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Fr q w h q w v

4 L q wu r g x f wl r q 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

5 D E d v l f P r g h o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

5 14 W k h V h f r q g S h u l r g 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

5 14 14 F r p s h wl wl r q s r ol f | d q g wk h � u p * v r x ws x w g h f l v l r q 1 1 1 1 7

5 14 15 W k h F r p s h wl wl r q D x wk r u l w| * v s u r e oh p 1 1 1 1 1 1 1 1 1 1 1 ;

5 15 W k h I l u v w S h u l r g 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4 5

5 15 14 I l u p 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4 5

5 15 15 W k h F r p s h wl wl r q D x wk r u l w| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4 8

6 S d wh q w S u r wh f wl r q / F r p s h wl wl r q S r ol f | / d q g P d u n h w S h u i r u p d q f h 1 1 1 1 4 :

7 F r q f ox v l r q 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5 5

8 D s s h q g l { 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5 6

8 14 S u r r i r i O h p p d 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5 6

815 E d v lf P r gho= wkh F rp s h wlwlrq D x wkrulw |*v � uvw0s h ulr g sure oh p 1 1 5 8

9 U h i h u h q f h v 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5 :
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41 L q wur gxfwlrq

U hfrjqlwlrq r i wkh lvvxh v l q wkh gh e d wh r y hu wkh d ssolfd wlrq r i wud glwlrqd o d q wlwuxvw

s r ol f| wr kljk0 whf kqrorj| lqg xvwulh v p d | e h wudfh g wr V f k xp s h wh u + 4 <76/ s 1 ;7,/ Z

exw wkh gh edwh l wv h oi kdv p r y hg wr fh q whu vwdjh z l wk wkh l q whuqdwl r qd ol }dwl rq dqg

uhvwux fwxul q j r i wh ohf rpp x q l fdwl rqv l q gxvwul h v / z l wk d sso l f d wl r qv ri e l r wh f k qro 0

rj | l q e rwk d j ulfxo wxuh d qg skd up d f hxwlfd ov/ d qg z l wk X1V 1 y 1 P l fu rvri w1 L q

wklv s d s h u / L s uhv h q w d p r g h o r i wkh l p s dfw r i g hwhuuh qfh 0e d vh g s ur gxfw p dun h w

frp s hwlwlrq s rolf| r q � up v* lq fhq wly hv wr lq y h vw lq tx d olw |0 lp sur y lq j l q q r y d wlrq 1

Lq wkh p r g ho r i frp s hwlwlrq s r ol f | / d F rp s h wlwlrq D x wkrulw | z l wk olplwhg

lq y h v wljd wru| u hv r x ufhv p r qlwruv s hui r up dqfh lq wz r p dun h wv/ h df k v x ssolhg e | d

p r qrs r ol vw1 [ Ghp d qg l q h d f k p d un hw kdv d udqgrp h oh p h q w1 W kh Frp s hwl wl r q

D x wkrul w| v hwv d wkuhv k ro g s ul f h iru h df k l qgxv wu| d qg l q y h vwl j dwhv dq l qgx vwu| l i

uhdo l } h g s u l f h h {fhh gv wkh l qgxv wu|*v l q y hvwl jdwl rq wkuh vkro g 1

E h f d xvh g h p d qg kdv d udqgrp s duw/ u h do l } hg sul f h p d | e h kl jk h q rx jk wr

wul j jh u d q l q y hv wl jdwl rq hl wk hu e hfdxv h wkh p r qrs r o| vxs so l h u k dv u h vwul f wh g rxwsxw

ru e h f d x v h wkh udqgrp s duw r i g hpd q g k d v sxvk hg xs wkh g h p dqg f xuy h 1 L i wkh

vxssolhu k d v uhvwulfwh g rxwsxw/ wkh uhvxowlqj h { h uflvh r i p rqrs ro| s r z hu p d | r u

p d | q rw e h oh jd o1 L p d n h wkh u h d olvwlf d vvxp sw l r q wkd w q hlwkh u wkh � up qru wkh

F r p s hwl wl r q D x wkru l w| f d q s uhgl f w wk h z runl qjv r i wkh oh jdo v |v wh p z l wk fhuwdl q w| 1

