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PQRS TUTVW XVUYS Z R[Q [QV \V]VWU[R^] ^_ XV`]R[V
aR bV bc d]RedVYf WV_VWWR]\g XVShWRT[R^]S h^][UR]R]\ SVi
j U][RhUYYf kU\dV VlTWVSSR^]S amYUW\V nc mSj UYY nc V[h bg b
o RWS[Yfc [QV TUTVW TW^T^SVS U SVj U][Rh U]UYfSRS ^_
kU\dV XVShWRT[R^]S [QU[ X^VS p d S[RhV [^ [QV h^][Vl[i
XVTV]XV][ j VU]R]\ ^_ [QV kU\dV VlTWVSSR^]S R]
[QVj b qVh^]XYfc [QV TUTVW SQ^Z S Q^Z [QRS SVj U][Rh
U]UYfSRS hU] rV RjTYVj V][VX dSR]\ U j^XR`hU[R^] ^_
[QV sUYV U]X tVR[VW auvvwg UY\^WR[Qj _^W [QV \V]VWi
U[R^] ^_ WV_VWWR]\ VlTWVSSR^]S b x ]^[Ur YV _VU[dWV ^_
[QV ]VZ UY\^WR[Qj RS [QU[ c d] YRyV sUYV U]X tVR[VW
auvvwg c R[ h^kVWS TYdWUY US ZVYY US SR]\d YUW z{S b PQRS
UY\^WR[Qj QUS r VV] RjTYVj V][VX R] U] VlTVWRj V][UY
z|} TW^\WUj dSR]\ {W^~�� b PQV TUTVW h^]hYdXVS rf
_^WjdYU[R]\ S^j V TWU\j U[Rh h^]S[WUR][S [QU[ h^dYX
UYY^Z U \V]VWU[^W [^ hQ^^SV r V[ZVV] XR�VWV][ SVj U]i
[RhUYYf h^WWVh[ XVShWRT[R^]S b
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q^jV TW^TVW[RVS hU] UTTYf [^ U] ^rp Vh[ [^ U \WVU[VW
^W YVSSVW XV\WVV b qdhQ h^][R]d^dS c ^W ����� TW^T VWi
[RVS c ZQRhQ hU] rV VlTWVSSVX rfc Uj^]\ ^[QVW T^Si
SRr RYR[ RVS c \WUXUrYV UXp Vh[RkVS aV b\ bc mSj UYY nc mYUW\V nc
V b\ b �dRWy V[ UY b uv�� SVh[R^]S w bw U]X w b�vg c T ^SV U
XR� hdY[ hQUYYV]\V [^ Vl RS[R]\ SVj U][Rh [QV^WRVS c [QVi
^WV[RhUY US ZVYY US h^jTd[U[R^]UY b PQV TW^rYVj S UWV
hUdSVX TUW[Yf rf [QV Vl[WVjV ������ ����  ������� ^_[QV VlTWVSSR^]S R]k^YkVX c U]X TUW[Yf rf [QV WVSRSi
[U]hV ^_ kU\dV TW^TVW[RVS [^ XRShWV[V j U[QVj U[RhUY
j ^XVYR]\ aV b\ bc qf][QVSV uv�w c {R]yUY uvvwg b PQV
ZVR\Q[ ^_ [QVSV TW^rYVj S RS R]hWVUSVX rf _Uh[ [QU[
kU\dV VlTWVSSR^]S UWV drRedR[^dS R] j U]f X^j UR]S b
PQV TWVSV][ TUTVW XVj^]S[WU[VS Q^Z U zU[dWUY |U]i
\dU\V }V]VWU[R^] a¡¢£g TW^\WUj hU] rV V]UrYVX [^
\V]VWU[V d]RedVYf WV_VWWR]\ XVShWRT[R^]S h^][UR]R]\
^]V \WUXUrYV UXp Vh[RkV c ��¤  ¥�� [QV kU\dV]VSS ^_ [QV
UXp Vh[RkV b ¦UkR]\ TWVSV][VX U SVj U][Rh U]UYfSRS _^W
SdhQ kU\dV XVShWRT[R^]S c ZV XVShWRr V [QV SVj U][Rh
h^WV ^_ U] ¡¢£ UY\^WR[Qj [QU[ QUS ]djVWRhUY XU[U US
R]Td[ U]X kU\dV ad]RedVYf WV_VWWR]\ g XVShWRT[R^]S US
^d[Td[ b

§]V TW^TVW[f SV[[R]\ ^dW [WVU[j V][ ^_ kU\dV]VSS
UTUW[ _W^j [QU[ R] ^[QVW ¡¢£ TW^\WUj S aV b\ b }^YXi
r VW\ uvv¨g RS [QU[ R[ dSVS kU\dV TW^TVW[RVS _^W U]
VlUh[ [USy c ]Uj VYf [QV WdYR]\ ^d[ ^_ XRS[WUh[^WS R]
WV_VWWR]\ VlTWVSSR^]S asUYV U]X tVR[VW uvvwg b x]i
^[QVW XRS[R]h[RkV TW^TVW[f RS [QU[ ^dW Uhh^d][ UYY^Z S
[QV mj VU]R]\ n ^_ kU\dV VlTWVSSR^]S [^ r V XV[VWj R]VX
rf U h^jrR]U[R^] ^_ YR]\dRS[Rh h^][Vl[ aR bV bc [QV ©^j i
j^] z^d] _^YY^Z R]\ [QV UXp Vh[RkVg U]X ]^]YR]\dRS[Rh
h^][Vl[ aR bV bc [QV TW^T VW[RVS ^_ [QV VYVj V][S R] [QV
X^jUR] g b
ª «¬� ­ ������ �® �����

���O��������
qVkVWUY XR�VWV][ U]UYfSVS UWV T^SSRrYV ^_ ZQU[ R[
j VU]S [^ r V c _^W VlUjTYV c mYUW\V n¯ YUW\VW [QU] UkVWi
U\V c YUW\VW [QU] j^S[ c V[h b °d[ [QVWV RS ]^[ ]VhVSSi
WRYf p dS[ ^]V h^WWVh[ U]UYfSRS b ©^]SRXVW U X^j UR] ^_
_^dW j RhV c SR±VX � cw c� c U]X u²hj b³ ´] [QRS hUSV c _^W
VlUjTYV c ^]V hU] ST VUy ^_

ub µ¶ � ·�¸� � ¹ ��¤�
º» �¶ � ��� ¼¶�¤� ¤¥½ � ¥¤ ¾¿�¹À c ÁÂÃ ^_
� b µ¶ � �¼� ·�¸� � ¹ ¥��º» �¶ � �¼ � ¼¶ �¤� ¤¥½ �¤ �¸� Ä ��� ¾¿�¹À b

©YVUWYfc ZQU[ R[ [UyVS [^ r V YUW\V QUS ]^[ r VV] ZWR[i
[V] R] S[^]V ¯ [QV ST VUyVW j Uf XVhRXV [QU[ �hj RS
V]^d\Q aUS R] a�gg c ^W SQV j Uf SV[ [QV S[U]XUWXS
QR\QVW aUS R] augg b x ]djVWUY aVlTYRhR[ c ^W RjTYRhR[
US R] augg c UYY^Z S [QV WVUXVW [^ j UyV R]_VWV]hVS Ur^d[
[QV S[U]XUWXS VjTY^fVX rf [QV ST VUyVW bÅ Æ ^WV TWVi
hRSVYfc R[ UTTVUWS [QU[ R] U XV`]R[V XVShWRT[R^] c [QV
UrS^Yd[V _^Wj ^_ [QV UXp Vh[RkV RS SVj U][RhUYYf VedRki
UYV][ Z R[Q [QV SdTVWYU[RkV _^Wj ¯
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PQRS hYURj c ZQRhQ QUS r VV] d]XVWT R]]VX rf U SjUYY
VlT VWRj V][ Z R[Q Qdj U] Sdrp Vh[S aSVV xTTV]XRl g c
j VU]S [QU[ R_ U SV][V]hV h^][UR] R]\ ^]V VYVj V][ ^_
U TURW RS [WdV [QV] S^ RS [QV h^WWVST^]XR]\ SV][V]hV
h^][UR]R]\ [QV ^[QVW b PQVWV UWV r^d]X [^ rV XR�VWi
V]hVS r V[ZVV] [QV [Z^ _^Wj S c rd[ [QVSV Z RYY r V [UyV]
[^ r V ^_ U   ¸��¹ ��¥� ]U[dWV c QUkR]\ [^ X^ Z R[Q _VYRhi
R[f WU[QVW [QU] [Wd[Q aSVV SVh[R^] w b�g b
x] RjT^W[U][ edUYR`hU[R^] jdS[ rV j UXV Z R[Q WVi
STVh[ [^ [QV U]UYfSRS [QU[ ZV TW^T^SV ¯ [^ SRjTYR_f
j U[[VWS c ZV USSdj V [QU[ [QV ���¥¸� X^jUR] ^_ WVYVi
kU][ R]XRkRXdUYS RS UkURYUrYV U]X [QU[ R[ RS [QRS X^i
j UR] UY^]V ZQRhQ RS [UyV] R][^ Uhh^d][ ZQV] [QV UXi
p Vh[RkV RS UTTYRVX b ´] [QV hUSV ^_ [QV VlUjTYV Ur^kV c
[Q RS jVU]S [QU[ UYY j RhV UWV RWWVYVkU][ VlhVT[ [QV
_^dW [QU[ UWV jV][R^]VX ¯ ]^ ^[QVW y]^Z YVX\V Ur^d[
[QV SR±V ^_ j RhV RS USSdj VX [^ rV UkURYUrYV b�
� �� � ���� Á 	 
�� ÁÂ�
�� ��� �Á���

�����
��
�Â�
|V[ dS rV j^WV TWVhRSV b ´] ^dW TWVSV][U[R^] c ZV Z RYY
_^ hdS ^] [QV UXp Vh[RkV mYUW\V nc Z R[Q^d[ R][V]XVX Y^SS
^_ \V]VWUYR[fb o^W SRjTYRhR[fc mYUW\V n Z RYY r V [WVU[VX
US SVj U][RhUYYf ^]ViXRj V]SR^]UY b

 � ���� 	Á����� � ������� 
�� �� ´j U\R]V U SV[
� ^_ h^][Vl[dUYYf WVYVkU][ U]Rj UYS b PQV] [QV z{
mPQV YUW\VS[ � j^dSV�jRhV n a� � ²g TWVSdTT^SVS
[QU[ [QVWV RS U]  ! � [QU[ h^][UR]S � VYVj V][S c
UYY ^_ ZQRhQ UWV j RhV c U]X SdhQ [QU[ aug � "  #$ %U]X a�g VkVWf j^dSV R] � "  RS Sj UYYVW [QU] Vki
VWf j^dSV R]  b ´_ SdhQ U SV[  Vl RS[S [QV] [QV z{
XV]^[VS  b PQV hUSV ZQVWV � $ uc WVUYR±VX US mPQV
&xXp 'iVS[ &©z () ' n a*+ $ SR]\dYUWg c _UYYS ^d[ Ud[^j U[i
RhUYYfb


