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Z[ \][^[_` a b_bcdc efg[^hi b^j kl]m
fnbo_c[_` pl] cfqrb_[ `]f_^nf`bl_ s
trb^ ^`f`b^`bqfn u clm[nhvf^[m f\\]lfqr
f``[c\`^ `l c b_bc bw[ `r[ [x\ [q`[m ]b^j
lp fnbo_c[_` []]l]^ d_m[] nl^^ pd_qh
`bl_^ `rf` c[f^d][ fnbo_c[_` ydfnb`gs
Z[ m[^q]bv [ zf]bld^ nl^^ pd_q`bl_^ u b_h
qndmb_o ^lc[ `rf` b_ql]\ l]f`[ nb_odb^h
`bq f_fng^b^ f^ qf_ v [ lv`fb_[m p]lc
\f]^[ `][[^ u f_m ^rlk `rf` `r[^[ f\h
\]lfqr[^ qf_ bc\]lz[ fnbo_c[_`^ lp `r[
{_onb^rh|][_qr }f_^f]m^ s

~ ��X��!�YX#��
tr[ fd`lcf`bq m[`[]c b_f`bl_ lp kl]m fnbo_h
c[_`^ b_ v bnb_odfn ql]\ l]f kldnm v [ d^[pdn pl]
� f`d]fn �f_odfo[ �]l q[^^b_o `f^j^ ^dqr f^ ^`fh
`b^`bqfn c fqrb_[ `]f_^nf`bl_ u fd`lcf`bq m bq`blh
_f]g ql_^`]dq`bl_ u f_m cdn`bnb_odfn ml qdc[_`
][`]b[zfn s tr[ m[z[nl\c[_` lp `[qr_byd[^ b_ fnn
`r[^[ f][f^ kldnm v[ pfqbnb`f`[m vg fd`lc f`bq
\ []pl]cf_q[ c[`]bq^ u f_m fnbo_c[_` f_m `]f_^h
nf`bl_ ydfnb`g c[`]bq^ rfz[ v[[_ \]l\ l^[m ��qr
f_m �[gu ����v � �f\b_[_ b [` fn su ���� �s }lkh
[z[] u o bz[_ `r[ m b� qdn`g lp � dmob_o `]f_^nf`bl_
ydfnb`gu b` b^ d_nbj[ng `rf` f ^b_on[ u o nlvfn c[`h
]bq k bnn v [ pld_m pl] f_g lp `r[^[ `f^j^ s �` b^
cl][ nbj[ng `rf` ^\ [qbfnbw[m c[`]bq^ k bnn v [ m[h
z[nl\ [m `l c[f^d][ ^\ [qb�q f^\ [q`^ lp ^g^`[c
\[]pl]cf_q[ s trb^ b^ [z[_ m[^b]fv n[ u f^ `r[^[
^\ [qbfnbw[m c[`]bq^ qld nm v [ d^[m b_ `d_b_o ^g^h
`[c ^ pl] \f]`bqdnf] f\\nbqf`bl_^ s
Z[ rfz[ f\\nb[m a b_bcdc efg[^hi b^j �aei �

\]l q[md][^ m[z[nl\ [m pl] fd`lcf`bq ^\ [[qr

][qlo_b`bl_ ��l[n f_m eg]_[ u ���� � `l kl]m
fnbo_c[_` lp v b`[x`^ s trb^ b^ f clm[nb_o f\h
\]lfqr `rf` qf_ v [ d^[m k b`r ^`f`b^`bqfn clm[n^
lp ^\ [[qr f_m nf_odfo[ `l m[z[nl\ fnol]b`rc ^
`rf` f][ l\`bc bw[m pl] ^\ [qb�q nl^^ pd_q`bl_^ s
Z[ k bnn m b^qd^^ nl^^ pd_q`bl_^ `rf` qf_ v [ d^[m
pl] kl]m fnbo_c[_` f_m ^rlk rlk `r[ lz[]fnn
fnbo_c[_` \]l q[^^ qf_ v [ bc\]lz[m vg `r[ d^[
lp nl^^ pd_q`bl_^ `rf` b_ql]\ l]f`[ nb_odb^`bq p[fh
`d][^ u ^dqr f^ \f]^[^ f_m \f]`hlph^\ [[qr `fo^ s
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Z[ k bnn ^`dmg `r[ \]lv n[c lp fnbo_b_o f_ {_h
onb^r ^[_`[_q[ `l f |][_qr ^[_`[_q[ f_m k[ k bnn
d^[ `r[ kl]m fnbo_c[_` lp `r[ �ea ^`f`b^`bqfn
`]f_^nf`bl_ clm[n^ �e]lk_ [` fn su ���� �s
�[` � � ��� f_m � � � �� m[_l`[ f \fb] lp

