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Abstract

The paper describes several experiments aimed at establishing the parameters for genre
annotation of potentially any text which can be collected from the Russian web. We started with
a set of text classification parameters, refined them iteratively in several studies and established
a reliable framework, which was further subjected to clustering analysis. Overall, we obtained
the level of agreement for Krippendorff’s α to be in the range of 0.51 < α < 0.84. We have also
discovered the most common combinations of parameters in the test corpus, which should form
the basis for classifying very large samples of the Russian web.
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●❡♥r❡ ❝❧❛ss✐✜❝❛t✐♦♥ ✐s ♦❢t❡♥ r❡❢❡rr❡❞ t♦ ❛s ✏❥✉♥❣❧❡✑✱ t❤✐s ♠❡t❛♣❤♦r ❤❛s ❜❡❡♥ ✉s❡❞ ❜② ♥✉♠❡r♦✉s
r❡s❡❛r❝❤❡rs ✭❑✐❧❣❛rr✐✛✱ ✷✵✵✶❀ ▲❡❡✱ ✷✵✵✶❀ ❙❤❛r♦✛✱ ✷✵✶✵✮✳ ❲❤✐❧❡ t❤❡ ✇❡❜ ✉s❡rs s❡❡ t❤❡ ❞✐✛❡r❡♥❝❡s
❜❡t✇❡❡♥ ✐♥❞✐✈✐❞✉❛❧ t❡①ts✱ ✐t ✐s ❞✐✣❝✉❧t t♦ ❛❣r❡❡ ✉♣♦♥ ❛ s❡t ♦❢ ❧❛❜❡❧s✱ ✇❤✐❝❤ ❝❛♥ ❝♦✈❡r t❤❡ ♠❛❥♦r✐t②
♦❢ ✇❡❜♣❛❣❡s ❛♥❞ ✇❤✐❝❤ ❝❛♥ ❜❡✱ ❛t t❤❡ s❛♠❡ t✐♠❡✱ ❛♣♣❧✐❡❞ r❡❧✐❛❜❧② ❜② ❛♥♥♦t❛t♦rs ✭❙❤❛r♦✛ ❡t ❛❧✳✱
✷✵✶✵✮✳ ❖♥❡ r❡❛s♦♥ ❢♦r t❤✐s ✐s t❤❡ s❤❡❡r ♥✉♠❜❡r ♦❢ ♣♦ss✐❜❧❡ ❣❡♥r❡ ❧❛❜❡❧s✱ ✉♣ t♦ ✻✱✵✵✵ ❛❝❝♦r❞✐♥❣ t♦
s♦♠❡ st✉❞✐❡s ✭❆❞❛♠③✐❦✱ ✶✾✾✺✮✳ ❆♥♦t❤❡r r❡❛s♦♥ ✐s ❛ ❤✐❣❤ ❞❡❣r❡❡ ♦❢ ❣❡♥r❡ ❤②❜r✐❞✐s♠✱ ❡s♣❡❝✐❛❧❧② ♦♥
t❤❡ ✇❡❜ ✇❤❡r❡ ♠❛♥② t❡①ts ❛r❡ ♥♦t ❝♦♥tr♦❧❧❡❞ ❜② t❤❡ ✐♥st✐t✉t✐♦♥❛❧ ❣❛t❡✲❦❡❡♣❡rs ✭❙❛♥t✐♥✐ ❡t ❛❧✳✱ ✷✵✶✵✮✳

❚❤✐s st✉❞② ❝♦♥t✐♥✉❡❞ ❛ ❧✐♥❡ ♦❢ ❣❡♥r❡ ❝❧❛ss✐✜❝❛t✐♦♥ ❡①♣❡r✐♠❡♥ts ✇❤✐❝❤ st❛rt❡❞ ❢r♦♠ ❛❞❛♣t❛t✐♦♥
♦❢ ❏♦❤♥ ❙✐♥❝❧❛✐r✬s t②♣♦❧♦❣② ♦❢ ❝♦♠♠✉♥✐❝❛t✐✈❡ ❛✐♠s t♦ t❤❡ ♥❡❡❞s ♦❢ t❤❡ ❘✉ss✐❛♥ ◆❛t✐♦♥❛❧ ❈♦r♣✉s
✭❙✐♥❝❧❛✐r✱ ✷✵✵✸❀ ❙❤❛r♦✛✱ ✷✵✵✺✮✱ ✇❤✐❝❤ ✐♥ t✉r♥ ❧❡❞ t♦ t❤❡ ❋✉♥❝t✐♦♥❛❧ ●❡♥r❡ ❈❧❛ss❡s ✉s❡❞ ✐♥ ✭❙❤❛r♦✛✱
✷✵✶✵✮✳ ❚❤❡ ❧❛❝❦ ♦❢ r❡❧✐❛❜✐❧✐t② ✐♥ ❝❧❛ss✐✜❝❛t✐♦♥ ♦❢ r❛♥❞♦♠ ✇❡❜ t❡①ts✱ ✇❤✐❝❤ ✇❡ ✐♥✈❡st✐❣❛t❡❞ ✐♥ t❤❡
❚❚❈ ♣r♦❥❡❝t✱✶ ❧❡❞ t♦ ❛ ♣r♦♣♦s❛❧ ❢♦r ✐♥tr♦❞✉❝✐♥❣ ❋✉♥❝t✐♦♥❛❧ ❚❡①t ❉✐♠❡♥s✐♦♥s ✭❋❚❉s✮✱ ✇❤✐❝❤ ❝❛♥ ❜❡
✉s❡❞ t♦ ❥✉❞❣❡ t❤❡ s✐♠✐❧❛r✐t② ♦❢ t❡①ts ✭❋♦rs②t❤ ❛♥❞ ❙❤❛r♦✛✱ ✷✵✶✹✮✳ ■t ♣r♦♣♦s❡❞ s✉❝❤ ❋❚❉s ❛s✿✷

❆✶✿ ❆r❣✉♠❡♥t❛t✐✈❡ ❚♦ ✇❤❛t ❡①t❡♥t ❞♦❡s t❤❡ t❡①t ❛r❣✉❡ t♦ ♣❡rs✉❛❞❡ t❤❡ r❡❛❞❡r t♦ s✉♣♣♦rt ✭♦r
r❡♥♦✉♥❝❡✮ ❛♥ ♦♣✐♥✐♦♥ ♦r ❛ ♣♦✐♥t ♦❢ ✈✐❡✇❄

❆✼✿ ■♥str✉❝t✐✈❡ ❚♦ ✇❤❛t ❡①t❡♥t ❞♦❡s t❤❡ t❡①t ❛✐♠ ❛t t❡❛❝❤✐♥❣ t❤❡ r❡❛❞❡r ❤♦✇ t♦ ❞♦ s♦♠❡t❤✐♥❣❄

❆✶✷✿ Pr♦♠♦t✐♦♥❛❧ ❚♦ ✇❤❛t ❡①t❡♥t ❞♦❡s t❤❡ t❡①t ♣r♦♠♦t❡ ❛ ❝♦♠♠❡r❝✐❛❧ ♣r♦❞✉❝t ♦r s❡r✈✐❝❡❄

✶❤tt♣✿✴✴✇✇✇✳tt❝✲♣r♦❥❡❝t✳❡✉✴
✷❙❡❡ t❤❡ ❢✉❧❧ ❋❚❉ ❧✐st ✇❤✐❝❤ ✇❡ ✉s❡ ✐♥ ❆♣♣❡♥❞✐① ✶✳

✶



❚❤❡ ❛♥♥♦t❛t♦rs ❝❛♥ ❡①♣r❡ss t❤❡✐r ♦♣✐♥✐♦♥s ❝♦♥❝❡r♥✐♥❣ ❡❛❝❤ ♦❢ t❤❡s❡ ♣❛r❛♠❡t❡rs ♦♥ ❛ s❝❛❧❡ ❢r♦♠ ✵
✭❛❜s❡♥t✮ t♦ ✷ ✭str♦♥❣❧② ♣r❡s❡♥t✮✳ ❋r♦♠ ❡❛r❧✐❡r st✉❞✐❡s ✇❡ ❦♥♦✇ t❤❛t t❤❡ ❛♥♥♦t❛t♦rs t❡♥❞ t♦ ❛❝❤✐❡✈❡
❜❡tt❡r ❛❣r❡❡♠❡♥t ✉s✐♥❣ s✉❝❤ s❝❛❧❡s ✐♥ ❝♦♠♣❛r✐s♦♥ t♦ ❛t♦♠✐❝ ❣❡♥r❡ ❧❛❜❡❧s ✭❋♦rs②t❤ ❛♥❞ ❙❤❛r♦✛✱ ✷✵✶✹❀
❙❤❛r♦✛ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❚❤❡ ❤✐❣❤❡r ✈❛❧✉❡s ✐♥ ❋❚❉s t❤❡♥ s❡r✈❡ ❛s ✏s②♠♣t♦♠s✑✱ ❢r♦♠ ✇❤✐❝❤ ✇❡ ❝❛♥ ✐♥❢❡r
❛ ♥✉♠❜❡r ♦❢ ✏s②♥❞r♦♠❡s✑✱ ✐✳❡✳ tr❛❞✐t✐♦♥❛❧ ❧♦♦❦✬♥✬❢❡❡❧ ❣❡♥r❡s✳

■♥ t❤✐s st✉❞② ✇❡ tr② t♦ ✐♥✈❡st✐❣❛t❡ t❤❡ ❋❚❉ ✈❛❧✉❡s ♦❜t❛✐♥❡❞ ❢r♦♠ ❛ ❞✐✈❡rs❡ r❛♥❣❡ ♦❢ ❘✉ss✐❛♥
t❡①ts t♦ ✐♠♣r♦✈❡ t❤❡ ❋❚❉ s❡t ❛♥❞ ❛❧s♦ t♦ ❝♦♠♣❛r❡ ✐t ❛❣❛✐♥st ❛ r❡❝❡♥t ♣r♦❥❡❝t ❛✐♠❡❞ ❛t ✇✐❞❡✲r❛♥❣✐♥❣
❣❡♥r❡ ❝❧❛ss✐✜❝❛t✐♦♥ ♦❢ t❤❡ ✇❡❜ ✭❊❣❜❡rt ❛♥❞ ❇✐❜❡r✱ ✷✵✶✸✮✳ ❚❤❡ ❣♦❛❧ ♦❢ t❤✐s st✉❞② ✐s t♦ ♠❛❦❡ ❣❡♥r❡
❛♥♥♦t❛t✐♦♥ r❡❧✐❛❜❧❡✱ ✐✳❡✳ t❤❡ ❛♥♥♦t❛t♦rs s❤♦✉❧❞ ♥♦t str✉❣❣❧❡ ✇✐t❤ t❤❡ ❛♠❜✐❣✉✐t② ♦❢ t❤❡✐r ❝❤♦✐❝❡s✱
✐♥t❡r♣r❡t❛❜❧❡✱ ✐✳❡✳ t❤❡ ✐♥✈❡st✐❣❛t♦rs ✉♥❞❡rst❛♥❞ t❤❡ r❛♥❣❡s ♦❢ t❤❡✐r ❝❤♦✐❝❡s✱ ❛♥❞ ❛♣♣❧✐❝❛❜❧❡ t♦ ❛♥②
✇❡❜ ♣❛❣❡ ❝♦♥t❛✐♥✐♥❣ r✉♥♥✐♥❣ t❡①t✳

■♥ ❙❡❝t✐♦♥ ✷ ✇❡ ✐♥tr♦❞✉❝❡ t❤❡ ❝♦r♣✉s ❛♥❞ t❤❡ ❛♥♥♦t❛t✐♦♥ ♣r♦❝❡❞✉r❡✳ ■♥ ❙❡❝t✐♦♥ ✸ ✇❡ ♣r❡s❡♥t t❤❡
❧❡✈❡❧ ♦❢ t❤❡ ✐♥t❡r❛♥♥♦t❛t♦r ❛❣r❡❡♠❡♥t ❛❝❤✐❡✈❡❞ ♦♥ ♦✉r ❝♦r♣✉s✳ ■♥ ❙❡❝t✐♦♥ ✹ ✇❡ ❞❡s❝r✐❜❡ ❡①♣❡r✐♠❡♥ts
❛t ❝❧✉st❡r✐♥❣ ♦✉r ❛♥♥♦t❛t❡❞ ❝♦r♣✉s ✉s✐♥❣ t❤❡ ❋❚❉ ✈❛❧✉❡s ❛s ❛♥ ❛tt❡♠♣t t♦ ♠❛♣ t❤❡ ✏s②♠♣t♦♠s✑
♦❜s❡r✈❡❞ ✐♥ ♦✉r ❛♥♥♦t❛t✐♦♥ t♦ ✏s②♥❞r♦♠❡s✑✳ ❋✐♥❛❧❧② ✐♥ ❙❡❝t✐♦♥ ✺ ✇❡ ❛♥❛❧②s❡ t❤❡ r❡s✉❧ts ❜② ❝♦♠♣❛r✐♥❣
t❤❡ ❝❧✉st❡rs ❛❣❛✐♥st t❤❡ r❡❣✐st❡r ❧✐st ❢r♦♠ ✭❊❣❜❡rt ❛♥❞ ❇✐❜❡r✱ ✷✵✶✸✮✱ ✇❤✐❝❤ ✐s ✐♥ t✉r♥ ❜❛s❡❞ ♦♥ ❛♥
❡❛r❧✐❡r st✉❞② ✭❘❡❤♠ ❡t ❛❧✳✱ ✷✵✵✽✮✳

