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✌✡❞✡✌ ✑t ✑✗✡ t✈✡✌✈✍✡✇ ❜✓ ❍✖❜✡✌ ✰❄ ✿❧✘✶✩✘

❲✡ ✏t✑✡ ✑✗✒✑ ✑✗✡✌✡ ✒✌✡ ✏✖✎✡✌t✖✠ t✑✗✡✌ ✎✡✑✗t✕✠ ❞t✌ ✕✡✑✡❝✑✍✏❣ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ t✖✑✠✍✕✡ t❞ ✑✗✡ ❇✍t❝t✏✟

✕✖❝✑t✌ ☞✌t✥✡❝✑✘ ✜✗✡ ❉✴❂❃✯✰✲ ☞✖❜❛✍❝✒✑✍t✏ ✍✠ ✒ ❣tt✕ ✌✡❞✡✌✡✏❝✡ ❞t✌ ✑✗✡✠✡✚ ✗✒✈✍✏❣ ✕✡✠❝✌✍☞✑✍t✏✠ ✒✏✕ ❝t✎☞✒✌✍✠t✏✠ ✇✍✑✗

✎✒✏✓ ❝✖✌✌✡✏✑ ✎✡✑✗t✕✠✶✶✘ ✜✗✍✠ ✇t✌✪✫t✇ ✇✍❛❛ ❜✖✍❛✕ t✏ ✑✗✡ ✎✡✑✗t✕✠ ✒✏✕ ✈✍❣✏✡✑✑✡✠ ❞✌t✎ ✑✗✌✡✡ ❇✍t❝t✏✕✖❝✑t✌ ☞✒❝✪✒❣✡✠✤

❉✴❂❃✯✰✲✚ ❉✬✮✯✰✲✚ ✒✏✕ s❄✿✳✰✴✘ ✜✗✍✠ ❇✍t❝t✏✕✖❝✑t✌ ✇t✌✪✫t✇ ✒✌✑✍❝❛✡ ✕t✡✠ ✏t✑ ❝t✏✑✒✍✏ ✒✏✓ ✏✡✇ ✠✑✒✑✍✠✑✍❝✒❛ ✎✡✑✗t✕✠

❞t✌ ✕✡✑✡❝✑✍t✏ t❞ ✛✜✢ t✌ ✛●❊✚ ❜✖✑ ✍✏✠✑✡✒✕ ❛✡✈✡✌✒❣✡✠ ✡①✍✠✑✍✏❣ ✠✑✒✑✍✠✑✍❝✒❛ ✎✡✑✗t✕✠ ✒✏✕ ✠t❞✑✇✒✌✡ ☞✒❝✪✒❣✡✠✘

P✌✡✈✍t✖✠❛✓✚ ✠t✎✡ t❞ ✑✗✡ ✕✡✈✡❛t☞✡✌✠ t❞ ✑✗✡ ❇✍t❝t✏✕✖❝✑t✌ ☞✒❝✪✒❣✡✠ ✰❡✳✰✴ ✒✏✕ ❉✬✯✰✲❩ ✗✒✈✡ ❝t❛❛✒❜t✌✒✑✡✕ ✑t ✕✡✈✡❛t☞

✑✗✡ ❄❬✵✾❭❈❏❄ ☞✒❝✪✒❣✡✶✻ ❞t✌ ✠✖✎✎✒✌✍✔✍✏❣ ✑✗✡ t✖✑☞✖✑ t❞ ❞✒✠✑ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ☛✖✒✏✑✍✦✡✌✠✚ ✠✖❝✗ ✒✠ ✯✿❧✾❈◗✶✼✚ ✯✿✵❧❪s❤✶✽✚

✒✏✕ ❦✿❧❧✵s❄❈✶❀✘ ✜✗✡ ❄❬✵✾❭❈❏❄ ☞✒❝✪✒❣✡ ❞t❝✖✠✡✠ t✏ ☞✌✡☞✒✌✍✏❣ ✡✠✑✍✎✒✑✡✕ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ❝t✖✏✑✠✚ ✒❜✖✏✕✒✏❝✡✠ ✒✏✕ ✡❞❞✡❝✟

✑✍✈✡ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗✠✚ ❞t✌ ❣✡✏✡✟❛✡✈✡❛ ✠✑✒✑✍✠✑✍❝✒❛ ✒✏✒❛✓✠✍✠ ✖✠✍✏❣ ✰❡✳✰✴✼✚ ❉✬✯✰✲❩✷❁ t✌ ❧✵✾✾✿❫❴❈❈✾✶❁✘ ❄❬✵✾❭❈❏❄ ☞✌t✕✖❝✡✠

✒✏ t❞❞✠✡✑ ✎✒✑✌✍① ✑t ✒❝❝t✎☞✒✏✓ ❣✡✏✡✟❛✡✈✡❛ ❝t✖✏✑✠✚ ✑✗✒✑ ✒❝❝t✖✏✑✠ ❞t✌ ✒ ✏✖✎❜✡✌ t❞ ❘✞❆✟✠✡☛ ❜✍✒✠✡✠ ✒✠ ✇✡❛❛ ✒✠

✕✍❞❞✡✌✡✏❝✡✠ ✍✏ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ✒✎t✏❣ ✑✌✒✏✠❝✌✍☞✑✠ t❞ ✕✍❞❞✡✌✡✏✑ ❛✡✏❣✑✗ ✑✗✒✑ ✇t✖❛✕ ❜✍✒✠ ✒✏ ✡✠✑✍✎✒✑t✌ t❞ ❣✡✏✡ ❞t❛✕

❝✗✒✏❣✡ ❜✒✠✡✕ t✏ ✑✗✡ ❣✡✏✡✟❛✡✈✡❛ ❝t✖✏✑✠✷✶✘ ❄❬✵✾❭❈❏❄ ❝✒✏ ✒❛✑✡✌✏✒✑✍✈✡❛✓ ☞✌t✕✖❝✡ ✒ ✎✒✑✌✍① t❞ ✕✒✑✒ ✑✗✒✑ ✍✠ ✌t✖❣✗❛✓ t✏

✑✗✡ ✠❝✒❛✡ t❞ ❝t✖✏✑✠✚ ❜✓ ✠❝✒❛✍✏❣ ✑✌✒✏✠❝✌✍☞✑✟☞✡✌✟✎✍❛❛✍t✏ ✭✜P❵✣ ✒❜✖✏✕✒✏❝✡✠ ✑t ✒✕✕ ✖☞ ✑t ✑✗✡ ✑t✑✒❛ ✏✖✎❜✡✌ t❞ ✎✒☞☞✡✕

❢✐❥♠♥✐❥♠♣q r✉②✐ ③❥✉q④②♠ ⑤

⑥⑦⑧ ⑨⑧⑩⑨❶❷❸❹❺❻❼❽ ❾❷❿⑧ ❾⑦➀➁➂ ➃➄⑩ ➄❾❾➅❿⑧➁⑨➄➆➆➇ ➁❷⑨ ➀➈❿➄⑨⑧❿ ➅➁ ➉⑧❸⑩➅❷➁ ➋➌ ⑩❷ ➉⑧❸⑩➅❷➁ ➍ ➀➈❿➄⑨⑧⑩ ⑨⑦⑧ ❾❷❿⑧ ❾⑦➀➁➂ ⑨❷ ⑩⑦❷➃

⑨⑧⑩⑨❶❷❸❹❺❻❼❽➎

➏➐➐ ➑➐➒➐➑➐➐ ➑➐➓➔➑→➣

↔↕➙➛➜↕➝

➞➟➠➡ ➢ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



✌✡✒✕✠✘ ✜✗✍✠ ❝t✖✏✑✠✟❞✌t✎✟✒❜✖✏✕✒✏❝✡ ✒☞☞✌t✒❝✗ ✕✍✌✡❝✑❛✓ ❝t✌✌✡❝✑✠ ❞t✌ ✑✡❝✗✏✍❝✒❛ ❜✍✒✠✡✠ ✒✏✕ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡

✒❝✌t✠✠ ✠✒✎☞❛✡✠✚ t❜✈✍✒✑✍✏❣ ✑✗✡ ✏✡✡✕ ❞t✌ ✑✗✡ ✒❝❝t✎☞✒✏✓✍✏❣ t❞❞✠✡✑ ✎✒✑✌✍①✘

❈t✎☞❛✡✎✡✏✑✒✌✓ ✑t ✒✏ ✒✏✒❛✓✠✍✠ t❞ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏✚ t✏✡ ❝✒✏ ✖✠✡ ❄❬✵✾❭❈❏❄ ✑t ✍✎☞t✌✑ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛

✡✠✑✍✎✒✑✡✕ ❝t✖✏✑✠✚ ✒✏✕ ✑✗✡✏ ☞✒✠✠ ✑✗✡✠✡ ❝t✖✏✑✠ ✑t ☞✒❝✪✒❣✡✠ ✠✖❝✗ ✒✠ ❉✴❂❃✯✰✲ t✌ ❉✬✮✯✰✲ ❞t✌ ✠✑✒✑✍✠✑✍❝✒❛ ✒✏✒❛✓✟

✠✍✠ t❞ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡✘ ❨t❛❛t✇✍✏❣ ✒ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✒✏✒❛✓✠✍✠✚ t✏✡ ❝✒✏ ✒❣❣✌✡❣✒✑✡ ✡✈✍✕✡✏❝✡ t❞ ✕✍❞❞✡✌✡✏✑✍✒❛

✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ✑t ✑✗✡ ❣✡✏✡ ❛✡✈✡❛✘ ✜✗✡ s❄✿✳✰✴ ☞✒❝✪✒❣✡ ✍✏ ❇✍t❝t✏✕✖❝✑t✌ ☞✌t✈✍✕✡✠ ✒ ✠✑✒✑✍✠✑✍❝✒❛ ❞✌✒✎✡✇t✌✪ ✑t

s▼❏✰✰◗ ✒✑ ✑✗✡ ❣✡✏✡ ❛✡✈✡❛ ❞t✌ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ✇✍✑✗ ❣✡✏✡✟❛✡✈✡❛ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✠✚ ❞t❛❛t✇✡✕ ❜✓ ▼❈◗❪❏❫

✾✿❄✵❈◗ t❞ ✇✗✍❝✗ ✑✌✒✏✠❝✌✍☞✑✠ ✇✍✑✗✍✏ ✑✗✡ ✠✍❣✏✍✦❝✒✏✑ ❣✡✏✡✠ ✠✗t✇ ✕✍❞❞✡✌✡✏✑✍✒❛ ✖✠✒❣✡ ✇✍✑✗ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✒✕✥✖✠✑✡✕

☞✟✈✒❛✖✡✠✶✷✘ ✜✗✡ ✎✡✑✗t✕ ❝t✏✑✌t❛✠ ✑✗✡ ❈❴✰❏✿❧❧ ❋✿❧s✰ ❡✵s▼❈❴✰❏❚ ❏✿❄✰ ✭❖❨✛❘✣✷✷ ❞t✌ ✠✖❝✗ ✒ ✑✇t✟✠✑✒❣✡ ☞✌t❝✡✕✖✌✡✚ ✇✗✍❝✗

✇✍❛❛ ❜✡ ✕✍✠❝✖✠✠✡✕ ✍✏ ✎t✌✡ ✕✡✑✒✍❛ ❛✒✑✡✌ ✍✏ ✑✗✡ ✇t✌✪✫t✇✘ ❲✡ ❜✡❛✍✡✈✡ ✑✗✒✑ s❄✿✳✰✴ ✌✡☞✌✡✠✡✏✑✠ ✒ ☞✌✍✏❝✍☞❛✡✕ ✒☞☞✌t✒❝✗ ✑t

✒✏✒❛✓✔✍✏❣ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ❝✗✒✏❣✡✠✚ ✒✠ ✑✗✡ ✎✡✑✗t✕✠ ❝✒✏ ❜✡ ✡✈✒❛✖✒✑✡✕ ✒❣✒✍✏✠✑ ✒ ✑✒✌❣✡✑ ✡✌✌t✌ ✌✒✑✡ ✍✏ ✒ ✎✒✏✏✡✌ ✑✗✒✑

✎✍✎✍❝✠ ✗t✇ ✑✗✡ ✎✡✑✗t✕✠ ✇✍❛❛ ❜✡ ✖✠✡✕ ✍✏ ☞✌✒❝✑✍❝✡✘ ✜✗✒✑ ✍✠✚ ❞t❛❛t✇✍✏❣ ✌✡✥✡❝✑✍t✏ t❞ ✑✗✡ ✏✖❛❛ ✗✓☞t✑✗✡✠✍✠ ✒✑ ✑✗✡ ❣✡✏✡

❛✡✈✡❛✚ ✍✏✈✡✠✑✍❣✒✑t✌✠ ✇t✖❛✕ ❛✍✪✡❛✓ ✕✡✠✍✌✡ ✑t ✪✏t✇ ✇✗✍❝✗ ✑✌✒✏✠❝✌✍☞✑✠ ✇✍✑✗✍✏ ✒ ❣✡✏✡ ☞✒✌✑✍❝✍☞✒✑✡✕ ✍✏ ✑✗✡ ✕✍❞❞✡✌✡✏✑✍✒❛ ✖✠✒❣✡✘

❍✡✌✡ ✇✡ ☞✌t✈✍✕✡ ✒ ❜✒✠✍❝ ✇t✌✪✫t✇ ❞t✌ ✕✡✑✡❝✑✍✏❣ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ✖✠✍✏❣ ❇✍t❝t✏✕✖❝✑t✌ ☞✒❝✪✒❣✡✠✚

❞t❛❛t✇✍✏❣ ☛✖✒✏✑✍✦❝✒✑✍t✏ t❞ ✑✌✒✏✠❝✌✍☞✑ ✒❜✖✏✕✒✏❝✡ ✖✠✍✏❣ ✑✗✡ ✯✿❧✾❈◗ ✎✡✑✗t✕ ✭❨✍❣✖✌✡ ✶✣✘ ✜✗✍✠ ✇t✌✪✫t✇ ✍✏❝❛✖✕✡✠ ❛✍✈✡✚

✌✖✏✏✒❜❛✡ ❝t✕✡ ❝✗✖✏✪✠ ❞t✌ ✒✏✒❛✓✠✍✠ ✖✠✍✏❣ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲✚ ✒✠ ✇✡❛❛ ✒✠ ❞t✌ ☞✡✌❞t✌✎✍✏❣ ✠✑✒❣✡✟✇✍✠✡ ✑✡✠✑✍✏❣ t❞

✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ✖✠✍✏❣ ✑✗✡ s❄✿✳✰✴ ☞✒❝✪✒❣✡✘ ❨t✌ ✑✗✡ ✇t✌✪✫t✇✚ ✇✡ ✖✠✡ ✕✒✑✒ ✑✗✒✑ ✍✠ ✠✍✎✖❛✒✑✡✕✚ ✠t ✑✗✒✑

✇✡ ❝✒✏ ✒❛✠t ✡✈✒❛✖✒✑✡ ✑✗✡ ☞✡✌❞t✌✎✒✏❝✡ t❞ ✎✡✑✗t✕✠ ❞t✌ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡✚ ✒✠ ✇✡❛❛ ✒✠ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡

❋�✁✂✄☎ ✆✝ ❉�✞✁✄✞❣ ♦✟ t✠☎ ❣☎t✠♦♠✡ ♣✄☎✡☎☛t☎♠ �☛ t✠�✡ ✇♦✄☞✌♦✇✝ ❚✍✎ ❧✎✏✑ s✒✓✎ s✍✔✕s ✑✕✔ ✖✗✑✍s ✏✔❢ ✖✎❢✏✔❢✘✒✙✚ ✓✒✏✏✎❢✎✙✑✒✗❧

✑❢✗✙s✛❢✒✖✑ ✉s✗✚✎ ✭✜❚✢✣ ✉s✒✙✚ ❇✒✔✛✔✙✓✉✛✑✔❢ ✖✗✛✤✗✚✎s ✗✙✓ ✑✍✎ ❢✒✚✍✑ s✒✓✎ s✍✔✕s ✑✕✔ ✖✗✑✍s ✏✔❢ ✖✎❢✏✔❢✘✒✙✚ ✓✒✏✏✎❢✎✙✑✒✗❧

✚✎✙✎ ✎❡✖❢✎ss✒✔✙ ✭✜✥✦✣✧ ✜❚✢ ✗✙✓ ✜✥✦ ✗❢✎ ✛✔✘✖❧✎✘✎✙✑✗❢② ✗✙✗❧②s✎s ✔✏ ✛✍✗✙✚✎s ✒✙ ✑❢✗✙s✛❢✒✖✑✒✔✙ ✗✛❢✔ss ✛✔✙✓✒✑✒✔✙s✧ ❚✍✒s

✕✔❢✤★✔✕ ✏✔✛✉s✎s ✘✔s✑❧② ✔✙ ✜❚✢✩ ✗s ✑✍✎❢✎ ✗❢✎ ✗ ✙✉✘♥✎❢ ✔✏ ✔✑✍✎❢ ✖✉♥❧✒s✍✎✓ ❇✒✔✛✔✙✓✉✛✑✔❢ ✕✔❢✤★✔✕s ✏✔❢ ✜✥✦✧ ■✙ ♥✔❧✓ ✗❢✎

✑✍✎ ❢✎✛✔✘✘✎✙✓✎✓ ✛✍✔✒✛✎s ✏✔❢ q✉✗✙✑✒✪✛✗✑✒✔✙ ✗✙✓ ✪❧✑✎❢✒✙✚ ❙✗❧✘✔✙ ✑❢✗✙s✛❢✒✖✑✫❧✎✬✎❧ ✓✗✑✗ ✗s ✒✙✖✉✑ ✑✔ ✑✍✎ s✑✗✑✒s✑✒✛✗❧ ✘✎✑✍✔✓s✧

❚✍✎ ❢✎✛✔✘✘✎✙✓✎✓ ✪❧✑✎❢s ✒✘✖❧✎✘✎✙✑✎✓ ✒✙ ✜✮■✯❙✎q✩ ✗✙✓ ✗✖✖❧✒✎✓ ✉✖s✑❢✎✗✘ ✔✏ ✜✮■✯❙✎q ✗✙✓ ✜✦✰❙✎q✩ ✗❢✎ ✓✒s✛✉ss✎✓ ✒✙

✑✍✒s ✕✔❢✤★✔✕✧

➞➟➠➡ ✱ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



✒✏✕ ✑✌✒✏✠❝✌✍☞✑ ✡①☞✌✡✠✠✍t✏✘ ✜✗✡ ✠✍✎✖❛✒✑✍t✏ ✇✒✠ ❝t✏✠✑✌✖❝✑✡✕ ✖✠✍✏❣ ✕✍✠✑✌✍❜✖✑✍t✏✒❛ ☞✒✌✒✎✡✑✡✌✠ ✡✠✑✍✎✒✑✡✕ ❞✌t✎ ✑✗✡

●❊✢●❆✛✙❙ ☞✌t✥✡❝✑ ❘✞❆✟✠✡☛ ✕✒✑✒✠✡✑✷★ ☛✖✒✏✑✍✦✡✕ ❜✓ ✑✗✡ ❏✰▼❈❡◗❄❩ ☞✌t✥✡❝✑✷✹✚ ✍✏❝❛✖✕✍✏❣ ✑✗✡ ✡①☞✌✡✠✠✍t✏ ❛✡✈✡❛✠ t❞ ✑✗✡

✑✌✒✏✠❝✌✍☞✑✠✚ ✑✗✡ ✒✎t✖✏✑ t❞ ❜✍t❛t❣✍❝✒❛ ✈✒✌✍✒❜✍❛✍✑✓ t❞ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏ ❛✡✈✡❛✠ ✒❝✌t✠✠ ✠✒✎☞❛✡✠✚ ✒✏✕ ✌✡✒❛✍✠✑✍❝ ❝t✈✡✌✒❣✡

t❞ ✌✡✒✕✠ ✒❛t✏❣ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✠✘

❙�✁✂✄�✂✁☎ ✆✝ �✞✟✠ ✡✁�✟✄☛☎

✶✘ ✙✏ ✑✗✡ ❵✡✑✗t✕✠✚ ✇✡ ✕✡✠❝✌✍❜✡ ✑✗✡ ✠✍✎✖❛✒✑✍t✏ ✕✒✑✒✠✡✑✚ ✑✗✡ ☛✖✒✏✑✍✦❝✒✑✍t✏ ✕✒✑✒ ❣✡✏✡✌✒✑✡✕ ❜✓ ✯✿❧✾❈◗ ✒✏✕

✍✎☞t✌✑✡✕ ✈✍✒ ❄❬✵✾❭❈❏❄✚ ✒✏✕ ✑✗✡ ✑✇t ✠✑✒✑✍✠✑✍❝✒❛ ✎t✕✡❛✠ ❞t✌ ✛✜✢✚ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲✚ ✑✗✒✑ ✒✌✡ ✗✍❣✗❛✍❣✗✑✡✕

✍✏ ✑✗✍✠ ✇t✌✪✫t✇✘

✷✘ ❲✡ ☞✌✡✠✡✏✑ ✒✏ ✡✏✕✟✑t✟✡✏✕ ❲t✌✪✫t✇ ❞t✌ ✕✡✑✡❝✑✍t✏ t❞ ✛✜✢✚ ✠✑✒✌✑✍✏❣ ❞✌t✎ ✠✡☛✖✡✏❝✡✕ ✌✡✒✕✠ ✦❛✡✠ ✭❨❆❙✜❆✣

✒✏✕ ✡✏✕✍✏❣ ✇✍✑✗ ✠✡✑✠ t❞ ❣✡✏✡✠ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑✠ ✕✡✑✡✌✎✍✏✡✕ ✑t ✡①✗✍❜✍✑ ✡✈✍✕✡✏❝✡ t❞ ✛✜✢ ❜✓ ✑✗✡ ✠✑✒✑✍✠✑✍❝✒❛

✎✡✑✗t✕✠✚ ✛❘✙❵❙✡☛ ✒✏✕ ✛❊❉❙✡☛✘ ❲✡ ✕✡✎t✏✠✑✌✒✑✡ ✗t✇ s❄✿✳✰✴ ❝✒✏ ❜✡ ✖✠✡✕ ✇✍✑✗ ✑✗✡ t✖✑☞✖✑ t❞ ✛❘✙❵❙✡☛

t✌ ✛❊❉❙✡☛ ✑t ❝t✏✑✌t❛ ✑✗✡ ❖❨✛❘ ✒❝✌t✠✠ ❣✡✏✡✠ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑✠✘ ❨✍✏✒❛❛✓✚ ✇✡ ☞✌✡✠✡✏✑ ❝t✕✡ ❞t✌ ☞✡✌❞t✌✎✍✏❣

✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏ ✭✛●❊✣ ✒✏✒❛✓✠✍✠ ✖✠✍✏❣ ✛❊❙✡☛✷ ✒✏✕ ✡✕❣✡❘✚ ✒✏✕ ✠✗t✇ ✗t✇ ✑t ❝✌✡✒✑✡ ✒ ✠❝✒✑✑✡✌

☞❛t✑ ✑✗✒✑ ❝t✎☞✒✌✡✠ ✛✜✢ ✒✏✕ ✛●❊ ✌✡✠✖❛✑✠ ✒❝✌t✠✠ ✒❛❛ ❣✡✏✡✠✘

✸✘ ❲✡ ☞✌✡✠✡✏✑ ✒✏ ❊✈✒❛✖✒✑✍t✏ t❞ ✑✗✡ ✎✡✑✗t✕✠ ☞✌✡✠✡✏✑✡✕ ✍✏ ✑✗✡ ✇t✌✪✫t✇ ✒❛t✏❣ ✇✍✑✗ t✑✗✡✌ ☞t☞✖❛✒✌ ✎✡✑✗t✕✠ ❞t✌

✕✡✑✡❝✑✍t✏ t❞ ✛✜✢✚ ✛●❊✚ ✒✏✕ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✡①☞✌✡✠✠✍t✏ ✭✛✜❊✣ t✏ ✑✗✡ ✠✍✎✖❛✒✑✡✕ ✕✒✑✒✘ ❲✗✍❛✡ ✑✗✡

✡✈✒❛✖✒✑✍t✏✠ ✌✡❛✓ t✏ ✠✍✎✖❛✒✑✡✕ ✕✒✑✒✚ ✒✏✕ ✒✌✡ ✑✗✡✌✡❞t✌✡ ✌✡❛✡✈✒✏✑ t✏❛✓ ✑t ✑✗✡ ✡①✑✡✏✑ ✑✗✒✑ ✑✗✡ ✠✍✎✖❛✒✑✍t✏ ✎t✕✡❛

✒✏✕ ☞✒✌✒✎✡✑✡✌✠ ✌✡✫✡❝✑ ❝✗✒✌✒❝✑✡✌✍✠✑✍❝✠ t❞ ✌✡✒❛ ✕✒✑✒✚ ✇✡ ❞✡✡❛ ✑✗✡ ✡✈✒❛✖✒✑✍t✏✠ ✒✌✡ ✖✠✡❞✖❛ ❞t✌ ✒ ✌t✖❣✗ ❝t✎☞✒✌✍✟

✠t✏ t❞ ✎✡✑✗t✕ ☞✡✌❞t✌✎✒✏❝✡✚ ✒✏✕ ❞t✌ t❜✠✡✌✈✍✏❣ ✌✡❛✒✑✍✈✡ ❝✗✒✏❣✡✠ ✍✏ ☞✡✌❞t✌✎✒✏❝✡ ❞t✌ ✒ ❣✍✈✡✏ ✎✡✑✗t✕ ✒✠

✠✒✎☞❛✡ ✠✍✔✡ ✍✏❝✌✡✒✠✡✠✘

✹✘ ❲✡ ❝t✏❝❛✖✕✡ ✇✍✑✗ ✒ ✛✍✠❝✖✠✠✍t✏ t❞ ✑✗✡ ✎✡✑✗t✕✠ ✖✠✡✕ ✍✏ ✑✗✡ ✇t✌✪✫t✇✚ ✍✏❝❛✖✕✍✏❣ ❜✡✏✡✦✑✠ ✒✏✕ ❛✍✎✍✑✒✑✍t✏✠✚

✒✏✕ t✖✌ ✠✡✑ t❞ ✌✡❝t✎✎✡✏✕✒✑✍t✏✠ ❞✌t✎ ✑✗✡ ✡✈✒❛✖✒✑✍t✏ t❞ ✑✗✡ ✠✍✎✖❛✒✑✡✕ ✕✒✑✒✘

▼☞✁✌♦✄✍

❙✟✎✂☛✡�✟✆✏

❨✍✌✠✑ ✇✡ ✕✡✠❝✌✍❜✡ ✕✡✑✒✍❛✠ t❞ ✑✗✡ ✠✍✎✖❛✒✑✡✕ ✕✒✑✒✚ ✇✗✍❝✗ ✇✍❛❛ ❜✡ ✖✠✡✕ ✍✏ ✑✗✡ ❞t❛❛t✇✍✏❣ ✇t✌✪✫t✇ ✒✏✕ ✍✏ ✑✗✡ ✡✈✒❛✖✒✟

✑✍t✏ t❞ ✎✡✑✗t✕✠✘ ✢✏✕✡✌✠✑✒✏✕✍✏❣ ✑✗✡ ✕✡✑✒✍❛✠ t❞ ✑✗✡ ✠✍✎✖❛✒✑✍t✏ ✇✍❛❛ ❜✡ ✖✠✡❞✖❛ ❞t✌ ✒✠✠✡✠✠✍✏❣ ✑✗✡ ✎✡✑✗t✕✠ ✍✏ ✑✗✡ ❛✒✑✡✌

✠✡❝✑✍t✏✠✘ ❆❛❛ t❞ ✑✗✡ ❝t✕✡ ✖✠✡✕ ✑t ✠✍✎✖❛✒✑✡ ❘✞❆✟✠✡☛ ✡①☞✡✌✍✎✡✏✑✠ ✒✏✕ ✇✌✍✑✡ ☞✒✍✌✡✕✟✡✏✕ ✌✡✒✕✠ ✑t ❨❆❙✜❆ ✦❛✡✠ ❝✒✏

❜✡ ❞t✖✏✕ ✒✑ ✒✏ ✒✠✠t❝✍✒✑✡✕ ●✍✑❍✖❜ ✌✡☞t✠✍✑t✌✓ ❞t✌ ✑✗✡ ✠✍✎✖❛✒✑✍t✏ ❝t✕✡✷✩✚ ✒✏✕ ✑✗✡ ✌✡✒✕✠ ✒✏✕ ☛✖✒✏✑✍✦❝✒✑✍t✏ ✦❛✡✠ ❝✒✏

❜✡ ✕t✇✏❛t✒✕✡✕ ❞✌t✎ ❩✡✏t✕t✷✻➊✷❀✘ ✯✿❧✾❈◗✶✼ ✇✒✠ ✖✠✡✕ ✑t ✡✠✑✍✎✒✑✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✒❜✖✏✕✒✏❝✡✠ ❞t✌ ✒ ✠✍✏❣❛✡ ✠✒✎☞❛✡

✭❊❘❘✶❊❊✷✑✼✣ t❞ ✑✗✡ ●❊✢●❆✛✙❙ ☞✌t✥✡❝✑✷★✚ ✒✏✕ ✑✗✍✠ ✇✒✠ ✖✠✡✕ ✒✠ ✒ ❜✒✠✡❛✍✏✡ ❞t✌ ✑✌✒✏✠❝✌✍☞✑ ✒❜✖✏✕✒✏❝✡✠ ✍✏ ✑✗✡ ✠✍✎✖❛✒✟

✑✍t✏✘ ✜✌✒✏✠❝✌✍☞✑✠ ✑✗✒✑ ✇✡✌✡ ✒✠✠t❝✍✒✑✡✕ ✇✍✑✗ ✡✠✑✍✎✒✑✡✕ ❝t✖✏✑✠ ❛✡✠✠ ✑✗✒✏ ✶✶ ✗✒✕ ✒❜✖✏✕✒✏❝✡ ✑✗✌✡✠✗t❛✕✡✕ ✑t ✶✚ ✒❛❛ t✑✗✡✌

✑✌✒✏✠❝✌✍☞✑✠ ✇✡✌✡ ❝t✏✠✍✕✡✌✡✕ ➇✡①☞✌✡✠✠✡✕① ✭✏✭✹✒✚✑✸✸✣✘ ✿❧❭✵◗✰★❁ ✇✒✠ ✖✠✡✕ ✑t ✡✠✑✍✎✒✑✡ ✌✡✒❛✍✠✑✍❝ ❞✌✒❣✎✡✏✑ ●❈ ❜✍✒✠

❞✌t✎ ✶✷ ✠✒✎☞❛✡✠ ❞✌t✎ ✑✗✡ ●❊✢●❆✛✙❙ ☞✌t✥✡❝✑✚ ✒❛❛ ❞✌t✎ ✑✗✡ ✠✒✎✡ ✠✡☛✖✡✏❝✍✏❣ ❝✡✏✑✡✌ ✭✑✗✡ ✦✌✠✑ ✶✷ ✠✒✎☞❛✡✠ ❞✌t✎

❈✞❆●✟❈❘● ✍✏ ❙✖☞☞❛✡✎✡✏✑✒✌✓ ✜✒❜❛✡ ✷ ❞✌t✎ ▲t✈✡ ✰❄ ✿❧✘★❁✣✘ ❉✬✯✰✲❩✷❁ ✇✒✠ ✖✠✡✕ ✑t ✡✠✑✍✎✒✑✡ ✎✡✒✏ ✒✏✕ ✕✍✠☞✡✌✠✍t✏

☞✒✌✒✎✡✑✡✌✠ ❞t✌ ✒ ✞✡❣✒✑✍✈✡ ❇✍✏t✎✍✒❛ ✕✍✠✑✌✍❜✖✑✍t✏ ❞t✌ ❣✡✏✡✟❛✡✈✡❛ ❝t✖✏✑✠ ❞t✌ ✹✺❊ ✏t✏✟✕✖☞❛✍❝✒✑✡✕ ●❊✢●❆✛✙❙ ✠✒✎☞❛✡✠

☞✌t✈✍✕✡✕ ❜✓ ✑✗✡ ❏✰▼❈❡◗❄❩ ☞✌t✥✡❝✑✷✹✚ ✒❝❝t✖✏✑✍✏❣ ❞t✌ ✈✒✌✍✒✑✍t✏ ✒✠✠t❝✍✒✑✡✕ ✇✍✑✗ ✠✡☛✖✡✏❝✍✏❣ ❝✡✏✑✡✌ ✒✏✕ ✗✖✎✒✏ ☞t☞✖❛✒✟

✑✍t✏✘ ✞t✑✡ ✑✗✒✑✚ ✇✗✍❛✡ ❣✡✏✡✟❛✡✈✡❛ ✕✍✠☞✡✌✠✍t✏ ✡✠✑✍✎✒✑✡✠ ✇✡✌✡ ✖✠✡✕ ✑t ❣✡✏✡✌✒✑✡ ✖✏✕✡✌❛✓✍✏❣ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ❝t✖✏✑✠✚

✒✕✕✍✑✍t✏✒❛ ✖✏❝✡✌✑✒✍✏✑✓ t✏ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✕✒✑✒ ✍✠ ✒ ✏✒✑✖✌✒❛ ❝t✏✠✡☛✖✡✏❝✡ t❞ ✑✗✡ ✠✍✎✖❛✒✑✍t✏✚ ✒✠ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛

❝t✖✏✑✠ ✎✖✠✑ ❜✡ ✡✠✑✍✎✒✑✡✕ ✭✑✗✡ ✖✏✕✡✌❛✓✍✏❣ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ✒✌✡ ✏t✑ ☞✌t✈✍✕✡✕ ✑t ✑✗✡ ✎✡✑✗t✕✠✣✘

❭❈❧❚✰s❄✰❏★✶ ✇✒✠ ✖✠✡✕ ✑t ✠✍✎✖❛✒✑✡ ☞✒✍✌✡✕✟✡✏✕ ❘✞❆✟✠✡☛ ✌✡✒✕✠ ❞t✌ ✑✇t ❣✌t✖☞✠ t❞ ✶✷ ✠✒✎☞❛✡✠ ✡✒❝✗✚ ✇✍✑✗ ✌✡✒❛✍✠✑✍❝ ❞✌✒❣✟

✎✡✏✑ ●❈ ❜✍✒✠✚ ✒✏✕ ✇✍✑✗ ✕✍✠☞✡✌✠✍t✏ t✏ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ❝t✖✏✑✠ ✕✌✒✇✏ ❞✌t✎ ✑✗✡ ✥t✍✏✑ ✕✍✠✑✌✍❜✖✑✍t✏ t❞ ✎✡✒✏ ✒✏✕

✕✍✠☞✡✌✠✍t✏ ✈✒❛✖✡✠ ✡✠✑✍✎✒✑✡✕ ❞✌t✎ ✑✗✡ ●❊✢●❆✛✙❙ ✠✒✎☞❛✡✠✘ ❲✡ ✇✍❛❛ ❝✒❛❛ ✑✗✍✠ ✑✗✡ ✧✎✒✍✏ ✠✍✎✖❛✒✑✍t✏✧✘ ✜t ❝t✎☞✒✌✡

❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲ ✍✏ ❞✖✌✑✗✡✌ ✕✡✑✒✍❛✚ ✇✡ ❣✡✏✡✌✒✑✡✕ ✒✏ ✒✕✕✍✑✍t✏✒❛ ✠✍✎✖❛✒✑✍t✏ ✍✏ ✇✗✍❝✗ ✕✍✠☞✡✌✠✍t✏ ☞✒✌✒✎✟

✡✑✡✌✠ ✇✡✌✡ ✒✠✠✍❣✏✡✕ ✑t ❣✡✏✡✠ ✈✍✒ ✎✒✑❝✗✍✏❣ t✏ ✑✗✡ ❣✡✏✡✟❛✡✈✡❛ ❝t✖✏✑✚ ✒✏✕ ✑✗✡✏ ✒❛❛ ✑✌✒✏✠❝✌✍☞✑✠ t❞ ✒ ❣✡✏✡ ✗✒✕ ❝t✖✏✑✠

❣✡✏✡✌✒✑✡✕ ✖✠✍✏❣ ✑✗✡ ✠✒✎✡ ☞✡✌✟❣✡✏✡ ✕✍✠☞✡✌✠✍t✏✘ ❲✡ ✇✍❛❛ ❝✒❛❛ ✑✗✍✠ ✑✗✡ ✧✦①✡✕ ☞✡✌✟❣✡✏✡ ✕✍✠☞✡✌✠✍t✏✧ ✠✍✎✖❛✒✑✍t✏✘

✜✗✡ ✦✌✠✑ ✠✒✎☞❛✡ ❞t✌ ❣✌t✖☞ ✶ ✒✏✕ ✑✗✡ ✦✌✠✑ ✠✒✎☞❛✡ ❞t✌ ❣✌t✖☞ ✷ ❞t❛❛t✇✡✕ ✑✗✡ ✌✡✒❛✍✠✑✍❝ ●❈ ❜✍✒✠ ☞✌t✦❛✡ t❞ ✑✗✡ ✠✒✎✡

●❊✢●❆✛✙❙ ✠✒✎☞❛✡✚ ✒✏✕ ✠t t✏ ❞t✌ ✒❛❛ ✶✷ ✠✒✎☞❛✡✠✘ ✜✗✍✠ ☞✒✍✌✍✏❣ t❞ ✑✗✡ ✠✒✎☞❛✡✠ ✇✒✠ ✖✠✡✕ ✑t ❣✡✏✡✌✒✑✡ ❜✒❛✒✏❝✡✕

✕✒✑✒✚ ❜✖✑ ✏t✑ ✖✠✡✕ ✍✏ ✑✗✡ ✠✑✒✑✍✠✑✍❝✒❛ ✒✏✒❛✓✠✍✠✘ ▼❈❡◗❄s✵✾❝✓★✷ ✇✒✠ ✖✠✡✕ ✑t ✡①✒✎✍✏✡ ✑✗✡ ☞✌t☞✡✌✑✍✡✠ t❞ ✑✗✡ ✠✍✎✖❛✒✑✍t✏

✌✡❛✒✑✍✈✡ ✑t ✑✗✡ ✕✒✑✒✠✡✑ ✖✠✡✕ ❞t✌ ☞✒✌✒✎✡✑✡✌ ✡✠✑✍✎✒✑✍t✏ ✭❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❣✖✌✡ ✶✣✘ ✜✗✡ ✠✍✎✖❛✒✑✍t✏ ❝t✏✑✒✍✏✠

✷✹ ✠✒✎☞❛✡✠✚ ✒✏✕ ✑✗✡ ✌✡❛✡✈✒✏✑ ☞✒✌✒✎✡✑✡✌✠ ❞t✌ ▼❈❡◗❄s✵✾❝✓ ✭☞✡✌✟❣✡✏✡ ✎✡✒✏ ✒✏✕ ✕✍✠☞✡✌✠✍t✏✣ ✇✡✌✡ ✡✠✑✍✎✒✑✡✕ t✈✡✌ ✹✺❊

✠✒✎☞❛✡✠✘ ✜✗✡ ❞✖❛❛ ▼❈❡◗❄s✵✾❝✓ ✌✡☞t✌✑ ❝✒✏ ❜✡ ✒❝❝✡✠✠✡✕ ✒✑ ✑✗✡ ✒✠✠t❝✍✒✑✡✕ ●✍✑❍✖❜ ✌✡☞t✠✍✑t✌✓ ❞t✌ ✠✍✎✖❛✒✑✍t✏ ❝t✕✡✷✩✘

✛✍❞❞✡✌✡✏✑✍✒❛ ✡①☞✌✡✠✠✍t✏ ✒❝✌t✠✠ ✑✇t ❣✌t✖☞✠ ✇✒✠ ❣✡✏✡✌✒✑✡✕ ✒✠ ❞t❛❛t✇✠✤ ✜✗✡ ✹✒✚✑✸✸ ✡①☞✌✡✠✠✡✕ ✑✌✒✏✠❝✌✍☞✑✠ ✒✠ ✕✡✦✏✡✕

✒❜t✈✡ ❜✡❛t✏❣✡✕ ✑t ✶✺✚✶✶✼ ❣✡✏✡✠✘ ✼✶✔ ✭✏✭✶✶✚✺✶✹✣ t❞ ✑✗✡✠✡ ❣✡✏✡✠ ✇✍✑✗ ✡①☞✌✡✠✠✡✕ ✑✌✒✏✠❝✌✍☞✑✠ ✇✡✌✡ ✠✡✑ ✒✠ ✏✖❛❛

➞➟➠➡ ➾ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



❣✡✏✡✠✚ ✇✗✡✌✡ ✒❜✖✏✕✒✏❝✡ ✇✒✠ ✏t✑ ❝✗✒✏❣✡✕ ✒❝✌t✠✠ ✑✗✡ ✑✇t ❣✌t✖☞✠✘ ❨t✌ ✶✶✔ ✭✏✭✶✚✺✶✶✣ t❞ ❣✡✏✡✠✚ ✒❛❛ ✍✠t❞t✌✎✠ ✇✡✌✡

✕✍❞❞✡✌✡✏✑✍✒❛❛✓ ✡①☞✌✡✠✠✡✕ ✒✑ ✒ ❛t❣ ❞t❛✕ ❝✗✒✏❣✡ ❜✡✑✇✡✡✏ ✶ ✒✏✕ ✷✘✺❊ ✭❞t❛✕ ❝✗✒✏❣✡ ❜✡✑✇✡✡✏ ✷ ✒✏✕ ✒✣✘ ✜✗✡ ✠✡✑ t❞ ✑✌✒✏✟

✠❝✌✍☞✑✠ ✍✏ ✑✗✡✠✡ ❣✡✏✡✠ ✇✒✠ ❝❛✒✠✠✍✦✡✕ ✒✠ ✛●❊ ✭✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏✣ ❜✓ ❝t✏✠✑✌✖❝✑✍t✏✚ ✒✏✕ ✑✗✡ ✡①☞✌✡✠✠✡✕

✑✌✒✏✠❝✌✍☞✑✠ ✇✡✌✡ ✒❛✠t ✛✜❊ ✭✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✡①☞✌✡✠✠✍t✏✣✚ ❜✖✑ ✑✗✡✓ ✕✍✕ ✏t✑ ❝t✖✏✑ ✒✠ ✛✜✢ ✭✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑

✖✠✒❣✡✣✚ ✒✠ ✑✗✡ ☞✌t☞t✌✑✍t✏✠ ✇✍✑✗✍✏ ✑✗✡ ❣✡✏✡ ✌✡✎✒✍✏✡✕ ❝t✏✠✑✒✏✑✘ ✜t ✠✍✎✖❛✒✑✡ ❜✒❛✒✏❝✡✕ ✕✍❞❞✡✌✡✏✑✍✒❛ ✡①☞✌✡✠✠✍t✏✚ t✏✡

t❞ ✑✗✡ ✑✇t ❣✌t✖☞✠ ✇✒✠ ✌✒✏✕t✎❛✓ ❝✗t✠✡✏ ✑t ❜✡ ✑✗✡ ❜✒✠✡❛✍✏✡✚ ✒✏✕ ✑✗✡ t✑✗✡✌ ❣✌t✖☞ ✇t✖❛✕ ✗✒✈✡ ✍✑✠ ❝t✖✏✑✠ ✎✖❛✑✍☞❛✍✡✕

❜✓ ✑✗✡ ❞t❛✕ ❝✗✒✏❣✡✘ ❨t✌ ✶✶✔ ✭✏✭✶✚✺✶✶✣ t❞ ❣✡✏✡✠✚ ✒ ✠✍✏❣❛✡ ✡①☞✌✡✠✠✡✕ ✍✠t❞t✌✎ ✇✒✠ ✕✍❞❞✡✌✡✏✑✍✒❛❛✓ ✡①☞✌✡✠✠✡✕ ✒✑ ✒

❛t❣ ❞t❛✕ ❝✗✒✏❣✡ ❜✡✑✇✡✡✏ ✶ ✒✏✕ ✷✘✺❊✘ ✜✗✍✠ ✠✡✑ t❞ ✑✌✒✏✠❝✌✍☞✑✠ ✇✒✠ ✛✜❊ ❜✓ ❝t✏✠✑✌✖❝✑✍t✏✘ ✙❞ ✑✗✡ ❝✗t✠✡✏ ✑✌✒✏✠❝✌✍☞✑

✇✒✠ ✑✗✡ t✏❛✓ ✡①☞✌✡✠✠✡✕ ✍✠t❞t✌✎ t❞ ✒ ❣✡✏✡✚ ✑✗✍✠ ❝t✖✏✑✡✕ ✒❛✠t ✒✠ ✛●❊ ✒✏✕ ✏t✑ ✒✠ ✛✜✢✚ ❜✖✑ ✍❞ ✑✗✡✌✡ ✇✡✌✡ t✑✗✡✌ ✍✠t✟

❞t✌✎✠ ✑✗✒✑ ✇✡✌✡ ✡①☞✌✡✠✠✡✕✚ ✑✗✍✠ ❝t✖✏✑✡✕ ❞t✌ ❜t✑✗ ✛●❊ ✒✏✕ ✛✜✢✚ ✒✠ ✑✗✡ ☞✌t☞t✌✑✍t✏ t❞ ✡①☞✌✡✠✠✍t✏ ✒✎t✏❣ ✑✗✡

✍✠t❞t✌✎✠ ✇✒✠ ✒❞❞✡❝✑✡✕✘ ❨t✌ ✶✶✔ ✭✏✭✶✚✺✶✶✣ t❞ ❣✡✏✡✠✚ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ✇✒✠ ❝t✏✠✑✌✖❝✑✡✕ ❜✓ ✡①❝✗✒✏❣✟

✍✏❣ ✑✗✡ ✜P❵ ✒❜✖✏✕✒✏❝✡ t❞ ✑✇t ✡①☞✌✡✠✠✡✕ ✍✠t❞t✌✎✠✚ t✌✚ ✍❞ t✏❛✓ t✏✡ ✍✠t❞t✌✎ ✇✒✠ ✡①☞✌✡✠✠✡✕✚ ✡①❝✗✒✏❣✍✏❣ ✑✗✡

✒❜✖✏✕✒✏❝✡ t❞ ✑✗✡ ✡①☞✌✡✠✠✡✕ ✍✠t❞t✌✎ ✇✍✑✗ ✒ ✏t✏✟✡①☞✌✡✠✠✡✕ t✏✡✘ ✜✗✍✠ ❝t✖✏✑✡✕ ❞t✌ ✛✜✢ ✒✏✕ ✛✜❊✚ ❜✖✑ ✏t✑ ❞t✌

✛●❊✘ ❆✏ ❵❆ ☞❛t✑ t❞ ✑✗✡ ✠✍✎✖❛✒✑✡✕ ✑✌✒✏✠❝✌✍☞✑ ✒❜✖✏✕✒✏❝✡✠ ❞t✌ ✑✗✡ ✑✇t ❣✌t✖☞✠ ✍✠ ✠✗t✇✏ ✍✏ ❨✍❣✖✌✡ ✷✘

