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✆❺✟✱✰✘✗❋✎✷✗ ✎ ✭ ✆✶✣✖✆❺✛ ★ ✎☞✦✝❹

✫✂✭ ✸✠✟☛✡ ✭ ✌ ✗❋✎✘✟☛✄❻✛❂✕✷✸✰✡ ★ ✎✘✗❋✎ ✭ ✆✪✟✜✲✍✛✯✮✏✛✢✡ ✭ ✎ ◆❑✡ ★ ✡✺✌✏✛✳✓✴✲✍✕✷✟✞✁ ✭ ✛✿✜✰✣✖✎ ✑✓✡✚✣✖✗❋✎❻✻✱�✂✎➇✦✞✄☛✔⑤✡✚✗ ❘ ✦➆✎✘✆ ➅ ✡ ✭ ✦ ❼ ✣✖✸✠✔
✜✰✣✖✛➋✗ ✩ ✁ ✭ ✆✢✓✄✟ ❘ ★ ✣⑤✦✱✛✲✎✘✣✥✟☛✦❑✟✞✎ ❘ ✟❺✛✿✦✱✎☞✦✆✓⑤✌✏✁ ✭✖✭ ✕❏✌✏✎ ❘ ✟✞✕➇✄✝✛✲✎✘✣✎✂❋✄✝✁ ✭ ✦❀✎✷✛ ★ ✦❻❹❪❄ ★ ✦✧✗ ✩ ✁ ✭ ✆☛✝⑤✎☞✡☞✣⑤✄✝✁✺✣ ❘ ✡ ❘✖❘ ✟❺✛✿✦✍✦✱✣✖✟ ★ ✎☞✦
✦✱✹✖✦✱✆✞➈✘✗❋✎➇✦✂✌✏✹ ✭ ✡☞✗❋✛✿✜✰✣✖✎☞✦✂✎✷✆➆✁ ✭ ✆✚✌➁✡☞✛✲✆ ❘ ✟✞✎✷✣✖✮✰✎✵✟❋✗❋✁ ✭ ✕✷✸✰✡✚✟❽✌q✌ ✩ ✣ ✭ ✎ ✆✞✟❺➈☞✦➆✸✠✟☛✡ ✭ ✌✏✎ ❘ ✡✚✆❺✛✲✎ ✭ ✄❻✎✰❹➋❾✺✎❋✆❺✛✲✎ ✭ ✦✶✟
★ ✎✘✣✖✟✧✎✡✂ ❘ ✟❺✛✲✗❋✎✷✟❂✛✢✄✝✛❪✗✙✡❞✦❀✹☎✗ ❘ ✡☞✆✞✔✖✛✯✎✂✎✷✆❑✗➊✡❞✟✞✎☞✄❻✁ ✭✖✭ ✡☞✛✿✦❺✦✞✡ ✭ ✄✝✎✰❹
❾✺✎✍✟❺✎✘✗❋✎✘✟❽✄✝✛✲✎✳❾✺✁ ✭ ✡✚✆❺✔⑤✡ ✭ ✌☎✎ ➅ ✡ ★✲★ ✎✘✣✄✂❏✜✰✣✖✛✷✓✥✡✘✮✰✎☞✄✂✆✞✁✠✣✖✆✞✎✒✦❺✡✭✕✞✁☞✮☎✛✿✡ ★ ✛✲✆❺✕✔✓☎✡ ✡✺✄✘✄✝✁✠✗ ❘ ✡☞✸ ✭ ✕❊✗❋✎☞✦ ❘ ✟❺✎✘✗❋✛✯✎✘✟☛✦ ❘ ✡✠✦
✎ ✭ ✴✳❹
✑❜✎✘✟❽✄✝✛✰✎ ✭ ✄❻✁✺✟✞✎✸✟❞❇➄✌✏✛ ★ ✎❑◆✧✟❽✡ ✭ ✌☎✛✲➈✘✟❺✎✔✓ ❁✳✭✖✭ ✎✳◆✧✟✞✁✠✛✿✦✱✎✔✓✺❾✺✕✷✟✱✹✺✗▼✎❑�✂✎☞✌☎✎☞✄✺☞✰✎✷✟✢✓☞✡✚✛ ✭ ✦❀✛ ✜✤✣ ✩ ✟✂✆✞✁✠✣⑤✦✶✄✝✎✘✣✄✂❯✜✤✣✥✛✖✗ ✩ ✁ ✭ ✆
✄✝✁ ✭ ✦✞✡✠✄✝✟✞✕✒✌✏✎ ★ ✎✘✣✖✟✧✆❺✎✘✗ ❘ ✦❻❹

❾✺✎✳✆✞✛✯✎ ✭ ✦✻✟❞✎✡✂ ❘ ✟❺✛✲✗❋✎✷✟✾✗➊✡✍✸✠✟☛✡✚✆❺✛✲✆❺✣⑤✌✏✎❊✎ ✭ ✮✰✎✘✟☛✦ ★➁✩ ✕☞✜✰✣✖✛ ❘ ✎➄✌✏✎❞✴✶✎✷✟✞✸✺✹▼✜✰✣✖✛⑤✗ ✩ ✡❊✡✺✄✷✄✝✣✖✎✘✛ ★✲★ ✛✯✎ ❘ ✎ ✭ ✌✖✡ ✭ ✆ ★ ✡❞✌☎✣✖✟✞✕✘✎
✌✏✎➄✄✝✎✘✆❺✆✞✎❑✆❺✔✖➈☞✦❀✎ ❹✰✑❜✎✘✟☛✄❻✛⑤✡✚✣✵✝✥✣✖✟✞✎☞✡☞✣✵✼✔✽✞✾✿✓✏✟✞✕ ❘ ✣✖✆✞✕ ❘ ✁✺✣✖✟ ✦✞✡✒✄✝✁ ✭ ✮✏✛✯✮✏✛✢✡ ★ ✛✲✆✞✕✶✎✘✆ ★ ✡➆✦❺✡✘✮✰✎✘✣✖✟ ✌✏✎➄✦❀✎☞✦❵✆✞✔✥✕☞✦✝❹☎✑❜✎✘✟❽✄✝✛
✟❋✴✶✔✖✟✞✛✢✦❀✆❺✎ ★ ✓❅✑❜✕ ★ ✛✢✦✞✦❺✡✁✓❪✴✶✔✖✟❺✛✿✦❀✆❺✁ ❘ ✔✥✎✔✓➋▲✖✟✞✕☞✌☎✕✘✟✞✛✢✄✒✓♦❉✰✹ ★ ✮✠✡☞✛ ✭ ✓●❹✲❹✯❹⑤❾✺✎ ✭➋✩ ✁✺✣✄✝ ★ ✛✲✎ ❘ ✡✺✦ ❁✳✭✖✭ ✎✘✆❺✆✞✎ ❼ ✡✺✦✱✗ ✣ ✦✞✦❀✎ ✭ ✜✰✣✖✛
✡ ✦✱✣❀✓ ❘ ✡✚✟➄✦✞✡❏✌✏✛✢✦ ❘ ✁ ✭ ✛✦✝✖✛ ★ ✛✲✆❺✕✍✎✘✆✳✦✞✡ ✸✺✎ ✭ ✆❺✛ ★✲★ ✎☞✦✞✦✱✎✔✓☎✡ ★✯★ ✕✘✸✠✎✘✟✧✗❋✎➇✦✧✌✏✕✘✗✙✡✚✟☛✄☛✔✖✎☞✦✶✡✠✌✏✗❋✛ ✭ ✛✿✦❀✆❺✟☛✡☞✆✞✛✲✮✰✎➇✦✝❹

✑❜✎✘✟❽✄✝✛✧✟✵✗✙✡❁✌➁✡✚✗▼✛ ★✲★ ✎✰❹
✑❜✎✘✟❽✄✝✛❅✡✚✣✄✂ ✄✝✁ ❘ ✡✚✛ ✭ ✦❑✌✏✎ ✴ ✡✺✄☛✔⑤✡ ✭ ☎

■❵✭✁�⑤✭ ✓✄✕✞✎➊✆✞✛✯✎ ✭ ✦❂✟❜✟❺✎✘✗❋✎✘✟❽✄✝✛✲✎✷✟❊✄✝✎ ★ ✣✖✛ ✜✤✣✖✛✳✓✾✆❽✡ ✭ ✆❏✦❀✣✖✟ ★ ✎ ❘ ★ ✡ ✭ ✡❄❃❅✎☞✄✝✆❺✛❅✌◗✜✤✣✖✎✙✦❀✣✖✟ ★ ✎ ❘ ★ ✡ ✭ ✦✞✄✝✛✯✎ ✭ ✆❺✛ � ✜✰✣✖✎✔✓ ✡
✕✘✆❺✕✍✗❋✁ ✭ ✦❀✁✠✣✖✆✞✛✯✎ ✭ ✜✰✣✖✁✺✆❺✛✿✌✏✛✯✎ ✭ ❹✥✑❜✎✘✟☛✄✝✛➋✴✶✔✖✟❺✛✿✦✱✆✞✁ ❘ ✔✖✎✰❹



�✂✁☎✄✝✆✞✁☎✟✡✠☞☛✍✌✏✎✒✑✏✠☞☛✔✓✖✕☞✄✝✗✘✑✏✙



�✂✁ ✓☎✄✘✁✆✁✞✝✧✴✶✎✷✆✞✆✞✎ ✆❺✔✖➈☞✦✱✎ ❘ ✁✺✟❺✆✞✎➊✦✱✣✖✟ ★✪✩ ✕✘✆✞✣⑤✌☎✎❏✌ ✩ ✡ ❘✖❘ ★ ✛✢✄✘✡✚✆❺✛✲✁ ✭ ✦❊✦❀✆☛✡☞✆✞✛✢✦❀✆✞✛✢✜✤✣✥✎☞✦❊✌✏✎❋✦✱✣✖✛✲✆❺✎☞✦❊✌✏✕ ❘ ✎ ✭ ✌✥✡ ✭ ✆✞✎☞✦✍✎✘✆
✦✱✆☛✡✚✆❺✛✲✁ ✭✖✭ ✡✚✛✯✟✞✎☞✦❻❹⑤❈✂✁✺✣ ✦✧✕✘✆✞✣⑤✌☎✛✲✁ ✭ ✦❑✌✏✎✘✣✄✂▼✄ ★ ✡✠✦✞✦✱✎☞✦❑✌✏✎✒✦❀✣✖✛✯✆✞✎☞✦❑✌☎✕ ❘ ✎ ✭ ✌✖✡ ✭ ✆❺✎☞✦✝❹⑤❈✂✁✠✣⑤✦ ✭ ✁✠✣⑤✦P✛ ✭ ✆❺✕✘✟✞✎➇✦✞✦❀✁ ✭ ✦✧✌ ✩ ✣ ✭ ✎
❘ ✡☞✟✞✆✯✟❜✌✏✎☞✦❊✦✱✣✖✛✲✆❺✎☞✦❁✌➁✡☞✛✗✝ ★ ✎✘✗❋✎ ✭ ✆✳✌✏✕ ❘ ✎ ✭ ✌✥✡ ✭ ✆✞✎☞✦ ✓✾✁✠✟ ✭ ✁✺✆❺✟✞✎ ✭ ✁✺✆❺✛✲✁ ✭ ✌✏✎➊✌✏✕ ❘ ✎ ✭ ✌✖✡ ✭ ✄❻✎ ✌➁✡☞✛✗✝ ★ ✎ ✎☞✦✱✆❞✣ ✭ ✎ ✮✠✡➇✻
✟❺✛✿✡ ✭ ✆✞✎✒✌✏✎ ★ ✡ ✭ ✁✠✆✞✛✯✁ ✭ ✛ ✭ ✆❺✟✞✁☎✌✏✣✥✛✲✆✞✎ ❘ ✡☞✟❊�✂✁✠✣✄☞✏✔ ✡ ✭☛✡ ❃⑤✁✠✣✖✔✖✛✢✄ ✔✖✛✌☞ ✾✎✍✑✏✳✓⑤✌ ✩ ✡☞✣✖✆✞✟❺✎ ❘ ✡☞✟✞✆✶✟ ✄✝✎✷✟✞✆☛✡☞✛ ✭ ✦❑✦✱✹✖✦✱✆✞➈✘✗▼✎☞✦
✌✏✹ ✭ ✡☞✗❋✛✿✜✰✣✖✎☞✦ ❘ ✟❺✕☞✦❀✎ ✭ ✆☛✡ ✭ ✆ ✣ ✭ ✎ ❘ ✟✞✁ ❘ ✟✞✛✲✕✷✆✞✕✒✌✏✎❊✌✏✕➇✄✝✟✞✁✠✛✿✦✞✦❺✡ ✭ ✄❻✎❞✌☎✎☞✦✧✄✝✁✠✟✞✟❺✕ ★ ✡☞✆✞✛✲✁ ✭ ✦✝❹✥❈✂✁✺✣ ✦P✆❺✟☛✡✚✛✯✆✞✁ ✭ ✦❑✌✏✣ ✄✝✁✺✗❏✻
❘ ✁✺✟❺✆✞✎✘✗▼✎ ✭ ✆ ✡✠✦❀✹☎✗ ❘ ✆✞✁✠✆✞✛✢✜✤✣✖✎◗✌✏✣ ❘ ✟❺✁☎✄✝✎☞✦❺✦❀✣⑤✦❑✎✘✗ ❘ ✛✯✟✞✛✢✜✤✣✖✎ ✓✍✌❴✁ ✭ ✌✥✡✚✗❋✎ ✭ ✆☛✡ ★ ✎ ✭ ✦✱✆☛✡✚✆❺✛✿✦✱✆✞✛✿✜✰✣✖✎☞✦❻❹⑤❈✂✁✺✣ ✦P✕✘✆❺✣⑤✌✏✛✯✁ ✭ ✦
✡☞✣⑤✦✞✦✱✛❵✣ ✭ ✎☞✦❀✆❺✛✲✗➊✡☞✆✞✎✘✣✖✟✶✟ ✭ ✁☞✹☎✡☞✣q✌✏✎ ★ ✡❋✌✏✎ ✭ ✦❀✛✲✆❺✕❏✌✖✡ ✭ ✦ ✭ ✁✰✦❊✌✏✎✘✣✄✂ ✄✘✡✺✌☎✟✞✎☞✦❊✌✏✎❏✌✏✕ ❘ ✎ ✭ ✌✖✡ ✭ ✄✝✎✰❹ ■❵✭✁�⑤✭ ✓ ✭ ✁✺✣ ✦
✭ ✁✠✣⑤✦✧✛ ✭ ✆✞✕✷✟✞✎☞✦❺✦❀✁ ✭ ✦✻✟❞✣ ✭ ❘ ✟❺✁✒✝ ★ ➈✘✗❋✎➄✌✏✎✍✟✞✣ ❘ ✆✞✣✖✟❺✎❊✌ ✩ ✣ ✭ ✎✚✌❴✁ ✭ ✄❻✆✞✛✲✁ ✭ ✌✏✎❊✟✞✕✷✸✺✟✞✎➇✦✞✦❀✛✯✁ ✭ ✎ ✭ ✌☎✕ ❘ ✎ ✭ ✌✖✡ ✭ ✄✝✎✭✌➁✡☞✛✗✝ ★ ✎✰❹
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✆❺✛✲✁ ✭ ✓✍☞✰✎✘✟ ✭ ✎ ★ ✎☞✦❀✆❺✛✲✗➊✡☞✆✞✎☞✦ ✓✘✗❋✁✺✗▼✎ ✭ ✆➋✛ ✭ ✎☞✜✰✣⑤✡ ★ ✛✲✆❺✛✲✎☞✦ ✓✝✎✘✗ ❘ ✛✲✟✞✛✢✄✘✡ ★ ❘ ✟✞✁☎✄✝✎☞✦❺✦✆✓✰✑✓✡☞✟☛✄✝✛ ✭ ☞☎✛✲✎☎✺❑✛✢✄✆✬✝✻❙✻⑤✹✏✸✠✗ ✣ ✭ ✌❊✦❀✆❺✟✞✁ ✭ ✸
★ ✡❚✺ ✌❴✁✺✟ ★ ✡✚✟❺✸✺✎ ✭ ✣✥✗★✝⑤✎✘✟❽✦✆✓☎✄ ✔ ✡ ✭ ✸✠✎ ❘ ✁✺✛ ✭ ✆❑✎☞✦✱✆✞✛✯✗➊✡✚✆❺✛✲✁ ✭ ✓✤✟❺✎✘✸✺✟❺✎☞✦✞✦✱✛✲✁ ✭ ✌❴✣ ✭ ✄❻✆✞✛✲✁ ✭ ❹
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✖ ☛✸✽ ✷ ☛✔✄✘✗ ✠ ✟ ✗✏✑✘☛ ✙ ✙
✚✖✆✝✕☞✠☞✄ ◗❋✄ ✵ ✕☞☛✔✄ ✆ ✛✜✛
✛ ✢✒✑❋✁ ✄✝✠✤✣ ✁☎✙✦✥ ☛ ✁☎☛ ✕☞✙ ✎✒✙ ✆ ✕☞✠☞✟✥✷✔✙✧✢ ✠ ☛✔✟✡✆★✗❂✄❋✷✔✟✡☛✔✠ ✙ ✙ ✕ � ✗✏✗ ✷ ☛ ✵ ✟ ✕☞☛✔✄✝✆✏✓❊✜ ✕☞✟ ✕ ☛ ✓✖✕ ☛✪✩ ✄✘✙ ✓ ✣✬✫
✣ ✢✒✑❋✁ ✄✝✠✤✣ ✁☎✙✦✥ ☛ ✁☎☛ ✕☞✙ ✎✒✙ ✆ ✕☞✠☞✟✥✷✔✙✧✭ ✄✝✆ ✵ ✕☞☛ ✄✝✆✘✆✏✙✎✷✯✮ ✁ ✗✘☛✔✠ ☛✰✩ ✄✘✙ ✱✜✫

✍ ❄ ✭ ✆✞✟❺✁☎✌✏✣⑤✄✝✆❺✛✲✁ ✭ ❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✗●✍
✍✺❹ ✍ ❀ ✎☞✡✍☞ ✌✏✎ ❘ ✎ ✭ ✌✏✎ ✭ ✄❻✎✈❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✗ ✾
✍✺❹ ✾ ■ ✂✥✡✚✗ ❘ ★ ✎☞✦ ❹❞❹❊❹✒❹➆❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✗ ✾

✾ ❆ ✔✖✎ ■ ✗ ❘ ✛✯✟✞✛✢✄✘✡ ★ ▲✖✣ ✭ ✄✝✆✞✛✯✁ ✭ ✡ ★ ✴✶✎ ✭ ✆❺✟☛✡ ★ ❃⑤✛✲✗❋✛✯✆ ❆ ✔✥✎✘✁✺✟❺✎✘✗ ❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✗✔✗
✓ ✑❜✁✺✗❋✎ ✭ ✆✧✛ ✭ ✎☞✜✰✣⑤✡ ★ ✛✲✆❺✛✲✎☞✦ ❹✒❹➆❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✗ ✼
✗ ✼ ✟❺✁✰✁✍✌ ✁✍✌ ❆ ✔✖✎✘✁✠✟✞✎✘✗ ✍❷❹❊❹✒❹➆❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✗✾✬
✼ ✼ ✟❺✁✰✁✍✌ ✁✍✌ ✴✶✁✺✟❺✁ ★✯★ ✡✚✟❺✹☛✍➆❹❊❹✒❹➆❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✗✿✽
✬ ✼ ✟❺✁✰✁✍✌ ✁✍✌ ❃⑤✎✘✗❋✗✙✡✿✓➊❹❞❹❊❹✒❹➆❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✗✾✳

✬✏❹ ✍ ❉✰✆❺✎ ❘ ✍ ❸ ✑✓✡✚✛ ✭ ✆❺✎✘✟✞✗✙✦ ❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✗✾✳
✬✏❹ ✾ ❉✰✆❺✎ ❘ ✾ ❸ ■ ✮✺✡ ★ ✣⑤✡☞✆✞✛✯✁ ✭ ✁✞✌❵✆❺✔✖✎❊✗➊✡✚✛ ✭ ✆✞✎✷✟✞✗➊✦✲✮✴✳✶✵✸✷✺✹ ✻✤✼✾✽✞✿ ✡ ✭ ✌✧✮❀✳✶✵✸✷✺✹ ✻✤✼✾❁❂✽✞✿ ❹❊❹✒❹➆❹ ✗✾✱
✬✏❹ ✓ ❉✰✆❺✎ ❘ ✓ ❸ ■ ✭ ✌✙✁✞✌✶✆✞✔✥✎ ❘ ✟✞✁✰✁✍✌ ✁✍✌❑❃⑤✎✘✗▼✗➊✡❉✓➀❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✼❘✗

✽ ❁ ❘✖❘ ✎ ✭ ✌✏✛✦✂ ❁ ❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✼❘✗
✳ ❁ ❘✖❘ ✎ ✭ ✌✏✛✦✂➊◆ ❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✼✔✱

✱ ❃ ✠☞✄✦✽❋✷✰✣ ✁ ✙✶◗✘✙ ✠❘✄✘✗ ✕❘✄✘✠☞✙ ❄❅✙
✓☎❹ ✍ ❄ ✭ ✆✞✟❺✁☎✌✏✣⑤✄✝✆❺✛✲✁ ✭ ✓ ✭ ✁✺✆❽✡✚✆❺✛✲✁ ✭ ✦q❹➆❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✬✔✽

✓✏❹ ✍✠❹ ✍ ➅ ✹ ❘ ✁✺✆❺✔✖➈☞✦❀✎➇✦✂✌✏✎✒✌✏✕ ❘ ✎ ✭ ✌✖✡ ✭ ✄✝✎✚✌➁✡✚✛✗✝ ★ ✎ ❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✬✔✳
✓✏❹ ✍✠❹ ✾ ➅ ✹ ❘ ✁✺✆❺✔✖➈☞✦❀✎➇✦✂✦✱✣✖✟ ★ ✎❊✗❋✁☎✌✏➈ ★ ✎✳❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✬✔✳
✓✏❹ ✍✠❹ ✓ ■ ✦❀✆❺✛✲✗➊✡☞✆✞✎✘✣✥✟☛✦ ★ ✛ ✭ ✕☞✡☞✛✲✟✞✎➇✦ ★ ✁☎✄✘✡✚✣✎✂ ❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✬✔✱
✓✏❹ ✍✠❹✘✗ ■ ✦❀✆❺✛✲✗➊✡☞✆✞✎✘✣✥✟☛✦☛✟ ✌✏✟❺✁✺✛✲✆❺✎❊✎✘✆✸✟✵✸ ✡✚✣⑤✄☛✔✖✎❊❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✬✔✱

✓☎❹ ✾ ❼ ✕☞✦✱✣ ★ ✆❽✡✚✆❽✦✧❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹ ✽❚✙

❆ ✮ ✓✖✕☞☛✔✁ ✟ ✕☞☛ ✄✝✆✆◗✘✙ ✷✔✟✒◗✏✙ ✆✏✓ ☛ ✕❘✁ ☛ ✆✜❇✝✟✡✠☞☛✔✟✡✆ ✕☞✙ ◗✏✙ ✓✑◆✘✓✖✕✤✣ ✁☎✙ ✓❉◗ ◆✘✆✏✟ ✁ ☛✰✩ ✄✘✙ ✓ ❈✜❈
✙ ✜ ☛✔✁ ✄ ✷ ✟ ✕☞☛ ✄✝✆✘✓ ✆❂✄✏✁✆✁ ✠ ☛✰✩ ✄✘✙ ✓ ✛❉✛✜✛

✍ ❄ ✭ ✆✞✟❺✁☎✌✏✣⑤✄✝✆❺✛✲✁ ✭ ❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹▲✍✔✍☎✓
✾ ❉✰✆✞✟❺✣⑤✄✝✆✞✣✥✟✞✎✒✌✏✣ ❘ ✟✞✁✺✸✠✟☛✡☞✗❋✗❋✎ ❹✒❹❊❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹❊❹✒❹➆❹✒❹❊❹❞❹❊❹❞❹❊❹❊❹❞❹❊❹❞❹❊❹✒❹➆❹▲✍✔✍✑✗
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■ ✄✝✁ ✭ ✁✺✗❋✛✢✄✘✡ ❿ ✍☎✱✔✳ ✽✺➂❽❹
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⑥◆✖☎❆❱✘✰✜❚✪✼❆✥☛✣✢☎✹✼✘☞✤ ☛✦✥ ✹★✱✳✚❵✹✽✤✟✹ ❆ ❈ ❿ ✍☎✱✔✽❘✱✤➂ ✓❋✍✔✍☎✱✘✻ ✍✫✓ ✽✰❹

☞ ✍✠✍✑✏ ❁ ❹❅◆✧✟✞✁✠✛✿✦✱✎✔✓⑤▲✧❹❅�✍✡ ★➁✩ ✝⑤✁➊✡ ✭ ✌✈✑q❹⑤✼✾✎✷✛✲✸ ✭ ✕✔✓ ■ ✆❺✣⑤✌✏✎☞✦✍✦ ❘ ✎☞✄✝✆✞✟❽✡ ★ ✎☞✦✂✌ ✩ ✁ ❘ ✕✘✟❽✡✚✆❺✎✘✣✖✟☛✦➄✌✏✎❞✆❺✟☛✡ ✭ ✦ ✌❴✎✘✟❺✆
✎✘✆✳✡ ❘✖❘ ★ ✛✿✄✘✡☞✆✞✛✲✁ ✭ ✦✝❹✕✏❝✜★✤✧☛★✘✛✚✢✜ ⑩ ❭ ✹✪✣✘✱✔★ ❿ ✍☎✱✔✱✠✬✰➂☛❹✾❉✰✁☎✄❻✛✲✕✘✆❺✕✍✗➊✡✚✆❺✔➋❹✖✌☎✎❞▲✖✟❽✡ ✭ ✄✝✎ ❹

✼



� ✓ ✄✝✆ ✓✂✁☎✄ ✖✙✁☎✆✞✝ ✓✟✞
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☞ ✍☎✬✕✏❏✴✳❹❵✴✶✁✺✣ ★ ✁ ✭ ✻✽✼❵✟✞✛✲✎✷✣✖✟✒✡ ✭ ✌q✼●❹●�✂✁✺✣✄☞☎✔⑤✡ ✭ ✓ ❁ ✆❺✟✞✛✿✡ ✭ ✸✺✣ ★ ✡✚✟❯✄✝✎ ✭ ✆✞✟❽✡ ★❵★ ✛✲✗❋✛✯✆ ❆ ✔✖✎✘✁✺✟❺✎✘✗ ✣ ✭ ✌☎✎✘✟✒✡
✭ ✎☎✺✆✺✧✎➇✡✍☞ ✌☎✎ ❘ ✎ ✭ ✌✏✎ ✭ ✄✝✎✳✄✝✁ ✭ ✌✏✛✲✆❺✛✲✁ ✭ ❹✂✒✥✤✦✖✧✤✦✚✢✜★✤✩✚✫✪✼✜❳✬ ✔✗✘✰✯✙✱✲✖✙✱❚✚✵✴✶✚✵✤✩✷ ✸✺✹✲✤✻✤❣✹★✘✽✜ ❆ ❈ ❿ ✾✠✙✔✙✠✙✰➂✫✓✎✬❃✍☛✻❁✬✔✳✏❹

☞ ✍✍✽☎✏ ❀ ❹✳�✂✎q✑❜✎ ★ ✁ ✡ ✭ ✌ ❉⑤❹☛✲✧✡ ✭ ❉✰✆❺✟✞✛✲✎ ✭ ✓◆❖P❁✣✹✽❏❵⑨✎✚✫▼⑦✹★❁✂✜❚✚✫✯✙❁❱✖✧✴✑⑨✎✷✧❁❑✖✙▼◆✚✫✪✲✜●☛✂❉ ❘ ✟❺✛ ✭ ✸✠✎✘✟❀✻✳✲✶✎✘✟ ★ ✡✚✸
❿ ✍✫✱✠✱✠✓✰➂☛❹

☞ ✍☎✳✕✏❯✼✾❹✥�✂✁✺✣✄☞☎✔⑤✡ ✭ ✓✣❲ ✚✠✟❃✚✫❁✧❂☛✡▲✔✗✘✰✯✛✇✥✹★✘✲✤✩✚❵✹✿✜✈✖✙❁❑❀❅❛☞✟❃✖✙▼①✇✥✴ ✹✰✜●☛♦❉ ❘ ✟✞✛ ✭ ✸✺✎✘✟☛✲✶✎✘✟ ★ ✡☞✸✄✓❑✸✺✹✿✪✛✤✦❭❪✘✼✹ ✒❳✯✧✤✟✹✿✜✎✚✫❁
✒✥✤✦✖✧✤✩✚✢✜★✤✦✚✫✪✼✜ ★❅✙ ❿ ✍☎✱✔✱✕✗✏➂❽❹

☞ ✍☎✱✕✏❯✼✾❹❅�✂✁✺✣✎☞✏✔⑤✡ ✭ ✓ ❲ ✯☎❀❊✹✽✴ ✜✲❞❜■★❁✣✹ ⑩ ❭❪✖✧✴✶✚✵✤✦✚❵✹✰✜ ✖✙❁❑❀ ✸❜✚✫▼◆✚✵✤✎④✕❆✥✹✿✯✙✘✼✹★▼❘✜✺❄❚✯✙✘ ✒✥✤✦✖✧✤✩✚✫✯✙❁❑✖✙✘★✷⑦✒▲✹ ⑩ ❭❑✹★❁❑✪✛✹✰✜✲❞
✄✝✁✰✕☞✄✝✟❺✛✲✆ ❘ ✡✚✟➄✼✾❹⑤�✂✁✠✣✄☞☎✔⑤✡ ✭ ✓➋➉✒❹❪❇ ❘✖❘ ✎ ✭ ✔✖✎✘✛✯✗ ✡ ✭ ✌❜✑q❹ ❆ ✡✠✜✏✜✰✣➋❹⑤◆✧✛✯✟✱☞☎✔⑤✡✍✌⑤✦✱✎✘✟ ❿ ✟ ❘ ✡✚✟☛✡✎✏✲✆❺✟✞✎✺➂❽❹

☞ ✾✠✙✕✏❯✼✾❹①�✂✁✺✣✄☞☎✔⑤✡ ✭ ✡ ✭ ✌ ➉✒❹❂❃❅✡ ✭ ✸✄✓☞✌❝✖✧✤❣✹✰✜◗✚✫❁ ✤❇❆✥✹ ✹★▼①✇❴✚✫✘✛✚✫✪✲✖✧✴♦✪✛✹★❁❪✤✩✘✿✖✧✴ ✴ ✚✫▼◆✚✵✤ ✤❇❆✥✹✿✯✙✘✲✹★▼ ❄❚✯✙✘❅✜★✤✦✖✧❏
✤✩✚✫✯✙❁❱✖✙✘✛✷ ✤ ✹✿✖☎⑧●✴ ✷ ❀❊✹✩✇✥✹★❁❑❀❊✹✼❁❊✤ ✘✰✖✙❁❱❀✙✯✙▼✏✎P✹✲✴ ❀☎✜ ✓✍✼❵✟✞✕ ❘ ✟✞✛ ✭ ✆ ✭ ✁✥❹❉✍✢✼✒✑❚✙✠✙ ✌✏✎ ★✪✩ ✣ ✭ ✛✯✮✰✎✘✟☛✦✱✛✲✆✞✕ ✌✏✎
✴✶✎✘✟✞✸✠✹✤✻✽✼✾✁ ✭ ✆❺✁✺✛✿✦✱✎ ❿ ✗➊✡☞✛❀✾✠✙✔✙✠✙✰➂☛❹

☞ ✾❃✍✑✏❯✼✾❹☎�✂✁✠✣✄☞✏✔ ✡ ✭ ✡ ✭ ✌❜❉⑤❹✖❃⑤✁✠✣✖✔✖✛✿✄☛✔✖✛✳✓ ❁ ✭ ✎☎✺ ✺ ✎☞✡✍☞▼✌✏✎ ❘ ✎ ✭ ✌✏✎ ✭ ✄✝✎➄✄✝✁ ✭ ✌✏✛✲✆❺✛✲✁ ✭ ✡ ✭ ✌➊✡ ❘✖❘ ★ ✛✿✄✘✡☞✆✞✛✯✁ ✭ ✦
✆✞✁ ✗❋✁✺✗▼✎ ✭ ✆➄✛ ✭ ✎☞✜✰✣⑤✡ ★ ✛✲✆❺✛✲✎☞✦❻❹✺✒✥✤✩✯●✪✼❆❱✖☎✜★✤✦✚✫✪ ✔✗✘✰✯●✪✛✹✰✜✲✜●✹✰✜◗✖✙❁❑❀ ✤✫❆✥✹★✚✫✘⑦✏☞✇✙✇✥✴✶✚✫✪✲✖✧✤✦✚✫✯✙❁✂✜ ★ ❆ ❿ ✍☎✱✠✱✔✱✤➂ ✓
✓❃✍✫✓➇✻ ✓✕✗✔✾☎❹

☞ ✾✒✾✕✏❯✼✾❹ �✂✁✺✣✎☞✏✔⑤✡ ✭ ✡ ✭ ✌ ❉⑤❹❑❃⑤✁✺✣✖✔✥✛✿✄☛✔✖✛✷✓ ▲✖✣ ✭ ✄✝✆❺✛✲✁ ✭ ✡ ★ ✎☞✦❀✆❺✛✲✗➊✡☞✆✞✛✲✁ ✭ ✁✍✌❯✡q✌✏✎ ✭ ✦❀✛✲✆✱✹❩✣ ✭ ✌☎✎✘✟➊✡ ✭ ✎✫✺
✺✧✎☞✡✞☞✓✌✏✎ ❘ ✎ ✭ ✌✏✎ ✭ ✄❻✎ ✄✝✁ ✭ ✌✏✛✲✆❺✛✲✁ ✭ ❹ ✒❴✪✲✖✙❁❑❀✙✚✫❁❱✖ ✢✳✚✫✖✙❁ ❬❱✯✙❭❊✘★❁❑✖✧✴❢✯✟❄✑✒✥✤✦✖✧✤✩✚✢✜★✤✦✚✫✪✼✜ ✣ ★ ✭ ✁✖❹❀✾ ❿ ✾✠✙✠✙✎✍✚➂ ✓
✓✒✾✥✼➇✻ ✓✕✗✔✾☎❹

☞ ✾✠✓✕✏❯✼✾❹➊�✂✁✠✣✄☞☎✔⑤✡ ✭ ✡ ✭ ✌ ▲✧❹➊✼●✁✺✟✞✆❽✡ ★ ✓➊✑❜✁✺✗❋✎ ✭ ✆☛✦ ✌✏✎ ✮✠✡☞✟✞✛✿✡✞✝ ★ ✎➇✦ ✡ ★ ✕➇✡✚✆✞✁✠✛✲✟❺✎☞✦ ✗▼✕ ★ ✡ ✭ ✸✺✎☞✡ ✭ ✆❺✎☞✦✝❹
✠☞☛✍✌✑☛✍✏✎☛✍✒▲☛✕✔✗✖✙✘★✚✢✜❑❉✰✕✘✟❺✛✲✎❂✛ ✓❅✣✬✫❅❈ ❿ ✍☎✱✔✳✠✓✰➂✫✓ ✍✢✾✠✱✘✻ ✍✫✓✒✾☎❹

☞ ✾✕✗✠✏❯❾✖❹ ■ ✦❺✡✚✟✞✹ ✓❪▲✧❹⑤✼❵✟❺✁✰✦✞✄☛✔⑤✡ ✭ ✡ ✭ ✌✓�❞❹✦❀ ✡ ★ ☞☎✣ ❘ ✓ ❁ ✦❺✦❀✁☎✄✝✛✢✡✚✆✞✛✯✁ ✭ ✁✞✌✶✟☛✡ ✭ ✌✏✁✺✗ ✮✠✡✚✟✞✛✢✡✍✝ ★ ✎☞✦✩✺❑✛✲✆✞✔ ✡ ❘ ✻
❘ ★ ✛✢✄✘✡✚✆❺✛✲✁ ✭ ✦✝❹✥✏✈❁❑❁✣☛▲❲❨✖✧✤✫❆✥☛✕✒✥✤✦✖✧✤✩✚✢✜★✤❣☛✜✱✔★ ❿ ✍☎✱✔✬ ✽✺➂ ✓❋✍❄✗✚✬✔✬➇✻ ✍✑✗✁✽❚✬✖❹

☞ ✾✒✼✕✏❯❾✖❹⑤▲⑤✡ ✭ ✡ ✭ ✌❜❄☛❹❪➉✳✛✗✝✿✕✞✎ ★ ✦✆✓✄✲ ✡✚✟❺✛✿✡✍✝ ★ ✎ ✝⑤✡ ✭ ✌❃✺❑✛✿✌✏✆❺✔✓✡ ✭ ✌ ★ ✁☎✄✘✡ ★✾★ ✛ ✭ ✎➇✡✚✟❑✟✞✎✷✸✺✟✞✎➇✦✞✦❀✛✯✁ ✭ ✦❀✗❋✁✰✁✠✆✞✔✖✎✘✟❽✦✝❹
✏✈❁❑❁✣☛▲✒✥✤✦✖✧✤✟☛❂✣✥✤ ❿ ✍✫✱✠✱✒✾✰➂✫✓✧✾✠✙✔✙✠✳➇✻ ✾✠✙✔✓✠✬☎❹

✬



� ✓ ✄✝✆ ✓ ✁☎✄✒✖✘✁ ✆✞✝ ✓✟✞

☞ ✾✠✬✕✏ ❃●❹✧➉✳✛✲✟❽✡✚✛✯✆✞✛✿✦ ✓●✼✾❹ ➃ ✁✥☞✰✁✰✦ ✬✡☞✺✡ ✡ ✭ ✌ ❼ ❹❂❃⑤✎✘✛ ❘ ✣⑤✦ ✓✧❉✰✆☛✡☞✆✞✛✲✁ ✭ ✡✚✟❺✹ ❁✍❼ ✴ ➅ ✗❋✁☎✌✏✎ ★ ✦ ❸ ✌✏✎ ❘ ✎ ✭ ✌✏✎ ✭ ✄✝✎
✦✱✆✞✟✞✣ ✄✝✆✞✣✖✟❺✎✒✡ ✭ ✌❜✴✶✎ ✭ ✆✞✟❽✡ ★ ❃⑤✛✯✗❋✛✲✆ ❆ ✔✖✎✷✁✺✟✞✎✷✗✓❹❑❛P✪✲✯✙❁❱✯✙▼⑦✹✲✤✩✘★✚✫✪ ④✕❆✥✹✿✯✙✘★✷ ✛✸❄ ❿ ✙✎✍✚➂ ❿ ✾✔✙✠✙❃✍☞➂✫✓✦✓✘✻ ✾✥✾✏❹

☞ ✾ ✽☎✏ ➉✒❹➋➉✂✟❺✕✘✸✺✁✠✛✲✟❺✎❏✡ ✭ ✌✒✻●❹ ➅ ✡☞✗❋✟✞✁✠✣ ✭ ✛✳✓❪✴✶✔⑤✡ ✭ ✸✠✎❏✼✾✁✺✛ ✭ ✆ ■ ✦❀✆❺✛✲✗➊✡☞✆✞✛✲✁ ✭ ✝✏✹✓❃⑤✁☎✄✘✡ ★ ❃⑤✛ ✭ ✎➇✡✚✟❊❉✰✗❋✁✰✁✚✻
✆❺✔✖✛ ✭ ✸✥❹ ❆ ✁▼✡ ❘✥❘ ✎➇✡✚✟✳✛ ✭ ❬❑✯✙❭❪✘★❁❑✖✧✴▲✯✟❄❫❲❨❭✙✴✍✤✦✚ ✢✳✖✙✘★✚✫✖✧✤✟✹ ✏✈❁❑✖✧✴ ✷ ✜❚✚✢✜ ❿ ✾✠✙✔✙❃✍☞➂☛❹

☞ ✾✠✳✕✏ ✻●❹ ➅ ✡✚✗▼✟✞✁✺✣ ✭ ✛✷✓✥■★❁✼❄✎☛★✘✲✹★❁❑✪✛✹❫✜★✤✩✖✧✤✦✚✢✜★✤✦✚ ⑩ ❭ ✹❝✇❱✖✙✘ ✴✶✚✢✜✲✜❚✖✳❂❊✹◆✴✶✚✫❁✔☛✿✖✙✚✫✘✼✹❫✴✶✯●✪✲✖✧✴❑✇❱✯✙❭❊✘✎❭❊❁✥✹ ❄❚✯✙❁❑✪★✤✩✚✫✯✙❁❨❀❊✹
✘ ☛✻❂✙✘✼✹✰✜✲✜❚✚✫✯✙❁ ✇❴✘ ☛✰✜●✹★❁❊✤✦✖✙❁❊✤ ❀❊✹✰✜ ❀✙✚✢✜❚✪✲✯✙❁❊✤✦✚✫❁❑❭❪✚✵✤✡☛✰✜✲❞ ❆ ✔✥➈☞✦❀✎ ✌✏✎ ★✪✩✬✫✂✭ ✛✯✮✰✎✘✟☛✦✱✛✲✆✞✕✙❾✺✁✰✦❀✎ ❘ ✔ ▲✖✁✠✣✖✟✞✛✯✎✘✟✢✓
➉✳✟✞✎ ✭ ✁✒✝ ★ ✎ ✍ ❿ ✍☎✱✠✱✔✱✤➂❽❹

☞ ✾✠✱✕✏✒❄☛❹ ❁ ❹✧❄✷✝✖✟❽✡✚✸✺✛✯✗❋✁☞✮ ✓✧❉ ✁✺✗❋✎ ★ ✛✲✗❋✛✯✆ ✆✞✔✖✎✘✁✠✟✞✎✘✗✙✦✯✌❴✁✠✟➊✦❀✆❽✡✚✆✞✛✯✁ ✭ ✡☞✟✞✹ ❘ ✟✞✁☎✄❻✎☞✦✞✦✱✎☞✦✝❹ ④✕❆✥✹✿✯✙✘★✷ ✔✗✘✰✯✙✱✲✖✙✱●☛
✏♦✇✙✇✥✴✵☛❅❈✧✓✦✓✕✗✾✱➇✻ ✓✠✳✥✾✏❹

☞ ✓✠✙✕✏✒◆✍❹✥❄❀✦✱✔⑤✡ ✡ ✭ ✌ ❼ ❹⑤✼❵✟☛✡✞☞✺✡✠✦✞✡✿✓ ➃ ✎✘✟ ✭ ✎ ★ ✻➁✆✱✹ ❘ ✎➄✌✏✎ ✭ ✦✱✛✲✆✱✹▼✡ ✭ ✌★✌➁✡✚✛ ★ ✣✖✟❺✎✍✟☛✡☞✆✞✎❊✎☞✦✱✆✞✛✲✗✙✡✚✆✞✛✯✁ ✭ ✌❴✁✺✟✳✡✠✦✞✦❀✁☞✻
✄✝✛✢✡✚✆❺✎☞✌➊✦❀✎☞✜✰✣✖✎ ✭ ✄❻✎☞✦✝❹✥✏✈❁❑❁✣☛▲■★❁✂✜★✤❣☛✕✒✥✤✦✖✧✤✦✚✢✜★✤✟☛❙❲❨✖✧✤✫❆✥☛ ❆ ❈ ❿ ✍☎✱✔✱✒✼✤➂ ✓ ✾✥✼✠✓✘✻ ✾✔✬✠✬✏❹

☞ ✓❃✍✑✏ ❁ ❹✬❈❞❹ ➃ ✁ ★ ✗❋✁✠✸✺✁✠✟✞✁☞✮❋✡ ✭ ✌ ❖ ❹ ❁ ❹ ❼ ✁✒✬☞✡ ✭ ✁☞✮ ✓⑤❇ ✭ ✆✞✔✖✎◗✦❀✆✞✟❺✁ ✭ ✸ ✗▼✛✗✂☎✛ ✭ ✸❊✄❻✁ ✭ ✌✏✛✯✆✞✛✯✁ ✭ ✦ ✌❴✁✺✟✳✦❀✆❽✡✚✆❺✛✲✁✚✻
✭ ✡☞✟✞✹✓➉➄✡✚✣⑤✦❺✦❀✛✢✡ ✭ ✦✱✎☞✜✰✣✖✎ ✭ ✄✝✎➇✦✝❹☞④✕❆✥☛❴✔P✘✿✯✙✱✲✖✙✱☎☛✕✏♦✇✙✇✥✴✵☛✜✙ ✓ ✾✔✙✕✗☞✻ ✾✔✙ ✽✰❹

☞ ✓✒✾✕✏ ❆ ❹ ❃●❹❪❃❅✡✚✛✷✓❪✴✶✁ ✭ ✮✰✎✷✟✞✸✺✎ ✭ ✄✝✎✍✟❽✡✚✆✞✎➇✦❑✡ ✭ ✌➊✟❀✻✽✜✤✣✖✛✢✄✺☞❏✮✰✎✘✟❽✦❀✛✲✁ ✭ ✦❂✁✞✌✶✆✞✔✥✎❊✦❀✆❺✟✞✁ ✭ ✸ ★ ✡❚✺ ✌❴✁✺✟➄✦❀✆❽✡✚✆❺✛✲✁ ✭ ✡✚✟✞✹
✗❋✛✦✂✏✛ ✭ ✸✒✦❀✎☞✜✰✣✖✎ ✭ ✄✝✎☞✦✝❹✥✏✈❁❑❁✣☛▲✔✗✘✰✯✙✱✲✖✙✱☎☛✜✙ ✭ ✁✖❹ ✼ ❿ ✍☎✱✔✽✒✽✠➂✫✓❂✬✠✱✠✓✘✻✱✽❚✙✠✬☎❹

☞ ✓✠✓✕✏ ❁ ❹☎❃❅✡✺✦❀✁✠✆☛✡ ✡ ✭ ✌ ✑q❹ ✑✓✡✺✄✫☞✰✎✘✹✔✓✧✔✗✘✰✯✙✱✲✖✙✱✳✚✵✴ ✚✢✜★✤✩✚✫✪ ✇❴✘✿✯✛✇✥✹★✘✼✤✦✚❵✹✰✜❯✯✟❄✈❀❊✹✲✤✟✹✼✘✛▼◆✚✫❁❑✚✢✜★✤✦✚✫✪①✜❚✷ ✜★✤❣✹★▼❘✜●☛✏✴ ✡☞✗ ✻
✝✖✟❺✛✿✌✏✸✠✎ ✫✂✭ ✛✲✮✰✎✷✟☛✦❀✛✯✆✱✹❏✼ ✟❺✎☞✦✞✦ ❿ ✍☎✱✔✳✒✼✤➂❽❹

☞ ✓✕✗✠✏ ❁ ❹●❃❅✡✺✦❀✁✠✆☛✡✓✡ ✭ ✌✈❾✖❹ ❁ ❹❪❖✶✁✺✟✖☞✰✎✔✓➋❇ ✭ ✆✞✔✥✎ ✎✢✂✏✛✢✦❀✆❺✎ ✭ ✄✝✎✒✁✍✌❑✛ ✭ ✮✠✡☞✟✞✛✿✡ ✭ ✆➄✗❋✎☞✡✺✦✱✣✖✟✞✎➇✦ ✌❴✁✺✟ ❘ ✛✯✎☞✄✝✎☎✺❑✛✢✦❀✎
✗❋✁ ✭ ✁✺✆❺✁ ✭ ✛✢✄✍✆✞✟☛✡ ✭ ✦ ✌❴✁✠✟✞✗➊✡☞✆✞✛✯✁ ✭ ✦❻❹P④❑✘✿✖✙❁✂✜●☛✣✏✈▼⑦✹✼✘ ☛✕❲ ✖✧✤❇❆✥☛❴✒❴✯●✪☎☛★✛ ★✜❄ ❿ ✍✫✱ ✽❚✓✤➂✫✓✦✗✚✳✎✍ ✻ ✗✚✳✔✳✏❹

☞ ✓✒✼✕✏✒❾✖❹ ❀ ❹✳❃⑤✛ ✭ ✌✏✎✡✝♦✎✷✟✞✸✄✓ ■ ✛ ✭ ✎ ✭ ✎✘✣✥✎ ➅ ✎✘✟ ★ ✎✘✛✲✆❺✣ ✭ ✸ ✌✏✎☞✦ ■ ✂ ❘ ✁ ✭ ✎ ✭ ✆✞✛✢✡ ★ ✸✺✎☞✦✱✎✘✆✱✬✘✎➇✦✝❹ ⑥◆✖☎❆❱✘✳☛P❲❨✖✧✤✫❆✥☛
✛❜✹★✚✵✤✫✜❚✪✼❆❱✘★✚ ❄★✤ ✛ ✙ ❿ ✍✫✱✒✾✒✾✰➂✫✓✧✾❃✍✔✍ ✻ ✾✒✾✒✼☎❹

☞ ✓✠✬✕✏ ✴✳❹❪❃⑤✛✯✮✰✎✘✟☛✡ ✭ ✛✷✓✥�✂✎☞✄✘✡✘✹❋✁✞✌ ✄✝✁✺✟❺✟✞✎ ★ ✡✚✆❺✛✲✁ ✭ ✦ ✌❴✁✺✟ ❘ ✛✯✎☞✄✝✎☎✺❑✛✢✦❀✎✍✎✢✂ ❘ ✡ ✭ ✌✏✛ ✭ ✸ ✗➊✡ ❘ ✦❻❹▲❬✣☛❴✒✥✤✩✖✧✤✦✚✢✜★✤❣☛✝✔❜❆❱✷✙☛❈ ★ ✭ ✁✥❹✦✓➇✻ ✗ ❿ ✍☎✱✠✱✥✼✤➂ ✓❋✍✔✍✠✍✠✍☛✻ ✍✔✍✢✾✔✱✖❹

☞ ✓ ✽☎✏ ✴✳❹❑❃⑤✛✲✮✰✎✘✟❽✡ ✭ ✛✳✓❫✠☞✹★❁❊✤✦✘✰✖✧✴P✴✶✚✫▼◆✚✵✤ ④✕❆✥✹✿✯✙✘✼✹★▼ ❄❚✯✙✘ ❀❊✹✽✤✟✹★✘★▼◆✚✫❁❑✚✢✜★✤✦✚✫✪ ✜❚✷✳✜★✤✟✹✼▼❘✜❏✌✖✡ ✭ ✦ ✔✗✘✰✯●✪✛✹✲✹✿❀✙✚✫❁✧❂☎✜
✯✟❄ ✤❇❆✥✹◗✚✫❁❊✤❣✹★✘✛❁❱✖✧✤✩✚✫✯✙❁❑✖✧✴❫✠❜✯✙❁❃❂✙✘✼✹✰✜✲✜◗✯✙❁ ⑨✎✷✧❁❱✖✙▼◆✚✫✪✲✖✧✴③✒✣✷ ✜★✤❣✹★▼❘✜✲❞❑✑❜✁ ✭ ✆❺✎✘✮☎✛✿✌✏✎✘✁ ✱✥✼✏❹✶✼❵✛✲✆❺✆✞✗➊✡ ✭ ✓
✌✈✹✰✜●✹✿✖✙✘✰✪✼❆ ✒❳✯✧✤✟✹✰✜❅✚✫❁ ❲ ✖✧✤❇❆✥✹★▼◆✖✧✤✦✚✫✪✼✜❫✜●✹★✘★✚❵✹✰✜ ❿ ✍☎✱✔✱ ✽✠➂☛❹

☞ ✓✠✳✕✏ ❉⑤❹⑤❃⑤✁✺✣✖✔✥✛✿✄☛✔✖✛✷✓❜④✕❆✔☛✿✯✙✘ ✠✼▼⑦✹✰✜ ✴ ✚✫▼◆✚✵✤✟✹✰✜✗✇❑✯✙❭❪✘ ❀❊✹✰✜❝✜❚❭❪✚✵✤✟✹✰✜✗✇❑✯☎✜❚✚✵✤✦✚ ✢☎✹★▼⑦✹✼❁❊✤P✯✙❭❯❄❚✖✙✚✫✱★✴✵✹★▼⑦✹★❁❊✤✗❀ ☛✩✇✥✹★❁❊❏
❀✙✖✙❁❊✤❣✹✰✜ ✓ ❆ ✔✖➈☞✦✱✎❞✌☎✎ ★➁✩ ✫✂✭ ✛✲✮✰✎✘✟❽✦❀✛✲✆❺✕✳✼❵✡✚✟❺✛✿✦✂❉✰✣ ✌ ❿ ✍✫✱✠✱✔✳✤➂☛❹

☞ ✓✠✱✕✏ ❉⑤❹✖❃⑤✁✠✣✖✔✖✛✿✄☛✔✖✛✳✓ ❼ ✡✚✆❺✎☞✦❵✁✍✌ ✄✝✁ ✭ ✮✰✎✘✟✞✸✠✎ ✭ ✄✝✎❑✛ ✭ ✆❺✔✖✎❊✴❑❃ ❆ ✌❴✁✠✟❑✦❀✁✠✗❋✎✩✺✧✎➇✡✍☞ ★ ✹ ✌☎✎ ❘ ✎ ✭ ✌✏✎ ✭ ✆✶✟☛✡ ✭ ✌✏✁✺✗
✮✠✡✚✟❺✛✿✡✞✝ ★ ✎☞✦❻❹ ❆ ✁▼✡ ❘✥❘ ✎➇✡✚✟✳✛ ✭ ④✕❆✥✹✿✯✙✘✛✷❘✔✗✘✿✯✙✱✲✖✙✱☎☛✕✏♦✇✙✇✥✴✵☛ ❿ ✍☎✱✔✱✠✱✤➂❽❹

☞ ✗✚✙✕✏ ❉⑤❹➋❃⑤✁✺✣✥✔✖✛✿✄☛✔✖✛✷✓✕■✼❁❑❀❊✹✩✇✥✹★❁❑❀❊✹✼❁❑✪✛✹✂✁ ✚✫✖☎✄❢❁❑✪✲✯✙✘✛✘✲✹✲✴✶✖✧✤❣✹✿❀✙❁✣✹✰✜✲✜✲❞♦❛ ✟☎✖✙▼①✇✥✴✵✹✰✜✭✖✙❁❱❀ ❲ ✯✙▼⑦✹★❁❊✤❝✚✫❁✣✹ ⑩ ❭❊✖✧❏
✴✶✚✵✤✦✚❵✹✰✜ ✓❅✼❵✟✞✕ ❘ ✟❺✛ ✭ ✆❑✌✏✎ ★➁✩ ✫✂✭ ✛✯✮✰✎✘✟☛✦✱✛✲✆❺✕✳✼❵✡✚✟❺✛✿✦❇✍✠✍ ❿ ✾✔✙✠✙✔✙✤➂☛❹

✽



� ✓ ✄✝✆ ✓✂✁☎✄ ✖✙✁☎✆✞✝ ✓✟✞

☞ ✗✥✍✑✏❯❾✖❹ ❁ ❹✠✑✓✡✺✄✳�✂✁ ✭ ✡ ★ ✌❋✡ ✭ ✌ ❁ ❹✬◆✍❹✤❇✪✺✧✎ ✭ ✓✏❉✰✗❋✁✰✁✠✆✞✔✖✛ ✭ ✸❉✺❑✛✲✆❺✔❋✦ ❘ ★ ✛✯✆ ★ ✛ ✭ ✎☞✡✚✟ � ✆☛✦ ✓ ④✥✹✿✪✼❆❱❁❑✯✙▼⑦✹✽✤✩✘★✚✫✪✼✜
✣ ★ ✭ ✁✥❹✦✓ ❿ ✍☎✱✠✳✔✬✤➂ ✓❋✍✫✱✒✼➇✻ ✾✠✙✔✳✏❹

☞ ✗✔✾✕✏❯❾✖❹●✑✓✡✁�☞✦ ✓ ✒✥✤✦✖✧✤✩✚✢✜★✤✦✚ ⑩ ❭❑✹ ❁❑✯✙❁ ✇❱✖✙✘✰✖✙▼ ☛✲✤✦✘✛✚ ⑩ ❭ ✹✭❀❊✹✿✜✑✇❴✘✿✯☎✪✛✹✿✜✲✜❚❭ ✜✾❀✙✷✧❁❑✖✙▼◆✚ ⑩ ❭❑✹✰✜◗✘ ☛✲✹✲✴❩✜❡✹★❁ ✤✟✹✼▼①✇❑✜
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☞ ✼✒✼✕✏ ■ ❹ ❼ ✛✲✁✄✓ ④✕❆✔☛✿✯✙✘ ✠★▼⑦✹✰✜❨✸❜✚✫▼◆✚✵✤❣✹✰✜ ✇❱✯✙❭❊✘❨❀❊✹✰✜ ✜❚❭❪✚✵✤✟✹✿✜ ❄❚✖✙✚✫✱✛✴✵✹★▼⑦✹✼❁❊✤ ❀ ☛✩✇✥✹★❁❱❀✙✖✙❁❊✤✟✹✿✜●☛❞❉ ❘ ✟❺✛ ✭ ✸✠✎✘✟✢✓
✒❑❲❡✏❝■❝❲❨✖✧✤✫❆✔☛★▼◆✖✧✤✩✚ ⑩ ❭ ✹✰✜✭✹✲✤❜✏☞✇✙✇✥✴ ✚✫✪✲✖✧✤✩✚✫✯✙❁✂✜❀✱✞✛ ❿ ✾✔✙✠✙✠✙✰➂☛❹

