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✿✭✵✦✥✦✩✧✵✿❿ ●✭★ ✩✧✲❃✭★✪✽ ✿✭✵✦✥✦✩✧✵✿❿❈ ❹✼✧ ④✧✲✪✵✩✥✿ ✴✭✵✿✰★★✧✵✿❿ ✴✭✵✩★✭✽ ✶★✭✩✭✿✭✽ ❾✪✦
✥✲❃✽✧✲✧✵✩✧✮ ✥✵ ✩✼✧ ❃★✭✷★✪✲✲✥✵✷ ✽✪✵✷✰✪✷✧ ⑥✪❁✪ ✪✵✮ ✩✼✧ ✮✪✩✪✱✪✦✧ ❾✪✦ ✦✩✭★✧✮ ✥✵ ✩✼✧
✤✪✩✪✱✪✦✧ ✯✪✵✪✷✧✲✧✵✩ ④❿✦✩✧✲ ✭● ✯✥✿★✭✦✭●✩ ✤▼❖ ❋▼✯❈
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➃➄➅➆➇➈

➉ ➊➋➌➍➎➏➐➑➒➎ ➉
➓❈➓ ✯✭✩✥❁✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖
➓❈❖ ✤✧✿✽✪★✪✫✬✭ ✮✭ ✶★✭✱✽✧✲✪ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➔
➓❈➔ ❑✱⑦✧✩✥❁✭✦ ✮✪ ✤✥✦✦✧★✩✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ →
➓❈→ ✐✧✽✧❁❻✵✿✥✪ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗
➓❈◗ ❑★✷✪✵✥❣✪✫✬✭ ✮✪ ✤✥✦✦✧★✩✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗

➣ ↔↕➙➌➛➜➝➙ ➏➛ ➞➛➍➛➋➟↕➝➜➛➋➌➎ ➏➛ ➠➝➋➟➎ ➏➛ ➡➝➏➎➙ ➛➜ ➢➛➜➤➎➥➦➛➝➧ ➨❖❈➓ ❋✵✩★✭✮✰✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➩
❖❈➓❈➓ ④✥✦✩✧✲✪✦ ✧✲ ❹✧✲❃✭✹✐✧✪✽ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➩
❖❈➓❈❖ ✶★✧❁✥✦✥✱✥✽✥✮✪✮✧ ✵✭✦ ④✥✦✩✧✲✪✦ ✧✲ ❹✧✲❃✭✹✐✧✪✽ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➫
❖❈➓❈➔ ❋✲❃★✧✿✥✦✬✭ ✧✲ ④✥✦✩✧✲✪✦ ✧✲ ❹✧✲❃✭✹✐✧✪✽ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➓P

❖❈❖ ④✥✦✩✧✲✪✦ ✮✧ ✺✧★✧✵✿✥✪✲✧✵✩✭ ✮✧ ▼✪✵✿✭ ✮✧ ✤✪✮✭✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➓P
❖❈❖❈➓ ④✧★✥✪✽✥❣✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➓➔
❖❈❖❈❖ ❺❇❁✧✥✦ ✮✧ ❋✦✭✽✪✲✧✵✩✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➓◗

❖❈➔ ④✥✦✩✧✲✪✦ ✮✧ ✺✧★✧✵✿✥✪✲✧✵✩✭ ✮✧ ▼✪✵✿✭ ✮✧ ✤✪✮✭✦ ✧✲ ❹✧✲❃✭✹✐✧✪✽ ❈ ❈ ❈ ❈ ❈ ❈ ➓◗
❖❈➔❈➓ ❹✥❃✭✦ ✮✧ ✤✪✮✭✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➓➩
❖❈➔❈❖ ❹✥❃✭✦ ✮✧ ❹★✪✵✦✪✫⑨✧✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➓➩
❖❈➔❈➔ ✶★✭✿✧✦✦✪✲✧✵✩✭ ✮✧ ❹★✪✵✦✪✫⑨✧✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➓➭

➯ ➢➲➟➋↕➟➝ ➏➛ ➳➎➋➌➍➎➧➛ ➏➛ ➳➎➋➟➎➍➍➵➋➟↕➝ ➤➝➍➝ ↔➞➠➡➥➢➦ ➉➸
➔❈➓ ❋✵✩★✭✮✰✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➓➫

➔❈➓❈➓ ❑ ✶★✭✱✽✧✲✪ ✮✪ ✻⑤✧✿✰✫✬✭ ✴✭✵✿✭★★✧✵✩✧ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖P
➔❈❖ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❹★✪✮✥✿✥✭✵✪✽ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖P

➔❈❖❈➓ ❹✾✿✵✥✿✪ ✮✧ ▼✽✭❄✰✧✥✭ ✮✧ ✤✰✪✦ ❂✪✦✧✦ ✶✧✦✦✥✲✥✦✩✪ ➁❖❹✶▲➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖❖
➔❈❖❈❖ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪ ➁✴✴❑➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖➔

➔❈➔ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❃✪★✪ ④✺▼✤✹❹✐ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖➔
➔❈→ ❹✾✿✵✥✿✪ ✮✧ ▼✽✭❄✰✧✥✭ ✮✧ ✤✰✪✦ ❂✪✦✧✦ ✶✧✦✦✥✲✥✦✩✪ ❃✪★✪ ④✺▼✤✹❹✐ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖→
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➔❈→❈➓ ❹✾✿✵✥✿✪ ✮✧ ▼✽✭❄✰✧✥✭ ✮✧ ✤✰✪✦ ❂✪✦✧✦ ✶✧✦✦✥✲✥✦✩✪ ✹ ❍✽✩✪ ✶★✥✭★✥✮✪✮✧
➁❹❖✶▲✹➺✶➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖→

➔❈→❈❖ ❹✾✿✵✥✿✪ ✮✧ ▼✽✭❄✰✧✥✭ ✮✧ ✤✰✪✦ ❂✪✦✧✦ ✶✧✦✦✥✲✥✦✩✪ ✹ ✶★✭✲✭❁✥✮✭ ✳ ✻✦❃✧★✪
➁❹❖✶▲✹✶✻➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖→

➔❈→❈➔ ❹✾✿✵✥✿✪ ✮✧ ▼✽✭❄✰✧✥✭ ✮✧ ✤✰✪✦ ❂✪✦✧✦ ✶✧✦✦✥✲✥✦✩✪ ✹ ➺✧★✪✵✫✪ ✴✭✵✮✥✿✥✭✹✵✪✽ ➁❹❖✶▲✹➺✴➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖◗
➔❈◗ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪ ❃✪★✪ ④✺▼✤✹❹✐ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖➻

➔❈◗❈➓ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪ ✹ ❹★✪✵✦✲✥✦✦✬✭ ✴✭✲✹❃★✭✲✧✩✥✮✪ ➁✴✴❑✹❹✴➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖➻
➔❈◗❈❖ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪ ✹ ▼✪✦✧✪✮✭ ✧✲ ④✪✿★✥✹●❇✿✥✭ ➁✴✴❑✹▼④➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖➻
➔❈◗❈➔ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪ ✹ ▼✪✦✧✪✮✭ ✧✲ ✻✦❃✧★✪

➁✴❑❑✹▼✻➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖➩
➔❈➻ ✴✭✲❃✪★✪✩✥❁✭ ✧✵✩★✧ ❹✾✿✵✥✿✪ ✶✧✦✦✥✲✥✦✩✪ ⑤ ❹✾✿✵✥✿✪ ❑✩✥✲✥✦✩✪ ✧✲ ④✺▼✤✹❹✐ ❈ ❖➩

➼ ➢➲➟➋↕➟➝ ➏➛ ➳➎➋➌➍➎➧➛ ➏➛ ➳➎➋➟➎➍➍➵➋➟↕➝ ↔➛➜➽➋➌↕➟➎ ➣➸
→❈➓ ❋✵✩★✭✮✰✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖➫
→❈❖ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ④✧✲❻✵✩✥✿✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➔P
→❈➔ ④✧★✥✪✽✥❣✪✫✬✭ ➾➚➪➶➹➘➴ ➷➾➚➪➶➹➘➴ ➬➮➱➶✃➹➶❐✃❒➶➹➶❮❰ Ï ➾➬Ð ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➔P
→❈→ ❂✰✵✫✬✭ ✮✧ ✴✭✲❃✪✩✥✱✥✽✥✮✪✮✧ ➁❂✴➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➔❖

→❈→❈➓ ❋✲❃★✧✿✥✦✬✭ ❍✿✰✲✰✽✪✮✪ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➔❖
→❈◗ ❍✽✷✭★✥✩✲✭ ✮✪ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ④✧✲❻✵✩✥✿✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➔◗

→❈◗❈➓ ❍✽✷✭★✥✩✲✭ ✮✭ ▼✽✭❄✰✧✥✭ ④✧✲❻✵✩✥✿✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➔◗
→❈◗❈❖ ❍✽✷✭★✥✩✲✭ ✮✪ ❋✵❁✭✿✪✫✬✭ ✮✧ ✯✾✩✭✮✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➔➻
→❈◗❈➔ ❍✽✷✭★✥✩✲✭ ✐✧✮✧s✵✥✮✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➔➫

Ñ ➊➜➤➧➛➜➛➋➌➝➑➒➎ ➏➝ ➢➲➟➋↕➟➝ ➏➛ ➳➎➋➌➍➎➧➛ ➏➛ ➳➎➋➟➎➍➍➵➋➟↕➝ ➼➯
◗❈➓ ✤✧✦✿★✥✫✬✭ ✮✪ ❋✲❃✽✧✲✧✵✩✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ →➔

◗❈➓❈➓ ✯✾✩✭✮✭ ➁✽✧✥✩✰★✪✹✽✧✥✩✰★✪➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ →→
◗❈➓❈❖ ✯✾✩✭✮✭ ➁✽✧✥✩✰★✪✹✧✦✿★✥✩✪➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ →→
◗❈➓❈➔ ✯✾✩✭✮✭ ➁✧✦✿★✥✩✪✹✽✧✥✩✰★✪➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ →◗
◗❈➓❈→ ✯✾✩✭✮✭ ➁✧✦✿★✥✩✪✹✧✦✿★✥✩✪➂ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ →➻

◗❈❖ ✻✦✩✰✮✭ ✮✧ ✴✪✦✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗P
◗❈❖❈➓ ✐✧✮✧ ✮✧ ④✧✵✦✭★✧✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗P
◗❈❖❈❖ ✴✧✵❅★✥✭ ✮✪ ❍❃✽✥✿✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗➓

◗❈➔ ❍❁✪✽✥✪✫✬✭ ✮✭ ✤✧✦✧✲❃✧✵✼✭ ✮✪ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❈ ❈ ❈ ❈ ❈ ◗➔

❁✥✥✥



Ò ➳➎➋➟➧➐➙➒➎ ÒÓ
➻❈➓ ✴✭✵✩★✥✱✰✥✫⑨✧✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➻P
➻❈❖ ✶✧★✦❃✧✿✩✥❁✪✦ ❂✰✩✰★✪✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➻➓
➦➛Ô➛➍➵➋➟↕➝➙ ➠↕Õ➧↕➎Ö➍×Ø➟➝➙ Ò➣

Ù ➳Ú➏↕Ö➎ ➏➝ ➢➲➟➋↕➟➝ ➏➛ ➳➎➋➌➍➎➧➛ ➏➛ ➳➎➋➟➎➍➍➵➋➟↕➝ Ò➨❍❈➓ ✴✽✪✦✦✧ Û➘Ü➚✃❮➶❒➶➹➶❮❰ÝÞ➴ß❮➶➘➴ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➻➩
❍❈❖ ✴✽✪✦✦✧ à➮❮á➘âã➮✃âã➮✃â ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➻➩
❍❈➔ ✴✽✪✦✦✧ à➮❮á➘âã➮✃âä➱➶❮➮ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➻➭
❍❈→ ✴✽✪✦✦✧ à➮❮á➘âä➱➶❮➮ã➮✃â ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➩➓
❍❈◗ ✴✽✪✦✦✧ à➮❮á➘âä➱➶❮➮ä➱➶❮➮ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➩➔

✥⑤



åæçèèéê➆ç

▼✤ ▼✪✵✿✭ ✮✧ ✤✪✮✭✦
❂✴ ❂✰✵✫✬✭ ✮✧ ✴✭✲❃✪✩✥✱✥✽✥✮✪✮✧
❢✭✤ ❢✰✪✽✥✮✪✮✧ ✮✭✦ ✤✪✮✭✦
❢✭④ ❢✰✪✽✥✮✪✮✧ ✮✧ ④✧★❁✥✫✭
④✺▼✤ ④✥✦✩✧✲✪✦ ✮✧ ✺✧★✧✵✿✥✪✲✧✵✩✭ ✮✧ ▼✪✵✿✭✦ ✮✧ ✤✪✮✭✦ ✴✭✵❁✧✵✿✥✭✵✪✥✦
④✺▼✤✹❹✐ ④✥✦✩✧✲✪ ✮✧ ✺✧★✧✵✿✥✪✲✧✵✩✭ ✮✧ ✮✧ ▼✪✵✿✭ ✮✧ ✤✪✮✭✦ ✧✲ ❹✧✲❃✭✹✐✧✪✽
④❹✐ ④✥✦✩✧✲✪✦ ✧✲ ❹✧✲❃✭✹✐✧✪✽
❖❹▲✶ ❹✾✿✵✥✿✪ ✮✧ ▼✽✭❄✰✧✥✭ ✮✧ ✤✰✪✦ ❂✪✦✧✦ ✶✧✦✦✥✲✥✦✩✪
✴✴❑ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪
❖❹▲✶✹➺✶ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ✶✧✦✦✥✲✥✦✩✪ ✹ ❍✽✩✪ ✶★✥✭★✥✮✪✮✧
❖❹▲✶✹✶✻ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ✶✧✦✦✥✲✥✦✩✪ ✹ ✶★✭✲✭❁✥✮✭ ✳ ✻✦❃✧★✪
❖❹▲✶✹➺✴ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ✶✧✦✦✥✲✥✦✩✪ ✹ ➺✧★✪✵✫✪ ✴✭✵✮✥✿✥✭✵✪✽
✴✴❑✹❹✴ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪ ✹ ❹★✪✵✦✲✥✦✦✬✭ ✴✭✲❃★✭✲✧✹✩✥✮✪
✴✴❑✹▼④ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪ ✹ ▼✪✦✧✪✮✭ ✧✲ ④✪✿★✥●❇✿✥✭
✴✴❑✹▼✻ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪ ✹ ▼✪✦✧✪✮✭ ✧✲ ✻✦❃✧★✪
✻④ ④✧★✥✪✽✥❣✪✫✬✭ ➾➚➪➶➹➘➴
❍❤❋ ❤✪✽✥✮✪✮✧❍✱✦✭✽✰✩✪ ✮✭ ✤✪✮✭
❋✯✶ ❋✲❃★✧✿✥✦✬✭ ✶✧★✲✥✩✥✮✪

➓



ë➆èìí ➅➈ î➆ïðêíè

❖❈➓ ④✥✦✩✧✲✪ ✴✭✵✩★✭✽✪✮✭★ ✧ ④✥✦✩✧✲✪ ✴✭✵✩★✭✽✪✮✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➭
❖❈❖ ❹✥❃✭✦ ✮✧ ✶★✪❣✭✦ ❂✥✵✪✥✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➭
❖❈➔ ④✺▼✤ ❹★✪✮✥✿✥✭✵✪✽ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➓➓
❖❈→ ✴✭✵❼✥✩✭✦ ✧✵✩★✧ ❑❃✧★✪✫✬✭✧✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➓➔
❖❈◗ ✴✪★✪✿✩✧★❇✦✩✥✿✪✦ ✮✧ ✰✲ ④✺▼✤✹❹✐ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➓➻
➔❈➓ ✻⑤✧✿✰✫✬✭ ✴✭✵✿✭★★✧✵✩✧ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖➓
➔❈❖ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ✶✧✦✦✥✲✥✦✩✪ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖❖
➔❈➔ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖❖
➔❈→ ❍✽✷✭★✥✩✲✭ ✮✪ ❹❖✶▲✹➺✶ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖→
➔❈◗ ❍✽✷✭★✥✩✲✭ ✮✪ ❹❖✶▲✹✶✻ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖◗
➔❈➻ ❍✽✷✭★✥✩✲✭ ✮✪ ❹❖✶▲✹➺✴ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❖◗
→❈➓ ✺✧✵✧★✪✽✥❣✪✫✬✭ ✮✪ ④✧★✥✪✽✥❣✪✫✬✭ ✻❃✦✥✽✭✵ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➔➓
→❈❖ ❹★✪✵✦✪✫⑨✧✦ ❃✭✦✦❇❁✧✥✦ ✵✪ ✐✧✮✧ ✮✧ ④✧✵✦✭★✧✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ➔◗
◗❈➓ ✯✸✮✰✽✭✦ ✮✪ ❋✲❃✽✧✲✧✵✩✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ →➩
◗❈❖ ❋✵✩✧★●✪✿✧ ✺★❅s✿✪ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ →➭
◗❈➔ ✴✸✮✥✷✭ ✮✪ ❋✵❁✭✿✪✫✬✭ ✮✭✦ ✯✾✩✭✮✭✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗P
◗❈→ ✐✧✮✧ ✮✧ ④✧✵✦✭★✧✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗❖
◗❈◗ ❹✪✱✧✽✪ ④✧✵✦✭★ ❤✧❇✿✰✽✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗➔
◗❈➻ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ✶★✥✲✧✥★✪ ④✥✲✰✽✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗→
◗❈➩ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ④✧✷✰✵✮✪ ④✥✲✰✽✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗→
◗❈➭ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ❹✧★✿✧✥★✪ ④✥✲✰✽✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗◗
◗❈➫ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ❢✰✪★✩✪ ④✥✲✰✽✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗◗
◗❈➓P ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ❢✰✥✵✩✪ ④✥✲✰✽✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗➻
◗❈➓➓ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ④✧⑤✩✪ ④✥✲✰✽✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗➻
◗❈➓❖ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ④✾✩✥✲✪ ④✥✲✰✽✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗➻
◗❈➓➔ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ❑✥✩✪❁✪ ④✥✲✰✽✪✫✬✭ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗➩
◗❈➓→ ❑❃✧★✪✫⑨✧✦ ✻⑤✧✿✰✩✪✮✪✦ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ❈ ◗➩
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ñ❙❚❲❳ ❭❯ ò❙❜ó❱❳❚ ❖
◗❈➓◗ ❑❃✧★✪✫⑨✧✦ ✻⑤✧✿✰✩✪✮✪✦ ✴✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ✧ ❑❃✧★✪✫⑨✧✦ ❍✱✭★✩✪✮✪✦ ➁❍❤❋➂ ❈ ❈ ◗➭
◗❈➓➻ ❑❃✧★✪✫⑨✧✦ ✻⑤✧✿✰✩✪✮✪✦ ✴✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ✧ ❑❃✧★✪✫⑨✧✦ ❍✱✭★✩✪✮✪✦ ➁❋✯✶➂ ❈ ◗➫



ôíõöìðæç ÷

ø➄ìêç➅ðùúç

❑ ✪❁✪✵✫✭ ✩✧✿✵✭✽✸✷✥✿✭ ✮✪✦ ③✽✩✥✲✪✦ ✮✾✿✪✮✪✦ ✿✭✽✭✿✭✰ ✮✧ ●✭★✲✪ ✮✧s✵✥✩✥❁✪ ✭✦ ✿✭✲❃✰✩✪✮✭★✧✦
✵✭ ✿✭✩✥✮✥✪✵✭ ✮✪ ❁✥✮✪ ✲✭✮✧★✵✪❏ ✦✧⑦✪ ✵✰✲ ✦✥✦✩✧✲✪ ✱✪✵✿❅★✥✭❏ ✮✧ ✩★✪✵✦❃✭★✩✧❏ ✮✧ ✦✪③✮✧❏ ✮✧
✿✭✲✰✵✥✿✪✫✬✭❏ ✮✧ ✲✪✵✰●✪✩✰★✪❏ ✧✵✩★✧ ✩✪✵✩✭✦ ✭✰✩★✭✦❈ ④✧ ✮✧ ✰✲ ✽✪✮✭ ✩✪✽ ✥✵✦✧★✫✬✭ ✩★✪❣ ✥✵③✲✧★✭✦
✱✧✵✧●❇✿✥✭✦ ✳✦ ✵✭✦✦✪✦ ❁✥✮✪✦❏ ✮✧ ✭✰✩★✭ ✿✭✽✭✿✪ ✵✭❁✭✦ ✮✧✦✪s✭✦ ✩✧✿✵✭✽✸✷✥✿✭✦ ❃✪★✪ ✪ ✿✭✵✦✩★✰✫✬✭
✮✧ ✦✥✦✩✧✲✪✦ ✿✭✲❃✰✩✪✿✥✭✵✪✥✦ ✿✪✮✪ ❁✧❣ ✲✪✥✦ ✿✭✵s❅❁✧✥✦ ✧ ✦✧✷✰★✭✦❏ ✦✧✲ ✭✦ ❄✰✪✥✦ ❃★✧⑦✰❇❣✭✦ ✧
✮✧✦✪✦✩★✧✦ ✩✭★✵✪★✹✦✧✹✬✭ ✥✵✧❁✥✩❅❁✧✥✦ ➁ûüýþÿ� ✁✂ ✄☎✆❏ ❖PP→➂❈

❑✦ ④✥✦✩✧✲✪✦ ✧✲ ❹✧✲❃✭✹✐✧✪✽ ➁④❹✐➂ ✾ ✰✲ ✿✪✦✭ ✧✦❃✧✿✥✪✽ ✮✧ ✦✥✦✩✧✲✪✦ ✿✭✲❃✰✩✪✿✥✭✵✪✥✦ ✧✲
❄✰✧ ✭ ✿✭✲❃✰✩✪✮✭★ ✥✵✩✧★✪✷✧ ✮✥★✧✩✪✲✧✵✩✧ ✿✭✲ ✭ ✪✲✱✥✧✵✩✧❏ ✵✬✭ ✦✭✲✧✵✩✧ ❃✭★ ✲✧✥✭ ✮✧ ✰✲✪
✥✵✩✧★●✪✿✧ ✼✭✲✧✲✹✲❅❄✰✥✵✪ ➁❁❇✮✧✭ ✧ ✩✧✿✽✪✮✭➂❏ ✲✪✦ ✦✭✱★✧✩✰✮✭ ✪✩★✪❁✾✦ ✮✧ ✮✥✦❃✭✦✥✩✥❁✭✦ ❄✰✧
✿✪❃✩✪✲ ✥✵●✭★✲✪✫⑨✧✦ ✧ ❄✰✧ ✥✵✩✧★●✧★✧✲ ✵✭ ✪✲✱✥✧✵✩✧❏ ✮✧✵✭✲✥✵✪✮✭✦ ✮✧ ✦✧✵✦✭★✧✦❈ ✻⑤✧✲❃✽✭✦
✮✧✦✦✧✦ ✦✥✦✩✧✲✪✦ ❁✬✭ ✮✧✦✮✧ ✦✥✲❃✽✧✦ ●✭★✵✭✦ ✮✧ ✲✥✿★✭✭✵✮✪✦ ✪✩✾ ✦✥✦✩✧✲✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✪✰✩✭✲❅✹✩✥✿✭ ✮✧ ❁✝✭❈ ✻✦✦✧✦ ✦✥✦✩✧✲✪✦ ✧⑤✧✿✰✩✪✲ ✪✦ ✪✫⑨✧✦ ✮✧✦✧⑦✪✮✪✦ ✮✧✵✩★✭ ✮✧ ✥✵✩✧★❁✪✽✭✦ ✮✧ ✩✧✲❃✭✦
✮✧✩✧★✲✥✵✪✮✭✦ ❃✧✽✭ ✪✲✱✥✧✵✩✧❈ ✶✭★ ✧⑤✧✲❃✽✭❏ ✭ ✿✭✵✩★✭✽✧ ✮✧ ❃✭✰✦✭ ✮✧ ✰✲ ✪❁✥✬✭ ✩✧✲ ❄✰✧
✪✿✥✭✵✪★ ✭ ✩★✧✲ ✮✧ ❃✭✰✦✭ ✩✬✭ ✽✭✷✭ ✦✧⑦✪ ✮✧✩✧✿✩✪✮✭ ✪ ❃★✭⑤✥✲✥✮✪✮✧ ✮✭ ✦✭✽✭ ✪✩★✪❁✾✦ ✮✧ ✰✲
✦✧✵✦✭★ ✮✧ ✪✽✩✥✩✰✮✧❏ ✿✪✦✭ ✿✭✵✩★❅★✥✭❏ ❃✭✮✧ ★✧✦✰✽✩✪★ ✧✲ ✿✭✵✦✧❄❸❆✵✿✥✪✦ ✿✪✩✪✦✩★✸s✿✪✦❈

❑✦ ④✥✦✩✧✲✪✦ ✮✧ ✺✧★✧✵✿✥✪✲✧✵✩✭ ✮✧ ▼✪✵✿✭✦ ✮✧ ✤✪✮✭✦ ✴✭✵❁✧✵✿✥✭✵✪✥✦ ➁④✺▼✤➂ ✦✬✭ ❃★✭✹⑦✧✩✪✮✭✦ ❃✪★✪ ✷✧★✧✵✿✥✪★ ✷★✪✵✮✧✦ ❁✭✽✰✲✧✦ ✮✧ ✮✪✮✭✦ ✧ ✿✭✵✩★✭✽✪★ ✪ ✧⑤✧✿✰✫✬✭ ✿✭✵✿✭★★✧✵✩✧ ✮✪✦
✩★✪✵✦✪✫⑨✧✦❏ ✵✭ ✧✵✩✪✵✩✭ ✵✬✭ ✦✰❃✭★✩✪✲ ✭ ✩★✪✩✪✲✧✵✩✭ ✮✪✦ ★✧✦✩★✥✫⑨✧✦ ✮✧ ✩✧✲❃✭ ✥✵✧★✧✵✩✧✦ ✧✲
★✧✮✧ ✮✧ ✦✧✵✦✭★✧✦ ✧ ✧✲ ✮✥❁✧★✦✪✦ ✪❃✽✥✿✪✫⑨✧✦ ✩✪✥✦ ✿✭✲✭❊ ✦✥✦✩✧✲✪✦ ✮✧ ✲✭✵✥✩✭★✪✲✧✵✩✭ ✮✧ ❃✪✿✥✹✧✵✩✧✦❏ ✦✥✦✩✧✲✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✩★✪●✧✷✭ ✪✾★✧✭ ✧ ●✧★★✭❁✥❅★✥✭❏ ✱✭✽✦✪ ✮✧ ❁✪✽✭★✧✦ ➘➴Ï➹➶➴➮❏ ✮✧✵✩★✧
✭✰✩★✭✦ ➁✞✟ü✠✡�☛☞ý✌ ✞�✠✌ ✍ü✠✞✞�✠❏ ➓➫➫➫✎ ✠þ✟� ✁✂ ✄☎✆❏ ❖PP→✎ ✏üû ✁✂ ✄☎✆❏ ❖PP❖✎ ✏☞✠ÿ✞✟✑�û❏
❖PP❖➂❈ ✤✧✦✩✪ ●✭★✲✪❏ ❃✭✮✧ ✦✧★ ✥✵❁✥❅❁✧✽ ✰✩✥✽✥❣✪★ ✪ ✩✧✿✵✭✽✭✷✥✪ ✮✧ ④✺▼✤ ✿✭✵❁✧✵✿✥✭✵✪✽ ✧✲ ✩✪✥✦
✪❃✽✥✿✪✫⑨✧✦❈

✶✭★ ✭✰✩★✭ ✽✪✮✭❏ ✰✲ ④✥✦✩✧✲✪✦ ✮✧ ✺✧★✧✵✿✥✪✲✧✵✩✭ ✮✧ ▼✪✵✿✭ ✮✧ ✤✪✮✭✦ ✧✲ ❹✧✲❃✭✹✐✧✪✽
➁④✺▼✤✹❹✐➂ ❃✭✦✦✰✥ ✿✭✲✭ ❃★✥✵✿✥❃✪✥✦ ✿✪★✪✿✩✧★❇✦✩✥✿✪✦ ❃✪★✪ ✭ ✩★✪✩✪✲✧✵✩✭ ✮✧ ✮✪✮✭✦ ✧ ✩★✪✵✦✪✹✫⑨✧✦ ✿✭✲ ★✧✦✩★✥✫⑨✧✦ ✧⑤❃✽❇✿✥✩✪✦ ✮✧ ✩✧✲❃✭❈ ❹✪✽ ✿✪★✪✿✩✧★❇✦✩✥✿✪ ✥✲❃⑨✧ ✪✦ ✩✾✿✵✥✿✪✦ ✮✧ ✿✭✵✩★✭✽✧
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❖PP❖➂❈
✣✤✯ ✰✱✲✳✪✴✪✫✬✦ ✵✦ ✶✴✦✷✳✱✸✪
❺✭✦ ③✽✩✥✲✭✦ ✪✵✭✦❏ ❁❅★✥✪✦ ❃✧✦❄✰✥✦✪✦ ✩❆✲ ✦✥✮✭ ❁✭✽✩✪✮✪✦ ❃✪★✪ ✩✾✿✵✥✿✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★✹★❆✵✿✥✪ ❃✪★✪ ④✺▼✤✹❹✐ ➁✞�✠✌ ✏þþ❏ ➓➫➫→✎ ý✍☞✭✌ ✡ü�✌ ✏üû❏ ➓➫➫➭✎ ✏üû ✁✂ ✄☎✆❏ ❖PP❖✎ ✏☞✠ÿ✞✹✟✑�û❏ ❖PP➔➂❈ ✯✰✥✩✪✦ ✮✧✦✦✪✦ ✩✾✿✵✥✿✪✦ ✦✬✭ ✱✪✦✧✪✮✪✦ ✧✲ ✩✾✿✵✥✿✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✹✿✥✪ ✩★✪✮✥✿✥✭✵✪✥✦❈ ❍ ✲✪✥✭★✥✪ ✮✧✦✦✪✦ ✩✾✿✵✥✿✪✦ ✱✪✦✧✥✪✹✦✧ ✵✭ ✲✧✿✪✵✥✦✲✭ ✮✧ ➪➮➱➶✃➹➶❐✃✺✻➘ ✿✭✲✭✿★✥✩✾★✥✭ ✮✧ ✿✭★★✧✩✰✮✧ ❃✪★✪ ✮✧✩✧★✲✥✵✪★ ❄✰✪✥✦ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ❄✰✧ ❃✭✮✧✲ ✧⑤✧✿✰✩✪★ ✿✭✵✿✭★★✧✵✹✩✧✲✧✵✩✧ ➁✞✭ÿü✑✞✍ü✠✌ ✡�✑✟✍✌ ✞☞✏✙þ✑✞ý✍ü✟✼❏ ❖PP➓➂❈

❍✦ ✩✾✿✵✥✿✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✲✪✥✦ ✰✩✥✽✥❣✪✮✪✦ ❃✪★✪ ④✺▼✤✹❹✐ ✦✬✭❊
•

❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ▼✪✦✧✪✮✪ ✧✲ ▼✽✭❄✰✧✥✭ ✮✧ ✤✰✪✦ ❂✪✦✧✦ ✶✧✦✦✥✲✥✦✩✪
➁❖❹▲✶➂ ➁✠✽✞✟✑✾û ✁✂ ✄☎✆❏ ❖PP→➂✎

•
❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪ ➁✴✴❑➂ ➁✏☞✠ÿ✞✟✑�û❏ ❖PP❖❏ ❖PP➔✎
✑üü✟☞✡ü☞✠þ✠✌ ✏☞✠ÿ✞✟✑�û❏ ❖PP❖➂❈

❺✪ ❹✾✿✵✥✿✪ ✮✧ ▼✽✭❄✰✧✥✭ ✮✧ ✤✰✪✦ ❂✪✦✧✦ ✶✧✦✦✥✲✥✦✩✪ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ✪✮❄✰✥★✧✲ ✭✦ ✱✽✭❄✰✧✥✭✦
✪✵✩✧✦ ✮✧ ✧⑤✧✿✰✩✪★✧✲ ✦✰✪✦ ✭❃✧★✪✫⑨✧✦ ✵✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✭✰ ✧✦❃✧★✪✲ ❃✧✽✭ ✱✽✭❄✰✧✥✭ ✦✧ ✧✦✩✧
✵✬✭ ❃✰✮✧★ ✦✧★ ✪✮❄✰✥★✥✮✭❈ ❺✭ ✧✵✩✪✵✩✭❏ ✧✦✦✪ ✩✾✿✵✥✿✪ ❃✭✮✧ ✷✧★✪★ ✩✧✲❃✭✦ ✥✵✮✧✩✧★✲✥✵✪✮✭✦ ✮✧
✧✦❃✧★✪ ❃✧✽✭ ✱✽✭❄✰✧✥✭❈ ✤✧✦✦✪ ●✭★✲✪❏ ✪ ✰✩✥✽✥❣✪✫✬✭ ✮✧✦✦✧ ✲✧✿✪✵✥✦✲✭ ❃✭✮✧ ✦✧★ ❁✪✵✩✪⑦✭✦✪ ❃✭★
✲✪✵✩✧★ ✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✽✸✷✥✿✪ ✮✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✦✧✲ ✥✲❃✪✦✦✧✦❏ ✧✲ ✿✭✵✩★✪❃✪★✩✥✮✪ ❃✭✮✧
✿✭✲❃★✭✲✧✩✧★ ✪✦ ★✧✦✩★✥✫⑨✧✦ ✮✧ ✩✧✲❃✭ ✥✲❃✭✦✩✪✦ ✳✦ ✩★✪✵✦✪✫⑨✧✦❈

❍ ✭✰✩★✪ ✩✾✿✵✥✿✪ ✰✩✥✽✥❣✪✮✪ ✾ ✪ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪❏ ✭✵✮✧
✪ ★✧✦✭✽✰✫✬✭ ✮✧ ✿✭✵❼✥✩✭ ✾ ✪✩★✪✦✪✮✪ ✪✩✾ ✪ ✩★✪✵✦✪✫✬✭ ✧✦✩❅ ❃★✸⑤✥✲✪ ✮✧ ✿✭✲❃★✭✲✧✩✧★❈ ❺✧✦✦✪
✩✾✿✵✥✿✪ ✵✬✭ ✧⑤✥✦✩✧ ✪ ✥✵✮✧✩✧★✲✥✵✪✫✬✭ ✮✭ ✩✧✲❃✭ ✮✧ ✧✦❃✧★✪❏ ❃✭★✾✲ ✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✩★✪✵✦✪✫⑨✧✦
❄✰✧ ❃✭✮✧✲ ✦✧★ ★✧✥✵✥✿✥✪✮✪✦ ✾ ✷★✪✵✮✧❏ ✭ ❄✰✧ ❃✭✮✧ ✦✧★ ●✪✩✪✽ ✧✲ ✦✥✦✩✧✲✪✦ ✿✭✲ ★✧✦✩★✥✫⑨✧✦
✩✧✲❃✭★✪✥✦❈

✻✲ ④✺▼✤✹❹✐❏ ✭✦ ✪✦❃✧✿✩✭✦ ✩✧✲❃✭★✪✥✦ ✮✭✦ ✮✪✮✭✦ ✧ ✪✦ ★✧✦✩★✥✫⑨✧✦ ✮✧ ✩✧✲❃✭ ✮✪✦ ✩★✪✵✦✪✹✫⑨✧✦ ✩✪✲✱✾✲ ✮✧❁✧✲ ✦✧★ ✿✭✵✦✥✮✧★✪✮✭✦❈ ✶✭★✩✪✵✩✭❏ ✰✲✪ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪



✒❳❫✓❲ó✔❬ ✕✖ ✗❴❲❱❬❭ó❨❩❬ →
❃✪★✪ ✧✦✦✧✦ ✦✥✦✩✧✲✪✦ ✮✧❁✧ ✩✪✲✱✾✲ ✲✪✵✩✧★ ✪ ß➘➴➪➶➪❮✜➴ß➶✃ ❮➮Ü➚➘➱✃➹ â➘➪ â✃â➘➪ ➮ ❮➱✃➴➪✃✺✿➮➪➁ÿ☞✚☞✚✚�❏ ➓➫➫◗➂❈ ✤✧ ●✭★✲✪ ❄✰✧❏ ✦✰❃✭★✩✧ ✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✽✸✷✥✿✪ ✧ ✩✧✲❃✭★✪✽ ✮✭✦ ✮✪✮✭✦ ✧
✩★✪✵✦✪✫⑨✧✦❏ ✪✽✾✲ ✮✧ ❃✧★✲✥✩✥★ ✪ ✵✧✷✭✿✥✪✫✬✭ ✧✵✩★✧ ✧✽✪✦❏ ❃✭✦✦✥✱✥✽✥✩✪✵✮✭ ✧⑤❃★✧✦✦✪★ ✪ ✥✲❃★✧✿✥✹✦✬✭ ★✧✦✰✽✩✪✵✩✧ ✮✧✦✦✪ ✵✧✷✭✿✥✪✫✬✭❈

❋✵✥✿✥✪✽✲✧✵✩✧ ●✭★✪✲ ★✧✪✽✥❣✪✮✪✦ ✪✽✷✰✲✪✦ ❃✧✦❄✰✥✦✪✦ ✪❃✭✵✩✪✵✮✭ ❄✰✧ ✪ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧
✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✦✧✲❻✵✩✥✿✪ ✾ ✪✮✧❄✰✪✮✭ ❃✪★✪ ✭✦ ④✺▼✤✹❹✐ ➁✚þ✑✡✭✞☞ý✍❏ ❖PPP➂❈ ✴✭✲ ⑦❅
✲✧✵✿✥✭✵✪✮✪✭❏ ✧✦✦✪ ✩✾✿✵✥✿✪ ✾ ✱✪✦✧✪✮✪ ✧✲ ✰✲✪ ❂✴❏ ❄✰✧ ●✪❣ ✪ ✵✧✷✭✿✥✪✫✬✭ ✧✵✩★✧ ✪ ✲✪✵✰✩✧✵✫✬✭
✮✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✽✸✷✥✿✪ ✭✰ ✿✭✵✦✥✦✩❆✵✿✥✪ ✩✧✲❃✭★✪✽❏ ✧ ✿✭✵✩★✭✽✪★ ✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭★✧✦✰✽✩✪✵✩✧ ✮✧✦✦✪ ✵✧✷✭✿✥✪✫✬✭❈ ✻✲ ✩★✪✱✪✽✼✭✦ ★✧✿✧✵✩✧✦❏ ✩✪✲✱✾✲ ●✭★✪✲ ●✧✥✩✪✦ ❃✧✦❄✰✥✦✪✦ ✿✭✲
✱✪✦✧ ✵✧✦✦✪ ✩✾✿✵✥✿✪ ✧ ✭✱✩✥❁✧★✪✲ ✱✭✵✦ ★✧✦✰✽✩✪✮✭✦❏ ✧✵✩★✧ ✧✽✧✦❊
•

✻✲ ➁✑☞✙þ☞✑� ✠þ✟�❏ ❖PP➓➂❏ ●✭✥ ●✧✥✩✪ ✰✲✪ ✪✵❅✽✥✦✧ ●✭★✲✪✽ ✮✧ ✰✲ ✲✭✮✧✽✭ ❃✪★✪ ④✺▼✤✹❹✐ ❄✰✧ ✰✩✥✽✥❣✪ ✧✦✦✪ ✩✾✿✵✥✿✪ ✧✲ ✰✲✪ ✪❃✽✥✿✪✫✬✭ ✱✰✦✿✪✵✮✭ ✮✧✩✧★✲✥✵✪★ ❄✰✪✥✦ ✩★✪✵✦✪✫⑨✧✦
❃✭✮✧✲ ✦✧★ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧❈

•
✻✲ ➁✑☞✙þ☞✑� ✠þ✟�✌ ✚þ✑✡✭✞☞ý✍✌ ✚þ✑✡✭✞☞ý✍❏ ❖PP➔✱✎ ✑☞✙þ☞✑� ✠þ✟�✌ ✚þ✑✡✭✞☞ý✍✌
û✆✏✆✙✆❏ ❖PP➔➂❏ ●✭★✪✲ ●✧✥✩✪✦ ✪✵❅✽✥✦✧✦ ✿✭✲ ✲✧✿✪✵✥✦✲✭✦ ✮✧ ❄✰✪✽✥✮✪✮✧ ✮✧ ✦✧★❁✥✫✭✦ ➁❢✭④➂
❃✪★✪ ✭✦ ④✺▼✤✹❹✐❏ ✧ ✭✱✩✥❁✧★✪✲ ✪✽✷✰✵✦ ★✧✦✰✽✩✪✮✭✦ ❃✪★✪ ✪✵❅✽✥✦✧❈ ❂✭✥ ❁✧★✥s✿✪✮✭ ✰✲
✪✰✲✧✵✩✭ ✿✭✵✦✥✮✧★❅❁✧✽ ✮✧ ✧⑤✧✿✰✫⑨✧✦ ✿✭✵✿✭★★✧✵✩✧✦❏ ✲✪✵✩✧✵✮✭ ✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✮✭ ④✺▼✤✹❹✐❈

•
✻✲ ➁✑☞✙þ☞✑� ✠þ✟�❏ ❖PP➔✎ ✑☞✙þ☞✑� ✠þ✟�✌ ✚þ✑✡✭✞☞ý✍✌ ✚þ✑✡✭✞☞ý✍❏ ❖PP➔✪➂ ●✭✥ ✮✧✹s✵✥✮✭ ●✭★✲✪✽✲✧✵✩✧ ✪ ●✰✵✫✬✭ ✮✧ ✿✭✲❃✪✩✥✱✥✽✥✮✪✮✧❏ ✰✦✪✮✪ ❃✪★✪ ✧⑤❃★✧✦✦✪★ ❄✰✪✥✦ ✩★✪✵✹✦✪✫⑨✧✦ ❃✭✮✧✲ ✦✧★ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧❏ ✿✭✵✦✥✮✧★✪✵✮✭ ❃★✭❃★✥✧✮✪✮✧✦ ✮✧ ❢✭④
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✩✪★✧●✪ ✿✭✲ ❃★✪❣✭ ✧✦✩★✥✩✭ ❃✧★✮✧ ✦✧✰ ❃★✪❣✭ ✷✧★✪ ✰✲ ❁✪✽✭★ ✵✧✷✪✩✥❁✭ ❃✪★✪ ✭✦ ✦✥✦✩✧✲✪ ✧
❃✭✮✧ ★✧✦✰✽✩✪★ ✧✲ ✪✽✷✭ ✿✪✩✪✦✩★✸s✿✭❈

•
❺✪ ❂✥✷✰★✪ ❖❈❖ ➁▼➂ ✾ ✥✽✰✦✩★✪✮✪ ✰✲✪ ✩✪★✧●✪ ✿✭✲ ❃★✪❣✭ s★✲✧❊ ✰✲✪ ✩✪★✧●✪ ✿✭✲ ❃★✪❣✭s★✲✧ ✲✧✦✲✭ ❃✧★✮✧✵✮✭ ✦✧✰ ❃★✪❣✭ s✵✪✽ ✵✬✭ ✷✧★✪ ✵✧✵✼✰✲ ✧●✧✥✩✭ ✭✰ ❁✪✽✭★ ✵✧✷✪✩✥❁✭❃✪★✪ ✭ ✦✥✦✩✧✲✪❈ ✺✧★✪✽✲✧✵✩✧ ✧✦✩✪✦ ✩✪★✧●✪✦ ✦✬✭ ★✧✥✵✥✿✥✪✮✪✦ ❄✰✪✵✮✭ ❃✧★✮✧✲ ✦✧✰ ❃★✪❣✭❏

♣qrst✉✈✇r①



✒❳❫✓❲ó✔❬ ❝✖ ❤❙❚❲❯❵❳❚ ❭❯ ✐❯❱❯❴❥❙❳❵❯❴❲❬ ❭❯ ❦❳❴❥❬ ❭❯ ❘❳❭❬❚ ❯❵ ❧❯❵❫❬♠♥❯❳✔ ➫
✭✰ ✦✧⑦✪❏ ✵✬✭ ✮✧✷★✪✮✪ ✭ ✮✧✦✧✲❃✧✵✼✭ ✮✭ ✦✥✦✩✧✲✪❈

•
❺✪ ❂✥✷✰★✪ ❖❈❖ ➁✴➂ ✾ ✥✽✰✦✩★✪✮✪ ✰✲✪ ✩✪★✧●✪ ✿✭✲ ❃★✪❣✭ ✦✰✪❁✧❊ ✰✲✪ ✩✪★✧●✪ ✩✧✲ ❃★✪❣✭✦✰✪❁✧ ❄✰✪✵✮✭ ✭ ★✧✦✰✽✩✪✮✭ ❃★✭✮✰❣✥✮✭ ✪❃✸✦ ✦✧✰ ❃★✪❣✭ s✵✪✽ ✦✧✲❃★✧ ✩✧✲ ✦✧✲❃★✧ ✪✽✷✰✲
❁✪✽✭★❏ ❄✰✧ ❁✪✥ ❃✧★✮✧✵✮✭ ✦✰✪ ✰✩✥✽✥✮✪✮✧ ✪ ✲✧✮✥✮✪ ❄✰✧ ✦✧ ✮✥✦✩✪✵✿✥✪ ✮✭ ✦✧✰ ❃★✪❣✭ s✵✪✽❈

✻⑤✥✦✩✧ ✭✰✩★✪✦ ★✧✦✩★✥✫⑨✧✦ ✩✧✲❃✭★✪✥✦ ❄✰✧ ✦✬✭ ✥✲❃✭★✩✪✵✩✧✦ ✵✪ ✮✧s✵✥✫✬✭ ✮✭ ✿✭✲❃✭★✩✪✲✧✵✩✭✩✧✲❃✭★✪✽ ✮✧ ✰✲✪ ✩✪★✧●✪❊
•

❹✧✲❃✭ ✴✭✲❃✰✩✪✿✥✭✵✪✽❊ ✭ ✩✧✲❃✭ ✿✭✲❃✰✩✪✿✥✭✵✪✽ ✮✧ ✰✲✪ ✩✪★✧●✪ ✾ ✭ ✩✧✲❃✭ ✵✧✿✧✦✦❅★✥✭❃✪★✪ ✪ ✧⑤✧✿✰✫✬✭ ✿✭✲❃✽✧✩✪ ✮✪ ✩✪★✧●✪❈
•

❹✧✲❃✭ ✮✧ ❋✵❇✿✥✭❊ ✿✭★★✧✦❃✭✵✮✧ ✪✭ ✥✵✦✩✪✵✩✧ ✮✧ ✥✵✥✿✥✭ ✮✭ ❃★✭✿✧✦✦✪✲✧✵✩✭ ✮✪ ✩✪★✧●✪ ✧✲
✰✲✪ ✪✩✥❁✪✫✬✭❈

•
❹✧✲❃✭ ✮✧ ❹✾★✲✥✵✭❊ ✾ ✭ ✥✵✦✩✪✵✩✧ ✮✧ ✩✧✲❃✭ ✧✲ ❄✰✧ ✦✧ ✿✭✲❃✽✧✩✪ ✪ ✧⑤✧✿✰✫✬✭ ✮✪ ✩✪★✧●✪❈

•
❹✧✲❃✭ ✮✧ ✴✼✧✷✪✮✪❊ ✭ ✩✧✲❃✭ ✮✧ ✿✼✧✷✪✮✪ ✮✧ ✰✲✪ ✩✪★✧●✪ ✾ ✭ ✥✵✦✩✪✵✩✧ ✧✲ ❄✰✧ ✭✧✦✿✪✽✭✵✪✮✭★ ✩✭✲✪ ✿✭✵✼✧✿✥✲✧✵✩✭ ✮✧✦✦✪ ✩✪★✧●✪❈

•
❹✧✲❃✭ ✮✧ ▲✥✱✧★✪✫✬✭❊ ✭ ✩✧✲❃✭ ✮✧ ✽✥✱✧★✪✫✬✭ ✮✧ ✰✲✪ ✩✪★✧●✪ ✿✭✥✵✿✥✮✧ ✿✭✲ ✭ ✥✵✦✩✪✵✩✧
✮✧ ✦✰✪ ✥✵✿✽✰✦✬✭ ✵✪ s✽✪ ✮✧ ✩✪★✧●✪✦ ❃★✭✵✩✪✦ ❃✪★✪ ✧⑤✧✿✰✩✪★❈
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✥✲❃✭★✩✪✵✩✧ ❄✰✧ ✭ ★✧✦✰✽✩✪✮✭ ✧⑤✪✩✭ ●✭★✪ ✮✭ ❃★✪❣✭❏ ✰✲ ★✧✦✰✽✩✪✮✭ ✪❃★✭⑤✥✲✪✮✭ ❃✭✮✧ ✦✧★ ✪✿✧✥✹✩❅❁✧✽❏ ✭✰ ✦✧⑦✪❏ ✪ ✥✲❃★✧✿✥✦✬✭ ❃✭✮✧ ✦✧★ ✩✭✽✧★✪✮✪❈ ✶✭★ ✧⑤✧✲❃✽✭❏ ✧✲ ✰✲ ✦✥✦✩✧✲✪ ✮✧ ✿✭✵✩★✭✽✧
✮✧ ✩★❅●✧✷✭ ✪✾★✧✭❏ ✪ ❃✭✦✥✫✬✭ ✪❃★✭⑤✥✲✪✮✪ ✮✧ ✰✲ ✪❁✥✬✭ ✵✭ ✥✵✦✩✪✵✩✧ ✿✧★✩✭❏ ❃✭✮✧ ✦✧★ ✲✪✥✦
✪❃★✭❃★✥✪✮✪ ❄✰✧ ✭ ❁✪✽✭★ ✿✭★★✧✩✭ ✩✪★✮✧ ✮✧✲✪✥✦❈ ✺✧★✪✽✲✧✵✩✧ ✪ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✪ ✮✧❁✧ ✦✧★
✽✥✲✥✩✪✮✪❈ ✴✭✵✦✥✮✧★✪✵✮✭ ✭ ✧⑤✧✲❃✽✭ ✪✵✩✧★✥✭★❏ ✪ ❃✭✦✥✫✬✭ ✪❃★✭⑤✥✲✪✮✪ ✮✭ ✪❁✥✬✭ ✮✧❁✧ ✦✧★ ✮✥●✧✹★✧✵✩✧ ✮✪ ❁✧★✮✪✮✧✥★✪ ❃✭✦✥✫✬✭ ✧✲ ✪❃✧✵✪✦ ✪✽✷✰✵✦ ✲✧✩★✭✦❈ ❈ ✥✲❃✭★✩✪✵✩✧ ✭✱✦✧★❁✪★ ❄✰✧ ✭✦ ④❹✐
✿✭✵✦✥✮✧★✪✲ ✪✦ ★✧✦✩★✥✫⑨✧✦ ✩✧✲❃✭★✪✥✦ ✮✪✦ ✩✪★✧●✪✦ ✲✪✦ ✥✷✵✭★✪✲ ❃★✭✱✽✧✲✪✦ ✮✧ ✿✭✵✦✥✦✩❆✵✿✥✪
✽✸✷✥✿✪ ✮✭✦ ✮✪✮✭✦❈
✯✤✯ ❼★❃✧✱✸✪❃ ✵✱ ❽✱✴✱❇✲★✪✸✱❇✧✦ ✵✱ ❾✪❇✲✦ ✵✱ ✰✪✵✦❃
❀✲ ▼✪✵✿✭ ✮✧ ✤✪✮✭✦ ➁▼✤➂ ✾ ✰✲✪ ✿✭✽✧✫✬✭ ✮✧ ✮✪✮✭✦ ✥✵✩✧★✹★✧✽✪✿✥✭✵✪✮✭✦ ★✧✽✪✩✥❁✭✦ ✪ ✰✲ ✮✭✹✲❇✵✥✭ ✧✦❃✧✿❇s✿✭❈ ❀✲ ✦✥✦✩✧✲✪ ✮✧ ✷✧★✧✵✿✥✪✲✧✵✩✭ ✮✧ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ➁④✺▼✤➂ ✾ ✰✲✪ ✿✭✽✧✫✬✭
✮✧ ❃★✭✷★✪✲✪✦ ✰✦✪✮✭✦ ❃✪★✪ ✪✿✧✦✦✪★ ✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ➁✏☞✠ÿ✞✟✑�û❏ ❖PP➔➂❈ ❑✦ ④✺▼✤ ✦✬✭✿✪★✪✿✩✧★✥❣✪✮✭✦ ❃✭★ ✪✮✲✥✩✥★ ✪✿✧✦✦✭ ✿✭✵✿✭★★✧✵✩✧ ✧ ✧s✿✥✧✵✩✧ ✪ ✷★✪✵✮✧✦ ❁✭✽✰✲✧✦ ✮✧ ✮✪✮✭✦ ✧✵✹❄✰✪✵✩✭ ✲✪✵✩✾✲ ✪ ✿✭★★✧✩✰✮✧ ✮✭✦ ✲✧✦✲✭✦❏ ✦✰❃✭★✩✪★ ✽✥✵✷✰✪✷✧✵✦ ✮✧ ✿✭✵✦✰✽✩✪✦ ✮✧✿✽✪★✪✩✥❁✪✦
❃✪★✪ ✮✧s✵✥★ ✪✦ ✭❃✧★✪✫⑨✧✦ ❄✰✧ ✮✧❁✧✲ ✪✿✧✦✦✪★ ✭ ▼✤❏ ✧ ❃✧★✲✥✩✥★ ❄✰✧ ✭✦ ✮✪✮✭✦ ❃✧★✦✥✦✩✪✲
✵✭ ▼✤ ✿✭✲ ✦✧✷✰★✪✵✫✪❈ ❀✲ ④✺▼✤ ✩★✪✮✥✿✥✭✵✪✽ ✪❃★✧✦✧✵✩✪ ✭✦ ✦✧✷✰✥✵✩✧✦ ✿✭✲❃✭✵✧✵✩✧✦ ➁✍�✹✏ü✠ÿü✌ ✙✑ü✽✠þ✑✌ ✘☞ü✏✍�❏ ❖PP→➂❏ ✿✭✲✭ ✲✭✦✩★✪✮✭ ✵✪ ❂✥✷✰★✪ ❖❈➔❈
•

❑ ✷✧★✧✵✿✥✪✮✭★ ✮✧ ✿✪✿✼✧❊ ✩✧✲ ✿✭✲✭ s✵✪✽✥✮✪✮✧ ✲✪✵✩✧★ ✭ ✿✪✿✼❆❏ ✲✭❁✧✵✮✭ ✮✪✮✭✦ ✮✪
✰✵✥✮✪✮✧ ✮✧ ✪★✲✪❣✧✵✪✲✧✵✩✭ ❁✭✽❅✩✥✽ ❃✪★✪ ✪ ✧✦✩❅❁✧✽❏ ✧✲ ★✧✦❃✭✦✩✪ ✳✦ ✦✭✽✥✿✥✩✪✫⑨✧✦ ✮✭✦
✵❇❁✧✥✦ ✲✪✥✦ ✪✽✩✭✦✎

•
❑ ✷✧★✧✵✿✥✪✮✭★ ✮✧ ★✧✿✰❃✧★✪✫✬✭❊ ✾ ★✧✦❃✭✵✦❅❁✧✽ ❃✭★ ✷✪★✪✵✩✥★ ❄✰✧ ✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦
✲✪✵✩✧✵✼✪ ✩✭✮✭✦ ✭✦ ✧●✧✥✩✭✦ ✮✧ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✿✭✵s★✲✪✮✪ ✧ ✵✧✵✼✰✲ ✮✭✦ ✧●✧✥✩✭✦ ✮✧
✰✲✪ ✩★✪✵✦✪✫✬✭ ✪✱✭★✩✪✮✪✎

•
❹✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪❊ ✩✧✲ ❃✭★ ✭✱⑦✧✩✥❁✭ ✮✧ ✿✭✵✩★✭✽✪★ ✪ ✧⑤✧✿✰✫✬✭✿✭✵✿✭★★✧✵✩✧ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦✎

• ✺✧★✧✵✿✥✪✮✭★ ✮✧ ✩★✪✵✦✪✫⑨✧✦❊ ✩✧✲ ✿✭✲✭ ●✰✵✫✬✭ ✱❅✦✥✿✪❏ ★✧✿✧✱✧★ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ✧ ✧✵✿✪✲✥✵✼❅✹✽✪✦ ❃✪★✪ ✪ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪❈



✒❳❫✓❲ó✔❬ ❝✖ ❤❙❚❲❯❵❳❚ ❭❯ ✐❯❱❯❴❥❙❳❵❯❴❲❬ ❭❯ ❦❳❴❥❬ ❭❯ ❘❳❭❬❚ ❯❵ ❧❯❵❫❬♠♥❯❳✔ ➓➓

Gerenciador de

Transações

Controle de

concorrência

Gerenciador de

Recuperação

Gerenciador de

cache BD

❂✥✷✰★✪ ❖❈➔❊ ④✺▼✤ ❹★✪✮✥✿✥✭✵✪✽
✴✭✵✦✥✮✧★✪✵✮✭ ❄✰✧ ✭ ✭✱⑦✧✩✥❁✭ ❃★✥✵✿✥❃✪✽ ✮✧✦✩✧ ✩★✪✱✪✽✼✭ ✾ ✵✭ ✿✭✲❃✭✵✧✵✩✧ ✮✪ ✩✾✿✵✥✿✪ ✮✧

✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪❈
❑✦ ▼✤ ✿✭✵✦✥✦✩✧✲ ✮✧ ✰✲✪ ✿✭✽✧✫✬✭ ✮✧ ✭✱⑦✧✩✭✦ ❄✰✧ ★✧❃★✧✦✧✵✩✪✲ ✧✵✩✥✮✪✮✧✦ ✮✭ ✲✰✵✮✭★✧✪✽❈ ✴✪✮✪ ✭✱⑦✧✩✭ ✮✭ ▼✤ ✩✧✲ ✰✲ ✵✭✲✧ ✧ ✰✲ ❁✪✽✭★❈ ✶✭★ ✧⑤✧✲❃✽✭❏ ✰✲ ✭✱⑦✧✩✭ ✿✼✪✲✪✮✭

✮✧ ✿✭✵✩✪ ❍ ✿✭✲ ✭ ❁✪✽✭★ ✮✧
5.000

❃✭✮✧ ★✧❃★✧✦✧✵✩✪★ ✰✲ ✿✭✵✩✪ ✮✧ ✰✲ ✮✧✩✧★✲✥✵✪✮✭ ✱✪✵✿✭❈
❑ ✿✭✵⑦✰✵✩✭ ✮✧ ❁✪✽✭★✧✦ ✮✧ ✩✭✮✭✦ ✭✦ ✭✱⑦✧✩✭✦ ✪★✲✪❣✧✵✪✮✭✦ ✧✲ ✰✲ ▼✤ ✵✰✲ ✮✧✩✧★✲✥✵✪✮✭✥✵✦✩✪✵✩✧ ✾ ✿✼✪✲✪✮✭ ✮✧ ✧✦✩✪✮✭ ✮✭ ▼✤❈

❍✦✦✥✲❏ ✭ ✧✦✩✪✮✭ ✮✧ ✰✲ ▼✤ ★✧❃★✧✦✧✵✩✪ ✰✲ ❁✥✦✬✭ ✥✵✦✩✪✵✩❻✵✧✪ ✮✭ ✲✰✵✮✭❏ ★✧❼✧✩✥✵✮✭✪❃✧✵✪✦ ✦✧✰✦ ✪✦❃✧✿✩✭✦ ✧✦✩❅✩✥✿✭✦❈ ✻✵✩★✧✩✪✵✩✭❏ ✪✦ ✲✰✮✪✵✫✪✦ ❄✰✧ ✭✿✭★★✧✲ ✵✭ ✲✰✵✮✭ ★✧✪✽
✮✧❁✧✲ ✦✧★ ★✧❼✧✩✥✮✪✦ ✵✭ ▼✤❈ ✻✦✦✪✦ ✲✰✮✪✵✫✪✦ ✦✬✭ ✿✪❃✩✰★✪✮✪✦ ❃✧✽✭ ✿✭✵✿✧✥✩✭ ✮✧ ✩★✪✵✦✥✫✬✭
✮✧ ✧✦✩✪✮✭✦❈ ❀✲✪ ✩★✪✵✦✥✫✬✭ ✮✧ ✧✦✩✪✮✭ ★✧❃★✧✦✧✵✩✪ ✭ ✦✪✽✩✭ ✮✧ ✰✲ ✮✧✩✧★✲✥✵✪✮✭ ✧✦✩✪✮✭ ❃✪★✪
✭✰✩★✭❏ ✧✦✩✪✦ ✦✬✭ ★✧✪✽✥❣✪✮✪✦ ❃✧✽✭✦ ❃★✭✷★✪✲✪✦ ✪❃✽✥✿✪✩✥❁✭✦ ❄✰✧ ✿✭✵✩✧✲ ✭❃✧★✪✫⑨✧✦ ✮✧ ✽✧✥✩✰★✪ ✧
✧✦✿★✥✩✪ ✦✭✱★✧ ✭✦ ✭✱⑦✧✩✭✦ ✮✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ➁✘☞✏✍�❏ ❖PP➓➂❈

❹★✪✵✦✪✫⑨✧✦ ✦✬✭ ✿✭✵⑦✰✵✩✭✦ ✮✧ ✭❃✧★✪✫⑨✧✦ ❄✰✧ ✪✿✧✦✦✪✲ ✭✰ ✲✭✮✥s✿✪✲ ✭ ✿✭✵✩✧③✮✭ ✮✭ ▼✤❏
✦✧✵✮✭ ✰✦✪✮✪✦ ❃✪★✪ ★✧❃★✧✦✧✵✩✪★ ✭❃✧★✪✫⑨✧✦ ✦✭✱★✧ ✭ ▼✤ ✧⑤✧✿✰✩✪✮✪✦ ❃✧✽✪ ✪❃✽✥✿✪✫⑨✧✦❈ ❍s✲ ✮✧
❃★✧✦✧★❁✪★ ✪ ✦✧✲❻✵✩✥✿✪ ✮✭✦ ❃★✭✷★✪✲✪✦ ✪❃✽✥✿✪✩✥❁✭✦❏ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ✩✪✲✱✾✲ ✥✵✮✥✿✪✲ ✪ ✭★✮✧✲
✵✪ ❄✰✪✽ ✪✦ ✭❃✧★✪✫⑨✧✦ ✦✭✱★✧ ✰✲ ▼✤ ✮✧❁✧✲ ✦✧ ✧⑤✧✿✰✩✪✮✪✦❈ ✶✭★✩✪✵✩✭❏ ❄✰✪✵✮✭ ✰✲✪ ✩★✪✵✦✪✫✬✭✾ ✦✰✱✲✧✩✥✮✪ ✪✭ ④✺▼✤❏ ✧✦✩✧ ✮✧❁✧ ✷✪★✪✵✩✥★ ❄✰✧ ✩✭✮✪✦ ✪✦ ✭❃✧★✪✫⑨✧✦ ✮✧✦✩✪ ✩★✪✵✦✪✫✬✭ ✦✧★✬✭



✒❳❫✓❲ó✔❬ ❝✖ ❤❙❚❲❯❵❳❚ ❭❯ ✐❯❱❯❴❥❙❳❵❯❴❲❬ ❭❯ ❦❳❴❥❬ ❭❯ ❘❳❭❬❚ ❯❵ ❧❯❵❫❬♠♥❯❳✔ ➓❖
✿✭✲❃✽✧✩✪✮✪✦ ✿✭✲ ✦✰✿✧✦✦✭ ✧ ✦✧✰✦ ★✧✦✰✽✩✪✮✭✦ ✷★✪❁✪✮✭✦ ✿✭✲ ➚➮➱➪➶➪❮✜➴ß➶✃ ✵✭ ▼✤❈ ✶✭★✩✪✵✩✭❏ ✭④✺▼✤ ❃★✧✿✥✦✪ ✪✿✭✲❃✪✵✼✪★ ✭ ✲✭✲✧✵✩✭ ✵✭ ❄✰✪✽ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✿✭✲✧✫✪ ✧ ✩✧★✲✥✵✪❏ ❁✥✦✪✵✮✭✥✮✧✵✩✥s✿✪★ ❄✰✪✵✮✭ ✧✽✪ ✩✧★✲✥✵✪ ✿✭✲ ❆⑤✥✩✭ ✭✰ ❃★✧✿✥✦✪ ✦✧★ ✪✱✭★✩✪✮✪❈ ❀✲✪ ✩★✪✵✦✪✫✬✭ ✩✧✲
✮✥●✧★✧✵✩✧✦ ✧✦✩✪✮✭✦❊ ➁✥➂ ❍✩✥❁✪ ✹ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✧✲ ✧⑤✧✿✰✫✬✭✎ ➁✥✥➂❍✱✭★✩✪✮✪ ✹ ✰✲✪ ✩★✪✵✦✪✫✬✭❄✰✧ ✥✵✥✿✥✪ ✲✪✦ ✵✬✭ ✾ ✿✭✵s★✲✪✮✪ ✮✧❁✧ ✦✧★ ✪✱✭★✩✪✮✪✎➁✥✥✥➂ ✐✧✥✵✥✿✥✪✮✪ ✹ ❄✰✪✵✮✭ ✰✲✪ ✩★✪✵✦✪✫✬✭✾ ✪✱✭★✩✪✮✪❏ ✧✽✪ ❃✭✮✧ ✦✧★ ★✧✥✵✥✿✥✪✮✪❈

❀✵✦ ✮✭✦ ❃★✥✵✿✥❃✪✥✦ ✭✱⑦✧✩✥❁✭✦ ✮✭✦ ④✺▼✤ ✾ ❃✧★✲✥✩✥★ ❄✰✧ ❁❅★✥✭✦ ✩★✪✵✦✪✫⑨✧✦ ✪✿✧✦✦✧✲ ✮✪✮✭✦
✿✭✲❃✪★✩✥✽✼✪✮✭✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ➁✏☞✠ÿ✞✟✑�û❏ ❖PP➔➂❈ ✻✵✩★✧✩✪✵✩✭❏ ❄✰✪✵✮✭ ❁❅★✥✪✦ ✩★✪✵✦✪✹✫⑨✧✦ ✧✦✩✬✭ ✪✿✧✦✦✪✵✮✭ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ✭ ④✺▼✤❏ ✭✦ ★✧✦✰✽✩✪✮✭✦ ❃★✭✮✰❣✥✮✭✦ ✭✰ ★✧✿✰❃✧★✪✮✭✦
❃✧✽✪✦ ✲✧✦✲✪✦ ❃✭✮✧✲ ✦✧★ ✥✵✿✭★★✧✩✭✦❈ ✴✭✲✭ ✿✭✵✦✧❄❸❆✵✿✥✪❏ ✪ ✥✵✩✧✷★✥✮✪✮✧ ✧ ✪ ✿✭✵✦✥✦✩❆✵✿✥✪
✮✭ ▼✤ ❃✭✮✧ ✦✧★ ❁✥✭✽✪✮✪ ➁✍✭✠✮✌ ✍✭�✠✮❏ ❖PP❖➂❈

✶✪★✪ ✷✪★✪✵✩✥★ ✪ ✥✵✩✧✷★✥✮✪✮✧ ✮✭✦ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ●✭★✪✲ ✮✧s✵✥✮✪✦ ❃★✭❃★✥✧✮✪✮✧✦❏ ✿✭✲✰✹✲✧✵✩✧ ✿✼✪✲✪✮✪✦ ✮✧ ❃★✭❃★✥✧✮✪✮✧✦ ❍✴❋✤❿ ➁þ✏ûü✞✑☞✌ ✠ü☛ü✟✍þ❏ ❖PP❖➂❈
•

❍✩✭✲✥✿✥✮✪✮✧❊ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✾ ✰✲✪ ✰✵✥✮✪✮✧ ✪✩✝✲✥✿✪ ✮✧ ❃★✭✿✧✦✦✪✲✧✵✩✭❏ ✭✰ ✧✽✪ ✾
★✧✪✽✥❣✪✮✪ ✧✲ ✦✰✪ ✩✭✩✪✽✥✮✪✮✧ ✭✰ ✵✬✭ ✾ ★✧✪✽✥❣✪✮✪ ✮✧ ✲✭✮✭ ✪✽✷✰✲❈

•
✴✭✵✦✥✦✩❆✵✿✥✪❊ ✪ ✧⑤✧✿✰✫✬✭ ✮✧ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✮✧❁✧ ✮✧✥⑤✪★ ✭ ▼✤ ✮✧ ✰✲ ✭✰✩★✭ ✧✦✩✪✮✭✿✭✵✦✥✦✩✧✵✩✧ ✹ ★✧✦✰✽✩✪✵✩✧ ✩✪✲✱✾✲ ✮✪ ❃★✭❃★✥✧✮✪✮✧ ✥✦✭✽✪✲✧✵✩✭❈

•
❋✦✭✽✪✲✧✵✩✭❊ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✵✬✭ ✮✧❁✧ ✮✧✥⑤✪★ ✦✰✪✦ ✪✩✰✪✽✥❣✪✫⑨✧✦ ❁✥✦❇❁✧✥✦ ❃✪★✪ ✭✰✩★✪✦
✩★✪✵✦✪✫⑨✧✦ ✪✩✾ ❄✰✧ ✦✧⑦✪ ✿✭✲❃★✭✲✧✩✥✮✪❈

•
✤✰★✪✱✥✽✥✮✪✮✧❊ ❄✰✪✵✮✭ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✲✭✮✥s✿✪ ✭ ▼✤ ✧ ✦✰✪ ✲✭✮✥s✿✪✫⑨✧✦ ✦✬✭ ✿✭✲✹❃★✭✲✧✩✥✮✪✦❏ ✧✦✦✪✦ ✲✭✮✥s✿✪✫⑨✧✦ ✵✬✭ ❃✭✮✧✲ ✦✧★ ❃✧★✮✥✮✪✦❈

❍ ❃★✭❃★✥✧✮✪✮✧ ✮✧ ✥✦✭✽✪✲✧✵✩✭ ✮✧ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✷✪★✪✵✩✧ ❄✰✧ ✭✦ ★✧✦✰✽✩✪✮✭✦ ❃✪★✿✥✪✥✦
❃★✭✮✰❣✥✮✭✦ ❃✭★ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✵✬✭ ✦✧★✬✭ ❁✥✦❇❁✧✥✦ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ❄✰✧ ✧✦✩✬✭ ✦✧✵✮✭ ✧⑤✧✿✰✩✪✮✪✦
✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ✪✩✾ ❄✰✧ ✧✽✪ ✦✧⑦✪ ✿✭✲❃★✭✲✧✩✥✮✪❏ ✭✰ ✦✧⑦✪❏ ✧✽✪✦ ✿✭✲❃✭★✩✪✲✹✦✧ ✿✭✲✭ ✦✧
✧✦✩✥❁✧✦✦✧✲ ✦✧✵✮✭ ✧⑤✧✿✰✩✪✮✪✦ ✰✲✪ ✮✧ ✿✪✮✪ ❁✧❣❈ ❍✦✦✧✷✰★✪★ ✪ ❃★✭❃★✥✧✮✪✮✧ ✮✧ ✥✦✭✽✪✲✧✵✩✭✾ ★✧✦❃✭✵✦✪✱✥✽✥✮✪✮✧ ✮✧ ✰✲ ✿✭✲❃✭✵✧✵✩✧ ✮✭ ④✺▼✤ ✮✧✵✭✲✥✵✪✮✭ ✮✧ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧
✿✭✵✿✭★★❆✵✿✥✪❏ ❄✰✧ ✦✧★❅ ✪❃★✧✦✧✵✩✪✮✭ ✿✭✲ ✲✪✥✦ ✮✧✩✪✽✼✧✦ ✵✭ ✿✪❃❇✩✰✽✭ ➔❈

✶✭★✩✪✵✩✭❏ ✭ ✭✱⑦✧✩✥❁✭ ●✰✵✮✪✲✧✵✩✪✽ ✮✧ ✰✲ ④✺▼✤ ✾ ✲✪⑤✥✲✥❣✪★ ✭ ✷★✪✰ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪
✵✭ ✦✥✦✩✧✲✪ ➁✏☞✠ÿ✞✟✑�û❏ ❖PP➔➂❏ ✷✪★✪✵✩✥✵✮✭ ❄✰✧ ❄✰✪✽❄✰✧★ ✧✦✿✪✽✭✵✪✲✧✵✩✭ ✮✧ ✩★✪✵✦✪✫⑨✧✦
✧⑤✧✿✰✩✪✮✭ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ✩✧✵✼✪ ✭ ✲✧✦✲✭ ✧●✧✥✩✭ ✮✧ ✰✲ ✧✦✿✪✽✭✵✪✲✧✵✩✭ ✦✧★✥✪✽❏ ✭✰ ✦✧⑦✪❏
✧❄✰✥❁✪✽✧✵✩✧ ✪ ✧⑤✧✿✰✫✬✭ ✮✧ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✪❃✸✦ ✪ ✭✰✩★✪❈

❍✦✦✥✲❏ ✃ ❮➮➘➱➶✃ â✃ ➪➮➱➶✃➹➶❐✃✺✻➘ ✮✧✩✧★✲✥✵✪ ❄✰✪✥✦ ✧✦✿✪✽✭✵✪✲✧✵✩✭✦ ✿✭✵✿✭★★✧✵✩✧✦ ✦✬✭ ✿✭★✹★✧✩✭✦ ✧ ❄✰✪✥✦ ✵✬✭ ✦✬✭❏ ✧ ❃★✭✿✰★✪ ✮✧✦✧✵❁✭✽❁✧★ ✩✾✿✵✥✿✪✦ ❄✰✧ ❃✧★✲✥✩✪✲ ✧⑤✧✿✰✩✪★ ✪❃✧✵✪✦ ✧✦✹➀➁ ➂ ✄➃➄➅➆➇➈➂ ➉✄➄✄ ➊➋❸➌✈➍✈tstr➎ ➏❸✇➐✈➐➋➑✇➍✈s➎ ➒➐❸✉s➌r✇➋❸ r q➓❷s➔✈✉✈tstr①



✒❳❫✓❲ó✔❬ ❝✖ ❤❙❚❲❯❵❳❚ ❭❯ ✐❯❱❯❴❥❙❳❵❯❴❲❬ ❭❯ ❦❳❴❥❬ ❭❯ ❘❳❭❬❚ ❯❵ ❧❯❵❫❬♠♥❯❳✔ ➓➔

Transação T2
Há

conflito?

(X) (X) Não

(X) (X)

(X) (X)

(X) (X)

Transação T1
Há

conflito?

