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❉❉❇▼❙s ❝♦♥s✐❞❡r✐♥❣ ❛✈❛✐❧❛❜✐❧✐t② t❤r♦✉❣❤ s②♥❝❤r♦♥♦✉s r❡♣❧✐❝❛t✐♦♥✶✳ ❚❤❡ ❣♦❛❧ ♦❢ ❯P❇ ✐s t♦ ♠❡❛s✉r❡
❤♦✇ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ❉❉❇▼❙s ✐s ❛✛❡❝t❡❞ ❜② ❛♣♣❧②✐♥❣ ❞✐✛❡r❡♥t ❞❡❣r❡❡s ♦❢ r❡♣❧✐❝❛t✐♦♥ ❛♥❞ ❢❛✐❧✉r❡s✳
❚❤❡ ❯P❇ ♠❡t❤♦❞♦❧♦❣② ✐♥❝r❡❛s❡s t❤❡ ❡✈❛❧✉❛t✐♦♥ ❝♦♠♣❧❡①✐t② ❢r♦♠ ❛ st❛❜❧❡ s②st❡♠ s❝❡♥❛r✐♦ ✉♣ t♦ ❛
❢❛✉❧t② s②st❡♠ s❝❡♥❛r✐♦ ✉♣♦♥ ❞✐✛❡r❡♥t ❧♦❛❞ s✐③❡s ❛♥❞ r❡♣❧✐❝❛s✳ ❚❤❡ s❝❡♥❛r✐♦s ❛r❡ ❞❡s✐❣♥❡❞ t♦ ❡✈❛❧✉❛t❡ t❤❡
❢♦❧❧♦✇✐♥❣ ❞✐✛❡r❡♥t s❡tt✐♥❣s✿ ✭✶✮ ♥♦ ❢❛✉❧t t♦❧❡r❛♥❝❡✱ ♥♦ ❢❛✐❧✉r❡s❀ ✭✷✮ ❢❛✉❧t t♦❧❡r❛♥❝❡✱ ♥♦ ❢❛✐❧✉r❡s❀ ✭✸✮ ❢❛✉❧t
t♦❧❡r❛♥❝❡ ✇✐t❤ ❢❛✐❧✉r❡s✳ ❋♦r ❡❛❝❤ s❝❡♥❛r✐♦✱ t❤❡ ❜❡♥❝❤♠❛r❦ ❣❡♥❡r❛t❡s ❛ s❡t ♦❢ ♣❛rt✐❛❧ ♠❡tr✐❝s ♠❡❛s✉r✐♥❣
t❤❡ ❉❉❇▼❙ ♣❡r❢♦r♠❛♥❝❡✳ ❚❤❡s❡ ♣❛rt✐❛❧ ♠❡tr✐❝s ❛r❡ s✉♠♠❛r✐③❡❞ t♦ ♣r♦✈✐❞❡ ❛ ✉♥✐q✉❡ ❛✈❛✐❧❛❜✐❧✐t②
✐♥❞❡①✳ ❲❡ ❝♦♥❞✉❝t❡❞ ❡①♣❡r✐♠❡♥ts ❛♣♣❧②✐♥❣ ♦✉r ❜❡♥❝❤♠❛r❦ ♦♥ t❤r❡❡ ❞✐✛❡r❡♥t ❤✐❣❤✲t❤r♦✉❣❤♣✉t ✐♥✲
♠❡♠♦r② ❉❉❇▼❙✿ ❱♦❧t❉❇✱ ◆✉♦❉❜ ❛♥❞ ❉❜♠s✲❳✳

❚❤✐s ❛rt✐❝❧❡ ✐s str✉❝t✉r❡❞ ❛s ❢♦❧❧♦✇s✳ ❙❡❝t✐♦♥s ✷ ❛♥❞ ✸ ♣r❡s❡♥t ♦✉r ❜❡♥❝❤♠❛r❦ ❛♥❞ ♠❡t❤♦❞♦❧♦❣②✱
r❡s♣❡❝t✐✈❡❧②✳ ❙❡❝t✐♦♥ ✹ ❞❡s❝r✐❜❡s ♦✉r ✈❛❧✐❞❛t✐♦♥ t❤r♦✉❣❤ ❡①♣❡r✐♠❡♥t❛t✐♦♥✳ ❙❡❝t✐♦♥ ✺ ❞✐s❝✉ss❡s r❡❧❛t❡❞
✇♦r❦✳ ❙❡❝t✐♦♥ ✻ ❝♦♥❝❧✉❞❡s t❤❡ ❛rt✐❝❧❡✳

✷✳ ❚❍❊ ❊◆❱■❘❖◆▼❊◆❚ ❖❯❚▲■◆❊

❲❡ ♣r❡s❡♥t ✐♥ t❤✐s ❛rt✐❝❧❡ ❛ ❜❡♥❝❤♠❛r❦ ❝❛❧❧❡❞ ❯♥❞❡r Pr❡ss✉r❡ ❇❡♥❝❤♠❛r❦ ✭❯P❇✮✳ ■t ❡✈❛❧✉❛t❡s ♦♥❡
✐♠♣♦rt❛♥t ♠❡❝❤❛♥✐s♠ r❡❧❛t❡❞ t♦ ❉❉❇▼❙ ❛✈❛✐❧❛❜✐❧✐t② ❬Ö③s✉ ❛♥❞ ❱❛❧❞✉r✐❡③ ✷✵✶✶❪✿ r❡♣❧✐❝❛t✐♦♥✳ ❲❤✐❧❡
❞❛t❛ r❡♣❧✐❝❛t✐♦♥ ✐s ✉♣ ❛♥❞ r✉♥♥✐♥❣✱ t❤❡ ✐♠♣❛❝t ♦♥ ♣❡r❢♦r♠❛♥❝❡ ♠❛② ✈❛r② ❞❡♣❡♥❞✐♥❣ ❜♦t❤ ♦♥ t❤❡
❡✈❛❧✉❛t✐♦♥ ❡♥✈✐r♦♥♠❡♥t ❛♥❞ t❤❡ ♣r♦♣❡r ✐♠♣❧❡♠❡♥t❛t✐♦♥ t❤❛t ❞✐✛❡r ❢r♦♠ ❉❉❇▼❙ ✭❡✳❣✳✱ ❛s②♥❝❤r♦♥♦✉s
♦r s②♥❝❤r♦♥♦✉s✮✳ ❚❤❡ ❯P❇ s❡❡❦s t♦ ❛ss❡ss t❤❡ ❡✣❝✐❡♥❝② ❛♥❞ ♣❡r❢♦r♠❛♥❝❡ ✐♠♣❛❝t ♦❢ r❡♣❧✐❝❛t✐♦♥ ✇✐t❤
❞✐✛❡r❡♥t ❝♦♥✜❣✉r❛t✐♦♥s ❛♥❞ ✇♦r❦❧♦❛❞s✳ ❚❤❡ ✇♦r❦❧♦❛❞ ✈❛r✐❡s ✉♣ t♦ ❡①tr❡♠❡ s✐t✉❛t✐♦♥s ✐♥ t❡r♠s ♦❢ ❢❛✉❧ts
❛♥❞ ❜✉❧❦ ❧♦❛❞✳

❆ s❡t ♦❢ ♣❛rt✐❛❧ ♠❡tr✐❝s ❝♦♠♣✉t❡s ♣❡r❢♦r♠❛♥❝❡ ❛❧♦♥❣ t❤❡ ❡①❡❝✉t✐♦♥ ♦❢ t❤❡ ❯P❇✱ ❢♦r ✐♥st❛♥❝❡✱ t❤❡
♥✉♠❜❡r ♦❢ tr❛♥s❛❝t✐♦♥s ♣❡r s❡❝♦♥❞ ✇✐t❤ ♦r ✇✐t❤♦✉t ♥♦❞❡ ❢❛✐❧✉r❡s✳ ❆t t❤❡ ❡♥❞✱ ❛ ✜♥❛❧ ♠❡tr✐❝ s✉♠s ✉♣
t❤❡ ♣❛rt✐❛❧ ♠❡tr✐❝s t♦ ♣r❡s❡♥t t❤❡ ♦✈❡r❛❧❧ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ❉❉❇▼❙ ✉♥❞❡r ♣r❡ss✉r❡✳ ❲❡ ♣r❡s❡♥t t❤❡
♠❛✐♥ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ ❯P❇ ❛s ❢♦❧❧♦✇s✿

✖P♦rt❛❜✐❧✐t②✿ ❯P❇ ❝❛♥ ❜❡ ❛♣♣❧✐❡❞ t♦ ❛♥② ❉❉❇▼❙ ✇✐t❤ ♠✐♥♦r ❛❞❛♣t❛t✐♦♥s✳

✖❆❞❛♣t❛❜✐❧✐t②✿ ❚❤❡ ❯P❇ ♠❡t❤♦❞♦❧♦❣② ❛❧❧♦✇s t♦ ✉s❡ ❞✐✛❡r❡♥t ✇♦r❦❧♦❛❞s✳

✖❋❧❡①✐❜✐❧✐t②✿ ❙✐♥❝❡ ❯P❇ ♣r♦✈✐❞❡s ❛ s❡t ♦❢ ♣❛rt✐❛❧ ♠❡tr✐❝s✱ ♦♥❡ ♠❛② ✉s❡ s✉❜s❡ts ❢♦r s♣❡❝✐✜❝ ♣r♦♣♦s❡s✱
s✉❝❤ ❛s✱ ❛♥❛❧②③✐♥❣ ❞✐✛❡r❡♥t ❝♦♥✜❣✉r❛t✐♦♥s ♦r ❛♣♣❧✐❝❛t✐♦♥s✳

✖❊①t❡♥s✐❜✐❧✐t②✿ ❚❤❡ ♠❡t❤♦❞♦❧♦❣② s✉♣♣♦rts t♦ ❜❡ ❡①t❡♥❞❡❞ t♦ ❝♦♥s✐❞❡r ❞✐✛❡r❡♥t ❉❉❇▼❙ ❢❡❛t✉r❡s✱ ❜②
✐♥❝♦r♣♦r❛t✐♥❣ ♥❡✇ ♠❡tr✐❝s✳

✷✳✶ ❆r❝❤✐t❡❝t✉r❡

❚❤❡ ❯P❇ ❛r❝❤✐t❡❝t✉r❡ ✐s ❞❡s✐❣♥❡❞ t♦ ✜t ❛ ❝❧❛ss✐❝❛❧ ❉❉❇▼❙ ❛r❝❤✐t❡❝t✉r❡✳ ■t ✐s ❝♦♠♣♦s❡❞ ❜② ❝❧✐❡♥t
♠❛❝❤✐♥❡s ❛♥❞ ❛ ❝❧✉st❡r ♦❢ ❞✐str✐❜✉t❡❞ ♠❛❝❤✐♥❡ ♥♦❞❡s t♦ r✉♥ t❤❡ ❉❉❇▼❙✭ s❡❡ ❋✐❣✉r❡ ✶✮✳

✷✳✶✳✶ ❈❧✐❡♥ts✳ ❚❤❡ ❝♦♥♥❡❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ❉❉❇▼❙ ❛♥❞ ❝❧✐❡♥ts ❞❡♣❡♥❞s ♦♥ t❤❡ ❉❉❇▼❙✳ ❚❤❡
❝❧✐❡♥ts ❝♦♥♥❡❝t ❛♥❞ s✉❜♠✐t tr❛♥s❛❝t✐♦♥s t♦ ❛♥② ❝❧✉st❡r ♥♦❞❡ ♦r ❛❧❧ t❤❡ ❝❧✉st❡r ♥♦❞❡s ❛t t❤❡ s❛♠❡ t✐♠❡
✇✐t❤ t❤❡ ❉❉❇▼❙ ❝♦♥♥❡❝t♦r ✭✐✳❡✳ ❞r✐✈❡r✮ t❛❦✐♥❣ ❝❛r❡ ♦❢ ❧♦❛❞ ❜❛❧❛♥❝❡✳

❯P❇ ❤❛s ❛ st❡♣✇✐s❡ ♠❡t❤♦❞♦❧♦❣② t♦ ❞r✐✈❡ ✐ts ❡①❡❝✉t✐♦♥✱ ✐♥ ✇❤✐❝❤ t❤❡ ♥✉♠❜❡r ♦❢ ❝❧✐❡♥ts s✉❜♠✐tt✐♥❣
tr❛♥s❛❝t✐♦♥s ❣r♦✇s ❛t ❡❛❝❤ st❡♣✳ ❚✇♦ ❝♦♥✜❣✉r❛t✐♦♥ ❦♥♦❜s ❛r❡ r❡q✉✐r❡❞ t♦ ❧✐♠✐t t❤❡ ♥✉♠❜❡r ♦❢ ❝❧✐❡♥ts

1❙✐♥❝❡ t❤❡ ❡✈❛❧✉❛t❡❞ ❉❉❇▼❙s ❡♥s✉r❡ t❤❡ ❆❈■❉ ♣r♦♣❡rt✐❡s✱ ✇❡ ❛ss✉♠❡ ❛ s②♥❝❤r♦♥♦✉s r❡♣❧✐❝❛t✐♦♥✳

❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❛♥❞ ❉❛t❛ ▼❛♥❛❣❡♠❡♥t✱ ❱♦❧✳ ✱ ◆♦✳ ✱ ✷✵✳
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❋✐❣✳ ✶✳ ❯P❇ ❛r❝❤✐t❡❝t✉r❡

❛♥❞ t❤❡✐r t❤r♦✉❣❤♣✉t ✭✐♥ tr❛♥s❛❝t✐♦♥s ♣❡r s❡❝♦♥❞s✮✳ ❚❤❡ ♥✉♠❜❡r ♦❢ ❝❧✐❡♥ts ♠❛② ✈❛r② ❢r♦♠ ❉❉❇▼❙✱
❡✈❡♥ ✐❢ t❤❡② ❛r❡ r✉♥♥✐♥❣ ✐♥ t❤❡ s❛♠❡ ❡♥✈✐r♦♥♠❡♥t✱ ❛♥❞ ❛ t✉♥✐♥❣ ♣r♦❝❡❞✉r❡ ♠✉st ❜❡ t❛❦❡♥ t♦ ❞r❛✇ t❤❡
❜❡st ✜t ♥✉♠❜❡r ❛♥❞ ❛✈♦✐❞ ❜✉♥❣❧❡s t♦ s♣♦✐❧ t❤❡ ✜♥❛❧ r❡s✉❧t✳ ❚❤❡ t✉♥✐♥❣ ♣r♦❝❡❞✉r❡ ✐♥❝❧✉❞❡s ❧❡✈❡r❛❣✐♥❣
t❤❡ r❡s✉❧ts ♦❢ t❤❡ ♣❛rt✐❛❧ ♠❡tr✐❝s t♦ ✜❣✉r❡ ♦✉t t❤❡ ♣r♦♣❡r ❝♦♥✜❣✉r❛t✐♦♥✳

