
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s
■♥st✐t✉t♦ ❞❡ ❈♦♠♣✉t❛çã♦

■◆❙❚■❚❯❚❖ ❉❊
❈❖▼P❯❚❆➬➹❖

❲②❧❜❡r P♦❧♦♥✐♥✐

❱❛❧✐❞❛çã♦ ❊✜❝✐❡♥t❡ ❞❡ ❈❡rt✐✜❝❛❞♦s ❉✐❣✐t❛✐s

❈❆▼P■◆❆❙

✷✵✵✼



❲②❧❜❡r P♦❧♦♥✐♥✐

❱❛❧✐❞❛çã♦ ❊✜❝✐❡♥t❡ ❞❡ ❈❡rt✐✜❝❛❞♦s ❉✐❣✐t❛✐s

❉✐ss❡rt❛çã♦ ❛♣r❡s❡♥t❛❞❛ ❛♦ ■♥st✐t✉t♦ ❞❡
❈♦♠♣✉t❛çã♦ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡
❈❛♠♣✐♥❛s ❝♦♠♦ ♣❛rt❡ ❞♦s r❡q✉✐s✐t♦s ♣❛r❛ ❛
♦❜t❡♥çã♦ ❞♦ tít✉❧♦ ❞❡ ▼❡str❡ ❡♠ ❈✐ê♥❝✐❛ ❞❛
❈♦♠♣✉t❛çã♦✳

❖r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r✳ ❘✐❝❛r❞♦ ❉❛❤❛❜

❊st❡ ❡①❡♠♣❧❛r ❝♦rr❡s♣♦♥❞❡ à ✈❡rsã♦ ✜♥❛❧ ❞❛
❉✐ss❡rt❛çã♦ ❞❡❢❡♥❞✐❞❛ ♣♦r ❲②❧❜❡r P♦❧♦♥✐♥✐ ❡
♦r✐❡♥t❛❞❛ ♣❡❧♦ Pr♦❢✳ ❉r✳ ❘✐❝❛r❞♦ ❉❛❤❛❜✳

❈❆▼P■◆❆❙

✷✵✵✼





❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s
■♥st✐t✉t♦ ❞❡ ❈♦♠♣✉t❛çã♦

■◆❙❚■❚❯❚❖ ❉❊
❈❖▼P❯❚❆➬➹❖

❲②❧❜❡r P♦❧♦♥✐♥✐

❱❛❧✐❞❛çã♦ ❊✜❝✐❡♥t❡ ❞❡ ❈❡rt✐✜❝❛❞♦s ❉✐❣✐t❛✐s

❇❛♥❝❛ ❊①❛♠✐♥❛❞♦r❛✿

• Pr♦❢✳ ❉r✳ ❘✐❝❛r❞♦ ❉❛❤❛❜ ✭❖r✐❡♥t❛❞♦r✮
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s

• Pr♦❢✳ ❉r✳ ❘✐❝❛r❞♦ ❋❡❧✐♣❡ ❈✉stó❞✐♦
❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❙❛♥t❛ ❈❛t❛r✐♥❛

• Pr♦❢✳ ❉r✳ ❏✉❧✐♦ ❈és❛r ▲ó♣❡③ ❍❡r♥á♥❞❡③
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s

❆ ❛t❛ ❞❛ ❞❡❢❡s❛ ❝♦♠ ❛s r❡s♣❡❝t✐✈❛s ❛ss✐♥❛t✉r❛s ❞♦s ♠❡♠❜r♦s ❞❛ ❜❛♥❝❛ ❡♥❝♦♥tr❛✲s❡ ♥♦
♣r♦❝❡ss♦ ❞❡ ✈✐❞❛ ❛❝❛❞ê♠✐❝❛ ❞♦ ❛❧✉♥♦✳

❈❛♠♣✐♥❛s✱ ✷✸ ❞❡ ♠❛rç♦ ❞❡ ✷✵✵✼



❆❣r❛❞❡❝✐♠❡♥t♦s

❊✉ ❣♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r ❛ t♦❞♦s q✉❡ ❝♦♥tr✐❜✉ír❛♠ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ss❡ tr❛❜❛❧❤♦✱
❡♠ ❡s♣❡❝✐❛❧✿

• ❛♦s ♠❡✉s ♣❛✐s✱ ❏♦sé ❡ ■♥ê③✱ q✉❡ s❡♠♣r❡ ♠❡ ✐♥❝❡♥t✐✈❛r❛♠ ❡✱ ❡♠ ♠✉✐t❛s ✈❡③❡s✱ s❛❝r✐✜✲
❝❛r❛♠ s❡✉s ♦❜❥❡t✐✈♦s ♣❛r❛ q✉❡ ♦s ♠❡✉s ❢♦ss❡♠ ❛❧❝❛♥ç❛❞♦s✳ ▲♦❣♦✱ ❡ss❛ t❛♠❜é♠ é ✉♠❛
❝♦♥q✉✐st❛ ❞❡❧❡s✳ ❆❣r❛❞❡ç♦ ❛ ♠✐♥❤❛ ✐r♠ã✱ ❏♦ss❛♥❛✱ ♣♦rq✉❡ ✳ ✳ ✳ ❛❤ ✳ ✳ ✳ ❜❡♠ ✳ ✳ ✳ ♣♦rq✉❡
❡❧❛ é ♠✐♥❤❛ ✐r♠ã✳ ❆♣❡♥❛s ✉♠❛ ❜r✐♥❝❛❞❡✐r❛ ❝♦♠ q✉❡♠ s❡♠♣r❡ s❡ ♠♦str❛ ❛❧❡❣r❡ ❡
tr❛♥s♠✐t❡ ❡ss❛ ❛❧❡❣r✐❛ ❛ t♦❞♦s✱ ✐♥❝❧✉s✐✈❡ ❛ ♠✐♠❀

• ❛♦ ♠❡✉ ❝❛r♦ ♦r✐❡♥t❛❞♦r ❘✐❝❛r❞♦ ❉❛❤❛❜ ♣♦r s❡♠♣r❡ s❡ ♠♦str❛r ❛t❡♥❝✐♦s♦ ❡ ❝♦♠♣r❡✲
❡♥s✐✈♦✳ ❚❛♠❜é♠ ♥ã♦ ♣♦ss♦ ❞❡✐①❛r ❞❡ ❛❣r❛❞❡❝ê✲❧♦ ♣♦r s✉❛ ❡♥♦r♠❡ ❝♦♥tr✐❜✉✐çã♦ ♣❛r❛
♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ss❡ tr❛❜❛❧❤♦✱ s❡♠♣r❡ ♠❡ ❣✉✐❛♥❞♦❀

• ❛♦s ♣r♦❢❡ss♦r❡s ❘✐❝❛r❞♦ ❋❡❧✐♣❡ ❈✉stó❞✐♦ ❡ ❏✉❧✐♦ ❈✳ ▲ó♣❡③✲❍❡r♥á♥❞❡③ ♣❡❧❛s s✉❣❡stõ❡s
❞❛❞❛s✱ q✉❡ ❝♦♥tr✐❜✉ír❛♠ ♣❛r❛ ♠❡❧❤♦r❛r ❡ss❡ tr❛❜❛❧❤♦❀

• à ❈❆P❊❙ ❡ ❛♦ ❈◆Pq ♣♦r t❡r❡♠ ✜♥❛♥❝✐❛❞♦ ❡ss❡ tr❛❜❛❧❤♦❀

• ❛ t♦❞♦s ♦s ❢✉♥❝✐♦♥ár✐♦s ❡ ♣r♦❢❡ss♦r❡s ❞♦ ■♥st✐t✉t♦ ❞❡ ❈♦♠♣✉t❛çã♦❀

• ❛♦s ❝♦❧❡❣❛s ❡ ❛♠✐❣♦s ❞♦ ■❈✱ ❡♠ ❡s♣❡❝✐❛❧ ❛♦s ❞❛ t✉r♠❛ ▼❙❈✷✵✵✹✳ ❈♦♠♦ sã♦ ♠✉✐t♦s✱
♥ã♦ ❝✐t❛r❡✐ ♥♦♠❡s ♣❛r❛ ♥ã♦ ❝♦rr❡r ♦ r✐s❝♦ ❞❡ ❡sq✉❡❝❡r ❛❧❣✉é♠❀

• ❛♦s ❛♠✐❣♦s ❞❛ r❡♣ú❜❧✐❝❛ ◗✉❛s❡ ▼✐❧✿ ❇✐♥❡✱ ●❛❜r✐❡❧❛✱ ❏❛✈✐❡r✱ ▲❡s♦✱ ▼ár❝✐❛✱ ▼❛t❤❡✉s✱
▼❛✉rí❝✐♦✱ ❙♦r❛②❛ ❡ ❚✐❛❣♦❀

• ❛♦s ❝♦❧❡❣❛s ❞❛ ❉✐r❡❞✱ ♣❡❧♦ ✐♥❝❡♥t✐✈♦ ❡ ✏♣r❡ssã♦✑✳



❘❡s✉♠♦

❆ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s é ✉♠ ♣r♦❝❡ss♦ ♥❛t✉r❛❧♠❡♥t❡ ❝✉st♦s♦✱ ♣♦✐s ❡♥✈♦❧✈❡ ♦♣❡✲
r❛çõ❡s ❞❡ ❝r✐♣t♦❣r❛✜❛ ❛ss✐♠étr✐❝❛✱ q✉❡ ♣♦r s✉❛ ✈❡③ ❡♥✈♦❧✈❡♠ ♦♣❡r❛çõ❡s ❛r✐t♠ét✐❝❛s ❝✉❥♦
t❛♠❛♥❤♦ ❞♦s ♦♣❡r❛♥❞♦s é ❞❛ ♦r❞❡♠ ❞❡ ♠✐❧❤❛r❡s ❞❡ ❜✐ts✳ ❊♠ ❛❧❣✉♥s ❝❛s♦s✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛
t♦♣♦❧♦❣✐❛ ❞❛ ✐♥❢r❛❡str✉t✉r❛ ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛ ✭■❈P✮ ❡ ❞♦s ✉s✉ár✐♦s ❡♥✈♦❧✈✐❞♦s✱ ✈❛❧✐❞❛r ✉♠
❝❡rt✐✜❝❛❞♦ ✐♠♣❧✐❝❛ ✈❛❧✐❞❛r ✉♠❛ ❝❛❞❡✐❛ ❞❡ ❝❡rt✐✜❝❛❞♦s✱ ❞❡♥♦♠✐♥❛❞❛ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛✲
çã♦✱ ❛✉♠❡♥t❛♥❞♦ ❛✐♥❞❛ ♠❛✐s ♦ ❝✉st♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞♦ ❝❡rt✐✜❝❛❞♦ ❡♠ q✉❡stã♦✳ ◆♦ s❡♥t✐❞♦
❞❡ t♦r♥❛r ♦ ♣r♦❝❡ss♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ♠❛✐s ❡✜❝✐❡♥t❡✱ ✈ár✐♦s ♠❡❝❛♥✐s✲
♠♦s ❢♦r❛♠ ♣r♦♣♦st♦s ♥♦s ú❧t✐♠♦s ❛♥♦s✳ ❖s ♠❛✐s ✐♠♣♦rt❛♥t❡s sã♦✿ ◆❖❱❖▼❖❉❖ ❬✷✻❪✱
❈❘❚ ❬✶✼❪✱ ✷✸❈❘❚ ❬✷✽❪✱ ■❈P❆ ❬✷✵❪✱ ❊❋❋❊❈❚ ❬✶✹❪ ❡ ❝❡rt✐✜❝❛❞♦s ❡❢ê♠❡r♦s ❬✸✶❪✳ ◆❡st❡ tr❛✲
❜❛❧❤♦✱ ❛s ✈❛♥t❛❣❡♥s ❡ ❞❡s✈❛♥t❛❣❡♥s ❞❡ss❡s ♠❡❝❛♥✐s♠♦s sã♦ ❞✐s❝✉t✐❞❛s ❛ss✐♠ ❝♦♠♦ s❡✉s
❝✉st♦s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ s♦❜r❡ ❛ ót✐❝❛ ❞❡ ✈❛❧✐❞❛r ✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✳ ❉á✲s❡ ❞❡st❛✲
q✉❡ à ■❈P❆✱ q✉❡ ♣❡r♠✐t❡ ♦t✐♠✐③❛r ❛ ✈❛❧✐❞❛çã♦ ❞♦s ❝❛♠✐♥❤♦s ❞❡ ❝❡rt✐✜❝❛çã♦ ❛tr❛✈és ❞❛
s✉♣r❡ssã♦ ♣❛r❝✐❛❧ ❞❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ✈❡r✐✜❝❛r ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦ ❡ ❞❛ s✉❜st✐t✉✐✲
çã♦ ❞❡ ♦♣❡r❛çõ❡s ❛ss✐♠étr✐❝❛s ♣♦r ♦♣❡r❛çõ❡s ❞❡ ❤❛s❤✳ ❚❛♠❜é♠ é ❧❡✈❛♥t❛❞❛ ❛ q✉❡stã♦
❞♦ ❝✉st♦ ❞❡ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♥❛ ■❈P❆✱ ♦ q✉❡ ♣♦❞❡ t♦r♥á✲❧❛ ✐♥❛❞❡q✉❛❞❛
♣❛r❛ ❛♠❜✐❡♥t❡s ❡♠ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ✉s✉ár✐♦s é ♠✉✐t♦ ❣r❛♥❞❡✳ ❋✐♥❛❧♠❡♥t❡✱ ✐♥tr♦❞✉③✲s❡
✉♠❛ ♠♦❞✐✜❝❛çã♦ à ■❈P❆✱ ■❈P❆♠✱ ❝✉❥♦ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ é r❡❞✉③✐r ♦ ❝✉st♦ ❞❡ ❡♠✐ssã♦ ❞❡
❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✱ s❡♠ ❛✉♠❡♥t❛r s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♦ ❝✉st♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞♦ ❝❛♠✐♥❤♦
❞❡ ❝❡rt✐✜❝❛çã♦✳ ◆❛ ■❈P❆♠✱ ❞✐❢❡r❡♥t❡♠❡♥t❡ ❞♦ q✉❡ ♦❝♦rr❡ ♥❛ ■P❈❆✱ ❛s ❆❈s s✉♣❡r✐♦r❡s
♥ã♦ ❡♠✐t❡♠ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s q✉❛♥❞♦ s✉❛s ✜❧❤❛s ❡♠✐t❡♠ ❝❡rt✐✜❝❛❞♦s ♣❛r❛ ✉s✉ár✐♦s
✜♥❛✐s✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ♦ ❝✉st♦ ❞❡ ❡♠✐ssã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s é r❡❞✉③✐❞♦✳



❆❜str❛❝t

❚❤❡ ❞✐❣✐t❛❧ ❝❡rt✐✜❝❛t❡ ✈❛❧✐❞❛t✐♦♥ ♣r♦❝❡ss ✐s ✈❡r② ❝♦st❧② ❜❡❝❛✉s❡ ✐t ✐♥✈♦❧✈❡s ❛s②♠♠❡tr✐❝ ❝r②♣✲
t♦❣r❛♣❤✐❝ ♦♣❡r❛t✐♦♥s ✇❤✐❝❤ ✐♥✈♦❧✈❡ ❛r✐t❤♠❡t✐❝ ♦♣❡r❛t✐♦♥s ✇❤♦s❡ ♦♣❡r❛♥❞s ❤❛✈❡ ♠♦r❡ t❤❛♥
❛ ❤✉♥❞r❡❞ ❜✐ts✳ ■♥ s♦♠❡ ❝❛s❡s✱ ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ♣✉❜❧✐❝✲❦❡② ✐♥❢r❛str✉❝t✉r❡ ✭P❑■✮ t♦♣♦❧♦❣②
❛♥❞ ✐ts ♥✉♠❜❡r ♦❢ ✉s❡rs✱ ✈❛❧✐❞❛t✐♥❣ ❛ ❝❡rt✐✜❝❛t❡ ♠❡❛♥s ✈❛❧✐❞❛t✐♦♥ ♦❢ ❛ ❝❤❛✐♥ ♦❢ ❝❡rt✐✜❝❛t❡s✱
❦♥♦✇♥ ❛s ❛ ❝❡rt✐✜❝❛t✐♦♥ ♣❛t❤✱ ❢✉rt❤❡r ✐♥❝r❡❛s✐♥❣ t❤❡ ❝♦st ♦❢ ✈❛❧✐❞❛t✐♥❣ t❤❡ t❛r❣❡t ❝❡rt✐✜✲
❝❛t❡✳ ❚♦ ♠❛❦❡ t❤✐s ♣r♦❝❡ss ❧❡ss ❝♦st❧②✱ ❛ ❧♦t ♦❢ ♠❡❝❤❛♥✐s♠s ❤❛✈❡ ❜❡❡♥ ♣r♦♣♦s❡❞ ✐♥ r❡❝❡♥t
②❡❛rs✳ ❚❤❡ ♠♦st ✐♠♣♦rt❛♥t ❛r❡✿ ◆❖❱❖▼❖❉❖ ❬✷✻❪✱ ❈❘❚ ❬✶✼❪✱ ✷✸❈❘❚ ❬✷✽❪✱ ■❈P❆ ❬✷✵❪✱
❊❋❋❊❈❚ ❬✶✹❪ ❛♥❞ s❤♦rt ❧✐✈❡❞ ❝❡rt✐✜❝❛t❡s ❬✸✶❪✳ ■♥ t❤✐s t❤❡s✐s✱ t❤❡ ❛❞✈❛♥t❛❣❡s ❛♥❞ ❞✐s❛❞✲
✈❛♥t❛❣❡s ♦❢ t❤❡s❡ ♠❡❝❤❛♥✐s♠s ❛r❡ ❞✐s❝✉ss❡❞ ❛s ✇❡❧❧ ❛s t❤❡✐r ❝♦sts✱ ❡♠♣❤❛s✐③✐♥❣ t❤❡ ❝♦st
♦❢ ✈❛❧✐❞❛t✐♥❣ ❛ ❝❡rt✐✜❝❛t✐♦♥ ♣❛t❤✳ ❲❡ ❣✐✈❡ s♣❡❝✐❛❧ ❛tt❡♥t✐♦♥ t♦ ◆P❑■✱ ✇❤✐❝❤ ♣❡r♠✐ts t❤❡
♦♣t✐♠✐③❛t✐♦♥ ♦❢ ❝❡rt✐✜❝❛t✐♦♥ ♣❛t❤ ✈❛❧✐❞❛t✐♦♥✱ ♣❛rt✐❛❧❧② s✉♣♣r❡ss✐♥❣ t❤❡ ♥❡❝❡ss✐t② ♦❢ ✈❡r✐❢②✲
✐♥❣ ❝❡rt✐✜❝❛t❡ r❡✈♦❝❛t✐♦♥ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ r❡♣❧❛❝✐♥❣ ❛s②♠♠❡tr✐❝ ❝r②♣t♦❣r❛♣❤✐❝ ♦♣❡r❛t✐♦♥s
✇✐t❤ ❝r②♣t♦❣r❛♣❤✐❝ ❤❛s❤ ♦♣❡r❛t✐♦♥s✳ ❲❡ ❛❧s♦ ❞✐s❝✉ss t❤❡ ♥❡st❡❞ ❝❡rt✐✜❝❛t❡ ❡♠✐ss✐♦♥ ❝♦sts
✐♥ ❛ ◆P❑■✱ ✇❤✐❝❤ ❝❛♥ ♠❛❦❡ ◆P❑■s ♥♦t ♣r❛❝t✐❝❛❧ ❢♦r ❡♥✈✐r♦♥♠❡♥ts ✇❤❡r❡ t❤❡r❡ ❛r❡ ❛ ❣r❡❛t
♥✉♠❜❡r ♦❢ ✉s❡rs✳ ❋✐♥❛❧❧②✱ ✇❡ ✐♥tr♦❞✉❝❡ ❛ ♠♦❞✐✜❝❛t✐♦♥ t♦ ◆P❑■s✱ t❤❡ ■❈P❆♠✱ ✇❤♦s❡ ♦❜✲
❥❡❝t✐✈❡ ✐s t♦ r❡❞✉❝❡ ♥❡st❡❞ ❝❡rt✐✜❝❛t❡ ❡♠✐ss✐♦♥ ❝♦sts ✇✐t❤♦✉t ✐♥❝r❡❛s✐♥❣ s✐❣♥✐✜❝❛♥t❧② t❤❡
❝❡rt✐✜❝❛t✐♦♥ ♣❛t❤ ✈❛❧✐❞❛t✐♦♥ ❝♦sts✳ ❖♥ t❤❡ ■❈P❆♠✱ ❞✐✛❡r❡♥t❧② ❢r♦♠ ■❈P❆✱ t❤❡ s✉♣❡r✐♦rs
❈❆s ❞♦ ♥♦t ❡♠✐t ♥❡st❡❞ ❝❡rt✐✜❝❛t❡ ✇❤❡♥ ✐ts ❞❛✉❣❤t❡rs ❈❆s ❡♠✐t ❝❡rt✐✜❝❛t❡s t♦ ❡♥❞ ✉s❡rs✳
❈♦♥s❡q✉❡♥t❧②✱ t❤❡ ♥❡st❡❞ ❝❡rt✐✜❝❛t❡ ❡♠✐ss✐♦♥ ❝♦sts ❛r❡ r❡❞✉❝❡❞✳
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✺✳✶ ❈❛♠✐♥❤♦s s✐♥❣✉❧❛r❡s ❡ ♥ã♦ s✐♥❣✉❧❛r❡s ♣❛r❛ ❛ ❆❈ A ❞❛ ❋✐❣✉r❛ ✺✳✸ ✳ ✳ ✳ ✳ ✳ ✳ ✺✼



▲✐st❛ ❞❡ ❆❜r❡✈✐❛çõ❡s ❡ ❙✐❣❧❛s

❆❈ ❆✉t♦r✐❞❛❞❡ ❈❡rt✐✜❝❛❞♦r❛✳

❆❙❘
❆❝rô♥✐♠♦ ♣❛r❛ ♦s ❡❧❡♠❡♥t♦s q✉❡ ❝♦♠♣õ❡♠ ✉♠❛ ■❈P ✭❆❈✱ s❡r✈✐❞♦r
❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✱ r❡♣♦s✐tór✐♦ ❞❡ ❝❡rt✐✜❝❛❞♦s✱ ❡t❝✳✮✱ ❡①❝❡t♦
♦ ✈❡r✐✜❝❛❞♦r✳

❈❆ ❉♦ ✐♥❣❧ês ❈❡rt✐✜❝❛t✐♦♥ ❆✉t❤♦r✐t②✳ ➱ ♦ ♠❡s♠♦ q✉❡ ❆❈✳

■❈P ■♥❢r❛❡str✉t✉r❛ ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s✳

■❘ ■♥❢♦r♠❛çã♦ ❞❡ ❘❡✈♦❣❛çã♦✳

P●P ❉♦ ✐♥❣❧ês Pr❡tt② ●♦♦❞ Pr✐✈❛❝②✳

❙❉❙■ ❉♦ ✐♥❣❧ês ❙✐♠♣❧❡ ❉✐str✐❜✉t❡❞ ❙❡❝✉r✐t② ■♥❢r❛str✉❝t✉r❡✳

❙■❘ ❙❡r✈✐❞♦r ❞❡ ■♥❢♦r♠❛çã♦ ❞❡ ❘❡✈♦❣❛çã♦✳

❙P❑■ ❉♦ ✐♥❣❧ês ❙✐♠♣❧❡ P✉❜❧✐❝✲❑❡② ■♥❢r❛str✉❝t✉r❡✳

❚P❈ ❚❡r❝❡✐r❛ P❛rt❡ ❈♦♥✜á✈❡❧✳

❚❚P ❉♦ ✐♥❣❧ês ❚r✉st❡❞ ❚❤✐r❞ P❛rt②✳ ➱ ♦ ♠❡s♠♦ q✉❡ ❚P❈✳



▲✐st❛ ❞❡ ❙í♠❜♦❧♦s

∆ ❈♦♥❥✉♥t♦ ❝♦♥t❡♥❞♦ t♦❞❛s ❛s ❆❈s ❞❡ ✉♠❛ ■❈P✴■❈P❆✴■❈P❆♠✳

Θ ❈♦♥❥✉♥t♦ ❝♦♥t❡♥❞♦ t♦❞♦s ♦s ✉s✉ár✐♦s ❞❡ ✉♠❛ ■❈P✴■❈P❆✴■❈P❆♠✳

CA
➱ ♦ ❝✉st♦ ❞❡ ♦♣❡r❛çõ❡s ❝r✐♣t♦❣rá✜❝❛s ❞♦ ❆❙❘ ♣❛r❛ ❝r✐❛r ♦s ❝❡rt✐✜✲
❝❛❞♦s ❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✳

CC
➱ ♦ ❝✉st♦ ❞❛s ♦♣❡r❛çõ❡s ❝r✐♣t♦❣rá✜❝❛s ♥❡❝❡ssár✐❛s à ✈❡r✐✜❝❛çã♦ ❞♦s
❝❡rt✐✜❝❛❞♦s✳

CD
➱ ♦ ❝✉st♦ ❞♦ ❆❙❘ ♣❛r❛ ❣❡r❛r ❡ ❞✐s♣♦♥✐❜✐❧✐③❛r ❛♦s ✈❡r✐✜❝❛❞♦r❡s ♦s
❞❛❞♦s ♥❡❝❡ssár✐♦s à ✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s✳

CE
➱ ♦ ❝✉st♦ ❞♦ ✈❡r✐✜❝❛❞♦r ♣❛r❛ ❡①tr❛✐r ❡ ♣r♦❝❡ss❛r ❛s ✐♥❢♦r♠❛çõ❡s
❝♦♥t✐❞❛s ♥♦s ❝❡rt✐✜❝❛❞♦s ❡ ♥❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✳

CM

➱ ♦ ❝✉st♦ ❞♦ ❆❙❘ ❞❡ ♠♦♥t❛r ♦s ❝❡rt✐✜❝❛❞♦s ❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞❡
r❡✈♦❣❛çã♦✱ ♦✉ s❡❥❛✱ ♦ ❝✉st♦ ♣❛r❛ ❝r✐❛r ❛s ❡str✉t✉r❛s ❞❡ ❞❛❞♦s q✉❡
s❡rã♦ ❛ss✐♥❛❞❛s ♣♦st❡r✐♦r♠❡♥t❡✱ ❞❛♥❞♦ ♦r✐❣❡♠ ❛♦s ❝❡rt✐✜❝❛❞♦s ❡ ✐♥✲
❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✳

CR
➱ ♦ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ✈❡r✐✜❝❛❞♦r ♣❛r❛ ♦❜t❡r ♦s ❝❡rt✐✜❝❛❞♦s ❡
❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✳

CT
➱ ♦ ❝✉st♦ ❞♦ ❆❙❘ ♣❛r❛ tr❛♥s♠✐t✐r ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦ ❡ ♦s
❝❡rt✐✜❝❛❞♦s✳

CV
➱ ♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞♦ ✈❡r✐✜❝❛❞♦r ♣❛r❛ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛✲
❞♦s✳

k ◆ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s q✉❡ ❝♦♠♣õ❡♠ ♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✳

j

❚❛①❛ ❞❡ ❛t✉❛❧✐③❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✳ ■♥❞✐❝❛ ❛
❢r❡q✉ê♥❝✐❛ ❝♦♠ q✉❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦ sã♦ ❞✐✈✉❧❣❛❞❛s✱
♠❡❞✐❞❛ ❡♠ ♦❝♦rrê♥❝✐❛s ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ✐♥t❡r✈❛❧♦✱ ♣♦r ❡①❡♠♣❧♦✱
❤♦r❛✱ ❞✐❛✱ s❡♠❛♥❛✱ ❡t❝✳

P ❋❛t♦r ❞❡ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✳

q
◆ú♠❡r♦ ❞❡ r❡q✉✐s✐çõ❡s ❢❡✐t❛s ❛♦ s❡r✈✐❞♦r ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦
♥✉♠ ❞❡t❡r♠✐♥❛❞♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦✳



r
◆ú♠❡r♦ ♠é❞✐♦ ❞❡ ❝❡rt✐✜❝❛❞♦s r❡✈♦❣❛❞♦s ♣♦r ❆❈✱ ❝✉❥♦ ♣r❛③♦ ❞❡
✈❛❧✐❞❛❞❡ ❛✐♥❞❛ ♥ã♦ t❡♥❤❛ ❡①♣✐r❛❞♦✳

|res| ❚❛♠❛♥❤♦ ❞♦ r❡s✉♠♦✳

|sn| ❚❛♠❛♥❤♦ ❞♦ ♥ú♠❡r♦ ❞❡ sér✐❡ ❞♦ ❝❡rt✐✜❝❛❞♦✳

|sig | ❚❛♠❛♥❤♦ ❞❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧✳

tres ❚❡♠♣♦ ♣❛r❛ ❝♦♠♣✉t❛r ✉♠❛ ❢✉♥çã♦ ❞❡ r❡s✉♠♦ ❝r✐♣t♦❣rá✜❝♦✳

t ❚❡♠♣♦ ♠é❞✐♦ ❞❡ ✈✐❞❛ ❞♦ ❝❡rt✐✜❝❛❞♦✳

tsig ❚❡♠♣♦ ♣❛r❛ ❝♦♠♣✉t❛r ✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧✳

tver ❚❡♠♣♦ ♣❛r❛ ✈❡r✐✜❝❛r ✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧✳

tres ❚❡♠♣♦ ♣❛r❛ ❡❢❡t✉❛r ✉♠❛ ♦♣❡r❛çã♦ ❞❡ r❡s✉♠♦✳

v ◆ú♠❡r♦ ♠é❞✐♦ ❞❡ ❝❡rt✐✜❝❛❞♦s tr❛❞✐❝✐♦♥❛✐s ❣❡r❡♥❝✐❛❞♦s ♣❡❧❛ ❆❈✳

vcn ◆ú♠❡r♦ ♠é❞✐♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❣❡r❡♥❝✐❛❞♦s ♣❡❧❛ ❆❈✳



❙✉♠ár✐♦

✶ ■♥tr♦❞✉çã♦ ✶✹

✷ ❈♦♥❝❡✐t♦s ❞❡ ❈r✐♣t♦❣r❛✜❛ ✶✼
✷✳✶ Pr✐♠✐t✐✈❛s ❝r✐♣t♦❣rá✜❝❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽

✷✳✶✳✶ Pr✐♠✐t✐✈❛s s❡♠ ❝❤❛✈❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽
✷✳✶✳✷ Pr✐♠✐t✐✈❛s ❞❡ ❝❤❛✈❡s s❡❝r❡t❛s ♦✉ s✐♠étr✐❝❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽
✷✳✶✳✸ Pr✐♠✐t✐✈❛s ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s ♦✉ ❛ss✐♠étr✐❝❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

✸ ❱❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ✷✶
✸✳✶ ❉✐str✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s ❝r✐♣t♦❣rá✜❝❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶
✸✳✷ ❈❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷
✸✳✸ ❖ ♣r♦❜❧❡♠❛ ❞❛ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸
✸✳✹ ■♥❢r❛✲❡str✉t✉r❛s ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺
✸✳✺ ❈✉st♦s ❞❡ ✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✾

✹ ▼❡❝❛♥✐s♠♦s ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ✸✶
✹✳✶ ▼❡❝❛♥✐s♠♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶

✹✳✶✳✶ ▲❈❘s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶
✹✳✶✳✷ ❖♥❧✐♥❡ ❈❡rt✐✜❝❛t❡ ❙t❛t✉s Pr♦t♦❝♦❧ ✲ ❖❈❙P ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✸
✹✳✶✳✸ ▼❡❝❛♥✐s♠♦s ❜❛s❡❛❞♦s ❡♠ ❝❛❞❡✐❛s ❞❡ r❡s✉♠♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹
✹✳✶✳✹ ▼❡❝❛♥✐s♠♦s ❜❛s❡❛❞♦s ❡♠ ár✈♦r❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✹✳✷ ▼❡❝❛♥✐s♠♦ ✐♥t❡❣r❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✾
✹✳✷✳✶ ❙t❛♥❞❛r❞ ❈❡rt✐✜❝❛t❡ ❱❛❧✐❞❛t✐♦♥ Pr♦t♦❝♦❧ ✲ ❙❈❱P ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵
✹✳✷✳✷ ❈❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵
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✹✳✸✳✶ ▼❡❝❛♥✐s♠♦s ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻
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✺ ■❈P❆♠ ✺✸
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✺✳✷ ❆♥á❧✐s❡ ❞❡ ❝✉st♦s ❞❛s ■❈P❆s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺

✺✳✷✳✶ ❈✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺

✻ ❈♦♥❝❧✉sõ❡s ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s ✻✹

❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s ✻✻



❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

▼♦t✐✈❛çã♦

❆ ❈r✐♣t♦❣r❛✜❛ é ❛ ♣r✐♥❝✐♣❛❧ ❢♦♥t❡ ❞❡ ♠❡❝❛♥✐s♠♦s ♣❛r❛ ♣r♦✈❡r ❛ tr♦❝❛ s❡❣✉r❛ ❞❡ ✐♥❢♦r✲
♠❛çõ❡s ♥✉♠ ❛♠❜✐❡♥t❡ ✐♥s❡❣✉r♦✱ ❝♦♠♦ ❛ ■♥t❡r♥❡t✱ ✐st♦ é✱ ❝♦♠ ♣r✐✈❛❝✐❞❛❞❡✱ ✐♥t❡❣r✐❞❛❞❡
❡ ❛✉t❡♥t✐❝✐❞❛❞❡ ✭✈❡r ❈❛♣ít✉❧♦ ✷✮✳ ◆♦ q✉❡ t♦❝❛ ❛ ❝r✐♣t♦❣r❛✜❛ ❛ss✐♠étr✐❝❛✱ ♦✉ ❞❡ ❝❤❛✈❡
♣ú❜❧✐❝❛✱ ✉♠ ♣r♦❜❧❡♠❛ ❝❡♥tr❛❧ é ❛ ❝♦rr❡t❛ ❞✐str✐❜✉✐çã♦ ❞❛s ❝❤❛✈❡s ♣ú❜❧✐❝❛s ❞❛s ❡♥t✐❞❛✲
❞❡s✳ ❊ss❛ ❞✐str✐❜✉✐çã♦ é ❢❡✐t❛✱ ✉s✉❛❧♠❡♥t❡✱ ♣♦r ♠❡✐♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ❬✶✽❪✱ q✉❡ sã♦
❝r❡❞❡♥❝✐❛✐s ❡♠✐t✐❞❛s ❡ ❛ss✐♥❛❞❛s ❞✐❣✐t❛❧♠❡♥t❡ ♣♦r ❡♥t✐❞❛❞❡s ❝♦♥✜á✈❡✐s✳ ❯♠ ❝❡rt✐✜❝❛❞♦
❝♦♥té♠✱ ❣❡r❛❧♠❡♥t❡✱ ✉♠❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛✱ ✐♥❢♦r♠❛çã♦ ♥❡❝❡ssár✐❛ s♦❜r❡ s❡✉ ❞♦♥♦ ❡ ♠❡t❛✲
❞❛❞♦s ♥❡❝❡ssár✐♦s ❛♦ s❡✉ ♣r♦❝❡ss❛♠❡♥t♦ ✭♣❛r❛ ♠❛✐♦r❡s ❞❡t❛❧❤❡s✱ ✈❡r ❙❡çã♦ ✸✳✷✮✳ ▲♦❣♦✱
q✉❛♥❞♦ ✉♠ ✉s✉ár✐♦ ♥❡❝❡ss✐t❛ ✉t✐❧✐③❛r ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❞❡ ♦✉tr♦✱ ♦ s❡❣✉♥❞♦ ❞❡✈❡ ♣r♦✈❡r ♦
s❡✉ ❝❡rt✐✜❝❛❞♦ ❛♦ ♣r✐♠❡✐r♦✱ q✉❡ ❞❡✈❡ ✈❛❧✐❞á✲❧♦✳ ❖ ❛r❝❛❜♦✉ç♦ ♣❛r❛ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞♦ ❝✐❝❧♦
❞❡ ✈✐❞❛ ❞♦s ❝❡rt✐✜❝❛❞♦s✱ ✐st♦ é✱ ❡♠✐ssã♦✱ r❡♥♦✈❛çã♦✱ r❡✈♦❣❛çã♦ ❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ✈❛❧✐❞❛çã♦✱
é ✉s✉❛❧♠❡♥t❡ ✉♠❛ ❤✐❡r❛rq✉✐❛ ❞❡ t❡r❝❡✐r❛s ♣❛rt❡s ❝♦♥✜á✈❡✐s✱ ♦✉ ❛✉t♦r✐❞❛❞❡s ❝❡rt✐✜❝❛❞♦r❛s
✭❆❈s✮✱ ❝✉❥♦s ♥ós ♠❛✐s ✐♥❢❡r✐♦r❡s ❝♦rr❡s♣♦♥❞❡♠ ❛♦s ✉s✉ár✐♦s ✜♥❛✐s ❞♦s ❝❡rt✐✜❝❛❞♦s✳ ❆ ❡ss❡
❛r❝❛❜♦✉ç♦ ♦r❣❛♥✐③❛❝✐♦♥❛❧ q✉❡ ✐♥❝❧✉✐ s♦❢t✇❛r❡ ❡ ❤❛r❞✇❛r❡ ❞á✲s❡ ♦ ♥♦♠❡ ✐♥❢r❛❡str✉t✉r❛ ❞❡
❝❤❛✈❡s ♣ú❜❧✐❝❛s ✭■❈P✮ ♦✉✱ ❡♠ ✐♥❣❧ês✱ ♣✉❜❧✐❝✲❦❡② ✐♥❢r❛str✉❝t✉r❡ ✭P❑■✮✳

❖ ♣r♦❝❡ss♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ✉♠ ❝❡rt✐✜❝❛❞♦ ❝♦♥s✐st❡ ❡♠ ❝♦♥❢❡r✐r s✉❛ ❛✉t❡♥t✐❝✐❞❛❞❡✱ ♣r♦✲
❝❡ss❛r s❡✉s ♠❡t❛❞❛❞♦s ❡ ❞❡t❡r♠✐♥❛r s❡✉ ❡st❛❞♦ ✭s❡ ❢♦✐ r❡✈♦❣❛❞♦ ♦✉ ♥ã♦✮✳ ◆❛ ❙❡çã♦ ✸✳✸✱
❛❜♦r❞❛✲s❡ ❝♦♠ ♠❛✐♦r ♣r♦❢✉♥❞✐❞❛❞❡ ♦ ♣r♦❜❧❡♠❛ ❞❛ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s✳ P♦r ❤♦r❛✱
❜❛st❛ ❞✐③❡r q✉❡ t❛❧ ♣r♦❝❡ss♦ é ❝✉st♦s♦✱ ♣♦✐s ❡♥✈♦❧✈❡ ♦♣❡r❛çõ❡s ❝r✐♣t♦❣rá✜❝❛s✱ ♣r✐♥❝✐♣❛❧✲
♠❡♥t❡ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛s✱ q✉❡ sã♦ ❝♦♥s✐❞❡r❛❞❛s ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ❝✉st♦s❛s✳
❊ss❡ ❝✉st♦ s❡ t♦r♥❛ ♠❛✐s ❝rít✐❝♦ q✉❛♥❞♦ s❡ ❝♦♥s✐❞❡r❛♠ ■❈Ps ❝♦♠♣❧❡①❛s ♦✉ ❛✐♥❞❛ ✉♠
❛❣❧♦♠❡r❛❞♦ ❞❡ ■❈Ps ✐♥t❡r❧✐❣❛❞❛s✱ ♣♦✐s✱ ♥❡ss❡ ❝❛s♦✱ ❣❡r❛❧♠❡♥t❡✱ ❛ ♦❜t❡♥çã♦ ❞❡ ✉♠❛ ❝❤❛✈❡
♣ú❜❧✐❝❛ ❡①✐❣❡ q✉❡ ✈ár✐♦s ❝❡rt✐✜❝❛❞♦s s❡❥❛♠ ✈❛❧✐❞❛❞♦s ❛♦ ❧♦♥❣♦ ❞♦ q✉❡ s❡ ❞❡♥♦♠✐♥❛ ❝❛♠✐♥❤♦
❞❡ ❝❡rt✐✜❝❛çã♦ ✭✈❡r ❙❡çã♦ ✸✳✹✮✳

❱ár✐♦s ❡sq✉❡♠❛s ❢♦r❛♠ ♣r♦♣♦st♦s ♣❛r❛ r❡❞✉③✐r ♦ ❝✉st♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s✱
❡♥tr❡ ❡❧❡s ◆❖❱❖▼❖❉❖ ❬✷✻❪✱ ❈❘❚ ❬✶✼❪✱ ❊❋❋❊❈❚ ❬✶✹❪ ❡ ❝❡rt✐✜❝❛❞♦s ❡❢ê♠❡r♦s ❬✸✶❪✳ ❊♠❜♦r❛
❡ss❡s ♠❡❝❛♥✐s♠♦s t❡♥❤❛♠ t♦r♥❛❞♦ ♠❛✐s ❡✜❝✐❡♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s
❞✐❣✐t❛✐s✱ ❡❧❡s ❛✐♥❞❛ ♥❡❝❡ss✐t❛♠ ❞❡ ✉♠ ♥ú♠❡r♦ ❞❡ ✈❡r✐✜❝❛çõ❡s ❞❡ ❛ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s ✐❣✉❛❧
❛♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ♥♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✱ k ✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ▲❡✈✐ ❡t ❛❧ ❬✷✵❪ ♣r♦♣✉s❡r❛♠ ❛ ■❈P❆✱ ❜❛s❡❛❞❛ ❡♠ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s

✶✹



❈❆P❮❚❯▲❖ ✶✳ ■◆❚❘❖❉❯➬➹❖ ✶✺

✭❞♦ ✐♥❣❧ês✱ ♥❡st❡❞ ❝❡rt✐✜❝❛t❡✮✱ q✉❡ sã♦ ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s ♣❛r❛ ♦✉tr♦s ❝❡rt✐✜❝❛❞♦s✱ ♦s
❝❡rt✐✜❝❛❞♦s✲❛❧✈♦ ✭s✉❜❥❡❝t ❝❡rt✐✜❝❛t❡✮✳ ❆ ■❈P❆ ♣❡r♠✐t❡ q✉❡ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡
❝❡rt✐✜❝❛çã♦ ♣♦ss❛ s❡r r❡❛❧✐③❛❞❛ ❝♦♠ ❛♣❡♥❛s ✉♠❛ ♦♣❡r❛çã♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛
❞✐❣✐t❛❧ ❡ k − 1 ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦ ✭♣❛r❛ ✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❝♦♠ k ❝❡rt✐✜❝❛❞♦s✮✳
❖✉ s❡❥❛✱ ❤á s✐❣♥✐✜❝❛t✐✈❛ r❡❞✉çã♦ ❞♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞❡ s❡ ✈❛❧✐❞❛r ♦ ❝❛♠✐♥❤♦ ❞❡
❝❡rt✐✜❝❛çã♦✱ ♣♦✐s ❛s ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦ ✭t❛♠❜é♠ ❝♦♥❤❡❝✐❞❛s ❝♦♠♦ ♦♣❡r❛çõ❡s ❞❡ ❤❛s❤✮
tê♠ ❝✉st♦ ♠✉✐t♦ ♠❡♥♦r ❞♦ q✉❡ ❛ ✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s ❬✷✻❪✳ ❖ ♣♦♥t♦ ♥❡❣❛t✐✈♦
❞♦ ❡sq✉❡♠❛ é ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡♠✐t✐❞♦s✱ ♦ q✉❡ ✐♠♣õ❡ ✉♠❛ s♦❜r❡❝❛r❣❛
s✐❣♥✐✜❝❛t✐✈❛ à ■❈P❆✱ ❡s♣❡❝✐❛❧♠❡♥t❡ às ❆❈s✱ t♦r♥❛♥❞♦ ♦ ❡sq✉❡♠❛ ❝✉st♦s♦ ♣❛r❛ ■❈P❆s ❞❡
❣r❛♥❞❡ ♣♦rt❡✳

❖❜❥❡t✐✈♦s

❉❡ss❛ ❢♦r♠❛✱ ♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ s❡❣✉❡ ✉♠❛ ❧✐♥❤❛ ♠❡str❛ q✉❡ é ♣r♦♣♦r ♠❡❧❤♦r❛r✐❛s ♣❛r❛
♦ ♣r♦❝❡ss♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s✳ P❛r❛ ✐ss♦✱ ✐♥✐❝✐❛❧♠❡♥t❡ ❢❛③✲s❡ ✉♠❛ r❡✈✐sã♦
❜✐❜❧✐♦❣rá✜❝❛ ❡①t❡♥s✐✈❛ ❞♦s ♠❡❝❛♥✐s♠♦s ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ♣r♦♣♦st♦s ♥❛
❧✐t❡r❛t✉r❛✱ ❛♥❛❧✐s❛♥❞♦✲s❡ s❡✉s ❝✉st♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ ❞❡ tr❛♥s♠✐ssã♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡
♥♦ q✉❡ t❛♥❣❡ ❛♦ ✈❡r✐✜❝❛❞♦r ✭✈❡r ❙❡çã♦ ✸✳✺✮✳ ❆ ♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱ ♣r♦♣õ❡♠✲
s❡ ❛❧t❡r❛çõ❡s q✉❡ t♦r♥❡♠ ♦ ♣r♦❝❡ss♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ♠❛✐s ❡✜❝✐❡♥t❡✳
▼❛✐s ♣r❡❝✐s❛♠❡♥t❡✱ s❡rá ❛♣r❡s❡♥t❛❞♦ ✉♠ ♥♦✈♦ ♠♦❞❡❧♦ ❞❡ ❝♦♥str✉çã♦ ♣❛r❛ ❛ ■❈P❆✱ ■❈P❆♠✱
❡♠ ❛❞✐çã♦ ❛♦s ❞♦✐s ♣r♦♣♦st♦s ♣♦r ▲❡✈✐ ❡t ❛❧ ❬✷✵❪✱ q✉❡ r❡❞✉③ ♦s ❝✉st♦s ❞❡ ✈❛❧✐❞❛çã♦ ❞♦s
❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ❡♠ r❡❧❛çã♦ ❛♦s ♠❡❝❛♥✐s♠♦s tr❛❞✐❝✐♦♥❛✐s✱ ♠❛s ♥ã♦ s♦❜r❡❝❛rr❡❣✉❡ ♦s
♦✉tr♦s ❡❧❡♠❡♥t♦s ❞❛ ❡str✉t✉r❛ ❡①❝❡ss✐✈❛♠❡♥t❡✱ ❡♠ ❡s♣❡❝✐❛❧ ❛s ❆❈s✳

❈♦♥tr✐❜✉✐çõ❡s

❖ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ tr❛③ ❞✉❛s ❝♦♥tr✐❜✉✐çõ❡s ♣r✐♥❝✐♣❛✐s✿

• ❛ ♣r✐♠❡✐r❛ é ❢❛③❡r ✉♠❛ ❡①t❡♥s✐✈❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ s♦❜r❡ ♠❡❝❛♥✐s♠♦s ❞❡ ✈❛❧✐✲
❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ q✉❡ s❡ r❡❢❡r❡ ❛♦s s❡✉s ❝✉st♦s ❞❡
tr❛♥s♠✐ssã♦ ❡ ♣r♦❝❡ss❛♠❡♥t♦ ❛♦ s❡ ✈❛❧✐❞❛r ✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦❀

• ❛ s❡❣✉♥❞❛ ❝♦♥tr✐❜✉✐çã♦ é ♣r♦♣♦r ✉♠❛ ♥♦✈❛ ♣♦❧ít✐❝❛ ♣❛r❛ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s
❛♥✐♥❤❛❞♦s✱ ❞❡ ❢♦r♠❛ q✉❡ ❛ ■❈P❆ r❡s✉❧t❛♥t❡ ✭❞❡♥♦♠✐♥❛❞❛ ■❈P❆♠✮ s❡❥❛ ♠❛✐s ❡s❝❛❧á✈❡❧
❞♦ q✉❡ ❛ ■❈P❆✱ ♦✉ s❡❥❛✱ ♦ ♥ú♠❡r♦ ❞❡ ✉s✉ár✐♦s ✜♥❛✐s ♥ã♦ ❝♦♠♣r♦♠❡t❛ ♦ ❞❡s❡♠♣❡♥❤♦
❞❛ ■❈P❆♠✳

❖r❣❛♥✐③❛çã♦ ❞❛ ❞✐ss❡rt❛çã♦

■♥✐❝✐❛❧♠❡♥t❡✱ ♥♦ ❈❛♣ít✉❧♦ ✷✱ ❛♣r❡s❡♥t❛♠✲s❡ ♦s ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ❞❡ ❈r✐♣t♦❣r❛✜❛✱ ❝♦♠♦
♣r✐♠✐t✐✈❛s s✐♠étr✐❝❛s✱ ❛ss✐♠étr✐❝❛s✱ ❢✉♥çõ❡s ❞❡ ❤❛s❤✱ ❡t❝✳ ◆❡ss❡ ❝❛♣ít✉❧♦ t❛♠❜é♠ ✐♥tr♦❞✉③✲
s❡ ❛ ♥♦t❛çã♦ q✉❡ s❡rá ✉t✐❧✐③❛❞❛ ♥♦ ❞❡❝♦rr❡r ❞❡st❡ tr❛❜❛❧❤♦✳

◆♦ ❈❛♣ít✉❧♦ ✸ ❞✐s❝✉t❡♠✲s❡ ♦ ♣r♦❜❧❡♠❛ ❞❛ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ❡ ❛s ✐♥✲
❢r❛❡str✉t✉r❛s ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s✱ ❛r❝❛❜♦✉ç♦ q✉❡ s✉♣♦rt❛ ❛ ✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s✳ ❖
❝❛♣ít✉❧♦ t❡r♠✐♥❛ ❝♦♠ ✉♠❛ ❞❡s❝r✐çã♦ ❞♦s ❝✉st♦s ❞❡ ✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s✱ ♣r✐♥❝✐♣❛❧✲
♠❡♥t❡ ♦s ❞❡ tr❛♥s♠✐ssã♦ ❡ ♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳



❈❆P❮❚❯▲❖ ✶✳ ■◆❚❘❖❉❯➬➹❖ ✶✻

◆♦ ❈❛♣ít✉❧♦ ✹ ❛♣r❡s❡♥t❛♠✲s❡ ♦s ♣r✐♥❝✐♣❛✐s ♠❡❝❛♥✐s♠♦s ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s
❞✐❣✐t❛✐s ❡ ♦s r❡s♣❡❝t✐✈♦s ❝✉st♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ tr❛♥s♠✐ssã♦ ❛ss♦❝✐❛❞♦s à ✈❛❧✐❞❛çã♦ ❞♦s
❝❡rt✐✜❝❛❞♦s ❡♠ ❝❛❞❛ ♠❡❝❛♥✐s♠♦✳

◆♦ ❈❛♣ít✉❧♦ ✺ é ♣r♦♣♦st❛ ✉♠❛ ♥♦✈❛ ♣♦❧ít✐❝❛ ♣❛r❛ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✱
q✉❡ r❡s✉❧t❛ ❡♠ ♠❛✐♦r ❡s❝❛❧❛❜✐❧✐❞❛❞❡ ❞❛s ■❈P❆s✳

❋✐♥❛❧♠❡♥t❡✱ ♦ ❈❛♣ít✉❧♦ ✻ ❝♦♥té♠ ❛s ❝♦♥❝❧✉sõ❡s ❡ ❛s s✉❣❡stõ❡s ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳



❈❛♣ít✉❧♦ ✷

❈♦♥❝❡✐t♦s ❞❡ ❈r✐♣t♦❣r❛✜❛

❈r✐♣t♦❣r❛✜❛ ✭❞♦ ❣r❡❣♦ ❦r✐♣t♦s ❂ ❡s❝♦♥❞✐❞♦✱ ♦❝✉❧t♦❀ ❣r❛♣❤♦ ❂ ❡s❝r✐t❛✮ é ❞❡✜♥✐❞❛ ❤✐st♦r✐❝❛✲
♠❡♥t❡ ❝♦♠♦ s❡♥❞♦ ❛ ❛rt❡ ♦✉ ❝✐ê♥❝✐❛ ❞❡ ❡s❝r❡✈❡r ❡♠ ❝✐❢r❛ ♦✉ ❡♠ ❝ó❞✐❣♦✱ ❞❡ ❢♦r♠❛ ❛ ♣❡r♠✐t✐r
q✉❡ ❛♣❡♥❛s ♦ ❞❡st✐♥❛tár✐♦ ❞❛ ♠❡♥s❛❣❡♠ ❛ ❞❡❝♦❞✐✜q✉❡ ❡ ❛ ❝♦♠♣r❡❡♥❞❛✳ ❆ ❞❡❝♦❞✐✜❝❛çã♦
❣❡r❛❧♠❡♥t❡ r❡q✉❡r ♦ ✉s♦ ❞❡ ✉♠❛ ❝❤❛✈❡✱ ✉♠❛ ✐♥❢♦r♠❛çã♦ s❡❝r❡t❛✱ ❞✐s♣♦♥í✈❡❧ ❛♣❡♥❛s ❛♦
❞❡st✐♥❛tár✐♦✳

❆ ❈r✐♣t♦❣r❛✜❛ é ✉t✐❧✐③❛❞❛ ❞❡s❞❡ ❛ ❛♥t✐❣✉✐❞❛❞❡ ♥❛ tr♦❝❛ ❞❡ ♠❡♥s❛❣❡♥s s❡❝r❡t❛s✱ ♣r✐♥❝✐✲
♣❛❧♠❡♥t❡ r❡❧❛t✐✈❛s ❛♦s ❛ss✉♥t♦s ♠✐❧✐t❛r❡s ❡ ❞✐♣❧♦♠át✐❝♦s✳ ❯♠ ❞♦s ❡①❡♠♣❧♦s ♠❛✐s ❝♦♥❤❡❝✐✲
❞♦s é ❛ ❈✐❢r❛ ❞❡ ❈és❛r✱ ✉t✐❧✐③❛❞❛ ♣❡❧♦ ✐♠♣❡r❛❞♦r ♣❛r❛ ❡♥✈✐❛r ♠❡♥s❛❣❡♥s s❡❝r❡t❛s ❛♦s s❡✉s
❣❡♥❡r❛✐s✳ ❆ ❈r✐♣t♦❣r❛✜❛ t❛♠❜é♠ ❢♦✐ ♠✉✐t♦ ✉t✐❧✐③❛❞❛ ♥❛ s❡❣✉♥❞❛ ❣✉❡rr❛ ♠✉♥❞✐❛❧✳

◆❛ s❡❣✉♥❞❛ ♠❡t❛❞❡ ❞♦ sé❝✉❧♦ ❳❳✱ ❝♦♠ ♦ s✉r❣✐♠❡♥t♦ ❞♦s ❝♦♠♣✉t❛❞♦r❡s ❡ ❞❛ ■♥t❡r♥❡t✱
❛ ❈r✐♣t♦❣r❛✜❛ ❝♦♠❡ç♦✉ ❛ ❣❛♥❤❛r ❝❛♠♣♦ ♥♦ ❝♦t✐❞✐❛♥♦ ❞❛s ♣❡ss♦❛s✱ s❡♥❞♦ ❤♦❥❡ ✈❛st❛♠❡♥t❡
✉t✐❧✐③❛❞❛✱ ♣♦r ❡①❡♠♣❧♦✱ ❡♠ tr❛♥s❛çõ❡s ❝♦♠❡r❝✐❛✐s✱ ❜❛♥❝ár✐❛s✱ ❣♦✈❡r♥❛♠❡♥t❛✐s✱ ❡t❝✳✱ ♣r✐♥✲
❝✐♣❛❧♠❡♥t❡ ♥❛s r❡❛❧✐③❛❞❛s ♣❡❧❛ ■♥t❡r♥❡t✳ ❚❛♠❜é♠ ♥❛ s❡❣✉♥❞❛ ♠❡t❛❞❡ ❞♦ sé❝✉❧♦ ❳❳✱
s✉r❣✐r❛♠ ♥♦✈❛s té❝♥✐❝❛s ❝r✐♣t♦❣rá✜❝❛s✱ ♣♦ss✐❜✐❧✐t❛♥❞♦✱ ❛❧é♠ ❞♦ s❡r✈✐ç♦ ❞❡ ❝♦♥✜❞❡♥❝✐❛✲
❧✐❞❛❞❡ ✭s❡❣r❡❞♦✮✱ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♦✉tr♦s s❡r✈✐ç♦s✱ ❝♦♠♦ ❛✉t❡♥t✐❝❛çã♦✱ ✐♥t❡❣r✐❞❛❞❡ ❡ ♥ã♦
r❡♣ú❞✐♦✳

