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❘❡s✎✒♣❧✍♥✏ ✒❡t❤✁❞s ✎✂❡ ✇✍❞❡❧② ✔s❡❞ t❤✂✁✔✏❤✁✔t ❝✁✒♣✔t✎t✍✁♥✎❧ ❜✍✁❧✁✏② ✎♥❞
❜✍✁✍♥❢✁✂✒✎t✍❝s ✎s ✎ ✒❡✎♥s ❢✁✂ ✎ss❡ss✍♥✏ st✎t✍st✍❝✎❧ s✔♣♣✁✂t✳ ✕t ✎ ❤✍✏❤ ❧❡✈❡❧✱
✂❡s✎✒♣❧✍♥✏✲❜✎s❡❞ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥ ♣✂✁❝❡❞✔✂❡s ❝✁♥s✍st ✁❢ ✎ ✒❡t❤✁❞✁❧✁✏✍❝✎❧
♣✍♣❡❧✍♥❡✿ ✂❡s✎✒♣❧❡❞ ✂❡♣❧✍❝✎t❡s ✎✂❡ ✏❡♥❡✂✎t❡❞✱ ✍♥❢❡✂❡♥❝❡✴✎♥✎❧②s✍s ✍s ♣❡✂❢✁✂✒❡❞
✁♥ ❡✎❝❤ ✂❡♣❧✍❝✎t❡✱ ✎♥❞ ✂❡s✔❧ts ✎✂❡ t❤❡♥ ❝✁✒♣✎✂❡❞ ✎❝✂✁ss ✂❡♣❧✍❝✎t❡s✳ ✕✒✁♥✏ t❤❡
✒✁st ✇✍❞❡❧② ✔s❡❞ ✂❡s✎✒♣❧✍♥✏ ✒❡t❤✁❞s ✎✂❡ ♥✁♥✲♣✎✂✎✒❡t✂✍❝ ✎♣♣✂✁✎❝❤❡s ✍♥❝❧✔❞✲
✍♥✏ t❤❡ st✎♥❞✎✂❞ ❜✁✁tst✂✎♣ ✒❡t❤✁❞ ❬✺❪✱ ✇❤✍❝❤ ❝✁♥s✍sts ✁❢ ✂✎♥❞✁✒ s✎✒♣❧✍♥✏ ✇✍t❤
✂❡♣❧✎❝❡✒❡♥t✳ ✌❡ ✇✍❧❧ ✂❡❢❡✂ t✁ t❤❡ st✎♥❞✎✂❞ ❜✁✁tst✂✎♣ ✒❡t❤✁❞ ✎s t❤❡ ❜✁✁tst✂✎♣
✒❡t❤✁❞ ❢✁✂ ❜✂❡✈✍t②✳ ❯♥❧✍❦❡ ♣✎✂✎✒❡t✂✍❝ ✒❡t❤✁❞s✱ ♥✁♥✲♣✎✂✎✒❡t✂✍❝ ✎♣♣✂✁✎❝❤❡s ♥❡❡❞
♥✁t ✎ss✔✒❡ t❤✎t ✎ ♣✎✂t✍❝✔❧✎✂ ♣✎✂✎✒❡t✂✍❝ ✒✁❞❡❧ ✍s ✎♣♣❧✍❝✎❜❧❡ t✁ ✎ ♣✂✁❜❧❡✒ ✎t
❤✎♥❞✳ ✓✁✇❡✈❡✂✱ t❤❡ ❜✁✁tst✂✎♣ ✎♥❞ ✁t❤❡✂ ✇✍❞❡❧② ✔s❡❞ ♥✁♥✲♣✎✂✎✒❡t✂✍❝ ✎♣♣✂✁✎❝❤❡s
✎ss✔✒❡ t❤✎t ✁❜s❡✂✈✎t✍✁♥s ✎✂❡ ✍♥❞❡♣❡♥❞❡♥t ✎♥❞ ✍❞❡♥t✍❝✎❧❧② ❞✍st✂✍❜✔t❡❞ ✭✍✳✍✳❞✳✄✳

■♥ t❤❡ ❝✁♥t❡①t ✁❢ ❜✍✁✒✁❧❡❝✔❧✎✂ s❡q✔❡♥❝❡ ✎♥✎❧②s✍s✱ t❤❡✂❡ ✎✂❡ ✎ ✈✎✂✍❡t② ✁❢ ❜✍✁✲
❧✁✏✍❝✎❧ ❢✎❝t✁✂s t❤✎t ❝✁♥ß✍❝t ✇✍t❤ t❤✍s ✎ss✔✒♣t✍✁♥✳ ❚❤❡s❡ ✍♥❝❧✔❞❡ ❡✈✁❧✔t✍✁♥✎✂②
♣✂✁❝❡ss❡s t❤✎t ❝✎✔s❡ ✍♥t✂✎✲s❡q✔❡♥❝❡ ❞❡♣❡♥❞❡♥❝❡ ✭❡✳✏✳✱ ✂❡❝✁✒❜✍♥✎t✍✁♥✄ ✎♥❞ ❢✔♥❝✲
t✍✁♥✎❧ ❞❡♣❡♥❞❡♥❝❡ ✎✒✁♥✏ ❜✍✁✒✁❧❡❝✔❧✎✂ s❡q✔❡♥❝❡ ❡❧❡✒❡♥ts ✎♥❞ ✒✁t✍❢s✳ ❋❡❧s❡♥st❡✍♥
♣✂❡s❝✍❡♥t❧② ♥✁t❡❞ t❤❡s❡ ❧✍✒✍t✎t✍✁♥s ✇❤❡♥ ❤❡ ♣✂✁♣✁s❡❞ t❤❡ ✎♣♣❧✍❝✎t✍✁♥ ✁❢ t❤❡ ❜✁✁t✲
st✂✎♣ t✁ ♣❤②❧✁✏❡♥❡t✍❝ ✍♥❢❡✂❡♥❝❡✿ Ò✕✒✁✂❡ s❡✂✍✁✔s ❞✍✦❝✔❧t② ✍s ❧✎❝❦ ✁❢ ✍♥❞❡♣❡♥❞❡♥❝❡
✁❢ t❤❡ ❡✈✁❧✔t✍✁♥✎✂② ♣✂✁❝❡ss❡s ✍♥ ❞✍✧❡✂❡♥t ❝❤✎✂✎❝t❡✂s✳ ✳ ✳ ✳ ❋✁✂ t❤❡ ♣✔✂♣✁s❡s ✁❢ t❤✍s
♣✎♣❡✂✱ ✇❡ ✇✍❧❧ ✍✏♥✁✂❡ t❤❡s❡ ❝✁✂✂❡❧✎t✍✁♥s ✎♥❞ ✎ss✔✒❡ t❤✎t t❤❡② ❝✎✔s❡ ♥✁ ♣✂✁❜✲

❧❡✒s❀ ✍♥ ♣✂✎❝t✍❝❡✱ t❤❡② ♣✁s❡ t❤❡ ✒✁st s❡✂✍✁✔s ❝❤✎❧❧❡♥✏❡ t✁ t❤❡ ✔s❡ ✁❢ ❜✁✁tst✂✎♣
✒❡t❤✁❞s✳Ó ✭✂❡♣✂✁❞✔❝❡❞ ❢✂✁✒ ♣✳ ✼✽✺ ✁❢ ❬✻❪✄✳

❚✁ ✂❡❧✎① t❤❡ s✍✒♣❧✍❢②✍♥✏ ✎ss✔✒♣t✍✁♥ ✁❢ ✍✳✍✳❞✳ ✁❜s❡✂✈✎t✍✁♥s✱ ✖✎♥❞✎♥ ✎♥❞ ●✂✎✔✂
❬☎✆❪ ✍♥t✂✁❞✔❝❡❞ t❤❡ ✓❡✎❞s✲✁✂✲❚✎✍❧s ✭✓✁❚✄ t❡❝❤♥✍q✔❡ ❢✁✂ t❤❡ s♣❡❝✍Þ❝ ♣✂✁❜❧❡✒ ✁❢

✒✔❧t✍♣❧❡ s❡q✔❡♥❝❡ ✎❧✍✏♥✒❡♥t ✭▼✑✕✄ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥✳ ❚❤❡ ✍❞❡✎ ❜❡❤✍♥❞ ✓✁❚
✍s s✍✒♣❧❡ ❜✔t q✔✍t❡ ♣✁✇❡✂❢✔❧✿ ✍♥❢❡✂❡♥❝❡✴✎♥✎❧②s✍s s❤✁✔❧❞ ❜❡ ✂❡♣❡✎t✎❜❧❡ ✇❤❡t❤❡✂ ✎♥
▼✑✕ ✍s ✂❡✎❞ ❡✍t❤❡✂ ❢✂✁✒ ❧❡❢t✲t✁✲✂✍✏❤t ✁✂ ❢✂✁✒ ✂✍✏❤t✲t✁✲❧❡❢t Ð ✍✳❡✳✱ ✍♥ ❡✍t❤❡✂ ❤❡✎❞s
✁✂ t✎✍❧s ❞✍✂❡❝t✍✁♥✱ ✂❡s♣❡❝t✍✈❡❧②✳ ✌❤✍❧❡ ✓✁❚ ✂❡s✎✒♣❧✍♥✏ ♣✂❡s❡✂✈❡s ✍♥t✂✎✲s❡q✔❡♥❝❡
❞❡♣❡♥❞❡♥❝❡✱ ✍t ✍s ❧✍✒✍t❡❞ t✁ t✇✁ ✂❡♣❧✍❝✎t❡s✱ ✇❤✍❝❤ ✍s ❢✎✂ ❢❡✇❡✂ t❤✎♥ t②♣✍❝✎❧❧②
♥❡❡❞❡❞ ❢✁✂ ✂❡✎s✁♥✎❜❧❡ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥❀ ✁❢t❡♥✱ ❤✔♥❞✂❡❞s ✁❢ ✂❡s✎✒♣❧❡❞ ✂❡♣❧✍✲
❝✎t❡s ✁✂ ✒✁✂❡ ✎✂❡ ✔s❡❞ ✍♥ ♣✂✎❝t✍❝❡✳ ✑✔❜s❡q✔❡♥t❧② ❞❡✈❡❧✁♣❡❞ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥
♣✂✁❝❡❞✔✂❡s ✍♥❝✂❡✎s❡❞ t❤❡ ♥✔✒❜❡✂ ✁❢ ♣✁ss✍❜❧❡ ✂❡♣❧✍❝✎t❡s ❜② ✎✔✏✒❡♥t✍♥✏ ✓✁❚ ✇✍t❤
❜✁✁tst✂✎♣♣✍♥✏✱ ♣✎✂✎✒❡t✂✍❝ ✂❡s✎✒♣❧✍♥✏✱ ✎♥❞ ❞✁✒✎✍♥✲s♣❡❝✍Þ❝ t❡❝❤♥✍q✔❡s ✭❡✳✏✳✱ ♣✂✁✲
✏✂❡ss✍✈❡ ▼✑✕ ❡st✍✒✎t✍✁♥✄ ❬☎☎✱☎✺✱☎✼❪✳ ❚❤❡ ❝✁✒❜✍♥❡❞ ♣✂✁❝❡❞✔✂❡s ✇❡✂❡ s❤✁✇♥ t✁
②✍❡❧❞ ❝✁✒♣✎✂✎❜❧❡ ✁✂ ✍✒♣✂✁✈❡❞ s✔♣♣✁✂t ❡st✍✒✎t❡s ✂❡❧✎t✍✈❡ t✁ t❤❡ ✁✂✍✏✍♥✎❧ ✓✁❚ ♣✂✁✲

❝❡❞✔✂❡ ❬☎✼❪ ✎s ✇❡❧❧ ✎s ✁t❤❡✂ st✎t❡✲✁❢✲t❤❡✲✎✂t ♣✎✂✎✒❡t✂✍❝ ✎♥❞ ❞✁✒✎✍♥✲s♣❡❝✍Þ❝ ✒❡t❤✲
✁❞s ❬✾✱☎✝❪✱ ✎t t❤❡ ❝✁st ✁❢ s✁✒❡ ✁❢ t❤❡ ✏❡♥❡✂✎❧✍③✎❜✍❧✍t② ✍♥❤❡✂❡♥t t✁ ♥✁♥✲♣✎✂✎✒❡t✂✍❝
✎♣♣✂✁✎❝❤❡s✳ ■♥ t❤✍s st✔❞②✱ ✇❡ ✂❡✈✍s✍t t❤❡ ❝❡♥t✂✎❧ q✔❡st✍✁♥ t❤✎t ✓✁❚ ♣✎✂t✍✎❧❧②
✎❞❞✂❡ss❡❞✿ ❤✁✇ ❝✎♥ ✇❡ ✂❡s✎✒♣❧❡ ✒✎♥② ♥✁♥✲♣✎✂✎✒❡t✂✍❝ ✂❡♣❧✍❝✎t❡s t❤✎t ✎❝❝✁✔♥t
❢✁✂ ❞❡♣❡♥❞❡♥❝❡ ✇✍t❤✍♥ ✎ s❡q✔❡♥❝❡ ✁❢ ✁❜s❡✂✈✎t✍✁♥s✱ ✎♥❞ ❤✁✇ ❝✎♥ s✔❝❤ t❡❝❤✲
♥✍q✔❡s ❜❡ ✔s❡❞ t✁ ❞❡✂✍✈❡ ✍✒♣✂✁✈❡❞ s✔♣♣✁✂t ❡st✍✒✎t❡s ❢✁✂ ❜✍✁✒✁❧❡❝✔❧✎✂ s❡q✔❡♥❝❡
✎♥✎❧②s✍s❛



✰➁✻ ❪❭ ❪✛✢★ ✚✜ ✛❃❭

✷ �❡t❤♦❞s

■♥ ✁✔✂ ✈✍❡✇✱ ✎ ✒✁✂❡ ✏❡♥❡✂✎❧ st✎t❡✒❡♥t ✁❢ ✓✁❚❍s ✒✎✍♥ ✍♥s✍✏❤t ✍s t❤❡ ❢✁❧❧✁✇✍♥✏✱
✇❤✍❝❤ ✇❡ ✂❡❢❡✂ t✁ ✎s t❤❡ Ò♥❡✍✏❤❜✁✂ ♣✂❡s❡✂✈✎t✍✁♥ ♣✂✁♣❡✂t②Ó✿ ✎ ♥❡✍✏❤❜✁✂✍♥✏ ✁❜s❡✂✲
✈✎t✍✁♥ ✍s st✍❧❧ ✎ ♥❡✍✏❤❜✁✂✱ ✇❤❡t❤❡✂ ✂❡✎❞✍♥✏ ✎♥ ✁❜s❡✂✈✎t✍✁♥ s❡q✔❡♥❝❡ ❢✂✁✒ t❤❡ ❧❡❢t
✁✂ t❤❡ ✂✍✏❤t✳ ■♥ ✁t❤❡✂ ✇✁✂❞s✱ t❤❡ ❦❡② ♣✂✁♣❡✂t② ♥❡❡❞❡❞ ❢✁✂ ♥✁♥✲♣✎✂✎✒❡t✂✍❝ ✂❡s✎✒✲

♣❧✍♥✏ ✍s ♣✂❡s❡✂✈✎t✍✁♥ ✁❢ ♥❡✍✏❤❜✁✂✍♥✏ ❜✎s❡s ✇✍t❤✍♥ t❤❡ ✁✂✍✏✍♥✎❧ s❡q✔❡♥❝❡s✱ ✇❤❡✂❡
✎♥② ♣✎✍✂ ✁❢ ❜✎s❡s t❤✎t ✎♣♣❡✎✂ ✎s ♥❡✍✏❤❜✁✂s ✍♥ ✎ ✂❡s✎✒♣❧❡❞ s❡q✔❡♥❝❡ ✒✔st ✎❧s✁
❜❡ ♥❡✍✏❤❜✁✂s ✍♥ t❤❡ ❝✁✂✂❡s♣✁♥❞✍♥✏ ✁✂✍✏✍♥✎❧ s❡q✔❡♥❝❡✳ ❚✁ ✁❜t✎✍♥ ✒✎♥② ✂❡s✎✒✲