Read Read(X)

Read(X) Write(X) Sim

Write (X) Read (X) Sim

Write (X) Write (X) Sim

❂✥✷✰★✪ ❖❈→❊ ✴✭✵❼✥✩✭✦ ✧✵✩★✧ ❑❃✧★✪✫✬✭✧✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦
✿✪✽✭✵✪✲✧✵✩✭✦ ✦✧★✥✪✽✥❣❅❁✧✥✦❏ ❄✰✧ ❃★✭✮✰❣✪✲ ★✧✦✰✽✩✪✮✭✦ ✿✭★★✧✩✭✦ ➁✞✭ÿü✑✞✍ü✠✌ ✡�✑✟✍✌ ✞☞✏✹✙þ✑✞ý✍ü✟✼❏ ❖PP➓➂❈
❖❫❖❫❴ ❵❝③❛❍▼❛→❍➣❻◆
✻⑤✥✦✩✧ ✿✭✵❼✥✩✭✦ ✧✵✩★✧ ✮✰✪✦ ✭❃✧★✪✫⑨✧✦ ✮✧ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✦✧ ✦✪✩✥✦●✪❣✧✲ ✩★❆✦ ✿✭✵✮✥✫⑨✧✦❊ ➁➓➂
❃✧★✩✧✵✿✧★ ✪ ✮✥●✧★✧✵✩✧✦ ✩★✪✵✦✪✫⑨✧✦✎ ➁❖➂ ✪✿✧✦✦✪★ ✭ ✲✧✦✲✭ ✥✩✧✲ ✮✧ ✮✪✮✭✎ ➁➔➂ ❃✧✽✭✦ ✲✧✵✭✦
✰✲✪ ✮✪✦ ✭❃✧★✪✫⑨✧✦ ✮✪ ✩★✪✵✦✪✫✬✭ ✮✧❁✧ ✦✧★ ✮✧ ✧✦✿★✥✩✪❈ ✶✪★✪ ✰✲ ✲✧✽✼✭★ ✧✵✩✧✵✮✥✲✧✵✩✭❏
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✩★✪✵✦✪✫✬✭ ❃✭✮✧ ❃★✧✿✥✦✪★ ✮✪ ✲✾✮✥✪ ✪❃★✭⑤✥✲✪✮✪ ✮✭✦ ✦✪✽✮✭✦ ✮✪✦ ✿✭✵✩✪✦ ✿✭★★✧✵✩✧✦ ✮✧ ✰✲ ✱✪✵✿✭s✵✪✵✿✧✥★✭❏ ✮✰★✪✵✩✧ ✭ ✧⑤❃✧✮✥✧✵✩✧ ✱✪✵✿❅★✥✭❏ ❃✪★✪ ★✧✪✽✥❣✪✫✬✭ ✮✧ ✰✲ ✵✧✷✸✿✥✭❈ ✶✪★✪ ✪✩✧✵✮✧★
✪ ✧✦✦✧✦ ❃★✭❃✸✦✥✩✭✦❏ ✭ ❃✪✮★✬✭ ④❢▲❏ ✰✦✪✮✭ ❃✧✽✭✦ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✿✭✵❁✧✵✿✥✭✵✪✥✦❏ ⑦❅ ❃✧★✲✥✩✧
✭ ★✧✽✪⑤✪✲✧✵✩✭ ✮✪ ➪➮➱➶✃➹➶❐✃✺✻➘ ✧✲ ❁❅★✥✭✦ ✵❇❁✧✥✦❏ ✧✲✱✭★✪ ❄✰✧ ✵✬✭ ✿✭✵✦✥✮✧★✧ ★✧✦✩★✥✫⑨✧✦ ✮✧
✩✧✲❃✭❈



✒❳❫✓❲ó✔❬ ❝✖ ❤❙❚❲❯❵❳❚ ❭❯ ✐❯❱❯❴❥❙❳❵❯❴❲❬ ❭❯ ❦❳❴❥❬ ❭❯ ❘❳❭❬❚ ❯❵ ❧❯❵❫❬♠♥❯❳✔ ➓◗
❖❫❖❫❖ ➙❏④❝❛❜ ⑥❝ ❹❜◆▼❍❞❝⑦❑◆
❍ s✲ ✮✧ ✲✪✵✩✧★ ✰✲ ✲✪✥✭★ ✷★✪✰ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✧✲ ④✺▼✤❏ ✭ ❃✪✮★✬✭ ④❢▲✹➫➫ ❃✧★✲✥✩✧ ✪
✧✦❃✧✿✥s✿✪✫✬✭ ✮✧ ✮✥●✧★✧✵✩✧✦ ✵❇❁✧✥✦ ✮✧ ✥✦✭✽✪✲✧✵✩✭ ❃✪★✪ ✭ ✩★✪✩✪✲✧✵✩✭ ✮✪ ✧⑤✧✿✰✫✬✭ ✿✭✵✿✭★★✧✵✩✧
✮✧ ✩★✪✵✦✪✫⑨✧✦❈ ❑✦ ✵❇❁✧✥✦ ❃✧★✲✥✩✥✮✭✦ ✦✬✭ ➁✞✭ÿü✑✞✍ü✠✌ ✡�✑✟✍✌ ✞☞✏✙þ✑✞ý✍ü✟✼❏ ❖PP➓➂❊
•

▲✧✥✩✰★✪ ✦✧✲ ✧●✧✩✥❁✪✫✬✭ ➁ã➮✃â ➛➴ß➘ÜÜ➶❮❮➮â➂❊ ❃✧★✲✥✩✧ ✪ ✽✧✥✩✰★✪ ✮✧ ★✧✷✥✦✩★✭✦ ❄✰✧ ✵✬✭✦✭●★✧★✪✲ ✧●✧✩✥❁✪✫✬✭❈ ❈ ✭ ✵❇❁✧✽ ✲✪✥✦ ●★✪✿✭ ✮✧ ✥✦✭✽✪✲✧✵✩✭ ❃✧★✲✥✩✥✮✭ ❃✧✽✭ ❃✪✮★✬✭ ④❢▲✎
•

▲✧✥✩✰★✪ ✿✭✲ ✧●✧✩✥❁✪✫✬✭ ➁ã➮✃â Û➘ÜÜ➶❮❮➮â➂❊ ❃✧★✲✥✩✧ ❄✰✧ ✪❃✧✵✪✦ ✮✪✮✭✦ ❄✰✧ ✦✭●★✧★✪✲
✧●✧✩✥❁✪✫✬✭ ✦✧⑦✪✲ ✽✥✮✭✦❈ ✶✭★ ✧⑤✧✲❃✽✭❏ ✧✵✩★✧ ✮✰✪✦ ✽✧✥✩✰★✪✦ ✮✧ ✮✪✮✭✦ ●✧✥✩✪✦ ❃✭★ ✰✲✪
✩★✪✵✦✪✫✬✭❏ ✭✦ ✮✪✮✭✦ ❃✭✮✧✲ ✩✧★ ✦✥✮✭ ✪✩✰✪✽✥❣✪✮✭✦ ❃✭★ ✲✧✥✭ ✮✧ ✭✰✩★✪✦ ✩★✪✵✦✪✫⑨✧✦ ❄✰✧
✭✱✩✥❁✧★✪✲ ✧●✧✩✥❁✪✫✬✭✎

•
▲✧✥✩✰★✪ ★✧❃✧✩✥✩✥❁✪ ➁ã➮➚➮✃❮✃❒➹➮ ã➮✃â➂❊ ✦✭✲✧✵✩✧ ❃✧★✲✥✩✧ ✪ ✽✧✥✩✰★✪ ✮✧ ✮✪✮✭✦ ❄✰✧ ✦✭●★✧✹★✪✲ ✧●✧✩✥❁✪✫✬✭ ✧❏ ✪✽✾✲ ✮✥✦✦✭❏ ✧⑤✥✷✧ ❄✰✧ ✵✧✵✼✰✲✪ ✭✰✩★✪ ✩★✪✵✦✪✫✬✭ ✿✭✵✦✥✷✪ ✪✩✰✪✽✥❣✪★
✰✲ ✮✪✮✭ ✧✵✩★✧ ✮✰✪✦ ✽✧✥✩✰★✪✦ ●✧✥✩✪✦ ❃✭★ ✰✲✪ ✩★✪✵✦✪✫✬✭✎

•
④✧★✥✪✽✥❣✪✫✬✭ ➁➬➮➱➶✃➹➶❐✃❒➹➮➂❊ ✧✦✩✧ ✾ ✭ ✵❇❁✧✽ ✮✧ ✦✧✷✰★✪✵✫✪ ✲❅⑤✥✲✭ ✵✭ ✥✦✭✽✪✲✧✵✩✭ ✮✧
✩★✪✵✦✪✫⑨✧✦❈ ✺✪★✪✵✩✧ ❄✰✧ ✩✭✮✪✦ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ✦✬✭ ✧⑤✧✿✰✩✪✮✪✦ ✧✲ ✦✾★✥✧❏ ✥✦✩✭ ✾❏ ❃✭✦✦✰✧✲
✪✿✧✦✦✭ ✮✧ ✽✧✥✩✰★✪ ✧ ✧✦✿★✥✩✪ ✧⑤✿✽✰✦✥❁✭ ❃✪★✪ ✰✲ ★✧✷✥✦✩★✭ ✪✩✾ ❄✰✧ ✦✪✽❁✧✲ ✭✦ ★✧✦✰✽✩✪✮✭✦
✭✰✩★✪✦ ✩★✪✵✦✪✫⑨✧✦ ❃★✧✿✥✦✪✲ ✪✷✰✪★✮✪★❈ ✶✭✮✧ ✮✥✲✥✵✰✥★ ✲✰✥✩✭ ✭ ✮✧✦✧✲❃✧✵✼✭ ✮✭ ✦✥✦✩✧✲✪
✧✽✥✲✥✵✪✵✮✭ ✪ ✧⑤✧✿✰✫✬✭ ✿✭✵✿✭★★✧✵✩✧❈

✤✧✦✩✪ ●✭★✲✪❏ ✭ ✵❇❁✧✽ ✮✧s✵✥✮✭ ❃✪★✪ ✰✲✪ ✪❃✽✥✿✪✫✬✭ ✮✧❁✧ ✦✧★ ✧✦✿✭✽✼✥✮✭ ✮✧ ●✭★✲✪ ✱✪✦✩✪✵✩✧
✿✪✰✩✧✽✭✦✪❈ ✶✭★ ✧⑤✧✲❃✽✭❏ ✭ ✵❇❁✧✽ ✮✧ ✥✦✭✽✪✲✧✵✩✭ ➪➮➱➶✃➹➶❐↔↕➮➹ ✷✪★✪✵✩✧ ✪ ✿✭★★✧✩✰✮✧ ✮✭✦ ✮✪✮✭✦❏
✲✪✥✦ ✮✥✲✥✵✰✥ ✪ ✿✭✵✿✭★★❆✵✿✥✪❈ ✶✭★ ✭✰✩★✭ ✽✪✮✭❏ ✭ ✵❇❁✧✽ ✮✧ ✥✦✭✽✪✲✧✵✩✭ ➹➮➶❮Þ➱✃ ➪➮Ü ➮➜ ➮❮➶↕✃✺✻➘✵✬✭ ✷✪★✪✵✩✧ ✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✮✭✦ ✮✪✮✭✦❏ ✵✭ ✧✵✩✪✵✩✭ ✷✧★✪ ✰✲ ✪✽✩✭ ✷★✪✰ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪❈

❍❃✧✦✪★ ✮✪ ④❢▲✹➫➫ ❃✧★✲✥✩✥★ ✪ ✮✧s✵✥✫✬✭ ✮✧ ✮✥●✧★✧✵✩✧✦ ✵❇❁✧✥✦ ✮✧ ✥✦✭✽✪✲✧✵✩✭❏ ✵✧✵✼✰✲
✿✭✵✩★✭✽✧ ✾ ★✧✪✽✥❣✪✮✭ ✧✲ ★✧✽✪✫✬✭ ✳ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✵✿✭✵✦✥✦✩❆✵✿✥✪ ✽✸✷✥✿✪ ✪✮✥✿✥✭✵✪✮✪ ✵✭ ✱✪✵✿✭
✮✧ ✮✪✮✭✦ ✧ ✵✧✵✼✰✲ ✪✦❃✧✿✩✭ ✮✧ ✿✭✵✦✥✦✩❆✵✿✥✪ ✩✧✲❃✭★✪✽ ✾ ✿✭✵✦✥✮✧★✪✮✭❈
✯✤❀ ❼★❃✧✱✸✪❃ ✵✱ ❽✱✴✱❇✲★✪✸✱❇✧✦ ✵✱ ❾✪❇✲✦ ✵✱ ✰✪✵✦❃ ✱✸

➝✱✸➞✦➟❅✱✪✳
❺✭✦ ③✽✩✥✲✭✦ ✪✵✭✦❏ ❁❅★✥✪✦ ❃✧✦❄✰✥✦✪✦ ✩❆✲ ✦✥✮✭ ★✧✪✽✥❣✪✮✪✦ ✵✪ ❅★✧✪ ✮✧ ④✺▼✤✹❹✐ ➁✚þ✑✡✭✞☞ý✍❏
❖PPP✎ ✘þ✑✠ü✠ÿþ✞ ✁✂ ✄☎✆❏ ❖PP→✎ ✠þ✟� ✁✂ ✄☎✆❏ ❖PP→✎ ✑☞✙þ☞✑� ✠þ✟� ✁✂ ✄☎✆❏ ❖PP→✎ ✡ü✠✮✌ ✞�✠✌
✞✟ü✠✡�☛☞ý❏ ❖PP→➂❏ ✰✲✪ ❁✧❣ ❄✰✧ ✧✦✦✧✦ ✦✥✦✩✧✲✪✦ ✩★✪✩✪✲ ✿✭✲ ✪❃✽✥✿✪✫⑨✧✦ ❄✰✧ ✧✵❁✭✽❁✧✲ ✭
✷✧★✧✵✿✥✪✲✧✵✩✭ ✮✧ ✷★✪✵✮✧✦ ❄✰✪✵✩✥✮✪✮✧✦ ✮✧ ✮✪✮✭✦❏ ✪✽✾✲ ✮✧ ❃✧★✲✥✩✥★ ✩★✪✩✪★ ✿✭✲ ✮✪✮✭✦ ✧
✩★✪✵✦✪✫⑨✧✦ ✿✭✲ ★✧✦✩★✥✫⑨✧✦ ✧✲ ✩✧✲❃✭✹★✧✪✽❈ ❑✦ ④✺▼✤✹❹✐ ✦✰★✷✥★✪✲ ✿✭✲ ✰✲✪ ❃✰✱✽✥✿✪✫✬✭



✒❳❫✓❲ó✔❬ ❝✖ ❤❙❚❲❯❵❳❚ ❭❯ ✐❯❱❯❴❥❙❳❵❯❴❲❬ ❭❯ ❦❳❴❥❬ ❭❯ ❘❳❭❬❚ ❯❵ ❧❯❵❫❬♠♥❯❳✔ ➓➻

Gerencia grandes volumes de

dados

Consistência lógica dos dados e

transações

Processa transações

SGBD Convencional

 Restrições em tempo-real

das tarefas

Sistemas em tempo-real

Processar grandes volumes de

dados;

Garante a consistência lógica e

consistência temporal dos

dados e transações;

Processa dados e transações

com restrições em tempo-real

SGBD-TR

❂✥✷✰★✪ ❖❈◗❊ ✴✪★✪✿✩✧★❇✦✩✥✿✪✦ ✮✧ ✰✲ ④✺▼✤✹❹✐
✧✦❃✧✿✥✪✽❏ ★✧✷✥✦✩★✪✮✭ ✧✲ ➠Ûà ➬➡➢à➤➥ ✧✲ ✲✪★✫✭ 1988

❈ ❍✩✰✪✽✲✧✵✩✧❏ ✲✰✥✩✪✦ ✪❃✽✥✿✪✫⑨✧✦
★✧❄✰✧★✧✲ ✭ ✰✦✭ ✮✧ ✩✪✥✦ ✦✥✦✩✧✲✪✦❏ ✮✧✵✩★✧ ✧✽✪✦❊ ✭✦ ✦✥✦✩✧✲✪✦ ✮✧ ★✧✿✰❃✧★✪✫✬✭ ✮✪ ✥✵●✭★✲✪✫✬✭❏ ✭✦
✦✥✦✩✧✲✪✦ ✮✭ ★✧✦✧★❁✪ ✮✧ ❃✪✦✦✪✷✧✲ ✪✾★✧✪❏ ✦✥✦✩✧✲✪✦ ✱✪✵✿❅★✥✭✦❏ ✦✥✦✩✧✲✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✪❁✥✬✭✧ ✮✧ ✵✪❁✧ ✧✦❃✪✿✥✪✽❏ ★✭✱✸✩✥✿✪❏ ✪ ✪✰✩✭✲✪✫✬✭ ✮✧ ●❅✱★✥✿✪❏ ✮✧✵✩★✧ ✭✰✩★✭✦ ➁✞➦✭üÿ✑☞✟�❏ ➓➫➫➻➂❈
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❍✦✦✥✲❏ ✭ ❃★✭✿✧✦✦✪✲✧✵✩✭ ✮✧ ✩★✪✵✦✪✫⑨✧✦ ✦✬✭ ✥✲❃✽✧✲✧✵✩✪✮✭✦ ✪✩★✪❁✾✦ ✮✪✦ ✩✾✿✵✥✿✪✦ ✮✧
✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪❈ ✻✦✩✪✦ ✩✾✿✵✥✿✪✦ ✦✬✭ ★✧✦❃✭✵✦❅❁✧✥✦ ❃✭★ ❃★✭✮✰❣✥★ ✧✦✿✪✽✭✵✪✲✧✵✩✭✦
✧✲ ✿✭✵●✭★✲✥✮✪✮✧ ✿✭✲ ✭ ✿★✥✩✾★✥✭ ✮✧ ✿✭★★✧✩✰✮✧ ✪✮✭✩✪✮✭❈ ✤✧✦✦✪ ●✭★✲✪❏ ✰✲✪ ✩✾✿✵✥✿✪ ✮✧
✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ★✧✿✧✱✧ ✿✭✲✭ ✧✵✩★✪✮✪ ✪✦ ✭❃✧★✪✫⑨✧✦ ❃✧★✩✧✵✿✧✵✩✧✦ ✪ ✰✲ ✮✧✩✧★✲✥✵✪✮✭



✒❳❫✓❲ó✔❬ ➽✖ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ❫❳❱❳ ❤✐❦❘♠❧♥ ❖➓
✿✭✵⑦✰✵✩✭ ✮✧ ✩★✪✵✦✪✫⑨✧✦ ✧ ❃★✭✮✰❣ ✿✭✲ ✦✪❇✮✪ ✰✲✪ ✦✧❄❸✧✵✿✥✪ ✿✭★★✧✩✧✲✧✵✩✧ ✦✧★✥✪✽✥❣✪✮✪ ✮✧✦✩✪✦
✭❃✧★✪✫⑨✧✦ ➁✘☞✏✍�❏ ❖PP➓➂❈ ✴✭✲✭ ✥✽✰✦✩★✪✮✭ ✵✪ ❂✥✷✰★✪ ➔❈➓❈

Executa as 3 transações

 concorrentemente

Técnica de Controle de Concorrência

Produzindo

resultados corretos

❂✥✷✰★✪ ➔❈➓❊ ✻⑤✧✿✰✫✬✭ ✴✭✵✿✭★★✧✵✩✧ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦
❍ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✰✩✥✽✥❣✪✮✭ ✧✲ ✰✲ ✦✥✦✩✧✲✪ ✮✧❃✧✵✮✧ ✮✭ ❃✭✵✩✭ ✮✧

❁✥✦✩✪ ✮✭ ❃★✭⑦✧✩✥✦✩✪ ✮✭ ✦✥✦✩✧✲✪❈ ▼✪✦✥✿✪✲✧✵✩✧ ❃✭✮✧✲ ✦✧★ ✮✧ ✮✭✥✦ ✩✥❃✭✦❊ ✪ ✭✩✥✲✥✦✩✪ ✧ ✪
❃✧✦✦✥✲✥✦✩✪❈

❺✪ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ❃✧✦✦✥✲✥✦✩✪ ✭✦ ✮✪✮✭✦ ✦✬✭ ❁✪✽✥✮✪✮✭✦ ✽✭✷✭ ✪✭ ✥✵❇✿✥✭
✮✭ ❃★✭✿✧✮✥✲✧✵✩✭❏ ✿✭✲✭ ✥✽✰✦✩★✪✮✭ ✵✪ ❂✥✷✰★✪ ➔❈❖❈ ❋✦✩✭ ✥✲❃⑨✧ ✪✭ ✦✥✦✩✧✲✪ ✪ ✵✧✿✧✦✦✥✮✪✮✧ ✮✧
★✧✪✽✥❣✪★ ✩✭✮✭ ✭ ❃★✭✿✧✮✥✲✧✵✩✭ ✮✧ ❁✪✽✥✮✪✫✬✭ ✮✭✦ ✮✪✮✭✦ ✪✵✩✧✦ ✮✭ ✥✵❇✿✥✭ ✮✭ ❃★✭✿✧✦✦✭❏ ✦✰❃✭✵✮✭❄✰✧ ✪✽✷✰✲✪ ✿✭✥✦✪ ✧★★✪✮✪ ✧✦✩✧⑦✪ ❃✪★✪ ✪✿✭✵✩✧✿✧★❏ ✭✰ ✦✧⑦✪❏ ✼❅ ✰✲ ❃✧✦✦✥✲✥✦✲✭ ★✧✽✪✿✥✭✵✪✮✪
✪✭ ❃★✭✿✧✮✥✲✧✵✩✭❈ ✶✭★✩✪✵✩✭❏ ✪ ✩✾✿✵✥✿✪ ❃✧✦✦✥✲✥✦✩✪ ✮✧❁✧ ✮✧✿✥✮✥★ ✦✧ ✪✿✧✥✩✪ ✭✰ ★✧⑦✧✥✩✪ ✰✲✪
✭❃✧★✪✫✬✭ ✩✬✭ ✽✭✷✭ ✧✽✧ ★✧✿✧✱✪ ✧✦✩✪ ✭❃✧★✪✫✬✭❈

✴✭✵✦✥✮✧★✪✵✮✭✹✦✧ ❄✰✧ ✿✭✵❼✥✩✭ ❃✭✮✧ ✦✧★ ❁✥✦✩✭ ✿✭✲✭ ✪✽✷✭ ✧✦❃✭★❅✮✥✿✭❏ ✭✰ ❄✰✧ ✩✧✵✼✪ ✰✲✪
❃✧★✥✮✥✭✿✥✮✪✮✧ ★✧✽✪✩✥❁✪✲✧✵✩✧ ✪✽✩✪❏ ✿✧★✩✪✲✧✵✩✧ ✭ ✮✧✦✧✲❃✧✵✼✭ ✷✧★✪✽ ✮✭ ✦✥✦✩✧✲✪ ❃✭✮✧★❅ ✦✧★
✦✥✷✵✥s✿✪✩✥❁✪✲✧✵✩✧ ✪✽✩✧★✪✮✪ ✿✭✲ ✰✲✪ ✦✥✲❃✽✧✦ ✪✽✩✧★✪✫✬✭ ✵✪ ✭★✮✧✲ ✮✪✦ ●✪✦✧✦ ✮✭ ❃★✭✿✧✦✦✭❈
❺✪ ✩✾✿✵✥✿✪ ✭✩✥✲✥✦✩✪❏ ✿✭✲✭ ✧✦✩❅ ✪❃★✧✦✧✵✩✪✮✭ ✵✪ ❂✥✷✰★✪ ➔❈➔❏ ✪ ●✪✦✧ ✮✧ ❁✪✽✥✮✪✫✬✭ ✭✿✭★★✧ ✽✭✷✭



✒❳❫✓❲ó✔❬ ➽✖ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ❫❳❱❳ ❤✐❦❘♠❧♥ ❖❖

Validação Leitura Processamento Escrita

❂✥✷✰★✪ ➔❈❖❊ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ✶✧✦✦✥✲✥✦✩✪
Leitura Processamento EscritaValidação

❂✥✷✰★✪ ➔❈➔❊ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ❑✩✥✲✥✦✩✪
✪✵✩✧✦ ✪✭ ❃★✭✿✧✮✥✲✧✵✩✭ ✮✧ ✧✦✿★✥✩✪❈ ❍ ●✪✦✧ ✮✧ ❁✪✽✥✮✪✫✬✭ ✿✭✵✦✥✦✩✧ ✮✪ ✿✭✵●✧★❆✵✿✥✪ ✮✧ ❄✰✧ ✪✦
✪✽✩✧★✪✫⑨✧✦ ✧✲ ❄✰✧✦✩✬✭ ✲✪✵✩✾✲ ✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✮✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦❈ ✤✧✦✩✪ ●✭★✲✪❏ ❃★✭✱✽✧✲✪✦
★✧●✧★✧✵✩✧✦ ✪✭ ❃★✭✿✧✦✦✪✲✧✵✩✭ ✧ ✪ ✽✧✥✩✰★✪ ✪✱✭★✩✪★✪✲ ✭ ❃★✭✿✧✮✥✲✧✵✩✭ ✪✵✩✧✦ ✲✧✦✲✭ ✮✧ ❄✰✧
✭✦ ✮✪✮✭✦ ✵✧✿✧✦✦✥✩✧✲ ✮✧ ❁✪✽✥✮✪✫✬✭❈

❍ ✲✪✥✭★✥✪ ✮✧✦✦✪✦ ✩✾✿✵✥✿✪✦ ✱✪✦✧✥✪✹✦✧ ✵✭ ✲✧✿✪✵✥✦✲✭ ✮✧ ➪➮➱➶✃➹➶❐✃✺✻➘ ✿✭✲✭ ✿★✥✩✾★✥✭ ✮✧
✿✭★★✧✩✰✮✧ ❃✪★✪ ✮✧✩✧★✲✥✵✪★ ❄✰✪✥✦ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ❃✭✮✧✲ ✧⑤✧✿✰✩✪★ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ➁✞✭✹ÿü✑✞✍ü✠✌ ✡�✑✟✍✌ ✞☞✏✙þ✑✞ý✍ü✟✼❏ ❖PP➓➂❈

❍ ✦✧✷✰✥★❏ ✮✧✦✿★✧❁✧★✧✲✭✦ ✪✦ ✩✾✿✵✥✿✪✦ ✰✩✥✽✥❣✪✮✪✦ ✧✲ ✰✲ ④▼✺✤ ❄✰✧ ✦✬✭❊ ✪ ✩✾✿✵✥✿✪ ✮✧
✱✽✭❄✰✧✥✭ ✮✧ ✮✰✪✦ ●✪✦✧✦ ❃✧✦✦✥✲✥✦✩✪ ✧ ✪ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✭✩✥✲✥✦✩✪❈
P❫❖❫❴ ❡➬❺⑦❛❺❍ ⑥❝ ➮▼◆➱▲❝❛◆ ⑥❝ ➨▲❍❜ ✃❍❜❝❜ ②❝❜❜❛❞❛❜❑❍ ❐❖❡②❒❮
❍ ✩✾✿✵✥✿✪ ❃✪✮★✬✭ ❃✪★✪ ✪ ✦✭✽✰✫✬✭ ✮✧ ❃★✭✱✽✧✲✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✵✭✦ ④✺▼✤
✩★✪✮✥✿✥✭✵✪✥✦ ✾ ✪ ❖❹✶▲ ➁✍�✏ü✠ÿü✌ ✙✑ü✽✠þ✑✌ ✘☞ü✏✍�❏ ❖PP→➂❈ ❺✧✦✦✪ ✩✾✿✵✥✿✪❏ ✿✪✮✪ ✩★✪✵✦✪✹✫✬✭ ✧✲✥✩✧ ✦✰✪✦ ✲✧✵✦✪✷✧✵✦ ✮✧ ✦✭✽✥✿✥✩✪✫✬✭ ✧ ✽✥✱✧★✪✫✬✭ ✮✧ ✱✽✭❄✰✧✥✭ ✧✲ ✮✰✪✦ ●✪✦✧✦ ➁þ✏ûü✞✑☞✌
✠ü☛ü✟✍þ❏ ❖PP❖➂❊
•

❂✪✦✧ ✮✧ ✧⑤❃✪✵✦✬✭ ➁ ✭✰ ✿★✧✦✿✥✲✧✵✩✭➂❊ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ✭✱✩✾✲ ✭✦ ✱✽✭❄✰✧✥✭✦ ✧❏ ✵✧✦✦✪ ●✪✦✧❏
✵✬✭ ❃✭✮✧ ✧⑤✥✦✩✥★ ✽✥✱✧★✪✫✬✭ ✮✧ ✱✽✭❄✰✧✥✭✦❈

•
❂✪✦✧ ✮✧ ✧✵✿✭✽✼✥✲✧✵✩✭❊ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ✽✥✱✧★✪✲ ✭✦ ✦✧✰✦ ✱✽✭❄✰✧✥✭✦❏ ✵✭ ✧✵✩✪✵✩✭ ✵✬✭ ✦✧
❃✭✮✧ ✭✱✩✧★ ✱✽✭❄✰✧✥✭✦ ✵✧✦✦✪ ●✪✦✧❈

❋✵✥✿✥✪✽✲✧✵✩✧❏ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✧✦✩❅ ✧✲ ●✪✦✧ ✮✧ ✧⑤❃✪✵✦✬✭❈ ❍ ✩★✪✵✦✪✫✬✭ ✪✮❄✰✥★✧ ✭✦ ✱✽✭✹❄✰✧✥✭✦ ✵✧✿✧✦✦❅★✥✭✦❈ ❢✰✪✵✮✭ ✪ ✩★✪✵✦✪✫✬✭ ✽✥✱✧★✪ ✰✲ ✱✽✭❄✰✧✥✭❏ ✧✽✪ ✧✵✩★✪ ✵✪ ●✪✦✧ ✮✧ ✧✵✿✭✽✼✥✹✲✧✵✩✭ ✧ ✵✬✭ ❃✭✮✧★❅ ✦✭✽✥✿✥✩✪★ ✵✭❁✭✦ ✱✽✭❄✰✧✥✭✦❈
✻✦✦✪ ✩✾✿✵✥✿✪ ✷✪★✪✵✩✧ ✪ ✦✧★✥✪✽✥❣✪✫✬✭❏ ❃✭★✾✲❏ ✵✬✭ ✧❁✥✩✪ ✥✲❃✪✦✦✧✦ ♦❈ ❍✦✦✥✲❏ ✵✧✿✧✦✦✥✩✪ ✮✧

✰✲✪ ✧✦✩★✪✩✾✷✥✪ ❃✪★✪ ✦✰✪ ✮✧✩✧✿✫✬✭❏ ✧❁✥✩✪✵✮✭ ❄✰✧ ✰✲✪ ✩★✪✵✦✪✫✬✭ s❄✰✧ ✱✽✭❄✰✧✪✮✪❈
♣qrst✉❸➍❰➐



✒❳❫✓❲ó✔❬ ➽✖ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ❫❳❱❳ ❤✐❦❘♠❧♥ ❖➔
P❫❖❫❖ ❡➬❺⑦❛❺❍ ⑥❝ ●◆⑦❑③◆▼❝ ⑥❝ ●◆⑦❺◆③③Ï⑦❺❛❍ ➪❑❛❞❛❜❑❍ ❐●●➪❮
❺✪ ✩✾✿✵✥✿✪ ✪❃★✧✦✧✵✩✪✮✪ ✪✵✩✧★✥✭★✲✧✵✩✧❏ ✪ ❁✧★✥s✿✪✫✬✭ ✾ ★✧✪✽✥❣✪✮✪❏ ✪✵✩✧✦ ✮✪✦ ✭❃✧★✪✫⑨✧✦ ✵✭ ▼✤
✦✧★✧✲ ✧⑤✧✿✰✩✪✮✪✦❏ ✭✰ ✦✧⑦✪❏ ✾ ●✧✥✩✪ ✰✲✪ ❁✧★✥s✿✪✫✬✭ ✮✧ ✱✽✭❄✰✧✥✭ ✵✭ ✥✩✧✲ ✮✧ ✮✪✮✭❈ ⑥❅ ✵✪ ✴✴❑❏
✵✧✵✼✰✲✪ ❁✧★✥s✿✪✫✬✭ ✾ ●✧✥✩✪ ✧✵❄✰✪✵✩✭ ✪ ✩★✪✵✦✪✫✬✭ ✧✦✩❅ ✦✧✵✮✭ ✧⑤✧✿✰✩✪✮✪❈ ✻⑤✥✦✩✧ ✩★❆✦ ●✪✦✧✦
✮✥●✧★✧✵✩✧✦ ❄✰✧ ❃✭✮✧✲ ✦✧★ ✿✽✪✦✦✥s✿✪✮✪✦ ✵✧✦✦✪ ✩✾✿✵✥✿✪ ➁✞✭ÿü✑✞✍ü✠✌ ✡�✑✟✍✌ ✞☞✏✙þ✑✞ý✍ü✟✼❏
❖PP➓➂❊
•

❂✪✦✧ ✮✧ ✽✧✥✩✰★✪❊ ✵✧✦✦✪ ●✪✦✧ ✦✧ ✥✵✥✿✥✪❏ ✪ ✧⑤✧✿✰✫✬✭ ✮✪ ✩★✪✵✦✪✫✬✭ ❹✥❈ ❑✦ ❁✪✽✭★✧✦ ✮✧ ✥✩✧✵✦
✮✧ ✮✪✮✭✦ ✦✬✭ ✽✥✮✭✦ ✧ ✪★✲✪❣✧✵✪✮✭✦ ✧✲ ❁✪★✥❅❁✧✥✦ ✽✭✿✪✥✦ ❃✪★✪ ❹✥❈ ❹✭✮✪✦ ✪✦ ✭❃✧★✪✫⑨✧✦
✮✧ ✧✦✿★✥✩✪ ✦✬✭ ❃★✭✿✧✦✦✪✮✪✦ ✿✭✲ ❁✪★✥✪❁✾✥✦ ✽✭✿✪✥✦ ✩✧✲❃✭★❅★✥✪✦❏ ✦✧✲ ✪✽✩✧★✪★ ✮✧ ●✪✩✭ ✭✱✪✵✿✭ ✮✧ ✮✪✮✭✦❈

•
❂✪✦✧ ✮✧ ❁✪✽✥✮✪✫✬✭❊ ❍ ✩★✪✵✦✪✫✬✭ ❹✥ ❃★✭✿✧✦✦✪ ✰✲ ✩✧✦✩✧ ✮✧ ❁✪✽✥✮✪✫✬✭❏ ❃✪★✪ ✮✧✩✧★✲✥✵✪★ ✦✧
❃✭✮✧ ✿✭❃✥✪★ ✵✭ ▼✤ ✪✦ ❁✪★✥✪❁✾✥✦ ✩✧✲❃✭★❅★✥✪✦❏ ❄✰✧ ✲✪✵✩❆✲ ✭✦ ★✧✦✰✽✩✪✮✭✦ ✮✪✦ ✭❃✧★✪✫⑨✧✦
✮✧ ✧✦✿★✥✩✪ ✦✧✲❏ ✿✭✲ ✥✦✦✭❏ ✿✪✰✦✪★ ✪ ❁✥✭✽✪✫✬✭ ✮✪ ✦✧★✥✪✽✥❣✪✫✬✭❈

•
❂✪✦✧ ✮✧ ✧✦✿★✥✩✪❊ ④✧ ✪ ✩★✪✵✦✪✫✬✭ ❹✥ ✭✱✩✾✲ ✦✰✿✧✦✦✭ ✵✪ ●✪✦✧ ✮✧ ❁✪✽✥✮✪✫✬✭❏ ✧✵✩✬✭ ✪
✪✩✰✪✽✥❣✪✫✬✭ ✾ ✪❃✽✥✿✪✮✪ ✮✧ ●✪✩✭ ✪✭ ▼✤❈ ✴✪✦✭ ✿✭✵✩★❅★✥✭ ✾ ✮✧✦●✧✥✩✪❈

✴✪✮✪ ✩★✪✵✦✪✫✬✭ ❃★✧✿✥✦✪ ❃✪✦✦✪★ ❃✧✽✪ ✩★❆✦ ●✪✦✧✦❏ ✵✪ ✭★✮✧✲ ✪❃★✧✦✧✵✩✪✮✪❈ ✻✵✩★✧✩✪✵✩✭❏ ✪✦
✩★❆✦ ●✪✦✧✦ ✮✧ ✩★✪✵✦✪✫✬✭✧✦ ✧✲ ✧⑤✧✿✰✫✬✭ ✿✭✵✿✭★★✧✵✩✧✦ ❃✭✮✧✲ ✦✧★ ✧✵✩★✧✽✪✫✪✮✪✦❈

❺✭ ✧✵✩✪✵✩✭❏ ✪✦ ✩✾✿✵✥✿✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ❃✪★✪ ④✺▼✤ ✩★✪✮✥✿✥✭✪✵✥✦ ✵✬✭ ✦✬✭✪❃★✭❃★✥✪✮✭✦ ❃✪★✪ ✩★✪✩✪★ ✿✭✲ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ✮✧ ✰✲ ④✺▼✤✹❹✐❏ ✰✲✪ ❁✧❣ ❄✰✧ ✪✦ ✲✧✦✲✪✦
✦✬✭ ✿✪★✪✿✩✧★✥❣✪✮✪✦ ❃✭★ ✪❃★✧✦✧✵✩✪★✧✲ ★✧✦✩★✥✫⑨✧✦ ✮✧ ✩✧✲❃✭✹★✧✪✽ ❄✰✧ ✮✧❁✧✲ ✦✧★ ★✧✦❃✧✥✩✪✮✪✦
❃✪★✪ ❄✰✧ ✭✱✩✧✵✼✪ ✭ ✿✭✲❃✭★✩✪✲✧✵✩✭ ✩✧✲❃✭★✪✽ ✮✧✦✧⑦✪✮✭ ✭✰ ✵✧✿✧✦✦❅★✥✭❈ ✻✵✩★✧✩✪✵✩✭ ✧✦✦✪✦
✩✾✿✵✥✿✪✦ ✦✸ ✿✭✵✦✥✮✧★✪✲ ✪✦❃✧✿✩✭✦ ✽✸✷✥✿✭✦ ✮✧ ✮✪✮✭✦ ✧ ✩★✪✵✦✪✫⑨✧✦❏ ✮✧✦✿✭✵✦✥✮✧★✪✵✮✭ ✭✦ ✪✦❃✧✿✩✭✦
✩✧✲❃✭★✪✥✦❏ ✵✧✿✧✦✦❅★✥✭✦ ✪✭✦ ④✺▼✤✹❹✐❈
❀✤❀ ➝➘✲❇★✲✪ ✵✱ ➴✦❇✧✴✦✳✱ ✵✱ ➴✦❇✲✦✴✴➷❇✲★✪ ➞✪✴✪ ❼❽❾✰➟

➝❅
✻✲ ④✺▼✤✹❹✐❏ ✪✦ ✩✾✿✵✥✿✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✵✬✭ ❃✭✮✧✲ ✥✷✵✭★✪★ ✭✦ ★✧❄✰✥✦✥✩✭✦
✮✧ ✿✭✵✦✥✦✩❆✵✿✥✪ ✩✧✲❃✭★✪✽❈ ❍✽✷✰✲✪✦ ❃✧✦❄✰✥✦✪✦ ✩✧✲ ✦✥✮✭ ✮✧✦✧✵❁✭✽❁✥✮✪✦ ❃✪★✪ ✩✾✿✵✥✿✪✦ ✮✧
✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✧✲ ④✺▼✤✹❹✐ ➁✞�✠✌ ✏þþ❏ ➓➫➫→✎ ü✏ÿü✑û☞❏ ➓➫➫➭✎ ý✍☞✭✌ ✡ü�✌ ✏üû❏
➓➫➫➭✎ ✏☞✠ÿ✞✟✑�û❏ ❖PP➔➂❈ ✻✦✦✪✦ ✩✾✿✵✥✿✪✦ ✦✬✭ ✱✪✦✧✪✮✭✦ ✧✲❊ ✩✾✿✵✥✿✪ ✮✧ ✱✽✭❄✰✧✥✭ ✮✧ ✮✰✪✦
●✪✦✧✦ ❃✧✦✦✥✲✥✦✩✪ ✧ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✭✩✥✲✥✦✩✪❏ ✦✧✵✮✭ ✷✧★✪✽✲✧✵✩✧ ✧⑤✩✧✵✦⑨✧✦
✮✪✦ ✩✾✿✵✥✿✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✩★✪✮✥✿✥✭✵✪✥✦❈ ✻✲ ✦✧✷✰✥✮✪ ✦✧★✬✭ ✪❃★✧✦✧✵✩✪✮✭✦
✪✽✷✰✵✦ ✩★✪✱✪✽✼✭✦ ❄✰✧ ✰✩✥✽✥❣✪✲ ✪✦ ✩✾✿✵✥✿✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ❃✧✦✦✥✲✥✦✩✪ ✧ ✭✩✥✲✥✦✩✪
❃✪★✪ ④✺▼✤✹❹✐❈



✒❳❫✓❲ó✔❬ ➽✖ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ❫❳❱❳ ❤✐❦❘♠❧♥ ❖→

                             Sepr(Tr) >pr(Th) então

                    Tr abortaou reinicia Th;
Senão
    Trespera;

Fim

❂✥✷✰★✪ ➔❈→❊ ❍✽✷✭★✥✩✲✭ ✮✪ ❹❖✶▲✹➺✶
❀✤❄ ➝➘✲❇★✲✪ ✵✱ ❾✳✦Ð❪✱★✦ ✵✱ ✰❪✪❃ Ñ✪❃✱❃ ✶✱❃❃★✸★❃✧✪ ➞✪✴✪

❼❽❾✰➟➝❅
P❫◗❫❴ ❡➬❺⑦❛❺❍ ⑥❝ ➮▼◆➱▲❝❛◆ ⑥❝ ➨▲❍❜ ✃❍❜❝❜ ②❝❜❜❛❞❛❜❑❍ ❢ Ò▼❑❍ ②③❛◆❢

③❛⑥❍⑥❝ ❐❡❖②❒❢Ó②❮
❍ ✩✾✿✵✥✿✪ ✮✧ ✱✽✭❄✰✧✥✭ ✮✧ ✮✰✪✦ ●✪✦✧✦ ✾ ✲✪✥✦ ✿✭✲✰✲ ✧✲ ✦✥✦✩✧✲✪✦ ✮✧ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✿✭✵❁✧✵✹✿✥✭✵✪✥✦❈ ✴✭✲ ❹❖✶▲❏ ✪ ✧⑤✧✿✰✫✬✭ ✮✪ ✩★✪✵✦✪✫✬✭ ✿✭✵✦✥✦✩✧ ✧✲ ✮✰✪✦ ●✪✦✧✦❈ ❺✪ ❃★✥✲✧✥★✪ ●✪✦✧❏
✱✽✭❄✰✧✥✭✦ ✦✬✭ ✪✮❄✰✥★✥✮✪✦ ✲✪✦ ❃✭✮✧✲ ✵✬✭ ✦✧★ ✽✥✱✧★✩✪✮✪✦❈ ❺✪ ✦✧✷✰✵✮✪ ●✪✦✧❏ ✱✽✭❄✰✧✥✭✦ ✦✬✭✽✥✱✧★✩✪✮✪✦ ✲✪✦ ❃✭✮✧✲ ✵✬✭ ✦✧★ ✪✮❄✰✥★✥✮✪✦ ✵✭❁✭✦ ✱✽✭❄✰✧✥✭✦❈ ❺✭ ✿✪✦✭ ✮✧ ✰✲✪ ✩★✪✵✦✪✫✬✭ TR❄✰✧ ✩✧✲ ✲✪✥✭★ ❃★✥✭★✥✮✪✮✧❏ ✦✭✽✥✿✥✩✪★ ✰✲ ✱✽✭❄✰✧✥✭ ❄✰✧ ✧✦✩❅ ✦✧✵✮✭ ✧⑤✧✿✰✩✪✮✭ ❃✭★ ✭✰✩★✪ ✩★✪✵✹✦✪✫✬✭❏
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                             Se  pr(Tr) > pr(Th) então