❋♦r ❛♥ ❖♥❧✐♥❡ ❚r❛♥s❛❝t✐♦♥ Pr♦❝❡ss✐♥❣ ✭❖▲❚P✮ ❛♣♣❧✐❝❛t✐♦♥ r✉♥♥✐♥❣ ✐♥ ❛ r❡❛❧ ❡♥✈✐r♦♥♠❡♥t✱ t❤❡r❡ ✐s
♥♦ t❤r♦✉❣❤♣✉t ❧✐♠✐t❛t✐♦♥ ❢♦r ❝❧✐❡♥ts✱ s✐♥❝❡ t❤❡② ❛r❡ ❞✐str✐❜✉t❡❞ ❛❧❧ ♦✈❡r t❤❡ ❲✐❞❡ ❆r❡❛ ◆❡t✇♦r❦ ✭❲❆◆✮
❛♥❞ ❞♦ ♥♦t r✉♥ ✐♥ t❤❡ s❛♠❡ ♠❛❝❤✐♥❡✳ ❖t❤❡r✇✐s❡✱ ♠✐♠✐❝❦✐♥❣ ❛ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ❝❧✐❡♥ts ♠❛② s❛t✉r❛t❡ t❤❡
❝❧✐❡♥t ♠❛❝❤✐♥❡ ✐♥❝r❡❛s✐♥❣ ❧❛t❡♥❝② ♦❢ t❤❡ tr❛♥s❛❝t✐♦♥ r❡q✉❡sts✳ ❆s ❝♦♥s❡q✉❡♥❝❡✱ t❤❡ ❉❉❇▼❙ ♠❛② ♥❡✈❡r
r❡❛❝❤ ✐ts ♣❡r❢♦r♠❛♥❝❡ ❜♦✉♥❞❛r② ❛♥❞ t❤❡ ✜♥❛❧ ♣❡r❢♦r♠❛♥❝❡ r❡s✉❧t ♠❛② ❜❡ s♣♦✐❧❡❞ ❛s ✇❡❧❧✳ ❚♦ s❝❛❧❡
♦✉t t❤❡ ❜❡♥❝❤♠❛r❦ ❛♥❞ ❛✈♦✐❞ ❛♥② ❝❧✐❡♥t ❝♦♥t❡♥t✐♦♥✱ ✇❡ ✐♠♣❧❡♠❡♥t❡❞ ♦✉r ❜❡♥❝❤♠❛r❦ t♦ r✉♥ ❛❝r♦ss
❞✐str✐❜✉t❡❞ ♠❛❝❤✐♥❡s ❬▼❡✐r❛ ❡t ❛❧✳ ✷✵✶✷❪✳

✷✳✶✳✷ ❋❛✉❧t t♦❧❡r❛♥❝❡✳ ❉❛t❛ r❡♣❧✐❝❛t✐♦♥ ✐s t❤❡ ♠❛✐♥ ♠❡❝❤❛♥✐s♠ ❢♦r ❢❛✉❧t t♦❧❡r❛♥❝❡ ✐♥ ❉❉❇▼❙ ✇✐t❤
t✇♦ ♠❛✐♥ str❛t❡❣✐❡s ✐♠♣❧❡♠❡♥t❡❞ ❜② t❤❡ ❉❉❇▼❙✿ ❛s②♥❝❤r♦♥♦✉s ✉♣❞❛t✐♥❣ ♦❢ r❡♣❧✐❝❛s ✭✐✳❡✳✱ ♦♣t✐♠✐st✐❝
str❛t❡❣②✮ ❛♥❞ s②♥❝❤r♦♥♦✉s ✉♣❞❛t✐♥❣ ✭✐✳❡✳✱ ♣❡ss✐♠✐st✐❝ str❛t❡❣②✮✳ ❋♦r t❤♦s❡ str❛t❡❣✐❡s✱ ❛ r❡♣❧✐❝❛t✐♦♥
❢❛❝t♦r ❞❡✜♥❡s t❤❡ ♥✉♠❜❡r ♦❢ ♥♦❞❡s t❤❛t ❝♦✉❧❞ ❜❡ ♦✉t ♦❢ ♦♣❡r❛t✐♦♥ ✇✐t❤♦✉t ❞❛t❛ ❧♦ss ♦r s❡r✈✐❝❡ ♦✉t❛❣❡✳

❚❤❡ r❡♣❧✐❝❛t✐♦♥ ❢❛❝t♦r ✐s ❝♦♥✜❣✉r❡❞ ❢♦❧❧♦✇✐♥❣ t❤❡ ❛✈❛✐❧❛❜✐❧✐t② r❡q✉✐r❡♠❡♥ts ❣✐✈❡♥ ❜② t❤❡ ❛♣♣❧✐❝❛t✐♦♥✳
❆❝❝♦r❞✐♥❣ t♦ t❤❡ r✉❧❡s✲♦❢✲t❤✉♠❜ ❬❱♦❧t❉❇❣ ✷✵✶✷❪✱ t♦ s✐③❡ t❤❡ ❤❛r❞✇❛r❡ ❜❛s❡❞ ♦♥ ❞❛t❛ r❡♣❧✐❝❛t✐♦♥✱ t❤❡
♥✉♠❜❡r ♦❢ ❝❧✉st❡r ♥♦❞❡s ♠✉st ❜❡ ❛ ✇❤♦❧❡ ♠✉❧t✐♣❧❡ ♦❢ t❤❡ ♥✉♠❜❡r ♦❢ ❝♦♣✐❡s✳

❚❤❡ ❯P❇ ❣♦❛❧ ✐s ❡✈❛❧✉❛t✐♥❣ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ✐♠♣❛❝t ♦♥ t❤❡ ❉❉❇▼❙ ✇❤✐❧❡ ❛ ♥✉♠❜❡r ♦❢ ✐ts ♥♦❞❡s ✐s
✉♥❛✈❛✐❧❛❜❧❡✳ ■t ❞♦❡s ♥♦t ❡✈❛❧✉❛t❡ t❤❡ ✐♠♣❛❝t ♦❢ ❞✐✛❡r❡♥t ❢❛✐❧✉r❡s✳ ■♥ t❤✐s ❝♦♥t❡①t✱ ♦✉r ✉♥❞❡rst❛♥❞✐♥❣
❢♦❧❧♦✇s t❤❡ ❞❡✜♥✐t✐♦♥ ♦❢ ❢❛✐❧✲❢❛st ♣r❡s❡♥t❡❞ ✐♥ ❬●r❛② ❛♥❞ ❙✐❡✇✐♦r❡❦ ✶✾✾✶❪ ✐♥ ✇❤✐❝❤ ❛♥② s②st❡♠ ♠♦❞✉❧❡
s❤♦✉❧❞ ♦♣❡r❛t❡ ♣❡r❢❡❝t❧② ♦r st♦♣ ✐♠♠❡❞✐❛t❡❧②✳ ■t ♠❡❛♥s t❤❛t ❛♥② ❢❛✐❧✉r❡ ✐♥ ❛ ♥♦❞❡✱ ✇❤❡t❤❡r ❤❛r❞✇❛r❡
♦r t❤❡ ❉❉❇▼❙ ✐ts❡❧❢✱ ✐s ❡♥♦✉❣❤ t♦ ✐♠♠❡❞✐❛t❡❧② ❞✐sr✉♣t✐♥❣ t❤❡ ♥♦❞❡✳

✷✳✶✳✸ ❲♦r❦❧♦❛❞✳ ■♥ t❤✐s ✇♦r❦ ✇❡ ❧❡✈❡r❛❣❡ t❤❡ ❨❈❙❇ ❬❈♦♦♣❡r ❡t ❛❧✳ ✷✵✶✵❪ ✇♦r❦❧♦❛❞ ❣❡♥❡r❛t♦r✱ ❜✉t
t❤❡ ❯P❇ ❛❝❝❡♣ts ❛♥② ✇♦r❦❧♦❛❞ ❜❛s❡❞ ♦♥ t❤❡ tr❛♥s❛❝t✐♦♥ ❝♦♥❝❡♣t✳ ❚r❛♥s❛❝t✐♦♥s ❝♦✉❧❞ ❜❡ ❝♦♠♣♦s❡❞
❜② s✐♠♣❧❡ ❞❛t❛❜❛s❡ ♦♣❡r❛t✐♦♥s ✭❡✳❣✳✱ r❡❛❞s✱ ✇r✐t❡s✱ ❞❡❧❡t❡s✮ ♦r ❝♦♠♣❧❡① ❜✉s✐♥❡ss ♦♣❡r❛t✐♦♥s✱ s✉❝❤ ❛s✱
t❤❡ tr❛♥s❛❝t✐♦♥s ♦❢ t❤❡ ❚P❈✲❈ ❛♥❞ t❤❡ ❚P❈✲❊ ✷✳ ❚❤❡ ♦♥❧② ❝♦♥str❛✐♥t ✐s t❤❛t ❛t ❧❡❛st ✾✵✪ ♦❢ t❤❡
tr❛♥s❛❝t✐♦♥s ♠✉st ❝♦♠♣❧❡t❡ ✐♥ ❧❡ss t❤❛♥ ✶ s❡❝♦♥❞✳ ❚❤✐s r❡q✉✐s✐t❡ ✐s ♥♦r♠❛❧❧② ✉s❡❞ ❜② ✇❡❧❧✲❦♥♦✇♥
❜❡♥❝❤♠❛r❦s t♦ ❝♦♣❡ ✇✐t❤ r❡❛❧ ❛♣♣❧✐❝❛t✐♦♥s ❬❚P❈❈ ✷✵✶✵❀ ❚P❈❊ ✷✵✶✵❪✳ ❋r♦♠ ♥♦✇✱ ✇❡ ❞❡♥♦t❡ t❤✐s
❝♦♥str❛✐♥t ❛s φ✳

2❤tt♣✿✴✴✇✇✇✳t♣❝✳♦r❣✴

❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❛♥❞ ❉❛t❛ ▼❛♥❛❣❡♠❡♥t✱ ❱♦❧✳ ✱ ◆♦✳ ✱ ✷✵✳



✹ · ❋✐♦r ❆✳✱ ▼❡✐r❛ ❏✳✱ ❆❧♠❡✐❞❛ ❊✳✱ ❈♦❡❧❤♦ ❘✳✱ ❉✐❞♦♥❡t ▼✳✱ ▲❡ ❚r❛♦♥ ❨✳

✸✳ ▼❊❚❍❖❉❖▲❖●❨

■♥ t❤✐s s❡❝t✐♦♥ ✇❡ ♣r❡s❡♥t t❤❡ ❯P❇ ♠❡t❤♦❞♦❧♦❣②✳ ■t ✐s ❞✐✈✐❞❡❞ ✐♥ t❤r❡❡ t❛s❦s✿ ✭✶✮ ❞❡✜♥✐♥❣ t❤❡
❛✈❛✐❧❛❜✐❧✐t② s❝❡♥❛r✐♦s✱ ✭✷✮ s♣❡❝✐❢②✐♥❣ ❛ st❡❛❞② st❛t❡ ❛♥❞ ✭✸✮ ❡①❡❝✉t✐♥❣ t❤❡ s❝❡♥❛r✐♦s✳ ❚❤❡s❡ t❛s❦s ❛r❡
❡①♣❧❛✐♥❡❞ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣✳

✸✳✶ ❉❡✜♥✐♥❣ t❤❡ ❛✈❛✐❧❛❜✐❧✐t② s❝❡♥❛r✐♦s

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

✭✶✮ ❋❛✉❧t t♦❧❡r❛♥❝❡ ✐♥❞❡① ✭K✮✿ q✉❛♥t✐t② ♦❢ ✧❢❛✐❧❡❞ ♥♦❞❡s✧ s✉♣♣♦rt❡❞ ❜② t❤❡ ❝❧✉st❡r ✇✐t❤♦✉t s❡r✈✐❝❡
♦✉t❛❣❡✳ ❚❤❡ ♣♦ss✐❜❧❡ K ✈❛❧✉❡s ❛r❡✿
✖K = 0 ✭♥♦ ❢❛✉❧t t♦❧❡r❛♥❝❡✮✿ t❤❡ s❡r✈✐❝❡ st♦♣s ✐♥ ♣r❡s❡♥❝❡ ♦❢ ❛♥② ♥♦❞❡ ❢❛✐❧✉r❡✳
✖K = 1, 2, ..., N

2
✿ N r❡♣r❡s❡♥ts t❤❡ ♥♦❞❡s t❤❛t ❝♦♠♣♦s❡ t❤❡ ❉❉❇▼❙ ❝❧✉st❡r✳ ■♥ t❤✐s ❝❛s❡✱ t❤❡

❉❉❇▼❙ s✉♣♣♦rts ❢❛✐❧✉r❡s ✐♥ K ♥♦❞❡s✳ ❚❤❡ ✈❛❧✉❡s ✈❛r② ❜❡t✇❡❡♥ ✶ t♦ N
2
✳

✭✷✮ ◆✉♠❜❡r ♦❢ ❢❛✐❧❡❞ ♥♦❞❡s ✭F ✮✳
✖F = 0✿ ❝❧✉st❡r ✇✐t❤♦✉t ❢❛✐❧✉r❡s✳
✖F = 1, 2, ...,K✿ ❝❧✉st❡r ✇✐t❤ K ✧❢❛✐❧❡❞ ♥♦❞❡s✧✳ ❚❤❡ ❢❛✐❧❡❞ ✈❛❧✉❡s ❛r❡ ❜❡t✇❡❡♥ ✶ t♦ K✳

❍♦✇❡✈❡r✱ ✐t ✐s ♥♦t ♥❡❝❡ss❛r② t♦ ❤❛✈❡ ♦♥❡ s❝❡♥❛r✐♦ ❢♦r ❛❧❧ ❝♦♠❜✐♥❛t✐♦♥s ♦❢ ✈❛r✐❛❜❧❡ ✈❛❧✉❡s✱ s✐♥❝❡ s♦♠❡
s❝❡♥❛r✐♦s ❝❛♥♥♦t ♦❝❝✉r ✐♥ ♣r❛❝t✐❝❡✳ ❚❛❜❧❡ ■ s❤♦✇s ♣♦ss✐❜❧❡ ✈❛❧✉❡s ♦❢ t❤❡ ✈❛r✐❛❜❧❡s✱ ❛ s❤♦rt ❡①♣❧❛♥❛t✐♦♥
❛♥❞ t❤❡ r❡❧❡✈❛♥❝❡ ♦❢ ❡❛❝❤ ❝♦♠❜✐♥❛t✐♦♥✳ ❙✐♥❝❡ s♦♠❡ ✈❛❧✉❡s ❞❡♣❡♥❞ ♦♥ t❤❡ s❝❡♥❛r✐♦✱ X r❡♣r❡s❡♥ts t❤❡
✈❛❧✉❡s ❛ss✉♠❡❞ ❜② K ✭ 1 ≤ X ≤

N
2
✮ ❛♥❞ Y r❡♣r❡s❡♥ts t❤❡ ✈❛❧✉❡s ❛ss✉♠❡❞ ❜② F ✭ 1 ≤ X ≤ K ✮ ✐♥

❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✳

❚❛❜❧❡ ■✳ ❙❝❡♥❛r✐♦s
❈♦♠❜✐♥❛t✐♦♥ ❑ ❋ ❘❡❧❡✈❛♥❝❡ ❈♦♠♠❡♥t

✶ ✵ ✵ ❨❡s ❇❛s✐s t♦ s❝❡♥❛r✐♦s ❝♦♠♣❛r✐s♦♥

✷ ✵ ❨ ❯♥❢❡❛s✐❜❧❡ F > K

✸ ❳ ✵ ❨❡s P❡r❢♦r♠❛♥❝❡ ✐♠♣❛❝t ♦❢ ❢❛✉❧t t♦❧❡r❛♥❝❡ ♠❡❝❤❛♥✐s♠

✹ ❳ ❨ ❨❡s P❡r❢♦r♠❛♥❝❡ ✐♠♣❛❝t ♦❢ ❢❛✐❧✉r❡s

❋♦❧❧♦✇✐♥❣ t❤❡ ❝♦♠❜✐♥❛t✐♦♥ ❛♥❛❧②s✐s✱ t❤❡r❡ ❛r❡ t❤r❡❡ ✐♥t❡r❡st✐♥❣ s❝❡♥❛r✐♦s t❤❛t ✇✐❧❧ ❜❡ ❛♣♣❧✐❡❞ ❜②
❯P❇✿