♣❧❡❞ ✂❡♣❧✍❝✎t❡s t❤✎t ✎❝❝✁✔♥t ❢✁✂ ✍♥t✂✎✲s❡q✔❡♥❝❡ ❞❡♣❡♥❞❡♥❝❡ ✇❤✍❧❡ ✂❡t✎✍♥✍♥✏ t❤❡
♥❡✍✏❤❜✁✂ ♣✂❡s❡✂✈✎t✍✁♥ ♣✂✁♣❡✂t②✱ ✇❡ ♣✂✁♣✁s❡ ✎ ✂✎♥❞✁✒ ✇✎❧❦ ♣✂✁❝❡❞✔✂❡ ✇❤✍❝❤ ✏❡♥✲
❡✂✎❧✍③❡s ✎ ❝✁✒❜✍♥✎t✍✁♥ ✁❢ t❤❡ ❜✁✁tst✂✎♣ ✒❡t❤✁❞ ✎♥❞ t❤❡ ✓✁❚ ✒❡t❤✁❞✳ ✌❡ ✂❡❢❡✂
t✁ t❤❡ ♥❡✇ ✂❡s✎✒♣❧✍♥✏ ♣✂✁❝❡❞✔✂❡ ✎s ✑❙❘❙✑ ✭Ò✑❙q✔❡♥t✍✎❧ ❘❙✑✎✒♣❧✍♥✏Ó✄✳ ◆✁t❡
t❤✎t t❤❡ ♥❡✍✏❤❜✁✂ ♣✂❡s❡✂✈✎t✍✁♥ ♣✂✁♣❡✂t② ✍s ♥❡❝❡ss✎✂② ❜✔t ♥✁t s✔✦❝✍❡♥t ❢✁✂ st✎✲
t✍st✍❝✎❧ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥✳ ❖t❤❡✂ ✍✒♣✁✂t✎♥t ♣✂✁♣❡✂t✍❡s ✍♥❝❧✔❞❡ ❝✁✒♣✔t✎t✍✁♥✎❧
❡✦❝✍❡♥❝② ✁❢ t❤❡ ✂❡s✎✒♣❧✍♥✏ ♣✂✁❝❡❞✔✂❡ ✎♥❞ ✔♥❜✍✎s❡❞ s✎✒♣❧✍♥✏ ✁❢ ✁❜s❡✂✈✎t✍✁♥s
✇✍t❤✍♥ t❤❡ ✁✂✍✏✍♥✎❧ ✁❜s❡✂✈✎t✍✁♥ s❡q✔❡♥❝❡✳

✑❙❘❙✑ ✇✎❧❦s ❝✎♥ ❜❡ ♣❡✂❢✁✂✒❡❞ ✁♥ ❜✁t❤ ✎❧✍✏♥❡❞ ✎♥❞ ✔♥✎❧✍✏♥❡❞ s❡q✔❡♥❝❡
✍♥♣✔ts✳ ✌❡ ❞✍s❝✔ss t❤❡ ❝✎s❡ ✁❢ ✎❧✍✏♥❡❞ ✍♥♣✔ts Þ✂st✱ s✍♥❝❡ ✍t ✍s s✍✒♣❧❡✂ t❤✎♥ t❤❡
❝✎s❡ ✁❢ ✔♥✎❧✍✏♥❡❞ ✍♥♣✔ts✳

✁✂✄ ☎✆✝✆☎ ❲❛✞✟✠ ♦✡ ❆✞☛☞✡✌✍ ☎✌✎✏✌✡✑✌✠

❉❡t✎✍❧❡❞ ♣s❡✔❞✁❝✁❞❡ ❢✁✂ ✎ ♥✁♥✲♣✎✂✎✒❡t✂✍❝ ✑❙❘❙✑ ✇✎❧❦ ✁♥ ✎ Þ①❡❞ ▼✑✕ ✍s s❤✁✇♥
✍♥ t❤❡ ✕♣♣❡♥❞✍①❍s ✑✔♣♣❧❡✒❡♥t✎✂② ▼❡t❤✁❞s s❡❝t✍✁♥✿ ✕❧✏✁✂✍t❤✒ ☎✳

❚❤❡ ✂✎♥❞✁✒ ✇✎❧❦ ✍s ♣❡✂❢✁✂✒❡❞ ✁♥ t❤❡ s❡q✔❡♥❝❡ ✁❢ ✎❧✍✏♥❡❞ ❝❤✎✂✎❝t❡✂s ✭✍✳❡✳✱
▼✑✕ s✍t❡s✄✳ ❚❤❡ st✎✂t✍♥✏ ♣✁✍♥t ❢✁✂ t❤❡ ✇✎❧❦ ✍s ❝❤✁s❡♥ ✔♥✍❢✁✂✒❧② ✎t ✂✎♥❞✁✒ ❢✂✁✒
t❤❡ ✎❧✍✏♥✒❡♥t s✍t❡s✱ ✎♥❞ t❤❡ st✎✂t✍♥✏ ❞✍✂❡❝t✍✁♥ ✍s ✎❧s✁ ❝❤✁s❡♥ ✔♥✍❢✁✂✒❧② ✎t ✂✎♥❞✁✒✳
❚❤❡ ✂✎♥❞✁✒ ✇✎❧❦ t❤❡♥ ♣✂✁❝❡❡❞s ✍♥ t❤❡ ❝❤✁s❡♥ ❞✍✂❡❝t✍✁♥ ✇✍t❤ ♥✁♥✲❞❡t❡✂✒✍♥✍st✍❝
✂❡✈❡✂s✎❧s✱ ✁✂ ❞✍✂❡❝t✍✁♥ ❝❤✎♥✏❡s✱ t❤✎t ✁❝❝✔✂ ✇✍t❤ ♣✂✁❜✎❜✍❧✍t② ✦❀ ❢✔✂t❤❡✂✒✁✂❡✱ ✂❡✈❡✂✲
s✎❧s ✁❝❝✔✂ ✇✍t❤ ❝❡✂t✎✍♥t② ✎t t❤❡ st✎✂t ✎♥❞ ❡♥❞ ✁❢ t❤❡ Þ①❡❞ ▼✑✕✳ ✕❧✍✏♥❡❞ ❝❤✎✂✎❝✲
t❡✂s ✎✂❡ s✎✒♣❧❡❞ ❞✔✂✍♥✏ ❡✎❝❤ st❡♣ ✁❢ t❤❡ ✇✎❧❦✳ ❚❤❡ ✂✎♥❞✁✒ ✇✎❧❦ ❡♥❞s ✁♥❝❡ t❤❡
♥✔✒❜❡✂ ✁❢ s✎✒♣❧❡❞ ❝❤✎✂✎❝t❡✂s ✍s ❡q✔✎❧ t✁ t❤❡ Þ①❡❞ ▼✑✕ ❧❡♥✏t❤✳

❚❤❡ ❧✁♥✏✲t❡✂✒ ❜❡❤✎✈✍✁✂ ✁❢ ✎♥ ✍♥Þ♥✍t❡❧② ❧✁♥✏ ✑❙❘❙✑ ✂✎♥❞✁✒ ✇✎❧❦ ❝✎♥ ❜❡
❞❡s❝✂✍❜❡❞ ❜② ✎ s❡❝✁♥❞✲✁✂❞❡✂ ▼✎✂❦✁✈ ❝❤✎✍♥✳ ❈❡✂t✎✍♥ s♣❡❝✍✎❧ ❝✎s❡s ✭❡✳✏✳✱ ✦ ❂ ✆✳✺✄

❝✎♥ ❜❡ ❞❡s❝✂✍❜❡❞ ✔s✍♥✏ ✎ Þ✂st✲✁✂❞❡✂ ▼✎✂❦✁✈ ❝❤✎✍♥✳
■♥ t❤❡✁✂②✱ ✎ Þ♥✍t❡✲❧❡♥✏t❤ ✑❙❘❙✑ ✂✎♥❞✁✒ ✇✎❧❦ ❝✎♥ ❡①❤✍❜✍t ❜✍✎s❡❞ s✎✒♣❧✍♥✏ ✁❢

s✍t❡s s✍♥❝❡ ✂❡✈❡✂s✎❧ ✁❝❝✔✂s ✇✍t❤ ❝❡✂t✎✍♥t② ✎t t❤❡ st✎✂t ✎♥❞ ❡♥❞ ✁❢ t❤❡ ✁❜s❡✂✈✎t✍✁♥
s❡q✔❡♥❝❡✱ ✇❤❡✂❡✎s ✂❡✈❡✂s✎❧ ✁❝❝✔✂s ✇✍t❤ ♣✂✁❜✎❜✍❧✍t② ✦ ❡❧s❡✇❤❡✂❡✳ ✓✁✇❡✈❡✂✱ ❢✁✂
♣✂✎❝t✍❝✎❧ ❝❤✁✍❝❡s ✁❢ ✇✎❧❦ ❧❡♥✏t❤ ✎♥❞ ✂❡✈❡✂s✎❧ ♣✂✁❜✎❜✍❧✍t② ✦✱ s✎✒♣❧✍♥✏ ❜✍✎s ✍s
❡①♣❡❝t❡❞ t✁ ❜❡ ✒✍♥✍✒✎❧✳

✁✂✁ ☎✆✝✆☎ ❲❛✞✟✠ ♦✡ ❯✡❛✞☛☞✡✌✍ ☎✌✎✏✌✡✑✌✠

❉❡t✎✍❧❡❞ ♣s❡✔❞✁❝✁❞❡ ❢✁✂ ✑❙❘❙✑ ✂❡s✎✒♣❧✍♥✏ ✁❢ ✔♥✎❧✍✏♥❡❞ s❡q✔❡♥❝❡s ✍s s❤✁✇♥ ✍♥
t❤❡ ✕♣♣❡♥❞✍①❍s ✑✔♣♣❧❡✒❡♥t✎✂② ▼❡t❤✁❞s s❡❝t✍✁♥✿ ✕❧✏✁✂✍t❤✒ ✒✳ ❋✍✏✔✂❡ ☎ ♣✂✁✈✍❞❡s
✎♥ ✍❧❧✔st✂✎t❡❞ ❡①✎✒♣❧❡✳



✤✧⑨✧✤ ✰➁❆

❚❤❡ ♣✂✁❝❡❞✔✂❡ ❜❡✏✍♥s ✇✍t❤ ❡st✍✒✎t✍♥✏ ✎ s❡t ✁❢ ✎♥❝❤✁✂s Ð s❡q✔❡♥❝❡ ✂❡✏✍✁♥s
t❤✎t ❡①❤✍❜✍t ❤✍✏❤ s❡q✔❡♥❝❡ s✍✒✍❧✎✂✍t② Ð ✇❤✍❝❤ ❡♥✎❜❧❡ ✂❡s✎✒♣❧✍♥✏ s②♥❝❤✂✁♥✍③✎✲
t✍✁♥ ✎❝✂✁ss ✔♥✎❧✍✏♥❡❞ s❡q✔❡♥❝❡s✳ ✕ ❝✁♥s❡✂✈✎t✍✈❡ ✎♣♣✂✁✎❝❤ ❢✁✂ ✍❞❡♥t✍❢②✍♥✏ ✎♥❝❤✁✂s
✇✁✔❧❞ ❜❡ t✁ ✔s❡ ❤✍✏❤❧② s✍✒✍❧✎✂ ✂❡✏✍✁♥s t❤✎t ✎♣♣❡✎✂ ✍♥ t❤❡ st✂✍❝t ❝✁♥s❡♥s✔s ✁❢ ✒✔❧✲
t✍♣❧❡ ▼✑✕ ❡st✍✒✎t✍✁♥ ✒❡t❤✁❞s✳ ■♥ ♣✂✎❝t✍❝❡✱ ✇❡ ❢✁✔♥❞ t❤✎t ❤✍✏❤❧② s✍✒✍❧✎✂ ✂❡✏✍✁♥s
✇✍t❤✍♥ ✎ s✍♥✏❧❡ ✏✔✍❞❡ ▼✑✕ ♣✂✁❞✔❝❡❞ ✂❡✎s✁♥✎❜❧❡ ✎♥❝❤✁✂s✳ ✌❡ ✔s❡❞ t❤❡ ✎✈❡✂✎✏❡
♥✁✂✒✎❧✍③❡❞ ✓✎✒✒✍♥✏ ❞✍st✎♥❝❡ ✭✕◆✓❉✄ ✎s ✁✔✂ s✍✒✍❧✎✂✍t② ✒❡✎s✔✂❡✱ ✇❤❡✂❡ ✍♥❞❡❧s
✎✂❡ t✂❡✎t❡❞ ✎s ✒✍s✒✎t❝❤❡s✳

❯♥✎❧✍✏♥❡❞ s❡q✔❡♥❝❡ ✍♥❞✍❝❡s ❝✁✂✂❡s♣✁♥❞✍♥✏ t✁ t❤❡ st✎✂t ✎♥❞ ❡♥❞ ✁❢ ❡✎❝❤ ✎♥❝❤✁✂
s❡✂✈❡ ✎s Ò❜✎✂✂✍❡✂sÓ ✍♥ ✒✔❝❤ t❤❡ s✎✒❡ s❡♥s❡ ✎s ✍♥ ♣✎✂✎❧❧❡❧ ❝✁✒♣✔t✍♥✏✿ ✎s②♥✲
❝❤✂✁♥✁✔s s❡q✔❡♥❝❡ ✂❡✎❞s ✁❝❝✔✂ ❜❡t✇❡❡♥ ❜✎✂✂✍❡✂ ♣✎✍✂s ✎❧✁♥✏ ✎ ❝✔✂✂❡♥t ❞✍✂❡❝t✍✁♥
✭❧❡❢t ✁✂ ✂✍✏❤t✄✱ ✎♥❞ ✎ ✂✎♥❞✁✒ ✇✎❧❦ ✍s ❝✁♥❞✔❝t❡❞ ✁♥ ❜✎✂✂✍❡✂ s♣✎❝❡ ✍♥ ✎ ✒✎♥♥❡✂
s✍✒✍❧✎✂ t✁ ✎ ✑❙❘❙✑ ✇✎❧❦ ✁♥ ✎ s❡q✔❡♥❝❡ ✁❢ ✎❧✍✏♥❡❞ ❝❤✎✂✎❝t❡✂s✳ ❚❤❡ s❡t ✁❢ ❜✎✂✂✍❡✂s
✎❧s✁ ✍♥❝❧✔❞❡s t✂✍✈✍✎❧ ❜✎✂✂✍❡✂s ✎t t❤❡ st✎✂t ✎♥❞ ❡♥❞ ✁❢ t❤❡ ✔♥✎❧✍✏♥❡❞ s❡q✔❡♥❝❡s✳ ❚❤❡
✂✎♥❞✁✒ ✇✎❧❦ ❝✁♥❝❧✔❞❡s ✁♥❝❡ t❤❡ ✔♥✎❧✍✏♥❡❞ s❡q✔❡♥❝❡s ✍♥ t❤❡ ✂❡s✎✒♣❧❡❞ ✂❡♣❧✍❝✎t❡
❤✎✈❡ s✔✦❝✍❡♥t ❧❡♥✏t❤❀ ✁✔✂ ❝✂✍t❡✂✍✁♥ ✂❡q✔✍✂❡s t❤✎t t❤❡ ❧✁♥✏❡st ✂❡s✎✒♣❧❡❞ s❡q✔❡♥❝❡
❤✎s ✒✍♥✍✒✔✒ ❧❡♥✏t❤ t❤✎t ✍s ✎ ✒✔❧t✍♣❧❡ ✒✎①❘❡♣❧✍❝✎t❡✖❡♥✏t❤❋✎❝t✁✂ ✁❢ t❤❡ ❧✁♥✏❡st
✍♥♣✔t s❡q✔❡♥❝❡ ❧❡♥✏t❤✳

