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1. INTRODUCTIONOQP7R�S3T7T7P7UVU-W9SHXVXYP7ZV[�U-P]\D^�_`R�_`XaS�[5b�c�RdP7Z-e�f�b�[�_hgEb�PiW�ZVe�W0P]ZjXY_hP7U
XY^9SHXM^9S?k�P�RdP7P7[._hl�P7[�XY_`m9P7lnS3[�l.To^9S3ZYS�TpXYP7ZV_hq7P7l�r�st^�P-W�ZVPpk�S3uhP][�T7P
e�fvUVe�c.P#e�f�XY^�P7UYPiW�ZVe�W0P7ZjXY_`P7Uw^9S�U-c.e3XY_`k3SHXYP7lxXY^�P�l�PpkEP]uhe�W�c.P7[�X
e�fvcyS3[�z!W�ZVe3XYe5T7e�uhU|{}S3[�l�e�WDXY_hc._`q?SHXY_he�[�U�XY^�P7ZVP7e�fo~tXY^9SHXaP]\5W�uhe�_`X
UYb�To^�W�ZVe�W0P7ZjXY_`P7U?rM�-[�P�UVb�Tp^�W�ZVe�WdP7ZjX�z�_`UtXY^�PwXYP7c.Wde�ZYS3u�u`e5T?S3uh_`X�z
e�fwZVP7f�P7ZVP7[�T]P+P]\D^�_hR�_�XYP7l�_h[�OQP7R�ZVP7gEb�P7UVXyUjXYZVP?S3c.U7r�s�P7c.Wde�ZYS3u
uhe5T7S�u`_`X,z�_h[�OQP]R�ZVP]g5b�P7UjXiUVXYZVP7S�c�UaP7c.P]ZV��P]U#f�ZVe�c�X��te�l�_hUVXY_`[�T]X
W�^�P7[�e�c.P][9S���XY^�P��`�3�E�����,�p�p���D�p�d�5�`�3�p���}�y�����d�5�d�3�
e�f�OQP7R!l�eET7bD 
c.P][EXYU�S3[�laXY^�P�¡V¢D�3�p�}�����]�p�£���]�-�D�3�V�3�D¤o�3�p�Y�]�`�3�}�K�3��¡0e�f5ZVP7f�P7ZVP7[�T7P7U7r
¥wP7uh_h[�P?SHXY_h[��#RdP]X,�¦P7P][yXY^�P]UYP§X,�¦e#UYe�b�ZVT7P7UM_hU¨_hc.Wde�ZjXoS3[EX¨R0P7T7S�b�UVP
XY^�P]z!^9S7kEP#l�_`©ªP]ZVP7[EXw_hc�W�uh_hT7S3XY_`e�[�U§f«e�Z�T?S3Tp^�_`[���S3[�l+ZVP7W�u`_hT?SHXY_he�[
W�ZVe3XYe5T7e�uhU7r�st^�P-^�_h��^�u`zyUV¬�P]�¦P7lyW0e�W�b�u­S3ZV_`X�z.e�f�OQP7Ryl�e5T7b�c�P7[EXYU
UYb�����P7UVXYU
XY^�P¦b�UYP¦e�fduhe�[��3 }XYP7ZVc®f«ZVP]g5b�P7[�T]z�_h[�T?S3To^�_h[���S3[�l|ZVP]W�uh_` 
T?SHXY_he�[�S3uh��e�ZV_`XY^�c�U?�d��^�_huhPiXY^�PiXYP7c�W0e�ZYS3u�T]e�ZVZVP]u­SHXY_he�[�Uae�fvZVP7f�P7Zj 
P7[�T7P7U-UYb�����P7UVXYU§XY^�Pib�UVPie�f�UY^�e�ZjXV }XYP7ZVc¯ZVP7UY_hl�P][�T]z!_h[�f�e�ZVc.S3XY_`e�[�r
