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❆❜str❛❝t

❙❧❡❡♣ ✐s ❛ ♣❤②s✐♦❧♦❣✐❝❛❧ ♣❤❡♥♦♠❡♥♦♥ ❛♥❞ ❛ s✉✣❝✐❡♥t ❛♠♦✉♥t ♦❢ s❧❡❡♣ ✐s ♠❛♥❞❛t♦r② ❢♦r
❛ ❤✉♠❛♥ ❢♦r ❤✐s✴❤❡r ❤❡❛❧t❤✳ ❚❤❡ ❛✐♠ ♦❢ t❤❡ ♣❛♣❡r ✐s t♦ ❞❡✈❡❧♦♣ ❛♥ ❡✣❝✐❡♥t ❛❧❣♦r✐t❤♠ t♦
❞❡t❡❝t t❤❡ ✈❛r✐♦✉s s❧❡❡♣ st❛t❡s ❜② ❝♦♠❜✐♥✐♥❣ ❞✐✛❡r❡♥t ❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s✳ ❚❤❡ ♥♦✈❡❧t② ♦❢
t❤❡ ❛❧❣♦r✐t❤♠ ✐s t❤❛t ✇❡ ✉s❡❞ t✇♦ ♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r ❞❛t❛ r❡❞✉❝t✐♦♥ t❡❝❤♥✐q✉❡s ♥❛♠❡❧② ❛
♥❡✇ ❍❛❧❢✇❛✈❡ ♠❡t❤♦❞ ✐♥ t✐♠❡ ❞♦♠❛✐♥ ❛♥❞ ❋r❛♥❦❧✐♥ tr❛♥s❢♦r♠❛t✐♦♥ ✐♥ ❢r❡q✉❡♥❝② ❞♦♠❛✐♥✳
❚❤❡ ♦❜t❛✐♥❡❞ t✇♦ ♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r ❢♦r♠s ♦❢ s✐❣♥❛❧s ❤❛✈❡ ❧♦✇ ❝♦♠♣❧❡①✐t② t❤❛t st✐❧❧ ♣r❡s❡r✈❡
t❤❡ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ t❤❡ st❛❣❡s ♦❢ t❤❡ s❧❡❡♣ ✐♥ t❤❡ s✐❣♥❛❧s✳ ❚❤❡ ❝♦♠♣♦♥❡♥ts ♦❢ t❤❡ ❢❡❛t✉r❡
✈❡❝t♦r ❛r❡ ❣❡♥❡r❛t❡❞ ❢r♦♠ t❤❡ ♣❛r❛♠❡t❡rs ♦❢ t❤❡ t✇♦ r❡❞✉❝❡❞ ♣✐❡❝❡ ✇✐s❡ ❧✐♥❡❛r ❢✉♥❝t✐♦♥s✳
❆❧❣♦r✐t❤♠ ✐s t❡st❡❞ ♦♥ ▼■❚✲❇■❍ P♦❧②s♦♠♥♦❣r❛♣❤✐❝ ❉❛t❛❜❛s❡ ❤❛✈✐♥❣ ♠♦r❡ t❤❛♥ ✼✵ ❤♦✉rs
❧♦♥❣ t❡r♠ ❊❊●✱ ❜❧♦♦❞ ❛♥❞ ♥❛s❛❧ s✐❣♥❛❧s ✇✐t❤ s✐① ❞✐✛❡r❡♥t s❧❡❡♣ ❝❧❛ss❡s✳ Pr♦♣♦s❡❞ ♠❡t❤♦❞
s❤♦✇s ❜❡tt❡r ♣❡r❢♦r♠❛♥❝❡ ✐♥ t❡r♠s ♦❢ ❛✈❡r❛❣❡ ❙❡♥s✐t✐✈✐t②✱ ❙♣❡❝✐✜❝✐t②✱ ❆❝❝✉r❛❝② ❛♥❞ ❋❛❧s❡
❆❧❛r♠ ❘❛t❡✴❤♦✉r t❤❛♥ st❛t❡ ♦❢ t❤❡ ❛rt ♠❡t❤♦❞s✳

❦❡②✇♦r❞s✿ ❙❧❡❡♣ st❛t❡s✱ ❍❛❧❢✇❛✈❡✱ ❋❛❜❡r ❙❝❤❛✉❞❡r✱ ❋r❛♥❦❧✐♥ s②st❡♠✱ ❑✲◆❡❛r❡st ◆❡✐❣❤❜♦r✱ ❆❉❆❙❨◆✱
❊❊●✱ ❇❧♦♦❞✱ ◆❛s❛❧ s✐❣♥❛❧

✶ ■♥tr♦❞✉❝t✐♦♥

❙❧❡❡♣ ✐s ❛ s✐❣♥✐✜❝❛♥t ♣❛rt ♦❢ ♣❡rs♦♥✬s ❧✐❢❡ ❛♥❞ ✐♥❞✐✈✐❞✉❛❧s ✉s❡❞ t♦ s❧❡❡♣ ♦♥❡✲t❤✐r❞ ♦❢ t❤❡✐r ❡♥t✐r❡
❧✐❢❡✳ ❖✉r r❡s❡❛r❝❤ ✐s ♠♦t✐✈❛t❡❞ ❜② t❤❡ ❢❛❝t t❤❛t t❤❡r❡ ❛r❡ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ❞✐s♦r❞❡rs ❧✐❦❡ ✐♥s♦♠♥✐❛✱
❜r❡❛t❤✐♥❣ ❞✐s♦r❞❡rs✱ ✇❛❦❡✲s❧❡❡♣ ❞✐s♦r❞❡r s❧❡❡♣ ♠♦✈❡♠❡♥t ❞✐s♦r❞❡r ❢♦✉♥❞ ✐♥ ❤✉♠❛♥ ❜❡✐♥❣s✳ ❊✈❡r②
s❧❡❡♣ st❛t❡ ❤❛s ❞✐✛❡r❡♥t ❣r♦✉♣ ♦❢ ♥❡✉r♦❧♦❣✐❝❛❧ ❛♥❞ ♣❤②s✐♦❧♦❣✐❝❛❧ ❢❡❛t✉r❡s✳ ❚❤❡ ❝♦rr❡❝t ✐❞❡♥t✐✜❝❛t✐♦♥
♦❢ t❤❡s❡ ❢❡❛t✉r❡s ❛❧♦♥❣ ✇✐t❤ t❤❡✐r st❛t❡s ❛r❡ ✐♠♣♦rt❛♥t ❢♦r ❞✐❛❣♥♦s✐s ❛♥❞ t❤❡ ❜❡tt❡r tr❡❛t♠❡♥t
❢♦r s✉❝❤ s❧❡❡♣ ❞✐s♦r❞❡rs ❬✶❪✳ ❙❧❡❡♣ ❝❧❛ss✐✜❝❛t✐♦♥ ♣r♦❝❡ss ✐s ♥♦t ❛ st❛♥❞❛r❞✐③❡❞ ♦♥❡✱ ✐✳❡✳ ❞✐✛❡r❡♥t
❡①♣❡rts ❤❛✈❡ ❞✐✛❡r❡♥t ❝r✐t❡r✐❛ t♦ ♠❛r❦ ❛ s♣❡❝✐✜❝ ♣❡r✐♦❞ ♦❢ s❧❡❡♣✳ ❯s✉❛❧❧② s❧❡❡♣ s❝✐❡♥t✐sts ♠❛❦❡
❝❧❛ss✐✜❝❛t✐♦♥s ❜② ✉s✐♥❣ ✈✐s✉❛❧ ♠❡t❤♦❞ t♦ ♣r❡❞✐❝t ♦r ❞❡❝✐❞❡ ✐♥ ✇❤✐❝❤ st❛t❡ t❤❡ ♣❛t✐❡♥t ✐s ❢♦r ❛
s♣❡❝✐✜❝ t✐♠❡ ❬✷❪✳ ❆r♦✉♥❞ ✷✹✪ ♦❢ t❤❡ ❛❞✉❧t ♣♦♣✉❧❛t✐♦♥ ❤❛✈❡ r❡❣✉❧❛r s❧❡❡♣ ❞✐s♦r❞❡rs✳ ❖❤❛②♦♥ ❛♥❞
❙♠✐r♥❡ ❬✸❪ s❤♦✇♥ ✷✼✳✻✪ ♦❢ t❤❡ ■t❛❧✐❛♥ ♣♦♣✉❧❛t✐♦♥ ❤❛✈❡ s❧❡❡♣ ♣r♦❜❧❡♠✳ ●✉♣t❛ ❡t ❛❧✳ ❬✹❪ s❤♦✇♥
■♥❞✐❛♥ ♣♦♣✉❧❛t✐♦♥ ❤❛✈❡ ✶✵✲✶✺✪ ✐♥s♦♠♥✐❛ ❛♥❞ ✶✵✪ ❞❡❧❛②❡❞ s❧❡❡♣ ✇❛✈❡ ♣❤❛s❡ ❞✐s♦r❞❡r✳ ❲♦r❧❞✇✐❞❡
t❤✐s ♣r♦❜❧❡♠ ✐s ✐♥❝r❡❛s✐♥❣ ❞❛② ❜② ❞❛② ❛♥❞ ❛❝❝♦r❞✐♥❣ t♦ ❖❧✐✈❡r ❡t ❛❧✳ ❬✺❪ t❤✐s ♣r♦❜❧❡♠ ❝♦sts ❛r♦✉♥❞
✩✶✵✵ ❜✐❧❧✐♦♥ ❯❙❉ ♣❡r ②❡❛r✳ ❆❝❝♦r❞✐♥❣ t♦ ❘✫❑ ❬✻❪ r✉❧❡s s❧❡❡♣ ✐s ❝❛t❡❣♦r✐③❡❞ ✐♥t♦ s✐① ❝❛t❡❣♦r✐❡s✱
❘❊▼✱ s❧❡❡♣ st❛❣❡✶✱ st❛❣❡✷✱ st❛❣❡✸✱ st❛❣❡✹ ❛♥❞ ✇❛❦❡ st❛t❡✳ ▲❛t❡r ♦♥ ◆❘▼❊✷ ❛♥❞ ◆❘▼❊✸ ❛r❡
❛❧s♦ ❝♦♠❜✐♥❡❞ r❡s✉❧t❡❞ ❛s ❥✉st ❢♦✉r ♠❛✐♥ ❝❧❛ss❡s ♥❛♠❡❧② ❧✐❣❤t s❧❡❡♣✱ ❉❡❡♣ s❧❡❡♣ ❘❊▼ ❛♥❞ ❆✇❛❦❡
st❛t❡ ❬✼❪✳ ■♥ t❤❡ ♣r♦♣♦s❡❞ ♠❡t❤♦❞ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ❋❛❜❡r ❙❝❤❛✉❞❡r s②st❡♠ ✇✐t❤ ❍❛❧❢✇❛✈❡ ✐s
❥✉st✐✜❡❞ ❜❡❝❛✉s❡ ❋❛❜❡r✲❙❝❤❛✉❞❡r s②st❡♠ ❛♥❞ ❍❛❧❢✇❛✈❡ ❞❡❝♦♠♣♦s✐t✐♦♥ ❜♦t❤ ❛r❡ ❧✐♥❡❛r ♣✐❡❝❡✇✐s❡
s②st❡♠s ❛♥❞ t❤❡ ❞✐s❝r❡t❡ ✈❡rs✐♦♥ ♦❢ t❤❡ ❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s ✐s ❛❧s♦ ♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r ❬✽❪✱❬✾❪✱❬✶✵❪✳ ❋♦r
❛❝❝✉r❛t❡ ❞✐❛❣♥♦s✐s ♦❢ s❧❡❡♣ ♣❤❛s❡s✱ ✇❤♦❧❡ ❞✉r❛t✐♦♥ r❡❝♦r❞✐♥❣s ♦❢ t❤❡ s❡❧❡❝t❡❞ ❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s
♥❡❡❞s ❛♥ ❡①♣❡rt ♠❛♥✉❛❧ s❝♦r✐♥❣ ❢♦r s❧❡❡♣ st❛❣❡s ✉s✐♥❣ s♦♠❡ st❛♥❞❛r❞s✱ ✇❤✐❝❤ ✐s t✐♠❡ ❝♦♥s✉♠✐♥❣



✷✶✸t❤ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ▼❛t❤❡♠❛t✐❝s ❛♥❞ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱❖❝t♦❜❡r ✶ ✕ ✸✱ ✷✵✷✵✱ ❊▲❚❊✱ ❍✉♥❣❛r②

❛♥❞ ♠❛♥✉❛❧ s❝♦r✐♥❣ ❧♦♦❦s ✐♠♣♦ss✐❜❧❡ ❢♦r ❧♦♥❣ r❡❝♦r❞❡❞ ❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s✳ ❚❤❡r❡❢♦r❡✱ t❤❡r❡ ✐s
❛ ♥❡❡❞ ❢♦r ❛✉t♦♠❛t✐❝ s❧❡❡♣ ♣❤❛s❡ ❞❡t❡❝t✐♦♥ t♦ r❡❞✉❝❡ ❝♦st ❛♥❞ t♦ ✐♥❝r❡❛s❡ ❛❝❝❡ss t♦ ❞✐❛❣♥♦s✐s
s❧❡❡♣ st❛❣❡s✳ ❯s✉❛❧❧②✱ s✐① ❊❊● ✇❛✈❡ ♣❛tt❡r♥s ❛r❡ ✉s❡❞ t♦ ❞✐✛❡r❡♥t✐❛t❡ ✇❛❦❡ ❛♥❞ s❧❡❡♣ st❛t❡s
❛♥❞ ❝❧❛ss✐❢② s❧❡❡♣ st❛❣❡s✿ ✭✶✮ ❛❧♣❤❛ ❛❝t✐✈✐t②✱ ✭✷✮ t❤❡t❛ ❛❝t✐✈✐t②✱ ✭✸✮ ✈❡rt❡① s❤❛r♣ ✇❛✈❡s✱ ✭✹✮ s❧❡❡♣
s♣✐♥❞❧❡s✱ ✭✺✮ ❑ ❝♦♠♣❧❡①❡s✱ ❛♥❞ ✭✻✮ s❧♦✇ ✇❛✈❡ ❛❝t✐✈✐t② ❬✶✻❪✱❬✶✶❪✱❬✶✷❪✱❬✶❪✱❬✶✸❪✱❬✶✹❪✳ ❚❤❡ ♠❛✐♥ ❝❤❛❧❧❡♥❣❡
t♦ ❛✉t♦♠❛t✐❝ s❧❡❡♣ ♣❤❛s❡ ❞❡t❡❝t✐♦♥ ✐s ❤❡t❡r♦❣❡♥❡✐t②✳ ❚❤✐s ♠❡❛♥s ♠❡❛♥s t❤❛t ♣❡♦♣❧❡ ❛r♦✉♥❞ t❤❡
✇♦r❧❞ ❤❛✈❡ ❞✐✛❡r❡♥t ❝r❛♥✐❛❧ str✉❝t✉r❡s ✇❤✐❝❤ ❡✛❡❝t t❤❡ ♣❛tt❡r♥s ✐♥ t❤❡ s✐❣♥❛❧✳ ❋♦r ❡①❛♠♣❧❡ ✶✵
♣❡r❝❡♥t ✐♥❞✐✈✐❞✉❛❧s ❞♦♥✬t ♣r♦❞✉❝❡ ❛❧♣❤❛ r❤②t❤♠ ❞✉r✐♥❣ st❛❣❡ ❲ ✭✇❛❦❡✮ ❛♥❞ ✶✵ ♣❡r❝❡♥t ❝r❡❛t❡
❥✉st ❛ ❝♦♥str❛✐♥❡❞ ♦r ❧✐♠✐t❡❞ ❛❧♣❤❛ ❜❡❛t✳ ❚❤✐s ❥✉st✐✜❡s t❤❡ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ♦t❤❡r s✐❣♥❛❧s ✇✐t❤
❊❊● ✭ ✭❡❧❡❝tr♦❡♥❝❡♣❤❛❧♦❣r❛♣❤✮ ✐♥ ♦r❞❡r t♦ ✐♠♣r♦✈❡ t❤❡ r❡s✉❧ts✳ ❲❡ ❡①t❡♥❞ ♦✉r ♠❡t❤♦❞ ❬✶✺❪✱
♦r✐❣✐♥❛❧❧② ❞❡✈❡❧♦♣❡❞ ❛♥❞ s✉❝❝❡ss❢✉❧❧② ❛♣♣❧✐❡❞ ❢♦r ❡♣✐❧❡♣s② s❡✐③✉r❡ ❞❡t❡❝t✐♦♥ t♦ t❤❡ ❝❛s❡ ♦❢ s❧❡❡♣
st❛❣❡ ❝❧❛ss✐✜❝❛t✐♦♥ ✐♥ ❊❊● s✐❣♥❛❧s✳