✷ ❈♦r♣✉s ❛♥❞ t❤❡ ❛♥♥♦t❛t✐♦♥ ♣r♦❝❡❞✉r❡

❈♦r♣✉s s❡❧❡❝t✐♦♥ ❛♥❞ ❛♥♥♦t❛t✐♦♥ ✇❡♥t t❤r♦✉❣❤ t❤r❡❡ st❛❣❡s✳

❙t❛❣❡ ✶ ❲❡ s❡❧❡❝t❡❞ ✷✷✻ t❡①ts ❢r♦♠ ❖♣❡♥ ❈♦r♣♦r❛ ✭❇♦❝❤❛r♦✈ ❡t ❛❧✳✱ ✷✵✶✶✮ ✇✐t❤ t❤❡ ✐♥t❡♥t✐♦♥ ♦❢
❡♥r✐❝❤✐♥❣ t❤✐s ❝♦❧❧❡❝t✐♦♥ ✇✐t❤ ❣❡♥r❡ ❧❛❜❡❧s✳ ❯s✐♥❣ t❡①ts ✇✐t❤ ♣❡r♠✐ss✐❜❧❡ ❧✐❝❡♥s❡s s❤♦✉❧❞ ❤❛✈❡ ❛❧s♦
❤❡❧♣❡❞ ✐♥ ❞✐str✐❜✉t✐♥❣ t❤❡ r❡s✉❧ts ♦❢ ❛♥♥♦t❛t✐♦♥ ❢r❡❡❧②✳ ❲❡ r❡q✉❡st❡❞ t✇♦ ❛♥♥♦t❛t✐♦♥s ♣❡r t❡①t t♦
❞❡t❡r♠✐♥❡ t❤❡ ❞❡❣r❡❡ ♦❢ ✐♥t❡r✲❛♥♥♦t❛t♦r ❛❣r❡❡♠❡♥t✳ ❆♥♦t❤❡r ❣♦❛❧ ✇❛s t♦ ✏❞❡❜✉❣✑ t❤❡ ❞❡✜♥✐t✐♦♥s ♦❢
t❤❡ ❋✉♥❝t✐♦♥❛❧ ❚❡①t ❉✐♠❡♥s✐♦♥s✳ ❋♦r ✐♥❞❡♣❡♥❞❡♥t ❛ttr✐❜✉t✐♦♥ ♦❢ t❡①ts ✇❡ ✉s❡❞ t❤❡ ❇r♦✇♥ ❈♦r♣✉s
❝❛t❡❣♦r✐❡s✳

❙t❛❣❡ ✷ ❙✐♥❝❡ ✇❡ ❢♦✉♥❞ t❤❛t t❤❡ ❣❡♥r❡ r❛♥❣❡ ♦❢ t❤❡ ❖♣❡♥ ❈♦r♣♦r❛ ❝♦❧❧❡❝t✐♦♥ ✐s q✉✐t❡ ❧✐♠✐t❡❞✱ ✇❡
❡♥r✐❝❤❡❞ t❤❡ ❝♦r♣✉s ❜② r❡q✉❡st✐♥❣ ❞✐✈❡rs❡ ❣❡♥r❡ s❡ts ❢r♦♠ ❛ ♥❡✇ r♦✉♥❞ ♦❢ ❛♥♥♦t❛t♦rs✱ ✇❤♦ ✇❡r❡ ❛❧s♦
❛s❦❡❞ t♦ ❛♥♥♦t❛t❡ t❤❡✐r ♦✇♥ t❡①ts✳ ❚❤❡ ♠❛✐♥ s♦✉r❝❡s ♦❢ t❤❡ t❡①ts ✇❡r❡ ❜❧♦❣s✱ ♥❡✇s ♣♦rt❛❧s✱ ❲✐❦✐♣❡❞✐❛
❛♥❞ ♦t❤❡r ♦♥❧✐♥❡ ❡♥❝②❝❧♦♣❡❞✐❛s✱ ❢♦r✉♠s✱ ♦♥❧✐♥❡ ♠❛❣❛③✐♥❡s✱ ✇❡❜ ❧✐❜r❛r✐❡s✱ ♣r♦♠♦t✐♦♥❛❧ ✇❡❜✲s✐t❡s ❛♥❞
❧❡❣❛❧ r❡s♦✉r❝❡s✳ ❚❤✐s ✐t❡r❛t✐♦♥ ❧❡❞ t♦ ❢✉rt❤❡r ❢❡❡❞❜❛❝❦ ♦♥ t❤❡ ❋❚❉s✳ ❲❡ ❞❡❝✐❞❡❞ t♦ ❛❞❞ t❤r❡❡ ♠♦r❡
❋❚❉s s✉❝❤ ❛s ❆✶✻ ✭❞❡✜♥✐♥❣ ❛ t♦♣✐❝✮✱ ❆✶✼ ✭❡①♣r❡ss✐♥❣ ❥✉❞❣♠❡♥ts✮ ❛♥❞ ❆✶✽ ✭✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥
♣❛rt✐❝✐♣❛♥ts✮✳ ❚❤✐s ✇❛s ♣r✐♠❛r✐❧② ❞✉❡ t♦ t❤❡ ❢❛❝t t❤❛t s♦♠❡ t❡①ts ✐♥ ❈♦r♣✉s ✷✱ ❡✳❣✳ ❲✐❦✐♣❡❞✐❛
❛rt✐❝❧❡s✱ ✇❡r❡ ♥♦t ❞✐st✐♥❣✉✐s❤❡❞ ❢r♦♠ ♦t❤❡r t❡①ts ❜② t❤❡ ✜❢t❡❡♥ ♦r✐❣✐♥❛❧ ❋❚❉s✳

❙t❛❣❡ ✸ ❈♦r♣✉s ✷ ❝♦♥s✐st✐♥❣ ♦❢ ✺✶✹ t❡①ts ✇❛s ❛♥♥♦t❛t❡❞ ❜② ✶✶ ❛♥♥♦t❛t♦rs✱ ♦✈❡r❛❧❧ ✸ ❛♥♥♦t❛t♦rs
♣❡r t❡①t✳ ❚❛❜❧❡ ✶ ❞❡s❝r✐❜❡s q✉❛♥t✐t❛t✐✈❡ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ ❈♦r♣✉s ✶ ❛♥❞ ❈♦r♣✉s ✷✳ ●✐✈❡♥ t❤❛t
t❤❡ ❇r♦✇♥ ❈♦r♣✉s ❝❛t❡❣♦r✐❡s ✇❡r❡ ❢♦✉♥❞ t♦ ❜❡ ✉♥s✉✐t❛❜❧❡ ❢♦r ❛ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ✇❡❜t❡①ts✱ ✇❡
❛s❦❡❞ t❤❡ ❛♥♥♦t❛t♦rs t♦ ❛ttr✐❜✉t❡ ❡❛❝❤ t❡①t ❜② ✉s✐♥❣ ♦♥❡ ♦❢ t❤❡ r❡❣✐st❡rs ✉s❡❞ ✐♥ ❊❣❜❡rt ❛♥❞ ❇✐❜❡r
✭✷✵✶✸✮✱ ❡✳❣✳ ❵◆❡✇s r❡♣♦rt✴❜❧♦❣✬✱ ❵❉❡s❝r✐♣t✐♦♥ ✇✐t❤ ✐♥t❡♥t t♦ s❡❧❧✬✱ ❵❘❡✈✐❡✇✬✳ ❚❤✐s ✇❛s ♥❡❡❞❡❞ t♦ ❣❡t
s♦♠❡ ❛ttr✐❜✉t✐♦♥ ✇❤✐❝❤ ✐s ✐♥❞❡♣❡♥❞❡♥t ❢r♦♠ t❤❡ ❋❚❉s ❛♥❞ t♦ ❡✈❛❧✉❛t❡ t❤❡ r❡s✉❧ts✳ ■♥ ❛❞❞✐t✐♦♥✱

✷



❈♦r♣✉s ✶ ❈♦r♣✉s ✷
❉♦❝✉♠❡♥ts ❲♦r❞s ❙❡♥t❡♥❝❡s ❉♦❝✉♠❡♥ts ❲♦r❞s ❙❡♥t❡♥❝❡s

✷✷✻ ✷✼✸✸✶✾ ✶✻✺✽✼ ✺✶✹ ✻✹✵✹✼✻ ✹✶✾✻✶

❚❛❜❧❡ ✶✿ ❆♥♥♦t❛t❡❞ ❝♦r♣♦r❛ ✉s❡❞ ✐♥ t❤✐s st✉❞②

t❤❡ ❛♥♥♦t❛t♦rs ✇❡r❡ ❛s❦❡❞ t♦ ❣✐✈❡ ❝♦♠♠❡♥ts ❛❜♦✉t t❤❡ ❛♥♥♦t❛t✐♦♥ ♣r♦❝❡❞✉r❡✱ t❤❡ ❋❚❉s ❛♥❞ t❤❡
r❡❣✐st❡rs ✇❤✐❝❤ ❝❛✉s❡❞ t❤❡ ❣r❡❛t❡st ❞✐✣❝✉❧t② ❢♦r ❛♥♥♦t❛t✐♦♥✳

❆s ✇❡ ❛r❡ ♣r✐♠❛r✐❧② ✐♥t❡r❡st❡❞ ✐♥ ✐♥✈❡st✐❣❛t✐♥❣ ❧❛♥❣✉❛❣❡ ♦❢ t❤❡ ❲❡❜✱ ✇❡ ❞❡❧✐❜❡r❛t❡❧② ❢♦❝✉s❡❞ ♦♥
t❤❡ ✇❡❜♣❛❣❡s ✇✐t❤ r✉♥♥✐♥❣ t❡①t✱ ❧❡❛✈✐♥❣ ♦✉t s✉❝❤ t②♣❡s ♦❢ ✇❡❜❝♦♥t❡♥t ❛s s♦❝✐❛❧ ♥❡t✇♦r❦ ♣r♦✜❧❡s✱
❡✲❝♦♠♠❡r❝❡ ♣❛❣❡s✱ ❢♦r♠s✱ ❡t❝✳

❚❤❡ ❛♥♥♦t❛t✐♦♥ r❡s✉❧ts s❤♦✇ ❝♦♥s✐❞❡r❛❜❧❡ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ s❡✈❡r❛❧ ❢✉♥❝t✐♦♥❛❧ ❞✐♠❡♥s✐♦♥s✱ s✉❝❤
❛s ❆✶✵ ❛♥❞ ❆✶✽✱ ❆✶✹ ❛♥❞ ❆✶✺✳ ❙tr♦♥❣ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ❆✶✵ ❛♥❞ ❆✶✽ ❣✐✈❡s r❡❛s♦♥s ❢♦r r❡♠♦✈✐♥❣
❞✉♣❧✐❝❛t❡ ❋❚❉s✳ ■♥ t❤❡ ❝❛s❡ ♦❢ ❆✶✹ ❛♥❞ ❆✶✺✱ ✇❡ ❝❛♥ ❛ss✉♠❡ t❤❛t ❝♦rr❡❧❛t✐♦♥ ✇❛s ✐♥✢✉❡♥❝❡❞ ❜② ❛
s♠❛❧❧ ♥✉♠❜❡r ♦❢ ❆✶✺ ❞♦❝✉♠❡♥ts t❤❛t ❞♦ ♥♦t ❜❡❧♦♥❣ t♦ t❤❡ ✜❡❧❞ ♦❢ ❙❝✐❡♥❝❡ ❛♥❞ ❚❡❝❤♥♦❧♦❣②✳ ❚❤❡
❧❛st ❛♥♥♦t❛t✐♦♥ r♦✉♥❞ ❛❧s♦ s✉❣❣❡st❡❞ ❛ ♥❡✇ ✏♣♦❡t✐❝✑ ❋❚❉✱ ✇❤✐❝❤ r♦✉❣❤❧② ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ♣♦❡t✐❝
❢✉♥❝t✐♦♥ ♦❢ ❧❛♥❣✉❛❣❡ ❛❝❝♦r❞✐♥❣ t♦ ❏❛❦♦❜s♦♥ ✭✶✾✻✵✮✱ ❝♦✈❡r✐♥❣ ✈❛r✐♦✉s ❦✐♥❞s ♦❢ t❡①ts ❝♦♥❝❡r♥❡❞ ✇✐t❤
♠❛❦✐♥❣ ❛♥ ❛❡st❤❡t✐❝ ✐♠♣r❡ss✐♦♥✳

✸ ■♥t❡r❛♥♥♦t❛t♦r ❛❣r❡❡♠❡♥t

❲❡ ♠❡❛s✉r❡❞ t❤❡ ✐♥t❡r❛♥♥♦t❛t♦r ❛❣r❡❡♠❡♥t ✉s✐♥❣ s❡✈❡r❛❧ ♠❡t❤♦❞s✱ ♣r✐♠❛r✐❧② ✉s✐♥❣ ❑r✐♣♣❡♥❞♦r✛✬s
α ✭❑r✐♣♣❡♥❞♦r✛✱ ✷✵✵✹✮✱ ✇❤✐❝❤ tr❡❛ts t❤❡ ❛♥♥♦t❛t♦rs ❛r❡ ✐♥t❡r❝❤❛♥❣❡❛❜❧❡ ❛♥❞ ♠❡❛s✉r❡s t❤❡ ❞✐✛❡r❡♥❝❡
❜❡t✇❡❡♥ ❞✐s❛❣r❡❡♠❡♥t ❡①♣❡❝t❡❞ ❜② ❝❤❛♥❝❡ ✈s ♦❜s❡r✈❡❞ ❞✐s❛❣r❡❡♠❡♥t✿

α = 1−
Dobserved

Dchance

❚❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ r❡s✉❧ts ❛r❡ s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✷✳ ❖✈❡r❛❧❧✱ t❤❡ ❛❣r❡❡♠❡♥t ✐s ❛❜♦✈❡ 70%✱ ❜✉t ❢♦r
s♦♠❡ ❋❚❉s✱ s✉❝❤ ❛s ♥❡✇❧② ❛❞❞❡❞ A16, A17 ❛♥❞ A18 t❤❡ ❧❡✈❡❧ ♦❢ ❛❣r❡❡♠❡♥t ✇❛s ❧♦✇❡r✳ ❙♦♠❡ ❋❚❉s
t❡st❡❞ ✐♥ ♣r❡✈✐♦✉s st✉❞✐❡s✱ ✐♥ ♣❛rt✐❝✉❧❛r A5 ✭✢✐♣♣❛♥t✮ ♦r A6 ✭✐♥❢♦r♠❛❧✮ ❛❧s♦ ❞❡♠♦♥str❛t❡❞ ❝♦♥s✐❞❡r✲
❛❜❧❡ ❞✐s❛❣r❡❡♠❡♥t ❜❡t✇❡❡♥ ❛♥♥♦t❛t♦rs✳ ❍♦✇❡✈❡r✱ ✐♥ ❝♦♠♣❛r✐s♦♥ t♦ ❛❝❤✐❡✈✐♥❣ ❛❣r❡❡♠❡♥t ♦♥ ❛t♦♠✐❝
❣❡♥r❡ ❧❛❜❡❧s ✭❙❤❛r♦✛ ❡t ❛❧✳✱ ✷✵✶✵✮✱ ❋❚❉s ♦✈❡r❛❧❧ ♦✛❡r ❜❡tt❡r ❛❝❝❡♣t❛❜❧❡ ❛❣r❡❡♠❡♥t ❥✉❞❣♠❡♥ts✳✸ ❲❡
❛❧s♦ ♠❡❛s✉r❡❞ ❑r✐♣♣❡♥❞♦r✛✬s ❛❧♣❤❛ ❢♦r t❤❡ ❇✐❜❡r r❡❣✐st❡r ❧❛❜❡❧s✱ t❤❡ ❛❣r❡❡♠❡♥t ✇❛s 53.0% ❢♦r t❤❡
r❡❣✐st❡r ❧❛❜❡❧s✱ 65.8% ❢♦r t❤❡ ❣❡♥❡r❛❧ r❡❣✐st❡rs ❛♥❞ 58.7% ✉s✐♥❣ ❛ ❝♦♠♣♦✉♥❞ ❞✐st❛♥❝❡ ❢✉♥❝t✐♦♥✱ ❛s✲
s✐❣♥✐♥❣ 1 ❢♦r ❞✐✛❡r❡♥t ❧❛❜❡❧s ✐♥ t❤❡ s❛♠❡ ❣❡♥❡r❛❧ r❡❣✐st❡r ❛♥❞ 2 ❢♦r ❛ ♣❛✐r ♦❢ ❡❧❡♠❡♥ts ✐♥ ❞✐✈❡rs❡
r❡❣✐st❡rs✳

