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+�����#*�,�����!���������������!���,��
���
�����
�� �����)����
�9�3�����������������.
�!������+�(���
��)�!����-���3��+�0�-������.
������8!���$����,����,�0����������3��+�0��
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!����*�������������!��
�����#-���*�!����0��
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�������.!���$��,�����#������,��*�+��9��$�*
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��4�& !�"��,8�,�1���0���8��������\���,����P�.
����q�7�������"	����"	���

FGHI�J,+�KGLLM�N,���""���>kG�GVc�eZWknJVcG�ZbID�InG
|DVIn�@IHJbIZk�Db�aZHHGbbZJH� IZaGWkJHGW�eEVZbc
InG�gJWI�UHJWZJIZDb��OPMQHPQ�%^����&&�M�&�&��eDZq
�&���%^lWkZGbkG�%^���%&&��&&�

FGHI�J,+�ORGSQTU�V,+�WRQUQXY�Z,+�KGLLM�N,+�[\]^UM�_,+
IQZQHGP^\�_,+�_TMGTQ�_,+�W`\\QH�a,+�a^bI^U�c,+�FG

H^HM�J,���""���@�=GV[JWZ[G�XZHHGbbZJH.YkJHG�?wk.
HG�Zb�|DVIn�@IHJbIZk�`DHDkGbG�Jbe�UHJkZJH�?HZaJ.
IGW��OPMQHPQ�%�	���%��M�%^^��eDZq�&���%^lWkZGbkG�
%�	��
A���%���

FGSQH�d,8e,���"�	��vEJIGVbJVw�cGDHDcwq�J�WIVJIZcVJ.
mnZk��VJaGjDVy��DV�aEHIZeZWkZmHZbJVw�jDVy�����DVeq
=GVcJaDb� =VGWW�� %%�� m�

<=>?@�kDaaEbZIw�aGa�GVW��%&&A��<ZcnI�cHJkZJH�kwk.
HGW��VDa�Jb�@bIJVkIZk�ZkG�kDVG��f^L`TQ�A%"��̂ %
M
^%	�

JTGGLQU�_,8Z,+�OL`MgQT�Z,+�VRMLQ�h,8V,8W,+�hGRHUQH�O,8h,+
hG`iQ\�h,���""
��?DamJVZWDb�D��D�wcGb�ZWDIDmG�VG.
kDVeW��VDa�InG�GISP%�Jbe�GRIP�UVGGbHJbe�ZkG�kD.
VGW��f^L`TQ� 
^^�� ��%M��A�
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aQ]]MHj�O,8N,��%&&A��`GZbVZkn�G[GbIWq�aJWWZ[G�HJ.
IG�=HGZWIDkGbG�eGIVZIEW�HJwGVW�D��InG�|DVIn�@IHJb.
IZk�Jbe�InGZV�cHD�JH�kHZaJIG�ZamVZbI��NQg,�JQGkRYU,
A%�� zU�&&��� eDZq�&��&%"l%&&
zU&&&�%	�

a`jRQH�l,8[,��%&&&��YwbknVDbDEW�zJeZDkJV�Db�Jbe
?HZaJIG�YnZ�IW�~EVZbc�InG�gJWI�~GcHJkZJIZDb��OPM

QHPQ�%"&���"��M�"�A��eDZq�&���%^lWkZGbkG�%"&��A"	�
�"���

cUT^IQ
[\P�HL^T^�c,+�FMUPRGmm�h,8K,+�dG]MHj`Qi
n�i

o`Qi�J,+�KM�a,
W,+�dQW^T\M�_,8O,+�F`HPR�p,8q,+�VML

LrQ�h,8a,+�VQ^gQT�h,8W,+�sMTQULGHQR�N,8F,+�VQUL�[,+
lQHHQLL�h,8_,+�ZQTPQT�W,+�tMQ�O,+�NMPR]^H�q,8l,+�lMH