Lq vwhd g / li d q lq y h v wljd wl r q r ffx uv/ wk h uh lv d n q r z q s u r e d elolw | wk d w wkh �up z loo

e h wulhg d q g frq y lfw h g r i y lrod wlq j fr ps hwlwlrq od z / d q g d n q r z q � q h wk d w l v

lp s r vh g l i f rq ylfwlrq wd n hv s od f h1

Wk h s ur� w0p d { lp l}lq j u hvs r q v h r i d �u p i d f lq j v x f k d frp s hwlwlrq s rolf| l v wr

h{sdqg rxwsx w de r y h wkh xqf rqvwudl q hg p r qrs r o| oh y h o/ or z h u l qj h{s hfwh g sul f h

dqg u h gxfl q j wkh h{s hfwh g y d ox h r i � q h v1

T x do l w| 0l p sur y l q j l qqr y d wl rq l v s r vv l e oh l q l qgxv wu| 4 exw q rw l q l qgxv wu| 5 1

Lq wkh p r g ho ri lqqr y d wlrq/ wkhuh d u h wz r s h ulr g v r i u d q grp oh q jwk1 L q wkh � u vw

s h ulr g wkh F rp s h wlwlrq D x wkrulw | v h wv wkuh vkrog sulfhv iru e rw k l qgxvwulhv d q g

�up 4 +wkh v xsso l h u r i l qgxv wu| 4 , l q y hv wv wr gh y h or s d txdo l w|0 l p s u r y l q j l q q r y d0

wl rq1 W kh wl p h wr gl vfr y h u | l v u dqgrp / d q g g h s h qgv rq wkh U ) G h�ruw r i wkh

vxs so l h u1 Z k h q wkh l qq r y d wl r q wdn hv so dfh/ s h ul r g rqh h q gv/ s h ul r g wz r e h j l q v/

d q g wkh F r p s h wlwlrq D xwkrulw | d g mxvwv l q y h v wljd wlr q wku h vkrog su l fhv r s wl p d oo| /

wd nl qj l q wr dff r x q w wk h k l jkhu s r v w0l qqr y d wl rq t x do l w| s ur gx fw ri l qgxv wu| 4 1

Wkh F r p s h wlwlrq D x wkr u lw | f d q qrw f rp p l w l q d gy d q fh wr wkh l q y hvwlj d wlrq

wkuhv k ro gv l w zl oo vh w l q s hul r g wz r 1 D oo sduwl h v n qr z wkdw d w wk h vwduw r i wk h vh frqg

\F]"^`_La5b$a�c�dEe"f"e
g1h"i�gHfkjQa5b$lmjEg5enfoiGcpiGh"lHdQb$lmqrh�aHcsf"t$i�e"f"gHl�iTg1fouIt&dE_-t�v&h"dE_*i�_LaHc�vAi*f�dQf"dQa�b�uIg�e
g1jQj

f"t$i*wTe�gGukx y

z*{
t$i�g�e�e"|$c�v$f�dEaHb�a�q}cpa5b$a�vPa�jEw~en|�v$v&jQdEi*h�ekdUe�c�g5•€i�q•a�hoe"dQc�v$jEdE_*dQfSw5‚ƒg�b�•„d'e�b$a�fkiNe"e"i*b�f"dUg1j`q'a5hkf�t$i

h"iGe"|$jQf�eLx†…�iGi�‡„g�h�f�dQb�ˆ ‰1ŠHŠ�ŠF‹Œq'aHh?g1b�iŽ•$f�iGb&e"dQa�b�aHq•f�t&i�c�aF•$iLj�aHq•_*a�c�vPi*f�dEf�dEaHb�vAa�jUdE_Žw•f�a�aHjEdQl5a�v�a5jQwHx
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s h ulr g wkh F rp s h wlwl r q D x wk r u lw | z l oo v hw lq y h v wljd wlrq wk u hv kr ogv wr p d { lp l}h

wkh h {s hfwh g suhvh q w g lvfrxq wh g y d oxh ri qh w v r f ld o z hoid uh iurp wkh p rp hq w r i

lqqr y d wlrq i r uz d u g1

D w wk h v wd uw ri wkh � uvw s hulr g/ wkh F rp s h wlwlrq D x wkr u lw | v hwv l q y hvwlj d wlrq

wkuhvkrogv wr p d { l p l } h wkh h { s hf whg s uhvhq w glvf r x q whg y d oxh r i q hw vr fld o z h oid u h

r y hu do o i x wxuh wl p h/ wdn l q j l q wr df frxq w wkh d g mxv wp h q w ri wkuh vkro g v wkdw z l oo

r f f x u d w wk h pr ph q w r i l q q r y d wl rq 1

D w wkh v wd uw r i wkh � uvw s hulr g/ �up 4 vhoh fwv l wv r x wsxw d q g l wv U ) G l q y h v wp h q w

ohy h o/ n q r z lqj l wv h{s h fwhg sd | r � e hiru h l qqr y d wlrq +z klf k ghs h qgv rq wkh � uvw0

s h ul r g l q y h vwl j dwl r q wkuhv kro g , d qg n q r z l q j l wv h{s h fwhg sd | r � diwh u l qqr y d wl rq