●✐✈❡♥ s②st❡♠❛t✐❝ ❡rr♦rs ❢r♦♠ s♦♠❡ ❛♥♥♦t❛t♦rs ❢♦r s♦♠❡ ❋❚❉s ✭❝❛✉s❡❞ ❜② t❤❡✐r ♠✐s✉♥❞❡rst❛♥❞✐♥❣
♦❢ t❤❡ ✐♥str✉❝t✐♦♥s✮✱ ❛s ✇❡❧❧ ❛s ♣♦ss✐❜❧❡ ✐ss✉❡s ✇✐t❤ ❢❛t✐❣✉❡ ✭❝♦♠✐♥❣ ❢r♦♠ ❛♥♥♦t❛t✐♦♥ ♦❢ ♠♦r❡ t❤❛♥
✶✵✵ t❡①ts✮✱ ✇❡ ♥❡❡❞ t♦ ❡①❝❧✉❞❡ ❜❛❞❧② ❛♥♥♦t❛t❡❞ t❡①ts ❢r♦♠ ❢✉t✉r❡ r❡s❡❛r❝❤ s✐♥❝❡ t❤❡ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢
s✉❝❤ ❞♦❝✉♠❡♥ts ❝❛♥♥♦t ❜❡ ❝♦♥s✐❞❡r❡❞ ❛s ✏♣r❡❞✐❝t✐✈❡✑ ✈❛❧✉❡s ♦❢ t❤❡ ❋❚❉s✳ ❚❤❡ s❡❝♦♥❞ ♠❡t❤♦❞♦❧♦❣✐❝❛❧
r❡❛s♦♥ ❢♦r r❡❞✉❝✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ t❡①ts ✐s t❤❛t ✐t ✐s ✇♦rs❡ ✐♥ ❣❡♥❡r❛❧ t♦ ❤❛✈❡ ♥♦✐s② ❞❛t❛ t❤❛♥ t♦
❤❛✈❡ ❧❡ss ❞❛t❛✱ ❡s♣❡❝✐❛❧❧② ✇❤❡♥ t❤❡ ♥❛t✉r❡ ♦❢ ♥♦✐s❡ ✐s ✉♥❝❧❡❛r✳ ■♥ t❤❡ ❝❧✉st❡r✐s❛t✐♦♥ t❛s❦ t❤❡ ♣r❡s❡♥❝❡
♦❢ ♥♦✐s❡ ♠❛② ♣♦t❡♥t✐❛❧❧② ❞❡❢♦r♠ t❤❡ s❤❛♣❡ ♦❢ ❝❧✉st❡rs ♦r ❝r❡❛t❡ s♣✉r✐♦✉s ❝❧✉st❡rs ✇❤✐❝❤ ❞♦ ♥♦t

✸
α ≥ 60% ✐s ✉s✉❛❧❧② tr❡❛t❡❞ ❛s t❤❡ ❛❝❝❡♣t❛❜✐❧✐t② t❤r❡s❤♦❧❞ ✭❑r✐♣♣❡♥❞♦r✛✱ ✷✵✵✹✮✳

✸



❆✶ ❆✸ ❆✹ ❆✺ ❆✻ ❆✼ ❆✽ ❆✾

❖✈❡r❛❧❧ ✺✻✳✸✾ ✺✽✳✹✹ ✼✶✳✽✵ ✺✶✳✸✾ ✺✺✳✺✸ ✻✾✳✺✽ ✼✽✳✵✵ ✽✹✳✷✷
❆♥♥♦t❛t♦r ✶ ✻✼✳✸✶ ✺✶✳✶✻ ✽✸✳✽✻ ✺✽✳✹✷ ✸✺✳✸✸ ✻✾✳✶✺ ✽✹✳✻✷ ✼✾✳✻✻
❆♥♥♦t❛t♦r ✷ ✺✹✳✻✼ ✻✽✳✾✹ ✼✶✳✼✶ ✸✺✳✵✻ ✻✶✳✹✶ ✻✽✳✽✻ ✻✹✳✻✽ ✽✵✳✺✻
❆♥♥♦t❛t♦r ✸ ✷✽✳✽✶ ✺✸✳✷✷ ✻✽✳✻✵ ✺✽✳✺✵ ✺✷✳✸✻ ✻✹✳✽✼ ✼✼✳✶✹ ✽✶✳✼✶
❆♥♥♦t❛t♦r ✹ ✻✻✳✸✹ ✺✹✳✺✶ ✼✷✳✸✾ ✻✵✳✼✷ ✺✸✳✻✻ ✽✵✳✵✸ ✺✽✳✹✽ ✽✼✳✶✾
❆♥♥♦t❛t♦r ✺ ✺✽✳✷✺ ✻✼✳✾✷ ✽✷✳✼✹ ✸✻✳✵✹ ✻✾✳✷✽ ✽✹✳✽✾ ✼✼✳✻✺ ✽✶✳✶✻
❆♥♥♦t❛t♦r ✻ ✺✵✳✻✷ ✺✼✳✸✼ ✻✵✳✶✹ ✹✵✳✻✾ ✻✵✳✾✷ ✻✾✳✻✾ ✻✶✳✷✺ ✻✾✳✻✸
❆♥♥♦t❛t♦r ✼ ✻✻✳✶✸ ✼✷✳✾✷ ✽✹✳✵✹ ✹✶✳✼✸ ✺✾✳✶✸ ✽✸✳✽✼ ✽✷✳✶✼ ✽✶✳✵✶
❆♥♥♦t❛t♦r ✽ ✺✵✳✸✺ ✻✹✳✵✼ ✼✼✳✸✽ ✺✼✳✵✹ ✺✻✳✹✵ ✺✷✳✸✵ ✽✺✳✵✾ ✾✶✳✵✽
❆♥♥♦t❛t♦r ✾ ✺✽✳✽✷ ✺✵✳✻✼ ✻✾✳✽✻ ✻✷✳✸✽ ✸✸✳✷✹ ✹✻✳✷✸ ✸✽✳✽✼ ✾✷✳✾✻
❆♥♥♦t❛t♦r ✶✵ ✸✽✳✷✻ ✸✹✳✾✾ ✻✶✳✹✾ ✹✻✳✶✶ ✺✷✳✶✶ ✽✵✳✶✾ ✽✽✳✽✺ ✽✶✳✸✵
❆♥♥♦t❛t♦r ✶✶ ✺✶✳✻✹ ✺✽✳✺✶ ✺✷✳✺✶ ✹✺✳✵✷ ✻✹✳✻✶ ✼✹✳✹✾ ✼✹✳✽✸ ✾✵✳✸✽

❆✶✷ ❆✶✸ ❆✶✹ ❆✶✺ ❆✶✻ ❆✶✼ ❆✶✽ ❚♦t❛❧

❖✈❡r❛❧❧ ✻✷✳✵✾ ✺✽✳✼✶ ✺✷✳✶✹ ✺✻✳✽✵ ✻✸✳✺✺ ✺✶✳✹✸ ✹✾✳✸✷ ✻✷✳✾✺
❆♥♥♦t❛t♦r ✶ ✻✷✳✻✽ ✺✶✳✹✷ ✺✾✳✷✹ ✻✶✳✺✸ ✹✷✳✽✵ ✻✹✳✺✶ ✸✹✳✼✷ ✻✷✳✾✾
❆♥♥♦t❛t♦r ✷ ✹✻✳✺✽ ✺✼✳✶✶ ✺✵✳✵✷ ✻✷✳✽✾ ✻✾✳✽✾ ✻✵✳✵✹ ✸✹✳✻✻ ✻✷✳✼✽
❆♥♥♦t❛t♦r ✸ ✽✻✳✷✾ ✻✵✳✵✼ ✶✷✳✺✾ ✺✼✳✷✸ ✺✾✳✺✹ ✲✶✷✳✸✸ ✻✻✳✵✸ ✺✹✳✾✾
❆♥♥♦t❛t♦r ✹ ✼✺✳✻✶ ✻✵✳✾✷ ✻✻✳✵✸ ✻✼✳✼✸ ✺✸✳✶✺ ✺✵✳✹✹ ✺✾✳✼✾ ✻✺✳✼✷
❆♥♥♦t❛t♦r ✺ ✹✷✳✷✺ ✹✾✳✼✷ ✻✵✳✺✾ ✻✹✳✽✹ ✼✵✳✺✷ ✹✽✳✷✾ ✺✽✳✵✽ ✻✻✳✶✾
❆♥♥♦t❛t♦r ✻ ✺✷✳✷✾ ✻✺✳✾✹ ✺✸✳✷✶ ✹✻✳✺✾ ✺✹✳✽✹ ✹✻✳✽✹ ✹✵✳✷✼ ✺✾✳✷✼
❆♥♥♦t❛t♦r ✼ ✻✸✳✽✻ ✹✼✳✹✵ ✺✼✳✺✼ ✻✹✳✵✼ ✺✻✳✵✶ ✻✷✳✶✵ ✸✻✳✾✸ ✻✼✳✶✹
❆♥♥♦t❛t♦r ✽ ✺✾✳✹✻ ✺✷✳✾✹ ✹✻✳✶✵ ✺✹✳✾✽ ✼✹✳✶✼ ✺✼✳✾✹ ✺✸✳✸✹ ✻✼✳✷✻
❆♥♥♦t❛t♦r ✾ ✻✹✳✾✻ ✼✷✳✺✽ ✶✵✳✻✷ ✸✷✳✸✻ ✻✼✳✹✺ ✺✽✳✵✹ ✺✺✳✾✵ ✺✼✳✽✺
❆♥♥♦t❛t♦r ✶✵ ✻✸✳✵✵ ✻✷✳✷✶ ✻✶✳✾✵ ✺✾✳✺✺ ✻✺✳✹✾ ✸✸✳✼✾ ✺✵✳✻✼ ✺✾✳✾✸
❆♥♥♦t❛t♦r ✶✶ ✻✶✳✸✺ ✻✻✳✼✽ ✹✵✳✵✾ ✸✽✳✺✸ ✻✵✳✾✽ ✹✽✳✶✷ ✹✼✳✵✽ ✻✷✳✵✽

❚❛❜❧❡ ✷✿ ❑r✐♣♣❡♥❞♦r✛✬s α ✈❛❧✉❡s ❢♦r ❋❚❉s ❛♥❞ ❛♥♥♦t❛t♦rs

❝♦rr❡s♣♦♥❞ t♦ ❛♥② ♣❛tt❡r♥ ✐♥ t❤❡ ❞❛t❛✳ ❍♦✇❡✈❡r✱ ✇❡ ❝❛♥♥♦t s✐♠♣❧② ❡①❝❧✉❞❡ ❢r♦♠ t❤❡ s❛♠♣❧❡ t❤❡
❞♦❝✉♠❡♥ts ❢♦r ✇❤✐❝❤ t❤❡r❡ ✇❛s ♥♦ ❛❣r❡❡♠❡♥t s✐♥❝❡ t✇♦ ♦r ♠♦r❡ ❛♥♥♦t❛t♦rs ❛❣r❡❡❞ ♦♥ ❛❧❧ t❤❡ ❋❚❉s
♦♥❧② ❢♦r 199 ♦❢ 500 ✐♥✐t✐❛❧ t❡①ts✳ ▼♦r❡♦✈❡r✱ ✇❡ ❢♦✉♥❞ t❤❛t t❤❡ ♠♦r❡ ✐♥❢♦r♠❛❧ t❤❡ t❡①t ✐s t❤❡ ❧♦✇❡r t❤❡
♣r♦❜❛❜✐❧✐t② ♦❢ t❤❡✐r ❛❣r❡❡♠❡♥t✳ ■t ✐♠♣❧✐❡s t❤❛t t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ❋❚❉ ✈❛❧✉❡s ♦✈❡r t❤❡ r❡❧✐❛❜❧❡
t❡①ts ❝♦♥s✐❞❡r❛❜❧② ❞✐✛❡rs ❢r♦♠ t❤❡ s❛♠❡ ❞✐str✐❜✉t✐♦♥ ♦✈❡r t❤❡ s❡t ♦❢ ❛❧❧ ❞♦❝✉♠❡♥ts✳

