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E F GHIJKLMNIOKH P QIRISTSHI KU VSWMXIW
YZ[ \] ^_[ `\^abc^aZd ef[g^a\Zg ]\h gfhd[hi ^_[\hi jcg j_[^_[h [b[hi kZa^[ l m

gnco[ ag _\`\^\ni [efabcp[Z^ ^\ c qa[ dh\fn F r_ag ef[g^a\Z jcg cZgj[h[s aZ ^_[
Z[dc^ab[ ti u ap^\Z cZs v\a^t[hd wg sago\b[hi \] g\` [ o\fZ^[h[xc`np[g yEz{ F u\j[b[h |
^_[ nh\t p[` h[` caZ[s j_[^_[h [b[hi kZa^[ l mgnco[ ag _\`\^\ni [efabcp[Z^ ^\ c
op\g[s | g` \\^_ ` cZa]\ ps F

r_ag ef[g^a\Z ag g^app \n[Z | tf^ aZ ocg[ ^_[ l mgnco[ cs` a^g c opcgga]iaZd gnco[ j[
_cb[ ^_[ ]\pp\j aZd ^_[\h[` F
}~SKJST � ��� � �� � �� ���� ��� ��� ������ �� � ��� ���� � �� � � �� � ��
l � �� � � ��l � �� � �� �   ������ ¡ ���¢���� ������� ¡¢�£� � ���� � �� ��� ���� � �¤£�¥¦
���� � �� � �������� �� ����� � �¢�� ����§ ���� � ���� ����

r_ag o\Zsa^a\Z \Z l � �� � ag \]^[Z ocpp[s ¤£���  ����� ���F �[ j app tha[¨i sagofgg
^_[ _ag^\hi \] g` \\^_aZd l mgnco[g aZ ^_ag aZ^h\sfo^a\Z F

©fnn\g[ dab[Z c efcgakZa^[ gnco[ � � �� | � c �� mo\`np[x F ª^ ]\pp\j g ]h\`
y««{ ^_c^ � ag kZa^[pi s\` aZc^[s | gaZo[ a^ ag c ga`np[ gnco[ j a^_ kZa^[pi d[Z[hc^[s
_\`\p\diF ¬ aZa^[pi s\` aZc^[s ` [cZg ^_c^ fn ^\ _\`\^\ni a^ ag c h[^hco^ \] c kZa^[
o\`np[x F

v[ocpp y­z{ ^_c^ cZ \ha[Z^[s | ®msa` [Zga\Zcp ¯\aZoch °[ sfcpa^i gnco[ ± ag c kZa^[pi
s\` aZc^[s gnco[ ± | ^\d[^_[h j a^_ c opcgg y± { ² l³ �± ´ µ � gfo_ ^_c^ a] y¶± { ag ^_[
^hcZg][h \] y± { ^\ l ·¸¹ ¸³ �¶± ´ µ� ^_[Z

y¶± { º » ¼ l �
½ ¸¾ ¸ �¶± ´ µ� ¿ l³À� �¶± ´ µ�

ag cZ ag\`\hn_ag` ]h\` o\_\`\p\di j a^_ o\`nco^ gfnn\h^g ^\ _\`\p\di \] ^_[ fZam
b[hgcp o\b[h F Ytba\fgpi cpp \ha[Z^[s ` cZa]\ psg gc^ag]i ^_ ag ÁaZs \] ¯\aZoch °[ sfcpa^i|
g\ c khg^ g^[n ^\ nh\b[ ^_c^ c p\\n gnco[ ag c ` cZa]\ps | ag ^\ nh\b[ a^ ag c ¯\aZoch °[
sfcpa^i gnco[ F

©aZo[ � ag kZa^[pi s\` aZc^[s | l Â �� Ã µ � ag c ]h[[ ct [pacZ dh\fn F �_\\g[ c opcgm
ga]i aZd ` cn � ¿ Ä Å h[nh[g[Z^aZd c tcgag F r_ag ` cn _cg c g[o^a\Z | fgaZd ^_[
l mgnco[ g^hfo^fh[ | d ab[Z ti ^_[ o\`n\ga^[ Ä Å ¿ � Å ¿ � | s[kZaZd c tcgag \]
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� Â �� � `\sfp\ ^\hga\Z F � [Z\^aZd ^_[ _\`\^\ni kt[h ti � � a^ ag [cgi ^\ g[[ ^_c^
� � � Ä Å ¿ � � � ¿ � aZsfo[g ag\`\hn_ag` g \Z _\`\^\ni dh\fng | _[Zo[ ag c
_\`\^\ni [efabcp[Zo[ F ©aZo[ � � aZ_[ha^g cZ l mgnco[ g^hfo^fh[ | a^ ^_fg gf� o[g ^\
o\Zgas[h � j a^_ kZa^[ ]fZsc`[Z^cp dh\fn ]\h ^_[ ef[g^a\Z \] ¯\aZoch °[ sfcpa^iF

� ggf` aZd � Â �� � kZa^[ | j[ o\Zgas[h l � � ¶� Ã � � j_[h[ � � �� \h ^_[ hc^a\Zcp
Zf`t[hg F r_[ aZsfo[s nh\sfo^ `cn ¶� � ¶� ¿ ¶� aZsfo[g c u\n] cpd[thc g^hfo^fh[
\Z l � � ¶� Ã � � F ª^ ]\pp\j g ]h\` ^_[ opcggakoc^a\Z \] kZa^[pi d[Z[hc^[s | o\ZZ[o^[s |
dhcs[s u\n] cpd[thcg \b[h c k[ps � y� | r_[\h[` � FE{ cZs yE�{ | ^_c^ l � � ¶� Ã � � ag
c ^[Zg\h nh\sfo^ \] [x^[ha\h cpd[thcg cZs ^hfZoc^[s n\piZ\` acp cpd[thcg F r_[ ^\n
sa` [Zga\Z ag d[Z[hc^[s ti c nh\sfo^ \] ^_[ cpd[thc d[Z[hc^\hg ^\ ^_[ah ` cxa` cp
Z\Z ![h\ n\j[h F �[Z\^aZd ^_[ ^\n sa` [Zga\Z ti ®� ]\h � � �� cZs ti ® " ]\h
� � # | a^ ]\ pp\j g ^_c^ ocn nh\sfo^ j a^_ ^_[ _\`\p\di sfcp \] ^_ag ^\n sa` [Zga\Zcp
opcgg aZsfo[g cZ ag\`\hn_ag`

l � � ¶� Ã � � ¿ l³$À� � ¶� Ã � � %
�p[chpi ® " & ®� F ©aZo[ l Â � ¶� Ã � � ag ' g\ ag l ³$ ÀÂ � ¶� Ã � � | _[Zo[ ^_[ ^\n opcgg ag

^_[ h[sfo^a\Z `\s ( \] c µmgf``cZs aZ aZ^[dhcp o\_\`\p\di| j_ao_ `[cZg ®� & ® " |
g\ cpp ®� wg ch[ ^_[ gc` [ F � [Z\^aZd ^_ag o\``\Z sa` [Zga\Z ti ® | ^_[h[ `fg^ t[ cZ
aZ^[dhcp opcgg y ¶� { ² l³ � ¶� Ã µ� | g\ ^_c^ ocn nh\sfo^ j a^_ ^_[ aZsfo[s [p[`[Z^ aZ
l³ � ¶� Ã � � aZsfo[g cZ ag\`\hn_ag`

l � � ¶� Ã � � ¿ l³À� � ¶� Ã � �
]\h cpp � | cZs _[Zo[ cZ ag\`\hn_ag` ]h\`

l � � ¶� Ã µ� ¿ l³À� � ¶� Ã µ�
¯h[oag[pi ^_[ gc` [ chdf`[Z^g ` ci t[ cnnpa[s ^\ l � �� Ã � � ^\ \t^caZ sa` [Zga\Zg

® �� ]\h � F r_[ gn [o^hcp g[ef[Zo[ \] ^_[ kthc^a\Z ¶� ¿ � ¿ � � Â �� � ag c gn[o^hcp
g[ef[Zo[ \] u\n] cpd[thcg | cZs cZcpi! aZd ^_ ag y){ | a^ ag g_\jZ ^_c^ ^_[ ® �� � ®� |
_[Zo[ cpp ® �� ch[ ^_[ gc` [ | tf^ ^_c^ ag \Zpi n\ggat p[ a] l ³ �� Ã µ� � µ F

� [Z\^aZd ^_[ d[Z[hc^\h ti y� { | j[ Z\j \Zpi Z[[s ^\ g[[ ^_c^ ^_[ ^hcZg][h \]
y� { ag y ¶� { F ¬\h ^_ag nfhn\g[ j[ ]co^\h ¶� ¿ � cg c g[ef[Zo[ \] o\b[haZd gnco[g
¶� � �³ ¿ �³ÀÂ ¿ % % % ¿ � " � � | j_[h[ [co_ � � ¿ � �ÀÂ ag c ( m]\ps o\b[haZd ]\h
g\` [ nha` [ ( F *co_ \] ^_[ � � wg ch[ l mgnco[g | cZs ^_[ ` cng ch[ `cng \] l mgnco[g
g\ aZ `\s ( o\_\`\p\di j[ d[^ cZ aZsfo[s ` cn \] u\n] cpd[thcg F ©aZo[ aZ cpp ocg[g
^_[h[ j app t [ g\` [ opcgg d\aZd ^\ ' | cZs ^_[ ^\n opcgg ag c nh\sfo^ \] cpp opcgg[g
^\ ` cxa`cp s[dh[[ | a^ ]\pp\j g ^_c^ ^_[ aZsfo[s ` cn ag ' \Z ^_[ ^\nmsa` [Zga\Zcp
opcgg F ªZ aZ^[dhcp _\`\p\di| ^hcZg][h ]\ pp\j[s ti ^_[ aZsfo[s ` cn ag `fp^anpaoc^a\Z
ti ( | tf^ ^_[ aZsfo[s ` cn ag ' aZ `\s ( o\_\`\p\di| g\ ^_[ ^hcZg][h `fg^ g[Zs c
d[Z[hc^\h ^\ c d[Z[hc^\h aZ ^_[ ^\n sa` [Zga\Z F

� _c^ j[ _cb[ s[gohat [s _[h[ ag c gpad_^ `\sakoc^a\Z \] + h\js[h wg chdf` [Z^
y� | ){ ^_c^ � ag c ¯\aZoch °[ sfcpa^i gnco[ F

r_[ , msfcp \] c ¯\aZoch °[ sfcpa^i gnco[ ag ^_[ r_\` gnco[ \] ^_[ ©nabcÁ Z\hm
` cp kthc^a\Z F +[aZd c ¯\aZoch °[ sfcpa^i gnco[ | � ocZ t[ jha^^[Z cg cZ �® » E�m
sa` [Zga\Zcp o\`np[x j a^_ \Z[ ®mo[pp c^^co_[s F + h\js[h cZs ©ncZa[h y�{ fg[s ^_[
` cn � � � ¿ � ¿ , ³ ^\ g_\j ^_c^ � ag g[p]msfcp aZ ^_[ g[Zg[ \] , msfcpa^i| g\
g^ctpi ^_[ r_\` gnco[ \] ^_[ ©nabcÁ Z\h` cp kthc^a\Z ag _\`\^\ni [efabcp[Z^ ^\
, Å ��- � F r_ag ` [cZg ^_c^ ^_[ ^\n opcgg aZ , Å ��- � ag gn_[haocp | cZs c ^hcZgb[hgcpa^i
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chdf` [Z^ | ` cÁaZd ^_[ ` cn , ³- Å ¿ , Å ��- � ^hcZgb[hg[ ^\ � g[^g fn c gfhd[hi
nh\t p[`

�� //

��

�

��� // �
j_[h[ � s[Z\^[g ^_[ ^hab acp tfZsp[ F ªZ ^_[ ocg[ � Â �� � � ' | + h\js[h Z\j nh\ o[[s[s
^\ g_\j ^_c^ � ag _\`\^\ni [efabcp[Z^ ^\ c g`\\^_ ` cZa]\ps [xo[n^ n\ggatpi aZ
sa` [Zga\Zg �� � « F ªZ \ss sa`[Zga\Zg ^_ag ag t [ocfg[ ^_[ gfhd[hi \tg^hfo^a\Z dh\fng
bcZag_ | cZs aZ sa` [Zga\Z �� ^_[ chdf` [Z^ ag ^_c^ ^_[ hc^a\Zcp o\_\`\p\di \] �
ag cZ [x^[ha\h cpd[thc _[Zo[ ^_[ aZs[x \] � ag ^hab acp F u ah![thfo_ wg aZs[x ]\h`fpc
g_\j g ^_c^ ^_[ aZs[x \] � ag ^hab acp gaZo[ g^ctpi| ^_[ Z\h` cp tfZsp[ ag ^habacp | cZs
a^ ]\ pp\j g ^_c^ ^_[ gfhd[hi \tg^hfo^a\Z ag ^hab acp | t [aZd ^_[ sa�[h[Zo[ F ªZ ^_[ Z\Zm
ga`npi o\ZZ[o^[s ocg[ ^_[g[ gfhd[hi \tg^hfo^a\Z dh\fng ocZ t[ b[hi o\`npaoc^[s
[b[Z ]\h kZa^[pi d[Z[hc^[s ct[pacZ dh\fng F
	KIRIOKH EFE � �[ s[Z\^[ ti µ� cZs #� ^_[ ( mcsao aZ^[d[hg cZs hc^a\Zcpg | h[gn [om
^ab[piF ¬\h c Zapn\^[Z^ gnco[ � cZs c o\``f^c^ab[ haZd 
 | j[ s[Z\^[ ti � �� ^_[
p\ ocpa!c^a\Z \] � j a^_ h[gn [o^ ^\ l � �» Ã
 � F �[ ctth[bac^[ � 
�� ti �� cZs �
 �$ �
ti � �� � F

� [Z\^[ ^_[ #� mcpd[thc l � �� Ã µ� � � # ti l �
�$ �� � F YZ kZa^[ Zapn \^[Z^ �� m

o\`np[x[g | ^_ ag cdh[[g j a^_ l � �� Ã#� � | tf^ j_[h[cg ^_[ pc^^[h ]fZo^\h ag Z\^ aZm
bchacZ^ fZs[h µ�( mp\ ocpa!c^a\Z | ^_[ ]\h` [h \Z[ ag F ªZ cpd[thc | ^_ ag ag ` ahh\h[s ti
^_[ ]co^ ^_c^ _\` 
 �µ� ´#� � ��� #� | tf^ _\` 
 �µ� ´ µ� � �� µ� F

¬\h c efcgakZa^[ p\\n gnco[ � | s[kZ[ ^_[ ��� ������ sa` �� � ^\ t[ ^_[ _\`\p\dam
ocp sa` [Zga\Z | ^_[ ¢��� hÁ �� � ^\ t [ ^_[ Zf`t[h \] [x^[ha\h d[Z[hc^\hg \] l � �� Ã# � |
cZs ^_[ ��� � ^\ t [ ^_[ `fp^amg[^ \] sa`[Zga\Zg \] ^_\g[ d[Z[hc^\hg F

« F �RWON NKHWOLSJRIOKHW RHL KMIXOHS KU I~S �JKKU
q[^ � � �� t[ c efcgakZa^[ o\ZZ[o^[s p\\n gnco[ F ©aZo[ l � �� Ã µ � ag ]h[[

ct[pacZ | ^_[h[ ag c ` cn � ¿ � �µ� ´ «� � � Ä � aZsfoaZd cZ ag\`\hn_ag` \Z l � �» Ã µ� F
q[^ � � t[ ^_[ _\`\^\ni kt[h F �[ Z\j _cb[ c kthc^a\Z �� � ¿ � ¿ Ä � | cZs
chdfaZd cg aZ ^_[ aZ^h\sfo^a\Z | j[ _cb[ � � �� � � Ä � F ©aZo[ Ä � ag c g`\\^_
nchcpp[pa!ctp[ ` cZa]\ ps | j[ ` ci j a^_\f^ p\gg \] d[Z[hcpa^i cggf` [ ^_c^ � _cg kZa^[
]fZsc` [Z^cp dh\fn F �[ g_cpp s\ g\ ]\h ^_[ h[g^ \] ^_ag ncn[h F

©fhd[hi chdf`[Z^g ch[ \Zpi bcpas aZ sa`[Zga\Zg � ) F �pchÁ wg ^_[\h[` yE'{ g^c^[g
^_c^ l � �� Ã# � �� ' | cZs cggf` aZd c kZa^[ ]fZsc` [Z^cp dh\fn | ^_[ \Z pi aZg^cZo[g
\] efcgakZ a^[ p\\n gnco[g \] sa` [Zga\Z & � ch[ hc^a\Zcp _\`\p\di ­mgn_[h[g F +i y� |
r_[\h[` ) F«{ | ^_ ag ` [cZg ^_c^ � ag _\`\^\ni [efabcp[Z^ ^\ , � \h ©Y �­�| j_ao_ ch[
g`\\^_ nchcpp[pa!ctp[ ` cZa]\ psg F �[ `ci ^_fg cggf` [ ^_[ sa` [Zga\Z \] � ag � ) F

Yfh `[^_\s \] nh\\] ag ^\ o\Zg^hfo^ cZ \ha[Z^ct p[ kthc^a\Z , Â ¿ � ¿ ± \]
efcgakZa^[ ga`np[ gnco[g F r_ag gf� o[g ^\ nh\b[ ^_c^ � ag _\`\^\ni [efabcp[Z^ ^\
c kZa^[ �� mo\`np[x fgaZd ^_[ ^_[\hi \] kZa^[Z[gg \tg^hfo^a\Zg y­�{ F r_[ kZa^[Z[gg
\tg^hfo^a\Z ag c d[Z[hcpa![s *fp[h o_chco^[hag^ao s[kZ[s ti o\Zgas[haZd ^_[ o_caZg
\] ^_[ fZab[hgcp o\b[h \] � | cg c µ y� {m` \sfp[ o_caZ o\`np[x | j_ao_ ^fhZg \f^ ^\
t [ o_caZ _\`\^\ni [efabcp[Z^ ^\ c kZa^[ p[Zd^_ o_caZ o\`np[x \] kZa^[pi d[Z[hc^[s
nh\ [o^ab[ µ y� {m` \sfp[g F r_ag cpp\j g ^_[ s[kZa^a\Z \] cZ *fp[h o_chco^[hag^ao aZ
¶� " �µ y� { � F r_[ bcZag_aZd \] ^_ag \tg^hfo^a\Z [Zgfh[g ^_c^ ^_[ gnco[ � ag \] ^_[
_\`\^\ni ^in[ \] c kZa^[ o\`np[x F
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r\ s[cp j a^_ ^_[ gfhd[hi \tg^hfo^a\Zg | ^_[ kthc^a\Z _cg ^\ _cb[ g\` [ cssa^a\Zcp
nh\n [h^a[g F �[ j app sagofgg ^j\ gpad_^pi sa�[h[Z^ o\Zo[n^g | ��£ ��� E¦��¢� cZs �� �����
E¦��¢�F ªZ t\^_ ocg[g ^_[ o\Zg^hfo^a\Zg h[pi \Z ^_[ ^_[\hi \] ( mo\`nco^ dh\fng
cZs \Z cha^_` [^ao gefch[ chdf` [Z^g F r_[ o\Zg^hfo^a\Z \] c s\ftp[ Em^\hfg ag ` \h[
[p[`[Z^chi cZs Z[[sg p[gg aZnf^ ]h\` ^_[ ^_[\hi \] ( mo\`nco^ dh\fng F ©n [oacp Em^\ha
\Z ^_[ \^_[h _cZs h[b[cp `fo_ `\h[ aZ^[hZcp g^hfo^fh[ \] kZ a^[ p\\n gnco[g F ¬\h
^_ag h[cg\Z | j[ _cb[ aZopfs[s t\^_ b[hga\Zg \] ^_[ nh\\] aZ ^_ag ncn[h F

Yfh d[Z[hcp chdf` [Z^g th[cÁ s\jZ aZ g\` [ gn [oacp ocg[g | Zc` [pi j_[Z ^_[ ^in[
\] � ag �­Å ´ �� � | � � ' ´ EF r_[g[ ocg[g _cb[ ^\ t[ s[cp^ j a^_ ti gn [oacp chdf` [Z^g F

­ F }~S WMJ�SJ� RJ�MTSHIW
r_[ chdf` [Z^g aZ ^_ag g[o^a\Z ch[ `\s[p[s \Z ^_[ chdf` [Z^g aZ y«� | ­'{ F ªZ

^_\g[ ncn[hg ^_[ ]\fh^_ cf^_\h g^fsa[s o\Zsa^a\Zg \Z µ �� �mp\ ocp , Âmkthc^a\Zg ` cÁm
aZd a^ n\ggatp[ ^\ nh\sfo[ aZ^[dhcp , Âmkthc^a\Zg ti dpfaZd F r_[ o\Zo[n^ \] gnco[g
��� �����¡ � E¦��¢£� cZs c �� ����� E¦��¢£�| h[gn [o^ab[pi| j[h[ fg[s F ªZ ^_ag ncn[h |
j[ nh\n\g[ c o\Zo[n^ g\` [j_[h[ aZ t [^j[[Z ¼

q[^ 
 t[ c o\``f^c^ab[ haZd F v[ocpp ^_c^ c Z apn\^[Z^ gnco[ � ag ocpp[s 
 mkZ a^[
a] � l� �� Ã
 � ag kZa^[pi d[Z[hc^[s | cZs 
 mp\ ocp a] y± ´ � { � ' ]\h [b[hi l 
 mcoiopao
gnco[ ± F �\^[ ^_c^ µmkZa^[ ag ^_[ gc`[ cg efcgakZa^[ F ¬\h ga`np[ gnco[g µmp\ ocpa^i
ag cZ [`n^i o\Zsa^a\Z cZs µ�( mp\ ocpa^i ag ^_[ gc`[ cg ( mo\`np[^[Z[gg F
�SUOHOI OKH ­ FE � �Z 
 mkZa^[ 
 mp\ ocp gnco[ � ag ocpp[s ������ ¢��£����� a] ^_[h[ ag
c g^ctp[ ` cn ]h\` cZ 
 mp\ ocp gn_[h[ ^\ � aZsfoaZd cZ ag\`\hn_ag` aZ ^_[ ^\nm
sa` [Zga\Zcp _\`\p\diF
�SUOHOI OKH ­ F« � q[^ 
 t[ c haZd cZs � t[ cZ 
 mkZa^[ | 
 mp\ ocp | Z apn \^[Z^ | o\ZZ[o^[s
gnco[ F �[ ocpp c kthc^a\Z \] Zapn \^[Z^ gnco[g � �¿ ± ¿ � �� , Â cZ 
 ¦����� E¦��¢£�
a] a^ gc^agk[g