✳



� ✓ ✄✝✆ ✓ ✁☎✄✒✖✘✁ ✆✞✝ ✓✟✞

☞ ✼✠✬✕✏✒✼●❹ ✑q❹ ❼ ✁✒✝✖✛ ✭ ✦❀✁ ✭ ✓❪❈✳✁ ✭ ❘ ✡✚✟☛✡☞✗❋✎✘✆❺✟✞✛✿✄✳✎☞✦❀✆❺✛✲✗➊✡☞✆✞✁✺✟❽✦ ✌❴✁✺✟✳✆✞✛✯✗❋✎✍✦✱✎✘✟✞✛✯✎☞✦✝❹▲❬✥☛❝④❙✚✫▼⑦✹ ✒▲✹★✘✳☛▲✏✈❁❑✖✧✴✵☛ ❆
✭ ✁✥❹✦✓ ❿ ✍☎✱✔✳✠✓✤➂ ✓❋✍✫✳✒✼✘✻ ✾✔✙ ✽✰❹

☞ ✼ ✽☎✏✒✑q❹ ❼ ✁✰✦✱✎ ✭ ✝ ★ ✡✚✆❺✆✢✓ ❁ ✄✝✎ ✭ ✆✞✟☛✡ ★❑★ ✛✯✗❋✛✲✆ ❆ ✔✖✎✘✁✺✟❺✎✘✗ ✡ ✭ ✌ ✡✈✦✱✆✞✟❺✁ ✭ ✸q✗▼✛✗✂☎✛ ✭ ✸ ✄✝✁ ✭ ✌☎✛✲✆✞✛✯✁ ✭ ❹☞✔✗✘✿✯☎✪●☛
✒❳✖✧✤✟☛▲✏❯✪☎☛✕✒❴✪☎☛ ✄ ☛✍✒✓☛✍✏✑☛ ❆ ✣ ❿ ✍☎✱✥✼✠✬✰➂✫✓✦✗✚✓➇✻ ✗✁✽ ❹

☞ ✼✠✳✕✏✒✑q❹ ❼ ✁ ✦❀✎ ✭ ✝ ★ ✡✚✆✞✆✡✓ ❉ ✆✞✁☎✄☛✔⑤✡✺✦✱✆✞✛✿✄✒✄✝✣✖✟❺✮✰✎➆✎➇✦❀✆✞✛✯✗➊✡✚✆❺✛✲✁ ✭ ✓✖✛ ✭ ✒①✒❑②③❏✲✠✁�☞❲ ✒ ✌✈✹✻❂✙✚✫✯✙❁❑✖✧✴♦✠❜✯✙❁✼❄●✹★✘✼✹✼❁❑✪✛✹
✒▲✹✼✘✛✚❵✹✰✜❅✚✫❁ ✔✗✘✰✯✙✱✲✖✙✱❚✚✵✴✶✚✵✤✩✷✭✖✙❁❑❀✾✒ ✤✩✖✧✤✦✚✢✜★✤✩✚✫✪✲✜ ✓❅✱ ❿ ✍☎✱✠✱✎✍✚➂❽❹

☞ ✼✠✱✕✏ ➅ ❹✬✼✾❹ ❼ ✁ ✦❀✎ ✭ ✆✞✔ ✡ ★ ✓●❇ ✭ ✆✞✔✥✎❏✦❀✣✄✝⑤✦ ❘ ✡✺✄❻✎☞✦✍✁✍✌✄✂ ✳ ✼ ❍✆☎ ❈ ✿✫✓●✦ ❘ ✡ ✭✖✭ ✎☞✌ ✝☎✹✓✦✱✎☞✜✰✣✖✎ ✭ ✄✝✎➇✦P✁✞✌❑✛ ✭ ✌✏✎✝✻
❘ ✎ ✭ ✌☎✎ ✭ ✆❑✟❽✡ ✭ ✌☎✁✺✗ ✮✠✡✚✟✞✛✢✡✍✝ ★ ✎☞✦✝❹✕■✿✜❚✘✰✖✞✝✲✴❴❬✣☛✥❲❨✖✧✤✫❆✥☛ ★ ❿ ✍☎✱✔✽❘✙✰➂✫✓✧✾ ✽❘✓✘✻❁✓✔✙✠✓☎❹

☞ ✬✠✙✕✏❊❖ ❹ ❁ ❹ ❼ ✁✥✬☞✡ ✭ ✁✚✮ ✡ ✭ ✌ ✲❯❹ ❁ ❹❀✲✶✁ ★ ☞✰✁ ✭ ✦ ☞✏✛✳✓ ❉ ✁✺✗❋✎ ★ ✛✯✗❋✛✲✆✳✆✞✔✖✎✷✁✺✟✞✎✷✗➊✦✭✌❴✁✺✟ ✟☛✡ ✭ ✌✏✁✠✗ ✌❴✣ ✭ ✄✝✆❺✛✲✁ ✭ ✦✝❹
✼❵✡☞✟✞✆✷❹❋✍ ④✕❆✥✹✿✯✙✘★✷✾✔✗✘✰✯✙✱✲✖✙✱●☛✝✏♦✇✙✇✥✴✵☛ ❆ ❿ ✍✫✱✒✼✔✱✤➂✫✓✖✍✍✽❘✳✘✻ ✍✫✱ ✽ ❹❵✼❵✡☞✟✞✆✘❹✧✾ ④✕❆✥✹✿✯✙✘★✷✾✔✗✘✰✯✙✱✲✖✙✱☎☛❴✏☞✇✙✇✥✴✵☛ ❄
❿ ✍☎✱✠✬✎✍✚➂ ✓❋✍✫✳✠✬➇✻ ✍☎✱✔✽✰❹

☞ ✬❃✍✑✏❉❀ ❹ ❼ ✣ ✌✏✛ ✭ ✓✧✌✈✹✿✖✧✴❪✖✙❁❑❀❫✪✲✯✙▼①✇✥✴✵✹ ✟✎✖✙❁❱✖✧✴✶✷ ✜❚✚✢✜●☛☞✑✓✄☞➉✂✟❽✡☎✺✧✻ ➅ ✛ ★✲★ ❉✰✎✘✟✞✛✯✎☞✦❪✛ ✭✒➅ ✛✯✸✺✔✖✎✷✟❵✑✓✡☞✆✞✔✖✎✘✗✙✡✚✆✞✛✢✄✘✦✆✓
❉✰✎➇✄✝✁ ✭ ✌ ■ ✌✏✛✯✆✞✛✲✁ ✭q❿ ✍☎✱ ✽✫✗✏➂❽❹

☞ ✬✒✾✕✏ ❍✒❹ ✑q❹●❉✰✔⑤✡✚✁✎✓●✑✓✡✍✂☎✛✲✗➊✡ ★ ✛ ✭ ✎☞✜✰✣⑤✡ ★ ✛✲✆✞✛✯✎☞✦✻✌❴✁✺✟ ❘ ✡✚✟❺✆✞✛✢✡ ★ ✦✱✣✖✗➊✦✂✁✞✌✠✟☛✡✂✗❋✛✦✂✏✛ ✭ ✸❏✦❀✎☞✜✰✣✖✎ ✭ ✄✝✎☞✦✝❹❙✏✈❁❑❁✣☛
✔✗✘✰✯✙✱✲✖✙✱●☛❅✣✬✱ ✭ ✁✖❹ ✾ ❿ ✍☎✱✔✱✒✼✰➂✫✓❂✱✕✗✚✳✘✻❁✱✔✬✒✼☎❹

☞ ✬✠✓✕✏ ❍✒❹ ✑q❹❑❉✰✔⑤✡☞✁ ✡ ✭ ✌ ➅ ❹✧❖✶✣❀✓ ❀ ✎☞✡✞☞ ✄✝✁ ✭ ✮✰✎✘✟✞✸✠✎ ✭ ✄✝✎✵✌❴✁✠✟ ✺ ✎✘✛✲✸✠✔✏✆❺✎☞✌❷✎✷✗ ❘ ✛✲✟❺✛✿✄✘✡ ★ ❘ ✟✞✁☎✄❻✎☞✦✞✦✱✎☞✦❋✁✍✌
✌✏✎ ❘ ✎ ✭ ✌✏✎ ✭ ✆✳✦❀✎☞✜✰✣✖✎ ✭ ✄✝✎☞✦✝❹✥✏✈❁❑❁✣☛▲✔✗✘✰✯✙✱✲✖✙✱☎☛✥✣ ❆ ✭ ✁✥❹✥✗ ❿ ✍☎✱✔✱✠✬✤➂ ✓ ✾✔✙✠✱✔✳➇✻ ✾❃✍✢✾✔✽✰❹

☞ ✬✕✗✠✏❉❀ ❹✬▲✧❹♦❉✰✆❺✁✺✣✖✆✡✓✝✏❝✴ ▼◆✯☎✜★✤③✜❚❭❪✘✼✹❳✪✲✯✙❁ ✢☎✹★✘✻❂❊✹★❁❑✪✛✹❚☛ ❁ ✄✘✡✠✌✏✎✘✗❋✛✢✦✆✓✰❈✂✎✫✺ ❖✶✁✺✟✖☞ ❿ ✍✫✱ ✽✫✗✏➂☛❹

☞ ✬✒✼✕✏✒✑q❹✔✲✍✛✢✡ ✭ ✡✿✓ ✒ ✤✩✯●✪✼❆❱✖☎✜★✤✦✚✫✪✑❀✙✷❃❁❑✖✙▼◆✚✫✪✼✜❳✯✟❄❫❀❊✹✲✤❣✹★✘★▼◆✚✫❁❑✚✢✜★✤✦✚✫✪❳✜❚✷ ✜★✤❣✹★▼❘✜✲❞❙■★❁✂✜★✤✦✚✵✤✦❭✂✤✦✯⑦❀❊✹P❲ ✖✧✤✟✹★▼◆✖✧✤✦✚✫✪✲✖
✔✗❭❪✘✰✖ ✹ ✏♦✇✥✴✶✚✫✪✲✖✙❀✙✖❊☛✥❄❀✑✓✼ ❁ ✓❅✣ ✛ ❿ ✍☎✱✔✱ ✽✠➂☛❹

☞ ✬✠✬✕✏ ✴✳❹ ❉⑤❹✠❀ ✛✲✆❺✔✖✎✘✟❽✦✆✓✰✴✶✎ ✭ ✆❺✟☛✡ ★✖★ ✛✯✗❋✛✲✆ ❆ ✔✖✎✷✁✺✟✞✎✷✗➊✦ ✌❴✁✠✟✶✌✏✎ ❘ ✎ ✭ ✌✏✎ ✭ ✆❵✮✠✡✚✟✞✛✢✡✍✝ ★ ✎☞✦✝❹ ✛❜☛❜⑥◆✖☎❆❱✘✰✜❚✪✼❆✥☛ ✁✣✹★✘ ✤ ☛
✥ ✹★✱✳✚❵✹✽✤✟✹ ✙✜❈ ❿ ✍☎✱✔✳❃✍✚➂ ✓ ✼✔✙✠✱✘✻ ✼✔✓✕✗ ❿ ✴✶✁✠✟✞✟✞✛✯✸✺✎ ✭ ✌✏✣✖✗ ❿ ✍✫✱✠✳✠✓✰➂✫✓ ❄✜✱ ✓ ✼✥✼✒✼✰➂☛❹

✱



� ✓ ✄✝✆ ✓✂✁☎✄ ✖✙✁☎✆✞✝ ✓✟✞

✍✫✙



�✂✁ ✌✔✒ ✁ ✟☎✄☎✆ ✌✧✎✂✁ ✁

✴✶✎✷✆✞✆✞✎✶✆❺✔✖➈☞✦❀✎ ❘ ✁✺✟❺✆✞✎ ✦❀✣✖✟ ★✪✩ ✕✘✆✞✣⑤✌☎✎✶✌ ✩ ✡ ❘✖❘ ★ ✛✿✄✘✡☞✆✞✛✲✁ ✭ ✦➋✦❀✆❽✡✚✆❺✛✿✦❀✆❺✛✿✜✰✣✖✎☞✦➋✌✏✎ ✦✱✣✖✛✲✆❺✎☞✦➋✡ ★ ✕☞✡✚✆❺✁✺✛✲✟❺✎☞✦ ✼✞✝✠✟✸✿✡✟☞☛✍✌➄✦❀✆❽✡✚✆✞✛✯✁ ✭ ✻
✭ ✡✚✛✯✟✞✎☞✦✾✎✷✆❵✌✏✕ ❘ ✎ ✭ ✌✖✡ ✭ ✆✞✎➇✦✝❹✠❈✂✁✺✣⑤✦●✕✘✆✞✣⑤✌☎✛✲✁ ✭ ✦❵✌✏✎✘✣✄✂✒✄ ★ ✡✺✦❺✦❀✎☞✦❵✌☎✎❑✦❀✣✥✛✲✆✞✎➇✦❵✌✏✕ ❘ ✎ ✭ ✌✥✡ ✭ ✆✞✎☞✦ ❸ ✌✏✎☞✦①✦❀✣✖✛✯✆✞✎☞✦ ✌➁✡✚✛✦✝ ★ ✎✘✗▼✎ ✭ ✆
✌✏✕ ❘ ✎ ✭ ✌✖✡ ✭ ✆❺✎☞✦✳✡✚✣✓✦✱✎ ✭ ✦✳✌✏✎ ✴✶✁✺✣ ★ ✁ ✭ ✻✽✼❵✟✞✛✯✎✘✣✖✟ ✡ �✂✁✺✣✄☞☎✔⑤✡ ✭ ☞ ✍☎✬❘✏ ❿ ✮✠✡✚✟❺✛✿✡ ✭ ✆❺✎ ✌✏✎ ★ ✡ ✭ ✁✠✆✞✛✲✁ ✭ ✌✏✎✒✌✏✕ ❘ ✎ ✭ ✌✖✡ ✭ ✄✝✎
✛ ✭ ✆✞✟✞✁☎✌☎✣✖✛✲✆❺✎ ❘ ✡✚✟✒�✂✁✠✣✄☞✏✔ ✡ ✭✆✡ ❃⑤✁✺✣✖✔✥✛✿✄☛✔✖✛✩☞ ✾✎✍☎✏❲➂✳✌ ✩ ✣ ✭ ✎ ❘ ✡✚✟✞✆✡✓❪✎✘✆✒✄✝✎✘✟❺✆☛✡☞✛ ✭ ✦✍✦✱✹✖✦✱✆✞➈✘✗▼✎☞✦✂✌☎✹ ✭ ✡☞✗❋✛✿✜✰✣✖✎☞✦❑✎✘✟❺✸✺✁✚✻
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❃⑤✎☞✦ ❘ ✟✞✁☎✄✝✎☞✦❺✦❀✣⑤✦❑✸✰✡☞✣⑤✦✞✦✱✛✲✎ ✭ ✦✂✦❺✡✚✆✞✛✢✦ ✌❴✁ ✭ ✆➄✡✚✣⑤✦❺✦❀✛ ★ ✡ ✂☛✡✍✌✏✕ ❘ ✎ ✭ ✌✖✡ ✭ ✄✝✎✭✌➁✡✚✛✦✝ ★ ✎ ✓✏✗➊✡☞✛✿✦✧✡✘✮✰✎☞✄❣ ✐ ★✬✠✚☛✍✌✎☛ ☛✍✌ ✼ ✻✏✌❊✐ ✑ ⑥⑧⑦✲⑨ ✼★✲ ☛ ✢✩✲ ☛ ✳ ✻ ✿ ✑ ✸

❃⑤✎☞✦❞✆❺✟✞✁✺✛✢✦ ❘ ✟✞✎✷✗❋✛✲✎✘✟❽✦❊✄ ✔⑤✡ ❘ ✛✲✆❺✟✞✎☞✦✒✌✏✎➊✄✝✎✷✆✞✆✞✎▼✆✞✔✖➈☞✦✱✎ ❘ ✟✞✕☞✦✱✎ ✭ ✆✞✎ ✭ ✆✒✄✝✎✘✟✞✆❽✡✚✛ ✭ ✎☞✦❞✡ ❘✖❘ ★ ✛✿✄✘✡☞✆✞✛✲✁ ✭ ✦ ✦❀✆❽✡✚✆❺✛✿✦❀✆❺✛✿✜✰✣✖✎☞✦
✌✏✎✒✦✱✣✖✛✲✆❺✎☞✦ ✁ ✡ ✁✺✣✆✂ ✡☛✌➁✡✚✛✦✝ ★ ✎✘✗▼✎ ✭ ✆ ✌✏✕ ❘ ✎ ✭ ✌✖✡ ✭ ✆❺✎☞✦✝❹❪❃⑤✎✒✄☛✔⑤✡ ❘ ✛✲✆✞✟❺✎❉✗ ❘ ✁✠✟✞✆❺✎ ✦❀✣✥✟ ★➁✩ ✎☞✦✱✆✞✛✲✗✙✡✚✆✞✛✯✁ ✭ ✌✏✎ ★ ✡ ✌✏✎ ✭ ✦❀✛✯✆✞✕
✛ ✭ ✮✠✡✚✟❺✛✿✡ ✭ ✆❺✎✓✌✏✎ ✄✝✎✷✟✞✆☛✡☞✛ ✭ ✦▼✦❀✹✥✦❀✆✞➈✷✗❋✎☞✦❏✌✏✹ ✭ ✡✚✗❋✛✢✜✤✣✖✎➇✦ ❿ ✎ ✭ ✌✏✛✲✗▼✎ ✭ ✦❀✛✯✁ ✭ ✍✚➂▼✡✘✹☎✡ ✭ ✆❋✣ ✭ ✎ ❘ ✟❺✁ ❘ ✟❺✛✲✕✘✆❺✕✓✌✏✛✯✆✞✎ ✌✏✎
✌✏✕➇✄✝✟✞✁✠✛✿✦✞✦❺✡ ✭ ✄❻✎❏✌✏✎☞✦✍✄✝✁✠✟✞✟❺✕ ★ ✡☞✆✞✛✲✁ ✭ ✦✝❹ ■ ✭✿�⑤✭ ✓ ★ ✎❏✌✏✎✘✟ ✭ ✛✲✎✘✟➄✄ ✔ ✡ ❘ ✛✯✆✞✟✞✎ ❿ ✄ ✔ ✡ ❘ ✛✯✆✞✟✞✎✯✼✤➂➄✄✝✁ ✭ ✆❺✛✲✎ ✭ ✆ ★ ✎☞✦✂✟❺✕☞✦❀✣ ★ ✆☛✡☞✆☛✦✍✌✏✎
✦✱✛✲✗❏✣ ★ ✡☞✆✞✛✲✁ ✭ ✦ ❘ ✁✺✟❺✆☛✡ ✭ ✆❯✦❀✣✖✟ ★ ✎▼✄ ✔⑤✡ ❘ ✛✲✆❺✟✞✎ ✗✖❹①❈✂✁✺✣⑤✦✒✡ ★✯★ ✁ ✭ ✦➆✗➊✡☞✛ ✭ ✆✞✎ ✭ ✡ ✭ ✆◗✌✏✁ ✭✖✭ ✎✘✟❞✣ ✭ ✟✞✕☞✦✱✣✖✗❋✕❏✌✏✎▼✄ ✔ ✡✺✄✝✣ ✭
✌✏✎➇✦❑✄ ✔⑤✡ ❘ ✛✲✆❺✟✞✎☞✦ ✌✏✎✒✄✝✎✘✆❺✆✞✎❊✆✞✔✖➈➇✦❀✎✰❹

✑✓✒✕✔✗✖✕✘✚✙✜✛✜✢ ✣✥✤ ✐❏❥ ❱ ♠ ✇ ❦ ❳❩❨✧✦ ❫❲❳❩❫✿❭☞❨✈❙❯❨✰❬❪❭☞✇✚⑦✥❚❲❨ ✐ ✇✘❫✪⑦✥❬✩★ ♥ ❚✪⑦✖❫❴✇✘❨ ❨✺❭✫✪➊❶❵❶❵❚❴❫❴t✏⑦✏❭➇❫ ♠ ❬ ❧✭✬ ❭✺⑦☎❭☞❫ ❧✯✮
❭☞❫✱✰ ♥ ❨ ❧✳✲ s✵✴✲⑦✥❶❵✇ ❦✰❧ ❙ ♠⑤♥ ❚ ♠ ❬ ✮ ❛◗✇✘❫❲❨ ♥ ✇✷✶ ✸ ♠⑤♥✺✹➋❥ ⑦✥❬✼✻❴♣✾✽✎✿❁❀❃❂

�✍✡ ✭ ✦❑✄✝✎✒✄ ✔ ✡ ❘ ✛✯✆✞✟✞✎ ✓ ✭ ✁✺✣⑤✦❑✕✘✆☛✡✞✝ ★ ✛✢✦✞✦✱✁ ✭ ✦✧✣ ✭ ✆❺✔✖✕✘✁✺✟❺➈✘✗❋✎ ★ ✛✯✗❋✛✲✆❺✎❑✄✝✎ ✭ ✆✞✟❽✡ ★ ✎ ❘ ✁✺✣✖✟➄✌✏✎☞✦✶✆☛✡✍✝ ★ ✎☞✡☞✣✄✂❋✆✞✟❺✛✿✡ ✭ ✸✺✣✏✻
★ ✡✚✛✲✟❺✎☞✦✧✌☎✎❞✦✱✣✖✛✲✆❺✎☞✦ ✌➁✡✚✛✦✝ ★ ✎✷✗❋✎ ✭ ✆✧✌☎✕ ❘ ✎ ✭ ✌✖✡ ✭ ✆❺✎☞✦❑✡✚✣ ✦❀✎ ✭ ✦❑✌☎✎☞✦❑✌✏✕ �⑤✭ ✛✲✆✞✛✯✁ ✭ ✦☛✾ ✎✘✆✪✓ ❘ ✟❺✕☞✄✝✕☞✌☎✎ ✭ ✆❺✎☞✦✝❹

❃❅✡✈✗❋✕✷✆✞✔✖✁☎✌✏✎✯✕✞✣⑤✦✞✜✰✣ ✩ ✡ ★ ✁✠✟☛✦ ★ ✡ ❘ ★ ✣⑤✦ ✣ ✦❀✣✖✎ ★✯★ ✎ ❘ ✁✺✣✖✟➊✗❋✁ ✭ ✆❺✟✞✎✘✟ ✣ ✭ ✆✞✔✥✕✘✁✺✟❺➈✘✗❋✎ ★ ✛✯✗❋✛✲✆❺✎➊✄✝✎ ✭ ✆✞✟❽✡ ★ ✎ ❘ ✁✺✣✥✟
✌✏✎➇✦✂✦✱✣✖✛✲✆❺✎☞✦✂✌☎✕ ❘ ✎ ✭ ✌✖✡ ✭ ✆❺✎☞✦✂✎☞✦✱✆✂✣ ✭ ✎❏✌✏✕☞✄✝✁✠✗ ❘ ✁✰✦❀✛✯✆✞✛✯✁ ✭ ✎ ✭ ✝ ★ ✁☎✄✘✦✍✌✏✎❯◆✧✎✘✟ ✭ ✦✱✆✞✎✘✛ ✭ ✦❀✣✖✛✯✮✏✛✯✎ ✌✏✎ ★ ✡ ✗❋✕✷✆✞✔✖✁☎✌✏✎✒✌✏✎
❃⑤✛ ✭ ✌✏✎✢✝⑤✎✘✟❺✸✄✓❅✦❀✆☛✡ ✭ ✌✖✡☞✟☛✌ ❘ ✁✺✣✥✟ ★ ✎☞✦✳✦❀✣✖✛✯✆✞✎☞✦✂✛ ✭ ✌✏✕ ❘ ✎ ✭ ✌✖✡ ✭ ✆✞✎☞✦ ❿ ✮✰✁✺✛✯✟ ❘ ✡✚✟❊✎✢✂☎✎✘✗ ❘ ★ ✎❇❀ ✛✲✆❺✔✖✎✘✟☛✦❉☞ ✬✔✬✠✏✷✓❅�✂✁✺✣✎☞✏✔⑤✡ ✭
✡ ❃⑤✁✺✣✖✔✖✛✢✄ ✔✥✛❆☞ ✾✎✍☎✏❲➂❽❹

�✍✡ ✭ ✦❞✄✝✎▼✄☛✔⑤✡ ❘ ✛✯✆✞✟❺✎✔✓ ✭ ✁✠✣⑤✦ ✭➋✩ ✣✖✆✞✛ ★ ✛✢✦❀✁ ✭ ✦ ❘ ✡✺✦❞✌☎✎★✝ ★ ✁☎✄✘✦❊✌✏✎➊◆✧✎✘✟ ✭ ✦❀✆❺✎✘✛ ✭ ❹❪❈✂✁✠✣⑤✦➆✕✷✆✞✎ ✭ ✌☎✁ ✭ ✦ ★ ✡❋✗❋✕✘✆❺✔✖✁☎✌✏✎
✌✏✎✒❃⑤✛ ✭ ✌✏✎✡✝♦✎✷✟✞✸ ✣✖✆❺✛ ★ ✛✢✦❀✕✘✎ ❘ ✡☞✟ ❼ ✛✯✁✂☞ ✼✔✓✄✓✄✼❘✗✠✏●✌✖✡ ✭ ✦ ★ ✎❊✄✷✡✺✌✏✟❺✎✍✗❋✕ ★ ✡ ✭ ✸✠✎☞✡ ✭ ✆ ❿ ✁✺✣ ❘ ✡☞✟✂✎✡✂✏✎✘✗ ❘ ★ ✎ ❘ ✡✚✟✍❃⑤✁✠✣✖✔✖✛✿✄☛✔✖✛
☞ ✓✠✱✕✏●✌✥✡ ✭ ✦ ★ ✎❊✄✷✡✺✌✏✟❺✎❞✌☎✎☞✦❑✦❀✣✖✛✯✆✞✎☞✦ ❘ ✁ ✦❀✛✲✆❺✛✲✮✰✎✘✗▼✎ ✭ ✆ ✌✏✕ ❘ ✎ ✭ ✌✖✡ ✭ ✆✞✎➇✦ ➂ ✟ ✭ ✁✺✆❺✟✞✎✒✄✘✡✺✌☎✟✞✎✒✌✏✎✒✌✏✕ ❘ ✎ ✭ ✌✥✡ ✭ ✄✝✎✚✌➁✡☞✛✗✝ ★ ✎✰❹

❈✂✁✠✣⑤✦❵✗❋✁ ✭ ✆✞✟❺✁ ✭ ✦ ✓ ❘ ✁✺✣✖✟❑✣ ✭ ✎✍✦✱✣✖✛✲✆❺✎✳✌✏✎✂✮✠✡☞✟✞✛✿✡✞✝ ★ ✎➇✦✧✡ ★ ✕☞✡✚✆❺✁✺✛✯✟✞✎☞✦■✼✞✝✠✟✸✿✡✟❄✌✘●✴✌➁✡☞✛✗✝ ★ ✎✘✗❋✎ ✭ ✆①✌✏✕ ❘ ✎ ✭ ✌✖✡ ✭ ✆❺✎☞✦✆✓✰✣ ✭
✆❺✔✖✕✘✁✺✟❺➈✘✗❋✎ ★ ✛✯✗❋✛✲✆❺✎✳✄✝✎ ✭ ✆✞✟☛✡ ★ ✎ ❘ ✁✠✣✖✟✍✌☎✎☞✦✧✆☛✡✞✝ ★ ✎☞✡☞✣✄✂❋✆❺✟✞✛✿✡ ✭ ✸✺✣ ★ ✡✚✛✯✟✞✎☞✦❑✌☎✎ ★ ✡✯✌❴✁✠✟✞✗❋✎

✼✬✝✠✟ ✹ ✻ ★✧❅ ✟✤✹ ✻ ✼✞✝❂✻✤✿✺✿ ✟❄✌✘● ✹ ●❁❆✸✻✍❆ ✻❈❇ ✢ ❿ ✍☞➂
✁✔✟ ❘ ✁✺✣✖✟①✆✞✁✺✣✥✆ ✖ ✷ ❉✒✓✩r ✟ ✙✹❝ ❞ ✢✠✡✘✮✰✎☞✄⑧r ✟ ✡ ✡ ❡✟✍✦ ❃✙❅ ✢✚✎✘✆➋✁✔✟ ★ ✎☞✦ ❅ ✟ ✹ ✻ ✦❀✁ ✭ ✆①✌✏✎☞✦ ✌❴✁ ✭ ✄❻✆✞✛✲✁ ✭✖✭ ✎ ★✯★ ✎☞✦ ✭ ✣✖✗❋✕✷✟✞✛✿✜✰✣✖✎☞✦
★ ✛ ❘ ✦❺✄ ✔✖✛✯✆✱✬✘✛✯✎ ✭✖✭ ✎➇✦✴✝⑤✁✺✟ ✭ ✕✘✎☞✦ ❿ ✮✰✁✺✛✯✟✂✴✶✁✠✣ ★ ✁ ✭ ✻✱✼❵✟❺✛✲✎✘✣✖✟ ✡ �✳✁✺✣✄☞☎✔⑤✡ ✭ ☞ ✍✫✬✠✏❲➂☛❹
✢✒✑❋✁ ✄✝✠ ✣ ✁☎✙✧✛ ✒❴✯✙✚✵✤✲✼✞✝✠✟✸✿✡✟❄✌✘●✭❭❪❁✣✹❫✜❚❭❊✚✵✤❣✹✎❀❊✹ ✢✳✖✙✘★✚✫✖✙✱✛✴✵✹✰✜✾✖✧✴ ☛✿✖✧✤✩✯✙✚✫✘✲✹✰✜❫✜★✤✩✖✧✤✦✚✫✯✙❁❑❁❑✖✙✚✫✘✲✹✰✜✲❞❊❉ ✢✳✖✧✴✵✹✼❭❊✘✰✜✭❀✙✖✙❁✂✜❅❭❪❁
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✮❅➢■➓✭→✖➤✕➜✆➡❑➓✭➜✆→✙➣✡➔❅➜✆➥✸➟✕➒✮➛➦➠✙➞❤➔⑥→✙➣◆➧✸➒✆→✼➣✍➓✭→✖➠✖➔✘➨✖➜✆➡❫➡✤➜❑➨✆➨❍➒✆➡⑥➣ ❉❤➛➦➜♥➞❤➔✬➟✕➠✙➡✸➔❅➩✙➔◆➫❡➔⑥➥❑➔✤➟✬➭✆➠✖➔✏➯❋➑✵➒✆➓✥➣ ■ ➛✥➔❅➟✕➠♣➨✆➨❍➒✆➡✸➣◗➩✙➔☞✵➲✚➳✻➵r➒✆➠✼➡r➨✵➡✸➔✤➟✕➸✏➠✖➔◆➣➺➒✆➠♠➣➼➻♥↔ ■③➽ →✖➒✆➠✮➟■➜✆➤✕➒✆→♠➟③➾

� ✁ ✄ ☞ ✶➚✫➪✚➶ ✷ ❇✙➹ ➻➴➘ ✏✾➷ ➬➮➈➱ ➪ ✸ ➚ ➹ ➻➈➘ ✘✛✚❙✃❱❐ ➹➺❒ ➘✉❮ ❒❀❰✹Ï✆➹ ➬ ➘ ✺ ➽
➒✆Ð ✶➚✫➪✚➶ ✷✭Ñ ➹ ➻➈➘✱➔✤➟✄➣r➩✙Ò✥Ó❞→✖➓➈➨❍➜✆➡✧Ô✡Õ✆Ö✤×❱➔✸➣❅Ô✡Õ✆Õ✤×✼➯
Ø✰Ù✴Ú✼➃✒➆✫Û✼❿✹❾✶ÜÞÝ✤Ø✱❽☞➂àß◗➃✒➌✴➆✷á✓â✟❾✼ã❑➏✚➐✜❿❢➍✼➏✚❾✙➌③➆❅➎✴❾✾á✜➍✾➎③❾✙➄③ã✏➐✭➏✚Ú♥➐✜➄●➅✒➍❍➆✫➐✜➍✖➄✒➏✚❾▲ä✾➑●➒✆➓❥➔✄→✙➣◗åæ↔❱ç➙➔✸➣✴è✵➲➛➦➜❱➞❤➔✤➟✕➠✼➡⑥➔✘å❅➢■➓✭→✖➤✏➜✆➡✄➓✭➜✆→✙➣✡➔■➜✆➥✸➟✕➒✮➛➦➠✙➞❤➔⑥→✙➣❅➧✸➒✆→✙➣➺➓✭→✖➠✖➔◆➨❍➜✆➡✱➡✤➜❑➨✆➨❍➒✆➡✸➣◗é❦➛➝➜♥➞❤➔✤➟✕➠✼➡⑥➔✁➩✙➔❴➫➼➔✄➥❑➔✤➟✬➭✆➠✖➔✏➯❡➑✵➒✆➓✥➣qêë➛✥➔➟✕➠✏➨✆➨❍➒✆➡⑥➣◗➩✙➔☞è✵➲✚➳qìr→✾➩✙Ò✥Ó❞→✖➓✥➣

í ➪ ➹ ➻➈➘◗î ➷ðï ➮✵➱ ➪■ñ◆ò➚ ➪✫➶ ó Ñ ➹ ➻➴➘③➢✹ô ò➚ ➪✚➶ ó Ñ ➹ ➻➈➘✍õ ➽
❜ ❺



�✂✁☎✄✂✆✞✝✠✟☛✡✌☞✍✄✏✎✂✝✑✁
➒✆Ð ò➚✫➪✚➶ ó Ñ ➹ ➻➈➘■➔✬➟✄➣✘➩✙Ò✥Ó❞→✖➓✴➨❍➜✆➡ Ô✡Õ✆Ö✤×❱➔✸➣■Ô✡Õ✆Õ✤×✼➯✓✒✘➛➦➒✆➡✤➟✕✔q➟✕➓ ➮➈➱ ➪ ➢✏➢✗✖➪✙✘ ❰✛✚ ➽ →❍➒✆➠ ➟✧➜✆➤✏➒✆→♠➟◆➨❍➒✆➠✼➡ ➨✵➡✸➔✤➟✕➸✏➠✖➔✱➣➺➒✆➠♠➣
➹ ➻✢✜ ➽ ➳✕➳✏➳ ➽ ➻☛✣ ➘❞↔ ê ✣ ➾ ➹ í ➪ ➹ ➻ ✜ ➘ ➽ ➳✕➳✏➳ ➽ í ➪ ➹ ➻ ✣ ➘✤➘✥✤➢✄➢✍✖➪✦✘ ✧ ➹✩★ ➽✫✪ ✣ ➘ ➽
➜✆➤✫➔✬➧ ✪ ✣③î ➷✭✬✯✮✑✰ ✃ ❐ ➹✍❒ ➘✡❮ ❒✲✱✴✳ ➩✆➓✭➜✏➭ ➹ ➚ ➹ ➻✢✜✸➘ ➽ ➳✏➳✏➳ ➽❸➚ ➹ ➻✵✣➦➘✤➘ ➽ ➒✆Ð♥➩✆➓✭➜✏➭ ➹✷✶ ✜ ➽ ➳✏➳✏➳ ➽ ✶ ✣✥➘✰➩✙Ò✤➟✕➓❇➭✆→●➔✁➛➦➜❙➞■➜✮➣✍➡✄➓✭➧❑➔✰➩✆➓✭➜✹✸➭✆➒✆→✖➜✮➛✥➔✁➧✸➜✆➡❑➡✸Ò✸➔❫➩✙➔❅➣✍➜✆➓✥➛✟➛✥➔✻✺✘➜✽✼✩➜✆→✙➣q➛✥➔✬➟ ✶✿✾ ➨❍➒✆➠✙➡◆➣✡➔✄➡❑➞❤➔✬➟✰➩✆➓✭➜✏➭✆➒✆→✖➜✆➠✹❀✆➯

❃✙❁❃❂✯❄❆❅✢❇❉❈❋❊⑦❩✏●✹❍☛■✗❏❑❅❉●▲❍☛❊ å ❊✯❁❃❏❑❅▼❊✍❩✩❁❃❅▼❊❑❁❃❍✠❏◆❍❖●✽❊☞❘ ❁✼❊ ●✹❏✤❘❍❚✲❊P❈✲❊✄❖☛■✗❅❉❏❑●✹❍☛❊◗❇❉❈❋❊⑦❩✏●✹❍☛■✗❏❑❅❉●▲❍☛❊❙❘❚❏✯❈✑❍✌❏❑❈✲❊❱❯❲❈✍❏◗❇❉❈❋❊⑦❩✏●✹❍☛■⑥t❏✯❅❉●▲❍☛❊✛❳ ➢ ❁✹❨✠❅✭❪✽❩✿❈✲❊✱✐✏❬✽●✹❅❉❂☞❏☛❭▲❩✿❂✯❈✲❊✛■✗❅➦t❚❨✠❈✲❊✯❊❚●✹❩☛❊✸❧✘❪❪❩❖❅✦❊P●▲❍✌❏✻❏❑●✹❩✿❏❑❈✲❊✛❨✌❈✍❩✖❼❫❨✌❈✲❊ ❩✏●▲❍☛■✗❏❑❅❉●✹❍❴❊✻❨✌❈❛❵☎❁✹❊❚●✹❏❜❁♣t✩❝❙●▲❂✤①✽❈✐✷❨✌❞❑❏❴❍✿❅❉❈✲❊◗❨❖❁❃❍☛❊✘❃❡❂✯❅❉❈✑❩✿❂ ❄❸❆✮❈✮❉ ●✹❢❣❇❤❈✲❊✐❈✏❼✠❈✍❄ ❊ ❇❤❈✲❊❡❊P●▲❍✌❏❥❞✍❭❦❁❃❇❉❈✑❄❛❈✍❍✠❏❙❞✑❏✯❩☛❨✌❅❤❞✲❊ ❊ ❇❉❩☛❊◗❈✍❍❧❨✌❞✍❏❜❁❃❅❉❇♠❊⑥❧❳❭

♥ ●▲❍☛■✗❏✯❅❤●✹❍♣♦✗❏❑❈✍❍✠❏✯❈✽♦ ♥ ●▲❍☛■✗❏✯❅❤●✹❍❧❳ ➢ ❁▲❨✌❅✭❪✽❩✿❈
P✦❈❋❊⑦❩✏●✹❍☛■✗❏❑❅❉●▲❍☛❊◆❨✠❅❉❇▼❁✲❏✕❁✲❍✌❏❑❈✲❊ ❊ ❁✲❂◆❄❆●✹❂✕■✞❈✲❁❃❩✖❼q❊❚●✹❍✠❏◆❩❖❏✯❅❉❇❤❈✲❊❙❇❤●✹❂❜❊✤❪✽❩✓rs●▲❍t❞✑❏✯❩☛❨✌❅❤❈✛■✗❈✍❂❑❏✕❁✲❅❉❍☛❊✉❊ ❁ ❊P❏✤❚✑❄❛❈✲❊❙❇❤❅▼❊❑❊P❈✲❊❍✿●✹❍✙t✩❩✿❍✿❅➦❩✏●✹❂❑❄❛❞✍❄❛❈✍❍✠❏❡❘ ❁✙❊ ❈✍❂ ❬ ●✹❇❉❅❲❪❪❩❖❈✲❊◗■✗●✹❄❆❄❛❈◗❇❉❈✲❊⑦❩✏●▲❍☛■✗❏❑❅❉●✹❍❴❊✐❩✿❍✿❅❉❄❆●✠❨✿❁❃❇❤❈✲❊ ❊ ❁❃❂◗❈✕❼✌❈✍❄ ❊ ❇❉❈✆❭
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❬✿❭✖❪ ➹ ➻➴➘ ➷ ❫❴ ➶❵❭ ❴ ➐ ➠

❪ ➹❜❛ ➘
→ å✞❝ ➹✎❛ ➘ → ➽✹➒❞❪ ↔ ❾✐❿ ➳
❡ ②



�✂✁☎✄✂✆✞✝✠✟☛✡✌☞✍✄✏✎✂✝✑✁
✥◆❩②■✼✻☛❁✸★❖❅❉❏✯❂❑❈ ❺❖✳ ❇❤❈⑧❏❁✻✿❞✍●▲❂❅❉✍❄❛❈✰②✩● ❀ ●☎❨✌❞✲■✞❂✯❅❉❏◗❇❤❈✲❊✞★✿❂✯●☎★✿❂✯❅❤❞✍❏✯❞✲❊❥❨✌❈ ❬❇❭ ❨✿❁❃❍☛❊❥❇❉❈③■✍❁✹❊❥●✹❢ å ❈✲❊P❏❥❩✿❍✿❈✪❑✏●✹❍☛■✞❏✯❅❉●▲❍❨✌❈◆❏❵✦✩★☛❈✻❵☎❁✹❊P●▲❏✕❁❃❊✷❝✦●✹❂✬①✽❈ ✹ ❬✽●▲❅❉❂◗❵☛❅❉❬✽❈✑❂✕❁❃❍❖❅ ✰ ❂ ② ✷❜✳ ❳✦●✹❇❉❇❤❈✍❏ ✰ ❀✄❺■✷ ●✹❩ ✁ ❅▼❁✲❍☛❁ ✰❇② ✴■✷ ★☛❁❃❂✉❈✏❼✠❈✍❄✌★✿❇❤❈ ✽ ●✄✂✈❍❆❂✯❞✲❊❚❩✿❄❛❞ ✳ ❊P❅☎ ↔ ❾✐❿◆➽ ❬ ➪❭ ☎ ❊P❈❥❂✕❁ ★✠★✿❂✯●✠■✼✻✿❈✛❨✠❈◆❇♠❁⑧❨✠❈✍❍☛❊P❅❤❏✯❞◗❅❤❍✌❬▲❁❃❂❑❅▼❁✲❍✌❏❑❈◆➚❛❈✏❼✩★☛●✹❍✿❈✍❍✠❏✯❅❤❈✍❇❉❇❤❈✍❄q❈✍❍✌❏✓❬✠❅❉❏❑❈ ●✧❳✦❈✲■✞❅✿❍✿●✹❩❴❊▲★☛❈✍❂✯❄❆❈✍❏❨✢rs❈✲❊❚❏✯❅❤❄❛❈✍❂❞➚✂◆ ★❴❁❃❂✯❏❑❅❉❂ ✳ ❍✿●✹❍❞★✿❇❤❩☛❊◆❨✠❈ ➹✏❻ ➪ ➘ ➪❃➊✑➋➈➽✠❄❣❁❃❅♠❊✐❨✌❈ ➹✂❻ ✕➪ ➘ ❨✠❞✝✆☛❍✿❅❤❈✢★☛❁❃❂➄➆

❻✂✕➲✟✞ ☎ ➹✡✠ ➘✡❮ ✠ ➽ ❻✂✕➪ ➷ å ➪ ❻✂✕➲ ➒ ➮②➓ ➬
●✹❢ ☎ ↔ ❾✐❿ ❈❋❊P❏◗❩✿❍✿❈✪❑✏●✹❍☛■✞❏✯❅❉●▲❍❧❨✌❈✍❍☛❊❚❅❉❏✯❞ ✾ ❩✿❈✑❇▼■✗●▲❍ ✾ ❩❖❈ ●✮ ●✹❩☛❊✛●■❈✿❏❑❈✍❍✿●✹❍❴❊①❁❃❇❉●▲❂✕❊➛❩✿❍ ❏❅✻✿❞✍●▲❂❅❉✍❄❆❈➛❇❉❅❤❄❛❅❉❏❑❈①■✗❈✑❍✌❏❑❂✕❁❃❇❤❈❛❁✲❅❉❍☛❊❚❅ ✾ ❩✿❈ ❨✌❈✲❊⑧❬▲❁✲❂✯❅▼❁✲❍✌❏❑❈✲❊✛❨✌❈❣■✗❈q❏❅✻❖❞✍●✹❂❁❉✍❄❛❈❇❉❅❉❄❆❅❉❏✯❈❥■✞❈✍❍✌❏❑❂✕❁✲❇❉❈ ✹ ❏❅✻✿❞✍●▲❂❅❉✍❄❆❈✲❊q②✩● ❡ ● ✳ ②✩● ❂ ●✿❈✑❏✘②✧● ❺ ●☛❨✿❁❃❍❴❊✛✯❡❂✯❅❤❈✍❩✿❂✪✰ ✴■✶✸✷ ✽ ★☛●✹❩✿❂❥❇❉❈✛❍✿●▲❩✿❬✽❈✍❇✢❈❋❊P❏✯❅❤❄❣❁❃❏❑❈✍❩✿❂

ò☎ ➪✚➶ ó Ñ ➹ ➻➈➘ ➷ ➬➮➈➱ ➪
➪ ➡ ✜❫
➏✯➐ ➲ ✃✜✘ ➻✷➢ ❻ ✕➏➱ ➪ ✚ ➳ ✹❁❀❃✴ ✽

❳✦❈✍❏❣❈✲❊P❏❑❅❉❄❣❁✲❏✯❈✍❩✿❂q❍✿❈ ❨✌❞❃★☛❈✍❍☛❨ ★✿❇❤❩☛❊ ✾ ❩✿❈ ❨✌❈✂★☛❁✲❂✕❁✲❄✌❉✍❏✯❂❑❈✲❊❛■✗●▲❍✿❍✠❩☛❊❍● ❻ ✕➲ ★☛❈✍❩❖❏ ❘✍❏❑❂✯❈♣❊P❅❤❄✴❩❖❇❉❞✍❈ ◆ ★☛❁❃❂❑❏✯❅❤❂❨✌❈⑤❍✓r➝❅❉❄✌★☛●▲❂✯❏✯❈ ✾ ❩✿❈✑❇❉❇❉❈❙❑✏●✹❍☛■✗❏❑❅❉●▲❍ ❨✌❈✍❍❴❊P❅❉❏❑❞ ☎ ◆✇❬▲❁✲❂✯❅▼❁✲❏✯❅❤●✹❍✑❈☛●▲❂✯❍✿❞✍❈✲●☛✂❡❍☛❊❚❩✿❅❉❏❑❈ ✳ ❇❉❈✲❊ ❻ ✕➪ ❊P●✹❍✠❏❆❊P❅❉❄q❩✿❇❤❞✲❊⑧❈✍❍❁✸★✠★✿❇❤❅ ✾ ❩☛❁❃❍✠❏❙◆ ❻ ✕➲ ❇❉❈✲❊➛❅❤❏✯❞✍❂❑❞✍❈✲❊③❨✌❈❣❇▼❁ ❑✏●✹❍☛■✗❏❑❅❉●▲❍ å ■✗●✹❍✿❍✠❩✿❈ ●☞✂❡❍➀❏✯❂✕❁✍❬▲❁❃❅❤❇❉❇♠❁❃❍✠❏①❁✍❬✽❈✲■❛❩✿❍⑦❭✹❂❜❁❃❍☛❨⑩❍✿●▲❄✁❈❖❂✯❈❨✢rs❞✲■✼✻☛❁✲❍✌❏❑❅❉❇❉❇❤●✹❍☛❊ ✳ ❍✿●▲❩☛❊ ★☛●✹❩❖❬✽●✹❍☛❊❡❬✠❅▼❊P❩❴❁❃❇❉❅♠❊P❈✍❂➃❁✍❬✽❈✲■✦❨✌❈❋❊➂❊❚❅❉❄q❩✿❇▼❁✲❏✯❅❉●▲❍☛❊✢❇▼❁❥■✗●▲❍✌❬✽❈✍❂❑❭✹❈✍❍❴■✗❈✉❨✌❈✐❍✿●▲❏✯❂❑❈✐❈✲❊❚❏✯❅❉❄ ❁❃❏✯❈✑❩✿❂❨✌❈✛❇▼❁①❨✌❈✍❍❴❊P❅❉❏❑❞ ●
✌✎✍✑✏✓✒✑✔✝✕✗✖✗✘✚✙✎✛✢✜✗✣✥✤✧✦✩★✫✪✭✬✮✣✥✯✱✰✳✲✴✰✵✦✳✤✷✶✹✸✺✣✥✻✵✦✳✼✹✲✹✽

✾ ❁❃❍☛❊✉■✗❈✻■✼✻☛❁ ★✿❅❉❏❑❂✯❈ ✳ ❍✿●✹❩❴❊❙❂✯❞❋❁❃❇❉❅♠❊P●▲❍☛❊✦❨✌❈✲❊✦❊P❅❤❄✴❩✿❇♠❁❃❏❑❅❉●✹❍❴❊➂■✗●▲❍☛■✗❈✍❂❑❍☛❁❃❍✠❏✦❇❉❈✲❊❡❂❑❞✲❊P❩✿❇❤❏✕❁✲❏✕❊✦❨✌❩❆■ ✻☛❁ ★✿❅❉❏❑❂✯❈ ❺ ●❴❵☛❈❋❊❍✿●✹❏❜❁❃❏✯❅❤●✹❍☛❊❲❊P●✹❍✠❏◗❇❉❈❋❊✐❄✌❘✍❄❛❈✲❊ ✾ ❩✿❈③■✗❈✍❇❤❇❉❈✲❊✦❨✌❩ ★☛❁❃❂❜❁❃❭✹❂❜❁✸★✠✻❖❈ ★✿❂✯❞✲■✞❞✲❨✌❈✍❍✠❏❃● ✡ ❁✸★✠★☛❈✍❇❤●✹❍☛❊ ⑤ ❩❴❊P❏✯❈ ✾ ❩✿❈✛❇✷r➝●■❈ ⑤ ❈✍❏➞❨✌❩■ ✻☛❁ ★✿❅❉❏❑❂✯❈ ❺ ❈✲❊P❏③❨✢r➝❈✲❊P❏❑❅❉❄❛❈✍❂◗❇♠❁❣❨✌❈✍❍☛❊❚❅❉❏✯❞①❅❤❍✌❬▲❁✲❂✯❅▼❁✲❍✌❏❑❈ ✳ ❍✿●▲❏✯❞✍❈✲➚ ✳ ❨✢r➝❩✿❍✿❈q❨✧✦✠❍☛❁✲❄❛❅ ✾ ❩✿❈ å ❁❃✦✠❁✲❍✌❏③❨✌❈ ❈☛●✹❍❖❍✿❈✲❊★✿❂✯●☎★✿❂✯❅❤❞✍❏✯❞✲❊ ✳ ❈✍❍✂★☛❁✲❂✯❏❑❅▼■✗❩✿❇❤❅❉❈✍❂❲■✗❈✍❇❤❇❉❈ ❨✌❈✴❍❖❈ ★✵●❦❊✯❊❚❞✲❨✌❈✍❂ ✾ ❩✓rs❩✿❍❖❈q❊P❈✍❩✿❇❤❈①❄❛❈✲❊❚❩✿❂✯❈③❅❉❍✠❬✹❁✲❂✯❅♠❁❃❍✠❏✯❈ è➈➲ ❁✸❈☛❊❚●✹❇❤❩✿❄❛❈✍❍✠❏■✗●✹❍✠❏✯❅❤❍✌❩✿❈ ★❴❁❃❂✛❂✕❁ ★✠★☛●✹❂✯❏❩◆t❇♠❁✴❄❛❈✲❊❚❩✿❂✯❈q❨✌❈❛❵☛❈ ❈✵❈❋❊P❭✹❩❖❈ ●❡❵➃rs❈✲❊❚❏✯❅❉❄ ❁❃❏✯❈✑❩✿❂✻❩✿❏❑❅❉❇❉❅♠❊P❞③❈✲❊P❏✛❇✷r➝❈✲❊P❏❑❅❉❄❣❁✲❏✯❈✍❩❖❂ ◆ ❍❖●✸✦✠❁✲❩ò☎ ➪✚➶ ó Ñ ➹ ➻➈➘ ❨✌❞❋■✗❂✯❅❤❏❇★☛❁✲❂◗❇✷rs❈✕❼✧★✿❂❑❈✲❊✯❊❚❅❉●▲❍ ✹❅❀ ✴❄✽ ■✗❅❋❊❚❨✌❈❋❊✯❊P❩❴❊❍●✵✥◆❩❧■✼✻☛❁✸★✿❅❤❏✯❂❑❈ ✴✧✳ ❍✿●✹❩☛❊◗❏✯❂❜❁■✄✗●▲❍☛❊❥❨✌❈✲❊◗■✗●▲❩✿❂❅❈☛❈✲❊◗❁ ★✠★✿❂✯● ❊■ ✻✿❞✑❈✲❊✛❨✌❈❛❇▼❁❧■✗●✹❩❖❂❅❈☛❈❛❏❅✻❖❞✍●✹❂❑❅ ✾ ❩✿❈ ❛ ➷ ➚ ➹ ➻➴➘ ❈✍❍ ❩✿❏❑❅❉❇❤❅▼❊✯❁✲❍✌❏③❨✢r➝❩✿❍✿❈✌★❴❁❃❂✯❏③❇✷r➝❈✲❊P❏❑❅❉❄❣❁✲❏✯❈✍❩✿❂ ò☎ ➪✚➶ ó Ñ ➹ ➻➈➘✼✳ ❨☎r➜❁❃❩❖❏✯❂✯❈★☛❁❃❂❑❏◆❇❤❈✻❂✯❞✲❊❚❩✿❇❉❏❜❁❃❏❥❨✌❈③■✗●▲❍✌❬✽❈✑❂✯❭✹❈✑❍☛■✗❈✻❈✍❍❣❄❛● ✦✽❈✍❍❖❍✿❈ ✾ ❩☛❁▲❨✌❂✕❁✲❏✯❅ ✾ ❩✿❈③❨✌❈ ò☎ ➪✚➶ ó Ñ ➹ ➻➈➘ ❊P❩✿❅❤❬✹❁✲❍✌❏➄➆
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Abstract

We use a new weak dependence condition from Doukhan and Louhichi (Stoch. Process. Appl. 1999, 84, 313–342) to

provide a central limit theorem for triangular arrays; this result applies for linear arrays (as in Peligrad and Utev, Ann.

Probab. 1997, 25(1), 443–456) and standard kernel density estimates under weak dependence. This extends on strong

mixing and includes non-mixing Markov processes and associated or Gaussian sequences. We use Lindeberg method

in Rio (Probab. Theory Related Fields 1996, 104, 255–282). c© 2000 Published by Elsevier Science B.V. All rights

reserved

MSC: 60E15; 60F05; 60F17; 60G10; 60G99

Keywords: Stationary sequences; Lindeberg theorem; Central limit theorem; Non-parametric estimation; s- and a-weakly

dependent

1. Introduction

We use here a new weak dependence condition from Doukhan and Louhichi (1997,1999) in order to provide

a central limit theorem (CLT in short) for triangular arrays; this result is used both for standard kernel density

estimates and for general linear combinations of weakly dependent sequences, analogously to Peligrad and

Utev (1997).

We work here under a fundamental causality assumption in order to be in position to use the Lindeberg

method for dependent sequences developed by Rio (1995,1996).

Contrarily to previous authors, Rio does not use Bernstein blocks to prove a central limit theorem. The

standard ways of proving such limit theorems for dependent random sequences are, after a decomposition into

Bernstein blocks, to make use of the standard techniques for i.i.d. sequences; Lindeberg and Stein are the two

techniques usually used (see references e.g. in Rio, 1996).
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For example, Bernstein blocks are used with Lindeberg method in Doukhan and Louhichi (1999): the results

presented in this note clearly improve on CLTs stated in this basic paper under a more general non-causal

frame.

A CLT is obtained for the kernel density estimates. The result is analogue to the one obtained for i.i.d.

or mixing samples (see Rosenblatt, 1991; Robinson, 1983). Under our frame, it has to be noticed that we

require the same assumptions here for such a CLT than to obtain minimax second order properties of the

kernel estimates (see Doukhan and Louhichi, 1997).

Finally, the linear triangular CLT requires the same assumption as to prove the standard
√
n-CLT.

We now introduce our dependence frame; it is a variation on the de�nition in Doukhan and Louhichi

(1999). Assume that, for convenient functions h and k,

Cov(h(‘past’); k(‘future’));

converge to 0 as the distance between the ‘past’ and the ‘future’ converges to in�nity. Here ‘past’ and ‘future’

refer to the values of some time series of interest. Asymptotically, this means that independence holds if we

use a determining function class.

