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KLMNOPQRS TUVWXYZ[\] VT^\_Z`] [Tab_ZWXY c_bb[V dT[WeZf[V] Uf_fTV ab`ZX

g �hijklmniokh

p[ aX[q UrqVZWXY U_f^YbaV] erb_b X_b VWXYbV erXe X_b eff s[b ef _bVfYtb f[
X[q _bXVf[X^Yb WfaUTeXeZf[XY abVru vrb f^wbWeZtb fd TUVWXYZ[\ f_ rfaf\bx
[ZyXeZf[ ZV ef _bUYXWb erb \ftb_[Z[\ bzTXeZf[V ^q X VZaUYb_ Vbe fd bzTXeZf[V
df_ {rZWr erb VfYTeZf[ WX[ ^b _bVfYtb` f[ X _bXVf[X^Yb WfX_VbxVWXYb abVr X[`
XUU_f|ZaXebV erb Xtb_X\b ^brXtZf_ fd erb VfYTeZf[ fd erb \ftb_[Z[\ bzTXeZf[Vu
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p[ ZeV VZaUYbVe df_a] f[b _bUYXWbV erb Wfb	WZb[eV fd erb \ftb_[Z[\ bzTXeZf[V
{Zer X[ b
bWeZtb f_ aXW_fVWfUZW Wfb	WZb[e �̄ �u vrZV {f_V {bYY Z[ Wb_eXZ[
VZeTXeZf[V ��] ��] ^Te [fe Vf {bYY Z[ ferb_Vu Odeb[ Ze ZV [bWbVVX_q ef WrX[\b erb
df_a fd erb \ftb_[Z[\ bzTXeZf[V ef f^eXZ[ X VTZeX^Yb WfX_VbxVWXYb af`bY �®��
erb_b ZV [f � ������ _bXVf[ ef b|UbWe ferb_{ZVbu RTWr ZV bVUbWZXYYq erb WXVb
{rb[ [f[YZ[bX_ZeZbV X_b U_bVb[e] VZ[Wb Ze ZV {bYY [f{[ erXe X dT[WeZf[ fd X[
Xtb_X\b ZV ��� erb Xtb_X\b fd erb dT[WeZf[u �X_ZfTV ebWr[ZzTbV X_b TVb` Z[
erZV WXVb] Z[WYT`Z[\ rfaf\b[ZyXeZf[ ��] ���] erb `bs[ZeZf[ fd UVbT`fxdT[WeZf[V
�XYeb_b` df_aV fd erb [f[YZ[bX_ dT[WeZf[V erXe XUUbX_ Z[ erb \ftb_[Z[\ bzTXx
eZf[V�] erb TVb fd _b[f_aXYZyXeZf[ aberf`V ���] X[` aX[q ferb_ ebWr[ZzTbVu

p[ eb_aV fd erb VZaTYXeZf[ fd �f{ X[` e_X[VUf_e Z[ X Uf_fTV ab`ZTa]
fT_ \fXY df_ [f[YZ[bX_ TUVWXYZ[\ Z[ erZV UXUb_ {ZYY ^b ef _bVfYtb Vfab fd erb
s[b_ VWXYbV Z[ erb VfYTeZf[ `Z_bWeYq] Vf erXe [f YfVV fd XWWT_XWq `Tb VfYbYq ef
Xtb_X\Z[\ {ZYY _bVTYeu Nb {ZYY erb[ ^b X^Yb ef Z[Wf_Uf_Xeb `Z_bWeYq Z[ef erb
VZaTYXeZf[ _bYXeZtb X[` X^VfYTeb Ub_abX^ZYZeq] Uf_fVZeq] WXUZYYX_q U_bVVT_b]
X[` {bYY YfWXeZf[ Z[df_aXeZf[ f[ VWXYbV VaXYYb_ erX[ erb WfaUTeXeZf[XY \_Z`u
vrXe ZV] fT_ [f[YZ[bX_ dT[WeZf[V VTWr XV _bYXeZtb Ub_abX^ZYZeq X[` WXUZYYX_q
U_bVVT_b [bb` [fe ^b af`Zsb`] VZ[Wb erb s[b VWXYbV rXtb ^bb[ VT	WZb[eYq _bx
VfYtb`u OT_ ebWr[ZzTb ZV ^XVb` f[ [Tab_ZWVu Nb XVVTab erXe X s[b \_Z` dTYYq
_bU_bVb[eV erb ZaUf_eX[e UrqVZWXY VWXYbV] X[` erXe fT_ WfaUTeXeZf[XY \_Z` ZV
Vfab{rXe WfX_Vb_u vrXe ZV] Ub_rXUV Vfab ferb_ rfaf\b[ZyXeZf[ ebWr[ZzTb
rXV bYbtXeb` erb U_f^Yba ef X _bXVf[X^Yb s[b VWXYb] ^Te erZV s[b VWXYb ZV VeZYY
eff s[b ef WfaUTeb ftb_u