�E� ± ag 
 mkZa^[ | 
 mp\ ocp | cZs g^ctpi h[sfoatp[ cZs
�«� � Â �( � ag cZ ag\`\hn_ag` F

�Z 
 mp\ ocp Em^\hfg ag cZ 
 ¦����� ��£ ��� E¦��¢£� a] ^_ ag kthc^a\Z ag ^_[ nfpptcoÁ \]
c kthc^a\Z \] Zapn\^[Z^ gnco[g � �¿ � ¿ � �� , Â � � �� µ�« gc^ag]i aZd

�E� � ag 
 mkZa^[ | 
 mp\ ocp | cZs Zapn\^[Z^ cZs
�«� r_[ aZsfo[s ` cn � Â �� � ¿ µ�« ag c gnpa^ [na` \hn_ag` F

�[ ocpp ^_[ 
 mp\ ocp Em^\hfg ¢������� �� �� ������¡ a] ^_[ ` cn ( hc^a\Zcppi _cg c
h[^hco^ \] ^_[ ]\h` 	 ¼ � � � �, � ¿ � � � �, � | j_[h[ 	 ag � � � � cnnpa[s ^\ ^_[ u\n]
` cn F
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s\jZ fZg^ctp[ �sc` g \n[hc^a\Zg � � ¼ ��� ©Y �)� ¿ ��� ©Y �) � g_\j g ^_c^ ]\h cZi
nmcsao fZ a^ � | ^_[ ncah �� � ´ � � � ocZ t[ h[cpa![s ti c g[p] [efabcp[Zo[ \] �� ©Y �) � F
�[ `ci cpg\ h[cpa![ g[p]` cng \] �� ©Y �) � \] s[dh[[ �� ´ �� ]\h cZi ( mcsao fZa^ � |
cZs ^_[ nh\\] ag Z\j o\`np[^[s ti Z\^aZd a^ ag n\ggat p[ ^\ o_\\g[ � cZs � g\ ^_c^
�� � �� � ´ � � �� � � ag c ncah \] hc^a\Zcp Zf`t[hg F r_ag g_\j g ^_c^ 
 � ��� ,� �)�� o\Z^caZg
\Zpi \Z[ [p[` [Z^ F

ªZ ^_[ ocg[ \] � � ©Y �­�Å � ©Y �)� | ^_[ ga^fc^a\Z ag gpad_^pi `\h[ o\`npaoc^[s F
�[ _cb[ ^\ g_\j ^_c^ l � �� � ² �qÅ- Â �#� � ocZ t[ ^fhZ[s aZ^\ ^_[ as[Z^a^i ` c^hax ti
nh[m cZs n\g^o\`n\ga^a\Zg cg ct\b[ F �[ chdf[ ga` apchpi ^\ ^_[ nh\\] \] ¯h\n\ga^a\Z
� F­ F �[ _cb[ ^_c^ �f^ ���� � gfh [o^g \Z^\ �qÅ- Â �# � F

� g ct\b[ | cZi ( mcsao aZ^[d[h ocZ t[ h[cpa![s cg ^_[ l � ms[dh[[ \] c ` cn ©Y �­� ¿
©Y �­�| ©Y �­� ¿ ©Y �)� | \h ©Y �)� ¿ ©Y �)� F ©a` apchpi| ^_[h[ ag cZ aZ^[d[h � � '
cZs c ` cn ©Y �)� ¿ ©Y �­� aZsfoaZd `fp^anpaoc^a\Z ti � \Z l � �� � �z ag n\ggatp[ |
tf^ ^_c^ ag ahh[p[bcZ^ ^\ ^_[ chdf`[Z^� F r\ g[[ ^_ag | h[nh[g[Z^ ^_[ ­msa` [Zga\Zcp
d[Z[hc^\h \] l � �©Y �)�� ti c ` cn � ¼ ©Y �) � ¿ � �µ ´ ­� cZs o\Zgas[h ^_[ \tg^hfo^a\Z
opcgg[g ]\h pa]^aZd ^_ag ` cn ^\ ©Y �­� ¿ � �µ ´ ­ � F r_[i pa[ aZ kZa^[pi ` cZi ^\hga\Z
dh\fng | g\ nh[o\`n\gaZd � ja^_ ^_[ nh\sfo^ \] ^_[ah \hs[hg ia[psg c ` cn ^_c^ pa]^g
^\ ©Y �­� F

r_ag a`npa[g ^_c^ aZ l � cZi aZb[h^atp[ ` c^hax \] ^_[ ]\pp\j aZd ]\h` ocZ t[ h[cpa![s
cg cZ cf^\`\hn_ag` \] ��� ¼
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j_[h[ � ´ �� ² µ� F ª^ h[` caZg ^\ g_\j ^_c^ c ` c^hax \] ^_[ ]\h` �� �
' E� ocZ t[

jha^^[Z cg c nh\sfo^ \] c ` c^hax cg ct\b[ cZs c hc^a\Zcp ` c^hax F r_ag ]\pp\j g ]h\`
^_[ [cgi ]co^ ^_c^ [b[hi ( mcsao hc^a\Zcp ocZ t[ jha^^[Z cg c gf` \] c ( mcsao aZ^[d[h
`fp^an p[ \] � cZs c hc^a\Zcp F �

}~SKJST � Fz � ��� � �� � ¤£���  ���� ���� �� ��� �� ��� � �­Å ´ �� � � ���� � �� ��� �¦
��� � �¤£�¥����� �� � �������� �� ����� ������ ��¢�� ����§ ���� � ���� ����

� ¢��� � ªZ y«�{ a^ ag nh\b[s ��� ag o[Z^[hm]h[[ ]\h ( pchd[ | cZs ^_c^ ^_[ o[Z^[h ag
kZ a^[ j_[Z � Â �� � ag kZ a^[ �\fh g^cZsaZd cggf`n^a\Z � F �[ `ci ^_[Z o\Zg^hfo^ c
Z[j gnco[ ]h\` �� �� ����� �� � g\ ^_c^ ^_[ \hadaZcp gnco[ ag c kZa^[ o\b[haZd gnco[
\] ^_ag Z[j gnco[ F u[Zo[ j[ `ci cg j[pp cggf` [ ^_c^ ��� ag o[Z^[hm]h[[ ]\h cpp ( F
+i yE�{ �� �� � ocZ t[ jha^^[Z cg c nh\sfo^ \] ga`np[ nmo\`nco^ dh\fng j_ao_ ti
^_[ opcggak oc^a\Z \] h[¨[o^a\Z dh\fng j app t [ \] hcZÁ E aZ ^_[ ocg[ j_[h[ ^_[h[ ch[
\Zpi ­msa` [Zga\Zcp d[Z[hc^\hg F ªZ ^_ag ocg[ a^ Z\j ]\pp\j g ]h\` q[``c � F� ^_c^
�� �� � ag c nh\sfo^ \] �� ,� �­� | cZs ]h\` q[``c � F� �E� ^_c^ � �� � �� � ag c nh\sfo^
\] � �� �,� �­ � cZs kZcppi a^ ]\ pp\j g ]h\` y­'{ ^_c^ � ag _\`\^\ni [efabcp[Z^ ^\ c
nh\sfo^ \] ©Y �­�F ªZ ocg[ ^_[h[ ag cpg\ c �msa` [Zga\Zcp d[Z[hc^\h j[ ga` apchpi d[^
��� ag c nh\sfo^ \] hcZÁ E ( mo\`nco^ dh\fng | cZs \Z[ \] hcZÁ « F ª^ Z\j ]\pp\j g ]h\`
r_[\h[` � FE ^_c^ c^ ^_[ nha` [ « | ^_[ «mo\`nco^ dh\fn \] hcZÁ « ag � �± � � � ©Y �) � |
cZs ti ^_[ opcggakoc^a\Z c^ \ss nha`[g ^_c^ ^_[ ( mo\`nco^ dh\fn \] hcZÁ « ag cpg\
�� ©Y �) � �adZ\haZd ^_[ p\\n g^hfo^fh[ � F � g ct\b[ j[ Z\j fg[ q[``c � F� �­ � ^\ g_\j
^_c^ � ag aZ ^_[ � agpaZ d[Zfg \] ©Y �­�Å � ©Y �)� | _[Zo[ ti y­'{ | � ag _\`\^\ni
[efabcp[Z^ ^\ c g^ctpi nchcpp[ppagctp[ ` cZa]\ps F �

� ¢��� �� ��� � ��� ����¢�� � r_[\h[` g � F� cZs � Fz ^\d[^_[h j a^_ ^_[ h[sfo^a\Z
g^[ng aZ ^_ ag g[o^a\Z cZs ^_[ gfhd[hi chdf` [Z^g aZ g[o^a\Z ­ a`npi ^_[ ` caZ ^_[\m
h[` a] j[ cpg\ g_\j ^_c^ ^_[ ` cZa]\psg \t^caZ[s ch[ nchcpp[pa!ctp[ | Z\^ \Zpi g^ct pi
nchcpp[pa!ctp[ F

r\ g[[ ^_ag j[ fg[ ^_[ oha^[ha\Z \] �fn\Z^ yE« | ­�{ F ª] ^_[ sa` �� � ag [b[Z | ^_[
sa�[h[Zo[ t[^j[[Z nchcpp[pa!ctapa^i cZs g^ctp[ nchcpp[pa!ctapa^i ag s[^[h` aZ[s ti ^_[
*fp[h o_chco^[hag^ao | j_ao_ ag \tba\fgpi ' ]\h � t[aZd \] ^_[ _\`\^\ni ^in[ \] c p\\n
gnco[ F ªZ \ss sa`[Zga\Zg nchcpp[pa!ctapa^i ag cf^\` c^ao aZ sa`[Zga\Zg E| ­ | cZs � |
cZs aZ \^_[h sa` [Zga\Zg a^ ag s[^[h` aZ[s ti ^_[ `\s « � [hbcah[ g[` amo_chco^[hag^ao

� �� Ã «� � � sa` �l �� �� Ã � � �� ² µ�« %
+f^ ^_[ o\_\`\p\di \] c p\\n gnco[ j a^_ � � mo\[� oa[Z^g ag c ^[Zg\h nh\sfo^ \]
^hfZoc^[s n\piZ\` acp cpd[thcg � � y� {� �� �� � | g\ ^_ag Zf`t[h ag \tba\fgpi ![h\ F �

) F 	KHWIJMNIOH� E�IKJO OH ( �NKT�RNI �JKM�W
r_[ ( mo\`np[^[ cZcp\d \] c kZa^[ p\\n gnco[ ag ocpp[s c ( mo\`nco^ dh\fn F r_ag

ag ti s[kZa^a\Z c o\ZZ[o^[s | n\aZ^[s | µ�( mp\ ocp gnco[ �
 gfo_ ^_c^ 
 ¼� ��
 ag
µ�( mkZ a^[ F �[ ocZ �cZs j app� o_\\g[ c ^\n\p\daocp dh\fn `\s[p ]\h 
 cZs ocpp 

a^g[p] c ( mo\`nco^ dh\fn F ¬\h c o\`nco^ qa[ dh\fn 
 | j[ j app cpg\ jha^[ 
 ]\h ^_[
cgg\ oac^[s ( mo\`nco^ dh\fn \t^caZ[s ti ( mo\`np[^a\Z F

v[ocpp yE� { ^_c^ [b[hi ( mo\`nco^ dh\fn 
 _cg c ` cxa` cp ^\hfg Ä | c `cxa` cp
^\hfg Z\h` cpa![h �
 �Ä � | cZs c �[ip dh\fn � co^aZd \Z Ä F r_[g[ p\\n gnco[g k^
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u[h[ | � Ä � � �µ³� ´ «� ag _\`\^\ni [efabcp[Z^ ^\ cZ * ap[Zt [hdm� co qcZ[ gnco[ \]
s[dh[[ « F �[ ocpp ® ^_[ hcZÁ \] 
 F q[^ � � � Â �Ä � �� µ³� t[ ^_[ cgg\ oac^[s pc^^ao[ F
r_[ ^\n h\j \] ^_[ sacdhc` ag c kthc^a\Z cZs s[^[h` aZ[g ^_[ co^a\Z \] � \Z Ä | \h
[ef abcp[Z^pi| \Z � F ª] 
 ag o\ZZ[o^[s | ^_ag h[nh[g[Z^c^a\Z ag ]ca^_]f p cZs dab[g �
^_[ g^hfo^fh[ \] c ( mcsao ng[fs\mh[¨[o^a\Z dh\fn F