❆ ❝♦♥✜❞❡♥❝✐❛❧✐❞❛❞❡✱ ❝♦♠♦ ❢♦✐ ❞✐t♦✱ é ♦ s❡r✈✐ç♦ q✉❡ ❣❛r❛♥t❡ ♦ s✐❣✐❧♦ ❞❛ ✐♥❢♦r♠❛çã♦✱
❡①❝❡t♦ àq✉❡❧❡s q✉❡ ❡stã♦ ❛✉t♦r✐③❛❞♦s ❛ ✈ê✲❧❛✳ ❖✉ s❡❥❛✱ ❞❛❞♦ q✉❡ ❇♦❜ ❡♥✈✐♦✉ ✉♠❛ ♠❡♥s❛❣❡♠
♣❛r❛ ❆❧✐❝❡✱ ❛tr❛✈és ❞❡ ✉♠ ❝❛♥❛❧ q✉❡ ♣r♦✈ê ❝♦♥✜❞❡♥❝✐❛❧✐❞❛❞❡✱ s❡❥❛ ❡❧❡ ❢ís✐❝♦ ✭✜♦✮ ♦✉ ❧ó❣✐❝♦
✭❛tr❛✈és ❞♦ ❝✐❢r❛♠❡♥t♦✴❞❡❝✐❢r❛♠❡♥t♦ ❞❛s ✐♥❢♦r♠❛çõ❡s✮✱ s♦♠❡♥t❡ ❆❧✐❝❡ ✭❛❧é♠ ❞❡ ❇♦❜✮ ❡stá
❛♣t❛ ♣❛r❛ ✈❡r ♦ ❝♦♥t❡ú❞♦ ❞❛ ♠❡♥s❛❣❡♠✳

❆ ✐♥t❡❣r✐❞❛❞❡ é ♦ s❡r✈✐ç♦ q✉❡ ❣❛r❛♥t❡ q✉❡ s♦♠❡♥t❡ ♣❡ss♦❛s ❛✉t♦r✐③❛❞❛s s❡❥❛♠ ❝❛♣❛③❡s
❞❡ ♠♦❞✐✜❝❛r ❛ ✐♥❢♦r♠❛çã♦✳ ◗✉❛❧q✉❡r ♠✉❞❛♥ç❛ ♥ã♦ ❛✉t♦r✐③❛❞❛ é ❞❡t❡❝t❛❞❛ ♣❡❧♦ r❡❝❡♣t♦r✳
P♦r ❡①❡♠♣❧♦✱ s❡ ❇♦❜ ❡♥✈✐❛ ✉♠❛ ♠❡♥s❛❣❡♠ ♣❛r❛ ❆❧✐❝❡ ❛tr❛✈és ❞❡ ✉♠ ❝❛♥❛❧ q✉❡ ♣r♦✈ê ♦
s❡r✈✐ç♦ ❞❡ ✐♥t❡❣r✐❞❛❞❡✱ ❡♥tã♦ ❆❧✐❝❡ é ❝❛♣❛③ ❞❡ ❞❡t❡❝t❛r q✉❛❧q✉❡r ♠♦❞✐✜❝❛çã♦✱ ❛❝✐❞❡♥t❛❧ ♦✉
♥ã♦✱ q✉❡ t❡♥❤❛ s✐❞♦ ❢❡✐t❛ ♥❛ ♠❡♥s❛❣❡♠ ❞❡ ❇♦❜✳

❆ ❛✉t❡♥t✐❝❛çã♦ é ♦ s❡r✈✐ç♦ q✉❡ ♣❡r♠✐t❡ ❛ ✉♠❛ ❡♥t✐❞❛❞❡ ❡st❛❜❡❧❡❝❡r ✉♠❛ ♣r♦♣r✐❡❞❛❞❡
r❡✐✈✐♥❞✐❝❛❞❛ ♣♦r ♦✉tr❛ ❬✷✶❪✳ P♦❞❡✲s❡ ♣❡♥s❛r ❡♠ ❛✉t❡♥t✐❝❛çã♦ s♦❜r❡ ❞✉❛s ❢♦r♠❛s✿ ❛✉t❡♥t✐✲
❝❛çã♦ ❞❡ ❡♥t✐❞❛❞❡ ❡ ❛✉t❡♥t✐❝❛çã♦ ❞❡ ♦r✐❣❡♠ ❞❡ ❞❛❞♦s✳ ◆♦ ♣r✐♠❡✐r♦ ❝❛s♦ ✈❛❧✐❞❛✲s❡
❛ ✐❞❡♥t✐❞❛❞❡ ❞❡ ✉♠❛ ❡♥t✐❞❛❞❡✱ ❡♥q✉❛♥t♦ ♥♦ s❡❣✉♥❞♦ ✈❛❧✐❞❛✲s❡ ❛ r❡✐✈✐♥❞✐❝❛çã♦ ❞❡ q✉❡ ❛
♠❡♥s❛❣❡♠ ❢♦✐ ❡♠✐t✐❞❛ ♣♦r ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❡♥t✐❞❛❞❡✳

❖ s❡r✈✐ç♦ ❞❡ ♥ã♦ r❡♣ú❞✐♦ ❣❛r❛♥t❡ q✉❡ ✉♠❛ ❡♥t✐❞❛❞❡ ♥ã♦ ♣♦❞❡rá ♥❡❣❛r ✉♠❛ ❛çã♦

✶✼
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q✉❡ t❡♥❤❛ ♣r❛t✐❝❛❞♦ ♣r❡✈✐❛♠❡♥t❡✳ ❙❡ ❤á ✉♠❛ ❞✐s♣✉t❛ ❡♥tr❡ ❞✉❛s ❡♥t✐❞❛❞❡s s♦❜r❡ ✉♠❛
❞❡t❡r♠✐♥❛❞❛ ❛çã♦✱ ✉♠❛ t❡r❝❡✐r❛ ❡♥t✐❞❛❞❡✱ q✉❡ ♣♦ss✉✐ ❛ ❝♦♥✜❛♥ç❛ ❞❛s ❞✉❛s ♣r✐♠❡✐r❛s✱ ❞❡✈❡
✐♥t❡r❢❡r✐r ♣❛r❛ r❡s♦❧✈❡r ❛ ❞✐s♣✉t❛✳

❆ ♣❛rt✐r ❞♦s ❝♦♥❝❡✐t♦s ❛❝✐♠❛✱ ♣♦❞❡✲s❡ ❢♦r♥❡❝❡r ✉♠❛ ❞❡✜♥✐çã♦ ♠❛✐s ♠♦❞❡r♥❛ ♣❛r❛❈r✐♣✲
t♦❣r❛✜❛✿ é ♦ ❡st✉❞♦ ❞❛s té❝♥✐❝❛s ♠❛t❡♠át✐❝❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦s ❛s♣❡❝t♦s ❞❡ s❡❣✉r❛♥ç❛ ❞❛
✐♥❢♦r♠❛çã♦ ❝♦♠♦ ❝♦♥✜❞❡♥❝✐❛❧✐❞❛❞❡✱ ✐♥t❡❣r✐❞❛❞❡✱ ❛✉t❡♥t✐❝❛çã♦ ❡ ♥ã♦ r❡♣ú❞✐♦ ❬✷✷❪✳

✷✳✶ Pr✐♠✐t✐✈❛s ❝r✐♣t♦❣rá✜❝❛s

P♦❞❡♠✲s❡ ❞✐✈✐❞✐r ❛s ♣r✐♠✐t✐✈❛s ❝r✐♣t♦❣rá✜❝❛s ❡♠ três ❣r✉♣♦s✿ ♣r✐♠✐t✐✈❛s s❡♠ ❝❤❛✈❡s✱ ♣r✐✲
♠✐t✐✈❛s ❞❡ ❝❤❛✈❡ s✐♠étr✐❝❛ ❡ ♣r✐♠✐t✐✈❛s ❞❡ ❝❤❛✈❡ ❛ss✐♠étr✐❝❛ ❬✷✷❪✳ ❆s ♣ró①✐♠❛s s❡çõ❡s
❝♦♥tê♠ ✉♠❛ ❞❡s❝r✐çã♦ ❜r❡✈❡ ❞❡ss❡s ❣r✉♣♦s ❡ ❛ r❡s♣❡❝t✐✈❛ ♥♦t❛çã♦ ✉t✐❧✐③❛❞❛✳

✷✳✶✳✶ Pr✐♠✐t✐✈❛s s❡♠ ❝❤❛✈❡

❆s ❥á ♠❡♥❝✐♦♥❛❞❛s ❢✉♥çõ❡s ❞❡ r❡s✉♠♦ ❝r✐♣t♦❣rá✜❝♦ ✭♦✉ r❡s✉♠♦ s✐♠♣❧❡s♠❡♥t❡✱ ♦✉
❤❛s❤✮ sã♦ ✉♠❛ ❞❛s r❡♣r❡s❡♥t❛♥t❡s ❞❡ss❡ ❝♦♥❥✉♥t♦✳ ❯♠❛ ❢✉♥çã♦ ❞❡ r❡s✉♠♦ ❤(x ) é ✉♠❛
❢✉♥çã♦ ❞❡t❡r♠✐♥íst✐❝❛ q✉❡ ♠❛♣❡✐❛ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❜✐ts x ❞❡ t❛♠❛♥❤♦ ❛r❜✐trár✐♦ ♥✉♠❛
s❡q✉ê♥❝✐❛ ❞❡ t❛♠❛♥❤♦ ✜①♦ y✱ ❞❡♥♦♠✐♥❛❞❛ r❡s✉♠♦ ♦✉ ❤❛s❤ ❬✷✶❪✳

❯♠❛ ❢✉♥çã♦ ❞❡ r❡s✉♠♦ ❞❡✈❡ ♣♦ss✉✐r ❛s s❡❣✉✐♥t❡s ♣r♦♣r✐❡❞❛❞❡s ❬✷✷❪✿

• ❝♦♠♣r❡ssã♦✿ ♣❛r❛ ✉♠❛ ❡♥tr❛❞❛ ❞❡ t❛♠❛♥❤♦ ❛r❜✐trár✐♦✱ ❣❡r❛✲s❡ ✉♠❛ s❛í❞❛ ❞❡ t❛♠❛♥❤♦
✜①♦ ❡ ♣ré✲❞❡t❡r♠✐♥❛❞♦❀

• ❢á❝✐❧ ❝♦♠♣✉t❛çã♦✿ ❛ ❝♦♠♣✉t❛çã♦ ❞❛ ❢✉♥çã♦ ❞❡ r❡s✉♠♦ s♦❜r❡ ✉♠❛ ❡♥tr❛❞❛ é ❝♦♠♣✉✲
t❛❝✐♦♥❛❧♠❡♥t❡ ❡✜❝✐❡♥t❡❀

• r❡s✐stê♥❝✐❛ à ✐♥✈❡rsã♦ ✭❢✉♥çã♦ ❞❡ ♠ã♦✲ú♥✐❝❛✮✿ ❛ ❢✉♥çã♦ ♥ã♦ ♣♦❞❡ s❡r ❢❛❝✐❧♠❡♥t❡
✐♥✈❡rt✐❞❛✱ ♦✉ s❡❥❛✱ ❞❛❞♦ y ✭y = ❤(x )✮✱ é ✐♥✈✐á✈❡❧ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ❡♥❝♦♥tr❛r x❀

• r❡s✐stê♥❝✐❛ à s❡❣✉♥❞❛ ✐♥✈❡rsã♦ ✭r❡s✐stê♥❝✐❛ ❢r❛❝❛ ❛ ❝♦❧✐sõ❡s✮✿ é ✐♥✈✐á✈❡❧ ❝♦♠♣✉t❛❝✐♦✲
♥❛❧♠❡♥t❡✱ ❞❛❞♦ y = ❤(x )✱ ❡♥❝♦♥tr❛r x′ 6= x t❛❧ q✉❡ y = ❤(x ′)❀

• r❡s✐stê♥❝✐❛ ❛ ❝♦❧✐sõ❡s ✭r❡s✐stê♥❝✐❛ ❢♦rt❡ ❛ ❝♦❧✐sõ❡s✮✿ é ✐♥✈✐á✈❡❧ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡
❡♥❝♦♥tr❛r x ❡ x′✱ x 6= x′✱ t❛❧ q✉❡ ❤(x ) = ❤(x ′)✳

❆s ❢✉♥çõ❡s ❞❡ r❡s✉♠♦ sã♦ ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❛ ❈r✐♣t♦❣r❛✜❛✳ ❊❧❛s sã♦ ❝♦✲
♠✉♠❡♥t❡ ✉s❛❞❛s ❛ss♦❝✐❛❞❛s ❛ ❛ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s✱ ♣❡r♠✐t✐♥❞♦ q✉❡ s❡ ❛ss✐♥❡ ♦ r❡s✉♠♦
✭❞❡ t❛♠❛♥❤♦ ✜①♦ ❡ ❣❡r❛❧♠❡♥t❡ ♠✉✐t♦ ♠❡♥♦r ❞♦ q✉❡ ❛ ♠❡♥s❛❣❡♠✮ ❡♠ ✈❡③ ❞❛ ♠❡♥s❛❣❡♠
♣r♦♣r✐❛♠❡♥t❡ ❞✐t❛✱ ❣❛r❛♥t✐♥❞♦ ♦ ♠❡s♠♦ ♥í✈❡❧ ❞❡ s❡❣✉r❛♥ç❛✳

❖ ♣r✐♥❝✐♣❛❧ ❛❧❣♦r✐t♠♦ ❞❡ r❡s✉♠♦ ❡♠ ✉s♦ é ♦ s❡❝✉r❡ ❤❛s❤ ❛❧❣♦r✐t❤♠ ✭❙❍❆✲✶✮ ❬✶❪✳

✷✳✶✳✷ Pr✐♠✐t✐✈❛s ❞❡ ❝❤❛✈❡s s❡❝r❡t❛s ♦✉ s✐♠étr✐❝❛s

❆s ♣r✐♠✐t✐✈❛s ❞❡ ❝❤❛✈❡s s❡❝r❡t❛s sã♦ ❛s q✉❡ ✉t✐❧✐③❛♠ ❛ ♠❡s♠❛ ❝❤❛✈❡✱ ♦✉ ❝❤❛✈❡s q✉❡ ♣♦❞❡♠
s❡r ❢❛❝✐❧♠❡♥t❡ ❞❡❞✉③✐❞❛s ✉♠❛ ❛ ♣❛rt✐r ❞❛ ♦✉tr❛✱ ♣❛r❛ ❝✐❢r❛r ❡ ❞❡❝✐❢r❛r ♠❡♥s❛❣❡♥s❀ ❞❛í ♦
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❛❞❥❡t✐✈♦ s✐♠étr✐❝❛s✳ ❊♥tr❡ ♦s ♣r✐♥❝✐♣❛✐s r❡♣r❡s❡♥t❛♥t❡s ❞❡ss❛ ❝❧❛ss❡ ❡stã♦ ♦ ❆❊❙ ❬✹❪✱ ♦
❉❊❙ ❬✷❪ ✭♦❜s♦❧❡t♦✮ ❡ ♦ ✸✲❉❊❙ ✭t✐♣❧❡ ❉❊❙✮ ❬✷❪✳

❆s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ss❛s ♣r✐♠✐t✐✈❛s sã♦✿

• ❛ tr♦❝❛ ❞❡ ❝❤❛✈❡s ❞❡✈❡ s❡r ❢❡✐t❛ ❛tr❛✈és ❞❡ ✉♠ ❝❛♥❛❧ q✉❡ ❣❛r❛♥t❛ ❛✉t❡♥t✐❝✐❞❛❞❡ ❡
❝♦♥✜❞❡♥❝✐❛❧✐❞❛❞❡❀

• sã♦ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ♠❛✐s ❡✜❝✐❡♥t❡s q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛s às ♣r✐♠✐t✐✈❛s ❛ss✐♠é✲
tr✐❝❛s✱ ❞❡s❝r✐t❛s ❛ s❡❣✉✐r❀

• ✉t✐❧✐③❛♠ ❝❤❛✈❡s ♠❡♥♦r❡s ❞♦ q✉❡ ❛s ♣r✐♠✐t✐✈❛s ❛ss✐♠étr✐❝❛s✳ ❆t✉❛❧♠❡♥t❡✱ ❝❤❛✈❡s ❞❡
✶✷✽ ❜✐ts sã♦ ❝♦♥s✐❞❡r❛❞❛s s❡❣✉r❛s❀

• ♣❛r❛ ✉♠ ❛♠❜✐❡♥t❡ ❝♦♠ x ❡♥t✐❞❛❞❡s✱ ♣❛r❛ q✉❡ t♦❞❛s ♣♦ss❛♠ s❡ ❝♦♠✉♥✐❝❛r ❛♦s ♣❛r❡s
❞❡ ❢♦r♠❛ s❡❣✉r❛✱ é ♥❡❝❡ssár✐♦ q✉❡ ❝❛❞❛ ♣❛r ❞❡ ❡♥t✐❞❛❞❡ ❝♦♠♣❛rt✐❧❤❡ ✉♠❛ ❝❤❛✈❡
❞✐st✐♥t❛✱ ♦✉ s❡❥❛✱ é ♥❡❝❡ssár✐♦ ❣❡r❡♥❝✐❛r ♦ ❝✐❝❧♦ ❞❡ ✈✐❞❛ ❞❡ ❛té x(x−1)

2
❝❤❛✈❡s ❞✐st✐♥t❛s✱

♦ q✉❡ ❝♦♠♣r♦♠❡t❡ ❛ ❡s❝❛❧❛❜✐❧✐❞❛❞❡ ❞❡ t❛✐s ♣r✐♠✐t✐✈❛s ❡♠ ❛♠❜✐❡♥t❡s ❝♦♠ ♠✉✐t♦s
✉s✉ár✐♦s✳

✷✳✶✳✸ Pr✐♠✐t✐✈❛s ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s ♦✉ ❛ss✐♠étr✐❝❛s

❖s s✐st❡♠❛s ❝r✐♣t♦❣rá✜❝♦s ❛ss✐♠étr✐❝♦s ✉t✐❧✐③❛♠ ❞✉❛s ❝❤❛✈❡s ❞✐st✐♥t❛s✱ ✉♠❛ ❞❛s q✉❛✐s é
♠❛♥t✐❞❛ ❡♠ s❡❣r❡❞♦ ♣❡❧❛ ❡♥t✐❞❛❞❡ t✐t✉❧❛r ❞♦ ♣❛r ❡ ❛ ♦✉tr❛ é t♦r♥❛❞❛ ♣ú❜❧✐❝❛✳ ❆ ♣r✐♠❡✐r❛ é
❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❝❤❛✈❡ ♣r✐✈❛❞❛ ❡♥q✉❛♥t♦ ❛ s❡❣✉♥❞❛ é ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❝❤❛✈❡ ♣ú❜❧✐❝❛✳ ❊ss❛s
❝❤❛✈❡s sã♦ ❝♦♥str✉í❞❛s ❞❡ ❢♦r♠❛ q✉❡ ♦ q✉❡ é ❝✐❢r❛❞♦ ❝♦♠ ✉♠❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ só ♣♦❞❡ s❡r
❞❡❝✐❢r❛❞♦ ❝♦♠ ❛ ❝❤❛✈❡ ♣r✐✈❛❞❛ ❝♦rr❡s♣♦♥❞❡♥t❡✳ ◆♦ ❡♥t❛♥t♦✱ ♥ã♦ é ♣♦ssí✈❡❧ ❞❡❞✉③✐r ❛ ❝❤❛✈❡
♣r✐✈❛❞❛ ❞❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛✱ ❛ ♥ã♦ s❡r ❛tr❛✈és ❞❛ s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❝♦♥s✐❞❡r❛❞♦s ❞✐❢í❝❡✐s✱
❝♦♠♦ ♦ ♣r♦❜❧❡♠❛ ❞❛ ❢❛t♦r❛çã♦ ❞❡ ♥ú♠❡r♦s ♣r✐♠♦s ❡ ♦ ♣r♦❜❧❡♠❛ ❞♦ ❧♦❣❛r✐t♠♦ ❞✐s❝r❡t♦✳
▼❛✐♦r❡s ❞❡t❛❧❤❡s ♣❛r❛ ❡ss❡s ♣r♦❜❧❡♠❛s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ❡♠ ▼❛♦ ❬✷✶❪✱ ▼❡♥❡③❡s ❡t
❛❧ ❬✷✷❪ ❡ ❙t✐♥s♦♥ ❬✸✸❪✳

❊♥tr❡ ♦s ♣r✐♥❝✐♣❛✐s ❝r✐♣t♦ss✐st❡♠❛s ❛ss✐♠étr✐❝♦s ❡stã♦ ♦ ❘❙❆ ❬✸✷✱ ✻❪ ❡ ♦ ❉❙❆ ❬✸❪✳ ❖
♣r✐♠❡✐r♦ é ❜❛s❡❛❞♦ ♥❛ ❞✐✜❝✉❧❞❛❞❡ ❞❡ ❢❛t♦r❛r ♥ú♠❡r♦ ♣r✐♠♦s ❡♥q✉❛♥t♦ q✉❡ ♦ s❡❣✉♥❞♦ é
❜❛s❡❛❞♦ ♥♦ ♣r♦❜❧❡♠❛ ❞♦ ❧♦❣❛r✐t♠♦ ❞✐s❝r❡t♦✳

❆s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ♣r✐♠✐t✐✈❛s ❛ss✐♠étr✐❝❛s sã♦✿

• ♣❛r❛ ❛ tr♦❝❛ ❞❡ ❝❤❛✈❡s é ♥❡❝❡ssár✐♦ ❛♣❡♥❛s ✉♠ ❝❛♥❛❧ q✉❡ ♣r♦✈ê ❛✉t❡♥t✐❝✐❞❛❞❡ ✭❛♣❡♥❛s
❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ é tr❛♥s♠✐t✐❞❛✮✳ ❊ss❛ ❝❛r❛❝t❡ríst✐❝❛ é s✐❣♥✐✜❝❛t✐✈❛✱ ♣♦✐s ♣❡r♠✐t❡ ❛
s✐♠♣❧✐✜❝❛çã♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s ❛ss✐♠étr✐❝❛s q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦
❛♦ ❞❡ ❝❤❛✈❡s s✐♠étr✐❝❛s✱ q✉❡ ❛❧é♠ ❞❛ ❛✉t❡♥t✐❝✐❞❛❞❡ t❛♠❜é♠ ❡①✐❣❡ ❝♦♥✜❞❡♥❝✐❛❧✐❞❛❞❡
❞❛ ❝❤❛✈❡❀

• ❛s ♣r✐♠✐t✐✈❛s ❛ss✐♠étr✐❝❛s ♣r♦✈❡❡♠ ❛ ♣r♦♣r✐❡❞❛❞❡ ❞♦ ♥ã♦ r❡♣ú❞✐♦✱ ♣♦✐s s♦♠❡♥t❡ ❛
❡♥t✐❞❛❞❡ t✐t✉❧❛r ❞♦ ♣❛r ❞❡ ❝❤❛✈❡s ♣♦ss✉✐ ❛ ❝❤❛✈❡ ♣r✐✈❛❞❛ ✭✈❡r ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧
❛❞✐❛♥t❡✮❀

• sã♦ ♠❡♥♦s ❡✜❝✐❡♥t❡s ❞♦ q✉❡ ❛s ♣r✐♠✐t✐✈❛s s✐♠étr✐❝❛s✱ ♣♦✐s ❣❡r❛❧♠❡♥t❡ ✉t✐❧✐③❛♠ ♦♣❡✲
r❛çõ❡s ❝♦♠ ❝❤❛✈❡s ♠✉✐t♦ ❣r❛♥❞❡s✱ ❞❛ ♦r❞❡♠ ❞❡ ♠✐❧❤❛r❡s ❞❡ ❜✐ts❀



❈❆P❮❚❯▲❖ ✷✳ ❈❖◆❈❊■❚❖❙ ❉❊ ❈❘■P❚❖●❘❆❋■❆ ✷✵

• ♣❛r❛ ❡♥✈✐❛r ✉♠❛ ♠❡♥s❛❣❡♠ ❝✐❢r❛❞❛ ♣❛r❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❡♥t✐❞❛❞❡✱ t♦❞❛s ❛s ❞❡♠❛✐s
❡♥t✐❞❛❞❡s ✉s❛♠ ❛ ♠❡s♠❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛✱ q✉❡ ❢❛③ ♣❛r ❝♦♠ ❛ ❝❤❛✈❡ ♣r✐✈❛❞❛ ❞❛ ❡♥t✐❞❛❞❡
♣❛r❛ ❛ q✉❛❧ s❡ q✉❡r ❡♥✈✐❛r ❛ ♠❡♥s❛❣❡♠✳ ▲♦❣♦✱ ♣❛r❛ ✉♠ ❛♠❜✐❡♥t❡ ❝♦♠ x ❡♥t✐❞❛❞❡s✱
é ♥❡❝❡ssár✐♦ ❛♣❡♥❛s ✉♠❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ♣♦r ❡♥t✐❞❛❞❡✱ ♦✉ s❡❥❛✱ x ❝❤❛✈❡s ♣ú❜❧✐❝❛s ♥♦
t♦t❛❧ ❞❡✈❡♠ s❡r ❣❡r❡♥❝✐❛❞❛s✱ ♣❡r♠✐t✐♥❞♦ ♠❡❧❤♦r ❡s❝❛❧❛❜✐❧✐❞❛❞❡ ❡♠ ❛♠❜✐❡♥t❡s ❝♦♠
♠✉✐t♦s ✉s✉ár✐♦s✳

❆ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s

❉❡ ❢♦r♠❛ s✐♠✐❧❛r ❛s ❛ss✐♥❛t✉r❛s ❝✉rs✐✈❛s tr❛❞✐❝✐♦♥❛✐s✱ ❛ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s ♣❡r♠✐t❡♠ ✐❞❡♥✲
t✐✜❝❛r✱ ❝♦♠ ❛❧t❛ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ♦ ❛✉t♦r ❞❡ ✉♠❛ ♠❡♥s❛❣❡♠ ❛ss✐♥❛❞❛✳ ❉✐❢❡r❡♥t❡♠❡♥t❡ ❞❛s
❛ss✐♥❛t✉r❛s ❝✉rs✐✈❛s✱ ♣♦ré♠✱ ❛ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s ❞❡♣❡♥❞❡♠ ❞❛ ♠❡♥s❛❣❡♠ s❡♥❞♦ ❛ss✐♥❛❞❛✱
❛❧é♠ ❞♦ ❛✉t♦r ❞❛ ♠❡♥s❛❣❡♠✳ ■ss♦ s✐❣♥✐✜❝❛ q✉❡ s❡ ❛ ♠❡♥s❛❣❡♠ ❢♦r ❛❧t❡r❛❞❛✱ ❛ ❛ss✐♥❛t✉r❛
♥ã♦ é ♠❛✐s ✈á❧✐❞❛✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ❛tr❛✈és ❞❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ é ♣♦ssí✈❡❧ ❣❛r❛♥t✐r✱
❛❧é♠ ❛✉t❡♥t✐❝✐❞❛❞❡✱ ❛ ✐♥t❡❣r✐❞❛❞❡ ❞❛ ♠❡♥s❛❣❡♠✳

▼❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ❛ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s sã♦ ❝♦♥st✐t✉í❞❛s ❞❡ ✉♠ ♣❛r ❞❡ ♣r♦❝❡❞✐♠❡♥t♦s
s✐❣♥dA(x ) ❡ ✈❡reA(s , x ) t❛✐s q✉❡✿ ✭✐✮ dA ❡ eA sã♦ ❛s ❝❤❛✈❡s ♣r✐✈❛❞❛ ❡ ♣ú❜❧✐❝❛ ❞❛ ❡♥t✐❞❛❞❡
A❀ ✭✐✐✮ s✐❣♥dA(x ) é ❢✉♥çã♦ q✉❡ r❡t♦r♥❛ ✉♠❛ ❝❛❞❡✐❛ ❞❡ ❜✐ts s✱ ❝❤❛♠❛❞❛ ❞❡ ❛ss✐♥❛t✉r❛
❞❡ A ❡♠ x❀ ❡ ✭✐✐✐✮ ✈❡reA(s , x ) é ✉♠ ♣r❡❞✐❝❛❞♦ q✉❡ r❡t♦r♥❛ ✏✈❡r❞❛❞❡✐r♦✧ s❡✱ ❡ s♦♠❡♥t❡
s❡✱ s = s✐❣♥dA(x )✳ ❆ss✐♠ ❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ é ✉♠❛ ♣r♦✈❛ ❞❡ q✉❡ A ❝♦♥❢❡❝❝✐♦♥♦✉ ❛
❛ss✐♥❛t✉r❛ s ✉s❛♥❞♦ ♣❛r❛ ✐ss♦ x ❡ s✉❛ ❝❤❛✈❡ ♣r✐✈❛❞❛ dA✱ ♦ q✉❡ ✐♠♣♦ss✐❜✐❧✐t❛ q✉❡ A r❡♣✉❞✐❡
t❡r ❛ss✐♥❛❞♦ x✳

P❡❧♦ q✉❡ ❢♦✐ ❡①♣❧❛♥❛❞♦✱ é ♣♦ssí✈❡❧ ♣❡r❝❡❜❡r ♦✉tr❛ ❝❛r❛❝t❡ríst✐❝❛ ♣❡❝✉❧✐❛r às ❛ss✐♥❛t✉r❛s
❞✐❣✐t❛✐s✿ ❡❧❛s sã♦ ❜❛s❡❛❞❛s ♥❛ ♣♦ss❡ ❞❛ ❝❤❛✈❡ ♣r✐✈❛❞❛✳ ❙❡ ❇♦❜ t❛♠❜é♠ ❝♦♥❤❡❝❡ ❛ ❝❤❛✈❡
♣r✐✈❛❞❛ ❞❡ ❆❧✐❝❡✱ ❡♥tã♦ ♥ã♦ é ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r q✉❡♠ ❣❡r♦✉ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❛ss✐♥❛t✉r❛✳
❊ss❡ ♣❛r❛❞✐❣♠❛ é ❞✐❢❡r❡♥t❡ ❞❛s ❛ss✐♥❛t✉r❛s ❝✉rs✐✈❛s✱ ❡♠ q✉❡ ❛ ❛ss✐♥❛t✉r❛ ❞❡♣❡♥❞❡ ❞❛s
❝❛r❛❝t❡ríst✐❝❛s ❞♦ ✐♥❞✐✈í❞✉♦ ❡ ♥ã♦ ❞❡ ❛❧❣♦ q✉❡ s♦♠❡♥t❡ ❡❧❡ ♣♦ss✉✐✳

❚❛❧ ❝❛r❛❝t❡ríst✐❝❛ t❡♠ ✉♠❛ ✐♠♣❧✐❝❛çã♦ ❞❡ ♦r❞❡♠ ♣rát✐❝❛✿ ♣❛r❛ q✉❡ ❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡ ♥ã♦
r❡♣ú❞✐♦ s❡❥❛ ❛❧❝❛♥ç❛❞❛✱ é ♥❡❝❡ssár✐♦ ✉t✐❧✐③❛r ❛ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ✉♠ s❡❧♦
❝r♦♥♦❧ó❣✐❝♦ ✭s❡❝✉r❡ t✐♠❡st❛♠♣✮✱ ♦✉ s❡❥❛✱ ✉♠❛ ✐♥❞✐❝❛çã♦ ❞❡ t❡♠♣♦ ❛ss✐♥❛❞❛ ❞✐❣✐t❛❧♠❡♥t❡
♣♦r ✉♠❛ ❚❚P✳ ❈❛s♦ ♥ã♦ ❤♦✉✈❡ss❡ ♦ s❡❧♦ ❝r♦♥♦❧ó❣✐❝♦✱ ♣❛r❛ ♥❡❣❛r ✉♠❛ ❛ss✐♥❛t✉r❛✱ ❜❛st❛r✐❛
✉♠❛ ❡♥t✐❞❛❞❡ ❛❧❡❣❛r ♦ ❝♦♠♣r♦♠❡t✐♠❡♥t♦ ❞❛ s✉❛ ❝❤❛✈❡ ♣r✐✈❛❞❛✳ ◆❛ ❢❛❧t❛ ❞❛ ✐♥❞✐❝❛çã♦ ❞❡
t❡♠♣♦✱ ♥ã♦ ❤❛✈❡r✐❛ ❝♦♠♦ ❞✐st✐♥❣✉✐r✱ ❝♦♠♦ ❡①♣❧✐❝❛❞♦ ♥♦ ♣❛rá❣r❛❢♦ ❛♥t❡r✐♦r✱ q✉❡♠ ❛ss✐♥♦✉
❛ ♠❡♥s❛❣❡♠✳



❈❛♣ít✉❧♦ ✸

❱❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s

❊st❡ ❝❛♣ít✉❧♦ ❛❜♦r❞❛ ❛ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s✱ ♠❛✐s ♣r❡❝✐s❛♠❡♥t❡✱ ♦ ♣r♦❜❧❡♠❛
❞❡ ✈❛❧✐❞❛r t❛✐s ❝❡rt✐✜❝❛❞♦s✱ ❛s ✐♥❢r❛❡str✉t✉r❛s ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s ❡ ❛ ❞❡✜♥✐çã♦ ❞♦s ❝✉st♦s
❛ss♦❝✐❛❞♦s à ✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s✳

✸✳✶ ❉✐str✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s ❝r✐♣t♦❣rá✜❝❛s

❯♠ ❞♦s ♠❛✐s ✐♠♣♦rt❛♥t❡s ❛❧✐❝❡r❝❡s ❞❛ ❈r✐♣t♦❣r❛✜❛ ❡ ❞♦s s❡r✈✐ç♦s ❜❛s❡❛❞♦s ♥❡❧❛ é ❛ ❞✐s✲
tr✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s ❝r✐♣t♦❣rá✜❝❛s✳ ❙❡r✈✐ç♦s ❝♦♠♦ ❝♦♥✜❞❡♥❝✐❛❧✐❞❛❞❡✱ ✐♥t❡❣r✐❞❛❞❡✱ ❛✉t❡♥t✐✲
❝✐❞❛❞❡✱ ♥ã♦ r❡♣ú❞✐♦✱ ❡t❝✳ sã♦ ♣♦ssí✈❡✐s ❛♣❡♥❛s q✉❛♥❞♦ s❡ ❢❛③ ❝❡rt❛s s✉♣♦s✐çõ❡s s♦❜r❡ ❛s
❝❤❛✈❡s ❡♥✈♦❧✈✐❞❛s✳ P♦r ❡①❡♠♣❧♦✱ q✉❛♥❞♦ s❡ ❞✐③ q✉❡ ✉♠❛ ♠❡♥s❛❣❡♠ s❛t✐s❢❛③ ♦ r❡q✉✐s✐t♦ ❞❡
❝♦♥✜❞❡♥❝✐❛❧✐❞❛❞❡✱ ✉t✐❧✐③❛♥❞♦ ❛ té❝♥✐❝❛ ❞❡ ❝✐❢r❛♠❡♥t♦✱ ❡stá ✐♠♣❧í❝✐t♦ q✉❡ ❛♣❡♥❛s ♦s ✉s✉ár✐♦s
❛✉t♦r✐③❛❞♦s ♣♦ss✉❡♠ ❛ ❝❤❛✈❡ ♣❛r❛ ❞❡❝✐❢rá✲❧❛✳ ❈❛s♦ ❡ss❛ s✉♣♦s✐çã♦ ♥ã♦ s❡❥❛ ✈❡r❞❛❞❡✐r❛✱ ♥ã♦
❤á ❝♦♠♦ ❣❛r❛♥t✐r t❛❧ ♣r♦♣r✐❡❞❛❞❡✳ ❖ ♠❡s♠♦ ♦❝♦rr❡ q✉❛♥❞♦ s❡ ✉t✐❧✐③❛ ❛ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s✿
♦ ❝♦♥❝❡✐t♦ ❞❡ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ só t❡♠ ❡❢❡✐t♦ q✉❛♥❞♦ s❡ ❛ss✉♠❡ q✉❡ ♦ ✈❡r✐✜❝❛❞♦r t❡♠ ❛
❝❤❛✈❡ ♣ú❜❧✐❝❛ ❝♦rr❡t❛ ❞♦ ❛✉t♦r ❞❛ ❛ss✐♥❛t✉r❛ ❡ q✉❡ ❡ss❡ é ♦ ú♥✐❝♦ ❛ ♣♦ss✉✐r ❛ r❡s♣❡❝t✐✈❛
❝❤❛✈❡ ♣r✐✈❛❞❛✳

❆ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s ❝r✐♣t♦❣rá✜❝❛s t❛♠❜é♠ é ✉♠ ❞♦s ♣r♦❜❧❡♠❛s ♠❛✐s ❝♦♠♣❧❡①♦s
❞❛ ❈r✐♣t♦❣r❛✜❛ ♠♦❞❡r♥❛✳ ◗✉❛♥❞♦ s❡ ❝♦♥s✐❞❡r❛ ✉♠❛ ❝❤❛✈❡ s✐♠étr✐❝❛✱ ♦ ❝❛♥❛❧ ❛ s❡r ✉t✐❧✐✲
③❛❞♦ ♣❛r❛ ❛ s✉❛ ❞✐str✐❜✉✐çã♦ ❞❡✈❡ ♣r♦✈❡r t❛♥t♦ ❝♦♥✜❞❡♥❝✐❛❧✐❞❛❞❡ q✉❛♥t♦ ❛✉t❡♥t✐❝✐❞❛❞❡ ❞❛
❝❤❛✈❡✳ ❖ ❡st❛❜❡❧❡❝✐♠❡♥t♦ ❞❡ t❛❧ ❝❛♥❛❧ ♣♦❞❡ s❡ t♦r♥❛r ✉♠❛ t❛r❡❢❛ ❞✐❢í❝✐❧✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠
❛♠❜✐❡♥t❡s ❡♠ q✉❡ ❛s ♣❛rt❡s ❝♦♠✉♥✐❝❛♥t❡s ❡stã♦ ❣❡♦❣r❛✜❝❛♠❡♥t❡ ❞✐st❛♥t❡s✳ ❆❧é♠ ❞✐ss♦✱
q✉❛♥❞♦ s❡ ✉t✐❧✐③❛ ❝❤❛✈❡s s✐♠étr✐❝❛s✱ ❝❛❞❛ ❡♥t✐❞❛❞❡ ❞❡✈❡ ♠❛♥t❡r ✉♠❛ ❝❤❛✈❡✱ às ✈❡③❡s ❞✐❢❡✲
r❡♥t❡✱ ♣❛r❛ ❝❛❞❛ ❡♥t✐❞❛❞❡ ❝♦♠ ❛ q✉❛❧ ❞❡s❡❥❛ ♠❛♥t❡r ❝♦♠✉♥✐❝❛çã♦✳ ❊ss❛s ❝❛r❛❝t❡ríst✐❝❛s
t♦r♥❛♠ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s s✐♠étr✐❝❛s ❝♦♠♣❧✐❝❛❞❛ ❡ ♣♦✉❝♦ ❡s❝❛❧á✈❡❧✳ ❊♠ ✉♠❛ ■❈P
❝♦♠ n ❡♥t✐❞❛❞❡s✱ ♦ ♥ú♠❡r♦ ❞❡ ❝❤❛✈❡s ❛ s❡r ❣❡r❡♥❝✐❛❞♦ é nn−1

2
✱ ❝❛s♦s t♦❞❛s ❛s ❡♥t✐❞❛❞❡s

✐♥t❡r❛❥❛♠ ❡♥tr❡ s✐✳
P♦r ♦✉tr♦ ❧❛❞♦✱ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s é ♠❛✐s s✐♠♣❧❡s✳ ❈♦♠♦ ❛ ❝❤❛✈❡ ❛ s❡r

❞✐str✐❜✉í❞❛ é ♣ú❜❧✐❝❛✱ ♥ã♦ é ♥❡❝❡ssár✐♦ ✉t✐❧✐③❛r ✉♠ ❝❛♥❛❧ q✉❡ ❣❛r❛♥t❛ ❛ ❝♦♥✜❞❡♥❝✐❛❧✐❞❛❞❡
❞❡❧❛✳ ❆❧é♠ ❞✐ss♦✱ ❝❛❞❛ ❡♥t✐❞❛❞❡ ❞❡✈❡ ♠❛♥t❡r ❛♣❡♥❛s ✉♠ ♣❛r ❞❡ ❝❤❛✈❡s✱ ♣♦✐s ❛ ♠❡s♠❛
❝❤❛✈❡ ♣ú❜❧✐❝❛ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ✐♥t❡r❛❣✐r ❝♦♠ t♦❞❛s ❛s ♦✉tr❛s ❡♥t✐❞❛❞❡s✱ s❡❥❛ ♣❛r❛ ❝✐❢r❛r
♠❡♥s❛❣❡♥s ♦✉ ❝♦♥❢❡r✐r ❛ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s✳ ■ss♦ t♦r♥❛ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s

✷✶
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♠❛✐s ❡s❝❛❧á✈❡❧ ❞♦ q✉❡ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s s✐♠étr✐❝❛s✱ ✉♠❛ ✈❡③ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ♣❛r❡s
❞❡ ❝❤❛✈❡s ❛ s❡r ❣❡r❡♥❝✐❛❞♦ ❡♠ ✉♠❛ ■❈P ❝♦♠ n ❡♥t✐❞❛❞❡s✱ ✐♥t❡r❛❣✐♥❞♦ ❡♥tr❡ s✐✱ é ✐❣✉❛❧ ❛
n✳

❊♠❜♦r❛ à ♣r✐♠❡✐r❛ ✈✐st❛ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s ♣❛r❡ç❛ s❡r tr✐✈✐❛❧✱ ❛✐♥❞❛ é
♥❡❝❡ssár✐♦ ❣❛r❛♥t✐r ❛ ❛✉t❡♥t✐❝✐❞❛❞❡ ❞❛ ❝❤❛✈❡✳ ❈❛s♦ ❝♦♥trár✐♦✱ ♥✉♠❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡
❞✉❛s ♣❛rt❡s✱ ✉♠ ✐♥tr✉s♦ ❤♦st✐❧ ♣♦❞❡r✐❛ s✉❜st✐t✉✐r ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❞❡ ✉♠❛ ❞❡❧❛s ♣❡❧❛ s✉❛✱
t♦r♥❛♥❞♦✲♦ ❛♣t♦ ❛ ❧❡r ♠❡♥s❛❣❡♥s ❞❡st✐♥❛❞❛s à ♣❛rt❡ ❡♠ q✉❡stã♦ ♦✉ ❛té ♠❡s♠♦ s❡ ♣❛ss❛r
♣♦r ✉♠❛ ❞❡❧❛s ♣❡r❛♥t❡ ❛ ♦✉tr❛✳ P♦r ❡①❡♠♣❧♦✱ s✉♣♦♥❤❛ q✉❡ ❇♦❜ ✈❛✐ ❡♥✈✐❛r ✉♠❛ ♠❡♥s❛❣❡♠
s❡❝r❡t❛ ♣❛r❛ ❆❧✐❝❡ ✭❝✉❥❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ é e✮✳ ❇♦❜✱ ❛tr❛✈és ❞❡ ✉♠ ❝❛♥❛❧ s❡♠ ❣❛r❛♥t✐❛ ❞❡
❛✉t❡♥t✐❝✐❞❛❞❡✱ ♦❜té♠ ❛ ❝❤❛✈❡ e′✱ ❢♦r♥❡❝✐❞❛ ♣❡❧♦ ✐♥tr✉s♦ ❝♦♠♦ s❡ ❢♦ss❡ ❛ ❝❤❛✈❡ ❞❡ ❆❧✐❝❡✳
❇♦❜ ♥ã♦ t❡♠ ❝♦♠♦ ✐❞❡♥t✐✜❝❛r q✉❡ ❛ ❝❤❛✈❡ ❢♦✐ ♠✉❞❛❞❛✳ ❊❧❡ ❝✐❢r❛ ❛ ♠❡♥s❛❣❡♠ ❝♦♠ e′ ❡ ❛
❡♥✈✐❛ ♣❛r❛ ❆❧✐❝❡✳ ❖ ✐♥tr✉s♦ ❛❣♦r❛ ❡stá ❛♣t♦ ❛ ❞❡❝✐❢r❛r ❛ ♠❡♥s❛❣❡♠ ❞❡ ❇♦❜ ♣❛r❛ ❆❧✐❝❡✱
♣♦✐s ♣♦ss✉✐ ❛ ❝❤❛✈❡ ♣r✐✈❛❞❛ r❡❢❡r❡♥t❡ à ❝❤❛✈❡ ♣ú❜❧✐❝❛ e′✳ P❛r❛ q✉❡ ♥ã♦ s❡❥❛ ♣❡r❝❡❜✐❞♦✱ ❡❧❡
t❛♠❜é♠ ❡♥✈✐❛ ❛ ♠❡♥s❛❣❡♠ ♣❛r❛ ❆❧✐❝❡✱ ❝✐❢r❛❞❛ ❝♦♠ ❛ ❝❤❛✈❡ e✳ ❊ss❡ ❛t❛q✉❡ é ❝♦♥❤❡❝✐❞♦
❝♦♠♦ ❛t❛q✉❡ ❞♦ ❤♦♠❡♠ ❞♦ ♠❡✐♦ ✭♠❛♥✲✐♥✲t❤❡✲♠✐❞❞❧❡✮ ❬✷✶❪✳

▲♦❣♦✱ ❤á ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ❣❛r❛♥t✐r ❛ ❛✉t❡♥t✐❝✐❞❛❞❡ ❞❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛✱ ❞❡ ❢♦r♠❛ q✉❡
q✉❡♠ ❛ r❡❝❡❜❛ t❡♥❤❛ ❝♦♠♦ ✈❡r✐✜❝❛r q✉❡ ❡❧❛ r❡❛❧♠❡♥t❡ ♣❡rt❡♥❝❡ à ❡♥t✐❞❛❞❡ q✉❡ s❡ ❞✐③ ❞♦♥❛
❞❡❧❛✳ ❖✉ s❡❥❛✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s s❡ r❡❞✉③ ❛ ✉♠ ♣r♦❜❧❡♠❛ ❞❡
❛✉t❡♥t✐❝❛çã♦ ❬✷✶❪✳

❯♠❛ ❝❧❛ss❡ ❞❡ ♠❡❝❛♥✐s♠♦s ❞❡ ❛✉t❡♥t✐❝❛çã♦ q✉❡ tê♠ s✐❞♦ ❧❛r❣❛♠❡♥t❡ ✉t✐❧✐③❛❞❛ é ❛
❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ♣♦r t❡r❝❡✐r❛s ♣❛rt❡s ❝♦♥✜á✈❡✐s ✭❚P❈s✮ ♦✉✱ ❡♠ ✐♥❣❧ês✱ tr✉st❡❞
t❤✐r❞ ♣❛rt✐❡s ✭❚❚Ps✮✳ ❖ ♣r✐♥❝í♣✐♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ss❡s ♠❡❝❛♥✐s♠♦s é ❛ ❚❚P ✈❛❧✐❞❛r
✉♠❛ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❡ ✉♠❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡❧❛✱ ♣♦r ❡①❡♠♣❧♦✱ ❛ ✐❞❡♥t✐❞❛❞❡ ❞❛
❡♥t✐❞❛❞❡ q✉❡ ♣♦ss✉✐ ❛ ❝❤❛✈❡ ♣r✐✈❛❞❛ ❝♦rr❡s♣♦♥❞❡♥t❡✱ ❛tr❛✈és ❞❛ ❡♠✐ssã♦ ❞❡ ✉♠ ❝❡rt✐✜❝❛❞♦
❞✐❣✐t❛❧ ✭✈❡r ❙❡çã♦ ✸✳✷ ♣❛r❛ ♠❛✐♦r❡s ❞❡t❛❧❤❡s✮✳ ❊♥tr❡ ❡ss❡s ♠❡❝❛♥✐s♠♦s ❡stã♦ ♦ Pr❡tt② ●♦♦❞

Pr✐✈❛❝② ✭P●P✮ ❬✼❪ ❡ ♦ ❳✳✺✵✾ ❬✶✺❪✳
❊s♣❡❝✐✜❝❛♠❡♥t❡ ♣❛r❛ ♦ ♣❛❞rã♦ ❳✳✺✵✾✱ ❛ ♦❜t❡♥çã♦ ❞❡ ✉♠❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❞❡ ✉♠❛ ❡♥t✐✲

❞❛❞❡ ❝♦♥s✐st❡ ❡♠ ♦❜t❡r ♦ ❝❡rt✐✜❝❛❞♦ ❞❛q✉❡❧❛ ❡♥t✐❞❛❞❡ ❡ ✈❛❧✐❞á✲❧♦✳ P♦❞❡✲s❡ ❞✐③❡r✱ ❛ ❣r♦ss♦
♠♦❞♦✱ q✉❡ ♥❡ss❡ ❝❛s♦✱ ♦ ♣r♦❜❧❡♠❛ ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s r❡str✐♥❣❡✲s❡ ❛♦ ♣r♦✲
❜❧❡♠❛ ❞❡ ✈❛❧✐❞❛r ✉♠ ❝❡rt✐✜❝❛❞♦✳ ❆ ❙❡çã♦ ✸✳✷ ❞❡✜♥❡ ❡ ❝❛r❛❝t❡r✐③❛ ♦ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ❡
❛ ❙❡çã♦ ✸✳✸ ❛♣r❡s❡♥t❛ ♦ ♣r♦❜❧❡♠❛ ❞❛ ✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s✳

P❛r❛ ✜♥❛❧✐③❛r✱ ♦ ❧❡✐t♦r ❞❡✈❡ ♦❜s❡r✈❛r q✉❡ ✉♠❛ ✈❡③ q✉❡ ❞✉❛s ❡♥t✐❞❛❞❡s t❡♥❤❛♠ tr♦❝❛❞♦
s✉❛s ❝❤❛✈❡s ♣ú❜❧✐❝❛s✱ ❡❧❛s ♣♦❞❡♠ ❡st❛❜❡❧❡❝❡r ❝❤❛✈❡s s✐♠étr✐❝❛s ❞❡ ❢♦r♠❛ ❞✐r❡t❛ ❡ s✐♠♣❧❡s✳
❯t✐❧✐③❛♥❞♦✲s❡ ❛❧❣♦r✐t♠♦s ❞❡ ❝❤❛✈❡ ♣ú❜❧✐❝❛✱ é ♣♦ssí✈❡❧ ❝✐❢r❛r ✭❝♦♥✜❞❡♥❝✐❛❧✐❞❛❞❡✮ ❡ ❛ss✐♥❛r
✭❛✉t❡♥t✐❝✐❞❛❞❡✮ ✉♠❛ ❝❤❛✈❡ s✐♠étr✐❝❛ ❡ tr❛♥s♠✐t✐✲❧❛ à ♦✉tr❛ ♣❛rt❡ ✐♥t❡r❡ss❛❞❛✳ ❊ss❡ ♣r♦❝❡✲
❞✐♠❡♥t♦ ♥❡❝❡ss✐t❛ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♠út✉♦ ❞❛s ❝❤❛✈❡s ♣ú❜❧✐❝❛s ❞❛s ❡♥t✐❞❛❞❡s ♣❛rt✐❝✐♣❛♥t❡s✳
❖ ❞❡st✐♥❛tár✐♦ ❞❡✈❡ ❝♦♥❤❡❝❡r ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❞♦ ❡♠✐ss♦r ♣❛r❛ ✈❡r✐✜❝❛r ❛ ❛ss✐♥❛t✉r❛ ❡ ♦
❡♠✐ss♦r ❞❡✈❡ ❝♦♥❤❡❝❡r ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❞♦ ❞❡st✐♥❛tár✐♦ ♣❛r❛ ❝✐❢r❛r ❛ ♠❡♥s❛❣❡♠✳

✸✳✷ ❈❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s

❈❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s sã♦ ❝r❡❞❡♥❝✐❛s ❡❧❡trô♥✐❝❛s✱ ❝♦♠♣♦st♦s ❞❡ ✉♠ ❝♦♥t❡ú❞♦ ✭Cont c✮ ❡
✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ ✭Sigc✮✱ ❣❡r❛❞❛ ♣♦r ✉♠❛ ❚❚P s♦❜r❡ ♦ r❡s✉♠♦ ❝r✐♣t♦❣rá✜❝♦ ❞❡ t❛❧
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❝♦♥t❡ú❞♦✳ ❆ ❋✐❣✉r❛ ✸✳✶ ♠♦str❛ ❣r❛✜❝❛♠❡♥t❡ ❛ ❡str✉t✉r❛ ❞❡ ✉♠ ❝❡rt✐✜❝❛❞♦✳ ❆ ❛ss✐♥❛t✉r❛
❞✐❣✐t❛❧ é ♥❡❝❡ssár✐❛ ♣❛r❛ ❣❛r❛♥t✐r ❛ ❛✉t❡♥t✐❝✐❞❛❞❡ ❞♦ ❝♦♥t❡ú❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦✳ ❖ ❝♦♥t❡ú❞♦
é ❛ ❝♦♥❝❛t❡♥❛çã♦ ❞❡ ♠❡t❛❞❛❞♦s ✭❝♦♠♦ ✈❡rsã♦✱ ❡♠✐ss♦r✱ ♥ú♠❡r♦ ❞❡ sér✐❡ ❡ ❞❛t❛ ❞❡ ✈❛❧✐❞❛❞❡
♦✉ ♣❡rí♦❞♦✮ ❡ ✉♠❛ ❛ss♦❝✐❛çã♦ q✉❡ ❞❡♣❡♥❞❡ ❞❛ ❝❛t❡❣♦r✐❛ ❞♦ ❝❡rt✐✜❝❛❞♦✳

❋✐❣✉r❛ ✸✳✶✿ ❈❡rt✐✜❝❛❞♦ ❞✐❣✐t❛❧

❊①✐st❡♠ três ❝❛t❡❣♦r✐❛s ❞❡ ❝❡rt✐✜❝❛❞♦s✿ ❝❡rt✐✜❝❛❞♦s ❞❡ ✐❞❡♥t✐❞❛❞❡ ✭✐❞❡♥t✐t② ❝❡rt✐✜✲

❝❛t❡s✮✱ ❝❡rt✐✜❝❛❞♦s ❞❡ ❛✉t♦r✐③❛çã♦ ✭❛✉t❤♦r✐t② ❝❡rt✐✜❝❛t❡s✮ ❡ ❝❡rt✐✜❝❛❞♦s ❞❡ ❛tr✐❜✉✲
t♦s ✭❛ttr✐❜✉t❡ ❝❡rt✐✜❝❛t❡s✮✳

❖s ❝❡rt✐✜❝❛❞♦s ❞❡ ✐❞❡♥t✐❞❛❞❡ ❡st❛❜❡❧❡❝❡♠ ✉♠❛ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ✉♠❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❡
❛ ✐❞❡♥t✐❞❛❞❡ ❞♦ s❡✉ t✐t✉❧❛r✱ q✉❡ ❝♦♥s✐st❡ ❡♠ ✐♥❢♦r♠❛çõ❡s q✉❡ t♦r♥❛♠ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r
♦ t✐t✉❧❛r ✉♥✐❝❛♠❡♥t❡✳ ❖ ♣❛❞rã♦ ❳✳✺✵✾✱ ❝✉❥♦s ❝❡rt✐✜❝❛❞♦s sã♦ ♦s ♣r✐♥❝✐♣❛✐s r❡♣r❡s❡♥t❛♥t❡s
❞❡ss❛ ❝❛t❡❣♦r✐❛✱ ♣r♦♣õ❡♠ q✉❡ s❡❥❛ ✉t✐❧✐③❛❞♦ ❝♦♠♦ ✐❞❡♥t✐❞❛❞❡ ✉♠ ♥♦♠❡ ❣❧♦❜❛❧♠❡♥t❡ ú♥✐❝♦
✭❞✐st✐♥❣✉✐s❤❡❞ ♥❛♠❡✮✳

❖s ❝❡rt✐✜❝❛❞♦s ❞❡ ❛✉t♦r✐③❛çã♦ ❞❡✜♥❡♠ ✉♠❛ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❡ ✉♠❛
❛✉t♦r✐③❛çã♦ ❞❛❞❛ ❛♦ ♣♦rt❛❞♦r ❞❛ ❝❤❛✈❡ ♣r✐✈❛❞❛ ❝♦rr❡s♣♦♥❞❡♥t❡ à ❝❤❛✈❡ ♣ú❜❧✐❝❛ ♣❛r❛ r❡❛✲
❧✐③❛r ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❛çã♦✳ ❖s ♣r✐♥❝✐♣❛✐s r❡♣r❡s❡♥t❛♥t❡s ❞❡ss❛ ❝❧❛ss❡ sã♦ ♦s ❝❡rt✐✜❝❛❞♦s
❞❡✜♥✐❞♦s ♣❡❧♦ ❙✐♠♣❧❡ ■♥❢r❛str✉❝t✉r❡ P✉❜❧✐❝ ❑❡② ✭❙P❑■✴❙❉❙■✮ ❬✶✷❪✳