 � ���� 	Á����� � 
�� �� PQRS Uhh^d][ hU] rV
Vl[V]XVX [^ h^kVW hUSVS ^_ [QV _^Wj mPQV &xXp 'iVS[
&©z, - ' n a. / $ TYdWUYg c ZQVWV [QV ]djVWUY � RS SdTi
TWVSSVX ¯ [QVSV Z RYY r V [UyV] [^ rV UjrR\d^dS r Vi
[ZVV] UYY VlTWVSSR^]S ^_ [QV _^Wj mPQV &xXp 'iVS[ �
&©z ' n ZQVWV � � ub PQdS c R] U X^jUR] ZQVWV [QVWV
UWV `kV j RhV c ^_ SR±VS ¨ c¨ c¨ cw c0 hj c [QV ^] Yf T^SSRrYV
kUYdV ^_ � RS � c hUdSR]\ [QV z{ [^ XV]^[V [QV [Z^
j RhV ^_ w U]X 0 hj SR±V b



 � ���� � 	Á��� ������� 
�� �� 1V U]UYfSV mPQV
� &xXp ' &©z ' n a� � ²g US SVj U][RhUYYf VedRkUYV][ Z R[Q
[QV h^WWVST^]XR]\ z{ ^_ [QV _^Wj mPQV &xXp 'iVS[ �
&©z ' nb mPQV [Z^ YUW\V j RhV nc _^W VlUjTYV c XV]^[VS U
SV[ ^_ [Z^ j RhV c VUhQ ^_ ZQRhQ RS rR\\VW [QU] UYY ^[QVW
h^][Vl[dUYYf WVYVkU][ j RhV b

2 � ���� 	Á��� � 
�� �� 3lTWVSSR^]S ^_ [QRS _^Wj hU]
rV U]UYfSVX US r VR]\ ^_ [QV _^Wj mPQV � &xXp ' &©z ' n
4 �¸ ¤�¹ � ��·�� �4 � b ´] ^[QVW Z^WXS c ZV Z RYY [UyV
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[QVj [^ rV UjrR\d^dS ^W d]STVhR`h H [QV XR�VWV]hV
Z RYY ]^[ j U[[VW _^W TWVSV][ TdWT^SVS H rV[ZVV] mPQV
� YUW\V j RhV nc mPQV � YUW\V j RhV nc V[h b
I ���������� �® J���� ���O��������
}V]VWU[R^] ^_ XVShWRT[R^]S h^kVWS U ]djrVW ^_ [USyS c
^]V ^_ ZQRhQ h^]SRS[S ^_ `]XR]\ U SV[ K ^_ TW^TVW[RVS
ZQRhQ UYY^Z S U WVUXVW [^ TRhy ^d[ U \RkV] d]RedV R]i
XRkRXdUY ^W SV[ ^_ R]XRkRXdUYS b PQV S[U[V ^_ [QV UW[
RS XRShdSSVX R] sUYV U]X tVR[VW auvvwg c ZQ^ TWVSV][
U h^jTd[U[R^]UYYf [WUh[UrYV UY\^WR[Qj _^W hQUWUh[VWi
R±R]\ ¥��¥�¥���·¤b PQRS UY\^WR[Qj aQV]hV_^W[Q LMN g c
XVUYS Z R[Q kU\dV TW^TVW[RVS c SdhQ US OPQR c [^ S^j V
Vl[V][ c rd[ [QVSV UWV [WVU[VX US R_ [QVf ZVWV h^][Vl[i
R]XVT V]XV][ ¯ UYZUfS UTTYfR]\ [^ [QV SUj V SV[S ^_
^rp Vh[S b
´] jU]f hUSVS c \V]VWU[R]\ kU\dV XVShWRT[R^]S R]i
k^YkVS \V]VWU[R]\ U TYdWUY U]X ]^ \V]VWUYYf UhhVT[VX
Uhh^d][ ^_ [QV \V]VWU[R^] ^_   ·�¸�· XVShWRT[R^]S QUSr VV] UXkU]hVX S^ _UW b ´] [QV _^ YY^Z R]\ SVh[R^] c [QVWVi
_^WV c U \V]VWUYR±U[R^] ^W LMN ZRYY r V ^�VWVX c hUYYVX
LMNS -TU c ZQRhQ _^ hdSVS ^] ¤��¤ ^_ R]XRkRXdUYS b ©QUWi
Uh[VWR±U[R^] ^_ U] ¥��¥�¥���· Z RYY _UYY ^d[ US U ST VhRUY
hUSV ^_ [QV UY\^WR[Qj b
V �� W 	��Á 	 � ����
��
�Â� X � Á 	� ÁÂÃ Y�
���

��Â��Á 	
Z�Ã
PQV   ¸�  �¸�¥�¤ ZQRhQ _^Wj [QV rUSRS ^_ LMNS -TU UWV
j^XVYVX US TURWS ^_ [QV _^Wj [x[[WRrd[V c\UYdV ] b ´]
^dW TWVSV][U[R^] ^_ [QV UY\^WR[Qj c ZV Z RYY _^ hdS ^]
h^jTYV[V TW^T VW[RVS aR bV bc [x[[WRrd[V c\UYdV ] TURWSg
WU[QVW [QU] U[[WRrd[VS c US R] sUYV U]X tVR[VW auvvwg c
SR]hV [QRS _UhRYR[U[VS [QV dSV ^_ SV[i[QV^WV[Rh [VWj Ri
]^Y^\fb qdTT^SV  RS [QV m[UW\V[ n SV[ ^_ R]XRkRXdi
UYS aR bV bc [QV SV[ ^_ R]XRkRXdUYS [^ r V hQUWUh[VWR±VXg
U]X � aZQVWV  ! � g RS [QV SV[ ^_ R]XRkRXdUYS 4 ¸�¹
¼¶ ¥�¶  RS [^ rV SVYVh[VX b^ ´]_^Wj UYYf i U]X _^Wi
\V[[R]\ Ur^d[ [QV STVhRUY [WVU[j V][ ^_ QVUX ]^d]S i
ZQU[ QUTTV]S RS [QV _^YY^Z R]\ ¯ PQV UY\^WR[Qj R[VWi
U[VS [QW^d\Q U YRS[ _ R] ZQRhQ [QV TW^T VW[RVS UTTVUW
R] ^WXVW ^_ mTWV_VWV]hV n` _^W VUhQ U[[WRrd[V c R[ hQVhyS
ZQV[QVW STVhR_f R]\ U kUYdV _^W [QU[ U[[WRrd[V Z^dYX
WdYV ^d[ U[ YVUS[ ^]V UXXR[R^]UY j VjrVW ^_ � ` R_ S^ c
[QV U[[WRrd[V RS UXXVX [^ K c Z R[Q U SdR[UrYV kUYdV b
aPQV kUYdV hU] rV ^T[Rj R±VX dSR]\ S^j V _dW[QVW h^]i
S[WUR][S rd[ [QVSV Z RYY r V XRSWV\UWXVX QVWV bg ´]XRkRXi
dUYS [QU[ UWV WdYVX ^d[ rf U TW^TVW[f UWV WVj^kVX
_W^j � b PQV TW^ hVSS ^_ VlTU]XR]\ K U]X h^][WUh[R]\
� h^][R]dVS d][RY � $  b PQV TW^TVW[RVS R] K hU]
rV dSVX rf U YR]\dRS[Rh WVUYR±U[R^] j^XdYV [^ TW^i
XdhV z{S SdhQ US mPQV ZQR[V j RhV nc mPQV ZQR[V j RhV
[QU[ UWV TWV\]U][ nc V[h b qhQVjU[RhUYYfc [QV UY\^WR[Qj\^VS US _^YY^Z S ¯ aa ����¥�� b }RkV] U TW^TVW[f c c [QV
SV[ ^_ ^rp Vh[S [QU[ QUkV [QV TW^T VW[f c RS XV]^[VX
&&c'' bg
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?@����¤¤ A jVU]S [QU[ [QV TW^T VW[RVS R] K UWV Sd� i
hRV][ [^ hQUWUh[VWR±V  b PQdS c B C &&_ D '' ¯ _ D E K F $  b
PQV hUSV R] ZQRhQ  RS U SR]\YV[^] SV[ Uj^d][S [^
[QV \V]VWU[R^] ^_ U SR]\d YUW XVShWRT[R^] ¯ LMNS -TU
rVh^j VS Ved RkUYV][ [^ LMN aXVShWRrR]\ [QV R]XRkRXi
dUY G g ZQV]  R] LMNS -TU RS WVT YUhVX rf CG F b
LMNS -TU dSVS Q RYY hYRjrR]\ ¯ U] R]hWVUSR]\Yf \^^X
UTTW^l Rj U[R^] ^_  RS UhQRVkVX Z R[Q VkVWf h^][WUhi
[R^] ^_ � b {W^kRXVX [QV R]R[RUY � RS `]R[V c LMNS -TU
`]XS U SdR[Ur YV K R_ [QVWV Vl RS[S ^]V b 3UhQ TW^TVW[f
RS h^]SRXVWVX U[ j^S[ ^]hV c R] ^WXVW ^_ mTWV_VWV]hV nb
x S U h^]SVedV]hV c K hU] h^][UR] SVj U][RhUYYf WVXd]i
XU][ TW^T VW[RVS H hUdSR]\ [QV XVShWRT[R^]S [^ r Vh^j V
j^WV ]U[dWUY c h_ b s UYV U]X tVR[VW uvvw H U]X [QV UYi
\^WR[Qj RS T^Yf]^j RUY R] [QV hUWXR]UYR[f ^_ _ b
H�����¤ I JMNS -TU X^VS ]^[ UYY^Z U \V]VWU[^W [^ R]i
hYdXV h^YYVh[RkV TW^T VW[RVS R] U XVShWRT[R^] c US R] m[QV
[Z^ ��¥�¶ K��¸¥�� Q^dSVS nc _^W VlUjTYV b odW[QVWj^WV c
LMNS -TU hU]]^[ r V VjTY^fVX [^ \V]VWU[V h^]p ^R]VX
z{S ¯ ´[ \V]VWU[VS z{S YRyV m[QV YUW\V ZQR[V j^dSV n
rd[ ]^[ m[QV rYUhy hU[ ��� [QV YUW\V ZQR[V j^dSV nb
oW^j U \V]VWUY kRVZT^R][ ^_ \V]VWU[R]\ XVShWRT[R^]S c
[Q RS RS U] RjT^W[U][ YRj R[U[R^] ZQRhQ RS c j ^WV^kVW c
XR� hdY[ [^ ^kVWh^jV R] U h^jTd[U[R^]UYYf [WUh[UrYV
Uhh^d][ b ´] [QV TWVSV][ h^][Vl[ c Q^ZVkVW c [QV YRj i
R[U[R^] RS R]VSSV][RUY c SR]hV ZQU[ RS hWdhRUY QVWV RS
[QV R][VWUh[R^] rV[ZVV] U] xXp Vh[RkV U]X U aT^SSRr Yf
h^jTYVl g ©^jj^] z^d] _^YY^Z R]\ R[ ¯ R] j^WV h^j i
TYVl h^]S[Wdh[S ^_ [QV _^Wj mz{ U]X [QV xXp ©z nc
^] Yf ©z U�Vh[S [QV j VU]R]\ ^_ xXp b L PQVWV RS ]^
]VVX _^W dS [^ S^YkV [QV QUWXVW TW^rYVj ^_ `]XR]\ U]
V� hRV][ UY\^WR[Qj _^W \V]VWU[R]\ z{S d]RedVYf XVi
ShWRrR]\ UWrR[WUWf SV[S ^_ ^rp Vh[S c rd[ ^] Yf [QV VUSRVW
TW^rYVj ^_ X^R]\ [QRS ZQV]VkVW U a]^]h^]pd]h[RkVg
z{ ^_ [QV _^Wj m[QV xXp ©z n RS T^SSRrYV b
M ���������� �® ����� ���O��������
1V ]^Z [dW] ^dW U[[V][R^] [^ Vl[V]SR^]S ^_ LMNS -TU
[QU[ \V]VWU[V XVShWRT[R^]S h^][UR] R]\ [QV VlTWVSSR^]
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^_ ^]V kU\dV TW^TVW[fb ©USV 
 ^_ SVh[R^] � buc mPQV
YUW\VS[ � hQRQdUQdUS n Z RYY r V XRShdSSVX R] S^j V XVi
[URY b x YY [QV ^[QVWS UWV j R]^W kUWRU[R^]S b