iMQ�W,8N,+�VG\X^PR�V,8O,��%&�%��<[ZeGbkG��VDa�kGbI.
VJH�XG�ZkD�WEmmDVIZbc�InG��DEbcGV�~VwJW�G�IVJ.
IGVVGWIVZJH� ZamJkI�nwmDInGWZW���bZ[GVWZIw�D��`JjJZZ�
`DbDHEHE��HI��Jbe�JmmVD[Ge�CJbEJVw�
���%&�%�LVG.
kGZ[Ge��DV�VG[ZGj�CEHw��
��%&��O��jjj�mbJW�DVcl
kcZleDZl�&��&�
lmbJW����&^�A�&"�

hG`iQ\�h,+�Z^UUGH
dQ\]GLLQ�n,+�W^LL^HM�u,+�dTQYm`U�J,+
s^\G`TI�O,+�aGmm]^HH�J,+�ZMHULQT�F,+�fG`QL�h,+
F^THG\^�h,8Z,+�WR^kkQ\\^i�h,+�sMUPRQT�a,+�J^\\QL�h,8W,+
hGRHUQH�O,+�KQ`QHXQTjQT�Z,+�KG \̀QTj`Q�K,+�K`QLRM�d,+
uQTLQT�a,+�_^TTQHMH�s,+�N^MUXQPr�J,+�N^YH^`I�d,+
OPRM\L�[,+�OPRS^HIQT�h,+�OQ\]G�q,+�OG`PRQi�N,+�Ok^R

HM�N,+�OL^`mmQT�F,+�OLQmmQHUQH�h,8_,+�OLQHHM�F,+�OLG

PrQT�p,8s,+�pMUGH�h,8K,+�VQTHQT�Z,+�VG\mm�q,8V,��%&&��
�V�ZIJH�Jbe�XZHHGbbZJH�@b.IJVkIZk�?HZaJIG�dJVZJ.
�ZHZIw�D[GV�InG�=JWI�	&&�&&&��GJVW��OPMQHPQ�
���
�"
M�"^�

Z^HjQT`I�h�+�JY\\QHPTQ`Li�N,+�KGRHQ�u,+�OgQHIUQH�h,8c,�
%&&A��UHJWZJH�`ZWIDVw�D��|DVjJw��>bq�e`^LQTH^TY
J\^PM^LMGHU�v�qwLQHL�^HI�WRTGHG\GjYx�^�W\GUQT
KGGr�� @aWIGVeJaq� <HWG[ZGV�� %�"M%"^�

ZQQUQ�d,8[,+�[\\QY�N,8F,+�sM^PPG�N,8h,+�JQT]^HM�Z,8O,+
JGS�[,8h,+�JTGGLQU�_,8Z,+�c\\MHj�Z,+�Z^YQSUrM�_,8[,+
ZGTTMUGH�Z,8W,+�N^]�Z,+�p^Y\GT�l,8W,+�y^Hj�e,+�zM


Q\MHUrM�J,8[,���""A��=VGHZaZbJVw�eGmIn.JcGWkJHG�D�
InG GISP% ZkGkDVG� YmGkZJH�CRREL�zGmDVI�"A.����Y�

fQUbQ�[,+�d^R\�O,8u,��%&&���xnG�UVGGbHJbe�	%&&�kJH��wV
BP�G[GbI�eGIGkIGe�Zb�HDWW.Db.ZcbZIZDb�mVD�ZHGW�Zb
|DVjGcZJb�HJkEWIVZbG�WGeZaGbI�WG�EGbkGW��h,�e`

^LQTH^TY�OPM,��^�L%O�����M�^^��eDZq�&��&&%l}�W��^��

vEJIGVbJVw�UHJkZJIZDbW�M�<�IGbI�Jbe�?nVDbDHD.
cwq�J�?HDWGV�gDDy��%&&A��<eW�C��<nHGVW��=�ug,�UZ�.
�JVe��=�u~��`EcnGW��@aWIGVeJaq�<HWG[ZGV����%^m�

N^kk�d,��%&&"��>kG�@cGW�Jbe�>bIGVcHJkZJHWq�XGJWE.
VGaGbIW��>bIGVmVGIJIZDb�Jbe�XDeGHW��|Gj��DVyq
YmVZbcGV.dGVHJc�� %	�� m�

Ok`Tr�Z,���""	��zG[ZWZDbW�Jbe�G�IGbWZDb�D��InG�`D.
nGbnGZa�DJy�Jbe�mZbG�knVDbDHDcZGWq�|Gj�G[Z.
eGbkG�J�DEI�InG�IZaZbc�D��InG��DEbcGV�~VwJWl=VG.
�DVGJH�IVJbWZIZDb��N^IMGP^TXGH�A&uL
O����&�M���^�

OL`MgQT�Z,+�FT^iM`H^U�p,8s,+�JTGGLQU�_,8Z,+�zMQ\MHUrM�J,8[,�
�""���>W�InGVG�G[ZeGbkG��DV�WDHJV��DVkZbc�D��kHZaJ.
IG�Zb�InG�GISP%�D�wcGb�ZWDIDmG�VGkDVe��e`^LQTH^

TY� NQU,� A	�� %�"M%^^�

OL`MgQT�Z,+�JTGGLQU�_,8Z,+�FT^iM`H^U�p,8s,���""���xnG
GISP%��	O�kHZaJIG�VGkDVe�D��InG�mJWI��^ �&&�wGJVW
Jbe�InG�VDHG�D��InG�WEb��DkGJb�Jbe�[DHkJbDGW��e`

^LQTH^TY� NQU,� AA�� 
A�M
�A�

p^Y\GT�l,8W,���""���xnG�̀ DHDkGbG.�DEbcGV�~VwJ�IVJb.
WZIZDb�VGkDVeGe�JI�YEaaZI��UVGGbHJbe��OPMQHPQ�%�	�
	%�M	%��� eDZq�&���%^lWkZGbkG�%�	��

"�	%��

nMI^\�K,+�OPRHQMIQT�N,8N,+�Z^TPR^\�u,+�FMPrQTL�p,+�OLG

PrQT�p,8s,+�VQmQT�J,���"""��gZby��GIjGGb�InG�|DVIn
Jbe�YDEIn�@IHJbIZk�eEVZbc�InG�`GZbVZkn�G[GbIW�D�
InG�HJWI�cHJkZJH�mGVZDe��W\M]^LQ�dYH^]MPU���uL�%O�
"&"M"�"�� eDZq�&��&&�lW&&
	%&&�&
%��

4556789:7;<�;=�>9?@6@:�9<96AB7B�=;C�D5E9:7<F
G@7<C78H�@?@<:B�9F@
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zGWEHIW�D��WIEeZGW�D��WmGkIVJH�kDamDbGbIW�GbGVcw�VGkDbWIVEkIGe�Zb�InG�kGbIVJH�mJVI�D��UVGGb.
HJbe�JZV�IGamGVJIEVG�IVJbW�DVaGe�WG�EGbkG�eJIJ�Zb[GWIZcJIZDb��w�EWZbc�jJ[GHGI�JbJHwWZW��w�InG
eJIJ�D��ZkG�kDVGW�nJ[G��GGb�mVGWGbIGe���WkZHHJIZDb�jZIn��Z�Ge�mGVZDe�JW�jGHH�JW�bDb.WIJIZDbJVw�DW.
kZHHJIZDbW�nJW��GGb�VG[GJHGe��̀ GZbVZkn�G[GbIW�JcG�nJW��GGb�EmeJIGe���J[GHGI�JbJHwWZW�JHHDjGe�ID
kDVVGHJIG�G[GbIW�jZIn�kDbkVGIG�kHZaJIG�mnGbDaGbJ�Jbe�ID�GWIZaJIG�GbGVcw�D��InGWG�mnGbDaGbJ�
I@A�>;CEB��ZkG�kDVGW��VGkDbWIVEkIGe�JZV�IGamGVJIEVG��jJ[GHGI�JbJHwWZW��̀ GZbVZkn�G[GbIW�
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[UL^m|Qg^�f,8Z,���""^���J[GHGI�JbJHwWZWq��JWZk�InGD.
Vw�Jbe�WDaG�JmmHZkJIZDbW��}UkQRM�mMiMPRQUrMR�H^

`r� �^^uL��O�� ��A�M���&� LZb� zEWWZJbO�

n^UM\PR`r�[,8l,��%&&"��=JHwbDHDcw�Jbe�knVDbDHDcw
D��ZkG�jGecGWq�~V��cGDcVJmn��WkZGbkGW�eZW��XDWkDj�

^%�m�� LZb�zEWWZJbO�

J\GPr�f,8c,+�Z^\MHMH�n,8f,+�%&����YIJIZWIZkJH�JbJHwWZW�D�
WIGVZk��HEkIEJIZDbW�Zb�InG�HG[GH�D��InG�DkGJbW��OPM

QHLMmMP�HGLQU�Gm�N`UUM^H�OL^LQ�aYITG]QLQGTG\GjMP^\
}HMgQTUMLY,�OPMQHLMmMP�̂ HI�LQPRHMP^\�bG`TH^\�L%�O���%^M
�
�� LZb� zEWWZJbO�

l\Y^URLGTMH�K,8F,+�KY`X`URMH�[,8[,��%&&���?wkHZk�kHZ.
aJIG�knJbcG�Jbe��ZWn��XDWkDjq�d|>z���%
�m��LZb
zEWWZJbO�

Z^TLY^HGg�f,8q,��%&&
��zG�HGkIZDbW�Db�InG�mEHWJIZ.
DbW�D��InG�<JVIn���VJWbDwJVWyq��z>UXz��%�%m��LZb
zEWWZJbO�

ZGHMH�[,8O,���"	%��>bIVDeEkIZDb�ID�InG�InGDVw�D��kHZ.
aJIG��gGbZbcVJeq�UZeVDaGIGDZFeJI��%A^�m��LZb�zEW.
WZJbO�

N`IY^Qg�s,8c,���""	��dGr\^IY�N[f�
��uL^O��	%
M	%�
LZb�zEWWZJbO�

O]G\QHLUQg�f,8l,��%&&����EbeJaGbIJHW�D��InG�InGD.
Vw�D��jJ[GHGIW���J[GHGIW�Zb�MATLAB��%be�Ge���VG[�
Jbe�GbHJVcGe��XDWkDjq�~X��=VGWW��
&Am��LZb�zEW.
WZJbO�

lRGLMHUrMY�f,8[,���"	���̀ DHDkGbG�|DVInGVb�<EVJWZJ�
XDWkDjq�|JEyJ�� �"	� m�� LZb� zEWWZJbO�

FGHI�J,+�KGLLM�N,���""���>kG�GVc�eZWknJVcG�ZbID�InG
|DVIn�@IHJbIZk�Db�aZHHGbbZJH� IZaGWkJHGW�eEVZbc
InG�gJWI�UHJWZJIZDb��OPMQHPQ�%^����&&�M�&�&��eDZq
�&���%^lWkZGbkG�%^���%&&��&&�

FGHI�J,+�ORGSQTU�V,+�WRQUQXY�Z,+�KGLLM�N,+�[\]^UM�_,+
IQZQHGP^\�_,+�_TMGTQ�_,+�W`\\QH�a,+�a^bI^U�c,+�FG

H^HM�J,���""���@�=GV[JWZ[G�XZHHGbbZJH.YkJHG�?wk.
HG�Zb�|DVIn�@IHJbIZk�`DHDkGbG�Jbe�UHJkZJH�?HZaJ.
IGW��OPMQHPQ�%�	���%��M�%^^��eDZq�&���%^lWkZGbkG�
%�	��
A���%���

FGSQH�d,8e,���"�	��vEJIGVbJVw�cGDHDcwq�J�WIVJIZcVJ.
mnZk��VJaGjDVy��DV�aEHIZeZWkZmHZbJVw�jDVy�����DVeq
=GVcJaDb� =VGWW�� %%�� m�

<=>?@�kDaaEbZIw�aGa�GVW��%&&A��<ZcnI�cHJkZJH�kwk.
HGW��VDa�Jb�@bIJVkIZk�ZkG�kDVG��f^L`TQ�A%"��̂ %
M
^%	�

JTGGLQU�_,8Z,+�OL`MgQT�Z,+�VRMLQ�h,8V,8W,+�hGRHUQH�O,8h,+
hG`iQ\�h,���""
��?DamJVZWDb�D��D�wcGb�ZWDIDmG�VG.
kDVeW��VDa�InG�GISP%�Jbe�GRIP�UVGGbHJbe�ZkG�kD.
VGW��f^L`TQ� 
^^�� ��%M��A�

aQ]]MHj�O,8N,��%&&A��`GZbVZkn�G[GbIWq�aJWWZ[G�HJ.
IG�=HGZWIDkGbG�eGIVZIEW�HJwGVW�D��InG�|DVIn�@IHJb.
IZk�Jbe�InGZV�cHD�JH�kHZaJIG�ZamVZbI��NQg,�JQGkRYU,
A%�� zU�&&��� eDZq�&��&%"l%&&
zU&&&�%	�

a`jRQH�l,8[,��%&&&��YwbknVDbDEW�zJeZDkJV�Db�Jbe
?HZaJIG�YnZ�IW�~EVZbc�InG�gJWI�~GcHJkZJIZDb��OPM

QHPQ�%"&���"��M�"�A��eDZq�&���%^lWkZGbkG�%"&��A"	�
�"���

cUT^IQ
[\P�HL^T^�c,+�FMUPRGmm�h,8K,+�dG]MHj`Qi
n�i

o`Qi�J,+�KM�a,
W,+�dQW^T\M�_,8O,+�F`HPR�p,8q,+�VML

LrQ�h,8a,+�VQ^gQT�h,8W,+�sMTQULGHQR�N,8F,+�VQUL�[,+
lQHHQLL�h,8_,+�ZQTPQT�W,+�tMQ�O,+�NMPR]^H�q,8l,+�lMH

iMQ�W,8N,+�VG\X^PR�V,8O,��%&�%��<[ZeGbkG��VDa�kGbI.
VJH�XG�ZkD�WEmmDVIZbc�InG��DEbcGV�~VwJW�G�IVJ.
IGVVGWIVZJH� ZamJkI�nwmDInGWZW���bZ[GVWZIw�D��`JjJZZ�
`DbDHEHE��HI��Jbe�JmmVD[Ge�CJbEJVw�
���%&�%�LVG.
kGZ[Ge��DV�VG[ZGj�CEHw��
��%&��O��jjj�mbJW�DVcl
kcZleDZl�&��&�
lmbJW����&^�A�&"�

hG`iQ\�h,+�Z^UUGH
dQ\]GLLQ�n,+�W^LL^HM�u,+�dTQYm`U�J,+
s^\G`TI�O,+�aGmm]^HH�J,+�ZMHULQT�F,+�fG`QL�h,+
F^THG\^�h,8Z,+�WR^kkQ\\^i�h,+�sMUPRQT�a,+�J^\\QL�h,8W,+
hGRHUQH�O,+�KQ`QHXQTjQT�Z,+�KG \̀QTj`Q�K,+�K`QLRM�d,+
uQTLQT�a,+�_^TTQHMH�s,+�N^MUXQPr�J,+�N^YH^`I�d,+
OPRM\L�[,+�OPRS^HIQT�h,+�OQ\]G�q,+�OG`PRQi�N,+�Ok^R

HM�N,+�OL^`mmQT�F,+�OLQmmQHUQH�h,8_,+�OLQHHM�F,+�OLG

PrQT�p,8s,+�pMUGH�h,8K,+�VQTHQT�Z,+�VG\mm�q,8V,��%&&��
�V�ZIJH�Jbe�XZHHGbbZJH�@b.IJVkIZk�?HZaJIG�dJVZJ.
�ZHZIw�D[GV�InG�=JWI�	&&�&&&��GJVW��OPMQHPQ�
���
�"
M�"^�

Z^HjQT`I�h�+�JY\\QHPTQ`Li�N,+�KGRHQ�u,+�OgQHIUQH�h,8c,�
%&&A��UHJWZJH�`ZWIDVw�D��|DVjJw��>bq�e`^LQTH^TY
J\^PM^LMGHU�v�qwLQHL�^HI�WRTGHG\GjYx�^�W\GUQT
KGGr�� @aWIGVeJaq� <HWG[ZGV�� %�"M%"^�

ZQQUQ�d,8[,+�[\\QY�N,8F,+�sM^PPG�N,8h,+�JQT]^HM�Z,8O,+
JGS�[,8h,+�JTGGLQU�_,8Z,+�c\\MHj�Z,+�Z^YQSUrM�_,8[,+
ZGTTMUGH�Z,8W,+�N^]�Z,+�p^Y\GT�l,8W,+�y^Hj�e,+�zM

Q\MHUrM�J,8[,���""A��=VGHZaZbJVw�eGmIn.JcGWkJHG�D�
InG�GISP%�ZkG�kDVG��YmGkZJH�CRREL�zGmDVI�"A.����Y�

fQUbQ�[,+�d^R\�O,8u,��%&&���xnG�UVGGbHJbe�	%&&�kJH��wV
BP�G[GbI�eGIGkIGe�Zb�HDWW.Db.ZcbZIZDb�mVD�ZHGW�Zb
|DVjGcZJb�HJkEWIVZbG�WGeZaGbI�WG�EGbkGW��h,�e`

^LQTH^TY�OPM,��^�L%O�����M�^^��eDZq�&��&&%l}�W��^��

vEJIGVbJVw�UHJkZJIZDbW�M�<�IGbI�Jbe�?nVDbDHD.
cwq�J�?HDWGV�gDDy��%&&A��<eW�C��<nHGVW��=�ug,�UZ�.
�JVe��=�u~��̀ EcnGW��@aWIGVeJaq�<HWG[ZGV����%^m�



�����������	�
	���
����������������������	��������������
���
�����

��������� !�"�#$%&'(�)�*+��,�-.+�/0*1 *.1

N^kk�d,��%&&"��>kG�@cGW�Jbe�>bIGVcHJkZJHWq�XGJWE.
VGaGbIW��>bIGVmVGIJIZDb�Jbe�XDeGHW��|Gj��DVyq
YmVZbcGV.dGVHJc�� %	�� m�

Ok`Tr�Z,���""	��zG[ZWZDbW�Jbe�G�IGbWZDb�D��InG�`D.
nGbnGZa�DJy�Jbe�mZbG�knVDbDHDcZGWq�|Gj�G[Z.
eGbkG�J�DEI�InG�IZaZbc�D��InG��DEbcGV�~VwJWl=VG.
�DVGJH�IVJbWZIZDb��N^IMGP^TXGH�A&uL
O����&�M���^�

OL`MgQT�Z,+�FT^iM`H^U�p,8s,+�JTGGLQU�_,8Z,+�zMQ\MHUrM�J,8[,�
�""���>W�InGVG�G[ZeGbkG��DV�WDHJV��DVkZbc�D��kHZaJ.
IG�Zb�InG�GISP%�D�wcGb�ZWDIDmG�VGkDVe��e`^LQTH^

TY� NQU,� A	�� %�"M%^^�

OL`MgQT�Z,+�JTGGLQU�_,8Z,+�FT^iM`H^U�p,8s,���""���xnG
GISP%��	O�kHZaJIG�VGkDVe�D��InG�mJWI��^ �&&�wGJVW
Jbe�InG�VDHG�D��InG�WEb��DkGJb�Jbe�[DHkJbDGW��e`

^LQTH^TY� NQU,� AA�� 
A�M
�A�

p^Y\GT�l,8W,���""���xnG�̀ DHDkGbG.�DEbcGV�~VwJ�IVJb.
WZIZDb�VGkDVeGe�JI�YEaaZI��UVGGbHJbe��OPMQHPQ�%�	�
	%�M	%��� eDZq�&���%^lWkZGbkG�%�	��

"�	%��

nMI^\�K,+�OPRHQMIQT�N,8N,+�Z^TPR^\�u,+�FMPrQTL�p,+�OLG

PrQT�p,8s,+�VQmQT�J,���"""��gZby��GIjGGb�InG�|DVIn
Jbe�YDEIn�@IHJbIZk�eEVZbc�InG�`GZbVZkn�G[GbIW�D�
InG�HJWI�cHJkZJH�mGVZDe��W\M]^LQ�dYH^]MPU���uL�%O�
"&"M"�"�� eDZq�&��&&�lW&&
	%&&�&
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