❋✐♥❛❧♠❡♥t❡✱ ♦s ❝❡rt✐✜❝❛❞♦s ❞❡ ❛tr✐❜✉t♦ sã♦ ❛q✉❡❧❡s q✉❡ ❡st❛❜❡❧❡❝❡♠ ✉♠❛ ❛ss♦❝✐❛çã♦
❡♥tr❡ ✉♠ ❛tr✐❜✉t♦ ❡ ❛ ✐❞❡♥t✐❞❛❞❡ ❞❛ ❡♥t✐❞❛❞❡✳ ❖❜s❡r✈❡ q✉❡ q✉❛♥❞♦ ♦ ❛tr✐❜✉t♦ é ✉♠❛
❛✉t♦r✐③❛çã♦✱ ❝♦♠❜✐♥❛♥❞♦ ♦ ❝❡rt✐✜❝❛❞♦ ❞❡ ❛tr✐❜✉t♦ ❡ ♦ r❡s♣❡❝t✐✈♦ ❝❡rt✐✜❝❛❞♦ ❞❡ ✐❞❡♥t✐❞❛❞❡✱
♦❜té♠✲s❡ ✉♠❛ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ❛ ❛✉t♦r✐③❛çã♦ ❡ ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛✳

✸✳✸ ❖ ♣r♦❜❧❡♠❛ ❞❛ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s

❖ ♣r♦❜❧❡♠❛ ❞❛ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ❝♦♥s✐st❡ ❡♠ ✈❡r✐✜❝❛r q✉❡✱ ❡♠ ✉♠ ❞❡t❡r✲
♠✐♥❛❞♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦✱ ❛ ❛ss♦❝✐❛çã♦ ❡st❛❜❡❧❡❝✐❞❛ ♣❡❧♦ ❝❡rt✐✜❝❛❞♦ é ✈á❧✐❞❛✳ P❛r❛ t❛❧ é
♥❡❝❡ssár✐♦✿

• ✈❡r✐✜❝❛çã♦ ❞❡ ❛✉t❡♥t✐❝✐❞❛❞❡✿ ❝♦♥s✐st❡ ❡♠ ❞❡t❡r♠✐♥❛r s❡ ♦ ❝❡rt✐✜❝❛❞♦ r❡❛❧♠❡♥t❡
❢♦✐ ❡♠✐t✐❞♦ ♣♦r ✉♠❛ ❡♥t✐❞❛❞❡ ❝♦♥✜á✈❡❧ ❡ s❡ ♦ s❡✉ ❝♦♥t❡ú❞♦ ♥ã♦ ❢♦✐ ❛❧t❡r❛❞♦✱ s❡❥❛



❈❆P❮❚❯▲❖ ✸✳ ❱❆▲■❉❆➬➹❖ ❉❊ ❈❊❘❚■❋■❈❆❉❖❙ ❉■●■❚❆■❙ ✷✹

❞❡ ❢♦r♠❛ ❛❝✐❞❡♥t❛❧ ♦✉ ✐♥❞✉③✐❞❛ ♣♦r ✉♠ ✐♥tr✉s♦✳ ■ss♦ ✐♠♣❡❞❡✱ ♣♦r ❡①❡♠♣❧♦✱ q✉❡ ✉♠
✐♥tr✉s♦ ♣♦ss❛ s✉❜st✐t✉✐r ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❧❡❣ít✐♠❛ ❞❛ ❡♥t✐❞❛❞❡ ♣❛r❛ ❛ q✉❛❧ ♦ ❝❡rt✐✜❝❛❞♦
❢♦✐ ❡♠✐t✐❞♦ ♣❡❧❛ ❞❡❧❡ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❡st❡❥❛ ❛♣t♦ ❛ s❡r ♣❛ss❛r ♣♦r t❛❧ ❡♥t✐❞❛❞❡✱
s❡❥❛ ❛ss✐♥❛♥❞♦ ❞♦❝✉♠❡♥t♦s ♦✉ ❞❡❝✐❢r❛♥❞♦ ♠❡♥s❛❣❡♥s❀

• ✈❡r✐✜❝❛çã♦ ❞❡ ❡st❛❞♦✿ ❛♦ ❡♠✐t✐r ✉♠ ❝❡rt✐✜❝❛❞♦✱ ♦ ❡♠✐ss♦r ❞❡t❡r♠✐♥❛ ♦ ♣r❛③♦
❞❡ ✈❛❧✐❞❛❞❡ ❞♦ ♠❡s♠♦✱ ✐st♦ é✱ ♦ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦ ❡♠ q✉❡ ♦ ❝❡rt✐✜❝❛❞♦ ♣♦❞❡ s❡r
✉t✐❧✐③❛❞♦✱ s♦❜ ❝♦♥❞✐çõ❡s ♥♦r♠❛✐s✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ♦ ❡♠✐ss♦r t❛♠❜é♠ ❞❡t❡r♠✐♥❛
♦ ♣❡rí♦❞♦ ❡♠ q✉❡ ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛✳ ❆♣ós ❡ss❡ ♣r❛③♦✱ ♦ ❝❡rt✐✜❝❛❞♦
♣❡r❞❡ s✉❛ ✈❛❧✐❞❛❞❡ ✭❡①♣✐r❛✮ ❡ ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ♥ã♦ ❞❡✈❡ ♠❛✐s s❡r ✉t✐❧✐③❛❞❛✱ ❡①❝❡t♦
♣❛r❛ ❡✈❡♥t♦s q✉❡ t❡♥❤❛♠ ♦❝♦rr✐❞♦ ♥♦ ♣❛ss❛❞♦✱ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ ✈❛❧✐❞❛❞❡ ❞♦
❝❡rt✐✜❝❛❞♦✳ ❆ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ♣♦❞❡ ✈♦❧t❛r ❛ s❡r ✉t✐❧✐③❛❞❛ s❡ ♦✉tr♦ ❝❡rt✐✜❝❛❞♦ ❢♦r
❡♠✐t✐❞♦ ♣❛r❛ ❡❧❛✳

◆♦ ❡♥t❛♥t♦✱ ♥♦ ❞❡❝♦rr❡r ❞♦ ♣r❛③♦ ❞❡ ✈❛❧✐❞❛❞❡ ❞❡ ✉♠ ❝❡rt✐✜❝❛❞♦✱ ♣♦❞❡♠ ♦❝♦rr❡r
❡✈❡♥t♦s✱ ❢♦r❛ ❞♦ ❝♦♥tr♦❧❡ ❞♦ ❡♠✐ss♦r✱ q✉❡ ✐♠♣❧✐q✉❡♠ ♥❛ ✐♥✈❛❧✐❞❛çã♦ ❞❛ ❛ss♦❝✐❛çã♦
❡st❛❜❡❧❡❝✐❞❛ ♣❡❧♦ ❝❡rt✐✜❝❛❞♦ ❛♥t❡s ❞♦ ♠❡s♠♦ ❡①♣✐r❛r✳ ◆❡ss❡ ❝❛s♦✱ ♦ ❝❡rt✐✜❝❛❞♦ ❞❡✈❡
s❡r r❡✈♦❣❛❞♦✳ ❉❡✈❡✲s❡ ❞❡✐①❛r ❜❡♠ ❝❧❛r❛ ❛ ❞✐st✐♥çã♦ ❡♥tr❡ ❡①♣✐r❛çã♦ ❡ r❡✈♦❣❛çã♦✳
❊♠❜♦r❛ ❡♠ ❛♠❜♦s ♦s ❝❛s♦s ❛ ❛ss♦❝✐❛çã♦ ❞❡t❡r♠✐♥❛❞❛ ♣❡❧♦ ❝❡rt✐✜❝❛❞♦ ♥ã♦ é ♠❛✐s
✈á❧✐❞❛✱ ♥♦ ♣r✐♠❡✐r♦ ❝❛s♦✱ ✐ss♦ ♦❝♦rr❡ s♦❜ ❝♦♥tr♦❧❡ ❞♦ ❡♠✐ss♦r✱ ♥✉♠ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦
❞❡t❡r♠✐♥❛❞♦ ❡ s✉❛ ♦❝♦rrê♥❝✐❛ ♣♦❞❡ s❡r ❞❡t❡r♠✐♥❛❞❛ ❛tr❛✈és ❞❛ ♦❜s❡r✈❛çã♦ ❞♦ ❝❡rt✐✲
✜❝❛❞♦✳ ◆♦ s❡❣✉♥❞♦✱ ✐ss♦ ♦❝♦rr❡ ❛ q✉❛❧q✉❡r ♠♦♠❡♥t♦✱ ❢♦r❛ ❞♦ ❝♦♥tr♦❧❡ ❞♦ ❡♠✐ss♦r ❡
❡ss❛ ♦❝♦rrê♥❝✐❛ ♥ã♦ ♣♦❞❡ s❡r ❞❡t❡r♠✐♥❛❞❛ ♣❡❧❛ s✐♠♣❧❡s ♦❜s❡r✈❛çã♦ ❞♦ ❝❡rt✐✜❝❛❞♦✳

❉❛❞❛s ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ r❡✈♦❣❛çã♦✱ s❡♠♣r❡ q✉❡ ♦ ✈❡r✐✜❝❛❞♦r ❢♦r ✉t✐❧✐③❛r ♦ ❝❡rt✐✜✲
❝❛❞♦✱ ❡❧❡ ❞❡✈❡ ✐♥q✉✐r✐r ♦ ❡♠✐ss♦r ❞♦ ♠❡s♠♦ ✭♦✉ ❛ ❡♥t✐❞❛❞❡ q✉❡ r❡❝❡❜❡✉ ❛ ❞❡❧❡❣❛çã♦
❞♦ ❡♠✐ss♦r✮ s♦❜r❡ ♦ ❡st❛❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦✱ ✐st♦ é✱ s❡ ❢♦✐ ♦✉ ♥ã♦ r❡✈♦❣❛❞♦✳ ❖s ♠é✲
t♦❞♦s q✉❡ ♣♦ss✐❜✐❧✐t❛♠ t❛❧ ♦♣❡r❛çã♦ r❡❝❡❜❡♠ ♦ ♥♦♠❡ ❞❡ ♠❡❝❛♥✐s♠♦s ❞❡ ✈❡r✐✜❝❛çã♦
❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ✭✈❡r ❙❡çã♦ ✹✳✶✮✳ ❆ ✐♥❢♦r♠❛çã♦ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t❛✱ ❞✐s✲
♣♦♥✐❜✐❧✐③❛❞❛ ♣❡❧♦ ❡♠✐ss♦r✱ ❞❡♥♦♠✐♥❛✲s❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✳ ❖ s❡r✈✐❞♦r
❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ é ❛ ❡♥t✐❞❛❞❡ r❡s♣♦♥sá✈❡❧ ♣♦r ❞✐s♣♦♥✐❜✐❧✐③❛r t❛✐s
✐♥❢♦r♠❛çõ❡s ♣❛r❛ ♦s ✈❡r✐✜❝❛❞♦r❡s❀

• ♣r♦❝❡ss❛♠❡♥t♦✿ ❣❡r❛❧♠❡♥t❡✱ ♦ ❝❡rt✐✜❝❛❞♦ ❝♦♥té♠ ♠❡t❛✲✐♥❢♦r♠❛çã♦ q✉❡ ❞❡✈❡ s❡r
♣r♦❝❡ss❛❞❛ ♣❛r❛ ❛ ❝♦rr❡t❛ ✈❛❧✐❞❛çã♦ ❞♦ ♠❡s♠♦✳ P♦r ❡①❡♠♣❧♦✱ ♦ ❝❡rt✐✜❝❛❞♦ ♣♦❞❡
❝♦♥t❡r ♣♦❧ít✐❝❛s r❡❧❛t✐✈❛s à ❡♠✐ssã♦✴✈❡r✐✜❝❛çã♦ ❞♦ ❝❡rt✐✜❝❛❞♦✱ r❡str✐çõ❡s ❞❡ ✉s♦✱ ♣r❛③♦
❞❡ ✈❛❧✐❞❛❞❡✱ ❡t❝✳ ❯♠❛ ✈❡③ q✉❡ t❛✐s ❝❛r❛❝t❡ríst✐❝❛s ♥ã♦ ❡stã♦ ❞✐r❡t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞❛s
à ❝r✐♣t♦❣r❛✜❛✱ ♠❛s s✐♠ ❛ q✉❡stõ❡s ❛❞♠✐♥✐str❛t✐✈❛s ❡ ❣❡r❡♥❝✐❛✐s✱ ❡❧❛s ♥ã♦ s❡rã♦ ♠❛✐s
tr❛t❛❞❛s ♥❡ss❡ tr❛❜❛❧❤♦✳ ❊♠ r❡❧❛çã♦ ❛♦ ♠♦❞❡❧♦ ❳✳✺✵✾✱ ❡ss❛ q✉❡stã♦ é ❛❜♦r❞❛❞❛ ♣♦r
❍♦✉s❧❡② ❡t ❛❧ ❬✶✺❪✱ t❛♥t♦ ♥♦ q✉❡ t❛♥❣❡ às ❡①t❡♥sõ❡s ❛❝r❡s❝✐❞❛s ❛♦s ❝❡rt✐✜❝❛❞♦s q✉❛♥t♦
❛♦ ❛❧❣♦r✐t♠♦ ✉t✐❧✐③❛❞♦ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦✳

P❛r❛ t♦r♥❛r ♠❛✐s ❝❧❛r❛ ❛ ✐❞❡✐❛✱ ❝♦♥s✐❞❡r❡ ♦ ❡①❡♠♣❧♦ ❡♠ q✉❡ ❛ ❡♥t✐❞❛❞❡ A t❡♥❤❛ ❡♠✐t✐❞♦
♦ ❝❡rt✐✜❝❛❞♦ c❀ ♦ ✈❡r✐✜❝❛❞♦r V ♣♦ss✉❛ ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❞❡ A ❡ ❝♦♥✜❡ ❡♠ A❀ ❛✐♥❞❛✱ q✉❡ ♦
✈❡r✐✜❝❛❞♦r ♣♦ss✉❛ ♦ ❝❡rt✐✜❝❛❞♦ c ❡ ❛ r❡s♣❡❝t✐✈❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ir c✳ ◆❡ss❡ ❝❛s♦✱
♦s ♣r♦❝❡❞✐♠❡♥t♦s ♣❛r❛ ✈❛❧✐❞❛r c sã♦✿
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• ❛ ✈❡r✐✜❝❛çã♦ ❞❛ s✉❛ ❛✉t❡♥t✐❝✐❞❛❞❡✱ ❡❢❡t✉❛❞❛ ❛tr❛✈és ❞❛ ❝♦♥❢❡rê♥❝✐❛ ❞❛ ❛ss✐♥❛t✉r❛ ❞❛
❆❈ ❡♠✐ss♦r❛ ❝♦♥t✐❞❛ ❡♠ c❀

• ❛ ✈❡r✐✜❝❛çã♦ ❞♦ s❡✉ ❡st❛❞♦✱ ❢❡✐t❛ ❛tr❛✈és ❞❛ ❝♦♥s✉❧t❛ ❞❡ ir c✱ ❝♦♠♦ ❞❡s❝r✐t♦ ♥❛ ❙❡✲
çã♦ ✹✳✶❀

• ♦ s❡✉ ♣r♦❝❡ss❛♠❡♥t♦✱ ❛tr❛✈és ❞❛ ❛♥á❧✐s❡ ❞❡ s❡✉s ♠❡t❛❞❛❞♦s✳

❖ ❡①❡♠♣❧♦ ❛❝✐♠❛ é ✉♠❛ ✈✐sã♦ s✐♠♣❧✐✜❝❛❞❛ ❞♦ ♣r♦❜❧❡♠❛ ❡ ❞❡ s✉❛ s♦❧✉çã♦✳ ❊s♣❡❝✐✜❝❛✲
♠❡♥t❡✿

• ❡①✐st❡ ✉♠❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ❞✐s♣♦♥í✈❡❧✱ ir c✳ ◆✉♠ ❛♠❜✐❡♥t❡ r❡❛❧✱ ❡ss❛ ✐♥✲
❢♦r♠❛çã♦ ❞❡✈❡ s❡r ♦❜t✐❞❛ ❛tr❛✈és ❞❡ ✉♠ ♠❡❝❛♥✐s♠♦ ❡s♣❡❝í✜❝♦✱ t❛❧ ❝♦♠♦ ▲❈❘s ❬✶✺❪✱
❖❈❙P ❬✷✼❪✱ ◆❖❱❖▼❖❉❖ ❬✷✻❪✱ ❡t❝✳ ❊ss❡s ♠❡❝❛♥✐s♠♦s s❡rã♦ ❡st✉❞❛❞♦s ♥❛ ❙❡çã♦ ✹✳✶✳
❆s ✐♥❢♦r♠❛çõ❡s r❡❧❛t✐✈❛s ❛♦ ♠❡❝❛♥✐s♠♦ ❞❡ r❡✈♦❣❛çã♦ sã♦ ✐♥❝❧✉í❞❛s ♥♦s ❝❡rt✐✜❝❛❞♦s✱
❣❡r❛❧♠❡♥t❡ ❛tr❛✈és ❞❡ ❡①t❡♥sõ❡s ❬✼✱ ✶✺❪❀

• sã♦ s❛t✐s❢❡✐t❛s ❛s ❝♦♥❞✐çõ❡s ✏♦ ✈❡r✐✜❝❛❞♦r ❝♦♥✜❛ ❡♠ A✑ ❡ ✏♦ ✈❡r✐✜❝❛❞♦r ♣♦ss✉✐ ❛ ❝❤❛✈❡
♣ú❜❧✐❝❛ ❞❡ A✑✱ ♣♦♥t♦ ♥♦ q✉❛❧ ❡stá ❛ ♣r✐♥❝✐♣❛❧ s✐♠♣❧✐✜❝❛çã♦ ❢❡✐t❛ ♥♦ ❡①❡♠♣❧♦ ❛♥t❡r✐♦r✳
❖ ❡st❛❜❡❧❡❝✐♠❡♥t♦ ❞❛s r❡❧❛çõ❡s ❞❡ ❝♦♥✜❛♥ç❛ ❡ ❛ ♦❜t❡♥çã♦ ❞❛s ❝❤❛✈❡s ♣ú❜❧✐❝❛s ❞❛s
❡♥t✐❞❛❞❡s ❡♠✐ss♦r❛s sã♦ ❝♦♠♣❧❡①❛s✳ ❊❧❛s s❡rã♦ ❛❜♦r❞❛❞❛s ♥❛ ❙❡çã♦ ✸✳✹✱ ♦♥❞❡ s❡rá
❞✐s❝✉t✐❞♦ ♦ ❝♦♥❝❡✐t♦ ❞❡ ✐♥❢r❛❡str✉t✉r❛ ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s ✭■❈Ps✮✳

✸✳✹ ■♥❢r❛✲❡str✉t✉r❛s ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s

◆♦ ❡①❡♠♣❧♦ ❛♥t❡r✐♦r✱ ❛s ♣ré✲❝♦♥❞✐çõ❡s ❡r❛♠✿ ♦ ✈❡r✐✜❝❛❞♦r ❝♦♥✜❛ ♥❛ ❡♥t✐❞❛❞❡ q✉❡ ❡♠✐t✐✉
♦ ❝❡rt✐✜❝❛❞♦ ❡ ♣♦ss✉✐ ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❞❡❧❛✳ ❙❛t✐s❢❛③❡r ❡ss❛s ❝♦♥❞✐çõ❡s ♥ã♦ é s✐♠♣❧❡s✱
♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ ❛♠❜✐❡♥t❡s r❡❛✐s✳ ❯♠ ❞♦s ♣r✐♠❡✐r♦s ♣r♦❜❧❡♠❛s é ❝♦♠♦ ♦ ✈❡r✐✜❝❛❞♦r
❞❡t❡r♠✐♥❛ s❡ ✉♠❛ ❡♥t✐❞❛❞❡ é ❝♦♥✜á✈❡❧✳ P♦r ❝♦♥✜á✈❡❧ ❡♥t❡♥❞❡✲s❡ q✉❡ ♦ ✈❡r✐✜❝❛❞♦r ❛❝r❡❞✐t❛
q✉❡ ❛s ✐♥❢♦r♠❛çõ❡s ❣❡r❛❞❛s ♣❡❧❛ ❡♥t✐❞❛❞❡ ✭❡ ❛ss✐♥❛❞❛s ♣♦r ❡❧❛✮ sã♦ ✈❡r❞❛❞❡✐r❛s✳ ❯♠❛
✈❡③ q✉❡ ♦ ✈❡r✐✜❝❛❞♦r ❝♦♥✜❛ ♥❛ ❡♥t✐❞❛❞❡✱ ❡❧❡ ♥ã♦ t❡♠ ❝♦♠♦ ❛✈❛❧✐❛r s❡ t❛✐s ✐♥❢♦r♠❛çõ❡s
sã♦ ✈❡r❞❛❞❡✐r❛s ♦✉ ❢❛❧s❛s✳ ❊❧❡ s✐♠♣❧❡s♠❡♥t❡ s✉♣õ❡ q✉❡ sã♦ ✈❡r❞❛❞❡✐r❛s✳ P♦r ✐ss♦✱ ❡ss❛s
❡♥t✐❞❛❞❡s sã♦ ❝♦♥❤❡❝✐❞❛s ❝♦♠♦ ❛✉t♦r✐❞❛❞❡s ❝❡rt✐✜❝❛❞♦r❛s ♦✉ ❆❈s✳ ❊s♣❡❝✐✜❝❛♠❡♥t❡✱ ❛
❛✉t♦r✐❞❛❞❡ ❝❡rt✐✜❝❛❞♦r❛ ❝♦♠ ❛ q✉❛❧ ♦ ❝❧✐❡♥t❡ ❡st❛❜❡❧❡❝❡ ❝♦♥✜❛♥ç❛ ❞✐r❡t❛♠❡♥t❡ t❛♠❜é♠ é
❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❆❈ â♥❝♦r❛ ♦✉ ❆❈ ❞❡ ❝♦♥✜❛♥ç❛✳ ❖ ✈❡r✐✜❝❛❞♦r ♣♦❞❡ t❡r ✉♠❛ ♦✉ ♠❛✐s
❆❈s ❞❡ ❝♦♥✜❛♥ç❛✳

❖ ♣r♦❝❡ss♦ ♣❡❧♦ q✉❛❧ ♦ ❝❧✐❡♥t❡ ❡❧❡❣❡ s✉❛ ❆❈ â♥❝♦r❛ ❡♥✈♦❧✈❡ t❛♥t♦ ❝r✐tér✐♦s té❝♥✐❝♦s ❝♦♠♦
♥ã♦ té❝♥✐❝♦s✳ ❊♥t❡♥❞❡✲s❡ ❝♦♠♦ té❝♥✐❝♦s ♦s ❝r✐tér✐♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦s ❛s♣❡❝t♦s ❝r✐♣t♦❣rá✜✲
❝♦s ❡ ❣❡r❡♥❝✐❛✐s ❞❛ ✐♥❢r❛❡str✉t✉r❛✱ ❝♦♠♦ ❛❧❣♦r✐t♠♦s ✉t✐❧✐③❛❞♦s✱ ❝✉✐❞❛❞♦s ❝♦♠ ❛ ♠❛♥✉t❡♥çã♦
❞❛ ❝❤❛✈❡ ♣r✐✈❛❞❛ ❞❛ ❆❈✱ ❡t❝✳ P♦r ❝r✐tér✐♦s ♥ã♦ té❝♥✐❝♦s ❡♥t❡♥❞❡✲s❡ ❛q✉❡❧❡s q✉❡ ❡♥✈♦❧✈❡♠
❛s♣❡❝t♦s ♣♦❧ít✐❝♦✲só❝✐♦✲❡❝♦♥ô♠✐❝♦s✱ ♣♦r ❡①❡♠♣❧♦✱ ❝✉st♦s ✜♥❛♥❝❡✐r♦s✱ ❛ r❡♣✉t❛çã♦ ❞❛ ✐♥s✲
t✐t✉✐çã♦ ✭✉♠ ❞♦s ♠❛✐s ✐♠♣♦rt❛♥t❡s✮✱ ♦s ✐♥t❡r❡ss❡s ♣♦❧ít✐❝♦✲❡❝♦♥ô♠✐❝♦s ❞♦s ❝♦♥tr♦❧❛❞♦r❡s
❞❛ ❆❈✱ ❛ ❝♦♠♣❡tê♥❝✐❛ ✭s❡ ♣♦ss✉✐ ❝♦♠♣❡tê♥❝✐❛ ❧❡❣❛❧ ❛tr✐❜✉í❞❛ ♣♦r ❛✉t♦r✐❞❛❞❡ ❝♦♠♣❡t❡♥t❡✱
❝♦♠♦ ♥♦ ❝❛s♦ ❞❛ ■❈P✲❇r❛s✐❧ ❬✺❪✮✱ ❡t❝✳

❯♠❛ ✈❡③ q✉❡ ♦ ❝❧✐❡♥t❡ ❡❧❡❣❡ s✉❛ ❆❈ â♥❝♦r❛✱ ♦ ♣ró①✐♠♦ ♣❛ss♦ é ♦❜t❡r ✉♠❛ ❝ó♣✐❛ ❛✉tê♥✲
t✐❝❛ ❞❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❞❡❧❛✳ ❖❜s❡r✈❡ q✉❡ ♥❡ss❡ ❝❛s♦✱ ♥ã♦ s❡ ♣♦❞❡ ✉t✐❧✐③❛r ✉♠ ❝❡rt✐✜❝❛❞♦



❈❆P❮❚❯▲❖ ✸✳ ❱❆▲■❉❆➬➹❖ ❉❊ ❈❊❘❚■❋■❈❆❉❖❙ ❉■●■❚❆■❙ ✷✻

♦✉ s❡ ✐♥❝♦rr❡r✐❛ ♥✉♠ ♣r♦❜❧❡♠❛ r❡❝✉rs✐✈♦✳ ▲♦❣♦✱ ♣❛r❛ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ss❛ ❝❤❛✈❡ é ♣r❡❝✐s♦
✉t✐❧✐③❛r ✉♠ ♠❡❝❛♥✐s♠♦ tr❛❞✐❝✐♦♥❛❧✱ ♣♦r ❡①❡♠♣❧♦✱ ♦ ✉s✉ár✐♦ ✈❛✐ à s❡❞❡ ❞❛ ❆❈ ❡ ♦❜té♠
✉♠❛ ♠í❞✐❛ ❝♦♠ ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❞❛ ♠❡s♠❛ ✭❝❡rt✐✜❝❛❞♦ ❛✉t♦ ❛ss✐♥❛❞♦✮✳ ❖✉tr❛ ❢♦r♠❛ s❡r✐❛
♣✉❜❧✐❝❛r ❛ ❝❤❛✈❡ ❡♠ ✉♠ ❞♦❝✉♠❡♥t♦ ❞❡ ❣r❛♥❞❡ ❝✐r❝✉❧❛çã♦✱ ❞✐s♣♦♥✐❜✐❧✐③❛r ❛ ❝❤❛✈❡ ❡❧❡tr♦♥✐✲
❝❛♠❡♥t❡ ❡ s♦❧✐❝✐t❛r ❛♦ ✉s✉ár✐♦ q✉❡ ❛ ❝♦♠♣❛r❡ ❝♦♠ ❛ ✐♠♣r❡ss❛ ✭❡ss❡ ♠❡❝❛♥✐s♠♦ é ✉t✐❧✐③❛❞♦
♣❡❧❛ ■❈P ❇r❛s✐❧ ♣❛r❛ ❞✐str✐❜✉✐r ❛ ❝❤❛✈❡ ❞❛ ❆❈ r❛✐③✮✳

P❛r❛ ♦ ❡①❡♠♣❧♦ ❛♥t❡r✐♦r ✭❙❡çã♦ ✸✳✸✮✱ ❡♠ q✉❡ ❛ ❛✉t♦r✐❞❛❞❡ ❞❡ ❝♦♥✜❛♥ç❛ ❞♦ ✈❡r✐✜❝❛❞♦r
é ❛ ❛✉t♦r✐❞❛❞❡ ❡♠✐ss♦r❛ ❞♦ ❝❡rt✐✜❝❛❞♦ ❛ s❡r ✈❡r✐✜❝❛❞♦✱ ♦ ♣r♦❝❡ss♦ ❞❡s❝r✐t♦ é ✉♠❛ s♦❧✉çã♦
r❛③♦á✈❡❧✳ ◆♦ ❡♥t❛♥t♦✱ ♥✉♠ ❛♠❜✐❡♥t❡ r❡❛❧✱ ♦ ❝❡rt✐✜❝❛❞♦ ❛ s❡r ✈❡r✐✜❝❛❞♦ ♣♦❞❡ t❡r s✐❞♦
❡♠✐t✐❞♦ ♣♦r ✉♠❛ ❆❈ q✉❡ ♥ã♦ ❛ ❞❡ ❝♦♥✜❛♥ç❛ ❞♦ ✈❡r✐✜❝❛❞♦r✳ ❯♠❛ s♦❧✉çã♦ ó❜✈✐❛ ♣❛r❛ ❡ss❡
❝❛s♦ s❡r✐❛ r❡♣❡t✐r ♦ ♣r♦❝❡ss♦ ❛❝✐♠❛ ❡ t♦r♥❛r ❛ ❆❈ ❡♠ q✉❡stã♦ ✉♠❛ ❆❈ ❞❡ ❝♦♥✜❛♥ç❛ ❞♦
✈❡r✐✜❝❛❞♦r✳ ❊♠❜♦r❛ ❡ss❛ s♦❧✉çã♦ s❡❥❛ ♣♦ssí✈❡❧✱ ❡❧❛ ❛♣r❡s❡♥t❛ ❛❧❣✉♠❛s ❧✐♠✐t❛çõ❡s✿ ♣r✐♠❡✐r♦✱
❛♥t❡s ❞❡ ❝♦♥✜❛r ♥✉♠❛ ❆❈✱ ❡❧❛ ❞❡✈❡ s❡r ❛♥❛❧✐s❛❞❛ t❛♥t♦ ❞♦ ♣♦♥t♦ ❞❡ ✈✐st❛ té❝♥✐❝♦ ❝♦♠♦ ♥ã♦
té❝♥✐❝♦✱ ❤❛❜✐❧✐❞❛❞❡ q✉❡ ♣♦✉❝♦s ✉s✉ár✐♦s ♣♦ss✉❡♠❀ s❡❣✉♥❞♦✱ ❛ ♦❜t❡♥çã♦ ❞❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❞❛
❆❈ ❡♠ q✉❡stã♦ é ✉♠ ♣r♦❝❡ss♦ q✉❡ ♣♦❞❡ s❡r ❝♦♠♣❧❡①♦ ❡ ❞❡♠♦r❛❞♦✳ ❆tr✐❜✉✐r t❛✐s ❢✉♥çõ❡s
❛♦ ✉s✉ár✐♦ ✜♥❛❧ ♣❛r❛ ❝❛❞❛ ♥♦✈❛ ❆❈ ❝✉❥♦ ❝❡rt✐✜❝❛❞♦ ❡❧❡ ♣r❡❝✐s❛ ✈❡r✐✜❝❛r✱ é ❝♦♥❞❡♥❛r ❛
✉t✐❧✐③❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s à ♠♦rt❡ ♣r❡♠❛t✉r❛✳

❆ s♦❧✉çã♦ ❛❞♦t❛❞❛ ❢♦✐ ♦ ✉s✉ár✐♦ ♣❡r♠✐t✐r q✉❡ s✉❛ ❆❈ â♥❝♦r❛ ♣♦ss❛ ❡st❡♥❞❡r ❛ ❝♦♥✜✲
❛♥ç❛ q✉❡ ❡❧❡ ❞❡♣♦s✐t❛ ♥❡❧❛ ♣❛r❛ ♦✉tr❛s ❆❈s✳ ■ss♦ s✐❣♥✐✜❝❛ q✉❡ ♦ ✉s✉ár✐♦ ♣❛ss❛ ❛ ❝♦♥✜❛r
❡♠ ♦✉tr❛s ❆❈s ❛tr❛✈és ❞❡ s✉❛ ❆❈ â♥❝♦r❛✳ ❊ss❛ tr❛♥s✐t✐✈✐❞❛❞❡ ❞❡ ❝♦♥✜❛♥ç❛ é ❡st❛❜❡❧❡✲
❝✐❞❛ ❛tr❛✈és ❞❛ ❡♠✐ssã♦ ❞❡ ✉♠ ❝❡rt✐✜❝❛❞♦ ❞❛ ❆❈ ❞❡ ❝♦♥✜❛♥ç❛ ♣❛r❛ ❛ ♦✉tr❛ ❆❈✱ ♦ q✉❡
❞❡♥♦♠✐♥♦✉✲s❡ ❝❡rt✐✜❝❛çã♦ ❝r✉③❛❞❛✳

P❛r❛ t♦r♥❛r ❛ ✐❞❡✐❛ ♠❛✐s ❝❧❛r❛✱ ❝♦♥s✐❞❡r❡ ♦ ❡①❡♠♣❧♦ ❞❛ ❋✐❣✉r❛ ✸✳✷✳ ❆ ❆❈ A1 ❡♠✐t❡
✉♠ ❝❡rt✐✜❝❛❞♦ ♣❛r❛ ❛ ❆❈ A2✳ ❊ss❡ ❝❡rt✐✜❝❛❞♦ é ✈✐st♦ ♣❡❧♦ ✈❡r✐✜❝❛❞♦r q✉❡ t❡♠ A1 ❝♦♠♦
❆❈ ❞❡ ❝♦♥✜❛♥ç❛✱ ♣♦r ❡①❡♠♣❧♦✱ u1✱ ❝♦♠ ♦ s❡❣✉✐♥t❡ s✐❣♥✐✜❝❛❞♦✿ A2 ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ♣❛r❛
✈❛❧✐❞❛r ♦s ❝❡rt✐✜❝❛❞♦s ❞❡ u3 ❡ u4 ❡ ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❞❡❧❛ é ❛ ❝♦♥t✐❞❛ ♥❡st❡ ❝❡rt✐✜❝❛❞♦ ✭c1✮✳

❋✐❣✉r❛ ✸✳✷✿ ❊①❡♠♣❧♦ ❞❡ ✉♠❛ ■❈P s✐♠♣❧❡s

❖ ✉s✉ár✐♦ ✈❡r✐✜❝❛❞♦r✱ ♣r✐♠❡✐r♦ ✈❛❧✐❞❛ ♦ ❝❡rt✐✜❝❛❞♦ c1✱ ♦❜t❡♥❞♦ ✉♠❛ ❝❤❛✈❡ ✈á❧✐❞❛ ❞❡
A2✳ ❊♠ s❡❣✉✐❞❛✱ ✈❛❧✐❞❛ ♦ ❝❡rt✐✜❝❛❞♦ c2 ❞♦ ✉s✉ár✐♦ u3✳ ❯♠❛ ✈❡③ q✉❡ c2 t❡♥❤❛ s✐❞♦ ✈❛❧✐❞❛❞♦✱
❛ ❝❤❛✈❡ ❞❡ u3 ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛✳

❊ss❛ s❡q✉ê♥❝✐❛ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛ s❡r❡♠ ✈❛❧✐❞❛❞♦s✱ ❝✉❥♦ ♣r✐♠❡✐r♦ ♣❡rt❡♥❝❡ à ❆❈ â♥❝♦r❛
❞♦ ✈❡r✐✜❝❛❞♦r ❡ ♦ ú❧t✐♠♦ ❛♦ ✉s✉ár✐♦ ❞♦ q✉❛❧ s❡ ❞❡s❡❥❛ ♦❜t❡r ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛✱ é ❞❡♥♦♠✐♥❛❞❛
❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ✭❈❈✮✳ ◆✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ♣♦❞❡♠ ❡①✐st✐r ✈ár✐❛s ❆❈s
✐♥t❡r♠❡❞✐ár✐❛s✱ ♦ q✉❡ t♦r♥❛ ♣♦ssí✈❡❧ ❝❛♠✐♥❤♦s ❞❡ q✉❛❧q✉❡r t❛♠❛♥❤♦✱ ❡♠ t❡♦r✐❛✳ ◆❛ ♣rát✐❝❛✱
♦ ♥ú♠❡r♦ s❡ ♠❛♥té♠ ♣❡q✉❡♥♦✱ ❞✐✜❝✐❧♠❡♥t❡ ❡①❝❡❞❡♥❞♦ ✺ ❝❡rt✐✜❝❛❞♦s✳

❆ ♣❛rt✐r ❞♦ ❡①❡♠♣❧♦ ❛❝✐♠❛✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♣❛r❛ ✉s❛r ✉♠❛ ❝❤❛✈❡ ✭❛ ❞❡ u3✮ é ♥❡❝❡ssár✐❛
❛ ✈❛❧✐❞❛çã♦ ❞❡ t♦❞♦s ♦s ❝❡rt✐✜❝❛❞♦s ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ❛ ❆❈ ❞❡
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❝♦♥✜❛♥ç❛ ❞♦ ✈❡r✐✜❝❛❞♦r ❡ ♦ ✉s✉ár✐♦ ❝✉❥❛ ❝❤❛✈❡ s❡ q✉❡r ♦❜t❡r✱ ♦✉ s❡❥❛✱ é ♥❡❝❡ssár✐♦ ✈❛❧✐❞❛r
♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✳ ■ss♦ s✐❣♥✐✜❝❛ ✈❛❧✐❞❛r ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡ ❝❛❞❛ ✉♠ ❞♦s ❝❡rt✐✜❝❛❞♦s
q✉❡ ❝♦♠♣õ❡♠ ♦ ❝❛♠✐♥❤♦ ❡ t❛♠❜é♠ ❣❛r❛♥t✐r q✉❡✿ ✭✐✮ ♦ ♣r✐♠❡✐r♦ ❝❡rt✐✜❝❛❞♦ ❞♦ ❝❛♠✐♥❤♦
❞❡ ❝❡rt✐✜❝❛çã♦ é ❛ss✐♥❛❞♦ ♣❡❧❛ ❆❈ ❞❡ ❝♦♥✜❛♥ç❛ ❞♦ ✈❡r✐✜❝❛❞♦r❀ ✭✐✐✮ ♦ ú❧t✐♠♦ ❝❡rt✐✜❝❛❞♦
♣❡rt❡♥❝❡ ❛♦ ✉s✉ár✐♦ ❞♦ q✉❛❧ s❡ ❞❡s❡❥❛ ♦❜t❡r ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛❀ ❡ ✭✐✐✐✮ ♣❛r❛ t♦❞♦ ❝❡rt✐✜❝❛❞♦
x ♥♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✱ ♦ ❝❡rt✐✜❝❛❞♦ q✉❡ s❡❣✉❡ x t❡♠ ❝♦♠♦ ❡♠✐ss♦r ♦ t✐t✉❧❛r ❞❡ x✳

❆ ❡ss❡ ❛r❝❛❜♦✉ç♦✱ ❝♦♠♣♦st♦ ♣♦r s♦❢t✇❛r❡✱ ❤❛r❞✇❛r❡✱ ♣r♦❝❡❞✐♠❡♥t♦s✱ ❡♥t✐❞❛❞❡s ✭❆❈s✱
✉s✉ár✐♦s ✜♥❛✐s✱ ❡t❝✳✮✱ ❝♦♥tr❛t♦s✱ ❡t❝✳✱ q✉❡ s✉♣♦rt❛ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s ❞❡
❢♦r♠❛ ❛✉tê♥t✐❝❛ ❡ ❛ tr❛♥s✐t✐✈✐❞❛❞❡ ❞❡ ❝♦♥✜❛♥ç❛✱ ❞❡♥♦♠✐♥❛✲s❡ ✐♥❢r❛❡str✉t✉r❛ ❞❡ ❝❤❛✈❡s
♣ú❜❧✐❝❛s ♦✉ ■❈P✳ ❆ ❋✐❣✉r❛ ✸✳✷ é ♦ ❡①❡♠♣❧♦ ❞❡ ✉♠❛ ■❈P ❝♦♠♣♦st❛ ♣♦r ❞✉❛s ❛✉t♦r✐❞❛❞❡s
❝❡rt✐✜❝❛❞♦r❛s ❡ ✹ ✉s✉ár✐♦s ✜♥❛✐s✳

❊♠ ❛♠❜✐❡♥t❡s r❡❛✐s✱ ❛s r❡❧❛çõ❡s ❡ s❡r✈✐ç♦s ❡①✐❣✐❞♦s sã♦ ♠❛✐s ❝♦♠♣❧❡①♦s✱ r❡s✉❧t❛♥❞♦ ❡♠
■❈Ps ♠❛✐s ❝♦♠♣❧❡①❛s✳ ❆ ❋✐❣✉r❛ ✸✳✸ é ♦ ❡①❡♠♣❧♦ ❞❡ ✉♠❛ ■❈P ♠❛✐s ❝♦♠♣❧❡①❛✱ ❝♦♠ ✈ár✐❛s
❆❈s ❡ ✈ár✐♦s ✉s✉ár✐♦s ✜♥❛✐s✳

❋✐❣✉r❛ ✸✳✸✿ ❊①❡♠♣❧♦ ❞❡ ✉♠❛ ■❈P ❈♦♠♣❧❡①❛

❋♦✐ ❞✐t♦ ❛♥t❡r✐♦r♠❡♥t❡ q✉❡ q✉❛♥❞♦ ✉♠❛ ❆❈ ❡♠✐t❡ ❝❡rt✐✜❝❛❞♦ ♣❛r❛ ♦✉tr❛ ❆❈✱ t❛❧ ❡♠✐s✲
sã♦ é ❞❡✜♥✐❞❛ ❝♦♠♦ ❝❡rt✐✜❝❛çã♦ ❝r✉③❛❞❛ ❬✼❪✳ ◗✉❛♥❞♦ ❛ ❝❡rt✐✜❝❛çã♦ ♦❝♦rr❡ ❡♥tr❡ ❆❈s
❞❡♥tr♦ ❞❡ ✉♠ ♠❡s♠♦ ❞♦♠í♥✐♦ ❛❞♠✐♥✐str❛t✐✈♦✱ ❞✐③✲s❡ q✉❡ ♦❝♦rr❡ ❝❡rt✐✜❝❛çã♦ ❝r✉③❛❞❛ ✐♥tr❛✲
❞♦♠í♥✐♦✳ ◗✉❛♥❞♦ ❛ ❝❡rt✐✜❝❛çã♦ ♦❝♦rr❡ ❡♥tr❡ ❆❈s ❞❡ ❞♦♠í♥✐♦s ❛❞♠✐♥✐str❛t✐✈♦s ❞✐❢❡r❡♥t❡s
❞✐③✲s❡ q✉❡ ♦❝♦rr❡ ❝❡rt✐✜❝❛çã♦ ❝r✉③❛❞❛ ✐♥t❡r✲❞♦♠í♥✐♦✳

◆❛ ❋✐❣✉r❛ ✸✳✸✱ ❛ ❆❈ A1 ❡st❛❜❡❧❡❝❡ ❝❡rt✐✜❝❛çã♦ ❝r✉③❛❞❛ ✐♥tr❛❞♦♠í♥✐♦ ❝♦♠ ❛s ❆❈s A2

❡ A3 ❡ ❝❡rt✐✜❝❛çã♦ ❝r✉③❛❞❛ ✐♥t❡r✲❞♦♠í♥✐♦ ❝♦♠ BCA1✳ ❆✐♥❞❛ ♥♦t❛✲s❡ q✉❡ ❛ ❝❡rt✐✜❝❛çã♦
❝r✉③❛❞❛ ♣♦❞❡ s❡r ✉♥✐❞✐r❡❝✐♦♥❛❧ ✭♣♦r ❡①❡♠♣❧♦ ❡♥tr❡ A1 ❡ A3✮ ♦✉ ❜✐❞✐r❡❝✐♦♥❛❧ ✭❡♥tr❡ A1 ❡
BCA1✮✳

❊①✐st❡♠ ✈ár✐❛s ❛❜♦r❞❛❣❡♥s ♣❛r❛ ❝♦♥str✉çã♦ ❞❡ ■❈Ps✱ ❝❛❞❛ ✉♠❛ ❝♦♠ s✉❛s ♣❡❝✉❧✐❛r✐❞❛✲
❞❡s✳ ❊♥tr❡ ❛s ♠❛✐s ❝♦♥❤❡❝✐❞❛s ❡stã♦ ❛s ❜❛s❡❛❞❛s ♥♦ ♣❛❞rã♦ ❳✳✺✵✾✱ ❛ ❙P❑■ ❡ ♦ P●P✳ ❆
s❡❣✉✐r✱ ❢❛③✲s❡ ✉♠❛ ❜r❡✈❡ ❞✐s❝✉ssã♦ ❞❡ ❝❛❞❛ ✉♠❛✳
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❳✳✺✵✾

❖ ♠♦❞❡❧♦ ❳✳✺✵✾ é ✉♠ ♣❛❞rã♦ ❞♦ ■❚❯ ❡ ❢❛③ ♣❛rt❡ ❞♦ ♣❛❞rã♦ ❳✳✺✵✵ ❡ ❞❡✜♥❡ ❝♦♥❝❡✐t♦s
❣❡r❛✐s ♣❛r❛ ❛✉t❡♥t✐❝❛çã♦ ❜❛s❡❛❞❛ ❡♠ ❝❤❛✈❡s ♣ú❜❧✐❝❛s✱ ✐♥❝❧✉s✐✈❡ ♦ ❢♦r♠❛t♦ ❞♦s ❝❡rt✐✜❝❛❞♦s✳
❖ ❣r✉♣♦ ❞❡ tr❛❜❛❧❤♦ P❑■❳ ❡s♣❡❝✐❛❧✐③♦✉ t❛❧ ♣r♦♣♦st❛ ♣❛r❛ t♦r♥❛r ♣♦ssí✈❡❧ ❛ ✐♥t❡r♦♣❡r❛✲
❜✐❧✐❞❛❞❡ ❞❡ ✐♠♣❧❡♠❡♥t❛çõ❡s ♣❛r❛ ❛ ■♥t❡r♥❡t✱ ♣✉❜❧✐❝❛♥❞♦ ✈ár✐❛s ❘❋❈s✱ ✉♠❛ ❞❛s q✉❛✐s é ❛
❘❋❈ ✸✷✽✵ ❬✶✺❪✱ q✉❡ tr❛t❛ ❞♦ ❢♦r♠❛t♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ♣❛r❛ ❛ ■♥t❡r♥❡t✳

❖ ♣❛❞rã♦ ❳✳✺✵✾ ♥ã♦ ❞❡✜♥❡ ✉♠❛ t♦♣♦❧♦❣✐❛ ❡s♣❡❝í✜❝❛ ♣❛r❛ ■❈Ps✱ ♠❛s ❞❡t❡r♠✐♥❛ ❝❛r❛❝✲
t❡ríst✐❝❛s ❣❡r❛✐s q✉❡ sã♦✿

• ❢♦rt❡♠❡♥t❡ ❝❡♥tr❛❧✐③❛❞❛ ❡ ❤✐❡rárq✉✐❝❛❀

• ❤á ❞✐st✐♥çã♦ ❝❧❛r❛ ❡♥tr❡ ❆❈s ❡ ✉s✉ár✐♦s ✜♥❛✐s✳ ❆s ♣r✐♠❡✐r❛s sã♦ ❡♥t✐❞❛❞❡s ❝♦♥✜á✈❡✐s
❡ sã♦ r❡s♣♦♥sá✈❡✐s ♣❡❧❛ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s✳ ❖s ✉s✉ár✐♦s ✜♥❛✐s ♥ã♦ ♣♦❞❡♠ ❡♠✐t✐r
❝❡rt✐✜❝❛❞♦s❀

• ✉s♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞❡ ✐❞❡♥t✐❞❛❞❡✱ s❡♥❞♦ ❛ ❡♥t✐❞❛❞❡ ✐❞❡♥t✐✜❝❛❞❛ ♣♦r ✉♠ ♥♦♠❡ q✉❡
❞❡✈❡ s❡r ❣❧♦❜❛❧♠❡♥t❡ ú♥✐❝♦✳ ❚❛♠❜é♠ s✉♣♦rt❛ ♦ ✉s♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞❡ ❛tr✐❜✉t♦s✳

Pr❡tt② ●♦♦❞ Pr✐✈❛❝② ✲ P●P

❖ P●P ❢♦✐ ♣r♦♣♦st♦ ♣♦r P❤✐❧❧ ❩✐♠♠❡r♠❛♥♥ ❝♦♠ ♦❜❥❡t✐✈♦ ❞❡ ❞❡✜♥✐r ✉♠❛ ✐♥❢r❛✲❡str✉t✉r❛
♦♥❞❡ ♦s ✉s✉ár✐♦s ❢♦ss❡♠ ♦ ❝❡♥tr♦ ❞❛s r❡❧❛çõ❡s ❞❡ ❝♦♥✜❛♥ç❛✱ ♣❡r♠✐t✐♥❞♦ q✉❡ ❡ss❡s ♣♦ss✉ís✲
s❡♠ ♠❛✐s ♣♦❞❡r ❞❡ ❡s❝♦❧❤❡r s✉❛s ♣ró♣r✐❛s ♣♦❧ít✐❝❛s✳ ❆s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ P●P
sã♦✿

• ♥ã♦ ❤á ✉♠❛ ❞✐st✐♥çã♦ ❡♥tr❡ ❆❈ ❡ ✉s✉ár✐♦ ✜♥❛❧✱ ♦✉ s❡❥❛✱ q✉❛❧q✉❡r ✉s✉ár✐♦ ♣♦❞❡ s❡
❝♦♠♣♦rt❛r ❝♦♠♦ ✉♠❛ ❆❈✱ ❡♠✐t✐♥❞♦ ❝❡rt✐✜❝❛❞♦s ✳ ❆❧é♠ ❞✐ss♦✱ ✈ár✐❛s ❆❈s✴✉s✉ár✐♦s
✐♥❞❡♣❡♥❞❡♥t❡s ✭♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ❝♦♥✜á✈❡✐s✮ ♣♦❞❡♠ ✭❡ ❞❡✈❡♠✮ ❛ss✐♥❛r ✉♠ ♠❡s♠♦
❝❡rt✐✜❝❛❞♦✳ ❖ ♣r✐♥❝í♣✐♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ P●P é q✉❡ t♦♠❛♥❞♦✲s❡ ✈ár✐❛s ❞❡ss❛s
❛ss✐♥❛t✉r❛s✱ ♣♦❞❡✲s❡ ❝♦♥✜❛r ♥♦ ❝❡rt✐✜❝❛❞♦✱ ♣♦✐s ♥❡♠ t♦❞❛s ❛s ❡♥t✐❞❛❞❡s sã♦ ❝♦rr✉♣✲
t❛s✳ ❊ss❡ ♠♦❞❡❧♦ é ❝♦♥❤❡❝✐❞♦ ❝♦♠ r❡❞❡ ❞❡ ❝♦♥✜❛♥ç❛ ✭✇❡❜ ♦❢ tr✉st✮✳

• ♦ ✉s✉ár✐♦ ❡s❝♦❧❤❡ ❡♠ q✉❡♠ ❝♦♥✜❛r✱ ❡st❛❜❡❧❡❝❡♥❞♦ ♥í✈❡✐s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ♦✉tr♦s
✉s✉ár✐♦s❀

• ❞❡s❝❡♥tr❛❧✐③❛çã♦ ❡ ❛✉sê♥❝✐❛ ❞❡ ❤✐❡r❛rq✉✐❛✱ ❥á q✉❡ ❝❛❞❛ ✉s✉ár✐♦ ❡♠✐t❡ s❡✉ ♣ró♣r✐♦
❝❡rt✐✜❝❛❞♦ ❡ ❡s❝♦❧❤❡ ❡♠ q✉❡♠ ❝♦♥✜❛r❀

• ❞♦ ♠❡s♠♦ ♠♦❞♦ q✉❡ ♦ ♠♦❞❡❧♦ ❳✳✺✵✾✱ ♦ P●P t❛♠❜é♠ ✉t✐❧✐③❛ ❝❡rt✐✜❝❛❞♦s ❞❡ ✐❞❡♥✲
t✐❞❛❞❡✳ ❊♠ ✈❡rsõ❡s ♠❛✐s r❡❝❡♥t❡s✱ ♦ P●P t❛♠❜é♠ é ❝♦♠♣❛tí✈❡❧ ❝♦♠ ❝❡rt✐✜❝❛❞♦s
❳✳✺✵✾✳ ❖ P●P t❛♠❜é♠ ✐❞❡♥t✐✜❝❛ ♦s ✉s✉ár✐♦s ❛tr❛✈és ❞❡ ♥♦♠❡s ❣❧♦❜❛❧♠❡♥t❡ ú♥✐❝♦s❀

• ♣♦r ❝❛✉s❛ ❞❛ r❡❧❛t✐✈❛ ❧✐❜❡r❞❛❞❡ ❞♦ ✉s✉ár✐♦ ♣❛r❛ t♦♠❛r ❞❡❝✐sõ❡s✱ ♦ P●P ♣♦❞❡ ♥ã♦
s❡r ✈✐á✈❡❧ ♣❛r❛ ❛♠❜✐❡♥t❡s ❝♦♠ ✉s✉ár✐♦s ❧❡✐❣♦s✳
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❙✐♠♣❧❡ P✉❜❧✐❝✲❦❡② ■♥❢r❛str✉❝t✉r❡ ✲ ❙P❑■

❖ ❙P❑■ ❬✶✷❪ s✉r❣✐✉ ❝♦♠♦ ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ❛♦ ❳✳✺✵✾✱ q✉❡ ♥❛ ✈✐sã♦ ❞♦ ❣r✉♣♦ ❞❡ tr❛❜❛❧❤♦
❙P❑■ é ♠✉✐t♦ ❝♦♠♣❧❡①♦✳ ▲♦❣♦✱ ❛ ♣r✐♥❝✐♣❛❧ r❡✐✈✐♥❞✐❝❛çã♦ ❞♦ ❙P❑■ é s❡r ✉♠ ♠♦❞❡❧♦ ♠❛✐s
s✐♠♣❧❡s ❞♦ q✉❡ ♦ ❳✳✺✵✾✳ ❆ s❡❣✉✐r ❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ❙P❑■✿

• ❤á ❞✐st✐♥çã♦ ❡♥tr❡ ❆❈ ❡ ✉s✉ár✐♦ ✜♥❛❧✱ ❞❡ ❢♦r♠❛ s❡♠❡❧❤❛♥t❡ ❛♦ ♣❛❞rã♦ ❳✳✺✵✾❀

• ✉t✐❧✐③❛ ❝❡rt✐✜❝❛❞♦s ❞❡ ❛✉t♦r✐③❛çã♦❀

• ✉s♦ ❞❡ ♥♦♠❡s ❧♦❝❛✐s ❛♦ ✐♥✈és ❞❡ ♥♦♠❡s ❣❧♦❜❛✐s ❡ ❤✐❡rárq✉✐❝♦s ❝♦♠♦ ♥♦ ❳✳✺✵✾✳ ◆♦♠❡s
❧♦❝❛✐s sã♦ ♦s ✉t✐❧✐③❛❞♦s ♥♦ q✉♦t✐❞✐❛♥♦ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❛ ❡♥t✐❞❛❞❡ ♥♦ s❡✉ ❛♠❜✐❡♥t❡✱ ♣♦r
❡①❡♠♣❧♦✱ ♦ ♣ró♣r✐♦ ♥♦♠❡ ❞❛ ♣❡ss♦❛✱ ❛♣❡❧✐❞♦✱ ✐❞❡♥t✐✜❝❛çã♦ ❛tr✐❜✉í❞❛ ♣❡❧❛ ❝♦r♣♦r❛çã♦✱
❡t❝✳

✸✳✺ ❈✉st♦s ❞❡ ✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s

❆té ♦ ♠♦♠❡♥t♦✱ ❞✐s❝✉t✐✉✲s❡ ♦ ♣r♦❜❧❡♠❛ ❞❛ ✈❛❧✐❞❛çã♦ s♦❜ ❛ ót✐❝❛ ❡str✉t✉r❛❧ ❡ ❣❡r❡♥❝✐❛❧✳
◆❡st❛ s❡çã♦✱ ❛♥❛❧✐s❛✲s❡ ♦ ♣r♦❜❧❡♠❛ s♦❜ ♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞♦s ❝✉st♦s ❞❡ ✈❛❧✐❞❛çã♦ ❞♦s
❝❡rt✐✜❝❛❞♦s✳

