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Ô✢ ✣✤✙ ★✖✳✖✢✌ ✜✕✢❯✕✢✜✙✤✕✢ ✣✌ ✜✭☛✖✥✌✥ ✌✥✙ ÕtÐ➌ÕÞtß⑧✇ ✥✳✤✭ ✌✮✤✥✙✌ ✖✢✌ ✤✢✙✌✗✯✗✦✙☛✙✤✕✢ ★✖✤ ✭☛ ✗✌✢✣ ✻✗☛✤✌✛ ✜✳✌✥✙✴✲✴✣✤✗✌
★✖✤ ✗✌✢✣ ✻✗☛✤ ✙✕✖✙✌✥ ✥✌✥ ✜✭☛✖✥✌✥✛ ☛✖✙✗✌✧✌✢✙ ✣✤✙ ★✖✤ ✗✌✢✣ ✻✗☛✤ ☛✖ ✧✕✤✢✥ ✖✢ ✭✤✙✙✦✗☛✭ ✣✌ ✜✰☛✜✖✢✌ ✣✌ ✥✌✥ ✜✭☛✖✥✌✥✽

q✌ ✯✗✕✱✭❚✧✌ ❱❪à ✜✕✢✥✤✥✙✌ ✲ ✣✦✙✌✗✧✤✢✌✗ ✥✤ ✖✢✌ ✜✕✢❯✕✢✜✙✤✕✢ ✣✌ ✜✭☛✖✥✌✥ ✌✥✙ ✥☛✙✤✥⑩☛✱✭✌ →

áâãäåæç è ➊✢✌ ✜✕✢❯✕✢✜✙✤✕✢ ✣✌ ✜✭☛✖✥✌✥ é✽
êëäãìæ è ➊✢ ✱✕✕✭✦✌✢✽ í✗☛✤ ✥✤ é ✌✥✙ ✥☛✙✤✥⑩☛✱✭✌✽ ❉☛✖✮ ✥✤✢✕✢✽

✑ ➏✾✔ ❹✕✢✙✗✌✗ ★✖✳✤✭ ✌✥✙ ✯✕✥✥✤✱✭✌ ✣✌ ✗✦✥✕✖✣✗✌ ✭✌ ✯✗✕✱✭❚✧✌ ❱❪à ☛✻✌✜ ✖✢✌ ✜✕✧✯✭✌✮✤✙✦ ✌✢ î❃ïðñ❅ ✕ò ❨ ✌✥✙ ✭✌
✢✕✧✱✗✌✥ ✣✌ ✻☛✗✤☛✱✭✌✥ ✣✤✥✙✤✢✜✙✌✥ ✌✙ ñ ✭✌ ✢✕✧✱✗✌ ✣✌ ✭✤✙✙✦✗☛✖✮ ✣✌ ✭✳✌✢✙✗✦✌ Ò✜✕✧✯✙✦✥ ☛✻✌✜ ✭✌✖✗✥ ✗✦✯✦✙✤✙✤✕✢✥Ó✽

Ô✢ ✜✕✢✥✤✣❚✗✌ ✖✢ ✻✕✙✌ ✯☛✗ ✯✗✦●✦✗✌✢✜✌ ✯✕✖✗ ✭✌★✖✌✭ ✕✢ ☛ ✗✦✯☛✗✙✤ ✭✌✥ ✜☛✢✣✤✣☛✙✥ ✌✢ ✙✗✕✤✥ ☞✗✕✖✯✌✥ →

ó ✖✢ ✜☛✢✣✤✣☛✙ ô✛ ☛✯✯✌✭✦ ⑤✈tõ✉➌Û④ ö

ó ✖✢ ✌✢✥✌✧✱✭✌ ÷ ✣✌ ✜☛✢✣✤✣☛✙✥ ✣✤✙✥ t⑦ÐÛõtÐ➌➍⑦✇Õ ö

ó ✖✢ ✌✢✥✌✧✱✭✌ ø ✣✌ ✜☛✢✣✤✣☛✙✥ Û✉Ð➌Û④④✇⑧Õ✽

Téléchargé gratuitement sur Doc-Solus.fr .