+z kl f k gh s h qgv rq wk h k l j khu t xdo l w| ohy ho dqg wkh rswl pd o l q y hv wl jdwl rq wkuhv k ro g

wkd w z l oo e h vh w d iwhu lqqr y d wlrq,1

Wkh � up*v l q fhq wly h wr lq y h vw lq lqqr y d wlrq lv wkh h { s hf wh g s uh vh q w glvfrxq whg

y d ox h r i wk h lq fuhp hq wd o s ur� w wk d w lv h{ s h fwhg z l wk d k ljk h u0t x d olw | s ur gx fw1

E hfdxv h wk h Frps h wl wl r q D xwkrul w| fdqq rw f r p p l w l q d gy dqfh wr v h f r q g 0s hul r g

l q y h v wl j d wl r q oh y ho v/ l w fdqqrw h qf rxud jh l qqr y d wl rq e | surp l v l q j d kl jk l q y h v wl 0

jd wlrq wk uhvk rog + d or z s u re d e lolw | r i l q y hv wljd wlr q , l q wkh v h frq g s h ulr g 1 L q

V h fwlr q 5 L v k r z wkd w wk h rs wlp d o � uv w0s h ulr g lq y h vwljd wlrq wk u hv kr og s u lfh i ru wk h

kl jk0wh f k q ro rj| l qgxv wu| l v or z huhg e | s r v v l e l ol w| r i t xdo l w| l p s ur y h p h q w= wkh

F r p s hwlwlrq D xwkrulw | wrxjkh q v f rp s h wlwlrq s r olf| wr l qfuhd v h wkh lqfhq wly h wr

l qqr y d wh1 L q V h f wl rq 6 L h { wh qg wkh e dvl f p r gh o d qg h { dp l q h wkh l p sdfw rq

p d un h w s h ui rup d qfh r i d sdwhq w s r ol f | wkdw j udq wv wkh vxf fhv vi xo l qqr y d wru wkh

ohjd o u ljk w wr h { wud f w i xo o p rqrs ro| s ur� w iru d vs hf l� hg s h ulr g 1 W klv s ur �w lv d q

lqfh q wly h wr l qqr y d wh / d q g z lwk vxf k d sd whq w s r olf| / rswlp d o f r p s h wlwlrq s r olf |

wr z d ug wk h k l j k wh f kq ro rj| l qgxv wu| l v q rw dv wrxjk dv z r xo g r wk huz l v h e h wkh

fdvh 1 Z k h q wk h l q y h vwl j dwl r q wk u h vkro g l v vh w r swl p do o| wdn l qj sdwhq w surwhfwl r q
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� ” kd v d qhjd wl y h � u vw gh uly d wl y h /

� ¦

”

' � s ” d} ” � R ” E^ ” c �
”

�o 	 f +5 19,
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Y� Â

Y^ Â

' � s Â d} Â � R Â E^ Â c �
Â

�o Ã �
YR Â E^ Â c �

Â

�

Y^ Â Ä

' s Â

YR Â

Y^ Â

	 f +5 1<,

Y Å � Â

Y^
Å

Â

' s Â

Y Å R Â

Y^
Å

Â

n
YR Â

Y^ Â

s Æ

Â�Ç

�
YR Â

Y^ Â H È

' s Â

Y Å R Â

Y^
Å

Â

�
Ç

YR Â

Y^ Â5È

Å

s Æ

Â

: f � +514 3,

+51<, i ro or zv i u rp wkh d v vxpswl r q wkdw wk h l q y h uvh g hp dqg f xuy h l v g r z q z d ug
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¯

o � � n b ¯ d� � � ® U ® � � ¯ U ¯ o� +515 6,

I l u v w0 ru g h u f rq gl w l rqv W k h � uvw0 rugh u f r q glwlrqv i r u wkh f rqvwud lqhg r s 0

wlp l } d wlrq sure ohp d uh

Yu ¯

Yb
' � � � ® U ® � � ¯ U ¯ � f c +515 7,

Yu ¯

Y} ®

'
Y` ®

Y} ®

� b ¯ U ®

Y� ®

Y} ®

� f c +515 8,

dqg

Yu ¯

Y} ¯

'
Y` ¯

Y} ¯

� b ¯ U ¯

Y� ¯

Y} ¯

� f � +515 9,

<



Frqg l wl r qv + 5 158, dqg + 5 15 9 , l p s o| wkdw dw wkh r swl p xp wk h p d u jl qdo l qfuh d v h

l q z h oi d u h s h u p d ujl q do l q fuhdv h l q l q y h v wl j dwl r q f rvwv l v wkh v dp h l q e rwk l qgxv 0

wulhv/ d q g l v wkh vkd gr z y d oxh ri exgjhw ixqglqj i ru wkh F rp s h wlwlrq D x wkrulw | =

b ° '
Y` ± *Y } ±

U ± EY� ± *Y } ± �
'