   Tr espera;

   Th herda a prioridade de  Tr;
  Senão

 Tr espera;

Fim
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  TH solicita um item de dado que esta bloqueado por TR

          Se pr(TR)>PR(TH)

                              então TH espera por TR;

senão

          if YR>XH

                              então  aborta TR;

                                                             senão TH herda a prioridade de TR;

       fim se

fim se
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✩★✪✵✦✪✫⑨✧✦❈

✻✲ ✦✰✲✪❏ ✪✦ ✩✾✿✵✥✿✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✱✪✦✧✪✮✪✦ ✧✲ ✱✽✭❄✰✧✥✭✦ ❃✭✮✧✲ ✷✧★✪★
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ôíõöìðæç Ø

❨➻➇➄➆➇í ➅➈ ôç➄ìêçæ➈ ➅➈ ôç➄➇çêê➼➄➇➆í
❯➈❱Ù➄ì➆➇ç
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④✺▼✤✹❹✐❏ ✦✧✵✮✭ ✭ ●✭✿✭ ✮✭ ✵✭✦✦✭ ✩★✪✱✪✽✼✭❈ ❺✪✦ ④✧✫⑨✧✦ →❈➔❏ →❈→ ✾ ✪❃★✧✦✧✵✩✪✮✭ ✭✦ ✲✧✿✪✵✥✦✹✲✭✦ ✧✲ ❄✰✧ ✪ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪ ✾ ✱✪✦✧✪✮✪ ❄✰✧ ✾ ④✧★✥✪✽✥❣✪✫✬✭ ➾➚➪➶➹➘➴✧ ❂✰✵✫✬✭ ✮✧ ✴✭✲❃✪✩✥✱✥✽✥✮✪✮✧❏ ★✧✦❃✧✿✩✥❁✪✲✧✵✩✧❈ ❺✪ ④✧✫✬✭ →❈◗ ✾ ✪❃★✧✦✧✵✩✪✮✭ ✭ ✪✽✷✭★✥✩✲✭
✮✪ ❹✾✿✵✥✿✪ ✮✧ ✴✭✵✩★✭✽✧ ✮✧ ✴✭✵✿✭★★❆✵✿✥✪❏ ✧ s✵✪✽✲✧✵✩✧ ✵✪ ④✧✫✬✭ →❈◗❈➔ ✪ ★✧✮✧s✵✥✫✬✭ ✮✭✪✽✷✭★✥✩✲✭❈
❄✤✣ ❭❇✧✴✦✵❪✫✬✦
✴✭✲✭ ⑦❅ ✲✧✵✿✥✭✵✪✮✮✭ ✪✵✩✧★✥✭★✲✧✵✩✧❏ ✪✦ ✩✾✿✵✥✿✪✦ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✩★✪✮✥✿✥✭✵✪✥✦❏
❄✰✧ ✰✩✥✽✥❣✪✲ ✪ ✦✧★✥✪✽✥❣✪✫✬✭ ✿✭✲✭ ✿★✥✩✾★✥✭ ✮✧ ✿✭★★✧✩✰✮✧❏ ✦✬✭ ✥✵✧s✿✥✧✵✩✧✦ ❃✪★✪ ✿✭✵✩★✭✽✪★ ✪
✿✭✵✿✭★★❆✵✿✥✪ ❃✪★✪ ④✺▼✤✹❹✐❈ ✶✭★ ✧✦✦✧ ✲✭✩✥❁✭❏ ✮✥❁✧★✦✭✦ ❃✧✦❄✰✥✦✪✮✭★✦ ❃★✭❃✰✦✧★✪✲ ❁✪★✥✪✮✪✦
✩✾✿✵✥✿✪✦ ❃✪★✪ ✦✭✽✰✿✥✭✵✪★ ✭ ❃★✭✱✽✧✲✪ ✮✭ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✧✲ ④✺▼✤✹❹✐❈ ✴✭✵✩✰✮✭❏
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✵✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✧ ✵✪ ❁✥✦✬✭ ✮✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ❃✧✽✪✦ ✩★✪✵✦✪✫⑨✧✦❈ ✴✭✲✭ ❃✭★ ✧⑤✧✲❃✽✭❏
✰✲✪ ✩★✪✵✦✪✫✬✭ ✮✧ ✪✩✰✪✽✥❣✪✫✬✭ ✥✵✩✧★★✭✲❃✧ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✮✧ ✽✧✥✩✰★✪ ✮✧ ✲✭✮✭ ✪ ✲✪✵✩✧★ ✪
✿✭✵✦✥✦✩❆✵✿✥✪ ✩✧✲❃✭★✪✽ ✮✭✦ ✮✪✮✭✦❈ ❺✧✦✦✧ ✿✪✦✭❏ ✪ ✩★✪✵✦✪✫✬✭ ✮✧ ✽✧✥✩✰★✪ ❃✭✮✧ ✩✧★ ✰✲✪ ❁✥✦✬✭✥✲❃★✧✿✥✦✪ ✮✭ ✮✪✮✭ ❃✭★❄✰✧ ✧✽✪ ❃✭✮✧ ✽✧★ ✰✲ ❁✪✽✭★ ✧✦✿★✥✩✭ ❃✭★ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✮✧ ✪✩✰✪✽✥❣✪✫✬✭✵✬✭ ✿✭✲❃★✭✲✧✩✥✮✪❈ ❑ ❁✪✽✭★ ✮✧ ✰✲ ✥✩✧✲ ✮✧ ✮✪✮✭ ★✧✦✰✽✩✪✵✩✧ ✮✧ ✰✲ ✧✦✿✪✽✭✵✪✲✧✵✩✭ ✮✧ ✩★✪✵✹
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✦✪✫⑨✧✦ ✾ ✥✲❃★✧✿✥✦✭ ✦✧ ✧✽✧ ✾ ✮✥●✧★✧✵✩✧ ✮✭ ❁✪✽✭★ ✿✭★★✧✦❃✭✵✮✧✵✩✧ ★✧✦✰✽✩✪✵✩✧ ✮✧ ✿✪✮✪ ❃✭✦✦❇❁✧✽
✧✦✿✪✽✭✵✪✲✧✵✩✭ ✦✧★✥✪✽✥❣❅❁✧✽ ✮✪✦ ✲✧✦✲✪✦ ✩★✪✵✦✪✫⑨✧✦❈

❺✧✦✩✧ ✴✪❃❇✩✰✽✭❏ ●✭✥ ✮✧✦✿★✥✩✭ ✧ ✮✥✦✿✰✩✥✮✭ ✪ ★✧✦❃✧✥✩✭ ✮✧ ✰✲✪ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✹✿✭★★❆✵✿✥✪ ✦✧✲❻✵✩✥✿✭ ❄✰✧ ✰✩✥✽✥❣✪ ✿✭✵✼✧✿✥✲✧✵✩✭ ✧✦❃✧✿✧●❇✿✭ ✦✭✱★✧ ✰✲✪ ✪❃✽✥✿✪✫✬✭ ✮✧ ●✭★✲✪ ✪
✪✰✲✧✵✩✪★ ✪ ✿✭✵✿✭★★❆✵✿✥✪ ✧✵✩★✧ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ✧✲ ✦✥✦✩✧✲✪✦ ✮✧ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦❈
❄✤✯ ➝➘✲❇★✲✪ ✵✱ ➴✦❇✧✴✦✳✱ ✵✱ ➴✦❇✲✦✴✴➷❇✲★✪ ❼✱✸❆❇✧★✲✦
✻✲ ➁ÿ☞✚☞✚✚�❏ ➓➫➫◗➂ ✾ ✪❃★✧✦✧✵✩✪✮✭ ✰✲✪ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ❃✪★✪ ④✺▼✤✹❹✐ ✱✪✦✧✪✮✭ ✧✲ ✥✵●✭★✲✪✫✬✭ ✦✧✲❻✵✩✥✿✪❈ ✻✦✩✪ ✩✾✿✵✥✿✪ ✾ ✭★✥✧✵✩✪✮✪ ✪ ✭✱⑦✧✩✭✦ ✧ ✦✰❃✭★✩✪ ✪
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★✧✪✽✥❣✪✮✪❈ ✻✦✦✪ ✩✾✿✵✥✿✪ ✦✰❃✭★✩✪ ✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✩✧✲❃✭★✪✽ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦ ❃✭★ ❃✧★✲✥✩✥★ ✪
✧✦❃✧✿✥s✿✪✫✬✭ ✮✧ ✧✦✿✪✽✭✵✪✲✧✵✩✭✦ ✲✪✥✦ ❼✧⑤❇❁✧✥✦ ❄✰✧ ✪❄✰✧✽✧✦ ❃✧★✲✥✩✥✮✭✦ ❃✭★ ➪➮➱➶✃➹➶❐✃✺✻➘ ✧
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✰✲✪ ✩★✪✵✦✪✫✬✭ ✮✧ ✪✩✰✪✽✥❣✪✫✬✭ ❄✰✧ ✵✬✭ ●✭✥ ✿✭✲❃★✭✲✧✩✥✮✪❈

❺✧✦✦✪ ✩✾✿✵✥✿✪ ✭ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✾ ✮✥✦✩★✥✱✰❇✮✭ ✧✵✩★✧ ✭✦ ❁❅★✥✭✦ ✭✱⑦✧✩✭✦ ✮✪ ✪❃✽✥✹✿✪✫✬✭❈ ✶✪★✪ ✥✦✦✭❏ ✮✧s✵✥✹✦✧ ❂✴ ❃✪★✪ ✿✪✮✪ ✭✱⑦✧✩✭ ❄✰✧ ✿✭✵✩★✭✽✪ ✭ ✪✿✧✦✦✭ ✿✭✵✿✭★★✧✵✩✧ ✮✭✦
✲✾✩✭✮✭✦ ✪✭ ▼✤❈

❄✤❀ ❼✱✴★✪✳★❋✪✫✬✦ ÝÞßàáâã äÝÞßàáâã åæçàèáàéèêàáàëì í Ýåî
✻✲ ✦✥✦✩✧✲✪✦ ✧✲ ✩✧✲❃✭✹★✧✪✽❏ ✲✰✥✩✪✦ ❁✧❣✧✦ ★✧✦✰✽✩✪✮✭✦ ✥✲❃★✧✿✥✦✭✦ ❃✭✮✧✲ ✦✧★ ✪✿✧✥✩❅❁✧✥✦
❃✪★✪ ❃✧★✲✥✩✥★ ✪ ✦✪✩✥✦●✪✫✬✭ ✮✪✦ ★✧✦✩★✥✫⑨✧✦ ✩✧✲❃✭★✪✥✦ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦❈ ❋✦✦✭ ✥✲❃⑨✧ ✳✦ ✩✾✿✵✥✿✪✦
✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪❏ ❃✪★✪ ✩✪✥✦ ✦✥✦✩✧✲✪✦❏ ✪ ✵✧✿✧✦✦✥✮✪✮✧ ✮✧ ✿✭✵✩★✭✽✪★ ✧ ✽✥✲✥✩✪★ ✪
✥✲❃★✧✿✥✦✬✭ ★✧✦✰✽✩✪✵✩✧❈ ✯✰✥✩✪✦ ✮✪✦ ✩✾✿✵✥✿✪✦ ❃✪★✪ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✦✬✭ ✱✪✦✧✪✮✪✦ ✵✭✿★✥✩✾★✥✭ ✮✧ ✿✭★★✧✩✰✮✧ ➁➬➮➱➶✃➹➶❐✃✺✻➘ ➾➚➪➶➹➘➴ ➁✑üûüû✑☞✟✍üû✌ ✚✭❏ ➓➫➫◗➂➂❈

ES
➁✑üûüû✑☞✟✍üû✌ ✚✭❏ ➓➫➫◗➂ ✾ ✰✲ ✿★✥✩✾★✥✭ ✮✧ ✿✭★★✧✩✰✮✧ ●✭★✲✪✽ ❄✰✧ ✧✦❃✧✿✥s✿✪ ❄✰✧

✰✲ ✧✦✿✪✽✭✵✪✲✧✵✩✭ ❃✪★✪ ✩★✪✵✦✪✫⑨✧✦ ✾ ✿✭★★✧✩✭ ✦✧ ✭ ★✧✦✰✽✩✪✮✭ ✮✭ ✧✦✿✪✽✭✵✪✲✧✵✩✭ ➁✪✲✱✭✦❏
❁✪✽✭★✧✦ ✮✭✦ ✮✪✮✭✦ ✧ ❁✪✽✭★✧✦ ✮✭✦ ✪★✷✰✲✧✵✩✭✦ ✮✧ ★✧✩✭★✵✭ ✮✧ ✩★✪✵✦✪✫⑨✧✦➂ ✧✦✩❅ ✮✧✵✩★✭ ✮✧ ✽✥✲✥✹
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GeneralizaçãoSerialização
Serialização

EpsilonImprecisão Limitada

❂✥✷✰★✪ →❈➓❊ ✺✧✵✧★✪✽✥❣✪✫✬✭ ✮✪ ④✧★✥✪✽✥❣✪✫✬✭ ✻❃✦✥✽✭✵
✩✧✦ ✧✦❃✧✿✥s✿✪✮✭✦❏ ✭✰ ✦✧⑦✪❏ ✧✽✧ ✷✧✵✧★✪✽✥❣✪ ✦✧★✥✪✽✥❣✪✫✬✭ ❃✭★ ❃✧★✲✥✩✥★ ✥✲❃★✧✿✥✦✬✭ ✽✥✲✥✩✪✮✪ ✵✭❃★✭✿✧✦✦✪✲✧✵✩✭ ✮✧ ✩★✪✵✦✪✫⑨✧✦❏ ✿✭✵●✭★✲✧ ✪ ❂✥✷✰★✪ →❈➓❈ ✶✪★✪ ✪✿✰✲✰✽✪★ ✧ ✽✥✲✥✩✪★ ✥✲❃★✧✿✥✦✬✭❏
✧✦✦✧ ✿★✥✩✾★✥✭ ✪✦✦✰✲✧ ✰✦✪★ ✪❃✧✵✪✦ ✮✪✮✭✦ ✲✧✵✦✰★❅❁✧✥✦❈

❀✲✪ ✩★✪✵✦✪✫✬✭ ✧✦❃✧✿✥s✿✪ ✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ❄✰✧ ✧✽✪ ❃✭✮✧ ✥✲❃✭★✩✪★ ✧ ✧⑤❃✭★✩✪★
✧✲ ✰✲ ✥✩✧✲ ✮✧ ✮✪✮✭❈ ❍ ❄✰✪✵✩✥✮✪✮✧ ✲❅⑤✥✲✪ ✮✧ ✥✲❃★✧✿✥✦✬✭ ❄✰✧ ✰✲✪ ✩★✪✵✦✪✫✬✭ t

❃✭✮✧ ✥✲✹❃✭★✩✪★ ❃✪★✪ ✰✲ ✥✩✧✲
x

✾ ✮✧s✵✥✮✪ ✿✭✲✭ limïimpt,x

❏ ✧ ✪ ❄✰✪✵✩✥✮✪✮✧ ✲❅⑤✥✲✪ ✮✧ ✥✲❃★✧✿✥✦✬✭❄✰✧ ✰✲✪ ✩★✪✵✦✪✫✬✭ t
❃✭✮✧ ✧⑤❃✭★✩✪★ ❃✪★✪ ✰✲ ✥✩✧✲

x
✾ ✮✧s✵✥✮✪ ✿✭✲✭ limïexpt,x

❈ ✶✪★✪
✿✪✮✪ ✥✩✧✲ ✮✧ ✮✪✮✭✦

x
✵✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦❏

limïmaxx

✾ ✮✧s✵✥✮✭ ✿✭✲✭ ✭ ✽✥✲✥✩✧ ✲❅⑤✥✲✭ ✮✧
✥✲❃★✧✿✥✦✬✭ ❄✰✧ ❃✭✮✧ ✦✧★ ✧✦✿★✥✩✭ ✧✲

x
❈

❍ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ✥✲❃✭★✩✪✮✪ ✧ ✧⑤❃✭★✩✪✮✪ ❃✭★ ✿✪✮✪ ✩★✪✵✦✪✫✬✭❏ ✪✦✦✥✲ ✿✭✲✭✪✦ ✥✲❃★✧✿✥✦✭✦ ✧✦✿★✥✩✪✦ ✵✭✦ ❇✩✧✵✦ ✮✧ ✮✪✮✭✦❏ ✮✧❁✧✲ ✦✧★ ✪✿✰✲✰✽✪✮✪✦ ✮✰★✪✵✩✧ ✪ ✧⑤✧✿✰✫✬✭ ✮✪
✩★✪✵✦✪✫✬✭❈ ❍ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ✥✲❃✭★✩✪✮✪ ❃✧✽✪ ✩★✪✵✦✪✫✬✭ t

❃✪★✪ ✰✲ ✥✩✧✲ ✮✧ ✮✪✮✭✦
x

✾ ✮✧s✵✥✮✪ ❃✭★
imprecïimpt,x

❏ ✧ ✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ✧⑤❃✭★✩✪✮✪ ❃✧✽✪ ✩★✪✵✦✪✫✬✭
t

❃✪★✪ ✰✲ ✥✩✧✲ ✮✧ ✮✪✮✭✦
x

✾ ✮✧s✵✥✮✪ ❃✭★
imprecïexpt,x

❈ ❍ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭✧✦✿★✥✩✪ ✧✲ ✰✲ ✥✩✧✲ ✮✧ ✮✪✮✭✦
x

✾ ✮✧s✵✥✮✪ ✿✭✲✭ quantïimpx

❈
❍✦ ❃★✭❃★✥✧✮✪✮✧✦ ✮✧ ✦✧✷✰★✪✵✫✪ ✮✧s✵✥✮✪✦ ❃✪★✪ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ✧ ✭✦ ✮✪✮✭✦ ✧✦❃✧✿✥s✿✪✲ ✭✦

✽✥✲✥✩✧✦ ✮✧ ✥✲❃★✧✿✥✦✬✭ ❃✪★✪ ✩★✪✵✦✪✫⑨✧✦ ✧ ✮✪✮✭✦❈ ✤✪✮✭ ✰✲ ✥✩✧✲ ✮✧ ✮✪✮✭✦
x

❏ ✪ ✦✧✷✰✥✵✩✧
❃★✭❃★✥✧✮✪✮✧ ✮✧s✵✧ ✰✲ ✮✪✮✭ ➪➮ðÞ➱➘❊

x : quantïimpx ≤ limïmaxx✻✦✦✪ ❃★✭❃★✥✧✮✪✮✧ ✥✵✮✥✿✪ ❄✰✧ ✪ ✥✲❃★✧✿✥✦✬✭ ✵✭ ✥✩✧✲ ✮✧ ✮✪✮✭✦
x

✾ ✪✿✧✥✩❅❁✧✽❏ ✦✧ ✧✽✪ ✵✬✭●✭★ ✲✪✥✭★ ❄✰✧ ✭ ✽✥✲✥✩✧ ✧✦❃✧✿✥s✿✪✮✭❈
✤✪✮✪ ✰✲✪ ✩★✪✵✦✪✫✬✭ t

✧ ✰✲ ✥✩✧✲ ✮✧ ✮✪✮✭✦
x

❏ ✪✦ ✦✧✷✰✥✵✩✧✦ ❃★✭❃★✥✧✮✪✮✧✦ ✮✧s✵✧✲ ✰✲✪
✩★✪✵✦✪✫✬✭ ➪➮ðÞ➱✃❊

(t, x)leitura : imprecïimpt,x ≤ limïimpt,x

(t, x)escrita : imprecïexpt,x ≤ limïexpt,x✻✦✦✪ ❃★✭❃★✥✧✮✪✮✧ ✥✵✮✥✿✪ ❄✰✧ ✪ ✥✲❃★✧✿✥✦✬✭ ✵✭✦ ❇✩✧✵✦ ✮✧ ✮✪✮✭✦ ✽✥✮✭✦ ✭✰ ✧✦✿★✥✩✭✦ ❃✭★ ✰✲✪
✩★✪✵✦✪✫✬✭ ✾ ✪✿✧✥✩❅❁✧✽ ✦✧ ✧✽✧✦ ✵✬✭ ●✭★✧✲ ✲✪✥✭★✧✦ ❄✰✧ ✭✦ ✽✥✲✥✩✧✦ ✧✦❃✧✿✥s✿✪✮✭✦ ❃✪★✪ ✧✽✧✦❈ ❺✧✦✦✧



✒❳❫✓❲ó✔❬ Ú✖ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ❤❯❵Û❴❲❙❥❬ ➔❖
✿✭✵✩✧⑤✩✭❏ ✮✥❣✧✲✭✦ ❄✰✧ ➾➬ ✧✦✩❅ ✷✪★✪✵✩✥✮✪❏ ✦✧ ✧ ✦✭✲✧✵✩✧ ✦✧❏ ✩✭✮✭✦ ✭✦ ✮✪✮✭✦ ✧ ✩★✪✵✦✪✫⑨✧✦
✦✬✭ ✦✧✷✰★✭✦❈
❄✤❄ Ñ❪❇✫✬✦ ✵✱ ➴✦✸➞✪✧★✷★✳★✵✪✵✱ ñÑ➴ò
❀✲✪ ➁

FC
➂ ✾ ✮✧s✵✥✮✪ ❃✧✽✭ ❃★✭⑦✧✩✥✦✩✪ ✮✭ ✦✥✦✩✧✲✪❏ ✿✭✵✦✥✮✧★✪✵✮✭ ✥✵●✭★✲✪✫⑨✧✦ ✪ ★✧✦❃✧✥✩✭

✮✪ ✪❃✽✥✿✪✫✬✭ ✮✧ ●✭★✲✪ ✪ ✧⑤❃★✧✦✦✪★ ✪ ✿✭✲❃✪✩✥✱✥✽✥✮✪✮✧ ✧✵✩★✧ ✪ ✧⑤✧✿✰✫✬✭ ✿✭✵✿✭★★✧✵✩✧ ✮✭✦
✲✾✩✭✮✭✦ ✮✧ ✰✲ ✭✱⑦✧✩✭❈ ✤✧✦✩✪ ●✭★✲✪❏ ✧✽✪ ✾ ✮✧s✵✥✮✪ ❃✪★✪ ✩✭✮✭ ❃✪★ ✭★✮✧✵✪✮✭ ✮✧ ✲✾✩✭✮✭✦
✮✧ ✰✲ ✭✱⑦✧✩✭ ✧ ✾ ✪❁✪✽✥✪✮✪ ✧✲ ✩✧✲❃✭ ✮✧ ✧⑤✧✿✰✫✬✭❈ ❺✭ ✧✵✩✪✵✩✭❏ ✧✽✪ ✦✸ ✮✧❁✧ ✦✧★ ✪❁✪✽✥✪✮✪
❄✰✪✵✮✭ ✭✦ ✲✾✩✭✮✭✦ ✧✦✩✬✭ ✪✿✧✦✦✪✵✮✭ ✭ ✲✧✦✲✭ ✪✩★✥✱✰✩✭ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧❈ ✻✲ ✪✮✥✫✬✭❏ ✪
➁
FC

➂ ✪✿✰✲✰✽✪ ✪ ✥✲❃★✧✿✥✦✬✭ ✥✵✩★✭✮✰❣✥✮✪ ✵✭ ▼✤❏ ✧ ✿✭✵✩★✭✽✪ ✪ ✥✲❃★✧✿✥✦✬✭ ✲❅⑤✥✲✪ ✦✰❃✭★✩✪✮✪
❃✧✽✭ ✲✧✦✲✭❈ ❍

FC
✩✧✲ ✪ ●✭★✲✪❊
FC(mati, minv) ó ➾ô➚➱➮➪➪✻➘ õ➘➘➹➮✃➴✃⇒ IA

✭✵✮✧
mati

★✧❃★✧✦✧✵✩✪ ✭ ✲✾✩✭✮✭ ❄✰✧ ✧✦✩❅ ✦✧✵✮✭ ✧⑤✧✿✰✩✪✮✭ ✧
minv

★✧❃★✧✦✧✵✩✪ ✭ ✲✾✩✭✮✭❄✰✧ ●✭✥ ✥✵❁✭✿✪✮✭❈ ❍ ✧⑤❃★✧✦✦✬✭ ✱✭✭✽✧✪✵✪ ❃✭✮✧ ✿✭✵✩✧★ ❃★✧✮✥✿✪✮✭✦ ✧✵❁✭✽❁✧✵✮✭ ❁✪✽✭★✧✦ ✮✭✦
✪★✷✰✲✧✵✩✭✦ ✮✭✦ ✲✾✩✭✮✭✦❏ ✮✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✧ ✮✭ ✦✥✦✩✧✲✪ ✧✲ ✷✧★✪✽❈ ✭✵✮✧

IA
★✧❃★✧✦✧✵✩✪

✪ ✥✲❃★✧✿✥✦✬✭ ✪✿✰✲✰✽✪✮✪❈
◗❫◗❫❴ ❹❞■③❝❺❛❜❻◆ Ò❺▲❞▲▼❍⑥❍
✻⑤✥✦✩✧✲ ✩★❆✦ ✭★✥✷✧✵✦ ❃✭✩✧✵✿✥✪✥✦ ✮✧ ✥✲❃★✧✿✥✦✬✭ ❄✰✧ ✰✲✪ ❂✴ ❃✭✮✧ ✧⑤❃★✧✦✦✪★ ❃✪★✪ ✪✦ ✥✵❁✭✹✿✪✫⑨✧✦ ✮✭✦ ✲✾✩✭✮✭✦

mati

✧
minv

➁ÿ☞✚☞✚✚�❏ ➓➫➫◗➂❈
➓❈ ❋✲❃★✧✿✥✦✬✭ ✵✭ ❁✪✽✭★ ✮✭ ✪★✷✰✲✧✵✩✭ ✮✧ ★✧✩✭★✵✭ ✮✧

mati

❏ ❄✰✪✵✮✭ mati

✽❆ ✪✩★✥✱✰✩✭✦
✧✦✿★✥✩✭✦ ❃✭★

minv

❈
❖❈ ❋✲❃★✧✿✥✦✬✭ ✵✭ ❁✪✽✭★ ✮✭ ✪★✷✰✲✧✵✩✭ ✮✧ ★✧✩✭★✵✭ ✮✧

minv

❏ ❄✰✪✵✮✭ minv

✽❆ ✪✩★✥✱✰✩✭✦
✧✦✿★✥✩✭✦ ❃✭★

mati

❈
➔❈ ❋✲❃★✧✿✥✦✬✭ ✵✭✦ ✪✩★✥✱✰✩✭✦ ❄✰✧ ✧✦✩✬✭ ✵✭ ✿✭✵⑦✰✵✩✭ ✮✧ ✪✩✰✪✽✥❣✪✫⑨✧✦ ✿✭✵✿✭★★✧✵✩✧✦ ✮✧

mati✧
minv

❏ ✥✦✩✭ ✾❏
mati

✧
minv

✧✦✿★✧❁✧✲ ✵✭✦ ✲✧✦✲✭✦ ✪✩★✥✱✰✩✭✦❈
❢✰✪✵✮✭ ✰✲✪ ❂✴ ✾ ✪❁✪✽✥✪✮✪❏ ✦✧ ✭✦ ❃✪★❻✲✧✩★✭✦ ✩✧✲❃✭★✪✥✦ ●✭★✧✲ ✪❁✪✽✥✪✮✭✦ ✧✲ ●✪✽✦✭❏ ✪

✩★✪✵✦✪✫✬✭ ✮✧❁✧ ✦✧★ ✪✱✭★✩✪✮✪❏ ✭✰ ✧✦❃✧★✪★ ✧✲ ✰✲✪ s✽✪❏ ✿✪✦✭ ✩✧✵✼✪ ✩✧✲❃✭ ✦✰s✿✥✧✵✩✧ ❃✪★✪
✩✧✵✩✪★ ✧⑤✧✿✰✩✪★ ✵✭❁✪✲✧✵✩✧❈ ✴✪✦✭ ✿✭✵✩★❅★✥✭❏ ✭✦ ❃✪★❻✲✧✩★✭✦ ✽✸✷✥✿✭✦ ✦✧★✬✭ ✧✵✩✬✭ ✪❁✪✽✥✪✮✭✦❈
❢✰✪✵✮✭ ✭✦ ❃✪★❻✲✧✩★✭✦ ✽✸✷✥✿✭✦ ✦✬✭ ✪❁✪✽✥✪✮✭✦ ✧✲ ❁✧★✮✪✮✧✥★✭ ✭ ▼✤ ❃✭✮✧★❅ ✦✧★ ✪✿✧✦✦✪✮✭ ✧
✪ ✥✲❃★✧✿✥✦✬✭ ✷✧★✪✮✪ ➁✿✪✦✭ ✧⑤✥✦✩✪➂ ✦✧★❅ ✿✭✲❃✰✩✪✮✪❈ ✴✪✦✭ ✿✭✵✩★❅★✥✭ ✭ ▼✤ ✵✬✭ ❃✭✮✧★❅ ✦✧★
✪✿✧✦✦✪✮✭ ✧ ✪ ✩★✪✵✦✪✫✬✭ ✮✧❁✧★❅ ✦✧★ ✪✱✭★✩✪✮✪❈



✒❳❫✓❲ó✔❬ Ú✖ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ❤❯❵Û❴❲❙❥❬ ➔➔
ö÷➛➜➤➧➎➙ ➏➛ ø➐➋➑ù➛➙ ➏➛ ➳➎➜➤➝➌↕Õ↕➧↕➏➝➏➛
❺✧✦✩✪ ④✧✫✬✭ ✦✬✭ ✪❃★✧✦✧✵✩✪✮✪✦ ✪✽✷✰✵✦ ✧⑤✧✲❃✽✭✦ ✮✧ ❂✴ ❄✰✧ ✧⑤❃★✧✦✦✪✲ ✿✭✲❃✪✩✥✱✥✽✥✮✪✮✧

✿✭✵✮✥✿✥✭✵✪✽ ❃✪★✪ ✪ ✧⑤✧✿✰✫✬✭ ✿✭✵✿✭★★✧✵✩✧ ✮✧ ✲✾✩✭✮✭✦❈
ö÷➛➜➤➧➎ ➉
❍

FC
→❈➓ ✧⑤❃★✧✦✦✪ ✰✲✪ ✵✧✷✭✿✥✪✫✬✭ ✮✧ ✿✭✵✦✥✦✩❆✵✿✥✪ ✽✸✷✥✿✪ ❃✭★ ✿✭✵✦✥✦✩❆✵✿✥✪ ✩✧✲❃✭★✪✽

❄✰✪✵✮✭ ✭ ✲✾✩✭✮✭ ú➮➱➥✃â➘ ➁▲✧★ ✰✲ ✮✪✮✭ ❄✰✪✽❄✰✧★➂ ✧✦✩❅ ✦✧✵✮✭ ✧⑤✧✿✰✩✪✮✭ ✧ ✭ ✲✾✩✭✮✭➠❮Þ➥✃â➘ ➁❍✩✰✪✽✥❣✪★ ✮✪✮✭➂ ✾ ✥✵❁✭✿✪✮✭❈ ④✭✱ ✦✧★✥✪✽✥❣✪✫✬✭❏ ✧✦✦✧✦ ✲✾✩✭✮✭✦ ✵✬✭ ❃✭✮✧★✥✪✲ ✦✧★
✧⑤✧✿✰✩✪✮✭✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧❏ ❃✭✥✦ ✪ ❁✥✦✬✭ ✮✭ ✪✩★✥✱✰✩✭ â✃â➘ ❃✧✽✭ ✲✾✩✭✮✭ ú➮➱➥✃â➘ ✦✧★✥✪
❃★✧⑦✰✮✥✿✪✮✪❈ ❺✭ ✧✵✩✪✵✩✭❏ ✦✧ ✪ ❁✪✽✥✮✪✮✧ ✩✧✲❃✭★✪✽ ✮✭ ✪✩★✥✱✰✩✭ â✃â➘ ●✭★ ❁✥✭✽✪✮✪❏ ✾ ✥✲❃✭★✹✩✪✵✩✧ ❃✧★✲✥✩✥★ ✪ ✧⑤✧✿✰✫✬✭ ✮✭ ✲✾✩✭✮✭ ➠❮Þ➥✃â➘ ❃✪★✪ ★✧✦✩✪✰★✪★ ✦✰✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✩✧✲❃✭★✪✽❈
✶✭★✾✲❏ ✭✦ ✮✭✥✦ ✲✾✩✭✮✭✦ ✦✸ ❃✭✮✧✲ ✦✧★ ✧⑤✧✿✰✩✪✮✭✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ✦✧ ✭ ❁✪✽✭★ ✮✭ ✪✩★✥✹✱✰✩✭ â✃â➘ ✧✦✿★✥✩✭ ❃✭★ ➠❮Þ➥✃â➘ ➁

A.val
➂ ✾ ❃★✸⑤✥✲✭ ✮✭ ❁✪✽✭★ ✿✭★★✧✵✩✧ ✮✭ ✪✩★✥✱✰✩✭ â✃â➘➁

dado.val
➂❈ ✻✦✦✪ ✮✧✩✧★✲✥✵✪✫✬✭ ✾ ✱✪✦✧✪✮✪ ✵✭ ❁✪✽✭★ ✿✭★★✧✵✩✧ ✮✭ ✪✩★✥✱✰✩✭ â✃â➘ ➁

dado.val
➂❏

✵✭ ✽✥✲✥✩✧ ✲❅⑤✥✲✭ ✮✧ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✭ ❃✪★✪ ✭ ✪★✷✰✲✧✵✩✭ ✮✧ ★✧✩✭★✵✭ L ✮✧ ú➮➱➥✃â➘➁
limïimpL

➂❏ ✵✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ❄✰✧ ➠❮Þ➥✃â➘ ✥★❅ ✧✦✿★✧❁✧★ ✧✲ â✃â➘ ✪✩★✪❁✾✦
✮✧

A
➁
A.quantïimp

➂ ✧ ✵✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ✧⑤✥✦✩✧✵✩✧ ✵✭ ✪★✷✰✲✧✵✩✭ ✮✧ ★✧✩✭★✵✭➁
L.quantïimp

➂❈ ❍ ✥✲❃★✧✿✥✦✬✭ ✪✿✰✲✰✽✪✮✪❏ ★✧✦✰✽✩✪✵✩✧ ✮✪ ✧⑤✧✿✰✫✬✭ ✿✭✵✿✭★★✧✵✩✧ ✮✭✦ ✮✭✥✦
✲✾✩✭✮✭✦❏ ✩✪✲✱✾✲ ✾ ✲✭✦✩★✪✮✪❈ ❺✧✦✦✧ ✿✪✦✭❏ ✭ ✪★✷✰✲✧✵✩✭ ✮✧ ★✧✩✭★✵✭ L ✮✭ ✲✾✩✭✮✭ ú➮➱➥✃â➘✩✧✲ ✰✲ ✪✰✲✧✵✩✭ ✮✧ ✥✲❃★✧✿✥✦✬✭ ✥✷✰✪✽ ✳ ✮✥●✧★✧✵✫✪ ✧✵✩★✧ ✭ ❁✪✽✭★ ✮✭ ✪✩★✥✱✰✩✭ â✃â➘ ✪✵✩✧✦
✮✪ ✪✩✰✪✽✥❣✪✫✬✭ ➁â✃â➘û↕✃➹➂ ✧ ✭ ✵✭❁✭ ❁✪✽✭★ ✮✭ ✪✩★✥✱✰✩✭ ✪❃✸✦ ✪ ✪✩✰✪✽✥❣✪✫✬✭ ➁➠û↕✃➹➂❏ ✲✪✥✦ ✪
❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ❄✰✧ ✾ ✧✦✿★✥✩✪ ✵✭ ✪✩★✥✱✰✩✭ â✃â➘ ❃✭★ ➠❮Þ➥✃â➘❏ ➁

A.quantïimp
➂❈

FC(LerDado(L), AtuDado(A)) = (agora− dado.tempo ≤ dado.avi)

∧ (|dado.val −A.val| ≤ (limïimpL

− (L.quantïimp + A.quantïimp)))

⇒ L.quantïimp = L.quantïimp

+ A.quantïimp + |dado.val− A.val|

➁→❈➓➂

ö÷➛➜➤➧➎ ➣
❺✪ ❂✴ →❈❖❏ ✭ ✲✾✩✭✮✭ ➠❮Þ➥✃â➘ ✪✩✰✪✽✥❣✪ ✭ ❁✪✽✭★ ✮✭ ✪✩★✥✱✰✩✭ â✃â➘ ✿✭✲ ✭ ❁✪✽✭★ ✮✭ ✪★✷✰✲✧✵✩✭
✮✧ ✧✵✩★✪✮✪

A
✧ ✭ ✲✾✩✭✮✭ ú➮➱➥✃â➘ ✽❆ ✭ ❁✪✽✭★ ✮✭ ✪✩★✥✱✰✩✭ â✃â➘❈ ✻✦✦✧✦ ✲✾✩✭✮✭✦ ✦✸ ❃✭✮✧★✬✭✦✧★ ✧⑤✧✿✰✩✪✮✭✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ✦✧ ✪ ✮✥●✧★✧✵✫✪ ✧✵✩★✧ ✭ ✵✭❁✭ ❁✪✽✭★ ✮✭ ✮✪✮✭ ➁

A.val
➂ ✧ ✭

❁✪✽✭★ ✭★✥✷✥✵✪✽ ➁
dado.val

➂ ✧✦✩✥❁✧★ ✮✧✵✩★✭ ✮✭ ✽✥✲✥✩✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ✪✿✧✥✩✭ ❃✧✽✭ ✪★✷✰✲✧✵✩✭
✮✧ ★✧✩✭★✵✭ L ✮✭ ✲✾✩✭✮✭ ú➮➱➥✃â➘ ➁

limïimpL

➂❈ ✻✦✦✪ ✮✧✩✧★✲✥✵✪✫✬✭ ✾ ✱✪✦✧✪✮✪ ✵✭ ❁✪✽✭★
✪✩✰✪✽✥❣✪✮✭ ❃✭★ ➠❮Þ➥✃â➘ ➁

A.val
➂❏ ✵✭ ✽✥✲✥✩✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✭ ❃✪★✪ ✭ ✪★✷✰✲✧✵✩✭ ✮✧



✒❳❫✓❲ó✔❬ Ú✖ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ❤❯❵Û❴❲❙❥❬ ➔→
★✧✩✭★✵✭ ✮✧ ú➮➱➥✃â➘ ➁

limïimpL

➂❏ ✧ ✵✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ✪✿✰✲✰✽✪✮✪ ✵✭ ✪★✷✰✲✧✵✩✭
✮✧ ★✧✩✭★✵✭ ✮✧ ú➮➱➥✃â➘ ➁