More precisely, E being some Euclidean space Rd endowed with its Euclidean norm ‖ : ‖, we shall consider
a sequence of E-valued random variables (�n)n∈N. We de�ne L

∞ as the set of measurable and bounded

numerical functions on some space Ru and its norm is classically written ‖ • ‖∞. Moreover, let u∈N∗ be

a positive integer we endow the set F = Eu with the norm ‖(x1; : : : ; xu)‖F = ‖x1‖ + · · · + ‖xu‖. Let now
h :F = Eu → R be a numerical function on F , we set

Lip(h) = sup
x 6=y

|h(x)− h(y)|
‖x − y‖F

;

the Lipschitz modulus of h. De�ne

L=

∞⋃

u=1

{h∈ L∞(Ru;R); ‖h‖∞61; Lip(h)¡∞}: (1)

De�nition 1. The sequence (�n)n∈N is s-weakly (resp. a-weakly) dependent, if for some sequence �=(�r)r ∈N
decreasing to zero at in�nity and any (u + 2)-tuple (i1; : : : ; iu; j1; j2) with i16 · · ·6iu¡iu + r6j16j2, and

h∈ L∞ satis�es ‖h‖∞61 and k ∈L,

|Cov(h(�i1 ; : : : ; �iu); k(�j1 ; �j2))|6Lip(k)�r (2)

and, respectively, for h; k ∈L

|Cov(h(�i1 ; : : : ; �iu); k(�j1 ; �j2))|6Lip(h)Lip(k)�r : (3)

Weak dependence conditions are shown to hold in, either causal or noncausal frames in Doukhan and

Louhichi (1997a). For this, consider also v-tuples (j1; : : : ; jv) with i16 · · ·6iu¡iu + r6j16 · · ·6jv, then
such weak dependence conditions are de�ned for functions h and k de�ned on Eu and Ev, respectively, through

inequalities

|Cov(h(�i1 ; : : : ; �iu); k(�j1 ; : : : ; �jv))|6vLip(k)�r (4)

if k ∈L and ‖h‖∞61 or
|Cov(h(�i1 ; : : : ; �iu); k(�j1 ; : : : ; �jv))|6min(u; v)Lip(h)Lip(k)�r (5)

if h; k ∈L. Strong mixing de�ned by Rosenblatt (see e.g., Doukhan, 1994) is a variation of such de�nitions

(see Doukhan and Louhichi, 1999); however mixing refers to �-algebras rather than to random variables. For

completeness, we now recall some examples adapted from Doukhan and Louhichi (1999), where noncausal

cases are also considered:

❂ ❡
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De�nition 2. Let (�n)n∈ Z be a stationary sequence of real valued r.v’s and F be a measurable function de�ned

on RN. The stationary sequence (�n)n∈ Z de�ned by �n = F(�n; �n−1; �n−2; : : :) is called a causal Bernoulli

shift. We denote (�k)k ∈N any nonnegative sequence such that

E|F(�0; �−1; �−2; : : :)− F(�0; : : : ; �−r ; 0; 0; : : :)|6�r :

Causal shifts with i.i.d. innovations (�k)k ∈Z satisfy (4) with �r = 2�r (see Rio, 1996). Examples of such

situations follow:

• The example of the nonmixing stationary Markov chain with i.i.d. Binomial innovations (�t)t∈Z; �n =
(�n−1 + �n)=2 satis�es �r = O(2

−r); its marginal distribution is uniform on [0; 1].

• The real-valued functional autoregressive model �t = r(�t−1)+ �t ; r :R→ R. If |r(u)− r(u′)|6c|u− u′| for
some 06c¡ 1 and for all u; u′ ∈R, and if the i.i.d. innovation process (�t)t ∈ Z satis�es E‖�0‖¡∞, then
s-dependence holds with �r = �r = Cc

r for some constant C¿ 0.

• Chaotic expansions associated with the discrete chaos generated by the sequence (�t)t ∈ Z. In a condensed
formulation we write, F(x) =

∑∞
k=0 Fk(x); x∈R

N for

Fk(x) =

∞
∑

j1=0

∞
∑

j2=0

· · ·
∞
∑

jk=0

a
(k)
j1 ;:::; jk

xj1xj2 : : : xjk ; k¿1;

where Fk(x) denotes the kth-order chaos contribution and F0(x)=a
(0)
0 is only a centering constant. In short

we write in the vectorial notation, Fk(x)=
∑

j ∈Nk a
(k)
j xj. Processes associated with a �nite number of chaos

(i.e. Fk ≡ 0 if k ¿k0 for some k0 ∈N) are also called Volterra processes. A simple and general condition for
L
1-convergence of this expansion, still written in a condensed notation, is

∑∞
k=0{

∑

j ∈Nk |a
(k)
j |E|�0|

k}¡∞.
This condition allows to de�ne the distribution of such shift processes. A suitable bound for �r is then

�r =

∞
∑

k=0







∑

j ∈Nk ; ‖j‖∞¿r

∣

∣

∣
a
(k)
j

∣

∣

∣
E|�0|

k







¡∞:

• For example, linear processes �n =
∑∞

k=0 ak�n−k which include ARMA models are those with Fk(x) ≡ 0

for all k ¿ 1. A �rst choice is �r = E|�0|
∑

k¿r |ak | for the linear process with i.i.d. innovations such that
E|�0|¡∞.
For centered and L2 innovations, another choice is �r =

√

E|�0|2
∑

k¿r |ak |
2.

• The simple bilinear process with the recurrence equation �t = a�t−1 + b�t−1�t−1 + �t . Such processes are
associated with the chaotic representation in

F(x) =

∞
∑

j=1

xj

j−1
∏

s=0

(a+ bxs); x∈RZ:

If c = E|a+ b�0|¡ 1 then �r = �r = c
r(r + 1)=(c − 1) has a geometric decay rate.

De�nition 3 (Esary et al., 1967). The sequence (�n)n∈ Z is associated if for all coordinatewise increasing

real-valued functions h and k on RA (A⊂Z), Cov(h(�A); k(�A))¿0, if E[h
2(�A) + k

2(�A)]¡∞.

Associated sequences satisfy (5) with �r=supt ∈ Z
∑

k¿r |Cov(�t ; �t+k)|. Absolute values are useless here, but
Gaussian sequences also satisfy this condition with them. Hence combinations of such independent processes

yield examples of weak dependent sequences which are neither Gaussian nor associated.

The paper is organized as follows. Our main results are stated with their applications in Section 2, and

Section 3 is devoted to prove the main results.

❂☎❂
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2. Main results

This paper is concerned with triangular arrays (Xn; k)k=1;:::; kn for n = 1; 2; : : : de�ned through an E-valued

weakly dependent sequence (�n)n∈N by numerical Lipschitz functions gn; k de�ned on E for k =1; : : : ; kn and

n= 1; 2; : : : , we assume that the sequence of integers kn increases to in�nity with n. We set

Xn; k = gn; k(�k) and Sn = Xn;1 + · · ·+ Xn; kn :

We assume in the following that EXn; k = 0. Now let Sk;n = Xn;1 + · · ·+ Xn; k for 16k6kn, we also suppose
that the exist constants �; �¿ 0 such that

lim
n→∞

Var Sn = �
2¿ 0 and vk;n =Var Sk;n − Var Sk−1; n¿

�

n
; (6)

for each k ∈{1; : : : ; kn} and for any integer n.
We shall also set

�n = sup
16k6kn

Lip(gk;n); Mn = sup
16k6kn

‖gk;n‖∞;

�n = sup
16k6kn

E|Xk;n| and �n = sup
16k 6=l6kn

E|Xk;nXl;n|:
(7)

We are now in a position to state the two main results of this paper.

Theorem 1. Assume that the E-valued sequence satis�es the s-weak dependence condition and the triangular

array (Xn; k)16k6kn de�ned as before satis�es assumption (6); then if

(knMn + k
2=3
n )Mn�n → 0; knMn

kn∑

p=1

min(�n�p; �n)→ 0; kn

kn∑

p=1

min(Mn�n�p; �n)→ 0;

as n→ ∞; we obtain

Sn →n→∞ N(0; �2) in distribution:

Theorem 2. Assume that the E-valued sequence satis�es the a-weak dependence condition and the triangular

array (Xn; k)16k6kn de�ned as before satis�es assumption (6); then if

(knMn + k
2=3
n )Mn�n → 0; knMn

kn∑

p=1

min(�2n�p; �n)→ 0; kn

kn∑

p=1

min(�2n�p; �n)→ 0;

as n→ ∞; we obtain

Sn →n→∞ N(0; �2) in distribution:

Applications of those results given in Section 3 will prove that they lead to real improvement of previous

results. They also lead to completely new results extending e.g. in Peligrad and Utev (1997).

2.1. Linear triangular arrays

The random variables �k are supposed to be uniformly bounded, real valued and centered at expectation

and here

gn; k(x) = an; kx;

hence setting bn = sup16k6kn |an; k | we obtain, �n6Cbn; Mn6Cbn; �n6Cbn; �n6Cb
2
n, for some constant

C¿ 0. We deduce the following result:

❂ �
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Corollary 1. Assume that the R-valued sequence satis�es either the s-weak dependence condition or the

a-weak dependence condition and assumptions (6). If moreover; knb
2
n → 0; as n → ∞ and

∑

∞

p=1 �p¡∞
then

Sn → N(0; �2) in distribution; as n→ ∞:

Notice �rst that as in Peligrad and Utev (1997), we need bn → 0. Moreover, those authors also assume the

�rst condition in (6); the second one is however not always satis�ed (as for the example of regression with

a �xed design described without proof in the latter paper).

The proof also yields the (standard) CLT n−1=2
∑n

1 �k → N(0; �2) for a stationary and bounded weakly

dependent sequence with �2¿ 0 and
∑

∞

p=0 �p¡∞.

2.2. Density estimation

Let u be some numerical function with integral 1, Lipschitzian and rapidly convergent to 0 at in�nity, for

simplicity, we assume here that it is compactly supported; one classically (see e.g. Rosenblatt, 1991) de�nes

kernel density estimates for the marginal density of the process (�n) by setting for some �xed sequence (hn)

of positive real numbers such that h→ 0 (for clarity we write h instead hn) and nh→ 0 as n→ ∞,

f̂(x) = fn; hn(x) with fn; h(x) =
1

nh

n
∑

k=1

u

(

x − �k
h

)

:

We assume from now on, that the marginal density of Xn exists and we denote it f. The study of the bias of

this estimate is purely analytical and does not depend on the dependence properties of the sequence (�n) as

it is noticed in Rosenblatt (1991). We thus restrict our attention to the centered estimation process, written as

Zn(x) :=Zn; hn(x) =
√

nhn(f̂(x)− Ef̂(x)):
Let x1; : : : ; xl ∈R, if one wants to know the asymptotic behaviour in distribution of the vector (Zn(x1); : : : ;

Zn(xl)), it is su�cient to use the previous theorems with kn = n and, Xn; k = (1=
√
nh)

∑l
j=1 sju(�k − xj=h), for

arbitrary numbers s1; : : : ; sl ∈R, to see that this example enters the frame of a general triangular array.

Corollary 2. Assume that the previous s-weak dependence (resp. a-) condition holds for the stationary

sequence (�n)n∈N with for some positive a¡ 1
3
(resp. a¡ 1

4
)
∑

∞

p=1 �
a
p¡∞; then the �nite-dimensional

marginals (Yn(x1); : : : ; Yn(xl)); of the process Yn(x) ≡ Zn(x)=
√

f(x)
∫

∞

−∞
u2(t) dt converge in distribution to

an N(0; Il) random variable if we assume moreover that f(x1) 6= 0; : : : ; f(xl) 6= 0; that �0’s marginal admits
a continuous marginal density f and the marginal densities fk(x; y) of the bivariate random variables (�0; �k)

exist for any k ¿ 0 and satisfy supk¿0 sup(x;y)∈R2fk(x; y)¡∞.

Remarks

• These conditions hold, respectively, if �r = O(r−a) for some a¿ 3 (resp. a¿ 4).

• This result improves on a previous result in Doukhan and Louhichi (1997) (see also Isha and Prakasa,
1995 or Chanda and Ruymgart, 1990), e.g. under association we need Cov(�0; �r)=O(r−a) for a¿ 5 while

the previous result was obtained assuming a¿ 12 and for causal shifts it was needed that �r = O(r−a) for

some a¿max{9; 3
2
(1 + �−1)} if h ∼ n−�. In both cases, the result seems to be new.

• For strongly mixing sequences, the condition �n=O(n−a) for a¿ 1 ensures this CLT as proved by Robinson

(1983) (and also Ango Nze and Doukhan, 1996); this assumptions is of a di�erent nature, e.g. linear

processes satisfy the mixing conditions (under additional regularity conditions; see Doukhan, 1994, Chapter

2.3) the decay rate of the coe�cients are there more restrictive.

❂☎✴
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Up to constants, we obtain �n = 1=(h
√
nh); Mn = �nh; �n = h=n; and �n = h=

√
nh. Conditions (6) follow

by standard arguments from assumptions on marginal densities and from
∑

∞

p=0 �
a
p¡∞ for 3a¡ 1 (resp. for

4a¡ 1) (see e.g. Doukhan and Louhichi, 1997 or Ango Nze and Doukhan, 1996). We now split the proof

in the cases considered.

2.2.1. s-dependence

Now nM 2
n �n + n

2=3Mn�n = 1=(
√
nh) + (4h1=3=(nh)1=3), so that we just need nh→n→∞ ∞. Let a∈ ]0; 1];

nMn

∞
∑

p=1

min(�n�p; �n)6

∞
∑

p=1

(

�p

h2

)a
(

√

h

n

)1−a

=
1

(nh)(1−a)=2
h1−3a

∞
∑

p=1

�ap :

We need that for some a6 1
3
;
∑

∞

p=1 �
a
p¡∞:

n
∑

min(�n; Mn�n�p)6

∞
∑

p=1

min

(

h;
n�p

nh2

)

6

∞
∑

p=1

�aph
−2ah1−3a:

If for some 0¡a¡ 1
3
;
∑

∞

p=1 �
a
p¡∞, the previous expression tends to 0 when n→ ∞.

2.2.2. a-dependence

Now, nM 2
n �n = 1=

√
nh→ 0 as n→ ∞. We also consider

nMn

∞
∑

p=1

min(�2n�p; �n) =

∞
∑

p=1

min

(

√

h

n
;

�p

n1=2h7=2

)

6
1√
nh
h1−4a

∞
∑

p=1

�ap for a∈ ]0; 1]:

So we need that there exists a6 1
4
with

∑

∞

p=1 �
a
p¡∞:

n

∞
∑

p=1

min(�2n�p; �n) =
√
nh

∞
∑

p=1

min

(

√

h

n
;

�p

n1=2h7=2

)

6h1−4a
∞
∑

p=1

�ap :

If there is some positive a¡ 1
4
with

∑

∞

p=1 �
a
p¡∞, we conclude the proof.

3. Proofs

3.1. Proof of Theorem 1

The proof is a variation of Lindeberg method after Rio (1995). Consider a bounded thrice di�erentiable

function h :R→ R with continuous and bounded derivatives. Set Cj=‖h( j)‖∞, for j=0; 1; 2; 3. Also consider
�2n=Var Sn. Set, for some standard Gaussian r.v. �; �n(h)=E(h(Sn)−h(�n�)). The theorem will follow from

assumptions (6), if we prove that

lim
n→∞

�n(h) = 0:

Recall that vk;n¿ 0 for each k and set Yn; k ∼ N(0; vn; k). The sequence (Yn; k)16k6kn ; n¿1 is assumed to be

independent and independent of the sequence (�k)k ∈N, and set, if 16k6kn; Tk;n =
∑kn

j=k+1 Yn; j, empty sums

are, as usual, set equal to 0. We are in position to use Rio’s decomposition

�n(h) =

kn
∑

k=2

�k;n(h) (8)

with �k;n(h) = E(h(Sk−1; n + Xn; k + Tk;n)− h(Sk−1; n + Yn; k + Tk;n)):

❂✁�
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The function x → hk;n(x) = E h(x+ Tk;n) has the same derivability properties as h, e.g. for 06j63; ‖h( j)k;n‖
6Cj; now, from independence of the Gaussian r.v. Tk;n and the process (�n)n∈N, we write �k;n(h)=�

(1)

k;n(h)−
�
(2)

k;n(h); with

�
(1)

k;n(h) = E hk;n(Sk−1; n + Xn;k)− E hk;n(Sk−1; n)−
vk;n

2
E h′′k;n(Sk−1; n);

�
(2)

k;n(h) = E hk;n(Sk−1; n + Yn;k)− E hk;n(Sk−1; n)−
vk;n

2
E h′′k;n(Sk−1; n):

Bound of �
(2)

k;n(h). Using Taylor expansion yields for some random variable valued �n; k ∈ (0; 1):
�
(2)

k;n(h)=E h
′

k;n(Sk−1; n)Yn; k+
1
2
E h′′k;n(Sk−1; n)(Y

2
n; k−vn; k)+ 1

6
E h

(3)

k;n(Sk−1; n+�n; kYn; k)Y
3
n; k . From the independence

of the Gaussian sequence, |�(2)k;n(h)|6(C3=6)E|Yn; k |3, hence |�(2)k;n(h)|6(2C3v
3=2
k;n =3

√
2�). Now vk;n=Var Xn; k +

2
∑k−1

j=1 Cov (Xn; j ; Xn; k), hence vk;n6Mn�n + 2
∑kn−1

j=1 min(�nMn�j ; �n). We thus need

k2=3n



Mn�n + 2

k−1
∑

j=1

min(�nMn�j ; �n)



 →n→∞ 0: (9)

Bound of �
(1)

k;n(h). Set �
(1)

k;n(h) = E�
(1)

k;n(h) we write, again with some random �k;n ∈ (0; 1), �(1)k;n(h) =
h′k;n(Sk−1; n)Xn; k +

1
2
h′′k;n(Sk−1; n)(X

2
n; k − vn; k) + 1

6
(h
(3)

k;n(Sk−1; n + �n; kXn; k)X
3
n; k). We analyze separately the term

in the previous expression

1

6
|E h(3)k;n(Sk−1; n + �n; kXn; k)X 3n; k |6

C3

6
M 2
n �n: (10)

To estimate the median term, we write Cov(h′′k;n(Sk−1; n); X
2
n; k) =

∑k−1
j=1 Cov ((h

′′

k;n(Sj;n) − h′′k;n(Sj−1; n); X
2
n; k),

hence

|Cov(h′′k;n(Sk−1; n); X 2n; k)|6max(2C2; C3)Mn
k−1
∑

j=1

min(�n�j ; �n): (11)

|Cov(h′k;n(Si; n)− h′k;n(Si−1; n); Xn; k)|6Cmin(Mn�n�k−i ; �n) (12)

and

|Eh′′k;n(Sk−1; n)EXn; iXn; k |6Cmin(Mn�n�k−i ; �n): (13)

Adding (12) and (13) and summing up the expression for all i we get
∣

∣

∣

∣

∣

E h′k;n(Sk−1; n)Xn; k − E h′′k;n(Sk−1; n)
k−1
∑

i=1

EXn; iXn; k

∣

∣

∣

∣

∣

6C

k−1
∑

p=1

min(Mn�n�p; �n): (14)

We add Eqs. (10), (11) and (14) to obtain

|�(1)k;n(h)|6max(2C2; C3)
[

M 2
n �n +Mn

k−1
∑

p=1

min(�n�p; �n) +
∑

min(Mn�n�p; �n)

]

: (15)

Now we sum for all k to conclude
∣

∣

∣

∣

∣

kn
∑

k=2

�
(1)

k;n(h)

∣

∣

∣

∣

∣

6C

[

knM
2
n �n + knMn

∞
∑

p=1

min(�n�p; �n) + kn

∞
∑

p=1

min(Mn�n�p; �n)

]

: (16)
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3.2. Proof of Theorem 2

Only replace, respectively, Eqs. (11)–(14) by

|Cov(h′′k;n(Sk−1; n); X
2
n; k)|6CMn

k−1
∑

j=1

min(�2n�j ; �n);

|Cov(h′k;n(Si; n)− h
′

k;n(Si−1; n); Xn; k)|6Cmin(�n; �
2
n�k−i);

|E h′′k;n(Sk−1; n)EXn; iXn; k |6Cmin(�n; �
2
n�k−i)

and
∣

∣

∣

∣

∣

E h′k;n(Sk−1; n)Xn; k − E h
′′

k;n(Sk−1; n)

k−1
∑

i=1

EXn; iXn; k

∣

∣

∣

∣

∣

6C

k−1
∑

p=1

min(�2n�k−i ; �n):

Then we replace (15) by

|�(1)k;n(h)|6C

[

M 2
n �n +Mn

k−1
∑

p=1

min(�2n�p; �n) +

k−1
∑

p=1

min(�2n�p; �n)

]

:

Finally we replace (16) by
∣

∣

∣

∣

∣

kn
∑

k=2

�
(1)
k;n(h)

∣

∣

∣

∣

∣

6CknM
2
n �n + knMn

∞
∑

p=1

min(�2n�p; �n) +

∞
∑

p=1

min(�2n�p; �n):
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➹❥➆✹❿✯➒❧➃❇❾✙➡✍➁❖➡✵➋●➇❱➧t➋★➋➍❾➀❾➀➋➍➆▲❿➀➃➘➁❖➓➅➓➅➈❂➯■➃➅➴■➋➟➁✢↔▲➎❧➆❧➏➍❿➀➃➅➄■➆✍➁❖➓⑩↕t➋➍➆▲❿✜➇➀➁➂➓➂➛➜➃➝➔→➃❇❿★➞t➒❧➋➍➄⑩➇➢➋●➔➬➷❥➞t➒❧➋➍➄⑩➇➢➋●➔P➮❽➱❧✃❥➄⑩➇✚❿✯➒❧➋➟➋●➔☛➡❧➃➘➇➉➃➅➏●➁❖➓➡✍➇➢➄⑩➏➍➋➍❾➀❾t➄❖✃✙❾➀❿✜➁❖❿➀➃➅➄■➆✍➁➥➇➉➈☛➧❦➋●➁➥➦■➓➅➈➣➲❧➋➍➡✵➋➍➆❧➲❧➋➍➆⑩❿✪❾✯➋➍➌⑩➎❧➋➍➆❧➏➍➋➍❾✪➧❐➒❧➃❇➏✌➒✈➃➝➔→➡✍➇➉➄❖➴■➋➍❾t➄■➆❒➇➢➋➍❾➀➎❧➓➅❿➀❾✪➃➅➆✭❮✢➄■➎✍➦➥➒✍➁❖➆✾❰✽➛✚➄■➎❧➒❧➃➅➏✌➒❧➃ÏÑÐ ➮✯Ò➭➸✍Ó✢➎✍➇❐➲❧➋➍➡✍➋➍➆❧➲❧➋➍➆❧➏➍➋☛✃❜➇➀➁■➔☛➋❂➃➅❾❂➲❧➋➍❾➀➏●➇➢➃❇➵✵➋➍➲❊➃❇➆❊❾➀➋➍➏➍❿✯➃❇➄➥➆Ô➮■➸➘➮➥➸Õ➞✓➒❧➋✗➔➣➁❖➃➅➆❊❾➀❿➀➋➍➡❧❾❐❿➀➄✾➄➥➵❧❿✜➁❖➃➅➆✭➄■➎✍➇✓❿➀➒❧➋➍➄⑩➇➉➋●➔Ö➁➥➇➉➋✗➁➆❧➋➍➧✳➔☛➄⑩➔☛➋➍➆▲❿➟➃➅➆❧➋➍➌▲➎✍➁❖➓➅➃❇❿➉➈Ô➷❥➛➜➋●➔➣➔➣➁☛×■➱t➁❖➆❧➲✭➁➣↕t➋➍➆▲❿✜➇➀➁➂➓✩➛✚➃➘➔☛➃➅❿✴➞t➒❧➋➍➄▲➇➉➋●➔Ø➷❥↕✪➛▲➞✪➱❂➷❥➞t➒❧➋➍➄⑩➇➉➋●➔ Ð ➱q➸➤➠➄⑩➔☛➋➍➆▲❿☛➃➅➆❧➋➍➌⑩➎✍➁❖➓➅➃➅❿➀➃➅➋➍❾➠➎❧➆❧➲❧➋●➇☛➃➅➆❧➲❧➋➍➡✍➋➍➆❧➲❧➋➍➆❧➏➍➋❊➒✍➁❽➴■➋➠➁❖➓➘➇➉➋●➁❖➲❧➈➊➵✵➋➍➋➍➆Ù❾➀❿✯➎❧➲❧➃❇➋➍➲❱➸❚Ú➪➋❊➇➉➋➍➏●➁❖➓➅➓t➒❧➋●➇➉➋✭➑t➄■❾✯➋➍➆⑩❿➀➒✍➁➂➓➃➅➆❧➋➍➌▲➎✍➁❖➓➅➃➅❿➭➈✚Û Ü✗ÝßÞ✚à✩Ý á✢â✞ã á❡ä★åçæ➟è■é Þ✚à❧ê➉á ✒➀ë❣ì✞í Ü➣Ý î❝ïqÝ á❖ð☛ñ ➷➉➮❽➱
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✱ å❈❇ ï ñ❽ô●ô●ô➉ñ ❇ ❆ ê❉✱✔❊❊ò❋✱ ❇ ï●✱ ì✷ù●ù❽ù✜ì ✱ ❇ ❆ ✱➂➸✍➛✚➋➍❿✪➆❧➄❖➧■❍❑❏▲❄✷ò■✭ ❆✯▼ ✮✷➵✍➋✗➁→➆⑩➎✍➔☛➋●➇➢➃❇➏●➁➂➓✍✃❥➎❧➆❧➏➍❿➀➃➅➄■➆➠➄■➆❑❄☛➐ ➧❦➋✢❾➀➋➍❿
◆✖❖◗P å ❍✍ê★ò❙❘❯❚❱P

❲❨❳❩❭❬
Ý❪❍ å❈❇ ê ✼❀❍ å❴❫ ê●Ý✱ ❇ ✼ ❫ ✱ ❊❿➀➒❧➋❂➛✚➃➅➡❧❾➀➏✜➒❧➃➅❿➀➨☛➔☛➄▲➲❧➎❧➓❇➎❧❾✢➄❖✃❵❍♦➸✍❮✢➋✌÷✍➆❧➋❂❛✞ò■❜ ✸❆ ❩ ï❞❝ ❍✕þ❑✶ ✸ å ✭ ❆ ñ❡✮✹ê❞❢✆◆✖❖◗P å ❍✵ê✹❣ ✂✐❤ ô

❥✈⑧▲❦✎❧☛♠✲♥❞♠ ❷❭❧♣♦
q ✏✓✒ ✭ ✒✔r❞s ✒✝✔✗✙✵✒ å î à ê à▲✳✄✵ ✧ ✭✯t✰✼❂✉ ✒✵✥✇✈✮✤ ★ ✫✰✒✲✱✳✒✪✔✗✫✰✒✝✔ ✎❂①❴②④③✩⑤④⑥ ✧ ⑦✹⑦✪✖✢✜ ✭✝✖✄⑧ ✒ ✭ ✒❯r●s✓✒✪✔✗✙✛✒⑩⑨✈ò å ⑨ á ê á ✳✁✵ ✫✰✒✵✙✝✜✣✒✛✥✮✭✛✧ ✔▲❶
✎ ✖❸❷ ✒✝✜✣✖ ✥✘✎ ✧✑✔✔❹ ✔ ✧ ✎✁★✇❺✆⑦✷✖✘✜ ✥✘✔ ★❻s✴❼✲✎❈s✪✱❈✤✦✒ å❈❽ ï●ñ❽ô●ô❽ô➭ñ ❽ ❆ ê➍ñ❭❁✥þ❾✽ ✿ ñ ✥✘✔✗✫❿⑦✪✖✘✜ ✥✘✔ ★❻➀●❼✲✎❈s✪✱❈✤✦✒ å➂➁ ï ñ❽ô●ô❽ô➀ñ ➁✇➃ ê➍ñ❭➄❊þ❾✽ ✿ ñ➅✉ ✧ ✎✑✏
❽ ï â ù❽ù●ù â ❽ ❆ â ❽ ❆ ì ý✹â ➁ ï â ù●ù❽ù â ➁ ➃ ❺ ✥✘✔✗✫⑩❍✕þ❑✶ ✸ ❺➇➆➠þ✩❛✚❺Ý❪➈✹➉✄➊ å ❍ å î❸➋✲➌➍ñ●ô❽ô●ô➀ñßî➍➋◗➎●ê➍ñ➏➆ å î✧➐➑➌➍ñ●ô❽ô●ô➀ñßî✧➐❴➒➍ê✯ê❱Ý▲â✐➄✾Ý➘Ý❡❍❣Ý➘Ý ✸ ◆✖❖◗P å ➆❧ê✎⑨ á ô ➷ Ð ➱
✘✚✙✏➓ ➔➣→✯✣✚↔↕★✧➙❯✢✎➛

❅✑➋✌✃ç➄▲➇➉➋✴❾✯❿✜➁❖❿➀➃➅➆❧➯☛➄■➎✍➇t➇➉➋➍❾➀➎❧➓➅❿➀❾●➐▲➧t➋❂➯■➃➅➴■➋❂➋✝✆❧➁■➔☛➡❧➓➅➋➍❾✪➄❖✃✪➷❥Þ④➜➞➝✾➱✑❾➀➋➍➌▲➎❧➋➍➆❧➏➍➋➍❾✪➃➅➆✭❿✯➒❧➃❇❾❐❾➀➋➍➏➍❿➀➃➅➄■➆❱➸
❥✈⑧▲❦✎❧☛♠✲♥❞♠ ❷❭❧❙➟
➠ ✒✪✎ å❈➡ à ê à✴✳✁➢❀➤ ✒ ✥ ✭✛✎ ✥✘✎✁✧✁✖✘✔✗✥✘✜✵★ ✭ ✒✔r❞s ✒✝✔✗✙✵✒ ✖➑⑦ ✜ ✒✵✥✘✤➥➀✮✥✘✤➂s ✒✛✫ ✜✣✥✘✔✗✫✴✖✄⑧➦➀✮✥✢✜✛✧✁✥ ➤ ✤✦✒ ✭ ✥✘✔✗✫⑩❄ ➤ ✒ ✥❸⑧ ✒✛✥✮✭❯s✡✜✣✥ ➤ ✤✦✒✌⑦✡s ✔✗✙✝✎✁✧✁✖✘✔
✫✰✒✓❹ ✔✗✒✵✫✚✖✘✔✾✮ ✵ ✶✧q ✏✓✒✩✭✵✎ ✥✘✎✁✧☛✖✢✔✗✥✘✜✛★✾✭ ✒❯r●s✓✒✪✔✗✙✛✒ å î à ê à✴✳✁➢ ✫✰✒✓❹ ✔✗✒✵✫ ➤ ★✈î à ò↕❄ å❈➡ à ñ ➡ à▲➧✚ï ñ ➡ à✴➧ ë ñ●ô❽ô●ô ê ✧✦✭ ✙✛✥✘✤✑✤✦✒✛✫ ✥
✙✛✥➨s✰✭ ✥✢✤❭➩✯✒✪✜✛✔✗✖✄s ✤✑✤ ✧ ✭ ✏✡✧ ⑦✝✎ ✶Ú❊➋❂➲❧➋➍➆❧➄■❿➀➋ å ⑨ á ê á ✳✄✵ ➁❖➆▲➈✾➆❧➄■➆❧➆❧➋➍➯▲➁❖❿➀➃➅➴■➋❂➁❖➆❧➲➠➆❧➄■➆✈➃❇➆❧➏●➇➢➋●➁❖❾➀➃➅➆❧➯✾❾✯➋➍➌⑩➎❧➋➍➆❧➏➍➋❂❾➀➎❧➏✌➒➠❿➀➒✍➁❖❿

Ü✗Ý❪❄ å❴➡ ú❺ñ ➡ ➧✚ï ñ ➡ ➧ ë ñ❽ô●ô❽ô ê ✼➫❄ å❈➡ ú■ñ❽ô●ô●ô✯ñ ➡ ➧ á ñ û❧ñÑû❧ñ●ô❽ô●ô ê●Ý▲â✐⑨ á ô↕✪➁❖➎❧❾✌➁❖➓✍❾➀➒❧➃Ñ✃❥❿➀❾t➧✪➃➅❿➀➒✈➃❇➆❧➲❧➋➍➡✵➋➍➆❧➲❧➋➍➆⑩❿✢➃➅➲❧➋➍➆⑩❿✯➃❇➏●➁➂➓❇➓➅➈➠➲❧➃➅❾➀❿✜➇➢➃❇➵❧➎❧❿✯➋➍➲ ➷ ➃❥➸õ➃❥➸õ➲❱➸Ñ➱➟➃➅➆❧➆❧➄❖➴❺➁➂❿➀➃➅➄■➆❧❾ å❈➡▲➭ ê ➭ ✳✄➢ ❾✜➁❖❿✯➃❇❾➢✃ç➈➪➷ Ð ➱★➧✪➃➅❿➀➒⑨ á ➷ ❾➀➋➍➋✹❮✢➄■➎✍➦➥➒✍➁❖➆➠❰✽➛✚➄■➎❧➒❧➃➅➏✌➒❧➃ç➐♦➮✷❃✰❃✰❃■➱q➸❀ ✆❧➁■➔☛➡❧➓➅➋➍❾t➄❖✃★❾➀➎❧➏✌➒➠❾➀➃➅❿➀➎✍➁❖❿➀➃➅➄■➆❧❾✑✃❥➄■➓➅➓❇➄❖➧✹Û
➯ ➞t➒❧➋✹➇➢➋●➁❖➓Ñ➩❜➴❺➁❖➓➅➎❧➋➍➲➠✃❥➎❧➆❧➏➍❿➀➃➅➄■➆✍➁❖➓❱➁❖➎❧❿✯➄⑩➇➉➋➍➯⑩➇➉➋➍❾✯❾➀➃➅➴■➋✴➔☛➄▲➲❧➋➍➓❥Û➹ç✃➳➲❅❏✼✮ ▼ ✮✳➃❇❾❂❾✯➎❧➏✜➒✕❿➀➒✍➁❖❿✗Ý ➲ å ❁✍ê ✼➫➲ å ❁❱➵➘ê●Ý â■➸■Ý❪❁ ✼❃❁❱➵❜Ý➥✃❥➄⑩➇t❾➀➄⑩➔→➋✹û✾â■➸⑩❣❅➺✹➁❖➆❧➲❝✃ç➄▲➇✪➁❖➓➅➓❵❁♦ñ❱❁❱➵❣þ➻✮✾ñ➁❖➆❧➲➠➃Ñ✃ å❈➡ à ê à▲✳✄➢ ➃➅❾✢❾➀➄⑩➔☛➋✢➃❥➸õ➃❥➸õ➲✭➃➅➆❧➆❧➄❖➴❺➁❖❿✯➃❇➄➥➆➠➡✍➇➉➄⑩➏➍➋➍❾✯❾❦❾✌➁❖❿➀➃➅❾➉✃❥➈⑩➃➅➆❧➯➣Ü✗Ý ➡ ú➂Ý➼❣ ✂ ñ å î à ê à▲✳✄✵ ➲❧➋✌÷✍➆❧➋➍➲✭➵▲➈î✣à✹ò❙➲ å î➣à✴➧✚ï✜ê ì ➡ à ➷❥×➥➱
➃➅❾❂t✰✼t➧t➋●➁■➦➥➓❇➈✈➲❧➋➍➡✍➋➍➆❧➲❧➋➍➆▲❿✪➧✪➃➅❿➀➒❑⑨ á ò✧ã✫➸ á ✃ç➄▲➇➟❾✯➄⑩➔☛➋✢➏➍➄■➆❧❾➀❿✜➁❖➆▲❿➟ã➾➽Ùû❧➸

�➪➚



�✂✁☎✄✄�✄✂✯✆✟✞✡✠ ☛✆☎ ✞✝☎✟✞✪✠ ✎✑✠✡✠☛✞☞✂✝✒ ✓✗✠ �✆�✄✠✎✍✁✞✏☎✏�✁✠✖✠☎✠✟✓ ✂ ✞ ✣✒☎✓✂✔☎ ✬✖✕ ✠

➯ ➞t➒❧➋t➆❧➄■➆✈➔☛➃ ✆⑩➃➅➆❧➯✹❾✯❿✜➁❖❿➀➃➅➄■➆✍➁■➇➢➈➙➤✕➁■➇➀➦❖➄❖➴❂➏✌➒✍➁❖➃➅➆➣➧✪➃➅❿➀➒➣➃❥➸õ➃❥➸õ➲❱➸✰❅✑➋●➇➉➆❧➄■➎❧➓➅➓➅➃✍➃➅➆❧➆❧➄❖➴❺➁➂❿➀➃➅➄■➆❧❾✴➷✁� å❈➡ ú✪ò❵û➥ê★ò✂� å❈➡ ú✪ò➺●êtò➾➺☎✄✴�■➱tî à ò å î à✴➧✚ï ì ➡ à ê✆✄✰�☛➃➅❾✯t✴✼t➧❦➋●➁➥➦■➓➅➈➠➲❧➋➍➡✍➋➍➆❧➲❧➋➍➆▲❿✢➧✪➃➅❿➀➒✷⑨ á ò✞✝ å � ➧ á ê✠✟✵➃❇❿✯❾➙➔➣➁➥➇➉➯■➃➅➆✍➁❖➓✚➲❧➃➅❾➀❿✜➇➉➃Ñ➩➵❧➎❧❿➀➃➅➄■➆➠➃➅❾✢➎❧➆❧➃Ñ✃ç➄⑩➇✯➔➬➄➥➆ ✄ û❧ñ◗➺✌ÿ➉➸
➯ ↕t➒✍➁➂➄■❿➀➃➅➏✴➋✝✆▲➡✍➁❖➆❧❾➀➃➅➄■➆❧❾✢➁❖❾➀❾➀➄▲➏➍➃➘➁❖❿➀➋➍➲✈➧✪➃➅❿➀➒➠❿➀➒❧➋❂➲❧➃➅❾➀➏●➇➉➋➍❿➀➋❂➏✌➒✍➁❖➄■❾t➯■➋➍➆❧➋●➇✯➁❖❿➀➋➍➲✈➵⑩➈✈❿➀➒❧➋❂❾➀➋➍➌▲➎❧➋➍➆❧➏➍➋ å❈➡☛✡ ê ✡ ✳✄➢ Û➹ ➆➪➁❄➏➍➄■➆❧➲❧➋➍➆❧❾➀➋➍➲✈✃❥➄⑩➇➀➔❄➎❧➓➘➁❖❿➀➃➅➄■➆✈➧t➋✴➧✴➇➢➃❇❿✯➋■➐❭❄ å❈❇ ê★ò✌☞ ✸➭ ❩ ú ❄ ➭❧å❈❇ êqñ ❇ þ❻✮ ✵ ✃❥➄⑩➇

❄ ➭❧å❈❇ ê✙ò ✸✍
➐✟➌ ❩ ú

✸✍
➐✁✎ ❩ ú ô●ô●ô

✸✍
➐✑✏ ❩ ú✓✒✕✔ ➭✗✖➐➑➌✆✘✚✙✚✙✚✙ ✘ ➐✛✏ ❇ ➐✟➌ ❇ ➐✁✎

ù●ù❽ù
❇ ➐✑✏➥ñ❭➆✢✜■➺

➧✪➒❧➋●➇➢➋ ❄ ➭❧å❈❇ ê❂➲❧➋➍➆❧➄■❿✯➋➍❾✹❿➀➒❧➋❻➆➥➩❜❿➀➒➊➄⑩➇➢➲❧➋●➇❂➏✌➒✍➁❖➄■❾✹➏➍➄➥➆⑩❿✜➇➢➃❇➵❧➎❧❿✯➃❇➄➥➆Ô➁❖➆❧➲❾❄❱ú å❈❇ ê✹ò ✒✣✔ ú ✖ú ➃➅❾✗➄➥➆❧➓❇➈✥➁✭➏➍➋➍➆▲❿➀➋●➇➉➃➅➆❧➯➏➍➄■➆❧❾✯❿✜➁❖➆▲❿●➸✜➹ ➆✹❾➀➒❧➄⑩➇➢❿✩➧t➋✙➧✴➇➉➃➅❿➀➋★➃➅➆✹❿✯➒❧➋★➴■➋➍➏➍❿➀➄⑩➇➉➃➘➁❖➓❖➆❧➄■❿✌➁❖❿➀➃➅➄■➆❱➐❯❄ ➭❧å❈❇ ê★ò ☞ ➐ ✳✄✵ ✏ ✒ ✔ ➭✤✖➐ ❇ ➐❺➸✦✥➟➇➉➄▲➏➍➋➍❾➀❾➀➋➍❾❱➁❖❾➀❾✯➄⑩➏➍➃➘➁❖❿➀➋➍➲➧✪➃➅❿➀➒➊➁→÷✍➆❧➃➅❿➀➋☛➆⑩➎✍➔❄➵✍➋●➇❐➄❖✃➟➏✌➒✍➁❖➄■❾➣➷ ➃❥➸õ➋■➸✖❄ ➭★✧ û✣➃Ñ✃ ➆✾➽ ➆➥ú❂✃❥➄⑩➇✪❾✯➄⑩➔☛➋✯➆➥ú➣þ❾✽✪➱✪➁■➇➉➋☛➁❖➓➅❾➀➄✾➏●➁➂➓❇➓➅➋➍➲✪✩ ✖✘✤ ✎ ✒✝✜✵✜✣✥
✱❈✜✣✖ ✙✛✒ ✭✣✭ ✒✵✭✌➸ ❂ ❾➀➃➘➔☛➡❧➓➅➋✗➁➂➆❧➲✾➯■➋➍➆❧➋●➇✯➁❖➓✚➏➍➄■➆❧➲❧➃➅❿➀➃➅➄■➆✈✃ç➄▲➇➳✶ ï ➩❜➏➍➄➥➆⑩➴■➋●➇➢➯■➋➍➆❧➏➍➋✪➄❖✃★❿➀➒❧➃➅❾✪➋✝✆▲➡✍➁❖➆❧❾➀➃➅➄■➆❱➐▲❾➀❿➀➃➅➓➅➓❱➧✴➇➉➃➅❿➀❿✯➋➍➆✾➃➅➆➁❄➏➍➄■➆❧➲❧➋➍➆❧❾➀➋➍➲➠➆❧➄➥❿✜➁❖❿➀➃➅➄■➆❱➐➥➃❇❾ ☞ ✸➭ ❩ ú ä ☞ ➐ ✳✄✵ ✏✬✫✫✫ ✒✕✔ ➭✤✖➐ ✫✫✫ Ü✗Ý ➡ ú➂Ý ➭ ð ❣ ✂ ➸⑩➞t➒❧➃➅❾✪➏➍➄➥➆❧➲❧➃❇❿✯➃❇➄➥➆✭➁❖➓➅➓❇➄❖➧✪❾t❿➀➄☛➲❧➋✌÷✍➆❧➋❂❿➀➒❧➋➲❧➃➅❾➀❿✜➇➢➃❇➵❧➎❧❿✯➃❇➄➥➆➠➄❖✃❡❾✯➎❧➏✜➒➠❾➀➒❧➃Ñ✃❥❿✪➡✍➇➉➄▲➏➍➋➍❾➀❾➀➋➍❾●➸ ❂ ❾➀➎❧➃➅❿✜➁❖➵❧➓➅➋❂➵✍➄➥➎❧➆❧➲➠✃❥➄⑩➇✹⑨ á ➃❇❾❐❿➀➒❧➋➍➆

⑨ á ò ✸✍
➭ ❩ ú

✭✮ ✯ ✍✰ ➐ ✳✁✵ ✏✲✱✚✳ ➐ ✳✆✴✶✵ á✲✷ ✫✫✫ ✒ ✔ ➭✗✖➐ ✫✫✫ Ü☛Ý ➡ ú■Ý❪➭✹✸ ✺✻ ❣ ✂ ô
✼ ➹ ✃❦Ü☛Ý ➡ ú■Ý❖ò❵û➣➁➂➆❧➲

❄ ➭▲å❈❇ ê★ò ✍ú✠✽✼➐➑➌✆✾✹✿✚✿✚✿✚✾✼➐✛✏❀✒✕✔ ➭✤✖➐✟➌✆✘✚✙✚✙✚✙ ✘ ➐ ✏ ❇ ➐➑➌ ❇ ➐❁✎ ù❽ù●ù ❇ ➐✛✏■ñ❭➆❂✜■➺■ñ
❿➀➒❧➋➍➆❑⑨ á ò❄❃ ☞ ú✠✽✼➐➑➌✆✾✹✿✚✿✚✿✚✾✼➐ ✏ ✘ ➐ ✏ ✵ á å ✒✕✔ ➭✤✖➐✟➌❅✘✚✙✚✙✚✙✚✘ ➐ ✏ ê ë å Ü ➡ ëú ê ➭✠❆ ï❅❇

ë ô
✼ ➛✚➃➅➆❧➋●➁■➇❚➡✍➇➉➄⑩➏➍➋➍❾✯❾➀➋➍❾❣î à ò ☞ ✸➭ ❩ ú ✒ ➭❉➡ à✴➧ ➭ ➧✪➒❧➃➅➏✌➒✗➃➅➆❧➏➍➓➅➎❧➲❧➋ ❂ ➑✪➤ ❂ ➔☛➄⑩➲❧➋➍➓➅❾➟➁■➇➢➋➟❿➀➒❧➄■❾✯➋➟➧✪➃➅❿➀➒➍❄ ➭Õå❴❇ ê ✧û❝✃ç➄▲➇✗➁➂➓❇➓✚➆❙➽↕➺■➸ ❂ ÷✩➇➢❾➀❿☛➏✜➒❧➄■➃➅➏➍➋✈➃➅❾ ⑨ á òØÜ➣Ý ➡ ú❺Ý❈☞ ➭ ✵ á Ý ✒ ➭ Ý➜✃❥➄⑩➇❂❿✯➒❧➋✾➓➅➃➅➆❧➋●➁■➇☛➡✍➇➉➄▲➏➍➋➍❾➀❾☛➧✪➃➅❿➀➒✥➃❥➸õ➃❥➸õ➲❱➸➃➅➆❧➆❧➄❖➴❺➁❖❿➀➃➅➄■➆❧❾t❾➀➎❧➏✌➒✈❿➀➒✍➁❖❿❦Ü☛Ý ➡ ú Ý✼❣ ✂ ➸⑩↔▲➄⑩➇✑➏➍➋➍➆▲❿➀➋●➇➉➋➍➲✾➁❖➆❧➲❻✶ ë ➃❇➆❧➆❧➄❖➴❖➁❖❿➀➃➅➄■➆❧❾●➐▲➁❖➆❧➄■❿➀➒❧➋●➇✙➏✌➒❧➄■➃➅➏➍➋❂➃➅❾❦❿✯➒⑩➎❧❾⑨ á ò✪❉ Ü✗Ý ➡ ú➂Ý ë ☞ ➭ ✵ á Ý ✒ ➭ Ý ë ➸✼ ➞t➒❧➋☛❾➀➃➘➔☛➡❧➓➅➋☛➵❧➃➅➓❇➃➅➆❧➋●➁■➇ ➡✍➇➉➄▲➏➍➋➍❾➀❾✴➧❐➃❇❿✯➒✭❿➀➒❧➋➣➇➉➋➍➏➍➎✍➇➀➇➢➋➍➆❧➏➍➋✹➋➍➌▲➎✍➁❖❿➀➃➅➄■➆✭î ✡ ò ✒ î ✡ ➧✩ï ì❋❊ î ✡ ➧✩ï ➡☛✡ ➧✚ï ì ➡☛✡ ô➳▲➎❧➏✌➒✭➡✍➇➉➄▲➏➍➋➍❾➀❾➀➋➍❾✪➁■➇➉➋❂➁❖❾➀❾✯➄⑩➏➍➃➘➁❖❿➀➋➍➲✈➧✪➃➅❿➀➒➠❿➀➒❧➋❂➏✌➒✍➁❖➄■❿✯➃❇➏✹➇➢➋➍➡✍➇➉➋➍❾➀➋➍➆▲❿✜➁❖❿➀➃➅➄■➆➣➃➅➆

❄ å❈❇ ê✑ò ✸✍
➐ ❩ ï ❇ ➐

➐ ➧✚ï●❍ ❩ ú å ✒
ì■❊

❇ ❍ ê➍ñ ❇ þ ✮ ➢ ô
➹ ✃➳➸tò❵Ü☛Ý ✒ ì■❊❈❏ ú➂Ý✼❣♣➺❂❿➀➒❧➋➍➆❑⑨ á ò▲❑✁▼ ✔ á✆◆ ï ✖❑ ➧✚ï ➒✍➁❖❾✢➁✹➯➥➋➍➄⑩➔☛➋➍❿✜➇➉➃➅➏✢➲❧➋➍➏●➁❽➈❒➇➀➁➂❿➀➋■➸✼ ❂ ➑❦↕P❖✗➷ ✂ ➱➍Û✜➞✓➒❧➋➟➇➉➋➍➏➍➎✍➇➀➇➉➋➍➆❧➏➍➋★➋➍➌▲➎✍➁❖❿➀➃➅➄■➆❂î ✡ ò å ✒ ì ☞ ✸➐ ❩ ï ❊ ➐ î ✡ ➧ ➐ ê ➡ ✡ ➒✍➁❖❾✚❿➀➒❧➋✑❾➀❿✜➁❖❿✯➃❇➄➥➆✍➁■➇➉➈t❾➀➄■➓➅➎❧❿➀➃➅➄■➆❱Û

î ✡ ò ✒ ✸✍ ◗
❩ ú

✸✍
➐✟➌✆✿✚✿✚✿ ➐✑❘ ❩ ï

❊ ➐✟➌ ù●ù❽ù❅❊ ➐✛❘ ➡❙✡ ➡☛✡ ➧ ➐✟➌ ù●ù❽ù ➡☛✡ ➧ ➐✟➌ ➧ ✿✚✿✚✿ ➧ ➐✛❘➉ñ
➧✪➃➅❿➀➒ ✒ ✜✽û❧ñ ❊ ➐❚✜Pû✣✃❥➄⑩➇✢➁❖➓➅➓ ➁ ñ ☞ ✸➐ ❩ ï ❊ ➐➍❣ ✂ ➁❖➆❧➲ å❈➡✴➭ ê ➭ ✳✁➢ ➁➣❾✯➋➍➌⑩➎❧➋➍➆❧➏➍➋➣➄➂✃➟➃ç➸ß➃ç➸ß➲❱➸✚➆❧➄■➆▲➩❜➆❧➋➍➯⑩➁❖❿➀➃➅➴■➋➇➀➁❖➆❧➲❧➄▲➔➬➴❖➁■➇➉➃➘➁❖➵❧➓➅➋➍❾➣➷ ❾➀➋➍➋✢➋■➸õ➯✍➸ ✽✢➃➘➇➀➁❖➃➅❿➀➃➅❾●➐✹❯✪➄⑩➦➂➄■❾➀➨●➦●➁❄➁❖➆❧➲✭➛✚➋➍➃➅➡❧➎❧❾●➐✙➮✷❃✰❃❲❱➥➱➍➸⑩➞t➒❧➋➍➆➠➧t➋❂➏●➁❖➆➠➡✍➇➢➄❺➴➥➋✪❿➀➒✍➁❖❿❿➀➒❧➋❂➡✍➇➉➄▲➏➍➋➍❾➀❾ å î ✡ ê ✡ ✳✁➢ ➃❇❾ t✰✼t➧t➋●➁■➦➥➓❇➈➠➲❧➋➍➡✵➋➍➆❧➲❧➋➍➆⑩❿☛➷ ❾➀➋➍➋✹❮✢➄■➎✍➦➥➒✍➁❖➆❱➐ Ð✴✠✰✠ ➮●➱➍➸
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❍■❄P❱❆✽✖❊❇✿✍❍■❡P❈✔✿✍✽☎❊✍❅P❳❢✽☎❣❏❑❙❅❆❣❤✽❚❑❙✿✍❍■✽✖❊✾❅✔✐✜✿✍❵✜✽✂✽❚❳❢❣✜❍❩❑❙❍■◗❚❈✔❯✔❣❏❑❙❅❥◗✖✽✖❊✍❊❦◗✖❅❆❄✜❊✍✿❧❑❙❖✜◗✖✿✍✽ ❂ ✐♠❑❙❅❥❳❃✿❇❵✜✽♥❊✍✿❧❈✔✿✍❍■❅❆❄❏❈❆❑❙▲✑❊✍✽✖◆❥❖✜✽✖❄✜◗✖✽♦❀çî à ê à▲✳✄✵ ôÚ❋✽✶❡❆✽✖✿✗❈✻♣❥❖✜❄✜◗✖✿✍❍■❅❆❄❏❈q❯❏✼✾❍❩❳❢❍■✿❞r✑❵✜✽✖❅P❑▼✽❚❳✴✐s❅P❑t✿✍❵✜✽✑✽❚❳❢❣✜❍❩❑❙❍■◗❚❈✔❯❤❣❏❑❙❅P◗✖✽✖❊❇❊✂❖✜❄ ❂ ✽❚❑☎✿✍❵✜✽✈✉❥Þ④➜➞➝✲✇✛①✕❝❞✽❚❈③② ❂ ✽✖❣❏✽✖❄ ❂ ✽✖❄✜◗✖✽
◗✖❅❆❄ ❂ ❍■✿✍❍■❅❆❄❦❭■Ú❋✽✰◗✖❅❆❄✜❊✍❍ ❂ ✽❚❑✗❈✰❊❇✿●❈✔✿✍❍■❅❆❄❏❈❆❑▼▲✈❊✍✽✖◆❥❖✜✽✖❄✜◗✖✽④❀ î➣à▲ê➉à▲✳✄✵✲❅q✐⑤❑✍❈✔❄ ❂ ❅❥❳⑥❱❲❈❆❑❙❍❩❈✔❬✜❯■✽✖❊✑❝✶❍■✿✍❵⑦◗✖❅❥❳⑦❳❢❅❆❄ ❂ ❍❛❊❇✿●❑❙❍■❬✜❖✜✿✍❍■❅❆❄✐s❖✜❄✜◗✖✿❇❍❛❅③❄❑❄❢❭❏♣❥❅P❑✑⑧tþ❻✮✾ñ✝❝✑✽✻◗✖❅❆❄✜❊✍❍ ❂ ✽❚❑✑✿✍❵✜✽✰✐❴❅❆❯■❯■❅✔❝✶❍■❄✜❡④❣❏❑▼❅P◗✖✽✖❊✍❊❇✽✖❊●Û

❄ à ❀⑨⑧➭ê ❏ ò ïà ☞ à▲➧✚ï
➭ ❩ ú ➺✖⑩ ✏ ✽ ✡ ❈✔❄ ❂❷❶✙à ❀s⑧➭ê✹❏ ò✸❸ í ❀✲❄ à ❀⑨⑧➭ê ✼➫❄⑦❀s⑧➭ê➀ê♦ô❹❋✽✈❵❏❈✝❱❆✽✰✿✍❵✜✽✰✐❴❅❆❯■❯❛❅✔❝✶❍■❄✜❡⑦❑❙✽✖❊✍❖✜❯■✿❚❺

❻✻❼☎❽P❾❤❿❚❽❥➀ ♦❅➠ ✒✪✎➁❀çî à ê à✴✳✁✵ ➤ ✒ ✥ ✭✛✎ ✥✘✎✁✧✁✖✘✔✗✥✘✜✵★ ✭ ✒✔r❞s ✒✝✔✗✙✵✒ ✖➑⑦ ✜✣✒✛✥✢✤✚➀✮✥✘✤➂s ✒✛✫ ✜✣✥✘✔✗✫✰✖✄⑧ ➀✮✥✢✜✛✧✁✥ ➤ ✤✦✒ ✭ ✉ ✧✑✎✑✏☞✙✛✖➨⑧✫⑧ ✖✘✔
✜✣✒ ✱✳✥✢✜✛✎✁✧✑✎✁✧☛✖✢✔ ⑦✡s ✔✗✙✝✎✁✧✁✖✘✔❻❄ ✭❯s✝✱✴✱✳✖ ✭ ✒✵✫✩✎ ✖ ➤ ✒ ➠ ✧ ✱✗✭ ✙ ✏✡✧ ✎✓❷✝✶☎➂❭s✪✱✰✱✳✖ ✭✝✒ ✎✑✏✓✥✘✎✶❀ î à ê✕✭ ✥✘✎✁✧ ✭◗❹ ✒✵✭ ✎✑✏✓✒❢❀❥Þ④➜➞➝✈ê✝✼ ✫✰✒ ✱✗✒✝✔✗✫✰✒✪✔✗✙✛✒
✙✛✖✢✔✗✫✘✧ ✎✁✧✁✖✘✔✼❺✎✉ ✧ ✎✑✏➍⑨ á ò ✝ ❃✜❀❥ý✗➃♣➺●ê ➧ ë ➧ ë❙➄ ë ➧❏➅ ❆ ñ✴⑦✪✖✘✜ ✭✝✖✄⑧ ✒➇➆ ➽Ùû❧ô④q ✏✓✒✪✔ ✎✑✏ ✒✍✭✝✒❯r●s✓✒✪✔✗✙✛✒ ✖✏⑦ ✱❈✜✣✖✷✙✵✒✵✭✣✭✝✒✵✭