http://www.doc-solus.fr/


Centrale Informatique optionnelle MP 2020 — Énoncé 4/4

�✁�✁✂✁✄✂✁☎ ✆✝✞✟✠✞✟✝ ✡☛☞✌ ✍✎✍

✏✌ ✑✒✓✔✕✖✗✌ ☛✑✑✌✕✘ ✙✚✛✜✢✚✏✣✤✥✥✣✤✏✜ ✦✓✧★✩★✪✌ ✫ ✬✘✪✌✒✗✩✧✌✒ ★✭✩✕ ✌★✪ ✑✓★★✩✔✕✌ ✬✭✘✕✩✗✩✧✌✒ ✮✧ ✦✌✒✪☛✩✧ ✧✓✗✔✒✌

✬✌ ✦☛✧✬✩✬☛✪★ ✓✑✪✩✓✧✧✌✕★ ✬✌ ✯☛✰✓✧ ✫ ✦✌ ✱✮✌ ✲ ★✓✩✪ ✮✧ ✳☛✩✧✱✮✌✮✒ ✬✌ ✴✦✵✮✕✶✌ ✬✌ ✕✭✘✕✌✦✪✩✓✧ ✷

✸✹✺✻✼✽✾ ✿ ✏✌ ✦☛✧✬✩✬☛✪ ✲❀ ✏✭✌✧★✌✗✔✕✌ ❁❀ ✏✭✌✧★✌✗✔✕✌ ❂❀ ✏✌ ☞✒☛✑✵✌ ✬✌ ✑✒✘✯✘✒✌✧✦✌ ❃ ✬✮ ✳✓✪✌ ★✮✒ ✕✭✌✧★✌✗✔✕✌ ✬✌★

✦☛✧✬✩✬☛✪★ ❄✲❅ ❆ ❁ ❆❂❀ ❇✧ ✔✮✬☞✌✪ ❈ ❉ ❊❀

❋●✻✺❍✽ ✿ ❇✧ ✔✓✓✕✘✌✧❀ ■✒☛✩❏ ★✭✩✕ ✌★✪ ✑✓★★✩✔✕✌ ✬✌ ✦✵✓✩★✩✒ ❈ ✦☛✧✬✩✬☛✪★ ✬✩★✪✩✧✦✪★ ❑▲▼◆▼ ❑❖ ✬☛✧★ ❂ ✪✌✕★ ✱✮✌ ✲ ✌★✪ ✮✧

✳☛✩✧✱✮✌✮✒ ✬✌ ✴✦✵✮✕✶✌ ✬✌ ✕✭✘✕✌✦✪✩✓✧ ✌✧ ✦✓✧★✩✬✘✒☛✧✪ ✮✧✩✱✮✌✗✌✧✪ ✕✭✌✧★✌✗✔✕✌ ✬✌ ✦☛✧✬✩✬☛✪★ ❄✲❅ ❆ ❁ ❆ ❄❑▲▼◆▼ ❑❖❅❀

P☛✮◗ ★✩✧✓✧❀

✡✓✮✒ ✓✔✪✌✧✩✒ ✕✌ ☞✒☛✑✵✌ ✬✌ ✑✒✘✯✘✒✌✧✦✌ ✬✌ ✕✭✘✕✌✦✪✩✓✧ ☛✳✌✦ ✕✭✌✧★✌✗✔✕✌ ✬✌ ✦☛✧✬✩✬☛✪★ ❄✲❅ ❆ ❁ ❆ ❄❑▲▼◆▼ ❑❖❅❏ ✓✧ ✑✒✌✧✬

✕✌ ☞✒☛✑✵✌ ✬✌ ✑✒✘✯✘✒✌✧✦✌ ★✮✒ ✕✭✌✧★✌✗✔✕✌ ✬✌★ ✦☛✧✬✩✬☛✪★ ❄✲❅ ❆ ❁ ❆ ❂ ✌✪ ✓✧ ★✮✑✑✒✩✗✌ ✕✌★ ✦☛✧✬✩✬☛✪★ ✬✌ ❂ ✱✮✩ ✧✭✓✧✪