L.quantïimp
➂❈ ❍ ✥✲❃★✧✿✥✦✬✭ ✪✿✰✲✰✽✪✮✪ ✵✭ ✪★✷✰✲✧✵✩✭ ✮✧ ★✧✩✭★✵✭

L ✮✭ ✲✾✩✭✮✭ ú➮➱➥✃â➘ ✩✧✲ ✰✲ ✪✰✲✧✵✩✭ ✥✷✰✪✽ ✳ ✮✥●✧★✧✵✫✪ ✧✵✩★✧ ✭ ❁✪✽✭★ ✭★✥✷✥✵✪✽ ➁
dado.val

➂
✧ ✭ ✵✭❁✭ ❁✪✽✭★ ➁

A.val
➂❏ ✿✪✦✭ ✭✦ ✲✾✩✭✮✭✦ ✦✧⑦✪✲ ✧⑤✧✿✰✩✪✮✭✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧❈

FC(AtuDado(A), LerDado(L)) = |dado.val −A.val| ≤ limïimpL − L.quantïimp)

⇒ L.quantïimp = L.quantïimp + |dado.val −A.val|➁→❈❖➂
ö÷➛➜➤➧➎ ➯
❍ ●✰✵✫✬✭ ✮✧ ✿✭✲❃✪✩✥✱✥✽✥✮✪✮✧ →❈➔ ✲✭✦✩★✪ ✿✭✲✭ ✰✲ ✪✩★✥✱✰✩✭ ❃✭✮✧ ✦✧ ✩✭★✵✪★ ✥✲❃★✧✿✥✦✭❈
✤✰✪✦ ✥✵❁✭✿✪✫⑨✧✦ ✮✧ ✰✲ ✲✧✦✲✭ ✲✾✩✭✮✭ ➠❮Þ➥✃â➘ ❃✭✮✧✲ ✭✿✭★★✧★ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ✦✧ ✰✲
✦✧✵✦✭★ ✪✩✰✪✽✥❣✪ ✭ ✪✩★✥✱✰✩✭ â✃â➘ ✧ ✰✲ ✭❃✧★✪✮✭★ ✼✰✲✪✵✭ ✩✪✲✱✾✲ ✦✭✽✥✿✥✩✪ ✪ ✧⑤✧✿✰✫✬✭ ✮✧ ✰✲✪
✭❃✧★✪✫✬✭ ✮✧ ✧✦✿★✥✩✪ ✵✧✦✦✧ ✲✧✦✲✭ ✪✩★✥✱✰✩✭❈ ❍ ●✰✵✫✬✭ ✮✧ ✿✭✲❃✪✩✥✱✥✽✥✮✪✮✧ ✥✵✮✥✿✪ ❄✰✧ ✮✰✪✦
✥✵❁✭✿✪✫⑨✧✦ ✮✭ ✲✾✩✭✮✭ ➠❮Þ➥✃â➘ ❃✭✮✧✲ ✦✧★ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ✮✧✦✮✧ ❄✰✧ ✪✦
✮✥●✧★✧✵✫✪✦ ✧✵✩★✧ ✭✦ ❁✪✽✭★✧✦ ✧✦✿★✥✩✭✦❏ ❄✰✪✵✮✭ ✧⑤✧✿✰✩✪✵✮✭ ✪✦ ✮✰✪✦ ✥✵❁✭✿✪✫⑨✧✦❏ ✵✬✭ ✧⑤✿✧✮✪✲
✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✪ ❃✪★✪ â✃â➘❈ ❍ ✮✧✩✧★✲✥✵✪✫✬✭ ✮✧ ✩✪✽ ✥✲❃★✧✿✥✦✬✭✾ ✱✪✦✧✪✮✪ ✵✭✦ ❁✪✽✭★✧✦ ✧✦✿★✥✩✭✦ ❃✧✽✪✦ ✮✰✪✦ ✥✵❁✭✿✪✫⑨✧✦ ✮✭ ✲✾✩✭✮✭ ➁

A1.val
✧

A2.val
➂❏ ✵✪

✥✲❃★✧✿✥✦✬✭ ✧⑤✥✦✩✧✵✩✧ ✧✲ â✃â➘ ➁
dado.quantïimp

➂ ✧ ✵✭ ✽✥✲✥✩✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✭❃✪★✪ â✃â➘ ➁
limïmaxdado

➂❈ ❍ ✥✲❃★✧✿✥✦✬✭ ✪✿✰✲✰✽✪✮✪ ✵✭ ✪✩★✥✱✰✩✭ dado
✩✧✲ ✰✲ ✪✿★✾✦✿✥✲✭✥✷✰✪✽ ✪ ✮✥●✧★✧✵✫✪ ✧✵✩★✧ ✭✦ ❁✪✽✭★✧✦ ✧✦✿★✥✩✭✦ ❃✧✽✪✦ ✮✰✪✦ ✥✵❁✭✿✪✫⑨✧✦❏ ✦✧ ✭✦ ✲✾✩✭✮✭✦ ●✭★✧✲

✧⑤✧✿✰✩✪✮✭✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧❈

FC(AtuDado1(A1), AtuDado2(A2)) = (|A1.val −A2.val|

6 (limïmaxdado − dado.quantïimp))

⇒ dado.quantïimp = dado.quantïimp

+ |A1.val −A2.val|

➁→❈➔➂

✶✪★✪ ✥✽✰✦✩★✪★ ✭ ✿✭✲❃✭★✩✪✲✧✵✩✭ ✮✧ ✰✲✪ ❂✴❏ ✿✭✵✦✥✮✧★✧ ✪ ❂✥✷✰★✪ →❈❖ ✿✭✲ ✪✦ ✦✧✷✰✥✵✩✧✦
✩★✪✵✦✪✫⑨✧✦❊

➓❈ ❍✩✰✪✽✥❣✪✫✬✭ ➓❏ ✾ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✮✧ ✪✩✰✪✽✥❣✪✫✬✭ ❃✧★✥✸✮✥✿✪ ✿✭✲ ❃★✪❣✭ s★✲✧✎
❖❈ ❍✩✰✪✽✥❣✪✫✬✭ ❖❏ ✾ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✮✧ ✪✩✰✪✽✥❣✪✫✬✭ ❃✧★✥✸✮✥✿✪ ✿✭✲ ❃★✪❣✭ s★✲✧✎
➔❈ ❹★✪✵✦✪✫✬✭ ✮✧ ✽✧✥✩✰★✪ ➔❏ ✾ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✮✧ ✰✦✰❅★✥✭ ❃✧★✥✸✮✥✿✪ ✿✭✲ ❃★✪❣✭ s★✲✧✎
→❈ ❹★✪✵✦✪✫✬✭ ✮✧ ✽✧✥✩✰★✪ →❏ ✾ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✮✧ ✰✦✰❅★✥✭ ❃✧★✥✸✮✥✿✪ ✿✭✲ ❃★✪❣✭ s★✲✧✎
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❀✲✪

FC
✾ ✪❁✪✽✥✪✮✪ ✧✲ ✩✧✲❃✭ ✮✧ ✧⑤✧✿✰✫✬✭❏ ✿✭✵✦✥✮✧★✪✵✮✭ ✥✵✥✿✥✪✽✲✧✵✩✧ ✭✦ ❃✪★❻✲✧✩★✭✦

✩✧✲❃✭★✪✥✦ ✧ ✧✲ ✦✧✷✰✥✮✪ ✭✦ ❃✪★❻✲✧✩★✭✦ ✽✸✷✥✿✭✦ ✮✧ ✿✪✮✪ ✩★✪✵✦✪✫✬✭❈ ✴✭✵✦✥✮✧★✪✵✮✭ ✭ →❈➓❏
❄✰✪✵✮✭ ✪ ❹★✪✵✦✪✫✬✭ ✮✧ ✽✧✥✩✰★✪ ➔ ✧✦✩❅ ✧⑤✧✿✰✩✪✵✮✭❏ ★✧❄✰✥✦✥✩✪✵✮✭ ✰✲✪ ✿✭✵✦✰✽✩✪ ✵✭ ✪✩★✥✱✰✩✭✩✧✲❃✧★✪✩✰★✪ ✮✭ ➬➮➴➪➘➱ü❏ ✪ ❹★✪✵✦✪✫✬✭ ✮✧ ❍✩✰✪✽✥❣✪✫✬✭ ➓ ✾ ✥✵❁✭✿✪✮✪ ❃✪★✪ ✪✩✰✪✽✥❣✪★ ✪ ✩✧✲✹❃✧★✪✩✰★✪ ✪✮❄✰✥★✥✮✪ ✮✭ ➬➮➴➪➘➱ü ✵✭ ▼✤❈ ❺✧✦✩✪✦ ✿✭✵✮✥✫⑨✧✦ ✪ ❂✴ ✮✧❁✧ ✦✧★ ✪❁✪✽✥✪✮✪❈ ❺✪ ❂✴
✮✭ →❈❖❏ ✪ ❹★✪✵✦✪✫✬✭ ✮✧ ❍✩✰✪✽✥❣✪✫✬✭ ❖ ✧✦✩❅ ✪✩✰✪✽✥❣✪✵✮✭ ✪ ✩✧✲❃✧★✪✩✰★✪ ✮✭ ➬➮➴➪➘➱ý ✵✭ ▼✤ ✧
✪ ❹★✪✵✦✪✫✬✭ ✮✧ ✽✧✥✩✰★✪ → ✾ ✥✵❁✭✿✪✮✪ ❃✪★✪ ●✪❣✧★ ✰✲✪ ✿✭✵✦✰✽✩✪ ✮✪ ✩✧✲❃✧★✪✩✰★✪ ✮✭ ➬➮➴➪➘➱ý❈
✶✭★✩✪✵✩✭❏ ✪ ❂✴ ✩✪✲✱✾✲ ✮✧❁✧ ✦✧★ ✪❁✪✽✥✪✮✪❈

Banco de
Dados

Sensor1

Sensor2

Atualização

FC

Parâmetros Temporais
Parâmetros LógicosTransação de leitura 3

 T1

 T2

Sim

Não

Fila

Aborta
Senão

Usuário

Transação de leitura 4

Usuário

❂✥✷✰★✪ →❈❖❊ ❹★✪✵✦✪✫⑨✧✦ ❃✭✦✦❇❁✧✥✦ ✵✪ ✐✧✮✧ ✮✧ ④✧✵✦✭★✧✦

❄✤❉ þ✳❊✦✴★✧✸✦ ✵✪ ➝➘✲❇★✲✪ ✵✱ ➴✦❇✧✴✦✳✱ ✵✱ ➴✦❇✲✦✴✴➷❇✲★✪
❼✱✸❆❇✧★✲✦

❺✧✦✦✪ ✦✧✫✬✭ ✦✧★❅ ✪❃★✧✦✧✵✩✪✮✭ ✭ ✪✽✷✭★✥✩✲✭ ✮✧ ★✧❄✰✥✦✥✫✬✭ ✮✭ ✱✽✭❄✰✧✥✭ ✦✧✲❻✵✩✥✿✭ ✮✧s✵✥✮✭✧✲ ➁ÿ☞✚☞✚✚�❏ ➓➫➫◗➂❈ ✻✦✦✧ ✪✽✷✭★✥✩✲✭ ✪❃★✧✦✧✵✩✪✮✭ ✧✲ ➁ÿ☞✚☞✚✚�❏ ➓➫➫◗➂ ✩★✪✩✪ ✿✭✲ ✪✦ ✪✫⑨✧✦
✮✧ ➱➮ÿÞ➶➪➶✺✻➘ â➮ ❒➹➘ÿÞ➮➶➘ ➪➮Ü✢➴❮➶ß➘❏ ➱➮ÿÞ➶➪➶✺✻➘ â➮ ➶➴↕➘ß✃✺✻➘ â➮ Ü✛❮➘â➘ ✧ ➱➮ÿÞ➶➪➶✺✻➘ â➮
➹➶❒➮➱✃✺✻➘ ✮✧ ✲✾✩✭✮✭✦❈ ✻✲ ✦✧✷✰✥✮✪❏ ✦✬✭ ✪❃★✧✦✧✵✩✪✮✭✦ ✭✦ ✪✽✷✭★✥✩✲✭✦ ❃✪★✪ ➱➮ÿÞ➶➪➶✺✻➘ â➮
❒➹➘ÿÞ➮➶➘ ➪➮Ü✢➴❮➶ß➘ ✧ ➱➮ÿÞ➶➪➶✺✻➘ â➮ ➶➴↕➘ß✃✺✻➘ â➮ Ü✛❮➘â➘ ✮✧✦✦✪ ✩✾✿✵✥✿✪ ✦✬✭ ✪❃★✧✦✧✵✩✪✮✭✦
✵✪✦ ④✧✫⑨✧✦ →❈◗❈➓ ✧ →❈◗❈❖❏ ★✧✦❃✧✿✩✥❁✪✲✧✵✩✧❈
◗❫❘❫❴ Ò▼�◆③❛❑❞◆ ⑥◆ ➮▼◆➱▲❝❛◆ ❵❝❞✁⑦❑❛❺◆

✤✪✮✪ ✰✲✪ ★✧❄✰✥✦✥✫✬✭ ✮✧ ✱✽✭❄✰✧✥✭ ✦✧✲❻✵✩✥✿✭ ❃✪★✪
minv

❏ ✥✵✥✿✥✪✽✲✧✵✩✧ ✪ ●✰✵✫✬✭ ✮✧ ✿✭✲✹❃✪✩✥✱✥✽✥✮✪✮✧
FC(mati, minv)

✾ ✪❁✪✽✥✪✮✪ ❃✪★✪ ❁✧★✥s✿✪★ ✦✧
minv

✾ ✿✭✲❃✪✩❇❁✧✽ ✿✭✲ ✩✭✮✭✦ ✭✦



✒❳❫✓❲ó✔❬ Ú✖ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ❤❯❵Û❴❲❙❥❬ ➔➻
Ù➧Ö➎➍↕➌✂➜ ➉ ✐✧❄✰✥✦✥✫✬✭ ✮✧ ▼✽✭❄✰✧✥✭ ④✧✲❻✵✩✥✿✭ ❃✪★✪

minv✄☎
Concedido← V ERDADEIRO✆☎ ➤➝➍➝ ➌➎➏➎ ➁➁

mati ∈ BloqueiosAtivos
➂
∨

➁➁
mati ∈ Fila

➂
∧

➁
mati.prio > minv.prio

➂➂➂Ô➝➑➝✝☎ ➙➛
FC(mati, minv)

➛➋➌➒➎
✞☎ ❋✵✿★✧✲✧✵✩✪ ✥✲❃★✧✿✥✦✬✭✟☎ ➙➛➋➒➎
✠☎

Concedido← FALSO✡☎ Ø➜ ➙➛
☛☎ Ø➜ ➤➝➍➝☞☎ ➙➛

Concedido ó ❂❍▲④✻ ➛➋➌➒➎
✄✌☎ ✻✵s✽✧✥★✧➁

minv

➂ ✧✲
Fila✄✄☎ ➙➛➋➒➎

✄✆☎ ❍✮✥✿✥✭✵✧
minv

✪
BloqueiosAtivos✄✝☎ Ø➜ ➙➛

✱✽✭❄✰✧✥✭✦ ✪✩✥❁✭✦ ➁
BloqueiosAtivos

➂ ✧ ✿✭✲ ✪✦ ★✧❄✰✥✦✥✫⑨✧✦ ✮✧ ✱✽✭❄✰✧✥✭ ❄✰✧ ✧✦✩✬✭ ✵✪ s✽✪ ✮✧
❃★✥✭★✥✮✪✮✧ ➁

Fila
➂ ✿✭✲ ❃★✥✭★✥✮✪✮✧ ✲✪✥✭★ ❄✰✧

minv

➁✶✪✦✦✭ ➔➂❈ ❍ s✽✪ ✮✧ ❃★✥✭★✥✮✪✮✧ ➁
Fila

➂ ✾
✲✪✵✩✥✮✪ ❃✪★✪ ✷✰✪★✮✪★ ✩✭✮✪✦ ✪✦ ★✧❄✰✥✦✥✫⑨✧✦ ❄✰✧ ✵✬✭ ❃✭✮✧✲ ✦✧★ ✿✭✵✿✧✮✥✮✪✦ ✥✲✧✮✥✪✩✪✲✧✵✩✧❈
❢✰✪✵✮✭ ✪

FC
✾ ✪❁✪✽✥✪✮✪ ❃✪★✪ ↕➮➱â✃â➮➶➱✃❏ ✭ ✲✧✿✪✵✥✦✲✭ ✪✿✰✲✰✽✪ ✪ ✥✲❃★✧✿✥✦✬✭ ✥✵✩★✭✮✰❣✥✮✪

✿✭✲ ✪ ✧⑤✧✿✰✫✬✭ ✿✭✵✿✭★★✧✵✩✧ ✮✭✦ ✲✾✩✭✮✭✦
mati

✧
minv

➁✶✪✦✦✭ →➂❈
❑✱✦✧★❁✧ ❄✰✧ ✰✲✪ ★✧❄✰✥✦✥✫✬✭ ✮✧ ✱✽✭❄✰✧✥✭ ✦✧✲❻✵✩✥✿✭ ❃✪★✪ ✰✲✪ ✥✵❁✭✿✪✫✬✭ ●✰✩✰★✪ ✮✧

✲✾✩✭✮✭ ✵✬✭ ✿✭✵✩✾✲ ❁✪✽✭★✧✦ ❃✪★✪ ✭✦ ✪★✷✰✲✧✵✩✭✦ ✵✭ ✲✭✲✧✵✩✭ ✮✪ ★✧❄✰✥✦✥✫✬✭❈ ❑✦ ❁✪✽✭★✧✦ ❃✪★✪
✭✦ ✪★✷✰✲✧✵✩✭✦ ✦✸ ✦✧★✬✭ ❃✪✦✦✪✮✭✦ ✵✭ ✲✭✲✧✵✩✭ ✮✪ ✥✵❁✭✿✪✫✬✭ ✮✭ ✲✾✩✭✮✭❈ ✶✭★✩✪✵✩✭❏ ❄✰✪✵✮✭✪ ●✰✵✫✬✭ ✮✧ ✿✭✲❃✪✩✥✱✥✽✥✮✪✮✧

FC(mati, minv)
✾ ✪❁✪✽✥✪✮✪❏ ✦✧

mati
✭✰

minv

✦✬✭ ❃✪★✪ ✰✲✪
●✰✩✰★✪ ✥✵❁✭✿✪✫✬✭ ✮✧ ✲✾✩✭✮✭❏ ✧✵✩✬✭ ❄✰✪✽❄✰✧★ ✿✽❅✰✦✰✽✪ ✮✪

FC
❄✰✧ ✧✵❁✭✽❁✧ ✭✦ ✪★✷✰✲✧✵✩✭✦

✮✭ ✲✾✩✭✮✭ ✮✧❁✧ ✦✧★ ✪❁✪✽✥✪✮✪ ❃✪★✪ ➜✃➹➪➘❈
❢✰✪✵✮✭ ✩✭✮✭✦ ✭✦ ✩✧✦✩✧✦ ❃✪★✪ ✪ ●✰✵✫✬✭ ✮✧ ✿✭✲❃✪✩✥✱✥✽✥✮✪✮✧ ✦✬✭ ✪❁✪✽✥✪✮✭✦ ❃✪★✪ ❁✧★✮✪✮✧✥★✭❏

minv

✾ ✿✭✽✭✿✪✮✭ ✵✪ ✽✥✦✩✪ ✮✧ ✱✽✭❄✰✧✥✭✦ ✪✩✥❁✭✦ ➁✶✪✦✦✭ ➓❖➂❈ ❢✰✪✵✮✭ ✪✽✷✰✲ ✩✧✦✩✧ ●✪✽✼✪❏
minv

✾
✿✭✽✭✿✪✮✭ ✵✪ s✽✪ ✮✧ ❃★✥✭★✥✮✪✮✧ ➁

Fila
➂ ❃✪★✪ ✦✧★ ✩✧✦✩✪✮✭ ✵✭❁✪✲✧✵✩✧ ❄✰✪✵✮✭ ✪✽✷✰✲ ✱✽✭❄✰✧✥✭●✭★ ✽✥✱✧★✪✮✭ ➁✶✪✦✦✭ ➓P➂❈

◗❫❘❫❖ Ò▼�◆③❛❑❞◆ ⑥❍ ❹⑦④◆❺❍➣❻◆ ⑥❝ ✍➬❑◆⑥◆
✤✪✮✪ ✰✲✪ ★✧❄✰✥✦✥✫✬✭ ✮✧ ✥✵❁✭✿✪✫✬✭ ✮✧ ✲✾✩✭✮✭ minv

❏ ✭ ✲✧✿✪✵✥✦✲✭ ✥✵✥✿✥✪✽✲✧✵✩✧ ✿✭✲❃✰✩✪
✪ ✥✲❃★✧✿✥✦✬✭ ❄✰✧

minv

✥✵✩★✭✮✰❣✥★❅ ✵✭✦ ✪✩★✥✱✰✩✭✦ ❄✰✧ ✧✽✧ ✧✦✿★✧❁✧ ➁✦✧
minv

✾ ✰✲ ✲✾✩✭✮✭ ✮✧
✧✦✿★✥✩✪➂ ✭✰ ✧✲ ✦✧✰✦ ✪★✷✰✲✧✵✩✭✦ ✮✧ ★✧✩✭★✵✭ ➁✦✧

minv

✾ ✰✲ ✲✾✩✭✮✭ ✮✧ ✽✧✥✩✰★✪➂❈
❑ ❃★✭✿✧✮✥✲✧✵✩✭ ✮✧ ✥✲❃★✧✿✥✦✬✭ ✥✵✥✿✥✪✽ ➁✶✪✦✦✭ ➓➂ ✿✭✲❃✰✩✪ ✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭❄✰✧
minv

✧✦✿★✧❁✧★❅ ✧✲ ✿✪✮✪ ✪✩★✥✱✰✩✭ a
➁
minv.ImpEscrita(a)

➂ ✧ ❄✰✧
minv

★✧✩✭★✵✪★❅ ✪✩★✪❁✾✦
✮✧ ✿✪✮✪ ✪★✷✰✲✧✵✩✭ ✮✧ ★✧✩✭★✵✭ r

➁
minv.ImpLeitura(r)

➂❈ ✻✦✦✧✦ ❁✪✽✭★✧✦ ✦✬✭ ✿✭✲❃✰✩✪✮✭✦
✰✦✪✵✮✭ ✪✦ ❄✰✪✵✩✥✮✪✮✧✦ ✮✧ ✥✲❃★✧✿✥✦✬✭ ✧⑤✥✦✩✧✵✩✧✦ ✵✭✦ ✪✩★✥✱✰✩✭✦ ✭✰ ✪★✷✰✲✧✵✩✭✦ ✮✧ ★✧✩✭★✵✭ ✧



✒❳❫✓❲ó✔❬ Ú✖ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ❤❯❵Û❴❲❙❥❬ ➔➩
✿✪✽✿✰✽✪✵✮✭ ✿✭✲✭ ✭ ✲✾✩✭✮✭ ✪✩✰✪✽✥❣✪★❅ ✧✦✩✪ ✥✲❃★✧✿✥✦✬✭❈ ✻✦✩✧ ❃★✭✿✧✮✥✲✧✵✩✭ ❃✭✮✧ ✦✧★ ✿★✥✪✮✭❃✧✽✭ ❃★✭⑦✧✩✥✦✩✪ ✮✭ ✭✱⑦✧✩✭ ✭✰ ❃✭★ ✰✲✪ ●✧★★✪✲✧✵✩✪ ❄✰✧ ✧⑤✪✲✥✵✪ ✪ ✧✦✩★✰✩✰★✪ ✮✧

minv

❃✪★✪
✮✧✩✧★✲✥✵✪★ ✿✭✲✭ ✭ ✲✾✩✭✮✭ ✥★❅ ✪●✧✩✪★ ✪ ✥✲❃★✧✿✥✦✬✭ ✮✭✦ ✪✩★✥✱✰✩✭✦ ❄✰✧ ✧✽✧ ✧✦✿★✧❁✧ ✭✰ ★✧✩✭★✵✪❈
Ù➧Ö➎➍↕➌✂➜ ➣ ✐✧❄✰✥✦✥✫✬✭ ✮✧ ❋✵❁✭✿✪✫✬✭ ✮✧ ✯✾✩✭✮✭ minv✄☎ ➡Ü➚➱➮ß➶➪✻➘➡➴➶ß➶✃➹(minv

➂
✆☎ ➙➛ ✪✽✷✰✲✪ ✎➱➮ß➘➴â➶✺✻➘ ●✪✽✼✪ ➛➋➌➒➎
✝☎ ✻✵s✽✧✥★✧

minv

✧✲ Ý➶➹✃✞☎ ➙➛➋➒➎
✟☎ ➤➝➍➝ ➌➎➏➎

a ∈ CEA(minv)
Ô➝➑➝✠☎ ❍★✲✪❣✧✵✪ ✭ ❁✪✽✭★ ✭★✥✷✥✵✪✽ ✮✧

a.quantïimp✡☎
a.quantïimp← minv.ImpEscrita(a)☛☎ Ø➜ ➤➝➍➝☞☎ ➤➝➍➝ ➌➎➏➎

r ∈ ArgsRetorno(minv)
Ô➝➑➝✄✌☎ ❍★✲✪❣✧✵✪ ✭ ❁✪✽✭★ ✭★✥✷✥✵✪✽

r.quantïimp✄✄☎
r.quantïimp← minv.ImpLeitura(r)✄✆☎ Ø➜ ➤➝➍➝✄✝☎ ➙➛ ⑦❅ ✱✽✭❄✰✧✪✮✭ ➛➋➌➒➎

✄✞☎ ✶✧★✲✥✩✧ ✪ ✧⑤✧✿✰✫✬✭ ✮✧
minv✄✟☎ ❍✩✰✪✽✥❣✪ ✭ ▼✽✭❄✰✧✥✭ ④✧✲❻✵✩✥✿✭✄✠☎ ❤✧★✥s✿✪ Ý➶➹✃✄✡☎ ➙➛➋➒➎

✄☛☎ ✐✧❄✰✥✦✥✩✪ ▼✽✭❄✰✧✥✭ ④✧✲❻✵✩✥✿✭✄☞☎ ➙➛ ✱✽✭❄✰✧✥✭ ✿✭✵✿✧✮✥✮✭ ➛➋➌➒➎
✆✌☎ ✶✧★✲✥✩✪ ✪ ✧⑤✧✿✰✫✬✭ ✮✧

minv✆✄☎ ➙➛➋➒➎
✆✆☎ ➤➝➍➝ ➌➎➏➎

a ∈ CEA(minv)
Ô➝➑➝✆✝☎ ✐✧✿✰❃✧★✪ ✭ ❁✪✽✭★ ✭★✥✷✥✵✪✽ ✮✧

a.quantïimp✆✞☎ Ø➜ ➤➝➍➝✆✟☎ ➤➝➍➝ ➌➎➏➎
r ∈ ArgsRetorno(minv)

Ô➝➑➝✆✠☎ ✐✧✿✰❃✧★✪ ✭ ❁✪✽✭★ ✭★✥✷✥✵✪✽ ✮✧
r.quantïimp✆✡☎ Ø➜ ➤➝➍➝✆☛☎ ➤➝➍➝ ➌➎➏➎ ✪★✷✰✲✧✵✩✭✦ ✮✧ ★✧✩✭★✵✭ r ✮✧ ✰✲✪ ✥✵❁✭✿✪✫✬✭ ✮✧ ✲✾✩✭✮✭ ✪✩✥❁✪ Ô➝➑➝✆☞☎ ✐✧✿✰❃✧★✪ ✭ ❁✪✽✭★ ✭★✥✷✥✵✪✽ ✮✧
r.quantïimp✝✌☎ Ø➜ ➤➝➍➝✝✄☎ Ø➜ ➙➛

✝✆☎ Ø➜ ➙➛
✝✝☎ Ø➜ ➙➛
✝✞☎ ▲✥✱✧★✪ ▼✽✭❄✰✧✥✭✝✟☎ ✐✧✲✭❁✧

minv
✮✧ ▼✽✭❄✰✧✥✭✦❍✩✥❁✭✦

✝✠☎ ❤✧★✥s✿✪ Ý➶➹✃
❺✭ ✦✧✷✰✵✮✭ ❃✪✦✦✭ ➁✶✪✦✦✭ ❖➂ ❁✧★✥s✿✪✲✹✦✧ ✪✦ ❃★✾✹✿✭✵✮✥✫⑨✧✦ ❄✰✧ ✮✧✩✧★✲✥✵✪✲ ✦✧ ✪ ✧⑤✧✹✿✰✫✬✭ ✮✧

minv

❃✭✮✧★✥✪ ❁✥✭✽✪★ ✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✩✧✲❃✭★✪✽ ✭✰ ✽✥✲✥✩✧✦ ✮✧ ✥✲❃★✧✿✥✦✬✭❈ ❍✦ ❃★✾✹✿✭✵✮✥✫⑨✧✦ ✦✬✭ ✪✦ ✦✧✷✰✥✵✩✧✦❊
minv.temporal ⇒ ∀a ∈ CLA(minv), Agora− a.tempo−Exec(minv) ≤ a.avi

➁✪➂



✒❳❫✓❲ó✔❬ Ú✖ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ❤❯❵Û❴❲❙❥❬ ➔➭

∀a ∈ CEA(minv)(minv.ImpEscrita(a)) ≤ limïmaxa

➁✱➂
∀r ∈ ArgsRetorno(minv)(minv.ImpLeitura(r)) ≤ limïimpr)

➁✿➂
❍ ❃★✾✹✿✭✵✮✥✫✬✭ ➁✪➂ ✪✦✦✧✷✰★✪ ❄✰✧ ✦✧ ✰✲✪ ✩★✪✵✦✪✫✬✭ ★✧❄✰✧★ ✮✪✮✭✦ ✩✧✲❃✭★✪✽✲✧✵✩✧ ❁❅✽✥✮✭✦❏

✧✵✩✬✭ ✭ ✲✾✩✭✮✭ ✥✵❁✭✿✪✮✭ ✦✸ ✦✧★❅ ✧⑤✧✿✰✩✪✮✭ ✦✧ ✭✦ ✮✪✮✭✦ ❄✰✧ ✧✽✧ ✽❆ ✵✬✭ ❃✧★✮✧✲ ✦✰✪ ❁✪✽✥✮✪✮✧
✩✧✲❃✭★✪✽ ✮✰★✪✵✩✧ ✪ ✧⑤✧✿✰✫✬✭ ✮✭ ✲✾✩✭✮✭❈ ❍ ❃★✾✹✿✭✵✮✥✫✬✭ ➁✱➂ ✪✦✦✧✷✰★✪ ❄✰✧ ✰✲ ✲✾✩✭✮✭ ✮✧
✧✦✿★✥✩✪ ✦✸ ❃✭✮✧ ✧⑤✧✿✰✩✪★ ✦✧ ✧✽✧ ✵✬✭ ✥✵✩★✭✮✰❣ ✥✲❃★✧✿✥✦✬✭ ✪✽✾✲ ✮✪ ❃✧★✲✥✩✥✮✪ ✵✭✦ ✪✩★✥✱✰✩✭✦
❄✰✧ ✧✽✧ ✧✦✿★✧❁✧❈ ❍ ❃★✾✹✿✭✵✮✥✫✬✭ ➁✿➂ ✪✦✦✧✷✰★✪ ❄✰✧ ✰✲ ✲✾✩✭✮✭ ✮✧ ✽✧✥✩✰★✪ ✦✸ ✧⑤✧✿✰✩✪ ✦✧ ✧✽✧
✵✬✭ ✥✵✩★✭✮✰❣ ✥✲❃★✧✿✥✦✬✭ ✪✽✾✲ ✮✪ ❃✧★✲✥✩✥✮✪ ✧✲ ✦✧✰✦ ✪★✷✰✲✧✵✩✭✦ ✮✧ ★✧✩✭★✵✭❈

④✧ ✪✽✷✰✲✪ ❃★✾✹✿✭✵✮✥✫✬✭ ●✪✽✼✪❏
minv

✾ ✿✭✽✭✿✪✮✭ ✵✪ s✽✪ ✮✧ ❃★✥✭★✥✮✪✮✧ ➁
Fila

➂ ❃✪★✪ ✦✧★
✩✧✦✩✪✮✭ ✵✭❁✪✲✧✵✩✧ ❄✰✪✵✮✭ ✰✲ ✱✽✭❄✰✧✥✭ ●✭★ ✽✥✱✧★✪✮✭ ➁✶✪✦✦✭ ➔➂❈ ④✧ ✩✭✮✪✦ ✪✦ ✿✭✵✮✥✫⑨✧✦ ●✭★✧✲
✦✪✩✥✦●✧✥✩✪✦ ✧

minv

✾ ✰✲ ✲✾✩✭✮✭ ✮✧ ✧✦✿★✥✩✪❏ ✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ✾ ✪✩✰✪✽✥❣✪✮✪ ❃✪★✪
✿✪✮✪ ✪✩★✥✱✰✩✭ a

❄✰✧
minv

✧✦✿★✧❁✧ ✿✭✲ ✭ ❁✪✽✭★
minv.ImpEscrita(a)

❈ ④✧
minv

✾ ✰✲ ✲✾✩✭✮✭
✮✧ ✽✧✥✩✰★✪❏ ✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✥✲❃★✧✿✥✦✬✭ ✾ ✪✩✰✪✽✥❣✪✮✪ ❃✪★✪ ✿✪✮✪ ✪★✷✰✲✧✵✩✭ ✮✧ ★✧✩✭★✵✭ r ✮✧
minv

✿✭✲ ✭ ❁✪✽✭★
minv.ImpLeitura(r)

➁✶✪✦✦✭✦ ✮✧ ◗ ✪ ➓❖➂❈ ❑✱✦✧★❁✧ ❄✰✧ ✭✦ ❁✪✽✭★✧✦ ✭★✥✷✥✵✪✥✦
✮✧ ✥✲❃★✧✿✥✦✬✭ ✮✭✦ ✪✩★✥✱✰✩✭✦ ✧ ✪★✷✰✲✧✵✩✭✦ ✮✧ ★✧✩✭★✵✭ ✧✵❁✭✽❁✥✮✭✦ ✦✬✭ ✦✪✽❁✭✦❏ ✮✧ ●✭★✲✪ ✪
❃✧★✲✥✩✥★ ❄✰✧ ✧✽✧✦ ❃✭✦✦✪✲ ✦✧★ ★✧✿✰❃✧★✪✮✭✦ ✿✪✦✭ ✭ ✱✽✭❄✰✧✥✭ ✵✬✭ ✦✧⑦✪ ✿✭✵✿✧✮✥✮✭❈

❑✱✦✧★❁✧ ✩✪✲✱✾✲ ❄✰✧ ✪✦ ❃★✾✹✿✭✵✮✥✫⑨✧✦ ❃✭✮✧✲ ✱✽✭❄✰✧✪★ ✰✲✪ ✩★✪✵✦✪✫✬✭ ✦✧ ✭✦ ✮✪✮✭✦
❄✰✧ ✧✽✪ ✪✿✧✦✦✪ ✦✬✭ ✲✰✥✩✭ ✥✲❃★✧✿✥✦✭✦ ❃✪★✪ ✦✧✰✦ ★✧❄✰✥✦✥✩✭✦❈ ✻✵✩✬✭ ✮✧❁✧ ✧⑤✥✦✩✥★ ✪✽✷✰✲✪
●✭★✲✪ ✮✧ ✦✧ ★✧✿✰❃✧★✪★ ✪ ❃★✧✿✥✦✬✭ ✮✭ ✮✪✮✭ ✮✧ ●✭★✲✪ ❄✰✧ ✪ ✩★✪✵✦✪✫✬✭ ✵✬✭ s❄✰✧ ✱✽✭❄✰✧✪✮✪
✮✧s✵✥✩✥❁✪✲✧✵✩✧❈ ❀✲✪ ●✭★✲✪ ✾ ✿★✥✪★ ✩★✪✵✦✪✫⑨✧✦❏ ❄✰✧ ❃✭✮✧✲ ✦✧★ ✮✧ ✰✲ ✦✧✵✦✭★ ✭✰ ✮✧ ✰✲
✰✦✰❅★✥✭❏ ❃✪★✪ ✧✦✿★✧❁✧★✧✲ ✮✪✮✭✦ ❃★✧✿✥✦✭✦ ✵✭✦ ✮✪✮✭✦❈ ❍✦✦✥✲ ✪✦ ✩★✪✵✦✪✫⑨✧✦ ✱✽✭❄✰✧✪✮✪✦ ❃✧✽✪
✥✲❃★✧✿✥✦✬✭ ✮✭✦ ✮✪✮✭✦ ❃✭✮✧✲ ✦✧★ ✧⑤✧✿✰✩✪✮✪✦❈

❺✭ ❃✪✦✦✭ ✦✧✷✰✥✵✩✧ ➁✶✪✦✦✭ ➓➔➂❏ ❁✧★✥s✿✪✹✦✧ ✦✧
minv

⑦❅ ●✭✥ ✭✰ ✵✬✭ ✱✽✭❄✰✧✪✮✭❈ ④✧ ✵✬✭❏ ✭✱✽✭❄✰✧✥✭ ✦✧✲❻✵✩✥✿✭ ✾ ★✧❄✰✥✦✥✩✪✮✭❈ ✴✪✦✭ ✭ ✱✽✭❄✰✧✥✭ ✦✧⑦✪ ✿✭✵✿✧✮✥✮✭❏ ✪ ✧⑤✧✿✰✫✬✭ ✮✭ ✲✾✩✭✮✭✾ ❃✧★✲✥✩✥✮✪ ➁✶✪✦✦✭ ❖P➂❈ ✴✪✦✭ ✿✭✵✩★❅★✥✭❏ ✭✦ ❁✪✽✭★✧✦ ✭★✥✷✥✵✪✥✦ ✮✧ ✥✲❃★✧✿✥✦✬✭ ❄✰✧ ●✭★✪✲ ✩★✭✹✿✪✮✭✦ ✦✬✭ ★✧✿✰❃✧★✪✮✭✦ ➁✶✪✦✦✭ ❖❖➂❈ ④✧ ✭ ✱✽✭❄✰✧✥✭ ❃✪★✪
minv

●✭✥ ✿✭✵✿✧✮✥✮✭ ✪✵✩✧✦ ✮✧ ✦✰✪
✥✵❁✭✿✪✫✬✭ ➁✱✽✭❄✰✧✥✭ ❃✪★✪ ✥✵❁✭✿✪✫✬✭ ●✰✩✰★✪➂❏ ✪ ✧⑤✧✿✰✫✬✭ ✮✭ ✲✾✩✭✮✭ ✾ ❃✧★✲✥✩✥✮✪ ➁✶✪✦✦✭ ➓→➂❈
✻✲ ✦✧✷✰✥✮✪ ✭ ✲✧✿✪✵✥✦✲✭ ✧⑤✧✿✰✩✪ ✰✲ ❃★✭✿✧✮✥✲✧✵✩✭ ✮✧ ✪✩✰✪✽✥❣✪✫✬✭ ✮✧ ✱✽✭❄✰✧✥✭ ✦✧✲❻✵✩✥✿✭➁✶✪✦✦✭ ➓◗➂❈ ✻✦✩✧ ❃★✭✿✧✮✥✲✧✵✩✭ ✪✩✰✪✽✥❣✪ ✭ ✱✽✭❄✰✧✥✭ ✪✦✦✭✿✥✪✮✭ ✿✭✲

minv

❏ ✿✭✲ ✭✦ ★✧✦❃✧✿✩✥❁✭✦
✪★✷✰✲✧✵✩✭✦❈ ✻✦✩✪ ✪✩✰✪✽✥❣✪✫✬✭ ✾ ✲✰✥✩✭ ✥✲❃✭★✩✪✵✩✧❏ ❃✭✥✦ ✧✽✪ ❃✭✮✧ ✪✰✲✧✵✩✪★ ✪ ✿✭✵✿✭★★❆✵✿✥✪
✧✵✩★✧ ✭✦ ✲✾✩✭✮✭✦❏ ✰✲✪ ❁✧❣ ❄✰✧ ✰✲✪ ●✰✵✫✬✭ ✮✧ ✿✭✲❃✪✩✥✱✥✽✥✮✪✮✧

