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���� �;�	
 �		 ��1z

 ID �5�z
5 IS

�7 
��;
 �;�
1 �	� ��	z
� ID �	�z;� IS

�� 
���1 �;�	
 ��
 ��	z
� ID �
1z�
 IS

�5 
��;1 �;�
1 ��7 ���z
� IS ��5z�	 ID

�1 
���
 �;��; �	� �51z�; ND �1�z1� NS

	� 
���� �;��
 �
� ��;z
5 ID �;�z
; IS
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���� �;��
 �
� 8 ID 8 IS


� 
���; �;�	
 �	7 ��
z�� ID �
�z
7 IS
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1 �;��� ��� ���z
� ID �	�z;	 IS


7 
��;� �;�	� ��� ���z�� ID ��;z;; IS
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	 ��� ��
z
� ID ��7z�7 IS

�� 
���	 �;�	
 ��1 ��
z

 ID �
	z�
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��;7 �;�

 1� ���z	7 NS �5�z�� ND
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���� �;�	; �
� ��
z
	 {b �77z
1 ID
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 �;�	� ��� ��
z
	 ID 	�
z
� IS

;� 
��;� �;�	� ��
 ���z;� ND �;�z5� NS

;; 
��;� �;�
1 17 ��;z
� ND �;5z5� NS
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� �;� ��;z
� ID �;�z�	 IS

51 
���	 �;�	; �
; ���z
� ID �55z
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�+�'$����
 ± ��5°z 
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��;� �;��� ��7 ���z
	 IS �5
z�
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��5� �;��
 �;� ���z
� IS �;
z�� ID
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��;5 �;�;
 �	� ��	z
� IS ��	z�	 ID

�� 
��5
 �;�1� �	5 �71z�� IS �;�z
	 ID

�; 
��5� �;��7 �
; ���z�� IS ���z
� ID

�5 
��5	 �;��7 �
; ��1z�� IS �
;z
� ID
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��5; �;��� ��5 ��7z
	 ID ���z�1 IS

�� 
��;	 �;�;� ��1 ��
z
� ID �;�z
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 1� ���z	7 ID �	1z�� IS
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� IS �
5z�� ID

	
 
��5	 �;�;1 ��� ��1z

 ID ���z�� IS

	; 
���� �;��� �
; ���z
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;7 
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7 ��� �	�z�� IS �5	z
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��1 �;�1 �
� 	��z�� ID ��1z	� IS

1 
��1	 �;�5� 1; 	�	z5� ID ���z�� IS
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5 �	� 	�1z;1 IS ���z
� ID
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��1� �;�5� ��	 			z
	 ID ���z�� IS
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 �
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	� 
��1� �;�;; 17 	��z;	 IS �	�z�5 ID
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; 
��;	 �;�
� �

 �7	z�� ID ���z	7 IS
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;� 
��5� �;�; �
� 	�;z5� ID ��1z�� IS
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z
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� 
��5� �;�	7 ��� �
;z	7 ID ��5z�� IS

5 
��5; �;�;� �	� �
�z5� IS �5�z�7 ID

�� 
��51 �;�;� �
� ��1z
� IS ���z5; ID

	7 
��;7 �;�;; �	
 ���z;1 ID ��;z�	 IS
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��51 �;��1 71 �
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; ID �
1z
� IS
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��5	 �;��1 �	1 ��1z�� IS ��7z�� ID
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��5
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cIRdUPJ�e���bNKPQWINMd�f���������m[Z`FeFG_[��h]G:
HF^Z[_IF]GH�]G�IiZ�Hc_hZ:IFeZ�^�G_eFhH�]p�IiZ�FG:
IZ[eZ^F_IZ:^ZcIi�HZFHeFhFI���FIiFG�}[_GhZ_�Y]:
GZ��oiZ�G_IJ[_`��Z]^�G_eFh�`_g][_I][��}[_GhZ_�
_�hi_`̀ ZG�Z�p][�IiZ���HI�hZGIJ[���uJhi_[ZHI����8		�

cJQPM�g���hUIVWIMRJM�i���TjLkklNRJM�g���mNMIN�Z��
nJQNMd�o���pNdRIj�q���nNUIMQJ�e������������D�HZFH:
eFh�qZ`]hFI��e]^Z`FG��FG�IiZ�H]JIi:Z_HIZ[G�~]:
e_GF_G�l_[c_IiF_GH��[]�ZG�_G^�FIH�p][Z`_G^��TIQC
UJMJVWLRPQR� 
���� �5	8�7��

bWNrJUCmjNU�q���HPjsNQIN�i���������m_[IF_`�^Z`_eFG_:
IF]G�]p�h]GIFGZGI_`�e_GI`Z�`FIi]HciZ[Z��Jc`FpI:[Z:
`_IZ^�h[JHI:e_GI`Z�^Zh]Jc`FG���q]`h_GFHe�_G^�g_:
HFG�p][e_IF]Gw�_�GZ��e]^Z`�p][�IiZ�m`F]hZGZ:�J_:
IZ[G_[��Zq]`JIF]G�]p�IiZ�H]JIiZ[G�v_HI�l_[c_IiF:
_GH�� ~]e_GF_�� TIQUJMJVWLRPQR� 	�5�� 1	8��5�

bJMRUNMUPMIRQd�e����751���G�ZyI[ZeZ�[]e_GF_G�Z_[Ii:
�J_dZ�_G^�FIH��F^Z[��Z]G]eFh_`�HZIIFG���iIldI
jJdONPMI�KI�k�JrJkPI��k�JVWLRPtdI�IU�k�JkjNVWPI�
h�jPI� k�JVWLRPtdI� ��s4�6�� �578��;�

bRJMUJR�e���o�j�R�g������
��jZH]Y]Fh�c`_IZ�IZhI]GFh
[Zh]GHI[JhIF]G�]p�IiZ�l_[c_IiF_G�[Z�F]G��mNrNIJC
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kIJkjNVWL��mNrNIJQrPONUJrJkL��mNrNIJIQJrJkL����s4�6�
�8�;�

uIrlNdv�u����77	��oiZ�TENSOR�c[]�[_e�p][�c_`Z]:
HI[ZHH�[Zh]GHI[JhIF]Gw�Zy_ec`ZH�p[]e�IiZ�Z_HI��p:
[Fh_G�_G^�IiZ�u_Fd_`�[FpI�Y]GZH���gHI[_hI�HJcc`Z:
eZGI�����I]�oZ[[_��]q_�����5�8����

wMQPd�u��n���xMNVV�b��b���xMNVV�y��p������7��~ZqF:
HZ^�h[JHI_`�_[hiFIZhIJ[Z�]p�IiZ�H]JIiZ_HIZ[G�l_[:
c_IiF_Gp][Z`_G^�p[]e�_hIFqZ�_G^�c_HHFqZ� HZFHeFh
^_I_��TIQUJMPQR��1��ol
��	��^]Fw������7z���1ol
���	1��

qNM�H���zNrrNQI�T��b���{WNJ�u����771��o]e]�[_ciFh
Fe_�FG��]p�^ZZc�qZ`]hFI��HI[JhIJ[Z�gZGZ_Ii�IiZ
v_HIZ[G�_G^�b]JIiZ[G�l_[c_IiF_GH��~]e_GF_w�{e:
c`Fh_IF]GH�p][�h]GIFGZGI_`�h]``FHF]G��y��HIJVWLR��iIR�
��	s4u�6�� �5��8�5�	�

qJKJj�e���bRJMUJR�e���cNKN�H���HL�j|P�Z���cIM}JlPQR�e��
�777��oZ[IF_[��IZhI]GFh�Zq]`JIF]G�]p�IiZ�m_GG]GF:
_G�g_HFG�H�HIZe�_G^�GZF�ig][FG��][]�ZGHw�_�GZ�
H�GIiZHFH�]p�c_`Z]HI[ZHH�^_I_��{Gw�TWI�nIKPUIjjNC
MINM�sNRPMR @�TIjUPNjL�IvUIMRPJM�~PUWPM�UWI�grVPC
MI�JjJkIM��kZ]`��b]h��X]G^]G�bcZh��mJg`��4��;6�
�7�8		
�

H�kN�N�e���oIjk�R�y���hNdjN�w���nNrNUN�T���iPMkIMC
sNQW�y�Cb���zIjMIj�mW���xj�L~PIQ�m����������[hiF:
IZhIJ[Z�_G^�][]�ZGFh�Zq]`JIF]G�]p�IiZ�G][IiZ_H:
IZ[G��JIZ[�l_[c_IiF_GH�p[]e�h[]HH:HZhIF]G�g_`_G:
hFG��_G^�p][�_[^�e]^Z`FG���TIQUJMJVWLRPQR��	�8
�	��� ��	8�
��

HPjsNQIN�i���qjPRQW�z����771��b`_g�FG�IiZ��[]G��c`_:
hZw�`]�Z[�`FIi]HciZ[Fh�e_GI`Z�^Z`_eFG_IF]G�FG�IiZ
`_HI�HI_�Z�]p�IiZ�v_HIZ[G�l_[c_IiF_G�HJg^JhIF]G
[ZI[Z_I��HIJrJkL� �;�� ;��8;�
�

HJrJM}N�y���xjJsPQ}P�n����R�Q�LV}J�f���hrNQ�}N�g��
hrJO}N�T������	��kZ]^�G_eFh�Zq]`JIF]G�_G^�c_`_Z]:
�Z]�[_ci��]p�IiZ�m]`FHi�l_[c_IiF_GH�_G^�_^�_:
hZGI� _[Z_H� ^J[FG���Z]:lFeeZ[F_G� _G^� c[ZhZ:
^FG��ZqZGIH�4`_IZHI�o[F_HHFh:Z_[`FZHI�l[ZI_hZ]JH6�
{Gw�TjNQPMk�TIQUJMPQ�uI|JjONUPJM��RPMk�UWI�hIKPC
OIMUNjL�iIQJjK��kZ]`��b]h��X]G^]G��bcZh��mJg`�
��1�� �	18��1�

GPS�m[]gZH�IiZ�nFGZe_IFhH�]p�IiZ�}[_GhZ_�bZFHe]:
�ZGFh��]GZ�����
��w�h�TjNMR��gH��1�s4�76���1�8
�7;�

HjNK�n���TPPjN�T��NMK�ESC�zJj}PMk�HjJdV�����1�
oiZ�j]i]�^ZcIi�e_c�]p�IiZ�vJ[]cZ_G�m`_IZ��HIJC
VWLR��y�� ZMU���5;���578�7��

pIPKsNQW�����iIPMIQ}Ij�y���TPMkNL�n���n�rrIj�c���hVIjC
MIj�c���qdQWR�x���zIM�Ir�q� �����5��m`_IZ�g]JG^_:
[��p][hZH�_[Z�G]I�ZG]J�iw�HZh]G^:�_G^�IiF[^:][:
^Z[�HI[ZHH�c_IIZ[GH�iF�i`F�iIZ^�FG�IiZ�a][`^�bI[ZHH
j_c� ^_I_g_HZ�� TIQUJMPQR� �;�� ol;��
�

pNdRIj�q���iNPrINMd�o���qPIrPU��z���cNrN�g���mjJKIWr�b��
mJrJMPQ�H���hQWdr�I�g���������VRANCEA:77�8�oiZ
h[JHI_`�HI[JhIJ[Z�gZGZ_Ii�IiZ�H]JIiZ_HIZ[G�l_[:
c_IiF_GH�_G^�IiZ�j]ZHF_G�m`_Ip][e�p[]e�_�HZFH:
eFh�[Zp[_hIF]G�c[]pF`Z�FG�~]e_GF_��TIQUJMJVWLRPQR
	
��� �		8��;�� ^]Fw������;zb��
�8�7��4��6��
�7�8��

pNdRIj�q���iNPrINMd�o���qPIrPU��z���uPMd�b���eNMKIR�n��
cNrN�g���mjJKIWr�b������5��bZFHeFh�h[JHI_`�HI[JhIJ:
[Z�gZI�ZZG�IiZ�o[_GH�`q_GF_G�u_HFG�_G^�IiZ�u`_hd
bZ_�� ~]e_GF_�� TIQUJMJVWLRPQR� 
	��� �8���

pPVVJrPUI�y�Cb���������kZ]^�G_eFhH�]p�x]g[]�Z_�4~]:
e_GF_6w�GZ��h]GHI[_FGIH�]G�IiZ�Zq]`JIF]G�]p�IiZ
o][G�JFHI8oZFHHZ�[Z�XFGZ��IiZ�u`_hd�bZ_�_G^�IiZ
l_[c_IiF_GH��TIQUJMJVWLRPQR� 	�5�� 		8�	�

xMNVV�y��p���xMNVV�b��b���iNPrINMd�o���nNUIMQJ�e��
nJQNMd�o���uPMd�b���������l[JHI_`�h]GHI[_FGIH�]G
IiZ�][F�FG�]p�e_GI`Z�HZFHeFhFI��FG�IiZ�}[_GhZ_��]:
GZ��~]e_GF_w�oiZ�h_HZ�p][�_hIFqZ�h]GIFGZGI_`�^Z:
`_eFG_IF]G��TIQUJMJVWLRPQR�
����	��8	�	��^]F w
������;z��IZhI]�������������

xJl���n���fNkLONjJRL�g����R�Q�LV}J�f���hrNQ�}N�g��
bRJMUJR�e���nNjdMUIMNd�n���nNjUJM�w����771��m_:
`FGHc_HIFh�[Zh]GHI[JhIF]G�]p�IiZ�l_[c_IiF_G�8�m_G:
G]GF_G�[Z�F]G�^J[FG��IiZ�jF]hZGZ��{Gw�HIJKLMNC
OPQ�uIlIrJVOIMU�J|�UWI�zIRUIjM�bNjVNUWPNMR��kZ:
]`��bJ[q��b`]q_d�~ZcJg`Fh��u[_IFH`_q_���178��5�

xJdrN}Jl�Z���{NWNjPN�c���wMIRQd�c���iNKdrPNM�n���mJC
VN�n���mNjJrNP�h���{RQWNd�y���������xZ`_eFG_IF]G
][�H`_g�^ZI_hieZGI�gZGZ_Ii�}[_GhZ_���Z��_[�J:
eZGIH�p[]e�`]h_`�Z_[Ii�J_dZ�I]e]�[_ci���HIJC
QWIO��HIJVWLR��HIJRPRU����s4	6����	�����̂ ]Fw�������7
z�zzzh���1���

eNMKIR�n���qPIrPU��z���pNdRIj�q���mJVN�n���UWI�CALIXTO
HjJdV�����
��	D�JccZ[�h[JHI_`�I]e]�[_ciFh�HI[Jh:
IJ[Z�_h[]HH�IiZ�}[_GhZ_�HZFHeFh�Y]GZ��~]e_GF_�
TIQUJMJVWLRPQR�	1���1�8�����̂ ]Fw������;z��IZhI]�
���	������	�

ePM�Ij�p�CH����77;��nFGZe_IFhH�]p�[ZI[Z_IFG��HJg^Jh:
IF]G�_`]G��IiZ�l_[c_IiF_G�_[h��~]e_GF_��HIJrJC
kL� �
s4�6�� �;58�5��

nQxIM�PI�u��m����7;7��oiZ�[Z`_IF]G�gZI�ZZG�p_J`I�c`_:
GZ�H]`JIF]GH�p][�Z_[Ii�J_dZH�_G^�IiZ�^F[ZhIF]GH
]p�IiZ�c[FGhFc_`�HI[ZHHZH��cdrr��hIPRO��hJQ��gOIj�
�7s4�6�� �7�8;���

ndQdUN�u��n���xMNVV�b��b���xMNVV�y��p���nJQNMd�o��
iNPrINMd�o����������Z]IZhI]GFh�H]JIiZ_HI�l_[c_:
IiF_G�p][Z`_G^�^Zp][e_IF]G�_G^��ZGZIFh�_HH]hF:
_IF]G��FIi�IiZ�}[_GhZ_�bZFHe]�ZGFh��]GZ��w�h
TjNMR�� gH�� 1;s4��6�� o��l8�	�1�

nNjUPM�n���iPUUIj�y��i��i���UWI�CALIXTO�zJj}PMk�HjJdV�
������fF�i�[ZH]`JIF]G�IZ`ZHZFHeFh�g]^���_qZ�I]:
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e]�[_ci��gZGZ_Ii�bv�~]e_GF_��{��{ec`Fh_IF]G�p][
Ii[ZZ:^FeZGHF]G_`�qZ[HJH�]GZ:^FeZGHF]G_`�h[JH:
I_`�h][[ZhIF]G�HI[_IZ�FZH��FIi�_�GZ��h[JHI_`�qZ`]:
hFI��e]^Z`��HIJVWLR��y��ZMU���;���

18
;���̂ ]Fw���
����z���	;�8�
;���������;;��y�

nNjUPM�n���zIM�Ir�q���UWI�CALIXTO�zJj}PMk�HjJdV�
���;��fF�i�[ZH]`JIF]G�IZ`ZHZFHeFh�g]^���_qZ�I]:
e]�[_ci��gZGZ_Ii�bv�~]e_GF_��{{��{e_�FG��]p�_
H`_g�̂ ZI_hieZGI�HhZG_[F]��HIJVWLR��y��ZMU���;
���578
�7��� ^]Fw�������z���	;�8�
;�����;���11
�y�

nNUIMQJ�e���cIjUJUUP�H���uPMd�b���brJIUPMkW�h����775s_�
oZ[IF_[��IZhI]GFh�Zq]`JIF]G�]p�IiZ�ZyIZ[G_`�b]JIi:
Z[G�l_[c_IiF_GH� _G^�_^�_hZGI�j]ZHF_G�c`_Ip][e
4~]e_GF_6�� TIQUJMPQR� �;s4;6�� 17;87���

nNUIMQJ�e���{JIUIOIP�Ij�i���brJIUPMkW�h���uPMd�b��
�775sg��X_IZ[_`�q_[F_IF]GH�FG�eZhi_GFh_`�c[]cZ[:
IFZH�]p�IiZ�~]e_GF_G�ZyIZ[G_`�l_[c_IiF_w�FGpZ[ZG:
hZH�]p�IiZ�p`ZyJ[Z�_G^��[_qFI��e]^Z`FG���TIQUJMJC
VWLRPQR� �1��� �
58�;;�

n�rrIj�c���pIPKsNQW�����fIkdU�n���hVIjMIj�c���cdQWC
ON�T����������II_hiZ^�][�G]I�_II_hiZ^�ZqF^ZGhZ
p[]e�h[JHI_`�HI[ZHH�]gHZ[q_IF]GH�p][�_��Z_d�h]Jc:
`FG��]p�IiZ�}[_GhZ_�H`_g�FG�~]e_GF_��TIQUJMJVWLC
RPQR� 
1��� �	78�
7�

fIdkIsNdIj�y���HjIPMIj�c���gVVIr�w���������nFGZe_:
IFhH�]p�IiZ��`cFGZ:aZHI�l_[c_IiF_G�][]�ZG�_G^
c_`_Z]�Z]�[_ciFh�Fec`Fh_IF]GH��y��HIJr��hJQ��eJMK�
��1�� 758����

�MQIRQd�n�Cb���cJM�Ij�x�Cm����775����G]IZ�]G�IiZ
^ZcIi�[ZhJ[[ZGhZ�_G^�HI[_FG�[Z`Z_HZ�]p�̀ _[�Z�}[_G:
hZ_�Z_[Ii�J_dZH��TIQUJMJVWLRPQR��5����7�8	���

mNMIN�Z���hUIVWIMRJM�i���xMNVV�b���nJQNMd�o���ujP�C
}JMPMkIM�H���nNUIMQJ�e���xMNVV�y���mjJKIWr�x��������
�Z_[:qZ[IFh_`�HZFHeFh�[Zp`ZhIF]G�Fe_�Z�JHFG��_�G]:
qZ`�_h�JFHFIF]G�IZhiGF�JZ�_h[]HH�IiZ�}[_GhZ_��]:
GZ�_G^�\]Hh_GF�u_HFG�� H]JIi:Z_HIZ[G�l_[c_IiF_GH
4~]e_GF_6�� TIQUJMJVWLRPQR� 
���� �7	8	�7�

iNKdrIRQd�q��g��� �71���l[JHI_`� HZFHeFh� HIJ^FZH� FG
~]e_GF_��iIldI�iJdONPMI�KI�HIJrJkPI��HIJVWLC
RPtdI�IU�HIJkjNVWPI��hIjPI�KI�HIJVWLRPtdI������58
5
�

hQWOPK�h���cIjMJdrrP�u���q�kIMRQWdW�c���nNUIMQJ�e��
hQWI|Ij�h���hQWdRUIj�i���TPRQWrIj�n����RUNR�I~R}P�x��
���1��oiZ��`cFGZ:l_[c_IiF_G:xFG_[F^Fh�][]�ZGFh
H�HIZew�h][[Z`_IF]G�_G^�Zq]`JIF]G�]p�IZhI]GFh�JGFIH�
h~PRR� y��HIJRQP�� ����� �	78�1	�

hVIjMIj�c���eJjIM��q���cJM�Ij�x���pIUUIr�h���n�rrIj�c��
zIM�Ir�q���������b`_g�g[Z_d:]pp�8�_g[JcI�hJI�][
�[_^J_`�̂ ZI_hieZGI���Z��FGHF�iIH�p[]e�IiZ�}[_G:
hZ_�~Z�F]G�4bv�l_[c_IiF_GH��~]e_GF_6��TIjjN�fJC
lN� 4�	6���5�8�57�

hUNjJRUIM}J�o���yNMP}�T���xJrJOPLIUR�x���b�dsN�z��
	jJKN�m���HjNK�n���xJl���Z���hUIVWIMRJM�i���eLRLMC
QWd}�u���TWLsJ�p���gjUIOPIlN�Z��n����OIrQWIM}J�o��
HPMUJl�����xdUNR�i���HjLM�u���HdUIjQW�g���pIkIK
R�w��
xJOOPMNWJ�x���eIkJRUNIlN�����TPPjN�T���TJr}dMJl����
���	��bZFHeFh�qZ`]hFI��e]^Z`�]p�IiZ�h[JHI�_G^�Jc:
cZ[�e_GI`Z�_`]G��c[]pF`Z�PANCAKE�_h[]HH�IiZ�l_[:
c_IiF_GH�gZI�ZZG�IiZ�m_GG]GF_G�u_HFG�_G^�IiZ
v_HI�vJ[]cZ_G�l[_I]G��
IQUJMJVWLRPQR�;�1����
78
��5��

TJMKP�i���gQWNdIj�����eNMKIR�n���uNlP�i���cIRdUPd�e��
���7���GqZF`FG��HZFHeFh�_G^�^ZGHFI��HI[JhIJ[Z�gZ:
GZ_Ii�IiZ�}[_GhZ_�HZFHe]�ZGFh�Y]GZ��~]e_GF_�
y��HIJVWLR��iIR����
��u��	�5��̂ ]Fw������7z���1�u��
�77��

TjP|JMJl�o��H���ZlNMJlN�T��m���cNQWONMJl�u��n��������
}[_GhZ_�_G^�fFG^J�nJHi�_[Z_H�]p�e_GI`Z�Z_[Ii:
�J_dZHw�h]ec_[_IFqZ� IZhI]GFh� _G_`�HFH�� bhFZGIF:
pFh��GG_`H��bhi]]`�]p�kZ]`]�����[FHI]I`Z��GFqZ[:
HFI��]p�oiZHH_`]GFdF�m[]hZZ^FG�H�]p�IiZ��{��CBGA
l]G�[ZHH��oiZHH_`]GFdF��k[ZZhZ��bcZh���77����8
�;�

oNRPrPIl�Z���nNUIMQJ�e���xjP�kRONM�z������7��oiZ�H�G:
_G^�c]HI:h]``FHF]G_`�Zq]`JIF]G�]p� IiZ�~]e_GF_G
l_[c_IiF_G�p][Z^ZZcw��Z��h]GHI[_FGIH�p[]e�_GF:
H]I[]c��]p�e_�GZIFh�HJHhZcIFgF`FI��_G^�c_`Z]HI[ZHH
_G_`�HZH�� TIQUJMJVWLRPQR� 
5	�� 
�58
;��

oJr|ONM��d��n���HPMUJl����c���xJrIRMP}JlN�w���N���ndC
jJlR}NLN�g��o������
��oZhI]G]ci�HFh_`� FGIZ[c[Z:
I_IF]G�]p�Z_[Ii�J_dZ�p]h_`�eZhi_GFHeH�]p�IiZ��_:
�[]H�H�HIZe��HIJKLMNOPQR�S�TIQUJMJVWLRPQR��s4�6�
	��8	�7�

zIPKrI�b���zPKPLNMUJjJ�h���UWI�CALIXTO�zJj}PMk�HjJdV�
������{ec[]qFG��^ZcIi�[ZH]`JIF]G�]p�IZ`ZHZFHeFh
I]e]�[_ci��g��HFeJ`I_GZ]JH�FGqZ[HF]G�]p�IZ`ZHZ:
FHeFh�_G^��`]g_`�P:�_qZ�I[_qZ`IFeZ�^_I_:_cc`Fh_:
IF]G�I]�IiZ�}[_GhZ_�[Z�F]G�FG�b]JIiZ_HIZ[G�vJ[]:
cZ��HIJVWLR�� y�� ZMU���;���1��81�	�

zIM�Ir�q���hVIjMIj�c���eJjIM��q���nJQNMd�o��������
kZ]^�G_eFhH�� I]e]�[_ciFh� Fe_�ZH�_G^�HZFHeF:
hFI��]p�IiZ�}[_GhZ_�[Z�F]G�4bv:l_[c_IiF_GH��~]:
e_GF_6��wH��hUIVWNM�ndIrrIj�hVIQ��mdsr��hIj��4	6�
7�8��
�

zJjUIr�n���hVN}ONM�z���������bJg^JhIF]G�_G^�H`_g
^ZI_hieZGI�FG�IiZ�jZ^FIZ[[_GZ_G:l_[c_IiF_G�[Z:
�F]G�� hQPIMQI� �7��� �7��8�7�5�

{dkjNlIRQd�u���mJrJMPQ�H���������m[ZHZGI:^_��HI[ZHH
pFZ`^�FG�IiZ�H]JIiZ_HIZ[G�FG�IiZ�}[_GhZ_�[Z�F]G
^Z[FqZ^�p[]e�HZFHeFhFI��̂ _I_��{Gw�TWI�MNUdjNr�kIJC
KLMNOPQ�rNsJjNUJjL�ojNMQIN��N�QWNrrIMkI�|Jj�UWI
�0RU� QIMUdjL�� uJhi_[ZHI�� 	�8
��



�����		
����7�����		
��8�	
���
	9
��
���	���

��������	
��9��������������


���� ! "�#$ %�&'()*+�,�-��
��-.���/01 ;1

9::;
<:=<>?@:A=B
C?A:
DEFAB:F
F<
FA
=AG=BFH?E
?I
@:?GJAF>=B
;E?B:<<:<

©©©©©
8��9��:;<=>?
�@��A��BCD>?EFGHG
�I��J��KLM>D>?G
�KC��B��A>NOPG<

I��@��IE?L=F>?G
�Q��A��9CMGL<F>
�R��KG��S>NLE<;F>?G
�@��T��8E=D>?<>H


Q��T��9CU<HGF
�V��A��WGDOCNHGF
�I��@��@PGEXCFLN;
�+,-.