✖❙❝❡♥❛r✐♦ ✭✶✮ ✲ ❝♦♠❜✐♥❛t✐♦♥ ✶✿ ◆♦ ❢❛✉❧t t♦❧❡r❛♥❝❡ ✭ K = 0 ✮✱ ♥♦ ❢❛✐❧✉r❡s ✭ F = 0 ✮

✖❙❝❡♥❛r✐♦ ✭✷✮ ✲ ❝♦♠❜✐♥❛t✐♦♥ ✸✿ ❋❛✉❧t t♦❧❡r❛♥❝❡ ✭ K > 0 ✮✱ ♥♦ ❢❛✐❧✉r❡s ✭ F = 0 ✮

✖❙❝❡♥❛r✐♦ ✭✸✮ ✲ ❝♦♠❜✐♥❛t✐♦♥ ✹✿ ❋❛✉❧t t♦❧❡r❛♥❝❡ ✭ K > 0 ✮✱ ❢❛✐❧✉r❡s ✭ 0 < F ≤ K ✮

❙✐♥❝❡ t❤❡ ✈❛❧✉❡s ♦❢ K ❛♥❞ F ✈❛r②✱ ❡❛❝❤ s❝❡♥❛r✐♦ ❤❛s ♦♥❡ ♦r s❡✈❡r❛❧ st❡♣s t♦ ❡✈❛❧✉❛t❡ ❛❧❧ t❤❡ ♣♦ss✐✲
❜✐❧✐t✐❡s✳

✸✳✷ ❙♣❡❝✐❢②✐♥❣ t❤❡ st❡❛❞② st❛t❡

■♥ t❤✐s s❡❝t✐♦♥ ✇❡ ❡①♣❧❛✐♥ ❤♦✇ t♦ ❞❡✜♥❡ ❛ st❡❛❞② st❛t❡✱ ✇❤✐❝❤ r❡♣r❡s❡♥ts ❛ s✉st❛✐♥❛❜❧❡ ❡①❡❝✉t✐♦♥ st❛t❡
♦❢ t❤❡ ❉❉❇▼❙✳ ❆❝❝♦r❞✐♥❣ t♦ ❬❚P❈❈ ✷✵✶✵❪✱ t❤❡ ♦✈❡r❛❧❧ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ❉❉❇▼❙ ✈❛r✐❡s ❛❜♦✉t ✷
♣❡r❝❡♥t ❞✉r✐♥❣ t❤❡ st❡❛❞② st❛t❡✳ ❇❡❢♦r❡ r❡❛❝❤✐♥❣ s✉❝❤ st❛t❡✱ ✐t ✐s ♥❡❝❡ss❛r② t♦ ♣❛ss t❤r♦✉❣❤ ❛ ✇❛r♠✐♥❣
♣❡r✐♦❞✱ ♣r❡✈❡♥t✐♥❣ ❛♥② ✉♥st❛❜❧❡ ❜❡❤❛✈✐♦r ✭s❡❡ ❋✐❣✉r❡ ✷✮✳

❙✐♠✐❧❛r❧② t♦ t❤❡ ❚P❈✲❈ ❜❡♥❝❤♠❛r❦✱ t❤❡ ✇❛r♠✐♥❣ ♣❡r✐♦❞ ✐s s❡t ✉♣ ❜② t❤❡ r❡s♣♦♥s✐❜❧❡ ❢♦r ❛♣♣❧②✐♥❣
t❤❡ ❜❡♥❝❤♠❛r❦✳ ❚❤❡ ❯P❇ ♣❡r❢♦r♠❛♥❝❡ ♠❡❛s✉r❡s ♠✉st ❜❡ t❤❡ tr❛♥s❛❝t✐♦♥s ♣❡r s❡❝♦♥❞ ✭tps✮ ❛✈❡r❛❣❡

❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❛♥❞ ❉❛t❛ ▼❛♥❛❣❡♠❡♥t✱ ❱♦❧✳ ✱ ◆♦✳ ✱ ✷✵✳
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❞✉r✐♥❣ ❛ ♣❡r✐♦❞ ♦❢ ✷ ♠✐♥✉t❡s ✐♥ ❛ st❡❛❞② st❛t❡✳ ❚❤✐s ♣❡r✐♦❞ ✐s ❞❡✜♥❡❞ ❡♠♣✐r✐❝❛❧❧②✱ ✇✐t❤ t❤❡ ♦❜❥❡❝t✐✈❡
t♦ ♠❡❛s✉r❡ t❤❡ s②st❡♠ ❜❡❤❛✈✐♦r ❛♥❞ t♦ ♥♦r♠❛❧✐③❡ ♣♦ss✐❜❧❡ ♣✉♥❝t✉❛❧ ♣❡r❢♦r♠❛♥❝❡ ✐♥st❛❜✐❧✐t✐❡s✳ ❚❤❡
♣❡r❢♦r♠❛♥❝❡ ✐s ♠❡❛s✉r❡❞ ❜② ♠♦♥✐t♦r✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ tps✱ ❝♦❧❧❡❝t❡❞ ❞✉r✐♥❣ t❤❡ st❡❛❞② st❛t❡✳
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❋✐❣✳ ✷✳ ❲❛r♠✐♥❣ ♣❡r✐♦❞ ❛♥❞ st❡❛❞② st❛t❡

❚♦ ❣✉❛r❛♥t❡❡ ❛♥ ❛❝❝✉r❛t❡ ♠❡❛s✉r❡♠❡♥t✱ ❡❛❝❤ ❝❧✐❡♥t ❤❛s ❛ Q ❝♦♥✜❣✉r❛t✐♦♥ t♦ ❧✐♠✐t t❤❡✐r ✇♦r❦❧♦❛❞
t❤r♦✉❣❤♣✉t ✭✐✳❡✳✱ tr❛♥s❛❝t✐♦♥s ♣❡r s❡❝♦♥❞✮✳ ■t ♣r❡✈❡♥ts ❢r♦♠ ❤❛✈✐♥❣ ❛ str❡ss❡❞ ❡♥✈✐r♦♥♠❡♥t ♦♥ t❤❡ ❝❧✐❡♥t
s✐❞❡ ✭✐✳❡✳✱ ❝❧✐❡♥t ❝♦♥t❡♥t✐♦♥✮✱ t❤❛t ❝♦✉❧❞ ❣❡♥❡r❛t❡ ❛♥ ✉♥st❛❜❧❡ ♣❡r❢♦r♠❛♥❝❡✳ ❚❤❡ ♠❛①✐♠✉♠ ✇♦r❦❧♦❛❞ ❛
❝❧✐❡♥t ✐s ❛❜❧❡ t♦ s✉❜♠✐t ✇✐t❤ ♥♦ ❝♦♥t❡♥t✐♦♥ ♦♥ t❤❡ ❝❧✐❡♥t s✐❞❡ ✭✐✳❡✳✱ t❤❡ ♠❛①✐♠✉♠ ✈❛❧✉❡ ❛❧❧♦✇❡❞ ❢♦r Q✮
✐s r❡♣r❡s❡♥t❡❞ ❜② Lc✳ ❚♦ ❞❡✜♥❡ Lc ✇❡ ❛♣♣❧② ❛♥ ✐t❡r❛t✐✈❡ ♠❡t❤♦❞✿

✭✶✮ ❉❡✜♥❡ t❤❡ ❧♦✇ ❧♦❛❞ ✭Q✮ r❡s♣❡❝t✐♥❣ t❤❡ ❧❛t❡♥❝② φ❀

✭✷✮ ▼❡❛s✉r❡ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ✭tps✮✿
■❋ Q ∗ 0.95 ≤ tps ❚❍❊◆ Q = Q ∗ 1.10✱ r❡♣❡❛t st❡♣ ✷ ❊▲❙❊ Lc = Q ∗ 0.90❀

❚♦ ❡①❡♠♣❧✐❢② t❤✐s ♠❡t❤♦❞✱ ❧❡t✬s ❛ss✉♠❡ t❤❛t ❛♥ ❤②♣♦t❤❡t✐❝ ❝❧✐❡♥t ✐s s❡t t♦ s✉❜♠✐t ✐♥✐t✐❛❧❧② ✶✵ t♣s
✭Q = 10✮✳ ❚❤❡ ❝❧✉st❡r ✐s ❡✈❛❧✉❛t❡❞ ✇✐t❤ t❤✐s ❧♦❛❞ ❛♥❞ ✐t ♣r♦❝❡ss❡s ❛❧❧ t❤❡ tr❛♥s❛❝t✐♦♥s✳ ❚❤❡ ❧♦❛❞ ♦❢ t❤❡
❝❧✐❡♥t ✐s ✐♥❝r❡❛s❡❞ ❜② ✶✵✪ ✉♥t✐❧ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ❝❧✉st❡r ♣❡r❢♦r♠❛♥❝❡ ❛♥❞ t❤❡ Q ❝♦♥✜❣✉r❛t✐♦♥
♦❢ t❤❡ ❝❧✐❡♥t ✐s ❧❡ss t❤❛♥ 5%✳ ❈♦♥s✐❞❡r t❤❛t t❤❡ ❧♦❛❞ ✐s ✐♥❝r❡❛s❡❞ ✉♥t✐❧ Q = 174 t♣s✱ ❜✉t t❤❡ ❝❧✉st❡r
♣r♦❝❡ss❡s ❥✉st ✶✺✵ t♣s✳ ■♥ t❤✐s ❝❛s❡✱ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ❡①♣❡❝t❡❞ ❛♥❞ ❛❝❤✐❡✈❡❞ ✐s
❤✐❣❤❡r t❤❛♥ 5%✳ ❚❤❡ Lc ✐s t❤✐s ❧✐♠✐t ❛❝❤✐❡✈❡❞ ❞❡❝r❡❛s❡❞ ❜② ✶✵✪✳ ■♥ t❤✐s ✐❧❧✉str❛t✐♦♥✱ ✶✺✻ t♣s✳

✸✳✸ ❊①❡❝✉t✐♥❣ t❤❡ s❝❡♥❛r✐♦s

❯P❇ ✐s ❡①❡❝✉t❡❞ ✐t❡r❛t✐✈❡❧②✱ ✐♥ t❤r❡❡ st❡♣s✱ ♦♥❡ ♣❡r s❝❡♥❛r✐♦✳ ❊❛❝❤ st❡♣ ♠❛② ❜❡ ❡①❡❝✉t❡❞ ♠♦r❡ t❤❛♥
♦♥❡ t✐♠❡ ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ♠❛① ✈❛❧✉❡ ♦❢ t❤❡ ❢❛✉❧t t♦❧❡r❛♥❝❡ ✐♥❞❡①✭K✮✳ ❚❤❡ ♣❛rt✐❛❧ ♠❡tr✐❝s ❛r❡ ❞❡♥♦t❡❞
❜② TK,F ✭F r❡♣r❡s❡♥ts t❤❡ ✧❢❛✐❧❡❞ ♥♦❞❡s✧✮✳

❙t❡♣ ✶✿
■♥ t❤✐s st❡♣ t❤❡ ❢❛✉❧t t♦❧❡r❛♥❝❡ ❛♥❞ ❢❛✐❧✉r❡s ❛r❡ ♥♦t t❛❦❡♥ ✐♥t♦ ❛❝❝♦✉♥t✳ ■♥ r❡❛❧ ❡♥✈✐r♦♥♠❡♥ts t❤✐s
❝♦♥✜❣✉r❛t✐♦♥ ✐s ♥♦t r❡❝♦♠♠❡♥❞❡❞✱ ❜✉t ✐♥ ♦✉r ♠❡t❤♦❞♦❧♦❣② ✐t ✐s ✐♠♣♦rt❛♥t t♦ s❡t ❛ ❜❛s✐s ❢♦r ❝♦♠♣❛r✐s♦♥✳
❚❤✐s ❝♦♥✜❣✉r❛t✐♦♥ ✐s ✉s❡❞ t♦ ❞❡✜♥❡ t❤❡ ♠❛① ♣❡r❢♦r♠❛♥❝❡ r❡❛❝❤❡❞ ❜② t❤❡ ❝❧✉st❡r✱ s✐♥❝❡ t❤❡r❡ ✐s ♥♦

❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❛♥❞ ❉❛t❛ ▼❛♥❛❣❡♠❡♥t✱ ❱♦❧✳ ✱ ◆♦✳ ✱ ✷✵✳



✻ · ❋✐♦r ❆✳✱ ▼❡✐r❛ ❏✳✱ ❆❧♠❡✐❞❛ ❊✳✱ ❈♦❡❧❤♦ ❘✳✱ ❉✐❞♦♥❡t ▼✳✱ ▲❡ ❚r❛♦♥ ❨✳

❛❞❞✐t✐♦♥❛❧ ❝♦sts r❡❧❛t❡❞ t♦ r❡♣❧✐❝❛t✐♦♥ ❛♥❞✴♦r ❢❛✐❧✉r❡s ✭✐✳❡✳✱ ❑❂✵✱ ❋❂✵✮✳ ❚❤❡ ♠❛① ♣❡r❢♦r♠❛♥❝❡ ✐s
r❡♣r❡s❡♥t❡❞ ❜② TK,F ✭s❡❡ ❆❧❣♦r✐t❤♠ ✶✮✳

✐♥♣✉t ✿ ◗✱ ❛ s❡t ♦❢ ❝❧✐❡♥t ✇♦r❦❧♦❛❞s❀ Lc✱ ♠❛①✐♠✉♠ ✇♦r❦❧♦❛❞ ♣❡r ❝❧✐❡♥t
♦✉t♣✉t✿ TK,F

❢♦r❡❛❝❤ q ∈ Q ❞♦

q = Lc ∗ 0.10❀
✇❤✐❧❡ (Qtotal + q) ∗ 0.95 ≤ tps ❛♥❞ q ≤ Lc ❞♦

lastQ = q❀
q = q ∗ 1.10❀

❡♥❞

✐❢ (Qtotal + q) ∗ 0.95 ≤ tps t❤❡♥

Qtotal = Qtotal + q❀
❡❧s❡

TK,F = Qtotal + lastQ❀
r❡t✉r♥ TK,F

❡♥❞

❡♥❞

❆❧❣♦r✐t❤♠ ✶✿ ❇❛s❡❧✐♥❡

❙t❡♣ ✷✿
❚❤❡ ❢❛✉❧t t♦❧❡r❛♥❝❡ ♠❡❝❤❛♥✐s♠s ❤❛✈❡ ❛♥ ✐♠♣❛❝t ♦♥ t❤❡ s②st❡♠ ♣❡r❢♦r♠❛♥❝❡ ❡✈❡♥ ✇✐t❤♦✉t ♥♦❞❡ ❢❛✐❧✉r❡s✳
❚❤✐s ✐♠♣❛❝t ✈❛r✐❡s ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ❛♥❞ str❛t❡❣✐❡s ✉s❡❞ ❜② ❡❛❝❤ ❉❉❇▼❙✳ ❚❤❡ st❡♣
✷ ❛✐♠s t♦ ✈❡r✐❢② ❛♥❞ t♦ ♠❡❛s✉r❡ t❤❡s❡ ✐♠♣❛❝ts✳