°�[�XY^�_`U�W9S�WdP7Zi�¦PyUY^�e��±XY^9SHX�XYP]c.Wde�ZYS�u¨uhe5T7S�u`_`X,z²c.PpXYZV_hT7UiW�ZVe3 
W0e�UVP7l|_h[�XY^�Ptuh_�XYP7ZYSHXYb�ZVP§S3ZVP¦b�[9S�R�u`P¦XYeal�P7uh_h[�P7S3XYPtRdP]X��tP]P7[�XY^�P7UYP
X,�¦eaUYe�b�ZVT7P7U7r�°�[.W9S3ZjXY_hT7b�u­S3Z7��XY^�P§T7e�c.c�e�[�u`z5 }b�UYP7l|_h[�XYP7Zj <ZVP7gEb�P7UVX
XY_hc�P.l�_hUjXYZV_hR�bDXY_he�[�� �5���D��³3�M_hU#W�ZVP7l�e�c._h[9S3[�XYu`z²l�P]XYP7ZVc�_h[�P7l�REz
XY^�P�W0e?�tP]Z�uhS?�´��e?kEP]ZV[�_h[���XY^�P�u`e�[��3 KXYP7ZVcµW0e�W�b�u­S3ZV_`X�z�e�f-l�eET] 
b�c.P][EXYU|_h[�XY^�P�ZVP7g5b�P]UVX�UVXYZVP?S3cxr·¶5b�Tp^�S3[·_h[�^�P7ZVP][EX.ZVP7uhS3XY_`e�[D 
UY^�_hW!XYP][�l�U-XYeyl�_hUY��b�_hUVP�XY^�P�P]\5_hUVXYP][�T7P�e�f�UY^�e�ZjXV KXYP7ZVc¯XYP7c�W0e�ZYS3u
T7e�ZVZVP7u­SHXY_he�[�U?r�OQP!W�ZVe�W0e�UYP+S²[�P]�¸c.PpXY^�e5l�XY^9SHXyP7[9S3R�uhP]UnS3T] 
T7b�ZYSHXYP�l�P]uh_h[�P?SHXY_he�[�R0PpX,�¦P7P7[+XY^�P7UVPiX,�¦eyUYe�b�ZVT7P7U7rwOQP�b�UYP#XY^9SHX
c.PpXY^�e5l#XYe-To^9S3ZYS�TpXYP7ZV_hq7PMXYP]c.Wde�ZYS�uEu`e5T?S3uh_`X�z�_h[�S-[Eb�c�R0P7Z�e�f�ZVP7WD 
ZVP7UYP][EXoSHXY_`k�P�W�ZVe?\5z�T?S3To^�PaXYZYS3T7P7U?rM�wb�Z�UjXYb�lDz�UY^�e?��UtXY^9SHX§XY^�P7ZVP
S3ZVP!c.P7S�UVb�ZYS3R�uhPxl�_`©ªP7ZVP7[�T7P]UnRdP]X��tP]P7[�XY^�P!l�P]��ZVP]P7Uye�f-XYP7c�Wde� 
ZYS3u�uhe5T?S3uh_�X,z+S3T7ZVe�UYU-XY^�P7UYPiXYZYS3T7P7U?raOQP|^9S7kEP�l�P7c�e�[�UjXYZYSHXYP7l+XY^�P
UY_h��[�_`m9T7S�[�T]P�e�f�e�b�Z�m9[�l�_h[���U|REz�W�ZVe�Wde�UV_h[��²S3[�l·P]k3S3uhb9SHXY_h[��²S
[�e�k�P7u-OQP]R¹T?S3Tp^�P�ZVP]W�u­S3T7P7c�P7[EX�Wde�uh_hT]z�����^�_hTo^�P]\DW�uhe�_`XYUnRde�XY^
uhe�[��3 }XYP7ZVc�Wde�W�b�u­S3ZV_`X,z²S3[�lQUV^�e�ZjXV }XYP7ZVcºXYP]c.Wde�ZYS�u�T7e�ZVZVP7u­SHXY_he�[�U