Nb U_bVb[e fT_ Z`bXV ^q Wf[VZ`b_Z[\ s_Ve X U_f^Yba _bU_bVb[eZ[\ Z[Wfax
U_bVVZ^Yb] VZ[\YbxUrXVb �f{ Z[ X Uf_fTV ab`ZTa Z[ erb X^Vb[Wb fd \_XtZeqS

� �  ! "#
 ! $%�&#

���

{rb_b & ZV erb U_bVVT_b]% ZV erb Ub_abX^ZYZeq `ZtZ`b` ^q erb �TZ` tZVWfVZeq]  
ZV erb QX_Wq tbYfWZeq] X[` " _bU_bVb[eV erb {bYYVu 'f_ VZaUYZWZeq] Vbe  � ( ! �
f[ erb b|eb_[XY ^fT[`X_qu

)V X[ fTeYZ[b fd erb UXUb_] {b U_bVb[e Z[ *+ X `b_ZtXeZf[ fd erb TUVWXYb`
bzTXeZf[V df_ VZ[\Yb UrXVb �f{] Z[WYT`Z[\ X `bs[ZeZf[ fd fT_ WYfVT_b XVVTaUx
eZf[u p[ *® {b \Ztb X aZ|b` s[Zeb bYbab[e XUU_f|ZaXeZf[ fd erb bzTXeZf[V
erXe ZV WfaUXeZ^Yb {Zer erb WYfVT_b XVVTaUeZf[u ) VfYTeZf[ ebWr[ZzTb ^XVb`
f[ erb WfaUTeXeZf[ fd [Tab_ZWXY c_bb[V dT[WeZf[V ZV \Ztb[ Z[ *,u vrb XWWTx
_XWq fd erb aberf` ZV `ZVWTVVb` Z[ *¯u 'Z[XYYq Z[ *�] {b U_bVb[e ^_Zb�q erb
e{fxUrXVb U_f^Yba] dfYYf{b` Z[ *- ^q Vfab [Tab_ZWXY _bVTYeVu
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Nb _b{_Zeb ��� Z[ tX_ZXeZf[XY df_a XVS 'Z[` & � � ! �� X[`  �� !� �̀ Zt�
VTWr erXe

� � � � �� ! � " � �� �� � �#
� %�� � �� ! $� �& � �� ! � & � � �� � ! ��#
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{rb_b � �̀ Zt� ! " � ����# S�� � �� # �( ! � f[ erb b|eb_[XY ^fT[`X_q$u
%be �& X[` �& ^b erb WfaUTeXeZf[XYYq _bVfYtX^Yb UX_eV fd � X[` �] X[`

'� X[` '� erb _baXZ[`b_Vu vrXe ZV]

� !�& ( '�# � !�& ( '�#
& ! && ) '& � �& ( '�#  !  & ) ' ��& ( '�*

+,- ./01213456 57 891:/8
RbUX_Xeb erb s[b X[` 'xVWXYbV ^q _bVe_ZWeZ[\ ef XUU_fU_ZXeb ebVe dT[WeZf[V Z[
erb tX_ZXeZf[XY df_aTYXeZf[u 'f_ erb WfX_Vb VWXYb] {b rXtb

� � � � & ) ' ��& �� ! � " �& �� � �& � �& #
� %�� � & ) ' � � & �� ! � �&& ) '&�� � & �� �  & � �& #

�®�

X[` df_ erb 'xVWXYb]
� � � � & ) ' � '� �� ! � " '� �� � '� � '�#
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pd {b {b_b ef Z\[f_b erb 'xVWXYbV �Zubu] Ub_df_a [f TUVWXYZ[\�] erb[ {b {fTY`
VZaUYq Vbe ' ! �] '& ! �] X[` TVb f[Yq erb WfX_Vb bzTXeZf[ �®�u ;UVWXYZ[\
Wf[Wb_[V erb e_bXeab[e fd erbVb ferb_ eb_aV X[` �,�u

cZtb[ � & #&& # "�] {b WX[ VfYtb df_

' ! <=� & #&& # "� X[` '& ! <> � & #&& # "�# �¯�

{rb_b < ZV X aTYeZxYZ[bX_ fUb_Xef_u vrTV �®� ^bWfabV
� � � � & ) <=� & #&&# "���& �� ! � " �& �� � �& � �& #
� %�� � & ) <= � & #&&# "�� � & ��! � �&& ) <> � & #&&# "��� � & �� �  & � �& #
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UfVb` f[Yq f[ erb WfX_Vb VWXYbu Nb _baX_ erXe [f XUU_f|ZaXeZf[ rXV ^bb[
aX`b qbe� XYY VWXYbV X_b dTYYq _bVfYtb` ^q �,�?���u @f{btb_] erbVb e{f bzTXx
eZf[V X_b Z[e_Z[VZWXYYq WfTUYb`] VZ[Wb < ZV X [f[YfWXY fUb_Xef_u
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Qbs[b X WfX_Vb WfaUTeXeZf[XY \_Z` X[` XVVTab erXe