❚❤❡ ❢❛✉❧t t♦❧❡r❛♥❝❡ ✐♥❞❡① ✐s ❝♦♥✜❣✉r❡❞ ✇✐t❤ ❞✐✛❡r❡♥t ✈❛❧✉❡s✭ K > 0 ✮✳ ❚❤❡ ♥♦❞❡ ❢❛✐❧✉r❡ ✐♥❞❡①✭F ✮
✐s ♥♦t ✉s❡❞✳ ❚❤❡ ❣♦❛❧ ✐s t♦ ♠❡❛s✉r❡ t❤❡ ❞❛t❛ r❡♣❧✐❝❛t✐♦♥ ✐♠♣❛❝t ♦♥ ♣❡r❢♦r♠❛♥❝❡✳ ❋♦r ❡❛❝❤ K ✈❛❧✉❡✱
t❤❡ ♠❛① ♣❡r❢♦r♠❛♥❝❡ ✐s ❝❛❧❝✉❧❛t❡❞✱ ✉s✐♥❣ t❤❡ ❆❧❣♦r✐t❤♠ ✶✱ ❛♥❞ r❡♣r❡s❡♥t❡❞ ❜②✿

DK,0 = (1−
TK,0

T0,0

) ∗ 100

❙t❡♣ ✸✿
❚❤✐s st❡♣ ♠❡❛s✉r❡s t❤❡ ♣❡r❢♦r♠❛♥❝❡ ❞✉r✐♥❣ ❛ ❢❛✐❧✉r❡ st❛t❡✱ ✇✐t❤ ❛ ❢❛✉❧t t♦❧❡r❛♥❝❡ ♠❡❝❤❛♥✐s♠ ❛❝t✐✈❛t❡❞✳
❚❤❡ ❉❉❇▼❙ ♠✉st ❜❡ ♦♣❡r❛t✐♦♥❛❧ ❞✉r✐♥❣ ♥♦❞❡ ❢❛✐❧✉r❡s✳ ■♥ t❤✐s ❝❛s❡✱ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♠❛② ❜❡ ✐♠♣❛❝t❡❞
❜② r❡❛❞ ✇♦r❦❧♦❛❞s ✭t❤❡ r❡♣❧✐❝❛t❡❞ ❞❛t❛ ✐s ✉s❡❞ t♦ ♠❛①✐♠✐③❡ t❤❡ t❤r♦✉❣❤♣✉t✮ ❛♥❞ ✇r✐t❡ ✇♦r❦❧♦❛❞s ✭t❤❡
r❡♣❧✐❝❛t❡❞ ❞❛t❛ ♠✉st ❜❡ s②♥❝❤r♦♥✐③❡❞✱ ✐♠♣❧✐❝❛t✐♥❣ ✐♥ ❛❞❞✐t✐♦♥❛❧ ❝♦sts ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ K ✈❛❧✉❡✮✳

❚❤❡ ♥✉♠❜❡r ♦❢ ❢❛✐❧✉r❡s ✈❛r② ✉♣ t♦ t❤❡ ♥✉♠❜❡r ♦❢ r❡♣❧✐❝❛t❡❞ ♥♦❞❡s✿ 1 ≤ F ≤ K

❋♦r ❡❛❝❤ F ✈❛❧✉❡✱ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ✐s ❝❛❧❝✉❧❛t❡❞✱ ✉s✐♥❣ t❤❡ ❆❧❣♦r✐t❤♠ ✶✱ ❛♥❞ r❡❧❛t❡❞ t♦ TK,0 ♦❜t❛✐♥❡❞
✐♥ t❤❡ st❡♣ ✷✳ ❚❤✉s✱ ♣❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ ✐s ❞❡✜♥❡❞ ❜②✿

DK,F = (1− (
TK,F

TK,0

)) ∗ 100

❚❤❡ ✜♥❛❧ ❞❡❣r❛❞❛t✐♦♥ ♠❡tr✐❝✭DFK✮ ✐s ❣✐✈❡♥ ❜② s✉♠♠❛r✐③❛t✐♦♥ ♦❢ t❤❡ ♠❡tr✐❝ DK,F

DFK =

K∑

F=1

( 1

F
∗DK,F )

K∑

F=1

( 1

F
)

❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❛♥❞ ❉❛t❛ ▼❛♥❛❣❡♠❡♥t✱ ❱♦❧✳ ✱ ◆♦✳ ✱ ✷✵✳



❯♥❞❡r Pr❡ss✉r❡ ❇❡♥❝❤♠❛r❦ · ✼

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

✸✳✹ ❖✈❡r❛❧❧ ▼❡tr✐❝s

❲❡ ❞❡✜♥❡ t✇♦ ♦✈❡r❛❧❧ ♠❡tr✐❝s t❤❛t s✉♠♠❛r✐③❡ t❤❡ ♣❛rt✐❛❧ ♠❡tr✐❝s ❝❛❧❝✉❧❛t❡❞✳ ❊❛❝❤ ♠❡tr✐❝ ✐s t❤❡
❛✈❡r❛❣❡ ✈❛❧✉❡ ♦❜t❛✐♥❡❞ ❢♦r ♦♥❡ ❦✐♥❞ ♦❢ ♠❡tr✐❝✱ ♦✈❡r t❤❡ K ✐♥❞❡①✱ ❛s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ■■✳ ❲❡ ❞♦ ♥♦t
✉s❡ st❡♣ ✶ t♦ ❝❛❧❝✉❧❛t❡ ❛♥ ♦✈❡r❛❧❧ ♠❡tr✐❝✱ s✐♥❝❡ ✐t ✐s ✉s❡❞ ♦♥❧② ❛s ❜❛s✐s ❢♦r ❝♦♠♣❛r✐s♦♥✳

❚❛❜❧❡ ■■✳ ❖✈❡r❛❧❧ ▼❡tr✐❝s
▼❡tr✐❝ ❙t❡♣ ❉❡s❝r✐♣t✐♦♥

DT =

K∑

i=1

Di,0

K
✷ P❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ ✇✐t❤ ❢❛✉❧t t♦❧❡r❛♥❝❡

DF =

K∑

i=1

DFi

K
✸ P❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ ❞✉r✐♥❣ ❢❛✐❧✉r❡s

❚❤❡s❡ t✇♦ ♠❡tr✐❝s ❛r❡ t❤❡ ✜♥❛❧ r❡s✉❧ts ♦❢ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ❛♥❛❧②s✐s ♦❢ ❯P❇✳

✹✳ ❊❳P❊❘■▼❊◆❚❙

■♥ t❤✐s s❡❝t✐♦♥ ✇❡ ♣r❡s❡♥t ❡①♣❡r✐♠❡♥ts ♣❡r❢♦r♠❡❞ ❜② ❛♣♣❧②✐♥❣ t❤❡ ❯P❇ ✐♥ t❤r❡❡ ❞✐✛❡r❡♥t ❉❉❇▼❙s✳
❖✉r ❣♦❛❧ ✐s t♦ ✈❛❧✐❞❛t❡ t❤❡ ♣r♦♣♦s❡❞ ❜❡♥❝❤♠❛r❦ ❛♥❞ ✐ts ♠❡t❤♦❞♦❧♦❣② ❛s ❛ r♦❜✉st ❛♣♣r♦❛❝❤ t♦ ❝♦♠♣❛r❡
❉❉❇▼❙s✬s ❛✈❛✐❧❛❜✐❧✐t②✳ ❚❤❡ ❡①♣❡r✐♠❡♥ts ❛r❡ ❝♦♥❞✉❝t❡❞ ❜② ❢♦❧❧♦✇✐♥❣ t❤❡ t❤r❡❡ st❡♣s ♦❢ ❯P❇✳

✹✳✶ ❊①♣❡r✐♠❡♥t❛❧ ❙❡t✉♣

❚❤❡ ❡①♣❡r✐♠❡♥t❛❧ ❡✈❛❧✉❛t✐♦♥ ✇❛s ♣❡r❢♦r♠❡❞ ✐♥ t❤r❡❡ ❤✐❣❤✲t❤r♦✉❣❤♣✉t ❉❉❇▼❙s✿ ❱♦❧t❉❇✱ ◆✉♦❉❇
❛♥❞ ❉❜♠s✲❳✳ ■♥ ♦r❞❡r t♦ ♣r♦✈✐❞❡ ❛ ❢❛✐r ❝♦♠♣❛r✐s♦♥✱ ❛❧❧ t❤❡ ❡①♣❡r✐♠❡♥ts ✇❡r❡ ♣❡r❢♦r♠❡❞ ✐♥ t❤❡ s❛♠❡
❡♥✈✐r♦♥♠❡♥t✱ t❤❡ ●r✐❞✬✺✵✵✵ t❡st❜❡❞ ✸✳ ❚❤❡ ❡①♣❡r✐♠❡♥t❛❧ s❡t✉♣ ✐s ❞❡s❝r✐❜❡❞ ❜❡❧❧♦✇✿

✖■♥t❡❧ ❳❡♦♥ ❊✺✹✹✵ ◗❈ ✭✷✳✽✸ ●❍③ ✴ ✹ ▼❇✮✱ ✷ s♦❝❦❡ts✱ ✹ ❝♦r❡s ♣❡r s♦❝❦❡t

✖▼❡♠♦r② ✽ ●❇

✖◆❡t✇♦r❦ ▼②r✐✲✶✵● ✭✶✵●✲P❈■❊✲✽❆✲❈✮

✖❉❡❜✐❛♥ ●◆❯✴▲✐♥✉① ▲❡♥♥② ①✻✹

✖❏❛✈❛❚▼❙❊ ❉❡✈❡❧♦♣♠❡♥t ❑✐t ✼✱ ❯♣❞❛t❡ ✶✼

✖❨❈❙❇✲✵✳✶✳✹

✖❉❉❇▼❙✿ ❱♦❧t❉❇ ✈✷✳✽✳✹✳✶ ❈♦♠♠✉♥✐t② ❊❞✐t✐♦♥✱ ◆✉♦❉❇ ❙t❛r❧✐♥❣s ❘❡❧❡❛s❡ ✶✳✶✱ ❉❜♠s✲❳

❲❡ ✉s❡❞ ✻ s❡r✈❡r✲❝❧❛ss ♠❛❝❤✐♥❡s r✉♥♥✐♥❣ t❤❡ ❉❉❇▼❙ ❛♥❞ t❤r❡❡ t♦ r✉♥ t❤❡ ❝❧✐❡♥ts✳ ■♥ ♦r❞❡r t♦ ❛✈♦✐❞
❛♥② ✐♥t❡r❢❡r❡♥❝❡✱ t❤❡ ❝❧✐❡♥ts ❛♥❞ s❡r✈❡rs ✇❡r❡ r✉♥ ✐♥ s❡♣❛r❛t❡ ♠❛❝❤✐♥❡s✳

❚♦ ❧♦❛❞ t❤❡ ❞❛t❛❜❛s❡ ❛♥❞ ❣❡♥❡r❛t❡ t❤❡ ✇♦r❦❧♦❛❞✱ ✇❡ ✉s❡❞ t❤❡ ❨❈❙❇ ❢r❛♠❡✇♦r❦ ❬❈♦♦♣❡r ❡t ❛❧✳ ✷✵✶✵❪✳
❚❤❡ ❞❛t❛❜❛s❡ s❝❤❡♠❛ ✐s ❝♦♠♣♦s❡❞ ❜② ❛ s✐♥❣❧❡ t❛❜❧❡ ✇✐t❤ ✶✶ ❝♦❧✉♠♥s ✭s❡❡ ❋✐❣✉r❡ ✸✮✳

❊❛❝❤ ❝♦❧✉♠♥ st♦r❡s ✶✱✵✵✵ ❛❧♣❤❛♥✉♠❡r✐❝ ❝❤❛r❛❝t❡rs✱ t♦t❛❧✐③✐♥❣ ✶✱✶✵✵ ❜②t❡s ♣❡r r❡❝♦r❞✳ ■♥ ♦✉r ❡①♣❡r✐✲
♠❡♥ts✱ t❤❡ ❞❛t❛❜❛s❡ ✇❛s ❧♦❛❞❡❞ ✇✐t❤ ✶ ♠✐❧❧✐♦♥ t✉♣❧❡s✳ ❚❤❡ ✇♦r❦❧♦❛❞ ✇❛s ❜❛s❡❞ ♦♥ r❡❛❞ ♦♣❡r❛t✐♦♥s t❤❛t

3❤tt♣✿✴✴✇✇✇✳❣r✐❞✺✵✵✵✳❢r

❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❛♥❞ ❉❛t❛ ▼❛♥❛❣❡♠❡♥t✱ ❱♦❧✳ ✱ ◆♦✳ ✱ ✷✵✳



✽ · ❋✐♦r ❆✳✱ ▼❡✐r❛ ❏✳✱ ❆❧♠❡✐❞❛ ❊✳✱ ❈♦❡❧❤♦ ❘✳✱ ❉✐❞♦♥❡t ▼✳✱ ▲❡ ❚r❛♦♥ ❨✳

CREATE TABLE usertable ( 

 

 YCSB_KEY VARCHAR(1000) NOT NULL, 

FIELD1 VARCHAR(1000), FIELD2   VARCHAR(1000), 

FIELD3 VARCHAR(1000), FIELD4   VARCHAR(1000), 

FIELD5 VARCHAR(1000), FIELD6   VARCHAR(1000), 

FIELD7 VARCHAR(1000), FIELD8   VARCHAR(1000), 

FIELD9 VARCHAR(1000), FIELD10 VARCHAR(1000), 

 PRIMARY KEY (YCSB_KEY) 

 

); 

❋✐❣✳ ✸✳ ❉❛t❛❜❛s❡ s❝❤❡♠❛

♣❡r❢♦r♠ ❛ s❡❧❡❝t ✉s✐♥❣ t❤❡ ♣r✐♠❛r② ❦❡② ❛♥❞ ❝♦❧✉♠♥s ♣r♦❥❡❝t✐♦♥ ✭s❡❡ ❋✐❣✉r❡ ✹✮✳ ❚❤❡ ❨❈❙❇ ✇♦r❦❧♦❛❞
❡♥❣✐♥❡ ❤❛s ❜❡❡♥ ❝♦♥✜❣✉r❡❞ t♦ ✉s❡ ❛ ❩✐♣✜❛♥ q✉❡r② ❞✐str✐❜✉t✐♦♥ ❬●r❛② ❡t ❛❧✳ ✶✾✾✹❪✳

SELECT  FIELD1, FIELD2, FIELD3, FIELD4, FIELD5,  
  FIELD6, FIELD7, FIELD8, FIELD9, FIELD10  
FROM  USERTABLE 
WHERE  YCSB_KEY = :1 

❋✐❣✳ ✹✳ ❘❡❛❞ ♦♣❡r❛t✐♦♥

◆✉♦❉❜ ❛♥❞ ❉❜♠s✲① s❡♥❞ ❙◗▲ s②♥❝❤r♦♥♦✉s r❡q✉❡sts t❤r♦✉❣❤ ❏❉❇❈ ❝❛❧❧s✳ ❱♦❧t❉❜✱ ❤♦✇❡✈❡r✱ ♥❡❡❞s
t♦ ❤❛✈❡ ❛♥ ❛ss②♥❝❤r♦♥♦✉s ❝♦♥♥❡❝t✐♦♥ t♦ ❛❝❤✐❡✈❡ ❜❡tt❡r ♣❡r❢♦r♠❛♥❝❡ ❬❱♦❧t❉❇❣ ✷✵✶✷❪✳ ❋♦r t❤✐s r❡❛s♦♥✱
✇❡ ❞❡✈❡❧♦♣❡❞ ❛ s♣❡❝✐✜❝ ❛ss②♥❝❤r♦♥♦✉s ❞r✐✈❡r ♦♥ t♦♣ ♦❢ ❨❈❙❇✳

