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

�! #"%$&�('&)+*-,� +.-/!"%, 0 132-.-/!"546"%, "87
9 )+75:32;�(< " 4&� =>7%)+< "5?!@57 4&� A B(2-'62-"5, 4&�

"5CD'&EF"G +'&)+"

HJILKMINKMOQPQR�ILSMTVUXWZYXW\[]W^WZ_`PaS]ILbQced\_	UQ_^S]fgS]OQhi_jUQI
kml-npo�qQlrlts uwvxs%y{z|o~}�����v
W�_���[�_`�`[MW�R�WjUaI����`K�����[MW�UQOXW\ced�_
ILR���_`R�YQOaS�W\ced�_^UXW^�{���

Y�_`[
� o~�{����}���v��Q��}� ¡qQ��¢{£�}�£{l

¤�_¦¥`ILRjPQ[�_�§�¨�¨�©



���������	��
���
���
���������
�����
���
���
�����������
���
���
���������
�����
�����������
���
���
�����������
��� !�"�
# �$�&%('*)+�+)���,

-/. �&
�%0)���
��1�&�� 2��
����3'546��
7�98$�&�� 2� # ��:����3 ;�<�=87���>:���
3'? !� #!@

A



0 �%)+"%4&��/ .-< ��C� #7 ,

� �`[]W�UaI c _^YQ[�TVR�I Ti[]W�R�I bpS]I{W��{I OaK�I�WjR�I OQK�YQW�TVK��aKMILRD_`K�� OXW�TiK�bXd�_��L_`bQKMIL�`OQTi[MT Wj[�I �
W\hVT
	 W�[FI K�SMI S][MW�PXW�h��Q_�
 � R�I O�Ti[MR	d�_ � S��Q_`K�I�W�R	Tib��XW¡Ti[MR	d����QbQTVW¡Y�I h W�� _`[Mc WjI{S]_`[�� TiUXW��
I�W�_ [MILK�S�W\b SMI�UQI�R�TVb��QW�� W�R�fVhVTVW�
 � _ R	ILO _`[MTiI bpS�W\UQ_`[���_ YQ[M_�� ILKMK�_`[��{[�
��-OQT�	��aW\SM_`[MO
� ���QT �JY�I hVW#_�[MTVILbpS�W�c d�_+I�W�R�T
	eW\UQIZbQ_ UaI�� _�[M[MIL[¡UQILK�SMI	S][MW�PXW�h��Q_�
 � _`K¡W\R	Ti�`_`K�UQI"!+_`O~�
K�IL¥�TVhihVI$#&% TgS]_`[��'��TVUQbQI)(*�,+�UaOXW�[MUa_��-��_`baTi¥\W�b.� � bQUa[0/��'1|_`baI��-� S�2 baTV_��,+�TiUQI [NI3�aW�bQUQIL[MK�_`b
Y�I hVW¡W�R�T
	 W�UQI�I4�L_`R�YXW�b��QILTV[�TVKMR�_�W�R�TVR�UQILUQT
� W�UQ_`K�5QW�_`KxW�R�TV�`_�KFUa_jR	ILK�SM[]W�UQ_�UXWj��� �6�
� OQI�K�I R�YQ[MI�R	I�W87�OQUXW�[MW�R3I�I K�SMTi¥�I []W\R YQ[�I K�I bpS]ILK:9\K�� OQTVbpS�W\K�� I TV[MW�K¡bQW<;��eW\b S]W�[MILTV[MW=;$

�|R�W�R	ILbQced\_�I K�Y I�� T W\h�W�_:� _`hiI �pW3�`W�� OQI K��;KMILR	Ya[MI¡Ya[M_`bpS]_�W�W>7�OQUQW�[{_`K?� _`hiI �pW\K W	[�I K�_`hg�
¥�I [�_`K@;LY�I YaTVbQ_`KA;LbQ_#h W�P�_`[MW\S]�`[�TV_�
 � ��[]W�UQILc _#S�W�RjPB/ R3W S]_�UQ_`KN_`K¡UaI R	W�TVK�YQ[�_�� I K�KM_`[�I K��
� Oab�� Ti_`b=C�[�TV_`K ID�L_`hVIL�pW�K�UXW��{� �E�QY ILh WZW\SMI bQc d�_	W^R�TVR _�� IL[MI��LTVUXWF


¤�d�_	Y�_�UQI [�T WjUQILTHGaW�[�UQI�R�I b��LTV_`bXW\[ bQI K�S]INR	_�R	ILb SM_^W�hV��OQbQK�YQ[�_�� I K�KM_`[�I KI��OaINSMTi¥`I�bQW
��[]W�UQOQW�ced�_�� _`K4��OQW�TVK?� _`bQK�TVUQIL[M_�R�I OaK{�`[MW�bQUQILK TVb��LI bpS]Tg¥\W�UQ_`[�I K�#I�-OQT�	��~T�� OQI Ti[]W�� � UQTVhiKM_`b
1�_�UQ[MTi�`OQI K�I&! W\[0� _�bQI&�`W�R	TihVK�_`b.


� � Oa[M_�� [�ILS]_�� YXW\h
� _�UQ_:� _`R�I cL_�UQI�R	Tib��XW�K�YQ[�ILS]ILbQK0J�I KK9�Y��`K�� �`[]W\UQOXW�UQ_�
 � [�I Y��~�
PahVT
� W3�`W\[MUQTiRML�_~_`hi�`�`T�� _��Q_�bQUQIjW\YQ[MILbQUQTJW	KMIL[{Y�I [�KMIL¥�I [MW�bpS]IZI¡K�OQY�I []W\[ W�K{W�Ua¥`IL[MK�TVUXW�UaI K�

� R�TVb��XW+S]IL[M[MW�bQW\S�W�h � W YXW�� W\S�WN�LTVUXW�UaI�	 Tib��XW�UQI bQ_�R	I@OxI hV_ � [�TVI bpSMI���I b��L[]We¥\W�UXW bQ_`K
�L_`b�PXbaKxUXW\KQ!+TibXW�KF��I [MW�TVK�5~W\_`K�R	ILOQK ¥�C\[MTV_�K�W�R	Ti�`_`K _�KE� OXW�TiK bXd�_NR	ILb�� Ti_`bXW�[�I TXW$��OaT�Y�_`[
� W\hiS�WjUaINILKMYXW\c _�I�W\_�ILbQKMTibQ_�Y��QPQhiT
� _��a�`[MW\S]OQTgS]_ZI�UQID� OXW�hiTVUXW�UaI�
,%FW�hiI O.RHRHR

§



1�I K�OQR�_ UXW H�I K�I W�YQ[�I K�I bpS�W�UQW 9 �{��� �L_`R	_ [MI���OaTVKMTgS]_ YXW�[0�LT W�h YXW\[]W W
_�PaS]ILbQced�_�UQ_^�`[MW�O UQI�!#I K�SM[MI�I R ��T�2 b��LT WjUXW	��_`R�YQOaS]W�ced�_�� !�
 � ��
��

!+I S�W��QILOQ[MfiK�SMT
�eW\K�W\YQhVT��eW�UXW\K�W�_�� [M_`PQhiI R	WjUQI � _`[MR	W�c d�_ZUQI��6/ hiOQh W�K�UaI !+W�b O�� W\S]Oa[]W
� S��aTVh W�1�_ ���XWZHJ[�TVbQUXW\UQI

¤|_¦¥`I R¡PQ[M_���§�¨`¨�©

� [�TVI bpS]W�UQ_`[�# �tOaT
	��aW\SM_`[MO � ���QT
� [�_`�`[]W\R�WjUQIN���`K�����[MW�UQOXW�c d�_^I R���_�R	YQO~S�W�c d�_

+ K�SMI S][MW�PXW�h��Q_{S]ILR �L_`R�_ _`P 7�I S]Ti¥�_�� W�YQ[�I K�I bpS�W�[ OaR%W�hi�`_`[�TiS]R�_�IL¥�_`hVOaSMTi¥�_�� � +��JI�OQR�W
R�ILS]W��QILOQ[MfiK�S]T��eW#�D1 � �a�rYXW�[MW+W [MILKM_`hiOQced�_#UQ_+� [M_`PQhiI R	W#UaI��X_`[�R�W�c d�_�UQI��6/ hiOQh W�K�UQI
!+W�b O�� W\S]Oa[]W	� �F��!
�)
 � �x��!�S]I R�K�I{R�_`K�SM[]W�UQ_NOQR	WNTiR	Y�_`[�S�W�bpS]I�ILK�S][MW\S�/L�`T W�UQI{W�OFG~fVhiTV_
ILR K�TVK�S]I R	W�KNUQI�YQ[�_~UaOQced�_+UQTi¥�I [�KM_`K��-� _`bpS][�TVPQOaTVbQUQ_+YXW�[MW OQR3R	ILh
�Q_�[��`IL[MILb�� TVW�R	ILbpS]_ I
I)P=� T�2 b��LT WZUQ_`K�R�I K�R	_`K�


� K � + K�IN_���1 � �a� S]I R�[�I K�_`hi¥�TVUa_:�L_`RDKMO�� I K�KM_�OQR	WZ�`[]W\bQUQINUQTi¥�I [MK�TVUXW\UQI�UQI�Ya[M_\�
PahVI R	W�K � _`RjPaTVbXW\SM_`[MTVW�TVK-UQW C�[MI W{UQI _�SMTVR�T
	 W�ced�_�
t¤�I K�S]I SM[]W�PXW\h
�Q_I� _`[]W�R YQ[�_`Y�_`K�SM_`KJ¥$C�[�TV_`K
Ya[M_ � I UaTVR�I bpS]_`KFUQI?� _`bQK�S][�OQced�_�I{PQOaK0�eW�hV_ �eW�hXUQI|KM_�hVOQc�J~ILK W�YQhiT
� W�UXW�K�W�_¡�F��!>I�SMI K�S]W�UXW�K
¥$C�[�T W�K �L_`RjPQTibXW�c�J�I K�UQ_�KFR�I K�R	_�KxbQ_ � + I|bXWD�QI Oa[MfVK�S]T��eW���1 � �a� � WDPQR�UQI�[�IeW�hiT
	 W�[ OQR
ILK�SMOQUQ_�� [�fiSMT
� _�KM_`Pa[MI�WjTiR	Y�_`[�S���b��LT W�TVbQUaTi¥�TVUQOQW�h UQIK�eW\UXW¡YQ[�_F�LI UQTiR	ILb SM_jbQ_jUaI KMILR	Y�I b��Q_
Ua_`K|W�hV�`_�[MTiSMR	_�K�


� K�W�hi�`_`[�TiS]R�_`K�YQ[�_`Y�_`K�SM_`K K]d\_"� _`R�YXW�[MW�UQ_`KI� _�R>YQ[�_F�LI UQTiR	ILbpS]_`K�I)G~TVK�S]I bpSMI K�bXW�hiTiSMI �
[MW\S]Oa[]WZI�KMI�R	_�K�S][MW�R R¡OQTiSM_ZYQ[M_`R�TVK�KM_`[�I K�bXW^KM_�hVOQc d�_^UQ_��x��! 







� PQK�SM[]W�� S�_��tH��QILKMTVK�Ya[MI K�I bpS]ILU#SM_Z�{��� W�K�WjYXW\[�S]TVW�h=� OQh�PQhVhVR�I bpSx_��-S��aI [MI���OaTV[MILR	ILbpS]KQ� _`[
S0�QI�UQI ��[MI I�_��-! W�K�S]I [�_��'�F�LTVI b�� I � !�
 �F�$
 �

!+ILS]W��QILOQ[MTiK�S]T�� K � YaYQhVTiI U�S]_ZS��aI !+W�b O�� W��LSMOQ[MTibQ�	��I hiht� _�[MR	W\S]Ti_`b�� [M_�PQhVILR
� S��aTVh W�1�_ ���XWZHJ[�TVbQUXW\UQI

¤|_ ¥�I RjP�I [��`§�¨`¨\©

� U~¥~TiKM_`[�# �tOaT
	��aW\SM_`[MO � ���QT
��I YXW�[�S]R�I bpSA#x��_`R�YQOaSMI [?�F�LTVI b�� I

H��QTiK � _`[��ZW�TiR	K�S]_�YQ[MILKMILb SxW�b + ¥`_�hVOaSMTi¥`I � hV�`_`[�TiS0�QR � + � � W�baU	WN��[MILI U�( 1|W�bQUa_`R	T �
	LI U � UXW\YaS]Tg¥`II�~I W�[0���^� [M_ � ILUQOQ[�I � �D1 � �a���JW�hi�`_`[MTgS��QR�S]_ K�_`hi¥�I�S��QI�! W�b O�� W�� S]OQ[�TVbQ����ILhVh
�X_`[�R�W S]TV_�b+� [�_`PQhVILR � !�� ��� 
 H��QI�!�� � �XW�K|P ILI b W�b+TVR�Y _�[�S�W\b S�SM_~_`h.� _�[�R	W�b (�� TVbQUQK
_$�-YQ[M_�UQO�� S]Ti_`b�K (~K�S]ILR	K����QILhVYQTibQ��R	W�bXW\�`I [�KFSM_¡_`PaS]W�TVb	W�P�ILS�S]IL[6� _�b SM[M_`h W�bQU	I�� � TiI b��)(�_$�
S0�QI R 


H��QI + � W�bQUw�D1 � �a��W�hV�`_�[MTiS0�QR�KI�QW¦¥�I^KMO���� I K�K�� OQhih�( K�_`hi¥�I U�KMI ¥`IL[]W�h-�L_`RjPQTibXW\S]_�[MT W\h
Ya[M_`PQhiI R�K�[MI hVW\S]ILU�SM_+S��aI	_�SMTVR�T
	 W\S]Ti_`b.
�� b�S��aTVK � _`[�� � I	YQ[M_`Y�_`K�I	K�_`R	I�YQ[�_F�LI UQOQ[�I Kj_$�
hi_F� W�h|KMIeW\[0����W�bQU �L_`bQK�SM[MO�� S]Ti_`b�_���KM_`hiOaS]Ti_`bQK�W�bQU�R	W�b ( �L_`RjPQTibXW\S]Ti_`bQK	_���S��QILR � I [�I
SMI K�S]I U Tib S��aI�+ � W�baUw��1 � �a��W\hV�`_`[�TiS0�QR	K�Tib _`[�UQI [|S]_"�L_`b�� hiOQUQI¡W�P _�OaS{S0�QI¡[�I hVI ¥\W�b�� I
_$��I W���� YQ[�_F�LI UQOa[MI�TVb�S��aINY�I [ � _`[MR	W�b��LI�_���S��QINW�hi�`_`[MTgS��QR�K�

H��QI	YQ[M_�YQ[M_`K�I U W�hV�`_�[MTiS0�QR�K W�[�I �L_`R�YXW�[MILU � TgS��wKM_`R�I�We¥�W\TVh W\PQhVIZW\hV�`_`[�TiS0�QR	K�TVb�S��QI

hiTiSMI []W S]OQ[�I�W�bQU S0�QI Ti[j[MILKMOQhgS]K^W�[�I�YQ[�_`R	TiKMK�TVbQ����TVbQUQT��eW\SMTVbQ�#S��XW SjS��QI)( � W�b P I�OaKMI U W�K^W
SM_~_�h�S]_^KM_�hi¥`I�S0�QI&!�� � 


©



� '6< �8) .;7

�������
	�� 


��� ����������� �

� ��� ������� �
!#"$� �

% &(' ��� �
) �*	��+�,�.-/�0�1	���!#"2��� �4365 ) � ) ���7�,�.89� � �,-/�$���,���;: ' 368 �
§F
 A ��OQK�S]THP=�eW\SMTi¥\W�K 
�
�
�
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 ©
§F
 § � �x��! � _`R�_ZOQRDYa[M_`PQhiI R	WjUQID� hiOQK�SMI [MT�	eW�c d�_ 
�
&
�
&
�
�
�
�
�
&
�
&
�
 <
§F
 
 �X_`[�RjOQh W\ced�_ !+W\S]ILR3C\SMT
� W 
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 =
§F
 © �{I)PXbQTiced�_^UQ_�b �QR	IL[M_^UQID� hiOQK�SMI [�K{WZKMIL[MILR � _`[MR	W�UQ_`K�
&
�
�
�
�
�
&
�
&
�
 A ¨


 89�>�����,� ) �0?A@B�2�7�>C,@B����� � �D���FE �2���;� ' 368 � 


 
 A � hV�`_`[�TiSMR	_`KFPXW�K�IeW�Ua_`K�ILRD[MILYQ[MILKMILb S]W�ced\_�R	W\S][�T
� TVW�h�UQINW��`[MOaYXW�R�I bpS]_ 
&
�
 A ©


 
 A 
 A � hi�`_`[MTgS]R�_�UQI + bQIL[M�`TVW�UQII% TVb�� OQhVW�ced�_	�HG ��� )JI � � #LK�MON % K � # '? ���
�EOQ+ � �?
�
�
�
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A�P


 
 A 
 § . �&�$QSR # )�� #UT %(
+
3 !� # '?� K �E1 � � 
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A�V

 
 A 
 
 � hi�`_`[MTgS]R�_¡PXW\KMIeW\UQ_`K�I RDS0/�� baT
�eW\K|UaI��LhVOQK�S]IL[MT
	 W�ced\_ZUQTV[�ILS�W � ��� � � A =


 
 § � hV�`_`[�TiSMR	_`KFPXW�K�IeW�Ua_`K�ILR � hiOQK�SMI [�T
	eW\ced�_ �QTiI [�C\[0� OQT
� W 
&
�
�
�
�
�
&
�
&
�
 A =

P



���������	��
 V

 
 
 � hV�`_`[�TiSMR	_`KFPXW�K�IeW�Ua_`K�ILR � hiOQK�SMI [�T
	eW\ced�_^bXd�_ �QTiI [0C�[0� OQT��eW 
�
�
�
�
&
�
&
�
�§�¨


 
 
 
 A � hi�`_`[MTgS]R�_�L � � � � � 
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
�§ A

 
 © � hV�`_`[�TiSMR	_`KFPXW�K�IeW�Ua_`K�ILR S]IL_`[MTVWjUQ_`K��`[MW$� _`K 
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
�§`§


 
 ©�
 A � P�_`[MUQW��`I R UQIN��hVO Ga_^UQI�1�I UQILK 
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
�§ 


 
 ©�
 § � P�_`[MUQW��`I R UQI
�{� � _�hV_`[MW�ced�_ZUaI¡��[]W � _`KN
�
&
�
&
�
�
�
�
�
&
�
&
�
�§ 



 
 P � hV�`_`[�TiSMR	_`KFPXW�K�IeW�Ua_`K�ILR S�/�� bQT��eW�K�UQI � bpS]ILhVTi�*2 b��LT W � [�S]THP=� TVW�h6
�
�
&
�
&
�
�§ 


 
 P 
 A 1|ILUQI K|¤|I OQ[MW�TVK � [�S]THP=� TVW�TVK 
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
�§\©

 
 P 
 § �-�`�`T
� W�� 
���� M 
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
�§\©

 
 P 
 
 � hi�`_`[MTgS]R�_`K���ILb�/LSMT
� _�K 
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
�§ P

 
 P 
 © O�OQK��eW^H�W�PaO 
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
�§ V

 
 P 
 P ��'?�=
 % �& !�$) N ��� �$�&%('?� K 
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
�§��


 
 V � OaSM[]W�K�W�P�_`[�UXW��`ILbQK 
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
�§�<

 
�� !+ILUQTVUQW�K�UQI�UQI K�I R�Y ILb��Q_ 
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
�§�=


 
��F
 A +'P=� T�2 b��LT WZUQI � �`[�OQYXW�R�I bpSM_�
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 
 ¨

 
��F
 § +'P=�AC��LT WZUQI � ��[MOQYXW\R	ILb SM_ 
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 
�A


 
��F
 
 � bQUQT�� I�UQI�� W�YXW��LTVUXW\UQI�UQI � �`[�OQYXW�R�I bpSM_Z� �N� � 
�
�
�
�
&
�
&
�
 
 §

 
��F
 © +'P=� T�2 b��LT W���hi_`PXW�h ����� + 
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 
 §

 
��F
 P !+I UaTVUXW^� [MTiR3C�[�T W 
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 
 



 
��F
 V !+I UaTVUXWZUQI�+'P=� T�2 b��LT WZUQI � �`[�OQYXW�R�I bpSM_�UaOQYQh W\R	ILb SMI�Y _�bQUQI [MW�UXW 
 ©

 
��F
�� � bQUQT�� I�UQI��6/ hiOQh W���� � 
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 
>P


 
 < !+ILUQTVUQW�K�UQI&�~TVR�TVhVW�[MTiUXW�UQI 
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 
#V

 
 <�
 A �~TVR�TVhVW�[MTiUXW�UQI�UQI&�`W����eW�[�U �6� � 
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 
#V

 
 <�
 § �~TVR�TVhVW�[MTiUXW�UQII+ O��LhVTVUaT W�bXW��E+��{� 
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 
 <



���������	��
 �


 
 <�
 
 �~TVR�TVhVW�[MTiUXW�UQI�PXW\KMIeW\UXW�ILR � _�R	YXW\[]W�c d�_^UQI�¥`ILSM_`[MILK 
�
�
�
&
�
&
�
 
 =

 
 = � b=C�hVTiKMI UaINOaR�WZYQ[�_`Y _�K�S�WZUXW^hVTgS]IL[]W\SMOQ[]W¡YQW�[]WZ_	�x��!6OQKMW�bQUQ_ � � 
�
&
�
 ©p¨


 
 =�
 A + K�S][�OaS]Oa[]W^UQ_^TVbQUQTg¥�fVUQOQ_ 
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 ©p¨

 
 =�
 § � Y IL[]W�UQ_�[MI K �L[M_`K�KM_¦¥`IL[�I�RjOaS]W�ced\_ 
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 ©p¨

 
 =�
 
 �XOQbQced\_�UaI � YaS]TiUXd�_ 
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 © 


 
 =�
 © + K�S][MW\S�/L�`T WZUQI�K�I hVILced�_^UQ_�K|TibQUQTg¥~fiUQOQ_`K�[MI Ya[M_�UQOaS]_�[MI K 
�
�
&
�
&
�
 ©`©

 
 =�
 P ��[MTgS�/ [�TV_ZUQIN�JW�[]W�UQW 
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 © P


 
 A ¨���_`b�� hVOaK0J�I KK
�
&
�
�
�
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 © P

� & � ) ?0�0�1@ ��	������A� ) ����@�� �+E ���AE �A���D� E
�$�1�4� ' 368 ���
©�
 A � � hV��_`[MTgS]R�_�+ ¥`_`hiOaS]Tg¥`_ � � + � � [�_`Y _�K�S]_ 
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 © V

©�
 A 
 A + K�S][�OaS]Oa[]W^UQ_^TVbQUQTg¥�fVUQOQ_ 
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 © �
©�
 A 
 § �XOQbQced\_�UaI � YaS]TiUXd�_ 
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 © �
©�
 A 
 
 ��IL[]W�c d�_^UXW^�J_`YaOQh W�c d�_ � bQT
�LT W�h 
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 © �

��ILOQ[MfiK�S]T��eW 1|W�bQUQ_`R�T
	 W�UXW¡YQW�[]WZ�`IL[]W�[|�J_�YQOQh W\ced�_ � bQT�� T W\h 
&
�
&
�
 ©><
©�
 A 
 © + K�S][MW\S�/L�`T WZUQI�K�I hVILced�_^UQ_�K|TibQUQTg¥~fiUQOQ_`K�[MI Ya[M_�UQOaS]_�[MI K 
�
�
&
�
&
�
 P <
©�
 A 
 P !+I�� W�bQTiKMR�_�UaI��L[MO�	 W�R�I bpS]_ 
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 P <
©�
 A 
 V � [M_ � I UaTVR�I bpS]_^UQI�O�OQK��eW �-_F� W�h 
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 V §
©�
 A 
�� � KMI OaUQ_F�L�~UaTV�`_^UQ_ � + YQ[M_`Y�_`K�S]_ 
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 V <

� 	 	��;89� �D��
 �*�,�
�L����@L�#����� ��� ' E
�2���4� ' 368 ���

P 
 A � !+I S�W��aI OQ[�fVK�SMT
� W��D1 � �a� 
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 ��¨
P 
 § � R�ILS]W��QI Oa[MfVK�S]T��eW^�D1 � �a��YQ[�_`Y _�K�S�WZYXW\[]WZ_��F��! 
�
&
�
�
�
�
�
&
�
&
�
 � 


P 
 §F
 A + K�S][�OaS]Oa[]W^UXW�K�KM_`hiOQc�J�I K 
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 �\©



���������	��
 <
P 
 §F
 § �XOQbQced\_ � P 7�I S]Tg¥`_ 
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 �\©
P 
 §F
 
 � W�KMI�UQI���_`baK�S][�OQced\_ 
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 �\©
P 
 §F
 © O�OQK��eW �t_ �eW\h 
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 ��<

� � 	�E ) �*	�� � ���2!�� �*� �.������� ) �����,�A� �#�A	�E
�������>@ � � ��@B� � �
V 
 A 1�I K�OQhiS]W�UQ_`K�UQ_ � + 
�
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 =p§

V 
 A 
 A � b=C\hVTVK�I�� [M_`PQW�PQTVhifVK�S]T
� W�
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 =#<
V 
 § 1�I K�OQhiS]W�UQ_`K�UXW^R�ILS�W$�QI OQ[�fVK�S]T
� W^��1 � �~� 
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A A ¨

� 3J� � � ) � ��� �*� �S����� � � ) 
,�A� -/�,���,���A� �*%0%

���*- �*��� � �>@B�����F@ � ) @ �A?0���
	 �#��� � ���



� .-,� #" 4&� = ..�%'&) "5,

§F
 A +,G~I R�YQhV_ UQI�OQR KMTVK�S]ILR�W�UQI�YQ[M_�UQOQc d�_ [MILYQ[MILKMI bpS]W�UQ_wY _`[�OQR	W R�W S][MT�	
R:C�� OQTVbQW � YXW\[�S]I�
�
�
�
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 V

§F
 § ! W S][MT�	-� OQIx[�I YQ[�I K�I bpS�W W\K ��/ hiOQh W�KtUQI�R	W�b O�� W\SMOQ[]W�_`PaSMTVUXW\K�YQW�[]W�_�KMTVK�S]ILR�W
UQI�YQ[�_~UaOQced�_^UXW�PX�`Oa[]W�§F
 A 
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 V


 
 A � W ��! W\SM[MT
	�YQW�[�SMI �\R:C�� OQTVbQWjI � P � � ��[MOQYXW\R	ILb SM_	TiUQIeW\h 
�
�
�
�
�
&
�
&
�
 A ©

 
 § � KMILOQUQ_ � ��UQTV��_�Ua_	W\hV�`_`[�TiSMR	_ 1 � � 
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A�V

 
 
 � W �:!+W\S][�T
	#UQI ILb SM[]W�UQW YXW�[MW�_ W�hi�`_`[�TiS]R�_ 1 � � I � P � ! W\S][�T
	+W�Y��`K�_

_`[�UQI bQW�R	ILbpS]_^UXW�K � _�hVOQbXW\K�
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A�V

 
 © ! W S][MT�	 _`PaSMTVUXW Y�I hi_NW�hV�`_�[MTiSMR	_?1 � � W\Y �`K Ya[MTVR�I Ti[]W{_�[MUQILbXW�ced\_NUaI|hiTVb��QW�K

ID� _�hVOQbXW\K 
&
�
&
�
�
�
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A �

©�
 A � KMILOQUQ_ � ��UQTV��_�UQ_�YQ[M_ � ILUQTVR�I bpSM_�UQIZUQI S]I [�R	TibXW�c d�_�UQ_`K 
 YQW�[MILK UQIZR:C �
� OQTibXW�K�R�I bQ_`K�K�TVR�TVh W\[MI K 
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 ©>=

©�
 § � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQI�UQI S]I [�R	TibXW�c d�_^UQ_`K Q �LhVOQK�S]IL[MK�TVbQT�� TVW�TVK P §
©�
 
 � KMILOQUQ_ � ��UQTV��_�UQ_�YQ[M_ � ILUQTVR�I bpS]_�UaI-� hVOaK�S]IL[MT�	eW�c d�_�UXW�K-R:C�� OQTVbQW�K-W�K � OXW�TiK

bXd\_�KMd�_ � hiOQK�SMI [MK|TVb�� T W\TVK 
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 P 

©�
 © � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQID� hiOQK�SMI [�T
	eW\ced�_^UXW�K�YXW\[�S]ILK 
�
&
�
&
�
 P ©
©�
 P � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQID� _�bQK�SM[MOQc d�_	UaINTibQUQTg¥~fiUQOQ_`K�
�
&
�
&
�
 P#P
©�
 V +,G~I R�YQhV_^UQI�R	W\S][�T
	 UaINILbpS][]W\UXW�Ua_	�F��! 
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 P#P

=



� � ���������
	���� � �
� � A ¨
©�
�� ��_`KMK�fi¥`ILh�R�W S][MT�	�UQI@�LhVOQK�S]I [�T
	 W�ced�_�_`P~S]TVUQW Y ILhV_�YQ[�_F�LI UQTiR	ILb SM_ UQI@� _�bQK��

SM[MOQc d�_�W^YQW�[�SMTV[�UXWZR	W\S][�T
	 UXW�PX��OQ[]W^©�
 V 
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 P �
©�
 < � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQID� [�O�	eW\R	ILb SM_ 
&
�
&
�
�
�
�
�
&
�
&
�
 P =
©�
 = � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQI�O�OQK��eW:�t_ �eW\h-
&
�
&
�
�
�
�
�
&
�
&
�
 V#V
©�
 A ¨ ! W S][MT�	 � KM_`hiOQced�_ZUa_	�F��!3TVbQT�� T W\h YXW\[]W^WZPQOQK0� W	hi_F� W�h 
&
�
�
�
�
�
&
�
&
�
 V �
©�
 A A ! W S][MT�	 � KM_`hiOQced�_�UQ_!�F��! UQI Y�_`TVK�UXW W�YQhiT
�eW\ced�_�UQ_ YQ[MTiR	ILTV[�_ YXW�K�KM_!UXW

PQOaK0�eW^hV_ �eW\h 
�
&
�
�
�
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 V �
©�
 A §(� KMILOQUQ_ � ��UQTV��_�Ua_ � +�YQ[�_`Y _�K�S]_ 
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 V <

P 
 A � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQID� _�bQK�SM[MOQc d�_ 
&
�
&
�
�
�
�
�
&
�
&
�
 � A

P 
 § � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_ O�OQK��eW �-_F� W�h 
�
&
�
&
�
�
�
�
�
&
�
&
�
 �`§
P 
 
 � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_	�D1 � �a� 
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 � 


P 
 © � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQI ��C�h
�LOQhV_ZINW�[�R�W�	LI bXW\R	ILb SM_ZUQI�KMTiR	T �
hVW�[MTiUXW�UQILK I bpS][�I�YQW�[MILK|UaINR:C�� OQTibXW�K 
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 � P

P 
 P � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQI � _`[�R�W�c d�_ZUQ_`K �LhVOQK�S]I [�K�TVbQT�� T W\TVK 
&
�
 � V
P 
 V � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQID� _�bQK�SM[MOQc d�_	Ua_��D1 � �a� 
�
�
&
�
&
�
 ��<
P 
�� � KMILOQUQ_ � ��UQTV��_�Ua_�K�I �`OabQUQ_�Ya[M_ � I UaTVR�I bpS]_^UQI�O�OQK��eW �-_F� W�hD
�
�
�
&
�
&
�
 <`¨
P 
 < ! W S][MT�	 � KM_`hiOQced�_ZUa_	�F��!3TVbQT�� T W\h YXW\[]W^WZPQOQK0� W	hi_F� W�h 
&
�
�
�
�
�
&
�
&
�
 < A
P 
 = ! W S][MT�	 � KM_`hiOQced�_�UQ_!�F��! UQI Y�_`TVK�UXW W�YQhiT
�eW\ced�_�UQ_ YQ[MTiR	ILTV[�_ YXW�K�KM_!UXW

PQOaK0�eW^hV_ �eW\h § 
&
�
�
�
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 <p§
P 
 A ¨�� KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQID� _�bQK�SM[MOQc d�_	Ua_��D1 � �a� 
�
�
&
�
&
�
 <�©
P 
 A A � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQI�R	W�b OaS]ILbQced�_�UQID� hiOQK�SMI [�K 
�
&
�
&
�
 < P
P 
 A §(� KMILOQUQ_ � ��UQTV��_NUa_�YQ[�_F�LI UQTiR	ILbpS]_�UQI � [�T W�c d�_�UQ_`K�UQILR�W�TiK-� hiOQK�SMI [MKFI|W��`[�O~�

YXW\R	ILb SM_^UXW�K�R3C$��OaTVbXW�K 
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 < V
P 
 A 
 � KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQINW��`[�OQYXW�R�I bpSM_�UaINYQW�[�SMI K 
�
�
&
�
&
�
 < �



� � ���������
	���� � �
� � A A

P 
 A ©�� KMILOQUQ_ � ��UQTV��_�Ua_�Ya[M_ � I UaTVR�I bpS]_^UQINW��`[�OQYXW�R�I bpSM_�UaINYQW�[�SMI K 
�
�
&
�
&
�
 <#<
P 
 A�P ! W S][MT�	 � KM_`hiOQced�_ZUa_	�F��!3TVbQT�� T W\h YXW\[]WZ_ZS]I [�� ILTV[M_^R�_~UaI hV_ZUaINPaOQK0� W	hV_ �eW\h 
 <#<
P 
 A�V ! W S][MT�	 � KM_`hiOQced�_^W\Y �`K�W^W�YahVT
� W�ced\_ZUXWZPQOQK0� W	hi_F� W�h 
 
�
&
�
�
�
�
�
&
�
&
�
 =`¨

V 
 A � bQK�S ��b�� T WF# � K � Tib W�baUN�~OaPQ[]W�R	W�bQTVW�b�� � hg¥`_�# V�V � V�V 
�
&
�
�
�
�
�
&
�
&
�
 A ¨ A
V 
 § � bQK�S ��b�� T WF# �~[MTibQTi¥\W�KMW�b�� � hg¥`_�# P�V � < A 
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A ¨ A
V 
 
 � bQK�S ��b�� T WF#F�6�XW�bQUQ[MW�KMI�� W�[]W�b W�bQU 1|W>7MW��`_`YQW�h W�b#§ ©�G�©p¨ � W �F� � hi¥`_�# < P � ¨`¨ A ¨p§
V 
 © � bQK�S ��b�� T WF#F�6�XW�bQUQ[MW�KMI�� W�[]W�b W�bQU 1|W>7MW��`_`YQW�h W�b#§ ©�G�©p¨ � ���F� � hi¥�_�# 
 =�� ¨`¨ A ¨p§
V 
 P � bQK�S ��b�� T WF# ��TibQ�¡� � hg¥`_�#�©>=F� ¨`¨ 
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A ¨ 

V 
 V � bQK�S ��b�� T WF# ��OaR�W�[�� � hi¥�_�# ©p¨�� ¨`¨ 
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A ¨ 

V 
�� � bQK�S ��b�� T WF# !��¦��_`R�[MT�� � §��&G+§���� � hi¥`_�# P ¨�� ¨`¨ 
�
&
�
&
�
�
�
�
�
&
�
&
�
 A ¨�©
V 
 < � bQK�S ��b�� T WF# � K � Tib W�baUN�~OaPQ[]W�R	W�bQTVW�b�� � hg¥`_�# V <�� § = 
�
&
�
�
�
�
�
&
�
&
�
 A ¨�©
V 
 = � bQK�S ��b�� T WF# �~[MTibQTi¥\W�KMW�b�� � hg¥`_�# V § � 
 § 
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A ¨ P
V 
 A ¨ � bQK�S ��b�� T WF#F�6�XW�bQUQ[MW�KMI�� W�[]W�b W�bQU 1|W>7MW��`_`YQW�h W�b#§ ©�G�©p¨ � W �F� � hi¥`_�# =p§F� P ¨ A ¨ P
V 
 A A � bQK�S ��b�� T WF#F�6�XW�bQUQ[MW�KMI�� W�[]W�b W�bQU 1|W>7MW��`_`YQW�h W�b#§ ©�G�©p¨ � ���F� � hi¥�_�# © A � =`¨ A ¨ V
V 
 A § � bQK�S ��b�� T WF# ��TibQ�¡� � hg¥`_�# P A � =`¨ 
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A ¨ V
V 
 A 
 � bQK�S ��b�� T WF# ��OaR�W�[�� � hi¥�_�# ©`©�� <p§ 
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A ¨ �
V 
 A © � bQK�S ��b�� T WF# !��¦��_`[�R	T�� � §��&G+§���� � hi¥`_�# P §F� A 
 
�
&
�
&
�
�
�
�
�
&
�
&
�
 A ¨ �
V 
 A�P � bQK�S ��b�� T WF# � K � Tib W�baUN�~OaPQ[]W�R	W�bQTVW�b�� � hg¥`_�# V =�� < V 
�
&
�
�
�
�
�
&
�
&
�
 A ¨#<
V 
 A�V � bQK�S ��b�� T WF# �~[MTibQTi¥\W�KMW�b�� � hg¥`_�# V � � < 
 
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A ¨#<
V 
 A � � bQK�S ��b�� T WF#��6�XW�bQUa[]W�K�I � W�[]W\b+W\bQU@1|W>7MW��`_`YQW�h W�b�§\©&G�©p¨ � W � � � hi¥�_�# A ¨�¨�� ¨�¨ A ¨#=
V 
 A < � bQK�S ��b�� T WF# ��OaR�W�[�� � hi¥�_�# P ©�� < V 
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A ¨#=
V 
 A = ! W S][MT�	�UQI�I bpS][MW�UXW^YXW�[MW�W�� W�K�I�UQID� _`bQK�S][�OQced�_ 
�
&
�
&
�
�
�
�
�
&
�
&
�
 A A�P



� .-,� #" 4&� � "8: ��2-"%,

§F
 A +,G~YQhV_�K]d�_�UQ_Nb �QR	IL[M_NUQI�KM_`hiOQc�J�I K�ILR � OQbQced\_�UQ_�b �QR�I [�_�UQI|YXW�[�S]ILKFYQW�[]W
� _`[�R�W\ced�_ZUQI 
 � hiOQK�SMI [�K 
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 =

©�
 A ��_�I�P=�LTVILb SMI	UQW�K�YQW�[�SMI KNI R6[MILh W�c d�_+W�_`KD� hiOQK�SMI [MKNbQ_+YQ[MTiR	ILTV[M_�YQW�KMK�_ UXW
PQOaK0�eW^hV_ �eW\h 
�
&
�
�
�
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 V �

©�
 § ��_�I�P=�LTVILb SMI�UXW�K�R3C$��OaTVbXW�KNI R [MILh W�c d�_�W\_`K �LhVOQK�S]I [�K¡bQ_ KMI ��OQbQUQ_ YXW\KMKM_
UXWZPQOaK0�eW�hV_ �eW�h�
�
�
�
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 V <

P 
 A ��_�I�P=�LTVILb SMI K
Pik

UQW�K�YXW�[�SMI K|W�Y��`K�YQ[�TVR�I TV[�_jYXW�K�KM_�UXW^PQOQK0� W�hi_F� W�h §"
�
&
�
 < A
P 
 § ��_�I�P=�LTVILb SMI K

Mik

UXW�K^R:C�� OQTVbXW\K�ILR [MILh W�c d�_�W�_`K � hiOQK�SMI [MK�bQ_wKMIL�`OQbQUQ_
YXW\KMKM_�UXWZPQOQK��eW�hV_ �eW�h § 
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 <p§

P 
 
 �~TiR	Tih W�[�TVUXW\UQI K�UQI@�`W���� W�[MU ILbpS][MI�YQW�[MILKjUQI�R:C�� OQTVbQW��eW\bQUQTVUQW\S�W�K¡W R:C �
� OQTibXW�K�KMILR	ILbpS]I 
�
�
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 <#=

P 
 © ! C$��OaTVbXW�K�UQ_�K�� hVOaK�S]IL[MK{§jI 
 � OQI�W\S]ILbQUQILR�W�K�YXW�[�S]I K 
�
�
�
�
�
&
�
&
�
 <#=

V 
 A � bQK�S ��b�� T W\K|Ua_	�F��!3KMI hiI��LTV_`bXW\UXW�K�UXWZhVTgS]IL[]W\SMOQ[]W 
&
�
&
�
�
�
�
�
&
�
&
�
 =p§
V 
 § 1�I K�OQhiS]W�UQ_`K��L_`R	YQW�[]W\SMTi¥�_`K�UQ_ � + �L_`RD_`O~S][M_�K V W�hi�`_`[�TiS]R�_`K 
�
�
&
�
&
�
 = 

V 
 
 H�I R�Y _�K{UQI�I)G~I��LOQced�_ � I R�KMIL�`OQbQUQ_�K ��I��`I [MW�ced�_�UXW�K{R�I h��Q_`[�I K{K�_`hVOac�J�I K

YXW\[]WZ_ � � � �p� � � �{� � I � + 
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 = P
V 
 © 1�I K�OQhiS]W�UQ_`K � _�R	YXW\[]W\SMTi¥`_�KFUa_ � + � _`R�I�KMILR�YQ[M_ � ILUQTVR�I bpS]_�UQII� _�bQK�SM[MO~�

c d�_^bXW���I []W\ced�_^TVbaT
� TVW�h 
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 = V
A §



� � ��������� ����� � � � � A 


V 
 P 1�I K�OQhiS]W�UQ_`K�UQ_ � +rKM_�R	ILb SMI:�L_`R �QILOQ[MfiK�S]T��eW UQI � _`bQK�S][�OQced�_ I	YQ[�_F�LI UQT �
R�I bpS]_^UQID�L[MO�	 W�R	ILbpS]_ 
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 =#<

V 
 V 1�I K�OQhiS]W�UQ_`K � _�R	YXW\[]W\SMTi¥`_�KFUa_ � + KMI R�PaOQK0� W¡hV_ �eW�haI?�QILOQ[MfiK�SMT
�eW�UQII� _�bQK��
SM[MOQc d�_^I � �{� �p� � 
�
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 =#=

V 
�� 1�I K�OQhiS]W�UQ_`K�YXW�[MW�W\K =�¥`IL[MK�J~ILK�UXW�R	I S�W��aI OQ[�fVK�SMT
� W��D1 � �a� TiR	YahVI R�I bpS]W�UXW�K A A 

V 
 < H�I R�Y _�K|UaI¡I)G~I�� OQc d�_�UXW�K|R�I h
�a_`[MILK|K�_`hVOac�J�I K|YXW�[]W�W�K =�¥�I [MK�J~ILK{UXW�R	I �

S]W��QI Oa[MfVK�S]T��eW^�D1 � �a��TVR�YQhiI R�I bpS�W�UQW�K 
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A A ©
V 
 = ¤|_ ¥�_`K�[MILKMOQhgS�W�UQ_�K|YQW�[]W^W�K�¥`IL[MK�J~ILK �N§F� � V � �
�F� �O<ZI¡�O= 
�
�
�
&
�
&
�
 A A <
V 
 A ¨(H�I R�Y _�K�UQI�I)G~I��LOQced�_	I�TiS]IL[]W�c d�_^UXW�K�R�I h
�a_`[MILK KM_`hiOQc�J�I K�UXWZS�W\P ILh W V 
 = 
 A A =
V 
 A A !+ILh
�Q_�[MI K�K�_`hVOQc�J~ILK��QSMI R�Y _`K�UQI�I GaI�� OQc d�_�I�KM_�hVOQc�J~ILK|R / UaT W�K�YXW\[]W^_ � +

INWj¥`IL[MK]d\_��D1 � �a� V 
�
�
&
�
&
�
�
&
�
D
&
�
&
�
�
&
�
&
�
�
�
�
�
&
�
&
�
 A §�¨



A "813*� +'62;7 �

� C� #)#7�46'6?!@57

� W\hiS]_��`[MW�O�UQI � _`R�YQhVI G~TVUXW�UaI�� _`R�YQOaS]W�� Ti_`bXW�hQUaI�OQR	W��`[]W\bQUQI�¥\W�[MTiI UXW�UaI|UaI|Ya[M_`PQhiI �
R	W�KtYQ[0C\S]T�� _`K-S]ILR hVIL¥\W�Ua_|_�KJY�I K���OaTVK]W\UQ_`[MILK W|YQ[M_`Y�_`[tR /LS]_�UQ_`K�W�hgS]IL[MbXW\SMTi¥�_`KtW�_`K�R:/ S]_�UQ_`K
I GaW\S]_`K�YXW\[]W^[MI K�_`hi¥�2 � hV_`K�W�Ya[M_AG~TVR	W�UXW�R�I bpS]I$


�{ILK�S]W � _`[�R�W���I K�� _�[Mc _�KNSMI R&K�TVUQ_�� _�b�� ILb SM[]W�Ua_`K�bQW PaOQK0� W#UQI^R /LSM_~UQ_�K ��OaI	Y�_`KMKMW�R
W\h
�eW\bQceW�[ P�_pW�K#KM_`hiOQc�J�I K � bXd�_�baI�� ILKMKMW�[MTVW�R	ILbpS]Iw��S]TiR�W�K���b OQR S]I R�Y�_ �L_`R	YaOaS�W��LTV_`bQW�h
[MW�	 _*C¦¥�I h �I�L_`R R	I��eW�bQTiKMR�_`K3� OQI Y IL[MR�TiS�W\RmI K0� W�YXW�[�UaI���S]TiR	_�K	hi_F� W�TVK � RjOaTiS�W\K�¥�I�	 ILK
UaTVK�S]W�bpS]ILK�UQI^OQR6�\S]TVR�_��`hi_`PXW�h �)
 � [MILOQbQT d\_#UaI:�L_`b�� ILTiSM_`K�UXW�K&C�[MI W�K�UQI � SMTVR�T
	eW\ced�_�I
� bpSMI hVTi�*2 b�� T W � [�S]THP=� TVW�h � ¥�T W�PQTihVT�	 _`O^WD� _`baK�S][�OQced\_�UXW\KE���XW\R�W�UQW�K�R	ILh
�Q_`[�I K�I K�S][MW\S�/L�`T W�K _�O
Ua_`K�R:/ S]_�UQ_`K�TVbpSMI hVTi�`I bpSMI R�I bpS]I��XI G~fi¥`ILTVK�� �L_`RjOQR�I bpS]I �L_`b��QI�� TVUa_`K&�L_`R�_�R	I S�W��QILOQ[MfiK�SMTg�
�L_`K�


� K�R�ILS�W$�QI OQ[�fVK�S]T
� W�K�R�W�TiK � _`b��QI��LTVUXW�KJbXW{hiTiS]IL[]W\SMOQ[]W�KMd�_�# 1|ILUQI K�¤�ILOQ[]W�TiK�� � hV��_`[MTgS]R�_`K
+ ¥�_`hVOaSMTi¥�_`KtIF_�K�I ON[MI Ya[MI K�I bpS�W\b SMI�R	W�TVK�Y _`YaOQh W�[��¦_`K � hi�`_`[MTgS]R�_`K-��I b�/LS]T�� _`K�5*O�OaK0�eW�HJW�PQO.�
� # �7�$) M . �&� )����=' ���$) N )+�3:  /'��&� ���$� # 87��� # ��87�$)&
 # � � �D1 � �a���)� ��'?�=
�% �& 2�$) N ��� �$�&%('?� K � � � �
I
	 � # '*����% ��
 �3' K ���3� # ������) ���$� # 87� � %�¤4� �)
F+ K�S]I�S][]W\PXW�h
�a_NSMI R KMOXWjW S]I baced�_¡¥�_`hiS]W�UXWNYXW�[]W
Ua_`TVK�S]TiY _�KNUaI�R�ILS�W$�QI OQ[�fVK�S]T
� W�K�# � K � hV�`_�[MTiSMR	_�K���ILb�/LSMT
�L_`K	� � ��K���I	W+R�ILS]W��QILOQ[MfiK�S]T��eW
�D1 � �a� 


� K � ��K K]d�_ZR�ILS]W��QILOQ[MfiK�S]T��eW�K6��OaI�YQ[M_ � OQ[MW�R [MIeW\hVT
	 W�[FOQR�WjPaOQK0� W^I G�S]I baKMTi¥\WjbQ_ZOabQTg�
¥�I [�KM_ UQIZKM_�hVOQc�J~ILK��;K�I bQUQ_ K�I O � OQb��LTV_`bXW\R	ILb SM_�TVbaKMYQTi[]W�UQ_�bXW�IL¥�_`hVOQc d�_�PQTi_`hV�`��T
�eWF
 � W�UQW
K�_`hVOaced�_	� UQILbQ_`R�TVbXW�UQWNTibQUQTi¥�fiUQOQ_�_`O3�L[M_`R�_`K�KM_`R�_�� bQ_ � � / � _`[MR	W�UXW�Y _�[E�L_`R	Y�_`bQILbpS]I K



%

UaI bQ_`R�TVbQW�UQ_`KF�`I baI K�
 � � � / PXW�K�T
�eW\R	ILb SMI{OQR	W�R�ILS]W��QILOQ[MfiK�S]T��eWNTiS]IL[]W\SMTi¥\W�_`bQUQI{W �eW�UQW
TgS]IL[]W�c d�_^OQR�WjY�_`YQOah W�c d�_^UQI�TVbQUQTg¥�fVUQOQ_�KQ/��`I [MW�UXW 9ZYXW�[�SMTV[ UQW�Y�_`YQOQhVW�ced\_^W�bpS]I [�TV_`[�


� bQT�� TVW�hVR�I bpS]I^b OQR � � ��I)G~TiK�S]I�W+bQI�� I K�KMTiUXW�UQI�UQI:� _�UQT�P��eW�[NOQR	W KM_`hiOQced\_+¥�T Ce¥`ILhxUa_
Ya[M_`PQhiI R	W�W\bXW�hVTiK]W�Ua_�bXW�I K�SM[MOaSMOQ[]W�UQI�OQR8TVbaUQTi¥�fVUaOQ_�
J� W�UXW{TibQUQTg¥~fiUQOQ_I/ We¥\W�hVTVW�UQ_|W\SM[]We¥*/LK
UaI�OQR�W � OabQced�_ UaI W�YaS]TiUXd�_�
��JW�[]W �`IL[]W�[¡bQ_¦¥`_`K^TVbaUQTi¥�fVUaOQ_`K���_`KjTVbaUQTi¥�TVUaOQ_`KjI GaTiK�SMI bpS]ILK
KMd�_ � _`RjPaTVbXW�Ua_`K^UQI@� _`[MR	W ��OaI+_`K^TibQUQTi¥�fiUQOQ_`K�PXh��Q_`K �QIL[MUQILR W\K�P�_pW�K � W�[]W�� S]IL[MfVK�S]T��eW�K
��I b�/ S]T
� W�K UQ_�K{TVbaUQTi¥�fVUaOQ_`K|YXW�TVK�
���R	W	_�OaS][MW:� _`[MR	W:�Lh C�K�KMT��eW	UaIj�`I [MW�[{ba_ ¥�_`K�TVbaUQTi¥�fVUaOQ_`K
/�W YXW�[�S]TV[�UQI�Ya[M_ � I K�KM_`K�UQI�RjOaS]W�ced\_���_`bQUQI �`I bQILK�KM_�[�S]I W�UQ_`K�W�hVI W\S]_`[�T W�R�I bpSMI#UaI�OQR
UaILS]IL[MR�TVbXW\UQ_^TVbQUQTg¥�fVUQOQ_�S]I R KMI OaK|¥\W�hi_`[MILK�R	_�UQT�P��eW�UQ_�K�


� PXhi_`KM_�PXWjUQI�OQR � ����/�TiS]IL[]W\SMTi¥\W�R�I bpS]I�_`PaSMI [�Y _�YQOQh W\c�J�I K�UQI�TVbaUQTi¥�fVUaOQ_`KQ� W�UXWj¥`I�	
R	W�TiK W�YaSM_`K 7�OQK�S]T�P��eW�bQUa_NUaI K�S]WK� _`[MR	W W KMOQW�Tib�� hiOQK]d\_�bXW � h W\KMKMI�UaI�W�hV�`_�[MTiSMR	_�K�I ¥`_`hiOaS]Tg¥`_`K
� <�� 


� R�ILS]W��QILOQ[MfiK�S]T��eW ��1 � �a� /�OaR W�hi�`_`[�TiS]R�_�UQI�[�I TVbaf
� Ti_�TgS]IL[]W\SMTi¥`_�� bQ_ � OXW�h?�eW�UQW
TgS]IL[]W�c d�_��L_`bQK�TVK�SMI�UQI	UQOXW�KD� W�K�I K�#��L_`bQK�S][MOaced�_�UaI	OQR	W+K�_`hVOaced�_#I�PQOaK0�eW+hV_ �eW�h � 
#V � 
 <�� 

�|R�W&�eW�[MW��LSMI [MfiK�SMT
�eWjUaI K�SMI�W�hV��_`[MTgS]R�_&/K� OQI�W\_�� _`bpS][0C�[MTi_jUQ_`K � ��K��QW�K KM_�hVOQc�J~ILK �`I [MW�UXW�K
ILR � W�UXW�TiSMI [MW�ced�_�bXd�_�SMI R � OXW\h
� OQI [{[MI hVW�ced\_"� _`R KM_�hVOQc�J~ILK UQIZTiSMI [MW�c�J�I K YQW�KMKMW�UXW�K�
 �
� W\KMI�UQI3� _`bQK�S][�OQced�_ Ua_���1 � �~� /�TiS]IL[]W\SMTi¥\W��JW�UXW�Y~S�W\SMTi¥\W���[MW�bQU���R	T��eW I��`OQhi_`K]W�
 + h W�/
TgS]IL[]W\SMTi¥\WjY _�TVK�OQR	W�K�_`hVOQc d�_ /&�L_`bQK�SM[MOQfiUXW^I hVILR	ILbpS]_	W�ILhVI R�I bpSM_	I�/¡W\UXW�YaS]W\S]Tg¥�WZY�_`[0� OQI
W	I K0�L_`h
�QW�UQI¡OaR ILhVILR	ILb SM_�hVI ¥\W	I R �L_`bQKMTiUQI [MW�ced\_�I K�� _`h��XW�K{UaIjI hiI R�I bpS]_`K�KMILhVI��LTV_`bQW�UQ_`K
W\b SMI [�TV_`[�R	ILb SMI�
 ¤�W�KMI hiI c d�_¡UQI�OQR�ILhVILR	ILb SM_��pTVbaT
� TVW�hVR�I bpSMI�hVTiK�S]W � K�I S]_�UQ_`K�_`K �eW�baUQTVUXW S]_`K
� b OQR�W|hVTiK�S�W|UQI ba_`R	TibXW�UXWI��� ��I69{YXW�[�S]TV[tUQILK�S]W �J�4� � _�bQK�SM[M�`T � KMIFOQR	W�hiTVK�S]W|UaIQ�eW�baUQTVUXW S]_`K
[�I K�S][MTgS�W � ���Q1 � � _`[MR	W�UXW#Y _`[�OQR KMOQPB� _`b>7�OQbpS]_�UQ_`KjR�I h��Q_`[�I K��eW�bQUaTVUXW\SM_`KjUXW �J� � W�K��
Y�I�� S]_ ��OQhV_`K�_��)
 + bpS�d�_ ILK0�L_`h
�QI � K�I W�hiIeW\SM_`[MTVW�R	ILbpS]I � W\KMY�I��LSM_ []W\bQU��`R�T
�L_��;OQR I hVILR	ILbpS]_{UQW
���Q1 YXW�[MW�K�I [{Tib�� _�[MY�_`[]W�Ua_39�KM_`hiOQced�_�
 +�K�S�W�ILK0�L_`h
�XW	W�hVI W\S]��[MT WZY�I [�R	TgS]ID� OQIjUQTH� I [MILbpS]I K
K�_`hVOac�J�I K�KMI 7MW�RD�`IL[]W�UXW\K?9ZYXW\[�S]Ti[ UQILK�S]I�W�hi�`_`[MTgS]R�_ �L_`bQK�SM[MOaSMTi¥�_�


� � W�KMIxUQI�PQOaK0�eW hi_F� W�h � _�bQK�SMTiS]OaTg� K�IxY�_`[�OQR	W�YQ[�_F�LOQ[]W|UQI���SMTVR�_`KthV_ �eW�TiKtbXW|¥�T
	LTVb��QW�bQceW
UQWjKM_`hiOQced�_�� _`[MR	W�UXWNbXW � W�K�I UQIK�L_`bQK�SM[MOQc d�_��~UQI�W��L_`[MUQ_ � _`R OQR � [MTgS�/L[MTV_�UQI{¥�T
	LTVb��QW�bQceW
� OQIFY�_~UQI�¥\W�[MTVW�[;UQIxW��L_`[MUQ_I� _�RG_�YQ[�_`PQhiI R	W�
 +�K�S]IFYQ[M_ � ILKMK�_{UQI � _`baK�S][�OQced\_{I�PQOQK��eW{hi_F� W�h
K�I�[MI Y�ILSMI�W��eW�UXWZTgS]I [MW�ced\_ZW\S�/ � OQI�OQR � [�TiS�/L[MTi_jUQI�YXW�[MW�UXWjKMI 7MW^W�h
� W�bQceW\UQ_ � �L_`RjOQR�I bpS]I
K�I OQK]W�OQR b �QR�I [�_wR:C G~TVR�_�UQI TgS]I [MW�c�J�I K��)
 � R�I h��Q_`[jK�_`hVOQc d�_ / I bpS�d�_wW�Ya[MI K�I bpS�W\UXW






�L_`R�_�K�_`hVOaced�_^UQ_	�D1 � �a� 


��_`hi_F� W � K�I6�L_`R	_{_`P 7�ILSMTi¥�_�UQI K�S]I�SM[]W�PXW\h
�Q_��\_ UQILKMI bp¥�_`hi¥�TVR�I bpSM_NI W�b=C�hiTVKMIFUQI UaI KMILR	Y�I �
b��Q_�UQI�R	I S�W��QILOQ[MfiK�SMT
�eW\K���1 � �~� I � hi�`_`[MTgS]R�_`K���ILb�/LSMT
� _�K �afVPQ[�TVUQ_`K � W�� OQTQUaI bQ_`R�TVbQW�UQ_`K
� hV�`_�[MTiSMR	_�K6+ ¥`_�hVOaSMTi¥`_�K ��W�YQhiT
�eW\UXW�K W\_�Ya[M_`PQhiI R	WjUQI�_�SMTVR�T
	eW\ced�_��L_`RjPQTibXW\SM�`[MTVW�UQILbQ_`R�Tg�
bQW�UQ_�� [M_`PahVI R	W UQI �X_`[�R�W\ced�_+UQI �6/ hiOQh W\KjUQI�! W\b�OF� W\S]OQ[MW � �F��!
�)
 � [�I K�S]W�bpS]I�UQILK�SMI
SM[]W�PQW�h
�Q_�ILK�S�C#UQTg¥�TVUQTiUQ_�UXW�KMIL�`OQTVbpSMI � _`[�R�WF# � � W�YQfiSMOQhV_#§�W�Ya[MI K�I bpS�W#OQR	W I G~YQh W�bQW�ced�_
Ua_��x��!DI OaR�W4� _`[�RjOQhVW�ced�_�R�W S]I R:C\SMT
�eWF
 � � W�YQfiSMOQhV_ 
 S][MW�	 OQR	W{[MILKMILb��XW�UXW{hVTgS]IL[]W\SMOQ[]W
K�_`PQ[�I�YQ[�_`Y�_`K�S]W�KxUaI{W�hi�`_`[�TiS]R�_`KJYXW�[]W�[MILKM_`hiOQced\_�UQ_��F��!�
~¤�_��eW�YQfgS]OQhi_�©&/|YQ[M_�Y _`K�S]_NOQR
ba_ ¥�_ � hV�`_`[�TiSMR	_ + ¥�_`hVOaSMTi¥�_¡W�YahVT
� W�UQ_�W�_��F��!���P ILR � _`R�_NK]d�_NUQTVK�� OaSMTVUQ_�KFK�I OQKxW�K�Y I��LS]_�K
�L_`R�YQOaS�W$� TV_�bXW�TVK�
 � P Ya[M_`YBJ~I�OQR �D1 � �a�5YXW\[]W _w�x��! 
�¤�_ V K]d�_wW�YQ[�I K�I bpS�W�Ua_`K	I
�L_`R�I bpS�W�Ua_`KZ_`Kj[�I KMOahiS�W\UQ_`K�� _�R	YQO~S�W��LTV_`bXW\TVKN_`PaS]TiUQ_`KjY�I hi_`KZW�hi�`_`[�TiS]R�_`KNW��LTVR	W � TgS�W�UQ_�K�

�JTVbXW�hiR	ILbpS]I���bQ_�� W�YQfiSMOQhV_ �ZKMd�_�� I TgS�W�K W�K�� _`b�� hVOaK0J�I K�I�YQ[�_`Y _�K�S�W\K UQI S][MW�PXW�h��Q_`K6� O~S]OQ[�_`K�




A "813*� +'62;7 �

� 9 )+75:32;�(< " 4&� E�75) < "%?!@87 4&� A B(2-'62-"%,

4&� "5CD'&EF"G +'&)+" � 9 A

����� �
	���
���������
��������

� �`ILK�S�d\_#UQW#YQ[�_~UaOQced�_�/^OQRM� W\S]_`[�R¡OQTiSM_�TVR�Y _`[�S�W�bpSMIjYXW�[MW _ K�O�� ILKMKM_+UQI^OQR	W Tib~�
U��QK�SM[MT WF
 � S][]We¥�/ K#UQI hVW!PaOQK0� W � K�Iw_�[M�pW�baT
	eW\[�_ W�RjPQTiI bpS]I UQI�YQ[�_~UaOQced�_!UQI�R	W�bQILTV[]W W
I�� _`ba_`R	T�	eW�[�� OaK�S]_�K¡I	SMI R�Y _+UQI�Ya[M_�UQOQced\_�� KMILR3Y IL[MUXW UaI3� OXW�hiTVUXW�UaI�
�� bQU��QK�S][�T W�K&��OaI
Y�_`K�KMOQILR _ � _ � _�bXW�Y�I�� OQILbXWw¥\W�[�TVILUXW�UQI I#W�hiSM_ ¥`_`hiOQR	I UQI#YQ[�_~UQOaced�_w�`I [MW�hVR�I bpSMI�_`[��
�`W�bQT
	 W�R&_+W�RjPQTiI bpS]I^UQI�YQ[�_~UQOaced�_+I R %('?������
�)���: # ��)&
������ �JK�I bQUQ_�� OQI3� W�UXW %('?����� )��
: # ��)&
������ / � _`R�Y�_`K�S]W¡UQI ¥$C�[MTi_`KxSMTVY�_`K�UaI�R3C�� OQTibXW�K � [MI�� OQ[�KM_`K�UQI{YQ[M_�UQOQc d�_��xUQILUQT
� W�UXW�K
I GF� hVOaKMTi¥\W�R�I bpSMI�9�YQ[�_~UQOaced�_�UaI¡OQRM�QbQT�� _�YQ[�_~UaOaS]_���S]ILbQUQ_�ILR ¥�TVK�S�W�_�W�hiSM_	¥`_�hVOQR�I¡UQI
Ya[M_�UQOQced\_�[�I�� OQIL[MTVUa_�
���W�[MWZ_��eW�K�_�UaINTibQU��QK�S][�T W�KQ� OQI�Y�_`K�KMOQILR�_�� _F�L_ZbXWZ�`[]W�baUQI ¥\W�[MTiI �
UQW�UQI�I�¥`_`hiOQR	I{R:/LUQTV_ZUQI�YQ[�_~UaOQced�_��QbXd�_ �=C�WZbQI��LI KMK�TVUXW\UQI�UaI ��OaI¡W�K�R:C�� OQTibXW�K�KMI 7MW�R
UaI UQT��eW�UXW\K�9¡YQ[�_~UQOaced�_jUaI�W�Y�I bXW�K�OQR Ya[M_�UQOaS]_�
-�{I K�S�W�� _`[�R�W�� / baI�� ILKMK0C�[MTVWZWjW�YQhiT
�eW\ced�_
UaI OQR	W�bQ_¦¥\WjW�P�_`[MUQW��`I R�UQI{_`[M�pW\bQT
	 W�ced�_NUQILK�S]ILK�KMTiK�S]ILR�W\K�UQI Ya[M_�UQOQced\_�
 ��R	WjW�P�_`[�UXW �
��I R /�W"� _`[MR	W�c d�_�UQI^�`[�OQY _�K � � hiOQK�SMI [MK�� UQI^R3C�� OQTibXW�KK�L_`R � OQb�� TV_�bXW�hVTiUXW�UQILK TVU�2 bpS]T��eW�K
� �`[MOaY _`K�UQI�SM_`[Mba_`K��B� [MI KMW�UQILTV[]W\K���ILS��$
 � � � _`[�R�W\bQUQ_\� KMINUQI YXW\[�S�W\R	ILb SM_`K{ILKMY�I��LT W�hiT
	eW\UQ_`K|I R



%��B��� �
����@ 	 �#�$��@��2��� �

OaR�W"� OQbQc d�_ ILKMY�I��Lf�P=� W�
 � KMKMTiR��tOQR	W�YXW�[�S]I�� Y�I c W � UQI	OaR6UQILSMI [MR�TVbQW�UQ_ YQ[M_�UQOaSM_���OaI
baI�� ILKMK�TiS]I#UQI�_`Y�I [MW�c�J�I KZUaI#R	W�b O�� W\SMOQ[]W�UaI#R	W�TiK¡UQI OQR S]TVY�_ UQI�R:C�� OQTVbQW���YQ[MI�� TVKMW�[�C
Y�I [�� _`[�[MIL[ S]_�UQ_`K�_`K��`[�OQY�_`K � OQI � _`bpS]ILb��XW�R _`K S]TiY _`K{UQIZR3C$��OaTVbXW�K{bQI��LI KMK0C�[MTi_`K�YXW�[MW#W
K�OXW"� _�R	YQhiILS]W	R	W�b O�� W\S]Oa[]W�5�IjTVK�S]_ � W¦¥�_`[MI�� IZ_�W\YXW�[MI�� TiR	ILb SM_�UQI¡OQR>��[]W�bQUaI�¥`_�hVOQR�I¡UQI
R	W\SMI [MTVW�hFW KMIL[ZR�W\bQTVYQOah W�UQ_+W�_�hi_`bQ�`_+UQ_`KjUaTi¥`IL[MK�_`KZ�`[MOaY _`K�UQI�R:C�� OQTVbXW\K�� _N� OQI@�L_`b~�
SM[MTiPQOQT;YXW\[]W^_�W�OaR	ILb SM_^bQ_�SMI R�Y _^�pW\K�S]_�bXWZYQ[�_~UQOaced�_�I�R�W�Ti_`[ UQTHP=� OahVUXW�UaI�UQI&�L_`bpS][�_`hVI
I+R�W\b�O~S]I baced�_�UQ_ K�TVK�SMI R	W�UQI+YQ[M_�UQOQc d�_ � P A � 
�¤{W\K3�QhgS]TVR	W�KZUQOQW�K�U�/��eW�UQW�K�OQR bQ_¦¥�_
R�_�UQI hi_NUaI�_`[��pW�bQT�	eW�c d�_NUQI K�S]I KxKMTiK�S]ILR�W\KxUQI|YQ[�_~UQOaced�_�UQI bQ_�R	TibXW�UQ_ �	�&��
�� �& /
 # ��87�3%(
�% � #
¥�I R�K�I bQUQ_�OQKMW�UQ_�


+ R�OQR�K�TVK�SMI R	WZUQI�Ya[M_�UQOQced\_	PXW\KMIeW\UQ_	ILR �	�&��
�� �& *
 # �<87�3%(
�% � # �XR3C$��OaTVbXW�K�UQI�UQTH� I �
[�I bpS]ILK � OQb�� TV_�bXW�hVTiUXW�UQILK;K]d\_{W���[MOQYXW\UXW�KtI RGOQR	W���/LhVOQhVW�� WI� OXW�h /�UQILUQT
� W�UXWI9|Ya[M_�UQOQced\_�UQI
OaR�WK� W�R�fVhiT W�UaI�YXW\[�S]ILK � _`R�Y _�K�S�W�UQI�UQTH� I [MILbpS]I KFYXW�[�S]ILKE� OQI|Y _�KMKMOaI R�W�hgS]_�bQfi¥�I hXUQI|KMTiR	T �
hVW�[MTiUXW�UQI�I bpS][�I�KMT �~bQ_ � OQI�UQT
	 [�I K�Y ILTiS]_ 9\K�R3C�� OQTibXW�K baI�� ILKMK0C�[MTVW�K�YXW�[]WjK�OXWZR�W\b�OF� W\S]OQ[MW�

� K�TVK�S]I R	W+UaI�YQ[�_~UQOaced�_ P=�eW ILbpS�d�_�UaTi¥�TVUQTiUQ_ I R6¥$C�[MTi_`KN�`[MOQY�_`KN_`O �LhVOQK�S]IL[MK&� _�[MR	W�UQ_`K
Y�_`[ 87�3%(
 % ��
 UQI�R:C�� OQTVbXW\KNI � �&���?%('*��
 UQI	YXW�[�SMI K��'� hiOQK�SMI [MK¡I K�SMI K¡S]W�RjPB/ R ���XW\R�W�Ua_`K¡UQI
87�3%(
�% ��
=)��=�	�&��
�� �& /
 # � 
���R	W�UXW�K Ya[MTVR�I Ti[]W�K�S�/�� bQT��eW�K{UQI � _`[�R�W�c d�_�UaIZOQR>K�TVK�S]I R	W�UQI
R	W�b O�� W\SMOQ[]W�� ILhVOQhVW�[ � _�T�Ya[M_`Y�_`K�S]W�Y�_`[���
F�-
�OxOQ[MPQTiUQ�`I|I R A = � A I R�KMILO�S][MW�PXW�h��Q_�TibpS]TiSMO~�
hVW�UQ_ N �
	&%(' 
��=)�� � %(
 4 � )�� � # ��)&
 ����� � P ¨�� � �L_`bQK�S]TiSMOQTVbaUQ_\� K�I�ILR>OaR�W�TVR�Y _`[�S�W�bpSMINI S�W�YQW
UQW^_�[M�pW�baT
	eW\ced�_ZUQI�OaR KMTiK�SMI R	W^UaI�YQ[M_�UQOQc d�_^UQI�¥`_`hiOQR	I{R:/LUQTV_ZI��`[MW�bQUQI ¥\W�[�TVILUXW�UQI�UQI
Ya[M_�UQOaS]_�K�
 � N �
	&%(' 
��")�� � %(
&4 � )�� � # ��)&
������ /"� _`baK�S]TgS]OQfiUXW+UQW�KZKMIL�`OQTVbpSMI KjI S�W�YXW\K�#�_
hiIL¥\W�bpS�W\R	ILb SM_ZUQ_`K�[�I�� Oa[MKM_�K|UaI�YQ[M_�UQOQc d�_�� R:C�� OQTVbXW\K��F� IL[M[MW�R	ILbpS�W�K I�Ya[M_�PXK�KMTi_`bXW�TiK �xUQTiK��
Y�_`bQfg¥`ILTVK�IxUXW\KJ[�_�S�W�K�UQIFYQ[M_�UQOQc d�_{UaIE� W�UXW�YQW�[�SMI��`W � _`[MR	W�c d�_�UQI6��/ hVOah W�KtUQIFR�W\b�OF� W\S]OQ[MW��
_�I K0� W�hV_�bXW�R�I bpS]_�UQW�K _`Y�I [MW�c�J�I K UQW�K{YXW\[�S]ILK I RM�eW\UXW"��/LhVOQhVW	UQIjR:C�� OQTibXW�K|Ij_�YQ[�_ 7�ILSM_
Ua_jhVILT W�OaSMI�� fVKMT�� _NUXW�KE��/ hiOQh W\KxUQI�R3C$��OaTVbXW�KFbQ_ZW\RjPQTVILbpS]I � fVKMT�� _NUQTVK�Y _�bQfi¥�I h UXW&� C�Pa[MT
� W�
 �
_�PaS]ILbQced�_�UQI ��/ hVOah W�K|UQI¡R	W�b O�� W\SMOQ[]W /¡Y�_`[�S]W�bpS]_	OQR�W�UXW�K�ILS�W\YXW�K{UQW	UQI S]I [�R	TibXW�c d�_�UQI
OaRDKMTiK�S]ILR�WZUQI�YQ[�_~UaOQced�_^PXW\KMIeW\UQ_	ILRDR	W�b O�� W\S]Oa[]W�� ILhVOQhVW�[�

�|R�W TVhiOQK�SM[]W�c d�_+UQW�� _`[�R�W\ced�_#UQI ��/ hiOQh W\KNUaI	R	W�b O�� W\SMOQ[]W Y _�UQI�KMIL[N¥�TVK�S]_ W+KMIL�`OQTi[�


��_�bQKMTiUQI [�I{OQR�KMTiK�SMI R	W�UQI�YQ[M_�UQOQc d�_&� _`[�R�W\UQ_�Y�_`[ A ¨�R:C�� OQTibXW�K�I A�P YXW�[�S]I KE� _`R�_NOQR�W
R	W\SM[MT
	�UQI�W\U 7MW���2Lb�� TVW PQTib=C�[MTVW+UQI�R3C�� OQTibXW�K�� YXW�[�S]ILK � � T � 7��)�J_`bQUQI"� W�UXW�ILhVI R�I bpSM_

aij

/
Ti�`OXW�h�W A KMI^W�R3C$��OaTVbXW ' I)G~I�� OaS]W#OQR	W�_`Y�I [MW�ced�_�UaIZR�W�b O�� W S]OQ[MW�KM_`PQ[�I�W�YXW�[�SMI � I^¨
� _`O�¥\W�hV_`[�ILRDPQ[MW�b�� _ �6�eW�K�_:�L_`bpS][�C\[MTV_�� PX�`OQ[MW	§ 
 A � 




%��B��� �
����@ 	 �#�$��@��2��� �

�JTV�`OQ[MW §F
 A # +,G~I R�YQhi_ UQI�OQR K�TVK�S]I R	W UQIwYQ[M_�UQOQc d�_ [�I YQ[�I K�I bpS�W�Ua_(Y _�[#OaR�W R	W\S][�T
	R:C�� OQTibXW � YQW�[�SMI
� � _`[�R�W�c d�_ UQI ��/LhVOQhVW�KZUQI R�W\b�OF� W\S]OQ[MW KMI U=CwW\S][MW¦¥�/ K�UQ_�[MI W�[M[MW�b 7�_�UXW�K�hVTib��XW�KjI

�L_`hVOabXW�K�UXW^R�W\SM[MT�	�UQI¡W\U 7MW���2Lb�� TVWZUQI�R	W�bQILTV[MW�W^KMID� _`[�R�W�[�PQhV_ � _`K�UQI���/LhVOQhVW�K � R3C�� OQTibXW
I�YXW\[�S]ILK � � W\R	fihVT W�W�_^hV_`ba�`_ZUXWZUQT W\�`_`bXW�h UXW^R�W\SM[MT�	�


�JTV�`OQ[MW�§F
 § #�! W\SM[MT�	�� OQI�[MILYQ[MILKMI bpS]W�W�K?��/ hiOQh W�K�UQINR	W�b O�� W\S]Oa[]W^_`PaS]TiUXW�K�YXW�[MW	_�KMTiK�S]ILR�WUaINYa[M_�UQOQced\_�UQW PX��OQ[]W�§F
 A

� PQ�`OQ[]W�§ 
 § W\YQ[MILKMI bpS]W�OQR�W+Y _`K�KMfg¥`I h�UQTi¥�TVKMd�_ Ua_ KMTVK�S]ILR�W UaI�YQ[M_�UQOQc d�_�UXW PQ�`OQ[]W
§ 
 A I R 
 � hVOaK�S]IL[MKNUQI 87�3%(
 % ��
�� � 	+��
�'?� ��
�� � �&���?%('*��
��+:�� #  2�7
 
 � K&��/ hVOah W�K�UQI�R3C$��OaTVbXW�K]d\_



%��B��� �
����@ 	 �#�$��@��2��� �

W\K�KMIL�`OQTib SMI K�# � ��/LhVOQhVW A /I� _`[MR	W�UXWNY ILh W�KxR3C�� OQTibXW�K A � 
 � V �$<�I =F5QWZ§�Y�I hVW�KFR3C�� OQTibXW�K
§�I¡©�IZW 
 Y ILh W�K{R3C�� OQTibXW�K P � �	I A ¨F
D+ W�K4� W\R	fihVT W\K�K]d�_�#{W3� W�R�fVhVTVW A � _`[MR	W�UXW	Y ILh W�K
YQW�[�SMI K P �$=�� A ¨¡I A 
 5QW^§¡Y�I hVW�K YXW�[�S]ILK A � A ¨F�a©��$<jI A A I�W 
 Y�I h W\K YXW�[�S]I K|§ � 
 � V � �F� A §F�
A ©�I A�P 


� K4�LhVOQK�S]IL[MK|UQI&��/ hiOQh W�K�UQI�R3C$��OaTVbXW�K�ID� W�R�fVhVTVW�K�UaI�YXW\[�S]ILK{UQI ¥`ILR�SMI [|OQR�W�hgS]_��`[]W�O
UaI�TibQUQI Y�I baU�2 b��LT W�I bpS][�I¡KMT �=�eW�[MW��LSMI [�T
	eW\UQ_	Y�I hVW�Y�I�� OQILbXW�YQ[�I K�I bQc W�UQINI hVILR	ILbpS]_`K|TVbpS]IL[��
�LhVOQK�S]IL[MK � I hiI R�I bpS]_�KNUQW#R	W\S][�T
	ZTi�`OXW�TiK�W A � OQI�bXd�_#Y IL[�S]ILb�� ILR3W#baI b�� OQR � hiOQK�SMI [���bQW
R	W\SM[MT
	 UaIxPQhi_F�L_`K-UQTVW��`_`bXW\TVK�� _`K � OXW�TiKJ[�I YQ[�I K�I bpS�W�R8W�YQ[MILKMILbQceW{UaIxYXW\[�S]ILK � OQIFbQI�� I K�KMTgS�W�R
UaI R�W�TiK�UQI OQR�W ��/ hiOQh WwUQI R3C$��OaTVbXW YQW�[]W K�I [MILR �L_`R	YahVILS]W�R�I bpS]I+R�W�b O�� W S]OQ[MW�UXW�K�I
Y�_`[�S�W�bpS]_���R�_¦¥�TVR�I bpS]_�UQI|R�W S]I [�T W�haI bpS][�I�UQTH� I [�I bpS]ILK6� hiOQK�SMI [�KxUQI|YQ[�_~UQOaced�_�
 ¤�_NI)G~I R�YQhV_
UQW�PQ�`OQ[]W�§F
 §F� Y _�UQILR	_`K�TVUQILb SMT�P=� W�[ 
 I hiI R�I bpS]_`K-TibpS]I [�� �LhVOQK�S]I [�K�
JH�W�R¡P /LR /�UQI K�I 70Ce¥`ILh ��OaI
K�I�S]I b��XWZY _`O��eW�K�hVW�� OQbQW�K � ILhVI R�I bpSM_`K UXWZR	W\S][�T
	{Ti�`OXW�TiK W^¨ �xUaI bpS][�_	UQ_�K�� hVOaK�S]IL[MK��X_���OaI
[�I YQ[�I K�I bpS�WNKMOQP~� OaS]TihVT�	eW�c d�_ UQI�R:C�� OQTVbXWF
 ¤�_�I GaILR	YahV_�UXWKPX�`OQ[MWN§F
 § Y�_~UaI R�_`K TVUQILbpS]T�P��eW�[

 hVW�� OabXW�K�bQ_ SMI [0�LI Ti[M_<� hiOQK�SMI [�
 � � _`[�R�W�c d�_ UQI �LhVOQK�S]IL[MK�UQI ��/ hVOah W�K�UaI R3C�� OQTibXW�K�I
� W\R	fihVT W\KxUQI�YXW\[�S]ILK�[MI K�OQhiS]WZI RDUQTg¥`IL[MK]W\K�¥\W�bpS]W��`I baK|YQW�[]W�WZ�`I K�S�d�_^UXWZYQ[�_~UQOaced�_��XUaI bpS][�_
UQW�K ��OQW�TVK�UQILK�S�W$�eW�R�_`K�#

A 
�[MI UaOQced�_ Ua_�S][]W\bQKMY�_`[�SMI�UQI�R	W\SMI [MTVW�h�bQ_�W�RjPaTVI bpSMI�UQI�YQ[�_~UaOQced�_�� 70C � OQI W�KjR:C �
��OaTVbXW�KZbaI�� ILKMK0C�[MTVW�KZYXW�[MW�R�W�b O�� W S]OQ[MW UQI�OQR	W�UXW�UXW�YQW�[�SMI�K]d�_�W���[MOQYXW\UXW�Kjb OQR
R	ILKMR�_ �LhVOQK�S]IL[�5

§F
�[MI UaOQced�_ZUa_jS]I R�Y�_jUQI�YQ[�_~UQOaced�_jUa_`K�YQ[M_�UQOaSM_`K IK�L_`bQK�I�� OQI bpSMI�W\OQR	ILbpS]_ZUXW�� W�YXW �
� TVUQW�UQI�UQI�YQ[�_~UQOaced�_�5


 
�KMTVR�YQhiT�P=� W�ced�_�UQ_Z��I [MILb�� TVW�R�I bpS]_�IK� _`bpSM[M_`hiI�UQ_¡KMTVK�S]ILR�W¡UaI{YQ[�_~UQOaced�_��aW��`_`[MW�UQTg¥�Tg�
UQTVUQ_^ILR ¥$C�[MTi_`K KMOaPQKMTiK�S]ILR�W\K�TibQUQI Y�I baUQI bpS]ILK�5

©�
�KMTVR�YQhiT�P=� W�ced�_^UQ_	I K��eW�hi_`bXW�R�I bpS]_	UXW�K�W\S]Tg¥�TVUXW�UaI K�� � OQIZW\�`_`[]W^UQI ¥`IjK�I [?� ILTiSM_	K�I YXW �
[]W�UXW\R	ILb SMI�I R � W�UXW�� hiOQK�SMI [�5

P 
|W�OQR�I bpS]_�UXWwK�I �`Oa[]W�bQc W bQ_wS][]W\PXW�h
�a_��E�L_`R W�R�TVbaTVR�T
	eW\ced�_+UQI R	W�bQTiYQOQh W\ced�_ UQI
R�W\SMI [�T W�h bQ_�W�RjPQTiI bpS]I�UQI�YQ[�_~UaOQced�_�


�|R K�TVK�S]I R	W UQI�R	W�b O�� W\SMOQ[]W�� ILhVOQhVW�[�TVUQI W�h /:�L_`R�Y _`K�S]_#UQI3�LhVOQK�S]IL[MKNKMI R3hVW�� OQbQW�K�I



%�� % & ' 3 8 �#�A	�� � 	 E
��� � ) �*	��4� � � ) � ����� �1@��>��!#"2� �

K�I RM� OXW�h
� OQIL[{Tib SMI [�UQI Y�I bQU�2 b��LT W�ILb SM[MI�KMT�I¡UQI¡W�� _`[�UQ_"�L_`R � P ��ILK�S�W:/jW	Ya[MTVR�I Ti[]WZR�ILS�W
W#KMI�W�h
� W�bQceW\[NYQW�[]W#W+TiR	YQhiI R�I bpS�W\ced�_�YQ[0C\S]T��eW UQI�OaR6KMTVK�S]ILR�W UQI�R	W�b O�� W\SMOQ[]W�� ILhVOQhVW�[
b OQR	WjTVbaU��QK�SM[MTVW�
 ¤�_^ILb S]W�bpS]_��abXWZYQ[�C\SMT
� W���/ [MW�[M_ZILb�� _�b SM[]W�[�K�TVK�SMI R	W�K UQI�Ya[M_�UQOQced\_���OaI
Y�_`K�K]W�R KMI�S]_`[�bXW�[NKMTVK�S]ILR�W�K�UQI�R	W�b O�� W\SMOQ[]W � _`R �LhVOQK�S]I [�K¡S]_\S�W�hiR	ILb SMI^TVbQUQILY ILbQUQILb SMI K�

+ R � W�� I UaTVK�SM_��aR¡OQTiSM_`K Y�I K0� OQTiK]W�Ua_`[MILK S�2 R YQ[M_ � Oa[]W�UQ_Z[�I K�_`hi¥�I [�WjTVbpSMI [MUaI Y�I bQU�2Lb�� TVWjI b~�
SM[MI � hiOQK�SMI [MK�W\SM[]We¥*/LK¡UXW#UQOQYQhiT
�eW\ced�_ UQI�R3C$��OaTVbXW�K�[�I KMY�_`bQK0Ce¥`I TiK¡Y�I hi_ W�YQW�[MI�� TVR�I bpSM_+UQI
ILhVILR	ILb SM_`K�I)GF� ILY �LTV_`bQW�TVK � § V � 
�A � � bQ_^I)G~I R�YQhi_	UXW�PX�`Oa[]W	§F
 § �XW�R:C�� OQTibXW7=�K�I [MTVWZUQOQYQhiTg�
� W�UXW YQW�[]W _+S]I [�� ILTV[M_ � hVOaK�S]IL[¡I�W+R3C�� OQTibXW �#YXW�[]W+_�KMIL�`OQbQUQ_ ��_`O W+SMI [�� I Ti[MT�	eW�c d�_ UQI
YQW�[�SMI K � bQ_�I)G~ILR	YQhi_^UXW PQ�`OQ[]W	§F
 §ZW�K�YXW�[�SMI K�©�� A §jI A�P KMIL[MTVW�R S]IL[0�LI TV[�T
	 W�UXW�K��)
 + RDOQR
� W�KM_#[MI W�h �tW UQI�� TVKMd�_ UQI^UQOQYQhiT
� W�ced�_ UQI^R:C�� OQTVbQW�K�IZS]I [�� ILTV[MT�	eW�c d�_�UQI^YXW�[�S]ILK�ILb ¥�_`hi¥�I R
� OQILK�S0J~ILK�R�_`bQI S�C�[�T W�KQ� OQI�UQI ¥`ILR�KMI [|We¥\W�hVTVW�UXW�K�INUaI�� TiUQTVUQW�K�Y ILhV_ZYQ[�_ 7�ILSMTVK�S�WZUQ_^KMTiK�S]ILR�W
UaI�R	W�b O�� W\S]Oa[]W�
 � h
/ R6UaTVKMK�_���I G~TVK�SMI R3_`OaSM[]W�K�� OQI K�S�J�I KjTibQI [�I bpS]ILKZW�_+KMTVK�S]ILR�W UQI�Ya[M_\�
UaOQced�_�WjK�I [MILR � _�bQKMTiUQI [MW�UQ_`K��L_`R	_�� W�YXW��LTVUXW\UQI UQI�YQ[�_~UaOQced�_ZUQW�K�R3C$��OaTVbXW�K��~SMI R�Y _ZUQI
UaOQ[]W�c d�_ UQI �eW�UQW _�Y IL[]W�c d�_ UQI^R�W�b O�� W S]OQ[MW�� � OQK�S]_#UQI��eW\UXW#_�Y IL[]W�c d�_�UQI^R�W\b�OF� W\S]OQ[MW��
I S��$
 � W�P�_`[MUXW\�`I R�UQ_�� [M_`PQhiI R	W�UaI&� _`[�R�W�c d�_^UQIZ�6/LhVOQhVW�K|UQI�! W\b�OF� W\S]OQ[MW	UXW\UXW	bQILK�SMI
SM[]W�PQW�h
�Q_��L_`bpS]OQUa_	bXd\_�SM[]W\S]WjUXW�UaOQYQhVT��eW�c d�_ZUQI�R:C�� OQTVbXW\K�_`O�S]I [�� ILTV[MT�	eW�c d�_^UQI�YXW�[�S]I K�


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

�{I#W��L_`[MUa_ � _`R � ©>=�� ��_ b �QR�I [�_wUaI�R�W\bQI Ti[]W�KjUaI�KMI W��`[�OQYXW�[ � UQW�UQ_`KZILR : � hiOQK��
SMI [�K{RjOaSMOXW�R�I bpS]INI)GF�LhVOQK�Ti¥`_�K{I¡bQd�_�¥\W�	LTV_`KI/NUQILSMI [MR�TVbQW�UQ_�Y�I hi_	b �QR�I [�_�UQI���S]Ti[MhiTVbQ�ZUQI
K�I �`OabQUQ_	SMTVY�_��aUQW�UQ_^Y ILh WZI�� OXW\ced�_�#

p
∑

i=1

(−1)p−iin/[i!(p − i)!]
� §F
 A �

��_`baKMTVUaI []W\bQUQ_ W�K�YXW�[�S]I K��L_`R	_ UQW�UQ_`K��{_!b �QR	IL[M_ UQI�R	W�bQILTV[]W\K�UQI KMIwW���[MOQYXW\[ �
YQW�[�SMI K�I R : � hiOQK�SMI [MK�Y _�UQI K�I [ UXW\UQ_ZY ILh W¡I�� OXW�ced\_�§ 
 A 
 ��_`R	_¡bQ_^�F��!6OaR�W¡K�_`hVOaced�_�/
�L_`bQK�S]TiSMOQfVUQWNUQ_�W��`[�OQYXW�R�I bpSM_�UQI|YXW�[�S]ILK�I|R3C�� OQTibXW�K��pYXW�[]W��eW�UQWNR	W�bQILTV[]W�UQI|KMI{W��`[�OQYXW�[
W\K�YQW�[�SMI K�Y _�UQI KMI+W�KMK�_F�LT W�[jSM_~UQW�K�W�K^R�W�baI TV[MW�KZUQI#KMI+W��`[�OQYXW�[^W�K�R:C�� OQTVbXW\KZYXW�[]W�KMI
�L_`bQK�S]TiSMOQTV[xOQR	W�KM_�hVOQc d�_�
-�{ILK�S]W�� _�[MR	W�� _Zb �aR	IL[M_jUQI{R�W�baI TV[MW�K�Y�_`K�KMfi¥�I TiK UQI K�I�W��`[�OQYXW�[



%�� 
����0�1	4� ) ��!#"2�;8 �����*	 �$��@B�#� �

� YQW�[�SMI K{I � R3C$��OaTVbXW�K|I R : �LhVOQK�S]I [�K{RjO~S]OXW�R�I bpSMI¡I)GF�LhVOQK�Ti¥`_�K I¡bXd\_�¥\W�	 Ti_`K�5�_`O�K�I 7MW��
_Zb �QR�I [�_^UQI�KM_`hiOQc�J�I K�Y�_`K�KMfi¥�I TiK�UQ_^�F��!3YXW\[]WjOQR b �aR	IL[M_ZUQID� hiOQK�SMI [�K�UXW�UQ_ : /�UXW�UQ_
Y�I hVWZI�� OXW�c d�_�§ 
 §F#

((

p
∑

i=1

(−1)p−iin/[i!(p − i)!]) ∗ (

p
∑

i=1

(−1)p−iim/[i!(p − i)!]))
� §F
 § �

� S�W�P�I hVWZ§F
 A TVhiOQK�SM[]WjWjI GaYahV_`KMd�_jUQ_��L[MI K�� TiR	ILb SM_^UQ_jb �QR�I [M_ZUaI�KM_`hiOQc�J�I K ILR � OabQced�_ZUa_
b �QR�I [�_ � UQI�YXW�[�S]ILK|I � UQI�R3C$��OaTVbXW�K��QYXW�[MWZOQRDb �QR�I [M_^UQI�� hiOQK�SMI [�K :�� 
 � hiOQK�SMI [�K�


¤�[M_�
 UQIN��W�[�S]I K ¤�[M_�
 UQI&! C�� OQTVbQW�K ¤|[M_�
 UaINK�_`hVOac�J�I K
A�P A ¨ § � § A�P = V < 
 G

1010V ¨ ©p¨ A � © 
�ADV ¨ 
 < 
#P G
1046A ¨`¨ ��¨ 
 � P < 
 
 �`§�< 
 <�G
1079

HJW�P�I hVW §F
 A #4+,G~YQhV_�K]d�_�UQ_ b �QR�I [�_�UQIZKM_`hiOQc�J�I K{I R � OabQced�_�Ua_#b �QR�I [�_�UQIZYXW�[�S]ILK�YXW�[]W
� _�[MR	W�ced�_ZUaI 
 �LhVOQK�S]I [�K

��_~UQILR	_�KE�L_`b�� hiOQTV[�_`PaKMI [�¥\W�bQUQ_¡W�S]W�P ILh W�§F
 A � OQI|_¡OQK�_¡UQI|R /LS]_�UQ_`K�UQI|PQOQK��eW¡I GaW�OQK��
SMTi¥\W¡S]_�[MbXW � KMI�TVR�YQ[MW\S]T��ACe¥`ILh�YXW�[MWZTVbQK�S ��b��LT W�K���[]W�bQUaI K�UQ_	�x��! 