�[ ocpp c o\ZZ[o^[s 
 g[` aga`np[ a] � Â �
 � ag kZa^[ | cZs ga`np[ a] ^_[ cgg\ oac^[s
h[nh[g[Z^c^a\Z � ¿ �q �� � # � ag ahh[sfoatp[ F

r_[ o[Z^[h \] c ( mo\`nco^ dh\fn 
 ag s[Z\^[s ti � �
 � F ª] 
 ag [a^_[h ga`npi
o\ZZ[o^[s \h o[Z^[hm]h[[ ^_[Z a^ gn pa^g fZ aef[pi aZ^\ c nh\sfo^ \] ga`np[ ( mo\`nco^
dh\fng \] ^_[ gc` [ g\h^ F

¬\h s[^capg cZs ]fh^_[h Z\^a\Zg j[ h[][h ^_[ h[cs[h ^\ ^_[ gfhb[i ch^aop[g y«­{ cZs
y«�{ cZs ^_[ h[][h[Zo[g `[Z^a\Z[s ^_[h[ F

r_[ ` caZ Z[j aZdh[sa[Z^ aZ ^_ag g[o^a\Z o\` [g ]h\` ^_[ khg^ cf^_\h wg ^_[gag y­{ F
¬\h cZi o\ZZ[o^[s ( mo\`nco^ dh\fn | s[kZ[ ,
 � ���- 
 ��
 ^\ t [ ^_[ _\`\^\ni
kx[s n\aZ^ gn [o^hf` \] 
 | co^aZd \Z a^g gfgn [Zga\Z gn[o^hf` ti `fp^anpaoc^a\Z
]h\` ^_[ had_^ F ª] 
 ag ^_[ ( mo\`np[^a\Z \] c o\ZZ[o^[s o\`nco^ qa[ dh\fn j a^_
qa[ cpd[thc � ^_[Z ,
 | [efann[s j a^_ ^_[ h[` caZaZd p[]^ 
 mco^a\Z | ag [efabchacZ^pi
_\`\^\ni [efabcp[Z^ ^\ ^_[ ( mo\`np[^a\Z \] � � �� � ti h[gfp^g \] � p[aZ y« E{ F
}~SKJST ) FE �y­{� � ��¢ �¥�¢� ( ¦������� ¡ ¢�£� 
 � ,
 �� � ( ¦���� ���� �� � �¢�� ��¢
�� ����£���� �� ( ¦������� ¡ ¢�£� � l � 
 � � � ��¥� � ��� ���� � �¤£�¥������ �� ���
( ¦���� ���� ����¡ �¢�


- �� ,� � 	 �
 �l �- � ,
 %
ªZ nch^aof pch | a] Ä � 
 ag c ^\hfg | ^_[ co^a\Z \] Ä \Z ,
 ag ^hab acp | cZs j[ _cb[
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j_[h[ 
 � sa` 
 cZs � � sa` Ä F u[Zo[ 
 �Ä ag c ( mo\`np[^[ g[p]msfcp gnco[ \]
sa` [Zga\Z 
 » � F ªZ nch^aofpch | a^ ag kZa^[pi s\` aZc^[s cZs g^ct pi h[sfoatp[ F
�STTR ) F« � ��� 
 �� � ����¢�¥��� ��������� ( ¦������� ¡ ¢�£� � ���   ���� � £���� ��¦
��� ¡ ¢�£� � �£�� ���� �� ( � «� 
 ���� ��� ��¥� ��� � ­Å � ���� hÁ� �� �
 �� � hÁ �
 � �� �¢��¥�¢� �� ( � « ��� hÁ� �� �
 �� � hÁ �
 � » E ���� 
 ��� ��� � �­Å ´ �� �

u[h[ hÁ� ag ^_[ ( mhcZÁ \] ^_[ ct[pacZ ( mdh\fn � �
 � F
� ¢��� � q[^ Ä � 
 t[ c ` cxa` cp ^\hfg j a^_ �[ip dh\fn 
 cZs pc^^ao[ � � � Â �Ä � F
�ji[h cZs � apÁ[hg\Z g_\j aZ yE){ ^_c^ ^_[ ( msagoh[^[ o[Z^[h \] 
 ag cpjcig o\Z^caZ[s
aZ ^_[ o[Z^[h \] �� �Ä �| ^_[ ( msagoh[^[ Z\h` cpa![h \] ^_[ ` cxa` cp ^\hfg F r_ag aZ ^fhZ
ag ^_[ gc` [ cg ^_[ kx[s n\aZ^g \] �Ä fZs[h ^_[ � mco^a\Z F r_fg ^_[ opca` ]\pp\j g ]\h
( � « ]h\` ^_[ opcggak oc^a\Z \] \ss ng[fs\mh[¨[o^a\Z dh\fng F

�\j p[^ ( � « F ªZ ^[h` g \] � | ^_[ \hs[h « [p[`[Z^g \] ^_[ o[Z^[h \] 
 ch[
o\Z^caZ[s aZ ^_[ aZbchacZ^g �� �«� �� F

� ggf` [ ^_c^ hÁ� �� �
 �� � hÁ �
 � » EF r_ag `[cZg ^_c^ �� �«� �� _cg o\sa` [Zga\Z
E \h ' F �[ ^_[Z ÁZ\j ^_c^ ^_[ a` cd[ \] ^_[ h[nh[g[Z^c^a\Z � ¿ �q �� �«� � o\Zgag^g
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[Z^ah[pi \] «m^\hga\Z F q[^ � t[ ^_[ Á[hZ[p cZs o\Zgas[h ^_[ sacdhc` \] g_\h^ [xco^
g[ef[Zo[g

E // � � � //
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� //
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E // ªs �« *Zs �� �
// �q �� �

// �q �� �«� �
// E %

©aZo[ ªs �« *Zs �� � ag c «mdh\fn | g\ ag � | cZs gaZo[ � �� ag cpg\ cZ �[p[` [Z^chi
ct[pacZ � «mdh\fn | � `fg^ t[ c «mdh\fn F +i aZ gn [o^a\Z \] ^_[ �pchÁm*jaZd pag^ \] «m
csao ng[fs\mh[¨[o^a\Z dh\fng | j[ g[[ ^_c^ ^_[ \Zpi n\ggatapa^a[g ch[ � � �� �«�Å �
��� �«�� � � �«�
 � � �©� �«�Å � ©naZ �)�
 � F ª^ ]\ pp\j g ]h\` ^_[ opcggakoc^a\Z \] «m
o\`nco^ dh\fng fn ^\ hcZÁ « dab[Z aZ ©[o^a\Z � ^_c^ aZs[[s | 
 �� �
 � � � � �©Y �­�Å �
©Y �)�
 � F ©aZo[ � ©naZ �) � � µ�« cZs hÁ �©Y �)�� � « | \Zpi � � ' \h E ocZ \ oofh | cZs
� � E a] cZs \Zpi a] ��� �� �
 �� � hÁ �
 � » EF r_ag o\Zopfs[g ^_[ nh\\] gaZo[ aZ ^_ ag
ocg[ ^_[ ^in[ ag �­Å ´ �� F �

�JK�KWOI OKH ) F­ � ��� 
 �� �� �� ����� � �� ��� ���£� � ���� l ��$ �
 � �� ' � ����

 ��� � ��¢��� �£ �¡ ¢�£� , � ��� � �����¡ ��� ��� ��¢� �£�� ���� l �

�$ �
 �, � �� � ��� � 

� �¢ ��� � ¢��¡ 
 ��� � « ¦��� �������� ����� � �

� ¢��� � q[^ Ä �� t[ c gft^\hfg \] 
 j_ao_ ag ` aZa` cp o\Z^caZ aZd � �
 � F *x^[Zs ^\ c
` cxa` cp ^\hfg Ä � Ä � � Ä �� F q[^ � � t[ ^_[ sa` [Zga\Z \] Ä � F

+i q[``c ) F« | � � � EF �_\\g[ o\\hsaZc^[g �� ¼ , Â ¿ Ä aZ gfo_ c jci ^_c^
��� � E & � & � � � gncZ Ä � F q[^ � t[ ^_[ �[ip dh\fn \] 
 ja^_ h[gn [o^ ^\ Ä F
vc^a\Zcppi|

l �
�$ ��
 � �� l �

�$ �� Ä �� cZs l �
�$ �
 �Ä � �� l �

�$ �� Ä ���l �
�$ ��
 � %

©aZo[ l ��$ ��
 � � ' | j[ ÁZ\j ^_c^ l ��$ �� Ä � �»¿ l ��$ �
 �Ä � �� #� ��Â ´ % % % ´ �� � |cZs gaZo[ l ��$ ��
 � �� ' | j[ ÁZ\j ^_c^ ^_[h[ ag c Z\Z^hab acp efcshc^ao n\piZ\` acp
� ��Â ´ % % % ´ �� � ² #� y�Â ´ % % % ´ �� { gfo_ ^_c^ � � ' aZ l ��$ �
 �Ä �F

� [kZ[ , 
 � �µ�� ´ E� � Ä ti ^_[ o\nha` [ o\\hsaZc^[g � Â ´ % % % ´ � � ² µ� F �\^[ ^_c^
, japp aZ^[hg[o^ � �
 � ^hab acppi a] � Â ´ % % % ´ � � � ch[ cpg\ o\nha` [ F q[^ � ² l ��$ �
 �, � t[
c d[Z[hc^\h F �Zs[h ^_[ ` cn l �

�$ �
 �Ä � ¿ l �
�$ �
 �, � | �� ag ` cnn[s ^\ � � � F r_[h[m

]\h[ | ^_[ n\piZ\` acp ' � � ��Â ´ % % % ´ �� � ² l ��$ �
 �Ä � ag ` cnn[s ^\ � �� Â � ´ % % % ´ � � �� �� �� Â ´ % % % ´ � � ��� j_ao_ ^_[Z `fg^ t [ ' F ©aZo[ � ag Z\Z![h\ | j[ ocZ o_\\g[ � � gfo_
^_c^ � �� Â ´ % % % ´ � � � �� ' cZs � Â ´ % % % ´ � � � o\nha` [ | j_[Zo[ �� � ' F r_fg , gc^agk[g
^_[ hc^a\Zcp o\_\`\p\di o\Zsa^a\Z F �

� ¢��� �� ����¢�� � �� � q[^ 
 � ��� F r_[Z 
 ag c ( mo\`nco^ dh\fn | cZs ti yE'{ |
l ��$ �
 � �� ' F +i ¯h\n F ) F­ | ^_[h[ ag c oahop[ gftdh\fn , Â ¿ 
 | Z\^ `[[^aZd
^_[ o[Z^[h F +i r_[\h[` ) FE| 
 �, Â ag g^ct pi nchcpp[pa!ctp[ F r_[ efcgakZa^[Z[gg
o\Zsa^a\Z \Z ± cZs ^_[ \ha[Z^ct apa^i \] � ¿ ± ch[ op[chpi gc^agk[s F

r_[ Em^\hfg ag hc^a\Zcppi gnpa^^aZd t[ocfg[ ^_[ ^j\ sa`[Zga\Zcp opcgg aZ l �
�$ �
 �, Â �

nh\sfo[g c gn pa^ ` cn ^\ �� �� , � `cÁaZd ^_[ ]\pp\j aZd sacdhc` o\``f^[ ¼
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� �#� ´ « �
�\j p[^ ( � « F +i q[``c ) F« | ^_[ sa` [Zga\Z \] c ` cxa` cp ^\hfg Ä � Z\^ `[[^aZd

^_[ o[Z^[h ag c^ p[cg^ « F �[ `ci o_\\g[ Ä � aZ gfo_ c jci ^_c^ ^_[ o\Zg^hfo^[s , Â ag
o\Z^caZ[s aZ Ä � | ^_ ag ocZ t[ [x^[Zs[s ^\ cZ , Â � µ�« � Ä � | ^_fg dabaZd c hc^a\Zcppi
gnpa^^aZd s\ftp[ Em^\hfg �

� F «�NKT�RNI �JKM�W KU JRH� «
ªZ ^_ag g[o^a\Z j[ j app opcgga]i cpp ga`np[ «mo\`nco^ dh\fng \] hcZÁ « F ¬\h ^_[

nfhn\g[ \] ^_ag ncn[h | j[ h[cppi \Zpi Z[[s ^_[ fZaef[Z[gg \] ©naZ �) � | tf^ pa^^p[ [x^hc
j\hÁ j app cpg\ s[cp j a^_ ^_[ d[Z[hcp ocg[ F
}~SKJST � FE � ��� ���� �� « ¦������� ¡ ¢�£� 
 �� ¢��� « �� ���� �¢� ��� �� ��� « ¦����
���� ������ �� ©� �­ �� ©n aZ �)� � ©n �«�� ©Y �)� � �¢ 
 � �

r_[ h[g^ \] ^_ag g[o^a\Z ag s[b\^[s ^\ ^_[ nh\\] \] ^_ ag g^c^[`[Z^ F
q[^ � t[ c kZa^[ sa` [Zga\Zcp #�mh[nh[g[Z^c^a\Z \] c kZa^[ dh\fn � F � � mpc^^ao[

� \] � ag c µ� mpc^^ao[ � � � \] ` cxa` cp hcZÁ kx[s fZs[h ^_[ co^a\Z \] � Ã a F[ F
� ag c µ � y� {m` \sfp[ cZs � � # �� � F rj\ � mpc^^ao[g � cZs � � \] � ch[ ocpp[s
���� �¢� ��� a] � �� � � cg µ � y� {m` \sfp[g F � � Âmpc^^ao[ � Â cZs c � � mpc^^ao[ � � ch[
ocpp[s � ��� �� ���� �¢� ��� a] ^_[h[ [x ag^g cZ ag\`\hn_ag` � Â �¿ � � gfo_ ^_c^ � ÂcZs � � ch[ ag\`\hn_ao cg � Â pc^^ao[g F

�[ gci ^_c^ ^j\ ( mo\`nco^ dh\fng 
 cZs 
 � ��¥� �� � ��� � ���� ¡ ¢�£� ���� a]
^_[ h[nh[g[Z^c^a\Zg �
 ¿ �q ��
 � cZs �
 � ¿ �q ��
 � � ch[ j[cÁpi ag\`\hn_ao F
v[Zc` aZd ^_[ [p[` [Z^g \] �
 � | j[ ocZ cpjcig as[Z^a]i �
 � ja^_ �
 cZs cggf` [
^_c^ ^_[ ^j\ pc^^ao[g ch[ co^fcppi ag\`\hn_ao F

¬h\` ^_[ �pchÁm*jaZd pag^ yEE{ j[ d[^ c o\`np[^[ pag^ \] cpp ahh[sfoatp[ h[¨[o^a\Z
dh\fng \] hcZÁ « s[kZ[s \b[h #� F r_[i ch[ ^_[ sa_[shcp dh\fng 	 � | 	 � cZs
	 Â� ja^_ ^_[ah g^cZschs h[nh[g[Z^c^a\Z cg h[¨[o^a\Z dh\fng F ªZ ]co^ | ^_[g[ ch[ ^_[
\Zpi sa_[shcp dh\fng j_ao_ ocZ t[ h[nh[g[Z^[s cg h[¨[o^a\Z dh\fng \b[h #� F r_[io\hh[gn\Zs ^\ ^_[ hc^a\Zcp �[ip dh\fn h[nh[g[Z^c^a\Zg \] ©� �­� | ©naZ �) � \h ©Y �) � |
cZs 
 � | h[gn [o^ab[piF r_[ opcggakoc^a\Z \] �pchÁ cZs *jaZd \Zpi j\hÁg fn ^\ j[cÁ
[efabcp[Zo[ F

r_[ qa[ dh\fng ©naZ �)� cZs ©n �«� ch[ ag\`\hn_ao | _[Zo[ ^_[i _cb[ ^_[ gc` [
�[ip dh\fn sc^c F ªZ ^_[ ]\ pp\j aZd | j[ j app cpjcig fg[ ^_[ \Z[ \] ^_[g[ ^j\ j_ao_
g[[` g `\h[ Zc^fhcp F

ª] c ( mo\`nco^ dh\fn 
 _cg kZa^[ ]fZsc`[Z^cp dh\fn ^_[Z ^_[ fZab[hgcp o\b[h
¶
 ag cdcaZ c ( mo\`nco^ dh\fn | cZs 
 cZs ¶
 _cb[ ^_[ gc`[ hc^a\Zcp �[ip dh\fn
sc^c F ªZ ^_c^ ocg[ | 
 �� ¶
 �� | j_[h[ � � ¶
 ag c o[Z^hcp gftdh\fn y«�{ F ©a`np[
( mo\`nco^ dh\fng _cb[ kZa^[ ]fZsc` [Z^cp dh\fng y«� { F r_[h[]\h[ | r_[\h[` � FE
ag c o\Zg[ef[Zo[ \] ^_[ ]\pp\j aZd opcggakoc^a\Z h[gfp^ ]\h ga`npi o\ZZ[o^[s ga`np[
«mo\`nco^ dh\fng F



Â������� ���	
 � ���� ���
���� � � �	�
�
� ������� � ��� 	
�� ���
 �	�	
�	�

}~SKJST � F« � ��� l � ©� �­� ´ ©n �«� �¢ 
 � � � ���� �� ��������� « ¦������� ¡ ¢�£�

 ��� ��� ��� � ¢������� ���� ¡ ¢�£� ���� �� l �� ��� �� �� �� 
 ��� l �¢� ���� �¢� ���
�� « ¦������� ¡ ¢�£� � �

¬\h ^_[ nh\\] \] ^_ag ^_[\h[` j[ khg^ _cb[ ^\ opcgga]i cpp «mcsao pc^^ao[g \] ^_[
h[nh[g[Z^c^a\Z �� ¿ �q ��� � # � F
�STTR � F­ � ��� � ¿ �q �� � �� � ¢�� ������ ¡¢�£� � ���¢� � � �#� �� �

�E� �� � � 	 � �¢ � � 	 Â� �� ��� £� �� ���� �¢� ���� � �� �¢� �� ���� �� ����� ���� ¦������� �� � �
�«� �� � � 	 � ���� � ¦������� �� � �� ���� �¢� ��� �����¢ �� ��� ��� �¢ �� ����� ��� �

� ��� �������� �¢� � ��� �� ���� �¢� ����
� ¢��� � �cg[ �E� ]\pp\j g ]h\` y« | ¯h\n\ga^a\Z � F­ cZs r_[\h[` � F«{ F

�\j p[^ � � 	 � | cZs p[^ � t[ c � mpc^^ao[ \] � F ¬\h � tad [Z\fd_ | ^_[ pc^^ao[ «�� |
^_[ gft`\sfp[ \] cpp [p[` [Z^g sabagat p[ ti «� | ag c gft`\sfp[ \] ��� ��� �� µ� � µ � F�[ o_\\g[ � ` aZa`cp j a^_ ^_ag nh\n[h^i| a F[ F «�� � ��� ��� tf^ «� � �� «��� ��� F©aZo[ � � # �� ��� ��� � # | j[ d[^ c g_\h^ [xco^ g[ef[Zo[ \] µ � y� {m` \sfp[g

' ¿ «� � ¿ � �� ��� �¿ � ¿ ' %
r_[ ` aZa` cpa^i \] � a` npa[g ^_c^ � ag c kZa^[ oiopao dh\fn Ã a F[ F � �� µ� �«� � d[Z[hc^[s
ti � �E´ ' � \h � �' ´ E� F r_[ sa_[shcp dh\fn 	 � ag d[Z[hc^[s ti ^_[ ^_h[[ [p[` [Z^g
� Â ´ � � ´ 	 | j_[h[ � � `fp^an pa[g ^_[ am^_ o\\hsaZc^[ ti »E cZs 	 [xo_cZd[g ^_[ ^j\
o\\hsaZc^[g F ©aZo[ ^_[ cf^\`\hn_ag` dh\fn \] � ag ct[pacZ | ^_[ co^a\Z \] � \Z �
]co^\hg ^_h\fd_ ^_[ ct[pacZa!c^a\Z \] � F ª^ ]\pp\j g ^_c^ ^_[ [p[` [Z^ � Â�� � � Â	 � Â 	co^g ^hab acppi \Z � F u [Zo[ ^_[ [p[` [Z^g �E´ ' � ´ �' ´ E� ² ��� ��� ch[ ` cnn[s \Z^\
[p[`[Z^g \] \hs[h « aZ � F r_fg | [a^_[h � � ' \h � � µ�« F ªZ ^_[ khg^ ocg[ | j[ _cb[
� �� ��� ��� F ªZ ^_[ g[o\Zs ocg[ | 	 � co^g ^habacppi \Z � ja^_ � �E´ ' � � � �' ´ E� �� ' aZ
µ�« cZs o\Zg[ef[Z^pi � �� ����� ��� F r_ag nh\b[g ^_[ khg^ nch^ \] �«� F

r_[ g[o\Zs nch^ ]\ pp\j g ]h\` ^_[ ]co^g ^_c^ ��� ��� cZs � ���� ��� ch[ j[cÁpi ag\m
` \hn_ao cZs ^_c^ ��� ��� cZs ��� ��� ch[ ag\`\hn_ao F �
� ¢��� �� ����¢�� 
 �� � ª] 
 cZs l _cb[ ^_[ gc` [ hc^a\Zcp �[ip dh\fn sc^c | ^_[
ct\b[ p[``c g_\j g ^_c^ ^_[i cpg\ _cb[ ^_[ gc` [ «mcsao �[ip dh\fn sc^c F �[ ocZ
cggf` [ ^_c^ � ¼� �
 � � � cZs ^_c^ � ¼� �
 � �� F �[ ocZ cpg\ as[Z^a]i ^_[
` cxa` cp ^\ha Ä ¼� Ä
 �� Ä� F

r_ag a`npa[g l �� 
 ]\h l � ©� �­� y«){ cZs ]\h l � 
 � y­�{ F
¬\h l � ©n �«� | fZaef[Z[gg h[gf p^ ch[ \Z pi ÁZ\jZ aZ ^[h` g \] ^_[ ` cxa` cp ^\hfg

