣
❢r♦♠ ❣❡♥❡✲t♦✲●❖s t♦ ●❖✲t♦✲❣❡♥❡s ✭♦r ✈✐❝❡✲✈❡rs❛✮ ✉s✐♥❣ t❤❡ ❢✉♥❝t✐♦♥ ✐♥✈❡rs❡▲✐st✿

❃ ●❖✷❣❡♥❡■❉ ❁✲ ✐♥✈❡rs❡▲✐st✭❣❡♥❡■❉✷●❖✮

❃ str✭❤❡❛❞✭●❖✷❣❡♥❡■❉✮✮

▲✐st ♦❢ ✻

✩ ●❖✿✵✵✵✵✶✷✷✿ ❝❤r ✧✶✵✻✸✸✶✧

✩ ●❖✿✵✵✵✵✶✸✾✿ ❝❤r ❬✶✿✻❪ ✧✶✸✸✶✵✸✧ ✧✶✶✶✽✹✻✧ ✧✶✵✾✾✺✻✧ ✧✶✻✶✸✾✺✧ ✳✳✳

✩ ●❖✿✵✵✵✵✶✻✻✿ ❝❤r ❬✶✿✶✵❪ ✧✵✻✼✽✷✾✧ ✧✶✺✼✼✻✹✧ ✧✶✵✵✸✵✷✧ ✧✵✼✹✺✽✷✧ ✳✳✳

✩ ●❖✿✵✵✵✵✶✽✻✿ ❝❤r ✧✶✽✶✶✵✹✧

✩ ●❖✿✵✵✵✵✷✵✾✿ ❝❤r ✧✶✺✾✹✻✶✧

✩ ●❖✿✵✵✵✵✷✷✽✿ ❝❤r ✧✷✶✹✼✶✼✧

✹✳✹ Pr❡❞❡✜♥❡❞ ❧✐st ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s

■❢ t❤❡ ✉s❡r ❤❛s s♦♠❡ ❛ ♣r✐♦r✐ ❦♥♦✇❧❡❞❣❡ ❛❜♦✉t ❛ s❡t ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s✱ ❤❡ ❝❛♥ t❡st t❤❡ ❡♥r✐❝❤♠❡♥t ♦❢ ●❖
t❡r♠s ✇✐t❤ r❡❣❛r❞ t♦ t❤✐s ❧✐st ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s✳ ■♥ t❤✐s s❝❡♥❛r✐♦✱ ✇❤❡♥ ♦♥❧② ❛ ❧✐st ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s ✐s
♣r♦✈✐❞❡❞✱ t❤❡ ✉s❡r ❝❛♥ ✉s❡ ♦♥❧② t❡sts st❛t✐st✐❝s t❤❛t ❛r❡ ❜❛s❡❞ ♦♥ ❣❡♥❡ ❝♦✉♥ts✱ ❧✐❦❡ ❋✐s❤❡r✬s ❡①❛❝t t❡st✱ ❩ s❝♦r❡
❛♥❞ ❛❧✐❦❡✳

❚♦ ❞❡♠♦♥str❛t❡ ❤♦✇ ❝✉st♦♠ ❛♥♥♦t❛t✐♦♥ ❝❛♥ ❜❡ ✉s❡❞ t❤✐s s❡❝t✐♦♥ ✐s ❜❛s❡❞ ♦♥ t❤❡ t♦② ❞❛t❛s❡t✱ t❤❡ ❣❡♥❡■❉✷●❖
❞❛t❛✱ ❢r♦♠ ❙❡❝t✐♦♥ ✹✳✸✳ ❚❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡ ✐♥ t❤✐s ❝❛s❡ ✐s ❣✐✈❡♥ ❜② t❤❡ ❧✐st ♥❛♠❡s✿

❃ ❣❡♥❡◆❛♠❡s ❁✲ ♥❛♠❡s✭❣❡♥❡■❉✷●❖✮

❃ ❤❡❛❞✭❣❡♥❡◆❛♠❡s✮

❙✐♥❝❡ ❢♦r t❤❡ ❛✈❛✐❧❛❜❧❡ ❣❡♥❡s ✇❡ ❞♦ ♥♦t ❤❛✈❡ ❛♥② ♠❡❛s✉r❡♠❡♥t ❛♥❞ t❤✉s ♥♦ ❝r✐t❡r✐❛ t♦ s❡❧❡❝t ✐♥t❡r❡st✐♥❣ ❣❡♥❡s✱
✇❡ r❛♥❞♦♠❧② s❡❧❡❝t 10% ❣❡♥❡s ❢r♦♠ t❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡ ❛♥❞ ❝♦♥s✐❞❡r t❤❡♠ ❛s ✐♥t❡r❡st✐♥❣ ❣❡♥❡s✳

❃ ♠②■♥t❡r❡st✐♥❣●❡♥❡s ❁✲ s❛♠♣❧❡✭❣❡♥❡◆❛♠❡s✱ ❧❡♥❣t❤✭❣❡♥❡◆❛♠❡s✮ ✴ ✶✵✮

❃ ❣❡♥❡▲✐st ❁✲ ❢❛❝t♦r✭❛s✳✐♥t❡❣❡r✭❣❡♥❡◆❛♠❡s ✪✐♥✪ ♠②■♥t❡r❡st✐♥❣●❡♥❡s✮✮

❃ ♥❛♠❡s✭❣❡♥❡▲✐st✮ ❁✲ ❣❡♥❡◆❛♠❡s

❃ str✭❣❡♥❡▲✐st✮

❋❛❝t♦r ✇✴ ✷ ❧❡✈❡❧s ✧✵✧✱✧✶✧✿ ✶ ✶ ✶ ✶ ✶ ✶ ✶ ✶ ✶ ✶ ✳✳✳

✲ ❛ttr✭✯✱ ✧♥❛♠❡s✧✮❂ ❝❤r ❬✶✿✶✵✵❪ ✧✵✻✽✼✷✹✧ ✧✶✶✾✻✵✽✧ ✧✵✹✾✷✸✾✧ ✧✵✻✼✽✷✾✧ ✳✳✳



❚❤❡ ❣❡♥❡▲✐st ♦❜❥❡❝t ✐s ❛ ♥❛♠❡❞ ❢❛❝t♦r t❤❛t ✐♥❞✐❝❛t❡s ✇❤✐❝❤ ❣❡♥❡s ❛r❡ ✐♥t❡r❡st✐♥❣ ❛♥❞ ✇❤✐❝❤ ♥♦t✳ ■t s❤♦✉❧❞
❜❡ str❛✐❣❤t❢♦r✇❛r❞ t♦ ❝♦♠♣✉t❡ s✉❝❤ ❛ ♥❛♠❡❞ ✈❡❝t♦r ✐♥ ❛ r❡❛❧ ❝❛s❡ s✐t✉❛t✐♦♥✱ ✇❤❡r❡ t❤❡ ✉s❡r ❤❛s ❤✐s ♦✇♥
♣r❡❞❡✜♥❡❞ ❧✐st ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s✳

❲❡ ♥♦✇ ❤❛✈❡ ❛❧❧ t❤❡ ❡❧❡♠❡♥ts t♦ ❝♦♥str✉❝t ❛ t♦♣●❖❞❛t❛ ♦❜❥❡❝t✳

❚♦ ❜✉✐❧❞ t❤❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t✱ ✇❡ ✇✐❧❧ ✉s❡ t❤❡ ▼❋ ♦♥t♦❧♦❣②✳ ❚❤❡ ♠❛♣♣✐♥❣ ✐s ❣✐✈❡♥ ❜② t❤❡ ❣❡♥❡■❉✷●❖ ❧✐st
✇❤✐❝❤ ✇✐❧❧ ❜❡ ✉s❡❞ ✇✐t❤ t❤❡ ❛♥♥❋❯◆✳❣❡♥❡✷●❖ ❢✉♥❝t✐♦♥✳

❃ ●❖❞❛t❛ ❁✲ ♥❡✇✭✧t♦♣●❖❞❛t❛✧✱ ♦♥t♦❧♦❣② ❂ ✧▼❋✧✱ ❛❧❧●❡♥❡s ❂ ❣❡♥❡▲✐st✱

✰ ❛♥♥♦t ❂ ❛♥♥❋❯◆✳❣❡♥❡✷●❖✱ ❣❡♥❡✷●❖ ❂ ❣❡♥❡■❉✷●❖✮

❚❤❡ ❜✉✐❧❞✐♥❣ ♦❢ t❤❡ ●❖❞❛t❛ ♦❜❥❡❝t ❝❛♥ t❛❦❡ s♦♠❡ t✐♠❡✱ ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ♥✉♠❜❡r ♦❢ ❛♥♥♦t❛t❡❞ ❣❡♥❡s ❛♥❞ ♦♥
t❤❡ ❝❤♦s❡♥ ♦♥t♦❧♦❣②✳ ■♥ ♦✉r ❡①❛♠♣❧❡ t❤❡ r✉♥♥✐♥❣ t✐♠❡ ✐s q✉✐t❡ ❢❛st ❣✐✈❡♥ t❤❛t ✇❡ ❤❛✈❡ ❛ r❛t❤❡r s♠❛❧❧ s✐③❡
❣❡♥❡ ✉♥✐✈❡rs❡ ✇❤✐❝❤ ❛❧s♦ ✐♠♣❧② ❛ ♠♦❞❡r❛t❡ s✐③❡ ●❖ ♦♥t♦❧♦❣②✱ ❡s♣❡❝✐❛❧❧② s✐♥❝❡ ✇❡ ❛r❡ ✉s✐♥❣ t❤❡ ▼❋ ♦♥t♦❧♦❣②✳

❚❤❡ ❛❞✈❛♥t❛❣❡ ♦❢ ❤❛✈✐♥❣ ✭✐♥❢♦r♠❛t✐♦♥ ♦♥✮ t❤❡ ❣❡♥❡ s❝♦r❡s ✭♦r ❜❡tt❡r ❣❡♥❡s ♠❡❛s✉r❡♠❡♥ts✮ ❛s ✇❡❧❧ ❛s ❛ ✇❛② t♦
❞❡✜♥❡ ✇❤✐❝❤ ❛r❡ t❤❡ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s✱ ✐♥ t❤❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t ✐s t❤❛t ♦♥❡ ❝❛♥ ❛♣♣❧② ✈❛r✐♦✉s ❣r♦✉♣ t❡st✐♥❣
♣r♦❝❡❞✉r❡✱ ✇❤✐❝❤ ❧❡t ✉s t❡st ♠✉❧t✐♣❧❡ ❤②♣♦t❤❡s✐s ♦r t✉♥❡ ✇✐t❤ ❞✐✛❡r❡♥t ♣❛r❛♠❡t❡rs✳

❇② t②♣✐♥❣ ●❖❞❛t❛ ❛t t❤❡ ❘ ♣r♦♠♣t✱ t❤❡ ✉s❡r ❝❛♥ s❡❡ ❛ s✉♠♠❛r② ♦❢ t❤❡ ❞❛t❛✳

❃ ●❖❞❛t❛

✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲ t♦♣●❖❞❛t❛ ♦❜❥❡❝t ✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲

❉❡s❝r✐♣t✐♦♥✿

✲

❖♥t♦❧♦❣②✿

✲ ▼❋

✶✵✵ ❛✈❛✐❧❛❜❧❡ ❣❡♥❡s ✭❛❧❧ ❣❡♥❡s ❢r♦♠ t❤❡ ❛rr❛②✮✿

✲ s②♠❜♦❧✿ ✵✻✽✼✷✹ ✶✶✾✻✵✽ ✵✹✾✷✸✾ ✵✻✼✽✷✾ ✶✵✻✸✸✶ ✳✳✳

✲ ✶✵ s✐❣♥✐❢✐❝❛♥t ❣❡♥❡s✳

✽✻ ❢❡❛s✐❜❧❡ ❣❡♥❡s ✭❣❡♥❡s t❤❛t ❝❛♥ ❜❡ ✉s❡❞ ✐♥ t❤❡ ❛♥❛❧②s✐s✮✿

✲ s②♠❜♦❧✿ ✵✻✽✼✷✹ ✶✶✾✻✵✽ ✵✹✾✷✸✾ ✵✻✼✽✷✾ ✶✵✻✸✸✶ ✳✳✳

✲ ✼ s✐❣♥✐❢✐❝❛♥t ❣❡♥❡s✳

●❖ ❣r❛♣❤ ✭♥♦❞❡s ✇✐t❤ ❛t ❧❡❛st ✶ ❣❡♥❡s✮✿

✲ ❛ ❣r❛♣❤ ✇✐t❤ ❞✐r❡❝t❡❞ ❡❞❣❡s

✲ ♥✉♠❜❡r ♦❢ ♥♦❞❡s ❂ ✷✷✵

✲ ♥✉♠❜❡r ♦❢ ❡❞❣❡s ❂ ✷✽✹

✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲ t♦♣●❖❞❛t❛ ♦❜❥❡❝t ✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲

❖♥❡ ✐♠♣♦rt❛♥t ♣♦✐♥t t♦ ♥♦t✐❝❡ ✐s t❤❛t ♥♦t ❛❧❧ t❤❡ ❣❡♥❡s t❤❛t ❛r❡ ♣r♦✈✐❞❡❞ ❜② ❣❡♥❡▲✐st✱ t❤❡ ✐♥✐t✐❛❧ ❣❡♥❡
✉♥✐✈❡rs❡✱ ❝❛♥ ❜❡ ❛♥♥♦t❛t❡❞ t♦ t❤❡ ●❖✳ ❚❤✐s ❝❛♥ ❜❡ s❡❡♥ ❜② ❝♦♠♣❛r✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ ❛❧❧ ❛✈❛✐❧❛❜❧❡ ❣❡♥❡s✱
t❤❡ ❣❡♥❡s ♣r❡s❡♥t ✐♥ ❣❡♥❡▲✐st✱ ✇✐t❤ t❤❡ ♥✉♠❜❡r ♦❢ ❢❡❛s✐❜❧❡ ❣❡♥❡s✳ ❲❡ ❛r❡ t❤❡r❡❢♦r❡ ❢♦r❝❡❞ ❛t t❤✐s ♣♦✐♥t t♦
r❡str✐❝t t❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡ t♦ t❤❡ s❡t ♦❢ ❢❡❛s✐❜❧❡ ❣❡♥❡s ❢♦r t❤❡ r❡st ♦❢ t❤❡ ❛♥❛❧②s✐s✳

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

✹✳✺ ❯s✐♥❣ t❤❡ ❣❡♥❡s s❝♦r❡

■♥ ♠❛♥② ❝❛s❡s t❤❡ s❡t ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s ❝❛♥ ❜❡ ❝♦♠♣✉t❡❞ ❜❛s❡❞ ♦♥ ❛ s❝♦r❡ ❛ss✐❣♥❡❞ t♦ ❛❧❧ ❣❡♥❡s✱ ❢♦r ❡①❛♠♣❧❡
❜❛s❡❞ ♦♥ t❤❡ p✲✈❛❧✉❡ r❡t✉r♥❡❞ ❜② ❛ st✉❞② ♦❢ ❞✐✛❡r❡♥t✐❛❧ ❡①♣r❡ss✐♦♥✳ ■♥ t❤✐s ❝❛s❡✱ t❤❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t ❝❛♥
st♦r❡ t❤❡ ❣❡♥❡s s❝♦r❡ ❛♥❞ ❛ r✉❧❡ s♣❡❝✐❢②✐♥❣ t❤❡ ❧✐st ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s✳ ❚❤❡ ❛❞✈❛♥t❛❣❡ ♦❢ ❤❛✈✐♥❣ ❜♦t❤ t❤❡



s❝♦r❡s ❛♥❞ t❤❡ ♣r♦❝❡❞✉r❡ t♦ s❡❧❡❝t ✐♥t❡r❡st✐♥❣ ❣❡♥❡s ❡♥❝❛♣s✉❧❛t❡❞ ✐♥ t❤❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t ✐s t❤❛t t❤❡ ✉s❡r
❝❛♥ ❝❤♦♦s❡ ❞✐✛❡r❡♥t t②♣❡s ♦❢ t❡sts st❛t✐st✐❝s ❢♦r t❤❡ ●❖ ❛♥❛❧②s✐s ✇✐t❤♦✉t ♠♦❞✐❢②✐♥❣ t❤❡ ✐♥♣✉t ❞❛t❛✳

❆ t②♣✐❝❛❧ ❡①❛♠♣❧❡ ❢♦r t❤❡ ❆▲▲ ❞❛t❛s❡t ✐s t❤❡ st✉❞② ✇❤❡r❡ ✇❡ ♥❡❡❞ t♦ ❞✐s❝r✐♠✐♥❛t❡ ❜❡t✇❡❡♥ ❆▲▲ ❝❡❧❧s ❞❡❧✐✈❡r❡❞
❢r♦♠ ❡✐t❤❡r ❇✲❝❡❧❧ ♦r ❚✲❝❡❧❧ ♣r❡❝✉rs♦rs✳

❃ ② ❁✲ ❛s✳✐♥t❡❣❡r✭s❛♣♣❧②✭❡s❡t✩❇❚✱ ❢✉♥❝t✐♦♥✭①✮ r❡t✉r♥✭s✉❜str✭①✱ ✶✱ ✶✮ ❂❂ ✬❚✬✮✮✮

❃ t❛❜❧❡✭②✮

❚❤❡r❡ ❛r❡ 95 ❇✲❝❡❧❧ ❆▲▲ s❛♠♣❧❡s ❛♥❞ 95 ❚✲❝❡❧❧ ❆▲▲ s❛♠♣❧❡s ✐♥ t❤❡ ❞❛t❛s❡t✳ ❆ t✇♦✲s✐❞❡❞ t✲t❡st ❝❛♥ ❜② ❛♣♣❧✐❡❞
✉s✐♥❣ t❤❡ ❢✉♥❝t✐♦♥ ❣❡tP✈❛❧✉❡s ✭❛ ✇r❛♣✐♥❣ ❢✉♥❝t✐♦♥ ❢♦r t❤❡ ♠t✳t❡stst❛t ❢r♦♠ t❤❡ ♠✉❧tt❡st ♣❛❝❦❛❣❡✮✳ ❇②
❞❡❢❛✉❧t t❤❡ ❢✉♥❝t✐♦♥ ❝♦♠♣✉t❡s ❋❉❘ ✭❢❛❧s❡ ❞✐s❝♦✈❡r② r❛t❡✮ ❛❞❥✉st❡❞ p✲✈❛❧✉❡ ✐♥ ♦r❞❡r t♦ ❛❝❝♦✉♥t ❢♦r ♠✉❧t✐♣❧❡
t❡st✐♥❣✳ ❆ ❞✐✛❡r❡♥t t②♣❡ ♦❢ ❝♦rr❡❝t✐♦♥ ❝❛♥ ❜❡ s♣❡❝✐✜❡❞ ✉s✐♥❣ t❤❡ ❝♦rr❡❝t✐♦♥ ❛r❣✉♠❡♥t✳