❝ ❶ à➈❀⑨⑧➭ê●❢✂⑧❦þ ✮ ❤ à ✵ ú ✙✵✖✘✔❱➀✮✒✪✜❈❶✡✒✵✭ ✧ ✔ ✫✘✧✦✭✵✎✁✜✛✧ ➤ s ✎✁✧☛✖✢✔ ✧✑✔ ✎✑✏✓✒➉➂❱✈✢✖ ✏✓✖✢✜ ✖ ✫ ✭✁✱✗✥✰✙✛✒➋➊❉❀✓✮☛ê ✎ ✖ ✎✑✏ ✒ ✙✵✒✝✔ ✎ ✒✝✜✣✒✵✫✏➌✯✥✄s✴✭✣✭✛✧✁✥✘✔
✱❈✜✣✖✷✙✵✒✵✭ ✭✯✧ ✔✗✫✴✒❧➍✢✒✵✫ ➤ ★❂✮➾✉ ✧ ✎✑✏ ✙✛✖✄➀✘✥✘✜✵✧☛✥✘✔✗✙✵✒ ✫✴✒✓❹ ✔✗✒✵✫ ➤ ★➏➎✗❀❈t➥ñ➐⑧➭ê✑ò ☞ ◆ ✸➭ ❩ ➧ ✸ ã④➑✄➄✾❀✟➺✖⑩☎➒✆✽ ❍ ñ ➺✖⑩❞➓ ✏ ➓✚✽ ✡ ê➍ô❪❴❄✏✐✕❈✔◗✖✿❚➔✜r✑❵✜✽✖❅P❑▼✽❚❳➣→✻❈✔❬❤❅✔❱❆✽➇◗❚❈q❄❘❬❏✽ ❂ ✽✖◗✖❅❥❳❢❣❏❅❆❊❇✽ ❂ ❍■❄❷✿❙❝✑❅✈❣❏❈③❑❙✿✍❊❚❺❥✿✍❵✜✽✻✿✍❍■❡❆❵❥✿✍❄✜✽✖❊✍❊✶❈✔❄ ❂ ✿❇❵✜✽✪÷✜① ❂ ❍❦◗✖❅③❄P❱❆✽❚❑▼❡❆✽✖❄✜◗✖✽❆❭

↔✂❽❥➀↕➀✡➙➫♦✡➛✍❻❂♠⑨➜❏❼✆♥❞❧☎❽➞➝✖➝✝➟❾➠❆✒✝✎✑❀ î➣à⑩ê➉à✴✳✁✵ ➤ ✒ ✥ ✭✛✎ ✥✘✎✁✧✁✖✘✔✗✥✘✜✵★ ✭✝✒❯r●s✓✒✪✔✗✙✛✒ ✖✏⑦ ✜✣✒✛✥✘✤✖➀✘✥✘✤➂s✓✒✵✫ ✜✣✥✘✔✗✫✰✖✄⑧ ➀✮✥✢✜✛✧✁✥ ➤ ✤✦✒ ✭
✉ ✧ ✎✑✏ ✙✛✖✄⑧✧⑧ ✖✘✔ ✫✘✧✦✭✵✎✁✜✛✧ ➤ s ✎✁✧☛✖✢✔✯⑦❞s ✔✗✙✝✎✁✧✁✖✘✔ ❄ ✭❯s✪✱✰✱✳✖✮✭ ✒✛✫ ✎ ✖ ➤ ✒ ➠ ✧ ✱✗✭ ✙ ✏✡✧ ✎✓❷✝✶✻➠ ✒ ✥ ✭ ✭❯s❨⑧ ✒ ✎✑✏ ✥✘✎❞❀ î à ê à▲✳✄✵ ⑦✡s ✤ ❹ ✤ ✭ ✎✑✏✓✒
❀❴➡④➜➞➝✈ê✝✼ ✫✰✒ ✱✗✒✝✔✗✫✰✒✪✔✗✙✛✒✍✙✵✖✘✔✗✫✘✧✑✎✁✧✁✖✘✔❑✉ ✧✑✎✑✏ ⑨➤➢✪ò ✝ ❃P❀❥ý✑➃❙➺●ê ➧ ë ➧ ë❙➄ ë ➧❏➅ ❆ ñ➨⑦✪✖✘✜ ✭✝✖✄⑧ ✒✻➆❻➽Ùû❧ô

q ✏✓✒✝✔ ✎✑✏✓✒✕✭ ✒✔r❞s ✒✝✔✗✙✵✒ ✖✏⑦ ✱❈✜✣✖ ✙✛✒ ✭✣✭ ✒✵✭ ❝ ❶☎➥ ❀⑨⑧➉ê❞❢☎⑧❦þ ✮ ❤ ➥ ✵ ú ✧✦✭ ✎✁✧➂❶✘✏✡✎ ✧ ✔ ✎✑✏✓✒➉➂❱✈✢✖ ✏ ✖✘✜✣✖✷✫ ✭✁✱✳✥✰✙✵✒✑➊❘❀✓✮✗êqô
✼✾✽❚❳⑦❳⑦❈➦→✈❈✔❬❏❅✔❱❆✽✻❍■❊✰❣❏❑❙❅✔❱❆✽ ❂ ❍■❄❷❊✍✽✖◗✖✿❇❍❛❅③❄ ✞ ❭❏❪♠✿➇◗✖❯■✽❚❈❆❑▼❯❛▲❘❍❩❳❢❣❏❑▼❅❲❱③✽✖❊✶❅❆❄❷➧✰❅❆❖❏②③❵❏❈✔❄❷➨➩✼⑤❅❆❖✜❵✜❍■◗●❵✜❍✑➫➯➭✜→❇➲♥❝✶❵✜❅❘❈✔❊✍❊❇❖❏❳❢✽
⑨ ➢ ò ✝✲❀❥ý ➧ ✔➵➳ ◆ ➅ ✖ ê➍ñP➆✝➽✧û❧ô❏❪♠❄ ❂ ✽✖✽ ❂ ➔✾❍❛❄✙❅P❑ ❂ ✽❚❑✑✿❇❅⑦❅❆❬✜✿●❈✔❍■❄✙✿✍❍■❡❆❵P✿❇❄✜✽✖❊✍❊❚➔✜✿✍❵✜❅③❊✍✽✈❈✔❖✜✿✍❵✜❅P❑▼❊❞◗❚❈q❯❛◗✖❖✜❯❩❈✔✿❇✽✈✿✍❵✜✽❢❳❢❅P❳❢✽✖❄❥✿✑❅✔✐
❅P❑ ❂ ✽❚❑➺➸④❅q✐♥✿✍❵✜✽✰❣❏❈❆❑❙✿✍❍❩❈✔❯❤❊✍❖❏❳❢❊❚❭ ❖✶✽❚❑❙✽✰❝✑✽➼➻❇❖✜❊✍✿❫❵❏❈❚❱③✽➇✿✍❅☞◗❚❈✔❯■◗✖❖✜❯❩❈✔✿✍✽✻❊✍❅P❳➁✽➇❳❢❅P❳❢✽✖❄❥✿✗❅q✐♥❅P❑ ❂ ✽❚❑❫➽✗➃ ❸ ➽❢❈✔❊✑❍❛❊➾❊✍❵✜❅✔❝✶❄❍■❄❘✿✍❵✜✽➇❣❏❑▼❅P❅✔✐❦❅✔✐✂✼✾✽❚❳⑦❳⑦❈❜→❆❭✜✼✾✽❚❳⑦❳⑦❈☞➚✈❍■❄❘✿✍❵✜✽✰❄✜✽✝✆❥✿❞❊❇✽✖◗✖✿✍❍■❅❆❄❉❈q❯❛❯■❅✔❝✶❊✑❖✜❊✶❍■❄ ❂ ✽✖✽ ❂ ✿✍❅☞◗❚❈✔❯■◗✖❖✜❯➵❈q✿✍✽✈❳❢❅P❳❢✽✖❄❥✿✗❝➾❍❛✿❇❵❉❈✔❄
❅P❑ ❂ ✽❚❑tý✻❝➾❵✜❍❛◗❧❵❷❍■❊✶❄✜❅③✿✶❄✜✽✖◗✖✽✖❊✍❊●❈❆❑▼❍❛❯■▲❘❈✔❄❘❍■❄P✿❇✽✖❡❆✽❚❑✖❭
r✑❵✜✽✢÷✜① ❂ ❍❦◗✖❅③❄P❱❆✽❚❑▼❡❆✽✖❄✜◗✖✽✶❍■❊ ❂ ✽ ❂ ❖✜◗✖✽ ❂ ✐♠❑▼❅P❳➪✿✍❵✜✽✰✐❴❅❆❯■❯■❅✔❝✶❍■❄✜❡✲➶✑✽✖❄❥✿●❑✍❈✔❯✾✼✾❍❩❳❢❍■✿♦r✑❵✜✽✖❅❥❑❙✽❚❳❘❺
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❬✜❖✜✿✰✐❴❅P❑✰❊✍✽✖◆❥❖✜✽✖❄✜◗✖✽✖❊✈❊❧❈✔✿✍❍■❊❙✐❴▲P❍■❄✜❡❘✿✍❵✜✽❷❀✚✳★✴ ✑ ✣✑❣❏❑▼❅❆❣❏✽❚❑❙✿❙▲❆❭✾r✑❵✜✽☞✐s❅③❯❛❯■❅✔❝✶❍■❄✜❡❷❱✔❈❆❑❙❍❩❈✔✿✍❍■❅❆❄❋❅❆❄✧✼✾❅③❖✜❵✜❍❛◗❧❵✜❍✚✵➐❊④✼⑤✽❚❳⑦❳⑦❈❋➫✥✢✒✦➤➲
✽✖❄❥✿●❈✔❍■❯■❊➇❳❢❅❥❳❢✽✖❄P✿✑❬❤❅❆❖✜❄ ❂ ❊✶❝✶❍■✿✍❵❘❅P❑ ❂ ✽❚❑✶✧☛✩✪✫s➽✷✭✟➃✰✯✲✱③✐❴❅P❑✻❀❴➡④➜➞➝ ✑ ✣✑❊✍✽✖◆P❖✜✽✖❄✜◗✖✽✖❊✝❺
↔➺❽P➀✡➀✡➙✹✸ ➠✻✺✽✼✾✧ ➤ ✺✄✿☛❹✂➍✤✺❁❀★❂✛✺❃✿✠❄✤❅❱s✼⑧ ➤ ✺✽❂④➽❃➽✾❆➪➠✻✺✽✼⑤❀✖✎ ➥✤✑✚➤ ✺❇✿❉❈❃✼❊✿✠✼✚❋✖●❍❅✾✿✠❂❁■★❈✜✺❯r●s❏✺✽❅✾❑❁✺❇●➑⑦▲❑❃✺✜❅✮✼❊✺✜❂✛✺❃❀▼✿❍❅✾❀✧①✌➡➅➜ ➝ ⑥
❂✛✿✠❅✾❀◆●✄⑧❋➀✠✿✠❂❁❋✚✿ ➤ ❄❖✺P❈P❆Ö➂❭s✜◗◆◗✷●❘❈P✺ ⑧❙●✠❂✛✺❁●✄➀✠✺✜❂✄✼✏❚❏✿✠✼❯✼✏❚✒❋❱❈✄❈P✺❯r●s❏✺✽❅✾❑❁✺❉❋❱❈ ➤ ●➨s✒❅✾❀✤✺❃❀ ➤ ■✯➺✒❆✑➠✻✺✜✼✾➡✾➥✩❏ ✗ ✎✌❲P➃✌✎ ë ➃❨❳❩❳❘❳s➃❬✎⑦➥✾✭
⑦❩●✠❂❇❭ ✜■➺✌✿✠❅✾❀☞➡❫❪ ✗ ✎❴❪ ✗❛❵✮✓ q❜❚❏✺✜❅❝✼✏❚❏✺✽❂✛✺❞✺❧➍✠❋❡❈❃✼✏❈❢✿❢◗✾●❘❈❁❋✏✼✚❋✲➀✠✺❞❑❃●✠❅❣❈❁✼❊✿✠❅✮✼❯❤✶➢❙❀✤✺✐◗✾✺✜❅✾❀✠❋✏❅▲❶✌●✠❅✮❄❥■❦●✠❅✌✧✴❺✘❈❯s✮❑❃❚✌✼✏❚❏✿✠✼

❧❙♠➐➡✾➥♥♠ ➢★♦ ❤ ➢ ✱ t ➢➥ ➃q♣ ➢ ✘ ➥❍✫✒✭ ✉✏✢❥✇
✉❯❚✮✺✜❂✛✺❇♣ ➢ ✘ ➥ ❏ ✗ ❭ ☞ ➥▲➧❫❲➋ ❩ ❪ ❀ ❽ ➃❙➺ ✑ ➢ ➧ ë ⑨❞➋r✭s✿✠❅✾❀✧t ë➥ ❏ ✗ ♣ ë ✘ ➥❞✗ ❭ ☞ ➥▲➧❫❲➋ ❩ ❪ ⑨●➋ ✓
❹❋✽☞❣❏❑❙❅✔❱❆✽♦✼⑤✽❚❳⑦❳⑦❈❢➚❢❍■❄✉t❥✽✖◗✖✿✍❍■❅❆❄✹✈Ö❭

r✑❵✜✽✖❊✍✽✲❳❢❅❥❳❢✽✖❄P✿✻❍■❄✜✽✖◆❥❖❏❈✔❯■❍■✿✍❍■✽✖❊✲❈✔❯■❊✍❅❁❈q❯❛❯■❅✔❝ß❖✜❊✈✿✍❅✙❊✍✿✍❖ ❂ ▲❋✿✍❵✜✽✲❑❇❈✔✿✍✽❢❅✔✐✶◗✖❅❆❄❥❱❆✽❚❑❙❡❆✽✖❄✜◗✖✽☞✐❴❅P❑✈❈✬✇❷❈❆❑❙◗✖❍■❄❏②③❍■✽✖❝✶❍■◗✜①❧①
②⑤▲P❡P❳☞❖✜❄ ❂ t❥✿●❑❙❅❆❄✜❡⑦✼❦❈✝❝ç✐❴❅P❑❫❣❏❈❆❑❙✿❇❍➵❈q❯➈❊❇❖❏❳❢❊✶❅✔✐✂❬❏❅❆❖✜❄ ❂ ✽ ❂✙❂ ✽✖❣❏✽✖❄ ❂ ✽✖❄❥✿♦❑❇❈✔❄ ❂ ❅P❳ ❱❲❈❆❑▼❍➵❈q❬✜❯❛✽✖❊✝❭✾t❥❖✜◗●❵❋❑❙✽✖❊✍❖✜❯■✿✍❊➇❈q❣✜❣❏✽❚❈❆❑
✐❴❅P❑✑✽✜③✜❈❆❳❢❣✜❯■✽☞❍❛❄✧✼❦❈q❍✗➫➯➚❆➭➤➲➼❈✔❄ ❂ ❍■❄⑤④❫✽❚❑❙❬❤✽✖✽✲➫⑦⑥➤➲❦✐❴❅P❑✑✿❇❵✜✽④❳❢❍❥③❥❍❛❄✜❡✏◗❚❈✔❊✍✽❢❈✔❄ ❂ ❍■❄❋✼✾❅❆❖✜❵✜❍■◗●❵✜❍✑➫➯➚❲❱➤➲☎✐s❅❥❑✗✿❇❵✜✽④❈✔❊✍❊❇❅P◗✖❍❩❈✔✿✍✽ ❂
◗❚❈q❊✍✽❆❭

✼✾✽✖✿✶❖✜❊✄⑧➈❑❙❊❇✿❞❍■❄❥✿●❑❙❅ ❂ ❖✜◗✖✽✻✿✍❵✜✽✻❄✜❅❆✿✍❍■❅❆❄❘❅q✐s✧❣✣✑◆P❖✜❍■◗✖②✏◗✖❅❆❄P❱③✽❚❑❙❡❆✽✖❄✜◗✖✽✻❈✔❊✑❍❛❄❋✼❦❈✔❍✂➫➯➚❆➭➤➲✛❭
❥✏❽✴❦✎❧➇♠✓♥❞♠✌❾➥❧✲✸ Þ⑨❈P✺✔r❞s✮✺✜❅✾❑❃✺❢❀✚⑩ ➥❣✑❙➥▲✳✄✵ ●✏⑦❞❂✛✿✠❅✾❀✤●✄⑧➦➀✠✿✠❂❃❋✖✿ ➤ ❄❡✺❃❈❶❑❃●✠❅❱➀❷✺✽❂❈❶✒✺❃❈★✼❊● ❵ ✧❣✣✯r❞s❣❋✖❑✡✈❷❄❥■⑦❀✚✧✯➽ ❵✤✑ ❋ ⑦

❧➹❀✚❸✁❹ ✑ ➢ ❣❺✯❼❻✮❽➍➽ ❵ ✭

✉❯❚✮✺✜❂✛✺❇❸✁❹➅❏ ✗ ❘❯❚❱P ❝ ❭ ✜♣➺❂❏❦♠✥⑩ ➥ ♠ ✜❾❽ ❤ ✓

æ➾❅❆✿✍✽✰✿✍❵❏❈✔✿❇⑩ ➥ ✣ ▼ ❵ ✧✒✣✑◆❥❖✜❍■◗✟②③❯■▲✏✐s❅❥❑✗❊❇❅P❳❢✽✟✧✧➽ ❵ ❍➵❳➁❣✜❯❛❍■✽✖❊❞⑩ ➥ ✣ ▼ ❵ ❈✜❭➐❊❚❭
r✑❵✜✽✰✐s❅③❯❛❯■❅✔❝✶❍■❄✜❡⑦◗✖❅P❑▼❅❆❯■❯➵❈③❑❙▲⑦❍■❊♦❈☞◗✖❅❆❄❥❱❆✽❚❑❙❡③✽✖❄✜◗✖✽➇✿✍❵✜✽✖❅❥❑❙✽❚❳ ✐s❅P❑✹t◆✣✑❝❞✽❚❈③②❆❯■▲ ❂ ✽✖❣❏✽✖❄ ❂ ✽✖❄❥✿✶❱❲❈❆❑▼❍➵❈q❬✜❯❛✽✖❊✝❭

➘☞❾❏❿❚❾❤➴✌➴⑨➙✜❿❩❿❛➀❅➠✻✺✽✼❞❀✏✎ ➥❣✑❙➥✤➁❫❲ ➤ ✺☛✿✁❈❃✼❊✿✠✼✚❋✖●❍❅✾✿✠❂❁■❴❈P✺✔r❞s✮✺✜❅✾❑❃✺✁●✏⑦➂❑❁✺✽❅✮✼❊✺✜❂✛✺❃❀❙✿✠❅✾❀❘❀❴➡➅➜ ➝ ✑ ❂✛✿✠❅✾❀✤●✄⑧ ➀❷✿✠❂❃❋✖✿ ➤ ❄❡✺❃❈P❆✌➠➃✺✜✼❯✧
➤ ✺❞✿➳❹✂➍❍✺❃❀❙❂✛✺❃✿✠❄✾❅❱s✼⑧ ➤ ✺✽❂ ➽❃➽ ✓ ➂❭s✜◗◆◗✷●❘❈P✺⑩⑧❙●✠❂✛✺❃●✄➀❷✺✽❂▼✼✏❚❏✿❍✼✘✼✏❚✒❋❡❈★❈P✺✔r❞s✮✺✜❅✾❑❃✺✟❋❱❈ ➤ ●✄s❣❅✾❀✤✺❃❀ ➤ ■☛❈P●✄⑧❙✺▲◗✷●❷❈❁❋➄✼✚❋✓➀❷✺☛❑❁●❍❅❣❈❁✼❊✿✠❅✮✼
♣ ✓ Þ❢❈✛❈❯s✼⑧❙✺✁✼✏❚❏✿✠✼➅✼✏❚❏✺✁❑❁●❘✺✏➆✲❑✽❋✖✺✽❅✮✼s●✏⑦④❀♠➡④➜➞➝ ✑ ❈✜✿✠✼✚❋❡❈ ❹✶✺❃❈❿⑨❘➇ ✗ ✝ à ❀✚➈❫➃■➺ ✑ ➧❏➉✶ã ✉✘❋✏✼✏❚ ➝ ➽➊✧★✣✐➺ ✓ q❜❚❏✺✽❅✼❺

➋ ⑦❩●✠❂❞✿✠❄✏❄ ❲ë ❣➊➌ ♦ ➺✄❺✼⑦❩●✠❂❞✿✠❄✏❄❭➆❻❣➏❀✚➌✬✣ ❲ë ✑ ✧❉✣✐➺✤✭❯✿✠❅✾❀ ⑦✽●❍❂❞✿✠❄➄❄◆❽➍➽ ❵ ❺④✉➍✺❢❚❏✿✄➀✠✺❩➎

✍
➥✤➁❫❲

❭ ➭ �⑦❀✚➏❙➐✠➑➐✤✽ ➥ ♠➐➡ ➐ ♠ ✜➒❽❍❭❫➓ ✑ ❣❺✯❙❢ ✉✚➔③✇

➋ ⑦❩●✠❂❞✿✠❄✏❄✆➺ ✜➊➌❃➽ ❲ë ❺❱⑦❩●✠❂❞✿✠❄✏❄✆➺❂❣➣→✾➌❃❣➏❀✚➌✬✣ ❲ë ✑ ✧✑➃❙➺✤✭☛✉➍✺★❚✮✿✄➀❷✺☛✼✏❚❏✺ ⑦❩●✄s✒❂☛⑦❩●✠❄✏❄❡●✄✉✘❋➄❅▲❶✌✿❘❈↔❈P✺✜❂❃✼✚❋✖●❍❅❣❈P➎

↕ ❆ ☞ ➥◆➁♥❲ ❭✮➙ ➓ ➧ ë �⑦❀✚➏❙➐✠➑✴➐✤✽ ➥ ♠➐➡➥➐❍♠ ✜➒❽❍❭ ➓ ✑ ❣❺✯❼❻✮❽➍➽ ❵ ❺
➛ ❆✟❧ ❝ ❘❯❚❱P ➥◆➁ ❪ ❀✛♠➐➡ ➥ ♠❍✣✬❽❍❭ ➓ ✑ ❤✮➜✛➝❘➞

➌
➝ ❣q✯➟❻✮❽ ➽ ❵ ❺

➠ ❆ ☞ ➥◆➁♥❲ ❭ ➙ ➓ ➧ ë �⑦❀✓❘❯❚❱P ➐ ➁✜➥ ➁ ➧ ➓ ♠➐➡ ➐ ♠ ✜❾❽ ✑ ❣❺✯➡❻✮❽ ➽ ❵ ❺
➢ ❆✟❭ ➧ ➓ ➡ ➥ ✣ ▼ ❵ ❀❥→➤➌✌✣✐➺ ✑ ✣❙r❞s❣❋✖❑✡✈❷❄❥■ ✓

r➋❵✜✽✻❣❏❑❙❅P❅q✐♥❅✔✐➼➶✑❅❥❑❙❅❆❯■❯❩❈❆❑❙▲❷→✻❍■❊✶❝✰❑❙❍■✿✍✿✍✽✖❄✏❍❛❄✙❊✍✽✖◗✖✿✍❍■❅❆❄✉➔✜❭
❳❏➥



�✂✁☎✄✁�✄✂✝✆✟✞✡✠☞☛✆☎✌✞✝☎✟✞✍✠✏✎✑✠✡✠☛✞☞✂✝✒✔✓✕✠❙�✌�✁✠✎✍✄✞☞☎✏�✄✠✑✠☎✠✖✓➅✂✗✞✙✘✒☎✓✂✔☎✛✚✖✕✜✠
✗ ✘ ✮➅✝✉✝✚✙ ✝✚✙ ✣✺✤✧✦✟✝✏✮✗✦✻✪ ✛
r✑❵✜❍■❊✑❊✍✽✖◗✖✿✍❍■❅❆❄✏❍■❊ ❂ ✽✖❱❆❅❆✿✍✽ ❂ ✿✍❅❢✿✍❵✜✽➇❣❏❑▼❅P❅✔✐❦❅✔✐☎✿✍❵✜✽♦❳❜❈✔❍■❄❉❑❙✽✖❊❇❖✜❯❛✿✈✉❴r➋❵✜✽✖❅P❑❙✽❚❳✥→✝✇✂❊✍✿●❈q✿✍✽ ❂ ❍■❄❘❊✍✽✖◗✖✿✍❍■❅❆❄❘➽✜❭❥❹❋✽✻❣❏❑❙❅✔❱❆✽

✿✍❵✜✽✻♣❥❖✜❄✜◗✖✿✍❍■❅❆❄❏❈✔❯♥✼✾❍❩❳❢❍■✿✻r✑❵✜✽✖❅P❑❙✽❚❳Ý✉❴r➋❵✜✽✖❅P❑❙✽❚❳✥→✝✇✑❍■❄❷➽❢❊✍✿✍✽✖❣✜❊❚❺❥✿✍❵✜✽✻✿❇❍❛❡③❵P✿✍❄✜✽✖❊❇❊➋❈q❄ ❂ ✿✍❵✜✽★⑧✜① ❂ ❍❦◗✖❅❆❄❥❱❆✽❚❑❙❡❆✽✖❄✜◗✖✽❆❭✜✰❿❚❾✾❾✣✢✻❾✣✢✻↔✂❽❥➀↕➀✡➙➣➀
❪❴❄⑥✿✍❵✜✽❋✐❴❅❆❯■❯■❅❲❝➾❍❛❄✜❡❤➔❇❤ ❝✶❍■❯■❯ ❂ ✽✖❄✜❅❆✿✍✽✧❊✍❅❥❳❢✽↕❈❆❑❙❬✜❍■✿●❑❇❈❆❑❙▲❃◗✖❅③❄✜❊✍✿●❈✔❄❥✿✲❝➾❵✜❍❛◗❧❵➪❳⑦❈✝▲➬❱✔❈❆❑❙▲➷✐✕❑❙❅P❳ ❯■❍■❄✜✽➹✿✍❅❃❯■❍■❄✜✽❆❭✈✼✾✽✖✿
t❾❣è⑧❢❬❏✽❷✿❙❝✑❅❁❑▼✽❚❈✔❯✶❄❥❖❏❳✈❬❤✽❚❑❙❊❚❭☎❹❋✽❷❝✶❈✔❄❥✿❢✿✍❅↕❈✔❣✜❣✜❯■▲❃❳❢❅P❳➁✽✖❄P✿❢❍■❄✜✽✖◆P❖❏❈q❯❛❍■✿✍❍■✽✖❊❘❅✔✐✈✼✾✽❚❳⑦❳❜❈❁➚ ✿✍❅❋✿✍❵✜✽✙❊✍✽✖◆P❖✜✽✖❄✜◗✖✽✤✦✥ ❍ ✾➞⑩ Ï ✽✣✧ ✣➬❀✩★⑦❀⑨⑧ ✑ ✣✪★⑦❀✩✫ ✑✛✑

➽ ✬ ➥✮✭✁✯ ✓
t❥❅✧❝✑✽✏❵❏❈❚❱③✽❘✿✍❅❋❣❏❑❙❅✔❱❆✽✲✿❇❵❏❈✔✿❢✿✍❵✜❍■❊⑦❊✍✽✖◆❥❖✜✽✖❄✜◗✖✽❷❝✶❵✜❍■◗❧❵➹❝❞✽❘◗❚❈q❯❛❯❢❀✏✕ ➥✒✑▼➥✰✭✄✯ ❊●❈✔✿❇❍❛❊ ⑧❏✽✖❊✲❈❃✉❴➡✲✱✴✳✏✇ ❂ ✽✖❣❏✽✖❄ ❂ ✽✖❄✜◗✖✽◗✖❅❆❄ ❂ ❍■✿✍❍■❅❆❄❦❭❏♣❥❅P❑➾✿✍❵✜❍■❊✰❝❞✽☞❵❏❈✝❱❆✽✻✿✍❅⑦❬❤❅❆❖✜❄ ❂ ❤✶✵✸✷ ✹✄✷ ✺✼✻ ✗✴✽✿✾✄❀ ❀✓❁♥❀✏✕❃❂✓❄❩✭ ✓❩✓❘✓ ✭✥✕❃❂❆❅ ✑ ✭❈❇♦❀✖✕✣❉✟❄❩✭ ✓❩✓❘✓ ✭✥✕❊❉●❋ ✑✛✑ ✐❴❅P❑✶❈✔❯■❯✎❍ ❲ ♦ ❳❘❳❩❳ ♦❍✩✹ ♦ ❍✩✹➇➃ ✧ ♦❏■ ❲ ♦ ❳❩❳❩❳ ♦❑■ ✺✲❈✔❄ ❂ ✐s❅❥❑✻❈✔❯■❯▲❁ ✩◆▼P❖❴✭✑❇❾✩❘◗ ✓ ✼✾✽✖✿❚❙❱❯ ❵ ❊✍❖✜◗❧❵❋✿✍❵❏❈✔✿❚✫✶➃ ❽❳❲⑥⑧➍✣❨❽ ✓ ✼✾✽✖✿✈❖✜❊❝➇❑❙❍■✿✍✽☛✕ ➥✹✗ ✙✶❀✏✎ ➥✒✑✽✓ ❹❁✽❜❝➋❈q❄P✿✶✿❇❅❘❊●❳❢❅❥❅❆✿✍❵❷✿❇❵✜✽✈✐❴❖✜❄✜◗✖✿✍❍■❅❆❄➣✙ç❝✶❵✜❍■◗❧❵❋❍❛❊☞❄✜❅❆✿✻✼✾❍■❣✜❊✍◗●❵✜❍■✿✛①❆❭☎♣❥❅P❑✻✿❇❵✜❍❛❊✻❝✑✽❢◗✖❅❆❄✜❊✍❍ ❂ ✽❚❑

✿✍❵✜✽➾✐s❅❆❯■❯■❅✔❝✶❍■❄✜❡✲✼✾❍■❣✜❊✍◗❧❵✜❍■✿✛①✻✐❴❖✜❄✜◗✖✿✍❍■❅❆❄✉✙ ❹ ❊❧❳❢❅P❅③✿✍❵✜❍■❄✜❡ ✙❨✻✼ ✙ ❹ ❍■❊✶✽✖◆❥❖❏❈✔❯✾✿✍❅❦✙ ❅❆❄✪✫♥✣❾✯✲✭❈✫❇✣✪❙✐✫❬❩❜✫✩✫❞➃◆❙✽✭➐⑧✘✣✬❽❩✫❬❩❜✫✌⑧✾➃❾❽✮✭❚➃q✯✲✱❪❭✼ ✐❴❅P❑✦✫❉✣✬❽❫❲❵❴ ♦ ✫❫➃❾❽❏✭➤✙☛❛❲❀✩❴ ✑✘✗❝❜ ❲❞ ❛☞❡ à ❴ á ✣✧➱✰✫❢❴ ë ➃❃➱❏❀✩✫ ë ✣⑤❽ ë ✑ ❴✁✣❘✫ á ➃➹➱✰✫P❽ ë ✣✡➽❘❽ á ã ✣❤❣❥✐ ✧❧❦ ❜ ❣❥✐ ❍ ❦ë ♠✼ ✐❴❅P❑✑⑧❯✣✬❽❫❲❵❴ ♦ ⑧✾➃❾❽❏✭➤✙☛❛❲❀✩❴ ✑✘✗❝❜ ❲❞ ❛ ❡ à✩❴ á ✣↕➱✔⑧✟❴ ë ➃➹➱❏❀⑨⑧ ë ✣✬❽ ë ✑ ❴❴✣❋⑧ á ➃➷➱✔⑧✚❽ ë ✣↕➽❘❽ á ã ✣ ❣☛✐ ✧✓❦ ❜ ❣☛✐ ❍ ❦ë ✓
❹❋✽✻✿✍❵✜✽✖❄❘❵❏❈✝❱❆✽❦♠❡♠✥✙ ❹ ♠❡♠ ❖ ♦ ♠❱♠✥✙❇♠❡♠ ❖ ♦ ❲ë ❈✔❄ ❂♦♥✖♣❪q ❀ ✙ ❹ ✑ ♦ á❞ ❹ ✓
r✑❵✜✽✖❄❦➔

♠ ❤ ✵✸✷ ✹✄✷ ✺ ♠ ♦ ♠ ✽r✾✁❀ ❀✩❁♥❀✖✕ ❂✓❄ ✭❩❳❘❳❩❳✮✭✥✕ ❂❆❅ ✑ ✭s❇✻❀✏✙✶❀✏✎ ❉✟❄ ✑ ✭ ✓❩✓❘✓ ✭ ✙✶❀✏✎ ❉☞❋ ✑✛✑ ✣t❇✈❀✏✙ ❹ ❀✖✎ ❉✉❄ ✑ ✭ ✓❩✓❩✓ ✭⑦✙ ❹ ❀✏✎ ❉●❋ ✑✛✑r✑ ♠

➃❙♠ ✽r✾✁❀ ❀✓❁♥❀✖✕✈❂✓❄❩✭ ✓❘✓❩✓ ✭✥✕❃❂ ❅ ✑ ✭s❇✻❀✚✙ ❹ ❀✏✎❫❉✉❄ ✑ ✭ ✓❘✓❩✓ ✭ ✙ ❹ ❀✏✎❱❉ ❋ ✑✛✑✛✑ ♠
♦ ➽✪♠❡♠✇❁✔♠❱♠ ❖ ♥✖♣❪q ❀✩❇ ✑✈① ✺❂❪② ❲ ❧➂♠ ✙✶❀✏✎❱❉☞③ ✑ ✣➣✙ ❹ ❀✏✎❱❉☞③ ✑ ♠✖➃ ♠❡♠④❁✔♠❡♠ ❖ ♥✖♣❪q ❀●❇ ✑✎♥✖♣❪q ❀✚✙ ❛ ✑✎⑤ ➢✦⑥
♦ ➽✾♠❱♠✇❁✔♠❡♠ ❖ ♥✖♣❪q ❀●❇ ✑ ⑥✈➽❙♠❡♠ ✙❇♠❡♠ ❖❚⑦ ❀✖✎❙❪✟✩➤✫❬✫★✣✬❽❏✭s✫❫➃❾❽❩✫✩❩❜✫✌⑧✔✣✬❽✮✭➐⑧❦➃❨❽❩✫ ✑ ➃ ♠❱♠✇❁✔♠❡♠ ❖ ♥✖♣❪q ❀✩❇ ✑⑧♥✖♣❪q ❀✚✙ ❛ ✑✎⑤ ➢✦⑥
♦ ➽✾♠❱♠✇❁✔♠❡♠ ❖ ♥✖♣❪q ❀●❇ ✑ ⑥✈➽❙♠❡♠ ✙❇♠❡♠ ❖ ➸✠❽ ♥✖♣❪q ❀●★ ✑ ➃ ♠❡♠④❁✔♠❡♠ ❖ ♥✖♣❪q ❀✩❇ ✑ á❞ ❛ ⑤ ➢r⑥
♦ ♠❡♠④❁✔♠❡♠ ❖ ♥✖♣❪q ❀✩❇ ✑ ⑥ à✏⑨ ❽ ♥✖♣❪q ❀✩★ ✑ ➃ á✆⑩ ▼❞ ❹ ã ✓

❪❴❄❘✿✍❵✜✽✰✐❴❅❆❯■❯■❅✔❝✶❍■❄✜❡❏➔❣❤ ❂ ✽✖❄✜❅❆✿✍✽✖❊➾❊✍❅P❳❢✽✰❣❏❅❆❊❇❍❛✿❇❍❛❱③✽✻◗✖❅❆❄✜❊✍✿●❈✔❄❥✿✗❝➾❵✜❍❛◗❧❵❁❳❜❈❚▲❜❱❲❈❆❑❙▲➁✐♠❑❙❅❥❳➩❯■❍■❄✜✽✈✿❇❅④❯■❍■❄✜✽❆❭
t❥❅❢❝✑✽✻❵❏❈❚❱③✽

♠ ❤✶✵✸✷ ✹✄✷ ✺✒♠ ♦ ❤✌♠❡♠✇❁✔♠❱♠ ❖ ♥✒♣❆q ❀✩❇ ✑ ⑥ ✤ ❽➇➃ ⑤ ➢
❽ ✬ ✓ ✉✩❶③✇

r✑❵✜✽✖❄❘❍ ✐ ❸ ⑤ ➢❷❲ ✧ ❜ ❍ë ➔Ö❝❞✽✰✿●❈❆②q✽❸❙ ✗ ❸ ⑤ ➢✤✭✜❈✔❄ ❂ ❝✑✽✻❡❆✽✖✿✝❺
♠ ❤✶✵✸✷ ✹✄✷ ✺✤♠ ♦ ❤ ♠❡♠✇❁❯♠❡♠ ❖ ♥✖♣❪q ❀✩❇ ✑ ⑥ ❉ ⑤ ➢ ✓ ✉✚⑥③✇

✇❘❅P❑▼✽✖❅❲❱③✽❚❑s♠ ❤✶✵✸✷ ✹✄✷ ✺✒♠ ✗ ♠ ✽✿✾✄❀ ❀✓❁♥❀✏✕❃❂✓❄❩✭ ✓❩✓❘✓ ✭✥✕❃❂❆❅ ✑ ✭❈❇♦❀✖✕✣❉✟❄❩✭ ✓❩✓❘✓ ✭✥✕❊❉●❋ ✑ ✣❘❇✈❀❱✕❱❹✇❉✟❄❩✭ ✓❩✓❘✓ ✭✥✕❺❹s❉☞❋ ✑r✑ ♠❥✭✝❝✶❵✜✽❚❑❙✽❫❝✑✽✗◗✖❅❆❄✜❊✍❍ ❂ ✽❚❑❯✕❺❹➥ ✗
✙✶❀✏✎ ❹➥ ✑ ❝✶❍■✿✍❵↕❀✖✎ ❹➥ ✑❙➥✮✭✁✯ ❍■❄ ❂ ✽✖❣❏✽✖❄ ❂ ✽✖❄❥✿✰❅✔✐➾❀✖✎ ➥✒✑❙➥✮✭✁✯ ❊✍❖✜◗●❵✏✿✍❵❏❈✔✿❫✐❴❅P❑✑❈✔❯■❯✔❭❝✩✝❻✟✭❣✎ ❹ ➥❽❼ ✎ ➥✾✓
r✑❵✜✽✖❄❦➔➃♠ ❤✶✵✸✷ ✹✄✷ ✺✒♠ ♦ ➽✾♠❡♠✇❁❯♠❡♠ ❖ ♥✖♣❪q ❀✩❇ ✑ ❧ ① ✺❂❪② ❲ ♠✥✙✶❀✏✎❫❉●③ ✑ ✣➣✙✶❀✏✎✪❾❉☞③ ✑ ♠ ♦ ➽❙♠❱♠✇❁✔♠❡♠ ❖ ♥✖♣❪q ❀✩❇ ✑ ⑥ ❲ë ➽✤❧✁♠ ✥ ❍ ✾✜⑩♥➒✠✽✣✧❁♠ ✓❖➾✽✖❄✜◗✖✽❆➔

♠ ❤✶✵✸✷ ✹✄✷ ✺✒♠ ♦ ❤ ♠❡♠✇❁❯♠❡♠ ❖ ♥✖♣❪q ❀✩❇ ✑ ⑥ç❀✩★⑦❀⑨⑧ ✑ ✣t★⑦❀✩✫ ✑✛✑❫✓ ✉✁❱③✇
♣✜❑❙❅P❳Ý✉✁❱❆✇✑❈✔❄ ❂ ❈q❊r★ ❍■❊➇✼✾❍■❣✜❊✍◗❧❵✜❍❛✿↔①❆➔❏❝✑✽ ❂ ✽ ❂ ❖✜◗✖✽✻✿✍❵❏❈✔✿

♠ ❤❿✵✸✷ ✹✄✷ ✺✒♠ ♦ ❤ ♠❱♠✇❁✔♠❡♠ ❖ ♥✖♣❪q ❀✩❇ ✑ ⑥❦♠ ⑧❯✣t✫❣♠ ✓ ✉✩➀③✇
❳➂➁



�✂✁☎✄✄�✄✂❚✆✖✞✡✠❢☛✆☎✌✞✝☎✟✞✍✠✏✎✑✠✡✠☛✞☞✂✝✒✔✓✕✠✁�✆�✄✠✎✍✁✞✏☎✏�✁✠✖✠☎✠✖✓✄✂✗✞✙✘✒☎✓✂✔☎✛✚✖✕✜✠
❖➾✽✖❄✜◗✖✽❆➔✜❍ ✐ ❸ ⑤ ➢✁� ✧ ❜ ❍ë ➔❥❝✑✽✻❡❆✽✖✿❚❺

♠ ❤✶✵✸✷ ✹✄✷ ✺✒♠ ♦ ❤ ♠❡♠✇❁❯♠❡♠ ❖ ♥✖♣❪q ❀✩❇ ✑ ⑥ ❉ ⑤ ➢ ✓❖➾✽✖❄✜◗✖✽❆➔❥✐❴❅P❑✑❈✔❯■❯♥❑❙✽❚❈✔❯✾❄❥❖❏❳☞❬❏✽❚❑❙❊✦✫❺❲➹⑧●➔✜❍■❄✜✽✖◆❥❖❏❈✔❯■❍■✿✛▲↕✉ ⑥❆✇✂❵✜❅❆❯ ❂ ❊❚❭Ö❹❁✽☞◗✖❅❆❄✜◗✖❯■❖ ❂ ✽✈❝✶❍■✿✍❵❘❍■❄✜✽✖◆❥❖❏❈✔❯■❍■✿✍❍■✽✖❊➁✉✚⑥③✇❞❈q❄ ❂ ✉✁❱❆✇✖➔
♠ ❤✶✵✸✷ ✹✄✷ ✺✒♠ ♦ ❤ ♠❡♠④❁✔♠❡♠ ❖ ♥✖♣❪q ❀●❇ ✑ ⑥✲❀❇❀❧★⑦❀s⑧ ✑ ✣✪★⑦❀✩✫ ✑✛✑✄✂ ❉ ⑤ ➢ ✑✜✓ ✉❙→❩✦③✇

t❥❅✲❀✖✕❏➥ ✑ ➥✰✭✄✯⑦❍■❊♦✉❴➡✲✱✴✳✏✇☎❝✶❍■✿✍❵ ⑤ ❾➢ ♦ ❤ß❀✍❀✩★⑦❀⑨⑧ ✑ ✣t★⑦❀✩✫ ✑✛✑☎✂ ❸ ⑤ ➢ ✑✽✓ ❹❁✽➾❣❏❑❙❅✔❱❆✽✑✿✍❵✜✽✑✿✍❍■❡❆❵P✿❇❄✜✽✖❊✍❊✂❬P▲❢❈✔❣✜❣✜❯■▲P❍■❄✜❡❢✼✾✽❚❳⑦❳⑦❈➚➦✿✍❅↕❀✏✕ ➥✒✑❙➥✰✭✄✯✔✓ ❪❴❄✧✿❇❵✜✽❢✐s❅③❯❛❯■❅✔❝✶❍■❄✜❡✉❤➾➢ ❂ ✽✖❄✜❅❆✿✍✽✖❊✻❊❇❅P❳❢✽⑦❈❆❑❙❬✜❍■✿●❑✍❈③❑❙▲❘◗✖❅❆❄✜❊✍✿●❈q❄P✿ ❂ ✽✖❣❤✽✖❄ ❂ ❍❛❄✜❡❋❅❆❄✜❯■▲❋❅❆❄ ✧✏❈✔❄ ❂ ❝➾❵✜❍❛◗❧❵
❳❜❈❚▲❜❱❲❈❆❑❙▲➁✐♠❑❙❅❥❳➩❯■❍■❄✜✽❢✿✍❅❢❯■❍❛❄✜✽❆❭✾æ➾❅❆✿✍❍■◗✖✽✻✿✍❵❏❈✔✿ ë➄ ➥ ① ➥ ❜ ❲✆ ②➤❪ ✕ ✆ ✗⑥❶♥➥ ❀⑨⑧ ✑ ✣ ❶♥➥ ❀✩✫ ✑✽✓

❪⑨✐✂❝❞✽✻❝✰❑❙❍■✿✍✽ ⑤ ➢ ✗ ✧ ❜ ➮ ✭ ✒ ❯ ❵ ✭❥❝✑✽✻❡❆✽✖✿
✝✟✞✞✞ ë➄ ➥ ① ➥ ❜ ❲✆ ②➤❪ ✕ ✆ ✞✞✞ ➢ ♦ ❤✶➢✡✠ ❃ ① ➥ ✆ ② ❲ ❇ ➞☞☛✌ ✂ ❀●★⑦❀⑨⑧ ✑ ✣✪★⑦❀●✫ ✑✛✑ ❆ ▼✌✎✍

➃★❤ ➢✑✏ ❭ ✌ ➞ ▼✌ ① ➥ ✆ ② ❲ ❀●❇✻➃ ✥ ✑ ➢ ❜ ë ✱s❇ ➞☎☛✌ ✂ ❀✩★⑦❀⑨⑧ ✑ ✣✪★⑦❀✩✫ ✑✛✑ ✫✓✒
❖➾✽✖❄✜◗✖✽✻❍ ✐ ✒ ❯ ➽❜❈✔❄ ❂ ❍ ✐ ✒ ❯❃➽❏❀ ✧▼✣ ✥ ✑ ✭

✝ ✞✞✞✞✞
➽
❸ ❭

➥ ❜ ❲✔✆ ②➤❪
✕ ✆ ✞✞✞✞✞

➢
♦ ❤✶➢✖✕✜❀❧★⑦❀s⑧ ✑ ✣❘★⑦❀✩✫ ✑✛✑✘✗✚✙ ☛↔➞ ✌✜✛✌ ☛ ➃q❭ ✌ ➞ ✗✌ ❀✩★⑦❀s⑧ ✑ ✣✪★⑦❀✩✫ ✑✛✑ ✌✣✢ ☛↔➞ ✌ ✗☛ ✤ ✓

æ➾❅✔❝✈➔❆❍ ✐✂❝✑✽➇◗❧❵✜❅❆❊✍✽✟✧ ✗ ➽❞➃ ❸ ➽❥➔✜❈✔❊✦★⑥❍■❊✶◗✖❅❆❄❥✿✍❍■❄P❖✜❅❆❖✜❊✝➔❆❍■✿✑✐❴❅❆❯■❯❛❅✔❝✶❊❫✐✕❑❙❅P❳ r✑❵✜✽✖❅P❑❙✽❚❳ ➽ ✓ ✥ ❍■❄❝t❥❵❏❈✔❅④➨✦✥✂❖✧➫s❶③➚❧➲❦✿✍❵❏❈✔✿
✿❇❵✜✽✻❊✍✽✖◆P❖✜✽✖❄✜◗✖✽✧✕ ❶♥➥ ❀⑨⑧ ✑ ✭ ⑧✶✩✩★ ✤ ❍■❊✶✿✍❍■❡❆❵❥✿✶❍■❄❷✿❇❵✜✽❞t✜②✔❅❆❵✜❅P❑❙❅ ❂ ❊✍❣❏❈✔◗✖✽✻➊❉❀✪★ ✑ ❈✔❊✶❊❇❅P❅❆❄❷❈q❊ ✒ ❯➬➽✶➃➹➽ ❸ ➽ ✓ r✑❵✜✽✻◗❧❵✜❅❆❍■◗✖✽
✧ ✗ ➽✶➃ ❸ ➽⑦❳❢❍■❄✜❍❩❳❢❍❥①✖✽✖❊➇✿✍❵✜✽✻◗✖❅③❄ ❂ ❍❛✿❇❍❛❅③❄❘❅❆❄❘✿✍❵✜✽ ❂ ✽✖❣❏✽✖❄ ❂ ✽✖❄✜◗✖✽✈◗✖❅❥✽✬✫✲◗✖❍■✽✖❄❥✿ ✒ ✓ r✑❵✜❍■❊✶◗✖❅❆❄✜◗✖❯■❖ ❂ ✽✖❊➇✿❇❵✜✽➇❣❏❑❙❅❥❅✔✐♥❅q✐➼✿✍❵✜✽
✿❇❍❛❡③❵P✿✍❄✜✽✖❊❇❊❚❭ ✭

r❦❅☞◗✖❅❆❄✜◗✖❯■❖ ❂ ✽✶✿✍❵✜✽✶❣❏❑❙❅❥❅✔✐✾❅✔✐⑤r✑❵✜✽✖❅❥❑❙✽❚❳ß→✶❝✑✽✑❄✜❅✔❝➹❵❏❈❚❱③✽❞✿❇❅✻❣❏❑❙❅✔❱❆✽✶✼✾✽❚❳⑦❳⑦❈✻➭➉❅✔✐✾⑧✜① ❂ ❍❤◗✖❅❆❄P❱③✽❚❑❙❡❆✽✖❄✜◗✖✽❆❭✔r❦❅☞❣❏❑❙❅✔❱❆✽❍■✿❚➔Ö❝❞✽✰❖✜❊✍✽✈❈⑦➶➋✽✖❄P✿●❑❇❈✔❯➈✼✾❍❩❳❢❍■✿✻r✑❵✜✽✖❅P❑❙✽❚❳Ý✉❴r➋❵✜✽✖❅P❑❙✽❚❳➩➭③✇✗❝➾❵✜❅❆❊✍✽✻❣❏❑❙❅❥❅✔✐♥❍■❊✶❝➇❑▼❍❛✿❇✿✍✽✖❄✲❍■❄✩✮➇❣✜❣❤✽✖❄ ❂ ❍ ③✯✮❢❭
æ✶❅✔❝➣✼✾✽❚❳❜❳⑦❈✔❊❷→❋❈✔❄ ❂ ➭ ✿✍❅❆❡❆✽✖✿✍❵✜✽❚❑☞▲❥❍■✽✖❯ ❂ ❬❤❅❆✿✍❵❃✿❇❵✜✽❷✿✍❍■❡❆❵❥✿✍❄✜✽✖❊✍❊✲❈q❄ ❂ ✿✍❵✜✽✪⑧✜① ❂ ❍✰◗✖❅❆❄❥❱❆✽❚❑❙❡❆✽✖❄✜◗✖✽❷❈✔❊✏❊✍❅❥❅❆❄❃❈✔❊

✒ ❯❃➽➾➃➹➽ ❸ ➽❥❭❏r✑❵✜❍■❊✶◗✖❅❆❄✜◗✖❯■❖ ❂ ✽✖❊✰✿✍❵✜✽✻❣❏❑❙❅❥❅✔✐♥❅✔✐✂r✑❵✜✽✖❅P❑❙✽❚❳è→❆❭

✰ ✘ ✮➍✝✬✝❽✙⑨✝✚✙ ✷ ✝✲✮➅✝ ✱✔✱✔✯ ✮✲✱ ✛
❪❴❄❷✿❇❵✜❍❛❊➾❊✍✽✖◗✖✿✍❍■❅❆❄❷❝✑✽✻❣❏❑❙❅✔❱❆✽✻➶✑❅P❑▼❅❆❯■❯➵❈③❑❙▲❷→✻❊✍✿❧❈✔✿✍✽ ❂ ❍❛❄✙❊✍✽✖◗✖✿✍❍■❅❆❄❷➚✜❭✷❤✶➢✶❝✶❍■❯■❯ ❂ ✽✖❄✜❅③✿✍✽✻❊✍❅P❳❢✽✻◗✖❅③❄✜❊✍✿●❈✔❄❥✿ ❂ ✽✖❣❤✽✖❄ ❂ ❍❛❄✜❡

❅③❄✜❯❛▲✏❅❆❄✉✧❢❈✔❄ ❂ ❝✶❵✜❍■◗❧❵❷❳⑦❈✝▲⑦❱❲❈③❑❙▲❢✐✕❑❙❅P❳ ❯■❍❛❄✜✽❢✿✍❅❢❯■❍■❄✜✽❆❭❹❁✽⑦❈✔❣✜❣✜❯■▲❘✿✍❵✜✽❢❳❢❅P❳❢✽✖❄❥✿✶❍■❄✜✽✖◆❥❖❏❈✔❯■❍❛✿❇❍❛✽✖❊✻✿❇❅⑦✿✍❵✜✽✈❣❏❈③❑❙✿✍❍❩❈✔❯❦❊✍❖❏❳➁❊✶❅✔✐♦❀ ⑩ Ï✳ ✑✜✓ ❹❁✽❢❡❆✽✖✿✰❈✔❊✶✳ ❯✲✧✟✣ ✥ ❈q❄ ❂ ✧❽❯✸➽✜➔
✐❴❅P❑✑❈✔❯■❯✔❭✙❯❩❈❆❑❙❡❆✽✻✽✖❄✜❅③❖✜❡❆❵❦❺

❧ ✞✞✞✞ ➡ ➥♣
✞✞✞✞
➢ ♦ ❤➾➢✶❭ ✗✌✵✴✎✶ ❖✔ ❂❪②➤❪

⑤ ❂✜✷ ✗✌ ✓

❹❋✽❋✿✍❵✜✽✖❄ç❈✔❣✜❣✜❯■▲❃❳⑦❈✠③❥❍➵❳❜❈✔❯✑❍❛❄✜✽✖◆❥❖❏❈✔❯■❍■✿✍❍■✽✖❊❷❍■❄✲✇➦❅P❑❙❍■◗✜①➊✺✜✼✁✿✠❄✶➫✥✢P➚✟➲➉❈q❄ ❂ ④❫❍■✽✖❄❏❈❚▲✜❳✹✸❧①✛rt◗●❵✜✽✖❬❥▲❥◗●❵✜✽✬✺✸❍■❄✜✽✖◆P❖❏❈q❯❛❍■✿❙▲➹✿✍❅
❅③❬✜✿●❈✔❍■❄❦❺③✐s❅P❑ ❲ë ❲➊➌ ♦ ✥ ✭❥✐s❅❥❑P❇ ❲➏❀✚➌✬✣ ❲ë ✑ ✧❇✣ ✥ ❈✔❄ ❂ ✐s❅❥❑❞❈q❯❛❯✻❽❫❯ ❵

⑦ ❀✘➏❴➐✠➑❲✼✻ ✆ ✻✜➥ ♠➐➡ ✆ ♠✽�❾❽❍❭❫➓ ✑ ♦ ❤✶➢✟✷ ❛✛❭ ✗✌ ❜ ➓ ➢ ✭ ✉❙→❆→✝✇
❝➾❵✜✽❚❑❙✽✟❤✶➢✟✷ ❛✑❅❆❄✜❯■▲ ❂ ✽✖❣❏✽✖❄ ❂ ❊✶❅③❄✉✧④❈q❄ ❂ ❽ ✓♣✜❑❙❅P❳ ✉▼→❆→❚✇✰❝✑✽ ❂ ✽ ❂ ❖✜◗✖✽ ✉✚➔③✇✰❍❛❄➹➶✑❅P❑▼❅❆❯■❯➵❈③❑❙▲↕→❆❭❦æ➾❅✔❝✈➔❦✼✾✽❚❳⑦❳❜❈❷➭✏❍■❄ ➶➋❵✜❅❲❝➩➨è✼❦❈✔❍✶➫ →❚➚➤➲❞✿✍❅❆❡③✽✖✿✍❵✜✽❚❑✶❝➾❍❛✿❇❵ ✉✚➔③✇
▲❥❍■✽✖❯ ❂ ✿✍❵✜✽✰✐❴❅❆❖❏❑✑❈✔❊✍❊✍✽❚❑▼✿✍❍■❅❆❄✜❊ ↕ ❆❩➔ ➛ ❆❩➔ ➠ ❆❤❈✔❄ ❂ ➢ ❆Ö❅✔✐➼➶➋❅P❑❙❅❆❯■❯❩❈❆❑❙▲❷→③❭