Z\h` cpa![h y«z | ­){ F �[ _cb[ ^\ g_\j ^_c^ ��
 � �� �� ��� F©aZo[ 
 cZs ©n �«� _cb[ ^_[ gc` [ hc^a\Zcp �[ip dh\fn sc^c | ^_[i _cb[ ag\`\hn_ao
hc^a\Zcp o\_\`\p\diF u[Zo[ | l �

� 

�� � ag cZ [x^[ha\h cpd[thc j a^_ d[Z[hc^\hg aZ

sa` [Zga\Zg ­ cZs � F ª] l � �
 Ã µ � � _cg «m^\hga\Z | ^_[Z 
 cZs 
 � _cb[ ag\`\hn_ao
`\sm« o\_\`\p\di y«'{ F r_[ +\ oÁg^[aZ gn [o^hcp g[ef[Zo[ ^_[Z g_\j g ^_c^ 
 s\[g
Z\^ _cb[ ^_[ o\hh[o^ hc^a\Zcp o\_\`\p\diF r_[h[]\h[ | 
 _cg Z\ «m^\hga\Z | cZs
l � �
 Ã µ� � ag cZ [x^[ha\h cpd[thc j a^_ d[Z[hc^\hg aZ sa` [Zga\Zg ­ cZs � F u[Zo[
l � ��
 Ã � � � �� � � y� � ´ � � { F ©aZo[ l � ��
 Ã � � � ag c kZ a^[pi d[Z[hc^[s `\sfp[ \b[h
l � �� Ä Ã � � � | ^_[ o\`n\ga^a\Z

l � ��
 Ã � � � �� l � ��
 Ã µ� � � � � ¿ l � �� Ä Ã µ � �� � � �
�� l � �� ©n �«� Ã � � � ¿ l � �� Ä Ã � � �

ag c `\Z\`\hn_ag` F
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r_[ ag\`\hn_ag` l � �� Ä Ã µ � �� � � � �� l � �� ©n �«� Ã � � �]\pp\j g ]h\` ^_[ ]co^

^_c^ 
 cZs ©n �«� _cb[ ^_[ gc`[ «mcsao �[ip dh\fn sc^c �q[``c � F­ � F ©aZo[ ^_[
khg^ cZs ^_ahs ^[h` ch[ t\^_ n\piZ\` acp cpd[thcg \] ^_[ gc` [ ^in[ |

l � ��
 Ã � � � ¿ l � �� Ä Ã µ � �� � � � �� l � �� ©n �«� Ã � � �
ag cZ ag\`\hn_ag` F

q[^ � � Ä s[Z\^[ ^_[ [p[` [Z^g \] \] \hs[h « cZs � ¼� ©n �E� � ©n �E� � ©n �«�
^_[ gftdh\fn \] sacd\Zcp efc^[hZa\Zao `c^hao[g F �[ _cb[ c o_caZ \] aZopfga\Z
� � Ä � � � ©n �«� cZs � � ��� ��� ��� F r_[ co^a\Z \] 	 � \Z � ]co^\hg ^_h\fd_ ^_[
µ�«mco^a\Z \Z � dab[Z ti gj a^o_ aZd ^_[ o\\hsaZc^[g F

�\j j[ fg[ qcZZ[g w rm]fZo^\h ^_[\hi �[ Fd F g[[ y­­{� F �[ d[^ c ` cn � ¼ � � ¿
�
 j_ao_ p\\Ág aZ `\s « o\_\`\p\di paÁ[ ^_[ ` cn � � ¿ � ©n �«� F r_ag ` cn ag
µ�«m[ef abchacZ^ fn ^\ _\`\^\niF r_[ `\s « o\_\`\p\di \] ^_[ opcgga]i aZd gnco[
� �
 ��� ¼� ` cn �� � ´ �
 �� \] ^_[ o[Z^hcpa![h �
 ��� ocZ t[ ocpof pc^[s j a^_ ^_[ _[pn
\] qcZZ[g w Ä m]fZo^\h cZs l � �� �� ��� Ã � � � �� l � �� ��� ��� ��� Ã � � � �� l � ��
 Ã � � � F
� \h[\b[h | ^_[ �[ip dh\fn \] �
 ��� ag dab[Z ti ^_[ [p[` [Z^g \] 	 � co^aZd ^hab acppi \Z
� F u[Zo[ � �� ��� �� µ�« � µ�« F +i yE­{ yr_[\h[` ' F)+ { | ^_ ag a`npa[g ^_c^ � �
 ��� �
�� F �[ j app as[Z^a]i �
 ��� j a^_ � F r_[ µ�«mco^a\Z \Z � aZsfo[g c µ�«mco^a\Z \Z
� F ©aZo[ � � ¿ �
 jcg µ�«m[efabchacZ^ fn ^\ _\`\^\ni| ^_[ aZopfga\Z � �
 ��� ¿
�
 [x^[Zsg ^\ c ` cn � � ¼� �� �
�� ¿ �
 F ªZ ^_ ag ocg[ | ^_[ _\`\^\ni \hta^
gnco[ � � _cnn[Zg ^\ t [ c «mo\`nco^ dh\fn cZs _cg ^_[ gc` [ �[ip dh\fn cg 
 F
r_c^ ag | � 	 � �
 F � \h[\b[h | ^_[ gnco[ � � ag nch^ \] c kthc^a\Z

�� ¿ �� ¿ � µ�« ´
j_ao_ ag opcggak[s ti \tg^hfo^a\Zg aZ l � �� µ�« Ã � � �� cf^ Â ��� ��� F

u[h[ | cf^Â ��� � ag ^_[ `\Z\as \] g[p]m[ef abcp[Zo[g \] �� _\`\^\n ao ^\ ^_[
as[Z^a^iF ©aZo[ cf^Â ��� � � �� µ�«�� yE){ cZs gaZo[ µ�« co^g \Z �� �� � �µ�«�� � ��
�µ�«�� ti gj a^o_aZd ^_[ o\\hsaZc^[g | cpp \tg^hfo^a\Z dh\fng bcZag_ cZs ^_[ ct\b[
kthc^a\Z gnpa^g F r_ag g_\j g ^_c^ �� � � �� � µ�«� ¼� �� � cZs ^_c^ ��
 �
�� 	 � ��� � � �� �� ��� F r_c^ ag | 
 cZs ©n �«� _cb[ ag\`\hn_ao ` cxa` cp ^\hfg
Z\h` cpa![h | cZs _[Zo[ 
 �� ©n �«� F �

VSTRJ� � r_[ \Zpi ga`npi o\ZZ[o^[s «mo\`nco^ dh\fn \] hcZÁ E ag , � F u [Zo[ j[
d[^ ^_[ ]\ pp\j aZd o\`np[^[ pag^ �fn ^\ ag\`\hn_ag` � \] o\ZZ[o^[s «mo\`nco^ dh\fng
\] hcZÁ « ¼

, Â �, Â | , Â � , � | � �«� | , Â � ©Y �­� | , � � , � | , � � ©Y �­�| ©Y �­� � ©Y �­�| ©Y �� � |
©� �­ � | ©n �«� | ©Y �)� | cZs 
 � F	KJKXXRJ� � F� � ��¢ ��� ���� �� ��������� « ¦������� ¡ ¢�£� 
 �� ¢��� �� �� �¢�
�� ���� � ��� ���¢� ���� , � ¿ 
 �£�� ���� �� � ����������� , � ¿ 
 ¿ 
 �� �
� ���� �¢� ���� ��� �£�� ���� l �� 


��
 � �� l �� 

�� , � � �

� ¢��� � +[ocfg[ \] r_[\h[` � FE j[ \Zpi _cb[ ^\ o_[oÁ ^_ ag ]\h ^_[ o\`nco^ o\ZZ[o^[s
qa[ dh\fng , � �­ � | ,( �«� | ,� �) � cZs 
 � F r_[h[ [x ag^g c o_caZ \] `\Z\`\hn_ag` g
, � � ,� �«� � , � �­ � � 
 � F +\^_ dh\fng | ,� �­� cZs 
 � | ch[ «mcsaocppi o[Z^[hm]h[[ F
r_ag nh\b[g ^_[ opca` aZ ^_[g[ ^j\ ocg[g F q[^ , � � ,( �«� s[Z\^[ ^_[ aZopf ga\Z aZ^\
^_[ khg^ o\\hsaZc^[ F ©aZo[ ^_[ aZ^[hg[o^a\Z \] , � cZs ^_[ o[Z^[h \] ,( �«� ag ^hab acp |
^_[ o\`n\ga^a\Z , � � ,( �«� ¿ ,� �) � ag cpg\ c `\Z\`\hn_ag` F r_ag nh\b[g ^_[
opca` aZ ^_[ \^_[h ocg[g F r_[ o\Zsa^a\Z \Z ^_[ hc^a\Zcp o\_\`\p\di ag \tba\fg F �
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ªZ ^_[ kZcp g[o^a\Zg j[ s[gohat[ c sa�[h[Z^ nh\\] \] \fh ` caZ ^_[\h[` | j_ao_ ag

tcg[s \Z ^_[ o\Zo[n^ \] gn[oacp Em^\ha F r_ag o\Zo[n^ jcg [xnp\a^[s ti ^_[ ]\fh^_
cf^_\h ^\ nh\b[ ^_c^ kZa^[ p\\n gnco[g aZ ^_[ d[Zfg \] c o\`nco^ o\ZZ[o^[s qa[
dh\fn ch[ _\`\^\ni [efabcp[Z^ ^\ g^ctpi nchcpp[pa!ctp[ `cZa]\psg y«� | ­'{ F
�SUOHOI OKH � FE � ¬\h c gfthaZd \] ^_[ hc^a\Zcpg 
 | c Zapn \^[Z^ 
 mp\ ocp gnco[ �
cs` a^g cZ 
 mp\ ocp �� ����� E¦��¢£� a] | fn ^\ _\`\^\ni| ^_[h[ [xag^g c sacdhc` \]
\ha[Z^ctp[ kthc^a\Zg \] Zapn \^[Z^ gnco[g

� �, Â // � �, �
//

��

� �, �

��� �, Â //

��

� //

��

±

��� // � �
gfo_ ^_c^

�E� � ag 
 mkZa^[ F
�«� ± ag 
 mkZa^[ cZs g^ctpi h[sfoatp[ F
�­� q\ ocpa![s c^ ' | ^_[ sacdhc` ag _\`\^\ni [efabcp[Z^ ^\

�� , Â
// �� , �

//

��

�� , �

���� , Â
//

��

��� � ��, �
//

��

� �� � , �"

��� //
��� ���

j_[h[ cpp b[h^aocp kthc^a\Zg ch[ ^habacp F
ªZ y­'{ ^_[ ]\fh^_ cf^_\h g_\j[s ^_c^ ]\h c efcgamkZa^[ ¯\aZoch °[ o\`np[x � | ^_[