Y` ° *Y } °

U ° EY� ° *Y } ° �
� +515 :,

Wk h v rox wlrq wr wkh vhfr qg 0s hulr g z hoid uh p d {lp l } d wlrq s u r eohp f d q e h f k d u 0

d f whul} h g l q d i d p l old u z d | 1 L q wkh h t xd wlrq

� ± U ± n � ° U ° ' �c +515 ;,

� ± dqg � ° duh i x q fw l r qv r i } ± dqg } ° uhv s hfwl y h o| 1 I r u j l y hq l q gxvwu| l q y h v wl j dwl r q

frvwv U ± dqg U ° / + 5 15 ; , lg hq wl� h v d oo s d luv E} ± c } ° � wkd w jhqh u d wh d wrwd o h { s hf whg

lq y h vwljd wlrq f r v w � 1 L q rwkhu z r ugv / +515;, lv wkh h txdwlrq r i d q l vre x gj h w fxuy h

lq E} ± c } ° � 0v sd fh 1

Wk h v ors h r i d q lvr e x g j hw fx uy h l v

_} °

_} ±³²

²

²

²

² ´

' �
U ±

U °

Y� ± *Y } ±

Y� ° *Y } °

	 f � +515 <,

D j uh d wh u e x gjhw d oor z v wkh F rp s h wlwlr q D x wk r u lw | wr v h w or z h u l q y h v wljd 0

wl rq wkuh vkro g v i ru e rwk l qgxv wu l h v/ l i l w f k r r vhv wr g r v r/ d q g f ruuh vs rqgv wr dq

lvre xgj h w f xuy h wkd w lv forvh u wr wkh r uljlq l q E} ± c } ° � 0vsdfh 1

Lq wkl v ir up xod wlrq/ lq y h vwljd wlrq f rvwv sod | wkh v d p h u r oh d v wkh sulf hv ri jr r g v

lq wkh v wd qgd u g f rqvxp h u f krlfh p r g ho d q g d v i d f wru sulf hv lq wkh v wd qgd u g p r g ho

ri � u p f rv w p lq lpl} d wlrq 1

I l jxuh 514 v kr zv wkuhh l v r e xgjhw fxuy hv i r u d sduwl f xo du v h w r i i xqfwl rqdo i r upv

d q g s d u d p hwhu y d ox hv 1 W k h lq y h uvh g hp d q g f xu y h lv olqhd u/

R µ ' �
µ

n 0 µ � ^ µ c +516 3,

dqg wkh udqgrp whup 0 µ kdv wkh qh jdwl y h h{s r qh q wl d o g l v wul e x wl rq

• � i T ¶ �
0 µ n j µ

j µ ·

� +516 4,

X q lw frvw l v d v vxp h g f rqvwd q w d qg z l wkrxw orvv r i j hqh u d olw | q rup d ol}hg wr e h } h ur

l q e rwk l q gxvwul h v 1 W r k l j ko l j k w wk h l psd f w r i g l � huh q fhv l q s r wh q wl d o i ru t x d ol w|

l p sur y hphq w/ L d v v x p h wkdw wk h wz r l qg xvwul h v duh l ghq wl f do l q wkh s uh0 l qqr y d wl rq

sh u l rg 1

Wkh h t x d wlrq

` ± E^ ± c �
±

� n ` ° E^ ° c �
°

� ' ` +516 5,
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lg hq wl� h v d oo fr p e lq d wlrq v ri } » dqg } ¼ wkdw jhqh udw h d j ly hq z h oi d u h ohy ho ` 1 L w

lv wk h h tx d wlrq r i d q l v r z h oi d u h f x u y h lq E} » c } ¼ � 0vsdfh 1 L v r z h oi d u h f xuy h v f or vh u wr

wkh r uljlq u hsuh vh q w kljkhu oh y h ov ri z h oid u h> wkh v ors h ri d q lvr z hoid uh f x uy h l v

_} ¼

_} »³½

½

½

½

½ ¾

' �
Y` » *Y } »