❃ ❣❡♥❡▲✐st ❁✲ ❣❡tP✈❛❧✉❡s✭❡①♣rs✭❡s❡t✮✱ ❝❧❛ss❧❛❜❡❧ ❂ ②✱ ❛❧t❡r♥❛t✐✈❡ ❂ ✧❣r❡❛t❡r✧✮

❣❡♥❡▲✐st ✐s ❛ ♥❛♠❡❞ ♥✉♠❡r✐❝ ✈❡❝t♦r✳ ❚❤❡ ❣❡♥❡ ✐❞❡♥t✐✜❡rs ❛r❡ st♦r❡❞ ✐♥ t❤❡ ♥❛♠❡s ❛ttr✐❜✉t❡ ♦❢ t❤❡ ✈❡❝t♦r✳
❚❤✐s s❡t ♦❢ ❣❡♥❡s ❞❡✜♥❡s t❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡✳

◆❡①t✱ ❛ ❢✉♥❝t✐♦♥ ❢♦r s♣❡❝✐❢②✐♥❣ t❤❡ ❧✐st ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s ♠✉st ❜❡ ❞❡✜♥❡❞✳ ❚❤✐s ❢✉♥❝t✐♦♥ ♥❡❡❞s t♦ s❡❧❡❝t
❣❡♥❡s ❜❛s❡❞ ♦♥ t❤❡✐r s❝♦r❡s ✭✐♥ ♦✉r ❝❛s❡ t❤❡ ❛❞❥✉st❡❞ p✲✈❛❧✉❡s✮ ❛♥❞ ♠✉st r❡t✉r♥ ❛ ❧♦❣✐❝❛❧ ✈❡❝t♦r s♣❡❝✐❢②✐♥❣
✇❤✐❝❤ ❣❡♥❡ ✐s s❡❧❡❝t❡❞ ❛♥❞ ✇❤✐❝❤ ♥♦t✳ ❚❤❡ ❢✉♥❝t✐♦♥ ♠✉st ❤❛✈❡ ♦♥❡ ❛r❣✉♠❡♥t✱ ♥❛♠❡❞ ❛❧❧❙❝♦r❡ ❛♥❞ ♠✉st
♥♦t ❞❡♣❡♥❞ ♦♥ ❛♥② ❛ttr✐❜✉t❡s ♦❢ t❤✐s ♦❜❥❡❝t✳ ■♥ t❤✐s ❡①❛♠♣❧❡ ✇❡ ✇✐❧❧ ❝♦♥s✐❞❡r ❛s ✐♥t❡r❡st✐♥❣ ❣❡♥❡s ❛❧❧ ❣❡♥❡s
✇✐t❤ ❛♥ ❛❞❥✉st❡❞ p✲✈❛❧✉❡ ❧♦✇❡r t❤❛♥ 0.01✳ ❚❤✐s ❝r✐t❡r✐❛ ✐s ✐♠♣❧❡♠❡♥t❡❞ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❢✉♥❝t✐♦♥✿

❃ t♦♣❉✐❢❢●❡♥❡s ❁✲ ❢✉♥❝t✐♦♥✭❛❧❧❙❝♦r❡✮ ④

✰ r❡t✉r♥✭❛❧❧❙❝♦r❡ ❁ ✵✳✵✶✮

✰ ⑥

❃ ① ❁✲ t♦♣❉✐❢❢●❡♥❡s✭❣❡♥❡▲✐st✮

❃ s✉♠✭①✮ ★★ t❤❡ ♥✉♠❜❡r ♦❢ s❡❧❡❝t❡❞ ❣❡♥❡s

❲✐t❤ ❛❧❧ t❤❡s❡ st❡♣s ❞♦♥❡✱ t❤❡ ✉s❡r ❝❛♥ ♥♦✇ ❜✉✐❧❞ t❤❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t✳ ❋♦r ❛ s❤♦rt ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡
❛r❣✉♠❡♥ts ✉s❡❞ ❜② t❤❡ ✐♥✐t✐❛❧✐③❡ ❢✉♥❝t✐♦♥ s❡❡ ❙❡❝t✐♦♥ ✹✳✹

❃ ●❖❞❛t❛ ❁✲ ♥❡✇✭✧t♦♣●❖❞❛t❛✧✱

✰ ❞❡s❝r✐♣t✐♦♥ ❂ ✧●❖ ❛♥❛❧②s✐s ♦❢ ❆▲▲ ❞❛t❛❀ ❇✲❝❡❧❧ ✈s ❚✲❝❡❧❧✧✱

✰ ♦♥t♦❧♦❣② ❂ ✧❇P✧✱

✰ ❛❧❧●❡♥❡s ❂ ❣❡♥❡▲✐st✱

✰ ❣❡♥❡❙❡❧ ❂ t♦♣❉✐❢❢●❡♥❡s✱

✰ ❛♥♥♦t ❂ ❛♥♥❋❯◆✳❞❜✱

✰ ♥♦❞❡❙✐③❡ ❂ ✺✱

✰ ❛❢❢②▲✐❜ ❂ ❛❢❢②▲✐❜✮

■t ✐s ♦❢t❡♥ t❤❡ ❝❛s❡ t❤❛t ♠❛♥② ●❖ t❡r♠s ✇❤✐❝❤ ❤❛✈❡ ❢❡✇ ❛♥♥♦t❛t❡❞ ❣❡♥❡s ❛r❡ ❞❡t❡❝t❡❞ t♦ ❜❡ s✐❣♥✐✜❝❛♥t❧②
❡♥r✐❝❤❡❞ ❞✉❡ t♦ ❛rt✐❢❛❝ts ✐♥ t❤❡ st❛t✐st✐❝❛❧ t❡st✳ ❚❤❡s❡ s♠❛❧❧ s✐③❡❞ ●❖ t❡r♠s ❛r❡ ♦❢ ❧❡ss ✐♠♣♦rt❛♥❝❡ ❢♦r t❤❡
❛♥❛❧②s✐s ❛♥❞ ✐♥ ♠❛♥② ❝❛s❡s t❤❡② ❝❛♥ ❜❡ ♦♠✐tt❡❞✳ ❇② ✉s✐♥❣ t❤❡ ♥♦❞❡❙✐③❡ ❛r❣✉♠❡♥t t❤❡ ✉s❡r ❝❛♥ ❝♦♥tr♦❧ t❤❡
s✐③❡ ♦❢ t❤❡ ●❖ t❡r♠s ✉s❡❞ ✐♥ t❤❡ ❛♥❛❧②s✐s✳ ❖♥❝❡ t❤❡ ❣❡♥❡s ❛r❡ ❛♥♥♦t❛t❡❞ t♦ t❤❡ ❡❛❝❤ ●❖ t❡r♠ ❛♥❞ t❤❡ tr✉❡
♣❛t❤ r✉❧❡ ✐s ❛♣♣❧✐❡❞ t❤❡ ♥♦❞❡s ✇✐t❤ ❧❡ss t❤❛♥ ♥♦❞❡❙✐③❡ ❛♥♥♦t❛t❡❞ ❣❡♥❡s ❛r❡ r❡♠♦✈❡❞ ❢r♦♠ t❤❡ ●❖ ❤✐❡r❛r❝❤②✳
❲❡ ❢♦✉♥❞ t❤❛t ✈❛❧✉❡s ❜❡t✇❡❡♥ 5 ❛♥❞ 10 ❢♦r t❤❡ ♥♦❞❡❙✐③❡ ♣❛r❛♠❡t❡r ②✐❡❧❞ ♠♦r❡ st❛❜❧❡ r❡s✉❧ts✳ ❚❤❡ ❞❡❢❛✉❧t
✈❛❧✉❡ ❢♦r t❤❡ ♥♦❞❡❙✐③❡ ♣❛r❛♠❡t❡r ✐s 1✱ ♠❡❛♥✐♥❣ t❤❛t ♥♦ ♣r✉♥✐♥❣ ✐s ♣❡r❢♦r♠❡❞✳

◆♦t❡ t❤❛t t❤❡ ♦♥❧② ❞✐✛❡r❡♥❝❡ ✐♥ t❤❡ ✐♥✐t✐❛❧✐s❛t✐♦♥ ♦❢ ❛♥ ♦❜❥❡❝t ♦❢ ❝❧❛ss t♦♣●❖❞❛t❛ t♦ t❤❡ ❝❛s❡ ✐♥ ✇❤✐❝❤ ✇❡
st❛rt ✇✐t❤ ❛ ♣r❡❞❡✜♥❡❞ ❧✐st ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s ✐s t❤❡ ✉s❡ ♦❢ t❤❡ ❣❡♥❡❙❡❧ ❛r❣✉♠❡♥t✳ ❆❧❧ ❢✉rt❤❡r ❛♥❛❧②s✐s
❞❡♣❡♥❞s ♦♥❧② ♦♥ t❤❡ ●❖❞❛t❛ ♦❜❥❡❝t✳

✹✳✻ ❋✐❧t❡r✐♥❣ ❛♥❞ ♠✐ss✐♥❣ ●❖ ❛♥♥♦t❛t✐♦♥s

❇❡❢♦r❡ ❣♦✐♥❣ ❢✉rt❤❡r ✇✐t❤ t❤❡ ❡♥r✐❝❤♠❡♥t ❛♥❛❧②s✐s ✇❡ ❛♥❛❧②s❡ ✇❤✐❝❤ ♦❢ t❤❡ ♣r♦❜❡s ❛✈❛✐❧❛❜❧❡ ♦♥ t❤❡ ❛rr❛② ❝❛♥
❜❡ ✉s❡❞ ✐♥ t❤❡ ❛♥❛❧②s✐s✳
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❋✐❣✉r❡ ✸✿ ❙❝❛tt❡r ♣❧♦t ♦❢ ❋❉❘ ❛❞❥✉st❡❞ p✲✈❛❧✉❡s ❛❣❛✐♥st ✈❛r✐❛♥❝❡ ♦❢ ♣r♦❜❡s✳ P♦✐♥ts ❜❡❧♦✇ t❤❡ ❤♦r✐③♦♥t❛❧ ❧✐♥❡ ❛r❡
s✐❣♥✐✜❝❛♥t ♣r♦❜❡s✳

❲❡ ✇❛♥t t♦ s❡❡ ✐❢ t❤❡ ✜❧t❡r✐♥❣ ♣❡r❢♦r♠❡❞ ✐♥ ❙❡❝t✐♦♥ ✹✳✶ r❡♠♦✈❡s ✐♠♣♦rt❛♥t ♣r♦❜❡s✳ ❚❤❡r❡ ❛r❡ ❛ t♦t❛❧ ♦❢ 12625
♣r♦❜❡s ♦♥ t❤❡ hgu95av2 ❝❤✐♣✳ ❖♥❡ ❛ss✉♠❡s t❤❛t ♦♥❧② t❤❡ ♥♦✐s② ♣r♦❜❡s✱ ♣r♦❜❡s ✇✐t❤ ❧♦✇ ❡①♣r❡ss✐♦♥ ✈❛❧✉❡s
♦r s♠❛❧❧ ✈❛r✐❛♥❝❡ ❛❝r♦ss s❛♠♣❧❡s ❛r❡ ✜❧t❡r❡❞ ♦✉t ❢r♦♠ t❤❡ ❛♥❛❧②s✐s✳

❚❤❡ ♥✉♠❜❡r ♦❢ ♣r♦❜❡s ❤❛✈❡ ❛ ❞✐r❡❝t ❡✛❡❝t ♦♥ t❤❡ ♠✉❧t✐♣❧❡ t❡st✐♥❣ ❛❞❥✉st♠❡♥t ♦❢ p✲✈❛❧✉❡s✳ ❚♦♦ ♠❛♥② ♣r♦❜❡s
✇✐❧❧ r❡s✉❧t ✐♥ t♦♦ ❝♦♥s❡r✈❛t✐✈❡ ❛❞❥✉st❡❞ p✲✈❛❧✉❡s ✇❤✐❝❤ ❝❛♥ ❜✐❛s t❤❡ r❡s✉❧t ♦❢ t❡sts ❧✐❦❡ ❋✐s❤❡r✬s ❡①❛❝t t❡st✳
❚❤✉s ✐t ✐s ✐♠♣♦rt❛♥t t♦ ❝❛r❡❢✉❧❧② ❛♥❛❧②s❡ t❤✐s st❡♣✳

❃ ❛❧❧Pr♦❜ ❁✲ ❢❡❛t✉r❡◆❛♠❡s✭❆▲▲✮

❃ ❣r♦✉♣Pr♦❜ ❁✲ ✐♥t❡❣❡r✭❧❡♥❣t❤✭❛❧❧Pr♦❜✮✮ ✰ ✶

❃ ❣r♦✉♣Pr♦❜❬❛❧❧Pr♦❜ ✪✐♥✪ ❣❡♥❡s✭●❖❞❛t❛✮❪ ❁✲ ✵

❃ ❣r♦✉♣Pr♦❜❬✦s❡❧Pr♦❜❡s❪ ❁✲ ✷

❃ ❣r♦✉♣Pr♦❜ ❁✲ ❢❛❝t♦r✭❣r♦✉♣Pr♦❜✱ ❧❛❜❡❧s ❂ ❝✭✧❯s❡❞✧✱ ✧◆♦t ❛♥♥♦t❛t❡❞✧✱ ✧❋✐❧t❡r❡❞✧✮✮

❃ tt ❁✲ t❛❜❧❡✭❣r♦✉♣Pr♦❜✮

❃ tt

❣r♦✉♣Pr♦❜

❯s❡❞ ◆♦t ❛♥♥♦t❛t❡❞ ❋✐❧t❡r❡❞

✸✽✽✸ ✷✶✽ ✽✺✷✹

❖✉t ♦❢ t❤❡ ✜❧t❡r❡❞ ♣r♦❜❡s ♦♥❧② 95% ❤❛✈❡ ❛♥♥♦t❛t✐♦♥ t♦ ●❖ t❡r♠s✳ ❚❤❡ ✜❧t❡r✐♥❣ ♣r♦❝❡❞✉r❡ r❡♠♦✈❡s 8524

♣r♦❜❡s ✇❤✐❝❤ ✐s ❛ ✈❡r② ❧❛r❣❡ ♣❡r❝❡♥t❛❣❡ ♦❢ ♣r♦❜❡s ✭♠♦r❡ t❤❛♥ 50%✮✱ ❜✉t ✇❡ ❞✐❞ t❤✐s ✐♥t❡♥t✐♦♥❛❧❧② t♦ r❡❞✉❝❡
t❤❡ ❡①♣r❡ss✐♦♥ s❡t ❢♦r ❝♦♠♣✉t❛t✐♦♥❛❧ ♣✉r♣♦s❡s✳

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

❃ ♣❱❛❧✉❡ ❁✲ ❣❡tP✈❛❧✉❡s✭❡①♣rs✭❆▲▲✮✱ ❝❧❛ss❧❛❜❡❧ ❂ ②✱ ❛❧t❡r♥❛t✐✈❡ ❂ ✧❣r❡❛t❡r✧✮

❃ ❣❡♥❡❱❛r ❁✲ ❛♣♣❧②✭❡①♣rs✭❆▲▲✮✱ ✶✱ ✈❛r✮

❃ ❞❞ ❁✲ ❞❛t❛✳❢r❛♠❡✭① ❂ ❣❡♥❡❱❛r❬❛❧❧Pr♦❜❪✱ ② ❂ ❧♦❣✶✵✭♣❱❛❧✉❡❬❛❧❧Pr♦❜❪✮✱ ❣r♦✉♣s ❂ ❣r♦✉♣Pr♦❜✮

❃ ①②♣❧♦t✭② ⑦ ① ⑤ ❣r♦✉♣s✱ ❞❛t❛ ❂ ❞❞✱ ❣r♦✉♣s ❂ ❣r♦✉♣s✮



❋✐❣✉r❡ ✸ s❤♦✇s ❢♦r t❤❡ t❤r❡❡ ❣r♦✉♣s ♦❢ ♣r♦❜❡s t❤❡ ❛❞❥✉st❡❞ p✲✈❛❧✉❡s ❛♥❞ t❤❡ ❣❡♥❡✲✇✐s❡ ✈❛r✐❛♥❝❡✳ Pr♦❜❡s ✇✐t❤
❧❛r❣❡ ❝❤❛♥❣❡s ❜❡t✇❡❡♥ ❝♦♥❞✐t✐♦♥s ❤❛✈❡ ❧❛r❣❡ ✈❛r✐❛♥❝❡ ❛♥❞ ❧♦✇ p✲✈❛❧✉❡✳ ■♥ ❛♥ ✐❞❡❛❧ ❝❛s❡✱ ♦♥❡ ✇♦✉❧❞ ❡①♣❡❝t
t♦ ❤❛✈❡ ❛ ❧❛r❣❡ ❞❡♥s✐t② ♦❢ ♣r♦❜❡s ✐♥ t❤❡ ❧♦✇❡r r✐❣❤t ❝♦r♥❡r ♦❢ ❯s❡❞ ♣❛♥❡❧ ❛♥❞ ❢❡✇ ♣r♦❜❡s ✐♥ t❤✐s r❡❣✐♦♥ ✐♥
t❤❡ ♦t❤❡r t✇♦ ♣❛♥❡❧s✳ ❲❡ ❝❛♥ s❡❡ t❤❛t t❤❡ ✜❧t❡r✐♥❣ ♣r♦❝❡ss t❤r♦✇s ♦✉t s♦♠❡ s✐❣♥✐✜❝❛♥t ♣r♦❜❡s ❛♥❞ ✐♥ ❛
r❡❛❧ ❛♥❛❧②s✐s ❛ ♠♦r❡ ❝♦♥s❡r✈❛t✐✈❡ ✜❧t❡r✐♥❣ ♥❡❡❞s t♦ ❜❡ ❛♣♣❧✐❡❞✳ ❍♦✇❡✈❡r✱ t❤❡r❡ ❛r❡ ❛❧s♦ ♠❛♥② ❞✐✛❡r❡♥t✐❛❧❧②
❡①♣r❡ss❡❞ ♣r♦❜❡s ✇✐t❤♦✉t ●❖ ❛♥♥♦t❛t✐♦♥ ✇❤✐❝❤ ❝❛♥♥♦t ❜❡ ✉s❡❞ ✐♥ t❤❡ ❛♥❛❧②s✐s✳