◗✂✡✏�✟�✄✡�✟✆✏ ✡✏✁ ✁✡�✡ ✟✎✂✆✁�

❆✠ ✕✡✠❝✌✍❜✡✕ ✍✏ ✑✗✡ ✙✏✑✌t✕✖❝✑✍t✏✚ ✑✗✍✠ ✇t✌✪✫t✇ ✖✠✡✠ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ☛✖✒✏✑✍✦❝✒✑✍t✏ ✡✠✑✍✎✒✑✡✠ ☞✌t✕✖❝✡✕ ❜✓ ✯✿❧✾❈◗✶✼

✒✏✕ ✍✎☞t✌✑✡✕ ✍✏✑t ❘❘❇✍t❝t✏✕✖❝✑t✌ ✇✍✑✗ ❄❬✵✾❭❈❏❄✶✻✘ ✛✡✑✒✍❛✠ ✒❜t✖✑ ✗t✇ ✑t ✌✖✏ ✯✿❧✾❈◗✚ ✒✏✕ ✇✗✍❝✗ ✑✓☞✡ t❞ ✑✌✒✏✠❝✌✍☞✑✟

❛✡✈✡❛ ✡✠✑✍✎✒✑✡✕ ❝t✖✏✑✠ ✠✗t✖❛✕ ❜✡ ✍✎☞t✌✑✡✕✚ ✍✠ ❝t✈✡✌✡✕ ✍✏ ✑✗✡ ❲t✌✪✫t✇✚ ✇✍✑✗ ✑✗✡ ✡①✒❝✑ ❝t✕✡ ✖✠✡✕ ✑t ✌✖✏ ✑✗✡ ✛✜✢

✒✏✒❛✓✠✍✠✘ ✯✿❧✾❈◗ ✡✠✑✍✎✒✑✡✠ ✑✗✡ ✌✡❛✒✑✍✈✡ ✒❜✖✏✕✒✏❝✡ t❞ ✡✒❝✗ ✒✏✏t✑✒✑✡✕ ✑✌✒✏✠❝✌✍☞✑ ❞t✌ ✡✒❝✗ ✠✒✎☞❛✡ ✍✏ ✖✏✍✑✠ t❞ ✑✌✒✏✟

✠❝✌✍☞✑✠✟☞✡✌✟✎✍❛❛✍t✏ ✭✜P❵✣✭ ✑✗✡ ✡✠✑✍✎✒✑✡✕ ✜P❵ ✈✒❛✖✡✠ ✠✗t✖❛✕ ❜✡ ☞✌t☞t✌✑✍t✏✒❛ ✑t ✑✗✡ ✒❜✖✏✕✒✏❝✡ t❞ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✠

✍✏ ✑✗✡ ☞t☞✖❛✒✑✍t✏ t❞ ❝✡❛❛✠ ✑✗✒✑ ✇✡✌✡ ✒✠✠✒✓✡✕✘ ❖✏✡ ❝✌✍✑✍❝✒❛ ☞t✍✏✑ ✍✠ ✑✗✒✑ ✯✿❧✾❈◗ t✏❛✓ ❝t✏✠✍✕✡✌✠ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✠ ✑✗✒✑

✒✌✡ ☞✌t✈✍✕✡✕ ✍✏ ✑✗✡ ✒✏✏t✑✒✑✍t✏✭ ✍✑ ✍✠ ✏t✑ ✒❜❛✡ ✑t ✕✡✑✡❝✑ ✡①☞✌✡✠✠✍t✏ t❞ ✒✏✓ ✏t✈✡❛ ✑✌✒✏✠❝✌✍☞✑✠✘ ✙❞ ✎✒✏✓ ✖✏✟✒✏✏t✑✒✑✡✕

✑✌✒✏✠❝✌✍☞✑✠ ✒✌✡ ✡①☞✌✡✠✠✡✕ ✍✏ ✑✗✡ ☞✒✌✑✍❝✖❛✒✌ ✠✡✑ t❞ ✠✒✎☞❛✡✠✚ ✠✖❝❝✡✠✠❞✖❛ ✒☞☞❛✍❝✒✑✍t✏ t❞ ✑✗✍✠ ✇t✌✪✫t✇ ✎✒✓ ✌✡☛✖✍✌✡

✦✌✠✑ ❜✖✍❛✕✍✏❣ t✖✑ ✒ ✎t✌✡ ✌✡☞✌✡✠✡✏✑✒✑✍✈✡ ✠✡✑ t❞ ✒✏✏t✑✒✑✡✕ ✑✌✒✏✠❝✌✍☞✑✠ ✈✍✒ ✑✌✒✏✠❝✌✍☞✑t✎✡ ✒✠✠✡✎❜❛✓ t✌ ❞✖❛❛ ✑✌✒✏✠❝✌✍☞✑

✠✡☛✖✡✏❝✍✏❣✘

✙✏ ✒✕✕✍✑✍t✏ ✑t ✌✡❛✒✑✍✈✡ ✒❜✖✏✕✒✏❝✡✚ ✯✿❧✾❈◗ ✡✠✑✍✎✒✑✡✠ ✑✗✡ ✰❋❋✰▼❄✵❴✰ ❧✰◗✳❄❤ t❞ ✡✒❝✗ ✑✌✒✏✠❝✌✍☞✑✚ ✇✗✍❝✗ ❝✒✏ ✑✒✪✡ ✍✏✑t

✒❝❝t✖✏✑ ✒ ✏✖✎❜✡✌ t❞ ✠✒✎☞❛✡✟✠☞✡❝✍✦❝ ✑✡❝✗✏✍❝✒❛ ❜✍✒✠✡✠ ✍✏❝❛✖✕✍✏❣ ❞✌✒❣✎✡✏✑ ✠✍✔✡ ✕✍✠✑✌✍❜✖✑✍t✏ ✭✕✡❞✒✖❛✑✣✚ ❞✌✒❣✎✡✏✑ ●❈

❝t✏✑✡✏✑✚ ✌✒✏✕t✎ ✗✡①✒✎✡✌ ☞✌✍✎✍✏❣ ❜✍✒✠✚ ✒✏✕ ☞t✠✍✑✍t✏✒❛ ❜✍✒✠ ✒❛t✏❣ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✘ ✙❞ ✒ ✑✌✒✏✠❝✌✍☞✑ ✗✒✕ ❝✡✌✑✒✍✏ ☞✌t☞✡✌✑✍✡✠✚

✌✡❛✒✑✡✕ ✑t ✍✑✠ ❛✡✏❣✑✗ ✒✏✕ ✍✑✠ ✠✡☛✖✡✏❝✡ ❝t✏✑✡✏✑✚ ✑✗✒✑ ✎✒✕✡ ✍✑ ✕✍❞✦❝✖❛✑ ✑t ☞✌t✕✖❝✡ ❝✛✞❆ ❞✌✒❣✎✡✏✑✠ ✒✏✕ ✠✡☛✖✡✏❝✡

✌✡✒✕✠ ❞✌t✎ ✑✗✡✠✡ ❞✌✒❣✎✡✏✑✠✚ ✑✗✡✏ ✍✑✠ ✡❞❞✡❝✑✍✈✡ ❛✡✏❣✑✗ ✠✗t✖❛✕ ❜✡ ❛t✇✡✌ ❞t✌ ✑✗✒✑ ✠✒✎☞❛✡✚ ✑✗✒✏ ✍❞ ✑✗✡✠✡ ✑✡❝✗✏✍❝✒❛ ❜✍✒✠✡✠

❋�✁✂✄☎ ✷✝ ▼✄ ♣♣♦t ♦✟ ✡�❣✂♣✞t☎♠ ✞❛✂☛♠✞☛✉☎✡✝ ✦✗✛✍ ✖✔✒✙✑ ✓✎✖✒✛✑s ✗ ✑❢✗✙s✛❢✒✖✑✩ ✕✒✑✍ ✑✍✎ ✗✬✎❢✗✚✎ ❧✔✚❧ ✗♥✉✙✓✗✙✛✎ ✒✙

✑❢✗✙s✛❢✒✖✑s✫✖✎❢✫✘✒❧❧✒✔✙ ✭❚☎✯✣ ✔✙ ✑✍✎ ❡✫✗❡✒s ✗✙✓ ✑✍✎ ✓✒✏✏✎❢✎✙✛✎ ♥✎✑✕✎✎✙ ✑✍✎ ✑✕✔ ✚❢✔✉✖s ✔✙ ✑✍✎ ②✫✗❡✒s✧ ❖✏ ✑✍✎ ✸✆✩✝✆✞

✑❢✗✙s✛❢✒✖✑s ✕✍✒✛✍ ✗❢✎ ✎❡✖❢✎ss✎✓ ✕✒✑✍ ❚☎✯ ❃ ✶ ✒✙ ✗✑ ❧✎✗s✑ ✔✙✎ ✚❢✔✉✖✩ ✼✼✟ ✭✙✠❧✼✩✡❧☛✣ ✗❢✎ ✙✉❧❧ ✑❢✗✙s✛❢✒✖✑s ✭✚❢✎②✣✩ ✕✍✒✛✍ ✏✗❧❧

♥② ✛✔✙s✑❢✉✛✑✒✔✙ ✔✙ ✑✍✎ ✯✠✞ ❧✒✙✎✩ ✗✙✓ ❧✸✟ ✭✙✠✝✩✡❧✶✣ ✗❢✎ ✓✒✏✏✎❢✎✙✑✒✗❧❧② ✎❡✖❢✎ss✎✓ ✭✚❢✎✎✙✩ ✔❢✗✙✚✎✩ ✔❢ ✖✉❢✖❧✎✣✧ ❚✍✒s ✪❧✑✎❢✒✙✚

✔✏ ✶ ❚☎✯ ✒s ✏✔❢ ✬✒s✉✗❧✒♦✗✑✒✔✙ ✔✙❧② ✗✙✓ ✉✙❢✎❧✗✑✎✓ ✑✔ ✑✍✎ ✜✮■✯❙✎q ✪❧✑✎❢✒✙✚ ✉s✎✓ ✒✙ ✑✍✎ ✕✔❢✤★✔✕✧ ✳s ✑❢✗✙s✛❢✒✖✑s ✛✗✙ ♥✎❧✔✙✚

✑✔ ✘✉❧✑✒✖❧✎ ✛✗✑✎✚✔❢✒✎s ✔✏ ✓✒✏✏✎❢✎✙✑✒✗❧ ✚✎✙✎ ✎❡✖❢✎ss✒✔✙ ✭✜✥✦✣✩ ✓✒✏✏✎❢✎✙✑✒✗❧ ✑❢✗✙s✛❢✒✖✑ ✎❡✖❢✎ss✒✔✙ ✭✜❚✦✣✩ ✗✙✓ ✓✒✏✏✎❢✎✙✑✒✗❧

✑❢✗✙s✛❢✒✖✑ ✉s✗✚✎ ✭✜❚✢✣✩ ✍✎❢✎ ✑✍✎ ✑❢✗✙s✛❢✒✖✑s ✗❢✎ ✛✔❧✔❢✎✓ ♥② ✕✍✒✛✍ ✚✎✙✎s ✑✍✎② ♥✎❧✔✙✚ ✑✔ ✭✑✍✔s✎ s✎❧✎✛✑✎✓ ✑✔ ♥✎ ✜✥✦✫✩

✜❚✦✫✩ ✔❢ ✜❚✢✫♥②✫✛✔✙s✑❢✉✛✑✒✔✙✣✧

➞➟➠➡ ➦ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



✇✡✌✡ ✒❜✠✡✏✑✘ ✜✗✡ ✡✠✑✍✎✒✑✡✠ t❞ ✜P❵ ✒✏✕ ✑✗✡ ✡❞❞✡❝✑✍✈✡ ❛✡✏❣✑✗✠ ❝✒✏ ❜✡ ✖✠✡✕ ✑t ✡✠✑✍✎✒✑✡ ✑✗✡ ✏✖✎❜✡✌ t❞ ❞✌✒❣✎✡✏✑✠

✑✗✒✑ ✡✒❝✗ ✑✌✒✏✠❝✌✍☞✑ ☞✌t✕✖❝✡✕✚ ✇✗✍❝✗ ✇✍❛❛ ❜✡ ❝✒❛❛✡✕ ✰s❄✵✾✿❄✰❡ ▼❈❡◗❄s ✍✏ ✑✗✍✠ ✇t✌✪✫t✇✘

✛✍❞❞✡✌✡✏✑ ✑✓☞✡✠ t❞ ✡✠✑✍✎✒✑✡✕ ❝t✖✏✑✠ ✎✒✓ ❜✡ ❝t✌✌✡❛✒✑✡✕ ✇✍✑✗ ✡❞❞✡❝✑✍✈✡ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗✚ ✒✏✕ ✠t ✇✡ ✇✍❛❛ ✕✍✠❝✖✠✠

✍✏ ✑✗✡ ❲t✌✪✫t✇ t✖✌ ✌✡❝t✎✎✡✏✕✡✕ ✑✓☞✡ ✑t ✖✠✡ ❞t✌ ✛✜✢ ✒✏✕ ✛●❊ ✒✏✒❛✓✠✍✠ ✭✒❛✠t ✕✍✒❣✌✒✎✎✡✕ ✍✏ ❨✍❣✖✌✡ ✶✣✘

❉�✁ �☎✠�✟✏✂

❲✡ ❞t❝✖✠ t✏ ✑✇t ✠✑✒✑✍✠✑✍❝✒❛ ✎t✕✡❛✠ ❞t✌ ✛✜✢ ✑✡✠✑✍✏❣ ✍✏ ✑✗✍✠ ✇t✌✪✫t✇✚ ❉✴❂❃✯✰✲✶✶ ✒✏✕ ❉✬✮✯✰✲✻✘ ❉✬✮✯✰✲ ✇✒✠

☞✖❜❛✍✠✗✡✕ ✦✌✠✑✚ ✒✠ ✒ ✠✑✒✑✍✠✑✍❝✒❛ ✎t✕✡❛ ❞t✌ ✕✡✑✡❝✑✍✏❣ ✕✍❞❞✡✌✡✏❝✡✠ ✍✏ ✡①t✏ ✖✠✒❣✡ ✒❝✌t✠✠ ✠✒✎☞❛✡✠ ✍✏ ✕✍❞❞✡✌✡✏✑ ❝t✏✕✍✟

✑✍t✏✠✘ ❵t✠✑ t❞ ✑✗✡ ❉✬✮✯✰✲ ❞✖✏❝✑✍t✏✠ ✒✏✕ ✕t❝✖✎✡✏✑✒✑✍t✏ ✌✡❞✡✌ ✠☞✡❝✍✦❝✒❛❛✓ ✑t ✰❬❈◗s t✌ ✰❬❈◗✵▼ ❭✿❏❄s ✇✍✑✗✍✏ ✒ ✳✰◗✰✚

✇✗✍❛✡ ✑✗✡ ✦✏✒❛ ✌✡✠✖❛✑✠ ✑✒❜❛✡ ✌✡❞✡✌✠ ✎t✌✡ ❣✡✏✡✌✒❛❛✓ ✑t ✑✗✡✠✡ ✒✠ ❋✰✿❄❡❏✰s ✇✍✑✗✍✏ ✒ ✳❏❈❡❭✘ ✙✑ ✍✠ ✑✗✍✠ ✎t✌✡ ❣✡✏✡✌✒❛ ✖✠✒❣✡

✑✗✒✑ ✇✡ ✇✍❛❛ ✡✎☞❛t✓ ✍✏ ✑✗✍✠ ✇t✌✪✫t✇✚ ✠✖❜✠✑✍✑✖✑✍✏❣ ✡✠✑✍✎✒✑✡✕ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ✍✏ ☞❛✒❝✡ t❞ ✡①t✏✍❝ ☞✒✌✑ ❝t✖✏✑✠✘

❉✬✮✯✰✲ ✒✠✠✖✎✡✠ ✒ ✞✡❣✒✑✍✈✡ ❇✍✏t✎✍✒❛ ✭✞❇✣ ✕✍✠✑✌✍❜✖✑✍t✏ ❞t✌ ✑✗✡ ❞✡✒✑✖✌✡ ❝t✖✏✑✠✚ ✒✏✕ ❝t✏✠✍✕✡✌✠ ✑✗✡ ❝t✖✏✑✠

❞t✌ ✡✒❝✗ ❞✡✒✑✖✌✡ ✭t✌✍❣✍✏✒❛❛✓✚ ✑✗✡ ✡①t✏✍❝ ☞✒✌✑✠✣ ✌✡❛✒✑✍✈✡ ✑t ❝t✖✏✑✠ ❞t✌ ✒❛❛ t✑✗✡✌ ❞✡✒✑✖✌✡✠ t❞ ✑✗✡ ❣✌t✖☞ ✭✑✗✡ ❣✡✏✡✣✚

✖✠✍✏❣ ✒✏ ✍✏✑✡✌✒❝✑✍t✏ ✑✡✌✎ ✍✏ ✒ ❣✡✏✡✌✒❛✍✔✡✕ ❛✍✏✡✒✌ ✎t✕✡❛ ✭●▲❵✣✘ ✜✗✡ ●▲❵ ❞✌✒✎✡✇t✌✪ ✍✠ ✒✏ ✡①✑✡✏✠✍t✏ t❞ ✑✗✡

❛✍✏✡✒✌ ✎t✕✡❛ ✭▲❵✣✚ ❜✖✑ ✠✗✒✌✡✠ ✇✍✑✗ ▲❵ ✑✗✡ ✖✠✒❣✡ t❞ ✒ ✕✡✠✍❣✏ ✎✒✑✌✍①✚ ✑✓☞✍❝✒❛❛✓ ✌✡☞✌✡✠✡✏✑✡✕ ❜✓ ❳✚ ✇✗✍❝✗ ✍✠ ✎✒✕✡ ✖☞

t❞ ❝t❛✖✎✏✠ t❞ ❝t✈✒✌✍✒✑✡✠ ✑✗✒✑ ✒✌✡ ✎✖❛✑✍☞❛✍✡✕ ❜✓ ✠❝✒❛✒✌ ❝t✡❞✦❝✍✡✏✑✠✚ ✑✓☞✍❝✒❛❛✓ ✌✡☞✌✡✠✡✏✑✡✕ ❜✓ ✄✘ ✜✗✡ ✕✡✠✍❣✏ ✎✒✑✌✍①

✇✍✑✗ ✍✑✠ ✎✖❛✑✍☞❛✡ ❝t✡❞✦❝✍✡✏✑✠ ✍✠ ✖✠✡❞✖❛ ❞t✌ ✡①✑✡✏✕✍✏❣ ✠✑✒✑✍✠✑✍❝✒❛ ✎t✕✡❛✠ ❜✡✓t✏✕ ✠✍✎☞❛✡ ❣✌t✖☞ ❝t✎☞✒✌✍✠t✏✠✚ ✒❛❛t✇✍✏❣

❞t✌ ✎t✌✡ ❝t✎☞❛✡① ✠✍✑✖✒✑✍t✏✠✚ ✠✖❝✗ ✒✠ ✇✍✑✗✍✏✟☞✒✑✍✡✏✑ ❝t✎☞✒✌✍✠t✏✠✚ ❜✒✑❝✗ ❝t✌✌✡❝✑✍t✏✚ t✌ ✑✡✠✑✍✏❣ t❞ ✌✒✑✍t✠✘

❉✬✮✯✰✲ ✎t✕✡❛✠ ✡✒❝✗ ❞✡✒✑✖✌✡ ✍✏✕✡☞✡✏✕✡✏✑❛✓ ✍✏ ✑✗✡ ●▲❵ ✦✑✑✍✏❣ ✠✑✒❣✡✚ ✒✏✕ ✠t ✕t✡✠ ✏t✑ ✑✒✪✡ ✍✏✑t ✒❝❝t✖✏✑ ✒✏✓ ❝t✌✟

✌✡❛✒✑✍t✏ ✒✎t✏❣ ✑✗✡ ❝t✖✏✑✠ ✒❝✌t✠✠ ❞✡✒✑✖✌✡✠ ✍✏ ✒ ❣✌t✖☞ ✭✡✘❣✘ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ✇✍✑✗✍✏ ✒ ❣✡✏✡✣✚ ✡①❝✡☞✑ ✍✏✠t❞✒✌ ✒✠ ✠✖❝✗

❝t✌✌✡❛✒✑✍t✏ ✍✠ ✒❝❝t✖✏✑✡✕ ❞t✌ ❜✓ ❝t❛✖✎✏✠ ✍✏ ✑✗✡ ✕✡✠✍❣✏ ✎✒✑✌✍①✘ ✜✗✍✠ ❛✒✠✑ ☞t✍✏✑ ✍✠ ✍✎☞t✌✑✒✏✑✚ ✒✠ ❝t✌✌✡❛✒✑✍t✏ ✍✏✕✖❝✡✕

❜✓ ✛✜✢ ✒❝✌t✠✠ ❝t✏✕✍✑✍t✏ ❣✌t✖☞✠✚ t✌ ✡✈✡✏ ✛✜✢ ✑✗✒✑ ❝✒✏ ❜✡ ✒✠✠t❝✍✒✑✡✕ ✇✍✑✗ ❝✡❛❛✟✑✓☞✡ ✗✡✑✡✌t❣✡✏✡✍✑✓✚ ❝✒✏ ❜✡

✎t✕✡❛✡✕ ✍✏ ✑✗✡ ❉✬✮✯✰✲ ❞✌✒✎✡✇t✌✪ ❜✓ ✍✏✑✡✌✒❝✑✍t✏ ✑✡✌✎✠ ✇✍✑✗ ✌✡❛✡✈✒✏✑ ❝t✈✒✌✍✒✑✡✠ ✍✏✑✌t✕✖❝✡✕ ✍✏✑t ✑✗✡ ✕✡✠✍❣✏

✎✒✑✌✍①✘ ✙✏ ✑✗✡ ❝✖✌✌✡✏✑ ✇t✌✪✫t✇✚ ✇✡ ☞✌t✈✍✕✡ ✒✏ ✡①✒✎☞❛✡ t❞ ❝✒☞✑✖✌✍✏❣ ✛✜✢ ✒❝✌t✠✠ ❝t✏✕✍✑✍t✏ ✖✠✍✏❣ ❉✬✮✯✰✲✚

❜✖✑ ❞✖✑✖✌✡ ✍✑✡✌✒✑✍t✏✠ t❞ ✑✗✍✠ ✇t✌✪✫t✇ ✎✒✓ ✒❛✠t ✍✏❝❛✖✕✡ ❝t✏✑✌t❛❛✍✏❣ ❞t✌ ✒✕✕✍✑✍t✏✒❛ ❝t✈✒✌✍✒✑✡✠✚ ✠✖❝✗ ✒✠ ✡✠✑✍✎✒✑✡✕

❝✡❛❛ ✑✓☞✡ ☞✌t☞t✌✑✍t✏✠✘ ❉✬✮✯✰✲ ✇✒✠ ✡✈✒❛✖✒✑✡✕ t✏ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ❜✓ ❙t✏✡✠t✏ ✰❄ ✿❧✘★★ ✒✏✕ ✑✗✡✏ ❛✒✑✡✌ ❜✓ ✞t✇✍❝✪✒

✒✏✕ ❘t❜✍✏✠t✏✶✶✚ ✇✗✡✌✡ ✍✑ ✇✒✠ ✠✗t✇✏ ✍✏ ❜t✑✗ ❝✒✠✡✠ ✑✗✒✑ ❉✬✮✯✰✲ ❝t✖❛✕ ❜✡ ✖✠✡✕ ✑t ✕✡✑✡❝✑ ✛✜✢ ✍✏ ✑✗✍✠ ❝t✏✦❣✖✌✒✟

✑✍t✏✚ ✑✗t✖❣✗ ✍✠t❞t✌✎ ☞✌✡✟✦❛✑✡✌✍✏❣ ❣✌✡✒✑❛✓ ✍✎☞✌t✈✡✕ ✍✑✠ ☞✡✌❞t✌✎✒✏❝✡ ✍✏ ✌✡✕✖❝✍✏❣ ✑✗✡ t❜✠✡✌✈✡✕ ❞✒❛✠✡ ✕✍✠❝t✈✡✌✓ ✌✒✑✡

✭❨✛❘✣ ❝❛t✠✡✌ ✑t ✍✑✠ ✏t✎✍✏✒❛ ❛✡✈✡❛✘

✙✏ ❝t✏✑✌✒✠✑ ✑t ✑✗✡ ✞❇ ✎t✕✡❛✚ ❉✴❂❃✯✰✲ ✒✠✠✖✎✡✠ ✒✏ ✛✍✌✍❝✗❛✡✑ ❵✖❛✑✍✏t✎✍✒❛ ✎t✕✡❛ ✭✛❵✣ ❞t✌ ✡✒❝✗ ❣✡✏✡✚ ✇✗✡✌✡ ✑✗✡

✑t✑✒❛ ❝t✖✏✑ ❞t✌ ✑✗✡ ❣✡✏✡ ✍✠ ❝t✏✠✍✕✡✌✡✕ ✦①✡✕✚ ✒✏✕ ✑✗✡ ☛✖✒✏✑✍✑✓ t❞ ✍✏✑✡✌✡✠✑ ✍✠ ✑✗✡ ☞✌t☞t✌✑✍t✏ ❞t✌ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑ ✇✍✑✗✍✏

✒ ❣✡✏✡ ❞t✌ ✡✒❝✗ ✠✒✎☞❛✡✘ ✙❞ ✑✗✡ ☞✌t☞t✌✑✍t✏ ❞t✌ t✏✡ ✑✌✒✏✠❝✌✍☞✑ ✍✏❝✌✡✒✠✡✠✚ ✍✑ ✎✖✠✑ ✌✡✠✖❛✑ ✍✏ ✒ ✕✡❝✌✡✒✠✡ ❞t✌ ✑✗✡ ☞✌t☞t✌✟

✑✍t✏✠ t❞ ✑✗✡ t✑✗✡✌ ✑✌✒✏✠❝✌✍☞✑✠ t❞ ✑✗✡ ❣✡✏✡✘ ●✡✏✡✠ ✑✗✒✑ ✒✌✡ ✕✡✑✡❝✑✡✕ ✒✠ ✗✒✈✍✏❣ ✠✑✒✑✍✠✑✍❝✒❛❛✓ ✠✍❣✏✍✦❝✒✏✑ ✛✜✢ ✒✌✡

✑✗t✠✡ ✍✏ ✇✗✍❝✗ ✑✗✡ ☞✌t☞t✌✑✍t✏ ❝✗✒✏❣✡✠ t❜✠✡✌✈✡✕ ✒❝✌t✠✠ ❝t✏✕✍✑✍t✏ ✇✡✌✡ ❛✒✌❣✡✚ ❝t✏✠✍✕✡✌✍✏❣ ✑✗✡ ✈✒✌✍✒✑✍t✏ ✍✏

☞✌t☞t✌✑✍t✏✠ ✠✡✡✏ ✇✍✑✗✍✏ ❝t✏✕✍✑✍t✏✘ ✜✗✡ ✈✒✌✍✒✑✍t✏ ✍✏ ☞✌t☞t✌✑✍t✏✠ ✒❝✌t✠✠ ❜✍t❛t❣✍❝✒❛ ✌✡☞❛✍❝✒✑✡✠ ✍✠ ✎t✕✡❛✡✕ ✖✠✍✏❣

✒ ✠✍✏❣❛✡ ❭❏✰▼✵s✵❈◗ ☞✒✌✒✎✡✑✡✌ ☞✡✌ ❣✡✏✡✚ ✇✗✍❝✗ ✇✍❛❛ ❜✡ ✕✍✠❝✖✠✠✡✕ ✍✏ ✑✗✡ ✇t✌✪✫t✇ ❜✡❛t✇✘ ❉✴❂❃✯✰✲ ✒❛✠t ✖✠✡✠

✒ ✕✡✠✍❣✏ ✎✒✑✌✍①✚ ✒✏✕ ✠t ❝✒✏ ❜✡ ✖✠✡✕ ✑t ✒✏✒❛✓✔✡ ✛✜✢ ❞t✌ ❝t✎☞❛✡① ✡①☞✡✌✍✎✡✏✑✒❛ ✕✡✠✍❣✏✠✚ ✍✏❝❛✖✕✍✏❣ ✇✍✑✗✍✏✟☞✒✑✍✡✏✑

❝t✎☞✒✌✍✠t✏✠✚ ❜✒✑❝✗ ❝t✌✌✡❝✑✍t✏✚ t✌ ✑✡✠✑✍✏❣ t❞ ✌✒✑✍t✠✘

❆ ❝✌✍✑✍❝✒❛ ✕✍❞❞✡✌✡✏❝✡ ❜✡✑✇✡✡✏ ✑✗✡ ✑✇t ✎t✕✡❛✠ ✍✠ ✑✗✒✑ ❉✴❂❃✯✰✲ ✕✍✌✡❝✑❛✓ ✎t✕✡❛✠ ✑✗✡ ❝t✌✌✡❛✒✑✍t✏✠ ✒✎t✏❣ ✑✌✒✏✠❝✌✍☞✑

❝t✖✏✑✠ ✇✍✑✗✍✏ ✒ ❣✡✏✡ ✈✍✒ ✑✗✡ ✛❵ ✕✍✠✑✌✍❜✖✑✍t✏✚ ✒✏✕ ✠t ❝✒✏ ❝✒☞✑✖✌✡ ✑✗✡✠✡ ❝t✌✌✡❛✒✑✍t✏✠ ✒❝✌t✠✠ ✡①❝✗✒✏❣✡✒❜❛✡ ✠✒✎☞❛✡✠

❑✵❄❤✵◗ ✿ ▼❈◗❡✵❄✵❈◗✘ ❉✬✮✯✰✲ ✇✍✑✗ ✑✗✡ ✞❇ ✕✍✠✑✌✍❜✖✑✍t✏ t✏❛✓ ❝✒✏ ❝✒☞✑✖✌✡ ❝t✌✌✡❛✒✑✍t✏✠ ✒✎t✏❣ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ✇✍✑✗✍✏

✒ ❣✡✏✡ ✇✗✡✏ ✑✗✡ ✛✜✢ ✍✠ ✿▼❏❈ss s✿✾❭❧✰ ✳❏❈❡❭s ✕✡✦✏✡✕ ❜✓ ❝t✈✒✌✍✒✑✡✠ ✍✏ ✑✗✡ ✕✡✠✍❣✏ ✎✒✑✌✍①✘ ❖✏ ✑✗✡ t✑✗✡✌ ✗✒✏✕✚

❉✴❂❃✯✰✲ ✍✠ ❛✍✎✍✑✡✕ ✍✏ ✎t✕✡❛✍✏❣ ✒ ✠✍✏❣❛✡ ☞✌✡❝✍✠✍t✏ ☞✒✌✒✎✡✑✡✌ ☞✡✌ ❣✡✏✡✘ ✙❞ ✑✗✡✌✡ ✒✌✡ ✑✇t ✑✌✒✏✠❝✌✍☞✑✠ ✇✍✑✗✍✏ ✒ ❣✡✏✡

✇✍✑✗ ✈✡✌✓ ✕✍❞❞✡✌✡✏✑ ❜✍t❛t❣✍❝✒❛ ✈✒✌✍✒❜✍❛✍✑✓ ➊ ☞✡✌✗✒☞✠ ✑✗✡✓ ✗✒✈✡ ✠✡☞✒✌✒✑✡ ☞✌t✎t✑✡✌✠ ✖✏✕✡✌ ✕✍❞❞✡✌✡✏✑ ✌✡❣✖❛✒✑t✌✓

❝t✏✑✌t❛ ➊ ✑✗✡✏ ❉✬✮✯✰✲ ✎✒✓ ✕t ✒ ❜✡✑✑✡✌ ✥t❜ ✎t✕✡❛✍✏❣ ✠✖❝✗ ✗✡✑✡✌t❣✡✏✡✍✑✓ ✍✏ ✑✗✡ ❜✍t❛t❣✍❝✒❛ ✈✒✌✍✒❜✍❛✍✑✓ t❞ ✑✌✒✏✠❝✌✍☞✑

✡①☞✌✡✠✠✍t✏✚ ✒✠ ✍✑ ✡✠✑✍✎✒✑✡✠ ✒ ✠✡☞✒✌✒✑✡ ✕✍✠☞✡✌✠✍t✏ ☞✒✌✒✎✡✑✡✌ ❞t✌ ✡✒❝✗ ✑✌✒✏✠❝✌✍☞✑✘

❖✂☎✁✡�✟✆✏

✜✗✍✠ ✇t✌✪✫t✇ ✇✒✠ ✕✡✠✍❣✏✡✕ ✑t ✇t✌✪ ✇✍✑✗ ❘ ✸✘✺✚ ✒✏✕ ✑✗✡ ❉✴❂❃✯✰✲✚ ❉✬✮✯✰✲✚ s❄✿✳✰✴✚ ✒✏✕ ❄❬✵✾❭❈❏❄ ☞✒❝✪✒❣✡✠ ❞✌t✎

❇✍t❝t✏✕✖❝✑t✌ ✈✡✌✠✍t✏ ✸✘✼✘ ❆✠ ✑✗✡ ❝t✕✡ ❞t✌ ✑✗✍✠ ✒✌✑✍❝❛✡ ✍✠ ❛✍✏✪✡✕ ✑t ❇✍t❝t✏✕✖❝✑t✌ ✈✡✌✠✍t✏ ✸✘✼ ✭✌✡❛✡✒✠✡✕ ❆☞✌✍❛ ✷✶✶❊✣✚

☞❛✡✒✠✡ ❝t✏✠✖❛✑ ✑✗✡ ❛✍✈✡ ❇✍t❝t✏✕✖❝✑t✌ ✇t✌✪✫t✇ ✒✠ ✑✗✡ ❝t✌✌✡❝✑ ❝t✕✡ ❞t✌ ✌✖✏✏✍✏❣ ✑✗✡ ☞✒❝✪✒❣✡✠ ✎✒✓ ❝✗✒✏❣✡ t✈✡✌

✑✍✎✡✘ ❇✍t❝t✏✕✖❝✑t✌ ☞✒❝✪✒❣✡✠ ✠✗t✖❛✕ ✒❛✇✒✓✠ ❜✡ ✍✏✠✑✒❛❛✡✕ ❞t❛❛t✇✍✏❣ ✑✗✡ t❞✦❝✍✒❛ ✍✏✠✑✌✖❝✑✍t✏✠✘ ✜✗✡ ✇t✌✪✫t✇ ✖✠✡✠

✒ ✠✖❜✠✡✑ t❞ ✒❛❛ ❣✡✏✡✠ ✑t ✠☞✡✡✕ ✖☞ ✑✗✡ ✒✏✒❛✓✠✍✠✚ ❜✖✑ ✑✗✡ ❇✍t❝t✏✕✖❝✑t✌ ☞✒❝✪✒❣✡✠ ❝✒✏ ✡✒✠✍❛✓ ❜✡ ✌✖✏ ❞t✌ ✑✗✍✠ ✕✒✑✒✠✡✑

➞➟➠➡ ➻ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



t✏ ✒❛❛ ✗✖✎✒✏ ❣✡✏✡✠ t✏ ✒ ❛✒☞✑t☞ ✍✏ ❛✡✠✠ ✑✗✒✏ ✒✏ ✗t✖✌✘ ❈t✎☞✖✑✡ ✑✍✎✡ ❞t✌ ✑✗✡ ✈✒✌✍t✖✠ ☞✒❝✪✒❣✡✠ ✍✠ ✍✏❝❛✖✕✡✕ ✍✏

✑✗✡ ✌✡✠☞✡❝✑✍✈✡ ✡✈✒❛✖✒✑✍t✏ ✠✡❝✑✍t✏✠✘

❲♦✂♦�♦✇

❙✡☛✎✆✏ ❙✂✡✏�✟�✄✡�✟✆✏

❲✡ ✖✠✡✕ ✯✿❧✾❈◗ ✈✡✌✠✍t✏ ✶✘✶✶✘✶ ✑t ☛✖✒✏✑✍❞✓ ✒❜✖✏✕✒✏❝✡ ✒✏✕ ✡❞❞✡❝✑✍✈✡ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗✠ ❞t✌ ✒❛❛ t❞ ✑✗✡ ✷✹

✠✍✎✖❛✒✑✡✕ ✠✒✎☞❛✡✠✘ ❨t✌ ✑✗✍✠ ✇t✌✪✫t✇✚ ✇✡ ✇✍❛❛ ✖✠✡ ✑✗✡ ✦✌✠✑ ✠✍① ✠✒✎☞❛✡✠ ❞✌t✎ ✡✒❝✗ ❣✌t✖☞✘ ❲✡ ☛✖✒✏✑✍✦✡✕ ✒❣✒✍✏✠✑ ✑✗✡

●❊✞❈❖✛❊ ✗✖✎✒✏ ✒✏✏t✑✒✑✍t✏ ✈✡✌✠✍t✏ ✷❊✚ ✇✗✍❝✗ ✇✒✠ ✑✗✡ ✠✒✎✡ ✌✡❞✡✌✡✏❝✡ ✖✠✡✕ ✑t ❣✡✏✡✌✒✑✡ ✑✗✡ ✠✍✎✖❛✒✑✡✕ ✌✡✒✕✠✘

❲✡ ✖✠✡✕ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑ ✠✡☛✖✡✏❝✡✠ ❨❆❙✜❆ ✦❛✡ ✑✗✒✑ ❝t✏✑✒✍✏✠ ➇✞✖❝❛✡t✑✍✕✡ ✠✡☛✖✡✏❝✡✠ t❞ ✒❛❛ ✑✌✒✏✠❝✌✍☞✑✠ t✏ ✑✗✡ ✌✡❞✡✌✟

✡✏❝✡ ❝✗✌t✎t✠t✎✡✠①✘ ❲✗✡✏ ✕t✇✏❛t✒✕✍✏❣ ✑✗✡ ❨❆❙✜❆ ✦❛✡✚ ✍✑ ✍✠ ✖✠✡❞✖❛ ✑t ✕t✇✏❛t✒✕ ✑✗✡ ❝t✌✌✡✠☞t✏✕✍✏❣ ●✜❨ ✦❛✡✚ ✒✠

✑✗✍✠ ✇✍❛❛ ❜✡ ✖✠✡✕ ✍✏ ❛✒✑✡✌ ✠✡❝✑✍t✏✠✘

✜t ❜✖✍❛✕ ✑✗✡ ✯✿❧✾❈◗ ✍✏✕✡①✚ ✇✡ ✖✠✡✕ ✑✗✡ ❞t❛❛t✇✍✏❣ ❝t✎✎✒✏✕✘ ❘✡❝✡✏✑ ✈✡✌✠✍t✏✠ t❞ ✯✿❧✾❈◗ ✇✍❛❛ ✕✍✠❝✒✌✕ ✍✕✡✏✑✍❝✒❛

✠✡☛✖✡✏❝✡ ✕✖☞❛✍❝✒✑✡ ✑✌✒✏✠❝✌✍☞✑✠✚ ✒✏✕ ✪✡✡☞ ✒ ❛t❣ t❞ ✑✗✡✠✡ ✇✍✑✗✍✏ ✑✗✡ ✍✏✕✡① ✕✍✌✡❝✑t✌✓✘ ✜✗✡ –gencode ❝t✎✎✒✏✕ ✑✌✍✎✠

✑✗✡ ●❊✞❈❖✛❊ ❨❆❙✜❆ ✗✡✒✕✡✌✠ ✑t t✏❛✓ ✍✏❝❛✖✕✡ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑ ✍✕✡✏✑✍✦✡✌✘

salmon index --gencode -t gencode.v28.transcripts.fa \

      -i gencode.v28_salmon-0.10.0

✜t ☛✖✒✏✑✍❞✓ ✡✒❝✗ ✠✒✎☞❛✡✚ ✇✡ ✖✠✡✕ ✑✗✡ ❞t❛❛t✇✍✏❣ ❝t✎✎✒✏✕✚ ✇✗✍❝✗ ✠✒✓✠ ✑t ☛✖✒✏✑✍❞✓ ✇✍✑✗ ✠✍① ✑✗✌✡✒✕✠ ✖✠✍✏❣ ✑✗✡

●❊✞❈❖✛❊ ✍✏✕✡①✚ ✇✍✑✗ ✍✏✇✒✌✕ ✒✏✕ ✖✏✠✑✌✒✏✕✡✕ ☞✒✍✌✡✕ ✡✏✕ ✌✡✒✕✠✚ ✖✠✍✏❣ ❞✌✒❣✎✡✏✑ ●❈ ❜✍✒✠ ❝t✌✌✡❝✑✍t✏✚ ✇✌✍✑✍✏❣ t✖✑

✑t ✑✗✡ ✕✍✌✡❝✑t✌✓ sample ✒✏✕ ✖✠✍✏❣ ✒✠ ✍✏☞✖✑ ✑✗✡✠✡ ✑✇t ✌✡✒✕✠ ✦❛✡✠✘ ✜✗✡ ❛✍❜✌✒✌✓ ✑✓☞✡ ✍✠ ✠☞✡❝✍✦✡✕ ❜✓ -l IU ✭✍✏✇✒✌✕

✒✏✕ ✖✏✠✑✌✒✏✕✡✕✣ ✒✏✕ ✑✗✡ t☞✑✍t✏✠ ✒✌✡ ✕✍✠❝✖✠✠✡✕ ✍✏ ✑✗✡ ❙✒❛✎t✏ ✕t❝✖✎✡✏✑✒✑✍t✏✘ ❘✡❝✡✏✑ ✈✡✌✠✍t✏✠ t❞ ❙✒❛✎t✏ ❝✒✏

✒✖✑t✎✒✑✍❝✒❛❛✓ ✕✡✑✡❝✑ ✑✗✡ ❛✍❜✌✒✌✓ ✑✓☞✡ ❜✓ ✠✡✑✑✍✏❣ -l A✘ ❙✖❝✗ ✒ ❝t✎✎✒✏✕ ❝✒✏ ❜✡ ✒✖✑t✎✒✑✡✕ ✍✏ ✒ ❜✒✠✗ ❛tt☞ ✖✠✍✏❣

❜✒✠✗ ✈✒✌✍✒❜❛✡✠✚ t✌ t✏✡ ❝✒✏ ✖✠✡ ✎t✌✡ ✒✕✈✒✏❝✡✕ ✇t✌✪✫t✇ ✎✒✏✒❣✡✎✡✏✑ ✠✓✠✑✡✎✠ ✠✖❝✗ ✒✠ ❙✏✒✪✡✎✒✪✡★✹ t✌ ✞✡①✑✫t✇★✩✘

salmon quant -p 6 -i gencode.v28_salmon-0.10.0 -l IU \

      --gcBias -o sample -1 sample_1.fa.gz -2 sample_2.fa.gz

■✎✂✆✁�✟✏✂ ✄✆✂✏�✠ ✟✏�✆ ✁✂✄✟✆✄✆✏✁✂✄�✆✁

❲✡ ❝✒✏ ✖✠✡ ❄❬✵✾❭❈❏❄ ✑t ✍✎☞t✌✑ ✑✗✡ ✡✠✑✍✎✒✑✡✕ ❝t✖✏✑✠✚ ✒❜✖✏✕✒✏❝✡✠ ✒✏✕ ✡❞❞✡❝✑✍✈✡ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗✠ ✍✏✑t ❘✘

✜✗✡ ❄❬✵✾❭❈❏❄ ☞✒❝✪✒❣✡ t❞❞✡✌✠ ✑✗✌✡✡ ✎✡✑✗t✕✠ ❞t✌ ☞✌t✕✖❝✍✏❣ ❝t✖✏✑ ✎✒✑✌✍❝✡✠ ❞✌t✎ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ☛✖✒✏✑✍✦❝✒✟

✑✍t✏ ✦❛✡✠✚ ✒✠ ✕✡✠❝✌✍❜✡✕ ✍✏ ✕✡✑✒✍❛ ✍✏ ❙t✏✡✠t✏ ✰❄ ✿❧✘✶✻✚ ✒✏✕ ✒❛✌✡✒✕✓ ✎✡✏✑✍t✏✡✕ ✍✏ ✑✗✡ ✍✏✑✌t✕✖❝✑✍t✏✘ ✜t ✌✡❝✒☞ ✑✗✡✠✡ ✒✌✡✤

✭✶✣ t✌✍❣✍✏✒❛ ✡✠✑✍✎✒✑✡✕ ❝t✖✏✑✠ ✇✍✑✗ ✡❞❞✡❝✑✍✈✡ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗ ✍✏❞t✌✎✒✑✍t✏ ✖✠✡✕ ✒✠ ✒ ✠✑✒✑✍✠✑✍❝✒❛ t❞❞✠✡✑✚ ✭✷✣ ❣✡✏✡✌✒✑✟

✍✏❣ ➇❝t✖✏✑✠ ❞✌t✎ ✒❜✖✏✕✒✏❝✡① ❜✓ ✠❝✒❛✍✏❣ ✜P❵ ✒❜✖✏✕✒✏❝✡ ✡✠✑✍✎✒✑✡✠ ☞✡✌ ✠✒✎☞❛✡ ✠✖❝✗ ✑✗✒✑ ✑✗✡✓ ✠✖✎ ✑t ✑✗✡ ✑t✑✒❛

✏✖✎❜✡✌ t❞ ✎✒☞☞✡✕ ✌✡✒✕✠ ✭s▼✿❧✰❡s☎❃✣✚ t✌ ❣✡✏✡✌✒✑✍✏❣ ➇❝t✖✏✑✠ ❞✌t✎ ✒❜✖✏✕✒✏❝✡① ❜✓ ✠❝✒❛✍✏❣ ✜P❵ ✒❜✖✏✕✒✏❝✡

✡✠✑✍✎✒✑✡✠ ✦✌✠✑ ❜✓ ✑✗✡ ✒✈✡✌✒❣✡ ✡❞❞✡❝✑✍✈✡ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗ t✈✡✌ ✠✒✎☞❛✡✠✚ ✒✏✕ ✑✗✡✏ ☞✡✌ ✠✒✎☞❛✡ ✠✖❝✗ ✑✗✒✑ ✑✗✡✓ ✠✖✎

✑t ✑✗✡ ✑t✑✒❛ ✏✖✎❜✡✌ t❞ ✎✒☞☞✡✕ ✌✡✒✕✠ ✭❧✰◗✳❄❤✯▼✿❧✰❡s☎❃✣✘ ❲✡ ✇✍❛❛ ✖✠✡ s▼✿❧✰❡s☎❃ ❞t✌ ✛✜✢ ✕✡✑✡❝✑✍t✏✚ ✇✍✑✗ ✑✗✡

✠✑✒✑✍✠✑✍❝✒❛ ✎t✑✍✈✒✑✍t✏ ✕✡✠❝✌✍❜✡✕ ❜✡❛t✇✚ ✒✏✕ ✑✗✡ t✌✍❣✍✏✒❛ ✡✠✑✍✎✒✑✡✕ ❝t✖✏✑✠ ✇✍✑✗ ❛✡✏❣✑✗ t❞❞✠✡✑ ❞t✌ ✛●❊ ✕✡✑✡❝✑✍t✏✘