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

� OXW�h�� OQI [�OQR	W UXW�K�UaOXW�K�ILS]W�YXW�K�Ua_ �F��! � W!W�hi_F� W�ced\_ UQI�YXW�[�S]ILK�YXW�[]W � W\R	fihVT W\K
_�O R:C�� OQTVbXW\K�YXW\[]W:��/ hiOQh W�K���Y�_�UQI�K�I [�R	_�UQI hVW�UXW^R�W S]I R	W\SMT
�eW\R	ILb SMI � _`R�_�K�I¡K�I �`OQI$��UQI
W$� _`[�UQ_ � _`R
	 W�bQ� � ©>= � 


! W>GaTiR	T�	eW�[�#
p

∑

k=1

n
∑

i=1

∑

j<i

sijxikxjk

� §F
 
 �

�~O>7�I TiSM_�W�#

p
∑

k=1

xik = 1, i = 1, ...n
� §F
 © �



%�� ��� � 	 � @B!#"2� �,� ��� 	�� ��� �,�.� ) �
���D�*�1�F�;��� �1�*	 -/�0�1	����,�A� � �

n
∑

i=1

xik ≤ u, k = 1, 2, ..., p
� §F
 P �

xik ∈ {0, 1} , i = 1, 2, ...n, k = 1, 2, ...p
� §F
 V �

_�bQUQI�#
p
� b �aR	IL[M_^UQID� hiOQK�SMI [MK�WZKMIL[MI R � _�[MR	W�UQ_`K�


n
� b �aR	IL[M_�UQI�YXW�[�SMI K � _�O#b �QR�I [�_	UaINR:C�� OQTibXW�K � 


u
� b �QR�I [M_^R:C G~TVR�_jUQI�YXW�[�S]ILK � _`O#R3C�� OQTibXW�K��xY _�[�� hVOaK�S]IL[�


sij

� fVbaUQT
�LI�UQI�KMTVR�TVhVW�[MTiUXW�UQI|I bpSM[MI�W^YQW�[�SMI�� _`O#R3C$��OaTVbXW � ' INW^YXW�[�SMI�� _`O#R:C�� OQTVbXW � � 

xik

� ¥\W�[MT
Ce¥`I h PQTib=C�[�T W � OQI W�K�KMOQR�I{_N¥\W�hV_`[ A KMI WNYXW�[�S]I � _`O	R3C�� OQTibXW � ' ILK�S�C¡W�KMK�_F�LT W�UXW
W\_ �LhVOQK�S]IL[ Q �Q¨ � W�KM_ � _�b SM[�C�[�TV_�


xjk

� ¥\W�[�T Ce¥`ILh PQTVb�C�[MTVW3� OQI^Y _`K�KMOQT�W\KMKMOaR	I^_�¥\W�hV_`[ A K�I�W YQW�[�SMI � _`O�R:C�� OQTVbXW � � ILK�S�C
W\KMKM_ � TVW�UXW^W�_ � hiOQK�SMI [ Q �X¨��eW\KM_ � _`bpS][0C�[MTi_�

� K�[MI K�S][�TVc�J�I K � §F
 © �{UQILSMI [MR�TVbQW�R � OQI�OQR	W�YXW�[�S]I�� _`O�R:C�� OQTVbQW ��Y�_~UQIZILK�S]W�[NW�KMK�_F�LT W�UXW
9�KM_�R	ILb SMI+OaR � hVOaK�S]IL[�
 � K�[MI K�S][�TVc�J�I K�� §F
 P �ZUaILS]IL[MR�TVbXW\R � OQI+baI b�� OQR � hiOQK�SMI [�Y _�UQI
�L_`bpS]IL[ R�W�TiK�YXW\[�S]ILK � _`O^R:C�� OQTVbQW�K �tUQ_D��OaI�_�b �aR	IL[M_�R3C>GaTiR	_�UQI�YXW�[�S]ILK � _`OZR:C�� OQTVbQW�K �
UaILS]IL[MR�TVbXW\UQ_�


�aW\hVTVILbpS�W�R�_`K � OQI�W@� _`[�RjOQh W\ced�_ W��LTVR	W�bXd�_ S][]W S�W UXW �LhVOQK�S]IL[MT
	 W�ced\_+UQI�R:C�� OQTVbXW\KNI
YQW�[�SMI K�K�TVRjOQhgS�W�baIeW�R�I bpS]I$
 �{I K�S�W � _`[�R�W��FS�W�h � _`[�RjOQh W\ced�_wY _�UQI+KMI [	OQK]W\UXW _`O(YQW�[]W W
�LhVOQK�S]IL[MT
	 W�ced\_�UQW�K�R3C�� OQTibXW�K�_`O YXW\[]W�� hiOQK�SMI [MT�	eW�c d�_^UXW�K�YXW�[�S]ILK�


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

��� �

�|RDYXW�[ ��R	I S][�_ZUQ_��F��! � OQI�TVb��XOaT;UQTV[�ILS]W�R	ILbpS]I�bQ_�[MILKMOQhgS�W�UQ_^UXWZK�_`hVOQc d�_�PXbXW\h /N_
b �QR�I [�_�UQI�� hiOQK�SMI [MKFW�KMIL[MILR � _`[MR	W�UQ_�K�
 � OQW�bpS]_�R�W\TV_`[JI K�SMI�b �aR	IL[M_��pR	W�TV_�[�_�I K�YXW�cL_�UQI
PaOQK0� W�WZKMIL[|I G~YQhV_`[MW�UQ_��X_ � OQINY _�UQI�W�OaR	ILb S]W�[�_^S]I R�Y�_�UaINI G~I�� Oaced�_	UQI�OQR�W�hi�`_`[MTgS]R�_
bQW�PaOQK0� W�Y�_`[ OQR	W P _pW�K�_`hVOQc d�_�
,+�bpS]d�_&/�baI�� ILKMK0C�[MTi_&� OQI|KMI 7MW�UaILS]IL[MR�TVbXW\UQ_�OQR%b �QR�I [�_
[MW�	 _*C¦¥�I h UaI�� hiOQK�SMI [MK�
��J_`[�_`OaSM[M_�hVW�UQ_��B/jRjOQTgS]_	UQT�� f�� TVh-YQW�[]W�_�OaKMO=C�[�TV_�W S][]We¥�/ K UQI¡OQR�W



%�� ��� � 	 � @B!#"2� �,� ��� 	�� ��� �,�.� ) �
���D�*�1�F�;��� �1�*	 -/�0�1	����,�A� �0�

TibQKMY�I c d�_�¥�TVKMOQW�h UXW�R	W\S][�T
	jTibQT
�LT W�h � _�b��QI��LI [N_`O�I K�S]TVR	W�[ _ b �QR�I [�_#TiUQIeW\h�UQI � hiOQK�SMI [�K�W
K�I [�I R � _`[�R�W�Ua_`K�

��_`R�_�W{[�I K�_`hVOQc d�_�UQ_��F��!DYQ[�_F�LOQ[]W?� _�[MR	W�[J��[MOQY�_`K bQ_�K'� OXW�TVK�W�K R:C�� OQTVbQW�KJILK�SMI 7MW�R

W\�`[MOQYQW�UXW�K|YXW�[MW	W\SMI bQUaI [ W^OQR �L_`b 7�OQbpS]_	UQI¡YQW�[�SMI KI��OaI¡Y�_`KMK�OQI R�KMTiR	Tih W�[�TVUXW\UQI4� OXW�bpSM_
9\K�R:C�� OQTVbXW\K3� OQI W�K�W\S]ILbQUQILR��|W�� _`[�R�W\ced�_wUQIN�LhVOQK�S]I [�K"� _�R W\Y ILbXW�K A R:C�� OQTibXWw_�O
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	�UQI
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Y�_`TiK bXd�_�Y�_`KMK�OQTQYXW\[�S]ILK W\SMI bQUQTiUXW�K ILR �L_`RjOQR � _`R8bQI b���OaR�W�R:C�� OQTVbXW�KMI�� OQIL[�
 %�� � W�K�_
I G~TVK�S]W#OaR�W YXW�[�S]I�W�Y�I bXW�K�� OQI�bQI��LI KMK�TiSMI	UQI�OQR6UQI S]IL[MR�TVbXW�Ua_ �L_`b 7�OQbpSM_+UQI�R:C�� OQTVbXW\K�5
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I ¥�TiS�WN� OQI�K�I 7MW�R � _`[�R�W�UQW�K¡K�_`hVOQc�J~ILK�� _�R �LhVOQK�S]I [�KZOQbQTgS�C�[�TV_`K�� R�W\K¡[MILK�SM[MTVba�`I�_ I K�YXW�cL_
UaI#PaOQK0� W���Y�_`TVKZK�_`hVOac�J�I K^YXW�[MW�_��F��! �L_`R OQR b �aR	IL[M_wUQI�� hVOaK�S]IL[MK^R	W�TV_`[ ��OaI#ILK�SMI
hiTVR�TiSMI�UXW�UQ_�Y _`K�KMOQILR _`Pa[MTV�`W\S]_`[�T W�R�I bpSMI@� hVOaK�S]IL[MK	OQbQTiS�C�[MTi_`K�
 � ¥\W�hV_�[�hiTVR�TiSMI�R	fibQTVR�_
UaI��LhVOQK�S]I [�K:/ Ti�`OXW�h�W�§F
 � bpS]ILK	UQWw�`IL[]W�c d�_wUQI�� W�UXW�KM_`hiOQced\_wY�I hVW�K �QI Oa[MfVK�S]T��eW�K�W�� OQT
Ya[M_`Y�_`K�S]W�K�� /�KM_`[�S]I W�UQ_¡OaR b �QR	IL[M_�UQI bpS][�_¡UQILK�S]W�� W�T GQW�UQI|hVTiR	TgS]ILK�YXW�[MWNK�I [F_¡b �QR�I [�_�UQI
�LhVOQK�S]IL[MK YXW\[]W¡W�[MI�� IL[MTiUXW�K�_`hVOQc d�_�
 � K6�QILOQ[MfiK�SMT
�eW\K�KM� � _`bQK�TVUQIL[]W�R �L_`R	_�KM_`hiOQc�J�I KF¥$C�hVTiUXW�K
W$��OaI h W\KFK�I R �LhVOQK�S]I [�KxOabQTiS�C�[MTi_`K��`K�I R �LhVOQK�S]I [�K � _`R�hiTVb��XW\K _`O � _`hiOQbXW�K ¥\W�	 TVW�K � OaR�W�hVTib��XW
¥\W�	LT W{_ � _�[M[MI6��OQW�bQUQ_�OQR	W{R:C�� OQTVbXW�Y IL[�S]ILb�� ILbpS]I|W{OQR5UQILSMI [MR�TVbQW�UQ_K�LhVOQK�S]I [�bXd�_�[MI W�hVT�	eW
_�Y IL[]W�c d�_�UQIZR	W�b O�� W\S]Oa[]W�K�_`PQ[MI�� OXW\h
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TibpS]I Ti[]W�R�I bpSMI�¥\W�	LTV_`K � � hiOQK�SMI [MK�¥\W�	 Ti_`K�_F�L_`[M[�I R � OXW�baUQ_	SM_~UXW\K�W\K�YXW\[�S]ILK�Y�I [�S]ILb�� ILb SMI K�W
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K�I OQK�[�I KMY�I�� S]Tg¥`_`K�KMTiK�SMI R	W�K UQI�YQ[�_~UaOQced�_�
 � HJI�� bQ_�hV_`�`TVW¡UQIN��[MOQY�_`K PaOQK0� W^UaI�� _�R	Y�_`[ _`K
K�TVK�S]I R	W�KFUQI{Ya[M_�UQOQced\_¡I R�¥$C�[�TV_`K�KMOaPQKMTiK�S]ILR�W\K�R�I bQ_`[�I K��aR	W�TVK I)P=� TiI bpS]ILK��QR	W�TVK-� C��LI TiKxUQI
��I [MILb�� TVW�[�I�UQI�YQ[MI)� I [�2 b��LT W^TVbQUQILY ILbQUQILb SMI K|I bpS][�I�K�T 

�|R6TVR�Y _`[�S�W�bpSMIZILS�W\YXW+UQ_+OQKM_+UXW HJI�� bQ_`hi_`�`TVW UaI���[MOQY�_`KNbXW �`I K�S�d�_+UXW+YQ[�_~UaOQced�_

/jW3� _`[MR	W�ced\_�UQIjOaR>K�TVK�SMI R	W�UQIjR	W�b O�� W\SMOQ[]W3�LI hiOQh W�[�� _�bQUQIjKMd�_"� _`[MR	W�UXW\K?� W�R�fVhiT W�K�UQI
YQW�[�SMI K�� Y�I c W�K�UQIZYQ[�_~UaOaS]_`K��{I���/LhVOQhVW�K{UQIZR:C�� OQTibXW�K���KMI baUQ_���OaI	W"� W�UXW@��/LhVOQhVW�UQIZR:C �
� OQTibXW�K /�W�K�KM_ � T W\UXW�OQR�WK� W�R�fVhiT W�UQI�YXW�[�S]I K�
 ¤�OaR KMTiK�S]ILR�W�UQI�R	W�b O�� W\SMOQ[]W � ILhVOQhVW�[ TiUQIeW�h �
I G~TVK�SMIZOQR	W�S]_\S�W�hJTVbQUQILY ILbQU�2Lb�� TVW�I bpS][�Ij_`K YXW\[MI K�UaIjYXW�[�S]I K�� � W�R�fVhiT WZIjR:C�� OQTVbQW�K�� ��/ hiOQh WF

� K�S]_�� OQIL[ UQT�	 I [E� OQI{S]_�UXW�K�W�K�YQW�[�SMI K UQI�OQR	W&� W�R�fVhVTVW UQIL¥�I R KMIL[Q� _`R�YQhiILS�W\R	ILb SMI�R	W�b O~�
� W S]OQ[MW�UXW�K|Y ILh W�K�R:C�� OQTVbQW�K�Y IL[�S]ILb�� ILbpS]I KD9 ��/LhVOQhVW	W\KMKM_ � TVW�UXW 9	ILK�S�W � W�R�fVhVTVW¡I�5 S]_�UXW�K|W�K
R:C�� OQTibXW�K UQI{OQR�W���/ hiOQh W � OXW\h
� OQI [�UaIL¥`ILRD[MI W�hVT�	eW�[F_`Y�I [MW�c�J�I K�UQI�R	W�b O�� W\SMOQ[]W�KM_`R�I bpS]I
K�_`PQ[�I�W\K|YQW�[�SMI K�Y IL[�SMI b��LI bpS]ILKK9�� W�R�fVhVTVW¡W�K�KM_ � TVW�UXW 9ZI K�S]W ��/ hiOQh W�
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SM[MTVW��a¥$C�[MTVW�K�W�P�_`[MUQW��`I baK�S02 R�K�TVUQ_�YQ[M_�Y _`K�S�W�K�YXW\[]W�W��`[MOaYXW�[�R:C�� OQTVbXW\K|I�YXW\[�S]ILK�
6+'G~TiK�S]I
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+ K�S]W4/�OQR	W|UXW\KJR	W�TVKtK�TVR�YQhVILK;S�/��LbQT
� W�K�UQIx[�I YQ[�I K�I bpS�W�[J_ �F��!�
 � K�W�hi�`_`[�TiS]R�_`K ��OaI�KMI
O~S]TVhiT
	 W�R�UQI K�S�WZ[MILYQ[MILKMILb S]W�ced\_^SMI R � _`R�_jI bpSM[]W�UXWjOaR�WjR	W\S][�T
	|UQI�TVb�� TVU�2 b��LT W�R:C�� OQTibXW �
YQW�[�SMI � _`O�YQW�[�SMI � R:C�� OQTibXW �)� _`baUQIK�eW\UXWjI hiI R�I bpS]_
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/ TV��OXW�h W A KMI�WjR:C�� OQTibXW ' [MI W�hVT�	eW
OaR�W�_�Y IL[]W�c d�_�UQIjR	W�b O�� W\SMOQ[]W�K�_`PQ[�I^W�YXW�[�S]I � IZ¨"� W�KM_@�L_`bpS][�C\[MTV_ � _`O � W�UXW�I hiI R�I bpS]_
aij
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� K�W�hV�`_�[MTiSMR	_�K I bpS�d�_¡PQOQK0� W�R W�� _`[�R�W�c d�_NUQI4��/ hVOah W�KFUQI R:C�� OQTVbQW�K�I4� W�R�fVhVTVW�K UQI�YXW�[�S]I K
W S][]We¥�/ K UXW{Y�I [�RjOaS]W�ced�_{UXW�K�hiTVb��QW�KJI6� _`hiOQbXW�KJUQI K�S�W R	W\S][�T
	�� UQI R	W�bQILTV[MW�W?� _�[MR	W�[JPahV_ � _`K
UaI A�� K�W��`[�OQYXW�UQ_�K W�_�hi_`bQ�`_	UXW�UQTVW��`_`bXW\h�UQW�R�W S][MT�	��B� _`R�_�R�_`K�S][]W\UQ_�W�PXW\THG~_�bXW3PQ�`OQ[]W
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 A # � W ��! W S][MT�	�YXW�[�S]I � R3C�� OQTibXWjI � P � � �`[MOaYXW�R�I bpS]_^TVUaIeW�h
�{ILK0�L[MIL¥�I R�_`K{bQW�K�KMILc�J�I K�KMIL�`OQTVbpSMI K�OQR	WjKMfVbpSMI KMI�UQ_�K�YQ[MTib�� TiYXW�TVKxR:/ S]_�UQ_`K�I GaTiK�SMI bpS]ILK

bQW�hiTiS]IL[]W\SMOQ[]W�YXW�[]W^WZKM_�hVOQc d�_^UQ_��F��!�
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+ K�SMI¡W\hV�`_`[�TiSMR	_��pUaI�W$� _`[�UQ_ � _`R �-_`[�I bXWZI S|W�h 
 � A A �;PQOQK0� W	WZ_`[��pW�bQT�	eW�c d�_ZUXWZR	W\S][�T
	
UaI�Tib�� TiU�2 b�� T W ¨ � A UQ_ �F��! b�OaR � _`[MR	W\SM_#UaI�PahV_ � _`K�UQTVW��`_`bQW�TVK�W S][]We¥�/ KNUXW+W\b=C�hVTiKMIjUa_
� �?� 83
�% � UQI�I bQIL[M�`TVW^UaI�� W�UXW^I hiI R�I bpS]_
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	 I�KMILOQKI��OQW\S][�_	ILhVI R�I bpSM_`K�¥~T�	 Tib��Q_`K
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���W�[MW4�eW�UQW{Y IL[MRjO~S�W�c d�_{UXW\K � hiTVb��XW\KJI � � _`hiOQbXW�K�UXW{R	W\SM[MT
	$�
/�W�KMK�_F�LT W�UQ_+OQR3¥�W\hV_`[�S]_\S�W�hFUQI	¥�Tib�� OQhVW�ced\_�UQI�ILbQI [��`T WF�'� OQI�I)G~YQ[�I K�K]W _ ¥�fVb��LOQhV_#S]_�S]W�h
UaI�I bQIL[M�`TVW��aYXW\[]W¡S]_�UQ_`K�_�K I hiI R�I bpS]_`K�UQWjR�W\SM[MT�	�
 � _`P 7�I S]Ti¥�_^UQ_^W�hV��_`[MTgS]R�_&/�I GQW\R	TibXW�[
SM_~UQW�KjW�KNY�I [MR¡OaS�W�c�J~ILK¡Y�_`KMK�fi¥�I TVK�UQI�hiTVb��QW�K�I � _�hVOQbXW\K¡I�ILb�� _�b SM[]W�[¡W+Y�I [�RjOaS�W\ced�_���OaI
R	W G~TVR�T
	 WZW � OabQced�_�UQI�¥�TVb��LOQh W�c d�_^UQINI bQIL[M�`TVW �65 �� ;�&% G ��� )7I � � #LK�M ��H OQ+ � R � b �)� UXW�UXW
Y�_`[�#

TBE(m, n) = 1/2
m
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i=1

n
∑

j=1

aij[aij−1 + aij+1 + ai−1j + ai+1j ]
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ai,n+1

� ¨ ∀ ��� A �H
�
H
H� � � ∀ ' � A ��
H
�
H� �
� � _^b �QR�I [M_^UQI�R:C�� OQTVbQW�K
� � _^b �QR�I [M_�UQI�YXW�[�S]ILK

��_~UQI � K�I �L_`b��LhVOQTi[�Y�I h W � _�[MRjOQhVW�ced\_ W�� TiR�W � OQI ��OQW�bpS]_!R�W\TVK�Ya[M�AG~TVR�_`K�I K�S]Tg¥`I [�I R
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UaI	R	W�b O�� W\SMOQ[]W@� ILhVOQhVW�[�Y�_~UQI	W\SM[MTVPaOQTV[ Y�I K�_`KNUQT�� IL[MI bpSMI K�W#ILK�S]ILK¡UQ_�TVK � W\S]_�[MI K�TibQUQTi¥�TiUQO~�
W\hVR�I bpS]I$
@�aW�[���IL[�S�W\RjP /LR6UQI R�_`bQK�S][�_`O�� OQI�W+R�I UQTiUXW@/	R	W�TiK�KMI baKMfi¥�I h�W�_+b �QR�I [�_ UQI
ILhVILR	ILb SM_`K TVbpSMI [�� � hiOQK�SMI [MK � � OQI�UQIL¥�I R K�I R�YQ[MI�KMIL[ IL¥�TiS]W�UQ_`K���UQ_D� OQII9�K h W��LOQbXW�K ba_`K-� hiOQK��
SMI [�K�
��J_�[0/ R �QW�R	ILUQTVUXW&/?� _`[�S]I R�I bpSMI UQI Y�I baUQI bpS]I�Ua_`K6� W\SM_`[MILK�UQI Y�I K�_��QK�I bQUQ_�� OQI{OQR�W
ILK0�L_`h
�XW^YQ[�I�� TiYQTiS]W�UXWjUQ_�K�¥\W�hi_`[MILK�UQI

q1

I
q2

Y _�UQI S]_�[MbXW�[�W^R�I UQTiUXWjTVbQI)P=�eW$	�
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1

n

P
∑

j=1

kjnj

kj + vj + ej
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 < �

_�bQUQI�#
� � b �QR�I [�_^SM_�S�W\h;UQI�R3C$��OaTVbXW�K
nj

� b �QR�I [�_^SM_�S�W\h;UQI�R3C$��OaTVbXW�K�ba_K7�� / K�TVR�_�� hVOaK�S]IL[
vj

� b �QR�I [�_^UQI�h W��LOQbXW�K�bQ_K7�� /LKMTiR	_��LhVOQK�S]I [
ej

� b �QR�I [�_ UQI+I hVILR	ILbpS]_`K�TVbpS]IL[�� � hVOaK�S]IL[MK	bQ_�7�� / KMTiR	_ �LhVOQK�S]I [
� ILhVI R�I bpSM_`K	UQW�R	W\S][�T
	
Ti�`OXW�TiK�W A K�TiSMOXW�UQ_`K�bQW�K�hVTVb��XW�K UQ_K7�� /LKMTiR	_��LhVOQK�S]IL[��XR	W�K�� OQI�bQd�_^Y IL[�S]ILb�� ILR 9ZI hVI �
kj

� b �QR	IL[M_�UQI�_`Y�I []W\c�J�I K�bQ_47�� /LKMTVR�_�� hiOQK�SMI [
:�� b �QR�I [�_�UaI��LhVOQK�S]IL[MK
¨ ≤ � � ≤ A

� ��KMI [0C TV�`OXW\h�W�¨N� OXW�bQUa_�_�¥\W�hi_`[¡UQI
kj

� _`[ZTV�`OQW�h�W�¨�YXW\[]W S]_�UQ_`KZ_�Kj¥�W\hV_`[�I KjUQI
j
� _`O K�I 7MW�� SM_~Ua_`Kj_`K��LhVOQK�S]IL[MK�
 � K�S]_ �eW\[]W�� S]I [�T
	 W�W�W�OQK�2 b��LT W�UQI�_�Y IL[]W�c�J~ILKjUQI bpSM[M_ UQ_`K

�LhVOQK�S]IL[MK�
 � OXW�bQUQ_ bXd\_@�Q_`Oa¥�I [�I hiI R�I bpS]_�K�TVbpS]IL[�� �LhVOQK�S]IL[MK bQILR&h W$� OQbXW\K bQ_`K �LhVOQK�S]I [�K��-_`K
¥\W�hi_`[MILK�UQI

vj

I
ej
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j
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n

∑P

j=1
kjnj

kj

� _`O KMI 7MWF# 1
n
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 ��_�bQKMI���OaI bpS]ILR	ILb SMI��-_�¥\W�hi_`[�UQIZ� ��K�I [0C�TV�`OQW�h�W A 
 �
W\KMY�I��LSM_�TVbpS]IL[MI K�K]W�bpSMI�UXW�R�I UQTiUXW�� � /���OaI�I h W Y�I [�R	TgS]I�W�We¥\W�hVTVW�ced\_{UQ_ ; Y ILKM_ ;!UQI��eW�UQW
�LhVOQK�S]IL[�bQ_j[�I K�OQhiS]W�UQ_&PQbXW�h�UXW&�LhVOQK�S]I [�T
	 W�ced�_��~_&��OaI Y _�KMKMTiPQTVhiTiS]W�W�_¡YQ[�_ 7�ILSMTVK�S�W¡UQ_�KMTiK�S]ILR�W
UaINR	W�b O�� W\SMOQ[]W^WZTVUaI bpS]THP=�eW�c d�_^UQID� hiOQK�SMI [MK �L_`R ;LR:C � _`[MR	W�c d�_ ;$


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

!+OaTiS�W\KxR�I UQTiUXW�K � _�O�fVbaUQT
�LI K � UQI|KMTiR	Tih W�[�TVUXW�UaI�PXW�K�IeW�Ua_`K�bQ_�KxUXW\UQ_`K�UQWNR	W\S][�T
	�PQTib=C �
[�T W¡Ua_	�F��!&S]ILR KMTiUQ_ZYQ[�_`Y _�K�S]_�K bXWZhVTgS]I [MW\S]Oa[]W�
JH�W�TiK R�I UQTiUXW�K�SMI R [�I hVW�ced�_¡UQTV[�ILS�W��L_`R
W�R�W\SM[MT�	�UQI4� hVOaK�S]IL[MT�	eW�c d�_ PXbXW\h UQ_^�F��!���S]ILbQUQ_ZI R�¥�TVK�S�W � OQI�ILK�S�W\K Y _�UQILR K�I [�OQKMW�UXW�K
YQW�[]W�W���[MOQYXW\[ R3C$��OaTVbXW�K�I�YXW�[�SMI K�
-� W�[�I R�_`K bQI K�S]I�K�I ced\_�OQR	W{I GaYah W�bXW\ced�_�UXW�� OQILh W�K,��OaI
�L_`bQK�TVUQIL[]W�R�_`K�W�K�R	W�TVK [�I hiIL¥\W�bpS]ILK�


��������� � ��s ����} qQ��£{}�£{lG£�l���}�� ��} qQ£ 0	� �

� �~TiR	Tih W�[�TVUXW�UaI�UQI&�`W����eW�[�U � � �	��
 ��878$� # )	��'?�='?% � # '? M �6/�UXW\UXW�Y�_`[�#

JSij =
(Yij)

(Yi + Yj − Yij)

� 
 
 = �

_�bQUQI�#
Yij

� b �QR�I [M_�UQI�R:C�� OQTibXW�K � YXW�[�SMI K�� OaK]W�UXW\K � W\S]ILbQUQTiUXW�K ��I R �L_`RjOQR5Y ILh W�K YQW�[�SMI K � R:C �
� OQTibXW�K�� ' I �
Yi

� b �QR�I [�_�UaINR:C�� OQTibXW�K � YQW�[�SMI K � OQKMW�UXW�K � W\S]ILbQUQTVUQW�K � Y�I h WjYQW�[�SMI � R3C$��OaTVbXW � '
Yj

� b �aR	IL[M_�UQI�R3C�� OQTibXW�K � YXW�[�S]I K�� OQK]W�UQW�K � W\S]ILbQUQTiUXW�K ��Y�I hVWjYXW�[�S]I � R:C�� OQTVbQW � �
¨ ≤ JSij ≤ A

� ¥\W�hV_�[�UQI
JSij

KMIL[�C R:C G~TVR�_�� OXW�bQUQ_
Yij

� _`[NTV�`OQW�hFW
Yi � Yj

� _�O KMI 7MW��'� OXW�bQUa_
W\K�R:C�� OQTVbQW�K � YXW�[�S]ILK ��OQK]W�UQW�K � W\S]ILbQUQTiUXW�K � Y�I hVW�YXW\[�S]I � R:C�� OQTibXW � ' KMd�_�I GaW\S�W�R�I bpSMI¡W�K
R�I K�R�W\K�OQKMW�UXW�K � W\S]ILbQUQTiUXW�K ��Y ILh W�YQW�[�SMI � R:C�� OQTVbQW � � 


JSij

KMIL[�C TV��OXW�h|W ¨ � OXW�bQUa_
Yij

� _`[�Ti�`OXW�h�W ¨��|_`O(K�I 7MW��|bXd�_<�Q_�Oa¥`IL[�OQR�W�R3C�� OQTibXW � YXW�[�SMI �	K�I�� OQIL[ � OQI / OQK]W�UQW
� W\S]ILbQUQTiUXW �JY�_`[ W�R¡PXW�K W�K YQW�[�SMI K � R:C�� OQTibXW�K � 
��|R%YQ[�_`PQhiI R	W{bQI K�S�W�We¥\W�hVTVW�ced�_{W�Y�_`bpS�W�UQ_
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Y�_`[I%FW � �XW�[MTVW	I 	 ILR	R�I [�hV_¦¥#I R � ©#<��,/ ��OaIjI hVW	Y�_~UQI�R	TibQTVR�T
	 W�[�W	[�I hVW�ced�_�I bpS][�IjUQOXW�K
YQW�[�SMI K � R3C�� OQTibXW�K��)�B�eW�K�_

Yi � Yj

�
Yi

KMI 7MW�R¡OQTiSM_	R	W�TV_�[I� OQI
Yj

�)
{�J_`[�I)G~I R�YQhV_���KMI
Yi

� A ¨F�
Yj

� A ¨`¨��
Yij

� A ¨��
Yp

� A ¨NI
Yip

� P ��I bpS]d�_
JSij

� ¨�
 A I
JSip

� ¨F
 
 
 
-+ b S]d�_��
UaI�W��L_`[MUa_ � _�R6_`K&��C�h
�LOQhV_�K��JW�K�YQW�[�SMI K ' I : K]d�_+R�W�TiK�KMTiR	Tih W�[�I K UQ_�� OQI�W�KNYXW�[�S]ILK ' I
� 
 + b SM[MI S�W�bpS]_��JW�YQW�[�SMI � OaSMTVhiT
	eW A ¨`¨���UXW�K�R:C�� OQTVbQW�K UQI ' I b���OQW�bpS]_ : OaSMTVhiT
	eW	W�Y�I bXW�K
P ¨��"


�JW�[]W � _`bpSM_`[MbXW\[ZI K�SMI YQ[M_`PahVI R	W��'%FW � �XW\[MT W�I�	�I R�R	IL[Mhi_ ¥�YQ[�_`YQOQK�I []W\RmW KMI ��OQTVbpS]I
R�_�UQT�P=� W�ced\_ZbQI K�S�W^R	ILUQTVUXWjUaINK�TVR�TVhVW�[MTiUXW�UQI$#

Sij(α) = α[Yij/Yi] + (1 − α)[Yij/Yj]
� 
 
 A ¨ �

_�bQUQI�#
Yi ≤ Yj

I
α ∈

� ¨F� A �
¨ ≤ Sij

�
α
� ≤ A

� _F�L_`[M[�2 b��LT W�UQ_`KF¥�W\hV_`[�I K�UQI|R	fibQTVR�_�I�R:C G~TVR�_ � [�I KMY�I�� S]Tg¥�W\R	ILb SMI��~¨NI A � UQI
Sij

�
α
�

K�I UXd�_¡Y ILhV_`KxR	ILKMR�_`K�R�_�S]Tg¥`_`KFY�I hV_�K6� OXW�TiK�_`K�¥\W�hi_`[MILKxR�fVbaTVR�_NI{R3C G~TiR	_NUQI
JSij

_F�L_`[��
[�I R � TVbaUQI Y�I bQUaI bpS]IwUQ_!¥�W\hV_`[�UQI

α

 � PQK�I [�¥\W�baUQ_(W!I�� OXW�c d�_ 
 
 A ¨ I�W<� _`bQUaTVced\_ UQI

UaI KMTi�`OXW�hiUXW�UQI{I bpS][�I
Yi

I
Yj

���L_`bQK�S]W\S�W � KMI � OQI�_ZYa[MTVR�I Ti[M_�S]IL[MR�_ZUXWjI�� OXW�c d�_^UQI
Sij

hVI ¥�W
ILR �L_`bQK�TVUQIL[]W�c d�_�W�[�I hVW�ced�_	UQI¡Ya[M_`Y�_`[0�LTV_`bQW�hVTiUXW�UQI�ILb SM[MIj_�b �aR	IL[M_�UQI�R3C$��OaTVbXW�K � YQW�[��
SMI K�� OaK]W�UXW\K � W\SMI bQUQTiUXW�K���I R �L_`RjOQR5Y ILh W�K�YXW�[�SMI K � R:C�� OQTibXW�K � ' I � I�W�YXW�[�S]I � R:C�� OQTibXW �
' _`O � � OQI	OQK]W � W\SMI bQUaI �N_#R�I bQ_`[Nb �QR�I [M_+UQI�R3C�� OQTibXW�K � YQW�[�SMI K � 
 � KMIL�`OQbQUQ_+S]I [�R	_
UQW�I���OQW�ced�_�hVI ¥\W^ILR � _�bQKMTiUQI [MW�ced�_	WZ[MILh W�c d�_^UQI�YQ[M_`Y�_`[�� TV_�bXW�hVTiUXW�UQI�I bpS][�I�_^b �QR�I [�_	UQI
R:C�� OQTibXW�K � YXW�[�SMI K��ZOaK]W�UXW\K � W\S]ILbQUQTiUXW�K �¡ILR �L_`RjOQR Y ILh W�KZYXW\[�S]ILK�� R:C�� OQTVbXW\K � ' I � I
W#YXW�[�S]I � R:C�� OQTVbXW � ' _`O � ��OaI�OQKMW � W S]I baUQI ��_ R	W�TV_`[{b �aR	IL[M_ UaI�R:C�� OQTVbXW\K � YXW�[�S]I K��)

��I K�S]W � _`[MR	W���_ YQ[�_ 7�ILSMTVK�S�W UQ_+KMTiK�S]ILR�W#UQI�R	W�b O�� W\SMOQ[]W S]ILR hiTVP�I [�UXW�UQI�YXW�[MW+UXW�[�R�W\TVK
ILb�� _ ��OaIZYXW�[]W�_�YQ[�TVR�I Ti[M_�_�O KMI ��OQbQUQ_ S]IL[MR�_�UQI^W��L_`[MUQ_��L_`R _�¥\W�hi_`[{UQ_�YQW�[���R�ILSM[M_

αILK0�L_`h
�QTiUQ_�� OQR ¥\W�hV_`[�UQI
α
YQ[M�AG~TVR�_ZUQI A YQ[MTi_`[MT�	eW¡_^YQ[�TVR�I TV[�_¡S]IL[MR�_ZUXW^I�� OXW�c d�_ 
 
 A ¨^I

OaR ¥\W�hV_`[�UQI
α
YQ[M�AG~TVR�_^UQIN¨^Ya[MTV_�[MT
	 Wj_^KMI ��OQbQUQ_^S]IL[MR�_�UQW^R�I K�R�W �)


%FW � �XW\[MT W^I 	 ILR	R�I [�hV_¦¥�ILR � ©>< �-S][]W\bQK�� _`[�R�W\[]W�R
Sij

�
α
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R�TVhVW�[MTiUXW�UQI|UXW�UQW�Y�_`[�#
DSij(α) = 1 − Sij(α)

� 
 
 A A �

��S]TVhiT
	 W�bQUQ_�¥\W�[MTVW�UXW�K S0/�� baT
�eW\KxUQI?� hiOQK�SMI [MT�	eW�c d�_NI{R�I UQTiUXW�K�UQI|UQTVK�KMTVR�TVhVW�[MTiUXW�UQILK��*�L_`b~�
�LhVOQTi[]W�R�I GaY�I [�TVR�I bpS�W\hVR�I bpS]I�� OQI�W�R�I UQTiUXW

DS
�
α
��_`PaSMIL¥�I�R�I h��Q_`[�I�P=�LT
2 b�� T W�ILbpS][MI�W�K

R�I UaTVUXW�KxUQI UQTiKMK�TVR�TVh W\[MTVUQW�UQI OQKMW�UXW�K�
 +�bpSM[MILS]W�bpS]_��~_j¥\W�hV_`[FR	W�TVKxW�UQI���OQW�UQ_ZYXW�[MW
α
¥\W�[�T W

UaI¡W��L_`[MUa_:�L_`R�W�R	W\SM[MT
	�UaI�ILb SM[]W�UQW	UQ_	�F��!���WZS�/�� bQT��eW�UQI&�LhVOQK�S]IL[MT
	 W�ced\_	INW	R�I UaTVUXW
UaI�UQILKMILR	Y�I b��a_�
 � h�/ RDUQTiKMK�_�� � _`b��LhVOQTi[]W�R ��OaI¡_`K�¥\W�hV_�[MI K�I G~SM[MILR	_`K�UQI

α
� ¨^I

α
� A

UaIL¥`ILR�KMI [�I ¥~TgS�W�Ua_`K�
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 z�������£{��}�¢{} 0 
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� �~TiR	Tih W�[�TVUXW�UaI6+ O��LhVTVUaT W�bXW � +�� � � I bpS][�I�UaOXW�K�YXW�[�S]I K � R:C�� OQTibXW�K � /�UQI)PXbQTiUXW � _`R�_�#

EUCij =

√

√

√

√

M
∑

k=1

xijk

� 
 
 A § �

_�bQUQI�#
! � b �QR�I [M_+UQI�R3C�� OQTibXW�K � YQW�[�SMI K �

xijk

� A � W�KM_ W�K�YQW�[�SMI K � R:C�� OQTVbXW\K � ' I � OQK�I R
� W\S]ILbQUXW�R � W^R3C�� OQTibXW � YQW�[�SMI � Q _�O�� W�KM_	W�RjPXW\K�W�K�YXW�[�SMI K � R:C�� OQTVbQW�K � ' I � bXd�_^OQK�I R
� W\S]ILbQUXW�R � WZR3C$��OaTVbXW � YXW�[�SMI � Q �X¨ �eW�K�_ � _`bpS][0C�[MTi_

�|R�W�I)G�SMI bQKMd�_�UQW �~TiR	Tih W�[�TVUXW\UQI +�O�� hVTiUQT W\bXW4/|W��~TVR�TVhVW�[MTiUXW�UQI + O�� hiTVUQTVW�bXW � OXW�Ua[]W�UXW
� ��+�� � � ��UQW�UXWZY _�[�#

SEUCij = (EUCij)
2 � 
 
 A 
 �

%FW � �XW\[MT W�I 	 ILR	R�I [�hV_¦¥ �L_`b��LhVOQTi[]W�R�I R � ©#<��'� OQI ��+��{�8I�+�� � K]d�_�TibXW�UQI�� OXW�UXW�K
YQW�[]W _��F��!��pY�_`TVKJIL¥�I bpS]OXW\hVR�I bpS]I�I K�S�W�K ;LUQTiK�S �\b�� TVW�K8; ILb SM[MI�UQOQW�K YXW�[�S]I K _�OZR3C�� OQTibXW�K
Y�_�UQI R5bXd�_D� _`bpSM[MTVPaOQTV[ YQW�[]W�OQR	W � _�I [MILbpS]I � hiOQK�SMI [MT�	eW�c d�_�
��J_`[�I)G~ILR	YQhi_��*�L_`bQKMTiUQI [�I�OQR�W
TibQK�S���b��LT WjUQ_^�F��! � _`R 
 YQW�[�SMI K�� A �X�F§jI�� 
 �QI V R3C$��OaTVbXW�K��a[�_�S]OQhVW�UXW�K�UQI�! A W ! V 

� K�R3C�� OQTibXW�K bQI�� ILKMK�C\[MT W\KxYXW\[]WNW�R	W�b O�� W\SMOQ[]W�UQI � W�UXW�OQR�W�UXW\KFYQW�[�SMI K�K]d�_�W�K�KMIL�`OQTib SMI�#
� A # ! §#I@! V 5��F§F# ! A �'! 
 �-!#©�I@! V 5 I�� 
 # ! P 
+��_~UaI R�_`K¡ILb S]d�_�UQI S]IL[MR�TVbXW�[�_`K
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�~d�_	ILhVILK�# � A � � ¨ A ¨	¨	¨ A � ���x§ � � A ¨ A�A ¨ A ��IN� 
 � � ¨	¨�¨�¨ A ¨�� 
 � K�¥\W�hV_�[MI K�UQI
EUCij

I
SEUCij
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d< v1a + v2b >e, se v1 > v2;

b< v1a + v2b >c, caso contrário.
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X¶km¦JgVBEMU)�³ : ¡¾A¥I�R%gVUhD�l9±�UVkm¦JD#UVD#FVBED�l%R9UVkjZ�R%T�KED 	 gVIEl%MdÈ�D�lnMG¤

qQ¤j�%Z UhkjIEI�DVbXg ³Vo�³�À¯³�PSR9IER%ThUVR�R¯À¯³VÀ¯³�PSkm¨HR9kjB�DpZ�DJILKeBeM�Z	KNMGZ�¨H�9Z ¢�ghR¯D�UhR%IER9ZdFORv»
ThfVD1UYM#� MGIER,UVR�¨VghIElnM1¤mD�l%MG¤��WMa�ªR9KNM�UVD@FOR%¤mDd��MG¤jDGBSUhR

α
³QA¶M�BeM

α
kj¦JgVMG¤7Ma* tªl%DJThI�KeB�gV�n��D

BEMGTVU��GZdkmlnM��/DÊ��MG¤mDJB�Z��%UVkmD1UYM1�ªgVTV�%�GDÊDJ¨�®�RvKekm�GDÊDJ¨hKekmUVD-FOR%¤¬M1¨hgVIEl%M�¤mD�l%MG¤¶��¨YM�k�Ë�DVb5R9Z#»
¨ODJBEM©M©ZdR9¤jfVDGB,I�DJ¤jgV�%�GD©KeR9TVfYM©I�kjUVD©R9TVl%DGT£KEBeMGUVMh³��sgVMGTVUVD

α
�@kj¦JgYM�¤°M�, tªl%DJThI�KeB�gV�n��D

¦GgV¤jDJIEM��vb�D �GM�¤jDJB�Zd�9UVkjD UYMÂ�ªgVTh�n�GD DG¨�®�R9KEkm�JDÂDJ¨hKekmUVD FOR%¤jM ¨VgVI�lnM ¤mD�l%MG¤/� MG¤mKEDVb*ZdMGI1M
Z�R%¤mfVDJB�I�DJ¤jgh�n�GD-TY��D���R9TVl%DGT£KEBeMGUVMh³#A¶MGBEM1�GM�¤jDJB�R%I�UVR

α
km¦JgYMGkmIsM�*hb H RT*hb _�b5K��%Z�»½I�R�gVZ

��MG¤mDJBpZd�9UVkjD M�¤mKeD�UYM��ªgVTV�%�GD DJ¨�®�RvKek��JD©DJ¨�KekjUhD©FHR9¤¬M�¨hgVIEl%M ¤mD�l%MG¤¥R-M©Z�R%¤jfhDJB,I�DJ¤jgh�n�GD©�
M�¤jlnM�TV�nMGUVMh³ =½I�KED-FHDGI�KeDhb l%DGTVl%¤mgVk�»ÅIER�¢£gVRWM1lnMG¤mkj¨VBEMG�n�GD�UVD1��MG¤mDJBQUhR

α
�WFODJT�KeD@l%BEi�Kekml%D@UVM
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α
IE�GD-Z@M�kjI

M�UVR%¢£gYMGUhDJI#¢�ghR���MG¤mDJBER9IWRvË�KeB�R%Z�DJI%b�UVR9��kmUVD MGD � M�KeD UVRÊFOR%B�Zdk�KekjB�R%Z�gVZdM Z@MGkmDJB�Uhkm�JR9BL»
I�kjUYM�UVR@UVR@¨HD�M�I,I�DJ¤jgV��#�R9IWIER9ZdR9T�KeR1FYM�BeM�M�¨VgVIEl%M©¤jD�lnMG¤´³�A3D�UVRv»ÅIER1l9BEk¬M�B,FVB�D�l9R%UVkmZdR9T�KeDJI
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α
[ '�)�`cb

MaKeBeMn�G�%ICUVDsM�®�gVI�KER*UVR%ILKeR�FYM�Bd.GZ�R9KEBED¯l9DJZ�¨YMGIER°T�ghZ fVkmI�KE±JBEkml%D¯UhDJI·BER9IEghKeMGUVDJI¶UVR*kmKER%BEMG�$#�R%I
M�T£KER%B�kjDJB�R%I%³#X3kjTYMG¤mZdR9T�KeRGb gVZ@M1Z�R9KeMGfVR9gVBEimI�KekmlnMÊo¹PSq�rhA ¨���IEkjl%M1FHD�UVR#IER9B¹BER%FhBER%I�R%T�KNM�UYM
FOR%¤mD#FVIER9gVUVD�l%±�UVkj¦JD#UYM Ç ¦GgVBeM2)�³^]h¡
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0�IpFHDJT�KEDJI,¢£gVRdUVkm�ªR9BER9Z>M�TVDGIEIeM�ZdRvKNMGfhR%gVB�ijI�KEkjl%M�o¹P/qsrhA UVR�gVZdM�Z�R9KeMGfVR9gVBEimI�KekmlnM
o¹P/qsrhA KEBeMGUhkjl%kmDJTYMG¤OIe��DdDJI�I�R%¦JghkjT�KeR9I%¡

,J³ �¯R9��kjUhD�Z1TVM�KegVB�R%«%MÊUhD�A¾À g b5M-� M�IER�UVR�l9DJTVI�KEBEgV�%�GDÊFHDGIEIEghk·UVgYMGIsRvKNMGFVMGI%³WÀ°DJZdD
D1DJ¨�®�RvKekm�GD1�WR9TVl%DJT�KEBeMGBQl%¤jghI�KeR9BEI�R Ç l%kmR%T�KeR9Isl%DJZ Z �G¢£gVkjTVMGI¯R,FYMGB�KER%I9b5TYM@FVB�kjZ�R%kmBeM
R9KNM�FYM�UYM�� M�IER@UhR1l%DJThI�KeB�gV�n��D �d�ªR%k�KeD�D MG¦JB�gVFYMGZ�R%T�KeD�UVR1Z �G¢£gVkjTVMGI,RdT£gVZ@M�IERv»
¦JgVTVUYM RvKNMGFYM �-�ªR%k�KeD D MG¦JB�gVFYMGZ�R%T�KED UVRÊFYMGB�KER%I9³ q � MGIERÊUVRÊl%DGTVI�KEBEgV�%�GD FODJI�IEgVk
FHDJBLKNMGT�KED,UVgVMGI°¤mkjI�KeMGI¹º�UVRSlnM�TVUVkjUVM�KeDJI¾RSUVgYMGI�¤jkjILKNMGICUhR¯lnM�TVUVkjUVM�KeDJI¥B�R%I�KEBEk�KNMWÄ*º3{Q³
À*MGUYM IEDJ¤mgV�n��D � ¦GR%BeM�UYM MGD Ke�9BEZ�kjTVD UVMGI-UVgYMGIÊRvKNMGFYM�I-UYM � MGIER UVR l9DJTVI�KEBEgV�%�GDV³
0²FYMGB/.GZ�R9KeB�DÊl%DJT�KeB�DJ¤¬M�UVDJB�UVDÊKNM�Z@MGThfVD-UYM-FVBEkmZdR9kjBEM�Ä°º3{ �#UVR%TVDGZdkmTYMGUVD

β
R�D

FYMGBd.�ZdRvKeBED�l9DJT�KeB�DJ¤¬MGUhDJB�UYM�IER9¦JgVTVUYM-Ä°º3{ �¹UVR%ThDJZdkmTYMGUVD
α
³

: ³ =½ZdFV¤mR%Z�R%T�KNM�ZdDJI¥�JR9BEI #�R9I�gVIeMGThUVD�gVZdM�R%ILKeBeMaKe�%¦Gk¬MWMGUVMGFhKNMaKekm��M¹UVkjT .GZdkmlnM@tco¹PSq�rhA
BERnMaKekm�GD£��FVMGBeMSR%IEl9DJ¤jfVM¯UVDJI·FVMGBd.GZ�R9KEBEDJI

β
R
α
b�MG¤j�9Z UVDsMG¤m¦JDJB�kmKeZ�DQopP/qsr�A KEBeMGUhkjl%k »



��� ����7�� ��	������
���8��� � � 	 �������E � � 4 � 4I���
	 � 	 � 	 4  �� � " �

DJTYMG¤´³ eCI�KeM�R%ILKeBeMaKe�%¦Gk¬M�Mn��MG¤mk¬MsTYMGI�FVBEkmZdR9kjBeM�I¾k�KeR9BeMG��#�R9I*o¹PSq�rhA3b�UVk��ªR%BER9T�KeR%I¾��MG¤jDJB�R%I
FYMGBeMWD�FVMGBpt

β
b
α
�v³¥µSgVZÉUVRvKeR9BEZ�kjTYMGUhDWZdDGZdR9T£KEDWUYM�RvË�R9l%gV�%�GD©tªT��SUVRskmKER%BEMG�$#�R%Ie�vb

�W�ªR%kmKED-gVZdM�Mn��MG¤mk¬MG�%�GD@UVR9I�KER%IpFYMGBd.�ZdRvKeBEDGI�R�MÊFVMGB�KEkjB¯UVMGicb�D-FYM�B�t
β
b
α
�¯� Ç ËhMGUhD

TYMGI*k�KeR%BEMG�$#�R%I�BER9I�KNM�T£KER%I�gVIEMGTVUVD���MG¤mDJBER9I°¢£gVR�DJ¨�Kekm�GR%BEMGZÉM�I*ZdR9¤jfVDGBER%I�IEDJ¤mgV�$#�R%I°M�Ke�
R%T�KN�GDh³

]h³ YSKekm¤jkm«nMGZ�DJI/KeB��9IsFVBED�l%R9UVkjZ�R%T�KEDJIsUVR�¨VgVI�lnMÊ¤jD�lnMG¤¶MG¤mKER%B�TYMGUYMGZ�R%T�KERGb5I�R%TVUVD�¢£gVR#gVZ
UVR%¤mR%I¯��D@Z�R%IEZ�D@ghIeMGUVD-FOR%¤mD1MG¤m¦JDJB�kmKeZ�D�R9�GDJ¤jg�Kekm�GD1FVB�DJFHDGI�KeDdTVR%ILKeR�KEBeMG¨VMG¤jfVDdR�DJI
DJghKeB�DJI/UVDJkmI�TVD��JDJI/FVB�D�l9R%UVkmZdR9T£KEDJI/FVBEDGFHDJILKeDJI�FODJB�TV±GI%³

q IER9¦JgVkmBWKeBeMaKNMGB�R%Z�DJIWUYM RvË�FV¤mkjl%MG�n�GD UVRvKNMG¤mfYMGUYM©UhR�l%MGUYM gVZdM UYMGI�R9KeMGFYMGI#UYM Z�Rv»
KeMGfVR9gVBEimI�KekmlnM�o¹PSq�rhA3b�l%DJZ�DV¡ R%ILKeBEg�KegVBEMÃUYM I�DJ¤jgh�n�GDVb��ªgVTh�n�GD�DJ¨�®�RvKek��JDVbQMG¤j¦GDJBEk�KeZ�D UVR
l9DJTVILKeBEgh�n�GDVbYR9I�KEBeM�KE�%¦JkjM�M�UYMGFhKeM�Kek��GMWRpMG¤m¦JDJB�kmKeZ�DJI¾UVR¹¨VgVI�lnMd¤mD�l%MG¤c³
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q R9I�KEBEghKEgVBeM�UYMGI°IEDJ¤mgV�$#�R%I*�¯kjU��9T£KEkjl%M ZWR%ILKeBEg�KegVBEMWUVDJI�kjThUVkm��ijUhgVDJI¾UVD#MG¤j¦GDJBEk�KeZ�DpRv�JD�»
¤mghKek��JD�FVB�DJFODJI�KEDdTVD#l%MGFVimKEgV¤jD#M�T£KER%B�kjDJB�UVR9I�KER¹KEBeMG¨VMG¤jfVDh³

�������#� $���%���&��(' �!)  *��+-,��

q �ªgVTV�n��DÂDJ¨�®�RvKek��JDÂUVMGI@I�DJ¤jgV��#�R9I@��R%¢£gVk��GM�¤jR%T�KER�Z �ªghTV�n�GD UVR©M�FhKekmUY�GD gVIeMGUVM FOR%¤jD
M�¤j¦JDJB�kmKEZdD,R9�JDG¤jghKEkm�JD#FVB�DJFODJI�KED�ThDdl%MGFVimKEgV¤jD#M�T£KER%B�kjDJB*UhR%I�KERpKEBeMG¨VMG¤jfVDh³
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� 1�� 324��%�
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qQT£KER%I,UYMÊ� M�IER#UVR#l%DJThI�KeB�gV�n��D�FVB�DJFVBEkjMGZ�R%T�KeR�UVk�KNMhb�UhR9�JR9Z�IER%BpIER9¤jR9l%kjDGTYMGUYMGIpMGI¹Z �a»
¢£gVkmTYMGI¾¢£gVR�IER9Be�GD�MGI¾IER%Z�R%T�KER%I*UVDGI°l%¤mgVI�KER%B�I%³¥A¶M�BeMpKeMG¤cb£kmTVkjl9k¬MG¤mZdR9T£KER*�Q�ªR9kmKED,D,l �G¤ml%gV¤mDpUVM
I�kjZ�kj¤jMGBEkmUYMGUVR�UVR87JM�l%lnM�BEU t UVR9IEl9BEkmKeMWTVD�lnM�FVimKEgV¤jD�]���R%T�KEBER�KeD�UVDJI°DJI*FYMGB�R%I�UVRsZ �G¢£gVkmTYMGI°R
l9BEkjMGUYMWgVZdM�ZdM�KeB�kj«QKEBEkjMGTV¦JgV¤jMGB¾IEgVFOR%B�kjDJB*l9DJZ m2

−m
2

R9¤jR9ZdR9T£KEDJIpt DGTVUVR � ��D#T�bVZdR9BED�UVR
Z �G¢£gVkmTYMGIN�sTVDJI,¢£gYMGkjI,Ie�GD�MGBEZdMG«9R%TYMGUhDJI�DJIpBE±�KegV¤mDJI,UVMGI�FYM�B�KeR9IWM�KER%TVUhkjUYMGI,R%Z�l%DGZWgVZ
FODJBsl%MGUYM-FYMGBsUVR#Z �G¢£gVkjTVM � R�9�R�MÊI�kjZ�kj¤jMGBEkmUYMGUVR¹UVR:7JMGl9lnMGB�U R9T�KeBERdMGIsZ�R%I�Z@MGI9³UeCI�KeM
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kmTh�ªDJB�Z@MG�%�GD#IER9B��dghIeMGUYMdFHR9¤¬M�� MGIERpUVRpl%DJTVILKeB�gV�n�GD@FVBEDJFhBEk¬M�ZdR9T£KER¹UVkmKeMh³ �¯R9TVDGKNM�ZdDJIQMG¢£gVk
R9I�KeM�Z@MaKeBEkm«/FHDJB�� |G� � ��� ³CqQ¤j�%Z UhkjIEI�DVb�q¯I*I�kjZ�kj¤¬M�BEkjUVMGUVR%I¶UVR 7JMGl9lnMGB�U1R%T�KEBER�l%MGUYM,FVMGB°UVR
Z �G¢£gVkmTYM�IER%BE�GD1M�BEZdMG«%R9TYMGUYMGI/DJB�UVR%TVMGUYMGZ�R%T�KeRdtªDJBEUVR9Z MGIEl9R%TVUhR%T�KeRn�SR%Z�ghZ �JR9KEDJBSFYMGBeM
FODJILKeR%B�kjDJB�g�Kekj¤mkj«%MG�n�GDh³ eCI�KER¹�GR9KEDJB/�pUhR%TVDJZ�kjTVMGUVD��5� ��� ³°r�R ®EMGZÉMGI/IER%¦GgVkjT�KeR9IS��MGB�k �n�JR9kjI9¡
xiz

; ��MGB�k �n�JR9¤ ¨VkmT��GBEkjMp¢£gVRs�¯kj¦JgYM�¤HM�,¯IERsMWZ �G¢£gVkjTVM � R9�ªRvKegYMWghZ@M�DGFHR9BeMG�%�GDWUVR�ZdMGT£g�»
� MaKegVBEM#I�DJ¨VB�R,M�FYM�B�KeR � R3*�l%MGIED#l%DGT£KEB��GB�kjD
xijz

;	��MGBEk ���GR%¤3¨VkjT���BEk¬M#¢£gVR��Wkm¦JgYMG¤�MQ,WI�R#MGI¯Z �G¢£gVkmTYMGI � R��/BERnM�¤jkj«%MGZ�gVZdM@DJFOR%BEMG�n�GD
UhRpZdMGT£gh� M�KEgVBeM�I�DJ¨VBERpM�FYMGBLKeR � RA*�l%MGIED�l%DJT�KEB��GB�kjD
A ;�l%DGTa®�gVT�KeD�UVRsKeD�UYMGISMGI�FYM�B�KeR9I
��; T�bVZ�R%B�D�UhRpFVMGB�KER%I
Jacij