✺ ❲♦r❦✐♥❣ ✇✐t❤ t❤❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t

❖♥❝❡ t❤❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t ✐s ❝r❡❛t❡❞ t❤❡ ✉s❡r ❝❛♥ ✉s❡ ✈❛r✐♦✉s ♠❡t❤♦❞s ❞❡✜♥❡❞ ❢♦r t❤✐s ❝❧❛ss t♦ ❛❝❝❡ss t❤❡
✐♥❢♦r♠❛t✐♦♥ ❡♥❝❛♣s✉❧❛t❡❞ ✐♥ t❤❡ ♦❜❥❡❝t✳

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

❃ ❞❡s❝r✐♣t✐♦♥✭●❖❞❛t❛✮

❃ ❞❡s❝r✐♣t✐♦♥✭●❖❞❛t❛✮ ❁✲ ♣❛st❡✭❞❡s❝r✐♣t✐♦♥✭●❖❞❛t❛✮✱ ✧❖❜❥❡❝t ♠♦❞✐❢✐❡❞ ♦♥✿✧✱ ❢♦r♠❛t✭❙②s✳t✐♠❡✭✮✱ ✧✪❞ ✪❜ ✪❨✧✮✱ s❡♣ ❂ ✧ ✧✮

❃ ❞❡s❝r✐♣t✐♦♥✭●❖❞❛t❛✮

▼❡t❤♦❞s t♦ ♦❜t❛✐♥ t❤❡ ❧✐st ♦❢ ❣❡♥❡s t❤❛t ✇✐❧❧ ❜❡ ✉s❡❞ ✐♥ t❤❡ ❢✉rt❤❡r ❛♥❛❧②s✐s ♦r ♠❡t❤♦❞s ❢♦r ♦❜t❛✐♥✐♥❣ ❛❧❧
❣❡♥❡ s❝♦r❡s ❛r❡ ❡①❡♠♣❧✐✜❡❞ ❜❡❧♦✇✳

❃ ❛ ❁✲ ❣❡♥❡s✭●❖❞❛t❛✮ ★★ ♦❜t❛✐♥ t❤❡ ❧✐st ♦❢ ❣❡♥❡s

❃ ❤❡❛❞✭❛✮

❬✶❪ ✧✶✵✵✵❴❛t✧ ✧✶✵✵✺❴❛t✧ ✧✶✵✵✼❴s❴❛t✧ ✧✶✵✵✽❴❢❴❛t✧ ✧✶✵✵✾❴❛t✧ ✧✶✵✵❴❣❴❛t✧

❃ ♥✉♠●❡♥❡s✭●❖❞❛t❛✮

❬✶❪ ✸✽✽✸

◆❡①t ✇❡ ❞❡s❝r✐❜❡ ❤♦✇ t♦ r❡tr✐❡✈❡ t❤❡ s❝♦r❡ ♦❢ ❛ s♣❡❝✐✜❡❞ s❡t ♦❢ ❣❡♥❡s✱ ❡✳❣✳ ❛ s❡t ♦❢ r❛♥❞♦♠❧② s❡❧❡❝t❡❞ ❣❡♥❡s✳
■❢ t❤❡ ♦❜❥❡❝t ✇❛s ❝♦♥str✉❝t❡❞ ✉s✐♥❣ ❛ ❧✐st ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s✱ t❤❡♥ t❤❡ ❢❛❝t♦r ✈❡❝t♦r t❤❛t ✇❛s ♣r♦✈✐❞❡❞ ❛t
t❤❡ ❜✉✐❧❞✐♥❣ ♦❢ t❤❡ ♦❜❥❡❝t ✇✐❧❧ ❜❡ r❡t✉r♥❡❞✳

❃ s❡❧●❡♥❡s ❁✲ s❛♠♣❧❡✭❛✱ ✶✵✮

❃ ❣s ❁✲ ❣❡♥❡❙❝♦r❡✭●❖❞❛t❛✱ ✇❤✐❝❤●❡♥❡s ❂ s❡❧●❡♥❡s✮

❃ ♣r✐♥t✭❣s✮

■❢ t❤❡ ✉s❡r ✇❛♥ts ❛♥ ✉♥♥❛♠❡❞ ✈❡❝t♦r ♦r t❤❡ s❝♦r❡ ♦❢ ❛❧❧ ❣❡♥❡s✿

❃ ❣s ❁✲ ❣❡♥❡❙❝♦r❡✭●❖❞❛t❛✱ ✇❤✐❝❤●❡♥❡s ❂ s❡❧●❡♥❡s✱ ✉s❡✳♥❛♠❡s ❂ ❋❆▲❙❊✮

❃ ♣r✐♥t✭❣s✮

❃ ❣s ❁✲ ❣❡♥❡❙❝♦r❡✭●❖❞❛t❛✱ ✉s❡✳♥❛♠❡s ❂ ❋❆▲❙❊✮

❃ str✭❣s✮

❚❤❡ ❧✐st ♦❢ s✐❣♥✐✜❝❛♥t ❣❡♥❡s ❝❛♥ ❜❡ ❛❝❝❡ss❡❞ ✉s✐♥❣ t❤❡ ♠❡t❤♦❞ s✐❣●❡♥❡s✭✮✳

❃ s❣ ❁✲ s✐❣●❡♥❡s✭●❖❞❛t❛✮

❃ str✭s❣✮

❃ ♥✉♠❙✐❣●❡♥❡s✭●❖❞❛t❛✮

❆♥♦t❤❡r ✉s❡❢✉❧ ♠❡t❤♦❞ ✐s ✉♣❞❛t❡●❡♥❡s ✇❤✐❝❤ ❛❧❧♦✇s t❤❡ ✉s❡r t♦ ✉♣❞❛t❡✴❝❤❛♥❣❡ t❤❡ ❧✐st ♦❢ ❣❡♥❡s ✭❛♥❞ t❤❡✐r
s❝♦r❡s✮ ❢r♦♠ ❛ t♦♣●❖❞❛t❛ ♦❜❥❡❝t✳ ■❢ ♦♥❡ ✇❛♥ts t♦ ✉♣❞❛t❡ t❤❡ ❧✐st ♦❢ ❣❡♥❡s ❜② ✐♥❝❧✉❞✐♥❣ ♦♥❧② t❤❡ ❢❡❛s✐❜❧❡ ♦♥❡s✱
♦♥❡ ❝❛♥ t②♣❡✿



❃ ✳❣❡♥❡▲✐st ❁✲ ❣❡♥❡❙❝♦r❡✭●❖❞❛t❛✱ ✉s❡✳♥❛♠❡s ❂ ❚❘❯❊✮

❃ ●❖❞❛t❛ ★★ ♠♦r❡ ❛✈❛✐❧❛❜❧❡ ❣❡♥❡s

❃ ●❖❞❛t❛ ❁✲ ✉♣❞❛t❡●❡♥❡s✭●❖❞❛t❛✱ ✳❣❡♥❡▲✐st✱ t♦♣❉✐❢❢●❡♥❡s✮

❃ ●❖❞❛t❛ ★★ t❤❡ ❛✈❛✐❧❛❜❧❡ ❣❡♥❡s ❛r❡ ♥♦✇ t❤❡ ❢❡❛s✐❜❧❡ ❣❡♥❡s

❚❤❡r❡ ❛r❡ ❛❧s♦ ♠❡t❤♦❞s ❛✈❛✐❧❛❜❧❡ ❢♦r ❛❝❝❡ss✐♥❣ ✐♥❢♦r♠❛t✐♦♥ r❡❧❛t❡❞ t♦ ●❖ ❛♥❞ ✐ts str✉❝t✉r❡✳ ❋✐rst✱ ✇❡ ✇❛♥t
t♦ ❦♥♦✇ ✇❤✐❝❤ ●❖ t❡r♠s ❛r❡ ❛✈❛✐❧❛❜❧❡ ❢♦r ❛♥❛❧②s✐s ❛♥❞ t♦ ♦❜t❛✐♥ ❛❧❧ t❤❡ ❣❡♥❡s ❛♥♥♦t❛t❡❞ t♦ ❛ s✉❜s❡t ♦❢ t❤❡s❡
●❖ t❡r♠s✳

❃ ❣r❛♣❤✭●❖❞❛t❛✮ ★★ r❡t✉r♥s t❤❡ ●❖ ❣r❛♣❤

❆ ❣r❛♣❤◆❊▲ ❣r❛♣❤ ✇✐t❤ ❞✐r❡❝t❡❞ ❡❞❣❡s

◆✉♠❜❡r ♦❢ ◆♦❞❡s ❂ ✺✼✼✹

◆✉♠❜❡r ♦❢ ❊❞❣❡s ❂ ✶✷✼✶✸

❃ ✉❣ ❁✲ ✉s❡❞●❖✭●❖❞❛t❛✮

❃ ❤❡❛❞✭✉❣✮

❬✶❪ ✧●❖✿✵✵✵✵✵✵✷✧ ✧●❖✿✵✵✵✵✵✵✸✧ ✧●❖✿✵✵✵✵✵✶✽✧ ✧●❖✿✵✵✵✵✵✷✼✧ ✧●❖✿✵✵✵✵✵✷✽✧ ✧●❖✿✵✵✵✵✵✸✽✧

❲❡ ❢✉rt❤❡r s❡❧❡❝t 10 r❛♥❞♦♠ ●❖ t❡r♠s✱ ❝♦✉♥t t❤❡ ♥✉♠❜❡r ♦❢ ❛♥♥♦t❛t❡❞ ❣❡♥❡s ❛♥❞ ♦❜t❛✐♥ t❤❡✐r ❛♥♥♦t❛t✐♦♥✳

❃ s❡❧✳t❡r♠s ❁✲ s❛♠♣❧❡✭✉s❡❞●❖✭●❖❞❛t❛✮✱ ✶✵✮

❃ ♥✉♠✳❛♥♥✳❣❡♥❡s ❁✲ ❝♦✉♥t●❡♥❡s■♥❚❡r♠✭●❖❞❛t❛✱ s❡❧✳t❡r♠s✮ ★★ t❤❡ ♥✉♠❜❡r ♦❢ ❛♥♥♦t❛t❡❞ ❣❡♥❡s

❃ ♥✉♠✳❛♥♥✳❣❡♥❡s

❃ ❛♥♥✳❣❡♥❡s ❁✲ ❣❡♥❡s■♥❚❡r♠✭●❖❞❛t❛✱ s❡❧✳t❡r♠s✮ ★★ ❣❡t t❤❡ ❛♥♥♦t❛t✐♦♥s

❃ ❤❡❛❞✭❛♥♥✳❣❡♥❡s✮

❲❤❡♥ t❤❡ s❡❧✳t❡r♠s ❛r❣✉♠❡♥t ✐s ♠✐ss✐♥❣ ❛❧❧ ●❖ t❡r♠s ❛r❡ ✉s❡❞✳ ❚❤❡ s❝♦r❡s ❢♦r ❛❧❧ ❣❡♥❡s✱ ♣♦ss✐❜❧② ❛♥♥♦t❛t❡❞
✇✐t❤ ♥❛♠❡s ♦❢ t❤❡ ❣❡♥❡s✱ ❝❛♥ ❜❡ ♦❜t❛✐♥❡❞ ✉s✐♥❣ t❤❡ ♠❡t❤♦❞ s❝♦r❡s■♥❚❡r♠✭✮✳

❃ ❛♥♥✳s❝♦r❡ ❁✲ s❝♦r❡s■♥❚❡r♠✭●❖❞❛t❛✱ s❡❧✳t❡r♠s✮

❃ ❤❡❛❞✭❛♥♥✳s❝♦r❡✮

❃ ❛♥♥✳s❝♦r❡ ❁✲ s❝♦r❡s■♥❚❡r♠✭●❖❞❛t❛✱ s❡❧✳t❡r♠s✱ ✉s❡✳♥❛♠❡s ❂ ❚❘❯❊✮

❃ ❤❡❛❞✭❛♥♥✳s❝♦r❡✮

❋✐♥❛❧❧②✱ s♦♠❡ st❛t✐st✐❝s ❢♦r ❛ s❡t ♦❢ ●❖ t❡r♠s ❛r❡ r❡t✉r♥❡❞ ❜② t❤❡ ♠❡t❤♦❞ t❡r♠❙t❛t✳ ❆s ♠❡♥t✐♦♥❡❞ ♣r❡✈✐♦✉s❧②✱
✐❢ t❤❡ s❡❧✳t❡r♠s ❛r❣✉♠❡♥t ✐s ♠✐ss✐♥❣ t❤❡♥ t❤❡ st❛t✐st✐❝s ❢♦r ❛❧❧ ❛✈❛✐❧❛❜❧❡ ●❖ t❡r♠s ❛r❡ r❡t✉r♥❡❞✳

❃ t❡r♠❙t❛t✭●❖❞❛t❛✱ s❡❧✳t❡r♠s✮

❆♥♥♦t❛t❡❞ ❙✐❣♥✐❢✐❝❛♥t ❊①♣❡❝t❡❞

●❖✿✵✵✶✵✾✼✺ ✶✸✺ ✶✵ ✶✶✳✼✺

●❖✿✵✵✸✷✻✸✼ ✸✽ ✺ ✸✳✸✶

●❖✿✵✵✹✸✸✼✻ ✺ ✹ ✵✳✹✹

●❖✿✵✵✸✷✻✼✺ ✺✻ ✹ ✹✳✽✼

●❖✿✵✵✸✹✻✶✷ ✾✶ ✻ ✼✳✾✷

●❖✿✶✾✵✵✶✺✷ ✶✶ ✶ ✵✳✾✻

●❖✿✵✵✵✾✸✾✹ ✶✽ ✷ ✶✳✺✼

●❖✿✵✵✵✽✷✵✼ ✶✶ ✷ ✵✳✾✻

●❖✿✵✵✻✵✶✾✸ ✷✸ ✻ ✷✳✵✵

●❖✿✵✵✻✶✾✵✵ ✷✵ ✺ ✶✳✼✹



✻ ❘✉♥♥✐♥❣ t❤❡ ❡♥r✐❝❤♠❡♥t t❡sts

■♥ t❤✐s s❡❝t✐♦♥ ✇❡ ❡①♣❧❛✐♥ ❤♦✇ ✇❡ ❝❛♥ r✉♥ t❤❡ ❞❡s✐r❡❞ ❡♥r✐❝❤♠❡♥t ♠❡t❤♦❞ ♦♥❝❡ t❤❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t ✐s
❛✈❛✐❧❛❜❧❡✳

t♦♣●❖ ♣❛❝❦❛❣❡ ✇❛s ❞❡s✐❣♥❡❞ t♦ ✇♦r❦ ✇✐t❤ ✈❛r✐♦✉s t❡st st❛t✐st✐❝s ❛♥❞ ✈❛r✐♦✉s ❛❧❣♦r✐t❤♠s ✇❤✐❝❤ t❛❦❡ t❤❡ ●❖
❞❡♣❡♥❞❡♥❝✐❡s ✐♥t♦ ❛❝❝♦✉♥t✳ ❆t t❤❡ ❜❛s❡ ♦❢ t❤✐s ❞❡s✐❣♥ st❛♥❞s ❛ ❙✹ ❝❧❛ss ♠❡❝❤❛♥✐s♠ ✇❤✐❝❤ ❢❛❝✐❧✐t❛t❡s ❞❡✜♥✐♥❣
❛♥❞ ❡①❡❝✉t✐♥❣ ❛ ✭♥❡✇✮ ❣r♦✉♣ t❡st✳ ❚❤r❡❡ t②♣❡s ♦❢ ❡♥r✐❝❤♠❡♥t t❡sts ❝❛♥ ❜❡ ❞✐st✐♥❣✉✐s❤ ✐❢ ✇❡ ❧♦♦❦ ❛t t❤❡ ❞❛t❛
✉s❡❞ ❜② t❤❡ ❡❛❝❤ t❡st✳

❼ ❚❡sts ❜❛s❡❞ ♦♥ ❣❡♥❡ ❝♦✉♥ts✳ ❚❤✐s ✐s t❤❡ ♠♦st ♣♦♣✉❧❛r ❢❛♠✐❧② ♦❢ t❡sts✱ ❣✐✈❡♥ t❤❛t ✐t ♦♥❧② r❡q✉✐r❡s t❤❡
♣r❡s❡♥❝❡ ♦❢ ❛ ❧✐st ♦❢ ✐♥t❡r❡st✐♥❣ ❣❡♥❡s ❛♥❞ ♥♦t❤✐♥❣ ♠♦r❡✳ ❚❡sts ❧✐❦❡ ❋✐s❤❡r✬s ❡①❛❝t t❡st✱ ❍②♣❡❣❡♦♠❡tr✐❝
t❡st ❛♥❞ ❜✐♥♦♠✐❛❧ t❡st ❜❡❧♦♥❣ t♦ t❤✐s ❢❛♠✐❧②✳ ❉r❛❣❤✐❝✐ ❡t ❛❧✳ ✭✷✵✵✻✮

❼ ❚❡sts ❜❛s❡❞ ♦♥ ❣❡♥❡ s❝♦r❡s ♦r ❣❡♥❡ r❛♥❦s✳ ■t ✐♥❝❧✉❞❡s ❑♦❧♠♦❣♦r♦✈✲❙♠✐r♥♦✈ ❧✐❦❡ t❡sts ✭❛❧s♦ ❦♥♦✇♥ ❛s
●❙❊❆✮✱ ●❡♥t❧❡♠❛♥✬s ❈❛t❡❣♦r②✱ t✲t❡st✱ ❡t❝✳ ❆❝❦❡r♠❛♥♥ ❛♥❞ ❙tr✐♠♠❡r ✭✷✵✵✾✮

❼ ❚❡sts ❜❛s❡❞ ♦♥ ❣❡♥❡ ❡①♣r❡ss✐♦♥✳ ❚❡sts ❧✐❦❡ ●♦❡♠❛♥✬s ❣❧♦❜❛❧t❡st ♦r ●❧♦❜❛❧❆♥❝♦✈❛ s❡♣❛r❛t❡s ❢r♦♠ t❤❡
♦t❤❡rs s✐♥❝❡ t❤❡② ✇♦r❦ ❞✐r❡❝t❧② ♦♥ t❤❡ ❡①♣r❡ss✐♦♥ ♠❛tr✐①✳ ●♦❡♠❛♥ ❛♥❞ ❇ü❤❧♠❛♥♥ ✭✷✵✵✼✮