`]f_^nf`[m {_onb^r f_m |][_qr ^[_`[_q[^ s �_
{_onb^r kl]m b^ m[�_[m f^ f_ l]m[][m \fb] � �
�� �   � ¡   ¢ £¤ � � ¢ ¥� � �� � � ¦¦¦� § ¨ u kr[][ `r[ b_h
m[x � ][p[]^ `l `r[ \ l^b`bl_ lp `r[ kl]m b_ `r[
{_onb^r ^[_`[_q[ � £¤ b^ `r[ zl qfvdnf]g lp {_h
onb^r � f_m `r[ kl]m f` \l^b`bl_ � b^ `r[ �©��
kl]m `l krbqr ª^\d]bld^« |][_qr kl]m^ cfg v [
fnbo_[m s ¬bc bnf]ngu f |][_qr kl]m b^ k]b``[_ f^
� � �­ �   � ¡   ¢ £® � ­ ¢ ¥�� � � � � ¦¦¦� ¯ ¨s
�_ °±²³´µ ¶´· v [`k[[_ � f_m � b^ m[�_[m `l

v [ f ^[yd[_q[ ¸ � ¹¸ � � ¸º � ¦¦¦� ¸� » kr[][ ¸¼ ¡ ­ ¢¥�� � � ¦¦¦¯ ¨� ¸¼ ¢ ¥� � �� ¦¦¦� § ¨ s ©_m[] `r[ fnbo_h
c[_` ¸ u `r[ |][_qr kl]m �¼ b^ ql__[q`[m `l `r[
{_onb^r kl]m �½¾ s |l] [z[]g fnbo_c[_` ¸ u k[ m[h
�_[ f ±²´¿ À¶· Á m[�_[m f^ Á � ¥Â� � Âº � ¦¦¦� Â� ¨krl^[ [n[c[_`^ f][ obz[_ vg `r[ fnbo_c[_` nb_j^
Â � �­ � � � ¡ � � ¸¼ � ­ � �� � � ¦¦¦� ¯ s
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�_ `rb^ ^[q`bl_ k[ b_`]l mdq[ nl^^ pd_q`bl_^ `l
c[f^d][ `r[ ydfnb`g lp fd`lcf`bqfnng \]lmdq[m
fnbo_c[_`^ s ¬d\\l^[ k[ k b^r `l qlc\f][ f_ fdh
`lcf`bqfnng \]lmdq[m fnbo_c[_` ¸ � `l f ][p[][_q[
fnbo_c[_` ¸ u krbqr k[ f^^dc[ kf^ \]lmdq[m vg
f qlc\[`[_` `]f_^nf`l] s Z[ k bnn m[�_[ zf]bld^
nl^^ pd_q`bl_^ � �Á � Á � � `rf` c[f^d][ `r[ ydfnb`g
lp ¸ � ][nf`bz[ `l ¸ `r]ldor `r[b] nb_j ^[`^ Á � f_m
Á s
tr[ m[^b]fv n[ ydfnb`b[^ b_ `]f_^nf`bl_ f][ �dh