❚❤❡r❡❢♦r❡✱ ✇❡ tr✐❡❞ t♦ ♣r❡s❡r✈❡ ❛s ♠❛♥② ❞♦❝✉♠❡♥ts ❛s ♣♦ss✐❜❧❡ ✉♥❧❡ss t❤❡② ❝❛♥ ❜❡ ❝♦♥s✐❞❡r❡❞
❛s r❡❧✐❛❜❧❡✳ ❚❤❡ ❦❡② ✐❞❡❛ ✐s t♦ r❡♠♦✈❡ t❤❡ r❛t✐♥❣s ♦❢ ❛♥♥♦t❛t♦rs ✇❤❡♥ t❤❡② ❞✐s❛❣r❡❡ ✇✐t❤ ♦t❤❡r
❛♥♥♦t❛t♦rs ❛♥❞ ❦❡❡♣ t❤❡✐r r❛t✐♥❣s ♦t❤❡r✇✐s❡✳ ❋♦r ❡✈❡r② ❋❚❉ ✇❡ ❡✈❛❧✉❛t❡❞ t❤❡ q✉❛❧✐t② ♦❢ ❡①♣❡rts
✉s✐♥❣ ❑r✐♣♣❡♥❞♦r✛✬s α✿ ❢♦r ❛♥② t❡①t ❛♥♥♦t❛t❡❞ ❜② k ❛♥♥♦t❛t♦rs ✭k = 3 ✐♥ ♦✉r ❝❛s❡✮ ✇❡ ❝r❡❛t❡❞
k − 1 ♣❛✐rs ♦❢ r❛t✐♥❣s ❛ss✐❣♥❡❞ ❜② t❤❡ ❝✉rr❡♥t ❛♥♥♦t❛t♦r t♦❣❡t❤❡r ✇✐t❤ t❤❡ r❛t✐♥❣ ❣✐✈❡♥ ❜② ❛♥♦t❤❡r
❛♥♥♦t❛t♦r✳ ❚❤❡♥ ❢♦r ❡✈❡r② ❋❚❉ ✇❡ s❡❧❡❝t❡❞ t❤❡ ✇♦rst ❛♥♥♦t❛t♦r ❛♥❞ r❡♠♦✈❡❞ ❤✐s✴❤❡r r❛t✐♥❣s ❢♦r
❛❧❧ ❞♦❝✉♠❡♥ts ✇❤❡r❡ s✴❤❡ ❞✐s❛❣r❡❡❞ ✇✐t❤ ♦t❤❡r ❛♥♥♦t❛t♦rs✳ ❚❤❡♥ ✐♥❞✐✈✐❞✉❛❧ ❛♥♥♦t❛t✐♦♥ q✉❛❧✐t✐❡s
✇❡r❡ r❡❝❛❧❝✉❧❛t❡❞ ❛♥❞ ❛ ♥❡✇ ✇♦rst ❛♥♥♦t❛t♦r ✇❛s s❡❧❡❝t❡❞ ✉♥t✐❧ t❤❡ ❛❣r❡❡♠❡♥t q✉❛❧✐t② ❢♦r t❤❡ ✇♦rst
❛♥♥♦t❛t♦r r❡❛❝❤❡❞ ❛ ✜①❡❞ t❤r❡s❤♦❧❞ ♦r ❜❡❝❛♠❡ ❝❧♦s❡ t♦ t❤❡ ♠❡❛♥ ✈❛❧✉❡ ♦❢ ✐♥❞✐✈✐❞✉❛❧ ❛❣r❡❡♠❡♥t ❢♦r
❛❧❧ ❛♥♥♦t❛t♦rs✳ ❲❡ ✉s❡❞ t❤❡ α ✈❛❧✉❡ ♦❢ 0.75 ❢♦r t❤❡ t❤r❡s❤♦❧❞✱ ❛❧s♦ ✇❡ tr✐❡❞ t❤❡ ✈❛❧✉❡s ❢r♦♠ 0.6 t♦ 0.7✳

✹



❙❡❧❡❝t✐♦♥ str❛t❡❣② ★ ❞♦❝✉♠❡♥ts

❆❧♣❤❛ t❤r❡s❤♦❧❞ 0.75 ✷✽✸
❆❧♣❤❛ t❤r❡s❤♦❧❞ 0.75✱ 0.5 ❞✐s❛❣r❡❡♠❡♥t ❛❧❧♦✇❡❞ ✸✶✺
❆❧♣❤❛ t❤r❡s❤♦❧❞ 0.6 ✷✸✽
❆❧♣❤❛ t❤r❡s❤♦❧❞ 0.6✱ 0.5 ❞✐s❛❣r❡❡♠❡♥t ❛❧❧♦✇❡❞ ✷✻✸
2 ❛♥♥♦t❛t♦rs ❛❣r❡❡♠❡♥t ✶✾✾
◆♦ s❡❧❡❝t✐♦♥ ✺✵✵

❚❛❜❧❡ ✸✿ ❚❤❡ ♥✉♠❜❡r ♦❢ r❡♠❛✐♥✐♥❣ ❞♦❝✉♠❡♥ts ❢♦r ❞✐✛❡r❡♥t s❡❧❡❝t✐♦♥ str❛t❡❣✐❡s

❆✶ ❆✸ ❆✹ ❆✺ ❆✻ ❆✼ ❆✽ ❆✾

❖✈❡r❛❧❧ ✽✻✳✼✸ ✽✶✳✸✹ ✽✼✳✻✹ ✼✻✳✷✶ ✽✾✳✽✽ ✽✼✳✾✼ ✾✵✳✵✻ ✽✻✳✷✽
❇❡st ❛♥♥♦t❛t♦r ✾✼✳✵✾ ✾✷✳✽✶ ✾✹✳✹✻ ✾✻✳✾✽ ✾✻✳✼✼ ✾✸✳✾✸ ✾✾✳✻✼ ✾✸✳✾✻
❲♦rst ❛♥♥♦t❛t♦r ✼✺✳✵✼ ✼✸✳✸✷ ✽✵✳✵✻ ✻✺✳✺✶ ✼✽✳✺✵ ✼✼✳✼✺ ✼✽✳✽✹ ✽✵✳✷✵

❆✶✷ ❆✶✸ ❆✶✹ ❆✶✺ ❆✶✻ ❆✶✼ ❆✶✽ ❚♦t❛❧

❖✈❡r❛❧❧ ✽✽✳✹✼ ✽✽✳✼✵ ✺✸✳✷✹ ✺✽✳✺✵ ✽✽✳✹✼ ✺✽✳✻✷ ✽✺✳✷✻ ✽✵✳✾✼
❇❡st ❛♥♥♦t❛t♦r ✾✽✳✹✺ ✾✸✳✵✾ ✻✻✳✽✾ ✻✽✳✾✹ ✾✻✳✷✶ ✼✶✳✺✻ ✾✹✳✻✽ ✽✶✳✼✾
❲♦rst ❛♥♥♦t❛t♦r ✽✵✳✹✼ ✼✺✳✶✼ ✶✷✳✺✼ ✸✾✳✼✹ ✼✺✳✼✼ ✷✶✳✽✶ ✼✼✳✹✽ ✼✼✳✺✸

❚❛❜❧❡ ✹✿ ❑r✐♣♣❡♥❞♦r✛✬s α ✈❛❧✉❡s ❢♦r ❋❚❉s ❛❢t❡r r❡♠♦✈✐♥❣ ✉♥r❡❧✐❛❜❧❡ ❛♥♥♦t❛t✐♦♥s

❙✐♥❝❡ t❤❡s❡ t❤r❡s❤♦❧❞s ♣r♦❞✉❝❡❞ ❛ ❧♦✇❡r ♥✉♠❜❡r ♦❢ r❡❧✐❛❜❧❡ t❡①ts✱ ✇❡ ❛❧❧♦✇❡❞ ❞✐✛❡r❡♥t ❛♥♥♦t❛t♦rs
t♦ ❞✐s❛❣r❡❡ ❜② 0.5✳ ❚❤❡ s✐③❡s ♦❢ ♦❜t❛✐♥❡❞ ❝♦❧❧❡❝t✐♦♥s ♦❢ ❞♦❝✉♠❡♥ts ❛r❡ s❤♦✇♥ ✐♥ t❛❜❧❡ ✸✳ ❚❛❜❧❡ ✹
❝♦♥t❛✐♥s t❤❡ ✈❛❧✉❡s ♦❢ ❑r✐♣♣❡♥❞♦r✛✬s α ❢♦r ❋❚❉s ❛❢t❡r t❤❡ r❡♠♦✈❛❧ ♣r♦❝❡❞✉r❡ ✇✐t❤ t❤r❡s❤♦❧❞ 0.75

❛♥❞ 0.5 ❞✐s❛❣r❡❡♠❡♥t ❛❧❧♦✇❡❞✳

✹ ❈❧✉st❡r✐♥❣

❚❤❡ ✉❧t✐♠❛t❡ ❣♦❛❧ ♦❢ ♦✉r ♣r♦❥❡❝t ✐s t♦ ♣r♦✈✐❞❡ ❛✉t♦♠❛t✐❝ ❣❡♥r❡ ❝❧❛ss✐✜❝❛t✐♦♥ ✉s✐♥❣ t❤❡ ❋❚❉s✱ ✇❤✐❝❤
❝❛♥ ❜❡ ❞❡t❡❝t❡❞ r❡❧✐❛❜❧②✱ ❛♥❞ ❛❧s♦ t♦ ♠❛♣ t❤❡♠ t♦ ❣❡♥r❡ s②♥❞r♦♠❡s✳ ❚❤❡r❡❢♦r❡✱ ✇❡ ❛r❡ ✐♥t❡r❡st❡❞
✐♥ ❡①♣❧♦r✐♥❣ ❢r❡q✉❡♥t ❝♦♠❜✐♥❛t✐♦♥s ♦❢ ❋❚❉ ✈❛❧✉❡s ❝♦rr❡s♣♦♥❞✐♥❣ t♦ st❛❜❧❡ ♣❛tt❡r♥s✱ ✇❤✐❝❤ ♠❛② ❜❡
❝♦♥s✐❞❡r❡❞ ❛s s✐♠✐❧❛r t♦ ❣❡♥r❡s ✐♥ ❛ tr❛❞✐t✐♦♥❛❧ ❣❡♥r❡ s②st❡♠ ❧✐❦❡ ❊❣❜❡rt ❛♥❞ ❇✐❜❡r ✭✷✵✶✸✮✳ ❖✉r
♣r✐♠❛r② t❛s❦ ✐♥ t❤✐s s❡❝t✐♦♥ ✐s t♦ ❞❡t❡❝t ❝❧✉st❡rs ✐♥ t❤❡ ❋❚❉s s♣❛❝❡ ❛♥❞ t♦ ✐♥✈❡st✐❣❛t❡ ✇❤❡t❤❡r t❤❡s❡
❝❧✉st❡rs ❛r❡ ❧✐♥❣✉✐st✐❝❛❧❧② r❡❧❡✈❛♥t✳

❲❡ ✉s❡❞ s❡✈❡r❛❧ ♠❡t❤♦❞s t♦ ❝❧✉st❡r t❤❡ t❡①ts ❜② t❤❡ ✈❛❧✉❡s ♦❢ t❤❡✐r ❋❚❉s✳ ❙✐♥❝❡ t❤❡ ❋❚❉ ✈❛❧✉❡s
❛r❡ ❞✐s❝r❡t❡✱ ✇❡ ✉s❡❞ t❤❡ t❛①✐❝❛❜ ✭❛❧s♦ ❦♥♦✇♥ ❛s ▼❛♥❤❛tt❛♥✮ ♠❡tr✐❝ ❛s t❤❡ ❞✐st❛♥❝❡ ❢✉♥❝t✐♦♥✳ ❚❤❡
❞✐s❝r❡t❡♥❡ss ♦❢ ♦✉r ❢❡❛t✉r❡ s♣❛❝❡ ♠❛❦❡s t❤❡ ❝❧✉st❡r✐♥❣ t❛s❦ ♣r♦❜❧❡♠❛t✐❝✳ ❚❤❡ ❣❡♥❡r❛❧ ❞✐✣❝✉❧t② ✐s
t❤❛t ✇❡ ❞♦ ♥♦t ❦♥♦✇ t❤❡ ♣r♦❜❛❜✐❧✐t② ❞✐str✐❜✉t✐♦♥ ♦♥ t❤❡ s❛♠♣❧❡ s❡t✱ ❡s♣❡❝✐❛❧❧② ♦♥ ✐ts s✉❜s❡t s❡❧❡❝t❡❞
❢♦r ❝❧✉st❡r✐s❛t✐♦♥✳ ❆❧s♦ ✐t ✐s ❞✐✣❝✉❧t t♦ ♣❡r❢♦r♠ ❢❡❛t✉r❡ ✇❡✐❣❤t✐♥❣ ❢♦r ❞✐s❝r❡t❡ ❢❡❛t✉r❡s ✇✐t❤ ❛ s♠❛❧❧
♥✉♠❜❡r ♦❢ ❢❡❛t✉r❡ ✈❛❧✉❡s✳ ❇♦t❤ ❛❣❣❧♦♠❡r❛t✐✈❡ ❛♥❞ ✐t❡r❛t✐✈❡ ♠❡t❤♦❞s ❤❛✈❡ t❤❡✐r ♦✇♥ ❞r❛✇❜❛❝❦s
❝♦♠♣❧✐❝❛t✐♥❣ t❤❡✐r ✉s❛❣❡ ❢♦r ♦✉r t❛s❦✳

❚❤❡ ♠❛✐♥ ❞✐✣❝✉❧t② ✇✐t❤ t❤❡ ❛❣❣❧♦♠❡r❛t✐✈❡ ♠❡t❤♦❞s ✐s t❤❡✐r s❡♥s✐t✐✈✐t② t♦ t❤❡ ♦r❞❡r ♦❢ ♦❜❥❡❝ts✳
❚❤✐s s❡♥s✐t✐✈✐t② ❜❡❝♦♠❡s ♠♦r❡ ❞r❛♠❛t✐❝ s✐♥❝❡ t❤❡ ❞✐s❝r❡t❡♥❡ss ♦❢ ♦✉r ❢❡❛t✉r❡ s♣❛❝❡ ❝r❡❛t❡s ♠❛♥② t✐❡s✳
❆❧s♦ ✐t ✐s ✐♠♣♦ss✐❜❧❡ t♦ ❝♦rr❡❝t t❤❡ ✇r♦♥❣ ❝❤♦✐❝❡s ♠❛❞❡ ❞✉r✐♥❣ ❡❛r❧② ❝❧✉st❡r✐s❛t✐♦♥ st❡♣s✳ ❍♦✇❡✈❡r✱