�� ��	Á�
2� ÁÃP ���
2�� � oRWS[ c mPQV YUW\VS[ hQRi
QdUQdU nb 1V Z RYY USSdj V [QU[ OPQR RS S[^WVX aR] [QV
QR [QU[ _^Wj S [QV R]Td[ [^ [QV \V]VWU[^Wg US U] U[i
[WRrd[V Z R[Q VlUh[ ]dj VWRhUY kUYdVS b 1V Z RYY [UyV
[QVj [^ rV ^_ [QV _^Wj � ST c ZQVWV � RS U T^SR[RkV
]U[dWUY ]djrVW b o^W VlUjTYV c

UVWR $ ��� X �¶ ¥¶��¶��
YZ[Z\] $ K·��^ X K·� �X _�· ·�¼
OPQR $ uST ` �ST ` aaa` u²ST b

1 R[Q [QRS QR US R]Td[ c LMN UYY^Z S dS [^ \V]VWU[V
z{S rUSVX ^] K $ CfVYY^Z chQ RQdUQdU cvST F c _^W Vli
UjTYV c VlTY^R[R]\ [QV ]djrVWikUYdVX U[[WRrd[V OPQR b
PQV WVSdY[ h^dYX r V [QV z{ mPQV vhj fVYY^Z hQRi
QdUQdU nc _^W VlUjTYV b PQV hQUYYV]\V c Q^ZVkVW c RS
[^ \V]VWU[V SdTVWYU[RkVS YRyV mPQV ·�¸� �¤� fVYY^Z hQRi
QdUQdU n R] S[VUX b
PQVWV UWV SVkVWUY ZUfS R] ZQRhQ [Q RS hQUYYV]\V
j Uf rV U]SZVWVX b §]V T^SSRrRYR[f RS [^ WVTYUhV
U] VlUh[ kUYdV YRyV vST c R] K c rf U SdTVWYU[RkV
kUYdV ZQV]VkVW UYY XRS[WUh[^WS QUTTV] [^ QUkV U
SjUYYVW SR±V b PQV WVSd Y[ Z^dYX r V U ]VZ YRS[ K $CfVYY^Z chQRQdUQdU cYUW\VS[ ³F c ZQVWV mYUW\VS[ ³ n RS [QV
TW^T VW[f mr VR]\ [QV d]RedV YUW\VS[ VYVj V][ ^_ � nb
PQRS YRS[ hU] [QV] rV WVUYR±VX US U SdTVWYU[RkV z{b
1V Z RYY TWVSV][ U XR�VWV][ UTTW^UhQ [QU[ RS j ^WV
VUSRYf Vl[V]XVX [^ T YdWUYS c \RkV] [QU[ U TYdWUY XVi
ShWRT[R^] YRyV m[QV � YUW\V j RhV n X^VS ]^[ WVedRWV [QV
[Z^ j RhV [^ QUkV [QV SUj V SR±V b
qdTT^SV OPQR RS [QV ^] Yf kU\dV TW^TVW[f R] [QV QR b
\U\dV TW^TVW[RVS UWV YVSS mTWV_VWWVX n aR] [QV SV]SV
^_ SVh[R^] � bug [QU] ^[QVWS ab WUQj VW U]X PQVd]V
uvvvg bc xS U WVSdY[ c ZQV] [QVf UWV [UyV] R][^ h^]SRXi
VWU[R^] c UYY [QV ^[QVW WVYVkU][ TW^T VW[RVS UWV UYWVUXf
R] K b o^W R]S[U]hV c USSdj V [QU[ [QRS RS [QV QR c U]X
[QU[ [QV ^rp Vh[ [^ r V XVShWRrVX RS S^ ¯