[xag^[Zo[ \] hc^a\Zcppi gn pa^^aZd µ �� � mp\ ocp gn [oacp Em^\ha a`npa[g ^_[ [x ag^[Zo[ \] c
dp\tcp gn [oacp Em^\hfg cZs ^_c^ | cg c o\Zg[ef[Zo[ | � ag _\`\^\ni [efabcp[Z^ ^\ c
o\`nco^ | g` \\^_ | g^ctpi nchcpp[pa!ctp[ ` cZa]\ps F r_[ Z[x^ nh\n\ga^a\Z | j_ao_ j app
t [ nh\b[s aZ ©[o^a\Z z | cpp\j g ^\ [g^ctpag_ µ �� � mp\ ocp gn [oacp Em^\ha F
�JK�KWOI OKH � F« � ��� � �� � ��������� ¤£���  ���� ���� �� ��� ����� �� ��� �� ��� �
­Å � ���� �� �¢� �� ���� � ���� ����� ± ��� �   �¢����� � ¿ � �� �� , � �»¿ � �� �� ±
�£�� ���� � �� ���� ��� µ �� � ¦  ���� ��� �£�� ���� ± ��� � �¢� ��� ���� � �¤£�¥�����
�� ���� � � �¢��¥�¢� ������§ �� �� �� �� �¢� �� ���� � ��� � ��¥�¢�� � ¼ ��� ± ¿ ��� , � ��
� � �� �� ��" � �
	��� � �

r_[ nh\\] \] ^_ag nh\n\ga^a\Z j app t [ dab[Z aZ ©[o^a\Z � F	KJKXXRJ� � F­ � ����¢ ��� ���¥� ���£�� ����� �� � ������§ ����� � �� �� ��� ��� �
µ �� � ¦����� �� ����� E¦��¢£� �
� ¢��� � ©aZo[ ^_[ p\\n gnco[ ± \] ^_[ pcg^ nh\n\ga^a\Z ag [ef abcp[Z^ ^\ � j[ \Zpi
_cb[ ^\ nh\b[ ^_[ opca` ]\h ± \h [ef abcp[Z^pi| j[ ` ci cggf`[ ^_c^ ^_[h[ [xag^ c
kthc^a\Z � �� �� , � ¿ � �� ��� ja^_ ^_[ s[gah[s nh\n[h^a[g F
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q[^ , Â � , � t[ ^_[ `cxa` cp ^\hfg \] , � F ¯cggaZd ^\ opcgga]i aZd gnco[g cZs

p\ ocpa!c^a\Zg | cZs ^cÁaZd _\`\^\ni kt[hg j[ d[^ c o\``f^c^ab[ sacdhc` \] kthc^a\Z
g[ef[Zo[g
�
 � �

��� �� �, Â
// � �� �, �

//

��

� �� �, �
//

��

� �� �� , Â �
// � �� �� , �

�
��� �� �, Â

//
� �� ��

//

��

± //

��

� �� �� , Â �
//
� �� ���

� // � �

u[h[ ± ag ^_[ _\`\^\ni kt[h \] ^_[ o\`n\ga^a\Z � �� �� , Â ¿ � �� �� , � ¿ � �� ��� F
� g ^_[ _\`\^\ni kt[h \] ` cng t[^j[[Z ga`npi o\ZZ[o^[s gnco[g | � cZs ± ch[
ga`np[ F

r_[ ^_h[[ p[]^ o\pf`Zg \] sacdhc` �
 � j app [g^ctpag_ c µ �� �mp\ ocp gn [oacp Em^\hfg ]\h
� �� �� F � pp h\j g \] ^_ag ­ �­msacdhc` ch[ dab[Z ti nhaZoancp kthc^a\Zg cZs ^_[h[]\h[
\ha[Z^ctp[ F r_[ gc` [ _\psg ]\h ^_[ ^j\ p[]^ o\pf`Zg F ¬\h ^_[ had_^ o\pf`Z j[ _cb[
c nfpp tcoÁ sacdhc`

� �� �, �
// ± //

��

�

��� �� �, �
// � �� �� , Â

// � �� �� , �

r_[ t\^^\` h\j ag cZ \ha[Z^ctp[ kthc^a\Z F u[Zo[ | ^_ag cpg\ _\psg ]\h ^_[ ^\n h\j F
r_ag g_\j g ^_c^ ^_[ ­ � ­mnch^ \] sacdhc` �
 � o\Zgag^g \] \ha[Z^ctp[ kthc^a\Zg F

©aZo[ � ag µ �� �mkZ a^[ | c ©[hh[ gn [o^hcp g[ef[Zo[ chdf` [Z^ g_\j g ^_c^ ^_[ gc` [
_\psg ]\h ± F

q\ ocpa![s c^ ' | ^_[h[ [x ag^g c p[]^ aZb[hg[ � ¼ � ��� ¿ ��� , � F ©aZo[ � ��� �
� �� � �� � � �� � | ^_ ag p[]^ aZb[hg[ [g^ct pag_[g hc^a\Zcppi o\`nc^atp[ p[]^ aZb[hg[g
]\h cpp b[h^aocp chh\j g t[^j[[Z ^_[ g[o\Zs cZs ^_ahs h\j \] �
 � F ªZ nch^aofpch ^_ ag
g_\j g ^_c^ | p\ ocpa![s c^ ' | ^_[ b[h^aocp kthc^a\Zg \] ^_[ ­ � ­msacdhc` ch[ ^habacp
cZs ^_c^ ^_ag sacdhc` gc^agk[g ^_[ ^_ahs o\Zsa^a\Z \] gn [oacp Em^\ha F

r\ o\`np[^[ ^_[ nh\\] a^ h[` caZg ^\ g_\j ^_c^ ± ag µ �� �mg^ct pi h[sfoatp[ F �[
ncgg ^\ o\`np[^a\Zg F r_[Z ��� t[o\`[g c ( mo\`nco^ dh\fn F �[ d[^ c kthc^a\Z
��± ¿ ��� , Â ¿ ���� F ©aZo[ ± jcg µ �� � mkZ a^[ cZs ga`np[ | ± cZs ��± _cb[
ag\`\hn_ao `\smn _\`\p\diF r_ag g_\j g ^_c^ ��± ag µ�( mkZa^[ | ^_c^ �� , Â ¿
��� ag c `\Z\`\hn_ag` \] ( mo\`nco^ dh\fng cZs ^_c^ ± ag [efabcp[Z^ ^\ ^_[
_\`\d[Z[\fg gnco[ ��� ��� , Â F +i r_[\h[` ) FE ± ag µ �� �mg^ctpi h[sfoatp[ F r_ag
o\`np[^[g ^_[ nh\\] cZs g_\j g ^_c^ � �� �� cs` a^g c µ �� � mp\ ocp gn [oacp Em^\hfg F �

� ����� � ¢��� �� �� � � ��� �� ��¢�� � r_[ ncggcd[ ]h\` g^ct pi nchcpp[pa!ctp[ ^\ nchm
cpp[pa!ctp[ ag cph[csi sagofgg[s aZ ©[o^a\Z � F ª] � �� ag Z\^ \] ^in [ ­Å | ^_[Z ^_[
g^c^[` [Z^ ]\pp\j g ]h\` �\h\ppchi � F­ cZs y­' | r_[\h[` EF� { F r_[ [xo[n^a\Zcp ocg[g
j[h[ cph[csi sagofgg[s aZ ©[o^a\Z � F �
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ªZ ^_ag g[o^a\Z j[ j app o\Zg^hfo^ nch^aofpch gftdh\fng \] ( mo\`nco^ dh\fng j_\g[

o[Z^[hm]h[[ ef\^a[Z^ o\Z^caZg \Z[ ga`np[ ]co^\h \] hcZÁ c^ p[cg^ « F

�JK�KWOI OKH z FE � ��� 
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� � sa` l ��$ ��� � �� ' � �� ( � «� ���£� � ���� 
 �� ��� �� ��� � ­Å � ���� ���¢�
�� ���� � ������� � �� ¡ ¢�£� l ��� � � �� � ¼ � l ¿ �
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���� �
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�, � ��ÀÂ � �� ( �� ���� � � ��� ������ l � �, � �� �

�«� ��� ���£��� � �� l ��$ ��
 � ¿ l ��$ �� l � �� �� ���� �¢� ���� �
�­� ��� ��� ���� �   ��¢ 
 �l �� � �� ���� �� ��� µ�( ¦  �����

¬\h ^_[ nh\\] j[ Z[[s ^_[ ]\pp\j aZd p[``c F

�STTR z F« � ��� 
 �� � ���� ��� ���� �� ��������� « ¦������� ¡ ¢�£� ������ ���¡ �� ��
l �� 
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 �£�� ����

�E� l �� 
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 � ¿ l �� 
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�«� �� hÁ �
 � � « � � , � ¿ �
 ¿ �
 �� � � ���� �¢� ���� �

� ¢��� � ©aZo[ 
 ag ga`np[ cZs gaZo[ l �� 

��
 � �� ' | ^_[ �[ip dh\fn �
 ag cZ _\Z[g^

h[¨[o^a\Z dh\fn cZs cph[csi s[kZ[s \b[h µ F r_ag ]\pp\j g ]h\` ^_[ opcggakoc^a\Z \]
ahh[sfoatp[ ng[fs\mh[¨[o^a\Z dh\fng F � o^fcppi| ^_[ �[ip dh\fn ag ag\`\hn_ao ^\ ^_[
�[ip dh\fn \] c o\`nco^ qa[ dh\fn F

ª] �
 ag ct [pacZ ^_[Z �
 ag [a^_[h � ©Y �­� \h � , � cZs ^_[ khg^ nch^ ag \tba\fg F
u[Zo[ j[ ocZ cggf`[ ^_c^ �
 ag Z\Zct[pacZ F q[^ � � � �
 t[ c gftdh\fn \] ^_[
�[ip dh\fn \] 
 d[Z[hc^[s ti ^j\ Z\Zmo\``f^aZd h[¨[o^a\Zg F q[^ Ä � Ä � �
 � Ä

s[Z\^[ ^_[ o\ZZ[o^[s o\`n\Z[Z^ \] ^_[ kx[smn\aZ^ g[^ \] ^_[ �
 mco^a\Z \Z Ä
 |
j_ao_ _cg o\sa` [Zga\Z « F r_[ o[Z^hcpa![h � � �
 �Ä � ag c o\ZZ[o^[s «mo\`nco^
dh\fn j_\g[ �[ip dh\fn �� o\Z^caZg � � y«�{ F r_[h[ [xag^g c kZa^[ o\b[haZd \] �
j_ao_ gnpa^g aZ^\ c nh\sfo^ � � Ä j_[h[ � ag c ga`npi o\ZZ[o^[s «mo\`nco^ dh\fn
\] hcZÁ « j a^_ �[ip dh\fn ag\`\hn_ao ^\ � � F r_[ co^a\Z \] � � \Z ^_[ `cxa` cp
^\hfg Ä� \] � dab[g hag[ ^\ cZ ahh[sfoatp[ h[nh[g[Z^c^a\Z \b[h #� F Y^_[hj ag[ | � �
j\fps gn pa^ aZ^\ c nh\sfo^ cZs ^_[ ^j\ o_\g[Z h[¨[o^a\Zg j\fps o\``f^[ F u[Zo[ |
^_[ «mo\`nco^ dh\fn � ag ga`np[ cZs \] hcZÁ « F

q[^ 
 � t[ ^_[ ga`np[ ga`np[ ga`npi o\ZZ[o^[s o\`nco^ qa[ dh\fn j a^_ ^_[ gc` [
�[ip dh\fn F r_[ ct\b[ o\Zg^hfo^a\Z ag \Zpi tcg[s \Z ^_[ �[ip dh\fn co^a\Z \]�
 \Z Ä
 | u [Zo[ | cnn piaZd ^_[ o\Zg^hfo^a\Z ^\ 
 � | [g^ctpag_[g c ` cn �� � ¿ �
 �
j_ao_ cg c ` cn t[^j[[Z opcgga]i aZd gnco[g \] o\`nco^ qa[ dh\fng | ag s[kZ[s dp\tcppi
cZs j_ao_ aZ hc^a\Zcp o\_\`\p\di aZsfo[g ^_[ gc`[ ` cn cg ^_[ o\`n\ga^a\Z �� ¿
� � ¿ �
 \Zpi s[kZ[s µ�( mp\ ocppiF +i yE{ l ��$ ��
 � � ¿ l �� ��� � � ag Z\Z^hab acp |
aZ ]co^ cZ ag\`\hn_ag` F �Zs ^_[ gc` [ _\psg ]\h �� ¿ �
 F

q[^ , � � � t[ ^_[ gftdh\fn o\Zg^hfo^[s aZ ¯h\n\ga^a\Z � F�
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r_[ gftdh\fn , � � 
 ag o\Zg^hfo^[s bac ^_[ o\`n\ga^a\Z , � ¿ � ¿ 
 F j_[h[