FC(mati, minv)
✩✧✲ ✲✪✥✦

✿✼✪✵✿✧✦ ✮✧ ✦✧★ ✪❁✪✽✥✪✮✪ ❃✪★✪ ❁✧★✮✪✮✧✥★✪ ❄✰✪✵✮✭ ✭✦ ✪★✷✰✲✧✵✩✭✦ ✮✭✦ ✲✾✩✭✮✭✦ ✧✦✩✬✭ ✮✥✦❃✭✹✵❇❁✧✥✦❈ ❍❃✸✦ ✪ ✪✩✰✪✽✥❣✪✫✬✭ ✮✭ ✱✽✭❄✰✧✥✭ ✦✧✲❻✵✩✥✿✭❏ ✪✦ ★✧❄✰✥✦✥✫⑨✧✦ ✮✧ ✱✽✭❄✰✧✥✭ ✧✦❃✧★✪✵✮✭ ✵✪
s✽✪ ✮✧ ❃★✥✭★✥✮✪✮✧ ➁

Fila
➂ ✦✬✭ ❁✧★✥s✿✪✮✪✦ ❃✪★✪ ✮✧✩✧★✲✥✵✪★ ✪ ✿✭✲❃✪✩✥✱✥✽✥✮✪✮✧ ✿✭✲ ✭ ✲✾✩✭✮✭✪✩✰✪✽✥❣✪✮✭ ➁✶✪✦✦✭ ➓➻➂❈

❂✥✵✪✽✲✧✵✩✧❏ ❄✰✪✵✮✭ ✰✲ ✲✾✩✭✮✭ ✩✧★✲✥✵✪ ✮✧ ✧⑤✧✿✰✩✪★❏ ✭ ✱✽✭❄✰✧✥✭ ✿✭★★✧✦❃✭✵✮✧✵✩✧ ✾ ✽✥✹



✒❳❫✓❲ó✔❬ Ú✖ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ❤❯❵Û❴❲❙❥❬ ➔➫
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④✧ ❃✧✽✭ ✲✧✵✭✦ ✰✲ ✮✭✦ ★✧❄✰✥✦✥✩✭✦ ✪✵✩✧★✥✭★✧✦ ✵✬✭ ●✭★ ✪✩✧✵✮✥✮✭❏ ✭ ✲✾✩✭✮✭ ✮✧ ✿✭✵✩★✭✽✧ ✮✧

✿✭✵✿✭★★❆✵✿✥✪ ✧⑤✧✿✰✩✪ ✪✦ ✭❃✧★✪✫⑨✧✦ ✵✭★✲✪✽✲✧✵✩✧❈
④✧ ✩✭✮✭✦ ✭✦ ★✧❄✰✥✦✥✩✭✦ ●✭★✧✲ ✪✩✧✵✮✥✮✭✦❏ ✪ ●✰✵✫✬✭ ✮✧ ✿✭✲❃✪✩✥✱✥✽✥✮✪✮✧ ●✪❣ ✪ ✪✵❅✽✥✦✧

✦✧✲❻✵✩✥✿✪ ✱✰✦✿✪✵✮✭ ✥✮✧✵✩✥s✿✪★ ✦✧ ✪✦ ✲✧✦✲✪✦ ❃✭✮✧✲ ✦✧★ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ✭✰
✵✬✭❈ ❹✪✽ ✪✵❅✽✥✦✧ ✾ ✱✪✦✧✪✮✪ ✵✭✦ ✩✥❃✭✦ ✮✪✦ ✭❃✧★✪✫⑨✧✦ ➁✽✧✥✩✰★✪ ✧ ✧✦✿★✥✩✪➂ ✧ ✵✪✦ ✥✵●✭★✲✪✫⑨✧✦
✦✧✲❻✵✩✥✿✪✦ ✿✭✵✩✥✮✪✦ ✵✭✦ ❃✪★❻✲✧✩★✭✦ ✮✪✦ ✭❃✧★✪✫⑨✧✦❈

✻⑤✥✦✩✧✲ ❄✰✪✩★✭ ✩✥❃✭✦ ✮✧ ❃✪★✧✦ ✮✧ ✭❃✧★✪✫⑨✧✦ ❃✭✦✦❇❁✧✥✦❊
➓❈ ✽✧✥✩✰★✪✹✽✧✥✩✰★✪
❖❈ ✽✧✥✩✰★✪✹✧✦✿★✥✩✪
➔❈ ✧✦✿★✥✩✪✹✽✧✥✩✰★✪
→❈ ✧✦✿★✥✩✪✹✧✦✿★✥✩✪
❀✲✪ ❁✧❣ ✮✧✩✧★✲✥✵✪✮✭ ✭ ✩✥❃✭ ✮✭ ❃✪★❏ ✭ ✲✾✩✭✮✭ ✪❃★✭❃★✥✪✮✭ ✾ ✥✵❁✭✿✪✮✭ ❃✪★✪ ✧⑤✧✿✰✩✪★

✪✦ ✭❃✧★✪✫⑨✧✦❈
✤✧✦✿★✧❁✧✲✹✦✧ ✪✱✪✥⑤✭ ✪✦ ●✰✵✿✥✭✵✪✽✥✮✪✮✧✦ ✮✭ ✪✽✷✭★✥✩✲✭ ✮✪ ●✰✵✫✬✭ ✮✧ ✿✭✲❃✪✩✥✱✥✽✥✮✪✮✧

✮✧✦✩✪✿✪✵✮✭✹✦✧ ✭✦ ❃★✥✵✿✥❃✪✥✦ ✲✾✩✭✮✭✦❈ ❑ ❍❃❆✵✮✥✿✧ ❍ ✿✭✵✩✾✲ ✭ ✿✸✮✥✷✭ ✮✧✦✦✧✦ ✲✾✩✭✮✭✦
✥✲❃✽✧✲✧✵✩✪✮✭✦❈
❘❫❴❫❴ ✍➬❑◆⑥◆ ❐▼❝❛❑▲③❍❢▼❝❛❑▲③❍❮
❺✧✦✩✧ ✲✾✩✭✮✭ ✪✦ ✭❃✧★✪✫⑨✧✦ ✦✬✭ ✧⑤✧✿✰✩✪✮✪✦ ✵✪ ✭★✮✧✲ ✮✧ ✿✼✧✷✪✮✪ ✪✭ ✧✦✿✪✽✭✵✪✮✭★❏ ✭✰ ✦✧⑦✪❏
✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✾ ✪✿✧✦✦✪✮✭ ❃✧✽✪✦ ✮✰✪✦ ✭❃✧★✪✫⑨✧✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧❈
❘❫❴❫❖ ✍➬❑◆⑥◆ ❐▼❝❛❑▲③❍❢❝❜❺③❛❑❍❮
❺✧✦✩✧ ✲✾✩✭✮✭❏ ✥✵✥✿✥✪✽✲✧✵✩✧❏ ✭✦ ❃✪★❻✲✧✩★✭✦ ✩✧✲❃✭★✪✥✦ ✮✪✦ ✭❃✧★✪✫⑨✧✦ ✦✬✭ ❁✧★✥s✿✪✮✭✦ ❁✥✹✦✪✵✮✭ ✥✮✧✵✩✥s✿✪★ ✦✧ ✭✦ ✮✪✮✭✦ ✦✬✭ ❁❅✽✥✮✭✦❈ ❍ ❁✧★✥s✿✪✫✬✭ ✾ ★✧✪✽✥❣✪✮✪ ✪✩★✪❁✾✦ ✮✪ ✦✧✷✰✥✵✩✧
✧⑤❃★✧✦✦✬✭ ✱✭✭✽✧✪✵✪❊

➷➷✖➮Ü➚➘Û➘➱➱➮➴❮➮ Ï ✖➶Ü➮➪❮✃Ü➚ã➮✃➹Ð ✗✘ ➠❒➪➘➹Þ❮➮✑✃➹➶â✃❮➶➘➴➡➴❮➮➱↕✃➹Ð ❈



✒❳❫✓❲ó✔❬ ❡✖ ✗❵❫✔❯❵❯❴❲❳❨❩❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ →◗

•
✴✪✦✭ ✪ ✧⑤❃★✧✦✦✬✭ ✦✧⑦✪ ✪❁✪✽✥✪✮✪ ✧✲ ❂❍▲④❑❏ ✪ ✭❃✧★✪✫✬✭ ✮✧ ✽✧✥✩✰★✪ ✿✭✵✩✥✵✰✪ ✦✰✪ ✧⑤✧✹✿✰✫✬✭❏ ✵✭ ✧✵✩✪✵✩✭ ✪ ✭❃✧★✪✫✬✭ ✮✧ ✧✦✿★✥✩✪ ✾ ✮✧❁✭✽❁✥✮✪ ❃✪★✪ s✽✪ ✮✭ ✧✦✿✪✽✭✵✪✮✭★ ❃✪★✪
✪❁✪✽✥✪✫✬✭ ●✰✩✰★✪❈

•
✴✪✦✭ ✪ ✧⑤❃★✧✦✦✬✭ ✦✧⑦✪ ✪❁✪✽✥✪✮✪ ✧✲ ❤✻✐✤❍✤✻❋✐❑❏ ✿✪✽✿✰✽✪✹✦✧ ✪ ✥✲❃★✧✿✥✦✬✭ ✷✧★✪✮✪
✵✭ ✦✥✦✩✧✲✪❊ ➡Ü➚➱➮ß➶➪✻➘ ✘ ✑✃➹➘➱➤➚➮➱✃✺✻➘➾➪ß➱➶❮✃ Ï ✑✃➹➘➱õ✃➴ß➘➥➮➥✃â➘➪

❑✱✦✧★❁✧ ❄✰✧ ✪ ✪❁✪✽✥✪✫✬✭ ✾ ●✧✥✩✪ ✪✩★✪❁✾✦ ✮✪ ✮✥●✧★✧✵✫✪ ✧✵✩★✧ ✭ ❁✪✽✭★ ❄✰✧ ✪ ✭❃✧★✪✫✬✭✥★❅ ✧✦✿★✧❁✧★ ✧ ✭ ❁✪✽✭★ ✪★✲✪❣✧✵✪✮✭ ✵✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦❈ ❍❃✸✦ ✪ ✥✲❃★✧✿✥✦✬✭ ✦✧★ ✿✪✽✿✰✽✪✮✪❏
❁✧★✥s✿✪✹✦✧ ✦✧ ✪ ✲✧✦✲✪ ✾ ✲✧✵✭★ ✭✰ ✥✷✰✪✽ ✳ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✪ ✪✩★✪❁✾✦ ✮✪ ✧⑤❃★✧✦✦✬✭❊
✙➡Ü➚➱➮ß➶➪✻➘✙ ✗✘ ➡Ü➚➱➮ß➶➪➶➘➴✎➮➱Ü➶❮➶â✃④✧ ✪ ✧⑤❃★✧✦✦✬✭ ✪✿✥✲✪ ●✭★ ✪❁✪✽✥✪✮✪ ✿✭✲✭ ❤✻✐✤❍✤✻❋✐❑❏ ✪ ✥✲❃★✧✿✥✦✬✭ ✪✿✰✲✰✽✪✮✪
✾ ✿✪✽✿✰✽✪✮✪ ❃✪★✪ ✮✧✩✧★✲✥✵✪★ ✦✧ ✪ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✪ ✵✬✭ ✾ ✰✽✩★✪❃✪✦✦✪✮✪ ✪✩★✪❁✾✦ ✮✪
✧⑤❃★✧✦✦✬✭❊ ➷➡Ü➚➱➮ß➶➪✻➘➠ßÞÜÞ➹✃â✃ ✚ ➡Ü➚➱➮ß➶➪✻➘Ð ✗✘ ➡Ü➚➱➮ß➶➪✻➘✎➮➱Ü➶❮➶â✃
•

✴✪✦✭ ✦✧⑦✪ ✪❁✪✽✥✪✮✪ ✿✭✲✭ ❂❍▲④❑❏ ✪ ✭❃✧★✪✫✬✭ ✮✧ ✽✧✥✩✰★✪ ✿✭✵✩✥✵✰✪ ✦✰✪ ✧⑤✧✿✰✫✬✭ ✧ ✪
✭❃✧★✪✫✬✭ ✮✧ ✧✦✿★✥✩✪ ✾ ✪✱✭★✩✪✮✪

•
✴✪✦✭ ✦✧⑦✪ ✪❁✪✽✥✪✮✪ ✿✭✲✭ ❤✻✐✤❍✤✻❋✐❑❏ ✪ ✧⑤✧✿✰✫✬✭ ✿✭✵✩✥✵✰✪ ✧ ✪ ❋✲❃★✧✿✥✦✬✭ ✾
✦✭✲✪✮✪ ✪ ❋✲❃★✧✿✥✦✬✭❍✿✰✲✰✽✪✮✪❈

✻✲ ✦✧✷✰✥✮✪ ✪ ✥✲❃★✧✿✥✦✬✭ ✪✿✰✲✰✽✪✮✪ ✾ ✪✩✰✪✽✥❣✪✮✪ ✪✿★✧✦✿✧✵✩✪✵✮✭ ✪ ✥✲❃★✧✿✥✦✬✭ ✭✱✩✥✮✪❊➡Ü➚➱➮ß➶➪✻➘➠ßÞÜÞ➹✃â✃ ✘ ➡Ü➚➱➮ß➶➪✻➘➠ßÞÜÞ➹✃â✃ ✚ ➡Ü➚➱➮ß➶➪✻➘❂✥✵✪✽✲✧✵✩✧❏ ✪❃✸✦ ✩✭✮✪✦ ✪✦ ❁✧★✥s✿✪✫⑨✧✦ ✩✧★✧✲ ✦✥✮✭ ✪❁✪✽✥✪✮✪✦ ✿✭✲✭ ❁✧★✮✪✮✧✥★✪✦❏ ✪✦ ✮✰✪✦
✭❃✧★✪✫⑨✧✦ ❃✭✮✧✲ ✦✧★ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧❈
❘❫❴❫P ✍➬❑◆⑥◆ ❐❝❜❺③❛❑❍❢▼❝❛❑▲③❍❮
❺✧✦✩✧ ✲✾✩✭✮✭❏ ✥✵✥✿✥✪✽✲✧✵✩✧❏ ✩✪✲✱✾✲ ✭✦ ❃✪★❻✲✧✩★✭✦ ✩✧✲❃✭★✪✥✦ ✮✪✦ ✭❃✧★✪✫⑨✧✦ ✦✬✭ ✪❁✪✽✥✪✹✮✭✦ ✥✮✧✵✩✥s✿✪✵✮✭ ✦✧ ✭✦ ✮✪✮✭✦ ✦✬✭ ❁❅✽✥✮✭✦❈ ❍ ❁✧★✥s✿✪✫✬✭ ✾ ★✧✪✽✥❣✪✮✪ ✪✩★✪❁✾✦ ✮✪ ✦✧✷✰✥✵✩✧
✧⑤❃★✧✦✦✬✭ ✱✭✭✽✧✪✵✪❊

➷➷✖➮Ü➚➘Û➘➱➱➮➴❮➮ Ï ✖➶Ü➮➪❮✃Ü➚ã➮✃➹Ð ✗✘ ➠❒➪➘➹Þ❮➮✑✃➹➶â✃❮➶➘➴➡➴❮➮➱↕✃➹ÐÐ
•

✴✪✦✭ ✪ ✧⑤❃★✧✦✦✬✭ ✦✧⑦✪ ✪❁✪✽✥✪✮✪ ✧✲ ❂❍▲④❑❏ ✪ ✭❃✧★✪✫✬✭ ✮✧ ✧✦✿★✥✩✪ ✿✭✵✩✥✵✰✪ ✦✰✪ ✧⑤✧✹✿✰✫✬✭❏ ✵✭ ✧✵✩✪✵✩✭ ✪ ✭❃✧★✪✫✬✭ ✮✧ ✽✧✥✩✰★✪ ✾ ✮✧❁✭✽❁✥✮✪ ❃✪★✪ s✽✪ ✮✭ ✧✦✿✪✽✭✵✪✮✭★ ❃✪★✪
✪❁✪✽✥✪✫✬✭ ●✰✩✰★✪❈

•
✴✪✦✭ ✪ ✧⑤❃★✧✦✦✬✭ ✦✧⑦✪ ✪❁✪✽✥✪✮✪ ✧✲ ❤✻✐✤❍✤✻❋✐❑❏ ✿✪✽✿✰✽✪✹✦✧ ✪ ✥✲❃★✧✿✥✦✬✭ ✷✧★✪✮✪
✵✭ ✦✥✦✩✧✲✪❊ ➡Ü➚➱➮ß➶➪✻➘ ✘ ✑✃➹➘➱➤➚➮➱✃✺✻➘➾➪ß➱➶❮✃ Ï ✑✃➹➘➱õ✃➴ß➘➥➮➥✃â➘➪

❑✱✦✧★❁✧ ❄✰✧ ✪ ✪❁✪✽✥✪✫✬✭ ✾ ●✧✥✩✪ ✪✩★✪❁✾✦ ✮✪ ✮✥●✧★✧✵✫✪ ✧✵✩★✧ ✭ ❁✪✽✭★ ❄✰✧ ✪ ✭❃✧★✪✫✬✭ ✥★❅
✧✦✿★✧❁✧★ ✧ ✭ ❁✪✽✭★ ✪★✲✪❣✧✵✪✮✭ ✵✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦❈ ❍❃✸✦ ✪ ✥✲❃★✧✿✥✦✬✭ ✦✧★ ✿✪✽✿✰✽✪✮✪❏



✒❳❫✓❲ó✔❬ ❡✖ ✗❵❫✔❯❵❯❴❲❳❨❩❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ →➻
❁✧★✥s✿✪✹✦✧ ✦✧ ✪ ✲✧✦✲✪ ✾ ✲✧✵✭★ ✭✰ ✥✷✰✪✽ ✳ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✪ ✪✩★✪❁✾✦ ✮✪ ✧⑤❃★✧✦✦✬✭❊
✙➡Ü➚➱➮ß➶➪✻➘✙ ✗✘ ➡Ü➚➱➮ß➶➪➶➘➴✎➮➱Ü➶❮➶â✃④✧ ✪ ✧⑤❃★✧✦✦✬✭ ✪✿✥✲✪ ●✭★ ✪❁✪✽✥✪✮✪ ✿✭✲✭ ❤✻✐✤❍✤✻❋✐❑❏ ✪ ✥✲❃★✧✿✥✦✬✭ ✪✿✰✲✰✽✪✮✪
✾ ✿✪✽✿✰✽✪✮✪ ❃✪★✪ ✮✧✩✧★✲✥✵✪★ ✦✧ ✪ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✪ ✵✬✭ ✾ ✰✽✩★✪❃✪✦✦✪✮✪ ✪✩★✪❁✾✦ ✮✪
✧⑤❃★✧✦✦✬✭❊ ➷➡Ü➚➱➮ß➶➪✻➘➠ßÞÜÞ➹✃â✃ ✚ ➡Ü➚➱➮ß➶➪✻➘Ð ✗✘ ➡Ü➚➱➮ß➶➪✻➘✎➮➱Ü➶❮➶â✃
•

✴✪✦✭ ✦✧⑦✪ ✪❁✪✽✥✪✮✪ ✿✭✲✭ ❂❍▲④❑❏ ✪ ✭❃✧★✪✫✬✭ ✮✧ ✧✦✿★✥✩✪ ✿✭✵✩✥✵✰✪ ✦✰✪ ✧⑤✧✿✰✫✬✭ ✧ ✪
✭❃✧★✪✫✬✭ ✮✧ ✽✧✥✩✰★✪ ✾ ✪✱✭★✩✪✮✪❈

•
✴✪✦✭ ✦✧⑦✪ ✪❁✪✽✥✪✮✪ ✿✭✲✭ ❤✻✐✤❍✤✻❋✐❑❏ ✪ ✧⑤✧✿✰✫✬✭ ✿✭✵✩✥✵✰✪ ✧ ✪ ❋✲❃★✧✿✥✦✬✭ ✾
✦✭✲✪✮✪ ✪ ❋✲❃★✧✿✥✦✬✭❍✿✰✲✰✽✪✮✪❈

✻✲ ✦✧✷✰✥✮✪ ✪ ✥✲❃★✧✿✥✦✬✭ ✪✿✰✲✰✽✪✮✪ ✾ ✪✩✰✪✽✥❣✪✮✪ ✪✿★✧✦✿✧✵✩✪✵✮✭ ✪ ✥✲❃★✧✿✥✦✬✭ ✭✱✩✥✮✪❊➡Ü➚➱➮ß➶➪✻➘➠ßÞÜÞ➹✃â✃ ✘ ➡Ü➚➱➮ß➶➪✻➘➠ßÞÜÞ➹✃â✃ ✚ ➡Ü➚➱➮ß➶➪✻➘❂✥✵✪✽✲✧✵✩✧❏ ✪❃✸✦ ✩✭✮✪✦ ✪✦ ❁✧★✥s✿✪✫⑨✧✦ ✩✧★✧✲ ✦✥✮✭ ✪❁✪✽✥✪✮✪✦ ✿✭✲✭ ❁✧★✮✪✮✧✥★✪✦❏ ✪✦ ✮✰✪✦
✭❃✧★✪✫⑨✧✦ ❃✭✮✧✲ ✦✧★ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧❈
❘❫❴❫◗ ✍➬❑◆⑥◆ ❐❝❜❺③❛❑❍❢❝❜❺③❛❑❍❮
❺✧✦✩✧ ✲✾✩✭✮✭❏ ❁✧★✥s✿✪✹✦✧❏ ✭✦ ❃✪★❻✲✧✩★✭✦ ✩✧✲❃✭★✪✥✦ ✮✪✦ ✭❃✧★✪✫⑨✧✦ ✦✬✭ ✮✧ ●✭★✲✪ ✪ ✥✮✧✵✹✩✥s✿✪★ ✦✧ ✭✦ ✮✪✮✭✦ ✦✬✭ ❁❅✽✥✮✭✦❈ ❍ ❁✧★✥s✿✪✫✬✭ ✾ ★✧✪✽✥❣✪✮✪ ✪✩★✪❁✾✦ ✮✪ ✦✧✷✰✥✵✩✧ ✧⑤❃★✧✦✦✬✭✱✭✭✽✧✪✵✪❊

➷➷✖➮Ü➚➘Û➘➱➱➮➴❮➮ Ï ✖➶Ü➮➪❮✃Ü➚ã➮✃➹Ð ✗✘ ➠❒➪➘➹Þ❮➮✑✃➹➶â✃❮➶➘➴➡➴❮➮➱↕✃➹ÐÐ ❈
•

✴✪✦✭ ✪ ✧⑤❃★✧✦✦✬✭ ✦✧⑦✪ ✪❁✪✽✥✪✮✪ ✧✲ ❂❍▲④❑❏ ✪ ✭❃✧★✪✫✬✭ ✮✧ ✧✦✿★✥✩✪➓ ✿✭✵✩✥✵✰✪ ✦✰✪
✧⑤✧✿✰✫✬✭❏ ✵✭ ✧✵✩✪✵✩✭ ✪ ✭❃✧★✪✫✬✭ ✮✧ ✧✦✿★✥✩✪❖ ✾ ✮✧❁✭✽❁✥✮✪ ❃✪★✪ s✽✪ ✮✭ ✧✦✿✪✽✭✵✪✮✭★
❃✪★✪ ✪❁✪✽✥✪✫✬✭ ●✰✩✰★✪❈

•
✴✪✦✭ ✪ ✧⑤❃★✧✦✦✬✭ ✦✧⑦✪ ✪❁✪✽✥✪✮✪ ✧✲ ❤✻✐✤❍✤✻❋✐❑❏ ✿✪✽✿✰✽✪✹✦✧ ✪ ✥✲❃★✧✿✥✦✬✭ ✷✧★✪✮✪
✵✭ ✦✥✦✩✧✲✪❊ ➡Ü➚➱➮ß➶➪✻➘ ✘ ✑✃➹➘➱➤➚➮➱✃✺✻➘➾➪ß➱➶❮✃ü Ï ✑✃➹➘➱➤➚➮➱✃✺✻➘➾➪ß➱➶❮✃ý

❑✱✦✧★❁✧ ❄✰✧ ✪ ✪❁✪✽✥✪✫✬✭ ✾ ●✧✥✩✪ ✪✩★✪❁✾✦ ✮✪ ✮✥●✧★✧✵✫✪ ✧✵✩★✧ ✭ ❁✪✽✭★ ✮✪ ✭❃✧★✪✫✬✭ ✮✧ ✧✦✹✿★✥✩✪➓ ✧ ✭ ❁✪✽✭★ ✮✪ ✭❃✧★✪✫✬✭ ✮✧ ✧✦✿★✥✩✪❖❈ ❍❃✸✦ ✪ ✥✲❃★✧✿✥✦✬✭ ✦✧★ ✿✪✽✿✰✽✪✮✪❏ ❁✧★✥s✿✪✹✦✧ ✦✧ ✪
✲✧✦✲✪ ✾ ✲✧✵✭★ ✭✰ ✥✷✰✪✽ ✳ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✪ ✪✩★✪❁✾✦ ✮✪ ✧⑤❃★✧✦✦✬✭❊ ✙➡Ü➚➱➮ß➶➪✻➘ ✙ ✗✘➡Ü➚➱➮ß➶➪➶➘➴✎➮➱Ü➶❮➶â✃④✧ ✪ ✧⑤❃★✧✦✦✬✭ ✪✿✥✲✪ ●✭★ ✪❁✪✽✥✪✮✪ ✿✭✲✭ ❤✻✐✤❍✤✻❋✐❑❏ ✪ ✥✲❃★✧✿✥✦✬✭ ✪✿✰✲✰✽✪✮✪
✾ ✿✪✽✿✰✽✪✮✪ ❃✪★✪ ✮✧✩✧★✲✥✵✪★ ✦✧ ✪ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✪ ✵✬✭ ✾ ✰✽✩★✪❃✪✦✦✪✮✪ ✪✩★✪❁✾✦ ✮✪
✧⑤❃★✧✦✦✬✭❊ ➡Ü➚➱➮ß➶➪✻➘➠ßÞÜÞ➹✃â✃ ✚ ➡Ü➚➱➮ß➶➪✻➘Ð ✗✘ ➡Ü➚➱➮ß➶➪✻➘✎➮➱Ü➶❮➶â✃
•

✴✪✦✭ ✦✧⑦✪ ✪❁✪✽✥✪✮✪ ✿✭✲✭ ❂❍▲④❑❏ ✪ ✭❃✧★✪✫✬✭ ✮✧ ✧✦✿★✥✩✪➓ ✿✭✵✩✥✵✰✪ ✦✰✪ ✧⑤✧✿✰✫✬✭ ✧ ✪
✭❃✧★✪✫✬✭ ✮✧ ✧✦✿★✥✩✪❖ ✾ ✪✱✭★✩✪✮✪❈



✒❳❫✓❲ó✔❬ ❡✖ ✗❵❫✔❯❵❯❴❲❳❨❩❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ →➩

•
✴✪✦✭ ✦✧⑦✪ ✪❁✪✽✥✪✮✪ ✿✭✲✭ ❤✻✐✤❍✤✻❋✐❑❏ ✪ ✧⑤✧✿✰✫✬✭ ✿✭✵✩✥✵✰✪ ✧ ✪ ❋✲❃★✧✿✥✦✬✭ ✾
✦✭✲✪✮✪ ✪ ❋✲❃★✧✿✥✦✬✭❍✿✰✲✰✽✪✮✪❈

✻✲ ✦✧✷✰✥✮✪ ✪ ✥✲❃★✧✿✥✦✬✭ ✪✿✰✲✰✽✪✮✪ ✾ ✪✩✰✪✽✥❣✪✮✪ ✪✿★✧✦✿✧✵✩✪✵✮✭ ✪ ✥✲❃★✧✿✥✦✬✭ ✭✱✩✥✮✪❊➡Ü➚➱➮ß➶➪✻➘➠ßÞÜÞ➹✃â✃ ✘ ➡Ü➚➱➮ß➶➪✻➘➠ßÞÜÞ➹✃â✃ ✚ ➡Ü➚➱➮ß➶➪✻➘❂✥✵✪✽✲✧✵✩✧❏ ✪❃✸✦ ✩✭✮✪✦ ✪✦ ❁✧★✥s✿✪✫⑨✧✦ ✩✧★✧✲ ✦✥✮✭ ✪❁✪✽✥✪✮✪✦ ✿✭✲✭ ❁✧★✮✪✮✧✥★✪✦❏ ✪✦ ✮✰✪✦
✭❃✧★✪✫⑨✧✦ ❃✭✮✧✲ ✦✧★ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧❈

❍ ✩✾✿✵✥✿✪ ✥✲❃✽✧✲✧✵✩✪✮✪ ●✭✥ ✮✥❁✥✮✥✮✪ ✧✲ ✩★❆✦ ✲✸✮✰✽✭✦❏ ✿✭✲✭ ✥✽✰✦✩★✪✮✭ ✵✪ ❂✥✷✰★✪ ◗❈➓ ✪
✦✧✷✰✥★❊

Interface

Simulação

Banco de Dados

Servidor

BD

FC

❂✥✷✰★✪ ◗❈➓❊ ✯✸✮✰✽✭✦ ✮✪ ❋✲❃✽✧✲✧✵✩✪✫✬✭
❋✵✩✧★●✪✿✧❊ ❋✵✥✿✥✪✽✲✧✵✩✧❏ ●✭✥ ✥✲❃✽✧✲✧✵✩✪✮✪ ✰✲✪ ✥✵✩✧★●✪✿✧❏ ✭✵✮✧ ✭ ❃★✭⑦✧✩✥✦✩✪ ✮✭ ✦✥✦✩✧✲✪

✩✧✲ ✿✭✵✮✥✫⑨✧✦ ✮✧ ✧✦❃✧✿✥s✿✪★ ✪✦ ✥✵●✭★✲✪✫⑨✧✦ ❄✰✧ ✦✧★✬✭ ✰✩✥✽✥❣✪✮✪✦ ✵✪ ✪❃✽✥✿✪✫✬✭❈ ✻✦✦✧
✲✸✮✰✽✭ ✾ ★✧✦❃✭✵✦❅❁✧✽ ❃✧✽✪ ✥✵✩✧★✪✫✬✭ ✿✭✲ ✭ ✰✦✰❅★✥✭ ✮✪ ✪❃✽✥✿✪✫✬✭ ✪✩★✪❁✾✦ ✮✧ ✥✵✩✧★●✪✿✧
✷★❅s✿✪❈ ❍✩★✪❁✾✦ ✮✪ ✥✵✩✧★●✪✿✧ ✪❃★✧✦✧✵✩✪✮✪ ✵✪ ❂✥✷✰★✪ ◗❈❖❏ ✩✧✲✭✦ ✿✭✲✭ ❃✪★✪✲✧✩★✥❣✪★
✪✩★✪❁✾✦ ✮✧ ➪➮➴➪➘➱➭ ❮➶Ü➮➱➭ Ü➶➴➭ Ü✃ô➭ ✃↕➶➭ ➶Ü➚➱➮ß ✭✦ ✮✪✮✭✦ ✷✧★✪✮✭✦ ❃✪★✪ ✦✧★ ✰✩✥✽✥❣✪✮✭✵✪ ✵✭✦✦✪ ✪❃✽✥✿✪✫✬✭❏ ✭✵✮✧❊



✒❳❫✓❲ó✔❬ ❡✖ ✗❵❫✔❯❵❯❴❲❳❨❩❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ →➭

•
④✧✵✦✭★❊ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✦✧✵✦✭★✧✦ ✰✦✪✮✭ ✵✪ ✦✥✲✰✽✪✫✬✭✎

•
❹✥✲✧★❊ ❃✧★✥✭✮✥✿✥✮✪✮✧ ✮✭ ✦✧✵✦✭★✎

•
✯✥✵❊ ❁✪✽✭★ ✥✵✥✿✥✪✽ ✮✪ ●✪✥⑤✪ ✮✧ ❁✪✽✭★✧✦ ❄✰✧ ✰✲ ✮✪✮✭ ✷✧★✪✮✭ ❃✧✽✭ ✦✧✵✦✭★ ❃✭✮✧
✪✦✦✰✲✥★✎

•
✯✪⑤❊ ❁✪✽✭★ s✵✪✽ ✮✪ ●✪✥⑤✪ ✮✧ ❁✪✽✭★✧✦ ❄✰✧ ✰✲ ✮✪✮✭ ✷✧★✪✮✭ ❃✧✽✭ ✦✧✵✦✭★ ❃✭✮✧
✪✦✦✰✲✥★✎

•
❍❁✥❊ ❃★✪❣✭ ✮✧ ❁✪✽✥✮✪✮✧ ✪✱✦✭✽✰✩✪ ✮✭✦ ✮✪✮✭✦ ✷✧★✪✮✭✦ ❃✧✽✭ ✦✧✵✦✭★✎

•
❋✲❃★✧✿❊ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✪ ✽✥✲✥✩✪✮✪

❂✥✷✰★✪ ◗❈❖❊ ❋✵✩✧★●✪✿✧ ✺★❅s✿✪
❹✭✮✭✦ ✭✦ ❃✪★❻✲✧✩★✭✦ ✰✩✥✽✥❣✪✮✭✦ ✵✪ ✿✭✵s✷✰★✪✫✬✭ ❃✭✮✧✲ ✦✧★ ✮✧s✵✥✮✭✦ ✮✧ ●✭★✲✪ ✷✽✭✱✪✽
✭✰ ✥✵✮✥❁✥✮✰✪✽✲✧✵✩✧ ❃✪★✪ ✿✪✮✪ ✦✧✵✦✭★❈ ❍✽✾✲ ✮✧ ❃✧★✲✥✩✥★ ✪ ✿✭✵s✷✰★✪✫✬✭ ✮✪ ✧✵✩★✪✮✪
✮✧ ✮✪✮✭✦❏ ✾ ❃✭✦✦❇❁✧✽ ❁✥✦✰✪✽✥❣✪★ ✪✦ ✿✭✵s✷✰★✪✫⑨✧✦ ✧ ✭✦ ❁✪✽✭★✧✦ ✪❃★✧✦✧✵✩✪✮✭✦ ❃✭★ ✿✪✮✪
✰✲ ✮✭✦ ✦✧✵✦✭★✧✦❈ ❍✦ ✿✽✪✦✦✧✦ ❄✰✧ ✿✭✲❃⑨✧ ✧✦✩✧ ❃✪✿✭✩✧ ✦✬✭ ✪✦ ✦✧✷✰✥✵✩✧✦❊
• ➬➮➴➪➘➱➬➶ÜÞ➹✃❮➶➘➴Ý➱✃Ü➮❊ ➜➱✃Ü➮ ✷★❅s✿✭ ❄✰✧ ✧⑤✥✱✧ ✪✦ ✿✭✵s✷✰★✪✫⑨✧✦ ✧ ✭✦ ❁✪✽✭★✧✦

✪❃★✧✦✧✵✩✪✮✭✦ ❃✧✽✭✦ ✦✧✵✦✭★✧✦✎
• ✖✃❒➹➮à➘â➮➹➬➮➴➪➘➱➬➶ÜÞ➹✃❮➶➘➴❊ ✿✭✽✧✩✪ ✧ ✪❃★✧✦✧✵✩✪ ✧✲ ✰✲✪ ✩✪✱✧✽✪ ✵✪ ✥✵✩✧★●✪✿✧

✷★❅s✿✪ ✭✦ ✮✪✮✭✦ ✷✧★✪✮✭✦ ✧✲ ✰✲✪ ✦✥✲✰✽✪✫✬✭❈
④✥✲✰✽✪✫✬✭❊ ★✧✦❃✭✵✦❅❁✧✽ ❃✧✽✪ ✦✥✲✰✽✪✫✬✭ ✮✭ ●✰✵✿✥✭✵✪✲✧✵✩✭ ✮✭✦ ✦✧✵✦✭★✧✦❈ ✶✭✦✦✥✱✥✽✥✩✪ ✭

✮✥✦❃✪★✭ ✧ ✪ ❃✪★✪✮✪ ✮✪✦ ❮á➱➮✃â➪ ❄✰✧ ✷✧★✪✲ ❁✪✽✭★✧✦ ✿✭✵✩✥✮✭✦ ✵✪ ●✪✥⑤✪ ✮✧✩✧★✲✥✵✪✮✪
❃✧✽✭ ✰✦✰❅★✥✭ ✪✩★✪❁✾✦ ✮✪ ✥✵✩✧★●✪✿✧ ✷★❅s✿✪❈ ❍✦ ✿✽✪✦✦✧✦ ❄✰✧ ✿✭✲❃⑨✧ ✧✦✩✧ ❃✪✿✭✩✧ ✦✬✭ ✪✦
✦✧✷✰✥✵✩✧✦❊



✒❳❫✓❲ó✔❬ ❡✖ ✗❵❫✔❯❵❯❴❲❳❨❩❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ →➫

•
➥✃❮✃❊ ★✧❃★✧✦✧✵✩✪ ✭✦ ❁✪✽✭★✧✦ ✪❃★✧✦✧✵✩✪✮✭✦ ❃✭★ ✰✲ ✦✧✵✦✭★ ✮✰★✪✵✩✧ ✪ ✧⑤✧✿✰✫✬✭ ✮✧
✰✲✪ ✦✥✲✰✽✪✫✬✭✎

•
✎✃➱✃➹➹➮➹➹ãÞ➴➴✃❒➹➮❊ ✧⑤✧✿✰✫✬✭ ✦✥✲✰✽✩✪✵✧✪✲✧✵✩✧ ✮✰✪✦ ✭❃✧★✪✫⑨✧✦ ✮✧ ✪✩✰✪✽✥❣✪✫✬✭❈
④✧✰ ✲✾✩✭✮✭ ➱Þ➴ ✧⑤✧✿✰✩✪ ✭ ✲✾✩✭✮✭ ➪❮✃➱❮ ✮✧ ✪✲✱✭✦ ✭✦ ✭✱⑦✧✩✭✦ ❄✰✧ ✥✲❃✽✧✲✧✵✩✪✲
✪ ✥✵✩✧★●✪✿✧ ãÞ➴➴✃❒➹➮ ❃✪✦✦✪✮✭✦ ✵✭ ✿✭✵✦✩★✰✩✭★❈ ✶★✭❁✭✿✪✵✮✭ ✪ ✧⑤✧✿✰✫✬✭ ✿✭✵✿✭★✹★✧✵✩✧✎