✷ ❉❛t❛❜❛s❡ ❛♥❞ ❝❤❛♥♥❡❧ s❡❧❡❝t✐♦♥

✷✳✶ ❉❛t❛❜❛s❡

▼■❚✲❇■❍ P♦❧②s♦♠♥♦❣r❛♣❤✐❝ ❉❛t❛❜❛s❡✱ ❝♦❧❧❡❝t❡❞ ❛♥❞ ❞❡s❝r✐❜❡❞ ❜② ■❝❤✐♠❛r✉ ❡t ❛❧✳ ❬✶✼❪✱❬✶✽❪ ❛t
❇♦st♦♥✬s ❇❡t❤ ■sr❛❡❧ ❍♦s♣✐t❛❧ ❙❧❡❡♣ ▲❛❜♦r❛t♦r②✳ ■t ✐s ♦♣❡♥ s♦✉r❝❡ ❞❛t❛❜❛s❡ ❛♥❞ ✐s ❢r❡❡❧② ❛✈❛✐❧❛❜❧❡
❛t ✭❤tt♣s✿✴✴✇✇✇✳♣❤②s✐♦♥❡t✳♦r❣✴♣❤②s✐♦❜❛♥❦✴❞❛t❛❜❛s❡✴s❧♣❞❜✴✮✳ ■t ✐s ❛ ❞❛t❛ ❝♦❧❧❡❝t✐♦♥ ❢r♦♠ ✶✻
s✉❜❥❡❝ts ♦r ♣❛t✐❡♥ts ✇❤♦s❡ ❛✈❡r❛❣❡ ✇❡✐❣❤t ❛♥❞ ❛❣❡ ❛r❡ ✶✶✾❦❣ ❛♥❞ ✹✸ ②❡❛rs r❡s♣❡❝t✐✈❡❧②✳ ❚❤❡
❞❛t❛❜❛s❡ ❝♦♥t❛✐♥s ♦✈❡r ✽✵ ❤♦✉rs✬ ❧♦♥❣ ❞❛t❛ ♦❢ ❢♦✉r ✭❈✸✲❖✶✮✱ s✐① ✭❈✸✲❆✶✮✱ ❛♥❞ s❡✈❡♥ ✭❖✷✲❆✶✮
❝❤❛♥♥❡❧ ♣♦❧②s♦♠♥♦❣r❛♣❤✐❝ r❡❝♦r❞✐♥❣s✱ ❡❛❝❤ ✇✐t❤ ❛♥ ❊❈● ✭❊❧❡❝tr♦❝❛r❞✐♦❣r❛♠✮ s✐❣♥❛❧ ❛♥♥♦t❛t❡❞
❜❡❛t✲❜②✲❜❡❛t✱ ❛♥❞ ❊❊● ❛♥❞ r❡s♣✐r❛t✐♦♥ s✐❣♥❛❧s ❛♥♥♦t❛t❡❞ ✇✐t❤ s❧❡❡♣ st❛t❡s ❛♥❞ ❛♣♥❡❛✳ ❊❛❝❤
s✐❣♥❛❧ ✐s ❞✐✈✐❞❡❞ ✐♥t♦ ✷✵ ❛♥❞ ✸✵ s❡❝ ❧♦♥❣ ❡♣♦❝❤ ❛♥❞ ❡❛❝❤ ❡♣♦❝❤ ❜❡❧♦♥❣s t♦ t❤❡ ♦♥❡ ♦❢ t❤❡ s❧❡❡♣
st❛❣❡s✳ ❚❤❡ s❛♠♣❧✐♥❣ r❛t❡ ♦❢ t❤❡ ♠❡❛s✉r❡❞ s✐❣♥❛❧ ✐s ✷✺✵ ❍③ ❛♥❞ ✸✵ s❡❝♦♥❞s ❞✉r❛t✐♦♥ ♦❢ t❤❡ ❊❊●
❛♥❞ ♦t❤❡r s✐❣♥❛❧s ❛r❡ ❧❛❜❡❧❡❞ ❜② ❛ss♦❝✐❛t❡❞ ❡①♣❡rts✳ ❆✈❛✐❧❛❜❧❡ st❛♥❞❛r❞ ❞❛t❛❜❛s❡s ✉s✉❛❧❧② ❝♦♥t❛✐♥s
❞❛t❛ ♦❢ ♦♥❡ t②♣❡ ♦❢ s✐❣♥❛❧ ❧✐❦❡ ❊❊●✱ ❊❈● ❡t❝✳ ♦r ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❊❊●✱ ❊❈●✳ ❲❡ ✉s❡❞ ❜❧♦♦❞✱
♥❛s❛❧ ❛♥❞ ❊❊● s✐❣♥❛❧ ✐♥ ♣r♦♣♦s❡❞ ♠❡t❤♦❞ ❛♥❞ ✇❡ ❢♦✉♥❞ t❤❛t t❤✐s ✐s st❛♥❞❛r❞ ❛♥❞ ❧♦♥❣ ❡♥♦✉❣❤
❞❛t❛❜❛s❡ ✇❤✐❝❤ ❝♦♥t❛✐♥✐♥❣ ❜❧♦♦❞✱ ♥❛s❛❧ ❛♥❞ ❊❊● s✐❣♥❛❧✱ ✇❤❡r❡ ✇❡ ❝❛♥ t❡st ♦✉r ♣r♦♣♦s❡❞ ♠❡t❤♦❞✳
■♥ ♦✉r r❡s❡❛r❝❤✱ ❞✉❡ t♦ s♦♠❡ t❡❝❤♥✐❝❛❧ ♣r♦❜❧❡♠ ✇❡ ❛r❡ ♥♦t ❛❜❧❡ t♦ r❡❛❞ ✸ r❡❝♦r❞s ♦✉t ♦❢ ✶✽ r❡❝♦r❞s
❤❡♥❝❡✱ ✇❡ ♣❡r❢♦r♠❡❞ ♦✉r t❡sts ♦♥❧② ♦♥ r❡♠❛✐♥✐♥❣ ✶✺ r❡❝♦r❞s ❢r♦♠ ✶✸ ❞✐✛❡r❡♥t ♣❛t✐❡♥ts s❤♦✇♥ ✐♥
t❛❜❧❡ ✹✱ ✺ ❛♥❞ ✻✳

✷✳✷ ❈❤❛♥♥❡❧ ❙❡❧❡❝t✐♦♥

❚❤❡ ❝❤❛♥♥❡❧ s❡❧❡❝t✐♦♥ ✐s ♦♥❡ ♦❢ t❤❡ ♠♦st ❝❤❛❧❧❡♥❣✐♥❣ t❛s❦s ✐♥ s❧❡❡♣ st❛t❡ ❞❡t❡❝t✐♦♥ ❛♥❞ ♣r❡❞✐❝t✐♦♥
❛❧❣♦r✐t❤♠s✳ ❈♦♥s✐❞❡r✐♥❣ ♦❢ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ❝❤❛♥♥❡❧s ✇✐❧❧ ♠❛❦❡ s✐❣♥❛❧ ♣r♦❝❡ss✐♥❣ s②st❡♠ ❝♦♠♣✉✲
t❛t✐♦♥❛❧❧② s❧♦✇✳ ■♥ ♣r♦♣♦s❡❞ ♠❡t❤♦❞ ✇❡ ✉s❡❞ ❞❛t❛ ❢r♦♠ ♦♥❧② ♦♥❡ ❝❤❛♥♥❡❧ ❣✐✈❡♥ ❜② t❤❡ ❞❛t❛❜❛s❡
❡①♣❡rts✳ ■♥ t❤❡ ❣✐✈❡♥ ❞❛t❛❜❛s❡ ♠❡♥t✐♦♥❡❞ ❛❜♦✈❡✱ t❤❡ ❡①♣❡rts ❝♦❧❧❡❝t❡❞ t❤❡ ❞❛t❛ ❢r♦♠ ❞✐✛❡r❡♥t
❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s ❜② ✉s✐♥❣ ♦♥❧② ♦♥❡ ❝❤❛♥♥❡❧ ❛♥❞ t❤❡ ❝❤❛♥♥❡❧ s❡❧❡❝t✐♦♥ ✈❛r✐❡❞ ❢r♦♠ ♣❛t✐❡♥t t♦
♣❛t✐❡♥t ❛♥❞ s✐❣♥❛❧ t♦ s✐❣♥❛❧ ✭✐✳❡ ♥♦ ♦♥❡ ✜①❡❞ ❝❤❛♥♥❡❧ ✐s ✉s❡❞ ❢♦r ❛❧❧ ♣❛t✐❡♥t✮✳ ❚❤❡ ❛✉t❤♦r ♦❢ t❤❡
❞❛t❛❜❛s❡ ❞✐❞ ♥♦t ♣r♦✈✐❞❡ ❛♥② ♠♦r❡ ❞❡s❝r✐♣t✐♦♥ ❛❜♦✉t t❤❡ ❝❤❛♥♥❡❧ s❡❧❡❝t✐♦♥ ♣r♦❝❡ss✳❚❤✉s ❞❛t❛
✇✐t❤ ✉s ✐s ❛✈❛✐❧❛❜❧❡ ♦♥❧② ❢r♦♠ ♦♥❡ ❝❤❛♥♥❡❧ ❧❡❛✈✐♥❣ ♥♦ ♦♣t✐♦♥s ❢♦r ❝❤❛♥♥❡❧ s❡❧❡❝t✐♦♥✳ ■♥ ❬✶✺❪ ✇❡
♣r♦♣♦s❡❞ ❛ ♥♦✈❡❧ ❛♣♣r♦❛❝❤ ❢♦r ❝❤❛♥♥❡❧ s❡❧❡❝t✐♦♥ ❢♦r s❡✐③✉r❡ ❞❡t❡❝t✐♦♥ ❛♥❞ ✇❡ ♣❧❛♥♥❡❞ t♦ t❡st t❤❡
s❛♠❡ ❛♣♣r♦❛❝❤ ❤❡r❡ t♦♦ ✱ ✇❤✐❝❤ ✐s ♥♦✇ ♥♦t ♣♦ss✐❜❧❡✳ ■♥ t❤❡ ❢✉t✉r❡ ✇♦r❦ ✇❡ ♠❛② t❡st ♦✉r ♠❡t❤♦❞
♦♥ t❤❡ ❞❛t❛❜❛s❡ ✇❤✐❝❤ ❝♦♥t❛✐♥s ❞❛t❛ ❢r♦♠ t❤❡ ❞✐✛❡r❡♥t ❝❤❛♥♥❡❧s✳



✶✸t❤ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ▼❛t❤❡♠❛t✐❝s ❛♥❞ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱ ❖❝t♦❜❡r ✶ ✕ ✸✱ ✷✵✷✵✱ ❊▲❚❊✱ ❍✉♥❣❛r②✸

✸ Pr♦♣♦s❡❞ ♠❡t❤♦❞

❚❤❡ st✉❞② ❞♦♥❡ ❜② ❙❤❛②❛♥ ❡t ❛❧✳ ❬✶✻❪ s✉❣❣❡sts ✈❛r✐♦✉s ❞✐s❛❞✈❛♥t❛❣❡s ♦❢ t❤❡ ❡①✐st✐♥❣ st✉❞✐❡s✳
❚❤❡ st✉❞② ♠♦t✐✈❛t❡ t❤❡ r❡s❡❛r❝❤❡r t♦ ❞♦ r❡s❡❛r❝❤ ❜② ✉s✐♥❣ s♦♠❡ ❛❞❛♣t✐✈❡ ♠❡t❤♦❞s✳ ❖✉r ❢♦❝✉s
✐s t♦ ✐♥❝r❡❛s❡ t❤❡ s♣❡❡❞ ❛s ✇❡❧❧ ❛s ❛❝❝✉r❛❝② ♦❢ s❧❡❡♣ st❛t❡s ❞❡t❡❝t✐♦♥ ♣r♦❝❡ss ❛s ❝♦♠♣❛r❡❞ t♦
t❤❡ ❡①✐st✐♥❣ ♠❡t❤♦❞s✳ Pr♦♣♦s❡❞ ♠❡t❤♦❞ ✐s ❛ s♦ ❝❛❧❧❡❞ ❤②❜r✐❞ ♦♥❡✱ ✐✳❡✳ ✇❡ ✉t✐❧✐③❡ ❜♦t❤ t✐♠❡ ❛♥❞
❢r❡q✉❡♥❝② ❞♦♠❛✐♥s t♦ ❡①tr❛❝t ❝♦♠♣♦♥❡♥ts ❢♦r t❤❡ ❢❡❛t✉r❡ ✈❡❝t♦r✳ ❚❤❡ ♠❛✐♥ ✐❞❡❛ ✐s t♦ ✉s❡ t❤❡
♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r ❢✉♥❝t✐♦♥ ♠♦❞❡❧ ❢♦r ❞❛t❛ r❡❞✉❝t✐♦♥ ✐♥ t✐♠❡ ❛♥❞ ❢r❡q✉❡♥❝② ❞♦♠❛✐♥✳ P✐❡❝❡✇✐s❡
❧✐♥❡❛r ❢✉♥❝t✐♦♥s ❛r❡ ♦❢ ❧♦✇ ❝♦♠♣❧❡①✐t② t❤❛t st✐❧❧ ♣r❡s❡r✈❡ t❤❡ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ t❤❡ s✐❣♥❛❧ t❤❛t
❛r❡ r❡❧❡✈❛♥t ✐♥ ❝♦♥t❡①t ♦❢ st❛❣❡s ♦❢ t❤❡ s❧❡❡♣✳ ❚♦ t❤✐s ♦r❞❡r ✇❡ t♦♦❦ t❤❡ s♦ ❝❛❧❧❡❞ ❍❛❧❢✇❛✈❡
♠❡t❤♦❞ ❛♥❞ ♠♦❞✐✜❡❞ ✐t ❛❝❝♦r❞✐♥❣ t♦ ♦✉r ♥❡❡❞✳ ❚❤❡ ❝❛❧❧❡❞ ❢r❡q✉❡♥❝② s♣❛❝❡ ✐s ❣❡♥❡r❛t❡❞ ❜②
❋r❛♥❦❧✐♥ tr❛♥s❢♦r♠❛t✐♦♥✳ ❚❤❡ ❋r❛♥❦❧✐♥ s②st❡♠ ❛♥ ♦rt❤♦❣♦♥❛❧ s②st❡♠ ✇❤✐❝❤ ✐s str♦♥❣❧② r❡❧❛t❡❞
✇✐t❤ t❤❡ ✇❡❧❧✲❦♥♦✇♥ ❍❛❛r s②st❡♠✱ ❛♥❞ ✐ts ❡❧❡♠❡♥ts ♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r ❢✉♥❝t✐♦♥s✳ ❚❤❡♥ t❤❡ ❢❡❛t✉r❡
✈❡❝t♦r ❡❧❡♠❡♥ts ❛r❡ ❣❡♥❡r❛t❡❞ ❢r♦♠ t❤❡ ♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r ♠♦❞❡❧s ✐♥ ❜♦t❤ ❞♦♠❛✐♥s✳ ❲❡ ❛♣♣❧✐❡❞ t❤✐s
t❡❝❤♥✐q✉❡ ❢♦r s②♥❝❤r♦♥✐③❡❞ ❊❊●✱ ❜❧♦♦❞ ♣r❡ss✉r❡✱ ❛♥❞ r❡s♣✐r❛t♦r② s✐❣♥❛❧s✳

✺

EEG/Blood/nasal

Signal Acquisition

PSG

Database

Select the Channels
Single 

Channel

Halfwave/Franklin system

Class balancing methods

Time domain/ 

and Franklin 

Coefficients

Feature

Vector

Feature selection Classification

Predicted 

class 

label
❋✐❣✉r❡✶✿ ❋r❛♠❡✇♦r❦ ♦❢ ♣r♦♣♦s❡❞ ♠❡t❤♦❞

✹ ▼❡t❤♦❞♦❧♦❣✐❡s ❯s❡❞

■♥ ♣r♦♣♦s❡❞ ♠❡t❤♦❞ ✇❡ ❞❡✈❡❧♦♣❡❞ t✇♦ ♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r t✐♠❡ ❞♦♠❛✐♥ ❛♥❞ ❢r❡q✉❡♥❝② ❞♦♠❛✐♥ ♠♦❞❡❧s
❝❛❧❧❡❞ ♥❡✇ ❍❛❧❢✇❛✈❡ ❞❡❝♦♠♣♦s✐t✐♦♥ ❬✽❪ ❛♥❞ ❋❛❜❡r✲❙❝❤❛✉❞❡r ✭❋r❛♥❦❧✐♥✮ ❬✾❪✱❬✶✵❪ s②st❡♠ t♦ ❡①tr❛❝t
t❤❡ ❜❡st ❞✐s❝r✐♠✐♥❛t♦r② ❢❡❛t✉r❡s ❢r♦♠ t❤r❡❡ ❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s✳ ■♥ ❧✐t❡r❛t✉r❡ s✉r✈❡② ✇❡ ❤❛✈❡ ❢♦✉♥❞
t❤❛t r❡❝❡♥t r❡s❡❛r❝❤ ✐♥ s✐❣♥❛❧ ♣r♦❝❡ss✐♥❣ ✐s s✉rr♦✉♥❞✐♥❣ ❛r♦✉♥❞ ✈❡r② ❢❛♠♦✉s tr❛♥s❢♦r♠❛t✐♦♥s ❧✐❦❡
✇❛✈❡❧❡ts✱ ❊▼❉✱ ❋♦✉r✐❡r✱ ❍✐❧❜❡rt ❛♥❞ ❋❛st ❋♦✉r✐❡r ❡t❝✳ ❬✶✾❪✳ ❚❤❡ ❢r❛♠❡✇♦r❦ ♦❢ t❤❡ ♣r♦♣♦s❡❞
❛❧❣♦r✐t❤♠ ✐s s❤♦✇♥ ✐♥ ✜❣✉r❡ ✶✳

✹✳✶ ❚✐♠❡ ❞♦♠❛✐♥✿ ❍❛❧❢✇❛✈❡ ♠❡t❤♦❞

❚r❛❞✐t✐♦♥❛❧❧②✱ ❢r♦♠ ♠✐❞ ♦❢ 20th ❝❡♥t✉r② t♦ ❡♥❞ ♦❢ 20th ❝❡♥t✉r②✱ ❍❛❧❢✇❛✈❡ ✇❛s ✈❡r② ♣♦♣✉❧❛r ♠❡t❤♦❞
t♦ ❞❡t❡❝t ❡♣✐❧❡♣t✐❝ ❛❝t✐✈✐t✐❡s ✭s❡✐③✉r❡s✮ ❢♦r♠ t❤❡ ❧♦♥❣ ❊❊● s✐❣♥❛❧s ✇❤❡r❡ t❤❡ t❡r♠s s♣✐❦❡s ❛♥❞
s❤❛r♣ ✇❛✈❡s ❛❧s♦ ❝❛❧❧❡❞ ❙❙❲s ❬✽❪ ✇❡r❡ t❤❡ r❡♣r❡s❡♥t❛t✐✈❡ ♦r ✐♥t❡r♣r❡t❛t✐♦♥s ♦❢ s❡✐③✉r❡ ❛♥❞ ♥♦♥
s❡✐③✉r❡ s❡❣♠❡♥ts✳ ■ts ♠❛✐♥ ❛❞✈❛♥t❛❣❡ ✐s t❤❛t ♥♦r♠❛❧ ❛♥❞ ❛❜♥♦r♠❛❧ ♣❛tt❡r♥s ♦❢ ✈❡r② ❧♦♥❣ s✐❣♥❛❧s
❝❛♥ ❜❡ ❡①❛♠✐♥❡❞ ❛♥❞ ✐❞❡♥t✐✜❡❞ ❡❛s✐❧②✳ ❉✐✛❡r❡♥t ✈❡rs✐♦♥s ♦❢ ❤❛❧❢✲✇❛✈❡ ♠❡t❤♦❞s ✇✐t❤ ❞✐✛❡r❡♥t
❝r✐t❡r✐❛ t♦ ❞❡✜♥❡ ❛♥❞ ✐❞❡♥t✐❢② ❍❛❧❢✇❛✈❡ ❤❛✈❡ ❜❡❡♥ ♣r♦♣♦s❡❞ ❛♥❞ ✇❡ ❛s❦❡❞ t❤❡ r❡❛❞❡rs t♦ ❢♦❧❧♦✇
t❤❡s❡ r❡❧❡✈❛♥t ♣✉❜❧✐❝❛t✐♦♥s ❬✽❪✱❬✷✶❪✱❬✷✷❪✱❬✷✸❪✱❬✷✹❪✱❬✷✺❪✱❬✷✻❪✱❬✷✼❪✱❬✷✽❪ t♦ ❦♥♦✇ ♠♦r❡ ❛❜♦✉t ❍❛❧❢✇❛✈❡✳
❖✉r ♠♦t✐✈❛t✐♦♥ ❞✐✛❡rs ❢r♦♠ t❤♦s❡ ❛❜♦✈❡✳ ◆❛♠❡❧②✱ ✇❡ ❞♦ ♥♦t ✇❛♥t t♦ ✐❞❡♥t✐❢② ✐♥❞✐✈✐❞✉❛❧ s♣✐❦❡s✳
■♥st❡❛❞✱ ❡✳❣ ✇❡ t❛❦❡ ❛ ♣♦rt✐♦♥ ♦r ❢✉❧❧ ❊❊● ❛♥❞ ♦t❤❡r s✐❣♥❛❧s✱ t❤❡♥ ✇❡ ❝♦♥s✐❞❡r ✐t ❛s ❛ ♣✐❡❝❡✇✐s❡
❧✐♥❡❛r ❢✉♥❝t✐♦♥✱ ❛♥❞ ✇❡ ✇❛♥t t♦ s✐♠♣❧✐❢② ✐t ❜② ❡❧✐♠✐♥❛t✐♥❣ ✐rr❡❧❡✈❛♥t ❞❡t❛✐❧s✳ ❚♦ t❤✐s ♣✉r♣♦s❡ ✇❡
❞❡✈❡❧♦♣❡❞ ♥❡✇ ❤❛❧❢✲✇❛✈❡ ♠❡t❤♦❞ ✇❤✐❝❤ ✐s s✐♠♣❧❡ ❛♥❞ ❢❛st✳ ❊①✐st✐♥❣ ♠❡t❤♦❞ ♦❢ ❍❧❛❢✇❛✈❡ ✐s ❜❛s❡❞
♦♥ t❤r❡❡ ❣✉✐❞✐♥❣ ♣r✐♥❝✐♣❧❡s ❬✺✶❪ ❜✉t ♣r♦♣♦s❡❞ ♠❡t❤♦❞ ✐s ❜❛s❡❞ ♦♥ ♦♥❧② ♦♥❡ ❣✉✐❞✐♥❣ ♣r✐♥❝✐♣❧❡ ♦✉t ♦❢
t❤r❡❡✳ ❋✐rst ✇❡ ❝❛❧❝✉❧❛t❡ t❤❡ ❡①tr❡♠❛❧ ♣♦✐♥ts ♦❢ t❤❡ ♦r✐❣✐♥❛❧ s✐❣♥❛❧✱ ❞r♦♣ t❤❡ ♦t❤❡r ✈❛❧✉❡s✱ ❛♥❞ t❛❦❡



