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Equivalent Kernels of Smoothing Splines in

Nonparametric Regression for

Clustered/Longitudinal Data

Xihong Lin, Naisyin Wang, Alan H. Welsh, and Raymond J. Carroll

Abstract

We compare spline and kernel methods for clustered/longitudinal data. For in-

dependent data, it is well known that kernel methods and spline methods are es-

sentially asymptotically equivalent (Silverman, 1984). However, the recent work

of Welsh, et al. (2002) shows that the same is not true for clustered/longitudinal

data. First, conventional kernel methods fail to account for the within- cluster cor-

relation, while spline methods are able to account for this correlation. Second, ker-

nel methods and spline methods were found to have different local behavior, with

conventional kernels being local and splines being non-local. To resolve these dif-

ferences, we show that a smoothing spline estimator is asymptotically equivalent

to a recently proposed seemingly unrelated kernel estimator of Wang (2003) for

any working covariance matrix. To gain insight into this asymptotic equivalence,

we show that both the seemingly unrelated kernel estimator and the smoothing

spline estimator using any working covariance matrix can be obtained iteratively

by applying conventional kernel or spline smoothing to pseudo-observations. This

result allows us to study the asymptotic properties of the smoothing spline estima-

tor by deriving its asymptotic bias and variance. We show that smoothing splines

are asymptotically consistent for an arbitrary working covariance and have the

smallest variance when assuming the true covariance. We further show that both

the seemingly unrelated kernel estimator and the smoothing spline estimator are

nonlocal (unless working independence is assumed) but have asymptotically neg-

ligible bias. Their finite sample performance is compared through simulations.

Our results justify the use of efficient, non-local estimators such as smoothing

splines for clustered/longitudinal data.
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✃✵❐♥❒➩❮➚❰❩❮❿Ï✱Ð✙❐❩Ñ➉Ò➃Ó❞Ô ② ❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦❃③❩❢❥❨❞❤✙❨❞❴❀❾✂♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱❞Õ ② ❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦❃❱❵➭❿❻❩❢❣♦➉❨ ❸ ❱❵❴❛❪➜↕❞❱❳❬✫❴❹❱ ❸ ❤❵Õ ➇ ❜✐❴❀❤✍❢❥❤✟❪✟❱❵❴❩❦➍♣♥Õ
→P❱❳❬✫❴❀❱ ❸ ❬✍❱❳①❞❬✍❱❵❤✍❤✍❢❥❜✐❴✵Õ❀❘✘❜✐❴❹①✐❢❥❪✍❻❀❾❀❢❥❴❀❨ ❸ ❾❀❨❭❪✍❨⑦Õ♥❖✢❜✐❴⑦➋ ❸ ❜⑩❦❳❨ ❸ ❢❥❪➆♣✸Õ❀❖✢❜✐❴❹❲♥❨❭❬✫❨❞❫✝❱❳❪✟❬✫❢❥❦★❬✍❱❳①❞❬✍❱❵❤✍❤✍❢❥❜✐❴✵Õ♥❶⑦❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①✝❤✟❲ ❸ ❢❥❴❹❱❵❤❳❼
✃✘Ö❙❐♥Ñ✼×❈×➉Ø✈×➉Ù➺❮♥Ô ➏✗➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❀❦➍❱◆❜❞❝✗❶⑩❲ ❸ ❢✈❴❹❱❵❤✏❨❞❴❩❾❆→P❱❳❬✫❴❹❱ ❸ ❤✡➐❹❜❞❬ ➇ ❸ ❻❀❤✟❪✟❱❳❬✍❱❵❾♥➨➉❘❙❜✐❴❹①✐❢❣❪✍❻❀❾❩❢❥❴❀❨ ❸ ❯✒❨❭❪✍❨

http://biostats.bepress.com/umichbiostat/paper12



Ú Û ✲➡Ü ✺✔Ý ❉❋Þ➤✽✿Ü Û Ý ✲

❖✴❜✐❴❹❲❩❨❭❬✫❨❞❫✝❱❳❪✟❬✯❢❥❦●❬✍❱❳①❞❬✍❱❵❤✍❤✍❢❥❜✐❴✦❝➧❜❞❬t❦ ❸ ❻❀❤✟❪✟❱❳❬✫❱❵❾♥➨ ❸ ❜✐❴❹①✐❢❣❪✍❻❩❾❀❢❥❴❀❨ ❸ ❾❩❨❭❪✍❨P✇❀❨❞❤✷❨❭❪✟❪✟❬✫❨❞❦➍❪✟❱❵❾➪❦➍❜✐❴❀❤✫❢❥❾❹❱❳❬✫❨❭③ ❸ ❱✗❬✍❱❵❦➍❱❵❴❿❪✰❢❥❴❿❪✟❱❳❬✍❱❵❤✟❪❳❼
→P❱❳❬✫❴❀❱ ❸ ❫✝❱❳❪✍✇❹❜⑦❾❀❤r✇❀❨❵♦❞❱❊③✪❱❳❱❵❴➚❦➍❜✐❴❀❤✍❢✈❾❹❱❳❬✍❱❵❾➾③⑩♣➚ß✸❱❳①❞❱❳❬ ➄ ❯◆❢❣①❞① ❸ ❱ ➯ ⑥❵⑨❞⑨➉④❿➲✯❧✒▲✴❜⑩❜✼♦❞❱❳❬❵❧☞❱❳❪➑❨ ❸ ❼ ➯ ⑥❵⑨❞⑨❞⑤✐➲✯❧◆➐❀❨❞❴ ➄
ß✪✇❀❨❞❴❀① ➯➵➳ ⑧❞⑧❞⑧❛➲✯❧✸❘➃❢❥❴ ➄ ■◆❢✈❴❹① ➯➵➳ ⑧❞⑧❹⑥✼➲✯❧✸❨ ❸✈❸ ❜❞❝➃➎✢✇❀❜✐❫➡❢❣①✐❴❹❜❞❬✍❱❵❾➑❪✍✇❀❱P➎✢❢❣❪✍✇❀❢❥❴❹➋➆❦ ❸ ❻❀❤✟❪✟❱❳❬✡❦➍❜❞❬✍❬✍❱ ❸ ❨❭❪✍❢❣❜✐❴✵❧❀❨❞❴❀❾➒❶⑦❱❳♦❞❱❳❬✫❢❥❴❀❢
➄ ❶⑩❪✍❨❞❴❀❢✈❤✟➎●❨ ❸ ❢❥❤ ➯ ⑥❵⑨❞⑨➉④❿➲✡❨❞❴❀❾➓➙✴❻❀❦✍↕⑦❤✟❪✍❻❀✇ ❸ ❧⑩❱❳❪☞❨ ❸ ❼ ➯➵➳ ⑧❞⑧❞⑧❛➲✯❧✸➎✢✇❹❜✝❢❥❴❩❦➍❜❞❬✍❲✪❜❞❬✫❨❭❪✟❱❵❾➑❪✍✇❹❱◆➎✢❢❣❪✍✇❀❢✈❴⑦➋➆❦ ❸ ❻❀❤✟❪✟❱❳❬❅❦➍❜❞❬✍❬✍❱ ❸ ❨❭❪✍❢❣❜✐❴
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❨❞❴❀❾➴↕❞❱❳❬✯❴❹❱ ❸ ❫✝❱❳❪✍✇❹❜⑦❾❀❤✯ãä❑❚❴✿❲❩❨❭❬✫❪✍❢❥❦❳❻ ❸ ❨❭❬❵❧◆❢❥❤➑❪✍✇❹❱❳❬✫❱➠❨✤↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬✉❜✐❻❹❪✍❤✫❢❥❾❹❱➛❪✍✇❹❱➫❦➍❜✐❴❿♦❞❱❵❴❛❪✍❢❥❜✐❴❀❨ ❸☎❸ ❜⑦❦❳❨ ❸
↕❞❱❳❬✫❴❹❱ ❸ ❲❩❨❭❬✯❨❞❾❀❢❣①✐❫å❪✍✇❀❨❭❪P❢❥❤✒❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦❳❨ ❸❥❸ ♣✉❱❵➭❿❻❀❢❥♦➉❨ ❸ ❱❵❴❿❪✒❪✟❜➑❨➑❤✟❲ ❸ ❢❥❴❹❱✦❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬æã ➯➵➳ ➲✴❑❚❪✒❢❥❤✒➎✢❢✈❾❹❱ ❸ ♣➑③✪❱ ❸ ❢❣❱❳♦❞❱❵❾
❢❥❴✤❪✍✇❀❱✉❴❹❜✐❴❹❲❩❨❭❬✯❨❞❫✝❱❳❪✟❬✫❢❥❦ ❸ ❢❥❪✟❱❳❬✫❨❭❪✍❻❹❬✍❱➓❪✍✇❀❨❭❪r❦➍❜✐❴❀❤✍❢❥❤✟❪✟❱❵❴❩❦➍♣✂❜❞❝P❨➠❴❀❜✐❴❹❲❩❨❭❬✫❨❞❫✝❱❳❪✟❬✯❢❥❦➑❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬❃❬✍❱❵➭⑩❻❀❢❣❬✍❱❵❤ ❸ ❜⑩❦❳❨ ❸ ❢❥❪➆♣❞❼
❶⑦❢❥❴❩❦➍❱➑❤✍❲ ❸ ❢❥❴❹❱r❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✯❤❈❨❭❬✍❱❆❴❹❜❞❪ ❸ ❜⑦❦❳❨ ❸ ❝➧❜❞❬❈❦ ❸ ❻❀❤✟❪✟❱❳❬✍❱❵❾✤❾❩❨❭❪✍❨⑦❧●❦❳❨❞❴✤❪✍✇❀❱❳♣✂❤✟❪✍❢ ❸❥❸ ③✸❱➓❦➍❜✐❴❀❤✫❢❥❤✟❪✟❱❵❴❿❪✯ã ➯ ➊✐➲➜➀✿✇❀❨❭❪
❨❭❬✍❱❆❪✍✇❀❱➒❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦❆❲❀❬✍❜❞❲✪❱❳❬✍❪✍❢❣❱❵❤❳❧●❱❞❼❽①❹❼❣❧✡❪✍✇❹❱✉❨❞❤✍♣⑩❫✝❲❩❪✟❜❞❪✍❢❥❦❆③❩❢✈❨❞❤❈❨❞❴❀❾✤♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱❞❧❅❜❞❝P❨➫❤✍❲ ❸ ❢❥❴❹❱➑❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬➪❝➧❜❞❬
❦ ❸ ❻❀❤✍❪✟❱❳❬✍❱❵❾♥➨ ❸ ❜✐❴❹①✐❢❥❪✍❻❀❾❀❢❥❴❀❨ ❸ ❾❀❨❭❪✍❨❛ã
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❫❈❨❭❪✟❬✫❢ ❷ ❧❭❪✍✇❹❱✡❤✟❲ ❸ ❢❥❴❹❱✰❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬t❢❥❤✷❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦❳❨ ❸❥❸ ♣P❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❿❪➃❪✟❜P❨✴❬✍❱❵❦➍❱❵❴❿❪ ❸ ♣☎❲❀❬✫❜❞❲✸❜✐❤✍❱❵❾✦❤✟❱❳❱❵❫➪❢❥❴❹① ❸ ♣★❻❀❴❀❬✍❱ ❸ ❨❭❪✟❱❵❾
↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬ ➯ ➀➠❨❞❴❀①❹❧ ➳ ⑧❞⑧✐➊✐➲✯❧●➎✴✇❀❢❥❦✫✇✤❢✈❤✝❦➍❜✐❴❀❤✟❪✟❬✫❻❀❦➍❪✟❱❵❾ç❢❣❪✟❱❳❬✫❨❭❪✍❢❣♦❞❱ ❸ ♣✂❢❥❴✤❨↔❴❀❜✐❴⑦➋➶❪✟❬✫❨❞❾❀❢❣❪✍❢❥❜✐❴❀❨ ❸ ➎●❨✼♣➽❨❞❴❩❾➾❢❥❤
❤✍✇❹❜➌➎✢❴➒❪✟❜❃③✪❱➜❫✝❜❞❬✍❱✙❱❳➱➪❦❳❢❣❱❵❴❿❪✴❝➧❜❞❬P❦ ❸ ❻❀❤✟❪✟❱❳❬✫❱❵❾♥➨ ❸ ❜✐❴❹①✐❢❣❪✍❻❩❾❀❢❥❴❀❨ ❸ ❾❀❨❭❪✍❨❃❪✍✇❀❨❞❴❊❪✍✇❹❱➜③✪❱❵❤✟❪✴❦➍❜✐❴❿♦❞❱❵❴❿❪✍❢❣❜✐❴❀❨ ❸t❸ ❜⑦❦❳❨ ❸ ↕❞❱❳❬✯❴❹❱ ❸
❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬❵❼❋▲✴❱❳❬✍❱➛❪✍✇❹❱↔❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦➛❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❀❦➍❱➛❢❥❤➑❢❥❴➘❨✤❤✍❢❥❫❈❢ ❸ ❨❭❬r❤✟❱❵❴❀❤✍❱❊❪✟❜ç❶❹❢ ❸ ♦❞❱❳❬✫❫❈❨❞❴ ➯ ⑥❵⑨❞⑤➉④❿➲✯❧★❴❀❨❞❫✝❱ ❸ ♣
❪✍✇❀❨❭❪P❪✍✇❹❱✙➎●❱❵❢❣①✐✇❿❪✍❤P❜❞❝✗❪✍✇❹❱✝❤✍❫❈❜❿❜❞❪✍✇❀❢✈❴❹①➓❤✟❲ ❸ ❢❥❴❀❱★❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✦❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦❳❨ ❸❥❸ ♣➒❦➍❜✐❴❛♦❞❱❳❬✍①❞❱r❪✟❜➓❪✍✇❹❱✙➎✏❱❵❢❥①✐✇❛❪✍❤◆❜❞❝●❪✍✇❹❱
❤✟❱❳❱❵❫❈❢✈❴❹① ❸ ♣➒❻❩❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾➛↕❞❱❳❬✫❴❀❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬➜❻❀❤✍❢❥❴❹①❆❶⑦❢ ❸ ♦❞❱❳❬✫❫❈❨❞❴✵â➣❤✒↕❞❱❳❬✫❴❹❱ ❸ ❝➧❻❀❴❩❦➍❪✍❢❣❜✐❴✵❼✙➂❙❜❆①✐❨❞❢✈❴↔❢❥❴❀❤✍❢❣①✐✇❿❪P❢❥❴❿❪✟❜➓❪✍✇❀❢❥❤
❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦➑❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❀❦➍❱❆❨❞❴❩❾➽❪✟❜➫❤✟❪✍❻❀❾❹♣➩❪✍✇❹❱✉❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢✈❦➑❲❀❬✍❜❞❲✪❱❳❬✍❪✍❢❣❱❵❤➜❜❞❝P❨↔❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①↔❤✟❲ ❸ ❢❥❴❹❱❞❧✰➎●❱❆❤✍✇❹❜➌➎
❪✍✇❀❨❭❪➜❝➺❜❞❬✙❨❞❴❿♣↔➎✏❜❞❬✍↕⑦❢❥❴❹①❊❦➍❜✼♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱➓❫❈❨❭❪✟❬✯❢ ❷ ❧❡③✪❜❞❪✍✇➫❪✍✇❀❱r❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①✉❤✟❲ ❸ ❢✈❴❹❱✝❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✝❨❞❴❀❾➩❪✍✇❹❱❃❤✟❱❳❱❵❫❈❢❥❴❹① ❸ ♣
❻❀❴❹❬✫❱ ❸ ❨❭❪✟❱❵❾➫↕❞❱❳❬✯❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬❈❦❳❨❞❴➽③✪❱❃❜❞③❀❪✍❨❞❢❥❴❹❱❵❾➽❢❣❪✟❱❳❬✫❨❭❪✍❢❥♦❞❱ ❸ ♣➠③⑩♣➫❨❭❲❀❲ ❸ ♣⑦❢❥❴❹①➒❦➍❜✐❴❛♦❞❱❵❴❿❪✍❢❣❜✐❴❀❨ ❸ ↕❞❱❳❬✯❴❹❱ ❸ ❜❞❬✙❤✍❲ ❸ ❢❥❴❹❱
❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①P❪✟❜☎❲❩❤✟❱❵❻❩❾❹❜❭➋➶❜❞③❩❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤❵❼❡➂☞✇❩❢❥❤t❬✍❱❵❤✍❻ ❸ ❪✰❨ ❸❥❸ ❜➌➎✢❤✰❻❀❤t❪✟❜➜❾❹❱❳❬✫❢❣♦❞❱✢❪✍✇❹❱✢❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦☞③❩❢❥❨❞❤✗❨❞❴❩❾✝♦➉❨❭❬✯❢❥❨❞❴❀❦➍❱
❜❞❝❙❨➜❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①➜❤✟❲ ❸ ❢✈❴❹❱✡❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✼❼t❑q❪❅❢❥❤●❤✍✇❹❜✼➎✴❴➪❪✍✇❀❨❭❪❅❨✙❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①✦❤✟❲ ❸ ❢❥❴❀❱✢❢❥❤●❦➍❜✐❴❀❤✍❢❥❤✟❪✟❱❵❴❿❪●❝➺❜❞❬❅❨❞❴❛♣r❨❭❬✍③❩❢❣❪✟❬✫❨❭❬✫♣
➎●❜❞❬✍↕⑩❢✈❴❹①❈❦➍❜✼♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱✦❫❈❨❭❪✟❬✫❢ ❷ ❨❞❴❀❾❆✇❀❨❞❤☞❪✍✇❹❱★❤✍❫❈❨ ❸❥❸ ❱❵❤✟❪✡♦➉❨❭❬✯❢❥❨❞❴❀❦➍❱P➎✢✇❹❱❵❴✉❨❞❤✍❤✍❻❀❫❈❢✈❴❹①✙❪✍✇❹❱P❪✟❬✫❻❹❱★❦➍❜➌♦➉❨❭❬✫❢✈❨❞❴❀❦➍❱❞❼

➂☞✇❀❱➜❜✐❻❀❪ ❸ ❢❥❴❹❱➜❜❞❝✏❪✍✇❩❢❥❤◆❲❩❨❭❲✪❱❳❬P❢❥❤P❨❞❤P❝➧❜ ❸❥❸ ❜✼➎✴❤❳❼❈è ➳ ❾❹❱❵❤✫❦➍❬✫❢❣③✪❱❵❤✒❪✍✇❹❱❈❤✟❲ ❸ ❢✈❴❹❱✦❨❞❴❀❾➛↕❞❱❳❬✯❴❹❱ ❸ ❫✝❱❳❪✍✇❹❜⑦❾❀❤❳❼rè✯➊➑❤✍✇❹❜➌➎✢❤
❪✍✇❀❨❭❪❅❪✍✇❹❱P❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①➜❤✟❲ ❸ ❢❥❴❹❱☞❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬☞❢❥❤❅❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦❳❨ ❸✈❸ ♣❈❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❛❪●❪✟❜✙❪✍✇❹❱P❤✟❱❳❱❵❫❈❢❥❴❀① ❸ ♣➪❻❀❴❹❬✫❱ ❸ ❨❭❪✟❱❵❾➪↕❞❱❳❬✯❴❹❱ ❸
❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬✢❝➧❜❞❬✴❦ ❸ ❻❀❤✍❪✟❱❳❬✍❱❵❾♥➨ ❸ ❜✐❴❹①✐❢❥❪✍❻❀❾❀❢❥❴❀❨ ❸ ❾❀❨❭❪✍❨❈❢✈❴➓❪✍✇❹❱☎❤✟❱❵❴❩❤✟❱P❪✍✇❀❨❭❪✢❪✍✇❀❱❵❢❣❬✡➎✏❱❵❢❥①✐✇❛❪✍❤✴❨❭❬✍❱✦❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢✈❦❳❨ ❸❥❸ ♣❃❱❵➭❿❻❀❢❥♦❛➋
❨ ❸ ❱❵❴❿❪❳❼❃è✍④❆❤✍✇❹❜✼➎✴❤P❪✍✇❀❨❭❪P③✪❜❞❪✍✇➛❪✍✇❹❱✝❤✟❲ ❸ ❢✈❴❹❱✦❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬☎❨❞❴❀❾➛❪✍✇❀❱❈❤✟❱❳❱❵❫❈❢❥❴❹① ❸ ♣✉❻❀❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾➒↕❞❱❳❬✯❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬☎❦❳❨❞❴
③✪❱☎❜❞③❀❪✍❨❞❢✈❴❹❱❵❾➛❢❣❪✟❱❳❬✫❨❭❪✍❢❣♦❞❱ ❸ ♣❆❻❩❤✍❢❥❴❹①r❲❩❤✟❱❵❻❀❾❹❜❭➋➶❜❞③♥❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤❳❼✦è✯é➪❾❀❱❳❬✫❢❣♦❞❱❵❤✒❪✍✇❹❱✙❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦✦③❩❢❥❨❞❤✒❨❞❴❀❾❊♦➉❨❭❬✫❢✈❨❞❴❀❦➍❱✦❜❞❝
❪✍✇❹❱✙❤✟❲ ❸ ❢✈❴❹❱★❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬❵❼✙è✯ê❃❤✍✇❹❜✼➎✴❤✴❪✍✇❩❨❭❪✴③✪❜❞❪✍✇❊❪✍✇❹❱✙❤✟❱❳❱❵❫❈❢❥❴❹① ❸ ♣❆❻❀❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾➒↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬P❨❞❴❀❾❊❪✍✇❹❱➜❤✍❲ ❸ ❢❥❴❹❱
❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬❆❨❭❬✍❱❊❴❀❜✐❴⑩ë ❸ ❜⑦❦❳❨ ❸ ❨❞❴❩❾ç❱ ❷ ❲ ❸ ❨❞❢✈❴❀❤➪✇❹❜➌➎➹❴❹❜✐❴⑩ë ❸ ❜⑦❦❳❨ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✫❤➑❦❳❨❞❴✿③✪❱➛❦➍❜✐❴❀❤✍❢❥❤✟❪✟❱❵❴❿❪❳❼➷èæ➈➩❦➍❜✐❴❛❪✍❨❞❢✈❴❀❤
❤✍❢❥❫➜❻ ❸ ❨❭❪✍❢❥❜✐❴➩❬✫❱❵❤✍❻ ❸ ❪✍❤✙❢ ❸❥❸ ❻❀❤✟❪✟❬✫❨❭❪✍❢❥❴❀①✉❪✍✇❹❱➓❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❀❦➍❱➓➎●❱❆✇❀❨❵♦❞❱➒❤✍✇❹❜✼➎✴❴✤❢❥❴➽➬❩❴❀❢❣❪✟❱➑❤✍❨❞❫✝❲ ❸ ❱❵❤❳❧✏❨❞❴❩❾➘è✯⑤↔❦➍❜✐❴❛❪✍❨❞❢✈❴❀❤
❦➍❜✐❴❀❦ ❸ ❻❩❾❀❢❥❴❹①✙❬✍❱❵❫❈❨❭❬✫↕⑩❤❳❼

ì Ü✿✩✙✌➷✓✕✌✰✖✘✎✙✌✗☛❆✠☞✎✙❁í✣✦✮✝☛✯✆✫✎✙✌➷î ✌✷✑✪✩✙✛★❁✝✚➁✜❵✛✢✖ï✲✕✛✴✎✝✮✙✠✡✖✵✠☞✥✶✌✷✑✸✖✘✆✫✹ ✺ ✌✰✬✢✖✵✌✗✚♥✚✪✆✍✛✒✎
✆✯✎ð✽✿☛✯✄✙✚❀✑✪✌✰✖✵✌✰❁❃❂●❄✉✛✴✎✙✬✴✆✟✑✪✄✙❁❈✆✯✎✙✠☞☛➒❉✾✠●✑✸✠

➇ ❜✐❴❀❤✫❢❥❾❹❱❳❬✡❾❀❨❭❪✍❨✙❝➧❬✍❜✐❫➷ñ➠❦ ❸ ❻❀❤✟❪✟❱❳❬✯❤✏➎✴❢❣❪✍✇➑ò➓ó❙❜❞③❩❤✍❱❳❬✍♦➉❨❭❪✍❢❥❜✐❴❀❤☞❦➍❜✐❴❀❤✍❢✈❤✟❪✍❢❥❴❹①➜❜❞❝❡❨❞❴❆❜✐❻❹❪✍❦➍❜✐❫✝❱★♦❭❨❭❬✫❢❥❨❭③ ❸ ❱✒❨❞❴❀❾➓❨✝❤✫❢❥❴❹① ❸ ❱
❦➍❜✼♦❭❨❭❬✫❢❥❨❭❪✟❱❞❼ ➇ ❸ ❻❀❤✟❪✟❱❳❬✍❱❵❾➓❾❩❨❭❪✍❨➪✇❀❨✼♦❞❱➜❾❀❢❣➻✸❱❳❬✍❱❵❴❿❪✡❪➆♣⑩❲✪❱❵❤❳❼❅➐❹❜❞❬✴❱ ❷ ❨❞❫✝❲ ❸ ❱❞❧❀❝➺❜❞❬ ❸ ❜✐❴❹①✐❢❣❪✍❻❩❾❀❢❥❴❀❨ ❸ ❾❀❨❭❪✍❨⑦❧✸❨➪❦ ❸ ❻❀❤✍❪✟❱❳❬☞❬✍❱❳❝➧❱❳❬✫❤
❪✟❜➠❨➠❤✍❻❀③⑦➮❇❱❵❦➍❪✝❨❞❴❀❾➽❜❞③♥❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤✙➎✢❢❣❪✍✇❩❢❥❴✂❱❵❨❞❦✫✇➚❦ ❸ ❻❀❤✟❪✟❱❳❬✝❬✍❱❳❝➧❱❳❬✝❪✟❜➠❪✍✇❹❱➑❬✍❱❳❲✪❱❵❨❭❪✟❱❵❾➾❫✝❱❵❨❞❤✫❻❹❬✍❱❵❤✝❜➌♦❞❱❳❬➪❪✍❢❥❫✝❱❞Õ❅❝➧❜❞❬
❝➸❨❞❫❈❢ ❸ ❢❥❨ ❸ ❾❀❨❭❪✍❨⑦❧✷❨✉❦ ❸ ❻❀❤✟❪✟❱❳❬★❬✍❱❳❝➧❱❳❬✫❤P❪✟❜❊❨➓❝➸❨❞❫❈❢ ❸ ♣❊❨❞❴❀❾↔❜❞③❩❤✟❱❳❬✫♦➉❨❭❪✍❢❣❜✐❴❩❤★❝➧❬✍❜✐❫✧❾❀❢➼➻✪❱❳❬✍❱❵❴❿❪P❝➧❨❞❫➪❢ ❸ ♣➒❫❈❱❵❫☎③✪❱❳❬✫❤P➎✴❢❣❪✍✇❀❢❥❴
❪✍✇❹❱◆❤✍❨❞❫✝❱✒❝➧❨❞❫➪❢ ❸ ♣✝❨❭❬✍❱✒❜❞③❀❪✍❨❞❢❥❴❹❱❵❾✵❼t➐❹❜❞❬☞❤✫❢❥❫✝❲ ❸ ❢✈❦❳❢❣❪➆♣❞❧✐➎●❱◆❨❞❤✍❤✍❻❀❫✝❱✒❪✍✇❹❱◆❴❿❻❩❫☎③✪❱❳❬✗❜❞❝❙❜❞③❩❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤✏❲✪❱❳❬●❦ ❸ ❻❩❤✟❪✟❱❳❬✏ò➓ó
❢❥❤t❪✍✇❀❱✴❤✍❨❞❫✝❱✴❨❞❤✗ò➡❢❥❴➪❨ ❸❥❸ ❦ ❸ ❻❀❤✍❪✟❱❳❬✫❤❳❼t➂☞✇❹❱☞❬✫❱❵❤✍❻ ❸ ❪✍❤t❨❭❬✍❱✒❨❭❲❀❲ ❸ ❢✈❦❳❨❭③ ❸ ❱❅➎✢✇❹❱❵❴❈❦ ❸ ❻❀❤✟❪✟❱❳❬✏❤✫❢ á ❱❵❤✰♦❭❨❭❬✍♣✙③✪❱❳❪➆➎●❱❳❱❵❴r❦ ❸ ❻❩❤✟❪✟❱❳❬✫❤❳❼
❶⑦❻❹❲❩❲✸❜✐❤✍❱●❪✍✇❩❨❭❪✗ô❩ó➣õ✢❨❞❴❀❾✝ö✪ó➣õ☞❨❭❬✍❱☞❪✍✇❀❱☞❜✐❻❹❪✍❦➍❜✐❫✝❱✒❨❞❴❀❾✝❪✍✇❹❱✢❦➍❜➌♦➉❨❭❬✯❢❥❨❭❪✟❱✴❜❞❝✪❪✍✇❹❱●÷❞❪✍✇❈❜❞③♥❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❈❢❥❴✝❪✍✇❀❱☞ø➶❪✍✇➪❦ ❸ ❻❀❤✟❪✟❱❳❬

➳
http://biostats.bepress.com/umichbiostat/paper12



➯ ø✷ù✱⑥❭ú❳û❳û❳û✼ú✟ñtÕ➆÷✙ù✔⑥❭ú❳û❳û❳û✼ú✟ò➒➲✯❧❩❨❞❴❩❾❆ô❩ó➣õ☎❾❹❱❳❲✪❱❵❴❀❾❀❤●❜✐❴➓ö✪ó➣õP❪✍✇❹❬✍❜✐❻❀①✐✇