• ➬➮➴➪➘➱ ❊ ✦✥✲✰✽✪ ✭ ●✰✵✿✥✭✵✪✲✧✵✩✭ ✮✧ ✰✲ ③✵✥✿✭ ✦✧✵✦✭★❈ ✻⑤✩✧✵✮✧ ✪ ✿✽✪✦✦✧ ✖á➱➮✃â❈
④✧✰ ✲✾✩✭✮✭ ➱Þ➴ ✷✧★✪ ❁✪✽✭★✧✦ ✪✽✧✪✩✸★✥✭✦ ✧✲ ✩✧✲❃✭✦ ✪✽✧✪✩✸★✥✭✦ ✮✧✵✩★✭ ✮✧ ●✪✥⑤✪✦
✮✧s✵✥✮✪✦ ❃✪★✪ ✭✦ ❁✪✽✭★✧✦ ✧ ❃✪★✪ ✭ ✩✧✲❃✭✎

• ➬➮➴➪➘➱➪➬➶ÜÞ➹✃❮➶➘➴❊ ✥✲❃✽✧✲✧✵✩✪ ✦✥✲✰✽✪✫✬✭ ✮✭ ●✰✵✿✥✭✵✪✲✧✵✩✭ ✮✧ ✦✧✵✦✭★✧✦❈ ✶✧★✹✲✥✩✧ ✿★✥✪★ ✦✥✲✰✽✪✫✬✭ ✿✭✲ ✰✲ ✵③✲✧★✭ ✮✧✩✧★✲✥✵✪✮✭ ✮✧ ✦✧✵✦✭★✧✦ ✿✭✲ ✿✭✲❃✭★✩✪✹✲✧✵✩✭ ✿✭✵s✷✰★❅❁✧✽✎
•

➛➚â✃❮➮➠ß❮➶➘➴❊ ❮á➱➮✃â ❄✰✧ ✦✪✽❁✪ ✮✪✮✭✦ ✷✧★✪✮✭✦ ❃✭★ ✰✲ ✦✧✵✦✭★ ✵✪ ✦✥✲✰✽✪✫✬✭❈
▼✪✵✿✭ ✮✧ ✤✪✮✭✦ ④✧★❁✥✮✭★❊ ★✧✦❃✭✵✦❅❁✧✽ ❃✧✽✭ ✪✿✧✦✦✭ ✪✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✧ ❃✧★✲✥✩✥✵✮✭ ✭✪✿✧✦✦✭ ✮✧ ✭❃✧★✪✫⑨✧✦ ✿✭✵❼✥✩✪✵✩✧✦ ❄✰✪✵✩✭ ✪✦ ✲✧✦✲✪✦ ✭❃✧★✪ ✦✭✱★✧ ✰✲ ✲✧✦✲✭ ✥✩✧✲ ✮✧

✮✪✮✭ ✵✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦❈ ❹✪✲✱✾✲ ✥✵✿✽✰✥ ✿✸✮✥✷✭ ✮✧ ✥✵✦✩★✰✲✧✵✩✪✫✬✭ ❃✪★✪ ✲✧✮✥✫✬✭ ✮✧
✧✦✩✪✩❇✦✩✥✿✪✦ ✮✪✦ ✦✥✲✰✽✪✫⑨✧✦ ✮✭ ●✰✵✿✥✭✵✪✲✧✵✩✭ ✮✭✦ ✦✧✵✦✭★✧✦❈ ❍✦ ✿✽✪✦✦✧✦ ❄✰✧ ✿✭✲❃⑨✧
✧✦✩✧ ❃✪✿✭✩✧ ✦✬✭ ✪✦ ✦✧✷✰✥✵✩✧✦❊
•

➥✃❮✃❒✃➪➮➤➚➮➱✃❮➶➘➴❊ ✿✽✪✦✦✧ ✪✱✦✩★✪✩✪ ❄✰✧ ✿✭✵✩✾✲ ✭✦ ❃✪★❻✲✧✩★✭✦ ✮✧ ✧✵✩★✪✮✪ ✧ ✮✧
✦✪❇✮✪ ✵✧✿✧✦✦❅★✥✭✦ ❃✪★✪ ✪ ✧⑤✧✿✰✫✬✭ ✮✧ ✰✲✪ ✭❃✧★✪✫✬✭ ✮✧ ✽✧✥✩✰★✪ ✭✰ ✮✧ ✪✩✰✪✽✥❣✪✫✬✭
✮✧ ❁✪✽✭★✧✦ ✮✧ ✰✲ ✦✧✵✦✭★✎

•
ã➮✃â➤➚➮➱✃❮➶➘➴❊ ✿✭✵✩✾✲ ✭✦ ❃✪★❻✲✧✩★✭✦ ✮✧ ✧✵✩★✪✮✪ ✧ ✮✧ ✦✪❇✮✪ ✵✧✿✧✦✦❅★✥✭✦ ❃✪★✪
✪ ✧⑤✧✿✰✫✬✭ ✮✧ ✰✲✪ ✭❃✧★✪✫✬✭ ✮✧ ✽✧✥✩✰★✪ ✎

•
➛➚â✃❮➮➤➚➮➱✃❮➶➘➴❊ ✿✭✵✩✾✲ ✭✦ ❃✪★❻✲✧✩★✭✦ ✮✧ ✧✵✩★✪✮✪ ✧ ✮✧ ✦✪❇✮✪ ✵✧✿✧✦✦❅★✥✭✦ ❃✪★✪
✪ ✧⑤✧✿✰✫✬✭ ✮✧ ✰✲✪ ✭❃✧★✪✫✬✭ ✮✧ ✧✦✿★✥✩✪✎

•
➥✃❮✃❒✃➪➮➬➮➱↕➮➱ ❊ ★✧✦❃✭✵✦❅❁✧✽ ❃✧✽✭ ✪✿✧✦✦✭ ✪✭✦ ★✧✿✰★✦✭✦ ✮✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✰✩✥✽✥✹❣✪✮✭✦ ❃✧✽✪ ✪❃✽✥✿✪✫✬✭❈ ✴★✥✪ ✩✪✱✧✽✪✦❏ ✥✵✦✧★✧❏ ★✧✲✭❁✧ ✧ ✿✭✵✦✰✽✩✪ ✮✪✮✭✦ ✵✭ ✱✪✵✿✭★✧✪✽✥❣✪✵✮✭ ✭ ✲✪❃✧✪✲✧✵✩✭ ❃✪★✪ ✭✱⑦✧✩✭✦ ✮✪ ✿✪✲✪✮✪ ✮✧ ✵✧✷✸✿✥✭✦❈
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// Se não são da mesma transação testar se existe colisão...

else {

// ...se existe colisão determina que tipo de função de compatibilidade chamar.

if (op1.collides(op2)) {

// Se as operações são de leitura-leitura...

if ((op1 instanceof ReadOperation) && (op2 instanceof ReadOperation)) {

// ...execute cada uma normalmente na ordem de chegada.

System.out.println("-- Houve colisão mas as operações são de leitura-

leitura.");

CompatibilityFunction.methodReadRead.execute(op1, op2);

}

// Se as operações são de leitura-escrita...

else if ((op1 instanceof ReadOperation) && (op2 instanceof WriteOperation)) {

// Invoca a função de compatibilidade de leitura-escrita.

System.out.println("-- Houve colisão nas operações de leitura-escrita.");

CompatibilityFunction.methodReadWrite.execute(op1, op2);

}

//Se as operações são de escrita-leitura...

else if ((op1 instanceof WriteOperation) && (op2 instanceof ReadOperation)) {

// Invoca a função de compatibilidade para escrita-leitura.

System.out.println("-- Houve colisão nas operações de escrita-leitura.");

CompatibilityFunction.methodWriteRead.execute(op1, op2);

}

// Se as duas operações são de escrita-escrita...

else if ((op1 instanceof WriteOperation) && (op2 instanceof WriteOperation)) {

// Invoca a função de compatibilidade para escrita-escrita.

System.out.println("-- Houve colisão nas operações de escrita-escrita.");
CompatibilityFunction.methodWriteWrite.execute(op1, op2);

}

else {

// Algum erro muito sinistro aconteceu...

System.out.println("-- Algum erro muito sinistro aconteceu...");

}

// Sinaliza que o par de operações foi executado.

paired = false;

}

// ...se não existe colisão entre as operações...

else {

// ...então executa na ordem de chegada.

System.out.println("-- As operações não colidem.");

op1.execute();

op2.execute();

}

}

//Sinaliza que o par de operações foi executado.

paired = false;

}

// ...se não existe adiciona a operação ao primeiro membro do par.

else {

// Sinaliza que o primeiro membro do par de operações entrou em execução.

paired = true;

op1 = transaction.nextOperation();

}

}
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❄✰✧ ✭ ✧✦❃✪✫✭ ❃✧★✿✭★★✥✮✭ ✦✧⑦✪ ✿✪✽✿✰✽✪✮✭ ✿✭★★✧✩✪✲✧✵✩✧❈ ❍✽✾✲ ✮✥✦✦✭ ✩✪✲✱✾✲ ✾ ✥✲❃✭★✩✪✵✩✧
✿✭✵✦✥✮✧★✪★ ✰✲✪ ✥✲❃★✧✿✥✦✬✭ ✧✲ ★✧✽✪✫✬✭ ✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✪✱✦✭✽✰✩✪ ✧✵✩★✧ ✭ ❁✪✽✭★ ✿✪✽✿✰✽✪✮✭ ✧
✪★✲✪❣✧✵✪✮✭ ✵✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✧ ✪ ✵✭❁✪ ❃✭✦✥✫✬✭ ✮✭ ❁✧❇✿✰✽✭❈ ❺✭ ✧✵✩✪✵✩✭ ✧✦✩✪ ✥✲❃★✧✿✥✦✬✭
✮✧❁✧ ★✧❼✧✩✥★ ✪❃★✭⑤✥✲✪✮✪✲✧✵✩✧ ✪ ❃✭✦✥✫✬✭ ✿✭★★✧✩✪ ✮✭ ✲✧✦✲✭❈

❍ ❂✥✷✰★✪ ◗❈→❏ ✥✽✰✦✩★✪ ✰✲✪ ★✧✮✧ ✮✧ ✦✧✵✦✭★✧✦ ✧ ✦✧✰✦ ✿✭✲❃✭✵✧✵✩✧✦❈ ❍ ✲✧✦✲✪ ✾ ✿✭✲❃✭✦✩✪
❃✭★ ✰✲ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✦✧★❁✥✮✭★ ✿✭✵✧✿✩✪✮✭ ✪ ❁❅★✥✭✦ ✦✧✵✦✭★✧✦❈ ❑ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✦✧★❁✥✮✭★
✾ ✪✩✰✪✽✥❣✪✮✭ ❃✧★✥✭✮✥✿✪✲✧✵✩✧ ✪✩★✪❁✾✦ ✮✧ ✩★✪✵✦✪✫⑨✧✦ ✮✧ ✪✩✰✪✽✥❣✪✫✬✭ ✧✲✥✩✥✮✪✦ ❃✧✽✭✦ ✦✧✵✦✭★✧✦
✧ ✿✭✵✦✰✽✩✪✮✭✦ ❃✭★ ✮✥❁✧★✦✪✦ ✪❃✽✥✿✪✫⑨✧✦❈

❑✦ ✮✪✮✭✦ ✧✲ ✰✲✪ ★✧✮✧ ✮✧ ✦✧✵✦✭★✧✦ ❃✭✦✦✰✧✲ ✰✲ ✩✧✲❃✭ ✮✧ ❁✥✮✪ ③✩✥✽ ✽✥✲✥✩✪✮✭❈ ❺✭
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✿✪✦✭ ✮✪ ✪❃✽✥✿✪✫✬✭ ✧✲ ❄✰✧✦✩✬✭❏ ✩✪✽ ★✧✦✩★✥✫✬✭ ✩✧✲❃✭★✪✽ ✾ ✿✭✵✦✥✮✧★✪✮✪❏ ✩✪✵✩✭ ✵✭ ✿✪✦✭ ✮✪
★✧✿✰❃✧★✪✫✬✭ ❄✰✪✵✩✭ ✵✭ ❃★✭✿✧✦✦✪✲✧✵✩✭ ✮✭✦ ✲✧✦✲✭✦❈

❺✭ ✧✵✩✪✵✩✭ ✾ ✥✲❃✭★✩✪✵✩✧ ★✧✦✦✪✽✩✪★ ❄✰✧ ✪✽✷✰✲✪✦ ✪❃✽✥✿✪✫⑨✧✦ ❃★✧✿✥✦✪✲ ✷✪★✪✵✩✥★ ✩✪✵✩✭✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✽✸✷✥✿✪ ❄✰✪✵✩✭ ✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✩✧✲❃✭★✪✽ ✮✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦❈ ❑✱✦✧★❁✧ ❄✰✧
✭ ✲✾✩✭✮✭ ✥✲❃✽✧✲✧✵✩✪✮✭❏ ✪✩★✪❁✾✦ ✮✪ ❂✴ ❃✧★✲✥✩✧ ✵✧✷✭✿✥✪★ ✧✵✩★✧ ✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✽✸✷✥✿✪ ✧
✩✧✲❃✭★✪✽ ✪ s✲ ✮✧ ✪✩✧✵✮✧★ ✪✭ ❃★✭❃✸✦✥✩✭ ✮✧ ✮✥❁✧★✦✭✦ ✩✥❃✭✦ ✮✧ ✪❃✽✥✿✪✫⑨✧✦❏ ✪✽✾✲ ✮✧ ✿✭✵✦✥✮✧★✪★
✧ ✿✭✵✩★✭✽✪★ ✪ ✥✲❃★✧✿✥✦✬✭ ✷✧★✪✮✪ ✵✭ ✱✪✵✿✭❈

Atualiza o banco de dados 

servidor

O sensor 

adquire dados

Aplicações

Transação de Atualização

BD

❂✥✷✰★✪ ◗❈→❊ ✐✧✮✧ ✮✧ ④✧✵✦✭★✧✦
✤✧✵✩★✧ ✪✦ ❃✭✦✦❇❁✧✥✦ ✩★✪✵✦✪✫⑨✧✦ ❄✰✧ ✮✧❁✧✲ ✦✧★ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ❃✧✽✪ ✪❃✽✥✹✿✪✫✬✭❏ ✩✧✲✭✦❊
➓❈ ❹★✪✵✦✪✫⑨✧✦ ✮✧ ❍✩✰✪✽✥❣✪✫✬✭ ➁④✧✵✦✭★➂✹ ❄✰✧ ✪✮❄✰✥★✧ ✮✪✮✭✦ ➁✩✧✲❃✭ ✧ ❁✧✽✭✿✥✮✪✮✧➂ ✮✭✦

✦✧✵✦✭★✧✦ ✧ ✧✦✿★✧❁✧ ✵✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦✎
❖❈ ❹★✪✵✦✪✫⑨✧✦ ✮✧ ✴✭✵✦✰✽✩✪ ➁❍❃✽✥✿✪✫✬✭➂✹ ❄✰✧ ✽❆✧✲ ✮✪✮✭✦ ➁✩✧✲❃✭ ✧ ❁✧✽✭✿✥✮✪✮✧➂ ✮✭ ✱✪✵✿✭

✮✧ ✮✪✮✭✦❈
✴✭✵✦✥✮✧★✪✵✮✭ ✰✲✪ ✦✥✩✰✪✫✬✭ ✧✲ ❄✰✧ ✭ ❁✧❇✿✰✽✭ ✰✽✩★✪❃✪✦✦✭✰ ✪ ❁✧✽✭✿✥✮✪✮✧ ❃✧★✲✥✩✥✮✪ ➁

●✭✥ ✮✧s✵✥✮✭ ❄✰✧ ✪ ❁✧✽✭✿✥✮✪✮✧ ❃✧★✲✥✩✥✮✪ ✾ ✮✧ ◗✣✲✤✼➂❏ ✭ ✦✧✵✦✭★ ✾ ✮✥✦❃✪★✪✮✭ ✧ ●✭✩✭✷★✪●✪ ✪
❃✽✪✿✪ ✮✭ ❁✧❇✿✰✽✭ ❄✰✧ ✰✽✩★✪❃✪✦✦✭✰ ✪ ❁✧✽✭✿✥✮✪✮✧ ❃✧★✲✥✩✥✮✪❈ ❑ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✦✧★❁✥✮✭★ ✾
✪✩✰✪✽✥❣✪✮✭ ✿✭✲ ✭ ✮✪✮✭ ✪✮❄✰✥★✥✮✭ ✮✭ ✦✧✵✦✭★ ✪✩★✪❁✾✦ ✮✪ ✩★✪✵✦✪✫✬✭ ✮✧ ✪✩✰✪✽✥❣✪✫✬✭❈ ❺✧✦✦✧
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✥✵✦✩✪✵✩✧ ✮✧ ✩✧✲❃✭ ✪ ✪❃✽✥✿✪✫✬✭ ★✧❄✰✥✦✥✩✪ ✰✲✪ ✿✭✵✦✰✽✩✪ ✪✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ✦✧★❁✥✮✭★ ❃✪★✪
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✪ ✩★✪✵✦✪✫⑨✧✦ ✮✥●✧★✧✵✩✧✦ ✩✧✵✩✪✲ ✪✿✧✦✦✪★ ✭ ✲✧✦✲✭ ✥✩✧✲ ✮✧ ✮✪✮✭❏ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ✵✭ ✱✪✵✿✭
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✧✲ ❤✻✐✤❍✤✻❋✐❑❈

❤✥✦✪✵✮✭ ❁✪✽✥✮✪★ ✪ ✩✾✿✵✥✿✪ ●✭✥ ✿★✥✪✮✭ ✰✲ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ◗❈◗ ❃✪★✪ ✪ ✪❃✽✥✿✪✫✬✭ ✮✧s✵✥✮✪❏ ✧
✭✦ ✲✾✩✭✮✭✦ ✥✲❃✽✧✲✧✵✩✪✮✭✦ ●✭★✪✲ ✧⑤✧✿✰✩✪✮✭✦ ✿✭✲ ✦✰✿✧✦✦✭❈ ❍✽✷✰✲✪✦ ✮✪✦ ✦✥✩✰✪✫⑨✧✦ ✿✭✵❼✥✹✩✪✵✩✧✦ ●✭★✪✲ ✿✭✵✦✥✮✧★✪✮✪✦ ✧ ✦✧✰✦ ★✧✦✰✽✩✪✮✭✦ ❃★✭✮✰❣✥✮✭✦ ✪✩✧✵✮✧★✪✲ ✭✦ ✭✱⑦✧✩✥❁✭✦ ✮✧s✵✥✮✭✦
✧✲ ➓❈➔❈

ID tsr ip ipa

1

1

2

2

1

v avi

200030 2 208:01:30

3000
15 08:01:55 13

150029 3 3

13

07:59:27

200024 07:59:25 10 10

08:00:2012 2 22000

pl

Mxz 0906

Mmn7170

Hxz 1003

Mmx

Hxz 5617

ID tsr ip ipa

1

1

2

2

1

v avi

200030 2 208:01:30

300015 08:01:55 13

150029 3 3

13

07:59:27

200024 07:59:25 10 10

08:00:2012 2 22000

pl

0014
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❉✤❀ þ✩✪✳★✪✫✬✦ ✵✦ ✰✱❃✱✸➞✱❇✥✦ ✵✪ ➝➘✲❇★✲✪ ✵✱ ➴✦❇✧✴✦✳✱
✵✱ ➴✦❇✲✦✴✴➷❇✲★✪

❍ ✥✲❃✽✧✲✧✵✩✪✫✬✭ ●✭✥ ●✧✥✩✪ ✧✲ ⑥✪❁✪➁ ⑥✤✣ ➓❈→❈➓➂ ✧ ✭ ✪✲✱✥✧✵✩✧ ✰✩✥✽✥❣✪✮✭ ●✭✥ ✭ ✻✿✽✥❃✦✧ ➔❈➓❈
❍ ✽✥✵✷✰✪✷✧✲ ✮✧ ❃★✭✷★✪✲✪✫✬✭ ⑥✪❁✪ ●✭✥ ✧✦✿✭✽✼✥✮✪❏ ✰✲✪ ❁✧❣ ❄✰✧❏ ✮✥✦❃✭✵✥✱✥✽✥❣✪ ✱✥✱✽✥✭✩✧✿✪✦ ✧
✿✽✪✦✦✧✦ ✵✧✿✧✦✦❅★✥✪✦ ❃✪★✪ ✵✭✦✦✪ ✪❃✽✥✿✪✫✬✭ ✧ ✭ ✱✪✵✿✭ ●✭✥ ✪★✲✪❣✧✵✪✮✭ ✵✭ ④✥✦✩✧✲✪ ✮✧ ✺✧★✧✵✹✿✥✪✲✧✵✩✭ ✮✧ ▼✪✵✿✭ ✮✧ ✤✪✮✭✦ ●✭✥ ✭ ✤▼❖ ✮✪ ❋▼✯❈

❂✭✥ ●✧✥✩✪ ✰✲✪ ✦✥✲✰✽✪✫✬✭ ✭✵✮✧ ✦✥✲✰✽✪✲✭✦ ✪✩★✪❁✾✦ ✮✧ ❮á➱➮✃â➪ ✩★✪✵✦✪✫⑨✧✦ ✮✧ ✽✧✥✩✰★✪ ●✪✹❣✧✵✮✭ ✿✭✵✦✰✽✩✪✦ ✪❃✧★✥✭✮✥✿✪✲✧✵✩✧ ✧ ✩★✪✵✦✪✫⑨✧✦ ✮✧ ✪✩✰✪✽✥❣✪✫✬✭ ➁ ✩★✪✵✦✪✫✬✭ ✮✧ ✦✧✵✦✭★➂ ✪✩✰✹✪✽✥❣✪✵✮✭ ✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ❃✧★✥✭✮✥✿✪✲✧✵✩✧❈
✶✪★✪ ✪✵✪✽✥✦✪★✲✭✦ ✭ ✮✧✦✧✲❃✧✵✼✭ ✮✪ ❂✴ ✵✭ ✿✧✵❅★✥✭ ✪❃★✧✦✧✵✩✪✮✭ ✧✲ ★✧✮✧ ✮✧ ✦✧✵✦✭★✧✦❏

★✧✪✽✥❣✪✲✭✦ ✦✥✲✰✽✪✫⑨✧✦ ✧✵✩★✧ ◗P ✧ ➭PP ✭❃✧★✪✫⑨✧✦ ✪✿✧✦✦✪✵✮✭ ✭ ▼✤ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧❈ ✴✭✲
✥✦✦✭ ●✭✥ ❃✭✦✦❇❁✧✽ ✦✥✲✰✽✪★ ✰✲✪ ✦✥✩✰✪✫✬✭ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✧⑤✩★✧✲✪❏ ✮✥s✿✥✽✲✧✵✩✧ ✧✵✿✭✵✩★✪✮✪ ✵✭✦
❃✥✿✭✦ ✮✧ ✪✿✧✦✦✭ ✧✲ ✦✥✦✩✧✲✪ ä➮❒❏ ❃✭★ ✧⑤✧✲❃✽✭❏ ✭✵✮✧ ✭✦ ✮✪✮✭✦ ✿✭✽✧✩✪✮✭✦ ❃✭★ ✧✦✦✧✦ ✦✥✦✩✧✲✪✦
✩✧✲ ✰✲✪ ✩✪⑤✪ ★✪❣✭❅❁✧✽ ✮✧ ✪✿✧✦✦✭❏ ✩❆✲ ❃✥✿✭✦ ✮✧ ✪✿✧✦✦✭ ❄✰✧ ✵✬✭ ✰✽✩★✪❃✪✦✦✪✲ ✮✧ →PP ✰✦✰❅★✥✭✦
❃✭★ ✼✭★✪➁ ✭✦ ✩✧✲❃✭✦ ✮✧ ✧⑤✧✿✰✫✬✭ ✮✭✦ ✵✭✦✦✭✦ ✧⑤❃✧★✥✲✧✵✩✭✦ ✦✬✭ ✮✧ ✲✥✽✥✦✧✷✰✵✮✭✦➂❈



✒❳❫✓❲ó✔❬ ❡✖ ✗❵❫✔❯❵❯❴❲❳❨❩❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ◗→
❂✭★✪✲ ★✧✪✽✥❣✪✮✪✦ ❁❅★✥✪✦ ✦✥✲✰✽✪✫✬✭✧✦ ✭✵✮✧ ●✭✥ ❁✧★✥s✿✪✮✭ ✪✦ ✭❃✧★✪✫⑨✧✦ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦ ❄✰✧

●✭★✪✲ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✲✭ ✧✦❃✧✿✥s✿✪✮✭ ➁✽✸✷✥✿✪ ✧ ✩✧✲❃✭★✪✽✲✧✵✩✧➂❏ ✪✦ ✪✩✰✪✽✥❣✪✫⑨✧✦ ✧ ✽✧✥✩✰★✪✦
✵✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦ ●✭★✪✲ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✲ ❆⑤✥✩✭❈ ❺✪ ❹✪✱✧✽✪ ✮✪ ❂✥✷✰★✪ ◗❈➻❏ ✪❃★✧✦✧✵✩✪ ✪✦
✦✥✲✰✽✪✫⑨✧✦ ★✧✪✽✥❣✪✮✪✦ ✭✵✮✧ ✦✬✭ ✲✭✦✩★✪✮✭✦ ✭✦ ❃✪★❻✲✧✩★✭✦ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦ ✧ ✦✧✰✦ ★✧✦❃✧✿✩✥❁✭✦
❁✪✽✭★✧✦❈ ❍ ✦✧✷✰✥★ ✦✬✭ ✪❃★✧✦✧✵✩✪✮✪✦ ➭ ✦✥✲✰✽✪✫⑨✧✦❏ ❁✥✦✪✵✮✭ ✥✮✧✵✩✥s✿✪★ ✭ ✮✧✦✧✲❃✧✵✼✭ ✮✪
✩✾✿✵✥✿✪ ✥✲❃✽✧✲✧✵✩✪✮✪❈

✴✭✲ ✪ ✦✥✲✰✽✪✫✬✭ ★✧✪✽✥❣✪✮✪ ●✭★✪✲ ✭✱✩✥✮✭✦ ✭✦ ★✧✦✰✽✩✪✮✭✦ ✪❃★✧✦✧✵✩✪✮✭✦ ✵✪✦ ✩✪✱✧✽✪✦ ❄❄✰✧
✦★✬✭ ✪❃★✧✦✧✵✩✪✮✪✦ ✪ ✦✧✷✰✥★❈ ❺✪ ✮✪ ❂✥✷✰★✪ ◗❈➻❏ ✲✭✦✩★✪ ✪ ❃★✥✲✧✥★✪ ✦✥✲✰✽✪✫✬✭❏ ✭✵✮✧ ●✭✹★✪✲ ✧⑤✧✿✰✩✪✮✪✦ ◗P ✭❃✧★✪✫⑨✧✦ ✵✭★✲✪✽✲✧✵✩✧❏ ➻ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✲ ✪ ❂✴❏ →
✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❍❤❋ ✧ ❖ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❋✯✶❈

Parâmetros Valor

Timer

Min

Max
Avi

Imp

Impa

2000 milseg

15

40

500 milseg

3

3

Primeira Simulação

Resultados

Operacões executadas : 50
   Operações executadas com FC: 6

Operações abortadas por AVI: 4
 Operações abortadas por IMP: 2

❂✥✷✰★✪ ◗❈➻❊ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ✶★✥✲✧✥★✪ ④✥✲✰✽✪✫✬✭
✻✲ ✰✲✪ ✦✧✷✰✵✮✪ ✦✥✲✰✽✪✫✬✭❏ ✿✭✲✭ ✪❃★✧✦✧✵✩✪✮✭ ✵✪ ✩✪✱✧✽✪ ✮✪ ❂✥✷✰★✪ ◗❈➩❏ ✿✭✲ ✭✦ ★✧✦✹❃✧✿✩✥❁✭✦ ❃✪★❻✲✧✩★✭✦ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦ ✧ ✭✦ ❁✪✽✭★✧✦❏ ●✭★✪✲ ✧⑤✧✿✰✩✪✮✪✦ ➓◗P ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ ✪

❂✴ ●✭✥ ✪❁✪✽✥✪✮✪ ✮✰★✪✵✩✧ ✪ ✧⑤✧✿✰✫✬✭ ✮✧ ❖➻ ✭❃✧★✪✫⑨✧✦❏ ➓→ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★
❍❤❋ ✧ ❖ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❋✯✶❈

Parâmetros Valor

Timer

Min

Max
Avi

Imp

Impa

2000 milseg

15

40

1000 milseg

5

5

Segunda Simulação

Resultados

Operacões executadas :150
  Operações executadas com FC:26

Operações abortadas por AVI: 14

Operações abortadas por IMP: 2

❂✥✷✰★✪ ◗❈➩❊ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ④✧✷✰✵✮✪ ④✥✲✰✽✪✫✬✭
❺✪ ✩✧★✿✧✥★✪ ✦✥✲✰✽✪✫✬✭❏ ✿✭✲✭ ✪❃★✧✦✧✵✩✪✮✭ ✵✪ ✩✪✱✧✽✪ ✮✪ ❂✥✷✰★✪ ◗❈➭❏ ✿✭✲ ✭✦ ★✧✦❃✧✿✩✥❁✭✦

❃✪★❻✲✧✩★✭✦ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦ ✧ ✭✦ ❁✪✽✭★✧✦❏ ●✭★✪✲ ✧⑤✧✿✰✩✪✮✪✦ ❖◗P ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ ✪ ❂✴ ●✭✥



✒❳❫✓❲ó✔❬ ❡✖ ✗❵❫✔❯❵❯❴❲❳❨❩❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ◗◗
✪❁✪✽✥✪✮✪ ✮✰★✪✵✩✧ ✪ ✧⑤✧✿✰✫✬✭ ✮✧ ◗❖ ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ ❖◗ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❍❤❋
✧ ➭ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❋✯✶❈

Parâmetros Valor

Timer

Min

Max
Avi

Imp

Impa

3000 milseg

15

40

1500 milseg

8

8

Terceira Simulação

Resultados

Operacões executadas :250
  Operações executadas com FC:52

Operações abortadas por AVI: 25

Operações abortadas por IMP: 8

❂✥✷✰★✪ ◗❈➭❊ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ❹✧★✿✧✥★✪ ④✥✲✰✽✪✫✬✭
❺✪ ❄✰✪★✩✪ ✦✥✲✰✽✪✫✬✭❏ ✿✭✲✭ ✪❃★✧✦✧✵✩✪✮✭ ✵✪ ✩✪✱✧✽✪ ✮✪ ❂✥✷✰★✪ ◗❈➫❏ ✿✭✲ ✭✦ ★✧✦❃✧✿✩✥❁✭✦

❃✪★❻✲✧✩★✭✦ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦ ✧ ✭✦ ❁✪✽✭★✧✦❏ ●✭★✪✲ ✧⑤✧✿✰✩✪✮✪✦ ➔◗P ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ ✪ ❂✴ ●✭✥
✪❁✪✽✥✪✮✪ ✮✰★✪✵✩✧ ✪ ✧⑤✧✿✰✫✬✭ ✮✧ ➩P ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ ❖➫ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❍❤❋
✧ ➓❖ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❋✯✶❈

Parâmetros Valor

Timer

Min

Max
Avi

Imp

Impa

2000 milseg

15

40

2000 milseg

11

11

Quarta Simulação

Resultados

Operacões executadas :350
  Operações executadas com FC:70

Operações abortadas por AVI: 29

Operações abortadas por IMP: 12

❂✥✷✰★✪ ◗❈➫❊ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ❢✰✪★✩✪ ④✥✲✰✽✪✫✬✭
❺✪ ❄✰✥✵✩✪ ✦✥✲✰✽✪✫✬✭❏ ✿✭✲✭ ✪❃★✧✦✧✵✩✪✮✭ ✵✪ ✩✪✱✧✽✪ ✮✪ ❂✥✷✰★✪ ◗❈➓P❏ ✿✭✲ ✭✦ ★✧✦❃✧✿✩✥❁✭✦

❃✪★❻✲✧✩★✭✦ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦ ✧ ✭✦ ❁✪✽✭★✧✦❏ ●✭★✪✲ ✧⑤✧✿✰✩✪✮✪✦ →◗P ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ ✪ ❂✴ ●✭✥
✪❁✪✽✥✪✮✪ ✮✰★✪✵✩✧ ✪ ✧⑤✧✿✰✫✬✭ ✮✧ ➭➭ ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ ➓➩ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❍❤❋
✧ ➫ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❋✯✶❈ ❍ ❃✪★✩✥★ ✮✪ ❄✰✥✵✩✪ ✦✥✲✰✽✪✫✬✭ ✭✱✦✧★❁✭✰✹✦✧ ❄✰✧
✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✭❃✧★✪✫⑨✧✦ ❄✰✧ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❍❤❋ ✧ ❋✯✶ ✮✥✲✥✵✰✥★✪✲❏ ✿✭✲ ✥✦✦✭ ✭
✮✧✦✧✲❃✧✵✼✭ ✮✪ ✩✾✿✵✥✿✪ ✥✲❃✽✧✲✧✵✩✪✮✪ ✩✧✵✮✧ ✪ ✪✰✲✧✵✩✪★❈

❺✪ ✦✧⑤✩✪ ✦✥✲✰✽✪✫✬✭❏ ✿✭✲✭ ✪❃★✧✦✧✵✩✪✮✭ ✵✪ ✩✪✱✧✽✪ ✮✪ ❂✥✷✰★✪ ◗❈➓➓❏ ✿✭✲ ✭✦ ★✧✦❃✧✿✩✥❁✭✦
❃✪★❻✲✧✩★✭✦ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦ ✧ ✭✦ ❁✪✽✭★✧✦❏ ●✭★✪✲ ✧⑤✧✿✰✩✪✮✪✦ ◗◗P ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ ✪ ❂✴ ●✭✥
✪❁✪✽✥✪✮✪ ✮✰★✪✵✩✧ ✪ ✧⑤✧✿✰✫✬✭ ✮✧ ➓◗➓ ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ → ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❍❤❋
✧ ➭ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❋✯✶❈



✒❳❫✓❲ó✔❬ ❡✖ ✗❵❫✔❯❵❯❴❲❳❨❩❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ◗➻

Parâmetros Valor

Timer

Min

Max
Avi

Imp

Impa

2000 milseg

15

40

2500 milseg

15

15

Quinta Simulação

Resultados

Operacões executadas : 450
  Operações executadas com FC: 88

Operações abortadas por AVI: 17

Operações abortadas por IMP: 9

❂✥✷✰★✪ ◗❈➓P❊ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ❢✰✥✵✩✪ ④✥✲✰✽✪✫✬✭

Parâmetros Valor

Timer

Min

Max
Avi

Imp

Impa

2000 milseg

15

40

3000 milseg

18

15

Sexta Simulação

Resultados

Operacões executadas : 550
      Operações executadas com FC:151

Operações abortadas por AVI: 4

Operações abortadas por IMP: 8

❂✥✷✰★✪ ◗❈➓➓❊ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ④✧⑤✩✪ ④✥✲✰✽✪✫✬✭
❺✪ ✦✾✩✥✲✪ ✦✥✲✰✽✪✫✬✭❏ ✿✭✲✭ ✪❃★✧✦✧✵✩✪✮✭ ✵✪ ✩✪✱✧✽✪ ✮✪ ❂✥✷✰★✪ ◗❈➓❖❏ ✿✭✲ ✭✦ ★✧✦❃✧✿✩✥❁✭✦

❃✪★❻✲✧✩★✭✦ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦ ✧ ✭✦ ❁✪✽✭★✧✦❏ ●✭★✪✲ ✧⑤✧✿✰✩✪✮✪✦ ➻◗P ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ ✪ ❂✴ ●✭✥
✪❁✪✽✥✪✮✪ ✮✰★✪✵✩✧ ✪ ✧⑤✧✿✰✫✬✭ ✮✧ ➓➫➻ ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ ➻ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❍❤❋
✧ ➭ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❋✯✶❈

Parâmetros Valor

Timer

Min

Max
Avi

Imp

Impa

2000 milseg

15

40

3500 milseg

20

20

Sétima Simulação

Resultados

Operacões executadas : 650
      Operações executadas com FC:196

Operações abortadas por AVI: 6

Operações abortadas por IMP: 8

❂✥✷✰★✪ ◗❈➓❖❊ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ④✾✩✥✲✪ ④✥✲✰✽✪✫✬✭
❺✪ ✭✥✩✪❁✪ ✦✥✲✰✽✪✫✬✭❏ ✿✭✲✭ ✪❃★✧✦✧✵✩✪✮✭ ✵✪ ✩✪✱✧✽✪ ✮✪ ❂✥✷✰★✪ ◗❈➓➔❏ ✿✭✲ ✭✦ ★✧✦❃✧✿✩✥❁✭✦

❃✪★❻✲✧✩★✭✦ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦ ✧ ✭✦ ❁✪✽✭★✧✦❏ ●✭★✪✲ ✧⑤✧✿✰✩✪✮✪✦ ➩◗P ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ ✪ ❂✴ ●✭✥



✒❳❫✓❲ó✔❬ ❡✖ ✗❵❫✔❯❵❯❴❲❳❨❩❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ◗➩
✪❁✪✽✥✪✮✪ ✮✰★✪✵✩✧ ✪ ✧⑤✧✿✰✫✬✭ ✮✧ ❖❖➭ ✭❃✧★✪✫⑨✧✦❏ ✭✵✮✧ ➓ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❍❤❋
✧ ➓ ✭❃✧★✪✫⑨✧✦ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ❋✯✶❈

Parâmetros Valor

Timer

Min

Max
Avi

Imp

Impa

2000 milseg

15

40

4000 milseg

23

23

Oitava Simulação

Resultados

Operacões executadas : 750
      Operações executadas com FC:228

Operações abortadas por AVI: 1

Operações abortadas por IMP: 1

❂✥✷✰★✪ ◗❈➓➔❊ ✶✪★❻✲✧✩★✭✦ ✮✪✦ ❹★✪✵✦✪✫⑨✧✦ ✮✪ ❑✥✩✪❁✪ ④✥✲✰✽✪✫✬✭
✴✭✵✦✥✮✧★✪✵✮✭ ✭✦ ★✧✦✰✽✩✪✮✭✦ ✮✪✦ ✦✥✲✰✽✪✫⑨✧✦ ✿✭✲ ✪✦ ★✧✦❃✧✿✩✥❁✪✦ ✿✪★✪✿✩✧★❇✦✩✥✿✪✦ ✮✪✦ ✭❃✧✹★✪✫⑨✧✦ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦❏ ●✭✥ ✵✧✿✧✦✦❅★✥✭ ❁✧★✥s✿✪ ✪✩★✪❁✾✦ ✮✧ ✷★❅s✿✭✦ ✭ ✮✧✦✧✲❃✧✵✼✭ ✮✪ ✩✾✿✵✥✿✪

✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✥✲❃✽✧✲✧✵✩✪✮✪❏ ✪ s✲ ✮✧ ❁✧★✥s✿✪★✲✭✦ ✪✦ ❃★✭❃★✥✧✮✪✮✧✦ ✽✸✷✥✿✪✦
✧ ✩✧✲❃✭★✪✥✦ ✮✪✦ ✩★✪✵✦✪✫⑨✧✦❈ ❺✪ ❂✥✷✰★✪ ◗❈➓→ ✥✽✰✦✩★✪ ✪ ✧⑤✧✿✰✫✬✭ ✮✪✦ ✭❃✧★✪✫⑨✧✦ ✮✪✦ ✩★✪✵✹✦✪✫⑨✧✦❏ ✭✵✮✧ ✲✭✦✩★✪ ✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✭❃✧★✪✫⑨✧✦ ❄✰✧ ●✭★✲✪✲ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✲ ✪ ❂✴❏ ✿✭✲✭✩✪✲✱✾✲ ✪✦ ✭❃✧★✪✫⑨✧✦ ❄✰✧ ●✭★✪✲ ✧⑤✧✿✰✩✪✮✪✦ ✵✭★✲✪✽✲✧✵✩✧ ✦✧✲ ✪ ❂✴❈
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Quantidades de Operações

executadas sem FC

Quantidades de Operações

executadas com FC

❂✥✷✰★✪ ◗❈➓→❊ ❑❃✧★✪✫⑨✧✦ ✻⑤✧✿✰✩✪✮✪✦
✻✲ ✦✧✷✰✥✮✪ ✵✪✦ ❂✥✷✰★✪✦ ◗❈➓◗ ✧ ◗❈➓➻ ✦✬✭ ✪❃★✧✦✧✵✩✪✮✭✦ ✭✦ ✷★❅s✿✭✦ ✭✵✮✧ ✲✭✦✩★✪✲ ✪✦