æ✶✽✜③❥✿✶❊✍✽✖◗✖✿✍❍■❅❆❄❘❍■❊ ❂ ✽✖❱③❅❆✿✍✽ ❂ ✿✍❅⑦✿✍❵✜✽✰❣❏❑❙❅❥❅✔✐♥❅✔✐✗❳❢❅P❳❢✽✖❄❥✿✗❍■❄✜✽✖◆❥❖❏❈✔❯■❍■✿✍❍■✽✖❊✻❊✍✿●❈✔✿✍✽ ❂ ❍■❄❁✼✾✽❚❳❜❳⑦❈❢➚❢❅✔✐♥❊✍✽✖◗✖✿❇❍❛❅③❄❷➚✜❭
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r✑❵✜✽☞❣❏❑❙❅P❅q✐➼❍■❊✈❈❢❱✔❈❆❑❙❍❩❈✔✿✍❍■❅❆❄✙❅❆❄❁✼✾❅③❖✜❵✜❍❛◗❧❵✜❍✚✵➐❊✈❳❢✽✖✿✍❵✜❅ ❂ ➫ ✢✒✦❧➲✂❖✜❄ ❂ ✽❚❑✶❅③❖❏❑ ❂ ✽✖❣❤✽✖❄ ❂ ✽✖❄✜◗✖✽✈✐✕❑✍❈❆❳➁✽❆❭❏✼✾✽✖✿✄→ �✸➽❢❬❏✽⑦❈
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✼✾✽✖✿✘→✯�❃➽☞❬❏✽✈❈❢⑧✾③❥✽ ❂ ❍■❄❥✿✍✽✖❡❆✽❚❑✑❈✔❄ ❂❃■ ➙ ❬❏✽✻✿❇❵✜✽➇◗✖❯❩❈✔❊✍❊✑❅✔✐✂❑❙✽❚❈✔❯ ①✕❱❲❈✔❯■❖✜✽ ❂ ➔✤→✏✿✍❍❩❳❢✽✖❊✑◗✖❅❆❄❥✿✍❍■❄❥❖✜❅❆❖✜❊✍❯■▲ ❂ ❍ ✺➈✽❚❑❙✽✖❄❥✿✍❍❩❈✔❬✜❯■✽✐s❖✜❄✜◗✖✿❇❍❛❅③❄✜❊❑❏ ❊✍❖✜◗●❵❘✿❇❵❏❈✔✿❁❏➼❀ ❵✤✑✔✗ ❳❩❳❩❳ ✗ ❏ ✐ ➙ ❦ ❀ ❵✤✑✘✗ ❵ ❭
✼✾✽✖✿▼▲ ➙ ❀✲◆ ➙ ✭❖◆ ➙ ✶ ❲✛✑ ❬❏✽✧✿❇❵✜✽✧❊✍❖✜❬❏◗✖❯❩❈✔❊❇❊❷❅✔✐ ■ ➙ ✶ ❲ ❊❇❖✜◗●❵ç✿✍❵❏❈✔✿◗P❘❏ ✐ ➙ ❦ P ❖ ♦ ◆ ➙ ❈q❄ ❂ P✖❏ ✐ ➙ ✶ ❲ ❦ P ❖ ♦ ◆ ➙ ✶ ❲ ➔✑❝✶❵✜✽❚❑❙✽P✖❏ ✐ ❂❪❦ P ❖ ✗❚❙❱❯✣q ✰✄✭✴❲ ♠❳❏ ✐ ❂❪❦ ❀✩❴ ✑ ♠❥❈✔❄ ❂ ❏ ✐ ❂❪❦ ❂ ✽✖❄✜❅③✿✍✽✖❊✶✿✍❵✜✽ ❂ ❍ ✺➈✽❚❑❙✽✖❄❥✿✍❍❩❈✔❯❦❅✔✐✂❅P❑ ❂ ✽❚❑✿❍➺❅✔✐♥✿✍❵✜✽✰✐❴❖✜❄✜◗✖✿✍❍■❅❆❄❨❏☎❭❹❋✽✈❑❙✽✖◗❚❈✔❯■❯♥❈⑦❑❙✽✖❊❇❖✜❯❛✿✑❍■❄❁✼⑤❅❆❖✜❵✜❍■◗●❵✜❍✗➫ ✢✒✦➤➲♥❝✶❵✜❍■◗●❵❘❍■❊➇❈➁❡❆✽✖❄✜✽❚❑✍❈✔❯■❍❥①❚❈✔✿✍❍■❅❆❄❘❅✔✐☎✽✖◆P❖❏❈✔✿❇❍❛❅③❄↕✉⑨➸ ✓ ➱❆✇➺❍■❄❁Õ✑❍■❅❋➫⑦➔❆➚❧➲❙❭
↔✂❽❥➀↕➀✡➙❨❩❭❬➃✺✜✼➤→✦❪❃✺❞✿❑❫✂➍❍✺❃❀❙❋✏❅✮✼❊✺❵❴✒✺✜❂❜❛✮→ �❃➽ ✓ ❬✻✺✜✼☎❝ ➙ ✩✙❞ ➙ ✭❢❡❯❚✮✺✜❂✛✺
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✼✾✽✖✿✶❖✜❊✄⑧➈❑▼❊✍✿✑✽✜③P❵✜❍■❬✜❍■✿➇✿❇❵✜✽♦❳⑦❈q❍❛❄❘✿❇✽❚❑✍❳❢❊✑❝✶❵✜❍■◗●❵❋❈✔❣✜❣❏✽❚❈③❑✗❍■❄✙✿✍❵✜✽✻❣❏❑❙❅❥❅✔✐▼❭
❹❋✽✻❍❛❄❥✿●❑❙❅ ❂ ❖✜◗✖✽✻✿✍❵✜✽✰✐❴❅❆❯■❯■❅❲❝➾❍❛❄✜❡❜❄✜❅❆✿●❈✔✿✍❍■❅❆❄✜❊✝❺

❧ ➙ ❜ ❲ ✷ ✆ ✗ ✔
❪✔②♥⑧ ❂⑩⑨ ✻ ❂✓❄ ✻✽❶❳❶❳❶ ✻ ❂

➜❃➞
❄ ✻ ✆ ❜ ❲ ✞✞ ❧❉✎ ✆ ❜ ❂⑩⑨✜✎ ✆ ❜ ❂❧❄➃❳❘❳❩❳✐✎ ✆ ❜ ❂ ➜❁➞

❄ ✞✞ ♠
❧ ➙ ❜ ë ✷ ✆ ❀✲❷❸❏ ✑ ✗ ❙❱❯✣q❪ ✻ ✹ ✻♥❲

✔
❪ ②❹⑧ ❂⑩⑨ ✻ ❂✓❄ ✻✽❶❳❶❳❶ ✻ ❂

➜❁➞ ✌ ✻ ✆ ❜ ❲ ✞✞ ❧❉✎ ✆ ❜ ❂❺⑨✜✎ ✆ ❜ ❂✓❄➃❳❩❳❩❳✐✎ ✆ ❜ ❂ ➜❃➞ ✌ ❷ ➙ ❜ ë ✷ ✆ ❀✲❏ ✑ ✞✞ ✭
❝✶❵✜✽❚❑❙✽ ❷ ➙ ❜ ë ✷ ✆ ❀✲❏ ✑✘✗ ❷ ➙ ❜ ë ✷ ✆ ❀✲❏✾✭❼❻ ✑✘✗ ✯ ❏✂❀❴➡ ✆ ❜ ❂ ➜❃➞ ✌ ❜ ❲ ➃❽❻✷✎ ✆ ❜ ❂ ➜❁➞ ✌ ✑ ✣❾❏✂❀❴➡ ✆ ❜ ❂ ➜❁➞ ✌ ❜ ❲❁✑ ✳

✗ ❻✮✎ ✆ ❜ ❂ ➜❁➞ ✌ q
❲

❪ ❏ ❾ à✕➡ ✆ ❜ ❂ ➜❁➞ ✌ ❜ ❲ ➃❽❻✈⑥◆✎ ✆ ❜ ❂ ➜❁➞ ✌ ã s ⑥ ♠✾⑦❿



�✂✁☎✄✄�✄✂✴✆✖✞✡✠ ☛✆☎✌✞✝☎✟✞✍✠✏✎✑✠✡✠☛✞☞✂✝✒✔✓✕✠✁�✆�✄✠✎✍✁✞✏☎✏�✁✠✖✠☎✠✖✓✄✂✗✞✙✘✒☎✓✂✔☎✛✚✖✕✜✠
❈q❄ ❂

❧ ➙ ❜ ë ✷ ✆ ❀✲❏ ✑ ✗ ✔
❪ ②❹⑧ ❂⑩⑨ ✻ ❂✓❄ ✻✽❶❳❶❳❶ ✻ ❂

➜❁➞ ✌ ✻ ✆ ❜ ❲
♠✥❧❇✎ ✆ ❜ ❂⑩⑨✜✎ ✆ ❜ ❂✓❄➃❳❩❳❘❳❊✎ ✆ ❜ ❂ ➜❁➞ ✌ ❏✂❀❴➡ ✆ ❜ ❂ ➜❁➞ ✌ ❜ ❲❁✑ ♠ ✓

r➋❵✜✽✖❄❘❝❞✽ ❂ ✽✖❄✜❅③✿✍✽➇❬❥▲✌✳ ➙ ✷ ➥ ✉❴❑❙✽✖❊✍❣❤✽✖◗✖✿✍❍■❱❆✽✖❯■▲✲❬❥▲ ✳ ➙ ✷ ➥ ❀ ❏ ✑ ➔❏✳ ➙ ✷ ➥ ❀ ❷❸❏ ✑ ✇❫✿✍❵✜✽✻❊✍❖❏❳ ① ➥ ✆ ② ❲ ❧ ➙ ✷ ✆ ✉❴❑▼✽✖❊✍❣❏✽✖◗✖✿✍❍■❱❆✽✖❯■▲① ➥ ✆ ② ❲ ❧ ➙ ✷ ✆ ❀ ❏ ✑ ➔ ① ➥ ✆ ② ❲ ❧ ➙ ✷ ✆ ❀ ❷❸❏ ✑ ✇✖❭
♣❥❅❥❑❞❈❢❑❙✽❚❈q❯❏❱❲❈q❯❛❖✜✽ ❂ ✐❴❖✜❄✜◗✖✿✍❍■❅❆❄▼❏✙✿✍❵❏❈✔✿✗❬❤✽✖❯■❅❆❄✜❡❆❊✑✿✍❅✈✿❇❵✜✽➇❊✍✽✖✿✑▲ ➙ ❀✲◆ ➙ ✭❖◆ ➙ ✶ ❲✛✑ ➔③✿✍❵✜✽➇◆❥❖❏❈✔❄❥✿✍❍■✿❙▲❬♠ ❧④❀✲❏✂❀❴➡ ➥❍✑↔✑ ♠③❍❛❊✑✽✖❱✔❈✔❯■❖❏❈✔✿✍✽ ❂❬❥▲❘❳❢✽❚❈✔❄✜❊✑❅✔✐✂✿✍❵✜✽✈❳⑦❈✔❍■❄❘✿✍✽❚❑✍❳➁❊✶❧ ➙ ❜ ë ✷ ✆ ❀✲❏ ✐ ➙ ❜ ❲ ❦ ✑ ❈✔❄ ❂ ❧ ➙ ❜ ë ✷ ✆ ❀✲❷❸❏ ✐ ➙ ❜ ❲ ❦ ✑ ❈✔❊✶❊✍❵✜❅✔❝✶❊❫✿✍❵✜✽✰✐❴❅❆❯■❯❛❅✔❝✶❍■❄✜❡⑦❯■✽❚❳⑦❳❜❈✜❭
↔➺❽P➀✡➀✡➙ ✁ ❬✻✺✽✼➍→ ❪❁✺❝✿ ❫✂➍❍✺❃❀➣❋✏❅✮✼❊✺❵❴✒✺✜❂❜❛✘→ �Ý➽✾❆ ❬➃✺✜✼④❀✖✎ ➥✒✑ ❪❁✺✬✿❝❈P✺✄✂✖❦✮✺✜❅✾❑❃✺✉●✛✇✆☎✌➡▲✱ ✳✞✝ ❂✛✿✠❅✾❀◆●✔✉ ❤❷✿❍❂❁❋✚✿✐❪✜❄❡✺P❈✍❛
❑❃✺✜❅✮✼❊✺✽❂✛✺❁❀☛✿✠❅✾❀❸❪❃●✔❦✒❅✾❀◆✺❁❀❸❪✽■ ✥ ❆ ♣ ❚✮✺✜❂✛✺✟✺❧➍✠❋❡❈❁✼✏❈✟✿❉◗✷●❘❈❃❋➄✼✚❋ ❤❷✺✟❑❃●✠❅❣❈❁✼❊✿✠❅✮✼❫❤ ➙ ❀✤✺ ◗✷✺✽❅✾❀✠❋➄❅✐❴✪●✠❅✮❄❥■➂●✠❅✟→ ❛✔❈❱❦✮❑❃❚✪✼✏❚❏✿✠✼ ✇✽●✠❂✟✿✠❅✮■❏❝✩ ▲ ➙ ❀ ◆ ➙ ✭❖◆ ➙ ✶ ❲✛✑

♠ ❧④❀✲❏✂❀❴➡ ➥✒✑✛✑ ♠ ♦ ❤ ➙
✟ ✫ ➙ ➥ ❀✲◆ ➙ ✂ ◆ ➙ ✶ ❲ ✫ ➥✒✑ ➃➏❀✲◆ ➙ ✂ ◆ ➙ ✶ ❲ ✑

➥ ❜ ❲✔ ❂❪②➤❪
❀✚❭✪✣❘❍ ✑⑧⑤ ❂

➃
➥✔✆ ② ❲

❧ ➙ ❜ ë ✷ ✆ ❀✲❏ ✐ ➙ ❜ ❲ ❦ ✑ ➃ ➥✔✆ ② ❲
❧ ➙ ❜ ë ✷ ✆ ❀✲❷❸❏ ✐ ➙ ❜ ❲ ❦ ✑✡✠✉✓

☛✌☞✎✍✑✏✓✒✕✔✕✖✡✗✙✘✚✖✕✛✎✏✓✍✢✜✣✍✤✗✦✥✞✧★✘✩✛✫✪✬✒✡✭✎☞✎✘✮✏✯☞✎✘❦➫ ✢✒✦➤➲✰✖✡✗✱✍✌✗✱✍✓✲✎✳✴✖✵✏✓✍✓✶✷☞✎✍✤✗✱✍✑✸✺✹✻✸✼✒✡✭✎✛✎✶✎✧✽✶✎✍✓✲✾✍✓✛✎✶✎✘✮✛✎✿❀✒✡✛✞✜✦☞✎✍❁✧✦✍✓❂❃✭✎✍✓✛✎✏✓✍✻❄ ⑤❆❅P✑✱❅ ➁ ❪ ✓✪✬✍✤✥❇✥❇✖❙➔❀✘✮✧❈✲✾✗✙✒✕✔✡✍✓✶❉✘✮✛✯✮❈✲✎✲✾✍✓✛✎✶✎✘❥③✉④❈❊
✵★✶●❋ ✹✻✺✽✼✂✾❍❋★❀✞■❑❏ ❄▼▲✄◆ ❄✑✺❉❅✄❖❁❆P❖❁◗ ✺❙❘ ✼ ❋❍❄❁❅❇❆ ✺❉✼✂❊✽❋❍●❚■❱❯✎❲✢❳❩❨ ❬★❭❆❪❴❫ ❄❁❆✞❵❍■❛❯✎❲✢❳✡❨❜❬★❭✓❝❞❪❴❫☛❁☞✎✍❁✲✎✭✾✗✙✲✾✒✡✧✣✍✢✒✕❡✬✜✦☞✎✍✢✧✦✍✓✏✓✒❩✛✎✶✷✧✣✜✦✍✓✲✻✘✮✧✢✜✣✒❢✍✓✔✕✖✕✳✮✭✾✖✕✜✦✍❁✜✦☞✎✍✑✥❣✖✕✘✮✛✷✜✣✍✤✗✦✥✞✧✔❧ ➙ ❜ ë ✷ ✆ ❄✲❏ ✑ ✖✵✛✎✶ ❧ ➙ ❜ ë ✷ ✆ ❄✲❷❸❏ ✑ ✒✵❡❙✪✬✍✤✥❇✥❇✖
➔✰❊❃❤❑✍❀✛✎✍✓✍✓✶✌⑧❙✗✙✧✦✜❁✜✦☞✎✍❈❡✐✒✡✳✮✳✮✒✕❥▼✘✮✛✎✿✷✲✾✗✱✍✓✲✾✖✡✗✦✖✕✜✦✒✺✗✙✹✞✳✩✍✤✥❣✥❇✖✕✧✤❊
❦❣❧✡♠✾♥♣♦❙❧❩♦✾q✡rs❧✵t✈✉✇♠✼①②①②♦✬③✺④✪✬✍✓✜▼✭✎✧❢✗✙✍✓✏✤✖✵✳✩✳⑤✜✦☞✎✍❈❡⑥✒❩✳✩✳✮✒✕❥▼✘✮✛✎✿✞✛✎✒✡✜✯✖✕✜✣✘✩✒❩✛✎✧✤⑦✮♣ ❅ ✷ ⑧ ✻ ✗ ❭ ① ⑧ ❜ ❲❂❪②✾❪ ❄●❍✎⑨ ✥ ✑ ❅ ❜ ë ⑤ ❂r✭ ✫ ë⑧ ✻ ✗ ♣ ë ✷ ⑧ ✗ ❭ ① ⑧ ❜ ❲❂❪②➤❪ ⑤ ❂ ✓⑩❷❶❃❸❹❸❹❺❼❻❞❽●❾❢●✔❦❩❿❩❚✮✿✠❅➣✿✠❅✾❀❃❬✻●✔❦◆❚✒❋✚❑❃❚✒❋✼❽ ➛✒↕●➀➁➀❬➃✺✜✼✽❄✏✎❇⑧ ✑ ❪❁✺★✿✁❑❁✺✽❅✮✼❊✺✜❂✛✺❃❀❉❈P✺✯✂❘❦❏✺✽❅✾❑❁✺★●❵✇✻☎➁➂▲✱ ✳✞✝❞❂✛✿✠❅✾❀✤●✔✉ ❤❷✿✠❂❃❋✚✿✐❪✜❄❡✺❃❈✜❆✎➃❧❦✽◗✤◗✾●❘❈P✺★✼✏❚❏✿✠✼✽❄✏✎❇⑧ ✑ ❋❱❈❑❦❣❅✮❋ ✇✽●✠❂❇✉✁❄❥■ ❪❃●✔❦✒❅✾❀◆✺❁❀❪✽■ ✥ ❆ ♣ ❚❏✺✽❅⑥❛✜✇✽●✠❂❞✿❍❅✮■❙❋➄❅✮✼❊✺❵❴✒✺✽❂✘→✯�➅➄⑥❛➍✼✏❚❏✺✽❂✛✺❞✺✄➆✠❋❡❈❃✼✏❈➂✿★◗✾●❘❈❁❋✏✼✚❋✌❤✠✺❞❑❃●✠❅❣❈❁✼❊✿✠❅✮✼❯❤ ➙ ✇✽●✠❂★❡❯❚❣❋✖❑P❚⑧✔✆ ② ❲

❧ ➙ ❜ ❲ ✷ ✆ ♦ ❤ ➙ ✕ ✫ ➙ ⑧ ⑨q♣ ➙ ✷ ⑧ ✤ ✓

✪➇✍✤✥❇✥❇✖♦❶➈✘✮✧❇✍✓✧✦✜✄✖✕✸✎✳✮✘✩✧✣☞✎✍✓✶➉✸✺✹➉➊❈✒✡✭✾➋❩☞✾✖✕✛➉✖✕✛✎✶➌✪✬✒✡✭✎☞✎✘✮✏✄☞✎✘✻➍➏➎✎➐✱➑➓➒★✘✮✛➌✒❃✗✙✶✎✍✤✗❴✜✣✒➔✿✡✘✮✔✡✍❱✥✞✒❃✥✞✍✓✛✺✜✻✘✮✛✎✍✓❂✺✭✾✖✕✳✮✘✮✜✦✘✮✍✓✧❇❥▼✘✮✜✦☞✘✮✛✺✜✦✍✓✿✡✍✤✗♣✒❃✗✙✶✎✍✤✗ →s❊☛✌☞✎✍❈❡⑥✒✡✳✮✳✮✒✕❥▼✘✮✛✎✿❇✳✮✍✤✥❇✥❇✖❀❥▼✘✮✳✮✳→✒✵❡⑥✜✦✍✓✛✫✸✾✍❀✭✎✧✦✍✓✶❱✘✮✛➔✜✦☞✎✍❈✧✦✍✓❂✺✭✎✍✓✳→✖✕✛✎✶❱✘✮✧▼✲✾✗✙✒✕✔✡✍✓✶✫✘✮✛ ✮❈✲✎✲✾✍✓✛✎✶✎✘❥③✉④❈❊⑩❷❶❃❸❹❸❹❺✆➣↕↔✻➙✕➛✚➜✡➝✓➞✎➟ ➠❴➡➁➢✾➝✯✂❘❦➥➤✕➛✮➡➁➦✐➡⑥➝➧➠➨s➩✕➞✻➤✕➛➁➛✤→✯�➌➫✆➤✕➢✾➜✞➭➲➯ ✕➵➳✎➸➻➺✤➺➻➺➓➸ →❇➼ ✥ ✤ ❛ ❡✢➝➾➽➥➤✔❤✕➝➚➶➪ ✷ ⑧ ➚➘➹ ❜ ➪ ✷ ⑧❱➴ ✫ ë ➹➧➷ ✐ ➹ ❜ ë ❦⑧ ➚ ✐ ➹ ❜➥➬ ❦ ➷ ✐ ➹ ❜ ë ❦➹ ✷ ⑧ ➴ ✕✁✫ ➹ ⑧ ⑨➅➚➘➹ ✷ ⑧ ✤ ➺ ➮✙➐✓➱✺✃❐✻➩✔❡❚➜✡➝ ❫✢➢✾➝ ➚ ➪ ✷ ⑧❙❄✲◆➻❒✓➸❖◆ ë✯❮ ✻Ï❰②Ð ⑧ ❜ ❒✔ ❂❪②✾Ñ ❄✲◆➻❒ ✂ ◆ ë ❄✩❍✎⑨ ✥ ❮✦❮ ❄✩❍✺⑨ ✥ ❮ ➪ ❜ ë ⑤ ❂✙➸
✾➥Ò



�✂✁☎✄✁�✄✂✝✆✟✞✡✠☞☛✆☎✌✞✝☎✟✞✍✠✏✎✑✠✡✠☛✞☞✂✝✒✔✓✕✠✍✌✎�✁✠✑✏✄✞☞☎✒�✄✠✓✠☎✠✖✓✕✔✗✞✙✘✖☎✗✂✘☎✛✚✚✙✜✠
➦➁➽➥➝✓➢ ✫ ➹ ❜ ➪⑧ ❄✲◆➻❒ ✂ ◆ ë ✫✓⑧ ❮ ➚ ➪ ✷ ⑧ ➴ ✫ ➹ ⑧ ❄ ◆➻❒ ✂ ◆ ë ✫✓⑧ ❮ ⑨➌➚ ➹ ✷ ⑧❙❄✲◆➻❒✓➸❖◆ ë✄❮ ➺ ➮✙➐✜✛❩✃
✢ ➛Ï➠➧➩ ✫ ➹ ❜ ➪⑧ ➚✆➪ ✷ ⑧ ❄✲◆ ❒ ➸❖◆ ë ❮ ➴ ✫ ➹ ⑧ ❄✲◆ ❒ ✂ ◆ ë ✫ ⑧ ❮ ⑨➌➚❑➹ ✷ ⑧ ❄✲◆ ❒ ➸❼◆ ë ❮ ➺ ➮✙➐❢❶❩✃
✣✥✤♣♠✧✦♣♦✬③✁★✒✩✆✉✇♠✼①②①②♦★④☛❁☞✎✍❈❡✐✒✡✳✮✳✮✒➵❥ ✘✩✛✎✿✞✳✮✍✤✥❇✥❇✖ ✘✩✧❈✜✦☞✎✍❈✸✾✖✕✧✦✘✮✏✻✜✣✍✓✏✯☞✎✛✎✘✮✏✤✖✕✳✬✳✮✍✤✥❇✥❇✖✞✒✵❡→✜✦☞✎✘✮✧❢✧✣✍✓✏✓✜✦✘✮✒✡✛s❊⑩✽❶✺❸➉❸❹❺✫✪ ❬s➝✓➦✑❏ ❪✄➝❉➤➈➞✦➝✄➤✕➛❢❤✕➤✕➛⑩❦➥➝✄➜✻✇✖❦✺➢✭✬✓➦✐➡✐➩✕➢ ➩✛✇❉➦➁➽➥➝❣➠➧➝❆➦✗▲❴❒✤❄✲◆➻❒✓➸❖◆ ë✄❮✜✮ ❬➇➝✓➦❴❄✗✯❇⑧ ❮ ❪✄➝❱➤✫✬✄➝✓➢✎➦✇➝❆➞✦➝✯➜❣➠➧➝✄✂✖❦✎➝✓➢✭✬✄➝✫➩❵✇☎ ➂▲✱ ✳ ✝➾➞✦➤✕➢✾➜❩➩✔✉❭❤➵➤✕➞✄➡⑥➤ ❪✓➛✚➝✄➠ ✮ ➃❧❦✱✰✲✰✰➩➵➠➧➝❴➦➁➽➥➤✵➦✢❄✗✯❇⑧ ❮ ➡ ➠❑❦✺➢✎➡ ✇❆➩✕➞❇✉✞➛✴✳ ❪✄➩✔❦❃➢✾➜❩➝✯➜ ❪✵✳ ✥ ✮ ♣ ➽✎➝✓➢⑥❛✐✇✤➩✕➞❢➤✕➢✶✳✞➡➁➢✎➦✇➝✕❴✺➝✓➞✆✷✯� ➄⑥❛➦➁➽➥➝✓➞✦➝❀➝✄➆➵➡ ➠✯➦➁➠✻➤✸✰✾➩➻➠✯➡➁➦✐➡✌❤✕➝✹✬✯➩✕➢✺➠✄➦✇➤✕➢✎➦☛✺❁➹ ➜✡➝✒✰✾➝✓➢✾➜✕➡➁➢✐❴❱➩✕➢✎➛✴✳❉➩✕➢✻✷✽❛✜✇❆➩✵➞★❡★➽❃➡✼✬➧➽⑧✔✆ ②⑤❒ ✽ ➹ ❜ ë ✷ ✆ ❄✲❷❃❏ ❮ ⑨ ⑧✔✆ ②s❒ ✽ ➹ ❜ ë ✷ ✆ ❄✲❏ ❮

➴ ✺ ➹ ✟ ✫ ➹ ⑧ ❄✲◆➻❒ ✂ ◆ ë ✫❆⑧ ❮ ⑨ ➹ ❜ ë✔➪ ② ë ➚ ➪ ✷ ⑧❃➚ ➹ ❜ ➪ ✷ ⑧s❄✲◆➻❒✓➸❖◆ ë✄❮ ⑨➌➚ ➹ ✷ ⑧❙❄✲◆➻❒✓➸❖◆ ë✯❮ ✠ ➮✙➐✜✾❩✃
☛❁☞✎✍▼✗✙✘✮✿✡☞✺✜✢☞✾✖✕✛✎✶❇✧✣✘✩✶✎✍ ✜✦✍✤✗✦✥❞✒✕❡✑➮✙➐✜✾❩✃s✘✮✧❁✧✦✘✚✥✞✘✮✳✚✖✡✗✽✜✦✒❴✜✣☞✎✍▼✒✡✛✎✍▼✒✡✸✎✜✄✖✕✘✮✛✎✍✓✶❇✘✮✛ ✪✬✍✤✥❣✥❇✖✿✛❴✒✕❡s✪✬✒✡✭✎☞✎✘✮✏✄☞✎✘→➍❜➱❁❀❆➑➓❊ ③ ✒✕❥❁✍✓✔✡✍✤✗✓➒✶✎✍✓✜✯✖✕✘✮✳✮✧▼✒✕❡→✜✣☞✎✍❴✲✾✗✙✒❃✒✵❡ ✖✡✗✙✍❴✧✦✳✮✘✮✿✡☞✺✜✦✳✮✹❉✶✎✘ ✺✬✍✤✗✙✍✓✛❃✜ ✶✎✭✎✍✻✜✦✒✞✜✦☞✎✍✻➋❩✘✮✛✎✶➔✒✕❡→✶✎✍✓✲✼✍✓✛✎✶✎✍✓✛✎✏✓✍✷✖✕✧✣✧✦✭✾✥✞✍✓✶s❊
❂✸❃✜❄✚❄✶❅✿❄✶❅❴⑩✽❶✺❸➉❸❹❺✫✪
❆▼✧✣✘✩✛✎✿❴✘✮✛✎✶✎✭✎✏✓✜✦✘✮✒✡✛✫✒✡✛✿✷✯�➅➄✎➒✕❥❁✍❁❥▼✘✮✳✮✳✾✲✾✗✙✒✕✔✡✍♣✜✦☞✾✖✕✜✽✍✤✖✕✏✄☞✞✒✕❡❙✜✣☞✎✍▼✜✦✍✤✗✦✥✞✧ ① ⑧ ✆ ②⑤❒ ✽ ➹ ❜ ë ✷ ✆ ❄✲❷❸❏ ❮ ✖✕✛✎✶ ① ⑧ ✆ ②⑤❒ ✽ ➹ ❜ ë ✷ ✆ ❄✲❏ ❮✘✮✧▼✸✾✒✡✭✎✛✎✶✎✍✓✶➈✸❃✹❣✜✦☞✎✍✻✗✙✘✮✿✡☞✺✜✑☞✾✖✵✛✎✶❱✧✦✘✮✶✎✍ ➮❈❇ ③✸❉ ✃❁✒✕❡▼➮✙➐✜✾✡✃✓❊
❊✺✒❃✗✑✷❇❰②➄✰➒❃❥❁✍✻✗✙✍✄❡✐✍✤✗♣✜✦✒❉✪✬✒❩✭✎☞✎✘✩✏✄☞✎✘✢➍●❋■❍✓➑✙❊❃❤❑✍❀✏✤✖✕✛➔✖✕✳✮✧✦✒✞✶✎✍✓✶✎✭✎✏✓✍✻✜✦☞✎✍❴✏✤✖✵✳✩✏✓✭✎✳✚✖✕✜✣✘✩✒❩✛✎✧❁❡⑥✒✺✗✢✜✣☞✎✍❴✏✤✖✕✧✦✍❏✷❇❰②➄❀❡✇✗✙✒❃✥ ✜✦☞✎✍✿✡✍✓✛✎✍✤✗✦✖✕✳✼✏✤✖✕✧✦✍❴✜✦☞✾✖✵✜✑❥❁✍❈✧✦✜✯✖✕✜✣✍▲❑✣✭✎✧✦✜▼✸✼✍✓✳✩✒✕❥✻❊
❉ ✭✎✲✎✲✾✒✡✧✣✍❴✛✎✒➵❥❚✜✦☞✾✖✵✜➾➮✱➐✜✾✡✃✽☞✎✒❩✳✩✶✎✧ ❡✐✒❃✗♣✜✦☞✎✍❴✒❃✗✙✶✎✍✤✗❴❄✴✷✞➼ ✥ ❮ ➒✺❥✑✍❈❥▼✘✮✳✮✳→✲✾✗✱✒➵✔❩✍▼✘✮✜▼❡✐✒❃✗☛✷s❊
▼ ✭✾✗♣✲✎✭✾✗✙✲✾✒✡✧✣✍❴✘✩✧❈✜✦☞✎✍✓✛❱✜✦✒✞✍✓✔✕✖✕✳✮✭✾✖✕✜✦✍❴✜✦☞✎✍❈❡✐✒✡✳✮✳✮✒➵❥ ✘✩✛✎✿❣✧✦✭✾✥✞✧✤⑦⑧✔✆ ②⑤❒ ✔Ñ ②❹⑧ ❂⑩⑨ ✻ ❂✓❄ ✻✽❶❳❶❳❶ ✻ ❂❖◆✘P ✌ ✻ ✆ ❜ ❒ ✞✞ ✽◗✯ ✆ ❜ ❂❺⑨✘✯ ✆ ❜ ❂❧❄☛❘✜❘✜❘❙✯ ✆ ❜ ❂❖◆❚P ✌ ❏✽❄✐➂ ✆ ❜ ❂●◆✘P ✌ ❜ ❒ ❮ ✞✞ ➸ ➮✙➐✜❍❩✃
✖✕✛✎✶ ⑧✔✆ ②⑤❒ ✔Ñ ②❹⑧ ❂❺⑨ ✻ ❂✓❄ ✻✽❶❳❶❳❶ ✻ ❂●◆✘P ✌ ✻ ✆ ❜ ❒ ✞✞ ✽◗✯ ✆ ❜ ❂⑩⑨✵✯ ✆ ❜ ❂✓❄✖❘❯❘✜❘✒✯ ✆ ❜ ❂❖◆✘P ✌ ❷ ➹ ❜ ë ✷ ✆ ❏ ✞✞ ➸ ➮✙➐❢➀❩✃
❤❑✍❉✖✡✗✙✿✡✭✎✍❇✖✕✧✻➊❈✒❩✭✾➋✡☞✾✖✕✛✝❱❳❲★✒❃✗✙✜✄✖✕✳✢➍➏➎✲❋❆➑✎⑦✾✳✮✍✓✜❩❨❱❰❱✻✆❍ Ñ ➴ ❍✱❒ ➴ ➺➻➺✤➺ ➴ ❍ ➹ ❜ ë ➴ ❇✫➼ ✥ ✸✼✍❉✖❭❬✭❪✺✍✓✶❑✧✦✍✓❂❃✭✎✍✓✛✎✏✓✍❣✒✕❡✘✮✛✎✏✤✗✙✍✤✖✕✧✦✘✮✛✎✿✻✘✮✛✺✜✦✍✓✿✡✍✤✗✙✧➻➒✕✳✩✍✓✜▼➭ ✸✼✍❢✜✣☞✎✍▼✧✯✥❇✖✕✳✮✳✮✍✓✧✦✜♣✘✩✛✺✜✦✍✓✿✡✍✤✗ ❡⑥✒✺✗★❥▼☞✎✘✮✏✯☞❴❫ ➪ ✻➏❰❤❍ ➪ ✶ ❒✬➼ ❍ ➪ ❰❛❵❝❜✄❞✎❒ ✻✭❡✼✻✺➹ ❜ ë ❄✩❍ ❡ ➼ ❍ ❡ ❜ ❒ ❮ ❊
❊s✘✮✛✾✖✕✳✮✳✮✹✫✳✩✍✓✜ ① ✐ ➪ ❦Ñ ②❹⑧ ❂⑩⑨ ✻ ❂✓❄ ✻✽❶❳❶❳❶ ✻ ❂❖◆❚P ✌ ✶✎✍✓✛✎✒✡✜✣✍▼✜✦☞✎✍❈✧✦✭✾✥✞✧❁✒✕✔✡✍✤✗✽✜✦☞✎✍❈✧✦✭✎✸✼✶✎✘✩✔✺✘✮✧✦✘✮✒✡✛✎✧✶❍✱❒ ➴ ➺✤➺✤➺ ➴ ❍ ➹ ❜ ë ➴ ❇✻➼ ✥ ❡✐✒❃✗♣❥▼☞✎✘✮✏✯☞✜✦☞✎✍❈✸✎✘✩✿✫✳✚✖✕✿✥❵✍❜❢❞ ❒ ✻✭❡✼✻❃➹ ❜ ë ❄✩❍☞❡❷➼✪❍☞❡ ❜ ❒ ❮ ✘✮✧❢✗✙✍✤✖✕✏✄☞✎✍✓✶➔✖✕✜❁✜✦☞✎✍❴✘✮✛✎✶✎✍✵❪➔➭❑❊❤❑✍ ✖✵✳✩✧✣✒❱✧✦✍✓✜ ① ✐ ➪ ❦✩✷ ❅✟❣Ñ ②❹⑧ ❂❺⑨ ✻ ❂✓❄ ✻✽❶❳❶❳❶ ✻ ❂●◆✘P ✌ ✻ ✆ ❜ ❒ ❡✐✒❃✗▼✧✣✭✾✥✞✧❢✒✕✔✡✍✤✗ ✜✦☞✎✍✞✧✦✭✎✸✼✶✎✘✩✔✺✘✮✧✦✘✮✒✡✛✎✧✼❍✱❒ ➴ ➺✤➺✤➺ ➴ ❍ ➹ ❜ ë ✧✦✭✎✏✄☞❼✜✣☞✾✖✕✜❢✜✣☞✎✍✷✸✎✘✮✿✳✚✖✕✿❽❍ ➪ ✶ ❒✢➼❘❍ ➪ ❰❤❵✍❜❢❞✾❒ ✻✭❡✼✻✺➹ ❜ ë ❄✩❍ ❡ ➼✪❍ ❡ ❜ ❒ ❮ ✍✓❂✺✭✾✖✕✳✮✧✐❫ ➪ ❊③ ✍✓✛✎✏✓✍✡➒✺✘Ï❡❦❥ ✶✎✍✓✛✎✒✡✜✦✍✓✧▼✖✞✧✦✭✎✸✎✧✣✍✓✜✑✒✵❡P❻ ➹ ❜ ë ✖✵✛✎✶✏✪❉✘✮✧❢✖✞✲✾✒❩✧✦✘✮✜✦✘✮✔✡✍❈❡⑥✭✎✛✎✏✓✜✣✘✩✒❩✛❱✒✡✛✝❻ ➹ ❜ ë ➒✎✜✦☞✎✍✓✛

✔✐ Ñ ②❹⑧ ❂⑩⑨ ✻ ❂✓❄ ✻✽❶❳❶❳❶ ✻ ❂❖◆❚P ✌ ✻ ✆ ❜ ❒✉❦ ✭✁❧ ✪⑤❄✩❍✱❒✯➸✤➺➻➺✤➺✦➸❈❍ ➹ ❜ ë✓❮ ➴ ➹ ❜✶♠✔➪ ②✾Ñ ✆ ❜ ❒✔❅♥❣ ②✼Ñ ✐ ➪ ❦●✷ ❅♥❣✔✐ Ñ ②❹⑧ ❂❺⑨ ✻ ❂❧❄ ✻❉❶❳❶❳❶ ✻ ❂❖◆❚P ✌ ✻ ✆ ❜ ❒✟❦ ✭✄❧ ✪→❄✩❍✙❒✄➸✜❘✜❘❯❘✎➸s❍ ➹ ❜ ë✓❮ ➺ ➮✐➎✲❀❩✃
❤❑✍ ✥ ✍✤✖✕✛➔✸✺✹➔✜✦☞✎✍❀✛✎✒✡✜✯✖✕✜✣✘✩✒❩✛➉❄❈❨❇❰❱✻✈❍ Ñ ➴ ❍✙❒ ➴ ➺➻➺✤➺ ➴ ❍ ➹ ❜ ë ➴ ❇❇➼ ✥ ❮ ➯♦❥ ✜✦☞✾✖✕✜✞❄✩❍✙❒✓➸✤➺➻➺✤➺✦➸s❍ ➹ ❜ ë✯❮ ➯✧❥ ✖✕✛✎✶❑✜✦☞✾✖✵✜
❨❴❰❱✻✰❍✐Ñ ➴ ❍✱❒ ➴ ➺✤➺✤➺ ➴ ❍ ➹ ❜ ë ➴ ❇✞➼ ✥ ❊

♣❁q



�✂✁☎✄✄�✄✂✴✆✖✞✡✠ ☛✆☎✌✞✝☎✟✞✍✠✏✎✑✠✡✠☛✞☞✂✝✒✔✓✕✠✹✌✆�✄✠✑✏✁✞✒☎✒�✁✠✚✠☎✠✖✓ ✔✗✞✙✘✖☎✗✂✘☎✛✚✚✙✜✠
❉ ✜✦✭✎✶✎✹❉✒✵❡ ✜✦☞✎✍❈✸✾✒❩✭✎✛✎✶➔✒✕❡✌➮✱➐✜❍✡✃✓⑦❤❼✍❀✛✎✒✡✜✦✍❴✜✦☞✎✍ ❡✐✒✡✳✮✳✩✒✕❥▼✘✮✛✎✿❇✶✎✍✓✏✓✒✺✥✞✲✾✒✡✧✣✘✩✜✣✘✩✒❩✛s⑦✺❡⑥✒✺✗✂✪✫✏✓✒✡✛❃✜✣✘✩✛✺✭✎✒✡✭✎✧▼✖✕✛✎✶❱✶✎✘ ✺❙✍✤✗✱✍✓✛❃✜✦✘✚✖✕✸✎✳✮✍✡➒✼✘Ï❡❢✪→❄❈❨ ❮ ❰❛❨✎➒

✪→❄✐➂ ⑧ ❮ ❰ ⑧✔✆ ②⑤❒ ✁ ✪⑤❄ ➂ ✆ ❮ ➼✙✪→❄✐➂ ✆ ❜ ❒ ❮✄✂ ❰ ⑧✔✆ ②⑤❒ ✯ ✆ ✪ ❾ ❄✐➂ ✆ ❜ ❒ ⑨ ❻ ✆ ✯ ✆ ❮ ➸✺❥▼☞✎✍✤✗✙✍❈❡✐✒❃✗❁✖✕✳✮✳ ✥ ➴ ❇ ➴ Ð→➸✲❨✚❲ ❻ ✆ ❲ ✥ ➺❱➮✐➎✎➐➻✃
☎ ✒✕❥➅❥❁✍▼✭✎✧✦✍❈✏✤✖✕✳✮✏✓✭✎✳✚✖✕✜✦✘✮✒✡✛✎✧❁✒✡✛❇✜✣☞✎✍▼❡✐✭✎✛✎✏✓✜✦✘✮✒✡✛ ❏ ❹ ✘✮✛✎✧✦✜✣✍✤✖✕✶❇✒✕❡ ❏★➒❩❥▼☞✎✒✡✧✦✍▼✍✵❪✺✲✾✗✙✍✓✧✦✧✣✘✩✒❩✛❉✖✕✲✎✲✾✍✤✖❩✗✙✧✢✜✦☞✾✖✵✛✾➋✡✧♣✜✦✒✷☛★✖➻✹❃✳✮✒❃✗✝✆ ✧❡✐✒❃✗✦✥❀✭✎✳✚✖❱➮➁✏✄❡✦❊❃✍✓❂✺✭✾✖✕✳✮✘✮✜✙✹➘➮✐➎✰➐✤✃✦✃✓❊✺✪✬✍✓✜❁✭✎✧❢✿✡✒✞✘✮✛✺✜✦✒❀❡⑥✭✾✗✙✜✣☞✎✍✤✗✢✶✎✍✓✜✄✖✕✘✮✳✩✧➻❊
❊⑤✘✚✗✙✧✦✜✤➒✰❥✑✍❈❥❢✗✙✘✮✜✦✍

❏ ❄ ➂ ✆ ❜ ❂❖◆❚P ✌ ❜ ❒ ❮ ❰ ✁ ❏✽❄✐➂ ✆ ❜ ❂❖◆❚P ✌ ❜ ❒ ❮ ➼◗❏✽❄✐➂ ✆ ❜ ❂●◆✘P ✌ ❜ ❅ ❣ ❜ ❒ ❮✞✂ ⑨ ❏ ❄ ➂ ✆ ❜ ❂❖◆❚P ✌ ❜ ❅ ❣ ❜ ❒ ❮ ➺☛✌☞✎✍❴✳✴✖✵✧✦✜▼✶✎✍✓✏✓✒❃✥✞✲✼✒✡✧✦✘✮✜✦✘✮✒✡✛✫✹❃✘✮✍✓✳✮✶✎✧→⑦
✟ ✽✻❄✼✯ ✆ ✯ ✆ ❜ ❂✓❄ ❘❯❘✜❘✒✯ ✆ ❜ ❂❖◆✘P ✌ ❏✽❄✐➂ ✆ ❜ ❂❖◆❚P ✌ ❜ ❒ ❮✦❮✠✟ ➮✐➎✡➎❩✃➴ ✟ ✽✻❄✗✯ ✆ ✯ ✆ ❜ ❂❧❄✆❘❯❘✜❘✒✯ ✆ ❜ ❂❖◆❚P ✌ ✁ ❏✽❄✐➂ ✆ ❜ ❂❖◆❚P ✌ ❜ ❒ ❮ ➼✡❏✽❄✐➂ ✆ ❜ ❂❖◆✘P ✌ ❜ ❅♥❣ ❜ ❒ ❮✞✂⑥❮✡✟⑨ ✟ ✽✞❄✗✯ ✆ ✯ ✆ ❜ ❂❧❄☛❘✜❘✜❘❙✯ ✆ ❜ ❂❖◆❚P ✌ ❏✽❄✐➂ ✆ ❜ ❂●◆✘P ✌ ❜ ❅✟❣ ❜ ❒ ❮✦❮✠✟❰❱✻☞☛✼❒➵❄✩❍✙❒✓➸✤➺➻➺✤➺✦➸❈❍ ➹ ❜ ë✄❮ ⑨✌☛ ë ❄✩❍✙❒✓➸✤➺➻➺✤➺✦➸❈❍ ➹ ❜ ë✄❮ ➺

✽✎✍✺❺✑✏✓✒★❺✑✔✝✕ ❄✗✖❛❄✶❅ ① ❂✓❄ ✻✽❶❳❶❳❶ ✻ ❂❖◆❚P ✌ ☛ ë ❄✩❍✱❒➧➸➻➺✤➺✤➺✣➸s❍ ➹ ❜ ë✄❮ ⑦☛✌☞✎✍✻✗✙✍✓✳✚✖✕✜✦✘✮✒✡✛ ✽✞❄✗✯✙✘ ❮ ❰ ✽✿✾✄❀ ❄✼✯❼➸✚✘ ❮ ⑨ ✽✞❄✗✯ ❮ ✽✻❄✛✘ ❮ ❥❢✗✙✘✮✜✦✍✓✧
✽❇❄✗✯ ✆ ✯ ✆ ❜ ❂✓❄ ❘❯❘✜❘❈✯ ✆ ❜ ❂❖◆❚P ✌ ❏ ❄ ➂ ✆ ❜ ❂❖◆❚P ✌ ❜ ❅ ❣ ❜ ❒ ❮✦❮ ❰ ✽r✾✁❀ ❄✗✯ ✆ ✯ ✆ ❜ ❂✓❄ ❘✜❘❯❘☞✯ ✆ ❜ ❂❖◆❚P ✌ ➸❼❏ ❄ ➂ ✆ ❜ ❂❖◆❚P ✌ ❜ ❅ ❣ ❜ ❒ ❮✦❮⑨ ✽✷❄✼✯ ✆ ✯ ✆ ❜ ❂✓❄ ❘❯❘✜❘❈✯ ✆ ❜ ❂❖◆❚P ✌ ❮ ✽✞❄✲❏✽❄✐➂ ✆ ❜ ❂❖◆✘P ✌ ❜ ❅ ❣ ❜ ❒ ❮✦❮ ➺ ➮✐➎✲❋❩✃☛✌☞✎✍▼❡✐✭✎✛✎✏✓✜✦✘✮✒✡✛❨❏❱✸✼✍✓✳✮✒✡✛✎✿✡✧▼✜✦✒✞✜✦☞✎✍❈✧✦✍✓✜✑▲❴❒✤❄✲◆➻❒✓➸❖◆ ë✯❮ ➒❃☞✎✍✓✛✎✏✓✍❈✭✎✧✦✘✮✛✎✿❉☛★✖➻✹❃✳✮✒❃✗✝✆ ✧✽❡✐✒❃✗✦✥❀✭✎✳✚✖❉➮✐✗✙✍✓✏✤✖✵✳✩✳✼✜✦☞✾✖✕✜❁❏✽❄❈❨ ❮ ❰r❏ ❹ ❄❈❨ ❮ ❰

❨❩✃✓➒✺❥✑✍❴✒❩✸✎✜✯✖✕✘✮✛
✟ ❏ ❄●❴ ❮✠✟ ➴ ◆➻❒ ✟ ❴ ✟ ➸ ✟ ❏✽❄✩❴ ❮✠✟ ➴ ◆ ë ❴ ë➄ ➸✜✣☞✎✘✩✧ ✹❃✘✮✍✓✳✮✶✎✧

✟ ✽✷❄ ❏ ❄ ➂ ✆ ❜ ❂❖◆❚P ✌ ❜ ❅ ❣ ❜ ❒ ❮✦❮✠✟ ➴ ✫❆⑧❙❄✲◆➻❒ ✂ ◆ ë ✫✓⑧ ❮ ➺ ➮✐➎✕➱✺✃❤❑✍❀✶✎✍✓✶✎✭✎✏✓✍❴❡✇✗✙✒❃✥↕✜✣☞✎✍❴✳✴✖✵✧✦✜▼✸✾✒❩✭✎✛✎✶s➒✾✪✬✍✤✥❇✥❇✖✵✧r❶✞✖✕✛✎✶ ✾✰➒✎✜✦☞✾✖✕✜⑧✔✆ ②s❒ ✔Ñ ✻ ❂✓❄ ✻✽❶❳❶❳❶ ✻ ❂❖◆✘P ✌ ✻ ✆ ❜ ❒ ✟ ✽✻❄✼✯ ✆ ✯ ✆ ❜ ❂✓❄✖❘❯❘✜❘✒✯ ✆ ❜ ❂❖◆✘P ✌ ❮ ✽❀❄✲❏✽❄✐➂ ✆ ❜ ❂❖◆✘P ✌ ❜ ❅ ❣ ❜ ❒ ❮✣❮✠✟➴ ✺ ➹ ❜ ❒✢✜✇➚ ➹ ❜ ❒⑧✷ ⑧❢⑨ ✫ ➹ ❜ ❒⑧ ✣ ✫❆⑧➇❄ ◆➻❒ ✂ ◆ ë ✫❆⑧ ❮ ➴ ✺ ➹ ❄➁➚ ➹ ✷ ⑧s❄✲◆➻❒✯➸❖◆ ë✄❮ ⑨❵✫ ➹ ⑧ ❄✲◆➻❒ ✂ ◆ ë ✫✓⑧ ❮✦❮ ➺ ➮✐➎✲✛❩✃
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♣❁♣



�✂✁☎✄✁�✄✂✝✆✟✞✡✠☞☛✆☎✌✞✝☎✟✞✍✠✏✎✑✠✡✠☛✞☞✂✝✒✔✓✕✠✍✌✎�✁✠✑✏✄✞☞☎✒�✄✠✓✠☎✠✖✓✕✔✗✞✙✘✖☎✗✂✘☎✛✚✚✙✜✠
➮➁➱❁❀✡✃♣✖✕✛✎✶➉➮➁➱✾➐➻✃✽✹✺✘✩✍✓✳✮✶ ➂ ✁ ✗ ❡ ✂ ✶ ❒❆ Ð ❍➼✺➼✾➼ ✬⑧ ♦ ❖ ✮ ❊ ❨✎➸ ✍ ë➳ ✬ ➺ ➮➁➱❃➎❩✃
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✩✱✰▼✘✮✧❢✍✓❂✺✭✾✖✕✳✬✜✦✒✯✩❹✒✡✛ ✁ ❨✎➸ ✟s➼✲✫ ✂✴✳ ✂ ✟❙⑨✵✫➥➸✖✰ ✂ ✖✕✛✎✶✫❡✐✒❃✗ ✟→➼✶✫✸✷✺✹ ➴ ✟s⑨✻✫➥➸
✩✱✰➵❄✴✹ ❮ ❰ ❒➬ ✰ ☛ ✜ ✹ ♠ ➼✆➳ ✟✼✹ ë ⑨➅➳✼❄✠✟ ë ➼✲✫ ë ❮ ✹✞➼✝✟ ♠ ⑨➌➳ ✟✴✫ ë ⑨➌➄✽✫ ♠ ✣ ➼✆❈❇❄✠✟ ❮ ➺❤❼✍❀✜✦☞✎✍✓✛❱☞✾✖➻✔✡✍ ✟ ✟ ✩ ✰ ✟ ✟✪✔ ➴ ✟✬✟ ✩ ✟ ✟✌✔ ➴ ✰✻✖✕✛✎✶✿✾✄❀ ✝ ❄❁✩ ✰ ❮ ➴ ♠➬ ✰ ➺③ ✍✓✛✎✏✓✍✡➒

✟ ✺❂✒ ✒ ✔●✒ ✕ ✟ ➴ ✟ ✖✬✗❃✙ ❄ ☞ ❄ ❂ ✙ ✼➧➸➻➺✤➺✤➺✣➸ ❂ ✙
✛ ❮ ➸ ☎❴❄✴✩▼❄✗✯ ❃ ✼ ❮ ➸✤➺✤➺➻➺✦➸✎✩▼❄✗✯ ❃❁✜ ❮✦❮ ➼✆☎✻❄❁✩ ✰ ❄✗✯ ❃ ✼ ❮ ➸✤➺✤➺➻➺✙➸✎✩ ✰ ❄✗✯ ❃✢✜ ❮✦❮✦❮ ✟⑨ ✟ ✖✬✗❃✙ ❄ ☞ ❄ ❂ ✙ ✼➧➸➻➺✤➺✤➺✣➸ ❂ ✙
✛ ❮ ➸ ☎❴❄✴✩ ✰ ❄✼✯ ❃ ✼ ❮ ➸➻➺✤➺✤➺✣➸✎✩ ✰ ❄✗✯ ❃✢✜ ❮✦❮✙❮ ✟➴ ➄ ✟ ✟✌☞ ✟ ✟✌✔ ✾✄❀ ✝ ❄✵☎ ❮ ✽✿❄ ✕✙✛✚ ❒ ✟ ✩▼❄✗✯ ❃✢❅ ❮ ➼❆✩ ✰ ❄✼✯ ❃❁❅ ❮✡✟ ⑨ ✟ ✟✌☞ ✟ ✟✌✔ ✾❇❀ ✝ ❄✥☎ ❮ ✾✄❀ ✝ ❄✴✩ ✰ ❮ ✣ ❅ ✍➴ ➄ ✟ ✟✪☞ ✟ ✟✌✔ ✾✄❀ ✝ ❄✥☎ ❮ ✍❀➄ ✟ ✟ ✩ ✟✬✟✌✔❉❈ ❄ ✯❇Ñ❴➯ ✂ ✟✽➼✧✫✎➸ ✟s⑨✻✫ ✂⑥❮ ⑨ ✟✬✟✌☞ ✟ ✟✪✔ ✾✄❀ ✝ ❄✥☎ ❮ ✾✄❀ ✝ ❄✴✩ ✰ ❮ ✣ ❅ ✍➴ ✟ ✟✌☞ ✟ ✟✌✔ ✾✄❀ ✝ ❄✥☎ ❮ ✍ ✜✢❊ ✫❋✾✄❀ ✝ ❄✥❈ ❮ ⑨ ♠➬ ✰ ✣ ❅ ✣ ➴ ✺ ✟ ✟✪☞ ✟ ✟✌✔ ✾✄❀ ✝ ❄✥☎ ❮ ✍ ✜ ✫❢⑨❍●❏■✰ ✣ ➺☛✌☞✎✍✓✛❱✘➏❡✢❥❁✍❈✜✯✖✡➋✕✍❑✫✻❰ ❆ ✣ ❅ ➸ ✟ ✺✓✒ ✒ ✔●✒ ✕ ✟ ➴ ✺ ✟ ✟✪☞ ✟ ✟✌✔ ✾✄❀ ✝ ❄✥☎ ❮ ✍▼▲ ✣ ❅ ➺ ➮✥✸✡➎❩✃

❉ ✒❑❄✛✘✾⑧ ❮ ⑧✩❊●❋➔✘✮✧ ➮ ➂✠✟☛✡❉✃❷❥▼✘✮✜✦☞ ✣❃◆❅ ➴ ✺ ❆ ✣ ❅ ➺✾☛❁☞✎✘✮✧▼✏✓✒❩✛✎✏✓✳✩✭✎✶✎✍✓✧ ✜✦☞✎✍❴✲✾✗✙✒✺✒✕❡→✒✕❡ ❲✢✗✙✒❩✲✾✒✡✧✦✘✮✜✦✘✮✒✡✛❑➐✡❊ ❖
☎ ✒✕❥✻➒✺✳✮✍✓✜❢➂ ✟ ❄☛✟ ❮ ❰P❄ ✟ ✠✬❒✙✛✚ Ñ ❂ ✙ ❄☛✟ ❮ ❡⑥✒✺✗✭✰ ➴ ✜ ➴ Ð★➸✾➂➇Ñ❃❄✠✟ ❮ ❰❛❨✰➺✪✬✍✓✜▼✭✎✧▼✲✾✗✙✒✕✔✡✍❈✜✦☞✾✖✕✜ ✏☞✒✾✓ ✍ ✕✘✗ ✍ ❅ ✏ ✏⑧ ➼✯➼❜✬⑧ ✔ ✍ ë❂◗ ❨✰➺✪✬✍✓✜✓✍ ✟ ❄✠✟ ❮ ❰✤✠ ❜✦☛✻❄✐➂ ✟ ❄✠✟ ❮✦❮ ➼ ✠ ❜☞☛✻❄➁➂ ✟ ✠❙❒✡❄✠✟ ❮✣❮ ➺❤❼✍❴☞✾✖➻✔✡✍❂✍ ✟ ❄✠✟ ❮ ➼✦➼❜✬✟ ✔ ✍ ë ❄✠✟ ❮ ❰ ❄❙❘ ✔✙✾✚ ✠ ✔ ✖✘✗✚✙ ✜