ô♥ó➣õ✴ù✿ü ➯ ö✪ó➣õ✼➲✵ý✤þ✍ó❽õ✐ú ➯ ⑥✼➲

➎✢✇❹❱❳❬✫❱✰ü ➯➧ÿ ➲✸❢✈❤✘❨❞❴☎❻❀❴❀↕⑩❴❹❜➌➎✢❴P❤✍❫✝❜⑩❜❞❪✍✇P❝➸❻❀❴❀❦➍❪✍❢❣❜✐❴✘❧✼❪✍✇❹❱✰❱❳❬✫❬✍❜❞❬✫❤❙þ✍ó✵ù ➯ þ✍ó✁�❵ú❳û❳û❳û❵ú✫þ✟ó✄✂◆➲✆☎❃❨❭❬✍❱✗❢❥❴❀❾❀❱❳❲✸❱❵❴❩❾❹❱❵❴❛❪✪➎✢❢❥❪✍✇P❫✝❱❵❨❞❴
á ❱❳❬✍❜➓❨❞❴❀❾➒❪✟❬✫❻❹❱✙❦➍❜✼♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱✝❫❈❨❭❪✟❬✯❢ ❷✞✝ ❼◆➂☞✇❹❱➜❦➍❜✼♦❭❨❭❬✫❢❥❨❭❪✟❱✙ö✪ó❽õ➜♦❭❨❭❬✫❢❣❱❵❤✴➎✢❢❣❪✍✇❩❢❥❴➓❱❵❨❞❦✫✇➫❦ ❸ ❻❀❤✟❪✟❱❳❬❵❼✒➐❹❜❞❬ ❸ ❜✐❴❹①✐❢❥❪✍❻❀❾❀❢❥❴❀❨ ❸
❾❀❨❭❪✍❨⑦❧❩ö✸ó➣õ✦❢❥❤☞❨❈❪✍❢✈❫✝❱➍➋➶♦➉❨❭❬✫♣⑩❢❥❴❀①❈❦➍❜✼♦❭❨❭❬✫❢❥❨❭❪✟❱➜❜❞❬✢❪✍❢❥❫✝❱❞❼●➀↔❱✦❨❞❤✫❤✍❻❀❫✝❱☎❢✈❴➓❜✐❻❹❬✴❨❞❤✍♣⑩❫✝❲❩❪✟❜❞❪✍❢❥❦★❤✟❪✍❻❀❾❀♣❃❪✍✇❩❨❭❪☞❪✍✇❹❱✦❦ ❸ ❻❀❤✟❪✟❱❳❬
❤✍❢ á ❱Pò✧❢✈❤❅➬❩❴❀❢❣❪✟❱ ➯ ò✠✟☛✡➾➲✏➎✴✇❀❢ ❸ ❱✒❪✍✇❹❱★❴⑩❻❀❫☎③✪❱❳❬✡❜❞❝✷❦ ❸ ❻❀❤✟❪✟❱❳❬✯❤❅ñ❊①❞❜⑩❱❵❤☞❪✟❜r❢❥❴❹➬❩❴❀❢❥❪➆♣❞❼✷➐❹❜❞❬✢❲❀❬✯❨❞❦➍❪✍❢❥❦❳❨ ❸ ❨❭❲❀❲ ❸ ❢❥❦❳❨❭❪✍❢❣❜✐❴❀❤
❜❞❝t❫✝❜⑦❾❹❱ ❸ ➯ ⑥✼➲✯❧❩❤✟❱❳❱➜ß✪❱❳①❞❱❳❬ ➄ ❯◆❢❣①❞① ❸ ❱ ➯ ⑥❵⑨❞⑨➉④❿➲☞❨❞❴❀❾✉ß✵✇❀❨❞❴❹①❹❧❹❱❳❪✢❨ ❸ ❼ ➯ ⑥❵⑨❞⑨❞⑤✐➲✯❼

➏✏❤✟❪✍❢❥❫❈❨❭❪✍❢❣❜✐❴✿❜❞❝➜❪✍✇❹❱➫❴❀❜✐❴❹❲❩❨❭❬✫❨❞❫✝❱❳❪✟❬✯❢❥❦❊❝➧❻❀❴❩❦➍❪✍❢❣❜✐❴➴ü ➯➧ÿ ➲➪❦❳❨❞❴ ❲❀❬✍❜⑦❦➍❱❳❱❵❾ ❻❀❤✍❢✈❴❹①➩↕❞❱❳❬✯❴❹❱ ❸ ❫✝❱❳❪✍✇❹❜⑦❾❀❤➑❜❞❬✉❤✍❲ ❸ ❢❥❴❹❱
❫✝❱❳❪✍✇❹❜⑦❾❀❤❳❼✕❑❚❪❆❢❥❤➓❜❞❝✙❢❥❴❿❪✟❱❳❬✍❱❵❤✟❪❆❪✟❜ç❦➍❜✐❴❀❤✟❪✟❬✫❻❀❦➍❪❆❴❀❜✐❴❹❲❩❨❭❬✫❨❞❫✝❱❳❪✟❬✯❢❥❦➛❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✯❤➓❜❞❝✝ü ➯➧ÿ ➲r❪✍✇❩❨❭❪✉❨❞❦❳❦➍❜✐❻❀❴❿❪✉❝➧❜❞❬❆❪✍✇❹❱
➎✢❢❣❪✍✇❩❢❥❴⑦➋➆❦ ❸ ❻❀❤✍❪✟❱❳❬◆❦➍❜❞❬✫❬✍❱ ❸ ❨❭❪✍❢❣❜✐❴✵❼❃➂✡➎●❜✉❫✝❱❳❪✍✇❹❜⑦❾❀❤P➎✢✇❩❢❥❦✫✇➠❢✈❴❀❦➍❜❞❬✍❲✪❜❞❬✫❨❭❪✟❱✝❪✍✇❹❱❈➎✴❢❣❪✍✇❀❢❥❴⑦➋➆❦ ❸ ❻❀❤✟❪✟❱❳❬P❦➍❜❞❬✍❬✍❱ ❸ ❨❭❪✍❢❥❜✐❴↔➎✢❢ ❸❥❸ ③✪❱
❾❹❱❵❤✍❦➍❬✯❢❣③✪❱❵❾r❢❥❴❃❪✍✇❀❢✈❤✡❤✟❱❵❦➍❪✍❢❣❜✐❴✌☞t❪✍✇❹❱★❤✍❱❳❱❵❫❈❢❥❴❹① ❸ ♣r❻❀❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾❃↕❞❱❳❬✫❴❀❱ ❸ ❫✝❱❳❪✍✇❹❜⑦❾ ➯ ➀➠❨❞❴❹①❹❧ ➳ ⑧❞⑧✐➊✐➲✡❨❞❴❩❾r❪✍✇❀❱★❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①
❤✟❲ ❸ ❢❥❴❹❱◆❫✝❱❳❪✍✇❹❜⑦❾ ➯ ➀➠❨❞❴❹①❹❧➃⑥❵⑨❞⑨❞⑤⑩Õ✵ß✪✇❀❨❞❴❹①❹❧❹❱❳❪✒❨ ❸ ❼❣❧✘⑥❵⑨❞⑨❞⑤✐➲✯❼✍✏✎✆✑ ✒✔✓✖✕ ➝ ✕✗✕✙✘✛✚✢✜✖✣✥✤✧✦ ➞ ✜✖★✩✕✪✤✧✫✭✬✮✕✪✯✱✰✲✕✪★✩✜✖✕✪✤✴✳✶✵✷✬✸✚✆✘✛✫✭✬✺✹✥★
❑❇❴✉♦⑦❢❣❱❳➎ï❜❞❝✰❪✍✇❹❱➜➬❩❴❀❾❀❢❥❴❀①✐❤✡❪✍✇❀❨❭❪✒❪✍✇❹❱➜❦➍❜✐❴❿♦❞❱❵❴❿❪✍❢❣❜✐❴❀❨ ❸✷❸ ❜⑦❦❳❨ ❸ ↕❞❱❳❬✫❴❀❱ ❸ ①❞❱❵❴❀❱❳❬✫❨ ❸ ❢ á ❱❵❾➒❱❵❤✟❪✍❢❥❫❈❨❭❪✍❢✈❴❹①➪❱❵➭⑩❻❀❨❭❪✍❢❣❜✐❴❊❫✝❱❳❪✍✇❹❜⑦❾
❝➸❨❞❢ ❸ ❤r❪✟❜➽❨❞❦❳❦➍❜✐❻❩❴❛❪➓❝➧❜❞❬➑❪✍✇❹❱➛➎✢❢❣❪✍✇❀❢❥❴❹➋➆❦ ❸ ❻❀❤✟❪✟❱❳❬➪❦➍❜❞❬✫❬✍❱ ❸ ❨❭❪✍❢❣❜✐❴ ➯ ❘➃❢❥❴ ➄ ➇ ❨❭❬✫❬✍❜ ❸❥❸ ❧ ➳ ⑧❞⑧❞⑧❛➲✯❧◆➀➠❨❞❴❹① ➯➵➳ ⑧❞⑧✐➊✐➲❃❬✫❱❵❦➍❱❵❴❛❪ ❸ ♣
❲❀❬✍❜❞❲✪❜✐❤✟❱❵❾✙❨P❤✟❱❳❱❵❫➪❢❥❴❹① ❸ ♣☎❻❩❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾✙↕❞❱❳❬✫❴❀❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✰❪✍✇❩❨❭❪t➎✏❱☞❴❹❜➌➎➾❾❹❱❵❤✍❦➍❬✫❢❥③✸❱❞❼✷❯✒❱❳➬❩❴❹❱✡ô♥ó✵ù ➯ ô♥ó✁�❵ú❳û❳û❳û✼ú✍ô♥ó✄✂✒➲ ☎ ❧
ü ➯ ö✪ó➵➲✡ù✼✻✼ü ➯ ö✸ó✁�✯➲✯ú❳û❳û❳û✼ú✍ü ➯ ö✪ó✄✂◆➲✾✽ ☎ ❧✪ô✕ù ➯ ô✿�❳ú❳û❳û❳û✼ú✍ô✙❀⑦➲ ☎ ❧✵❨❞❴❀❾✉ö✪ó❚❧♥ö☎❧✵❨❞❴❀❾❊ü ➯ ö◆➲☞❤✍❢❥❫❈❢ ❸ ❨❭❬ ❸ ♣❞❼☞❯✒❱❵❴❹❜❞❪✟❱❂❁❄❃ ➯❆❅ ➲❅ù❇❉❈ � ❁ ➯❆❅✺❊ ❇ ➲✯❧✷➎✢✇❹❱❳❬✫❱❄❁ ➯ û ➲P❢❥❤✦❨✉❫✝❱❵❨❞❴ á ❱❳❬✍❜✉↕❞❱❳❬✯❴❹❱ ❸ ❝➸❻❀❴❀❦➍❪✍❢❥❜✐❴✵❧➃❨❞❴❀❾ ❇ ❢❥❤★❨❆③♥❨❞❴❀❾❹➎✢❢❥❾❀❪✍✇✵❼r➐❹❜❞❬✝❨❞❴➩❨❭❬✍③❩❢❣❪✟❬✫❨❭❬✫♣
❫❈❨❭❪✟❬✫❢ ❷●❋ ❧❹❾❹❱❵❴❀❜❞❪✟❱✴③⑩♣❄❍ õ✾■ ❪✍✇❀❱ ➯ ÷✐ú✾❏❀➲q❪✍✇➓❱ ❸ ❱❵❫✝❱❵❴❿❪❅❜❞❝ ❋ ❈ � ❼✰❘❙❱❳❪▲❑✔③✸❱◆❨➜➎✏❜❞❬✫↕⑩❢❥❴❀①✦❦➍❜✼♦❭❨❭❬✫❢❥❨❞❴❩❦➍❱★❫❈❨❭❪✟❬✫❢ ❷ ➯ ❘➃❢❥❨❞❴❹①
➄ ß✸❱❳①❞❱❳❬❵❧t⑥❵⑨❞⑤❞ê✐➲✯❼ ➇ ❜✐❴❩❤✍❢❥❾❹❱❳❬✒❨●▼➉❪✍✇❊❜❞❬✫❾❹❱❳❬◆❲✪❜ ❸ ♣⑦❴❹❜✐❫❈❢❥❨ ❸ ↕❞❱❳❬✯❴❹❱ ❸ ❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬❵❼P❑❚❝✰ü ➯➧ÿ ➲☞❢❥❤✴❱❵❤✟❪✍❢❥❫➪❨❭❪✟❱❵❾❊❨❭❪◆❪✍✇❹❱❖◆➧❪✍✇
❢❣❪✟❱❳❬✫❨❭❪✍❢❥❜✐❴➓③❿♣◗Pü❙❘❯❚❯❱❲ ➯➧ÿ ➲✯❧❀❪✍✇❹❱★❻❹❲✵❾❀❨❭❪✟❱❵❾➑❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬☞❜❞❝✷ü ➯➧ÿ ➲●❨❭❪✢❪✍✇❹❱ ➯ ◆❀ý➘⑥✼➲q❪✍✇❆❢❣❪✟❱❳❬✫❨❭❪✍❢❣❜✐❴✉❢❥❤❳Pü❙❘❯❚❯❨ � ❱❲ ➯➧ÿ ➲✰ù P❩❭❬ ❧❹➎✴✇❹❱❳❬✍❱P❩ ù ➯ ❩❭❬ ú ❩ �❵ú❳û❳û❳û❵ú ❩❭❪ ➲✆☎➩❤✟❜ ❸ ♦❞❱❵❤❀❫

ó❵❴❭� ✂❫õ❛❴❭� ❁❄❃ ➯ ö✪ó➣õ▲❜ ÿ ➲❞❝✒ó❽õ ➯➧ÿ ➲ ☎ ❑ ❈ � ✻✼ô♥ó❉❜❢❡ ó ❘ õ ❱ ➯➧ÿ ➲✾✽◆ù➴⑧⑦ú ➯➵➳ ➲

➎✢✇❹❱❳❬✫❱▲❝ ó➣õ ➯➧ÿ ➲✷❢✈❤✰❨❞❴✝ò✼❣ ➯ ▼❙ý↔⑥✼➲❡❫❈❨❭❪✟❬✫❢ ❷ ❜❞❝ á ❱❳❬✍❜✐❤✏❱ ❷ ❦➍❱❳❲❩❪✰❪✍✇❀❨❭❪✗❪✍✇❀❱✗÷❞❪✍✇r❬✍❜✼➎➚❢✈❤✐❤➼⑥❭ú ➯ ö ó➣õ ❜ ÿ ➲✯ú❳û❳û❳û❵ú ➯ ö ó➣õ ❜ ÿ ➲ ❪❦❥ ☎ ❧
❡ ó ❘ õ ❱ ➯➧ÿ ➲✗ù♠❧❞Pü♥❘❯❚♦❱❲ ➯ ö✸ó✁�æ➲✯ú❳û❳û❳û✼ú♣Pü❙❘❯❚❯❱❲ ➯ ö✸ó✁q õ ❈ �✯➲✯ú ❪❫■r❴ ❬ ❩ ■ ➯ ö✸ó➣õ▲❜ ÿ ➲ ■ úsPü❙❘❯❚❯❱❲ ➯ ö✪ó✁q õ ❨ �✫➲✯ú❳û❳û❳û✼ú♣Pü♥❘❯❚♦❱❲ ➯ ö✸ó✄✂◆➲✧t ☎❂✉

➂☞✇❹❱✴➬❩❴❀❨ ❸ ↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬❅❨❭❪✡❦➍❜✐❴❿♦❞❱❳❬✍①❞❱❵❴❀❦➍❱★❢❥❤●❦❳❨ ❸❥❸ ❱❵❾r❪✍✇❹❱◆❤✟❱❳❱❵❫❈❢❥❴❀① ❸ ♣❈❻❀❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾ ➯ ❶⑦♠✒➙✒➲✰↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬
❜❞❝tü ➯➧ÿ ➲●❨❞❴❀❾➓❢❥❤☞❾❹❱❵❴❀❜❞❪✟❱❵❾➓③❿♣✈Pü ❲ ➯➧ÿ ➲✯❼

➊
Hosted by The Berkeley Electronic Press



➀➠❨❞❴❹① ➯➵➳ ⑧❞⑧✐➊✐➲◆①✐❨❵♦❞❱❈❪✍✇❹❱✝❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢✈❦✦③♥❢❥❨❞❤◆❨❞❴❀❾❊♦➉❨❭❬✫❢✈❨❞❴❀❦➍❱✙❜❞❝ Pü ❲ ➯➧ÿ ➲✒❨❞❤◆ñ①✇②✡➘❧ ❇ ✇✳⑧➑❨❞❴❀❾➛ñ ❇ ✇③✡
❝➧❜❞❬☞❪✍✇❹❱ ❸ ❢✈❴❹❱❵❨❭❬❅↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬ ➯ ▼☎ù✔⑥✼➲✡❨❞❤

④✶✻ Pü ❲ ➯➧ÿ ➲✾✽⑤❜➫ü ➯➧ÿ ➲⑦⑥ ❇✗⑧s⑨✭⑩ ❲ ➯➧ÿ ➲✯Õ ➯ ➊✐➲
♦❭❨❭❬❶✻ Pü ❲ ➯➧ÿ ➲✾✽ ⑥ ❷ñ ❇❹❸ ➯➧ÿ ➲❺ ⑧ ➯➧ÿ ➲ ú ➯ ④❿➲

➎✢✇❹❱❳❬✫❱ ⑨ ù❼❻ ❅ ⑧ ❁ ➯❆❅ ➲❞❽ ❅ ❧ ❷ ù❾❻❳❁ ⑧ ➯❆❅ ➲❞❽ ❅ ❧ ❺ ➯➧ÿ ➲✒ù➀❿ ✂õ❛❴❭�❙➁ õqõ♣➂ õ ➯➧ÿ ➲✯❧ ❸ ➯➧ÿ ➲✒ù➀❿ ✂õ❛❴❭�✗➃ õ❚õ ➂ õ ➯➧ÿ ➲✒➎✢❢❥❪✍✇ ➃ õ❚õ ③✪❱❵❢❥❴❹①
❪✍✇❹❱ ➯ ÷✐ú➆÷❿➲q❪✍✇➒❱ ❸ ❱❵❫✝❱❵❴❿❪☞❜❞❝✖➄ ù➅❑ ❈ � ✝ ❑ ❈ � ❧ ➂ õ ➯➧ÿ ➲●❢✈❤✡❪✍✇❹❱★❫❈❨❭❬✍①✐❢✈❴❀❨ ❸ ❾❹❱❵❴❀❤✍❢❥❪➆♣❃❜❞❝➃ö õ ❧❩❨❞❴❩❾ ⑩ ❲ ➯➧ÿ ➲❅❤✟❜ ❸ ♦❞❱❵❤✂❫

õ❛❴❭� ✂❫■❶❴❭� ➁ õ➆■ ④❂✻ ⑩ ❲ ➯ ö ■ ➲❶➇ ö❀õ◆ù ÿ ✽ ➂ õ ➯➧ÿ ➲✰ù ⑥
➳➉➈➊ ➋ ✂❫õ❛❴❭� ➁ õ❚õ ➂ õ ➯➧ÿ ➲➍➌ ➎➏ ü ❘ ⑧ ❱ ➯➧ÿ ➲ ✉

➏✗➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❿❪ ❸ ♣❞❧ ⑩ ❲ ➯➧ÿ ➲●❤✍❨❭❪✍❢❥❤✍➬❀❱❵❤✡❪✍✇❹❱☎➐❀❬✍❱❵❾❀✇❹❜ ❸ ❫✕❢✈❴❛❪✟❱❳①❞❬✫❨ ❸ ❱❵➭❿❻❀❨❭❪✍❢❥❜✐❴❆❜❞❝❡❪✍✇❹❱☎❤✟❱❵❦➍❜✐❴❀❾❆↕⑩❢❥❴❩❾✌☞⑩ ❲ ➯➧ÿ ➲❙ý➑➐ ⑩ ❲ ➯✁➒ ➲➔➓ ➯✁➒ ú ÿ ➲❞❽ ➒ ù ⑥
➳ ü ❘ ⑧ ❱ ➯➧ÿ ➲✯ú ➯ é✐➲

➎✢✇❹❱❳❬✫❱✴➓ ➯✁➒ ú ÿ ➲tù→❿ ✂õ❛❴❭� ❿ ■✸➣❴❹õ❉➁ õ➆■✺➂ õ✾■ ➯✁➒ ú ÿ ➲❹➨●↔♥❿ ✂õ❛❴❭�♥➁ õ❚õs➂ õ ➯➧ÿ ➲❶↕❈❨❞❴❩❾ ➂ õ➆■ ➯✁➒ ú ÿ ➲✗❢❥❤✰❪✍✇❹❱✒③❩❢❣♦❭❨❭❬✫❢❥❨❭❪✟❱t➮❇❜✐❢❥❴❿❪✏❾❀❱❵❴❀❤✍❢❣❪q♣
❜❞❝ ➯ ö✪ó➣õ❞ú❇ö ó✄■ ➲✯Õ❹❤✟❱❳❱◆❱❵➭ ➯ ⑥✼➈❞➲✗❜❞❝❡❘❙❢❥❴ ➄ ➇ ❨❭❬✍❬✍❜ ❸❥❸ ➯➵➳ ⑧❞⑧❹⑥✼➲✯❼✗➀➠❨❞❴❹① ➯➵➳ ⑧❞⑧✐➊✐➲●❤✫✇❹❜✼➎●❱❵❾➑❪✍✇❀❨❭❪ Pü ❲ ➯➧ÿ ➲t➎✢❢❥❪✍✇➪❪✍✇❹❱P❤✍❫➪❨ ❸❥❸ ❱❵❤✟❪
♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱✴❝➺❜❞❬●➬ ❷ ❱❵❾➪③❩❨❞❴❩❾❹➎✢❢❥❾❹❪✍✇✝❢✈❤✗❜❞③❀❪✍❨❞❢✈❴❹❱❵❾❈③⑩♣➪❨❞❦❳❦➍❜✐❻❀❴❿❪✍❢❥❴❹①➜❝➺❜❞❬●❪✍✇❹❱✴➎✢❢❣❪✍✇❀❢❥❴❹➋➆❦ ❸ ❻❀❤✟❪✟❱❳❬✗❦➍❜❞❬✫❬✍❱ ❸ ❨❭❪✍❢❣❜✐❴r③❿♣❈❤✍❱❳❪✟❪✍❢❥❴❹①❑ïù ✝ ❧❩❨❞❴❀❾➓❢❥❪☞❢❥❤☞❫✝❜❞❬✍❱P❱❳➱r❦❳❢❣❱❵❴❛❪✢❪✍✇❀❨❞❴➓❪✍✇❹❱★③✪❱❵❤✟❪ ❸ ❜⑩❦❳❨ ❸ ↕❞❱❳❬✫❴❀❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✴❜❞❝t❘❙❢❥❴ ➄ ➇ ❨❭❬✍❬✍❜ ❸❥❸ ➯➵➳ ⑧❞⑧❞⑧❛➲✯❼✍✏✎➙✍ ✒✔✓✖✕☛➛✞✕✙✜✖✕✗★✸✫✌✤✢✚✧➜♥✕✪✯✱➝▲✕✪✫❉✵✷✬ ➝✏➞✏➟ ✫❉★✸✕✪✵ ➝ ✘✛✹✏✹✌✬✸✓➠✚✢✜✖✣ ➝➢➡ ✤✢✚✆✜➠✕①✳✶✵✷✬✸✚✆✘✛✫✭✬✺✹✥★
② ❴✝❨ ❸ ❪✟❱❳❬✫❴❀❨❭❪✍❢❣♦❞❱☞❫❈❱❳❪✍✇❹❜⑩❾✙❝➧❜❞❬t❱❵❤✟❪✍❢❥❫➪❨❭❪✍❢❥❴❹①Pü ➯➧ÿ ➲❙❴❀❜✐❴❹❲❩❨❭❬✫❨❞❫✝❱❳❪✟❬✯❢❥❦❳❨ ❸❥❸ ♣☎❢✈❤➃❪✟❜✦❻❀❤✟❱✡❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①◆❤✟❲ ❸ ❢❥❴❹❱❵❤❳❼ ② ❤✍❤✫❻❀❫❈❢❥❴❹①
❨✝➎●❜❞❬✍↕⑦❢❥❴❹①✝❦➍❜✼♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱➜❫❈❨❭❪✟❬✫❢ ❷ ❑❈❧❀❪✍✇❹❱➥➤❩❪✍✇➓❜❞❬✯❾❹❱❳❬✢❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①✙❤✍❲ ❸ ❢❥❴❹❱✒❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬✴❫❈❢❥❴❩❢❥❫❈❢ á ❱❵❤

⑥
ñ

❀❫
ó❵❴❭� ✻✼ô❩ó❉❜➠ü ➯ ö✪ó➵➲✾✽ ☎ ❑ ❈ � ✻✼ô♥ó❉❜➫ü ➯ ö✸ó➶➲✾✽❅ý➧➦✴➐✈✻✼ü ❘ ➨♣❱ ➯➧ÿ ➲✾✽ ⑧ ❽ ÿ ú

➎✢✇❹❱❳❬✫❱➩➦❆❢❥❤❅❨✝❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①➜❲❩❨❭❬✫❨❞❫❈❱❳❪✟❱❳❬✢❦➍❜✐❴❛❪✟❬✫❜ ❸❥❸ ❢❥❴❹①➜❝➧❜❞❬✡❪✍✇❹❱◆❪✟❬✫❨❞❾❹❱◆❜❭➻❊③✪❱❳❪q➎✏❱❳❱❵❴➓❪✍✇❀❱✒①❞❜⑩❜⑦❾❀❴❹❱❵❤✍❤❅❜❞❝➃➬❀❪✡❨❞❴❀❾➑❪✍✇❹❱
❤✍❫✝❜⑩❜❞❪✍✇❀❴❹❱❵❤✫❤✡❜❞❝➃❪✍✇❀❱☎❦❳❻❹❬✍♦❞❱❞❼✗➂✢✇❹❱P❬✍❱❵❤✍❻ ❸ ❪✍❢❥❴❹①⑤➤❩❪✍✇➓❜❞❬✫❾❹❱❳❬✴❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①❈❤✟❲ ❸ ❢❥❴❹❱✒❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✢❜❞❝✷ü ➯➧ÿ ➲●❢❥❤Pü➍➫ ➯ öP➲tù ➯s➭❑ ❈ � ý➽ñ❭➦✙➯★➲ ❈ � ➭❑ ❈ � ô✗ú ➯ ê✐➲

➎✢✇❹❱❳❬✫❱❖➯✱❢✈❤✢❪✍✇❹❱➜❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①r❫❈❨❭❪✟❬✫❢ ❷ ➯ ◗✒❬✍❱❳❱❵❴ ➄ ❶⑦❢ ❸ ♦❞❱❳❬✯❫❈❨❞❴✵❧❙⑥❵⑨❞⑨➉④❿➲✴❨❞❴❀❾ ➭❑ ù➁❾❀❢❥❨❭① ➯ ❑✰ú❳û❳û❳û✼ú➆❑➜➲✯❼✴➐❀❜❞❬➲➤✉ù❋⑥❭❧
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❪✍✇❀❢❥❤☎❱❵➭❿❻❩❢❣♦➉❨ ❸ ❱❵❴❀❦➍❱➪✇❹❜ ❸ ❾❩❤❳❼r❑❇❴➠❪✍✇❩❢❥❤☎❤✟❱❵❦➍❪✍❢❥❜✐❴✵❧✷➎✏❱r❲❀❬✍❜✼♦⑦❢❥❾❹❱r❨❆❪✟❬✫❨❞❴❀❤✍❲❩❨❭❬✍❱❵❴❿❪☎❬✍❱ ❸ ❨❭❪✍❢❥❜✐❴❀❤✍✇❀❢❣❲↔③✪❱❳❪q➎✏❱❳❱❵❴➩❪✍✇❹❱r❤✍❲ ❸ ❢❥❴❹❱
❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬◆❨❞❴❩❾✉❪✍✇❹❱✙❤✟❱❳❱❵❫❈❢✈❴❹① ❸ ♣❆❻❀❴❹❬✫❱ ❸ ❨❭❪✟❱❵❾✉↕❞❱❳❬✯❴❹❱ ❸ ❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬❵❧✪➎✢✇❀❢✈❦✫✇❆❲❩❬✍❜✼♦⑦❢❥❾❹❱❵❤✒❻❀❤✴➎✢❢❣❪✍✇❊❦ ❸ ❱❵❨❭❬P❢❥❴❀❤✍❢❣①✐✇❿❪✢❢❥❴❿❪✟❜
➎✢✇❿♣➓❪✍✇❹❱❳♣❆❨❭❬✍❱✙❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦❳❨ ❸❥❸ ♣❃❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❿❪❳❼✢➂☞✇❀❢✈❤✡❬✍❱ ❸ ❨❭❪✍❢❣❜✐❴❩❤✍✇❀❢❣❲✉❨ ❸ ❤✟❜r❨ ❸❥❸ ❜✼➎✢❤✴❻❀❤✢❪✟❜➑❾❹❱❳❬✫❢❥♦❞❱★❪✍✇❹❱✙❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦
③❩❢❥❨❞❤✡❨❞❴❩❾➓♦➉❨❭❬✯❢❥❨❞❴❀❦➍❱P❜❞❝✷❪✍✇❹❱☎❤✟❲ ❸ ❢❥❴❹❱✒❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬ ❸ ❨❭❪✟❱❳❬✴❢❥❴✉❶⑦❱❵❦➍❪✍❢❣❜✐❴✉é⑩❼

➀↔❱✝❴❹❜➌➎✔❾❀❱❳❬✫❢❣♦❞❱✙❨➪❪✟❬✫❨❞❴❩❤✟❲❩❨❭❬✍❱❵❴❿❪✴❬✫❱ ❸ ❨❭❪✍❢❣❜✐❴❀❤✍✇❩❢❣❲❆③✪❱❳❪➆➎●❱❳❱❵❴➛❪✍✇❹❱✙❤✟❲ ❸ ❢❥❴❀❱P❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬★❨❞❴❀❾➒❪✍✇❹❱✙❤✟❱❳❱❵❫❈❢❥❴❀① ❸ ♣❆❻❀❴⑦➋
❬✍❱ ❸ ❨❭❪✟❱❵❾➛↕❞❱❳❬✯❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✼❼✙❶⑩❲✪❱❵❦❳❢❣➬❩❦❳❨ ❸✈❸ ♣❞❧♥➎●❱❈❤✍✇❹❜➌➎✱❪✍✇❀❨❭❪◆③✪❜❞❪✍✇➛❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✫❤P❦❳❨❞❴➠③✸❱➜❜❞③❀❪✍❨❞❢❥❴❀❱❵❾❊❢✈❴➒❪✍✇❀❱❈❤✍❨❞❫✝❱
❢❣❪✟❱❳❬✫❨❭❪✍❢❥♦❞❱r❝➸❨❞❤✍✇❀❢❣❜✐❴✂❻❀❤✍❢✈❴❹①❆❲❩❤✟❱❵❻❩❾❹❜❭➋➶❜❞③❩❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤❵❼➒➂☞✇❹❱❳♣➠❾❩❢➼➻✸❱❳❬✦❜✐❴ ❸ ♣➠❢❥❴➫❪✍✇❀❨❭❪✝❤✟❪✍❨❞❴❀❾❀❨❭❬✯❾ ➯ ➎●❱❵❢❣①✐✇❿❪✟❱❵❾♥➲P↕❞❱❳❬✯❴❹❱ ❸
❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①❆❢❥❤★❻❀❤✟❱❵❾➫❨❭❪★❱❵❨❞❦✫✇✂❢❣❪✟❱❳❬✫❨❭❪✍❢❣❜✐❴➫❝➺❜❞❬☎❪✍✇❹❱➪❤✟❱❳❱❵❫❈❢✈❴❹① ❸ ♣➛❻❀❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾➠↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬❵❧❡➎✢✇❀❢ ❸ ❱✝❤✟❪✍❨❞❴❩❾❀❨❭❬✫❾
➯ ➎●❱❵❢❣①✐✇❛❪✟❱❵❾✸➲❅❤✟❲ ❸ ❢✈❴❹❱P❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①✝❢❥❤✡❻❀❤✍❱❵❾❆❨❭❪☞❱❵❨❞❦✫✇❊❢❣❪✟❱❳❬✫❨❭❪✍❢❥❜✐❴➓❝➺❜❞❬✢❪✍✇❹❱★❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①❈❤✍❲ ❸ ❢❥❴❹❱✒❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬❵❼