[fT V aS ³ ` SÅ ` S� ` S^ g$hQRQdUQdU[fTV a. L g$T^^XYVSR±V aS³ g$�hjSR±V aSÅ g$whjSR±V aS� g$dhjSR±V aS^ g$ SR±V a. L g$vhj
x[ [Q RS T^R][ c ¥�VedUYR[ RVS ^_ [QV _^Wj *ef g ah g �
T ST UWV UXXVX [^ [QV QR b o^W VkVWf kUYdV ^_
[QV _^Wj � ST ^ hhdWR]\ R] [QV �·� QR c UYY R]VedUYi
R[RVS ^_ [QV _^Wj *ef g ah g � � ST UWV UXXVX ZQ^SV
[Wd[Q 4 �· ·�¼¤ _W^j [QV ^YX QR b ´]VedUYR[RVS UWV j^WV
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TWV_VWWVX [QU] VedUYR[RVS c ZQRYV Y^\RhUYYf S[W^]\VW R]i
VedUYR[RVS UWV j^WV TWV_VWWVX [QU] Y^\RhUYYf ZVUyVW
^]VS b� PQdS c R] ^WXVW ^_ TWV_VWV]hV c

SR±V aS^ g cSR±V a. L g � dST
SR±V aS� g cSR±V aS^ g cSR±V a. L g � wST
SR±V aSÅ g cSR±V aS� g cSR±V aS^ g cSR±V a. L g � �ST b

PQV `WS[ TW^T VW[f [QU[ j UyVS R[ R][^ K RS mhQRi
QdUQdU nc ZQRhQ WVj^kVS . L rd[ ]^[ S^ _W^j [QV h^]i
[Vl[ SV[ b atVSdY[ ¯ � $ CS³ ` aaa` S^ F bg z^Z SR±V RS
[UyV] R][^ Uhh^d][ c U]X [QV TW^TVW[f *ef g ah g � dST
SR]\YVS ^d[ S^ b PQV WVSd Y[R]\ YRS[ RS K $ ChQRQdUQdU c
� dST F b PQRS RjTYRVS [QU[ S^ RS �¶ � �� ·_ hQRQdUQdU
R] [QV QR [QU[ RS \WVU[VW [QU] dST U]X h^]SVedV][Yfc
[QV TW^T VW[f *ef g ah g � dST hU] rV WVTYUhVX c R] K c rf
[QV TW^T VW[f ^_ mr VR]\ YUW\VW [QU] UYY ^[QVW VYVj V][S
^_ � nb PQV WVSdY[ RS U YRS[ [QU[ j Uf rV ZWR[[V] US
K $ ChQRQdUQdU c YUW\VS[ ³ F c ZQRhQ hU] rV VjTY^fVX
[^ \V]VWU[V [QV XVShWRT[R^] m[QV YUW\VS[ hQRQdUQdU nb
� ·�¸�·¤ hU] rV [WVU[VX UY^]\ U]UY^\^dS YR]VS b qdTi
T^SV c _^W VlUjTYV c [QV _Uh[S R] [QV QR UWV [QV SUj V
US Ur^kV U]X [QV [UW\V[ SV[  RS CS� ` S^ F b ´[S [Z^ VYVi
j V][S SQUWV [QV TW^T VW[f *ef g ah g � wST b PQRS TW^Ti
VW[f RS VlTY^R[VX rf LMNS -TU [^ h^]S[Wdh[ [QV YRS[
K $ ChQRQdUQdU c�whj F b x]UY^\^dS [^ [QV SR]\d YUW
hUSV c [QV R]VedUYR[f hU] rV WVTYUhVX rf [QV TW^TVW[f
mrVR]\ U SV[ UYY ^_ ZQ^SV VYVj V][S UWV YUW\VW [QU]
UYY ^[QVW VYVj V][S ^_ � n aYUW\VS[� c _^W SQ^W[ g c YVUXR]\
[^ z{S SdhQ US m[QV YUW\VS[ hQ RQdUQdUS nb §T[R^]UYYfc
[QV ]djVWUY j Uf rV R]hYdXVX R] [QV z{ am[QV �¼ �
YUW\VS[ hQRQdUQdUS ng b
H �����	��� � ÁÃP ���
2�� � PQV S[VT _W^j [QV Sdi
T VWYU[RkV XVShWRT[R^]S ^_ hUSV 
 [^ [QV U]UY^\^dS mUri
S^Yd[V n XVShWRT[R^]S RS U SjUYY ^]V b |V[ dS `WS[ [dW]
[^ hUSV 


 c mPQV � YUW\V j^dSV�jRhV nb x SSdj R]\ [QV
h^WWVh[]VSS ^_ [QV SVjU][Rh U]UYfSRS R] SVh[R^] � c [QV
z{ mPQV � YUW\V j^dSV�j RhV n RS SVj U][RhUYYf VedRki
UYV][ [^ [QV ^]V XRShdSSVX d]XVW 
 b ©^]SVedV][Yfc
U] ^rkR^dS kUWRU][ ^_ [QV UY\^WR[Qj [QU[ ZUS p dS[
XVShWRrVX hU] rV dSVX _^W \V]VWU[R]\ R[ b ao^W TWU\i
j U[Rh RSSdVS c SVV SVh[R^] w b�g
oR]UYYfc hUSV 
2 c mPQV YUW\V j RhV nb qVj U][RhUYYfc
[Q RS X^VS ]^[ R][W^XdhV U]f ]VZ TW^rYVj S c SR]hV
R[ RS [^ hUSV 