_h[�S3[QS�l9S3WDXY_`k�P�f«S�UV^�_he�[�rys
ZYS3T7P] }l�ZV_`k�P7[�UY_`c�b�u­SHXY_he�[�U�UV^�e��»XY^�P
UYb�WdP7ZV_he�Z§WdP7ZVf�e�ZVcyS3[�T7P�e�f
e�b�Z§S�u`��e�ZV_`XY^�cxr
¼ st^�_hU��¦e�ZV¬½�tS�U�W9S3ZjXY_­S3uhu�z»UVb�W�W0e�ZjXYP7l)REz)S£¾a¶5¿&ZVP7UVP?S3ZVTp^��ZYS�[�X»ÀM¶�¶ÂÁtÁ¦Ã§ <ÄEÅ3Æ�Ç�Ç�ÈEÉ5r ÊËf«b�u`u�k�P7ZVUY_`e�[Ìe�f�XY^�_`U�W9SH W0P]Z�_hU�S?k3S�_`u­S3R�uhP£S3U�XYP7To^�[�_hT?S3u!ZVP]W0e�ZjX¹Í¦Î� �Á§¶E <Ä�ÄH <Æ��7³»f�ZVe�c
Ï >�>3Ð¨ÑjÒ�Ò�Ó�Ó�Ó¨JjIE8�J«;�LMJ,=3NHL9ÒH>5=EI Ï BD=HÐDC3BE>�8�Ò

2. CHARACTERIZATIONOQP�S3[9S3u`zDq7P]l¹S�e�[�P] K�¦P7P7¬·XYZYS�T]P+f«ZVe�cÔ¥aÀMÁ¯S3[�l�XY^�ZVP]P+X,�¦e3 
�¦P7P7¬!XYZYS�T]P7U�f�ZVe�cÕXY^�P�¾-Ö�Ê-¾-Ã»UV_`XYP7U?r�Ê-U�UYb�����P7UjXYP7l²_`[�� �5���D�
³3�<���tP§b�UYP7l�XY^�P�l�_hUVXYZV_`R�bDXY_he�[.e�fªl�e5T7b�c�P7[�XM_h[EXYP7Zj }ZVP7g5b�P]UVXMXY_`c.P7U
XYeQTo^9S3ZYS3T]XYP7ZV_hq7P�XY^�PxXYP7c�W0e�ZYS3u§uhe5T?S3uh_�X,z�e�f-ZVP7f�P7ZVP7[�T7P!_h[�XY^�P7UVP
XYZYS3T7P7U7r´s§^�P²u`e��3 }uhe���UVT?S3uhP�W�uhe3XYUxf�e�Z�XY^�_hU�l�_hUVXYZV_hR�bDXY_`e�[��¦P7ZVP
[�P?S3ZVu`zQUjXYZYS�_`��^�Xiuh_h[�P7U#��_`XY^QUYuhe�WdP7Uik3S3ZjzD_`[���S3T7ZVe�UYU#XY^�P.XYZYS�T]P7U?r
s§^�Py_h[EXYP7Zj }ZVP7g5b�P]UVXiXY_hc.P.l�_hUVXYZV_`R�bDXY_he�[�_hUiZVP]×9P7T]XY_`k�Pne�f¦XY^�PyX��¦e
UYe�b�ZVT7P]U�e�f¦XYP]c.Wde�ZYS�u¨uhe5T7S�u`_`X,z0Ø|[9S3c�P7u`z²l�e5T7b�c�P7[EXiW0e�W�b�u­S3ZV_`X�z
S3[�l.XYP7c�Wde�ZYS3udT]e�ZVZVP]u­SHXY_he�[�UMe�f�l�e5T]b�c.P7[�X¦ZVP7gEb�P7UVXYU7r�Ê-[._hc�W0e�Zj 
XoS3[EX�g5b�P]UVXY_he�[x_hU§�§^�P]XY^�P7Z�UVb�Tp^+S|l�_hUjXYZV_hR�bDXY_he�[xT?S3[!RdP#b�UYP7l�XYe