➀↔❱↔❤✟❪✍❨❭❬✍❪❃➎✢❢❣❪✍✇➚❪✍✇❹❱➒❤✍❱❳❱❵❫❈❢❥❴❹① ❸ ♣✤❻❀❴❀❬✍❱ ❸ ❨❭❪✟❱❵❾➾↕❞❱❳❬✯❴❹❱ ❸ ❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬✞Pü ❲ ➯➧ÿ ➲✯❼➁➐❹❜❞❬➓❤✍❢❥❫❈❲ ❸ ❢❥❦❳❢❣❪q♣❞❧●❦➍❜✐❴❩❤✍❢❥❾❹❱❳❬❃❪✍✇❹❱
❨❵♦❞❱❳❬✯❨❭①❞❱●↕❞❱❳❬✯❴❹❱ ❸ ➯ ➤➑ù➴⑧❛➲✯❼✷♠✒❤✍❢❥❴❀①✡❱❵➭❿❻❀❨❭❪✍❢❥❜✐❴ ➯➵➳ ➲✯❧❞❝➧❜❞❬➃❨❞❴❿♣✒➎●❜❞❬✍↕⑦❢❥❴❹①✢❦➍❜➌♦➉❨❭❬✯❢❥❨❞❴❀❦➍❱✏❫➪❨❭❪✟❬✫❢ ❷ ❑✝❧❞❤✍❢✈❫✝❲ ❸ ❱t❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✍❢❣❜✐❴❀❤
❤✍✇❹❜➌➎ ❪✍✇❀❨❭❪☞❪✍✇❀❱☎❤✟❱❳❱❵❫❈❢❥❴❀① ❸ ♣r❻❀❴❀❬✍❱ ❸ ❨❭❪✟❱❵❾➑↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✒❨❭❪☞❪✍✇❹❱ ➯ ◆❀ý✿⑥✼➲q❪✍✇➒❢❣❪✟❱❳❬✫❨❭❪✍❢❣❜✐❴❆❦❳❨❞❴✉③✪❱✒❬✫❱❳➎☞❬✫❢❣❪✟❪✟❱❵❴❆❨❞❤

Pü ❘❯❚❯❨ � ❱❲ ➯➧ÿ ➲ ù ñ✏❈ � ❿ ❀ó❵❴❭� ❿ ✂õ➆❴❭� ❁❄❃ ➯ ö✪ó➣õ✐❜ ÿ ➲ ➁ õ❚õ ô❄❘❯❚❯❨ � ❱ó➣õ
ñ ❈ � ❿ ❀ó❵❴❭� ❿ ✂õ❛❴❭� ➁ õqõ ❁❄❃ ➯ ö✪ó➣õ▲❜ ÿ ➲ ➯ ⑥ ➳ ➲

➎✢✇❹❱❳❬✫❱
ô ❘✄❚♦❨ � ❱ó➣õ ù✿ô❩ó➣õ●ý ➯ ➁ õ❚õ ➲ ❈ � ❫■✸➣❴❹õ ➁ õ✾■ ↔⑦ô óÙ■ ❜ Pü ❘❯❚❯❱❲ ➯ ö ó✄■ ➲❶↕ ➯ ⑥❵➊✐➲

❾❹❱❵❴❹❜❞❪✟❱❵❤➃❪✍✇❹❱✏❲❩❤✟❱❵❻❀❾❹❜❭➋➶❜❞③♥❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴✦❨❭❪➃❪✍✇❹❱ ➯ ◆❇ýr⑥✼➲q❪✍✇➜❢❥❪✟❱❳❬✫❨❭❪✍❢❣❜✐❴✵❼✷➏✗➭⑩❻❀❨❭❪✍❢❣❜✐❴ ➯ ⑥ ➳ ➲✘❤✍✇❀❜✼➎✢❤➃❪✍✇❀❨❭❪➃❨❭❪❡❱❵❨❞❦✫✇✙❢❣❪✟❱❳❬✯❨❭❪✍❢❣❜✐❴✵❧
❦➍❜✐❴❿♦❞❱❵❴❛❪✍❢❣❜✐❴❩❨ ❸ ➯ ➎●❱❵❢❣①✐✇❿❪✟❱❵❾♥➲✡❖✒❨❞❾❀❨❭❬✫❨✼♣✐❨➉➋➶➀➠❨❭❪✍❤✟❜✐❴↔↕❞❱❳❬✫❴❹❱ ❸ ❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①❈❢✈❤✢❨❭❲❀❲ ❸ ❢❣❱❵❾➑❪✟❜❈❪✍✇❹❱✦❲❩❤✟❱❵❻❀❾❹❜❭➋➶❜❞③♥❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤
ô ❘❯❚♦❨ � ❱ó❽õ ➎✢❢❣❪✍✇➑❪✍✇❹❱☎➎✏❱❵❢❣①✐✇❿❪✍❤ì✻ ➁ õqõ ✽✐❼
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Hosted by The Berkeley Electronic Press



➀↔❱✡❴❹❱ ❷ ❪❡❦➍❜✐❴❩❤✍❢❥❾❹❱❳❬❡❪✍✇❹❱●①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪✷❤✍➭⑩❻❀❨❭❬✍❱❵❤❡❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①✒❤✟❲ ❸ ❢✈❴❹❱t❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬ Pü✺➫ ➯➧ÿ ➲✵①✐❢❣♦❞❱❵❴✙❢❥❴ ➯ ê✐➲✯❼t➀↔❱
❤✍✇❹❜➌➎➽❪✍✇❀❨❭❪ Pü✺➫ ➯➧ÿ ➲✘❦❳❨❞❴✙❨ ❸ ❤✟❜✒③✪❱✗❜❞③❀❪✍❨❞❢✈❴❹❱❵❾✦❢❥❪✟❱❳❬✫❨❭❪✍❢❣♦❞❱ ❸ ♣★③⑩♣★❨❭❲❀❲ ❸ ♣⑩❢❥❴❀①✢❦➍❜✐❴❛♦❞❱❵❴❿❪✍❢❣❜✐❴❀❨ ❸ ➎●❱❵❢❣①✐✇❿❪✟❱❵❾➜❤✍❲ ❸ ❢❥❴❹❱✏❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①
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③✪❱★❪✍✇❹❱➜❤✟❪✍❨❞❴❀❾❀❨❭❬✫❾✶➤❩❪✍✇✉❜❞❬✯❾❹❱❳❬✴❤✍❫❈❜❿❜❞❪✍✇❀❢✈❴❹①❈❤✟❲ ❸ ❢✈❴❹❱P❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✒❜❞③❀❪✍❨❞❢❥❴❀❱❵❾➓③❿♣❆❨❞❤✫❤✍❻❀❫❈❢❥❴❀①❈❢❥❴❀❾❹❱❳❲✪❱❵❴❀❾❹❱❵❴❩❦➍❱◆❨❞❫❈❜✐❴❹①
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❖✴❜✼➎ï❪✍✇❹❱★❬✍❱ ❸ ❨❭❪✍❢❣❜✐❴❀❤✍✇❀❢❥❲❃③✪❱❳❪q➎✏❱❳❱❵❴➒❪✍✇❹❱☎❤✟❱❳❱❵❫➪❢❥❴❹① ❸ ♣❃❻❀❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾❆↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬ Pü ❲ ➯➧ÿ ➲❅❨❞❴❩❾❆❪✍✇❹❱★①❞❱❵❴❀❱❳❬✫❨ ❸ ➋
❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪☞❤✫➭❿❻❀❨❭❬✫❱❵❤●❤✫❫✝❜❿❜❞❪✍✇❩❢❥❴❹①✙❤✟❲ ❸ ❢❥❴❀❱✢❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬ Pü ➫ ➯➧ÿ ➲✗③✪❱❵❦➍❜✐❫✝❱❵❤❅❪✟❬✫❨❞❴❀❤✟❲♥❨❭❬✍❱❵❴❛❪❳❧❀❨❞❴❩❾r➎●❱P❦❳❨❞❴❆❤✟❱❳❱◆➎✢✇❿♣➪❪✍✇❹❱❳♣
❨❭❬✍❱➜❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦❳❨ ❸❥❸ ♣➑❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❿❪❳❼❅❍●❜❞❪✍✇❊❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬✫❤✴❦❳❨❞❴➒③✪❱★❜❞③❀❪✍❨❞❢❥❴❀❱❵❾✉❢❣❪✟❱❳❬✫❨❭❪✍❢❥♦❞❱ ❸ ♣❞❼ ② ❪✴❱❵❨❞❦✯✇➛❢❣❪✟❱❳❬✫❨❭❪✍❢❣❜✐❴✵❧♥❪✍✇❹❱

⑤
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❤✟❱❳❱❵❫❈❢✈❴❹① ❸ ♣➛❻❀❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾➠↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬➜❨❭❲❩❲ ❸ ❢❣❱❵❤P❤✟❪✍❨❞❴❩❾❀❨❭❬✫❾↔➎●❱❵❢❣①✐✇❿❪✟❱❵❾➫↕❞❱❳❬✫❴❀❱ ❸ ❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①➓❪✟❜➒❪✍✇❹❱❈❲❩❤✍❱❵❻❀❾❹❜❭➋
❜❞③❩❤✟❱❳❬✫♦➉❨❭❪✍❢❣❜✐❴❩❤✦ô ❘❯❚❯❨ � ❱ó➣õ ❧t➎✢✇❀❢ ❸ ❱❈❪✍✇❹❱❆◗◆❘❡❶➫❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①➒❤✟❲ ❸ ❢❥❴❹❱❈❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬✝❨❭❲❀❲ ❸ ❢❣❱❵❤✦❤✟❪✍❨❞❴❀❾❀❨❭❬✯❾➫➎●❱❵❢❣①✐✇❿❪✟❱❵❾✂❤✍❲ ❸ ❢❥❴❹❱
❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①✦❪✟❜✝❪✍✇❹❱◆❲❩❤✍❱❵❻❀❾❹❜❭➋➶❜❞③❩❤✟❱❳❬✫♦➉❨❭❪✍❢❣❜✐❴❩❤✡ô ❘✄❚♦❨ � ❱ó➣õ ❼✏❶❹❢❥❴❀❦➍❱◆❤✟❪✍❨❞❴❀❾❀❨❭❬✫❾❃➎●❱❵❢❣①✐✇❿❪✟❱❵❾❆❤✟❲ ❸ ❢✈❴❹❱✴❤✍❫❈❜❿❜❞❪✍✇❀❢✈❴❹①➜❨❞❴❩❾➓❤✟❪✍❨❞❴⑦➋
❾❀❨❭❬✫❾➑➎●❱❵❢❣①✐✇❿❪✟❱❵❾➓↕❞❱❳❬✫❴❹❱ ❸ ❤✫❫✝❜❿❜❞❪✍✇❩❢❥❴❹①✙❨❭❬✍❱★❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦❳❨ ❸❥❸ ♣➪❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❛❪ ➯ ❶⑦❢ ❸ ♦❞❱❳❬✫❫❈❨❞❴✵❧✪⑥❵⑨❞⑤➉④❿➲✡❨❭❪✡❱❵❨❞❦✯✇✉❢❣❪✟❱❳❬✯❨❭❪✍❢❣❜✐❴✵❧
❪✍✇❹❱❳♣➓❤✍✇❹❜✐❻ ❸ ❾❃③✸❱★❨❞❤✍♣⑩❫✝❲❩❪✟❜❞❪✍❢❥❦❳❨ ❸❥❸ ♣r❱❵➭❿❻❀❢❥♦➉❨ ❸ ❱❵❴❿❪☞❨❭❪✢❦➍❜✐❴❿♦❞❱❳❬✍①❞❱❵❴❀❦➍❱❞❼

✻ Ü✿✩✙✌ ➺ ✚✙➻✦✥➅✮✦✑✸✛✡✑✵✆✍✹✼✘ ✆✫✠✡✚ ✠☞✎✙❁ ✽➚✠✡✖✘✆✍✠☞✎✙✹t✌ä✛✴✜✾✑✪✩✙✌ ✾❋✌✗✎✙✌✗✖✵✠☞☛✫✆✆✿t✌✗❁ ❄✉✌✰✠✡✚❀✑
✣☎✁✦✄✙✠✡✖✵✌ ✣✦✥✧✛★✛☞✑✪✩✝✆✯✎✙✬ ✣✦✮✝☛✫✆✯✎✙✌➡�✂✚❀✑✵✆✫✥✧✠●✑✪✛✢✖

➂☞✇❹❱✝❬✫❱❵❤✍❻ ❸ ❪✍❤◆❢❥❴➫❶⑩❱❵❦➍❪✍❢❥❜✐❴➫➊➑❜✐❴ ❸ ♣❊❤✍✇❹❜➌➎ ❪✍✇❀❨❭❪★❪✍✇❹❱✝①❞❱❵❴❀❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪★❤✍➭⑩❻❀❨❭❬✍❱❵❤★❤✍❫❈❜❿❜❞❪✍✇❀❢✈❴❹①➓❤✟❲ ❸ ❢❥❴❀❱✦❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬
❢❥❤✝❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢✈❦❳❨ ❸❥❸ ♣➫❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❿❪✙❪✟❜➠❪✍✇❹❱❆❤✟❱❳❱❵❫❈❢✈❴❹① ❸ ♣➩❻❩❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾✂↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬➪❢✈❴➽❪✍✇❹❱❆❤✟❱❵❴❀❤✟❱➑❪✍✇❀❨❭❪➪❪✍✇❹❱❵❢❣❬
➎●❱❵❢❣①✐✇❛❪❃❝➸❻❀❴❀❦➍❪✍❢❣❜✐❴❀❤r❨❭❬✍❱➒❨❞❤✍♣⑩❫✝❲❩❪✟❜❞❪✍❢❥❦❳❨ ❸❥❸ ♣✤❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❿❪❳❼ ▲✢❜➌➎✏❱❳♦❞❱❳❬❵❧◆❨❞❴❀❨ ❸ ❜❞①❞❜✐❻❩❤ ❸ ♣✤❪✟❜✂❪✍✇❹❱➒❢❥❴❩❾❹❱❳❲✪❱❵❴❀❾❹❱❵❴❿❪❈❾❀❨❭❪✍❨
❦❳❨❞❤✟❱❃❲✪❜✐❢❥❴❛❪✟❱❵❾➫❜✐❻❹❪☎③⑩♣➠❖✴♣⑩❦✯✇❹↕➉❨ ➯ ⑥❵⑨❞⑨❞é✐➲✯❧✗❪✍✇❀❱❵❤✟❱➪❬✍❱❵❤✫❻ ❸ ❪✍❤☎❨❭❬✫❱r❪✟❜⑩❜✉❬✍❜✐❻❀①✐✇➫❪✟❜❊❱❵❤✟❪✍❨❭③ ❸ ❢✈❤✍✇↔❪✍✇❹❱➑❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦➪③❩❢❥❨❞❤
❨❞❴❀❾➓♦❭❨❭❬✫❢❥❨❞❴❩❦➍❱★❜❞❝✷❪✍✇❹❱★①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪✴❤✍➭❿❻❩❨❭❬✍❱❵❤✢❤✍❫❈❜❿❜❞❪✍✇❀❢✈❴❹①❈❤✟❲ ❸ ❢✈❴❹❱✴❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬öPü✺➫ ➯➧ÿ ➲✯❼✏➂☞✇❀❱❵❤✟❱☎❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✍❢❣❜✐❴❀❤
❨❭❬✍❱❈❜❞❝☞❤✫❻❹③❩❤✟❪✍❨❞❴❿❪✍❢❥❨ ❸ ❢❥❴❿❪✟❱❳❬✍❱❵❤✟❪❳❧❡❤✍❢❥❴❀❦➍❱➪❪✍✇❹❱❳♣➛❲❀❬✍❜✼♦⑦❢❥❾❹❱✝❪✍✇❀❱r❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦❈❲❀❬✍❜❞❲✪❱❳❬✍❪✍❢❣❱❵❤P❜❞❝ Pü✺➫ ➯➧ÿ ➲★❨❞❴❀❾➠❨ ❸❥❸ ❜✼➎❋❻❩❤P❪✟❜
❢❥❴❿♦❞❱❵❤✟❪✍❢❣①✐❨❭❪✟❱✦➎✢✇❹❱❳❪✍✇❹❱❳❬ Pü✺➫ ➯➧ÿ ➲❅❢❥❤✡❦➍❜✐❴❀❤✍❢✈❤✟❪✟❱❵❴❛❪❳❼✗➀↔❱☎❲✪❱❳❬✍❝➧❜❞❬✫❫✕❤✍❻❀❦✯✇❆❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✟❱★❢✈❴➑❪✍✇❀❢❥❤☞❤✟❱❵❦➍❪✍❢❥❜✐❴✵❼

❑❚❪❙❢❥❤✵❾❀❢❥➱➪❦❳❻ ❸ ❪✪❪✟❜✢❤✟❪✍❻❩❾❹♣✴❪✍✇❀❱✗❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦✷③❩❢✈❨❞❤✘❨❞❴❀❾P♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱t❜❞❝⑦❪✍✇❹❱✗①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪❙❤✍➭⑩❻❀❨❭❬✍❱❵❤❙❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①
❤✟❲ ❸ ❢❥❴❹❱➜❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬ Pü ➫ ➯➧ÿ ➲◆❻❀❤✍❢✈❴❹①➓❢❣❪✍❤★❦ ❸ ❜✐❤✟❱❵❾➠❝➺❜❞❬✫❫✧❱ ❷ ❲❀❬✫❱❵❤✍❤✍❢❣❜✐❴↔❢❥❴➛❱❵➭⑩❻❀❨❭❪✍❢❣❜✐❴ ➯ ê✐➲✯❼➪➀↔❱r✇❀❱❵❴❀❦➍❱❈❴❹❱❳❱❵❾↔❪✟❜➒❪✍❨❭↕❞❱r❨
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ñö❿ ✂õ❛❴❭� ➁ õ❚õ ✂❫

óÙ❴❭� ✂❫õ❛❴❭� ✂❫■r❴❭� ✩❴✫✮✭ ➯➧ÿ ú❇ö✸ó➣õ➌➲ ➁ õ✾■ ✻✼ô ó✄■ ❜➠ü ➯ ö óÙ■ ➲✾✽❅ý ➯ ❜★⑥✼➲ ➨ ❈ � ❇✗⑧ ➨ ➯➧ÿ ➲ ⑩ ➫ ➯➧ÿ ➲
ý✬✯ ➨❛❵ ✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ �✒✑ ⑧ ý ❇ ⑧ ➨ ➯➧ÿ ➲✟❜✰ú ➯ ⑥❵ê✐➲❮✏Û❙Õ❶➱êÕ ✩✬✫✮✭ ➯➧ÿ ú ❅ ➲ Ï➙Ü➽×✁Û❙Õ❝✴ ➱êÕ➆Õr❐❞❍ Ü➥ã➆ß❙❐✙Ò♣×ÔÏÔ➮✮❐àá✩Õ✏▲✖❐✭Õ❦áõÏ✁❐ ➘ ❆öñ ➴✳❏➆➷õ✃✺❐✙á❄❇ ➯➧ÿ ➲✴ù ❵ ➦ ❊ ↔✪❿ ✂õ❛❴❭� ➁ õ❚õ ➂ õ ➯➧ÿ ➲❶↕ ❜ �✒✑ ⑧ ➨ á✩Õ❄✂❐✙➮✮×✆ÕrÜý×✁Û❙Õ✶Õ❲✝❳Õ❦Òs×ÔÏ✁Ó✺Õ❖ô✾✃✺❐✙á✺❮ Ï❆á✮×✁Û①➘✟✞✭Õ✾Õ❴❡➳➱➔➮➆å♥➮➍Ü➆ÏÔ×ÔÏÔ➮✮❐❢ò❶➷ ñ

➙✢❱❵❫❈❨❭❬✍↕⑦❤❶☞
⑥❭❼✢➂✢✇❹❱◆③❩❢❥❨❞❤●❬✍❱❵❤✍❻ ❸ ❪✍❤●❢✈❴r❲♥❨❭❬✍❪ ➯ ⑥✼➲✏❜❞❝❭➵✰❬✫❜❞❲✸❜✐❤✫❢❣❪✍❢❣❜✐❴r④❈❤✍✇❹❜✼➎➴❪✍✇❩❨❭❪✡❝➺❜❞❬☞❨❞❴❿♣➪➎●❜❞❬✍↕⑦❢❥❴❹①✝❦➍❜✼♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱★❫➪❨❭❪✟❬✫❢ ❷ ❑❈❧
❪✍✇❀❱★①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪☞❤✍➭⑩❻❀❨❭❬✍❱❵❤✢❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①❈❤✟❲ ❸ ❢❥❴❹❱✒❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✒❢❥❤✡❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦❳❨ ❸✈❸ ♣❃❦➍❜✐❴❩❤✍❢❥❤✟❪✟❱❵❴❿❪❳❼

➳ ❼✢➂✢✇❹❱☞❱ ❷ ❲❀❬✍❱❵❤✍❤✍❢❥❜✐❴❀❤✷❝➺❜❞❬✏❪✍✇❹❱✢❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢✈❦✡③❩❢❥❨❞❤✰❨❞❴❩❾❈♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱✡❜❞❝✪❪✍✇❹❱✴①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪✗❤✍➭⑩❻❀❨❭❬✍❱❵❤✏❤✍❫✝❜⑩❜❞❪✍✇⑦➋
❢✈❴❹①❊❤✍❲ ❸ ❢❥❴❹❱➪❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✝❦ ❸ ❜✐❤✟❱ ❸ ♣➠❬✍❱❵❤✟❱❵❫✦③ ❸ ❱❃❪✍✇❹❱❃❝➺❜❞❬✫❫➪❤✦❜❞❝✢❪✍✇❹❱➓❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦r③❩❢❥❨❞❤✙❨❞❴❀❾➩♦➉❨❭❬✫❢✈❨❞❴❀❦➍❱r❜❞❝✴❪✍✇❹❱
❤✍❱❳❱❵❫❈❢❥❴❹①➜❬✍❱ ❸ ❨❭❪✟❱❵❾➑↕❞❱❳❬✫❴❀❱ ❸ ❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬✡①✐❢❣♦❞❱❵❴➓❢❥❴ ➯ ➊✐➲●❨❞❴❀❾ ➯ ④❿➲✯❼●❶⑩❲✪❱❵❦❳❢❣➬♥❦❳❨ ❸❥❸ ♣❞❧❿❤✍❱❳❪✟❪✍❢❥❴❹①✙❪✍✇❹❱✒❱➍➻✸❱❵❦➍❪✍❢❣♦❞❱☎③❩❨❞❴❀❾⑦➋
➎✴❢❥❾❹❪✍✇ ❇ ➯➧ÿ ➲✴ù ❵ ➦ ❊ ↔✗❿ ✂õ❛❴❭� ➁ õqõ ➂ õ ➯➧ÿ ➲ ↕ ❜ �✒✑ ⑧ ➨ ➯ ➵✗❬✍❜❞❲✪❜✐❤✍❢❣❪✍❢❣❜✐❴ ➳ ➲✯❧✘❪✍✇❀❱❈❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦➜③❩❢❥❨❞❤P❨❞❴❀❾❊♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱✝❜❞❝
❪✍✇❀❱★①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪☞❤✍➭⑩❻❀❨❭❬✍❱❵❤✢❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①❈❤✟❲ ❸ ❢❥❴❹❱✒❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✒❨❭❬✍❱④❂✻✸Pü➍➫ ➯➧ÿ ➲✾✽⑤❜➫ü ➯➧ÿ ➲ ù ➯ ❜★⑥✼➲ ➨ ❈ � ❇ ⑧ ➨ ➯➧ÿ ➲ ⑩ ➫ ➯➧ÿ ➲✘ý✖✯ ➨ ↔ ❇ ⑧ ➨ ➯➧ÿ ➲❶↕✒ú

♦❭❨❭❬❶✻ Pü➍➫ ➯➧ÿ ➲✾✽⑤❜➫ü ➯➧ÿ ➲ ù ✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ � ✻ ❷➍➨ ❸ ➯➧ÿ ➲ ❊ ❺ ⑧ ➯➧ÿ ➲✾✽✡ý✖✯ ➨ ❵ ✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ � ❜ ú
⑥❳⑧
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➂✢✇❹❱r❨❭③✪❜✼♦❞❱➑③❩❢✈❨❞❤☎❨❞❴❀❾➩♦➉❨❭❬✯❢❥❨❞❴❀❦➍❱r❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✍❢❣❜✐❴❀❤➜❦ ❸ ❱❵❨❭❬ ❸ ♣➛❤✫✇❹❜✼➎✾❪✍✇❀❨❭❪➜❪✍✇❹❱ý➤♥❪✍✇➫❜❞❬✫❾❀❱❳❬✦①❞❱❵❴❹❱❳❬✯❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪
❤✫➭❿❻❀❨❭❬✫❱❵❤✰❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①◆❤✟❲ ❸ ❢❥❴❹❱●❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✰③✪❱❵✇❀❨✼♦❞❱❵❤✰❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦❳❨ ❸✈❸ ♣✦❤✍❢✈❫❈❢ ❸ ❨❭❬❡❪✟❜★❪✍✇❹❱▲▼★ù ➯➵➳ ➤✐❜➓⑥✼➲q❪✍✇✝❜❞❬✯❾❹❱❳❬
❲✪❜ ❸ ♣⑦❴❹❜✐❫❈❢✈❨ ❸ ❤✍❱❳❱❵❫❈❢❥❴❹① ❸ ♣☎❬✍❱ ❸ ❨❭❪✟❱❵❾✝↕❞❱❳❬✫❴❀❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✗➎✢❢❣❪✍✇✙❪✍✇❹❱✡↕❞❱❳❬✫❴❀❱ ❸ ❝➧❻❀❴❩❦➍❪✍❢❣❜✐❴✙③✪❱❵❢❥❴❹①◆❪✍✇❹❱ ➯➵➳ ➤✪➲q❪✍✇✝❜❞❬✯❾❹❱❳❬
↕❞❱❳❬✯❴❹❱ ❸ ❾❹❱❳➬❩❴❹❱❵❾✤❢✈❴ ➯ ⑥❳⑧❛➲✯❼➾❖✴❜❞❪✟❱❆❪✍✇❀❨❭❪➪➀➠❨❞❴❹① ➯➵➳ ⑧❞⑧✐➊✐➲✙❝➧❜⑦❦❳❻❀❤✟❱❵❾➽❜✐❴➽❪✍✇❹❱❆❤✟❱❵❦➍❜✐❴❩❾✤❜❞❬✫❾❹❱❳❬r❶⑦♠✒➙✕↕❞❱❳❬✫❴❀❱ ❸ ❤❳❼
➏ ❷ ❪✟❱❵❴❩❤✍❢❣❜✐❴❀❤✢❜❞❝✰✇❹❱❳❬✢❬✍❱❵❤✫❻ ❸ ❪✍❤☞❪✟❜➑✇❀❢❣①✐✇❀❱❳❬✒❶⑦♠✒➙➁↕❞❱❳❬✯❴❹❱ ❸ ❤✢❨❭❬✫❱✦❤✟❪✟❬✫❨❞❢❥①✐✇❛❪✟❝➧❜❞❬✍➎❅❨❭❬✫❾➒❨ ❸ ❜✐❴❹①➪❪✍✇❹❱ ❸ ❢❥❴❹❱❵❤☞❜❞❝t➀➠❨❞❴❀❾
❨❞❴❩❾✉➔❞❜✐❴❹❱❵❤ ➯ ⑥❵⑨❞⑨❞é⑩❧✵❶⑩❱❵❦➍❪✍❢❥❜✐❴✉é⑩❼❽④❿➲✯❼