✹✶✸t❤ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ▼❛t❤❡♠❛t✐❝s ❛♥❞ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱❖❝t♦❜❡r ✶ ✕ ✸✱ ✷✵✷✵✱ ❊▲❚❊✱ ❍✉♥❣❛r②

t❤❡ ♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r ❢✉♥❝t✐♦♥ ❣❡♥❡r❛t❡❞ ❜② t❤❡ ❡①tr❡♠❛❧ ♣♦✐♥ts✳ ❙✐♥❝❡ t❤❡ ♠✐♥✐♠✉♠✲♠❛①✐♠✉♠
✈❛❧✉❡s ❛❧t❡r♥❛t❡ ✐♥ t❤❡ s❡q✉❡♥❝❡ ♦❢ ❡①tr❡♠❛❧ ♣♦✐♥ts✱ t❤❡ ❣r❛♣❤ ♦❢ t❤❡ r❡s✉❧t✐♥❣ ♣✐❡❝❡✇✐s❡✲❢✉♥❝t✐♦♥
✐s ❛ t②♣❡ ♦❢ ✇❛✈❡ ❢♦r♠✳ ❲❡ ✜♥❞ t❤❛t ✐♥ ✐♥t❡r✈❛❧s ✇❤❡♥ t❤❡r❡ ✐s ❛ t❡♥❞❡♥❝② ♦❢ ✐♥❝r❡❛s❡ t❤❡ ❞❡❝r❡❛s❡
✐♥ t❤❡ ✐♥❞✐✈✐❞✉❛❧ ♠❛①✐♠❛✲♠✐♥✐♠❛ ✐♥t❡r✈❛❧s ❛r❡ ✈❡r② s♠❛❧❧✳ ❚❤❡② ❞♦ ♥♦t s❡❡♠ t♦ ❝♦♥tr✐❜✉t❡ ♠✉❝❤
✐♥ s❧❡❡♣ ❞❡t❡❝t✐♦♥ ♣r♦❝❡ss✳ ❚❤❡r❡❢♦r❡✱ t❤❡✐r ✐♥❝❧✉s✐♦♥ ✐♥ t❤❡ ❤❛❧❢✲✇❛✈❡ ✐s ♥♦t ♥❡❝❡ss❛r② ❛♥❞ ❝❛♥ ❜❡
❞r♦♣♣❡❞✳ ❙✐♠✐❧❛r ♣r♦❝❡ss ✐s ❛♣♣❧✐❡❞ t♦ ♦♣♣♦s✐t❡ ❞✐r❡❝t✐♦♥✱ ✐✳❡✳ ✇❤❡♥ t❤❡ s✐❣♥❛❧ s❤♦✇s ❛ ❞❡❝r❡❛s✐♥❣
t❡♥❞❡♥❝②✳ ■♥ t❤❡ ♣r♦♣♦s❡❞ ♠❡t❤♦❞ ✇❡ ❛♣♣❧② ♦♥❧② ♦♥❡ ❝♦♥❞✐t✐♦♥ ♦❢ ❡①✐st✐♥❣ ♠❡t❤♦❞ ❬✺✶❪✱ ✇❤✐❝❤ ✐s
✈❡r② s✐♠♣❧❡✱ ✐♥ t❤❡ r❡❞✉❝t✐♦♥ ♣r♦❝❡ss✳ ❆❢t❡r ❛♣♣❧②✐♥❣ t❤✐s ❝♦♥❞✐t✐♦♥ t❤❡ ✜rst t✐♠❡✱ t❤❡ ♦✉t❝♦♠❡
✐s ❛❣❛✐♥ ❛ ♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r✲✇❛✈❡ ✇✐t❤ ❧❡ss ❡①tr❡♠❛❧ ♣♦✐♥ts✱ ❛♥❞ ✐s ❝❛❧❧❡❞ ✜rst ❧❡✈❡❧ ❍❛❧❢✇❛✈❡
❞❡❝♦♠♣♦s✐t✐♦♥✳❚❤❡ ♣r♦❝❡ss ❝❛♥ ❜❡ r❡♣❡❛t❡❞✳ ■t ✐s ❡❛s② t♦ s❡❡ t❤❛t ❛❢t❡r s♦♠❡ st❡♣s ✐t ✇✐❧❧ ♥♦t
♠❛❦❡ ❛♥② ❢✉rt❤❡r ❝❤❛♥❣❡✱ ✐✳❡✳ t❤❡ ♥❡①t ❧❡✈❡❧ ❞❡❝♦♠♣♦s✐t✐♦♥ ❝♦✐♥❝✐❞❡s ✇✐t❤ t❤❡ ♣r❡✈✐♦✉s ♦♥❡✳
❚❤❡♥ ✐t ✐s ❝❛❧❧❡❞ ✜♥❛❧ ♦r ❝♦♠♣❧❡t❡ ❍❛❧❢✇❛✈❡✱ ❛♥❞ t❤❡ ♣r❡✈✐♦✉s ✈❡rs✐♦♥s ❛r❡ ❝❛❧❧❡❞ s❡♠✐✲❍❛❧❢✇❛✈❡
❞❡❝♦♠♣♦s✐t✐♦♥s✳ ❲❤❡♥ ✇❡ ♠♦✈❡ ❢r♦♠ ❧♦✇❡r t♦ ❤✐❣❤❡r ❧❡✈❡❧s ✐♥ ❤❛❧❢✲✇❛✈❡ ❞❡❝♦♠♣♦s✐t✐♦♥ ✇❡ ❧♦♦s❡
♠♦r❡ ❛♥❞ ♠♦r❡ ❞❡t❛✐❧s✳ ■t ✐s t❤❡ ♣❛rt ♦❢ t❤❡ r❡❞✉❝t✐♦♥ ♣r♦❜❧❡♠ t♦ ❞❡❝✐❞❡ ✇❤✐❝❤ ❧❡✈❡❧ ✐s t❤❡ ❜❡st
s✉✐t❛❜❧❡ ❢♦r s❧❡❡♣ ❞❡t❡❝t✐♦♥✳

▼❛t❤❡♠❛t✐❝❛❧ ❢♦r♠❛❧✐③❛t✐♦♥ ♦❢ ♣r♦♣♦s❡❞ ❍❛❧❢✇❛✈❡ ♠❡t❤♦❞✿

▲❡t ✉s s✉♣♣♦s❡✱ t❤❛t t❤❡ f : [a, b] → R s✐❣♥❛❧ ✐s ❝♦♥t✐♥✉♦✉s ♦♥ t❤❡ [a, b] ❝♦♠♣❛❝t ✐♥t❡r✈❛❧✱ ❛♥❞
s✉♣♣♦s❡ t❤❛t f ❤❛s ✜♥✐t❡❧② ♠❛♥② ❡①tr❡♠❛ ♦♥ [a, b]✳ ▲❡t ✉s ✜rst ❝♦❧❧❡❝t t❤❡ ❡①tr❡♠❛ ♣♦✐♥ts ✐♥ t✇♦
s❡ts✿

M1 := {x ∈ [a, b] : f has a local maximum in x},

m1 := {x ∈ [a, b] : f has a local minimum in x}.

❆♥❞ ❧❡t ✉s ❞❡♥♦t❡ t❤❡ s❡t ♦❢ ❛❧❧ ❡①tr❡♠❛❧ ♣♦✐♥ts ❜②

X1 := M1 ∪m1 = {x0, x1, x2, . . . , xn}

✇✐t❤
x0 < x1 < x2 < · · · < xn (n ∈ N),

s✉❝❤ t❤❛t ♠✐♥✐♠✉♠ ❛♥❞ ♠❛①✐♠✉♠ ♣♦✐♥ts ❛r❡ ❛❧t❡r♥❛t✐♥❣✳
■♥ t❤❡ kt❤ st❡♣ ♦❢ t❤❡ ♣r♦♣♦s❡❞ ❛❧❣♦r✐t❤♠ (k = 1, 2, 3, . . . ) ✇❡ ❞❡❧❡t❡ s♦♠❡ ❡①tr❡♠❛❧ ♣♦✐♥ts

❢r♦♠ Mk,mk ❛♥❞ Xk✱ ❛♥❞ ✇❡ ✇✐❧❧ ❦❡❡♣ ♦♥❧② t❤❡ ✐♠♣♦rt❛♥t ❡①tr❡♠❛❧ ♣♦✐♥ts t♦ ❣❡t t❤❡ ♥❡✇ s❡ts
Mk+1,mk+1 ❛♥❞ Xk+1 = Mk+1 ∪mk+1✳ ❚❤❡ ❛❧❣♦r✐t❤♠ ✇✐❧❧ ❝♦♥✈❡r❣❡✱ ✐✳❡✳

∃K ∈ N : ∀k ≥ K : Mk = MK , mk = MK ,

❜✉t ✇❡ ✇✐❧❧ st♦♣ ❛t ❛ s✉✐t❛❜❧❡ ✐t❡r❛t✐♦♥ ♥✉♠❜❡r k∗✳
❖♥❡ st❡♣ ♦❢ t❤❡ ♣r♦♣♦s❡❞ ❛❧❣♦r✐t❤♠ ✭❞❡❧❡t✐♥❣ ✉♥✇❛♥t❡❞ ❡①tr❡♠❛✮ ❝❛♥ ❜❡ ❢♦r♠✉❧❛t❡❞ ❛s ❢♦❧❧♦✇s✳

❲❡ st❛rt ✇✐t❤ Mk,mk ❛♥❞ Xk = Mk ∪mk✱ ✇✐t❤ t❤❡ ❡❧❡♠❡♥ts ♦❢ Xk ✐♥❞❡①❡❞ ✐♥ ❛s❝❡♥❞✐♥❣ ♦r❞❡r✱
❛s ❛❜♦✈❡✳ ◆♦✇ ❞❡✜♥❡

yi = f(xi) (i = 0, . . . , n)

t❤❡ ❡①tr❡♠❛❧ ❢✉♥❝t✐♦♥ ✈❛❧✉❡s✱

∆i := yi+1 − yi (i = 0, . . . , n− 1),

t❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t✇♦ ❝♦♥s❡❝✉t✐✈❡ ❡①tr❡♠❡ ✈❛❧✉❡s ✭❛ ♠✐♥✐♠✉♠ ❛♥❞ ❛ ♠❛①✐♠✉♠✮✱ ❛♥❞

D := {i ∈ N : 1 ≤ i < n− 1
|∆i| ≤ |∆i+1| ∧ |∆i| ≤ |∆i−1|} ∪ {n}



✶✸t❤ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ▼❛t❤❡♠❛t✐❝s ❛♥❞ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱ ❖❝t♦❜❡r ✶ ✕ ✸✱ ✷✵✷✵✱ ❊▲❚❊✱ ❍✉♥❣❛r②✺

t❤❡ s❡t ♦❢ ✐♥❞❡①❡s ♦❢ s❡❣♠❡♥ts ✇✐t❤ ♥♦t s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡ ✭❧❡ss t❤❛♥ ❜♦t❤ ♥❡✐❣❤❜♦r✐♥❣ s❡❣✲
♠❡♥ts✮✳ ❚♦ ❢♦r♠✉❧❛t❡ t❤❡ s❡t ♦❢ ✐♠♣♦rt❛♥t ❡①tr❡♠❛❧ ♣♦✐♥ts ✇❡ ✇✐❧❧ ✉s❡ t❤❡ str✐❝t❧② ✐♥❝r❡❛s✐♥❣
✐♥❞❡① ❢✉♥❝t✐♦♥

ν : {0, 1, . . . , N} → {0, 1, . . . , n}.

❞❡✜♥❡❞ ❜② ν(0) = 0 ❛♥❞

ν(j + 1) = ν(j) + 2d+ 1 (j = 0, 1, . . . N − 1; d ∈ N),

s✉❝❤ t❤❛t

ν(j) + 2d+ 1 /∈ D,

ν(j) + 2δ + 1 ∈ D (δ = 0, 1, . . . , d− 1).

✭■t ✇✐❧❧ t✉r♥ ♦✉t t❤❛t ν(N) = n✮✳ ❆♥❞ t❤❡♥ t❤❡ s❡t ♦❢ ✐♠♣♦rt❛♥t ❡①tr❡♠❛❧ ♣♦✐♥ts ❝❛♥ ❜❡ ✇r✐tt❡♥
❛s

Xk+1 := {xν(j) ∈ Xk : j = 0, 1, . . . , N} ⊂ Xk.

❆s ❛ ❝♦♥s❡q✉❡♥❝❡ ♦❢ t❤❡ ❞❡✜♥✐t✐♦♥ t❤❡ ✈❛❧✉❡s ✐♥ Xk+1 ❛r❡ ❛❧t❡r♥❛t✐✈❡❧② ♠✐♥✐♠✉♠ ❛♥❞ ♠❛①✐♠✉♠
♣♦✐♥ts✳ ❋✉rt❤❡r♠♦r❡ ✇❡ ❝❛♥ ❛❧s♦ ❢♦r♠✉❧❛t❡

Mk+1 = Xk+1 ∩Mk,

mk+1 = Xk+1 ∩mk

t❤❡ s❡ts ♦❢ t❤❡ ♥❡✇ ♠❛①✐♠✉♠ ❛♥❞ ♠✐♥✐♠✉♠ ✈❛❧✉❡s✳
❆❢t❡r t❤❡ ❝♦♠♣❧❡t✐♦♥ ♦❢ ✜rst ❧❡✈❡❧✱ ✇❡ ✇✐❧❧ r❡♣❡❛t t❤❡ s❛♠❡ ♣r♦❝❡❞✉r❡ ❢♦r t❤❡ ♦✉t❝♦♠❡

✭Mk+1,mk+1 ❛♥❞ Xk+1✮ ♦❢ t❤❡ ✜rst ❧❡✈❡❧ t♦ ❣❡t s✐❣♥❛❧ ❛t ♥❡①t ❧❡✈❡❧ ✭❧❡✈❡❧ ✷✮ ❛♥❞ s♦ ♦♥ ✉♥t✐❧
r❡q✉✐r❡❞ ❧❡✈❡❧ ✐s ❢♦✉♥❞✳

✹✳✷ ❋r❡q✉❡♥❝② ❞♦♠❛✐♥✿ ❋r❛♥❦❧✐♥ tr❛♥s❢♦r♠

❚❤❡ ❢r❡q✉❡♥❝② ❞♦♠❛✐♥ ♣❛rt ✐♥ ♦✉r ❤②❜r✐❞ ❝❧❛ss✐✜❝❛t✐♦♥ ✐s ❛♥ ♦rt❤♦❣♦♥❛❧ ♣r♦❥❡❝t✐♦♥ ✉s✐♥❣ ❛ ♣r♦♣❡r
♦rt❤♦❣♦♥❛❧ s②st❡♠✳ ❆s ✇❡ ❦♥♦✇ ♦✉r ♠♦❞❡❧ s♣❛❝❡ ❢♦r t❤❡ ❊❊● ❛♥❞ ♦t❤❡r s✐❣♥❛❧s ✐s t❤❡ ❢❛♠✐❧②
♦❢ ❝♦♥t✐♥✉♦✉s ♣✐❡❝❡✇✐s❡ ❝♦♥t✐♥✉♦✉s ❢✉♥❝t✐♦♥s✳ ■♥ ♦r❞❡r t♦ ♣❡r❢♦r♠ ❛♥ ♦rt❤♦❣♦♥❛❧ ♣r♦❥❡❝t✐♦♥✱
r❡❞✉❝t✐♦♥ ✐♥ t❤❡ ❢r❡q✉❡♥❝② ❞♦♠❛✐♥✱ t❤❛t ❝♦♠♣❧✐❡s ✇✐t❤ ♦✉r ♠♦❞❡❧ ✇❡ ♥❡❡❞ ❛♥ ♦rt❤♦❣♦♥❛❧ s②st❡♠
t❤❛t ❝♦♥s✐sts ♦❢ ❝♦♥t✐♥✉♦✉s ♣✐❡❝❡✇✐s❡ ❝♦♥t✐♥✉♦✉s ❢✉♥❝t✐♦♥s✳ ❚❤✐s ❣✉❛r❛♥t❡❡s t❤❛t t❤❡ s✉❜s♣❛❝❡
s♣❛♥♥❡❞ ❜② t❤❡ ❡❧❡♠❡♥ts ♦❢ t❤❡ s②st❡♠ ✐s ❛ s✉❜s♣❛❝❡ ♦❢ ♦✉r ♠♦❞❡❧ s♣❛❝❡✳ ❚❤❡ ❝♦♠❜✐♥❛t✐♦♥ ♦❢
t❤❡s❡ r❡q✉✐r❡♠❡♥ts ♠♦t✐✈❛t❡ ✉s t♦ ❝♦♥s✐❞❡r t❤❡ ❋r❛♥❦❧✐♥ s②st❡♠ ❛s ❛ ♥❛t✉r❛❧ ❝❤♦✐❝❡✳

❋r❛♥❦❧✐♥ s②st❡♠✿ ❚❤❡ ✜rst ❡①❛♠♣❧❡ ❢♦r ❛♥ ♦rt❤♦❣♦♥❛❧ ❜❛s✐s ✐♥ t❤❡ s♣❛❝❡ ♦❢ ❝♦♥t✐♥✉♦✉s
❢✉♥❝t✐♦♥s ❋r❛♥❦❧✐♥ s②st❡♠ ✐s ❝♦♥str✉❝t❡❞ ❢r♦♠ t❤❡ ✇❡❧❧ ❦♥♦✇♥ ❍❛❛r s②st❡♠ ❬✷✾❪✳ ■♥t❡❣r❛❧ ❍❛❛r
❢✉♥❝t✐♦♥s ✐s ❝❛❧❧❡❞ ❋❛❜❡r✕❙❝❤❛✉❞❡r s②st❡♠ ❬✾❪✱❬✶✵❪✳ ❋r❛♥❦❧✐♥ ❢✉♥❝t✐♦♥s ❛r❡ ♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r ❢✉♥❝✲
t✐♦♥s✳ ❚❤❡② ❢♦❧❧♦✇ t❤❡ str✉❝t✉r❡ ♦❢ t❤❡ ❍❛❛r s②st❡♠✿ t❤❡ ♥♦❞❡s ❛r❡ k