'� � ( ! � f[ ��& �-�

df_ bXWr WfX_Vb bYbab[e �& u vrb[ < �Zubu] �,�� ^bWfabV X YfWXY fUb_Xef_S
�	
 � � � & ) ' � '� �� ! �	
 " '� �� � '� � '� �	
 #
�	
%�� � & ) ' � � ' �� ! �	
 �&& ) '&�� � ' �� � ' � '� �	
 *
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�f[`ZeZf[ �-� ZV fT_ WYfVT_b XVVTaUeZf[u Nb rXtb XVVTab` erXe XYY [be �T|
^be{bb[ WfX_Vb bYbab[eV fWWT_V f[Yq f[ erb WfX_Vb VWXYbu
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Nb XVVTab erXe [bVeb` s[b X[` WfX_Vb WfaUTeXeZf[XY \_Z`V X_b TVb`] X[`
Ybe � X[` � ^b erb \_Z` VUXWZ[\V] _bVUbWeZtbYqu vrb s[b \_Z` ZV XVVTab` ef
^b bVVb[eZXYYq {rXe ZV [bb`b` ef dTYYq _bVfYtb erb UrqVZWXY VWXYbVu cb[b_XYYq
VUbXZ[\] {b b[tZVZf[ ��� XV X af`b_Xeb Z[eb\b_ �, ef ��] VXq�u

Nb XUU_f|ZaXeb �¯�?��� ^q X aZ|b` s[Zeb bYbab[e aberf`u Oerb_ `ZVx
W_beZyXeZf[V WfTY` ^b baUYfqb`� rf{btb_] erb YfWXY Wf[Vb_tXeZf[ fd erbVb aberx
f`V aXb erba Xee_XWeZtb df_ Uf_fTV ab`ZX VZaTYXeZf[ ��+�u vrbq XUU_f|Zx
aXeb ^fer erb U_bVVT_b X[` QX_Wq tbYfWZeq `Z_bWeYqu
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�fX_Vb �QQ'� tbYfWZeZbV
�
�
�

�
�
�
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� � �

'xVWXYb Pv� tbYfWZeZbV
���� �� vrb `b\_bbV fd d_bb`fa fd erb XUU_f|ZaXeZ[\ VUXWbVu

)V `bUZWeb` Z[ 'Z\u �] {b XUU_f|ZaXeb erb WfX_Vb bzTXeZf[ ��� f[ erb
WfX_Vb \_Z` {Zer �QQ'� VUXWbV ��Q�� Z[ +xQ� ��] -�u vrbVb VUXWbV rXtb
� `b\_bb fd d_bb`fa Ub_ WfX_Vb bYbab[e df_ erb U_bVVT_b XUU_f|ZaXeZf[] �& ]
X[` ® `b\_bbV fd d_bb`fa Ub_ WfX_Vb bYbab[e dXWb �+ Ub_ b`\b Z[ +xQ� df_
erb tbYfWZeq] �& u vrbq X_b VbWf[` f_`b_ XWWT_Xeb Z[ � df_ erb tbYfWZeq X[`
s_Ve f_`b_ df_ erb U_bVVT_bu vrb s[b \_Z` ZV TVb` df_ erb 'xbzTXeZf[ ���u
Nb TVb {ZerZ[ bXWr WfX_Vb bYbab[e Pv� VUXWbV ����u vrbVb rXtb f[b `b\_bb
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fd d_bb`fa Ub_ s[b bYbab[e df_ erb U_bVVT_b XUU_f|ZaXeZf[] '� ] VT^wbWe
ef erb _bzTZ_bab[e fd f_erf\f[XYZeq ef �& erXe erb Xtb_X\b ftb_ erb WfX_Vb
bYbab[e tX[ZVrbV] X[` Pv� rXV f[b `b\_bb fd d_bb`fa Ub_ s[b bYbab[e dXWb
df_ erb tbYfWZeq] '�] VT^wbWe ef erb WYfVT_b XVVTaUeZf[ �-�u vrbq X_b s_Ve
f_`b_ XWWT_Xeb Z[ � df_ ^fer erb U_bVVT_b X[` tbYfWZeq df_ U_bVVT_bV {Zer yb_f
Xtb_X\b ftb_ WfX_Vb bYbab[eV X[` tbYfWZeZbV {Zer yb_f [f_aXY WfaUf[b[eV f[
WfX_Vb bYbab[e ^fT[`X_ZbVu

Nb _baX_ erXe U_bVVT_b ZV _bVfYtb` dTYYq f[ erb s[b VWXYb] X[` df_aXYYq
XUU_f|ZaXeb` ef s_Ve f_`b_ Z[ �u vrb dXWe erXe erb �QQ'� VUXWb XUU_f|Zx
aXebV tbYfWZeq ef VbWf[` f_`b_ WfaUb[VXebV df_ erb WYfVT_b XVVTaUeZf[] {rZWr
XVVTabV XYY [be �f{ ^be{bb[ WfX_Vb bYbab[eV ZV f[ erb WfX_Vb VWXYbu NZerfTe
erZV WrfZWb] erb _bVTYeV `b\_X`b VZ\[ZsWX[eYq �,�u
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h� �mhniokh�
Nb U_bVb[e [f{ X ebWr[ZzTb ef VfYtb erb VqVeba fd bzTXeZf[V b	WZb[eYqu �bdf_b
{b bYX^f_Xeb] erb fTeYZ[b fd erb ebWr[ZzTb ZV XV dfYYf{Vu
�u �_bxVfYtb df_ erb Z[�Tb[Wb fd erb WfX_Vb VWXYb f[ erb 'xVWXYbu vrbVb