[_qg f_m fm[ydfqgs Z[ f^^dc[ r[][ `rf` v l`r
kl]m ^[yd[_q[^ f][ �d[_` f_m fm[ydf`[ `]f_^nfh
`bl_^ vd` `rf` `r[ kl]m f_m \r]f^[ ql]][^\ l_h
m[_q[^ f][ d_j_lk_ s �` b^ `r[^[ ql]][^\l_m[_q[^
`rf` k[ k b^r `l m[`[]c b_[ f_m [zfndf`[ fd`lh
cf`bqfnngs
Z[ _lk \][^[_` `kl o[_[]fn qnf^^[^ lp nl^^

pd_q`bl_^ `rf` c[f^d][ fnbo_c[_` ydfnb`gs �_
^dv^[yd[_` ^[q`bl_^ u k[ k bnn o bz[ ^\ [qb�q [xfch
\n[^ lp `r[^[ f_m ^rlk rlk `l ql_^`]dq` m[qlm[]^
`rf` f][ l\`bc bw[m pl] [fqr nl^^ pd_q`bl_ s
� �� 	 
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tr[ � nbo_c[_` {]]l] if`[ ��{i � b_`]l mdq[m
vg �qr f_m �[g �����v � c[f^d][^ `r[ p]fq`bl_
lp nb_j^ vg krbqr `r[ fd`lcf`bq fnbo_c[_` mbph
p[]^ p]lc `r[ ][p[][_q[ fnbo_c[_` s � b_j^ `l `r[
�©�� kl]m f][ bo_l][m s trb^ b^ ml_[ vg m[�_h
b_o clmb�[m nb_j ^[`^ pl] `r[ ][p[][_q[ fnbo_c[_`�Á � Á � ¥�­ � ¸¼ � ¡ ¸¼ � �¨ f_m `r[ fd`lc f`bq
fnbo_c[_` �Á � � Á � � ¥�­ � ¸ �¼ � ¡ ¸ �¼ � �¨s
tr[ ][p[][_q[ f__l`f`bl_ \]l q[md][ fnnlk[m

`r[ rdcf_ `]f_^q]bv []^ `l bm[_`bpg krbqr nb_j^ b_�Á `r[g � dmo[m `l v [ d_fcvbodld^ s �_ fmmb`bl_
`l `r[ ][p[][_q[ fnbo_c[_` u `rb^ o bz[^ f ^[` lp
À��¶ ±²´¿À �¬ � krbqr b^ f ^dv^[` lp �Á s
�{i b^ m[�_[m f^ ��qr f_m �[gu ����v �
��� �� � Á � Á � � � � � � �Á � � � � � � �Á � � �Á �
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¬b_q[ ld] clm[nb_o `[qr_byd[^ ][ydb][ nl^^ pd_qh
`bl_^ ]f`r[] `rf_ []]l] ]f`[^ u k[ b_`]lmdq[ `r[
� nbo_c[_` {]]l] nl^^ pd_q`bl_
��¤ �Á � Á � � � � �Á � � � �Á � � � � � �Á � �Á � � �� �
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Z[ ql_^bm[] []]l] ]f`[^ `l v [ ª_l]cfnbw[m« nl^^
pd_q`bl_^ s Z[ fn^l _l`[ `rf` u d_nbj[ �{i u ��¤
ml[^ _l` mb^`b_odb^r v[`k[[_ fcvbodld^ f_m d_h
fcvbodld^ nb_j^ s }lk[z[] u bp f m[qlm[] o[_[]h
f`[^ f_ fnbo_c[_` Á � pl] krbqr ��¤ �Á � Á � � b^
w[]l u `r[ �{i b^ fn^l w[]l s tr[][pl][ bp �{i b^
`r[ c[`]bq lp b_`[][^` u k[ k bnn m[^bo_ fnbo_c[_`
\]l q[md][^ `l c b_bc bw[ ��¤ s
� �' (�
��) 
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Z[ f][ b_`[][^`[m b_ [x`[_mb_o `r[ � nbo_c[_`
{]]l] nl^^ pd_q`bl_ `l b_ql]\ l]f`[ zf]bld^ nb_h
odb^`bq p[f`d][^ b_`l `r[ c [f^d][c[_` lp fnbo_h
c[_` ydfnb`gs tr[ ,¶´¶�°±²- ¶. / ±²³ ´µ ¶´· 0 ��1�
nl^^ b^ m[�_[m f^