❊❛❝❤ ❝❧✐❡♥t ♠❛❝❤✐♥❡ r✉♥s ✸✷ t❤r❡❛❞s t♦ ❣❡♥❡r❛t❡ ❛♥❞ t♦ s✉❜♠✐t t❤❡ ✇♦r❦❧♦❛❞✳ ❋♦r t❤❡ ❉❉❇▼❙
❝❧✉st❡r✱ ❜♦t❤ ❱♦❧t❉❇ ❛♥❞ ❉❜♠s✲❳ ✉s❡ s✐♠✐❧❛r ❝♦♥✜❣✉r❛t✐♦♥✳ ❚❤❡ ❝❧✉st❡r ❤❛s ✻ ♥♦❞❡s r✉♥♥✐♥❣ ✻ s✐t❡s✱
t♦t❛❧❧✐♥❣ ✸✻ ♣❛rt✐t✐♦♥s✳ ❍♦✇❡✈❡r✱ t❤❡ ◆✉♦❉❇ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ❞♦❡s♥✬t s✉♣♣♦rt ❞❛t❛ ♣❛rt✐t✐♦♥✐♥❣✳ ❊✈❡r②
◆✉♦❉❇ ♥♦❞❡ ❝❛♥ ♣❧❛② t❤r❡❡ ❞✐✛❡r❡♥t r♦❧❡s✿ ❇r♦❦❡r✭✐✳❡✳✱ ♠❛♥❛❣❡s ❛❝❝❡ss ❛♥❞ ❝♦♥tr♦❧ ♦❢ tr❛♥s❛❝t✐♦♥
❡♥❣✐♥❡s ❛♥❞ st♦r❛❣❡ ♠❛♥❛❣❡rs✮✱ ❚r❛♥s❛❝t✐♦♥ ❊♥❣✐♥❡ ✭❚❊✮✭✐✳❡✳✱ ♣r♦✈✐❞❡s ❛❝❝❡ss t♦ ❛ s✐♥❣❧❡ ❞❛t❛❜❛s❡✳
■t ❤❛♥❞❧❡s r❡q✉❡sts ❢r♦♠ ❝❧✐❡♥ts✱ ❝❛❝❤❡s ❞❛t❛✱ ❛♥❞ ❝♦♦r❞✐♥❛t❡s tr❛♥s❛❝t✐♦♥s✮ ❛♥❞ ❙t♦r❛❣❡ ▼❛♥❛❣❡r
✭❙▼✮✭✐✳❡✳✱ ❡❛❝❤ st♦r❛❣❡ ♠❛♥❛❣❡r ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❡①❛❝t❧② ♦♥❡ ❞❛t❛❜❛s❡✮✳ ❚❤✉s✱ ❡❛❝❤ ❧❛②❡r ❝❛♥ s❝❛❧❡
✐♥❞❡♣❡♥❞❡♥t❧②✳

❚❤❡ ◆✉♦❉❇ ❛r❝❤✐t❡❝t✉r❡ s✉♣♣♦rts ♦♥❡ ♦r ♠♦r❡ ❚❊s✱ ♦♥ ❛ s✐♥❣❧❡ ♥♦❞❡ ♦r ❛❝r♦ss t❤❡ ❝❧✉st❡r✳ ❚❤❡
◆✉♦❉❇ ❉♦❝✉♠❡♥t❛t✐♦♥ ❬◆✉♦❉❇ ✷✵✶✸❪ r❡❝♦♠♠❡♥❞s t♦ ❛❞❞ ❚❊s t♦ ✐♠♣r♦✈❡ ♣❡r❢♦r♠❛♥❝❡✳ ❚❤✉s✱ ❞✉r✐♥❣
t❤❡ ❡①♣❡r✐♠❡♥ts✱ ✇❡ ♠❛①✐♠✐③❡ t❤❡ ♥✉♠❜❡r ♦❢ ❚❊s t♦ ✐♠♣r♦✈❡ t❤❡ r❡q✉❡sts ♠❛♥❛❣❡♠❡♥t✳ ❋♦r ❡❛❝❤
❞❛t❛❜❛s❡✱ ♦♥❡ ❙▼ ✐s r❡q✉✐r❡❞ ✭✐✳❡✳✱ ❞❡♣❡♥❞✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ r❡♣❧✐❝❛s t❤❡ ♥✉♠❜❡r ♦❢ ❙▼s ✐s ✐♥❝r❡❛s❡❞✮✳
❚❤❡ ♥♦❞❡ ❇r♦❦❡r ✐s ✜①❡❞ ✐♥ ♦♥❡ ♥♦❞❡✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ◆✉♦❉❇ ❝❧✉st❡r ❛ss✉♠❡s ❞✐✛❡r❡♥t ❝♦♥✜❣✉r❛t✐♦♥s
❜❛s❡❞ ♦♥ t❤❡ ❢❛✉❧t t♦❧❡r❛♥❝❡ ✐♥❞❡①✭K✮✱ ❛s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ■■■✳

❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❛♥❞ ❉❛t❛ ▼❛♥❛❣❡♠❡♥t✱ ❱♦❧✳ ✱ ◆♦✳ ✱ ✷✵✳



❯♥❞❡r Pr❡ss✉r❡ ❇❡♥❝❤♠❛r❦ · ✾

❚❛❜❧❡ ■■■✳ ◆✉♦❉❇ ❝♦♥✜❣✉r❛t✐♦♥
❈♦♥✜❣✉r❛t✐♦♥ ◆♦❞❡ ✶ ◆♦❞❡ ✷ ◆♦❞❡ ✸ ◆♦❞❡ ✹ ◆♦❞❡ ✺ ◆♦❞❡ ✻

❑❂✶ ❇r♦❦❡r ❚❊ ❚❊ ❚❊ ❚❊ ❚❊ ✫ ❙▼

❑❂✷ ❇r♦❦❡r ❚❊ ❚❊ ❚❊ ❚❊ ✫ ❙▼ ❚❊ ✫ ❙▼

❑❂✸ ❇r♦❦❡r ❚❊ ❚❊ ❚❊ ✫ ❙▼ ❚❊ ✫ ❙▼ ❚❊ ✫ ❙▼

❑❂✹ ❇r♦❦❡r ❚❊ ❚❊ ✫ ❙▼ ❚❊ ✫ ❙▼ ❚❊ ✫ ❙▼ ❚❊ ✫ ❙▼

✹✳✷ ❙t❡♣ ✶

❯P❇ ❤❛s t✇♦ ♣❛r❛♠❡t❡rs t❤❛t ❞❡t❡r♠✐♥❡ ❤♦✇ t❤❡ ❡①♣❡r✐♠❡♥ts s❤♦✉❧❞ ❜❡ ❡①❡❝✉t❡❞✿ ❲❛r♠✲✉♣ t✐♠❡
❛♥❞ ♠❛①✐♠✉♠ ✇♦r❦❧♦❛❞ ♣❡r ❝❧✐❡♥t ✭Lc✮✳ ❚❤❡s❡ ♣❛r❛♠❡t❡rs ❛r❡ r❡❧❛t❡❞ t♦ t❤❡ ❡♥✈✐r♦♥♠❡♥t ❛♥❞ ♠✉st
❜❡ ❞❡✜♥❡❞ ✐♥ t❤❡ ✜rst r✉♥✳ ❚❤❡ ✇❛② t♦ ♦❜t❛✐♥ t❤❡s❡ ♣❛r❛♠❡t❡rs ✐s q✉✐t❡ s✐♠✐❧❛r ❢♦r ❛♥② ❉❉❇▼❙✳ ❋♦r
t❤✐s r❡❛s♦♥✱ ✇❡ ♦♥❧② ♣r❡s❡♥t t❤❡ r❡s✉❧ts ❢r♦♠ ❱♦❧t❉❇✳

❆❢t❡r t❤❛t ✐t ✐s ♣♦ss✐❜❧❡ t♦ ♦❜t❛✐♥ t❤❡ ♠❛①✐♠✉♠ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ❝❧✉st❡r ✇✐t❤♦✉t ❢❛✐❧s ✭F = 0✮
❛♥❞ ❝♦♥✜❣✉r❡❞ ✇✐t❤ K = 0✳

✹✳✷✳✶ P❛r❛♠❡t❡rs ❞❡✜♥✐t✐♦♥✳ ❚♦ ❣❡t t❤❡ ✇♦r❦❧♦❛❞ ❧✐♠✐t ♣❡r ❝❧✐❡♥t ✭Lc✮✱ ✇❡ ❡✈❛❧✉❛t❡ t❤❡ ❝❧✉st❡r
♣❡r❢♦r♠❛♥❝❡ ❜② s❡tt✐♥❣ ❛ ❝❧✐❡♥t ✇✐t❤ ❞✐✛❡r❡♥t Q ✈❛❧✉❡s✳ ❚❤❡ ❚❛❜❧❡ ■❱ ♣r❡s❡♥ts t❤❡ s✉st❛✐♥❡❞ ♣❡r❢♦r✲
♠❛♥❝❡ ♦❢ t❤❡ ❱♦❧t❉❇ ❝❧✉st❡r ❛♥❞ ✐♥❞✐❝❛t❡s t❤❡ ✈❛r✐❛t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ♠❡❛s✉r❡❞ ♣❡r❢♦r♠❛♥❝❡ ❛♥❞ Q

❝♦♥✜❣✉r❛t✐♦♥ ♦❢ t❤❡ ❝❧✐❡♥ts ✭♠❛①✐♠✉♠ t❤r♦✉❣❤♣✉t ❛ ❝❧✐❡♥t ❝♦✉❧❞ s✉❜♠✐t✮✳

❚❛❜❧❡ ■❱✳ ❉❡✜♥✐♥❣ t❤❡ ✇♦r❦❧♦❛❞ ❧✐♠✐t ♣❡r ❝❧✐❡♥t ✭Lc✮

❈❧✐❡♥t ❈♦♥✜❣✉r❛t✐♦♥ ✭Q✮ ❱♦❧t❉❇ P❡r❢♦r♠❛♥❝❡ ✭t♣s✮ ❱❛r✐❛t✐♦♥

✼✵✳✵✵✵ ✻✾✳✾✾✾ ✵✱✵✪

✽✵✳✵✵✵ ✽✵✳✵✵✺ ✵✱✵✪

✾✵✳✵✵✵ ✾✵✳✵✸✾ ✵✱✵✪

✶✵✵✳✵✵✵ ✾✹✳✺✹✸ ✺✱✺✪

✶✶✵✳✵✵✵ ✾✹✳✷✻✻ ✶✹✱✸✪

❲❤❡♥ Q ♣❛r❛♠❡t❡r ✐s ❧❡ss t❤❛♥ ✾✵✳✵✵✵ t♣s✱ t❤❡ ❝❧✐❡♥t ✐s ❝❛♣❛❜❧❡ t♦ s✉❜♠✐t t❤❡ ✇♦r❦❧♦❛❞ ❞❡t❡r♠✐♥❡❞
❜② Q✳ ■♥ t❤❡s❡ s✐t✉❛t✐♦♥s✱ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ Q ❛♥❞ t❤❡ r❡❛❧ ♣❡r❢♦r♠❛♥❝❡ ✐s ♣r❡tt② ❝❧♦s❡ ✭ ❧❡ss t❤❛♥
✵✱✵✹✪ ✮✳ ❍♦✇❡✈❡r ✇❤❡♥ Q ✐s ❤✐❣❤❡r t❤❛♥ ✾✵✳✵✵✵✱ t❤❡ ❝❧✐❡♥ts ❝❛♥✬t s✉❜♠✐t ♠♦r❡ t❤❛♥ ✾✺✳✵✵✵ t♣s✳ ■♥
t❤❛t s✐t✉❛t✐♦♥ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ❛♥❞ Q ✐s ❤✐❣❤❡r t❤❛♥ t❤❡ ✺✪ ✭t❤r❡s❤♦❧❞ ❞❡✜♥❡❞
✐♥ ♠❡t❤♦❞♦❧♦❣②✮✳ ❇❡❝❛✉s❡ t❤❛t✱ t❤❡ ♠❛①✐♠✉♠ Q ❝♦♥✜❣✉r❛t✐♦♥ ❛❝❝❡♣t❛❜❧❡ ❜② ❛ ❱♦❧t❉❇ ❝❧✐❡♥t ✭Lc✮ ✐s
✾✵✳✵✵✵ t♣s✳

✹✳✷✳✷ ❈❧✉st❡r P❡r❢♦r♠❛♥❝❡ ✇✐t❤ ❑❂✵ ❛♥❞ ❋❂✵✳ ❚♦ ❣❡t T0,0 ✐t ✐s ♥❡❝❡ss❛r② t♦ r✉♥ t❤❡ ✇♦r❦❧♦❛❞
s❡✈❡r❛❧ t✐♠❡s✱ ✐♥❝r❡❛s✐♥❣ t❤❡ Q ✉♥t✐❧ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ Q t♦t❛❧ ❛♥❞ t❤❡ ❝❧✉st❡r ♣❡r❢♦r♠❛♥❝❡ ✐s
❤✐❣❤❡r t❤❛♥ ✺✪✳ ❚❤❡ r❡s✉❧ts ♦❢ t❤❡ ❱♦❧t❉❇ r✉♥s ❛r❡ ♣r❡s❡♥t❡❞ ♦♥ ❚❛❜❧❡ ❱✳ ❚❤❡ ❝♦❧✉♠♥ Qtotal ✐♥❞✐❝❛t❡s
t❤❡ s✉♠ ♦❢ Q ♦❢ ❛❧❧ ❝❧✐❡♥ts ♦♥ t❤❡ ❡♥✈✐r♦♥♠❡♥t✱ ❝♦♥s✐❞❡r✐♥❣ t❤❛t t❤❡ Q ❝♦♥✜❣✉r❛t✐♦♥ ♦❢ ❡❛❝❤ ❝❧✐❡♥t
♠✉st ❜❡ ❡q✉❛❧ ♦r ❧❡ss t❤❛♥ Lc ♣❛r❛♠❡t❡r ❞❡t❡r♠✐♥❡❞ ♣r❡✈✐♦✉s❧②✳

❚❛❜❧❡ ❱✳ ❱♦❧t❉❇ r✉♥s t♦ ❞❡t❡r♠✐♥❡ T0,0 ✭◆♦ ❢❛✉❧t t♦❧❡r❛♥❝❡ ✭K = 0✮✱ ♥♦ ❢❛✐❧✉r❡s ✭F = 0✮✮

Qtotal ❱♦❧t❉❇ P❡r❢♦r♠❛♥❝❡ ✭t♣s✮ ❱❛r✐❛t✐♦♥

✶✽✵✳✵✵✵ ✶✽✵✳✵✺✷ ✵✱✵✪

✷✷✵✳✵✵✵ ✷✶✽✳✽✸✾ ✵✱✺✪

✷✹✵✳✵✵✵ ✷✸✼✳✺✻✹ ✶✱✵✪

✷✺✵✳✵✵✵ ✷✸✽✳✼✹✵ ✹✱✺✪

✷✺✺✳✵✵✵ ✷✸✼✳✸✼✽ ✻✱✾✪

✷✻✵✳✵✵✵ ✷✸✾✳✵✶✽ ✽✱✶✪

❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❛♥❞ ❉❛t❛ ▼❛♥❛❣❡♠❡♥t✱ ❱♦❧✳ ✱ ◆♦✳ ✱ ✷✵✳
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❚❤❡ ❱♦❧t❉❇ r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ❝❧✉st❡r ♣❡r❢♦r♠❛♥❝❡ ✐♥❝r❡❛s❡ ❝♦♥t✐♥✉♦✉s❧② ✉♥t✐❧ ✷✸✽✳✼✹✵ t♣s✳
❆❢t❡r t❤❛t✱ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ Qtotal ❛♥❞ ❈❧✉st❡r P❡r❢♦r♠❛♥❝❡ ✐s ❤✐❣❤❡r t❤❛♥ ✺✪✳ ❚❤✐s ❜❡❤❛✈✐♦✉r
♦❢ ♣❡r❢♦r♠❛♥❝❡ st❛❜✐❧✐③❛t✐♦♥ ❛r♦✉♥❞ ✷✸✽✳✵✵✵ t♣s ✐s ❞✉❡ ❛ ❜❛❝❦♣r❡ss✉r❡ s✐t✉❛t✐♦♥ ❬❱♦❧t❉❇ ✷✵✶✷❪✳ ■♥ ❛❧❧
♦❢ t❤❡ ❱♦❧t❉❇ r✉♥s t❤❡ φ r❡q✉✐r❡♠❡♥t ❤❛s ❜❡❡♥ ♠❡t✳

❚❤❡ T0,0 ♦❢ t❤❡ ♦t❤❡rs ❉❉❇▼❙ ✐s ♦❜t❛✐♥❡❞ ✐♥ ❛ s✐♠✐❧❛r ✇❛② t❤❛♥ ❱♦❧t❉❇✳ ❚❤❡ r❡s✉❧ts ❛r❡ ♣r❡s❡♥t❡❞
♦♥ ❚❛❜❧❡ ❱■✳

❚❛❜❧❡ ❱■✳ P❛r❛♠❡t❡rs ❞❡✜♥❡❞ ❢♦r ❡❛❝❤ ❉❇▼❙
❉❇▼❙ T0,0

❱♦❧t❉❇ ✷✸✽✳✼✹✵ t♣s

◆✉♦❉❇ ✶✶✷✳✻✾✷ t♣s

❉❜♠s✲❳ ✹✾✳✶✶✻ t♣s

✹✳✸ ❙t❡♣ ✷

❖♥ ❙t❡♣ ✷ ✇❡ ❡✈❛❧✉❛t❡❞ t❤❡ ❉❉❇▼❙ ✇✐t❤ ❞✐✛❡r❡♥t K ❝♦♥✜❣✉r❛t✐♦♥s✳ ❚❤❡ r❡s✉❧ts ♦❢ TK,0 ❛♥❞ t❤❡
♣❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ ♦❢ t❤❡ ❢❛✉❧t t♦❧❡r❛♥❝❡ s②st❡♠s ✭DK,0✮ ❛r❡ ♣r❡s❡♥t❡❞ ♦♥ ❚❛❜❧❡ ❱■■✳

❚❛❜❧❡ ❱■■✳ ❚❤❡ ♣❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ ✉s✐♥❣ ❢❛✉❧t t♦❧❡r❛♥❝❡ ♠❡❝❤❛♥✐s♠✳
❱♦❧t❉❇ ◆✉♦❉❇ ❉❜♠s✲❳

❊♥✈✐r♦♥♠❡♥t TK,0 DK,0 TK,0 DK,0 TK,0 DK,0

❑❂✵ ✷✸✽✳✼✹✵ ✲ ✶✶✷✳✻✾✷ ✲ ✹✾✳✶✶✻ ✲

❑❂✶ ✶✺✻✳✻✺✾ ✸✹✳✸✽✪ ✶✵✸✳✸✹✵ ✽✳✸✵✪ ✼✵✳✻✻✸ ✲✹✸✳✽✻✪✯

❑❂✷ ✶✶✷✳✸✽✽ ✺✷✳✾✷✪ ✶✵✸✳✻✻✾ ✽✳✵✵✪ ✼✹✳✽✼✺ ✲✺✷✳✹✹✪✯

❑❂✸ ✶✵✶✳✽✾✾ ✺✼✳✸✷✪ ✶✵✶✳✶✻✻ ✶✵✳✷✷✪ ✽✵✳✺✵✻ ✲✻✸✳✾✵✪✯

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

❚❤❡ ❱♦❧t❉❇ r❡s✉❧ts ✐♥❞✐❝❛t❡s t❤❛t t❤❡ ❜❛❝❦♣r❡ss✉r❡ ❬❱♦❧t❉❇ ✷✵✶✷❪ st❛t❡ ✇❛s ❛❝❤✐❡✈❡❞ ✐♥ t❤❡ ❡①♣❡r✲
✐♠❡♥ts✳ ❚❤✐s ♠❡❛♥s t❤❛t t❤❡ ♠❛①✐♠✉♠ ♣❡r❢♦r♠❛♥❝❡ ❤❛✈❡ ❜❡❡♥ r❡❛❝❤❡❞✳

❚❤❡ ♣❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ ♦♥ ❱♦❧t❉❇ ❤❛♣♣❡♥s ❜❡❝❛✉s❡ ✇❤❡♥ ✇❡ ✐♥❝r❡❛s❡ t❤❡ r❡♣❧✐❝❛t✐♦♥ ❧❡✈❡❧✱
✇❡ ❛r❡ ❞✐✈✐❞✐♥❣ t❤❡ ❛✈❛✐❧❛❜❧❡ ♣❛rt✐t✐♦♥s ❛♠♦♥❣ t❤❡ ❞✉♣❧✐❝❛t❡ ❝♦♣✐❡s✳ ❋♦r ❡①❛♠♣❧❡✱ ♦♥ ♦✉r ❡♥✈✐r♦♥♠❡♥t
✇❤❡♥ K = 1 t❤❡r❡ ❛r❡ ✶✽ ♣❛rt✐t✐♦♥s t♦ ♣r♦❝❡ss tr❛♥s❛❝t✐♦♥s ❛♥❞ t❤❡ ♦t❤❡r ✶✽ ♣❛rt✐t✐♦♥s st♦r❡ ❝♦♣✐❡s ♦❢
t❤❡ ❞❛t❛✳ ■♥ t❤❡ ❱♦❧t❉❇ ❛r❝❤✐t❡❝t✉r❡✱ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ✇✐❧❧ ❜❡ ♣r♦♣♦rt✐♦♥❛❧❧② ❞❡❝r❡❛s❡❞ ❛s r❡♣❧✐❝❛t✐♦♥
✐s ✐♥❝r❡❛s❡❞✳

❲❤✐❧❡ ◆✉♦❉❇ ❛♥❞ ❱♦❧t❉❇ ♣r❡s❡♥t t❤❡ s❛♠❡ ❜❡❤❛✈✐♦r ✇✐t❤ ♣❡r❢♦r♠❛♥❝❡ ❞❡❝r❡❛s✐♥❣ ❛s ❧♦♥❣ ❛s K

✐♥❝r❡❛s❡s✱ ❉❜♠s✲❳ ❜❡❤❛✈❡s ❞✐✛❡r❡♥t❧② ✇✐t❤ ✐ts ♣❡r❢♦r♠❛♥❝❡ ✐♥❝r❡❛s✐♥❣✳ ❚❤✐s ❤❛♣♣❡♥s ❜❡❝❛✉s❡ ❉❜♠s✲❳
✐s ❛ ❦❡②✲✈❛❧✉❡ st♦r❡ ✇✐t❤ ❡✈❡♥t✉❛❧ ❝♦♥s✐st❡♥❝② t♦ ♠❛✐♥t❛✐♥ t❤❡ r❡♣❧✐❝❛s ✭s✐♠✐❧❛r t♦ ❛ ❉✐str✐❜✉t❡❞ ❍❛s❤

❚❛❜❧❡✮✳ ■♥ t❤✐s ❝♦♥t❡①t✱ t❤❡ r❡❛❞ r❡q✉❡sts ❛r❡ r♦✉t❡❞ t♦ ❛♥② ♥♦❞❡ ✇✐t❤♦✉t ❧♦♦❦✐♥❣ ✉♣ t❤❡ ♠♦st✲✉♣✲t♦✲
❞❛t❡ ✈❛❧✉❡✳

✹✳✹ ❙t❡♣ ✸

❚❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ❉❇▼❙ ❡✈❛❧✉❛t❡❞ ✇✐t❤ ❢❛✉❧ts ✭F > 0✮ ❛♥❞ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ ✇❤❡♥
❝♦♠♣❛r❡❞ t♦ ❛ ♥♦♥✲❢❛✉❧t ❝❧✉st❡r ❛r❡ ✐♥❞✐❝❛t❡❞ ♦♥ ❚❛❜❧❡ ❱■■■✳

❚❤❡ r❡s✉❧ts ♦♥ ❛ ❢❛✉❧t② ❡♥✈✐r♦♥♠❡♥t ✐♥❞✐❝❛t❡ t❤❛t ❱♦❧t❉❇ ♣❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ ✐s ❧❡ss t❤❛♥
✸✪ ✇❤❡♥ K ✐s ❝♦♥✜❣✉r❡❞ ❛s ✶ ♦r ✷✳ ❇✉t ✇❤❡♥ K = 3✱ ♣❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ ✐♥❝r❡❛s❡s ❝♦♥s✐❞❡r✲
❛❜❧②✱ ✈❛r②✐♥❣ ❜❡t✇❡❡♥ ✽✳✾✪ ❛♥❞ ✷✺✳✹✪✳ ❙✐♠✐❧❛r❧② t♦ ❱♦❧t❉❇✱ ❉❜♠s✲❳ ❛❧s♦ ♣r❡s❡♥t❡❞ ❛ ♣❡r❢♦r♠❛♥❝❡
❞❡❣r❛❞❛t✐♦♥ ❞✉r✐♥❣ st❡♣ ✸✳ ❍♦✇❡✈❡r✱ ✐t ✐s ♠✉❝❤ ♠♦r❡ ❡✈✐❞❡♥t ✇❤❡♥ r❡❛❝❤✐♥❣ ✻✹✪ ✐♥ t❤❡ ✇♦rst ❝❛s❡✳

❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❛♥❞ ❉❛t❛ ▼❛♥❛❣❡♠❡♥t✱ ❱♦❧✳ ✱ ◆♦✳ ✱ ✷✵✳



❯♥❞❡r Pr❡ss✉r❡ ❇❡♥❝❤♠❛r❦ · ✶✶

❚❛❜❧❡ ❱■■■✳ ❉❉❇▼❙ ♣❡r❢♦r♠❛♥❝❡ ✐♥ ❛ ❢❛✉❧t② ❡♥✈✐r♦♥♠❡♥t ✲ ❚❤❡ ❞❡❣r❛❞❛t✐♦♥ ✐s ❜❛s❡❞ ♦♥ ♥♦♥✲❢❛✉❧t ❝❧✉st❡r✳
❱♦❧t❉❇ ◆✉♦❉❇ ❉❜♠s✲❳

❊♥✈✐r♦♥♠❡♥t TK,F DK,F TK,F DK,F TK,F DK,F

❑❂✶ ❛♥❞ ❋❂✶ ✶✺✷✳✵✼✷ 2.928% ✶✶✶✳✻✻✵ −8.05%✯ ✹✵✳✹✼✷ 42.72%

❑❂✷ ❛♥❞ ❋❂✶ ✶✶✵✳✹✾✶ 1.687% ✶✵✻✳✷✹✹ −2.48%✯ ✺✼✳✷✷✼ 23.56%

❑❂✷ ❛♥❞ ❋❂✷ ✶✵✾✳✼✽✶ 2.319% ✶✵✾✳✼✷✾ −5.84%✯ ✷✻✳✼✻✵ 64.26%

❑❂✸ ❛♥❞ ❋❂✶ ✾✷✳✽✶✾✹ 8.910% ✶✵✸✳✹✻✾ −2.27%✯ ✼✵✳✷✼✸ 12.76%

❑❂✸ ❛♥❞ ❋❂✷ ✽✻✳✽✸✼ 14.781% ✶✵✸✳✾✷✷ −2.72%✯ ✺✺✳✺✷✺ 31.02%

❑❂✸ ❛♥❞ ❋❂✸ ✼✻✳✵✵✸ 25.413% ✶✵✹✳✸✵✹ −3.10%✯ ✸✺✳✵✶✼ 56.50%

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

❉✉❡ t♦ ❛ ♣❛rt✐❝✉❧❛r ✐♠♣❧❡♠❡♥t❛t✐♦♥✱ ◆✉♦❉❇ ❜❡❤❛✈❡s ❞✐✛❡r❡♥t❧② ✇✐t❤ ♣❡r❢♦r♠❛♥❝❡ ✐♥❝r❡❛s✐♥❣ ❛s t❤❡
♥✉♠❜❡r ♦❢ ❢❛✉❧ts ✐♥❝r❡❛s❡✳ ■t ❤❛♣♣❡♥s✱ ❜❡❝❛✉s❡ ◆✉♦❉❇ ✉s❡s ❛ ♣❡❡r✲t♦✲♣❡❡r ♠❡ss❛❣✐♥❣ ✐♥❢r❛str✉❝t✉r❡ t♦
r♦✉t❡ t❛s❦s t♦ ♥♦❞❡s✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ❢❡✇❡r ♥♦❞❡ r❡♣❧✐❝❛s ❛r❡ r✉♥♥✐♥❣ t❤❡ ❢❡✇❡r t❛s❦s ❛♥❞ ♠❡ss❛❣❡s ❛r❡
r♦✉t❡❞✳ ■♥ ❛❞❞✐t✐♦♥✱ ✇❡ ♦❜s❡r✈❡ t❤❛t ◆✉♦❉❇ ❤❛s t❤❡ st❛❜❧❡st ♣❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ ✉♣♦♥ ❢❛✉❧ts✱
✇❤✐❝❤ ♠❛② ❜❡ ❛❧s♦ ✐♥❤❡r✐t❡❞ ❢r♦♠ t❤❡ r❡s✐❧✐❡♥❝❡ ♦❢ t❤❡ P✷P ❜❛❝❦❡♥❞✳

❚❛❜❧❡ ■❳✳ ❚❤✐s s✉♠♠❛r✐③❡s t❤❡ ♣❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ r❡s✉❧ts ✐♥ ❛ ❢❛✉❧t② ❡♥✈✐r♦♥♠❡♥t✳
▼❡tr✐❝ ❱♦❧t❉❇ ◆✉♦❉❇ ❉❜♠s✲❳