❚❡❝❤♥✍❝✎❧❧②✱ t❤❡ ✎♥❝❤✁✂s ✍♥ ✁✔✂ st✔❞②✒✎❦❡ ✔s❡ ✁❢ ♣✎✂✎✒❡t✂✍❝▼✑✕ ❡st✍✒✎t✍✁♥
✎♥❞ t❤❡ ✂❡st ✁❢ t❤❡ ✑❙❘❙✑ ✇✎❧❦ ✍s ♥✁♥✲♣✎✂✎✒❡t✂✍❝✳ ❚❤❡ ✁✈❡✂✎❧❧ ♣✂✁❝❡❞✔✂❡ ✍s
t❤❡✂❡❢✁✂❡ s❡✒✍✲♣✎✂✎✒❡t✂✍❝ ✭✎❧t❤✁✔✏❤ s❡❡ ❈✁♥❝❧✔s✍✁♥s ❢✁✂ ✎♥ ✎❧t❡✂♥✎t✍✈❡✄✳

✁✂✷ P✌❡�♦❡✁❛✡✑✌ ☎❙✏✍✂

❖✔✂ st✔❞② ❡✈✎❧✔✎t❡❞ t❤❡ ♣❡✂❢✁✂✒✎♥❝❡ ✁❢ ✑❙❘❙✑✲❜✎s❡❞ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥ ✍♥
t❤❡ ❝✁♥t❡①t ✁❢ ▼✑✕ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥✳ ❖❢ ❝✁✔✂s❡✱ t❤❡✂❡ ✎✂❡ ✒✎♥② ✁t❤❡✂ ✎♣♣❧✍✲
❝✎t✍✁♥s ❢✁✂ ♥✁♥✲♣✎✂✎✒❡t✂✍❝✴s❡✒✍✲♣✎✂✎✒❡t✂✍❝ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥ Ð t✁✁ ✒✎♥② t✁
✍♥✈❡st✍✏✎t❡ ✍♥ ✁♥❡ st✔❞②✳ ✌❡ ❢✁❝✔s ✁♥ t❤✍s ✎♣♣❧✍❝✎t✍✁♥ s✍♥❝❡ ✍t ✍s ❝✁♥s✍❞❡✂❡❞ t✁ ❜❡
✎ ❝❧✎ss✍❝✎❧ ♣✂✁❜❧❡✒ ✍♥ ❝✁✒♣✔t✎t✍✁♥✎❧ ❜✍✁❧✁✏② ✎♥❞ ❜✍✁✍♥❢✁✂✒✎t✍❝s ✎♥❞ ✍ts ✁✔t♣✔ts
✎✂❡ ✔s❡❢✔❧ ❢✁✂ st✔❞②✍♥✏ ✎ ✂✎♥✏❡ ✁❢ t✁♣✍❝s ✭❡✳✏✳✱ ♣❤②❧✁✏❡♥❡t✍❝s ✎♥❞ ♣❤②❧✁✏❡♥✁✒✍❝s✱
♣✂✁t❡✁✒✍❝s✱ ❝✁✒♣✎✂✎t✍✈❡ ✏❡♥✁✒✍❝s✱ ❡t❝✳✄✳

❈♦✁✄✏❙❛❙☛♦✡❛✞ ▼✌❙☎♦✍✠✂✌❡ ❡①✎✒✍♥❡❞ t❤❡ ♣✂✁❜❧❡✒ ✁❢ ❡✈✎❧✔✎t✍♥✏ s✔♣♣✁✂t ✍♥
t❤❡ ❝✁♥t❡①t ✁❢ ▼✑✕ ❡st✍✒✎t✍✁♥✳ ❚❤❡ ♣✂✁❜❧❡✒ ✍♥♣✔t ❝✁♥s✍sts ✁❢ ✎♥ ❡st✍✒✎t❡❞▼✑✕
❆ ✇❤✍❝❤ ❤✎s ✎ ❝✁✂✂❡s♣✁♥❞✍♥✏ s❡t ✁❢ ✔♥✎❧✍✏♥❡❞ s❡q✔❡♥❝❡s ✆✳ ❚❤❡ ♣✂✁❜❧❡✒ ✁✔t♣✔t
❝✁♥s✍sts ✁❢ s✔♣♣✁✂t ❡st✍✒✎t❡s ❢✁✂ ❡✎❝❤ ♥✔❝❧❡✁t✍❞❡✲♥✔❝❧❡✁t✍❞❡ ❤✁✒✁❧✁✏② ✍♥❆✱✇❤❡✂❡
❡✎❝❤ s✔♣♣✁✂t ❡st✍✒✎t❡ ✍s ✁♥ t❤❡ ✔♥✍t ✍♥t❡✂✈✎❧✳ ◆✁t❡ t❤✎t t❤✍s ❝✁✒♣✔t✎t✍✁♥✎❧
♣✂✁❜❧❡✒ ✍s ❞✍st✍♥❝t ❢✂✁✒ t❤❡ ❢✔❧❧ ▼✑✕ ❡st✍✒✎t✍✁♥ ♣✂✁❜❧❡✒✳

❚❤❡✂❡ ✎✂❡ ✎ ✈✎✂✍❡t② ✁❢ ❡①✍st✍♥✏ ✒❡t❤✁❞s ❢✁✂ ▼✑✕ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥✳ ❚❤❡ ❝✂❡✲
✎t✁✂s ✁❢ ✓✁❚ ✎♥❞ t❤❡✍✂ ❝✁❧❧✎❜✁✂✎t✁✂s s✔❜s❡q✔❡♥t❧② ❞❡✈❡❧✁♣❡❞ ✎❧✍✏♥✒❡♥t✲s♣❡❝✍Þ❝
♣✎✂✎✒❡t✂✍❝ ✂❡s✎✒♣❧✍♥✏ t❡❝❤♥✍q✔❡s ❬☎☎❪ ✎♥❞ t❤❡♥ ❝✁✒❜✍♥❡❞ t❤❡ t✇✁ t✁ ✁❜t✎✍♥ t✇✁
♥❡✇ s❡✒✍✲♣✎✂✎✒❡t✂✍❝ ✎♣♣✂✁✎❝❤❡s✿ ●❯■❉✕◆❈❙ ❬☎✺❪ ✭✇❤✍❝❤ ✇❡ ✇✍❧❧ ✂❡❢❡✂ t✁ ✎s
●❯■❉✕◆❈❙☎✄ ✎♥❞ ●❯■❉✕◆❈❙✒ ❬☎✼❪✳ ❖t❤❡✂ ♣✎✂✎✒❡t✂✍❝ ▼✑✕ s✔♣♣✁✂t ❡st✍✒✎✲
t✍✁♥ ✒❡t❤✁❞s ✍♥❝❧✔❞❡ ✝✑✕❘ ❬✾❪ ✎♥❞ ❚✲❈✁✧❡❡ ❬☎✝❪✳

✌❡ ❢✁❝✔s ✁♥ ●❯■❉✕◆❈❙☎ ✎♥❞ ●❯■❉✕◆❈❙✒✱ ✇❤✍❝❤ s✔❜s✔✒❡ ✓✁❚ ✎♥❞ ❤✎✈❡
❜❡❡♥ ❞❡✒✁♥st✂✎t❡❞ t✁ ❤✎✈❡ ❝✁✒♣✎✂✎❜❧❡ ✁✂ ❜❡tt❡✂ ♣❡✂❢✁✂✒✎♥❝❡ ✂❡❧✎t✍✈❡ t✁ ✁t❤❡✂
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st✎t❡✲✁❢✲t❤❡✲✎✂t ✒❡t❤✁❞s ❬☎✼❪✳ ✌❡ ✔s❡❞ ▼✕❋❋❚ ❢✁✂ ✂❡✲❡st✍✒✎t✍✁♥ ✁♥ ✂❡s✎✒♣❧❡❞
✂❡♣❧✍❝✎t❡s✱ s✍♥❝❡ ✍t ❤✎s ❜❡❡♥ s❤✁✇♥ t✁ ❜❡ ✎✒✁♥✏ t❤❡ ✒✁st ✎❝❝✔✂✎t❡ ♣✂✁✏✂❡ss✍✈❡
▼✑✕ ✒❡t❤✁❞s t✁ ❞✎t❡ ❬✽✱☎✒❪✳

✌❡ t❤❡♥ ✔s❡❞ ✑❙❘❙✑ t✁ ♣❡✂❢✁✂✒ ✂❡s✎✒♣❧✍♥✏ ✍♥ ♣❧✎❝❡ ✁❢ t❤❡ st✎♥❞✎✂❞ ❜✁✁t✲
st✂✎♣ t❤✎t ✍s ✔s❡❞ ✍♥ t❤❡ Þ✂st st❡♣ ✁❢ ●❯■❉✕◆❈❙☎✴●❯■❉✕◆❈❙✒✳ ❘❡✲❡st✍✒✎t✍✁♥
✇✎s ♣❡✂❢✁✂✒❡❞ ✁♥ ☎✆✆ ✑❙❘❙✑ ✂❡♣❧✍❝✎t❡s Ð ❡✎❝❤ ❝✁♥s✍st✍♥✏ ✁❢ ✎ s❡t ✁❢ ✔♥✎❧✍✏♥❡❞
s❡q✔❡♥❝❡s Ð ✔s✍♥✏ ▼✕❋❋❚ ✇✍t❤ ❞❡❢✎✔❧t s❡tt✍♥✏s✱ ✇❤✍❝❤ ❝✁✂✂❡s♣✁♥❞s t✁ t❤❡ ❋❋❚✲
◆✑✲✒ ✎❧✏✁✂✍t❤✒ ❢✁✂ ♣✂✁✏✂❡ss✍✈❡ ✎❧✍✏♥✒❡♥t✳ ❚❤❡ ✑❙❘❙✑ ✂❡s✎✒♣❧✍♥✏ ♣✂✁❝❡❞✔✂❡
✔s❡❞ ✎ ✂❡✈❡✂s✎❧ ♣✂✁❜✎❜✍❧✍t② ✦ ❂ ✆✳✺✱ ✇❤✍❝❤ ✍s ❡q✔✍✈✎❧❡♥t t✁ s❡❧❡❝t✍♥✏ ✎ ❞✍✂❡❝t✍✁♥
✔♥✍❢✁✂✒❧② ✎t ✂✎♥❞✁✒ ✭❯✕❘✄ ✎t ❡✎❝❤ st❡♣ ✁❢ t❤❡ ✂✎♥❞✁✒ ✇✎❧❦❀ ❡✎❝❤ ✑❙❘❙✑ ✂❡♣❧✍✲
❝✎t❡ ✔t✍❧✍③❡❞ ✎ t✁t✎❧ ✁❢ ✦ ❦✷↔✧ ✎♥❝❤✁✂s ✇✍t❤ ✎♥❝❤✁✂ s✍③❡ ✁❢ ✺ ❜♣ ✎♥❞ ✎ ✒✍♥✍✒✔✒
❞✍st✎♥❝❡ ❜❡t✇❡❡♥ ♥❡✍✏❤❜✁✂✍♥✏ ✎♥❝❤✁✂s ✁❢ ✒✺ ❜♣✱ ✇❤❡✂❡ � ✍s t❤❡ ❧❡♥✏t❤ ✁❢ t❤❡
✍♥♣✔t ✎❧✍✏♥✒❡♥t ❆✳ ✕❧❧ ❞✁✇♥st✂❡✎✒ st❡♣s ✁❢ ●❯■❉✕◆❈❙☎✴●❯■❉✕◆❈❙✒ ✇❡✂❡
t❤❡♥ ♣❡✂❢✁✂✒❡❞ ✔s✍♥✏ t❤❡ ✂❡✲❡st✍✒✎t❡❞ ✎❧✍✏♥✒❡♥ts ✎s ✍♥♣✔t✳