S3UYUVP7UYU§S�T]T7b�ZYSHXYP7u`zyXY^�P�UVXYZVP7[��3XY^�e�f�R0e3XY^xe�f�XY^�P]UYP�UYe�b�ZVT7P]U?r
s
e�_hUVe�u­SHXYP¦XY^�PtP]©ªP7T]XYUve�fdUY¬�P]�¦P7l�Wde�W�b�u­S3ZV_`X,z����¦P§S3W�W�uh_hP]l.SaZYS3[D 
l�e�c�WdP7ZVc�bDXoSHXY_he�[�XYe�XY^�P�e�ZV_h��_h[9S3u
XYZYS�T]P7U?r|st^�_hU�W0P]ZVc�bDXoS3XY_`e�[
P7uh_`c._h[9SHXYP7U�XY^�PnPp©ªP7T]X�e�f¦XYP7c�W0e�ZYS3uMT7e�ZVZVP7uhS3XY_`e�[�U7r+¿�_h��b�ZVP+��{}SE~
UY^�e?��U§XY^�Pi_h[EXYP]Zj <ZVP7gEb�P7UVX-XY_hc�P#l�_`UVXYZV_hR�bDXY_he�[!f�e�Z�R0e3XY^!XY^�Pie�ZV_h�3 
_h[9S3u
S�[�l�UYT7ZYS3c�R�uhP]lnXYZYS�T]P7U#{Kc.e�ZVPaZVP7UVb�u`XYU�S3ZVP#S?k3S3_hu­S3R�uhPw_h[xe�b�Z
f�b�uhu9W9S3W0P7Zw� ÉH��~pr�st^�P�T7uhe�UVP7[�P7UYUve�fªUVuhe�W0P7UvUYb�����P7UjXYUvXY^9SHXvXY^�P§l�_hUj 
XYZV_hR�bDXY_he�[!e�f�l�e5T]b�c.P7[�Xw_`[EXYP7Zj }ZVP7g5b�P7UjX-XY_`c.P7U�_hU�W�ZVP7l�e�c._`[9S�[�XYu`z
l�P]XYP7ZVc�_h[�P7lxR�znXY^�P�Wde�W�b�u­S3ZV_`X,znl�_hUjXYZV_hR�bDXY_he�[�r
s§^�P�UY¬�P]�¦P7laW0e�W�b�u­S3ZV_`X�zwl�_hUVXYZV_hR�bDXY_`e�[we�fEl�e5T7b�c�P7[�XYU
T7e�[EXYZV_hR�bDXYP7U
XYe·XY^�PQ^�P?S?kEz5 KXoS�_`uhP7lÙ[9SHXYb�ZVPQe�fi_h[EXYP]Zj <ZVP7gEb�P7UVX!XY_`c.P�l�_hUVXYZV_`R�bD 
XY_he�[�U?r|Ú-_h��^�u`z�Wde�W�b�uhS�Z�l�e5T7b�c�P7[�XYU#S�ZVP|ZVP7g5b�P7UjXYP7lQf�ZVP7gEb�P7[EXYu�z��
S3[�l�XY^5b�U�XYP][�l|XYew^9S?k�PtUV^�e�ZjXYP]Z�_h[�XYP7Zj <ZVP7gEb�P7UVX�XY_hc�P7U?Û�uhP7UYU�W0e�W�bD 
u­S3Ztl�e5T]b�c.P7[�XYU?��S3ZVP�ZVP]g5b�P7UjXYP7lx_h[�f�ZVP7gEb�P7[EXYu�z��dS3[�lnXY^Eb�UtXYP7[�lnXYe
P]\5^�_hR�_`Xvu`e�[���P7Z�_h[EXYP]Zj <ZVP7gEb�P7UVX�XY_hc.P]U?r
st^�PtZVP]u­SHXY_he�[�UY^�_hW�RdP]X,�¦P7P][
Wde�W�b�uhS�ZV_�X,z�S�[�l�_h[EXYP7Zj }ZVP7g5b�P]UVX�l�_hUVXYZV_hR�bDXY_`e�[�Uw_hUaP7UjXoS�R�u`_hUY^�P7l�R�z