X_b VaXYY `ZVwfZ[e U_f^YbaV] f[b df_ bXWr WfX_Vb bYbab[e] ^q �-�u vrbVb
U_bxVfYTeZf[V X_b [Tab_ZWXY c_bb[V dT[WeZf[V df_ erb 'xU_f^YbaV ���u

+u RfYtb erb WfX_Vb VWXYb U_f^Yba ���] XWWfT[eZ[\ df_ erb U_bxVfYTeZf[ _bx
VUf[Vb fd erb 'xVWXYb ef erb WfX_Vb VWXYb Z[ �¯�u

®u �fVexVfYtb ef Wfa^Z[b _bVTYeV ef df_a erb s[bxVWXYb VfYTeZf[u
p[eb\_XYV ftb_ WfX_Vb bYbab[eV fd erb df_a�&�'� tX[ZVr ^q f_erf\f[XYZequ

RZ[Wb ���& !�& X[` ��'� ! '� ] Z[eb\_XYV fd ��'� ��& X[` ���& �'�
XYVf tX[ZVr� erTV] Vbtb_XY eb_aV Z[ erb bzTXeZf[V ^bYf{ tX[ZVru

�,- �2/�85:�3456
%fWXYYq f[ bXWr WfX_Vb bYbab[e �& ] Ybe  &�	 � �& rXtb �T| f[Yq Xe X VZ[\Yb
`b\_bb fd d_bb`fa �
 ! �# ***# �� Z[ ®xQ X[` 
 ! �# ***# � Z[ +xQ�u vrb[

 & !�
	 �	

 &�	 * ���

RfYtb erb dfYYf{Z[\ U_f^YbaV df_ erb [Tab_ZWXY c_bb[V dT[WeZf[Vu
������������� �����u 'Z[` ' � � '� X[` '&� � '� VTWr erXe

� � � ' � '� �� ! � " '� �� � '� � '� �	
 #
� %��' � � ' �� ! � '&�� � ' �� � ' � '� �	
 *
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�������� ��  &�	 u 'f_ bXWr 
] s[` ' 	 � '� X[` '&	 � '� VTWr erXe
� � � ' 	 '� �� ! � � '� � '� �	
 #
� %��� &�	 ) ' 	� � ' �� ! � '&	� � ' �� � ' � '� �	
 *
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�feb erXe erb Wfa^Z[XeZf[V
' � )�	 �	

' 	 � <=� & # "� ! ' #
'&� )�	 �	

'&	 � <> � & # "� ! '&
��+�

`bUb[` YZ[bX_Yq f[ erb �XV qbe T[[f{[� [f`XY tXYTbV fd  & X[` f[ erb [Tx
ab_ZWXY c_bb[V dT[WeZf[V X[` \Ztb ' X[` '& VfYtZ[\ ���u

�,+ �5128/ .5:�3456
cZtb[ erb [Tab_ZWXY c_bb[V dT[WeZf[V X[` erb ZaUYZWZe _bU_bVb[eXeZf[ fd erb
TUVWXYZ[\ fUb_Xef_ ��+�] {b WX[ [f{ _bdf_aTYXeb ��� XV X U_f^Yba df_ erb
WfT_Vb T[[f{[V f[Yqu Nb s[`  & � �& X[` && � �& VTWr erXe

� � � & �& �� ! � " �& �� � �& � �& #
� %��� & ) <=� & # "�� � & �� ! � &&� � & �� �  & � �&*
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Nb _b{_Zeb erZV VqVeba {Zer  & !  � TVZ[\ erXe
 !  & ) ' ! ' � )�	 �	

� &�	 ) ' 	�#
& ! && ) '& ! && ) '&� )�	 �	

'&	 #
��,�

X[` TVZ[\ ����?���� {Zer ' ! ' � X[` f_erf\f[XYZeq XV
�	 �	

� � � � &�	 ) ' 	��& �� ! � " �& ��#
�	 �	

� %��� &�	 ) ' 	� � � &�� ) ' � � ��! � �&& ) '&��� � � &�� ) ' � � �� $ � %��' � � � &�� ) ' � � ��*
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vrTV erb aberf` ZV VZaZYX_ ef X[ �fUeZaXY ebVe dT[WeZf[	 aberf` {rb_b {b
_bUYXWb  & ^q  &�� )' � � rf{btb_] {b XYVf X`` Vfab [f[rfaf\b[bfTV eb_aV
erXe ZaU_ftb erb XWWT_XWq ftb_ VTWr �fUeZaXY	 aberf`Vu