❋❺❣❩ ✶❩ ■❶❶❻❖P❚❱P❷❞ ❷❡❱❽❼❶❷ ❸❢ ❙⑩❘⑩❙ ❚❷❖❱❽❼❶❺❹❣ ❚❱❹❞❸❽ ✇❱❶✁ ❸❹ ❻❹❱❶❺❣❹❷❞
❖❷s❻❷❹❳❷❖❩ ❉✚✜✛✐❃✚✦ ♣✭✚✣✦♦✥♦✦✚ ✐✭ ♣r♦✬✐✦✚✦ ✐✢ ✜✪✚ ✲♣♣✚✢✦✐③✂✭ ✤✣♣♣❃✚♠✚✢✜✛r② ▼✚✜✪❬
♦✦✭ ✭✚✥✜✐♦✢ ❴✲❃★♦r✐✜✪♠ ✰ ✐✢ ✲♣♣✚✢✦✐③❵❭ ❴✛❵ ①✪✚ r✚✭✛♠♣❃✐✢★ ♣r♦✥✚✦✣r✚ ❜✚★✐✢✭ ✇✐✜✪ ✜✪✚
✚✭✜✐♠✛✜✐♦✢ ♦❢ ✛ ✥♦✢✭✚✢✭✣✭ ✛❃✐★✢♠✚✢✜ ♦✢ ✜✪✚ ✐✢♣✣✜ ✭✚✜ ♦❢ ✣✢✛❃✐★✢✚✦ ✭✚❫✣✚✢✥✚✭❭ ❴❜❵ ✲ ✭✚✜
♦❢ ✥♦✢✭✚r✬✛✜✐✬✚ ✛✢✥✪♦r✭ ✐✭ ✜✪✚✢ ♦❜✜✛✐✢✚✦ ✣✭✐✢★ ✜✪✚ ✥♦✢✭✚✢✭✣✭ ✛❃✐★✢♠✚✢✜✩ ✛✢✦ ✛✢✥✪♦r
❜♦✣✢✦✛r✐✚✭ ✦✚Þ✢✚ ✛ ✭✚✜ ♦❢ ❜✛rr✐✚r✭ ❴✐✢✥❃✣✦✐✢★ ✜✇♦ ✜r✐✬✐✛❃ ❜✛rr✐✚r✭ Ð ♦✢✚ ✛✜ ✜✪✚ ✭✜✛r✜ ♦❢
✜✪✚ ✭✚❫✣✚✢✥✚✭ ✛✢✦ ♦✢✚ ✛✜ ✜✪✚ ✚✢✦ ♦❢ ✜✪✚ ✭✚❫✣✚✢✥✚✭❵❭ ❴✥❵ ①✪✚ ✤✧⑨✧✤ r✛✢✦♦♠ ✇✛❃⑧ ✐✭
✥♦✢✦✣✥✜✚✦ ♦✢ ✜✪✚ ✭✚✜ ♦❢ ❜✛rr✐✚r✭❭ ①✪✚ ✇✛❃⑧ ❜✚★✐✢✭ ✛✜ ✛ r✛✢✦♦♠ ❜✛rr✐✚r ✛✢✦ ♣r♦✥✚✚✦✭
✐✢ ✛ r✛✢✦♦♠ ✦✐r✚✥✜✐♦✢ ✜♦ ✜✪✚ ✢✚✐★✪❜♦r✐✢★ ❜✛rr✐✚r❭ ①✪✚ ✇✛❃⑧ r✚✬✚r✭✚✭ ✇✐✜✪ ✥✚r✜✛✐✢✜②
✇✪✚✢ ✜✪✚ ✜r✐✬✐✛❃ ✭✜✛r✜④✚✢✦ ❜✛rr✐✚r✭ ✛r✚ ✚✢✥♦✣✢✜✚r✚✦t ❢✣r✜✪✚r♠♦r✚✩ ✜✪✚ ✇✛❃⑧ ✦✐r✚✥✜✐♦✢
✥✛✢ r✛✢✦♦♠❃② r✚✬✚r✭✚ ✇✐✜✪ ♣r♦❜✛❜✐❃✐✜② ✄❭ ✲✭ ✜✪✚ ✇✛❃⑧ ♣r♦✥✚✚✦✭ ❢r♦♠ ❜✛rr✐✚r ✜♦ ❜✛rr✐✚r✩
✣✢✛❃✐★✢✚✦ ✭✚❫✣✚✢✥✚✭ ✛r✚ ✭✛♠♣❃✚✦ ❜✚✜✇✚✚✢ ✢✚✐★✪❜♦r✐✢★ ❜✛rr✐✚r ♣✛✐r✭❭ ❴✦❵ ①✪✚ r✚✭✛♠❬
♣❃✐✢★ ♣r♦✥✚✦✣r✚ ✜✚r♠✐✢✛✜✚✭ ✇✪✚✢ ✜✪✚ r✚✭✛♠♣❃✚✦ ✭✚❫✣✚✢✥✚✭ ♠✚✚✜ ✛ ✭♣✚✥✐Þ✚✦ ✭✚❫✣✚✢✥✚
❃✚✢★✜✪ ✜✪r✚✭✪♦❃✦❭
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☎☛✁✏✞❛❙✌✍ ❉❛❙❛✠✌❙✠✂▼✁❞❡❧ t✂❡❡s ✎♥❞ s❡q✔❡♥❝❡s ✇❡✂❡ s✍✒✔❧✎t❡❞ ✔s✍♥✏ ■◆❉❙✖✍✲
❜❧❡ ❬✼❪✳ ❋✍✂st✱ ♥✁♥✲✔❧t✂✎✒❡t✂✍❝ ✒✁❞❡❧ t✂❡❡s ✇✍t❤ ❡✍t❤❡✂ ☎✆ ✁✂ ✺✆ t✎①✎ ✇❡✂❡ s✎✒♣❧❡❞
✔s✍♥✏ t❤❡ ❢✁❧❧✁✇✍♥✏ ♣✂✁❝❡❞✔✂❡✳ ▼✁❞❡❧ t✂❡❡s ✇❡✂❡ ✏❡♥❡✂✎t❡❞ ✔♥❞❡✂ ✎ ❜✍✂t❤✲❞❡✎t❤
♣✂✁❝❡ss ❬☎✽❪✱ ❜✂✎♥❝❤ ❧❡♥✏t❤s ✇❡✂❡ ❝❤✁s❡♥ ❯✕❘ ❢✂✁✒ t❤❡ ✍♥t❡✂✈✎❧ ✭✆✱ ☎✄✱ ✎♥❞ t❤❡
✒✁❞❡❧ t✂❡❡ ❤❡✍✏❤t ✇✎s ✂❡✲s❝✎❧❡❞ ❢✂✁✒ ✍ts ✁✂✍✏✍♥✎❧ ❤❡✍✏❤t ❤↔ t✁ ✎ ❞❡s✍✂❡❞ ❤❡✍✏❤t
❤ ❜② ✒✔❧t✍♣❧②✍♥✏ ✎❧❧ ❜✂✎♥❝❤ ❧❡♥✏t❤s ❜② t❤❡ ❢✎❝t✁✂ ❤✂❤↔✳ ◆❡①t✱ s❡q✔❡♥❝❡s ✇❡✂❡
❡✈✁❧✈❡❞ ❞✁✇♥ ❡✎❝❤ ✒✁❞❡❧ t✂❡❡ ✔♥❞❡✂ t❤❡ ●❡♥❡✂✎❧ ❚✍✒❡✲❘❡✈❡✂s✍❜❧❡ ✭●❚❘✄ ✒✁❞❡❧
✁❢ s✔❜st✍t✔t✍✁♥ ❬☎✻❪ ✎♥❞ t❤❡ ✍♥❞❡❧ ✒✁❞❡❧ ✁❢ ❋❧❡t❝❤❡✂ ✎♥❞ ❞✎♥✏ ❬✼❪✱ ✇❤❡✂❡ t❤❡ ✂✁✁t
s❡q✔❡♥❝❡ ❤✎❞ ❧❡♥✏t❤ ✁❢ ☎ ❦❜✳ ✌❡ ✔s❡❞ t❤❡ s✔❜st✍t✔t✍✁♥ ✂✎t❡s ✎♥❞ ❜✎s❡ ❢✂❡q✔❡♥❝✍❡s
❢✂✁✒ t❤❡ st✔❞② ✁❢ ✖✍✔ ❡t ✎❧✳ ❬☎✒❪✱ ✇❤✍❝❤ ✇❡✂❡ ❜✎s❡❞ ✔♣✁♥ ❡✒♣✍✂✍❝✎❧ ✎♥✎❧②s✍s ✁❢

t❤❡ ♥❡✒✎t✁❞❡ ❚✂❡❡ ✁❢ ✖✍❢❡✳ ✑❡q✔❡♥❝❡ ✍♥s❡✂t✍✁♥s✴❞❡❧❡t✍✁♥s ✁❝❝✔✂✂❡❞ ✎t ✂✎t❡ r✄✱ ✎♥❞
✇❡ ✔s❡❞ t❤❡ ✒❡❞✍✔✒ ✏✎♣ ❧❡♥✏t❤ ❞✍st✂✍❜✔t✍✁♥ ❢✂✁✒ t❤❡ st✔❞② ✁❢ ✖✍✔ ❡t ✎❧✳ ❬☎✒❪✳
❚❤❡ ✒✁❞❡❧ ♣✎✂✎✒❡t❡✂ ✈✎❧✔❡s ✔s❡❞ ❢✁✂ s✍✒✔❧✎t✍✁♥ ✎✂❡ s❤✁✇♥ ✍♥ ❚✎❜❧❡ ☎✱ ✎♥❞ ❡✎❝❤
❝✁✒❜✍♥✎t✍✁♥ ✁❢ ✒✁❞❡❧ ♣✎✂✎✒❡t❡✂ ✈✎❧✔❡s ❝✁♥st✍t✔t❡s ✎ ✒✁❞❡❧ ❝✁♥❞✍t✍✁♥✳ ▼✁❞❡❧
❝✁♥❞✍t✍✁♥s ✎✂❡ ❡♥✔✒❡✂✎t❡❞ ✍♥ ✁✂❞❡✂ ✁❢ ✏❡♥❡✂✎❧❧② ✍♥❝✂❡✎s✍♥✏ s❡q✔❡♥❝❡ ❞✍✈❡✂✏❡♥❝❡✱
✎s ✂❡ß❡❝t❡❞ ❜② ✎✈❡✂✎✏❡ ♣✎✍✂✇✍s❡ ✕◆✓❉✳ ❋✁✂ ❡✎❝❤ ✒✁❞❡❧ ❝✁♥❞✍t✍✁♥✱ t❤❡ s✍✒✔✲
❧✎t✍✁♥ ♣✂✁❝❡❞✔✂❡ ✇✎s ✂❡♣❡✎t❡❞ t✁ ✏❡♥❡✂✎t❡ t✇❡♥t② ✂❡♣❧✍❝✎t❡ ❞✎t✎s❡ts✳ ✑✔✒✒✎✂②
st✎t✍st✍❝s ❢✁✂ s✍✒✔❧✎t❡❞ ❞✎t✎s❡ts ✎✂❡ s❤✁✇♥ ✍♥ ❚✎❜❧❡ ☎✳

✌❡ ❡✈✎❧✔✎t❡❞ ♣❡✂❢✁✂✒✎♥❝❡ ❜✎s❡❞ ✔♣✁♥ ✂❡❝❡✍✈❡✂ ✁♣❡✂✎t✍♥✏ ❝❤✎✂✎❝t❡✂✍st✍❝
✭❘❖❈✄ ❝✔✂✈❡s✱ ♣✂❡❝✍s✍✁♥✲✂❡❝✎❧❧ ❝✔✂✈❡s ✭✝❘✄✱ ✎♥❞ ✎✂❡✎ ✔♥❞❡✂ ❘❖❈ ✎♥❞ ✝❘ ❝✔✂✈❡s
✭❘❖❈✲✕❯❈ ✎♥❞ ✝❘✲✕❯❈✱ ✂❡s♣❡❝t✍✈❡❧②✄✳ ❈✁♥s✍st❡♥t ✇✍t❤ ✁t❤❡✂ st✔❞✍❡s ✁❢ ▼✑✕
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❚❱●❶❷ ✶❩ ▼❸❞❷❶ ❳❸❹❞❺P❺❸❹ ❼❱❚❱❽❷P❷❚ ✈❱❶❻❷❖ ❱❹❞ ❖❻❽❽❱❚❾ ❖P❱P❺❖P❺❳❖❩ ①✪✚
✭✐♠✣❃✛✜✐♦✢ ✭✜✣✦② ♣✛r✛♠✚✜✚r✭ ✥♦✢✭✐✭✜ ♦❢ ✜✪✚ ✢✣♠❜✚r ♦❢ ✜✛③✛✩ ♠♦✦✚❃ ✜r✚✚ ✪✚✐★✪✜✩ ✛✢✦
✐✢✭✚r✜✐♦✢④✦✚❃✚✜✐♦✢ ♣r♦❜✛❜✐❃✐✜②❭ ✧✛✥✪ ♠♦✦✚❃ ✥♦✢✦✐✜✐♦✢ ✥♦rr✚✭♣♦✢✦✭ ✜♦ ✛ ✦✐✭✜✐✢✥✜ ✭✚✜ ♦❢
♠♦✦✚❃ ♣✛r✛♠✚✜✚r ✬✛❃✣✚✭❭ ①✪✚ ❅➀❬✜✛③♦✢ ♠♦✦✚❃ ✥♦✢✦✐✜✐♦✢✭ ✛r✚ ✢✛♠✚✦ ❅➀❭✲ ✜✪r♦✣★✪ ❅➀❭✧
✐✢ ♦r✦✚r ♦❢ ★✚✢✚r✛❃❃② ✐✢✥r✚✛✭✐✢★ ✭✚❫✣✚✢✥✚ ✦✐✬✚r★✚✢✥✚t ✜✪✚ ➃➀❬✜✛③♦✢ ♠♦✦✚❃ ✥♦✢✦✐✜✐♦✢✭ ✛r✚
✢✛♠✚✦ ➃➀❭✲ ✜✪r♦✣★✪ ➃➀❭✧ ✭✐♠✐❃✛r❃②❭ ①✪✚ ❢♦❃❃♦✇✐✢★ ✜✛❜❃✚ ✥♦❃✣♠✢✭ ❃✐✭✜ ✛✬✚r✛★✚ ✭✣♠♠✛r②
✭✜✛✜✐✭✜✐✥✭ ❢♦r ✚✛✥✪ ♠♦✦✚❃ ✥♦✢✦✐✜✐♦✢ ❴♥ ❂ ✰➀❵❭ Ò❄❍❉⑥ ✐✭ ✜✪✚ ✛✬✚r✛★✚ ✢♦r♠✛❃✐⑤✚✦ ❍✛♠❬
♠✐✢★ ✦✐✭✜✛✢✥✚ ♦❢ ✛ ♣✛✐r ♦❢ ✛❃✐★✢✚✦ ✭✚❫✣✚✢✥✚✭ ✐✢ ✜✪✚ ✜r✣✚ ✛❃✐★✢♠✚✢✜❭ Ò⑦✛♣♣✐✢✚✭✭⑥ ✐✭ ✜✪✚
♣✚r✥✚✢✜✛★✚ ♦❢ ✜r✣✚ ✛❃✐★✢♠✚✢✜ ✥✚❃❃✭ ✇✪✐✥✪ ✥♦✢✭✐✭✜✭ ♦❢ ✐✢✦✚❃✭❭ Ò①r✣✚ ✛❃✐★✢ ❃✚✢★✜✪⑥ ✐✭ ✜✪✚
❃✚✢★✜✪ ♦❢ ✜✪✚ ✜r✣✚ ✛❃✐★✢♠✚✢✜❭ Ò✧✭✜ ✛❃✐★✢ ❃✚✢★✜✪⑥ ✐✭ ✜✪✚ ❃✚✢★✜✪ ♦❢ ✜✪✚ ▼✲❋❋①❬✚✭✜✐♠✛✜✚✦
✛❃✐★✢♠✚✢✜ ❬✯❪ ✇✪✐✥✪ ✇✛✭ ♣r♦✬✐✦✚✦ ✛✭ ✐✢♣✣✜ ✜♦ ✜✪✚ ✭✣♣♣♦r✜ ✚✭✜✐♠✛✜✐♦✢ ♠✚✜✪♦✦✭❭ Ò✤Ò❬
❋❄⑥ ✛✢✦ Ò✤Ò❬❋Ò⑥ ✛r✚ ✜✪✚ ♣r♦♣♦r✜✐♦✢ ♦❢ ✪♦♠♦❃♦★✐✚✭ ✜✪✛✜ ✛♣♣✚✛r ✐✢ ✜✪✚ ✜r✣✚ ✛❃✐★✢♠✚✢✜
❜✣✜ ✢♦✜ ✐✢ ✜✪✚ ✚✭✜✐♠✛✜✚✦ ✛❃✐★✢♠✚✢✜ ✛✢✦ ✬✐✥✚ ✬✚r✭✛✩ r✚✭♣✚✥✜✐✬✚❃②❭
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✙✶✓❊ ✙✶ ✵✓✕ ✶✓✶✶✵ ✶✓✘✛✛ ✶✓✵✙✖ ✙✛✖✶✓❁ ❁✕✙✖✓❁ ✶✓✖✘✕ ✶✓✖✵✛

s✔♣♣✁✂t ❡st✍✒✎t✍✁♥ t❡❝❤♥✍q✔❡s ❬☎✺✱☎✼❪✱ t❤❡ ▼✑✕ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥ ♣✂✁❜❧❡✒
✍♥ ✁✔✂ st✔❞② ❡♥t✎✍❧s ✎♥♥✁t✎t✍✁♥ ✁❢ ♥✔❝❧❡✁t✍❞❡✲♥✔❝❧❡✁t✍❞❡ ❤✁✒✁❧✁✏✍❡s ✍♥ t❤❡ ❡st✍✲
✒✎t❡❞ ✎❧✍✏♥✒❡♥t❀ t❤✔s✱ ❤✁✒✁❧✁✏✍❡s t❤✎t ✎♣♣❡✎✂ ✍♥ t❤❡ t✂✔❡ ✎❧✍✏♥✒❡♥t ❜✔t ♥✁t t❤❡
❡st✍✒✎t❡❞ ✎❧✍✏♥✒❡♥t ✎✂❡ ♥✁t ❝✁♥s✍❞❡✂❡❞✳ ❋✁✂ t❤✍s ✂❡✎s✁♥✱ t❤❡ ❝✁♥❢✔s✍✁♥ ✒✎t✂✍①
q✔✎♥t✍t✍❡s ✔s❡❞ ❢✁✂ ❘❖❈ ✎♥❞ ✝❘ ❝✎❧❝✔❧✎t✍✁♥s ✎✂❡ ❞❡Þ♥❡❞ ✎s ❢✁❧❧✁✇s✳ ❚✂✔❡ ♣✁s✲
✍t✍✈❡s ✭❚✝✄ ✎✂❡ t❤❡ s❡t ✁❢ ♥✔❝❧❡✁t✍❞❡✲♥✔❝❧❡✁t✍❞❡ ❤✁✒✁❧✁✏✍❡s t❤✎t ✎♣♣❡✎✂ ✍♥ t❤❡
t✂✔❡ ✎❧✍✏♥✒❡♥t ✎♥❞ t❤❡ ❡st✍✒✎t❡❞ ✎❧✍✏♥✒❡♥t ✇✍t❤ s✔♣♣✁✂t ✈✎❧✔❡ ✏✂❡✎t❡✂ t❤✎♥ ✁✂