➊⑩❼✢➂✢✇❹❱✡❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦●③❩❢❥❨❞❤❡❜❞❝✸❪✍✇❹❱ ❸ ❢❥❴❹❱❵❨❭❬✷①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪✰❤✍➭⑩❻❀❨❭❬✍❱❵❤✷❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①◆❤✍❲ ❸ ❢❥❴❹❱✗❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬ ➯ ➤➓ù✔⑥✼➲
❢✈❤ ❇ ⑧ ➯➧ÿ ➲ ⑩r➫ ➯➧ÿ ➲✯❧➉➎✴✇❹❱❳❬✍❱ ⑩r➫ ➯➧ÿ ➲✵❤✟❜ ❸ ♦❞❱❵❤ ➯ é✐➲✘➎✢❢❣❪✍✇P❪✍✇❹❱✏❬✫❢❣①✐✇❿❪❇➋➆✇❀❨❞❴❀❾★❤✫❢❥❾❹❱✰❜❞❝⑦❪✍✇❹❱✏❱❵➭❿❻❀❨❭❪✍❢❥❜✐❴★❱❵➭⑩❻❀❨ ❸ ❪✟❜◆ü ❘ ⑧ ❱ ➯➧ÿ ➲ ❊ ❍ � ❧
➎✴✇❹❱❳❬✍❱✞❍ � ❢❥❤➑❤✟❜✐❫✝❱↔❦➍❜✐❴❀❤✟❪✍❨❞❴❿❪❳❼ ▲✴❱❵❴❀❦➍❱↔❢❣❪➑❦➍❜❞❬✍❬✍❱❵❤✟❲✪❜✐❴❀❾❀❤r❪✟❜✤❪✍✇❹❱➛❤✟❱❵❦➍❜✐❴❀❾✿❜❞❬✫❾❀❱❳❬❆❶❹♠✴➙ ↕❞❱❳❬✫❴❀❱ ❸ ❼✱➂☞✇❹❱
❨❞❤✍♣⑩❫✝❲❩❪✟❜❞❪✍❢❥❦✒③❩❢❥❨❞❤✏❜❞❝❙❪✍✇❹❱◆❦❳❻❹③❩❢❥❦✴①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪❅❤✍➭❿❻❩❨❭❬✍❱❵❤❅❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①✙❤✟❲ ❸ ❢✈❴❹❱✢❢❥❤✴❜ ❇❣❢ ➯➧ÿ ➲ ⑩ ➫ ➯➧ÿ ➲✯❧⑩➎✴✇❹❱❳❬✍❱⑩ ➫ ➯➧ÿ ➲☎❤✟❜ ❸ ♦❞❱❵❤ ➯ é✐➲☎➎✢❢❣❪✍✇➠❪✍✇❀❱r❬✫❢❥①✐✇❛❪❇➋➆✇❀❨❞❴❩❾➩❤✍❢✈❾❹❱➪❜❞❝✡❪✍✇❹❱❃❱❵➭⑩❻❀❨❭❪✍❢❣❜✐❴✂❱❵➭❿❻❩❨ ❸ ❪✟❜↔ü ❘ ❢ ❱ ➯➧ÿ ➲ ❊ ❍ ⑧ ❧✷➎✢✇❹❱❳❬✫❱✔❍ ⑧ ❢❥❤➜❨
❦➍❜✐❴❩❤✟❪✍❨❞❴❛❪❳❼●▲✢❱❵❴❩❦➍❱☎❢❣❪☞❦➍❜❞❬✍❬✍❱❵❤✍❲✸❜✐❴❩❾❀❤❅❪✟❜r❨✝✇❀❢❥①✐✇❹❱❳❬ ➯ ④❞❪✍✇♥➲❅❜❞❬✯❾❹❱❳❬✴❶⑦♠✒➙ ↕❞❱❳❬✫❴❹❱ ❸ ❼

④❹❼☞➀✿✇❹❱❵❴➪òåù✔⑥❭❧❛➎●❱✴✇❩❨❵♦❞❱◆❦➍❬✍❜✐❤✍❤❇➋➆❤✟❱❵❦➍❪✍❢❥❜✐❴❀❨ ❸ ❢✈❴❀❾❹❱❳❲✪❱❵❴❀❾❹❱❵❴❿❪t❾❀❨❭❪✍❨★❝➧❜ ❸❥❸ ❜➌➎✢❢❥❴❹①★ô ó ù➴ü ➯ ö ó ➲❛ý➒þ ó ❧❿➎✢✇❹❱❳❬✍❱☞❪✍✇❀❱✒þ ó
❨❭❬✫❱✦❢❥❴❀❾❀❱❳❲✸❱❵❴❩❾❹❱❵❴❛❪❅❨❞❴❀❾➒❢❥❾❹❱❵❴❿❪✍❢❥❦❳❨ ❸❥❸ ♣❃❾❀❢❥❤✟❪✟❬✫❢❥③❩❻❹❪✟❱❵❾➑❨❞❴❀❾➓❝➧❜ ❸❥❸ ❜➌➎✢❤❖❤ ➯ ⑧⑦ú ❨ ⑧ ➲✯❼●➂✢✇❹❱P❬✍❱❵❤✍❻ ❸ ❪✍❤☞❢❥❴÷➵✗❬✍❜❞❲✪❜✐❤✍❢❣❪✍❢❣❜✐❴
④➪❬✍❱❵❾❀❻❀❦➍❱P❪✟❜❈❪✍✇❀❜✐❤✟❱★①✐❢❣♦❞❱❵❴➒❢❥❴➓❖✢♣⑦❦✫✇❀↕➉❨ ➯ ⑥❵⑨❞⑨❞é✐➲✢❨❞❤

④✶✻ Pü ➫ ➯➧ÿ ➲✾✽⑤❜➠ü ➯➧ÿ ➲ ⑥ ➯ ❜☎⑥✼➲ ➨ ❈ � ❇✗⑧ ➨ ➯➧ÿ ➲❚ü ❘ ⑧ ➨✷❱ ➯➧ÿ ➲ ❊ ❍ ➨ ú ➯ ⑥✼➈❞➲
♦➉❨❭❬s✻✸Pü➍➫ ➯➧ÿ ➲✾✽ ⑥ ✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ � ✻ ❷➍➨ ❨ ⑧ ❊ ➂ ➯➧ÿ ➲✾✽✐ú ➯ ⑥❵⑤✐➲

➎✴✇❹❱❳❬✍❱ ❇ ➯➧ÿ ➲✰ùú✻➍➦ ❨ ⑧ ❊ ➂ ➯➧ÿ ➲✾✽ �✒✑ ⑧ ➨ ❨❞❴❀❾ ➂ ➯➧ÿ ➲●❢❥❤❅❪✍✇❹❱✦❾❹❱❵❴❀❤✍❢❣❪q♣➪❜❞❝❡ö ó ❼
é⑩❼✢➐❀❜❞❬❅❦ ❸ ❻❀❤✟❪✟❱❳❬✍❱❵❾♥➨ ❸ ❜✐❴❹①✐❢❣❪✍❻❀❾❀❢✈❴❀❨ ❸ ❾❀❨❭❪✍❨⑦❧⑦❪✍✇❹❱✒➎✏❜❞❬✍↕⑦❢❥❴❹①➜❢❥❴❀❾❹❱❳❲✪❱❵❴❀❾❀❱❵❴❀❦➍❱☞❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①✦❤✟❲ ❸ ❢❥❴❀❱✡❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✡❢❥❤●❦❳❨ ❸ ➋
❦❳❻ ❸ ❨❭❪✟❱❵❾➘③❿♣➾❪✟❬✫❱❵❨❭❪✍❢❥❴❹①➽❪✍✇❹❱➛❾❀❨❭❪✍❨✂❪✟❜➩③✪❱➛❢❥❴❀❾❹❱❳❲✪❱❵❴❀❾❹❱❵❴❿❪❈➎✢❢❥❪✍✇➾❱❳❬✍❬✍❜❞❬➑♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱❵❤ ❨ õqõ❭❼✔❑❚❪✍❤➑❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦
③♥❢❥❨❞❤★❨❞❴❀❾➫♦➉❨❭❬✫❢✈❨❞❴❀❦➍❱❈❪✍❨❭↕❞❱❵❤✦❪✍✇❹❱r❤✍❨❞❫❈❱❈❝➺❜❞❬✯❫✶❨❞❤ ➯ ⑥✼➈❞➲☎❨❞❴❀❾ ➯ ⑥❵⑤✐➲★❱ ❷ ❦➍❱❳❲❀❪☎❪✍✇❀❨❭❪ ❨ ⑧ ❊ ➂ ➯➧ÿ ➲◆❢✈❤★❬✍❱❳❲ ❸ ❨❞❦➍❱❵❾↔③❿♣↔✪❿ ✂õ❛❴❭� ❨ ❈ �õqõ ➂ õ ➯➧ÿ ➲❶↕ ❈ � ❢❥❴ ➯ ⑥❵⑤✐➲☞❨❞❴❀❾ ❇ ➯➧ÿ ➲●❬✫❱❳❲ ❸ ❨❞❦➍❱❵❾➓③⑩♣ ❇ ➯➧ÿ ➲✗ù ❵ ➦ ❊ ↔✪❿ ✂õ❛❴❭� ❨ ❈ �õqõ ➂ õ ➯➧ÿ ➲❶↕ ❜ �✒✑ ⑧ ➨ ❼✐ ✲✕✛✒✎ý➼⑩☛✍✛★✹t✠☞☛✯✆❇✑❙➻ ✠☞✎✙❁ ✽➘✛✒✎✙✚✸✆✫✚❀✑✪✌✗✎✙✹✏➻ ✛✢✜ ✾❋✌✗✎✙✌✰✖✵✠☞☛✯✆✆✿t✌✰❁ ❄❆✌✰✠✡✚❩✑ ✣☎✁☎✄✙✠✡✖✵✌✰✚
✣✦✮✝☛✯✆✫✎✙✌✰✚ï✠☞✎✙❁ ✣☎✌✰✌✗✥➅✆✫✎✙✬✒☛ê➻ Þ➷✎✙✖✵✌✗☛✫✠●✑✸✌✰❁✻✓✕✌✗✖✘✎✙✌✗☛✍✚

➂☞✇❹❱✢❲❩❻❹❬✍❲✪❜✐❤✟❱✡❜❞❝✪❪✍✇❀❢❥❤✗❤✟❱❵❦➍❪✍❢❣❜✐❴❃❢❥❤t❪✟❜➜➬❀❬✫❤✟❪✰❾❹❱❵❫❈❜✐❴❀❤✟❪✟❬✫❨❭❪✟❱✒❢❥❴r❶⑩❱❵❦➍❪✍❢❣❜✐❴❃ê⑩❼❥⑥✢❪✍✇❀❱✴❴❹❜✐❴⑩ë ❸ ❜⑩❦❳❨ ❸ ❢❥❪➆♣➜❜❞❝✵❪✍✇❹❱☞①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾
❸ ❱❵❨❞❤✟❪✡❤✍➭⑩❻❀❨❭❬✍❱❵❤✡❤✍❲ ❸ ❢❥❴❹❱✒❨❞❴❀❾➑❪✍✇❹❱P❤✟❱❳❱❵❫❈❢✈❴❹① ❸ ♣➪❻❀❴❀❬✍❱ ❸ ❨❭❪✟❱❵❾❃↕❞❱❳❬✫❴❹❱ ❸ ❼t❑❚❪✡❢❥❤❅➎✢❢❥❾❀❱ ❸ ♣✝③✪❱ ❸ ❢❣❱❳♦❞❱❵❾❃❢❥❴❃❪✍✇❹❱★❴❹❜✐❴❹❲❩❨❭❬✯❨❞❫✝❱❳❪✟❬✫❢❥❦
❸ ❢❣❪✟❱❳❬✯❨❭❪✍❻❹❬✍❱➪❪✍✇❩❨❭❪✙❨❊❦➍❜✐❴❀❤✍❢✈❤✟❪✟❱❵❴❛❪✙❴❹❜✐❴❹❲♥❨❭❬✫❨❞❫✝❱❳❪✟❬✫❢❥❦r❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬➜❬✫❱❵➭❿❻❀❢❥❬✍❱❵❤ ❸ ❜⑩❦❳❨ ❸ ❢❥❪➆♣❞❧t❢➵❼❽❱❞❼❣❧✰❝➧❜❞❬✝❨❞❴❛♣ ÿ ❧t❜✐❴ ❸ ♣↔❜❞③♥❤✟❱❳❬✟➋
♦❭❨❭❪✍❢❣❜✐❴❀❤✦➎✢✇❹❜✐❤✟❱❃❦➍❜✼♦❭❨❭❬✫❢❥❨❭❪✟❱➑♦➉❨ ❸ ❻❹❱❵❤✦❨❭❬✫❱❃❢❥❴➫❪✍✇❹❱r❴❀❱❵❢❣①✐✇❛③✪❜❞❬✫✇❀❜❿❜⑦❾↔❜❞❝ ÿ ❨❭❬✍❱➑❻❀❤✟❱❵❾➩❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦❳❨ ❸❥❸ ♣↔❪✟❜➒❱❵❤✟❪✍❢✈❫❈❨❭❪✟❱
ü ➯➧ÿ ➲✯❼ ② ❴❹❜✐❴⑦➋ ❸ ❜⑩❦❳❨ ❸ ❴❹❜✐❴❹❲♥❨❭❬✫❨❞❫✝❱❳❪✟❬✫❢❥❦➜❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬☎❢❥❤◆❜❞❝➧❪✟❱❵❴➠❢❥❴❀❦➍❜✐❴❩❤✍❢❥❤✟❪✟❱❵❴❿❪❳❼➜➐❀❜❞❬☎❦ ❸ ❻❀❤✟❪✟❱❳❬✫❱❵❾♥➨ ❸ ❜✐❴❹①✐❢❣❪✍❻❩❾❀❢❥❴❀❨ ❸ ❾❀❨❭❪✍❨⑦❧

⑥❞⑥
Hosted by The Berkeley Electronic Press



③✪❜❞❪✍✇❊①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✍❪◆❤✫➭❿❻❀❨❭❬✫❱❵❤P❤✟❲ ❸ ❢❥❴❀❱☎❨❞❴❀❾➛❤✟❱❳❱❵❫❈❢❥❴❀① ❸ ♣✉❻❀❴❹❬✫❱ ❸ ❨❭❪✟❱❵❾❊↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✯❤P❨❭❬✍❱✝❴❹❜✐❴ ❸ ❜⑦❦❳❨ ❸ ❧✪③❩❻❹❪
❝➧❬✍❜✐❫✧❪✍✇❹❱r❬✍❱❵❤✍❻ ❸ ❪✍❤☎❢❥❴➩❶⑦❱❵❦➍❪✍❢❣❜✐❴❀❤ ➳ ❼❥⑥r❨❞❴❀❾➫④❹❧✷❪✍✇❹❱❳♣➠❨❭❬✍❱r❦➍❜✐❴❩❤✍❢❥❤✟❪✟❱❵❴❿❪❳❼❆❑❚❪✦❢❥❤✦✇❹❱❵❴❀❦➍❱➪❜❞❝☞❤✫❻❹③❩❤✟❪✍❨❞❴❿❪✍❢❥❨ ❸ ❢❥❴❿❪✟❱❳❬✍❱❵❤✟❪✦❪✟❜
❻❀❴❀❾❀❱❳❬✫❤✟❪✍❨❞❴❀❾➓✇❹❜➌➎ ❴❹❜✐❴⑦➋ ❸ ❜⑩❦❳❨ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬✫❤✢❦❳❨❞❴✉③✪❱◆❦➍❜✐❴❩❤✍❢❥❤✟❪✟❱❵❴❿❪❳❼✰➀↔❱✦❢✈❴❛♦❞❱❵❤✟❪✍❢❥①✐❨❭❪✟❱☎❪✍✇❀❢❥❤✡❢✈❤✍❤✍❻❹❱P❢❥❴❊è✯ê⑩❼ ➳ ❼❥✏✎✆✑ ❦♠❧➲✵➍✕✗★✔♥❉✫✭✬✸✚✧✹✥✜♣♦r➝▲✕❩♥✥✕✪✤❴q①✹✥✜sr✏➝✐✹♣t❙✫❉✤✢✚❆✬s✦
➐❹❜❞❬❊❢❥❴❀❾❹❱❳❲✪❱❵❴❀❾❹❱❵❴❿❪r❾❩❨❭❪✍❨⑦❧P③✸❜❞❪✍✇✿↕❞❱❳❬✯❴❹❱ ❸ ❨❞❴❀❾➴❤✟❲ ❸ ❢❥❴❹❱❊❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✫❤✉❨❭❬✍❱ ❸ ❜⑦❦❳❨ ❸ ❼✕➐❹❜❞❬➒❦ ❸ ❻❩❤✟❪✟❱❳❬✍❱❵❾♥➨ ❸ ❜✐❴❀①✐❢❣❪✍❻❀❾❀❢❥❴❩❨ ❸
❾❀❨❭❪✍❨⑦❧❹❪✍✇❹❱★❤✫❨❞❫✝❱P❢❥❤●❪✟❬✫❻❹❱◆❝➺❜❞❬✡➎●❜❞❬✍↕⑦❢❥❴❹①✙❢❥❴❀❾❹❱❳❲✪❱❵❴❀❾❀❱❵❴❀❦➍❱✢↕❞❱❳❬✫❴❀❱ ❸ ❨❞❴❀❾➑❤✟❲ ❸ ❢❥❴❀❱✢❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬✫❤ ➯ ➀↔❱ ❸ ❤✍✇✘❧⑩❱❳❪☞❨ ❸ ❼❣❧ ➳ ⑧❞⑧ ➳ ➲✯❼
② ❤✍❤✍❻❀❫❈❢✈❴❹①❆❪✍✇❹❱❃❴❿❻❀❫✦③✪❱❳❬✦❜❞❝✡❜❞③♥❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤✦❲✸❱❳❬✙❦ ❸ ❻❀❤✍❪✟❱❳❬✦ò ❢❥❤★➬❩❴❩❢❣❪✟❱❞❧✷❪✍✇❀❢❥❤☎❫❈❱❵❨❞❴❀❤➜❜✐❴ ❸ ♣➛❜❞③❩❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤✦❝➧❬✍❜✐❫
❾❀❢➼➻✪❱❳❬✍❱❵❴❿❪➜❦ ❸ ❻❀❤✟❪✟❱❳❬✫❤✝❦➍❜✐❴❿❪✟❬✫❢❣③❩❻❀❪✟❱r❪✟❜↔❱❵❤✟❪✍❢✈❫❈❨❭❪✍❢❣❜✐❴➽❜❞❝✴ü ➯➧ÿ ➲✦❨❭❪✝❨❞❴❛♣ ÿ ❼✂❶⑦❻❀❦✯✇ ❸ ❜⑩❦❳❨ ❸ ❢❥❪➆♣➩❢✈❤✦➎✴❢❥❾❹❱ ❸ ♣↔❲❀❬✫❱❵❤✍❻❀❫✝❱❵❾➩❪✟❜
③✪❱❈❴❹❱❵❦➍❱❵❤✍❤✍❨❭❬✫♣❊❪✟❜➒❱❵❴❀❤✍❻❹❬✫❱❈❦➍❜✐❴❀❤✍❢❥❤✟❪✟❱❵❴❩❦➍♣➒❜❞❝✡❨✉❴❀❜✐❴❹❲❩❨❭❬✫❨❞❫✝❱❳❪✟❬✯❢❥❦✙❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✼❼r▲✴❜✼➎●❱❳♦❞❱❳❬❵❧✷➀↔❱ ❸ ❤✍✇✵❧➃❱❳❪✦❨ ❸ ❼ ➯➵➳ ⑧❞⑧ ➳ ➲
❜❞③❩❤✟❱❳❬✫♦❞❱❵❾➩❪✍✇❩❨❭❪✦❪✍✇❹❱❃①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪✦❤✍➭⑩❻❀❨❭❬✍❱❵❤✙❤✟❲ ❸ ❢❥❴❹❱❈❢❥❤✦❴❹❜❞❪ ❸ ❜⑩❦❳❨ ❸ ❼➒➂☞✇❀❢✈❤☎❴❹❜✐❴⑦➋ ❸ ❜⑩❦❳❨ ❸ ❢❥❪➆♣➛❜❞❝☞❪✍✇❹❱➑❤✟❲ ❸ ❢✈❴❹❱❈❢❥❤
❤✍❻❹❲❩❲✸❜❞❬✫❪✟❱❵❾➒③⑩♣➛❪✍✇❹❱❈❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦➪❤✟❲ ❸ ❢❥❴❀❱✦❱ ❷ ❲❩❨❞❴❀❤✍❢❥❜✐❴↔❢❥❴ ➯ ⑥❵ê✐➲✯❼ ② ❤✍❢❥❫➪❢ ❸ ❨❭❬◆❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦✝❱ ❷ ❲❩❨❞❴❀❤✍❢❥❜✐❴↔✇❹❜ ❸ ❾❀❤◆❝➧❜❞❬
❪✍✇❹❱➑❤✟❱❳❱❵❫❈❢❥❴❀① ❸ ♣➠❻❀❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾➫↕❞❱❳❬✫❴❀❱ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬✙③❿♣➠❬✫❱❳❲ ❸ ❨❞❦❳❢❥❴❹① ✩✬✫ ✭ ➯➧ÿ ú❇ö✪ó❽õ➉➲★❢✈❴ ➯ ⑥❵ê✐➲☎③⑩♣✲❁❄❃ ➯ ö✪ó➣õ➩❜ ÿ ➲ ➯ ➀➠❨❞❴❀①❹❧
➳ ⑧❞⑧✐➊✐➲✯❼●❑q❪✡❝➧❜ ❸❥❸ ❜➌➎✢❤✡❪✍✇❀❨❭❪☞❪✍✇❀❱★❤✟❱❳❱❵❫❈❢❥❴❹① ❸ ♣❃❻❀❴❀❬✍❱ ❸ ❨❭❪✟❱❵❾➑↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✒❢❥❤✡❴❹❜❞❪ ❸ ❜⑦❦❳❨ ❸ ❱❵❢❣❪✍✇❹❱❳❬✼❼

➂☞✇❀❱➜❴❹❜✐❴⑦ë ❸ ❜⑩❦❳❨ ❸ ❢❣❪➆♣✉❦❳❨❞❴➛❨ ❸ ❤✍❜r③✪❱✙❾❹❱❵❫✝❜✐❴❀❤✟❪✟❬✯❨❭❪✟❱❵❾➛❝➺❜❞❬P❤✟❱❳❱❵❫❈❢✈❴❹① ❸ ♣❆❻❀❴❹❬✫❱ ❸ ❨❭❪✟❱❵❾✉↕❞❱❳❬✯❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✫❤✒♦⑦❢❥❨ ➯ ⑥ ➳ ➲
❨❞❴❀❾✙❝➧❜❞❬✰❪✍✇❹❱✡①❞❱❵❴❹❱❳❬✯❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✍❪✰❤✍➭❿❻❩❨❭❬✍❱❵❤✰❤✟❲ ❸ ❢❥❴❹❱●❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✫❤✰♦⑩❢❥❨ ➯ ⑥❵é✐➲✯❼✗▲✴❱❳❬✍❱✡➎●❱✢❤✟❱❳❱✢❦ ❸ ❱❵❨❭❬ ❸ ♣☎❪✍✇❩❨❭❪t③✸❜❞❪✍✇➪❫✝❱❳❪✍✇⑦➋
❜⑦❾❀❤P❨❭❬✍❱ ❸ ❜⑦❦❳❨ ❸ ❢❥❴❊❪✍✇❹❱✙❲❩❤✟❱❵❻❀❾❹❜❃❜❞③❩❤✟❱❳❬✫♦➉❨❭❪✍❢❣❜✐❴❩❤ ➯ ⑥❵➊✐➲➆☞P❪✍✇❹❱❈❤✟❱❳❱❵❫❈❢❥❴❀① ❸ ♣✉❻❀❴❹❬✫❱ ❸ ❨❭❪✟❱❵❾❊↕❞❱❳❬✫❴❹❱ ❸ ❲❩❤✟❱❵❻❩❾❹❜r❜❞③♥❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴
❨❭❪★❦➍❜✐❴❿♦❞❱❳❬✍①❞❱❵❴❀❦➍❱r❢✈❤Pô ✜ó➣õ ù ô♥ó➣õ❅ý ➯ ➁ õqõ ➲✾❈ � ❿ ✂õ❛❴❭� ❿ ■✸➣❴❹õ ➁ õ➆■ ✻✼ô óÙ■ ❜✛Pü ❲ ➯ ö ó✄■ ➲✾✽✐❧❙❨❞❴❀❾↔❨➓❤✫❢❥❫❈❢ ❸ ❨❭❬✒❝➧❜❞❬✫❫➹✇❹❜ ❸ ❾❀❤✒❝➧❜❞❬
❪✍✇❹❱✦①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪✒❤✍➭❿❻❩❨❭❬✍❱❵❤✢❤✟❲ ❸ ❢❥❴❹❱❞❼ ➇ ❸ ❱❵❨❭❬ ❸ ♣❃❪✍✇❀❢❥❤☞❪✟❱❳❬✫❫ ❾❀❱❳❲✸❱❵❴❩❾❀❤❅❜✐❴➒❨ ❸✈❸ ❪✍✇❹❱☎❬✫❱❵❤✟❲✪❜✐❴❀❤✟❱❵❤☞❢❥❴✉❪✍✇❹❱☎❦ ❸ ❻❩❤✟❪✟❱❳❬❵❧
❴❹❜❞❪✘➮✟❻❀❤✍❪✰ô❩ó➣õ❞❼t➂☞✇❀❱❵❤✟❱✢❾❀❢❥❤✫❦❳❻❀❤✍❤✍❢❣❜✐❴❩❤❡❤✫❻❹①❞①❞❱❵❤✟❪●❪✍✇❀❨❭❪✗❢❣❝✵❨❞❴❿♣ ❜❞③♥❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴➪❢❥❴➪❨☎❦ ❸ ❻❀❤✍❪✟❱❳❬✏✇❀❨❞❤✏❨❞❴✝ö✪ó❽õ✴❴❹❱❵❨❭❬✏❪✍✇❹❱☞♦❭❨ ❸ ❻❹❱
❨❭❪☞➎✢✇❩❢❥❦✫✇➑❪✍✇❹❱P❝➸❻❀❴❀❦➍❪✍❢❥❜✐❴➓❢❥❤❅❪✟❜❈③✪❱◆➬❀❪❳❧❀❪✍✇❹❱❵❴❆❨ ❸✈❸ ❪✍✇❹❱P❜❞③❩❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤✢❢❥❴❃❪✍✇❹❱☎❦ ❸ ❻❀❤✍❪✟❱❳❬☞❦➍❜✐❴❛❪✟❬✫❢❥③❩❻❹❪✟❱P❪✟❜❈❪✍✇❹❱P➬❩❪❳❧❩❢➵❼❽❱❞❼❣❧
③✪❜❞❪✍✇❆❫✝❱❳❪✍✇❹❜⑦❾❀❤✡❨❭❬✍❱✦❴❹❜❞❪ ❸ ❜⑦❦❳❨ ❸ ❨❭❪☞❪✍✇❹❱★❜❞③♥❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴⑦➋ ❸ ❱❳♦❞❱ ❸ ❼

➂➃❜➾❢ ❸❥❸ ❻❩❤✟❪✟❬✫❨❭❪✟❱❊❪✍✇❀❢❥❤➓❴❹❜✐❴⑦➋ ❸ ❜⑩❦❳❨ ❸ ❢❥❪➆♣❞❧✒➎✏❱↔❲❀❬✫❜✼♦⑦❢❥❾❹❱➛❨✤❴❿❻❀❫❈❱❳❬✫❢❥❦❳❨ ❸ ❱ ❷ ❨❞❫✝❲ ❸ ❱❞❼➷➐❹❜❞❬❆ñ➤ù é❭⑧➾❨❞❴❀❾✿ò ù ➊⑩❧
➎●❱❊①❞❱❵❴❀❱❳❬✫❨❭❪✟❱❵❾➴❪✍✇❹❱↔❦➍❜✼♦❭❨❭❬✫❢❥❨❭❪✟❱➠ö ó➣õ ❝➧❬✍❜✐❫ ❪✍✇❹❱↔♠✴❴❩❢❣❝➺❜❞❬✯❫ ➯ ❜ ➳ ú ➳ ➲r❾❀❢❥❤✟❪✟❬✯❢❣③❩❻❹❪✍❢❣❜✐❴ç❨❞❴❀❾✿❨❞❤✍❤✍❻❀❫❈❱❵❾➘ô ó➣õ ❝➺❜ ❸✈❸ ❜✼➎●❱❵❾
❫✝❜⑦❾❹❱ ❸ ➯ ⑥✼➲➜➎✴❢❣❪✍✇➾ü ➯➧ÿ ➲➪ù➅❤✍❢❥❴ ➯➵➳➉ÿ ➲✝❨❞❴❀❾➚❨❞❴➾❱ ❷ ❦✫✇❀❨❞❴❹①❞❱❵❨❭③ ❸ ❱➒❦➍❜➌♦➉❨❭❬✫❢✈❨❞❴❀❦➍❱ ✝ ù➹④ ➯ ⑧ ✉ ➳ è➑ý➴⑧ ✉ ⑤✳✉➃➲✯❧☞➎✢✇❀❱❳❬✍❱✈✉ ❢❥❤
❨❆ò ❣➛ò ❫❈❨❭❪✟❬✫❢ ❷ ❜❞❝✡❜✐❴❹❱❵❤❳❧t❢➵❼❽❱❞❼➑❪✍✇❹❱r❲❩❨❞❢❣❬✟➋➶➎✴❢❥❤✟❱✝➎✢❢❣❪✍✇❩❢❥❴⑦➋➆❦ ❸ ❻❀❤✍❪✟❱❳❬★❦➍❜❞❬✍❬✍❱ ❸ ❨❭❪✍❢❣❜✐❴➩❢❥❤☎⑧⑦❼ ⑤⑩❼➒❍✏❜❞❪✍✇➩❪✍✇❹❱❃❤✟❱❳❱❵❫❈❢❥❴❹① ❸ ♣
❻❀❴❹❬✫❱ ❸ ❨❭❪✟❱❵❾➛↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬●Pü ❲ ➯➧ÿ ➲◆❨❞❴❩❾↔❪✍✇❹❱➪❤✍❫❈❜❿❜❞❪✍✇❀❢✈❴❹①➓❤✟❲ ❸ ❢❥❴❀❱✦❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬●Pü✺➫ ➯➧ÿ ➲◆❦❳❨❞❴↔③✪❱✝➎☞❬✫❢❣❪✟❪✟❱❵❴➫❢❥❴➛❪✍✇❹❱
❝➧❜❞❬✫❫îPü ➯➧ÿ ➲❃ù♠❿ ❀ó❵❴❭� ❿ ✂õ➆❴❭� ✁❊ó➣õ ➯➧ÿ ú❇ö◆➲❚ô♥ó➣õ❞❧●➎✢✇❹❱❳❬✍❱❆❪✍✇❀❱❆❱ ❷ ❲❩❬✍❱❵❤✍❤✍❢❣❜✐❴➽❝➧❜❞❬➪❪✍✇❀❱❆➎✏❱❵❢❥①✐✇❛❪✍❤✵✁❊ó➣õ ➯➧ÿ ú❇öP➲✙❢❥❤✝①✐❢❣♦❞❱❵❴➚③❿♣
❱❵➭⑩❻❀❨❭❪✍❢❣❜✐❴ ➯ ➈❞➲✴❝➧❜❞❬✒❪✍✇❀❱❈❤✟❱❳❱❵❫❈❢❥❴❹① ❸ ♣❆❻❀❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾❊↕❞❱❳❬✫❴❀❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬ Pü ❲ ➯➧ÿ ➲✴❨❞❴❀❾➛③⑩♣✉❱❵➭⑩❻❀❨❭❪✍❢❣❜✐❴ ➯ ➈❞➲✴❜❞❝✗➀↔❱ ❸ ❤✫✇✵❧✵❱❳❪
❨ ❸ ❼❣❧ ➯➵➳ ⑧❞⑧ ➳ ➲✒❝➧❜❞❬◆❪✍✇❹❱✝❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①➑❤✟❲ ❸ ❢❥❴❹❱☎❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬ Pü✺➫ ➯➧ÿ ➲✯❼➜♠✴❤✍❢✈❴❹①r❪✍✇❀❱❵❤✟❱✙➎✏❱❵❢❣①✐✇❿❪◆❝➧❻❩❴❀❦➍❪✍❢❣❜✐❴❀❤❳❧✪➎●❱✝❢❥❴❛♦❞❱❵❤✍❪✍❢❣①✐❨❭❪✟❱
✇❹❜➌➎ ❪✍✇❹❱★❜❞③❩❤✍❱❳❬✍♦➉❨❭❪✍❢❥❜✐❴❆❨❭❪ ÿ ❢❥❤✡➎●❱❵❢❣①✐✇❛❪✟❱❵❾❆➎✢✇❹❱❵❴➓➎●❱★❱❵❤✟❪✍❢❥❫➪❨❭❪✟❱☎ü ➯❆❅ ➲✏❝➺❜❞❬✢❨➪❤✟❱❳❬✫❢❣❱❵❤❅❜❞❝✷♦❭❨ ❸ ❻❹❱❵❤❅❜❞❝ ❅ ❼