; IEkmZdkm¤¬MGB�kjUYMGUhRQUVR 7JMGl9lnMGB�U�R9T�KeBERpMGI/Z �G¢£gVkjTVMGI � R��
0 FhIER%ghUVD�l9±�Uhkj¦JD,UYM Ç ¦GgVBeM )�³+',kj¤mgVI�KEBeM¹D�FVB�D�l9R%UVkmZdR9T£KED,g�Kekj¤mkj«%MGUVD¹FYMGBEM,lnM�¤jl%gh¤¬MGB¥RQMGBEZdMa»
«9R%TYM�B/KeMGkjI�kmTh�ªDJB�Z@MG��#�R9I%¡

,J¡  3��4��C�65
�87��
	9��4 À*MG¤jl9gV¤¬M#r�kjZ�kj¤¬M�BEkjUVMGUVR%I
: ¡��];L,
]h¡  	 � 	 � ; ,Jb�³m³�³mb Z�» , @ 	�BC	
'V¡  	 � 	 � ; ��
�� b�³m³�³�b^Z
)�¡ À*M�¤jl%gh¤jR

Ti

; ∑p

z=1xiz

b
Tj

; ∑p

z=1xjz

b�R
Cij

; ∑p

z=1xijzH ¡ � |G�ª� ��� [ k´b ® »Åkm`!; � ∈ A | xijz

; ,Gb ∀ � ; ,Jb�³m³�³ �J ¡
Jacij

; Cij

Ti+Tj−Cij_h¡ [sr�kjZ�[��£`�;
JacijO ¡ P �871R/ 	 � 	

,�*h¡QP ��71R/ 	 � 	
,C,J¡�0sB�UVR%TVMYt [sr�kjZ@�
, : ¡SP �87 ACBED�l%R%UhkjZ�R%T�KeD
X3kj¦JgVBEM�)�³('V¡SACIER9gVUVD�l%±�UVkj¦JD-UhD1FVBED�l%R9UVkjZ�R%T�KED1UVRWl��G¤jl9gV¤jDdR�MGBEZdMG«9R%TYMGZ�R%T�KED1UVRWI�kjZ�kj¤¬M¸»
B�kjUYM�UVR%I/R%T�KEBER¹FYMGB�R%I/UVR¹Z ��¢�ghkjTYMGI

r�DG¨VBER/M¯l9DJZ�FV¤jRÆËhkmUYMGUVR�UVDsFVB�D�l9R%UVkmZdR9T£KED�UYM Ç ¦GgVBeM )�³+'Vb�KeR%Z�DJI·DsI�R%¦JghkjT�KeR�¡3qQIC¤jkjThfYMGI
) R H IE�GD �ªR9kmKeMGI-R%Z �/t¬�h�v³­q ¤mkjTVfVM J ���/t ,��v³ 0\KeB�R%lNfVD UYMGI�¤jkjThfYMGI-]ÃM ,
*�KER%Z
FODJBLKNMGT�KeDdgVZdM@l%DJZ�FV¤mRvË�kjUYM�UVR��/t

m2 FÁ�Æ³¯q �ªghTV�n�GD��*wEy�xv}O|pBERnM�¤jkj«%M�ghZ@M�DJBEUVR9TYMG�%�GD1UVDJI
m2

−m
2

R9¤jR9ZdR9T£KEDJI*UVR���� ��� b�FHDJBLKNMGT�KEDWKeR%Z²l%DGZdFV¤mRvË�kjUVMGUVR�� t m2
−m
2

È�DJ¦Át m2
−m
2

�E�Æ³¾r�R%TVUhD
DÃT�bVZ�R%BEDÃUVR FYMGBLKeR9I-��Z@M�kjDJB1¢£gVR D�T�bVZdR9BEDÃUVR Z ��¢�ghkjTYMGI � b�MÃl9DJZdFh¤jRvË�kmUYMGUVR©UhD
FhBED�l%R%UhkjZ�R%T�KeD�º¥|��j�v�
��|Ê� ����� ��|Gw � y�|�y�x WS����t

m2 FÁ�Æ³�À°DJZ
¨VMGIER�TYM-R9I�KeB�ghKeghBeM���� ��� Ie��D
R9IEl9DJ¤jfVkmUVDJI¹DJIpUVDJkmIpFhBEkjZ�R%kmBEDJIsl9¤jgVILKeR9BEI%b3lnMGUVM�gVZ
�ªDGBEZdMGUVDÊFHDGBpghZ@MÊUYMGIpZ ��¢�ghkjTYMGIsUhD
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FVMGB1IER9¤jR9l%kjDGTYMGUVD�MG¤mRnM�KEDJBEkjMGZ�R%T�KeR�UVR%T�KEBER DJI���FYMGB�R%I-UVR �5� ��� l%DJZ ZdR9TVDJB1imTVUVkml%R©UVR
I�kjZ�kj¤jMGBEkmUYMGUVR�b�DJThUVR��*�/gVZ FYMGB/.GZdRvKeB�DpUhRSR9T�KeBeM�UYMh³¥À*MGUVM,TVD��JDpl%¤mgVI�KER%B¾R%T�KN��D,�/UVR Ç TVkjUhD
l9DJZ�D�IER9TVUVD�MpZ ��¢�ghkjTYM¹l%ga®�D,Z@M�kjDJBCimTVUVkjl9RQUhRQI�kjZ�kj¤¬M�BEkjUVMGUVR*UVR 7JMGl%l%MGBEU@l%DJZ DJI�l%¤mgVI�KER%BEI
®����ªDGBEZdMGUVDJI*�sD#Z�R%TVDGB*R%T�KeB�R¹DJI�Z@M�kjDJB�R%I°imTVUVkml%R%I�UhRsIEkjZ�kj¤jMGBEkmUYMGUVR/UYM�I�Z �G¢£gVkmTYMGI�M�kjTVUYM
TV�GD1MG¦GBEgVFYM�UYMGISR�DJISl%¤mgVI�KER%BEIC®EM��ªDJB�Z@M�UVDJI%³�À°DJTVIEkmUVR%BEMGTVUVDdR%ILKeR�imTVUVkml%Rpl%DJZ�D

simmin

bHD
� ��� W ��� ~sl%¤jghI�KeR9B¯B�R%FVB�R%IER9T�KNMGUVDÊFODJB Ci

b
JaciCi

M@I�kjZ�kj¤¬M�BEkjUVMGUVR�R9T£KEBERWD � ��� W ��� ~¹l%¤mgVI�KER%B¯R
M � ��� W ��� |SZ �G¢£gVkmTYMhb�D�l%DJT¸®�gVT�KeD Parr

l%DJT�KER%TVUVD�DGI�R%¤jR9ZdR9T�KeDJI
m1

R
m2

I�R%TVUhD�D�FYMGB*UVR
Z �G¢£gVkmTYMGI/R%I�l%DJ¤mfVkjUVDdl%DJZ�D�l%¤jghI�KeR9BEIQkjTVkml%k¬M�kjI*R,D@T�bVZ�R%BEDdUVRpl%¤jghI�KeR9BEI¯MdIER9BER9Z �ªDGBEZdMGUVDJI
km¦JgYMGkmI�M

nclusters

b DÊFVIER9gVUVD�l%±�UVkj¦JD-UVM Ç ¦JgVBeM )�³ )@kj¤mgVI�KEBeM@DÊFVB�D�l9R%UVkmZdR9T�KeD-UVRW�ªDJB�Z@M��n�GD
UhDJI/l%¤jghI�KeR9BEI/kjThkjl%kjMGkjI9¡
,J¡  3��4��C�65
�87��
	9��4 XYDJBEZdM#À°¤jgVILKeR9BEI =½TVkjl9k¬MGkmI
: ¡

C1

;
m1 ∈ Parr]h¡

C2

;
m2 ∈ Parr'V¡  	 � 	 �$;s]hb�³m³�³mb

nclusters

@ 	�BC	
)�¡

simmin

; ∞H ¡  	 � 	 � ; ,Jb�³�³m³�b � @ 	�BC	
J ¡ �E� Z �G¢£gVkjTVM � /∈ Cc

b ∀ �/; ,Jb�³m³�³mb��a� �_h¡ I�kjZ�kj¤jMGBEkmUYMGUVR ;�ZdMaËID
JaciCc

F�b ∀ �/;U,Gbm³�³m³�b��a� �
O ¡ �E�

simmin

�pM�KEgYMG¤jkm«nMGUVM �
	9�	� 4 Z �G¢£gVkmTYMWR%I�l%DJ¤mfVkjUYM2; �
,�*h¡ P �871Rd 	 � 	
,C,J¡

Ck

; Z �G¢£gVkjTVMWR%IEl9DJ¤jfhkjUYM
, : ¡QP ��71R/ 	 � 	
,�]h¡SP �87 ACBED�l%R%UhkjZ�R%T�KeD
X¶kj¦JghBeMT)�³ )�¡¥ACIER9gVUVD�l%±�UVkj¦JD�UVD#FVB�D�l9R%UVkmZdR9T£KED#UVRs�ªDJBEZdMG�n��D�UVDJI/l%¤mgVI�KER%BEI/kmTVkjl9k¬MGkmI
qQId¤mkjTVfYM�I : R�] KeR%Z l9DJZ�FV¤jRÆËhkmUYMGUVR �/t ,¸�v³�q ¤jkmTVfYM J � �Ét ,¸�Æb�l9DJTVI�gV¤mKeMGTVUVD gVZ

�GR9KEDJB*UVR �9R9I�KeMGUVD � UYM�I*Z ��¢�ghkjTYMGI�FYMGBEM,�JR9BEk Ç lnMGB*I�R�gVZdM�Z �G¢£gVkjTYMp��DJg1TV�GDWIER9ZdR9T�KeRG³
q	¤jkjThfYM1_@�JR9BEk Ç lnMÊM1IEkmZdkm¤¬MGB�kjUYM�UVRsR%T�KeB�R#gVZ@MdZ �G¢£gVkmTYM@R�DJI
�N» ,�l%¤mgVI�KER%B�I�®��d�ªDJBEZdMGUVDGI%b
g�Kekj¤mkj«%MGTVUVD�MWR9I�KEBEghKEgVBeM�� |G�ª� ��� FYMGBEM#I�R�KeR9B/MGl%R9IEIED�UVkmBER9KEDTZGI�IEkmZdkm¤¬MGB�kjUYM�UVR%I¾UVR87JMGl9lnMGB�U
R9T�KeBER�DJI�FYMGBER9IdUhR�Z �G¢£gVkjTYM�³�À°DJZ�D D ��MG¤jDGB�Z �aË�kmZdD UVR��N» ,���km¦JgYMG¤*M

nclusters

»d,Jb*M
l9DJZ�FV¤jRÆËhkmUYMGUVRpUYM@¤mkjTVfVMd_@���/t

nclusters

�vbHDJg©IER½®EMhb �/t Z@�v³Sq¯IEI�kjZ�b M�I¯¤jkmTVfYMGI H M�,�*�KER%Z
ghZ@M DJBEUVR9Z UhR�l%DGZdFV¤mRvË�kjUVMGUVR �/t

m
2 �v³ q l9DJZdFh¤jRvË�kmUYMGUVRÊKeDGKeMG¤SUVDÂFVB�D�l9R%UVkmZdR9T�KeDÂUVM

Ç ¦JgVBeMA)�³ )¹�SFODJB�KeMGT�KeDpkj¦JgYM�¤�Z,l9DJZdFh¤jRvË�kmUYMGUVR�UYM�I�¤mkjTVfYM�IS'�MT, : b�M,¢£gYM�¤Y� �/t
nclustersm

2 �vb
DGg���t

m
3 �Æ³�qQFH±JI��ªDGBEZdMGUVDJI�DGI�l%¤mgVI�KER%BEI¹kmTVl%kjMGkjI9bHl%MGUYM-gVZ l9DJT�KeR9TVUVD�gVZ@M1Z �G¢£gVkmTYMhb �

ghIeMGUYM�M,FVBEkmZdR9kjBeM¹R9KeMGFYM�UVM,� MGIER¯UVR�l%DGTVI�KEBEgV�%�GD�FYMGBEM�¢£gVRsMGI�Z �G¢£gVkmTYMGI�BER%ILKNMGT�KER%I�IER½®EMGZ
M�¦JBEgVFVMGUYMGI9³·A¶M�BeMQD¯MG¦JB�gVFYMGZ�R%T�KeDQUVR°l%MGUYMSZ �G¢£gVkmTYM/BER%ILKNMGT�KER ZQgVZ UVRvKeR9BEZ�kjTYMGUhDQl9¤jgVILKeR%B
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�@¦JR%BEMGUYM�ghZ@M�¤mkjILKNMÃº�l%DJT�KeR9TVUVD©KED�UVDGI�DJI,l%¤jghI�KeR9BEI9³ �¯R%ILKNM©¤mkjI�KeMhb�Ie�GD©I�R%¤mR%l%kmDJTYMGUhDJI�DJI
Z�R%¤mfVDJB�R%IslnM�TVUVkjUVM�KeDJIsFVMGBeM-¢£gVR#IER½®EMÊ�ªDJB�Z@M�UYM1MÊ¤jkjILKNM@UhR�l%MGTVUVkmUYM�KEDJIsBER9I�KeB�kmKeM©Ä°º3{Qb5UVR
M�l%DJB�UVDQl9DJZ gVZdM*�ªgVTV�%�GD¯M�IEIED�l%kjMGUYM Z/lnMGUYM�l9¤jgVILKeR%B�lnM�TVUVkjUVM�KeD/¢£gVR¥BER9FVBER9IER%T�KeM¯DQ¨OR%ThR9�ªijl9kjD
UhR,I�RWMG¦JB�gVFYMGBSM#Z ��¢�ghkjTYM � MGD�l%¤mgVI�KER%BSlnMGThUVkjUYMaKeD �v³��3MG¤��ªgVTV�n��DVbÁUVR%TVD�KNMGUYM�FHDGB ^�_�� `abY�
UhR Ç TVkmUYM#FHR9¤¬MWR%¢£gYM��n�GDa)�³V,J¡

f(c) =
TiCc

Ti + TCc
− TiCc

t )�³V,¸�
DGTVUVRG¡
TiCc

; T�bVZ�R%BEDQUVR°FVMGB�KER%I·MaKeR%ThUVkjUYM�I3R9Z�l9DJZWgVZ R9T�KeBER°MQZ �G¢£gVkjTVM � R¾KeD�UYMGI3MGI�Z �G¢£gVkmTYMGI
FOR%BLKeR9TVl%R9T£KER%I¯MGD©�v��� W ��� ~¯l9¤jgVILKeR9B
Ti

;�T�bVZ�R%B�DdUVR¹FYM�B�KeR9ISM�KeR9TVUVkjUVMGI�FHR9¤¬M�Z �G¢£gVkjTYM �
TCc

; T�bVZ�R%B�D#UVR¹FYMGB�KER%ISM�KER%TVUVkmUYMGI/FOR%¤¬M�I�Z �G¢£gVkmTYMGI*FOR%BLKeR9TVl%R9T£KER%I¯MGD©�v��� W ��� ~�l9¤jgVILKeR%B
* ≤ ^�_�� ` ≤ ,

q Ä°º3{ �sl9DJTVI�KEBEgVimUYM�DJ¨OR%UVR9l%R%ThUVD@M�I�R%¦JgVkmT�KeR¹BER9¦JBeMh¡¾r�R%TVUVD º D#l%DJTa®�ghT£KED#UVDJI/l%¤mgVIL»
KER%B�I%b

fmin

R
fmax

BER%I�FHR9l9KEkm��MGZ�R%T�KeR�DJI¹�GM�¤jDJB�R%I¹ZdimTVkjZ�D-R�Z �aË�kmZdD-UYMÊ�ªgVTV�%�GD ^�_�� ` ∀ �
∈ À¯§�R%I�KeMGBe��D©TYM Ä°º3{ DJIWI�R%¦JgVkmT�KeR%I�lnMGTVUhkjUYM�KEDJI@� ¡1Ä°º3{ ; DnK ∈ º | ��t�KÆ� ≥ t

fmin Mt ,9»
β
�9t

fmax

»
fmin

�E� F�³1q²Z ��¢�ghkjTYMÊ�dR9T�KN�GD�MGIEI�D�l9k¬MGUYM�Z�ghZ\UhDJI,l%MGTVUVkmUYM�KEDJI,R9IEl9DJ¤jfVkmUVDJI
M�¤jRnMaKeDJB�k¬MGZ�R%T�KeR#TYM Ä*º3{Q³3A¶MGBEM©M�FVB�±nËhkmZ@M�Z ��¢�ghkjTYMhb¶M Ä°º3{ �@BER9l%DJThI�KeB�gVkjUVM©R1M�Z �a»
¢£gVkmTYM�M�IEIED�l%kjMGUYM Z�ghZ>l%¤jghI�KeR9B%³]eCI�KERdFhBED�l%R%I�IED©I�R@B�R%FOR9KeRdM�KE�d¢£gVR�KeD�UYMGIpMGIpZ �G¢£gVkmTYMGI
R9I�KER ®EMGZ�M�¦JBEgVFVMGUYMGI9³���R%B�ZdkmTYMGUVD�D�MG¦GBEgVFYM�ZdR9T£KED#UVRsZ ��¢�ghkjTYMGI9bV�s�ªR%k�KeD�D�MG¦JB�gVFYMGZ�R%T�KeD
UVMGI,FVMGB�KER%IpFHR9¤¬MÊIER%¦GgVTVUYM�RvKNMGFVM�UYMÊ� MGIER�UVR�l%DJThI�KeB�gV�n��DV³��¶M�¤¥MG¦JBEghFYMGZ�R%T�KeD����ªR9kmKED�UVR
ZdMGTVR9kjBEM¹kmU��%T�KEkjlnM¹MGDpMG¦GBEgVFYM�ZdR9T£KED,UhRSZ �G¢£gVkmTYMGI%b£IEMG¤m�GD,¢£gVRSTVD,MG¦JBEghFYMGZ�R%T�KeD¹UVRSFYMGBLKeR%I
MÊ�ªgVTV�%�GD�¢£gVRdBER9FVBER9IER%T�KeM�D�¨OR%TVRv�ªijl9kjDÊUVR@I�R@M�¦JBEgVFVMGB¹gVZ@MÊFYMGBLKeR � ZÊgVZ>l%¤mgVI�KER%B-�¹�@M
�ªghTV�n�GD@¿ _�� `abVUYM�UYM�FHDJB9¡

g(c) =
MiCc

MCc

t )�³ : �
DGTVUVRG¡
MiCc

; T�bVZ�R%B�D�UhRpZ �G¢£gVkmTYMGI�FOR%B�KER%TVl9R%T�KeR9I�MGD#l9¤jgVILKeR%BW�°¢£gVR�MaKeR%ThUVR%Z�M#FYMGBLKeR �
MCc

; T�bVZ�R%BED#UVR¹Z �G¢£gVkjTVMGI�FHR9B�KER%TVl9R%T�KeR9I�MGD#l%¤mgVI�KER%BW�
* ≤ ¿ _�� ` ≤ ,
eCT�KN��DVb5FYMGBEM@D-MG¦GBEgVFYM�ZdR9T£KED@UVR�FYMGB�KER%IsÈ�À*P ; D%K ∈ º | ¦Át�KÆ� ≥ t

gmin M t ,9»
α
�9t

gmax

»
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gmin

���NF�³�r�R%TVUVD � DÊT�bVZ�R%B�D�UhRdZ �G¢£gVkjTVMGI�RW�©D�T�bVZ�R%BEDÊUVR#FYM�B�KeR9I%b�DÊFVIER9gVUVD�l%±�UVkj¦JD
UVM#� MGI�RsUVR¹l%DJThI�KeB�gV�n��D@�¹UVR%I�l%B�kmKeD#FOR%¤jM Ç ¦JgVBeM2)�³ H ³

,J¡  3��4��C�65
�87��
	9��4 À°DJTVILKeBEghlnMGDÁt
nclusters

�
: ¡ l%DGT£KEBEgYM�M�¤jkmI�KNMWUhRpl%MGTVUVkmUYM�KEDJI#º l9DJT�KeR9TVUVDdKED�UhDJI�DJI/l%¤mgVI�KER%BEI
]h¡  	 � 	 � ; ,Jb�³m³�³mb � @ 	�BC	
'V¡ �E� � /∈ Cc ∀ lA; ,Jb�³�³m³�b

nclusters

�
	9�	�X4
)�¡ l%MG¤jl9gV¤jRf^�_�� `�UYM#Z �G¢£gVkjTYM � R%ZÉBER%¤jMG�n��DdM�D�l9¤jgVILKeR9B��vb ∀ lA; ,Jb�³�³m³�b

nclustersH ¡ È�À*P�;LD�l ∈ º | ��tªl�� ≥ t
fmin M t ,v»

β
�%t

fmax

»
fmin

�E� F
J ¡ R9IEl9DJ¤jfVR9BSMG¤jR%M�KeDJB�k¬MGZ�R%T�KER¯gVZ l%MGTVUVkmUYM�KED�w�UYM�È3À*P
_h¡ M�¦JBEgVFVMGB/M�Z �G¢£gVkmTYM � M�D�l9¤jgVILKeR9Bsw
O ¡ P �871R&�!�
,�*h¡QP ��71R � 	 � 	
,C,J¡�lnMG¤ml%gV¤mRp¿ _�� `�UYM�FYM�B�KeR � R%Z�B�R%¤¬M��n�GD#MGD#l9¤jgVILKeR%BW�vb ∀ l�; ,Jb�³m³�³�b nclusters, : ¡  	 � 	 � ; ,Jb�³�³m³�b �a@ 	�BC	
,�]h¡ È�À*P ; D�l ∈ º | ≥ t

gmin M t ,9»
α
�%t

gmax

»
gmin

�E� F
,
'V¡ R%I�l%DJ¤mfVR%BSMG¤mRnM�KEDJBEkjMGZ�R%T�KeR�ghZ lnMGThUVkjUYMaKeD-w*UYM#È�À*P
, )�¡ MG¦JB�gVFYMGBSM�FYMGBLKeR � MGD#l%¤jghI�KeR9B¹w
, H ¡QP ��71R/ 	 � 	
, J ¡SP �87 ACBED�l%R%UhkjZ�R%T�KeD

X¶km¦JgVBeMT)�³ H ¡¥ACI�R%gVUVD�l%±�UVkm¦JD#UVD#FVBED�l%R9UVkjZ�R%T�KeD#UVR¹l9DJTVI�KEBEgV�%�GD�UVD1o¹P/qsrhA
q B�R%IEFOR%k�KeD¹UYMsl%DGZdFV¤mRvË�kjUVMGUVR*UVR9I�KERSFhBED�l%R%UhkjZ�R%T�KeDVb�K��%Z�»½I�RG¡�D¹l �G¤ml%gV¤mD�UYM��ªgVTV�%�GD ^�_�� `

tª¤jkmTVfYM3)J�C�S�ªR9kmKeDpR%Z �/t
nclusters

� �h�Æb�FODJkmI¾�/�ªR%k�KNMpM¹�GR%B�k Ç l%MG�n�GD,UYMGI�FYMGB�KER%I�M�KeR9TVUVkmUYMGI¾R%Z
l9DJZWgVZ­R9T£KEBER�ghZ@MpZ �G¢£gVkmTYM¹R¯KeD�UYMGI�MGI°Z �G¢£gVkmTYMGI5®��WMG¦JB�gVFYMGUYM�I%b�FYMGBeM,lnMGUYMpl%¤mgVI�KER%B%³Cq
l9DJTVILKeBEgh�n�GD-UYM-Ä°º3{ R,UYM@¤mkjI�KeM º Ie�GD@�ªR9kmKeMGIQR9Z �/t

nclusters

�,t ¤mkjTVfYM�I : R H �/RWMGIQ¤jkjThfYMGI
J R1_�IE�GD��ªR%k�KNMGIpR%Z �/t ,��v³�À°DJZdD�D©l ��¤jl%gh¤jD�UhRA^�_�� `#�@�ªR9kmKED�FYMGBEM�KED�UYM�IWMGI,Z �G¢£gVkmTYMGI
¢£gVR-TV�GD Ie�GD I�R%Z�R%T�KeR-UhR1l%¤mgVI�KER%BEI9b¾M©l%DJZ�FV¤jRÆË�kjUYMGUhR@UYMGI�¤mkjTVfVMGI�] M ,
*��-UVR �/t

m3 �h�v³
0²l �G¤ml%gV¤mD�UhR1¿ _�� `����ªR9kmKED�R9Z �/t

nclusters
� �vb7DJg�� t

m2 �Æ§¶FODJkjIsFVMGBeM-KeD�UVDJI¹DJIpl%¤mgVI�KER%BEI
IE�GD1�JR9BEk Ç lnMGUVMGI�¢£gYMGkmI¯Z �G¢£gVkjTYM�I¯FOR%B�KER%TVl9R%Z MGDJI¯Z�R%I�ZdDGI%³�q ¤mkjTVfVM�,�]@���/t

nclusters

�vb R
M�I�¤jkmTVfYMGIA,
'1R�, )��/t ,¸�v³¹A�DJB�KeMGT�KeDVb5M@l%DJZ�FV¤mRvË�kjUYM�UVR�UYM�I�¤jkmTVfYMGIA, : M�, H � �/t

m2 �h�v³sq
l9DJZ�FV¤jRÆËhkmUYMGUVRQUVD�FVB�D�l9R%UVkmZdR9T£KEDWUVRsl9DJTVI�KEBEgV�%�GD#��kj¦GgYMG¤9ZWl%DJZ�FV¤jRÆË�kjUYMGUhR¯UYMGI°¤jkjThfYMGI*]�M
,
*hbVDJg�IER½®EMhb �/t

m3 �h�Æ³

��������� � ��
������ �	�*���


 �
� �C	�� 4 �C	�
�� ¡ 0	FVBEkmZdR9kjB�D�ZdD�UVR%¤mD�UVRp¨VgVIEl%Md¤mD�l%MG¤5ghKEkj¤jkm«nMGUhD��,kmU��%T�Kekml%D2Z#¨VgVIEl%M
¤mD�l%MG¤YghKEkj¤jkm«nMGUVM�TVDWMG¤m¦JDJB�kmKeZ�D�Rv�JDJ¤mghKek��JD�FhBEDJFODJI�KED,ThR%I�KER¯KeBEMG¨YMG¤mfVD¹RQUhR%IEl9BEk�KeD�ThD�lnM�FVimKEgV¤jD
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'h³¾r�DJ¨VB�RpDGISDGghKeB�DJI/UVDJkjI�Z�D�UVR%¤mDJI%b�DJI*�JR9BER%Z�DJISl%DJZÉUVR9KeMG¤jfVR9I%³

 �
� �C	 � 4 �C	�
 � ¡f0�IER9¦JgVTVUhDdZ�D�UhR%¤jD�UVRs¨VgVI�lnMdB�RnMG¤mkj«%M�gVZdMWZWgVUYMGTh�nM�TVDJI/l%DGZdFOD�»

ThR%T�KeR9I�UVR�ghZ@M�I�DJ¤jgV�%�GDskjThkjl%kjMG¤�Wv³·ACBEkmZdR9kjBeM�ZdR9T£KERGb�FYMGBeM�l%MGUYMsFYMGBLKeR���l%MG¤jl9gV¤¬MGUhDsDsijTVUVkml%R
Pik

R%ZÉBER%¤jMG�n��D Z�l%MGUYM#l%¤jghI�KeR9B �abYD#¢�gVMG¤��¹UYMGUVD#FOR%¤¬M�R9¢�gVMG�n�GDdMG¨YM�k�Ë�DV¡

Pik =
mik

Mk

− e0

Mi

t )�³^]��

DGTVUVRG¡
mik

; T�bVZdR9BED#UVRpZ ��¢�ghkjTYMGI°FHR9B�KeR9TVl%R9T�KeR%I¯MGD#l%¤mgVI�KER%B ��¢£gVR,M�KER%TVUVR9Z�M#FYMGB�KER �
Mk

; T�bVZdR9BED#UVRpZ ��¢�ghkjTYMGI°FHR9B�KeR9TVl%R9T�KeR%I¯MGD#l%¤mgVI�KER%B �
e0

;
T�bVZ�R%B�D UVR©R9¤jR%Z�R%T�KEDJI@kmT£KER%B »½l%¤mgVI�KER%B�I t R9¤jR9ZdR9T£KEDJI@km¦JgYMGkmI@M ,��ªDJBeM UVDJI1l9¤jgVILKeR9BEIN�
DGBEkjghTVUVDJI�UVDdMG¦JB�gVFYMGZ�R%T�KED�UVM#FVMGB�KER � MGD#l%¤mgVI�KER%B �
Mi

;�T�bhZdR9BED�KeDGKeMG¤5UVR¹Z �G¢£gVkjTVMGI�¢£gVRpM�KeR9TVUVR%Z M�FYM�B�KeR �
»d, ≤ Pik ≤ ,

A3MGBeM¹lnMGUVMpFYM�B�KeR��/UVRvKeR9BEZ�kjTYMGUhDpD¹ZdMGkjDGB¶l%D�R Ç l%kjR9T�KeRG³ �QR%I�KeMp�ªDJB�Z@M�bJlnMGUVM¹FVMGB�KERSI�R%B��
M�¦JBEgVFVMGUYM¹MGDsl%¤mgVI�KER%B¥FYMGBEMsDp¢£gYM�¤hKeR9Z Z@M�kjDJB3l%D�R Ç l9kjR%T�KER

Pik

³¥À*MGIEDpR%ILKeR/BER%MG¦JB�gVFYMGZ�R%T�KeD
l%MGgVI�R�ghZ@M Z�R%¤jfhDJBEkjM�TYM©�ªgVTV�%�GD DJ¨�®�R9KEkm�GD UVM I�DJ¤jgh�n�GDVb¾�-RvË�R9l%ghKeMGUVDÂD I�R%¦JgVThUVD FVMGIEI�D
UVM1¨VgVIEl%M-¤jD�lnMG¤´³¹À*MGIED-TV�GD-fYM¸®EM1Z�R%¤mfVDJBEkjMhbOMGIsFYMGBLKeR9I�Ie�GDÊM�¦JBEgVFVMGUYMGIsM�DJI�IER9gVI¹l%¤mgVI�KER%BEI
DGBEkj¦GkjTYMGkmI�RdM�¨VgVI�lnM�� Ç TYM�¤jkj«%MGUYMh³�0ÉIER9¦JgVTVUVD�FYMGIEI�D�UVR9I�KER@IER9¦JgVTVUhD©ZdD�UVR9¤jDÊUVR�¨VgVIEl%M
¤mD�l%MG¤·DJ¨OR%UhR%l%R@M�Z�R%I�Z@M-¤m±J¦Jkjl%M1UVD�FVBEkmZdR9kjBED-FVMGIEI�DV³�YQZdM1�JR9«@BER%MG¦JB�gVFYMGUYM�I,M�I,FYM�B�KeR9I%b
FVMGBeMplnMGUYMpZ ��¢�ghkjTYM � �SlnMG¤ml%gV¤jMGUVD¹D�imTVUVkml%R Mik

R%Z­BER9¤¬MG�%�GD3Z,l%MGUYM,l9¤jgVILKeR9B �ab�UYMGUVDpFOR%¤¬M
R9¢£gYMG�n��DV¡

Mik =
pik

Pk

− e0

Pi

t )�³('£�
DGTVUVRG¡
pik

; T�bVZ�R%BED#UVR¹FYM�B�KeR9I/FHR9B�KeR9TVl%R9T�KeR%I¯MGD#l%¤mgVI�KER%B ��¢£gVRpIe��DdMaKeR%ThUVkjUYM�ISFOR%¤jMWZ ��¢�ghkjTYM �
Pk

; T�bVZ�R%BED#UVR¹FYM�B�KeR9I/FHR9B�KeR9TVl%R9T�KeR%I¯MGD#l%¤mgVI�KER%B �
e0

;
T�bVZ�R%B�D UVR©R9¤jR%Z�R%T�KEDJI@kmT£KER%B »½l%¤mgVI�KER%B�I t R9¤jR9ZdR9T£KEDJI@km¦JgYMGkmI@M ,��ªDJBeM UVDJI1l9¤jgVILKeR9BEIN�
DGBEkjghTVUVDJI�UVDdMG¦JB�gVFYMGZ�R%T�KED�UVM#Z �G¢£gVkmTYM � MGD#l9¤jgVILKeR%B �
Pi

;�T�bVZ�R%BED#KeD�KNMG¤HUVR,FVMGB�KER%I/¢£gVR¹Ie�GDdM�KeR9TVUVkmUYMGI�FOR%¤¬M�Z �G¢£gVkjTVM �
»d, ≤ Mik ≤ ,
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qQTYMG¤jDG¦�MGZ�R%T�KeR�MGD M�¦JBEgVFVMGZdR9T�KeD UYMGI@FVMGB�KER%I%b���UVR9KER%B�ZdkmTYMGUVD DÂZdMGkjDGB�l9D�R Ç l%kmR%T�KeR
FVMGBeMslnM�UYMsZ �G¢£gVkmTYMh³ eCT£Ke�GDpR%I�KeMGI¥Ie�GD¹B�RnMG¦JB�gVFYMGUVMGI¥MGDJICl9¤jgVILKeR%B�I¥FYMGBeMsDJIC¢£gYM�kjICFODJIEI�gVR%Z
DQZ@M�kjDJB�l9D�R Ç l%kmR%T�KeR�³CÀ*MGI�D�kjILKeDSTY�GDSlnMGgVI�R°gVZdMQZ�R%¤mfVDJB�k¬M*TYM/�ªgVTV�n��D¯DJ¨�®�RvKek��JD¯UVMQIEDG¤jgV�%�GDVb
M�I@Z �G¢£gVkjTYM�IdIE�GD BER%MG¦JB�gVFYMGUYM�I1MGDJI�l%¤mgVI�KER%B�I1DJBEkm¦JkjTVMGkjI�R�M ¨VgVI�lnM � Ç TYMG¤mkj«nM�UYMh³ À*MGI�D
l9DJT�KeB��GBEkmDVb�RvË�R%l9ghKNM¸»½IER�DÊFYMGI�IED1,�ThD¸��MGZ�R%T�KERG³20¼FVI�R%gVUhD�l9±�UVkm¦JDÊUVDÊIER9¦JgVTVUVD�MG¤m¦JDJBEk�KeZ�D
UhRp¨hgVIEl%Md¤jD�lnM�¤ �¹UVR%I�l%B�kmKeD#TYM Ç ¦JghBeM2)�³ J ³

,J¡  3��4��C�65
�87��
	9��4
	 gVI�lnM@È�D�lnMG¤ :
: ¡ Z�R%¤jfhDJBeMT;L,
]h¡>? 	 � ��	 	9��4 Z�R%¤mfVDJBEM ;\;U, @ 	�BC	
'V¡  	 � 	 � ; ,Jb�³�³m³�b ��@ 	�BC	
)�¡  	 � 	 �$; ,Jb�³�³m³�b

nclusters

@ 	 BC	
H ¡ l%MG¤jl9gV¤jR

PikJ ¡ MaKegYMG¤mkj«%MGB°ZdMaË5t
Pik

�
_h¡ P �871R/ 	 � 	
O ¡ P �871R � 	X��	
,�*h¡ BER%MGIEI�D�l9k¬MGBSMGI�FVMGB�KER%I/UVRpMGl%DGBEUVD�l%DJZÉZ@MaË5t

Pik

�vb ∀ � ; ,Jbm³�³�³mb �
,C,J¡ �E� IEDJ¤mgV�n��D�TV�GD#ZdR9¤jfVDJB�DJg �
	9�	� 4
, : ¡ MGI�IED�l%k¬M�B�FYMGB�KER%I Z#l%¤jghI�KeR9BEI/DJB�kj¦JkmTYMGkjI
,�]h¡ Z�R%¤jfhDJBeMT; *
,
'V¡ P �871R��E�
, )�¡ �E� ZdR9¤jfVDGBeM ;\; , �
	9�	� 4
, H ¡  	 � 	 � ; ,Jbm³�³�³mb � @ 	�BC	
, J ¡  	 � 	 �$; ,Jbm³�³�³mb

nclusters

@ 	�BC	
,�_h¡ lnM�¤jl%gh¤jR

Mik, O ¡ M�KEgYMG¤jkm«nMGB°Z@MaË5t
Mik

�
: *h¡ P �871Rd 	 � 	
: ,J¡ P �871Rd 	 � 	
:C: ¡ BER%MGIEI�D�l9k¬MGBSMGI�Z �G¢£gVkmTYMGI�UVRpMGl9DJBEUVD#l9DJZ ZdMaË5t

Mik

�vb ∀ � ; ,Jbm³�³�³mb �
: ]h¡ �E� IEDJ¤mgV�n��D�TV�GD#ZdR9¤jfVDJB�DJg �
	9�	� 4
: 'V¡ MGI�IED�l%k¬M�B�Z �G¢£gVkmTYMGI Z�l%¤mgVI�KER%B�IQDJB�kj¦JkmTYMGkmI
: )�¡ Z�R%¤jfhDJBeMT; *
: H ¡ P �871R��E�
: J ¡ P �871R��E�
: _h¡QP ��71R ? 	 � ��	 	9��4
: O ¡SP �87 ACBED�l%R%UhkjZ�R%T�KeD

X¶kj¦GgVBeMT)�³ J ¡¥ACIER9gVUVD�l%±�UVkj¦GD�UhDdI�R%¦JgVThUVDdFhBED�l%R%UhkjZ�R%T�KeD#UVR 	 gVI�lnMdÈ7D�lnM�¤
0 l��G¤jl9gV¤jD UhR l%MGUYM l%D�R Ç l9kjR9T£KER

Pik

� �ªR%k�KeD�R%Z �/t � �vbSFHDJkmI-FYMGBEMÃl%MGUYM�l%¤jghI�KeR9B �
IE�GD��JR9BEk Ç lnMGUYM�IQM�I/MGIEI�D�l9k¬MG��#�R9I�UVR�KeD�UYMGI/MGI�Z �G¢£gVkmTYMGI%³¾À°DGZdD�UVRv�JR9Z�IER%B�l%MG¤jl9gV¤¬M�UVDJI*DJI
l9D�R Ç l%kmR%T�KeR9I·UVR¾lnMGUVM¯FYMGBLKeR¾R%Z BER9¤¬MG�%�GD ZSlnMGUVM¯l%¤mgVI�KER%B%b�D¯l��G¤jl9gV¤jDSUVR�KED�UhDJI3DGI3l9D�R Ç l%kmR%T�KeR9I
UVMGI�FYMGBLKeR%I��1�ªR9kmKED R%Z �/tªZdF

nclusters

�Æ³ À°DJZ�D D T�bVZdR9BED UVR-l9¤jgVILKeR%B�I#�-UYM©DJBEUhR%Z UhD
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T�bVZ�R%B�D � UVR�Z �G¢£gVkmTYMGI9b3M-l9DJZdFh¤jRvË�kmUYMGUVR#UYMGI¹¤mkjTVfYM�I '�M O ���/t
m2 �h�v³�q²¤mkjTVfVM�,�*��

�/t¬�h��R¹D#l �G¤ml%gV¤mDWUYM#MGFhKEkjUY�GD�UhD�kmTVUVk���imUVgVDW���ªR9kmKeMWR%Z��/t � �h��t ¤mkjTVfYM�I ,C,¹RU, )J�Æ³Cq¯I�IEkjZ�b
M�IS¤mkjTVfVMGI ,C,,M],$'�KER%Z�l%DGZdFV¤mRvË�kjUVMGUVR �/t � �h�st M�,C,,� �/t � �h�vbÁM�, : � �/t¬�h�*R,M�ISUhR%ZdMGkjI
�/t ,¸�E�Æ³ qQTYMG¤mDJ¦�MGZ�R%T�KeRÊM�D l��G¤jl9gV¤jD UVDGIdl9D�R Ç l%kmR%T�KeR9I@UYMGI#FYM�B�KeR9I%b�M l%DGZdFV¤mRvË�kjUVMGUVR-UYMGI
¤mkjTVfVMGI , H M : ,#� �/t

m
2 �h�Æ³Wq ¤jkmTVfYM :C: � �/t � b�M : ] �/t � �h�vb5M : ' �/t � �QR�M : ) �/t ,��v³

A�DJB�KeMGT�KeDVb7M1l9DJZ�FV¤jRÆËhkmUYMGUVR,UYMGIs¤mkjTVfYM�I , )1M : J � �/t
m2 �h�v³,A3DGB�KNM�T£KEDVb�M1l9DJZdFh¤jRvË�kmUYMGUVR

UhDdFVB�D�l9R%UVkmZdR9T�KeD�UVR¹¨VgVI�lnM�¤jD�lnMG¤H� �/t
m

2 �h�v³
A3MGBeM�kj¤mgVI�KEBeMGB�R%ILKNM#¨VgVIEl%M�¤jD�lnMG¤´b�l9DJTVIEkmUVR%B�R¹gVZ@MWI�DJ¤jgh�n�GD�UVRsghZ@MWkmTVI�Kd.GTVl%kjMWUVD#A¾À g

l9DJTVILKekmKEgVijUVM#UhR3'#Z �G¢£gVkjTVMGI%bY_�FYM�B�KeR9I/R : l9¤jgVILKeR%B�I%bÁBER9FVBER9IER9T£KeMGUYM�FHR9¤¬M Ç ¦JghBeM )�³ _�³

X¶km¦JgVBEMT)�³ _�¡ g�M�KeB�kj«Æ»½IEDG¤jgV�%�GD�UVDdA�À g>kjThkjl%kjMG¤OFYMGBeM�M�¨VgVI�lnM#¤jD�lnMG¤

q MGFhKEkjUY�GD�UVM�I�DJ¤jgV�%�GD�kjTVl9k¬MG¤H�,km¦JgYMG¤�M 21−6
21+1

; *hb H _X,�_h³f0 FVB�kjZ�R%kmBED�FYMGI�IED�UYM#¨VgVIEl%M
¤mD�l%MG¤ kmB��,KER%T�KNM�B�BERnM�¤jD�lnMGB�M�I�FYMGB�KER%I�R9T£KEBER¹DJI : l%¤mgVI�KER%B�I�UYM�IEDJ¤mgV�n�GDh³ 0sI�l9D�R Ç l%kmR%T�KeR9I

PikUVMGI/FYMGB�KER%I/R%ZÉBER%¤jMG�n��DdM�DJI�l%¤mgVI�KER%BEISIe��D�Z�DJILKeBeM�UVDJI�TYM�KNMG¨OR%¤jMT)�³V,J³

Pik

P11 �
� �������dR � �������

�
�

P12

;Ét�*�� : �½»Æt : � : � ; »d,
P21 �

� �������dR � �������
�
�

P22

;Ét�*�� : �½»Æt : � : � ; »d,
P31 �

� �������dR � ������� � �
P32

;Ét�*�� : �½»Æt : � : � ; »d,
P41

;Ét ,�� : �Å»vt : �G]��f; » *hbV, H
P42 �

� �������/R � �	����� � ��
 �E"
P51

;Ét ,�� : �Å»vt ,��G]�� ; *hb-, J
P52 �

� �������/R � �	����� � ��
 �E"
P61

;Ét ,�� : �Å»vt ,��G]�� ; *hb-, J
P62 �

� �������/R � �	����� � ��
 �E"
P71

;Ét ,�� : �Å»vt ,��G]�� ; *hb-, J
P72 �

� �������/R � �	����� � ��
 �E"
P81

;Ét ,�� : �Å»vt ,�� : � ; *hb-, J
P82 �

� �������/R � �	�����
�

��
 �E"
�3MG¨OR%¤¬M2)�³V,J¡¾À°D�R Ç l9kjR9T£KER%I

Pik

UVMGI/FYMGB�KER%ISMGFO±JI/FVBEkmZdR9kjB�DWFYMGI�IED�UYM�¨VgVIEl%Md¤mD�l%MG¤ :

0�I�l9D�R Ç l%kmR%T�KeR9I�R%Z TVR9¦JBEk�KeD@kmTVUVkmlnMGZ�D1ZdMGkmDJB�l%D�R Ç l9kjR9T£KERWFYMGBEM@lnM�UYMdFYM�B�KeR�³ 0�¨VI�R%BL»
��MGThUVD M KNMG¨OR%¤jM1)�³-,Gb°DÂThD¸�GDÂl9DJTa®�gVT�KeD UVRÊ� MGZdim¤jkjMGI�UVR�FYMGBLKeR9I@M IER9BER%Z �ªDJB�Z@M�UYMGI#��D
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I�R%¦JghkjT�KeR�¡·q � M�Zdim¤jk¬MA,¯l%DGT£KE�%Z²MGI¾FYMGBLKeR%I°A ,Jb�A : R�A¥],RQMp� M�Zdim¤jk¬M : MGI¾BER9I�KeMGT�KeR%I9³�À°DJZdD
fhDJgh�JRpZ�R%¤jfhDJBEkjM�TYM#MGFhKEkjUY�GDhbYM�TVD��GM�I�DJ¤jgV�%�GD#UVDdA�À g>�pM�kj¤jghI�KeBEMGUYMWTYM Ç ¦JghBeM2)�³ O ³

X3kj¦JgVBEM )�³ O ¡ g�M�KEBEkj«Æ»½I�DJ¤jgV�%�GDpUVDWA¾À g<UVR9FHDGkjI¾UYM�MGFh¤jkjl%MG�n��D,UVD,FVBEkmZdR9kjB�DsFYMGIEI�DWUYMp¨VgVIEl%M
¤mD�l%MG¤ :

q�MGFhKEkjUY��D�UYM�TVD��GM#IEDG¤jgV�%�GD��¹kj¦JgYM�¤5M 21−5
21+0

; *hb J H , O ³ e¶Ë�R%l9ghKNMa»ÅIERpR%T�KN��D�D�IER9¦JgVTVUhD
FVMGIEI�D�UYMÊ¨VgVI�lnM�¤mD�l%MG¤cb ¢�ghRdFVB�D�l9gVBeM-B�RnMG¤mD�l%MGB¹MGI¹Z ��¢�ghkjTYMGI¹M�DJI¹l%¤jghI�KeR9BEI9b3l9DJZ>¨YMGI�R�TVM
ThD¸��M©�ªDJB�Z@MG�%�GD�UhR1� MGZdim¤jkjM�UVR-FVMGB�KER%I%³ qÉKNM�¨HR9¤¬M )�³ : Z�DJI�KEBeM©DJI�l9D�R Ç l%kmR%T�KeR9I

Mik

UYMGI
FVMGB�KER%I/R%Z B�R%¤jMG�n�GD�MGDGI�l%¤jghI�KeR9BEI9¡

Mik

M11 �
� �������dR � ��� ��� � ��
 �

M12

;Ét : �C)J�Å»vt´]��C)J� ; » *hb :
M21 �

� �������dR � ������� � ��
-�
M22

; t´] � )J�½»Æt´] � H � ; *�b-,�*
M31

; t�*��G]��½»Æt )�� )J� ; » ,
M32 �

� ��� ���dR � ������� � �

M41
; t�*��G]��½»Æt )�� )J� ; » ,

M42 �
� ��� ���dR � ������� � �

�3MG¨OR%¤jMA)�³ : ¡¶À°D�R Ç l9kjR%T�KER%I
Mik

UYMGI¥Z �G¢£gVkjTVMGI·R%Z	BER%¤jMG�n��D¹MGDJICl%¤mgVI�KER%B�I¾ThD,I�R%¦JgVThUVD,FVMGIEI�D
UVM�¨VghIElnM#¤jD�lnM�¤ :

A�R%¤¬M-KNM�¨HR9¤¬M )�³ : b7TVDGKNM¸»½IER#¢£gVRdMGI¹l%�9¤jgV¤jMGIsUVR�Z �G¢£gVkmTYM1TY�GDÊKeR9Be�GD�MG¤�KeR%BEMG�n��D-R%Z>IEgVM
l9DJT Ç ¦GgVBeMG�%�GDVbVD#¢£gVR¹� MG«sl%DGZÉ¢£gVRpTY�GD�fYM¸®EM#Z�R%¤jfhDJBEkjM,TYM#MGFhKEkjUY��D�UYM�IEDJ¤mgV�n�GDh³Cq ¨VgVIEl%M
¤mD�l%MG¤OR%T�KN�GD#� Ç TVMG¤jkm«nMGUYM,RsM�IEDJ¤mgV�n�GD�ZdDJILKeBEMGUYMWTYM Ç ¦GgVBeM2)�³ O �¹MWIEDJ¤mgV�n��D�BER%I�gV¤mKeMGT�KeR�UVM
M�FV¤jkmlnMG�%�GD�UYM�¨VgVI�lnMd¤mD�l%MG¤ TVM#I�DJ¤jgh�n�GD#kjThkjl%kjMG¤OBER%FhBER%I�R%T�KNM�UYM@FOR%¤¬M Ç ¦JgVBeM2)�³^_h³


 �
� �C	 � 4 �C	�
 � ¡G0�KER%B�l%R%kmBED�Z�D�UVR%¤mDQUVR°¨VgVIEl%M�¤jD�lnMG¤�kmTVkjl9k¬MG¤mZdR9T�KeR·� MG«�gVZ@M¯M���MG¤mk¬MG�%�GD
UVM1¢�gVMG¤jkmUYMGUVRWUhDJIsl%¤mgVI�KER%BEIsUhRWgVZdM1IEDJ¤mgV�n�GD-l9DJZ ¨YMGIER#T£gVZ<l%D�R Ç l9kjR%T�KER#MG¢£gVk·lNfYMGZdMGUVD

� �h|�� � y�|�y�x,y�~1� � � Wv�½xvw*UVR%ThDGKNMGUhDdFODJB λk

bYl9ga®�D��GM�¤jDJB��sUYM�UVDdFOR%¤jMWIER9¦JgVkjT�KER,R9¢�gVMG�n�GDh¡

λk =
N1′sk

Ak

− Neek

N1′sk + Neek

t )�³ )J�
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DGTVUVRG¡
N1′sk

;�T�bVZ�R%B�DdUhRpR9¤jR9ZdR9T£KEDJI�UVD�l%¤mgVI�KER%B �sFhBER%R9TVlNfVkmUVDJISl%DJZ D���MG¤mDJB ,
Ak