DF1 ✷✳✾✷✽ ✲✽✳✵✺✯ ✹✷✳✼✷

DF2 ✶✳✽✾✼ ✲✸✳✻✯ ✸✼✳✶✸

DF3 ✶✸✳✺✶✶ ✲✷✳✹✼✺✯ ✷✼✳✵✺

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

❚❛❜❧❡ ■❳ s✉♠♠❛r✐③❡s t❤❡ ♣❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ r❡s✉❧ts ✐♥ ❛ ❢❛✉❧t② ❡♥✈✐r♦♥♠❡♥t✳ ❚❤❡② ❝♦rr♦❜✲
♦r❛t❡ ♦✉r ♦❜s❡r✈❛t✐♦♥s t❤❛t ❱♦❧t❉❇ ❛♥❞ ❉❜♠s✲❳ s✉✛❡r ✇✐t❤ ❢❛✉❧ts✱ ✇❤✐❧❡ ◆✉♦❉❇ ❛❝t✉❛❧❧② ✐♠♣r♦✈❡s
♣❡r❢♦r♠❛♥❝❡ ❞✉❡ t♦ ✐ts P✷P ♥❛t✉r❡ ❛❧♠♦st r❡❛❝❤✐♥❣ t❤❡ ❜❛s❡❧✐♥❡ r❡s✉❧ts ✭K = 0✱ F = 0✮✳

✹✳✺ ❋✐♥❛❧ ❈♦♠♣❛r✐s♦♥ ❛♥❞ ❉✐s❝✉ss✐♦♥

❇❛s❡❞ ♦♥ t❤❡ ♣❛rt✐❛❧ ♠❡tr✐❝s ♣r❡s❡♥t❡❞ ❛❜♦✈❡✱ ✐t ✐s ♣♦ss✐❜❧❡ t♦ ❝❛❧❝✉❧❛t❡ t❤❡ ✜♥❛❧ ♠❡tr✐❝s ❢♦r ❡❛❝❤
❉❉❇▼❙ ❛♥❞ ❝♦♠♣❛r❡ t❤❡ ❛✈❛✐❧❛❜✐❧✐t② ♦❢ t❤❡♠ ❜❛s❡❞ ♦♥ t✇♦ ❞✐✛❡r❡♥t ❛s♣❡❝ts✳ ❚❤❡ ✜♥❛❧ ♠❡tr✐❝s ❛r❡
♣r❡s❡♥t❡❞ ♦♥ ❚❛❜❧❡ ❳✳

❚❛❜❧❡ ❳✳ ❖✈❡r❛❧❧ ♠❡tr✐❝s ✲ ❚❤✐s s✉♠♠❛r✐③❡s t❤❡ ♣❛rt✐❛❧ ♠❡tr✐❝s✳ DT ✐s t❤❡ ❛✈❡r❛❣❡ ♦❢ ♣❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ ♠❡tr✐❝
✭✇✐t❤ ❢❛✉❧t t♦❧❡r❛♥❝❡✮✱ ♦✈❡r t❤❡ ❑ ✐♥❞❡①✳ DF ✐s t❤❡ ❛✈❡r❛❣❡ ♦❢ ♣❡r❢♦r♠❛♥❝❡ ❞❡❣r❛❞❛t✐♦♥ ♠❡tr✐❝ ✭❞✉r✐♥❣ ❢❛✐❧✉r❡s✮✱ ♦✈❡r
t❤❡ ❑ ✐♥❞❡①✳

▼❡tr✐❝ ❱♦❧t❉❇ ◆✉♦❉❇ ❉❜♠s✲❳

DT ✹✽✳✷✶ ✽✳✽✹ ✲✺✸✳✹✯

DF ✻✳✶✶ ✲✹✳✼✵✯ ✸✺✳✻✸

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

❖♥ ♦♥❡ ❤❛♥❞✱ ❉❜♠s✲❳ ❞✐❞ ♥♦t ❣❡t t❤❡ ❜❡st ♦✈❡r❛❧❧ t❤r♦✉❣❤♣✉t✳ ■♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ✐t ❞r❛✇s t❤❡
❜❡st DT r❡s✉❧t✱ ❜✉t ♦♥❧② ✐♥ s✐t✉❛t✐♦♥s ✇❤❡r❡ ❢❡✇❡r ❢❛✉❧ts ❛r❡ ❡①♣❡❝t❡❞✱ ❞❡s♣✐t❡ ❜❡✐♥❣ ❛ ❉❍❚✲❧✐❦❡
s②st❡♠ t❤❛t ♣r♦❝❡ss❡s tr❛♥s❛❝t✐♦♥s ✭❜✉t ♥♦ ❆❈■❉ ❝♦♠♣❧✐❛♥t✮✳ ❲❤✐❧❡ ❱♦❧t❉❇ ❞r❡✇ t❤❡ ❜❡st ♦✈❡r❛❧❧
♣❡r❢♦r♠❛♥❝❡ t❤r♦✉❣❤♣✉t ✐♥ ❛ ❢❛✉❧t❧❡ss s❝❡♥❛r✐♦✱ t❤❡ s❛♠❡ ✇❛s ♥♦t ♦❜s❡r✈❡❞ ✇❤✐❧❡ ❢❛✉❧ts ❛r❡ ✐♥❥❡❝t❡❞
✭r❡✢❡❝t❡❞ ❜② t❤❡ DF ♠❡tr✐❝✮✳ ■♥ ❝♦♥tr❛st✱ ◆✉♦❉❇ ❤❛❞ s♦♠❡ ♣❡r❢♦r♠❛♥❝❡ ✐♠♣❛❝t t♦ ♠❛✐♥t❛✐♥ t❤❡
r❡♣❧✐❝❛s ♥♦❞❡s✱ ❜✉t ♣r❡s❡♥t❡❞ ❛ s✉r♣r✐s✐♥❣❧② DF t❤❛t ✐s ❛ ❞✐r❡❝t r❡s✉❧t ❢r♦♠ ✐ts P✷P ❝♦r❡✳ ❚❤❡r❡❢♦r❡✱
◆✉♦❉❇ ♣r❡s❡♥t❡❞ t❤❡ ❜❡st r❡s✉❧ts ✐♥ ❡♥✈✐r♦♥♠❡♥ts ✇✐t❤ ❢❛✉❧ts✳

❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❛♥❞ ❉❛t❛ ▼❛♥❛❣❡♠❡♥t✱ ❱♦❧✳ ✱ ◆♦✳ ✱ ✷✵✳



✶✷ · ❋✐♦r ❆✳✱ ▼❡✐r❛ ❏✳✱ ❆❧♠❡✐❞❛ ❊✳✱ ❈♦❡❧❤♦ ❘✳✱ ❉✐❞♦♥❡t ▼✳✱ ▲❡ ❚r❛♦♥ ❨✳

❖♥❡ ♠❛② ❛r❣✉❡ t❤❛t ♦♥❡ ❉❉❇▼❙ ✐s ❜❡tt❡r t❤❛♥ t❤❡ ♦t❤❡r ❜❛s❡❞ ♦♥ t❤❡ ♣r❡s❡♥t❡❞ r❡s✉❧ts✳ ❲❤✐❧❡ t❤✐s
♠❛② ❜❡ tr✉❡ ❝♦♥s✐❞❡r✐♥❣ t❤❡ ❡①❡❝✉t✐♦♥ s❝❡♥❛r✐♦s t♦ t❡st r❡♣❧✐❝❛t✐♦♥ ❛♥❞ r❡s✐❧✐❡♥❝❡✱ t❤❡ ❉❉❇▼❙ ♠❛❦❡s
❛ ❞✐✛❡r❡♥t s❡t ♦❢ tr❛❞❡♦✛s t♦ ✐♠♣r♦✈❡ ❛✈❛✐❧❛❜✐❧✐t②✱ ✇❤✐❝❤ ♠❛② ❧❡❛❞ t♦ s✐t✉❛t✐♦♥s ✇❤❡r❡ ♦♥❡ ♦❢ t❤❡♠ ✇✐❧❧
❜❡ ♠♦r❡ ❛♣♣r♦♣r✐❛t❡ t❤❛♥ t❤❡ ♦t❤❡r✳ ■♥ t❤✐s ❝♦♥t❡①t✱ ✇❡ ❝❧❛✐♠ t❤❛t t❤❡ ❯P❇ ❝❛♥ ❜❡ ❛♥ ✐♠♣♦rt❛♥t t♦♦❧
t♦ ❤❡❧♣ ❝❤♦♦s✐♥❣ t❤❡ ♠♦r❡ ❛♣♣r♦♣r✐❛t❡ ❉❉❇▼❙ ✇❤✐❧❡ ❤❡❛t✐♥❣ t❤❡ ❞❡❜❛t❡ ♦♥ ❛✈❛✐❧❛❜✐❧✐t② s♦❧✉t✐♦♥s✳

✺✳ ❘❊▲❆❚❊❉ ❲❖❘❑

❖✈❡r t❤❡ ❧❛st ②❡❛rs✱ t❤❡ ❉❉❇▼❙ ♣♦♣✉❧❛r✐③❛t✐♦♥ r❛✐s❡❞ t❤❡ ✐♥t❡r❡sts ♦❢ t❤❡ ❞❛t❛❜❛s❡ ❝♦♠♠✉♥✐t②
t♦ ❞❡s✐❣♥ ♥❡✇ ❜❡♥❝❤♠❛r❦s t❤❛t s❛t✐s❢② ♥❡✇ ❡✈❛❧✉❛t✐♦♥ ♥❡❡❞s✱ ✐♥❝❧✉❞✐♥❣ ❤✐❣❤✲❛✈❛✐❧❛❜✐❧✐t② ❛♥❞ ❤✐❣❤✲
t❤r♦✉❣❤♣✉t✳ ■♥ ✷✵✶✵✱ t❤❡ ❨❙❈❇ ✇❛s ♣r❡s❡♥t❡❞ ❜② ❨❛❤♦♦ ❬❈♦♦♣❡r ❡t ❛❧✳ ✷✵✶✵❪ t♦ ❜❡♥❝❤♠❛r❦ ❢♦✉r
♠❛✐♥ ❢❡❛t✉r❡s ♦❢ ❞✐str✐❜✉t❡❞ ❞❛t❛❜❛s❡ st♦r❡s✿ ✭✶✮ P❡r❢♦r♠❛♥❝❡❀ ✭✷✮ ❙❝❛❧❛❜✐❧✐t②❀ ✭✸✮ ❆✈❛✐❧❛❜✐❧✐t②❀ ❛♥❞
✭✹✮ ❘❡♣❧✐❝❛t✐♦♥✳ ❚❤❡ ❨❙❈❇ ✐♥❝❧✉❞❡s ❛ ❧♦❛❞ ❣❡♥❡r❛t♦r t♦ ❛❧❧♦✇ ❜❡♥❝❤♠❛r❦✐♥❣ ❞✐✛❡r❡♥t ❞❛t❛❜❛s❡ st♦r❡s✱
✐♥❝❧✉❞✐♥❣ r❡❧❛t✐♦♥❛❧ ❛♥❞ ❦❡②✲✈❛❧✉❡✳ ❍♦✇❡✈❡r✱ t❤❡ ❧♦❛❞ ❣❡♥❡r❛t♦r ❞♦❡s ♥♦t ✐♥❝❧✉❞❡ ❢❛✉❧t✲✐♥❥❡❝t✐♦♥ ❛♥❞
❛ss❡ss✐♥❣ ❛✈❛✐❧❛❜✐❧✐t② ❛♥❞ r❡♣❧✐❝❛t✐♦♥ ❛r❡ ♣✉t ♦✛ t♦ ❢✉t✉r❡ ✇♦r❦✳

❚❤❡ ❘✲❝✉❜❡❞ ❬❩❤✉ ❡t ❛❧✳ ✷✵✵✷❪ ❜❡♥❝❤♠❛r❦ ✇❛s ❞❡s✐❣♥❡❞ t♦ ❛ss❡ss ❛✈❛✐❧❛❜✐❧✐t② ♦❢ ❝♦♠♣✉t❛t✐♦♥❛❧ s②s✲
t❡♠s ✐♥ ❣❡♥❡r❛❧ t❤❛t ✇❛s ❢✉rt❤❡r ❡①t❡♥❞❡❞ t♦ ❛ ❜❡♥❝❤♠❛r❦ s✉✐t❡ ❝❛❧❧❡❞ t❤❡ ❙②st❡♠ ❘❡❝♦✈❡r② ❇❡♥❝❤♠❛r❦
✭❙❘❇✮✳ ❚❤❡ s✉✐t❡ ❜✉♥❞❧❡s ✜✈❡ ❞✐✛❡r❡♥t ❜❡♥❝❤♠❛r❦s✿ ✭✶✮ ❈❧✉st❡r ✲ ❙❘❇✲❳❀ ✭✷✮ ❆♣♣❧✐❝❛t✐♦♥ ✲ ❙❘❇✲❉❀
✭✸✮ ❉❛t❛❜❛s❡s ✲ ❙❘❇✲❈❀ ✭✹✮ ❍❛r❞ ❞✐s❦ ✭❘❆■❉✮ ✲ ❙❘❇✲❇❀ ✭✺✮ ❖♣❡r❛t✐♥❣ s②st❡♠ ✲ ❙❘❇✲❆✳ ❍♦✇❡✈❡r✱
❥✉st t✇♦ ♦❢ t❤❡♠ ✇❡r❡ ✐♠♣❧❡♠❡♥t❡❞ ✭✐✳❡✳✱ ❙❘❇✲❳ ❛♥❞ ❙❘❇✲❆✮✳

❚❤❡ ❉❇❡♥❝❤✲❖▲❚P ❬❱✐❡✐r❛ ❛♥❞ ▼❛❞❡✐r❛ ✷✵✵✸❪ ❜❡♥❝❤♠❛r❦ ✇❛s ❛❧s♦ ❞❡s✐❣♥❡❞ t♦ ❛ss❡ss ❛✈❛✐❧❛❜✐❧✐t② ♦❢
tr❛♥s❛❝t✐♦♥❛❧ s②st❡♠s✳ ■t ❜r♦❛❞❧② ✉s❡s t❤❡ ❚P❈✲❈ s♣❡❝✐✜❝❛t✐♦♥ ✇✐t❤ t✇♦ ♠❛✐♥ ❡①t❡♥s✐♦♥s ✐♥ ♦r❞❡r t♦
♠✐♠✐❝ r❡❛❧ s②st❡♠ ♣r♦❜❧❡♠s✿ ❢❛✉❧t✲✐♥❥❡❝t✐♦♥ ❛♥❞ ♠❡❛s✉r❡s r❡❧❛t❡❞ t♦ s②st❡♠ ❞❡♣❡♥❞❛❜✐❧✐t② ✭❡✳❣✳✱ ♠❡❛♥
t✐♠❡ t♦ ❞❡t❡❝t ❡rr♦rs✮✳ ❚❤❡ ❯P❇ ♠❡❛s✉r❡s ❛✈❛✐❧❛❜✐❧✐t② ❢r♦♠ ❛♥♦t❤❡r ❛♥❣❧❡ ❝♦♠♣❛r❡❞ t♦ t❤❡ r❡❧❛t❡❞
✇♦r❦ ♠❡❛s✉r✐♥❣ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ✐♠♣❛❝t t♦ ♠❛✐♥t❛✐♥ r❡♣❧✐❝❛s ✉♣♦♥ ❢❛✉❧ts✳

❆♥ ✐♠♣♦rt❛♥t r❡❝❡♥t ✇♦r❦ ✐s t❤❡ ❡①t❡♥s✐♦♥ ♦❢ ❚P❈✲❊ ❬▲✐ ❛♥❞ ▲❡✈✐♥❡ ✷✵✶✷❪✳ ❚❤❡ ❛✉t❤♦rs ❢♦❝✉s ♦♥
✈❛❧✐❞❛t✐♦♥ ♠❡❝❤❛♥✐s♠s t♦ ❡♥s✉r❡ t❤❡ ❤✐❣❤✲❛✈❛✐❧❛❜✐❧✐t② ❢♦r ❉❇▼❙s✳ ❚❤❡ ❤✐❣❤✲❛✈❛✐❧❛❜✐❧✐t② ✐s s✉♣♣♦rt❡❞
❜② ✉s✐♥❣ t✇♦ s❡r✈❡rs t♦ r✉♥ t❤❡ ❞❛t❛❜❛s❡✿ ✶✲ ▼❛✐♥ s❡r✈❡r❀ ✷ ✲ ❙t❛♥❞❜② s❡r✈❡r ✭✐✳❡✳✱ ❜❛❝❦✉♣ s❡r✈❡r✮✳
❚❤❡ ♠❡t❤♦❞♦❧♦❣② ✐s ❛♥ ❡①t❡♥s✐♦♥ ♦❢ ❚P❈✲❊ ❬t♣❝ ❪ ✇✐t❤ ♠❡tr✐❝s t♦ ❡✈❛❧✉❛t❡ t❤❡ ✐♠♣❛❝t ♦❢ ❢❛✐❧✉r❡s ♦♥
t❤❡ ♠❛✐♥ s❡r✈❡r✳ ❚♦ ✈❛❧✐❞❛t❡ t❤❡ ❛✈❛✐❧❛❜✐❧✐t②✱ t❤❡ ❛✉t❤♦rs ♣r♦♣♦s❡❞ t✇♦ ♠❡tr✐❝s✿ ✶ ✲ ■♠♣❛❝t ♦❢ ✉s✐♥❣
❛ st❛♥❞❜② s❡r✈❡r❀ ✷ ✲ ❘❡❝♦✈❡r② ✐♠♣❛❝ts✳ ❚❤✐s ❜❡♥❝❤♠❛r❦ ❛✐♠s t♦ ♠❡❛s✉r❡ t❤❡ ✐♠♣❛❝t ♦❢ ♠✐rr♦r✐♥❣ ♦❢
❝❡♥tr❛❧✐③❡❞ ❉❇▼❙✳

✺✳✶ ❯P❇ ✈❡rs✉s ❘❡❧❛t❡❞ ✇♦r❦

❚❤❡ ♠❛✐♥ ❛s♣❡❝t t❤❛t ♠❛❦❡ t❤❡ ❡①✐st✐♥❣ ❜❡♥❝❤♠❛r❦s ♥♦t s✉✐t❛❜❧❡ ❢♦r ❉❉❇▼❙ ✐s r❡❧❛t❡❞ t♦ ❛✈❛✐❧❛❜✐❧✐t②
r❡q✉✐r❡♠❡♥ts✳ ❚❤❡ r❡❧❛t❡❞ ✇♦r❦ ♣r❡s❡♥ts t✇♦ ❛♣♣r♦❛❝❤❡s✳ ❚❤❡ ❞✐str✐❜✉t❡❞ ♦♥❡ ♠✐ss❡s ❛♥② t②♣❡ ♦❢
❢❛✉❧t✲✐♥❥❡❝t✐♦♥ ♠❡❝❤❛♥✐s♠ ✐♠♣❡❞✐♥❣ ❛♥② ❛tt❡♠♣t t♦ ❜❡♥❝❤♠❛r❦ ❛✈❛✐❧❛❜✐❧✐t②✳ ■♥ ❢❛❝t✱ t❤❡② ♣♦✐♥t ♦✉t
❜❡♥❝❤♠❛r❦✐♥❣ ❛✈❛✐❧❛❜✐❧✐t② ♦♥❧② ❛s ❢✉t✉r❡ ✇♦r❦ ✭❡✳❣✳✱ ❨❈❙❇✮✳ ❚❤❡ s❡❝♦♥❞ ❛♣♣r♦❛❝❤ ♣r♦✈✐❞❡s ❢❛✉❧t✲
✐♥❥❡❝t✐♦♥✱ ❜✉t ❢♦r ❝❡♥tr❛❧✐③❡❞ ❡♥✈✐r♦♥♠❡♥ts ✐♥st❡❛❞✳ ■♥ ❝♦♥tr❛st✱ ✇❡ ♣r❡s❡♥t ❛ ❜❡♥❝❤♠❛r❦ t❤❛t ❛✐♠s t♦
❡①❡r❝✐s❡ t❤❡ ♠❡❝❤❛♥✐s♠s ❞❡✈❡❧♦♣❡❞ t♦ s✉♣♣♦rt ❤✐❣❤ ❛✈❛✐❧❛❜✐❧✐t② ❝❧❛✐♠❡❞ ❜② ❉❉❇▼❙✳

❚❤✉s✱ ♦✉r ❡①♣❡r✐♠❡♥ts ❛r❡ ❢♦❝✉s❡❞ ♦♥ ❝♦♠♣❛r❡ ❉❉❇▼❙ ♣❡r❢♦r♠❛♥❝❡✳ ❚❤❡ ❝♦♠♣❛r✐s♦♥ ♦❢ ♦✉r
r❡s✉❧ts ✇✐t❤ r❡❧❛t❡❞ ❜❡♥❝❤♠❛r❦s ✐s ❛♥ ♦♣❡♥ ✐ss✉❡✱ ❛♥❞ ♣❛rt✐❝✉❧❛r❧② ❤❛r❞ t♦ ❞♦ s✐♥❝❡ t❤❡② ❞♦♥✬t ❞❡❛❧
✇✐t❤ ❛✈❛✐❧❛❜✐❧✐t② ❛s♣❡❝ts s✉♣♣♦rt❡❞ ❜② ♦✉r ❜❡♥❝❤♠❛r❦✳

✻✳ ❈❖◆❈▲❯❙■❖◆

❲❡ ♣r❡s❡♥t❡❞ t❤❡ ❯♥❞❡r Pr❡ss✉r❡ ❇❡♥❝❤♠❛r❦ ✭❯P❇✮ ❢♦r ❡✈❛❧✉❛t✐♥❣ ❉❉❇▼❙ t❤❛t s✉♣♣♦rt ❛✈❛✐❧❛❜✐❧✐t②
t❤r♦✉❣❤ r❡♣❧✐❝❛t✐♦♥✳ ❚❤❡ ❯P❇ ♠❡t❤♦❞♦❧♦❣② ✐♥❝r❡❛s❡s t❤❡ ❡✈❛❧✉❛t✐♦♥ ❝♦♠♣❧❡①✐t② ❢r♦♠ ❛ st❛❜❧❡ s②st❡♠

❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❛♥❞ ❉❛t❛ ▼❛♥❛❣❡♠❡♥t✱ ❱♦❧✳ ✱ ◆♦✳ ✱ ✷✵✳



❯♥❞❡r Pr❡ss✉r❡ ❇❡♥❝❤♠❛r❦ · ✶✸

s❝❡♥❛r✐♦ ✉♣ t♦ ❛ ❢❛✉❧t② s②st❡♠ s❝❡♥❛r✐♦✱ ✐♥❝❧✉❞✐♥❣ ✭✶✮ ♥♦ ❢❛✉❧t t♦❧❡r❛♥❝❡✱ ♥♦ ❢❛✐❧✉r❡s❀ ✭✷✮ ❢❛✉❧t t♦❧❡r❛♥❝❡✱
♥♦ ❢❛✐❧✉r❡s❀ ✭✸✮ ❢❛✉❧t t♦❧❡r❛♥❝❡ ✇✐t❤ ❢❛✐❧✉r❡s✳ ❚♦ t❤❡ ❜❡st ♦❢ ♦✉r ❦♥♦✇❧❡❞❣❡✱ ✇❡ ❛r❡ t❤❡ ✜rst ❜❡♥❝❤♠❛r❦
✇✐t❤ s✉❝❤ ♥❛t✉r❡✳

❚❤❡ ❯P❇ ♣r♦✈✐❞❡s ❛ ❢♦❝✉s❡❞ ❜❡♥❝❤♠❛r❦ t♦ ❞❡❛❧ ✇✐t❤ ❛ ❝❡♥tr❛❧ ✐ss✉❡ r❡❧❛t❡❞ t♦ ❉❉❇▼❙ ❛✈❛✐❧❛❜✐❧✐t②✳
❲❡ ❜❡❧✐❡✈❡ t❤❛t t❤❡ ❯P❇ ✜ts t❤❡ r❡q✉✐r❡♠❡♥ts ❢♦r ❡✈❛❧✉❛t✐♥❣ ❉❉❇▼❙ ✉♣♦♥ ❝r✐t✐❝❛❧ s✐t✉❛t✐♦♥s✱ s✉❝❤
❛s ❤❡❛✈② ❧♦❛❞s ❛♥❞ ❢❛✐❧✉r❡s✳ ▼♦r❡♦✈❡r✱ t❤❡ ❯P❇ ♣r♦✈✐❞❡s ❛ ❣♦♦❞ ❜❛s✐s ❢♦r ❞❛t❛❜❛s❡ ❛❞♠✐♥✐str❛t♦rs t♦
t❛❦❡ ❞❡❝✐s✐♦♥ ❛❜♦✉t r❡♣❧✐❝❛t✐♦♥ ✐♥❞❡①❡s✱ ❜❛s❡❞ ♦♥ ♣❡r❢♦r♠❛♥❝❡ ✐♠♣❛❝t✳

❲❡ ✈❛❧✐❞❛t❡ ♦✉r ❜❡♥❝❤♠❛r❦ t❤r♦✉❣❤ ❡①♣❡r✐♠❡♥t❛t✐♦♥ ❛♥❞ ❡✈❛❧✉❛t✐♦♥ ♦❢ ❤✐❣❤✲t❤r♦✉❣❤♣✉t ✐♥✲♠❡♠♦r②
❉❉❇▼❙✿ ❱♦❧t❉❇✱ ◆✉♦❉❇✱ ❛♥❞ ❉❜♠s✲❳✳ ❲❡ ❤❛✈❡ ✈❡r✐✜❡❞ t❤❛t ❞❛t❛ r❡♣❧✐❝❛t✐♦♥ ❤❛s ❛ ❧❛r❣❡ ✐♠♣❛❝t
♦♥ ♣❡r❢♦r♠❛♥❝❡✱ ❛s ❛ s✐❞❡✲❡✛❡❝t ♦❢ ❛✈❛✐❧❛❜✐❧✐t②✳ ❚❤❡ ✐♠♣❛❝t ❝♦✉❧❞ ❜❡ ❝♦♥s✐❞❡r❡❞ ❜♦t❤✱ ♥❡❣❛t✐✈❡ ❛♥❞
♣♦s✐t✐✈❡✱ ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ❉❉❇▼❙✳ ❚❤✐s ✐s ♠♦r❡ ❡✈✐❞❡♥t ✇❤✐❧❡ t❤❡ ❉❉❇▼❙ ✐s ✉♥❞❡r ❤✐❣❤✲t❤r♦✉❣❤♣✉t
❧♦❛❞✱ ✇❤✐❝❤ ✐s ❡①♣❡❝t❡❞ ✐♥ ❈❧♦✉❞✲❜❛s❡❞ ❛♣♣❧✐❝❛t✐♦♥s✳

❚❤❡r❡ ❛r❡ ❞✐✛❡r❡♥t ♣❛t❤s ❢♦r ❢✉t✉r❡ ✇♦r❦✳ ■t ✐s ♥❡❡❞❡❞ t♦ ✐♥❝❧✉❞❡ ♠❡tr✐❝s ❢♦r ♦t❤❡r ❛✈❛✐❧❛❜✐❧✐t②
♠❡❝❤❛♥✐s♠s✱ ✐♥❝❧✉❞✐♥❣ ❞❛t❛ ♣❛rt✐t✐♦♥✐♥❣✱ ❞❛t❛❜❛s❡ ♠✐rr♦r✐♥❣ ❛♥❞ r❡❝♦✈❡r②✳ ❍♦✇❡✈❡r✱ ✐♥ t❤✐s ❧❛tt❡r✱
t❤❡ ❞❛t❛❜❛s❡ ❝♦✉❧❞ ❜❡ ❝♦♥s✐❞❡r❡❞ ✐♥ ❛ ♥♦♥✲st❡❛❞② st❛t❡ ❜❡❝❛✉s❡ ♠❛❝❤✐♥❡ ♥♦❞❡s ♥❡❡❞ t♦ ❜❡ ❞r♦♣♣❡❞
❛❧♦♥❣ ❡①❡❝✉t✐♦♥✳ ■♥ t❤❡ ❝♦♥t❡①t ♦❢ ❤✐❣❤✲t❤r♦✉❣❤♣✉t ✐♥✲♠❡♠♦r② ❉❉❇▼❙✱ ♥❡①t st❡♣s ✐♥❝❧✉❞❡ ♠❡❛s✉r✐♥❣
t❤❡ ♦✈❡r❤❡❛❞ ♦❢ ❦❡❡♣✐♥❣ s♥❛♣s❤♦ts ❛♥❞ ❝❤❡❝❦♣♦✐♥ts ✐♥ ❞✐s❦ ✇❤✐❧❡ t❤❡ s②st❡♠ ✐s ✉♣♦♥ ❞✐✛❡r❡♥t ✇♦r❦❧♦❛❞
s❝❡♥❛r✐♦s✱ ❧✐❦❡ t❤♦s❡ ❡①♣❧♦r❡❞ ✐♥ t❤✐s ❛rt✐❝❧❡✳ ❲❡ ❛❧s♦ ✐♥t❡♥❞ t♦ ✐♠♣r♦✈❡ t❤❡ ❢❛✉❧t✲✐♥❥❡❝t✐♦♥ ❡✈❛❧✉❛t✐♦♥
❜② ♠❡❛s✉r✐♥❣ t❤❡ ✐♠♣❛❝t ♦❢ ❞✐✛❡r❡♥t ❢❛✐❧✉r❡s ❜② s✐♠✉❧❛t✐♥❣ s♣❡❝✐✜❝ ❢❛✉❧ts ✭❡✳❣✳✱ ❞✐s❦ ❢❛✐❧✉r❡✱ ♥❡t✇♦r❦
♦✉t❛❣❡✮✳

❆❈❑◆❖❲▲❊❉●▼❊◆❚

❙✉♣♣♦rt❡❞ ❜② t❤❡ ❋♦♥❞s ◆❛t✐♦♥❛❧ ❞❡ ❧❛ ❘❡❝❤❡r❝❤❡✱ ▲✉①❡♠❜♦✉r❣ ✾✵✷✸✾✾✱ ❈◆P◗ ❣r❛♥t ✹✽✶✼✶✺✴✷✵✶✶✲✽✱
❋✉♥❞❛❝❛♦ ❆r❛✉❝❛r✐❛ ❣r❛♥t ✷✵✽✼✹✱ ❛♥❞ ❙❊❘P❘❖✳

❘❊❋❊❘❊◆❈❊❙

❚r❛♥s❛❝t✐♦♥ Pr♦❝❡ss✐♥❣ P❡r❢♦r♠❛♥❝❡ ❈♦✉♥❝✐❧✱ ❤tt♣✿✴✴✇✇✇✳t♣❝✳♦r❣✴✳

❈♦♦♣❡r✱ ❇✳ ❋✳✱ ❙✐❧❜❡rst❡✐♥✱ ❆✳✱ ❚❛♠✱ ❊✳✱ ❘❛♠❛❦r✐s❤♥❛♥✱ ❘✳✱ ❛♥❞ ❙❡❛rs✱ ❘✳ ❇❡♥❝❤♠❛r❦✐♥❣ ❝❧♦✉❞ s❡r✈✐♥❣ s②st❡♠s
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