2n ❢♦r t❤❡ ✜rst 2n ❡❧❡♠❡♥ts✳ ❆
❋r❛♥❦❧✐♥ s②st❡♠ ✐s ❛♥ ♦rt❤♦❣♦♥❛❧ s②st❡♠ ♦❢ ❜❛s✐s ✇❤✐❝❤ ✐s ❞❡r✐✈❡❞ ❢r♦♠ ❋❛❜❡r ❙❝❤❛✉❞❡r s②st❡♠ ♦❢
❜❛s✐s ❜② ❛♣♣❧②✐♥❣ ●r❛♠✲❙❝❤♠✐❞t ♦rt❤♦❣♦♥❛❧ ♣r♦❝❡❞✉r❡ ❬✸✶❪✱❬✸✷❪✱❬✸✸❪ ♦♥ ❋❛❜❡r ❙❝❤❛✉❞❡r s②st❡♠✳
❚❤❡ ❋r❛♥❦❧✐♥ s②st❡♠ ❤❛s t❤❡ s❛♠❡ ❧✐♥❡❛r s♣❛♥ ❛s t❤❛t ♦❢ ❋❛❜❡r ❙❝❤❛✉❞❡r s②st❡♠s ❛♥❞ t❤✐s s♣❛♥
✐s ❞❡♥s❡ ✐♥ ❈✭❬✵✱✶❪✮✱ ❤❡♥❝❡ L2([0, 1]) ❝♦♥s✐sts ♦❢ ❝♦♥t✐♥✉♦✉s ♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r ❢✉♥❝t✐♦♥✳

✺ ❋❡❛t✉r❡s ❊①tr❛❝t✐♦♥ ❛♥❞ ❝❧❛ss✐✜❝❛t✐♦♥

✺✳✶ ❋❡❛t✉r❡ ❊①tr❛❝t✐♦♥

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



✻✶✸t❤ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ▼❛t❤❡♠❛t✐❝s ❛♥❞ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱❖❝t♦❜❡r ✶ ✕ ✸✱ ✷✵✷✵✱ ❊▲❚❊✱ ❍✉♥❣❛r②

✐s ✷✺✵ ❍③ ❛♥❞ ✸✵ s❡❝♦♥❞s ❞✉r❛t✐♦♥ ♦❢ t❤❡ ❊❊● ❛♥❞ ♦t❤❡r s✐❣♥❛❧s ❛r❡ ❧❛❜❡❧❡❞ ❜② ❛ss♦❝✐❛t❡❞ ❡①♣❡rts
t♦ ❝❛t❡❣♦r✐③❡ ❞✐✛❡r❡♥t st❛t❡s ♦❢ t❤❡ s❧❡❡♣✳

❋❡❛t✉r❡ ❡①tr❛❝t✐♦♥ ✐♥ t✐♠❡ ❞♦♠❛✐♥ ✿ ❍❛❧❢✇❛✈❡ ♠❡t❤♦❞ ❇✐♦♠❡❞✐❝❛❧ ❡①♣❡rts ❛♥♥♦t❛t❡❞
t❤❡ s❡❧❡❝t❡❞ s✐❣♥❛❧s✱ ✇❤❡r❡ ❡❛❝❤ ❛♥❞ ❡✈❡r② s❡❣♠❡♥t ♦❢ ✸✵ s❡❝ ❧♦♥❣ ✐s ♠❛r❦❡❞ ✇✐t❤ ❛ s♣❡❝✐✜❝ s❧❡❡♣
st❛t❡✳ ▼❛♥② ♦t❤❡r st✉❞✐❡s ❛♥❞ ♠❡t❤♦❞s ❝✐t❡❞ ❤❡r❡ ✇♦r❦❡❞ ✇✐t❤ ❛ ✇✐♥❞♦✇ s✐③❡ ♦❢ ✸✵ s❡❝ ✭✼✺✵✵
s❛♠♣❧❡ ♣♦✐♥ts✮ t❤❡r❡❢♦r❡✱ ✇❡ ❛❧s♦ ✉s✐♥❣ t❤❡ t❤❡ s❛♠❡ ✇✐♥❞♦✇ s✐③❡✳ ❇② ✉s✐♥❣ ♥❡✇ ❍❛❧❢✇❛✈❡ ♠❡t❤♦❞
✇❡ ❞❡❝♦♠♣♦s❡❞ t❤❡ s✐❣♥❛❧ ✉♣ t♦ ❧❡✈❡❧ ✷ ♦♥❧②✳ ❚❤❡ r❡❛s♦♥ t♦ ✉s❡ ❍❛❧❢✇❛✈❡ ✉♣ t♦ ❧❡✈❡❧ ✷ ✐s t❤❛t
✇❤❡♥ ✇❡ ❣♦ ❞❡❡♣❡r ✐♥ t❤❡ ❧❡✈❡❧ ✐♥ ❜❧♦♦❞✱ ♥❛s❛❧ ❛♥❞ ❊❊● s✐❣♥❛❧s✱ t❤❡ s✐❣♥❛❧s ❜❡❝♦♠❡ s♦ s✐♠♣❧❡
t❤❛t ✐♥ s♦♠❡ ♦❢ t❤❡ ✸✵ s❡❝ ❧♦♥❣ s❡❣♠❡♥ts ❤❛✈❡ ♦♥❧② ✶ ❡①tr❡♠❛ ♣♦✐♥t ❢r♦♠ ✇❤✐❝❤ ✇❡ ❝❛♥♥♦t ❡①tr❛❝t
t❤❡ ❞❡s✐r❡❞ ❢❡❛t✉r❡s✳ ■♥ s❡❧❡❝t❡❞ s✐❣♥❛❧s t❤✐s t②♣❡ ♦❢ s✐t✉❛t✐♦♥ ♦❝❝✉rs ✐♥ ✈❡r② ❡❛r❧② ❧❡✈❡❧s ❜❡❝❛✉s❡
t❤❡ ♥❛t✉r❡ ♦❢ t❤❡ s✐❣♥❛❧s ✐♥ ❝❛s❡ ♦❢ t❤❡ s❧❡❡♣ st❛t❡s ✭s❧♦✇ ❛❝t✐✈✐t✐❡s ❧❡ss ♣❡❛❦②✮ q✉✐t❡ ❞✐✛❡r❡♥t t❤❛♥
s❡✐③✉r❡ st❛t❡s ✭❢❛st ❛♥❞ ♣❡❛❦② ❛❝t✐✈✐t✐❡s✮✳ ❚❤❡r❡❢♦r❡ ✇❡ ❝♦✉❧❞ ♥♦t ✉s❡ t❤❡ ❧❡✈❡❧ ❛s ♣r♦♣♦s❡❞ ✐♥ ❬✶✺❪
❜❡❝❛✉s❡ t❤❡ ♥❛t✉r❡ ♦❢ s✐❣♥❛❧ ✐s ❞✐✛❡r❡♥t✳ ❚❤✉s✱ t❤✐s ✐s t❤❡ ❛❞✈❛♥t❛❣❡ ♦❢ ❍❛❧❢✇❛✈❡ ♠❡t❤♦❞ t❤❛t
✇❡ ❝❛♥ ❝✉st♦♠✐③❡ t❤❡ ♠❡t❤♦❞ ❜❛s❡❞ ♦♥ t❤❡ ♣r♦❜❧❡♠s ✐♥ ❤❛♥❞s✳ ❚❤❡ t✐♠❡ ❞♦♠❛✐♥ ❢❡❛t✉r❡s ✉s❡❞
❤❡r❡ ❛r❡✿ total number ♦❢ ❡①tr❡♠❛ ♣♦✐♥ts✱ mean ♦❢ t❤❡ ❛❜s♦❧✉t❡ ✈❛❧✉❡s ♦❢ t❤❡ ❡①tr❡♠❛ ♣♦✐♥ts✱
maximum ♦❢ t❤❡ ❛❜s♦❧✉t❡ ✈❛❧✉❡s ♦❢ t❤❡ ❡①tr❡♠❛ ♣♦✐♥ts✱ maximum✱ ♦❢ t❤❡ ❛❜s♦❧✉t❡ ✈❛❧✉❡s ♦❢ t❤❡
s❧♦♣❡s✱ mean ♦❢ ❛❜s♦❧✉t❡ ✈❛❧✉❡s ♦❢ s❧♦♣❡s ❛♥❞ t❤❡ ❧❛st ❢❡❛t✉r❡ s✉♠ ♦❢ t❤❡ sq✉❛r❡ ♦❢ ❡①tr❡♠❛ ♣♦✐♥ts
✇❤✐❝❤ r❡❧❛t❡❞ t♦ t❤❡ energy ♦❢ t❤❡ s✐❣♥❛❧ ❛r❡ ❡①tr❛❝t❡❞✳ ❚❤❡ r❡❛s♦♥ ♦❢ ❝❤♦♦s✐♥❣ t❤❡s❡ ❢❡❛t✉r❡s
✐s t❤❛t t❤❡s❡ ❛r❡ t❤❡ s✐♠♣❧❡ ❛♥❞ ✈❡r② ❝♦♠♠♦♥ st❛t✐st✐❝❛❧ ❢❡❛t✉r❡s✳ ▼♦r❡♦✈❡r✱ ✈❛r✐♦✉s st✉❞✐❡s ❛♥❞
s✉r✈❡②s ❬✶✺❪✱❬✶✻❪✱❬✶✾❪ ❛❧s♦ s✉♠♠❛r✐③❡ t❤❛t t❤❡s❡ ❛r❡ t❤❡ ❜❡st ❛♥❞ ❛r❡ ❢r❡q✉❡♥t❧② ✉s❡❞ ❢❡❛t✉r❡s
✐♥ t✐♠❡ ❞♦♠❛✐♥ ❢♦r t❤❡ ❛♥❛❧②s✐s ♦❢ t❤❡ ❞✐✛❡r❡♥t ❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s✳ ■♥ ♣r❛❝t✐❝❡ ✇❡ ❡①tr❛❝t❡❞
♥✉♠❜❡r ♦❢ st❛t✐st✐❝❛❧ ❢❡❛t✉r❡s ✐♥ t✐♠❡ ❞♦♠❛✐♥ ❛♥❞ t❤❡♥ ❛♥ ❛♥❛❧②s✐s ❤❛s ❜❡❡♥ ♠❛❞❡ ♦♥ t❤❡s❡
❢❡❛t✉r❡s ❜② ✉s✐♥❣ ❤✐st♦❣r❛♠s ❬✶✺❪✳ ❲❡ ❢♦✉♥❞ t❤❛t t❤❡ s❡❧❡❝t❡❞ ✻ t✐♠❡ ❞♦♠❛✐♥ ❢❡❛t✉r❡s ❛r❡ t❤❡
❜❡st ❞✐s❝r✐♠✐♥❛t♦r② ❢❡❛t✉r❡s ❛♥❞ t❤❡✐r ❝♦♠❜✐♥❛t✐♦♥ ✇✐t❤ s❡❧❡❝t❡❞ ❋r❛♥❦❧✐♥ ❝♦❡✣❝✐❡♥ts ❣✐✈❡s ❜❡tt❡r
r❡s✉❧ts t❤❛♥ ❛♥② ♦t❤❡r ❝♦♠❜✐♥❛t✐♦♥ ❛s s❤♦✇♥ ✐♥ t❛❜❧❡ ✶✳

❋❡❛t✉r❡ ❡①tr❛❝t✐♦♥ ✐♥ ❢r❡q✉❡♥❝② ❞♦♠❛✐♥ ✿ ❋r❛♥❦❧✐♥ ❚r❛♥s❢♦r♠❛t✐♦♥ ■♥ ❢r❡q✉❡♥❝②
❞♦♠❛✐♥ t❤❡ s❡❣♠❡♥t❛t✐♦♥ ♦❢ t❤❡ s✐❣♥❛❧ ❜② ✉s✐♥❣ r❡❝t❛♥❣✉❧❛r ✇✐♥❞♦✇ ✐s ❧✐tt❧❡ ❜✐t tr✐❝❦②✳ ■❢ ✇❡ t❛❦❡
✇✐♥❞♦✇ s✐③❡ ✸✵ s❡❝ ❧♦♥❣ ✭ ✺✼✵✵ s❛♠♣❧❡s✮ t❤❡♥ t❤❡r❡ ✐s ♥♦ ❧✐♥❡❛r✐t② ❤♦❧❞s ❜❡t✇❡❡♥ ❛♥② ❞②❛❞✐❝
r❛t✐♦♥❛❧s ♦❢ t❤❡ ❢♦r♠ K2−8(k = 0, ..., 256)✳ ❚❤✉s✱ ✶ s❡❣♠❡♥t ♦❢ ✸✵ s❡❝ ❧♦♥❣ ✇✐t❤ ✼✺✵✵ s❛♠♣❧❡
♣♦✐♥ts✱ ♥❡❡❞s t♦ ❜❡ r❡✲s❛♠♣❧❡❞ t♦ ✷✺✻ s❛♠♣❧❡s ♣♦✐♥ts s♦ t❤❛t ❧✐♥❡❛r✐t② ♠✉st ❤♦❧❞ ❜❡t✇❡❡♥ ❛♥②
❞②❛❞✐❝ r❛t✐♦♥❛❧s ♦❢ t❤❡ ❢♦r♠ K2−8(k = 0, ..., 256)✳ ❇✉t t❤❡ ♣r♦❜❧❡♠ ✇✐t❤ t❤✐s ❞r❛st✐❝ r❡❞✉❝t✐♦♥
❢r♦♠ ✼✺✵✵ t♦ ✷✺✻ s❛♠♣❧❡s ✐s t❤❛t✱ ✇❡ ♠❛② ❧♦♦s❡ s♦♠❡ ✐♠♣♦rt❛♥t ✐♥❢♦r♠❛t✐♦♥✳ ❆t t❤✐s ♣♦✐♥t ♦❢ t✐♠❡
✇❡ ❛r❡ ♥♦t ❛❜❧❡ t♦ ❣✐✈❡ t❤❡ s♦❧✐❞ ❥✉st✐✜❝❛t✐♦♥ ❢♦r s✉❝❤ ❞r❛st✐❝ r❡❞✉❝t✐♦♥ ❢r♦♠ ✼✺✵✵ t♦ ✷✺✻ s❛♠♣❧❡s
❡①❝❡♣t t❤❡ ❧✐♥❡❛r✐t② ♠✉st ❤♦❧❞ ❜❡t✇❡❡♥ ❛♥② ❞②❛❞✐❝ r❛t✐♦♥❛❧s ♦❢ t❤❡ ❢♦r♠ K2−8(k = 0, ..., 256)✱
❜✉t ✐❢ ✇❡ ❧♦♦❦ ❛t t❤❡ ❝♦♠♣❛r✐s♦♥s ♦❢ r❡s✉❧ts ✇✐t❤ st❛t❡ ♦❢ t❤❡ ❛rt ♠❡t❤♦❞s✱ t❤❡♥ ✇❡ ❜❡❧✐❡✈❡
t❤❛t ♣r♦♣♦s❡❞ ❛❧❣♦r✐t❤♠ ❝❛♥ ❜❡ ✉s❡❞ ✐♥ t❤✐s ✇❛② t♦♦✳ ❲❡ ❛r❡ ❢✉rt❤❡r ✇♦r❦✐♥❣ t♦ ❡♥❤❛♥❝❡ t❤❡
♣r♦♣♦s❡❞ ❛❧❣♦r✐t❤♠ ❛♥❞ ✇❡ ❤♦♣❡ ✐♥ t❤❡ ❢✉t✉r❡ ✇♦r❦ ✇❡ ✇✐❧❧ ❤❛✈❡ ♠♦r❡ ✐♠♣r♦✈❡❞ r❡s✉❧ts ✇✐t❤
s♦❧✐❞ ❥✉st✐✜❝❛t✐♦♥ t❤❡ ✇❛②✱ t❤❡ ♠❡t❤♦❞ ✇❡ ✉s❡❞ ✭❞r❛st✐❝ r❡❞✉❝t✐♦♥✮ ❤❡r❡✳❲❡ r❡✲s❛♠♣❧❡❞ t❤❡ s✐❣♥❛❧
❜② ✉s✐♥❣ r❡s❛♠♣❧❡✭✮ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ♠❛t❧❛❜ ✇❤✐❝❤ ✐s y = resample(x, p, q) ✇❤❡r❡ t❤❡ ❢✉♥❝t✐♦♥
r❡s❛♠♣❧❡s t❤❡ s❡q✉❡♥❝❡ ① ❛t ♣✴q t✐♠❡s t❤❡ ♦r✐❣✐♥❛❧ s❛♠♣❧❡ r❛t❡✳ ❚❤❡ ❧❡♥❣t❤ ♦❢ t❤❡ r❡s✉❧t ② ✐s ♣✴q
t✐♠❡s t❤❡ ❧❡♥❣t❤ ♦❢ ①✳ ❆❢t❡r ❛♣♣❧②✐♥❣ t❤❡ ❋r❛♥❦❧✐♥ tr❛♥s❢♦r♠❛t✐♦♥ ♦♥ t❤❡ s❡❧❡❝t❡❞ s❡❣♠❡♥t ✇❡ ✇✐❧❧
❣❡t ✷✺✻ ❝♦❡✣❝✐❡♥ts✳ ❚♦ ✜♥❞ t❤❡ ❜❡st ❢❡❛t✉r❡s ♦✉t ♦❢ ✷✺✻ ❝♦❡✣❝✐❡♥ts ✇❡ ♠❛❞❡ s♦♠❡ ❝♦♠❜✐♥❛t✐♦♥s
✭t❛❜❧❡✶✮ ✇✐t❤ s❡❧❡❝t❡❞ t✐♠❡ ❞♦♠❛✐♥ ❢❡❛t✉r❡s ❛♥❞ ✐t ✐s ❢♦✉♥❞ t❤❛t ✜rst ✽ ❝♦❡✣❝✐❡♥ts ❛r❡ t❤❡ ❜❡st
❞✐s❝r✐♠✐♥❛t♦r② ❢❡❛t✉r❡s✳

❋✐♥❛❧ ❢❡❛t✉r❡ ✈❡❝t♦r ❝♦♥str✉❝t✐♦♥ ❋r♦♠ t❤r❡❡ ❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s ✭❊❊●✱ ❜❧♦♦❞✱ ♥❛s❛❧✮
✇❡ ❤❛✈❡ t❤r❡❡ ❢❡❛t✉r❡ ✈❡❝t♦rs ✇❤❡r❡ ❡❛❝❤ ❢❡❛t✉r❡ ✈❡❝t♦r ✐s ❝♦♥str✉❝t❡❞ ❜② ♠❡r❣✐♥❣ t❤❡ ✻ t✐♠❡



✶✸t❤ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ▼❛t❤❡♠❛t✐❝s ❛♥❞ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱ ❖❝t♦❜❡r ✶ ✕ ✸✱ ✷✵✷✵✱ ❊▲❚❊✱ ❍✉♥❣❛r②✼