; �GB�RnM�UVD�l%¤jghI�KeR9B �
Neek

; T�bVZ�R%B�D�UVRsR%¤mR%Z�R%T�KeDGI*kjT�KeR9BL»Ål%¤jghI�KeR9BEI�M�D�¤jDJTV¦GDWUYMGI*¤mkjTVfVMGI°Rsl9DJ¤jgVTVMGI*UVD�l9¤jgVILKeR%B
�

»d, ≤ λ ≤ ,

qQFH±JI¥D¹l ��¤jl%gh¤jD�UVDs��MG¤mDJB·UYM � �h|�� � y�|�y�xQy�~W� � � Wv� xvw3FYMGBeMsl%MGUYMsl%¤mgVI�KER%B �ab�Ie��DpZdMGT�KekmUVDJI
TVM�IEDG¤jgV�%�GD©MGFOR%TVMGI,DGI,l9¤jgVILKeR%B�I�l9ga®�D���MG¤jDGBsUVR

λ
�ªDJB¹ZdMGkjDJBsDGgÂkj¦GgYMG¤¥M�ghZ���MG¤mDJB¹UYMGUVD

l9DJZ�D¯R%T�KEBeMGUYMQFYMGBeMQM¯¨VgVI�lnM¯¤mD�l%MG¤c³7qQI¶Z �G¢£gVkjTYM�I3R�FYMGB�KER%I3TY�GD�FOR%BLKeR%Thl%R%T�KER%I¥MGDJI3l%¤mgVI�KER%BEI
ZdMGT�KekmUVDJI�I�R%Be��D@MG¦GBEgVFYM�UYMGIQM#ThD¸�GDJI¯l9¤jgVILKeR9BEIQM#I�R%B�R%Z��ªDJBEZdMGUVDGI�FHDJB/gVZÉFVBED�l%R9UVkjZ�R%T�KeD
¦GgV¤jDJI�DV³ �3MG¤5FVB�D�l9R%UVkmZdR9T£KED#l%DJTVILKek�KegVk »½IERs¨VMGIEkmlnMGZ�R%T�KeRsUhR¹KEB��9IQFYM�IEIEDGI%¡

,J³SA¥B�kjZ�R%kmBeMGZ�R%T�KeR¾Ie��D¹�ªDGBEZdMGUYMGI3IER%Z�R%T�KER%I¥UVR�l%¤mgVI�KER%B�I¥M�Ke�*¢£gVR�D¹T�bVZ�R%B�DsUVR�l%¤mgVI�KER%BEI
IER ®EM�km¦JgYMG¤ M

nclusters

bVDJThUVR
nclusters

�sD�T�bhZdR9BED#UVRsl%¤mgVI�KER%B�ISUVM#I�DJ¤jgh�n�GDV³¶q¯I/UVgYMGI
FVBEkmZdR9kjBeM�I�I�R%Z�R%T�KeR9I-Ie�GDÂUVR9KER%BEZ�kjTVMGUYMGI�l%DJZ�DÂI�R%TVUhD�MGI@UVgVMGI1Z �G¢£gVkjTYM�Idl9DJZ M
ZdR9TVDJB·I�kjZ�kj¤¬M�BEkjUVMGUVR¥UVR�7JMGl9lnMGB�U5³¥À*MGUYMsTVD���MsIER9ZdR9T£KER/IER%B��¹M�Z �G¢£gVkmTYM�l%g¸®�DpZdMGkmDJB
�GM�¤jDJB¹UVRdIEkjZ�kj¤jMGBEkmUYMGUVR�UVR 7JMGl9lnMGB�U l%DGZ M�I�IER9ZdR9T�KeR%I/®����ªDJB�Z@MGUVMGI,I�R ®EM�D�ZdR9TVDJB
R%T�KeB�R�DGI�ZdMGkmDJBER9I���MG¤jDJB�R%I�UVRÊI�kjZ�kj¤¬M�BEkjUVMGUVR�UVR 7JMGl%l%MGBEUÃR%T�KeB�R�MGI#Z �G¢£gVkmTYMGIWR�MGI
IER%Z�R%T�KER%I·®����ªDGBEZdMGUYMGI9³

: ³QÀ*MGUYM/Z �G¢£gVkmTYM�BER9I�KNM�T£KER°I�R%B��SMG¦JB�gVFYMGUVMQMGDSl%¤mgVI�KER%B�FYMGBEM/DS¢£gYMG¤£FODJIEI�gVkjB7gVZdMSZdMGkmDJB
IEkjZ�kj¤jMGBEkmUYMGUVR�³ eCT£KER%TVUhRv»½I�RWTVR9I�KeR,FYMGI�IED@FODJBSIEkmZdkm¤¬MGB�kjUYMGUhR¯R%T�KEBERpgVZ@M#Z �G¢£gVkjTYM � R
gVZ>l%¤mgVI�KER%B �#l%DJZ�D�IER%ThUVD©D�T�bhZdR9BED�UhRdFYM�B�KeR9IWM�KER%TVUhkjUYMGI¹R9T£KEBER@M�Z �G¢£gVkjTYM � R
FHR9¤jD#ZdR9TVDJI�gVZdM�Z ��¢�ghkjTYMWFOR%BLKeR%Thl%R%T�KERWMGD#l%¤mgVI�KER%B �a³

]h³QÀ*MGUYM,FVMGB�KERQI�R%B���MG¦JBEghFYMGUYM,MGD,l9¤jgVILKeR9B°¢£gVR¯FODJI�IEgVkmB�D,Z@MGkmDJBCT�bVZ�R%BED,UVRSZ �G¢£gVkmTYMGI
¢�ghR,M�M�KER%TVUVR�³

q\IER9¦JgVkjB�TYMGI Ç ¦JghBeMGIQ)�³V,�*hb3)�³V,C,Jb\)�³-, : R�)�³-,n]ÃIE�GD Z�DJI�KEBeMGUhDJIÊDJI�FhIER%ghUVD�l9±�Uhkj¦JDJI
UhDJI1MG¤m¦JDJB�kmKeZ�DJI�B�R%¤¬M�l%kjDGTYMGUVDJI�MGD KeR9BEl%R9kjB�DÂZ�D�UVR9¤jD UVR�¨hgVIEl%M ¤jD�lnMG¤´³ ACBEkjZ�R%kmBeMGZ�R%T�KER��
M�FVBER9IER%T�KeMGUVD�D�FhIER%ghUVD�l9±�Uhkj¦JDp¢£gVR¯UVRvKeR9BEZ�kjTYMpD,��MG¤jDGB¾UhR

λk

B�R%¤jMGl%kmDJTYMGUVDAZ,l%MGUYMpl%¤jghI�KeR9B%³
À°DGTVIEkmUVR%B�R,MW��MGB�k �n�JR9¤�¨VkjT���BEk¬M

xij

¢£gVRpMGIEI�gVZdRs��MG¤mDJB ,¹IERpM�Z ��¢�ghkjTYM � M�KeR9TVUVRpM�FYMGB�KER��
RA*dl%MGIED@l%DJT�KeB��GBEkmDVbYD@T�bVZ�R%B�D@UVRpZ �G¢£gVkjTYM�ISkm¦JgYMG¤7M � bÁD@T�bVZ�R%BEDdUVRpFYMGB�KER%IQkj¦JgYM�¤7M#�O§
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R�M���MGB�k �n�JR9¤SWSl9DJZ�DdI�R%TVUVD@Dd�JRvKeDJBQ¢£gVRWBER9FVBEI�R%T�KNM-M�IEDJ¤mgV�n��DdUYMd¢�gVMG¤7DJI¯l9¤jgVILKeR%B�I¯I�R%Be��D
l9¤¬MGI�IEk Ç lnMGUhDJI%³

,J¡  3��4��C�65
�87��
	9��4 À°¤¬MGI�IEk Ç lnM�l%¤mgVI�KER%B�I�t Ie�
: ¡  	 � 	 �$; ,Jb�³m³�³mb

nclusters

@ 	�BC	
]h¡ l%MG¤jl9gV¤jR

nmaqk

; ∑m

i=1
s[i]
k

| I%[ k�` ;\; �'V¡ l%MG¤jl9gV¤jR
npartesk

; ∑p

j=1
s[m+j]

k
| In[ Z M ®L` ;\; �)�¡ l%MG¤jl9gV¤jR

N1′sk

; ∑m

i=1

∑p

j=1xij | In[ km` ;3; �ab�In[ Z M ®L` ;3; �H ¡ l%MG¤jl9gV¤jR
Neek

; ∑m

i=1

∑p

j=1xij | I%[ k�` ;\; ��R¹I%[ Z M ®L` 6= � 4I� In[ km` 6= ��R¹In[ Z M ®L` ;\; �J ¡
Ak

;
nmaqk

�
npartesk_h¡

λk

; N1′sk

Ak

» Neek

N1′sk+NeekO ¡ P �871Rd 	 � 	
,�*h¡SP �87 ACBED�l%R%UhkjZ�R%T�KeD

X¶km¦JgVBeMT)�³-,�*�¡¥A¥I�R%gVUhD�l9±�UVkm¦JD#UVD�FVBED�l%R9UVkjZ�R%T�KeD#UVR¹l9DJTVI�KEBEgV�%�GD�UVDdopP/qsrhA

q l%DJZ�FV¤jRÆË�kjUYMGUhR�UVD¯FVBED�l%R9UVkjZ�R%T�KeD@º ��|�W W � � �E|,� � ��Wv�½xvwdW�� �/t � �h�¾t ¤mkjTVfVMGI )/R H �Æ³3qQFH±JI
M�l%¤jMGIEI�k Ç l%MG�n�GD�UVDJIpl%¤mgVI�KER%BEI�UVR@M�l%DJB�UVD�l9DJZ�D���MG¤jDGBpUhR

λk

b3Ie�GD©ZdMGT�KekmUVDJI¹TYM�IEDJ¤mgV�n�GD
M�¢�ghR%¤jR9I¯¢£gVR,FHDJI�IEgVkmBER9Z�Dd��MG¤jDGBSUhR

λk

ZdMGkmDJB�DJg�km¦JgYMG¤7M�gVZ ��MG¤jDGBSUVMGUVD@l9DJZ�DdR9T£KEBeMGUVM
M�¢�ghk¶UVR9TVDJZ�kjTYM � |��j~awWy�x��N~awÆ� xvbHUVR%TVD�KNMGUVD@FHDJB σ

³sr�R ®EM1Md��MGB�k �n�JR9¤/���N� � |pgVZ@M�l%±JFhk¬MdUVM
I�DJ¤jgh�n�GD�DJBEkm¦JkjTVMG¤cb�D#FVIER9gVUVD�l%±�UVkj¦JD�UYM Ç ¦JgVBEMa)�³-,C,¹B�R%FVB�R%IER9T�KNM@DdMG¤j¦GDJBEk�KeZ�D�¢£gVRpZ@MGT�KE�%Z
DGISZ�R%¤mfVDJB�R%I�l%¤mgVI�KER%B�IST£gVZdM�IEDJ¤mgV�n��D�W°UVRpMGl9DJBEUVD�l%DGZ D��GM�¤jDJB�R%I�UVR

λk

R
σ
³

q ¤jkjThfYM : UVD1FVB�D�l9R%UVkmZdR9T£KED@UYM Ç ¦JgVBEM�)�³V,C,�B�RnMG¤mkj«%M�gVZdMdl9±JFVkjMdUYM@I�DJ¤jgh�n�GDdDJBEkm¦JkjTYM�¤
R9Z �/t � M �h�v³/q¯IQ¤jkjThfYMGI )dMQ, : Z@M�T£KE�%Z TYM@I�DJ¤jgh�n�GDdDJI¯l9¤jgVILKeR%B�I�l%g¸®�D@��MG¤jDJB/UVR

λk

IER½®EM
ZdMGkmDJB/DJg©kj¦GgYMG¤�M

σ
bHFHDJB��%Z BER%MG¤jkm«nMGTVUhD@gVZdMdTVD���M@B�DGKegV¤jMG�n��D@UVDJI¯l%¤jghI�KeR9BEI9b l%DGZdR9�nMGTVUhD

UhRa,�RpkjThl%BER9ZdR9T�KNMGTVUhD@D@B�±GKegh¤jD#R%Z gVZdM�ghTVkjUYM�UVR�M�lnMGUVMdTVD��JD@l%¤jghI�KeR9B¯M�IER9B¯ZdMGT�KekjUhDV³
A�DJB�RÆË�R%Z�FV¤jDVb�IERdFYMGBEM�gVZdM�UVMGUYM�I�DJ¤jgh�n�GD�MGFHR9TYMGIpDJI�l9¤jgVILKeR9BEIU)ÊR J �ªDJBER9Z>Z@M�T£KEkjUVDGI%b
R9I�KER%I¯I�R%BE�GD@B�DGKegV¤jMGUVDJI�l9DJZ�DdDJI/l9¤jgVILKeR%B�IA,pR : bYBER9IEFOR%l9KEkm��MGZ�R%T�KeR�³ �¯R9I�KNM#�ªDJBEZdM�FHD�UVRÆ»½IER
UhR9KeR9BEZ�kjTYM�BsM1¢£gYMGT�KekmUYMGUVR#UVR�TVD��GDJI¹l%¤jghI�KeR9BEIpM1IER9BER9Z �ªDJBEZdMGUVDGIsM�KeBEMn�J�%I¹UYM-I�gV¨hKeBEMG�n��D
nclusters

»½B�DGKegV¤mDV³ q�l%DJZ�FV¤jRÆË�kjUYMGUhR1UYMGI#¤jkmTVfYMGIU)©M , : � �/t � M �h�v³ÂqQI#¤jkjThfYMGI�,�] M , OUhR%I�� M�«%R%Z DGI�l%¤jghI�KeR9BEI�l9ga®�D��GM�¤jDJB5UhR
λk

�CZ�R%TVDGB�¢�ghR
σ
b�MaKeBeMn�G�%I7UYM/M�KeB�kj¨Vghkj�n��D*UVRCgVZ ��MG¤mDJB

kmT�� ��¤jkjUhD�FYMGBEMWDJI*l9DJZdFODJTVR9T�KeR%I�UhRsZ �G¢£gVkmTYMGI�RsFYMGB�KER%I/MGI�IED�l%kjMGUVDJI ZWR9I�KER%I�l%¤mgVI�KER%B�I%³ =½I�KED
�p�ªR%k�KeD@R9Z �/t � M �h�v³�q l%DJZ�FV¤jRÆË�kjUYMGUhR,UVDdFVBED�l%R9UVkjZ�R%T�KED � |G}Y� x � � � ��Wv�½xvwdW/��FODJBLKNMGT�KeD
km¦JgYMG¤5Mdl%DGZdFV¤mRvË�kjUVMGUVRsUYMGIS¤jkmTVfYMGI '@M : *hbYDJg�I�R ®EM��/t

nclusters

t � M �h�E�Æ³�À°DJZ�D#DdT�bVZ�R%B�DUhR@l%¤mgVI�KER%B�I,�dUYM�DGBEUVR9Z\UhD�T�bVZ�R%BED�UVR�Z �G¢£gVkmTYMGI � b·MÊl%DGZdFV¤mRvË�kjUVMGUVR#���/t m2 M � �h�v³r�R%TVUVD�D�T�bhZdR9BED#UVR¹FYMGBLKeR%I*�@IER9ZdFVB�R,ZdMGkmDJB°¢£gVR � M�l9DJZdFh¤jRvË�kmUYMGUVR��¹R9T£Ke�GD �/t � �h�v³
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,J¡  3��4��C�65
�87��
	9��4 g�MGT�KeR9Z�l%¤mgVI�KER%BEInt
σ
b I%b l%±GFVk¬M��

: ¡ À°DJFVkjMWIEDJ¤mgVlnM�DÁt I9b^l9±JFVk¬MJ�
]h¡ BED�KegV¤mD2; ,
'V¡  	 � 	 �$; ,Jb�³m³�³mb

nclusters

@ 	�BC	
)�¡ �E�

λk ≥ σH ¡  	 � 	 � ; ,Jb�³�³m³�b � M �a@ 	�BC	J ¡ �E� l9±JFVk¬Mh[ k�` ;\; � �
	9�	� 4
_h¡ I%[ k�`
;�B�DGKegh¤jD
O ¡ P �871R&�!�
,�*h¡ P �871Rd 	 � 	
,C,J¡ BED�KegV¤mD M\M, : ¡ P �871R��E�
,�]h¡ �E� 	 � 4
,
'V¡  	 � 	 � ; ,Jbm³�³�³mb � M ��@ 	 BC	, )�¡ �E� l%DJFhk¬MV[ km` ;\; � �
	9�	�X4
, H ¡ In[ km` ; » ,
, J ¡ P �871R��E�
,�_h¡ P �871Rd 	 � 	
, O ¡ P �871R��E�
	 �X4
: *h¡QP ��71R/ 	 � 	
: ,J¡SP �87 ACBED�l%R%UhkjZ�R%T�KeD

X¶kj¦GgVBeMU)�³-,C,G¡¥A¥I�R%gVUhD�l9±�UVkm¦JD#UVD�FVBED�l%R9UVkjZ�R%T�KeD#UVR¹ZdMGT£ghKeR9TV�n��D�UhRpl9¤jgVILKeR9BEI

À°DJZ BER9¤¬MG�%�GD¹MGDJI·UhR%ZdMGkjI·l9¤jgVILKeR9BEI¥M�IER9BER9Z	�ªDJBEZdMGUVDGI%bJFVB�kjZ�R%kmBeMGZ�R%T�KeR¾Ie��DpR9IEl9DJ¤jfVkmUYMGI
M�I�Z ��¢�ghkjTYMGIQ¢£gVR�IER9B���kjBE�GD1l%DGZdD1I�R%Z�R%T�KeR9IsFYMGBEM@DJI�Z�R%I�ZdDJI9³sq¯FO±JI�kmI�KeDhb MGI¯Z �G¢£gVkmTYMGI
R¹FYM�B�KeR9I�BER9I�KNM�T£KER%ISIe�GD�MG¦GBEgVFYM�UYMGISMGDJI�l9¤jgVILKeR%B�I/Z@MGkmI*MGFhBEDJFVB�k¬MGUhDJI%³ 0 FVIER9gVUVD�l%±�UVkj¦JD�UVM
Ç ¦JgVBeM2)�³V, : BER9FVBER9IER9T£KeM�D�MG¤m¦JDJB�kmKeZ�D�¢£gVR¹UVRvKeR9BEZ�kjTYM�MGI/Z �G¢£gVkjTVMGI*IER9ZdR9T�KeR%ISUVDJI�UhR%ZdMGkjI
l9¤jgVILKeR9BEIsR�MGI�IED�l%kjM1lnMGUYM1Z �G¢£gVkmTYM@BER9I�KeMGT�KeR#MGD-l9¤jgVILKeR%B¯Z@MGkmI�MGFhBEDJFVB�k¬MGUhDV³¹À°DJTVI�kjUVR9BER#MGI
I�R%¦JghkjT�KeR9IS��MGB�k �n�JR9kjI%¡
Parescolhido

;\FYMGB@UVR Z ��¢�ghkjTYMGId¢£gVR l%DJTVILKek�KegVkmBe�GD M�I1UVgYMGI-FhBEkjZ�R%kmBeMGIdIER9ZdR9T£KER%IÊUVDJI
FhBEkjZ�R%kmBEDJI°UVDJkjI�ThD¸�GDJI/l%¤mgVI�KER%BEI
Cc

;�D �v��� W ��� ~Ql%¤mgVI�KER%B
clustersformados

;�T�bVZ�R%B�D#UVR¹l%¤jghI�KeR9BEI/�ªDJBEZdMGUVDGI
Jacik

; l%D�R Ç l9kjR%T�KERpUhR 7JM�l%lnM�BEU�R%T�KeB�R,UVgVMGI/Z �G¢£gVkmTYMGI � R �
JaciCc

; l%D�R Ç l9kjR9T£KER-UVR 7JM�l%lnM�BEU R%T�KEBER1gVZdM�Z �G¢£gVkjTVM � R-M�Z �G¢£gVkmTYM�I�R%Z�R%T�KeR1UhD �v�
� W ��� ~¯l%¤mgVI�KER%B
simmin

; Z�R%ThDJB°��MG¤jDGB�UVR¯Z@MaË5t
JaciCc

�Æb ∀ � ; ,Jbm³�³�³mb � §��/; ,Jb�³m³�³�b clustersformados

b | � /∈ Cc

maquinaescolhida

;ÃZ �G¢£gVkjTYM*R9IEl9DJ¤jfVkmUYM�FYMGBEM��ªDGBEZdMGB�M/TVD��GM�I�R%Z�R%T�KeR¾UVR¥gVZ TVD��GDQl9¤jgVILKeR%B



��� ����7�� ��	������
���8��� ���C	 �������E � � 4 � 4I���
	 � 	 � 	 4  �� � � �

xzi

; ��MGBEk ���GR%¤3¨VkjT���BEk¬M�¢£gVR#MGIEI�gVZ�R�D1�GM�¤jDJBA,�lnMGI�DÊM1Z �G¢£gVkmTYM � M�KER%TVUYMÊM1FYM�B�KeR � RT*
l%MGIED�l%DGT£KEB��GB�kjD
wzCc

; ��MGBEk �n�JR%¤h¨VkjT���BEk¬MQ¢�ghR¯MGI�IEgVZ�R�Ds��MG¤jDJB ,SI�R/RvË�kjILKeRSMG¤j¦GgVZ@MQZ �G¢£gVkmTYM ∈ M�D-�v��� W ��� ~
l9¤jgVILKeR9BS¢£gVRpM�KER%TVUhR�M�FYMGBLKeR � RA*�l%MGIED�l%DJT�KEB��GB�kjD
simmax

; IEkjZ�kj¤jMGBEkmUYMGUVRSZ �aË�kjZdM�R%T�KeB�R,ghZ@MWZ �G¢£gVkjTVM � R¹gVZ l9¤jgVILKeR%BW�

,J¡  3��4��C�65
�87��
	9��4 À°¤jgVILKeR9BEkj«%M2g�MG¢£gVkjTVMGI�tªI%b BEDGKEgV¤jD£�
: ¡

Parescolhido

;�Z�kjT�t
Jacik

� ∀ � b��$;U,Gbm³�³m³ Z | � 6= �¯R¹kcb �
/∈ Cc

b ∀ �/;U,Gbm³�³m³ BED�KegV¤mD�» ,
]h¡

Crotulo

;
maquina1 ∈ Parescolhido'V¡

Crotulo+1

;
maquina2 ∈ Parescolhido)�¡

clustersformados

; BED�KegV¤mD M ,H ¡>? 	 � ��	 	9��4
clustersformados < nclusters

@ 	�BC	
J ¡  	 � 	 � ; ,Jb�³�³m³�b � @ 	�BC	
_h¡ �E� � /∈ Cc ∀

l�; ,Jb�³�³m³�b
clustersformados

�
	9�	� 4
O ¡ l%MG¤jl9gV¤jR¯Z@MaË5t

JaciCc

� ∀ l�; ,Jb�³m³�³mb clustersformados,�*h¡ P �871R��E�
,C,J¡ �E�

simmin

�,MaKegYMG¤mkj«%MGUYM �
	9�	�X4
, : ¡

maquinaescolhida

; �
,�]h¡ P �871R��E�
,
'V¡ P �871Rd 	 � 	
, )�¡

Cclustersformados+1

;
maquinaescolhida, H ¡ In[

maquinaescolhida

` ;
clustersformados + 1, J ¡

clustersformados M\M,�_h¡QP ��71R ? 	 � ��	 	9��4
, O ¡  	 � 	 � ; ,Jb�³�³m³�b � @ 	�BC	
: *h¡ �E� � /∈ Cc ∀

l
; ,Jbm³�³�³mb
nclusters

�
	9�	� 4
: ,J¡

simmax

; » ∞:C: ¡  	 � 	 �/; ,Jbm³�³�³mb
nclusters

@ 	�BC	
: ]h¡ lnM�¤jl%gh¤jR

SimiCc

; ∑p

z=1xziwzCc: 'V¡ �E�
simmax

�,MaKegYMG¤mkj«%MGUYM �
	9�	�X4
: )�¡

clusterescolhido

;�l
: H ¡ P �871R��E�
: J ¡ P �871Rd 	 � 	
: _h¡

Cclusterescolhido

;
Cclusterescolhido

∪ �
: O ¡ In[ km` ;

clusterescolhido]C*h¡ P �871R��E�
]X,J¡QP ��71R/ 	 � 	
] : ¡SP �87 ACBED�l%R%UhkjZ�R%T�KeD
X3kj¦JgVBEMa)�³-, : ¡*ACIER9gVUVD�l%±�UVkj¦JD�UVDdFVBED�l%R9UVkjZ�R%T�KeDdUVRpl%BEkjMG�n��DdUVDGI¯UVR9Z@MGkmI/l%¤jghI�KeR9BEIQR�MG¦GBEg�»
FVMGZdR9T�KeD#UYMGI/Z �G¢£gVkjTYM�I

r�DG¨VBERdM�l9DJZdFh¤jRvË�kmUYMGUVR�UVD�MG¤j¦GDJBEk�KeZ�D1BER9FVBER9IER%T�KeMGUVD©FOR%¤mD�FVB�D�l9R%UVkmZdR9T�KeD º � ��Wv�½xvw ��� |
��� � � � }O|�Wvb¶KeR9ZdDJI,D©IER9¦JgVkmT£KER-M�R9IEl%¤jMGBER9l%R9B%¡�q ¤jkmTVfYM : � �/t

m2 �vb·KeR9TVUVD©R9Z\��kmI�KNM�¢�ghR
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��FVB�R%l%kmIED R%I�l%DJ¤mfVR%B�UVR%T�KEBERÊKeD�UVDJI#DJI�FYMGBER9IdUhR�Z �G¢£gVkmTYMGI#TY�GD MG¦JB�gVFYMGUYM�I�D UVR�ZdR9TVDJB
I�kjZ�kj¤jMGBEkmUYMGUVR�³Wq¯Ip¤jkmTVfYMGI¹]�MQ)-Ie��D �/t ,¸�v³�q¯Ip¤jkmTVfYMGI¹_�M1,
*ÊIE�GD �/t

nclusters

�Æb3DGg I�R ®EMhb
�/t � �st ghKEkj¤mkj«nM�TVUVD�»ÅIER�UYM�ZdM�KeB�kj«�KEBEk¬M�TV¦JgV¤jMGB°I�gVFHR9BEkmDJB � |G�ª� ��� �v³ �¯R9I�KeM��ªDJB�Z@MhbVMGI/¤jkjThfYMGI
J M�,$'WKeR%Z¼l%DJZ�FV¤mRvË�kjUYM�UVR �/t

m2 �v³Cq¯I�¤mkjTVfVMGI , )WM�, J Ie�GD��/t ,��v³ 0 KeB�R%lNfVD#UYM�¤jkmTVfYM H M
,n_#I�R%B���RÆËhR9l%ghKeMGUVD�t

nclusters

»
clustersformados

���GR%«%R9I%bÁ¢£gVR¹� �/t � �v³¥A�DJB�KeMGT�KeDVbVMGI/¤jkjThfYMGI
H M�,�_,KeR9Z¼l9DJZ�FV¤jRÆËhkmUYMGUVR �/t

m3 �Æ³¥r�DJ¨hBER�DWKEBER%lNfhD�UYM�¤jkmTVfYM2, O M�]X,Jb£KeR9ZdDGI°D�IER9¦JgVkmT£KERG¡
MQ¤jkjThfYM : ]S� �/t�� � �ÆbGFODJkjI�TVD�FhkjDJB�lnMGI�DsUVR9�GR�IER9B3�JR9BEk Ç lnMGUhDsFYMGBeMQlnMGUYMQZ �G¢£gVkmTYMQUhkm�ªR%B�R%T�KeR
UVMpZ �G¢£gVkjTVM � IERSR%I�KeM,FOR%BLKeR%Thl%R�M�D,l9¤jgVILKeR%B¥R9Z ¢�ghR%I�Ke�GDWR/IER¯M�KeR9TVUVR<ZpFVMGB�KERSR9Z ¢£gVR%ILKN�GDVb
FVMGBeMs¢£gVR/IER½®EM¹l%MG¤jl9gV¤¬M�UVDsD���MG¤jDJB¶UYM��GM�BEk �n�GR%¤

wzCc

³ eCT�KN�GDhb�D�KEBER9lNfVD,UVMGI¥¤jkjThfYMGI : : M : J �
�/t

m2 �h�v³ �¯R%ILKNMs�ªDJBEZdMhb�Msl%DGZdFV¤mRvË�kjUVMGUVR*UVD¹FVB�D�l9R%UVkmZdR9T�KeDÊº � � Wv� xvw ��� | ��� � � � }O|�W¶�/kj¦JgVMG¤
Z�l%DJZ�FV¤mRvË�kjUYM�UVR#UVD�KEBER%lNfhD�¢£gVR@l9DJZ�FVBER9R%TVUVR@MGI�¤mkjTVfVMGIU, O M�]X,Jb3DJgÂI�R ®EMhb �/t

m3 �h�Æ³ 0
FhIER%ghUVD�l9±�Uhkj¦JD�UVM Ç ¦JgVBEM )�³V,�]¯IER°BER9�ªR9BER/MGD¯FVBED�l%R9UVkjZ�R%T�KeD¯UVR*l%¤mgVI�KER%B�kj«nM��n�GD�UVMGI·FYMGBLKeR9I%³¶q
��MGB�k �n�JR9¤�¨VkjT��GBEkjM

xzi

KER%Z�D#Z�R%IEZ�D#IEkm¦JTVk Ç lnMGUVD�B�R%¤jM�KNMGUhD�FVMGBeM�D#FVBED�l%R9UVkjZ�R%T�KEDdM�T£KER%B�kjDJB
R1M��GM�BEk �n�GR%¤

simmax

BER%FhBER%I�R%T�KNM M©ZdMGkjDJB¹I�kjZ�kj¤¬M�BEkjUVMGUVR�UVR9T£KEBER�MGIWI�kjZ�kj¤jMGBEkmUYMGUVR9IsR%T�KeB�R
ghZ@M�FYMGBLKeR � RpDGI�l%¤jghI�KeR9BEI9³

,J¡  3��4��C�65
�87��
	9��4 q¯¦JB�gVFYM�A¶MGBLKeR9I
: ¡  	 � 	 � ; ,Jb�³m³�³mb ��@ 	�BC	]h¡  	 � 	 �/; ,Jb�³�³m³�b

nclusters

@ 	 BC	
'V¡ l%MG¤jl9gV¤jR

simzCc

; ∑m

i=1xzi |
Z �G¢£gVkjTYM � ∈ Cc)�¡ �E�

simmax

�pM�KEgYMG¤jkm«nMGUVM � 	I�	� 4
H ¡

clusterescolhido

; �
J ¡ P �871R&�!�
_h¡ P �871R/ 	 � 	
O ¡

Cclusterescolhido

;
Cclusterescolhido

∪ «
,�*h¡QP ��71R/ 	 � 	
,C,J¡SP �87 ACBED�l%R%UhkjZ�R%T�KeD

X¶km¦JgVBEMT)�³-,n]h¡¥ACIER%ghUVD�l9±�Uhkj¦JD#UVD#FVB�D�l9R%UVkmZdR9T£KED#UVRpMG¦JBEghFYMGZ�R%T�KeD#UVR¹FYMGBLKeR9I
r�DG¨VBER-I�gYM©IEgYM©l9DJZ�FV¤jRÆËhkmUYMGUVR�bCl%DJThI�KNMaKNMa»ÅIER1D I�R%¦JgVkmT�KeRG¡@MGIW¤mkjTVfYM�I�] M _©IE�GD l%DJZ�»

FhghKNMGUVMGI�R%Z �/t
nclusters

� �QDJg©I�R ®EMhb �/t m2 �v³pÀ°DGZdD1UhR9�JR9Z
IER9BsMG¦JB�gVFYMGUVMGIsMGIQ��FYM�B�KeR9I%b
M1l9DJZ�FV¤jRÆËhkmUYMGUVR,UVD-FVB�D�l9R%UVkmZdR9T£KED���¿GwÆ���h|-�*|GwÆ� x WQ��km¦JgYMG¤ Z1l%DJZ�FV¤mRvË�kjUYM�UVR�UYM�Is¤jkjThfYMGI
: M�,�*hb DGg IER ®EM�b��/t

m2 �h�Æ³30 FVIER9gVUVD�l%±�UVkj¦JD@UYM Ç ¦JgVBEM])�³V,
'1BER9FVBER9IER9T£KeM-D-MG¤j¦GDJBEk�KeZ�D�UhD
KER%B�l%R%kmBED#Z�D�UVR9¤jD�UYM 	 ghIElnMdÈ�D�l%MG¤c³
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,J¡  3��4��C�65
�87��
	9��4
	 gVI�lnM@È�D�lnMG¤5]Yt I9b
λ
b
σ
b^l9±JFVk¬MJ�

: ¡ À°¤¬M�IEIEk Ç lnM�l9¤jgVILKeR%B�I�tªIN�
]h¡ g�MGT�KER%Z l9¤jgVILKeR%B�I�t

σ
b^I9b^l9±JFVkjM��

'V¡ �E� t
nclusters

»ÅBEDGKEgV¤jD£�
>
*

)�¡ À°¤mgVI�KER%B�kj«nM2g�M�¢�ghkjTYMGInt I9b^B�DGKegV¤mD£�
H ¡ qQ¦JBEghFYM#A¶MGBLKeR%I
J ¡ P �871R&�!�
_h¡ �E�
	 �X4
O ¡  	 � 	 � ; ,Jb�³�³m³�b � M �a@ 	�BC	,�*h¡ �E� In[ km` ;\; » , �
	9�	�X4
,C,J¡ In[ km` ; BEDGKEgV¤jD
, : ¡ P �871R��E�
,�]h¡ P �871Rd 	 � 	
,
'V¡ P �871R��E�
	 �X4
, )�¡SP �87 ACBED�l%R%UhkjZ�R%T�KeD

X¶km¦JgVBEMT)�³-,$'V¡¥ACIER%ghUVD�l9±�Uhkj¦JD#UVD#FVB�D�l9R%UVkmZdR9T£KED#UVRpMG¦JBEghFYMGZ�R%T�KeD#UVR¹FYMGBLKeR9I

q l%DGZdFV¤mRvË�kjUVMGUVR1UVD KER%BEl9R%kmBED ZdD�UVR9¤jD©UVRÊ¨VghIElnM ¤jD�lnM�¤°�-kj¦GgYMG¤ Z l9DJZdFh¤jRvË�kmUYMGUVR1UhD
FhBED�l%R%UhkjZ�R%T�KeD º � � Wv�½xvw ��� | � | � � � }O|�Wvb¶¢�ghR1���/t m3 �h�v³�[¥R½®EMGZ�DJI,ghZ RÆËhR9ZdFh¤jD©UYM�MGFV¤jk »
l%MG�n��D©UVD�KER%BEl9R%kmBED�Z�D�UVR%¤mD�UVRd¨VgVI�lnM©¤jD�lnM�¤c³-q Ç ¦JgVBEM )�³V, )�B�R%FVB�R%IER9T�KNM M�l9¤jgVILKeR%B�kj«%MG�n�GD
UhR�ghZ@M1I�DJ¤jgV�%�GDÊUVR#R%T�KeBEMGUYMÊUYM-¨VgVI�lnMÊ¤jD�lnMG¤´³U0­��MG¤mDJB�UYM1�ªgVTh�n�GDÊDJ¨�®�RvKek��JD�UYM-IEDJ¤mgV�n�GD

X¶km¦JgVBeMT)�³-, )�¡ g�M�KEBEkj«Æ»½I�DJ¤jgV�%�GD�UVDdA¾À g�kmTVkjl9k¬MG¤OFYMGBEM�D�KeR9BEl9R%kjB�D#ZdD�UVR%¤mD�UVR¹¨VgVI�lnM#¤jD�lnMG¤

B�R%FVB�R%I�R%T�KNMGUVM FOR%¤jM Ç ¦JgVBEM )�³V, )��G¡ 18−8
18+5

;c*hb('�] '�_h³ 0�FVBEkmZdR9kjB�D�FYM�IEIED UYM©¨hgVIEl%M ¤mD�l%MG¤
�dlnMG¤ml%gV¤jMGB¹DJI,��MG¤mDJBER9I,UhR

λk

FYM�BeM�l%MGUYM�l9¤jgVILKeR9B%b¶¢£gVR@Ie�GDV¡
λ1

; 3
4

; *�b J )�§
λ2

; 3
6

» 8
11; *hb : ]1R

λ3

; 4
6

» 8
12

; *h³�qQIEIEghZdkmTVUVD�gVZ ��MG¤jDGB�FYMGBEM
σ
; *�b ]hb7DJIsl9¤jgVILKeR9BEI : R�]-Ie��D

UhR%I�KEBEgVimUVDJI9bhFOR%BEZdMGTVR9l%R9TVUVD�MGFOR%TVMGI*D�l9¤jgVILKeR9B ,J³ �¯Rv�JR9ZÉIER9B��ªDJB�Z@M�UVDJI¾R%T�KN�GD�UVDJkjI¾TVD��JDGI
l9¤jgVILKeR9BEI%³ 0�FVBEkmZdR9kjB�D�FYM�IEIED FYM�BeM�UVR Ç TVi »½¤jDGI��1R9IEl%DG¤jfVR9BWUVgYMGI�Z �G¢£gVkmTYMGI�I�R%Z�R%T�KeR�³ 0sI
��MG¤mDJBER9I¯FYM�BeM-M@I�kjZ�kj¤¬M�BEkjUVMGUVRsUVR 7JM�l%lnM�BEU R%T�KEBER�DJI�FVMGBER9I�UVRWZ �G¢£gVkjTVM@lnMGThUVkjUYMaKNMGI¯M1IER%B
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ghZ@M1Z �G¢£gVkjTVM@IER9ZdR9T£KER#Ie�GDÊZ�DJI�KEBeMGUVDGI�TYM-FVBE±nË�kjZdMdKeMG¨HR9¤¬Mh³ �¯R�MGl9DJBEUVD-l9DJZ
M1KeMG¨HR9¤¬M
 	 ��5�� 7�� � � ��	�	 � 
 � Jacikg : » g�' *hb^]J]

g : » g�) *hb H *
g : » g H *hb H *
g�'a» g�) *hb : *
g�'a» g H *hb(' *
g�)�» g H *hb : *

�3MG¨OR%¤jM )�³^]h¡·r�kjZ�kj¤¬M�BEkjUVMGUVR%I7UVR�7JM�l%lnM�BEU�R%T�KEBER/FYMGB�R%ICUVR*Z �G¢£gVkmTYM¯lnM�TVUVkjUVM�KNMGI·M�Z �G¢£gVkmTYMGI
I�R%Z�R%T�KeR
)�³ ]hb3MGIpZ ��¢�ghkjTYMGIsI�R%Z�R%T�KeRdR%I�l%DJ¤mfVkjUYM�IpIE�GD©M�IpZ �G¢£gVkmTYMGIAg�'�Rag�)�b�FODJkjI¹��D�FVB�kjZ�R%kmBED
FVMGB°l9DJZ¼Z�R%ThDJB°I�kjZ�kj¤¬M�BEkjUVMGUVR�UVR 7JM�l%lnM�BEU t D�FYMGB g�)�» g H KeMGZW¨O�%Z KeR9Z¼I�kjZ�kj¤jMGBEkmUYMGUVR�UVR
7JM�l%lnM�BEU km¦JgYMG¤¾MQ*�b : *J�v³Q0ÉFVBE±nË�kjZ�D�FYM�IEIED��@D MG¦GBEgVFYM�ZdR9T£KED�UYM�I�Z �G¢£gVkjTYM�I,B�R%I�KeMGT�KeR9I
M�DJI/UVDJkjI�l9¤jgVILKeR9BEISR%ZÉ�ªDJB�Z@M��n�GDV³Cq Z �G¢£gVkjTVMTg : I�R%B��@MG¦JB�gVFYMGUVM�M�D�l9¤jgVILKeR9BQ]#l%DGZcg�)�b
FODJkmI g : KeR%Z�gVZ�ZdMGkjDGBsT�bhZdR9BED©UVRdFYMGBLKeR%I�M�KeR9TVUVkmUYMGI�R9Z�l%DJZWghZ>l%DJZ\MGI,Z �G¢£gVkmTYMGI
UhR%I�KER¯l9¤jgVILKeR%BQtªTVD,l%MGIEDhbhMGFOR%TVMGI°M¹Z �G¢£gVkjTYM3g�)G�v³·qQTYMG¤jDG¦�MGZ�R%T�KeR�b�g H I�R%B���MG¦JB�gVFYMGUVM,MGD
l9¤jgVILKeR9B : l%DJZ g�'V³CX3kjTYMG¤mZdR9T�KeR¾lnMGUYMsFYM�B�KeR°IER%B��¹MG¦JBEghFYMGUYM�MsgVZ�UVDJICThD¸�GDJICl%¤mgVI�KER%B�IC¢�ghR
FODJI�IEgVkmB�D-Z@M�kjDJBST�bVZdR9BED-UVR�Z �G¢£gVkmTYMGI�¢£gVR#M-M�KER%TVUhRG³pq KNMG¨OR%¤jM�)�³('-kj¤jghI�KeBEMdD-T�bVZ�R%B�D
UhR-Z �G¢£gVkmTYMGIWUhDJIWl%¤mgVI�KER%B�I : RÊ]©¢£gVRÊMaKeR%ThUVR%Z M�IWFYMGBLKeR%I9³ qQI�FYMGB�KER%I#A¥]hb¾AS' R-A J

 	X� �
� � 
8�
������� � � 
8� ���
��� �
A¥] g�'�RAg H »
AS' g H g :
A ) » g : RAg�)
A H g H g : RAg�)
A J g�'�RAg H g :
A¥_ g�' g : RAg�)

�3MG¨OR%¤¬MT)�³+'V¡ g �G¢£gVkjTYM�ISUhDJI/l%¤jghI�KeR9BEI : Rp]�¢£gVRpM�KER%TVUVR9Z MGI�FYMGBLKeR9I

I�R%BE�GD�MG¦JBEghFYMGUYMGI*MGD�l%¤mgVI�KER%B : t MWFYMGB�KERsAS'#IER%B��#MG¦JBEghFYMGUYMWM�D�l%¤jghI�KeR9B : FHDGBE¢£gVR�D�l%DJB�BER9g
ghZ R%Z�FYM�KER@R9T£KEBER-DJI�l9¤jgVILKeR9BEI : RÊ]�R-D : �-D©l%¤mgVI�KER%B�UVR1Z�R%ThDJBWBE±�KegV¤mD£�v³©qQI�FYMGBLKeR%I
A )�b·A H R@A¥_�IER9Be�GD MG¦GBEgVFYM�UYMGIWM�D�l%¤mgVI�KER%B�]�³�q Ç ¦JgVBeM�)�³-, H kj¤mgVI�KEBeM�M�IEDJ¤mgV�n��D©DJ¨hKEkjUYM
FOR%¤jM1MGFV¤mkjl%MG�n�GD�UVD1KER%BEl9R%kmBED1Z�D�UhR%¤jDdUVRW¨VghIElnM1¤mD�l%MG¤c³ 0 TVD��JD1��MG¤jDGBQUYM@�ªghTV�n�GD@DJ¨�®�R9KEkm�GD
M�IEIED�l%kjMGUYMTZ�IEDJ¤mgV�n��D���¡ 18−4

18+2

; *�b J *�³
µSgVZ@M©RvKNMGFVM©IER%¦GgVkjT�KeR-UhD TVDJIEI�D KeBeM�¨YMG¤jfhDVb·RvË�R9l%ghKeMGZdDGI�RvË�FHR9BEkmZdR9T£KEDJI�l%DGZ M©Z�Rv»

KeMGfVR9gVBEimI�KekmlnMdopP/qsr�A Rpl%DGZ Ddq¯¤m¦JDJBEk�KeZ�DTe·�JDJ¤mghKek��JD1M�¢�ghk3FVB�DJFODJI�KEDJI¯FYM�BeM@M�BER9IEDJ¤mgV�n�GD
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X¶km¦JgVBEMT)�³-, H ¡ g�M�KEBEkj«Æ»½I�DJ¤jgV�%�GD#MGFO±JI/M�MGFV¤jkmlnMG�%�GDWUYM#¨VgVI�lnM#¤jD�lnMG¤ ]

UhD�A¾À g R�l9DJZ�FYMGBeM�ZdDJIsI�R%gVIpBER9IEgV¤�KNMGUhDJIsl%DJZ DJI¹BER%I�gV¤mKeMGUVDJI¹UYMÊ¤jk�KeR9BeM�KEgVBeM@l9DJZ�D�I�R%B��
��kmI�KeD#TVD�lnM�FVimKEgV¤jD�I�R%¦JgVkmT�KeRG³
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XYDJBEMGZ g�Kekj¤mkj«%MGUYMGI,] H kmTVI�Kd.GTVl%kjMGI�UVM©¤jkmKER%BEM�KegVBEM t�KNMG¨OR%¤jM H ³V,¸�pUVkmIEFODJTVi��JR%kmIWR%Z [ ] J `*R
[ :C: `·FYMGBeM�M1�JR9BEk Ç lnMG�%�GD�UVM�¢£gYMG¤mkjUYM�UVRWUVD�q e�³�q KNMG¨OR%¤jM H ³V,�¤mkjILKNM-MGI¹kjThI�K .�TVl%kjMGIsR#IER%ghI
KeMGZdMGTVfVDJIptªT � UVR¹Z �G¢£gVkmTYMGI�
¹T � UVR¹FYMGB�KER%Ie�v³

µSDS¢£gVR¥UVkm«·BER9IEFOR%k�KeDSMGD�T�bVZ�R%BED�UhR¾l9¤jgVILKeR9BEI�UYMGI�I�DJ¤jgh�$#�R%I�DJ¨hKEkjUYM�I%b¸MGI�Z�R9KeMGfVR%ghBEijILKekmlnMGI
M�¢�ghk5FVBEDGFHDJILKNMGI°TY�GDWB�RnMG¤mkj«nM�Z²ghZ@MWM�T��G¤jkmIERQUVR%ILKNM�lnMGBEMGl9KER%B�ijI�KEkjl%M�UYMGI*I�DJ¤jgh�$#�R%I*UVD#A¾À g b
FOD�UVR%TVUhD�I�gVBE¦GkjB*I�DJ¤jgV��#�R9I�l%DJZÉT�bhZdR9BED#UVRsl%¤mgVI�KER%B�ISUhkm�ªR%B�R%T�KeR9I�Z@M�I�l%DJZ¼D�Z�R%I�ZdDW��MG¤mDJB
UhR1MGFhKEkjUY��DV³ÊµQR9I�KeR@lnMGI�DVbCMGIpZdRvKNMGfhR%gVB�ijI�KEkjl%MGI�M�¢�ghk�FVB�DJFODJI�KeMGI�M�BEZdMG«%R9TYMGZ\M�FVB�kjZ�R%kmBeM
Z�R%¤mfVDJBCI�DJ¤jgV�%�GD�R9TVl%DGT£KEBeMGUVMhb�TV�GDpKER%TVUhDWZdR9lnMGThkjIEZ�DJICUVR¯MGT��G¤mkjI�R�FYMGBeMpD,Z�R%¤mfVDJBCT�bVZ�R%B�D
UhRSl9¤jgVILKeR9BEI¥lnMGI�D¹IEgVB�®EMGZ	I�DJ¤jgV��#�R9I¥l%DJZ T�bhZdR9BED¹UVR/l%¤mgVI�KER%BEI¥UVk��ªR%B�R%T�KeR9I¾R�Z�R%I�ZdD���MG¤mDJB·UVR
M�FhKekmUY�GDV³ eCT�KeBERvKNMGT�KEDVbÁR%I�KeMdM�T��G¤jkmIERsFOD�UhR¹��kmB/M�I�R%BSkjT�KeR9BER%I�IeMGT�KER�FODJkjI�kmI�KeD#FODJIEI�kj¨Vkm¤jk�KNMWMGD
FhBEDa®�RvKekjILKNM#UVD@I�kjILKeR%ZdM#UVR,FhBED�UVgV�n��DdgVZdM#Z@MGkmDJB*¤mkj¨OR%BEUVMGUVRsUVRpR%I�l%DJ¤mfYMdTYM#l%DGT Ç ¦JgVBEMG�n��D
UhDdZ�R%I�ZdDV³
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UVM�¤mkmKeR9BeM�KEgVBeM�³
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�ªDGBETVR9l%R%g M�Z�R%¤mfVDJB¹IEDJ¤mgV�n��D tªZdI�DJ¤��¯FYM�BeM�D�qSo¯» 7�À���bl|�osq¼R�q e�³7q¯I,l%DJ¤mgVTYMGI¹UYMÊKNMa»
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FVMGBeM�D�qSo�»�7�À��#b�|�osq Rpq e