❚❤❡r❡ ❛r❡ ❛❧s♦ ❛ ♥✉♠❜❡r ♦❢ str❛t❡❣✐❡s✴❛❧❣♦r✐t❤♠s t♦ ❛❝❝♦✉♥t ❢♦r t❤❡ ●❖ t♦♣♦❧♦❣②✱ s❡❡ ❚❛❜❧❡ ✶✱ ❡❛❝❤ ♦❢ t❤❡♠
❤❛✈✐♥❣ s♣❡❝✐✜❝ r❡q✉✐r❡♠❡♥ts✳

❋♦r ❡❛❝❤ t❡st t②♣❡ ❞❡s❝r✐❜❡❞ ❛❜♦✈❡ ❛♥❞ ❢♦r ❡❛❝❤ ❛❧❣♦r✐t❤♠ t❤❡r❡ ✐s ❙✹ ❝❧❛ss ❞❡✜♥❡❞ ✐♥ t❤❡ ♣❛❝❦❛❣❡✳ ❚❤❡
♠❛✐♥ ✐❞❡❛ ✐s t♦ ❤❛✈❡ ❛ ❝❧❛ss ✭❝♦♥t❛✐♥❡r✮ ✇❤✐❝❤ ❝❛♥ st♦r❡✱ ❢♦r ❛ s♣❡❝✐✜❡❞ ❣❡♥❡ s❡t✭●❖ ❝❛t❡❣♦r②✮✱ ❛❧❧ ❞❛t❛
♥❡❝❡ss❛r② ❢♦r ❝♦♠♣✉t✐♥❣ t❤❡ ❞❡s✐r❡❞ t❡st st❛t✐st✐❝✱ ❛♥❞ ❛ ♠❡t❤♦❞ t❤❛t ✇✐❧❧ ✐t❡r❛t❡ ♦✈❡r ❛❧❧ ●❖ ❝❛t❡❣♦r✐❡s✳ ■♥
s✉❝❤ ❛ ❞❡s✐❣♥ t❤❡ ✉s❡r ♥❡❡❞s t♦ ✐♥st❛♥t✐❛t❡ ❛♥ ♦❜❥❡❝t ❢r♦♠ t❤❡ ❝❧❛ss ❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡ ❝❤♦s❡♥ ♠❡t❤♦❞✭t❡st
st❛t✐st✐❝ ❛♥❞ ❛❧❣♦r✐t❤♠✮ ❛♥❞ t❤❡♥ r✉♥ t❤❡ ✐t❡r❛t♦r ❢✉♥❝t✐♦♥ ♦♥ t❤✐s ♦❜❥❡❝t✳

❚❤❡ ❞❡✜♥❡❞ ❙✹ ❝❧❛ss❡s ❛r❡ ♦r❣❛♥✐s❡❞ ✐♥ ❛ ❤✐❡r❛r❝❤② ✇❤✐❝❤ ✐s s❤♦✇❡❞ ✐♥ ❋✐❣✉r❡ ✹✳

❚❤❡r❡ ❛r❡ t✇♦ ♣♦ss✐❜✐❧✐t✐❡s✭♦r ✐♥t❡r❢❛❝❡s✮ ❢♦r ❛♣♣❧②✐♥❣ ❛ t❡st st❛t✐st✐❝ t♦ ❛♥ ♦❜❥❡❝t ♦❢ ❝❧❛ss t♦♣●❖❞❛t❛✳ ❚❤❡
❜❛s✐❝ ✐♥t❡r❢❛❝❡✱ ✇❤✐❝❤ ♣r♦✈✐❞❡s t❤❡ ❝♦r❡ ♦❢ t❤❡ t❡st✐♥❣ ♣r♦❝❡❞✉r❡ ✐♥ t♦♣●❖✱ ♦✛❡rs ♠♦r❡ ✢❡①✐❜✐❧✐t② t♦ t❤❡
❡①♣❡r✐❡♥❝❡❞ ❘ ✉s❡r ❛❧❧♦✇✐♥❣ ❤✐♠ t♦ ✐♠♣❧❡♠❡♥t ♥❡✇ t❡st st❛t✐st✐❝s ♦r ♥❡✇ ❛❧❣♦r✐t❤♠s✳ ❚❤❡ s❡❝♦♥❞ ✐♥t❡r❢❛❝❡ ✐s
♠♦r❡ ✉s❡r ❢r✐❡♥❞❧② ❜✉t ❛t t❤❡ s❛♠❡ t✐♠❡ ♠♦r❡ r❡str✐❝t✐✈❡ ✐♥ t❤❡ ❝❤♦✐❝❡ ♦❢ t❤❡ t❡sts ❛♥❞ ❛❧❣♦r✐t❤♠s ✉s❡❞✳ ❲❡
✇✐❧❧ ❢✉rt❤❡r ❡①♣❧❛✐♥ ❤♦✇ t❤❡s❡ t✇♦ ✐♥t❡r❢❛❝❡s ✇♦r❦✳

❋✐❣✉r❡ ✹✿ ❚❤❡ t❡st st❛t✐st✐❝s ❝❧❛ss str✉❝t✉r❡✳



✻✳✶ ❉❡✜♥✐♥❣ ❛♥❞ r✉♥♥✐♥❣ t❤❡ t❡st

❚❤❡ ♠❛✐♥ ❢✉♥❝t✐♦♥ ❢♦r r✉♥♥✐♥❣ t❤❡ ●❖ ❡♥r✐❝❤♠❡♥t ✐s ❣❡t❙✐❣●r♦✉♣s✭✮ ❛♥❞ ✐t t❛❦❡s t✇♦ ❛r❣✉♠❡♥ts✳ ❚❤❡ ✜rst
❛r❣✉♠❡♥t ✐s ❛♥ ✐♥st❛♥❝❡ ♦❢ ❝❧❛ss t♦♣●❖❞❛t❛ ❛♥❞ t❤❡ s❡❝♦♥❞ ❛r❣✉♠❡♥t ✐s ❛♥ ✐♥st❛♥❝❡ ♦❢ ❝❧❛ss ❣r♦✉♣❙t❛ts ♦r
❛♥② ♦❢ ✐ts ❞❡s❝❡♥❞❡♥ts✳

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

❛❧❣♦r✐t❤♠✳ ❚❤❡ t✇♦ ❝❧❛ss❡s ❞❡✜♥❡❞ ❢♦r t❤✐s ❛❧❣♦r✐t❤♠ ❛r❡ ❝❧❛ss✐❝❈♦✉♥t ❛♥❞ ❝❧❛ss✐❝❙❝♦r❡✳ ■❢ ❛♥ ♦❜✲
❥❡❝t ♦❢ t❤✐s ❝❧❛ss ✐s ❣✐✈❡♥ ❛s ❛ ❛r❣✉♠❡♥t t♦ ❣❡t❙✐❣●r♦✉♣s✭✮ t❤❛♥ t❤❡ ❝❧❛ss✐❝ ❛❧❣♦r✐t❤♠ ✇✐❧❧ ❜❡ ✉s❡❞✳ ❚❤❡
❣❡t❙✐❣●r♦✉♣s✭✮ ❢✉♥❝t✐♦♥ ❝❛♥ t❛❦❡ ❛ ✇❤✐❧❡✱ ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ s✐③❡ ♦❢ t❤❡ ❣r❛♣❤ ✭t❤❡ ♦♥t♦❧♦❣② ✉s❡❞✮✱ s♦ ❜❡
♣❛t✐❡♥t✳

❚❤❡ ❣r♦✉♣❙t❛ts ❝❧❛ss❡s

◆❡①t ✇❡ s❤♦✇ ❤♦✇ ❛♥ ✐♥st❛♥❝❡ ♦❢ t❤❡ ❣r♦✉♣❙t❛ts ❝❧❛ss ❝❛♥ r❡♣r❡s❡♥t ❛ ❣❡♥❡ s❡t ❛♥❞ ❤♦✇ t❤❡ t❡st st❛t✐st✐❝
✐s ♣❡r❢♦r♠❡❞✳

❲❡ ❝♦♠♣✉t❡ t❤❡ ❡♥r✐❝❤♠❡♥t ♦❢ ❝❡❧❧✉❧❛r ❧✐♣✐❞ ♠❡t❛❜♦❧✐❝ ♣r♦❝❡ss ✭●❖✿✵✵✹✹✷✺✺✮ t❡r♠ ✉s✐♥❣ ❋✐s❤❡r✬s ❡①❛❝t t❡st✳
■♥ ♦r❞❡r t♦ ❞♦ t❤✐s ✇❡ ♥❡❡❞ t♦ ❞❡✜♥❡ t❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡✱ t♦ ♦❜t❛✐♥ t❤❡ ❣❡♥❡s ❛♥♥♦t❛t❡❞ t♦ ●❖✿✵✵✹✹✷✺✺✱ ❛♥❞
t♦ ❞❡✜♥❡ t❤❡ s❡t ♦❢ s✐❣♥✐✜❝❛♥t ❣❡♥❡s✳

❃ ❣♦■❉ ❁✲ ✧●❖✿✵✵✹✹✷✺✺✧

❃ ❣❡♥❡✳✉♥✐✈❡rs❡ ❁✲ ❣❡♥❡s✭●❖❞❛t❛✮

❃ ❣♦✳❣❡♥❡s ❁✲ ❣❡♥❡s■♥❚❡r♠✭●❖❞❛t❛✱ ❣♦■❉✮❬❬✶❪❪

❃ s✐❣✳❣❡♥❡s ❁✲ s✐❣●❡♥❡s✭●❖❞❛t❛✮

◆♦✇ ✇❡ ❝❛♥ ✐♥st❛♥t✐❛t❡ ❛♥ ♦❜❥❡❝t ♦❢ ❝❧❛ss ❝❧❛ss✐❝❈♦✉♥t✳ ❖♥❝❡ t❤❡ ♦❜❥❡❝t ✐s ❝♦♥str✉❝t❡❞ ✇❡ ❝❛♥ ❣❡t t❤❡
2× 2 ❝♦♥t✐♥❣❡♥❝② t❛❜❧❡ ♦r ❛♣♣❧② t❤❡ t❡st st❛t✐st✐❝✳

❃ ♠②✳❣r♦✉♣ ❁✲ ♥❡✇✭✧❝❧❛ss✐❝❈♦✉♥t✧✱ t❡st❙t❛t✐st✐❝ ❂ ●❖❋✐s❤❡r❚❡st✱ ♥❛♠❡ ❂ ✧❢✐s❤❡r✧✱

✰ ❛❧❧▼❡♠❜❡rs ❂ ❣❡♥❡✳✉♥✐✈❡rs❡✱ ❣r♦✉♣▼❡♠❜❡rs ❂ ❣♦✳❣❡♥❡s✱

✰ s✐❣▼❡♠❜❡rs ❂ s✐❣✳❣❡♥❡s✮

❃ ❝♦♥t❚❛❜❧❡✭♠②✳❣r♦✉♣✮

s✐❣ ♥♦t❙✐❣

❛♥♥♦ ✷✾ ✶✾✼

♥♦t❆♥♥♦ ✸✵✾ ✸✸✹✽

❃ r✉♥❚❡st✭♠②✳❣r♦✉♣✮

❬✶❪ ✵✳✵✶✾✼✺✻✹✾

❚❤❡ s❧♦t t❡st❙t❛t✐st✐❝ ❝♦♥t❛✐♥s t❤❡ ❢✉♥❝t✐♦♥ ✭♦r t♦ ❜❡ ♠♦r❡ ♣r❡❝✐s❡✱ t❤❡ ♠❡t❤♦❞✮ ✇❤✐❝❤ ❝♦♠♣✉t❡s t❤❡ t❡st
st❛t✐st✐❝✳ ❲❡ ✉s❡❞ t❤❡ ●❖❋✐s❤❡r❚❡st ❢✉♥❝t✐♦♥ ✇❤✐❝❤ ✐s ❛✈❛✐❧❛❜❧❡ ✐♥ t❤❡ t♦♣●❖ ♣❛❝❦❛❣❡ ❛♥❞ ❛s t❤❡ ♥❛♠❡ st❛t❡s
✐t ✐♠♣❧❡♠❡♥ts ❋✐s❤❡r✬s ❡①❛❝t t❡st✳ ❚❤❡ ✉s❡r ❝❛♥ ❞❡✜♥❡ ❤✐s ♦✇♥ t❡st st❛t✐st✐❝ ❢✉♥❝t✐♦♥ ❛♥❞ t❤❡♥ ❛♣♣❧② ✐t ✉s✐♥❣
t❤❡ ♣r❡❢❡rr❡❞ ❛❧❣♦r✐t❤♠✳ ❚❤❡ ❢✉♥❝t✐♦♥✱ ❤♦✇❡✈❡r✱ s❤♦✉❧❞ ✉s❡ t❤❡ ♠❡t❤♦❞s ❞❡✜♥❡❞ ❢♦r t❤❡ ❣r♦✉♣❙t❛ts ❝❧❛ss
t♦ ❛❝❝❡ss t❤❡ ❞❛t❛ ❡♥❝❛♣s✉❧❛t❡❞ ✐♥ s✉❝❤ ❛♥ ♦❜❥❡❝t✳ ✭❋♦r ❡①❛♠♣❧❡ ❛ ❢✉♥❝t✐♦♥ ✇❤✐❝❤ ❝♦♠♣✉t❡s t❤❡ Z s❝♦r❡ ❝❛♥
❜❡ ❡❛s✐❧② ✐♠♣❧❡♠❡♥t❡❞ ✉s✐♥❣ ❛s ❛♥ ❡①❛♠♣❧❡ t❤❡ ●❖❋✐s❤❡r❚❡st ♠❡t❤♦❞✳✮

❚❤❡ r✉♥❚❡st ♠❡t❤♦❞ ✐s ❞❡✜♥❡❞ ❢♦r t❤❡ ❣r♦✉♣❙t❛ts ❝❧❛ss ❛♥❞ ✐ts ✉s❡❞ t♦ r✉♥✴❝♦♠♣✉t❡ t❤❡ t❡st st❛t✐st✐❝✱
❜② ❝❛❧❧✐♥❣ t❤❡ t❡st❙t❛t✐st✐❝ ❢✉♥❝t✐♦♥✳ ❚❤❡ ✈❛❧✉❡ r❡t✉r♥❡❞ ❜② t❤❡ r✉♥❚❡st ♠❡t❤♦❞ ✐♥ t❤✐s ❝❛s❡ ✐s t❤❡
✈❛❧✉❡ r❡t✉r♥❡❞ ❜② ●❖❋✐s❤❡r❚❡st ♠❡t❤♦❞✱ ✇❤✐❝❤ ✐s t❤❡ ❋✐s❤❡r✬s ❡①❛❝t t❡st p✲✈❛❧✉❡✳ ❚❤❡ ❝♦♥t❚❛❜❧❡ ♠❡t❤♦❞✱
s❤♦✇❡❞ ✐♥ t❤❡ ❡①❛♠♣❧❡ ❛❜♦✈❡✱ ✐s ♦♥❧② ❞❡✜♥❡❞ ❢♦r t❤❡ ❝❧❛ss❡s ❜❛s❡❞ ♦♥ ❣❡♥❡ ❝♦✉♥ts ❛♥❞ ✐ts ✉s❡❞ t♦ ❝♦♠♣✐❧❡
t❤❡ t✇♦✲❞✐♠❡♥s✐♦♥❛❧ ❝♦♥t✐♥❣❡♥❝② t❛❜❧❡ ❜❛s❡❞ ♦♥ t❤❡ ♦❜❥❡❝t✳

❚♦ s❤♦✇ ❤♦✇ t❤❡ s❛♠❡ ✐♥t❡r❢❛❝❡ ✐s ✉s❡❞ ❢♦r t❤❡ ❝❧❛ss❡s ❜❛s❡❞ ♦♥ ❣❡♥❡ ❝♦✉♥ts ✇❡ ♥❡①t ❜✉✐❧❞ ❛♥ ✐♥st❛♥❝❡ ❢♦r
t❤❡ ❡❧✐♠❈♦✉♥t ❝❧❛ss✳ ❲❡ r❛♥❞♦♠❧② s❡❧❡❝t 25% ♦❢ t❤❡ ❛♥♥♦t❛t❡❞ ❣❡♥❡s ❛s ❣❡♥❡s t❤❛t s❤♦✉❧❞ ❜❡ r❡♠♦✈❡❞✳



❃ s❡t✳s❡❡❞✭✶✷✸✮

❃ ❡❧✐♠✳❣❡♥❡s ❁✲ s❛♠♣❧❡✭❣♦✳❣❡♥❡s✱ ❧❡♥❣t❤✭❣♦✳❣❡♥❡s✮ ✴ ✹✮

❃ ❡❧✐♠✳❣r♦✉♣ ❁✲ ♥❡✇✭✧❡❧✐♠❈♦✉♥t✧✱ t❡st❙t❛t✐st✐❝ ❂ ●❖❋✐s❤❡r❚❡st✱ ♥❛♠❡ ❂ ✧❢✐s❤❡r✧✱

✰ ❛❧❧▼❡♠❜❡rs ❂ ❣❡♥❡✳✉♥✐✈❡rs❡✱ ❣r♦✉♣▼❡♠❜❡rs ❂ ❣♦✳❣❡♥❡s✱

✰ s✐❣▼❡♠❜❡rs ❂ s✐❣✳❣❡♥❡s✱ ❡❧✐♠ ❂ ❡❧✐♠✳❣❡♥❡s✮

❃ ❝♦♥t❚❛❜❧❡✭❡❧✐♠✳❣r♦✉♣✮

s✐❣ ♥♦t❙✐❣

❛♥♥♦ ✷✶ ✶✹✾

♥♦t❆♥♥♦ ✸✵✾ ✸✸✹✽

❃ r✉♥❚❡st✭❡❧✐♠✳❣r♦✉♣✮

❬✶❪ ✵✳✵✺✻✹✽✷✾✻

❲❡ s❡❡ t❤❛t t❤❡ ✐♥t❡r❢❛❝❡ ❛❝❝♦✉♥ts ❢♦r t❤❡ ❣❡♥❡s t❤❛t ♥❡❡❞ t♦ ❜❡ ❡❧✐♠✐♥❛t❡❞✱ ♦♥❝❡ t❤❡ ♦❜❥❡❝t ✐s ✐♥st❛♥t✐❛t❡❞✳
❚❤❡ s❛♠❡ ♠❡❝❤❛♥✐s♠ ❛♣♣❧✐❡s ❢♦r t❤❡ ♦t❤❡r ❤✐❡r❛r❝❤② ♦❢ ❝❧❛ss❡s ✭t❤❡ s❝♦r❡ ❜❛s❡❞ ❛♥❞ ❡①♣r❡ss✐♦♥ ❜❛s❡❞ ❝❧❛ss❡s✮✱
❡①❝❡♣t t❤❛t ❡❛❝❤ ❤✐❡r❛r❝❤② ❤❛s ✐ts ♦✇♥ s♣❡❝✐❛❧✐s❡❞ ♠❡t❤♦❞s ❢♦r ❝♦♠♣✉t✐♥❣ st❛t✐st✐❝s ❢r♦♠ t❤❡ ❞❛t❛✳