❂ Ñ ❄✠✟ ❮ ➸ ❂ ✙ ✙ ✙✩❄✠✟ ❮ ✣ ✷✤✣ ✖✵✧✑✧✣✒❃✒✡✛✫✖✕✧ ✣ ❅ ❰ ✭ ✜ ❄❙❫✢⑨❇✰ ❮ ✠ ë ✠✁❚ ✣ ❥▼✘✮✜✦☞
✠ ❀ ❨✎➺✬✲ ✸✓✧✯✖✡✗✙✒✗✆❜✧✑☛❁☞✎✍✓✒✺✗✙✍✤✥ ✹❃✘✮✍✓✳✮✶✎✧❢✜✣☞✎✍✓✛ ✏☞✒✔✓ ✍ ✕ ✗ ✍ ❅ ✏ ✏⑧ ❰ ★ ✗✻ ✪ ✼ ✕ ✻ ✍ ❅ ✏⑧ ➼✄➼❇✬⑧ ✔ ✍ ë ❄✠✟ ❮ ➺

✤➁❡✂✍ ë ❄✠✟ ❮ ❰ ❨✰➸→✜✣☞✎✍❱✏✓✒✡✛❃✔❩✍✤✗✙✿✡✍✓✛✎✏✓✍❇✒✕❡ ✕✘✗ ✍ ❅ ✏⑧ ✘✮✧❉✖❑✧✣✘✴✥ ✲✎✳✩✍✫❡✇✖✕✏✓✜✤❊ ✤⑥❡ ✍ ë ❄☛✟ ❮ ❀ ❨✎➸✽✜✦☞✾✖✕✛✾➋❩✧✞✜✦✒♦❲✢✗✙✒❩✲✾✒✡✧✦✘✮✜✦✘✮✒✡✛❚➐✡➒❥❁✍❑✖✡✗✙✍➔✘✮✛❚✲✾✒❩✧✦✘✮✜✦✘✮✒✡✛❚✜✦✒➉✖✕✲✎✲✎✳✮✹ ☛✌☞✎✍✓✒❃✗✙✍✤✥❍➎❹✜✦✒❚❄ ❂ ⑧ ❄☛✟ ❮✦❮ ⑧❍❊■❋ ✜✦✒❹✒✡✸✎✜✯✖✵✘✩✛ ✜✦☞✎✍❴❬✬✫✇✶✎✘❴✏✓✒❩✛❃✔✡✍✤✗✱✿✡✍✓✛✎✏✓✍➔✖✕✧✫✧✦✒❃✒❩✛ ✖✕✧✣ ❅ ❰ ✭ ❄✦❄❈❫♣⑨❇✰ ❮ ✠ ✯ ❮ ❥ ✘✩✜✣☞ ✿ ❀ ➳✎➺✎☛❁☞✎✘✮✧▼✏✓✒✡✛✎✏✓✳✮✭✎✶✎✍✓✧❢✜✣☞✎✍❴✲✾✗✙✒❃✒✵❡→✒✕❡ ✪✬✍✤✥❣✥❇✖❇➎✎❊
❯ ✘✚✙✝✙ ✥✢✜✤✣✌✥ ✧ ❱
❂✸❃❯❄✚❄✶❅✿❄✶❅✻⑩✽❶✺❸➉❸❹❺ ✁ ✧♣✹✫✘✮✛✎✶✎✭✎✏✓✜✦✘✮✒✡✛➔✒✡✛✍✷ ◗ ➄✎➒✎✖✕✛✎✶❱✭✎✧✦✘✮✛✎✿❉✜✣☞✎✍▼❡✐✒✡✳✮✳✮✒➵❥ ✘✩✛✎✿❣✶✎✍✓✏✓✒❃✥✞✲✾✒❩✧✦✘✮✜✦✘✮✒✡✛

❡⑥✒✺✗❽✪→❄❈❨ ❮ ❰❛❨✎➸ ✪⑤❄✐➂➇⑧ ❮ ❰ ⑧
❲✟ ✚ ❒ ✁ ✪→❄✐➂ ✟ ❮ ➼✙✪→❄✐➂ ✟ ✠✬❒ ❮✞✂ ❰ ⑧

❲✟ ✚ ❒ ✯ ✟ ✪ ◆ ❄ ➂ ✟ ✠✬❒→⑨ ❻✶✯ ✟ ❮ ➸ ➮✥✸✲❋❩✃
♣❃Ò
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❡⑥✒✺✗✢✧✣✒❃✥✞✍✿❨ ✷ ❻✿✷✯✰✡➸✺❥✑✍❴✧✣☞✎✒➵❥❚✜✦☞✾✖✵✜✤➒✕❡✐✒❃✗❁✖✕✛✺✹ ❏➈➯ ■✺➹ ✠✬❒✤➒

✟ ✽✻❄✲❏✽❄✐➂✬⑧ ❮✦❮✠✟ ➴ ✺ ➹ ⑧
❲✟ ✚ ❒ � ✽ ➹ ✠ ë ✒ ✟ ❄✲❏ ✍ ➹ ✠✬❒ ✏ ❮ ⑨ ✽ ➹ ✠ ë ✒ ✟ ❄✲❷❸❏ ✍ ➹ ✠❙❒ ✏ ❮ ✂ ⑨ ⑧

❲✟ ✚ ❒ ✁ ➹ ✒ ✟ ❄✲❏ ❮ ➸ ➮✥✸✕➱✺✃
❥▼☞✎✍✤✗✙✍ ✁ ➹ ✒ ✟ ❄✲❏ ❮✷✬ ❰ ✺✺✺✺ ✽✄✂✲❏✽❄✐➂ ✟ ❮ ➼❾❏✽❄✐➂ ✟ ✠❙❒ ❮ ➼ ❘✜❘✜❘✕➼ ✯ ✟ ➹ ✠✬❒❄✴✷❣➼❋✰ ❮ ✮ ❏ ✍ ➹ ✠✬❒ ✏ ❄✐➂ ✟ ✠✬❒ ❮✆☎ ✺✺✺✺ ➺✪✬✍✓✜▼✛✎✒✕❥r❏➈✸✾✍✻✖✻❬✭❪✺✍✓✶✫❡⑥✭✎✛✎✏✓✜✣✘✩✒❩✛❱✒✕❡ ✜✣☞✎✍❴✧✦✍✓✜✑▲ ➹ ❄✲◆ ➹ ➸❖◆ ➹ ❘ ❒ ❮ ❊✤✐✛❱✔✺✘✮✍✓❥②✒✕❡❢➮✥✸✕➱❃✃✓➒✺✪✬✍✤✥❇✥❇✖✹✛✞✘✮✧▼✲✾✗✱✒➵✔❩✍✓✶❉✘Ï❡✽❥✑✍❴✧✣✭✎✘✩✜✄✖✕✸✎✳✮✹❉✍✓✔✕✖✕✳✮✭✾✖✕✜✦✍✝✁ ➹ ✒ ✟ ❄✲❏ ❮ ❊✬✲❁✳✮✍✤✖✡✗✙✳✮✹✁ ➹ ✒ ✟ ❄✲❏ ❮ ➴ ✁ ➹ ❘ ❒ ✒ ✟ ❄✲❏ ❮ ⑨ ✟ ✖✬✗❃✙ ❄✗✯ ➹✟ ➸❼❏ ✍ ➹ ✏ ❄✐➂ ✟ ✠✬❒ ❮✦❮✠✟ ⑨ ✽✷❄ ✟ ✯ ➹✟ ✟❜❮ ✽ ✟ ❏ ✍ ➹ ✏ ✟ ❄✐➂ ✟ ✠❙❒ ❮ ❰ ✬✟✞ ❒ ✒ ✟ ⑨ ✞➍ë ✒ ✟ ⑨ ✞ ♠ ✒ ✟ ➺☛→✖➻✹✺✳✮✒❃✗✝✆❜✧❷❡⑥✒❃✗✣✥✻✭✎✳✚✖✞✖✕✛✎✶✫✜✦☞✎✍❉➮✐➂✏✟✑✡✫✃♣✲✾✗✙✒✡✲✾✍✤✗✱✜➓✹❣✹❃✘✮✍✓✳✮✶✻⑦✞ ❒ ✒ ✟ ➴ ✺ ➹ ✽➌❄ ✟ ✯ ✟ ✟ ➹ ❄✲◆ ➹✡✠ ◆ ➹ ❘ ❒ ✟ ✯ ✟ ✟❜❮✦❮ ➸

✞➍ë ✒ ✟ ➴ ✺ ➹☞☛✍✌✣➹ ✽ ✟ ✯ ✟ ✟ ë ✠☞✌✣➹ ❘ ❒ ✟ ✠✬❒❲ ✙✛✚ Ñ ✣ ✙✏✎ ➴ ✺ ➹ ❄ ✌✣➹✑✠✒✌✣➹ ❘ ❒ ❮ ✟ ✠✬❒❲ ✙✛✚ Ñ ✣ ✙ ➺
❊s✘✮✛✾✖✕✳✮✳✮✹ ✞ ♠ ✒ ✟ ➴ ✺ ➹ ✽ ✟ ✯ ➹✟ ✟ ❄ ✌✣➹✡✠☞✌✣➹ ❘ ❒✔✓✓⑧ ❮ ➮✥✸✲✛❩✃➴ ✺ ➹ ✽ ✟ ✯ ➹✟ ✟ ❄ ✌✣➹✡✠☞✌✣➹ ❘ ❒✔✓✓⑧ ❮ ✰ ✙ ❄ ✻ ✙ ✕✗✖ ✗ ⑨ ✺ ➹ ✽ ✟ ✯ ➹✟ ✟ ❄ ✌✣➹✘✠✙✌✣➹ ❘ ❒✔✓✓⑧ ❮ ✰ ✙ ❄ ✻ ✙ ✚✗✖ ✗ ➮✥✸✩✸❩✃➴ ✺ ➹ ✓ ➹ ✠ ë⑧ ❄ ✌✣➹✡✠✙✌✣➹ ❘ ❒✔✓✓⑧ ❮ ✽✞❄✗✯ ë✟ ❮ ⑨ ✺ ➹ ✽➉❄ ✟ ✯ ✟ ✟ ➹ ❄ ✌✣➹✡✠✙✌✣➹ ❘ ❒ ✟ ✯ ✟ ✟ ❮✦❮ ➺ ➮✥✸✲✾❩✃☛❁☞✎✍❈✲✾✗✙✒❃✒✵❡→✒✕❡✢✪✬✍✤✥❇✥❇✖✹✛✞✘✮✧▼✏✓✒❃✥ ✲✎✳✩✍✓✜✣✍❴✸❃✹✫✛✎✒✡✜✦✘✮✛✎✿❇✜✦☞✾✖✵✜✤➒❃✖✕✧✞❄✗✯❇⑧ ❮ ⑧✩❊●❋➔✘✮✧❈✸✾✒✡✭✎✛✎✶✎✍✓✶❱✸✺✹ ✰✡➸⑧

❲✟ ✚ ❒ ✽➌❄ ✟ ✯ ✟ ✟ ➹ ❄ ✌✣➹✑✠☞✌✣➹ ❘ ❒ ✟ ✯ ✟ ✟❜❮✦❮ ➴ ❄ ✌✣➹✡✠☞✌✣➹ ❘ ❒ ❮ Ð ✣ Ñ✡➸✖✕✛✎✶ ❄ ⑧ ✟ ✚ ❒ ✽✞❄✗✯ ë✟ ❮ ➴ ✓ ë⑧ ➺ ❖
❂✸❃✜❄✚❄✶❅❭❄✶❅❉⑩✽❶✺❸➉❸❹❺❚➣ ❊✺✒❃✗✞✖✕✳✮✳✢✲✼✒✡✧✦✘✮✜✦✘✮✔✡✍✫✘✮✛❃✜✦✍✓✿❩✍✤✗✻➭❑➒→✖✵✛✎✶ ✖✕✳✮✳♣✲✾✒✡✧✦✘✮✜✦✘✮✔✡✍❱✗✙✍✤✖✕✳♣✛❃✭✾✥❀✸✼✍✤✗✙✧✴❃②✖✵✛✎✶✜✛❚✜✦☞✾✖✕✜✷✖❩✗✙✍✏✓✒✡✛✜❑✣✭✎✿❃✖✕✜✦✍✷➮⑥✘⑥❊ ✍❀✰✘✛☞❃✫⑨✤✰✘✛✢✛➔❰✩✰✤✃✌✜✦☞✎✍✤✗✙✍❈☞✎✒✡✳✮✶✎✧✤➒✎✜✦☞✾✖✕✛✾➋❩✧❁✜✦✒✤✣✦✥✡✳✮✶✎✍✤✗♣✘✩✛✎✍✓❂✺✭✾✖✕✳✮✘✮✜✙✹⑧✩✠✬❒

❲ ✙✾✚ Ñ ❄ ✜ ⑨❇✰ ❮ ➪ ✠ ë ✣ ✙ ➴★✧ ⑧✩✠✬❒
❲ ✙✛✚ Ñ ✣ ✙✪✩

❒ ➷✔✫ ✧ ⑧✩✠✬❒
❲ ✙✾✚ Ñ ❄ ✜ ⑨❇✰ ❮ ✍ ➪ ✠ ë ✏✭✬ ✣ ✙✮✩

❒ ➷ ✬ ➺
❤❑✍❴✒✡✸✎✜✯✖✕✘✮✛➔➚ ➪ ✒ ⑧ ➴ ✓ ë ➷✔✫⑧ ❄✐➚ ➹ ✒ ⑧ ❮ ❒ ➷ ✬ ➸☞✎✍✓✛✎✏✓✍✡➒✺❡✐✒❃✗ ❃❼❰ ➹ ✠ ë➹ ✠ ➪ ✖✕✛✎✶☞✛❑❰ ➹ ✠ ë➪ ✠ ë ➒✺❥❁✍❴✒✡✸✎✜✯✖✕✘✮✛➔➚ ➪ ✒ ⑧ ➴ ✓ ë ✍ ➹ ✠ ➪ ✏ ➷ ✍ ➹ ✠ ë ✏⑧ ➚ ✍ ➪ ✠ ë ✏ ➷ ✍ ➹ ✠ ë ✏➹ ✒ ⑧ ➺☛❁☞✎✍✤✗✙✍❈☞✎✒✡✳✮✶✎✧❴✖✕✳✮✧✦✒❇➚ ➹ ✠ ➪ ✒ ⑧ ➴ ✓ ë ➪❁➷ ✍ ➹ ✠ ë ✏⑧ ➚ ✍ ➹ ✠ ➪ ✠ ë ✏ ➷ ✍ ➹ ✠ ë ✏➹ ✒ ⑧ ➺☛❁☞✎✍✞✜✙❥❁✒❇✳✚✖✕✧✦✜❴✘✮✛✎✍✓❂❃✭✾✖✵✳✩✘✮✜✦✘✮✍✓✧❀✲✾✗✙✒✕✔✡✍✻✜✦☞✎✍✻❬❙✗✙✧✣✜❢✘✮✛✎✍✓❂✺✭✾✖✕✳✮✘✩✜✙✹❑✘✮✛ ➮✙➐✓➱✺✃✓❊✾☛❁☞✎✍✓✛s➒✼✸✾✒✡✭✎✛✎✶✎✘✮✛✎✿❑➚❑➹ ✒ ⑧ ✖✵✛✎✶✯✓ ➹ ⑧ ✸✺✹➔✜✦☞✎✍✧✦✭✾✥ ➚ ➹ ✒ ⑧❢⑨✰✓ ➹ ⑧ ➒✺❥❁✍❴✿✡✍✓✜❁✜✦☞✎✍❴✧✦✍✓✏✓✒✡✛✎✶❱✘✮✛✎✍✓❂✺✭✾✖✕✳✮✘✮✜➓✹❱✒✵❡✌➮✙➐✓➱❃✃❆❊
☎▼✒✕❥✻➒❩❥❁✍❴✒✡✛✎✳✮✹❉✲✾✗✙✒✕✔✡✍❇➮✙➐✜✛❩✃❢➮✦➮✙➐✻✸✡✃✽❥▼✘✮✳✮✳s☞✎✒✡✳✮✶➈❥▼✘✮✜✦☞❱✜✦☞✎✍❴✧✯✖✡✥ ✍ ✥✞✍✓✜✣☞✎✒❃✶✾✃✓❊✲❁✳✮✍✤✖✡✗✙✳✮✹

✓ ➹ ✠ ➪⑧ ❄ ✌ ❒ ✠☞✌ ë ✓✓⑧ ❮ ✕✘ Ð ❲✍ ✙ ❘ ❒ ✏ ✕ ✍ ✖ ✗✲✱ ⑧ ✏ ❄ ✜ ⑨❇✰ ❮ ➪ ✠ ë ✣ ✙ ✤✧
✳❁q



�✂✁☎✄✄�✄✂✝✆✟✞✡✠☞☛✆☎✌✞✝☎✟✞✍✠✏✎✑✠✡✠☛✞☞✂✓✒✕✔✖✠✹✌✆�✄✠✑✏✁✞✒☎✒�✁✠✚✠☎✠✟✔ ✔✗✞✙✘✖☎✗✂✘☎✛✚✚✙✜✠

➴ ✓ ➹ ✠ ➪⑧ ❄ ✌ ❒ ✠☞✌ ë ✓❆⑧ ❮ ✓ ➪ ✠ ë⑧ ✧ Ð ⑧❍✠✬❒
❲ ✙✛✚ Ñ ✣ ✙ ✩ ➴ ✓ ➹ ⑧ ❄ ✌ ❒ ✠☞✌ ë ✓✓⑧ ❮ ➮✥✸✲❍❩✃

✖✵✛✎✶ Ð ⑧❍✠❙❒
❲✙

✢ ✍ ✙ ❘ ❒ ✏ ✜ ✖ ✗ ✜ ✓ ➹ ✠ ➪⑧ ❄ ✌ ❒ ✠✙✌ ë ✓✓⑧ ❮ ❄ ✜ ⑨✤✰ ❮ ➪ ✠ ë ✣ ✙ ✣ ➴ ➚ ➹ ✒ ⑧✾➺ ➮✥✸✩★❩✃
✲✌✒✡✳✮✳✩✍✓✏✓✜✣✘✩✛✎✿✫✘✮✛✎✍✓❂❃✭✾✖✵✳✩✘✮✜✦✘✮✍✓✧❇➮✥✸✲❍✡✃❁✖✕✛✎✶✆➮✥✸✩★❩✃✢❥❁✍❈✒✡✸✎✜✯✖✕✘✮✛➉➮✙➐❯✛✡✃✓❊ ❖
❂✸❃❯❄✚❄✶❅✿❄✶❅✻⑩✽❶✺❸➉❸❹❺✪✩ ❤❑✍❀❥❢✗✙✘✮✜✦✍

✣ ✶ ❄ ➂ ✟ ✠ ✙
◆❚P✽✼✯✠✬❒ ⑨✥✤✶✯ ✟ ✠ ✙

◆❚P✽✼ ❮ ❰ ✁ ✣ ✶ ❄✐➂ ✟ ✠ ✙
◆✘P ✼✯✠✬❒→⑨✦✤ ✯ ✟ ✠ ✙

◆✘P ✼ ❮ ➼ ✣ ✶ ❄✐➂ ✟ ✠ ✙
◆❚P✽✼ ✠✬❒ ❮✞✂ ⑨ ✣ ✶ ❄✐➂ ✟ ✠ ✙

◆❚P✽✼ ✠✬❒ ❮✧✣✒❇✜✦☞✎✍❈✏✓✒➵✔✕✖✡✗✙✘✚✖✕✛✎✏✓✍❴❂✺✭✾✖✕✛✺✜✦✘✮✜➓✹❣✒✕❡ ✪✬✍✤✥❇✥❣✖ ★ ✘✩✧❈✶✎✍✓✏✓✒❃✥✞✲✼✒✡✧✦✍✓✶✫✘✮✛❃✜✦✒❣✜➓❥❁✒❀✜✦✍✤✗✦✥✞✧★⑦
✟ ✖✬✗❃✙ ❄✗✯ ✟ ❘❯❘✜❘❈✯ ✟ ✠ ✙

❣ ➸ ✯ ✟ ✠ ✙
❣★✧ ✼ ❘❯❘✜❘❈✯ ✟ ✠ ✙

◆❚P✽✼ ✣ ✶ ❄✐➂ ✟ ✠ ✙
◆❚P✽✼✯✠❙❒ ❮✣❮✠✟ ➮❈✾✲❀❩✃✖✵✛✎✶

✟ ✖✬✗❃✙ ❄✼✯ ✟ ❘✜❘❯❘❈✯ ✟ ✠ ✙
❣ ➸ ✯ ✟ ✠ ✙

❣★✧ ✼ ❘✜❘❯❘❈✯ ✟ ✠ ✙
◆✘P ✼ ✁ ✣ ✶✐❄✐➂ ✟ ✠ ✙

◆✘P ✼ ✠❙❒ ⑨✩✤✶✯ ✟ ✠ ✙
◆❚P✽✼ ❮ ➼ ✣ ✶⑥❄✐➂ ✟ ✠ ✙

◆❚P✽✼ ✠✬❒ ❮✞✂⑥❮✠✟ ➺ ➮❈✾✎➐➻✃
✪ ❉ ✜✦✭✎✶✎✹✫✒✕❡→✜✣☞✎✍❴✜✦✍✤✗✦✥✞✧❁✒✕❡→✜✙✹✺✲✾✍❉➮❈✾■❀✡✃✓⑦❤❑✍✻✭✎✧✣✍❴✜✦☞✎✍❈❡⑥✒❩✳✩✳✮✒✕❥▼✘✮✛✎✿❇✶✎✍✓✏✓✒❃✥ ✲✾✒✡✧✦✘✮✜✦✘✮✒✡✛s⑦

✟ ✖✬✗❃✙ ❄✼✯ ✟ ❘✜❘❯❘☞✯ ✟ ✠ ✙
❣ ➸ ✯ ✟ ✠ ✙

❣★✧ ✼ ❘✜❘❯❘❈✯ ✟ ✠ ✙
◆✘P ✼ ✣ ✶ ❄✐➂ ✟ ✠ ✙

◆❚P✽✼ ✠✬❒ ❮✦❮✠✟ ➴✺✺ ✖✬✗❃✙ ✜ ✯ ✟ ❘❯❘✜❘✒✯ ✟ ✠ ✙
❣ ➸ ✯ ✟ ✠ ✙

❣★✧ ✼ ❘❯❘✜❘✒✯ ✟ ✠ ✙
◆❚P✽✼ ✁ ✣ ✶ ❄ ➂ ✟ ✠ ✙

◆❚P✽✼✯✠✬❒ ❮ ➼ ✣ ✶ ❄✐➂ ✟ ✠ ✙
◆✘P ✼✯✠ ❅ ❣ ✠✬❒ ❮✞✂ ✣ ✺✺⑨ ✺✺ ✖✬✗❃✙ ✜ ✯ ✟ ❘❯❘✜❘✒✯ ✟ ✠ ✙

❣ ➸ ✯ ✟ ✠ ✙
❣★✧ ✼ ❘❯❘✜❘✒✯ ✟ ✠ ✙

◆✘P ✼ ✣ ✶ ❄ ➂ ✟ ✠ ✙
◆❚P✽✼ ✠ ❅♥❣ ✠✬❒ ❮ ✣ ✺✺ ➺

✪ ☛❁☞✎✍❉➮✐➂✏✟✑✡✫✃♣✲✾✗✙✒✡✲✼✍✤✗✙✜✙✹❇✹❃✘✮✍✓✳✮✶✎✧
✟ ☛❁❄✥☎✬➸●❫ ➪ ➸ ✜ ❒✓➸✤➺➻➺✤➺✦➸ ✜ ➹ ✠✬❒ ❮✡✟✽✬ ❰✺✺ ✖✬✗❃✙ ✜ ✯ ✟ ❘✜❘❯❘❈✯ ✟ ✠ ✙

❣ ➸ ✯ ✟ ✠ ✙
❣✫✧ ✼ ❘✜❘❯❘❈✯ ✟ ✠ ✙

◆✘P ✼ ✁ ✣ ✶ ❄✐➂ ✟ ✠ ✙
◆✘P ✼ ✠✬❒ ❮ ➼ ✣ ✶ ❄✐➂ ✟ ✠ ✙

◆❚P✽✼ ✠ ❅ ❣ ✠❙❒ ❮✞✂ ✣ ✺✺➴ ✺ ➹ ❄ ✌ ❒ ✠☞✌ ë ❫ ➪ ❮ ✣ ❅ ❣ ➸❥▼☞✎✍✤✗✙✍ ❫ ➪ ❰ ✜ ➪ ❘ ❒✢➼ ✜ ➪ ❰ ❵✍❜✄❞✼❒ ✕ ❡ ✕ ➹ ✠ ë ❄ ✜ ❡ ➼ ✜ ❡ ✠❙❒ ❮ ➺➥☛✌☞❃✭✎✧✞ ❅✟❣ ✬ ❰ ✍ ➪ ✏ ✒ ❅ ❣❲Ñ ✚ ✢ ✙ ✬ ✕ ✙ ✼ ✕★✭✮✭✮✭ ✕ ✙ ◆❚P✽✼ ✺ ➹ ❄ ✌ ❒ ✠☞✌ ë ❫ ➪ ❮ ✣ ❅✟❣ ➴ ✺ ➹ ❫ ➪ ➹ ✠ ë ❄ ✌ ❒ ✠✙✌ ë ❫ ➪ ❮ ✣ ❅♥❣ ➺☛★✖✡➋✡✘✮✛✎✿❇✜✣☞✎✍❴✧✦✭✾✥ ✒➵✔❩✍✤✗❦❫ ➪ ✘✮✛➔✜✦☞✎✍❴✳✚✖✕✧✣✜✑✘✮✛✎✍✓❂✺✭✾✖✕✳✮✘✮✜➓✹✡➒✼❥❁✍❢✒❩✸✎✜✯✖✕✘✮✛✟ ✠✬❒❲❅ ❣ ✚ Ñ ✞ ❅ ❣ ➴ ✟ ✠✬❒❲
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❲➪ ✚ ë ➚ ➪ ✒ ⑧➥➚ ➹ ✠ ➪ ✒ ⑧s❄ ✌ ❒✓➸ ✌ ë✦❮ ✳❃➸
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❣ ➸ ✯ ✟ ✠ ✙
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◆❚P✽✼ ✁ ✣ ✶ ❄✐➂ ✟ ✠ ✙
◆❚P✽✼ ✠✬❒→⑨✩✤✶✯ ✟ ✠ ✙

◆✘P ✼ ❮ ➼ ✣ ✶ ❄✐➂ ✟ ✠ ✙
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❲✍ ✟ ✏ ✒ ✍ ✙ ✏ ✟ ✖✘✗✚✙ ❄✗✯ ✟ ❘✜❘✜❘❙✯ ✟ ✠ ✙
❣ ➸ ✯ ✟ ✠ ✙

❣★✧ ✼☛❘✜❘✜❘❙✯ ✟ ✠ ✙
◆❚P✽✼ ✁ ✣ ✶⑥❄ ➂ ✟ ✠ ✙

◆❚P✽✼ ✠✬❒→⑨✦✤ ✯ ✟ ✠ ✙
◆✘P ✼ ❮ ➼ ✣ ✶✐❄✐➂ ✟ ✠ ✙

◆✘P ✼ ✠✬❒ ❮✞✂✐❮✠✟
➴ Ð❭✺ ➹ ⑧✩✠✬❒

❲ ✙✛✚ Ñ ✜ ➹ ✠ ë ❄ ✌ ❒ ✠✙✌ ë ❄ ✜ ⑨❇✰ ❮✣❮ ✣ ✙ ➴ ✺ ➹ ➚ ➹ ✒ ⑧❙❄ ✌ ❒ ✠☞✌ ë✓❮ ➸➮❈✾✲✾❩✃❥▼☞✎✍✤✗✱✍❉❄✥☎ ❮ ✶✎✍✓✛✎✒✡✜✦✍✓✧✂✰ ➴ ☎ ➴ Ð❑✖✕✛✎✶➉❄ ✜ ❮ ✶✎✍✓✛✎✒✡✜✣✍✓✧ ✜ ❒ ➴ ➺✤➺➻➺ ➴ ✜ ➹ ✠✬❒ ➴ ☎✞➼ ✰✡➺
✤✐✛✎✍✓❂✺✭✾✖✕✳✮✘✮✜✦✘✮✍✓✧ ➮❈✾❩➎✡✃✓➒❙➮❙✾✲❋✡✃✓➒✬➮❈✾✩✸✡✃♣✖✕✛✎✶➉➮❈✾✲✾✡✃♣✹✺✘✮✍✓✳✩✶➈✜✦☞✎✍❴✲✾✗✙✒✺✒✕❡→✒✕❡✽✪✬✍✤✥❇✥❇✖❁★✰❊ ❖

✆✞✝ ✂ ✖☛❄✠✟ ✏➁❶☛✡✌☞✾❶✺❸❹❶✮✖ ✔ ✂ ✞❃☛✌☞✎✍❢✖✕✭✎✜✦☞✎✒❃✗★✘✮✧♣✿❃✗✦✖✕✜✦✍✄❡✐✭✎✳✺✜✦✒ ❉ ✖✕✛✾✖❴✪➇✒✡✭✎☞✎✘✮✏✯☞✎✘✰❡⑥✒❃✗⑤❡✇✗✙✭✎✘✮✜✙❡✐✭✎✳✾✶✎✘✮✧✦✏✓✭✎✧✦✧✣✘✩✒❩✛✎✧✑✖✕✛✎✶❇☞✎✍✓✳✮✲✺❡✐✭✎✳✧✣✭✎✿✡✿✡✍✓✧✦✜✦✘✮✒✡✛✎✧❁✒✡✛❱✜✣☞✎✘✩✧ ❥✑✒✺✗✦➋✾❊
✳✁�



�✂✁☎✄✁�✄✂✓✆ ✞✡✠ ☛✆☎✌✞✝☎✟✞✍✠✏✎✑✠✡✠☛✞☞✂✓✒✕✔✖✠✍✌✎�✁✠✑✏✄✞☞☎✒�✄✠✓✠☎✠✟✔✕✔✗✞✙✘✖☎✗✂✘☎✛✚✚✙✜✠

✳✁�



� ✁✄✂✆☎✞✝✠✟☛✡✌☞ ✍

✎ ✡☛✏✒✑✞✓✕✔✗✖ ☞ ✘✙☞ ✡✛✚✙☎✜✟✢✚✙✡✌☞

✣☛✤✦✥★✧✪✩✬✫✒✩✮✭✯✤✦✰★✱✳✲✮✴✵✫✷✶✸✥★✹✷✺★✧✗✰★✴✵✻✬✧✵✫✬✥✠✲✼✹✽✥✾✧✿✺★✥✙✲✼✴❀✤❂❁❃✤❄✱❆❅❇✴✵✻❈✤✦❅❆✱❉✧✵✻❊✫✬✥✄✩✬✹✷❅❉❅❋✤✦●❍✹✷✴❀✤■✲✮✱❆✹✽✥❏✤❑❁❃✫✬✩
▲▼✤■✲✮✴✵✱❆✩❀◆P❖☛✥❘◗❃✹❚❙❱❯✬✫✷❲❘❙❳✹✷✺★✧❨✥✾✹✽✺✾✧❨✱❆✥✠✲✮✻✬✴✵✫✬✧✵✧✵✹✷✥★✧❱❩❬✺★✥❭✰★✴✵✹✷●★❅❆❪✬❫❴✫❳❵❜❛❝✫✬✧❞✲✮✱❉❫❡✤■✲✮✱❆✹✷✥❡❵★✫❱✴❢✺★✰❘✲✮✺★✴❢✫
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❊❖●◆❙➺●✭♣✈✇✽❞✠❙✎❈◆❆❳❙✎❯✽❈✽❋❍❆❁❅❆ ❫ ❈✽❞ ❅❇ ❫ ❆❉❴❘❄✆❞❅❴❏❬✞❞✠❈✽❄✻P❖❆✑❈✽❄➭❙✠❯➑❆❉❴❏❋❭➤❘●✭❄✻❞✣❋❭❈✘❊✌❙✠❴❘❬✌❋❪✇❿♣✹❈✘▲✻❈ç♣✈❩❪❄✌❩❭♣✹❩❭❆✠●✭❞✎❩❪❴❘❄✹▲✆❈

②❈
➲ ❛ ❇

⑤♠①✒➲❖ú ❆ ❫ ú ❇ ❫ ⑤❝❉❇úå⑦➄➲⑧⑨✎⑨ ➥ ✿✍➲✆⑤✼❉✶⑨❖➡ ➬✎❥✭➂

●✽➤❵❈◆■❉✿ ➲ ⑤❝❉✶⑨❸③❊✿●❋ ❉❇úå⑦➄➲❀ ❍ ➄
q➭✸➀r☞➉✿➏ ➐◆➏t➎❖➉❏■▲❑✍➏❁①✭③✪⑦✼⑤➋➌➄❸❾⑦✞① ④⑥❿✔❽➵⑤➋✇②➍→❸s⑤➋❿➈①❆❽➵➣➃➔➈❸❾❽✖⑨⑥①❅④⑥⑤✭●➃⑨✣①→③✪⑦

▼④⑥⑤✼❉ ⑨☞③◆❅❆ ❫ ③P❖ ②➲ ❛ ❇✟◗ ➲❨⑤❝❉✶⑨♦①✒➲❖ ②➲ ❛ ❇❘◗ ➲♠⑤✼❉ ⑨ ➡ ➬❨❤➫➂
❸s❶♣①→➔ ◗ ➲♠⑤✼❉✶⑨❳③❙✿✣➲✻⑤❝❉✶⑨❖⑤❯❚ ➥ ⑤✼❉ ⑨✿ú✲⑤✼❉✕ú➳⑦➄➲♠⑨✻❚ ❇ ⑤❝❉✶⑨✎⑨
➣❲❱❾➙✖➎❪➣s④⑥❿❃❅➟✽ ✶❁❀ ➙ ❚❨❳ ⑤✼❉✶⑨❳③ ②❈

➲ ❛ ❇
⑤✼❉✕úå⑦➄➲♠⑨ ❳ ✿✍➲❵⑤❝❉✶⑨ ➄

✁✄✂✆☎➛✂❬❩ ✼ ✕s✎❪✫✭❰❋✥✏✎✒✗✖❒✢❮✒✕❪❭❋✙✔❮✒✌✝✫✞✎❪✗ ✗✲✎❫❭❵❴✝✥✝❒✔✦✒✑✔✗
❂❅❄➽❙✎❈✽❊✌❙✠❈❿❄❖▲➯❩❍■s❩☞▲✆❈◆❆✘❝✻➢✆❊❖❴❘❞✠❝✌✇◆❆♦❈◆❆✩▲✆❈➭❣✐❤❵➚✽❦✪❊❖❴❏P✌❙✘❲❨●❘■s❩❪❋❭❩❪❞✠❈❿❙✣❋✗●✕❋❪❈◆■❑❞✠P✌❙✎❈❇▲✆P⑥❞✠❈✽ó✻❞✠❈r❧◗❂❅❄➳■s❴❏❄❖❆♦❩❍▲✆✇❿❙✠❈♥P✌❄

❄✌❴◆➢✻●✭P❪✿ïù✾❙❛☞➃ú ♠ ➡▲Ó ✍ ❯ ✶❁❱▼ù➳■s❴❏❄✻❞✠❩❭❄⑥Ï✌♣✈❈✽❄✆❞✮▲✆❩ ü❺❯✽❙✎❈✽❄✆❞✎❩❍●◆❬✌❋❪❈❵❧❖❂❅❄î❊❖❴r❆❉❈♥●◆❋❪❴❘❙➺❆
➬⑧❩⑧➂❁✿ ù❳ ③❊❜ Òû ❇ ❉ ❳ ✿ïù❸⑤❝❉✶⑨❯❝s❉✥➡❏❈❿❞✷❞ ù❳ ③❊❜ Òû ❇ ❉ ❳ ✿ ➥ù ⑤✼❉ ⑨❡❝s❉✥➡⑥❅➤✽❚✶❁❀✩➡

Õ Ô
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➬t❩❪❩t➂✂✁ ù ③Õ⑤ ✿ ù➥ ⑨ ➥ ú ✿ ùÔ ✿ ù❇ ➡➬⑧❩❪❩❭❩⑧➂☎✄✞ù⑥③ ❜ Òû ❇ ⑤ ✿ ù➥ ú✿❉ ✿ ù❇ ⑨ ➥ ✿ ➥ù ⑤❝❉✶⑨❡❝s❉ ➄
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❂❅❄❷●✕●◆❋❪❴❘❙➺❆✞✄✌ù➯③✟✄❖û✿➡✠✁❅ù➯③✟✁✢û➯❈✽❞

✄✞ù➔③ ⑤ ✿ ù➥ ⑨ ➥ ❞ ùÒ ⑩✲⑤ ✿ ù❇ ⑨ ➥ ❞ ù➥ ú ✧ ✿ ù❇ ✿ ù➥ ❞ ù ❇ ❧
❛★é➦●✭P✌❞✎❙✠❈❫❊❖●✭❙✎❞✽q◆❩❪❋✻❄✥é➁➢❃●❅●✭P❖■sP✞❄✌❈▼❊❖❈✽❙✠❞✎❈▼▲✆❈❫✉❏❯✽❄✌❯❿❙➺●✭❋❭❩❪❞✎❯✑õ❅❩❪♣✹❊❖❴❵❆♦❈✽❙✥❋❍●▼❄✌❴❘❙✠♣➭●◆❋❪❩❍❆✎●✭❞✎❩❪❴❏❄✌✿ ➥ ✿✍Ò✻ú ✿ ➥❇ ③ ♠ ➄ ❰✮❄❈sü❺❈✽❞❿q✶❆♦❩✷✿ ❈◆❆❉❞✢P✌❄⑥❄✌❴◆➢✻●✭P➳❾❵P✌❈✽❋✗■s❴❏❄❖❾❵P✌❈❵q ✿☎✡☞☛ ✿ ➥ ✿✍Ò▼ú ✿❘➥❇ ➤❵❯✽❙✎❩ ô❖❈❃❋❍●✹■❑❴❏❄✻❞✠❙➺●◆❩❪❄✻❞✠❈ï▲✆❈★❄✌❴❘❙✠♣➭●◆❋❪❩✗❆✠●✭❞✎❩❪❴❘❄✥❧❡❖❈◆❆✘❄✌❴◆➢✻●◆P✌ó ✿♥ùå❈✽❞✳✿❇û➒■s❴❘❄❖▲✆P✌❩✗❆❉❈✽❄✻❞✩●◆❋❪❴❏❙➅❆✩õ➯▲✆❈◆❆❅❈◆❆❉❞✎❩❪♣➭●◆❞✠❈✽P✌❙➅❆✣❋❪❩❭❄✌❯◆●◆❩❪❙✠❈➑❆➼❋❭❴✻■✽●✭P✌ó ▼④➭ùå❈✽❞ ▼④➯û➮▲✆❯sô❱❄✌❩❍❆
❊❖●◆❙✘❋❍●★❲t❴❏❙✎♣✕P✞❋❪❈➄➬❨❤➫➂➺❧✥❡✿é✐●◆❙✠❞✎❩❍■s❋❭❈✕❣➦❤➫➚◆❦✿♣✹❴❏❞✎❩❪➤❵❈✘❋❨é➁P✌❞✎❩❪❋❭❩❍❆✠●◆❞✠❩❭❴❏❄➭▲✆❈❃❋♠é÷❈◆❆❉❞✎❩❪♣➭●◆❞✠❈✽P✌❙ ▼ ø➽③ ▼④➭ùîú ▼④➯û➯❈❿❄⑥➤✆P✌❈❃▲✆❈
❙✎❯◆❆❉❴❘P❖▲✆❙✠❈❃▲✆❈➑❆✑❊✌❙✠❴❘❬✌❋❪✇✽♣✈❈◆❆✑▲✆❈✩❙✎P✌❊✌❞✠P✞❙✠❈❵❧

Ø✈Ù✍✌ ✎✑✏✣è á✂✒❑Ý✿æçÝ❸è
❂❅❄❷❆❉P✌❊✌❊❖❴r❆❉❈♥➤❵❯✽❙✎❩ ô❖❯✽❈➑❆✮❋❭❈◆❆✑❝✻➢✆❊❖❴❏❞✎❝✌✇◆❆♦❈◆❆▼▲✆P➯❊❱●✭❙➺●◆✉❏❙➅●✭❊✌❝✌❈ ✎ ❧✔✓❏❧✐❤✻❧

✕❃➇◗✸✻➎❖→✗✖✻✾➒➌✂✘✑✙❃✇ ③❏④■➎s➎✒➣♣③➃①✍➜❏④ ①✍❽❨①☞➎✧❿✭➣➃➔❖①✭③➈③❏④❾③✛✚ ①✭③✪⑦▼⑤❝➅✻➡ ❡ ➡▲➆ ❇ ⑨➈➇✸➉❏❸s⑤➋➊❖❽❹①✪➌❼①✪✇⑥⑦✢⑨⑥➍❝➎✰①✪✇✒⑨s❸s✇⑥⑦✆❷✢✜②⑤➟➅■➓▼③♥➧ û✤✣
❸s❶♣①→➔✞✥✧✦✩★✆➡✖③❏⑤ ❀✌②✣❯ Ó✑➡✖①➈⑦✫✪❨❀✌②✣❯ ⑩✝✬➨➡✏❸❾❽➺➣s❿↔③➈➙✖➎❪➣s④✘❿✔⑦❝➣s④s⑦➤❅✏✽❚✶❁❀ç➡✝①➈⑦➤➎✒➣s④✘❿Ð⑦✼➣s④➀⑦➨❉ ✽ ✍ Ó✻➡ ♠ ☞❚❨❳✭⑤✼❉✶⑨ ③ ✪ ❀ ❳➁ù ❇ ◗➪⑤✼❉✶⑨❄✿✳❳❘⑤ ♠ ⑩❬➣✮✭☞⑤ ♠ ⑨✠⑨❺➡

✯ ❳ ⑤✼❉✶⑨ ③
②❈
➲ ❛ ❇

⑤❝❉✕úå⑦ ➲ ⑨ ❳ ✿ ➲ ⑤✵❉ ⑨✱✰◆④ ⑤t⑦ ➲ ⑨✿ú➒④ ⑤✼❉ ⑨ ú✲⑤⑧⑦ ➲ ú ❉✶⑨✻④✳✲❍⑤❝❉✶⑨✵✴
③ ♠✧ ✪ ❀ ❳÷ù Ô ④✷✶ ⑤❝❉✶⑨✘◗♥⑤❝❉✶⑨❄✿ ❳➁ù ➥ ⑤ ♠ ⑩ ➣ ✭ ⑤ ♠ ⑨✠⑨❖➡ ❉✹✸③ ö

✺❨❳✭⑤✼❉✶⑨ ③
②❈
➲ ❛ ❇

⑤❝❉✕úå⑦➄➲t⑨ ❳ ✿ ➥➲ ⑤✼❉ ⑨➫❶ ➥ ⑤⑧⑦➄➲♠⑨
③ ✪ ❀ ❳➁ù ❇ ❶ ➥ ⑤✼❉✶⑨✘◗★⑤❝❉✶⑨❄❞ ❳ ⑤ ♠ ⑩ ➣ ✭ ⑤ ♠ ⑨✎⑨✶➡

✻ ❳ ⑤✼❉✶⑨ ③
②❈
➲ ❛ ❇

⑤❝❉❇ú➽⑦ ➲ ⑨ ❳ ✿ ➲ ⑤❝❉✶⑨✻❶❸⑤⑧⑦ ➲ ⑨♠❹ ➲
③ ✙ ✭✽✼ ✪ ❇✿✾ ➥ ❀ ❳➁ù ✩ ❇✿✾ ➥ ✭❁❀ ➡

②❈
➲ ❛ ❇ ◗ ➲ ⑤❝❉✶⑨✪③❂✪ ➥ ❀❄❃✪◗ ➥ ⑤✼❉ ⑨➅⑤ ♠ ⑩✡➣ ✭ ⑤ ♠ ⑨✠⑨ ➄ ➬❅✓✭➂

q➭✸✻✾❀➎❖➉✿✺s➐◆→◆➈✆➐◆➏t➎❖➉❳➷❄❆ ❂❅❄➭■s❴❘♣✹♣✹❈✽❄❱■s❈✑❊❖●◆❙✑❊❖❴❵❆♦❈✽❙✥ê ❚❨❳◆⑤❝❉✶⑨✪③ ❖ ②➲ ❛ ❇ ⑧➤➲♠⑤✼❉ ⑨ ➄❄❇ ❋❭❴❏❙➅❆sq✻▲✶é✐●◆❊✌❙✠✇➑❆❳❋♠é÷❩❪❄✌❯❿✉❵●✭❋❭❩❪❞✎❯▲✆❈✍➱✑❩❭❈✽❄❖●✽➢✆♣✈❯s➾ ➩ ■➺❝✌❈s❬✻➢✞■✠❝✌❈sü☞q
❚ ❳ ⑤❝❉✶⑨✪③✩✪ ✶Ñ✹⑤✞⑧ ❇ ⑤❝❉✶⑨✎⑨✥⑩❉❈ ✭ ✰ ☛ ✛✣✢✁✤✩⑤❯❚ ❳ ⑤❝❉✶⑨♦⑨ ✴ ➄ ➬❨❤➫➂
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C. R. Acad. Sci. Paris, t. 332, Série I, p. 761–764, 2001
Statistique/Statistics
(Systèmes dynamiques/Dynamical Systems)

Estimation de la densité invariante de systèmes
dynamiques en dimension1
Clémentine PRIEUR

Mathématiques, Université de Cergy-Pontoise, site Saint-Martin, 2, avenue Adolphe-Chauvin,
95302 Cergy-Pontoise cedex, France
Courriel : prieur@math.u-cergy.fr

(Reçu le 22 décembre 2000, accepté le 9 février 2001)

Résumé. Dans cette Note nous établissons un théorème limite central pour les estimateurs à noyau
de la densité invariante de certains systèmes dynamiques en dimension1. La preuve de
ce théorème se fait en deux étapes essentielles : l’ étude de la vitesse de convergence de
la variance de l’ estimateur puis l’ obtention du théorème limite central par une variante de
la méthode de Lindeberg–Rio [6]. 2001 Académie des sciences/Éditions scientifiques et
médicales Elsevier SAS

Density estimation for one-dimensional dynamical systems

Abstract. In this Note weobtain a central limit theorem for standard kernel invariant density estimates
of one-dimensional dynamical systems. The two main steps in the proof of this theorem
are the following: the study of speed of convergence for the variance of the estimator and
then a variation on the Lindeberg–Rio method[6].  2001 Académie des sciences/Éditions
scientifiques et médicales Elsevier SAS

1. Introduction

Un problème classique est celui de l’ estimation de la densité marginalef d’ une suite stationnaire
(Xn)n∈N de variables aléatoires dépendantes. On sait que si la suite(Xn)n∈N satisfaitdes conditions de
mélange [7] ou de dépendance faible [3], on a le résultat suivant :

√
nbn

[
f̂n(x)−Ef̂n(x)

]
L

−−−−→

n→+∞

N

(
0, f(x)

∫ +∞

−∞

K2(t)dt

)
, (1)

où f̂n(x) est un estimateur classique à noyau défini de la façon suivante :

f̂n(x) =
1

nbn

n−1∑

k=0

K

(
x−Xk

bn

)
, (2)

Note présentée par Paul DEHEUVELS .

S0764-4442(01)01909-7/FLA
 2001 Académie des sciences/Éditions scientifiques et médicales Elsevier SAS. Tous droits réservés 761↕ ✁
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C. Prieur

avec une suite(bn)n∈N ∈ (R+)N et un noyauK : R → R+ à support compactD tels que :

bn−−−−→
n→+∞

0, nbn−−−−→
n→+∞

+∞, et
∫

D

K(t)dt= 1,

∫

D

K2(t)dt > 0.

Dans cette Note, nous nous restreignons à la classe de systèmes dynamiques :

∀n� 1, Xn = T nX0, (3)

oùT est une fonction d’un intervalleI ⊂ R danslui-même admettant une mesure de probabilité invariante
µ0 absolument continue par rapport à la mesure de Lebesgue, etX0 une variable aléatoire de loiµ0.
Notonsf la densité deµ0 par rapport à la mesure de Lebesgue. Le but est d’estimerf . Nous travaillons sous
une hypothèse de contrôle des corrélations. Avant de l’écrire, défi nissons l’ensemble de fonctions suivant :

DÉFINITION 1.1. – VB est l’ensemble des fonctionsh deI dansR à variation bornée et de normeL1

fi nie (voir [8] par exemple). Si‖h‖VB := V(h) + ‖h‖1, où V(h) est la variation deh et ‖ · ‖1 la norme
standard surL1, alors‖ · ‖VB est une norme etVB muni de cette norme est un espace de Banach.

Nous pouvons maintenant supposer :

∃κ > 0, ∃(dn)n∈N ∈ (R+)N,

+∞
∑

k=0

dk <∞ tels que∀n� 0, ∀h, k ∈ VB,

∣

∣Cov
(

h(X0), k(Xn)
)
∣

∣ � κ‖k‖1 ‖h‖VB dn, (4)

où Cov désigne la covariance par rapport à la mesure invarianteµ0. Ce contrôle de covariances permet de
conclure à l’existence d’un théorème de type (1). C’est l’objet du théorème 3.1 énoncé dans le paragraphe 3.

2. Hypothèses sur le modèle et exemples

Dans cette partie nous donnons les hypothèses techniques requises pour montrer le théorème limite
central. PrenonsK ∈ VB. Nousconsidérons ensuite un intervalleI ⊂ R, et T une application deI dans
lui-même. Notonsλ la mesure de Lebesgue, etint(I) l’intérieur de I. Nous supposons :

– pour toutk dansN, pour toutx dansint(I), limt→0− T k(x− t) =: T k(x+) et limt→0+ T k(x− t) =:
T k(x−) existent ;

– pour toutk dansN∗, posonsDk
−

:= {x ∈ int(I), T k(x−) = x} etDk
+ := {x ∈ int(I), T k(x+) = x}.

Soit I1 := int(I) �
⋃

k∈N∗(Dk
−
∪Dk

+) =: int(I) �B. Alorsλ(B) = 0 ;
– T admet au moins une mesure de probabilité invarianteµ0 qui est absolument continue par rapport à

la mesure de Lebesgue :dµ0 = f dλ ;
– soitS := supp(µ0) le support deµ0. Si I2 := {x ∈ S ⊂ I, f est continue enx et f(x) > 0}, alors
λ(S � I2) = 0.

X0 est une variable aléatoire de loiµ0. Nous rappelons que(Xn)n∈N est défi nie par (3). Enfi n, nous
faisons l’hypothèse de contrôle des corrélations décrite par l’inégalité (4) de l’introduction.

Dans le cas où la décroissance dans (4) est exponentielle, il existe des exemples simples (qui peuvent
s’étendre par conjugaison) :

– les fonctions de type Lasota–Yorke. –Pour une défi nition plus précise de ces fonctions, nous renvoyons
au chapitre 3 de Viana [8] ou à [5].
• Les fonctions « tentes » (voir fi gure 1, où le sommet est le point[0.5,0.75]).
• Les fonctionsr-adiques (voir fi gure 2, oùr = 8/3).

– Les fonctions à nombre infini dénombrable d’ intervalles de monotonicité. – La fonction de Gauss par
exemple. Elle est défi nie sur[0,1] parT (x) = 1

x
−
[

1

x

]

si x 
= 0 etT (0) = 0.
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Estimation pour des systèmes dynamiques

Figure 1. – Fonction « tente ». Figure 2. – Fonctionr-adique

3. Énoncé du théorème limite central et éléments de preuve

Dans un premier temps,énonçons le résultat qui fait l’objet de cette Note. C’est un théorème limite
central portant sur le processus d’estimation centré :Yn(x) :=

√
nbn

(
f̂n(x) − E f̂n(x)

)
, où f̂n(x) est

défi ni à partir de(Xn)n∈N comme dans (2).

THÉORÈME 3.1. – Supposons queT satisfait les hypothèses du paragraphe2, etque pour tout1 � i � ℓ,
xi ∈ I1 ∩ I2. Alors les répartitions fini-dimensionnelles(Yn(x1), . . . , Yn(xℓ)), du processus

Yn(x) ≡ Yn(x)√
f(x)

∫ +∞

−∞
K2(t)dt

convergent en loi, quandn tend vers+∞, versN(0, Iℓ).

Remarque3.1. – Pourℓ = 1 ce théorème est un théorème limite central. Sil arbitraire, siJ est un
intervalle compact inclus dansI, ce résultat montre que la suite des processus{Yn(x); x ∈ J}n�1 n’est
pas tendue dansC(J) ; ses répartitions fi ni-dimensionnelles convergent en effet vers celles du bruit blanc
gaussienẆ .

Pour montrer ce théorème nous commençons par montrer un résultat de convergence en moyenne
quadratique pour cet estimateur.

LEMME 3.1. – Supposons queT satisfait les hypothèses du paragraphe2. Soit x ∈ I1 ∩ I2. Alors il
existe une suite(εn)n∈N ∈ (R)N qui tend vers0 quandn tend vers l’ infini telle que:

Var
(
f̂n(x)

)
=

f(x)
∫
D
K2(s)ds

nbn
[1 + εn].

Remarque3.2. – Une première évaluation de la vitesse de convergence def̂n(x) (en O(1/(nb2
n
))) est

donnée dans [2] (ou plus récemment dans [4]). Notre résultat donne lieu au théorème limite central, il
fournit donc « la » vitesse de convergence.

Pour montrer un tel résultat dans un cadre de dépendance faible, il est tout à fait raisonnable de supposer
l’existence de densités jointes régulières pour les couples(X0,Xk)k∈N∗ . Ici, les lois jointes sont singulières
et cette absence de régularité dissocie l’étude de la dépendance faible de celle des systèmes dynamiques.
Pour montrer le lemme 3.1, nous utilisons ici les deux lemmes ci-dessous :

LEMME 3.2. – Supposons queT satisfait les hypothèses du paragraphe2. Soitx ∈ I1 ∩ I2. Alors pour
chaquek dansN

∗, il existe une suiteε(n,k)−−−−→
n→∞

0 telle que

Cov

(
K

(
x−X0

bn

)
,K

(
x−Xk

bn

))
= bn ε(n,k).

763
✬✁�



�✂✁ ☞☎✄✝✆✟✞ ☞☎✄ ✄✡✠ ✞☞☛✍✌✎✞ ✞✏☛✑✠✒✁✓✄ ☞✓✔✍✄✕✠✗✖✡✞ ✁✘✄☎✞✙✠ ☞✓☛ ✞✏☛✚✁✜✛✢✁☎☞✓✣✑✆✤☛✥✁✠✞✦✛✧✠✗✞✡✆★✄✪✩✏✡✫☛✥✁

C. Prieur

LEMME 3.3. – Supposons queT satisfait les hypothèses du paragraphe2. Soitx ∈ I1 ∩ I2. Alors

1

nbn

n−1
∑

k=1

(n− k)Cov

(

K

(

x−X0

bn

)

,K

(

x−Xk

bn

))

−−−−→
n→∞

0.

Le point essentiel dans la preuve du lemme 3.2 est l’étude, pourk � 1 deE
[

K
(

x−X0

bn

)

K
(

x−Xk

bn

)]

. Pour
n grand, pourk � 1 fi xé nous avons :

E

[

K

(

x−X0

bn

)

K

(

x−Xk

bn

)]

� bn

∫

D

K(t)f(x− tbn)K

(

x− T k(x− tbn)

bn

)

dt.

CommeK està supportD compact, nous avons

x− T k(x− tbn)−−−−→
n→+∞

x− T k(x∓) 
= 0, uniformément ent ∈D, t� 0 ou t ∈D, t� 0.

Donc, pourk fi xé,E
[

K
(

x−X0

bn

)

K
(

x−Xk

bn

)]

= o(bn), les termesE
[

K
(

x−X0

bn

)]

E
[

K
(

x−Xk

bn

)]

se traitent de
façon classique. Nous utilisons ensuite le lemme 3.2 ainsi que le contrôle des corrélations (4) pour montrer
le lemme 3.3. La fi n de la preuve du théorème 3.1 (cf. [5]) repose (comme dans [3]) sur une variation de la
méthode de Lindeberg–Rio.