➐✷❢❣①✐❻❹❬✫❱❆⑥ ➯ ❨❛➲◆❲ ❸ ❜❞❪✍❤◆❪✍✇❀❱❈➎✏❱❵❢❥①✐✇❛❪✍❤P❝➧❜❞❬★❪✍✇❹❱➑❶⑦♠✴➙ ↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬ Pü ❲ ➯➧ÿ ➲◆❨❭❪ ÿ ù ⑧ ✉ ➳ é❆➎✢❢❣❪✍✇➛❪✍✇❹❱✝↕❞❱❳❬✯❴❹❱ ❸
⑥ ➳
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❝➸❻❀❴❀❦➍❪✍❢❣❜✐❴ ➯ ⑥❞⑥✼➲✙❨❞❴❀❾➽③♥❨❞❴❀❾❹➎✢❢❥❾❀❪✍✇ ❇ ù ⑧ ✉ ④➠❝➧❜❞❬✝③✪❜❞❪✍✇➽➎✏❜❞❬✍↕⑦❢❥❴❹①↔❢❥❴❩❾❹❱❳❲✪❱❵❴❀❾❹❱❵❴❀❦➍❱ ➯ ➎✢✇❀❢❥❦✯✇✤❢❥❤✙❢❥❾❹❱❵❴❿❪✍❢❥❦❳❨ ❸ ❪✟❜➠❪✍✇❹❱
❦ ❸ ❨❞❤✍❤✫❢❥❦❳❨ ❸ ↕❞❱❳❬✫❴❀❱ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❱➌➲✏❨❞❴❀❾➪❨❞❤✍❤✫❻❀❫❈❢❥❴❹①☎❪✍✇❹❱✢❪✟❬✫❻❀❱✴❦➍❜✼♦❭❨❭❬✫❢❥❨❞❴❩❦➍❱❞❼ ② ❤✍❢❥❫➪❢ ❸ ❨❭❬t❲ ❸ ❜❞❪✏❝➺❜❞❬●❪✍✇❹❱◆❦❳❻❹③❩❢❥❦✢❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①
❤✟❲ ❸ ❢❥❴❹❱➜❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬ Pü ➫ ➯➧ÿ ➲✒➎✢❢❣❪✍✇✲➦➫ù✾⑧ ✉ ⑥❈❢❥❤◆①✐❢❣♦❞❱❵❴➩❢❥❴↔➐✷❢❣①✐❻❹❬✍❱➓⑥ ➯ ③✸➲✯❼❃▼P❴❹❱❈❦❳❨❞❴➠❱❵❨❞❤✍❢ ❸ ♣➒❤✟❱❳❱➪❪✍✇❀❨❭❪★❪✍✇❹❱❈➎●❜❞❬✍↕⑦❢❥❴❹①
❢❥❴❀❾❀❱❳❲✸❱❵❴❩❾❹❱❵❴❀❦➍❱P↕❞❱❳❬✫❴❹❱ ❸ ❨❞❴❀❾❊❤✟❲ ❸ ❢✈❴❹❱P❱❵❤✟❪✍❢❥❫❈❨❭❪✟❱❵❤◆❨❭❬✍❱ ❸ ❜⑦❦❳❨ ❸ ❧✸➎✢✇❀❢ ❸ ❱P❪✍✇❀❱➜❤✟❱❳❱❵❫➪❢❥❴❹① ❸ ♣➓❻❀❴❹❬✫❱ ❸ ❨❭❪✟❱❵❾❆↕❞❱❳❬✫❴❀❱ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❱
❨❞❴❀❾➪❪✍✇❹❱✢①❞❱❵❴❹❱❳❬✯❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪✏❤✫➭❿❻❀❨❭❬✫❱❵❤✏❦❳❻❹③♥❢❥❦☞❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①☎❤✟❲ ❸ ❢✈❴❹❱❅❱❵❤✟❪✍❢❥❫❈❨❭❪✟❱◆❨❞❤✍❤✍❻❀❫➪❢❥❴❹①P❪✍✇❹❱✒❪✟❬✫❻❹❱✢❦➍❜➌♦➉❨❭❬✯❢❥❨❞❴❀❦➍❱P❨❭❬✍❱
❴❹❜❞❪ ❸ ❜⑦❦❳❨ ❸ ❼✝➐❀❻❹❬✫❪✍✇❹❱❳❬❵❧❙❤✍❢✈❴❀❦➍❱✝❪✍✇❹❱✝↕❞❱❳❬✫❴❹❱ ❸ ❝➧❻❀❴❩❦➍❪✍❢❣❜✐❴ ➯ ⑥❞⑥✼➲P❢❥❤◆❪✍✇❹❱✝❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❿❪P↕❞❱❳❬✫❴❹❱ ❸ ❜❞❝❅❪✍✇❹❱❈❦❳❻❹③♥❢❥❦✙❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①
❤✟❲ ❸ ❢❥❴❹❱☞❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬❵❧❹❪✍✇❹❱P❤✍✇❀❨❭❲✪❱❵❤✏❜❞❝❙❪✍✇❹❱◆❪q➎✏❜✙➎●❱❵❢❣①✐✇❛❪✡❦❳❻❹❬✫♦❞❱❵❤✡❨❭❬✍❱P❴❹❱❵❨❭❬ ❸ ♣➪❢✈❾❹❱❵❴❛❪✍❢✈❦❳❨ ❸ ❼t➐❡❢❥①✐❻❹❬✍❱✙⑥✒✇❀❱❵❴❀❦➍❱✒❨ ❸ ❤✟❜✝❤✍❻❹❲❹➋
❲✪❜❞❬✍❪✍❤❡❪✍✇❹❱✡❪✍✇❹❱❳❜❞❬✍❱❳❪✍❢✈❦❳❨ ❸ ❬✍❱❵❤✍❻ ❸ ❪✍❤✷❢❥❴❈❶⑩❱❵❦➍❪✍❢❥❜✐❴❀❤✰➊✒❨❞❴❀❾✙④P❨❞❴❀❾✙❲❀❬✍❜➌♦⑩❢❥❾❀❱●❴⑩❻❀❫✝❱❳❬✫❢✈❦❳❨ ❸ ❱❳♦⑦❢❥❾❹❱❵❴❩❦➍❱●❪✍✇❩❨❭❪❡❪✍✇❀❱☞❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦
❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❀❦➍❱P❜❞❝❡❪✍✇❹❱✦❶⑦♠✒➙ ↕❞❱❳❬✫❴❹❱ ❸ ❨❞❴❀❾➑❪✍✇❹❱★①❞❱❵❴❹❱❳❬✯❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✍❪☞❤✍➭❿❻❩❨❭❬✍❱❵❤☞❤✟❲ ❸ ❢❥❴❹❱✒❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✫❤☞➎✏❜❞❬✍↕⑦❤☞➭⑩❻❀❢❣❪✟❱P➎●❱ ❸❥❸
❢❥❴➑➬❩❴❩❢❣❪✟❱P❤✍❨❞❫✝❲ ❸ ❱❵❤❵❼❥✏✎➙✍ ✇✔✤ ➟ ✵✷✬✮✕✗★①r✏➝✐✕❣♥✥✕✪✤❳➝▲✹♣t❙✫✌✤✆✚✧✬s✦➅✫✌✜➠✯②✇●✹❭✜➠✵✺✚✆✵✷✬✮✕✪✜③tÝ✦
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❪✍✇❹❱❵❢❣❬✒❫✝❱❵❨❞❴❀❤✒❱❵❤✟❪✍❢❥❫➪❨❭❪✟❱❵❾➒❦➍❜✐❴❀❤✫❢❥❤✟❪✟❱❵❴❿❪ ❸ ♣❆❻❀❤✍❢❥❴❀①❈❱❵❢❣❪✍✇❹❱❳❬✒↕❞❱❳❬✫❴❹❱ ❸ ❜❞❬✒❤✍❲ ❸ ❢❥❴❹❱★❫❈❱❳❪✍✇❹❜⑩❾❩❤✴❨❭❪✒❪✍✇❹❱➜❲❀❬✍❱❳♦⑦❢❣❜✐❻❀❤☞❢❣❪✟❱❳❬✯❨❭❪✍❢❣❜✐❴Pü ❘✄❚♦❱ ➯ ö óÙ■ ➲✯❼✗➂✢✇❀❢❥❤❅❫✝❱❵❨❞❴❀❤✡❨ ❸ ❪✍✇❀❜✐❻❹①✐✇➑③✪❜❞❪✍✇➓❫✝❱❳❪✍✇❹❜⑦❾❀❤✡❨❭❬✍❱★❴❹❜✐❴⑦➋ ❸ ❜⑩❦❳❨ ❸ ❨❭❪✡❪✍✇❹❱P❜❞③❩❤✍❱❳❬✍♦➉❨❭❪✍❢❥❜✐❴⑩ë ❸ ❱❳♦❞❱ ❸ ❧❹❪✍✇❹❱❳♣➑❨❭❬✍❱ ❸ ❜⑦❦❳❨ ❸
❨❭❪☞❪✍✇❹❱✦❦ ❸ ❻❀❤✟❪✟❱❳❬❇ë ❸ ❱❳♦❞❱ ❸ ❼✗➐❀❻❹❬✫❪✍✇❹❱❳❬❵❧❩❨ ❸ ❪✍✇❀❜✐❻❹①✐✇❆ô ❘❯❚♦❨ � ❱ó❽õ ❻❀❤✟❱❵❤✢❨ ❸❥❸ ❜❞③❩❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤✢➎✢❢❣❪✍✇❀❢✈❴r❪✍✇❀❱☎❤✍❨❞❫✝❱☎❦ ❸ ❻❀❤✟❪✟❱❳❬❵❧❀ô ❘❯❚❯❨ � ❱ó➣õ

⑥❵➊
Hosted by The Berkeley Electronic Press



❢❥❤❈❨❞❤✍♣⑩❫✝❲❩❪✟❜❞❪✍❢❥❦❳❨ ❸❥❸ ♣✤❻❀❴❿③❩❢❥❨❞❤✟❱❵❾➾❝➺❜❞❬❃ü ➯ ö✸ó➣õ✼➲✯❧☞❢➶❼❽❱❞❼❣❧▲④✛↔⑩ô❄❘❯❚♦❨ � ❱ó❽õ ↕ ⑥ ü ➯ ö✸ó➣õ✼➲✯❼➴▲✴❱❵❴❀❦➍❱✉③⑩♣✤❬✍❱➍➋➆❦➍❱❵❴❿❪✟❱❳❬✫❢❥❴❹①✂❨❭❪➪❱❵❨❞❦✯✇
❢❣❪✟❱❳❬✫❨❭❪✍❢❥❜✐❴✵❧⑦❜❞③❩❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤❅➎✢❢❥❪✍✇❀❢❥❴r❪✍✇❹❱P❤✍❨❞❫✝❱★❦ ❸ ❻❀❤✍❪✟❱❳❬✡➎✢✇❹❜✐❤✟❱P❦➍❜✼♦❭❨❭❬✫❢❥❨❭❪✟❱☎♦➉❨ ❸ ❻❀❱❵❤✡❨❭❬✍❱P❴❹❜❞❪☞❢❥❴❃❪✍✇❹❱P❴❹❱❵❢❣①✐✇❿③✪❜❞❬✫✇❹❜⑩❜⑩❾
❜❞❝ ÿ ❨❭❬✍❱✦❻❩❤✟❱❵❾❆❪✟❜➑❢❥❫✝❲❀❬✫❜✼♦❞❱★❪✍✇❹❱✦❱❳➱➪❦❳❢❣❱❵❴❀❦➍♣➓❜❞❝t❱❵❤✍❪✍❢❥❫❈❨❭❪✍❢❣❜✐❴✉❜❞❝✰ü ➯➧ÿ ➲❅➎✢❢❣❪✍✇❹❜✐❻❹❪✴❢❥❴❛❪✟❬✫❜⑩❾❀❻❩❦❳❢❥❴❹①✙③❩❢❥❨❞❤❳❼❅➀✿✇❹❱❵❴❆❪✍✇❀❱❵❤✟❱
❢❣❪✟❱❳❬✫❨❭❪✍❢❥♦❞❱P❲❀❬✍❜⑦❦➍❱❵❾❀❻❹❬✍❱❵❤✡❨❭❬✍❱★❻❩❤✟❱❵❾➑❪✟❜➪❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✟❱★❤✟❱❳❱❵❫❈❢❥❴❹① ❸ ♣r❻❀❴❹❬✫❱ ❸ ❨❭❪✟❱❵❾❃↕❞❱❳❬✫❴❹❱ ❸ ❨❞❴❀❾➑①❞❱❵❴❀❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✍❪☞❤✍➭❿❻❩❨❭❬✍❱❵❤
❤✟❲ ❸ ❢❥❴❹❱✒❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✫❤❵❧❀❪✍✇❹❱★❬✍❱➍➋➆❦➍❱❵❴❿❪✟❱❳❬✫❢❥❴❀①➪❢❥❤✡❾❹❜✐❴❹❱P③⑩♣➑❻❹❲✵❾❀❨❭❪✍❢❥❴❹① Pü ➯ ö ó❽õ ➲❅❨❭❪☞❱❵❨❞❦✯✇✉❢❣❪✟❱❳❬✫❨❭❪✍❢❥❜✐❴✵❼✰➀✿✇❹❱❵❴➓❪✍✇❹❱❵❢❣❬☞❦ ❸ ❜✐❤✟❱❵❾
❝➧❜❞❬✫❫✧❱ ❷ ❲❀❬✍❱❵❤✍❤✫❢❣❜✐❴❀❤★❢❥❴ ➯ ➈❞➲☎❨❞❴❀❾ ➯ ê✐➲☎❨❭❬✍❱➪❻❩❤✟❱❵❾✵❧❙❪✍✇❀❱➪❬✍❱➍➋➆❦➍❱❵❴❿❪✟❱❳❬✫❢❥❴❹①➒❢❥❤☎❾❹❜✐❴❀❱➪❢❥❫✝❲ ❸ ❢❥❦❳❢❣❪ ❸ ♣➓❝➧❜❞❬✦❨ ❸❥❸ ❾❹❱❵❤✍❢❣①✐❴↔❲✪❜✐❢❥❴❿❪✍❤
❤✍❢❥❫➜❻ ❸ ❪✍❨❞❴❀❱❳❜✐❻❀❤ ❸ ♣❞❼

④ ✣✦✆✯✥ ✄✝☛✫✠●✑✪✆✫✛✴✎ ✣P✑✵✄✙❁❖➻
❑❇❴➾❪✍✇❀❢❥❤➪❤✟❱❵❦➍❪✍❢❣❜✐❴✵❧✡➎●❱➒❲❩❬✍❱❵❤✟❱❵❴❿❪➪❤✍❢❥❫➜❻ ❸ ❨❭❪✍❢❣❜✐❴➾❬✍❱❵❤✍❻ ❸ ❪✍❤❈➎✢✇❀❢❥❦✯✇➚❦➍❜✐❫✝❲❩❨❭❬✫❱✉❪✍✇❹❱➒➬❩❴❀❢❣❪✟❱❆❤✍❨❞❫❈❲ ❸ ❱❆❱❳➱➪❦❳❢❥❱❵❴❀❦➍♣✤❜❞❝P❪✍✇❹❱
❤✟❱❳❱❵❫❈❢✈❴❹① ❸ ♣✉❻❀❴❀❬✍❱ ❸ ❨❭❪✟❱❵❾➒↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬★❨❞❴❀❾❊❪✍✇❹❱✝❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①➑❤✟❲ ❸ ❢✈❴❹❱☎❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬❵❼★➀↔❱✝❝➧❜⑩❦❳❻❩❤◆❜✐❴❊❻❩❤✍❢❥❴❹①❃❪✍✇❹❱
❪✟❬✫❻❹❱❅❦➍❜✼♦❭❨❭❬✫❢❥❨❞❴❩❦➍❱☞❢❥❴☎❱❵❤✍❪✍❢❥❫❈❨❭❪✍❢❣❜✐❴✵Õ❿❻❀❴❀❾❹❱❳❬❡➎✏❜❞❬✫↕⑩❢❥❴❀①✒❢❥❴❩❾❹❱❳❲✪❱❵❴❀❾❹❱❵❴❀❦➍❱❞❧➉❪✍✇❹❱❅①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪t❤✍➭❿❻❩❨❭❬✍❱❵❤✷❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①
❤✟❲ ❸ ❢❥❴❹❱★❨❞❴❀❾➒❤✟❱❳❱❵❫❈❢❥❴❹① ❸ ♣➑❻❩❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾✉↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬✫❤✒❬✍❱❵❾❀❻❩❦➍❱★❪✟❜❃❦➍❜✐❴❿♦❞❱❵❴❿❪✍❢❣❜✐❴❀❨ ❸ ❤✟❲ ❸ ❢✈❴❹❱★❨❞❴❀❾❆↕❞❱❳❬✯❴❹❱ ❸ ❱❵❤✍❪✍❢❥❫❈❨➉➋
❪✟❜❞❬✫❤☎❬✍❱❵❤✟❲✪❱❵❦➍❪✍❢❣♦❞❱ ❸ ♣❞❧✷❨❞❴❀❾➠❪✍✇❀❱❵❤✟❱❈❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬✫❤✦✇❩❨❵♦❞❱r❨ ❸ ❬✍❱❵❨❞❾❹♣➛③✪❱❳❱❵❴➫❦➍❜✐❫✝❲❩❨❭❬✫❱❵❾➫❢❥❴↔➀↔❱ ❸ ❤✍✇✵❧❙❱❳❪➜❨ ❸ ❼ ➯➵➳ ⑧❞⑧ ➳ ➲✯❼❆➀↔❱
❦➍❜✐❴❀❤✍❢✈❾❹❱❳❬★❪✍✇❹❱❃❤✟❱❳❱❵❫❈❢❥❴❹① ❸ ♣❊❻❀❴❀❬✍❱ ❸ ❨❭❪✟❱❵❾ ❸ ❢✈❴❹❱❵❨❭❬P↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✙❻❀❤✍❢❥❴❀①➓❪✍✇❹❱➪➏✰❲♥❨❞❴❹❱❵❦✫✇❀❴❩❢❣↕❞❜✼♦↔↕❞❱❳❬✫❴❀❱ ❸ ❧➃❨❞❴❀❾➫❪✍✇❹❱
❦❳❻❹③❩❢✈❦✒❤✫❫✝❜❿❜❞❪✍✇❩❢❥❴❹①❈❤✟❲ ❸ ❢❥❴❹❱✒❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬❵❼

➀↔❱✙❨❞❤✍❤✍❻❀❫❈❱❵❾➒❢❥❴❆❜✐❻❹❬✒❤✫❢❥❫✦❻ ❸ ❨❭❪✍❢❣❜✐❴➓❪✍✇❀❨❭❪✒❪✍✇❹❱➜❴❿❻❀❫✦③✪❱❳❬✢❜❞❝✰❦ ❸ ❻❩❤✟❪✟❱❳❬✫❤☞ñ➠ùïé❭⑧❈❜❞❬◆ñ➛ù❋⑥❳⑧❞⑧⑦❧✵❨❞❴❀❾✉❪✍✇❹❱➜❦ ❸ ❻❀❤✟❪✟❱❳❬
❤✍❢ á ❱●ò ù➴➊⑩❼t➂☞✇❹❱❅❦➍❜✼♦❭❨❭❬✫❢❥❨❭❪✟❱❅ö ó➣õ ➎●❨❞❤✷①❞❱❵❴❀❱❳❬✫❨❭❪✟❱❵❾✝❢❥❴❀❾❹❱❳❲✪❱❵❴❀❾❀❱❵❴❛❪ ❸ ♣◆❝➧❬✍❜✐❫ï❪✍✇❹❱❅❻❀❴❀❢❣❝➧❜❞❬✫❫õ❤ ➋ ➳ ❧ ➳ ❥ ❾❀❢❥❤✍❪✟❬✫❢❣③❩❻❹❪✍❢❥❜✐❴✵❼✵➂☞✇❹❱
❜✐❻❹❪✍❦➍❜✐❫✝❱☞ô♥ó➣õ●❝➺❜ ❸✈❸ ❜✼➎●❱❵❾✙❫✝❜⑩❾❀❱ ❸ ➯ ⑥✼➲➃➎✴❢❣❪✍✇✦ü ➯➧ÿ ➲➃❤✟❲✪❱❵❦❳❢❣➬❀❱❵❾✦③⑩♣★❱❵❨❞❦✫✇✝❜❞❝♥❪✍✇❹❱❅❝➺❜ ❸✈❸ ❜✼➎✢❢✈❴❹①✴④◆❝➸❻❀❴❀❦➍❪✍❢❣❜✐❴❩❤❙➎✢❢❥❪✍✇✦❾❀❢❣➻✸❱❳❬✍❱❵❴❿❪
❦❳❻❹❬✍♦❭❨❭❪✍❻❹❬✍❱❵❤s☞ ➯ ⑥✼➲✵❫✝❜⑦❾❹❱ ❸ ⑥✺☞❙ü ➯➧ÿ ➲tù✿❤✍❢✈❴ ➯➵➳➉ÿ ➲✯Õ ➯➵➳ ➲✵❫❈❜⑩❾❹❱ ❸ ➳ ☞➃ü ➯➧ÿ ➲tù⑥⑤ ⑦ ➯ ⑥✐❜⑧⑦❿➲❇❤✍❢✈❴✪✻ ➳ ✕ ➯ ⑥✼ý ➳ ❈✰⑨ ✑❅⑩ ➲ ❊⑦➯ ⑦❿ý ➳ ❈✰⑨ ✑❅⑩ ➲✾✽✐Õ
➯ ➊✐➲◆❫✝❜⑦❾❹❱ ❸ ➊Ý☞☎ü ➯➧ÿ ➲✒ù❶⑤ ⑦ ➯ ⑥✐❜⑧⑦❿➲❇❤✍❢✈❴✪✻ ➳ ✕ ➯ ⑥✒ý ➳ ❈❪❷ ✑❅⑩ ➲ ❊⑦➯ ⑦➜ý ➳ ❈❪❷ ✑❅⑩ ➲✾✽✐Õ ➯ ④❿➲◆❫❈❜⑩❾❹❱ ❸ ④♥☞✦ü ➯➧ÿ ➲✒ù❋❤✍❢❥❴ ➯ ⑤✄⑦❂❜✂④❿➲✷ý
➳ ❱ ❷ ❲✌✻✩❜ ➳ é❞ê ➯ ⑦✏❜ ✉ é✐➲ ⑧ ✽✐ú✐➎✴✇❹❱❳❬✍❱❸⑦➜ù ➯➧ÿ ý ➳ ➲ ❊ ④ ✉ ➀↔❱✢❨❞❤✍❤✍❻❀❫❈❱❵❾✦❪✍✇❀❱☞❫❈❨❭❬✍①✐❢❥❴❀❨ ❸ ♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱❵❤✷❜❞❝✸❪✍✇❹❱☞ô♥ó➣õ●➎✏❱❳❬✍❱★⑥❭❧⑩❨❞❴❀❾
❦➍❜✐❴❀❤✍❢✈❾❹❱❳❬✍❱❵❾➠❪✍✇❀❬✍❱❳❱➪❪✟❬✫❻❀❱r❦➍❜✼♦❭❨❭❬✫❢❥❨❞❴❩❦➍❱➑❤✍❪✟❬✫❻❀❦➍❪✍❻❹❬✍❱❵❤s☞ ➯ ⑥✼➲☎❱ ❷ ❦✫✇❀❨❞❴❹①❞❱❵❨❭③ ❸ ❱r➎✴❢❣❪✍✇➫❦➍❜✐❫❈❫❈❜✐❴➩❦➍❜❞❬✍❬✫❱ ❸ ❨❭❪✍❢❣❜✐❴❺❹↔ù➤⑧ ✉ ê⑩Õ
➯➵➳ ➲❅❨❞❻❹❪✟❜❞❬✫❱❳①❞❬✍❱❵❤✍❤✍❢❣♦❞❱✦➎✢❢❣❪✍✇➓❦➍❜❞❬✍❬✫❱ ❸ ❨❭❪✍❢❣❜✐❴❻❹✝ù✿⑧ ✉ ê⑩❧ ➯ ➊✐➲❅❻❩❴❀❤✟❪✟❬✫❻❀❦➍❪✍❻❀❬✍❱❵❾➑➎✢❢❣❪✍✇✵❹✪� ⑧ ù❁❹ ⑧ ⑨ ù✿⑧ ✉ ⑤❈❨❞❴❀❾❻❹✗� ⑨ ù➴⑧ ✉ é⑩❼

➐❹❜❞❬✗❱❵❨❞❦✫✇➪❦➍❜✐❴❀➬❀①✐❻❹❬✫❨❭❪✍❢❣❜✐❴✘❧❞➎✏❱❅①❞❱❵❴❹❱❳❬✫❨❭❪✟❱❵❾ ➳ ⑧❞⑧P❤✍❢❥❫➜❻ ❸ ❨❭❪✟❱❵❾✙❾❀❨❭❪✍❨P❤✟❱❳❪✍❤✗❨❞❴❀❾✙❱❵❤✟❪✍❢❥❫❈❨❭❪✟❱❵❾✝ü ➯➧ÿ ➲➃❻❀❤✍❢✈❴❹①✴❪✍✇❀❱❅❤✍❱❳❱❵❫✙➋
❢❥❴❹①✝❻❀❴❀❬✍❱ ❸ ❨❭❪✟❱❵❾➑↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✢❨❞❴❩❾➓❪✍✇❹❱P①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪✢❤✫➭❿❻❀❨❭❬✫❱❵❤✡❦❳❻❹③❩❢❥❦◆❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①❈❤✟❲ ❸ ❢❥❴❀❱✢❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬❵❧
➎✢✇❹❱❳❬✫❱★❪✍✇❹❱★❪✟❬✫❻❀❱☎❦➍❜✼♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱➜➎❅❨❞❤✢❨❞❤✍❤✍❻❩❫✝❱❵❾✵❼❅➐❹❜❞❬✒❤✫❢❥❫✝❲ ❸ ❢✈❦❳❢❣❪➆♣❃❨❞❴❀❾➓❝➧❜❞❬✢❪✍✇❹❱➜❤✍❨❭↕❞❱☎❜❞❝✰❦➍❜✐❴❀❤✫❢❥❤✟❪✟❱❵❴❀❦➍♣➑➎✢✇❹❱❵❴✉❦➍❜✐❫✙➋
❲❩❨❭❬✫❢✈❴❹①★❾❀❢➼➻✪❱❳❬✍❱❵❴❿❪✏❫✝❱❳❪✍✇❹❜⑦❾❀❤❳❧❿❝➺❜❞❬✏❱❵❨❞❦✫✇➑❤✍❢❥❫➜❻ ❸ ❨❭❪✟❱❵❾➪❾❀❨❭❪✍❨✦❤✍❱❳❪❳❧❿➎●❱✢❱❵❤✟❪✍❢✈❫❈❨❭❪✟❱❵❾➪❪✍✇❀❱✢③❩❨❞❴❀❾❀➎✢❢❥❾❹❪✍✇✙❲❩❨❭❬✯❨❞❫✝❱❳❪✟❱❳❬ ❇ ❝➧❜❞❬
❪✍✇❹❱r❶⑦♠✒➙ ↕❞❱❳❬✯❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✦❨❞❴❀❾↔❪✍✇❹❱❈❤✍❫❈❜❿❜❞❪✍✇❀❢✈❴❹①➑❲❩❨❭❬✫❨❞❫✝❱❳❪✟❱❳❬➽➦➠❝➧❜❞❬★❪✍✇❹❱❈❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①➑❤✍❲ ❸ ❢❥❴❹❱➜❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬★③❿♣
❫❈❢❥❴❩❢❥❫❈❢ á ❢❥❴❀①r❪✍✇❹❱➑s❊❶❹➏✗❤★❜❞❝✡❪✍✇❀❱➪❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬✫❤❖❿ ❀ó❵❴❭� ❿ ✂õ❛❴❭� ↔ Pü ➯➧ÿ ➲✏❜➫ü ➯➧ÿ ➲❶↕ ⑧ ③❿♣➠❻❀❤✫❢❥❴❹①➓❜✐❻❹❬✦↕⑩❴❹❜➌➎ ❸ ❱❵❾❹①❞❱r❜❞❝✡❪✍✇❹❱
❨❞❦➍❪✍❻❀❨ ❸ ❝➧❻❀❴❩❦➍❪✍❢❣❜✐❴✵❼
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➂❡❨❭③ ❸ ❱✢⑥✗❦➍❜✐❫✝❲❩❨❭❬✍❱❵❤❙❪✍✇❹❱✗❨❵♦❞❱❳❬✯❨❭①❞❱●❫✝❱❵❨❞❴✦❤✍➭⑩❻❀❨❭❬✍❱❵❾P❱❳❬✍❬✫❜❞❬✘❱❳➱➪❦❳❢❣❱❵❴❀❦❳❢❥❱❵❤❙❦➍❜✐❫✝❲❩❨❭❬✯❢❥❴❹①✡①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪➃❤✍➭❿❻❩❨❭❬✍❱❵❤
❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①➪❤✟❲ ❸ ❢✈❴❹❱❵❤✡➎✢❢❣❪✍✇➒❤✟❱❳❱❵❫❈❢❥❴❀① ❸ ♣❃❻❩❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾✉↕❞❱❳❬✫❴❹❱ ❸ ❤✒❨❞❤✍❤✍❻❀❫➪❢❥❴❹①❈❪✍✇❹❱✦❪✟❬✫❻❹❱➜❦➍❜✼♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱✙❫❈❨❭❪✟❬✫❢ ❷ ❼☞➂☞✇❹❱✦❬✍❱➍➋
❤✍❻ ❸ ❪✍❤★❤✍✇❹❜➌➎ ❪✍✇❀❨❭❪✦❪✍✇❹❱❈❬✍❱ ❸ ❨❭❪✍❢❥♦❞❱❈❱❳➱➪❦❳❢❣❱❵❴❀❦❳❢❥❱❵❤★❜❞❝✡①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪➜❤✍➭⑩❻❀❨❭❬✍❱❵❤☎❤✍❲ ❸ ❢❥❴❹❱➜❱❵❤✟❪✍❢❥❫➪❨❭❪✟❱❵❤☎❪✟❜❊❤✟❱❳❱❵❫❈❢❥❴❹① ❸ ♣
❻❀❴❹❬✫❱ ❸ ❨❭❪✟❱❵❾➛↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❱❵❤★❨❭❬✍❱➪❦ ❸ ❜✐❤✟❱✝❪✟❜➓❜✐❴❹❱❞❼✝▲✢❱❵❴❩❦➍❱❈①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪★❤✍➭⑩❻❀❨❭❬✍❱❵❤★❤✍❲ ❸ ❢❥❴❹❱✦❱❵❤✟❪✍❢❥❫❈❨❭❪✟❱❵❤✦❨❞❴❀❾
❤✟❱❳❱❵❫❈❢✈❴❹① ❸ ♣✙❻❀❴❹❬✍❱ ❸ ❨❭❪✟❱❵❾❈↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢✈❫❈❨❭❪✟❱❵❤✏✇❩❨❵♦❞❱✴❤✫❢❥❫❈❢ ❸ ❨❭❬t③✪❱❵✇❀❨✼♦⑩❢❥❜❞❬✗❢❥❴✝➬❩❴❩❢❣❪✟❱☞❤✍❨❞❫✝❲ ❸ ❱❵❤❳❼❡➂✢✇❹❱❵❤✟❱☞❬✍❱❵❤✫❻ ❸ ❪✍❤✰❨❭❬✍❱✴❦➍❜✐❴⑦➋
❤✍❢❥❤✍❪✟❱❵❴❛❪✡➎✢❢❥❪✍✇r❜✐❻❀❬✡❪✍✇❹❱❳❜❞❬✍❱❳❪✍❢❥❦❳❨ ❸ ➬❩❴❀❾❀❢❥❴❀①✐❤✗❪✍✇❀❨❭❪✡①❞❱❵❴❀❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✟❪☞❤✍➭⑩❻❀❨❭❬✍❱❵❤✡❤✟❲ ❸ ❢❥❴❹❱❵❤●❨❞❴❀❾➓❤✟❱❳❱❵❫❈❢❥❴❀① ❸ ♣r❻❀❴❀❬✍❱ ❸ ❨❭❪✟❱❵❾
↕❞❱❳❬✫❴❹❱ ❸ ❤☞❨❭❬✍❱☎❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢✈❦❳❨ ❸❥❸ ♣➪❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❿❪❳❼