�,
 �583�85:�3456
cZtb[  & ] &&] X[` erb [Tab_ZWXY c_bb[V dT[WeZf[V] WfaUTeb ��,� f[ erb s[b
VWXYb ef f^eXZ[ X �dTYYq _bVfYtb`	 XUU_f|ZaXeZf[ fd erb e_Tb VfYTeZf[u

� �nnmj�n�
Qb[feb ^q � � � erb ��x[f_a] X[` ^q �
 ] �� ] X[` �� erb ��xU_fwbWeZf[V
Z[ef �& ] erb dTYY s[b \_Z` VUXWb �� !�& ( '� ] X[` '� ] _bVUbWeZtbYqu



������� ��������� ,�

pd {b VfYtb erb b[eZ_b U_f^Yba �+� df_ � � #&� � � Pv� ftb_ erb b[eZ_b s[b
abVr f_ df_ � & #&&� � �QQ'� �f_ �Q�� Z[ +xQ� f[ erb WfX_Vb abVr] {b Vbb
erb dfYYf{Z[\ b__f_ bVeZaXebV ���] �] -�] {rb_b � #&� ZV erb e_Tb VfYTeZf[u

������� ��� 	�� 
�� ���� �� �������� �� ������ ����� ���  � �� ����
���� � � ! �� " �

�%����� $ � �� � Z[d� �%����� $ �� � ��#
�& $&� � � ��*

	�� ���	� ��� ����� ���� �� �������� �� ��� ������ ����� ���  � �&
���� ���� � � ! �
" �

�%����� $ &�� � Z[d� �%����� $ �� � ��� #
�& $&&� � ��*

vrb TUVWXYZ[\ ebWr[ZzTb `ZVUYXqV bYbab[eV fd ^fer bVeZaXebV X^ftbu pe ZV
bXVq ef U_ftb erb dfYYf{Z[\ b__f_ bVeZaXebu

������� ��� 	�� ���	� ��� ����� ������� ���� ��� 
�� ������� ���
������������ ���  � �& ) '� ���� ���� � �  ! �� " �  & � �& ���� ����
� � & ! �
" � ��� ' � '� ���� ���� � � ' ! �� " �

�%����� $ � & ) ' ��� � Z[d� �%����� $ ��
� Z[d ����
���  �%�����! $ &��) �%����� $ ! $ ' ��" #

�& $&&� � ��*
NrZYb Ze ZV `Z	WTYe ef Z[eb_U_be erb tbYfWZeq b__f_] {b VrfTY` b|UbWe ^beeb_

^fT[`V erX[ Z[ vrbf_ba ¯u�� erXe ZV] {b VrfTY` b|UbWe erb tbYfWZeq b__f_ ef
^b VbWf[` f_`b_u OT_ [Tab_ZWXY _bVTYeV VT\\bVe erXe erZV ZV Z[`bb` erb WXVb]
X[` erXe erb b__f_ rXV Z[ dXWe [f VZaUYb df_a �XV Z[`ZWXeb` Z[ erb erbf_ba�u
Nb Wf[VZ`b_ e{f ebVe WXVbV Z[ {rZWr % ! � f[ X T[Ze VzTX_b `faXZ[ X[`
{b TVb QZ_ZWrYbe ^fT[`X_q Wf[`ZeZf[V X[` " `bs[b` d_fa erb ZaUfVb` e_Tb
VfYTeZf[ &��##� ! �## ) ��# WfV��#� f_ ���� ) b|U���� ) ��#� $ ®# $ ¯��]
_bVUbWeZtbYqu

pe ZV _bX`ZYq XUUX_b[e d_fa erb `XeX Z[ vX^Yb �] erXe Zd ��� ZV s|b`] erb
b__f_ Z[ U_bVVT_b ZV $��� ! $���] X[` erb b__f_ Z[ tbYfWZeq ZV $���� !
$����] XV {b {fTY` b|UbWeu @f{btb_] Zd ��� ZV ��� s|b`] erb _bVTYeV X_b
aTWr YbVV U_b`ZWeX^Ybu 'f_ erb ebVeV _bUf_eb` X[` X db{ af_b Wf[`TWeb`]
erb ^bVe se fd erb ��xb__f_ Z[  ZV ��= ! �¯��� ) ®�������#�� X[` ��= !
������ ) �������%�&�% ] _bVUbWeZtbYq df_ erb e{f WXVbV] X[` df_ erb U_bVVT_b



,+ ��������

& ] erb b__f_ ZV ��> ! �*®�� ) �*���®� X[` ��> ! �*,� ) �*�������&����& ]
_bVUbWeZtbYqu vrTV erb b__f_ `bUb[`V Z[ X WfaUYZWXeb` {Xq f[ erb VfYTeZf[
X[` U_f^X^Yq f[ ���] ^Te & ZV s_Ve f_`b_ X[`  ZV VbWf[` f_`b_ XWWT_Xebu

pe ZV Z[eb_bVeZ[\ ef [feb d_fa vX^Yb � erXe erb b__f_ Z[ erb U_bVVT_b ZV
`faZ[Xeb` ^q erb s[b abVr VZyb] [bX_Yq Z[`bUb[`b[eYq fd erb WfX_Vb abVru