❊♥t❡♥❞❡✲s❡ ❛q✉✐ ♣♦r ❝✉st♦ ❛ ♥♦çã♦ ❝❧áss✐❝❛ ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❡ ❛❧❣♦r✐t♠♦s q✉❡ ♠❡❞❡
♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡♠ ❢✉♥çã♦ ❞♦ t❛♠❛♥❤♦ ❞❛ ✐♥stâ♥❝✐❛ ♣r♦❝❡ss❛❞❛✱ ❡①♣r❡ss❛ ❡♠
✉♥✐❞❛❞❡s r❡❧❡✈❛♥t❡s ❛♦ ♣r♦❝❡ss♦✳ ◆♦ ❝❛s♦ ❞❡ ♦♣❡r❛çõ❡s ❝♦♠ ✐♥t❡✐r♦s ♠✉✐t♦ ❣r❛♥❞❡s✱ ❝♦♠♦
é ♦ ❝❛s♦ ❞❡ ❛❧❣♦r✐t♠♦s ❛ss✐♠étr✐❝♦s✱ ❢♦❝♦ ❞❡ ♥♦ss❛ ❛♥á❧✐s❡✱ ♦♣❡r❛çõ❡s ❛r✐t♠ét✐❝❛s✱ ❡s♣❛ç♦ ❞❡
♠❡♠ór✐❛ ♦❝✉♣❛❞♦ ❡ ❜❛♥❞❛ ❞❡ tr❛♥s♠✐ssã♦ sã♦ ✉♥✐❞❛❞❡s r❡❧❡✈❛♥t❡s✳ ◆♦ ❝❛s♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s
♠ó✈❡✐s✱ ❞❡♣❡♥❞❡♥t❡s ❞❡ ❢♦♥t❡s ❞❡ ❛❧✐♠❡♥t❛çã♦ ❧✐♠✐t❛❞❛s✱ ❡♥❡r❣✐❛ ❞❡s♣❡♥❞✐❞❛ ♥❛s ♦♣❡r❛çõ❡s
❛r✐t♠ét✐❝❛s ❡ ♥❛ tr❛♥s♠✐ssã♦ ❡ r❡❝❡♣çã♦ ❞❡ ❞❛❞♦s é ♦✉tr❛ ✉♥✐❞❛❞❡ ✐♠♣♦rt❛♥t❡✳

◆❡st❡ tr❛❜❛❧❤♦✱ ❛♥❛❧✐s❛✲s❡ ♦ ❝✉st♦ s♦❜ ❞✉❛s ót✐❝❛s✿ ✉♠❛ ❞♦ ✈❡r✐✜❝❛❞♦r ❡ ♦✉tr❛ ❞♦
❆❙❘✱ q✉❡ ❝♦♠♣r❡❡♥❞❡ ♦s ❞❡♠❛✐s ❡❧❡♠❡♥t♦s ❞❛ ✐♥❢r❛❡str✉t✉r❛ ❞❡ ❝❤❛✈❡s ♣ú❜❧✐❝❛s ❡♥✈♦❧✈✐❞♦s
✭❆❈✱ r❡♣♦s✐tór✐♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❡ s❡r✈✐❞♦r ❞❡ ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✮✳ P❛r❛ ❡❢❡✐t♦s ❞❡
❝á❧❝✉❧♦s✱ ♥ã♦ s❡ ❢❛③ ❞✐st✐♥çã♦ ❡♥tr❡ ❛s ♦♣❡r❛çõ❡s r❡❛❧✐③❛s ♣❡❧♦ ❆❘❙✱ tr❛t❛♥❞♦✲♦ ❝♦♠♦ ✉♠
❜❧♦❝♦✳ ❆ ❋✐❣✉r❛ ✸✳✹ ♠♦str❛ ♦ q✉❡ ❢♦✐ ❞✐t♦✳

❋✐❣✉r❛ ✸✳✹✿ ▼♦❞❡❧♦ ♣❛r❛ ❝á❧❝✉❧♦ ❞❡ ❝✉st♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s
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❖ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞❡ ✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❞♦ ✈❡r✐✜❝❛❞♦r CV ♣♦❞❡ s❡r ❡①✲
♣r❡ss♦ ♣❡❧❛ s♦♠❛

CV = CE + CC + CR, ✭✸✳✶✮

❡♠ q✉❡✿

• CE é ♦ ❝✉st♦ ❞♦ ✈❡r✐✜❝❛❞♦r ♣❛r❛ ❡①tr❛✐r ❡ ♣r♦❝❡ss❛r ❛s ✐♥❢♦r♠❛çõ❡s ❝♦♥t✐❞❛s ♥♦s
❝❡rt✐✜❝❛❞♦s ❡ ♥❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✱ t❛✐s ❝♦♠♦ ❛tr✐❜✉t♦s ❞♦ t✐t✉❧❛r ❡ ❞♦
❡♠✐ss♦r✱ ♣♦❧ít✐❝❛s ❞❡ ✉s♦✱ ❞❛t❛ ❞❡ ✈❛❧✐❞❛❞❡✱ ❡t❝✳❀

• CC é ♦ ❝✉st♦ ❞❡ ♦♣❡r❛çõ❡s ❝r✐♣t♦❣rá✜❝❛s ❞♦ ✈❡r✐✜❝❛❞♦r ♣❛r❛ ❝♦♥❢❡r✐r ♦s ❝❡rt✐✜❝❛❞♦s
❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦ ❛♦ ❧♦♥❣♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦❀

• CR é ♦ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ♦✉ ❝♦♠✉♥✐❝❛çã♦ ❞♦ ✈❡r✐✜❝❛❞♦r ♣❛r❛ ♦❜t❡r ♦s ❝❡rt✐✜❝❛❞♦s
❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ♣❛r❛ ❣❡r❛r ❡ ❞✐s♣♦♥✐❜✐❧✐③❛r ❛♦s ✈❡r✐✜❝❛❞♦r❡s ♦s ❞❛❞♦s ♥❡❝❡ssár✐♦s à
✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s✱ ♦ ❆❙❘ t❡♠ ✉♠ ❝✉st♦ CD q✉❡ ♣♦❞❡ s❡r ❡①♣r❡ss♦ ♣❡❧❛ s♦♠❛

CD = CM + CA + CT , ✭✸✳✷✮

❡♠ q✉❡✿

• CM é ♦ ❝✉st♦ ❞♦ ❆❙❘ ❞❡ ♠♦♥t❛r ♦s ❝❡rt✐✜❝❛❞♦s ❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✱ ♦✉
s❡❥❛✱ ♦ ❝✉st♦ ♣❛r❛ ❝r✐❛r ❛s ❡str✉t✉r❛s ❞❡ ❞❛❞♦s q✉❡ s❡rã♦ ❛ss✐♥❛❞❛s ♣♦st❡r✐♦r♠❡♥t❡✱
❞❛♥❞♦ ♦r✐❣❡♠ ❛♦s ❝❡rt✐✜❝❛❞♦s ❡ ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦❀

• CA é ♦ ❝✉st♦ ❞❡ ♦♣❡r❛çõ❡s ❝r✐♣t♦❣rá✜❝❛s ❞♦ ❆❙❘ ♣❛r❛ ❝r✐❛r ♦s ❝❡rt✐✜❝❛❞♦s ❡ ❛s
✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦❀

• CT é ♦ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ♦✉ ❝♦♠✉♥✐❝❛çã♦ ❞♦ ❆❙❘ ♣❛r❛ ❞✐s♣♦♥✐❜✐❧✐③❛r ❛s ✐♥❢♦r✲
♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✳

◆❡st❡ tr❛❜❛❧❤♦✱ ♦s ❝✉st♦s CE ❡ CM ♥ã♦ s❡rã♦ ❝♦♥s✐❞❡r❛❞♦ ♥♦s ❝á❧❝✉❧♦s ❞❡ ❡✜❝✐ê♥❝✐❛ ❞♦
♣r♦❝❡ss♦ ❞❡ ✈❛❧✐❞❛çã♦✱ ♣♦✐s ♦ ✐♥t❡r❡ss❡ é ❛♣❡♥❛s ♥♦s ❝✉st♦s ❞✐r❡t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦s ❛♦
✉s♦ ❞❡ ❝r✐♣t♦❣r❛✜❛✳

❖s ❝✉st♦s CC ❡ CA ♥♦r♠❛❧♠❡♥t❡ ❝♦♥s✐st❡♠ ❞❡ ♦♣❡r❛çõ❡s ❝r✐♣t♦❣rá✜❝❛s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡
♦♣❡r❛çõ❡s ❛ss✐♠étr✐❝❛s✱ ❝♦♥s✐❞❡r❛❞❛s ❝✉st♦s❛s ❥á q✉❡ ❡♥✈♦❧✈❡♠ ❛té ❝❡♥t❡♥❛s ❞❡ ♦♣❡r❛çõ❡s
❛r✐t♠ét✐❝❛s ❡♥tr❡ ♥ú♠❡r♦s ✐♥t❡✐r♦s ❞❛ ♦r❞❡♠ ❞❡ ♠✐❧❤❛r❡s ❞❡ ❜✐ts✳ P♦r ✐ss♦✱ ❞á✲s❡ ❛t❡♥çã♦
❡s♣❡❝✐❛❧ ♣❛r❛ ❡st❡s ❝✉st♦s✱ t❡♥t❛♥❞♦ t♦r♥á✲❧♦s ♦ ♠❡♥♦r ♣♦ssí✈❡❧✳ ❊♠ ❡s♣❡❝✐❛❧✱ t❡♠✲s❡
✐♥t❡r❡ss❡ ❡♠ r❡❞✉③✐r ♦ ❝✉st♦ ❞♦ ✈❡r✐✜❝❛❞♦r✱ CC ✱ s❡♠ ♣r♦✈♦❝❛r ❛✉♠❡♥t♦s s✐❣♥✐✜❝❛t✐✈♦s ♥♦s
❞❡♠❛✐s ❝✉st♦s✳

❖ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠♣r❡❡♥❞❡ ❛♣❡♥❛s ♦s ❞❛❞♦s r❡s✉❧t❛♥t❡s ❞❛ ✉t✐❧✐③❛çã♦ ❞❡ ❛❧❣♦✲
r✐t♠♦s ❝r✐♣t♦❣rá✜❝♦s ✭❡♠ ❡s♣❡❝✐❛❧ ❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ ❝♦♠♣✉t❛❞❛✮✳ ■♥❢♦r♠❛çõ❡s ❝♦♥t✐❞❛s
♥♦s ❝❡rt✐✜❝❛❞♦s ✭❝❤❛✈❡ ♣ú❜❧✐❝❛✱ ✈❛❧✐❞❛❞❡✱ ❡♠✐ss♦r✱ t✐t✉❧❛r✱ ❡t❝✳✮ ❡ ♥❛s ✐♥❢♦r♠❛çõ❡s ❞❡
r❡✈♦❣❛çã♦ ✭❡st❛❞♦✱ ✈❛❧✐❞❛❞❡✱ ❡♠✐ss♦r✱ ❡t❝✳✮ ♥ã♦ s❡rã♦ ❝♦♥s✐❞❡r❛❞❛s✳

◆♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✱ ✐♥tr♦❞✉③❡♠✲s❡ ♦s ♣r✐♥❝✐♣❛✐s ♠❡❝❛♥✐s♠♦s ❞❡ ✈❛❧✐❞❛çã♦ ❝♦♥❤❡❝✐❞♦s
♥❛ ❧✐t❡r❛t✉r❛ ❡ s❡✉s r❡s♣❡❝t✐✈♦s ❝✉st♦s✳



❈❛♣ít✉❧♦ ✹

▼❡❝❛♥✐s♠♦s ❞❡ ✈❛❧✐❞❛çã♦ ❞❡

❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s

❆ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s é ✉♠ ❛ss✉♥t♦ ❞❡ ❣r❛♥❞❡ ✐♥t❡r❡ss❡✳ ❙✉r❣✐r❛♠ ✈ár✐♦s
tr❛❜❛❧❤♦s ♥❛ ❧✐t❡r❛t✉r❛ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♠❡❧❤♦r❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ♠❡❝❛♥✐s♠♦s ❞❡ ✈❛✲
❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❬✽✱ ✶✹✱ ✶✼✱ ✷✵✱ ✷✻✱ ✷✽❪✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ q✉❡ t❛♥❣❡ ❛♦ ♣r♦❝❡ss♦ ❞❡
r❡✈♦❣❛çã♦✳ P❛r❛ ❛♥❛❧✐s❛r t❛✐s ♠❡❝❛♥✐s♠♦s✱ ❡❧❡s s❡rã♦ ❞✐✈✐❞✐❞♦s ❡♠ ❞✉❛s ❝❧❛ss❡s✿ ♠❡❝❛✲
♥✐s♠♦s ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ✭❙❡çã♦ ✹✳✶✮ ❡ ♠❡❝❛♥✐s♠♦s ✐♥t❡❣r❛❞♦s
✭❙❡çã♦ ✹✳✷✮✳ ◆❛ ❙❡çã♦ ✹✳✸ é ❢❡✐t❛ ✉♠❛ ❛♥á❧✐s❡ ❞♦s ❝✉st♦s ❞❡ tr❛♥s♠✐ssã♦ ❡ ♣r♦❝❡ss❛♠❡♥t♦
❡♥✈♦❧✈✐❞♦s ♥♦s ♠❡❝❛♥✐s♠♦s ❞❡s❝r✐t♦s✳

✹✳✶ ▼❡❝❛♥✐s♠♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛✲

çã♦

❖s ♠❡❝❛♥✐s♠♦s ❞❡st❛ ❝❧❛ss❡ ❛❜♦r❞❛♠ ❛♣❡♥❛s ❛ q✉❡stã♦ ❞❡ ❞❡t❡r♠✐♥❛r s❡ ♦ ❝❡rt✐✜❝❛❞♦
❢♦✐ ♦✉ ♥ã♦ r❡✈♦❣❛❞♦✳ ■ss♦ q✉❡r ❞✐③❡r q✉❡ ❡❧❡s ♥ã♦ tr❛t❛♠ ❞❛ ✈❡r✐✜❝❛çã♦ ❞❡ ✐♥t❡❣r✐❞❛❞❡
❡ ❛✉t❡♥t✐❝✐❞❛❞❡ ❞♦ ❝❡rt✐✜❝❛❞♦✱ q✉❡ ❞❡✈❡ s❡r ❢❡✐t❛ ♣❡❧❛ ✈❡r✐✜❝❛çã♦ ❞❛ ❛ss✐♥❛t✉r❛ ❝♦♥t✐❞❛
♥♦ ♠❡s♠♦✳ ❊♥tr❡ ❡ss❡s ♠❡❝❛♥✐s♠♦s✱ ♦s s❡❣✉✐♥t❡s s❡ ❞❡st❛❝❛♠✿ ▲❈❘ ❬✶✺❪✱ ❖❈❙P ❬✷✼❪✱
◆❖❱❖▼❖❉❖ ❬✷✻❪✱ ❈❘❚ ❬✶✼❪ ❡ ✷✸❈❘❚ ❬✷✽❪✳

✹✳✶✳✶ ▲❈❘s

❖s ♣r✐♠❡✐r♦s ♠❡❝❛♥✐s♠♦s ♣r♦♣♦st♦s ♣❛r❛ ❞✐s♣♦♥✐❜✐❧✐③❛r ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦ ❢♦r❛♠
♦s ❜❛s❡❛❞♦s ❡♠ ❧✐st❛s✱ ❝♦♥❤❡❝✐❞♦s ❝♦♠♦ ▲✐st❛s ❞❡ ❈❡rt✐✜❝❛❞♦s ❘❡✈♦❣❛❞♦s ✭▲❈❘✮ ♦✉✱ ❡♠
✐♥❣❧ês✱ ❈❡rt✐✜❝❛t❡ ❘❡✈♦❝❛t✐♦♥ ▲✐st ✭❈❘▲✮ ❬✶✺❪✳ ◆❡ss❡ ❡sq✉❡♠❛✱ ❛ ❆❈ ♣r♦❞✉③✱ ❛ss✐♥❛
❡ ❞✐✈✉❧❣❛✱ ♣❡r✐♦❞✐❝❛♠❡♥t❡✱ ✉♠❛ ❧✐st❛ ❞❡ ❝❡rt✐✜❝❛❞♦s r❡✈♦❣❛❞♦s✳ ❊ss❛ ❧✐st❛ ❣❡r❛❧♠❡♥t❡
é ♣✉❜❧✐❝❛❞❛ ❡♠ s❡r✈✐❞♦r❡s ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ♥ã♦ ❝♦♥✜á✈❡✐s✱ ✉♠❛ ✈❡③ q✉❡ ❛
✐♥t❡❣r✐❞❛❞❡ ❡ ❛✉t❡♥t✐❝✐❞❛❞❡ ❞❛ ❧✐st❛ sã♦ ❣❛r❛♥t✐❞❛s ♣❡❧❛ ❛ss✐♥❛t✉r❛ ❞❛ ❆❈ s♦❜r❡ ♦ s❡✉
❝♦♥t❡ú❞♦✳ ❖ ❡♥❞❡r❡ç♦ ❞♦ ❞✐r❡tór✐♦ ♦♥❞❡ ❛ ❧✐st❛ é ❞✐s♣♦♥✐❜✐❧✐③❛❞❛ é ♥♦r♠❛❧♠❡♥t❡ ❝♦❧♦❝❛❞♦
♥♦ ♣ró♣r✐♦ ❝❡rt✐✜❝❛❞♦✳ ❆ ❧✐st❛ ❝♦♥té♠✱ ❡♥tr❡ ♦✉tr❛s ✐♥❢♦r♠❛çõ❡s✱ ♦ ♥ú♠❡r♦ ❞❡ sér✐❡ ❞♦s
❝❡rt✐✜❝❛❞♦s r❡✈♦❣❛❞♦s✱ ❛ ❞❛t❛ ❞❛ ♣✉❜❧✐❝❛çã♦ ❞❛ ❧✐st❛ ❡ ❛ ❞❛t❛ ❞❛ ♣ró①✐♠❛ ❛t✉❛❧✐③❛çã♦✳

✸✶
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P❛r❛ ❞❡t❡r♠✐♥❛r ♦ ❡st❛❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦✱ ♦ ✈❡r✐✜❝❛❞♦r ♣r✐♠❡✐r♦ ♦❜té♠ ❛ ▲❈❘ ❞♦ s❡r✈✐✲
❞♦r ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ✐♥❞✐❝❛❞♦ ♥♦ ❝❡rt✐✜❝❛❞♦✳ ❊♠ s❡❣✉✐❞❛✱ ♣r♦❝✉r❛ ♣❡❧♦ ♥ú♠❡r♦
❞❡ sér✐❡ ❞♦ ❝❡rt✐✜❝❛❞♦ ♥❛ ❧✐st❛✳ ❙❡ ♦ ♥ú♠❡r♦ é ❡♥❝♦♥tr❛❞♦✱ ♦ ❝❡rt✐✜❝❛❞♦ ❢♦✐ r❡✈♦❣❛❞♦✳ ❊♠
❝❛s♦ ♥❡❣❛t✐✈♦✱ ♦ ❝❡rt✐✜❝❛❞♦ é ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ♥ã♦ r❡✈♦❣❛❞♦✳

❯♠❛ ❝❛r❛❝t❡ríst✐❝❛ ✐♥❡r❡♥t❡ ❛ ❡ss❡ ♠ét♦❞♦ é q✉❡ ♦ ✈❡r✐✜❝❛❞♦r ❞❡✈❡ ♦❜t❡r ❛ ▲❈❘ ❞❡ t♦❞❛
✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❆❈✱ ♠❡s♠♦ q✉❡ ♣r❡❝✐s❡ ❞❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ❞❡ ❛♣❡♥❛s ✉♠ ❝❡r✲
t✐✜❝❛❞♦✳ ❊♠ ❛♠❜✐❡♥t❡s ♦♥❞❡ ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s r❡✈♦❣❛❞♦s é ❣r❛♥❞❡✱ ❛ tr❛♥s♠✐ssã♦
❞❡ ▲❈❘s ♣♦❞❡ ❝♦♥s✉♠✐r ❜♦❛ ♣❛rt❡ ❞♦s r❡❝✉rs♦s ❞❡ r❡❞❡✳

❖✉tr❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❛s ▲❈❘s é ❛ ❥❛♥❡❧❛ ❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡✱ q✉❡ ❝♦♥s✐st❡ ♥♦ t❡♠♣♦
❡♥tr❡ ❛ ❡♠✐ssã♦ ❞❡ ❞✉❛s ❧✐st❛s s✉❝❡ss✐✈❛s✳ P❛r❛ ❡♥t❡♥❞❡r ♦ t❡r♠♦✱ ❝♦♥s✐❞❡r❡ ✉♠ ❝❡rt✐✜❝❛❞♦
❡♠✐t✐❞♦ ♣♦r ✉♠❛ ❆❈ ❝✉❥❛ ♣❡r✐♦❞✐❝✐❞❛❞❡ ❞❡ ♣✉❜❧✐❝❛çã♦ ❞❛s r❡s♣❡❝t✐✈❛s ▲❈❘s s❡❥❛ ∆t✳
❈♦♥s✐❞❡r❡ ❛✐♥❞❛ q✉❡ ♥♦ ✐♥st❛♥t❡ t✱ ✉♠❛ ❧✐st❛ t❡♥❤❛ s✐❞♦ ♣✉❜❧✐❝❛❞❛ ❡ q✉❡ ♥✉♠ ✐♥st❛♥t❡
✐♠❡❞✐❛t❛♠❡♥t❡ ♣♦st❡r✐♦r ❛ t✱ ♦ ✉s✉ár✐♦ ♣❡r❝❡❜❡ q✉❡ ♣❡r❞❡✉ s✉❛ ❝❤❛✈❡ ♣r✐✈❛❞❛ ❡ ❝♦♠✉♥✐❝❛ ♦
❢❛t♦ à ❆❈✱ s♦❧✐❝✐t❛♥❞♦ q✉❡ ❡❧❛ r❡✈♦❣✉❡ s❡✉ ❝❡rt✐✜❝❛❞♦✳ ❆ ✐♥❢♦r♠❛çã♦ ❞❡ q✉❡ ❡ss❡ ❝❡rt✐✜❝❛❞♦
❢♦✐ r❡✈♦❣❛❞♦ só s❡rá t♦r♥❛❞❛ ♣ú❜❧✐❝❛ ❝♦♠ ❛ ♣✉❜❧✐❝❛çã♦ ❞❛ ♣ró①✐♠❛ ❧✐st❛✱ ❡♠✐t✐❞❛ ♥♦ ✐♥st❛♥t❡
t + ∆t✳ ❖✉ s❡❥❛✱ ❡①✐st❡ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ❡♥tr❡ ♦s ✐♥st❛♥t❡s t ❡ t + ∆t✱ ♥♦
q✉❛❧ ❛ ❆❈✱ ♠❡s♠♦ t❡♥❞♦ s✐❞♦ ✐♥❢♦r♠❛❞❛ ❞♦ ❝♦♠♣r♦♠❡t✐♠❡♥t♦ ❞❛ ❝❤❛✈❡ ♣r✐✈❛❞❛✱ ♥ã♦ é
❝❛♣❛③ ❞❡ r❡✈♦❣❛r ♦ ❝❡rt✐✜❝❛❞♦✳

❯♠❛ ❢♦r♠❛ ❞❡ ❛♠❡♥✐③❛r ♦ ♣r♦❜❧❡♠❛ ❞❛ ❥❛♥❡❧❛ ❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ é r❡❞✉③✐r ♦ t❡♠♣♦
❡♥tr❡ ♣✉❜❧✐❝❛çõ❡s s✉❝❡ss✐✈❛s ❞❛s ▲❈❘s✱ ❞✐♠✐♥✉✐♥❞♦ ♦ ✈❛❧♦r ❞❡ ∆t✳ ◆♦ ❡♥t❛♥t♦✱ r❡❞✉③✐r
∆t s✐❣♥✐✜❝❛ ❛✉♠❡♥t❛r ♦ ♥ú♠❡r♦ ❞❡ tr❛♥s♠✐ssõ❡s ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ♦s r❡❝✉rs♦s ❞❡ r❡❞❡
✉t✐❧✐③❛❞♦s✳ ▲♦❣♦✱ ❞❡✈❡ ❤❛✈❡r ✉♠ ❡q✉✐❧í❜r✐♦ ❡♥tr❡ ❛ ❥❛♥❡❧❛ ❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ❡ ❛ ✉t✐❧✐③❛çã♦
❞❛ r❡❞❡✳

❖✉tr♦ ♣r♦❜❧❡♠❛ ❞❛s ▲❈❘s é ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ r❡q✉✐s✐çõ❡s✳ P❛r❛ r❡❞✉③✐r ❛ ❥❛♥❡❧❛
❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡✱ ♦s ✈❡r✐✜❝❛❞♦r❡s t❡♥t❛♠ ♦❜t❡r ❛ ❧✐st❛ tã♦ ❧♦❣♦ ❡❧❛ s❡❥❛ ♣✉❜❧✐❝❛❞❛✱ ♦✉
s❡❥❛✱ ♥♦ ♠♦♠❡♥t♦ ❞❛ ♣✉❜❧✐❝❛çã♦ ❞❛ ♣ró①✐♠❛ ❧✐st❛✱ ✐♥❞✐❝❛❞♦ ♥❛ ❧✐st❛ ❛t✉❛❧ ♣❡❧♦ ❝❛♠♣♦
♥❡①t ✉♣❞❛t❡ ❬✶✺❪✳ ■ss♦ ✐♠♣❧✐❝❛ q✉❡ ♦s ✈❡r✐✜❝❛❞♦r❡s t❡♥❞❡♠ ❛ r❡q✉❡r❡r ❛s ▲❈❘s ❛♦ ♠❡s♠♦
t❡♠♣♦✱ ♦❝❛s✐♦♥❛♥❞♦ ✉♠ ♣✐❝♦ ❞❡ r❡q✉✐s✐çõ❡s ❡ ❞❡ trá❢❡❣♦ ♥❛ r❡❞❡✳ ▼❛✐♦r❡s ❞❡t❛❧❤❡s ❛ss✐♠
❝♦♠♦ ✉♠ ❡st✉❞♦ q✉❛♥t✐t❛t✐✈♦ ❞❡ss❡ ♣r♦❜❧❡♠❛ ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ❡♠ ❬✾❪✳

P❛r❛ r❡❞✉③✐r ♦s ♣r♦❜❧❡♠❛s ❞❡s❝r✐t♦s ❛❝✐♠❛✱ ✈ár✐❛s ❡①t❡♥sõ❡s ❢♦r❛♠ ♣r♦♣♦st❛s ♣❛r❛
❛s ▲❈❘s✳ ❯♠❛ ✈❡③ q✉❡ ❡①✐st❡♠ ♥❛ ❧✐t❡r❛t✉r❛ ✈ár✐♦s tr❛❜❛❧❤♦s q✉❡ ❢❛③❡♠ ✉♠❛ ❞❡s❝r✐çã♦
❞❡t❛❧❤❛❞❛ ❞❡ t❛✐s ❡①t❡♥sõ❡s✱ ♥ã♦ s❡rá r❡❢❡✐t♦ t❛❧ ❡s❢♦rç♦✳ ❆r♥❡s ❬✾❪ ❛♣r❡s❡♥t❛ ✉♠❛ ❡①❝❡❧❡♥t❡
❛♥á❧✐s❡ ❞❛s ▲❈❘s ❡ s✉❛s ✈❛r✐❛çõ❡s✳ ❆❜❛✐①♦ ❛♣r❡s❡♥t❛✲s❡ ❛♣❡♥❛s ✉♠ r❡s✉♠♦ ❞❛s ♣r✐♥❝✐♣❛✐s✿

• P♦♥t♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ▲❈❘s ✭❞✐str✐❜✉t✐♦♥ ♣♦✐♥t ❈❘▲s✮ ❬✶✺❪✿ é ✉♠❛ ❡①t❡♥sã♦
q✉❡ ♣❡r♠✐t❡ à ❆❈ s❡❣♠❡♥t❛r ❛ s✉❛ ▲❈❘ ❡♠ ❞✐✈❡rs❛s ♣❛rt❡s ✭♦s s❡❣♠❡♥t♦s✮ ❡ ❛ss♦❝✐á✲
❧❛s ❛ ✉♠ ♣♦♥t♦ ❞❡ ❞✐str✐❜✉✐çã♦✳❯♠ ♣♦♥t♦ ❞❡ ❞✐str✐❜✉✐çã♦ ♣♦❞❡ ❡st❛r ❡♠ ❞✐❢❡r❡♥t❡s
❞✐r❡tór✐♦s ❡♠ ✉♠❛ ♠❡s♠❛ ♠áq✉✐♥❛ ♦✉ ❡♠ ❞✐❢❡r❡♥t❡s ♠áq✉✐♥❛s✳ ❈❛❞❛ ❝❡rt✐✜❝❛❞♦
❝♦♥té♠ ♦ ❡♥❞❡r❡ç♦ ❞♦ s❡✉ ♣♦♥t♦ ❞❡ ❞✐str✐❜✉✐çã♦✱ ♣❡r♠✐t✐♥❞♦ q✉❡ ♦ ✈❡r✐✜❝❛❞♦r ♦❜t❡✲
♥❤❛ ❢❛❝✐❧♠❡♥t❡ ♦ s❡❣♠❡♥t♦ ❝♦♥t❡♥❞♦ ❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ s♦❜r❡ ♦ ❝❡rt✐✜❝❛❞♦
❡♠ q✉❡stã♦✳ ❆ ♣r✐♥❝✐♣❛❧ ✈❛♥t❛❣❡♠ ❞❡ss❛ ❡①t❡♥sã♦ é q✉❡ ♦ ✈❡r✐✜❝❛❞♦r ♥ã♦ ♣r❡❝✐s❛
♠❛✐s ♦❜t❡r t♦❞❛ ❛ ▲❈❘ ♣❛r❛ ✈❛❧✐❞❛r ✉♠ ❝❡rt✐✜❝❛❞♦✱ ♠❛s ❛♣❡♥❛s ♦ s❡❣♠❡♥t♦ ❝♦r✲
r❡s♣♦♥❞❡♥t❡✳ ■ss♦ r❡❞✉③ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❛❞♦s ❡♥tr❡ ♦ s❡r✈✐❞♦r ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡
r❡✈♦❣❛çã♦ ❡ ♦ ✈❡r✐✜❝❛❞♦r✳ ❖✉tr❛ ✈❛♥t❛❣❡♠ ❞❡ss❛ ❡①t❡♥sã♦ é ♣❡r♠✐t✐r ❛ ❞✐str✐❜✉✐✲
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çã♦ ❞♦ trá❢❡❣♦ ❡♥tr❡ ❞✐❢❡r❡♥t❡s ♣♦♥t♦s✱ ♠❡❧❤♦r❛♥❞♦ ❛ ❡s❝❛❧❛❜✐❧✐❞❛❞❡ ❞❛s ▲❈❘s✳ ❆
♣r✐♥❝✐♣❛❧ ❞❡s✈❛♥t❛❣❡♠ é q✉❡ ❛♦ ✈❛❧✐❞❛r ❝❡rt✐✜❝❛❞♦s ♣❡rt❡♥❝❡♥t❡s ❛ ❞✐❢❡r❡♥t❡s s❡❣✲
♠❡♥t♦s✱ ♦ ✈❡r✐✜❝❛❞♦r ♣♦❞❡ t❡r♠✐♥❛r t❡♥❞♦ q✉❡ ♦❜t❡r t♦❞♦s ♦s s❡❣♠❡♥t♦s✱ ♦✉ s❡❥❛✱
♥ã♦ ❤á r❡❞✉çã♦ ♥❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s ❛ s❡r❡♠ tr❛♥s❢❡r✐❞♦s✳ P❡❧♦ ❝♦♥trár✐♦✱ ❤á
❛✉♠❡♥t♦ ❞❡✈✐❞♦ ❛♦ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ♣❛r❛ ❡st❛❜❡❧❡❝❡r ✈ár✐❛s ❝♦♥❡①õ❡s ✭✉♠❛ ♣❛r❛ ❝❛❞❛
s❡❣♠❡♥t♦✮❀

• ▲❈❘s ❉❡❧t❛ ✭❉❡❧t❛ ❈❘▲s✮ ❬✶✺❪✿ ❡ss❛ ❡①t❡♥sã♦ t❡♥t❛ r❡❞✉③✐r ♦ t❛♠❛♥❤♦ ❞❛s ▲❈❘s
♣✉❜❧✐❝❛♥❞♦ ❛♣❡♥❛s ✉♠❛ ❧✐st❛ ✭▲❈❘ ❉❡❧t❛ ♦✉ ▲❈❘ ✐♥❝r❡♠❡♥t❛❧✮ t❡♥❞♦ ❛♣❡♥❛s ❛s
♠✉❞❛♥ç❛s ❡♠ r❡❧❛çã♦ à ú❧t✐♠❛ ❧✐st❛ ❝♦♠♣❧❡t❛ ❞✐✈✉❧❣❛❞❛ ✭▲❈❘ ❜❛s❡✮✳ ❆ ♣r✐♥❝✐♣❛❧
✈❛♥t❛❣❡♠ ❞❡ss❡ ❡sq✉❡♠❛ é q✉❡ ❡❧❡ r❡❞✉③ ♦ trá❢❡❣♦ ♠é❞✐♦ ❡♥tr❡ ♦ ✈❡r✐✜❝❛❞♦r ❡ ♦
❞✐r❡tór✐♦❀

• ❆❘▲s ❬✶✺❪✿ ❡ss❛ ❡①t❡♥sã♦ ❝♦♥s✐st❡ ❡♠ ❝r✐❛r ❞✉❛s ❧✐st❛s ❞❡ r❡✈♦❣❛çã♦✿ ✉♠❛ ♣❛r❛
♦s ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s ♣❛r❛ ♦✉tr❛s ❆❈s✱ ❧✐st❛ ❞❡ r❡✈♦❣❛çã♦ ❞❡ ❛✉t♦r✐❞❛❞❡s
❝❡rt✐✜❝❛❞♦r❛s ✭❆✉t❤♦r✐t② ❘❡✈♦❝❛t✐♦♥ ▲✐st✮ ♦✉ ❆❘▲✱ ❡ ✉♠❛ ♣❛r❛ ♦s ❝❡rt✐✜❝❛❞♦s
❡♠✐t✐❞♦s ♣❛r❛ ✉s✉ár✐♦s ✜♥❛✐s✱ ▲❈❘✳ ❈♦♠♦ ❞✐✜❝✐❧♠❡♥t❡ ❝❡rt✐✜❝❛❞♦s ♣❡rt❡♥❝❡♥t❡s às
❆❈s sã♦ r❡✈♦❣❛❞♦s✱ ❛s ❆❘▲s t❡♥❞❡♠ ❛ s❡r ♣❡q✉❡♥❛s ♦✉ ❛té ♠❡s♠♦s ✈❛③✐❛s✳ ❊ss❛
❛❜♦r❞❛❣❡♠ é ✐♥t❡r❡ss❛♥t❡ q✉❛♥❞♦ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ❝❡rt✐✜❝❛❞♦ ❡♥✈♦❧✈❡ ✉♠ ❝❛♠✐♥❤♦
❞❡ ❝❡rt✐✜❝❛çã♦✱ ♣♦✐s✱ ♣❛r❛ ♦s ❝❡rt✐✜❝❛❞♦s ❞❛s ❆❈s q✉❡ ❝♦♠♣õ❡♠ ♦ ❝❛♠✐♥❤♦✱ ❛♣❡♥❛s
❛s ❆❘▲s ♣r❡❝✐s❛♠ s❡r ♦❜t✐❞❛s✳ ▲♦❣♦✱ ❤á r❡❞✉çã♦ ♥♦ trá❢❡❣♦ ❡♥tr❡ ♦ s❡r✈✐❞♦r ❞❡
✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ❡ ♦ ✈❡r✐✜❝❛❞♦r✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦ ❡sq✉❡♠❛ q✉❡ ✉t✐❧✐③❛
✉♠❛ ❧✐st❛ ú♥✐❝❛ ♣❛r❛ ❆❈s ❡ ✉s✉ár✐♦s ✜♥❛✐s❀

• ▲❈❘s s♦❜r❡♣♦st❛s ✭❖✈❡r✲✐ss✉❡❞ ❈❘▲s✮ ❬✶✵❪✿ ❡ss❡ ❡sq✉❡♠❛ ♣❡r♠✐t❡ q✉❡ ♠ú❧t✐♣❧❛s
▲❈❘s ♣♦ss❛♠ s❡ s♦❜r❡♣♦r✱ ♦✉ s❡❥❛✱ ♥✉♠ ♠❡s♠♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦✱ ❡①✐st❡♠ ✈ár✐❛s
▲❈❘s ✈á❧✐❞❛s✳ ❆ ✈❛♥t❛❣❡♠ ❞❡ss❡ ❡sq✉❡♠❛ é q✉❡ ♣❡r♠✐t❡ ❞✐str✐❜✉✐r ❛s r❡q✉✐s✐çõ❡s
❞❛s ▲❈❘s ♥♦ t❡♠♣♦✱ r❡❞✉③✐♥❞♦ ♦ ♣r♦❜❧❡♠❛ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ r❡q✉✐s✐çõ❡s ❞❡s❝r✐t♦
❛❝✐♠❛✳ ◆♦ ❡♥t❛♥t♦✱ ❡❧❡ t❡♠ ✉♠❛ ❞❡s✈❛♥t❛❣❡♠ sér✐❛✱ ♣♦✐s ♣♦❞❡♠ ❡①✐st✐r ❞✉❛s ▲❈❘s
✈á❧✐❞❛s ❝♦♠ ✐♥❢♦r♠❛çõ❡s ❝♦♥✢✐t❛♥t❡s✳ ❯♠❛ ❝♦♥s❡q✉ê♥❝✐❛ ❞✐r❡t❛ ❞❡ss❡ ❢❛t♦ é q✉❡ ❛
♣r♦♣r✐❡❞❛❞❡ ❞❡ ♥ã♦ r❡♣ú❞✐♦ ♥ã♦ ♣♦❞❡ s❡r ♠❛✐s ❣❛r❛♥t✐❞❛✳

❊♠❜♦r❛ t❛✐s ❡①t❡♥sõ❡s ❛♠❡♥✐③❡♠ ♦s ♣r♦❜❧❡♠❛s ❝✐t❛❞♦s ❛❝✐♠❛✱ ❡①♣❡r✐ê♥❝✐❛s ♣rát✐❝❛s
tê♠ ♠♦str❛❞♦ q✉❡ ❛s ▲❈❘s ♥ã♦ ❛♣r❡s❡♥t❛♠ ❜♦❛ ❡s❝❛❧❛❜✐❧✐❞❛❞❡✳ ❯♠ ❞❡ss❡s ❡①❡♠♣❧♦s
é ❛♣r❡s❡♥t❛❞♦ ♣♦r ◆✐❡❧s❡♥ ❡♠ ❬✷✾❪✱ ♦♥❞❡ ❞❡s❝r❡✈❡ s✉❛ ❡①♣❡r✐ê♥❝✐❛ ♥♦ ❉❡♣❛rt❛♠❡♥t♦ ❞❡
❉❡❢❡s❛ ❞♦s ❊st❛❞♦s ❯♥✐❞♦s✳

✹✳✶✳✷ ❖♥❧✐♥❡ ❈❡rt✐✜❝❛t❡ ❙t❛t✉s Pr♦t♦❝♦❧ ✲ ❖❈❙P

◆❡st❛ ♣r♦♣♦st❛✱ ❛♦ ✐♥✈és ❞❡ ✉♠❛ ❧✐st❛✱ ♦ ✈❡r✐✜❝❛❞♦r ♦❜té♠ ❛♣❡♥❛s ❛ ✐♥❢♦r♠❛çã♦ s♦❜r❡ ♦
❝❡rt✐✜❝❛❞♦ r❡q✉✐s✐t❛❞♦✳ ❯♠ ❞♦s ♠❡❝❛♥✐s♠♦s ♠❛✐s ❝♦♥❤❡❝✐❞♦s ♣❛r❛ ❞✐✈✉❧❣❛çã♦ ❞❡ ✐♥❢♦r✲
♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ é ♦ ❖❈❙P❬✷✼❪✳ ❉❡ ❢♦r♠❛ s✐♠♣❧✐✜❝❛❞❛✱ ❝♦♥s✐st❡ ♥✉♠ ♣r♦t♦❝♦❧♦ ♣❛r❛
❛ tr♦❝❛ ❞❡ ♠❡♥s❛❣❡♥s ❝♦♥t❡♥❞♦ t❛✐s ✐♥❢♦r♠❛çõ❡s✳ ❊①✐st❡ ✉♠ s❡r✈✐❞♦r ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡
r❡✈♦❣❛çã♦✱ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❖❈❙P ❞❡ ❝♦♥s✉❧t❛✶✱ q✉❡✱ ❛♣ós s❡r ❛❜❛st❡❝✐❞♦ ❝♦♠ ❛s ✐♥❢♦r♠❛✲
çõ❡s ❞❡ r❡✈♦❣❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ♣❡❧❛ ♣ró♣r✐❛ ❆❈ ❡♠✐ss♦r❛ ❞❡st❡s ✭♦✉ ♣♦r ♦✉tr❛ ❡♥t✐❞❛❞❡

✶◆❛ ❢❛❧t❛ ❞❡ ✉♠❛ tr❛❞✉çã♦ ♠❡❧❤♦r ♣❛r❛ ❖❈❙P ❘❡s♣♦♥❞❡r✳



❈❆P❮❚❯▲❖ ✹✳ ▼❊❈❆◆■❙▼❖❙ ❉❊ ❱❆▲■❉❆➬➹❖ ❉❊ ❈❊❘❚■❋■❈❆❉❖❙ ❉■●■❚❆■❙ ✸✹

❛✉t♦r✐③❛❞❛ ♣♦r ❡❧❛✮✱ ❛s ❞✐✈✉❧❣❛ ♠❡❞✐❛♥t❡ s♦❧✐❝✐t❛çã♦ ❞♦ ❝❧✐❡♥t❡ q✉❡ ❡stá ✈❡r✐✜❝❛♥❞♦ ♦ ❝❡rt✐✲
✜❝❛❞♦✳ P❛r❛ ❝❛❞❛ s♦❧✐❝✐t❛çã♦✱ ♦ ❖❈❙P ❞❡ ❝♦♥s✉❧t❛ ❞❡✈❡ ❝♦♠♣♦r ✉♠❛ r❡s♣♦st❛✱ ❝♦♥t❡♥❞♦ ♦
♥ú♠❡r♦ ❞❡ sér✐❡✱ ♦ ❡st❛❞♦ ❡ ♦✉tr♦s ❞❛❞♦s r❡❧❛t✐✈♦s ❛♦ ❝❡rt✐✜❝❛❞♦✱ ❡ ❛ss✐♥á✲❧❛ ❞✐❣✐t❛❧♠❡♥t❡✳

P❛r❛ ❣❛r❛♥t✐r ❛ ❛✉t❡♥t✐❝✐❞❛❞❡ ❞❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✱ ♦ ✈❡r✐✜❝❛❞♦r ❞❡✈❡ ❝♦♥❢❡r✐r
❛ ❛ss✐♥❛t✉r❛ ❝♦♥t✐❞❛ ♥❛ ♠❡s♠❛✳ ❈♦♠♦ ❥á ❢♦✐ ❞✐t♦ ❛♥t❡s✱ ✈❡r✐✜❝❛r ❛ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s é
✉♠ ♣r♦❝❡ss♦ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ❝✉st♦s♦✳ ❖❜s❡r✈❡ q✉❡ ♥✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✱ ❛
✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ❞❡ ❝❛❞❛ ❝❡rt✐✜❝❛❞♦ r❡q✉❡r ✉♠❛ ✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛✳

❆ ♣r✐♥❝✐♣❛❧ ✈❛♥t❛❣❡♠ ❞♦ ❖❈❙P é r❡❞✉③✐r ♦ trá❢❡❣♦ ❡♥tr❡ ♦ ✈❡r✐✜❝❛❞♦r ❡ s❡r✈✐❞♦r ❞❡
✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ✭❖❈❙P ❞❡ ❝♦♥s✉❧t❛✮✱ ♣♦✐s ❛♣❡♥❛s ❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦
r❡❢❡r❡♥t❡ ❛♦ ❝❡rt✐✜❝❛❞♦ ❡♠ q✉❡stã♦ é tr❛♥s♠✐t✐❞❛✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ♦ ❖❈❙P ❞❡ ❝♦♥s✉❧t❛ ♣r❡❝✐s❛ ❣❡r❛r ✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ ♣❛r❛ ❝❛❞❛
s♦❧✐❝✐t❛çã♦ ❛t❡♥❞✐❞❛✱ ♦ q✉❡ é ✉♠ ♣r♦❝❡ss♦ ❝✉st♦s♦✳ ■ss♦ t❡♠ ✉♠ ✐♠♣❛❝t♦ s✐❣♥✐✜❝❛t✐✈♦ ♥❛
❝❛♣❛❝✐❞❛❞❡ ❞♦ ❖❈❙P ❞❡ ❝♦♥s✉❧t❛ ❞❡ ♣r♦❝❡ss❛r r❡q✉✐s✐çõ❡s ❞♦s ✈❡r✐✜❝❛❞♦r❡s✱ r❡❞✉③✐♥❞♦ s✉❛
❡s❝❛❧❛❜✐❧✐❞❛❞❡✳

✹✳✶✳✸ ▼❡❝❛♥✐s♠♦s ❜❛s❡❛❞♦s ❡♠ ❝❛❞❡✐❛s ❞❡ r❡s✉♠♦s

◆♦ s❡♥t✐❞♦ ❞❡ r❡❞✉③✐r ♦s ❝✉st♦s ❞❡ s❡ ✈❛❧✐❞❛r ✉♠ ❝❡rt✐✜❝❛❞♦✱ ▼✐❝❛❧✐ ✐♥tr♦❞✉③✐✉ ♦ ❈❡rt✐✜❝❛t❡
❘❡✈♦❝❛t✐♦♥ ❙②st❡♠ ✭❈❘❙✮ ❬✷✹✱ ✷✺❪✱ r❡✈✐s❛❞♦ ❡ r❡♥♦♠❡❛❞♦ ♣❛r❛ ◆❖❱❖▼❖❉❖ ❬✷✻❪✳ ❆♥t❡s
❞❡ ❞❡s❝r❡✈❡r ♦ ◆❖❱❖▼❖❉❖✱ s❡rá ❢❡✐t❛ ✉♠❛ ❜r❡✈❡ ❡①♣❧❛♥❛çã♦ s♦❜r❡ ❝❛❞❡✐❛s ❞❡ r❡s✉♠♦s✱
q✉❡ sã♦ ❛ ❜❛s❡ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ◆❖❱❖▼❖❉❖✳ ❆ ❞❡s❝r✐çã♦ ❢❡✐t❛ ❛ s❡❣✉✐r ♣❛r❛ ♦
◆❖❱❖▼❖❉❖ t❛♠❜é♠ é ✈❛❧✐❞❛ ♣❛r❛ ♦ ❈❘❙✱ ❛ ♥ã♦ s❡r ♣♦r ♣❡q✉❡♥❛s ❞✐❢❡r❡♥ç❛s q✉❡ ♥ã♦
sã♦ s✐❣♥✐✜❝❛t✐✈❛s ♣❛r❛ ❡st❡ tr❛❜❛❧❤♦✳

❈❛❞❡✐❛s ❞❡ r❡s✉♠♦s

❯♠❛ ❝❛❞❡✐❛ ❞❡ r❡s✉♠♦s é ✉♠❛ ❝♦❧❡çã♦ ❞❡ ✈❛❧♦r❡s Xi✱ 0 ≤ i ≤ n✱ t❛❧ q✉❡ Xi+1 = ❤(Xi)

❡ X0 é ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❜✐ts ❛❧❡❛tór✐❛✳ ❈♦♥stró✐✲s❡ ❛ ❝❛❞❡✐❛ ❛ ♣❛rt✐r ❞❡ X0✱ t❛♠❜é♠
❝♦♥❤❡❝✐❞♦ ❝♦♠♦ r❛✐③ ♦✉ s❡♠❡♥t❡ ❞❛ ❝❛❞❡✐❛✱ ❛♣❧✐❝❛♥❞♦✲s❡ s✉❝❡ss✐✈❛♠❡♥t❡ ❛ ❢✉♥çã♦ r❡s✉♠♦
❤()✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✶✱ ♣❛r❛ ♦❜t❡r ♦s ❞❡♠❛✐s ✈❛❧♦r❡s ❞❛ ❝❛❞❡✐❛✳ ❊s❝r❡✈❡✲s❡
Xi = ❤

i(X0 )✳

❋✐❣✉r❛ ✹✳✶✿ ❈❛❞❡✐❛ ❞❡ r❡s✉♠♦

❯♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ❝❛❞❡✐❛s ❞❡ r❡s✉♠♦s é ❛ ❢❛❝✐❧✐❞❛❞❡ ❞❡ ❞❡t❡r♠✐♥❛r
s❡ ✉♠ ❞❛❞♦ ✈❛❧♦r Xj ♣❡rt❡♥❝❡ ♦✉ ♥ã♦ à ❝❛❞❡✐❛✱ ❞❛❞♦ q✉❡ s❡ ❝♦♥❤❡❝❡ ✉♠ ✈❛❧♦r ❛✉tê♥t✐❝♦
Xi ❞❛ ♠❡s♠❛✱ t❛❧ q✉❡ i > j✳ P♦r ❡①❡♠♣❧♦✱ ❝♦♥❤❡❝❡♥❞♦✲s❡ ♦ ✈❛❧♦r ❞❡ Xn✱ ♣❛r❛ ❞❡t❡r♠✐♥❛r
s❡ Xj ♣❡rt❡♥❝❡ à ❝❛❞❡✐❛✱ ♦ ✈❡r✐✜❝❛❞♦r ❞❡✈❡ ❝❛❧❝✉❧❛r ❤n−j (Xj )✱ ♦✉ s❡❥❛✱ ❝♦♠♣✉t❛r ❛ ❢✉♥çã♦
❤() ✭n − j✮ ✈❡③❡s✳ ❙❡ ❤n−j (Xj ) = Xn✱ ❡♥tã♦ Xj é ♦ (j + 1)✲és✐♠♦ ❡❧❡♠❡♥t♦ ❞❛ ❝❛❞❡✐❛ ❞❡
r❡s✉♠♦s X0, X1, . . . , Xn✳ ❖✉tr❛ ❝❛r❛❝t❡ríst✐❝❛ ✐♠♣♦rt❛♥t❡ ❞❛s ❝❛❞❡✐❛s ❞❡ r❡s✉♠♦ é q✉❡ ♦
❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ Xi ♥ã♦ ❞á ❛♦ ❛❞✈❡rsár✐♦ q✉❛❧q✉❡r ✈❛♥t❛❣❡♠ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ✈❛❧♦r❡s
Xj✱ t❛❧ q✉❡ j < i✳
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❯♠ ❝♦♥❝❡✐t♦ ♠✉✐t♦ ✉t✐❧✐③❛❞♦ ❡♠ ❝❛❞❡✐❛s ❞❡ r❡s✉♠♦s é ♦ ❞❡ tr❛♥s♣♦s✐çã♦✱ ♥♦ q✉❛❧ ♦s
✈❛❧♦r❡s ❞❛ ❝❛❞❡✐❛ sã♦ ✉t✐❧✐③❛❞♦s ✭t♦r♥❛❞♦s ♣ú❜❧✐❝♦s✮ s✉❝❡ss✐✈❛♠❡♥t❡✱ ❡♠ ♦r❞❡♠ ✐♥✈❡rs❛✳
❖✉ s❡❥❛✱ ✉t✐❧✐③❛♠✲s❡ Xn✱ Xn−1✱ . . .✱ X1 ❡ X0✳ P❛r❛ t❛❧ é ♣♦ssí✈❡❧ ✉s❛r ✈ár✐❛s ❛❜♦r❞❛❣❡♥s✱
❝♦♠ ❞✐❢❡r❡♥t❡s ❝✉st♦s ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳ ❯♠❛ ❛❜♦r❞❛❣❡♠ s✐♠♣❧❡s
s❡r✐❛ ❛r♠❛③❡♥❛r t♦❞♦s ♦s r❡s✉♠♦s ❞❛ ❝❛❞❡✐❛ ❡♠ ♠❡♠ór✐❛ ❡ r❡❝✉♣❡rá✲❧♦s ❞❡ ❛❝♦r❞♦ ❝♦♠
❛ ♥❡❝❡ss✐❞❛❞❡✳ ◆❡ss❡ ❝❛s♦✱ ♦ ❝✉st♦ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ é ✐❣✉❛❧ n.|res|✱ ❡♠ q✉❡ |res| é ♦
t❛♠❛♥❤♦ ❞♦ r❡s✉♠♦✱ ❡ ♦ ❝✉st♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ é ♥✉❧♦✳ ❖✉tr❛ ❛❜♦r❞❛❣❡♠ s✐♠♣❧❡s s❡r✐❛
❛r♠❛③❡♥❛r ❛ r❛✐③ ❞❛ ❝❛❞❡✐❛✱ X0✱ r❡s✉❧t❛♥❞♦ ♥♦ ❝✉st♦ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ ✐❣✉❛❧ ❛ |res| ❡
♦ ❝✉st♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ✐❣✉❛❧ n.tres ✱ ❡♠ q✉❡ tres é ♦ ❝✉st♦ ❞❡ r❡❛❧✐③❛r ✉♠❛ ♦♣❡r❛çã♦
❞❡ r❡s✉♠♦✳ ❘❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ❏❛❦♦❜ss♦♥ ❬✶✻✱ ✶✶❪ ♣❡r♠✐t❡♠✱ ❛r♠❛③❡♥❛♥❞♦ log2 n

r❡s✉♠♦s✱ ❝♦♠♣✉t❛r Xj ❝♦♠✱ ♥♦ ♠á①✐♠♦✱ log2 n ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦✳

◆❖❱❖▼❖❉❖

❆♥t❡s ❞❡ ♠♦str❛r ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ◆❖❱❖▼❖❉❖✱ é ♣r❡❝✐s♦ ❞❡✐①❛r ❝❧❛r♦ q✉❡ ❡❧❡ é
❜❛s❡❛❞♦ ❡♠ ✐♥t❡r✈❛❧♦s ❞❡ t❡♠♣♦✱ ♥♦ q✉❛❧ ♦ ❝❡rt✐✜❝❛❞♦ ♣♦❞❡ s❡r ✈á❧✐❞♦ ♦✉ ♥ã♦✳ ❊ss❡
✐♥t❡r✈❛❧♦✱ ♣♦r ❡①❡♠♣❧♦✱ ♣♦❞❡ s❡r ✉♠ s❡❣✉♥❞♦✱ ✉♠❛ ❤♦r❛✱ ✉♠ ❞✐❛✱ ❡t❝✳ P♦r s✐♠♣❧✐❝✐❞❛❞❡✱
❝♦♠♦ ❢❡③ ▼✐❝❛❧✐✱ s❡rá ✉t✐❧✐③❛❞♦ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ✉♠ ❞✐❛✳ ■ss♦ s✐❣♥✐✜❝❛ q✉❡ ❞✉r❛♥t❡ ✉♠
❞❡t❡r♠✐♥❛❞♦ ❞✐❛ ♦ ❡st❛❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦ é ú♥✐❝♦✱ ♦✉ s❡❥❛✱ ✉♠❛ ✈❡③ q✉❡ ❡❧❡ ❢♦r ❞❡t❡r♠✐♥❛❞♦✱
♥ã♦ ♣♦❞❡ ♠❛✐s s❡r ♠✉❞❛❞♦ ♥♦ ♠❡s♠♦ ❞✐❛✳ P♦r ❡①❡♠♣❧♦✱ s❡ ♥♦ ✐♥í❝✐♦ ❞♦ ❞✐❛ ❡♠ q✉❡stã♦✱ ♦
❝❡rt✐✜❝❛❞♦ ❢♦r ❞❡❝❧❛r❛❞♦ ✈á❧✐❞♦ ♣❡❧❛ ❆❈✱ ❡❧❡ s❡rá ❛❝❡✐t♦ ❝♦♠♦ ✈á❧✐❞♦ ❛té ♦ ✐♥í❝✐♦ ❞♦ ♣ró①✐♠♦
❞✐❛✱ ♠❡s♠♦ q✉❡ ♥♦ ❞❡❝♦rr❡r ❞♦ ❞✐❛ ❛ ❆❈ r❡s♣♦♥sá✈❡❧ ❝♦♥st❛t❡ q✉❡ ♦ ❝❡rt✐✜❝❛❞♦ ❞❡✈❛ s❡r
r❡✈♦❣❛❞♦✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♦ ◆❖❱❖▼❖❉❖ ❛♣r❡s❡♥t❛ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡
✐❣✉❛❧ ❛ ✉♠ ❞✐❛✳

◆♦ ◆❖❱❖▼❖❉❖✱ ❛ ❆❈✱ ♣❛r❛ ❝❛❞❛ ❝❡rt✐✜❝❛❞♦✱ ❡s❝♦❧❤❡ ❛❧❡❛t♦r✐❛♠❡♥t❡ ❞♦✐s ♥ú♠❡r♦s
❞❡ |res| ❜②t❡s ✭ ✷✵ ❜②t❡s ❝♦♥s✐❞❡r❛♥❞♦ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❙❍❆✲✶✮✱ X0 ❡ Y0✳ ❊♠ s❡❣✉✐❞❛✱ ❣❡r❛
❞✉❛s ❝❛❞❡✐❛s ❞❡ r❡s✉♠♦s✿ Y0, Y1 ❡ X0, X1, . . . , Xn✳ Y1 ❡ Xn sã♦ ✐♥s❡r✐❞♦s ♥♦ ❝❡rt✐✜❝❛❞♦✳
❖ ✈❛❧♦r Y0 ❡ ❛ s❡q✉ê♥❝✐❛ ❞❡ ✈❛❧♦r❡s Xi✱ 0 ≤ i < n✱ sã♦ ♠❛♥t✐❞♦s s❡❝r❡t♦s ♣❡❧❛ ❆❈✳ ❖
✐♥t❡✐r♦ n ✐♥❞✐❝❛ ♦ ♥ú♠❡r♦ ❞❡ ✐♥t❡r✈❛❧♦s ❞❡ t❡♠♣♦ q✉❡ ❝♦♠♣õ❡♠ ♦ ♣r❛③♦ ❞❡ ✈❛❧✐❞❛❞❡ ❞♦
❝❡rt✐✜❝❛❞♦✳

P❛r❛ ❞❡t❡r♠✐♥❛r ♦ ❡st❛❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦ ♥♦ ✐♥t❡r✈❛❧♦ j✱ j ❃ ✵✱ ❛ ❆❈ ❞✐✈✉❧❣❛ ♦✉ Y0 ♣❛r❛
✐♥❞✐❝❛r q✉❡ ♦ ❝❡rt✐✜❝❛❞♦ ❢♦✐ r❡✈♦❣❛❞♦ ♦✉ Xn−j ♣❛r❛ ✐♥❞✐❝❛r q✉❡ ♦ ❝❡rt✐✜❝❛❞♦ ♥ã♦ ❢♦✐ r❡✈♦✲
❣❛❞♦✳ ▲♦❣♦✱ ❛ ❝❛❞❡✐❛ Y0, Y1 ❡stá r❡❧❛❝✐♦♥❛❞❛ ❛♦ ❡st❛❞♦ r❡✈♦❣❛❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦ ❡♥q✉❛♥t♦
❛ ❝❛❞❡✐❛ X0, X1, . . . , Xn ❡stá r❡❧❛❝✐♦♥❛❞❛ ❛♦ ❡st❛❞♦ ♥ã♦✲r❡✈♦❣❛❞♦✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ✉♠
❝❡rt✐✜❝❛❞♦ ❝♦♠ ✈❛❧✐❞❛❞❡ ❞❡ ✸✻✺ ❞✐❛s ❡ ✐♥t❡r✈❛❧♦ ❞❡ ✶ ❞✐❛ ✭n = 365✮✱ s❡ ♦ ❝❡rt✐✜❝❛❞♦ ♥ã♦ ❢♦r
r❡✈♦❣❛❞♦✱ ❛ ❆❈ ❞✐✈✉❧❣❛ X364 ♥♦ ♣r✐♠❡✐r♦ ❞✐❛✱ X363 ♥♦ s❡❣✉♥❞♦ ❡ ❛ss✐♠ s✉❝❡ss✐✈❛♠❡♥t❡✳
❊♠ q✉❛❧q✉❡r ❞✐❛✱ s❡ ♦ ❝❡rt✐✜❝❛❞♦ ❢♦r r❡✈♦❣❛❞♦✱ ❛ ❆❈ ❞✐✈✉❧❣❛ ❛♣❡♥❛s Y0✳

❖ ✈❡r✐✜❝❛❞♦r ♣♦❞❡ ❞❡t❡r♠✐♥❛r s❡ ♦ ❝❡rt✐✜❝❛❞♦ ❢♦✐ ♦✉ ♥ã♦ r❡✈♦❣❛❞♦✱ ✈❡r✐✜❝❛♥❞♦ s❡ ♦
✈❛❧♦r r❡❝❡❜✐❞♦ ♣❡rt❡♥❝❡ ❛ ❝❛❞❡✐❛ Y0, Y1 ♦✉ ❛ ❝❛❞❡✐❛ X0, X1, . . . , Xn✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱
s✉♣♦♥❤❛ q✉❡ ♦ ✈❡r✐✜❝❛❞♦r t❡♥❤❛ r❡❝❡❜✐❞♦ Y0✳ ❊❧❡ ❝♦♠♣✉t❛ ❤(Y0 ) ❡ ♦ ❝♦♠♣❛r❛ ❝♦♠ Y1 ❞♦
❝❡rt✐✜❝❛❞♦ s❡♥❞♦ ✈❛❧✐❞❛❞♦✳ ❙❡ ♦s ✈❛❧♦r❡s ❢♦r❡♠ ✐❣✉❛✐s✱ ♦ ✈❡r✐✜❝❛❞♦r ❝♦♥❝❧✉✐ q✉❡ ♦ ❝❡rt✐✜❝❛❞♦
❢♦✐ r❡✈♦❣❛❞♦✳ P♦r ♦✉tr♦ ❧❛❞♦✱ s❡ ♦ ❝❡rt✐✜❝❛❞♦ ♥ã♦ t✐✈❡r s✐❞♦ r❡✈♦❣❛❞♦✱ ♦ ✈❡r✐✜❝❛❞♦r r❡❝❡❜❡
♦ ✈❛❧♦r Xn−j✳ ❊♥tã♦ ❝♦♠♣✉t❛ X ′

n = ❤
j (Xn−j ) ❡ ♦ ❝♦♠♣❛r❛ ❝♦♠ Xn ❞♦ ❝❡rt✐✜❝❛❞♦✳ ❙❡ ♦s

✈❛❧♦r❡s ❢♦r❡♠ ✐❣✉❛✐s✱ ♦ ❝❡rt✐✜❝❛❞♦ ♥ã♦ ❢♦✐ r❡✈♦❣❛❞♦✳ ❙❡ ♦ ✈❡r✐✜❝❛❞♦r ♥ã♦ ♣✉❞❡r ❞❡t❡r♠✐♥❛r



❈❆P❮❚❯▲❖ ✹✳ ▼❊❈❆◆■❙▼❖❙ ❉❊ ❱❆▲■❉❆➬➹❖ ❉❊ ❈❊❘❚■❋■❈❆❉❖❙ ❉■●■❚❆■❙ ✸✻

à q✉❛❧ ❝❛❞❡✐❛ ♦ r❡s✉♠♦ r❡❝❡❜✐❞♦ ♣❡rt❡♥❝❡✱ ❡♥tã♦ ♦ r❡s✉♠♦ é ❝♦♥s✐❞❡r❛❞♦ ✐♥✈á❧✐❞♦✳
❖❜s❡r✈❡ q✉❡ ❛ s❡❣✉r❛♥ç❛ ❞♦ ❡sq✉❡♠❛ é ❞❛❞❛ ♣❡❧♦ ❢❛t♦ ❞❛ ❢✉♥çã♦ ❞❡ r❡s✉♠♦ ✭❤()✮

s❡r ❞❡ ♠ã♦ ú♥✐❝❛ ✭♦♥❡✲✇❛②✮ ❡ r❡s✐st❡♥t❡ ❛ ❝♦❧✐sõ❡s✳ P❛r❛ ✉♠ ✐♥tr✉s♦ ❢♦r❥❛r ♦ ❡st❛❞♦ ❞♦
❝❡rt✐✜❝❛❞♦ ✭s❡❥❛ r❡✈♦❣❛❞♦ ♦✉ ♥ã♦ r❡✈♦❣❛❞♦✮ ❡❧❡ ♣r❡❝✐s❛ ❝♦♠♣✉t❛r ♦ ✐♥✈❡rs♦ ❞❛ ❢✉♥çã♦ ❞❡
r❡s✉♠♦ ❝r✐♣t♦❣rá✜❝♦ ♦✉ ❡♥❝♦♥tr❛r ✉♠❛ ❝♦❧✐sã♦✳ P❛r❛ ❢♦r❥❛r q✉❡ ✉♠ ❝❡rt✐✜❝❛❞♦ t❡♥❤❛ s✐❞♦
r❡✈♦❣❛❞♦✱ ❡❧❡ ♣r❡❝✐s❛ ♦❜t❡r Y0✳ ❈♦♠♦ ✉♠ ❛t❛q✉❡ ❞❡ ❢♦rç❛ ❜r✉t❛ ❡stá ❞❡s❝❛rt❛❞♦✱ ♦ ✐♥tr✉s♦
♣r❡❝✐s❛ ❝♦♠♣✉t❛r Y0 = ❤

−1(Y1 ) ♦✉ ♦❜t❡r Y ′

0 6= Y0✱ t❛❧ q✉❡ ❤(Y ′

0 ) = Y1✳ ◆♦ ❝❛s♦ ❞❡
❢♦r❥❛r ✉♠ ❛t❡st❛❞♦ ❞❡ ♥ã♦ r❡✈♦❣❛çã♦ ❞♦ ❝❡rt✐✜❝❛❞♦✱ ♦ ✐♥tr✉s♦✱ ♣❛r❛ ♦ ✐♥t❡r✈❛❧♦ j✱ ❞❡✈❡
♦❜t❡r Xn−j ❛ ♣❛rt✐r ❞❡ Xn−j+1✱ ú❧t✐♠♦ ✈❛❧♦r t♦r♥❛❞♦ ♣ú❜❧✐❝♦✳ ◆♦✈❛♠❡♥t❡✱ ✐ss♦ s✐❣♥✐✜❝❛
❝♦♠♣✉t❛r Xn−j = ❤

−1(Xn−j+1 ) ♦✉ ❡♥❝♦♥tr❛r X ′

n−j 6= Xn−j✱ t❛❧ q✉❡ ❤(X ′

n−j ) = Xn−j+1

✳ P❡❧❛s ♣r♦♣r✐❡❞❛❞❡s ❞❛ ❢✉♥çã♦ ❞❡ r❡s✉♠♦ ❝r✐♣t♦❣rá✜❝♦ ❞✐s❝✉t✐❞❛s ❛♥t❡r✐♦r♠❡♥t❡✱ t❛✐s
♦♣çõ❡s sã♦ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ✐♥✈✐á✈❡✐s✳

❋❛st ❉✐❣✐t❛❧ ■❞❡♥t✐t② ❘❡✈♦❝❛t✐♦♥

❆✐❡❧❧♦ ❡t ❛❧ ❬✽❪ ♣r♦♣✉s❡r❛♠ ✉♠ ❡sq✉❡♠❛ ❜❛s❡❛❞♦ ♥♦ ❈❘❙ ❬✷✺❪✱ ❞❡♥♦♠✐♥❛❞♦ ❍✐❡r❛rq✉✐❝❛❧

❈❡rt✐✜❝❛t❡ ❘❡✈♦❝❛t✐♦♥ ❙②st❡♠ ✭❍❈❘❙✮✱ ❝✉❥♦ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ é r❡❞✉③✐r ❛ ❝♦♠✉♥✐❝❛çã♦
❡♥tr❡ ❛ ❆❈ ❡ ♦ s❡r✈✐❞♦r ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✳

❖ ❍❈❘❙ ✉t✐❧✐③❛ ❝❛❞❡✐❛s ❞❡ r❡s✉♠♦ ❞❡ ❢♦r♠❛ s❡♠❡❧❤❛♥t❡ ❛♦ ◆❖❱❖▼❖❉❖ ♣❛r❛ ❞❡✜♥✐r
♦ ❡st❛❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦✳ ❆ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡❧❡s é q✉❡✱ ♥♦ ❍❈❘❙✱ ✉♠ ♠❡s♠♦ r❡s✉♠♦ ♣♦❞❡
s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦ ❡st❛❞♦ ❞❡ ✈ár✐♦s ❝❡rt✐✜❝❛❞♦s✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ❆❈ ♣♦❞❡
♣✉❜❧✐❝❛r ❛♣❡♥❛s ✉♠ r❡s✉♠♦ ♣❛r❛ ✈ár✐♦s ❝❡rt✐✜❝❛❞♦s✳ ❆✐❡❧❧♦ ❡t ❛❧ ♠♦str❛r❛♠ q✉❡ ♦ ♥ú♠❡r♦
❞❡ r❡s✉♠♦s ❛ s❡r ❞✐✈✉❧❣❛❞♦ é✱ ♥♦ ♠á①✐♠♦✱ r. log2(v/r)✱ ❡♠ q✉❡ r é ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s
r❡✈♦❣❛❞♦s ❡ v ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s ♣❡❧❛ ❆❈✳ ❊ss❡ ✈❛❧♦r é ♠❡♥♦r q✉❡ ♦s v

r❡s✉♠♦s ♥❡❝❡ssár✐♦s ♥♦ ◆❖❱❖▼❖❉❖ ✭✉♠ ♣❛r❛ ❝❛❞❛ ❝❡rt✐✜❝❛❞♦ ❡♠✐t✐❞♦ ♣❡❧❛ ❆❈✮✳
P❛r❛ ❣❛r❛♥t✐r q✉❡ ❛♣❡♥❛s ✉♠ r❡s✉♠♦ s✐r✈❛ ♣❛r❛ ✈ár✐♦s ❝❡rt✐✜❝❛❞♦s✱ ♦ ❝❡rt✐✜❝❛❞♦ ❞❡✈❡

♣♦❞❡r s❡r ✈❛❧✐❞❛❞♦ ♣♦r ❞✐❢❡r❡♥t❡s ❝❛❞❡✐❛s ❞❡ r❡s✉♠♦✱ ♦✉ s❡❥❛✱ ✉♠ ♠❡s♠♦ ❝❡rt✐✜❝❛❞♦ ❞❡✈❡
❝♦♥t❡r ✈ár✐♦s Xns✳ ■ss♦ s✐❣♥✐✜❝❛ ✉♠ ✐♥❝r❡♠❡♥t♦ ♥♦ t❛♠❛♥❤♦ ❞♦ ❝❡rt✐✜❝❛❞♦✳ ❆✐❡❧❧♦ ♠♦str❛
q✉❡ ♦ ♥ú♠❡r♦ ❞❡ Xns ♥❡❝❡ssár✐♦s ❡♠ ❝❛❞❛ ❝❡rt✐✜❝❛❞♦ é ✐❣✉❛❧ ❛ log2 v✱ ♦♥❞❡ v é ♦ ♥ú♠❡r♦
❞❡ ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s ♣❡❧❛ ❆❈✳

❊♠❜♦r❛ ❡ss❡ ❡sq✉❡♠❛ r❡❞✉③❛ ♦s ❝✉st♦s ❞❡ tr❛♥s♠✐ssã♦ ❡♥tr❡ ❛ ❆❈ ❡ ♦ ❘❡♣♦s✐tór✐♦✱
❡❧❡ ♥ã♦ tr❛③ ♠❡❧❤♦r✐❛s ♣❛r❛ ♦ ✈❡r✐✜❝❛❞♦r✳ P❡❧♦ ❝♦♥trár✐♦✱ ♦s ❝✉st♦s ❞♦ ✈❡r✐✜❝❛❞♦r ❛✉♠❡♥✲
t❛♠✳ ❈♦♠♦ ♦s ❝❡rt✐✜❝❛❞♦s ❞❡✈❡♠ ❝♦♥t❡r ♠❛✐s rót✉❧♦s✱ ❤á ✉♠ ❛✉♠❡♥t♦ ❞♦ t❛♠❛♥❤♦ ❞♦
❝❡rt✐✜❝❛❞♦✱ ♦ q✉❡ t❡♠ ✐♠♣❛❝t♦ ♥♦s r❡❝✉rs♦s ❞❡ tr❛♥s♠✐ssã♦ ✉t✐❧✐③❛❞♦s ♣❡❧♦ ✈❡r✐✜❝❛❞♦r✳
P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ✉♠ ❛♠❜✐❡♥t❡ ❝♦♠ 220 ✉s✉ár✐♦s✱ ♦ ❝❡rt✐✜❝❛❞♦ ❞❡✈❡ ❝♦♥t❡r ✷✵ rót✉❧♦s✳
❈♦♠♦ ❝❛❞❛ rót✉❧♦ t❡♠ ✷✵ ❜②t❡s ✭s❡ ❢♦r ✉t✐❧✐③❛❞♦ ♦ ❙❍❆✲✶✮✱ ♦ t❛♠❛♥❤♦ ❞♦ ❝❡rt✐✜❝❛❞♦ s♦❢r❡
✉♠ ❛✉♠❡♥t♦ ❞❡ ✹✵✵ ❜②t❡s✳ P❛r❛ ❛❧❣✉♥s ❝❡rt✐✜❝❛❞♦s✱ ✐ss♦ ♣♦❞❡ s❡r ♦ ❞♦❜r♦ ❞♦ t❛♠❛♥❤♦
♦r✐❣✐♥❛❧✳ ❖ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦ ♣❛r❛ ✈❡r✐✜❝❛r ♦ ❡st❛❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦ é ✐❣✉❛❧
❛♦ ❞♦ ◆❖❱❖▼❖❉❖✳

✹✳✶✳✹ ▼❡❝❛♥✐s♠♦s ❜❛s❡❛❞♦s ❡♠ ár✈♦r❡s

❖✉tr❛ ❛❜♦r❞❛❣❡♠ ✉t✐❧✐③❛❞❛ ♥❛ r❡✈♦❣❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s é ❛ ❜❛s❡❛❞❛ ❡♠ ár✈♦r❡s ❞❡ ▼❡r❦❧❡✱
❞❡s❝r✐t❛s ❛ s❡❣✉✐r✳ ❖s ♠❡❝❛♥✐s♠♦s q✉❡ ✉t✐❧✐③❛♠ ár✈♦r❡s ❞❡ ▼❡r❦❧❡ ♣❛r❛ ❣❡r❡♥❝✐❛r ✐♥❢♦r♠❛✲
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çõ❡s ❞❡ r❡✈♦❣❛çã♦ sã♦ ❛ ár✈♦r❡ ❞❡ r❡✈♦❣❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ✭❡♠ ✐♥❣❧ês✱ ❈❡rt✐✜❝❛t✐♦♥
❘❡✈♦❝❛t✐♦♥ ❚r❡❡ ✲ ❈❘❚✮ ❬✶✼❪ ❡ ❛ ✷✲✸❈❘❚ ❬✷✽❪✱ ✉♠❛ ✈❛r✐❛çã♦ ❞❛ ♣r✐♠❡✐r❛✳

➪r✈♦r❡s ❞❡ ▼❡r❦❧❡

➪r✈♦r❡s ❞❡ ▼❡r❦❧❡ ❬✷✸❪✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞❛s ❝♦♠♦ ár✈♦r❡s ❞❡ r❡s✉♠♦✱ sã♦ ár✈♦r❡s t❛✐s q✉❡✱
❛ ♣❛rt✐r ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❞♦ ✈❛❧♦r ❞❛ r❛✐③ ❡ ❞♦ ✈❛❧♦r ❞❡ ❛❧❣✉♥s ❞♦s ♥ós ✐♥t❡r♠❡❞✐ár✐♦s ❞❛
ár✈♦r❡✱ é ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r ❛ ❛✉t❡♥t✐❝✐❞❛❞❡ ❞♦ ✈❛❧♦r ❞❡ ❝❛❞❛ ✉♠ ❞♦s ♥ós ❢♦❧❤❛s r❡❛❧✐③❛♥❞♦
✉♠ ♥ú♠❡r♦ ♣❡q✉❡♥♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦✳

❆s ár✈♦r❡s ❞❡ ▼❡r❦❧❡ sã♦ ❝♦♥str✉í❞❛s ❛tr✐❜✉✐♥❞♦✲s❡ ♦s ✈❛❧♦r❡s ❞♦s ♥ós ❢♦❧❤❛s ❡ ❝❛❧❝✉✲
❧❛♥❞♦ ♦s ✈❛❧♦r❡s ❞♦s ♥ós ✐♥t❡r♥♦s ✭♥ã♦ ❢♦❧❤❛s✮ ❝♦♠♦ s❡♥❞♦ ♦ r❡s✉♠♦ ❞♦ ✈❛❧♦r ❞♦s s❡✉s ♥ós
✜❧❤♦s✳ ❆ ❋✐❣✉r❛ ✹✳✷ é ✉♠ ❡①❡♠♣❧♦ ❞❡ ár✈♦r❡ ❞❡ ▼❡r❦❧❡✳ P❛r❛ ❢❛❝✐❧✐t❛r ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s
♥ós✱ ❝❛❞❛ ♥ó ❢♦✐ r♦t✉❧❛❞♦ ❝♦♠ ♦ rót✉❧♦ ❞♦ s❡✉ ♣❛✐ ❝♦♥❝❛t❡♥❛❞♦ ❝♦♠ ✵ ♦✉ ✶✱ ❞❡♣❡♥❞❡♥❞♦ s❡
❡❧❡ ❡stá à ❡sq✉❡r❞❛ ✭❛❝✐♠❛✮ ♦✉ à ❞✐r❡✐t❛ ✭❛❜❛✐①♦✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❞♦ ♥ó ♣❛✐✳ ❖ ♥ó r❛✐③
r❡❝❡❜❡✉ ♦ rót✉❧♦ ✏✶✧✳

❋✐❣✉r❛ ✹✳✷✿ ➪r✈♦r❡ ❞❡ ▼❡r❦❧❡

❖ ❝❛♠✐♥❤♦ ❞❡ ❛✉t❡♥t✐❝❛çã♦ ❞❡ ✉♠ ♥ó x sã♦ ♦s ♥ós q✉❡ ❞❡✈❡♠ s❡r ♣❡r❝♦rr✐❞♦s✱ ❛
♣❛rt✐r ❞❛ r❛✐③✱ ♣❛r❛ s❡ ❝❤❡❣❛r ❛té ♦ ♥ó x✱ ✐♥❝❧✉s♦ ♦s ♥ós r❛✐③ ❡ x✳ ◆❛ ❋✐❣✉r❛ ✹✳✷✱ ♣❛r❛ ❛ ❢♦❧❤❛
1001✱ ♦ ❝❛♠✐♥❤♦ ❞❡ ❛✉t❡♥t✐❝❛çã♦ sã♦ ♦s ♥ós r♦t✉❧❛❞♦s 1✱ 10✱ 100 ❡ 1001✳ ❖ ❝♦♠♣❧❡♠❡♥t♦
❞♦ ❝❛♠✐♥❤♦ ❞❡ ❛✉t❡♥t✐❝❛çã♦ ❞❡ ✉♠ ♥ó x sã♦ t♦❞♦s ♦s ♥ós ✐r♠ã♦s ❞♦s ♥ós q✉❡ ♣❡rt❡♥❝❡♠
❛♦ ❝❛♠✐♥❤♦ ❞❡ ❛✉t❡♥t✐❝❛çã♦✳ ◆❛ ❋✐❣✉r❛ ✹✳✷✱ ♦ ❝♦♠♣❧❡♠❡♥t♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❛✉t❡♥t✐❝❛çã♦
♣❛r❛ ♦ ♥ó 1001 sã♦ ♦s ♥ós r♦t✉❧❛❞♦s 11✱ 101 ❡ 1000✳

P❛r❛ ❞❡t❡r♠✐♥❛r s❡ ✉♠ ♥ó ❢♦❧❤❛ ♣❡rt❡♥❝❡ à ár✈♦r❡ ❜❛st❛ ♦❜t❡r ♦ ❝♦♠♣❧❡♠❡♥t♦ ❞♦ s❡✉
❝❛♠✐♥❤♦ ❞❡ ❛✉t❡♥t✐❝❛çã♦ ❡ ♦ ✈❛❧♦r ❛✉tê♥t✐❝♦ ❞❛ r❛✐③ ❞❛ ár✈♦r❡✱ r❡❝♦♥str✉✐r ♦ ✈❛❧♦r ❞❛ r❛✐③
❛ ♣❛rt✐r ❞♦ ❝♦♠♣❧❡♠❡♥t♦ ❡ ❝♦♠♣❛rá✲❧♦ ❝♦♠ ✈❛❧♦r ❛✉tê♥t✐❝♦ ❞❛ r❛✐③✳ ❙❡ ❢♦r❡♠ ✐❣✉❛✐s✱ ♦ ♥ó
♣❡rt❡♥❝❡ à ár✈♦r❡✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ q✉❡ ♦ ♥ó 1001 s❡❥❛ r❡❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♣❡rt❡♥❝❡♥t❡ à
ár✈♦r❡ ❞❛ ❋✐❣✉r❛ ✹✳✷✱ ❞❡✈❡♠✲s❡ ❡❢❡t✉❛r ❛s s❡❣✉✐♥t❡s ♦♣❡r❛çõ❡s ✭✈(x) ✐♥❞✐❝❛ ♦ ✈❛❧♦r ❞♦ ♥ó
x✮✿
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• ✈(100) = ❤(✈(1000 )‖✈(1001 ))❀

• ✈(10) = ❤(✈(100 )‖✈(101 ))❀

• ✈(1) = ❤(✈(10 )‖✈(11 ))✳

❙❡ ✈(1) ❢♦r ✐❣✉❛❧ ❛♦ ✈❛❧♦r ❛✉tê♥t✐❝♦ ❞❛ r❛✐③✱ ❡♥tã♦ ♦ ♥ó 1001 ♣❡rt❡♥❝❡ à ár✈♦r❡ ❞❡
▼❡r❦❧❡✳ ❖✉✱ ❡♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♦ ✈❛❧♦r ✭❝♦♥t❡ú❞♦✮ ❞♦ ♥ó ❡♠ q✉❡stã♦ ❢♦✐ ❛✉t❡♥t✐❝❛❞♦✳

❈❘❚

◆❛ ❈❘❚✱ ♦s ♥ós ❢♦❧❤❛s ❞❛ ár✈♦r❡ ❞❡ ▼❡r❦❧❡ sã♦ ❣❡r❛❞♦s ❛ ♣❛rt✐r ❞❛s ✐♥❢♦r♠❛çõ❡s ❞❡
r❡✈♦❣❛çã♦✳ ❊ss❛s ✐♥❢♦r♠❛çõ❡s ❝♦♥s✐st❡♠ ❡♠ ✐♥t❡r✈❛❧♦s ❡♠ q✉❡ ♦ ❧✐♠✐t❡ ✐♥❢❡r✐♦r é ♦ ♥ú♠❡r♦
❞❡ sér✐❡ ❞♦ ❝❡rt✐✜❝❛❞♦ r❡✈♦❣❛❞♦ ❡ ♦ ❧✐♠✐t❡ s✉♣❡r✐♦r ✐♥❞✐❝❛ q✉❡ ♦s ❝❡rt✐✜❝❛❞♦s ❡♥tr❡ ♦ ❧✐♠✐t❡
✐♥❢❡r✐♦r ❡ ♦ ❧✐♠✐t❡ s✉♣❡r✐♦r ♥ã♦ ❢♦r❛♠ r❡✈♦❣❛❞♦s✳ P♦r ❡①❡♠♣❧♦✱ ♦ ✐♥t❡r✈❛❧♦ ✭✺✱✶✷✮ ✐♥❞✐❝❛
q✉❡ ♦ ❝❡rt✐✜❝❛❞♦ ❝✉❥♦ ♥ú♠❡r♦ ❞❡ sér✐❡ é ✺ ❢♦✐ r❡✈♦❣❛❞♦ ❡ q✉❡ ♦s ❝❡rt✐✜❝❛❞♦s ❝♦♠ ♥ú♠❡r♦
❞❡ sér✐❡ ❡♥tr❡ ✺ ❡ ✶✷ ✭✻✱ ✼✱ ✽✱ ✾✱ ✶✵✱ ✶✶✮ ♥ã♦ ❢♦r❛♠✳ P❛r❛ ✉♠❛ ❆❈ ❝✉❥♦s ❝❡rt✐✜❝❛❞♦s
❞❡ ♥ú♠❡r♦ ❞❡ sér✐❡ ✺✱ ✶✷✱ ✶✺✱ ✾✵✱ ✶✺✵✱ ✹✵✽ ❡ ✹✵✾ ❢♦r❛♠ r❡✈♦❣❛❞♦s✱ ❞❡✈❡♠ s❡r ❞❡✜♥✐❞♦s
♦s s❡❣✉✐♥t❡s ✐♥t❡r✈❛❧♦s✿ (∞, 5)✱ (5, 12)✱ (12, 15)✱ (15, 90)✱ (90, 150)✱ (408, 409) ❡ (409,∞)✱
❝♦♠♦ ♥❛ ❋✐❣✉r❛ ✹✳✸✳

❈❛❞❛ ❝❡rt✐✜❝❛❞♦ r❡✈♦❣❛❞♦ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ✐♥t❡r✈❛❧♦✳ ▲♦❣♦✱ ❥✉♥t♦ à ❞❡✜♥✐çã♦ ❞♦
✐♥t❡r✈❛❧♦✱ ♣♦❞❡♠✲s❡ ❝♦❧♦❝❛r ♠❡t❛❞❛❞♦s✱ ❝♦♠♦ ❞❛t❛ ❞❛ r❡✈♦❣❛çã♦✱ ♠♦t✐✈♦✱ ❡t❝✳ q✉❡ s❡
r❡❢❡r❡♠ ❛♦ ❝❡rt✐✜❝❛❞♦ ❛ss♦❝✐❛❞♦ ❛♦ ✐♥t❡r✈❛❧♦✳ ❚❛❧ ❡str✉t✉r❛ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛✱ ❡♥tã♦✱
❝♦♠♦ ❡♥tr❛❞❛ ♣❛r❛ ✉♠❛ ❢✉♥çã♦ ❞❡ r❡s✉♠♦✱ ❝✉❥♦ r❡s✉❧t❛❞♦ é ♦ ♥ó ❢♦❧❤❛ ❞❛ ár✈♦r❡ ✭❱❡r
❋✐❣✉r❛ ✹✳✸✮✳

❋✐❣✉r❛ ✹✳✸✿ ❈❘❚

❯♠❛ ✈❡③ q✉❡ ♦s ♥ós ❢♦❧❤❛s t❡♥❤❛♠ s✐❞♦ ❞❡✜♥✐❞♦s✱ ♦s ♥ós ✐♥t❡r♠❡❞✐ár✐♦s sã♦ ❣❡r❛❞♦s
❝♦♠♦ ❞❡s❝r✐t♦ ❛♥t❡r✐♦r♠❡♥t❡ ❛té q✉❡ ár✈♦r❡ ❞❡ ▼❡r❦❧❡ ❡st❡❥❛ ❝♦♠♣❧❡t❛✳ ❖ ✈❛❧♦r ❞❛ r❛✐③
❞❛ ár✈♦r❡✱ ♣♦ss✐✈❡❧♠❡♥t❡ ❛❝♦♠♣❛♥❤❛❞♦ ❞❡ ♠❡t❛❞❛❞♦s✱ é ❛ss✐♥❛❞♦ ❞✐❣✐t❛❧♠❡♥t❡ ♣❡❧❛ ❆❈ ❡
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t♦r♥❛❞♦ ♣ú❜❧✐❝♦✱ ❛tr❛✈és ❞♦ s❡r✈✐❞♦r ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✳ ❚❛❧ s❡r✈✐❞♦r t❛♠❜é♠
❞❡✈❡ r❡❝❡❜❡r ❛ ár✈♦r❡ ♦✉ ❞❛❞♦s q✉❡ ❧❤❡ ♣❡r♠✐t❛♠ r❡❝♦♥str✉✐✲❧❛✱ ❞❡ ♠♦❞♦ q✉❡ ❡❧❡ ♣♦ss❛
❛t❡♥❞❡r ❛s r❡q✉✐s✐çõ❡s ❞♦s ❝❧✐❡♥t❡s ✭✈❡r✐✜❝❛❞♦r✮✳

▼❡❞✐❛♥t❡ ❛ s♦❧✐❝✐t❛çã♦ ❞❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ s♦❜r❡ ✉♠ ❝❡rt✐✜❝❛❞♦✱ ♦ s❡r✈✐❞♦r
❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ ❡♥✈✐❛ ♣❛r❛ ♦ ✈❡r✐✜❝❛❞♦r✿ ♦ ♥ó ❢♦❧❤❛ ❝✉❥♦ ✐♥t❡r✈❛❧♦ ❝♦♥té♠ ♦
♥ú♠❡r♦ ❞❡ sér✐❡ ❞♦ ❝❡rt✐✜❝❛❞♦ ❡♠ q✉❡stã♦❀ ♦ ❝♦♠♣❧❡♠❡♥t♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❛✉t❡♥t✐❝❛çã♦
❞❡ss❡ ♥ó❀ ❡ ❛ r❛✐③ ❞❛ ár✈♦r❡ ❛ss✐♥❛❞❛ ❞✐❣✐t❛❧♠❡♥t❡✳ ❖ ✈❡r✐✜❝❛❞♦r✱ ♣❛r❛ ❛❝❡✐t❛r ❛ ✐♥❢♦r♠❛çã♦
❞❡ r❡✈♦❣❛çã♦✱ ❞❡✈❡✿ ✈❡r✐✜❝❛r ❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ s♦❜r❡ ❛ r❛✐③ ❞❛ ár✈♦r❡ ♣❛r❛ ❛✉t❡♥t✐❝á✲❧❛❀
❝♦♥❢❡r✐r ♦s ♠❡t❛❞❛❞♦s q✉❡ ♣♦ss✐✈❡❧♠❡♥t❡ ❛❝♦♠♣❛♥❤❛♠ ❛ ✈❛❧♦r ❞♦ ♥ó r❛✐③❀ ❡ ❝♦♠♣✉t❛r✱ ❛
♣❛rt✐r ❞♦ ❝♦♠♣❧❡♠❡♥t♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❛✉t❡♥t✐❝❛çã♦ r❡❝❡❜✐❞♦✱ ♦ ✈❛❧♦r ❞❛ r❛✐③ ❡ ❝♦♠♣❛rá✲❧♦
❝♦♠ ♦ ❛✉tê♥t✐❝♦✳ ❙❡ ❛♠❜♦s ❢♦r❡♠ ✐❣✉❛✐s✱ ❛ ❢♦❧❤❛ ❛ss♦❝✐❛❞❛ à ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ é
❛✉tê♥t✐❝❛✳

P❛r❛ ♦ ❡①❡♠♣❧♦ ❛❝✐♠❛✱ s❡ ♦ ✈❡r✐✜❝❛❞♦r s♦❧✐❝✐t❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ r❡❢❡r❡♥t❡
❛♦ ❝❡rt✐✜❝❛❞♦ ❝✉❥♦ ♥ú♠❡r♦ ❞❡ sér✐❡ é ✺✱ ❡❧❡ r❡❝❡❜❡ ❝♦♠♦ r❡s♣♦st❛ ❛ ❢♦❧❤❛ ❝♦♥t❡♥❞♦ ♦
✐♥t❡r✈❛❧♦ (5, 12)✳ ❈♦♠♦ ✺ é ♦ ✐♥í❝✐♦ ❞♦ ✐♥t❡r✈❛❧♦✱ ♦ ✈❡r✐✜❝❛❞♦r✱ ❛♣ós ❛✉t❡♥t✐❝❛r ❛ ❢♦❧❤❛
❝♦♠♦ ❞❡s❝r✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❝♦♥❝❧✉✐ q✉❡ ♦ ❝❡rt✐✜❝❛❞♦ ❢♦✐ r❡✈♦❣❛❞♦✳ P♦r ♦✉tr♦ ❧❛❞♦✱ s❡ ❡❧❡
s♦❧✐❝✐t❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ s♦❜r❡ ♦ ❝❡rt✐✜❝❛❞♦ ❝✉❥♦ ♥ú♠❡r♦ ❞❡ sér✐❡ é ✶✵✱ ❡❧❡ t❛♠❜é♠
r❡❝❡❜❡ ❛ ❢♦❧❤❛ ❝♦♠ ♦ ✐♥t❡r✈❛❧♦ (5, 12)✳ ◆♦ ❡♥t❛♥t♦✱ ❝♦♠♦ ♦ ✈❛❧♦r ❡stá ❝♦♥t✐❞♦ ♥♦ ✐♥t❡r✈❛❧♦✱
❡❧❡ ❝♦♥❝❧✉✐ q✉❡ ♦ ❝❡rt✐✜❝❛❞♦ ♥ã♦ ❢♦✐ r❡✈♦❣❛❞♦ ✭s✉♣♦♥❞♦ ❛ ❢♦❧❤❛ ❛✉tê♥t✐❝❛✮✳

✷✲✸❈❘❚

❆ ❈❘❚ ❝♦♠♦ ❞❡s❝r✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❛♣r❡s❡♥t❛ ✉♠❛ ❞❡s✈❛♥t❛❣❡♠✳ ❚♦❞❛ ✈❡③ q✉❡ ✉♠
♥♦✈♦ ❝❡rt✐✜❝❛❞♦ é r❡✈♦❣❛❞♦✱ ❛ ár✈♦r❡ ❞❡✈❡ s❡r r❡❢❡✐t❛✳ P❛r❛ ❛♠❡♥✐③❛r t❛❧ ♣r♦❜❧❡♠❛✱ ◆❛♦r
❡t ◆✐ss✐♠ ❬✷✽❪ ♣r♦♣✉s❡r❛♠ ✉♠❛ ✈❛r✐❛çã♦ ❞❡ss❡ ❡sq✉❡♠❛✱ ✉t✐❧✐③❛♥❞♦ ✉♠❛ ár✈♦r❡ ❝♦♥❤❡❝✐❞❛
❝♦♠♦ ár✈♦r❡ ✷✲✸✱ ❝✉❥❛ ♣r✐♥❝✐♣❛❧ ♣r♦♣r✐❡❞❛❞❡ é ♦ ❢❛t♦ ❞❛ ❛t✉❛❧✐③❛çã♦ só ❡♥✈♦❧✈❡r ♦s ♥ós ♥♦
❝❛♠✐♥❤♦ ❞❡ ❛✉t❡♥t✐❝❛çã♦✳

❆❧é♠ ❞✐ss♦✱ ❝❛❞❛ ♥ó ❢♦❧❤❛ ♠❛♥té♠ ♦ ♥ú♠❡r♦ ❞❡ sér✐❡ ❞♦ ❝❡rt✐✜❝❛❞♦✱ ❡ ♥ã♦ ✉♠ ✐♥t❡r✲
✈❛❧♦✳ ❆ ✈❛♥t❛❣❡♠ ❞❡ss❛ ♠♦❞✐✜❝❛çã♦ é q✉❡ ❛♣❡♥❛s ✉♠ ♥ú♠❡r♦ ❞❡ sér✐❡ ✭❡ ♥ã♦ ✉♠ ✐♥t❡r✈❛❧♦✱
❞❡✜♥✐❞♦ ♣♦r ❞♦✐s ♥ú♠❡r♦s ❞❡ sér✐❡s✮ ♣r❡❝✐s❛ s❡r ❡♥✈✐❛❞♦✳ P♦r ♦✉tr♦ ❧❛❞♦✱ s❡ ♦ ❝❡rt✐✜❝❛❞♦
♥ã♦ ❢♦✐ r❡✈♦❣❛❞♦✱ ♦ ❙■❘ ♣r❡❝✐s❛ ❡♥✈✐❛r ❞♦✐s ♥ós ❢♦❧❤❛s ❝♦♥s❡❝✉t✐✈♦s ❞❛ ár✈♦r❡ ✭❡ ♦s r❡s♣❡❝✲
t✐✈♦s ❝♦♠♣❧❡♠❡♥t♦s ❞♦s ❝❛♠✐♥❤♦s ❞❡ ❛✉t❡♥t✐❝❛çã♦✮ ♣❛r❛ ♣r♦✈❛r q✉❡ ♦ ❝❡rt✐✜❝❛❞♦ ♥ã♦ ❢♦✐
r❡✈♦❣❛❞♦✳

◆♦s ❞❡♠❛✐s ❛s♣❡❝t♦s✱ ❛ ✷✲✸❈❘❚ s❡ ❝♦♠♣♦rt❛ ❝♦♠♦ ❛ ❈❘❚✳

✹✳✷ ▼❡❝❛♥✐s♠♦ ✐♥t❡❣r❛❞♦s

❊st❛ ❝❧❛ss❡ ❛❜♦r❞❛ ❛ q✉❡stã♦ ❞❡ ✈❛❧✐❞❛çã♦ ❝♦♠♦ ✉♠ t♦❞♦ ❡♥✈♦❧✈❡♥❞♦ t❛♥t♦ ♦ ❝♦♥t❡ú❞♦ ❞♦
❝❡rt✐✜❝❛❞♦ ❝♦♠♦ ♦ ❡st❛❞♦✳ ■❈P❆ ❬✷✵❪✱ ❊❋❋❊❈❚ ❬✶✹❪ ❡ ❝❡rt✐✜❝❛❞♦s ❡❢ê♠❡r♦s ✭ s❤♦rt ❧✐✈❡❞

❝❡rt✐✜❝❛t❡s✮ ❬✸✶❪ ❡stã♦ ❡♥tr❡ ♦s ♣r✐♥❝✐♣❛✐s r❡♣r❡s❡♥t❛♥t❡s ❞❡ss❛ ❝❧❛ss❡✳ ❚❛♠❜é♠ s❡ ♦♣t♦✉
♣♦r ❝♦❧♦❝❛r ♥❡ss❛ ❝❧❛ss❡ ♦ ♣r♦t♦❝♦❧♦ ❙❱❈P✱ ❥á q✉❡ ❡❧❡ ♣❡r♠✐t❡ ❛ tr❛♥s❢❡rê♥❝✐❛ ❝♦♠♣❧❡t❛
❞♦ ♣r♦❝❡ss♦ ❞❡ ✈❛❧✐❞❛çã♦✳
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✹✳✷✳✶ ❙t❛♥❞❛r❞ ❈❡rt✐✜❝❛t❡ ❱❛❧✐❞❛t✐♦♥ Pr♦t♦❝♦❧ ✲ ❙❈❱P

❖ ❙❈❱P ❬✶✸❪ é ✉♠ ♣r♦t♦❝♦❧♦ q✉❡ ♣❡r♠✐t❡ ❞❡❧❡❣❛r ❛ ❝♦♥str✉çã♦ ❡ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ❝❛♠✐♥❤♦
❞❡ ❝❡rt✐✜❝❛çã♦ ❛ ✉♠❛ t❡r❝❡✐r❛ ❡♥t✐❞❛❞❡✳ ❊ss❡s ♣r♦❝❡ss♦s sã♦ ❝♦♥❤❡❝✐❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ♣♦r
❞❡❧❡❣❛çã♦ ❞❛ ❞❡s❝♦❜❡rt❛ ❞♦ ❝❛♠✐♥❤♦ ✭ ❡♠ ✐♥❣❧ês ❞❡❧❡❣❛t❡❞ ♣❛t❤ ❞✐s❝♦✈❡r② ✲ ❉P❉✮ ❡
❞❡❧❡❣❛çã♦ ❞❛ ✈❛❧✐❞❛çã♦ ❞♦ ❝❛♠✐♥❤♦ ✭ ❡♠ ✐♥❣❧ês ❞❡❧❡❣❛t❡❞ ♣❛t❤ ✈❛❧✐❞❛t✐♦♥ ✲ ❉P❱✮✳

❯♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ✈❛♥t❛❣❡♥s ❞♦ ❉P❉ é q✉❡ ♣❡r♠✐t❡ s✐♠♣❧✐✜❝❛r ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦
s♦❢t✇❛r❡ ❝❧✐❡♥t❡✱ ❥á q✉❡ ❡st❡ ♥ã♦ ♣r❡❝✐s❛ ❡①❡❝✉t❛r ♣r♦t♦❝♦❧♦s ❝♦♠♦ ❍❚❚P✱ ❋❚P✱ ▲❉❆P
✉t✐❧✐③❛❞♦s ♣❡❧♦s r❡♣♦s✐tór✐♦s ❞❡ ❝❡rt✐✜❝❛❞♦s✳ ❖ ❝❧✐❡♥t❡ t❛♠❜é♠ ♥ã♦ ♣r❡❝✐s❛ ❝♦♥str✉✐r ♦
❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❡♥tr❡ ❛ s✉❛ ❆❈ ❞❡ ❝♦♥✜❛♥ç❛ ❡ ♦ ✉s✉ár✐♦ ❞♦ q✉❛❧ s❡ q✉❡r ♦❜t❡r ❛
❝❤❛✈❡ ♣ú❜❧✐❝❛✳ ❖❜s❡r✈❡ q✉❡ ♦ s❡r✈✐❞♦r ❉P❉ ♥ã♦ ♣r❡❝✐s❛ s❡r ❝♦♥✜á✈❡❧✳

◆♦ ❝❛s♦ ❞❡ ❉P❱✱ ♦ ✉s♦ ❞♦ s❡r✈✐❞♦r ♣♦ss✐❜✐❧✐t❛ ✉♠❛ s✐♠♣❧✐✜❝❛çã♦ ❛❞✐❝✐♦♥❛❧ ❞♦ s♦❢t✇❛r❡
❝❧✐❡♥t❡ ❡ ✉♠❛ ❡❝♦♥♦♠✐❛ ❛❞✐❝✐♦♥❛❧ ❡ s✉❜st❛♥❝✐❛❧ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ ❜❛♥❞❛ ❞❡ tr❛♥s♠✐ssã♦
❞♦ ❝❧✐❡♥t❡✳ ❊♥tr❡t❛♥t♦✱ ❝❧❛r❛♠❡♥t❡✱ ♦ s❡r✈✐❞♦r ❉P❱ ♣r❡❝✐s❛ s❡r ❝♦♥✜á✈❡❧ ❡ ❡st❛r ❞✐s♣♦♥í✈❡❧
♦♥❧✐♥❡✳

❚❛✐s ❝❛r❛❝t❡ríst✐❝❛s ♦ t♦r♥❛♠ ✈✉❧♥❡rá✈❡❧ ❛ ❛t❛q✉❡s✱ ♣♦r ♠❛✐s ❜❡♠ ❝♦♥✜❣✉r❛❞♦ q✉❡ s❡❥❛✳
❖ ❝♦♠♣r♦♠❡t✐♠❡♥t♦ ❞♦ s❡r✈✐❞♦r ❉P❱ é ❞❡s❛str♦s♦✱ ♣♦✐s t♦❞♦s ♦s ❝❧✐❡♥t❡s q✉❡ ❞❡♣❡♥❞❡♠
❞❡❧❡ ♣❛r❛ ✈❛❧✐❞❛r ❝❡rt✐✜❝❛❞♦s ✜❝❛♠ à ♠❡r❝ê ❞♦ ✐♥tr✉s♦✳

◗✉❛♥❞♦ s❡ ❝♦♥s✐❞❡r❛ ❛ ■❈P ❝♦♠♦ ✉♠ t♦❞♦✱ ♦ ♣r♦t♦❝♦❧♦ ❙❈❱P ♥ã♦ ♦❢❡r❡❝❡ r❡❞✉çã♦
❞♦ ❝✉st♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s✱ ♠❛s ❛♣❡♥❛s ✉♠❛ tr❛♥s❢❡rê♥❝✐❛ ❞♦ ❝❧✐❡♥t❡ ♣❛r❛ ♦s
s❡r✈✐❞♦r❡s ❉P❱ ❡ ❉P❉✳

❱❛❧❡ ❧❡♠❜r❛r q✉❡ ❡ss❡ ♣r♦t♦❝♦❧♦ ❛✐♥❞❛ ❡stá ❡♠ ❞✐s❝✉ssã♦ ♣❡❧❛ ■❊❚❋✱ ❡s♣❡❝✐✜❝❛♠❡♥t❡
♣❡❧♦ P❑■❳ ❲♦r❦✐♥❣ ●r♦✉♣✳ ▼❛✐♦r❡s ✐♥❢♦r♠❛çõ❡s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ❡♠ ❬✸✵✱ ✶✸❪✳

✹✳✷✳✷ ❈❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s

▲❡✈✐ ❡t ❛❧ ❬✷✵❪ ♣r♦♣✉s❡r❛♠ ✉♠ ❡sq✉❡♠❛✱ ❞❡♥♦♠✐♥❛❞♦ ✐♥❢r❛❡str✉t✉r❛ ❞❡ ❝❤❛✈❡s ♣ú✲
❜❧✐❝❛s ❜❛s❡❛❞❛ ❡♠ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♦✉ s✐♠♣❧❡s♠❡♥t❡ ■❈P❆ ✭❆❞❛♣t❛çã♦ ❞♦
✐♥❣❧ês ◆❡st❡❞ P✉❜❧✐❝ ❑❡② ■♥❢r❛str✉❝t✉r❡ ✲ ◆P❑■✮✱ ❝✉❥♦ ♦❜❥❡t✐✈♦ é r❡❞✉③✐r ♦ ❝✉st♦ t♦t❛❧ ❞❛
✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s✳ ❊ss❡ ❡sq✉❡♠❛ é ❜❛s❡❛❞♦ ❡♠ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s
✭cn✮✱ q✉❡ sã♦ ❝❡rt✐✜❝❛❞♦s ❝✉❥♦ t✐t✉❧❛r é ♦✉tr♦ ❝❡rt✐✜❝❛❞♦✱ ♦ ❝❡rt✐✜❝❛❞♦ ❛❧✈♦ ✭ca✮✳ ❖s
♣r✐♠❡✐r♦s ❣❛r❛♥t❡♠ q✉❡ ❛ ❛ss✐♥❛t✉r❛ s♦❜r❡ ♦ ❝♦♥t❡ú❞♦ ❞♦s ú❧t✐♠♦s é ✈á❧✐❞❛✳ ❖ ❝❡rt✐✜❝❛❞♦
❛❧✈♦ ♣♦❞❡ s❡r ✉♠ ❝❡rt✐✜❝❛❞♦ tr❛❞✐❝✐♦♥❛❧ ♦✉ ♦✉tr♦ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦✳

❈♦♥t❡ú❞♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s

❖ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦✱ ❛ss✐♠ ❝♦♠♦ ♦ tr❛❞✐❝✐♦♥❛❧✱ é ❝♦♠♣♦st♦ ♣❡❧♦ s❡✉ ❝♦♥t❡ú❞♦ ❡ ❛
❛ss✐♥❛t✉r❛ s♦❜r❡ ♦ r❡s✉♠♦ ❞♦ s❡✉ ❝♦♥t❡ú❞♦✱ ♦✉ s❡❥❛✱ cnca = Cont cn‖Sigcn ✭❋✐❣✉r❛ ✹✳✹✮✳
❖ ❝♦♥t❡ú❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦ ❡stá r❡❧❛❝✐♦♥❛❞♦ ❛♦s r❡q✉❡r✐♠❡♥t♦s ✐♠♣♦st♦s ❛ ❡❧❡✱
q✉❡ sã♦ ❣❛r❛♥t✐r q✉❡ ♦ ❝♦♥t❡ú❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦ ❛❧✈♦ ✭Cont ca✮ ♥ã♦ ❢♦✐ ♠♦❞✐✜❝❛❞♦ ❡ ❢♦✐
❛ss✐♥❛❞♦ ♣❡❧❛ ❆❈ ❡♠✐ss♦r❛ ❞♦ ❝❡rt✐✜❝❛❞♦✳ P❛r❛ s❛t✐s❢❛③❡r ♦ ♣r✐♠❡✐r♦ r❡q✉❡r✐♠❡♥t♦✱ ♦
❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦ ❝♦♥té♠ ♦ r❡s✉♠♦ ❞♦ ❝♦♥t❡ú❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦ ❛❧✈♦ ✭❤(Contca)✮✳ P❛r❛
s❛t✐s❢❛③❡r ♦ s❡❣✉♥❞♦ r❡q✉❡r✐♠❡♥t♦✱ ❛❧é♠ ❞♦ r❡s✉♠♦✱ ♦ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦ t❛♠❜é♠ ❝♦♥té♠
❛ ❛ss✐♥❛t✉r❛ s♦❜r❡ ♦ ❝♦♥t❡ú❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦ ❛❧✈♦✱ Sigca✳ ❋♦r♠❛❧♠❡♥t❡✱ ♣❛r❛ ✉♠ ❝❡rt✐✜❝❛❞♦



❈❆P❮❚❯▲❖ ✹✳ ▼❊❈❆◆■❙▼❖❙ ❉❊ ❱❆▲■❉❆➬➹❖ ❉❊ ❈❊❘❚■❋■❈❆❉❖❙ ❉■●■❚❆■❙ ✹✶

❛❧✈♦ ca = Cont ca‖Sigca✱ t❡♠✲s❡ q✉❡ Cont cn = Other‖Sigca‖❤(Contca)✳ Other ❝♦♥té♠
✐♥❢♦r♠❛çõ❡s s❡❝✉♥❞ár✐❛s✱ ❝♦♠♦ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❛❧❣♦r✐t♠♦s✳

❋✐❣✉r❛ ✹✳✹✿ ❈❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦

❉❡✈❡✲s❡ ♦❜s❡r✈❛r q✉❡ ✉♠ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦ ♥ã♦ ❣❛r❛♥t❡ ❛ ✈❡r❛❝✐❞❛❞❡ ❞♦ ❝♦♥t❡ú❞♦
❞♦ ❝❡rt✐✜❝❛❞♦ ❛❧✈♦ ♣❛r❛ ♦ q✉❛❧ ❡❧❡ ❢♦✐ ❡♠✐t✐❞♦✳ ❊❧❡ ❛♣❡♥❛s ❛t❡st❛ q✉❡ ❛ ❛ss✐♥❛t✉r❛ ❝♦♥t✐❞❛
♥♦ ❝❡rt✐✜❝❛❞♦ ❛❧✈♦ é ✈á❧✐❞❛✳ P❛r❛ q✉❡ ♦ ❝❧✐❡♥t❡ ✭✈❡r✐✜❝❛❞♦r✮ ♣♦ss❛ ❛❝❡✐t❛r ❛s ✐♥❢♦r♠❛çõ❡s
❝♦♥t✐❞❛s ♥♦ ❝❡rt✐✜❝❛❞♦ ❛❧✈♦ ❝♦♠♦ ✈á❧✐❞❛s✱ ❡❧❡ ❞❡✈❡ ❝♦♥✜❛r ♥❛ ❆❈ q✉❡ ♦ ❡♠✐t✐✉✳

■❈P❆

▲❡✈✐ ❡t ❛❧✳ ♣r♦♣õ❡♠ ❞♦✐s ♠♦❞❡❧♦s ♣❛r❛ ❛ ❝r✐❛çã♦ ❞❡ ✉♠❛ ■❈P❆✳ ❖ ♣r✐♠❡✐r♦✱ ❞❡♥♦♠✐♥❛❞♦
♠♦❞❡❧♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❧✐✈r❡✱ ♣❡r♠✐t❡ q✉❡ ❝❛❞❛ ❆❈ ❡s❝♦❧❤❛ ♦ t✐♣♦ ❞❡ ❝❡rt✐✜❝❛❞♦ q✉❡
❡❧❛ ✈❛✐ ❡♠✐t✐r✳ ◆❡ss❡ ❝❛s♦✱ ♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ♣♦❞❡ ❝♦♥t❡r t❛♥t♦ ❝❡rt✐✜❝❛❞♦s ❛♥✐✲
♥❤❛❞♦s q✉❛♥t♦ ❝❡rt✐✜❝❛❞♦s tr❛❞✐❝✐♦♥❛✐s✱ ❡♠ q✉❛❧q✉❡r s❡q✉ê♥❝✐❛✱ ❞❡s❞❡ q✉❡ ♦ ú❧t✐♠♦ s❡❥❛
tr❛❞✐❝✐♦♥❛❧✳ ❊ss❡ ❝❛♠✐♥❤♦ é ❞❡♥♦♠✐♥❛❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ♠✐st♦✳

❖ s❡❣✉♥❞♦ ♠♦❞❡❧♦✱ ❞❡♥♦♠✐♥❛❞♦ tr❛♥s✐çã♦ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ■❈P ❡①✐st❡♥t❡✱ ❝♦♥✲
s✐st❡ ❡♠ ❡st❛❜❡❧❡❝❡r ✉♠❛ ♣♦❧ít✐❝❛ ♣❛r❛ ❛ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✿ ❝❛❞❛ ❆❈ ❞❡✈❡
❡♠✐t✐r ✉♠ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦ ♣❛r❛ ❝❛❞❛ ❝❡rt✐✜❝❛❞♦ ✭❛♥✐♥❤❛❞♦ ♦✉ tr❛❞✐❝✐♦♥❛❧✮ ❡♠✐t✐❞♦
♣♦r s✉❛s ❆❈s ✜❧❤❛s✱ ❡①❝❡t♦ ♦s ❡♠✐t✐❞♦s ♣❛r❛ ♦✉tr❛ ❆❈✷✳ ❊ss❡ ♣r♦❝❡ss♦✱ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦
♣r♦♣❛❣❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✱ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✺✱ ♣❛r❛ ♦ ❝❛s♦ ♣❛rt✐❝✉✲
❧❛r ❞❡ ✉♠❛ ■❈P ❡♠ ❢♦r♠❛ ❞❡ ár✈♦r❡✳ ❖❜s❡r✈❡ q✉❡ ❛ ♣r♦♣❛❣❛çã♦ ❞❡✈❡ s❡r ❢❡✐t❛ ❛ ♣❛rt✐r ❞♦s
✉s✉ár✐♦s ✜♥❛✐s ✭♥ós ❢♦❧❤❛s✮ ❡♠ ❞✐r❡çã♦ à r❛✐③ ❞❛ ❤✐❡r❛rq✉✐❛✱ s❡❣✉✐♥❞♦ ❛ r❡❣r❛ ❛❝✐♠❛✳ ◆❡st❡
tr❛❜❛❧❤♦✱ ❛ ♥ã♦ s❡r q✉❡ s❡❥❛ ♠❡♥❝✐♦♥❛❞♦ ❡①♣❧✐❝✐t❛♠❡♥t❡ ♦ ❝♦♥trár✐♦✱ ♦ ♠♦❞❡❧♦ ✉t✐❧✐③❛❞♦
♣❛r❛ ❝♦♥str✉✐r ❛ ■❈P❆ s❡rá ♦ ❞❡ tr❛♥s✐çã♦ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ■❈P ❡①✐st❡♥t❡✳

◆❛ ❋✐❣✉r❛ ✹✳✻ é ♠♦str❛❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ ❛❞✐çã♦ ❞❡ ✉♠ ♥♦✈♦ ✉s✉ár✐♦ u à ■❈P❆✳ ■♥✐❝✐✲
❛❧♠❡♥t❡ ❞❡✈❡✲s❡ ❡♠✐t✐r ♦ ❝❡rt✐✜❝❛❞♦ tr❛❞✐❝✐♦♥❛❧ ♣❛r❛ ♦ ✉s✉ár✐♦ c✳ ❊♠ s❡❣✉✐❞❛✱ ❛ ❆❈ ❛✈ó
❞♦ ❝❧✐❡♥t❡ ❞❡✈❡ ❡♠✐t✐r ♦ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦ cn2✳ ❋✐♥❛❧♠❡♥t❡✱ ❛ ❆❈ ♣❛✐ ❞❛ ❆❈ ❛✈ó ❞❡✈❡
❡♠✐t✐r ♦ ❝❡rt✐✜❝❛❞♦ cn3 ♣❛r❛ cn2✳

✷◆❡ss❡ tr❛❜❛❧❤♦ ❝♦♥s✐❞❡r❛r✲s❡ q✉❡ t❛♥t♦ ♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❝♦♠♦ ♦s tr❛❞✐❝✐♦♥❛✐s sã♦ ❡♠✐t✐❞♦s
♣❡❧❛ ♠❡s♠❛ ❡♥t✐❞❛❞❡✳ P♦r s✐♠♣❧✐❝✐❞❛❞❡✱ s❡rá ✉t✐❧✐③❛❞♦ ♦ t❡r♠♦ ❆❈ ♣❛r❛ ❞❡s✐❣♥❛r ❡ss❛ ❡♥t✐❞❛❞❡✳
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✭❛✮ ✭❜✮

❋✐❣✉r❛ ✹✳✺✿ Pr♦♣❛❣❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♥✉♠❛ ■❈P❆

❉❡✈❡ s❡r ❞❡st❛❝❛❞♦ q✉❡ ♣❛r❛ ❝❛❞❛ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ tr❛❞✐❝✐♦♥❛❧ ❡①✐st❡♥t❡ ♥❛
■❈P ♦r✐❣✐♥❛❧✱ ✉t✐❧✐③❛♥❞♦✲s❡ ♦ ♠ét♦❞♦ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❡s❝r✐t♦✱ é ❝r✐❛❞♦ ✉♠ ❝❛♠✐♥❤♦ ❞❡
❝❡rt✐✜❝❛çã♦ ❛❧t❡r♥❛t✐✈♦ ♥❛ ■❈P❆✱ ❝♦♠♣♦st♦ ♣♦r ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✱ ❡①❝❡t♦ ♦ ú❧t✐♠♦
q✉❡ é ✉♠ ❝❡rt✐✜❝❛❞♦ tr❛❞✐❝✐♦♥❛❧✳ ❚❛❧ ❝❛♠✐♥❤♦ é ❞❡♥♦♠✐♥❛❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦
❛♥✐♥❤❛❞♦✳

✭❛✮ ✭❜✮

❋✐❣✉r❛ ✹✳✻✿ ■♥s❡rçã♦ ❞❡ ✉♠ ♥♦✈♦ ✉s✉ár✐♦ ♥❛ ■❈P

❱❡r✐✜❝❛çã♦

▲❡✈✐ ❡t ❛❧ ❞✐st✐♥❣✉❡♠ ❞♦✐s ♠ét♦❞♦s ♣❛r❛ ✈❡r✐✜❝❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ♥✉♠❛ ■❈P❆✳ ❖ ♣r✐✲
♠❡✐r♦✱ ❞❡♥♦♠✐♥❛❞♦ ♠ét♦❞♦ ❝r✐♣t♦❣rá✜❝♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s
✭❞♦ ✐♥❣❧ês ❝r②♣t♦❣r❛♣❤②❝ ♥❡st❡❞ ❝❡rt✐✜❝❛t❡s ✈❛❧✐❞❛t✐♦♥ ♠❡t❤♦❞✮✱ ❝♦♥s✐st❡ ❡♠ ✈❡r✐✜❝❛r ❛
❛ss✐♥❛t✉r❛ ❝♦♥t✐❞❛ ♥♦ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦✳ ❉❛❞♦ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦
cnca = Cont cn‖s✐❣♥dA(❤(Contcn)) ❡♠✐t✐❞♦ ♣❡❧❛ ❆❈ A✱ ♦ ♠ét♦❞♦ ❝♦♥s✐st❡ ❞♦s s❡❣✉✐♥t❡s
♣❛ss♦s ✭s✉♣♦♥❞♦ ♦ ♠ét♦❞♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛s ❜❛s❡❛❞♦s ♥♦ ❘❙❆ ❬✸✷❪✮✿

• ❝♦♠♣✉t❛r hash ← ✈❡reA(s✐❣♥dA(❤(Contcn)))❀

• ❝❛❧❝✉❧❛r hash′ ← ❤(Contcn)❀

• ❝♦♠♣❛r❛r hash ′ ❝♦♠ hash✳ ❙❡ ❡❧❡s ❢♦r❡♠ ✐❣✉❛✐s✱ ♦ ❝❡rt✐✜❝❛❞♦ é ❛✉tê♥t✐❝♦❀ ❝❛s♦
❝♦♥trár✐♦✱ ♥ã♦✳

❖ s❡❣✉♥❞♦ ♠ét♦❞♦✱ ♦ ♠ét♦❞♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛❧✈♦s ✭❞♦ ✐♥❣❧ês s✉❜✲
❥❡❝t ❝❡rt✐✜❝❛t❡ ✈❛❧✐❞❛t✐♦♥ ♠❡t❤♦❞✮✱ ❝♦♥s✐st❡ ❡♠ ✈❡r✐✜❝❛r ✉♠ ❝❡rt✐✜❝❛❞♦ ❛❧✈♦ ca ❛ ♣❛rt✐r ❞❡
✉♠ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦ cnca ❧❡❣ít✐♠♦ ❡♠✐t✐❞♦ ♣❛r❛ ca✳ ❉❛❞♦ cnca = Cont cn‖Sigcn✱ t❛❧ q✉❡
Cont cn = other |hashca‖Sigca ❡ hashca = ❤(Contca)✱ ❛ ✈❡r✐✜❝❛çã♦ ❞❡ ca = Cont ca‖Sig

′

ca

❝♦♥s✐st❡ ❡♠✿
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• ❝♦♠♣✉t❛r hash ← ❤(Contca)❀

• ❝♦♠♣❛r❛r hash ❝♦♠ hashca ❡ Sigca ❝♦♠ Sig ′ca✳ ❙❡ ❡♠ ❛♠❜❛s ❛s ❝♦♠♣❛r❛çõ❡s ♦s
✈❛❧♦r❡s ❢♦r❡♠ ✐❣✉❛✐s✱ ca é ❛✉tê♥t✐❝♦✳ ❈❛s♦ ❝♦♥trár✐♦ ♥ã♦✳

❈♦♥s✐❞❡r❡ ✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❛♥✐♥❤❛❞♦ cnk, cnk−1, . . . , cn2, c✱ ❝✉❥♦ ❝❡rt✐✜❝❛❞♦
cn i t❡♥❤❛ s✐❞♦ ❡♠✐t✐❞♦ ♣❡❧❛ ❆❈ Ai ♣❛r❛ ♦ ❝❡rt✐✜❝❛❞♦ cn i−1✱ ♣❛r❛ 2 ≤ i ≤ k ✱ ♠♦str❛❞♦
♥❛ ❋✐❣✉r❛ ✹✳✼✳ P❛r❛ ✈❡r✐✜❝❛r t❛❧ ❝❛♠✐♥❤♦✱ ♦ ✈❡r✐✜❝❛❞♦r ❞❡✈❡ ♣♦ss✉✐r t♦❞♦s ♦s ❝❡rt✐✜❝❛❞♦s
❞❡ss❡ ❝❛♠✐♥❤♦ ❡ ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ eAk

❞❡ Ak✳ ❖ ♣r✐♠❡✐r♦ ❝❡rt✐✜❝❛❞♦ é ✈❡r✐✜❝❛❞♦ ✉t✐❧✐③❛♥❞♦✲
s❡ ♦ ♠ét♦❞♦ ❝r✐♣t♦❣rá✜❝♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡ ♦s ❞❡♠❛✐s ✉t✐❧✐③❛♥❞♦✲s❡
♦ ♠ét♦❞♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛❧✈♦s ❬✷✵❪✳

❋✐❣✉r❛ ✹✳✼✿ ❈❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❛♥✐♥❤❛❞♦

■ss♦ s✐❣♥✐✜❝❛ ❞✐③❡r q✉❡ ♦ ✈❡r✐✜❝❛❞♦r ❞❡✈❡ ❡①❡❝✉t❛r ✉♠❛ ♦♣❡r❛çã♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡
❛ss✐♥❛t✉r❛ ❡ k − 1 ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ r❡❛❧✐③❛r ✉♠❛ ♦♣❡r❛çã♦ ❞❡
r❡s✉♠♦ é ♠✉✐t♦ ♠❛✐s ❡✜❝✐❡♥t❡ ❞♦ q✉❡ r❡❛❧✐③❛r ✉♠❛ ♦♣❡r❛çã♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛
❞✐❣✐t❛❧✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ❡ss❡ ❡sq✉❡♠❛ ♣❡r♠✐t❡ ❛ ✈❡r✐✜❝❛çã♦ ❞❡ ✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦
tr❛❞✐❝✐♦♥❛❧ ❞❡ ❢♦r♠❛ ♠✉✐t♦ ♠❛✐s ❡✜❝✐❡♥t❡ ✭❛tr❛✈és ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❛♥✐♥❤❛❞♦
❝♦rr❡s♣♦♥❞❡♥t❡✮✳

❘❡✈♦❣❛çã♦

❖ ♣r♦❝❡ss♦ ❞❡ r❡✈♦❣❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ♥✉♠❛ ■❈P❆ é ❜❡♠ ❝❛r❛❝t❡ríst✐❝♦ ❡ ♣♦ss✉✐ três
r❡❣r❛s ✐♠♣♦rt❛♥t❡s✱ q✉❡ sã♦✿

✶✳ ❈❡rt✐✜❝❛❞♦s tr❛❞✐❝✐♦♥❛✐s ❞♦s ✉s✉ár✐♦s ✜♥❛✐s ❞❡✈❡♠ s❡r r❡✈♦❣❛❞♦s ✉t✐❧✐③❛♥❞♦✲s❡ ♠❡✲
❝❛♥✐s♠♦s tr❛❞✐❝✐♦♥❛✐s✱ ❝♦♠♦ ❖❈❙P ❡ ◆❖❱❖▼❖❉❖✳

✷✳ ❯♠ ❝❡rt✐✜❝❛❞♦ tr❛❞✐❝✐♦♥❛❧ r❡✈♦❣❛❞♦ t♦r♥❛ ♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❛♥✐♥❤❛❞♦ ❛ss♦❝✐✲
❛❞♦ ❛ ❡❧❡ ✐♥út✐❧✳ ❖ ♦❜❥❡t✐✈♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡♠ ✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦
❛♥✐♥❤❛❞♦ é ✈❛❧✐❞❛r ♦ ❝❡rt✐✜❝❛❞♦ tr❛❞✐❝✐♦♥❛❧ ♥♦ ✜♥❛❧ ❞❡ss❡ ❝❛♠✐♥❤♦✳ ❙❡ ♦ tr❛❞✐❝✐♦♥❛❧
❢♦r r❡✈♦❣❛❞♦✱ ♦s ❛♥✐♥❤❛❞♦s ♥ã♦ tê♠ ♠❛✐s ✉t✐❧✐❞❛❞❡ ❡ ♣♦❞❡♠ s❡r ❞❡s❝❛rt❛❞♦s✳

✸✳ ❯♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❛♥✐♥❤❛❞♦ ✈á❧✐❞♦ ♥ã♦ ♣♦❞❡ ❝♦♠❡ç❛r ❝♦♠ ✉♠ ❝❡rt✐✜❝❛❞♦
❛♥✐♥❤❛❞♦ r❡✈♦❣❛❞♦✱ ♠❛s ♣♦❞❡ ❝♦♥t❡r ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s r❡✈♦❣❛❞♦s✳ ❈♦♥s✐❞❡r❡ ♦
❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❣❡♥ér✐❝♦ cnk, cnk−1, . . . , cn2, c✱ ❡♠ q✉❡ t♦❞♦s ♦s ❝❡rt✐✜❝❛❞♦s
❢♦r❛♠ ❡♠✐t✐❞♦s ❛♥t❡s ❞♦ ✐♥st❛♥t❡ t✳ ❈♦♥s✐❞❡r❡ ❛✐♥❞❛ q✉❡ ♥♦ ✐♥st❛♥t❡ t✱ ❛ ❆❈ Ai✱
2 ≤ i ≤ k ✱ t❡♠ s✉❛ ❝❤❛✈❡ ♣r✐✈❛❞❛ ❝♦♠♣r♦♠❡t✐❞❛✳ ▲♦❣♦✱ é ✐♠♣♦ssí✈❡❧ ✈❡r✐✜❝❛r ♦
❝❡rt✐✜❝❛❞♦ cn i✱ ♣♦✐s q✉❛❧q✉❡r ✉♠ q✉❡ ♣♦ss✉❛ ❛ ❝❤❛✈❡ ♣r✐✈❛❞❛ ❞❡ Ai ♣♦❞❡ ❣❡rá✲❧♦✳
◆♦ ❡♥t❛♥t♦✱ s❡ ❢♦r ❝♦♥s✐❞❡r❛❞♦ ♦ ❝♦♥t❡①t♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❛♥✐♥❤❛❞♦✱ cn i

❛✐♥❞❛ ♣♦❞❡ s❡r ✉s❛❞♦✱ ♣♦✐s ♦ ❝❡rt✐✜❝❛❞♦ cn i+1 ❡♠✐t✐❞♦ ❛♥t❡s ❞♦ ❝♦♠♣r♦♠❡t✐♠❡♥t♦ ❞❡
Ai ✭❝♦♥s✐❞❡r❛♥❞♦✲s❡ q✉❡ ✉♠❛ ❆❈ só ❡♠✐t❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♣❛r❛ ❝❡rt✐✜❝❛❞♦s
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✈á❧✐❞♦s✮✱ t♦r♥❛ ♣♦ssí✈❡❧ ❛ s✉❛ ✈❛❧✐❞❛çã♦✳ P♦r ♦✉tr♦ ❧❛❞♦✱ s❡ ✉♠ ♥♦✈♦ ❝❡rt✐✜❝❛❞♦ ❢♦✐
❡♠✐t✐❞♦ ♥♦ ✐♥st❛♥t❡ t1 ✭t1 > t✮✱ ❡ss❡ ❝❡rt✐✜❝❛❞♦ ♥ã♦ ♣❡rt❡♥❝❡rá ❛ ♥❡♥❤✉♠ ❝❛♠✐♥❤♦
❞❡ ❝❡rt✐✜❝❛çã♦ q✉❡ ♥ã♦ ♦ t❡♥❤❛ ❝♦♠♦ ♦ ♣r✐♠❡✐r♦❀ ✐st♦ ♣♦rq✉❡✱ ✉♠❛ ✈❡③ q✉❡ Ai

❢♦✐ ❝♦♠♣r♦♠❡t✐❞❛✱ ♥❡♥❤✉♠❛ ♦✉tr❛ ❆❈ ✐rá ❡♠✐t✐r ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♣❛r❛ ♦s
❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡♠✐t✐❞♦s ♣♦r ❡❧❛✳

❆s r❡❣r❛s ❛❝✐♠❛ ✐♠♣❧✐❝❛♠ ♥♦s s❡❣✉✐♥t❡s ♣❛ss♦s ❛ s❡r❡♠ s❡❣✉✐❞♦s ♣❡❧♦ ✈❡r✐✜❝❛❞♦r ♣❛r❛
✈❡r✐✜❝❛r ✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❛♥✐♥❤❛❞♦✿

• ❞❡t❡r♠✐♥❛r ♦ ❡st❛❞♦ ✭s❡ ❢♦✐ ♦✉ ♥ã♦ r❡✈♦❣❛❞♦✮ ❞♦ ♣r✐♠❡✐r♦ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦ ✭r❡❣r❛
✸✮✳ P❛r❛ t❛❧✱ ❞❡✈❡♠✲s❡ ✉t✐❧✐③❛r ♠❡❝❛♥✐s♠♦s ❞❡ r❡✈♦❣❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s✱ t❛✐s ❝♦♠♦
❖❈❙P ❡ ◆❖❱❖▼❖❉❖❀

• ❞❡t❡r♠✐♥❛r ♦ ❡st❛❞♦ ❞♦ ú❧t✐♠♦ ❝❡rt✐✜❝❛❞♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✱ ♦✉ s❡❥❛✱ ❞♦
❝❡rt✐✜❝❛❞♦ tr❛❞✐❝✐♦♥❛❧ ✭r❡❣r❛ ✶✮✳

❆♥á❧✐s❡

❆ ✈❛♥t❛❣❡♠ ❞❛ ■❈P❆ s♦❜r❡ ❛ ■❈P tr❛❞✐❝✐♦♥❛❧ é q✉❡ ❡❧❛ ♣❡r♠✐t❡ r❡❞✉③✐r ♦ ❝✉st♦ ❞❛ ✈❛❧✐❞❛çã♦
❞❡ ✉♠ ❝❡rt✐✜❝❛❞♦ tr❛❞✐❝✐♦♥❛❧ c✱ ♣❡rt❡♥❝❡♥t❡ ❛♦ ❝❛♠✐♥❤♦ ck, ck−1, . . . , c1, c✱ k ≥ 2✳ ◆✉♠❛
■❈P✱ ❡ss❡ ♣r♦❝❡ss♦ ❡♥✈♦❧✈❡ k ♦♣❡r❛çõ❡s ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ ❡ k ♦♣❡r❛çõ❡s
❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✳ ❆s ú❧t✐♠❛s ♣♦❞❡♠ s❡r ♦♣❡r❛çõ❡s ❞❡ ✈❡r✐✜❝❛çã♦
❞❡ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ ✭❖❈❙P✮ ♦✉ ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦ ✭◆❖❱❖▼❖❉❖✮✳ ❏á ♥✉♠❛ ■❈P❆✱ ♦
❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❛♥✐♥❤❛❞♦✱ cnk, cnk−1, . . . , cn1, c✱ ♣❡r♠✐t❡ q✉❡ c s❡❥❛ ✈❛❧✐❞❛❞♦ ❝♦♠
✉♠❛ ♦♣❡r❛çã♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛✱ k − 1 ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦ ❡ ❞✉❛s ♦♣❡r❛çõ❡s
❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✳

◆♦ ❡♥t❛♥t♦✱ ❡ss❡ ❡sq✉❡♠❛ ❛♣r❡s❡♥t❛ ❛❧❣✉♠❛s ❞❡s✈❛♥t❛❣❡♥s ❡♠ r❡❧❛çã♦ ❛♦ tr❛❞✐❝✐♦♥❛❧✱
q✉❡ ❛❞✈é♠ ❞♦ ❢❛t♦ ❞❡ q✉❡ ❛s ❆❈s s✉♣❡r✐♦r❡s ❡stã♦ ❞✐r❡t❛♠❡♥t❡ ❡♥✈♦❧✈✐❞❛s ❝♦♠ ❛ ❡♠✐ssã♦
❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♣❛r❛ ♦s ❝❧✐❡♥t❡s ❞❡ s✉❛s ❆❈s s✉❜♦r❞✐♥❛❞❛s✳ ❆s ❞❡s✈❛♥t❛❣❡♥s
sã♦ ❛ s♦❜r❡❝❛r❣❛ ❡ ❛ ♠❛✐♦r ❡①♣♦s✐çã♦ ❞❛s ❆❈s ❡ ♦ ❛tr❛s♦ ♥❛ ♣r♦♣❛❣❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s
❛♥✐♥❤❛❞♦s✳

❆ s♦❜r❡❝❛r❣❛ ❞❛s ❆❈s é ❞❡✈✐❞❛ ❛♦ ♠❡❝❛♥✐s♠♦ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✳
❙❡♠♣r❡ q✉❡ ✉♠ ❝❡rt✐✜❝❛❞♦ é ❡♠✐t✐❞♦ ♣❛r❛ ✉♠ ✉s✉ár✐♦ ✜♥❛❧✱ t♦❞❛s ❛s ❆❈s s✉♣❡r✐♦r❡s
à ❆❈ ❡♠✐ss♦r❛ ❞♦ ❝❡rt✐✜❝❛❞♦ ❞♦ ✉s✉ár✐♦ ✜♥❛❧ ❞❡✈❡♠ ❡♠✐t✐r ✉♠ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦✳
P❛rt✐❝✉❧❛r♠❡♥t❡✱ ♥✉♠❛ ■❈P ❡♠ ❢♦r♠❛ ❞❡ ár✈♦r❡✱ ✐ss♦ s✐❣♥✐✜❝❛ q✉❡ q✉❛♥t♦ ♠❛✐s ♣ró①✐♠❛
❞❛ r❛✐③ ❛ ❆❈ ❡stá✱ ♠❛✐♦r s❡rá ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s q✉❡ ❡❧❛ ❞❡✈❡ ❡♠✐t✐r✳ P♦r ❡①❡♠♣❧♦✱ ♦
♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡♠✐t✐❞♦s ♣❡❧❛ ❆❈ r❛✐③ é ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s
❡♠✐t✐❞♦s ♣❛r❛ ✉s✉ár✐♦s ✜♥❛✐s ♥❛ ■❈P❆✳ ▲♦❣♦✱ ❤á ✉♠ ❛✉♠❡♥t♦ s✐❣♥✐✜❝❛t✐✈♦ ♥♦ tr❛❜❛❧❤♦
❞❛s ❆❈s✳

❊ss❡ ♣r♦❜❧❡♠❛ s❡ t♦r♥❛r✐❛ ❛✐♥❞❛ ♠❛✐♦r s❡ s❡ ♣❡r♠✐t✐ss❡ ✉t✐❧✐③❛r ❡ss❡ ♠❡❝❛♥✐s♠♦ ♣❛r❛
❝❡rt✐✜❝❛çã♦ ❝r✉③❛❞❛✳ ◆❡ss❡ ❝❛s♦✱ ❝❛❞❛ ✉♠❛ ❞❛s ❞✉❛s ❆❈s ❡♥✈♦❧✈✐❞❛s ❞❡✈❡r✐❛ ❡♠✐t✐r ✉♠
♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ ❝❧✐❡♥t❡s s✉❜♦r❞✐♥❛❞♦s à ♦✉tr❛ ❆❈✳
P❛rt✐❝✉❧❛r♠❡♥t❡ ♥♦ ❝❛s♦ ❞❡ ✉♠❛ ❝❡rt✐✜❝❛çã♦ ❝r✉③❛❞❛ ❡♥tr❡ ❞✉❛s ❆❈s r❛í③❡s✱ ♦ ♥ú♠❡r♦
❛❞✐❝✐♦♥❛❧ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❛ s❡r❡♠ ❡♠✐t✐❞♦s ♣♦r ✉♠❛ ❞❛s ❆❈s é ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦
❞❡ ❝❧✐❡♥t❡s ❞❛ ■❈P❆ à q✉❛❧ ❡❧❛ ♥ã♦ ♣❡rt❡♥❝❡✳
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❖✉tr♦ ♣r♦❜❧❡♠❛ é ❛ ♠❛✐♦r ❡①♣♦s✐çã♦ ❞❛s ❆❈s✳ ❈♦♠♦ ❢♦✐ ✈✐st♦✱ t♦❞❛ ✈❡③ q✉❡ é ❡♠✐t✐❞♦
✉♠ ❝❡rt✐✜❝❛❞♦ ♣❛r❛ ✉♠ ✉s✉ár✐♦ ✜♥❛❧✱ ❛s ❆❈ s✉♣❡r✐♦r❡s à ❆❈ q✉❡ ❡♠✐t✐✉ ♦ ❝❡rt✐✜❝❛❞♦
t❡rã♦ q✉❡ ❡♠✐t✐r ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✳ ■ss♦ ✐♠♣❧✐❝❛ q✉❡ ❝♦♥st❛♥t❡♠❡♥t❡ ❛s ❆❈s ❞❡✈❡♠
s❡r ❛❝✐♦♥❛❞❛s ♣❛r❛ ❞❡t❡r♠✐♥❛r s❡ ❤á ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❛ s❡r❡♠ ❡♠✐t✐❞♦s✳ ❈♦♠♦
❝♦♥s❡q✉ê♥❝✐❛✱ t❡♠✲s❡ ✉♠❛ ♠❛✐♦r ❡①♣♦s✐çã♦ ❞❛s ❆❈s✱ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ✉♠ r✐s❝♦ ♠❛✐♦r
❞❡ ❝♦♠♣r♦♠❡t✐♠❡♥t♦ ❞❛s ♠❡s♠❛s✳

❋✐♥❛❧♠❡♥t❡✱ ✈✐✉✲s❡ q✉❡ ❛ ♣r♦♣❛❣❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s é ❢❡✐t❛ ❞❡ ❢♦r♠❛ s❡r✐❛❧✳
❖✉ s❡❥❛✱ ♣❛r❛ ✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ q✉❛❧q✉❡r✱ ❛ ❆❈ s✉♣❡r✐♦r ♥❡❝❡ss✐t❛ ❡s♣❡r❛r ❛té
q✉❡ ❛ ❆❈ s✉❜♦r❞✐♥❛❞❛ t❡♥❤❛ ❡♠✐t✐❞♦ ♦ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦✳ ▲♦❣♦✱ ♦ t❡♠♣♦ ❞❡ ♣r♦♣❛❣❛çã♦
❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s t❡♥❞❡ ❛ s❡r ❧♦♥❣♦✳ ❖ r❡s✉❧t❛❞♦ é q✉❡ ❡♥q✉❛♥t♦ ♥ã♦ ❤♦✉✈❡r ✉♠
❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❛♥✐♥❤❛❞♦ ♣❛r❛ ♦ ❝❡rt✐✜❝❛❞♦ tr❛❞✐❝✐♦♥❛❧ ❡♠ q✉❡stã♦✱ ❛ ✈❛❧✐❞❛çã♦
❞❡✈❡ s❡r ❢❡✐t❛ ❞♦ ♠♦❞♦ tr❛❞✐❝✐♦♥❛❧✱ ♠✉✐t♦ ♠❛✐s ❝✉st♦s♦✳

✹✳✷✳✸ ❊❋❋❊❈❚

❊❋❋❊❈❚ ✭❛❜r❡✈✐❛çã♦ ❞♦ ✐♥❣❧ês ❊❛s② ❋❛st ❊✣❝✐❡♥t ❈❡rt✐✜❝❛t✐♦♥ ❚❡❝❤✐♥✐q✉❡✱ ❝✉❥❛ tr❛❞✉çã♦
♣♦❞❡ s❡r té❝♥✐❝❛ ❞❡ ❝❡rt✐✜❝❛çã♦ ❢á❝✐❧✱ rá♣✐❞❛ ❡ ❡✜❝✐❡♥t❡✮ ❢♦✐ ♣r♦♣♦st♦ ♣♦r ●❛ss❦♦ ❡t ❛❧ ❬✶✹❪
❡ s✉❛ ♣r✐♥❝✐♣❛❧ ❝❛r❛❝t❡ríst✐❝❛ é ❛❜♦❧✐r ♦s ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s ❛ss✐♥❛❞♦s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡ ❡
t❛♠❜é♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠❡❝❛♥✐s♠♦s ❞❡ r❡✈♦❣❛çã♦ ❡①♣❧í❝✐t♦s ❝♦♠♦ ▲❈❘✱ ❖❈❙P ❡ ❈❘❚✳
❊♠ s❡✉ ❧✉❣❛r é ✉t✐❧✐③❛❞❛ ✉♠❛ ár✈♦r❡ ❞❡♥♦♠✐♥❛❞❛ ❈❡rt✐✜❝❛t✐♦♥ ❱❡r✐✜❝❛t✐♦♥ ❚r❡❡ ✭❈❱❚✮✱
q✉❡ ♣❡r♠✐t❡ q✉❡ ❛ ✐♥t❡❣r✐❞❛❞❡ ❡ ♦ ❡st❛❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦ s❡❥❛♠ ✈❡r✐✜❝❛❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡✳

❊ss❛ ár✈♦r❡ é ❝♦♥str✉í❞❛ ❞❡ ❢♦r♠❛ s❡♠❡❧❤❛♥t❡ à ♠♦str❛❞❛ ♥❛ ❙❡çã♦ ✹✳✶✳✹✳ ❈❛❞❛ ♥ó ❢♦❧❤❛
❞❛ ár✈♦r❡ é ❝♦♠♣♦st♦ ♣❡❧♦ ❝♦♥t❡ú❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦ ❡ ♣❡❧♦ r❡s✉♠♦ ❞❡ss❡ ❝♦♥t❡ú❞♦✳ ❖s ♥ós
✐♥t❡r♠❡❞✐ár✐♦s sã♦ ♦❜t✐❞♦s ❝❛❧❝✉❧❛♥❞♦✲s❡ ♦ r❡s✉♠♦ s♦❜r❡ ❛ ❝♦♥❝❛t❡♥❛çã♦ ❞♦ ✈❛❧♦r ❞♦s s❡✉s
♥ós ✜❧❤♦s✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✷✳ ❆♦ ✈❛❧♦r ❞❛ r❛✐③ ♦❜t✐❞♦✱ RV ♥❛ ♥♦♠❡♥❝❧❛t✉r❛
✉t✐❧✐③❛❞❛ ♣♦r ●❛ss❦♦ ❡t ❛❧✱ sã♦ ❛❞✐❝✐♦♥❛❞♦s ♦✉tr♦s ♠❡t❛❞❛❞♦s✱ ❝♦♠♦ ❞❛t❛✱ ❤♦r❛✱ ❡t❝✳ ❊ss❡s
❞❛❞♦s sã♦ ❛ss✐♥❛❞♦s ❞✐❣✐t❛❧♠❡♥t❡ ❡ t♦r♥❛❞♦s ♣ú❜❧✐❝♦s✳

❆ ✈❛❧✐❞❛çã♦ ❞♦ ❝❡rt✐✜❝❛❞♦ é ❢❡✐t❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ ♦ ✈❡r✐✜❝❛❞♦r ♦❜té♠ ♦ ♥ó ❢♦❧❤❛✱
❝♦♥t❡♥❞♦ ♦ ❝❡rt✐✜❝❛❞♦✱ ❡ ♦ ❝♦♠♣❧❡♠❡♥t♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❛✉t❡♥t✐❝❛çã♦ ❞❡ss❡ ♥ó✳ ❉❡ ♣♦ss❡
❞❡ss❡s ✈❛❧♦r❡s✱ ❝♦♠♣✉t❛ ♦ ✈❛❧♦r ❞❛ r❛✐③ ❞❛ ár✈♦r❡✱ RV ′✳ ❖ ✈❡r✐✜❝❛❞♦r t❛♠❜é♠ ❞❡t❡r♠✐♥❛
q✉❡ ♦ ✈❛❧♦r ❞❡ RV r❡❝❡❜✐❞♦ é ❛✉t❡♥t✐❝♦✱ ❛tr❛✈és ✈❡r✐✜❝❛çã♦ ❞❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧✳ ❊♥tã♦
❡❧❡ ❝♦♠♣❛r❛ RV ❝♦♠ RV ′✳ ❙❡ ♦s ✈❛❧♦r❡s ❢♦r❡♠ ✐❣✉❛✐s✱ ♦ ❝❡rt✐✜❝❛❞♦ é ❛❝❡✐t♦ ❝♦♠♦ ✈á❧✐❞♦
✭♦✉ s❡❥❛✱ ❡❧❡ ❡stá ✐♥t❡❣r♦ ❡ ♥ã♦ ❢♦✐ r❡✈♦❣❛❞♦✮✳

❖ ❊❋❋❊❈❚ ♥❛ ✈❡r❞❛❞❡ é ♠✉✐t♦ s❡♠❡❧❤❛♥t❡ ❛♦ ❈❘❚✳ ❆ ♣r✐♥❝✐♣❛❧ ❞✐❢❡r❡♥ç❛ é q✉❡ ❛
ár✈♦r❡ ❝♦♥str✉í❞❛ ♣❡r♠✐t❡ ❞❡t❡r♠✐♥❛r✱ ❛❧é♠ ❞♦ ❡st❛❞♦ ❞♦ ❝❡rt✐✜❝❛❞♦✱ ❛ s✉❛ ❛✉t❡♥t✐❝✐❞❛❞❡✳

✹✳✷✳✹ ❈❡rt✐✜❝❛❞♦s ❡❢ê♠❡r♦s

❊ss❛ ❛❜♦r❞❛❣❡♠ ❝♦♥s✐st❡ ❡♠ r❡❞✉③✐r ♦ ♣r❛③♦ ❞❡ ✈❛❧✐❞❛❞❡ ❞♦ ❝❡rt✐✜❝❛❞♦ ❞❡ ❢♦r♠❛ q✉❡ ♥ã♦
s❡❥❛ ♥❡❝❡ssár✐♦ ✈❡r✐✜❝❛r s❡ ♦ ❝❡rt✐✜❝❛❞♦ ❢♦✐ r❡✈♦❣❛❞♦ ♦✉ ♥ã♦✳ P♦r ❡①❡♠♣❧♦✱ ✉♠ ❝❡rt✐✜❝❛❞♦
♣♦❞❡r✐❛ s❡r ❡♠✐t✐❞♦ ❝♦♠ ✈❛❧✐❞❛❞❡ ❞❡ ✉♠ ❞✐❛✳ ■ss♦ s✐❣♥✐✜❝❛ q✉❡ ❡❧❡ só s❡r✐❛ ✈á❧✐❞♦ ♥♦ ❞✐❛
❡♠ q✉❡ ❢♦✐ ❡♠✐t✐❞♦✳ P❛r❛ ✉t✐❧✐③❛r ❛ ❝❤❛✈❡ ♥♦ ❞✐❛ s❡❣✉✐♥t❡✱ s❡r✐❛ ♥❡❝❡ssár✐♦ ❡♠✐t✐r ✉♠ ♥♦✈♦
❝❡rt✐✜❝❛❞♦✳ ❯♠❛ ❞❛s ♣r✐♠❡✐r❛s ♣r♦♣♦st❛s ♥❡ss❡ s❡♥t✐❞♦ ❢♦✐ ❢❡✐t❛ ♣♦r ❘✐✈❡st ❬✸✶❪✳
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✹✳✸ ❈✉st♦s ❞❡ ✈❛❧✐❞❛çã♦

◆❡st❛ s❡çã♦ s❡rá ❢❡✐t❛ ✉♠❛ ❛♥á❧✐s❡ ❞♦s ❝✉st♦s ❞❡ ✈❛❧✐❞❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s✳ ❙❡rã♦ ❛♥❛✲
❧✐s❛❞♦s ♦s ❝✉st♦s ❞♦s ♣r✐♥❝✐♣❛✐s ♠❡❝❛♥✐s♠♦s ❞❡s❝r✐t♦s ❛❝✐♠❛✱ ♥♦ q✉❡ t❛♥❣❡ ❛♦ ❝✉st♦s ❞❡
♣r♦❝❡ss❛♠❡♥t♦ ✭CC ❡ CA✮ ❡ ❛♦ ❝✉st♦s ❞❡ tr❛♥s♠✐ssã♦ ✭CT ❡ CR✮ ♥❛ ✐♥❢r❛❡str✉t✉r❛ ❞❡
❝❤❛✈❡s ♣ú❜❧✐❝❛s✳

❚❛✐s ❝✉st♦s s❡rã♦ ❛♥❛❧✐s❛❞♦s ❞❛♥❞♦✲s❡ ê♥❢❛s❡ ❛♦s ❝✉st♦s ❞♦ ✈❡r✐✜❝❛❞♦r✱ q✉❡ ♣♦❞❡ s❡r
✉♠ ✉s✉ár✐♦ ✜♥❛❧ ♦✉ ✉♠❛ ❡♥t✐❞❛❞❡ q✉❡ ♣r♦✈ê t❛❧ s❡r✈✐ç♦ ♣❛r❛ ♦✉tr♦s✱ ♣♦r ❡①❡♠♣❧♦✱ ♣♦r
♠❡✐♦ ❞♦ ♣r♦t♦❝♦❧♦ ❙❈❱P✳ ❚❛♠❜é♠ s❡rã♦ ❝♦♥s✐❞❡r❛❞♦s ♦s ❝✉st♦s ❞♦ r❡st♦ ❞❛ ✐♥❢r❛❡str✉t✉r❛✱
✐♥❝❧✉✐♥❞♦ ❛✉t♦r✐❞❛❞❡s ❝❡rt✐✜❝❛❞♦r❛s ❡ s❡r✈✐❞♦r❡s ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✳ P❛r❛ ❡❢❡✐t♦s
❞❡ ❝♦♠♣❛r❛çã♦✱ s❡rá ✉t✐❧✐③❛❞❛ ✉♠❛ s✐t✉❛çã♦ ❡♠ ♦ ✈❡r✐✜❝❛❞♦r s❡ ✐♥❝✉❜❡ ❞❡ ✈❛❧✐❞❛r ✉♠
❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❝♦♠ k ❝❡rt✐✜❝❛❞♦s✳

✹✳✸✳✶ ▼❡❝❛♥✐s♠♦s ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦

P❛r❛ ♦s ♠❡❝❛♥✐s♠♦s ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✱ CC ✱ CT ✱ CR ❡ CA ❛♣r❡s❡♥t❛♠ ❞✉❛s
❝♦♠♣♦♥❡♥t❡s ❞✐st✐♥t❛s✿ ✉♠❛ ❞❡✈✐❞❛ ❛♦s ❝❡rt✐✜❝❛❞♦s ✭r❡s♣❡❝t✐✈❛♠❡♥t❡ CC(c)✱ CT (c)✱ CR(c)

❡ CA(c)✮ ❡ ♦✉tr❛ ❞❡✈✐❞❛ às ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦ ✭r❡s♣❡❝t✐✈❛♠❡♥t❡ CC(ir)✱ CT (ir)✱
CR(ir) ❡ CA(ir)✮✳ ▲♦❣♦✱ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r✿

CC = CC(c) + CC(ir) ✭✹✳✶✮

CT = CT (c) + CT (ir) ✭✹✳✷✮

CR = CR(c) + CR(ir) ✭✹✳✸✮

CA = CA(c) + CA(ir) ✭✹✳✹✮

❖ ✈❛❧♦r ❞❡ CR(c) ♣❛r❛ t♦❞♦s ♦s ♠❡❝❛♥✐s♠♦ ❞❡st❛ ❝❧❛ss❡ ✭▲❈❘✱ ❖❈❙P✱ ◆❖❱❖▼❖❉❖
❡ ❈❘❚✴✷✸❈❘❚✮ é ✐❣✉❛❧ ❛ k.|sig |✱ ❡♠ q✉❡ k é ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ♥♦ ❝❛♠✐♥❤♦ ❞❡
❝❡rt✐✜❝❛çã♦ s❡♥❞♦ ✈❡r✐✜❝❛❞♦ ❡ |sig | é ♦ t❛♠❛♥❤♦ ❞❡ ✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧✳ ❉❡ ❢❛t♦✱
♦ ✈❡r✐✜❝❛❞♦r ❞❡✈❡ ♦❜t❡r ❝❛❞❛ ✉♠ ❞♦s ❝❡rt✐✜❝❛❞♦s✱ ❝❛❞❛ q✉❛❧ ❝♦♥t❡♥❞♦ ✉♠❛ ❛ss✐♥❛t✉r❛
❞✐❣✐t❛❧✳

❖ ❆❙❘ ❞❡✈❡ ❞✐s♣♦♥✐❜✐❧✐③❛r ♦s ❝❡rt✐✜❝❛❞♦s ♣❛r❛ ♦ ✈❡r✐✜❝❛❞♦r✳ P❛r❛ ❝❛❞❛ ❝❡rt✐✜❝❛❞♦
r❡q✉✐s✐t❛❞♦ ♣❡❧♦s ✈❡r✐✜❝❛❞♦r❡s✱ ♦ ❆❙❘ t❡♠ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ✐❣✉❛❧ ❛ |sig |✳ ❙✉♣♦♥❞♦✲s❡
q✉❡ ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦✱ sã♦ ❢❡✐t❛s q s♦❧✐❝✐t❛çõ❡s ❞❡ ❝❡rt✐✜❝❛❞♦s✱ ♦
❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ CT (c) = q.|sig | ♣❛r❛ t♦❞♦s ♦s ♠❡❝❛♥✐s♠♦s ❞❡st❛ ❝❧❛ss❡✳

❖ ❝✉st♦ CC(c)✱ t❛♠❜é♠ ✐❣✉❛❧ ♣❛r❛ t♦❞♦s ♦s ♠❡❝❛♥✐s♠♦s ❞❡st❛ ❝❧❛ss❡✱ é CC(c) = k.tver ✱
❡♠ q✉❡ tver é ♦ ❝✉st♦ ❞❛ ♦♣❡r❛çã♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛✳ ❊ss❡ ❝✉st♦ ❝♦rr❡s♣♦♥❞❡ ❛
♦♣❡r❛çã♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛✱ ✉♠❛ ♣♦r ❝❡rt✐✜❝❛❞♦✱ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ ❛✉t❡♥t✐❝✐✲
❞❛❞❡ ❞♦s ♠❡s♠♦s✳

❈♦♥s✐❞❡r❛♥❞♦✲s❡ q✉❡ ❛s ❆❈s ❣❡r❡♥❝✐❛♠✱ ❡♠ ♠é❞✐❛✱ v ❝❡rt✐✜❝❛❞♦s ❞✐❣✐t❛✐s✱ ❝♦♠ ✈❛❧✐❞❛❞❡
❞❡ t ✐♥t❡r✈❛❧♦s ❞❡ t❡♠♣♦ ✭❞✐❛s✱ ♣♦r ❡①❡♠♣❧♦✮ ❡ q✉❡ ♦s ❝❡rt✐✜❝❛❞♦s sã♦ ❡♠✐t✐❞♦s ✉♥✐❢♦r♠❡✲
♠❡♥t❡ ♥♦ t❡♠♣♦✱ tê♠✲s❡✱ ❡♠ ❝❛❞❛ ✐♥t❡r✈❛❧♦✱ v/t ❝❡rt✐✜❝❛❞♦s s❡♥❞♦ ❡♠✐t✐❞♦s ✭ ❡ ♦✉tr♦s v/t
❡①♣✐r❛♥❞♦✮✳ ▲♦❣♦✱ CA(c) =

v
t
tsig ♣❛r❛ t♦❞♦s ♦s ♠❡❝❛♥✐s♠♦s ❞❡st❛ ❝❧❛ss❡✳

❖s ❝✉st♦s CA(ir)✱ CT (ir)✱ CR(ir) ❡ CC(ir) ✈❛r✐❛♠ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♠❡❝❛♥✐s♠♦ ✉t✐❧✐③❛❞♦
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❡ sã♦ ♠♦str❛❞♦s ❛❜❛✐①♦✳ ❆ ❙❡çã♦ ✹✳✸✳✸ ✭❚❛❜❡❧❛s ✹✳✶✱ ✹✳✷✱ ✹✳✸ ❡ ✹✳✹✮ tr❛③ ✉♠ r❡s✉♠♦
❞♦s ❝✉st♦s ❛♣r❡s❡♥t❛❞♦s ❡ t❛♠❜é♠ ♦s ❝✉st♦s t♦t❛✐s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♥♦ ❆❙❘ ✭CA✮✱ ❞❡
♣r♦❝❡ss❛♠❡♥t♦ ♥♦ ✈❡r✐✜❝❛❞♦r ✭CC✮ ❡ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ✈❡r✐✜❝❛❞♦r ✭CR✮ ❡ ❞❡ tr❛♥s♠✐ssã♦
❞♦ ❆❙❘ ✭CT ✮ ♣❛r❛ ♦s ♠❡❝❛♥✐s♠♦s ❞✐s❝✉t✐❞♦s✳

▲❈❘

P❛r❛ ❛ ❡♠✐ssã♦ ❞❛s ▲❈❘s✱ é ♥❡❝❡ssár✐♦ q✉❡ ♦ ❆❙❘ ❝♦♠♣✉t❡ ✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ ♣❛r❛
❝❛❞❛ ❧✐st❛ ❡♠✐t✐❞❛✳ ❖ ♥ú♠❡r♦ ❞❡ ❧✐st❛s ❛ s❡r❡♠ ❡♠✐t✐❞❛s ❞❡♣❡♥❞❡ ❞♦ ✐♥t❡r✈❛❧♦ ❡♥tr❡ ❛
❡♠✐ssã♦ ❞❡ ▲❈❘s s✉❝❡ss✐✈❛s✳ ❉❡✜♥✐♥❞♦ j ❝♦♠♦ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❡♠✐ssã♦ ❞❡ ▲❈❘s✱ ♣♦r
❡①❡♠♣❧♦✱ ❡♠ ❡♠✐ssõ❡s ♣♦r ❞✐❛✱ ♦ ❝✉st♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ❆❙❘ ♣❛r❛ ❡♠✐t✐r ✐♥❢♦r♠❛çõ❡s
❞❡ r❡✈♦❣❛çã♦ é CA(ir) = j.tsig ✳

❖ ❝✉st♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ✈❡r✐✜❝❛❞♦r ♣❛r❛ ❛t❡st❛r ❛ ❛✉t❡♥t✐❝✐❞❛❞❡ ❞❛ ❧✐st❛ é ♦ ❝✉st♦
❞❡ ✈❡r✐✜❝❛r ✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ ✳❈♦♠♦ ♦ ✈❡r✐✜❝❛❞♦r ❞❡✈❡ ♦❜t❡r ✉♠❛ ▲❈❘ ♣❛r❛ ❝❛❞❛
❝❡rt✐✜❝❛❞♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✱ ❡♥tã♦ CC(ir) = k.tver ✳

❖ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ✈❡r✐✜❝❛❞♦r é ✐❣✉❛❧ ❛♦ t❛♠❛♥❤♦ ❞❛ ▲❈❘✳ ▲♦❣♦✱ ♦ ❝✉st♦ ❞❡
tr❛♥s♠✐ssã♦ é CT (ir) = k(|sig | + r.|sn|)✱ ❡♠ q✉❡ |sn| é t❛♠❛♥❤♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ✐♥❞✐❝❛r ♦
♥ú♠❡r♦ ❞❡ sér✐❡ ❞♦ ❝❡rt✐✜❝❛❞♦ ❡ r é ♦ ♥ú♠❡r♦ ♠é❞✐♦ ❞❡ ❝❡rt✐✜❝❛❞♦s r❡✈♦❣❛❞♦s✳

❋✐♥❛❧♠❡♥t❡✱ ♦ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ❆❙❘ é ♦ ♠❡s♠♦✱ ♣♦r r❡q✉✐s✐çã♦✱ ❞♦ ✈❡r✐✜❝❛❞♦r✳
❙❡ q ❢♦r ♦ ♥ú♠❡r♦ ❞❡ r❡q✉✐s✐çõ❡s ❛t❡♥❞✐❞❛s✱ ❡♥tã♦ CT (ir) = q.(|sig |+ r.|sn|)✳

❖❈❙P

P❛r❛ ❡♠✐t✐r ❝❛❞❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦ s♦❧✐❝✐t❛❞❛✱ ♦ ❖❈❙P ❞❡ ❝♦♥s✉❧t❛ ✭❆❙❘✮ ❞❡✈❡
❡❢❡t✉❛r ✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧✳ ▲♦❣♦✱ ♦ ❝✉st♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡❧❡ é CA(ir) = q.tsig ✳
❈♦♠♦ ♦ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ♣❛r❛ r❡s♣♦♥❞❡r ❝❛❞❛ r❡q✉✐s✐çã♦ é |sig |✱ t❡♠✲s❡ q✉❡ CT (ir) =

q.|sig |✳
❖ ❝✉st♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ✈❡r✐✜❝❛❞♦r é ♦ ❞❡ ❝♦♥❢❡r✐r ✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ ♣❛r❛

❝❛❞❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✱ ♦ q✉❡ r❡s✉❧t❛ ❡♠ CC(ir) = k.tver ✳ ❖ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦
❞♦ ✈❡r✐✜❝❛❞♦r t❛♠❜é♠ é |sig | ♣♦r r❡q✉✐s✐çã♦✳ ◆♦ ❡♥t❛♥t♦✱ ❡❧❡ r❡❛❧✐③❛ k r❡q✉✐s✐çõ❡s✱ ✉♠❛
♣♦r ❝❡rt✐✜❝❛❞♦✱ r❡s✉❧t❛♥❞♦ ❡♠ CR(ir) = k.|sig |✳

◆❖❱❖▼❖❉❖

■♥✐❝✐❛❧♠❡♥t❡✱ ❝♦♥s✐❞❡r❡ ♦ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ❡♥tr❡ ♦ ✈❡r✐✜❝❛❞♦r ❡ ♦ ❆❙❘✳ ❊ss❡ ❝✉st♦ é
s❡♠♣r❡ ❞❡ ✷✵ ❜②t❡s ✭❛✐♥❞❛ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✉s♦ ❞♦ ❙❍❆✲✶✮✱ ♣❛r❛ ❝❛❞❛ ❝❡rt✐✜❝❛❞♦✳ ▲♦❣♦✱
CR(ir) = k.|res| ❡ CT (ir) = q.|res|✱ ❡♠ q✉❡ |res| é ♦ t❛♠❛♥❤♦ ❞❡ ✉♠ r❡s✉♠♦ ❝r✐♣t♦❣rá✜❝♦✳
❊ss❡ ❝✉st♦ é s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♠❡♥♦r ❞♦ q✉❡ ♦s ❞♦s ❞❡♠❛✐s ❡sq✉❡♠❛s ✈✐st♦s✱ ❥á q✉❡ ♦
t❛♠❛♥❤♦ ❞❡ ✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ é ♠✉✐t♦ ♠❛✐♦r ❞♦ q✉❡ ♦ ❞❡ ✉♠ r❡s✉♠♦✳ P♦r ❡①❡♠♣❧♦✱
♣❛r❛ ♦ ❘❙❆ ❡ ♦ ❙❍❆✲✶ ♦s t❛♠❛♥❤♦s sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✶✵✷✹ ❡ ✶✻✵ ❜✐ts✳

❖ ❝✉st♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ✈❡r✐✜❝❛❞♦r CC(ir) ❞❡♣❡♥❞❡ ❞♦ t❛♠❛♥❤♦ ❞❛ ❝❛❞❡✐❛ ❞❡
r❡s✉♠♦✱ q✉❡ é ✐❣✉❛❧ ❛ n ✭q✉❡ t❛♠❜é♠ ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ❝♦♠♦ t/j✮ ✳ ❖ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s
❞❡ r❡s✉♠♦ ❛ s❡r❡♠ r❡❛❧✐③❛❞❛s ♣❡❧♦ ✈❡r✐✜❝❛❞♦r é ✉♠ ✈❛❧♦r ❡♥tr❡ ✶ ✭♥♦ ♣r✐♠❡✐r♦ ✐♥t❡r✈❛❧♦✮
❡ n ✭♥♦ ú❧t✐♠♦ ✐♥t❡r✈❛❧♦✮ ♦✉ n/2 ♥❛ ♠é❞✐❛✳ ▲♦❣♦✱ ♣❛r❛ ✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✱
CC(ir) = k n

2
tres ✳ ❖❜s❡r✈❛r✲s❡ q✉❡ s❡ ❛ ❛♣❧✐❝❛çã♦ ♣♦ss✉✐ r❡q✉✐s✐t♦s ❞❡ t❡♠♣❡st✐✈✐❞❛❞❡
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s❡✈❡r♦s✱ ♣♦r ❡①❡♠♣❧♦✱ ❞❡ ✶ ❤♦r❛ ♦✉ ✶✺ s❡❣✉♥❞♦s ✭♦ q✉❡ ❥á ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦✱ ♣❛r❛
❛♠❜✐❡♥t❡s ❝♦♠♦ ❛ ■♥t❡r♥❡t✱ ❝♦♠♦ s❡♥❞♦ ❞❡ t❡♠♣♦ r❡❛❧ ❬✷✻❪✮✱ ♦ ❝✉st♦ ♣♦❞❡ s❡r ♣r♦✐❜✐t✐✈♦✳
◆♦ ♣r✐♠❡✐r♦ ❝❛s♦✱ n = 8760 ❡ ♥♦ s❡❣✉♥❞♦ n = 2.102.400✱ ♦✉ s❡❥❛✱ ♦ ♥ú♠❡r♦ ♠é❞✐♦ ❞❡
♦♣❡r❛çõ❡s é✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✹✳✸✽✵ ❡ ✶✳✵✺✶✳✷✵✵✳

❉♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞♦ ❆❙❘ t❛♥t♦ ♦ ❢❛t♦r ♣r♦❝❡ss❛♠❡♥t♦ q✉❛♥t♦ ♦ ❢❛t♦r ❛r♠❛③❡♥❛♠❡♥t♦
❞❡✈❡♠ s❡r ❝♦♥s✐❞❡r❛❞♦s ❝✉✐❞❛❞♦s❛♠❡♥t❡ ♣❛r❛ ✈❛❧♦r❡s ❣r❛♥❞❡s ❞❡ n✳ ❆té ♦ ♠♦♠❡♥t♦ ❢♦✐
s✉♣♦st♦ q✉❡ ♦ ❆❙❘ ♠❛♥té♠ t♦❞♦s ♦s ✈❛❧♦r❡s ✐♥t❡r♠❡❞✐ár✐♦s ❞❛ s❡q✉❡♥❝✐❛ ❞❡ r❡s✉♠♦✳ ◆♦
❡♥t❛♥t♦✱ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ✐♥t❡r✈❛❧♦s ❞❡ ✶✺ s❡❣✉♥❞♦s ✭n = 2.102.400✮✱ ♦ ❡s♣❛ç♦ r❡q✉❡r✐❞♦ é
❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✹✵▼❇ ♣♦r ❝❡rt✐✜❝❛❞♦✱ ♦ q✉❡ ♣♦❞❡ s❡r ✐♥✈✐á✈❡❧✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦❜s❡r✈❛✲
s❡ q✉❡ ♦ ❆❙❘ ♣♦❞❡ ♠❛♥t❡r ❛♣❡♥❛s X0 ❡ ❝❛❧❝✉❧❛r Xn−j ♣❛r❛ ❝❛❞❛ ✐♥t❡r✈❛❧♦✳ ❊ss❡ ❝✉st♦✱ ♥❛
♠é❞✐❛✱ é ✐❣✉❛❧ ❛♦ ❝✉st♦ ❞♦ ✈❡r✐✜❝❛❞♦r✱ ♣❛r❛ ❝❛❞❛ ❝❡rt✐✜❝❛❞♦✳ ❉❡♣❡♥❞❡♥❞♦ ❞♦ ♥ú♠❡r♦ ❞❡
❝❡rt✐✜❝❛❞♦s q✉❡ ♦ ❆❙❘ ❞❡✈❡ ♠❛♥✉s❡❛r✱ ♣♦❞❡ ♥ã♦ s❡r ♣♦ssí✈❡❧ ❝♦♠♣✉t❛r t♦❞♦s ♦s ✈❛❧♦r❡s
♥❡❝❡ssár✐♦s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ ✐♥t❡r✈❛❧♦s ♣❡q✉❡♥♦s✳ ▲♦❣♦✱ ❡①✐st❡ ✉♠ ❡q✉✐❧í❜r✐♦ ❛ s❡r
♠❛♥t✐❞♦ ❡♥tr❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❡ ♣r♦❝❡ss❛♠❡♥t♦✳ ▼✐❝❛❧✐ s✉❣❡r❡ ❛r♠❛③❡♥❛r ✈❛❧♦r❡s ✐♥t❡r✲
♠❡❞✐ár✐♦s ❞❛ ❢✉♥çã♦ ❞❡ r❡s✉♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ❝♦♠♦ ♦s ❞❡✜♥✐❞♦s ♣♦r ❏❛❦♦❜ss♦♥ ❬✶✻✱ ✶✶❪✱
q✉❡ ♣❡r♠✐t❡✱ ❛r♠❛③❡♥❛♥❞♦ log2 n ✈❛❧♦r❡s✱ ❝♦♠♣✉t❛r Xi ❝♦♠✱ ♥♦ ♠á①✐♠♦✱ log2 n ♦♣❡r❛çõ❡s
❞❡ r❡s✉♠♦✳ ▲❡♠❜r❛♥❞♦ q✉❡ ♣❛r❛ ♦s ❝❡rt✐✜❝❛❞♦s r❡✈♦❣❛❞♦s ❡ss❡ ❝á❧❝✉❧♦ ♥ã♦ é ♥❡❝❡ssár✐♦
✭❜❛st❛ ♦ ❆❙❘ ❞✐s♣♦♥✐❜✐❧✐③❛r Y0✮✱ t❡♠✲s❡ q✉❡ CA(ir) = j(v − r) log2 n.tres ✳

❈❘❚

❈♦♠♦ ❢♦✐ ❞❡s❝r✐t♦✱ ♣❛r❛ ❝❛❞❛ ❈❘❚ ❞✐✈✉❧❣❛❞❛✱ ♦ ❆❙❘ ❝♦♠♣✉t❛ ✉♠❛ ❛ss✐♥❛t✉r❛ s♦❜r❡ ♦
✈❛❧♦r ❞❛ r❛✐③ ✱ ♦ q✉❡✱ ♣❛r❛ ✉♠❛ ❛t✉❛❧✐③❛çã♦ ❝♦♠ ❢r❡q✉ê♥❝✐❛ j✱ r❡s✉❧t❛ ❡♠ j.tsig ✳ ❆❧é♠
❞✐ss♦ ♣❛r❛ ♦❜t❡r ❛ r❛✐③✭❡ ♣♦r ❝♦♥s❡q✉ê♥❝✐❛ ❛ ár✈♦r❡✮✱ ♣❛r❛ ✉♠ ❆❙❘ q✉❡ ♣♦ss✉✐ ✉♠ ♥ú♠❡r♦
♠é❞✐♦ ❞❡ ❝❡rt✐✜❝❛❞♦s r❡✈♦❣❛❞♦s ✐❣✉❛❧ ❛ r✱ sã♦ ♥❡❝❡ssár✐❛s 2r − 1 ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦✳
▲♦❣♦✱ ♦ ❝✉st♦ ♣❛r❛ ❡♠✐t✐r ❈❘❚s é CA(ir) = j((2r − 1)tres + tsig)✳

❖ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ✈❡r✐✜❝❛❞♦r ❡♥✈♦❧✈❡✱ ♣❛r❛ ❝❛❞❛ ❝❡rt✐✜❝❛❞♦ ❞♦ ❝❛♠✐♥❤♦✱ tr❛♥s✲
♠✐t✐r ✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ ❡ log2 r r❡s✉♠♦s✱ ♦✉ s❡❥❛✱ CR(ir) = k.(|sig |+ log2 r.|res|)✳ ❖
❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ❆❙❘ é CT (ir) = q(|sig |+ log2 r.|res|)✳

P❛r❛ ♣r♦❝❡ss❛r ❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✱ ♦ ✈❡r✐✜❝❛❞♦r ❞❡✈❡ ❝♦♥❢❡r✐r ❛ ❛✉t❡♥t✐❝✐❞❛❞❡
❞♦ ✈❛❧♦r ❞❛ r❛✐③ ❞❛ ❈❘❚✱ ❛tr❛✈és ❞❛ ✈❡r✐✜❝❛çã♦ ❞❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧✱ ❡ r❡❝♦♥str✉✐r ❛ r❛✐③✱
♦ q✉❡ ❞❡s♣❡♥❞❡ log2 r ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦✱ r❡s✉❧t❛♥❞♦ ❡♠ CC(ir) = k(tver + log2 r.tres)✳

✹✳✸✳✷ ▼❡❝❛♥✐s♠♦s ✐♥t❡❣r❛❞♦s

❈❡rt✐✜❝❛❞♦s ❡❢ê♠❡r♦s

❊ss❡ ❡sq✉❡♠❛ ♥ã♦ ✉t✐❧✐③❛ ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✳ ▲♦❣♦✱ ♥ã♦ ❡①✐st❡♠ ❝✉st♦s ❛ss♦❝✐❛❞♦s
à ✈❡r✐✜❝❛çã♦ ❞♦ ❡st❛❞♦ ❞♦s ❝❡rt✐✜❝❛❞♦s✳ P♦r ❝♦♥s❡q✉ê♥❝✐❛✿ CT = q.|sig |✱ CR = k.|sig | ❡
CC = k.tsig ✳

P♦r ♦✉tr♦ ❧❛❞♦✱ é ❛tr✐❜✉í❞♦ ✉♠ ❝✉st♦ ♠❛✐♦r ❛♦ ❆❙❘✱ q✉❡ ❞❡✈❡ r❡❡♠✐t✐r ♦ ❝❡rt✐✜❝❛❞♦
♣❛r❛ ❛t❡♥❞❡r ❛♦s r❡q✉✐s✐t♦s ❞❡ t❡♠♣❡st✐✈✐❞❛❞❡✳ ❆ss✉♠✐♥❞♦ q✉❡ ❛ ❢r❡q✉ê♥❝✐❛ ❝♦♠ q✉❡ ♦s
❝❡rt✐✜❝❛❞♦s s❡❥❛♠ r❡❡♠✐t✐❞♦s s❡❥❛ j✱ t❡♠✲s❡ q✉❡ CA = j.v.tsig ✳
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❊❋❋❊❈❚

◆♦ ❊❋❋❊❈❚✱ ❛ ❆❈ ❝♦♥stró✐ ❛♣❡♥❛s ✉♠❛ ár✈♦r❡ q✉❡ ♣♦r s✐ só ♣❡r♠✐t❡ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ❝❡r✲
t✐✜❝❛❞♦✳ P❛r❛ ❝♦♥str✉✐r t❛❧ ár✈♦r❡ é ♥❡❝❡ssár✐♦ ❡①❡❝✉t❛r 2v−1 ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦ ❡ ✉♠❛
♦♣❡r❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧✳ ▲♦❣♦✱ ♦ ❝✉st♦ ❞❡ ❝♦♥str✉çã♦ ❞❛ ár✈♦r❡ é tsig + (2v − 1)tres ✳
▲♦❣♦✱ CA = j(tsig + (2v − 1)tres)✱ ❡♠ q✉❡ j é ❛ ❢r❡q✉ê♥❝✐❛ ❝♦♠ q✉❡ ❛ ár✈♦r❡ é ❛t✉❛❧✐③❛❞❛✳

P❛r❛ ✈❛❧✐❞❛r ❝❛❞❛ ❝❡rt✐✜❝❛❞♦✱ ♦ ✈❡r✐✜❝❛❞♦r ♥❡❝❡ss✐t❛ ❞♦ ✈❛❧♦r ❞❛ r❛✐③ ❛ss✐♥❛❞♦ ❡ ❞♦
❝♦♠♣❧❡♠❡♥t♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❛✉t❡♥t✐❝❛çã♦ ❞♦ ♥ó ❡♠ q✉❡stã♦✱ q✉❡ ❝♦♥té♠ log2 v ♥ós✳ ▲♦❣♦✱
CT = q(|sig |+ log2 v|res|) ❡ CR = k(|sig |+ log2 v|res|✮✳

❋✐♥❛❧♠❡♥t❡✱ ♦ ❝✉st♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❞♦ ✈❡r✐✜❝❛❞♦r é ❞❛❞♦ ♣♦r
k(tver +log2 v.tres)✳ ❖✉ s❡❥❛✱ ♦ ❝✉st♦ ❞❡ ❝♦♥❢❡r✐r ❛ ❛ss✐♥❛t✉r❛ s♦❜r❡ ♦ ✈❛❧♦r ❞❛ r❛✐③ ❛❞✐❝✐♦✲
♥❛❞♦ ❞♦ ❝✉st♦ ❞❡ r❡❝♦♥str✉✐r ❛ r❛✐③ ❛ ♣❛rt✐r ❞♦ ❝♦♠♣❧❡♠❡♥t♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❛✉t❡♥t✐❝❛çã♦✳
❖❜s❡r✈❡ t❛♠❜é♠ q✉❡✱ ♥❡ss❡ ❝❛s♦✱ ♥ã♦ ❤á ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❞❡✈✐❞❛ à ❛ss✐♥❛t✉r❛ s♦❜r❡ ♦s
❝❡rt✐✜❝❛❞♦s✱ ❝♦♠♦ ❤á ♥♦ ❈❘❚ ❡ ✷✸❈❘❚✳

■❈P❆

❆ ■❈P❆ ♥❡❝❡ss✐t❛ ❞❡ ✉♠❛ ♦♣❡r❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ ♣❛r❛ ✈❛❧✐❞❛r ♦ ♣r✐♠❡✐r♦ ❝❡rt✐✜❝❛❞♦
❞♦ ❝❛♠✐♥❤♦ ❞❡ ✈❛❧✐❞❛çã♦ ❡ k− 1 ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦ ♣❛r❛ ♦s ❞❡♠❛✐s ✱ ❝♦♥❢♦r♠❡ ❞❡♠♦♥s✲
tr❛❞♦ ♥♦ ✐t❡♠ ❆♥á❧✐s❡ ❞❛ ❙❡çã♦ ✹✳✷✳✷✳ ❆❧é♠ ❞✐ss♦✱ ♣❛r❛ ✈❡r✐✜❝❛r ♦ ❡st❛❞♦ ❞♦ ♣r✐♠❡✐r♦
❝❡rt✐✜❝❛❞♦ ✭❡♠✐t✐❞♦ ♣❡❧❛ ❆❈ â♥❝♦r❛✮ ❡ ❞♦ ❝❡rt✐✜❝❛❞♦ ❞♦ ✉s✉ár✐♦ ✜♥❛❧✱ é ♥❡❝❡ssár✐♦ ✉t✐❧✐✲
③❛r ✉♠ ♠❡❝❛♥✐s♠♦ ❛✉①✐❧✐❛r ❞❡ r❡✈♦❣❛çã♦✱ ♣♦r ❡①❡♠♣❧♦✱ ♦ ◆❖❱❖▼❖❉❖✳ ◆❡ss❡ ❝❛s♦✱ sã♦
♥❡❝❡ssár✐❛s ❡♠ ♠é❞✐❛ n ✭2.n

2
✮ ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦✳ ▲♦❣♦✱ CC = tver + (k + n− 1)tres ✳

P❡❧♦ q✉❡ ❢♦✐ ❞✐t♦✱ ❞❡❞✉③✲s❡ q✉❡ CT = q.(|sig |+ |res|)✳ P❛r❛ ♦ ✈❡r✐✜❝❛❞♦r✱ ♦ ❝✉st♦
CR = k.|sig |+ 2.|res|✳

❋✐♥❛❧♠❡♥t❡✱ ❛❜♦r❞❛♠✲s❡ ♦s ❝✉st♦s ❞❡ ❡♠✐ssã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ♣❡❧❛ ❆❈✳ ◆❡ss❡ ❛s♣❡❝t♦✱
❛ ■❈P❆ s❡ ❞✐❢❡r❡♥❝✐❛ ❞♦s ❞❡♠❛✐s ♠❡❝❛♥✐s♠♦s ♣❡❧❛ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✳ ❆ss✉✲
♠✐♥❞♦ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s s❡❥❛ vcn ✱ ♦ ❝✉st♦ ❞❡ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s
s❡rá CA(c) =

v
t
tsig + vcntsig ✳ ❆❧é♠ ❞✐ss♦✱ t❡♠✲s❡ ♦ ❝✉st♦ ❞❡ ❡♠✐ssã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❞❡

r❡✈♦❣❛çã♦ CA(ir) = (v − r).j. log2 n.tres ✱ ✐❣✉❛❧ ❛♦ ◆❖❱❖▼❖❉❖✳ ◆♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✱ ♦
❝✉st♦ ❞❛ ❡♠✐ssã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s s❡rá ❛❜♦r❞❛❞♦ ❝♦♠ ♠❛✐♦r ♣r♦❢✉♥❞✐❞❛❞❡✳

✹✳✸✳✸ ❘❡s✉♠♦ ❞♦s ❝✉st♦s

❆ ❚❛❜❡❧❛ ✹✳✶ é ♦ r❡s✉♠♦ ❞♦s ❝✉st♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❣❡r❛r✴❡♠✐t✐r ♦s ❝❡rt✐✜❝❛❞♦s ❡
❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦ ❞♦ ❆❙❘✳ ❖ s✐❣♥✐✜❝❛❞♦ ❞❛s ✈❛r✐á✈❡✐s ✉t✐❧✐③❛❞❛s é ♠♦str❛❞♦ ♥❛
❚❛❜❡❧❛ ✹✳✺✳ ❆ ❚❛❜❡❧❛ ✹✳✷ ♠♦str❛ ♦s ❝✉st♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ✈❡r✐✜❝❛❞♦r ♣❛r❛ ✈❛❧✐❞❛r
♦s ❝❡rt✐✜❝❛❞♦s✳

❖❜s❡r✈❛♥❞♦ ❛ ❚❛❜❡❧❛ ✹✳✷✱ ♥♦t❛✲s❡ q✉❡ ♦ ♠❡♥♦r ❝✉st♦ ♣❛r❛ ✈❛❧✐❞❛çã♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡
❝❡rt✐✜❝❛çã♦ é ♦ ❛♣r❡s❡♥t❛❞♦ ♣❡❧❛ ■❈P❆✱ ✉t✐❧✐③❛♥❞♦ ❝♦♠♦ ♠❡❝❛♥✐s♠♦ ❞❡ r❡✈♦❣❛çã♦ ♦ ◆❖✲
❱❖▼❖❉❖✳ ❉❡ ❢❛t♦✱ ❡❧❡ ❛♣r❡s❡♥t❛✱ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞♦ t❛♠❛♥❤♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✲
✜❝❛çã♦ ✭k✮✱ ❝✉st♦ ❞❡✈✐❞♦ ❛ ♦♣❡r❛çõ❡s ❞❡ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ ❝♦♥st❛♥t❡ ❡ ✉♥✐tár✐♦✳ ❚♦❞♦s ♦s
❞❡♠❛✐s ♠❡❝❛♥✐s♠♦s ❛♣r❡s❡♥t❛❞♦s ♣♦ss✉❡♠ t❛❧ ❝✉st♦ ❡♠ ❢✉♥çã♦ ❞❡ k✳

❙♦❜ ✉♠❛ ♦❜s❡r✈❛çã♦ ♠❛✐s ❝✉✐❞❛❞♦s❛✱ ✈ê✲s❡ q✉❡ ♦ ❝✉st♦ ❞❡ ✈❛❧✐❞❛r ♦ ❝❡rt✐✜❝❛❞♦ ♥❛
■❈P❆✱ é ❝♦♠♣♦st♦ ❡♠ ♣❛rt❡ ♣♦r ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦✱ q✉❡ ♥ã♦ ❢♦r❛♠ ♠❡♥❝✐♦♥❛❞❛s ❛❝✐♠❛✳
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▼❡❝❛♥✐s♠♦ ❆❙❘
CA(c) CA(ir) CA

▲❈❘ v
t
.tsig j.tsig (v

t
+ j)tsig

❖❈❙P v
t
.tsig q.tsig (v

t
+ q)tsig

◆❖❱❖▼❖❉❖ v
t
.tsig j(v − r) log2 n.tres

v
t
.tsig + j(v − r) log2 n.tres

❈❘❚✴✷✲✸❈❘❚ v
t
.tsig j((2r − 1)tres + tsig✮ (v

t
+ j)tsig + j(2r − 1)tres

■❈P❆ (v
t
+ vcn).tsig j(v − r) log2 n.tres

(v
t
+ vcn).tsig✰

j(v − r) log2 n.tres

❊❋❋❊❈❚ ✲ ✲ j(tsig + (2v − 1)tres)
❊❢ê♠❡r♦s ✲ ✲ j.v.tsig

❚❛❜❡❧❛ ✹✳✶✿ ❈✉st♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ✲ ❆❙❘

▼❡❝❛♥✐s♠♦ ❱❡r✐✜❝❛❞♦r
CC(c) CC(ir) CC

▲❈❘ k.tver k.tver 2k.tver

❖❈❙P k.tver k.tver 2k.tver

◆❖❱❖▼❖❉❖ k.tver k.n
2
.tres k.n

2
.tres + k.tver

❈❘❚✴✷✸❈❘❚ k.tver k. log2 r.tres) k(tver + log2 r.tres)
■❈P❆ ✲ ✲ tver + (k + n− 1).tres

❊❋❋❊❈❚ ✲ ✲ k(tver + log2 v.tres)
❊❢ê♠❡r♦s ✲ ✲ k.tver

❚❛❜❡❧❛ ✹✳✷✿ ❈✉st♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ✲ ✈❡r✐✜❝❛❞♦r

◆♦ ❡♥t❛♥t♦✱ ❝♦♠♦ ❛s ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦ sã♦ ♠✉✐t♦ ♠❛✐s rá♣✐❞❛s q✉❡ ❛s ♦♣❡r❛çõ❡s ❞❡
✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛✱ ❡ss❡s ✈❛❧♦r❡s ♥ã♦ ✐♥✢✉❡♥❝✐❛♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♥♦ ❝✉st♦ t♦t❛❧✱
❡①❝❡t♦ ♣❛r❛ ✈❛❧♦r❡s ♠✉✐t♦ ❣r❛♥❞❡s ❞❡ n✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ n = 365✱ é ♥❡❝❡ssár✐♦ ❡❢❡t✉❛r
364 + k ♦♣❡r❛çõ❡s ❞❡ r❡s✉♠♦✱ ❝✉❥♦ ❝✉st♦ é ♠❡♥♦r ❞♦ q✉❡ ♦ ❞❡ k ♦♣❡r❛çõ❡s ❞❡ ✈❡r✐✜❝❛çã♦
❞❡ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧✳

▲♦❣♦✱ ♣❛r❛ ✈❛❧✐❞❛r ✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✱ ❝♦♠ ✈ár✐♦s ❝❡rt✐✜❝❛❞♦s✱ ❛s ■❈P❆s s❡✲
r✐❛♠ ♦ ♠❡❝❛♥✐s♠♦ ♠❛✐s ✐♥❞✐❝❛❞♦✱ ♣❡❧♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞♦ ❝✉st♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞♦ ✈❡r✐✜❝❛❞♦r✳
◆♦ ❡♥t❛♥t♦✱ ❛✐♥❞❛ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ❚❛❜❡❧❛ ✹✳✶✱ ✈ê✲s❡ q✉❡ ❡st❡ ❣❛♥❤♦ ♥♦ ✈❡r✐✜❝❛❞♦r é ♣❛❣♦
❝♦♠ ♦ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❡♠✐ssã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✳ ❈♦♠♦ ✈✐st♦ ♥❛ ❙❡çã♦ ✹✳✷✳✷✱
❡ss❡ ❝✉st♦ ♣♦❞❡ t♦r♥❛r ❛ ❡str✉t✉r❛ ✐♥✈✐á✈❡❧ ♣❛r❛ ■❈Ps ❞❡ ❣r❛♥❞❡ ♣♦rt❡ ❝♦♠ ✈ár✐♦s ♥í✈❡✐s
❞❡ ❆❈s✳

❆ ❚❛❜❡❧❛ ✹✳✸ r❡s✉♠❡ ♦ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ✈❡r✐✜❝❛❞♦r ♥♦s ❡sq✉❡♠❛s ❛♥❛❧✐s❛❞♦s✳
❊❧❛ ♠♦str❛ q✉❡ ♦s ❝❡rt✐✜❝❛❞♦s ❡❢ê♠❡r♦s tê♠ ♦ ♠❡♥♦r CR✱ ❥á q✉❡ s✉❛ ✉t✐❧✐③❛çã♦ ♥ã♦ r❡q✉❡r
✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✳ ❆ ■❈P❆ é ♦ s❡❣✉♥❞♦ ♠ét♦❞♦ ❛ ❛♣r❡s❡♥t❛r ♦ ♠❡♥♦r CR✱ s❡❣✉✐❞♦
♣❡❧♦ ◆❖❱❖▼❖❉❖✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ t❛♠❛♥❤♦ ❞❡ ✉♠ r❡s✉♠♦ é ♣❡q✉❡♥♦✱ ❡♠ t♦r♥♦ ❞❡
✷✵ ❜②t❡s✱ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ss❡ ❝✉st♦ ❡♥tr❡ ♦ ❝❡rt✐✜❝❛❞♦s ❡❢ê♠❡r♦s ❡ ❛ ■❈P❆ é ❞❡s♣r❡③í✈❡❧✱ ♣♦✐s✱
✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ t❛♠❛♥❤♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✱ ❛ ❞✐❢❡r❡♥ç❛ s❡rá s❡♠♣r❡ ❞❡ ✹✵ ❜②t❡s✳
◆♦ ❝❛s♦ ❞♦ ◆❖❱❖▼❖❉❖✱ ❛ ❞✐❢❡r❡♥ç❛ ❞❡♣❡♥❞❡ ❞♦ t❛♠❛♥❤♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✳
◆♦ ❡♥t❛♥t♦✱ ❡❧❛ ❛✐♥❞❛ é ♣❡q✉❡♥❛✱ ♣♦✐s ♣❛r❛ k ≤ 10✱ q✉❡ ❝♦♠♣r❡❡♥❞❡ ♦s ✈❛❧♦r❡s ❞❡ k ♣❛r❛
♦ ✉♥✐✈❡rs♦ ❞❛s ❛♣❧✐❝❛çõ❡s r❡❛✐s✱ ❛ ❞✐❢❡r❡♥ç❛ ♣❛r❛ ♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❛✐♥❞❛ é ♥♦
♠á①✐♠♦ ✐❣✉❛❧ ❛ ✷✵✵ ❜②t❡s✳

❆ ❚❛❜❡❧❛ ✹✳✹ ♠♦str❛ ♦s ❝✉st♦s ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ❆❙❘✳ ◆❡ss❡ ❝❛s♦✱ ♥♦✈❛♠❡♥t❡✱ ♦s
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▼❡❝❛♥✐s♠♦ ❱❡r✐✜❝❛❞♦r
CR(c) CR(ir) CR

▲❈❘ k.|sig | k.(|sig |+ r.|sn|) k(2|sig |+ r.|sn|)
❖❈❙P k.|sig | k.|sig | 2.k.|sig |

◆❖❱❖▼❖❉❖ k.|sig | k.|res| k(|sig |+ |res|)
❈❘❚✴✷✸❈❘❚ k.|sig | k(|sig |+ log2 r.|res|) k(2|sig |+ log2 r.|res|)

■❈P❆ ✲ ✲ k.|sig |+ 2|res|
❊❋❋❊❈❚ ✲ ✲ k(|sig |+ log2 v.|res|)
❊❢ê♠❡r♦s ✲ ✲ k.|sig |

❚❛❜❡❧❛ ✹✳✸✿ ❈✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ✲ ✈❡r✐✜❝❛❞♦r

❝❡rt✐✜❝❛❞♦s ❡❢ê♠❡r♦s t❡♠ ♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦✱ s❡❣✉✐❞♦s ♣❡❧❛ ■❈P❆ ❡ ♣❡❧♦ ◆❖❱❖▼❖❉❖✳
❉✐❢❡r❡♥t❡♠❡♥t❡ ❞♦ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ✈❡r✐✜❝❛❞♦r✱ ♦ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ❆❙❘✱ ♥❛
■❈P❆ ❡ ♥♦ ◆❖❱❖▼❖❉❖✱ ❞❡♣❡♥❞❡ ❞♦ ♥ú♠❡r♦ ❞❡ r❡q✉✐s✐çõ❡s ❢❡✐t❛s✳ ❆ ❝♦♠♣❛r❛çã♦ ❡♥tr❡
♦s ú❧t✐♠♦s ❝♦♠ ♦s ❝❡rt✐✜❝❛❞♦s ❡❢ê♠❡r♦s ♠♦str❛ q✉❡ ♦s ❡st❡s r❡q✉❡r❡♠ |res| ❜✐ts ❞❡ ❞❛❞♦s
❛ ♠❡♥♦s ♣♦r ❝❡rt✐✜❝❛❞♦✳ P❛r❛ ❡♥❝❡rr❛r✱ ♦❜s❡r✈❡ q✉❡ q✉❛♥❞♦ ♦ ❆❙❘ é r❡s♣♦♥sá✈❡❧ ♣♦r ✉♠
❝❡rt✐✜❝❛❞♦ ✐♥t❡r♠❡❞✐ár✐♦✱ ♥ã♦ ❤á ♥❡❝❡ss✐❞❛❞❡ ❞❛ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✱ ❡ ♦ ❝✉st♦ ❞❡
tr❛♥s♠✐ssã♦ ♥❛ ■❈P❆ s❡ ✐❣✉❛❧❛ ❛♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❡❢ê♠❡r♦s✳

▼❡❝❛♥✐s♠♦ ❆❙❘
CT (c) CT (ir) CT

▲❈❘ q.|sig | q.(|sig |+ r.|sn|) q(2|sig |+ r.|sn|)
❖❈❙P q.|sig | q.|sig | 2.q.|sig |

◆❖❱❖▼❖❉❖ q.|sig | q.|res| q(|sig |+ |res|)
❈❘❚✴✷✸❈❘❚ q.|sig | q(|sig |+ log2 r.|res|) q(2|sig |+ log2 r.|res|)

■❈P❆ ✲ ✲ q.(|sig |+ |res|)
❊❋❋❊❈❚ ✲ ✲ q(|sig |+ log2 v.|res|)
❊❢ê♠❡r♦s ✲ ✲ q.|sig |

❚❛❜❡❧❛ ✹✳✹✿ ❈✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ✲ ❆❙❘

❘❡s✉♠✐♥❞♦✱ ❛ ■❈P❆ ❛♣r❡s❡♥t❛✱ ♣❛r❛ ♦ ❛♠❜✐❡♥t❡ ♣r♦♣♦st♦✱ ♦ ♠❡❧❤♦r ❝✉st♦ ❞❡ ✈❛❧✐❞❛çã♦
❞♦ ❝❡rt✐✜❝❛❞♦ ❡ t❛♠❜é♠ ♦s ❝✉st♦s ❞❡ tr❛♥s♠✐ssã♦ ♠✉✐t♦ ♣ró①✐♠♦s ❛♦s ❞♦s ❝❡rt✐✜❝❛❞♦s
❡❢ê♠❡r♦s✱ q✉❡ é ♦ ♠❡❝❛♥✐s♠♦ ❝♦♠ ♠❡❧❤♦r ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦✳ ❈♦♠♦ ❢♦✐ ✈✐st♦✱ ♦ ú♥✐❝❛
❞❡s✈❛♥t❛❣❡♠ ❞❛ ■❈P❆ é ♦ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❡♠✐ssã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✱ q✉❡ ❛
t♦r♥❛ ✐♥✈✐á✈❡❧ ♣❛r❛ ■❈Ps ❞❡ ❣r❛♥❞❡ ♣♦rt❡✳ ◆♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✱ s❡rá ❛❜♦r❞❛❞♦ ❡ss❡ ❝✉st♦
❝♦♠ ♠❛✐s ♣r♦❢✉♥❞✐❞❛❞❡✳
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P❛râ♠❡tr♦ ❙✐❣♥✐✜❝❛❞♦
k ◆ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s q✉❡ ❝♦♠♣õ❡♠ ♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✳
j ❚❛①❛ ❞❡ ❛t✉❛❧✐③❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦✳ ■♥❞✐❝❛ ❛ ❢r❡q✉ê♥❝✐❛

❝♦♠ q✉❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡✈♦❣❛çã♦ sã♦ ❞✐✈✉❧❣❛❞❛s✱ ♠❡❞✐❞❛ ❡♠ ♦❝♦r✲
rê♥❝✐❛s ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ✐♥t❡r✈❛❧♦✱ ♣♦r ❡①❡♠♣❧♦✱ ❤♦r❛✱ ❞✐❛✱ s❡♠❛♥❛✳

q ◆ú♠❡r♦ ❞❡ r❡q✉✐s✐çõ❡s ❢❡✐t❛s ❛♦ s❡r✈✐❞♦r ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✱
t❛♠❜é♠ ❢❡✐t♦s ♥✉♠ ❞❡t❡r♠✐♥❛❞♦ ✐♥t❡r✈❛❧♦✳

v ◆ú♠❡r♦ ♠é❞✐♦ ❞❡ ❝❡rt✐✜❝❛❞♦s tr❛❞✐❝✐♦♥❛✐s ❣❡r❡♥❝✐❛❞♦s ♣❡❧❛ ❆❈✳
vcn ◆ú♠❡r♦ ♠é❞✐♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❣❡r❡♥❝✐❛❞♦s ♣❡❧❛ ❆❈✳
r ◆ú♠❡r♦ ♠é❞✐♦ ❞❡ ❝❡rt✐✜❝❛❞♦s r❡✈♦❣❛❞♦s ♣♦r ❆❈✱ ❝✉❥♦ ♣r❛③♦ ❞❡ ✈❛❧✐❞❛❞❡

❛✐♥❞❛ ♥ã♦ t❡♥❤❛ ❡①♣✐r❛❞♦✳
t ❚❡♠♣♦ ♠é❞✐♦ ❞❡ ✈✐❞❛ ❞♦ ❝❡rt✐✜❝❛❞♦✳
tsig ❚❡♠♣♦ ♣❛r❛ ❝♦♠♣✉t❛r ✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧✳
tver ❚❡♠♣♦ ♣❛r❛ ✈❡r✐✜❝❛r ✉♠❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧✳
tres ❚❡♠♣♦ ♣❛r❛ ❡❢❡t✉❛r ✉♠❛ ♦♣❡r❛çã♦ ❞❡ r❡s✉♠♦✳
|res| ❚❛♠❛♥❤♦ ❞♦ r❡s✉♠♦✳
|sig | ❚❛♠❛♥❤♦ ❞❛ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧✳
|sn| ❚❛♠❛♥❤♦ ❞♦ ♥ú♠❡r♦ ❞❡ sér✐❡ ❞♦ ❝❡rt✐✜❝❛❞♦✳

❚❛❜❡❧❛ ✹✳✺✿ P❛râ♠❡tr♦s



❈❛♣ít✉❧♦ ✺

■❈P❆♠

✺✳✶ ■❈P❆♠

◆❡st❛ s❡çã♦ é ♣r♦♣♦st♦ ✉♠ ♥♦✈♦ ♠♦❞❡❧♦ ♣❛r❛ ❛ ❣❡r❛çã♦ ❞❛ ■❈P❆✱ r❡s✉❧t❛♥t❡ ❞❛ ♠♦❞✐✜❝❛çã♦
❞♦ ♠♦❞❡❧♦ tr❛♥s✐çã♦ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ■❈P ❡①✐st❡♥t❡✳ P❛r❛ ❞✐❢❡r❡♥❝✐á✲❧♦s✱ s❡rá ❛❝r❡s❝❡♥t❛♥❞♦
✉♠ ♠ ♠✐♥ús❝✉❧♦ ❛♦ t❡r♠♦ ■❈P❆ ♣❛r❛ s❡ r❡❢❡r✐r ❛♦ ♥♦✈♦ ♠♦❞❡❧♦✳

❆ ♠♦❞✐✜❝❛çã♦ ♣r♦♣♦st❛ ❝♦♥s✐st❡ ❡♠ ❞❡❝♦♠♣♦r ❛ ✈❛❧✐❞❛çã♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦
❡♠ ❞✉❛s ❡t❛♣❛s✿ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❛té ❛ ❆❈ ❡♠✐ss♦r❛ ❞♦ ❝❡rt✐✜❝❛❞♦
❞♦ ✉s✉ár✐♦ ✜♥❛❧ ✭✐♥❞✐❝❛❞♦ ♣♦r I ♥❛ ❋✐❣✉r❛ ✺✳✶✮ ❡ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ❝❡rt✐✜❝❛❞♦ ❞♦ ❝❧✐❡♥t❡
❡♠✐t✐❞♦ ♣♦r ❡ss❛ ❆❈ ✭II✮✳ ❉❡ ❢❛t♦✱ ❛ ✈❛❧✐❞❛çã♦ ❞❡ ✭I✮ ♣❡r♠✐t❡ ♦❜t❡r ❛ ❝❤❛✈❡ ♣ú❜❧✐❝❛ ❞❡
A1✳ ❉❡ ♣♦ss❡ ❞❡ss❛ ❝❤❛✈❡✱ ♦ ❝❡rt✐✜❝❛❞♦ ❞♦ ✉s✉ár✐♦ ✭II✮ ♣♦❞❡ s❡r ✈❛❧✐❞❛❞♦✳

❆ ♣r✐♠❡✐r❛ ❡t❛♣❛✱ ✭I✮✱ é ✈❛❧✐❞❛❞❛ ✉t✐❧✐③❛♥❞♦✲s❡ ♦ ❝❛♠✐♥❤♦ cnk, cnk−1, . . . , cn2, c1 ❡♥✲
q✉❛♥t♦ ❛ s❡❣✉♥❞❛ ✭II✮ é ✈❛❧✐❞❛❞❛ ❞❡ ❢♦r♠❛ tr❛❞✐❝✐♦♥❛❧ ✭✈❡r✐✜❝❛çã♦ ❞❛ ❛ss✐♥❛t✉r❛ ❞♦ ❝❡r✲
t✐✜❝❛❞♦ ♠❛✐s ✉♠ ♠ét♦❞♦ ❞❡ r❡✈♦❣❛çã♦✱ ♣♦r ❡①❡♠♣❧♦ ❖❈❙P ♦✉ ◆❖❱❖▼❖❉❖✮✳ ✭I✮ ❡ ✭II✮
t❛♠❜é♠ ♣♦❞❡♠ s❡r ✈✐st♦s ❝♦♠♦ ✉♠ ú♥✐❝♦ ❝❛♠✐♥❤♦ ♠✐st♦✱ ❝♦♠♣♦st♦ ♣♦r k−1 ❝❡rt✐✜❝❛❞♦s
❛♥✐♥❤❛❞♦s ❡ ✷ ❝❡rt✐✜❝❛❞♦s tr❛❞✐❝✐♦♥❛✐s✳

❋✐❣✉r❛ ✺✳✶✿ ❉❡❝♦♠♣♦s✐çã♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦

P❛r❛ q✉❡ ❛ ♥♦✈❛ ❛❜♦r❞❛❣❡♠ s❡❥❛ ♣♦ssí✈❡❧ é ♥❡❝❡ssár✐♦ ❡①✐st✐r ✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦
❛♥✐♥❤❛❞♦ ❡♥tr❡ ❛ ❆❈ ❞❡ ❝♦♥✜❛♥ç❛ ❞♦ ✈❡r✐✜❝❛❞♦r Ak ❡ ❛ ❆❈ ❡♠✐ss♦r❛ ❞♦ ❝❡rt✐✜❝❛❞♦ ❞♦
✉s✉ár✐♦ ✜♥❛❧ A1 ✭❝♦♠♦ ♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶✮✳ ■ss♦ s✐❣♥✐✜❝❛ q✉❡ s❡ ❞❡✈❡ r❡❞❡✜♥✐r
❛ r❡❣r❛ ♣❛r❛ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✳ ❆ ♥♦✈❛ r❡❣r❛ é ❛ s❡❣✉✐♥t❡✿ ✉♠❛ ❆❈
❞❡✈❡ ❡♠✐t✐r ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♣❛r❛ ♦s ❝❡rt✐✜❝❛❞♦s✱ ❡♠✐t✐❞♦s ♣❡❧❛s s✉❛s ✜❧❤❛s✱ q✉❡ sã♦
❛♥✐♥❤❛❞♦s ♦✉ sã♦ tr❛❞✐❝✐♦♥❛✐s ❡♠✐t✐❞♦s ♣❛r❛ ♦✉tr❛s ❆❈s ✭s✉❛s ♥❡t❛s✮✳ ❆s ❆❈s ♥ã♦ ❡♠✐t❡♠
❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♣❛r❛ ♦s ✉s✉ár✐♦s ✜♥❛✐s✳

❆ ❋✐❣✉r❛ ✺✳✷✭❛✮ ♠♦str❛ ♦s ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s s❡❣✉♥❞♦ ❡ss❛ ♥♦✈❛ r❡❣r❛✳ ❋♦✐ ✐♥s❡r✐❞♦
♠❛✐s ✉♠ ♥í✈❡❧ ❞❡ ❆❈s ♥❛ ❤✐❡r❛rq✉✐❛ ♣❛r❛ ♠♦str❛r q✉❡ ❛ ❆❈ ♣❛✐ ❞❡✈❡ ❡♠✐t✐r ❝❡rt✐✜❝❛❞♦s

✺✸



❈❆P❮❚❯▲❖ ✺✳ ■❈P❆▼ ✺✹

❛♥✐♥❤❛❞♦s ♣❛r❛ ♦s ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s ♣❡❧❛ s✉❛ ✜❧❤❛ q✉❡✿ ✭✐✮ sã♦ ❛♥✐♥❤❛❞♦s ♦✉ ✭✐✐✮ sã♦
tr❛❞✐❝✐♦♥❛✐s ❡♠✐t✐❞♦s ♣❛r❛ ♦✉tr❛ ❆❈✳

✭❛✮ Pr♦♣❛❣❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛✲
❞♦s

✭❜✮ ■♥s❡rçã♦ ❞❡ ✉♠❛ ❆❈

✭❝✮ ■♥s❡rçã♦ ❞❡ ✉s✉ár✐♦s ✜♥❛✐s

❋✐❣✉r❛ ✺✳✷✿ ▼♦❞✐✜❝❛çõ❡s ✐♥tr♦❞✉③✐❞❛s ♥❛ ■❈P❆♠

◆❛ ✜❣✉r❛ ✺✳✷✭❜✮✱ ♠♦str❛✲s❡ ❛ ♣r♦♣❛❣❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s q✉❛♥❞♦ ✉♠❛ ♥♦✈❛ ❆❈ A1 é
✐♥s❡r✐❞❛ ♥❛ ■❈P❆♠✳ ❊ss❛ ♣r♦♣❛❣❛çã♦ é s❡♠❡❧❤❛♥t❡ à ♣r♦♣❛❣❛çã♦ ♥❛ ■❈P❆✳ ❆ ❞✐❢❡r❡♥ç❛ é
q✉❡ ❛ ♣r♦♣❛❣❛çã♦ é ❢❡✐t❛ ❛ ♣❛rt✐r ❞♦ ❝❡rt✐✜❝❛❞♦ ❞❛ ❆❈ ❡ ♥ã♦ ❞♦ ✉s✉ár✐♦ ✜♥❛❧✳

❆ ❋✐❣✉r❛ ✺✳✷✭❝✮ ♠♦str❛ q✉❡ ❛ ✐♥s❡rçã♦ ❞❡ ✉s✉ár✐♦s ✜♥❛✐s ♥❛ ■❈P❆♠ ♥ã♦ ✐♠♣❧✐❝❛ ♥❛
❡♠✐ssã♦ ❞❡ ♥❡♥❤✉♠ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦✳
❆♥á❧✐s❡✿ ❆ ♣r✐♥❝✐♣❛❧ ♠✉❞❛♥ç❛ ❡♠ r❡❧❛çã♦ à ■❈P❆ é q✉❡ ❛s ❆❈s ❛s❝❡♥❞❡♥t❡s ♥ã♦ ❡stã♦
♠❛✐s ❞✐r❡t❛♠❡♥t❡ ❡♥✈♦❧✈✐❞❛s ❝♦♠ ❛ ♣r♦♣❛❣❛çã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❞♦s ✉s✉ár✐♦s ✜♥❛✐s✳ ❖✉✱
❡♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♥ã♦ ❡①✐st❡ t❛❧ ♣r♦♣❛❣❛çã♦✳ ❙ó ❡①✐st❡ ❛ ♣r♦♣❛❣❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s
❛♥✐♥❤❛❞♦s ♣❛r❛ ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s ♣❛r❛ ❆❈s✳

❆ ❝♦♥s❡q✉ê♥❝✐❛ ❞❡ss❛ ♠✉❞❛♥ç❛ é q✉❡ ♦s ♣r♦❜❧❡♠❛s ❞❛ ■❈P❆ ✐♥❞✐❝❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡
♥♦ ❈❛♣ít✉❧♦ ✹ sã♦ ❝♦♥t♦r♥❛❞♦s✳ ❖✉ s❡❥❛✱ ❛ s♦❜r❡❝❛r❣❛ ✐♠♣♦st❛ às ❆❈s é r❡❞✉③✐❞❛✱ ❛
❡①♣♦s✐çã♦ ❞❛s ❆❈s t❛♠❜é♠ é r❡❞✉③✐❞❛ ❡ ♦ t❡♠♣♦ ❞❡ ♣r♦♣❛❣❛çã♦ é ❡❧✐♠✐♥❛❞♦ ♣❛r❛ ♦s
❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s ♣❛r❛ ✉s✉ár✐♦s ✜♥❛✐s✳

❆ s♦❜r❡❝❛r❣❛ ❞❛s ❆❈s s✉♣❡r✐♦r❡s ❞❛ ■❈P❆♠ é r❡❞✉③✐❞❛✱ ♣♦✐s ❡❧❛s só ♣r❡❝✐s❛♠ ♣r♦♣❛❣❛r
❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♣❛r❛ ❛s s✉❛s ❆❈s ❞❡s❝❡♥❞❡♥t❡s✱ ❝✉❥♦ ♥ú♠❡r♦ é ♥♦r♠❛❧♠❡♥t❡ ♣❡✲
q✉❡♥♦ ❡♠ r❡❧❛çã♦ ❛♦ ♥ú♠❡r♦ ❞❡ ❝❧✐❡♥t❡s✳ ◆❛ ❙❡çã♦ ✺✳✷✳✶ é ❢❡✐t❛ ✉♠❛ ❛✈❛❧✐❛çã♦ ❞❛ ■❈P❆♠
q✉❡ ❥✉st✐✜❝❛ ❡ss❛ ❛✜r♠❛t✐✈❛✳

❚❛♠❜é♠ é ♣♦ssí✈❡❧ ♣❡r♠✐t✐r ❛ ❝❡rt✐✜❝❛çã♦ ❝r✉③❛❞❛ ❡♥tr❡ ■❈P❆♠s✳ ❖❜s❡r✈❡ q✉❡ ❛❣♦r❛
♦ ❝✉st♦✱ ♥♦ ♣✐♦r ❝❛s♦✱ q✉❛♥❞♦ ❞✉❛s ❆❈s r❛í③❡s ❡stã♦ ❡st❛❜❡❧❡❝❡♥❞♦ ❝❡rt✐✜❝❛çã♦ ❝r✉③❛❞❛✱ é
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❡♠✐t✐r ✉♠ ❝❡rt✐✜❝❛❞♦ ❛♥✐♥❤❛❞♦ ♣❛r❛ ❝❛❞❛ ❆❈ ❞❛ ■❈P❆♠ ❞❛ ♦✉tr❛ ❆❈✳ ❈♦♠♦ ❥á ❢♦✐ ❞✐t♦✱
♦ ♥ú♠❡r♦ ❞❡ ❆❈s é ♠✉✐t♦ ♠❡♥♦r q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ✉s✉ár✐♦s✱ ♦ q✉❡ s✐❣♥✐✜❝❛ q✉❡ ♦ ❝✉st♦ ❞❡
❡♠✐ssã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♥❡ss❡ ❝❛s♦ é s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♠❡♥♦r✳

❆ ❡①♣♦s✐çã♦ ❞❛s ❆❈s é r❡❞✉③✐❞❛✱ ♣♦✐s ✉♠❛ ❆❈ s✉♣❡r✐♦r só ♣r❡❝✐s❛ ❡♠✐t✐r ❝❡rt✐✜❝❛❞♦s
❛♥✐♥❤❛❞♦s q✉❛♥❞♦ ✉♠❛ ♥♦✈❛ ❆❈ s✉❜♦r❞✐♥❛❞❛ é ✐♥s❡r✐❞❛ ♥❛ ■❈P❆♠✱ ✉♠❛ t❛r❡❢❛ r❛r❛ ❡
q✉❡ ♣♦❞❡ s❡r ❢❡✐t❛ ❞❡ ❢♦r♠❛ ♣❧❛♥❡❥❛❞❛✳

❖ t❡♠♣♦ ❞❡ ♣r♦♣❛❣❛çã♦ ♣❛r❛ ♦s ❝❧✐❡♥t❡s ✐♥❡①✐st❡✳ P❛r❛ ❛s ❆❈s✱ ❡ss❡ t❡♠♣♦ ♣♦❞❡ s❡r
❞❡s♣r❡③❛❞♦✱ ♣♦✐s ♣♦❞❡ s❡ ❝♦♥s✐❞❡r❛r q✉❡ ♣❛r❛ ✉♠❛ ❆❈ ❡st❛r ♦♣❡r❛❝✐♦♥❛❧ ❛ ♣r♦♣❛❣❛çã♦ ❞♦s
❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s r❡❢❡r❡♥t❡s ❛♦ ❝❡rt✐✜❝❛❞♦ ❞❡❧❛ ❞❡✈❡ ❡st❛r ❝♦♠♣❧❡t❛✳

❆ ❞❡s✈❛♥t❛❣❡♠ é q✉❡ ❤á ✉♠ ❛✉♠❡♥t♦ ♥♦ ❝✉st♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞♦ ❝❡rt✐✜❝❛❞♦ ❞♦ ✉s✉ár✐♦
✜♥❛❧✳ ◆❛ ♣ró①✐♠❛ s❡çã♦ sã♦ ♠♦str❛❞♦s r❡s✉❧t❛❞♦s q✉❡ q✉❛♥t✐✜❝❛♠ ❡ss❡ ❛✉♠❡♥t♦✳

✺✳✷ ❆♥á❧✐s❡ ❞❡ ❝✉st♦s ❞❛s ■❈P❆s

❖ ❝✉st♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞♦ ✈❡r✐✜❝❛❞♦r ✭CC✮ ♥❛ ■❈P❆♠✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ◆❖❱❖▼❖❉❖ ❝♦♠♦
♠❡❝❛♥✐s♠♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ r❡✈♦❣❛çã♦✱ é ♠✉✐t♦ s✐♠✐❧❛r ❛♦ ❞❛ ■❈P❆✳ ◆❛
■❈P❆♠✱ ❝♦♠♦ ❢♦✐ ✈✐st♦✱ ♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❡♥tr❡ ❛ ❆❈ â♥❝♦r❛ ❡ ♦ ✉s✉ár✐♦ ✜♥❛❧
♣♦❞❡ s❡r ❞❡❝♦♠♣♦st♦ ❡♠ ✉♠ ❝❛♠✐♥❤♦ ❛♥✐♥❤❛❞♦ ❞❡ k − 1 ❝❡rt✐✜❝❛❞♦s ✭k − 2 ❛♥✐♥❤❛❞♦s ❡
✉♠ tr❛❞✐❝✐♦♥❛❧✮ ♠❛✐s ✉♠ tr❛❞✐❝✐♦♥❛❧ ✭✈❡r ❋✐❣✉r❛ ✺✳✶✮✳ ▲♦❣♦✱ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r✿

CC = tver + (k − 2 +
2n

2
).tres + tver +

n

2
.tres

= 2tver + (k − 2 +
3n

2
).tres

❖ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ✈❡r✐✜❝❛❞♦r t❛♠❜é♠ é ♠✉✐t♦ s❡♠❡❧❤❛♥t❡ ❛♦ ❞♦ ❛♣r❡s❡♥✲
t❛❞♦ ♣❡❧❛ ■❈P❆✳ ◆♦ ❝❛s♦ ❞❛ ■❈P❆♠✱ ♦ ✈❡r✐✜❝❛❞♦r ❞❡✈❡ ❛♣❡♥❛s ♦❜t❡r ✉♠❛ ✐♥❢♦r♠❛çã♦ ❞❡
r❡✈♦❣❛çã♦ ❛❞✐❝✐♦♥❛❧✱ ♦ q✉❡ r❡s✉❧t❛ ❡♠ CR = k.|sig |+ 3|res|✳

❖ ❝✉st♦ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ❆❙❘ é ✐❣✉❛❧ ❛♦ ❞❛ ■❈P❆✱ ♦✉ s❡❥❛✱ CT = q.(|sig |+ |res|)✳
❋✐♥❛❧♠❡♥t❡✱ t❡♠✲s❡ ♦ ❝✉st♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ❆❙❘✱ CA✳ ❱✐✉✲s❡ ♥♦ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✱

♣❛r❛ ❛ ■❈P❆✱ q✉❡ CA = (v
t
+ vcn).tsig + j(v − r) log2 n.tres ✳ ❊①❝❡t♦ ♣♦r vcn ✱ ♦ ❝✉st♦ ❞❛

■P❈❆♠ é ♦ ♠❡s♠♦✳ ❉❡t❡r♠✐♥❛r vcn é ❞✐❢í❝✐❧✱ ♣♦✐s t❛❧ ❝♦♠♣♦♥❡♥t❡ ❞❡♣❡♥❞❡ ❞♦ ♥ú♠❡r♦ ❞❡
❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✱ q✉❡ ♣♦r s✉❛ ✈❡③ ❞❡♣❡♥❞❡ ❞❛ t♦♣♦❧♦❣✐❛ ❞❛ ■❈P✳ ◆❛ ♣ró①✐♠❛ s❡çã♦✱
❞✐s❝✉t❡✲s❡ q✉❛♥t✐t❛t✐✈❛♠❡♥t❡ ♦ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ♣❛r❛ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✱
t❛♥t♦ ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ à ■❈P❆ q✉❛♥t♦ à ■❈P❆♠✳

✺✳✷✳✶ ❈✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s

❈♦♠♦ ❢♦✐ ✈✐st♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❛ ❞❡s✈❛♥t❛❣❡♠ ❞❛ ■❈P❆ é ♦ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ✐♠♣♦st♦ às ❆❈s
❞❡✈✐❞♦ ❛♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❛ s❡r❡♠ ❡♠✐t✐❞♦s✳ ◆❡ss❛ s❡çã♦✱ s❡rá ♠♦str❛❞♦
❡ss❡ ❝✉st♦ ❞❡ ❢♦r♠❛ ❛♥❛❧ít✐❝❛ ♣❛r❛ ❛ ■❈P❆♠ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦ ❞❛ ■❈P❆✳

❙❡❥❛♠ ♣ICPA ❡ ♣ICPAm ✱ ❞❡✜♥✐❞♦s ♣❡❧❛s ❊q✉❛çõ❡s ✺✳✶ ❡ ✺✳✷✱ ♦s ❢❛t♦r❡s ❞❡ ❝✉st♦s ❛❞✐❝✐♦♥❛✐s
❞❡ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❞❛ ■❈P❆ ❡ ■P❈❆♠✱ ❡♠ q✉❡✿

• V é ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s tr❛❞✐❝✐♦♥❛✐s ❡♠✐t✐❞♦s ❡♠ ✉♠❛ ■❈P❀
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• VICPA ✐♥❞✐❝❛ ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡♠✐t✐❞♦s ♣❡❧♦ ❝♦♥❥✉♥t♦ ❞❡ ❆❈s x

❡♠ ✉♠❛ ■❈P❆✳ P♦r s✐♠♣❧✐❝✐❞❛❞❡✱ ♦ ❝♦♥❥✉♥t♦ ❢♦r♠❛❞♦ ♣❡❧❛ ❆❈ Ai s❡rá r❡♣r❡s❡♥t❛❞♦
❛♣❡♥❛s ♣♦r Ai ❡ ♦ ❝♦♥❥✉♥t♦ ❢♦r♠❛❞♦ ♣♦r t♦❞❛s ❛s ❆❈s ✉♠❛ ■❈P✱ ■❈P❆ ♦✉ ■P❈❆♠
s❡rá r❡♣r❡s❡♥t❛❞♦ ♣♦r ∆✳ ▲♦❣♦✱ VICPA(Ai) r❡♣r❡s❡♥t❛ t♦❞♦s ♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛✲
❞♦s ❡♠✐t✐❞♦s ❡♠ ✉♠❛ ■❈P❆ ♣♦r Ai✱ ❡♥q✉❛♥t♦ VICPA,(∆)✱ ♣♦r ❝❧❛r❡③❛ r❡♣r❡s❡♥t❛❞♦
s✐♠♣❧❡s♠❡♥t❡ ♣♦r VICPA✱ r❡♣r❡s❡♥t❛ t♦❞♦s ♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡♠✐t✐❞♦s ♣❛r❛
❢♦r♠❛r ❛ ■❈P❆❀

• VICPAm(x) é ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡♠✐t✐❞♦s ♣❡❧♦ ❝♦♥❥✉♥t♦ ❞❡ ❆❈s x

❡♠ ✉♠❛ ■❈P❆♠✳ ❚❛♠❜é♠ ♣♦r ❝❧❛r❡③❛✱ VIPCAm(∆) s❡rá r❡♣r❡s❡♥t❛❞♦ ♣♦r VIPCAm ✳

♣ICPA =
VICPA + V

V
= 1 +

VICPA

V
✭✺✳✶✮

♣ICPAm =
VICPAm + V

V
= 1 +

VIPCAm

V
✭✺✳✷✮

❈♦♥s✐❞❡r❛♥❞♦ ✉♠❛ ■❈P q✉❛❧q✉❡r✱ ❝♦♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✉s✉ár✐♦s Θ✱ ♦ ♥ú♠❡r♦ ❞❡ ❝❡r✲
t✐✜❝❛❞♦s tr❛❞✐❝✐♦♥❛✐s ❡♠✐t✐❞♦s ♥❛ ■❈P❆ é ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ ❝❛♠✐♥❤♦s s✐♥❣✉❧❛r❡s ✭q✉❡
♣♦ss✉❡♠ ❛♣❡♥❛s ✉♠ ❝❡rt✐✜❝❛❞♦✮ ❡♥tr❡ ❛s ❆❈s ❡ ♦s ✉s✉ár✐♦s ✜♥❛✐s ❡ ❡♥tr❡ ❛s ♣ró♣r✐❛s ❆❈❙✳
❙❡♥❞♦ V ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s✱ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r ❛ ❊q✉❛çã♦ ✺✳✸✱ ❡♠ q✉❡ ♥❝s()
✐♥❞✐❝❛ ♦ ♥ú♠❡r♦ ❞❡ ❝❛♠✐♥❤♦ s✐♥❣✉❧❛r❡s✳

V =
∑

Ai ǫ ∆

∑

Aj ǫ ∆

♥❝s(Ai ,Aj ) +
∑

Ai ǫ ∆

∑

uj ǫ Θ

♥❝s(Ai , uj ) ✭✺✳✸✮

P❛r❛ ♦ ❡①❡♠♣❧♦ ❞❛ ❋✐❣✉r❛ ✺✳✸✱ ❛♣❧✐❝❛♥❞♦✲s❡ ❛ ❊q✉❛çã♦ ✺✳✸✱V = 4m+ 8✳ ❙♦♠❡♥t❡ ❛s
❆❈s A2✱ A5✱ A6 ❡ A8 ♣♦ss✉❡♠ ❝❛♠✐♥❤♦s s✐♥❣✉❧❛r❡s ❝♦♠ ✉s✉ár✐♦s ✜♥❛✐s✱ ❝❛❞❛ q✉❛❧ ❝♦♠
m ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s✱ t♦t❛❧✐③❛♥❞♦ 4m✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ❡①✐st❡♠ ✽ ❝❛♠✐♥❤♦s s✐♥❣✉❧❛r❡s
❡♥tr❡ ❛s ❆❈s✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✺✳✶✳

❋✐❣✉r❛ ✺✳✸✿ ■❈P ❡①❡♠♣❧♦
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❖r✐❣❡♠ ❉❡st✐♥♦ ❈❛♠✐♥❤♦s
◆ú♠✳
❈❡rts✳

A2 c1 m
A3 c2 ✵
A4 c1c3✱ c2c4 ✵

A1 A5 c1c3c5✱ c2c4c5 m
A6 c1c3c6✱ c2c4c6 m
A7 c2c7 ✵
A8 c2c7c8 m
A4 c3 ✵

A2 A5 c3c5 m
A6 c3c6 m
A4 c4 ✵
A5 c4c5 m

A3 A6 c4c6 m
A7 c7 ✵
A8 c7c8 m

A4 A5 c5 m
A6 c6 m

A7 A8 c8 m

❚❛❜❡❧❛ ✺✳✶✿ ❈❛♠✐♥❤♦s s✐♥❣✉❧❛r❡s ❡ ♥ã♦ s✐♥❣✉❧❛r❡s ♣❛r❛ ❛ ❆❈ A ❞❛ ❋✐❣✉r❛ ✺✳✸

P❛r❛ ✉♠❛ ■❈P❆ ♦r✐❣✐♥❛❞❛ ❞❡ ✉♠❛ ■❈P q✉❛❧q✉❡r✱ ▲❡✈✐ ❬✶✾❪ ❡st❛❜❡❧❡❝❡✉ q✉❡ ♦ ♥ú♠❡r♦
❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡♠✐t✐❞♦s ♣♦r Ai ✭Ai ǫ ∆✮✱ VICPA(Ai)✱ ❞❡ ❢♦r♠❛ q✉❡ ❡①✐st❛ ✉♠ ✉♠
❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❛♥✐♥❤❛❞♦ ♣❛r❛ ❝❛❞❛ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ tr❛❞✐❝✐♦♥❛❧ ❡①✐st❡♥t❡
❡♥tr❡ Ai ❡ ♦s ♠❡♠❜r♦s ❞❡ Θ ♥❛ ■❈P✱ é ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ ❝❛♠✐♥❤♦s ♥ã♦ s✐♥❣✉❧❛r❡s ✭❝♦♠✲
♣♦st♦s ♣♦r ♠❛✐s ❞❡ ✉♠ ❝❡rt✐✜❝❛❞♦✮ ❡♥tr❡ Ai ❡ ♦s ♠❡♠❜r♦s ❞❡ Θ✱ ♠♦str❛❞♦ ♥❛ ❊q✉❛çã♦ ✺✳✹✳
♥❝♥s() ✐♥❞✐❝❛ ♦ ♥ú♠❡r♦ ❞❡ ❝❛♠✐♥❤♦s ♥ã♦ s✐♥❣✉❧❛r❡s✳

VICPA(Ai) =
∑

uj ǫ Θ

♥❝♥s(Ai , uj )

= ♥❝♥s(Ai ,Θ) ✭✺✳✹✮

❖ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛ s❡r❡♠ ❡♠✐t✐❞♦s ♣❡❧❛s ❆❈s ❞❛ ■❈P❆ é ✐❣✉❛❧ ❛♦ ♥ú✲
♠❡r♦ t♦t❛❧ ❞❡ ❝❛♠✐♥❤♦s ♥ã♦ s✐♥❣✉❧❛r❡s ❞✐st✐♥t♦s ❡♥tr❡ t♦❞❛s ❛s ❆❈s ❡ t♦❞♦s ♦s ✉s✉ár✐♦s
✜♥❛✐s ✭❊q✉❛çã♦ ✺✳✺✮✳

VICPA =
∑

Ai ǫ ∆

VICPA(Ai)

=
∑

Ai ǫ ∆

(
∑

uj ǫ Θ

♥❝♥s(Ai , uj ))

=
∑

Ai ǫ ∆

♥❝♥s(Ai ,Θ) ✭✺✳✺✮
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❖❜s❡r✈❛✲s❡ q✉❡ ❝❛❞❛ ❝❛♠✐♥❤♦ ✭ s✐♥❣✉❧❛r ♦✉ ♥ã♦✲s✐♥❣✉❧❛r✮ ❡♥tr❡ ❞✉❛s ❆❈s Ai ❡ Aj✱
❞á ♦r✐❣❡♠ ❛ ✉♠ ♥ú♠❡r♦ ❞❡ ❝❛♠✐♥❤♦s ♥ã♦✲s✐♥❣✉❧❛r❡s ❡♥tr❡ Ai ❡ ♦s ✉s✉ár✐♦s q✉❡ t✐✈❡r❛♠
❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s ♣♦r Aj ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s ♣❛r❛ ✉s✉ár✐♦s ✜♥❛✐s
♣♦r Aj✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ♦ ❝❛♠✐♥❤♦ c1c3c5 ✭❋✐❣✉r❛ ✺✳✸✮✱ s❡rã♦ ❣❡r❛❞♦s m ❝❛♠✐♥❤♦s
♥ã♦ s✐♥❣✉❧❛r❡s ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❞❡✈❡rá ❤❛✈❡r ❛ ❡♠✐ssã♦ ❞❡ m ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s
♣♦r Ai✳ ▲♦❣♦✱ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r VIPCA(Ai) ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❊q✉❛çã♦ ✺✳✻✱ ❡♠ q✉❡ q✉❡
♥❝❡rt(Aj,Θ) ✐♥❞✐❝❛ ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s ♣♦r Aj ♣❛r❛ ✉s✉ár✐♦s ✜♥❛✐s ❡
♥❝s(Ai ,Aj ) ✐♥❞✐❝❛ ♦ ♥ú♠❡r♦ ❞❡ ❝❛♠✐♥❤♦s s✐♥❣✉❧❛r❡s ❡♥tr❡ Ai ❡ Aj✳

VAi ,IPCA = ♥❝♥s(Ai ,Θ)

=
∑

uj ǫ Θ

♥❝♥s(Ai , uj )

=
∑

Aj ǫ ∆

(♥❝♥s(Ai ,Aj )× ♥❝❡rt(Aj,Θ))

+
∑

Aj ǫ ∆

(♥❝s(Ai ,Aj )× ♥❝❡rt(Aj,Θ)), ✭✺✳✻✮

❉❛ ❊q✉❛çã♦ ✺✳✺ ❡ ❞❛ ❊q✉❛çã♦ ✺✳✻✱ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r ❛ ❊q✉❛çã♦ ✺✳✼✿

VICPA =
∑

Ai ǫ ∆

♥❝♥s(Ai ,Θ)

=
∑

Ai ǫ ∆

(
∑

Aj ǫ ∆

(♥❝♥s(Ai ,Aj )× ♥❝❡rt(Aj,Θ))

+
∑

Aj ǫ ∆

(♥❝s(Ai ,Aj )× ♥❝❡rt(Aj,Θ)))

=
∑

Ai ǫ ∆

(
∑

Aj ǫ ∆

(♥❝♥s(Ai ,Aj )× ♥❝❡rt(Aj,Θ)))

+
∑

Ai ǫ ∆

(
∑

Aj ǫ ∆

(♥❝s(Ai ,Aj )× ♥❝❡rt(Aj,Θ))). ✭✺✳✼✮

P❛r❛ ♦ ❡①❡♠♣❧♦ ❞❛ ❋✐❣✉r❛ ✺✳✸✱ ✉t✐❧✐③❛♥❞♦ ❛ ❊q✉❛çã♦ ✺✳✻✱ ❛ ♣❛rt✐r ❞❛ ❚❛❜❡❧❛ ✺✳✶✱ ♦❜té♠✲
s❡✿ VICPA(A1) = 2m+ 2m+m+m = 6m ✭✐❣♥♦r❛r❛♠✲s❡ ♦s t❡r♠♦s ♥✉❧♦s✮✳ P❛r❛ ❛s ❞❡✲
♠❛✐s ❆❈s✱ ♦❜té♠✲s❡ VICPA(A2) = 2m✱ VICPA(A3) = 3m✱ VICPA(A4) = 2m ❡ VICPA(A7) = m✳
▲♦❣♦✱ VICPA = 14m ❡ ♣❡❧❛ ❊q✉❛çã♦ ✺✳✶✱ ♣ICPA = 1 + 14m

4m+8
✳

❖ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❛ s❡r❡♠ ❡♠✐t✐❞♦s ♣❡❧❛ ❆❈ Ai ❞❛ ■❈P❆♠ é ✐❣✉❛❧
❛♦ ♥ú♠❡r♦ ❞❡ ❝❛♠✐♥❤♦ ♥ã♦ s✐♥❣✉❧❛r❡s ❡♥tr❡ Ai ❡ ❛s ❞❡♠❛✐s ❆❈s✳ ❖ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❝❡r✲
t✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡♠✐t✐❞♦s ♥✉♠❛ ■❈P❆♠ é ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ ❝❛♠✐♥❤♦s ♥ã♦ s✐♥❣✉❧❛r❡s
❡♥tr❡ ❛s ❆❈s ❞❛ ■❈P❆♠✳ ❆s ❊q✉❛çõ❡s ✺✳✽ ❡ ✺✳✾ ❢♦r♠❛❧✐③❛♠ ♦ q✉❡ ❢♦✐ ❞❡s❝r✐t♦✳
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VICPAm(Ai) =
∑

Aj ǫ ∆

♥❝♥s(Ai ,Aj )

= ♥❝♥s(Ai ,∆) ✭✺✳✽✮

VICPAm =
∑

Ai ǫ ∆

(
∑

Aj ǫ ∆

♥❝♥s(Ai ,Aj ))

=
∑

Ai ǫ ∆

♥❝♥s(Ai ,∆) ✭✺✳✾✮

P♦r ❡①❡♠♣❧♦✱ ♥❛ ■❈P ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✸✱ ❝✉❥♦s ❝❛♠✐♥❤♦s sã♦ ♠♦str❛❞♦s ♥❛ ❚❛✲
❜❡❧❛ ✺✳✶✱ ❤á ❡♥tr❡ ❛ ❆❈ A1 ❡ ❛s ❞❡♠❛✐s ❆❈s ❞❛ ■❈P✱ ✽ ❝❛♠✐♥❤♦s ♥ã♦ s✐♥❣✉❧❛r❡s✳ P❡❧❛
❊q✉❛çã♦ ✺✳✽✱ VICPAm(A1) = 8✳ ❆✐♥❞❛ ♦❜s❡r✈❛♥❞♦ ❛ ❚❛❜❡❧❛ ✺✳✶✱ ✈ê✲s❡ q✉❡ VICPAm(A2) = 2✱
VICPAm(A3) = 3✳ ▲♦❣♦✱ VICPAm = 13✳ P❡❧❛ ❊q✉❛çã♦ ✺✳✷✱ ♣ICPAm = 1 + 13

4m+8
✳

❋❛③❡♥❞♦✲s❡ ❛ ❞✐✈✐sã♦ ♣ICPA

♣ICPAm
✱ ♦❜té♠✲s❡ ✉♠ ✈❛❧♦r q✉❡ s✐❣♥✐✜❝❛ q✉❛♥t♦ ✈❡③❡s ♠❛✐s ❛ ■❈P❆

❡♠✐t❡ ♠❛✐s ❝❡rt✐✜❝❛❞♦s ❞♦ q✉❡ ❛ ■P❈❆♠✳ ◆♦ ❡①❡♠♣❧♦ ❞❛ ❋✐❣✉r❛ ✺✳✸✱ ♣❛r❛ m ≫ 1✱ ❡ss❛
r❡❧❛çã♦ t❡♠ ✈❛❧♦r ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✐❣✉❛❧ ❛ 4, 5m✱ ♦✉ s❡❥❛✱ ♥❛ ■❈P❆ sã♦ ❡♠✐t✐❞♦s 4, 5m

✈❡③❡s ♠❛✐s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❞♦ q✉❡ ♥❛ ■❈P❆♠ ✭s♦♠❡♥t❡ ♣❛r❛ ♦ ❡①❡♠♣❧♦ ❛❝✐♠❛✮✶✳
❖ ❡st❛❜❡❧❡❝✐♠❡♥t♦ ❞❡ ✉♠❛ r❡❧❛çã♦ ❞✐r❡t❛ ❡♥tr❡ VICPA ❡ VICPAm ♣❛r❛ ✉♠❛ ■❈P ❣❡♥ér✐❝❛

é ✉♠❛ t❛r❡❢❛ ❞✐❢í❝✐❧✱ ♣♦✐s ❛♠❜♦s ♦s ✈❛❧♦r❡s ❞❡♣❡♥❞❡♠ ❞❛ t♦♣♦❧♦❣✐❛ ❞❛ ■❈P✳ ❆ s❡❣✉✐r✱
❝♦♥s✐❞❡r❛♠✲s❡ ❞♦✐s ❝❛s♦s ♣❛rt✐❝✉❧❛r❡s✿ ✉♠ ❡♠ ár✈♦r❡ ♠✲ár✐❛✱ ♣r♦♣♦st♦ ♣♦r ▲❡✈✐ ❬✶✾❪✱ ❡
♦✉tr♦ ❜❛s❡❛❞♦ ♥❛ ❡str✉t✉r❛ ❞❛ ■❈P ❇r❛s✐❧ ❬✺❪✳

■❈P ❡♠ ❢♦r♠❛ ❞❡ ár✈♦r❡

P❛r❛ ❡❢❡✐t♦s ❞❡ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦ tr❛❜❛❧❤♦ ❞❡ ▲❡✈✐ ❬✶✾❪✱ s❡rá ❢❡✐t❛ ❛ ❛♥á❧✐s❡ ♣❛r❛ ♦ ❝❛s♦
♣❛rt✐❝✉❧❛r ❞❡ ✉♠❛ ■❈P ❡♠ ❢♦r♠❛ ❞❡ ár✈♦r❡ ♠✲ár✐❛ ❝♦♠♣❧❡t❛✳ ❙✉♣♦♥❤❛ q✉❡ ❡st❛ ár✈♦r❡
t❡♥❤❛ ❛❧t✉r❛ l✱ ❡♠ q✉❡ ♦s ♥ós ❞❡ ❛❧t✉r❛ l sã♦ ✉s✉ár✐♦s ✜♥❛✐s ❡ ♦s ❞❡♠❛✐s sã♦ ❆❈s✳ ❖✉
s❡❥❛✱ ❛♣❡♥❛s ❛s ❆❈s ❞❡ ❛❧t✉r❛ l− 1 ❡♠✐t❡♠ ❝❡rt✐✜❝❛❞♦s ♣❛r❛ ♦s ✉s✉ár✐♦s ✜♥❛✐s✳ ❆s ❞❡♠❛✐s
❛♣❡♥❛s ❡♠✐t❡♠ ❝❡rt✐✜❝❛❞♦s ♣❛r❛ ♦✉tr❛s ❆❈s✳

P❛r❛ t❛❧ ár✈♦r❡✱ ❛s ❆❈s ❞❡ ♥í✈❡❧ j✱ 0 ≤ j ≤ l − 2✱ ❡♠✐t❡♠ m ❝❡rt✐✜❝❛❞♦s tr❛❞✐❝✐♦♥❛✐s
♣❛r❛ ❛s ❆❈s ❞❡ ♥í✈❡❧ j + 1 ❡ ♥❡♥❤✉♠ ❝❡rt✐✜❝❛❞♦ ♣❛r❛ ✉s✉ár✐♦s ✜♥❛✐s✳ ❆❧é♠ ❞✐ss♦✱ ❝❛❞❛
❆❈ ❞❡ ♥í✈❡❧ l− 1 s♦♠❡♥t❡ ❡♠✐t❡ m ❝❡rt✐✜❝❛❞♦s ♣❛r❛ ✉s✉ár✐♦s ✜♥❛✐s✳ ❖ ♥ú♠❡r♦ ❞❡ ♥ós ❞❡
❛❧t✉r❛ j é mj✳ ▲♦❣♦✱ ♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❝❡rt✐✜❝❛❞♦s tr❛❞✐❝✐♦♥❛✐s ❡♠✐t✐❞♦s ♥❡ss❛ ■❈P✱ V ✱ é
❞❛❞♦ ♣❡❧❛ ❊q✉❛çã♦ ✺✳✶✵✿

✶ ♣ICPA

♣ICPAm
=

1+ 14m
4m+8

1+ 13
4m+8

=
18m+8

4m+21
≈ 4, 5m
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V =
∑

Ai ǫ ∆

∑

Aj ǫ ∆

♥❝s(Ai ,Aj ) +
∑

Ai ǫ ∆

∑

uj ǫ Θ

♥❝s(Ai , uj )

=
l−2∑

j=0

m.mj +m.ml−1

=
l−1∑

j=0

mj.m

= m
ml − 1

m− 1
. ✭✺✳✶✵✮

◆❛ ■❈P❆♠✱ ♦ t♦t❛❧ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s VICPAm é ❞❛❞♦ ♣❡❧❛ ❊q✉❛çã♦ ✺✳✶✶✳ P❛r❛
✉♠❛ ❆❈ ❞❡ ❛❧t✉r❛ ✭♥í✈❡❧✮ j✱ ❡①✐st❡ m2 ❝❛♠✐♥❤♦s ♥ã♦ s✐♥❣✉❧❛r❡s ♣❛r❛ ❛s ❆❈ ❞❡ ♥í✈❡❧ j+2✱
m3 ♣❛r❛ ❛s ❞❡ ❞❡ ♥í✈❡❧ j + 3 ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡✳ P❛r❛ ♦ ♥í✈❡❧ l − 1✱ ❡①✐st❡♠ ml−j−1✱
❝❛♠✐♥❤♦s ♥ã♦ s✐♥❣✉❧❛r❡s✳ ▲♦❣♦✱ ♦ ♥ú♠❡r♦ ❞❡ ❝❛♠✐♥❤♦s ♥ã♦ s✐♥❣✉❧❛r❡s ❡♥tr❡ ✉♠❛ ❆❈ ❞❡
♥í✈❡❧ j ❡ ❛s ❞❡♠❛✐s ❆❈s ❞❛ ■❈P é ❞❛❞♦ ♣♦r

∑l−j−1
k=0 mk+2✳ ❆❧é♠ ❞✐ss♦ ❡①✐st❡♠ mj ❆❈s ❞❡

♥í✈❡❧ j✳ ❈♦♠♦ ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡♠✐t✐❞♦s ♥❛ ■❈P❆♠ é ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦
❞❡ ❝❛♠✐♥❤♦s ♥ã♦ s✐♥❣✉❧❛r❡s ❡♥tr❡ ❛s ❆❈s✱ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r✿

VIPCAm =
l−3∑

j=0

mj

l−j−3∑

k=0

mk+2. ✭✺✳✶✶✮

❖ ❢❛t♦r ❞❡ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♥❛ ■❈P❆♠✱ ♣ICPAm é
❞❛❞♦ ♣❡❧❛ ❊q✉❛çã♦ ✺✳✶✷✿

♣ICPAm = 1 +
VICPAm

V

= 1 +

∑l−3
j=0 m

j
∑l−j−1

k=0 mk+2

mml
−1

m−1

✭✺✳✶✷✮

❈♦♠♦ ♥❡ss❛ t♦♣♦❧♦❣✐❛ ❛♣❡♥❛s ❛s ❆❈s ❞❡ ❛❧t✉r❛ l − 1 ❡♠✐t❡♠ ❝❡rt✐✜❝❛❞♦s ♣❛r❛ ♦s
✉s✉ár✐♦s ✜♥❛✐s✱ ♣❛r❛ ❡♥❝♦♥tr❛r ♦s ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡♠✐t✐❞♦s ♥❛ ■❈P❆✱
VICPA✱ ❞❡✈❡♠ s❡r ❝♦♥s✐❞❡r❛❞♦s ❛♣❡♥❛s ♦s ❝❛♠✐♥❤♦s q✉❡ ♣♦ss✉❡♠ ❡ss❛s ❆❈s✳ ❖ ♥ú♠❡r♦ ❞❡
❝❛♠✐♥❤♦s ♥ã♦ s✐♥❣✉❧❛r❡s ❡♥tr❡ ✉♠❛ ❆❈ ❞❡ ❛❧t✉r❛ j ❡ ❛s ❞❡ ❛❧t✉r❛ l− 1 é ✐❣✉❛❧ ❛ m(l−j−1)✳
❊①✐st❡♠ mj ❆❈s ❞❡ ♥í✈❡❧ j ❡ ❝❛❞❛ ❆❈ ❞❡ ♥í✈❡❧ l− 1 ❡♠✐t❡ m ❝❡rt✐✜❝❛❞♦s ♣❛r❛ ♦s ✉s✉ár✐♦s
✜♥❛✐s✳ ❖ ♥ú♠❡r♦ ❞❡ ❝❛♠✐♥❤♦s s✐♥❣✉❧❛r❡s é m✳ ▲♦❣♦✿

VIPCA =
l−3∑

j=0

mj.ml−j−1.m+ml−1.m = (l − 1)ml. ✭✺✳✶✸✮

❆ ❊q✉❛çã♦ ✺✳✶✹ ❞❡✜♥❡ ♦ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♥❛ ■❈P❆✱
♣ICPA✳ ■st♦ é✱ ♦ ❢❛t♦r q✉❡ ✐♥❞✐❝❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ♦ t♦t❛❧ ❞❡ ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s ♥❛ ■❈P❆
✭❛♥✐♥❤❛❞♦s ❡ tr❛❞✐❝✐♦♥❛✐s✮ ❡ ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s tr❛❞✐❝✐♦♥❛✐s ❡♠✐t✐❞♦s ♥❛ ■❈P q✉❡
❞❡✉ ♦r✐❣❡♠ à ■❈P❆✳
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♣ICPA = 1 +
VIPCA

V

= 1 +
(l − 1)ml

mml
−1

m−1

✭✺✳✶✹✮

❖s ❣rá✜❝♦s ❞❛s ❋✐❣✉r❛s ✺✳✹ ❡ ✺✳✺ ♠♦str❛♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡
❝❡rt✐✜❝❛çã♦ ✭♣✮ ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ♥ós ✭m✮ ♣❛r❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛ ■❈P❆ ❡ ■❈P❆♠✳
❋♦r❛♠ ✉t✐❧✐③❛❞♦s ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s ❞❡ l✱ ✐♥❞✐❝❛❞♦s ♥♦s ❣rá✜❝♦s✳

❉❛ ❛♥á❧✐s❡ ❞♦s ❣rá✜❝♦s tê♠✲s❡ ❛s s❡❣✉✐♥t❡s ❝♦♥❝❧✉sõ❡s✿

• ♦ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❝❡rt✐✜❝❛çã♦ ❞❛ ■❈P❆ é ♠❛✐♦r q✉❡ ♦ ❞❛ ■❈P❆♠✳ ❊♥q✉❛♥t♦ ♣❛r❛
❛ ■❈P❆ ♦ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❝❡rt✐✜❝❛çã♦ s❡ ❛♣r♦①✐♠❛ ❞❡ l✱ ♦ ❞❛ ■❈P❆♠ s❡ ❛♣r♦①✐♠❛
❞❡ ✶❀

• ♦ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❝❡rt✐✜❝❛çã♦ ❞❛ ■❈P❆ ❛✉♠❡♥t❛ ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞♦ ♥ú♠❡r♦ ❞❡
♥ós✱ ❡♥q✉❛♥t♦ q✉❡ ♥❛ ■❈P❆♠ ♦❝♦rr❡ ♦ ❝♦♥trár✐♦✳

❋✐❣✉r❛ ✺✳✹✿ ◆ú♠❡r♦ ❞❡ ♥ós ✈❡rs✉s ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❝❡rt✐✜❝❛çã♦ ✲ ■❈P❆

■❈P ❇r❛s✐❧

❆ ♠❡❞✐❞❛ ♣r♦✈✐sór✐❛ ✷✳✷✵✵✲✷✱ ❞❡ ✷✹ ❞❡ ❛❣♦st♦ ❞❡ ✷✵✵✶✱ ❝r✐❛ ❛ ■♥❢r❛❡str✉t✉r❛ ❞❡ ❈❤❛✈❡s
Pú❜❧✐❝❛s ❇r❛s✐❧❡✐r❛ ✭■❈P✲❇r❛s✐❧✮✱ ❝♦♠♣♦st❛ ♣♦r ✉♠❛ ❛✉t♦r✐❞❛❞❡ ❣❡st♦r❛ ❞❡ ♣♦❧ít✐❝❛s ✭❈●✮✱
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❋✐❣✉r❛ ✺✳✺✿ ◆ú♠❡r♦ ❞❡ ♥ós ✈❡rs✉s ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❝❡rt✐✜❝❛çã♦ ✲ ■❈P❆♠

♣♦r ✉♠❛ ❝❛❞❡✐❛ ❞❡ ❛✉t♦r✐❞❛❞❡s ❝❡rt✐✜❝❛❞♦r❛s q✉❡ ✐♥❝❧✉✐ ❛ ❆✉t♦r✐❞❛❞❡ ❈❡rt✐✜❝❛❞♦r❛ ❘❛✐③
❡ ❛✉t♦r✐❞❛❞❡s ❝❡rt✐✜❝❛❞♦r❛s ❡ ❛✉t♦r✐❞❛❞❡s ❞❡ ❘❡❣✐str♦✳

❆ ❡str✉t✉r❛ ❛t✉❛❧ ❞❛ ■❈P✲❇r❛s✐❧ é ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✻✳ ◆❡ss❡ ❝❡♥ár✐♦✱ ♦ ♥ú♠❡r♦ ❞❡
❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❡♠✐t✐❞♦s ♣❛r❛ ❢♦r♠❛r ❛ ■❈P❆♠ é ✶✹ ✭VICPAm = 14✮✱ ✐♥❞❡♣❡♥❞❡♥t❡
❞♦ ♥ú♠❡r♦ ❞❡ ✉s✉ár✐♦s✳ ❈♦♠♦ ❢♦✐ ✈✐st♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❡ss❡ é ♦ ♥ú♠❡r♦ ❞❡ ❝❛♠✐♥❤♦s ♥ã♦
s✐♥❣✉❧❛r❡s ❡♥tr❡ ❛s ❆❈s✳ ❖❜s❡r✈❡ q✉❡ t♦❞♦s ♦s ❝❛♠✐♥❤♦s ♥ã♦ s✐♥❣✉❧❛r❡s sã♦ ❡♥tr❡ ❛ ❆❈
r❛✐③ ❡ s✉❛s ❆❈s ♥❡t❛s✳

P❛r❛ ❞❡t❡r♠✐♥❛r ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s tr❛❞✐❝✐♦♥❛✐s ❡ ♦ ♥ú♠❡r♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐✲
♥❤❛❞♦s ❡♠✐t✐❞♦s ♥❛ ■❈P❆ ❞❡✈❡✲s❡ ❝♦♥❤❡❝❡r ♦ ♥ú♠❡r♦ ❞❡ ✉s✉ár✐♦s ✜♥❛✐s ❡ s✉❛ ❞✐str✐❜✉✐çã♦
♣❡❧❛ ■❈P✳ ❈♦♠♦ ♥ã♦ s❡ t❡♠ t❛❧ ✐♥❢♦r♠❛çã♦✱ ♣❛r❛ ❡❢❡✐t♦s ❞❡ ❝♦♠♣❛r❛çã♦✱ s✉♣õ❡♠✲s❡ q✉❡
❆❈s ✐♥t❡r♠❡❞✐ár✐❛s ✭q✉❡ ❡♠✐t❡♠ ❝❡rt✐✜❝❛❞♦s ♣❛r❛ ♦✉tr❛s ❆❈s✮ ♥ã♦ ❡♠✐t❡♠ ❝❡rt✐✜❝❛❞♦s
♣❛r❛ ✉s✉ár✐♦s ✜♥❛✐s ✭❆ ❆❈ r❛✐③ é ♣r♦✐❜✐❞❛ ❞❡ r❡❛❧✐③❛r t❛❧ ♦♣❡r❛çã♦ ♣♦r ❧❡✐✮ ❡ q✉❡ ❛s ❞❡♠❛✐s
❆❈s ❡♠✐t❡♠ m ❝❡rt✐✜❝❛❞♦s ♣❛r❛ ✉s✉ár✐♦s ✜♥❛✐s✳ ❆ ❋✐❣✉r❛ ✺✳✻ ♠♦str❛ t❛❧ ❝♦♥✜❣✉r❛çã♦✳

P❛r❛ ❛ ■❈P ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✻✱ V = 16m+ 21 ❡ VICPA = 30m✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡
♣ICPA = 1 + 30m

16m+21
❡ ♣ICPAm = 1 + 12

16m+21
✳ P❛r❛ ✈❛❧♦r❡s ❣r❛♥❞❡s ❞❡ m✱ ♣♦r ❡①❡♠♣❧♦✱

m > 1000✱ ♣ICPA ≈ 1 + 30m
16m
≈ 2.87✳ ❖✉ s❡❥❛✱ ❤á ✉♠ ❛✉♠❡♥t♦ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✽✼✪

♥❛ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ♥✉♠❛ ■❈P❆✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ❡♠✐ssã♦ ❞❡
❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♣❛r❛ ✉♠❛ ■❈P❆♠ é VICPAm ≈ 1✳ ■ss♦ s✐❣♥✐✜❝❛ q✉❡ ♦ ❝✉st♦ ❞❡
❡♠✐ssã♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✱ ♣❛r❛ ❡ss❡ ❝❛s♦✱ é ♣r❛t✐❝❛♠❡♥t❡ ✐rr❡❧❡✈❛♥t❡ ♥❛ ■❈P❆♠✳
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❋✐❣✉r❛ ✺✳✻✿ ❊str✉t✉r❛ ❞❛ ■❈P✲❇r❛s✐❧



❈❛♣ít✉❧♦ ✻

❈♦♥❝❧✉sõ❡s ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s

❉✉r❛♥t❡ ❡st❡ tr❛❜❛❧❤♦ ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s ✈ár✐♦s ♠❡❝❛♥✐s♠♦s ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s✱
♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ q✉❡ t❛♥❣❡ ❛♦s ❝✉st♦s ❞❡ tr❛♥s♠✐ssã♦ ❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳ ◆♦ ❈❛♣ít✉❧♦ ✹✱
❛♣r❡s❡♥t❛r❛♠✲s❡ ♦s ♠❡❝❛♥✐s♠♦s ❞❡ ✈❛❧✐❞❛çã♦ ❡ ♦s s❡✉s r❡s♣❡❝t✐✈♦s ❝✉st♦s ❞❡ ✈❛❧✐❞❛çã♦ ♣❛r❛
✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✳ ❖❜s❡r✈❛♥❞♦ ♦s ♠❡❝❛♥✐s♠♦s ♣r♦♣♦st♦s✱ ✈ê✲s❡ q✉❡ ✉♠ r❡❝✉rs♦
♠✉✐t♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ r❡❞✉③✐r ♦s ❝✉st♦s ❞❡ ✈❛❧✐❞❛çã♦ é s✉❜st✐t✉✐r ♦♣❡r❛çõ❡s ❞❡ ❝r✐♣t♦❣r❛✜❛
❛ss✐♠étr✐❝❛s ✭❛ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s ❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛s ❞✐❣✐t❛✐s✮ ♣♦r ♦♣❡r❛çõ❡s ❞❡
r❡s✉♠♦✱ q✉❡ r❡q✉❡r❡♠ ♠❡♥♦s ♣r♦❝❡ss❛♠❡♥t♦ ❡ tê♠ ❝♦♠♦ r❡s✉❧t❛❞♦ s❡q✉ê♥❝✐❛s ❞❡ ❜✐ts
♠❡♥♦r❡s✱ ♦ q✉❡ r❡s✉❧t❛ ❡♠ ❝✉st♦s ❞❡ tr❛♥s♠✐ssã♦ ♠❡♥♦r❡s✳ ■ss♦ ♦❝♦rr❡ ♥♦ ◆❖❱❖▼❖❉❖✱
❈❘❚✴✷✲✸❈❘❚✱ ❊❋❋❊❈❚ ❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥❛ ■❈P❆✴■❈P❆♠✳

❈♦♠♦ ❢♦✐ ✈✐st♦✱ q✉❛♥❞♦ s❡ ❝♦♥s✐❞❡r❛ ✉♠ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦ ❝♦♠ ✈ár✐♦s ❝❡rt✐✲
✜❝❛❞♦s✱ ❛ ■❈P❆ ❛♣r❡s❡♥t♦✉ ♦ ♠❡♥♦r ❝✉st♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ✈❡r✐✜❝❛❞♦r ❡ ❝✉st♦ ❞❡
tr❛♥s♠✐ssã♦ ❞♦ ✈❡r✐✜❝❛❞♦r ♠✉✐t♦ ♣❡rt♦ ❞♦s ❝❡rt✐✜❝❛❞♦s ❡❢ê♠❡r♦s✱ q✉❡ tê♠ ♦s ♠❡♥♦r❡s ❝✉s✲
t♦s ♥❡ss❡ q✉❡s✐t♦✳ ❆ ❣r❛♥❞❡ ❞❡s✈❛♥t❛❣❡♠ ❞❛ ■❈P❆ é ❝✉st♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ❆❙❘ ♣❛r❛
❡♠✐t✐r ♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s✳ ❉❡♣❡♥❞❡♥❞♦ ❞❛ t♦♣♦❧♦❣✐❛ ❡ ❞♦ ♥ú♠❡r♦ ❞❡ ✉s✉ár✐♦s ❞♦
❛♠❜✐❡♥t❡ ❝♦♥s✐❞❡r❛❞♦✱ ✈✐✉✲s❡ q✉❡ ❡❧❛ ♣♦❞❡ s❡ t♦r♥❛r ✐♥✈✐á✈❡❧✳ ❆❧é♠ ❞✐ss♦✱ ❛ ■❈P❆ t❛♠✲
❜é♠ t❡♠ ❧✐♠✐t❛çõ❡s ♥♦ ❛s♣❡❝t♦ ❛❞♠✐♥✐str❛t✐✈♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❡❧♦ ❢❛t♦ ❞❛s ❆❈s ❡st❛r❡♠
❞✐r❡t❛♠❡♥t❡ ❡♥✈♦❧✈✐❞❛s ♥❛ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ♣❛r❛ ✉s✉ár✐♦s ✜♥❛✐s ♣❡❧❛s s✉❛s ❆❈s
❞❡s❝❡♥❞❡♥t❡s✳ ❚❛♠❜é♠ ❞❡✈❡✲s❡ ♥♦t❛r q✉❡ ♦ ❣❛♥❤♦ ❢♦r♥❡❝✐❞♦ ♣❡❧❛ ■❈P❆ s❡rá t❛♥t♦ ♠❛✐♦r
q✉❛♥t♦ ♠❛✐♦r ❢♦r ♦ ❝❛♠✐♥❤♦ ❞❡ ❝❡rt✐✜❝❛çã♦✳ ❚❛❧ ❝❛r❛❝t❡ríst✐❝❛ é ✐♥t❡r❡ss❛♥t❡✱ ✉♠❛ ✈❡③ q✉❡
❛ ✐♥t❡❣r❛çã♦ ❞❡ ■❈Ps ❥á ❡①✐st❡♥t❡s✱ ❝♦♠♦ ♥♦ ❝❛s♦ ❛♠❡r✐❝❛♥♦✱ t❡♥❞❡ ❛ ❝r✐❛r ❝❛♠✐♥❤♦s ❞❡
❝❡rt✐✜❝❛çã♦ ❝❛❞❛ ✈❡③ ♠❛✐♦r❡s✳ ❖✉tr♦ ♣♦♥t♦ q✉❡ ❞❡✈❡ s❡r ♥♦t❛❞♦ é q✉❡ ❛ ■❈P❆✴■❈P❆♠ ♥ã♦
s✉❜st✐t✉❡♠ ♦s ❡sq✉❡♠❛s tr❛❞✐❝✐♦♥❛✐s ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s✱ ♠❛s ❝♦♥tr✐❜✉❡♠ ♣❛r❛
q✉❡ ♦ ♣r♦❝❡ss♦ ❞❡ ✈❛❧✐❞❛çã♦ s❡❥❛ ❢❡✐t♦ ❞❡ ❢♦r♠❛ ♠❛✐s ❡✜❝✐❡♥t❡✳

◆♦ s❡♥t✐❞♦ ❞❡ ❝♦♥t♦r♥❛r ❛s ❧✐♠✐t❛çõ❡s ❞❛ ■❈P❆✱ ❢♦✐ ♣r♦♣♦st❛ ❛ ■❈P❆♠✱ q✉❡ r❡♠♦✈❡
❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛s ❆❈s ❡st❛r❡♠ ❞✐r❡t❛♠❡♥t❡ ❡♥✈♦❧✈✐❞❛s ♥❛ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ♣❛r❛
✉s✉ár✐♦s ✜♥❛✐s ♣❡❧❛s s✉❛s ❆❈s ❞❡s❝❡♥❞❡♥t❡s✳ ❈♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛ ❞✐ss♦✱ ❤á r❡❞✉çã♦ s✐❣♥✐✲
✜❝❛t✐✈❛ ❞♦s ❝✉st♦s ❞❡ ❡♠✐ssã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ✭❈❛♣ít✉❧♦ ✺✮✱ t♦r♥❛♥❞♦ ❛ ■❈P❆♠
♠❛✐s ❡s❝❛❧á✈❡❧ ❡ ✢❡①í✈❡❧ ❞♦ q✉❡ ❛ ■❈P❆✳ ❯♠❛ ❞❡s✈❛♥t❛❣❡♠ ❞❛ ♠♦❞✐✜❝❛çã♦ ♣r♦♣♦st❛ é ♦
❛✉♠❡♥t♦ ❞♦ ❝✉st♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ✈❡r✐✜❝❛❞♦r✱ ♣♦✐s é ♥❡❝❡ssár✐❛ ✉♠❛ ♦♣❡r❛çã♦ ❛ ♠❛✐s
❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ❛ss✐♥❛t✉r❛ ❞✐❣✐t❛❧ ✭✈❡r ✺✳✷✮✳ ◆♦ ❡♥t❛♥t♦✱ ❡ss❡ ❝✉st♦ é ❛❝❡✐tá✈❡❧✱ ♣♦✐s t♦r♥❛
❛ ■❈P ♠❛✐s ✢❡①í✈❡❧ ❡ ❡s❝❛❧á✈❡❧✳ ❊♠ ❡s♣❡❝✐❛❧✱ ❛ ■❈P❆♠ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ♠❡s♠♦ q✉❛♥❞♦
❤á ❝❡rt✐✜❝❛çã♦ ❝r✉③❛❞❛✳

✻✹



❈❆P❮❚❯▲❖ ✻✳ ❈❖◆❈▲❯❙Õ❊❙ ❊ ❚❘❆❇❆▲❍❖❙ ❋❯❚❯❘❖❙ ✻✺

❊♠❜♦r❛ ♠✉✐t♦s ♠❡❝❛♥✐s♠♦s t❡♥❤❛♠ s✐❞♦ ♣r♦♣♦st♦s ♣❛r❛ ❛ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s✱
❣❡r❛❧♠❡♥t❡ ❜❡♠ ♠❛✐s ❡✜❝✐❡♥t❡s ❞♦ q✉❡ ❛s ▲❈❘s✱ ❛✐♥❞❛ ❤á ✉♠❛ ❢♦rt❡ r❡s✐stê♥❝✐❛ ❛ ❡ss❡s
♠❡❝❛♥✐s♠♦s✳ ●r❛♥❞❡ ♣❛rt❡ ❞❛s ❛♣❧✐❝❛çõ❡s t❡♠ ♦♣t❛❞♦ ♣♦r ♠❛♥t❡r ♦ ✉s♦ ❞❡ ▲❈❘s✱ ♣♦r
❡①❡♠♣❧♦✱ ❛ ■❈P✲❇r❛s✐❧✱ ❝♦♠ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✸ ♠❡s❡s
✭❆❈ r❛✐③✮✳ ▼❡s♠♦ ♦ ❖❈❙P✱ t❛♠❜é♠ ♣❛❞r♦♥✐③❛❞♦ ♣❡❧❛ ■❊❚❋✱ ❛✐♥❞❛ ♥ã♦ t❡♠ ❣r❛♥❞❡
❛❝❡✐t❛çã♦✳

❖✉tr❛ q✉❡stã♦ é q✉❡ ♦ ♣r♦❝❡ss♦ ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ❝❡rt✐✜❝❛❞♦s✱ ❡♠❜♦r❛ t❡♦r✐❝❛♠❡♥t❡
❜❡♠ ❞❡✜♥✐❞♦ ❡ ❝♦♠♣❧❡t♦✱ ♥ã♦ t❡♠ s✐❞♦ ❛ss✐♠ ♥❛ ♣rát✐❝❛✳ P♦r ❡①❡♠♣❧♦✱ ❡♠ ❣❡r❛❧✱ ♦s
✉s✉ár✐♦s ♥ã♦ ✈❡r✐✜❝❛♠ ❛s ▲❈❘s ❡ s✉❥❡✐t❛♠✲s❡ ❛ ✉t✐❧✐③❛r❡♠ ❝❡rt✐✜❝❛❞♦s r❡✈♦❣❛❞♦s✱ ❡♠❜♦r❛
❡❧❛s s❡❥❛♠ ❞✐s♣♦♥✐❜✐❧✐③❛❞❛s✳ ❊♠ ♦✉tr♦s ❝❛s♦s✱ ♦s ✉s✉ár✐♦s sã♦ ✐♥❞✉③✐❞♦s ❛ ❛❝r❡❞✐t❛r❡♠
❡♠ ❛✉t♦r✐❞❛❞❡s ❝❡rt✐✜❝❛❞♦r❛s q✉❡ ❡❧❡s s❡q✉❡r s❛❜❡♠ q✉❡ ❡①✐st❡♠✿ ♦s ❛t✉❛✐s ♥❛✈❡❣❛❞♦r❡s
♣♦ss✉❡♠ ✉♠❛ ❧✐st❛ ❞❡ ❆❈s ♣ré✲❞❡t❡r♠✐♥❛❞❛s✳ ❖ ✉s✉ár✐♦ ❣❡r❛❧♠❡♥t❡ ♥ã♦ ❝♦♥❤❡❝❡ ❛s ❆❈s
q✉❡ ❡stã♦ ♥❡ss❛ ❧✐st❛ ❡✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱ ♥ã♦ s❛❜❡ ♥❡♠ ♠❡s♠♦ q✉❡ t❛❧ ❧✐st❛ ❡①✐st❡✱ ❡♠❜♦r❛
❝♦♥✜❡ ❡♠ ❝❡rt✐✜❝❛❞♦s ❡♠✐t✐❞♦s ♣♦r t❛✐s ❆❈s✳

❚r❛❜❛❧❤♦s ❢✉t✉r♦s

❯♠❛ q✉❡stã♦ ✐♥t❡r❡ss❛♥t❡ q✉❡ ♣♦❞❡ s❡r ❛❜♦r❞❛❞❛ ❢✉t✉r❛♠❡♥t❡ é ❛♥❛❧✐s❛r ❞❡t❛❧❤❛❞❛♠❡♥t❡
❝♦♠♦ ♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♣♦❞❡r✐❛♠ s❡r ✉t✐❧✐③❛❞♦s s♦❜ ❛ ót✐❝❛ ❛❞♠✐♥✐str❛t✐✈❛✱ ♣r✐♥❝✐✲
♣❛❧♠❡♥t❡ ♣❛r❛ ♦ ❝♦♥tr♦❧❡ ❞♦ ❡st❛❜❡❧❡❝✐♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦s ❞❡ ❝❡rt✐✜❝❛çã♦✳ ◆❛ ❢♦r♠❛ ❝♦♠♦
♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ❢♦r❛♠ ❡♠✐t✐❞♦s ✭■❈P❆✴■P❈❆♠✮ ♥ã♦ é ♣♦ssí✈❡❧ ❡st❛❜❡❧❡❝❡r ✉♠
❝♦♥tr♦❧❡ ❞♦s ❝❛♠✐♥❤♦s ❞❡ ❝❡rt✐✜❝❛çã♦✱ ♣♦✐s✱ ❡♠❜♦r❛ ♦s ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s ♥ã♦ ♣❡r✲
♠✐t❛♠ q✉❡ t❛✐s ❝❛♠✐♥❤♦s s❡❥❛♠ ❝r✐❛❞♦s✱ ♦s tr❛❞✐❝✐♦♥❛✐s ♦ ❢❛③❡♠✳ ❯♠❛ ♣♦ss✐❜✐❧✐❞❛❞❡ q✉❡
♠❡r❡❝❡ ❡st✉❞♦ é ✉♠❛ ❛❜♦r❞❛❣❡♠ ❡♠ q✉❡ s♦♠❡♥t❡ ❝❡rt✐✜❝❛❞♦s ❛♥✐♥❤❛❞♦s s❡r✐❛♠ ❡♠✐t✐❞♦s
♣❛r❛ ❆❈s✳ ▲♦❣♦✱ ♥ã♦ ❤❛✈❡r✐❛ ❝❛♠✐♥❤♦s tr❛❞✐❝✐♦♥❛✐s ❡♥tr❡ ❆❈s✱ ♠❛s s♦♠❡♥t❡ ❝❛♠✐♥❤♦s
❛♥✐♥❤❛❞♦s✱ ❝✉❥♦ ú❧t✐♠♦ ❝❡rt✐✜❝❛❞♦ s❡r✐❛ ✉♠ ❝❡rt✐✜❝❛❞♦ tr❛❞✐❝✐♦♥❛❧ ❡ ❛✉t♦ ❛ss✐♥❛❞♦ ♣❡❧❛
❆❈✳ ❆♣❛r❡♥t❡♠❡♥t❡✱ t❛❧ ❛rq✉✐t❡t✉r❛ ♣❡r♠✐t✐r✐❛ ✉♠ ❝♦♥tr♦❧❡ ♠✉✐t♦ ♠❛✐s r❡✜♥❛❞♦ ❞♦s ❝❛✲
♠✐♥❤♦s ❞❡ ❛✉t❡♥t✐❝❛çã♦✱ s❡♠ ♠♦❞✐✜❝❛r ♦ ♠♦❞♦ ❝♦♠♦ ♦s ❝❡rt✐✜❝❛❞♦s s❡r✐❛♠ ✈❛❧✐❞❛❞♦s ❡♠
r❡❧❛çã♦ à ■❈P❆♠✳



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❬✶❪ ❙❡❝✉r❡ ❤❛s❤ st❛♥❞❛r❞✳ ❚❡❝❤♥✐❝❛❧ ❘❡♣♦rt ❋■P❙ P❯❇ ✶✽✵✲✶✱ ◆❛t✐♦♥❛❧ ■♥st✐t✉t❡ ♦❢
❙t❛♥❞❛r❞s ❛♥❞ ❚❡❝❤♥♦❧♦❣② ✲ ◆■❙❚✱ ✶✾✾✸✳

❬✷❪ ❉❛t❛ ❡♥❝r②♣t✐♦♥ st❛♥❞❛r❞ ✲ ❉❊❙✳ ❚❡❝❤♥✐❝❛❧ ❘❡♣♦rt ❋■P❙ P❯❇ ✹✻✲✸✱ ◆❛t✐♦♥❛❧ ■♥st✐✲
t✉t❡ ♦❢ ❙t❛♥❞❛r❞s ❛♥❞ ❚❡❝❤♥♦❧♦❣② ✲ ◆■❙❚✱ ✶✾✾✾✳

❬✸❪ ❉✐❣✐t❛❧ s✐❣♥❛t✉r❡ st❛♥❞❛r❞ ✲ ❉❙❙✳ ❚❡❝❤♥✐❝❛❧ ❘❡♣♦rt ❋■P❙ P❯❇ ✶✽✻✲✷✱ ◆❛t✐♦♥❛❧
■♥st✐t✉t❡ ♦❢ ❙t❛♥❞❛r❞s ❛♥❞ ❚❡❝❤♥♦❧♦❣② ✲ ◆■❙❚✱ ✷✵✵✵✳

❬✹❪ ❆❞✈❛♥❝❡❞ ❡♥❝r②♣t✐♦♥ st❛♥❞❛r❞ ✲ ❆❊❙✳ ❚❡❝❤♥✐❝❛❧ ❘❡♣♦rt ❋■P❙ P❯❇ ✶✾✼✱ ◆❛t✐♦♥❛❧
■♥st✐t✉t❡ ♦❢ ❙t❛♥❞❛r❞s ❛♥❞ ❚❡❝❤♥♦❧♦❣② ✲ ◆■❙❚✱ ✷✵✵✶✳

❬✺❪ ▼❡❞✐❞❛ ♣r♦✈✐sór✐❛ ♥✳♦ ✷✳✷✵✵✲✷✱ ❞❡ ✷✹ ❞❡ ❛❣♦st♦ ❞❡ ✷✵✵✶✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ Pr❡s✐❞ê♥❝✐❛
❞❛ ❘❡♣ú❜❧✐❝❛ ❞♦ ❇r❛s✐❧✱ ✷✵✵✶✳

❬✻❪ P❑❈❙ ✶✿ ❘❙❆ ❝r②♣t♦❣r❛♣❤② st❛♥❞❛r❞✳ ❚❡❝❤♥✐❝❛❧ ❘❡♣♦rt ❱❡rsã♦ ✷✳✶✱ ❘❙❆ ▲❛❜♦r❛t♦✲
r✐❡s✱ ✷✵✵✷✳

❬✼❪ ❈❛r❧✐s❧❡ ❆❞❛♠s ❛♥❞ ❙t❡✈❡ ▲❧♦②❞✳ ❯♥❞❡rst❛♥❞✐♥❣ P❑■✿❈♦♥❝❡♣ts✱ ❙t❛♥❞❛r❞s ❛♥❞ ❉❡✲

♣❧♦②♠❡♥t ❈♦♥s✐❞❡r❛t✐♦♥s✳ ❆❞❞✐s♦♥✲❲❡s❧❡②✱ t❤✐r❞ ❡❞✐t✐♦♥✱ ✷✵✵✸✳

❬✽❪ ❲✐❧❧✐❛♠ ❆✐❡❧❧♦✱ ❙❛❝❤✐♥ ▲♦❞❤❛✱ ❛♥❞ ❘❛❢❛✐❧ ❖str♦✈s❦②✳ ❋❛st ❞✐❣✐t❛❧ ✐❞❡♥t✐t② r❡✈♦❝❛t✐♦♥
✭❡①t❡♥❞❡❞ ❛❜str❛❝t✮✳ ■♥ ❈❘❨P❚❖ ✬✾✽✿ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ✶✽t❤ ❆♥♥✉❛❧ ■♥t❡r♥❛t✐♦♥❛❧

❈r②♣t♦❧♦❣② ❈♦♥❢❡r❡♥❝❡ ♦♥ ❆❞✈❛♥❝❡s ✐♥ ❈r②♣t♦❧♦❣②✱ ♣❛❣❡s ✶✸✼✕✶✺✷✱ ▲♦♥❞♦♥✱ ❯❑✱ ✶✾✾✽✳
❙♣r✐♥❣❡r✲❱❡r❧❛❣✳

❬✾❪ ❆♥❞r❡ ❆r♥❡s✳ P✉❜❧✐❝ ❦❡② ❝❡rt✐✜❝❛t❡ r❡✈♦❝❛t✐♦♥ s❝❤❡♠❡s✳ ▼❛st❡r✬s t❤❡s✐s✱ ◆♦r✇❡❣✐❛♥
❯♥✐✈❡rs✐t② ♦❢ ❙❝✐❡♥❝❡ ❛♥❞ ❚❡❝♥♦❧♦❣②✱ ✷✵✵✵✳

❬✶✵❪ ❉❛✈✐❞ ❆✳ ❈♦♦♣❡r✳ ❆ ♠♦❞❡❧ ♦❢ ❝❡rt✐✜❝❛t❡ r❡✈♦❝❛t✐♦♥✳ ■♥ ❆❈❙❆❈ ✬✾✾✿ Pr♦❝❡❡❞✐♥❣s ♦❢

t❤❡ ✶✺t❤ ❆♥♥✉❛❧ ❈♦♠♣✉t❡r ❙❡❝✉r✐t② ❆♣♣❧✐❝❛t✐♦♥s ❈♦♥❢❡r❡♥❝❡✱ ♣❛❣❡ ✷✺✻✱ ❲❛s❤✐♥❣t♦♥✱
❉❈✱ ❯❙❆✱ ✶✾✾✾✳ ■❊❊❊ ❈♦♠♣✉t❡r ❙♦❝✐❡t②✳

❬✶✶❪ ❉✳ ❈♦♣♣❡rs♠✐t❤ ❛♥❞ ▼✳ ❏❛❦♦❜ss♦♥✳ ❆❧♠♦st ♦♣t✐♠❛❧ ❤❛s❤ s❡q✉❡♥❝❡ tr❛✈❡rs❛❧✳ ■♥
❋✐♥❛♥❝✐❛❧ ❈r②♣t♦❣r❛♣❤② ✬✵✷✱ ✷✵✵✷✳

❬✶✷❪ ❈❛r❧ ▼✳ ❊❧❧✐s♦♥✱ ❇✐❧❧ ❋r❛♥t③✱ ❇✉t❧❡r ▲❛♠♣s♦♥✱ ❘♦♥ ❘✐✈❡st✱ ❇r✐❛♥ ❚❤♦♠❛s✱ ❛♥❞ ❚❛t✉
❨❧♦♥❡♥✳ ❘❢❝ ✷✻✾✸ ✲ ❙P❑■ ❝❡rt✐✜❝❛t❡ t❤❡♦r②✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ ◆❡t✇♦r❦ ❲♦r❦✐♥❣
●r♦✉♣✱ ✶✾✾✾✳

✻✻



❘❊❋❊❘✃◆❈■❆❙ ❇■❇▲■❖●❘➪❋■❈❆❙ ✻✼

❬✶✸❪ ❚r❡✈♦r ❋r❡❡♠❛♥✱ ❘✉ss❡❧❧ ❍♦✉s❧❡②✱ ❆♠❜❛r✐s❤ ▼❛❧♣❛♥✐✱ ❉❛✈✐❞ ❈♦♦♣❡r✱ ❛♥❞ ❚✐♠ P♦❧❦✳
❙t❛♥❞❛r❞ ❝❡rt✐✜❝❛t❡ ✈❛❧✐❞❛t✐♦♥ ♣r♦t♦❝♦❧ ✲ ❙❈❱P✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ ■❊❚❋ P❑■❳ ❲♦r✲
❦✐♥❣ ●r♦✉♣✱ ✷✵✵✻✳

❬✶✹❪ ■r❡♥❡ ●❛ss❦♦✱ P❡t❡r ●❡♠♠❡❧❧✱ ❛♥❞ P❤✐❧✐♣ ❉✳ ▼❛❝❑❡♥③✐❡✳ ❊✣❝✐❡♥t ❛♥❞ ❢r❡s❤ ❝❡r✐✜❝❛✲
t✐♦♥✳ ■♥ P❑❈ ✬✵✵✿ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ❚❤✐r❞ ■♥t❡r♥❛t✐♦♥❛❧ ❲♦r❦s❤♦♣ ♦♥ Pr❛❝t✐❝❡ ❛♥❞

❚❤❡♦r② ✐♥ P✉❜❧✐❝ ❑❡② ❈r②♣t♦❣r❛♣❤②✱ ♣❛❣❡s ✸✹✷✕✸✺✸✱ ▲♦♥❞♦♥✱ ❯❑✱ ✷✵✵✵✳ ❙♣r✐♥❣❡r✲
❱❡r❧❛❣✳

❬✶✺❪ ❘✉ss❡❧❧ ❍♦✉s❧❡②✱ ❲✳ P♦❧❦✱ ❲✳ ❋♦r❞✱ ❛♥❞ ❉❛✈❡ ❙♦❧♦✳ ■♥t❡r♥❡t ①✳✺✵✾ ♣✉❜❧✐❝ ❦❡② ✐♥❢r❛s✲
tr✉❝t✉r❡✱ ❝❡rt✐✜❝❛t❡ ❛♥❞ ❈❘▲ ♣r♦✜❧❡✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ ■❊❚❋ P❑■❳ ❲♦r❦✐♥❣ ●r♦✉♣✱
✷✵✵✷✳

❬✶✻❪ ▼❛r❦✉s ❏❛❦♦❜ss♦♥✳ ❋r❛❝t❛❧ ❤❛s❤ s❡q✉❡♥❝❡ r❡♣r❡s❡♥t❛t✐♦♥ ❛♥❞ tr❛✈❡rs❛❧✳ ■♥ Pr♦❝❡❡❞✐♥❣s
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