✭❃✧★✪✫⑨✧✦ ❄✰✧ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★ ✭ ✮✪✮✭ ✩✧★ ❃✧★✮✥✮✭ ✦✰✪ ❁✪✽✥✮✪✮✧ ✪✱✦✭✽✰✩✪ ➁❍❤❋➂ ✿✭✲✭



✒❳❫✓❲ó✔❬ ❡✖ ✗❵❫✔❯❵❯❴❲❳❨❩❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ◗➭
✩✪✲✱✾✲ ✪✦ ✭❃✧★✪✫⑨✧✦ ❄✰✧ ●✭★✪✲ ✪✱✭★✩✪✮✪✦ ❃✭★❄✰✧ ✵✬✭ ✧✦✩✪❁✪✲ ✮✧✵✩★✭ ✮✭✦ ✽✥✲✥✩✧✦ ✮✧
✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✥✮✪ ➁❋✯✶➂❏ ✾ ✥✲❃✭★✩✪✵✩✧ ✭✱✦✧★❁✪★ ❄✰✧ ✭✦ ✷★❅s✿✭✦ ✪❃★✧✦✧✵✩✪✮✭✦ ✩✪✲✱✾✲
✥✮✧✵✩✥s✿✪✲ ✪ ❄✰✪✵✩✥✮✪✮✧ ✮✧ ✭❃✧★✪✫⑨✧✦ ❄✰✧ ●✭★✲✪✲ ✧⑤✧✿✰✩✪✮✪✦ ✿✭✵✿✭★★✧✵✩✧✲✧✵✩✧ ✿✭✲ ✪
✪❁✪✽✥✪✫✬✭ ✮✪ ❂✴❈

❑ ✥✵✩✧★❁✪✽✭ ✮✧ ❁✪✽✥✮✪✮✧ ✪✱✦✭✽✰✩✪ ✮✭ ✮✪✮✭ ✾ ★✧✽✪✿✥✭✵✪✮✭ ✮✥★✧✩✪✲✧✵✩✧ ✳ ✿✭✵✦✥✦✩❆✵✿✥✪
✩✧✲❃✭★✪✽ ✮✭✦ ✮✪✮✭✦❏ ❃✭★❄✰✧ ✾ ✧✦✩✧ ✥✵✩✧★❁✪✽✭ ❄✰✧ ✮✧s✵✧ ✪ ✿✭✵✦✥✦✩❆✵✿✥✪ ✩✧✲❃✭★✪✽ ✮✭✦ ✮✪✮✭✦❈
❍✦✦✥✲❏ ●✭★✪✲ ●✧✥✩✪✦ ✦✥✲✰✽✪✫⑨✧✦ ✿✭✲ ✪ ✩✾✿✵✥✿✪ ✥✲❃✽✧✲✧✵✩✪✮✪ ✧⑤✧✿✰✩✪✵✮✭ ✿✭✲ ✭✦ ❁✪✽✭★✧✦
❁✪★✥✪✵✮✭ ❁✪✽✥✮✪✮✧ ✪✱✦✭✽✰✩✪❏ ✭✦ ✩✧✦✩✧✦ ●✭★✪✲ ★✧✪✽✥❣✪✮✭✦ ✰✦✪✵✮✭ ✭✦ ❁✪✽✭★✧✦ ✧✵✩★✧ ➁◗PP ✪
→PPP ✲✥✽✧✦✧✷✰✵✮✭✦➂❈ ✴✭✲ ★✧✽✪✫✬✭ ✪ ✥✲❃★✧✿✥✦✬✭ ❃✧★✲✥✩✪✮✪ ❃✧✽✭ ✮✪✮✭❏ ✵✪✦ ✩★❆✦ ❃★✥✲✧✥★✪✦
✦✥✲✰✽✪✫⑨✧✦ ●✭★✪✲ ✰✩✥✽✥❣✪✮✭✦ ❁✪✽✭★✧✦ ✲✾✮✥✭✦ ✧✵✩★✧ ➔ ✪ ➭❏ ✮✪ ❄✰✪★✩✪ ✪ ✭✥✩✪❁✪ ✦✥✲✰✽✪✫✬✭
✭✦ ❁✪✽✭★✧✦ ●✭★✪✲ ✲✪✥✦ ✪✽✩✭✦ ✧✵✩★✧ ➓P ✪ ❖➔❈ ❑✦ ★✧✦✰✽✩✪✮✭✦ ✮✪✦ ✦✥✲✰✽✪✫⑨✧✦ ✥✵✮✥✿✪✲ ❄✰✧ ✪
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✤▼❖ ✮✪ ❋▼✯ ➁ý�✑✚�✑ü✟☞�✠❏ ❖PP→➂❈ ❈ ✥✲❃✭★✩✪✵✩✧ ✮✧✦✩✪✿✪★ ❄✰✧ ✪❃✧✦✪★ ✮✭ ④✺▼✤ ✰✩✥✹✽✥❣✪✮✭ ✩✧★ ✦✥✮✭ ✭ ✤▼❖ ✮✪ ❋▼✯ ✪ ✩✾✿✵✥✿✪ ❃✭✮✧ ✦✧★ ✰✩✥✽✥❣✪✮✪ ✿✭✲ ❄✰✪✽❄✰✧★ ④✺▼✤❏ ✮✧✦✮✧
❄✰✧❏ ✪ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✮✭ ✲✧✦✲✭ ✦✧⑦✪ ✮✧✦✪✩✥❁✪✮✪❏ ✪✦✦✥✲ ✿✭✲✭ ●✭✥ ●✧✥✩✭✵✧✦✩✧ ✩★✪✱✪✽✼✭❈

❤✥✦✪✵✮✭ ❁✪✽✥✮✪★ ✪ ✩✾✿✵✥✿✪ ✥✲❃✽✧✲✧✵✩✪✮✪ ●✭✥ ✮✧✦✧✵❁✭✽❁✥✮✪ ✰✲✪ ✪❃✽✥✿✪✫✬✭ ❃✪★✪ ★✧✮✧
✮✧ ✦✧✵✦✭★✧✦ ✿✭✲ ✦✧✰ ★✧✦❃✧✿✩✥❁✭ ✱✪✵✿✭ ✮✧ ✮✪✮✭✦❈ ❍✩★✪❁✾✦ ✮✧✽✪ ❁✧★✥s✿✭✰✹✦✧ ❄✰✧ ✪ ✩✾✿✵✥✿✪
✥✲❃✽✧✲✧✵✩✪✮✪ ●✭✥ ✧⑤✧✿✰✩✪✮✪ ✿✭✲ ✦✰✿✧✦✦✭❈ ❍✽✷✰✲✪✦ ✮✪✦ ✦✥✩✰✪✫⑨✧✦ ✿✭✵❼✥✩✪✵✩✧✦ ●✭★✪✲ ✿✭✵✹✦✥✮✧★✪✮✪✦ ✧ ✭✦ ★✧✦✰✽✩✪✮✭✦ ❃★✭✮✰❣✥✮✭✦ ✪✩✧✵✮✧★✪✲ ✭✦ ✭✱⑦✧✩✥❁✭✦ ✮✧s✵✥✮✭✦ ✧✲ ➓❈➔❈
Ö✤✣ ➴✦❇✧✴★✷❪★✫✧✱❃
❍ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✥✲❃✽✧✲✧✵✩✪✮✪ ❃✭✮✧ ✦✧★ ✰✩✥✽✥❣✪✮✪ ✧✲ ❄✰✪✽❄✰✧★
④✺▼✤✹❹✐❏ ✭✰ ✥✵✦✧★✥✮✪ ✮✥★✧✩✪✲✧✵✩✧ ✧✲ ❄✰✪✽❄✰✧★ ✪❃✽✥✿✪✫✬✭ ⑥✪❁✪ ❄✰✧ ❃★✧✿✥✦✧ ✩★✪✩✪★ ✿✭✲
✮✪✮✭✦ ✧ ✩★✪✵✦✪✫⑨✧✦ ✿✭✲ ★✧✦✩★✥✫⑨✧✦ ✩✧✲❃✭★✪✥✦ ✦✧✲ ✪ ✵✧✿✧✦✦✥✮✪✮✧ ✮✪ ✪❄✰✥✦✥✫✬✭ ✮✧ ✰✲ ④✺▼✤✹❹✐❈ ✶✭★✩✪✵✩✭❏ ✮✧✦✩✪✿✪✲✹✦✧ ✮✰✪✦ ✿✭✵✩★✥✱✰✥✫⑨✧✦ ❃★✥✵✿✥❃✪✥✦ ✮✧✦✩✧ ✩★✪✱✪✽✼✭❊
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❍ ✥✲❃✽✧✲✧✵✩✪✫✬✭ ✧ ❁✪✽✥✮✪✫✬✭ ✮✧ ✰✲✪ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✦✧✲❻✵✩✥✿✭❃✪★✪ ④✺▼✤✹❹✐✎

•
❍ ✮✥✦❃✭✵✥✱✥✽✥❣✪✫✬✭ ✮✧✦✩✪ ✩✾✿✵✥✿✪ ➁✪✩★✪❁✾✦ ✮✧ ✿✽✪✦✦✧✦ ⑥✪❁✪➂ ❃✪★✪ ✦✧★ ✰✩✥✽✥❣✪✮✪ ✧✲
❄✰✪✽❄✰✧★ ✪❃✽✥✿✪✫✬✭ ⑥✪❁✪ ❄✰✧ ❃★✧✿✥✦✧ ✩★✪✩✪★ ✿✭✲ ✮✪✮✭✦ ✧ ✩★✪✵✦✪✫⑨✧✦ ✿✭✲ ★✧✦✩★✥✫⑨✧✦
✩✧✲❃✭★✪✥✦ ✦✧✲ ✪ ✵✧✿✧✦✦✥✮✪✮✧ ✮✪ ✪❄✰✥✦✥✫✬✭ ✮✧ ✰✲ ④✺▼✤✹❹✐❈

Ö✤✯ ✶✱✴❃➞✱✲✧★✩✪❃ Ñ❪✧❪✴✪❃
❍ ✪✩✰✪✽ ✥✲❃✽✧✲✧✵✩✪✫✬✭ ✮✪ ✩✾✿✵✥✿✪ ✮✧ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✦✧✲❻✵✩✥✿✭ ✿✭✵✩✧✲❃✽✪ ✪✦
●✰✵✿✥✭✵✪✽✥✮✪✮✧✦ ✮✧✦✧⑦✪✮✪✦ ❃✪★✪ ✪❃✽✥✿✪✫⑨✧✦ ❄✰✧ ❃★✧✿✥✦✧✲ ✩★✪✩✪★ ✿✭✲ ★✧✦✩★✥✫⑨✧✦ ✩✧✲❃✭★✪✥✦
➪➘➜ ❮ ✧ ➫➱Ü❏ ✵✭ ✧✵✩✪✵✩✭❏ ✵✬✭ ✷✪★✪✵✩✧ ★✧✦✩★✥✫⑨✧✦ ✩✧✲❃✭★✪✥✦ ✮✭ ✩✥❃✭ á✃➱â❈ ✶✭★✩✪✵✩✭❏ ✮✧✦✩✪✿✪✲✹✦✧ ✪ ✦✧✷✰✥★❏ ✪✽✷✰✵✦ ✩✸❃✥✿✭✦ ✮✧ ❃✧✦❄✰✥✦✪ ❄✰✧ ❃★✧✿✥✦✪✲ ✦✧★ ★✧✪✽✥❣✪✮✭✦ ❃✪★✪ ❄✰✧ ✭ ✲✧✦✲✭ ❃✭✦✦✪
✷✪★✪✵✩✥★ ✩✪✲✱✾✲ ✩✪✥✦ ★✧✦✩★✥✫⑨✧✦ ✧ ✦✧★ ✥✵✩✧✷★✪✮✭ ✪ ✰✲ ④✺▼✤✹❹✐❊

➓❈ ❋✲❃✽✧✲✧✵✩✪★ ✧✦✩✪ ✩✾✿✵✥✿✪ ✰✩✥✽✥❣✪✵✮✭ ✰✲ ✦✥✦✩✧✲✪ ✭❃✧★✪✿✥✭✵✪✽ ✧✲ ✩✧✲❃✭✹★✧✪✽❏ ✩✪✥✦
✿✭✲✭ ✐❹✤▲✥✵✰⑤❏ ✐❹❍❋❏ ✣❺✔❏ ✧✵✩★✧ ✭✰✩★✭✦✎

❖❈ ❋✲❃✽✧✲✧✵✩✪★ ✧✦✩✪ ✩✾✿✵✥✿✪ ✰✩✥✽✥❣✪✵✮✭ ✪ ✻✦❃✧✿✥s✿✪✫✬✭ ⑥✪❁✪ ❃✪★✪ ❹✧✲❃✭✹✐✧✪✽ ➁✞✭✠ û☞✹ý✑�✞✽✞✟þû✞❏ ❖PP➔➂❏ ✰✩✥✽✥❣✪✵✮✭ ✪ ✲❅❄✰✥✵✪ ❁✥★✩✰✪✽ ✮✭ ⑥✪✲✪✥✿✪ ➁➧üûü☞ýü☛û❏ ❖PP◗➂❈
✻✦✩✪ ✥✲❃✽✧✲✧✵✩✪✫✬✭ ❃✧★✲✥✩✥★❅ ✪ ✪❁✪✽✥✪✫✬✭ ✮✭ ✮✧✦✧✲❃✧✵✼✭ ✮✪ ✩✾✿✵✥✿✪❏ ✿✭✲❃✪★✪✵✮✭✹✦✧ ✪✦ ✮✰✪✦ ✥✲❃✽✧✲✧✵✩✪✫⑨✧✦✎

➔❈ ❋✵✩✧✷★✪★ ✿✭✲ ✪ ✥✵✩✧★●✪✿✧ ❃✪★✪ ✰✲✪ ✽✥✵✷✰✪✷✧✲ ✮✧ ✿✭✵✦✰✽✩✪ ✮✧ ✩✧✲❃✭✹★✧✪✽ ✮✧✦✧✵❁✭✽❁✥✮✪
✧✲ ➁✏þ☞✟þ ✁✂ ✄☎✆❏ ❖PP◗➂❏ ✿✭✲ ✪ s✵✪✽✥✮✪✮✧ ✮✧ ❁✧★✥s✿✪★ ✪ ✧⑤✧✿✰✫✬✭ ✿✭✵✿✭★★✧✵✩✧ ✮✪✦
✿✭✵✦✰✽✩✪✦ ✧✽✪✱✭★✪✮✪✦ ✪✩★✪❁✾✦ ✮✪ ✲✧✦✲✪✎

→❈ ❹★✪✵✦●✭★✲✪★ ✪✦ ✿✭✵✦✰✽✩✪✦ ✧✽✪✱✭★✪✮✪✦ ✵✪ ✽✥✵✷✰✪✷✧✲ ▲✴✹▼✤❹✐ ➁✏þ☞✟þ ✁✂ ✄☎✆❏ ❖PP◗➂❏
✧✲ ✭❃✧★✪✫⑨✧✦ ✮✧ ✽✧✥✩✰★✪ ✧ ✧✦✿★✥✩✪❏ ★✧✿✭✵✼✧✿✥✮✪✦ ❃✧✽✪ ✩✾✿✵✥✿✪ ✥✲❃✽✧✲✧✵✩✪✮✪❈ ❹✪✽
✥✲❃✽✧✲✧✵✩✪✫✬✭ ⑦❅ ✧✦✩❅ ✦✧✵✮✭ ★✧✪✽✥❣✪✮✪✎

◗❈ ❤✪✽✥✮✪★ ✪ ✩✾✿✵✥✿✪ ✮✭ ✿✭✵✩★✭✽✧ ✮✧ ✿✭✵✿✭★★❆✵✿✥✪ ✪✩★✪❁✾✦ ✮✧ ✪❃✽✥✿✪✫⑨✧✦ ❃✪★✪ ★✧✮✧ ✮✧
✦✧✵✦✭★✧✦ ✥✵✩✧✽✥✷✧✵✩✧✦❈
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❍▲✹❑✯❍✐❋❏ ✐❈✎ ④❑✯❍❺❋❏ ✣❈ ❍❈✎ ✯❍❺❋✯❍✐❍❺❏ ✺❈ ✻✬✿✥✧✵✩ ✭❁✧★✽✭✪✮✥✵✷ ✩✧✿✼✵✥❄✰✧✦
●✭★ ❃★✥✲✪★❿✹✱✪✿■✰❃ ✦✿✼✧✮✰✽✥✵✷ ✥✵ ★✧✪✽✹✩✥✲✧ ✦❿✦✩✧✲✦❈ ✭➘Þ➱➴✃➹ ➘➜ ✎✃➱✃➹➹➮➹ ✃➴â ➥➶➪❮➱➶❒Þ❮➮âÛ➘Ü➚Þ❮➶➴ð❏ ❋✭❾✪ ④✩✪✩✧ ❀✵✥❁✧★✦✥✩❿❏ ✯✪★✿✼ ❖PP→❈
❍▲✤❍✐✯❋❏ ❍❈ ④❈ ✐✧✪✽✹✩✥✲✧ ✮✪✩✪✱✪✦✧✦ ✦❿✦✩✧✲✦❊ ✴✭✵✿✧❃✩✦ ✪✵✮ ✮✧✦✥✷✵❈ ❀✵✥❁✧★✦✥✩❿ ✭●
◆✭★■❏ ❍❃★✥✽ ➓➫➫➭❈
▼✻④❹✐❍❤❑④❏ ❍❈✎ ▲❋❺❏ ✣❈✹⑥❈✎ ④❈➺❈❏ ④❈ ã➮✃➹Ï✖➶Ü➮ ➥✃❮✃❒✃➪➮ ➬❰➪❮➮Ü➪✮ ➡➪➪Þ➮➪ ✃➴â
➠➚➚➹➶ß✃❮➶➘➴➪❈ ▼✭✦✩✭✵❊ ✣✽✰❾✧★ ❍✿✪✮✧✲✥✿ ✶✰✱✽✥✦✼✧★✦❏ ➓➫➫➩❈
▼❑❺❺✻❹❏ ✶❈ ✧✩ ✪✽❈ ✯Þ➮➱❰ ✎➱➘ß➮➪➪➶➴ð ➶➴ ✃ ➥➮↕➶ß➮ ➥✃❮✃❒✃➪➮ ➬❰➪❮➮Ü➪❈ ✰④❈✽❈✱❏ ❑✰✩✰✱★✭ ➓➫➫➫❈
▼❑❺❺✻❹❏ ✶❈✎ ✺✻➺✐✣✻❏ ⑥❈✎ ④✻④➺❍✤✐❋❏ ✶❈ ❹✭❾✪★✮✦ ④✧✵✦✭★ ✤✪✩✪✱✪✦✧ ④❿✦✩✧✲✦❈ ý➴â
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❩❴ ❤❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ➁ ➄❧ ❞
❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ⑨ ➄❨

♥



❛❫➚❴❭❙❥❯ ❛✖ ✒s❭❙❜❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ➩P
❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ➁⑨
❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬
❩❴ ❤❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ➁⑨
❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❧ ❞

✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇ ❵❜❤❣ ❥♠❧ ❭➅ ③ ❻❢❖▲❫◗❑❘❑ ❬❲
❏P❑➆❲ ▲❲❚ ❝❚❏P❖▲❩❯➂❲✇❧❨

❶❶❪◗❫❑❳❩➆❑ ❑ ❝❚❏P❖▲❩❯❑❲❹❖P❚❩◗❩❘❑❪▲❫❚❫❳❑❘❑
❲❏⑧P❩◗❖❱◗❑❙❳❖❱❑❳❏ ❱❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ⑨
❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢❨
❲❏P❖❑❘ ❱❖❢❖▲❫◗❖❤❧❨
❲❏⑧P❩◗❖❱⑧P❩◗❖❤❧❨

✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❜❝①❪② ③ ✇ ④ ❲❏P❖❑❘ ❱◗❲✈◗P❩❬◆❤❧ ④ ✇❥ ✇ ④
❲❏⑧P❩◗❖❱◗❲✈◗P❩❬◆❤❧❧❨

♥
❶❶ ❤➇❧ ❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ➈ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬

❖❳❯❖ ❞
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇ ❵❜❤❣ ❥♠❧ ❻❣❣❭❣ ③ ❝❚❏P❖▲❩❯➂❲ ❪▲❫❚❫❳❑❘❑ ➈
❝❚❏P❖▲❩❯➂❲ ❹❖P❚❩◗❩❘❑✇❧❨

❲❏P❖❑❘ ❱❖❢❖▲❫◗❖❤❧❨
❲❏⑧P❩◗❖❱❑❙❲P◗❤❧❨

✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❜❝①❪② ③ ✇ ④ ❲❏P❖❑❘ ❱◗❲✈◗P❩❬◆❤❧ ④ ✇❥ ✇ ④
❲❏⑧P❩◗❖❱◗❲✈◗P❩❬◆❤❧❧❨
♥

♥
❶❶ ❤❦❧ ➃❩❚❏P❖▲❩❯❩❲❬ ➃ ➈ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬

❖❳❯❖ ❞
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇ ❵❜❤❣ ❥♠❧ ❻❣❣❭❣ ③ ❝❚❏P❖▲❩❯➂❲ ➈ ❝❚❏P❖▲❩❯➂❲
❹❖P❚❩◗❩❘❑✇❧❨

❲❏P❖❑❘ ❱❖❢❖▲❫◗❖❤❧❨
❲❏⑧P❩◗❖❱❑❙❲P◗❤❧❨

✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❜❝①❪② ③ ✇ ④ ❲❏P❖❑❘ ❱◗❲✈◗P❩❬◆❤❧ ④ ✇❥ ✇ ④
❲❏⑧P❩◗❖❱◗❲✈◗P❩❬◆❤❧❧❨

♥
♥ ①➂❲ ✉❲❫❡❖ ▲❲❚❏❑◗❩❙❩❳❩❘❑❘❖ ◗❖❚❏❲P❑❳ ❏❲P➉❫❖ ❘❩❴❴❼❩❚❖ ➈



❛❫➚❴❭❙❥❯ ❛✖ ✒s❭❙❜❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ➩➓
❑❙❯❲❳❫◗❖⑩❑❳❩❘❑◗❩❲❬❝❬◗❖P❡❑❳❱

❖❳❯❖ ❞
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇ ❵❜❤❣ ❥♠❧ ❻❣❣❭❣ ③ ⑦❑❘❲ ❩❬❡➊❳❩❘❲

◗❖❚❏❲P❑❳❚❖❬◗❖✇❧❨
❲❏P❖❑❘ ❱❖❢❖▲❫◗❖❤❧❨
❲❏⑧P❩◗❖❱P❖❯▲✉❖❘❫❳❖❤❧❨

✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❜❝①❪② ③ ✇ ④ ❲❏P❖❑❘ ❱◗❲✈◗P❩❬◆❤❧ ④ ✇❥ ✇ ④
❲❏⑧P❩◗❖❱◗❲✈◗P❩❬◆❤❧❧❨ ♥

þ✤❄ ➴✳✪❃❃✱ ♦æë♣âq⑤çàëæræèq

❏❫❙❳❩▲ ▲❳❑❯❯ t❖◗✉❲❘♠P❩◗❖❣❖❑❘ ❞
❏❫❙❳❩▲ t❖◗✉❲❘♠P❩◗❖❣❖❑❘❤❧ ❞

❯❫❏❖P❤❧❨
♥
❏❫❙❳❩▲ ❡❲❩❘ ❖❢❖▲❫◗❖❤❭❏❖P❑◗❩❲❬❪❘❑❏◗❖P ❲❏⑧P❩◗❖❥
❭❏❖P❑◗❩❲❬❪❘❑❏◗❖P ❲❏P❖❑❘❧ ❞

❳❲❬◆ ◗❩❚❖❯◗❑❚❏❣❖❑❳ ⑨ ❲❏P❖❑❘ ❱◗❑❙❳❖❱❑◗❏ ❱◗❩❚❖❯◗❑❚❏❣❖❑❳❨
❳❲❬◆ ❑❙❯❲❳❫◗❖⑩❑❳❩❘❑◗❩❲❬❝❬◗❖P❡❑❳ ⑨
❲❏P❖❑❘ ❱◗❑❙❳❖❱❑◗❏ ❱❑❙❯❲❳❫◗❖⑩❑❳❩❘❑◗❩❲❬❝❬◗❖P❡❑❳❨
❳❲❬◆ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ⑨
❲❏P❖❑❘ ❱◗❑❙❳❖❱❑❳❏ ❱❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ❨
❳❲❬◆ ❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ⑨
❲❏⑧P❩◗❖❱◗❑❙❳❖❱❑❳❏ ❱❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ❨
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❵❜ ❤♠ ❥❣❧ ❝❬❡❲▲❑❘❑✇❧❨

❶❶ ⑩❪②❝⑦❪❷❸❭ ❹❪❣❺t❻❼❣❭✈ ❼❻t❹❭❣❪❝✈

❳❲❬◆ ▲❫PP❖❬◗❼❩❚❖ ⑨ ❬❖⑧ ⑦❑◗❖❤❧❱◆❖◗❼❩❚❖❤❧❨

❳❲❬◆ ❘❩❴❴❼❩❚❖ ⑨ ▲❫PP❖❬◗❼❩❚❖ ➀ ◗❩❚❖❯◗❑❚❏❣❖❑❳❨

❩❴ ❤❘❩❴❴❼❩❚❖ ➁⑨ ❑❙❯❲❳❫◗❖⑩❑❳❩❘❑◗❩❲❬❝❬◗❖P❡❑❳❧ ❞



❛❫➚❴❭❙❥❯ ❛✖ ✒s❭❙❜❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ➩❖

❲❏P❖❑❘ ❱P❖❑❘❤❧❨

❳❲❬◆ ❩❚❏P❖▲❩❯❩❲❬ ⑨ ❲❏⑧P❩◗❖❱◆❖◗⑩❑❳❫❖❤❧ ➀ ❲❏P❖❑❘ ❱◆❖◗⑩❑❳❫❖❤❧❨

❶❶ ❤❦❧ ➃❩❚❏P❖▲❩❯❩❲❬ ➃ ➁⑨ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬
❩❴ ❤t❑◗✉ ❱❑❙❯❤❩❚❏P❖▲❩❯❩❲❬❧ ➁⑨ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❧ ❞

❶❶ ❝❚❏P❖▲❩❯➂❲ ❑▲❫❚❫❳❑❘❑❱
❳❲❬◆ ❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ⑨
❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ④ ❩❚❏P❖▲❩❯❩❲❬ ❨

❩❴ ❤❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ➁ ➄❧ ❞
❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ⑨ ➄❨

♥

❶❶ ❤➇❧ ❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ➁⑨ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬
❩❴ ❤❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ➁⑨ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❧ ❞

✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇ ❵❜❤♠ ❥❣❧ ❭➅ ③ ❻❢❖▲❫◗❑❘❑ ❬❲ ❏P❑➆❲
▲❲❚ ❝❚❏P❖▲❩❯➂❲✇❧❨

❶❶❪◗❫❑❳❩➆❑ ❑ ❝❚❏P❖▲❩❯❑❲❹❖P❚❩◗❩❘❑❪▲❫❚❫❳❑❘❑
❲❏⑧P❩◗❖❱◗❑❙❳❖❱❑❳❏ ❱❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ⑨
❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢❨
❲❏⑧P❩◗❖❱❖❢❖▲❫◗❖❤❧❨
❲❏P❖❑❘ ❱❖❢❖▲❫◗❖❤❧❨
❲❏⑧P❩◗❖❱⑧P❩◗❖❤❧❨
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❜❝①❪② ③ ✇ ④ ❲❏⑧P❩◗❖❱◗❲✈◗P❩❬◆❤❧ ④ ✇❥ ✇
④ ❲❏P❖❑❘ ❱◗❲✈◗P❩❬◆❤❧❧❨

♥
❶❶ ❤➇❧ ❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ➈ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬

❖❳❯❖ ❞
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇ ❵❜❤♠ ❥❣❧ ❻❣❣❭❣ ③ ❝❚❏P❖▲❩❯➂❲ ❪▲❫❚❫❳❑❘❑ ➈
❝❚❏P❖▲❩❯➂❲ ❹❖P❚❩◗❩❘❑✇❧❨

❲❏⑧P❩◗❖❱❖❢❖▲❫◗❖❤❧❨



❛❫➚❴❭❙❥❯ ❛✖ ✒s❭❙❜❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ➩➔
❲❏P❖❑❘ ❱❑❙❲P◗❤❧❨
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❜❝①❪② ③ ✇ ④ ❲❏⑧P❩◗❖❱◗❲✈◗P❩❬◆❤❧ ④
✇❥ ✇ ④ ❲❏P❖❑❘ ❱◗❲✈◗P❩❬◆❤❧❧❨

♥
♥

❶❶ ❤❦❧ ➃❩❚❏P❖▲❩❯❩❲❬ ➃ ➈ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬
❖❳❯❖ ❞

✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇ ❵❜❤♠ ❥❣❧ ❻❣❣❭❣ ③ ❝❚❏P❖▲❩❯➂❲ ➈
❝❚❏P❖▲❩❯➂❲ ❹❖P❚❩◗❩❘❑✇❧❨

❲❏⑧P❩◗❖❱⑧P❩◗❖❤❧❨
❲❏P❖❑❘ ❱❑❙❲P◗❤❧❨
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❜❝①❪② ③ ✇ ④ ❲❏⑧P❩◗❖❱◗❲✈◗P❩❬◆❤❧ ④
✇❥ ✇ ④ ❲❏P❖❑❘ ❱◗❲✈◗P❩❬◆❤❧❧❨

♥
♥

❶❶ ❤✐❧ ①➂❲ ✉❲❫❡❖ ▲❲❚❏❑◗❩❙❩❳❩❘❑❘❖ ◗❖❚❏❲P❑❳ ❏❲P➉❫❖ ❘❩❴❴❼❩❚❖ ➈
❶❶ ❑❙❯❲❳❫◗❖⑩❑❳❩❘❑◗❩❲❬❝❬◗❖P❡❑❳❱

❖❳❯❖ ❞
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇ ❵❜❤♠ ❥❣❧ ❻❣❣❭❣ ③ ⑦❑❘❲ ❩❬❡➊❳❩❘❲
◗❖❚❏❲P❑❳❚❖❬◗❖✇❧❨

❲❏⑧P❩◗❖❱⑧P❩◗❖❤❧❨
❲❏P❖❑❘ ❱P❖❯▲✉❖❘❫❳❖❤❧❨
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❜❝①❪② ③ ✇ ④ ❲❏⑧P❩◗❖❱◗❲✈◗P❩❬◆❤❧ ④ ✇❥ ✇
④ ❲❏P❖❑❘ ❱◗❲✈◗P❩❬◆❤❧❧❨
♥

♥
♥

þ✤❉ ➴✳✪❃❃✱ ♦æë♣âq⑤çàëæ⑤çàëæ

❏❑▲▼❑◆❖ P◗❘❙❚❯❱❏P❲◗❲▲❲❳❨

❩❚❏❲P◗ ⑥❑❡❑❱❫◗❩❳❱⑦❑◗❖❨



❛❫➚❴❭❙❥❯ ❛✖ ✒s❭❙❜❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ➩→
❩❚❏❲P◗ P◗❘❙❚❯❱❲❏❖P❑◗❩❲❬ ❱❭❏❖P❑◗❩❲❬❪❘❑❏◗❖P❨

❏❫❙❳❩▲ ▲❳❑❯❯ t❖◗✉❲❘♠P❩◗❖♠P❩◗❖ ❞

❏❫❙❳❩▲ t❖◗✉❲❘♠P❩◗❖♠P❩◗❖❤❧ ❞♥

❏❫❙❳❩▲ ❡❲❩❘ ❖❢❖▲❫◗❖❤❭❏❖P❑◗❩❲❬❪❘❑❏◗❖P ❲❏⑧P❩◗❖✐ ❶➋❲❏❖P❑❽➂❲ ❖❢❖▲❫◗❑❬❘❑➋❶❥
❭❏❖P❑◗❩❲❬❪❘❑❏◗❖P ❲❏⑧P❩◗❖❦ ❶➋❲❏❖P❑❽➂❲ ❩❬❡❲▲❑❬❘❑➋❶❧ ❞

❳❲❬◆ ◗❩❚❖❯◗❑❚❏❣❖❑❳ ⑨ ❲❏⑧P❩◗❖❦❱◗❑❙❳❖❱❑◗❏ ❱◗❩❚❖❯◗❑❚❏❣❖❑❳❨

❳❲❬◆ ❑❙❯❲❳❫◗❖⑩❑❳❩❘❑◗❩❲❬❝❬◗❖P❡❑❳ ⑨
❲❏⑧P❩◗❖❦❱◗❑❙❳❖❱❑◗❏ ❱❑❙❯❲❳❫◗❖⑩❑❳❩❘❑◗❩❲❬❝❬◗❖P❡❑❳❨

❳❲❬◆ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ⑨ ❲❏⑧P❩◗❖❦❱◗❑❙❳❖❱❑❳❏ ❱❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ❨
❳❲❬◆ ❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ⑨

❲❏⑧P❩◗❖❦❱◗❑❙❳❖❱❑❳❏ ❱❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ❨
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❵❜ ❤♠ ❥♠❧ ❝❬❡❲▲❑❘❑✇❧❨

❳❲❬◆ ▲❫PP❖❬◗❼❩❚❖ ⑨ ❬❖⑧ ⑦❑◗❖❤❧❱◆❖◗❼❩❚❖❤❧❨
❳❲❬◆ ❘❩❴❴❼❩❚❖ ⑨ ▲❫PP❖❬◗❼❩❚❖ ➀ ◗❩❚❖❯◗❑❚❏❣❖❑❳❨

✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇ ❘❩❴❴❼❩❚❖ ⑨ ▲❫PP❖❬◗❼❩❚❖ ➀ ◗❩❚❖❯◗❑❚❏❣❖❑❳ ⑨ ✇ ④
❘❩❴❴❼❩❚❖❧❨

❩❴ ❤❘❩❴❴❼❩❚❖ ➁⑨ ❑❙❯❲❳❫◗❖⑩❑❳❩❘❑◗❩❲❬❝❬◗❖P❡❑❳❧ ❞
❳❲❬◆ ❩❚❏P❖▲❩❯❩❲❬ ⑨ ❲❏⑧P❩◗❖✐❱◆❖◗⑩❑❳❫❖❤❧ ➀ ❲❏⑧P❩◗❖❦❱◆❖◗⑩❑❳❫❖❤❧❨

➃❩❚❏P❖▲❩❯❩❲❬ ➃ ➁⑨ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬
❩❴ ❤t❑◗✉ ❱❑❙❯❤❩❚❏P❖▲❩❯❩❲❬❧ ➁⑨ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❧ ❞

❶❶ ❝❚❏P❖▲❩❯❑❲ ❑▲❫❚❫❳❑❘❑❱
❳❲❬◆ ❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ⑨
❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ④ ❩❚❏P❖▲❩❯❩❲❬ ❨
❩❴ ❤❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ➁ ➄❧ ❞

❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ⑨ ➄❨
♥
❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ➁⑨



❛❫➚❴❭❙❥❯ ❛✖ ✒s❭❙❜❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ➩◗
❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬

❩❴ ❤❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ➁⑨
❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❧ ❞

✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇ ❵❜❤♠ ❥♠❧ ❭➅ ③
❻❢❖▲❫◗❑❘❑ ❬❲ ❏P❑➆❲ ▲❲❚ ❝❚❏P❖▲❩❯➂❲✇❧❨

❲❏⑧P❩◗❖✐❱◗❑❙❳❖❱❑❳❏ ❱❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬ ⑨
❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢❨
❲❏⑧P❩◗❖❦❱⑧P❩◗❖❤❧❨

✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❜❝①❪② ③ ✇ ④ ❲❏⑧P❩◗❖✐❱◗❲✈◗P❩❬◆❤❧ ④
✇❥ ✇ ④ ❲❏⑧P❩◗❖❦❱◗❲✈◗P❩❬◆❤❧❧❨

♥
❑▲▲❫❚❫❳❑◗❖❘❪❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬❪❫❢ ➈
❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬

❖❳❯❖ ❞
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇ ❵❜❤♠ ❥♠❧ ❻❣❣❭❣ ③
❝❚❏P❖▲❩❯➂❲ ❪▲❫❚❫❳❑❘❑ ➈ ❝❚❏P❖▲❩❯➂❲ ❹❖P❚❩◗❩❘❑✇❧❨
❲❏⑧P❩◗❖✐❱❖❢❖▲❫◗❖❤❧❨
❲❏⑧P❩◗❖❦❱❑❙❲P◗❤❧❨
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❜❝①❪② ③ ✇ ④ ❲❏⑧P❩◗❖✐❱◗❲✈◗P❩❬◆❤❧ ④
✇❥ ✇ ④ ❲❏⑧P❩◗❖❦❱◗❲✈◗P❩❬◆❤❧❧❨

♥
♥

➃❩❚❏P❖▲❩❯❩❲❬ ➃ ➈ ❑❳❳❲⑧❖❘❝❚❏P❖▲❩❯❩❲❬
❖❳❯❖ ❞

❲❏⑧P❩◗❖✐❱⑧P❩◗❖❤❧❨
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❜❝①❪② ③ ✇ ④ ❲❏⑧P❩◗❖✐❱◗❲✈◗P❩❬◆❤❧ ④
✇❥ ✇ ④ ❲❏⑧P❩◗❖❦❱◗❲✈◗P❩❬◆❤❧❧❨

♥
♥

❖❳❯❖ ❞
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇ ❵❜❤♠ ❥♠❧ ❻❣❣❭❣ ③
⑦❑❘❲ ❩❬❡➊❳❩❘❲ ◗❖❚❏❲P❑❳❚❖❬◗❖✇❧❨
❲❏⑧P❩◗❖✐❱⑧P❩◗❖❤❧❨
❲❏⑧P❩◗❖❦❱P❖❯▲✉❖❘❫❳❖❤❧❨



❛❫➚❴❭❙❥❯ ❛✖ ✒s❭❙❜❬ ❭❳ ❧➾❥❴❙❥❳ ❭❯ ✒❬❴❲❱❬✔❯ ❭❯ ✒❬❴❥❬❱❱➚❴❥❙❳ ➩➻
✈❛❯◗❖❚ ❱❲❫◗ ❱❏P❩❬◗❳❬ ❤✇❜❝①❪② ③ ✇ ④ ❲❏⑧P❩◗❖✐❱◗❲✈◗P❩❬◆❤❧ ④
✇❥ ✇ ④ ❲❏⑧P❩◗❖❦❱◗❲✈◗P❩❬◆❤❧❧❨

♥
♥

♥