oZhI]G]ci�HFh_`�FGIZ[c[ZI_IF]G�]p�1��eZhi_GFHeH�]p�Z_[Ii�J_dZ�H]J[hZH�41�8�5��de�̂ ZZc6
^J[FG���7
�8�����i_H�gZZG�cZ[p][eZ^�p][�HZFHe]�ZGFh�Y]GZ�}[_GhZ_��\JGhIF]GFG��G]^_`�c`_GZH
]p�eZhi_GFHeH�i_qZ�gZZG�F^ZGIFpFZ^�_H�IiZ�c`_GZH�]p�Jc`FpIH�_G^�Jc`FpI:HiFpIH�Ii_I��Z[Z�p][eZ^
JG^Z[�h]G^FIF]GH�]p�HJg:i][FY]GI_`�c[ZHHJ[Z��bI[JhIJ[_`�HhiZeZ�]p�̂ ZZc�Y]GZ�}[_GhZ_�i_H�gZZG
c`]IIZ^��iZ[Z�pJGhIF]GFG��G]^_`�c`_GZH�i_qZ�gZZG�JGFIZ^�FGI]�Ii[JHI:p_J`I��Jc`FpIH�_G^�Jc`FpI:HiFpI
Y]GZH�ZyIZG^FG��FG�G][IiZ_HIZ[G��G][Ii�ZHIZ[G��G][Ii:G][Ii�ZHIZ[G�_G^�HJg:`_IFIJ^FG_`�̂ F[ZhIF:
]GH��{I�i_H�gZZG�Hi]�G�Ii_I�][FZGI_IF]G�]p�Y]GZ�}[_GhZ_�HiFpI�c`_GZH�FH�h`]HZ�I]�][FZGI_IF]G�]p
HiFpI�c`_GZH�]p�p`�Hi�l_[c_IiF_GH�_G^�̀ _[�Z�p_J`I�Y]GZH�FGIZ[HZhIFG��FI��oiZHZ�[ZHJ`IH�h]GI[_^FhI
I�]�e_FG�h]GhZcIH�]p�Y]GZ�}[_GhZ_�p][e_IF]G�g_HZ^�]G�eZhi_GFHeH�]p�IZ_[FG��]pp�H`_gH�]p�]hZ:
_GFh�̀ FIi]HciZ[Z�][�̂ Z`_eFG_IF]G�]p�h]GIFGZGI_`�̀ FIi]HciZ[Z�gZh_JHZ�IiZ��_HHJeZ�IiZ�IJ[G�]p�_
HZ�eZGI�]p�̀ FIi]HciZ[Z�p[]e�HJg:i][FY]GI_`�I]�HJg:qZ[IFh_`�c]HFIF]G�_G^�_�p_F[`��HI[]G��̂ Zp][e_:
IF]G�]p�̀ FIi]HciZ[Z�FGh`J^FG��IiZ�̀ ]�Z[�h[JHI�]G�IiZ�_[Z_H�_^�_hZGI�I]�IiZ�Y]GZ���hh][^FG��I]
DSS�_G^�HZFHe]I]e]�[_ciFh�̂ _I_��IiZ�HI[JhIJ[Z�]p�IiZ�Z_[Ii=H�h[JHI�_G^�JccZ[�e_GI`Z�FG�IiZ�_[Z_
]p�Z_HIZ[G�][]:�Z^�Z�]p�l_[c_IiF_GH�FH�̀ FII`Z�̂ FppZ[ZGI�p[]e�IiZ�HI[JhIJ[Z�]p�IiZ�h[JHI�_G^�e_GI`Z
FG�]IiZ[�c_[IH�]p�IiZ�l_[c_IiF_G�HZhIF]G�]p��`cFGZH���`IZ[G_IFqZ�h]GhZcI�i_H�gZZG�c[]c]HZ^�FH:
HJZ^�p[]e�h]GHF^Z[_IF]G�Ii_I�IiZ�}[_GhZ_�Y]GZ�FH�G]I�_�cZI[]`]�Fh�g]^��8�_�c_[I�]p�]hZ_GFh�][
h]GIFGZGI_`�c`_IZ�FGh`J^Z^�FGI]�HJg^JhIF]G:h]``FHF]G�c[]hZHHZH�_G^�e]qZ^�I]�c[ZHZGI�c]HFIF]G�gJI
e][Z�c[]g_g`��IiZ�̂ Zp][e_IF]G�Y]GZ�]p�]qZ[_``�̀ _IZ[_`�4i][FY]GI_`6�c[ZHHFG��_ccZ_[Z^�FG�HFIJ�_H
_�[ZHJ`I�]p�h[_eeFG��]p�_�G_[[]��ZG]J�i�FG^ZGI][�]p�_�eFh[]:c`_IZ�oFHH_:x_d�_�FGI]�c[]^JhZ^
g��IiZe�][]:�Z^�Z�]p�IiZ�l_[c_IiF_GH���qZ[_``�̀ _IZ[_`�c[ZHHFG��p_q][Z^�IiZ�[ZHFHI_GhZ�I]�FG^ZG:
I][�e]qZeZGI�p[]e�IiZ�HF^Z�]p�IiZ�G][IiZ[G�c_[I�]p�IiZ�j�HF_G�eFh[]c`_GZ��x]g[]�Z_�_G^�IiZ
aZHI�u`_hd�bZ_�eFh[]c`_IZ�_G^�_`H]�hZGI[Fh`FG_`�̂ Zh`FGZ�]p�p_J`I�Y]GZH�̀ FeFIFG��FIH�e]qZeZGI
p[]e�IiZ�G][Ii�_G^�H]JIi��bJhi�p][e_IF]G�]p�}[_GhZ_�Y]GZ�FG�HFIJ�FH�h]GpF[eZ^�g��FIH�̂ FHc]HFIF]G
FG�IiZ�Y]GZ�]p�FGIZ[HZhIF]G�]p�̀ _[�Z:Hh_`Z�p_J`I�Y]GZH�8�o[_GH:vJ[]cZ_G�HJIJ[Z�Y]GZ��Γ′8Γ′′�
b]JIi:l_[c_IiF_G�Y]GZ�ZI�_`�

K:J
L?EG< �}[_GhZ_�Y]GZ��Z_[Ii�J_dZ�H]J[hZH��IZhI]G]ci�HFhH���Z]^�G_eFhH��HZFHe]I]e]:
�[_ciFh��_yZH�]p�HI[ZHHZH�

M:I:E:AB:<

gjJMR}L�g��g���cIrPQWIM}J�m��o���HPMUJl����c���ndC
jJlR}NLN�g��o����77���nFGZe_IFh�c_[_eZIZ[H�]p�^Z:
p][e_IF]G�]p�IiZ�JccZ[�i][FY]GH�]p�IiZ�v_[Ii=H�h[JHI
]p��d[_FGF_G�l_[c_IiF_GH�FG�IiZ�jF]hZGZ:m`ZFH:
I]hZGZ�4_hh][^FG��I]�IZhI]G]ci�HFh_`�̂ _I_6��HIJC
|P�PQWIR}PL� �WdjMNr� �5s4;6�� 	8�	� 4FG� ~JHHF_G6�

cdsMLN}�Z��f���oP}WJU��d��n���fN}NVIrLd}W�n��o������	�
bI[ZHH:HI[_FGZ^�HI_IZ�]p�IiZ�H]JIi:Z_HIZ[G�c_[I�]p
IiZ�bdFg_�_G^�u][�H`_q:m]dJIIF_�G_ccH�FG�IiZ��d:
[_FGF_G�l_[c_IiF_GH��HIJKLMNOPQR�S�TIQUJMJVWLC
RPQR� 
s4	6�� 	�	8	�;� 4FG� ~JHHF_G6�

cdkNIM}J�Z��o� ��hWdOrLNMR}NLN�e��g� ��{NIUR�e��f� �
TRlIU}JlN�T��g������1��oi[ZZ:^FeZGHF]G_`�P:qZ`]:
hFI��e]^Z`�]p�IiZ�u`_hd�bZ_�e_GI`Z�_G^�_^�_hZGI
IZ[[FI][���HIJ|P�PQWIR}PL��WdjMNr�	�s4�6���
�8�;�
4FG� ~JHHF_G6�

olIKIMR}NLN�g��o����7;7��~ZHZ_[hi�]p�IZGHF]G�_G^
g[Z_dH�FG�IiZ�Z_[Ii�J_dZ�p]hF�g��eZ_GH�]p�^FH:

`]h_IF]GH�IiZ][���j]Hh]�w��_Jd_���	; c��4FG�~JH:
HF_G6�

oPMMP}�e��m����71���fZIZ[]�ZGZFI��]p�IiZ�JccZ[�e_GI:
`Z�_[]JG^�IiZ�}[_GhZ_�Y]GZ�]p�FGIZ[eZ^F_IZ�Z_[Ii:
�J_dZH��{Gw�TWI�bNjVNUWPNM�INjUWtdN}I�JM�nNjQW�;�
0>..�NMK�PUR�bJMRItdIMQIR��j]Hh]�w��_Jd_��
�8