❡q✔✎❧ t✁ ✎ ✏✍✈❡♥ t❤✂❡s❤✁❧❞✱ ❢✎❧s❡ ♣✁s✍t✍✈❡s ✭❋✝✄ ✎✂❡ t❤❡ s❡t ✁❢ ♥✔❝❧❡✁t✍❞❡✲♥✔❝❧❡✁t✍❞❡
❤✁✒✁❧✁✏✍❡s t❤✎t ✎♣♣❡✎✂ ✍♥ t❤❡ ❡st✍✒✎t❡❞ ✎❧✍✏♥✒❡♥t ✇✍t❤ s✔♣♣✁✂t ✈✎❧✔❡ ✏✂❡✎t❡✂
t❤✎♥ ✁✂ ❡q✔✎❧ t✁ ✎ ✏✍✈❡♥ t❤✂❡s❤✁❧❞ ❜✔t ❞✁ ♥✁t ✎♣♣❡✎✂ ✍♥ t❤❡ t✂✔❡ ✎❧✍✏♥✒❡♥t✱ ❢✎❧s❡
♥❡✏✎t✍✈❡s ✭❋◆✄ ✎✂❡ t❤❡ s❡t ✁❢ ♥✔❝❧❡✁t✍❞❡✲♥✔❝❧❡✁t✍❞❡ ❤✁✒✁❧✁✏✍❡s t❤✎t ✎♣♣❡✎✂ ✍♥ t❤❡
t✂✔❡ ✎❧✍✏♥✒❡♥t ❜✔t ✎♣♣❡✎✂ ✍♥ t❤❡ ❡st✍✒✎t❡❞ ✎❧✍✏♥✒❡♥t ✇✍t❤ s✔♣♣✁✂t ✈✎❧✔❡ ❜❡❧✁✇
✎ ✏✍✈❡♥ t❤✂❡s❤✁❧❞✱ ✎♥❞ t✂✔❡ ♥❡✏✎t✍✈❡s ✭❚◆✄ ✎✂❡ t❤❡ s❡t ✁❢ ♥✔❝❧❡✁t✍❞❡✲♥✔❝❧❡✁t✍❞❡
❤✁✒✁❧✁✏✍❡s t❤✎t ❞✁ ♥✁t ✎♣♣❡✎✂ ✍♥ t❤❡ t✂✔❡ ✎❧✍✏♥✒❡♥t ✎♥❞ ✎♣♣❡✎✂ ✍♥ t❤❡ ❡st✍✲
✒✎t❡❞ ✎❧✍✏♥✒❡♥t ✇✍t❤ s✔♣♣✁✂t ✈✎❧✔❡ ❜❡❧✁✇ ✎ ✏✍✈❡♥ t❤✂❡s❤✁❧❞✳ ❚❤❡ ❘❖❈ ❝✔✂✈❡
♣❧✁ts t❤❡ t✂✔❡ ♣✁s✍t✍✈❡ ✂✎t❡ ✭⑤❚✝⑤✂✭⑤❚✝⑤ ✰ ⑤❋◆⑤✄✄ ✈❡✂s✔s t❤❡ ❢✎❧s❡ ♣✁s✍t✍✈❡ ✂✎t❡
✭⑤❋✝⑤✂✭⑤❋✝⑤ ✰ ⑤❚◆⑤✄✄✳ ❚❤❡ ✝❘ ❝✔✂✈❡ ♣❧✁ts t❤❡ t✂✔❡ ♣✁s✍t✍✈❡ ✂✎t❡ ✈❡✂s✔s ♣✂❡❝✍✲
s✍✁♥ ✭⑤❚✝⑤✂✭⑤❚✝⑤ ✰ ⑤❋✝⑤✄✄✳ ❱✎✂②✍♥✏ t❤❡ s✔♣♣✁✂t t❤✂❡s❤✁❧❞ ②✍❡❧❞s ❞✍✧❡✂❡♥t ♣✁✍♥ts
✎❧✁♥✏ t❤❡s❡ ❝✔✂✈❡s✳ ❈✔st✁✒ s❝✂✍♣ts ✇❡✂❡ ✔s❡❞ t✁ ♣❡✂❢✁✂✒ ❝✁♥❢✔s✍✁♥ ✒✎t✂✍① ❝✎❧❝✔✲
❧✎t✍✁♥s✳ ❘❖❈ ❝✔✂✈❡✱ ✝❘ ❝✔✂✈❡✱ ✎♥❞ ✕❯❘❖❈ ❝✎❧❝✔❧✎t✍✁♥s ✇❡✂❡ ♣❡✂❢✁✂✒❡❞ ✔s✍♥✏
t❤❡ s❝✍❦✍t✲❧❡✎✂♥ ✝②t❤✁♥ ❧✍❜✂✎✂② ❬☎✢❪✳
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❚❱●❶❷ ✷❩ ⑩❽❼❺❚❺❳❱❶ ❞❱P❱❖❷P ❖❻❽❽❱❚❾ ❖P❱P❺❖P❺❳❖❩ ①✪✚ ✚♠♣✐r✐✥✛❃ ✭✜✣✦② ♠✛✦✚ ✣✭✚
♦❢ r✚❢✚r✚✢✥✚ ✛❃✐★✢♠✚✢✜✭ ❴Ò⑨✚❢ ✛❃✐★✢⑥❵ ❢r♦♠ ✜✪✚ ❈⑨❪ ✦✛✜✛❜✛✭✚ ❬✰❪❭ ①✪✚ r✚❢✚r✚✢✥✚ ✛❃✐★✢❬
♠✚✢✜✭ ✇✚r✚ ✥✣r✛✜✚✦ ✣✭✐✢★ ✪✚✜✚r♦★✚✢✚♦✣✭ ✦✛✜✛ ✐✢✥❃✣✦✐✢★ ✭✚✥♦✢✦✛r② ✭✜r✣✥✜✣r✚ ✐✢❢♦r♠✛❬
✜✐♦✢❭ ①✪✚ ✥♦❃✣♠✢ ✦✚✭✥r✐♣✜✐♦✢ ✐✭ ✐✦✚✢✜✐✥✛❃ ✜♦ ①✛❜❃✚ ❅✩ ✇✪✚r✚ ✜✪✚ ✚♠♣✐r✐✥✛❃ ✭✜✣✦② ♠✛✦✚
✣✭✚ ♦❢ r✚❢✚r✚✢✥✚ ✛❃✐★✢♠✚✢✜✭ ✐✢ ❃✐✚✣ ♦❢ ✜✪✚ ✭✐♠✣❃✛✜✐♦✢ ✭✜✣✦②✂✭ ✜r✣✚ ✛❃✐★✢♠✚✢✜✭❭

❉✛✜✛✭✚✜ ❄✣♠❜✚r
♦❢ ✜✛③✛

❄❍❉ ⑦✛♣♣✐✢✚✭✭ ⑨✚❢ ✛❃✐★✢
❃✚✢★✜✪

✧✭✜ ✛❃✐★✢
❃✚✢★✜✪
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■⑦■❈✰ ➂✰ ➀❭➃➂➂ ➀❭❆➀➀ ✹✰✹➂ ➂➃❅✹ ➀❭✻✯➁ ➀❭❆❅➃

■⑦■❉ ✰❅ ➀❭❆❅➁ ➀❭❆✯✰ ➃➀✻❅ ➂➀✰➂ ➀❭✯❆✹ ➀❭➁➀✹

■⑦■✧ ✰✹➁ ➀❭✹➃❅ ➀❭✯➂✯ ✰❆➃❅ ✰❆❆➃ ➀❭➂➁➂ ➀❭➂❆✻

■⑦■■✲ ❅❆✹ ➀❭✻✻✯ ➀❭✯❅✹ ✻✹➀✻ ❆➀➀➃ ➀❭✯❅✻ ➀❭✯➀➀

Ò✲✰➂ ❅✹✰ ➀❭✰➁➂ ➀❭✰✻❆ ➂➁➁❅ ➂➃➃✰ ➀❭➀❆✯ ➀❭➀❆❆

Ò✧✰➂ ❅❅❆ ➀❭➂➀➀ ➀❭✻❅✰ ➁✹➂✻ ❅➀➀✯➂ ➀❭✰➀✰ ➀❭✰❅➂

Ò▼✰➂ ❅➀✰ ➀❭➂✻❅ ➀❭❆➁❆ ❅➀➁➁➁ ✯✯➀➂ ➀❭✰✻✰ ➀❭✰✯✯

✤✲❅✻ ❅➂✰ ➀❭✰❅✰ ➀❭✰➀➃ ❅✯✻✻ ❅✻❆➂ ➀❭➀➂❅ ➀❭➀✰✯

✤✲✰➂ ❅✹✹ ➀❭➂➀✹ ➀❭✹✻➀ ✹➀✹✯ ➂✻❆✯ ➀❭➀❆❆ ➀❭➀✯❅

✆✁✄☛❡☛✑❛✞ ❉❛❙❛✠✌❙✠✂ ✌❡ ❞✁✇♥❧✁✎❞❡❞ ❡✒♣✍✂✍❝✎❧ ❜❡♥❝❤✒✎✂❦s ❢✂✁✒ t❤❡ ❈✁✒♣✎✂✲
✎t✍✈❡ ❘◆✕ ✌❡❜ ✭❈❘✌✄ ✑✍t❡ ❞✎t✎❜✎s❡✱ ✇❤✍❝❤ ❝✎♥ ❜❡ ❢✁✔♥❞ ✎t ✇✇✇✳✂♥✎✳✍❝✒❜✳
✔t❡①✎s✳❡❞✔ ❬✒❪✳ ■♥ ❜✂✍❡❢✱ t❤❡ ❈❘✌ ❞✎t✎❜✎s❡ ✍♥❝❧✔❞❡s ✂✍❜✁s✁✒✎❧ ❘◆✕ s❡q✔❡♥❝❡
❞✎t✎s❡ts t❤✎♥ s♣✎♥ ✎ ✂✎♥✏❡ ✁❢ ❞✎t✎s❡t s✍③❡s ✎♥❞ ❡✈✁❧✔t✍✁♥✎✂② ❞✍✈❡✂✏❡♥❝❡✳ ✌❡
❢✁❝✔s❡❞ ✁♥ ❞✎t✎s❡ts ✇❤❡✂❡ ❤✍✏❤✲q✔✎❧✍t② ✂❡❢❡✂❡♥❝❡ ✎❧✍✏♥✒❡♥ts ✎✂❡ ✎✈✎✍❧✎❜❧❡❀ t❤❡
✂❡❢❡✂❡♥❝❡ ✎❧✍✏♥✒❡♥ts ✇❡✂❡ ♣✂✁❞✔❝❡❞ ✔s✍♥✏ ✍♥t❡♥s✍✈❡ ✒✎♥✔✎❧ ❝✔✂✎t✍✁♥ ✎♥❞ ✎♥✎❧②s✍s
✁❢ ❤❡t❡✂✁✏❡♥❡✁✔s ❞✎t✎✱ ✍♥❝❧✔❞✍♥✏ s❡❝✁♥❞✎✂② st✂✔❝t✔✂❡ ✍♥❢✁✂✒✎t✍✁♥✳ ✌❡ s❡❧❡❝t❡❞
♣✂✍✒✎✂② ☎✻✑ ✂❘◆✕✱ ♣✂✍✒✎✂② ✒✝ ✑ ✂❘◆✕✱ ♣✂✍✒✎✂② ✍♥t✂✁♥✱ ✎♥❞ s❡❡❞ ✎❧✍✏♥✒❡♥ts
✇✍t❤ ✎t ✒✁st ✒✺✆ s❡q✔❡♥❝❡s✳ ✕❧✍✏♥❡❞ s❡q✔❡♥❝❡s ✇✍t❤ ✾✾✾ ✁✂ ✒✁✂❡ ✒✍ss✍♥✏ ❞✎t✎
✎♥❞✴✁✂ ✍♥❞❡❧s ✇❡✂❡ ✁✒✍tt❡❞ ❢✂✁✒ ✎♥✎❧②s✍s✳ ✑✔✒✒✎✂② st✎t✍st✍❝s ❢✁✂ t❤❡ ❡✒♣✍✂✍❝✎❧
❜❡♥❝❤✒✎✂❦s ✎✂❡ s❤✁✇♥ ✍♥ ❚✎❜❧❡ ✒✳

✁✂� ❈♦✁✄✏❙❛❙☛♦✡❛✞ ✝✌✠♦✏❡✑✌✠ ❯✠✌✍ ❛✡✍ ☎♦�❙✇❛❡✌❛❉❛❙❛ ❆❆❛☛✞❛✁☛✞☛❙✂

✕❧❧ ❝✁✒♣✔t✎t✍✁♥✎❧ ✎♥✎❧②s❡s ✇❡✂❡ ✂✔♥ ✁♥ ❝✁✒♣✔t✍♥✏ ❢✎❝✍❧✍t✍❡s ✍♥ ▼✍❝❤✍✏✎♥ ✑t✎t❡
❯♥✍✈❡✂s✍t②❍s ✓✍✏❤ ✝❡✂❢✁✂✒✎♥❝❡ ❈✁✒♣✔t✍♥✏ ❈❡♥t❡✂✳ ✌❡ ✔s❡❞ ❝✁✒♣✔t❡ ♥✁❞❡s ✍♥
t❤❡ ✍♥t❡❧☎✻✲❦✽✆ ❝❧✔st❡✂✱ ❡✎❝❤ ✁❢ ✇❤✍❝❤ ❤✎❞ ✎ ✒✳✢●✓③ ☎✢✲❝✁✂❡ ■♥t❡❧ ❳❡✁♥ ❙✺✲