❲✡ ✌✡❝t✎✎✡✏✕ ❝t✏✠✑✌✖❝✑✍✏❣ ✒ ❈❙● ✦❛✡ ✑✗✒✑ ✪✡✡☞✠ ✑✌✒❝✪ t❞ ✑✗✡ ✠✒✎☞❛✡ ✍✕✡✏✑✍✦✡✌✠ ✒✏✕ ✒✏✓ ✌✡❛✡✈✒✏✑ ✈✒✌✍✒❜❛✡✠✚

✡✘❣✘ ❝t✏✕✍✑✍t✏✚ ✑✍✎✡ ☞t✍✏✑✚ ❜✒✑❝✗✚ ✒✏✕ ✠t t✏✘ ❍✡✌✡ ✇✡ ✗✒✈✡ ✎✒✕✡ ✒ ✠✒✎☞❛✡ ❈❙● ✦❛✡ ✒✏✕ ☞✌t✈✍✕✡✕ ✍✑ ✒❛t✏❣ ✇✍✑✗ ✑✗✍✠

✇t✌✪✫t✇✧✠ ❘ ☞✒❝✪✒❣✡✚ ❏◗✿s✰✲❉sr✘ ✙❞ ✒ ✖✠✡✌ ✍✠ ✒☞☞❛✓✍✏❣ ✑✗✡ ❝t✕✡ ✍✏ ✑✗✍✠ ✇t✌✪✫t✇ ✇✍✑✗ ✗✡✌ t✇✏ ❘✞❆✟✠✡☛ ✕✒✑✒✚

✠✗✡ ✕t✡✠ ✏t✑ ✏✡✡✕ ✑t ❛t✒✕ ✑✗✡ ❏◗✿s✰✲❉sr ☞✒❝✪✒❣✡✘ ✙❞ ✒ ✖✠✡✌ ✍✠ ✌✖✏✏✍✏❣ ✑✗✌t✖❣✗ ✑✗✡ ❝t✕✡ ✍✏ ✑✗✍✠ ✇t✌✪✫t✇ ✇✍✑✗ ✑✗✡

✇t✌✪✫t✇ ✠✍✎✖❛✒✑✡✕ ✕✒✑✒✚ ✠✗✡ ✕t✡✠ ✏✡✡✕ ✑t ❛t✒✕ ✑✗✡ ❏◗✿s✰✲❉sr ☞✒❝✪✒❣✡✘

✙✏ t✌✕✡✌ ✑t ✦✏✕ ✑✗✍✠ ❈❙● ✦❛✡✚ ✇✡ ✦✌✠✑ ✏✡✡✕ ✑t ✪✏t✇ ✇✗✡✌✡ t✏ ✑✗✡ ✎✒❝✗✍✏✡ ✑✗✍✠ ✇t✌✪✫t✇ ☞✒❝✪✒❣✡ ❛✍✈✡✠✚ ✠t ✇✡

❝✒✏ ☞t✍✏✑ ✑t ✑✗✡ extdata ✕✍✌✡❝✑t✌✓ ✇✗✡✌✡ ✑✗✡ ❈❙● ✦❛✡ ✍✠ ❛t❝✒✑✡✕✘ ✜✗✡✠✡ ✑✇t ❛✍✏✡✠ t❞ ❝t✕✡ ❛t✒✕ ✑✗✡ ✇t✌✪✫t✇

☞✒❝✪✒❣✡ ✒✏✕ ✦✏✕ ✑✗✍✠ ✕✍✌✡❝✑t✌✓ t✏ ✑✗✡ ✎✒❝✗✍✏✡✘ ❆❣✒✍✏✚ ✑✗✡✠✡ ✑✇t ❛✍✏✡✠ t❞ ❝t✕✡ ✇t✖❛✕ ✑✗✡✌✡❞t✌✡ ✏t✑ ❜✡ ☞✒✌✑ t❞ ✒

❄❚❭✵▼✿❧ ✒✏✒❛✓✠✍✠ ✖✠✍✏❣ t✏✡✧✠ t✇✏ ❘✞❆✟✠✡☛ ✕✒✑✒✘

library(rnaseqDTU)

csv.dir <- system.file("extdata", package="rnaseqDTU")

✜✗✡ ❈❙● ✦❛✡ ✌✡❝t✌✕✠ ✇✗✍❝✗ ✠✒✎☞❛✡✠ ✒✌✡ ❝t✏✕✍✑✍t✏ ✶ ✒✏✕ ✇✗✍❝✗ ✒✌✡ ❝t✏✕✍✑✍t✏ ✷✘ ✜✗✡ ❝t❛✖✎✏✠ t❞ ✑✗✍✠ ❈❙●

✦❛✡ ❝✒✏ ✗✒✈✡ ✒✏✓ ✏✒✎✡✠✚ ✒❛✑✗t✖❣✗ sample_id ✇✍❛❛ ❜✡ ✖✠✡✕ ❛✒✑✡✌ ❜✓ ❉✴❂❃✯✰✲✚ ✒✏✕ ✠t ✖✠✍✏❣ ✑✗✍✠ ❝t❛✖✎✏ ✏✒✎✡

✒❛❛t✇✠ ✖✠ ✑t ☞✒✠✠ ✑✗✍✠ ❡✿❄✿❞❋❏✿✾✰ ✕✍✌✡❝✑❛✓ ✑t ❉✴❂❃✯✰✲ ✒✑ ✒ ❛✒✑✡✌ ✠✑✡☞✘

samps <- read.csv(file.path(csv.dir, "samples.csv"))

head(samps)

➞➟➠➡ ➸ ➤➥ ➦➧
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##   sample_id condition

## 1      s1_1         1

## 2      s2_1         1

## 3      s3_1         1

## 4      s4_1         1

## 5      s5_1         1

## 6      s6_1         1

samps$condition <- factor(samps$condition)

table(samps$condition)

##

## 1 2

## 6 6

files <- file.path("/path/to/dir", samps$sample_id, "quant.sf")

names(files) <- samps$sample_id

head(files)

##                         s1_1                         s2_1

## "/path/to/dir/s1_1/quant.sf" "/path/to/dir/s2_1/quant.sf"

##                         s3_1                         s4_1

## "/path/to/dir/s3_1/quant.sf" "/path/to/dir/s4_1/quant.sf"

##                         s5_1                         s6_1

## "/path/to/dir/s5_1/quant.sf" "/path/to/dir/s6_1/quant.sf"

❲✡ ❝✒✏ ✑✗✡✏ ✍✎☞t✌✑ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ❝t✖✏✑✠ ✖✠✍✏❣ ❄❬✵✾❭❈❏❄✘ ❨t✌ ✛✜✢ ✒✏✒❛✓✠✍✠✚ ✇✡ ✠✖❣❣✡✠✑ ❣✡✏✡✌✒✑✍✏❣ ❝t✖✏✑✠ ❞✌t✎

✒❜✖✏✕✒✏❝✡✚ ✖✠✍✏❣ ✑✗✡ scaledTPM ✎✡✑✗t✕ ✕✡✠❝✌✍❜✡✕ ❜✓ ❙t✏✡✠t✏ ✰❄ ✿❧✘✶✻✘ ✜✗✡ countsFromAbundance

t☞✑✍t✏ t❞ ❄❬✵✾❭❈❏❄ ✖✠✡✠ ✡✠✑✍✎✒✑✡✕ ✒❜✖✏✕✒✏❝✡✠ ✑t ❣✡✏✡✌✒✑✡ ✌t✖❣✗❛✓ ❝t✖✏✑✟✠❝✒❛✡✕ ✕✒✑✒✚ ✠✖❝✗ ✑✗✒✑ ✡✒❝✗ ❝t❛✖✎✏ ✇✍❛❛

✠✖✎ ✑t ✑✗✡ ✏✖✎❜✡✌ t❞ ✌✡✒✕✠ ✎✒☞☞✡✕ ❞t✌ ✑✗✒✑ ❛✍❜✌✒✌✓✘ ❇✓ ✖✠✍✏❣ scaledTPM ❝t✖✏✑✠✚ ✑✗✡ ✡✠✑✍✎✒✑✡✕ ☞✌t☞t✌✑✍t✏✠ ✦✑

❜✓ ❉✴❂❃✯✰✲✚ ✇✗✍❝✗ ✒✌✡ ❣✡✏✡✌✒✑✡✕ ❞✌t✎ ❝t✖✏✑✠✚ ✇✍❛❛ ❜✡ ✡☛✖✍✈✒❛✡✏✑ ✑t ☞✌t☞t✌✑✍t✏✠ t❞ ✑✗✡ ✒❜✖✏✕✒✏❝✡ t❞ ✑✗✡ ✍✠t❞t✌✎✠✘

✙❞ ✍✏✠✑✡✒✕ t❞ scaledTPM✚ ✇✡ ✖✠✡✕ ✑✗✡ t✌✍❣✍✏✒❛ ✡✠✑✍✎✒✑✡✕ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ✭countsFromAbundance="no"✣✚

t✌ ✍❞ ✇✡ ✖✠✡✕ lengthScaledTPM ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠✚ ✑✗✡✏ ✒ ❝✗✒✏❣✡ ✍✏ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ✒✎t✏❣ ✑✌✒✏✠❝✌✍☞✑✠ t❞

✕✍❞❞✡✌✡✏✑ ❛✡✏❣✑✗ ❝t✖❛✕ ✌✡✠✖❛✑ ✍✏ ✒ ❝✗✒✏❣✡✕ ✑t✑✒❛ ❝t✖✏✑ ❞t✌ ✑✗✡ ❣✡✏✡✚ ✡✈✡✏ ✍❞ ✑✗✡✌✡ ✍✠ ✏t ❝✗✒✏❣✡ ✍✏ ✑t✑✒❛ ❣✡✏✡ ✡①☞✌✡✠✟

✠✍t✏✘ ❨t✌ ✎t✌✡ ✕✡✑✒✍❛ ✒✏✕ ✒ ✕✍✒❣✌✒✎ t❞ ✑✗✍✠ ✡❞❞✡❝✑✚ ✇✡ ✌✡❞✡✌ ✑✗✡ ✌✡✒✕✡✌ ✑t ❨✍❣✖✌✡ ✶ t❞ ✜✌✒☞✏✡❛❛ ✰❄ ✿❧✘✷✶✘ ❇✌✍✡✫✓✚ ✑✗✍✠

✍✠ ❜✡❝✒✖✠✡ ✑✗✡ t✌✍❣✍✏✒❛ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ✒✏✕ lengthScaledTPM ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ✠❝✒❛✡ ✇✍✑✗ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗✚

✇✗✍❛✡ scaledTPM ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ✕t ✏t✑✘ ❆ ❝✗✒✏❣✡ ✍✏ ✑✗✡ ✑t✑✒❛ ❝t✖✏✑ ❞t✌ ✑✗✡ ❣✡✏✡✚ ✏t✑ ❝t✌✌✡❝✑✡✕ ❜✓ ✒✏ t❞❞✠✡✑✚

❝t✖❛✕ ✑✗✡✏ ❜✍✒✠ ✑✗✡ ❝✒❛❝✖❛✒✑✍t✏ t❞ ☞✌t☞t✌✑✍t✏✠ ✒✏✕ ✑✗✡✌✡❞t✌✡ ❝t✏❞t✖✏✕ ✛✜✢ ✒✏✒❛✓✠✍✠✘ ❨t✌ ✑✡✠✑✍✏❣ ✛✜✢ ✖✠✍✏❣ ❉✴❂❃❫

✯✰✲ ✒✏✕ ❉✬✮✯✰✲✚ ✍✑ ✍✠ ❝t✏✈✡✏✍✡✏✑ ✍❞ ✑✗✡ ❝t✖✏✑✟✠❝✒❛✡ ✕✒✑✒ ✕t ◗❈❄ ✠❝✒❛✡ ✇✍✑✗ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗ ✇✍✑✗✍✏ ✒ ❣✡✏✡✘ ✜✗✍✠

❝t✖❛✕ ❜✡ ❝t✌✌✡❝✑✡✕ ❜✓ ✒✏ t❞❞✠✡✑✚ ❜✖✑ ✑✗✍✠ ✍✠ ✏t✑ ✡✒✠✍❛✓ ✍✎☞❛✡✎✡✏✑✡✕ ✍✏ ✑✗✡ ❝✖✌✌✡✏✑ ✛✜✢ ✒✏✒❛✓✠✍✠ ☞✒❝✪✒❣✡✠✘ ❨t✌

✳✰◗✰❫❧✰❴✰❧ ✒✏✒❛✓✠✍✠ ✭✛●❊✣✚ ✇✡ ❝✒✏ ✖✠✡ ❣✡✏✡✟❛✡✈✡❛ t✌✍❣✍✏✒❛ ❝t✖✏✑✠ ✇✍✑✗ ✒✏ ✒✈✡✌✒❣✡ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗ t❞❞✠✡✑✚ ❣✡✏✡✟

❛✡✈✡❛ scaledTPM ❝t✖✏✑✠✚ t✌ ❣✡✏✡✟❛✡✈✡❛ lengthScaledTPM ❝t✖✏✑✠✚ ✒✠ ✒❛❛ t❞ ✑✗✡✠✡ ✑✗✌✡✡ ✎✡✑✗t✕✠ ❝t✏✑✌t❛ ❞t✌

✑✗✡ ❛✡✏❣✑✗ ❜✍✒✠ ✕✡✠❝✌✍❜✡✕ ❜✓ ✜✌✒☞✏✡❛❛ ✰❄ ✿❧✘✷✶ ✒✏✕ ❙t✏✡✠t✏ ✰❄ ✿❧✘✶✻✘ ❖✖✌ ✛✜✢ ✒✏✕ ✛●❊ countsFromAbundance

✌✡❝t✎✎✡✏✕✒✑✍t✏✠ ✒✌✡ ✠✖✎✎✒✌✍✔✡✕ ✍✏ ❨✍❣✖✌✡ ✶✘

❆ ✦✏✒❛ ✏t✑✡ ✍✠ ✑✗✒✑✚ ✑✗✡ ✎t✑✍✈✒✑✍t✏ ❞t✌ ✖✠✍✏❣ scaledTPM ❝t✖✏✑✠ ✗✍✏❣✡✠ t✏ ✑✗✡ ❞✒❝✑ ✑✗✒✑ ✡✠✑✍✎✒✑✡✕ ❞✌✒❣✎✡✏✑

❝t✖✏✑✠ ✠❝✒❛✡ ✇✍✑✗ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗ ✍✏ ❞✌✒❣✎✡✏✑✡✕ ❘✞❆✟✠✡☛ ✕✒✑✒✘ ✙❞ ✒ ✕✍❞❞✡✌✡✏✑ ✡①☞✡✌✍✎✡✏✑ ✍✠ ☞✡✌❞t✌✎✡✕ ✒✏✕

✒ ✕✍❞❞✡✌✡✏✑ ☛✖✒✏✑✍✦❝✒✑✍t✏ ✎✡✑✗t✕ ✖✠✡✕ ✑t ☞✌t✕✖❝✡ ❝t✖✏✑✠ ☞✡✌ ✑✌✒✏✠❝✌✍☞✑ ✇✗✍❝✗ ❡❈ ◗❈❄ ✠❝✒❛✡ ✇✍✑✗ ✑✌✒✏✠❝✌✍☞✑

❛✡✏❣✑✗✚ ✑✗✡✏ ✑✗✡ ✌✡❝t✎✎✡✏✕✒✑✍t✏ ✇t✖❛✕ ❜✡ ✑t ✖✠✡ ✑✗✡✠✡ ❝t✖✏✑✠ ☞✡✌ ✑✌✒✏✠❝✌✍☞✑ ✕✍✌✡❝✑❛✓✘ ❊①✒✎☞❛✡✠ t❞ ✡①☞✡✌✍✎✡✏✑✠

☞✌t✕✖❝✍✏❣ ❝t✖✏✑✠ ☞✡✌ ✑✌✒✏✠❝✌✍☞✑ ✑✗✒✑ ✇t✖❛✕ ☞t✑✡✏✑✍✒❛❛✓ ✏t✑ ✠❝✒❛✡ ✇✍✑✗ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗ ✍✏❝❛✖✕✡ ❝t✖✏✑✠ t❞ ❞✖❛❛✟

✑✌✒✏✠❝✌✍☞✑✟❛✡✏❣✑✗ t✌ ✏✡✒✌❛✓✟❞✖❛❛✟✑✌✒✏✠❝✌✍☞✑✟❛✡✏❣✑✗ ✌✡✒✕✠✚ t✌ ❝t✖✏✑✠ t❞ ✸✧ ✑✒❣❣✡✕ ❘✞❆✟✠✡☛ ✌✡✒✕✠ ✒❣❣✌✡❣✒✑✡✕ ✑t

✑✌✒✏✠❝✌✍☞✑ ❣✌t✖☞✠✘ ✙✏ ✡✍✑✗✡✌ ❝✒✠✡✚ ✑✗✡ ✠✑✒✑✍✠✑✍❝✒❛ ✎✡✑✗t✕✠ ❞t✌ ✛✜✢ ❝t✖❛✕ ❜✡ ☞✌t✈✍✕✡✕ ✕✍✌✡❝✑❛✓ ✇✍✑✗ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑

❝t✖✏✑✠✘

✜✗✡ ❞t❛❛t✇✍✏❣ ❝t✕✡ ❝✗✖✏✪ ✍✠ ✇✗✒✑ t✏✡ ✇t✖❛✕ ✖✠✡ ✍✏ ✒ ✑✓☞✍❝✒❛ ✒✏✒❛✓✠✍✠✚ ❜✖✑ ✍✠ ✏t✑ ✡✈✒❛✖✒✑✡✕ ✍✏ ✑✗✍✠ ✇t✌✪✫t✇

❜✡❝✒✖✠✡ ✑✗✡ ☛✖✒✏✑✍✦❝✒✑✍t✏ ✦❛✡✠ ✒✌✡ ✏t✑ ☞✌t✈✍✕✡✕ ✍✏ ✑✗✡ ❏◗✿s✰✲❉sr ☞✒❝✪✒❣✡ ✕✖✡ ✑t ✠✍✔✡ ✌✡✠✑✌✍❝✑✍t✏✠✘ ✙✏✠✑✡✒✕ ✇✡ ✇✍❛❛

❛t✒✕ ✒ ☞✌✡✟❝t✏✠✑✌✖❝✑✡✕ ✎✒✑✌✍① t❞ ❝t✖✏✑✠ ❜✡❛t✇✘ ✙✏ ✒ ✑✓☞✍❝✒❛ ✇t✌✪✫t✇✚ ✑✗✡ ❝t✕✡ ❜✡❛t✇ ✇t✖❛✕ ❜✡ ✖✠✡✕ ✑t ❣✡✏✡✌✒✑✡

➞➟➠➡ ➽ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



✑✗✡ ✎✒✑✌✍① t❞ ❝t✖✏✑✠ ❞✌t✎ ✑✗✡ ☛✖✒✏✑✍✦❝✒✑✍t✏ ✦❛✡✠✘ ❆❛❛ t❞ ✑✗✡ ☛✖✒✏✑✍✦❝✒✑✍t✏ ✦❛✡✠ ✒✏✕ ✠✍✎✖❛✒✑✡✕ ✌✡✒✕✠ ❞t✌ ✑✗✍✠

✕✒✑✒✠✡✑ ✗✒✈✡ ❜✡✡✏ ✎✒✕✡ ☞✖❜❛✍❝❛✓ ✒✈✒✍❛✒❜❛✡ t✏ ❩✰◗❈❡❈✭ ✠✡✡ ✑✗✡ ❉✿❄✿ ✿❴✿✵❧✿❉✵❧✵❄❚ ✠✡❝✑✍t✏ ✒✑ ✑✗✡ ✡✏✕ t❞ ✑✗✍✠ ✇t✌✪✫t✇✘

library(tximport)

txi <- tximport(files, type="salmon", txOut=TRUE,

                countsFromAbundance="scaledTPM")

cts <- txi$counts

cts <- cts[rowSums(cts) > 0,]

�✁✡✏✠✄✁✟✂�❚�✆❚✂☎✏☎ ✎✡✂✂✟✏✂

❇✍t❝t✏✕✖❝✑t✌ t❞❞✡✌✠ ✏✖✎✡✌t✖✠ ✒☞☞✌t✒❝✗✡✠ ❞t✌ ❜✖✍❛✕✍✏❣ ✒ s❬❉❉ t❜✥✡❝✑✚ ✒ ✑✌✒✏✠❝✌✍☞✑ ✕✒✑✒❜✒✠✡ ✑✗✒✑ ❝✒✏ ❜✡ ✖✠✡✕

✑t ❛✍✏✪ ✑✌✒✏✠❝✌✍☞✑✠ ✑t ❣✡✏✡✠ ✭✒✎t✏❣ t✑✗✡✌ ✖✠✡✠✣✘ ✜✗✡ ❞t❛❛t✇✍✏❣ ❝t✕✡ ❝✗✖✏✪✠ ✇✡✌✡ ✖✠✡✕ ✑t ❣✡✏✡✌✒✑✡ ✒ s❬❉❉✚

✒✏✕ ✑✗✡✏ ✖✠✡ ✑✗✡ select ❞✖✏❝✑✍t✏ ✇✍✑✗ ✑✗✡ s❬❉❉ ✑t ☞✌t✕✖❝✡ ✒ ❝t✌✌✡✠☞t✏✕✍✏❣ ❡✿❄✿❞❋❏✿✾✰ ❝✒❛❛✡✕ txdf ✇✗✍❝✗

❛✍✏✪✠ ✑✌✒✏✠❝✌✍☞✑ ✙✛✠ ✑t ❣✡✏✡ ✙✛✠✘ ✙✏ ✑✗✍✠ s❬❉❉✚ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑ ✙✛✠ ✒✌✡ ❝✒❛❛✡✕ TXNAME ✒✏✕ ✑✗✡ ❣✡✏✡ ✙✛✠ ✒✌✡ ❝✒❛❛✡✕

GENEID✘ ✜✗✡ ✈✡✌✠✍t✏ ✷❊ ✗✖✎✒✏ ●✜❨ ✦❛✡ ✇✒✠ ✕t✇✏❛t✒✕✡✕ ❞✌t✎ ✑✗✡ ●❊✞❈❖✛❊ ✇✡❜✠✍✑✡ ✇✗✡✏ ✕t✇✏❛t✒✕✟

✍✏❣ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✠ ❨❆❙✜❆ ✦❛✡✘ ✛✖✡ ✑t ✠✍✔✡ ✌✡✠✑✌✍❝✑✍t✏✠✚ ✏✡✍✑✗✡✌ ✑✗✡ gencode.v28.annotation.gtf.gz

✦❛✡ ✏t✌ ✑✗✡ ❣✡✏✡✌✒✑✡✕ .sqlite ✦❛✡ ✒✌✡ ✍✏❝❛✖✕✡✕ ✍✏ ✑✗✡ ❏◗✿s✰✲❉sr ☞✒❝✪✒❣✡✘

library(GenomicFeatures)

gtf <- "gencode.v28.annotation.gtf.gz"

txdb.filename <- "gencode.v28.annotation.sqlite"

txdb <- makeTxDbFromGFF(gtf)

saveDb(txdb, txdb.filename)

❖✏❝✡ ✑✗✡ s❬❉❉ ✕✒✑✒❜✒✠✡ ✗✒✠ ❜✡✡✏ ❣✡✏✡✌✒✑✡✕ ✒✏✕ ✠✒✈✡✕✚ ✍✑ ❝✒✏ ❜✡ ☛✖✍❝✪❛✓ ✌✡❛t✒✕✡✕✤

txdb <- loadDb(txdb.filename)

txdf <- select(txdb, keys(txdb, "GENEID"), "TXNAME", "GENEID")

tab <- table(txdf$GENEID)

txdf$ntx <- tab[match(txdf$GENEID, names(tab))]

❉✁■�❙☎❙

❲✡ ❛t✒✕ ✑✗✡ cts t❜✥✡❝✑ ✒✠ ❝✌✡✒✑✡✕ ✍✏ ✑✗✡ ❄❬✵✾❭❈❏❄ ❝t✕✡ ❝✗✖✏✪✠✘ ✜✗✍✠ ❝t✏✑✒✍✏✠ ❝t✖✏✑✟✠❝✒❛✡ ✕✒✑✒✚ ❣✡✏✡✌✟

✒✑✡✕ ❞✌t✎ ✒❜✖✏✕✒✏❝✡ ✖✠✍✏❣ ✑✗✡ scaledTPM ✎✡✑✗t✕✘ ✜✗✡ ❝t❛✖✎✏ ✠✖✎✠ ✒✌✡ ✡☛✖✒❛ ✑t ✑✗✡ ✏✖✎❜✡✌ t❞ ✎✒☞☞✡✕

☞✒✍✌✡✕✟✡✏✕ ✌✡✒✕✠ ☞✡✌ ✡①☞✡✌✍✎✡✏✑✘ ✜✗✡ ✡①☞✡✌✍✎✡✏✑✠ ✗✒✈✡ ❜✡✑✇✡✡✏ ✸✶ ✒✏✕ ✸❊ ✎✍❛❛✍t✏ ☞✒✍✌✡✕✟✡✏✕ ✌✡✒✕✠ ✑✗✒✑ ✇✡✌✡

✎✒☞☞✡✕ ✑t ✑✗✡ ✑✌✒✏✠❝✌✍☞✑t✎✡ ✖✠✍✏❣ ✯✿❧✾❈◗✘

data(salmon_cts)

cts[1:3,1:3]

##                         s1_1       s2_1       s3_1

## ENST00000488147.1 179.798908 184.437348 229.046306

## ENST00000469289.1   0.000000   0.000000   0.000000

## ENST00000466430.5   5.004159   3.627831   9.463167

range(colSums(cts)/1e6)

## [1] 31.37738 38.47173

❲✡ ✒❛✠t ✗✒✈✡ ✑✗✡ txdf t❜✥✡❝✑ ❣✍✈✍✏❣ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟✑t✟❣✡✏✡ ✎✒☞☞✍✏❣✠ ✭❞t✌ ❝t✏✠✑✌✖❝✑✍t✏✚ ✠✡✡ ☞✌✡✈✍t✖✠ ✠✡❝✑✍t✏✣✘

✜✗✍✠ ✍✠ ❝t✏✑✒✍✏✡✕ ✍✏ ✒ ✦❛✡ ❝✒❛❛✡✕ simulate.rda ✑✗✒✑ ❝t✏✑✒✍✏✠ ✒ ✏✖✎❜✡✌ t❞ ❘ t❜✥✡❝✑✠ ✇✍✑✗ ✍✏❞t✌✎✒✑✍t✏ ✒❜t✖✑ ✑✗✡

✠✍✎✖❛✒✑✍t✏✚ ✑✗✒✑ ✇✡ ✇✍❛❛ ✖✠✡ ❛✒✑✡✌ ✑t ✒✠✠✡✠✠ ✑✗✡ ✎✡✑✗t✕✠✧ ☞✡✌❞t✌✎✒✏❝✡✘

data(simulate)

head(txdf)

##               GENEID            TXNAME ntx

## 1 ENSG00000000003.14 ENST00000612152.4   5

## 2 ENSG00000000003.14 ENST00000373020.8   5

➞➟➠➡ ➧➩ ➤➥ ➦➧
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## 3 ENSG00000000003.14 ENST00000614008.4   5

## 4 ENSG00000000003.14 ENST00000496771.5   5

## 5 ENSG00000000003.14 ENST00000494424.1   5

## 6  ENSG00000000005.5 ENST00000373031.4   2

all(rownames(cts) %in% txdf$TXNAME)

## [1] TRUE

txdf <- txdf[match(rownames(cts),txdf$TXNAME),]

all(rownames(cts) == txdf$TXNAME)

## [1] TRUE

✙✏ t✌✕✡✌ ✑t ✌✖✏ ❉✴❂❃✯✰✲✚ ✇✡ ❜✖✍❛✕ ✒ ❡✿❄✿❞❋❏✿✾✰ ✇✍✑✗ ✑✗✡ ❣✡✏✡ ✙✛✚ ✑✗✡ ❞✡✒✑✖✌✡ ✭✑✌✒✏✠❝✌✍☞✑✣ ✙✛✚ ✒✏✕ ✑✗✡✏ ❝t❛✖✎✏✠

❞t✌ ✡✒❝✗ t❞ ✑✗✡ ✠✒✎☞❛✡✠✤

counts <- data.frame(gene_id=txdf$GENEID,

                     feature_id=txdf$TXNAME,

                     cts)

❲✡ ❝✒✏ ✏t✇ ❛t✒✕ ✑✗✡ ❉✴❂❃✯✰✲ ☞✒❝✪✒❣✡ ✒✏✕ ❝✌✡✒✑✡ ✒ ❡✾❉✯❡✿❄✿ t❜✥✡❝✑✚ ✇✍✑✗ t✖✌ counts ✒✏✕ samps

❡✿❄✿❞❋❏✿✾✰s✘ ✜✓☞✍✏❣ ✍✏ ✑✗✡ t❜✥✡❝✑ ✏✒✎✡ ✒✏✕ ☞✌✡✠✠✍✏❣ ✌✡✑✖✌✏ ✇✍❛❛ ❣✍✈✡ ✍✏❞t✌✎✒✑✍t✏ ✒❜t✖✑ ✑✗✡ ✏✖✎❜✡✌ t❞ ❣✡✏✡✠✤

library(DRIMSeq)

d <- dmDSdata(counts=counts, samples=samps)

d

## An object of class dmDSdata

## with 16612 genes and 12 samples

## * data accessors: counts(), samples()

✜✗✡ ❡✾❉✯❡✿❄✿ t❜✥✡❝✑ ✗✒✠ ✒ ✏✖✎❜✡✌ t❞ ✠☞✡❝✍✦❝ ✎✡✑✗t✕✠✘ ✞t✑✡ ✑✗✒✑ ✑✗✡ ✌t✇✠ t❞ ✑✗✡ t❜✥✡❝✑ ✒✌✡ ❣✡✏✡✟t✌✍✡✏✑✡✕✚ ✠t

☞✖❛❛✍✏❣ t✖✑ ✑✗✡ ✦✌✠✑ ❏❈❑ ❝t✌✌✡✠☞t✏✕✠ ✑t ✒❛❛ t❞ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✠ t❞ ✑✗✡ ✦✌✠✑ ❣✡✏✡✤

methods(class=class(d))

## [1] [           coerce      counts      dmFilter      dmPrecision length

## [7] names       plotData    show

## see ’?methods’ for accessing help and source code

counts(d[1,])[,1:4]

##              gene_id        feature_id       s1_1       s2_1

## 1 ENSG00000000419.12 ENST00000371588.9 1394.71411 1210.12539

## 2 ENSG00000000419.12 ENST00000466152.5  135.15850   18.20031

## 3 ENSG00000000419.12 ENST00000371582.8  154.77943   35.39425

## 4 ENSG00000000419.12 ENST00000371584.8   42.85733   86.04958

## 5 ENSG00000000419.12 ENST00000413082.1    0.00000    0.00000

✙✑ ✇✍❛❛ ❜✡ ✖✠✡❞✖❛ ✑t ✦✌✠✑ ✦❛✑✡✌ ✑✗✡ t❜✥✡❝✑✚ ❜✡❞t✌✡ ✌✖✏✏✍✏❣ ☞✌t❝✡✕✖✌✡✠ ✑t ✡✠✑✍✎✒✑✡ ✎t✕✡❛ ☞✒✌✒✎✡✑✡✌✠✘ ✜✗✍✠ ❣✌✡✒✑❛✓

✠☞✡✡✕✠ ✖☞ ✑✗✡ ✦✑✑✍✏❣ ✒✏✕ ✌✡✎t✈✡✠ ✑✌✒✏✠❝✌✍☞✑✠ ✑✗✒✑ ✎✒✓ ❜✡ ✑✌t✖❜❛✡✠t✎✡ ❞t✌ ☞✒✌✒✎✡✑✡✌ ✡✠✑✍✎✒✑✍t✏✚ ✡✘❣✘ ✡✠✑✍✎✒✑✟

✍✏❣ ✑✗✡ ☞✌t☞t✌✑✍t✏ t❞ ✡①☞✌✡✠✠✍t✏ ✒✎t✏❣ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✠ t❞ ✒ ❣✡✏✡ ✇✗✡✏ ✑✗✡ ✑t✑✒❛ ❝t✖✏✑ ✍✠ ✈✡✌✓ ❛t✇✘ ❲✡ ✦✌✠✑ ✕✡✦✏✡

n ✑t ❜✡ ✑✗✡ ✑t✑✒❛ ✏✖✎❜✡✌ t❞ ✠✒✎☞❛✡✠✚ ✒✏✕ n.small ✑t ❜✡ ✑✗✡ ✠✒✎☞❛✡ ✠✍✔✡ t❞ ✑✗✡ ✠✎✒❛❛✡✠✑ ❣✌t✖☞✘ ❲✡ ✖✠✡ ✒❛❛ ✑✗✌✡✡

t❞ ✑✗✡ ☞t✠✠✍❜❛✡ ✦❛✑✡✌✠✤ ❞t✌ ✒ ✑✌✒✏✠❝✌✍☞✑ ✑t ❜✡ ✌✡✑✒✍✏✡✕ ✍✏ ✑✗✡ ✕✒✑✒✠✡✑✚ ✇✡ ✌✡☛✖✍✌✡ ✑✗✒✑ ✭✶✣ ✍✑ ✗✒✠ ✒ ❝t✖✏✑ t❞ ✒✑ ❛✡✒✠✑

✶✶ ✍✏ ✒✑ ❛✡✒✠✑ n.small ✠✒✎☞❛✡✠✚ ✭✷✣ ✍✑ ✗✒✠ ✒ ✌✡❛✒✑✍✈✡ ✒❜✖✏✕✒✏❝✡ ☞✌t☞t✌✑✍t✏ t❞ ✒✑ ❛✡✒✠✑ ✶✘✶ ✍✏ ✒✑ ❛✡✒✠✑ n.small

✠✒✎☞❛✡✠✚ ✒✏✕ ✭✸✣ ✑✗✡ ✑t✑✒❛ ❝t✖✏✑ t❞ ✑✗✡ ❝t✌✌✡✠☞t✏✕✍✏❣ ❣✡✏✡ ✍✠ ✒✑ ❛✡✒✠✑ ✶✶ ✍✏ ✒❛❛ n ✠✒✎☞❛✡✠✘ ❲✡ ✖✠✡✕ ✒❛❛ ✑✗✌✡✡

☞t✠✠✍❜❛✡ ✦❛✑✡✌✠✚ ✇✗✡✌✡✒✠ t✏❛✓ ✑✗✡ ✑✇t ❝t✖✏✑ ✦❛✑✡✌✠ ✒✌✡ ✖✠✡✕ ✍✏ ✑✗✡ ❉✴❂❃✯✰✲ ✈✍❣✏✡✑✑✡ ✡①✒✎☞❛✡ ❝t✕✡✘

➞➟➠➡ ➧➧ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



✙✑ ✍✠ ✍✎☞t✌✑✒✏✑ ✑t ❝t✏✠✍✕✡✌ ✇✗✒✑ ✑✓☞✡✠ t❞ ✑✌✒✏✠❝✌✍☞✑✠ ✎✒✓ ❜✡ ✌✡✎t✈✡✕ ❜✓ ✑✗✡ ✦❛✑✡✌✠✚ ✒✏✕ ☞t✑✡✏✑✍✒❛❛✓ ✒✕✥✖✠✑ ✕✡☞✡✏✕✟

✍✏❣ t✏ ✑✗✡ ✕✒✑✒✠✡✑✘ ✙❞ n ✇✒✠ ❛✒✌❣✡✚ ✍✑ ✇t✖❛✕ ✎✒✪✡ ✠✡✏✠✡ ✑t ✒❛❛t✇ ☞✡✌✗✒☞✠ ✒ ❞✡✇ ✠✒✎☞❛✡✠ ✑t ✗✒✈✡ ✈✡✌✓ ❛t✇ ❝t✖✏✑✠✚ ✠t

❛t✇✡✌✍✏❣ min_samps_gene_expr ✑t ✠t✎✡ ❞✒❝✑t✌ ✎✖❛✑✍☞❛✡ ✭✭ ✶✣ t❞ n✚ ✒✏✕ ❛✍✪✡✇✍✠✡ ❞t✌ ✑✗✡ ✦✌✠✑ ✑✇t ✦❛✑✡✌✠ ❞t✌
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n <- 12

n.small <- 6

d <- dmFilter(d,

              min_samps_feature_expr=n.small, min_feature_expr=10,

              min_samps_feature_prop=n.small, min_feature_prop=0.1,

              min_samps_gene_expr=n, min_gene_expr=10)

d

## An object of class dmDSdata

## with 7764 genes and 12 samples

## * data accessors: counts(), samples()
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table(table(counts(d)$gene_id))

##

##    2    3    4    5    6    7

## 4062 2514  931  222   34    1
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design_full <- model.matrix(~condition, data=DRIMSeq::samples(d))

colnames(design_full)

## [1] "(Intercept)" "condition2"
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d <- d[1:250,]

7764 / 250

## [1] 31.056
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set.seed(1)

system.time({

  d <- dmPrecision(d, design=design_full)

  d <- dmFit(d, design=design_full)

  d <- dmTest(d, coef="condition2")

})

## ! Using a subset of 0.1 genes to estimate common precision !

## ! Using common_precision = 21.2862 as prec_init !

## ! Using 0 as a shrinkage factor !

##    user  system elapsed

##  34.213   0.450  35.846
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res <- DRIMSeq::results(d)

head(res)

##              gene_id        lr df       pvalue   adj_pvalue

## 1 ENSG00000000457.13  1.493561  4 8.277814e-01 9.120246e-01

## 2 ENSG00000000460.16  1.068294  3 7.847330e-01 9.101892e-01

## 3 ENSG00000000938.12  4.366806  2 1.126575e-01 2.750169e-01

## 4 ENSG00000001084.11  1.630085  3 6.525877e-01 8.643316e-01

## 5 ENSG00000001167.14 28.402587  1 9.853354e-08 5.007113e-07

## 6 ENSG00000001461.16  9.815460  1 1.730510e-03 6.732766e-03

res.txp <- DRIMSeq::results(d, level="feature")

head(res.txp)

##              gene_id         feature_id         lr df    pvalue adj_pvalue

## 1 ENSG00000000457.13 ENST00000367771.10 0.16587607  1 0.6838032  0.9171007

## 2 ENSG00000000457.13  ENST00000367770.5 0.01666448  1 0.8972856  0.9788571

## 3 ENSG00000000457.13  ENST00000367772.8 1.02668495  1 0.3109386  0.6667146

## 4 ENSG00000000457.13  ENST00000423670.1 0.06046507  1 0.8057624  0.9323782

## 5 ENSG00000000457.13  ENST00000470238.1 0.28905766  1 0.5908250  0.8713427

## 6 ENSG00000000460.16  ENST00000496973.5 0.83415788  1 0.3610730  0.7232298

❇✡❝✒✖✠✡ ✑✗✡ pvalue ❝t❛✖✎✏ ✎✒✓ ❝t✏✑✒✍✏ NA ✈✒❛✖✡✠✚ ✇✡ ✖✠✡ ✑✗✡ ❞t❛❛t✇✍✏❣ ❞✖✏❝✑✍t✏ ✑t ✑✖✌✏ ✑✗✡✠✡ ✍✏✑t ✶✧✠✘ ✜✗✡

NA ✈✒❛✖✡✠ ✇t✖❛✕ t✑✗✡✌✇✍✠✡ ❝✒✖✠✡ ☞✌t❜❛✡✎✠ ❞t✌ ✑✗✡ ✠✑✒❣✡✟✇✍✠✡ ✒✏✒❛✓✠✍✠✘ ❨✌t✎ ✍✏✈✡✠✑✍❣✒✑✍✏❣ ✑✗✡✠✡ NA ☞✟✈✒❛✖✡

❝✒✠✡✠ ❞t✌ ❉✴❂❃✯✰✲✚ ✑✗✡✓ ✒❛❛ t❝❝✖✌ ✇✗✡✏ t✏✡ ❝t✏✕✍✑✍t✏ ❣✌t✖☞ ✗✒✠ ✒❛❛ ✔✡✌t ❝t✖✏✑✠ ❞t✌ ✒ ✑✌✒✏✠❝✌✍☞✑✚ ❜✖✑ ✠✖❞✦✟

❝✍✡✏✑ ❝t✖✏✑✠ ❞✌t✎ ✑✗✡ t✑✗✡✌ ❝t✏✕✍✑✍t✏ ❣✌t✖☞✚ ✒✏✕ ✠✖❞✦❝✍✡✏✑ ❝t✖✏✑✠ ❞t✌ ✑✗✡ ❣✡✏✡✘ ❉✴❂❃✯✰✲ ✇✍❛❛ ✏t✑ ✡✠✑✍✎✒✑✡ ✒

☞✌✡❝✍✠✍t✏ ❞t✌ ✠✖❝✗ ✒ ❣✡✏✡✘ ✜✗✡✠✡ ✒❛❛ ✗✒☞☞✡✏ ✑t ❜✡ ✑✌✖✡ ☞t✠✍✑✍✈✡ ❣✡✏✡✠ ❞t✌ ✛✜✢ ✍✏ ✑✗✡ ✠✍✎✖❛✒✑✍t✏✚ ✇✗✡✌✡ ✑✗✡ ✍✠t❞t✌✎

✠✇✍✑❝✗ ✍✠ ✑t✑✒❛ t✌ ✏✡✒✌❛✓ ✑t✑✒❛✘ ❉✬✮✯✰✲✚ ✠✗t✇✏ ✍✏ ✒ ❛✒✑✡✌ ✠✡❝✑✍t✏✚ ✕t✡✠ ✏t✑ ☞✌t✕✖❝✡ NA ☞✟✈✒❛✖✡✠ ❞t✌ ✑✗✡✠✡ ❣✡✏✡✠✘ ❆

☞t✑✡✏✑✍✒❛ ✦① ✇t✖❛✕ ❜✡ ✑t ✖✠✡ ✒ ☞❛✖❣✟✍✏ ❝t✎✎t✏ t✌ ✑✌✡✏✕✡✕ ☞✌✡❝✍✠✍t✏ ❞t✌ ✠✖❝✗ ❣✡✏✡✠✚ ❜✖✑ ✑✗✍✠ ✍✠ ✏t✑ ✍✎☞❛✡✎✡✏✑✡✕ ✍✏

✑✗✡ ❝✖✌✌✡✏✑ ✈✡✌✠✍t✏ t❞ ❉✴❂❃✯✰✲✘

no.na <- function(x) ifelse(is.na(x), 1, x)

res$pvalue <- no.na(res$pvalue)

res.txp$pvalue <- no.na(res.txp$pvalue)

❲✡ ❝✒✏ ☞❛t✑ ✑✗✡ ✡✠✑✍✎✒✑✡✕ ☞✌t☞t✌✑✍t✏✠ ❞t✌ t✏✡ t❞ ✑✗✡ ✠✍❣✏✍✦❝✒✏✑ ❣✡✏✡✠✚ ✇✗✡✌✡ ✇✡ ❝✒✏ ✠✡✡ ✡✈✍✕✡✏❝✡ t❞ ✠✇✍✑❝✗✍✏❣

✭❨✍❣✖✌✡ ✸✣✘

➞➟➠➡ ➧➢ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



idx <- which(res$adj_pvalue < 0.05)[1]

res[idx,]

##              gene_id       lr df       pvalue    adj_pvalue

## 5 ENSG00000001167.14 28.40259  1 9.853354e-08  5.007113e-07

plotProportions(d, res$gene_id[idx], "condition")

✠�✡✂☎✁ ✝✆☛☛✆s✟✏✂ ❉✁■�❙☎❙

❇✡❝✒✖✠✡ ✇✡ ✗✒✈✡ ❜✡✡✏ ✇t✌✪✍✏❣ ✇✍✑✗ t✏❛✓ ✒ ✠✖❜✠✡✑ t❞ ✑✗✡ ✕✒✑✒✚ ✇✡ ✏t✇ ❛t✒✕ ✑✗✡ ✌✡✠✖❛✑✠ ✑✒❜❛✡✠ ✑✗✒✑ ✇t✖❛✕ ✗✒✈✡

❜✡✡✏ ❣✡✏✡✌✒✑✡✕ ❜✓ ✌✖✏✏✍✏❣ ❉✴❂❃✯✰✲ ❞✖✏❝✑✍t✏✠ t✏ ✑✗✡ ✡✏✑✍✌✡ ✕✒✑✒✠✡✑✘

data(drim_tables)

nrow(res)

## [1] 7764

nrow(res.txp)

## [1] 20711

❆ ✑✓☞✍❝✒❛ ✒✏✒❛✓✠✍✠ t❞ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ✇t✖❛✕ ✍✏✈t❛✈✡ ✒✠✪✍✏❣ ✦✌✠✑✤ ➇✇✗✍❝✗ ❣✡✏✡✠ ❝t✏✑✒✍✏ ✒✏✓ ✡✈✍✕✡✏❝✡

t❞ ✛✜✢❉①✚ ✒✏✕ ✠✡❝t✏✕❛✓✚ ➇✇✗✍❝✗ ✑✌✒✏✠❝✌✍☞✑✠ ✍✏ ✑✗✡ ❣✡✏✡✠ ✑✗✒✑ ❝t✏✑✒✍✏ ✠t✎✡ ✡✈✍✕✡✏❝✡ ✎✒✓ ❜✡ ☞✒✌✑✍❝✍☞✒✑✍✏❣ ✍✏ ✑✗✡

✛✜✢❉① ✞t✑✡ ✑✗✒✑ ✒ ❣✡✏✡ ✎✒✓ ☞✒✠✠ ✑✗✡ ✦✌✠✑ ✠✑✒❣✡ ✇✍✑✗t✖✑ ✡①✗✍❜✍✑✍✏❣ ✡✏t✖❣✗ ✡✈✍✕✡✏❝✡ ✑t ✍✕✡✏✑✍❞✓ t✏✡ t✌ ✎t✌✡

✑✌✒✏✠❝✌✍☞✑✠ ✑✗✒✑ ✒✌✡ ☞✒✌✑✍❝✍☞✒✑✍✏❣ ✍✏ ✑✗✡ ✛✜✢✘ ✜✗✡ s❄✿✳✰✴ ☞✒❝✪✒❣✡ ✍✠ ✕✡✠✍❣✏✡✕ ✑t ✒❛❛t✇ ❞t✌ ✠✖❝✗ ✑✇t✟✠✑✒❣✡ ✑✡✠✑✟

✍✏❣ ☞✌t❝✡✕✖✌✡✠✚ ✇✗✡✌✡ ✑✗✡ ✦✌✠✑ ✠✑✒❣✡ ✍✠ ❝✒❛❛✡✕ ✒ s▼❏✰✰◗✵◗✳ ✠✑✒❣✡ ✒✏✕ ✑✗✡ ✠✡❝t✏✕ ✠✑✒❣✡ ✒ ▼❈◗❪❏✾✿❄✵❈◗ ✠✑✒❣✡✶✷✘