✺



❙❡❧❡❝t✐♦♥ ♠❡t❤♦❞ ★ ❞♦❝✉♠❡♥ts k✲♠❡❛♥s k✲♠❡❞♦✐❞s ❍✐❡r❛r❝❤✐❝❛❧

0.75 ✷✽✸ ✵✳✽✻✹ ✵✳✼✻✻ ✵✳✼✻✾ ✭❘✮
✵✳✹✻✽ ✵✳✹✷✺ ✵✳✹✷✸ ✭❙✮

0.75✱ 0.5 ❞✐s❛❣r❡❡♠❡♥t ✸✶✺ ✵✳✽✶✵ ✵✳✼✺✼ ✵✳✼✶✹ ✭❘✮
✵✳✹✹✹ ✵✳✹✸✶ ✵✳✸✽✵ ✭❙✮

0.6 ✷✸✽ ✵✳✽✹✹ ✵✳✽✵✺ ✵✳✽✼✶ ✭❘✮
✵✳✹✽✵ ✵✳✹✹✵ ✵✳✸✽✸ ✭❙✮

0.6✱ 0.5 ❞✐s❛❣r❡❡♠❡♥t ✷✻✸ ✵✳✼✽✸ ✵✳✼✹✺ ✵✳✼✶✾ ✭❘✮
✵✳✹✷✼ ✵✳✹✹✵ ✵✳✸✻✺ ✭❙✮

2 ❛♥♥♦t❛t♦rs ❛❣r❡❡♠❡♥t ✶✾✾ ✵✳✽✾✵ ✵✳✽✻✸ ✵✳✽✷✼ ✭❘✮
✵✳✺✵✽ ✵✳✺✵✺ ✵✳✹✺✵ ✭❙✮

◆♦ s❡❧❡❝t✐♦♥ ✺✵✵ ✵✳✻✾✶ ✵✳✺✸✶ ✵✳✹✾✵ ✭❘✮
✵✳✸✷✾ ✵✳✸✶✽ ✵✳✶✻✽ ✭❙✮

❚❛❜❧❡ ✺✿ ❘♦❜✉st♥❡ss ❛♥❞ s✐❧❤♦✉❡tt❡ ❢♦r ❞✐✛❡r❡♥t s❡❧❡❝t✐♦♥ str❛t❡❣✐❡s

t❤❡ ✉s❛❣❡ ♦❢ ✐t❡r❛t✐✈❡ ♠❡t❤♦❞s ✐s ❡✈❡♥ ♠♦r❡ ♣r♦❜❧❡♠❛t✐❝✳ ❋✐rst ♦❢ ❛❧❧✱ t❤❡ ♠♦st ❝♦♠♠♦♥ ♠❡t❤♦❞s
s✉❝❤ ❛s EM ♦r K✲♠❡❛♥s ❛r❡ ♥♦t s✉✐t❛❜❧❡ ❢♦r ❞✐s❝r❡t❡ s♣❛❝❡s✳ ❲❡ ❝❛♥ ✉s❡ k✲♠❡❞♦✐❞s ✐♥st❡❛❞ ❜✉t t❤✐s
❞♦❡s ♥♦t ✜① t❤❡ ♣r♦❜❧❡♠ ♦❢ ❞❡t❡❝t✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ ❝❧✉st❡rs✳ ❆❧s♦ ✐t❡r❛t✐✈❡ ♠❡t❤♦❞s ❛r❡ s❡♥s✐t✐✈❡
t♦ ✐♥✐t✐❛❧ ❝❧✉st❡r ❛♣♣r♦①✐♠❛t✐♦♥s✳

❚❤❡r❡❢♦r❡ ✇❡ ❞❡❝✐❞❡❞ t♦ ❝♦♠❜✐♥❡ ❤✐❡r❛r❝❤✐❝❛❧ ❛♥❞ ✐t❡r❛t✐✈❡ ♠❡t❤♦❞s✳ ❋✐rst ♦❢ ❛❧❧ ✇❡ ♣❡r❢♦r♠❡❞
❛❣❣❧♦♠❡r❛t✐✈❡ ❝❧✉st❡r✐♥❣ ✉s✐♥❣ t❤❡ ✇❡✐❣❤t❡❞ ❧✐♥❦❛❣❡✳ ❲❡ ❞❡t❡❝t❡❞ t❤❡ ♥✉♠❜❡r ♦❢ ❝❧✉st❡rs k s❡❛r❝❤✐♥❣
❢♦r t❤❡ ❦♥❡❡ ♣♦s✐t✐♦♥ ♦❢ t❤❡ ❡✈❛❧✉❛t✐♦♥ ❣r❛♣❤ ❜② t❤❡ ✇❡❧❧✲❦♥♦✇♥ ▲✲♠❡t❤♦❞ ✭❙❛❧✈❛❞♦r ❛♥❞ ❈❤❛♥✱
✷✵✵✹✮✳ ❚❤❡♥ ✇❡ ✉s❡❞ t❤❡s❡ ❝❧✉st❡rs ❛s ✐♥✐t✐❛❧ ❛♣♣r♦①✐♠❛t✐♦♥s ❢♦r t❤❡ k✲♠❡❞♦✐❞s ❛❧❣♦r✐t❤♠✳ ❲❡ ❛❧s♦
tr✐❡❞ k✲♠❡❛♥s✱ ❡✈❡♥ t❤♦✉❣❤ ✐t ❤❛s ❧✐♠✐t❛t✐♦♥s ✇❤❡♥ ❛♣♣❧✐❡❞ t♦ ❞✐s❝r❡t❡ ❞❛t❛✳

❚❤❡ ♣r♦♣♦s❡❞ ♠❡t❤♦❞ ♦❢ ❝❧✉st❡r✐s❛t✐♦♥ ✐s ✉♥st❛❜❧❡✱ s✐♥❝❡ ✐t ✐s s❡♥s✐t✐✈❡ t♦ t❤❡ ✐♥✐t✐❛❧ ♦r❞❡r ♦❢
♦❜❥❡❝ts✳ ❲❡ ♠❡❛s✉r❡❞ t❤❡ r♦❜✉st♥❡ss ♦❢ ❝❧✉st❡r✐s❛t✐♦♥ ✉s✐♥❣ t❤❡ ❛❞❥✉st❡❞ ❘❛♥❞ ✐♥❞❡① ✭❆❘■✮✱ ✇❤✐❝❤
♠❡❛s✉r❡s t❤❡ ❞❡❣r❡❡ ♦❢ ✐♥t❡rs❡❝t✐♦♥ ❜❡t✇❡❡♥ ❞✐✛❡r❡♥t ❝❧✉st❡r✐s❛t✐♦♥ r✉♥s✳ Pr❡❝✐s❡❧②✱ ✇❡ r❛♥ t❤❡
❝❧✉st❡r✐s❛t✐♦♥ ❛❧❣♦r✐t❤♠ ❢♦r ✷✵ ❞✐✛❡r❡♥t r❛♥❞♦♠ ♦r❞❡r✐♥❣s ♦❢ ❞❛t❛ ❛♥❞ ❝❛❧❝✉❧❛t❡❞ t❤❡ ❛✈❡r❛❣❡ ✈❛❧✉❡
♦❢ ❆❘■ ❜❡t✇❡❡♥ t❤❡ ❝❧✉st❡rs ♦❜t❛✐♥❡❞ ✐♥ t❤✐s ✇❛②✳ ❚♦ ❡st✐♠❛t❡ t❤❡ ✐♥t❡r♥❛❧ q✉❛❧✐t② ♦❢ ❝❧✉st❡r✐♥❣ ✇❡
❛♣♣❧✐❡❞ t❤❡ s✐❧❤♦✉❡tt❡ s❝♦r❡ ✭❘♦✉ss❡❡✉✇✱ ✶✾✽✼✮✱ ✇❤✐❝❤ ❛ss❡ss❡s ❤♦✇ ✇❡❧❧ ❛❧❧ ♦❜❥❡❝ts ❧✐❡ ✇✐t❤✐♥ t❤❡✐r
❝❧✉st❡rs✳

❚❤❡ ✈❛❧✉❡s ♦❢ t❤❡ ✐♥❞✐❝❡s ❢♦r ❞✐✛❡r❡♥t s❡❧❡❝t✐♦♥ str❛t❡❣✐❡s ❛♥❞ ❞✐✛❡r❡♥t ❝❧✉st❡r✐s❛t✐♦♥ ♠❡t❤♦❞s
❛r❡ s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✺✱ ❡❛❝❤ ✈❡rt✐❝❛❧ s❡❝t✐♦♥ ❝♦rr❡s♣♦♥❞s t♦ ❛ ♣❛rt✐❝✉❧❛r ❞❛t❛ s❡❧❡❝t✐♦♥ ♠❡t❤♦❞ ❛♥❞
❝♦♥s✐sts ♦❢ t✇♦ r♦✇s✿ t❤❡ ✜rst r♦✇ ❝♦♥t❛✐♥s t❤❡ ✈❛❧✉❡s ♦❢ t❤❡ r♦❜✉st♥❡ss ✐♥❞❡① ✭❘✮✱ t❤❡ s❡❝♦♥❞ ♦♥❡
❝♦♥t❛✐♥s t❤❡ s✐❧❤♦✉❡tt❡ s❝♦r❡ ✭❙✮✳

❯♥❢♦rt✉♥❛t❡❧②✱ t❤❡ s❝♦r❡s ❛r❡ ♥♦t ♣❛rt✐❝✉❧❛r② ❤✐❣❤ ❜❡❝❛✉s❡ ♦❢ t❤❡ ❛♥♥♦t❛t✐♦♥ ♥♦✐s❡✳ ■t ♠❡❛♥s t❤❡
❛❞❞✐t✐♦♥❛❧ ♣r♦❝❡❞✉r❡ ♦❢ ♥♦✐s❡ r❡♠♦✈❛❧ ♠✉st ❜❡ ♣❡r❢♦r♠❡❞✳ ❲❡ ❞❡t❡r♠✐♥❡ ❛♥❞ r❡♠♦✈❡ t❤❡ ♦✉t❧✐❡rs
✉s✐♥❣ t❤❡ s✐❧❤♦✉❡tt❡ s❝♦r❡✳ ❚♦ ❜❡ r❡♠♦✈❡❞ ❛♥ ♦❜❥❡❝t s❤♦✉❧❞ ❤❛✈❡ t❤❡ s✐❧❤♦✉❡tt❡ s❝♦r❡ ❧♦✇❡r t❤❡♥ t❤❡
♠✐♥✐♠✉♠ ♦❢ t❤❡ ♣r❡❞❡✜♥❡❞ t❤r❡s❤♦❧❞ t ✭✇❡ ❝❤♦♦s❡ t = 0.25✮ ❛♥❞ ❝✉rr❡♥t t❤r❡s❤♦❧❞ t′ = µ− σ ✇✐t❤
µ ❛♥❞ σ ❜❡✐♥❣✱ r❡s♣❡❝t✐✈❡❧②✱ t❤❡ ♠❡❛♥ ❛♥❞ t❤❡ ❞❡✈✐❛t✐♦♥ ♦❢ t❤❡ ✐♥❞✐✈✐❞✉❛❧ s✐❧❤♦✉❡tt❡ s❝♦r❡s✳ ❆❢t❡r
❡①❝❧✉❞✐♥❣ t❤❡ ✉♥r❡❧✐❛❜❧❡ ♦❜❥❡❝ts✱ t❤❡ s❝♦r❡s ✇❡r❡ r❡❝❛❧❝✉❧❛t❡❞✱ ❛♥❞ t❤❡ ♣r♦❝❡ss ✇❛s r❡♣❡❛t❡❞ ✉♥t✐❧
t❤❡ ❘❛♥❞ s❝♦r❡ ❡①❝❡❡❞s 90%✳ ❚❤❡ ❝♦♥✈❡r❣❡♥❝❡ ♦❢ t❤❡ ❛❧❣♦r✐t❤♠ ✇❛s r❛t❤❡r ❢❛st ✇❤✐❝❤ ♠❡❛♥s t❤❛t
t❤❡ ❝♦r❡ ❡❧❡♠❡♥ts ♦❢ ❝❧✉st❡rs ❛r❡ ❝❧✉st❡r❡❞ ✐♥❞❡♣❡♥❞❡♥t❧② ♦❢ ❞❛t❛ ♦r❞❡r✐♥❣✳

✻



❙❡❧❡❝t✐♦♥ ♠❡t❤♦❞ ■♥✐t✐❛❧ ★ ❞♦❝✉♠❡♥ts k✲♠❡❛♥s k✲♠❡❞♦✐❞s ❍✐❡r❛r❝❤✐❝❛❧

0.75 ✷✽✸ ✵✳✾✷✹ ✵✳✾✽✹ ✵✳✾✼✷
✵✳✻✼✵ ✵✳✻✻✵ ✵✳✻✷✺
✷✵✻ ✶✾✹ ✷✵✸
✶✻ ✶✹ ✶✺

0.75✱ 0.5 ❞✐s❛❣r❡❡♠❡♥t ✸✶✺ ✵✳✾✸✻ ✵✳✾✾✸ ✵✳✾✷✼
✵✳✺✻✻ ✵✳✻✽✻ ✵✳✺✸✵
✷✹✽ ✷✵✾ ✷✶✾
✽ ✶✻ ✽

0.6 ✷✸✽ ✵✳✾✺✹ ✵✳✾✷✺ ✵✳✾✸✶
✵✳✻✸✶ ✵✳✻✵✺ ✵✳✹✽✻
✶✽✽ ✶✾✻ ✷✵✻
✾ ✶✵ ✽

0.6✱ 0.5 ❞✐s❛❣r❡❡♠❡♥t ✷✻✸ ✵✳✾✺✾ ✵✳✾✺✻ ✵✳✾✹✽
✵✳✺✼✹ ✵✳✺✺✵ ✵✳✺✼✾
✷✶✺ ✷✶✻ ✷✶✹
✶✶ ✶✶ ✶✶

2 ❛♥♥♦t❛t♦rs ❛❣r❡❡♠❡♥t ✶✾✾ ✵✳✾✾✶ ✵✳✾✾✶ ✵✳✾✻✽
✵✳✻✾✻ ✵✳✻✺✹ ✵✳✻✺✾
✶✺✸ ✶✻✷ ✶✻✵
✶✸ ✾ ✶✷

◆♦ s❡❧❡❝t✐♦♥ ✺✵✵ ✵✳✾✶✺ ✵✳✾✺✸ ✵✳✾✾✽
✵✳✹✶✹ ✵✳✺✼✵ ✵✳✻✹✶
✸✺✽ ✷✾✺ ✷✺✵
✶✸ ✶✷ ✶✺

❚❛❜❧❡ ✻✿ ❉✐✛❡r❡♥t ♠❡t❤♦❞s ❢♦r ❝❧❡❛♥✐♥❣ ❝❧✉st❡rs

❚❤❡ ✈❛❧✉❡s ♦❢ t❤❡ s❝♦r❡s ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❚❛❜❧❡ ✻✳ ❊❛❝❤ ✈❡rt✐❝❛❧ s❡❝t✐♦♥ ❝♦♥t❛✐♥s ❢♦✉r r♦✇s✱
❝♦♥t❛✐♥✐♥❣ t❤❡ ✈❛❧✉❡s ♦❢ t❤❡ ❛❞❥✉st❡❞ ❘❛♥❞ ✐♥❞❡①✱ t❤❡ s✐❧❤♦✉❡tt❡ s❝♦r❡✱ t❤❡ ♥✉♠❜❡r ♦❢ ♦❜❥❡❝ts
❛tt❛❝❤❡❞ t♦ ❝❧✉st❡rs ❛♥❞ t❤❡ ✜♥❛❧ ♥✉♠❜❡r ♦❢ ❝❧✉st❡rs✳