✒✻✽✆✈✢ ♣✂✁❝❡ss✁✂✳ ✕❧❧ ✂❡♣❧✍❝✎t❡s ❝✁✒♣❧❡t❡❞ ✇✍t❤ ✒❡✒✁✂② ✔s✎✏❡ ❧❡ss t❤✎♥ ☎✆●✍❇✳
❖♣❡♥✲s✁✔✂❝❡ s✁❢t✇✎✂❡ ✎♥❞ ✁♣❡♥ ❞✎t✎ ❝✎♥ ❜❡ ❢✁✔♥❞ ✎t ❤tt♣s✿✴✴✏✍t❧✎❜✳✒s✔✳❡❞✔✴
❧✍✔❧✎❜✴✑❙❘❙✑✲✑❝✂✍♣ts✲❉✎t✎✳
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✥♦✢✦✐✜✐♦✢✭ ❴✢✛♠✚✦ ❅➀❭✲ ✜✪r♦✣★✪ ❅➀❭✧ ✐✢ ♦r✦✚r ♦❢ ★✚✢✚r✛❃❃② ✐✢✥r✚✛✭✐✢★ ✭✚❫✣✚✢✥✚ ✦✐✬✚r❬
★✚✢✥✚❵ ✛✢✦ Þ✬✚ ➃➀❬✜✛③♦✢ ♠♦✦✚❃ ✥♦✢✦✐✜✐♦✢✭ ❴✭✐♠✐❃✛r❃② ✢✛♠✚✦ ➃➀❭✲ ✜✪r♦✣★✪ ➃➀❭✧❵❭ ❪✚
✚✬✛❃✣✛✜✚✦ ✜✪✚ ♣✚r❢♦r♠✛✢✥✚ ♦❢ ✜✇♦ ✭✜✛✜✚❬♦❢❬✜✪✚❬✛r✜ ♠✚✜✪♦✦✭ ❢♦r ▼✤✲ ✭✣♣♣♦r✜ ✚✭✜✐♠✛❬
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t✎①✎✄✱ ✝❘✲✕❯❈ ❞✍✧❡✂❡❞ ❜② ✎t ✒✁st ✝✾ ✁♥ t❤❡ ❧❡✎st ❞✍✈❡✂✏❡♥t ✒✁❞❡❧ ❝✁♥❞✍t✍✁♥✳
❚❤❡ ✑❙❘❙✑✲❜✎s❡❞ ✒❡t❤✁❞❍s ♣❡✂❢✁✂✒✎♥❝❡ ✎❞✈✎♥t✎✏❡ ✏✂❡✇ ✎s s❡q✔❡♥❝❡ ❞✍✈❡✂✲
✏❡♥❝❡ ✍♥❝✂❡✎s❡❞ Ð t✁ ✎s ✒✔❝❤ ✎s ✒✽✾ Ð ✎♥❞ t❤❡ ❧✎✂✏❡st ♣❡✂❢✁✂✒✎♥❝❡ ✎❞✈✎♥t✎✏❡s
✇❡✂❡ s❡❡♥ ✁♥ t❤❡ ✒✁st ❞✍✈❡✂✏❡♥t ❞✎t✎s❡ts ✍♥ ✁✔✂ st✔❞②✳ ❚❤❡ ✒✁st ❞✍✈❡✂✏❡♥t
❞✎t✎s❡ts ✇❡✂❡ ✎❧s✁ t❤❡ ✒✁st ❝❤✎❧❧❡♥✏✍♥✏✳ ❋✁✂ ❡✎❝❤ ✒❡t❤✁❞✱ ✝❘✲✕❯❈ ✏❡♥❡✂✎❧❧②
❞❡✏✂✎❞❡❞ ✎s s❡q✔❡♥❝❡ ❞✍✈❡✂✏❡♥❝❡ ✍♥❝✂❡✎s❡❞❀ ❤✁✇❡✈❡✂✱ t❤❡ ✑❙❘❙✑✲❜✎s❡❞ ✒❡t❤✁❞❍s
✝❘✲✕❯❈ ❞❡✏✂✎❞❡❞ ✒✁✂❡ s❧✁✇❧② ❝✁✒♣✎✂❡❞ t✁ t❤❡ ♥✁♥✲✑❙❘❙✑✲❜✎s❡❞ ✒❡t❤✁❞✳
❈✁♥s✍st❡♥t ✇✍t❤ t❤❡ st✔❞② ✁❢ ✑❡❧✎ ❡t ✎❧✳ ❬☎✼❪✱ ●❯■❉✕◆❈❙✒ ❝✁♥s✍st❡♥t❧② ✁✔t♣❡✂✲
❢✁✂✒❡❞ ●❯■❉✕◆❈❙☎ ✁♥ ❡✎❝❤ ✒✁❞❡❧ ❝✁♥❞✍t✍✁♥s ✎♥❞ ✔s✍♥✏ ❡✍t❤❡✂ ✕❯❈ ✒❡✎s✔✂❡✳
❚❤❡ ♣❡✂❢✁✂✒✎♥❝❡ ✍✒♣✂✁✈❡✒❡♥t ✁❢ ✑❙❘❙✑✰●❯■❉✕◆❈❙☎ ✁✈❡✂ ●❯■❉✕◆❈❙☎ ✇✎s
✏❡♥❡✂✎❧❧② ✏✂❡✎t❡✂ t❤✎♥ t❤✎t s❡❡♥ ✇❤❡♥ ❝✁✒♣✎✂✍♥✏ ✑❙❘❙✑✰●❯■❉✕◆❈❙✒ ✎♥❞
●❯■❉✕◆❈❙✒❀ ❢✔✂t❤❡✂✒✁✂❡✱ t❤❡ ✝❘✲✕❯❈✲❜✎s❡❞ ❝✁✂✂❡❝t❡❞ q✲✈✎❧✔❡s ✇❡✂❡ ✒✁✂❡
s✍✏♥✍Þ❝✎♥t ❢✁✂ t❤❡ ❢✁✂✒❡✂ ❝✁✒♣✎✂❡❞ t✁ t❤❡ ❧✎tt❡✂ ✍♥ ✎❧❧ ❝✎s❡s ❡①❝❡♣t ❢✁✂ t❤❡ ☎✆✳❉
✒✁❞❡❧ ❝✁♥❞✍t✍✁♥✱ ✇❤❡✂❡ t❤❡ ❝✁✂✂❡❝t❡❞ q✲✈✎❧✔❡s ✇❡✂❡ ❝✁✒♣✎✂✎❜❧❡✳ ❋✍♥✎❧❧②✱ ✇❤✍❧❡
t❤❡ ✑❙❘❙✑✲❜✎s❡❞ ✒❡t❤✁❞ ❝✁♥s✍st❡♥t❧② ②✍❡❧❞❡❞ ♣❡✂❢✁✂✒✎♥❝❡ ✍✒♣✂✁✈❡✒❡♥ts ✁✈❡✂
t❤❡ ❝✁✂✂❡s♣✁♥❞✍♥✏ ♥✁♥✲✑❙❘❙✑✲❜✎s❡❞ ✒❡t❤✁❞ ✂❡✏✎✂❞❧❡ss ✁❢ t❤❡ ❝❤✁✍❝❡ ✁❢ ♣❡✂❢✁✂✲
✒✎♥❝❡ ✒❡✎s✔✂❡ ✭❡✍t❤❡✂ ✝❘✲✕❯❈ ✁✂ ❘❖❈✲✕❯❈✄✱ t❤❡ ✝❘✲✕❯❈ ❞✍✧❡✂❡♥❝❡ ✇✎s
✏❡♥❡✂✎❧❧② ❧✎✂✏❡✂ t❤✎♥ t❤❡ ❘❖❈✲✕❯❈ ❞✍✧❡✂❡♥❝❡✱ ❡s♣❡❝✍✎❧❧② ✁♥ ✒✁✂❡ ❞✍✈❡✂✏❡♥t
✒✁❞❡❧ ❝✁♥❞✍t✍✁♥s✳ ❖♥ ✎✈❡✂✎✏❡ ✎❝✂✁ss ✎❧❧ ✂❡♣❧✍❝✎t❡s ✁❢ ✎❧❧ ✒✁❞❡❧ ❝✁♥❞✍t✍✁♥s ✇✍t❤ ✎
✏✍✈❡♥ ❞✎t✎s❡t s✍③❡✱ t❤❡ ✂✔♥t✍✒❡ ✁✈❡✂❤❡✎❞ ❝✁♥t✂✍❜✔t❡❞ ❜② ✑❙❘❙✑ ✇✎s ✒✍♥✍✒✎❧ Ð
✎✒✁✔♥t✍♥✏ t✁ ❥✔st ✎ ❢❡✇ ✒✍♥✔t❡s ♣❡✂ ✂❡♣❧✍❝✎t❡ ❞✎t✎s❡t Ð ✎♥❞ ✎❧❧ ✒❡t❤✁❞s ✍♥ t❤❡
s✍✒✔❧✎t✍✁♥ st✔❞② ❝✁✒♣❧❡t❡❞ ✎♥✎❧②s✍s ✁❢ ❡✎❝❤ ✂❡♣❧✍❝✎t❡ ❞✎t✎s❡t ✍♥ ❧❡ss t❤✎♥ ❤✎❧❢
✎♥ ❤✁✔✂ ✭✑✔♣♣❧❡✒❡♥t✎✂② ❚✎❜❧❡ ✑☎ ✍♥ ✕♣♣❡♥❞✍①✄✳

✷✂✁ ✆✁✄☛❡☛✑❛✞ ☎❙✏✍✂

❘❡❧✎t✍✈❡ t✁ ●❯■❉✕◆❈❙☎ ✁✂ ●❯■❉✕◆❈❙✒✱ ✑❙❘❙✑✲❜✎s❡❞ s✔♣♣✁✂t ❡st✍✒✎t❡s
❝✁♥s✍st❡♥t❧② ✂❡t✔✂♥❡❞ ❤✍✏❤❡✂ ✕❯❈ ✁♥ ✎❧❧ ❞✎t✎s❡ts Ð ♣✂✍✒✎✂②✱ s❡❡❞✱ ✎♥❞ ✍♥t✂✁♥✍❝
Ð ✇✍t❤ ✎ s✍♥✏❧❡ ❡①❝❡♣t✍✁♥✿ t❤❡ ❝✁✒♣✎✂✍s✁♥ ✁❢ ✑❙❘❙✑✰●❯■❉✕◆❈❙✒ ✎♥❞
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❝✁✒♣✎✂✍s✁♥ ✁❢ ✒❡t❤✁❞s ✭✍✳❡✳✱ ✑❙❘❙✑✰●❯■❉✕◆❈❙☎ ✈s✳ ●❯■❉✕◆❈❙☎ ✁✂

✑❙❘❙✑✰●❯■❉✕◆❈❙✒ ✈s✳ ●❯■❉✕◆❈❙✒✄✱ t❤❡ ✑❙❘❙✑✲❜✎s❡❞ ✒❡t❤✁❞ ✂❡t✔✂♥❡❞
✂❡❧✎t✍✈❡❧② ❧✎✂✏❡✂ ✝❘✲✕❯❈ ✍✒♣✂✁✈❡✒❡♥ts ✁♥ ❞✎t✎s❡ts ✇✍t❤ ✏✂❡✎t❡✂ s❡q✔❡♥❝❡



✤✧⑨✧✤ ➂➀➃

❞✍✈❡✂✏❡♥❝❡✱ ✎s ✒❡✎s✔✂❡❞ ❜② ✕◆✓❉ ✎♥❞ ✏✎♣♣✍♥❡ss✳ ■♥ ♣✎✂t✍❝✔❧✎✂✱ ✝❘✲✕❯❈
✍✒♣✂✁✈❡✒❡♥ts ✇❡✂❡ ❧❡ss t❤✎♥ ☎✾ ✁♥ s❡❡❞ ✎♥❞ ♣✂✍✒✎✂② ♥✁♥✲✍♥t✂✁♥✍❝ ❞✎t✎s❡ts✳
■♥t✂✁♥✍❝ ❞✎t✎s❡ts ②✍❡❧❞❡❞ ✝❘✲✕❯❈ ✍✒♣✂✁✈❡✒❡♥ts ✁❢ ✎s ✒✔❝❤ ✎s ☎✝✳✽✼✾✳ ❖❜s❡✂✈❡❞
✕❯❈ ✍✒♣✂✁✈❡✒❡♥ts ✁❢ ✑❙❘❙✑✰●❯■❉✕◆❈❙☎ ✁✈❡✂ ●❯■❉✕◆❈❙☎ ✇❡✂❡ ✂❡❧✎t✍✈❡❧②
✏✂❡✎t❡✂ t❤✎♥ t❤✁s❡ s❡❡♥ ❢✁✂ ✑❙❘❙✑✰●❯■❉✕◆❈❙✒ ✍♥ ❝✁✒♣✎✂✍s✁♥ t✁ ●❯■❉✲

✕◆❈❙✒✳ ❋✍♥✎❧❧②✱ ●❯■❉✕◆❈❙✒ ❝✁♥s✍st❡♥t❧② ✂❡t✔✂♥❡❞ ❤✍✏❤❡✂ ✕❯❈ ✂❡❧✎t✍✈❡ t✁
●❯■❉✕◆❈❙☎✱ ✂❡✏✎✂❞❧❡ss ✁❢ ✇❤❡t❤❡✂ ✝❘ ✁✂ ❘❖❈ ❝✔✂✈❡s ✇❡✂❡ t❤❡ ❜✎s✍s ❢✁✂ ✕❯❈
❝✁✒♣✎✂✍s✁♥✳

✹ �✐s❝✉ss✐♦♥

❘❡✲❡st✍✒✎t✍✁♥ ✔s✍♥✏ ✑❙❘❙✑ ✂❡s✎✒♣❧✍♥✏ ✂❡s✔❧t❡❞ ✍♥ ❝✁✒♣✎✂✎❜❧❡ ✁✂ t②♣✍❝✎❧❧②
✍✒♣✂✁✈❡❞ s✔♣♣✁✂t ❡st✍✒✎t❡s ❢✁✂ t❤❡ ✎♣♣❧✍❝✎t✍✁♥s ✍♥ ✁✔✂ st✔❞②✳ ✌❡ ❜❡❧✍❡✈❡ t❤✎t
t❤✍s ♣❡✂❢✁✂✒✎♥❝❡ ✎❞✈✎♥t✎✏❡ ✍s ❞✔❡ t✁ t❤❡ ✎❜✍❧✍t② t✁ ✏❡♥❡✂✎t❡ ✒✎♥② ❞✍st✍♥❝t ✂❡♣❧✍✲
❝✎t❡s ✇❤✍❧❡ ❡♥❢✁✂❝✍♥✏ t❤❡ ♥❡✍✏❤❜✁✂ ♣✂❡s❡✂✈✎t✍✁♥ ♣✂✍♥❝✍♣❧❡✳ ❚❤❡ ❧✎tt❡✂ ✍s ❝✂✍t✍❝✎❧
❢✁✂ ✂❡t✎✍♥✍♥✏ s❡q✔❡♥❝❡ ❞❡♣❡♥❞❡♥❝❡ ✇❤✍❝❤ ✍s ✍♥❤❡✂❡♥t t✁ t❤❡ ✎♣♣❧✍❝✎t✍✁♥ ✍♥ ✁✔✂
st✔❞②✳

❖♥ ✎❧❧ ✒✁❞❡❧ ❝✁♥❞✍t✍✁♥s✱ ✑❙❘❙✑✰●❯■❉✕◆❈❙☎ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥
✂❡s✔❧t❡❞ ✍♥ s✍✏♥✍Þ❝✎♥t ✍✒♣✂✁✈❡✒❡♥ts ✍♥ ✕❯❈✲✝❘ ✎♥❞ ✕❯❈✲❘❖❈ ❝✁✒✲

♣✎✂❡❞ t✁ ●❯■❉✕◆❈❙☎✳ ✕ s✍✒✍❧✎✂ ✁✔t❝✁✒❡ ✇✎s ✁❜s❡✂✈❡❞ ✇❤❡♥ ❝✁✒♣✎✂✍♥✏
✑❙❘❙✑✰●❯■❉✕◆❈❙✒ ✎♥❞ ●❯■❉✕◆❈❙✒✳ ❚❤❡ ✒✎✍♥ ❞✍✧❡✂❡♥❝❡ ✍♥ ❡✎❝❤ ❝✁✒✲