✜✗✡ ✎✡✑✗t✕✠ ✒✌✡ ❣✡✏✡✌✒❛✚ ✒✏✕ ❝✒✏ ✒❛✠t ❜✡ ✒☞☞❛✍✡✕ ✑t ✑✡✠✑✍✏❣✚ ❞t✌ ✡①✒✎☞❛✡✚ ❝✗✒✏❣✡✠ ✒❝✌t✠✠ ✒ ✑✍✎✡ ✠✡✌✍✡✠ ❞t❛❛t✇✡✕

❜✓ ✍✏✈✡✠✑✍❣✒✑✍t✏ t❞ ✍✏✕✍✈✍✕✖✒❛ ✑✍✎✡ ☞t✍✏✑✠✚ ✒✠ ✠✗t✇✏ ✍✏ ✑✗✡ s❄✿✳✰✴ ☞✒❝✪✒❣✡ ✈✍❣✏✡✑✑✡✘ ❲✡ ✠✗t✇ ❜✡❛t✇ ✗t✇ s❄✿✳✰✴ ✍✠

✖✠✡✕ ✑t ✕✡✑✡❝✑ ✛✜✢ ✒✏✕ ✗t✇ ✑t ✍✏✑✡✌☞✌✡✑ ✍✑✠ t✖✑☞✖✑✘

❋�✁✂✄☎ ✸✝ ❊✡t�❣✞t☎♠ t✄✞☛✡✉✄�♣t ♣✄♦♣♦✄t�♦☛✡ ✟♦✄ ♦☛☎ ♦✟ t✠☎ ✡�✁☛��✉✞☛t ✁☎☛☎✡✝

➞➟➠➡ ➧✱ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



❲✡ ✦✌✠✑ ❝t✏✠✑✌✖❝✑ ✒ ✈✡❝✑t✌ t❞ ☞✟✈✒❛✖✡✠ ❞t✌ ✑✗✡ ✠❝✌✡✡✏✍✏❣ ✠✑✒❣✡✘ ❇✡❝✒✖✠✡ t❞ ✗t✇ ✑✗✡ s❄✿✳✰✴ ☞✒❝✪✒❣✡ ✇✍❛❛ ❝t✎✟

❜✍✏✡ ✑✌✒✏✠❝✌✍☞✑ ✒✏✕ ❣✡✏✡ ✏✒✎✡✠✚ ✇✡ ✏✡✡✕ ✑t ✠✑✌✍☞ ✑✗✡ ❣✡✏✡ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑ ✈✡✌✠✍t✏ ✏✖✎❜✡✌✠ ❞✌t✎ ✑✗✡✍✌ ❊✏✠✡✎❜❛ ✙✛✠

✭✑✗✍✠ ✍✠ ✕t✏✡ ❜✓ ✪✡✡☞✍✏❣ t✏❛✓ ✑✗✡ ✦✌✠✑ ✶✺ ❝✗✒✌✒❝✑✡✌✠ t❞ ✑✗✡ ❣✡✏✡ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑ ✙✛✠✣✘

pScreen <- res$pvalue

strp <- function(x) substr(x,1,15)

names(pScreen) <- strp(res$gene_id)

❲✡ ❝t✏✠✑✌✖❝✑ ✒ t✏✡ ❝t❛✖✎✏ ✎✒✑✌✍① t❞ ✑✗✡ ❝t✏✦✌✎✒✑✍t✏ ☞✟✈✒❛✖✡✠✤

pConfirmation <- matrix(res.txp$pvalue, ncol=1)

rownames(pConfirmation) <- strp(res.txp$feature_id)

❲✡ ✒✌✌✒✏❣✡ ✒ ✑✇t ❝t❛✖✎✏ ❡✿❄✿❞❋❏✿✾✰ ✇✍✑✗ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑ ✒✏✕ ❣✡✏✡ ✍✕✡✏✑✍✦✡✌✠✘

tx2gene <- res.txp[,c("feature_id", "gene_id")]

for (i in 1:2) tx2gene[,i] <- strp(tx2gene[,i])

✜✗✡ ❞t❛❛t✇✍✏❣ ❞✖✏❝✑✍t✏✠ ✑✗✡✏ ☞✡✌❞t✌✎ ✑✗✡ s❄✿✳✰✴ ✒✏✒❛✓✠✍✠✘ ❲✡ ✎✖✠✑ ✠☞✡❝✍❞✓ ✒✏ alpha✚ ✇✗✍❝✗ ✇✍❛❛ ❜✡ ✑✗✡ ❈❴✰❏❫

✿❧❧ ❋✿❧s✰ ❡✵s▼❈❴✰❏❚ ❏✿❄✰ ✑✒✌❣✡✑ ❞t✌ ✑✗✡ ✒✏✒❛✓✠✍✠✚ ✕✡✦✏✡✕ ❜✡❛t✇✘ ✢✏❛✍✪✡ ✑✓☞✍❝✒❛ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✠ t✌ ☛✟✈✒❛✖✡✠✚ ✇✡

❝✒✏✏t✑ ❝✗tt✠✡ ✒✏ ✒✌❜✍✑✌✒✌✓ ✑✗✌✡✠✗t❛✕ ❛✒✑✡✌✤ ✒❞✑✡✌ ✠☞✡❝✍❞✓✍✏❣ alpha=0.05✚ ✇✡ ✏✡✡✕ ✑t ✖✠✡ ✺✔ ✒✠ ✑✗✡ ✑✒✌❣✡✑ ✍✏

✕t✇✏✠✑✌✡✒✎ ✠✑✡☞✠✘ ✜✗✡✌✡ ✒✌✡ ✒❛✠t ❝t✏✈✡✏✍✡✏❝✡ ❞✖✏❝✑✍t✏✠ ✳✰❄✯✵✳◗✵❪▼✿◗❄❅✰◗✰s ✒✏✕ ✳✰❄✯✵✳◗✵❪▼✿◗❄s❬✚ ✇✗✍❝✗ ✒✌✡

✕✡✎t✏✠✑✌✒✑✡✕ ✍✏ ✑✗✡ s❄✿✳✰✴ ✈✍❣✏✡✑✑✡✘

library(stageR)

stageRObj <- stageRTx(pScreen=pScreen, pConfirmation=pConfirmation,

                      pScreenAdjusted=FALSE, tx2gene=tx2gene)

stageRObj <- stageWiseAdjustment(stageRObj, method="dtu", alpha=0.05) 

suppressWarnings({

  drim.padj <- getAdjustedPValues(stageRObj, order=FALSE,

                                  onlySignificantGenes=TRUE)

})

head(drim.padj)

##            geneID            txID         gene transcript

## 1 ENSG00000001167 ENST00000341376 1.446731e-05   0.000000

## 2 ENSG00000001167 ENST00000353205 1.446731e-05   0.000000

## 3 ENSG00000001461 ENST00000003912 8.263160e-03   0.000000

## 4 ENSG00000001461 ENST00000339255 8.263160e-03   0.000000

## 5 ENSG00000001631 ENST00000394507 1.287012e-04   0.060474

## 6 ENSG00000001631 ENST00000475770 1.287012e-04   1.000000

✜✗✡ ✦✏✒❛ ✑✒❜❛✡ ✇✍✑✗ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✠ ✠✖✎✎✒✌✍✔✡✠ ✑✗✡ ✍✏❞t✌✎✒✑✍t✏ ❞✌t✎ ✑✗✡ ✑✇t✟✠✑✒❣✡ ✒✏✒❛✓✠✍✠✘ ❖✏❛✓ ❣✡✏✡✠ ✑✗✒✑

☞✒✠✠✡✕ ✑✗✡ ✦❛✑✡✌ ✒✌✡ ✍✏❝❛✖✕✡✕ ✍✏ ✑✗✡ ✑✒❜❛✡✚ ✠t ✑✗✡ ✑✒❜❛✡ ✒❛✌✡✒✕✓ ✌✡☞✌✡✠✡✏✑✠ s▼❏✰✰◗✰❡ ❣✡✏✡✠✘ ✜✗✡ ✑✌✒✏✠❝✌✍☞✑✠ ✇✍✑✗

✈✒❛✖✡✠ ✍✏ ✑✗✡ ❝t❛✖✎✏✚ transcript✚ ❛✡✠✠ ✑✗✒✏ ✶✘✶✺ ☞✒✠✠ ✑✗✡ ▼❈◗❪❏✾✿❄✵❈◗ ✠✑✒❣✡ t✏ ✒ ✑✒✌❣✡✑ ✺✔ ❈❴✰❏✿❧❧ ❋✿❧s✰

❡✵s▼❈❴✰❏❚ ❏✿❄✰✚ t✌ ❖❨✛❘✘ ✜✗✍✠ ✎✡✒✏✠ ✑✗✒✑✚ ✍✏ ✡①☞✡❝✑✒✑✍t✏✚ ✏t ✎t✌✡ ✑✗✒✏ ✺✔ t❞ ✑✗✡ ❣✡✏✡✠ ✑✗✒✑ ☞✒✠✠ ✠❝✌✡✡✏✍✏❣

✇✍❛❛ ✡✍✑✗✡✌ ✭✶✣ ✏t✑ ❝t✏✑✒✍✏ ✒✏✓ ✛✜✢✚ ✠t ❜✡ ❞✒❛✠✡❛✓ ✠❝✌✡✡✏✡✕ ❣✡✏✡✠✚ t✌ ✭✷✣ ❝t✏✑✒✍✏ ✒ ❞✒❛✠✡❛✓ ❝t✏✦✌✎✡✕ ✑✌✒✏✠❝✌✍☞✑✘

❆ ❞✒❛✠✡❛✓ ❝t✏✦✌✎✡✕ ✑✌✒✏✠❝✌✍☞✑ ✍✠ ✒ ✑✌✒✏✠❝✌✍☞✑ ✇✍✑✗ ✒✏ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡ ❛✡✠✠ ✑✗✒✏ ✶✘✶✺ ✇✗✍❝✗ ✕t✡✠ ✏t✑ ✡①✗✍❜✍✑

✕✍❞❞✡✌✡✏✑✍✒❛ ✖✠✒❣✡ ✒❝✌t✠✠ ❝t✏✕✍✑✍t✏✠✘ ✜✗✡ s❄✿✳✰✴ ☞✌t❝✡✕✖✌✡ ✒❛❛t✇✠ ✖✠ ✑t ❛tt✪ ✒✑ ❜t✑✗ ✑✗✡ ❣✡✏✡✠ ✑✗✒✑ ☞✒✠✠✡✕ ✑✗✡

✠❝✌✡✡✏✍✏❣ ✠✑✒❣✡ ✒✏✕ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✠ ✇✍✑✗ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✠ ❛✡✠✠ ✑✗✒✏ t✖✌ ✑✒✌❣✡✑ alpha✚ ✒✏✕ ✖✏✕✡✌✠✑✒✏✕ ✇✗✒✑ ✪✍✏✕

t❞ ❈❴✰❏✿❧❧ ✡✌✌t✌ ✌✒✑✡ ✑✗✍✠ ☞✌t❝✡✕✖✌✡ ✡✏✑✒✍❛✠✘ ✜✗✍✠ ❝✒✏✏t✑ ❜✡ ✠✒✍✕ ❞t✌ ✒✏ ✒✌❜✍✑✌✒✌✓ ☞✌t❝✡✕✖✌✡ t❞ ❛tt✪✍✏❣ ✒✑ ✠✑✒✏✕✒✌✕

❣✡✏✡ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✠ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✠✚ ✇✗✡✌✡ ✑✗✡ ✒✕✥✖✠✑✎✡✏✑ ✇✒✠ ☞✡✌❞t✌✎✡✕ ✍✏✕✡☞✡✏✕✡✏✑❛✓✘

P✆✠�❚✞✆✄ �☛�☎✁✟✏✂ ✆✏ �✞☎ ✠�✡✏✁✡✁✁ ✁☎�✟✡�✟✆✏ ✟✏ ✂✁✆✂✆✁�✟✆✏✠

❲✡ ❞t✖✏✕ ✑✗✒✑ ❉✴❂❃✯✰✲ ✇✒✠ ✠✡✏✠✍✑✍✈✡ ✑t ✕✡✑✡❝✑ ✛✜✢✚ ❜✖✑ ❝t✖❛✕ ✡①❝✡✡✕ ✍✑✠ ❞✒❛✠✡ ✕✍✠❝t✈✡✌✓ ✌✒✑✡ ✭❨✛❘✣ ❜t✖✏✕✠✚

☞✒✌✑✍❝✖❛✒✌❛✓ t✏ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✑✡✠✑✠✚ ✒✏✕ ✑✗✒✑ ✒ ☞t✠✑✟✗t❝✚ ✏t✏✟✠☞✡❝✍✦❝ ✦❛✑✡✌✍✏❣ t❞ ✑✗✡ ❉✴❂❃✯✰✲ ✑✌✒✏✠❝✌✍☞✑

☞✟✈✒❛✖✡✠ ✒✏✕ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✠ ✍✎☞✌t✈✡✕ ✑✗✡ ❨✛❘ ✒✏✕ ❖❨✛❘ ❝t✏✑✌t❛✘ ❲✡ ❝t✏✠✍✕✡✌✡✕ ✑✗✡ ✠✑✒✏✕✒✌✕ ✕✡✈✍✒✑✍t✏

➞➟➠➡ ➧➾ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



✭❙✛✣ t❞ ✑✗✡ ☞✡✌✟✠✒✎☞❛✡ ☞✌t☞t✌✑✍t✏✠ ✒✠ ✒ ✦❛✑✡✌✍✏❣ ✠✑✒✑✍✠✑✍❝✘ ✜✗✍✠ ✠✑✒✑✍✠✑✍❝ ✕t✡✠ ✏t✑ ✖✠✡ ✑✗✡ ✍✏❞t✌✎✒✑✍t✏ ✒❜t✖✑ ✇✗✍❝✗

✠✒✎☞❛✡✠ ❜✡❛t✏❣ ✑t ✇✗✍❝✗ ❝t✏✕✍✑✍t✏ ❣✌t✖☞✘ ❲✡ ✠✡✑ ✑✗✡ ☞✟✈✒❛✖✡✠ ✒✏✕ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✠ ❞t✌ ✑✌✒✏✠❝✌✍☞✑✠ ✇✍✑✗ ✠✎✒❛❛

☞✡✌✟✠✒✎☞❛✡ ☞✌t☞t✌✑✍t✏ ❙✛ ✑t ✶✘ ❲✡ ✕t ✏t✑ ✌✡❝t✎☞✖✑✡ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✠✚ ✒❛✑✗t✖❣✗ ✇✡ ✇✍❛❛ ☞✌t✈✍✕✡ ✑✗✡ ✦❛✑✡✌✡✕

☞✟✈✒❛✖✡✠ ✑t ✑✗✡ s❄✿✳✰✴ ☞✌t❝✡✕✖✌✡✘

❲✡ ✏t✑✡ ✑✗✒✑ ✑✗✡ ☞✟✈✒❛✖✡✠ ✒✌✡ ✏t ❛t✏❣✡✌ ✏✡❝✡✠✠✒✌✍❛✓ ✖✏✍❞t✌✎ ✒❞✑✡✌ ✦❛✑✡✌✍✏❣ t✖✑ ✠✎✒❛❛ ✡❞❞✡❝✑ ✠✍✔✡ ✑✌✒✏✠❝✌✍☞✑✠ ✒✏✕

❣✡✏✡✠✚ ✒❛✑✗t✖❣✗ ✇✡ ✦✏✕ ✑✗✒✑ ✍✏ ✑✗✍✠ ✠✍✎✖❛✒✑✍t✏ ✒✑ ❛✡✒✠✑✚ ✑✗✡ ✦❛✑✡✌✍✏❣ ✎✒✕✡ ✑✗✡ ☞✌t❝✡✕✖✌✡ ✾❈❏✰ ▼❈◗s✰❏❴✿❄✵❴✰✤ ✡①❝❛✖✕✟

✍✏❣ ✑✌✒✏✠❝✌✍☞✑✠ ✇✍✑✗ ✠✎✒❛❛ ❙✛ t❞ ✑✗✡ ☞✡✌✟✠✒✎☞❛✡ ☞✌t☞t✌✑✍t✏✠ ❜✌t✖❣✗✑ ❜t✑✗ ✑✗✡ t❜✠✡✌✈✡✕ ❨✛❘ ✒✏✕ ✑✗✡ t❜✠✡✌✈✡✕

❖❨✛❘ ❝❛t✠✡✌ ✑t ✑✗✡✍✌ ✏t✎✍✏✒❛ ✑✒✌❣✡✑✠✚ ✒✠ ✇✍❛❛ ❜✡ ✠✗t✇✏ ✍✏ ✑✗✡ ✡✈✒❛✖✒✑✍t✏✠ ❜✡❛t✇✘

res.txp.filt <- DRIMSeq::results(d, level="feature")

smallProportionSD <- function(d, filter=0.1) {

  cts <- as.matrix(subset(counts(d), select=-c(gene_id, feature_id)))

  gene.cts <- rowsum(cts, counts(d)$gene_id)

  total.cts <- gene.cts[match(counts(d)$gene_id, rownames(gene.cts)),]

  props <- cts/total.cts

  propSD <- sqrt(rowVars(props))

  propSD < filter

}

filt <- smallProportionSD(d)

res.txp.filt$pvalue[filt] <- 1

res.txp.filt$adj_pvalue[filt] <- 1

✜✗✡ ✒❜t✈✡ ☞t✠✑✟✗t❝ ✦❛✑✡✌ ✍✠ ✏t✑ ☞✒✌✑ t❞ ✑✗✡ ❉✴❂❃✯✰✲ ✎t✕✡❛✍✏❣ ✠✑✡☞✠✚ ✒✏✕ ✑t ✒✈t✍✕ ✍✏✑✡✌❞✡✌✍✏❣ ✇✍✑✗ ✑✗✡ ✎t✕✟

✡❛✍✏❣✚ ✇✡ ✌✖✏ ✍✑ ✒❞✑✡✌ ❉✴❂❃✯✰✲✘ ✜✗✡ t✑✗✡✌ ✑✗✌✡✡ ✦❛✑✡✌✠ ✖✠✡✕ ❜✡❞t✌✡ ✗✒✈✡ ❜✡✡✏ ✑✡✠✑✡✕ ❜✓ ✑✗✡ ❉✴❂❃✯✰✲ ☞✒❝✪✒❣✡

✒✖✑✗t✌✠✚ ✒✏✕ ✒✌✡ ✑✗✡✌✡❞t✌✡ ✒ ✌✡❝t✎✎✡✏✕✡✕ ☞✒✌✑ t❞ ✒✏ ✒✏✒❛✓✠✍✠ ❜✡❞t✌✡ ✑✗✡ ✎t✕✡❛✍✏❣ ❜✡❣✍✏✠✘ ❲✡ ✕t ✏t✑ ✒☞☞❛✓ ✑✗✍✠

☞t✠✑✟✗t❝ ✦❛✑✡✌ ✑t ❉✬✮✯✰✲ ✍✏ ✑✗✍✠ ✇t✌✪✫t✇✚ ✒✠ ❉✬✮✯✰✲ ✠✡✡✎✡✕ ✑t ❜✡ ❝❛t✠✡✌ ✑t ❝t✏✑✌t❛❛✍✏❣ ✍✑✠ ❨✛❘ ✒✏✕ ❖❨✛❘ ✍✏

✑✗✡ ✡✈✒❛✖✒✑✍t✏✠✚ ✒❞✑✡✌ ✖✠✍✏❣ ✑✗✡ ❉✴❂❃✯✰✲ ✦❛✑✡✌✠ ✌✡❝t✎✎✡✏✕✡✕ ✍✏ ✑✗✍✠ ✇t✌✪✫t✇✘

❉❉�❙☎❙

✜✗✡ ❉✬✮✯✰✲ ☞✒❝✪✒❣✡ ✇✒✠ t✌✍❣✍✏✒❛❛✓ ✕✡✠✍❣✏✡✕ ❞t✌ ✕✡✑✡❝✑✍✏❣ ✕✍❞❞✡✌✡✏✑✍✒❛ ✡①t✏ ✖✠✒❣✡✻✚ ❜✖✑ ❝✒✏ ✒❛✠t ❜✡ ✒✕✒☞✑✡✕ ✑t

✌✖✏ t✏ ✡✠✑✍✎✒✑✡✕ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠✚ ✍✏ t✌✕✡✌ ✑t ✕✡✑✡❝✑ ✛✜✢✘ ✢✠✍✏❣ ❉✬✮✯✰✲ t✏ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ✇✒✠ ✡✈✒❛✖✒✑✡✕ ❜✓

❙t✏✡✠t✏ ✰❄ ✿❧✘★★✚ ✠✗t✇✍✏❣ ✑✗✡ ❜✡✏✡✦✑✠ ✍✏ ❨✛❘ ❝t✏✑✌t❛ ❞✌t✎ ✦❛✑✡✌✍✏❣ ❛t✇❛✓ ✡①☞✌✡✠✠✡✕ ✑✌✒✏✠❝✌✍☞✑✠ ❞t✌ ✒ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛

✒✏✒❛✓✠✍✠✘ ❲✡ ❜✡✏❝✗✎✒✌✪✡✕ ❉✬✮✯✰✲ ✗✡✌✡✚ ❜✡❣✍✏✏✍✏❣ ✇✍✑✗ ✑✗✡ ❉✴❂❃✯✰✲ ✦❛✑✡✌✡✕ t❜✥✡❝✑✚ ✒✠ ✑✗✡✠✡ ✦❛✑✡✌✠ ✒✌✡ ✍✏✑✖✍✑✍✈✡✚

✑✗✡✓ ❣✌✡✒✑❛✓ ✠☞✡✡✕ ✖☞ ✑✗✡ ✒✏✒❛✓✠✍✠✚ ✒✏✕ ✠✖❝✗ ✦❛✑✡✌✍✏❣ ✇✒✠ ✠✗t✇✏ ✑t ❜✡ ❜✡✏✡✦❝✍✒❛ ✍✏ ❨✛❘ ❝t✏✑✌t❛✘

✜✗✡ ✑✇t ❞✒❝✑t✌✠ t❞ ✭✶✣ ✇t✌✪✍✏❣ t✏ ✍✠t❞t✌✎ ❝t✖✏✑✠ ✌✒✑✗✡✌ ✑✗✒✏ ✍✏✕✍✈✍✕✖✒❛ ✡①t✏✠ ✒✏✕ ✭✷✣ ✖✠✍✏❣ ✑✗✡ ❉✴❂❃✯✰✲ ✦❛✑✡✌✍✏❣
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library(DEXSeq)

sample.data <- DRIMSeq::samples(d)

count.data <- round(as.matrix(counts(d)[,-c(1:2)]))

dxd <- DEXSeqDataSet(countData=count.data,

                     sampleData=sample.data,

                     design=~sample + exon + condition:exon,

                     featureID=counts(d)$feature_id,

                     groupID=counts(d)$gene_id)
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system.time({

  dxd <- estimateSizeFactors(dxd)

  dxd <- estimateDispersions(dxd, quiet=TRUE)

  dxd <- testForDEU(dxd, reducedModel=~sample + exon)

})

##    user system elapsed

##   7.451  0.032   7.488
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dxr <- DEXSeqResults(dxd, independentFiltering=FALSE)

qval <- perGeneQValue(dxr)

dxr.g <- data.frame(gene=names(qval),qval)
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columns <- c("featureID","groupID","pvalue")

dxr <- as.data.frame(dxr[,columns])

head(dxr)

##                                                featureID            groupID

## ENSG00000000457.13:ENST00000367771.10 ENST00000367771.10 ENSG00000000457.13

## ENSG00000000457.13:ENST00000367770.5   ENST00000367770.5 ENSG00000000457.13

## ENSG00000000457.13:ENST00000367772.8   ENST00000367772.8 ENSG00000000457.13

## ENSG00000000457.13:ENST00000423670.1   ENST00000423670.1 ENSG00000000457.13

## ENSG00000000457.13:ENST00000470238.1   ENST00000470238.1 ENSG00000000457.13

## ENSG00000000460.16:ENST00000496973.5   ENST00000496973.5 ENSG00000000460.16

##                                     pvalue

## ENSG00000000457.13:ENST00000367771.10 0.5620081

## ENSG00000000457.13:ENST00000367770.5  0.8399434

## ENSG00000000457.13:ENST00000367772.8  0.5675043

## ENSG00000000457.13:ENST00000423670.1  0.7032904

## ENSG00000000457.13:ENST00000470238.1  0.8476920

## ENSG00000000460.16:ENST00000496973.5  0.2108527
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data(dex_tables)
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library(stageR)

strp <- function(x) substr(x,1,15)

pConfirmation <- matrix(dxr$pvalue,ncol=1)

dimnames(pConfirmation) <- list(strp(dxr$featureID),"transcript")

pScreen <- qval
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names(pScreen) <- strp(names(pScreen))

tx2gene <- as.data.frame(dxr[,c("featureID", "groupID")])

for (i in 1:2) tx2gene[,i] <- strp(tx2gene[,i])
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stageRObj <- stageRTx(pScreen=pScreen, pConfirmation=pConfirmation,

                      pScreenAdjusted=TRUE, tx2gene=tx2gene)

stageRObj <- stageWiseAdjustment(stageRObj, method="dtu", alpha=0.05)

suppressWarnings({

  dex.padj <- getAdjustedPValues(stageRObj, order=FALSE,

                                 onlySignificantGenes=TRUE)

})

head(dex.padj)

##            geneID            txID         gene transcript

## 1 ENSG00000001167 ENST00000341376 1.379695e-05          0

## 2 ENSG00000001167 ENST00000353205 1.379695e-05          0

## 3 ENSG00000001461 ENST00000003912 1.011322e-03          0

## 4 ENSG00000001461 ENST00000339255 1.011322e-03          0

## 5 ENSG00000001630 ENST00000003100 4.979296e-03          0

## 6 ENSG00000001630 ENST00000450723 4.979296e-03          0
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✜✗✍✠ ❝t✏❝❛✖✕✡✠ ✑✗✡ ✛✜✢ ✠✡❝✑✍t✏ t❞ ✑✗✡ ✇t✌✪✫t✇✘ ✙❞ ✓t✖ ✖✠✡ ❉✴❂❃✯✰✲✶✶✚ ❉✬✮✯✰✲✻✚ s❄✿✳✰✴✶✷✚ ❄❬✵✾❭❈❏❄✶✻✚ t✌

✯✿❧✾❈◗✶✼ ✍✏ ☞✖❜❛✍✠✗✡✕ ✌✡✠✡✒✌❝✗✚ ☞❛✡✒✠✡ ❝✍✑✡ ✑✗✡ ✌✡❛✡✈✒✏✑ ✎✡✑✗t✕✠ ☞✖❜❛✍❝✒✑✍t✏✠✚ ✇✗✍❝✗ ❝✒✏ ❜✡ ❞t✖✏✕ ✍✏ ✑✗✡ ❘✡❞✡✌✡✏❝✡✠

✠✡❝✑✍t✏ t❞ ✑✗✍✠ ✇t✌✪✫t✇✘

❉❉❉ ✡✏✡☛✁✠✟✠ s✟�✞ ❉❉❙☎❙✂

✙✏ ✑✗✡ ✦✏✒❛ ✠✡❝✑✍t✏ t❞ ✑✗✡ ✇t✌✪✫t✇ ❝t✏✑✒✍✏✍✏❣ ❛✍✈✡ ❝t✕✡ ✡①✒✎☞❛✡✠✚ ✇✡ ✕✡✎t✏✠✑✌✒✑✡ ✗t✇ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑

✖✠✒❣✡✚ ✠✖✎✎✒✌✍✔✡✕ ✑t ✑✗✡ ❣✡✏✡ ❛✡✈✡❛✚ ❝✒✏ ❜✡ ✈✍✠✖✒❛✍✔✡✕ ✇✍✑✗ ✌✡✠☞✡❝✑ ✑t ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏ ✒✏✒❛✓✠✍✠

✌✡✠✖❛✑✠✘ ❲✡ ✖✠✡ ❄❬✵✾❭❈❏❄ ✒✏✕ ✠✖✎✎✒✌✍✔✡ ❝t✖✏✑✠ ✑t ✑✗✡ ❣✡✏✡ ❛✡✈✡❛ ✒✏✕ ❝t✎☞✖✑✡ ✒✏ ✒✈✡✌✒❣✡ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗ t❞❞✠✡✑

❞t✌ ❝t✖✏✑✟❜✒✠✡✕ ✎✡✑✗t✕✠✶✻✘ ❲✡ ✇✍❛❛ ✑✗✡✏ ✠✗t✇ ❝t✕✡ ❞t✌ ✖✠✍✏❣ ❉✬✯✰✲❩ ✒✏✕ ✰❡✳✰✴ ✑t ✒✠✠✡✠✠ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✟

✠✍t✏✘ ❇✡❝✒✖✠✡ ✇✡ ✗✒✈✡ ✠✍✎✖❛✒✑✡✕ ✑✗✡ ❣✡✏✡✠ ✒❝❝t✌✕✍✏❣ ✑t ✑✗✌✡✡ ✕✍❞❞✡✌✡✏✑ ❝✒✑✡❣t✌✍✡✠✚ ✇✡ ❝✒✏ ❝t❛t✌ ✑✗✡ ✦✏✒❛ ☞❛t✑ ❜✓

✑✗✡ ✑✌✖✡ ✠✍✎✖❛✒✑✡✕ ✠✑✒✑✡ t❞ ✑✗✡ ❣✡✏✡✠✘ ❲✡ ✏t✑✡ ✑✗✒✑ ✇✡ ✇✍❛❛ ☞✒✍✌ ❉✬✮✯✰✲ ✇✍✑✗ ❉✬✯✰✲❩ ✌✡✠✖❛✑✠ ✍✏ ✑✗✡ ❞t❛❛t✇✍✏❣ ☞❛t✑✚

✒✏✕ ❉✴❂❃✯✰✲ ✇✍✑✗ ✰❡✳✰✴ ✌✡✠✖❛✑✠✘ ❍t✇✡✈✡✌✚ ✑✗✍✠ ☞✒✍✌✍✏❣ ✍✠ ✒✌❜✍✑✌✒✌✓✚ ✒✏✕ ✒✏✓ ✛✜✢ ✎✡✑✗t✕ ❝✒✏ ✌✡✒✠t✏✒❜❛✓ ❜✡

☞✒✍✌✡✕ ✇✍✑✗ ✒✏✓ ✛●❊ ✎✡✑✗t✕✘

✜✗✡ ❞t❛❛t✇✍✏❣ ❛✍✏✡ t❞ ❝t✕✡ ✍✠ ✖✏✡✈✒❛✖✒✑✡✕✚ ❜✖✑ ✇✒✠ ✖✠✡✕ ✑t ❣✡✏✡✌✒✑✡ ✒✏ t❜✥✡❝✑ txi.g ✇✗✍❝✗ ❝t✏✑✒✍✏✠ ✑✗✡

❣✡✏✡✟❛✡✈✡❛ ❝t✖✏✑✠✚ ✒❜✖✏✕✒✏❝✡✠ ✒✏✕ ✒✈✡✌✒❣✡ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗✠✘

txi.g <- tximport(files, type="salmon", tx2gene=txdf[,2:1])

❨t✌ ✑✗✡ ✇t✌✪✫t✇✚ ✇✡ ❛t✒✕ ✑✗✡ txi.g t❜✥✡❝✑ ✇✗✍❝✗ ✍✠ ✠✒✈✡✕ ✍✏ ✒ ✦❛✡ salmon_gene_txi.rda✘ ❲✡ ✑✗✡✏ ❛t✒✕

✑✗✡ ❉✬✯✰✲❩ ☞✒❝✪✒❣✡ ✒✏✕ ❜✖✍❛✕ ✒ ❉✬✯✰✲❉✿❄✿✯✰❄ ❞✌t✎ txi.g✚ ☞✌t✈✍✕✍✏❣ ✒❛✠t ✑✗✡ ✠✒✎☞❛✡ ✍✏❞t✌✎✒✑✍t✏ ✒✏✕ ✒

✕✡✠✍❣✏ ❞t✌✎✖❛✒✘

data(salmon_gene_txi)

library(DESeq2)

dds <- DESeqDataSetFromTximport(txi.g, samps, ~condition)

## using counts and average transcript lengths from tximport

✜✗✡ ❞t❛❛t✇✍✏❣ ✑✇t ❛✍✏✡✠ t❞ ❝t✕✡ ✌✖✏ ✑✗✡ ❉✬✯✰✲❩ ✒✏✒❛✓✠✍✠✷❁✘

dds <- DESeq(dds)

dres <- DESeq2::results(dds)

➞➟➠➡ ➧➸ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



❇✡❝✒✖✠✡ ✇✡ ✗✒☞☞✡✏ ✑t ✪✏t✇ ✑✗✡ ✑✌✖✡ ✠✑✒✑✖✠ t❞ ✡✒❝✗ t❞ ✑✗✡ ❣✡✏✡✠✚ ✇✡ ❝✒✏ ✎✒✪✡ ✒ ✠❝✒✑✑✡✌☞❛t✑ t❞ ✑✗✡ ✌✡✠✖❛✑✠✚ ❝t❛t✌✍✏❣

✑✗✡ ❣✡✏✡✠ ❜✓ ✑✗✡✍✌ ✠✑✒✑✖✠ ✭✇✗✡✑✗✡✌ ✛●❊✚ ✛✜❊✚ t✌ ✛✜✢ ❜✓ ❝t✏✠✑✌✖❝✑✍t✏✣✘

all(dxr.g$gene %in% rownames(dres))

## [1] TRUE

dres <- dres[dxr.g$gene,]

# we can only color because we simulated...

col <- rep(8, nrow(dres))

col[rownames(dres) %in% dge.genes] <- 1

col[rownames(dres) %in% dte.genes] <- 2

col[rownames(dres) %in% dtu.genes] <- 3

❨✍❣✖✌✡ ✹ ✕✍✠☞❛✒✓✠ ✑✗✡ ✡✈✍✕✡✏❝✡ ❞t✌ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ t✈✡✌ ✑✗✒✑ ❞t✌ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏✘ ❲✡

❝✒✏ ✠✡✡ ✑✗✒✑ ✑✗✡ ✛✜✢ ❣✡✏✡✠ ❝❛✖✠✑✡✌ t✏ ✑✗✡ ✓✟✒①✍✠ ✭✎t✠✑❛✓ ✏t✑ ❝✒☞✑✖✌✡✕ ✍✏ ✑✗✡ ✛●❊ ✒✏✒❛✓✠✍✠✣✚ ✒✏✕ ✑✗✡ ✛●❊ ❣✡✏✡✠

❝❛✖✠✑✡✌ t✏ ✑✗✡ ①✟✒①✍✠ ✭✎t✠✑❛✓ ✏t✑ ❝✒☞✑✖✌✡✕ ✍✏ ✑✗✡ ✛✜✢ ✒✏✒❛✓✠✍✠✣✘ ✜✗✡ ✛✜❊ ❣✡✏✡✠ ❞✒❛❛ ✍✏ ✑✗✡ ✎✍✕✕❛✡✚ ✒✠ ✒❛❛ t❞ ✑✗✡✎

✌✡☞✌✡✠✡✏✑ ✛●❊✚ ✒✏✕ ✠t✎✡ t❞ ✑✗✡✎ ✒✕✕✍✑✍t✏✒❛❛✓ ✌✡☞✌✡✠✡✏✑ ✛✜✢ ✭✍❞ ✑✗✡ ❣✡✏✡ ✗✒✕ t✑✗✡✌ ✡①☞✌✡✠✠✡✕ ✑✌✒✏✠❝✌✍☞✑✠✣✘ ❇✡❝✒✖✠✡

❉✬✮✯✰✲ t✖✑☞✖✑✠ ✒✏ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡ t❞ ✶ ❞t✌ ✠t✎✡ t❞ ✑✗✡ ❣✡✏✡✠✚ ✇✡ ✠✡✑ ✑✗✡✠✡ ✍✏✠✑✡✒✕ ✑t ✒ ✥✍✑✑✡✌✡✕ ✈✒❛✖✡ ✒✌t✖✏✕

✶✶✢✷❁✚ ✠t ✑✗✒✑ ✑✗✡✍✌ ✏✖✎❜✡✌ ✒✏✕ ❛t❝✒✑✍t✏ t✏ ✑✗✡ ①✟✒①✍✠ ❝t✖❛✕ ❜✡ ✈✍✠✖✒❛✍✔✡✕✘ ✜✗✡✠✡ ✥✍✑✑✡✌✡✕ ✈✒❛✖✡✠ ✠✗t✖❛✕ t✏❛✓ ❜✡

✖✠✡✕ ❞t✌ ✈✍✠✖✒❛✍✔✒✑✍t✏✘

bigpar()

# here cap the smallest DESeq2 adj p-value

cap.padj <- pmin(-log10(dres$padj), 100)

# this vector only used for plotting

jitter.padj <- -log10(dxr.g$qval + 1e-20)

jp.idx <- jitter.padj == 20

jitter.padj[jp.idx] <- rnorm(sum(jp.idx),20,.25)

plot(cap.padj, jitter.padj, col=col,

     xlab="Gene expression",

     ylab="Transcript usage")

legend("topright",

       c("DGE","DTE","DTU","null"),

       col=c(1:3,8), pch=20, bty="n")        

❋�✁✂✄☎ ✹✝❚✄✞☛✡✉✄�♣t ✂✡✞✁☎ ♦✈☎✄ ✁☎☛☎ ☎①♣✄☎✡✡�♦☛ ♣♣♦t✝ ✦✗✛✍ ✖✔✒✙✑ ❢✎✖❢✎s✎✙✑s ✗ ✚✎✙✎✩ ✗✙✓ ✖❧✔✑✑✎✓ ✗❢✎ ✫❧✔✚✶✞ ✗✓❛✉s✑✎✓

✖✫✬✗❧✉✎s ✏✔❢ ✜✦✰❙✎q❉s ✑✎s✑ ✔✏ ✓✒✏✏✎❢✎✙✑✒✗❧ ✑❢✗✙s✛❢✒✖✑ ✉s✗✚✎ ✭②✫✗❡✒s✣ ✗✙✓ ✜✦❙✎q❧❉s ✑✎s✑ ✔✏ ✓✒✏✏✎❢✎✙✑✒✗❧ ✚✎✙✎ ✎❡✖❢✎ss✒✔✙

✭❡✫✗❡✒s✣✧ ❇✎✛✗✉s✎ ✕✎ s✒✘✉❧✗✑✎✓ ✑✍✎ ✓✗✑✗ ✕✎ ✛✗✙ ✛✔❧✔❢ ✑✍✎ ✚✎✙✎s ✗✛✛✔❢✓✒✙✚ ✑✔ ✑✍✎✒❢ ✑❢✉✎ ✛✗✑✎✚✔❢②✧

➞➟➠➡ ➧➽ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



❉❉❉ ✡✏✡☛✁✠✟✠ s✟�✞ ☎✁✂☎✁

❲✡ ❝✒✏ ✒❛✠t ☞✡✌❞t✌✎ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏ ✒✏✒❛✓✠✍✠ ✖✠✍✏❣ ✰❡✳✰✴ ✒✠ ✑✗✡ ✍✏❞✡✌✡✏❝✡ ✡✏❣✍✏✡✼✘ ✜✗✡ ❞t❛❛t✇✍✏❣

❝t✕✡ ✍✏❝t✌☞t✌✒✑✡✠ ✑✗✡ ✒✈✡✌✒❣✡ ✑✌✒✏✠❝✌✍☞✑ ❛✡✏❣✑✗ ✎✒✑✌✍① ✒✠ ✒✏ t❞❞✠✡✑ ❞t✌ ✒✏ ✰❡✳✰✴ ✒✏✒❛✓✠✍✠✘

library(edgeR)

cts.g <- txi.g$counts

normMat <- txi.g$length

normMat <- normMat / exp(rowMeans(log(normMat)))

o <- log(calcNormFactors(cts.g/normMat)) + log(colSums(cts.g/normMat))

y <- DGEList(cts.g)

y <- scaleOffset(y, t(t(log(normMat)) + o))

keep <- filterByExpr(y)

y <- y[keep,]

✜✗✡ ❜✒✠✍❝ ✰❡✳✰✴ ✎t✕✡❛ ✦✑✑✍✏❣ ✒✏✕ ✌✡✠✖❛✑✠ ✡①✑✌✒❝✑✍t✏ ❝✒✏ ❜✡ ✒❝❝t✎☞❛✍✠✗✡✕ ✇✍✑✗ ✑✗✡ ❞t❛❛t✇✍✏❣ ❛✍✏✡✠✤

y <- estimateDisp(y, design_full)

fit <- glmFit(y, design_full)

lrt <- glmLRT(fit)

tt <- topTags(lrt, n=nrow(y), sort="none")[[1]]

❆❣✒✍✏✚ ✇✡ ❝✒✏ ❝t❛t✌ ✑✗✡ ❣✡✏✡✠ ❜✓ ✑✗✡✍✌ ✑✌✖✡ ✠✑✒✑✖✠ ✍✏ ✑✗✡ ✠✍✎✖❛✒✑✍t✏✤

common <- intersect(res$gene_id, rownames(tt))

tt <- tt[common,]

res.sub <- res[match(common, res$gene_id),]

# we can only color because we simulated...

col <- rep(8, nrow(tt))

col[rownames(tt) %in% dge.genes] <- 1

col[rownames(tt) %in% dte.genes] <- 2

col[rownames(tt) %in% dtu.genes] <- 3

❨✍❣✖✌✡ ✺ ✕✍✠☞❛✒✓✠ ✑✗✡ ✡✈✍✕✡✏❝✡ ❞t✌ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ t✈✡✌ ✑✗✒✑ ❞t✌ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏✚ ✏t✇

✖✠✍✏❣ ❉✴❂❃✯✰✲ ✒✏✕ ✰❡✳✰✴✘ ❖✏✡ t❜✈✍t✖✠ ❝t✏✑✌✒✠✑ ✇✍✑✗ ❨✍❣✖✌✡ ✹ ✍✠ ✑✗✒✑ ❉✴❂❃✯✰✲ t✖✑☞✖✑✠ ❛t✇✡✌ ✏t✏✟✔✡✌t

✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✠ ✑✗✒✏ ❉✬✮✯✰✲ ✕t✡✠✚ ✇✗✡✌✡ ❉✬✮✯✰✲ ✍✏✠✑✡✒✕ t✖✑☞✖✑✠ ✶ ❞t✌ ✎✒✏✓ ❣✡✏✡✠✘ ✜✗✡ ☞❛t✑✠ ❛tt✪ ✎t✌✡

✠✍✎✍❛✒✌ ✇✗✡✏ ✔tt✎✍✏❣ ✍✏ t✏ ✑✗✡ ❉✴❂❃✯✰✲ ✓✟✒①✍✠✚ ✒✠ ❝✒✏ ❜✡ ✠✡✡✏ ✍✏ ✑✗✡ ✌✍❣✗✑ ☞✒✏✡❛ t❞ ❨✍❣✖✌✡ ✺✘

bigpar()

plot(-log10(tt$FDR), -log10(res.sub$adj_pvalue), col=col,

     xlab="Gene expression",

     ylab="Transcript usage")

legend("topright",

       c("DGE","DTE","DTU","null"),

       col=c(1:3,8), pch=20, bty="n")

bigpar()

plot(-log10(tt$FDR), -log10(res.sub$adj_pvalue), col=col,

     xlab="Gene expression",

     ylab="Transcript usage", ylim=c(0,20))

legend("topright",

       c("DGE","DTE","DTU","null"),

       col=c(1:3,8), pch=20, bty="n")
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✖✠✡❞✖❛ ✑t ✒✠✠✡✠✠ ✑✗✡ ☞✡✌❞t✌✎✒✏❝✡ t❞ ✎✡✑✗t✕✠ ❞t✌ ✛●❊ ✍✏ ✒ ✠✍✎✖❛✒✑✍t✏ ✇✗✍❝✗ ✒❛✠t ✍✏❝❛✖✕✡✠ ✛✜✢ ➊ ✑t ✠✡✡ ✇✗✡✑✗✡✌

✑✗✡✌✡ ✍✠ ☞t✑✡✏✑✍✒❛❛✓ ✒✏ ✡✏✌✍❝✗✎✡✏✑ t❞ ❞✒❛✠✡ ☞t✠✍✑✍✈✡✠ ❞t✌ ❝✡✌✑✒✍✏ ✑✓☞✡✠ t❞ ❣✡✏✡✠ ✒❝❝t✌✕✍✏❣ ✑t ✑✗✡ ✠✍✎✖❛✒✑✍t✏✘ ❲✡

✒❛✠t ❝t✏✠✍✕✡✌✡✕ ✑✗✡ ☛✖✡✠✑✍t✏ t❞ ✛✜❊✚ ✒✏✕ ✡✈✒❛✖✒✑✡✕ ✒ ✏✖✎❜✡✌ t❞ ✎✡✑✗t✕✠ ✕✡✠✍❣✏✡✕ ❞t✌ ✛●❊ ➊ ✒✠ ✇✡❛❛ ✒✠ ✎✡✑✗✟
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✒✏✕ ✛✜❊ ✒✏✒❛✓✠✍✠✚ ✑✗✡ ✵✓✐❱✴◆ ☞✒❝✪✒❣✡★✼ ✇✒✠ ✖✠✡✕ ✑t ❝t✏✠✑✌✖❝✑ ☞❛t✑✠ ✑t ✒✠✠✡✠✠ ✑✗✡ ✑✌✖✡ ☞t✠✍✑✍✈✡ ✌✒✑✡ ✭✜P❘✣ t✈✡✌

✑✗✡ ❞✒❛✠✡ ✕✍✠❝t✈✡✌✓ ✌✒✑✡ ✭❨✛❘✣ ✒✑ ✑✗✌✡✡ ✏t✎✍✏✒❛ ❨✛❘ ✑✗✌✡✠✗t❛✕✠✤ ✶✔✚ ✺✔✚ ✒✏✕ ✶✶✔✘ ❲✡ ✒✕✕✍✑✍t✏✒❛❛✓ ✖✠✡✕

❜✒✌ ☞❛t✑✠ ✑t ✠✗t✇ ✑✗✡ ✏✖✎❜✡✌ t❞ ❞✒❛✠✡ ☞t✠✍✑✍✈✡✠ ❞t✌ ✡✒❝✗ ✎✡✑✗t✕ ✒❝✌t✠✠ ✠✍✎✖❛✒✑✡✕ ❣✡✏✡✟✑✓☞✡ ❝✒✑✡❣t✌✍✡✠ ✭✑✗✡✠✡

☞❛t✑✠ ✌✡❞✡✌✌✡✕ ✑t ✗✡✌✡ ✒✠ ❉❏✰✿❦❡❈❑◗ ❭❧❈❄s✣✘ ❲✡ ❝✒✏ ✕t ✑✗✍✠ ✒✑ ❜t✑✗ ✑✗✡ ❣✡✏✡ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑ ❛✡✈✡❛✤ ✒ ❞✒❛✠✡ ☞t✠✍✟

✑✍✈✡ ✑✌✒✏✠❝✌✍☞✑ ❝✒✏ ❜✡ ❝✒✑✡❣t✌✍✔✡✕ ✒❝❝t✌✕✍✏❣ ✑t ✑✗✡ ✑✓☞✡ t❞ ❣✡✏✡ ✑t ✇✗✍❝✗ ✍✑ ❜✡❛t✏❣✠✘ ❨✍✏✒❛❛✓✚ ✇✡ ❝✌✡✒✑✡✕ ✒✏ ✐❖❉✴

❭❧❈❄ ❞t✌ ✒✠✠✡✠✠✍✏❣ ✑✗✡ ✖✠✡ t❞ s❄✿✳✰✴ ❞t✌ ❝t✏✠✑✌✖❝✑✍✏❣ ❣✡✏✡✟✑✌✒✏✠❝✌✍☞✑ ❖❨✛❘ ✠✡✑✠✚ ✒❞✑✡✌ ✒☞☞❛✓✍✏❣ s❄✿✳✰✴ ✑t ✑✗✡

t✖✑☞✖✑ t❞ ✑✗✡ ✛✜✢ ✕✡✑✡❝✑✍t✏ ✎✡✑✗t✕✠✘ ✜✗✡ ❖❨✛❘ ☞❛t✑ ✕✍✠☞❛✒✓✠ ✑✗✡ t❜✠✡✌✈✡✕ ❖❨✛❘ t✏ ✑✗✡ ①✟✒①✍✠ ✒✏✕ ✑✗✡

✠✡✏✠✍✑✍✈✍✑✓ ✍✏ ✌✡❝t✈✡✌✍✏❣ ✛✜✢ ✑✌✒✏✠❝✌✍☞✑✠ t✏ ✑✗✡ ✓✟✒①✍✠✘ ❲✡ ✖✠✡✕ ✒ ✦①✡✕ ✑✒✌❣✡✑ ❖❨✛❘ ❞t✌ ✑✗✡✠✡ ☞❛t✑✠ t❞ ✺✔✘ ✜✗✡

❝t✕✡ ❞t✌ ✡✈✒❛✖✒✑✍✏❣ ✒❛❛ ✎✡✑✗t✕✠ ✒✏✕ ❝t✏✠✑✌✖❝✑✍✏❣ ✑✗✡ ✵✓✐❱✴◆ ☞❛t✑✠ ✍✠ ✍✏❝❛✖✕✡✕ ✍✏ ✑✗✡ ✠✍✎✖❛✒✑✍t✏ ✌✡☞t✠✍✑t✌✓✷✩✘

❖�✞☎✁ ✂✆✂✂☛✡✁ ✎☎�✞✆✁✠ ✝✆✁ ❉�✁

❲✡ ✒✠✠✡✠✠✡✕ ✑✇t t✑✗✡✌ ✎✡✑✗t✕✠ ❞t✌ ✛✜✢✚ ✯r☎☎◆❩★✽ ✒✏✕ ✴◆ss★❀✚ ❜t✑✗ t❞ ✇✗✍❝✗ ❝✒✏ ✑✒✪✡ ✯✿❧✾❈◗ ☛✖✒✏✑✍✦❝✒✑✍t✏✠

✒✠ ✍✏☞✖✑✘ ❨t✌ ✠✑✒✑✍✠✑✍❝✒❛ ✑✡✠✑✍✏❣ t❞ ✛✜✢✚ ✯r☎☎◆❩ ❝t✎☞✖✑✡✠✚ ❞t✌ ✒ ❣✍✈✡✏ ✑✌✒✏✠❝✌✍☞✑✚ ✑✗✡ ✕✍❞❞✡✌✡✏❝✡ ✍✏ ☞✌t☞t✌✑✍t✏

❋�✁✂✄☎ ✺✝❚✄✞☛✡✉✄�♣t ✂✡✞✁☎ ♦✈☎✄ ✁☎☛☎ ☎①♣✄☎✡✡�♦☛ ♣♣♦t♣ ✞✡ ♣✄☎✈�♦✂✡♣②♣ ❛✂t ✟♦✄ ❉❉✂▼✄☎☎ ✞☛♠ ☎♠✁☎❉✝ ❚✍✎ ❢✒✚✍✑ ✖✗✙✎❧

s✍✔✕s ✑✍✎ s✗✘✎ ✓✗✑✗ ✗s ✑✍✎ ❧✎✏✑ ✖✗✙✎❧ ♥✉✑ ♦✔✔✘✒✙✚ ✒✙ ✔✙ ✑✍✎ ②✫✗❡✒s✧

➞➟➠➡ ➵➧ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



✒❝✌t✠✠ ❝t✏✕✍✑✍t✏ ✒✏✕ ✑✗✡ ✕✍❞❞✡✌✡✏❝✡✠ ✍✏ ☞✌t☞t✌✑✍t✏ ✠✡✡✏ ❜✡✑✇✡✡✏ ❜✍t❛t❣✍❝✒❛ ✌✡☞❛✍❝✒✑✡✠✘ ✯r☎☎◆❩ ✑✗✡✏ ❝t✎☞✒✌✡✠

✑✗✡ ✕✍❞❞✡✌✡✏❝✡ ✍✏ ☞✌t☞t✌✑✍t✏ ✒❝✌t✠✠ ❝t✏✕✍✑✍t✏ ✑t ✑✗✡ ✕✍✠✑✌✍❜✖✑✍t✏ t❞ ❜✡✑✇✡✡✏✟✌✡☞❛✍❝✒✑✡ ✕✍❞❞✡✌✡✏❝✡✠ ❞t✌ ✑✌✒✏✠❝✌✍☞✑✠

✇✍✑✗ ✠✍✎✍❛✒✌ ✒✈✡✌✒❣✡ ✒❜✖✏✕✒✏❝✡ ❜✓ ✜P❵✘ ✜✗✡ ✑✌✒✏✠❝✌✍☞✑ ☞✟✈✒❛✖✡ ✍✠ ✑✗✡ ✑✒✍❛ ☞✌t❜✒❜✍❛✍✑✓ ❞✌t✎ ✑✗✍✠ ✡✎☞✍✌✍❝✒❛ ✕✍✠✑✌✍✟

❜✖✑✍t✏✚ ✕✍✈✍✕✡✕ ❜✓ ✑✇t✘ ✯r☎☎◆❩ ✍✠ ✍✎☞❛✡✎✡✏✑✡✕ ✒✠ ✒ ❝t✎✎✒✏✕✟❛✍✏✡ ✠t❞✑✇✒✌✡ ☞✒❝✪✒❣✡ ✇✌✍✑✑✡✏ ✍✏ ☞✓✑✗t✏✚ ✇✍✑✗

✒ ✏✖✎❜✡✌ t❞ ✕✍✠✑✍✏❝✑ ❞✡✒✑✖✌✡✠✚ ✍✏❝❛✖✕✍✏❣ ✑✗✡ ✒❜✍❛✍✑✓ ✑t ✑✌✒✏✠❛✒✑✡ ❞✌t✎ ✯✿❧✾❈◗ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ☛✖✒✏✑✍✦❝✒✑✍t✏✠

✑t ✍✏✕✍✈✍✕✖✒❛ ✠☞❛✍❝✍✏❣ ✡✈✡✏✑✠✚ ✇✗✍❝✗ ✒✌✡ ❝✒✑✒❛t❣✡✕ ✖✠✍✏❣ ✒ ✠☞✡❝✍✦❝ ✈t❝✒❜✖❛✒✌✓ ✕✡✠❝✌✍❜✡✕ ✍✏ ✑✗✡ ❙✢PP❆✷ ✠t❞✑✇✒✌✡

✖✠✒❣✡ ❣✖✍✕✡✘ ✯r☎☎◆❩ ✒✕✕✍✑✍t✏✒❛❛✓ t❞❞✡✌✠ ✕✍❞❞✡✌✡✏✑✍✒❛ ✒✏✒❛✓✠✍✠ t✏ ✑✗✡ ✠☞❛✍❝✍✏❣ ✡✈✡✏✑✠✚ ✇✗✍❝✗ ✎✒✓ ❜✡ ✎t✌✡

✈✒❛✖✒❜❛✡ ✑t ✍✏✈✡✠✑✍❣✒✑t✌✠ ✑✗✒✏ ☞✡✌✟✑✌✒✏✠❝✌✍☞✑ ✌✡✠✖❛✑✠✚ ✕✡☞✡✏✕✍✏❣ t✏ ✑✗✡ ✌✡✠✡✒✌❝✗ ❣t✒❛✠ ✭✠✍✎✍❛✒✌ ✑t ✑✗✡ ✡①t✏✟❛✡✈✡❛

☞✌✍✎✒✌✓ ✖✠✡ ❝✒✠✡ t❞ ❉✬✮✯✰✲✣✘

✴◆ss ✖✠✡✠ ✒ ●✟✑✡✠✑ t❞ ✍✏✕✡☞✡✏✕✡✏❝✡✹❁ ✒✑ ❜t✑✗ ✑✗✡ ❣✡✏✡ ❛✡✈✡❛ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑ ❛✡✈✡❛✤ ✒✑ ✑✗✡ ❣✡✏✡ ❛✡✈✡❛ ✍✑ ❝t✎☞✒✌✡✠

✑✗✡ ✠✡✑✠ t❞ ✒❜✖✏✕✒✏❝✡✠ ❞t✌ ✡✒❝✗ ✑✌✒✏✠❝✌✍☞✑ ✒❝✌t✠✠ ❝t✏✕✍✑✍t✏✚ ✒✏✕ ✒✑ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑ ❛✡✈✡❛ ✍✑ ❝t✎☞✒✌✡✠ ✑✗✡ ✒❜✖✏✕✒✏❝✡

t❞ ✡✒❝✗ ✑✌✒✏✠❝✌✍☞✑ ✒❣✒✍✏✠✑ ✑✗✡ ☞tt❛✡✕ ✒❜✖✏✕✒✏❝✡ t❞ ✑✗✡ t✑✗✡✌ ✑✌✒✏✠❝✌✍☞✑✠ ✍✏ ✑✗✡ ❣✡✏✡✚ ✠✍✎✍❛✒✌ ✑t ✑✗✡ ✒☞☞✌t✒❝✗ t❞

❉✬✮✯✰✲ ✍✏ ✕✡✑✡❝✑✍✏❣ ✕✍❞❞✡✌✡✏✑✍✒❛ ✡①t✏ ✖✠✒❣✡✚ ✒❛✑✗t✖❣✗ ✇✍✑✗ ✒ ✕✍❞❞✡✌✡✏✑ ✠✑✒✑✍✠✑✍❝✒❛ ✑✡✠✑✘ ✴◆ss ✖✠✡✠ ❣✡✏✡✟ ✒✏✕ ✑✌✒✏✟

✠❝✌✍☞✑✟❛✡✈✡❛ ✡①☞✌✡✠✠✍t✏ ✦❛✑✡✌✠ ❜✡❞t✌✡ ✠✑✒✑✍✠✑✍❝✒❛ ✑✡✠✑✍✏❣✘ ✢✏❛✍✪✡ ✑✗✡ t✑✗✡✌ ✛✜✢ ✎✡✑✗t✕✠ ✕✍✠❝✖✠✠✡✕✚ ✴◆ss ✖✠✡✠ ✑✗✡

✍✏❞✡✌✡✏✑✍✒❛ ✌✡☞❛✍❝✒✑✡✠ ✭❜tt✑✠✑✌✒☞ t✌ ●✍❜❜✠ ✠✒✎☞❛✡✠✣ ✑t ✌✡☞✡✒✑ ✑✗✡ ✑✡✠✑✍✏❣ ✎✖❛✑✍☞❛✡ ✑✍✎✡✠✚ ✒✏✕ ✑✗✡✏ ❝✒❛❝✖❛✒✑✡✠ ✑✗✡

❞✌✒❝✑✍t✏ t❞ ✍✏❞✡✌✡✏✑✍✒❛ ✌✡☞❛✍❝✒✑✡✠ ✇✗✍❝✗ ✒❝✗✍✡✈✡ ✠✑✒✑✍✠✑✍❝✒❛ ✠✍❣✏✍✦❝✒✏❝✡✘ ✴◆ss ✒❛✠t ✌✡☞✡✒✑✠ ✑✗✡ ✠✑✒✑✍✠✑✍❝✒❛ ✑✡✠✑✟

✍✏❣ ✎✖❛✑✍☞❛✡ ✑✍✎✡✠ ✖✠✍✏❣ ✠✖❜✠✡✑✠ t❞ ✠✒✎☞❛✡✠ ✒✠ ✒ ✠✡❝t✏✕✒✌✓ ✒✠✠✡✠✠✎✡✏✑ t❞ ✌✡☞✌t✕✖❝✍❜✍❛✍✑✓✘ ✜✗✡ ✴◆ss ✠t❞✑✇✒✌✡

✈✡✌✠✍t✏ ✇✡ ✖✠✡✕ ✒✕✕✍✑✍t✏✒❛❛✓ ☞✡✌❞t✌✎✠ ✒ ✦❛✑✡✌ t✏ ✡❞❞✡❝✑ ✠✍✔✡✚ ✠✖❝✗ ✑✗✒✑ t✏❛✓ ❣✡✏✡✠ t✌ ✑✌✒✏✠❝✌✍☞✑✠ ✇✗✍❝✗ ✇✡✌✡ ❜t✑✗

✌✡☞✌t✕✖❝✍❜❛✡ ✒❝❝t✌✕✍✏❣ ✑t ✍✏❞✡✌✡✏✑✍✒❛ ✌✡☞❛✍❝✒✑✡✠ ✒✏✕ ✠✖❜✟✠✒✎☞❛✍✏❣✚ ✒✏✕ ✗✒✈✍✏❣ ✒ ✠✖❞✦❝✍✡✏✑❛✓ ❛✒✌❣✡ ✡❞❞✡❝✑ ✠✍✔✡ ✒✌✡

✌✡☞t✌✑✡✕ ✒✠ ✛✜✢✘ ✴◆ss ✍✠ ✍✎☞❛✡✎✡✏✑✡✕ ✒✠ ✒✏ ❘ ☞✒❝✪✒❣✡ ✕✡✠✍❣✏✡✕ ✑t ✕✡✑✡❝✑ ✛✜✢ ❞✌t✎ ✑✌✒✏✠❝✌✍☞✑ ☛✖✒✏✑✍✦❝✒✟

✑✍t✏ ✒✠ ☞✌t✕✖❝✡✕ ❜✓ ✯✿❧✾❈◗ t✌ ❦✿❧❧✵s❄❈✶❀✘ ❆✠ ✎✡✏✑✍t✏✡✕ ✒❜t✈✡✚ ✍✑ ❝✒✏ t☞✡✌✒✑✡ ✡✍✑✗✡✌ t✏ ✡✠✑✍✎✒✑✡✕ ❝t✖✏✑✠ ✒❛t✏✡✚ t✌

t✏ ✍✏❞✡✌✡✏✑✍✒❛ ✌✡☞❛✍❝✒✑✡✠ t❞ ✑✗✡ ❝t✖✏✑✠ ✭❜tt✑✠✑✌✒☞ t✌ ●✍❜❜✠ ✠✒✎☞❛✡✠✣ ✒✠ ❣✡✏✡✌✒✑✡✕ ❜✓ ✡✍✑✗✡✌ t❞ ✑✗✡✠✡ ☛✖✒✏✑✍✦❝✒✑✍t✏

✑tt❛✠✘ ✙✑ ✍✠ ✌✡❝t✎✎✡✏✕✡✕ ✍✏ ✑✗✡ ✴◆ss ✠t❞✑✇✒✌✡ ❣✖✍✕✡ ✑t ✖✠✡ ✒ ❝t✖✏✑✠✟❞✌t✎✟✒❜✖✏✕✒✏❝✡ ✒☞☞✌t✒❝✗ ✑t ❣✡✏✡✌✒✑✡ ✑✗✡

✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠✘

❲✡ ✌✒✏ ✯r☎☎◆❩ ✍✏ ✍✑✠ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ✎t✕✡✘ ❲✡ ✡✏✒❜❛✡✕ ✒ ✦❛✑✡✌ ✑t ✌✡✎t✈✡ ✑✌✒✏✠❝✌✍☞✑✠ ✇✍✑✗ ❛✡✠✠

✑✗✒✏ ✶ ✜P❵✘ ✜P❵ ✦❛✑✡✌✍✏❣ ✍✠ ✒ ❝t✎✎✒✏✕✟❛✍✏✡ t☞✑✍t✏ ✒✈✒✍❛✒❜❛✡ ✕✖✌✍✏❣ ✑✗✡ diffSplice ✠✑✡☞ t❞ ✯r☎☎◆❩ ✒✏✕

✑✗✍✠ ❣✌✡✒✑❛✓ ✍✎☞✌t✈✡✕ ✑✗✡ ✌✖✏✏✍✏❣ ✑✍✎✡ ✇✍✑✗t✖✑ ❛t✠✠ t❞ ✠✡✏✠✍✑✍✈✍✑✓ ✭✒✏ ✒✕✕✍✑✍t✏✒❛ ✦❛✑✡✌ ✑t ✡✏✒❜❛✡ ✕✍✌✡❝✑ ❝t✎✟

☞✒✌✍✠t✏ ✇✍✑✗ t✑✗✡✌ ✎✡✑✗t✕✠ ✍✠ ✕✍✠❝✖✠✠✡✕ ❜✡❛t✇✣✘ ❲✡ ✕✍✕ ✏t✑ ✖✠✡ ✑✗✡ ✯r☎☎◆❩ t☞✑✍t✏✒❛ ❣✡✏✡✟❝t✌✌✡❝✑✍t✏✚ ✇✗✍❝✗

✕t✡✠ ✏t✑ ❝t✌✌✡❝✑ ❞t✌ ❞✒❛✠✡ ✕✍✠❝t✈✡✌✓ ✌✒✑✡ ✒❝✌t✠✠ ❣✡✏✡✠✚ ✒✠ ✇✡ ✇✒✏✑✡✕ ✑t ✒☞☞❛✓ ✑✗✡ ✒❣❣✌✡❣✒✑✍t✏ ✒✏✕ ❝t✌✌✡❝✟

✑✍t✏ ✎✡✑✗t✕ perGeneQValue ❞✌t✎ ❉✬✮✯✰✲ ✑t t❜✑✒✍✏ ✒✏ ❨✛❘✟❜t✖✏✕✡✕ ✠✡✑ t❞ ❣✡✏✡✠ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑✠ ✒✠ t✖✑☞✖✑✘

❲✡ ✌✒✏ ✴◆ss ✇✍✑✗ ✸✶ ❜tt✑✠✑✌✒☞ ✌✡☞❛✍❝✒✑✡✠ ❞✌t✎ ✯✿❧✾❈◗✚ ❣✡✏✡✌✒✑✍✏❣ ❝t✖✏✑✠ ❞✌t✎ ✒❜✖✏✕✒✏❝✡ ❜✓ ✠❝✒❛✍✏❣ ✖☞ ✜P❵✠✘

✜✗✡ ❜tt✑✠✑✌✒☞ ✌✡☞❛✍❝✒✑✡✠ ✒☞☞✌t✒❝✗ ☞✡✌❞t✌✎✡✕ ✠✍✎✍❛✒✌❛✓ ✑t ✑✗✡ ✒☞☞✌t✒❝✗ ✇✍✑✗t✖✑ ❜tt✑✠✑✌✒☞ ✌✡☞❛✍❝✒✑✡✠✚ ✇✍✑✗ ✒

✎✍✏t✌ ✍✎☞✌t✈✡✎✡✏✑ ✍✏ ✑✗✡ ❨✛❘ ✒✏✕ ❖❨✛❘ ✇✍✑✗ ✍✏❝❛✖✕✍✏❣ ✑✗✡ ❜tt✑✠✑✌✒☞ ✌✡☞❛✍❝✒✑✡✠✘ ❨t✌ ✡✒✠✍✡✌ ✈✍✠✖✒❛✍✔✒✑✍t✏ ✒✏✕

✑t ✒✈t✍✕ t✈✡✌❛✒☞☞✍✏❣ ✕✒✑✒ ☞t✍✏✑✠✚ ✇✡ t✏❛✓ ✍✏❝❛✖✕✡ ✑✗✡ ✴◆ss ❜tt✑✠✑✌✒☞ ✌✡✠✖❛✑✠ ✍✏ ✑✗✡ ✡✈✒❛✖✒✑✍t✏ ☞❛t✑✠✘

✜t ❞✒❝✍❛✍✑✒✑✡ ❝t✎☞✒✌✍✠t✏✠ ✒❝✌t✠✠ ✎✡✑✗t✕✠✚ ✇✡ t✏❛✓ ❝t✏✠✍✕✡✌✡✕ ✑✗✡ ❣✡✏✡✠ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑✠ ☞✒✠✠✍✏❣ ✑✗✡ ❉✴❂❃✯✰✲

✦❛✑✡✌✠ ❞t✌ ✎✍✏✍✎✖✎ ❣✡✏✡ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ✒✏✕ ✎✍✏✍✎✖✎ ☞✌t☞t✌✑✍t✏✘ ✜✗✍✠ ✡❛✍✎✍✏✒✑✡✕ ❣✡✏✡✠ ✇✗✍❝✗ ✗✒✕ ✡①☞✌✡✠✟

✠✍t✏ ✑tt ❛t✇ ✑t ✗✒✈✡ ✈✡✌✓ ✎✖❝✗ ✠✑✒✑✍✠✑✍❝✒❛ ☞t✇✡✌ ❞t✌ ✕✡✑✡❝✑✍✏❣ ✛✜✢✚ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑✠ ✇✗✍❝✗ ✇✡✌✡ ✈✡✌✓ ❛t✇❛✓

✡①☞✌✡✠✠✡✕ ✍✏ ❜t✑✗ ❝t✏✕✍✑✍t✏✠✚ ✒✏✕ ✠t ✏t✑ ❝t✏✑✌✍❜✖✑✍✏❣ ✖✠✡❞✖❛ ✍✏❞t✌✎✒✑✍t✏ ❞t✌ ✛✜✢✘ ❲✡ ✒✠✠✡✠✠✡✕ ✑✗✒✑ ✡①❝❛✖✕✍✏❣ ✑✗✡✠✡

❛t✇❛✓ ✡①☞✌✡✠✠✡✕ ❣✡✏✡✠ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑✠ ✕✍✕ ✏t✑ ❝✗✒✏❣✡ ✑✗✡ ✌✡❛✒✑✍✈✡ ✕✍❞❞✡✌✡✏❝✡✠ ✍✏ ✠✡✏✠✍✑✍✈✍✑✓ t❞ ✑✗✡ ✎✡✑✗t✕✠✚ ✒✠ ✑✗✡✓

✇✡✌✡ ✏t✑ ✕✡✑✡❝✑✒❜❛✡ ❜✓ ✒✏✓ t❞ ✑✗✡ ✎✡✑✗t✕✠ ✇✍✑✗ ✌✡❣✒✌✕✠ ✑t ✛✜✢✘ ❨t✌ ✯r☎☎◆❩✚ ✇✡ ☞✡✌❞t✌✎✡✕ perGeneQValue

t✏❛✓ t✏ ✑✗t✠✡ ❣✡✏✡✠ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑✠ ☞✒✠✠✍✏❣ ✑✗✡ ❉✴❂❃✯✰✲ ✦❛✑✡✌✠✘ ❨t✌ ✴◆ss✚ ✇✡ ☞✌t✈✍✕✡✕ ✑✗✡ ❜tt✑✠✑✌✒☞ ✌✡☞❛✍❝✒✑✡

❝t✖✏✑✠✟❞✌t✎✟✒❜✖✏✕✒✏❝✡ ❞t✌ ✑✗✡ ❣✡✏✡✠ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑✠ ✑✗✒✑ ☞✒✠✠✡✕ ✑✗✡ ❉✴❂❃✯✰✲ ✦❛✑✡✌✠✘ ❲✡ ☞✡✌❞t✌✎✡✕ ✍✕✡✏✑✍❝✒❛ ✠✑✒❣✡✟

✇✍✠✡ ✒✏✒❛✓✠✍✠ ✇✍✑✗ s❄✿✳✰✴ t✏ ✯r☎☎◆❩ ✒✏✕ ✴◆ss t✖✑☞✖✑✚ ✑t ✒❛❛t✇ ✕✍✌✡❝✑ ❝t✎☞✒✌✍✠t✏ ✇✍✑✗ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲

✠✑✒❣✡✟✇✍✠✡ ✌✡✠✖❛✑✠ ✒✏✕ t❜✠✡✌✈✡✕ ❖❨✛❘✘ ❊①✒❝✑ ❝t✕✡ ❞t✌ ✌✖✏✏✍✏❣ ✯r☎☎◆❩ ✒✏✕ ✴◆ss ✍✠ ☞✌t✈✍✕✡✕ ✍✏ ✑✗✡ ✌✡✠☞✡❝✑✍✈✡

✕✍✌✡❝✑t✌✍✡✠ ✍✏ ✑✗✡ ✒✠✠t❝✍✒✑✡✕ ●✍✑❍✖❜ ✌✡☞t✠✍✑t✌✓✷✩✘

❉�✁ ☎�✡☛✂✡�✟✆✏

✙✏ ✑✗✡ ✇t✌✪✫t✇✚ ✇✡ ✠✗t✇✡✕ ✒ ✑✓☞✍❝✒❛ ✒✏✒❛✓✠✍✠ ❞t✌ ✒ ❝t✎☞✒✌✍✠t✏ t❞ ✒ ✈✠ ✒ ✠✒✎☞❛✡✠✘ ❆✠ ✇✡ ✇✡✌✡ ✍✏✑✡✌✡✠✑✡✕ ✍✏ ✑✗✡

☞✡✌❞t✌✎✒✏❝✡ ✒✑ ✈✒✌✍t✖✠ ✠✒✎☞❛✡ ✠✍✔✡✠✚ ✇✡ ☞✡✌❞t✌✎✡✕ ✑✗✡ ✡✏✑✍✌✡ ✒✏✒❛✓✠✍✠ ❞t✌ ❉✴❂❃✯✰✲✚ ❉✬✮✯✰✲✚ ✴◆ss✚ ✒✏✕

✯r☎☎◆❩ ✒✑ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡✠ t❞ ✸✚ ✒✚ ✑✚ ✒✏✕ ✶✷✘ ✜✗✡ ❞t❛❛t✇✍✏❣ ✡✈✒❛✖✒✑✍t✏ ❝t✌✌✡✠☞t✏✕✠ ✑t ✑✗✡ ➇✎✒✍✏①

✠✍✎✖❛✒✑✍t✏ ✒✠ ✕✡✠❝✌✍❜✡✕ ✍✏ ✑✗✡ ❵✡✑✗t✕✠✘

❆✑ ✑✗✡ ❣✡✏✡ ❛✡✈✡❛✚ ✍✏ ✑✡✌✎✠ t❞ ❝t✏✑✌t❛❛✍✏❣ ✑✗✡ ✏t✎✍✏✒❛ ❨✛❘✚ ✯r☎☎◆❩ ✒❛✇✒✓✠ ❝t✏✑✌t❛❛✡✕ ✍✑✠ ❨✛❘✚ ✴◆ss ❝t✏✑✌t❛❛✡✕

✍✑✠ ❨✛❘ ✡①❝✡☞✑ ❞t✌ ✑✗✡ ✶✔ ✑✗✌✡✠✗t❛✕ ❞t✌ ✠✒✎☞❛✡ ✠✍✔✡ ✸✚ ❉✬✮✯✰✲ ❝t✏✑✌t❛❛✡✕ ✍✑✠ ❨✛❘ ✡①❝✡☞✑ ❞t✌ ✑✗✡ ✶✔ ✑✗✌✡✠✗t❛✕

➞➟➠➡ ➵➵ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



✒✑ ✒❛❛ ✠✒✎☞❛✡ ✠✍✔✡✠ ✒✏✕ ✺✔ ✑✗✌✡✠✗t❛✕ ❞t✌ ✠✒✎☞❛✡ ✠✍✔✡ ✸✚ ✒✏✕ ❉✴❂❃✯✰✲ ✡①❝✡✡✕✡✕ ✍✑✠ ❨✛❘ ❜✖✑ ✒☞☞✌t✒❝✗✡✕ ✑✗✡ ✑✒✌✟

❣✡✑ ❞t✌ ❛✒✌❣✡✌ ✠✒✎☞❛✡ ✠✍✔✡✠ ✭❨✍❣✖✌✡ ✒✣✘ ✴◆ss ❣✒✈✡ ✏✡✒✌❛✓ ✑✗✡ ✠✒✎✡ ✠✡✑ t❞ ❣✡✏✡✠ ✇✗✡✑✗✡✌ ✑✗✌✡✠✗t❛✕✍✏❣ ✒✑ ✶✔✚ ✺✔✚

t✌ ✶✶✔ ✏t✎✍✏✒❛ ❨✛❘✚ ✇✗✍❝✗ ✇✡ ❞t✖✏✕ ✇✒✠ ✌✡❛✒✑✡✕ ✑t ✍✑✠ ✕✡❞✒✖❛✑ ✦❛✑✡✌✍✏❣ ☞✌t❝✡✕✖✌✡✠✘ ❊①❝✡✡✕✍✏❣ ✑✗✡ ✏t✎✍✏✒❛

❨✛❘ ❛✡✈✡❛ ❜✓ ✒ ✠✎✒❛❛ ✒✎t✖✏✑ ✠✗t✖❛✕ ❜✡ ❝t✏✠✍✕✡✌✡✕ ✇✍✑✗ ✒ ✎✡✑✗t✕✧✠ ✌✡❛✒✑✍✈✡ ✠✡✏✠✍✑✍✈✍✑✓ ✍✏ ✎✍✏✕ ✒✠ ✇✡❛❛✚ ❝t✎☞✒✌✡✕

✑t t✑✗✡✌ ✎✡✑✗t✕✠✘ ❨t✌ ✡①✒✎☞❛✡✚ ❞t✌ ✑✗✡ ✒ ✈✠ ✒ ❝t✎☞✒✌✍✠t✏✚ ❉✴❂❃✯✰✲ ✗✒✕ ✒✏ t❜✠✡✌✈✡✕ ❨✛❘ t❞ ✶✷✔ ✒✑ ✏t✎✍✏✒❛

✶✶✔✚ ✎✡✒✏✍✏❣ ✑✗✒✑ ❞t✌ ✡✈✡✌✓ ✶✶✶ ❣✡✏✡✠ ✌✡☞t✌✑✡✕ ✒✠ ❝t✏✑✒✍✏✍✏❣ ✛✜✢✚ ✑✗✡ ✎✡✑✗t✕ ✌✡☞t✌✑✡✕ ✷ ✎t✌✡ ❞✒❛✠✡

☞t✠✍✑✍✈✡ ❣✡✏✡✠ ✑✗✒✏ ✍✑✠ ❨✛❘ ✑✒✌❣✡✑ ✇t✖❛✕ ✒❛❛t✇✘ ✙✏ ❣✡✏✡✌✒❛✚ ✯r☎☎◆❩ ✒✏✕ ✴◆ss ✇✡✌✡ ✒❜❛✡ ✑t ✠✑✌✍❝✑❛✓ ❝t✏✑✌t❛ ✑✗✡

❨✛❘✚ ✇✗✍❛✡ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲ ✠t✎✡✑✍✎✡✠ ✡①❝✡✡✕✡✕ ✑✗✡✍✌ ❨✛❘ ❜✖✑ ✇✍✑✗ ✒ ❛✒✌❣✡ ❣✒✍✏ ✍✏ ✠✡✏✠✍✑✍✈✍✑✓✚ ☞✒✌✑✍❝✖❛✒✌❛✓ ❞t✌

☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡✠ t❞ ✒ t✌ ❛✒✌❣✡✌✘

❲✡ ❞✖✌✑✗✡✌ ❜✌t✪✡ ✕t✇✏ ✑✗✡ ✑✌✖✡ ☞t✠✍✑✍✈✡✠ ✒✏✕ ❞✒❛✠✡ ☞t✠✍✑✍✈✡✠ ✒✑ ✑✗✡ ❣✡✏✡ ❛✡✈✡❛✚ ❞t✌ ✒ ✑✒✌❣✡✑ ✺✔ ❨✛❘✚ ✒❝❝t✌✕✍✏❣ ✑t

✑✗✡ ✠✍✎✖❛✒✑✡✕ ❣✡✏✡ ✑✓☞✡ ✭➇✛●❊①✚ ➇✛✜❊①✚ ➇✛✜✢①✚ t✌ ➇✏✖❛❛①✣✘ ✜✗✡ ✑✌✖✡ ☞t✠✍✑✍✈✡✠ ❞t✌ ✎t✠✑ ✎✡✑✗t✕✠ ✎✒✑❝✗✡✕ ✑✗✡

❣✡✏✡✟✑✓☞✡ ☞✌t☞t✌✑✍t✏ t❞ ✑✌✖✡ ❣✡✏✡✠ ✇✍✑✗ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ❝✗✒✏❣✡✠ ✭❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❣✖✌✡ ✷✣✘ ❆❜t✖✑ ✑✇t✟✑✗✍✌✕✠ ✇✡✌✡

❋�✁✂✄☎ ✻✝●☎☛☎�♣☎✈☎♣ ✡✉✄☎☎☛�☛✁ ✟♦✄ ♠�✟✟☎✄☎☛t�✞♣ t✄✞☛✡✉✄�♣t ✂✡✞✁☎ ✭❉❚✁✂✝ ❚❢✉✎ ✖✔s✒✑✒✬✎ ❢✗✑✎ ✭②✫✗❡✒s✣ ✔✬✎❢ ✏✗❧s✎ ✓✒s✛✔✬✎❢②

❢✗✑✎ ✭✄✜✮✣ ✭❡✫✗❡✒s✣ ✏✔❢ ✜✦✰❙✎q✩ ✜✮■✯❙✎q✩ ✮✳❚s✩ ✗✙✓ ❙✢☎☎✳❧✧ ❚✍✎ ✏✔✉❢ ✖✗✙✎❧s ✗❢✎ ✏✔❢ ✖✎❢✫✚❢✔✉✖ s✗✘✖❧✎ s✒♦✎ss ✸✩ ☎✩

☛✩ ✗✙✓ ✶❧✩ ✗s ✒✙✓✒✛✗✑✎✓ ✒✙ ✑✍✎ ✑✒✑❧✎✧ ❈✒❢✛❧✎s ✒✙✓✒✛✗✑✎ ✑✍❢✎s✍✔❧✓s ✔✏ ✶✟✩ ✆✟✩ ✗✙✓ ✶✞✟ ✙✔✘✒✙✗❧ ✄✜✮✩ ✕✍✒✛✍ ✗❢✎ ✪❧❧✎✓ ✒✏ ✑✍✎

✔♥s✎❢✬✎✓ ✬✗❧✉✎ ✒s ❧✎ss ✑✍✗✙ ✑✍✎ ✑✗❢✚✎✑ ✭✓✗s✍✎✓ ✬✎❢✑✒✛✗❧ ❧✒✙✎s✣✧

➞➟➠➡ ➵➢ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



❞✌t✎ ✑✗✡ ✠✍✎✖❛✒✑✡✕ ✛✜✢ ❣✡✏✡✠ ✭✑✇t ✑✌✒✏✠❝✌✍☞✑✠ ✇✍✑✗ ✠✇✒☞☞✡✕ ✡①☞✌✡✠✠✍t✏✣✚ ✒✏✕ t✏✡✟✑✗✍✌✕ ✇✡✌✡ ❞✌t✎ ✠✍✎✖❛✒✑✡✕

✛✜❊ ❣✡✏✡✠ ✇✍✑✗ t✏✡ ✑✌✒✏✠❝✌✍☞✑ ✕✍❞❞✡✌✡✏✑✍✒❛❛✓ ✡①☞✌✡✠✠✡✕ ❜✖✑ ✇✗✡✌✡ ✑✗✡ ☞✌t☞t✌✑✍t✏✠ ✕✍✕ ❝✗✒✏❣✡ ❜✡❝✒✖✠✡ ✒✑ ❛✡✒✠✑ t✏✡

t✑✗✡✌ ✑✌✒✏✠❝✌✍☞✑ ✇✒✠ ✡①☞✌✡✠✠✡✕✘ ✯r☎☎◆❩ ✒✏✕ ✴◆ss ✗✒✕ ✒ ✠❛✍❣✗✑ ✕✡❝✌✡✒✠✡ ✍✏ ✌✡❛✒✑✍✈✡ ✠✡✏✠✍✑✍✈✍✑✓ ❞t✌ ✑✗✡ ✠✍✎✖❛✒✑✡✕

✛✜❊ ❣✡✏✡✠✘ ✜✗✡ ❞✒❛✠✡ ☞t✠✍✑✍✈✡✠ ❞t✌ ✎✡✑✗t✕✠ ✎t✠✑❛✓ ✑✌✒❝✪✡✕ ✇✍✑✗ ✑✗✡ ☞✌t☞t✌✑✍t✏ t❞ ❣✡✏✡✠ ✇✍✑✗t✖✑ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡

❝✗✒✏❣✡✠ ✭❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❣✖✌✡ ✸✣✘ ✜✗✡ ✎✡✑✗t✕✠ ✑✗✒✑ ✑✡✏✕✡✕ ✑t ✡①❝✡✡✕✡✕ ✑✗✡ ✑✒✌❣✡✑ ❨✛❘✚ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲✚

✕✍✕ ✏t✑ ✗✒✈✡ ✒✏✓ ☞✒✌✑✍❝✖❛✒✌ ❝✒✑✡❣t✌✓ t❞ ✠✍✎✖❛✒✑✡✕ ❣✡✏✡ ✑✓☞✡ ✑✗✒✑ ✇✒✠ t✈✡✌✟✌✡☞✌✡✠✡✏✑✡✕ ✍✏ ✑✗✡ ❞✒❛✠✡ ☞t✠✍✑✍✈✡✠✘

❲✡ ✒✠✠✡✠✠✡✕ ✑✗✡ t✈✡✌✒❛❛ ❞✒❛✠✡ ✕✍✠❝t✈✡✌✓ ✌✒✑✡ ✭❖❨✛❘✣ ☞✌t❝✡✕✖✌✡ ✍✎☞❛✡✎✡✏✑✡✕ ✇✍✑✗ s❄✿✳✰✴ ✖✠✍✏❣ ❣✡✏✡✟ ✒✏✕

✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ☞✟✈✒❛✖✡✠ ❞✌t✎ ❉✴❂❃✯✰✲✚ ❉✬✮✯✰✲✚ ✴◆ss✚ ✒✏✕ ✯r☎☎◆❩✚ ❞t✌ ✒ ✺✔ ✑✒✌❣✡✑ ❖❨✛❘✘ ✯r☎☎◆❩ ✒✏✕

✴◆ss ❝t✏✑✌t❛❛✡✕ ✑✗✡ ✑✒✌❣✡✑ ❖❨✛❘ ✒✑ ✒❛❛ ✠✒✎☞❛✡ ✠✍✔✡✠✚ ✇✍✑✗ ✴◆ss ✗✒✈✍✏❣ ✏✡✒✌❛✓ ✡①✒❝✑❛✓ ✺✔ ❖❨✛❘ ✒✑ ✑✗✡ ✠✎✒❛❛✡✠✑

✠✒✎☞❛✡ ✠✍✔✡✘ ❉✬✮✯✰✲ ✍✏☞✖✑ ✑t s❄✿✳✰✴ ✇✒✠ ❝❛t✠✡ ✑t ✑✗✡ ✺✔ ❖❨✛❘ ✑✒✌❣✡✑ ✡①❝✡☞✑ ❞t✌ ✒ ✠✒✎☞❛✡ ✠✍✔✡ t❞ ✸✚ ✇✗✍❝✗ ✗✒✕ ✒✏

❖❨✛❘ ✒✌t✖✏✕ ✶✶✔✘ ❨t✌ ❉✴❂❃✯✰✲✚ ✇✡ ✒✠✠✡✠✠✡✕ ✇✗✡✑✗✡✌ ✌✒✍✠✍✏❣ ✑✗✡ ☞✟✈✒❛✖✡✠ ✑t ✶ ❞t✌ ✑✌✒✏✠❝✌✍☞✑✠ ✇✍✑✗ ✠✎✒❛❛ ☞✌t☞t✌✟

✑✍t✏ ❙✛ ✗✡❛☞✡✕ ✑t ✌✡❝t✈✡✌ ❖❨✛❘ ❝t✏✑✌t❛✘ ✜✗✡ t❜✠✡✌✈✡✕ ❖❨✛❘ ❞t✌ ❉✴❂❃✯✰✲ ✇✍✑✗ ☞✌t☞t✌✑✍t✏ ❙✛ ✦❛✑✡✌✍✏❣ ✇✒✠ ✒✑

❛t✇✡✠✑ ✒✌t✖✏✕ ✶✷✔ ✒✑ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡ t❞ ✒ ✒✏✕ ✗✍❣✗✡✌ ✭❨✍❣✖✌✡ ✼✣✘ ❲✍✑✗t✖✑ ✑✗✡ ✦❛✑✡✌✍✏❣✚ ✑✗✡ t❜✠✡✌✈✡✕ ❖❨✛❘

❞t✌ ❉✴❂❃✯✰✲ ✇✒✠ t✑✗✡✌✇✍✠✡ ✒✌t✖✏✕ ✷✺✔✘ ❲✗✍❛✡ ✯r☎☎◆❩ ✒✏✕ ✴◆ss ✒❛✇✒✓✠ ❝t✏✑✌t❛❛✡✕ ✑✗✡ ❖❨✛❘✚ ✇✡ ✏t✑✡✕ ✑✗✒✑

✑✗✡ ✠✡✏✠✍✑✍✈✍✑✓ ✍✏ ✑✡✌✎✠ t❞ ✑✌✒✏✠❝✌✍☞✑✠ ✕✡✑✡❝✑✡✕ ✈✍✒ ✑✗✡ s❄✿✳✰✴ ✑✇t✟✠✑✒❣✡ ☞✌t❝✡✕✖✌✡ ✕✍✕ ✏t✑ ✍✏❝✌✡✒✠✡ ✇✍✑✗ ✠✒✎☞❛✡

✠✍✔✡✚ ✖✏❛✍✪✡ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲ ✇✗✍❝✗ ✒☞☞✌t✒❝✗✡✕ ✼✺✔ ✠✡✏✠✍✑✍✈✍✑✓ ✒✑ ✑✗✡ ❛✒✌❣✡✠✑ ✠✒✎☞❛✡ ✠✍✔✡✘

❨✍✏✒❛❛✓✚ ✒❛✑✗t✖❣✗ ✑✗✡ ✇t✌✪✫t✇ ✠✗t✇✡✕ ✗t✇ ✑t ✍✏✑✡❣✌✒✑✡ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟ ✒✏✕ ❣✡✏✡✟❛✡✈✡❛ ✑✡✠✑✠ ✖✠✍✏❣ ✑✗✡ s❄✿✳✰✴ ☞✌t✟

❝✡✕✖✌✡✚ ✇✡ ✒❛✠t ✡✈✒❛✖✒✑✡✕ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✠ ✒❛t✏✡ ❞t✌ ❉✴❂❃✯✰✲✚ ❉✬✮✯✰✲✚ ✴◆s✯✚ ✒✏✕ ✯r☎☎◆❩✘

✜✗✍✠ ✡✈✒❛✖✒✑✍t✏ ❝t✌✌✡✠☞t✏✕✠ ✑t ✒✏ ✒✏✒❛✓✠✍✠ ✇✗✍❝✗ ✕t✡✠ ✏t✑ ✖✠✡ ✒✏✓ ❣✡✏✡✟❛✡✈✡❛ ✒❣❣✌✡❣✒✑✍t✏✚ ✒✏✕ ✕t✡✠ ✏t✑ ✖✠✡ s❄✿✳✰✴✚

❜✖✑ ❝t✏✠✍✕✡✌✠ t✏❛✓ ✑✗✡ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✠ ☞✡✌ ✑✌✒✏✠❝✌✍☞✑ ❞✌t✎ ✡✒❝✗ ✎✡✑✗t✕✘ ❍✡✌✡ ✇✡ ❝t✎☞✖✑✡✕ ✑✗✡ ✠✑✒✏✕✒✌✕ ❨✛❘✚

✇✗✡✌✡ ✑✗✡ ✖✏✍✑ t❞ ❞✒❛✠✡ ✕✍✠❝t✈✡✌✓ ✍✠ ✑✗✡ ❄❏✿◗s▼❏✵❭❄✚ ✍✏ ❝t✏✑✌✒✠✑ ✑t ✑✗✡ ❖❨✛❘ ✇✗✡✌✡ ✑✗✡ ✖✏✍✑ t❞ ❞✒❛✠✡ ✕✍✠❝t✈✡✌✓ ✍✠

✑✗✡ ✳✰◗✰✘ ✯r☎☎◆❩ ✒✏✕ ✴◆ss ✑✡✏✕✡✕ ✑t ❝t✏✑✌t❛ ✑✗✡✍✌ ❨✛❘ ✒✠ ✍✏ ✑✗✡ ❣✡✏✡✟❛✡✈✡❛ ✒✏✒❛✓✠✍✠ ✭❨✍❣✖✌✡ ❊✣✘ ❉✬✮✯✰✲ t✏❛✓

✠❛✍❣✗✑❛✓ ✡①❝✡✡✕✡✕ ✍✑✠ ❨✛❘ ❞t✌ ✠✒✎☞❛✡ ✠✍✔✡✠ ✒ t✌ ❛✒✌❣✡✌✚ ✡✈✡✏✑✖✒❛❛✓ ❝t✏✑✌t❛❛✍✏❣ ✑✗✡ ✶✶✔ ✑✒✌❣✡✑ ❨✛❘✘ ❉✴❂❃✯✰✲ ✇✍✑✗

☞✌t☞t✌✑✍t✏ ❙✛ ✦❛✑✡✌✍✏❣ ✒☞☞✌t✒❝✗✡✕ ✑✗✡ ✑✒✌❣✡✑ ❨✛❘ ✒✠ ✠✒✎☞❛✡ ✠✍✔✡ ✍✏❝✌✡✒✠✡✕ ❞t✌ ✑✗✡ ✺✔ ✒✏✕ ✶✶✔ ✑✒✌❣✡✑✠✚ ✇✗✍❛✡

✇✍✑✗t✖✑ ✦❛✑✡✌✍✏❣✚ ✑✗✡ t❜✠✡✌✈✡✕ ❨✛❘ ✇✒✠ ✎✖❝✗ ✗✍❣✗✡✌ ✑✗✒✏ ✑✗✡ ✑✒✌❣✡✑✘

✜✗✡ ❜✌✡✒✪✕t✇✏ t❞ ❞✒❛✠✡ ☞t✠✍✑✍✈✡✠ ❜✓ ❣✡✏✡ ✑✓☞✡✚ ❞t✌ ✒ ✑✒✌❣✡✑ ✺✔ ❨✛❘✚ ✇✒✠ ✌✡✈✡✒❛✍✏❣ ❞t✌ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✒✏✒❛✟

✓✠✍✠✚ ✒✠ ✇✡ ✏t✑✍❝✡✕ ✑✗✒✑ ❞t✌ ✑✗✍✠ ✠✍✎✖❛✒✑✍t✏ ❉✴❂❃✯✰✲ ✑✡✏✕✡✕ ✑t ✗✒✈✡ ✒✏ ✡①❝✡✠✠ t❞ ❞✒❛✠✡ ☞t✠✍✑✍✈✡ ✑✌✒✏✠❝✌✍☞✑✠ ✑✗✒✑

❜✡❛t✏❣✡✕ ✑t ✑✌✖✡ ✛✜✢ ❣✡✏✡✠ ✭❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❣✖✌✡ ✹✣✚ ✌✡❛✒✑✍✈✡ ✑t ✇✗✒✑ ✇t✖❛✕ ❜✡ ✡①☞✡❝✑✡✕ ❜✓ ✌✒✏✕t✎ ✠✒✎☞❛✍✏❣

❋�✁✂✄☎ ✼✝◆✂❣❛☎✄ ♦✟ t✄✂☎ ♣♦✡�t�✈☎✡ ✞☛♠ ♦❛✡☎✄✈☎♠ ♦✈☎✄✞♣♣ ✟✞♣✡☎ ♠�✡✉♦✈☎✄② ✄✞t☎ ✭✭❋❉❉✂ ✂✡�☛✁ ✡t✞✁☎❉ ✟♦✄ ✞ ✺✺ t✞✄✁☎t✝

✦✗✛✍ ✘✎✑✍✔✓ ✒s ✓❢✗✕✙ ✗s ✗ ❧✒✙✎✩ ✗✙✓ ✑✍✎ ✙✉✘♥✎❢s ✑✔ ✑✍✎ ❢✒✚✍✑ ✔✏ ✑✍✎ ✖✔✒✙✑s ✒✙✓✒✛✗✑✎ ✑✍✎ ✖✎❢✫✚❢✔✉✖ s✗✘✖❧✎ s✒♦✎✧ ✳✓❛✉s✑✎✓

✖✫✬✗❧✉✎s ✏✔❢ ✗ ✙✔✘✒✙✗❧ ✆✟ ❖✄✜✮ ✭✓✗s✍✎✓ ✬✎❢✑✒✛✗❧ ❧✒✙✎✣ ✕✎❢✎ ✚✎✙✎❢✗✑✎✓ ✏✔❢ ✜✦✰❙✎q✩ ✜✮■✯❙✎q ✭✕✒✑✍ ✗✙✓ ✕✒✑✍✔✉✑ ✖✔s✑✫

✍✔✛ ✪❧✑✎❢✒✙✚✣✩ ✮✳❚s✩ ✗✙✓ ❙✢☎☎✳❧ ✏❢✔✘ ✚✎✙✎✫ ✗✙✓ ✑❢✗✙s✛❢✒✖✑✫❧✎✬✎❧ ✖✫✬✗❧✉✎s ✉s✒✙✚ ✑✍✎ s✑✗✚✎✮ ✏❢✗✘✎✕✔❢✤ ✏✔❢ s✑✗✚✎✫✕✒s✎

✑✎s✑✒✙✚✧

➞➟➠➡ ➵✱ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



t❞ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✠ ✏t✑ ☞✒✌✑✍❝✍☞✒✑✍✏❣ ✍✏ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡✘ ❨✌t✎ ❛tt✪✍✏❣ ✒✑ ✍✏✕✍✈✍✕✖✒❛ ✡①✒✎☞❛✡✠✚ ✇✡ ✏t✑✍❝✡✕

✑✗✒✑ ❉✴❂❃✯✰✲ ✇t✖❛✕ ✠t✎✡✑✍✎✡✠ ❝t✌✌✡❝✑❛✓ ✍✕✡✏✑✍❞✓ ✑✗✡ ❣✡✏✡ ✒✠ ✛✜✢✚ ❜✖✑ ✗✒✈✡ ✒ ❛t✇ ☞✟✈✒❛✖✡ ❞t✌ t✏✡ t✌ ✎t✌✡ ✒✕✕✍✟

✑✍t✏✒❛ ✑✌✒✏✠❝✌✍☞✑✠ ❜✡✓t✏✕ ✑✗✡ ✑✇t ✑✌✒✏✠❝✌✍☞✑✠ ✇✗t✠✡ ✡①☞✌✡✠✠✍t✏ ✇✒✠ ✒❝✑✖✒❛❛✓ ✠✇✒☞☞✡✕✘ ✜✗✍✠ ✡①❝✡✠✠ t❞ ❞✒❛✠✡ ☞t✠✍✑✍✈✡

✑✌✒✏✠❝✌✍☞✑✠ ❞✌t✎ ✑✌✖✡ ✛✜✢ ❣✡✏✡✠ ✇✒✠ ✒❛✠t t❜✠✡✌✈✡✕ ❞t✌ ❉✬✮✯✰✲ ✒✠ ✠✒✎☞❛✡ ✠✍✔✡ ✍✏❝✌✡✒✠✡✕✘

❲✡ ✒❛✠t ✒✠✠✡✠✠✡✕ ✒❛❛ t❞ ✑✗✡ ✒❜t✈✡ ✎✡✑✌✍❝✠ ❞t✌ ✒ ✠✒✎☞❛✡ ✠✍✔✡ t❞ ✷ ✈✠ ✷✚ ✍✏❝❛✖✕✍✏❣ ❣✡✏✡✟❛✡✈✡❛ ✛✜✢ ✕✡✑✡❝✑✍t✏✚ ❖❨✛❘✚

✒✏✕ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✛✜✢ ✕✡✑✡❝✑✍t✏ ✭❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❣✖✌✡ ✺✣✘ ✜✗✍✠ ✒✕✕✍✑✍t✏✒❛ ✒✏✒❛✓✠✍✠ ✒✑ ✒ ✈✡✌✓ ❛t✇ ☞✡✌✟❣✌t✖☞

✠✒✎☞❛✡ ✠✍✔✡ ✌✡✈✡✒❛✡✕ ✑✗✒✑ ✎t✠✑ t❞ ✑✗✡ ✎✡✑✗t✕✠ ❝t✖❛✕ ✏t✑ ❝t✏✑✌t❛ ✑✗✡ ❣✡✏✡✟❛✡✈✡❛ ❨✛❘✚ t✏❛✓ ✴◆ss ✇✒✠ ✒❜❛✡ ✑t ❝t✏✟

✑✌t❛ ✒ ✑✒✌❣✡✑ ✶✶✔ ❨✛❘✘ ✯r☎☎◆❩ ✒✏✕ ✴◆ss ✇✡✌✡ ✑✗✡ ❝❛t✠✡✠✑ ✒✑ ❝t✏✑✌t❛❛✍✏❣ ✑✗✡ ✑✒✌❣✡✑ ✺✔ ❖❨✛❘✚ ✇✍✑✗ t❜✠✡✌✈✡✕

❖❨✛❘ ✒✌t✖✏✕ ✶✶✔✘ ❆✑ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛✚ t✏❛✓ ✴◆ss ❝t✖❛✕ ❝t✏✑✌t❛ ✑✗✡ ✶✶✔ ❨✛❘✚ ✒✏✕ ✇✍✑✗ ❛✡✠✠ ✑✗✒✏ ✺✶✔

✠✡✏✠✍✑✍✈✍✑✓✘ ✜✗✍✠ ✒✏✒❛✓✠✍✠ ✌✡✈✡✒❛✡✕ ✑✗✒✑ ✒ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡ t❞ ✷ ✍✠ ☞✌t❜✒❜❛✓ ✏t✑ ✠✖❞✦❝✍✡✏✑ ✑t ✑t ✕✡✑✡❝✑ ✎t✠✑ ✛✜✢

❣✡✏✡✠ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑✠✘

❋�✁✂✄☎ ✽✝❚✄✞☛✡✉✄�♣t�♣☎✈☎♣ ♠�✟✟☎✄☎☛t�✞♣ t✄✞☛✡✉✄�♣t ✂✡✞✁☎ ✭❉❚✁✂ ✞☛✞♣②✡�✡ ✇�t✠♦✂t ✡t✞✁☎�✇�✡☎ t☎✡t�☛✁✝ ❚❢✉✎ ✖✔s✒✑✒✬✎ ❢✗✑✎

✭②✫✗❡✒s✣ ✔✬✎❢ ✏✗❧s✎ ✓✒s✛✔✬✎❢② ❢✗✑✎ ✭❡✫✗❡✒s✣ ✏✔❢ ✜✦✰❙✎q✩ ✜✮■✯❙✎q ✭✕✒✑✍ ✗✙✓ ✕✒✑✍✔✉✑ ✖✔s✑✫✍✔✛ ✪❧✑✎❢✒✙✚✣✩ ✮✳❚s✩ ✗✙✓ ❙✢☎☎✳❧✧

❚✍✎ ✏✔✉❢ ✖✗✙✎❧s ✗❢✎ ✏✔❢ ✖✎❢✫✚❢✔✉✖ s✗✘✖❧✎ s✒♦✎ss ✸✩ ☎✩ ☛✩ ✗✙✓ ✶❧✩ ✗s ✒✙✓✒✛✗✑✎✓ ✒✙ ✑✍✎ ✑✒✑❧✎✧ ❈✒❢✛❧✎s ✒✙✓✒✛✗✑✎ ✑✍❢✎s✍✔❧✓s ✔✏

✶✟✩ ✆✟✩ ✗✙✓ ✶✞✟ ✙✔✘✒✙✗❧ ✄✜✮✧

➞➟➠➡ ➵➾ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



✙✏ ✜✒❜❛✡ ✶ ✇✡ ✍✏❝❛✖✕✡ ✑✗✡ ❝t✎☞✖✑✡ ✑✍✎✡ ❞t✌ ✡✒❝✗ ✎✡✑✗t✕ ✒✑ ✈✒✌✍t✖✠ ✠✒✎☞❛✡ ✠✍✔✡✠✘ ❈t✎☞✖✑✡ ✑✍✎✡ ✍✏❝❛✖✕✡✠

t✏❛✓ ✑✗✡ call_DTU ✠✑✡☞ t❞ ✴◆ss✚ ✒✏✕ t✏❛✓ ✑✗✡ diffSplice ✠✑✡☞ t❞ ✯r☎☎◆❩ ✭✑✗✡ t✑✗✡✌ ✯r☎☎◆❩ ✠✑✡☞✠

✑✒✪✡ ❛✡✠✠ ✑✗✒✏ ✒ ✎✍✏✖✑✡✣✘ ❨t✌ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲✚ ✇✡ ✍✏❝❛✖✕✡ ✑✗✡ ❝t✎☞✖✑✡ ✑✍✎✡ t❞ ✑✗✡ ✡✠✑✍✎✒✑✍t✏ ✠✑✡☞✠

✭✍✎☞t✌✑✍✏❣ ❝t✖✏✑✠ ✇✍✑✗ ❄❬✵✾❭❈❏❄ ✒✏✕ ✦❛✑✡✌✍✏❣ ✑✒✪✡✠ t✏❛✓ ✒ ❞✡✇ ✠✡❝t✏✕✠✣✘

❋✟�☎✁ ✂☎✁❚✂☎✏☎ ✁✟✠✂☎✁✠✟✆✏

✙✏ t✌✕✡✌ ✑t ❞✖✌✑✗✡✌ ✍✏✈✡✠✑✍❣✒✑✡ ☞✡✌❞t✌✎✒✏❝✡ ✕✍❞❞✡✌✡✏❝✡✠ ❜✡✑✇✡✡✏ ✑✗✡ ✑✇t ✎✡✑✗t✕✠ ✗✍❣✗❛✍❣✗✑✡✕ ✍✏ ✑✗✡ ✇t✌✪✫t✇

✠✡❝✑✍t✏✚ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲✚ ✇✡ ❣✡✏✡✌✒✑✡✕ ✒✏ ✒✕✕✍✑✍t✏✒❛ ✠✍✎✖❛✒✑✍t✏ ✇✡ ❝✒❛❛✡✕ ➇✦①✡✕ ☞✡✌✟❣✡✏✡ ✕✍✠☞✡✌✠✍t✏① ✍✏

✇✗✍❝✗ ❣✡✏✡✠ ✇✡✌✡ ✒✠✠✍❣✏✡✕ ✞✡❣✒✑✍✈✡ ❇✍✏t✎✍✒❛ ✕✍✠☞✡✌✠✍t✏ ☞✒✌✒✎✡✑✡✌✠ ❜✓ ✎✒✑❝✗✍✏❣ ✑✗✡ ❣✡✏✡✟❛✡✈✡❛ ❝t✖✏✑ ✑t ✑✗✡

✥t✍✏✑ ✕✍✠✑✌✍❜✖✑✍t✏ t❞ ✎✡✒✏ ✒✏✕ ✕✍✠☞✡✌✠✍t✏✠ t✏ ✑✗✡ ●❊✢●❆✛✙❙ ✕✒✑✒✠✡✑✘ ✜✗✡✏ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ❝t✖✏✑✠ ✇✡✌✡ ❣✡✏✡✌✟

✒✑✡✕ ✇✍✑✗ ✒❛❛ ✑✌✒✏✠❝✌✍☞✑✠ t❞ ✒ ❣✡✏✡ ❜✡✍✏❣ ✒✠✠✍❣✏✡✕ ✑✗✡ ✠✒✎✡ ✞✡❣✒✑✍✈✡ ❇✍✏t✎✍✒❛ ✕✍✠☞✡✌✠✍t✏ ☞✒✌✒✎✡✑✡✌✘ ✜✗✍✠ ❝t✏✑✌✒✠✑✠

✇✍✑✗ ✑✗✡ ➇✎✒✍✏① ✠✍✎✖❛✒✑✍t✏✚ ✍✏ ✇✗✍❝✗ ✡✒❝✗ ✑✌✒✏✠❝✌✍☞✑ ✇✒✠ ✒✠✠✍❣✏✡✕ ✍✑✠ t✇✏ ✕✍✠☞✡✌✠✍t✏ ☞✒✌✒✎✡✑✡✌✚ ✌✡✠✖❛✑✍✏❣ ✍✏ ✗✡✑✟

✡✌t❣✡✏✡✍✑✓ t❞ ✕✍✠☞✡✌✠✍t✏ ✇✍✑✗✍✏ ✒ ❣✡✏✡✘ ❆✠ ✇✡ ✕t ✏t✑ ✪✏t✇ ✑✗✡ ✕✡❣✌✡✡ ✑t ✇✗✍❝✗ ✑✌✒✏✠❝✌✍☞✑✠ t❞ ✒ ❣✡✏✡ ✇t✖❛✕ ✗✒✈✡

❝t✌✌✡❛✒✑✡✕ ❜✍t❛t❣✍❝✒❛ ✈✒✌✍✒❜✍❛✍✑✓ ✍✏ ✒✏ ✡①☞✡✌✍✎✡✏✑✒❛ ✕✒✑✒✠✡✑✚ ✇✡ ✒❛✠t ✍✏❝❛✖✕✡ ✑✗✡ ✌✡✠✖❛✑✠ ❞t✌ ✑✗✡ ❝t✖✏✑✟❜✒✠✡✕ ✎✡✑✗t✕✠

✑✗✒✑ ✡✠✑✍✎✒✑✡ ☞✌✡❝✍✠✍t✏❘✕✍✠☞✡✌✠✍t✏✚ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲✚ ❞t✌ ✑✗✍✠ ✒✕✕✍✑✍t✏✒❛ ✠✍✎✖❛✒✑✍t✏✘

❉✴❂❃✯✰✲✚ ✇✗✍❝✗ ✡✠✑✍✎✒✑✡✠ ✒ ✠✍✏❣❛✡ ☞✌✡❝✍✠✍t✏ ☞✒✌✒✎✡✑✡✌ ☞✡✌ ❣✡✏✡✚ ☞✡✌❞t✌✎✡✕ ❜✡✑✑✡✌ ✍✏ ✑✡✌✎✠ t❞ ❨✛❘ ❝t✏✑✌t❛ t✏ ✑✗✍✠

✠✍✎✖❛✒✑✍t✏ ✒✑ ✑✗✡ ❣✡✏✡ ❛✡✈✡❛ ✭❨✍❣✖✌✡ ✑✣✚ ✒❛✑✗t✖❣✗ ✇✡ ✏t✑✡ ✑✗✒✑ ❉✴❂❃✯✰✲ ✏✡✒✌❛✓ ❝t✏✑✌t❛❛✡✕ ❨✛❘ ✒✑ ✑✗✡ ❣✡✏✡ ❛✡✈✡❛

✒❛✌✡✒✕✓ ✍✏ ✑✗✡ ✦✌✠✑ ✠✍✎✖❛✒✑✍t✏ ❞t✌ ✠✒✎☞❛✡✠ ✠✍✔✡✠ ✒ ✒✏✕ ❛✒✌❣✡✌✘ ❉✬✮✯✰✲ ✎t✕✡❛✠ ✕✍❞❞✡✌✡✏✑ ✕✍✠☞✡✌✠✍t✏ ☞✒✌✒✎✡✑✡✌✠ ❞t✌

✡✈✡✌✓ ✑✌✒✏✠❝✌✍☞✑✚ ✒✏✕ ✍✑✠ ☞✡✌❞t✌✎✒✏❝✡ ❝✗✒✏❣✡✠ ❛✡✠✠ ✒❝✌t✠✠ ✑✗✡ ✑✇t ✠✍✎✖❛✒✑✍t✏✠✚ ✒❛✑✗t✖❣✗ ✍✑ ✗✒✕ ❜✡✑✑✡✌ ❖❨✛❘

✒✏✕ ❨✛❘ ❝t✏✑✌t❛ ❞t✌ ✑✗✡ ✠✎✒❛❛✡✠✑ ✠✒✎☞❛✡ ✠✍✔✡✘ ❉✴❂❃✯✰✲ ✇✍✑✗ ☞✌t☞t✌✑✍t✏ ❙✛ ✦❛✑✡✌✍✏❣ ✗✒✕ ✎✖❝✗ ❜✡✑✑✡✌ ❝t✏✑✌t❛ t❞

❖❨✛❘ ✭❨✍❣✖✌✡ ✶✶✣ ✒✏✕ t❞ ❨✛❘ ✍✏ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✒✏✒❛✓✠✍✠ ✭❨✍❣✖✌✡ ✶✶✣ ✍✏ ✑✗✡ ➇✦①✡✕ ☞✡✌✟❣✡✏✡ ✕✍✠☞✡✌✠✍t✏① ✠✍✎✟

✖❛✒✑✍t✏ ❝t✎☞✒✌✡✕ ✑t ✑✗✡ ➇✎✒✍✏① ✠✍✎✖❛✒✑✍t✏✘ ❲✡ ✒❛✠t ✒✠✠✡✠✠✡✕ ✑✗✡ ✑✌✖✡ ☞t✠✍✑✍✈✡ ✒✏✕ ❞✒❛✠✡ ☞t✠✍✑✍✈✡ ☞✌t☞t✌✑✍t✏✠ ❞t✌

✑✗✡ ❣✡✏✡ ❛✡✈✡❛ ✒✏✕ ✑✌✒✏✠❝✌✍☞✑ ❛✡✈✡❛ ❞t✌ ✑✗✡ ➇✦①✡✕ ☞✡✌✟❣✡✏✡ ✕✍✠☞✡✌✠✍t✏① ✠✍✎✖❛✒✑✍t✏✚ ✒✏✕ ✑✗✡✠✡ ✇✡✌✡ ✈✡✌✓ ✠✍✎✍❛✒✌ ✑t

✑✗✡ ✑✌✖✡ ☞t✠✍✑✍✈✡ ✒✏✕ ❞✒❛✠✡ ☞t✠✍✑✍✈✡ ❜✌✡✒✪✕t✇✏ ☞❛t✑✠ ❣✡✏✡✌✒✑✡✕ ❞t✌ ✑✗✡ ➇✎✒✍✏① ✠✍✎✖❛✒✑✍t✏ ✭✕✒✑✒ ✏t✑ ✠✗t✇✏✣✘

◆☎✂✡�✟�☎ �✟✏✆✎✟✡☛ ✂☎✏☎❚☛☎�☎☛ ✄✆✂✏�✠

❲✡ ✒✕✕✍✑✍t✏✒❛❛✓ ❝t✎☞✒✌✡✕ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲ t✏ ✒✏ ✡①✍✠✑✍✏❣ ✗✖✎✒✏ ✑✌✒✏✠❝✌✍☞✑t✎✡ ✠✍✎✖❛✒✑✍t✏ ✕✒✑✒✠✡✑ ❣✡✏✡✌✟

✒✑✡✕ ❜✓ ❙t✏✡✠t✏ ✰❄ ✿❧✘★★ ✒✏✕ ✒✏✒❛✓✔✡✕ ✍✏ ✑✗✡ ❉✴❂❃✯✰✲ ☞✖❜❛✍❝✒✑✍t✏✶✶✘ ✜✗✍✠ ✠✍✎✖❛✒✑✍t✏ ✗✒✠ ✠✍✎✍❛✒✌✍✑✍✡✠ ✑t ✑✗✡ ➇✦①✡✕

☞✡✌✟❣✡✏✡ ✕✍✠☞✡✌✠✍t✏① ✠✍✎✖❛✒✑✍t✏ ✍✏ ✑✗✒✑ ❣✡✏✡✟❛✡✈✡❛ ✡✠✑✍✎✒✑✡✕ ✎✡✒✏ ✒✏✕ ✕✍✠☞✡✌✠✍t✏ ☞✒✌✒✎✡✑✡✌✠ ❞✌t✎ ✌✡✒❛ ✕✒✑✒✟

✠✡✑✠ ✇✡✌✡ ✖✠✡✕✘ ❍t✇✡✈✡✌✚ ✍✏✠✑✡✒✕ t❞ ❣✡✏✡✌✒✑✍✏❣ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ❝t✖✏✑✠ ❞✌t✎ ✒ ✞✡❣✒✑✍✈✡ ❇✍✏t✎✍✒❛ ✕✍✠✑✌✍❜✖✑✍t✏✚ ✑✗✡

❙t✏✡✠t✏ ✰❄ ✿❧✘★★ ✠✍✎✖❛✒✑✍t✏ ❣✡✏✡✌✒✑✡✕ ❣✡✏✡✟❛✡✈✡❛ ❝t✖✏✑✠✚ ❝t✏✈✡✌✑✡✕ ✑✗✡✠✡ ✑t ✒✏ ✒❜✖✏✕✒✏❝✡ ✎✡✒✠✖✌✡✚ ✒✏✕ ✑✗✡✏ ✖✠✡✕

✒ ✛✍✌✍❝✗❛✡✑ ✕✍✠✑✌✍❜✖✑✍t✏ ✑t ❣✡✏✡✌✒✑✡ ✌✒✏✕t✎ ☞✌t☞t✌✑✍t✏ ✈✡❝✑t✌✠ ☞✡✌ ✠✒✎☞❛✡ ✑t ✕✍✠✑✌✍❜✖✑✡ ✑✗✡ ✒❜✖✏✕✒✏❝✡✠ ✑t ✑✌✒✏✠❝✌✍☞✑

✍✠t❞t✌✎✠✘ ✜t ✠✍✎✖❛✒✑✡ ✛✜✢✚ ✶✚✶✶✶ ❣✡✏✡✠ ✇✡✌✡ ✠✡❛✡❝✑✡✕ ✒✏✕ ✑✗✡ ✒❜✖✏✕✒✏❝✡ t❞ ✑✗✡ ✑✇t ✎t✠✑ ✒❜✖✏✕✒✏✑ ✑✌✒✏✟

✠❝✌✍☞✑✠ ✇✒✠ ✠✇✒☞☞✡✕✘ ❨✍✏✒❛❛✓ ❘❙❊❵✟✠✍✎ ✇✒✠ ✖✠✡✕ ✑t ❣✡✏✡✌✒✑✡ ✌✡✒✕✠✹✶✘ ❲✡ ✖✠✡✕ ✑✗✡ ✍✕✡✏✑✍❝✒❛ ❦✿❧❧✵s❄❈✶❀ ✡✠✑✍✎✒✑✡✕

✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ❣✡✏✡✌✒✑✡✕ ❜✓ ❙t✏✡✠t✏ ✰❄ ✿❧✘★★ ✒✏✕ ✒✠✠✡✠✠✡✕ ☞✡✌❞t✌✎✒✏❝✡ ✈✍✒ ✑✗✡ ✑✌✖✡ ✛✜✢ ✠✑✒✑✖✠ ☞✡✌ ❣✡✏✡ ☞✖❜❛✍✠✗✡✕

✒✠ ✠✖☞☞t✌✑✍✏❣ ✕✒✑✒✘

❆✠ ✌✡☞t✌✑✡✕ ✍✏ ☞✌✡✈✍t✖✠ ☞✖❜❛✍❝✒✑✍t✏✠✚ ✇✡ ❞t✖✏✕ ✑✗✒✑ ❜t✑✗ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲ ✗✒✕ ❜✡✑✑✡✌ ❝t✏✑✌t❛ t❞ ❨✛❘ ✇✍✑✗

✍✏❝✌✡✒✠✡✕ ✦❛✑✡✌✍✏❣ ✭❨✍❣✖✌✡ ✶✷✣✘ ✜✗✡ ❜✡✠✑ ☞✡✌❞t✌✎✒✏❝✡ t❞ ❜t✑✗ ✎✡✑✗t✕✠ ✇✒✠ t❜✠✡✌✈✡✕ ✇✍✑✗ ✑✗✡ ❣✡✏✡✟❛✡✈✡❛ ✒✏✕

✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ❝t✖✏✑ ✦❛✑✡✌✠✚ ✒✏✕ ✒ ✠✒✎☞❛✡✟✠✍✔✡✕✟❜✒✠✡✕ ☞✌t☞t✌✑✍t✏ ✦❛✑✡✌ t❞ ✶✘✶✚ ✒✠ ✌✡❝t✎✎✡✏✕✡✕ ✍✏ ✑✗✍✠ ✇t✌✪✫t✇✘

❚✞❛♣☎ ✆✝ ❈♦❣♣✂t☎ t�❣☎ ♦✟ ❣☎t✠♦♠✡ ✟♦✄

♠�✟✟☎✄☎☛t�✞♣ t✄✞☛✡✉✄�♣t ✂✡✞✁☎ ✭❉❚✁✂ �☛

✠♦✂✄✡s❣�☛✂t☎✡ ❛② ♣☎✄�✁✄♦✂♣ ✡✞❣♣♣☎

✡�✁☎♣ ✂✡�☛✁ ♦☛☎ ✉♦✄☎✝ ❚✍✎ ✏✔✉❢✑✍ ❢✔✕✩

✮✳❚s ✭✛✔✉✙✑✣✩ ✚✒✬✎s ✑✍✎ ✛✔✘✖✉✑✎ ✑✒✘✎

✉s✒✙✚ ✑✍✎ s✛✗❧✎✓❚☎✯ ✛✔✉✙✑s✩ ✗✙✓ ✙✔✑

✑✍✎ ♥✔✔✑s✑❢✗✖ ❢✎✖❧✒✛✗✑✎s✧

▼☎t✠♦♠ ☛♥✸ ☛♥✻ ☛♥✂ ☛♥✆✷

❉✄☎✆✝✞✟ ✞s✶✆ ✞s✶✆ ✞s✶✝ ✞s✶✝

❉✠✡✝✞✟ ✞s✞✶ ✞s✞❧ ✞s✞✆ ✞s✶✞

✄❘❚☛ ✶s✡✶ ❧s✸✡ ✡s✡✡ ☎s✞✝

✄❘❚☛ ☞✌✍✎✏✑✒ ✞s✶✞ ✞s✸✝ ✶s❧❧ ❧s✸❧

✝❙✓✓❘❆ ✞s✶☎ ✶s✶✝ ✸s✡✝ ✆s✸✸

➞➟➠➡ ➵➦ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



❋�✁✂✄☎ ✂✝ ●☎☛☎�♣☎✈☎♣ ✡✉✄☎☎☛�☛✁ ✟♦✄ ♠�✟✟☎✄☎☛t�✞♣ t✄✞☛✡✉✄�♣t ✂✡✞✁☎ ✭❉❚✁✂♣ ♦☛ t✠☎ ➇�①☎♠ ♣☎✄�✁☎☛☎ ♠�✡♣☎✄✡�♦☛✡s

✡�❣✂♣✞t�♦☛✝ ❚✍✎ ✏✔✉❢ ✖✗✙✎❧s ✗❢✎ ✏✔❢ ✖✎❢✫✚❢✔✉✖ s✗✘✖❧✎ s✒♦✎ss ✸✩ ☎✩ ☛✩ ✗✙✓ ✶❧✩ ✗s ✒✙✓✒✛✗✑✎✓ ✒✙ ✑✍✎ ✑✒✑❧✎✧ ❈✒❢✛❧✎s ✒✙✓✒✛✗✑✎

✑✍❢✎s✍✔❧✓s ✔✏ ✶✟✩ ✆✟✩ ✗✙✓ ✶✞✟ ✙✔✘✒✙✗❧ ✄✜✮✧

✜✗✡ ✠✡✏✠✍✑✍✈✍✑✓ ✭✜P❘✣ ✒✌t✖✏✕ ✼✶✔ ✍✠ ✠✍✎✍❛✒✌ ✑t ✑✗✒✑ ✌✡☞t✌✑✡✕ ❜✓ ✞t✇✍❝✪✒ ✒✏✕ ❘t❜✍✏✠t✏✶✶✚ ✒✏✕ ✠✍✎✍❛✒✌ ✑t ✇✗✒✑

✇✡ t❜✠✡✌✈✡✕ ✍✏ t✖✌ ➇✎✒✍✏① ✒✏✕ ➇✦①✡✕ ☞✡✌✟❣✡✏✡ ✕✍✠☞✡✌✠✍t✏① ✠✍✎✖❛✒✑✍t✏✠✘ ❲✡ ✌✡❝✌✡✒✑✡✕ ✑✗✡ ➇✺✔✟✒✏✓① ✦❛✑✡✌✍✏❣

✌✖❛✡ ❞✌t✎ ✞t✇✍❝✪✒ ✒✏✕ ❘t❜✍✏✠t✏✶✶✚ ✇✗✍❝✗ ✪✡☞✑ ✒ ✑✌✒✏✠❝✌✍☞✑ ✍❞ ✍✑ ✇✒✠ t❜✠✡✌✈✡✕ ✇✍✑✗ ✒ ☞✌t☞t✌✑✍t✏ ✗✍❣✗✡✌ ✑✗✒✏ ✺✔

✍✏ ✿◗❚ t❞ ✑✗✡ ✠✒✎☞❛✡✠✘ ✜✗✍✠ ✍✠ ✍✏ ❝t✏✑✌✒✠✑ ✇✍✑✗ ✑✗✡ ✌✡❝t✎✎✡✏✕✒✑✍t✏ ❞✌t✎ ✑✗✍✠ ✇t✌✪✫t✇ ✒✏✕ ✑✗✡ ❝✖✌✌✡✏✑ ❉✴❂❃✯✰✲

✈✍❣✏✡✑✑✡ ✇✗✍❝✗ ✎✒✪✡✠ ✖✠✡ t❞ ✑✗✡ ◗❡✾❉✰❏ ❈❋ ❏✰❭❧✵▼✿❄✰s ❭✰❏ ▼❈◗❡✵❄✵❈◗ ❞t✌ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✦❛✑✡✌✠✚ ✍✘✡✘ ✌✡☛✖✍✌✍✏❣ ✸

t✖✑ t❞ ✒ ✠✒✎☞❛✡✠ ✑t ✗✒✈✡ ☞✌t☞t✌✑✍t✏✠ ✗✍❣✗✡✌ ✑✗✒✏ ✒ ❝✡✌✑✒✍✏ ✑✗✌✡✠✗t❛✕ ❞t✌ ✒ ✸ ✈✠ ✸ ✡①☞✡✌✍✎✡✏✑✘ ❨t✌ ✑✗✡ ➇✺✔✟✒✏✓① ✦❛✟

✑✡✌✍✏❣✚ ❞t✌ ✑✒✌❣✡✑ ✶✶✔ ❨✛❘✚ ✇✡ t❜✠✡✌✈✡✕ ❨✛❘ ❞t✌ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲ ✒✑ ✒✌t✖✏✕ ✷✺✔ ✒✏✕ ✷✶✔✚ ✌✡✠☞✡❝✑✍✈✡❛✓✘

✜✗✍✠ ✍✠ ✏t✑ ✍✕✡✏✑✍❝✒❛✚ ❜✖✑ ❝t✎☞✒✌✒❜❛✡ ✑t ✑✗✡ � ✷❊✔ ❨✛❘ ❞t✌ ❜t✑✗ ✎✡✑✗t✕✠ ✌✡☞t✌✑✡✕ ❜✓ ✞t✇✍❝✪✒ ✒✏✕ ❘t❜✍✏✠t✏✶✶✘

❆❣✒✍✏✚ ✒ ❝✒✈✡✒✑ t❞ ✒❛❛ t❞ t✖✌ ❝t✎☞✒✌✒✑✍✈✡ ✡✈✒❛✖✒✑✍t✏✠ t❞ ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲ ✍✠ ✑✗✒✑ ✇✡ ✕t ✏t✑ ✪✏t✇ ✇✗✡✑✗✡✌

✈✒✌✍t✖✠ ✌✡✒❛ ❘✞❆✟✠✡☛ ✡①☞✡✌✍✎✡✏✑✠ ✇✍❛❛ ✎t✌✡ ❝❛t✠✡❛✓ ✌✡✫✡❝✑ ✗✡✑✡✌t❣✡✏✡t✖✠ ✕✍✠☞✡✌✠✍t✏ t✌ ✦①✡✕ ✕✍✠☞✡✌✠✍t✏

✇✍✑✗✍✏ ❣✡✏✡✠✚ t✌ ✍❞ ✑✗✡ ❝t✖✏✑✠ ✇✍✑✗✍✏ ✒ ❣✡✏✡ ✒✌✡ ❜✡✑✑✡✌ ✎t✕✡❛✡✕ ❜✓ ✕✍✠✑✌✍❜✖✑✍✏❣ ❣✡✏✡✟❛✡✈✡❛ ✒❜✖✏✕✒✏❝✡ ✑t ✑✌✒✏✟

✠❝✌✍☞✑✠ ✈✍✒ ✒ ✛✍✌✍❝✗❛✡✑ ✕✍✠✑✌✍❜✖✑✍t✏ ✒✠ ✍✏ ❙t✏✡✠t✏ ✰❄ ✿❧✘★★✘ ❍t✇✡✈✡✌✚ ✇✡ ✗✒✈✡ ✡①✒✎✍✏✡✕ ✠✍✎✖❛✒✑✍t✏✠ ✌✡✫✡❝✑✍✏❣ ✡✒❝✗

➞➟➠➡ ➵➻ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



❋�✁✂✄☎ ✆✶✝◆✂❣❛☎✄ ♦✟ t✄✂☎ ♣♦✡�t�✈☎✡ ✞☛♠ ♦❛✡☎✄✈☎♠ ♦✈☎✄✞♣♣ ✟✞♣✡☎ ♠�✡✉♦✈☎✄② ✄✞t☎ ✭✭❋❉❉✂ ✂✡�☛✁ ✡t✞✁☎❉ ✟♦✄ ✺✺ t✞✄✁☎t♣

♦☛ t✠☎ ➇�①☎♠ ♣☎✄�✁☎☛☎ ♠�✡♣☎✄✡�♦☛✡s ✡�❣✂♣✞t�♦☛✝

t❞ ✑✗✡✠✡ ❝✒✠✡✠✚ ✒✏✕ ❝t✏✦✌✎✡✕ ✑✗✒✑ ✎✍✏✍✎✖✎ ❝t✖✏✑ ✒✏✕ ✎✍✏✍✎✖✎ ☞✌t☞t✌✑✍t✏ ✦❛✑✡✌✍✏❣ ❜✡✏✡✦✑ ❜t✑✗ ❉✴❂❃✯✰✲

✒✏✕ ❉✬✮✯✰✲ ✍✏ ✑✡✌✎✠ t❞ ✑✗✡✍✌ ❨✛❘ ✒✏✕ ❖❨✛❘ ❝t✏✑✌t❛✘

�☎�✞✆✁✠ ✝✆✁ ❉❉❉ ✡✏✁ ❉�❉

✙✏ ✑✗✡ ✇t✌✪✫t✇✚ ✇✡ ✠✗t✇✡✕ ✗t✇ ❉✬✯✰✲❩ ✒✏✕ ✰❡✳✰✴ ❝✒✏ ❜✡ ✖✠✡✕ ✑t ✕✡✑✡❝✑ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏ ✇✍✑✗ ✯✿❧✾❈◗

☛✖✒✏✑✍✦❝✒✑✍t✏✠ ✍✎☞t✌✑✡✕ ✒✏✕ ✠✖✎✎✒✌✍✔✡✕ ✑t ✑✗✡ ❣✡✏✡ ❛✡✈✡❛ ✈✍✒ ❄❬✵✾❭❈❏❄✘ ✜✗✡✌✡ ✒✌✡ ✎✒✏✓ t✑✗✡✌ ✎✡✑✗t✕✠ ❞t✌ ✑✡✠✑✟

✍✏❣ ❞t✌ ✛●❊✘ ❍✡✌✡ ✇✡ ✇✍❛❛ ❜✌✍✡✫✓ ✌✡✈✍✡✇ ✠t✎✡ t❞ ✑✗✡ ✎✡✑✗t✕✠ ✇✍✑✗ ✇✡❛❛✟✕t❝✖✎✡✏✑✡✕ ❘ ☞✒❝✪✒❣✡✠ ✗t✠✑✡✕ t✏

❇✍t❝t✏✕✖❝✑t✌✚ ❈❘❆✞✚ t✌ ●✍✑❍✖❜ ✒✏✕ ✑✗✡✏ ❝t✎☞✒✌✡ ✑✗✡✍✌ ☞✡✌❞t✌✎✒✏❝✡ ✍✏ ✕✡✑✡❝✑✍✏❣ ✛●❊ ✒✏✕ ✛✜❊ t✏ ✑✗✡ ➇✎✒✍✏①

✠✍✎✖❛✒✑✍t✏✘ ✜✗✡ ☞✌✍✎✒✌✓ ✌✡✒✠t✏✠ ❞t✌ ✍✏❝❛✖✕✍✏❣ ✑✗✍✠ ✛●❊ ✒✏✕ ✛✜❊ ✒✠✠✡✠✠✎✡✏✑ ✍✠ ✑✗✒✑ ✇✡ ✒✌✡ ✍✏✑✡✌✡✠✑✡✕ ✍✏ ✗t✇

✑✗✡ ✑tt❛✠ ✕✡✠✍❣✏✡✕ ❞t✌ ✛●❊ ☞✡✌❞t✌✎ ✇✗✡✏ ✛✜✢ ✍✠ ☞✌✡✠✡✏✑✚ ✒✏✕ ✇✡ ✒✌✡ ✒❛✠t ✍✏✑✡✌✡✠✑✡✕ ✍✏ ✒✠✠✡✠✠✍✏❣ ✗t✇ ✑✗✡ ✛●❊

✎✡✑✗t✕✠✚ ✠t✎✡ t❞ ✇✗✍❝✗ ✇✡✌✡ ✏t✑ ✕✡✠✍❣✏✡✕ ❞t✌ ✛✜❊✚ ☞✡✌❞t✌✎ ✇✗✡✏ ☞✌t✈✍✕✡✕ ✇✍✑✗ ✡✠✑✍✎✒✑✡✕ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠✘

❆ ✏✖✎❜✡✌ t❞ ✑✗✡ ✎✡✑✗t✕✠✚ ✰❡✳✰✴✼✚ ✰❡✳✰✴❫❝❡ ✭✖✠✍✏❣ ✑✗✡ ☛✖✒✠✍✟❛✍✪✡❛✍✗tt✕ ❞✖✏❝✑✍t✏✠✣✹✷✚ ✬❱✯✰✲✹★✚ ✒✏✕ ❉✬✯✰✲❩✷❁✚

✖✠✡ ✒ ✞✡❣✒✑✍✈✡ ❇✍✏t✎✍✒❛ ✕✍✠✑✌✍❜✖✑✍t✏ ✑t ✎t✕✡❛ ✑✗✡ ❝t✖✏✑✠✚ ✒✏✕ ✡✎☞✍✌✍❝✒❛ ❇✒✓✡✠ ✑✡❝✗✏✍☛✖✡✠ ✑t ✡✠✑✍✎✒✑✡ ☞✡✌✟❣✡✏✡

☞✒✌✒✎✡✑✡✌✠ ✕✡✠☞✍✑✡ ❛✍✎✍✑✡✕ ✠✒✎☞❛✡ ✠✍✔✡✘ ✜✗✡ ✞✡❣✒✑✍✈✡ ❇✍✏t✎✍✒❛ ✍✠ ✒ ✖✠✡❞✖❛ ✕✍✠✑✌✍❜✖✑✍t✏ ❞t✌ ❝t✖✏✑✠✚ ✍✏ ✑✗✒✑ ✍✑ ✗✒✠ ✒

☞✒✌✒✎✡✑✡✌ ❞t✌ ✑✗✡ ❛t❝✒✑✍t✏ t❞ ✑✗✡ ✎✡✒✏ ❝t✖✏✑✚ ✒✠ ✇✡❛❛ ✒✠ ✒ ❡✵s❭✰❏s✵❈◗ ☞✒✌✒✎✡✑✡✌ ❞t✌ ✑✗✡ ✡①☞✡❝✑✡✕ ✠☞✌✡✒✕ t❞ ❝t✖✏✑✠✘

❨t✌ ✗✍❣✗ ❝t✖✏✑✠✚ ✑✗✡ ✕✍✠☞✡✌✠✍t✏ ☞✒✌✒✎✡✑✡✌ ✍✠ ✒☞☞✌t①✍✎✒✑✡❛✓ ✡☛✖✒❛ ✑t ✑✗✡ ✠☛✖✒✌✡ t❞ ✑✗✡ ❝t✡❞✦❝✍✡✏✑ t❞ ✈✒✌✍✒✑✍t✏ ✭✑✗✡

✠✑✒✏✕✒✌✕ ✕✡✈✍✒✑✍t✏ t✈✡✌ ✑✗✡ ✎✡✒✏✣✚ ✒✏✕ ✠t ❝✒✏ ❜✡ ✍✏✑✡✌☞✌✡✑✡✕ ❞t✌ ✗✍❣✗ ❝t✖✏✑✠ ✒✠ ✗t✇ ✎✖❝✗ ✑✗✡ ✕✒✑✒ ❝✒✏ ❜✡ ✡①☞✡❝✑✡✕

✑t ✈✒✌✓ ✒✌t✖✏✕ ✑✗✡ ✎✡✒✏ ❝t✖✏✑✚ ✌✡❛✒✑✍✈✡ ✑t ✑✗✡ ✠✍✔✡ t❞ ✑✗✡ ✎✡✒✏✘

✬❱✯✰✲✚ ✖✏✍☛✖✡❛✓ ✒✎t✏❣ ✑✗✡✠✡ ✞✡❣✒✑✍✈✡✟❇✍✏t✎✍✒❛✟❜✒✠✡✕ ✎t✕✡❛✠✚ ✇✒✠ ✒❛✠t ✠☞✡❝✍✦❝✒❛❛✓ ✕✡✠✍❣✏✡✕ ✑t ✒❝❝t✎✎t✕✒✑✡

✡①✑✌✒ ✖✏❝✡✌✑✒✍✏✑✓ ✍✏ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ✇✗✡✏ ✒✠✠✡✠✠✍✏❣ ✛✜❊✘ ✬❱✯✰✲ ✗✒✠ ✒ ✛✜❊ ✎t✕✡ ✍✏ ✇✗✍❝✗ ✑✗✡ ✏✖✎❜✡✌ t❞ ✑✌✒✏✟

✠❝✌✍☞✑ ✍✠t❞t✌✎✠ ☞✡✌ ❣✡✏✡ ✍✠ ✠✖☞☞❛✍✡✕ ✒✠ ✒ ☞✍✡❝✡ t❞ ✍✏❞t✌✎✒✑✍t✏ ❜✡❞t✌✡ ✌✖✏✏✍✏❣ ✑✗✡ ✎✒✍✏ ✒✏✒❛✓✠✍✠ ❞✖✏❝✑✍t✏✘ ✰❡✳✰✴❫❝❡

✕✍❞❞✡✌✠ ❞✌t✎ ✰❡✳✰✴ ✒✏✕ ❉✬✯✰✲❩ ✍✏ ✑✗✒✑ ✍✑ ✒❝❝t✖✏✑✠ ❞t✌ ✖✏❝✡✌✑✒✍✏✑✓ ✍✏ ✑✗✡ ✕✍✠☞✡✌✠✍t✏ ✡✠✑✍✎✒✑✡ ✈✍✒ ✒ ☛✖✒✠✍✟❛✍✪✡❛✍✗tt✕

❞✌✒✎✡✇t✌✪✘ ❧✵✾✾✿ ✇✍✑✗ ❴❈❈✾ ✑✌✒✏✠❞t✌✎✒✑✍t✏✶❁ ✒✏✕ s❧✰❡❄❤✹✹ ✎t✕✡❛ ✑✗✡ ❛t❣ t❞ ✠❝✒❛✡✕ ❝t✖✏✑✠✚ ✇✍✑✗ s❧✰❡❄❤ ✒✕✕✍✑✍t✏✟

✒❛❛✓ ✑✒✪✍✏❣ ✍✏✑t ✒❝❝t✖✏✑ ✍✏❞✡✌✡✏✑✍✒❛ ✈✒✌✍✒✏❝✡ t✏ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟ ✒✏✕ ❣✡✏✡✟❛✡✈✡❛ ❝t✖✏✑✠✚ ✖✏❛✍✪✡ ✒✏✓ t❞ ✑✗✡ t✑✗✡✌ ✛●❊

t✌ ✛✜❊ ✎✡✑✗t✕✠ ✇✡ ✒✠✠✡✠✠✡✕✘ ❨✍✏✒❛❛✓✚ ✯◆❃s✰✲✹✩ ✠❝✒❛✡✠ ❝t✖✏✑✠ ✈✍✒ ✒ ✌✡✠✒✎☞❛✍✏❣ ✒☞☞✌t✒❝✗ ✒✏✕ ✒☞☞❛✍✡✠ ✌✒✏✪✟❜✒✠✡✕

✠✑✒✑✍✠✑✍❝✒❛ ✑✡✠✑✠ ✑t ✕✡✑✡❝✑ ✕✍❞❞✡✌✡✏❝✡✠ ✍✏ ✠✒✎☞❛✡✠ ✒❝✌t✠✠ ❝t✏✕✍✑✍t✏✭ ❜✓ t☞✡✌✒✑✍✏❣ t✏ ✌✒✏✪✠✚ ✍✑ ✍✠ ✎✖❝✗ ❛✡✠✠ ✠✡✏✠✍✑✍✈✡