�2�¤ �Á � Á � � � � !"$  !% "$ % &
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kr[][ Â � �­ � � � � Â � � �­� � � � � f_m
3 ¼4 4 % � 5 ��� � �4 �� �� � � �4 % �� �¼ �¦ �6 �

} [][ k[ rfz[ b_`]l mdq[m `r[ kl]mh`lhkl]m mb^h
`f_q[ c[f^d][ 5 ��� � �4 �� �� � � �4 % �� �¼ � krbqr qlch\f][^ `r[ nb_j^ �­ � � � f_m �­ � � � � f^ f pd_q`bl_ lp
`r[ kl]m^ b_ `r[ `]f_^nf`bl_ s �2�¤ ][p[]^ `l
fnn nl^^ pd_q`bl_^ `rf` rfz[ `r[ pl]c lp {ydfh
`bl_ � s ¬\ [qb�q nl^^ pd_q`bl_^ f][ m[`[]c b_[m
`r]ldor `r[ qrlbq[ lp 5 s tl ^[[ `r[ zfnd[ b_
`rb^ u ^d\\l^[ �¼ b^ f z[]v b_ `r[ |][_qr ^[_`[_q[
f_m `rf` b` b^ fnbo_[m b_ `r[ ][p[][_q[ fnbo_c[_`
`l �4 u `r[ z[]v b_ `r[ {_onb^r ^[_`[_q[ s �p ld]
olfn b^ `l [_^d][ z[]v fnbo_c[_` u `r[_ 5 qf_
v [ ql_^`]dq`[m `l \ [_fnbw[ f_g nb_j ��4 % � �¼ � b_`r[ fd`lcf`bq fnbo_c[_` b_ krbqr �4 % b^ _l` fz[]v s Z[ k bnn nf`[] obz[ [xfc\n[^ lp mb^`f_q[^ b_
krbqr �2�¤ b^ vf^[m l_ �f]`hlph¬\ [[qr ���¬�
`fo^ u \f]^[ `][[ mb^`f_q[^ u f_m fd`lcf`bqfnng m[h
`[]c b_[m kl]m qnd^`[]^ s Z[ _l`[ `rf` `r[ �2�¤
qf_ fncl^` v [ ][mdq[m `l ��¤ u [xq[\` pl] `r[
`][f`c[_` lp �©�� b_ `r[ {_onb^r ^[_`[_q[ s
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Z[ \][^[_` `r[ a b_bcdc efg[^hi b^j fnbo_c[_`
pl]cdnf`bl_ f_m m[]bz[ aei fnbo_c[_` \]l q[h
md][^ d_m[] `r[ nl^^ pd_q`bl_^ lp ¬[q`bl_ � s



�bz[_ f `]f_^nf`[m \fb] lp {_onb^rh|][_qr ^[_h
`[_q[^ �� � � �u `r[ m[qlm[]

&
�� � � � \]lmdq[^ f_

fnbo_c[_` Á � �
&
�� � � �s i[nf`bz[ `l f ][ph

[][_q[ fnbo_c[_` Á u `r[ m[qlm[] \ []pl]cf_q[
b^ c[f^d][m f^ � �Á �

&
�� � � ��s �d] olfn b^ `l

�_m `r[ m[qlm[] `rf` rf^ `r[ v [^` \ []pl]cf_q[
lz[] fnn `]f_^nf`[m ^[_`[_q[^ s trb^ b^ c[fh
^d][m `r]ldor `r[ efg[^ i b^j � �

&
�� � � �� ��� �$ �� �� � ¹� �Á � &

�� � � ��» s tr[ [x\ [q`f`bl_ b^
`fj[_ k b`r ][^\ [q` `l `r[ `]d[ mb^`]bvd`bl_
� �Á �� � �� `rf` m[^q]bv [^ ªrdcf_ ydfnb`g« fnbo_hc[_`^ lp `]f_^nf`bl_^ f^ `r[g f][ pld_m b_ vb`[x` s
� bz[_ f nl^^ pd_q`bl_ f_m f \]lvfvbnb`g m b^`]bh

vd`bl_ u b` b^ k[nn j_lk_ `rf` `r[ m[qb^bl_ ]dn[
krbqr c b_ bc bw[^ `r[ efg[^ i b^j b^ o bz[_ vg `r[
pl nnlk b_o [x\][^^bl_ �e bqj[n f_m � lj^dc u ��		 �
�l [n f_m eg]_[ u ���� �s
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¬[z[]fn clm[nb_o f^^dc\`bl_^ rfz[ v [[_
cfm[ `l lv`fb_ `r b^ pl]c lp `r[ m[qlm[] s Z[
ml _l` rfz[ fqq[^^ `l `r[ `]d[ mb^`]bvd`bl_ lz[]
`]f_^nf`bl_^ s Z[ `r[][pl][ d^[ ^`f`b^`bqfn at
clm[n^ `l f\\]lx bcf`[ � �Á �� � ��s Z[ pd]`r[]hcl][ f^^dc[ `rf` `r[ ^\fq[ lp fnbo_c[_` fn`[]h
_f`bz[^ qf_ v[ ][^`]bq`[m `l f_ °±²³´µ ¶´· ±°··²
¶
� u krbqr b^ f qlc\fq` ][\][^[_`f`bl_ lp `r[ cl^`
nbj[ng kl]m fnbo_c[_`^ lp `r[ ^[_`[_q[ \fb] �� � � �
d_m[] `r[ vf^[nb_[ clm[n^ s
�` b^ qn[f] p]lc {ydf`bl_ � `rf` `r[ aei m[h

qlm[] b^ m[`[]c b_[m vg `r[ nl^^ pd_q`bl_ s tr[
� ¶´·¶´
¶ / ±²³´µ ¶´· 0��1� ][p[]^ `l `r[ nl^^
pd_q`bl_ `rf` obz[^ f \ [_fn`g lp � pl] f_g []]l]pdn
fnbo_c[_` ¡ � ��� �Á � Á � � � � � �$ % �Á �u kr[][ �$ %b^ `r[ b_mbqf`l] pd_q`bl_ lp `r[ ^[` Á � s tr[ aei
m[qlm[] d_m[] `rb^ nl^^ qf_ [f^bng v [ ^[[_ `l v [
`r[ afx bcdc �bj[nbrllm �a� � fnbo_c[_` d_h
m[] `r[ at clm[n^ ¡ 
Á � f]ocfx$ % � �Á � �� � � �strb^ bnnd^`]f`[^ krg k[ f][ b_`[][^`[m b_ aei
m[qlm[]^ vf^[m l_ l`r[] nl^^ pd_q`bl_^ ¡ `r[
a� m[qlm[] b^ l\`bc fn k b`r ][^\ [q` `l f nl^^
pd_q`bl_ `rf` b^ lz[]ng rf]^r s �` ml [^ _l` mb^h
`b_od b^r v[`k[[_ mb�[][_` `g\ [^ lp fnbo_c[_`
[]]l]^ f_m ollm fnbo_c[_`^ ][q[bz[ `r[ ^fc[
\ [_fn`g f^ \ ll] fnbo_c[_`^ s a l][lz[] u ^dqr f
rf]^r \ [_fn`g b^ \f]`bqdnf]ng b_f\\]l\]bf`[ kr[_
d_fcvbodld^ kl]mh`lhkl]m fnbo_c[_`^ qf__l`