❼ ❉➷✆✍✚✸✹✰✄✙✚✸✚✸✆✫✛✴✎
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❪✍✇❹❱❃❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦❈❱❵➭⑩❻❀❢❣♦❭❨ ❸ ❱❵❴❀❦➍❱r❜❞❝☞❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①➒❤✟❲ ❸ ❢❥❴❀❱❵❤P❨❞❴❀❾➫❤✟❱❳❱❵❫➪❢❥❴❹① ❸ ♣↔❻❀❴❹❬✫❱ ❸ ❨❭❪✟❱❵❾➠↕❞❱❳❬✫❴❀❱ ❸ ❤☎❢❥❴➫❪✍✇❹❱r❤✍❱❵❴❀❤✟❱➪❜❞❝
❶⑦❢ ❸ ♦❞❱❳❬✫❫❈❨❞❴ ➯ ⑥❵⑨❞⑤➉④❿➲✗❤✟❪✍❢ ❸❥❸ ✇❹❜ ❸ ❾❀❤t❱❳♦❞❱❵❴r➎✢✇❹❱❵❴❈③✸❜❞❪✍✇➪❪✍✇❹❱✴❴⑩❻❀❫✦③✪❱❳❬✰❜❞❝✵❜❞③❩❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤✏❨❞❴❀❾✝❪✍✇❹❱✒❴❿❻❩❫☎③✪❱❳❬✰❜❞❝✘❦ ❸ ❻❩❤✟❪✟❱❳❬✫❤
①❞❜✉❪✟❜❊❢❥❴❹➬❩❴❩❢❣❪➆♣❞❼❃▲✢❜➌➎✏❱❳♦❞❱❳❬❵❧t❪✍✇❀❱r❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦❈❲❀❬✍❜❞❲✪❱❳❬✍❪✍❢❣❱❵❤ ➯ ③♥❢❥❨❞❤✟❱❵❤☎❨❞❴❩❾➠♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱❵❤✯➲◆❜❞❝☞❤✟❱❳❱❵❫❈❢❥❴❹① ❸ ♣❊❻❀❴❀❬✍❱ ❸ ❨❭❪✟❱❵❾
↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬✫❤✏❨❞❴❩❾r❤✍❫❈❜❿❜❞❪✍✇❀❢✈❴❹①☎❤✟❲ ❸ ❢❥❴❹❱❵❤✰❢❥❴❈❪✍✇❀❢❥❤✗❤✫❢❣❪✍❻❀❨❭❪✍❢❣❜✐❴❃❨❭❬✍❱✴❴❀❜❞❪✗➎●❱ ❸❥❸ ❻❩❴❀❾❹❱❳❬✫❤✟❪✟❜⑩❜⑦❾❈❨❞❴❀❾➪❨❭❬✫❱✒❦❳❻❹❬✫❬✍❱❵❴❛❪ ❸ ♣
❻❀❴❀❾❀❱❳❬☞❢❥❴❛♦❞❱❵❤✍❪✍❢❣①✐❨❭❪✍❢❣❜✐❴✵❼

⑥❵é
Hosted by The Berkeley Electronic Press



➺ ✹❾❽☎✎✙✛③✚✔☛✍✌✰❁✝✬✒✥✧✌✗✎◆✑✸✚

➂☞✇❀❢✈❤✴➎●❜❞❬✍↕❊➎●❨❞❤☎❤✍❻❹❲❀❲✪❜❞❬✍❪✟❱❵❾➛❢❥❴❊❲❩❨❭❬✍❪P③⑩♣✉①❞❬✯❨❞❴❛❪✍❤☎❝➺❬✍❜✐❫ ❪✍✇❀❱❈❖✴❨❭❪✍❢❣❜✐❴❩❨ ❸ ➇ ❨❞❴❀❦➍❱❳❬★❑❇❴❀❤✟❪✍❢❣❪✍❻❀❪✟❱✙❨❞❴❩❾➛❪✍✇❹❱❈❖✴❨❭❪✍❢❥❜✐❴❀❨ ❸
❑❇❴❀❤✟❪✍❢❣❪✍❻❹❪✟❱P❜❞❝✷➏✗❴❿♦⑦❢❣❬✍❜✐❴❀❫✝❱❵❴❿❪✍❨ ❸ ▲✴❱❵❨ ❸ ❪✍✇❊❶⑦❦❳❢❥❱❵❴❀❦➍❱❵❤❳❼

➺➀❿➁❿ �✂✲✕❉ Û❣➂➺ ✮✝✮❃✌✗✎✙❁❈✆➄➃ ➺ ❿ ✖✵✛☎✛✢✜➠✛✴✜ ❿ ✖✵✛✒✮r✛✴✚✸✆✟✑✪✆✫✛✴✎ Ú

➇ ❜✐❴❀❤✫❢❥❾❹❱❳❬✡❪✍✇❹❱☎❨✼♦❞❱❳❬✫❨❭①❞❱➜↕❞❱❳❬✫❴❹❱ ❸ ❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬ ➯ ▼☎ù ⑧❛➲✯❼●❯✒❱❵❴❹❜❞❪✟❱✦③❿♣ Pü❙❘✄❚♦❱❲ ➯ öP➲✰ù➉✻ Pü❙❘✄❚♦❱❲ ➯ ö❭�ê�æ➲✯ú❳û❳û❳û➌ú Pü❙❘❯❚❯❱❲ ➯ ö✭❀➍✂◆➲✾✽❶☎✂❪✍✇❹❱
❤✟❱❳❱❵❫❈❢✈❴❹① ❸ ♣❆❻❀❴❹❬✫❱ ❸ ❨❭❪✟❱❵❾✉↕❞❱❳❬✯❴❹❱ ❸ ❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬★❨❭❪✒❪✍✇❹❱✶◆➧❪✍✇❊❢❥❪✟❱❳❬✫❨❭❪✍❢❣❜✐❴❊❱❳♦➉❨ ❸ ❻❀❨❭❪✟❱❵❾➛❨❭❪✒❪✍✇❀❱✦♦❞❱❵❦➍❪✟❜❞❬★❜❞❝●❨ ❸❥❸ ❪✍✇❹❱➜❾❀❱❵❤✍❢❣①✐❴
❲✪❜✐❢❥❴❿❪✍❤●ö✿ù ➯ ö➢�ê�❵ú❳û❳û❳û✼ú❇ö❉❀✷✂P➲ ☎ ❼✗♠✴❤✫❢❥❴❹①✝❱❵➭⑩❻❀❨❭❪✍❢❣❜✐❴ ➯➵➳ ➲✯❧❩❤✍❜✐❫✝❱☎❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✍❢❣❜✐❴❀❤✡①✐❢❣♦❞❱Pü ❘❯❚❯❨ � ❱❲ ➯➧ÿ ➲✰ù ➯ ⑥ ☎ ❁ é ❃ ➭❑ é ⑥✼➲ ❈ � ❵ ⑥ ☎ ❁ é ❃ ➭❑ é✺Pü ❘❯❚❯❱❲ ➯ ö◆➲✘ý➴⑥ ☎ ❁ é ❃ ➭❑ ❈ � ↔⑩ô➉❜ Pü ❘❯❚❯❱❲ ➯ ö◆➲❶↕ ❜ ú ➯ ② ❼❥⑥✼➲

➎✢✇❹❱❳❬✫❱➩❁ é ❃☎ù✿❾❩❢❥❨❭①❙✻♣❁❄❃ ➯ ö➢�ê�➠❜ ÿ ➲✯ú❳û❳û❳û➆❁●❃ ➯ ö✭❀➍✂☛❜ ÿ ➲✾✽✐❼✗❯✒❱❵❴❹❜❞❪✟❱✦③❿♣
❁ ç ❃☎ù➉✻ ❀❫ó❵❴❭� ✂❫õ➆❴❭� ❁●❃ ➯ ö❭�ê�➠❜ ÿ ➲ ➁ õ❚õ ✽ ❈ � ✻♣❁●❃ ➯ ö❭�ê�➠❜ ÿ ➲✯ú❳û❳û❳û➌ú❦❁❄❃ ➯ ö❉❀✷✂✛❜ ÿ ➲✾✽ ☎

❪✍✇❹❱↔♦❞❱❵❦➍❪✟❜❞❬➒❜❞❝➜❤✟❪✍❨❞❴❩❾❀❨❭❬✫❾❀❢ á ❱❵❾➘↕❞❱❳❬✫❴❀❱ ❸ ➎✏❱❵❢❣①✐✇❿❪✍❤❆❨❭❪ ÿ ❼❋➀↔❬✯❢❣❪✟❱ Pü❙❘❯❚❯❱❲ ➯ ö◆➲➛ù⑦❁ ❘❯❚❯❱ ô➪❼➷➀↔❱➠❴❹❱❳❱❵❾ ❪✟❜✤➬❩❴❀❾➘❪✍✇❹❱
❬✍❱ ❸ ❨❭❪✍❢❥❜✐❴❀❤✍✇❀❢❣❲➑③✪❱❳❪➆➎●❱❳❱❵❴õ❁ ❘✄❚♦❨ � ❱ ❨❞❴❩❾÷❁ ❘❯❚♦❱ ❼✗♠✴❤✫❢❥❴❹① ➯ ② ❼❥⑥✼➲✯❧✪❤✍❢❥❫❈❲ ❸ ❱◆❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✍❢❣❜✐❴❩❤❅①✐❢❣♦❞❱Pü ❘✄❚♦❨ � ❱❲ ➯➧ÿ ➲✰ù ❁ ç ❃ ➯➧ÿ ➲ ☎ ✻ ➭❑ é ❁ ❘❯❚♦❱ ý ➭❑ ❈ � ➯ è➽❜❢❁ ❘❯❚❯❱ ➲✾✽✼ô ✉ ➯ ② ❼ ➳ ➲

❑❚❪✡❝➺❜ ❸❥❸ ❜✼➎✢❤✡❪✍✇❩❨❭❪ Pü❙❘❯❚❯❨ � ❱❲ ➯ ö◆➲✰ùæ❁ ç ✻ ➭❑ é ❁ ❘❯❚❯❱ ý ➭❑ ❈ � ➯ èö❜✲❁ ❘✄❚♦❱ ➲✾✽✼ô✏ú ➯ ② ❼ ➊✐➲
❨❞❴❀❾÷❁ ❘✄❚♦❨ � ❱ ùæ❁ ç ✻ ➭❑ é ❁ ❘❯❚❯❱ ý ➭❑❂❈ � ➯ èö❜✲❁ ❘✄❚♦❱ ➲✾✽✐❧❩➎✢✇❹❱❳❬✍❱➩❁ ç ùú✻♣❁ ç ❃ ➯ ö➢�ê�æ➲✯ú❳û❳û❳û➆❁ ç ❃ ➯ ö❉❀✷✂P➲✾✽❶☎✗❼

② ❪✢❦➍❜✐❴❿♦❞❱❳❬✍①❞❱❵❴❀❦➍❱❞❧❉❁ ❘❯❚❯❨ � ❱ ù✛❁ ❘❯❚❯❱ ù ❁ ✜ ❼✗▲✴❱❵❴❀❦➍❱ý❁ ✜ ❤✍❜ ❸ ♦❞❱❵❤▲❁ ✜ ùæ❁ ç ✻ ➭❑ é ❁ ✜ ý ➭❑❖❈ � ➯ è➽❜❢❁ ✜ ➲✾✽✐❧♥❢➵❼❽❱❞❧❁ ✜ ù→✻♣èPý❹❁ ç ➯ ➭❑ ❈ � ❜ ➭❑ é ➲✾✽ ❈ � ❁ ç ➭❑ ❈ � ✉ ➯ ② ❼❽④❿➲

❶⑦❻❹③♥❤✟❪✍❢❣❪✍❻❹❪✍❢❥❴❀① ➯ ② ❼❽④❿➲✡❢❥❴❿❪✟❜ ➯ ② ❼ ➳ ➲✡❨❞❴❀❾ ➯ ② ❼ ➊✐➲✯❧♥❤✍❜✐❫✝❱☎❤✍❢❥❫❈❲ ❸ ❱◆❨ ❸ ①❞❱❳③❀❬✫❨✙①✐❢❣♦❞❱ ➯ ➈❞➲✡❨❞❴❀❾ ➯ ⑤✐➲✯❼

➺ ✮✝✮❃✌✗✎✙❁❈✆➄➃➅✘ ❿ ✖✵✛★✛✴✜➠✛✢✜ ❿ ✖✵✛✴✮❃✛✴✚✸✆✟✑✪✆✍✛✒✎ ì

♠✒❤✍❢❥❴❹①➒❪✍✇❹❱r❬✫❱❵❤✍❻ ❸ ❪✍❤✦❤✟❪✍❨❭❪✟❱❵❾✤❢❥❴➠❪✍✇❀❱r❲❩❨❭❬✯❨❭①❞❬✫❨❭❲❩✇➩③✸❱❳❝➧❜❞❬✍❱✔➵✰❬✍❜❞❲✪❜✐❤✍❢❣❪✍❢❥❜✐❴ ➳ ❧✰❢❣❪➜❤✍❻❹➱➪❦➍❱❵❤➜❪✟❜➛❤✍✇❹❜✼➎ ❁ ç ù ➯ ➭❑ é ý
ñ❭➦✭➯★➲ ❈ � ❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦❳❨ ❸✈❸ ♣❞❼✗❶⑦❢❥❴❀❦➍❱ ➭❑ é ❢✈❤✰❨✦❾❩❢❥❨❭①❞❜✐❴❀❨ ❸ ❫❈❨❭❪✟❬✯❢ ❷ ❧❿➎✏❱◆❤✍❢❥❫❈❲ ❸ ♣✦❴❀❱❳❱❵❾❈❪✟❜✙❤✍✇❹❜✼➎ç❪✍✇❀❨❭❪✏❻❩❴❀❾❹❱❳❬✗➎●❜❞❬✍↕⑦❢❥❴❹①
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➵ ❸ ❻❹①❞①✐❢❥❴❹① ➯ ② ❼ ⑤✐➲✡❢❥❴❿❪✟❜ ➯ ⑥➍④❿➲✯❧♥❤✟❜✐❫❈❱☎❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✍❢❥❜✐❴❀❤✡①✐❢❣♦❞❱Pü ❘❯❚❯❨ � ❱➫ ➯ ö◆➲tù↕↔ ➭❑ é ý➽ñ❭➦✙➯✬➙ ❈ � ❵ ↔ ➭❑ é ❜ ➭❑ ❈ � ➙ Pü ❘✄❚♦❱➫ ➯ öP➲✘ý ➭❑ ❈ � ô ❜ ✉ ➯ ② ❼ ⑨✐➲

⑥✼➈
Hosted by The Berkeley Electronic Press



➀↔❬✫❢❣❪✟❱ìPü❙❘✄❚♦❱➫ ➯ ö◆➲✗ù➛➏ ❘❯❚❯❱ ôr❼❡➂✢✇❹❱❵❴☎❝➧❬✍❜✐❫ ➯ ② ❼ ⑨✐➲✯❧✐➎✏❱❅✇❀❨✼♦❞❱➇➏ ❘❯❚❯❨ � ❱ ù ↔ ➭❑ é ý✂ñ❭➦✭➯ ➙ ❈ � ❵ ➯ ➭❑ é ❜ ➭❑✶❈ � ➲➄➏ ❘❯❚❯❱ ý ➭❑❖❈ � ❜ ✉
② ❪P❦➍❜✐❴❛♦❞❱❳❬✫①❞❱❵❴❀❦➍❱➜➏ ❘✄❚♦❨ � ❱ ù⑥➏ ❘❯❚♦❱ ù➀➏ ✜ ❼P▲✢❱❵❴❩❦➍❱➝➏ ✜ ❤✟❜ ❸ ♦❞❱❵❤●➏ ✜ ù→↔ ➭❑ é ý✂ñ❭➦✭➯✬➙ ❈ � ❵ ➯❶➭❑ é ❜ ➭❑❖❈ � ➲➄➏ ✜ ý ➭❑❖❈ � ❜ ✉
❶⑦❢❥❫❈❲ ❸ ❱◆❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✍❢❣❜✐❴❩❤❅①✐❢❣♦❞❱➞➏ ✜ ù ➯ ➭❑✶❈ � ý✂ñ❭➦✭➯★➲✾❈ � ➭❑❖❈ � ❼✗➂✢✇❀❢❥❤●➬❩❴❀❢❥❤✫✇❹❱❵❤❅❪✍✇❹❱P❲❀❬✍❜⑩❜❞❝❚❼
➺ ✮✝✮❃✌✗✎✙❁❈✆➄➃ ❉ ❿ ✖✵✛★✛✢✜➠✛✴✜ ❿ ✖✵✛✒✮❃✛✢✚✪✆❇✑✪✆✫✛✴✎ ✗
➐❹❜❞❬◆❢❥❴❀❾❹❱❳❲✪❱❵❴❀❾❀❱❵❴❛❪☞❾❀❨❭❪✍❨➪➎✢❢❣❪✍✇➓ò✧ù ⑥❭❧❩❪✍✇❹❱➜❫✝❜⑩❾❀❱ ❸ ❢❥❤✢ô♥ó➃ù ü ➯ ö✸ó➶➲❙ý➾þ✟ó❚❧♥➎✢✇❀❱❳❬✍❱★❪✍✇❹❱✦þ✍ó✰❨❭❬✍❱✦❢✈❴❀❾❹❱❳❲✪❱❵❴❀❾❹❱❵❴❿❪☞❨❞❴❀❾
❝➧❜ ❸❥❸ ❜✼➎➟❤ ➯ ⑧⑦ú ❨ ⑧ ➲✯❼❊❯✒❱❵❴❹❜❞❪✟❱➓③⑩♣ ➂ ➯➧ÿ ➲P❪✍✇❹❱➑❾❹❱❵❴❀❤✫❢❣❪➆♣↔❜❞❝✡ö✪ó❚❧t➎✢✇❀❢❥❦✯✇➩✇❀❨❞❤✙❨❊❻❀❴❀❢❣❝➧❜❞❬✫❫ ❸ ♣❊❦➍❜✐❴❿❪✍❢❥❴⑩❻❹❜✐❻❀❤➜❾❹❱❳❬✫❢❣♦❭❨❭❪✍❢❣♦❞❱❞❼
❖✴♣⑩❦✯✇❹↕➉❨ ➯ ⑥❵⑨❞⑨❞é✐➲☞❤✟❪✍❨❭❪✟❱❵❾✉❪✍✇❹❱★③❩❢✈❨❞❤✡❨❞❴❀❾➓♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱P❜❞❝✷❪✍✇❹❱ ➯➵➳ ➤✪➲q❪✍✇✉❜❞❬✫❾❹❱❳❬✢❤✫❫✝❜❿❜❞❪✍✇❩❢❥❴❹①❈❤✟❲ ❸ ❢❥❴❹❱✒❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✒❨❞❤④✶✻ Pü✺➫ ➯➧ÿ ➲✾✽✴❜➠ü ➯➧ÿ ➲ ⑥ ➯ ❜☎⑥✼➲ ➨ ❈ � ➦➂ ➯➧ÿ ➲ ü ❘ ⑧ ➨♣❱ ➯➧ÿ ➲❍ ➨

♦➉❨❭❬❶✻ Pü✺➫ ➯➧ÿ ➲✾✽ ⑥ ❷ ➨ñ❭➠ ➦➂ ➯➧ÿ ➲✰➡ ❈ �✒✑ ⑧ ➨ ❨ ⑧➂ ➯➧ÿ ➲ ú
➎✢✇❹❱❳❬✫❱▲❍ ➨ ❨❞❴❩❾ ❷➍➨ ❨❭❬✫❱✢❤✟❜✐❫✝❱✢❦➍❜✐❴❩❤✟❪✍❨❞❴❛❪✍❤❵❼✗▲✢❱✢❲❀❬✍❜✼♦⑦❢❥❾❹❱❵❾✝❨☎❬✫❢❣①❞❜❞❬✍❜✐❻❩❤t❲❀❬✍❜⑩❜❞❝♥❜❞❝✪❪✍✇❀❢✈❤t❬✍❱❵❤✍❻ ❸ ❪❡❝➧❜❞❬✗❪✍✇❀❱ ❸ ❢❥❴❹❱❵❨❭❬✰❤✍❲ ❸ ❢❥❴❹❱
➯ ➤➑ù✔⑥✼➲✗❨❞❴❀❾r❤✟↕❞❱❳❪✍❦✫✇❹❱❵❾➓❨❞❴❃❨❭❬✍①✐❻❀❫❈❱❵❴❛❪✏❝➺❜❞❬●❪✍✇❹❱✢①❞❱❵❴❀❱❳❬✫❨ ❸ ➤♥❪✍✇ ➯ ➤❝➢ ⑥✼➲t❜❞❬✫❾❀❱❳❬✏❤✟❲ ❸ ❢❥❴❹❱❞❼❡➀↔❱✒❨❞❤✍❤✫❻❀❫✝❱✢❢❥❴➪❜✐❻❹❬●❲❀❬✍❜⑩❜❞❝
❪✍✇❀❨❭❪☞ñ◗✇ ✡✳❨❞❴❀❾◗➦✔✇ ⑧❈❨❞❴❀❾â➦❆❨❞❴❀❾ ÿ ❨❭❬✍❱★❦✯✇❹❜✐❤✟❱❵❴➒❤✍❻❀❦✫✇❆❪✍✇❀❨❭❪☞❪✍✇❹❱★❨❭③✪❜✼♦❞❱✦③❩❢❥❨❞❤✡❨❞❴❀❾❆♦➉❨❭❬✫❢✈❨❞❴❀❦➍❱P❬✍❱❵❤✍❻ ❸ ❪✍❤✡✇❹❜ ❸ ❾
❝➧❜❞❬✢❢❥❴❀❾❹❱❳❲✪❱❵❴❀❾❀❱❵❴❛❪❅❾❀❨❭❪✍❨✝❝➧❜❞❬✴❨❞❴❿♣ý➤➥➤ ⑥❭❼

➀↔❱✙➬❀❬✫❤✍❪✢❤✟❪✍❨❭❪✟❱✙❨➪❝➧❱❳➎➁❝➸❨❞❦➍❪✍❤◆❨❭③✪❜✐❻❹❪✢❪✍✇❹❱✝◗✒❬✍❱❳❱❵❴✵â➣❤✒❝➸❻❀❴❀❦➍❪✍❢❣❜✐❴✘❧❀➎✢✇❀❢❥❦✯✇✉❨❭❬✍❱✙❻❀❤✟❱❵❾✉❱ ❷ ❪✟❱❵❴❩❤✍❢❣♦❞❱ ❸ ♣❆❢❥❴✉❪✍✇❹❱☎❲❩❬✍❜❿❜❞❝❚❼
➂☞✇❹❱✦◗◆❬✍❱❳❱❵❴✵â➣❤☞❝➸❻❀❴❀❦➍❪✍❢❥❜✐❴➓❢❥❤✡❨❞❤✍❤✟❜⑦❦❳❢❥❨❭❪✟❱❵❾❆➎✴❢❣❪✍✇➑❪✍✇❹❱★❤✟❜ ❸ ❻❀❪✍❢❣❜✐❴➑❜❞❝✷❪✍✇❹❱☎❾❀❢➼➻✪❱❳❬✍❱❵❴❿❪✍❢❥❨ ❸ ❱❵➭❿❻❩❨❭❪✍❢❣❜✐❴❆❜❞❝ ❩ ➯➧ÿ ➲➦ ✜ ➯ ❜★⑥✼➲ ➨ ❽ ⑧ ➨ ❩ ➯➧ÿ ➲❽ ÿ ⑧ ➨ ý ➂ ➯➧ÿ ➲ ❩ ➯➧ÿ ➲✰ù ➂ ➯➧ÿ ➲✟➦ ➯➧ÿ ➲✯ú ➯ ② ❼❥⑥❳⑧❛➲

❝➧❜❞❬★❨❞❴❛♣➒❝➧❻❀❴❩❦➍❪✍❢❣❜✐❴❀❤ ➂ ➯➧ÿ ➲✴❨❞❴❀❾❝➦ ➯➧ÿ ➲✒❨❞❴❀❾↔❨❞❴❿♣➒❨❭❬✍③♥❢❣❪✟❬✫❨❭❬✍♣❆❲✪❜✐❤✍❢❥❪✍❢❣♦❞❱➜❦➍❜✐❴❩❤✟❪✍❨❞❴❛❪❖➦✰✜➌❼✦➂✢✇❹❱❵❴❊❪✍✇❹❱✝❤✟❜ ❸ ❻❹❪✍❢❣❜✐❴❊❜❞❝✏❪✍✇❀❢❥❤
❾❀❢➼➻✪❱❳❬✍❱❵❴❿❪✍❢❥❨ ❸ ❱❵➭⑩❻❀❨❭❪✍❢❣❜✐❴❃❢❥❤ ❩ ➯➧ÿ ➲✰ùæ❻ ✩✬✫①✭ ➯➧ÿ ú ❸ ➲ ➂ ➯ ❸ ➲✟➦ ➯ ❸ ➲❞❽ ❸ ú⑦➎✢✇❹❱❳❬✍❱ ✩✬✫✮✭ ➯➧ÿ ú ❸ ➲t❢✈❤✗❦❳❨ ❸❥❸ ❱❵❾r❪✍✇❹❱P◗✒❬✍❱❳❱❵❴✵â➣❤✏❝➧❻❩❴❀❦➍❪✍❢❣❜✐❴✵❼➂☞✇❹❱✦◗◆❬✍❱❳❱❵❴✵â➣❤☞❝➸❻❀❴❀❦➍❪✍❢❥❜✐❴➓✇❀❨❞❤✡❪✍✇❹❱P❝➧❜ ❸❥❸ ❜➌➎✢❢❥❴❹①✙❲❀❬✍❜❞❲✪❱❳❬✍❪✍❢❥❱❵❤➐ ✩✬✫✮✭ ➯➧ÿ ú ❸ ➲✟➦ ➯ ❸ ➲ ➂ ➯ ❸ ➲❞❽ ❸ ❜✈➦ ➯➧ÿ ➲ ù ➯ ❜★⑥✼➲ ➨ ❈ � ➦ ✜❍ ➨ ➂ ➯➧ÿ ➲ ➦ ❘ ⑧ ➨♣❱ ➯➧ÿ ➲✘ý✖✯Ñ✻➍➦ ✜ ❊ ➂ ➯➧ÿ ➲✾✽ ➯ ② ❼❥⑥❞⑥✼➲

➐ ✩ ⑧✫✮✭ ➯➧ÿ ú ❸ ➲ ➂ ➯ ❸ ➲❞❽ ❸ ù ❷➍➨➂ ➯➧ÿ ➲❳➠ ➦ ✜➂ ➯➧ÿ ➲✰➡ ❈ �✒✑ ⑧ ➨ ý✖✯ ❵ ✻➍➦ ✜ ❊ ➂ ➯➧ÿ ➲✾✽ ❈ �✒✑ ⑧ ➨ ❜ ➯ ② ❼❥⑥ ➳ ➲