 ZQU[ hUSV 

 RS [^ hUSV 
 b x hh^WXi
R]\ [^ [QV SVj U][Rh U]UYfSRS ^_ SVh[R^] � buc mPQV
YUW\V j RhV n SQ^dYX r V U]UYfSVX p dS[ YRyV mPQV � YUW\V
j^dSV�j RhV nc VlhVT[ [QU[ [QV ]djVWUY � RS SdTi
TWVSSVX b PQRS j VU]S [QU[ U SRjTYR`VX kVWSR^] aR bV bc
Z R[Q^d[ U hUWXR]UYR[f hQVhy g ^_ [QV UY\^WR[Qj [QU[
[UyVS hUWV ^_ hUSV 


 ZRYY rV Sd� hRV][ [^ \V]VWU[V
XVShWRT[R^]S ^_ [QRS yR]X b

�C àâ àÔ ��� � æ	 ç 
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� J��O������� ��� ����� ����
1V QUkV SQ^Z] Q^Z kU\dV XVShWRT[R^]S hU] rV \V]i
VWU[VX [QU[ j UyV dSV ^_ ^]V kU\dV TW^TVW[fb 1V r Vi
YRVkV ^dW Uhh^d][ [^ r V U] R]S[Wdh[RkV j^XVY ^_ Q^Z
[QV mWUZ XU[U n R] U S[U]XUWX y]^Z YVX\V rUSV hU] rV
TWVSV][VX R] 3]\YRSQ VlTWVSSR^]S [QU[ QUkV U kVWf XR_i
_VWV][ S[Wdh[dWV b PQV ]djVWRhUY XU[U [QU[ UWV [QV R]i
Td[ [^ ^dW UY\^WR[Qj c _^W VlUjTYV c [UyV U kVWf XR�VWi
V][ _^Wj R] [QV XVShWRT[R^]S \V]VWU[VX c U]X fV[ [QVWV
RS c R] U] R][VWVS[R]\ SV]SV c ]^ Y^SS ^_ R]_^Wj U[R^] ¯ U
XVShWRT[R^] QUS [QV SUjV WV_VWV]hV c ZQV[QVW R[ dSVS
mVlUh[ n R]_^Wj U[R^] amPQV �ST j^dSV ng ^W mkU\dV n R]i
_^Wj U[R^] amPQV YUW\V j^dSV ng b�
� �� � 
� 
�Á�
�Â� �� ��� ��� ÁÂ�
� ÁÂÁ 	��
�
§dW TW^T^SUY h^kVWS [QV \V]VWU[R^] ^_ kU\dV XVShWRTi
[R^]S ?4 ¸�¹ �K¤�·��� ��·��¤ Ac ZQRhQ RS UW\dVX R] sUYV
U]X tVR[VW auvvw c SVh[R^] w bub�g [^ r V j^S[ TWUh[Ri
hUYYf dSV_dY b 1 QV] kU\dV R]Td[ RS UkURYUrYV aV b\ bc R]
[QV \V]VWU[R^] h^jT^]V][ ^_ U Æ UhQR]V PWU]SYU[R^]
SfS[Vj c ^W R] ������� iS[fYV \V]VWU[R^] a{^ZVW U]X
qh^[[ uvvdgg c SRjTYVW j V[Q^XS hU] rV dSVX b §dW ^Z]
Uhh^d][ RS YRj R[VX [^ [QV \V]VWU[R^] ^_ XV`]R[V XVi
ShWRT[R^]S U]X ]^ ^rkR^dS \V]VWUYR±U[R^] [^ R]XV`]R[V
^W edU][R`VX z{S Vl RS[S b §[QVW YRj R[U[R^]S R]hYdXV
U b sVShWRT[R^]S [QU[ h^][UR] TW^T VW[RVS _^W ^[QVW

[QU] R]XRkRXdU[R]\ WVUS^]S aUS ZQV] S^j V^]V
USyS f^d [^ hYVU] m[QV XRW[f [UrYV hY^[Q n ZQV]
^]Yf ^]V [UrYV hY^[Q RS R] SR\Q[g b PQRS YRj R[U[R^]
RS R]QVWR[VX XRWVh[Yf _W^j [QV LMN UY\^WR[Qj[QU[ ^dW ^Z] UY\^WR[Qj Vl[V]XS b

r b sVShWRT[R^]S h^][UR]R]\ j^WV [QU] ^]V kU\dV
TW^TVW[fc SdhQ US mPQV _U[ [UYY r^^yhUSV nc ZQ^SV
j VU]R]\ RS j ^WV WUXRhUYYf d]hYVUW [QU] [QU[ ^_
XV`]R[V XVShWRT[R^]S h^][UR]R]\ ^] Yf ^]V kU\dV
[VWj b aPQV r^^yhUSV j Uf rV ]VR[QVW [QV _U[[VS[
]^W [QV [UYYVS[ c U]X R[ RS ]^[ hYVUW Q^Z [QV [Z^
XRj V]SR^]S UWV ZVR\QVX bg