P❧❡❛s❡ ♥♦t❡ t❤❛t t❤❡ ❣r♦✉♣❙t❛ts ❝❧❛ss ♦r ❛♥② ❞❡s❝❡♥❞❡♥t ❝❧❛ss ❞♦❡s ♥♦t ❞❡♣❡♥❞ ♦♥ ●❖✱ ❛♥❞ ❛♥ ♦❜❥❡❝t ♦❢
s✉❝❤ ❛ ❝❧❛ss ❝❛♥ ❜❡ ✐♥st❛♥t✐❛t❡❞ ✉s✐♥❣ ❛♥② ❣❡♥❡ s❡t✳

P❡r❢♦r♠✐♥❣ t❤❡ t❡st

❆❝❝♦r❞✐♥❣ t♦ t❤❡ ♠❡❝❤❛♥✐s♠ ❞❡s❝r✐❜❡❞ ❛❜♦✈❡✱ ♦♥❡ ✜rst ❞❡✜♥❡s ❛ t❡st st❛t✐st✐❝ ❢♦r t❤❡ ❝❤♦s❡♥ ❛❧❣♦r✐t❤♠✱
♠❡❛♥✐♥❣ t❤❛t ❛♥ ✐♥st❛♥❝❡ ♦❢ ♦❜❥❡❝t s♣❡❝✐✜❝ ❢♦r t❤❡ ❛❧❣♦r✐t❤♠ ✐s ❝♦♥str✉❝t❡❞ ✐♥ ✇❤✐❝❤ ♦♥❧② t❤❡ t❡st st❛t✐st✐❝
♠✉st ❜❡ s♣❡❝✐✜❡❞✱ ❛♥❞ t❤❡♥ ❝❛❧❧s ❛ ❣❡♥❡r✐❝ ❢✉♥❝t✐♦♥ ✭✐♥t❡r❢❛❝❡✮ t♦ r✉♥ t❤❡ ❛❧❣♦r✐t❤♠✳

❆❝❝♦r❞✐♥❣ t♦ t❤✐s ♠❡❝❤❛♥✐s♠✱ ♦♥❡ ✜rst ❞❡✜♥❡s ❛ t❡st st❛t✐st✐❝ ❢♦r t❤❡ ❝❤♦s❡♥ ❛❧❣♦r✐t❤♠✱ ✐♥ t❤✐s ❝❛s❡ ❝❧❛ss✐❝ ❛♥❞
t❤❡♥ r✉♥s t❤❡ ❛❧❣♦r✐t❤♠ ✭s❡❡ t❤❡ s❡❝♦♥❞ ❧✐♥❡✮✳ ❚❤❡ s❧♦t t❡st❙t❛t✐st✐❝ ❝♦♥t❛✐♥s t❤❡ t❡st st❛t✐st✐❝ ❢✉♥❝t✐♦♥✳
■♥ t❤❡ ❛❜♦✈❡ ❡①❛♠♣❧❡ ●❖❋✐s❤❡r❚❡st ❢✉♥❝t✐♦♥ ✇❤✐❝❤ ✐♠♣❧❡♠❡♥ts ❋✐s❤❡r✬s ❡①❛❝t t❡st ❛♥❞ ✐s ❛✈❛✐❧❛❜❧❡ ✐♥ t❤❡
t♦♣●❖ ♣❛❝❦❛❣❡ ✇❛s ✉s❡❞✳ ❆ ✉s❡r ❝❛♥ ❞❡✜♥❡ ❤✐s ♦✇♥ t❡st st❛t✐st✐❝ ❢✉♥❝t✐♦♥ ❛♥❞ t❤❡♥ ❛♣♣❧② ✐t ✉s✐♥❣ t❤❡ ❝❧❛ss✐❝

❛❧❣♦r✐t❤♠✳ ✭❋♦r ❡①❛♠♣❧❡ ❛ ❢✉♥❝t✐♦♥ ✇❤✐❝❤ ❝♦♠♣✉t❡s t❤❡ Z s❝♦r❡ ❝❛♥ ❜❡ ✐♠♣❧❡♠❡♥t❡❞ ✉s✐♥❣ ❛s ❛♥ ❡①❛♠♣❧❡
t❤❡ ●❖❋✐s❤❡r❚❡st ♠❡t❤♦❞✳✮

❃ t❡st✳st❛t ❁✲ ♥❡✇✭✧❝❧❛ss✐❝❈♦✉♥t✧✱ t❡st❙t❛t✐st✐❝ ❂ ●❖❋✐s❤❡r❚❡st✱ ♥❛♠❡ ❂ ✧❋✐s❤❡r t❡st✧✮

❃ r❡s✉❧t❋✐s❤❡r ❁✲ ❣❡t❙✐❣●r♦✉♣s✭●❖❞❛t❛✱ t❡st✳st❛t✮

❆ s❤♦rt s✉♠♠❛r② ♦♥ t❤❡ ✉s❡❞ t❡st ❛♥❞ t❤❡ r❡s✉❧ts ✐s ♣r✐♥t❡❞ ❛t t❤❡ ❘ ❝♦♥s♦❧❡✳

❃ r❡s✉❧t❋✐s❤❡r

❉❡s❝r✐♣t✐♦♥✿ ●❖ ❛♥❛❧②s✐s ♦❢ ❆▲▲ ❞❛t❛❀ ❇✲❝❡❧❧ ✈s ❚✲❝❡❧❧ ❖❜❥❡❝t ♠♦❞✐❢✐❡❞ ♦♥✿ ✷✻ ❆♣r ✷✵✷✷

❖♥t♦❧♦❣②✿ ❇P

✬❝❧❛ss✐❝✬ ❛❧❣♦r✐t❤♠ ✇✐t❤ t❤❡ ✬❋✐s❤❡r t❡st✬ t❡st

✺✼✼✹ ●❖ t❡r♠s s❝♦r❡❞✿ ✶✸✺ t❡r♠s ✇✐t❤ ♣ ❁ ✵✳✵✶

❆♥♥♦t❛t✐♦♥ ❞❛t❛✿

❆♥♥♦t❛t❡❞ ❣❡♥❡s✿ ✸✽✽✸

❙✐❣♥✐❢✐❝❛♥t ❣❡♥❡s✿ ✸✸✽

▼✐♥✳ ♥♦✳ ♦❢ ❣❡♥❡s ❛♥♥♦t❛t❡❞ t♦ ❛ ●❖✿ ✺

◆♦♥tr✐✈✐❛❧ ♥♦❞❡s✿ ✸✾✻✺

❚♦ ✉s❡ t❤❡ ❑♦❧♠♦❣♦r♦✈✲❙♠✐r♥♦✈ ✭❑❙✮ t❡st ♦♥❡ ♥❡❡❞s t♦ ♣r♦✈✐❞❡ t❤❡ ❣❡♥❡✲✇✐s❡ s❝♦r❡s ❛♥❞ t❤✉s ✇❡ ♥❡❡❞ t♦
✐♥st❛♥t✐❛t❡ ❛♥ ♦❜❥❡❝t ♦❢ ❛ ❝❧❛ss ✇❤✐❝❤ ✐s ❛❜❧❡ t♦ ❞❡❛❧ ♦❢ t❤❡ s❝♦r❡s✳ ❙✉❝❤ ❛ ❝❧❛ss ✐s t❤❡ ❝❧❛ss✐❝❙❝♦r❡ ❝❧❛ss✱
s❡❡ ❋✐❣✉r❡ ✹ ✇❤✐❝❤ ✇✐❧❧ ❧❡t ✉s r✉♥ t❤❡ ❝❧❛ss✐❝ ❛❧❣♦r✐t❤♠✳

❃ t❡st✳st❛t ❁✲ ♥❡✇✭✧❝❧❛ss✐❝❙❝♦r❡✧✱ t❡st❙t❛t✐st✐❝ ❂ ●❖❑❙❚❡st✱ ♥❛♠❡ ❂ ✧❑❙ t❡sts✧✮

❃ r❡s✉❧t❑❙ ❁✲ ❣❡t❙✐❣●r♦✉♣s✭●❖❞❛t❛✱ t❡st✳st❛t✮



❚❤❡ ♠❡❝❤❛♥✐s♠ ♣r❡s❡♥t❡❞ ❛❜♦✈❡ ❢♦r ❝❧❛ss✐❝ ❛❧s♦ ❤♦❧❞ ❢♦r ❡❧✐♠ ❛♥❞ ✇❡✐❣❤t✳ ❚❤❡ ✉s❡r s❤♦✉❧❞ ♣❛② ❛tt❡♥t✐♦♥
t♦ t❤❡ ❝♦♠♣❛t✐❜✐❧✐t② ❜❡t✇❡❡♥ t❤❡ ❝❤♦s❡♥ ❝❧❛ss ❛♥❞ t❤❡ ❢✉♥❝t✐♦♥ ❢♦r ❝♦♠♣✉t✐♥❣ t❤❡ t❡st st❛t✐st✐❝✱ s✐♥❝❡ ♥♦
✐♥❝♦♠♣❛t✐❜✐❧✐t② t❡st ❛r❡ ♠❛❞❡ ✇❤❡♥ t❤❡ ♦❜❥❡❝t ✐s ✐♥st❛♥t✐❛t❡❞✳ ❋♦r ❡①❛♠♣❧❡ t❤❡ ✇❡✐❣❤t ❛❧❣♦r✐t❤♠ ✇✐❧❧ ♥♦t
✇♦r❦ ✇✐t❤ ❝❧❛ss❡s ❜❛s❡❞ ♦♥ ❣❡♥❡✲✇✐s❡ s❝♦r❡s✳ ❚♦ r✉♥ t❤❡ ❡❧✐♠ ❛❧❣♦r✐t❤♠ ✇✐t❤ ❑❙ t❡st ♦♥❡ ♥❡❡❞s t♦ t②♣❡✿

❃ t❡st✳st❛t ❁✲ ♥❡✇✭✧❡❧✐♠❙❝♦r❡✧✱ t❡st❙t❛t✐st✐❝ ❂ ●❖❑❙❚❡st✱ ♥❛♠❡ ❂ ✧❋✐s❤❡r t❡st✧✱ ❝✉t❖❢❢ ❂ ✵✳✵✶✮

❃ r❡s✉❧t❊❧✐♠ ❁✲ ❣❡t❙✐❣●r♦✉♣s✭●❖❞❛t❛✱ t❡st✳st❛t✮

❙✐♠✐❧❛r❧②✱ ❢♦r t❤❡ ✇❡✐❣❤t ❛❧❣♦r✐t❤♠ ✇✐t❤ ❋✐s❤❡r✬s ❡①❛❝t t❡st ♦♥❡ t②♣❡s✿

❃ t❡st✳st❛t ❁✲ ♥❡✇✭✧✇❡✐❣❤t❈♦✉♥t✧✱ t❡st❙t❛t✐st✐❝ ❂ ●❖❋✐s❤❡r❚❡st✱ ♥❛♠❡ ❂ ✧❋✐s❤❡r t❡st✧✱ s✐❣❘❛t✐♦ ❂ ✧r❛t✐♦✧✮

❃ r❡s✉❧t❲❡✐❣❤t ❁✲ ❣❡t❙✐❣●r♦✉♣s✭●❖❞❛t❛✱ t❡st✳st❛t✮

✻✳✷ ❚❤❡ ❛❞❥✉st♠❡♥t ♦❢ p✲✈❛❧✉❡s

❚❤❡ p✲✈❛❧✉❡s r❡t✉r♥ ❜② t❤❡ ❣❡t❙✐❣●r♦✉♣s ❢✉♥❝t✐♦♥ ❛r❡ r♦✇ p✲✈❛❧✉❡s✳ ❚❤❡r❡ ✐s ♥♦ ♠✉❧t✐♣❧❡ t❡st✐♥❣ ❝♦rr❡❝t✐♦♥
❛♣♣❧✐❡❞ t♦ t❤❡♠✱ ✉♥❧❡ss t❤❡ t❡st st❛t✐st✐❝ ❞✐r❡❝t❧② ✐♥❝♦r♣♦r❛t❡ s✉❝❤ ❛ ❝♦rr❡❝t✐♦♥✳ ❖❢ ❝♦✉rs❡✱ t❤❡ r❡s❡❛r❝❤❡r
❝❛♥ ♣❡r❢♦r♠ ❛♥ ❛❞❥✉st♠❡♥t ♦❢ t❤❡ p✲✈❛❧✉❡s ✐❢ ❤❡ ❝♦♥s✐❞❡rs ✐t ✐s ✐♠♣♦rt❛♥t ❢♦r t❤❡ ❛♥❛❧②s✐s✳ ❚❤❡ r❡❛s♦♥ ❢♦r
♥♦t ❛✉t♦♠❛t✐❝❛❧❧② ❝♦rr❡❝t✐♥❣ ❢♦r ♠✉❧t✐♣❧❡ t❡st✐♥❣ ❛r❡✿

❼ ■♥ ♠❛♥② ❝❛s❡s t❤❡ r♦✇ p✲✈❛❧✉❡s r❡t✉r♥ ❜② ❛♥ ❡♥r✐❝❤♠❡♥t ❛♥❛❧②s✐s ❛r❡ ♥♦t t❤❛t ❡①tr❡♠❡✳ ❆ ❋❉❘✴❋❲❊❘
❛❞❥✉st♠❡♥t ♣r♦❝❡❞✉r❡ ❝❛♥ ✐♥ t❤✐s ❝❛s❡ ♣r♦❞✉❝❡ ✈❡r② ❝♦♥s❡r✈❛t✐✈❡ p✲✈❛❧✉❡s ❛♥❞ ❞❡❝❧❛r❡ ♥♦✱ ♦r ✈❡r② ❢❡✇✱
t❡r♠s ❛s s✐❣♥✐✜❝❛♥t✳ ❚❤✐s ✐s ♥♦t ♥❡❝❡ss❛r② ❛ ❜❛❞ t❤✐♥❣✱ ❜✉t ✐t ❝❛♥ ❤❛♣♣❡♥ t❤❛t t❤❡r❡ ❛r❡ ✐♥t❡r❡st✐♥❣
●❖ t❡r♠s ✇❤✐❝❤ ❞✐❞♥✬t ♠❛❦❡ ✐t ♦✈❡r t❤❡ ❝✉t♦✛ ❜✉t t❤❡② ❛r❡ ♦♠✐tt❡❞ ❛♥❞ t❤✉s ✈❛❧✉❛❜❧❡ ✐♥❢♦r♠❛t✐♦♥
❧♦st✳ ■♥ t❤✐s ❝❛s❡ t❤❡ r❡s❡❛r❝❤❡r ♠✐❣❤t ❜❡ ✐♥t❡r❡st❡❞ ✐♥ t❤❡ r❛♥❦✐♥❣ ♦❢ t❤❡ ●❖ t❡r♠s ❡✈❡♥ t❤♦✉❣❤ ♥♦
t♦♣ t❡r♠ ✐s s✐❣♥✐✜❝❛♥t ❛t ❛ s♣❡❝✐❢② ❋❉❘ ❧❡✈❡❧✳

❼ ❖♥❡ s❤♦✉❧❞ ❦❡❡♣ ✐♥ ♠✐♥❞ t❤❛t ❛♥ ❡♥r✐❝❤♠❡♥t ❛♥❛❧②s✐s ❝♦♥s✐st ♦❢ ♠❛♥② st❡♣s ❛♥❞ t❤❡r❡ ❛r❡ ♠❛♥②
❛ss✉♠♣t✐♦♥s ❞♦♥❡ ❜❡❢♦r❡ ❛♣♣❧②✐♥❣✱ ❢♦r ❡①❛♠♣❧❡✱ ❋✐s❤❡r✬s ❡①❛❝t t❡st ♦♥ ❛ s❡t ♦❢ ●❖ t❡r♠s✳ P❡r❢♦r♠✐♥❣
❛ ♠✉❧t✐♣❧❡ t❡st✐♥❣ ♣r♦❝❡❞✉r❡ ❛❝❝♦✉♥t✐♥❣ ♦♥❧② ♦♥ t❤❡ ♥✉♠❜❡r ♦❢ ●❖ t❡r♠s ✐s ❢❛r ❢r♦♠ ❜❡✐♥❣ ❡♥♦✉❣❤ t♦
❝♦♥tr♦❧ t❤❡ ❡rr♦r r❛t❡✳

❼ ❋♦r t❤❡ ♠❡t❤♦❞s t❤❛t ❛❝❝♦✉♥t ❢♦r t❤❡ ●❖ t♦♣♦❧♦❣② ❧✐❦❡ ❡❧✐♠ ❛♥❞ ✇❡✐❣❤t✱ t❤❡ ♣r♦❜❧❡♠ ♦❢ ♠✉❧t✐♣❧❡
t❡st✐♥❣ ✐s ❡✈❡♥ ♠♦r❡ ❝♦♠♣❧✐❝❛t❡❞✳ ❍❡r❡ ♦♥❡ ❝♦♠♣✉t❡s t❤❡ p✲✈❛❧✉❡ ♦❢ ❛ ●❖ t❡r♠ ❝♦♥❞✐t✐♦♥❡❞ ♦♥ t❤❡
♥❡✐❣❤❜♦✉r✐♥❣ t❡r♠s✳ ❚❤❡ t❡sts ❛r❡ t❤❡r❡❢♦r❡ ♥♦t ✐♥❞❡♣❡♥❞❡♥t ❛♥❞ t❤❡ ♠✉❧t✐♣❧❡ t❡st✐♥❣ t❤❡♦r② ❞♦❡s ♥♦t
❞✐r❡❝t❧② ❛♣♣❧②✳ ❲❡ ❧✐❦❡ t♦ ✐♥t❡r♣r❡t t❤❡ p✲✈❛❧✉❡s r❡t✉r♥❡❞ ❜② t❤❡s❡ ♠❡t❤♦❞s ❛s ❝♦rr❡❝t❡❞ ♦r ♥♦t ❛✛❡❝t❡❞
❜② ♠✉❧t✐♣❧❡ t❡st✐♥❣✳

✻✳✸ ❆❞❞✐♥❣ ❛ ♥❡✇ t❡st

❊①❛♠♣❧❡ ❢♦r t❤❡ ❈❛t❡❣♦r② t❡st ✳✳✳✳

✻✳✹ r✉♥❚❡st✿ ❛ ❤✐❣❤✲❧❡✈❡❧ ✐♥t❡r❢❛❝❡ ❢♦r t❡st✐♥❣

❖✈❡r t❤❡ ❜❛s✐❝ ✐♥t❡r❢❛❝❡ ✇❡ ✐♠♣❧❡♠❡♥t❡❞ ❛♥ ❛❜str❛❝t ❧❛②❡r t♦ ♣r♦✈✐❞❡ t❤❡ ✉s❡rs ✇✐t❤ ❛ ❤✐❣❤❡r ❧❡✈❡❧ ✐♥t❡r❢❛❝❡
❢♦r r✉♥♥✐♥❣ t❤❡ ❡♥r✐❝❤♠❡♥t t❡sts✳ ❚❤❡ ✐♥t❡r❢❛❝❡ ✐s ❝♦♠♣♦s❡❞ ❜② ❛ ❢✉♥❝t✐♦♥✱ ♥❛♠❡❧② t❤❡ r✉♥❚❡st ❢✉♥❝t✐♦♥✱
✇❤✐❝❤ ❝❛♥ ❜❡ ✉s❡❞ ♦♥❧② ✇✐t❤ ❛ ♣r❡❞❡✜♥❡❞ s❡t ♦❢ t❡st st❛t✐st✐❝s ❛♥❞ ❛❧❣♦r✐t❤♠s✳ ■♥ ❢❛❝t r✉♥❚❡st ✐s ❛ ✇❛r♣✐♥❣
❢✉♥❝t✐♦♥ ❢♦r t❤❡ s❡t ♦❢ ❝♦♠♠❛♥❞s ✉s❡❞ ❢♦r ❞❡✜♥✐♥❣ ❛♥❞ r✉♥♥✐♥❣ ❛ t❡st ♣r❡s❡♥t❡❞ ✐♥ ❙❡❝t✐♦♥ ✻✳✶✳

❚❤❡r❡ ❛r❡ t❤r❡❡ ♠❛✐♥ ❛r❣✉♠❡♥ts t❤❛t t❤✐s ❢✉♥❝t✐♦♥ t❛❦❡s✳ ❚❤❡ ✜rst ❛r❣✉♠❡♥t ✐s ❛♥ ♦❜❥❡❝t ♦❢ ❝❧❛ss t♦♣●❖❞❛t❛✳
❚❤❡ s❡❝♦♥❞ ❛r❣✉♠❡♥t✱ ♥❛♠❡❞ ❛❧❣♦r✐t❤♠✱ ✐s ♦❢ t②♣❡ ❝❤❛r❛❝t❡r ❛♥❞ s♣❡❝✐✜❡s ✇❤✐❝❤ ♠❡t❤♦❞ ❢♦r ❞❡❛❧✐♥❣ ✇✐t❤
t❤❡ ●❖ ❣r❛♣❤ str✉❝t✉r❡ ✇✐❧❧ ❜❡ ✉s❡❞✳ ❚❤❡ t❤✐r❞ ❛r❣✉♠❡♥t✱ ♥❛♠❡❞ st❛t✐st✐❝✱ s♣❡❝✐✜❡s ✇❤✐❝❤ ❣r♦✉♣ t❡st
st❛t✐st✐❝ ✇✐❧❧ ❜❡ ✉s❡❞✳

❚♦ ♣❡r❢♦r♠ ❛ ❝❧❛ss✐❝❛❧ ❡♥r✐❝❤♠❡♥t ❛♥❛❧②s✐s ❜② ✉s✐♥❣ t❤❡ ❝❧❛ss✐❝ ♠❡t❤♦❞ ❛♥❞ ❋✐s❤❡r✬s ❡①❛❝t t❡st✱ t❤❡ ✉s❡r ♥❡❡❞s
t♦ t②♣❡✿



❃ r❡s✉❧t❋✐s ❁✲ r✉♥❚❡st✭●❖❞❛t❛✱ ❛❧❣♦r✐t❤♠ ❂ ✧❝❧❛ss✐❝✧✱ st❛t✐st✐❝ ❂ ✧❢✐s❤❡r✧✮

❱❛r✐♦✉s ❛❧❣♦r✐t❤♠s ❝❛♥ ❜❡ ❡❛s✐❧② ❝♦♠❜✐♥❡ ✇✐t❤ ✈❛r✐♦✉s t❡st st❛t✐st✐❝s✳ ❍♦✇❡✈❡r ♥♦t ❛❧❧ t❤❡ ❝♦♠❜✐♥❛t✐♦♥s
✇✐❧❧ ✇♦r❦✱ ❛s s❡❡♥ ✐♥ ❚❛❜❧❡ ✶✳ ■♥ t❤❡ ❝❛s❡ ♦❢ ❛ ♠✐s♠❛t❝❤ t❤❡ ❢✉♥❝t✐♦♥ ✇✐❧❧ t❤r♦✇ ❛♥ ❡rr♦r✳ ❚❤❡ ❛❧❣♦r✐t❤♠

❛r❣✉♠❡♥t ✐s ♦♣t✐♦♥❛❧ ❛♥❞ ✐❢ ♥♦t s♣❡❝✐✜❡❞ t❤❡ ✇❡✐❣❤t✵✶ ♠❡t❤♦❞ ✇✐❧❧ ❜❡ ✉s❡❞✳ ❇❡❧❧♦✇ ✇❡ ❝❛♥ s❡❡ ♠♦r❡ ❡①❛♠♣❧❡s
✉s✐♥❣ t❤❡ r✉♥❚❡st ❢✉♥❝t✐♦♥✳

❃ ✇❡✐❣❤t✵✶✳❢✐s❤❡r ❁✲ r✉♥❚❡st✭●❖❞❛t❛✱ st❛t✐st✐❝ ❂ ✧❢✐s❤❡r✧✮

❃ ✇❡✐❣❤t✵✶✳t ❁✲ r✉♥❚❡st✭●❖❞❛t❛✱ ❛❧❣♦r✐t❤♠ ❂ ✧✇❡✐❣❤t✵✶✧✱ st❛t✐st✐❝ ❂ ✧t✧✮

❃ ❡❧✐♠✳❦s ❁✲ r✉♥❚❡st✭●❖❞❛t❛✱ ❛❧❣♦r✐t❤♠ ❂ ✧❡❧✐♠✧✱ st❛t✐st✐❝ ❂ ✧❦s✧✮

❃ ✇❡✐❣❤t✳❦s ❁✲ r✉♥❚❡st✭●❖❞❛t❛✱ ❛❧❣♦r✐t❤♠ ❂ ✧✇❡✐❣❤t✧✱ st❛t✐st✐❝ ❂ ✧❦s✧✮ ★✇✐❧❧ ♥♦t ✇♦r❦✦✦✦

❚❤❡ ❧❛st ❧✐♥❡ ✇✐❧❧ r❡t✉r♥ ❛♥ ❡rr♦r ❜❡❝❛✉s❡ ✇❡ ❝❛♥♥♦t ✉s❡ t❤❡ ✇❡✐❣❤t ♠❡t❤♦❞ ✇✐t❤ t❤❡ ❑♦❧♠♦❣♦r♦✈✲❙♠✐r♥♦✈
t❡st✳ ❚❤❡ ♠❡t❤♦❞s ❛♥❞ t❤❡ st❛t✐st✐❝❛❧ t❡sts ✇❤✐❝❤ ❛r❡ ❛❝❝❡ss✐❜❧❡ ✈✐❛ t❤❡ r✉♥❚❡st ❢✉♥❝t✐♦♥ ❛r❡ ❛✈❛✐❧❛❜❧❡ ✈✐❛
t❤❡ ❢♦❧❧♦✇✐♥❣ t✇♦ ❢✉♥❝t✐♦♥s✿

❃ ✇❤✐❝❤❚❡sts✭✮

❬✶❪ ✧❢✐s❤❡r✧ ✧❦s✧ ✧t✧ ✧❣❧♦❜❛❧t❡st✧ ✧s✉♠✧ ✧❦s✳t✐❡s✧

❃ ✇❤✐❝❤❆❧❣♦r✐t❤♠s✭✮

❬✶❪ ✧❝❧❛ss✐❝✧ ✧❡❧✐♠✧ ✧✇❡✐❣❤t✧ ✧✇❡✐❣❤t✵✶✧ ✧❧❡❛✧ ✧♣❛r❡♥t❝❤✐❧❞✧

❚❤❡r❡ ✐s ♥♦ ❛❞✈❛♥t❛❣❡ ♦❢ ✉s✐♥❣ t❤❡ r✉♥❚❡st✭✮ ♦✈❡r ❣❡t❙✐❣●r♦✉♣s✭✮ ❡①❝❡♣t t❤❛t ✐t ✐s ♠♦r❡ ✉s❡r ❢r✐❡♥❞❧② ❛♥❞ ✐t
❣✐✈❡s ❝❧❡❛♥❡r ❝♦❞❡✳ ❍♦✇❡✈❡r✱ ✐❢ t❤❡ ✉s❡r ✇❛♥ts t♦ ❞❡✜♥❡ ❤✐s ♦✇♥ t❡st st❛t✐st✐❝ ♦r ✐♠♣❧❡♠❡♥t ❛ ♥❡✇ ❛❧❣♦r✐t❤♠
❜❛s❡❞ ♦♥ t❤❡ ❛✈❛✐❧❛❜❧❡ ❣r♦✉♣❙t❛ts ❝❧❛ss❡s✱ t❤❡♥ ✐t ✇♦✉❧❞ ❜❡ ♥♦t ♣♦ss✐❜❧❡ t♦ ✉s❡ t❤❡ r✉♥❚❡st ❢✉♥❝t✐♦♥✳

❋✐♥❛❧❧②✱ t❤❡ ❢✉♥❝t✐♦♥ ❝❛♥ ♣❛ss ❡①tr❛ ❛r❣✉♠❡♥ts t♦ t❤❡ ✐♥✐t✐❛❧✐s❛t✐♦♥ ♠❡t❤♦❞ ❢♦r ❛♥ ❣r♦✉♣❙t❛ts ♦❜❥❡❝t✳ ❚❤✉s✱
♦♥❡ ❝❛♥ s♣❡❝✐❢② ❞✐✛❡r❡♥t ❝✉t♦✛s ❢♦r t❤❡ ❡❧✐♠ ♠❡t❤♦❞✱ ♦r ❛r❣✉♠❡♥ts ❢♦r t❤❡ ✇❡✐❣❤t ♠❡t❤♦❞✳

✼ ■♥t❡r♣r❡t❛t✐♦♥ ❛♥❞ ✈✐s✉❛❧✐③❛t✐♦♥ ♦❢ r❡s✉❧ts

❚❤✐s s❡❝t✐♦♥ ♣r❡s❡♥t t❤❡ ❛✈❛✐❧❛❜❧❡ t♦♦❧s ❢♦r ❛♥❛❧②s✐♥❣ ❛♥❞ ✐♥t❡r♣r❡t✐♥❣ t❤❡ r❡s✉❧ts ♦❢ t❤❡ ♣❡r❢♦r♠❡❞ t❡sts✳
❇♦t❤ ❣❡t❙✐❣●r♦✉♣s ❛♥❞ r✉♥❚❡st ❢✉♥❝t✐♦♥s r❡t✉r♥ ❛♥ ♦❜❥❡❝t ♦❢ t②♣❡ t♦♣●❖r❡s✉❧t✱ ❛♥❞ ♠♦st ♦❢ t❤❡ ❢♦❧❧♦✇✐♥❣
❢✉♥❝t✐♦♥s ✇♦r❦ ✇✐t❤ t❤✐s ♦❜❥❡❝t✳

✼✳✶ ❚❤❡ t♦♣●❖r❡s✉❧t ♦❜❥❡❝t

❚❤❡ str✉❝t✉r❡ ♦❢ t❤❡ t♦♣●❖r❡s✉❧t ♦❜❥❡❝t ✐s q✉✐t❡ s✐♠♣❧❡✳ ■t ❝♦♥t❛✐♥s t❤❡ p✲✈❛❧✉❡s ♦r t❤❡ st❛t✐st✐❝s r❡t✉r♥❡❞
❜② t❤❡ t❡st ❛♥❞ ❜❛s✐❝ ✐♥❢♦r♠❛t✐♦♥s ♦♥ t❤❡ ✉s❡❞ t❡st st❛t✐st✐❝✴❛❧❣♦r✐t❤♠✳ ❚❤❡ ✐♥❢♦r♠❛t✐♦♥ st♦r❡❞ ✐♥ t❤❡
t♦♣●❖❞❛t❛ ♦❜❥❡❝t ✐s ♥♦t ❝❛rr✐❡❞ ♦✈❡r t❤✐s ♦❜❥❡❝t✱ ❛♥❞ ❜♦t❤ ♦❢ t❤❡s❡ ♦❜❥❡❝ts ✇✐❧❧ ❜❡ ♥❡❡❞❡❞ ❜② t❤❡ ❞✐❛❣♥♦st✐❝
t♦♦❧s✳

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

❚♦ ❛❝❝❡ss t❤❡ st♦r❡❞ p✲✈❛❧✉❡s✱ t❤❡ ✉s❡r s❤♦✉❧❞ ✉s❡ t❤❡ ❢✉♥❝t✐♦♥ s❝♦r❡✳ ■t r❡t✉r♥s ❛ ♥❛♠❡❞ ♥✉♠❡r✐❝ ✈❡❝t♦r✱
✇❡r❡ t❤❡ ♥❛♠❡s ❛r❡ ●❖ ✐❞❡♥t✐✜❡rs✳ ❋♦r ❡①❛♠♣❧❡✱ ✇❡ ❝❛♥ ❧♦♦❦ ❛t t❤❡ ❤✐st♦❣r❛♠ ♦❢ t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❋✐s❤❡r✬s
❡①❛❝t t❡st ❛♥❞ t❤❡ ❝❧❛ss✐❝ ❛❧❣♦r✐t❤♠✳

❇② ❞❡❢❛✉❧t✱ t❤❡ s❝♦r❡ ❢✉♥❝t✐♦♥ ❞♦❡s ♥♦t ✇❛rr❛♥t② t❤❡ ♦r❞❡r ✐♥ ✇❤✐❝❤ t❤❡ p✲✈❛❧✉❡s ❛r❡ r❡t✉r♥❡❞✱ ❛s ✇❡ ❝❛♥
s❡❡ ✐❢ ✇❡ ❝♦♠♣❛r❡ t❤❡ r❡s✉❧t❋✐s ♦❜❥❡❝t ✇✐t❤ t❤❡ r❡s✉❧t❲❡✐❣❤t ♦❜❥❡❝t✿
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❍♦✇❡✈❡r✱ t❤❡ s❝♦r❡ ♠❡t❤♦❞ ❤❛s ❛ ♣❛r❛♠❡t❡r✱ ✇❤✐❝❤●❖✱ ✇❤✐❝❤ t❛❦❡s ❛ ❧✐st ♦❢ ●❖ ✐❞❡♥t✐✜❡rs ❛♥❞ r❡t✉r♥s t❤❡
s❝♦r❡s ❢♦r t❤❡s❡ t❡r♠s ✐♥ t❤❡ s♣❡❝✐✜❡❞ ♦r❞❡r✳ ❖♥❧② t❤❡ s❝♦r❡s ❢♦r t❤❡ t❡r♠s ❢♦✉♥❞ ✐♥ t❤❡ ✐♥t❡rs❡❝t✐♦♥ ❜❡t✇❡❡♥
t❤❡ s♣❡❝✐✜❡❞ ●❖s ❛♥❞ t❤❡ ●❖s st♦r❡❞ ✐♥ t❤❡ t♦♣●❖r❡s✉❧t ♦❜❥❡❝t ❛r❡ r❡t✉r♥❡❞✳ ❚♦ s❡❡ ❤♦✇ t❤✐s ✇♦r❦ ❧❡ts
❝♦♠♣✉t❡ t❤❡ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ t❤❡ p✲✈❛❧✉❡s ♦❢ t❤❡ ❝❧❛ss✐❝ ❛♥❞ ✇❡✐❣❤t ♠❡t❤♦❞s✿
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❃ ❝♦r✭♣✈❛❧❋✐s✱ ♣✈❛❧❲❡✐❣❤t✮
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❇❛s✐❝ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ✐♥♣✉t ❞❛t❛ ❝❛♥ ❜❡ ❛❝❝❡ss❡❞ ✉s✐♥❣ t❤❡ ❣❡♥❡❉❛t❛ ❢✉♥❝t✐♦♥✳ ❚❤❡ ♥✉♠❜❡r ♦❢ ❛♥♥♦t❛t❡❞
❣❡♥❡s✱ t❤❡ ♥✉♠❜❡r ♦❢ s✐❣♥✐✜❝❛♥t ❣❡♥❡s ✭✐❢ ✐t ✐s t❤❡ ❝❛s❡✮✱ t❤❡ ♠✐♥✐♠❛❧ s✐③❡ ♦❢ ❛ ●❖ ❝❛t❡❣♦r② ❛s ✇❡❧❧ ❛s t❤❡
♥✉♠❜❡r ♦❢ ●❖ ❝❛t❡❣♦r✐❡s ✇❤✐❝❤ ❤❛✈❡ ❛t ❧❡❛st ♦♥❡ s✐❣♥✐✜❝❛♥t ❣❡♥❡ ❛♥♥♦t❛t❡❞ ❛r❡ ❧✐st❡❞✿