Remarque3.3. – L’étude du biais est classique, elle fait appel à la régularité def qui dans certains
cas [1] se déduit de celle deT . D’autre part, nous pouvons étendre nos résultats au cas oùX0 ne suit
plus forcément la loi invariante.(Xn)n∈N n’est alors plus stationnaire. L’étude du cas non stationnaire
repose essentiellement sur les propriétés de l’opérateur de Perron–Frobenius associé àT défi ni de la façon
suivante :

L :















BV−→BV,

ω �−→Lω(x) =
∑

Ty=x

ω(y)

|T ′(y)|
.
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Abstract. In this paper we prove a Central Limit Theorem for standard kernel estimates of the

invariant density of one-dimensional dynamical systems. The two main steps of the proof of this

theorem are the following: the study of rate of convergence for the variance of the estimator and a

variation on the Lindeberg–Rio method. We also give an extension in the case of weakly dependent

sequences in a sense introduced by Doukhan and Louhichi.
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1. Introduction

This paper considers estimation of the marginal density f of a stationary sequence (Xn)n∈N of dependent
random variables. If (Xn)n∈N satisfies mixing conditions, Robinson [24] obtains the following result:

√

nbn

[

f̂n(x) −Ef̂n(x)
]

D
−−−−−→
n→+∞

N

(

0, f(x)

∫ +∞

−∞

K2(t)dt

)

, (1.1)

where f̂n(x) is a standard kernel density estimate defined as follows (see Rosenblatt [25]):

f̂(x) = f̂n(x) =
1

nbn

n−1
∑

k=0

K

(

x − Xk

bn

)

, (1.2)

with a sequence (bn)n∈N ∈ (R+)N and a compact supported kernel K : R → R (we note D its support) satisfying:

bn −−−−−→
n→+∞

0, and

∫

D

K(t)dt = 1, 0 <

∫

D

K2(t)dt < ∞. (1.3)

Quote that the last assumption,
∫

D
K2(t)dt < ∞, holds for K measurable and bounded.
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The purpose of this paper is to prove such a result for a certain class of one-dimensional dynamical systems.
Let us introduce the class (T ) of dynamical systems:

∀n ≥ 1, Xn = T nX0 (1.4)

such that:

• T : I → R is a function defined on a closed interval I ⊂ R;
• T admits an invariant probability measure µ0 absolutely continuous with respect to the Lebesgue measure;
• the random variable X0 has the distribution µ0.

Therefore (Xn)n∈N is a stationary sequence. Let f denote the density of µ0 with respect to Lebesgue.
We also assume a control of the correlations. Before stating this control, let us define the set of functions BV.

We first define the variation of a function ϕ : I = [L,R] → R (L and R can be respectively set equal to −∞
and +∞) by

V(ϕ) = sup
J

sup
n∑

i=1

|ϕ(xi−1) − ϕ(xi)|

where the first supremum is taken over all compact subsets J = [LJ , RJ ] of I = [L,R], and where the second
supremum is taken over all finite partitions LJ = x0 < x1 < · · · < xn = RJ , n ≥ 1, of J (see [26]). Now BV
denotes the set of functions h : I → R with bounded variation and whose L

1−norm is finite (see e.g. [27]). If
||h||BV := V(h) + ||h||1 where V(h) is the variation of h and || · ||1 is the standard norm on L

1, then || · ||BV is a
norm and BV endowed with this norm is a Banach space.

We can now state the assumption on the correlations.
There exist a positive constant κ and a sequence of non-negative numbers (dn)n∈N satisfying

∑+∞

k=0
dk < ∞

such that

∀n ≥ 0, ∀ h, k ∈ BV, |Cov (h(X0), k(Xn)) | ≤ κ‖k‖1‖h‖BV dn, (1.5)

where Cov denotes the covariance with respect to the invariant measure µ0. This control yields the Theorem 1.1
(see Sect. 4).

The paper is organized as follows. In Section 2, we precise the assumptions on the class T of dynamical
systems. In Section 3 we study the convergence in mean squares of our density estimates. This is the purpose of
Lemma 3.1 which constitutes the tool step of this paper and improves existing results (see Bosq and Guégan [5],
Maës [19]). Section 4 is devoted to the statement and the proof of the main result: the Central Limit Theorem
(CLT) of type (1.1). Lemma 3.1, together with a variation on the Lindeberg–Rio method [22, 23], yields the
central limit Theorem 4.3. Hence the rate of convergence obtained in Lemma 3.1 is “the good one”. Theorem 4.3
does not involve the bias term. However the analysis of the bias is standard (see [2, 25]) and is not linked with
the dependent structure of the subjacent sequence (Xn)n∈N but only on its marginal distribution; this yields
Theorems 4.1 and 4.2. Some examples follow in Section 5.

In Section 6 we extend the results of Sections 3 and 4 to the case where X0 does not follow the invariant
law µ0. Properties of the Perron–Frobenius operator allow to conclude for Lasota–Yorke transformations T

(Lem. 6.1 and Ths. 6.2, 6.3 and 6.4). Thanks to the results of this section, we can choose a density function p

and construct a (non-stationary) sequence (X
′

n)n∈N as follows:

X
′

0 has the distribution p(t)dt, X
′

n
= T nX

′

0, n ≥ 1, (1.6)
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and we then estimate the invariant density f with

p̂(x) = p̂n(x) =
1

nbn

n−1
∑

k=0

K

(

x − X
′

k

bn

)

(1.7)

where bn and K are defined as in (1.3).
Finally, the appendix is devoted to an extension to the case of weakly dependent sequences in a sense

introduced by Doukhan and Louhichi [13] (Th. A.1).

2. Definition of the class T of transformations

In this part we detail the technical assumptions required for the Central Limit Theorems given in Section 4.
We first assume that the kernel K is in the set BV. We consider a closed interval I := [L,R] ⊂ R, and T a
function from I into itself. We denote λ the Lebesgue measure on I and int(I) the interior of I. We assume:

• for all k in N, for all x in int(I), limt→0+ T k(x + t) =: T k(x+) and limt→0− T k(x + t) =: T k(x−) exist;
• for all k in N

∗, denote Dk
−

:= {x ∈ int(I), T k(x−) = x} and Dk
+ := {x ∈ int(I), T k(x+) = x}. Let

I1 := int(I) \ B, where B :=
⋃

k∈N∗(Dk
−
∪ Dk

+). We assume λ(B) = 0;
• T admits at least an invariant probability measure µ0 which is absolutely continuous with respect to

Lebesgue measure: dµ0 = fdλ;
• let S := supp(µ0) be the support of µ0. If I2 := S ∩C(f) where C(f) denotes the continuity set of f, then

λ(S \ I2) = 0.

Recall that µ0 is the distribution of X0 and that (Xn)n∈N is defined by (1.4). Finally we assume the control
of correlations described by inequality (1.5) in the introduction (note that the absolutely continuous invariant
probability measure µ0 is unique because of the control of correlations (1.5)).

The following “tent-map” (see Fig. 1 in Sect. 5) belongs to T (hence T 6= ∅):

T (x) =











3

2
x if 0 ≤ x ≤

1

2
−3

2
x +

3

2
if

1

2
< x ≤ 1.

In the next sections, λ(D) denotes the Lebesgue measure of the compact set D.

3. Convergence in mean squares in the stationary case

In this section, we provide the mean squares convergence of the invariant density estimates for dynamical
systems in the class T . Let T be in T , then the series of correlations are summable (1.5).

Remark 3.1. In many examples (see Sect. 5) we have a stronger property: the exponential decay of correlations.
A classical way to prove it is by using the theory of transfer operators (see Collet [8]).

Recall that µ0 is the absolute continuous invariant probability measure for T , that f is its density with respect
to Lebesgue measure on I, and that X0 ∼ µ0. (Xk)k∈N is then a stationary process with marginal density f. We
estimate f by standard kernel estimates of the invariant density. We get the following mean squares convergence
result:

Lemma 3.1. Let T be in the class T and f̂(x) be defined by (1.2) and (1.3). Assume that bn −−−→
n→∞

0. Then

if x ∈ I1 ∩ I2, we have

Var
(

f̂(x)
)

=
1

nbn

(

f(x)

∫

D

K2(s)ds + o(1)

)

.
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Remark 3.2. A first evaluation, O
(

1

nb2
n

)

, of the rate of convergence of f̂n(x) is given in [5] (or more recently

in [19]). Our result provides limn→+∞(nbn)Var
(

f̂(x)
)

= C, C ≥ 0. This accurate rate of convergence is

necessary in order to obtain the forthcoming Central Limit Theorem (Th. 4.3) from Lindeberg–Rio technique.

To prove such a result in a mixing frame, the authors (e.g. [13]) usually assume that the couples {(X0,Xk)}k∈N∗

have regular joint densities. Here these distributions are singular and therefore our study is quite different. We
first need the two following lemmas:

Lemma 3.2. Assume that T is in the class T and let x ∈ I1 ∩ I2. Assume that bn −−−→
n→∞

0. Then for each

k ∈ N
∗, there exists a sequence ε(n, k) −−−→

n→∞

0 such that

Cov

(

K

(

x − X0

bn

)

,K

(

x − Xk

bn

))

= bn ε(n, k).

Lemma 3.3. Assume that T is in the class T and let x ∈ I1 ∩ I2. Assume that bn −−−→
n→∞

0. Then

1

nbn

n−1
∑

k=1

(n − k)Cov

(

K

(

x − X0

bn

)

,K

(

x − Xk

bn

))

−−−→
n→∞

0.

Proof of Lemma 3.2. Recall that D denotes the support of K. Let k fixed in N
∗, then

Cov

(

K

(

x − X0

bn

)

,K

(

x − Xk

bn

))

=

∫

R

L

K

(

x − T ks

bn

)

K

(

x − s

bn

)

f(s)ds −

(

∫

R

L

K

(

x − s

bn

)

f(s)ds

)2

.

• Study of Qn :=

(

∫ R

L
K

(

x − s

bn

)

f(s)ds

)2

0 ≤ Qn = b2
n







∫

x − L

bn

x − R

bn

K(t)f(x− tbn)dt







2

≤ b2
n

(∫

D
|K(t)| f(x− tbn)dt

)2
.

Let ln(t) := |K(t)| f(x−tbn). As f is continuous at point x (x ∈ I2 implies x ∈ C(f)), we get for all t ∈ D :
ln(t) −−−→

n→∞

|K(t)| f(x). Let ε > 0. As D is compact, the convergence of f(x − tbn) to f(x) is uniform in

t ∈ D. Hence there exists a positive integer N such that for n ≥ N, |ln(t)| ≤ |K(t)| (f(x) + ε) ∀t ∈ D.

Then, as
∫

D
|K(t)| (f(x) + ε) dt ≤ (f(x) + ε)

√

λ(D)
√

∫

D
K2(t)dt < ∞, the dominated convergence

theorem yields ([26], p. 27)

∫

D

|K(t)| f(x − tbn)dt −−−→
n→∞

f(x)

∫

D

|K(t)|dt < ∞.

Hence bn

(∫

D
|K(t)| f(x − tbn)dt

)2
−−−→
n→∞

0 and there exists ε1(n) −−−→
n→∞

0 such that Qn = bn ε1(n).

✬✁�



�✂✁☎☞✎✄✝✆✤✞ ☞☎✄ ✄✙✠ ✞✏☛ ✌☎✞ ✞☞☛✑✠✒✁ ✄ ☞ ✔ ✄✝✠ ✖✡✞ ✁ ✄☎✞✡✠ ☞ ☛ ✞✏☛✚✁✜✛✢✁☎☞ ✣ ✆✤☛✥✁ ✞✭✛ ✠✗✞✙✆★✄ ✩ ✡ ☛✥✁

DENSITY ESTIMATION FOR ONE-DIMENSIONAL DYNAMICAL SYSTEMS 55

• Study of An,k :=
∫ R

L
K

(

x − T ks

bn

)

K

(

x − s

bn

)

f(s)ds

0 ≤ |An,k| = bn

∣

∣

∣

∣

∣

∣

∣

∫

x − L

bn

x − R

bn

K

(

x− T k(x − tbn)

bn

)

K(t)f(x− tbn)dt

∣

∣

∣

∣

∣

∣

∣

≤ bn

∫

D

∣

∣

∣

∣

K

(

x − T k(x − tbn)

bn

)

K(t)

∣

∣

∣

∣

f(x− tbn)dt.

As D is compact, tbn → 0 uniformly in t ∈ D as n tends to infinity. Hence the existence of onesided limits
at point x implies

x− T k(x − tbn) −→ x− T k(x−), uniformly with respect to t ∈ D∗

+ := D ∩ R
∗

+;

x− T k(x − tbn) −→ x− T k(x+), uniformly with respect to t ∈ D∗

−
:= D ∩ R

∗

−
.

Moreover, by assumption, x − T k(x−) 6= 0 and x − T k(x+) 6= 0. Let D∗ := D \ {0}.
From the compactness of D we exhibit some n0 ∈ N

∗ such that

n ≥ n0 =⇒

[

∀ t ∈ D∗ : K

(

x − T k(x − tbn)

bn

)

= 0

]

.

Then n ≥ n0 =⇒
An,k

bn
= 0 and we can write An,k = bnε2(n, k), with ε2(n, k) = 0 for n large enough.

Then Cov

(

K

(

x − X0

bn

)

,K

(

x − Xk

bn

))

= bn[ε2(n, k) − ε1(n)]. Hence for each k ∈ N
∗, there exists

ε(n, k) −−−→
n→∞

0 such that Cov

(

K

(

x − X0

bn

)

,K

(

x − Xk

bn

))

= bn ε(n, k), which concludes the proof.

Proof of Lemma 3.3. We have

1

nbn

n−1
∑

k=1

(n − k)

∣

∣

∣

∣

Cov

(

K

(

x − X0

bn

)

,K

(

x− Xk

bn

))∣

∣

∣

∣

≤
1

bn

n−1
∑

k=1

∣

∣

∣

∣

Cov

(

K

(

x − X0

bn

)

,K

(

x − Xk

bn

))∣

∣

∣

∣

· (3.1)

By the control (1.5) of correlations and from Lemma 3.2 and inequality (3.1), there exists a constant M > 0
such that

1

nbn

n−1
∑

k=1

(n − k)

∣

∣

∣

∣

Cov

(

K

(

x − X0

bn

)

,K

(

x − Xk

bn

))∣

∣

∣

∣

≤ M

n−1
∑

k=1

min (ε(n, k), dk).

Let ε > 0. Since
∑

∞

k=0 dk < ∞, there exists k(ε) ∈ N
∗ such that

∑

∞

k=k(ε) dk < ε
2 . So for n ≥ k(ε),

n−1
∑

k=1

min (ε(n, k), dk) <

k(ε)−1
∑

k=1

ε(n, k) +
ε

2
·

Hence there exists some n0 ≥ k(ε) such that n ≥ n0 implies

k(ε)−1
∑

k=1

ε(n, k) +
ε

2
<

ε

2
+

ε

2
= ε.

This entails
∑n−1

k=1 min (ε(n, k), dk) −−−→
n→∞

0 and concludes the proof.✬➐↕
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Remark 3.3. Using similar arguments, we can prove that for all 0 ≤ i < j ≤ n − 1, and for any bounded
function ϕ,

Cov

(
ϕ(X0)

[
K

(
x − T jX0

bn

)
−EK(

x − T jX0

bn

)

]
,K

(
x − T iX0

bn

)
−EK

(
x − T iX0

bn

))
≤ bn × ε(n, j − i),

with ε(n, j− i) −−−→
n→∞

0. We make use of this remark in the next section to prove the central limit Theorem 4.3.

We are now in position to prove Lemma 3.1.

Proof Lemma 3.1. Let Var indf̂(x) denote the variance of 1

nbn

∑n−1

k=0
K
(

x− �Xk

bn

)
where the X̃k’s are independent

copies of the Xk’s. We have:

Var (f̂(x)) = Var indf̂(x) +
2

n2b2
n

∑

0≤i<j≤n−1

Cov

(
K

(
x − Xi

bn

)
,K

(
x− Xj

bn

))
· (3.2)

As x ∈ I1 ⊂ int(I), we have for n large enough

Var indf̂(x) =
1

nbn

∫

D

K2(s) f(x − sbn)ds −
1

n

(∫

D

K(s) f(x − sbn)ds

)2

.

As f is continuous at point x, and as K is compactly supported and satisfies (1.3), apply twice the dominated
convergence theorem (see e.g. [26], p. 27) to obtain

Var indf̂(x) =
1

nbn

∫
D

K2(s) f(x − sbn)ds −
1

n

(∫
D

K(s) f(x − sbn)ds
)2

=
f(x)

nbn

∫
D

K2(s)ds + o

(
1

nbn

)
+

1

nbn

{
bn

((∫
D

K(s)f(x)ds
)2

+ o(1)
)}

=
f(x)

nbn

∫
D

K2(s)ds + o

(
1

nbn

)
.

Remark 3.4. Quote that Bosq and Lecoutre ([6], p. 76) ask an additional differentiability assumption on f in
order to obtain an equivalent of the bias together with this result.

Hence

Var
(
f̂(x)

)
=

f(x)

nbn

∫

D

K2(s)ds + o

(
1

nbn

)
+

2

n2b2
n

n−1∑

k=1

(n − k)Cov

(
K

(
x − X0

bn

)
,K

(
x − Xk

bn

))
·

Then

Var
(
f̂(x)

)
=

f(x)

nbn

∫

D

K2(s)ds + o

(
1

nbn

)
+

2

nbn

(
1

nbn

n−1∑

k=1

(n − k)Cov

(
K

(
x − X0

bn

)
,K

(
x − Xk

bn

)))
·

Hence by Lemma 3.3,

Var
(
f̂(x)

)
=

1

nbn

(
f(x)

∫

D

K2(s)ds + o(1)

)
,

which concludes the proof.

✬ ✬
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Remark 3.5. We may also study the MISE defined as follows

MISE (f̂ , f) :=

∫

E(f̂ − f)2dx.

As usual (see [2]) the rate of convergence of the MISE to 0 depends on the regularity of f. If T is Lasota–Yorke
and Markov, we can deduce the regularity of the density f from the one of T (see [1]).

4. A Central Limit Theorem in the stationary case

Many versions of a Central Limit Theorem for the partial sums of dynamical systems 1√
n

∑[ns]
j=1 φ(T j(x))

have been proved in the literature. For example Liverani [18], Viana [27] prove a CLT in the case where s = 1
for some piecewise expanding dynamical systems. Barbour et al. [4] prove a functional CLT with respect to s in
the case where T is some expanding map of the unit interval into itself. They use first a coupling method: they
prove that the iterates of T can be closely tied to an m−dependent process. Then they use techniques which
are derived using Stein’s method, so they obtain bounds on the rate of convergence. Here we prove a CLT for
the density estimates.

We study the following process

Un(x) :=
√

nbn(f̂(x) − f(x)). (4.1)

We do not use a decomposition in Bernstein blocks. Here the idea is to adapt the Lindeberg method after
Rio [23]. To be in position to use such a method, we need the mean squares convergence result stated in
Section 3 (Lem. 3.1). We then study the bias term by a Taylor’s decomposition. Let us now state the central
limit results for the invariant density estimates in the case of dynamical systems in the class T .

We first precise the following notations. If l ∈ N
∗ and if a, y1, . . . , yl ∈ R, a ∗ (yi)1≤i≤l denotes the vector

of R
l whose coordinates are a∗y1, . . . , a∗yl, and a∗diag (y1, . . . , yl) denotes the diagonal matrix whose diagonal

terms are equal to a ∗ y1, . . . , a ∗ yl. We also define

Σl :=

(
∫

D

K2(s)ds

)

∗ diag (f(x1), . . . , f(xl)) . (4.2)

Theorem 4.1. Let T be in the class T and f̂(x) be defined by (1.2) and (1.3). Assume that bn −−−−−→
n→+∞

0,

nbn −−−−−→
n→+∞

+∞. Let l be a positive integer. For all 1 ≤ i ≤ l, let xi ∈ I1 ∩ I2. Let m be a positive integer.

Assume that for each i, 1 ≤ i ≤ l, there exists a neighbourhood Vi of xi such that the invariant density f

is m-times continuously differentiable on Vi. Also assume that
∫

D
sjK(s)ds = 0 for all integer j such that

1 ≤ j ≤ m − 1 and that nb2m+1
n converges to some non-negative constant ρm as n tends to infinity. Then

(Un(x1), . . . , Un(xl))
D−−−→

n→∞
N

(

(−1)m √
ρm

m!

∫

D

sm K(s)ds ∗
(

f (m)(xi)
)

1≤i≤l
, Σl

)

,

where Σl is defined by (4.2).

Remark 4.1. For example, when m = 1 Theorem 4.1 yields

(Un(x1), . . . , Un(xl))
D−−−→

n→∞
N

(

−√
ρ1

∫

D

s K(s)ds ∗ (f ′(xi))1≤i≤l , Σl

)

.

We can also write such a theorem if the regularity of the invariant density f in terms of Hölder spaces is not
necessarily an integer. Let ν denote the regularity of the function f , this means that setting ν = α + β with
α ∈ N and 0 ≤ β < 1 there exists a constant A > 0 such that f is α-times continuously differentiable with
|f (α)(x)− f (α)(y)| ≤ A|x− y|β for x, y belonging to an arbitrary compact interval. We get the following result:

✬ ✁
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Theorem 4.2. Let T be in the class T and f̂(x) be defined by (1.2) and (1.3). Assume that bn −−−−−→
n→+∞

0,

nbn −−−−−→
n→+∞

+∞. Let l be a positive integer. For all 1 ≤ i ≤ l, let xi ∈ I1 ∩ I2. Let ν = α + β with α ∈ N and

0 ≤ β < 1. Assume that for each i, 1 ≤ i ≤ l, there exists a neighbourhood Vi of xi such that the invariant
density f has the regularity ν on Vi. Also assume that

∫

D
sjK(s)ds = 0 for all integer j such that 1 ≤ j ≤ α

and that nb2ν+1
n −−−−−→

n→+∞
0. Then

(Un(x1), . . . , Un(xl))
D

−−−→
n→∞

N (0, Σl) ,

where Σl is defined by (4.2).

Example 4.1. In many cases, the regularity of the invariant density f can be deduced from the one of the
dynamic T . Let us give some examples and references.

We consider a transformation T of the interval I = [0, 1]. We assume that T is Lasota-Yorke in a sense
defined in Section 5. Then there exists a countable partition (finite or not) of I, {aj}j∈J , such that for all j ∈ J,

on ]aj, aj+1[, T is expansive (see Assumpt. 5.2). For all j ∈ J, we assume that T admits a continuous extension

to Ij := [aj , aj+1]. Let us denote T (Ij) the image of Ij by the extension of T on Ij . We assume moreover that
T is of Markov type, i.e.

1. if the partition {aj}j∈J is finite, we assume that for all j ∈ J, there exists Kj ⊂ J such that T (Ij) =
⋃

k∈Kj
Ik. Now if A is a subset of I, let clos(A) denotes the closure of A. We assume in that case that

there exists a positive integer p such that for all j ∈ J, clos (T p (]aj , aj+1[)) = I;

2. if the partition {aj}j∈J is infinitely countable, we assume that for all j ∈ J, T (Ij) = I.

We now give easy examples of such transformations T .

1. the r-adic maps

T (x) = rx [1], where r ∈ N, r ≥ 2.

We have 0 = a0 < 1
r

< · · · < r−1
r

< ar = 1;
2. generalization of the r-adic maps

T (x) = rx + c [1], where r > 1, 0 ≤ c < 1, and r + c ∈ N, c(r + 1) ∈ N
∗.

For these maps we can take 0 = a0 < 1−c
r

< · · · <
(r+c−1)−c

r
< ar+c = 1;

3. some piecewise linear transformations.
There exists a countable partition (finite or not), {aj}j∈J , of I such that for all j ∈ J, T (Ij) = I,

T is linear and continuously differentiable on ]aj , aj+1[ and |T ′(x)| ≥ 1 + ε where ε > 0;
4. the Gauss map

T (x) =
1

x
−

[

1

x

]

for x 6= 0 and T (0) = 0.

Then for all j ∈ J = N
∗, Ij = [aj , aj+1] =

[

1
j+1 , 1

j

]

.

For this map we know the exact form of the invariant density, f(x) = 1
log(2) (1+x)−1, which is infinitely

continuously differentiable.

For these transformations T , we know (e.g. [1, 7, 15]) that the regularity of the invariant density f depends
on the one of T . If the partition is finite and if T is piecewise two-times continuously differentiable, then
f is piecewise continuously differentiable. If moreover T is onto on each interval of the partition, then f is
continuously differentiable. In the case where the partition is infinitely countable, a further assumption on the
Schwarzian derivative of T is needed (see e.g. [1,10]) to conclude that f is Hölder continuous.

If the regularity of f is not an integer, no equivalent of the bias seems to be known. The optimal rate is
reached but we do not get an explicit equivalent of the bias. Hence we sometimes prefer not to consider the

✁ �
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bias term but rather to restrict our attention to the centered estimation process

Yn(x) :=
√

nbn(f̂(x) −Ef̂(x)). (4.3)

We get the following result (see also Applications 6.1 and 6.2 in Sect. 6 for some use of this result):

Theorem 4.3. Let T be in the class T , and f̂(x) be defined by (1.2) and (1.3). Assume that bn −−−−−→
n→+∞

0,

nbn −−−−−→
n→+∞

+∞. Then if for all 1 ≤ i ≤ l, xi ∈ I1 ∩ I2,

(Yn(x1), . . . , Yn(xl))
D−−−→

n→∞
N (0, Σl) ,

where Σl is defined by (4.2).

Remark 4.2. For l = 1 Theorem 4.3 is a CLT. Let J ⊂ I1 ∩ I2 be a compact subinterval of I1 ∩ I2. Working

with arbitrary l and with some f > 0 implies that the sequence of estimation processes

(

Yn(x)√
f(x)

, x ∈ J

)

n∈N∗

is not tight in C(J); its limit is indeed
√

∫

D
K2(s)ds Ẇ , where Ẇ is the Gaussian white noise. Now for sake

of simplicity we develop the proof for l = 1. The general case is similar. If one wants to know the asymptotic
behaviour in distribution of the vector (Yn(x1), . . . , Yn(xl)), it is sufficient to use the following proof of

Theorem 4.3 (in the case l = 1) with 1√
nbn

∑l

j=1 sjK(
xj−Xk

bn
), for arbitrary numbers s1, . . . , sl ∈ R, instead of

1√
nbn

K(x−Xk

bn
).

We first prove Theorem 4.3 and then deduce Theorems 4.1 and 4.2 by studying the bias term defined by
BIASn(x) = Ef̂n(x) − f(x).

Proof of Theorem 4.3 with l = 1. Let us first notice that if f(x) = 0, then Yn(x) tends to zero in mean squares
(Lem. 3.1), so it also converges to zero in law.

From now on, we suppose that f(x) > 0. Let gn(t) = 1√
nbn

K(x−t
bn

), Mn = ‖gn‖∞, ln = ‖gn‖BV and

δn = ‖gn‖1.

In the following c will denote some constant independent of k and n, which may vary from line to line. We
have Mn ≤ c√

nbn
, ln ≤ c√

nbn
and δn ≤ c bn√

nbn
, where c is positive. We recall that for all h, k in BV

||h · k||BV ≤ ‖h‖∞||k||BV + ‖k‖∞||h||BV . (4.4)

We set, for k = 0, . . . , n − 1 and n = 1, 2, . . . ,

Zn,k = gn(Xn−k−1) −E (gn(Xn−k−1)) , and Sn = Zn,0 + · · · + Zn,n−1.

Now let Sk,n = Zn,0 + · · · + Zn,k for 0 ≤ k ≤ n − 1. Empty sums are, as usual, set equal to 0.
Hence

lim
n→∞

VarSn = f(x)

∫

D

K2(s)ds > 0. (4.5)

Consider now a bounded thrice differentiable function h : R → R with continuous and bounded derivatives.
Set Cj = ‖h(j)‖∞, for j = 0, 1, 2, 3. Set σ2

n = Var Sn. For some standard Gaussian random variable η, write
∆n(h) = E(h(Sn) − h(σnη)). The theorem will follow from (4.5), if we prove that limn→∞ ∆n(h) = 0. Let
vk,n := VarSk,n − VarSk−1,n, for 1 ≤ k ≤ n − 1.

vk,n = 2
k−1
∑

l=0

Cov (Zn,k, Zn,l) + EZ2
n,k =: a1

n,k + a2
n,
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with

a2
n ∼ f(x)

n

∫
D

K2(t)dt,

a2
n independent of k, and

0 ≤ a1
n,k ≤ 2

n

k∑
l=1

min (ε(n, l), dl).

So, as in Lemma 3.3, we show that sup0≤k≤n−1(na1
n,k) −→ 0 as n −→ ∞. Then there exists no ∈ N

∗ such
that for all n ≥ no and for all k ∈ N

∗ such that 0 ≤ k ≤ n − 1 we have vk,n > 0. Therefore we can consider
Yn,k ∼ N (0, vk,n) for sufficiently large n and for 0 ≤ k ≤ n − 1.

Let us assume that the array {Yn,k; 0 ≤ k ≤ n − 1, n ≥ n0} is independent and is independent of the

sequence (Xk)k∈N. If 0 ≤ k ≤ n− 1, set Tn,k =
∑n−1

j=k+1 Yn,j , still with empty sums set equal to 0. We can now
write Rio’s decomposition

∆n(h) =
n−1∑
k=0

∆k,n(h),

with ∆k,n(h) = E [h(Sk−1,n + Zn,k + Tn,k) − h(Sk−1,n + Yn,k + Tn,k)] .
The function x 7→ hk,n(x) = Eh(x + Tn,k) has the same derivability properties as h, e.g. for 0 ≤ j

≤ 3, ‖h(j)
k,n‖ ≤ Cj ; now we write ∆k,n(h) = ∆

(1)
k,n(h) − ∆

(2)
k,n(h), with

∆
(1)
k,n(h) = Ehk,n(Sk−1,n + Zn,k) −Ehk,n(Sk−1,n) − vk,n

2
Eh

′′

k,n(Sk−1,n),

∆
(2)
k,n(h) = Ehk,n(Sk−1,n + Yn,k) −Ehk,n(Sk−1,n) − vk,n

2
Eh

′′

k,n(Sk−1,n).

• Bound of ∆
(2)
k,n(h).

Using Taylor expansion yields for some (random) ρn,k ∈ (0, 1):

∆
(2)
k,n(h) = Eh

′

k,n(Sk−1,n)Yn,k +
1

2
Eh

′′

k,n(Sk−1,n)(Y 2
n,k − vk,n) +

1

6
Eh

(3)
k,n(Sk−1,n + ρn,kYn,k)Y 3

n,k.

From the independence of the Gaussian sequence (Yn,k)n∈N, 0≤k≤n−1 and the process (Xn)n∈N,

|∆(2)
k,n(h)| ≤ C3

6
E|Yn,k|3 ,

hence

|∆(2)
k,n(h)| ≤

2C3v
3

2

k,n

3
√

2π
·

Now

vk,n = VarZn,k + 2
k−1∑
j=0

Cov(Zn,j , Zn,k),

hence

vk,n ≤ 4Mnδn + 2
k∑

j=1

2δnlndj . (4.6)
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We thus need

n
2

3





1

n
+

k
∑

j=1

dj

n



 −−−→
n→∞

0.

As
∑

∞

k=0 dk < ∞, the last assertion is always true.

• Bound of ∆
(1)
k,n(h).

Set ∆
(1)
k,n(h) = Eδ

(1)
k,n(h). We write, again with some random τn,k ∈ (0, 1),

δ
(1)
k,n(h) = h

′

k,n(Sk−1,n)Zn,k +
1

2
h

′′

k,n(Sk−1,n)(Z2
n,k − vk,n) +

1

6

(

h
(3)
k,n(Sk−1,n + τn,kZn,k)Z3

n,k

)

.

We analyze separately the terms in the previous expression. We have

1

6

∣

∣

∣Eh
(3)
k,n(Sk−1,n + τn,kZn,k)Z3

n,k

∣

∣

∣ ≤
C3

6
(4M2

n)(2δn). (4.7)

To estimate the middle term, write (with Rio)

Cov
(

h
′′

k,n(Sk−1,n), Z2
n,k

)

=
k−1
∑

j=0

Cov
(

h
′′

k,n(Sj,n) − h
′′

k,n(Sj−1,n), Z2
n,k

)

.

By Taylor,

Cov
(

h
′′

k,n(Sj,n) − h
′′

k,n(Sj−1,n), Z2
n,k

)

= Cov
(

Zn,j h
(3)
k,n(Sj−1,n + uZn,j), Z

2
n,k

)

,

for some 0 < u < 1.

We can also write

Z2
n,k = g2

n(Xn−k−1) − 2E (gn(Xn−k−1)) gn(Xn−k−1) + [E (gn(Xn−k−1))]
2
,

and
Zn,j = gn(Xn−j−1) −E (gn(Xn−j−1)) .

From those decompositions, the dominant term of

Cov
(

Zn,j h
(3)
k,n(Sj−1,n + uZn,j), Z

2
n,k

)

is
Cov

(

gn(Xn−j−1) h
(3)
k,n(Sj−1,n + uZn,j), g

2
n(Xn−k−1)

)

,

by replacing twice Zn,l by g(Xn−l−1). Hence using (4.4) and Remark 3.3 we obtain:

Cov
(

gn(Xn−j−1) h
(3)
k,n(Sj−1,n + uZn,j), g

2
n(Xn−k−1)

)

≤ C3 δn 2Mnlndk−j . (4.8)

So, as it is the dominant term, we get the same bound for the other terms. Summing up yields:

∣

∣

∣Cov
(

h
′′

k,n(Sk−1,n), Z2
n,k

)∣

∣

∣ ≤ 4
k−1
∑

j=0

C3 δn 2Mnlndj . (4.9)

Proceeding as for (4.9) implies:

∣

∣

∣Cov
(

h
′

k,n(Si,n) − h
′

k,n(Si−1,n), Zn,k

)∣

∣

∣ ≤ 2C2δnlndk−i. (4.10)

✁ �



�✂✁ ☞☎✄✝✆✟✞ ☞☎✄ ✄✡✠ ✞☞☛✍✌✎✞ ✞✏☛✑✠✒✁✓✄ ☞✓✔✍✄✕✠✗✖✡✞ ✁✘✄☎✞✙✠ ☞✓☛ ✞✏☛✚✁✜✛✢✁☎☞✓✣✑✆✤☛✥✁✠✞✦✛✧✠✗✞✡✆★✄✪✩✏✡✫☛✥✁

62 C. PRIEUR

Hence from (4.10) and from Remark 3.3:

∣

∣

∣
Cov

(

h
′

k,n(Si,n) − h
′

k,n(Si−1,n), Zn,k
)∣

∣

∣
≤ cmin

(

δnlndk−i,
ε(n, k − i)

n

)

· (4.11)

We also have

∣

∣

∣
Eh

′′

k,n(Sk−1,n)EZn,iZn,k

∣

∣

∣
≤ cmin

(

δnlndk−i,
ε(n, k − i)

n

)

· (4.12)

Adding (4.11) and (4.12) and summing up the expression for all i yields:

∣

∣

∣

∣

∣

Eh
′

k,n(Sk−1,n)Zn,k −Eh
′′

k,n(Sk−1,n)
k−1
∑

i=0

EZn,iZn,k

∣

∣

∣

∣

∣

≤ c

k
∑

p=1

min

(

δnlndp,
ε(n, p)

n

)

· (4.13)

We add equations (4.7), 1
2 (4.9) and (4.13) to obtain:

∣

∣

∣
∆

(1)
k,n(h)

∣

∣

∣
≤ c

(

M2
nδn + δnMnln

k−1
∑

p=0

dp +
k
∑

p=1

min

(

δnlndp,
ε(n, p)

n

)

)

· (4.14)

We sum (4.14) for all k to conclude:

∣

∣

∣

∣

∣

n−1
∑

k=0

∆
(1)
k,n(h)

∣

∣

∣

∣

∣

≤ c× n

(

M2
nδn + δnMnln

∞
∑

p=0

dp +
∞
∑

p=1

min

(

δnlndp,
ε(n, p)

n

)

)

· (4.15)

With the techniques used to prove Lemma 3.3 we can prove

lim
n→∞

n

( ∞
∑

p=1

min

(

δnlndp,
ε(n, p)

n

)

)

= 0.

Replacing Mn, δn, ln by their upper bounds, we easily see on (4.15) that

n−1
∑

k=0

∆
(1)
k,n(h) −−−→

n→∞
0.

This concludes the proof of Theorem 4.3.

Remark 4.3. The proof of Theorem 4.3 extends immediately to the case gn(t) = 1√
nbn

K(x−ψ(t)
bn

) , where

ψ : I → R is some monotone function.
Instead of BV we can also take a Banach space (B, ‖ · ‖B) whose norm satisfies:

• there exists M > 0 such that for all n in N, ‖ K
(

x−·
bn

)

‖B ≤M ;

•
√
nbn ‖ K2

(

x−·
bn

)

‖B −−−→
n→∞

0.

Equation (4.9) and Lemma 3.2 still hold, thus we can prove Theorem 4.3.
Lipschitz norm does not yield the second point above. Hence we cannot replace the norm ||.||BV by the

Lipschitz norm. Therefore the class of examples is not really large. It is a real problem which is due to the

kernel density estimates whose Lipschitz norm has order O
(

1
bn

)

−−−−−→
n→+∞

+∞.
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Proof of Theorems 4.1 and 4.2. For sake of simplicity, we write the proof for l = 1. We first write

f̂n(x) − f(x) =
[

f̂n(x) −Ef̂n(x)
]

+
[

Ef̂n(x) − f(x)
]

.

The behaviour of f̂n(x) − Ef̂n(x) is given by Theorem 4.3. Hence we restrict our attention to BIASn(x)

= Ef̂n(x) − f(x).
The sequence (Xn)n∈N is stationary because X0 follows the invariant law µ0.

Hence as
∫

D
K(s)ds = 1,

BIASn(x) =

∫

D

K(s)[f(x − sbn) − f(x)]ds. (4.16)

Let ν denote the regularity of f on V .
Case ν ∈ N

∗ (Th. 4.1):
As D is compact and as bn −−−→

n→∞

0, there exists some n0 ∈ N
∗ such that for n ≥ n0 the interval Js,n :=

[min(x − sbn, x), sup(x − sbn, x)] is included in V for all s ∈ D. Hence using (4.16) and Taylor’s decomposition
on each Js,n we get for n ≥ n0

BIASn(x) =

∫

D

K(s)







m−1
∑

j=1

(−sbn)j

j !
f (j)(x) +

(−sbn)m

m!
f (m)(x − sts,nbn)







ds,

where for all n ≥ n0 and for all s ∈ D, ts,n is some real satisfying 0 < ts,n < 1.

Hence, as
∫

D
sjK(s)ds = 0 for all 1 ≤ j ≤ m − 1,

BIASn(x) =

∫

D

K(s)
(−sbn)m

m!
f (m)(x − sts,nbn)ds.

Then as f (m) is continuous in x and as 0 < ts,n < 1 for all s ∈ D and for all n ≥ n0, we have for each
fixed s ∈ D : ts,nsbn −−−→

n→∞

0. Hence, proceeding as in the proof of Lemma 3.2 (study of Qn), we get, by the

dominated convergence theorem,

∫

D

(−s)m

m!
K(s)f (m)(x − sts,nbn)ds −−−→

n→∞

f (m)(x)

∫

D

(−s)m

m!
K(s)ds.

Hence, as soon as there exists ρm ∈ R
+ such that nb2m+1

n −−−→
n→∞

ρm,

√

nbn BIASn(x) −−−→
n→∞

(−1)m√
ρm

m!
f (m)(x)

∫

D

smK(s)ds.

This concludes the study of Theorem 4.1.
General case (Th. 4.2):
Here we use the integral form of Taylor’s decomposition. Let n0 ∈ N

∗ be such that for n ≥ n0 the interval
Js := [min(x − sbn, x), sup(x − sbn, x)] is included in V for all s ∈ D. Recall that ν = α + β where α ∈ N and
0 ≤ β < 1.

Empty sums are set equal to 0.

For n ≥ n0,

BIASn(x) =

∫

D







α−1
∑

j=1

(−sbn)j

j !
f (j)(x) +

∫ 1

0

(−sbn)α

(α − 1)!
(1 − t)α−1f (α)(x − stbn)dt







K(s)ds.
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As
∫

D
sjK(s)ds = 0 for all 1 ≤ j ≤ α we deduce:

BIASn(x) =

∫
D

∫ 1

0

(1 − t)α−1

(α − 1)!
(−bn)αsα[f (α)(x − stbn) − f (α)(x)]dtK(s)ds.

As f has the regularity ν = α + β (in terms of Hölder spaces) on V , there exists some constant A independent
of n such that:

|BIASn(x)| ≤
∫

D

1

(α − 1)!
bα
nsα A bβ

nsβ |K(s)|ds =
A bν

n

(α − 1)!

∫
D

sν |K(s)|ds.

As D is compact and as
∫

D
K2(s)ds < ∞, we have

∫
D

sν |K(s)|ds < ∞. Hence there exists some non-negative
constant C independent of n such that:

|BIASn(x)| ≤ C bν
n.

So
√

nbn BIASn(x) −−−→
n→∞

0 as soon as nb2ν+1
n −−−→

n→∞
0. This concludes the proof of Theorem 4.2.

5. Examples of dynamical systems in the class T
Without being exhaustive we will now give some examples of dynamics T which satisfy all the previous

assumptions.

• Lasota–Yorke functions

Let T be some piecewise smooth expanding map of the interval [0, 1]. Following Viana ([27], Chap. 3),
we introduce the following set of assumptions for T .

Assumption 5.1. (regularity). There exists 0 = a0 < a1 < · · · < al = 1 such that the restriction of T to
each ηi = (ai−1, ai) is of class C1, with |T ′(x)| > 0 for all x ∈ ηi and i = 1, . . . , l.

Moreover, the function gηi
= 1

|T ′

ηi
| has bounded variation for i = 1, . . . , l.

If h is some function on I and if J ⊂ I, hJ denotes the restriction of h to J.

Using this notation: (Tηi
) and gηi

admit continuous extensions to η̄i = [ai−1, ai] for each i = 1, . . . , l.

Since modifying the values of a map over a finite set of points does not change its statistical properties,
we may assume that T is either left-continuous or right-continuous (or both) at ai, for each i = 1, . . . , l.

Then let P (1) be some partition of I into intervals η such that ηi ⊂ η ⊂ η̄i for some i and such that
(Tη) is continuous.

For n ≥ 1, P (n) is the Markov partition of I: P (n)(x) = P (n)(y) if and only if P (1)(T j(x)) = P (1)(T j(y))
for all 0 ≤ j < n. (P (n) is the largest partition on which T n is monotone.)

Given η ∈ P (n), denote g
(n)
η = 1

|(T n
η )′| .

Assumption 5.2. (expansivity). There exist C1 > 0 and λ1 < 1 such that supt∈η g
(n)
η (t) ≤ C1λ

n
1 for all

η ∈ P (n) and all n ≥ 1.

Assumption 5.3. (topological mixing). There is an interval I∗ ⊂ I = [0, 1] such that T (I∗) = I∗, every
orbit T n(x), x ∈ (0, 1), eventually enters I∗, and TI∗ is topologically mixing: for each interval J ⊂ I∗
there is n ≥ 1 such that T n(J) = I∗.

Lasota and Yorke [16], Liverani [17], Viana [27] and others study such functions. It may be shown
(Viana [27]) that T admits a unique absolutely continuous invariant probability measure µ0 (dµ0 = f dt

where dt is the Lebesgue measure on [0, 1]). In addition, µ0 is ergodic and its support coincides with I∗.
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We also have that f has bounded variation on [0, 1]. This implies that f is continuous on [0, 1] except at
most for countably many points. So our assumptions in Section 1 are satisfied.

The “tent-maps” having a large enough slope and the r-adic transformations, for r > 1, of the interval
are two examples of Lasota–Yorke functions.

– “tent-map”

It has T
′

constant and strictly larger than 1 in absolute value, in each of the monotonicity intervals
[0, c) and (c, 1].
Moreover if c = 1

2
and |T ′(x)| = σ >

√
2 for all x 6= c, we have I∗ = [T 2(c), T (c)].

Figure 1. The “tent map” for c = 0.5 and T (c) = 0.75.

– r-adic transformations (r > 1) of the interval [0, 1]. We have I∗ = I.

Figure 2. The r-adic map with r = 8/3.

• Functions with infinitely many monotonicity intervals. The precedent case extends, under appropriate
conditions, to piecewise expanding maps with countably many domains of smoothness and monotonicity
(see e.g. Broise [7], Viana [27]). For example if we consider the Gauss-map, that is the map T defined
by T (x) = 1

x
− [ 1

x
] for x 6= 0 and T (0) = 0, we have summable decay of correlations and an invariant

probability measure µ0 absolutely continuous with respect to Lebesgue on [0, 1] and whose density has
bounded variation. We have, keeping the former notation, I∗ = I. Furthermore the Gauss-map satisfies
the assumptions in Section 1. Therefore we have the result for the invariant density estimates in that
case.

Remark 5.1. Let T : [0, 1] → [0, 1] defined by T (x) = 4x(1 − x), then Theorem 4.3 still holds because this
map is obtained from a “tent map” by conjugation.

6. A non-stationary case

Lasota–Yorke functions T , introduced in Section 5, have additional properties which allow us to extend the
previous results to the non-stationary case. We use the same definitions as before (e.g. (Xn) is the stationary
dynamical system). Now let p be any density function on I = [0, 1] with bounded variation. We set p(t) = 0

✁ ↕
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Figure 3. The Gauss-map.

Figure 4. T (x) = 4x(1 − x).

for t /∈ I. We define a random variable X
′

0 with distribution p(t)dt and the (non-stationary) dynamical system

X
′

n = T nX
′

0, n ≥ 1 (as in (1.6)).

6.1. Classical results

In the case of Lasota–Yorke function T , the invariant density f of T has bounded variation. We define the
Perron–Frobenius operator L (for sake of simplicity we write L for LT ) as follows:

L :







BV → BV

ω 7→ Lω(x) =
∑

Ty=x

ω(y)

|T ′(y)|
·

The following theorem collects properties of both the Perron–Frobenius operator L and the associated invariant
density f of the Lasota–Yorke function T .

Theorem 6.1. (Liverani [17], Collet [8], Viana [27])

• h ∈ BV =⇒ Lnh ∈ BV ∀n ∈ N. Moreover supn∈N ||Lnh||BV < ∞. (6.1)
• If f denotes the invariant density, then there exists some γ > 0 such that:

1

γ
≤ f(t) ≤ γ for all t ∈ I. (6.2)

Then 1

f
has also bounded variation.

• ∃ R > 0, ∃ 0 ≤ λ < 1, ∀j ∈ N : ||Ljp − f ||∞ ≤ R λj . (6.3)
• The correlations decrease exponentially fast. Hence there exists κ > 0 such that for any h, k ∈ BV,

|Cov (h(X0), k(Xn)) | ≤ κ ‖k‖1 ‖h‖BV λn ∀n ≥ 0, (6.4)

✁ ✬
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where Cov denotes the covariance with respect to the invariant probability measure µ0, and λ is the same
as in (6.3).

Remark 6.1. The second assertion of Theorem 6.1 yields that if T is Lasota–Yorke, we can not have f(x) = 0.

6.2. Convergence in mean squares

Let us first recall the definition (1.7) of p̂(x):

p̂(x) = p̂n(x) =
1

nbn

n−1
∑

k=0

K

(

x − X
′

k

bn

)

,

where bn and K are defined in the introduction by (1.3). The following result extends Lemma 3.1 to non-
stationary dynamical systems, I1 and I2 being defined as in Section 2.

λ(D) < ∞ still denotes the Lebesgue measure of the compact D.

Lemma 6.1. Let T be a Lasota–Yorke function and p̂n(x) be defined by (1.3, 1.6) and (1.7). Assume that
bn −−−→

n→∞
0. Then for x ∈ I1 ∩ I2 we have

Var (p̂(x)) =
1

nbn

(

f(x)

∫

D

K2(s)ds + o(1)

)

.

Proof of Lemma 6.1. Write

(nbn)Var (p̂(x)) = Vn +
2

nbn

∑

1≤i<j≤n

Ci,j (6.5)

with

Vn :=
1

nbn





n−1
∑

k=0

EK2

(

x − X
′

k

bn

)

−
n−1
∑

k=0

(

EK

(

x − X
′

k

bn

))2


 (6.6)

and

Ci,j := Cov

(

K

(

x − X ′
i

bn

)

,K

(

x− X ′
j

bn

))

· (6.7)

Note that Ci,j depends on n.

• Study of 2

nbn

∑

0≤i<j≤n−1
Ci,j:

|Ci,j | =

∣

∣

∣

∣

∫ 1

0
K

(

x − t

bn

)

K

(

x − T j−it

bn

)

Lip(t)dt −
∫ 1

0
K

(

x − t

bn

)

Lip(t)dt
∫ 1

0
K

(

x − t

bn

)

Ljp(t)dt

∣

∣

∣

∣

≤

∣

∣

∣

∣

∫ 1

0
K

(

x − t

bn

)

K

(

x − T j−it

bn

)

Lip(t)dt −
∫ 1

0
K

(

x − t

bn

)

Lip(t)dt
∫ 1

0
K

(

x − t

bn

)

f(t)dt

∣

∣

∣

∣

+

∣

∣

∣

∣

∫ 1

0
K

(

x − t

bn

)

Lip(t)dt
∫ 1

0
K

(

x − t

bn

)

(

Ljp(t) − f(t)
)

dt

∣

∣

∣

∣

=: An,i,j + Bn,i,j.

✁ ✁
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By inequality (6.2) of Theorem 6.1, f is bounded below by 1
γ

> 0, so we can write:

An,i,j =

∣

∣

∣

∣

∫ 1

0

K

(

x − t

bn

)

K

(

x − T j−it

bn

)

Lip(t)

f(t)
f(t)dt −

∫ 1

0

K

(

x − t

bn

)

Lip(t)

f(t)
f(t)dt

∫ 1

0

K

(

x − t

bn

)

f(t)dt

∣

∣

∣

∣

.

We note that An,i,j = |Cov (h(X0), k(Xj−i)) |, where h : t 7→ K(x−t
bn

)L
ip(t)
f(t) and k : t 7→ K(x−t

bn

).

In the following c will denote some constant independent of n, i, and j which may vary from line to line.
Quote that there exists a constant c independent of n such that ||Lnp||∞ ≤ c. Indeed, ||Lnp||∞ ≤ ||Lnp||BV

and by assertion (6.1) in Theorem 6.1, supn∈N ||Lnp||BV < ∞.

We obtain An,i,j ≤ c bnλj−i by using Theorem 6.1.
Analogously, for Bn,i,j , we have

Bn,i,j ≤

∣

∣

∣

∣

∫ 1

0

K

(

x − t

bn

)

Lip(t)dt

∣

∣

∣

∣

∫ 1

0

∣

∣

∣

∣

K

(

x − t

bn

)

(

Ljp(t) − f(t)
)

∣

∣

∣

∣

dt ≤ b2
n c λj .

Using the bound λ < 1 now yields An,i,j + Bn,i,j ≤ c bnλj−i.

Remark 6.2. Using similar arguments, we can prove that given any h ∈ BV and k ∈ L
1(dt) we have for all

0 ≤ i < j ≤ n − 1

|Cov
(

h(X ′
i), k(X ′

j)
)

| ≤ c ||h||BV ||k||1λ
j−i. (6.8)

Using Theorem 6.1 and the proof of Lemma 3.2, we get

|Ci,j | =

∣

∣

∣

∣

∫ 1

0

K

(

x − t

bn

)

K

(

x− T j−it

bn

)

Lip(t)dt −

∫ 1

0

K

(

x − t

bn

)

Lip(t)dt

∫ 1

0

K

(

x − t

bn

)

Ljp(t)dt

∣

∣

∣

∣

≤ bn ε(n, j − i),

where for j − i fixed in N
∗, ε(n, j − i) −−−−→

n−→∞
0.

Therefore

∣

∣

∣

∣

∣

∣

2

nbn

∑

0≤i<j≤n−1

Ci,j

∣

∣

∣

∣

∣

∣

≤
2 c

n

∑

0≤i<j≤n−1

min
(

λj−i, ε(n, j − i)
)

≤ c

n−1
∑

k=1

min
(

λk, ε(n, k)
)

· (6.9)

The right hand side of this inequality tends to 0 as n tends to infinity.

Remark 6.3. Using similar arguments, we can prove that for all 0 ≤ i < j ≤ n − 1, and for any bounded
function ϕ,

Cov

(

ϕ(X0)

(

K

(

x − T jX
′

0

bn

)

−EK

(

x − T jX
′

0

bn

))

,K

(

x − T iX
′

0

bn

)

−EK

(

x − T iX
′

0

bn

))

≤ bn ε(n, j − i),

with ε(n, j − i) −−−→
n→∞

0.

� �✁�
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• Study of Vn:

Using Var indf̂(x) introduced in formula (3.2), it is worth decomposing Vn as follows:

Vn = (nbn)Var indf̂(x) + (sn + s
′

n
) := (nbn)Var indf̂(x) +

(

Vn − (nbn)Var indf̂(x)
)

, (6.10)

where

sn :=
1

nbn

(

n−1
∑

k=0

EK2

(

x− X
′

k

bn

)

−EK2

(

x− Xk

bn

)

)

and

s
′

n
:=

1

nbn





n−1
∑

k=0

(

EK

(

x − X
′

k

bn

))2

−

(

EK

(

x− Xk

bn

))2



 .

We have

|sn| =

∣

∣

∣

∣

∣

1

nbn

(

n−1
∑

k=0

∫ 1

0

K2

(

x − t

bn

)

(

Lkp(t) − f(t)
)

dt

)∣

∣

∣

∣

∣

.

Hence, using (6.3) in Theorem 6.1 we get

|sn| ≤
1

n

∫

D

K2(s)
n−1
∑

k=0

∣

∣

(

Lkp(x − sbn) − f(x − sbn)
)∣

∣ ds ≤
R
∫

D
K2(s)ds

n

n−1
∑

k=0

λk. (6.11)

The right hand side of this inequality tends to 0 as n tends to infinity.

Let K ′

n = K

(

x−X
′

n

bn

)

, Kn = K
(

x−Xn

bn

)

. Then using the following identity

(EK ′

n
)
2
− (EKn)

2
= (E (K ′

n
− Kn)) (E (K ′

n
+ Kn)) ,

we have by (6.1, 6.2) and (6.3) in Theorem 6.1:

|s
′

n
| =

∣

∣

∣

∣

1

nbn

∑n−1

k=0

(

∫ 1

0
K

(

x− t

bn

)

(

Lkp(t) − f(t)
)

dt

)(

∫ 1

0
K

(

x − t

bn

)

(

Lkp(t) + f(t)
)

dt

)∣

∣

∣

∣

≤
R

n

(

∑n−1

k=0
λk

)

bn (sup
n
||Lnp||∞ + γ) λ(D)

∫

D
K2(s)ds.

As 0 ≤ λ < 1 and as
∫

D
K2(s)ds < ∞, the right hand side of this inequality tends also to 0 as n tends to

infinity.
Hence by (6.10, 6.11) and (6.2),

Vn ∼ (nbn) Var indf̂(x) ∼ f(x)

∫

D

K2(t)dt > 0 as n tends to infinity. (6.12)

Collecting (6.5) and bounds (6.9) and (6.12) yields the result:

(nbn)Var (p̂(x)) −−−−−→
n→+∞

f(x)

∫

D

K2(t)dt.

� �✁�
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6.3. Central Limit Theorem

Theorems 6.2, 6.3 and 6.4 below deal with the non-stationary case and are analogous to Theorems 4.1, 4.2
and 4.3 of Section 4. The setting is not really different from the stationary one. We first study the following
process

U
′

n(x) :=
√

nbn(p̂(x) − f(x)). (6.13)

Theorem 6.2. Let T be a Lasota–Yorke function and p̂n(x) be defined by (1.3, 1.6) and (1.7). Assume that
bn −−−−−→

n→+∞
0, nbn −−−−−→

n→+∞
+∞. Let l be a positive integer. For all 1 ≤ i ≤ l, let xi ∈ I1 ∩ I2. Let m be a positive

integer. Assume that for each i, 1 ≤ i ≤ l, there exists a neighbourhood Vi of xi such that the invariant density
f is m−times continuously differentiable on Vi. Also assume that

∫

D
sjK(s)ds = 0 for all 1 ≤ j ≤ m − 1 and

that nb2m+1
n converges to some non-negative constant ρm as n tends to infinity. Then

(U ′
n(x1), . . . , U ′

n(xl))
D−−−→

n→∞
N

(

(−1)m √
ρm

m!

∫

D

sm K(s)ds ∗
(

f (m)(xi)
)

1≤i≤l
, Σl

)

,

where Σl is defined by (4.2).

Let us now consider the case where the invariant density f has a regularity ν = α + β with 0 ≤ β < 1 and
α ∈ N.

Theorem 6.3. Let T be a Lasota–Yorke function and p̂(x) be defined by (1.3, 1.6) and (1.7). Assume that
bn −−−−−→

n→+∞
0, nbn −−−−−→

n→+∞
+∞. Let l be a positive integer. For all 1 ≤ i ≤ l, let xi ∈ I1 ∩ I2. Let ν = α + β

with 0 ≤ β < 1 and α ∈ N. Assume that for each i, 1 ≤ i ≤ l, there exists a neighbourhood Vi of xi such that
the invariant density f has the regularity ν on Vi. Also assume that

∫

D
sjK(s)ds = 0 for all integer j such that

1 ≤ j ≤ α and that nb2ν+1
n −−−−−→

n→+∞
0. Then

(U ′
n(x1), . . . , U ′

n(xl))
D−−−→

n→∞
N (0, Σl) ,

where Σl is defined by (4.2).