� ag c «mo\`nco^ dh\fn \] hcZÁ « F j[ d[^ c sacdhc`
, �

//

�
��

� //

��

�

��, �
//

�
��

� ��
//

��

�

, �
// � �� %

j_[h[ � s[Z\^[g ^_[ Á[hZ[p \] ^_[ o\`n\ga^a\Z � ¿ 
 ¿ 
 F r_[ t\^^\` had_^
chh\j aZ c `\Z\`\hn_ag` F �Zs gaZo[ , � ¿ � ¿ � ag c `\Z\`\hn_ag` | ^_[ gc` [
_\psg ]\h ^_[ t\^^\` p[]^ chh\j cg j[pp cg ]\h ^_[ o\`n\ga^a\Z aZ ^_[ t\^^\` h\j F
r_ag nh\b[g ^_[ g[o\Zs nch^ F ¯ch^ �E� cpg\ ]\pp\j g ]h\` ¯h\n\ga^a\Z� F� F �

VSTRJ� � r_[ gc` [ g^c^[` [Z^ _\psg ]\h \ss nha` [g F ªZ ^_ag ocg[ | ^_[ nh\\] ]\h ^_[
g[o\Zs opca` [b[Z ga`npak[g F ©aZo[ , � ag o[Z^[hm]h[[ c^ \ss nha` [g F j[ s\ Z\^ Z[[s
^\ o\Zg^hfo^ c gftdh\fn \] hcZÁ « F �_\\gaZd c gftdh\fn \] �
 d[Z[hc^[s ti \Z[
h[¨[o^a\Z j app nh\sfo[ c `\Z\`\hn_ag` , � ¿ 
 ja^_ cpp ^_[ s[gah[s nh\n[h^a[g F
r_ag opchak[g c s[^cap \b[hg[[Z aZ y«�{ F r_[ chdf` [Z^ ]\h ^_[ khg^ nch^ dab[Z ^_[h[
ag Z\^ o\`np[^[ F
� ¢��� �� � ¢�� ������� � �� � �[ ocZ o\`nch[ ^_[ g^c^[` [Z^ j a^_ y«� | ¯ h\n F ­ FE{ F ¬\h
\ss nha` [g ^_[h[ ag Z\ sa�[h[Zo[ F u[Zo[ j[ _cb[ ^\ nh\b[ ^_[ g^c^[` [Z^ \Z pi ]\h
( � « F ªZ ^_ag ocg[ j[ _cb[ cZ [x^hc cggf`n^a\Z \Z ^_[ hc^a\Zcp ^in [ cZs ^_[
cssa^a\Zcp \f^nf^ ag ^_c^ l o\Z^caZ g c ]co^\h , � F

©aZo[ l �
�$ �
 � _cg c d[Z[hc^\h \] s[dh[[ dh[c^[h ^_cZ ­ | ^_[ �[ip dh\fn �


ag Z\Zct[pacZ yE­ | r_[\h[` ' F)+ { F r_[ fZab[hgcp o\b[h ¶
 \] 
 gn pa^g aZ^\ c sah[o^
nh\sfo^ ¶
 �� � 
 � \] ga`np[ | ga`npi o\ZZ[o^[s na[o[g yE�{ F ©aZo[ 
 cZs ¶
 _cb[
ag\`\hn_ao �[ip dh\fng | j[ ocZ cggf` [ ^_c^ 
 Â _cg c Z\Zct[pacZ �[ip dh\fn � Â Fª] l ��$ ��
 Â � �� ' | q[``c z F« j app nh\sfo[ c `\Z\`\hn_ag` � ¼ � , � ¿ �
 Â
gfo_ ^_c^ l ��$ �� � ag cZ ag\`\hn_ag` cZs gfo_ ^_c^ � , � ¿ �
 Â ¿ �
 Â ag c
`\Z\`\hn_ag` F

ª] ]\h cpp ]co^\hg j a^_ Z\Zct[pacZ �[ip dh\fn ^_ag hc^a\Zcp o\_\`\p\di dh\fn
bcZag_[g | ^_[h[ [x ag^ c ]co^\h 
 � \] hcZÁ E j a^_ l �

�$ ��
 � � �� l �
�$ �� , � � F r_ag

a`npa[g ^_c^ 
 � �� , � F �[ s[kZ[ 
 �Â ¼� 
 Â � 
 � F ©aZo[ ^_[ �[ip dh\fn �
 �
ag s[kZ[s \b[h #� a^ ag _\Z[g^ h[¨[o^a\Z dh\fn cZs ^_[ chdf` [Z^g \] q[``c z F«
g_\j ^_c^ ^_[ g[o\Zs nch^ s\[g _\ps aZ ^_ag ocg[ F u[Zo[ | j[ ocZ ^_[Z s[kZ[ c `cn
� , � ¿ �
 �Â � �
 Â � �
 � j_ao_ ag ^_[ as[Z^a^i \Z ^_[ g[o\Zs ]co^\h cZs gc^agk[g
^_[ opca` g \] q[``c z F« F

�\j j[ ocZ nh\o[[s ga` apchpi cg aZ y«�{ F ¬\h cpp \^_[h na[o[g j a^_ l ��$ ��
 � � �� '
^_[h[ [x ag^ `\Z\`\hn_ag` g �l � ¿ �
 � aZsfoaZd cZ ag\`\hn_ag` \Z l � �» Ã µ� � �
# gfo_ ^_c^ l � ag ag\`\hn_ao ^\ , � \h ^\ ,� �­ � �g[[ y«�{ � F r_ag nh\sfo[g c _\m
`\`\hn_ag` � l� ¿ � 
 � �� ¶� ¿ � \] ( mo\`nco^ dh\fng F r_[ Á[hZ[p � \] ^_ ag
_\`\`\hn_ag` | j_ao_ ` ad_^ t [ Z\Z^hab acp | ag c o[Z^hcp gftdh\fn \] l Â � � ��Â l � F
©aZo[ ^_[ o[Z^[hm]h[[ ef\^a[Z^ 
 ag ag\`\hn_ao ^\ � � 
 � j[ _cb[ c _\`\`\hn_ag`

 ¿ 
 Â F +i o\Zg^hfo^a\Z ^_[ o\`n\ga^a\Z , � ¿ 
 Â ¿ 
 Â ag c `\Z\`\hn_ag` F
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�[ d[^ c o\``f^c^ab[ sacdhc`
� //

�
��

, � � � ��Â l �
//
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��� // , �
// 
 Â

j_[h[ ^_[ had_^ chh\j aZ ^_[ t\^^\` h\j ag c `\Z\`\hn_ag` F ©aZo[ 
 Â ag o[Z^[hm]h[[^_[ o\`n\ga^a\Z � ¿ , � � � ��Â l � ¿ , � ag ^hab acp F r_[h[]\h[ | � ag c gftdh\fn
\] � ��Â l � cZs ^_[ ` cn , � � � ��Â l � ¿ 
 ]co^\hg ^_h\fd_ c `\Z\`\hn_ag`
l ¼� , � � ��� ��Â l � ��� � ¿ 
 ja^_ cpp ^_[ s[gah[s nh\n[h^a[g F �

� F �JKKU KU �JK�KWOI OKH � ��
r_[ nh\\] \] ¯h\n\ga^a\Z � F« ag tcg[s \Z cZ cha^_` [^ao gefch[ chdf` [Z^ F ¬ ahg^

j[ Z[[s c g^c^[` [Z^ ct\f^ ^_[ [x ag^[Zo[ \] c nch^aof pch gftmp\\n gnco[ F � o^fcppi|
c µ �� � mp\ ocp b[hga\Z \] ^_[ Z[x^ nh\n\ga^a\Z j\fps t[ gf� oa[Z^ ]\h \fh nfhn\g[ | tf^
j a^_ Z\ [x^hc [�\h^ j[ ocZ nh\b[ c dp\tcp h[gfp^ F
�JK�KWOI OKH � FE � ��� � �� � ��� ����� �� µ ¦  ���� ���� ����� ��� �� ��� � ­Å � ����
���¢� �� ��� � ��� ����� �� ������� � �� ¡ ¢�£� l �� , � � l � � ���� ������ � ��� ± �
��� �   �¢�����

� ¿ � � ¿ �±
�£�� ���� �� � � �� ��� ��¡ ���� �

�E� ��� £��¥�¢��� ��¥�¢ �� l �� ���� �¢� ��� �� � � ¢��£�� �� , � �� �
�«� l � �� ± Ã# � ¿ l � �� � Ã# � �� �� ���� �¢� ���� �
�­� � �� ���� �� ��� µ ¦  �����
�� � ��� ������ l ��� � �� � �� � �� � ��� ± �¢� ��� ���� � �¤£�¥���� ��
�)� ��¢ ���� � ¢�� � ( �� �¢� �� ���� � ����£����¥� ���¡ ¢��

��� �
//

��

��� ±

�����l
//
����

���¢� �� � ¥�¢����� � �� � �¢� �¤£�¥���� ��� � ��� ��� � ����� � �¢ ��� ¢��������§ ������
�� �� � ������� ���¡ �� �����
� ¢��� � r_ag g^c^[` [Z^ ag c h[kZ[` [Z^ \] y«� | ¯ h\n F EF� { F r_[ nh\\] \] ^_c^ g^c^[` [Z^
ag cZ cha^_` [^ao gefch[ chdf` [Z^ j_ao_ fg[g a^g ( mo\`np[^[s b[hga\Z cg aZnf^ y«� |
¯ h\n F ­ FE{ F r_[ nh\\] ochha[g \b[h j\hs ]\h j\hs F �[ \Zpi _cb[ ^\ h[npco[ ^_c^
nh\n\ga^a\Z ti c ( mo\`np[^[s b[hga\Z \] ^_[ ct\b[ opca` | Zc` [pi ti ¯h\n\ga^a\Z
z FEF �pca` �)� | j_ao_ ag Z\^ nch^ \] y«� | ¯ h\n F EF� { | ]\pp\j g ]h\` ^_[ cha^_` [^ao
gefch[ chdf` [Z^ cZs ¯h\n\ga^a\Z z FEF �
VSTRJ� � r_[ ct\b[ nh\n\ga^a\Z [g^ctpag_[g cZ \ha[Z^[s kthc^a\Z l ¿ � ¿ � F
r_[ [x ag^[Zo[ \] gfo_ cZ \ha[Z^[s kthc^a\Z ag gf� oa[Z^ ^\ g_\j ^_c^ ^_[ kZa^[Z[gg
\tg^hfo^a\Z bcZag_[g cZs ^_c^ [b[hi efcgakZa^[ p\\n gnco[ ag co^fcppi kZa^[ �g[[
y«�{ � F r_[ [x ag^[Zo[ \] c gn[oacp Em^\ha ag Z[[s[s ]\h ^_[ bcZag_aZd \] ^_[ cnnh\nhac^[
gfhd[hi \tg^hfo^a\Z F
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� F« F
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