✑☛★ ✘✪✘ ✦✵✓✩★✩★ ❘☛✩✧★✩ ✱✮✌ ✕✌★ ☛✒✒❙✪✌★ ✌✧✪✒☛✧✪✌★ ✌✪ ★✓✒✪☛✧✪✌★ ✬✌ ✦✌★ ✦☛✧✬✩✬☛✪★❚❀

✚✧ ☛✑✑✌✕✕✌ ❯❱❲❳❨❱❩❬ ✬✌ ✙✚✛✜✢✚✏✣✤✥✥✣✤✏✜ ✮✧✌ ✌✧✪✒✘✌ ✬✮ ✑✒✓✔✕✖✗✌ ✙✚✛✜✢✚✏✣✤✥✥✣✤✏✜ ✌✪ ✩✧★✪☛✧✦✌ ✬✌

✴✤✜ ✮✧✌ ✌✧✪✒✘✌ ✬✮ ✑✒✓✔✕✖✗✌ ✴✤✜❀

✚✧ ✦✓✧★✩✬✖✒✌ ✕✭☛✕☞✓✒✩✪✵✗✌ ❭ ✜✒☛✧★✯✓✒✗☛✪✩✓✧ ✬✭✮✧✌ ✯✓✒✗✮✕✌ ✌✧ ✘✕✌✦✪✩✓✧ ❪ ✱✮✩❏ ✘✪☛✧✪ ✬✓✧✧✘ ✮✧✌ ✩✧★✪☛✧✦✌ ✬✌ ✴✤✜

❘✦✭✌★✪✣✫✣✬✩✒✌ ✮✧✌ ✦✓✧❫✓✧✦✪✩✓✧ ✬✌ ✦✕☛✮★✌★❚❏ ✦✓✧★✪✒✮✩✪ ✮✧✌ ✩✧★✪☛✧✦✌ ✬✌ ✙✚✛✜✢✚✏✣✤✥✥✣✤✏✜ ✷

✸✹✺✻✼✽✾ ✿ ❇✧✌ ✦✓✧❫✓✧✦✪✩✓✧ ✬✌ ✦✕☛✮★✌★ ❴

❋●✻✺❍✽ ✿ ❇✧ ✦☛✧✬✩✬☛✪ ✲ ❘✕✌ ✦✵☛✗✑✩✓✧❚❏ ✮✧ ✌✧★✌✗✔✕✌ ✬✌ ✦☛✧✬✩✬☛✪★ ☛✮✪✓✗☛✪✩✱✮✌★ ❁❏ ✮✧ ✌✧★✌✗✔✕✌ ✬✌ ✦☛✧✬✩✬☛✪★

✓✑✪✩✓✧✧✌✕★ ❂❏ ✮✧ ✔✮✬☞✌✪ ❈❏ ✮✧ ☞✒☛✑✵✌ ✬✌ ✑✒✘✯✘✒✌✧✦✌ ❃ ★✮✒ ✕✭✌✧★✌✗✔✕✌ ✬✌ ✦☛✧✬✩✬☛✪★ ❄✲❅ ❆ ❁ ❆❂

❵ ❛ ❴

❜●❝✻ ✺●❝✺ ❞ ✳☛✒✩☛✔✕✌ ✑✒✓✑✓★✩✪✩✓✧✧✌✕✕✌ ☛✑✑☛✒☛✩★★☛✧✪ ✬☛✧★ ❴ ❡❢❍✻✽

❵ ❛ ❵ ❣ ❤❞ ✐ ❥❞❦

❧✹ ❜●❝✻

✙✒✘✌✒ ✮✧ ✧✓✮✳✌☛✮ ✦☛✧✬✩✬☛✪ ✲

✙✒✘✌✒ ✮✧ ☞✒☛✑✵✌ ❃ ☛✳✌✦ ✮✧ ★✌✮✕ ★✓✗✗✌✪ ✲

❁ ❛ ♠❏ ❂ ❛ ♠

❜●❝✻ ✺●❝✺ ✲♥ ✦✕☛✮★✌ ✬✌ ❵ ❡❢❍✻✽

✙✒✘✌✒ ✮✧ ✧✓✮✳✌☛✮ ✦☛✧✬✩✬☛✪ ♦♣q ☛★★✓✦✩✘ ✫ ✲♥ ✌✪ ✕✭☛❫✓✮✪✌✒ ✫ ❃ ✌✪ ✫ ❁

✤❫✓✮✪✌✒ ✫ ❃ ✮✧ ☛✒✦ ✬✌ ✑✓✩✬★ rs ✬✌ ♦♣q ✳✌✒★ ✲ ✌✪ ✮✧ ☛✒✦ ✬✌ ✑✓✩✬★ ts ✌✧ ★✌✧★ ✩✧✳✌✒★✌❀