➐➉➐ ✩✬✫ ✭ ➯➧ÿ ú ❸ �✯➲ ✩✬✫ ✭ ➯➧ÿ ú ❸ ⑧ ➲✒➧ ➯ ❸ �❵ú ❸ ⑧ ➲❞❽ ❸ �✾❽ ❸ ⑧ ù ➧ ➯➧ÿ ú ÿ ➲➂ ⑧ ➯➧ÿ ➲ ý✖✯ ➯ ⑥✼➲ ➯ ② ❼❥⑥❵➊✐➲

➐→❽ ➯ ❸ ➲ ✩ ⑧✫ ✭ ➯➧ÿ ú ❸ ➲ ➂ ➯ ❸ ➲❞❽ ❸ ù ❽ ➯➧ÿ ➲ ❷✺➨➂ ➯➧ÿ ➲➨➠ ➦ ✜➂ ➯➧ÿ ➲✰➡ ❈ �✒✑ ⑧ ➨ ý✖✯ ❵ ✻➍➦ ✜ ❊ ➂ ➯➧ÿ ➲✾✽ ❈ �✒✑ ⑧ ➨ ❜ ➯ ② ❼❥⑥➍④❿➲

➎✢✇❹❱❳❬✫❱ ❷➍➨ ❢❥❤☎❤✍❜✐❫✝❱❃❦➍❜✐❴❩❤✟❪✍❨❞❴❛❪✝❨❞❴❀❾à❽ ➯ ❸ ➲☎❨❞❴❀❾❺➧ ➯ ❸ �➍ú ❸ ⑧ ➲★❨❭❬✍❱➑❨❭❬✍③❩❢❣❪✟❬✫❨❭❬✫♣❊❝➸❻❀❴❀❦➍❪✍❢❥❜✐❴❀❤❳❼✉➏✏➭❿❻❀❨❭❪✍❢❥❜✐❴❀❤ ➯ ② ❼❥⑥❞⑥✼➲➜❨❞❴❀❾➯ ② ❼❥⑥ ➳ ➲✒❨❭❬✍❱✦①✐❢❥♦❞❱❵❴➒❢❥❴❊❖✴♣⑩❦✯✇❹↕➉❨ ➯ ⑥❵⑨❞⑨❞é✐➲✯❧✘❱❵➭⑩❻❀❨❭❪✍❢❣❜✐❴ ➯ ② ❼❥⑥❵➊✐➲✢❦❳❨❞❴❊③✪❱☎❱❵❨❞❤✫❢ ❸ ♣❆❤✍✇❹❜➌➎✢❴❊❻❀❤✍❢❥❴❹① ➯ ② ❼❥⑥❳⑧❛➲✒❨❞❴❀❾ ➯ ② ❼❥⑥❞⑥✼➲✯❼
➀↔❱☎③✪❱ ❸ ❢❥❱❳♦❞❱✒❪✍✇❩❨❭❪ ➯ ② ❼❥⑥➍④❿➲☞✇❹❜ ❸ ❾❀❤❅③♥❻❹❪☞✇❀❨❵♦❞❱➜❴❹❜❞❪✡❲❀❬✍❜➌♦❞❱❵❾✉❢❣❪❳❼

⑥❵⑤
http://biostats.bepress.com/umichbiostat/paper12
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♠✒❴❀❾❹❱❳❬✗❫✝❜⑦❾❹❱ ❸ ➯ ⑥✼➲✯❧⑩➎●❱☞➬❀❬✫❤✟❪✰❾❀❱❳❬✫❢❣♦❞❱✢❨❞❴❈❨❞❤✍♣⑩❫✝❲❩❪✟❜❞❪✍❢❥❦☞❱ ❷ ❲❩❨❞❴❀❤✍❢❥❜✐❴✙❜❞❝✸❪✍✇❀❱✢❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①★❤✍❲ ❸ ❢❥❴❹❱❅❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬✏❨❞❤✍❤✫❻❀❫✙➋
❢❥❴❹①✝➎●❜❞❬✍↕⑦❢❥❴❹①➪❢✈❴❀❾❹❱❳❲✪❱❵❴❀❾❹❱❵❴❀❦➍❱ý❑✱ù ❾❀❢❥❨❭①♥✻ ➁ õqõ ✽✐❼❅❯✒❱❵❴❹❜❞❪✟❱➜③⑩♣✞Pü✺➫✡➼ ➯➧ÿ ➲✡❤✍❻❩❦✫✇✉❨❞❴✉❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✼❼●➀↔❱✙❦❳❨❞❴✉❤✫✇❹❜✼➎➁❪✍✇❀❨❭❪
❪✍✇❹❱◆❬✍❱❵❤✍❻ ❸ ❪✍❤❅❢❥❴❆❶⑩❱❵❦➍❪✍❢❣❜✐❴❆ê✦❜❞❝✷❶⑦❢ ❸ ♦❞❱❳❬✫❫❈❨❞❴ ➯ ⑥❵⑨❞⑤➉④❿➲✡❤✟❪✍❢ ❸❥❸ ✇❀❜ ❸ ❾❃❝➺❜❞❬❳Pü✺➫✡➼ ➯➧ÿ ➲✗❨❞❴❩❾❃❨❞❤✍♣⑩❫✝❲❩❪✟❜❞❪✍❢❥❦❳❨ ❸❥❸ ♣❞❧❀❨❭❪✡❨❞❴❿♣r①✐❢❣♦❞❱❵❴ ÿ ❧

Pü✺➫✡➼ ➯➧ÿ ➲✰ù ⑥❿ ✂õ➆❴❭�♥➁ õ❚õ ➈➊ ➋ ⑥ñ ❀❫
óÙ❴❭� ✂❫õ❛❴❭�✢✩❴✫✮✭ ➯➧ÿ ú❇ö✸ó➣õ➌➲ ➁ õqõ ô❩ó➣õ♥➌ ➎➏ ý✖✯ ➨ ➯ ⑥✼➲✯ú

➎✢✇❹❱❳❬✫❱ ✩✬✫✮✭ ➯➧ÿ ú ❅ ➲✰❢✈❤✗❪✍✇❹❱★◗✒❬✍❱❳❱❵❴✘â➣❤✏❝➸❻❀❴❀❦➍❪✍❢❥❜✐❴➪❨❞❤✍❤✟❜⑦❦❳❢❥❨❭❪✟❱❵❾➑➎✢❢❥❪✍✇ ➯ ② ❼❥⑥❳⑧❛➲✏➎✢❢❣❪✍✇✔➦❪✜☞ù➅➦ ❊ ↔ ❿ ✂õ❛❴❭� ➁ õ❚õ ➙ ❨❞❴❩❾ ➂ ➯➧ÿ ➲tù❿ ✂õ➆❴❭�❙➁ õ❚õ♣➂ õ ➯➧ÿ ➲ ❊ ❿ ✂õ➆❴❭�♥➁ õ❚õ ❼
➀↔❱➜✇❹❱❵❴❀❦➍❱★✇❀❨✼♦❞❱

④✶✻ Pü✺➫✡➼ ➯➧ÿ ➲✾✽⑤❜➠ü ➯➧ÿ ➲⑦⑥ ⑥❿ ✂õ➆❴❭� ➁ õqõ ⑥ñ ❀❫
ó❵❴❭� ✂❫õ❛❴❭� ➁ õ❚õ ✩✬✫①✭ ➯➧ÿ ú❇ö✪ó➣õ➌➲❚ü ➯ ö✪ó➣õ➌➲➢❜➠ü ➯➧ÿ ➲ ➯ ② ❼❥⑥❵é✐➲

⑥ ⑥❿ ✂õ➆❴❭� ➁ õqõ ✂❫
õ❛❴❭� ➁ õ❚õ ➐ ✩✬✫ ✭ ➯➧ÿ ú ❸ ➲❚ü ➯ ❸ ➲ ➂ õ ➯ ❸ ➲❞❽ ❸ ❜➫ü ➯➧ÿ ➲ ⑥→➐ ✩✬✫ ✭ ➯➧ÿ ú ❸ ➲❚ü ➯ ❸ ➲ ➂ ➯ ❸ ➲❞❽ ❸ ❜➠ü ➯➧ÿ ➲ ✉

♠✒❤✍❢❥❴❹① ➯ ② ❼❥⑥❞⑥✼➲✡❨❞❴❀❾❆❪✍✇❹❱★❾❹❱❳➬❩❴❀❢❥❪✍❢❣❜✐❴❀❤●❜❞❝ ➂ ➯➧ÿ ➲●❨❞❴❀❾â➦ ✜ ❧❀❪✍✇❹❱P③♥❢❥❨❞❤✡❜❞❝ Pü➍➫✢➼ ➯➧ÿ ➲❅❢❥❤
④✶✻ Pü ➫✡➼ ➯➧ÿ ➲✾✽✴❜➠ü ➯➧ÿ ➲ ù ➯ ❜★⑥✼➲ ➨ ❈ � ➦❿ ✂õ➆❴❭� ➁ õ❚õ ➂ õ ➯➧ÿ ➲ ü ❘ ⑧ ➨♣❱ ➯➧ÿ ➲❍ ➨ ý✖✯ ➨ ✻ ❇✗⑧ ➨ ➯➧ÿ ➲✾✽✐ú ➯ ② ❼❥⑥❵ê✐➲

➎✢✇❹❱❳❬✫❱ ❇ ➯➧ÿ ➲✰ù ❵ ➦ ❊ ↔ ❿ ✂õ❛❴❭� ➁ õ❚õ ➂ õ ➯➧ÿ ➲ ↕ ❜ �✒✑ ⑧ ➨ ❼✰➐❀❻❹❬✍❪✍✇❀❱❳❬☞♦➉❨❭❬ ↔ Pü➍➫✢➼ ➯➧ÿ ➲ ↕ ⑥ ❋ �✧❀★ý ❋ ⑧ ❀❩❧❀➎✢✇❀❱❳❬✍❱
❋ �✧❀ ù ✣✥ ñ ✂❫

õ❛❴❭� ➁ õ❚õ❄✦★ ❈ ⑧ ❀❫
ó❵❴❭� ✂❫õ➆❴❭� ↔ ➁ õqõ ➙ ⑧ ❨ õqõ ✩ ⑧✫ ✭ ➯➧ÿ ú❇ö✪ó➣õ➉➲

ù ✣✥❹ñ ✂❫
õ❛❴❭� ➁ õ❚õ ✦★ ❈

� ➐ ❿ ✂õ➆❴❭�✷➽ ➁ õ❚õ✌➾ ⑧ ❨ õ❚õ ➂ õ ➯ ❸ ➲❿ ✂õ❛❴❭�❙➁ õqõ ➂ õ ➯ ❸ ➲ ✩ ⑧✫✮✭ ➯➧ÿ ú ❸ ➲ ➂ ➯ ❸ ➲❞❽ ❸ ý➚✯ ➨ ➯ ñ ❈ � ➲✯ú
❋ ⑧ ❀ ù ✣✥ ñ ✂❫

õ❛❴❭� ➁ õ❚õ ✦★ ❈ ⑧ ❀❫
ó❵❴❭� ✂❫õ➆❴❭� ✂❫■✸➣❴❹õ ➁ õqõ ➁ ■r■ ❨ õ✾■ ✩✬✫✮✭ ➯➧ÿ ú❇ö✸ó➣õ❭➲ ✩✬✫✮✭ ➯➧ÿ ú❇ö ó✄■ ➲

ù ✣✥ ✂❫õ❛❴❭� ➁ õ❚õ❄✦★ ❈ ⑧ ñ ❈ � ✂❫õ❛❴❭� ✂❫õ✺➣❴❉■ ➁ õqõ ➁ ■r■ ❨ õ✾■ ➐ ✩✬✫①✭ ➯➧ÿ ú ❸ ➲ ✩❴✫✮✭ ➯➧ÿ ú ❅ ➲ ➂ õ➆■ ➯ ❸ ú ❅ ➲❞❽ ❸ ❽ ❅ ý✖✯ ➨ ➯ ñ ❈ � ➲ ✉
▲✴❱❳❬✍❱ ➂ õ✾■ ➯ ❸ ú ❅ ➲●❢❥❤❅❪✍✇❀❱✒③♥❢❣♦➉❨❭❬✯❢❥❨❭❪✟❱P❾❹❱❵❴❀❤✍❢❣❪q♣❈❜❞❝ ➯ ö✸ó➣õ❞ú❇ö óÙ■ ➲✯❼✏♠✴❤✍❢✈❴❹① ➯ ② ❼❥⑥➍④❿➲✡❨❞❴❩❾r❪✍✇❀❱★❾❹❱❳➬❩❴❀❢❣❪✍❢❥❜✐❴❀❤✗❜❞❝ ➂ ➯➧ÿ ➲●❨❞❴❩❾ ➦ ✜ ❧❜✐❴❹❱☎❦❳❨❞❴✉❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✟❱ ❋ �✧❀➑❨❞❴❀❾❆❻❀❤✍❢✈❴❹① ➯ ② ❼❥⑥❵➊✐➲✯❧ ❋ ⑧ ❀❈ù➛➪ ➨ ➯ ⑥ ❊ ñ➃➲✯❼✗❑❚❪✡❝➺❜ ❸✈❸ ❜✼➎✢❤☞❪✍✇❀❨❭❪

♦➉❨❭❬ ↔ Pü➍➫✢➼ ➯➧ÿ ➲ ↕ ù ❿ ✂õ❛❴❭� ➽ ➁ õqõ✌➾ ⑧ ❨ õ❚õ ➂ õ ➯➧ÿ ➲↔♥❿ ✂õ❛❴❭� ➁ õ❚õ ➂ õ ➯➧ÿ ➲❶↕ ⑧ ❷➍➨ñ❘◗ ➦❿ ✂õ❛❴❭� ➁ õ❚õ ➂ õ ➯➧ÿ ➲❪❙ ❈ �✒✑ ⑧ ➨ ý➚✯ ➨ ❵ ✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ � ❜ ✉ ➯ ② ❼❥⑥✼➈❞➲

⑥❵⑨
Hosted by The Berkeley Electronic Press



❶⑩❜✐❫❈❱☎❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✍❢❥❜✐❴❀❤❅❝➧❻❀❬✍❪✍✇❹❱❳❬☞❤✍✇❹❜➌➎ ❪✍✇❀❨❭❪ Pü✺➫✡➼ ➯➧ÿ ➲●✇❀❨❞❤✢❪✍✇❹❱P❝➺❜ ❸✈❸ ❜✼➎✢❢✈❴❹①✝❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦P❱ ❷ ❲❩❨❞❴❀❤✍❢❥❜✐❴Pü✺➫✡➼ ➯➧ÿ ➲✏❜➠ü ➯➧ÿ ➲tù ⑥
ñ ❿ ✂õ❛❴❭� ➁ õ❚õ ❀❫

óÙ❴❭� ✂❫õ❛❴❭� ➁ õ❚õ ✩✬✫✮✭ ➯➧ÿ ú❇ö✪ó❽õ➉➲✾✻✼ô❩ó➣õ✐❜➠ü ➯ ö✪ó❽õ➉➲✾✽❅ý❹❍ ➯➧ÿ ➲✵ý➶✯ ➨ ❵ ✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ �✒✑ ⑧❅ý ❇ ⑧ ➨ ➯➧ÿ ➲ ❜ ú
➯ ② ❼❥⑥❵⑤✐➲

➎✢✇❹❱❳❬✫❱ ❍ ➯➧ÿ ➲tù ➯ ❜★⑥✼➲ ➨ ❈ � ➦❿ ✂õ❛❴❭� ➁ õ❚õ ➂ õ ➯➧ÿ ➲ ü ❘ ⑧ ➨♣❱ ➯➧ÿ ➲❍ ➨ ✉ ➯ ② ❼❥⑥❵⑨✐➲

➩ ✎➙✍ ✒✔✓✖✕ ➢ ✵✷✦✖✘ ➡ ✬✮✹✌✬✸✚✟t➹➫ ✚✧✫✌✵í✫✌✜➠✯ ➯❄✫❉★✩✚✧✫✌✜➊t❙✕ ✹■➳→✬✸✓➠✕⑦➛✞✕✪✜➠✕✗★✸✫✌✤✆✚✆➜♥✕✪✯ ➝✐✕✗✫✌✵♣✬ ➝ ➞➢➟ ✫❉★✸✕✪✵
➝ ✘✛✹✏✹✌✬✸✓➠✚✢✜✖✣ ➝➢➡ ✤✆✚✆✜➠✕✲✳✶✵✷✬✸✚✆✘✛✫✭✬✺✹✥★

♠✒❤✍❢❥❴❹①➜❪✍✇❹❱◆❬✍❱❵❤✍❻ ❸ ❪✍❤✏❢❥❴✔➵✰❬✫❜❞❲✸❜✐❤✫❢❣❪✍❢❣❜✐❴➑➊⑩❧❹❪✍✇❹❱✴①❞❱❵❴❀❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✍❪●❤✍➭⑩❻❀❨❭❬✍❱❵❤✡❤✫❫✝❜❿❜❞❪✍✇❩❢❥❴❹①✦❤✍❲ ❸ ❢❥❴❹❱✴❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬☞❦❳❨❞❴➑③✪❱
❜❞③❀❪✍❨❞❢❥❴❀❱❵❾↔❱❵➭❿❻❩❢❣♦➉❨ ❸ ❱❵❴❛❪ ❸ ♣❊③⑩♣➛❢❥❪✟❱❳❬✫❨❭❪✍❢❣♦❞❱ ❸ ♣↔❨❭❲❀❲ ❸ ♣⑩❢❥❴❀①❃❤✟❪✍❨❞❴❩❾❀❨❭❬✫❾↔➎●❱❵❢❣①✐✇❿❪✟❱❵❾➩❤✟❲ ❸ ❢❥❴❹❱✝❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①➓❪✟❜❆❪✍✇❹❱❈❲❩❤✍❱❵❻❀❾❹❜❭➋
❜❞③❩❤✟❱❳❬✫♦➉❨❭❪✍❢❣❜✐❴❩❤❳❼✷➀↔❱✒✇❹❱❵❴❩❦➍❱✴❤✟❪✍❻❀❾❀♣✦❪✍✇❹❱✒❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦✢❲❀❬✍❜❞❲✪❱❳❬✍❪✍❢❣❱❵❤t❜❞❝✵❪✍✇❀❱✢①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾ ❸ ❱❵❨❞❤✍❪✏❤✍➭⑩❻❀❨❭❬✍❱❵❤✏❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①
❤✟❲ ❸ ❢❥❴❹❱✗❱❵❤✍❪✍❢❥❫❈❨❭❪✟❜❞❬➳Pü✺➫ ➯➧ÿ ➲➃❪✍✇❹❬✫❜✐❻❹①✐✇➜❪✍✇❀❢❥❤✷❢❣❪✟❱❳❬✫❨❭❪✍❢❣♦❞❱❅❲❀❬✫❜⑩❦➍❱❵❾❀❻❀❬✍❱✏③⑩♣✦❾❀❱❳❬✫❢❣♦⑦❢❥❴❹①☞❪✍✇❹❱☞❨❞❤✍♣⑩❫✝❲❩❪✟❜❞❪✍❢❥❦●③❩❢❥❨❞❤✷❨❞❴❀❾➜♦➉❨❭❬✯❢❥❨❞❴❀❦➍❱
❜❞❝❄Pü ❘✄❚♦❱➫ ➯➧ÿ ➲➪❨❭❪r❱❵❨❞❦✯✇➴❢❣❪✟❱❳❬✫❨❭❪✍❢❣❜✐❴➘❨❞❴❀❾ç❪✍✇❹❱❵❴➚❪✍✇❀❜✐❤✟❱❊❨❭❪➓❦➍❜✐❴❿♦❞❱❳❬✍①❞❱❵❴❀❦➍❱❞❧✒➎✢✇❀❢❥❦✯✇➾①✐❢❣♦❞❱❊❪✍✇❹❱➛❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦➒③❩❢❥❨❞❤❃❨❞❴❀❾
♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱✝❜❞❝ Pü➍➫ ➯➧ÿ ➲✯❼✝➂☞✇❀❢❥❤◆❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢✈❦✝❨❞❴❀❨ ❸ ♣⑦❤✍❢❥❤P❤✟❪✟❬✫❨❭❪✟❱❳①❞♣↔❢❥❤P❨❞❾❀♦➉❨❞❴❿❪✍❨❭①❞❱❳❜✐❻❀❤☎❤✫❢❥❴❀❦➍❱✙➎✏❜❞❬✫↕⑩❢❥❴❀①➑❢✈❴❀❾❹❱❳❲✪❱❵❴❀❾❹❱❵❴❀❦➍❱
❤✟❲ ❸ ❢❥❴❹❱◆❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①❈❢❥❤✡❨❭❲❩❲ ❸ ❢❣❱❵❾➑❨❭❪☞❱❵❨❞❦✯✇➒❢❣❪✟❱❳❬✯❨❭❪✍❢❣❜✐❴❆❨❞❴❀❾➓❢❣❪✍❤☞❲❀❬✍❜❞❲✪❱❳❬✍❪✍❢❣❱❵❤✡✇❀❨✼♦❞❱☎③✪❱❳❱❵❴➓❾❹❱❳❬✫❢❥♦❞❱❵❾❆❢❥❴✉❶⑩❱❵❦➍❪✍❢❣❜✐❴✉❯✦❼❥⑥❭❼

➂☞✇❀❱❅❤✫❫✝❜❿❜❞❪✍✇❩❢❥❴❹①P❤✟❲ ❸ ❢✈❴❹❱✗❱❵❤✟❪✍❢✈❫❈❨❭❪✟❜❞❬ Pü ❘✄❚♦❨ � ❱➫ ➯➧ÿ ➲❡❨❭❪t❪✍✇❹❱ ➯ ◆❳ý❊⑥✼➲q❪✍✇❈❢❣❪✟❱❳❬✫❨❭❪✍❢❥❜✐❴✝❢❥❤t❻❹❲✵❾❀❨❭❪✟❱❵❾✙❻❀❤✍❢❥❴❀① ➯ ⑥❵é✐➲❡➎✴❢❣❪✍✇✙❪✍✇❹❱
❲❩❤✟❱❵❻❩❾❹❜❭➋➶❜❞③❩❤✟❱❳❬✍♦❭❨❭❪✍❢❣❜✐❴❀❤✦ô ❘✄❚♦❨ � ❱ó➣õ ù➷ô ó➣õ ý ➯ ➁ õqõ ➲ ❈ � ❿ ■✸➣❴❹õ❉➁ õ➆■ ↔⑩ô óÙ■ ❜ Pü ❘❯❚❯❱➫ ➯ ö ó✄■ ➲❶↕✸❼✉❶⑦❻❹❲❩❲✸❜✐❤✍❱➜➎●❱r❤✍❱❳❪☎❪✍✇❹❱❃❢❥❴❀❢❣❪✍❢❥❨ ❸
❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬✡❜❞❝➃ü ➯➧ÿ ➲✏❻❀❤✍❢❥❴❹①✦❪✍✇❹❱◆➎✏❜❞❬✫↕⑩❢❥❴❀①✙❢✈❴❀❾❹❱❳❲✪❱❵❴❀❾❹❱❵❴❀❦➍❱✢❱❵❤✟❪✍❢❥❫❈❨❭❪✟❜❞❬✢❾❀❱❵❤✍❦➍❬✫❢❣③✪❱❵❾➪❢✈❴➓❶⑦❱❵❦➍❪✍❢❣❜✐❴➓❯➜❼❥⑥P❨❞❴❀❾➑❾❹❱❵❴❹❜❞❪✟❱P❢❣❪
③⑩♣ÿPü♥❘ ❬ ❱➫ ➯➧ÿ ➲✯❼t➀↔❱✢➬❩❬✫❤✟❪✗❤✟❪✍❻❩❾❹♣✦❪✍✇❀❱✴❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦✢❲❀❬✍❜❞❲✪❱❳❬✍❪✍❢❣❱❵❤✷❜❞❝✵❪✍✇❀❱✢❜✐❴❹❱➍➋➆❤✟❪✟❱❳❲❃❱❵❤✟❪✍❢❥❫➪❨❭❪✟❜❞❬❵❼t❍✏♣❈❤✍❱❳❪✟❪✍❢❥❴❹①ö◆✘ù✔⑥✴❨❞❴❀❾
❤✍❻❹③♥❤✟❪✍❢❣❪✍❻❹❪✍❢❥❴❀①☎ô❂❘ � ❱ó➣õ ❢❥❴❿❪✟❜ ➯ ⑥❵é✐➲✯❧❩❨❭❪●❪✍✇❹❱✒➬❀❬✫❤✟❪●❢❣❪✟❱❳❬✫❨❭❪✍❢❣❜✐❴✵❧⑦➎●❱✒✇❩❨❵♦❞❱ Pü❙❘ � ❱➫ ➯➧ÿ ➲tù✎➘✔�✧❀✡ý✈➘ ⑧ ❀☞ý➥➘ ⑨ ❀☞ý✈✯ ➨ ➯ ⑥✼➲✯❧⑩➎✴✇❹❱❳❬✍❱➘✔�✧❀ ù ⑥

ñö❿ ✂õ❛❴❭�♥➁ õ❚õ ❀❫
ó❵❴❭� ✂❫õ➆❴❭� ✂❫■❶❴❭� ✩✬✫①✭ ➯➧ÿ ú❇ö✪ó➣õ➌➲ ➁ ó✄■ ✻✼ô ó✄■ ❜➠ü ➯ ö óÙ■ ➲✾✽ ➯ ② ❼ ➳ ⑧❛➲

➘ ⑧ ❀ ù ⑥
ñ ❿ ✂õ❛❴❭� ➁ õ❚õ ❀❫

ó❵❴❭� ✂❫õ➆❴❭� ✩❴✫✮✭ ➯➧ÿ ú❇ö✸ó➣õ➌➲ ➁ õqõ ü ➯ ö✪ó❽õ➌➲ ➯ ② ❼ ➳ ⑥✼➲

➘ ⑨ ❀ ù ❜ ⑥
ñö❿ ✂õ❛❴❭� ➁ õ❚õ ❀❫

óÙ❴❭� ✂❫õ❛❴❭� ❫■✮➣❴❹õ ➁ õ➆■ ✩✬✫①✭ ➯➧ÿ ú❇ö óÙ■ ➲✌↔ Pü ❘ ❬ ❱➫ ➯ ö óÙ■ ➲➢❜➠ü ➯ ö ó✄■ ➲❶↕ ✉ ➯ ② ❼ ➳❞➳ ➲

➐✷❢❣❬✫❤✟❪➑❱ ❷ ❨❞❫❈❢❥❴❹❱➭➘ ⑨ ❀♥❼✾♠✒❤✍❢❥❴❹①➽❪✍✇❹❱➠❨❞❤✍♣⑩❫✝❲❩❪✟❜❞❪✍❢❥❦➛❱ ❷ ❲♥❨❞❴❀❤✍❢❣❜✐❴ Pü ❘ ❬ ❱➫ ➯➧ÿ ➲❃❢✈❴ ➯ ② ❼❥⑥❵⑤✐➲✯❧●➘ ⑨ ❀➘❦❳❨❞❴✿③✸❱➛➎☞❬✯❢❣❪✟❪✟❱❵❴➴❨❞❤➘ ⑨ ❀❈ù✲➘ ⑨ ❀✩q �➃ý✖➘ ⑨ ❀Ñq ⑧ ❧❹➎✢✇❹❱❳❬✫❱➘ ⑨ ❀Ñq � ù ❜ ⑥❿ ✂õ❛❴❭� ➁ õ❚õ ⑥ñ ❀❫
óÙ❴❭� ✂❫õ❛❴❭� ❫■✮➣❴❹õ ➁ õ➆■ ✩✬✫①✭ ➯➧ÿ ú❇ö ó➣õ ➲⑤❧ ⑥❿ ✂õ➆❴❭� ➁ õ❚õ ⑥ñ ❀❫➴ ❴❭�

✂❫➷ ❴❭�✢✩❴✫✮✭ ➯ ö ó✄■ ú❇ö ➴➄➷ ➲ ➁ ➷✺➷ ✻✼ô ➴✆➷ ❜➠ü ➯ ö ➴✆➷ ➲✾✽❶t
ý✬✯ ➨ ❵ ✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ �✒✑ ⑧❄❜➘ ⑨ ❀Ñq ⑧ ù ❜ ⑥❿ ✂õ❛❴❭�♥➁ õ❚õ ⑥ñ ❀❫

óÙ❴❭� ✂❫õ❛❴❭� ❫■✮➣❴❹õ ➁ õ➆■ ✩✬✫ ✭ ➯➧ÿ ú❇ö✪ó➣õ➌➲❞❍ ➯ ö óÙ■ ➲✵ý✖✯ ➨ ↔ ❇ ⑧ ➨ ➯➧ÿ ➲ ↕ ✉
➳ ⑧
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❶⑦❢❥❫❈❲ ❸ ❱◆❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✍❢❣❜✐❴❩❤❅①✐❢❣♦❞❱

➘ ⑨ ❀Ñq � ù✱❜ ⑥↔ ❿ ✂õ❛❴❭� ➁ õ❚õ ➙ ⑧ ⑥ñ ❀❫➴ ❴❭�
✂❫➷ ❴❭� ➁ ➷✺➷ ✻➉ô ➴✆➷ ❜➠ü ➯ ö ➴✆➷ ➲✾✽ ➈➊ ➋ ⑥ñ ❀❫

ó❵❴❭� ✂❫õ❛❴❭� ❫■✸➣❴❹õ ➁ õ➆■ ✩❴✫✮✭ ➯➧ÿ ú❇ö ó➣õ ➲ ✩❴✫✮✭ ➯ ö ó✄■ ú❇ö ➴➄➷ ➲ ➌ ➎➏ ➯ ② ❼ ➳ ➊✐➲

ý✬✯ ➨➉❵ ✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ �✒✑ ⑧ ❜
ù✱❜ ⑥↔ ❿ ✂õ➆❴❭�♥➁ õ❚õ ➙ ⑧ ⑥ñ ❀❫➴ ❴❭�

✂❫➷ ❴❭� ➁ ➷✒➷ ✻➌ô ➴✆➷ ❜➫ü ➯ ö ➴✆➷ ➲✾✽ ✂❫
õ➆❴❭� ❫■✸➣❴❹õ ➁ õ✾■ ➐➉➐ ✩✬✫①✭ ➯➧ÿ ú ❸ ➲ ✩❴✫✮✭ ➯ ö ➴✆➷ ú ❅ ➲ ➂ õ✾■ ➯ ❸ ú ❅ ➲❞❽ ❸ ❽ ❅