✑t ❝t✖✏✑ t✖✑❛✍✡✌✠ t✌ ✍✏ ❣✡✏✡✌✒❛ ✑t ✎✍✠✟✠☞✡❝✍✦✡✕ ☞✒✌✒✎✡✑✌✍❝ ✎t✕✡❛✍✏❣✘

❨t✌ ✛●❊ ✒✏✕ ✛✜❊✚ ✑✗✡ ❞t❛❛t✇✍✏❣ ✦❛✑✡✌✍✏❣ ❞✖✏❝✑✍t✏✠ t✌ ✌✖❛✡✠ ❞t✌ ✡✒❝✗ ☞✒❝✪✒❣✡ ✇✡✌✡ ✖✠✡✕✤ filterByExpr

❞t✌ ✰❡✳✰✴✚ ✰❡✳✰✴❫❝❡✚ ✒✏✕ ❧✵✾✾✿ ✇✍✑✗ ❴❈❈✾✚ sleuth_prep ❞t✌ s❧✰❡❄❤✚ ✒✏✕ ✒ ❝✖✠✑t✎ ✦❛✑✡✌ ✌✡☛✖✍✌✍✏❣ ✒ ❝t✖✏✑

➞➟➠➡ ➵➸ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



t❞ ✶✶ t✌ ✎t✌✡ ❞t✌ ✗✒❛❞ ✑✗✡ ✠✒✎☞❛✡✠ ❞t✌ ❉✬✯✰✲❩✚ ✬❱✯✰✲✚ ✒✏✕ ✯◆❃✯✰✲✚ ✇✗✍❝✗ ✕t ✏t✑ ❝t✎✡ ✇✍✑✗ ✑✗✡✍✌ t✇✏ ✦❛✑✡✌✍✏❣

❞✖✏❝✑✍t✏✠✘ ❨t✌ ✡✈✒❛✖✒✑✍t✏✚ ✒❛❛ ❣✡✏✡✠ ✭t✌ ✑✌✒✏✠❝✌✍☞✑✠ ✍✏ ✛✜❊ ✒✏✒❛✓✠✍✠✣ ✇✡✌✡ ✍✏❝❛✖✕✡✕✚ ✡①❝✡☞✑ ✑✗t✠✡ ❞t✌ ✇✗✍❝✗ ✏t

✠t❞✑✇✒✌✡ ☞✌t✈✍✕✡✕ ✒✏ ✒✕✥✖✠✑✡✕ ☞✟✈✒❛✖✡✘

❉❉❉ ☎�✡☛✂✡�✟✆✏

❲✡ ✒✠✠✡✠✠✡✕ ✑✗✡ ✒❞t✌✡✎✡✏✑✍t✏✡✕ ❘ ☞✒❝✪✒❣✡✠ ❞t✌ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏✚ ✑t ✕✡✑✡✌✎✍✏✡ ✑✌✖✡ ☞t✠✍✑✍✈✡ ✌✒✑✡

✒✏✕ ❝t✏✑✌t❛ t❞ ❞✒❛✠✡ ✕✍✠❝t✈✡✌✓ ✌✒✑✡ t✏ ✑✗✡ ➇✎✒✍✏① ✠✍✎✖❛✒✑✡✕ ✕✒✑✒✠✡✑✘ ✙✏ ✑✗✍✠ ✒✏✒❛✓✠✍✠✚ ✑✗✡ ✠✍✎✖❛✒✑✡✕ ➇✛●❊① ❣✡✏✡✠

✭✇✗✡✌✡ ✒❛❛ ✑✌✒✏✠❝✌✍☞✑✠ ✒✌✡ ✕✍❞❞✡✌✡✏✑✍✒❛❛✓ ✡①☞✌✡✠✠✡✕ ✒✑ ✑✗✡ ✠✒✎✡ ❞t❛✕ ❝✗✒✏❣✡✣✚ ✒✏✕ ✑✗✡ ➇✛✜❊① ❣✡✏✡✠ ✭✇✗✡✌✡ ✒

✠✍✏❣❛✡ ✑✌✒✏✠❝✌✍☞✑ ✇✒✠ ❝✗t✠✡✏ ✑t ❜✡ ✕✍❞❞✡✌✡✏✑✍✒❛❛✓ ✡①☞✌✡✠✠✡✕✣ ✠✗t✖❛✕ ❝t✖✏✑ ✒✠ ✑✌✖✡ ☞t✠✍✑✍✈✡✠ ❞t✌ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡

✡①☞✌✡✠✠✍t✏✚ ✇✗✍❛✡ ✑✗✡ ✠✍✎✖❛✒✑✡✕ ➇✛✜✢① ❣✡✏✡✠ ✠✗t✖❛✕ ❝t✖✏✑ ✒✠ ❞✒❛✠✡ ☞t✠✍✑✍✈✡✠ ❞t✌ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏✚ ✒✠

✑✗✡ ✑t✑✒❛ ✡①☞✌✡✠✠✍t✏ t❞ ✑✗✡ ❣✡✏✡ ✌✡✎✒✍✏✠ ❝t✏✠✑✒✏✑✘

❋�✁✂✄☎ ✆✆✝ ❚✄✞☛✡✉✄�♣t�♣☎✈☎♣ ♠�✟✟☎✄☎☛t�✞♣ t✄✞☛✡✉✄�♣t ✂✡✞✁☎ ✭❉❚✁✂ ✞☛✞♣②✡�✡ ✇�t✠♦✂t ✡t✞✁☎�✇�✡☎ t☎✡t�☛✁♣ ♦☛ t✠☎ ➇�①☎♠

♣☎✄�✁☎☛☎ ♠�✡♣☎✄✡�♦☛✡s ✡�❣✂♣✞t�♦☛✝ ❚✍✎ ✏✔✉❢ ✖✗✙✎❧s ✗❢✎ ✏✔❢ ✖✎❢✫✚❢✔✉✖ s✗✘✖❧✎ s✒♦✎ss ✸✩ ☎✩ ☛✩ ✗✙✓ ✶❧✩ ✗s ✒✙✓✒✛✗✑✎✓ ✒✙ ✑✍✎

✑✒✑❧✎✧ ❈✒❢✛❧✎s ✒✙✓✒✛✗✑✎ ✑✍❢✎s✍✔❧✓s ✔✏ ✶✟✩ ✆✟✩ ✗✙✓ ✶✞✟ ✙✔✘✒✙✗❧ ✄✜✮✧

➞➟➠➡ ➵➽ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



❲✡ ❝t✎☞✒✌✡✕ ❉✬✯✰✲❩✚ ✬❱✯✰✲✚ ✰❡✳✰✴✚ ❧✵✾✾✿ ✇✍✑✗ ❴❈❈✾ ✑✌✒✏✠❞t✌✎✒✑✍t✏✚ ✯◆❃s✰✲✚ ✒✏✕ s❧✰❡❄❤✘ ❲✡ ✖✠✡✕ ❄❬✵✾❭❈❏❄

✑t ✠✖✎✎✒✌✍✔✡ ✯✿❧✾❈◗ ✒❜✖✏✕✒✏❝✡✠ ✑t ✑✗✡ ❣✡✏✡ ❛✡✈✡❛✚ ✒✏✕ ☞✌t✈✍✕✡✕ ✒❛❛ ✎✡✑✗t✕✠ t✑✗✡✌ ✑✗✒✏ ❉✬✯✰✲❩ ✒✏✕ s❧✰❡❄❤ ✇✍✑✗

✑✗✡ lengthScaledTPM ❝t✖✏✑ ✎✒✑✌✍①✘ s❧✰❡❄❤ ✑✒✪✡✠ ✒✠ ✍✏☞✖✑ ✑✗✡ ☛✖✒✏✑✍✦❝✒✑✍t✏ ❞✌t✎ ❦✿❧❧✵s❄❈✶❀✚ ✇✗✍❝✗ ✇✒✠ ✌✖✏

✇✍✑✗ ✸✶ ❜tt✑✠✑✌✒☞ ✠✒✎☞❛✡✠ ✒✏✕ ❜✍✒✠ ❝t✌✌✡❝✑✍t✏✘ ❨t✌ ❣✡✏✡✟❛✡✈✡❛ ✒✏✒❛✓✠✍✠ ✍✏ s❧✰❡❄❤✚ ✑✗✡ ✒✌❣✖✎✡✏✑ aggregation_

column="gene_id" ✇✒✠ ✖✠✡✕✘ ❆✠ ❉✬✯✰✲❩ ✗✒✠ ✠☞✡❝✍✒❛❛✓ ✕✡✠✍❣✏✡✕ ✍✎☞t✌✑ ❞✖✏❝✑✍t✏✠ ❞t✌ ✑✒✪✍✏❣ ✍✏ ✡✠✑✍✎✒✑✡✕ ❣✡✏✡

❝t✖✏✑✠ ✒✏✕ ✒✏ t❞❞✠✡✑ ❞✌t✎ ❄❬✵✾❭❈❏❄✚ ✇✡ ✖✠✡✕ ✑✗✍✠ ✒☞☞✌t✒❝✗ ✑t ☞✌t✈✍✕✡ ✯✿❧✾❈◗ ✠✖✎✎✒✌✍✔✡✕ ❣✡✏✡✟❛✡✈✡❛ ❝t✖✏✑✠ ✒✏✕

✒✏ t❞❞✠✡✑✘ ✰❡✳✰✴ ✒✏✕ ✰❡✳✰✴❫❝❡ ✗✒✕ ✑✗✡ ✠✒✎✡ ☞✡✌❞t✌✎✒✏❝✡ ✖✠✍✏❣ ✑✗✡ ❝t✖✏✑✠ ✒✏✕ t❞❞✠✡✑ ✒☞☞✌t✒❝✗ t✌ ✑✗✡ length-

ScaledTPM ✒☞☞✌t✒❝✗✚ ✠t ✇✡ ✖✠✡✕ ✑✗✡ ❛✒✑✑✡✌ ❞t✌ ❝t✕✡ ✠✍✎☞❛✍❝✍✑✓✘ ✜✗✡ ✡①✒❝✑ ❝t✕✡ ✖✠✡✕ ✑t ✌✖✏ ✑✗✡ ✕✍❞❞✡✌✡✏✑ ✎✡✑✗t✕✠

❝✒✏ ❜✡ ❞t✖✏✕ ✒✑ ✑✗✡ ✠✍✎✖❛✒✑✍t✏ ❝t✕✡ ✌✡☞t✠✍✑t✌✓✷✩✘ ❈t✎☞✖✑✡ ✑✍✎✡ ❞t✌ ✑✗✡ ✕✍❞❞✡✌✡✏✑ ❣✡✏✡✟❛✡✈✡❛ ✎✡✑✗t✕✠ ✒✌✡ ☞✌✡✠✡✏✑✡✕

✍✏ ✜✒❜❛✡ ✷✘

✵✓✐❱✴◆ ☞❛t✑✠ ✇✍✑✗ ✑✌✖✡ ☞t✠✍✑✍✈✡ ✌✒✑✡ t✈✡✌ ❞✒❛✠✡ ✕✍✠❝t✈✡✌✓ ✌✒✑✡ ❞t✌ ❣✡✏✡✟❛✡✈✡❛ ✒✏✒❛✓✠✍✠ ✒❝✌t✠✠ ❞t✖✌ ✕✍❞❞✡✌✡✏✑ ☞✡✌✟

❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡✠ ✒✌✡ ☞✌✡✠✡✏✑✡✕ ✍✏ ❨✍❣✖✌✡ ✶✸✘ ❨t✌ ✑✗✡ ✠✎✒❛❛✡✠✑ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡ t❞ ✸✚ ✒❛❛ ✎✡✑✗t✕✠ ✡①❝✡☞✑

❉✬✯✰✲❩ ✒✏✕ ✬❱✯✰✲ ✑✡✏✕✡✕ ✑t ❝t✏✑✌t❛ ✑✗✡ ❨✛❘✚ ✇✗✍❛✡ ✑✗t✠✡ ✑✇t ✎✡✑✗t✕✠ ✗✒✕✚ ❞t✌ ✡①✒✎☞❛✡✚ ✶✺✔ ✒✏✕ ✶❊✔ ❨✛❘

✌✡✠☞✡❝✑✍✈✡❛✓ ✒✑ ✑✗✡ ✏t✎✍✏✒❛ ✶✶✔ ✌✒✑✡✘ ✯◆❃s✰✲✚ ✇✍✑✗ ✠t ❞✡✇ ✠✒✎☞❛✡✠✚ ✕✍✕ ✏t✑ ✗✒✈✡ ✒✕✡☛✖✒✑✡ ✠✡✏✠✍✑✍✈✍✑✓ ✑t ✕✡✑✡❝✑

✛●❊✘ ❆✑ ✑✗✡ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡ t❞ ✒✚ ✒❛❛ ✎✡✑✗t✕✠ ✡①❝✡☞✑ ❉✬✯✰✲❩ ✒✏✕ ✯◆❃s✰✲ ✑✡✏✕✡✕ ✑t ❝t✏✑✌t❛ ✑✗✡ ❨✛❘✘ ❆✑

✑✗✍✠ ✠✒✎☞❛✡ ✠✍✔✡✚ ✬❱✯✰✲ ❝t✏✑✌t❛❛✡✕ ✍✑✠ ❨✛❘✘ ❨t✌ ✑✗✡ ❛✒✌❣✡✠✑ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡✠✚ ✑ ✒✏✕ ✶✷✚ ✑✗✡ ☞✡✌❞t✌✎✒✏❝✡ t❞

✎✒✏✓ ✎✡✑✗t✕✠ ✌✡✎✒✍✏✡✕ ✠✍✎✍❛✒✌ ✒✠ ☞✌✡✈✍t✖✠❛✓✚ ✡①❝✡☞✑ s❧✰❡❄❤ ✕✍✕ ✏t✑ ❝t✏✑✌t❛ ✍✑✠ ✏t✎✍✏✒❛ ❨✛❘✘ ❨t✌ ✡✒✠✡ t❞ ❝t✎✟

☞✒✌✍✠t✏✚ ✇✡ ✒❛✠t ☞✌t✈✍✕✡ ❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❣✖✌✡ ✒ ✇✗✡✌✡ ✑✗✡ ①✟✒①✍✠ ✌✡✎✒✍✏✠ ✦①✡✕ ✑✗✌t✖❣✗ ✑✗✡ ✠✒✎☞❛✡ ✠✍✔✡✠✘

❲✡ ☞✡✌❞t✌✎✡✕ ✒✏ ✒✕✕✍✑✍t✏✒❛ ✠✍✎✖❛✒✑✍t✏✚ ❝✒❛❛✡✕ ➇✖✏✍❞t✌✎ ❝t✈✡✌✒❣✡①✚ ✑t ✠✡✡ ✍❞ ✑✗✡ ☞✡✌❞t✌✎✒✏❝✡ t❞ s❧✰❡❄❤ ✒✑ ✗✍❣✗✡✌

❋�✁✂✄☎ ✆✷✝●☎☛☎�♣☎✈☎♣ ✡✉✄☎☎☛�☛✁ ✟♦✄ ♠�✟✟☎✄☎☛t�✞♣ t✄✞☛✡✉✄�♣t ✂✡✞✁☎ ✭❉❚✁✂ ✞☛✞♣②✡�✡ ♦☛ t✠☎ ✸ ✈✡ ✸ ✠✂❣✞☛ t✄✞☛✡✉✄�♣t♦❣☎

✡�❣✂♣✞t☎♠ ♠✞t✞ ✟✄♦❣ ✄♦☛☎✡♦☛ ❡� ❛✁✝✸✸✝ ■✙ ✑✍✎ ✘✎✑✍✔✓ ✙✗✘✎s✩ ➇☎❢✔✖✞✆✧✗✙②♦ ❢✎✏✎❢s ✑✔ ✖❢✔✖✔❢✑✒✔✙ ✪❧✑✎❢✒✙✚ s✉✛✍ ✑✍✗✑ ✗

s✒✙✚❧✎ s✗✘✖❧✎ ✘✉s✑ ✍✗✬✎ ✗ ✖❢✔✖✔❢✑✒✔✙ ✍✒✚✍✎❢ ✑✍✗✙ ✆✟ ✏✔❢ ✗ ✑❢✗✙s✛❢✒✖✑ ✑✔ ♥✎ ✤✎✖✑✧ ➇☎❢✔✖✞✆✧✍✗❧✏♦ ❢✎✏✎❢s ✑✔ ✖❢✔✖✔❢✑✒✔✙

✪❧✑✎❢✒✙✚ s✉✛✍ ✑✍✗✑ ✸ ✔✉✑ ✔✏ ☎ s✗✘✖❧✎s ✘✉s✑ ✍✗✬✎ ✗ ✖❢✔✖✔❢✑✒✔✙ ✍✒✚✍✎❢ ✑✍✗✙ ✆✟✧ ➇☎❢✔✖✶✞✧✍✗❧✏✧✛✑s♦ ❢✎✏✎❢s ✑✔ ✑✍✎ s✗✘✎ ✪❧✑✎❢s

❢✎✛✔✘✘✎✙✓✎✓ ✒✙ ✑✍✒s ✕✔❢✤★✔✕s ✸ ✔✏ ✔✉✑ ☎ s✗✘✖❧✎s ✕✒✑✍ ✖❢✔✖✔❢✑✒✔✙s ✍✒✚✍✎❢ ✑✍✗✙ ✶✞✟ ✑✔ ✤✎✎✖ ✗ ✑❢✗✙s✛❢✒✖✑✩ ✸ ✔✉✑ ✔✏ ☎

s✗✘✖❧✎s ✕✒✑✍ ✑❢✗✙s✛❢✒✖✑ ✛✔✉✙✑s ✚❢✎✗✑✎❢ ✑✍✗✙ ✶✞ ✑✔ ✤✎✎✖ ✗ ✑❢✗✙s✛❢✒✖✑✩ ✗✙✓ ✗❧❧ s✗✘✖❧✎s ✕✒✑✍ ✚✎✙✎ ✛✔✉✙✑s ✚❢✎✗✑✎❢ ✑✍✗✙ ✶✞ ✑✔

✤✎✎✖ ✗ ✚✎✙✎✧ ❈✒❢✛❧✎s ✒✙✓✒✛✗✑✎ ✑✍❢✎s✍✔❧✓s ✔✏ ✶✟✩ ✆✟✩ ✗✙✓ ✶✞✟ ✙✔✘✒✙✗❧ ✄✜✮✧ ❈✉❢❢✎✙✑ ❢✎❧✎✗s✎ ✬✎❢s✒✔✙s ✔✏ ✘✎✑✍✔✓s ✕✎❢✎

✉s✎✓✩ ✑✍✔✉✚✍ ❢✎s✉❧✑s ✕✎❢✎ ✬✎❢② s✒✘✒❧✗❢ ✏✔❢ ➇☎❢✔✖✞✆✧✗✙②♦ ✏✔❢ ✜✦✰❙✎q ✬✎❢s✒✔✙ ✶✧✶✞✧✶ ✉s✎✓ ✒✙ ✂✔✕✒✛✤✗ ✗✙✓ ✮✔♥✒✙s✔✙✶✶✧

➞➟➠➡ ➢➩ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



❚✞❛♣☎ ✷✝ ❈♦❣♣✂t☎ t�❣☎ ♦✟ ❣☎t✠♦♠✡

✟♦✄ ♠�✟✟☎✄☎☛t�✞♣ ✁☎☛☎ ☎①♣✄☎✡✡�♦☛

✭❉●❊✂ ✄♦✂☛♠☎♠ t♦ t✠☎ ❣�☛✂t☎ ❛②

♣☎✄�✁✄♦✂♣ ✡✞❣♣♣☎ ✡�✁☎✝ ❈✔✘✖✉✑✎

✑✒✘✎ ✒✙✛❧✉✓✎s ✓✗✑✗ ✒✘✖✔❢✑ ✗✙✓

s✉✘✘✗❢✒♦✗✑✒✔✙ ✑✔ ✚✎✙✎✫❧✎✬✎❧

q✉✗✙✑✒✑✒✎s ✉s✒✙✚ ✔✙✎ ✛✔❢✎✧

▼☎t✠♦♠ ☛♥✸ ☛♥✻ ☛♥✂ ☛♥✆✷

❉✠✝✞✟❆ ❁✶ ❁✶ ❁✶ ❁✶

✠❊✝✞✟ ✶ ❧ ❧ ✸

✞❡�✞✄ ❁✶ ❁✶ ❁✶ ❁✶

✞❡�✞✄✲◗▲ ❁✶ ❁✶ ❁✶ ❁✶

❧✁✂✂✄ ❁✶ ❁✶ ❁✶ ❁✶

✝❘✆☛✞✟ ❁✶ ❁✶ ❁✶ ❁✶

☛❧✞✎✑s ❧ ✡ ✆ ✼

❋�✁✂✄☎ ✆✸✝ ❚✄✂☎ ♣♦✡�t�✈☎ ✄✞t☎ ♦✈☎✄ ✟✞♣✡☎ ♠�✡✉♦✈☎✄② ✄✞t☎ ✟♦✄ ♠�✟✟☎✄☎☛t�✞♣ ✁☎☛☎ ☎①♣✄☎✡✡�♦☛ ♦✟ t✠☎ ✡�❣✂♣✞t☎♠ ♠✞t✞✡☎t✝

❚✍✎ ✏✔✉❢ ✖✗✙✎❧s ✗❢✎ ✏✔❢ ✖✎❢✫✚❢✔✉✖ s✗✘✖❧✎ s✒♦✎ss ✸✩ ☎✩ ☛✩ ✗✙✓ ✶❧✩ ✗s ✒✙✓✒✛✗✑✎✓ ✒✙ ✑✍✎ ✑✒✑❧✎✧ ❚✍✎ ②✫✗❡✒s ❢✎✘✗✒✙s ✪❡✎✓ ♥✉✑ ✑✍✎

❡✫✗❡✒s ✛✍✗✙✚✎s s✛✗❧✎ ✒✙ ✑✍✎ ♥✔✑✑✔✘ ✖✗✙✎❧s✧

➞➟➠➡ ➢➧ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



✠✒✎☞❛✡ ✠✍✔✡✠ ✇✒✠ ✌✡❛✒✑✡✕ ✑t ✑✗✡ ✌✡✒❛✍✠✑✍❝ ●❈ ❜✍✒✠ ☞✒✌✒✎✡✑✡✌✠ ✖✠✡✕ ✍✏ ✑✗✡ ✠✍✎✖❛✒✑✍t✏✚ ❜✖✑ ✠✍✎✖❛✒✑✍✏❣ ❞✌✒❣✎✡✏✑✠

✖✏✍❞t✌✎❛✓ ❞✌t✎ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✠ ✌✡✈✡✒❛✡✕ ✑✗✡ ✠✒✎✡ ☞✡✌❞t✌✎✒✏❝✡ ✒✑ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡✠ ✑ ✒✏✕ ✶✷ ✭❙✖☞☞❛✡✎✡✏✑✒✌✓

❨✍❣✖✌✡ ✼✣✘ ❲✡ ✑✗✡✏ ☞✡✌❞t✌✎✡✕ ✒✏t✑✗✡✌ ✠✍✎✖❛✒✑✍t✏✚ ❝✒❛❛✡✕ ➇❛t✇ ✛❊①✚ ✇✗✡✌✡✍✏ ✇✡ ✌✡✕✖❝✡✕ ✑✗✡ ✏✖✎❜✡✌ t❞ ✛●❊✚

✛✜❊ ✒✏✕ ✛✜✢ ❣✡✏✡✠ ❞✌t✎ ✶✶✔ ✑t ✺✔ ✡✒❝✗✘ ✙✏ ✑✗✡ ➇❛t✇ ✛❊① ✠✍✎✖❛✒✑✍t✏✚ s❧✰❡❄❤ ✕✍✕ ✌✡❝t✈✡✌ ❝t✏✑✌t❛ t❞ ✑✗✡ ❨✛❘ ✒✑

✑✗✡ ✏t✎✍✏✒❛ ✺✔ ✒✏✕ ✶✶✔ ❨✛❘ ✭❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❣✖✌✡ ❊✣✘

❆✠ ✍✏ ✑✗✡ ✛✜✢ ✡✈✒❛✖✒✑✍t✏✚ ❞t✌ ✑✗✡ ✛●❊ ✡✈✒❛✖✒✑✍t✏ ✇✡ ❜✌t✪✡ ✕t✇✏ ✑✗✡ ✏✖✎❜✡✌ t❞ ❞✒❛✠✡ ☞t✠✍✑✍✈✡✠ ❜✓ ✠✍✎✖✟

❛✒✑✡✕ ❣✡✏✡ ✑✓☞✡✚ ❞t✌ ✒ ✑✒✌❣✡✑ ✺✔ ❨✛❘ ✭❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❣✖✌✡ ✑✣✘ ❍✡✌✡ ✑✗✡✌✡ ✇✒✠ ✒ ✠❛✍❣✗✑ ✍✏❝✌✡✒✠✡ t❞ ➇✛✜✢① ❣✡✏✡

✑✓☞✡✠ ✍✏ ✑✗✡ ❣✡✏✡✟❛✡✈✡❛ ❞✒❛✠✡ ☞t✠✍✑✍✈✡✠ ❞t✌ ✒❛❛ ✎✡✑✗t✕✠✚ ✌✡❛✒✑✍✈✡ ✑t ✇✗✒✑ ✇t✖❛✕ ❜✡ ✡①☞✡❝✑✡✕ ❜✓ ✌✒✏✕t✎ ✠✒✎☞❛✍✏❣ t❞

✑✗✡ ❣✡✏✡✠ ✇✍✑✗t✖✑ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏✘

❉�❉ ☎�✡☛✂✡�✟✆✏

❨✍✏✒❛❛✓✚ ✇✡ ✒✠✠✡✠✠✡✕ ✑✗✡ ❇✍t❝t✏✕✖❝✑t✌ ✒✏✕ ❘ ☞✒❝✪✒❣✡✠ ✖✠✡✕ ✍✏ ✑✗✡ ✛●❊ ✡✈✒❛✖✒✑✍t✏ ❞t✌ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑

✡①☞✌✡✠✠✍t✏ ✒✏✒❛✓✠✍✠✘ ❲✗✍❛✡ ✇✡ ❜✡❛✍✡✈✡ ✑✗✡ ✠✡☞✒✌✒✑✍t✏ t❞ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ✒✏✕ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✟

✠✍t✏ ✕✡✠❝✌✍❜✡✕ ✍✏ ✑✗✡ ✇t✌✪✫t✇ ✌✡☞✌✡✠✡✏✑✠ ✒✏ ✡✒✠✍❛✓ ✍✏✑✡✌☞✌✡✑✒❜❛✡ ✒☞☞✌t✒❝✗✚ ✠t✎✡ ✍✏✈✡✠✑✍❣✒✑t✌✠ ✎✒✓ ☞✌✡❞✡✌ ✑t ✒✠✠✡✠✠

✕✍❞❞✡✌✡✏✑✍✒❛ ✡①☞✌✡✠✠✍t✏ t✏ ✒ ☞✡✌✟✑✌✒✏✠❝✌✍☞✑ ❜✒✠✍✠✘ ❨t✌ ✑✗✍✠ ✒✠✠✡✠✠✎✡✏✑✚ ✒❛❛ t❞ ✑✗✡ ✠✍✎✖❛✒✑✡✕ ✏t✏✟✏✖❛❛ ✑✌✒✏✠❝✌✍☞✑✠

❝t✖✏✑ ✒✠ ✑✌✖✡ ☞t✠✍✑✍✈✡✠ t❞ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✡①☞✌✡✠✠✍t✏✚ ✇✗✡✑✗✡✌ ✑✗✡✓ t✌✍❣✍✏✒✑✡ ❞✌t✎ ✑✗✡ ✠✍✎✖❛✒✑✡✕ ➇✛●❊①✚

➇✛✜❊①✚ t✌ ➇✛✜✢① ❣✡✏✡✠✘ ❨t✌ ✎t✠✑ t❞ ✑✗✡ ✎✡✑✗t✕✠✚ ✇✡ ✠✍✎☞❛✓ ☞✌t✈✍✕✡✕ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✕✒✑✒ ✑t ✑✗✡ ✠✒✎✡

❞✖✏❝✑✍t✏✠ ✒✠ ❞t✌ ✑✗✡ ✛●❊ ✒✏✒❛✓✠✍✠✘ ✬❱✯✰✲ ✇✒✠ ☞✌t✈✍✕✡✕ ✇✍✑✗ ✑✗✡ ✏✖✎❜✡✌ t❞ ✍✠t❞t✌✎✠ ☞✡✌ ❣✡✏✡✘ ✜✗✡ ❝t✎☞✖✑✡

✑✍✎✡ t❞ ✑✗✡ ✎✡✑✗t✕✠ ✍✠ ☞✌✡✠✡✏✑✡✕ ✍✏ ✜✒❜❛✡ ✸✘

✵✓✐❱✴◆ ☞❛t✑✠ ✇✍✑✗ ✑✗✡ ✑✌✖✡ ☞t✠✍✑✍✈✡ ✌✒✑✡ t✈✡✌ ❞✒❛✠✡ ✕✍✠❝t✈✡✌✓ ✌✒✑✡ ❞t✌ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✒✏✒❛✓✠✍✠ ✒✌✡ ✠✗t✇✏ ✍✏

❨✍❣✖✌✡ ✶✹✘ ✜✗✡ ☞✡✌❞t✌✎✒✏❝✡ ✒✑ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡ t❞ ✸ ✇✒✠ ✠✍✎✍❛✒✌ ✑t ✑✗✡ ❣✡✏✡✟❛✡✈✡❛ ✒✏✒❛✓✠✍✠✚ ✡①❝✡☞✑ ❉✬✯✰✲❩

❝✒✎✡ ❝❛t✠✡✌ ✑t ❝t✏✑✌t❛❛✍✏❣ ✑✗✡ ❨✛❘ ✒✏✕ ✬❱✯✰✲ ☞✡✌❞t✌✎✡✕ ✠❛✍❣✗✑❛✓ ✇t✌✠✡ ✑✗✒✏ ❜✡❞t✌✡✚ ✇✗✍❛✡ ✑✗✡ ✌✡✠✑ t❞ ✑✗✡ ✎✡✑✗✟

t✕✠ ✑✡✏✕✡✕ ✑t ❝t✏✑✌t❛ ✑✗✡✍✌ ❨✛❘✘ ❆✑ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡ t❞ ✒✚ ✒❛❛ t❞ ✑✗✡ ✡✈✒❛✖✒✑✡✕ ✎✡✑✗t✕✠ ✑✡✏✕✡✕ ✑t ❝t✏✑✌t❛

✑✗✡ ❨✛❘✚ ✑✗t✖❣✗ ❉✬✯✰✲❩✚ ✬❱✯✰✲✚ ✯◆❃s✰✲✚ ✒✏✕ s❧✰❡❄❤ ✑✡✏✕✡✕ ✑t ✗✒✈✡ ✗✍❣✗✡✌ ✠✡✏✠✍✑✍✈✍✑✓ ✑✗✒✏ ✰❡✳✰✴✚ ✰❡✳✰✴❫❝❡

✒✏✕ ❧✵✾✾✿✘ ✜✗✡ ✠✒✎✡ ✍✠✠✖✡ t❞ ❨✛❘ ❝t✏✑✌t❛ ❞t✌ s❧✰❡❄❤ ✇✒✠ ✠✡✡✏ ✍✏ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✒✏✒❛✓✠✍✠ ✒✠ ✍✏ ✑✗✡ ❣✡✏✡✟❛✡✈✡❛

✒✏✒❛✓✠✍✠✚ ❞t✌ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡ ✑ ✒✏✕ ✶✷✘ ❨t✌ ✡✒✠✡ t❞ ❝t✎☞✒✌✍✠t✏✚ ✇✡ ✒❛✠t ☞✌t✈✍✕✡ ❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❣✖✌✡ ✶✶

✇✗✡✌✡ ✑✗✡ ①✟✒①✍✠ ✌✡✎✒✍✏✠ ✦①✡✕ ✑✗✌t✖❣✗ ✑✗✡ ✠✒✎☞❛✡ ✠✍✔✡✠✘ ❲✡ ❜✌t✪✡ ✕t✇✏ ✑✗✡ ✏✖✎❜✡✌ t❞ ❞✒❛✠✡ ☞t✠✍✑✍✈✡✠ ✒✑ ✑✗✡

✑✌✒✏✠❝✌✍☞✑ ❛✡✈✡❛ ❜✓ ❣✡✏✡ ✑✓☞✡✚ ❞t✌ ✒ ✑✒✌❣✡✑ ✺✔ ❨✛❘ ✭❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❣✖✌✡ ✶✶✣✘ ❆❛❛ ✎✡✑✗t✕✠ ✗✒✕ ☞✌t☞t✌✑✍t✏ t❞

❞✒❛✠✡ ☞t✠✍✑✍✈✡✠ ✠✍✎✍❛✒✌ ✑t ✇✗✒✑ ✇t✖❛✕ ❜✡ ✡①☞✡❝✑✡✕ ❜✓ ✌✒✏✕t✎ ✠✒✎☞❛✍✏❣ t❞ ✑✗✡ ✏t✏✟✕✍❞❞✡✌✡✏✑✍✒❛❛✓ ✡①☞✌✡✠✠✡✕ ✑✌✒✏✠❝✌✍☞✑✠✘

❉✝✍✆☎✍✍✝♦�

❍✡✌✡ ✇✡ ☞✌✡✠✡✏✑✡✕ ✒ ✇t✌✪✫t✇ ❞t✌ ✒✏✒❛✓✔✍✏❣ ❘✞❆✟✠✡☛ ✡①☞✡✌✍✎✡✏✑✠ ❞t✌ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡ ✒❝✌t✠✠

❣✌t✖☞✠ t❞ ✠✒✎☞❛✡✠✘ ✜✗✡ ❇✍t❝t✏✕✖❝✑t✌ ☞✒❝✪✒❣✡✠ ✖✠✡✕✚ ❉✴❂❃✯✰✲✚ ❉✬✮✯✰✲✚ ✒✏✕ s❄✿✳✰✴✚ ✒✌✡ ✠✍✎☞❛✡ ✑t ✖✠✡ ✒✏✕ ❞✒✠✑

✇✗✡✏ ✌✖✏ t✏ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ✕✒✑✒✘ ❲✡ ✠✗t✇ ✗t✇ ✑✗✡✠✡ ❝✒✏ ❜✡ ✖✠✡✕ ✕t✇✏✠✑✌✡✒✎ t❞ ✑✌✒✏✠❝✌✍☞✑ ✒❜✖✏✕✒✏❝✡ ☛✖✒✏✑✍✦✟

❝✒✑✍t✏ ✇✍✑✗ ✯✿❧✾❈◗✘ ❲✡ ✡✈✒❛✖✒✑✡✕ ✑✗✡✠✡ ✎✡✑✗t✕✠ t✏ ✒ ✠✍✎✖❛✒✑✡✕ ✕✒✑✒✠✡✑ ✒✏✕ ✠✗t✇✡✕ ✗t✇ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑ ✖✠✒❣✡

✌✡✠✖❛✑✠ ❝t✎☞❛✡✎✡✏✑ ✒ ❣✡✏✡✟❛✡✈✡❛ ✒✏✒❛✓✠✍✠✚ ✇✗✍❝✗ ❝✒✏ ✒❛✠t ❜✡ ✌✖✏ t✏ t✖✑☞✖✑ ❞✌t✎ ✯✿❧✾❈◗✚ ✖✠✍✏❣ ✑✗✡ ❄❬✵✾❭❈❏❄ ☞✒❝✪✟

✒❣✡ ✑t ✒❣❣✌✡❣✒✑✡ ☛✖✒✏✑✍✦❝✒✑✍t✏✠ ✑t ✑✗✡ ❣✡✏✡ ❛✡✈✡❛✘ ❲✡ ✖✠✡✕ ✑✗✡ ✠✍✎✖❛✒✑✡✕ ✕✒✑✒✠✡✑ ✑t ✡✈✒❛✖✒✑✡ ❇✍t❝t✏✕✖❝✑t✌ ✒✏✕

t✑✗✡✌ ❘ ☞✒❝✪✒❣✡✠ ❞t✌ ✕✍❞❞✡✌✡✏✑✍✒❛ ❣✡✏✡ ✡①☞✌✡✠✠✍t✏✚ ✒✏✕ ✕✍❞❞✡✌✡✏✑✍✒❛ ✑✌✒✏✠❝✌✍☞✑ ✡①☞✌✡✠✠✍t✏✘

❚✞❛♣☎ ✸✝ ❈♦❣♣✂t☎ t�❣☎ ♦✟

❣☎t✠♦♠✡ ✟♦✄ ♠�✟✟☎✄☎☛t�✞♣ t✄✞☛✡✉✄�♣t

☎①♣✄☎✡✡�♦☛ ✭❉❚❊✂ ✄♦✂☛♠☎♠ t♦

t✠☎ ☛☎✞✄☎✡t ❣�☛✂t☎ ❛② ♣☎✄�✁✄♦✂♣

✡✞❣♣♣☎ ✡�✁☎✝ ❈✔✘✖✉✑✎ ✑✒✘✎ ✒✙✛❧✉✓✎s

✓✗✑✗ ✒✘✖✔❢✑✧

▼☎t✠♦♠ ☛♥✸ ☛♥✻ ☛♥✂ ☛♥✆✷

❉✠✝✞✟❆ ❁✶ ❁✶ ❁✶ ✶

✠❊✝✞✟ ✆ ✶✶ ✶✝ ❧❧

✞❡�✞✄ ❁✶ ❁✶ ❁✶ ❁✶

✞❡�✞✄✲◗▲ ❁✶ ❁✶ ❁✶ ❁✶

❧✁✂✂✄ ❁✶ ❁✶ ❁✶ ❁✶

✝❘✆☛✞✟ ❁✶ ❁✶ ❁✶ ✶

☛❧✞✎✑s ❧ ❧ ❧ ❧

➞➟➠➡ ➢➵ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



❨✌t✎ ✑✗✡ ✛✜✢ ✡✈✒❛✖✒✑✍t✏✠✚ ✇✡ ❞t✖✏✕ ✑✗✒✑ ✯r☎☎◆❩ ✒✏✕ ✴◆ss ✑✡✏✕✡✕ ✑t ✒❛✇✒✓✠ ❝t✏✑✌t❛ ✑✗✡ ❨✛❘✚ ✒✑ ✑✗✡ ❝t✠✑ t❞

✌✡✕✖❝✡✕ ✠✡✏✠✍✑✍✈✍✑✓ ✌✡❛✒✑✍✈✡ ✑t ❉✴❂❃✯✰✲ ✒✏✕ ❉✬✮✯✰✲ ✡✠☞✡❝✍✒❛❛✓ ✒✠ ✑✗✡ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡ ✍✏❝✌✡✒✠✡✕ ✑t ✒ ✒✏✕

✗✍❣✗✡✌✘ ❉✬✮✯✰✲ ✇✍✑✗ ✎✍✏✍✎✖✎ ✑✌✒✏✠❝✌✍☞✑✟ ✒✏✕ ❣✡✏✡✟❛✡✈✡❛ ❝t✖✏✑ ✦❛✑✡✌✠✚ ✒✏✕ ✶✶✔ ✎✍✏✍✎✖✎ ☞✌t☞t✌✑✍t✏ ✦❛✑✡✌ ✑✡✏✕✡✕

✑t ✗✒✈✡ ❣tt✕ ❝t✏✑✌t❛ t❞ ✒ ✑✒✌❣✡✑ ✶✶✔ ❨✛❘ ❞t✌ ✠✒✎☞❛✡ ✠✍✔✡✠ t❞ ✒ ✒✏✕ ✗✍❣✗✡✌✘ ❉✴❂❃✯✰✲ ✇✍✑✗ ✑✗t✠✡ ✑✗✌✡✡ ✦❛✑✡✌✠ ✒✏✕

☞t✠✑✟✗t❝ ☞✌t☞t✌✑✍t✏ ❙✛ ✦❛✑✡✌✍✏❣ ✒☞☞✌t✒❝✗✡✕ ❝t✏✑✌t❛ t❞ ✒ ✑✒✌❣✡✑ ✶✶✔ ❨✛❘✘ ❇t✑✗ t❞ ✑✗✡✠✡ ✎✡✑✗t✕✠ ✗✒✕ ✍✏❝✌✡✒✠✡✕

✠✡✏✠✍✑✍✈✍✑✓ ✒✠ ✑✗✡ ✠✒✎☞❛✡ ✠✍✔✡ ✍✏❝✌✡✒✠✡✕✘ ❇t✑✗ t❞ ✑✗✡✠✡ ✎✡✑✗t✕✠ ✎✒✪✡ ✖✠✡ t❞ ❛✍✏✡✒✌ ✎t✕✡❛✠ ✒✏✕ ❘✧✠ ❜✖✍❛✑✟✍✏ ✕✡✠✍❣✏

❞t✌✎✖❛✒✚ ✒✏✕ ✠t ❝✒✏ ❜✡ ✡①✑✡✏✕✡✕ ✑t ❝t✎☞❛✡① ✕✡✠✍❣✏✠✚ ✍✏❝❛✖✕✍✏❣ ✇✍✑✗✍✏✟✍✏✕✍✈✍✕✖✒❛ ❝t✎☞✒✌✍✠t✏✠✚ ❜❛t❝✪✍✏❣ ❞t✌ ❜✒✑❝✗

✡❞❞✡❝✑✠✚ t✌ ✒✕✕✍✑✍t✏✒❛ ✍✏✑✡✌✒❝✑✍t✏ ✑✡✌✎✠✘

❆❛✑✗t✖❣✗ ✠✑✒✑✍✠✑✍❝✒❛ ☞t✇✡✌ ✕✡☞✡✏✕✠ t❜✈✍t✖✠❛✓ t✏ ❜✍t❛t❣✍❝✒❛ ✈✒✌✍✒❜✍❛✍✑✓ ✒✏✕ t✏ ✑✗✡ ✡❞❞✡❝✑ ✠✍✔✡ ✭✒✎t✖✏✑ t❞ ❝✗✒✏❣✡

✍✏ ☞✌t☞t✌✑✍t✏ ✒❝✌t✠✠ ❝t✏✕✍✑✍t✏✠✣✚ ❞✌t✎ ✑✗✍✠ ✠✍✎✖❛✒✑✍t✏ ✠✑✖✕✓ ✇✡ ✇t✖❛✕ ✌✡❝t✎✎✡✏✕ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡✠

❛✒✌❣✡✌ ✑✗✒✏ ✸ ✑t ✒❝✗✍✡✈✡ ❣✌✡✒✑✡✌ ✑✗✒✏ ✺✶✔ ✠✡✏✠✍✑✍✈✍✑✓ ❞t✌ ✕✡✑✡❝✑✍✏❣ ✛✜✢✘ ✜✗✡ ✎✒①✍✎✒❛ ❣✡✏✡✟❛✡✈✡❛ ✛✜✢ ✠✡✏✠✍✟

✑✍✈✍✑✓ ✒❝✗✍✡✈✡✕ ✍✏ ✑✗✡ ➇✎✒✍✏① ✠✍✎✖❛✒✑✍t✏ ✇✒✠ ✒✌t✖✏✕ ❊✶✔ ✒✑ ✒ ☞✡✌✟❣✌t✖☞ ✠✒✎☞❛✡ ✠✍✔✡ t❞ ✶✷✘ ✜✗✍✠ ✌✡✫✡❝✑✠ ✑✗✡ ❞✒❝✑

✑✗✒✑ ❞t✌ ✠t✎✡ t❞ ✑✗✡ ✛✜✢ ❣✡✏✡✠✚ ✑✗✡ ❝✗✒✏❣✡ ✍✏ ☞✌t☞t✌✑✍t✏✠ ✒❝✌t✠✠ ❝t✏✕✍✑✍t✏✠ ✇✒✠ ✠✎✒❛❛✚ ✒✏✕ ✇✒✠ ✏t✑ ✕✡✑✡❝✑✒❜❛✡

✌✡❛✒✑✍✈✡ ✑t ✑✗✡ ✇✍✑✗✍✏✟❝t✏✕✍✑✍t✏ ❜✍t❛t❣✍❝✒❛ ✈✒✌✍✒❜✍❛✍✑✓✘ ❆✠ ✑✗✡ ➇✎✒✍✏① ✠✍✎✖❛✒✑✍t✏ ✖✠✡✕ ✳✰◗✰❫❧✰❴✰❧ ✎✡✒✏ ✒✏✕

❋�✁✂✄☎ ✆✹✝ ❚✄✂☎ ♣♦✡�t�✈☎ ✄✞t☎ ♦✈☎✄ ✟✞♣✡☎ ♠�✡✉♦✈☎✄② ✄✞t☎ ✟♦✄ ♠�✟✟☎✄☎☛t�✞♣ t✄✞☛✡✉✄�♣t ☎①♣✄☎✡✡�♦☛ ♦✟ t✠☎ ✡�❣✂♣✞t☎♠

♠✞t✞✡☎t✝ ❚✍✎ ✏✔✉❢ ✖✗✙✎❧s ✗❢✎ ✏✔❢ ✖✎❢✫✚❢✔✉✖ s✗✘✖❧✎ s✒♦✎ss ✸✩ ☎✩ ☛✩ ✗✙✓ ✶❧✩ ✗s ✒✙✓✒✛✗✑✎✓ ✒✙ ✑✍✎ ✑✒✑❧✎✧ ❚✍✎ ②✫✗❡✒s ❢✎✘✗✒✙s

✪❡✎✓ ♥✉✑ ✑✍✎ ❡✫✗❡✒s ✛✍✗✙✚✎s s✛✗❧✎ ✒✙ ✑✍✎ ♥✔✑✑✔✘ ✖✗✙✎❧s✧

➞➟➠➡ ➢➢ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



✕✍✠☞✡✌✠✍t✏ ✡✠✑✍✎✒✑✡✠ ❞✌t✎ ✌✡✒❛ ✕✒✑✒ ✑t ❣✡✏✡✌✒✑✡ ✑✌✒✏✠❝✌✍☞✑✟❛✡✈✡❛ ❝t✖✏✑✠✚ ✍✑ ✍✠ ☞t✠✠✍❜❛✡ ✑✗✒✑ ❘✞❆✟✠✡☛ ✕✒✑✒✠✡✑✠ ✎✒✓

✡①✗✍❜✍✑ ✡✈✡✏ ✎t✌✡ ❜✍t❛t❣✍❝✒❛ ✈✒✌✍✒❜✍❛✍✑✓ t✏ ✑✗✡ ✑✌✒✏✠❝✌✍☞✑ ❝t✖✏✑✠ ✑✗✒✏ ✠✡✡✏ ✗✡✌✡✚ ✑✗✖✠ ✖✏✕✡✌✠❝t✌✍✏❣ ✑✗✡ ✏✡✡✕ ❞t✌

✠✖❞✦❝✍✡✏✑ ✠✒✎☞❛✡ ✠✍✔✡ ✑t ✒❝✗✍✡✈✡ ✒ ✌✡✒✠t✏✒❜❛✓ ✗✍❣✗ ✠✡✏✠✍✑✍✈✍✑✓ ❞t✌ ✕✡✑✡❝✑✍✏❣ ✛✜✢✘
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devtools::session_info()