As in the stationary case, we sometimes prefer to study the centered estimation process

Y
′

n(x) :=
√

nbn(p̂(x) −Ep̂(x)). (6.14)

We then get:

Theorem 6.4. Let T be a Lasota–Yorke function and p̂(x) be defined by (1.3, 1.6) and (1.7). For all 1 ≤
i ≤ l, let xi ∈ I1 ∩ I2. Assume that bn −−−→

n→∞
0, nbn −−−→

n→∞
∞. Then the finite dimensional marginals

(Y ′

n(x1), . . . , Y
′

n(xl)) of the process

Y
′

n(x) ≡ Y
′

n(x)
√

f(x)
∫ ∞

−∞
K2(t)dt

converge in distribution to a standard N (0, Il) random variable.

Remark 6.4. Here we have normalized the process Y
′

n(x). It is possible as f(x) > 0 for Lasota–Yorke functions
T (see Th. 6.1).

As in the stationary case, we first prove Theorem 6.4 and then deduce Theorems 6.2 and 6.3 by studying
the bias term. For the proof of Theorem 6.4 we develop the proof for l = 1 for sake of simplicity. If one wants
to know the asymptotic behaviour in distribution of the vector (Y

′

n(x1), . . . , Y
′

n(xl)), it is sufficient to use the

� �✁�
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following proof (in the case l = 1) with 1√
nbn

∑l

j=1 sjK(
xj−X

′

k

bn
), for arbitrary numbers s1, . . . , sl ∈ R, instead

of 1√
nbn

K(
x−X

′

k

bn
).

Let us first give two applications of Theorem 6.4.

Application 6.1 Let r be a positive integer. For all 1 ≤ i ≤ r we define

p̂(i)
n (x) =

1

nbn

n−1
∑

k=0

K

(

x − X
′

k

(i)

bn

)

where for all n,
(

X
′

0

(i)
, . . . ,X

′

n−1

(i)
)

∼
(

X
′

0, . . . ,X
′

n−1

)

. We assume that the sequences X(i) :=
(

X
′

k

(i)
)

k∈N

,

for i ∈ N, are independent of each other. Hence p̂
(0)
n (x), p̂

(1)
n (x), . . . , p̂

(r)
n (x) are r + 1 independent copies of

p̂n(x), and we can consider

Ŷ
′

n(x) :=
√

nbn

{

p̂(0)
n (x) − p̂

(1)
n (x) + · · · + p̂

(r)
n (x)

r

}

·

Let assume that bn −−−→
n→∞

0, nbn −−−→
n→∞

∞. We also assume that r depends on n, r = r(n), with r(n)
n

≤ C

where C is some positive constant and r(n)bn −−−→
n→∞

∞. For example take r(n) = n. For all i and for large n,

∣

∣

∣
p̂(i)

n (x) −Ep̂n(x)
∣

∣

∣
≤ 2 ||K||∞

bn

and
∑r

i=1 Var
(

p̂
(i)
n (x)

)

= r Var (p̂n(x)) =
r(n)

nbn

(

f(x)

∫

D

K(s)ds + on(1)

)

≤ C
bn

(

f(x)

∫

D

K(s)ds + 1

)

.

Hence using Bernstein’s inequality in Pollard ([20], pp. 192, 193) we get for all η > 0

P
(∣

∣

∣

p̂(1)
n (x)+···+p̂(r)

n (x)
r

−Ep̂n(x)
∣

∣

∣
> η
)

≤ 2 exp

(

−η2 r2 bn

2 C (f(x)
�

D
K2(s)ds+1)+ 4

3 η r ||K||∞

)

.

The exponential term above tends to 0 as n tends to infinity. Hence, we can approach Y
′

n(x) by the empirical

quantity Ŷ ′
n(x). The advantage of Ŷ ′

n(x) is that it can be simulated. Indeed it does not involve the knowledge
of f(x).

Application 6.2 Now let p̂
(1)
n (x) and p̂

(2)
n (x) be two independent copies of p̂n(x). The difference

Φn(x) =
√

nbn

(

{p̂(1)
n (x) −Ep̂(1)

n (x)} − {p̂(2)
n (x) −Ep̂(2)

n (x)}
)

does not depend on Ep̂n(x). Indeed Φn(x) =
√

nbn

(

p̂
(1)
n (x) − p̂

(2)
n (x)

)

.

Moreover, Φn(x) converges in distribution to a N (0, 2 f(x)
∫

D
K2(s)ds) random variable as n tends to infinity

as soon as bn −−−→
n→∞

0, nbn −−−→
n→∞

∞. To estimate f(x) it can be useful to work with Φn(x) instead of U
′

n(x)
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as f(x) only appears in the variance term of the limit of Φn(x) and not in the quantity Φn(x) itself. Hence to
simulate Φn(x) we have neither to approach Ep̂n(x) using exponential inequalities as in Application 6.1 nor to

know f(x) (as X
′

0 has the distribution p(t) dt where p is known).

Proof of Theorem 6.4 with l = 1. We use notations gn, Mn, ln, and δn of Theorem 4.3. As in the proof of
Theorem 4.3 we obtain Mn ≤ c√

nbn

, ln ≤ c√
nbn

and δn ≤ c bn√
nbn

, for some positive constant c.

We set for k = 0, . . . , n − 1 and n = 1, 2, . . . ,

Z
′

n,k = gn(X
′

n−k−1) −E

(

gn(X
′

n−k−1)
)

, and S
′

n = Z
′

n,0 + · · · + Z
′

n,n−1.

Now let S
′

k,n = Z
′

n,0 + · · · + Z
′

n,k for 0 ≤ k ≤ n − 1. Empty sums are, as usual, set equal to 0.
Recall that

lim
n→∞

VarSn = f(x)

∫

D

K2(s)ds > 0. (6.15)

We still consider a bounded thrice differentiable function h : R → R with continuous and bounded derivatives,
with Cj = ‖h(j)‖∞, for j = 0, 1, 2, 3. As in the proof of Theorem 4.3, also consider σ2

n = Var Sn, and set in

that case for some standard Gaussian r.v. η, ∆n(h) = E(h(S
′

n) − h(σnη)). As in the proof of Theorem 4.3, the
theorem will follow if we prove that limn→∞ ∆n(h) = 0.

Let us assume {Yn,k; 0 ≤ k ≤ n − 1, n ≥ n0} to be defined as in Section 3. Tn,k is also defined as before.
We are now in position to use Rio’s decomposition

∆n(h) =
n−1
∑

k=0

∆k,n(h),

with ∆k,n(h) = E(h(S
′

k−1,n + Z
′

n,k + Tn,k) − h(S
′

k−1,n + Yn,k + Tn,k)).

We still use the function x → hk,n(x) = Eh(x + Tn,k), which has the same derivability properties as the
function h.

We proceed as in Section 4.
Inequality (6.8) replaces inequality (1.5).
For example inequality (4.12) in the proof of Theorem 4.3 is replaced by

|Eh
′′

k,n(S
′

k−1,n)EZ
′

n,iZ
′

n,k| ≤ c min

(

δnlnλk−i,
ε(n, k − i)

n

)

·

Hence doing this with each inequality of the proof of Theorem 4.3 we conclude the proof of Theorem 6.4.

Let us now prove Theorems 6.2 and 6.3.

Proof of Theorems 6.2 and 6.3. We have the following decomposition:

p̂n(x) − f(x) = p̂n(x) −Ep̂n(x) + Ep̂n(x) −Ef̂n(x) + Ef̂n(x) − f(x).

The term p̂n(x) − Ep̂n(x) is studied in Theorem 6.4. The term Ef̂n(x) − f(x) = BIASn(x) is studied in
the proof of Theorems 4.1 and 4.2. It does not depend on the density p. So we just have to study the term
Ep̂n(x) −Ef̂n(x). We have

Ep̂n(x) −Ef̂n(x) =
1

n

∫
x−L

bn

x−R

bn

K(s)
n−1
∑

k=0

[

Lkp(x − sbn) − f(x − sbn)
]

ds. (6.16)
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Using inequality (6.3) in Theorem 6.1, equality (6.16) and
∫

D
K2(s)ds < ∞ we get

∣

∣

∣
Ep̂n(x) −Ef̂n(x)

∣

∣

∣
≤ R

n

n−1
∑

k=0

λk

√

∫

D

K2(s)ds
√

λ(D) ≤ R

n

1

1 − λ

√

∫

D

K2(s)ds
√

λ(D) (6.17)

where 0 ≤ λ < 1. As bn −−−→
n→∞

0 and as
∫

D
K2(s)ds < ∞, inequality (6.17) yields

√
nbn

∣

∣

∣
Ep̂n(x) −Ef̂n(x)

∣

∣

∣

−−−→
n→∞

0. It concludes the proof of Theorems 6.2 and 6.3.

Remark 6.5. Notice that supt∈I |Ln1(t) − f(t)| tends to 0 exponentially fast, hence Ln1 also appears to be
a good evaluation of f. Unfortunately explicit computations of Ln1 involve a complete knowledge of iterated
preimages with respect to T. Example given for r ∈ N

∗ the r−adic transformation involves rn such preimages.

Appendix A. Appendix

Extension to weak dependent sequences
We extend here the results of this paper to weak dependent sequences. Let us first introduce our dependence

frame which is a variation on the definition in Doukhan and Louhichi [13]. Assume that, for convenient functions
h and k,

Cov (h(“past”), k(“future”))

converges to 0 as the distance between the “past” and the “future” converges to infinity. Here “past” and
“future” refer to the values of some time series of interest. Asymptotically, this means that independence holds
if we use a determining function class.

More precisely, E being some Euclidean space R
d endowed with its Euclidean norm ‖.‖, we shall consider a

sequence of E-valued random variables (ξn)n∈N. We define L
∞ as the set of measurable and bounded numerical

functions on some space R
k, k ∈ N

∗ and its norm is classically written ‖ • ‖∞.
Moreover, let u ∈ N

∗ be a positive integer. We endow the set F = Eu with the norm

‖(x1, . . . , xu)‖F = ‖x1‖ + · · · + ‖xu‖.

Let now h : F = Eu → R be a numerical function on F , we set

Lip(h) = sup
x 6=y

|h(x) − h(y)|
‖x− y‖F

the Lipschitz modulus of h. Define

L =
∞
⋃

u=1

{h ∈ L
∞(Eu, R); ‖h‖∞ ≤ 1,Lip(h) < ∞} · (A.1)

Definition A.1. The sequence (ξn)n∈N is s-weakly (resp. a-weakly) dependent, if for some sequence θ =
(θr)r∈N decreasing to zero at infinity and any (u+1)-tuple (i1, . . . , iu, j1) with i1 ≤ . . . ≤ iu < iu + r ≤ j1, for
h ∈ L

∞ satisfying ‖h‖∞ ≤ 1 and for k ∈ L,

|Cov (h(ξi1 , . . . , ξiu
), k(ξj1)) | ≤ Lip(k)θr , (A.2)

and respectively for h, k ∈ L

|Cov (h(ξi1 , . . . , ξiu
), k(ξj1)) | ≤ Lip(h)Lip(k)θr. (A.3)
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The results presented in this appendix improve CLTs stated by Doukhan and Louhichi in a more general
non-causal frame (see [13]). We work here indeed under a fundamental causality assumption. Contrarly to
Doukhan and Louhichi [13], we do not use Bernstein blocks but a variation on the Lindeberg–Rio method. We
also relax assumptions in Coulon–Prieur and Doukhan [9]. Indeed, in [9], the authors need two points in the
future. Here we just consider one point in the future ξj1 .

Note that the notions of weak dependence and dynamical systems are not that much different. For example
let us define the autoregressive model by:

ξn = T (ξn−1) + ηn, (A.4)

with T : R → R such that |T (u) − T (u′)| ≤ c|u − u′| for some 0 ≤ c < 1 and for all u, u′ ∈ R, and with
(ηn)n∈Z some real valued i.i.d inovation process satisfying E|η0| < ∞. This model is s-weakly dependent. A
generalization of this model is given by:

Xn+1 = F (Xn, εn+1),

with (εi)i∈N a sequence of independent random variables (r.v.s) and with F a measurable function. Such Markov
chains are actually noisy dynamical systems (see Baladi et al. [3]).

We refer to [9] for further examples of weak dependent sequences.

Density estimation in the case of weak dependence
We are now going to extend Theorem 4.3.

Yn(x) is defined as in Section 4, that is

Yn(x) :=
√

nbn

(

f̂(x) −Ef̂(x)
)

, where f̂n(x) = 1
nbn

∑n

k=1 K
(

x−ξk

bn

)

, and K is supposed to be Lipschitz.

Theorem A.1. Assume that the previous s−weak dependence (resp. a−) condition holds for the stationary real
valued sequence (ξn)n∈N with for some positive a < 1

3 (resp. a < 1
4)

∑∞

p=1 θa
p < ∞, then the finite dimensional

marginals (Yn(x1), . . . , Yn(xl)), of the process Yn(x) ≡ Yn(x)/
√

f(x)
∫ ∞

−∞
u2(t)dt converge in distribution to

an N (0, Il) random variable if we assume moreover that f(x1) 6= 0, . . . , f(xl) 6= 0, that ξ0’s marginal admits
a continuous marginal density f and the marginal densities fk(x, y) of the bivariate random variables (ξ0, ξk)
exist for any k > 0 and satisfy sup

k>0
sup

(x,y)∈R2

fk(x, y) < ∞.

Remarks.

• Here we need the existence of marginal densities fk(x, y) of the bivariate random variables (ξ0, ξk). It is
a classical assumption in that frame. We recall that in the case of dynamical systems, such densities are
singular. The strong estimate

Cov

(

K

(

x − ξj

bn

)

, K

(

x − ξi

bn

))

≤ C b2
n

is standard under this condition while in the dynamical case, we just use that

Cov

(

K

(

x− T jX0

bn

)

, K

(

x − T iX0

bn

))

≤ C bn ε(n, j − i)

for a sequence ε(n, k) −−−→
n→∞

0 for any k. We also replace the summable decay of correlations (see (1.5))

of dynamical systems in the class T by a weak dependence condition.
Furthermore, in the case of stationary dynamical systems, we do not have any reason to suppose that

sup
1≤k≤n

1

bn

Cov

(

K

(

x − X0

bn

)

, K

(

x − Xk

bn

))
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tends to 0 as n tends to infinity, so using our estimates it appears to be hopeless to consider the Lipschitz
or an Hölder norms as in the case of weak dependence instead of the norm || • ||BV without adding
assumptions on the sequence (bn)n∈N.

• The conditions hold respectively if θr = O(r−a) for some a > 3 (resp. a > 4).
• This result improves on a previous result in Doukhan and Louhichi [14], e.g. under association we need

Cov(ξ0, ξr) = O(r−a) for a > 5 while the previous result was obtained assuming a > 12 and for causal
shifts it was needed that θr = O(r−a) for some a > max{9, 3

2
(1 + δ−1)} if bn ∼ n−δ.

• For strongly mixing sequences, the condition αn = O(n−a) for a > 1 ensures this CLT as proved by
Robinson [24] (and also Ango–Nze and Doukhan [2]); this asumption is of a different nature, e.g. linear
processes satisfy mixing conditions (under additional regularity conditions, see Doukhan ([11], Chap. 2.3).
The decay rate of the coefficients are there more restrictive.

The proof of Theorem A.1 is a variation on the proof of Theorem 4.3. We refer to Coulon–Prieur and Doukhan
[9], where the proof is written under stronger assumptions (in terms of dimension of the “future”). The same
techniques provide some general limit theorem for triangular arrays under weak dependence (see [9]).

The author is grateful to the anonymous referees for constructive comments.
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➈♦➉✠➊❧➋✓➌✕➍❢➊➏➎ ❺➏➐➒➑ ➈ q➔➓✥✖✣✵❀✢✤✶✰✮⑥♥→→↔➣❍↕✟➙➜➛ qts▲③ ④ ✉✠✇✰①❀⑦❱⑨✤s❯✉ ④ ① ➑ ⑦❱⑨✤s✈✉✠➝❯①❫➞ →→ ➊➠➟ q ➟❅➡❧❻ ⑨➤➢❛s ➎ ➑ ➍ ❺ ➋ ① ➑ ➥ �✾➦✼✰➧✭✮✟★☞➢❛s ➎ ➑ ➍ ❺ ➋ ① ❺▲❺✈➨⑨ ➡ ➉ ➁�☞✖✣✿❀✖✣✢✥✙❜✫✱✗✤✮❱➢❛s ➎ ➑ ➍ ❺ ➋ ①➅✢✤✮➜✛✜✶✰✳✥✮✰✢✥✛➩✳✚✼✘✙❜✛✜✮✠qr✐ ➂ ✼✡✙✸✗✤✦➫✿❀✮✒➢❛s ➎ ➑ ➍ ❺ ➋ ①➭✛✜✶❈✳❘✮❈✢✥✛➩✗✤✢✤✦✩✫✱✗✤✮❈♠❢✮✰✢❛✿✝✛✜✮⑦ ➑ ③ ➑✜❹❜➑ ➎ ✮✰✿ ➍ ❺ ➋ ✐
❥ ⑤✓✵❀✶❪★✪✦❏✙❫✖✘✢✥✙✓♠✡✼✟✦✹✢❛✿❀✮✰✢✥✼✟✢✜✿➒★✪✖✣♠❢♠❢✮✰✢❛✿➇✖✣✢✡✼✾✳✤✳✲✯✹✦❏✫✭✗✤✮✝✯✩✼⑧➧✣✼✟✵❀✦❏✼✟✢✜✿✷✮➭✛✜✮➭✯❏✼➤✵❀✮✰♠➯✼✾✵❚✫✭✗✤✮ �✜✐ �❛✐ ➥ ✦➫✢✤✶✰❞⑥✼✾✯✹✦➫✿❀✶ ➥ �✾➦★✪✦➲❡❫✛❛✮✟✙❀✙❫✗✥✙➳➦❍✳✥✖✘✗✲✵☞✖✣➓✤✿❀✮✰✢✲✦✹✵✝✯✹✮❪✙t✦✹✢✤✶✰❞⑥✼✾✯➫✦✹✿❀✶❪✙ ➥ �✲✐ � �✾➦r✮✰✿ ➥ �✲✐ � �✭➦✝✛❛✮❴✯✩✼✒✳✥✼✾❞✣✮ ✁ �✤✐➵ ✵❚➸✣★✪✮❱➺●✗✲✢➩✛❛✶✰➧✭✮✰✯✹✖✣✳✤✳✥✮✰♠❢✮✰✢❛✿❍✛✜✮❱➻❨✼✰➼✜✯➫✖✘✵✰♥✤✖✣✢➽★✪✖✣♠❢♠❢✮✰✢✚★✪✮t✳✥✼✟✵☞✶❪★✪✵❀✦➫✵❀✮❍➆➾✥➚➪➳➶ ⑨ s✸➹✥➝ ➶ ⑨✭① ❺ ➾✥➚➪➳➶ ⑨ s✸➹✥➝➫➘✤➴ ➶ ⑨✜①✓❶ ➾✥➚ ➚➪❚➶ ⑨ s✸➹✥➝➫➘✤➴ ➶ ⑨✣⑩✕➷✭➝ ➶ ⑨✜➬❨⑨ ➶ ➝❯①✤➬❨⑨ ➶ ➝ ➑✖✣➮➩➷✭➝ ➶ ⑨❱✮✟✙✸✿➭✗✤✢✡✵❀✶✰✮❈✯✬✙✸✿✷✵❀✦✩★✪✿❀✮✰♠♣✮✰✢✜✿➱★✪✖✘♠❢✳✲✵❀✦❏✙❍✮✰✢❛✿❀✵❀✮ ➉ ✮✰✿ ➐ ✐➇✃➭✢➩✼➜✼✾✯➫✖✘✵➃✙➇➆

➣❍↕✟➙✡❐ ➾❘➚➪❚➶ ⑨ s❫➹✥➝ ➶ ⑨✭① ❺ ➾❘➚➪❚➶ ⑨ s✸➹✥➝✹➘✤➴ ➶ ⑨❛① ➑ ➬❨⑨ ➶ ➪➳❒ ❶ ➣❍↕✟➙ s▲qts✻③ ⑨✟➘✭➝✹➘✲➴ ✉✠✇✰①✤⑦✒⑨✲s✈✉✠⑨✟➘✭➝✹➘✤➴❈① ➑ ⑦❱⑨❛s✈✉✠⑨✟➘ ➪ ➘✲➴✰①❀①➎➇❻ ⑨ ➑
✼✰➧✭✮✟★➤qrs✈⑩❚①✓❶ ➾ ➚ ➚➪➳➶ ⑨ ❷ ⑦✒⑨✲s▲③ ➝ ⑩➳①✥⑩❰❮✰❮✰❮❏⑩Ï⑦✒⑨✲s▲③✝⑩➳①❺⑩✕➷✭➝ ➶ ⑨✭⑦❱⑨✤s❯⑩➳①Ð ➎❭❻ ⑨ ❼ ✐Ñ ✖✣♠❢♠❢✮ ➟ q ➟ ➡ ➊Ò➟❅➾ ➚ ➚➪❚➶ ⑨ ➟ ➡ ➊ÔÓrÕ ♥✤✖✘✢♦✖✘➓✤✿✷✦✹✮✰✢❛✿✝✼✟✯✹✖✣✵❚✙➭✼❪➧✭✮❪★ ➥ �✟➦✥➆

→→↔➣❍↕✟➙➜➛ ➾ ➚➪➳➶ ⑨ s✸➹✥➝ ➶ ⑨✭① ❺ ➾ ➚➪➳➶ ⑨ s✸➹✥➝✹➘✲➴ ➶ ⑨✭① ➑ ➬❨⑨ ➶ ➪ ➞ →→ ➊ ➐➎❭❻ ⑨ ➟ q ➟❅➡➽❻ ⑨✓➢❛s ➎ ➑❚Ö✠❺ ➋ ①
➊ Ó Õ➎ ➢❛s ➎ ➑❚Ö✒❺ ➋ ① ➁ ➥ �✱➦

❦ ✯✻✺✽✼✟✦❏✛✜✮✡✛❛✮✟✙❴✦➫✢✤✶✰❞✭✼✟✯✹✦➫✿❀✶✟✙ ➥ �✤✐ � �✭➦✠✛✜✮♣✯❏✼➩✳✥✼✟❞✘✮ ✁ �➩✮✰✿ ➥ �✱➦❱★✪✦➲❡❫✛❛✮✟✙❀✙❫✗✥✙✒✢✤✖✘✗✚✙✠✛✜✶✟✛✜✗✤✦✩✙✸✖✣✢✥✙✒✯▲✺×✦✹✢✤✶✰❞⑥✼✾✯➫✦✹✿❀✶➥ �✤✐ � �✾➦➅✛✜✮❜✯❏✼✒✳✥✼✟❞✘✮ ✁ �✤✐
�☞✖✣✿❀✖✣✢✥✙✧♠➯✼✾✦✹✢❛✿❀✮❈✢✥✼✾✢❛✿r✫✱✗✤✮→→ ❾ ➾ ➚ ➚➪➳➶ ⑨ s✸➹ ➪ ➘✤➴ ➶ ⑨✜① ❾ ➬✎⑨ ➶ ➝▲➬❨⑨ ➶ ➪ →→ ➊ Ó Õ➎❭❻ ⑨➏Ø ➣❍↕✟➙ s✸⑦❱⑨✤s✈✉✠⑨✟➘✭➝✹➘✲➴✪① ➑ ⑦❱⑨✤s✈✉✠⑨✟➘ ➪ ➘✤➴✪①✷① Ø ➁
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�✂✁✁�☎✄✝✆✟✞✂�☎✄☎✄✡✠✝✆☞☛✍✌✎✞✞✆✏☛✑✠✒✁✓✄✟�✓✔✍✄✕✠✗✖✡✞✡✠✘✄☎✞✙✠☛�✓☛☞✆✏☛✚✁✜✛✢✁✌�✓✣✑✆✤☛✥✁✍✆✦✛✧✠✗✞✡✆★✄✪✩✏✎✫☛✥✁

✑✓✢♦✼✾✳✲✳✤✯✹✦✩✫✱✗✥✼✟✢✜✿➭✼✟✯✹✖✣✵❚✙ ➥ �✾➦r✼✰➧✭✮✟★➤✯✩✼✓✒❯✖✘✢✥★✪✿✷✦✹✖✣✢➩q❿★✪✖✣✢✥✙✸✿➃✼✾✢❛✿❀✮❱✶✰❞✭✼✟✯✹✮❜➺ ➐ ♥✤✢✤✖✣✗✥✙✝✮✰✢♦✛✜✶✟✛✜✗✤✦✩✙✸✖✣✢✥✙➇➆
→→ ❾ ➾ ➚ ➚➪➳➶ ⑨ s✸➹ ➪ ➘✤➴ ➶ ⑨✜① ❾ ➬❨⑨ ➶ ➝✈➬❨⑨ ➶ ➪ →→ ➊ ÓrÕ➎ ➢❛s ➎ ➑❚Ö✠❺ ➋ ① ➁ ➥ �✱➦

✔➭✮✟✙✴✦➫✢✤✶✰❞✭✼✟✯✹✦➫✿❀✶✟✙ ➥ �✘✐✖✕✱➦➱✛✜✮➤✯❏✼✒✳✚✼✾❞✘✮ ✬✁�➜✮✰✿ ➥ �✱➦❍★❅✦↔❡ ✛✜✮✟✙❀✙❫✗✥✙✪♥❛✢✤✖✘✗✚✙✝✛✜✶✟✛✜✗✤✦✩✙✸✖✣✢✥✙t✯▲✺×✦✹✢✤✶✰❞⑥✼✾✯➫✦✹✿❀✶ ➥ �✤✐ � �✱➦r✛❛✮➤✯❏✼✳✚✼✾❞✘✮ ✁ �✲✐

� � �



� ✁✄✂✆☎✞✝✠✟☛✡✌☞ ✍

✎✏✝✒✑ ✭✄✓✒✂✔✟✕✝✗✖✙✘✄✚ ✘ ✭✄✑ ✛✜✡✕✝✓✬ ✭✢☞✣✚

✯✌✰✾✱❀✳❖✵✸✷✌✵✻✺✼✰✾✽❀✿➇❁✻❃❅✷✥✤✢✱❀❈❇❉❀✳❚✿▼❍◆❍▼❉❀✳➊❁❄❃❅❈❇✱❀✳➆✵✸✷✸❃➊❁■✰✾✿▼✱❀✳❖❃✇❊✸✳❅❉❀❍➇❁■✰❏❁✻✳❖●✴❉→✵✻✺✼✰✾✽❀✿➇❁✻❃❅✷✑⑥➋✽❝✰✲❃❺●❀✷✸✳➆✳❅✿▼➎➋❉✴❍➓✰✧✦
❁✻✿▼❈❇✱❀✳❖✱✗❉✴➎→❊✸❃✇✿◆↔✗❉❀✷✸✳❧➃✩★ ✷✸✳❖✽❀❃✇❈❱➉✠❃❫✰✾➎➣➎➣✷✸✳❖✳✇❈ ✱❋❁❳❊✸✵✸❃❅✿❂❁❄✳❖✷✸✱✔➅ ✷■❁❑❍◆✷✸✳✫✪❀➉✠❉❀❃❅✷✸✳➆❁✻❃❫✰✾✵✸❊✸✷✸✳✭✬❵❍ ➌➁✰✾✿▼●❀✷
●❀✷✯✮✱✰✳✲✴★✵✰✭✶❑➃
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� ✄✕✆✝✎✦✌✎✞✂�✎✄ ✄✡✠✢✁ ✠ ✎✦✆✤✔ ✠✘✄ ✩ ✎ ☛✥✁ �✂✁☎✄✝✆✟✞✡✠☞☛✌✁☎✍✏✎✒✑✓✎✂✆✒✄✕✔✗✖✘✁☎✙✚✆✒✛✗✑
✜ ✢✤✣✦✥ ✌★✧✪✩♣✁✬✫ ✥★✭ ✧ ✣
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✑✓✢❬➈✥✢✬♥✭✢✤✖✣✗✥✙✓✦✹✢❛✿❀✮✰✵✷✳✥✖✘✯✹✖✣✢✥✙✎✯✩✼❴★❅✖✘✗✤✵✷➓❘✮❜s ➎➇❻ ⑨✜①❪➂✏➃②➄✱➐ ➌✗➒ s➓➋ ⑨➌ s ❹ ①✷①❨✮✰✢ ✒❯✖✘✢✥★❅✿❀✦✹✖✣✢➜✛✜✮ ❹ ✐ ➇☞✖✣✗✥✙✓➧✭✶✰✵❀✦⑨➈✥✖✘✢✥✙➒✙✸✗✤✵✯➫✮✟✙ ➈✥❞✘✗✲✵❀✮✟✙➭✫✱✗✲✮✭♥✜✳✥✖✘✗✲✵➤✛✜✮❜❞✣✵❚✼✾✢✚✛✜✮✟✙☞➧✣✼✾✯➫✮✰✗✤✵➃✙✝✛✜✮❘➊ ✮✰✿➭✛✜✮ ➎ ♥✥★✪✮✰✿❀✿✷✮❱★✪✖✘✗✤✵✷➓✥✮✒✙❫✮✒✵➃✼✾✳✤✳✤✵✷✖❛★✡✮✲✮✒✛❛✮✒✯❏✼✠★❅✖✘✗✤✵✷➓❘✮✿❽✮✤✶✰✖✘✵✷✦❏✫✭✗✤✮✛✚❲❶ ✿✎s ❹ ①✢✜❢⑦ Õ sP➅✘① ❆❪➅ ➁➇☞✖✣✗✥✙t✼✰➧✭✖✘✢✚✙✝✛➇✺✽✼✟➓❘✖✣✵❚✛❢✶✟★✪✵✷✦✹✿r★✪✮➭✳✤✵❀✖✣❞✘✵➃✼✾♠❢♠❢✮➭➺✒✯✻✺✽✼✟✦❏✛✜✮②✛✜✮✛✣ ❦ ➻ ➂ ❦ ✏➤✐✭⑤❨✖✘✗✤✵✝✯➫✮✟✙✓❞✘✵❚✼✟✢✥✛✜✮✟✙t➧✣✼✟✯✹✮✰✗✤✵➃✙t✛✜✮➊ ✖✣✗❿✛✜✮ ➎ ♥✬✯✹✮✠✿✷✮✰♠❢✳✥✙②✛✜✮✡★✰✼✟✯❏★✪✗✤✯➒✶✰✿❚✼✟✦✹✿❱✼✾✯➫✖✘✵❚✙❜✿❀✵✷❤✟✙➤✯✹✖✘✢✲❞✤♥❨✛✜✮➜✯▲✺➄✖✣✵❚✛✜✵✷✮❢✛❛✮❲✳✤✯➫✗✥✙✸✦➫✮✰✗✤✵➃✙❹✮✲✮✰✗✤✵❀✮❪✙✪✐ ✑✓✢✕✮❶➉❭✮✰✿❈♥✯➫✮❲✳✤✵✷✖✘❞✣✵❚✼✾♠♣♠❢✮✠★✪✖✣✢✜✿✷✦✹✮✰✢❛✿❜✛✜✮❪✙❴➓✥✖✘✗✥★❅✯✹✮✟✙➤✮✰♠➜➓✥✖✥✤✹✿✷✶✰✮✟✙➤✫✭✗✤✦❍★❅✖✘✢❛➧✜✦➫✮✰✢✤✢✤✮✰✢❛✿➤♠✡✼✟✯❍➺➩★❅✮❲✯➫✖✘❞✘✦✩★✪✦✹✮❈✯▲✐❥➇☞✖✘✗✥✙❱✼✰➧✭✖✘✢✥✙✛✜✖✣✢✥★❴✵✷✶✰✶✟★✪✵✷✦✹✿✝✯➫✮✒✳✤✵✷✖✘❞✘✵➃✼✾♠❢♠♣✮➤✮✰✢ Ñ ✳✥✖✘✗✲✵➤✳✥✖✘✗✤➧✭✖✣✦✹✵➤✮✰✢❛➧❛✦❏✙❀✼✟❞✘✮✰✵➭✛❛✮✠❞✘✵❚✼✟✢✥✛✜✮✟✙➭➧✘✼✟✯✹✮✰✗✲✵❚✙➭✛✜✮✦➊ ✮✰✿②✛✜✮ ➎ ➁✬➂ ✼➧❛✦✹✿✷✮✟✙❀✙❫✮✒✛❛✮➜★✪✖✘✢❛➧✭✮✰✵❀❞✣✮✰✢✥★✪✮⑧✛✜✮✦➂✏➃▲➄✱➐ ➌ ➒ sP➋ ⑨➌ s ❹ ①❀①r➧✭✮✰✵❚✙✂➂✏➃▲➄❜s ❊❅ ⑨✤s ❹ ①❀①r✶✰✿❚✼✟✢✜✿❜✼✣✙❀✙❫✮✦✕✒✯➫✮✰✢✜✿✷✮ ➥ ➊ ➘ ✡ ➑ ✂ ➌ ➐✠✝✠✟ ➦✢✤✖✣✗✥✙➭✙❀✼✰➧✭✖✘✢✥✙➭✛✜✶➓✲❚➺✠✫✭✗✤✮❜✯✹✮②✢✤✖✘♠➜➓✤✵❀✮❹➊ ✛✜✖✣✦✹✿✂✹✰✿✷✵❀✮❜★✯✮✤✖✘✦✩✙✸✦✬✳✤✯➫✗✤✿✎✧✣✿✝❞✘✵➃✼✾✢✥✛ ➥❀➐ ➉✣➉✘➉ ➑✩★ ➉✘➉✣➉ ➑➇➐ ➉✘➉✘➉✣➉ ➑ ➁✰➁❈➁ ➦❚✐
✪ ✫✦✥ ✌✎✁✬✫ ✥ ✁✡✌❨✄ ✩♣✁ ✬✡✌★✧✮✭✒✌❨✑✒✏ ✏ ✄➇☞✖✣✗✥✙✝✼✰➧✭✖✘✢✥✙r★✡✮✤✖✣✦❏✙❫✦✬✛✜✮ ✒✻✼✟✦✹✵✷✮➤✯✹✮✟✙r✙✸✦➫♠❲✗✤✯✩✼✾✿✷✦✹✖✘✢✚✙➱✳✥✖✣✗✤✵✝✯❏✼ ✒❯✖✘✢✥★✪✿✷✦✹✖✣✢☎✗✲✢✤✦✹♠❢✖❛✛✲✼✾✯✹✮②✛✜✶❶➈✚✢✤✦✹✮②✙✸✗✤✵✯☎ ➉ ➑➫➐✱✰ ✳✚✼✾✵✬➆③❜s ❹ ①✓❶✳✲ ❹ s ➐✝❺✕❹ ① ➁➇➂ ✼✠✛✜✮✰✢✥✙❫✦✹✿❀✶❜✦➫✢✜➧✣✼✾✵✷✦❏✼✟✢✜✿✷✮➤✮✟✙✸✿➭✼✟✯✹✖✣✵❚✙✝★✪✖✣✢✤✢✜✗✲✮❴✮❈✿➭✙✪✺➄✶❪★✪✵❀✦➫✿✬➆✘✿✎s ❹ ①❍❶ ➐✴✶✵ ❹ s ➐✝❺❿❹ ① ➥ ➧✭✖✘✦➫✵✳✥✼✟✵☞✮❈❝✜✮✰♠♣✳✤✯✹✮ Ñ ✖✣✯✹✯✹✮❈✿✷✗ � �✸✙✈➦➃✐➇☞✖✣✗✥✙☞✼✰➧✭✖✣✢✥✙t✿❀✵➃✼❪➧✣✼✟✦✹✯✹✯➫✶❜✼✰➧✭✮✟★☞✯➫✮➤✢✤✖✟➼❛✼✾✗ ✙✸✗✤✦➫➧✘✼✟✢✜✿❖➆❘⑦➜➴✰s ❹ ①➒❶✺✹✼✻ ➘✤➴✾✽ Õ ➶ ➴✾✽ Õ❀✿ s ❹ ①❚✐⑤✎✖✣✗✤✵☞✯✩✼✒✯✹✖✣✦➇✦✹✢✲✦✹✿❀✦✩✼✾✯➫✮➤✢✤✖✘✗✚✙☞✼✰➧✭✖✘✢✚✙t✳✤✵❀✦✩✙✧✯✻✺➄✗✤✢✤✮⑧✛✜✮✟✙✝✛✜✮✰✗✲❝❢✯✹✖✣✦❏✙✝✙✸✗✲✦✹➧✣✼✾✢❛✿❀✮✟✙❭➆❥ ✯✩✼✒✯✹✖✣✦✬✗✤✢✤✦ ✒❯✖✣✵❀♠❢✮②✙✸✗✲✵❁☎ ➉ ➑✹➐❂✰ ♥❥ ✯✩✼✒✯✹✖✣✦❨✛✜✮❱✛✜✮✰✢✥✙❫✦✹✿❀✶ ❅ Õ s ❹ ①❍❶ ✟❄❃

➘ Õ❆❅
➐✝❺❇❃ ➘ Õ ✹ ✻ ✇ ➶ ➴ ✿ s ❹ ① ➁

✑❍★✪✵❀✦➫➧✭✖✘✢✥✙❜♠✡✼✾✦➫✢✜✿✷✮✰✢✥✼✟✢✜✿➤✯✩✼➩✙❫✿❀✵❀✗✚★✪✿❀✗✤✵✷✮✡✛✜✗❿✳✤✵✷✖✘❞✘✵➃✼✾♠❢♠♣✮ Ñ ✳❘✖✣✗✤✵✡⑦❲➴❜✮✰✿❱✳✥✖✘✗✤✵✠✯✩✼☎✯✹✖✣✦t✗✤✢✲✦ ✒❯✖✘✵✷♠❢✮✭✐ ➂ ✮✳✤✵✷✖✘❞✣✵❚✼✾♠♣♠❢✮☞✳✲✵❀✶✟★✪✦✩✙t✳✥✮✰✗✤✿✂✹✰✿✷✵❀✮❜✖✘➓✤✿✷✮✰✢❛✗➩✙❫✗✤✵➭✙✸✦➫♠❢✳✤✯➫✮➤✛✜✮❈♠✡✼✾✢✥✛❛✮❜➺●✯✻✺✽✼✟✗✤✿❀✮✰✗✲✵✰✐
❈ ➻✂✰❊❉ Ñ ➻❊❉✟✰ ✑✡➆
❋❍●✳■✼❏▲❑❍▼❖◆P❑❘◗❙◆❯❚P❱❖❲✩❏✥◆ ⑦➜➴
❳❍❨▲❩ ◆❙❬❪❭❖❚▲❫✘❴❹❊❵ ❨✩❛ ❭▲❑
❜ ❭✥❚❍❝P❱✢❞✛❴
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� ✄✕✆✝✎✦✌✎✞✂�✎✄ ✄✡✠✢✁ ✠ ✎✦✆✤✔ ✠✘✄ ✩ ✎ ☛✥✁

⑦❲➴❅s ❹ ①✴❶ ➔ ➐ ✙❫✦ Ø ❹ Ø ➊ ➐✞✝ ✟➉ ✙✸✦➫✢✤✖✘✢
❋▲● ■✼❏▲❑❍▼✥◆✩❑✆◗✼❭❯❑▲❏ ✁ ❱❖❚✩▼✥❫❪❞❙❱❖❚❇◆❍❚❪❞ ❬❪❱✸◗✼❏❍❑▲❭ ③
❳▲❨❍❩ ◆❙❬❪❭✥❚❍❫✘❴❹❊❵ ❨✩❛ ❭❍❑ ◗✼❏✥❚✄✂ ☎ ➉ ➑✹➐✱✰
❜ ❭❖❚❍❝P❱✢❞✛❴③❴s ❹ ①✓❶✳✲ ❹ s ➐✝❺❿❹ ①
❋▲● ■✼❏▲❑❍▼✥◆✩❑✆◗✼❭❯❑▲❏ ❝P❏ ❨ ❞❙❏❖❚P▼❍❭❇❭✠❬✆☎ ❞ ❨ ❞✞✝✸◆P❭ ◗✠✟ ◆❍❚✳❝P❭❍▼❖❫P❭❖◆ ❨
❳▲❨❍❩ ◆❙❬❪❭✥❚❍❫✄✂✷❴➊ ❵ ❫✩❏✼❞✸❑❍❑▲❭❘◗❙◆❯❝P❭❍▼❖❫P❭❖◆ ❨ ❭✥❫☛✡ ❵ ❝✩❭▲▼❖❫P❭❖◆ ❨ ◗✼❭ ✷ ➌
❜ ❭❖❚❍❝P❱✢❞✛❴☞✠s ➊ ➑ ✡ ①❍❶ ➴➌✍✌ ➌➝ ❏ ➴✏✎ ✡ ☎ ➋ ✰✤❺ ➴➌✑✌ ➌④ ❏ ➴ ✡ ☎ ➍ ✰✓✒ Õ
❋▲● ■✼❏▲❑❍▼✥◆✩❑✆◗✼❭❰➎➇❻ ⑨ ❬✢◆P❑❖❫ ❞✔☎✩❑✼❞ ❛ ☎✩❏ ❨ ❑❍❏ ❝P❏ ❨ ❞✸❏❖❚P▼❍❭❇❭✠❬✕☎❪❞ ❨ ❞✞✝❙◆✩❭ ◗✖✟✁◆❍❚✳❝P❭❍▼✥❫✩❭❖◆ ❨ ▼▲❱❖❚✗✂✠❫❪❞✞❫❍◆ ❛☎✩❏ ❨ ➊ ▼▲❱✞☎ ❞✸❭✆✂❇❞✠❚✼◗ ❛ ☎✩❭❖❚✼◗✼❏✥❚✸❫✩❭✆✂ ◗✼❭ ❊❅ ⑨✤s ❹ ①
❳▲❨❍❩ ◆❙❬❪❭✥❚❍❫✄✂✷❴❹❊❵ ❨✩❛ ❭❍❑ ◗✼❏✥❚✄✂ ☎ ➉ ➑✹➐✱✰➎ ❵ ❚✩❱✠❬✕✘ ❨ ❭❘◗✖✟❂❞✠❫ ❛❖❨ ❏❖❫❪❞❙❱✠❚✄✂ ◗ ❭❯❑▲❏ ✁ ❱✥❚✩▼✥❫❪❞✸❱✥❚ ③➊ ❵ ❫✩❏✼❞✸❑❍❑▲❭❘◗ ❭❯❑✙✟ ❛ ▼✛✚✩❏✥❚❍❫❪❞❙❑❍❑✸❱✥❚ ❐ ❊❅ ➍ ➴ ➎⑨ s ❹ ① ➑ ➁✰➁❈➁ ➑ ❊❅ ➍ ➌ ➎⑨ s ❹ ① ❒✜ ❵ ❨✩❛ ❭❍❑ ◗ ❏❖❚✄✂ ✰ ➉ ➑➫➐ ☎✣✢ ❻ ⑨✒❶ ➎ ➘✥✤✧✦
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❈ ✗✤✵❢✯✩✼ ➈✚❞✘✗✤✵✷✮ � ✢✤✖✣✗✥✙❲➧✭✖✟➼✭✖✘✢✚✙❲✫✭✗✤✮➩✳✥✖✣✗✤✵✡✛✜✮✟✙♣✙✸✗✤✦➫✿❀✮✟✙ ❻ ⑨ ★❅✖✘✢❛➧✭✮✰✵❀❞✣✮✟✼✾✢❛✿➜✼✘✙✷✙✸✮✦✕➽➧❛✦✹✿✷✮☎➧✭✮❈✵❚✙ ➉ ➥ ✜ ❶❺✁�✄✂ s ❻ ⑨ ① ✝☎�✄✂ s ➎ ① ❈❧➉ ➁ ★ ➦➃♥✤✯❏✼✠★✪✖✣✗✤✵❀➓✥✮❜✮✰♠❢✳✲✦✹✵❀✦✩✫✱✗✲✮➭✙✸✮✒✵➃✼✾✳✤✳✲✵❀✖❛★✯✮✤✮❱✛✜✮❜✯❏✼✠★✪✖✣✗✤✵❀➓✥✮✒✿❽✮✤✶✰✖✣✵❀✦❏✫✭✗✤✮ ➥ ➈✥❞✘✗✲✵❀✮ �✾➦➃✐✱➏✸★❅✦✯❏✼♦★✪✖✘✗✲✵❀➓✥✮❢✿☎✮✲✶✰✖✘✵✷✦❏✫✭✗✤✮❲✮❪✙✸✿✠★❅✮✰✯✹✯➫✮➜✛✜✮✺✿➏★❈✼✾✵ ✜ ⑦✝✆➴ sP➅✘①❹❆❪➅ ❶ ➐ ➁✴➂ ✖✘✵➃✙✠✛✜✮➜✯❏✼☎✳✲✵❀✮✰✗✤➧✭✮♣✛✜✗✕✯➫✮✰♠❢♠➜✮ �❛✐ �✘✐➒✼✾✗★✯✮✥✼✾✳✤✦➫✿❀✵✷✮ �✲♥✘✢✤✖✣✗✥✙✓✼✰➧✭✖✘✢✥✙❨➧✜✗ ✫✱✗✬✺×✮❶➉❭✮✟★✪✿✷✦✹➧✭✮✰♠➜✮✰✢❛✿❘✯✩✼ ✒❯✮❈✢✾✹✰✿❀✵✷✮ ❻ ⑨★✲❀✖✘✗✥✼✟✦✹✿✓✗✲✢✠✵✎✧✘✯➫✮t✦➫♠❢✳✥✖✘✵❀✿➃✼✾✢❛✿✰✐ ✑✓✢✠✮❶➉❭✮✰✿❈♥✰✢✤✖✘✗✥✙♠❢✖✣✢✜✿✷✵❀✖✘✢✚✙t✼✾✗♦★✯✮✥✼✾✳✲✦✹✿❀✵✷✮ �➜✫✭✗✤✮➤✯✹✮②✳❘✖✣✦✹✢❛✿➭★✪✯✹✶②✛✤✼✟✢✥✙✧✯✩✼✒✳✤✵❀✮❈✗✤➧✭✮➤✛❛✗☎✯➫✮✰♠❢♠➜✮ �✜✐ �✘✐✤✛❛✗➩★✯✮✥✼✟✳✤✦✹✿✷✵❀✮ � ➥ ✯✹✮✰♠❢♠♣✮ �★✪✦➲❡❫✛✜✮❪✙❀✙✸✗✚✙➳➦❍✮✟✙❫✿t✯❏✼✒➧❛✦✹✿✷✮✟✙❀✙❫✮❜➺✒✯❏✼✣✫✱✗✲✮✰✯✹✯➫✮☞✯✻✺➄✮✰❝❛✳✤✵❀✮❪✙❀✙✸✦➫✖✘✢ →→→→ ➣❍↕✟➙ ❷ ⑦ ➴ ❐ ❅ ➘✟✞ ➚✠❋❍● ❒ ➑ ⑦ ➴ ❷ ❅ ➘✡✞ ➚☛❋❍● ❼☞❼ →→→→ ★✪✖✘✢❛➧✭✮✰✵❀❞✣✮➤➧✭✮✰✵➃✙➉ ✐➇✃➭✵ →→→→ ➣❍↕✾➙ ❷➇⑦➜➴➭❷ ❹❲❺ ✉ ➚✇❻ ⑨ ❼ ➑ ⑦➜➴➅❷ ❹❲❺ ✉ ➚➪❻ ⑨ ❼➤❼ →→→→ ➊ Ó❧❻ ⑨✡s✈➢❛s ➎ ➑❚Ö ①☎☞✪❆ ➪ ① ➑ ➥ �✾➦✖✘➮ ✳✥✖✘✗✤✵ Ö ➈✥❝❛✶✭♥✥✯❏✼❢✙❫✗✤✦✹✿✷✮✠➢❛s ➎ ➑➃Ö ①➭★✪✖✣✢✜➧✭✮✰✵✷❞✘✮❱➧✭✮✰✵❚✙ ➉ ✯✹✖✣✵❚✙✷✫✱✗✤✮ ➎ ✿❀✮✰✢✥✛➩➧✭✮❈✵❚✙☞✯✻✺➄✦✹✢✘➈✥✢✤✦▲✐✱✰➭✼✾✳✲✳❘✮❈✯✹✖✘✢✚✙❴✫✭✗✤✮❱✯❏✼✙✸✗✲✦✹✿❀✮➜s ❆✘⑨✜①▲⑨②❑♠▼❭♥✥✛✜✶❶➈✚✢✤✦✹✮➤✳✚✼✾✵➭✯❏✼✒✵❀✮❈✯❏✼✾✿✷✦✹✖✣✢ ➥ �✘✐✖✕✱➦➅➺●✯✩✼✒✳✥✼✾❞✣✮ ✬✁�♣✛✜✗ ★✡✮✥✼✟✳✤✦✹✿✷✵❀✮ �✲♥➇★❅✖✘✢❛✿❀✵✎✧✣✯✹✮➤✯✩✼❲✛❛✶✟★✪✵❀✖✣✦❏✙✷✙❀✼✾✢✚★✪✮✛✜✮✟✙✝★❅✖✘✵❀✵✷✶✰✯❏✼✟✿❀✦➫✖✘✢✥✙✝✛✜✗ ✙✸➼✲✙✸✿✷❤✰♠❢✮②✛✜➼✜✢✚✼✾♠❢✦✩✫✱✗✤✮➭❞✘✶❈✢✤✶✰✵❀✶❜✳✥✼✟✵➤③❜✐
✑✓✢ ✙❅✺➄✦✹✢❛✿❀✶❈✵❀✮✟✙✷✙❀✼✾✢❛✿✡✼✟✗✤❝➏✛✜✶❈✿❚✼✾✦➫✯❏✙✡✛✜✮➽✯✩✼✕✛✜✶✰♠❢✖✣✢✥✙✸✿✷✵❚✼✟✿❀✦✹✖✣✢ ✛❛✗➏✯✹✮✰♠❢♠♣✮ � ➥ ✯✹✮❈♠❢♠❢✮ �❛✐ �✘✐r✳✥✼✾❞✣✮ ✁ ✁ ✛✜✗★✯✮✥✼✾✳✤✦➫✿❀✵✷✮ �❛➦❚♥❍✢✤✖✘✗✚✙●➧✭✖✟➼✭✖✘✢✚✙✠✫✱✗✬✺ ➺ Ö ➈✥❝❛✶✭♥✓✯❏✼➩➧❛✦✹✿✷✮✟✙❀✙❫✮➩✛❛✮➽✛✜✶✟★❅✵❀✖✘✦✩✙❀✙✷✼✾✢✥★✪✮♦✛✜✮♦✯❏✼ ✙✸✗✤✦➫✿❀✮ s✈➢❛s ➎ ➑❚Ö ①✷① ⑨②❑♠▼ ✮❪✙✸✿✯✹✦➫♠❢✦✹✿✷✶✰✮✝✳✥✼✟✵☞✯✩✼✒➧✜✦➫✿❀✮✟✙✷✙✸✮❜✛✜✮❱★✪✖✣✢✜➧✭✮❈✵❀❞✘✮❈✢✥★✪✮❜✛✜✮❜✯✩✼✠✙✸✗✤✦➫✿❀✮ ❻ ⑨❱❶ ➎ ➘✥✤ ➧✭✮✰✵❚✙ ➉ ✐⑤✎✖✘✗✲✵t✯❏✼ ✒❯✖✣✢✥★✪✿❀✦➫✖✘✢➜✗✤✢✤✦➫♠❢✖❛✛✤✼✾✯➫✮➭③ ★✯✮✤✖✘✦✩✙✸✦➫✮✝✦❏★✪✦✻♥✘✯❏✼❜✛✜✶✟★❅✵❀✖✘✦✩✙❀✙✷✼✾✢✥★✪✮②✛✜✮✟❆✘⑨❜✮✟✙✸✿❍✮✰❝❛✳✥✖✘✢✤✮✰✢❛✿❀✦➫✮✰✯✹✯➫✮ ➥ ➧✭✖✘✦➫✵ ✗ � ✕✠✙✈➦➃✐Ñ ✖✘♠♣♠❢✮☞✯✩✼✠✙✸✗✤✦➫✿❀✮ ❻ ⑨✠✮✟✙❫✿➭★✡✮✤✖✣✦❏✙❫✦✹✮❜✛✜✮❜✯✩✼✓✒❯✖✘✵❀♠♣✮ ➎ ➘✥✤ ♥✤★✣✺➄✮✟✙❫✿➭✛✜✖✘✢✥★➤➓✤✦➫✮✰✢✡✯❏✼✒➧✣✼✾✯➫✮✰✗✤✵➭✛✜✮ ✜ ✫✱✗✲✦✬➧✘✼✒✯➫✦✹♠❢✦➫✿❀✮✰✵➒✯❏✼➧❛✦✹✿❀✮❪✙❀✙✸✮➅✛✜✮➭★✪✖✣✢✜➧✭✮✰✵✷❞✘✮✰✢✚★✪✮t➧✭✮✰✵➃✙ ➉ ✛✜✮✝✯✩✼☞➓✥✖✘✵✷✢✤✮➭✙✸✗✤✳✥✶✰✵✷✦✹✮✰✗✲✵❀✮➭✛✜✮✝✯✻✺➄✮✰❝❛✳✤✵❀✮❪✙❀✙✸✦➫✖✘✢ ➥ �✾➦ ★✪✦↔❡ ✛✜✮✟✙✷✙✸✗✥✙❅✐ Ñ ✮✟★✪✦❛✮✰❝❛✳✤✯✹✦✩✫✱✗✤✮✫✭✗✤✮➤✳✥✖✘✗✤✵②✛✜✮✟✙❍✳✥✮✰✿❀✦➫✿❀✮✟✙❍➧✘✼✟✯✹✮✰✗✲✵❚✙✝✛✜✮ ✜ ♥✜✦➫✯✏✒✻✼✾✗✤✿✝✳✤✵✷✮✰✢✥✛✜✵✷✮❜✛✜✮✟✙t➧✣✼✟✯✹✮✰✗✤✵➃✙t✛✜✮ ➎ ➓❘✮❪✼✾✗✥★✪✖✣✗✤✳➩✳✲✯✹✗✥✙❍❞✘✵❚✼✟✢✥✛✜✮❜✳✥✖✘✗✤✵✖✘➓✚✙✸✮✰✵✷➧✭✮✰✵✝✯❏✼✠★✪✖✣✢✜➧✭✮❈✵❀❞✘✮❈✢✥★✪✮✭✐ Ñ ✺➄✮❪✙✸✿➭★✪✮❜✫✭✗✤✮❜✢✤✖✣✗✥✙✧✵✷✮✰♠✡✼✟✵❚✫✭✗✤✖✘✢✥✙✝✙❫✗✤✵✝✯❏✼✴➈✚❞✘✗✤✵✷✮ �✤✐➇☞✖✘✿✷✖✘✢✥✙➭✮✰✢❬➈✥✢ ✫✱✗✤✮❱✳✥✖✘✗✤✵ ➐✞✝ ✟ ➊ ✜ ➌ ➐ ♥ ➎➇❻ ✆⑨ ✢✲✮✒✿❀✮❈✢✥✛➩✳✥✼✘✙➭➧✭✮✰✵❚✙t✯✻✺➄✦✹✢✘➈✥✢✤✦▲♥✤✮❈✿☞✳✥✖✘✗✲✵❀✿❚✼✟✢✜✿②✯✹✮✟✙➭★✪✖✘✗✲✵❀➓✥✮✟✙★✪✖✣✢✜➧✭✮✰✵✷❞✘✮✰✢❛✿✰✐✱➇➭✖✘✗✥✙☞➧✭✶❈✵❀✦ ➈✚✖✘✢✥✙➭✼✾✦➫✢✥✙✸✦✓✢❛✗✤♠❢✶❈✵❀✦❏✫✭✗✤✮✰♠✠✮❈✢✜✿➅✫✱✗✤✮❱✯❏✼❢★❅✖✘✢❛➧✭✮✰✵❀❞✣✮✰✢✥★✪✮❜✮✰✢♦♠❢✖✟➼✭✮✰✢✤✢✤✮❱✫✭✗✥✼✘✛✜✵➃✼✾✿✷✦❏✫✭✗✤✮✛✜✮r✯▲✺➄✮❪✙✸✿❀✦➫♠✡✼✾✿✷✮✰✗✤✵ ❊❅ ⑨ ➶ ❋❍● s ❹ ①➇✵✷✮✟✫✱✗✲✦✹✮✰✵✷✿❨✙✸✦✹♠♣✳✤✯✹✮✰♠➜✮✰✢❛✿✥✯▲✺ ✮❛➼❛✳❘✖✣✿☎✮✤❤❪✙✸✮ ❁✟➎➇❻ ⑨ ❺▲❺▲➨⑨ ➡ ⑩ ❫✕❵ ♥✟✮✰✿❨✢✤✖✘✢ ❁✟➎➇❻ ✆⑨ ❺❯❺▲➨⑨ ➡ ⑩ ❫✕❵ ✐
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