0�¨VI�R%B���MGThUVD DJI�BER9IEgV¤�KNMGUVDGIWUYM�KNM�¨HR9¤¬M H ³^]�FOD�UVR9ZdDGIWl%DJThI�KNMaKNMGBW¢£gVRÊR9Z KeR9BEZ�DJI�UhD
T�bVZ�R%B�D�UVR�kmKER%BEMG�$#�R%I9b�D�q e lNfVR9¦JDJg�Z�Z�R%¤mfVDJBsIEDG¤jgV�%�GD�M�T£KER%I,UVD |¯o¹q­R9Z>, )ÊkmTVI�Kd.GT�»
l9k¬MGI9b·UVR9FHDJkmIWUVD |¯o¹qÉR%Z , O kjThI�K .�TVl%kjMGI�R1FVMGBeM©M�I�UVR9Z@MGkmI�lNfVR9¦JDJg Z�Z�R%¤mfVDJBpIEDJ¤mgV�n�GD
TVM�Z�R%I�Z@MÊ¦JR%BEMG�n��DV³�0�¨VI�R%BL�GM�ZdDJIsKeMGZW¨O�%Z
¢£gVR@M�UVk��ªR%B�R%TV�%M�R9Z>, H UVMGIT, O kmTVI�Kd.GTVl9k¬MGI
R9Z ¢£gVR-D~|�osq lNfVR%¦GDJg�MGT�KeR9ITZ�ZdR9¤jfVDGB�IEDG¤jgV�%�GD��ªDJk¾UVR-MGFOR%TVMGIWgVZdM�kmKER%BEMG�n�GDh³ À°DJZ
B�R%¤jMG�n�GD1MGD-qSo�»�7�À���b FYMGBEM-MGIskjThI�K .�TVl%kjMGI ,#M O b5DGTVUVR�D-T�bVZ�R%BED-UhR�¦JR%BEMG�$#�R%I��ªDJk3kj¦JgVMG¤
M�D |�osq�R,q e/bOFOD�UVR9ZdDGIQTVD�KNMGBS¢£gVR�R9¤jRp�,D@MG¤j¦JDGBEkmKEZdD�¢£gVR,Z@M�kjI�KNMGB�UVk¬M�ZdR9T£KERpMG¤jl%MGTV�nM
M Z�R%¤jfhDJB�IEDJ¤mgV�n��DVb�R9Z KeR9BEZ�DJI#UVR�¦GR%BeM��n�GDV³ eCT�KeBERvKNMGT�KEDVb*TVR9l%R%I�IEk�KNM UhR�Z�R%TVDGI#KER%Z�FHD
UhR9��kjUVD@MGDd� MaKeD�UVRWMGFOR%TVMGIQFODJI�IEgVkmBQR9¤jR%Z�R%T�KEDJIQ¨��GIEkml%DJISUVR�ghZ MG¤j¦JDGBEkmKEZdD�¦JR%TV�vKekml%D tªZWg�»
KeMG�n��DVbÁl%BEDGIEIED��GR%B�Rp¦JR%BEMG�n��D@kjThkjl%kjMG¤�MG¤mRnM�KE±JBEkjM��v³�A3DGBE�%Z�bÁFYMGBEM@MGISUVR%ZdMGkmISkmTVI�Kd.GTVl9k¬MGI9bY¢�ghR
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l9DJTVILKeBEgh�n�GD#IER9B���lNfYMGZdMGUVD�� � 
 º R�D�IER9ZÉD�FVB�D�l9R%UVkmZdR9T£KED�� ��³Vq FVBEkmZdR9kjBeMpl%DJ¤mgVTYM�UVM
KeMG¨OR%¤¬M�B�R%FVB�R%I�R%T�KNMpM�kjUVR9T�Kek Ç lnMG�%�GDsUYMskjTVILK .GThl%k¬MQR�lnMGUYMsFYM�B·UYMGICUVR9Z@M�kjI·l9DJ¤jgVTVMGI·kjThUVkjl%MGZ
B�R%I�FHR9l9Kek���MGZdR9T�KeR1M�MGFhKekmUY�GD�UYM�Z�R%¤mfVDJB¹IEDJ¤mgV�n��D©UVD�q e�RdUVD�q e¶»LÀ¯b3KER%Z�FHDGI,UVR-À*A Y
tªR%Z\IER9¦JgVTVUVDGIN�vbCZ�R%Uhk¬M�UVMGIWZ�R%¤jfhDJBER9I,I�DJ¤jgV��#�R9I%bCRd¦JR%BEMG�n�GD�UYM�Z�R%¤jfhDJB,I�DJ¤jgh�n�GD©FVMGBeM�D
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q KeMG¨OR%¤¬M H ³+'�TVDJI*Z�DJI�KEBeM�¢£gVR¯D�gVIED�UVD�FVBED�l%R9UVkjZ�R%T�KeD�UVR�l%DGTVI�KEBEgV�%�GD#UVR�kjThUVkm��ijUhgVDJI
TVM,FODJFVgV¤jMG�n�GD¹kmTVkjl9k¬MG¤�UVD�M�¤j¦JDJB�kmKEZdD�Rv�JDJ¤mghKek��JDpl%DJThUVgV«�M¹gVZdMpZ�R%¤mfVDJBCI�DJ¤jgV�%�GD Ç TYMG¤ÁR%Z H
UVMGI¥] H kjThI�K .�TVl%kjMGI%b�MsgVZdM�Z�R%IEZdM¯I�DJ¤jgV�%�GD Ç TYM�¤VR%Z : _�R/MsgVZ@M�I�DJ¤jgh�n�GDs¤mkj¦JR9kjBeM�ZdR9T£KER�kmT�»
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�ªR9BEkmDJB·R%Z : kmTVI�Kd.GTVl%kjMGI%§�R9Z BER9¤¬MG�%�GD¹MGDpMG¤m¦JDJBEk�KeZ�D¯Rv�JDJ¤mghKek��JD¹IER9Z DpghIEDpUVD¹FVBED�l%R9UVkjZ�R%T�KeD
UhR�l%DGTVI�KEBEgV�%�GD1UVR,kjTVUVk���ijUVgVDGISTVMdFODJFVgV¤jMG�n�GD�kjThkjl%kjMG¤c³�q¯¤m�%Z�UVkmIEIEDhbHFYM�BeM�, J kjThI�K .�TVl%kjMGI¯M
Z��%Uhk¬MQUVM¯ZdR9¤jfVDGB3I�DJ¤jgV�%�GD�UVD¯q e©�ªDJk�IEgVFOR%B�kjDJB9bG�ªDJk£kj¦JgVMG¤�R9ZL,�_¯kjThI�K .�TVl%kjMGI¶R°MGFHR9TYMGI·R9Z :
kmTVI�Kd.GTVl9k¬MGI3M¯Z��%UVkjMS�ªDJk£¤jkm¦JR%kmBeMGZ�R%T�KER¾Z�R%ThDJB%³¶À°DJTVILKNM�KeMa»½I�R*FHDGB�KNM�T£KED¯¢£gVR*D¯FVBED�l%R9UVkjZ�R%T�KeD
UhRpl9DJTVILKeBEgh�n�GDdMGg�Ë�kj¤mk¬MWM#¨VgVI�lnM#¤jD�lnMG¤HTYM#FVBED�l%gVBEM�FHDJB�Z�R%¤mfVDJB�R%I�IEDG¤jgV��#�R9I%³

ACBED�l%ghBeMGTVUhD,M�TYMG¤jkmIeMGB3DskjZ�FYMGlvKeD�kmIEDJ¤jMGUVD�UVD¹FVB�D�l9R%UVkmZdR9T�KeDsUVR�l9DJTVI�KEBEgV�%�GDVbJ�ªDJBEMGZ	B�Rv»
M�¤jkj«%MGUVDJI¶RvË�FHR9BEkmZdR9T£KEDJI¾l%DJZ�FVghKeMGl%kmDJTYMGkmI¶l%DGZ Dpq e l%DJZ	DpFhBED�l%R%UhkjZ�R%T�KeD¹UVRSl%DJThI�KeB�gV�n��D
ZdMGISIER9Z M�¨VgVIEl%M@¤jD�lnM�¤c³*q�KNMG¨OR%¤jM H ³ )dM�FVBER9IER%T�KeM@DJI¯B�R%I�gV¤mKeMGUVDJIQUVDJISRvË�FHR9BEkmZdR9T£KEDJI%³Sq¯I
l9DJ¤jghTYMGI�BER9FVBER9IER9T£KeMGZ BER9IEFOR%l9KEkm��MGZ�R%T�KeRpM�kjUhR%T�Kek Ç lnMG�%�GD#UYM�kjTVILK .GThl%k¬M�bYM�ZdR9¤jfVDJB°IEDJ¤mgV�n�GD
RWMdUVk��ªR%BER9TV�nMdFHR9BEl%R9T�KegYMG¤¶R%Z BER9¤¬MG�%�GD�Z@Z�R%¤mfVDJBSIEDJ¤mgV�n��D@R%Thl%DJT�KeBEMGUYM1FOR%¤mD@q e DJB�kj¦JkmTYMG¤c³
qQIWl%DG¤jgVTYM�IWl%DJZ�gVZ�KeBEMG�%DhbCIEkj¦GTVk Ç l%MGZ�¢£gVR1R%ILKNM��GR%BEIE�GD UVD©q e�TY��D©l%DJThIER%¦GgVkjg DJ¨�KeR%B
I�DJ¤jgh�$#�R%I¹� ��¤jkjUVMGIdt IEDG¤jgV��#�R9I,I�R%Z\l%¤jghI�KeR9BEI¹��MG«%kmDJI%b3IER%Z�¤mkjTVfYM�IpDGgÂl%DG¤jgVTYM�Ip��MG«9k¬MGIpRdI�R%Z
l9¤jgVILKeR9BEI/gVTVk�K �GB�kjDJIe��FYMGBEM�M#BERv�ªR%B�kjUYM�kjThI�K .�TVl%kjMh³

A�D�UVRÆ»½I�R�DJ¨VI�R%BL�GM�BdFOR%¤jM KeMG¨HR9¤¬M H ³ ) ¢£gVR�M fVR9gVBEimI�KEkjlnM UVR�l%DJTVILKeB�gV�n�GD kjI�DJ¤¬MGUVMGZdR9T�KeR
TV�GD�l9DJTVI�R%¦JgVR�BER9IEgV¤�KNMGUhDJIsIEkm¦JTVk Ç lnM�KEkm�JDGIsRGb�MG¤j�9Z
UVkmIEIEDhb�¦GR%BeM-ZWghkmKeDGIskjTVUVk���ijUVgVDGI�kjT�� �G¤jk »
UhDJI%³�eCT�KeB�R9KeMGT�KeDVb3FHR9¤¬M1KNMG¨OR%¤jM H ³+'�DJ¨VI�R%BL�GM¸»½IERdgVZdMÊl9DJT�KeB�kj¨VgVkm�n�GD�UVD�FVBED�l%R9UVkjZ�R%T�KED�UVR
l9DJTVILKeBEgh�n�GD©ThD�B�R%IEgh¤mKNM�UVD Ç TVMG¤¥UVD�q e/³�=½ILKeD�I�R@UVRv�JR@MGD�� M�KED�UhRd¢£gVR�b·MGFOR%IEMGB,UhR@¦JR9BeMGB
Z�gVkmKEDJIWkjThUVkm��ijUhgVDJIWkmT£� �G¤mkjUVDGI%b·R9I�KeR9I#l%DJT�K��9Z l%¤mgVI�KER%B�kj«nM��$#�R%I�FYMGB�l%kjMGkjIW¨VMGIER%MGUYMGI�R9Z gVZ
l9BEk�Ke�%B�kjD�UVR¹I�kjZ�kj¤¬M�BEkjUVMGUVRS¢�ghR,M�g�Ë�kj¤jkjMWM#¨VgVIEl%M�¤mD�l%MG¤ FOR%¤jM�¨VgVIEl%M�UVMGI/ZdR9¤jfVDJB�R%I�I�DJ¤jgV��#�R9I%³

q FVB�±nËhkmZ@M¯KeMG¨OR%¤¬MQZdDJILKeBEMsMGICZdR9¤jfVDGBER%I¶IEDJ¤mgV�$#�R%I·DG¨hKekmUYMGICFOR%¤jD¯q e I�R%Z ¨hgVIEl%Mp¤mD�l%MG¤�R
I�R%Z�FVBED�l%R9UVkjZ�R%T�KED¯UVR*l9DJTVILKeBEgh�n�GD�R°FHR9¤jD¯qSo¯» 7�À���l9DJZ�gVZ T�bhZdR9BED�UVR�¦JR%BEMG�$#�R%I¶kj¦JgYM�¤�M
,�) *h³G0 DJ¨�®�R9KEkm�GDS�ªDJk�MGTVMG¤jkmIeMGB�DSUVR%I�R%Z�FHR9TVfVD�UhD¯MG¤m¦JDJB�kmKeZ�D�FVB�DJFHDGI�KeDSl%DGZdDSgVZ MG¤m¦JDJBEk�KeZ�D
¦GR%TV�vKekjl9D KeBEMGUVkjl9kjDJTVMG¤c³ qQI-l%DJ¤mgVTYMGI@BER%FhBER%I�R%T�KNM�Z BER%I�FHR9l9KEkm��MGZ�R%T�KeR M kmUVR%T�Kek Ç lnM��n�GD UVM
kmTVI�Kd.GTVl9k¬Mhb�Z�R%¤mfVDJBCIEDG¤jgV�%�GD,UhD,q e/b�KER%Z�FHD¹UVRSRvË�R%l9gV�n��DWUVDpq e�b£ZdR9¤jfVDJBCI�DJ¤jgh�n�GDpUVDpqSo�»
7�À���b£KeR9ZdFOD,UhR¯RvË�R9l%gV�%�GD�UVD�qSo¯» 7�À�� RSFHR9BEl9R%T�KegYM�¤ UVRQZdR9¤jfVDJB�k¬M�R9Z²B�R%¤jMG�n�GD Z,Z�R%¤mfVDJB
I�DJ¤jgh�n�GD#R%Thl%DJT�KeBEMGUYM#FHR9¤jD#q e DJBEkm¦JkjTYM�¤c³

À°¤jMGBeMGZ�R%T�KER�DJ¨VIER9B���Ma»ÅIER�FOR%¤¬M�I¯KNMG¨OR%¤jMGI H ³ )1R H ³ H ¢�ghR�DÊ¨ODJZ UVR%I�R%Z�FHR9TVfVD�UVDÊq e �
�ªDGB�KeR9ZdR9T�KeR#UVR%FOR%ThUVR%T�KeR@UVD�FhBED�l%R%UhkjZ�R%T�KeDÊUVR�¨VgVI�lnM�¤mD�l%MG¤c³TeCZ>TVR9TVf£gVZdM�kjThI�K .�TVl%kjMÊD
q e l9DJTVIER9¦JgVkmg-IEgVFOR%BEMGB�DJI*B�R%IEgh¤mKNM�UVDJI�UVD�qSo¯» 7�À���³hqQ¤j�9Z¼UVkmIEI�DVbhD�T�bVZ�R%B�D�UVRs¦JR%BEMG�$#�R%I
t , ) *��·�ªDJkOkjTVI�g Ç l9kjR%T�KER�FYMGBEM�¢£gVR�DJI°MG¤j¦JDGBEkmKEZdDGI¥MG¤jl%MGTV�nM�IEIER9Z¼¨OD�MGI�IEDJ¤mgV�$#�R%I9b�RÆË�l%R9KED#FYMGBeM
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� �����������/� �x�'� ���*�+�J�
� ;$D'& L+4 \%$
5 L+5'& 8+\ \%$
D ;$8'& 2+5 noC	& L@� $
C ;$L'& 2+5 \%$
8 C7L'& 8@� ni�35'& C7L%$
L L+8'& 8+5 nqL'& 4+2%$
; L+8'& \+\ noC	& 4+5%$
4 8+L'& 4+4 nqD'&��3D%$
2 C72'& 8+5 nqC!�2& 2@� $
�3\ ;$\'& 8+2 \%$
�+� ;$\'&��34 np5+D'& ;$5%$
�35 n n
�3D n n
��C 5+L'&��34 nqC72'& L+5%$
�38 57;-& D+4 np8+2'& L+D%$
�3L n n
��; n n
�34 5+\'&��3L npL+5'& 2+4%$
�32 5+L'& 2$C npD7;-& 5+2%$
5+\ 5@�2& 2@� np8+8'& 47;2$
5@� n n
5+5 �32'& 8+D npL+L'& D+L%$
5+D n n
5$C n n
5+8 n n
5+L n n
57; n n
5+4 n n
5+2 5+2'& \+8 nqC7L'& C�;2$
D+\ �38'& 5+D npL+8'& 4+L%$
D@� n n
D+5 n n
D+D n n
D$C n n
D+8 C!�2&��3L np5+4'& C�;2$
D+L n n

�3MG¨OR%¤jM H ³ )�¡¶P/R%I�gV¤mKeMGUVDJI¶UVD�q e IEDJZ�R%T�KER*l%DJZ�fVR9gVBEimI�KekmlnM¯UhR*l%DJThI�KeB�gV�n��DpR°FVBED�l%R9UVkjZ�R%T�KeD
UhRpl9BEgV«%MGZ�R%T�KeD
M�¤j¦JgVZdMGI*kmTVI�Kd.GTVl9k¬MGIpt ,,M J b O M�,C,¹R : O �Æ³

0�I#BER9IEgV¤�KNMGUVDGI�UVM KeMG¨HR9¤¬M�KeMGZW¨O�%Z M�FHDJT�KeMGZ gVZdM©kjTVR Ç l%k �%TVl9k¬M UVD q e FYMGBeM ¦JR9BeMGB
I�DJ¤jgh�$#�R%I¥� ��¤jkjUVMGICghKekm¤jkm«nMGTVUhD�»½I�R�MGFOR%TYMGI¾UVD,FVBED�l%R9UVkjZ�R%T�KeD¹UVRSl%B�gV«nM�ZdR9T£KEDV³ eCZ H kmTVI�Kd.GT�»
l9k¬MGI¹D�q e TY��D�l9DJTVIER9¦JgVkmgÂ¦JR9BeMGB¹gVZdM-IEDJ¤mgV�n�GDÊ� �G¤jkmUYMh³:7 �ÊDJI,DGFHR9BeMGUVDGBER%I¹UVD�qSo�»�7�À��

TV�GD�l9DJTVIER9¦JgVkmBeMGZ>¦JR9BeMGBpkjThUVkm��ijUhgVDJIs� �G¤jkmUVDJI¹FYMGBEM�M�kmTVI�Kd.GTVl9k¬M�] 'V³�=½I�KED©IEgh¦JR%B�R@¢£gVR1M�¤�»
¦GDJBEk�KeZ�DJIsR9�GDJ¤jghKEkm�GDJI¹B��GFVkmUVDJI¹R�R Ç l9kjR%T�KER%I�FVMGBeMÊD�A¾À g ThR%l%R9IEI�kmKNM�Z\UhRdFVB�D�l9R%UVkmZdR9T�KeDJI
R9IEFOR%l9k¬MG¤mkj«nM�UVDJI/MG¤m�%ZÉUhRpDGFHR9BeMGUVDGBER%I*KEBeMGUhkjl%kmDJTYMGkmI*UVR¹gVZ qSo�³

� � ����� � %
	0��+�
� �� �6� � � � + ��
�
5��+ ���

eCZÉDGghKeB�DWl%DJT¸®�gVT�KeD�UVRsRÆËhFOR%B�kjZ�R%T�KeDGI*l%DJZ�FVghKeMGl%kmDJTYMGkmI%b��ªDJBEMGZ²�GR%B�k Ç l%MGUYMGI�M�I*UVkjILKeB�k�»
¨hgVkj��#�R9I¾UhRSFhBEDJ¨YM�¨Vkj¤mkjUYMGUhR°R%Z�FVimBEkjl%MGI·UVRSMG¤mlnMGThl%R�UVR/gVZ	��MG¤mDJBCMG¤��JDsR9Z	�ªgVTV�%�GD,UhD¹KER%Z�FHD
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�
� ;$D'& L+4 \'& \+8 ����� �"! \'& 5+4 \%$
5 L+5'& 8+\ \'& \+8 �*)��,+�( \'& 5+4 \%$
D ;$5'& ;$D \'&��3\ ��.��,+�. \'& C74 \%$
C ;$L'& 2+5 \'& \+4 ����� .*) \'& C7D \%$
8 C!�2& 4+L \'&��35 +����0/-� \'& 8+4 \%$
L 8+L'& L7; \'&��35 ��(�� �*� \'& 87; \%$
; 8$C	& 5$C \'&��38 �"!��,)�. \'& ;$8 \%$
4 8+L'& 4+4 \'& 5+D +"���,)�� �2& 5+5 np5'& C74%$
2 8@�2& 4+2 \'& 5+5 ����� .*) �2& \+4 \%$
�3\ L@�2&��+� \'&��32 ��(��,+�. \'& 2+L \%$
�+� 8$C	&��35 \'& 5+8 .*)�� ("( �2& 5+\ \%$
�35 D+L'& \$C \'& L@� +�.�� (�1 D'& 5+8 ni�38'& C74%$
�3D C�;-&��3D \'& L@� �"��� �"� D'&��3D np4'& L+8%$
��C 5+L'& 8@� \'& ;$4 1"1#� !*+ C	& ;$2 ni�3D'& L+4%$
�38 D+2'& D7; �2& \+\ ��1#� ("( C	& 2+5 np8'& L$C4$
�3L 5+8'& D$C �2& D+2 �*��� 1#/ L'& D@� ni��;-& C78%$
��; 5+5'& 8+5 �2& ;$\ +�(��,�"+ 2'&��34 npD+5'& 2+L%$
�34 n n 1���� (�/ 8'& 8+8 ni�3D'& L7;2$
�32 57;-& 8+5 �2& \+4 �".��,)�� L'& 27; np4'& L+4%$
5+\ 5+L'& C75 �2& 5+\ 1�+�� ("� L'&��35 np2'& D+\%$
5@� �34'& 4+5 �2& L+8 �"(�� !"( ;-& 4+D np5+\'& 5+D%$
5+5 5+D'&��3L �2& ;$\ +")�� !"� 4'& \+D np2'& \+\%$
5+D �3D'& 5+\ 5'& 2+4 +�!��,�	1 �38'&��3D nqC!�2& 5+L%$
5$C �35'&��3D 5'& 27; �".��,)�. �3D'& C7D np8+D'& 4+D%$
5+8 n n 1*��� (". �35'& 4+2 npD7;-& D+\%$
5+L �3L'& C75 5'& 2+\ �".�� �*) �3D'& D+5 np5+D'& ;$L%$
57; n n ��/"� .*+ �+�2& 5+2 npD+5'&��3\%$
5+4 ��;-& 2+5 D'& \+L ��1#� �"� ��C	& 4+D np5+D'& C75%$
5+2 5+4'& 8$C 5'& ;B� +����,�"+ ��C	& \@� np\'& 2+L%$
D+\ �38'&��38 8'& 5+2 )�(�� �"� 5+5'& \@� np8+D'& ;$L%$
D@� n n �*)��,)�/ 5+4'& L+4 nqC+C	& L+\%$
D+5 n n �*+�� !*� D@�2& \+L npD+2'& 47;2$
D+D �3\'& L7; ;-& 8+5 ��/"� !"( 5+L'&��+� npD7;-& \$C4$
D$C n n n n n
D+8 D+8'& L$C ��C	& \+D +	1#� !"� �38+L'& 2$C nqC	& ;B� $
D+L \+2'& 2@� C+C	& 5+L /-��� 1#/ �+�3D'& 5+2 np4$C	& \$C4$

�3MG¨OR%¤jM H ³ H ¡¹P/R%I�gV¤mKeMGUVDJIsl9DJZ�FYMGBeMaKekm�GDJI�UVD�q e IER%Z ¨VgVIEl%M�¤mD�l%MG¤¶R�fVR9gVBEimI�KEkjlnM-UVR#l9DJTVIL»
KEBEgV�%�GD�RsqSo�»�7�À��

FVMGBeM J kjTVILK .GThl%k¬M�ISUhkm�ªR%B�R%T�KeR9I%§5FVMGBeM�D1q e R�DdqSo�»�7�À���³HXYDJBEMGZ�UVRvKeR%B�ZdkmTYMGUVDGI¯]�TVim�GR%kjI
UhR-MG¤m�GDV¡�MG¤��JDJI ^ ���Nx � Wvb � �Ey � ~�W�R y � ^��c�Nx � Wv³�0sI�MG¤m�GDJI,� ��l%R%kmI,�ªDJBEMGZ>UVRvKeR%B�ZdkmTYMGUVDGI,l9DJZdD
I�R%TVUhDÂMGI�FhkjDJB�R%I�IEDG¤jgV��#�R9I�R%T�KeB�R�M�I�Z�R%¤mfVDJB�R%IWI�DJ¤jgV��#�R9I�UVD q e	R-qSo¯» 7�À�� DJg ��MG¤jDJB�R%I
FhBE±nË�kjZ�DJI Z�R%ILKeR%I9³ 0�IQMG¤m�GDJI¯Z��%UVkmDJI��ªDJBeM�Z�UVR Ç ThkjUVDJIQl%DJZ�D#�GM�¤jDJB�R%ISkjT�KeR9BEZ�R%UVk �GBEkmDJI�R%T�»
KEBER�DJIs��MG¤jDJB�R%I¹UVDJIpMG¤��JDJIs� �Gl9R%kmIpR�UVk��ªijl%R9kjI�R�DJIpMG¤��JDJI¹UVk��ªijl%R9kjIsl9DJZdDÊI�R%TVUVD©MGI¹ZdR9¤jfVDJB�R%I
I�DJ¤jgh�$#�R%I*R9T£KEBER¹MGI°ZdR9¤jfVDJB�R%I�IEDJ¤mgV�$#�R%I*UhD�q e�R�qSo�»�7�À���³VµQR9I�KER%I�RvË�FOR%B�kjZ�R%T�KeDJI9bVDJI*UhDJkjI
M�¤j¦JDJB�kmKEZdDJI¾�ªDJBeM�Z RvË�R%l9ghKNM�UVDJI ,�* *��GR%«9R%I�FYM�BeM#lnMGUYM�kjTVILK .GThl%k¬M�RpD�KER%Z�FHD�FYMGBEMdM�¤jlnM�TVl%R
UhD�MG¤m�GD�M�BEZdMG«%R9TYMGUVD,FYMGBeM¹KeD�UYMGI¾RvË�R%l9gV�$#�R%I9³°A�DJB�KeMGT�KeDVb�TVR%ILKNM�¨VM�KeR9BEk¬M¹UVRSKeR%ILKeR9I*D�l9BEkmKE�v»
B�kjDsUVR�FVMGBeMGUVM¹UhDJI¥MG¤j¦GDJBEk�KeZ�DJI3��¡¶FYM�BeMGB·¢£gYM�TVUVDpgVZ@M�I�DJ¤jgh�n�GDsZ�R%¤mfVDJB·DJg#km¦JgYMG¤6ZsIEDJ¤mgV�n�GD
¢£gVRs�ªDJB�TVR%l9R¹D#��MG¤mDJB�MG¤��JDW�ªDJB�R9TVl%DGT£KEBeMGUhDV³f0sI�B�R%I�gV¤mKeMGUVDJI/UVD#q eÃR¹qSo�»�7�À�� FYMGBEMWlnMGUVM
kmTVI�Kd.GTVl9k¬M©�ªDJBeM�Z FV¤jD�KNMGUVDGI#MGIEI�D�l9k¬MGTVUhD�»½I�R�M�D k »½�%I�kjZ�D ZdR9TVDJBWKER%Z�FHD UVRÊRvË�R%l9gV�n��D

ti
M

FhBEDJ¨YM�¨Vkj¤mkjUYMGUhR
pi

; i−0,5
100

bV¦JR9BeMGThUVD#FHDJT�KEDJI
zi

TVD
R2 UVRsl%D�DJBEUhR%TYMGUVMGIpt ti b pi

�ÆbVFYMGBEM � UVR
,¹MaKe�U,�*C*�bVMGTYM�¤jDJ¦�M�ZdR9T£KER Z�MGT��G¤jkmIERQ�ªR9kmKeMWFHDJB�rhMGT�KeDJI�RvK/MG¤´³·R%Z [(' ,9`�R�q¯kmRvË1R%Z
[ ,%`´³¥A3DJB
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¢£gVR9I�K/#�R9I¯UVRsKeR9ZdFODVbV�ªDJk R%I�KeMG¨OR%¤jR9l%kmUVDdghZ ¤jkmZdk�KeR¯Z �aË�kjZ�DWkm¦JgYMG¤�M )�ZdkmT�g�KeDJI�FYM�BeM�lnMGUVM
RÆË�R%l%gh�n�GD,UVDJI�MG¤j¦JDGBEkmKEZdDGI%³7A¶M�BeM¹lnMGI�DJI�DGTVUVRSMG¤j¦GgVZ	UVDGI�M�¤j¦JDJB�kmKEZdDJI3TY�GDpMG¤mlnMGTV�9DJg#D�M�¤m�JD
R9Z KeD�UYMGI¾MGI ,�*C*¹RvË�R%l9gV�$#�R%I9bYM¹FV¤jDGKeMG¦JR9Z �ªDJkY�ªR%k�KNMsghKEkj¤jkm«nMGThUVD�»½I�R*D�T�bVZ�R%B�D,UhRQRÆËhR9l%gV��#�R9I
TVMGI/¢�gVMGkjI/D�MG¤j¦GDJBEk�KeZ�D�UVR¹FVkmDJB*UVR9IER%Z�FOR%TVfVD@MG¤jl%MGTV�9DJgÊDdM�¤m�JDh³

�¯R9I�KeMÂ�ªDJBEZdMhb°l%MGUYMÂFODJT�KeD UVR�ghZ@M l%gVBL�GM kjTVUhkjlnM M FVB�DJ¨YMG¨hkj¤jkmUYMGUVR-UhR©MG¤mlnMGTVl9R�UhD
M�¤m�JD R9Z gVZ UVR9KER%BEZ�kjTVMGUVDÂKER%Z�FHD UVR RÆË�R%l%gh�n�GDV³ qQI Ç ¦JgVBEMGI H ³V, M H ³ J B�R%FVB�R%I�R%T�KNMGZ
M UVkmI�KEBEkj¨hgVkj�%�GD©UVR-FVB�DJ¨YMG¨hkj¤jkmUYMGUVRdR%Z�FVijB�kjl%M�UVR�MG¤mlnMGTVl9R1UVR�MG¤��JDJI�� ��l%R%kmI�R%Z �ªghTV�n�GD UhD
KER%Z�FHDsFVMGBeM�D¹q e R�DsqSo�»�7�À���³�µQDGKeMa»½I�R*l%¤jMGBeM�ZdR9T£KER*¢£gVR/D¹q e �/M�ZdFV¤jMGZ�R%T�KeR�IEgVFOR%B�kjDJB
ZÊFOR%B��ªDGBEZdMGTVl%R�UhD�qSo¯» 7�À���b�IER9TVUVD�¢£gVR@M�Ipl9gVB���MGIp¢£gVR�BER%FhBER%I�R%T�KNM�Z>D�q e Ie�GD�¢£gYMGI�R
�GR%BLKekjl%MGkjI9b�IEkm¦JTVk Ç lnMGTVUhDs¢�ghRSDGI·KeR%Z�FODJI·FYMGBEM¹MG¤jl%MGTVl%R°UVDJI¾MG¤m�GDJI·TYM�I ,
*C*�RvË�R%l9gV�$#�R%I¥�ªDJBEMGZ
Z�gVkmKEDSI�kjZ�kj¤jMGBER9I%³�q¯¤m�%Z UhkjIEI�D¯DJI7KeR9ZdFODJI7UVDSq e��ªDJBEMGZ ZWghkmKeD/Z�R%TVDGBER%I�UVDQ¢�ghR�DJI7KeR9ZdFODJI
UhR,M�¤jlnM�TVl%RsUVDGI/MG¤m�GDJI�FYMGBEM#D�qSo¯» 7�À���bVUhR9��kjUVDdMGDW� M�KED�UVR¹¢£gVRpM#l9gVB���M�UVD#q e MGFYMGB�R%l%R
Z�gVkmKED�Z@MGkmI Z#R%IE¢£gVR9BEUYM�TVDJI/¦JB�� Ç l%DGI%³

qQI Ç ¦JgVBEMGI H ³^_©M H ³V,
' BER9FVBER9IER%T�KeMGZ M©UVkmI�KeB�kj¨Vghkj�n��D�UVR-FVB�DJ¨YMG¨hkj¤jkmUYMGUVR�R%Z�FVimBEkjl%M�UVR
M�¤jlnM�TVl%R�UVR�MG¤��JDJI¹Z��%UVkmDJI�R9Z �ªgVTV�%�GD�UhDÊKER%Z�FHDÊFYM�BeM-DÊq e R�D�qSo�»�7�À��¼R#MGI Ç ¦GgVBeMGI
H ³-, ) M H ³-,�_ M UhkjI�KEBEkm¨VgVkj�%�GD UVR�FVBEDJ¨VMG¨Vkj¤mkjUYM�UVR-R%Z�FVijB�kjl%M UhR�MG¤mlnMGThl%R�UVR�M�¤m�JDGIdUVk��ªijl9R%kjI9³
µSD��GM�ZdR9T£KER TVDGKeMa»½I�R©D UVR9IER%Z�FOR%TVfVDÃIEghFHR9BEkjDGB@UVD q e¼R%Z BER9¤¬MG�%�GD MGD qSo¯» 7�À���³ [¾MG¤jR
IEMG¤jkmR%T�KNM�B,¢£gVRÊM�kmTVI�Kd.GTVl9k¬M©] H KNMGZW¨O�%Z�I�R%BEkjM�IEgh¨VZdRvKekmUYM�Z©MGT��G¤jkmIER@FhBEDJ¨YM�¨Vkj¤mijI�KEkjl%MÊZdMGI
TV�GD¯�ªDJk�FHDGIEIEi��JR9¤�� MG« �v»½¤mD¯FODJBE¢£gVR°R%Z O _�� UYMGI¶RvË�R%l9gV�$#�R%ICUVDsqSo¯» 7�À�� TY��D�IER*lNfhR%¦JDJg�ThR%Z
M�D�Z�R%TVDJI°MGDWM�¤jlnM�TVl%RQUVD�MG¤��JD,� ��l%kj¤´³G=½ILKeD�� MG«SIER9T�KekjUhDWFHDGkjI¾DWqSo�»�7�À�� MG¤jl%MGTV�%M�M�Z�R%¤mfVDJB
I�DJ¤jgh�n�GD�DJg¹I�DJ¤jgV��#�R9I�BER9¦JgV¤¬M�BER%IHKNMGB�UVk¬MGZ�R%T�KERGb�D/¢£gVRC�ªBER%¢£gVR9T�KeR%Z�R%T�KER¾�ªR9«Cl%DJZ ¢�ghR¾D*KER%Z�FHD
UVMGI,RÆË�R%l%gh�$#�R%I�I�gVFOR%BeM�IEIER@D�KER%Z�FHDÊ¤jkmZdk�KeR,UVR9KER%BEZ�kjTVMGUVDÊUVRa)ÊZ�kjT£ghKEDJI%³@À°DJTVI�kjUVR9BeMGTVUhD
DGI,M�¤m�JDGIpUhkm�ªijl9R%kmI%b�IEDGZdR9T£KER��ªDGk·FHDGIEIEi��JR9¤¾B�RnMG¤mkj«%MGB¹MÊMGT��G¤mkjIER�l9DJZ '�kjTVILK .GThl%k¬M�IpFODJkmIsFYMGBeM
M�I¯UVR9Z@MGkmI/D1qSo�»�7�À�� TY�GDdl%DJTVI�R%¦Jghkjg MG¤mlnMGTh�nMGBSDJISBER%I�FHR9l9KEkm�JDGIsMG¤m�GDJI¯UhR%T�KeB�D1UVDdKER%Z�FHD
¤mkjZ�kmKERG³

qQI�BeMG«�#�R9I¯FYM�BeM@MdUVkm�ªR9BER%Th�nM�Ke�GD@¦GBeMGTVUhR�UVR,FHR9B��ªDJB�Z@MGThl%R�R9T�KeBER,D1q e R,D1qSo�»�7�À��

B�R%I�kjUVR/TVD¹� M�KeDpUVR/¢£gVRQM,MGFh¤jkjl%MG�n��DsUVD,FhBED�l%R%UhkjZ�R%T�KeD¹UVR/¨VgVI�lnMp¤jD�lnMG¤VThD,q e � MG«/l%DJZ	¢�ghR
I�DJ¤jgh�$#�R%I/UVR¹¢£gYMG¤jkmUYMGUVR¯IER ®EM�Z MG¤jl%MGTV�nM�UYMGI�BeM�FVkjUYM�ZdR9T£KER�TYMGI/FVB�kjZ�R%kmBeMGI*k�KeR9BeMG��#�R9I%³

A�DJB Ç Z�b£IeMG¤mkjR9T£KeMGZ�DJI¥¢�ghR¯TVR9I�KNM,MGT��G¤mkjI�RSTV�GD�FVghUVR%Z�DJI¾kjTVl9¤jgVkmBCD |�osq FVBEDJFODJILKeD�FODJB
P/R%I�R%TVUhR,R,osDJTV�nM�¤m�JR9Ip[^] J `7FHR9¤jD�� M�KED�UVR¹TY�GD#KeR%B�ZdDGI/MGl%R9IEIED@MGD#l%±�UVkj¦GD�UVD#ZdR9IEZ�DV³
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X3kj¦JgVBEM H ³V,J¡S=½TVI�Kd.GTVl9k¬Mh¡CqQI �£kjT�MGTVU�r�gV¨hBeMGZdMGTVkjMGT@»¾q¯¤��JDV¡ HCH b HCH

X¶km¦JgVBEM H ³ : ¡S=½TVI�Kd.GTVl%kjMh¡�r�BEkmTVkm��MGIEMGT@»¾q¯¤��JDV¡ ) H b _6,
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X¶kj¦GgVBeM H ³ ]h¡S=½ThI�K .�TVl%kjMh¡�À°fYMGTVUVBEMGIER �aMGBeMGT�MGTVU�PSM¸®EMG¦JDJFVMG¤¬MGT : 'WË]' *�t´M��¾»¾qQ¤m�JDh¡¥_ )�b+*C*

X¶kj¦JghBeM H ³('V¡ =½TVILK .GTVl9k¬Mh¡¾À°fVMGTVUVBEMGIER ��M�BeMGT�MGTVU�PQM�®EMG¦JDJFYM�¤¬MGT : '#Ë�' *�t��N�¾»¾qQ¤m�GDV¡¥] O b+*C*
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X¶km¦JgVBeM H ³ )�¡S=½ThI�K .�TVl%kjMh¡ �skjTV¦�»¾qQ¤m�JDh¡ ' O b * *

X¶km¦JgVBEM H ³ H ¡S=½TVI�Kd.GTVl%kjMh¡ �sgVZdMGB�»¾q¯¤��JDV¡ ' *�b *C*
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X¶kj¦GgVBeM H ³ J ¡S=½ThI�K .�TVl%kjMh¡fg�l�À°DJZ�BEkml � : J Ë : J »¾qQ¤m�JDh¡ ) *hb+*C*

X3kj¦JgVBEM H ³^_h¡S=½TVI�Kd.GTVl9k¬Mh¡CqQI �£kjT�MGTVU�r�gV¨hBeMGZdMGTVkjMGT@»¾q¯¤��JDV¡ H _hb : O
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X¶km¦JgVBEM H ³ O ¡S=½TVI�Kd.GTVl%kjMh¡�r�BEkmTVkm��MGIEMGT@»¾q¯¤��JDV¡ HC: b ] :

X3kj¦JgVBEM H ³V,�*h¡ =½TVILK .GThl%k¬M�¡¾À°fYMGTVUVBEMGIER �aMGBeMGT�MGTVU�PSM¸®EMG¦JDJFVMG¤¬MGT : 'WË�' *�t´MJ�¾»¥q¯¤��JDV¡ O : b ) *
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X¶kj¦JghBeM H ³V,C,J¡S=½TVILK .GThl%k¬M�¡¾À°fYMGTVUVBEMGIER �aMGBeMGT�MGTVU�PSM¸®EMG¦JDJFVMG¤¬MGT : '�Ë�' *�tª�e�¾»¾q¯¤m�GDV¡S' ,Jb O *

X¶km¦JgVBeM H ³-, : ¡S=½TVI�Kd.GTVl%kjMh¡ �skjTV¦W»¾qQ¤m�JDh¡ )6,Jb O *
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X¶km¦JgVBEM H ³-,n]h¡S=½TVI�Kd.GTVl9k¬Mh¡ �sgVZdMGB°»¾q¯¤��JDV¡S' 'Vb _ :

X¶kj¦GgVBeM H ³V,
'V¡S=½ThI�K .�TVl%kjMh¡ g�l�À°DGBEZ�kjl � : J Ë : J »¾qQ¤m�GDV¡ ) : bV,�]
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X3kj¦JgVBEM H ³V, )�¡S=½TVILK .GTVl9k¬Mh¡CqQI �£kjT�MGTVU�r�gV¨hBeMGZdMGTVkjMGT@»¾q¯¤��JDV¡ HCO b _ H

X¶km¦JgVBeM H ³-, H ¡S=½TVI�Kd.GTVl%kjMh¡¾r�B�kjTVk��GM�IeMGT@»¾qQ¤m�JDh¡ H J b^_J]
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X3kj¦JgVBEM H ³V, J ¡
=½TVI�Kd.GTVl%kjMh¡CÀ°fVMGTVUVBEMGIER ��M�BeMGT@MGTVU�PQM�®EMG¦JDJFYM�¤¬MGT : '�ËT'C*dt M���»�q¯¤��JDV¡f,�*C*hb+*C*

X¶km¦JgVBEM H ³-,n_h¡S=½TVI�Kd.GTVl9k¬Mh¡ �sgVZdMGB°»¾q¯¤��JDV¡ )�'Vb _ H
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td"�
 ; (/47.vuÆ)��xw �,4yw�� � (*)��p+-(/.-03294�)7698�� :<;�&�=d?

q�Z�R9KeMGfVR%ghBEijILKekmlnM©o¹P/qsrhA �ªDJk�RÆË�R%l%g�KNMGUYM FYMGBEM©D ZdR9IEZ�D©l%DGTa®�gVT�KeD UVR-kmTVI�Kd.GTVl9k¬MGI
g�Kekj¤mkj«%MGUYMGIpTVDJI�RÆËhFOR%B�kjZ�R%T�KeDGI�l%DJZ�FVghKeMGl%kmDJTYMGkmI,UVD q e R-T£gVZ IEkjILKeR9Z@M©l9DJZdFhghKNMGl9kjDJTVMG¤
l9DJZ\DJI�ZdR9IEZ�DJI�B�R%l9gVBEI�DJI#UYMG¢£gVR%¤mR1ghKEkj¤jkm«nMGUhD�FOR%¤mD©q e�³CXYDJBEMGZ�R%¤¬M�¨HDJBEMGUYMGI * O �JR9BEI #�R9I
Uhkm�ªR%B�R%T�KeR9I/UYM�ZdRvKNMGfVR9gVBEimI�KEkjlnM#o¹P/qsrhA�bVIER9TVUVD�¢�ghR,l%MGUYMW�JR9BEIe��D��ªDJk RvË�R%l9ghKNMGUVM ,�*W�GR%«%R9I
FVMGBeM lnMGUYM kjTVILK .GTVl9k¬Mh³ �QR%I�KeMGI�* O �JR9BEI/#�R%I9b<) �JR9BEI #�R9I1ghKekm¤jkm«nMGBEMGZ Ç ¤�KeB�DVb*IEDG¨VBER�DÂ¢£gYMG¤
KER%Z�DJISDdI�R%¦JgVkmT�KeR,MdR%I�l%¤jMGBER9l%R%B9¡ =½TVkml%kjMG¤jZ�R%T�KeRsIE�GD@¦GR%BeM�UYMGISFHR9¤¬MW� MGIERpUVR,l%DJTVILKeB�gV�n�GDdgVZ
T�bVZ�R%B�D©UVRvKeR%B�ZdkmTYMGUVD�UVR1I�DJ¤jgV��#�R9I�FYM�BeM�KED�UVD�FYMGB,UVR@��MG¤jDGB@t

β
b
α
�¹UVgVBeM�T£KER1gVZ�l%R9B�KED

kmT�KeR%BL��MG¤jDQDJg�� � � �j~¾UVR*k�KeR%BEMG�$#�R%I·opP/qsr�A3³CeCT�KN��Ds�°�ªDJBEZdMGUVDQgVZ�l%DJTa®�ghT£KEDsR%¤mkmKeR�bGl9DJT�KeR%ThUVD
M�I¯Z�R%¤jfhDJBER9IQI�DJ¤jgV��#�R9IQDG¨hKekmUYMGISR�IEDG¨VBER,R%I�KERWl%DGTa®�gVT�KeD1R9¤jk�KeR¹DJI¯FhBED�l%R%UhkjZ�R%T�KeDJISUVR,¨VgVIEl%M
¤mD�l%MG¤CIe��D MGFV¤mkjlnM�UVDJI%³@q¯FO±JI�kmI�KeDhb3D©T�bVZ�R%B�D�UVR���MG¤jDJB�R%I@t

β
b
α
�s¢�ghR1IER9Be�GD�gVIeMGUhDJI�T£gVZ

ThD¸�GD � � � �j~�UVR1k�KeR%BEMG�$#�R%I��1BER9UVgV«%kmUVDVb·I�R%TVUhD ¢£gVR@DJIWFYMGB�R%IÊt β b α
�,M�IER%B�R%Z gVIeMGUhDJIWIe��D

UhR Ç TVkmUVDdM�KeBEM��G�%I/UVR¹gVZdMW�JR%B�k Ç l%MG�n��DdUVDGISFVMGBER9I�t
β
b
α
�*MGI�IED�l%kjMGUVDJI ZGI�I�DJ¤jgV��#�R9I/R%¤jk�KeR�³

eCT�KN�GD#DWl9DJTa®�gVT�KED�R9¤jk�KeR¯�¯R%¤jkmZdkmTYMGUVDpR�I�RskjTVkml%k¬MpgVZdM�TVD��JD©� � � �j~SUVR�k�KeR9BeMG��#�R9I%bVM�¦JDJBeM
l9DJZ gVZ l9DJTa®�gVT�KEDÂBER9UVgV«9kjUVD UVR�FYMGBER9I©t

β
b
α
�v³ eCI�IeM B�R%UVgh�n�GD UVR�MGl%DJT�KER%l%R�l%DJT�KEkjT£gYMa»

Z�R%T�KER�M�KE��¢£gVR�IERQlNfVR%¦GgVR¹MGD�T�bVZ�R%B�DWZ �aË�kjZ�D,UVRQkmKER%BeM��$#�R%I�o¹P/qsrhA�³�q kjUV�9k¬M,�Q¢£gVR�TYMGI
FhBEkjZ�R%kmBeMGI,kmKER%BeM��$#�R%IWD MG¤m¦JDJBEk�KeZ�D�RÆË�FV¤jDJB�R-gVZ R9IEFYM��%D Z@MGkmDJB�UhD gVTVkm�GR%B�IED UVR-IEDJ¤mgV�$#�R%I
MaKeBeMn�G�%I¾UVD,ghIEDpUVR�KeD�UVDJI¥DJI¥FYMGB�R%I¥UVR/�GM�¤jDJB�R%ISt

β
b
α
�CR/¢£gVR�� MG�%MpgVZdMsIER9¤jR%�%�GDpUYMGI¥BER9¦Jk #�R%I

FhBEDJZ�kjI�IEDJBEMGI¥UVDWR%I�FYMG�9DWUVRS¨VgVIEl%M�MGDp¤jDJTV¦GD,UVRQIEgYMpRvË�R%l9gV�n��D#M�KeBEM��G�%I*UhD�gVI�D�UVDJI¾��MG¤jDJB�R%I
t
β
b
α
�*MGI�IED�l%kjMGUVDJI ZGI�I�DJ¤jgV��#�R9I/R%¤jk�KeR�UhRpl%MGUYM#l%kml%¤jD�UhRpk�KeR9BeMG��#�R9I%³

0 l%B�kmKE�%BEkmD�UVRQFYMGBEMGUYM�FYM�BeMpKED�UVMGI*MGI¾�JR9BEI/#�R%I*�ªDGkHD,T�bhZdR9BEDWUVR¯kmKeR9BeMG��#�R9I�km¦JgYMG¤OMa,
*C*h³
qQI��JR%B�I/#�R%ISIe�GDdMGI/IER9¦JgVkmT£KER%I9¡

,J³ �������E � ¡posBeMGI�F l9DJZ Ç ¤�KeBEDh³�rh�GD�¦JR%BEMGUYMGI : *ÊIEDJ¤mgV�$#�R%I¹FYM�BeMÊlnMGUYMÊFYMGB¹UVR���Ma»
¤jDJB�R%I#t

β
b
α
�/UVgVBEMGT�KeR�gVZdM@kmKER%BEMG�n�GDh³30sI¯l%kjl9¤jDJIQUVRWk�KeR%BEMG�n��D1R�DJI�FYM�BER%I¯UVRW��MG¤jDJB�R%I

t
β
b
α
�/ghIeMGUVDGI¯Ie��D@DJIQIER%¦GgVkjT�KeR9I%¡ � ��� 
84 � ¡*k�KeR9BeMG��#�R9I ,WM ,�*hbÁgVIEMGTVUVD@KED�UhDJI¯FYM�BER%I

�ªDJBEZdMGUVDJI¶FHR9¤¬MGI¥l%DGZW¨VkjTVMG�$#�R%ICUVDGI¥��MG¤mDJBER9ISt
β
b
α
�Æb�IER9TVUVD�¢£gVR/DJIC��MG¤mDJBER9ICZ �aË�kmZdD�R

ZdimTVkjZ�D,FVMGBeMWDJI�Z�R%I�ZdDGI*Ie�GD#UVR\*�³ ]WR\*h³ O bVB�R%I�FHR9l9Kek���MGZdR9T�KeRG³ � ��� 
84�� ¡CkmKER%BEMG�$#�R%I
,C,�M2) *�bYgVIeMGThUVD@DJI : *#Z�R%¤jfhDJBER9I�FYMGBER9IQUhRp��MG¤mDJBER9Ipt

β
b
α
�*MGIEI�D�l9k¬MGUhDJISMGDdl9DJTa®�gVT�KED

UVR�I�DJ¤jgV��#�R9I¯R9¤jkmKER¹DJ¨hKekmUVD@FOR%¤mD@l9kjl%¤mD@M�T£KER%B�kjDJBSDJg�KED�UhDJI¯DJIQFYMGB�R%I¯UhR,��MG¤jDGBER%I�t
β
b
α
�
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MGIEI�D�l9k¬MGUVDGIAZ�IpI�DJ¤jgh�$#�R%IpUVD�l9DJTa®�gVT�KED�R%¤mkmKER�lnMGI�D�I�R ®EMGZ>Z�R%TVDGIp¢£gVR : *h³ � � � 
 4 � ¡
kmKeR9BeMG��#�R9I<)6,pM�_ *hbYgVIeM�TVUVD�DJI\,�*�Z�R%¤mfVDJB�R%I�FYMGB�R%ISUVRs��MG¤jDJB�R%Ipt

β
b
α
�*M�IEIED�l%kjMGUVDJISMGD

l%DJTa®�ghT£KED¯UVR¾IEDG¤jgV��#�R9I3R9¤jkmKER¥DJ¨hKekmUVD/FHR9¤jDSl%kml%¤jDSMGT�KER%BEkmDJB7DJg,KED�UhDJI7DJI3FVMGBER9I¶UVR¥��MG¤jDJB�R%I
t
β
b
α
�·MGIEI�D�l9k¬MGUhDJI ZGICIEDG¤jgV��#�R9I¾UhDpl9DJTa®�gVT�KED,R9¤jkmKER*lnM�IEDpIER ®EM�Z ZdR9TVDJI¥¢£gVR\,�*h³ � ��� 
 4