Y` ¼ *Y } ¼

	 f � +516 6,

U h z u lwlq j + 5 15 : , d v

�
Y` » *Y } »

Y` ¼ *Y } ¼

' �
U »

U ¼

Y� » *Y } »

Y� ¼ *Y } ¼

c +516 7,

wkh � uvw0 rughu f rqglwlr q v i ru f r qvwud l qhg z ho i d u h r swlp l } d wlr q l p s o| wkd w z h oid u h

l v p d { l p l } h g z kh u h wkh l vrexg j h w fxuy h i ru wkh d y d l od eo h e xgjhw l v wdqjhq w wr wkh

lv r z ho i d u h f x u y h wk d w lv d v forvh wr wk h ru l j lq d v s r vv leoh1

Wkuhh v x f k wdqjhqf l h v / i r u g l � h u hq w e xg jh w oh y ho v/ dv vkr zq l q I l jxuh 5141

F r qqh fwl q j wkh s r l q wv ri wdqjhq f| jl y h v d exg j h w frq wudfwl r q s dwk + qrw vkr z q

lq wkh g ld j u d p , wkd w f r uuh vs rqgv wr wkh l qfrp h h {sd qvlrq sd wk r i wkh v wd qgd ug

wz r 0 jr r g f r qvxphu su re oh p 1

Lq y h vwl j dwl r q s u r edel ol wl hv dqg z h oi d uh duh d oo i xqf wl rq v r i s ur gx fw txdo l w| 1 Li

t x do l w| f k d q j h v / wkh pd sv ri l v re xgjhw fxuy hv dqg l vr z h oi duh f x u y h v e rwk vkl i w1

I l j x uh 515/ v k r z v l v r exgj hw dqg l vr z h oiduh f xuy h v i ru � ' • f f f dqg �
»

' . D / •f f /

•2 D / d qg rwkh u sd ud p h whuv d v iru I ljxuh 5 14 1 ¿

Lq wk h q rupd o f dvh + dqg wkl v l v z kdw l v vkr zq l q I l jxuh 515, dq l q f u hdvh l q

t x do l w| l q r qh l qgx vwu| ud l v hv l q y h vwl j dwl r q wkuh vkro g v l q e rwk l q g xvwul h v 1 D v �
»

ul vh v/ wkh r swl p do wkuhv k ro g s ul fh } » u l v h v d v z h oo/ e x w oh v v w k d q s u r s r u wl r q d wh o| / v r

wkd w wkh h { s h f whg wkuhvkr og0 s ulf h jd s } » � R » id oov 1 D v p d oohu } » � R » phdqv d kljkhu

sure de lolw | r i l q y h v wljdwlr q lq lqgxv wu| 4 dqg d juhdwhu h { s hf whg l q y hv wljd wlrq frvw

i r u l qgx vwu| 41 Jl y h q wkh exg j h w f r q v wudl q w/ wk h rs wl p d o } ¼ p xvw ul vh wr uhgxf h

h{s h fwhg l q y h vwl j dwl r q f rv w i ru l q gxvwu| 51

51 51 Wk h I l u v w S h ul r g

51 51 41 Il up 4

L q wk h � u v w s hu lr g/ � u p 4 * v lq vw d q wd qh rx v s u r � w lv

Z »	» E�
»)»

c } » ) » � ' dR » ) » E�
» ) »

c } » ) » � � S » o ^ » ) » � �
»

8 » Á À Â2Ã

Â
Ã.Ä5Å�Ã�Ã)Æ�Ç]Ã6Ã

s » E0 » � _0 » � +516 8,

I l u p 4 s u r g x f h v d s u r g x f w r i t x d ol w| �
» ) »

dqg x q g huwdn h v d u h vh d u f k s u r mhfw

ri lq whqvlw | � dw f r v w 5 E� � +z l wk 5 È E� � / 5 È È E� � : f ,> wk h u hvh d u f k s ur mhf wv ohdgv wr

É-ÊFË�Ì|Í7Î-Ï¤Ð3Ñ�Ò�Ë�ÓÕÔ"Ö‰Î�Ë×Ò�Ø3Ô"Ù�Ú�Û�Ü"Ì=Ð›Ø3Ú�Ý.Ö?Î�Þ	Ì|Ò�Ëàß�áIâ-ã6á�ä�ã.å

â)æ�ç

Ø3è�Î"Þ	Ì�éëê/Ñ�Ì=Ë×Ð.Ñ�ÌCÐ%Ñ�Ý.Ì2Ì|Ò�Ø3Ô"Ù�Ú�ÛIÜ0Ì=Ð
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