❙♦ ❞✐✛❡r❡♥t ❝❧✉st❡r✐s❛t✐♦♥ ❛❧❣♦r✐t❤♠s ♣r♦❞✉❝❡ ❞✐✛❡r❡♥t ♥✉♠❜❡r ♦❢ ❝❧✉st❡rs ✐♥ t❤❡ ✜♥❛❧ ❝❧✉st❡r✐✲
s❛t✐♦♥ ❡①♣❡r✐♠❡♥t✳ ❚❤♦✉❣❤ t❤❡s❡ ✈❛❧✉❡s ❛r❡ ✈❡r② ✐♠♣♦rt❛♥t ❢♦r ❢✉rt❤❡r ✉s❛❣❡ ♦❢ ♦❜t❛✐♥❡❞ ❝❧✉st❡rs
❛s ❝❧❛ss❡s ❢♦r ❞♦❝✉♠❡♥t ❝❧❛ss✐✜❝❛t✐♦♥✱ t❤❡② ❝❛♥♥♦t ❜❡ ❝♦♥s✐❞❡r❡❞ ❛s ❛❜s♦❧✉t❡❧② r❡❧✐❛❜❧❡✳ ❚♦ ✉♥❝♦✈❡r
❜❡tt❡r t❤❡ ❝❧✉st❡r str✉❝t✉r❡ ✇❡ ♠❛❞❡ ❛♥ ❛❞❞✐t✐♦♥❛❧ ❡①♣❡r✐♠❡♥t ✇❤❡♥ t❤❡ ♥✉♠❜❡r ♦❢ ❝❧✉st❡rs ✇❛s
✜①❡❞ t❤r♦✉❣❤ t❤❡ ❛❧❣♦r✐t❤♠✳ ❲❡ ✈❛r✐❡❞ t❤❡ ♥✉♠❜❡r ♦❢ ❝❧✉st❡rs ❢r♦♠ 8 t♦ 15✳ ■♥ t❤✐s ❡①♣❡r✐♠❡♥t ✇❡
✉s❡❞ t❤❡ ✐♥✐t✐❛❧ s❡t ♦❢ 315 ❞♦❝✉♠❡♥ts✱ ♦❜t❛✐♥❡❞ ✐♥ t❤❡ r✉♥ ♦❢ s❡❧❡❝t✐♦♥ ❛❧❣♦r✐t❤♠ ✇✐t❤ 0.75 t❤r❡s❤♦❧❞
❛♥❞ ❛❧❧♦✇❡❞ 0.5 ❞✐s❛❣r❡❡♠❡♥t ❜❡t✇❡❡♥ ❛♥♥♦t❛t♦rs✳

❙♦♠❡ ❜❛s✐❝ ❝❧✉st❡rs ✇❡r❡ ❢♦✉♥❞ ✐♥❞❡♣❡♥❞❡♥t❧② ♦❢ t❤❡ ♥✉♠❜❡r ♦❢ ❝❧✉st❡rs✳ ❚❤❡ ❞♦❝✉♠❡♥ts ✐♥ ❡❛❝❤
❝❧✉st❡r ✉s✉❛❧❧② s❤❛r❡ ♣r✐♥❝✐♣❛❧ ❋❚❉s✱ ✐✳❡✳ ❋❚❉s✱ ✇❤✐❝❤ ❛r❡ ❡q✉❛❧ t♦ 2✳ ❇❡❧♦✇ ✇❡ ❧✐st t❤❡s❡ ❝❧✉st❡rs
t♦❣❡t❤❡r ✇✐t❤ t❤❡✐r ♣r✐♥❝✐♣❛❧ ❞✐♠❡♥s✐♦♥s✳

✶✳ ✏■♥str✉❝t✐♦♥s✑ ✭✷✶ t❡①ts✮✱ ♣r✐♥❝✐♣❛❧ ❞✐♠❡♥s✐♦♥ A7✳

✷✳ ◆❡✇s ✭✻✹ t❡①ts✮✱ ♣r✐♥❝✐♣❛❧ ❞✐♠❡♥s✐♦♥ A8✳

✸✳ ✏▲❡❣❛❧❡s❡✑✭✶✶ t❡①ts✮✱ ♣r✐♥❝✐♣❛❧ ❞✐♠❡♥s✐♦♥ A9✳

✼



✹✳ ✏❙♣❡❝✐❛❧✐s❡❞ t❡❝❤♥✐❝❛❧ t❡①ts✑ ✭✶✸ t❡①ts✮✱ ♣r✐♥❝✐♣❛❧ ❞✐♠❡♥s✐♦♥s A14, A15✳

✺✳ ❉❡s❝r✐♣t✐✈❡ ❛♥❞ ❡♥❝②❝❧♦♣❡❞✐❝ t❡①ts ✭✹✾ t❡①ts✮✱ ♣r✐♥❝✐♣❛❧ ❞✐♠❡♥s✐♦♥ A16✳

✻✳ ❆❞✈❡rts ✭✶✸ t❡①ts✮✱ ♣r✐♥❝✐♣❛❧ ❞✐♠❡♥s✐♦♥s A1, A12, A17✳

✼✳ ❆r❣✉♠❡♥t❛t✐✈❡ ♣r♦♣❛❣❛♥❞❛ t❡①ts ✭✶✸ t❡①ts✮✱ ♣r✐♥❝✐♣❛❧ ❞✐♠❡♥s✐♦♥s A1, A13, A17✳

✺ ■♥t❡r♣r❡t❛t✐♦♥ ♦❢ ❝❧✉st❡r✐♥❣ r❡s✉❧ts

❲❡ ✇❡r❡ ✐♥t❡r❡st❡❞ ✐♥ ❝♦♠♣❛r✐♥❣ t❤❡ ❝❧✉st❡rs t♦ ❇✐❜❡r✬s r❡❣✐st❡rs✳ ❲❡ ✐❞❡♥t✐❢② t❤❡ ❝❧✉st❡rs ✇✐t❤ t❤❡
s❡t ♦❢ t❤❡✐r ♣r✐♥❝✐♣❛❧ ❋❚❉s✱ ✇❤✐❧❡ ✐♥❞✐❝❛t✐♥❣ ♦t❤❡r ❋❚❉s ✇❤✐❝❤ ❛r❡ s✐❣♥✐✜❝❛♥t ♦♥❧② ❢♦r ❛ ♣♦rt✐♦♥ ♦❢
♦✉r t❡①ts✳

❚❤❡ ❝❧✉st❡r ✇✐t❤ t❤❡ ♣r✐♥❝✐♣❛❧ ❞✐♠❡♥s✐♦♥ ➚✾ ✐s t❤❡ ♦♥❧② ❝❧✉st❡r ✇❤✐❝❤ ❝♦♥t❛✐♥s ❞♦❝✉♠❡♥ts ❛♥♥♦✲
t❛t❡❞ ✇✐t❤✐♥ ❛ s✐♥❣❧❡ ❇✐❜❡r✬s r❡❣✐st❡r ✭❵▲❡❣❛❧ t❡r♠s ❛♥❞ ❝♦♥❞✐t✐♦♥s✬✮✳ ❙♦♠❡ t❡①ts ♦❢ t❤❡ ❆✾ ❝❧✉st❡r
❛❧s♦ ❝♦♥t❛✐♥ ❤✐❣❤❡r ✈❛❧✉❡s ♦❢ t❤❡ ❆✼ ❋❚❉ ✭✐♥str✉❝t✐♦♥s✮✱ ❞❡s❝r✐❜✐♥❣ ❛ ♣r♦♣❡r ❧❡❣❛❧ ♣r♦❝❡❞✉r❡ t♦
❛❝❤✐❡✈❡ s♦♠❡t❤✐♥❣✱ ❛s ✇❡❧❧ ❛s✱ t❤❡ ❆✶✻ ❋❚❉ ✭❛ t❡①t ❞❡✜♥✐♥❣ ❛ t♦♣✐❝✮✱ ❡✳❣✳✱ ❞❡✜♥✐t✐♦♥s ♦❢ t❤❡ ❦✐♥❞s
♦❢ t❛①❛t✐♦♥ ♦r ♦❢ ❧❛♥❞ ♣r♦♣❡rt②✳

❚❤❡ ❝❧✉st❡r ✇✐t❤ t❤❡ ♣r✐♥❝✐♣❛❧ ❞✐♠❡♥s✐♦♥ ❆✼ ✐♥❝❧✉❞❡s s❡✈❡r❛❧ ❦✐♥❞s ♦❢ ✐♥str✉❝t✐♦♥❛❧ t❡①ts ❛❝❝♦r❞✲
✐♥❣ t♦ ❇✐❜❡r ✭✬❍♦✇✲t♦✬✱ ✬■♥str✉❝t✐♦♥s✬✱ ✬❘❡❝✐♣❡✬✮✱ ❛s ✇❡❧❧ ❛s ❛ s♠❛❧❧❡r ❛♠♦✉♥t ♦❢ ✬❚❡❝❤♥✐❝❛❧ s✉♣♣♦rt✬✱
✬❆❞✈✐❝❡✬✱ ✬❙❡❧❢✲❤❡❧♣✬✱ ✇❤❡r❡ ✬❆❞✈✐❝❡✬ ❛♥❞ ✬❙❡❧❢✲❤❡❧♣✬ ❜❡❧♦♥❣ t♦ t❤❡ ❣❡♥❡r❛❧ r❡❣✐st❡r ♦❢ ✬❖♣✐♥✐♦♥✬✱ ✇❤✐❧❡
t❤❡ ✐♥str✉❝t✐♦♥❛❧ t❡①ts ❜❡❧♦♥❣ t♦ t❤❡ ❣❡♥❡r❛❧ r❡❣✐st❡r ♦❢ ✬◆♦♥✲♦♣✐♥✐♦♥✬ ✭❊❣❜❡rt ❛♥❞ ❇✐❜❡r✱ ✷✵✶✸✮✳
❚❤❡ ❞❡❣r❡❡ ♦❢ r❡❝♦♠♠❡♥❞❛t✐♦♥ ✐s r❡♣r❡s❡♥t❡❞ ❜② ✈❛r✐❛t✐♦♥ ✐♥ t❤❡ ❆✶✼ ❋❚❉✳

❚❤❡ ❆✽ ✭♥❡✇s✮ ❝❧✉st❡r ❝♦♠❜✐♥❡s t❤❡ ♥❛rr❛t✐✈❡ r❡❣✐st❡rs ✇❤✐❝❤ r❡♣♦rt ❛♥ ❡✈❡♥t ✭✬◆❡✇s r❡♣♦rt✴❜❧♦❣✬✱
✬❙♣♦rts r❡♣♦rt✬✮✱ ❛s ✇❡❧❧ ❛s ❛ s♠❛❧❧❡r ❛♠♦✉♥t ♦❢ ✬▼❛❣❛③✐♥❡ ❛rt✐❝❧❡✬ ❛♥❞ ✬❖❜✐t✉❛r②✬✳ ❚❤❡ ♣r❡s❡♥❝❡ ♦❢
♦t❤❡r r❡❣✐st❡rs ✐♥ t❤✐s ❝❧✉st❡r ♠✐❣❤t ❜❡ ❞✉❡ t♦ ❡rr♦rs t❤❡ ❛♥♥♦t❛t♦rs ♠❛❞❡ ✐♥ ❛ss✐❣♥✐♥❣ t❤❡s❡ r❡❣✐st❡rs✳
✬▼❛❣❛③✐♥❡ ❛rt✐❝❧❡✬ ✐s ❛ ✈❡r② ❣❡♥❡r❛❧ ❝❛t❡❣♦r②✱ ✇❤✐❝❤ ❝❛♥ ❝♦♥t❛✐♥ ♠♦r❡ ♦r ❧❡ss ♦❢ ❛r❣✉♠❡♥t❛t✐♦♥ ✭❆✶✮✱
❡♥t❡rt❛✐♥♠❡♥t ✭❆✺✮✱ ✐♥❢♦r♠❛t✐♦♥ ✭❆✽✮ ♦r ❡✈❛❧✉❛t✐♦♥ ✭❆✶✼✮✳

❚❤❡ ❆✶✻ ✭❞❡✜♥✐t✐♦♥s✮ ❝❧✉st❡r ✐♥❝❧✉❞❡s t❡①ts ❛♥♥♦t❛t❡❞ ✇✐t❤ ❞❡s❝r✐♣t✐✈❡ r❡❣✐st❡rs ✭✬❊♥❝②❝❧♦♣❡❞✐❛
❛rt✐❝❧❡✬✱ ✬▲❡❣❛❧ t❡r♠s ❛♥❞ ❝♦♥❞✐t✐♦♥s✬✱ ✬❉❡s❝r✐♣t✐♦♥ ♦❢ ❛ ♣❡rs♦♥✬✱ ❛ s♠❛❧❧❡r ❛♠♦✉♥t ♦❢ ✬❉❡s❝r✐♣t✐♦♥ ♦❢ ❛
t❤✐♥❣✬✱ ✬❘❡s❡❛r❝❤ ❛rt✐❝❧❡✬✱ ✬❆❜str❛❝t✬✮✱ ❛s ✇❡❧❧ ❛s ♦♥❡ ♥❛rr❛t✐✈❡ r❡❣✐st❡r ✭✬❇✐♦❣r❛♣❤✐❝❛❧ st♦r②✴❤✐st♦r②✬✮✳
■t ✐s ♥❡❝❡ss❛r② t♦ ❡♠♣❤❛s✐s❡ t❤❛t ❛❧❧ t❤❡ t❡①ts ❛♥♥♦t❛t❡❞ ❛s ❜❡❧♦♥❣✐♥❣ t♦ t❤❡s❡ r❡❣✐st❡rs ❛♥❞ t♦
t❤❡ ❆✶✻ ❝❧✉st❡r ❛❧s♦ ❤❛✈❡ ❛ ♣r♦♣❡rt② ♦❢ ❞❡✜♥✐♥❣ ❛ t♦♣✐❝✱ ❡✳❣✳✱ ❧✐❢❡ ♦❢ P❡t❡r t❤❡ ●r❡❛t✱ ❛ ❦✐♥❞ ♦❢
❝❤❡❡s❡✱ ❛ ♥❛t✐♦♥❛❧ ❤♦❧✐❞❛② ✐♥ ■♥❞✐❛✳ ❲❡ s✉♣♣♦s❡ t❤❛t ❢r♦♠ t❤❡ ♣♦✐♥t ♦❢ ✈✐❡✇ ♦❢ t❤❡ ❛♥♥♦t❛t♦rs t❤❡
❞✐st✐♥❝t✐♦♥ ❜❡t✇❡❡♥ ❜✐♦❣r❛♣❤✐❝❛❧✱ ❞❡s❝r✐♣t✐✈❡ ❛♥❞ ❤✐st♦r✐❝❛❧ t❡①ts ✐s ❧❡ss ✐♠♣♦rt❛♥t✳ ■♥ t❤✐s ❝❧✉st❡r ❛
s♠❛❧❧ ♥✉♠❜❡r ♦❢ t❡①ts ✭♠♦st❧② ✬❊♥❝②❝❧♦♣❡❞✐❛ ❛rt✐❝❧❡✬✮ ❛❧s♦ ❤❛✈❡ t❤❡ s❡❝♦♥❞❛r② ❞✐♠❡♥s✐♦♥ ❆✶✺ ✭t❡①t
r❡q✉✐r✐♥❣ s♣❡❝✐❛❧✐st ❦♥♦✇❧❡❞❣❡✮✳