�XVb � �XVb +
��� ��� �_bVVT_b �bYfWZeq ��� ��� �_bVVT_b �bYfWZeq
�� �� �u�®¯� ¯u�® �� �� �u�,®� �-®u�,
+� +� �u���� �u,+ +� +� �u�+�� ,-u��
,� ,� �u���� �u®� ,� ,� �u���� �+u�®
�� �� �u��,¯ �u�� �� �� �u��¯¯ ®u�®
�� + �u�®¯� ,�u-� �� + �u�,,� ,�®u®¯
+� , �u���� ��u�, +� , �u�++� ��¯u-�
,� � �u���� +u-� ,� � �u���� ,®u+¯
�� �� �u��,¯ �u�� �� �� �u��¯¯ ��u�+
��� , �u��+® �u�- �� + �u���¯ +-®u�+
��� � �u��++ +u+� �� , �u���� �¯�u�+
��� �� �u��++ �u�� �� � �u��¯¯ ®�u¯�
��� ®+ �u��++ �u�� �� �� �u��¯¯ ��u�+
�� + �u�®¯� ,�u-� �� + �u�,,� ,�®u®¯
+� + �u���� ,�u�� +� + �u�+®� ®��u¯�
,� + �u���� ®�u®� ,� + �u��®, +��u,-
�� + �u��,� ®�u�, �� + �u���¯ +-®u�+

vX^Yb �u Rfab ��xb__f_V df_ �XVbV � X[` +u

� ��k�����
 ���o�no��
� �hnk��j
��o��
 ��k�

Nb [f{ eT_[ ef X [f[YZ[bX_ U_f^Yba `bVW_Z^Z[\ erb �f{ fd e{f ZaaZVWZ^Yb]
Z[WfaU_bVVZ^Yb �TZ`V Z[ X Uf_fTV ab`ZTa] VTWr XV fZY X[` {Xeb_u 'f_ UrXVb
� ! � #� �Zubu] {Xeb_ X[` fZY�] Ybe �� ]  � ] X[` &� ^b erb UrXVb VXeT_XeZf[V]
QX_Wq tbYfWZeZbV] X[` U_bVVT_bVu %be � ! �� ! � $ �� ] 	 ^b erb Uf_fVZeq]
% erb X^VfYTeb Ub_abX^ZYZeq] 
 erb \_XtZeXeZf[XY Wf[VeX[e] X[` � erb `bUeru
vrb af^ZYZeZbV X_b _bYXeb` ef erb _bYXeZtb Ub_abX^ZYZeZbV X[` �TZ` tZVWfVZeZbV
XV �� ��� ! ��� ������ X[` ���� ! �� ��� ) �����] X[` &��� ! &� $&� ZV erb
WXUZYYX_q U_bVVT_bu �f[Vb_tXeZf[ fd aXVV fd bXWr UrXVb \ZtbV erb \ftb_[Z[\
bzTXeZf[Vu )deb_ _bdf_aTYXeZf[] {b f^eXZ[ erb dfYYf{Z[\ �Vbb] bu\u] �+��u
�������� ���������

� �  ! " � "� ) "�#
 ! $%������& $ �������#

����
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{rb_b erb \Yf^XY U_bVVT_b X[` `b[VZeq X_b

& ! &� $ � �
�

�� �������  �&��� �� X[` ���� ! �� ������� �� ) �����
���� �� *���������� ���������

	���� )� �  � ! "� ���#
 � ! $%�����) � � #��# ��-�

{rb_b erb �WfaUYbab[eX_q	 Ufeb[eZXY X[` � X_b

���� ! $� �� 	
��	���	��  �&��� ��#
� � #�� ! 	
��	��  $% 	
��	���	�� ��� $ ���
�� *

Nb TVb VbzTb[eZXY eZab VUYZeeZ[\] X ^XW{X_` LTYb_ eZab `ZVW_beZyXeZf[]
X[` Z[eb\_XeZf[x^qxUX_eV �® eZabV� ef f^eXZ[ erb dfYYf{Z[\ tX_ZXeZf[XY df_a
X[` eZab XUU_f|ZaXeZf[ df_ �� � � X[` eZab YbtbYV �� ! ���u
�������� ���������

� � � � � �� ! � "�� ��#
� ��������%��� � � �� ! � &�� � �� ) � ��������� � ��* ����

���������� ��������� �{rb_bZ[ � � �� !�& ( '� �
�	� 	 ��������� � �� ) �	� � ���� �� ) ��	� � � � #��1'� � (� ��

! �	� "�� ����� ��#
� %���� � �� ! � ������ � ��#

����

{rb_b �� ! $%������]  �� ! ��)� � � #���] X[` {b TVb f[bxUfZ[e TUVe_bXa
{bZ\reZ[\ f[ erb eb_a Z[tfYtZ[\ � u