� ¡QkmKER%BeM��$#�R%I¹_X,#M O )�b5gVIeM�TVUVDÊDJI3)@Z�R%¤jfhDJBER9I�FYMGB�R%IsUVRW��MG¤mDJBER9I#t
β
b
α
�¯MGI�IED�l%kjMGUVDJI

MGD�l9DJTa®�gVT�KED�UVR�IEDJ¤mgV�$#�R%IpR%¤mkmKER�DJ¨hKekmUVD�FHR9¤jDÊl%kml%¤jD�MGT�KER%BEkmDJB¹DJg KED�UhDJI¹DJI,FVMGBER9I,UVR
�GM�¤jDJB�R%Idt

β
b
α
�sMGIEI�D�l9k¬MGUhDJI Z�I,I�DJ¤jgV��#�R9I,UhD�l9DJTa®�gVT�KeD�R%¤jk�KeR�l%MGIED�IER ®EM�Z\Z�R%ThDJI¹¢�ghR

)�³ � ��� 
84 � ¡�kmKER%BEMG�$#�R%I O H M ,
*C*hb5gVIEMGTVUVDÊDJI : Z�R%¤mfVDJB�R%IsFYMGB�R%IsUVRW��MG¤mDJBER9I#t
β
b
α
�

MGIEI�D�l9k¬MGUVDGIdM�D l9DJTa®�gVT�KED UVRÊI�DJ¤jgV��#�R9I#R%¤jk�KeR-DJ¨�KekjUhD FOR%¤mD l%kml%¤jD MGT�KER%BEkmDJB�DJg�KeD�UVDJI
DJI�FYMGB�R%IsUVRW��MG¤mDJBER9I#t

β
b
α
�SMGIEI�D�l9k¬MGUVDGI ZGI�I�DJ¤jgV��#�R9IsUVD-l%DGTa®�gVT�KeD-R9¤jkmKER�l%MGIEDÊIER½®EMGZ

ZdR9TVDJI/¢£gVR : ³¾q�D Ç TYM�¤�UVRsKeD�UVD#l%kjl9¤jD#UVR¹kmKER%BEMG�$#�R%I/DJIS]�FVBED�l%R9UVkjZ�R%T�KEDJI/UVR¹¨VgVIEl%M
¤jD�lnMG¤HIe�GDdMGFV¤mkjlnM�UVDJI�MG¤�KeR9BETYMGUVMGZdR9T�KeRsIEDG¨VBERpMGI/IEDG¤jgV��#�R9I�R%¤jk�KeR�³

: ³ �������E � ¡posBeMGI�F l9DJZ Ç ¤�KeBEDh³�rh�GD�¦JR%BEMGUYMGI : *ÊIEDJ¤mgV�$#�R%I¹FYM�BeMÊlnMGUYMÊFYMGB¹UVR���Ma»
¤jDJB�R%I#t

β
b
α
�/UVgVBEMGT�KeR�gVZdM@kmKER%BEMG�n�GDh³30sI¯l%kjl9¤jDJIQUVRWk�KeR%BEMG�n��D1R�DJI�FYM�BER%I¯UVRW��MG¤jDJB�R%I

t
β
b
α
�/ghIeMGUVDGI¯Ie��D@DJIQIER%¦GgVkjT�KeR9I%¡ � ��� 
84 � ¡*k�KeR9BeMG��#�R9I ,WM ,�*hbÁgVIEMGTVUVD@KED�UhDJI¯FYM�BER%I

�ªDJBEZdMGUVDJI¶FHR9¤¬MGI¥l%DGZW¨VkjTVMG�$#�R%ICUVDGI¥��MG¤mDJBER9ISt
β
b
α
�Æb�IER9TVUVD�¢£gVR/DJIC��MG¤mDJBER9ICZ �aË�kmZdD�R

ZdimTVkjZ�D,FVMGBeMWDJI�Z�R%I�ZdDGI*Ie�GD#UVR\*�³ ]WR\*h³ O bVB�R%I�FHR9l9Kek���MGZdR9T�KeRG³ � ��� 
84�� ¡CkmKER%BEMG�$#�R%I
,C,�M H *�bYgVIeMGThUVD@DJI\, )�Z�R%¤jfhDJBER9I�FYMGBER9IQUhRp��MG¤mDJBER9Ipt

β
b
α
�*MGIEI�D�l9k¬MGUhDJISMGDdl9DJTa®�gVT�KED

UVR�I�DJ¤jgV��#�R9I¯R9¤jkmKER¹DJ¨hKekmUVD@FOR%¤mD@l9kjl%¤mD@M�T£KER%B�kjDJBSDJg�KED�UhDJI¯DJIQFYMGB�R%I¯UhR,��MG¤jDGBER%I�t
β
b
α
�

MGIEI�D�l9k¬MGUVDGIAZ�IpI�DJ¤jgh�$#�R%IpUVD�l9DJTa®�gVT�KED�R%¤mkmKER�lnMGI�D�I�R ®EMGZ>Z�R%TVDGIp¢£gVR , )�³ � � � 
 4 � ¡
kmKeR9BeMG��#�R9I H ,#M O *hb gVIeMGThUVDÊDJI\)1ZdR9¤jfVDGBER%I¯FYMGBER9IsUVRW��MG¤jDGBER%I�t

β
b
α
�¯MGI�IED�l%k¬M�UVDJIsMGD

l%DJTa®�ghT£KED¯UVR¾IEDG¤jgV��#�R9I3R9¤jkmKER¥DJ¨hKekmUVD/FHR9¤jDSl%kml%¤jDSMGT�KER%BEkmDJB7DJg,KED�UhDJI7DJI3FVMGBER9I¶UVR¥��MG¤jDJB�R%I
t
β
b
α
�°MGI�IED�l%k¬M�UVDJI ZGI�I�DJ¤jgh�$#�R%I�UVD#l%DGTa®�gVT�KeD#R%¤mkmKER�lnMGI�D#IER ®EM�ZÉZ�R%TVDJI�¢£gVR3)�³ � ��� 
 4

� ¡¾kmKER%BEMG�$#�R%I O ,,M],�*C*hbVghIeMGTVUhD@DJI : ZdR9¤jfVDJB�R%I/FYMGB�R%I/UVR¹��MG¤jDJB�R%Ipt
β
b
α
��MGI�IED�l%kjMGUVDJI

MGD�l9DJTa®�gVT�KED�UVR�IEDJ¤mgV�$#�R%IpR%¤mkmKER�DJ¨hKekmUVD�FHR9¤jDÊl%kml%¤jD�MGT�KER%BEkmDJB¹DJg KED�UhDJI¹DJI,FVMGBER9I,UVR
�GM�¤jDJB�R%Idt

β
b
α
�sMGIEI�D�l9k¬MGUhDJI Z�I,I�DJ¤jgV��#�R9I,UhD�l9DJTa®�gVT�KeD�R%¤jk�KeR�l%MGIED�IER ®EM�Z\Z�R%ThDJI¹¢�ghR

: ³¹q�D Ç TYMG¤3UVRWKeD�UVD1l9kjl%¤mD1UVRWk�KeR9BeMG��#�R9I�D-FVBED�l%R9IEI�D�UhRW¨VgVI�lnM-¤jD�lnMG¤���kjU �%T�Kekml%D-MGD
MGFVBER9IER9T£KeMGUVDdTYMW�JR%B�Ie�GD1opP/qsr�A ,G³

]h³ �������E � ¡@o¹BEMGIEFÂl%DJZ Ç ¤mKEBED©l9ga®�DJIWFYM�Bd.GZ�R9KEBEDJIWIE�GD DJIWZ�R%I�ZdDGIWghKekm¤jkm«nMGUVDGIpTVM
�JR%B�Ie�GDÂo¹PSq�rhA : bCZ@M�I�IEDJZ�R%T�KeR-D FhBEkjZ�R%kmBED�ZdD�UVR%¤mD©UVR-¨VghIElnM ¤jD�lnM�¤��ÊMGFh¤jkjl%MGUVD
TYMGI/IEDJ¤mgV�$#�R%I/UVD#l9DJTa®�gVT�KeD�R%¤mkmKERG³
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'V³ �������E � ¡@o¹BEMGIEFÂl%DJZ Ç ¤mKEBED©l9ga®�DJIWFYM�Bd.GZ�R9KEBEDJIWIE�GD DJIWZ�R%I�ZdDGIWghKekm¤jkm«nMGUVDGIpTVM
�JR%B�Ie�GDWopP/qsr�A : b�Z@MGI¥I�DJZdR9T�KeR/D,I�R%¦JghTVUVDpZdD�UVR%¤mDsUVRS¨VgVIEl%Mp¤mD�l%MG¤V�SMGFV¤mkjl%MGUVDsTYMGI
IEDJ¤mgV�$#�R%I/UVD#l%DGTa®�gVT�KeD�R%¤mkmKeR�³

)�³ �������E � ¡@o¹BEMGIEFÂl%DJZ Ç ¤mKEBED©l9ga®�DJIWFYM�Bd.GZ�R9KEBEDJIWIE�GD DJIWZ�R%I�ZdDGIWghKekm¤jkm«nMGUVDGIpTVM
�JR%B�Ie�GD�o¹P/qsrhA : b�Z@M�I�I�DJZdR9T�KeR¯D,KeR%B�l%R9kjBED,ZdD�UVR9¤jDpUVR¯¨VghIElnMW¤mD�l%MG¤Y��M�FV¤jkmlnMGUVDpTYMGI
IEDJ¤mgV�$#�R%I/UVD#l%DGTa®�gVT�KeD�R%¤mkmKeR�³

H ³ �������E � ¡¶o¹BEMGIEF�I�R%Z Ç ¤mKeB�DV³�q lnMGUYMsk�KeR%BEMG�n��D�Ie�GD¹¦JR9BeMGUVMGICIEDJZ�R%T�KER : *�IEDJ¤mgV�$#�R%I
ghKekm¤jkj«%MGTVUVDs��MG¤mDJBER9I�t

β
b
α
�·R9IEl%DG¤jfVkmUVDJI¾BeMGTVUhDJZdkmlnMGZ�R%T�KERSRSKeD�UYM�MpIEDJ¤mgV�n��D��SIEgV¨VZ�Rv»

KekjUVM�MGD�FVBEkmZdR9kjBEDÊZ�D�UhR%¤jD�UVRd¨VgVIEl%M©¤jD�lnMG¤´³Êµ¯�GD��@¦JR9BeMGUhD©l%DJT¸®�gVT�KeD©UVRdIEDJ¤mgV�$#�R%I
R%¤jk�KeR�³

J ³ �������E T" ¡¶o¹BEMGIEF�I�R%Z Ç ¤mKeB�DV³�q lnMGUYMsk�KeR%BEMG�n��D�Ie�GD¹¦JR9BeMGUVMGICIEDJZ�R%T�KER : *�IEDJ¤mgV�$#�R%I
ghKekm¤jkj«%MGTVUVDs��MG¤mDJBER9I�t

β
b
α
�·R9IEl%DG¤jfVkmUVDJI¾BeMGTVUhDJZdkmlnMGZ�R%T�KERSRSKeD�UYM�MpIEDJ¤mgV�n��D��SIEgV¨VZ�Rv»

KekjUVM©MGD©I�R%¦JgVThUVD ZdD�UVR%¤mD�UVR@¨VgVIEl%M ¤jD�lnMG¤´³©µ¯��D �1¦JR%BEMGUVD l9DJTa®�gVT�KeD UhR1IEDJ¤mgV�$#�R%I
R%¤jk�KeR�³

_h³ �������E � ¡¶o¹BEMGIEF�I�R%Z Ç ¤mKeB�DV³�q lnMGUYMsk�KeR%BEMG�n��D�Ie�GD¹¦JR9BeMGUVMGICIEDJZ�R%T�KER : *�IEDJ¤mgV�$#�R%I
ghKekm¤jkj«%MGTVUVDs��MG¤mDJBER9I�t

β
b
α
�·R9IEl%DG¤jfVkmUVDJI¾BeMGTVUhDJZdkmlnMGZ�R%T�KERSRSKeD�UYM�MpIEDJ¤mgV�n��D��SIEgV¨VZ�Rv»

KekjUVM MGD KeR%B�l%R9kjBED Z�D�UhR%¤jD UhR�¨hgVIEl%M ¤mD�l%MG¤c³Âµ¯�GD �Ê¦JR%BEMGUVD l%DGTa®�gVT�KeD UVRÊIEDJ¤mgV�$#�R%I
R%¤jk�KeR�³

O ³ �������E � ¡�o¹BEMGIEF IER9Z Ç ¤mKEBEDV³dq¼l%MGUYM�k�KeR9BeMG�%�GDÊIe�GD�¦JR%BEMGUYMGIpIEDJZ�R%T�KER : *ÊIEDG¤jg�»
�$#�R%I¥ghKekm¤jkm«nMGTVUhD¯��MG¤jDJB�R%I/t

β
b
α
�¶R%IEl9DJ¤jfhkjUVDJICBEMGTVUVDGZdkmlnMGZ�R%T�KeR°R�TY�GD¹f��pMGFV¤jkmlnMG�%�GD�UVR

TVR%TVf£gVZ�FhBED�l%R%UhkjZ�R%T�KeD#UVR¹¨VgVI�lnM#¤jD�lnMG¤´³

qÉKeMG¨OR%¤¬M H ³ J MGFVB�R%I�R%T�KNM R%Z�l%MGUYM©l%DG¤jgVTYM�MGI�Z�R%¤mfVDJB�R%I�I�DJ¤jgh�$#�R%I�DG¨hKekmUYMGI�FODJBplnMGUVM
�GR%B�Ie�GDÊUYM1Z�R9KeMGfVR%ghBEijILKekmlnM1o¹P/qsrhA�b IER9TVUVDÊ¢£gVR�DJI¯KEkmKEgV¤jDJIQUYMGI�l9DJ¤jghTYMGI¯KER%Z D-IER%¦GgVkjT�KeR
I�kj¦JThk Ç l%MGUVDV¡ =W»�kmTVI�Kd.GTVl9k¬MGI9bSoT,�»#opP/qsr�A ,GbSo : »#opP/qsr�A : b¯o¹] »#opP/qsrhA¥]hbSo ' »
o¹P/qsrhAS'Vb°oA)�»�o¹PSq�rhA )�b°o H »�o¹PSq�rhA H b*o J »�opP/qsr�A J b*o¹_�»�opP/qsrhA¥_ R�o O »
o¹P/qsrhA O ³�0�IW�GM�¤jDJB�R%IWR9Z TVR9¦JBEk�KeD BER9FVBER9IER9T£KeMGZ M Z�R%¤jfhDJB�I�DJ¤jgV�%�GD MG¤mlnMGTh�nMGUYM©UhR%T�KeB�R
KED�UVMGI/MGI*�JR9BEI #�R9I�o¹PSq�rhA R¹MUbV¤�KekmZ@M�l9DJ¤jghTYMWBER9FVBER9IER%T�KeMdD�FOR%BEl9R%T�KegVMG¤7UVRsZdR9¤jfVDGBEk¬M,R%Z
B�R%¤jMG�n�GD�Z�Z�R%¤mfVDJBsI�DJ¤jgV�%�GD�UYM�¤mkmKeR9BeM�KEgVBeM t ®���l9DJTVIEkmUVR%BEMGTVUVD�DJIpZdR9¤jfVDJB�R%IpBER9IEgV¤�KNMGUVDGIpUhD
q e�MG¢£gVk�FVB�DJFODJI�KED£�v³
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� � / � ) � � � 1 � + � � � � � ! � . �x�'� ���*�X�
� �"��� �*! ����� �"! ����� �"! ����� �"! ����� �"! ����� �"! ���#� �"! ���#� �"! �"��� �*! \%$
5 �*(�� !�� �"(�� !*� �"(�� !*� �"(�� !*� �"(�� !*� �"(�� !*� �"(#� !*� �"(#� !*� �*(�� !�� n.�3\'& C74%$
D �".�� +". ��.��,+�. ��.��,+�. ��.��,+�. ��.��,+�. ��.��,+�. ��.#� +�. ��.#� +�. �".�� +". \%$
C �"��� .�) ����� .*) ����� .*) ����� .*) ����� .*) ����� .*) ���#� .*) ���#� .*) �"��� .�) \%$
8 +"���3/'� +����0/-� +����0/-� +����0/-� +����0/-� +����0/-� +��#�3/-� +��#�3/-� +"���3/'� \%$
L �"(�� ��� ��(�� �*� ��(�� �*� ��(�� �*� ��(�� �*� ��(�� �*� ��(#� �*� ��(#� �*� �"(�� ��� \%$
; �*!�� )". �"!��,)�. �"!��,)�. �"!��,)�. �"!��,)�. �"!��,)�. �"!#� )�. �"!#� )�. �*!�� )". \%$
4 +"!�� �*) 8+4'& D+D 8+4'& D+D 8$C	& ;XC 8$C	& ;XC +�!��,�") 8+4'& D+D 8$C	& ;XC 8$C	& ;XC \%$
2 !�+�� )*+ !*+��,)"+ !*+��,)"+ !*+��,)"+ !*+��,)"+ !*+��,)"+ !*+�� )"+ !*+�� )"+ !�+�� )*+ \%$
�3\ �"(�� +". ��(��,+�. ��(��,+�. ��(��,+�. ��(��,+�. ��(��,+�. ��(#� +�. ��(#� +�. �"(�� +". \%$
�+� .�)�� (*( .*)�� ("( .*)�� ("( .*)�� ("( .*)�� ("( .*)�� ("( .*)�� ("( .*)�� ("( .�)�� (*( \%$
�35 ����� ��+ �*��� �*+ �*��� �*+ �*��� �*+ �*��� �*+ �*��� �*+ �*��� �*+ �*��� �*+ ����� ��+ npD'&��3L%$
�3D �*.�� �*� �".�� �"� �".�� �"� �".�� �"� �".�� �"� �".�� �"� �".#� �"� �".#� �"� �*.�� �*� \%$
��C C74'& ;$5 C72'& 8$C C72'& L+\ C74'& ;$5 C74'& ;$5 +�/"� ."� 8+\'& \+\ C74'&��34 C74'& 5@� \%$
�38 ����� !*� �*��� !"� �*��� !"� �*��� !"� �*��� !"� �*��� !"� �*��� !"� �*��� !"� ����� !*� \%$
�3L +�1#� !*� +	1#� !"� +	1#� !"� +	1#� !"� +	1#� !"� +	1#� !"� +	1 � !"� +	1 � !"� +�1#� !*� \%$
��; �*+�� ��/ �"+��,��/ �"+��,��/ �"+��,��/ �"+��,��/ �"+��,��/ �"+�� ��/ �"+�� ��/ �*+�� ��/ \%$
�34 8@�2& ;$2 8@�2& D+8 8+5'& 5@� 8@�2& L$C 8@�2& D+8 +	1#� 1*� 8@�2& D+D 8@�2&��34 8+\'& 47; \%$
�32 C75'& ;XC C75'& ;XC C75'& 8$C C75'& ;$L C!�2& 5+5 1�)�� ."� 1�)�� ."� 1#/*� �*+ C7\'& L7; \%$
5+\ 1�.�� ��+ 1*.�� �*+ 1*.�� �*+ 1*.�� �*+ C�;-& 4+2 1*.�� �*+ 1*.#� �*+ C7L'& 4@� C7L'& 8+D \%$
5@� ;$L'&���C ;$L'&���C ;$L'&���C ;$L'&���C ;$L'&���C �����,)") ;$L'&���C ;$L'&���C ;$L'&���C \%$
5+5 +"!�� (*� +�!�� ("� +�!�� ("� 87;-& C�; 87;-& ;B� +�!�� ("� 87;-& 4$C 8+L'& L+4 8+L'& 2+\ \%$
5+D /'("(�� ("( /'("(�� ("( /-("(�� ("( /-("(�� ("( /-("(�� ("( /-("(#� ("( /-("(#� ("( /-(*(�� (*( /-(*(�� (*( \%$
5$C !�+��3/*/ !*+��0/"/ !*+��0/"/ !*+��0/"/ !*+��0/"/ !*+��0/"/ !*+��3/"/ !*+��3/"/ !�+��3/*/ \%$
5+8 �"��� +�/ �����,+�/ �����,+�/ �����,+�/ ;$5'& D+\ �����,+�/ ���#� +�/ ;$5'& D+\ ;$5'& D+\ \%$
5+L 8@�2& L+L 8@�2& 8+\ 8@�2& L+L 8@�2& 8+\ C�;-& 8+2 +�/"� .*� 8@�2& 8+2 C7L'& D$C C72'& \+D \%$
57; C7L'&��38 C7L'& D$C C7L'& ;$8 C7L'&��38 C78'& D$C 1���� ("� C7L'&��38 C+C	& \+4 C+C	& 47; \%$
5+4 1*1#� !�� 1"1#� !*� 1"1#� !*� C+C	& 8+2 C+C	& 8+2 1"1#� !*� C+C	& 8+4 C+C	& \+\ C+C	& \+\ \%$
5+2 +�1#� )*� +	1#�,)"� +	1#�,)"� 8@�2& L7; 8+\'& D+4 +	1#�,)"� 8+5'& 87; C74'& 5+L C74'& 4$C \%$
D+\ C7\'& \+\ C7\'& 8+L C7\'& L+L D+2'& 4$C C7\'& 2@� 1*��� 1*( C7D'& 5+\ D+4'& ;$5 D+4'& 87; np5'& ;$D%$
D@� 87;-& 4+2 87;-& 4+2 87;-& 4+2 87;-& 4+2 87;-& 4+2 +�!�� 1*! 87;-& 4+2 87;-& D@� 87;-& 4+2 \'& 8+4%$
D+5 8+8'& L+5 8+8'& 47; 8+4'& 5$C 8+8'& 4+\ 8+8'& 4+\ +�.�� �"� 87;-& ;$8 8$C	&���C 8+8'& \+\ \%$
D+D +"(�� +�/ +�(��,+�/ +�(��,+�/ +�(��,+�/ 8+\'& 5+8 +�(��,+�/ +�(#� +�/ C74'& ;XC C74'& ;XC \%$
D$C D+L'& 4+L D+L'& \+\ D+8'& 87; D+8'& ;$L D+L'&���; D7;-& 57; �*��� ��� D+D'& 4+2 D$C	& 8+5 n.�+�2& 8+2%$
D+8 8+L'& C75 8+L'& C75 8+L'& C75 8+L'& D+L 8$C	& D7; +���� 1�) 8+L'& D+L 8$C	& \+2 8@�2& ;XC ni�2& 2+8%$
D+L !"1#� (*� !�1#� ("� !�1#� ("� !�1#� ("� !�1#� ("� !�1#� ("� !�1 � ("� !�1 � ("� !"1#� (*� \%$

�3MG¨OR%¤jM H ³ J ¡·P/R%I�gV¤mKeMGUVDJI�FYMGBEM�MGI O �JR9BEI/#�R%I°UYM,Z�R9KeMGfVR%ghBEijILKekmlnMWo¹P/qsrhA kmZdFV¤mR%Z�R%T�KNM�UYMGI

qQTYMG¤jkmIeMGThUVD-MGI�KeMG¨HR9¤¬MGI H ³ J R H ³^_1FHD�UVR%Z�DJI�l9DJTVILKNM�KeMGB�¢£gVR#MGI��GR%BEI #�R9I¹UYM1ZdRvKNMGfhR%g�»
B�ijILKekjl%M1o¹PSq�rhA l%DJZ Ç ¤mKEBED t��JR9BEI/#�R%IpoU,�M-o3)J�/TY�GD1KeBEMG«%R9Z ��MGT�KeMG¦JR%ThI�l%DJZ<BER9¤¬MG�%�GD�ZGI
DGghKeBEMGIs�JR%B�I/#�R%I9b3KeR9TVUVD�R%Z
��kjILKNM-¢£gVR�TVR%TVf£gVZdMÊUVR%ILKNMGI¹�JR9BEI/#�R%Ip�ªDJk¥M-¢£gVRdlNfhR%¦JDJg Z@M�kjI
�ªB�R%¢£gVR9T£KER%Z�R%T�KeR Z�IdZ�R%¤mfVDJBER9IdI�DJ¤jgh�$#�R%I@R�MG¤m�%Z UVkmIEIED IER9g�KeR%Z�FOD UVR�RvË�R%l9gV�n��D ��¨OR%Z
ZdMGkmDJB�¢£gVR�DdUYMGISDJghKeBEMGI/�JR%B�I/#�R%I#tªIeMG¤��JD�gVZdMdRvË�l9R%�n��DVb M�kjTVILK .GThl%k¬M�] )J�ÆbÁUVR9��kjUhD1MGD#� M�KeD
UhRpI�R%B�R%Z�¦JR9BeMGUYM�ISZdMGkmI*IEDJ¤mgV�$#�R%I�FODJB/kmKER%BEMG�n�GDh³

À°DJZ�D1TYM�I¯�JR9BEI/#�R%Isl9DJZ Ç ¤mKEBED1Md¨VgVIEl%M1¤jD�lnMG¤��WM�FV¤jkmlnMGUYM�IEDJZ�R%T�KERWIEDJ¨hBERWD1l9DJTa®�gVT�KED
UhRSI�DJ¤jgh�$#�R%I¥R%¤mkmKeR�¦GR%BeM�UVD¹FHR9¤¬M�� MGIER/UVRSl%DGTVI�KEBEgV�%�GDVb£DJ¨VI�R%B���Ma»ÅIERS¢£gVRSM,MGFh¤jkjl%MG�n��DsUYMs¨VgVIEl%M
¤mD�l%MG¤�IEDJ¨VB�R°KNM�kjI¶I�DJ¤jgh�$#�R%I¶�°kjTVR Ç lnMG«°FHDJkmI·M¯�GR%BEIE�GDs¢£gVR�gVIEM�IEDJZ�R%T�KeR*M¯� MGIER*UhR*l%DJThI�KeB�gV�n��D
t´o O ��FHDGB*IEk�I�±�l9DJTVI�R%¦JgVR¹DJ¨�KeR%B�DGI�ZdR9¤jfVDJB�R%I*B�R%I�gV¤mKeMGUVDJI�R9Z , J kjThI�K .�TVl%kjMGI¹t kmTVI�Kd.GTVl9k¬MGI ,
M J b O MT,�]hb , )¹MT, J b : ]hb : 'pR¯] H �·RSFVMGBeM,MGI¥kjTVILK .GTVl9k¬MGI¥R9Z ¢�ghRso O TV�GD,l9DJTVI�R%¦JgVkmg@DJ¨�KeR%B
M�ZdR9¤jfVDJBpIEDG¤jgV�%�GD�t , O kjTVILK .GThl%k¬M�IN�vb¶MGI��GR%BEI #�R9I�l%DJZ Ç ¤�KeBED�l%DJThIER%¦GgVR%Z DJ¨hKeR9B�M�Z�R%¤mfVDJB
I�DJ¤jgh�n�GDpR%Z­MGFOR%TVMGI H t kmTVI�Kd.GTVl9k¬MGI¾_hb :C: b : )�b : _hb : O RQ]J]��Æ³·A�DJB�KeMGT�KeDWM¹¨VgVI�lnM�¤mD�l%MG¤VUVRv�JR9B



��� � �����
� 
 ��	�5�49�T5�	�7 ���
	��
������������� �C	 �������E � � �

� � / � ) � � � 1 � + � � � � � ! � .
� \'& D+5 \'& D$C \'& D+5 \'& D+5 \'& D+5 \'& \7; \'& \+L \'& \7; (�� (�1
5 \'& C7\ \'& C72 \'& C7D \'& C�; \'& C7D \'& \+4 \'& \+4 \'& \+2 (�� (�1
D �2& 8$C �2& D+\ �2& 5+4 �2& D+\ �2& 5+2 \'&��32 \'& D+L \'&��38 (�� (".
C \'& 2+L \'& 4$C \'& 4$C \'& 4+8 \'& 4$C \'&��3\ \'&��3\ \'&��3\ (�� ("�
8 �2& L+4 �2& C!� �2& C75 �2& C75 �2& C+C \'&���; \'&��34 \'&��3D (��0/-(
L �2&���C �2& \+L �2&��3L �2&��3L �2&��34 \'&��38 \'&��3L \'&��35 (�� ("!
; �2& 2+D �2& L@� �2& L$C �2& L+8 �2& L7; \'& 5@� \'& 5+5 \'&���; (��0/"/
4 D'& ;$8 D'&��3L D'&���C D'&��34 D'& 5+\ \'& C+C \'& 8+2 �2& D+D (��,)")
2 D'&��3D 5'& L+4 5'& L+2 5'& ;$5 5'& L+2 \'& D+5 \'& D+5 \'& 5+L (��0/-.
�3\ D'& L+5 D'&���; D'& \+8 D'&��+� D'& \+4 \'& D+L \'& C!� \'& 5$C (��,)")
�+� 5'& L@� 5'& ;$D 5'& 2+L 5'& 4+4 5'& 2+2 \'& C75 \'& L+L (#� )"+ (��,)"+
�35 2'&��38 ;-& L$C ;-& ;$\ ;-& 2+\ ;-& ;+; �2& \7; �2&��32 \'& L+2 (��,+"+
�3D 2'& ;$8 4'& 5@� 4'&��35 4'& 5+D 4'& 57; �2&���C �2& 5+5 \'& ;$D (��,+�!
��C �3L'& L+5 �38'& L@� ��C	& C78 �38'& 2+4 �3L'& C!� 5'& D+2 D'& C7D 5'& 5$C /"� 1"1
�38 �38'& 5+5 �35'& L+5 �35'& 4+L �3D'& \+4 �35'& 4+8 5'&��32 5'& 8+5 �2& ;$\ (�� .�1
�3L 5+D'& L+5 5+\'& ;+; 5+\'& ;$D 5@�2& \+L 5+\'& 47; D'& \$C C	& 5+8 5'& D+\ /"�,+��
��; 57;-& C!� 5+D'&��38 5+5'& L+L 5+D'& D7; 5+D'& 8+2 D'& 8+5 ;-& 57; 5'& C�; /"�,+�.
�34 8+D'& 57; C�;-& 5+4 C78'&��3D 8+\'& C7D C+C	& 4+L L'& \+2 C	&���; �3D'& D+5 1#� �"!
�32 C7\'&��34 D$C	& 57; D+D'& ;$L D+D'& L+4 D+8'& C72 D'& 8+2 C	& L+5 8'&��3D )�� ."!
5+\ C�;-& \7; D+2'& C72 D+2'&���C D+4'& 8+5 D+4'& 2+2 C	& D+\ C	& 2+4 8'& 8+D ���,)�(
5@� 5+L'& L+D 5+5'& C7D 5+5'& C74 5+5'& 4+4 5+D'& 5+L D'&��3L C	& 8@� 5'& 57; /"�,+�.
5+5 D@�2& L+L 5+L'& 8+5 5+L'& 4+2 5+L'& ;$4 5+L'& C72 C	& \7; 8'& ;$5 8'& C!� )�� (".
5+D 8$C	& 8@� C78'& 4+8 C7L'& C+C C7L'& 5+2 C7L'& C7\ D'& C74 5'& 2+8 )�� +�� D'&��38
5$C 8$C	& 2+L C7L'& ;$2 C�;-& C!� C7L'& 4+D C�;-& L+4 C	& L$C �3D'& 5+2 �#� ("� D'& C78
5+8 L+8'& 4+L 87;-&��34 8+L'& L+L 8+8'& 2+\ 8+L'& 8+4 L'& D+2 ;-& D+8 ;-& C74 1#� �*)
5+L L+5'& L+8 L+\'& 8@� L+\'& D+8 87;-&��+� L+\'& 5+\ 2'& 5+5 �3\'& D$C �35'& L+5 +��,+��
57; C74'& D+L C75'& L@� C7L'& ;$\ C78'& \7; C!�2& 47; ;-&��38 2'& D+D 2'& 4+D 1#� .*)
5+4 D+5'&��35 D$C	& L+5 D+L'& 8@� D$C	& 4+D D7;-& D+2 8'& 8+8 2'& 8+8 ;-& 8+8 ���,�"+
5+2 �+�3L'& D+2 �3\+5'&��35 2+2'& C!� �3\+5'& 4+D 27;-& ;+; 4'& 4+D �3D'& \+2 D+5'& \@� !�� �"(
D+\ C�;B�2& \@� C72$C	&��3\ C�;$2'& 5+4 C74@�2& 2+\ C78+4'& ;$5 �+�3D'& D+4 8+5'& L$C �3\7;-& 27; �*+��,)")
D@� ��;+;-& C!� ��;$2'& L@� ��;$5'& 5+5 ��;$L'& 2+\ ��;$\'&���C 5+4'& 2+2 5@�2& 5+L 5+L'& ;$4 /-��� !*)
D+5 �35$C	& C75 �+�3D'& D+\ �+�34'& ;$D �+��C	& 8+\ �+��C	& C78 �3L'& ;$4 �34'& 4+4 D+2'& 5$C /-(�� �"�
D+D �3\@�2& 4+\ ;$4'& 5+D 2@�2&��3D �3\@�2& D7; 2+4'& 47; �38'& 8+D �32'& ;XC ��;-& ;$4 /"/"�0/-(
D$C L+\+4'& 5+\ L@�38'& 8+L L+5+5'& \7; L@�32'& L$C 8+2+8'& 5+8 �+�38'& 4+\ �3\$C	& L+D �3L+L'& C7D .�/"� ("�
D+8 �3\+2+D'& D@� 47;$2'& ;$L 2+\$C	& 8+\ 4+4+2'& 5+D ;$2+8'& 4$C ;B�2& D7; L$C	& 4+8 C747;$L'&��3L +�!��,+�/
D+L D+87;-& 2+4 D+\+L'& 5$C D+\+5'& ;XC D+\@�2& 8+L 5+2+2'& D+D 5+8'& L+2 L+2'& C7D 5+\'& 4+2 )�(�� !".

�3MG¨OR%¤jM H ³^_h¡ ��R%Z�FODJIWUVR1RÆË�R%l%gh�n�GD UYMGIWZ�R%¤mfVDJB�R%I�I�DJ¤jgh�$#�R%IWFYM�BeM MGI O �GR%B�I/#�R%I�UYM©Z�Rv»
KeMGfVR9gVBEimI�KekmlnM�o¹PSq�rhA kmZdFV¤mR%Z�R%T�KNM�UYMGI

I�R%B¯MGFV¤jkmlnMGUhD Z#¨OD�MdFYM�B�KeRpDJgÊKeD�UYMGIQMGISIEDJ¤mgV�$#�R%IS¦JR%BEMGUYMGISFOR%¤¬M�� MGI�R�UVRpl%DJThI�KeB�gV�n��DVbHZdMGI
TVMGI·�JR9BEI/#�R%I¥l9DJZ Ç ¤�KeB�DskjI�KED�KeDJB�TYMa»ÅIER*kmTYMGUVR9¢�gVMGUVDsUVRv��kmUVDpMGDs¦JBEMGTVUVR�T�bVZ�R%B�DsUVR�IEDJ¤mgV�$#�R%I
¦GR%BeM�UYMGI%³

YSZ\DGghKeB�D�� M�KeDGBp¢£gVRd� MG«@l9DJZ�¢�ghR1M�l9DJTVI�KEBEgV�%�GD©UVRdZWgVk�KNMGIpIEDJ¤mgV�$#�R%IpTY�GD�KeR%ThfYMGZ
DG¨hKekmUVD,ghZ@M¹ZdR9¤jfVDGBEk¬M�ThD�BER9IEgV¤�KNMGUhD Ç TVMG¤ÁFYMGBeM,MGI¥�JR%B�I/#�R%I�l%DJZ Ç ¤�KeB�D,�S¢£gVR¯kmTVUVR%FOR%ThUVR%T�»
KER%Z�R%T�KeR�UVD�FYMGB/.GZdRvKeB�D

β
gVIeMGUhDVb3DÊFVB�D�l9R%I�IED©UVR#l9¤jgVILKeR%B�kj«%MG�n�GD�UYMGI¹Z �G¢£gVkjTVMGIsKeR%ThUVR@M

M�UV¢£gVkjB�kjB�gVZ	l%MGB���KER%B3¦JgV¤jDGIEDsM�l%MGUYM�l%¤mgVI�KER%B�kj«nM��n�GD�UhR*gVZdM¯TVD���M�Z �G¢£gVkmTYMQDGg#MGkjTVUVM¯FHD�UVR
TV�GD¹BER�%VR9KekmBCl%¤jMGBeMGZ�R%T�KER�MsIEkjZ�kj¤jMGBEkmUYMGUVR¥R9T£KEBER/gVZdMsZ �G¢£gVkmTYM�R�gVZ l9¤jgVILKeR9B%³ [¥R½®EMGZ�DJICgVZ
RÆË�R%Z�FV¤jDV¡@À°DJTVI�kjUVR9BERÊM Ç ¦JgVBeM H ³-, O l%DJZ�D M©ZdM�KeB�kj«�UVR-R%T�KeBEMGUYM©UVR-ghZ@M�kmTVI�Kd.GTVl9k¬M�UhD
A¾À g ³¥ACB�kjZ�R%kjBEMGZ�R%T�KeR@M�� MGIER-UVR-l9DJTVILKeBEgh�n�GD UVRvKeR%B�ZdkmTYM MGI�UVgVMGI�FVBEkmZdR9kjBEMGI�I�R%Z�R%T�KeR9I
UhDJI#UVDJkjI�FhBEkjZ�R%kmBEDJI,l%¤mgVI�KER%BEI9b*MG¤mRnM�KEDJBEkjMGZ�R%T�KeR�³ r�gVFODJTVfVMGZdDGI�¢�ghR�I�R ®EMGZ M�I�Z �G¢£gVkmTYMGI
g1,sR\g : ³¥A�DJB�KeMGT�KeDVbVDGI*l%¤mgVI�KER%BEISÀ ,sRsÀ : l%DJT�Ke�9ZÉB�R%IEFOR%lvKek��GM�ZdR9T£KER¹MGI*Z �G¢£gVkjTVMGI g ,sR
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X¶km¦JgVBEM H ³-, O ¡ g�M�KEBEkj«sUhRpR9T�KeBeM�UYM�FVMGBeM#MW� MGIER¹UVR¹l9DJTVI�KEBEgV�%�GD

g : ³¾À°DJTVI�kjUVR9BeMGTVUhD�D�T�bhZdR9BED�UVR�l9¤jgVILKeR9BEI�kj¦GgYMG¤HM�]hbVM�FhBE±nË�kjZdM�Z ��¢�ghkjTYM�I�R%Z�R%T�KeRsI�R%B��
MWZ �G¢£gVkmTYMWZdR9TVDJI*I�kjZ�kj¤jMGB°M�DJI*l%¤mgVI�KER%B�I3®����ªDGBEZdMGUVDJI9b�UVR¹M�l%DJB�UVD#l%DJZÉMWIEkjZ�kj¤jMGBEkmUYMGUVR/UVR

�h|��N�E|Gw�yG³�A3DJBLKNMGT�KEDVb·M�Z �G¢£gVkmTYM�R9IEl9DJ¤jfVkmUYM��dM�Z �G¢£gVkjTVMQg�'h³ �¯R9I�KeM��ªDJBEZdMhb�D�l9¤jgVILKeR%B
À*]�l%DJT�KE�%Z M�Z �G¢£gVkjTVMQg�'h³�A3MGBeM�MGIpZ �G¢£gVkmTYMGI¹BER9I�KeMGT�KeR%I�IER%B���l%DGTVI�KEBEgVimUYM�gVZdMÊ¤jkjILKNM
B�R%ILKeBEk�KNMsUVRSl%¤mgVI�KER%BEI¾lnM�TVUVkjUVM�KeDJISt È�À*P¯�·UVRQMGl%DGBEUVDpl%DJZ MpI�kjZ�kj¤¬M�BEkjUVMGUVR¾R%T�KeB�R¯M¹Z ��¢�ghkjTYM
R¯DWl%¤mgVI�KER%B°UVMGUYM�FOR%¤jM,R%¢£gYM��n�GD2)�³V,�Z�DJI�KEBeMGUVM,TVDWk�KeR9Z )�³ : ³^]�UVD�lnMGFVi�KegV¤mD )�³ 0 KeMGZdMGTVfVD
UVM È3À*P²IER9B��©l%DGT£KEBEDJ¤jMGUVD©FOR%¤mD©FYMGB/.GZ�R9KeB�D©UVR1R9T�KeBeM�UYM

β
UVM�� MGIER1UhR-l%DJTVILKeB�gV�n�GDhbC¢�ghR

I�gVFODJTVfYMGZ�DJI,¢�ghR@IER½®EM�kj¦GgYMG¤¥MQ*�b )�³ÊqQI�Z �G¢£gVkjTYM�I,B�R%I�KeMGT�KeR9IWIe�GD�l%¤jghI�KeR9BEkm«nMGUYM�I,gVZdM�M
ghZ@MhbCFODJBWDGBEUVR9Z l9BER%I�l%R9T£KERG³ =½ILKeD FODJI�KEDVb¥M©FVBE±nË�kjZdM�Z �G¢£gVkjTVM©M©IER9B�l%¤jghI�KeR9BEkm«nMGUYM©�ÊM
Z �G¢£gVkmTYM2g�]h³ 0�ISl%D�R Ç l9kjR%T�KER%I¯UhR,I�kjZ�kj¤¬M�BEkjUVMGUVR¯UhR g�]�l%DJZ�DGIQl9¤jgVILKeR%B�IQIE�GDV¡ g�]a»LÀ , ;
*�b H J bIg�]a»LÀ : ; *hb : R g�]a» À*]�; *�b *h³ 0�IQl9¤jgVILKeR%B�IQUVM@È�À*P FYMGBeM g�]#IER9Be�GD@MG¢£gVR%¤mR%IS¢�ghR
FODJI�IEgVkmBER%Z>l9D�R Ç l%kmR%T�KeRdZ@M�kjDJBsDJg kj¦JgVMG¤CMh¡1t�* M t�*hb ) ��*hb H J �E�\; *hb^]J] )�³ �¯R%ILKNM��ªDGBEZdMhb
I�DJZ�R%T�KeR¹D#l%¤mgVI�KER%B\,,l9DJTVILKekmKEgVk�M#È�À*Pp³ eCT�KN��D�g�]�I�R%B��dMGIEI�D�l9k¬MGUVM�MGD#l%¤jghI�KeR9BQÀ ,J³

qQTYMG¤jDG¦�MGZ�R%T�KeR�b g�) IER%B��ÂMGI�IED�l%kjMGUYM1ZÂÀ ,Jb°¢�ghR�IER9B�� D�bVTVkml%D l%¤mgVI�KER%BdM l%DGTVI�KEkmKeghkjB
I�gYM@È�À*P¹³Yq�MGIEI�D�l9k¬MG�%�GDdUVM�Z �G¢£gVkjTVM g H I�R%B��#�ªR%k�KNM#MGD#l%¤mgVI�KER%B¯À*]�FODJkjI/DJI/l9D�R Ç l%kmR%T�KeR9I
UhR�g H l%DJZ\À ,Jb·À : R@À*]�IE�GD�B�R%IEFOR%lvKek��GM�ZdR9T£KERG¡U*�b : _ H bG*�b-, : )ÊR *hb ) ³�r�gYM�È�À*P­I�R%B��
l9DJTVILKekmKEgVijUVM�MGFOR%TYM�I,FODJB�À*]hb·FODJkjIpIEDJZ�R%T�KER-À*]�FODJI�IEgVk�IEkjZ�kj¤jMGBEkmUYMGUVR�Z@MGkmDJBsDJg kj¦JgYM�¤�M
t8*hbV, : ) M t8*hb ) �A*�b ] J )J�E� ; *hb^]X,�]�l%DJZ g H ³ g�M�IQM�T£KER%I/UYM#MGI�IED�l%k¬M��n�GD�UVRAg�]#M�À ,Jb g H
FODJI�IEgVkjM@IEkmZdkm¤¬MGB�kjUYMGUhR�kj¦JgVMG¤�M�*hb^]J]dl9DJZ<À ,Jb DJg�IER ®EM�b ZdMGkjDJB/¢£gVRU*�b ]X,n]©t D@¢�ghR�lnM�BeMGlvKeRv»
B�kj«%MGBEkjM�I�gYM©kjTVl9¤jgVIE�GD�TVM©È�À*P²UVR�g H �v³QeCI�KNM©¢£gVR9UYM©UVR1I�kjZ�kj¤jMGBEkmUYMGUVRWR9T�KeBER@Z �G¢£gVkmTYMGI
Rpl%¤mgVI�KER%B�I¯MGl9DJT�KeR9l%R�FODJB�¢�ghR,D�T£gVZdR9BeMGUhDJBQUVM�R9¢�gVMG�n�GDd¢£gVR�UVR Ç TVR,MdI�kjZ�kj¤¬M�BEkjUVMGUVRSR%T�KeB�R
ghZ@M�Z �G¢£gVkmTYMdR,gVZ l%¤jghI�KeR9B¯TYMdR%¢£gYMG�%�GD])�³V,WT£gVTVl%M1MGgVZ�R%T�KNMdTVD1UVR9l%DJB�BER%B¯UYM@l%¤mgVI�KER%B�k�»
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«%MG�n��D1UYMGI�Z �G¢£gVkmTYMGI�MdIER%B�R%Z l%¤mgVI�KER%BEkm«nMGUVMGIsMGT�KeR9I�UYM@Z �G¢£gVkmTYMdR9Z<¢£gVR9I�KN��DV³pr�DJZ�R%T�KeR
FOD�UVR#Z@MGT�KER%BL»ÅIER#D�ZdR9IEZ�D�DGg UhkjZ�kjT£gVkjB9³Wq­l%DJThIER%¢£g��9TVl%kjM�UVkmI�KeDÊ�#¢£gVRdM�l9¤jgVILKeR%B�kj«%MG�n�GD
UVMGI bV¤�KekmZ@MGI¹Z �G¢£gVkjTVMGIpKER%TVUhR-M�MGUh¢�ghkjBEkmB,ghZ\l%MGB��aKeR%B,lnMGUVM��JR9«1Z@M�kjI¹¦JgV¤mDJIED�gVZ@MÊ�JR9«
¢£gVR#DÊT�bVZ�R%BED-UhR�l%MGTVUVkmUYM�KEDJI�TYMÊÈ�À*P KeR9TVUVR�M-UVkjZ�kjT£gVkmBQR�kmI�KED-FHD�UVR�l%DGT£KEBEkm¨VgVkjB¯FYMGBeM
ghZ@M�Z�R%TVDJB�Uhkm�JR9BEI�k Ç l%MG�n�GD�TYM#¨VgVI�lnM#FHDJB/I�DJ¤jgV��#�R9I/FVBEDJZ�kjI�IEDJBEMGI%³CqQ¤j�9ZÉUVkmIEIEDhbYFHD�UVR¹fYMa»
�GR%BQlnMGI�DJIQUhR�IEDG¤jgV��#�R9IQl9DJZ�l%¤mgVI�KER%BEISTVDJIS¢£gYMGkmI¯MG¤m¦JgVZdMGI�Z �G¢£gVkjTYM�ISFOD�UVR%Z�TY��D@FODJIEI�gVkjB
ThR%TVf£gVZdM@FYMGBLKeR�MaKeR%ThUVkjUYM�R%Z l%DGZWgVZ l%DJZ KeD�UYMGI¯MGI¯DGghKeBEMGI¯Z �G¢£gVkjTVMGIQUhD1l%¤mgVI�KER%B¯ZdMGI
FVMGB�KER%I�M�KeR9TVUVkjUVMGI¥R%Z l9DJZWgVZ l9DJZ gVZ I�gV¨Ol%Da®�gVT�KEDWUVR%ILKNMGI9³¥µQR9I�KeR9I�l%MGIEDGI°M¹IEkmZdkm¤¬MGB�kjUYMGUhR
R9T�KeBER,M�Z ��¢�ghkjTYMWR¹D#l%¤mgVI�KER%B�KeR9BEk¬M�R9BEBEDJMGZdR9T�KeRsD#�GM�¤jDJB*km¦JgYMG¤ MT*h³

qQkjTVUYM MGIEI�kjZ�bpD FVBED�l%R9UVkjZ�R%T�KeD UVR l9DJTVI�KEBEgV�%�GD Z�DJI�KEBeMa»ÅIERÂBEMG«%D ���GR%¤1tª�JR9BEIE�GD o O �vb
KER%TVUhD DG¨hKekmUVD DJI�Z�R%¤jfhDJBER9IWBER9IEgV¤�KNMGUVDGI�t TY�GD kmIEDJ¤jMGUYMGZ�R%T�KER��pR9Z , J UYM�I#] H kjTVILK .GThl%k¬M�I%³
qQ¤j�9Z²UhkjIEI�DVbhD,KeR%Z�FOD�UVR�RÆË�R%l%gh�n�GD#UYM,�GR%B�Ie�GD#MGFOR%TVMGI*l%DGZ¼Mp� MGIER�UhR�l%DJThI�KeB�gV�n��D�tco O �¥�
¨VMGI�KeMGT�KeR¹IeM�KEkjIL� M�Ke±JB�kjDV³