❚❤❡ ❆✶✹❆✶✺ ❝❧✉st❡r ❝♦♥t❛✐♥s t❡①ts ❜❡❧♦♥❣✐♥❣ t♦ t❤❡ ✜❡❧❞ ♦❢ ❙❝✐❡♥❝❡ ❛♥❞ ❚❡❝❤♥♦❧♦❣② ✭✬❊♥❝②❝❧♦♣❡✲
❞✐❛ ❛rt✐❝❧❡✬✱ ✬❘❡s❡❛r❝❤ ❛rt✐❝❧❡✬✮✱ ❛❧♦♥❣ ✇✐t❤ ❛ s♠❛❧❧ ❛♠♦✉♥t ♦❢ ✬❚❡❝❤♥✐❝❛❧ s✉♣♣♦rt✬✱ ✬❚❡❝❤♥✐❝❛❧ r❡♣♦rt✬✱
✬❍♦✇✲t♦✬ ❛♥❞ ✬■♥str✉❝t✐♦♥s✬✮✱ ❛t t❤✐s st❛❣❡ ♦❢ ❡①♣❡r✐♠❡♥t ❛❧❧ t❡①ts ♦❢ t❤✐s ❝❧✉st❡r r❡q✉✐r❡ r❡❛❞❡rs t♦
❤❛✈❡ ❜❛❝❦❣r♦✉♥❞ ❦♥♦✇❧❡❞❣❡✳ ❚❤❡ t❡①ts ❛♥♥♦t❛t❡❞ ❛s ✬❍♦✇✲t♦✬ ❛♥❞ ✬■♥str✉❝t✐♦♥s✬ ❛r❡ t❡❝❤♥✐❝❛❧✱ ❡✳❣✳
t❡①ts ❛❜♦✉t ❤♦✇ t♦ ✇r✐t❡ ❛ ❝♦♠♣✐❧❡r✳ ❚❤❡ s❡❝♦♥❞❛r② ❞✐♠❡♥s✐♦♥ ❆✶✻ ✐♥ t❤✐s ❝❧✉st❡r ✐s ❛❧s♦ ♣r♦♠✐♥❡♥t✳
❖✉r ❝❧✉st❡r✐♥❣ ♣r♦❝❡❞✉r❡ ♣r♦❜❛❜❧② s❡♣❛r❛t❡❞ s❝✐ ✈s ♥♦♥✲s❝✐ t❡①ts ♦❢ t❤❡ ❞❡s❝r✐♣t✐✈❡ ❦✐♥❞✳ ❙❝✐ t❡①ts
❛❧s♦ t❡♥❞ t♦ r❡q✉✐r❡ ♠♦r❡ s♣❡❝✐❛❧✐st ❦♥♦✇❧❡❞❣❡ ✐♥ ❝♦♠♣❛r✐s♦♥ t♦ ❜✐♦❣r❛♣❤✐❡s✳

❚❤❡ ❆✶❆✶✷❆✶✼ ❝❧✉st❡r ❝♦♠❜✐♥❡s ❛❞✈❡rt✐s❡♠❡♥ts ✭✬❉❡s❝r✐♣t✐♦♥ ✇✐t❤ ✐♥t❡♥t t♦ s❡❧❧✬✱ ✬P❡rs✉❛s✐✈❡
❛rt✐❝❧❡ ♦r ❡ss❛②✬✱ ✬❖♣✐♥✐♦♥ ❜❧♦❣✬✱ ✬❘❡✈✐❡✇✬✮✳ ❚❤❡ ❆✶❆✶✸❆✶✼ ❝❧✉st❡r ♠❛✐♥❧② ✐♥❝❧✉❞❡s t❤❡ t❡①ts ✇❤✐❝❤
❝♦rr❡s♣♦♥❞ t♦ t❤❡ ❇✐❜❡r✬s ✬P❡rs✉❛s✐✈❡ ❛rt✐❝❧❡ ♦r ❡ss❛②✬✱ ❜✉t ❛❧s♦ ❛ s♠❛❧❧ ♥✉♠❜❡r ♦❢ ♦t❤❡r r❡❣✐st❡rs
✇✐t❤ ♣❡rs✉❛s✐♦♥ ❛♥❞ ❛r❣✉♠❡♥t❛t✐♦♥ ✭✬Pr❛②❡r✬✱ ✬❘❡❧✐❣✐♦✉s ❜❧♦❣✴s❡r♠♦♥✬✱ ✬❘❡s❡❛r❝❤ ❛rt✐❝❧❡✬✮✳

✽



❊✈❡♥ t❤♦✉❣❤ t❤❡ r❡s✉❧ts ♦❢ ❝❧✉st❡r✐♥❣ ❛r❡ ❞❡s❝r✐❜❡❞ ✐♥ t❡r♠s ♦❢ t❤❡ ❋❚❉s✱ t❤❡ ♥✉♠❜❡r ♦❢ ♣♦ss✐❜❧❡
❝❧✉st❡rs ✇✐❧❧ ❜❡ ♠✉❝❤ ♠♦r❡ ❡①t❡♥s✐✈❡✱ ✇❤❡♥ ✇❡ ✐♥❝❧✉❞❡ ♠♦r❡ t❡①ts ✐♥ t❤❡ ❛♥❛❧②s✐s✳ ▼❛♥② ❡①✐st✐♥❣
❝❧✉st❡rs ❛r❡ ❜❡tt❡r t♦ ❜❡ ❞❡s❝r✐❜❡❞ ✇✐t❤ ❛ s❡t ♦❢ ❋❚❉s✱ s✉❝❤ ❛s t❤❡ ❆✶❆✶✷❆✶✼ ♦r t❤❡ ❆✶❆✶✸❆✶✼
❝❧✉st❡rs✳

❍❛✈✐♥❣ t❤❡ ♣r❡❧✐♠✐♥❛r② r❡s✉❧ts ✇❡ s✉♣♣♦s❡ t❤❛t s♦♠❡ ♦❢ ♦✉r ❝❧✉st❡rs ❛r❡ s✐♠✐❧❛r t♦ ❇✐❜❡r✬s ❣❡♥❡r❛❧
r❡❣✐st❡rs✱ ❡✳❣✳✱ t❤❡ ❆✼ ❝❧✉st❡r ❝♦rr❡s♣♦♥❞s t♦ ■♥str✉❝t✐♦♥❛❧ t❡①ts✱ t❤❡ ❆✶❆✶✷❆✶✼ ❝❧✉st❡r t♦ ❵■♥t❡♥t
t♦ s❡❧❧✬ ❛♥❞ t❤❡ ❆✶❆✶✸❆✶✼ ❝❧✉st❡r t♦ ❵P❡rs✉❛s✐✈❡ ❛rt✐❝❧❡s✱ ❛❧t❤♦✉❣❤ t❤❡r❡ ❛r❡ s♦♠❡ ❞✐✛❡r❡♥❝❡s✱ ❡✳❣✳
✇❡ ❞♦ ♥♦t ❤❛✈❡ ❧②r✐❝❛❧ ♦r ♦♣✐♥✐♦♥ ❝❧✉st❡rs ✐♥ t❤✐s ❝♦r♣✉s✳ ❍♦✇❡✈❡r✱ t❤✐s ✐s ♣r✐♠❛r✐❧② ❜❡❝❛✉s❡ ♦❢ t❤❡
❝♦♠♣♦s✐t✐♦♥ ♦❢ ♦✉r ❝♦r♣✉s✳

✬P❡rs✉❛s✐✈❡ ❛rt✐❝❧❡✬ ❛♥❞ ✬❘❡✈✐❡✇✬ ❛r❡ ✇✐❞❡s♣r❡❛❞ ❛❝r♦ss ♦✉r ❝❧✉st❡rs✳ ❚❤❡ t❡①ts ❛♥♥♦t❛t❡❞ ❛s
✬P❡rs✉❛s✐✈❡ ❛rt✐❝❧❡✬ ❛r❡ ♠♦st❧② ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ❆✶❆✶✷❆✶✼ ❝❧✉st❡r ❛♥❞ ✐♥ t❤❡ ❆✶❆✶✸❆✶✼ ❝❧✉st❡r
✭❛❞✈❡rts ❛♥❞ ❛r❣✉♠❡♥t❛t✐✈❡ ♣r♦♣❛❣❛♥❞❛ t❡①ts✮✱ ✇❤✐❝❤ ✐s r❡❛s♦♥❛❜❧❡✳ ❚❤❡r❡ ❛r❡ ♦♥❧② ✐s♦❧❛t❡❞ ❝❛s❡s
♦❢ t❤✐s r❡❣✐st❡r ✐♥ t❤❡ ❆✼ ❝❧✉st❡r ❛♥❞ t❤❡ ❆✽ ❝❧✉st❡r✳ ❙✐♠✐❧❛r s✐t✉❛t✐♦♥ ✐s ✇✐t❤ ✬❘❡✈✐❡✇✬✱ ✇❤✐❝❤ ♠♦st❧②
♦❝❝✉rs ✐♥ t❤❡ ❆✶❆✶✷❆✶✼ ❝❧✉st❡r ❛♥❞ s♣♦r❛❞✐❝❛❧❧② ♦❝❝✉rs ✐♥ t❤❡ ❆✽ ❝❧✉st❡r ❛♥❞ t❤❡ ❆✶✻ ❝❧✉st❡r✳ ❲❡
❝❛♥ ❡①♣❡❝t ❛ ❧♦t ♦❢ ✈❛r✐❛t✐♦♥ ✐♥ t❡r♠s ♦❢ t❤❡ ❢✉♥❝t✐♦♥❛❧ ❞✐♠❡♥s✐♦♥s ✐♥ t❡①ts ♦❢ s✉❝❤ r❡❣✐st❡rs✱ ❛♥❞
t❤✐s ❧❡❛❞s t♦ t❤❡ ❧❛❝❦ ♦❢ ✐♥t❡r♥❛❧ st❛❜✐❧✐t② ♦❢ t❤❡s❡ r❡❣✐st❡rs ✐♥ t❡r♠s ♦❢ t❤❡ ❝❧✉st❡rs t❤❡② ❤❛✈❡ ❜❡❡♥
❛ss✐❣♥❡❞ t♦✳

✻ ❈♦♥❝❧✉s✐♦♥s

❲❡ ❤❛✈❡ t❡st❡❞ t❤❡ ❋✉♥❝t✐♦♥❛❧ ❚❡①t ❉✐♠❡♥s✐♦♥s ❢r❛♠❡✇♦r❦ ♦♥ ❛ ✇✐❞❡ ✈❛r✐❡t② ♦❢ ❘✉ss✐❛♥ t❡①ts ❛♥❞
s✉❣❣❡st❡❞ ❝❤❛♥❣❡s t♦ t❤❡s❡ ❞✐♠❡♥s✐♦♥s ✐♥ ❝♦♠♣❛r✐s♦♥ t♦ ♣r❡✈✐♦✉s st✉❞✐❡s✳ ❋♦r ❡①❛♠♣❧❡✱ ✇❡ r❡♠♦✈❡❞
❧❛r❣❡❧② ❞✉♣❧✐❝❛t❡ ❞✐♠❡♥s✐♦♥s ✇✐t❤ str♦♥❣ ♣❛✐r✇✐s❡ ❝♦rr❡❧❛t✐♦♥ ❛♥❞ s✉❣❣❡st❡❞ ♥❡✇ ❞✐♠❡♥s✐♦♥s t♦ ♠❛❦❡
❞✐st✐♥❝t✐♦♥s ❜❡t✇❡❡♥ ✐♠♣♦rt❛♥t t❡①t t②♣❡s ✭s❡❡ ❆♣♣❡♥❞✐① ✶✮✳ ❋✐♥❛❧❧②✱ ✇❡ ❛♥❛❧②s❡❞ t❤❡ r❡❧✐❛❜✐❧✐t② ♦❢
❋❚❉ ❛♥♥♦t❛t✐♦♥ ❛♥❞ ♦❜t❛✐♥❡❞ ❞❛t❛ t♦ ✐♠♣r♦✈❡ t❤❡ ❛♥♥♦t❛t✐♦♥ q✉❛❧✐t②✳ ❚❤❡ r❡s✉❧ts ♦❢ ❛♥♥♦t❛t✐♦♥
❛r❡ ❛✈❛✐❧❛❜❧❡ ❢r♦♠✿ ❤tt♣✿✴✴❝♦r♣✉s✳❧❡❡❞s✳❛❝✳✉❦✴s❡r❣❡✴✇❡❜❣❡♥r❡s✴