❃ ❣❡♥❡❉❛t❛✭r❡s✉❧t❲❡✐❣❤t✮

❆♥♥♦t❛t❡❞ ❙✐❣♥✐❢✐❝❛♥t ◆♦❞❡❙✐③❡ ❙✐❣❚❡r♠s

✸✽✽✸ ✸✸✽ ✺ ✸✾✻✺

✼✳✷ ❙✉♠♠❛r✐s✐♥❣ t❤❡ r❡s✉❧ts

❲❡ ❝❛♥ ✉s❡ t❤❡ ●❡♥❚❛❜❧❡ ❢✉♥❝t✐♦♥ t♦ ❣❡♥❡r❛t❡ ❛ s✉♠♠❛r② t❛❜❧❡ ✇✐t❤ t❤❡ r❡s✉❧ts ❢r♦♠ ♦♥❡ ♦r ♠♦r❡ t❡sts
❛♣♣❧✐❡❞ t♦ t❤❡ s❛♠❡ t♦♣●❖❞❛t❛ ♦❜❥❡❝t✳ ❚❤❡ ❢✉♥❝t✐♦♥ ❝❛♥ t❛❦❡ ❛ ✈❛r✐❛❜❧❡ ♥✉♠❜❡r ♦❢ t♦♣●❖r❡s✉❧t ♦❜❥❡❝ts
❛♥❞ ✐t r❡t✉r♥s ❛ ❞❛t❛✳❢r❛♠❡ ❝♦♥t❛✐♥✐♥❣ t❤❡ t♦♣ t♦♣◆♦❞❡s ●❖ t❡r♠s ✐❞❡♥t✐✜❡❞ ❜② t❤❡ ♠❡t❤♦❞ s♣❡❝✐✜❡❞ ✇✐t❤
t❤❡ ♦r❞❡r❇② ❛r❣✉♠❡♥t✳ ❚❤✐s ❛r❣✉♠❡♥t ❛❧❧♦✇s t❤❡ ✉s❡r ❞❡❝✐❞❡ ✇❤✐❝❤ p✲✈❛❧✉❡s s❤♦✉❧❞ ❜❡ ✉s❡❞ ❢♦r ♦r❞❡r✐♥❣ t❤❡
●❖ t❡r♠s✳



●❖✳■❉ ❚❡r♠ ❆♥♥♦t❛t❡❞ ❙✐❣♥✐✜❝❛♥t ❊①♣❡❝t❡❞ ❘❛♥❦ ✐♥ ❝❧❛ss✐❝ ❝❧❛ss✐❝ ❑❙ ✇❡✐❣❤t
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✹ ●❖✿✵✵✹✸✻✺✶ ❧✐♥♦❧❡✐❝ ❛❝✐❞ ♠❡t❛❜♦❧✐❝ ♣r♦❝❡ss ✶✶ ✻ ✵✳✾✻ ✶✽ ✵✳✵✵✵✶✸ ✵✳✵✵✹✾✶ ✵✳✵✵✵✶✸
✺ ●❖✿✷✵✵✶✶✽✼ ♣♦s✐t✐✈❡ r❡❣✉❧❛t✐♦♥ ♦❢ ❈❉✽✲♣♦s✐t✐✈❡✱ ❛❧♣✳✳✳ ✽ ✺ ✵✳✼✵ ✷✶ ✵✳✵✵✵✷✷ ✵✳✵✵✺✼✹ ✵✳✵✵✵✷✷
✻ ●❖✿✵✵✸✻✶✵✾ ❛❧♣❤❛✲❧✐♥♦❧❡♥✐❝ ❛❝✐❞ ♠❡t❛❜♦❧✐❝ ♣r♦❝❡ss ✺ ✹ ✵✳✹✹ ✷✷ ✵✳✵✵✵✷✻ ✵✳✵✵✷✺✺ ✵✳✵✵✵✷✻
✼ ●❖✿✵✵✹✷✶✵✷ ♣♦s✐t✐✈❡ r❡❣✉❧❛t✐♦♥ ♦❢ ❚ ❝❡❧❧ ♣r♦❧✐❢❡r❛t✳✳✳ ✹✻ ✶✷ ✹✳✵✵ ✷✼ ✵✳✵✵✵✹✵ ✵✳✵✷✽✷✻ ✵✳✵✵✵✹✵
✽ ●❖✿✵✵✶✵✽✻✸ ♣♦s✐t✐✈❡ r❡❣✉❧❛t✐♦♥ ♦❢ ♣❤♦s♣❤♦❧✐♣❛s❡ ❈ ❛✳✳✳ ✶✸ ✻ ✶✳✶✸ ✷✽ ✵✳✵✵✵✹✷ ✵✳✵✷✹✵✶ ✵✳✵✵✵✹✷
✾ ●❖✿✵✵✹✺✺✽✻ r❡❣✉❧❛t✐♦♥ ♦❢ ❣❛♠♠❛✲❞❡❧t❛ ❚ ❝❡❧❧ ❞✐✛❡r❡✳✳✳ ✾ ✺ ✵✳✼✽ ✷✾ ✵✳✵✵✵✹✻ ✵✳✵✶✸✼✽ ✵✳✵✵✵✹✻
✶✵ ●❖✿✵✵✸✷✼✹✸ ♣♦s✐t✐✈❡ r❡❣✉❧❛t✐♦♥ ♦❢ ✐♥t❡r❧❡✉❦✐♥✲✷ ♣r♦✳✳✳ ✷✻ ✽ ✷✳✷✻ ✹✺ ✵✳✵✵✶✶✼ ✵✳✵✸✼✾✶ ✵✳✵✵✶✶✼
✶✶ ●❖✿✵✵✶✻✶✷✻ st❡r♦❧ ❜✐♦s②♥t❤❡t✐❝ ♣r♦❝❡ss ✶✻ ✻ ✶✳✸✾ ✹✽ ✵✳✵✵✶✺✼ ✹✳✶❡✲✵✺ ✵✳✵✵✶✺✼
✶✷ ●❖✿✵✵✸✹✵✸✵ r✐❜♦♥✉❝❧❡♦s✐❞❡ ❜✐s♣❤♦s♣❤❛t❡ ❜✐♦s②♥t❤❡t✐❝✳✳✳ ✶✻ ✻ ✶✳✸✾ ✹✾ ✵✳✵✵✶✺✼ ✵✳✵✵✽✸✺ ✵✳✵✵✶✺✼
✶✸ ●❖✿✵✵✸✹✵✸✸ ♣✉r✐♥❡ ♥✉❝❧❡♦s✐❞❡ ❜✐s♣❤♦s♣❤❛t❡ ❜✐♦s②♥t❤❡✳✳✳ ✶✻ ✻ ✶✳✸✾ ✺✵ ✵✳✵✵✶✺✼ ✵✳✵✵✽✸✺ ✵✳✵✵✶✺✼
✶✹ ●❖✿✵✵✹✽✸✵✹ ♣♦s✐t✐✈❡ r❡❣✉❧❛t✐♦♥ ♦❢ ✐s♦t②♣❡ s✇✐t❝❤✐♥❣✳✳✳ ✼ ✹ ✵✳✻✶ ✺✷ ✵✳✵✵✶✻✵ ✵✳✵✵✾✻✷ ✵✳✵✵✶✻✵
✶✺ ●❖✿✵✵✵✻✻✸✻ ✉♥s❛t✉r❛t❡❞ ❢❛tt② ❛❝✐❞ ❜✐♦s②♥t❤❡t✐❝ ♣r♦❝✳✳✳ ✶✼ ✻ ✶✳✹✽ ✻✷ ✵✳✵✵✷✷✺ ✵✳✵✵✼✼✾ ✵✳✵✵✷✾✹
✶✻ ●❖✿✵✵✸✷✸✵✺ ♣♦s✐t✐✈❡ r❡❣✉❧❛t✐♦♥ ♦❢ ✐❝♦s❛♥♦✐❞ s❡❝r❡t✐✳✳✳ ✽ ✹ ✵✳✼✵ ✻✽ ✵✳✵✵✷✾✽ ✵✳✵✻✹✼✸ ✵✳✵✵✷✾✽
✶✼ ●❖✿✵✵✺✵✽✺✷ ❚ ❝❡❧❧ r❡❝❡♣t♦r s✐❣♥❛❧✐♥❣ ♣❛t❤✇❛② ✻✽ ✶✸ ✺✳✾✷ ✽✹ ✵✳✵✵✹✾✽ ✵✳✵✺✵✷✵ ✵✳✵✵✹✾✽
✶✽ ●❖✿✵✵✸✺✸✸✺ ♣❡♣t✐❞②❧✲t②r♦s✐♥❡ ❞❡♣❤♦s♣❤♦r②❧❛t✐♦♥ ✸✾ ✾ ✸✳✸✾ ✽✽ ✵✳✵✵✺✷✶ ✵✳✶✵✷✺✷ ✵✳✵✵✺✷✶
✶✾ ●❖✿✵✵✵✽✷✾✾ ✐s♦♣r❡♥♦✐❞ ❜✐♦s②♥t❤❡t✐❝ ♣r♦❝❡ss ✺ ✸ ✵✳✹✹ ✾✺ ✵✳✵✵✺✼✷ ✵✳✵✸✼✵✸ ✵✳✵✵✺✼✷
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❚❛❜❧❡ ✸✿ ❙✐❣♥✐✜❝❛♥❝❡ ♦❢ ●❖ t❡r♠s ❛❝❝♦r❞✐♥❣ t♦ ❞✐✛❡r❡♥t t❡sts✳

❃ ❛❧❧❘❡s ❁✲ ●❡♥❚❛❜❧❡✭●❖❞❛t❛✱ ❝❧❛ss✐❝ ❂ r❡s✉❧t❋✐s✱ ❑❙ ❂ r❡s✉❧t❑❙✱ ✇❡✐❣❤t ❂ r❡s✉❧t❲❡✐❣❤t✱

✰ ♦r❞❡r❇② ❂ ✧✇❡✐❣❤t✧✱ r❛♥❦s❖❢ ❂ ✧❝❧❛ss✐❝✧✱ t♦♣◆♦❞❡s ❂ ✷✵✮

P❧❡❛s❡ ♥♦t❡ t❤❛t ✇❡ ♥❡❡❞ t♦ t②♣❡ t❤❡ ❢✉❧❧ ♥❛♠❡s ✭t❤❡ ❡①❛❝t ♥❛♠❡✮ ♦❢ t❤❡ ❢✉♥❝t✐♦♥ ❛r❣✉♠❡♥ts✿ t♦♣◆♦❞❡s✱
r❛♥❦❖❢✱ ❡t❝✳ ❚❤✐s ✐s t❤❡ ♣r✐❝❡ ♣❛✐❞ ❢♦r ✢❡①✐❜✐❧✐t② ♦❢ s♣❡❝✐❢②✐♥❣ ❞✐✛❡r❡♥t ♥✉♠❜❡r ♦❢ t♦♣●❖r❡s✉❧ts ♦❜❥❡❝ts✳ ❚❤❡
t❛❜❧❡ ✐♥❝❧✉❞❡s st❛t✐st✐❝s ♦♥ t❤❡ ●❖ t❡r♠s ♣❧✉s t❤❡ p✲✈❛❧✉❡s r❡t✉r♥❡❞ ❜② t❤❡ ♦t❤❡r ❛❧❣♦r✐t❤♠s✴t❡st st❛t✐st✐❝s✳
❚❛❜❧❡ ✸ s❤♦✇s t❤❡ ✐♥❢♦r♠❛t✐♦♥s ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❞❛t❛✳❢r❛♠❡✳

✼✳✸ ❆♥❛❧②s✐♥❣ ✐♥❞✐✈✐❞✉❛❧ ●❖s

◆❡①t ✇❡ ✇❛♥t t♦ ❛♥❛❧②s❡ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ❣❡♥❡s ❛♥♥♦t❛t❡❞ t♦ ❛ ●❖ t❡r♠ ♦❢ ✐♥t❡r❡st✳ ■♥ ❛♥ ❡♥r✐❝❤♠❡♥t
❛♥❛❧②s✐s ♦♥❡ ❡①♣❡❝ts t❤❛t t❤❡ ❣❡♥❡s ❛♥♥♦t❛t❡❞ t♦ ❛ s✐❣♥✐✜❝❛♥t❧② ❡♥r✐❝❤❡❞ ●❖ t❡r♠ ❤❛✈❡ ❤✐❣❤❡r s❝♦r❡s t❤❛♥
t❤❡ ❛✈❡r❛❣❡ ❣❡♥❡✬ s❝♦r❡ ♦❢ t❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡✳

❖♥❡ ✇❛② t♦ ❝❤❡❝❦ t❤✐s ❤②♣♦t❤❡s✐s ✐s t♦ ❝♦♠♣❛r❡ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ❣❡♥❡ s❝♦r❡s ❛♥♥♦t❛t❡❞ t♦ t❤❡ s♣❡❝✐✜❡❞
●❖ t❡r♠ ✇✐t❤ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ s❝♦r❡s ♦❢ t❤❡ ❝♦♠♣❧❡♠❡♥t❛r② ❣❡♥❡ s❡t ✭❛❧❧ t❤❡ ❣❡♥❡s ✐♥ t❤❡ ❣❡♥❡ ✉♥✐✈❡rs❡
✇❤✐❝❤ ❛r❡ ♥♦t ❛♥♥♦t❛t❡❞ t♦ t❤❡ ●❖ t❡r♠✮✳ ❚❤✐s ❝❛♥ ❜❡ ❡❛s✐❧② ❛❝❤✐❡✈❡❞ ✉s✐♥❣ t❤❡ s❤♦✇●r♦✉♣❉❡♥s✐t② ❢✉♥❝t✐♦♥✳
❋♦r ❡①❛♠♣❧❡✱ ❧❡ts ❧♦♦❦ ❛t t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ❣❡♥❡s ❛♥♥♦t❛t❡❞ t♦ t❤❡ ♠♦st s✐❣♥✐✜❝❛♥t ●❖ t❡r♠ ✇✳r✳t✳ t❤❡
✇❡✐❣❤t ❛❧❣♦r✐t❤♠✳

❃ ❣♦■❉ ❁✲ ❛❧❧❘❡s❬✶✱ ✧●❖✳■❉✧❪

❃ ♣r✐♥t✭s❤♦✇●r♦✉♣❉❡♥s✐t②✭●❖❞❛t❛✱ ❣♦■❉✱ r❛♥❦s ❂ ❚❘❯❊✮✮

Gene's rank

D
e

n
s
it
y

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

0 500 1000

complementary  (828)

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

GO:0045061  (9)

❋✐❣✉r❡ ✺✿ ❉✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ❣❡♥❡✬ r❛♥❦ ❢r♦♠ ●❖✿✵✵✹✺✵✻✶✱ ❝♦♠♣❛r❡❞ ✇✐t❤ t❤❡ ♥✉❧❧ ❞✐str✐❜✉t✐♦♥✳



❲❡ ❝❛♥ s❡❡ ✐♥ ❋✐❣✉r❡ ✺ t❤❛t t❤❡ ❣❡♥❡s ❛♥♥♦t❛t❡❞ t♦ ●❖✿✵✵✹✺✵✻✶ ❤❛✈❡ ❧♦✇ r❛♥❦s ✭❣❡♥❡s ✇✐t❤ ❧♦✇ p✲✈❛❧✉❡ ♦❢
t❤❡ t✲t❡st✮✳ ❚❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ r❛♥❦s ✐s s❦❡✇❡❞ ♦♥ t❤❡ ❧❡❢t s✐❞❡ ❝♦♠♣❛r❡❞ ✇✐t❤ t❤❡ r❡❢❡r❡♥❝❡ ❞✐str✐❜✉t✐♦♥
❣✐✈❡♥ ❜② t❤❡ ❝♦♠♣❧❡♠❡♥t❛r② ❣❡♥❡ s❡t✳ ❚❤✐s ✐s ❛ ♥✐❝❡ ❡①❛♠♣❧❡ ✐♥ ✇❤✐❝❤ t❤❡r❡ ✐s ❛ s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡ ✐♥ t❤❡
❞✐str✐❜✉t✐♦♥ ♦❢ s❝♦r❡s ❜❡t✇❡❡♥ t❤❡ ❣❡♥❡ s❡t ❛♥❞ t❤❡ ❝♦♠♣❧❡♠❡♥t❛r② s❡t✱ ❛♥❞ ✇❡ s❡❡ ❢r♦♠ ❚❛❜❧❡ ✸ t❤❛t t❤✐s
●❖ ✐s ❢♦✉♥❞ ❛s s✐❣♥✐✜❝❛♥t❧② ❡♥r✐❝❤❡❞ ❜② ❛❧❧ ♠❡t❤♦❞s ✉s❡❞✳

■♥ t❤❡ ❛❜♦✈❡ ❡①❛♠♣❧❡✱ t❤❡ ❣❡♥❡s ✇✐t❤ ❛ p✲✈❛❧✉❡ ❡q✉❛❧ t♦ 1 ✇❡r❡ ♦♠✐tt❡❞✳ ❚❤❡② ❝❛♥ ❜❡ ✐♥❝❧✉❞❡❞ ✉s✐♥❣ t❤❡
✈❛❧✉❡ ❋❆▲❙❊ ❢♦r t❤❡ r♠✳♦♥❡ ❛r❣✉♠❡♥t ✐♥ t❤❡ s❤♦✇●r♦✉♣❉❡♥s✐t② ❢✉♥❝t✐♦♥✳

❆♥♦t❤❡r ✉s❡❢✉❧ ❢✉♥❝t✐♦♥ ❢♦r ❛♥❛❧②s✐♥❣ t❡r♠s ♦❢ ✐♥t❡r❡st ✐s ♣r✐♥t●❡♥❡s✳ ❚❤❡ ❢✉♥❝t✐♦♥ ✇✐❧❧ ❣❡♥❡r❛t❡ ❛ t❛❜❧❡
✇✐t❤ ❛❧❧ t❤❡ ❣❡♥❡s✴♣r♦❜❡s ❛♥♥♦t❛t❡❞ t♦ t❤❡ s♣❡❝✐✜❡❞ ●❖ t❡r♠✳ ❱❛r✐♦✉s t②♣❡ ♦❢ ✐❞❡♥t✐✜❡rs✱ t❤❡ ❣❡♥❡ ♥❛♠❡
❛♥❞ t❤❡ p✲✈❛❧✉❡s✴st❛t✐st✐❝s ❛r❡ ♣r♦✈✐❞❡❞ ✐♥ t❤❡ t❛❜❧❡✳