## Session info -------------------------------------------------------------

##  setting  value

##  version  R version 3.5.0 (2018-04-23)

##  system   x86_64, darwin15.6.0

##  ui       X11

##  language (EN)

##  collate  en_US.UTF-8

##  tz       America/New_York

##  date     2018-06-17

## Packages -----------------------------------------------------------------

##  package              * version   date       source

##  acepack                1.4.1     2016-10-29 CRAN (R 3.5.0)

##  annotate               1.58.0    2018-05-01 Bioconductor

##  AnnotationDbi        * 1.42.1    2018-05-08 Bioconductor

##  assertthat             0.2.0     2017-04-11 CRAN (R 3.5.0)

##  backports              1.1.2     2017-12-13 cran (@1.1.2)

##  base                 * 3.5.0     2018-04-24 local

##  base64enc              0.1-3     2015-07-28 CRAN (R 3.5.0)

##  Biobase              * 2.40.0    2018-05-01 Bioconductor

##  BiocGenerics         * 0.26.0    2018-05-01 Bioconductor

##  BiocInstaller        * 1.30.0    2018-05-04 Bioconductor

##  BiocParallel         * 1.14.1    2018-05-06 Bioconductor

##  BiocStyle              2.8.0     2018-05-01 Bioconductor

##  BiocWorkflowTools      1.6.1     2018-05-24 Bioconductor

##  biomaRt                2.36.0    2018-05-01 Bioconductor

##  Biostrings             2.48.0    2018-05-01 Bioconductor

##  bit                    1.1-12    2014-04-09 CRAN (R 3.5.0)

##  bit64                  0.9-7     2017-05-08 CRAN (R 3.5.0)

##  bitops                 1.0-6     2013-08-17 CRAN (R 3.5.0)
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##  blob                   1.1.1     2018-03-25 CRAN (R 3.5.0)

##  bookdown               0.7       2018-02-18 CRAN (R 3.5.0)

##  checkmate              1.8.5     2017-10-24 CRAN (R 3.5.0)

##  cluster                2.0.7-1   2018-04-13 CRAN (R 3.5.0)

##  codetools              0.2-15    2016-10-05 CRAN (R 3.5.0)

##  colorspace             1.3-2     2016-12-14 CRAN (R 3.5.0)

##  compiler               3.5.0     2018-04-24 local

##  data.table             1.11.2    2018-05-08 CRAN (R 3.5.0)

##  datasets             * 3.5.0     2018-04-24 local

##  DBI                    1.0.0     2018-05-02 CRAN (R 3.5.0)

##  DelayedArray         * 0.6.0     2018-05-01 Bioconductor

##  DESeq2               * 1.20.0    2018-05-01 Bioconductor

##  devtools             * 1.13.5    2018-02-18 CRAN (R 3.5.0)

##  DEXSeq               * 1.26.0    2018-05-01 Bioconductor

##  digest                 0.6.15    2018-01-28 cran (@0.6.15)

##  DRIMSeq              * 1.8.0     2018-05-01 Bioconductor

##  edgeR                * 3.22.2    2018-05-24 cran (@3.22.2)

##  evaluate               0.10.1    2017-06-24 CRAN (R 3.5.0)

##  foreign                0.8-70    2017-11-28 CRAN (R 3.5.0)

##  Formula                1.2-3     2018-05-03 CRAN (R 3.5.0)

##  genefilter             1.62.0    2018-05-01 Bioconductor

##  geneplotter            1.58.0    2018-05-01 Bioconductor

##  GenomeInfoDb         * 1.16.0    2018-05-01 Bioconductor

##  GenomeInfoDbData       1.1.0     2018-01-10 Bioconductor

##  GenomicRanges        * 1.32.2    2018-05-06 Bioconductor

##  ggplot2                2.2.1     2016-12-30 CRAN (R 3.5.0)

##  git2r                  0.21.0    2018-01-04 CRAN (R 3.5.0)

##  graphics             * 3.5.0     2018-04-24 local

##  grDevices            * 3.5.0     2018-04-24 local

##  grid                   3.5.0     2018-04-24 local

##  gridExtra              2.3       2017-09-09 CRAN (R 3.5.0)

##  gtable                 0.2.0     2016-02-26 CRAN (R 3.5.0)

##  Hmisc                  4.1-1     2018-01-03 CRAN (R 3.5.0)

##  htmlTable              1.11.2    2018-01-20 CRAN (R 3.5.0)

##  htmltools              0.3.6     2017-04-28 CRAN (R 3.5.0)

##  htmlwidgets            1.2       2018-04-19 CRAN (R 3.5.0)

##  httr                   1.3.1     2017-08-20 CRAN (R 3.5.0)

##  hwriter                1.3.2     2014-09-10 CRAN (R 3.5.0)

##  IRanges              * 2.14.9    2018-05-15 Bioconductor

##  knitr                * 1.20      2018-02-20 CRAN (R 3.5.0)

##  labeling               0.3       2014-08-23 CRAN (R 3.5.0)

##  lattice                0.20-35   2017-03-25 CRAN (R 3.5.0)

##  latticeExtra           0.6-28    2016-02-09 CRAN (R 3.5.0)

##  lazyeval               0.2.1     2017-10-29 CRAN (R 3.5.0)

##  limma                * 3.36.1    2018-05-05 Bioconductor

##  locfit                 1.5-9.1   2013-04-20 CRAN (R 3.5.0)

##  magrittr               1.5       2014-11-22 CRAN (R 3.5.0)

##  Matrix                 1.2-14    2018-04-13 CRAN (R 3.5.0)

##  matrixStats          * 0.53.1    2018-02-11 CRAN (R 3.5.0)

##  memoise                1.1.0     2017-04-21 CRAN (R 3.5.0)

##  methods              * 3.5.0     2018-04-24 local

##  munsell                0.4.3     2016-02-13 CRAN (R 3.5.0)

##  nnet                   7.3-12    2016-02-02 CRAN (R 3.5.0)

##  parallel             * 3.5.0     2018-04-24 local

##  pillar                 1.2.2     2018-04-26 CRAN (R 3.5.0)

##  plyr                   1.8.4     2016-06-08 CRAN (R 3.5.0)

##  prettyunits            1.0.2     2015-07-13 CRAN (R 3.5.0)

##  progress               1.1.2     2016-12-14 CRAN (R 3.5.0)

##  R6                     2.2.2     2017-06-17 CRAN (R 3.5.0)

##  rafalib              * 1.0.0     2015-08-09 CRAN (R 3.5.0)
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##  RColorBrewer         * 1.1-2     2014-12-07 CRAN (R 3.5.0)

##  Rcpp                   0.12.17   2018-05-18 cran (@0.12.17)

##  RCurl                  1.95-4.10 2018-01-04 CRAN (R 3.5.0)

##  reshape2               1.4.3     2017-12-11 CRAN (R 3.5.0)

##  rlang                  0.2.1     2018-05-30 cran (@0.2.1)

##  rmarkdown            * 1.9       2018-03-01 CRAN (R 3.5.0)

##  rnaseqDTU            * 0.1.0     2018-06-18 local (mikelove/rnaseqDTU@NA)

##  rpart                  4.1-13    2018-02-23 CRAN (R 3.5.0)

##  rprojroot              1.3-2     2018-01-03 cran (@1.3-2)

##  Rsamtools              1.32.0    2018-05-01 Bioconductor

##  RSQLite                2.1.1     2018-05-06 CRAN (R 3.5.0)

##  rstudioapi             0.7       2017-09-07 CRAN (R 3.5.0)

##  S4Vectors            * 0.18.1    2018-05-02 Bioconductor

##  scales                 0.5.0     2017-08-24 CRAN (R 3.5.0)

##  splines                3.5.0     2018-04-24 local

##  stageR               * 1.2.22    2018-06-14 cran (@1.2.22)

##  statmod                1.4.30    2017-06-18 CRAN (R 3.5.0)

##  stats                * 3.5.0     2018-04-24 local

##  stats4               * 3.5.0     2018-04-24 local

##  stringi                1.2.2     2018-05-02 CRAN (R 3.5.0)

##  stringr                1.3.1     2018-05-10 CRAN (R 3.5.0)

##  SummarizedExperiment * 1.10.1    2018-05-11 Bioconductor

##  survival               2.42-3    2018-04-16 CRAN (R 3.5.0)

##  tibble                 1.4.2     2018-01-22 CRAN (R 3.5.0)

##  tinytex                0.5       2018-04-16 CRAN (R 3.5.0)

##  tools                  3.5.0     2018-04-24 local

##  utils                * 3.5.0     2018-04-24 local

##  withr                  2.1.2     2018-03-15 CRAN (R 3.5.0)

##  xfun                   0.1       2018-01-22 CRAN (R 3.5.0)

##  XML                    3.98-1.11 2018-04-16 CRAN (R 3.5.0)

##  xtable                 1.8-2     2016-02-05 CRAN (R 3.5.0)

##  XVector                0.20.0    2018-05-01 Bioconductor

##  yaml                   2.1.19    2018-05-01 CRAN (R 3.5.0)

##  zlibbioc               1.26.0    2018-05-01 Bioconductor
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✟ ✶✘✒✘✹✚ s✿✾❏ ✟ ✷✘✶✚ s❧✰❡❄❤ ✟ ✶✘✷✑✘✶✚ ✯r☎☎◆❩ ✟ ✷✘✸✘ ✜✗✡ ✠✒✎☞❛✡✠ ✇✡✌✡ ☛✖✒✏✑✍✦✡✕ ✇✍✑✗ ✯✿❧✾❈◗ ✈✡✌✠✍t✏ ✶✘✶✶✘✶ ✒✏✕

❦✿❧❧✵s❄❈ ✈✡✌✠✍t✏ ✶✘✹✹✘✶✘ ❭❈❧❚✰s❄✰❏ ✈✡✌✠✍t✏ ✶✘✶✒✘✶ ✒✏✕ ✿❧❭✵◗✰ ✈✡✌✠✍t✏ ✶✘✒✘✶ ✇✡✌✡ ✖✠✡✕ ✍✏ ❣✡✏✡✌✒✑✍✏❣ ✑✗✡ ✠✍✎✖❛✒✑✡✕

✕✒✑✒✠✡✑✘

❉❛✁❛ ❛�❛✝✁❛❛✝✁✝✁�

✜✗✡ ✠✍✎✖❛✒✑✡✕ ☞✒✍✌✡✕✟✡✏✕ ✌✡✒✕ ❨❆❙✜❆ ✦❛✡✠ ✗✒✈✡ ❜✡✡✏ ✖☞❛t✒✕✡✕ ✍✏ ✑✗✌✡✡ ❜✒✑❝✗✡✠ t❞ ✡✍❣✗✑ ✠✒✎☞❛✡✠ ✡✒❝✗ ✑t ❩✡✏t✕t✟

✗✑✑☞✠✤❘❘✕t✍✘t✌❣❘✶✶✘✺✷❊✶❘✔✡✏t✕t✘✶✷✑✶✸✼✺✷✻

✗✑✑☞✠✤❘❘✕t✍✘t✌❣❘✶✶✘✺✷❊✶❘✔✡✏t✕t✘✶✷✑✶✹✶✹✷✼

✗✑✑☞✠✤❘❘✕t✍✘t✌❣❘✶✶✘✺✷❊✶❘✔✡✏t✕t✘✶✷✑✶✹✹✸✷✽

✜✗✡ ☛✖✒✏✑✍✦❝✒✑✍t✏ ✦❛✡✠ ✒✌✡ ✒❛✠t ✒✈✒✍❛✒❜❛✡ ✒✠ ✒ ✠✡☞✒✌✒✑✡ ❩✡✏t✕t ✕✒✑✒✠✡✑✤ ✶✶✘✺✷❊✶❘✔✡✏t✕t✘✶✷✑✶✺✷✷✷❀✘

✜✗✡ ✠❝✌✍☞✑✠ ✖✠✡✕ ✑t ❣✡✏✡✌✒✑✡ ✑✗✡ ✠✍✎✖❛✒✑✡✕ ✕✒✑✒✠✡✑ ✒✌✡ ✒✈✒✍❛✒❜❛✡ ✒✑ ✑✗✡ ✠✍✎✖❛✒✑✍t✏ ●✍✑❍✖❜ ✌✡☞t✠✍✑t✌✓ ✭✗✑✑☞✠✤❘❘

❣✍✑✗✖❜✘❝t✎❘✎✍✪✡❛t✈✡❘✠✇✍✎✕t✇✏✣ ✒✏✕ ✒✌❝✗✍✈✡✕ ✗✡✌✡✟ ✗✑✑☞✠✤❘❘✕t✍✘t✌❣❘✶✶✘✺✷❊✶❘✔✡✏t✕t✘✶✹✶✶✹✹✸✷✩✘

✜✗✡ ❝t✖✏✑✠ ✒✠✠t❝✍✒✑✡✕ ✇✍✑✗ ❙t✏✡✠t✏ ✰❄ ✿❧✘★★ ✗✒✈✡ ❜✡✡✏ ✕✡☞t✠✍✑✡✕ ✑t ❩✡✏t✕t ✭✶✶✘✺✷❊✶❘✔✡✏t✕t✘✶✹✶✑✷✶✶✹✼✣✘

❆❛❛ ✕✒✑✒ ✍✠ ✒✈✒✍❛✒❜❛✡ ✖✏✕✡✌ ✒ ❈❈ ❇✁ ✹✘✶ ❛✍❝✡✏✠✡✘

➞➟➠➡ ➢➦ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



❙♦✐✁✇❛✂☞ ❛�❛✝✁❛❛✝✁✝✁�

✶✘ ❆❛❛ ✠t❞✑✇✒✌✡ ✖✠✡✕ ✍✏✶ ✑✗✍✠ ✇t✌✪✫t✇ ✍✠ ✒✈✒✍❛✒❜❛✡ ✒✠ ☞✒✌✑ t❞ ❇✍t❝t✏✕✖❝✑t✌ ✈✡✌✠✍t✏ ✸✘✼✘

✷✘ ❙t✖✌❝✡ ❝t✕✡ ❞t✌ ✑✗✡ ✇t✌✪✫t✇✤ ✗✑✑☞✠✤❘❘❣✍✑✗✖❜✘❝t✎❘✎✍✪✡❛t✈✡❘✌✏✒✠✡☛✛✜✢

✸✘ ▲✍✏✪ ✑t ✒✌❝✗✍✈✡✕ ✠t✖✌❝✡ ❝t✕✡ ✒✠ ✒✑ ✑✍✎✡ t❞ ☞✖❜❛✍❝✒✑✍t✏✤ ✗✑✑☞✠✤❘❘✕t✍✘t✌❣❘✶✶✘✺✷❊✶❘✔✡✏t✕t✘✶✹✶✶✹✹✷✹✽

✹✘ ▲✍❝✡✏✠✡✤ ❆✌✑✍✠✑✍❝✟✷✘✶

❉✁✡✏� ✟✏✝✆✁✎✡�✟✆✏

✜✗✡ ✇t✌✪ t❞ ❵✙▲ t✏ ✑✗✍✠ ✇t✌✪✫t✇ ✇✒✠ ✠✖☞☞t✌✑✡✕ ❜✓ ✑✗✡ ✞✒✑✍t✏✒❛ ❍✖✎✒✏ ●✡✏t✎✡ ❘✡✠✡✒✌❝✗ ✙✏✠✑✍✑✖✑✡ ❬❘✶✶

❍●✶✶✑✶✷✺❍✚ ✑✗✡ ✞✒✑✍t✏✒❛ ❈✒✏❝✡✌ ✙✏✠✑✍✑✖✑✡ ❬P✶✶ ❈❆✶✹✷✺✸❊❍✚ ✒✏✕ ✑✗✡ ✞✒✑✍t✏✒❛ ✙✏✠✑✍✑✖✑✡ t❞ ❊✏✈✍✌t✏✎✡✏✑✒❛ ❍✡✒❛✑✗

❙❝✍✡✏❝✡✠ ❬P✸✶ ❊❙✶✶✶✶✷✒❍✘ ❈❙ ✕✡❝❛✒✌✡✕ ✑✗✒✑ ✏t ❣✌✒✏✑✠ ✇✡✌✡ ✍✏✈t❛✈✡✕ ✍✏ ✠✖☞☞t✌✑✍✏❣ ✑✗✍✠ ✇t✌✪✘ ✜✗✡ ✇t✌✪ t❞ ❘P

t✏ ✑✗✍✠ ✇t✌✪✫t✇ ✇✒✠ ✠✖☞☞t✌✑✡✕ ❜✓ ✑✗✡ ✞✒✑✍t✏✒❛ ❙❝✍✡✏❝✡ ❨t✖✏✕✒✑✍t✏ ❬❇✙❖✟✶✺✒✹✑✶✼ ✒✏✕ ❈❈❨✟✶✼✺✶✹✼✷❍✘

s❤✰ ❋❡◗❡✰❏s ❤✿❡ ◗❈ ❏❈❧✰ ✵◗ s❄❡❡❚ ❡✰s✵✳◗❞ ❡✿❄✿ ▼❈❧❧✰▼❄✵❈◗ ✿◗❡ ✿◗✿❧❚s✵s❞ ❡✰▼✵s✵❈◗ ❄❈ ❭❡❉❧✵s❤❞ ❈❏ ❭❏✰❭✿❏✿❄✵❈◗ ❈❋ ❄❤✰

✾✿◗❡s▼❏✵❭❄❞

❆✄❊✏✆s☛☎✁✂✎☎✏�✠

✜✗✡ ✒✖✑✗t✌✠ ✑✗✒✏✪ ❑t✡✏ ●✒✏ ✕✡✏ ❇✡✌❣✡✚ ❵✒❛❣t✌✔✒✑✒ ✞t✇✍❝✪✒✚ ✒✏✕ ❇t✑t✏✕ ❙✍☞t✠ ❞t✌ ✗✡❛☞❞✖❛ ❝t✎✎✡✏✑✠ t✏ ✑✗✡

✇t✌✪✫t✇✘

❉☎✟☎✄☎☛✉☎✡

✶� ●✁✂✄ ☎✆✝✞✆✟✠✡☛☞✌ ✍✎✏✆✟✎✠✆✟✑✌ ✒✎✠✎ ✓✝✎✔✑✞✡✞ ✕☎✆✆✟✖✡✝✎✠✡✝✗ ☎✘✝✠✘✟
✭✍✒✓☎☎✙✚✓✝✎✔✑✞✡✞ ✛✆✟✜✡✝✗ ●✟✆☛✢✌ ✣✠✎✠✡✞✠✡✤✎✔ ✥✘✠✦✆✖✞ ✗✟✆☛✢✞✚
✓✝✎✔✑✞✡✞ ✛✆✟✜✡✝✗ ●✟✆☛✢✌ ❡✧ ★✩✪✿ ✫✬✮✬✯✰✱ ✬✲✲✬✱✯✳ ♦✮ ❣✬✮✬ ✬①✴✵✬✳✳✰♦✮
❛✱✵♦✳✳ ❤✷✸❛✮ ✯✰✳✳✷✬✳t ◆★✧✹✺❡✪ ✻✼✶✽✾ ❀❀❁✭✽❂✽❃✙✿ ✻✼❄❅✻✶❇�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

✻� ❘✘✑✘✞ ✓✌ ❏☛✏✘✟ ✛✿ ❋❧✯✬✵✮❛✯✰▲✬ ✳✯❛✵✯ ❛✮❊ ✯✬✵✸✰✮❛✯✰♦✮ ✳✰✯✬✳ ♦✲
✯✵❛✮✳✱✵✰✴✯✰♦✮ ❊✵✰▲✬ ✸♦✳✯ ✯✵❛✮✳✱✵✰✴✯ ✰✳♦✲♦✵✸ ❊✰✲✲✬✵✬✮✱✬✳ ❛✱✵♦✳✳
❤✷✸❛✮ ✯✰✳✳✷✬✳t ◆✹▼✩❡❖▼ ◗▼❖❙❯ ❱❡❯✪ ✻✼✶❲✾ ❳❨✭✻✙✿ ❃❲✻❅❃❩✻�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

❇� ✣✤✆✠✠✡ ✥✥✌ ✣❭✎✝✞✆✝ ✥✣✿ ❪❫❋ ✸✰✳♠✳✴❧✰✱✰✮❣ ✰✮ ❊✰✳✬❛✳✬t ◆★✧ ❱❡✈
❴❡❵❡✧✪ ✻✼✶❂✾ ❜❝✭✶✙✿ ✶❩❅❇✻�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

❄� ❢✡✠✠✡✝✗✐✣✘✘✟☛✢ ❥✌ ✣✎✝✖✘✔✡✝ ✓✿ ❚❤✬ ❦❛✮❊✳✱❛✴✬ ♦✲ ♥✳♦✲♦✵✸ ♣q✰✯✱❤✬✳
✰✮ r✷✸❛✮ s❛✮✱✬✵✳t ✉✇✩ ②★❵▼❡✺ ❱❡❯✪ ✻✼✶✽✾ ❜❀✭❩✙✿ ✶✻✼❂❅✶✻✻✼�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯

❃� ☎✔✡☞✘✝✠✘✐●✆✝③④✔✘③ ❏✌ ⑥✆✟✠✎✐⑥✎✟✖✆ ✂✌ ●✆✖③✡✜ ✓✌ ❡✧ ★✩✪✿ ❚❤✬
■✷✮✱✯✰♦✮❛❧ ♥✸✴❛✱✯ ♦✲ ❋❧✯✬✵✮❛✯✰▲✬ ♣✴❧✰✱✰✮❣ ✰✮ s❛✮✱✬✵t ②❡✩✩ ❱❡⑦✪
✻✼✶✽✾ ⑧❁✭❩✙✿ ✻✻✶❃❅✻✻✻❂�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯

❂� ✓✝✖✘✟✞ ✣✌ ❘✘✑✘✞ ✓✌ ❏☛✏✘✟ ✛✿ ⑨✬✯✬✱✯✰✮❣ ❊✰✲✲✬✵✬✮✯✰❛❧ ✷✳❛❣✬ ♦✲
✬①♦✮✳ ✲✵♦✸ ❪❫❋♠✳✬⑩ ❊❛✯❛t ❴❡❵✇❶❡ ❱❡❯✪ ✻✼✶✻✾ ⑧⑧✭✶✼✙✿ ✻✼✼❲❅✻✼✶✽�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

✽� ❘✆✏✡✝✞✆✝ ✥✒✌ ✥✤☎✎✟✠✦✑ ✒❷✌ ✣☞✑✠✦ ●❥✿ ✬❊❣✬❪❸ ❛ ❹✰♦✱♦✮❊✷✱✯♦✵
✴❛✱❺❛❣✬ ✲♦✵ ❊✰✲✲✬✵✬✮✯✰❛❧ ✬①✴✵✬✳✳✰♦✮ ❛✮❛❧❻✳✰✳ ♦✲ ❊✰❣✰✯❛❧ ❣✬✮✬
✬①✴✵✬✳✳✰♦✮ ❊❛✯❛t ❼❖✇❖❵❽✇✺❶★✧❖▼❯✪ ✻✼✶✼✾ ⑧❨✭✶✙✿ ✶❇❩❅✶❄✼�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

❲� ✥✤☎✎✟✠✦✑ ✒❷✌ ☎✦✘✝ ❾✌ ✣☞✑✠✦ ●❥✿ ⑨✰✲✲✬✵✬✮✯✰❛❧ ✬①✴✵✬✳✳✰♦✮ ❛✮❛❧❻✳✰✳
♦✲ ✸✷❧✯✰✲❛✱✯♦✵ ❪❫❋♠✳✬⑩ ✬①✴✬✵✰✸✬✮✯✳ q✰✯❤ ✵✬✳✴✬✱✯ ✯♦ ❈✰♦❧♦❣✰✱❛❧
▲❛✵✰❛✯✰♦✮t ◆✹▼✩❡❖▼ ◗▼❖❙❯ ❱❡❯✪ ✻✼✶✻✾ ❳❁✭✶✼✙✿ ❄✻❲❲❅❄✻❩✽�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

❩� ✣☞✑✠✦ ●❥✿ ❦✰✮✬❛✵ ✸♦❊✬❧✳ ❛✮❊ ✬✸✴✰✵✰✱❛❧ ❈❛❻✬✳ ✸✬✯❤♦❊✳ ✲♦✵
❛✳✳✬✳✳✰✮❣ ❊✰✲✲✬✵✬✮✯✰❛❧ ✬①✴✵✬✳✳✰♦✮ ✰✮ ✸✰✱✵♦❛✵✵❛❻ ✬①✴✬✵✰✸✬✮✯✳t ❿✧★✧
◗⑦⑦✩ ❴❡❵❡✧ ✉✇✩ ❼❖✇✩✪ ✻✼✼❄✾ ➀✭✶✙✿ ✓✟✠✡✤✔✘❇�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯

✶✼� ✍✎❭ ☎✛✌ ☎✦✘✝ ❾✌ ✣✦✡ ✛✌ ❡✧ ★✩✪✿ ➁♦♦✸❸ P✵✬✱✰✳✰♦✮ q✬✰❣❤✯✳ ✷✮❧♦✱❺
❧✰✮✬❛✵ ✸♦❊✬❧ ❛✮❛❧❻✳✰✳ ✯♦♦❧✳ ✲♦✵ ❪❫❋♠✳✬⑩ ✵✬❛❊ ✱♦✷✮✯✳t ❴❡❵✇❶❡
❼❖✇✩✪ ✻✼✶❄✾ ❜❀✭✻✙✿ ❘✻❩�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

✶✶� ➂✆❭✡✤✜✎ ✥✌ ❘✆✏✡✝✞✆✝ ✥✒✿ ⑨❪♥❉♣✬⑩❸ ❛ ⑨✰✵✰✱❤❧✬✯♠✸✷❧✯✰✮♦✸✰❛❧
✲✵❛✸✬q♦✵❺ ✲♦✵ ✸✷❧✯✰▲❛✵✰❛✯✬ ✱♦✷✮✯ ♦✷✯✱♦✸✬✳ ✰✮ ❣✬✮♦✸✰✱✳
➃▲✬✵✳✰♦✮ ⑧➄ ✵✬✲✬✵✬✬✳❸ ⑧ ❛✴✴✵♦▲✬❊➅t ➆➇➈➈➈❱❡❯✪ ✻✼✶❂✾ ❀✿ ✶❇❃❂�
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✶✻� ❢✎✝ ✖✘✝ ➉✘✟✗✘ ❥✌ ✣✆✝✘✞✆✝ ☎✌ ❘✆✏✡✝✞✆✝ ✥✒✌ ❡✧ ★✩✪✿ ✳✯❛❣✬❪❸ ❛
❣✬✮✬✵❛❧ ✳✯❛❣✬♠q✰✳✬ ✸✬✯❤♦❊ ✲♦✵ ✱♦✮✯✵♦❧❧✰✮❣ ✯❤✬ ❣✬✮✬♠❧✬▲✬❧
✲❛❧✳✬ ❊✰✳✱♦▲✬✵❻ ✵❛✯✬ ✰✮ ❊✰✲✲✬✵✬✮✯✰❛❧ ✬①✴✵✬✳✳✰♦✮ ❛✮❊ ❊✰✲✲✬✵✬✮✯✰❛❧
✯✵❛✮✳✱✵✰✴✯ ✷✳❛❣✬t ❴❡❵✇❶❡ ❼❖✇✩✪ ✻✼✶✽✾ ❜➊✭✶✙✿ ✶❃✶�
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✶❇� ●✆✔✖✞✠✘✡✝ ✍✒✌ ☎✎✆ ❾✌ ⑥✎☛ ●✌ ❡✧ ★✩✪✿ P✵✬❊✰✱✯✰♦✮ ❛✮❊ ➋✷❛✮✯✰➌✱❛✯✰♦✮
♦✲ ♣✴❧✰✱✬ ➍▲✬✮✯✳ ✲✵♦✸ ❪❫❋♠♣✬⑩ ⑨❛✯❛t ➎➏✇❿ ➐❵❡✪ ✻✼✶❂✾ ❜❜✭❃✙✿
✘✼✶❃❂✶❇✻�
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✶❄� ❢✡✠✠✡✝✗✐✣✘✘✟☛✢ ❥✌ ✣✎✝✖✘✔✡✝ ✓✿ ♥✳♦✲♦✵✸♣q✰✯✱❤❋✮❛❧❻➑✬❪❸ ❋✮❛❧❻✳✰✳ ♦✲
✱❤❛✮❣✬✳ ✰✮ ❣✬✮♦✸✬♠q✰❊✬ ✴❛✯✯✬✵✮✳ ♦✲ ❛❧✯✬✵✮❛✯✰▲✬ ✳✴❧✰✱✰✮❣ ❛✮❊ ✰✯✳
✲✷✮✱✯✰♦✮❛❧ ✱♦✮✳✬⑩✷✬✮✱✬✳t ➒❖✇❱➓❖✈✪ ✻✼✶❲�
P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯

✶❃� ❏☛✏✘✟ ✛✌ ☎✎✟✘✑ ❢❷✌ ●✘✝✠✔✘☞✎✝ ❘✌ ❡✧ ★✩✪✿ ➔✵✱❤✬✳✯✵❛✯✰✮❣ ❤✰❣❤♠
✯❤✵♦✷❣❤✴✷✯ ❣✬✮♦✸✰✱ ❛✮❛❧❻✳✰✳ q✰✯❤ ❹✰♦✱♦✮❊✷✱✯♦✵t ◆★✧ ✉❡✧→✇❙❯✪
✻✼✶❃✾ ❜⑧✭✻✙✿ ✶✶❃❅✶✻✶�
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✶❂� ✣✆✝✘✞✆✝ ☎✌ ✍✆➣✘ ✥↔✌ ❘✆✏✡✝✞✆✝ ✥✒✿ ⑨✰✲✲✬✵✬✮✯✰❛❧ ❛✮❛❧❻✳✬✳ ✲♦✵ ❪❫❋♠
✳✬⑩❸ ✯✵❛✮✳✱✵✰✴✯♠❧✬▲✬❧ ✬✳✯✰✸❛✯✬✳ ✰✸✴✵♦▲✬ ❣✬✮✬♠❧✬▲✬❧ ✰✮✲✬✵✬✮✱✬✳
➃▲✬✵✳✰♦✮ ⑧➄ ✵✬✲✬✵✬✬✳❸ ⑧ ❛✴✴✵♦▲✬❊➅t ➆➇➈➈➈❱❡❯✪ ✻✼✶❂✾ ❳✿ ✶❃✻✶�
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✶✽� ⑥✎✠✟✆ ❘✌ ✒☛✗✗✎✔ ●✌ ✍✆➣✘ ✥↔✌ ❡✧ ★✩✪✿ ♣❛❧✸♦✮ ✴✵♦▲✰❊✬✳ ✲❛✳✯ ❛✮❊ ❈✰❛✳♠
❛q❛✵✬ ⑩✷❛✮✯✰➌✱❛✯✰♦✮ ♦✲ ✯✵❛✮✳✱✵✰✴✯ ✬①✴✵✬✳✳✰♦✮t ◆★✧ ✉❡✧→✇❙❯✪ ✻✼✶✽✾
❜❳✭❄✙✿ ❄✶✽❅❄✶❩�
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✶❲� ⑥✎✠✟✆ ❘✌ ✥✆☛✝✠ ✣✥✌ ❥✡✝✗✞↕✆✟✖ ☎✿ ♣❛✰❧➌✳❤ ✬✮❛❈❧✬✳ ❛❧✰❣✮✸✬✮✯♠✲✵✬✬

❙☎➙➙✁☞♦☞�✁❛✂� ♦❛✁☞✂✝❛✁

❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❛✡ ✶ ✟ P✛❨ ✦❛✡ ❝t✏✑✒✍✏✍✏❣ ❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❣✖✌✡ ✶➊❙✖☞☞❛✡✎✡✏✑✒✌✓ ❨✍❣✖✌✡ ✶✶

❈❛✍❝✪ ✗✡✌✡ ✑t ✒❝❝✡✠✠ ✑✗✡ ✕✒✑✒

➞➟➠➡ ➢➻ ➤➥ ➦➧

➨➧➩➩➩➫➡➭➡➟➯➲➳ ➵➩➧➸➺ ➻➼➽➾➵ ➚➟➭➪ ➶➹➘➟➪➡➘➼ ➵➢ ➴➷➬ ➵➩➧➽



✰✳♦✲♦✵✸ ⑩✷❛✮✯✰➌✱❛✯✰♦✮ ✲✵♦✸ ❪❫❋♠✳✬⑩ ✵✬❛❊✳ ✷✳✰✮❣ ❧✰❣❤✯q✬✰❣❤✯
❛❧❣♦✵✰✯❤✸✳t ◆★✧ ❼❖✇✧❡▼→❵✇✩✪ ✻✼✶❄✾ ➀⑧✭❃✙✿ ❄❂✻❅❄❂❄�
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✶❩� ➉✟✎✑ ➂✍✌ ⑥✡☞✘✝✠✘✔ ❏✌ ✥✘✔✞✠✘✖ ⑥✌ ❡✧ ★✩✪✿ ❫✬❛✵♠♦✴✯✰✸❛❧ ✴✵♦❈❛❈✰❧✰✳✯✰✱
❪❫❋♠✳✬⑩ ⑩✷❛✮✯✰➌✱❛✯✰♦✮t ◆★✧ ❼❖✇✧❡▼→❵✇✩✪ ✻✼✶❂✾ ➀❳✭❃✙✿ ❃✻❃❅❃✻✽�
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✻✼� ✍✆➣✘ ✥↔✌ ❏☛✏✘✟ ✛✌ ✓✝✖✘✟✞ ✣✿ ❉♦❊✬✵❛✯✬❊ ✬✳✯✰✸❛✯✰♦✮ ♦✲ ✲♦❧❊ ✱❤❛✮❣✬
❛✮❊ ❊✰✳✴✬✵✳✰♦✮ ✲♦✵ ❪❫❋♠✳✬⑩ ❊❛✯❛ q✰✯❤ ⑨➍♣✬⑩⑧t ❴❡❵✇❶❡ ❼❖✇✩✪
✻✼✶❄✾ ❜❀✭✶✻✙✿ ❃❃✼�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

✻✶� ✁✟✎✢✝✘✔✔ ☎✌ ❏✘✝✖✟✡✤✜✞✆✝ ✒●✌ ✣✎☛➣✎✗✘✎☛ ✥✌ ❡✧ ★✩✪✿ ⑨✰✲✲✬✵✬✮✯✰❛❧
❛✮❛❧❻✳✰✳ ♦✲ ❣✬✮✬ ✵✬❣✷❧❛✯✰♦✮ ❛✯ ✯✵❛✮✳✱✵✰✴✯ ✵✬✳♦❧✷✯✰♦✮ q✰✯❤ ❪❫❋♠
✳✬⑩t ◆★✧ ❼❖✇✧❡▼→❵✇✩✪ ✻✼✶❇✾ ➀❜✭✶✙✿ ❄❂❅❃❇�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

✻✻� ❏✘✔✔✘✟ ❘✌ ✥✎✝✖☛✤✦✡ ✂✌ ●✟✎✝✠ ●❘✌ ❡✧ ★✩✪✿ ❋ ✤✬①✰❈❧✬ ✯q♦♠✳✯❛❣✬
✴✵♦✱✬❊✷✵✬ ✲♦✵ ✰❊✬✮✯✰✲❻✰✮❣ ❣✬✮✬ ✳✬✯✳ ✯❤❛✯ ❛✵✬ ❊✰✲✲✬✵✬✮✯✰❛❧❧❻
✬①✴✵✬✳✳✬❊t ❼❖✇❖❵❽✇✺❶★✧❖▼❯✪ ✻✼✼❩✾ ⑧❀✭❲✙✿ ✶✼✶❩❅✻❃�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯

✻❇� ✍✎✢✢✎✔✎✡✝✘✝ ✁✌ ✣✎☞☞✘✠✦ ✥✌ ▲✟✡✘✖✔�✝✖✘✟ ✥❘✌ ❡✧ ★✩✪✿ ❚✵❛✮✳✱✵✰✴✯♦✸✬
❛✮❊ ❣✬✮♦✸✬ ✳✬⑩✷✬✮✱✰✮❣ ✷✮✱♦▲✬✵✳ ✲✷✮✱✯✰♦✮❛❧ ▲❛✵✰❛✯✰♦✮ ✰✮
❤✷✸❛✮✳t ◆★✧✹✺❡✪ ✻✼✶❇✾ ❀❁❜✭✽❄❂❲✙✿ ❃✼❂❅❃✶✶�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

✻❄� ☎✆✔✔✎✖✆✐✁✆✟✟✘✞ ✍✌ ➂✘✔✔✆✟✘ ✓✌ ❥✎☞☞✘✟✞ ❥✌ ❡✧ ★✩✪✿ ❪✬✴✵♦❊✷✱✰❈❧✬ ❪❫❋♠
✳✬⑩ ❛✮❛❧❻✳✰✳ ✷✳✰✮❣ r✁✂✄☎✆✝✞t ◆★✧ ❼❖✇✧❡▼→❵✇✩✪ ✻✼✶✽✾ ➀❀✭❄✙✿ ❇✶❩❅❇✻✶�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯

✻❃� ✍✆➣✘ ✥↔✿ ♣✱✵✰✴✯✳ ✷✳✬❊ ✰✮ ✱♦✮✳✯✵✷✱✯✰✮❣ ❛✮❊ ✬▲❛❧✷❛✯✰✮❣ ✯❤✬
✳✰✸✷❧❛✯✬❊ ❊❛✯❛ ✲♦✵ ♣q✰✸✸✰✮❣ ⑨♦q✮✳✯✵✬❛✸� ✻✼✶❲�
❤✯✯✴❸❤❤qqqt❊♦✰t♦✵❣❤❜❁t❀⑧➊❜❤➑✬✮♦❊♦t❜❳❜❁❳❳➀

✻❂� ✍✆➣✘ ✥↔✿ ♣✰✸✷❧❛✯✰♦✮ ❊❛✯❛ ✭❜✟ ✲♦✵ ♣q✰✸✸✰✮❣ ⑨♦q✮✳✯✵✬❛✸❸ ✴❛✰✵✳ ♦✲
✳❛✸✴❧✬✳ ❜♠❳t ✻✼✶❲�
❤✯✯✴❸❤❤qqqt❊♦✰t♦✵❣❤❜❁t❀⑧➊❜❤➑✬✮♦❊♦t❜⑧❡❜➀❝❀

✻✽� ✍✆➣✘ ✥↔✿ ♣✰✸✷❧❛✯✰♦✮ ❊❛✯❛ ✭⑧✟ ✲♦✵ ♣q✰✸✸✰✮❣ ⑨♦q✮✳✯✵✬❛✸❸ ✴❛✰✵✳ ♦✲
✳❛✸✴❧✬✳ ❀♠➊t ✻✼✶❲�
❤✯✯✴❸❤❤qqqt❊♦✰t♦✵❣❤❜❁t❀⑧➊❜❤➑✬✮♦❊♦t❜⑧❡❜❳❁❳

✻❲� ✍✆➣✘ ✥↔✿ ♣✰✸✷❧❛✯✰♦✮ ❊❛✯❛ ✭➀✟ ✲♦✵ ♣q✰✸✸✰✮❣ ⑨♦q✮✳✯✵✬❛✸✇ ✴❛✰✵✳ ♦✲
✳❛✸✴❧✬✳ ❡♠❜⑧t ✻✼✶❲�
❤✯✯✴❸❤❤qqqt❊♦✰t♦✵❣❤❜❁t❀⑧➊❜❤➑✬✮♦❊♦t❜⑧❡❜❳❳➀

✻❩� ✍✆➣✘ ✥↔✿ ➋✷❛✮✯✰➌✱❛✯✰♦✮ ➌❧✬✳ ✲♦✵ ♣q✰✸✸✰✮❣ ⑨♦q✮✳✯✵✬❛✸t ✻✼✶❲�
❤✯✯✴❸❤❤qqqt❊♦✰t♦✵❣❤❜❁t❀⑧➊❜❤➑✬✮♦❊♦t❜⑧❡❜❀⑧⑧

❇✼� ✍✆➣✘ ✥↔✌ ❏✆✗✘✝✘✞✤✦ ❷➉✌ ↔✟✡③✎✟✟✑ ❘✓✿ ❉♦❊✬❧✰✮❣ ♦✲ ❪❫❋♠✳✬⑩
✲✵❛❣✸✬✮✯ ✳✬⑩✷✬✮✱✬ ❈✰❛✳ ✵✬❊✷✱✬✳ ✳❻✳✯✬✸❛✯✰✱ ✬✵✵♦✵✳ ✰✮ ✯✵❛✮✳✱✵✰✴✯
❛❈✷✮❊❛✮✱✬ ✬✳✯✰✸❛✯✰♦✮t ◆★✧ ❼❖✇✧❡▼→❵✇✩✪ ✻✼✶❂✾ ➀❳✭✶✻✙✿ ✶✻❲✽❅✶✻❩✶�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

❇✶� ▲✟✎③✘✘ ✓☎✌ ❷✎↕↕✘ ✓✂✌ ✍✎✝✗☞✘✎✖ ➉✌ ❡✧ ★✩✪✿ P✄♦✠✁✡✝✁r❸ ✳✰✸✷❧❛✯✰✮❣
❪❫❋♠✳✬⑩ ❊❛✯❛✳✬✯✳ q✰✯❤ ❊✰✲✲✬✵✬✮✯✰❛❧ ✯✵❛✮✳✱✵✰✴✯ ✬①✴✵✬✳✳✰♦✮t
❼❖✇❖❵❽✇✺❶★✧❖▼❯✪ ✻✼✶❃✾ ➀❜✭✶✽✙✿ ✻✽✽❲❅✻✽❲❄�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

❇✻� ✣✆✝✘✞✆✝ ☎✌ ❘✆✏✡✝✞✆✝ ✥✒✿ ❚♦q❛✵❊✳ ✷✮✰➌✬❊ ⑩✷❛❧✰✯❻ ▲✬✵✰➌✱❛✯✰♦✮ ♦✲
✳❻✮✯❤✬✯✰✱ ✱♦✷✮✯ ❊❛✯❛ q✰✯❤ ✂✄☎✆✝✡❝☛☞✌t ❼❖✇❖❵❽✇✺❶★✧❖▼❯✪ ✻✼✶❲✾ ➀❳✭❄✙✿
❂❩✶❅❂❩✻�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

❇❇� ✣✆✝✘✞✆✝ ☎✌ ✥✎✠✠✦✘✞ ❥✍✌ ➂✆❭✡✤✜✎ ✥✌ ❡✧ ★✩✪✿ ♥✳♦✲♦✵✸ ✴✵✬➌❧✯✬✵✰✮❣
✰✸✴✵♦▲✬✳ ✴✬✵✲♦✵✸❛✮✱✬ ♦✲ ✱♦✷✮✯♠❈❛✳✬❊ ✸✬✯❤♦❊✳ ✲♦✵ ❛✮❛❧❻✳✰✳
♦✲ ❊✰✲✲✬✵✬✮✯✰❛❧ ✯✵❛✮✳✱✵✰✴✯ ✷✳❛❣✬t ❴❡❵✇❶❡ ❼❖✇✩✪ ✻✼✶❂✾ ❜❝✭✶✙✿ ✶✻�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

❇❄� ❥❑✞✠✘✟ ❷✌ ❘✎✦☞✎✝✝ ✣✿ ♣✮❛❺✬✸❛❺✬♠♠❛ ✳✱❛❧❛❈❧✬ ❈✰♦✰✮✲♦✵✸❛✯✰✱✳

q♦✵❺✤♦q ✬✮❣✰✮✬t ❼❖✇❖❵❽✇✺❶★✧❖▼❯✪ ✻✼✶✻✾ ⑧➊✭✶❩✙✿ ✻❃✻✼❅✻❃✻✻�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯

❇❃� ✒✡ ✁✆☞☞✎✞✆ ⑥✌ ☎✦✎✠③✆☛ ✥✌ ▲✔✆✖✘✝ ✂✛✌ ❡✧ ★✩✪✿ ❫✬①✯✤♦q ✬✮❛❈❧✬✳
✵✬✴✵♦❊✷✱✰❈❧✬ ✱♦✸✴✷✯❛✯✰♦✮❛❧ q♦✵❺✤♦q✳t ◆★✧ ❼❖✇✧❡▼→❵✇✩✪ ✻✼✶✽✾
➀❀✭❄✙✿ ❇✶❂❅❇✶❩�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯

❇❂� ❾✡ ✍✌ ⑥✡☞✘✝✠✘✔ ❏✌ ➉✟✎✑ ➂✍✌ ❡✧ ★✩✪✿ ✫✬✮✬♠❧✬▲✬❧ ❊✰✲✲✬✵✬✮✯✰❛❧ ❛✮❛❧❻✳✰✳ ❛✯
✯✵❛✮✳✱✵✰✴✯♠❧✬▲✬❧ ✵✬✳♦❧✷✯✰♦✮t ❴❡❵✇❶❡ ❼❖✇✩✪ ✻✼✶❲✾ ❜❡✭✶✙✿ ❃❇�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯ ⑤ ■✵✬✬ ■✷❧❧ ❚✬①✯

❇✽� ✣✆✝✘✞✆✝ ☎✌ ❘✆✏✡✝✞✆✝ ✥✒✿ ✰s➔❹❪❋❸ ♦✴✬✮✇ ✵✬✴✵♦❊✷✱✰❈❧✬✇
✳✯❛✮❊❛✵❊✰➑✬❊ ❛✮❊ ❧✰▲✬ ✸✬✯❤♦❊ ❈✬✮✱❤✸❛✵❺✰✮❣t ◆★✧ ✉❡✧→✇❙❯✪ ✻✼✶❂✾
❜➀✭❄✙✿ ✻❲❇�
P✷❈❉✬❊ ❋❈✳✯✵❛✱✯ ⑤ P✷❈❧✰✳❤✬✵ ■✷❧❧ ❚✬①✯

❇❲� ✁✟✡✝✤✎✖✆ ❷✍✌ ✂✝✠✡③✝✘ ❷☎✌ ❏✑✞✘✝✎❚ ●✌ ❡✧ ★✩✪✿ ♣❙PP❋⑧❸ ✲❛✳✯✇ ❛✱✱✷✵❛✯✬✇
❛✮❊ ✷✮✱✬✵✯❛✰✮✯❻♠❛q❛✵✬ ❊✰✲✲✬✵✬✮✯✰❛❧ ✳✴❧✰✱✰✮❣ ❛✮❛❧❻✳✰✳ ❛✱✵♦✳✳
✸✷❧✯✰✴❧✬ ✱♦✮❊✰✯✰♦✮✳t ❴❡❵✇❶❡ ❼❖✇✩✪ ✻✼✶❲✾ ❜❡✭✶✙✿ ❄✼�
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