h b sVShWRT[R^]S [QU[ WVYf ^] [QV SUYRV]hV ^_ h^]i
[Vl[dUYYf UkURYUrYV ^rp Vh[S b b WUQjVW U]X PQVi
d]V auvvd g QUkV SQ^Z] [QU[ U h^][Vl[dUYYf
j^WV UXVedU[V kVWSR^] ^_ LMN hU] rV ^r[UR]VX
ZQV] XV\WVVS ^_ SUYRV]hV UWV [UyV] R][^ Uhh^d][ b
PQVRW Uhh^d][ hU] rV SdjjUWR±VX US U]UYfSR]\
m[QV rYUhy X^\ n US XV]^[R]\ [QV d]RedV j^S[
SUYRV][ ^rp Vh[ R] [QV X^jUR] [QU[ RS r^[Q rYUhy
U]X U X^\ b a}V]VWUYR±U[R^]S ^_ [QRS RXVU [^
LMNS -TU UWV h^]hVRkUrYV rd[ ]^][WRk RUY SR]hV
]^[ UYY VYVj V][S ^_ [QV SV[  QUkV [^ r V VedUYYf
SUYRV][ bg §dW ^Z] Vl[V]SR^]S ^_ LMN aU]X TVWi
QUTS LMNS -TU g h^dYX rV mh^][Vl[dUYR±VX n R_ [QV
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W^YV ^_ SUYRV]hV RS hQU]\VX SYR\Q[Yf ¯ _^ hdSR]\ ^]
[QV SR]\dYUW hUSV c [QV UY\^WR[Qj hU] c _^W VlUj i
TYV c r V UXUT[VX [^ YV\RSYU[V [QU[ m[QV YUW\V aVS[ g
j ^dSV n XV]^[VS [QV YUW\VS[ ^_ UYY [Q^SV j RhV
[QU[ UWV SUYRV][ aUhh^WXR]\ [^ S^jV S[U]XUWX ^_
SUYRV]hVg b z^[V [QU[ [Q RS U]UYfSRS TWVXRh[S �¹ �
K¥��¥�_ ZQV] [QV YUW\VS[ j^dSV [QU[ RS SUYRV][
Uhh^WXR]\ [^ ^]V S[U]XUWX RS Sj UYYVW [QU] [QV
YUW\VS[ j^dSV [QU[ RS SUYRV][ Uhh^WXR]\ [^ U j^WV
WVYUlVX S[U]XUWX b qdTT^SV c _^W VlUjTYV c


Á 	
�Â� ����
��� X
¹¾ a�hj g c ¹ � awhj g

Á 	
�Â� ���	Á��Ã � X
¹¾ a�hj g c ¹ � awhj g c ¹ � a�hj g `

[QV] m[QV YUW\V aVS[g j^dSV n j Uf XVSR\]U[V VRi
[QVW ¹ � ^W ¹ � XVTV]XR]\ ^] [QV S[U]XUWXS
^_ SUYRV]hV dSVX b 1 QU[ [QRS RYYdS[WU[VS RS [QU[
SUYRV]hV U]X SR±V UWV r^[Q kU\dV TW^TVW[RVS c U]X
[QU[ H US ZV QUkV SVV] d]XVW T^R][ r H h^jrR]i
R]\ kU\dV TW^TVW[RVS RS U [WRhyf rdSR]VSS b

� �� W�Á�� Á�
��
x] VlTVWRj V][UY {W^~�� a3 WrUhQ uvvwg TW^\WUj QUS
RjTYVjV][VX [QV UY\^WR[Qj S XVShWRr VX S^ _UW c \V]i
VWU[R]\ XR�VWV][ XVShWRT[R^]S c VUhQ ^_ ZQRhQ Z^dYX
UYY^Z U WVUXVW�QVUWVW [^ RXV][R_f U] ^rp Vh[ ^W U SV[
^_ ^rp Vh[S b °d[ ^_ h^dWSV c U] ¡¢£ TW^\WUj QUS [^ X^
j^WV [QU] XV[VWj R]V d]XVW ZQU[ hRWhdj S[U]hVS [QV
dSV ^_ U XVShWRT[R^] YVUXS [^ U [WdV S[U[Vj V][ ¯ U]
UXXR[R^]UY TW^r YVj RS [^ hQ^^SV [QV j^S[ UTTW^TWRi
U[V XVShWRT[R^] _W^j [Q^SV [QU[ UWV SVj U][RhUYYf h^Wi
WVh[ b PQRS j UyVS ¡¢£ U] RXVUY SV[[R]\ _^W VlTY^WR]\
RSSdVS [QU[ QUkV TYU\dVX SVj U][RhRS[S U]X TQRY^S^i
TQVWS ZQV] [QVf S[dXRVX [QV j VU]R]\ ^_ kU\dV Vli
TWVSSR^]S c SdhQ US ZQV[QVW R[ hU] rV �¸�� _^W [Z^
^rp Vh[S h U]X � ZQRhQ UWV R]XRS[R]\dRSQUrYV R] SR±V
[QU[ h RS YUW\V U]X � RS ]^[ aV b\ b qf][QVSV uv�wg b
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ZQV[QVW ^W ]^[ [Q RS SV[ ^_ ^rp Vh[S RS QVYX [^\V[QVW rf
STU[RUY T^SR[R^] ^W ^[QVW _Uh[^WS b qdrp Vh[S ZVWV TWVi
SV][VX Z R[Q �0 XR�VWV][ SR[dU[R^]S c R] VUhQ ^_ ZQRhQ
[QVf QUX [^ SUf ZQV[QVW [QV SV][V]hV

µ¶ � �¼� ¶ ¥�¶ ��¹ K�¸¤ �   ��¸ ¥� K¸��^ ��¤
Z^dYX h^]S[R[d[V U ��¸¸��� d[[VWU]hV b PQV YR[VWUY [Vl[
^_ ^dW edVS[R^] ZUS ¯

qdTT^SV f^d ZU][ [^ R]_^Wj U QVUWVW
�ZQRhQ ]djrVWS R] U \RkV] YRS[ UTTVUW R]
rWUhyV[S� c ZQVWV [QV QVUWVW y]^Z S ZQU[
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