v [ \]lz bm[m b_ fnn qf^[^ [z[_ vg rdcf_ `]f_^h
nf`l]^ krl \]lmdq[ `r[ ][p[][_q[ fnbo_c[_`^ s
tr[ �{i cfj[^ f_ [x\ nbqb` m b^`b_q`bl_ v [`k[[_
fcvbodld^ f_m d_fcvbodld^ kl]m fnbo_c[_`^ s
�m[fnngu `r[ m[qlm[] ^rldnm v[ fv n[ `l ml ^l f^
k[nn s a l`bzf`[m vg `rb^ u `r[ aei rg\l`r[^b^
qf_ v [ `rldor` lp f^ `r[ 
1´À¶´À�À ���1·� ¶À²À
d_m[] f \f]`bqdnf] nl^^ pd_q`bl_ ¡ {ydf`bl_ � ^[h
n[q`^ `r[ rg\l`r[^b^ `rf` b^ u b_ f_ fz[]fo[ ^[_^[ u
qnl^[ `l `r[ l`r[] nbj[ng rg\l`r[^[^ s �_ `rb^ kfgu
fcvbodb`g qf_ v [ ][mdq[m vg ^[n[q`b_o `r[ rgh
\ l`r[^b^ `rf` b^ ªcl^` ^bc bnf]« `l `r[ qlnn[q`bl_
lp cl^` nbj[ng qlc\[`b_o rg\l`r[^[^ s
Z[ _lk m[^q]bv [ `r[ fnbo_c[_` nf``bq[ �¬[qh

`bl_ 6 s�� f_m b_`]lmdq[ `r[ nf``bq[ vf^[m \]lvh
fv bnb`b[^ ][ydb][m pl] `r[ aei fnbo_c[_` �¬[qh
`bl_ 6 s� �s tr[ m[]bzf`bl_ lp `r[ aei fnbo_c[_`
d_m[] `r[ �{ f_m ��{ nl^^ pd_q`bl_^ b^ \][h
^[_`[m b_ ¬[q`bl_^ 6 s� f_m 6 s6 s
� �� 	 
��
��
� �)����� �

tr[ nf``bq[ � b^ ][\][^[_`[m f^ f Z[bor`[m | b_b`[
¬`f`[ t]f_^mdq[] �Z |¬t � �alr]b [` fn su ���� �
� � �� �� � � � � � � � k b`r f �_b`[ ^[` lp ^`f`[^ � u
f ^[` lp `]f_^b`bl_ nfv [n^ � u f_ b_b`bfn ^`f`[ � u `r[
^[` lp �_fn ^`f`[^ � u f_m f �_b`[ ^[` lp `]f_^b`bl_^
� s � `]f_^b`bl_ b_ `r b^ Z |¬t b^ obz[_ vg � �
�� � � � Â �  � kr[][ � b^ `r[ ^`f]`b_o ^`f`[ u � b^ `r[[_mb_o ^`f`[ u Â ¢ � b^ `r[ fnbo_c[_` nb_j f_m  
b^ `r[ k[bor` s |l] f_ {_onb^r ^[_`[_q[ lp n[_o`r
§ f_m f |][_qr ^[_`[_q[ lp n[_o`r ¯ u k[ m[�_[ �
f^ � � ¥�­ � � � ¡ ­ ¢ ¥�� � � ¦¦¦� ¯ ¨� � ¢ ¥� � �� ¦¦¦� § ¨¨ s
� 
1µ� ±¶·¶ �°·� `r]ldor `r[ Z|¬t b^

f ^[yd[_q[ lp `]f_^b`bl_^ obz[_ vg ! �
¥�� " � �" � Â" �  " �¨#"$ � ^dqr `rf` � � � � f_m �# ¢
� s {fqr qlc\n[`[ \f`r m[�_[^ f_ fnbo_c[_`
nb_j ^[` Á � ¥Â" ¨#"$ � s Z r[_ k[ k]b`[ Á ¢ � u
k[ c[f_ `rf` Á b^ m[]bz[m p]lc f qlc\n[`[ \f`r
`r]ldor � s trb^ fnnlk ^ d^ `l d^[ fnbo_c[_` clmh
[n^ b_ krbqr `r[ \]lvfvbnb`g lp f_ fnbo_c[_` qf_
v [ k]b``[_ f^ f ^dc lz[] fnbo_c[_` nb_j k[bor`^ u
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