♣✎✂✍s✁♥ ✍s t❤❡ ✂❡s✎✒♣❧✍♥✏ t❡❝❤♥✍q✔❡ Ð ❡✍t❤❡✂ ✑❙❘❙✑ ✁✂ st✎♥❞✎✂❞ ❜✁✁tst✂✎♣✳ ❖✔✂
Þ♥❞✍♥✏s ❝❧❡✎✂❧② ❞❡✒✁♥st✂✎t❡ t❤❡ ♣❡✂❢✁✂✒✎♥❝❡ ✎❞✈✎♥t✎✏❡ ✁❢ t❤❡ ❢✁✂✒❡✂ ✁✈❡✂ t❤❡
❧✎tt❡✂✳ ✑❙❘❙✑ ✎❝❝✁✔♥ts ❢✁✂ ✍♥t✂✎✲s❡q✔❡♥❝❡ ❞❡♣❡♥❞❡♥❝❡ ❞✔❡ t✁ ✍♥s❡✂t✍✁♥ ✎♥❞ ❞❡❧❡✲
t✍✁♥ ♣✂✁❝❡ss❡s✱ ✇❤✍❧❡ t❤❡ ❜✁✁tst✂✎♣ ✒❡t❤✁❞ ✎ss✔✒❡s t❤✎t s✍t❡s ✎✂❡ ✍♥❞❡♣❡♥❞❡♥t
✎♥❞ ✍❞❡♥t✍❝✎❧❧② ❞✍st✂✍❜✔t❡❞✳ ❘❡✏✎✂❞✍♥✏ ❝✁✒♣✎✂✍s✁♥s ✍♥✈✁❧✈✍♥✏ ●❯■❉✕◆❈❙✒ ✈❡✂✲
s✔s ●❯■❉✕◆❈❙☎✱ ✎ ❝✁♥t✂✍❜✔t✍♥✏ ❢✎❝t✁✂ ✒✎② ❤✎✈❡ ❜❡❡♥ t❤❡ ✏✂❡✎t❡✂ ✕❯❈ ✁❢

●❯■❉✕◆❈❙✒ ✁✈❡✂ ●❯■❉✕◆❈❙☎✳ ✌❡ ✔s❡❞ ✑❙❘❙✑ t✁ ♣❡✂❢✁✂✒ s❡✒✍✲♣✎✂✎✒❡t✂✍❝
s✔♣♣✁✂t ❡st✍✒✎t✍✁♥ ✍♥ ❝✁♥❥✔♥❝t✍✁♥ ✇✍t❤ t❤❡ ♣✎✂✎✒❡t✂✍❝ s✔♣♣✁✂t t❡❝❤♥✍q✔❡s ✁❢

●❯■❉✕◆❈❙☎ ✁✂ ●❯■❉✕◆❈❙✒✳ ❚❤❡ ❧✎tt❡✂✒❡t❤✁❞❍s ✂❡❧✎t✍✈❡❧② ✏✂❡✎t❡✂ ✕❯❈✒✎②
❜❡ ✒✁✂❡ ❝❤✎❧❧❡♥✏✍♥✏ t✁ ✍✒♣✂✁✈❡ ✔♣✁♥ ✭❚✎❜❧❡✢✄✳

❚❤❡ ♣❡✂❢✁✂✒✎♥❝❡ ❝✁✒♣✎✂✍s✁♥s ✁♥ ❡✒♣✍✂✍❝✎❧ ❜❡♥❝❤✒✎✂❦s ✇❡✂❡ ❝✁♥s✍st❡♥t ✇✍t❤
t❤❡ s✍✒✔❧✎t✍✁♥ st✔❞②✳ ■♥ t❡✂✒s ✁❢ ✕◆✓❉ ✎♥❞ ✏✎♣♣✍♥❡ss✱ t❤❡ ♥✁♥✲✍♥t✂✁♥✍❝ ❞✎t✎s❡ts
✍♥ ✁✔✂ ❡✒♣✍✂✍❝✎❧ st✔❞② ✇❡✂❡ ✒✁✂❡ ❧✍❦❡ t❤❡ ❧✁✇ ❞✍✈❡✂✏❡♥❝❡ ✒✁❞❡❧ ❝✁♥❞✍t✍✁♥s ✍♥
✁✔✂ s✍✒✔❧✎t✍✁♥ st✔❞②✱ ✎♥❞ t❤❡ ✍♥t✂✁♥✍❝ ❞✎t✎s❡ts ✇❡✂❡ ✒✁✂❡ ❧✍❦❡ t❤❡ ❤✍✏❤❡✂ ❞✍✈❡✂✲
✏❡♥❝❡ ✒✁❞❡❧ ❝✁♥❞✍t✍✁♥s✳ ✕❝✂✁ss ✎❧❧ ❡✒♣✍✂✍❝✎❧ ❞✎t✎s❡ts✱ ✑❙❘❙✑✲❜✎s❡❞ s✔♣♣✁✂t
❡st✍✒✎t✍✁♥ ❝✁♥s✍st❡♥t❧② ②✍❡❧❞❡❞ ❝✁✒♣✎✂✎❜❧❡ ✁✂ ❜❡tt❡✂ ✕❯❈ ✈❡✂s✔s ●❯■❉✕◆❈❙☎
✁✂ ●❯■❉✕◆❈❙✒ ✎❧✁♥❡✳ ❚❤❡ ✑❙❘❙✑✲❜✎s❡❞ ✒❡t❤✁❞❍s ✕❯❈ ✎❞✈✎♥t✎✏❡ ✏❡♥❡✂✎❧❧②
✍♥❝✂❡✎s❡❞ ✎s ❞✎t✎s❡ts ❜❡❝✎✒❡ ✒✁✂❡ ❞✍✈❡✂✏❡♥t ✎♥❞ ❝❤✎❧❧❡♥✏✍♥✏ t✁ ✎❧✍✏♥ Ð ♣✎✂t✍❝✲
✔❧✎✂❧② ✇❤❡♥ ❝✁✒♣✎✂✍♥✏ ♣❡✂❢✁✂✒✎♥❝❡ ✁♥ ♥✁♥✲✍♥t✂✁♥✍❝ ✈❡✂s✔s ✍♥t✂✁♥✍❝ ❞✎t✎s❡ts✳
✌❡ ❢✁✔♥❞ t❤✎t t❤❡ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥ ✒❡t❤✁❞s ✂❡t✔✂♥❡❞ ❝✁✒♣✎✂✎❜❧❡ ✕❯❈
✭✇✍t❤✍♥ ✎ ❢❡✇ ♣❡✂❝❡♥t✎✏❡ ♣✁✍♥ts✄ ✁♥ ❞✎t✎s❡ts ✇✍t❤ ☎Ð✒ ❞✁③❡♥ s❡q✔❡♥❝❡s ✎♥❞
❧✁✇ s❡q✔❡♥❝❡ ❞✍✈❡✂✏❡♥❝❡ ✂❡❧✎t✍✈❡ t✁ ✁t❤❡✂ ❞✎t✎s❡ts✳ ■♥ ♣✎✂t✍❝✔❧✎✂✱ ■●■❈✒ ✇✎s t❤❡
✁♥❧② ❞✎t✎s❡t ✇❤❡✂❡ ✑❙❘❙✑✰●❯■❉✕◆❈❙✒ ❞✍❞ ♥✁t ✂❡t✔✂♥ ✎♥ ✍✒♣✂✁✈❡❞ ✕❯❈ ✂❡❧✲
✎t✍✈❡ t✁ ●❯■❉✕◆❈❙✒✳ ■●■❈✒ ✇✎s t❤❡ s❡❝✁♥❞✲s✒✎❧❧❡st ❞✎t✎s❡t Ð ✎❜✁✔t ✎♥ ✁✂❞❡✂



➂➀✻ ❪❭ ❪✛✢★ ✚✜ ✛❃❭

✁❢ ✒✎✏♥✍t✔❞❡ s✒✎❧❧❡✂ t❤✎♥ ✎❧❧ ✁t❤❡✂ ❞✎t✎s❡ts ❡①❝❡♣t t❤❡ ■●■❉ ❞✎t✎s❡t Ð ✎♥❞
■●■❈✒ ✎❧s✁ ❤✎❞ t❤❡ s❡❝✁♥❞✲❧✁✇❡st ✕◆✓❉ ✎♥❞ ❧✁✇❡st ✏✎♣♣✍♥❡ss ✎✒✁♥✏ ✍♥t✂✁♥✍❝
❞✎t✎s❡ts✳ ■●■❉ ✇✎s t❤❡ s✒✎❧❧❡st ❞✎t✎s❡t✱ ❜✔t ❤✎❞ ❤✍✏❤❡✂ ✕◆✓❉ ✎♥❞ ✏✎♣♣✍✲
♥❡ss ❝✁✒♣✎✂❡❞ t✁ t❤❡ ■●■❈✒ ❞✎t✎s❡t✳ ❈✁✒♣✎✂❡❞ t✁ t❤❡ ✁t❤❡✂ ❡✒♣✍✂✍❝✎❧ ❞✎t✎s❡ts✱
✑❙❘❙✑✰●❯■❉✕◆❈❙✒ ✂❡t✔✂♥❡❞ ✎ s✒✎❧❧ ✕❯❈ ✍✒♣✂✁✈❡✒❡♥t ✁✈❡✂ ●❯■❉✕◆❈❙✒
✁♥ t❤❡ ■●■❉ ❞✎t✎s❡t Ð ✎t ✒✁st ✝✳✒✾✳

❖♥ s✍✒✔❧✎t❡❞ ✎♥❞ ❡✒♣✍✂✍❝✎❧ ❞✎t✎s❡ts✱ ✏✂❡✎t❡✂ s❡q✔❡♥❝❡ ❞✍✈❡✂✏❡♥❝❡ ✏❡♥❡✂✎❧❧②
✂❡s✔❧t❡❞ ✍♥ ✍♥❝✂❡✎s❡❞ ✍♥❢❡✂❡♥❝❡ ❡✂✂✁✂ ❢✁✂ ✎❧❧ ✒❡t❤✁❞s✳ ✓✁✇❡✈❡✂✱ t❤❡ ✑❙❘❙✑✲❜✎s❡❞
✒❡t❤✁❞❍s ♣❡✂❢✁✂✒✎♥❝❡ t❡♥❞❡❞ t✁ ❞❡✏✂✎❞❡ ✒✁✂❡ s❧✁✇❧② t❤✎♥ t❤❡ ❝✁✂✂❡s♣✁♥❞✍♥✏
♥✁♥✲✑❙❘❙✑✲❜✎s❡❞ ✒❡t❤✁❞ ✎s s❡q✔❡♥❝❡ ❞✍✈❡✂✏❡♥❝❡ ✍♥❝✂❡✎s❡❞✱ ✎♥❞ t❤❡ ✏✂❡✎t❡st
♣❡✂❢✁✂✒✎♥❝❡ ✎❞✈✎♥t✎✏❡ ✇✎s s❡❡♥ ✁♥ t❤❡ ✒✁st ❞✍✈❡✂✏❡♥t ✒✁❞❡❧ ❝✁♥❞✍t✍✁♥s ✎♥❞
❡✒♣✍✂✍❝✎❧ ❞✎t✎s❡ts✳

❋✍♥✎❧❧②✱ ✇❡ ♥✁t❡ t❤✎t ♥✁♥✲♣✎✂✎✒❡t✂✍❝✴s❡✒✍✲♣✎✂✎✒❡t✂✍❝ ✂❡s✎✒♣❧✍♥✏ t❡❝❤♥✍q✔❡s
✎✂❡ ✁✂t❤✁✏✁♥✎❧ t✁ ♣✎✂✎✒❡t✂✍❝ ✎❧t❡✂♥✎t✍✈❡s✳ ❈✁♥s✍st❡♥t ✇✍t❤ ♣✂❡✈✍✁✔s st✔❞✍❡s ❬☎✺✱
☎✼❪✱ ✇❡ ❢✁✔♥❞ t❤✎t ❝✁✒❜✍♥✍♥✏ t✇✁ ❞✍✧❡✂❡♥t ❝❧✎ss❡s ✁❢ ✒❡t❤✁❞s ②✍❡❧❞❡❞ ❜❡tt❡✂
♣❡✂❢✁✂✒✎♥❝❡ t❤✎♥ ❡✍t❤❡✂ ❜② ✍ts❡❧❢✳

✺ �♦♥❝❧✉s✐♦♥s

❚❤✍s st✔❞② ✍♥t✂✁❞✔❝❡❞ ✑❙❘❙✑✱ ✇❤✍❝❤ ❝✁♥s✍sts ✁❢ ♥❡✇ ♥✁♥✲♣✎✂✎✒❡t✂✍❝ ✎♥❞ s❡✒✍✲
♣✎✂✎✒❡t✂✍❝ t❡❝❤♥✍q✔❡s ❢✁✂ ✂❡s✎✒♣❧✍♥✏ ❜✍✁✒✁❧❡❝✔❧✎✂ s❡q✔❡♥❝❡ ❞✎t✎✳ ❯s✍♥✏ s✍✒✔✲
❧✎t❡❞ ✎♥❞ ❡✒♣✍✂✍❝✎❧ ❞✎t✎✱ ✇❡ ❡①♣❧✁✂❡❞ t❤❡ ✔s❡ ✁❢ ✑❙❘❙✑ ✂❡s✎✒♣❧✍♥✏ ❢✁✂ s✔♣♣✁✂t
❡st✍✒✎t✍✁♥ ✍♥✈✁❧✈✍♥✏ ✎ ❝❧✎ss✍❝✎❧ ♣✂✁❜❧❡✒ ✍♥ ❝✁✒♣✔t✎t✍✁♥✎❧ ❜✍✁❧✁✏② ✎♥❞ ❜✍✁✍♥❢✁✂✲
✒✎t✍❝s✳ ✌❡ ❢✁✔♥❞ t❤✎t ✑❙❘❙✑✲❜✎s❡❞ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥ ②✍❡❧❞s ❝✁✒♣✎✂✎❜❧❡ ✁✂

t②♣✍❝✎❧❧② ❜❡tt❡✂ ♣❡✂❢✁✂✒✎♥❝❡ ❝✁✒♣✎✂❡❞ t✁ st✎t❡✲✁❢✲t❤❡✲✎✂t ✎♣♣✂✁✎❝❤❡s✳
✌❡ ❝✁♥❝❧✔❞❡ ✇✍t❤ ♣✁ss✍❜❧❡ ❞✍✂❡❝t✍✁♥s ❢✁✂ ❢✔t✔✂❡ ✇✁✂❦✳ ❋✍✂st✱ t❤❡ ✑❙❘❙✑

✎❧✏✁✂✍t❤✒ ✍♥ ✁✔✂ st✔❞② ✒✎❞❡ ✔s❡ ✁❢ ✎ s❡✒✍✲♣✎✂✎✒❡t✂✍❝ ✂❡s✎✒♣❧✍♥✏ ♣✂✁❝❡❞✔✂❡
✁♥ ✔♥✎❧✍✏♥❡❞ ✍♥♣✔ts✱ s✍♥❝❡ ✎♥❝❤✁✂s ✇❡✂❡ ❝✁♥st✂✔❝t❡❞ ✔s✍♥✏ ♣✂✁✏✂❡ss✍✈❡ ✒✔❧t✍♣❧❡
s❡q✔❡♥❝❡ ✎❧✍✏♥✒❡♥t✳ ✌❤✍❧❡ t❤✍s ✎♣♣✂✁✎❝❤ ✇✁✂❦❡❞ ✇❡❧❧ ✍♥ ✁✔✂ ❡①♣❡✂✍✒❡♥ts✱ ♥✁♥✲
♣✎✂✎✒❡t✂✍❝ ✎❧t❡✂♥✎t✍✈❡s ❝✁✔❧❞ ❜❡ s✔❜st✍t✔t❡❞ ✭❡✳✏✳✱ ✔♥s✔♣❡✂✈✍s❡❞ �✲✒❡✂ ❝❧✔st❡✂✍♥✏
✔s✍♥✏ ✎❧✍✏♥✒❡♥t✲❢✂❡❡ ❞✍st✎♥❝❡s ❬✝❪✄ t✁ ✁❜t✎✍♥ ✎ ♣✔✂❡❧② ♥✁♥✲♣✎✂✎✒❡t✂✍❝ ✂❡s✎✒✲