❃ ❣♦■❉ ❁✲ ❛❧❧❘❡s❬✶✵✱ ✧●❖✳■❉✧❪

❃ ❣t ❁✲ ♣r✐♥t●❡♥❡s✭●❖❞❛t❛✱ ✇❤✐❝❤❚❡r♠s ❂ ❣♦■❉✱ ❝❤✐♣ ❂ ❛❢❢②▲✐❜✱ ♥✉♠❈❤❛r ❂ ✹✵✮

❈❤✐♣ ■❉ ▲▲✳✐❞ ❙②♠❜♦❧✳✐❞ ●❡♥❡ ♥❛♠❡ r❛✇ ♣✲✈❛❧✉❡
✸✽✾✹✾❴❛t ✸✽✾✹✾❴❛t ✺✺✽✽ P❘❑❈◗ ♣r♦t❡✐♥ ❦✐♥❛s❡ ❈ t❤❡t❛ < ✶❡✲✸✵
✸✻✷✼✼❴❛t ✸✻✷✼✼❴❛t ✾✶✻ ❈❉✸❊ ❈❉✸ ❡♣s✐❧♦♥ s✉❜✉♥✐t ♦❢ ❚✲❝❡❧❧ r❡❝❡♣t♦r ❝✳✳✳ ✶✳✵✹❡✲✵✽
✹✵✺✶✽❴❛t ✹✵✺✶✽❴❛t ✺✼✽✽ P❚P❘❈ ♣r♦t❡✐♥ t②r♦s✐♥❡ ♣❤♦s♣❤❛t❛s❡ r❡❝❡♣t♦r t②✳✳✳ ✹✳✸✸❡✲✵✼
✸✸✽✻✾❴❛t ✸✸✽✻✾❴❛t ✻✼✼✼ ❙❚❆❚✺❇ s✐❣♥❛❧ tr❛♥s❞✉❝❡r ❛♥❞ ❛❝t✐✈❛t♦r ♦❢ tr❛♥s✳✳✳ ✶✳✹✽❡✲✵✺
✾✹✸❴❛t ✾✹✸❴❛t ◆❆◆❆ ✻✳✻✷❡✲✵✺

✸✾✹✷✶❴❛t ✸✾✹✷✶❴❛t ◆❆◆❆ ✵✳✵✵✵✶✺✺
✸✾✸❴s❴❛t ✸✾✸❴s❴❛t ◆❆◆❆ ✵✳✵✵✵✺✼✹

✹✵✺✷✵❴❣❴❛t ✹✵✺✷✵❴❣❴❛t ✺✼✽✽ P❚P❘❈ ♣r♦t❡✐♥ t②r♦s✐♥❡ ♣❤♦s♣❤❛t❛s❡ r❡❝❡♣t♦r t②✳✳✳ ✵✳✵✵✵✼✺✽
✶✵✽✺❴s❴❛t ✶✵✽✺❴s❴❛t ✺✸✸✻ P▲❈●✷ ♣❤♦s♣❤♦❧✐♣❛s❡ ❈ ❣❛♠♠❛ ✷ ✶✳✵✵✵✵✵✵
✶✺✷✵❴s❴❛t ✶✺✷✵❴s❴❛t ✸✺✺✸ ■▲✶❇ ✐♥t❡r❧❡✉❦✐♥ ✶ ❜❡t❛ ✶✳✵✵✵✵✵✵

✶✻✸✺❴❛t ✶✻✸✺❴❛t ✷✺ ❆❇▲✶ ❆❇▲ ♣r♦t♦✲♦♥❝♦❣❡♥❡ ✶✱ ♥♦♥✲r❡❝❡♣t♦r t②r♦s✳✳✳ ✶✳✵✵✵✵✵✵
✶✻✸✻❴❣❴❛t ✶✻✸✻❴❣❴❛t ✷✺ ❆❇▲✶ ❆❇▲ ♣r♦t♦✲♦♥❝♦❣❡♥❡ ✶✱ ♥♦♥✲r❡❝❡♣t♦r t②r♦s✳✳✳ ✶✳✵✵✵✵✵✵
✶✼✹✻❴s❴❛t ✶✼✹✻❴s❴❛t ✼✶✽✻ ❚❘❆❋✷ ❚◆❋ r❡❝❡♣t♦r ❛ss♦❝✐❛t❡❞ ❢❛❝t♦r ✷ ✶✳✵✵✵✵✵✵
✷✵✹✵❴s❴❛t ✷✵✹✵❴s❴❛t ✷✺ ❆❇▲✶ ❆❇▲ ♣r♦t♦✲♦♥❝♦❣❡♥❡ ✶✱ ♥♦♥✲r❡❝❡♣t♦r t②r♦s✳✳✳ ✶✳✵✵✵✵✵✵
✸✸✼✵✺❴❛t ✸✸✼✵✺❴❛t ✺✶✹✷ P❉❊✹❇ ♣❤♦s♣❤♦❞✐❡st❡r❛s❡ ✹❇ ✶✳✵✵✵✵✵✵
✸✹✸✽✵❴❛t ✸✹✸✽✵❴❛t ✸✵✾✻✽ ❙❚❖▼▲✷ st♦♠❛t✐♥ ❧✐❦❡ ✷ ✶✳✵✵✵✵✵✵
✸✹✻✹✺❴❛t ✸✹✻✹✺❴❛t ✻✶✽✽ ❘P❙✸ r✐❜♦s♦♠❛❧ ♣r♦t❡✐♥ ❙✸ ✶✳✵✵✵✵✵✵
✸✻✾✵✺❴❛t ✸✻✾✵✺❴❛t ✻✽✽✺ ▼❆P✸❑✼ ♠✐t♦❣❡♥✲❛❝t✐✈❛t❡❞ ♣r♦t❡✐♥ ❦✐♥❛s❡ ❦✐♥❛s❡ ✳✳✳ ✶✳✵✵✵✵✵✵
✸✼✶✽✵❴❛t ✸✼✶✽✵❴❛t ✺✸✸✻ P▲❈●✷ ♣❤♦s♣❤♦❧✐♣❛s❡ ❈ ❣❛♠♠❛ ✷ ✶✳✵✵✵✵✵✵
✸✼✺✸✻❴❛t ✸✼✺✸✻❴❛t ✾✸✵✽ ❈❉✽✸ ❈❉✽✸ ♠♦❧❡❝✉❧❡ ✶✳✵✵✵✵✵✵
✸✽✷✻✾❴❛t ✸✽✷✻✾❴❛t ✷✺✽✻✺ P❘❑❉✷ ♣r♦t❡✐♥ ❦✐♥❛s❡ ❉✷ ✶✳✵✵✵✵✵✵
✸✾✹✵✷❴❛t ✸✾✹✵✷❴❛t ✸✺✺✸ ■▲✶❇ ✐♥t❡r❧❡✉❦✐♥ ✶ ❜❡t❛ ✶✳✵✵✵✵✵✵
✸✾✺✺✻❴❛t ✸✾✺✺✻❴❛t ✻✼✶✶ ❙P❚❇◆✶ s♣❡❝tr✐♥ ❜❡t❛✱ ♥♦♥✲❡r②t❤r♦❝②t✐❝ ✶ ✶✳✵✵✵✵✵✵
✸✾✼✸✵❴❛t ✸✾✼✸✵❴❛t ✷✺ ❆❇▲✶ ❆❇▲ ♣r♦t♦✲♦♥❝♦❣❡♥❡ ✶✱ ♥♦♥✲r❡❝❡♣t♦r t②r♦s✳✳✳ ✶✳✵✵✵✵✵✵
✹✵✷✾✻❴❛t ✹✵✷✾✻❴❛t ✺✹✹✹✵ ❙❆❙❍✸ ❙❆▼ ❛♥❞ ❙❍✸ ❞♦♠❛✐♥ ❝♦♥t❛✐♥✐♥❣ ✸ ✶✳✵✵✵✵✵✵
✹✸✵❴❛t ✹✸✵❴❛t ✹✽✻✵ P◆P ♣✉r✐♥❡ ♥✉❝❧❡♦s✐❞❡ ♣❤♦s♣❤♦r②❧❛s❡ ✶✳✵✵✵✵✵✵

❚❛❜❧❡ ✹✿ ●❡♥❡s ❛♥♥♦t❛t❡❞ t♦ ●❖✿✵✵✸✷✼✹✸✳

❚❤❡ ❞❛t❛✳❢r❛♠❡ ❝♦♥t❛✐♥✐♥❣ t❤❡ ❣❡♥❡s ❛♥♥♦t❛t❡❞ t♦ ●❖✿✵✵✸✷✼✹✸ ✐s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✹✳ ❖♥❡ ♦r ♠♦r❡ ●❖
✐❞❡♥t✐✜❡rs ❝❛♥ ❜❡ ❣✐✈❡♥ t♦ t❤❡ ❢✉♥❝t✐♦♥ ✉s✐♥❣ t❤❡ ✇❤✐❝❤❚❡r♠s ❛r❣✉♠❡♥t✳ ❲❤❡♥ ♠♦r❡ t❤❛♥ ♦♥❡ ●❖ ✐s s♣❡❝✐✜❡❞✱
t❤❡ ❢✉♥❝t✐♦♥ r❡t✉r♥s ❛ ❧✐st ♦❢ ❞❛t❛✳❢r❛♠❡s✱ ♦t❤❡r✇✐s❡ ♦♥❧② ♦♥❡ ❞❛t❛✳❢r❛♠❡ ✐s r❡t✉r♥❡❞✳ ❚❤❡ ❢✉♥❝t✐♦♥ ❤❛s ❛
❛r❣✉♠❡♥t ✜❧❡ ✇❤✐❝❤✱ ✇❤❡♥ s♣❡❝✐✜❡❞✱ ✇✐❧❧ s❛✈❡ t❤❡ r❡s✉❧ts ✐♥t♦ ❛ ✜❧❡ ✉s✐♥❣ t❤❡ ❈❙❱ ❢♦r♠❛t✳

❋♦r t❤❡ ♠♦♠❡♥t t❤❡ ❢✉♥❝t✐♦♥ ✇✐❧❧ ✇♦r❦ ♦♥❧② ✇❤❡♥ t❤❡ ❝❤✐♣ ✉s❡❞ ❤❛s ❛♥ ❛♥♥♦t❛t✐♦♥ ♣❛❝❦❛❣❡ ❛✈❛✐❧❛❜❧❡ ✐♥
❇✐♦❝♦♥❞✉❝t♦r✳ ■t ✇✐❧❧ ♥♦t ✇♦r❦ ✇✐t❤ ♦t❤❡r t②♣❡ ♦❢ ❝✉st♦♠ ❛♥♥♦t❛t✐♦♥s✳

✼✳✹ ❱✐s✉❛❧✐s✐♥❣ t❤❡ ●❖ str✉❝t✉r❡

❆♥ ✐♥s✐❣❤t❢✉❧ ✇❛② ♦❢ ❧♦♦❦✐♥❣ ❛t t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❛♥❛❧②s✐s ✐s t♦ ✐♥✈❡st✐❣❛t❡ ❤♦✇ t❤❡ s✐❣♥✐✜❝❛♥t ●❖ t❡r♠s ❛r❡
❞✐str✐❜✉t❡❞ ♦✈❡r t❤❡ ●❖ ❣r❛♣❤✳ ❲❡ ♣❧♦t t❤❡ s✉❜❣r❛♣❤s ✐♥❞✉❝❡❞ ❜② t❤❡ ♠♦st s✐❣♥✐✜❝❛♥t ●❖ t❡r♠s r❡♣♦rt❡❞
❜② ❝❧❛ss✐❝ ❛♥❞ ✇❡✐❣❤t ♠❡t❤♦❞s✳ ❚❤❡r❡ ❛r❡ t✇♦ ❢✉♥❝t✐♦♥s ❛✈❛✐❧❛❜❧❡✳ ❚❤❡ s❤♦✇❙✐❣❖❢◆♦❞❡s ✇✐❧❧ ♣❧♦t t❤❡ ✐♥❞✉❝❡❞
s✉❜❣r❛♣❤ t♦ t❤❡ ❝✉rr❡♥t ❣r❛♣❤✐❝ ❞❡✈✐❝❡✳ ❚❤❡ ♣r✐♥t●r❛♣❤ ✐s ❛ ✇❛r♣✐♥❣ ❢✉♥❝t✐♦♥ ♦❢ s❤♦✇❙✐❣❖❢◆♦❞❡s ❛♥❞ ✇✐❧❧
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GO:0001775
cell activation

0.015162
53 / 458

GO:0002376
immune system proces...

0.609860
78 / 915

GO:0002520
immune system develo...

0.172240
41 / 407

GO:0002521
leukocyte differenti...

0.020921
32 / 256

GO:0002682
regulation of immune...

0.091928
55 / 533

GO:0002684
positive regulation ...

0.002166
47 / 359

GO:0002694
regulation of leukoc...

0.000332
40 / 267

GO:0002696
positive regulation ...

3.79e−05
34 / 193

GO:0007155
cell adhesion

0.242133
46 / 477

GO:0007159
leukocyte cell−cell ...

0.000961
28 / 175

GO:0007275
multicellular organi...

0.882195
107 / 1337

GO:0008150
biological_process

1.000000
338 / 3883

GO:0009987
cellular process

0.908847
326 / 3783

GO:0022407
regulation of cell−c...

0.023552
25 / 191

GO:0022409
positive regulation ...

0.000889
25 / 149

GO:0030097
hemopoiesis

0.241047
36 / 367

GO:0030098
lymphocyte different...

0.001260
28 / 178

GO:0030154
cell differentiation

0.897383
92 / 1168

GO:0030155
regulation of cell a...

0.203400
30 / 295

GO:0030217
T cell differentiati...

2.31e−05
26 / 127

GO:0032501
multicellular organi...

0.889237
147 / 1806

GO:0032502
developmental proces...

0.975759
131 / 1696

GO:0033077
T cell differentiati...

2.62e−05
14 / 47

GO:0042110
T cell activation

0.000282
36 / 230

GO:0043368
positive T cell sele...

0.000487
7 / 18

GO:0045058
T cell selection

0.000463
8 / 23

GO:0045059
positive thymic T ce...

8.65e−06
7 / 11

GO:0045061
thymic T cell select...

1.10e−06
8 / 12

GO:0045321
leukocyte activation

0.012464
49 / 413

GO:0045785
positive regulation ...

0.042981
25 / 202

GO:0046649
lymphocyte activatio...

0.004803
45 / 354

GO:0048513
animal organ develop...

0.948051
76 / 1010

GO:0048518
positive regulation ...

0.998610
139 / 1892

GO:0048522
positive regulation ...

0.991259
133 / 1760

GO:0048534
hematopoietic or lym...

0.252141
37 / 380

GO:0048731
system development

0.764284
102 / 1234

GO:0048856
anatomical structure...

0.986342
118 / 1567

GO:0048869
cellular development...

0.918456
92 / 1180

GO:0050789
regulation of biolog...

0.955418
235 / 2847

GO:0050794
regulation of cellul...

0.924568
227 / 2735

GO:0050863
regulation of T cell...

1.06e−05
31 / 159

GO:0050865
regulation of cell a...

0.000773
40 / 278

GO:0050867
positive regulation ...

5.87e−05
34 / 197

GO:0050870
positive regulation ...

1.53e−05
25 / 117

GO:0051249
regulation of lympho...

4.12e−05
39 / 235

GO:0051251
positive regulation ...

1.01e−05
33 / 174

GO:0065007
biological regulatio...

0.949071
247 / 2973

GO:0098609
cell−cell adhesion

0.010844
40 / 321

GO:1903037
regulation of leukoc...

0.001750
25 / 156

GO:1903039
positive regulation ...

0.000165
25 / 134

GO:1903131
mononuclear cell dif...

0.004598
29 / 203
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GO:0001676

long−chain fatty aci...

GO:0001775

cell activation

GO:0002376

immune system proces...

GO:0002520

immune system develo...

GO:0002521

leukocyte differenti...

GO:0002682

regulation of immune...

GO:0002684

positive regulation ...

GO:0002694

regulation of leukoc...

GO:0002696

positive regulation ...

GO:0006082

organic acid metabol...

GO:0006629

lipid metabolic proc...

GO:0006631

fatty acid metabolic...

GO:0007155

cell adhesion

GO:0007159

leukocyte cell−cell ...

GO:0007275

multicellular organi...

GO:0007399

nervous system devel...

GO:0007422

peripheral nervous s...

GO:0008150

biological_process

GO:0008152

metabolic process

GO:0009987

cellular process

GO:0016043

cellular component o...

GO:0019752

carboxylic acid meta...

GO:0022008

neurogenesis

GO:0022407

regulation of cell−c...

GO:0022409

positive regulation ...

GO:0030097

hemopoiesis

GO:0030098

lymphocyte different...

GO:0030154

cell differentiation

GO:0030155

regulation of cell a...

GO:0030182

neuron differentiati...

GO:0030217

T cell differentiati...

GO:0031579

membrane raft organi...

GO:0031580

membrane raft distri...

GO:0032501

multicellular organi...

GO:0032502

developmental proces...

GO:0032787

monocarboxylic acid ...

GO:0033077

T cell differentiati...

GO:0033559

unsaturated fatty ac...

GO:0036037

CD8−positive, alpha−...

GO:0042110

T cell activation

GO:0043436

oxoacid metabolic pr...

GO:0043651

linoleic acid metabo...

GO:0044237

cellular metabolic p...

GO:0044238

primary metabolic pr...

GO:0044255

cellular lipid metab...

GO:0044281

small molecule metab...

GO:0045058

T cell selection

GO:0045061

thymic T cell select...

GO:0045321

leukocyte activation

GO:0045785

positive regulation ...

GO:0046631

alpha−beta T cell ac...

GO:0046634

regulation of alpha−...

GO:0046635

positive regulation ...

GO:0046649

lymphocyte activatio...

GO:0048468

cell development

GO:0048513

animal organ develop...

GO:0048518

positive regulation ...

GO:0048522

positive regulation ...

GO:0048534

hematopoietic or lym...

GO:0048666

neuron development

GO:0048699

generation of neuron...

GO:0048731

system development

GO:0048856

anatomical structure...

GO:0048869

cellular development...

GO:0048934

peripheral nervous s...

GO:0048935

peripheral nervous s...

GO:0050789

regulation of biolog...

GO:0050794

regulation of cellul...

GO:0050863

regulation of T cell...

GO:0050865

regulation of cell a...

GO:0050867

positive regulation ...

GO:0050870

positive regulation ...

GO:0051179

localization

GO:0051249

regulation of lympho...

GO:0051251

positive regulation ...

GO:0051641

cellular localizatio...

GO:0051665

membrane raft locali...

GO:0051668

localization within ...

GO:0061024

membrane organizatio...

GO:0065007

biological regulatio...

GO:0071704

organic substance me...

GO:0071840

cellular component o...

GO:0098609

cell−cell adhesion

GO:0120254

olefinic compound me...

GO:1903037

regulation of leukoc...

GO:1903039

positive regulation ...

GO:1903131

mononuclear cell dif...

GO:2001185

regulation of CD8−po...

GO:2001187

positive regulation ...
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