❲❡ ❤❛✈❡ ❛❧s♦ ❡①♣❡r✐♠❡♥t❡❞ ✇✐t❤ ✈❛r✐♦✉s ❝❧✉st❡r✐♥❣ t❡❝❤♥✐q✉❡s ❛♥❞ ❞❡t❡❝t❡❞ ♣❛tt❡r♥s ✐♥ ❛♥♥♦t❛t❡❞
❞❛t❛✱ ✇❤✐❝❤ ❧❡❛❞ t♦ t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ ✉♥❝♦✈❡r✐♥❣ ✏s②♥❞r♦♠❡s✑ ♦❢ ❢❡❛t✉r❡s ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❧♦♦❦✬♥✬❢❡❡❧
❣❡♥r❡s✱ s✉❝❤ ❛s ❵◆❡✇s✬✱ ❵▲❡❣❛❧ t❡①ts✬✱ ❵❘❡s❡❛r❝❤ ♣❛♣❡rs✬✳ ❍♦✇❡✈❡r✱ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ t❤❡ ❝❧✉st❡rs
❞❡✜♥❡❞ ❜② s❡✈❡r❛❧ ♣r✐♥❝✐♣❛❧ ❋❚❉s r❡q✉✐r❡s ❢✉rt❤❡r r❡s❡❛r❝❤✳ ■♥ t❤❡ ✐♥✐t✐❛❧ st❡♣s ❢♦r t❤✐s r❡s❡❛r❝❤✱
✇❡ ❝♦♠♣❛r❡❞ t❤❡s❡ ❝❧✉st❡rs t♦ ♦t❤❡r ❣❡♥r❡ ❝❧❛ss✐✜❝❛t✐♦♥ ❢r❛♠❡✇♦r❦s✱ ✐♥ ♣❛rt✐❝✉❧❛r t♦ r❡❣✐st❡rs ❢r♦♠
✭❊❣❜❡rt ❛♥❞ ❇✐❜❡r✱ ✷✵✶✸✮✳ ❲❡ ❞❡t❡❝t❡❞ ❝❛s❡s ♦❢ ❣♦♦❞ ❛❣r❡❡♠❡♥t✱ ❛s ✇❡❧❧ ❛s ❞✐s❛❣r❡❡♠❡♥t ❜❡t✇❡❡♥ t❤❡
t✇♦ ❛♥♥♦t❛t✐♦♥ ❛♣♣r♦❛❝❤❡s✱ ✇❤✐❝❤ ❝❛♥ ♣♦t❡♥t✐❛❧❧② ❧❡❛❞ t♦ ❡♥r✐❝❤♠❡♥t ♦❢ ❜♦t❤ ♠❡t❤♦❞s✳ ■♥ ♣❛rt✐❝✉❧❛r✱
s♦♠❡ r❡❣✐st❡rs✱ ❡✳❣✳✱ ❵P❡rs✉❛s✐✈❡ ❛rt✐❝❧❡s✬✱ ❡①❤✐❜✐t ✐♥t❡r♥❛❧ ✈❛r✐❛t✐♦♥✱ ✇❤✐❝❤ ✐s ❜❡st ❡①♣❧❛✐♥❡❞ ❜② ✉s✐♥❣
t❤❡ ❋❚❉s✳

❖♥❡ ♦❢ t❤❡ ✐♠♣♦rt❛♥t ♦✉t❝♦♠❡s ♦❢ t❤❡ ❛♥♥♦t❛t✐♦♥ ❡①♣❡r✐♠❡♥t ✐s t❤❛t ✐t ❞❡♠♦♥str❛t❡s t❤❡ ♣♦s✲
s✐❜✐❧✐t② t♦ ❛❝❤✐❡✈❡ ❛❝❝❡♣t❛❜❧❡ ✐♥t❡r❛♥♥♦t❛t♦r ❛❣r❡❡♠❡♥t ♦♥ t❤❡ ❋❚❉s✱ ✇❤✐❧❡ t❤❡ ❛♥♥♦t❛t♦rs ♦❢t❡♥
❞✐s❛❣r❡❡ ✇✐t❤ r❡s♣❡❝t t♦ ❛t♦♠✐❝ ❧❛❜❡❧s ❙❤❛r♦✛ ❡t ❛❧✳ ✭✷✵✶✵✮✳ ❵◆❡✇s✬ ❛s ❛ ❝❧✉st❡r ❝♦rr❡s♣♦♥❞s ♥✐❝❡❧②
t♦ t❤❡ ❆✽ ♣r✐♥❝✐♣❛❧ ❞✐♠❡♥s✐♦♥✳ ❍♦✇❡✈❡r✱ t❤✐s ❞♦❡s ♥♦t ♠❛❦❡ ❵◆❡✇s✬ ❛ r❡❧✐❛❜❧❡ ❧❛❜❡❧✳ ❖♥ t❤❡ ❝♦♥tr❛r②✱
❛ t❡①t ✇✐t❤ ❛ ❤✐❣❤ ❆✽ ✈❛❧✉❡ ❝❛♥ ❜❡ ♠♦r❡ ♦r ❧❡ss ❛r❣✉♠❡♥t❛t✐✈❡ ✭❆✶✮✱ ❧✐❣❤t✲❤❡❛rt❡❞ ✭❆✺✮✱ ♦r ❝❛♥ ❝♦♥✲
t❛✐♥ ❛♥ ♦✈❡r✈✐❡✇ ♦❢ ❛ t♦♣✐❝ ✭❆✶✻✮✳ ❆ tr❛❞✐t✐♦♥❛❧ ❣❡♥r❡ ♣❛❧❡tt❡ ❢♦r❝❡s t❤❡ ❛♥♥♦t❛t♦rs t♦ ❝❤♦♦s❡ ♦♥❡
❧❛❜❡❧✱ ✇❤✐❝❤ ❝❛♥ ❜❡ ❵◆❡✇s r❡♣♦rt✬✱ ❵❙❤♦rt st♦r②✬✱ ❵▼❛❣❛③✐♥❡ ❛rt✐❝❧❡✬✱ ❵❖♣✐♥✐♦♥✬✱ ❵P❡rs✉❛s✐✈❡ ❛rt✐❝❧❡✬✱
❡t❝✳ ■t ✐s ♥❛t✉r❛❧ ❢♦r ❞✐✛❡r❡♥t ❛♥♥♦t❛t♦rs t♦ ❝♦♥s✐❞❡r ❛ t❡①t ❢r♦♠ ❞✐✛❡r❡♥t ✈✐❡✇♣♦✐♥ts✱ t❤✉s r❡❞✉❝✐♥❣
r❡❧✐❛❜✐❧✐t② ♦❢ t❤❡✐r ❛♥♥♦t❛t✐♦♥✳ ■❢ ❧✐♥❣✉✐st✐❝❛❧❧② s✐♠✐❧❛r t❡①ts r❡❝❡✐✈❡ ❞✐✛❡r❡♥t ❧❛❜❡❧s✱ t❤✐s ✐♥ t✉r♥
r❡❞✉❝❡s ❛❝❝✉r❛❝② ♦❢ ❛♥ ❛✉t♦♠❛t✐❝ ❝❧❛ss✐✜❡r✳ ❆t t❤❡ s❛♠❡✱ ❛ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ s❡✈❡r❛❧ ❋❚❉s ✐s ♠♦r❡

✾



❧✐❦❡❧② t♦ ❛❝❤✐❡✈❡ ❜♦t❤ r❡❧✐❛❜❧❡ ❛♥♥♦t❛t✐♦♥ ❛♥❞ r❡❧✐❛❜❧❡ ❝❧❛ss✐✜❝❛t✐♦♥✳
■♥ t❤❡ ♥❡①t st❡♣✱ ✇❡ ✇♦✉❧❞ ❧✐❦❡ t♦ tr❛✐♥ ❝❧❛ss✐✜❡rs ❢♦r ❡❛❝❤ ♦❢ t❤❡s❡ ❞✐♠❡♥s✐♦♥s ❛♥❞ ❛♣♣❧② t❤❡♠

t♦ ❛ ❧❛r❣❡ ❘✉ss✐❛♥ ✇❡❜❝♦r♣✉s ♦❢ ❛❜♦✉t ✺✵ ❜✐❧❧✐♦♥ ✇♦r❞s P✐♣❡rs❦✐ ❡t ❛❧✳ ✭✷✵✶✸✮✳ ❚❤✐s s❤♦✉❧❞ ♣r♦✈✐❞❡
✉s ✇✐t❤ ❛ ❣❡♥r❡ ♠❛♣ ♦❢ t❤❡ ❡♥t✐r❡ s♣❛❝❡ ♦❢ ❘✉ss✐❛♥ ✇❡❜ t❡①ts✱ s♦ t❤❛t t❤❡ ❧✐♥❣✉✐st✐❝ r❡s❡❛r❝❤❡rs ❝❛♥
s❡❧❡❝t ❛ ❝♦r♣✉s s✉❜s❡t ❛❝❝♦r❞✐♥❣ t♦ t❤❡✐r ✐♥t❡r❡sts✱ ❡✳❣✳✱ ♣❡rs♦♥❛❧ ♥❛rr❛t✐✈❡s ✭❆✶✶✮ ♦r ❡✈❛❧✉❛t✐✈❡ t❡①ts
✭❆✶✼✮✳ ❚♦ ❞❡✈❡❧♦♣ t❤❡ ❝❧❛ss✐✜❡rs ✇❡ ✇✐❧❧ ♥❡❡❞ ♠♦r❡ r❡s❡❛r❝❤ ✐♥t♦ t❤❡ ❧✐♥❣✉✐st✐❝ ❢❡❛t✉r❡s ❛ss♦❝✐❛t❡❞
✇✐t❤ ♣❛rt✐❝✉❧❛r ❋❚❉s✳

❆❝❦♥♦✇❧❡❞❣❡♠❡♥ts

❘❡s❡❛r❝❤ r❡♣♦rt❡❞ ✐♥ t❤✐s ♣❛♣❡r ✇❛s ♣❛rt❧② ❢✉♥❞❡❞ ❜② ❛ ❣r❛♥t ♣r♦✈✐❞❡❞ ❜② t❤❡ ❙❦♦❧❦♦✈♦ ■♥st✐t✉t❡
♦❢ ❙❝✐❡♥❝❡ ❛♥❞ ❚❡❝❤♥♦❧♦❣②✳ ❲❡ ❛r❡ ❣r❛t❡❢✉❧ t♦ ❆❧❡①❛♥❞❡r P✐♣❡rs❦✐ ❢♦r ❤✐s ❤❡❧♣ ✐♥ ♦r❣❛♥✐s✐♥❣ t❤❡
❡✈❛❧✉❛t✐♦♥ ♣r♦❝❡❞✉r❡ ✐♥ t❤❡ ❘✉ss✐❛♥ ❙t❛t❡ ❯♥✐✈❡rs✐t② ❢♦r t❤❡ ❍✉♠❛♥✐t✐❡s ❛♥❞ t♦ ❱❧❛❞✐♠✐r ❙❡❧❡❣❡②
❢♦r ❣❡♥❡r❛❧ s✉♣♣♦rt✳

❘❡❢❡r❡♥❝❡s

❆❞❛♠③✐❦ ❑✳ ❚❡①ts♦rt❡♥ ✕ ❚❡①tt②♣♦❧♦❣✐❡✳ ❊✐♥❡ ❦♦♠♠❡♥t✐❡rt❡ ❇✐❜❧✐♦❣r❛♣❤✐❡✳ ✖ ▼☎✉♥st❡r ✿ ◆♦❞✉s✱
✶✾✾✺✳

❇♦❝❤❛r♦✈ ❱✳ ✱ ❇✐❝❤✐♥❡✈❛ ❙✳✱ ●r❛♥♦✈s❦② ❉✳ ❡t ❛❧✳ ◗✉❛❧✐t② ❛ss✉r❛♥❝❡ t♦♦❧s ✐♥ t❤❡ ❖♣❡♥❈♦r♣♦r❛
♣r♦❥❡❝t ✴✴ Pr♦❝✳ ❉✐❛❧♦❣✉❡✱ ❘✉ss✐❛♥ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ❈♦♠♣✉t❛t✐♦♥❛❧ ▲✐♥❣✉✐st✐❝s✳ ✖
❇❡❦❛s♦✈♦✱ ✷✵✶✶✳
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Code Label Question to be answered

A1. argum To what extent does the text argue to persuade the reader to support (or renounce)
an opinion or a point of view? (Strongly, if argumentation is obvious)

A3. emotive To what extent is the text concerned with expressing feelings or emotions? (None for
neutral explanations, descriptions and/or reportage.)

A4. fictive To what extent is the text’s content fictional? (None if you judge it to be fac-
tual/informative.)

A5. flippant To what extent is the text light-hearted, i.e. aimed mainly at amusing or entertaining
the reader? (None if it appears earnest or serious; even when it tries to keep the reader
interested and involved)

A6. informal To what extent is the text’s content written in an informal style, using colloquialism
and/or slang (as opposed to the "standard" or "prestige" variety of language)?

A7. instructive To what extent does the text aim at teaching the reader how to do something? (e.g. a
tutorial)

A8. news To what extent does the text appear to be a news report such as might be found in a
newspaper, i.e. an informative report of recent events? (recent at the time of writing.
None if a news source does not provide new information about what happened, while
analysing information from other sources).

A9. legal To what extent does the text lay down a contract or specify a set of regulations? (This
includes copyright notices.)

A11. personal Does the text report a first-person point of view?
A12. compuff To what extent does the text promote a commercial product or service?
A13. ideopuff To what extent is the text intended to promote a political movement, party, religious

faith or other non-commercial cause? (i.e. any promotion of not-for-profit causes)
A14. scitech To what extent would you consider the text as belonging in the field of Science, Tech-

nology and/or Engineering? (As opposed to the Arts, Humanities &/or Social Studies.
This is not necessarily a research paper. A newswire text can include scientific contents,
so it can be judged as Strongly or Partly.)

A15. specialist To what extent does the text require background knowledge or access to a reference
source of a specialised subject area in order to be comprehensible? (such as wouldn’t
be expected of the so-called "general reader")

A16. encyc To what extent does the text provide information to define a topic? (For example,
encyclopedic articles or text books).

A17. eval To what extent do you judge the text to evaluate something? (For example, by pro-
viding a product review).

A18. dialogue To what extent does the text contain active interaction between several participants?
(For example, forums or dialogue lines coming from theatre plays).

A19. poetic To what extent does the author of the text pay attention to its aesthetic appearance?
(‘Strongly’ for poetry, language experiments, uses of language for art purposes)

Rating Levels:

0 none or hardly at all;
0.5 slightly;

1 somewhat or partly;
2 strongly or very much so.
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