XY^�P�f�e�uhuhe��§_h[��x{KUVP7Py� ÉH�
f�e�Z�S|W�ZVeEe�fY~pr
Ü-ÝªÞ�ß�à0ÞDáâ��r-ã­ä!�«¢��²åH�«¡Y�}�p�}æ]�5�}�K�3�Ù�,ä�å��?¤7�5�.�]���a�D�o�d�5�h�3�p���K�

�����y�Y�Yç]�9�]¡o�M¡o�K�o�V�3�Õ�3¡o�H�-�d���3�K�K¤o�3�����wä]�3���h�Hèv¡i�#�D�3èM�]�#�`�3è¹è��«�«¢
�D�3�V�3�.�p�,�]��évêaè�¢��p�o��ÆDë É�ìíé½î¸�3êa�«¢��]���«¢���å3��¡o�}�p�}æp�D�K�K�3���jä
���9���]�p���Y�Yç7�9�p¡o�-�K���.�y�����+�V�3�då��3�ï���]�p���5���3�K�K�3���jä��K¢��«¡|�o�Vç7�9�]¡o�
¡o�K�o�V�3��¤o�3�næo�t¤]¢D�3�V��¤]�,�p�p�­ð?�Yå��H¡o�3�-�9���3�K�}¤Y�3�����a�5¡o���5���¦�D�3èM�p�¦�`�3è
è����K¢��D�3�V�3�.�p�,�p�i{<�-ñ��Hò3é�~?ó
s
e�_hUVe�uhS3XYPyS3[�l�c.P?S3UVb�ZVPyXY^�PyP]©ªP7T]X�e�f§XYP]c.Wde�ZYS�u¨T7e�ZVZVP7u­SHXY_he�[�U
e�[.XYP7c.Wde�ZYS3uduhe5T7S�u`_`X,z����¦P-W�ZVe�W0e�UYPwS�[�P]�¹c�P]XYZV_hTpô�[9S3c.P7u�z��d�K¢D�
�d�V�EæY��æ]�������K�#åH�«¡Y�}�p�}æ]�5�}�K�3�y�jä¨���9�,�p�p���Y�Yç7�9�]¡Y�ª�}���.�p¡dä7�H���Vç7���3�����M�D�p�9�
�5�h�H��å��?¤]�D�.�p�9�K¡orM¶5_h[�T7Pa�¦P�To^9S3ZYS3T]XYP7ZV_hq7PaXYP]c.Wde�ZYS�u�uheET?S3uh_`X,zyf�e�Z
�Yç]�9�H�«� �tW0e�W�b�u­S3Z¨l�e5T]b�c.P7[�XYU?��XY^�P§_hc.W9S3T]Xve�fdXY^�P§^�_h��^�u`z5 }UY¬�P]�¦P7l
Wde�W�b�uhS�ZV_�X,z!e�f�l�e5T]b�c.P7[�XYUw_h[+e�b�Z�XYZYS�T]P7Uw_hU-cyS3UV¬�P]l�r�OQPi_huhu`b�UV 
XYZYSHXYP|XY^�P�UVP7[�UY_`XY_�kD_`X�z+e�f¦e�b�Z�c�P]XYZV_hTiXYexXYP]c.Wde�ZYS�u�T7e�ZVZVP7u­SHXY_he�[�U
REz�W�uhe3XVXY_h[��§XY^�PMl�_hUjXYZV_hR�bDXY_he�[ie�fD_h[EXYP7Zj }ZVP7g5b�P]UVX
XY_hc�P7U
f�e�Z�P7g5b9S3uhu�z
Wde�W�b�uhS�Z�l�eET7b�c.P][EXYU�f�e�Z
XY^�Pte�ZV_h��_h[9S3uEXYZYS�T]P7UvS�[�l�f�e�Z
XY^�P¦UYT]ZYS�c| 
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