�¯R9T�KeBER1MGIp�GR%B�I/#�R%IWI�R%Z Ç ¤mKEBEDÊR�l%DJZ�¨VgVI�lnM�¤mD�l%MG¤cb7MÊ¢£gVR1M�¤jlnM�TV�%DJg gVZ>Z�R%¤jfhDJBsUVRv»
I�R%Z�FHR9TVfVD©�ªDJk�M��GR%BEIE�GD o H b·¢£gVR1gVIEM©D©ZdR9IEZ�D©Z�D�UVR9¤jD�UVR1¨VghIElnM©¤mD�l%MG¤¾UVD MG¤m¦JDJBEk�KeZ�D
Rv�JDJ¤mghKek��JD�FVB�DJFODJI�KEDWTVR%ILKeR�KEBeMG¨YM�¤jfVDV³¶q �JR9BEIE�GDdo H I�±�TY�GD#MG¤mlnMGTh�%DJg1D�ZdR9¤jfVDJB�BER9IEgV¤�KNMGUVD
UhR%T�KeB�R/KED�UVMGI¥MGI·�JR9BEI #�R9I�R9Z ,/kjTVILK .GTVl9k¬M�t ] '£�¶R�DJ¨�KeR9�GR/DpZ�R%¤mfVDJB·B�R%I�gV¤mKeMGUVDsUVR9T£KEBER/KeD�UYMGI
M�I,�JR9BEI #�R9I�kjIEDG¤¬MGUYM�ZdR9T£KER#R%Z _�kjTVILK .GThl%k¬M�I1t ,
'Vb ,n_hb : ,Gb : H b : J bC]C*�b·]X,dR-] : �Æ³�A3MGBeM©M
kmTVI�Kd.GTVl9k¬M ]X,Jb¥D BER9IEgV¤�KNMGUhD UhR�o H �ªDJk*Z�R%¤mfVDJBW¢£gVRÊD Z�R%¤jfhDJB�B�R%IEgh¤mKNM�UVD MG¤jl%MGTV�nM�UVD M�Ke�
R9T�KN�GD t MG¤jl%MGTV�nM�UVD1FOR%¤jD@q e FVBEDJFODJILKeD-TVR9I�KeRWKEBeMG¨VMG¤jfVD��v³¹À°DJZ BER9¤¬MG�%�GD�ZdKER%Z�FHD@UVR�RvË�Rv»
l9gV�n��DVbVo H KeMGZW¨O�%Z DJ¨�KeR9�GR�BER9IEgV¤�KNMGUhDJI�IEM�KekmI�� M�KE±JBEkmDJI%³�[¥R%B�k Ç l%MGTVUVD�MGI°kmTVI�Kd.GTVl9k¬MGI¥FYMGBEM�MGI
¢£gYM�kjI,MÊ�GR%BEIE�GD o O TY�GD�l%DJTVI�R%¦Jghkjg MÊZ�R%¤jfhDJB¹IEDJ¤mgV�n�GDhb�FOD�UVRv»ÅIER�DJ¨VIER9B���MGBp¢£gVR@M-�JR9BEIE�GD
o J bH¢�ghRWgVIeM1D-I�R%¦JghTVUVD-Z�D�UVR9¤jDdUVRW¨VgVI�lnM-¤jD�lnM�¤�l9DJTVI�R%¦JgVkmg ZdR9¤jfVDGBER%IQIEDJ¤mgV�$#�R%I¯¢�ghR#o O
R9Z ,�* UVR9I�KNM�IdkmTVI�Kd.GTVl%kjMGI�t´_�b ,$'Vb<,n_hb<, O b : *hb :C: b : ) M ] *hb¾] : M ] )G��l%DJZ�FVBED���MGTVUhD M
R Ç l%k �%TVl9k¬M1UVD@IER%¦GgVTVUVDÊZ�D�UVR9¤jDdUVRW¨VgVI�lnMh³3eCT�KeB�R9KNM�T£KEDVb�UVR9T£KEBER�DJI¯BER%I�gV¤mKeMGUVDJI¯UVR%ILKNMGIU,�*
kmTVI�Kd.GTVl9k¬MGI9b5IEDJZ�R%T�KER�FYMGBeM1kmTVI�Kd.GTVl9k¬M1]X,���¢£gVR�o J l%DGTVIER9¦JgVkjg M-Z�R%¤mfVDJBSIEDJ¤mgV�n�GD-UhR%T�KeB�R
KED�UVMGI*MGI¾�JR9BEI/#�R%IptªTY�GD,kjIEDG¤¬MGUYM�ZdR9T£KER��Æ³S0 KeR9BEl%R9kjB�DWZdD�UVR9¤jDpUVR¯¨VghIElnMW¤mD�l%MG¤ÁZdDGI�KeB�DJg�»ÅIER¯D
FhkjDJBQUVR%T�KeB�RWDJI¯KEB��9I�ZdD�UVR9¤jDJISFVBEDGFHDJILKeDJI9b TY��DÊMG¤jl%MGTV�nM�TVUVD@B�R%I�gV¤mKeMGUVDJI�Z�gVkmKED@IEghFHR9BEkjDGBER%I
M�DJI/UYMW�JR%B�Ie�GD1o O ³

q �JR9BEIe��D�op_Ãtª¢�ghR�ghKEkj¤jkm«nM©D KeR9BEl%R9kjB�DÂZ�D�UVR9¤jD UVR�¨VgVI�lnMÂ¤mD�l%MG¤��,MGFVBER9IER9T£KeM KeR9ZdFODJI
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UhR1RvË�R%l9gV�n��D DGBeM�ZWghkmKeD�FHR9¢£gVR%TVDGI%b¥DJBeM�ZWgVkmKED�¦GBeMGTVUhR%I%³ =½ILKeD I�R1UVR9�GRÊMGD�� M�KED©UVRd¢�ghR
M�kjUV�9k¬M�UVDdKER%BEl9R%kmBED@Z�D�UVR%¤mDdUVR,¨VgVI�lnM1¤jD�lnM�¤���¨YMGI�RnMGUhD1TYM@UVR9I�KEBEgVkm�n�GDdUVR�l9¤jgVILKeR%B�I�BEghkjTVI
tªUVR�M�l%DJB�UVD�l9DJZ²M,Z��9KeB�kjl%M

λk

UVR%TVDGZdkmTYMGUYM � �V|�� � y�|�y�x�y�~�� � ��Wv�½xvwCZ�DJI�KEBeMGUYMpTYM,R9¢£gYMG�n��D
)�³ )-UVD�lnMGFVi�KegV¤mD�)ÊUVR9I�KER�KEBeMG¨YM�¤jfVD£�¯R#I�gYM�B�R%l%DGTVI�KEBEgV�%�GD�UVRdMGl9DJBEUVD�l%DGZ
gVZ�MG¤m¦JDJBEk�KeZ�D
¦GgV¤jDJI�D�t ¢£gVR-�@UVR-DJBEUhR%Z �/t

m3 FÁ���vb¥IER9TVUVD ¢£gVR1gVZ l%¤mgVI�KER%BW�1B�R%l9DJTVI�KEBEgVimUVD IER-D©��MG¤mDJB
UhR

λk

�ªDJB¯Z�R%TVDGB¯DJg km¦JgYMG¤ Z@gVZ �GM�¤jDJBS¤jkmZdk�KeRGbÁ¢£gVR��ªDGk Ç ËhMGUVD-ThR%I�KER%I¹RvË�FOR%B�kjZ�R%T�KeDJI¯R%Z
*�b ]h³ ��gYMGTVUVD-ghZ@M1I�DJ¤jgV�%�GD�®��1FHDGIEIEghk·l%¤mgVI�KER%BEI¹l9DJZ ¨OD�M1¢£gYMG¤mkjUYMGUhRGb�M-¨VgVI�lnM-¤jD�lnM�¤¶TY�GD
B�R%l9DJTVI�KEBE±Jk�TVR%Thf�ghZ l%¤mgVI�KER%BWR1FODJBLKNMGT�KeD�TY�GD©�1RÆË�R%l%g�KNMGUYM�³ A�DJB�KeMGT�KeDVbCkmTVI�Kd.GTVl9k¬MGI,FYMGBeM
M�I�¢�gVMGkjI#M�� MGI�R-UVR-l%DGTVI�KEBEgV�%�GD-®��©l9DJTVI�R%¦JgVRÊ¨ODJTVI�B�R%IEgh¤mKNM�UVDJI�R-l%g¸®�D ��MG¤mDJB�UVM��ªgVTV�n��D
DG¨�®�R9KEkm�JD UVR1KeMGkjI�IEDJ¤mgV�$#�R%I��ÊMG¤�KeD�KER%Z FHDJghlnM RvË�R%l9gV�n��D UVD KER%BEl9R%kmBED Z�D�UVR9¤jD©UhR-¨VgVIEl%M
¤mD�l%MG¤cb£D#¢£gVR�� MG«�l9DJZÉ¢£gVRsDWKER%Z�FHD�UVRpop_WI�R ®EMWFOR%¢£gVR9TVD©tªkjTVILK .GThl%k¬M�I ,¹M J b O M�,n]hbE, )WM
, J b :C: M : '¹RQ] H �Æ³ 7 �¹kjTVILK .GTVl9k¬MGICFVMGBeMpMGI¥¢£gYMGkjI¾Ms� MGIER/UVR/l9DJTVI�KEBEgV�%�GD�TV�GD,��Ke�GD¹R Ç l9kjR%T�KER
R¹¢£gVRpFHDGIEIEghR%Z ��MG¤jDGB�¨YMGk�Ë�D#UYM��ªgVTV�%�GDdDG¨�®�R9KEkm�JD�KER%TVUVR9Z M�RÆË�R%l%g�KNMGBSD�KER%B�l%R%kmBED#Z�D�UVR9¤jD
UhR�¨VgVI�lnM1ZdMGkjI��ªB�R%¢£gVR%T�KER%Z�R%T�KeR�b5D@¢£gVR�� M�«,l9DJZ ¢�ghR�D@KER%Z�FHD�UVR�RÆË�R%l%gh�n�GD-UVRWop_�IER½®EM
¦GBeMGTVUhR@tªkjTVILK .GThl%k¬M�I/] )WR¹]C*��v³

eCZW¨ODJBeM¹KeR9TVfYMGZ²IEkmUVD�DJ¨�KekjUhDJI�¨ODJTVI�BER9IEgV¤�KNMGUVDGI%bhFVMGBeM )pkjThI�K .�TVl%kjMGI�ThR%TVf£gVZdM,�JR9BEIE�GD
UVM�Z�R9KNM�fVR%gVB�ijILKekjl%M�opP/qsrhA �ªDGkClnMGFYM�«dUVR�lNfVR9¦�MGBAZ�Z�R%¤jfhDJBsIEDJ¤mgV�n��DV³1µSD�lnM�IED�UVM�kmTVIL»
Kd.GTVl9k¬M : b3RÆË�FHR9BEkjZ�R%T�KEDJI,B�RnMG¤mkj«%MGUVDJIsl9DJZ
KeD�UYMGIpMGI¹�JR9BEI/#�R%I�ZdDJILKeBEMGBeMGZ<¢£gVR@¢£gYMGThUVD©MGI
Z�R%I�Z@M�I¯MGl9R%k�KNMGZ�I�DJ¤jgV��#�R9IQl9DJZ l%¤mgVI�KER%BEIQgVTVk�K �GB�kjDJI/l%DGZdD#� �G¤jkmUYMGI%bYKED�UYM�IQR9¤¬MGIQMG¤jl%MGTV�%MGZ
M�Z�R%¤mfVDJB*I�DJ¤jgV�%�GD#UYM#¤jkmKER%BEM�KegVBEMhb�M�¢£gYMG¤�FODJI�IEgVk�l9¤jgVILKeR%B�I/gVTVkmK��GBEkmDJI%³

eCZ KeD�UVDJI�DJI¶RÆËhFOR%B�kjZ�R%T�KeDGI¶Z�DJI�KEBeMGUVDGI3TYMSKNMG¨OR%¤jM H ³ J b�D¯FYMGB3UVR°Z �G¢£gVkmTYMGI3MQIER9BER9Z	MGI
UhgYMGI·FVB�kjZ�R%kmBeMGI7IER9ZdR9T�KeR%ICUhDJI·UVDJkmI3FhBEkjZ�R%kmBEDJI7l9¤jgVILKeR%B�I·TYM¯� MGI�R°UVR°l%DJTVILKeB�gV�n�GDs��R%I�l%DJ¤mfVkjUVD
M�¤jRnMaKeDJB�k¬MGZ�R%T�KeR¯TVD@I�gV¨Hl9DJTa®�gVT�KED@¢£gVRpl%DJT�Ke�9Z DJI/FYMGBER9IQZ�R%ThDJIQI�kjZ�kj¤jMGBER9I%bhI�R%TVUhD@¢£gVR,KeMG¤
I�gV¨Ol%DJTa®�ghT£KEDÃKER%Z D KeMGZ@M�TVfVD kj¦GgYMG¤sM�]C*�� UVD KeDGKeMG¤�UVR FYM�BER%IÊUVR Z �G¢£gVkmTYMGI%³ A¶MGBEM
FODJI�IEkj¨hkj¤jk�KNMGB�gVZdM#ZdMGkmDJB*RvË�FV¤mDJBeM��n�GD#UVD�R%I�FYMG�%DdUVR¹¨VgVI�lnM@M�IS�GR%BEI #�R9I�o : bOo H bÁo J bOo¹_#R
o O �ªDJBeMGZ�ThD¸��MGZ�R%T�KER,RÆËhR9l%ghKeMGUYMGI ,�*��GR%«%R9I�FYMGBEM�l%MGUYM@kmTVI�Kd.GTVl9k¬MhbYI�R%TVUVD@¢�ghRWM#R%IEl9DJ¤jfVM
UVMGIWZ �G¢£gVkjTYM�I,I�R%Z�R%T�KeR@�ªDGk¾�ªR9kmKNM�MG¤jR%M�KeDGBEk¬M�ZdR9T£KER#UVR%T�KeB�R@KeD�UVDJI,DJI�FVMGBER9IWUVR1Z �G¢£gVkjTVMhb
R9ZW¨ODJBeM kjILKeD FHDGIEIeM lnM�gVIeMGBdM l%DJTVILKeB�gV�n�GD UVR�IEDJ¤mgV�$#�R%I#B�gVkjTVI9b°¢£gYMGThUVDÂUVgVMGI#Z �G¢£gVkmTYMGI
l9DJZ MG¤�KeD�ijTVUVkml%R¹UVRpIEkmZdkm¤¬MGB�kjUYMGUhR¯Ie��D@R%I�l%DJ¤mfVkjUVMGIQl9DJZ�D�I�R%Z�R%T�KeR,UVR�Uhkm�ªR%B�R%T�KeR9I¯l9¤jgVILKeR%B�I%³
0	T�bVZ�R%B�D@UVR,IEDJ¤mgV�$#�R%ISFODJBQk�KeR9BeMG�%�GD�KeMGZW¨O�%Z �ªDJk�MG¤�KeR9BeMGUVDhbOI�R%TVUhD1kj¦JgVMG¤7MGD@T�bVZ�R%B�D@UVR
Z �G¢£gVkmTYMGI � UVR�lnMGUYM kjTVILK .GThl%k¬M�³K0 T�bVZdR9BED UVR�k�KeR%BEMG�$#�R%I#FOR%B�Z@MGThR%l%R9g�kj¦GgYMG¤/M ,
*C*h³
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q KNMG¨OR%¤jM H ³ O MGFVBER9IER9T£KeM DJI�BER%I�gV¤mKeMGUVDJIdDJ¨hKEkjUVDJI9³ q¯¤m�%Z UVkjI�IEDVb°TYM �GR%BEIE�GDÃo¹_ D ��MG¤mDJB
¤mkjZ�kmKER�UhD©KeR%B�l%R9kjBED�ZdD�UVR%¤mD�UVR@¨VgVIEl%M ¤jD�lnMG¤´b¶IER-UhR Ç TVR-I�R1gVZ l%¤jghI�KeR9BWUVRv�JR-IER9B�DJg TY�GD
B�R%l9DJTVI�KEBEgVkmUVDVb�TY�GDp�ªDJk Ç ËhMGUVD�ZdMGI¾R%I�l%DJ¤mfVkjUVDpBeM�TVUVDJZ�kjl%MGZdThR%T�KeR/R%T�KEBERS»d,QR3,Jb�¢£gVR¯IE�GD�DJI
��MG¤mDJBER9I�ZdimTVkjZ�D�R¹Z �aË�kjZ�DWFYMGBEM#M � �h|�� � y�|�y�xpy�~-� � � Wv� xvw λk

³
� � ) � � � � � ! � . �x�'� ���*�X�
� ����� �"! ����� �"! ����� �"! ����� �"! ���#� �"! \%$
5 �*)��,+�( �*)��,+�( �*)��,+�( �*)��,+�( �*)�� +�( \%$
D ��.��,+�. ��.��,+�. ��.��,+�. ��.��,+�. ��.#� +�. \%$
C ����� .*) ����� .*) ����� .*) ����� .*) ���#� .*) \%$
8 +����0/-� +����0/-� +����0/-� +����0/-� +��#�3/-� \%$
L ��(�� �*� ��(�� �*� ��(�� �*� ��(�� �*� ��(#� �*� \%$
; �"!��,)�. �"!��,)�. �"!��,)�. �"!��,)�. �"!#� )�. \%$
4 8+4'& C!� +�!��,�") 8+4'& C!� 8+4'& D+D 8+4'& D+D \%$
2 !*+��,)"+ !*+��,)"+ !*+��,)"+ !*+��,)"+ !*+�� )"+ \%$
�3\ ��(��,+�. ��(��,+�. ��(��,+�. ��(��,+�. ��(#� +�. \%$
�+� .*)�� ("( .*)�� ("( .*)�� ("( .*)�� ("( .*)�� ("( \%$
�35 L7;-& L+8 �".�� !"� L7;-& L+8 L7;-& L+8 L7;-& L+8 \%$
�3D �".�� �"� �".�� �"� �".�� �"� �".�� �"� �".#� �"� \%$
��C 8@�2& C74 +�/"� ."� +�/"� ."� C72'& \$C C72'& 8@� \%$
�38 �*��� !"� �*��� !"� �*��� !"� �*��� !"� �*��� !"� \%$
�3L +	1#� !"� +	1#� !"� +	1#� !"� +	1#� !"� +	1 � !"� \%$
��; �"+��,��/ �"+��,��/ �"+��,��/ �"+��,��/ �"+�� ��/ \%$
�34 +	1#� 1*� +	1#� 1*� 8$C	& \+8 8@�2& ;$2 8+\'& 4@� \%$
�32 C75'& ;$L 1�)�� ."� C75'& ;$L C7\'& 4+\ C!�2& L7; \%$
5+\ 1*.�� �*+ 1*.�� �*+ 1*.�� �*+ C�;-& 8+5 C7L'& 4+8 \%$
5@� �����0/41 �����0/41 �����0/41 �����0/41 ���#�3/41 np\'&��3\%$
5+5 +�!�� ("� +�!�� ("� +�!�� ("� 87;-& \7; 8+L'& 2+2 \%$
5+D /-("(�� ("( /-("(�� ("( /-("(�� ("( /-("(#� ("( /-("(#� ("( \%$
5$C !*+��0/"/ !*+��0/"/ !*+��0/"/ !*+��0/"/ !*+��3/"/ \%$
5+8 �����,+�/ �����,+�/ �����,+�/ ;$5'& D+\ ;$5'& D+\ \%$
5+L 8@�2& 8+5 +�/"� .*� 8@�2& 8+2 C7L'& D+2 C�;-& ;XC \%$
57; C7L'& 8+D 1���� ("� C7L'& 2+8 C+C	& L7; C+C	& \+\ \%$
5+4 1"1#� !*� 1"1#� !*� 1"1#� !*� C+C	& \+\ C7D'& D@� \%$
5+2 +	1#�,)"� +	1#�,)"� 8+5'& L@� C�;-& 4+L C�;-& 5+2 \%$
D+\ D+2'& 2+5 1�)��,�"+ 1�)��,�"+ D+4'& 8+8 C7\'&��38 nqC	& D+2%$
D@� 87;-& 4+2 +�!�� 1*! 87;-& 4+2 87;-& 4+2 87;-& 4+2 \'& 8+4%$
D+5 8+4'& ;$L +�.�� �"� 87;-& 5+2 8+L'& C78 8+L'& ;$L \%$
D+D +�(��,+�/ +�(��,+�/ +�(��,+�/ C72'& 5$C C74'& ;$L \%$
D$C D7;-& 8+D �"!�� �"� D+4'& 5+4 D+8'& C7L D+8'& 5$C nqC	& ;XC4$
D+8 +���� 1�) +���� 1�) 8+L'& D+L 8+D'&��35 8+D'& ;$D ni�2& 2+8%$
D+L !�1#� ("� !�1#� ("� !�1#� ("� !�1#� ("� 4$C	& \+D \%$

�3MG¨OR%¤jM H ³ O ¡¥µSD��JDJI/BER9IEgV¤�KNMGUhDJI/FYMGBeM#MGI��GR%BEI #�R9I�o : bÁo H bÁo J bÁo¹_�Rpo O

À°DJZ�FYMGBEMGTVUVD�DJI°B�R%IEgh¤mKNM�UVDJI*UYM�I�KNM�¨HR9¤¬MGI H ³ O R H ³ J DJ¨hKER%Z�DJI*M�I°IER9¦JgVkmT£KER%I�l9DJTVl%¤mgVI/#�R%I
FVMGBeMÊlnMGUVM��JR9BEIE�GDV¡U0�IpBER9IEgV¤�KNMGUVDGIpUhR1o : Z�R%¤mfVDJBEMGBeMGZ<R%Z O kjTVILK .GThl%k¬M�I@t : b�_hb ,
'Vb ,�_hb
, O b : H b : J b�] : R�] '£��R�FhkjDJBEMGBeMGZ R%Z , t ]C*��Æ§SDGI@BER9IEgV¤�KNMGUhDJIdUhR©o J Z�R%¤mfVDJBeM�BeMGZ R%Z
O kjThI�K .�TVl%kjMGI�t : b°_hb ,$'Vb<,n_hb : : b : J b : _�b : O R�] '£��R�FVkjDJBEMGBeM�Z R%Z ]Ãt , O b*] *hb°] : �v§�DJI
B�R%I�gV¤mKeMGUVDJI*UhR¹op_,ZdR9¤jfVDJBEMGBeM�Z R%Z ,�]�kjThI�K .�TVl%kjMGIst : bh_�bE,
'Vb9,�_hb : *hb :C: b : H b : J bV]C*�MW] '£�
R�FVkmDJBeMGBEMGZ
R9Z�] t , O b : O Rd] )J�Æ§·DJIpBER%I�gV¤mKeMGUVDJIpUVR@o O Z�R%¤jfhDJBeMGBEMGZ R9Z , : kmTVI�Kd.GTVl9k¬MGI
t : b¥_hb ,
'hb , O b : *�b :C: b : J b : _hbC]C*hb¥] : b¥]J]�RÊ] )G�pR1FVkmDJBeM�BeMGZ�R%Z 'Ãt ,�_�b : H b : O b¥] '£�pR
DGI¯BER9IEgV¤�KNMGUhDJIQUhR�o H Z�R%¤mfVDJBeM�BeMGZ R9Z ]dkjThI�K .�TVl%kjMGIWt : b�, : R�] '£�*R�FhkjDJBEMGBeMGZÉR%Z : t ]C*hb
: ,¸�vb£IER9TVUVD,¢�ghRQDJI¾BER9IEgV¤�KNMGUhDJI¥UVR : R\, : UVkj«9R%Z BER9IEFOR%k�KeDAZpZ�R%¤mfVDJBCIEDG¤jgV�%�GD¹UYMp¤mkmKER%BeMaKegVBEMh³



��� � �����
� 
 ��	�5�49�T5�	�7 ���
	��
������������� �C	 �������E � � �

�QR%I�KeM1�ªDJBEZdMhbÁgVZdM@Z@M�kjDJB/¤jkm¨HR9BEUYM�UVR�FYM�BeM1M@R9IEl9DJ¤jfYM1UVMGI¯Z �G¢£gVkjTVMGI¯I�R%Z�R%T�KeRWKEBeMG«,gVZ@M
Z�R%¤mfVDJB�k¬M�TYM FOR%BL�ªDJBEZdMGTVl9R-UVDÂM�¤j¦JDJB�kmKEZdD�opP/qsr�A3³¥µ¯M©�GR%BEIE�GDÂop_hb�MG¤m�%Z UhR%I�KeM ZdMGkmDJB
¤mkj¨OR%B�UYMGUVR�TYMÊR%I�l%DJ¤mfYM-UYMGIpZ ��¢�ghkjTYMGIsI�R%Z�R%T�KeR�b¶M-��MGBEkjMG�n��D-UVD���MG¤mDJB�¤mkjZ�kmKeR,UVDÊKeR%B�l%R9kjBED
Z�D�UVR%¤mDsUVR/¨VgVIEl%Mp¤mD�l%MG¤cb�D¹¢�gVMG¤YUVR%l9kjUVR/I�RSghZ l%¤mgVI�KER%B¥IER9B��¹BER%l9DJTVILKeBEghijUVD¹DJg�TY�GDsKNM�ZW¨H�9Z
�ªDGk � M�KeDGB�UVR9KER%BEZ�kjTVMGT�KeRsFYMGBEM�gVZ Z�R%¤jfhDJB*UVR9IER%Z�FOR%TVfVDh³

qQkjTVUYM�b¯UVR MGl9DJBEUVDÃl%DGZ MGI1KNM�¨HR9¤¬MGI H ³ J R H ³ O M �JR9BEIe��D o H �ªDJk¹M Z@MGkmI1R Ç l%kjR9T�KeRGb
lNfhR%¦�MGThUVD1ZdMGkjI��ªBER9¢��VR%T�KeR9ZdR9T�KeRUZGISZ�R%¤jfhDJBER9ISI�DJ¤jgh�$#�R%IST�ghZ KER%Z�FHDdl%DJZ�FVghKeMGl%kmDJTYMG¤ BeMa»
«9D �n�JR9¤c³�q�KNM�¨HR9¤¬M H ³-,
* Z�DJI�KEBeM DJI#KeR9ZdFODJI#UVR�RvË�R%l9gV�n�GDÂR�KeMGZW¨O�%Z MGI�kmKER%BEMG�$#�R%I#UYMGI
Z�R%¤mfVDJB�R%I¹IEDJ¤mgV�$#�R%IpFYMGBEM�DGIpKER%I�KER%I,UYMÊKeMG¨OR%¤¬M H ³ O ³]0�I¹BE±�KegV¤mDJI¹UYMGIpl%DJ¤mgVTYMGIsKeR9Z>DJIpIERv»
¦GgVkjT�KeR9I¯I�kj¦JTVk Ç lnM�UVDJI%¡ =°»°kjThI�K .�TVl%kjMhbHo : » � »*KER%Z�FHDdFYMGBEM@Md�GR%BEIE�GDÊo : b o : » =�» =ÅKeR%BEMG�n��D
o¹P/qsrhA�UYMdZdR9¤jfVDJB/I�DJ¤jgV�%�GD�FYMGBeMdMd�JR9BEIE�GDÊo : ³/A¶MGBEM1MGI/�JR9BEI/#�R%Ipo H bHo J bHop_�R�o O DJI
B�±GKegh¤jDJI�UYM�ISl9DJ¤jghTYMGI*KeR9Z D#ZdR9IEZ�D#IEkj¦GTVk Ç l%MGUVDV³
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� \'&��38 � \'& \+5 � \'& \+5 � \'& \+5 � \'& \@� �
5 \'&���C � \'& \+5 � \'& \+5 D \'& \+5 C \'& \@� �
D \'& D+D � \'& \+8 � \'& \+2 � \'& \+D � \'& \+5 �
C \'& 5+L � \'& \+D � \'& \+D � \'& \+D � \'& \+5 �
8 \'& C72 � \'& \+L � \'& \+L � \'& \+8 � \'& \$C �
L \'& C+C � \'& \+L � \'& \+L � \'& \$C � \'& \+D �
; \'& ;$\ � \'& \+2 � \'&��3\ � \'& \7; D \'& \+8 �
4 �2& 5+8 �+� \'&���; �+� \'& 5+8 � \'&��38 � \'& \+2 �
2 �2& \+D � \'&���C � \'&���C � \'&��3\ � \'& \+4 �
�3\ �2& 8+2 � \'&��34 � \'& 5+\ � \'&��3D � \'&��+� �
�+� �2& ;$8 � \'& 5@� � \'& D+D � \'&���C � \'&��3D �
�35 8'&��32 � \'& ;$L � \'& 4+5 �+� \'& C78 5 \'& D+2 4
�3D 8'& 87; � \'& 4$C � \'& 2@� � \'& 8+\ � \'& C78 �
��C �32'& L7; ;+; 5'&��3D ; 5'& C�; 27; �2& L$C 2 �2& 5+2 5+L
�38 �3\'& ;B� � �2& ;$\ � �2& 2+2 � �2&���C � \'& ;$8 �35
�3L �32'& L@� 5 5'& C7L � D'& C7D 2 �2& L+4 �34 �2& 5$C D+L
��; 5+D'& C72 � D'& C7D � L'&��34 � 5'&��3\ � �2& L+8 �
�34 4+D'& D+L 5+L L'& D@� C C	& 8+\ D+\ 2'& D+5 ; C	& L+L 8+5
�32 8@�2& \+8 �+� D'& C74 2 C	& L+L 8 C	& 4@� 2+2 D'& 5@� 8+\
5+\ C72'& C75 �+� C	&��32 � 8'&���; � C	& 8+4 L+D D'&���C �
5@� 5+D'& \7; � D'& 5$C � C	&��32 � �2& 2$C � �2& 8+8 �
5+5 5+4'& 4+4 �+� C	& \+2 � 8'& L7; 5+D D'& 8+5 C 5'& \+\ 8+2
5+D 8+L'& 4+\ � C	& \+2 � D'& 8+5 � D'& D7; � D'& 4+2 �
5$C 87;-&��38 � 8'& C!� � ��C	& 4$C � D'& 2+5 � D'& 27; �
5+8 L+4'& C72 C ;-& ;$4 � 4'& ;+; � ;-& \@� D C	& 4+2 2
5+L 4+L'& 4+2 L@� �3\'& 8+8 4 �35'&��35 D+2 2'& L@� �3\ L'&��38 2+8
57; ;$5'& 8+L �+� 4'& 5+5 5+8 �+�2& 5+5 D7; 4'& 5$C D@� 8'& L$C L+L
5+4 8+L'& 2+4 �+� L'& ;B� �3\ �3\'& 8$C � L'& C+C 8@� C	& C!� �35
5+2 ��;+;-& 5+8 �+� �+�2& ;$2 5 ��;-& 5@� 57; 5+8'& 5+8 47; �+�2& ;$5 4$C
D+\ �3\@�32'& C78 ;$2 ��C7\'& 5+D 2+D ;$8'&��3\ D �+�3\'& 4+4 2 47;-& 4+2 ;B�
D@� D+5+5'&��32 8 C7\'& 27; L+L D@�2& 8+\ �35 D+D'& ;$4 D$C 5+8'& L+8 5
D+5 �327;-&��32 �+� 5+D'& L+4 ;$4 5+L'& C�; 4$C 5+8'& 8+\ 5 ��C	& C7L D@�
D+D 5@�38'& 5+L �+� 5$C	& C�; 5 D+\'& 2+5 5 5+5'&��38 ; ��;-& \@� 8+\
D$C 5+5+87;-& ;$4 �35 ��;$2'& 5@� ;$4 �3L+8'& ;$\ ;$5 5+\$C	& 27; C �3L@�2& L+\ L+2
D+8 �32+5+5'& 5+\ �+� ��C7D'& C7D � �+�32'& ;$D � D7;XC	& 2+L 8+4 �35+2'& L+L ;$5
D+L 8+2+4'& C7D � 8+\'& 2@� � �3D+8'& ;$D � C!�2& D@� � C75'& 4+D �

�3MG¨OR%¤jM H ³-,
*h¡ �3R9ZdFODJI/UVR¹RvË�R9l%gV�%�GD@R¹kmKER%BEMG�n�GD�UVMGI/ZdR9¤jfVDJB�R%I�I�DJ¤jgV��#�R9I/UYMWKNMG¨OR%¤jM H ³ O

q KeMG¨HR9¤¬M H ³V,�*WTVDGISZ�DJILKeBeM,¢�ghRpDGI*KeR%Z�FODJI�UVRsRvË�R9l%gV�%�GD@UYM�I*�JR%B�I/#�R%ISIER9Z Ç ¤mKEBEDWRsUVM
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�GR%B�Ie�GD#o O tª�GR%BEIE�GDWI�DJZdR9T�KeRSl%DJZ FVB�D�l9R%UVkmZdR9T�KeDpUVRQl9DJTVILKeBEgh�n�GD£�CIe��D�¨YMGILKNMGT�KERQBEMG«%D �n�GR%kjI
R�b¹MG¤j�9Z UVkmIEIEDhbsMÃR Ç l%k �%TVl9k¬M�UYMGIÊ�JR9BEI/#�R%I�l%DJZ ¨VgVIEl%M ¤jD�lnM�¤cbQMG¤jl%MGTV�nM�TVUVDÃMGI�ZdR9¤jfVDJB�R%I
I�DJ¤jgh�$#�R%I/TYMGI/FVB�kjZ�R%kjBEMGI°¦GR%BeM��$#�R%I/FYMGBEM�M#ZdMGkjDJB�k¬MpUYMGI/kjTVILK .GThl%k¬M�I%³

q KNM�¨HR9¤¬M H ³V,C,sl%DGZdFYM�BeMWDJI/Z�R%¤jfhDJBER9I*BER9IEgV¤�KNMGUVDGI%bVKeR9ZdFODJI*UhRpRÆË�R%l%gh�n�GDdRsBER%I�gV¤mKeMGUVDJI
Z��%UhkjDJI�UYM�I�Z�R%¤mfVDJB�R%I5I�DJ¤jgV��#�R9I7FYMGBeM�D/q e�R�M�Z�R%¤mfVDJB �GR%BEIE�GD¯UVM/Z�R9KeMGfVR9gVBEimI�KekmlnM/o¹PSq�rhA
t´opP/qsr�A H �v³ 0�I*BE±�KegV¤mDJI°UYM�I�l%DJ¤mgVTYMGI*UVMWBER9�ªR9BEkmUYM�KNMG¨OR%¤jM,KeR9Z¼DGI�IER%¦GgVkjT�KeR9I�IEkm¦JTVk Ç lnMGUVDGI%¡
=½ThI�K .�TVl%kjMGI5»ÁkjTVILK .GThl%k¬M�I5ghKekm¤jkm«nMGUYM�I TVDJI7RÆËhFOR%B�kjZ�R%T�KeDGI%§Gq eÊ»OZ�R%¤mfVDJB5I�DJ¤jgV�%�GD�UVDSMG¤m¦JDJBEk�KeZ�D
Rv�JDJ¤mghKek��JDdt q e¾�v§£o H »7Z�R%¤jfhDJB¶I�DJ¤jgV�%�GDsUVD,o¹PSq�rhA H §�q e¶» ��»�KeR9ZdFODsUVR�RÆËhR9l%gV�%�GDpUVD¹q e
FVMGBeM/M�ZdR9¤jfVDGB IEDG¤jgV�%�GDV§Go H » �©»ÁKeR%Z�FOD�UVR¥RvË�R%l9gV�n�GDSUVDQo¹PSq�rhA H FVMGBeM/M*Z�R%¤jfhDJB5IEDG¤jgV�%�GDV§
q e¶» g�R9UVk¬M�»¯Z��%UVkjM�UYM�IWZdR9¤jfVDGBER%IpIEDG¤jgV��#�R9I�UVD�q e¼t DJI�MG¤j¦JDGBEkmKEZdDGI¯�ªDJBeM�Z\RÆË�R%l%g�KNMGUVDGI
,
*,�JR9«%R%I/FYM�BeM�l%MGUYM�kmTVI�Kd.GTVl%kjM��CFYMGBeM,lnMGUYMWkmTVI�Kd.GTVl9k¬M,R�o H » g�R9UVk¬Ms»CZ��%UVkjM,UYMGI°ZdR9¤jfVDJB�R%I
I�DJ¤jgh�$#�R%I/UVDdopP/qsr�A H FYM�BeM#lnMGUYM�kmTVI�Ke�GTVl%kjMh³
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�+� .*)�� ("( .*)�� ("( \'& D+L (��,)�/ .*)�� ("( .�)�� (*(
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��C +�/*� ."� +�/*� ."� /"� �*! 5'&��3D +�/"� ."� 8@�2& 5+D
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5@� ;$L'&���C ���#� )") D'& ;$L ���,)	1 �����0/41 �"���3/-1
5+5 +�!#� ("� +�!#� ("� C	&��38 1#� (". +�!�� ("� +"!�� (*�
5+D /-("(#� ("( /-(*(�� (*( 8'& L@� 1#� (". /-("(�� ("( /'("(�� ("(
5$C !*+��3/"/ !*+��3/"/ L'& ;+; +�� 1#/ !*+��0/"/ !�+��3/*/
5+8 ���#� +�/ ���#� +�/ 4'& ;$L ���,��! �����,+�/ �"��� +�/
5+L +�/*� .*� +�/*� .*� .�� ��) �3\'& 8+8 +�/"� !". 8@�2& L+2
57; 1���� ("� 1���� ("� 2'& 2+L !��,)") 1*���,�"+ C7L'& L+4
5+4 1"1 � !*� 1"1 � !*� 2'& L+2 ���,��/ C+C	& D+4 1*1#� �"!
5+2 +	1 � )"� +	1 � )"� ��� 1�� �+�2& ;$2 +	1#�,)�� +�1#� )"�
D+\ 1"1 � �*) C75'& ;$8 /41#� ��1 ��C7\'& 5+D 1"1#�,)�� C75'& \+D
D@� 8+4'&���C +�!#� 1*! /'���,)�� C7\'& 27; 87;-& ;$D +"!�� (�+
D+5 +�.#� �"� +�.#� �"� /-!�� �". 5+D'& L+4 +�.��,+�( 8+2'& 5+D
D+D +�(#� +�/ +�(#� +�/ )�(�� �"� 5$C	& C�; 8+\'& D+D +"(�� 1�!
D$C 1*�#� �*� D+4'& L+D �".�� 1*� ��;$2'& 5@� 1#/"� !"� D7;-&��35
D+8 +"��� +	1 8+L'& C75 )�(�� .". ��C7D'& C7D +���� �*� 8+L'& C75
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�3MG¨OR%¤jM H ³V,C,J¡ g�R9¤jfVDJB�R%I*I�DJ¤jgh�$#�R%I%b�KeR%Z�FODJI*UVRsRÆËhR9l%gV�%�GD#RsIEDJ¤mgV�$#�R%I°Zd�9UVk¬MGI°FYMGBeM,D�q e R
MW�GR%BEIE�GD-o¹P/qsrhA H
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qQTYMG¤jkmIeMGThUVD�M-KeMG¨OR%¤¬M H ³V,C,#TVDGKeMa»½I�R#¢�ghR�D�q e ZdDJILKeB�DJg�»½I�R#Z@MGkmI�R Ç l%kjR9T�KeR�TYM-¨VgVIEl%M
FOR%¤jMGIsZ�R%¤jfhDJBER9IsIEDJ¤mgV�$#�R%I¹UVD�A¾À g ³
eCZW¨HDGBeM1l%DGZ
BER9¤¬MG�%�GD ZGIsZdR9¤jfVDGBER%IsI�DJ¤jgh�$#�R%I¹DÊq e
KER%TVfVMWgVZ@MpFHR9¢£gVR%TYMW��MGT�KNM�¦JR%Z²IEDJ¨hBER�D#o¹P/qsrhA H tªIEgVFOR%B�kjDJB�TYMGI°kmTVI�Kd.GTVl9k¬MGI°]C*hb�] 'WRs] )
R¯kjTh�ªR9BEkjDGB¾TVMGI*kjThI�K .�TVl%kjMGI : ,�R�]X,��vbh¢£gYM�TVUVD�MGTVMG¤jkmIeMGZ�DJI¾M�Z��%UVkjM,UYMGI°ZdR9¤jfVDJB�R%I¾IEDJ¤mgV�$#�R%I
ThDGKNMGZ�DJI�¢£gVR¾DQq e©DJ¨hKER9�JR¾gVZ UhR%IER9ZdFOR%ThfVD¯l9DJZ gVZdM/I�gVFOR%BEkmDJBEkmUYMGUVRCl9DJTVI�kjUVR9B��n�JR9¤�I�DJ¨VBER
D�opP/qsrhA H tª�ªDJkÁZ�R%¤jfhDJB�TVMGI°kmTVI�Kd.GTVl%kjMGI�_hb9, : b9,$'Vb , O b : H b : J b�]C*hb�] : b�] '�R¯] )pRQFVkjDJB¾TYMGI
kmTVI�Kd.GTVl9k¬MGI : bE,�_hb : _�bÁ]X,JbY]J]J�v³

A�DJB Ç Z�b¶l9DJZ�BER9¤¬MG�%�GD�ZÊKeR%Z�FOD�l%DGZdFVg�KNMGl9kjDJTYM�¤cb7DJ¨VI�R%B���MGZ�DJIp¢£gVR1TY�GD�RvË�kjILKeRdgVZ@M
Uhkm�ªR%B�R%TV�%M@IEkm¦JTVk Ç lnM�KEkm��M#R%T�KeB�RWDJIQKER%Z�FHDGIQUVR�RvË�R%l9gV�n�GD-FVMGBeM@Ddq e R�DÊo¹P/qsrhA H bHM@TY�GD
I�R%B�TVD lnMGI�DÂUYMGI#kmTVI�Kd.GTVl%kjMGI�]C*hb�] ' R�]C)�³ 0�¨VI�R%BL�GM�TVUVD M KNM�¨HR9¤¬M H ³^_ R�M KNMG¨OR%¤jM H ³-,C,
ThDGKNMGZ�DJI¥¢£gVR¯I�R%Z�FVBERQTVR%ILKNMGI¾KeB �%I°kmTVI�Kd.GTVl9k¬MGI¾M,Z�R9KeMGfVR9gVBEimI�KekmlnM,opP/qsr�AÂKeR%Z­gVZ KER%Z�FHD
UhR�RÆËhR9l%gV�%�GDsMG¤�KeDVb¸I�R ®EMQl9DJZ DJg,IER%Z ¨hgVIEl%M¯¤jD�lnMG¤´b�l%DJZ DGg�IER9Z Ç ¤mKEBEDV³3A¶M�BeM�KNMGkmI�kmTVI�Kd.GTVl9k¬MGI
fhDJgh�JR gVZdM Z@M�kjDJBdUVk Ç l9gV¤jUVMGUVR TYM ¦JR9BeMG�%�GD�UVR IEDJ¤mgV�$#�R%I1� �G¤mkjUYMGI1M�l%MGUYM kmKER%BEMG�n�GD UVM
Z�R9KeMGfVR9gVBEimI�KekmlnM,opP/qsr�A3b£M,¢£gYM�¤OI�±�Mn��MGTV�nMpUVRSkmKeR9BeMG�%�GDpFYMGBeM¹kmKER%BEMG�n�GD,MGFO±JI¾¦JR%BEMGUYMGI¾gVZ
T�bVZ�R%B�D©UVR1Uhkm�ªR%B�R%T�KeR9IWIEDG¤jgV��#�R9I,� �G¤jkmUYMGI¹kj¦GgYMG¤¾M�gVZ�T�bVZ�R%BED�UVR9KER%BEZ�kjTVMGUVDVb3UVR-MGl9DJBEUVD
l9DJZ M@kjThI�K .�TVl%kjMh³ �¯R%ILKNMd�ªDJB�Z@M�bOfhDJgh�JR�gVZ Z@MGkmDJB�KeR9ZdFOD@UVR,RvË�R%l9gV�n��DV³sXYDJk7DJ¨VI�R%B���MGUhD
¢£gVR¯IEDJ¤mgV�$#�R%I�l%DJZ­l%¤mgVI�KER%B�I*l%DJZ­¤mkjTVfYM�I�DJgdl%DJ¤mgVTYMGI¾��MG«%kjMGI�IE�GD��ªB�R%¢£gVR%T�KER%Z�R%T�KeRs¦JR9BeMGUVMGI%b
UhR9��kjUVD3ZsRvË�kmI�K��9TVl%kjMsUVR*� �GBEkjMGI·Z �G¢£gVkjTYM�I·TVR%ILKNMGI¥kmTVI�Kd.GTVl%kjMGICl%g¸®EM¹l9¤jgVILKeR9BEkj«%MG�n��DsTY�GD¹FHD�UVR
I�R%B�¨HR9Z UVR Ç TVkjUYM UVR�MGl%DGBEUVD l%DJZ M � MGI�R�UVR�l%DGTVI�KEBEgV�%�GDVb°UhR9��kjUVDÂMGD � M�KeD UVR9I�KNM�I@TY�GD
FODJI�IEgVkmBER%Z IEkmZdkm¤¬MGB�kjUYM�UVR-l%DJZ KeD�UYMGI@MGI1DJg�KeBeM�I1Z ��¢�ghkjTYMGI�UVD l9¤jgVILKeR%B@Z@MGkmI@M�UVR%¢£gYMGUhD
FVMGBeMdMGI¯R9¤¬MGI9³SÀ°DJZ kjIEI�DVbY�ªBER9¢�ghR%T�KeR9ZdR9T£KER�R%ILKNMGIQZ �G¢£gVkmTYMGI/FODJIEI�gVR%Z IEkmZdkm¤¬MGB�kjUYMGUhR�kj¦JgVMG¤
M *-l%DJZ
KED�UhDJIsDJI¹l%¤mgVI�KER%BEI9b3D�¢£gVR#� MG«�l%DJZ>¢£gVR�KED�UVDGIpDGIpl9¤jgVILKeR9BEIpIER ®EM�Z
kjTVl9¤jgVimUVDJI�TVM
¤mkjILKNMQUhR°l%¤mgVI�KER%B�I·lnMGThUVkjUYMaKeDJI3UVR°KNM�kjI¶Z �G¢£gVkmTYMGI%b�TYMQ� MGI�R°UVR°l%DJTVILKeB�gV�n�GDh³·q¯I�IEkjZ�bJMQlNfYMGTVl9R
UhRpI�RpMGIEI�D�l9k¬MGB*KeMGkjI�Z �G¢£gVkjTVMGI/M�gVZ l%¤mgVI�KER%B/kjTVMGUVR%¢£gYM�UVD#�pZdMGkmDJB%³
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ACBEDGFHDJZ�DJI/TVR9I�KeR¹KeBEMG¨YMG¤mfVD#UVgYMGI/Z�R9KeMGfVR%ghBEijILKekmlnMGIptªgVZ MG¤j¦GDJBEk�KeZ�D�R9�GDJ¤jg�Kekm�GD#»¾q e�bOR
ghZ	MG¤m¦JDJB�kmKeZ�DQopP/qsr�A��3MGFV¤jkmlnMGUVMGI¶M�D�FVBEDG¨V¤jR9Z@M¯UhR°�ªDJBEZdMG�%�GD¯UVR°l%�%¤mgV¤¬M�I¶UVR*ZdMGT£gh� M�KEgVBeM
t A¾À g©�v³3q¯¤j�9Z�UVkjI�IEDVb·kmZdFh¤jR%Z�R%T�KeMGZdDGIsgVZ\MG¤j¦JDGBEkmKEZdDÊ¦JR9TV�9KEkjl9D�KeBEMGUVkml%kjDGTYMG¤¥UVkjI�FHDGTVim�GR%¤
TVM�¤mkmKeR9BeM�KEgVBeM�³

µSDJIEI�DJI@RÆËhFOR%B�kjZ�R%T�KeDGI�Z�DJILKeBeM�BeMGZ ¢�ghR�R9ZW¨HDGBeM FYMGBeM MG¤m¦JgVZdMGI�kjThI�K .�TVl%kjMGI�gVZ qSo
KEBeMGUhkjl%kmDJTYMG¤�FHDGIEIeM¹DJ¨hKER%B¥¨ODJTVI¥BER9IEgV¤�KNMGUVDGI%b£¢£gYMGTVUVD�MGFV¤mkjlnM�UVD¹MskjTVILK .GTVl9k¬MGICZdMGkmDJBER9ICRSl9DJZ
ghZ@M l%¤mgVI�KER%BEkm«nMG�%�GD TY�GD ZWgVk�KeD ¨HR9Z UVR Ç TVkjUVM KNM�¤/MG¤j¦JDGBEkmKEZdD�IER�ZdDGI�KeBEM kjTVR Ç lnMG«�RÊTVRv»
l9R%I�IEkmKeM UVR-gVZ KER%Z�FHD l9DJZdFhghKNMGl9kjDJTVMG¤°M�¤mKeD�FYMGBeM MG¤mlnMGTh�nMGB,BER%I�gV¤mKeMGUVDJI�B�R%¦Jgh¤¬MGB�R%I%³ =½I�KED
FODJILKeDVb·IEMG¤jkmR%T�KNM�ZdDJI¹¢£gVR1ghZ M�¤j¦JDJB�kmKEZdDÊR9�GDJ¤jg�Kekm�GD�FYM�BeM�B�R%IEDG¤jgV�%�GD�UVD©A�À g UhR9�JR-l9DJT�»
KER%B�ZdR9lnMGThkjIEZ�DJI�UVR�MGl9R%¤jR9BeMG�%�GD UYM ¨hgVIEl%M FODJB#IEDJ¤mgV�$#�R%I�FVBEDGZdkmIEIEDGBeMGI9³ µSR%I�KER�I�R%T�KekmUVDVb
ThDJIEIEMWl%DJT�KeB�kj¨Vghkj�n��D,�ªDJkHMWR%¤jMG¨HDGBeMG�%�GD,UhR�gVZ²q e�l%DJZ²gVZ²FVBED�l%R9UVkjZ�R%T�KeD,UVR�¨VghIElnM�¤mD�l%MG¤
R Ç l%kmR%T�KeR�R�gVZ FVB�D�l9R%UVkmZdR9T�KeDÂfhR%gVB�ijI�KEkjl9D BEMGTVUVDJZ�kj«%MGUVD UVR�l9DJTVILKeBEgh�n�GD UhR�kjThUVkm��ijUhgVDJI
kmTVkjl9k¬MGkmI�¢£gVR¹UVRvKeR9BEZ�kjTYMGBEMGZ­D#¨HDJZ¼UVR%I�R%Z�FHR9TVfVD#UVD#q e t R9ZW¨HDGBeM�M�fVR%ghBEijILKekmlnMWUVRsl9DJTVIL»
KEBEgV�%�GD kjIEDG¤¬MGUYM�ZdR9T£KER@KeR9TVfYM KekmUVD gVZdM kmZdFODJBLK .GTVl9k¬M�ZdR9TVDJB�TVD UVR%I�R%Z�FHR9TVfVD UVD q e¾�v³
eCZ�l9DJZdFVMGBeMG�%�GD�l%DJZ�DJg�KeBEDGI¯MG¤m¦JDJB�kmKeZ�DJI�UYMd¤mkmKeR9BeM�KEgVBeM�bVTVDJI�IED@q e�DJ¨hKER9�JR,DJISZdR9¤jfVDJB�R%I
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