❧✹ ❜●❝✻

❜●❝✻ ✺●❝✺ ❞ ✳☛✒✩☛✔✕✌ ✑✒✓✑✓★✩✪✩✓✧✧✌✕✕✌ ☛✑✑☛✒☛✩★★☛✧✪ ✬☛✧★ ❵ ❡❢❍✻✽

✙✒✘✌✒ ✮✧ ✧✓✮✳✌☛✮ ✦☛✧✬✩✬☛✪ ❑✉ ☛★★✓✦✩✘ ☛✮ ✕✩✪✪✘✒☛✕ ❞ ✌✪ ✕✭☛❫✓✮✪✌✒ ✫ ❃ ✌✪ ✫ ❂

✙✒✘✌✒ ✮✧ ✧✓✮✳✌☛✮ ✦☛✧✬✩✬☛✪ ❑✈✉ ☛★★✓✦✩✘ ☛✮ ✕✩✪✪✘✒☛✕ ❥❞ ✌✪ ✕✭☛❫✓✮✪✌✒ ✫ ❃ ✌✪ ✫ ❂

✤❫✓✮✪✌✒ ✫ ❃ ✬✌✮◗ ☛✒✦★ ✬✌ ✑✓✩✬★ r✇ ✬✌ ✲ ✳✌✒★ ❑✉ ✌✪ ✳✌✒★ ❑✈✉ ✑✮✩★ ☛❫✓✮✪✌✒ ✬✌✮◗ ☛✒✦★ ✬✌ ✑✓✩✬★ t✇ ✌✧ ★✌✧★

✩✧✳✌✒★✌❀

❧✹ ❜●❝✻

❜●❝✻ ✺●❝✺ ✦✓✮✑✕✌ ❤♥①▼ ✲♥❦ ☛✳✌✦ ♥① ✮✧ ✕✩✪✪✘✒☛✕ ✬✌ ❵ ✌✪ ✲♥ ✮✧✌ ✦✕☛✮★✌ ✬✌ ❵ ✦✓✧✪✌✧☛✧✪ ✕✌ ✕✩✪✪✘✒☛✕ ♥① ❡❢❍✻✽

✤❫✓✮✪✌✒ ✫ ❃ ✮✧ ☛✒✦ ✬✌ ✑✓✩✬★ r✇ ✬✌ ❑q② ✳✌✒★ ♦♣q ✌✪ ✮✧ ☛✒✦ ✬✌ ✑✓✩✬★ t✇ ✌✧ ★✌✧★ ✩✧✳✌✒★✌❀

❧✹ ❜●❝✻

✙✓✗✑✕✘✪✌✒ ✕✌ ☞✒☛✑✵✌ ❃ ☛✳✌✦ ✬✌★ ☛✒✒❙✪✌★ ✬✌ ✑✓✩✬★ ✧✮✕ ✑✓✮✒ ✕✌ ✒✌✧✬✒✌ ✦✓✗✑✕✌✪❀

③ ❛✕✌ ✧✓✗✔✒✌ ✬✌ ✳☛✒✩☛✔✕✌★ ✑✒✓✑✓★✩✪✩✓✧✌✕✕✌★ ✱✮✩ ☛✑✑☛✒☛✩★★✌✧✪ ✬☛✧★ ❵❀

✻✽✹④●⑤✽✻ ✲❏ ❁❏ ❂❏ ❃❏ ❈❀

⑥ ⑦⑧⑨ ✥✓✧✧✌✒ ✕✌ ☞✒☛✑✵✌ ✬✌ ✑✒✘✯✘✒✌✧✦✌ ✦✒✘✘ ✫ ✑☛✒✪✩✒ ✬✌ ✕☛ ✯✓✒✗✮✕✌ ❤❞✐❞❦❣❤❥❞✐❥❞❦❀ ⑩★✪✣✩✕ ✑✓★★✩✔✕✌ ✬✌ ✦✵✓✩★✩✒
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