)V Z[ erb VZ[\YbxUrXVb WXVb] {b VbUX_Xeb erb VfYTeZf[ Z[ef WfX_Vb X[` s[b
VWXYbV �& ( '� f_ �& ( '� S

 !  & ) ' #  !  & ) ' # � ! �& ) '� #
� ! �& ) '� # & ! && ) '& * �+��

�bWXTVb erb VXeT_XeZf[ bzTXeZf[ ZV UX_X^fYZW] Ze eT_[V fTe erXe {b `f ���
[bb` ef `bWfaUfVb � � �� u

vrb U_bVVT_b bzTXeZf[ ZV YZ[bX_ X[` Z[`bUb[`b[e fd erb VXeT_XeZf[ bzTXx
eZf[] \Ztb[ ����u Nb WX[ VfYtb df_ erb TUVWXYb`  � X[` &� XV X^ftbu

Nb YZ[bX_Zyb erb VXeT_XeZf[ bzTXeZf[ {Zer �b{ef[xPXUrVf[] X[` VfYtb
df_ WrX[\bV Z[ �� X[` �� ] \Ztb[  � ] TVZ[\ [Tab_ZWXY c_bb[V dT[WeZf[V XV Z[
erb YZ[bX_ WXVb X^ftbu ;UVe_bXa {bZ\reZ[\ f[ erb s[b VWXYb `bVe_fqV fT_
YfWXYZyXeZf[ XVVTaUeZf[u vf WZ_WTatb[e erZV] {b VZaUYq TVb erb fY` �b{ef[
_bVTYe df_ erb TUVe_bXa tXYTb {rb[ Ze e_XWbV fTe fd X WfX_Vb bYbab[eu
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� 	k�
 hm�
jon�� 
�����
�
Nb U_bVb[e e{f +xQ b|XaUYbV ef ZYYTVe_Xeb fT_ TUVWXYZ[\ ebWr[ZzTbu p[ ^fer]
{b rXtb X VzTX_b `faXZ[ {Zer T[Zdf_a _bWeX[\TYX_ \_Z`Vu vrb Z[ZeZXY {Xeb_
VXeT_XeZf[ ZV �u+u )[ Z[wbWeZf[ {bYY ZV UYXWb` Z[ erb Yf{b_ Ybde Wf_[b_ Z[wbWeZ[\
{Xeb_ Xe X _Xeb fd �u+a��`Xq] X[` X U_f`TWeZf[ {bYY ZV Z[ erb X ẁXWb[e Wf_[b_u
vZab VebUV tX_q d_fa � `Xq Z[ZeZXYYq ef +¯ `XqV [bX_ erb b[` fd erb VZaTYXeZf[Vu
vrb Uf_fVZeq ZV �u+¯] ^Te erb Ub_abX^ZYZeq ZV rbeb_f\b[bfTVu

�,- ��1�0:/ -
p[ erZV b|XaUYb] {b rXtb X ,� abeb_ ^q ,� abeb_ `faXZ[ {Zer X ,� �,� s[b
\_Z`u vrb ^XVb �� Yf\X_Zera fd erb Ub_abX^ZYZeq sbY` ZV Vrf{[ Z[ 'Z\u +u
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���� �� vrb Yf\ fd erb Ub_abX^ZYZeq sbY` df_ L|XaUYb �u
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���� �� 'Z[bxVWXYb VXeT_XeZf[ Xe ��� X[` ¯�� `XqV df_ L|XaUYb �u

)V WX[ ^b Vbb[ Z[ 'Z\Vu ®?,] erb TUVWXYZ[\ U_fWb`T_b XUU_f|ZaXebV erb
VXeT_XeZf[ zTZeb {bYYu @b_b {b TVb X ¯�¯ WfX_Vb \_Z`] Vf f[ bXWr WfX_Vb ^YfW]
{b rXtb X[ � � � VT^\_Z` df_ erb 'xU_f^YbaVu vrb WfX_Vb VfYTeZf[ �'Z\u ¯�
WfaUYbebYq dXZYV ef _bVfYtb erb �f{ X[` YfWXeZf[ fd erb {bYYVu
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���� �� ¯ �¯ ;UVWXYb` VXeT_XeZf[ Xe ��� X[` ¯�� `XqV df_ L|XaUYb �u
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���� �� �fX_VbxVWXYb VXeT_XeZf[ Xe ��� X[` ¯�� `XqV df_ L|XaUYb �u

p[ 'Z\Vu �?-] {b Vrf{ erb _bVTYeV fd TUVWXYZ[\ {Zer + �+ X[` � �� WfX_Vb
\_Z`V �+� � +� X[` ¯ � ¯ VT^\_Z`V�u �fer Ub_df_a zTZeb {bYYu vrb WfX_VbVe
b|XaUYb `fbV X tb_q \ff` wf^ [bX_ erb {bYY] ^Te erb Ub_df_aX[Wb `b\_X`bV
YXeb_ Z[ eZab X ^Ze XV erb �f{ _bXWrbV erb aZ``Yb fd erb `faXZ[u

vrb [Ta^b_ fd `b\_bbV fd d_bb`fa TVb` Z[ erbVb b|XaUYbV ZV \Ztb[ Z[
vX^Yb +u vrb WfX_Vb VfYTeZf[ ZV {fbdTYYq Z[X`bzTXeb� rf{btb_] df_ erb WfVe fd
X \Yf^XY U_f^Yba fd erb VXab VZyb] {b WX[ TUVWXYb ef X tb_q _bXVf[X^Yb YbtbY
fd _bVfYTeZf[u