♣❧✍♥✏ ♣✂✁❝❡❞✔✂❡✳ ✑❡❝✁♥❞✱ t❤❡ ✔♥✎❧✍✏♥❡❞ ✍♥♣✔t ✎♣♣❧✍❝✎t✍✁♥ ❢✁❝✔s❡❞ ✁♥ ♥✔❝❧❡✁t✍❞❡✲
♥✔❝❧❡✁t✍❞❡ ❤✁✒✁❧✁✏✍❡s t✁ ❡♥✎❜❧❡ ❞✍✂❡❝t ❝✁✒♣✎✂✍s✁♥ ✎✏✎✍♥st ❡①✍st✍♥✏ ▼✑✕ s✔♣✲
♣✁✂t ❡st✍✒✎t✍✁♥ ♣✂✁❝❡❞✔✂❡s ✭✍✳❡✳✱ ●❯■❉✕◆❈❙☎ ✎♥❞ ●❯■❉✕◆❈❙✒✄✳ ❚❤❡ ✑❙❘❙✑
❢✂✎✒❡✇✁✂❦ ❝✎♥ ❜❡ ❡①t❡♥❞❡❞ ✍♥ ✎ st✂✎✍✏❤t❢✁✂✇✎✂❞ ✒✎♥♥❡✂ t✁ ❡st✍✒✎t❡ s✔♣♣✁✂t
❢✁✂ ♥✔❝❧❡✁t✍❞❡✲✍♥❞❡❧ ♣✎✍✂s✳ ❚❤✍✂❞✱ ✑❙❘❙✑ ✂❡s✎✒♣❧✍♥✏ ❝✎♥ ❜❡ ✔s❡❞ t✁ ♣❡✂❢✁✂✒ ❢✔❧❧
▼✑✕ ✍♥❢❡✂❡♥❝❡✳ ❖♥❡ ✎♣♣✂✁✎❝❤ ✇✁✔❧❞ ❜❡ t✁ ✎♥✎❧②③❡ ❤✁✒✁❧✁✏✍❡s t❤✎t ✎♣♣❡✎✂❡❞
✍♥ ✂❡✲❡st✍✒✎t❡❞ ✍♥❢❡✂❡♥❝❡s ✎❝✂✁ss ✂❡s✎✒♣❧❡❞ ✂❡♣❧✍❝✎t❡s✱ ✇✍t❤✁✔t ✂❡✏✎✂❞ t✁ ✎♥②
✍♥♣✔t ✎❧✍✏♥✒❡♥t✳ ❋✁✔✂t❤✱ ✍♥ t❤❡ ❝✎s❡ ✇❤❡✂❡ ❜✍✁✒✁❧❡❝✔❧✎✂ s❡q✔❡♥❝❡s ❡✈✁❧✈❡❞ ✔♥❞❡✂
✍♥s❡✂t✍✁♥✴❞❡❧❡t✍✁♥ ♣✂✁❝❡ss❡s✱ ✇❡ ❝✁♥s✍❞❡✂ t❤❡ ❞✍st✍♥❝t✍✁♥ ❜❡t✇❡❡♥ ✎❧✍✏♥❡❞ ✎♥❞
✔♥✎❧✍✏♥❡❞ ✍♥♣✔ts t✁ ❜❡ ✎♥ ✔♥♥❡❝❡ss✎✂② ❞✍❝❤✁t✁✒②✳ ■♥ t❤❡✁✂②✱ t❤❡ ❧✎tt❡✂ s✔❜✲
s✔✒❡s t❤❡ ❢✁✂✒❡✂✳ ✌❡ ❝✎♥ ✎♣♣❧② t❤✍s ✍♥s✍✏❤t ✔s✍♥✏ ✎ t✇✁✲♣❤✎s❡ ✎♣♣✂✁✎❝❤✿ ✭☎✄
♣❡✂❢✁✂✒ ✑❙❘❙✑✲❜✎s❡❞ ✂❡✲❡st✍✒✎t✍✁♥ ✁♥ ✔♥✎❧✍✏♥❡❞ s❡q✔❡♥❝❡s t✁ ❡st✍✒✎t❡ s✔♣✲
♣✁✂t ❢✁✂ ✎❧✍✏♥❡❞ ❤✁✒✁❧✁✏✍❡s ✭❢✂✁✒ ❡✍t❤❡✂ ✎♥ ✍♥♣✔t ▼✑✕ ✁✂ t❤❡ ❞❡ ♥✁✈✁ ♣✂✁❝❡❞✔✂❡
♣✂✁♣✁s❡❞ ✎❜✁✈❡✄✱ ✎♥❞ ✭✒✄ ♣❡✂❢✁✂✒ s✔♣♣✁✂t✲✇❡✍✏❤t❡❞ ✑❙❘❙✑ ✇✎❧❦s ✁♥ t❤❡ ✎♥♥✁✲
t✎t❡❞ ▼✑✕ ❢✂✁✒ t❤❡ ♣✂❡✈✍✁✔s st✎✏❡ t✁ ✁❜t✎✍♥ s✔♣♣✁✂t ❡st✍✒✎t❡s ✁♥ ❞✁✇♥st✂❡✎✒



✤✧⑨✧✤ ➂➀❆

✍♥❢❡✂❡♥❝❡✳ ✕❧t❡✂♥✎t✍✈❡❧②✱ ✇❡ ❝✎♥ s✍✒✔❧t✎♥❡✁✔s❧② ✎❞❞✂❡ss ❜✁t❤ ♣✂✁❜❧❡✒s ✔s✍♥✏ ❝✁✲
❡st✍✒✎t✍✁♥✳ ❋✍♥✎❧❧②✱ ✇❡ ❡♥✈✍s✍✁♥ ✒✎♥② ✁t❤❡✂ ✑❙❘❙✑ ✎♣♣❧✍❝✎t✍✁♥s✳ ❙①✎✒♣❧❡s ✍♥
❝✁✒♣✔t✎t✍✁♥✎❧ ❜✍✁❧✁✏② ✎♥❞ ❜✍✁✍♥❢✁✂✒✎t✍❝s ✍♥❝❧✔❞❡ ♣✂✁t❡✍♥ st✂✔❝t✔✂❡ ♣✂❡❞✍❝t✍✁♥✱
❞❡t❡❝t✍♥✏ ✏❡♥✁✒✍❝ ♣✎tt❡✂♥s ✁❢ ♥✎t✔✂✎❧ s❡❧❡❝t✍✁♥✱ ✎♥❞ ✂❡✎❞ ✒✎♣♣✍♥✏ ✎♥❞ ✎ss❡✒✲

❜❧②✳ ◆✁♥✲♣✎✂✎✒❡t✂✍❝ ✂❡s✎✒♣❧✍♥✏ ❢✁✂ s✔♣♣✁✂t ❡st✍✒✎t✍✁♥ ✍s ✇✍❞❡❧② ✔s❡❞ t❤✂✁✔✏❤✁✔t
s❝✍❡♥❝❡ ✎♥❞ ❡♥✏✍♥❡❡✂✍♥✏✱ ✎♥❞ ✑❙❘❙✑ ✂❡s✎✒♣❧✍♥✏ ✒✎② s✍✒✍❧✎✂❧② ♣✂✁✈❡ ✔s❡❢✔❧ ✍♥
✂❡s❡✎✂❝❤ ✎✂❡✎s ✁✔ts✍❞❡ ✁❢ ❝✁✒♣✔t✎t✍✁♥✎❧ ❜✍✁❧✁✏② ✎♥❞ ❜✍✁✍♥❢✁✂✒✎t✍❝s✳

❋❳✁❹❸✇❶❷❞❣❽❷❹P❖❩ ①✪✐✭ ✇♦r⑧ ✪✛✭ ❜✚✚✢ ✭✣♣♣♦r✜✚✦ ✐✢ ♣✛r✜ ❜② ✜✪✚ ❄✛✜✐♦✢✛❃ ✤✥✐✚✢✥✚
❋♦✣✢✦✛✜✐♦✢ ❴★r✛✢✜ ✢♦✭❭ ❈❈❋❬❅➃✻➃❆❅➁✩ ❈❈❋❬❅❆❅✹✹❅❆✩ ✛✢✦ ❉✧❂❬❅❆➂❆✯➁✯ ✜♦ ❑�▲❵ ✛✢✦
▼✤✫ ❢✛✥✣❃✜② ✭✜✛r✜✣♣ ❢✣✢✦✭ ❴✜♦ ❑�▲❵❭ ❈♦♠♣✣✜✛✜✐♦✢✛❃ ✚③♣✚r✐♠✚✢✜✭ ✇✚r✚ ♣✚r❢♦r♠✚✦ ✣✭✐✢★
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1 Supplementary Methods

1.1 SERES walks on aligned sequences

The pseudocode for a non-parametric SERES walk on a fixed MSA A is shown

in Algorithm 1.

Algorithm 1 SERES walk on aligned sequences

1: procedure SERESWalkOnAlignedSequences(A, γ, numReplicates)
⊲ Input: MSA A, walk reversal probability γ, number of SERES replicates numReplicates

⊲ Output: list of SERES replicates
2: replicates = <>
3: for i = 1 to numReplicates do

4: direction = (rand() > 0.5) ? +1 : −1 ⊲ Uniformly at random (UAR) choose direction
(right vs. left)

5: i = ⌊ length(A) * rand() ⌋ + 1 ⊲ UAR draw from [1, length(A)]
⊲ rand() returns floating point number sampled UAR from [0, 1)

6: replicate = <>
7: while length(replicate) < length(A) do

8: replicate .= Ai ⊲ read Ai, which is the ith character in alignment A
⊲ Alignment characters Ai are one-indexed

9: i+= direction
10: if (i ≤ 0) or (i > length(A)) or (rand() < γ) then

⊲ Reflection of random walk
11: direction *= -1
12: if (i ≤ 0) or (i > length(A)) then

13: i+= direction * 2 ⊲ Always reflect at start/end of alignment A

14: replicates .= replicate

15: return(replicates)

1.2 SERES walks on unaligned sequences

The pseudocode for SERES resampling of a set of unaligned sequences S is

shown in Algorithms 2 through 4.
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Algorithm 2 SERES resampling of unaligned sequences

1: procedure SERESWalkOnUnalignedSequences(S, γ, numReplicates)
⊲ Input: set of unaligned sequences S, walk reversal probability γ, number of SERES

replicates numReplicates
⊲ Output: list of SERES replicates

2: replicates = <>
3: barriers = <>
4: Ainit = ObtainGuideAlignments(S) ⊲ See Algorithm 3
5: Ψ = GetAnchorsFromGuideAlignments(S, Ainit) ⊲ See Algorithm 3
6: AddTrivialBarriers(barriers)
7: for each (a, b) Ψ do

8: barriers .= a . b
9: for i = 1 to numReplicates do

10: replicates .= SERESWalkOnUnalignedSequences(S, γ, i, barriers)

11: return(replicates)

12: static variable maxReplicateLengthFactor ⊲ Maximum replicate length is factor of longest
unaligned sequence length

13: procedure SERESWalkOnUnalignedSequences(S, γ, replicateNum, barriers)
14: direction = (rand() > 0.5) ? +1 : −1 ⊲ UAR choose direction (left vs. right)
15: i = ⌊ length(barriers) * rand() ⌋ + 1
16: replicate = <>
17: while maxLength(replicate) < maxLength(S) * maxReplicateLengthFactor do ⊲

maxLength(S) is length of longest unaligned sequence in S
18: if ((i == 1) and (direction == −1)) or ((i == length(barriers)) and (direction ==

+1)) then ⊲ reflect at first or last barrier
19: direction *= −1

20: AsynchronousReadBetweenAdjacentBarriers(S, barriers, i, direction, replicate) ⊲ read
result passed by reference to mutable object replicate

21: i += direction
22: if rand() < γ then ⊲ change walk direction with probability γ
23: direction *= −1

24: return(replicate)

25: procedure AsynchronousReadBetweenAdjacentBarriers(S, barriers, i, direction, replicate)
26: j = i + direction
27: for z = i to n do

28: replicate[z] .= (direction > 0) ? substr(S[z], barriers[i], barriers[j]) : reverse(substr(S[z],
barriers[j] + 1, barriers[i] + 1)

⊲ substr(x, i, j) returns substring in index interval [i, j) if i < j or empty string if i ≥ j

29: return ⊲ read result passed by reference to mutable object replicate
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Algorithm 3 Obtain anchors
1: static variable M ⊲ MSA methods M =< M1,M2, . . . >
2: procedure ObtainGuideAlignments(S)
3: alignments = <>
4: for each (m) M do

5: alignments .= m(S)

6: return(alignments)

7: procedure GetAnchorsFromGuideAlignments(S, Ainit)
8: α = <>
9: β = <>

10: canonicalAlignment = Ainit[1] ⊲ anchors are indexed based on a fixed alignment in Ainit

(WLOG chosen to be the first alignment in Ainit)
11: Cstrict = GetStrictConsensusColumns(Ainit) ⊲ GetStrictConsensusColumns() returns

column indices into first alignment in canonicalAlignment
12: αstrict = MergeAdjacentColumns(Ainit, Cstrict) ⊲ merges adjacent columns

⊲ returns array of ordered pairs (x,y) where start indices x and end indices y are indexed
based on canonicalAlignment

13: SortAnchors(αstrict, canonicalAlignment)
14: for z = 1 to length(αstrict) do

15: for i = 1 to n do

16: (x,y) = αstrict[z]
17: if substr(canonicalAlignment[i], x[i], y[i]) contains only indels then

18: α[i][z] = LookupUnalignedSequenceIndex(
GetLastNonIndelIndexInPrefix(canonicalAlignment[i], x[i]))

19: β[i][z] = α[i][z]
20: else

21: α[i][z] = LookupUnalignedSequenceIndex(
GetFirstNonIndelIndexInRange(canonicalAlignment[i], x[i], y[i] + 1))

22: β[i][z] = LookupUnalignedSequenceIndex(
GetLastNonIndelIndexInRange(canonicalAlignment[i], x[i], y[i] + 1))

23: return(α, β)

24: procedure SortAnchors(α, canonicalAlignment)
⊲ α is an array of ordered pairs (x,y) where start indices x and end indices y are indexed

based on canonicalAlignment
25: sort (ComputeModifiedHammingDistance(u, canonicalAlignment) <=>

ComputeModifiedHammingDistance(v, canonicalAlignment)) α

⊲ perl sort syntax
⊲ See Algorithm 4

Algorithm 4 Modified Hamming distance calculation

1: procedure ComputeModifiedHammingDistance(u, A)
2: dist = 0
3: (x,y) = u
4: for i = 1 to n do

5: for j = i + 1 to n do

6: dist += ComputeModifiedHammingDistancePair(substr(A[i],x[i],y[i]),
substr(A[j],x[j],y[j]))

7: return(dist /
(

n

2

)

)

8: procedure ComputeModifiedHammingDistancePair(x, y)
9: alignedLength = length(x) ⊲ aligned sequences x and y have same length

10: matches = 0
11: for i = 1 to alignedLength do

12: if (x[i] != INDEL) and (y[i] != INDEL) and (x[i] == y[i]) then

⊲ homologies involving indels are penalized as mismatch
13: matches++

14: return(matches / alignedLength)
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2 Supplementary Results

Runtime information for simulation study experiments are shown in Supplemen-

tary Table S1.

Supplementary Table S1. Method runtime in simulation study experiments.

Method runtime in seconds is reported as an average across all replicates of all model
conditions with a given dataset size – either 10 or 50 taxa (n = 100).

Model condition class
(based on number of taxa) Method Runtime (s)

10 GUIDANCE1 62.52
10 SERES+GUIDANCE1 105.60
10 GUIDANCE2 218.16
10 SERES+GUIDANCE2 326.19
50 GUIDANCE1 523.49
50 SERES+GUIDANCE1 760.75
50 GUIDANCE2 1025.83
50 SERES+GUIDANCE2 1318.27