ý✬✯ ➨➉❵ ✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ �✒✑ ⑧❄❜
♠✒❤✍❢❥❴❹① ➯ ② ❼❥⑥❵➊✐➲✯❧t❜✐❴❹❱➪❦❳❨❞❴➩❱❵❨❞❤✍❢ ❸ ♣❊❤✟❱❳❱r❪✍✇❀❨❭❪➬➘ ⑨ ❀Ñq �➜ù➟✯ ➨ ➯ ⑥✼➲✯❼➓➂☞✇❀❢❥❤☎❢❥❫✝❲ ❸ ❢❥❱❵❤◆❪✍✇❀❨❭❪➬➘ ⑨ ❀Ñq �☎❢❥❤☎❴❀❱❳① ❸ ❢❣①✐❢❣③ ❸ ❱✙❢✈❴↔❪✍✇❹❱
❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦★❱ ❷ ❲❩❨❞❴❩❤✍❢❣❜✐❴➑❜❞❝ Pü❙❘ � ❱➫ ➯➧ÿ ➲❅❨❞❴❩❾❆❢❥❴➑❪✍✇❹❱★❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢✈❦P③❩❢❥❨❞❤✡❨❞❴❀❾❆♦➉❨❭❬✫❢✈❨❞❴❀❦➍❱★❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✍❢❥❜✐❴❀❤✡❜❞❝ Pü❙❘ � ❱➫ ➯➧ÿ ➲✯❼

➂☞✇❀❱P❪✟❱❳❬✫❫❘➘ ⑨ ❀Ñq ⑧ ❦❳❨❞❴❆③✪❱P➎☞❬✫❢❣❪✟❪✟❱❵❴➓❨❞❤➘ ⑨ ❀✩q ⑧ ù ❜ ⑥❿ ✂õ❛❴❭� ➁ õ❚õ ✂❫
õ❛❴❭� ❫■✸➣❴❹õ ➁ õ➆■ ➐ ✩✬✫✮✭ ➯➧ÿ ú ❸ ➲❞❍ ➯❆❅ ➲ ➂ õ➆■ ➯ ❸ ú ❅ ➲❞❽ ❸ ❽ ❅ ý✖✯ ➨ ✻ ❇ ⑧ ➨ ➯➧ÿ ➲✾✽ ➯ ② ❼ ➳ ④❿➲

ù ❜ ⑥❿ ✂õ❛❴❭� ➁ õ❚õ ✂❫
õ❛❴❭� ❫■✸➣❴❹õ ➁ õ➆■ ➐ ✩✬✫✮✭ ➯➧ÿ ú ❸ ➲❞④✶✻♣❍ ➯ ö ■ ➲❶➇ ö❹õ✒ù ❸ ✽ ➂ õ ➯ ❸ ➲❞❽ ❸ ý✖✯ ➨ ✻ ❇ ⑧ ➨ ➯➧ÿ ➲✾✽

ù ❜ ✂❫
õ➆❴❭� ❫■✸➣❴❹õ ➁ õ➆■ ➐ ✩✬✫ ✭ ➯➧ÿ ú ❸ ➲⑤❧✧④✶✻♣❍ ➯ ö ■ ➲❶➇ ö❀õ✴ù ❸ ✽ ➂ õ ➯ ❸ ➲❿ ✂õ❛❴❭�❙➁ õqõ ➂ õ ➯ ❸ ➲ ❙ ➂ ➯ ❸ ➲❞❽ ❸ ý➚✯ ➨ ✻ ❇ ⑧ ➨ ➯➧ÿ ➲✾✽

❶⑩❱❳❪✟❪✍❢❥❴❀①❛➦ ➯ ❸ ➲✗ù ④❂✻♣❍ ➯ ö ■ ➲❶➇ ö❹õ✒ù ❸ ✽ ➂ õ ➯ ❸ ➲ ❊ ➂ ➯ ❸ ➲✡❨❞❴❀❾❆❻❀❤✍❢✈❴❹① ➯ ② ❼❥⑥❞⑥✼➲✯❧♥➎✏❱☎✇❩❨❵♦❞❱➘ ⑨ ❀Ñq ⑧ ù ❜ ✂❫
õ❛❴❭� ❫■✸➣❴❹õ ➁ õ➆■ ④➧✻✷❍ ➯ ö ■ ➲❶➇ ö❹õ◆ù ÿ ✽ ➂ õ ➯➧ÿ ➲➄➮ ➈➊ ➋ ✂❫õ❛❴❭� ➁ õ❚õ ➂ õ ➯➧ÿ ➲ ➌ ➎➏ ý➶✯ ➨ ✻ ❇ ⑧ ➨ ➯➧ÿ ➲✾✽ ✉ ➯ ② ❼ ➳ é✐➲

➂☞✇❀❢✈❤✏❢❥❴❩❾❀❢❥❦❳❨❭❪✟❱❵❤●❪✍✇❀❨❭❪❇➘ ⑨ ❀✩q ⑧ ❦➍❜✐❴❿❪✟❬✫❢❣③❩❻❹❪✟❱❵❤●❪✟❜✝❪✍✇❹❱ ❸ ❱❵❨❞❾❩❢❥❴❹①☎③♥❢❥❨❞❤●❪✟❱❳❬✫❫➷❜❞❝➲Pü❙❘ � ❱➫ ➯➧ÿ ➲✯❼t❑q❪❅❝➧❜ ❸❥❸ ❜➌➎✢❤●❝➺❬✍❜✐❫✾❪✍✇❹❱◆❬✍❱❵❤✫❻ ❸ ❪✍❤
❜❞❝✷➘ ⑨ ❀Ñq �✒❨❞❴❀❾❝➘ ⑨ ❀✩q ⑧ ❪✍✇❀❨❭❪➇➘ ⑨ ❀➓❜✐❴ ❸ ♣➑❦➍❜✐❴❿❪✟❬✫❢❣③♥❻❹❪✟❱❵❤✢❪✟❜❃❪✍✇❹❱ ❸ ❱❵❨❞❾❀❢❥❴❹①r❨❞❤✟♣⑩❫❈❲❀❪✟❜❞❪✍❢❥❦★③♥❢❥❨❞❤☞❜❞❝✐Pü ❘ � ❱➫ ➯➧ÿ ➲✯❧♥③♥❻❹❪✴❴❹❜❞❪✴❪✟❜
❪✍✇❹❱ ❸ ❱❵❨❞❾❀❢❥❴❹①✝❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦◆♦❭❨❭❬✫❢❥❨❞❴❩❦➍❱★❜❞❝ Pü♥❘ � ❱➫ ➯➧ÿ ➲✯❼

▼◆❴❀❱☞❦❳❨❞❴❈❱❵❨❞❤✍❢ ❸ ♣➜❤✟❱❳❱➇➘ ⑧ ❀✦❜✐❴ ❸ ♣✦❦➍❜✐❴❿❪✟❬✫❢❣③❩❻❹❪✟❱❵❤✰❪✟❜☎❪✍✇❹❱☞❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢✈❦✡③❩❢❥❨❞❤t❜❞❝➢Pü ❘ � ❱➫ ➯➧ÿ ➲✯❼✰❶⑦❲✸❱❵❦❳❢❥➬❩❦❳❨ ❸❥❸ ♣●➘ ⑧ ❀➥❜❈ü ➯➧ÿ ➲
❪✍❨❭↕❞❱❵❤✴❱ ❷ ❨❞❦➍❪ ❸ ♣➑❪✍✇❹❱✦❤✍❨❞❫✝❱P❱ ❷ ❲❀❬✍❱❵❤✍❤✍❢❥❜✐❴➓❨❞❤☞❪✍✇❹❱★❬✯❢❣①✐✇❛❪❇➋➆✇❩❨❞❴❀❾➓❤✍❢❥❾❹❱◆❜❞❝✷❱❵➭⑩❻❀❨❭❪✍❢❣❜✐❴ ➯ ② ❼❥⑥❵é✐➲✯❼✏❑❚❪✡❝➧❜ ❸❥❸ ❜✼➎✴❤✡❪✍✇❀❨❭❪➘ ⑧ ❀➽❜➫ü ➯➧ÿ ➲tùæ❍ ➯➧ÿ ➲✵ý✖✯ ➨ ✻ ❇✗⑧ ➨ ➯➧ÿ ➲✾✽✐ú ➯ ② ❼ ➳ ê✐➲

➎✢✇❹❱❳❬✫❱➩❍ ➯➧ÿ ➲❅❢❥❤✡❾❹❱❳➬♥❴❹❱❵❾➓❢❥❴ ➯ ② ❼❥⑥❵⑨✐➲✯❼
❶⑦❢✈❴❀❦➍❱●➘ �✧❀ ✇❀❨❞❤✒❫✝❱❵❨❞❴ á ❱❳❬✫❜❹❧✸❢❣❪✴❾❹❜❿❱❵❤✒❴❹❜❞❪✒❦➍❜✐❴❛❪✟❬✫❢❥③❩❻❹❪✟❱☎❪✟❜r❪✍✇❹❱☎③♥❢❥❨❞❤❳❼ ➇ ❜✐❫✦③❩❢❥❴❀❢✈❴❹①✙❱❵➭❿❻❀❨❭❪✍❢❥❜✐❴❀❤ ➯ ② ❼ ➳ é✐➲✴❨❞❴❀❾

➯ ② ❼ ➳ ê✐➲✯❧♥❪✍✇❹❱★❨❞❤✍♣⑩❫✝❲❩❪✟❜❞❪✍❢❥❦P③❩❢❥❨❞❤❅❜❞❝➳Pü ❘ � ❱ ➯➧ÿ ➲❅❢❥❤▲④ ↔ Pü❙❘ � ❱➫ ➯➧ÿ ➲ ↕ ❜➫ü ➯➧ÿ ➲tù ⑩ � ➯➧ÿ ➲✘ý✖✯ ➨ ✻ ❇ ⑧ ➨ ➯➧ÿ ➲✾✽✐❧❩➎✴✇❹❱❳❬✍❱
⑩ � ➯➧ÿ ➲✗ù ❍ ➯➧ÿ ➲✏❜✃➱❐ ✂❫õ❛❴❭� ❫■✸➣❴❹õ ➁ õ✾■ ④➧✻♣❍ ➯ ö ■ ➲❶➇ ö❀õ✒ù ÿ ✽ ➂ õ ➯➧ÿ ➲➄➮ ➈➊ ➋ ✂❫õ❛❴❭� ➁ õ❚õ ➂ õ ➯➧ÿ ➲➍➌ ➎➏③❒❮ ✉ ➯ ② ❼ ➳ ➈❞➲

➳ ⑥
Hosted by The Berkeley Electronic Press



❖✴❜✼➎å❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✟❱➒♦➉❨❭❬➍↔✭Pü♥❘❯❚♦❨ � ❱➫ ➯➧ÿ ➲❶↕✸❼ç➂☞✇❹❱❆❪✟❱❳❬✫❫➅➘✔�✧❀✂❾❹❱❳❪✟❱❳❬✯❫❈❢❥❴❹❱❵❤✝❪✍✇❀❱ ❸ ❱❵❨❞❾❀❢❥❴❀①➛❨❞❤✍♣⑩❫✝❲❩❪✟❜❞❪✍❢❥❦➓♦❭❨❭❬✫❢❥❨❞❴❀❦➍❱❆❜❞❝Pü ❘ � ❱➫ ➯➧ÿ ➲●❨❞❴❀❾❆❢❥❴➑❝➸❨❞❦➍❪✢❢❥❤✡❪✍✇❀❱ ❸ ❱❵❨❞❾❀❢❥❴❹①✝❪✟❱❳❬✯❫✕❜❞❝✷❪✍✇❹❱★❨❞❤✟♣⑦❫✝❲❀❪✟❜❞❪✍❢❥❦P❱ ❷ ❲❩❨❞❴❀❤✫❢❣❜✐❴➑❜❞❝➥Pü ❘ � ❱➫ ➯➧ÿ ➲✯❼✗➙✢❱❳➎☞❬✫❢❣❪✟❱❊➘✔�✧❀➑❨❞❤
➘✔�✧❀❈ù ⑥

ñö❿ ✂õ❛❴❭�♥➁ õ❚õ ❀❫
ó❵❴❭�✰✩✬✫✮✭ ➯➧ÿ ú❇ö✪ó➶➲ ☎ ❑ ❈ � ✻✼ô♥ó✭❜➠ü ➯ ö✸ó➶➲✾✽✐ú ➯ ② ❼ ➳ ⑤✐➲

➎✢✇❹❱❳❬✫❱ ✩✬✫✮✭ ➯➧ÿ ú❇ö✸ó➆➲tùú✻ ✩❴✫✮✭ ➯➧ÿ ú❇ö✸ó✁�æ➲✯ú❳û❳û❳û✼ú ✩❴✫✮✭ ➯➧ÿ ú❇ö✸ó✄✂P➲✾✽ ☎ ❼t❑q❪✢❝➺❜ ❸❥❸ ❜✼➎✢❤❅❪✍✇❀❨❭❪
♦➉❨❭❬s✻ Pü❙❘ � ❱➫ ➯➧ÿ ➲✾✽ ù ⑥↔ ñ ❿ ✂õ❛❴❭� ➁ õ❚õ ➙ ⑧ ❀❫

ó❵❴❭� ✩✬✫✮✭ ➯➧ÿ ú❇ö✸ó➆➲ ☎ ❑ ❈ � ✝ ❑ ❈ � ✩❴✫✮✭ ➯➧ÿ ú❇ö✸ó➶➲✘ý✖✯ ➨ ❤♦✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ � ❥
ù ➒ �✧❀ ý✖➒ ⑧ ❀ ý➚✯ ➨ ❤♦✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ � ❥ ú

➎✢✇❹❱❳❬✫❱★❾❹❱❵❴❹❜❞❪✍❢❥❴❹①●➄ ù➅❑ ❈ � ✝ ❑ ❈ � ❨❞❴❀❾➓③⑩♣ ➃ õ➆■ ❪✍✇❹❱ ➯ ÷❞ú✾❏❀➲q❪✍✇➒❱ ❸ ❱❵❫✝❱❵❴❿❪☞❜❞❝✖➄✙❧➒➠�✧❀ ù ⑥↔ ñ ❿ ✂õ❛❴❭� ➁ õ❚õ ➙ ⑧ ❀❫
ó❵❴❭� ✂❫

õ➆❴❭� ✩ ⑧✫ ✭ ➯➧ÿ ú❇ö✪ó➣õ➌➲ ➃ õ❚õ➒ ⑧ ❀ ù ⑥↔ ñö❿ ✂õ❛❴❭�♥➁ õ❚õ ➙ ⑧ ❀❫
ó❵❴❭� ✂❫

õ➆❴❭� ❫■✸➣❴❹õ ✩❴✫✮✭ ➯➧ÿ ú❇ö✸ó➣õ➌➲ ✩❴✫✮✭ ➯➧ÿ ú❇ö óÙ■ ➲ ➃ õ➆■ ✉
➐✷❢❣❬✫❤✍❪☞❦➍❜✐❴❀❤✍❢❥❾❹❱❳❬✡❪✍✇❀❱★❪✟❱❳❬✫❫❘➒ �✧❀ ❧❹➎✴✇❀❢❥❦✫✇✉❦❳❨❞❴➓③✪❱★❦❳❨ ❸ ❦❳❻ ❸ ❨❭❪✟❱❵❾❆❨❞❤➒ �✧❀ ù ⑥

ñ ↔ ❿ ✂õ❛❴❭� ➁ õqõ ➙ ⑧ ✂❫
õ➆❴❭� ➃ õqõ ➐ ✩ ⑧✫✮✭ ➯➧ÿ ú ❸ ➲ ➂ õ ➯ ❸ ➲❞❽ ❸ ý✖✯ ➨ ❤♦✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ � ❥

ù ⑥
ñö❿ ✂õ❛❴❭� ➁ õ❚õ ➐ ◗ ❿ ✂õ❛❴❭�✗➃ õ❚õ ➂ õ ➯ ❸ ➲❿ ✂õ❛❴❭� ➁ õ❚õ ➂ õ ➯ ❸ ➲❪❙ ✩ ⑧✫✮✭ ➯➧ÿ ú ❸ ➲ ➂ ➯ ❸ ➲❞❽ ❸ ý✖✯ ➨ ❤♦✻❵ñ ❇ ➯➧ÿ ➲✾✽ ❈ � ❥

✉
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❾❀❨❭❪✍❨⑦❼❳Ò❙ñ❾❆ Ö❂Õ❶➱ ñ ✞✪×✧✃✸×ÔÏðÜr× ñ❳❆ Ü➆Ür➮sÒ ñ❥❧✸⑨❞ê⑩❧❙⑥❳⑧✐➊✼ë♥⑥ ➳ ê⑩❼
❘❙❢✈❴✵❧✘❏➜❼ ➄ ➇ ❨❭❬✫❬✍❜ ❸❥❸ ❧✘➙☎❼➃➔❹❼ ➯➵➳ ⑧❞⑧❞⑧❛➲✯❼❆❖✴❜✐❴❹❲❩❨❭❬✯❨❞❫✝❱❳❪✟❬✫❢❥❦✝❝➸❻❀❴❀❦➍❪✍❢❥❜✐❴➛❱❵❤✟❪✍❢❥❫❈❨❭❪✍❢❣❜✐❴➫❝➺❜❞❬✦❦ ❸ ❻❀❤✟❪✟❱❳❬✍❱❵❾➫❾❀❨❭❪✍❨❆➎✢✇❀❱❵❴↔❪✍✇❹❱

❲❀❬✫❱❵❾❀❢❥❦➍❪✟❜❞❬☞❢❥❤☞❫❈❱❵❨❞❤✍❻❹❬✍❱❵❾➓➎✴❢❣❪✍✇❹❜✐❻❹❪✯➨➌➎✢❢❥❪✍✇r❱❳❬✫❬✍❜❞❬❵❼❖Ò♥ñ■❆ Ö❄Õr➱ ñ ✞✪×✧✃✮×ÔÏ➙Ü❛× ñ❳❆ Ü✾Ü❶➮sÒ ñ✈❧♥⑨❞é⑩❧✸é ➳ ⑧➉➋qé❞➊➉④❹❼
❘❙❢✈❴✵❧t❏✦❼ ➄ ➇ ❨❭❬✍❬✫❜ ❸❥❸ ❧t➙★❼✰➔❹❼ ➯➵➳ ⑧❞⑧❹⑥✼➲✯❼➾❶⑩❱❵❫❈❢❣❲♥❨❭❬✫❨❞❫✝❱❳❪✟❬✫❢❥❦➪❬✍❱❳①❞❬✍❱❵❤✍❤✫❢❣❜✐❴✂❝➺❜❞❬❈❦ ❸ ❻❩❤✟❪✟❱❳❬✍❱❵❾➽❾❀❨❭❪✍❨➛❻❀❤✍❢❥❴❀①✉①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾

❱❵❤✟❪✍❢✈❫❈❨❭❪✍❢❥❴❹①✝❱❵➭⑩❻❀❨❭❪✍❢❣❜✐❴❀❤❵❧×Ò❙ñ■❆ Ö❄Õ❶➱ ñ ✞✪×✧✃✸×ÔÏðÜr× ñ❳❆ Ü➆Ür➮sÒ ñ❥❧✸⑨❞ê⑩❧❙⑥❳⑧❭④❛é➌➋✫⑥❳⑧✐é❞ê⑩❼
➳ ④
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❘❙❢✈❴✵❧❭❏✦❼ ➄ ß✪✇❀❨❞❴❀①❹❧✐❯✦❼ ➯ ⑥❵⑨❞⑨❞⑨✐➲✯❼✗❑❚❴❹❝➧❱❳❬✍❱❵❴❀❦➍❱❅❢❥❴➜①❞❱❵❴❹❱❳❬✫❨ ❸ ❢ á ❱❵❾✝❨❞❾❀❾❀❢❣❪✍❢❥♦❞❱●❫❈❢ ❷ ❱❵❾✙❫✝❜⑦❾❹❱ ❸ ❻❀❤✍❢❥❴❀①✴❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①✒❤✟❲ ❸ ❢❥❴❹❱❵❤❳❼Ò♥ñ Ó➳➮✺❒✸✃✺Þs✞✪×✧✃✮×ÔÏ➙Ü❛× ñ ✞✭➮sÒ ñ Ú③✞✭Õ❶➱➆Ï✧Õ❛Ü Ö✢❧♥ê⑦⑥❭❧♥➊❞⑤⑦⑥æ➋➶④✐⑧❞⑧⑦❼
s➒❨ ❸ ❜✼➎★❧✴❍✴❼ ② ❼❣❧✢→★❻❀❤✫✇❛➎❅❨❞✇❀❨⑦❧☞➙★❼❣❧✴❘❙❢❥❴✵❧✡❏➜❼❣❧✴s✉❜❞❬✍❪✟❜✐❴✵❧✒→✝❼✏❘✗❼❣❧ ② ❸ ❾❹❬✫❢❥❦✯✇✵❧☞s➠❼☞❶✸❼ ➯ ⑥❵⑨❞⑨✐➈❞➲✯❼ ➙☞❱ ❸ ❨❭❪✍❢❣❜✐❴❩❤✍✇❀❢❣❲➾❜❞❝

❢❥❴❿❪✟❱❳❬✫❢❥❦➍❪✍❨ ❸ ❱❳❲❩❢ ❸ ❱❳❲❩❪✍❢❣❝➺❜❞❬✯❫✕❾❀❢❥❤✍❦✯✇❀❨❭❬✍①❞❱❵❤☞❪✟❜➑❤ ❸ ❱❳❱❳❲❊❾❹❱❳❲❀❪✍✇➒❢❥❴➓❪✟❱❵❫✝❲✪❜❞❬✫❨ ❸➃❸ ❜❞③✪❱P❱❳❲❩❢ ❸ ❱❳❲❩❤✍♣❞❼❇◆➊◆ ✴➟Ø➢Þ♦Ï✁❐ ñ ❉öÕ❶ß❙➱➔➮✄✂å✪ÛÑ❒✷Ü❛ÏÔ➮✮Þ✄➮❦Ð✸❒ ❧❡⑥❳⑧ ➳ ❧ ➳ ⑧➉➋ ➳ ê⑩❼
❖✴♣⑩❦✯✇❹↕➉❨⑦❧♥❯✦❼ ➯ ⑥❵⑨❞⑨❞é✐➲✴❶⑩❲ ❸ ❢❥❴❹❱❵❤❅❨❞❤ ❸ ❜⑩❦❳❨ ❸ ❤✍❫❈❜❿❜❞❪✍✇❹❱❳❬✯❤❳❼➑❆ ❐✗❐ ñ ✞✙×✧✃✮×ÔÏðÜr× ñ❥❧ ➳ ➊⑩❧➃⑥❞⑥✼➈❭é➌➋✫⑥❞⑥❵⑨✐➈❿❼
➙✢❻❩❦✍↕⑦❤✟❪✍❻❀✇ ❸ ❧ ② ❼❣❧✢➀↔❱ ❸ ❤✫✇✵❧ ② ❼➣▲✦❼ ➄ ➇ ❨❭❬✍❬✍❜ ❸❥❸ ❧❅➙★❼ ➔❀❼ ➯➵➳ ⑧❞⑧❞⑧❛➲✯❼ ❖✴❜✐❴❹❲❩❨❭❬✯❨❞❫✝❱❳❪✟❬✫❢❥❦✉❝➧❻❀❴❩❦➍❪✍❢❣❜✐❴➾❱❵❤✟❪✍❢✈❫❈❨❭❪✍❢❣❜✐❴ç❜❞❝★❪✍✇❹❱

❬✍❱ ❸ ❨❭❪✍❢❣❜✐❴❀❤✍✇❀❢❥❲❃③✪❱❳❪q➎✏❱❳❱❵❴✉❪➆➎●❜❈❬✍❱❳❲✪❱❵❨❭❪✟❱❵❾ ❸ ♣➑❫✝❱❵❨❞❤✍❻❹❬✫❱❵❾➓♦➉❨❭❬✯❢❥❨❭③ ❸ ❱❵❤❳❼ ✞✪×✧✃✸×ÔÏðÜr× ñ ✞✗Ï✁❐✗ÏÔÒ➆✃ ❧❙⑥❳⑧⑦❧✪é⑦⑥✯ë⑦➈⑩⑥❭❼
❶⑩❱❳♦❞❱❳❬✫❢✈❴❀❢➵❧✵➂P❼ ② ❼ ➄ ❶⑩❪✍❨❞❴❩❢❥❤✟➎❅❨ ❸ ❢❥❤❳❧✘➔❹❼❙◗➜❼ ➯ ⑥❵⑨❞⑨➉④❿➲●Ù◆❻❀❨❞❤✍❢ ❸ ❢❣↕❞❱ ❸ ❢❥✇❹❜⑩❜⑦❾➓❱❵❤✟❪✍❢❥❫❈❨❭❪✍❢❥❜✐❴↔❢❥❴➛❤✟❱❵❫❈❢❣❲❩❨❭❬✯❨❞❫✝❱❳❪✟❬✫❢❥❦➜❫✝❜⑦❾❹❱ ❸ ❤❳❼Ò♥ñ■❆ Ö❄Õr➱ ñ ✞✪×✧✃✮×ÔÏ➙Ü❛× ñ❳❆ Ü✾Ü❶➮sÒ ñ✈❧♥⑤❞⑨⑩❧♥é❭⑧❹⑥✯ë⑩é⑦⑥❞⑥❭❼
❶⑦❢ ❸ ♦❞❱❳❬✫❫❈❨❞❴✵❧❹❍✒❼ ➯ ⑥❵⑨❞⑤➉④❿➲✯❼✢❶⑩❲ ❸ ❢❥❴❹❱◆❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①♥☞✰❪✍✇❀❱★❱❵➭❿❻❩❢❣♦➉❨ ❸ ❱❵❴❛❪✡♦❭❨❭❬✫❢❥❨❭③ ❸ ❱P↕❞❱❳❬✫❴❹❱ ❸ ❫✝❱❳❪✍✇❀❜⑩❾✵❼❸❆ ❐✗❐ ñ ✞✙×✧✃✮×ÔÏðÜr× ñ❥❧❡⑥ ➳ ❧

⑤❞⑨❞⑤➌➋q⑨⑦⑥❵ê⑩❼
➀➠❨❞❴❀❾✵❧✸s➠❼✪➵❡❼❩❨❞❴❩❾❆➔❞❜✐❴❹❱❵❤❳❧✸s➠❼ ➇ ❼ ➯ ⑥❵⑨❞⑨❞é✐➲➇Ú Õ❶➱➆❐✭Õ❶Þ■✞✗Ö❂➮s➮✮×✁ÛÑÏ➙❐ÑÐ ❼ ➇ ✇❩❨❭❲❩❫❈❨❞❴❆❨❞❴❀❾➓▲✒❨ ❸❥❸ ❼
➀➠❨❞❴❹①❹❧❛■➜❼ ➯ ⑥❵⑨❞⑨❞⑤✐➲✯❼●s✉❢ ❷ ❱❵❾✙❱➍➻✪❱❵❦➍❪✍❤✗❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❀①◆❤✍❲ ❸ ❢❥❴❹❱❅❨❞❴❀❨ ❸ ♣⑦❤✍❢❥❤❡❜❞❝✸♦➉❨❭❬✯❢❥❨❞❴❀❦➍❱❞❼❸Ò❙ñ Ó▲➮✺❒✸✃✺Þ❪✞✙×✧✃✮×ÔÏðÜr× ñ ✞✙➮sÒ ñ ÚÛ✞❉Õr➱❛Ï❆ÕrÜÖ✢❧♥ê❭⑧⑦❧❙⑥❵é❞⑨➌➋✫⑥✼➈➌④❹❼
➀➠❨❞❴❹①❹❧✸❖☎❼ ➯➵➳ ⑧❞⑧✐➊✐➲✯❼✡s➒❨❭❬✍①✐❢❥❴❀❨ ❸ ❴❹❜✐❴❀❲❩❨❭❬✫❨❞❫✝❱❳❪✟❬✫❢✈❦◆↕❞❱❳❬✫❴❹❱ ❸ ❬✍❱❳①❞❬✫❱❵❤✍❤✍❢❣❜✐❴➓❨❞❦❳❦➍❜✐❻❀❴❿❪✍❢❥❴❹①➪❝➺❜❞❬✴➎✢❢❣❪✍✇❀❢❥❴❹➋➆❤✍❻❹③⑦➮✟❱❵❦➍❪●❦➍❜❞❬✫❬✍❱ ❸ ❨➉➋

❪✍❢❣❜✐❴✘❼✖❝✦ø✒✯➌òÝÜ ÿ ➧❭ø✢❏❙❍♥❧❀❪✟❜➪❨❭❲❩❲✸❱❵❨❭❬✼❼
àt❱❳❬✍③⑩♣ ❸ ❨⑦❧ ② ❼✸➵❡❼❣❧ ➇ ❻ ❸❥❸ ❢❥❤❵❧➉❍✒❼✐➙★❼❣❧✐→★❱❵❴❛➎❅❨❭❬✫❾✵❧❿s➫❼❿◗➜❼❣❧ ➄ ➀↔❱ ❸ ✇❀❨❞❫➓❧⑩❶✸❼✐➔❀❼ ➯ ⑥❵⑨❞⑨❞⑨✐➲✯❼✗➂☞✇❹❱✡❨❞❴❀❨ ❸ ♣⑦❤✍❢❥❤❡❜❞❝✸❾❹❱❵❤✍❢❣①✐❴❹❱❵❾➜❱ ❷ ➋

❲✪❱❳❬✫❢❥❫❈❱❵❴❛❪✍❤✏❨❞❴❀❾ ❸ ❜✐❴❀①✐❢❣❪✍❻❀❾❀❢❥❴❩❨ ❸ ❾❀❨❭❪✍❨☎③⑩♣✝❻❀❤✍❢❥❴❀①☎❤✍❫✝❜⑩❜❞❪✍✇❀❢❥❴❹①✦❤✟❲ ❸ ❢❥❴❀❱❵❤ ➯ ➎✢❢❣❪✍✇r❾❀❢❥❤✍❦❳❻❀❤✫❤✍❢❣❜✐❴❀❤✯➲✺Þ⑦❼♣❆ å✩å ñ ✞✪×✧✃✮×ÔÏ➙Ü❛× ñ✈❧
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