�� 4FG� ~JHHF_G6�

oJr|ONM��d��n���������xZp][e_IF]G�e]^ZH�_G^�dF:
GZe_IFh�ZGqF[]GeZGIH�]p�IiZ�`_IZHI�IZhI]GFh�p_J`:
IFG���FIiFG�IiZ�l[FeZ_G�j]JGI_FGH�����HIJ|P�PC
QWIR}PL� �WdjMNr� 	5s4�6�� ���8���� 4FG� ~JHHF_G6�

oJr|ONM��d��n���xJrIRMP}JlN�w���N������
��bZFHe]:
IZhI]GFhH�]p�IiZ�}[_GhZ_�p]h_`�Y]GZ��gQUPlI�qNdrUR
NMK�UWIPj�ZOVrPQNUPJMR�|Jj�hIPROPQ�pN�NjK�gRRIRC
ROIMU@�mjIRIMU�hUNUI�J|�UWI�mjJsrIO@�mjJQIIKPMkR
J|�UWI�YZY�hQPIMUP|PQ�NMK�mjNQUPQNr�bJM|IjIMQI�~PUW
ZMUIjMNUPJMNr�mNjUPQPVNUPJM��.[0/��QUJsIj��/0; �
}][]GZYiw� mJg`FHiFG�� _G^� m]`��[_ciFh� lZGI[Z
��_JhiG_�_� nGF�_��� 1�817� 4FG� ~JHHF_G6�
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UWI�zIRUIjM�{JMI�J|�UWI��MP|PIK�hLRUIO�J|�hIPRC
OPQ��sRIjlNUPJMR�J|�UWI��hhi�|Jj�0>==��nFZqw��_:
Jd]q_� xJed_�� ���8���� 4FG� ~JHHF_G6�

iIsIUR}PL����e����lQWNjIM}J��������hNllPQWIl�m��g��
���
��\FZ`^�]p�IiZ�c[ZHZGI�^_��HI[ZHHZH�]p�IiZ�h[JHI
]p�IiZ�H]JIi�ZHIZ[G�vJ[]cZ�_G^�jZ^FIZ[[_GZ_G�
oIRUMP}�xig�fTh��fNd}P�J�{IOrI�4���FH��
6��;18
1
� 4FG� ~JHHF_G6�

iP�MPQWIM}J��d��o����71���m[]g`ZeH�]p�bZFHe]`]���
bZ`ZhIZ^�a][dH��j]Hh]�w��_Jd_��
�1�c��4FG�~JH:
HF_G6�

hNkNrJlN�w��g����75���oiZ�p]h_`�_[Z_�]p�IiZ�l_[c_:
IiF_G�Z_[Ii�J_dZH�FG�IiZ�}[_GhZ_�e]JGI_FGH��HIJC
|P�PQWIR}PL� RsJjMP}� 4FH�� ;16�� �81�� 4FG�~JHHF_G6�

hJrrJkds�o��c���bWI}dMJl�g��o���hWQWd}PM��d��x���HdC
UIjQW�g���xJMKJjR}NLN�f��o���hPKJjJl�o��m���xWNjPC
UJMJl����n���xWJOIM}J�o��Z���HjNK�n���nNUI�WJ}�i��
mNL}WIr��N���mIjWdUR�w����71���m[]�ZhI�_G^�pF[HI�[Z:
HJ`IH�]p�IiZ�FGIZ[G_IF]G_`��Z]ci�HFh_`�HIJ^FZH�]G
^ZZc�HI[JhIJ[Z�]p�IiZ�`FIi]HciZ[Z�_`]G��IiZ��Z]:
I[_qZ[HZH�FG�IiZ�b]JIi:v_HIZ[G�vJ[]cZ��HIJ|P�PC
QWIR}PL� �WdjMNr� �s4�6�� 	8�	� 4FG� ~JHHF_G6�

hJrrJkds�o��c���bWI}dMJl�g��o���hJrJkds�f��o���xWNjPC
UJMJl����n���xdUNR�i��Z���xJjMLN�Z���iNKdrIR}d�q��
cNPRNjJlPQW�n��f���cJjJKdrPM�n��Z���TdjQWNMIM}J�f��T��
nNrJlPUR}PL��N��m���mdRULrMP}Jl�n��i���oJIlJKPMN�g��o��
ujdOLN�g��o���h}JlPUPM�g��Z���bWIjMLPL�o��Z����71	�
XFIi]HciZ[Z�HI[JhIJ[Z�]p�IiZ�l_[c_IiF_G:l[FeZ:
_G�HZ�eZGI�]p�IiZ�jZ^FIZ[[_GZ_G�p]`^�gZ`I��HIJC
|P�PQWIR}PL� �WdjMNr� �s4�6�� 	8�	� 4FG� ~JHHF_G6�

hJrrJkds�o��c���bWI}dMJl�g��o���hUNjJRUIM}J�o��Z���xdC
UNR�i��Z���cdrN}W�w��H���hJrJkds�f��o���xWNjPUJMJl����n��
mNRW}IlPQW�Z��x���mdRULrMP}Jl�n��i���cJjJKdrPM�n��g��
hWrLN}WJlR}PL�o��g���xNVPURN��d��n���xdrP}�h��f���xJjC
MLN�Z���cPUIj�n���uIOPUjIR}d�x���eN�NjIR}d�o���mJOC
VPrLNM�g���iNKdrIR}d�q���iILONMd�o����71���XFIi]:
HciZ[Z�HI[JhIJ[Z�_`]G��IiZ��Z]I[_qZ[HZ�V�p[]e�h]ec:
`Zy��Z]`]�Fh_`�_G^��Z]ci�HFh_`�^_I_��HIJ|P�PQWIRC
}PL� �WdjMNr� 5s4
6�� 	8�1� 4FG� ~JHHF_G6�

hUNjJRUIM}J�o��Z���xIMK�IjN�g��o���TRlIU}JlN�T��g���cdC
kNIM}J�Z��o������	��{GIZ[eZ^F_IZ�Z_[Ii�J_dZH�]p
IiZ�}[_GhZ_�Y]GZ�_G^�qZ`]hFI��HI[JhIJ[Z�]p� IiZ
e_GI`Z�gZGZ_Ii�v_HIZ[G�vJ[]cZ��HIJ|P�PQWIR}PL��WdjC
MNr� 	s4	6�� 	�8
�� 4FG� ~JHHF_G6�

hUIVNMIM}J�f���N���hPOJMJlN�f��g���xNjKNMIUR�o���d��
���	��bc_IF_`�q_[F_IF]GH�]p�IiZ�_yZH�]p�e_�][�HI[ZH:
HZH�FG�IiZ�}[_GhZ_�Z_[Ii�J_dZ�p]hF�Y]GZ��{Gw�hIPRC
OJrJkPQNr�cdrrIUPM�J|��}jNPMI�|Jj��/0���bZq_HI]:
c]`w�bml��vl�b:f�^[]ci�HFhH���
;8�;�4FG�~JH:
HF_G6�

bI[JhIJ[Z�]p�IiZ�l[JHI�_G^��ccZ[�j_GI`Z�]p�IiZ�lZGI:
[_`�_G^�v_HIZ[G�vJ[]cZ���751��v^H�}�su��b]``]�Jg�
���kJIZ[i��x��m[]HZG��nFZqw��_Jd]q_�xJed_���5�c�
4FG� ~JHHF_G6�

HIL}J�o��h���cdkNIM}J�Z��o���hWdOrLNMR}NLN�e��g��
{NIUR�e��f���TRlIU}JlN�T��g������5��	D�P:qZ`]hF:
I��HI[JhIJ[Z�]p�IiZ�JccZ[�e_GI`Z�]p�IiZ�v_HI�jZ:
^FIZ[[_GZ_G��HIJ|P�PQWIR}PL��WdjMNr��7s4
6���	8	�
4FG� ~JHHF_G6�

HIL}J�o��h���TRlIU}JlN�T��g���hNMMP}JlN�f��m���ePlNC
MJlN�e��m���HIL}J�x��o����771��~Z�F]G_`�	D�P:qZ:
`]hFI��HI[JhIJ[Z�]p�IiZ�e_GI`Z�]p�G][Ii�ZHIZ[G�vJ:
[_HF_�8�{��vJ[]cZ�����HIJ|P�PQWIR}PL��WdjMNr���s4	6�
;587�� 4FG� ~JHHF_G6�

HPMUJl����c���������\FZ`^�oZhI]G]ci�HFhH�_G^�FIH��c:
c`Fh_IF]G�FG�IiZ�l[JHI_`�xZp][e_IF]G�bIJ^��]p��d:
[_FGZ��nFZqw� \ZGFdH�� �5�� c�� 4FG� ~JHHF_G6�

HPMUJl����c���cdsMLN}�Z��f���oP}WJU��d��n���ndjJlC
R}NLN�g��o���fN}NVIrLd}W�n��o���hWrNVPMR}PL�o��w��
���
s_��oZhI]G]ci�HFh_`�_G^�c_`FGHc_HIFh�HZhIF]GH
]p�IiZ��d[_FGF_G�l_[c_IiF_GH�_`]G��IiZ�DOBRE:	
4PANCAKE6��Z]I[_qZ[HZ��HIJ|P�PQWIR}PL��WdjMNr
	;s4	6�� 	8		� 4FG� ~JHHF_G6�

HPMUJl����c����IkJjJlN�T��m���TRlIU}JlN�T��g���cdkNIMC
}J�Z��o���ndjJlR}NLN�g��o������
sg��kZ]^�G_eFh�pZ:
_IJ[ZH�]p�IiZ��JGhIF]G�Y]GZ�]p�IiZ�vJ[_HF_G�c`_:
IZ�_G^�IiZ��`cFGZ:fFe_`_�_G�gZ`I�FG���d[_FG�_G^
_^�_hZGI�_[Z_H��HIJ|P�PQWIR}PL��WdjMNr�	;s4�6���;8
;	� 4FG� ~JHHF_G6�

HJMQWNj�o��o������	��l]``FHF]G_`�e]^Z`�]p�IiZ�l[FeZ:
_G��[]�ZGw�[ZHZ_[hi�ZycZ[FZGhZ�g��pFGFIZ�Z`ZeZGI
eZIi]^��HIJ|P�PQWIR}PL��WdjMNr�	�s4;6���
;8�;