❞♦♠❛✐♥ ❛♥❞ ✜rst ✽ ❢r❡q✉❡♥❝② ❞♦♠❛✐♥ ❢❡❛t✉r❡s ❛♥❞ t❤✐s ❢❡❛t✉r❡ ✈❡❝t♦r ❤❛s ❛ t♦t❛❧ ♦❢ ✶✹ ❢❡❛t✉r❡s✳
❍❛❧❢✇❛✈❡ r❡❞✉❝t✐♦♥ t❡❝❤♥✐q✉❡ ✐s ❛♣♣❧✐❡❞ ♦♥ ♦r✐❣✐♥❛❧ ♥❛s❛❧ ❛♥❞ ❜❧♦♦❞ s✐❣♥❛❧ ❛♥❞ t❤❡♥ s❛♠❡ s❡t
♦❢ ✻ st❛t✐st✐❝❛❧ ❢❡❛t✉r❡s ❛r❡ ❡①tr❛❝t❡❞ ❢r♦♠ ❡❛❝❤ ❛♥❞ ❡✈❡r② ✸✵ s❡❝ ❧♦♥❣ s❡❣♠❡♥t✳ ▲❡t ❱✶✱ ❱✷✱
❱✸ ❛♥❞ ❛r❡ t❤❡ ❢❡❛t✉r❡ ✈❡❝t♦rs ❡①tr❛❝t❡❞ ❢r♦♠ ❊❊●✱ ❜❧♦♦❞ ❛♥❞ ♥❛s❛❧ r❡s♣❡❝t✐✈❡❧②✳ ▲❡t ❋ ❜❡ t❤❡
✜♥❛❧ ❢❡❛t✉r❡ ✈❡❝t♦r ✉s❡❞ ❢♦r ❝❧❛ss✐✜❝❛t✐♦♥✱ t❤❡r❡❢♦r❡✱ t❤❡♥ ❋❂ ❬❱✶ ❱✷ ❱✸❪✳ ❚❤✉s t❤❡ ✜♥❛❧ ❢❡❛t✉r❡
✈❡❝t♦r ✉s❡❞ ❢♦r ❝❧❛ss✐✜❝❛t✐♦♥ ❤❡r❡ ❤❛s ✹✷ ❢❡❛t✉r❡s✳ ■♥ t❤✐s ✇❛② t❤❡ ❢❡❛t✉r❡s ❢r♦♠ t❤r❡❡ ❜✐♦♠❡❞✐❝❛❧
s✐❣♥❛❧s ❛r❡ ♠❡r❣❡❞✳ ■♥ t❤❡ t❛❜❧❡ ✶✱ ✻❚ ♠❡❛♥s✱ s✐① ❜❡st t✐♠❡ ❞♦♠❛✐♥ ❢❡❛t✉r❡s ❛♥❞ ✽❋ ❂ ❋✐rst ❊✐❣❤t
❋r❛♥❦❧✐♥ ❝♦❡✣❝✐❡♥ts✳ ❋✐♥❛❧ r❡s✉❧ts ✇✐t❤ ❞✐✛❡r❡♥t s❡t ♦❢ ❝❧❛ss❡s ❛r❡ s❤♦✇♥ ✐♥ t❛❜❧❡ ♥✉♠❜❡r ✷✱ ✸✱
✹✱✺ ❛♥❞ ✻ ✇❤❡r❡ tr❛✐♥✐♥❣ ❛♥❞ ❚❡st✐♥❣ ❞❛t❛ ✐s t❛❦❡♥ ✐♥ t❤❡ r❛t✐♦ ♦❢ ✻✵✿✹✵ r❡s♣❡❝t✐✈❡❧②✳

✺✳✷ ❈❧❛ss✐✜❝❛t✐♦♥

❆❢t❡r t❤❡ ❢❡❛t✉r❡ ✈❡❝t♦r ❝♦♥str✉❝t✐♦♥ ✇❡ ❛♣♣❧✐❡❞ t❤❡ ❑✲◆❡❛r❡st ◆❡✐❣❤❜♦r ❛❧❣♦r✐t❤♠ ✭❑◆◆✮ ❢♦r
❝❧❛ss✐✜❝❛t✐♦♥✳ ❲❡ ❢♦✉♥❞ ❢r♦♠ t❤❡ ✈❛r✐♦✉s ❧✐t❡r❛t✉r❡ s✉r✈❡②s t❤❛t ✐♥ s♦♠❡ ❛♣♣❧✐❝❛t✐♦♥s ❑◆◆ ♣❡r✲
❢♦r♠s ❜❡tt❡r ✐♥ t❤✐s t❛s❦ t❤❛♥ ♦t❤❡r ♦❢t❡♥ ✉s❡❞ ❝❧❛ss✐✜❝❛t✐♦♥ ❛❧❣♦r✐t❤♠s ❧✐❦❡ ❙✉♣♣♦rt ❱❡❝t♦r
▼❛❝❤✐♥❡ ✭❙❱▼✮✱ ❆rt✐✜❝✐❛❧ ◆❡✉r❛❧ ◆❡t✇♦r❦ ✭❆◆◆✮ ❡t❝✳ ■♥ t❤✐s r❡❣❛r❞ ✇❡ ❛❣r❡❡s ✇✐t❤ t❤❡ ❝♦♥❝❧✉✲
s✐♦♥s ♦❢ ♦t❤❡r ❛✉t❤♦rs ♠❡♥t✐♦♥❡❞ ✐♥ ❞✐✛❡r❡♥t st✉❞✐❡s✳ ❲❡ ♥♦t❡ t❤❛t t❤❡ s❡ts ♦❢ s❧❡❡♣ st❛❣❡s ✐♥ t❤❡
❞❛t❛❜❛s❡s ❛r❡ ♥♦t ❜❛❧❛♥❝❡❞✳ ❚❤✐s ♠❡❛♥s t❤❛t t❤❡ ♥✉♠❜❡rs ♦❢ t✉♣❧❡s ♦❢ ❞✐✛❡r❡♥t ❝❧❛ss❡s ❛r❡ s✐❣♥✐❢✲
✐❝❛♥t❧② ❞✐✛❡r❡♥t✳ ❚❤❡r❡❢♦r❡✱ ❜❡❢♦r❡ ❛♣♣❧②✐♥❣ t❤❡ ❝❧❛ss✐✜❡r✱ t❤❡ ❝❧❛ss ✐♠❜❛❧❛♥❝❡ ♣r♦❜❧❡♠ ♥❡❡❞s t♦
❜❡ ❛❞❞r❡ss❡❞ ♦t❤❡r✇✐s❡ r❡s✉❧ts ✇♦✉❧❞ ❜❡ ❜✐❛s❡❞✳ ■♥ t❤❡ ♣r♦♣♦s❡❞ ♠❡t❤♦❞ ✇❡ ✉s❡❞ ❛♥ ❛❞✈❛♥❝❡❞
❢♦r♠ ♦❢ ❙②♥t❤❡t✐❝ ▼✐♥♦r✐t② ❖✈❡r✲❙❛♠♣❧✐♥❣ ❚❡❝❤♥✐q✉❡ ✭❙▼❖❚❊✮ ❬✸✹❪ t♦ ❛❞❞r❡ss t❤❡ ✐ss✉❡ ♦❢ ❝❧❛ss
✐♠❜❛❧❛♥❝❡✳ ■t ✐s ❝❛❧❧❡❞ ❆❞❛♣t✐✈❡ ❙②♥t❤❡t✐❝ ❙❛♠♣❧✐♥❣ ❆♣♣r♦❛❝❤ ❢♦r ■♠❜❛❧❛♥❝❡❞ ▲❡❛r♥✐♥❣ ❬✸✺❪✳

❚❛❜❧❡ ✶✿ ❋❡❛t✉r❡ s❡❧❡❝t✐♦♥ ✉s✐♥❣ ❞✐✛❡r❡♥t ❝♦♠❜✐♥❛t✐♦♥s ♦❢ t❤❡ s✐❣♥❛❧s
❙✐❣♥❛❧ Class− pair Features Train&Test Sensitivity(%) Specificity(%) Accuracy(%)
❇❧♦♦❞ 4 6T + 16F 60− 40 91.02 97 91
❇❧♦♦❞ 4 6T + 16F 80− 20 96.11 98.70 96.09
❇❧♦♦❞ 4 6T + 8F 80− 20 96.03 98.67 96.02
❇❧♦♦❞ 4 6T + 8F 60− 40 90.64 96.86 90.60
❘❡s♣ 4 6T + 8F 60− 40 91.11 97.05 91.15
❘❡s♣ 4 6T + 8F 80− 20 96.37 98.79 96.38
❘❡s♣ 4 6T + 16F 60− 40 90.87 96.98 90.97
❘❡s♣ 4 6T + 16F 80− 20 96.15 98.72 96.17
❊❊● 4 6T + 8F 80− 20 95.63 98.58 95.63
❊❊● 4 6T + 8F 60− 40 90 96.7 90
❊❊● 4 6T + 16F 80− 20 90.64 96.86 90.60

❇❧♦♦❞ ❘❡s♣ ❊❊● 4 6T+ 8F 60− 40 93.28 97.76 93.28
❇❧♦♦❞ ❘❡s♣ ❊❊● 4 6T+ 8F 80− 20 97.28 99.09 97.27
❇❧♦♦❞ ❘❡s♣ ❊❊● 4 6T + 16F 60− 40 92.82 97.60 92.84
❇❧♦♦❞ ❘❡s♣ ❊❊● 4 6T + 16F 80− 20 96.92 98.97 96.93
❇❧♦♦❞ ❘❡s♣ ❊❊● 4 6T + 32F (114) 80− 20 96.51 98.83 96.50

❇❧♦♦❞ ❘❡s♣ 4 6T + 16F (44) 80− 20 96.71 98.99 96.77
❇❧♦♦❞ ❘❡s♣ 4 6T + 16F (44) 60− 40 92.37 97.45 92.37

✻ ❘❡❧❛t❡❞ ❲♦r❦

■♥ t❤❡ ❧✐t❡r❛t✉r❡ s✉r✈❡② ✇❡ st✉❞✐❡❞ ♥✉♠❜❡r ♦❢ s❧❡❡♣ st❛t❡s ❞❡t❡❝t✐♦♥ t❡❝❤♥✐q✉❡s ❛♥❞ ✇❡ ❢♦✉♥❞
t❤❛t r❡❝❡♥t r❡s❡❛r❝❤ ✐s ❢♦❝✉s✐♥❣ ♦♥ ❞②♥❛♠✐❝ ♣❛r❛♠❡t❡rs ❧✐❦❡ ❝♦rr❡❧❛t✐♦♥ ❞✐♠❡♥s✐♦♥✱ ▲②♣♦♥♦✈
❡①♣♦♥❡♥t✱ ❛♣♣r♦①✐♠❛t❡ ❡♥tr♦♣②✱ ♠❡❛♥✱ ❡♥❡r❣② ♦❢ t❤❡ s✐❣♥❛❧✱ s❧♦♣❡s✱ ❡t❝✳ t♦ ❡①tr❛❝t ❝♦♠♣r❡❤❡♥s✐✈❡
✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ♥♦♥ ❧✐♥❡❛r s✐❣♥❛❧s ❧✐❦❡ ❊❊●✱ ❜❧♦♦❞ ❛♥❞ r❡s♣✐r❛t♦r② ❬✸✻❪✳ ❖r✐❣✐♥❛❧❧② t❤❡ ❍❛❧❢✇❛✈❡
✇❛s ✉s❡❞ ✐♥ s❡✐③✉r❡ ❞❡t❡❝t✐♦♥ ❜✉t ♥❡✇ ❍❛❧❢✇❛✈❡ ♠❡t❤♦❞ ♣r♦♣♦s❡❞ ❜② ✉s ❝❛♥ ❜❡ ✉s❡❞ ✇✐t❤ ❋r❛♥❦❧✐♥



✽✶✸t❤ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ▼❛t❤❡♠❛t✐❝s ❛♥❞ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱❖❝t♦❜❡r ✶ ✕ ✸✱ ✷✵✷✵✱ ❊▲❚❊✱ ❍✉♥❣❛r②

tr❛♥s❢♦r♠❛t✐♦♥ ✭❛ ❤②❜r✐❞ ❛♣♣r♦❛❝❤✮ ❬✶✺❪ t♦ ❞❡t❡❝t ❡♣✐❧❡♣t✐❝ s❡✐③✉r❡s ❛♥❞ s❧❡❡♣ st❛t❡s ❝❧❛ss✐✜❝❛t✐♦♥s
✐♥ ❛♥ ❡✣❝✐❡♥t ✇❛② ❜② ✉s✐♥❣ ❞✐✛❡r❡♥t ❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s✳ ❲❡ ❜❡❧✐❡✈❡ t❤❛t t❤✐s ♠❡t❤♦❞ ✇✐t❤ s❧✐❣❤t
♠♦❞✐✜❝❛t✐♦♥ ✐♥ t❤❡ ♣❛r❛♠❡t❡rs ✐❢ ♥❡❡❞❡❞ ❝❛♥ ❜❡ ✉s❡❢✉❧ t♦ s♦❧✈❡ ♠❛♥② ♣r♦❜❧❡♠s ✐♥ ❜✐♦♠❡❞✐❝❛❧
✜❡❧❞ ✐♥ ❛♥ ❡✣❝✐❡♥t ✇❛②✳ ❉✐❤♦♥❣ ❡t ❛❧✳ ❬✸✼❪ ✉s❡❞ t❤r❡❡ ❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s ❧✐❦❡ ✉s✐♥❣ ❊❊●✱ ❊❖●
❛♥❞ ❊▼● ❛♥❞ ♦♥ ❛♥ ❛✈❡r❛❣❡✱ ❛❝❝✉r❛❝② ♦❢ ✽✶✳✷✪ ❛♥❞ ❛ ❈♦❤❡♥✬s ❑❛♣♣❛ ❝♦❡✣❝✐❡♥t ♦❢ ✵✳✼✷✷ ❛r❡
♦❜t❛✐♥❡❞ ✉♥❞❡r ❧❡❛✈❡✲♦♥❡✲s✉❜❥❡❝t✲♦✉t ❝r♦ss ✈❛❧✐❞❛t✐♦♥✳ ◆✐❝♦❧❛ ❡t ❛❧✳ ❬✸✽❪ ♣r♦♣♦s❡❞ s✐♥❣❧❡ ❝❤❛♥♥❡❧
❛✉t♦♠❛t❡❞ ❞❡t❡❝t✐♦♥ ♦❢ s❧❡❡♣ st❛t❡s ✉s✐♥❣ ❊❊● s✐❣♥❛❧s✳ ❚✐♠❡ ❞♦♠❛✐♥ ❛♥❞ ❢r❡q✉❡♥❝② ❞♦♠❛✐♥
❢❡❛t✉r❡s ❛r❡ ❝❧❛ss✐✜❡❞ ❢♦r ❢♦✉r ❛♥❞ t✇♦ s❧❡❡♣ st❛❣❡s s❡♣❛r❛t❡❧② ✇✐t❤ ✾✵✳✽✶✪ ✽✸✳✷✪ r❡s♣❡❝t✐✈❡❧②✳
❚❤❡② ❛❝❤✐❡✈❡❞ ❛♥ ♦✈❡r❛❧❧ ❛❝❝✉r❛❝② ♦❢ ✽✻✳✼✪✳ ❚r✐♣❛t❤② ❡t ❛❧✳ ❬✸✾❪ t❤❡② ✉s❡❞ ❞✐s♣❡rs✐♦♥ ❡♥tr♦♣② ❛♥❞
t❤❡ ✈❛r✐❛♥❝❡ ❢❡❛t✉r❡s ❢r♦♠ t❤❡ ❞✐✛❡r❡♥t ❜❛♥❞s ♦❢ ❊❊● s✐❣♥❛❧✳ ❚❤❡ ❘❘✲t✐♠❡ s❡r✐❡s ❢❡❛t✉r❡s ❛♥❞
t❤❡ ❊❊● ❢❡❛t✉r❡s ❢❡❡❞ t♦ t❤❡ ❞❡❡♣ ♥❡✉r❛❧ ♥❡t✇♦r❦ ✭❉◆◆✮ t♦ ❝❛rr② ♦✉t t❤❡ ❝❧❛ss✐✜❝❛t✐♦♥ ♦❢ s❧❡❡♣
st❛❣❡s✳ ❚❤❡② ❛❝❤✐❡✈❡❞ ❛♥ ❛✈❡r❛❣❡ ❛❝❝✉r❛❝② ♦❢ ✽✺✳✺✶✪✱ ✾✹✳✵✸✪ ❛♥❞ ✾✺✳✼✶✪ ❢♦r t❤❡ ❝❧❛ss✐✜❝❛t✐♦♥
♦❢ ❵s❧❡❡♣ ✈s ✇❛❦❡✬✱ ❵❧✐❣❤t s❧❡❡♣ ✈s ❞❡❡♣ s❧❡❡♣✬ ❛♥❞ ❵r❛♣✐❞ ❡②❡ ♠♦✈❡♠❡♥t ✭❘❊▼✮ ✈s ♥♦♥✲r❛♣✐❞ ❡②❡
♠♦✈❡♠❡♥t ✭◆❘❊▼✮✬ s❧❡❡♣ st❛❣❡s✳ ❙✐❧✈❡r✐r❛ ❡t ❛❧✳ ❬✹✵❪ ♣r♦♣♦s❡❞ ❛ s✐♥❣❧❡ ❝❤❛♥♥❡❧ ♠❡t❤♦❞ ✇❤❡r❡
❊❊● s✐❣♥❛❧ ✐s ❞❡❝♦♠♣♦s❡❞ ✉s✐♥❣ ✇❛✈❡❧❡t tr❛♥s❢♦r♠✳ ❚❤❡ ❢❡❛t✉r❡s s✉❝❤ ❛s ❦✉rt♦s✐s✱ s❦❡✇♥❡ss
❛♥❞ ✈❛r✐❛♥❝❡ ♦❢ t❤❡ ✇❛✈❡❧❡t ❝♦❡✣❝✐❡♥ts ❛r❡ ❝❧❛ss✐✜❡❞ ✉s✐♥❣ r❛♥❞♦♠ ❢♦r❡st ❝❧❛ss✐✜❡r ❛♥❞ t❤❡②
♦❜t❛✐♥❡❞ ❛♥ ♦✈❡r ❛❧❧ ❛❝❝✉r❛❝② ❢♦r ✷ t♦ ✻ ❝❧❛ss❡s ✐s ✾✵✪✳ ❇✉❞❛❦ ❡t ❛❧✳ ❬✹✶❪ t❤❡② ♣r♦♣♦s❡❞ ♥❡✇
♠❡t❤♦❞ t♦ ❞❡t❡❝t ❞r✐✈❡r ❞r♦✇s✐♥❡ss✳❚❤❡② ❞❡❝♦♠♣♦s❡ t❤❡ s✐❣♥❛❧ ✉s✐♥❣ ◗✲❢❛❝t♦r ✇❛✈❡❧❡t tr❛♥s❢♦r♠
✐♥ s✉❜✲❜❛♥❞s✳ ❚❤❡ ❙♣❡❝tr♦❣r❛♠ ✐♠❛❣❡s ♦❢ t❤❡ ♦❜t❛✐♥❡❞ s✉❜✲❜❛♥❞s ❛♥❞ st❛t✐st✐❝❛❧ ❢❡❛t✉r❡s ❧✐❦❡
st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ✐♥st❛♥✐♦✉s ❢r❡q✉❡♥❝✐❡s ❛r❡ ❝❛❧❝✉❧❛t❡❞✳ ❋❡❛t✉r❡s ❛r❡ ❝❧❛ss✐✜❡❞ ❜② ❧♦♥❣✲s❤♦rt
t❡r♠ ♠❡♠♦r② ✭▲❙❚▼✮ ❢♦r ❝❧❛ss✐✜❝❛t✐♦♥✳ ❚❤❡② ♦❜t❛✐♥❡❞ ❛♥ ♦✈❡r ❛❧❧ ❛❝❝✉r❛❝② ♦❢ ✾✹✳✸✶ ❢♦r ❛✇❛❦❡
❛♥❞ ❞r♦✇s② ✭❙✶✮ st❛t❡✳ ❚❛r❛♥ ❡t ❛❧✳ ❬✹✷❪ ✉s❡❞ ❍❡r♠✐t❡ ❢✉♥❝t✐♦♥s ❛s ❜❛s✐s ❢✉♥❝t✐♦♥s ❛♥❞ t❤❡ ❍❡r♠✐t❡
❝♦❡✣❝✐❡♥ts ❛r❡ ✉s❡❞ ❛s ❢❡❛t✉r❡s t♦ ❝❧❛ss✐❢② ❛❧❡rt♥❡ss ❛♥❞ ❞r♦✇s✐♥❡ss st❛t❡s✳ ❲✐t❤ ❊▲▼ ✭❊①tr❡♠❡
▲❡❛r♥✐♥❣ ▼❡t❤♦❞✮ t❤❡✐r ❞❡t❡❝t✐♦♥ r❛t❡ ❢♦r ❛❧❡rt ❛♥❞ ❞r♦✇s✐♥❡ss ❛r❡ ✾✺✳✹✺✪ ❛♥❞ ✽✼✳✾✷✪✳ ❚❤❡ ♦✈❡r
❛❧❧ ❛❝❝✉r❛❝② ✇❛s ✾✷✳✷✽✪✳ ❆ s✉❜❥❡❝t s♣❡❝✐✜❝ ❛♣♣r♦❛❝❤ ❬✹✸❪ ✇❤❡r❡ ✶✷ ❢❡❛t✉r❡s ❛r❡ ❡①tr❛❝t❡❞ ❜②
t❤r❡❡ ♠❡t❤♦❞s ♥❛♠❡❧②✱ t❤❡ ❤❡❛rt r❛t❡ ✈❛r✐❛❜✐❧✐t② ✭❍❘❱✮✱ ❞❡tr❡♥❞❡❞ ✢✉❝t✉❛t✐♦♥ ❛♥❛❧②s✐s ✭❉❋❆✮
❛♥❞ ✇✐♥❞♦✇❡❞ ❉❋❆ ✭❲❉❋❆✮✳ ❚❤❡② r❡♣♦rt❡❞ ❛♥ ❛✈❡r❛❣❡ ❛❝❝✉r❛❝② ♦❢ ✼✾✳✾✾ ❛♥❞ ❦❛♣♣❛ ❝♦❡✣❝✐❡♥t
✵✳✹✸✳ ❆♥♦t❤❡r s✉❜❥❡❝t s♣❡❝✐✜❝ ❛♣♣r♦❛❝❤ ✐s ♠❡♥t✐♦♥❡❞ ✐♥ ❬✹✹❪ ✇❤❡r❡ ❛✈❡r❛❣❡ ❛❝❝✉r❛❝② ❛r❡ ✉s✐♥❣
❊❊● ✐s ✼✻✪ ❛♥❞ ✉s✐♥❣ ❊❈● s✐❣♥❛❧s ✐s ✼✺✪✳

✼ ❊①♣❡r✐♠❡♥t❛❧ ❘❡s✉❧ts ❛♥❞ ❉✐s❝✉ss✐♦♥s

❚❡sts ✇❡r❡ ♣❡r❢♦r♠❡❞ ♦♥ ✶✺ r❡❝♦r❞s ✭♦✉t ♦❢ ✶✽ r❡❝♦r❞s✮ ❛♥❞ t♦t❛❧ ❞✉r❛t✐♦♥ ♦❢ s❡❧❡❝t❡❞ ✶✺ ❧♦♥❣
t❡r♠ ❊❊●✱ ❜❧♦♦❞ ❛♥❞ ♥❛s❛❧ s✐❣♥❛❧s ✇✐t❤ s✐① ❞✐✛❡r❡♥t s❧❡❡♣ ❝❧❛ss❡s ✐s ♠♦r❡ t❤❛♥ ✼✵ ❤♦✉rs✳ ❋✐rst
✇❡ ❤❛✈❡ ♦♣t✐♠✐③❡❞ ♦✉r ♠❡t❤♦❞ t❤❡♥ ✇❡ ❤❛✈❡ ❝❛rr✐❡❞ ♦✉t ❝♦♠♣❛r✐s♦♥ t❡sts✳ ■t t✉r♥❡❞ ♦✉t t❤❛t
t❤❡ ♣r♦♣♦s❡❞ ♠❡t❤♦❞ s❤♦✇s ❜❡tt❡r ♣❡r❢♦r♠❛♥❝❡ ✐♥ t❡r♠s ♦❢ ❛♥ ❛✈❡r❛❣❡ ❛❝❝✉r❛❝②✱ s❡♥s✐t✐✈✐t②✱
s♣❡❝✐✜❝✐t②✱ ❛♥❞ ❋❛❧s❡ ❛❧❛r♠ r❛t❡✴ ❤r t❤❛♥ st❛t❡ ♦❢ t❤❡ ❛rt ♠❡t❤♦❞s✳ ❚❤❡ ♣❡r❢♦r♠❛♥❝❡ ✐s ❡✈❛❧✉❛t❡❞
❜② t❤❡ ❢♦❧❧♦✇✐♥❣ ♠❡tr✐❝s✳ ❙❡♥s✐t✐✈✐t② = ❚P

❚P+❋◆ × 100

❙♣❡❝✐✜❝✐t② = ❚◆

❚◆+❋P × 100

❆❝❝✉r❛❝② = ❚P+❚◆

❚◆+ ❋P+ ❚P+ ❋◆
× 100

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

✇❤❡r❡ ❚P ✐s tr✉❡ ♣♦s✐t✐✈❡✱ ❚◆ ✐s tr✉❡ ♥❡❣❛t✐✈❡✱ ❋◆ ✐s ❢❛❧s❡ ♥❡❣❛t✐✈❡✳
❚❤❡ ✈❛r✐♦✉s r❡s✉❧ts ♦❜t❛✐♥❡❞ ❛r❡ s❤♦✇♥ ✐♥ t❛❜❧❡ ✶✱ ✷✱ ✸✱ ✹✱ ✺ ❛♥❞ t❛❜❧❡ ✻✳ ❚❤❡ t❛❜❧❡ ✶ ❤❡❧♣s

✉s t♦ ❝❤♦♦s❡ ❜❡st s❡t ♦❢ ❞✐s❝r✐♠✐♥❛t♦r② ❢❡❛t✉r❡s ❛♠♦♥❣ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ❢❡❛t✉r❡s ❛♥❞ ✇❡ ❢♦✉♥❞
t❤❛t t❤❡ ❝♦♠❜✐♥❛t✐♦♥ ✇✐t❤ ❜♦❧❞ t❡①t ✐♥ t❤❡ t❛❜❧❡ ✶ ❝❛♥ ❜❡ ❝♦♥s✐❞❡r ❛s ❜❡st ❝♦♠❜✐♥❛t✐♦♥ t♦ ❞❡t❡❝t
✈❛r✐♦✉s s❧❡❡♣ st❛t❡s✳ ❚❛❜❧❡ ✷✱ t❛❜❧❡ ✸ s❤♦✇s t❤❡ ❝♦♠♣❛r✐s♦♥ ✇✐t❤ st❛t❡ ♦❢ t❤❡ ❛rt ♠❡t❤♦❞s ✇✐t❤
s❛♠❡ ❛♥❞ ❞✐✛❡r❡♥t ❞❛t❛❜❛s❡ r❡s♣❡❝t✐✈❡❧② ❛♥❞ ✐t s❤♦✇s t❤❛t ♦✉r ❛❧❣♦r✐t❤♠ ♣❡r❢♦r♠❡❞ ❜❡tt❡r t❤❛♥



✶✸t❤ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ▼❛t❤❡♠❛t✐❝s ❛♥❞ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱ ❖❝t♦❜❡r ✶ ✕ ✸✱ ✷✵✷✵✱ ❊▲❚❊✱ ❍✉♥❣❛r②✾

❚❛❜❧❡ ✷✿ ❈♦♠♣❛r✐s♦♥ ♦❢ r❡s✉❧ts ✇✐t❤ st❛t❡✲♦❢✲t❤❡ ❛rt ❛❧❣♦r✐t❤♠s t❡st❡❞ ♦♥ t❤❡ s❛♠❡ ❞❛t❛❜❛s❡
❆✉t❤♦r ❛♥❞ ②❡❛r ◆✉♠❜❡r ♦❢ r❡❝♦r❞s ❢❡❛t✉r❡s ❈❧❛ss❡s ✉s❡❞ ❈❧❛ss✐✜❡r ✉s❡❞ ❆✈❡r❛❣❡ ❆❝❝✉r❛❝②✭ ✪✮

❘❡❞♠♦♥❞ ❛♥❞
❍❡♥❡❣❤❛♥ ❬✹✹❪✱
✷✵✵✸

✶✼
❍❘❱ ❢❡❛t✉r❡s ❛♥❞
❊❊● ❋❡❛t✉r❡s

▲✐❣❤t s❧❡❡♣ ✈s ❞❡❡♣
s❧❡❡♣

◗❉❆ ✽✾

❆❞♥❛♥❡ ❡t ❛❧✳
❬✹✸❪✱ ✷✵✶✷

✶✼ ❍❘❱✱ ❉❋❆ ❛♥❞ ❲❉❋❆ ❙❧❡❡♣ ✈s ✇❛❦❡ ❙❱▼ ✼✾✳✾✾

❍❛②❡t ❛♥❞ ❙❧✐♠
❬✹✺❪✱ ✷✵✶✷

✵✾
❘❘✲t✐♠❡ s❡r✐❡s ❛♥❞
❍❘❱ ❢❡❛t✉r❡s

❙❧❡❡♣ ✈s ✇❛❦❡ ❊▲▼ ✽✸✳✺✾

❲❡rt❡♥✐ ❡t ❛❧✳
❬✹✻❪✱ ✷✵✶✺

✶✼ ❍❘❱ ❙❧❡❡♣ ✈s ✇❛❦❡ ❘❊▼ ❙❱▼ ✺✻✳✽✶

❘✳❑ ❚r✐♣❛t❤✐ ❡t
❛❧✳ ❬✸✾❪✱ ▼❛②✱
✷✵✶✽

✶✼
❉✐s♣❡rs✐♦♥ ❡♥tr♦♣② ❛♥❞
✈❛r✐❛♥❝❡

✇❛❦❡✱ ❧✐❣❤t s❧❡❡♣✱ ❞❡❡♣
s❧❡❡♣✱ ❘❊▼

◆❡✉r❛❧ ♥❡t✇♦r❦ ✽✺✳✺✶✱ ✾✹✳✵ ✾✺✳✼✶

❚❛r❛♥ ❡t ❛❧✳ ❬✹✷❪✱
✷✵✶✽

✶✻ ❍❡r♠✐t❡ ❝♦❡✣❝✐❡♥ts
❛❧❡rt✭✇✮ ❛♥❞ ❞r♦✇s✐✲
♥❡ss✭s✶✮

❊▲▼ ✾✷✳✷✽

❇✉❞❛❦ ❡t ❛❧✳
❬✹✶❪✱ ✷✵✶✾

✶✻
s♣❡❝tr♦❣r❛♠ ✐♠❛❣❡s
❛♥❞ ✐♥st❛♥✐♦✉s ❢r❡✲
q✉❡♥❝✐❡s

❛❧❡rt ❛♥❞ ❞r♦✇s✐♥❡ss ▲❙❚▼ ✾✹✳✸✶ ✪

P❛♥❢❡♥❣ ❡t ❛❧✳
❬✹✼❪✱ ✷✵✶✾

✵✻ st❛t✐st✐❝❛❧ ❢❡❛t✉r❡s
◆❘❊▼ ✭s✶✲s✹✮✱ ❘❊▼✱
❲❛❦❡

❲✲❙❱▼ ✽✺✳✷✾

❏✉♥♠✐♥❣ ❛t ❡❧✳
❬✹✽❪✱ ✷✵✷✵

✶✽
❍✐❧❜❡rt ❍✉❛♥❣ ❝♦❡✣✲
❝✐❡♥ts

❘❊▼✱❘❊▼✱✇❛❦❡ ❈◆◆ ✽✼✳✻ ✵✳✽✶

Pr♦♣♦s❡❞
♠❡t❤♦❞

✶✺
t✐♠❡ ❞♦♠❛✐♥ ❛♥❞
❋r❛♥❦❧✐♥ ❝♦❡✣❝✐❡♥ts

❲❛❦❡✱ ❙❧❡❡♣✭❛❧❧✮✱ ❘❊▼ ❑◆◆ ✾✻✳✾✱✾✸✳✾✹✱ ✾✸✳✽✹

♦t❤❡r st❛t❡ ♦❢ t❤❡ ❛rt ♠❡t❤♦❞s✳❖✉r ♠❡t❤♦❞ ✐s ♣❛t✐❡♥t s♣❡❝✐✜❝ ❛♥❞ t❤❡ st❛t❡ ♦❢ t❤❡ ♠❡t❤♦❞s ✉s❡❞
❢♦r ❝♦♠♣❛r✐s♦♥s ❛r❡ ❛❧s♦ ♣❛t✐❡♥t s♣❡❝✐✜❝✱ t❤❡r❡❢♦r❡ ✐t ❥✉st✐✜❡s t❤❡ ❝♦♠♣❛r✐s♦♥s✳ ❚❛❜❧❡ ✹✱ ✺ ✱✻ s❤♦✇s
❝❧❛ss✐✜❝❛t✐♦♥ r❡s✉❧ts ❢♦r r❛♥❞♦♠❧② s❡❧❡❝t❡❞ ✷✱ ✹✱ ❛♥❞ ✻ ❝❧❛ss❡s r❡s♣❡❝t✐✈❡❧②✳

✽ ❈♦♥❝❧✉s✐♦♥ ❛♥❞ ❢✉t✉r❡ ✇♦r❦

❆ ♥♦✈❡❧ ❤②❜r✐❞ ❛♣♣r♦❛❝❤ ♦❢ t✇♦ ♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r ♠♦❞❡❧s ❤❛s ❜❡❡♥ ❞❡✈❡❧♦♣❡❞ t♦ ❡①tr❛❝t t❤❡ ❢❡❛t✉r❡s
❢r♦♠ t❤❡ ❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s✳ ❚❤❡ ♠❛✐♥ ✐❞❡❛ ❜❡❤✐♥❞ t❤❡ t✇♦ ♣✐❡❝❡✇✐s❡ ❧✐♥❡❛r ♠♦❞❡❧s ✐s t♦ ♠♦r♣❤
t❤❡ s✐❣♥❛❧s ✐♥ s✉❝❤ ❛ ✇❛② t❤❛t s✐❣♥❛❧ s❤♦✉❧❞ ❜❡❝♦♠❡ s✐♠♣❧❡ ❛♥❞ s♠♦♦t❤ ❜✉t ❛t t❤❡ s❛♠❡ ✐t ♠✉st
r❡t❛✐♥ t❤❡ ✐♠♣♦rt❛♥t ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ t❤❡ s❧❡❡♣ st❛t❡s ✐♥ ✐t✳ ❉✐✛❡r❡♥t t✐♠❡ ❞♦♠❛✐♥ ❛♥❞ ❢r❡q✉❡♥❝②
❞♦♠❛✐♥ ❢❡❛t✉r❡s ❛r❡ ❡①tr❛❝t❡❞✱ ❛♥❞ t❤❡s❡ ❢❡❛t✉r❡s ❛r❡ ❝♦♠❜✐♥❡❞ t♦ ❝♦♥str✉❝t ✜♥❛❧ ❢❡❛t✉r❡ ✈❡❝t♦r✳
❋❡❛t✉r❡s ❛r❡ ❝❧❛ss✐✜❡❞ ❜② ✉s✐♥❣ ❑◆◆ ❝❧❛ss✐✜❡r ♦♥ ❧♦♥❣ ❞❛t❛ ♦❢ ❈❍❇✲▼■❚ ♣♦❧②s♦♠♥♦❣r❛♣❤②
❞❛t❛❜❛s❡✳ Pr♦♣♦s❡❞ ❛❧❣♦r✐t❤♠ ❛❝❤✐❡✈❡❞ ❛♥ ❛✈❡r❛❣❡ s❡♥s✐t✐✈✐t②✱ s♣❡❝✐✜❝✐t②✱ ❛❝❝✉r❛❝② ❛♥❞ ❢❛❧s❡
❛❧❛r♠ r❛t❡ ♦❢ ✾✽✳✸✺✪ ❛♥❞ ✾✼✳✸✷✪✱ ✾✻✳✾✻✪✱ ✵✳✵✷✾ r❡s♣❡❝t✐✈❡❧② ❢♦r t✇♦ r❛♥❞♦♠❧② ♣✐❝❦❡❞ ❝❧❛ss❡s✱
✾✻✳✻✷✪ ❛♥❞ ✾✼✳✶✵✪✱ ✾✸✳✾✹✪✱ ✵✳✵✸✵ ❢♦r r❛♥❞♦♠❧② ♣✐❝❦❡❞ ❛♥② ✹ ❝❧❛ss❡s✱ ✾✻✳✶✸✪ ❛♥❞ ✾✽✳✸✸✪✱ ✾✸✳✽✹✪✱
✵✳✵✶✻ ❢♦r ❛❧❧ s✐① ❝❧❛ss❡s✱ ✇❤✐❝❤ ✐s ❤✐❣❤❡r s♦ ❢❛r t❤❛♥ st❛t❡ ♦❢ t❤❡ ❛rt ♠❡t❤♦❞s✳ ■♥ ❢✉t✉r❡ ❛❧❣♦r✐t❤♠
✇✐❧❧ ❜❡ t❡st❡❞ ♦♥ ✈❡r② ❧♦♥❣ ❞❛t❛ ♦❢ ❞✐✛❡r❡♥t ❞❛t❛❜❛s❡s✳ ■♥ t❤✐s ❛❧❣♦r✐t❤♠ ✇❡ ❤❛✈❡ ✉s❡❞ t❤r❡❡
❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s ✇❤✐❝❤ ♠❛② s❧♦✇ ❞♦✇♥ t❤❡ s♣❡❡❞ ♦❢ t❤❡ s②st❡♠ ✐♥st❡❛❞ ♦❢ t✇♦ ♦r ❧❡ss s✐❣♥❛❧
❜❡✐♥❣ ✉s❡❞✳ ❚❤❡r❡❢♦r❡ ✐♥ ♥❡❛r ❢✉t✉r❡ ✇❡ ✇✐❧❧ tr② t♦ ✉s❡ ♦♥❧② t✇♦ ♦r ❧❡ss s✐❣♥❛❧s ✇✐t❤ ❞✐✛❡r❡♥t s❡t
♦❢ ❢❡❛t✉r❡s ❢r♦♠ ❞✐✛❡r❡♥t s✐❣♥❛❧s s♦ t❤❛t ❢✉rt❤❡r r❡s✉❧ts ❝❛♥ ❜❡ ✐♠♣r♦✈❡❞ ✐♥ ❛♥ ♠♦r❡ ❡✣❝✐❡♥t ✇❛②✳
■♥ ❢✉t✉r❡✱ ✇❡ ♣❧❛♥ t♦ ✉s❡ ❊❊● ❛♥❞ ❜❧♦♦❞ s✐❣♥❛❧ ✇❤❡r❡ ❋r❛♥❦❧✐♥ s②st❡♠ ♠❛② ❜❡ ✉s❡❞ ♦♥ ❊❊●
❛♥❞ s♦♠❡ t✐♠❡ ❞♦♠❛✐♥ ❢❡❛t✉r❡s ❝❛♥ ❜❡ ❡①tr❛❝t❡❞ ❢r♦♠ ❜❧♦♦❞ s✐❣♥❛❧✳
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❊❋❖P✲✸✳✻✳✸✲❱❊❑❖P✲✶✻✲✷✵✶✼✲✵✵✵✵✶✿ ❚❛❧❡♥t ▼❛♥❛❣❡♠❡♥t ✐♥ ❆✉t♦♥♦♠♦✉s ❱❡❤✐❝❧❡ ❈♦♥tr♦❧ ❚❡❝❤✲
♥♦❧♦❣✐❡s ✲ ❚❤❡ Pr♦❥❡❝t ✐s s✉♣♣♦rt❡❞ ❜② t❤❡ ❍✉♥❣❛r✐❛♥ ●♦✈❡r♥♠❡♥t ❛♥❞ ❝♦✲✜♥❛♥❝❡❞ ❜② t❤❡ ❊✉r♦✲
♣❡❛♥ ❙♦❝✐❛❧ ❋✉♥❞✳
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❚❛❜❧❡ ✸✿ ❈♦♠♣❛r✐s♦♥ ♦❢ r❡s✉❧ts ✇✐t❤ ♦t❤❡r ❛❧❣♦r✐t❤♠s t❡st❡❞ ♦♥ t❤❡ ❞✐✛❡r❡♥t ❞❛t❛❜❛s❡

❆✉t❤♦r ❛♥❞ ②❡❛r ❢❡❛t✉r❡s ❈❧❛ss❡s ✉s❡❞ ❈❧❛ss✐✜❡r ✉s❡❞ ❆✈❡r❛❣❡ ❆❝❝✉r❛❝②✭✪✮

Pr✉❝♥❛❧ ❡t ❛❧✳ ❬✹✾❪
❊▼❉ ❛♥❞ ✇❛✈❡❧❡t
❜❛s❡❞ ❢❡❛t✉r❡s
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❍❛s❛♥ ❡t ❛❧✳ ❬✺✵❪
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❢❡❛t✉r❡s

❙✐① ❝❧❛ss❡s ✭✇❛❦❡✱ ❙✶✱
❙✷✱ ❙✸✱ ❙✹✱ ❘❊▼✮

❘❯❙❇♦♦st
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✾✺✳✶✻ ✭✇❛❦❡✮✱ ✽✵✳✺✵
✭❘❊▼ s❧❡❡♣✮

❉❛ ❙✐❧✈❡✐r❛ ❡t ❛❧✳ ❬✹✵❪
❉❲❚ ❛♥❞ st❛t✐st✐❝❛❧
❢❡❛t✉r❡s
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❘❛♥❞♦♠ ❢♦r❡st
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✺✶✳✺✵ ✭❙✸✮✱ ✻✽✳✵✵ ✭❙✹✮✱
✾✾✳✸ ✭✇❛❦❡✮✱ ✻✽✳✽✵
✭❘❊▼ s❧❡❡♣✮

❘✳❑ ❚r✐♣❛t❤✐ ❡t ❛❧✳
❬✶✹❪✱ ▼❛②✱ ✷✵✶✽

❍❘❱ ❢❡❛t✉r❡s ✭◆❘❊▼✱ ❘❊▼✮ ❉◆◆

✽✸✳✽✹✪ ✭✇❛❦❡✮✱ ✺✼✳✼✺✪
✭❧✐❣❤t s❧❡❡♣✮✱ ✼✷✳✻✻✪
✭❞❡❡♣ s❧❡❡♣✮✱ ✽✵✳✶✶✪
✭❘❊▼ s❧❡❡♣✮✱ ✼✸✳✼✵✪
✭♦✈❡r❛❧❧ ❛❝❝✉r❛❝②✮

Pr♦♣♦s❡❞ ♠❡t❤♦❞
t✐♠❡ ❞♦♠❛✐♥ ❛♥❞
❋r❛♥❦❧✐♥ ❝♦❡✣❝✐❡♥ts

❲❛❦❡✱ ❙❧❡❡♣ ✭❛❧❧✮✱
❘❊▼

❑◆◆ ✾✻✳✾✱✾✸✳✾✹✱ ✾✸✳✽✹

❘❡❢❡r❡♥❝❡s

❬✶❪ ❍❡rr❡r❛✱ ▲✳ ❏✳ ❡t✳ ❛❧✳ ❈♦♠❜✐♥❛t✐♦♥ ♦❢ ❤❡t❡r♦❣❡♥❡♦✉s ❊❊● ❢❡❛t✉r❡ ❡①tr❛❝t✐♦♥ ♠❡t❤♦❞s ❛♥❞
st❛❝❦❡❞ s❡q✉❡♥t✐❛❧ ❧❡❛r♥✐♥❣ ❢♦r s❧❡❡♣ st❛❣❡ ❝❧❛ss✐✜❝❛t✐♦♥✱ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ ◆❡✉r❛❧ ❙②s✲
t❡♠s ✷✸✭✵✸✮✱ ♣♣✳ ✶✕✷✵ ✶✸✺✵✵✶✷ ✭✷✵✶✸✮✳

❬✷❪ ◆♦r♠❛♥✱ ❘✳ ❛♥❞ ❘♦❜❡rt✱ ●✳ ❡t✳ ❛❧✳ ■♥t❡r♦❜s❡r✈❡r ❆❣r❡❡♠❡♥t ❆♠♦♥❣ ❙❧❡❡♣ ❙❝♦r❡rs
❋r♦♠ ❉✐✛❡r❡♥t ❈❡♥t❡rs ✐♥ ❛ ▲❛r❣❡ ❉❛t❛s❡t✱ ❙❧❡❡♣✱ ✈♦❧✳ ✷✸✱ ♥♦✳ ✼ ✭✷✵✵✵✮✱ ♣♣✳ ✶✕✽✱
❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✾✸✴s❧❡❡♣✴✷✸✳✼✳✶❡✳ ◆♦✈❡♠❜❡r ✭✷✵✵✵✮

❬✸❪ ❖❤❛②♦♥✱ ▼✳ ❛♥❞ ❙♠✐r♥❡✱ ❙✳ Pr❡✈❛❧❡♥❝❡ ❛♥❞ ❝♦♥s❡q✉❡♥❝❡s ♦❢ ✐♥s♦♠♥✐❛ ❞✐s♦r❞❡rs ✐♥ t❤❡
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❬✹❪ ●✉♣t❛✱ ❘✳ ❡t✳ ❛❧✳ ❈❧✐♥✐❝❛❧ ♣r❛❝t✐❝❡ ❣✉✐❞❡❧✐♥❡s ❢♦r s❧❡❡♣ ❞✐s♦r❞❡rs✱ ■♥❞✐❛♥ ❏ Ps②❝❤✐❛tr② ❀✺✾✱
❙✉♣♣❧ ❙✶✿✶✶✻✲✸✽✱ ✈♦❧✳ ✺✾✱ ♣♣✳ ✶✶✻✕✸✽✱ ✷✵✶✼✳

❬✺❪ ❋❛✉st✱ ❖✳✱ ❡t✳ ❛❧✳ ❆ r❡✈✐❡✇ ♦❢ ❛✉t♦♠❛t❡❞ s❧❡❡♣ st❛❣❡ s❝♦r✐♥❣ ❜❛s❡❞ ♦♥ ♣❤②s✐♦❧♦❣✐❝❛❧ s✐❣♥❛❧s ❢♦r
t❤❡ ♥❡✇ ♠✐❧❧❡♥♥✐❛✱ ❈♦♠♣✉t❡r ▼❡t❤♦❞s ❛♥❞ Pr♦❣r❛♠s ✐♥ ❇✐♦♠❡❞✐❝✐♥❡✱ ✈♦❧✳ ✶✼✻✱ ♣♣✳ ✶✾✕✸✵✱
❙❡♣✳✱ ✷✵✶✾✳

❬✻❪ ❘❡❝❤ts❝❤❛✛❡♥✱ ❆✳ ❛♥❞ ❑❛❧❡s✱ ❆✳ ❆ ♠❛♥✉❛❧ ♦❢ st❛♥❞❛r❞✐③❡❞ t❡r♠✐♥♦❧♦❣②✱ t❡❝❤♥✐q✉❡s ❛♥❞ s❝♦r✐♥❣
s②st❡♠ ❢♦r s❧❡❡♣ st❛❣❡s ♦❢ ❤✉♠❛♥ s✉❜❥❡❝ts✱P✉❜❧✐❝ ❍❡❛❧t❤ ❙❡r✈✐❝❡✱ ❯❙ ●♦✈❡r♥♠❡♥t Pr✐♥t✐♥❣
❖✣❝❡✱ ❲❛s❤✐♥❣t♦♥ ❉❈✱ ✵✼ ✶✾✻✽✳

❬✼❪ ■❜❡r✱ ❈✳✱ ❡t✳ ❛❧✳ ❚❤❡ ❛❛s♠ ♠❛♥✉❛❧ ❢♦r t❤❡ s❝♦r✐♥❣ ♦❢ s❧❡❡♣ ❛♥❞ ❛ss♦❝✐❛t❡❞ ❡✈❡♥ts✿ ❘✉❧❡s✱ t❡r♠✐✲
♥♦❧♦❣② ❛♥❞ t❡❝❤♥✐❝❛❧ s♣❡❝✐✜❝❛t✐♦♥s✱ ❲❡st❝❤❡st❡r✱ ■▲✿ ❆♠❡r✐❝❛♥ ❆❝❛❞❡♠② ♦❢ ❙❧❡❡♣✳ ▼❡❞✐❝✐♥❡✱
✵✶ ✷✵✵✼✳



✶✸t❤ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ▼❛t❤❡♠❛t✐❝s ❛♥❞ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱ ❖❝t♦❜❡r ✶ ✕ ✸✱ ✷✵✷✵✱ ❊▲❚❊✱ ❍✉♥❣❛r②✶✶

❚❛❜❧❡ ✹✿ ❘❡s✉❧ts ♦❢ ♣r♦♣♦s❡❞ ❛❧❣♦r✐t❤♠ ✇✐t❤ ✷ r❛♥❞♦♠❧② s❡❧❡❝t❡❞ ❝❧❛ss❡s
P❛t✐❡♥t ♥✉♠❜❡r Sensitivity(%) Specificity(%) Accuracy(%) Falsealarmrate/hr

✵✶❛ 100 96.30 96.61 0.037
✵✶❜ 100 99.75 99.75 0.025
✷❛ 96.53 97.69 97.21 0.0231
✷❜ 100 96.30 96.69 0.037
✵✸ 100 97 97.10 0.035
✵✹ 100 95.45 96.01 0.045
✶✹ 100 96 97.02 0.030
✶✻ 97.01 92.16 93.95 0.078
✸✼ 100 97.46 97.56 0.025
✹✽ 94.31 95.61 94.21 0.065
✺✾ 96.53 97.69 97.21 0.0231
✻✵ 95.52 100 96.08 0.01
✻✶ 96.49 99.83 96.45 0.005
✻✻ 100 98.86 98.90 0.011
✻✻① 100 99.72 99.73 0.002
❆✈❣ 98.35 97.32 96.96 0.029

❬✽❪ ●♦t♠❛♥✱ ❏✳ ❛♥❞ ●❧♦♦r✱ P✳ ❆✉t♦♠❛t✐❝ r❡❝♦❣♥✐t✐♦♥ ❛♥❞ q✉❛♥t✐✜❝❛t✐♦♥ ♦❢ ✐♥t❡r✲✐❝t❛❧ ❡♣✐❧❡♣t✐❝
❛❝t✐✈✐t② ✐♥ t❤❡ ❤✉♠❛♥ s❝❛❧♣ ❊❊●✱ ❊❧❡❝tr♦❡♥❝❡♣❤❛❧♦❣r❛♣❤② ❛♥❞ ❈❧✐♥✐❝❛❧ ◆❡✉r♦♣❤②s✐♦❧♦❣②✱ ✈♦❧✳
✹✶✱ ♣♣✳ ✺✶✸✕✺✷✾✱ ✶✾✼✻✳

❬✾❪ ❋❛❜❡r✱ ●✳ Ü❜❡r ❞✐❡ ❖rt❤♦❣♦♥❛❧ ❋✉♥❦t✐♦♥❡♥ ❞❡s ❤❡rr♥ ❍❛❛r✱ ❉❡✉ts❝❤❡ ▼❛t❤✳✲❱❡r ✭✐♥ ●❡r♠❛♥✮✱
✈♦❧✳ ✶✾✱ ♣♣✳ ✶✵✹✕✶✶✷✱ ✶✾✶✵✳

❬✶✵❪ ●♦❧✉❜♦✈✱ ❇✳ ❋❛❜❡r✕s❝❤❛✉❞❡r s②st❡♠✱ ✐♥ ❍❛③❡✇✐♥❦❡❧✱ ▼✐❝❤✐❡❧✱ ❊♥❝②❝❧♦♣❡❞✐❛ ♦❢ ▼❛t❤❡♠❛t✐❝s✱
❙♣r✐♥❣❡r ❙❝✐❡♥❝❡✰❇✉s✐♥❡ss ▼❡❞✐❛ ❇✳❱✳ ✴ ❑❧✉✇❡r ❆❝❛❞❡♠✐❝ P✉❜❧✐s❤❡rs✱ ■❙❇◆ ✾✼✽✲✶✲✺✺✻✵✽✲
✵✶✵✲✹✱ ♣✳ ✸✶✼✕✸✷✵✱ ✶✾✾✹✳

❬✶✶❪ ❤tt♣✿✴✴✇✇✇✳♥✐♥❞s✳ ♥✐❤✳❣♦✈✴✳ ✭✶✺ ❙❡♣t ✷✵✶✹✮✳

❬✶✷❪ ❆❝❤❛r②❛✱ ❯✳✱ ❡t✳ ❛❧✳ ✐t ◆♦♥✲❧✐♥❡❛r ❛♥❛❧②s✐s ♦❢ ❡❡❣ s✐❣♥❛❧s ❛t ✈❛r✐♦✉s s❧❡❡♣ st❛❣❡s✱ ❈♦♠♣✉t❡r
♠❡t❤♦❞s ❛♥❞ ♣r♦❣r❛♠s ✐♥ ❜✐♦♠❡❞✐❝✐♥❡ ✽✵ ✭✷✵✵✺✮ ✸✼✕✹✺✳ ❞♦✐✿✶✵✳✶✵✶✻✴❥✳❝♠♣❜✳✷✵✵✺✳✵✻✳✵✶✶✳

❬✶✸❪ ●❛r❝❡s✱ ❆✳ ❖r♦s❝♦✱ ▲✳ ❡t✳ ❛❧✳ ❆✉t♦♠❛t✐❝ ❞❡t❡❝t✐♦♥ ♦❢ ❞r♦✇s✐♥❡ss ✐♥ ❊❊● r❡❝♦r❞s ❜❛s❡❞ ♦♥
♠✉❧t✐♠♦❞❛❧ ❛♥❛❧②s✐s✱ ▼❡❞✳ ❊♥❣✳ P❤②s ✸✻✳ PP✳ ✷✹✹✲✷✹✾✭✷✵✶✹✮ ✳

❬✶✹❪ ❚r✐♣❛t❤②✱ ❘✳ ❆♣♣❧✐❝❛t✐♦♥ ♦❢ ✐♥tr✐♥s✐❝ ❜❛♥❞ ❢✉♥❝t✐♦♥ t❡❝❤♥✐q✉❡ ❢♦r ❛✉t♦♠❛t❡❞ ❞❡t❡❝t✐♦♥ ♦❢ s❧❡❡♣
❛♣♥❡❛ ✉s✐♥❣ ❍❘❱ ❛♥❞ ❊❉❘ s✐❣♥❛❧s✱ ❇✐♦❝②❜❡r♥❡t✐❝s ❛♥❞ ❇✐♦♠❡❞✐❝❛❧ ❊♥❣✐♥❡❡r✐♥❣ ✸✽✭✶✮ ✭✷✵✶✽✮
✶✸✻✕✶✹✹✳ ❞♦✐✿❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴❥✳❜❜❡✳✷✵✶✼✳✶✶✳✵✵✸✳

❬✶✺❪ P❛✉❧✱ ❨✳ ❛♥❞ ❋r✐❞❧✐✱ ❙✳ ❊♣✐❧❡♣t✐❝ ❙❡✐③✉r❡ ❉❡t❡❝t✐♦♥ ❯s✐♥❣ P✐❡❝❡✇✐s❡ ▲✐♥❡❛r ❘❡❞✉❝✲
t✐♦♥✳ ▲❡❝t✉r❡ ◆♦t❡s ✐♥ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱ ❙♣r✐♥❣❡r✱ ❈❤❛♠✳✱ ✈♦❧ ✶✷✵✶✹✳ ✭✷✵✷✵✮✱ ✸✻✹✕✸✼✶✱
❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✵✼✴✾✼✽✲✸✲✵✸✵✲✹✺✵✾✻✲✵−✹✺

❬✶✻❪ ▼♦t❛♠❡❞✐✲❋❛❦❤r✱ ❡t✳ ❛❧✳ ❙✐❣♥❛❧ ♣r♦❝❡ss✐♥❣ t❡❝❤♥✐q✉❡s ❛♣♣❧✐❡❞ t♦ ❤✉♠❛♥ s❧❡❡♣
❊❊● s✐❣♥❛❧s ✲ ❛ r❡✈✐❡✇✱ ❇✐♦♠❡❞✐❝❛❧ ❙✐❣♥❛❧ Pr♦❝❡ss✐♥❣ ❛♥❞ ❈♦♥tr♦❧✱ ✶✵✱ ✷✶✕✸✸✳
✭❞♦✐✿✶✵✳✶✵✶✻✴❥✳❜s♣❝✳✷✵✶✸✳✶✷✳✵✵✸✮✳



✶✷✶✸t❤ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ▼❛t❤❡♠❛t✐❝s ❛♥❞ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱❖❝t♦❜❡r ✶ ✕ ✸✱ ✷✵✷✵✱ ❊▲❚❊✱ ❍✉♥❣❛r②

❚❛❜❧❡ ✺✿ ❘❡s✉❧ts ♦❢ ♣r♦♣♦s❡❞ ❛❧❣♦r✐t❤♠ ✇✐t❤ ✹ r❛♥❞♦♠❧② s❡❧❡❝t❡❞ ❝❧❛ss❡s
P❛t✐❡♥t ♥✉♠❜❡r Sensitivity(%) Specificity(%) Accuracy(%) Falsealarmrate/hr

✵✶❛ 100 95.41 95.89 0.045
✵✶❜ 97.15 98.31 94.45 0.0169
✷❛ 96.51 98.64 95.89 0.0136
✷❜ 100 95.41 95.89 0.041
✵✸ 97.12 97.65 94 0.022
✵✹ 93.71 93.85 91 0.0604
✶✹ 95.90 97.14 93 0.028
✶✻ 97.10 97.64 93.64 0.023
✸✼ 98.44 98.57 94.70 0.014
✹✽ 93.81 93.95 91 0.0605
✺✾ 96.51 98.64 95.89 0.0236
✻✵ 95.62 97.07 92.23 0.0293
✻✶ 96.84 98.32 94.48 0.0168
✻✻ 93.55 96.87 91.53 0.0131
✻✻① 96.47 98.12 94.81 0.0188
❆✈❣ 96.62 97.10 93.94 0.030

❬✶✼❪ ■❝❤✐♠❛r✉✱ ❨✳✱ ▼♦♦❞②✱ ●✳ ❉❡✈❡❧♦♣♠❡♥t ♦❢ t❤❡ ♣♦❧②s♦♠♥♦❣r❛♣❤✐❝ ❞❛t❛❜❛s❡ ♦♥ ❝❞✲r♦♠✱ P❈◆
Ps②❝❤✐❛tr② ❛♥❞ ❝❧✐♥✐❝❛❧ ♥❡✉r♦s❝✐❡♥❝❡s ✺✸ ✭✶✾✾✾✮ ✶✼✺✕✶✼✼✳ ❞♦✐✿❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✹✻✴❥✳✶✹✹✵✲
✶✽✶✾✳✶✾✾✾✳✵✵✺✷✼✳①✳ ✭✶✾✾✾✮✳

❬✶✽❪ ●♦❧❞❜❡r❣❡r✱ ❆✳✱ ❡t✳ ❛❧✳ P❤②s✐♦❜❛♥❦✱ ♣❤②s✐♦t♦♦❧❦✐t✱ ❛♥❞ ♣❤②s✐♦♥❡t✿❈♦♠♣♦♥❡♥ts ♦❢ ❛ ♥❡✇ r❡✲
s❡❛r❝❤ r❡s♦✉r❝❡ ❢♦r ❝♦♠♣❧❡① ♣❤②s✐♦❧♦❣✐❝ s✐❣♥❛❧s ✶✵✶ ✭✷✸✮ ✭✷✵✵✵✮ ✷✶✺✕✷✷✵✳ ❞♦✐✿✶✵✳✶✶✻✶✴✵✶✳❈■❘✳
✶✵✶✳✷✸✳❡✷✶✺✳

❬✶✾❪ P❛✉❧✱ ❨✳ ❱❛r✐♦✉s ❡♣✐❧❡♣t✐❝ s❡✐③✉r❡ ❞❡t❡❝t✐♦♥ t❡❝❤♥✐q✉❡s ✉s✐♥❣ ❜✐♦♠❡❞✐❝❛❧ s✐❣♥❛❧s✿ ❛ r❡✈✐❡✇✱
❇r❛✐♥ ■♥❢✳ ✺ ✭✻✮ ✭✷✵✶✽✮ ✹✷✾✕✹✸✻✳ ❞♦✐✿❤tt♣s✿ ✴✴❞♦✐✳♦r❣✴✶✵✳✶✶✽✻✴s✹✵✼✵✽✲✵✶✽✲✵✵✽✹✲③✳

❬✷✵❪ ❏❛s♣❡r✱ ❍✳ ❛♥❞ ❑❡rs❤♠❛♥✱ ❏✳ ❊❧❡❝tr♦❡♥❝❡♣❤❛❧♦❣r❛♣❤✐❝ ❝❧❛ss✐✜❝❛t✐♦♥ ♦❢ t❤❡ ❡♣✐❧❡♣s②✱ ❆r❝❤✐✈❡s
♦❢ ◆❡✉r♦❧♦❣② ❛♥❞ Ps②❝❤✐❛tr② ✹✺ ✭✻✮ ✭✶✾✹✶✮ ✾✵✸✕✾✹✸✳

❬✷✶❪ ❈❤❛tr✐❛♥✱ ●✳ ❡t✳ ❛❧✳ ●❧♦ss❛r② ♦❢ t❡r♠s ♠♦st ❝♦♠♠♦♥❧② ✉s❡❞ ❜② ❝❧✐♥✐❝❛❧ ❡t❡❝tr♦❡♥❝❡♣❤❛❧♦❣r❛✲
♣❤❡rs✱ ❊❧❡❝tr♦❡♥❝❡♣❤❛❧♦❣r❛♣❤② ❛♥❞ ❈❧✐♥✐❝❛❧ ◆❡✉r♦♣❤②s✐♦❧♦❣② ✸✼ ✭✶✾✼✹✮ ✺✸✽✕✺✹✽✳

❬✷✷❪ ❑♦♦✐✱ ❑✳ ❱♦❧t❛❣❡✲t✐♠❡ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ s♣✐❦❡s ❛♥❞ ♦t❤❡r r❛♣✐❞ ❡❧❡❝tr♦❡♥❝❡♣❤❛❧♦❣r❛♣❤✐❝ tr❛♥✲
s✐❡♥ts✿ s❡♠❛♥t✐❝ ❛♥❞ ♠♦r♣❤♦❧♦❣✐❝❛❧ ❝♦♥s✐❞❡r❛t✐♦♥s✳✱ ◆❡✉r♦❧♦❣② ✭▼✐♥♥❡❛♣✳✮ ✶✻ ✭✶✮ ✭✶✾✾✻✮ ✺✾✕
✻✻✳ ❞♦✐✿✶✵✳✶✷✶✷✴✇♥❧✳✶✻✳✶✳✺✾✳

❬✷✸❪ ❲❛❧t❡r✱ ❉✳❖✳✱ ▼✉❧❧❡r✱ ❍✳ ❋✳ ❛♥❞ ❏❡❧❧✱ ❘✳ ▼✳ ❙❡♠✐❛✉t♦♠❛t✐❝ q✉❛♥t✐✜❝❛t✐♦♥ ♦❢ s❤❛r♣♥❡ss ♦❢
❊❊● ♣❤❡♥♦♠❡♥♦♥✱ ■❊❊❊ ❚r❛♥s✳ ❜✐♦♠❡❞✳ ❊♥❣♥❣ ❇▼❊ ✷✵ ✭✶✾✼✸✮ ✺✸✕✺✹✳

❬✷✹❪ ❙❛❧t③❜❡r❣✱ ❇✳✱ ▲✉st✐❝❦✱ ▲✳ ❙✳✱ ❛♥❞ ❍❡❛t❤✱ ❘✳ ●✳ ❉❡t❡❝t✐♦♥ ♦❢ ❢♦❝❛❧ ❞❡♣t❤ s♣✐❦✐♥❣ ✐♥ t❤❡ s❝❛❧♣
❊❊● ♦❢ ♠♦♥❦❡②s✱ ❊❧❡❝tr♦❡♥❝❡♣❤✳ ❝❧✐♥✳ ◆❡✉r♦♣❤②s✐♦❧ ✸✶✭✶✾✼✶✮ ✸✷✼✕✸✸✸✳

❬✷✺❪ ❉❛ ❙✐❧✈❛✱ ❋✳ ▲✳✱ ❡t✳ ❛❧✳ ❆✉t♦♠❛t✐❝ ❞❡t❡❝t✐♦♥ ❛♥❞ ❧♦❝❛❧✐③❛t✐♦♥ ♦❢ ❡♣✐❧❡♣t✐❝
❢♦❝✐✱ ❊❧❡❝tr♦❡♥❝❡♣❤❛❧♦❣r❛♣❤② ❛♥❞ ❈❧✐♥✐❝❛❧ ◆❡✉r♦♣❤②s✐♦❧♦❣② ✹✸ ✭✶✮ ✭✶✾✼✼✮ ✶✲✶✸✳
❞♦✐✿❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴✵✵✶✸✲✹✻✾✹✭✼✼✮✸✺✺ ✾✵✶✽✾✲✹✳



✶✸t❤ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ▼❛t❤❡♠❛t✐❝s ❛♥❞ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱ ❖❝t♦❜❡r ✶ ✕ ✸✱ ✷✵✷✵✱ ❊▲❚❊✱ ❍✉♥❣❛r②✶✸

❚❛❜❧❡ ✻✿ ❘❡s✉❧ts ♦❢ ♣r♦♣♦s❡❞ ❛❧❣♦r✐t❤♠ ✇✐t❤ ✺ ❛♥❞ s✐① r❛♥❞♦♠❧② s❡❧❡❝t❡❞ ❝❧❛ss❡s
P❛t✐❡♥t ♥✉♠❜❡r Sensitivity(%) Specificity(%) Accuracy(%) Falsealarmrate/hr

✵✶❛ 97.09 98.77 97.09 0.0123
✵✶❜ 98.05 98.68 93.31 0.0132
✷❛ 93.69 98.11 98.78 0.0122
✷❜ 96.69 97.92 93.50 0.020
✵✸ 96.78 98.59 94.11 0.014
✵✹ 94.25 97.40 90.59 0.026
✶✹ 97.34 98.85 94.67 0.0115
✶✻ 97.67 98.78 95.39 0.00122
✸✼ NA NA NA NA
✹✽ 94.25 97.40 90.59 0.0260
✺✾ 94.79 98.58 93.10 0.0188
✻✵ NA NA NA NA
✻✶ 96.94 98.63 94.19 0.0137
✻✻ NA NA NA NA
✻✻① NA NA NA NA
❆✈❣ 96.13 98.33 93.84 0.016

❬✷✻❪ ●♦t♠❛♥✱ ❏✳✱ ●❧♦♦r✱ P✳ ❛♥❞ ❘❛②✱ ❲✳ ❆ q✉❛♥t✐t❛t✐✈❡ ❝♦♠♣❛r✐s♦♥ ♦❢ tr❛❞✐t✐♦♥❛❧ r❡❛❞✐♥❣s ♦❢
t❤❡ ❊❊● ❛♥❞ ✐♥t❡r♣r❡t❛t✐♦♥ ♦❢ ❝♦♠♣✉t❡r✲❡①tr❛❝t❡❞ ❢❡❛t✉r❡s ✐♥ ♣❛t✐❡♥ts ✇✐t❤ s✉♣r❛t❡♥t♦r✐❛❧
❜r❛✐♥ ❧❡s✐♦♥s✱ ❊❧❡❝tr♦❡♥❝❡♣❤❛❧♦❣r❛♣❤② ❛♥❞ ❝❧✐♥✐❝❛❧ ♥❡✉r♦♣❤②s✐♦❧♦❣② ✸✽ ✭✻✮ ✭✶✾✼✺✮ ✻✷✸✕✻✸✾✳
❞♦✐✿❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴✵✵✶✸✲✹✻✾✹✭✼✺✮✾✵✶✻✸✲✼✳

❬✷✼❪ ❏❡❛♥✱ ●✳✱ ❡t✳ ❛❧✳✱ ❈❧✐♥✐❝❛❧ ❛♣♣❧✐❝❛t✐♦♥s ♦❢ s♣❡❝tr❛❧ ❛♥❛❧②s✐s ❛♥❞ ❡①tr❛❝t✐♦♥ ♦❢ ❢❡❛t✉r❡s ❢r♦♠
❡❧❡❝tr♦❡♥❝❡♣❤❛❧♦❣r❛♠s ✇✐t❤ s❧♦✇ ✇❛✈❡s ✐♥ ❛❞✉❧t ♣❛t✐❡♥ts✱ ❊❧❡❝tr♦❡♥❝❡♣❤✱ ❝❧✐♥✳ ◆❡✉r♦♣❤②s✐♦ ✸✺
✭✸✮ ✭✶✾✼✸✮ ✷✷✺✕✷✸✺✳ ❞♦✐✿❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴✵✵✶✸✲✹✻✾✹✭✼✸✮✾✵✷✸✸✲✷✳

❬✷✽❪ ●❡✈✐♥s✱ ❆✳✱ ❡t✳ ❛❧✳ ▼❛♣♣✐♥❣ ❝♦❣♥✐t✐✈❡ ❜r❛✐♥ ❢✉♥❝t✐♦♥ ✇✐t❤ ♠♦❞❡r♥ ❤✐❣❤✲
r❡s♦❧✉t✐♦♥ ❡❧❡❝tr♦❡♥❝❡♣❤❛❧♦❣r❛♣❤②✱ ❚r❡♥❞s ✐♥ ◆❡✉r♦s❝✐❡♥❝❡s ✶✽ ✭✶✵✮ ✭✶✾✾✺✮ ✹✷✾✕✹✸✻✳
❞♦✐✿❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴✵✶✻✻✲✷✷✸✻✭✾✺✮✾✹✹✽✾✲❘✳

❬✷✾❪ ❍❛❛r✱ ❆✳ ❛♥❞ ❩✉r ❚❤❡♦r✐❡ ❉❡r ❖rt❤♦❣♦♥❛❧❡♥ ❋✉♥❦t✐♦♥❡♥s②st❡♠❡✱ ▼❛t❤❡♠❛t✐s❝❤❡ ❆♥♥❛❧❡♥
✻✾ ✭✸✮ ✭✶✾✶✵✮ ✸✸✶✕✸✼✶✳

❬✸✵❪ ▲✐♥❞❡♥str❛✉ss✱ ❏✳✱ ❛♥❞ ❚③❛❢r✐r✐✱ ▲✳ ❈❧❛ss✐❝❛❧ ❜❛♥❛❝❤ s♣❛❝❡s ✐✱ s❡q✉❡♥❝❡ s♣❛❝❡s✱ ❊r❣❡❜♥✐ss❡ ❞❡r
▼❛t❤❡♠❛t✐❦ ✉♥❞ ✐❤r❡r ●r❡♥③❣❡❜✐❡t❡✱ ❙♣r✐♥❣❡r✲❱❡r❧❛❣✱■❙❇◆ ✸✲✺✹✵✲✵✽✵✼✷✲✹ ✭✶✾✼✼✮ ✸✳

❬✸✶❪ ❈✐❡s✐❡❧s❦✐✱ ❩✳ Pr♦♣❡rt✐❡s ♦❢ t❤❡ ❖rt❤♦♥♦r♠❛❧ ❋r❛♥❦❧✐♥ ❙②st❡♠✱ ❊♥❝②❝❧♦♣❡❞✐❛ ♦❢ ▼❛t❤❡♠❛t✐❝s
✷✸ ✭✶✾✻✸✮ ✶✹✶✕✶✺✼✳ ❞♦✐✿❤tt♣✿✴✴❡✉❞♠❧✳♦r❣✴❞♦❝✴✷✶✼✵✻✽✳

❬✸✷❪ ●♦❧✉❜♦✈✱ ❇✳ ❋r❛♥❦❧✐♥ ❙②st❡♠ ✭❖r✐❣✐♥❛t♦r✮✱ ✇✇✇✳❡♥❝②❝❧♦♣❡❞✐❛✳❝♦♠✳

❬✸✸❪ ❋r❛♥❦❧✐♥✱ P✳ ❆ s❡t ♦❢ ❝♦♥t✐♥✉♦✉s ♦rt❤♦❣♦♥❛❧ ❢✉♥❝t✐♦♥s✱ ▼❛t❤✳ ❆♥♥ ✶✵✵ ✭✶✾✷✽✮ ✺✷✷✕✺✷✾✳

❬✸✹❪ ❈❤❛✇❧❛✱ ◆✳✱ ❇♦✇②❡r✱ ❑✳✱ ❛♥❞ ❑❡❣❡❧♠❡②❡r✱ ❲✳ ❙♠♦t❡✿ s②♥t❤❡t✐❝ ♠✐♥♦r✐t② ♦✈❡r✲s❛♠♣❧✐♥❣ t❡❝❤✲
♥✐q✉❡✱ ❏♦✉r♥❛❧ ♦❢ ❆rt✐✜❝✐❛❧ ■♥t❡❧❧✐❣❡♥❝❡ ❘❡s❡❛r❝❤ ✶✻ ✭✷✵✵✷✮ ✸✷✶✕✸✺✼✳ ❞♦✐✿✶✵✳✶✻✶✸✴❥❛✐r✳✾✺✸✳

❬✸✺❪ ❍❡✱ ❍✳✱ ❇❛✐✱ ❨✳✱ ●❛r❝✐❛✱ ❊✳✱ ▲✐✱ ❙✳ ❆❞❛s②♥✿ ❆❞❛♣t✐✈❡ s②♥t❤❡t✐❝ s❛♠♣❧✐♥❣ ❛♣♣r♦❛❝❤ ❢♦r ✐♠❜❛❧✲
❛♥❝❡❞ ❧❡❛r♥✐♥❣✱ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ◆❡✉r❛❧ ◆❡t✇♦r❦s ✭✷✵✵✽✮
✶✸✷✷✲✶✸✷✽❞♦✐✿✶✵✳✶✶✵✾✴■❏❈◆◆✳✷✵✵✽✳✹✻✸✸✾✻✾✳



✶✹✶✸t❤ ❏♦✐♥t ❈♦♥❢❡r❡♥❝❡ ♦♥ ▼❛t❤❡♠❛t✐❝s ❛♥❞ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱❖❝t♦❜❡r ✶ ✕ ✸✱ ✷✵✷✵✱ ❊▲❚❊✱ ❍✉♥❣❛r②

❬✸✻❪ ▲✐✉✱ ❩✳✱ ❙✉♥✱ ❏✳✱ ❩❤❛♥❣✱ ❨✳✱ ❛♥❞ ❘♦❧❢❡✱ P✳ ❙❧❡❡♣ st❛❣✐♥❣ ❢r♦♠ t❤❡ ❊❊● s✐❣♥❛❧ ✉s✐♥❣
♠✉❧t✐✲❞♦♠❛✐♥ ❢❡❛t✉r❡ ❡①tr❛❝t✐♦♥✱ ❇✐♦♠❡❞✐❝❛❧ ❙✐❣♥❛❧ Pr♦❝❡ss✐♥❣ ❛♥❞ ❈♦♥tr♦❧ ✸✵ ✭✷✵✶✻✮ ✽✻✲✾✼✳
❞♦✐✿✶✵✳✶✵✶✻✴❥✳❜s♣❝✳✷✵✶✻✳✵✻✳✵✵✻✳

❬✸✼❪ ❏✐❛♥❣✱ ❉✳✱ ▼❆✱ ❨✳✱ ❲❛♥❣✱ ❨✳ ❙❧❡❡♣ st❛❣❡ ❝❧❛ss✐✜❝❛t✐♦♥ ✉s✐♥❣ ❝♦✈❛r✐❛♥❝❡ ❢❡❛t✉r❡s ♦❢ ♠✉❧t✐✲
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Figure 1

Framework of proposed method
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