�fX_Vb \_Z`
+ �+ ¯ �¯ � ���fX_Vb �bYfWZeq � �� ++,

;UVWXYb �bYfWZeq ®�,� +��� +-�,
'Z[b �bYfWZeq �+,� �+,� �+,�
�fX_Vb �_bVVT_b , +¯ �,
;UVWXYb �_bVVT_b ���� ���� ����
'Z[b �_bVVT_b ���� ���� ����

vX^Yb +u �Ta^b_ fd `b\_bbV fd d_bb`fa df_ L|XaUYb �u
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���� �� + �+ ;UVWXYb` VXeT_XeZf[ Xe ��� X[` ¯�� `XqV df_ L|XaUYb �u
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���� �� � �� ;UVWXYb` VXeT_XeZf[ Xe ��� X[` ¯�� `XqV df_ L|XaUYb �u

�,+ ��1�0:/ +
p[ erb VbWf[` b|XaUYb] {b rXtb X +, �+, abeb_ `faXZ[ {Zer X +, �+, s[b
\_Z` X[` X , �, WfX_Vb \_Z`u vrb ^XVb �� Yf\X_Zera fd erb Ub_abX^ZYZeq ZV
`bUZWeb` Z[ 'Z\u �u pe rXV e{f rZ\r Ub_abX^ZYZeq Ve_bXV] XZ[ ef d_XWeT_bVu
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���� �� vrb Yf\ fd erb Ub_abX^ZYZeq sbY` df_ L|XaUYb +u
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'Z\u � Vrf{V erXe erb VXeT_XeZf[ ZV tb_q `Z	WTYe ef _bVfYtbu vrb TUVWXYZ[\
ebWr[ZzTb `fbV X _bXVf[X^Yb wf^ dfYYf{Z[\ erb �f{ Z[ef erb s_Ve rZ\r Ub_x
abX^ZYZeq Ve_bXu vrb WfX_Vb VfYTeZf[ Z[ 'Z\ ��] rf{btb_] WfaUYbebYq aZVVbV
erb rZ\r Ub_abX^ZYZeq Ve_bXVu pe Vrf{V X[ ftb_XYY eb[`b[Wq ef �f{ _Z\re ef
Ybde _Xerb_ erX[ erb U_fUb_ `Z_bWeZf[ `f{[ ef TUu vrb [Ta^b_ fd `b\_bbV fd
d_bb`fa TVb` Z[ erZV b|XaUYb ZV \Ztb[ Z[ vX^Yb ®u
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���� �� 'Z[bxVWXYb X[` , �, ;UVWXYb` VXeT_XeZf[ Xe +� `XqV df_ L|XaUYb +u

0.21

0.22

X

Y

0 3 6 9 12 15 18 21 24
0

3

6

9

12

15

18

21

24

���� ��� �fX_VbxVWXYb VXeT_XeZf[ Xe +� `XqV df_ L|XaUYb +u

�bYfWZeq �_bVVT_b
�fX_Vb ,� ��
;UVWXYb ���� ¯-�
'Z[b ++�� ¯-�

vX^Yb ®u �Ta^b_ fd `b\_bbV fd d_bb`fa df_ L|XaUYb +u

Rfab eZaZ[\ _bVTYeV X_b \Ztb[ Z[ vX^Yb ,u vrb U_bVVT_b bzTXeZf[ ZV VfYtb`
{Zer �XWf^Z U_bWf[`ZeZf[b` Wf[wT\Xeb \_X`Zb[eV] erb VXeT_XeZf[ bzTXeZf[ ^q
�XWf^Z U_bWf[`ZeZf[b` f_erfaZ[] X[` erb TUVWXYZ[\ [Tab_ZWXY c_bb[V dT[Wx
eZf[V ^q X `Z_bWe VfYtb_u vrb eZab ef WfaUTeb erb +, �+, s[b VWXYb VfYTeZf[
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ZV zTZeb rZ\r] VZ[Wb erb U_f^Yba ZV tb_q Uff_Yq Wf[`ZeZf[b`u p[ Wf[e_XVe] erb
, �, WfX_Vb U_f^Yba ZV VfYtb` bXVZYqu p[ erZV b|XaUYb] erb TUVWXYb` U_f^Yba
eXbV X^fTe XV Yf[\ ef VfYtb XV erb WfX_Vb U_f^Yba� WfaUTeZ[\ erb [Tab_ZWXY
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