4FG� ~JHHF_G6�

HdRWQWIM}J���� Z � ���757��~Zh]GHI[JhIF]G�]p�eZ�_:
[Z�F]G_`�IZhI]GFh�HI[ZHH�pFZ`^H�]p�HZFHeFh_``��_h:
IFqZ�[Z�F]GH�FG�vJ[_HF_��{Gw�hUjIRR�NMK�hUjNPM�qPC
IrKR�PM�UWI�ePUWJRVWIjI��j]Hh]�w��_Jd_��58��
4FG� ~JHHF_G6�

uPMMP}�g��f����7�;��bZ`ZhIZ^�a][dH��nFZqw�mJg`��f]:
JHZ�]p�IiZ��d[_FGF_G��h_^Ze��]p�bhFZGhZH��	�5c�
4FG� ~JHHF_G6�

l_[c_IiF_G�Z_[Ii�J_dZ�j_[hi�
���755�_G^�FIH�h]G:
HZ�JZGhZH���71���v^����s}��x[Je�_��j]Hh]�w��_:
Jd_�� �5��c�� 4FG�~JHHF_G6�

l_[c_IiF_G�Z_[Ii�J_dZ��J�JHI�	����71;���77���v^H
��s}��x[Je�_����s}��biZg_`FG��nFHiZGZqw�biIFFG:
IH_��			�c�� 4FG�~JHHF_G6�

eLR}JlN�e����NMJlR}NLN�T��c������	��}Z`]hFI��HI[Jh:
IJ[Z�]p�IiZ�JccZ[�e_GI`Z�FG�IiZ�}[_GhZ_�Y]GZ�_h:
h][^FG��I]�G]FHZ�HJ[p_hZ��_qZ�I]e]�[_ci���oJVC
jJRL�kIJ|P�P}P� 4FH��
;6�� 	8�	� 4FG�~JHHF_G6�

mdRUJlPUIM}J�c��H���xNVPUNMJlN�h��g����77���vycZ[F:
ZGhZ� FG�JHZ�]p�_YFeJIi_`� I[_qZ`:IFeZ�hJ[qZH� I]
Zq_`J_IZ�IiZ�hi_[_hIZ[FHIFhH�]p��_cH�FG�IiZ�l[FeZ:
_G�Z_[Ii�J_dZ�p]hF��{Gw�hIPROJrJkPQNr�cdrrIUPM�J|
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xWNjPUJMJl����n���xjNRJlR}PL�h��h���xdVjPIM}J�m���N��
xdUNR�o��o���hJrJkds�f��o���ujJkPUR}NLN�H��n���TPC
OJRWIM}J�o��Z���hWrLNWJlR}PL�o��g����77	��XFIi]HciZ:
[Fh�I[_GHZhI�}[_GhZ_�8�b]JIi:�d[_FGF_G�APS��HIJC
|P�PQWIR}PL� �WdjMNr� ��s4�6�� �	8	�� 4FG� ~JHHF_G6�

TRlIU}JlN�T��g���cdkNIM}J�Z��o���������bZFHeFh�I]e]:
�[_ci��]p�e_GI`Z�gZGZ_Ii�IiZ�v_HI�vJ[]cZ_G�m`_I:
p][ew�e_GI`Z�qZ`]hFI��g]JG^_[FZH��HIJ|P�PQWIR}PL
�WdjMNr� 	
s4�6�� �;�8�5�� 4FG� ~JHHF_G6�

bWI}dMJl�g��o����71;��}[_GhZ_�HZFHeFh�_[Z_�8�IZh:
I]GFh�_HcZhI��uJVJlPKP�gf��ihi��hIj��c�4�6����8
�;� 4FG� �d[_FGF_G6�

bWI}dMJl�g��o����715��oZhI]GFh�e]^Z`�]p�IiZ�}[_G:
hZ_�HZFHeFh�_[Z_�FG�IiZ�l_[c_IiF_GH��HIJrJkPQWIRC
}PL� �WdjMNr� 4
6�� 	8��� 4FG�~JHHF_G6�

hWQWd}PM��d��x���uJsjIl�T��u����71���xZZc��Z]`]�F:
h_`�HI[JhIJ[Z���Z]^�G_eFhH�_G^��Z]ci�HFh_`� pF:
Z`^H�]p�IiZ�}[_GhZ_�p]h_`�Y]GZ��{Gw�bNjVNUWPNM�wNjUWC
tdN}I�nNjQW�;��0>..�NMK�PUR�bJMRItdIMQIR��j]H:
h]�w��_Jd_�� 58
�� 4FG� ~JHHF_G6�

cIRdUPJ�e���bNKPQWINMd�f���������m[Z`FeFG_[��h]G:
HF^Z[_IF]GH�]G�IiZ�Hc_hZ:IFeZ�^�G_eFhH�]p�IiZ�FG:
IZ[eZ^F_IZ:^ZcIi�HZFHeFhFI���FIiFG�}[_GhZ_�Y]:
GZ��oiZ�G_IJ[_`��Z]^�G_eFh�`_g][_I][��}[_GhZ_�
_�hi_`̀ ZG�Z�p][�IiZ���HI�hZGIJ[���uJhi_[ZHI����8		�

cJQPM�g���hUIVWIMRJM�i���TjLkklNRJM�g���mNMIN�Z��
nJQNMd�o���pNdRIj�q���nNUIMQJ�e������������D�HZFH:
eFh�qZ`]hFI��e]^Z`FG��FG�IiZ�H]JIi:Z_HIZ[G�~]:
e_GF_G�l_[c_IiF_GH��[]�ZG�_G^�FIH�p][Z`_G^��TIQC
UJMJVWLRPQR� 
���� �5	8�7��

bWNrJUCmjNU�q���HPjsNQIN�i���������m_[IF_`�^Z`_eFG_:
IF]G�]p�h]GIFGZGI_`�e_GI`Z�`FIi]HciZ[Z��Jc`FpI:[Z:
`_IZ^�h[JHI:e_GI`Z�^Zh]Jc`FG���q]`h_GFHe�_G^�g_:
HFG�p][e_IF]Gw�_�GZ��e]^Z`�p][�IiZ�m`F]hZGZ:�J_:
IZ[G_[��Zq]`JIF]G�]p�IiZ�H]JIiZ[G�v_HI�l_[c_IiF:
_GH�� ~]e_GF_�� TIQUJMJVWLRPQR� 	�5�� 1	8��5�

bJMRUNMUPMIRQd�e����751���G�ZyI[ZeZ�[]e_GF_G�Z_[Ii:
�J_dZ�_G^�FIH��F^Z[��Z]G]eFh_`�HZIIFG���iIldI
jJdONPMI�KI�k�JrJkPI��k�JVWLRPtdI�IU�k�JkjNVWPI�
h�jPI� k�JVWLRPtdI� ��s4�6�� �578��;�

bRJMUJR�e���o�j�R�g������
��jZH]Y]Fh�c`_IZ�IZhI]GFh
[Zh]GHI[JhIF]G�]p�IiZ�l_[c_IiF_G�[Z�F]G��mNrNIJC
kIJkjNVWL��mNrNIJQrPONUJrJkL��mNrNIJIQJrJkL����s4�6�
�8�;�

uIrlNdv�u����77	��oiZ�TENSOR�c[]�[_e�p][�c_`Z]:
HI[ZHH�[Zh]GHI[JhIF]Gw�Zy_ec`ZH�p[]e�IiZ�Z_HI��p:
[Fh_G�_G^�IiZ�u_Fd_`�[FpI�Y]GZH���gHI[_hI�HJcc`Z:
eZGI�����I]�oZ[[_��]q_�����5�8����

wMQPd�u��n���xMNVV�b��b���xMNVV�y��p������7��~ZqF:
HZ^�h[JHI_`�_[hiFIZhIJ[Z�]p�IiZ�H]JIiZ_HIZ[G�l_[:
c_IiF_Gp][Z`_G^�p[]e�_hIFqZ�_G^�c_HHFqZ� HZFHeFh

^_I_��TIQUJMPQR��1��ol
��	��^]Fw������7z���1ol
���	1��

qNM�H���zNrrNQI�T��b���{WNJ�u����771��o]e]�[_ciFh
Fe_�FG��]p�^ZZc�qZ`]hFI��HI[JhIJ[Z�gZGZ_Ii�IiZ
v_HIZ[G�_G^�b]JIiZ[G�l_[c_IiF_GH��~]e_GF_w�{e:
c`Fh_IF]GH�p][�h]GIFGZGI_`�h]``FHF]G��y��HIJVWLR��iIR�
��	s4u�6�� �5��8�5�	�

qJKJj�e���bRJMUJR�e���cNKN�H���HL�j|P�Z���cIM}JlPQR�e��
�777��oZ[IF_[��IZhI]GFh�Zq]`JIF]G�]p�IiZ�m_GG]GF:
_G�g_HFG�H�HIZe�_G^�GZF�ig][FG��][]�ZGHw�_�GZ�
H�GIiZHFH�]p�c_`Z]HI[ZHH�^_I_��{Gw�TWI�nIKPUIjjNC
MINM�sNRPMR @�TIjUPNjL�IvUIMRPJM�~PUWPM�UWI�grVPC
MI�JjJkIM��kZ]`��b]h��X]G^]G�bcZh��mJg`��4��;6�
�7�8		
�

H�kN�N�e���oIjk�R�y���hNdjN�w���nNrNUN�T���iPMkIMC
sNQW�y�Cb���zIjMIj�mW���xj�L~PIQ�m����������[hiF:
IZhIJ[Z�_G^�][]�ZGFh�Zq]`JIF]G�]p�IiZ�G][IiZ_H:
IZ[G��JIZ[�l_[c_IiF_GH�p[]e�h[]HH:HZhIF]G�g_`_G:
hFG��_G^�p][�_[^�e]^Z`FG���TIQUJMJVWLRPQR��	�8
�	��� ��	8�
��

HPjsNQIN�i���qjPRQW�z����771��b`_g�FG�IiZ��[]G��c`_:
hZw�`]�Z[�`FIi]HciZ[Fh�e_GI`Z�^Z`_eFG_IF]G�FG�IiZ
`_HI�HI_�Z�]p�IiZ�v_HIZ[G�l_[c_IiF_G�HJg^JhIF]G
[ZI[Z_I��HIJrJkL� �;�� ;��8;�
�

HJrJM}N�y���xjJsPQ}P�n����R�Q�LV}J�f���hrNQ�}N�g��
hrJO}N�T������	��kZ]^�G_eFh�Zq]`JIF]G�_G^�c_`_Z]:
�Z]�[_ci��]p�IiZ�m]`FHi�l_[c_IiF_GH�_G^�_^�_:
hZGI� _[Z_H� ^J[FG���Z]:lFeeZ[F_G� _G^� c[ZhZ:
^FG��ZqZGIH�4`_IZHI�o[F_HHFh:Z_[`FZHI�l[ZI_hZ]JH6�
{Gw�TjNQPMk�TIQUJMPQ�uI|JjONUPJM��RPMk�UWI�hIKPC
OIMUNjL�iIQJjK��kZ]`��b]h��X]G^]G��bcZh��mJg`�
��1�� �	18��1�

GPS�m[]gZH�IiZ�nFGZe_IFhH�]p�IiZ�}[_GhZ_�bZFHe]:
�ZGFh��]GZ�����
��w�h�TjNMR��gH��1�s4�76���1�8
�7;�

HjNK�n���TPPjN�T��NMK�ESC�zJj}PMk�HjJdV�����1�
oiZ�j]i]�^ZcIi�e_c�]p�IiZ�vJ[]cZ_G�m`_IZ��HIJC
VWLR��y�� ZMU���5;���578�7��

pIPKsNQW�����iIPMIQ}Ij�y���TPMkNL�n���n�rrIj�c���hVIjC
MIj�c���qdQWR�x���zIM�Ir�q������5��m`_IZ�g]JG^_:
[��p][hZH�_[Z�G]I�ZG]J�iw�HZh]G^:�_G^�IiF[^:][:
^Z[�HI[ZHH�c_IIZ[GH�iF�i`F�iIZ^�FG�IiZ�a][`^�bI[ZHH
j_c� ^_I_g_HZ�� TIQUJMPQR� �;�� ol;��
�

pNdRIj�q���iNPrINMd�o���qPIrPU��z���cNrN�g���mjJKIWr�b��
mJrJMPQ�H���hQWdr�I�g���������VRANCEA:77�8�oiZ
h[JHI_`�HI[JhIJ[Z�gZGZ_Ii�IiZ�H]JIiZ_HIZ[G�l_[:
c_IiF_GH�_G^�IiZ�j]ZHF_G�m`_Ip][e�p[]e�_�HZFH:
eFh�[Zp[_hIF]G�c[]pF`Z�FG�~]e_GF_��TIQUJMJVWLRPQR
	
��� �		8��;�� ^]Fw������;zb��
�8�7��4��6��
�7�8��

pNdRIj�q���iNPrINMd�o���qPIrPU��z���uPMd�b���eNMKIR�n��
cNrN�g���mjJKIWr�b������5��bZFHeFh�h[JHI_`�HI[JhIJ:
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[Z�gZI�ZZG�IiZ�o[_GH�`q_GF_G�u_HFG�_G^�IiZ�u`_hd
bZ_�� ~]e_GF_�� TIQUJMJVWLRPQR� 
	��� �8���

pPVVJrPUI�y�Cb���������kZ]^�G_eFhH�]p�x]g[]�Z_�4~]:
e_GF_6w�GZ��h]GHI[_FGIH�]G�IiZ�Zq]`JIF]G�]p�IiZ
o][G�JFHI8oZFHHZ�[Z�XFGZ��IiZ�u`_hd�bZ_�_G^�IiZ
l_[c_IiF_GH��TIQUJMJVWLRPQR� 	�5�� 		8�	�

xMNVV�y��p���xMNVV�b��b���iNPrINMd�o���nNUIMQJ�e��
nJQNMd�o���uPMd�b���������l[JHI_`�h]GHI[_FGIH�]G
IiZ�][F�FG�]p�e_GI`Z�HZFHeFhFI��FG�IiZ�}[_GhZ_��]:
GZ��~]e_GF_w�oiZ�h_HZ�p][�_hIFqZ�h]GIFGZGI_`�^Z:
`_eFG_IF]G��TIQUJMJVWLRPQR�
����	��8	�	��^]F w
������;z��IZhI]�������������

xJl���n���fNkLONjJRL�g����R�Q�LV}J�f���hrNQ�}N�g��
bRJMUJR�e���nNjdMUIMNd�n���nNjUJM�w����771��m_:
`FGHc_HIFh�[Zh]GHI[JhIF]G�]p�IiZ�l_[c_IiF_G�8�m_G:
G]GF_G�[Z�F]G�^J[FG��IiZ�jF]hZGZ��{Gw�HIJKLMNC
OPQ�uIlIrJVOIMU�J|�UWI�zIRUIjM�bNjVNUWPNMR��kZ:
]`��bJ[q��b`]q_d�~ZcJg`Fh��u[_IFH`_q_���178��5�

xJdrN}Jl�Z���{NWNjPN�c���wMIRQd�c���iNKdrPNM�n���mJC
VN�n���mNjJrNP�h���{RQWNd�y���������xZ`_eFG_IF]G
][�H`_g�^ZI_hieZGI�gZGZ_Ii�}[_GhZ_���Z��_[�J:
eZGIH�p[]e�`]h_`�Z_[Ii�J_dZ�I]e]�[_ci���HIJC
QWIO��HIJVWLR��HIJRPRU����s4	6����	�����̂ ]Fw�������7
z�zzzh���1���

eNMKIR�n���qPIrPU��z���pNdRIj�q���mJVN�n���UWI�CALIXTO
HjJdV�����
��	D�JccZ[�h[JHI_`�I]e]�[_ciFh�HI[Jh:
IJ[Z�_h[]HH�IiZ�}[_GhZ_�HZFHeFh�Y]GZ��~]e_GF_�
TIQUJMJVWLRPQR�	1���1�8�����̂ ]Fw������;z��IZhI]�
���	������	�

ePM�Ij�p�CH����77;��nFGZe_IFhH�]p�[ZI[Z_IFG��HJg^Jh:
IF]G�_`]G��IiZ�l_[c_IiF_G�_[h��~]e_GF_��HIJrJC
kL� �
s4�6�� �;58�5��

nQxIM�PI�u��m����7;7��oiZ�[Z`_IF]G�gZI�ZZG�p_J`I�c`_:
GZ�H]`JIF]GH�p][�Z_[Ii�J_dZH�_G^�IiZ�^F[ZhIF]GH
]p�IiZ�c[FGhFc_`�HI[ZHHZH��cdrr��hIPRO��hJQ��gOIj�
�7s4�6�� �7�8;���

ndQdUN�u��n���xMNVV�b��b���xMNVV�y��p���nJQNMd�o��
iNPrINMd�o����������Z]IZhI]GFh�H]JIiZ_HI�l_[c_:
IiF_G�p][Z`_G^�^Zp][e_IF]G�_G^��ZGZIFh�_HH]hF:
_IF]G��FIi�IiZ�}[_GhZ_�bZFHe]�ZGFh��]GZ��w�h
TjNMR�� gH�� 1;s4��6�� o��l8�	�1�

nNjUPM�n���iPUUIj�y��i��i���UWI�CALIXTO�zJj}PMk�HjJdV�
������fF�i�[ZH]`JIF]G�IZ`ZHZFHeFh�g]^���_qZ�I]:
e]�[_ci��gZGZ_Ii�bv�~]e_GF_��{��{ec`Fh_IF]G�p][
Ii[ZZ:^FeZGHF]G_`�qZ[HJH�]GZ:^FeZGHF]G_`�h[JH:
I_`�h][[ZhIF]G�HI[_IZ�FZH��FIi�_�GZ��h[JHI_`�qZ`]:
hFI��e]^Z`��HIJVWLR��y��ZMU���;���

18
;���̂ ]Fw���
����z���	;�8�
;���������;;��y�

nNjUPM�n���zIM�Ir�q���UWI�CALIXTO�zJj}PMk�HjJdV�
���;��fF�i�[ZH]`JIF]G�IZ`ZHZFHeFh�g]^���_qZ�I]:
e]�[_ci��gZGZ_Ii�bv�~]e_GF_��{{��{e_�FG��]p�_
H`_g�̂ ZI_hieZGI�HhZG_[F]��HIJVWLR��y��ZMU���;
���578
�7��� ^]Fw�������z���	;�8�
;�����;���11
�y�

nNUIMQJ�e���cIjUJUUP�H���uPMd�b���brJIUPMkW�h����775s_�
oZ[IF_[��IZhI]GFh�Zq]`JIF]G�]p�IiZ�ZyIZ[G_`�b]JIi:
Z[G�l_[c_IiF_GH� _G^� _^�_hZGI�j]ZHF_G�c`_Ip][e
4~]e_GF_6�� TIQUJMPQR� �;s4;6�� 17;87���

nNUIMQJ�e���{JIUIOIP�Ij�i���brJIUPMkW�h���uPMd�b��
�775sg��X_IZ[_`�q_[F_IF]GH�FG�eZhi_GFh_`�c[]cZ[:
IFZH�]p�IiZ�~]e_GF_G�ZyIZ[G_`�l_[c_IiF_w�FGpZ[ZG:
hZH�]p�IiZ�p`ZyJ[Z�_G^��[_qFI��e]^Z`FG���TIQUJMJC
VWLRPQR� �1��� �
58�;;�

n�rrIj�c���pIPKsNQW�����fIkdU�n���hVIjMIj�c���cdQWC
ON�T����������II_hiZ^�][�G]I�_II_hiZ^�ZqF^ZGhZ
p[]e�h[JHI_`�HI[ZHH�]gHZ[q_IF]GH�p][�_��Z_d�h]Jc:
`FG��]p�IiZ�}[_GhZ_�H`_g�FG�~]e_GF_��TIQUJMJVWLC
RPQR� 
1��� �	78�
7�

fIdkIsNdIj�y���HjIPMIj�c���gVVIr�w���������nFGZe_:
IFhH�]p�IiZ��`cFGZ:aZHI�l_[c_IiF_G�][]�ZG�_G^
c_`_Z]�Z]�[_ciFh�Fec`Fh_IF]GH��y��HIJr��hJQ��eJMK�
��1�� 758����

�MQIRQd�n�Cb���cJM�Ij�x�Cm����775����G]IZ�]G�IiZ
^ZcIi�[ZhJ[[ZGhZ�_G^�HI[_FG�[Z`Z_HZ�]p�̀ _[�Z�}[_G:
hZ_�Z_[Ii�J_dZH��TIQUJMJVWLRPQR��5����7�8	���

mNMIN�Z���hUIVWIMRJM�i���xMNVV�b���nJQNMd�o���ujP�C
}JMPMkIM�H���nNUIMQJ�e���xMNVV�y���mjJKIWr�x��������
�Z_[:qZ[IFh_`�HZFHeFh�[Zp`ZhIF]G�Fe_�Z�JHFG��_�G]:
qZ`�_h�JFHFIF]G�IZhiGF�JZ�_h[]HH�IiZ�}[_GhZ_��]:
GZ�_G^�\]Hh_GF�u_HFG��H]JIi:Z_HIZ[G�l_[c_IiF_GH
4~]e_GF_6�� TIQUJMJVWLRPQR� 
���� �7	8	�7�

iNKdrIRQd�q��g��� �71���l[JHI_`� HZFHeFh� HIJ^FZH� FG
~]e_GF_��iIldI�iJdONPMI�KI�HIJrJkPI��HIJVWLC
RPtdI�IU�HIJkjNVWPI��hIjPI�KI�HIJVWLRPtdI������58
5
�

hQWOPK�h���cIjMJdrrP�u���q�kIMRQWdW�c���nNUIMQJ�e��
hQWI|Ij�h���hQWdRUIj�i���TPRQWrIj�n����RUNR�I~R}P�x��
���1��oiZ��`cFGZ:l_[c_IiF_G:xFG_[F^Fh�][]�ZGFh
H�HIZew�h][[Z`_IF]G�_G^�Zq]`JIF]G�]p�IZhI]GFh�JGFIH�
h~PRR� y��HIJRQP�� ����� �	78�1	�

hVIjMIj�c���eJjIM��q���cJM�Ij�x���pIUUIr�h���n�rrIj�c��
zIM�Ir�q���������b`_g�g[Z_d:]pp�8�_g[JcI�hJI�][
�[_^J_`�̂ ZI_hieZGI���Z��FGHF�iIH�p[]e�IiZ�}[_G:
hZ_�~Z�F]G�4bv�l_[c_IiF_GH��~]e_GF_6��TIjjN�fJC
lN� 4�	6���5�8�57�

hUNjJRUIM}J�o���yNMP}�T���xJrJOPLIUR�x���b�dsN�z��
	jJKN�m���HjNK�n���xJl���Z���hUIVWIMRJM�i���eLRLMC
QWd}�u���TWLsJ�p���gjUIOPIlN�Z��n����OIrQWIM}J�o��
HPMUJl�����xdUNR�i���HjLM�u���HdUIjQW�g���pIkIK
R�w��
xJOOPMNWJ�x���eIkJRUNIlN�����TPPjN�T���TJr}dMJl����
���	��bZFHeFh�qZ`]hFI��e]^Z`�]p�IiZ�h[JHI�_G^�Jc:
cZ[�e_GI`Z�_`]G��c[]pF`Z�PANCAKE�_h[]HH�IiZ�l_[:
c_IiF_GH�gZI�ZZG�IiZ�m_GG]GF_G�u_HFG�_G^�IiZ
v_HI�vJ[]cZ_G�l[_I]G��
IQUJMJVWLRPQR�;�1����
78
��5��

TJMKP�i���gQWNdIj�����eNMKIR�n���uNlP�i���cIRdUPd�e��
���7���GqZF`FG��HZFHeFh�_G^�^ZGHFI��HI[JhIJ[Z�gZ:



�����		
����7�����		
��8�	
���
	9
��
���	���

��������	
��9��������������


���� ! "�#$ %�&'()*+�,�-��
��-.���/01 ;>

GZ_Ii�IiZ�}[_GhZ_�HZFHe]�ZGFh�Y]GZ��~]e_GF_�
y��HIJVWLR��iIR����
��u��	�5��̂ ]Fw������7z���1�u��
�77��

TjP|JMJl�o��H���ZlNMJlN�T��m���cNQWONMJl�u��n��������
}[_GhZ_�_G^�fFG^J�nJHi�_[Z_H�]p�e_GI`Z�Z_[Ii:
�J_dZHw�h]ec_[_IFqZ� IZhI]GFh� _G_`�HFH�� bhFZGIF:
pFh��GG_`H��bhi]]`�]p�kZ]`]�����[FHI]I`Z��GFqZ[:
HFI��]p�oiZHH_`]GFdF�m[]hZZ^FG�H�]p�IiZ��{��CBGA
l]G�[ZHH��oiZHH_`]GFdF��k[ZZhZ��bcZh���77����8�;�

oNRPrPIl�Z���nNUIMQJ�e���xjP�kRONM�z������7��oiZ�H�G:
_G^�c]HI:h]``FHF]G_`�Zq]`JIF]G�]p� IiZ�~]e_GF_G
l_[c_IiF_G�p][Z^ZZcw��Z��h]GHI[_FGIH�p[]e�_GF:
H]I[]c��]p�e_�GZIFh�HJHhZcIFgF`FI��_G^�c_`Z]HI[ZHH
_G_`�HZH�� TIQUJMJVWLRPQR� 
5	�� 
�58
;��

oJr|ONM��d��n���HPMUJl����c���xJrIRMP}JlN�w���N���ndC
jJlR}NLN�g��o������
��oZhI]G]ci�HFh_`� FGIZ[c[Z:
I_IF]G�]p�Z_[Ii�J_dZ�p]h_`�eZhi_GFHeH�]p�IiZ��_:
�[]H�H�HIZe��HIJKLMNOPQR�S�TIQUJMJVWLRPQR��s4�6�
	��8	�7�

zIPKrI�b���zPKPLNMUJjJ�h���UWI�CALIXTO�zJj}PMk�HjJdV�
������{ec[]qFG��^ZcIi�[ZH]`JIF]G�]p�IZ`ZHZFHeFh
I]e]�[_ci��g��HFeJ`I_GZ]JH�FGqZ[HF]G�]p�IZ`ZHZ:
FHeFh�_G^��`]g_`�P:�_qZ�I[_qZ`IFeZ�^_I_:_cc`Fh_:
IF]G�I]�IiZ�}[_GhZ_�[Z�F]G�FG�b]JIiZ_HIZ[G�vJ[]:
cZ��HIJVWLR�� y�� ZMU���;���1��81�	�

zIM�Ir�q���hVIjMIj�c���eJjIM��q���nJQNMd�o��������
kZ]^�G_eFhH�� I]e]�[_ciFh� Fe_�ZH�_G^�HZFHeF:
hFI��]p�IiZ�}[_GhZ_�[Z�F]G�4bv:l_[c_IiF_GH��~]:
e_GF_6��wH��hUIVWNM�ndIrrIj�hVIQ��mdsr��hIj��4	6�
7�8��
�

zJjUIr�n���hVN}ONM�z���������bJg^JhIF]G�_G^�H`_g
^ZI_hieZGI�FG�IiZ�jZ^FIZ[[_GZ_G:l_[c_IiF_G�[Z:
�F]G�� hQPIMQI� �7��� �7��8�7�5�

{dkjNlIRQd�u���mJrJMPQ�H���������m[ZHZGI:^_��HI[ZHH
pFZ`^�FG�IiZ�H]JIiZ_HIZ[G�FG�IiZ�}[_GhZ_�[Z�F]G
^Z[FqZ^�p[]e�HZFHeFhFI��̂ _I_��{Gw�TWI�MNUdjNr�kIJC
KLMNOPQ�rNsJjNUJjL�ojNMQIN��N�QWNrrIMkI�|Jj�UWI
�0RU� QIMUdjL�� uJhi_[ZHI�� 	�8
��


