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��aVWWT^	�V]TX	�cRfVX\�	T]kV�	_TaSZ
bYTWT_�Y��	]�RkV�	\UT	WVfVST	TX	��	�VSZ6
�V\V	�	[TSRf�UiV�	�VcU�X�	U	]TS	[TcaW�`
�\\SaTUVW��`	 r�s�	�\`TaWe_�	 YT_[TWW6
XV_��	 �V\\_VX��UV_T^	 _TaS�	 �US�jX\�
\TUTYR[WT\X�	TXaSZWe`	[�T�cUTa�XS^	�
TXaSZWe`	[TX�]�XS^�	�T\XT�W�	bYTWT6
_�f\YT^	\�\X_e	U	Sj]T^	_T_WX	U�_6
W�	 T[�\eUVX\�	 a�WV_�f\YT^	 _TaSZj�
`V�VYX��cRjk^	 [��\[T\T]SW�	 gW	 UT
U�_W�	Y	UV��Vg��_	\[�T\V	[TX�]�XS^
WV	XTUV�e	�	[�aSThW��	XTUV�TU	[�T�cUT6
a�XS�_�	U	R\STU��`	YTWYR�Wg���

�Vhae^	[TX�]�XSZ	 U	 �V_YV`	 ]jahX6
We`	TQ�VW�fW�^	\X�_�X\�	[TSRf�XZ	_VY6
\�_VSZWT	 RaTUSXUT�W�	TX	 Ue]��V_TQT
�_	 V\\T�X�_WXV	 XTUV�TU	�	 R\SRQ�	�TUa6
W�	[�T�cUTa�XS^	`V�VYX��cRX\�	\X�_6
SW�_	_VY\�_�c��TUVXZ	 [��]eSZ	 TX	 [�T6
�cUTa\XUV�	�US�jkRj\�	�VcWT\XZj	aT`TaV	TX
[�TaVh�	[�T�cUaWWe`	XTUV�TU	�	cVX�VX	WV
T\Rk\XUSW�	 [�T�cUTa\XUV�

�XVY�	 [�a[TSVQVX\��	 fXT	 YVhae^	 �c
RfV\XW�YTU	bYTWT_�f\YT^	\�\X_e	_VY\�6
_�c��RX	WYTXT�Rj	US�f�WR	[��	T[�a6
SWWe`	TQ�VW�fW��`�	���	bXT_	�	gSUV�
dRWYg��	�	TQ�VW�fW��	Ue�VhVjX\�	U	g6
WV`	WV	XTUV�e�

�X_X�_�	fXT	U	�\\SaR_T^	_TaS�	W
aSVX\�	 �VcS�f��	_haR	 [�TaRYXV_�	 [�T6
�cUTa\XUV	�	[�U�fWe_�	dVYXT�V_�	4XVY�6
_�	YVY	X�Ra�	c_S�	�	X�[�5�	_e	T]la�W�_
�`	U	TaWT	[TW�X�	XTUV�V�

"We	WV	 XTUV�e	 WVceUVjX\�	 �VUWTU\6
We_��	 \S�	[�T�cUTa�XS�	�	[TX�]�XS��
a^\XURjk�	WV�SRfi�_	aS�	\]�	T]�VcT_�
\TT]�VcR�\Z	[��	bXT_	\	]jahXWe_�	TQ�V6
W�fW��_��	T]\[f�UVjX	XVYT	[TSThW�
Uk^�	YTQaV	\[�T\	WV	YVhae^	XTUV�	W	[�6
UT\`Ta�X	QT	[�aSThW���

�	XTfY�	c�W��	_VX_VX�f\YT^	bYTWT6
_�Y��	\T\XT�W�	�VUWTU\��	�US�X\�	WT]6

`Ta�_e_	R\STU�_	\XV]�SZWT\X��	WT�_VSZ6
WTQT	dRWYg�TW��TUVW��	 bYTWT_�Y��	 �Vh6
We^	UT[�T\	p	T	 \Rk\XUTUVW��	�VUWTU\6
We`	gW	p	[TSRf�S	�iW�	U	X�RaV`	��6
�TR�	,]��	
^SV�	��YV^aT	�	a�RQ�`	_VX6
_VX�YTU	�	bYTWT_�\XTU	r�s�

�TaS��TUVW�	a�WV_�Y�	gW	WV	�VSZ6
WT_	�eWY	XTUV�TU	��	�V_RSZ\TW	r.s	[�a6
STh�S	T[�\eUVXZ	\�\X_T^	a�dd�Wg�VSZ6
We`	 R�VUWW�^�	 �	 bXT^	_TaS�	 \f�XVX\��
fXT	\YT�T\X�	�c_WW��	gW	WV	�eWY	[�T6
[T�g�TWVSZWe	dRWYg��_	�c]eXTfWTQT	\[�T6
\V	WV	\TTXUX\XURjk�	XTUV�e�

�VYT^	 [Ta`Ta	 \TTXUX\XURX	 YSV\\�f\6
YT_R	 cVYTWR	 \[�T\V	 �	 [�aSThW���	 YTXT6
�e^	RXU�haVX�	fXT	gWV	XTUV�V	[TUeiVX6
\��	 \S�	 \[�T\	WV	 XTUV�	[�UeiVX	�_j6
k\�	 [�aSThW�	 �	 [TW�hVX\��	 \S�
[�aSThW�	[�UT\`Ta�X	\[�T\�

�VhWe_	UT[�T\T_	U	 a�WV_�f\YT^	_T6
aS�	 dT�_��TUVW��	 gW	 �US�X\�	 UT[�T\
R\XT^f�UT\X�	[�Tg\\V	�`	dT�_��TUVW���	�
�_WWT�	 UVhWT�	 fXT]e	[��	 Sj]e`	WVfVSZ6
We`	gWV`	XYRk�	gWe	\X�_�S�\Z	Y	W6
YTXT�e_	 �VUWTU\We_�	 �	 bXT_	 TX�VhVX\�
\RkWT\XZ	 [�Tg\\V	 YTWYR�Wg���	 "SZj
bXT^	 �V]TXe	 �US�X\�	 �\\SaTUVW�	 R\XT^6
f�UT\X�	W[��eUWT^	a�WV_�f\YT^	_Ta6
S�	�eWYV	 U	 R\STU��`	_WTQTcWVfWe`	dRWY6
g�^	�c]eXTfWTQT	\[�T\V�	�\XT^f�UT\XZ	XV6
YT^	_TaS�	�VW	�V\\_VX��UVSV\Z	S�iZ	aS�
TaWTcWVfWe`	dRWYg�^	�c]eXTfWTQT	\[�T\V
4\_��	WV[���	r�s5�	�aWVYT	bXT	�US�X\�	\Rk6
\XUWWe_	 R[�TkW�_	_TaS�	 �	 W	 TX�V6
hVX	U	[TSWT^	_�	�VSZWe`	bYTWT_�f\6
Y�`	\�XRVg�^�	���	bXT_	\XVX�f\YV�	_TaSZ
�\\SaTUVWV	 aS�	 _WTQTcWVfWTQT	 \SRfV�
4\_� r�s5�

�[��eUWV�	 a�WV_�f\YV�	_TaSZ	 aS�
_WTQTcWVfWe`	dRWYg�^	�c]eXTfWTQT	\[�T6
\V	T[�\eUVX\�	a�dd�Wg�VSZWe_�	UYSj6
fW��_��	�TbXT_R	_e	 �\[TSZcR_	 �cRSZ6
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XVXe	XT���	a�dd�Wg�VSZWe`	UYSjfW�^
4\_��	WV[���	r s5�

�e	]Ra_	�\[TSZcTUVXZ	\SaRjk�	T]T6
cWVfW��	 �	 T[�aSW���	 �k\XUWWT
O6_�WT	 UYS�aTUT	 [�T\X�VW\XUT	 ]Ra_
T]TcWVfVXZ	<O	 �	 �QT	 bS_WXV_�	 �US�jX\�
UYXT�e	 � �4 � ����� 5On n n n=
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�WTh\XUT	UYXT�TU	�c	 O< 	\	WTX��gV6
XSZWe_�	YT_[TWWXV_�	]Ra_	T]TcWVfVXZ

O<+ �	V	\TTXUX\XURjk�	UYXT�e	]Ra_	WV6
ceUVXZ	 WTX��gVXSZWe_��

��a[TSTh�_�	 fXT	 WV	 �eWY	 �_X\�
YTWfWT	f�\ST	{	�VcS�fWe`	XTUV�TU�	UYSj6
fV�	R\SRQ�	U\`	U�aTU�	�\S�	Ta�W	�	XTX	h
XTUV�	[TYR[VX\�	�	[�TaVX\�	U	�VcS�fWe`
_\XV`�	 XT	 QT	_ThWT	 �V\\_VX��UVXZ	 YVY	 O
�VcS�fWe`	XTUV�TU�	,WZQ�	_e	XTh	]Ra_
�V\\_VX��UVXZ	 YVY	 XTUV�	 \	 WRSUe_	WT_6
�T_�	XVY	fXT	U\QT	YTS�f\XUT	XTUV�TU	\f�6
XV_	�VUWe_	M���

+��_R	�S�	a�RQT	[TaT]WTQT	�TaV	[�T6
�cUTa\XUWWT	 T]la�WW��	 [�T�cUTa�k
XTUV�e�	 ]Ra_	 WVceUVXZ	 [�T�cUTa\XUWWT^
a�W�g^�	(Ra_	\f�XVXZ�	fXT	R	YVhaT^	[�T6
�cUTa\XUWWT^	a�W�ge	�	4 �������� 5� N= 	�_6
X\�	 _WTh\XUT	 [�	 UTc_ThWe`	 [�T�cUTa6
\XUWWe`	[SVWTU�	�S_WXV_�	 � �L [∈�

	�US�6
jX\�	UYXT�e	�c	<M���	U6�	YT_[TWWX~	YTXT6
�e`	 LU��	T]TcWVfVX	Ue[R\Y	 XTUV�~	U	 U	 bXT_
[SVW�	#VX�VXe	T]TcWVfVjX\�	TX��gVXSZWe6

_�	 YT_[TWWXV_��	�WTh\XUT	 �
H

[ [= ∑
[�a\XVUS�X	 \T]T^	 WV]T�	 U\UTc_ThWe`
Q�Vd�YTU	cVX�VX	�	Ue[R\YV	U\QT	[�T�cUTa6
\XUWWTQT	\YXT�V�

�VhaV�	�c	[�T�cUTa\XUWWe`	a�W�g	\X�6
_�X\�	T�QVW�cTUVXZ	[�T�cUTa\XUT	XVY�_	T]�V6
cT_�	fXT]e	_VY\�_�c��TUVXZ	\UT�	[��]eS��

��a[TSTh�_�	 fXT	�_X\�	�	[TX�]�6
XS^	\	aT[R\X�_e_�	_WTh\XUV_�	[TX�]6
SW��	oH	
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	T]TcWVfVX	\TUTYR[We^	UY6

XT�	[TX�]SW���

�VY�_	 T]�VcT_�	 YVhaT_R	 UYXT�R	 gW
�� �4 ����� 5MS S S S=�

	WV]T�V	XTUV�TU	\TTXUX\XUR6
X	\TUTYR[We^	UYXT�	\[�T\V	 4 5n S

� �
�	�	\TUT6

YR[We^	UYXT�	[�T�cUTa\XUV	4[�aSThW��5
4 5L S
� �

�	T]SVaVjk�	\TTXUX\XURjk�_�	\UT^6
\XUV_�	T[X�_VSZWT\X��	�VY�	UYXT�e	 4 5n S

� �

�	 4 5L S
� �

�	 UTT]k	 QTUT���	 W	 a�W\XUWWe�
�W�	[T�ThaVjX	\TTXUX\XUWWT	_WTQTcWVf6
We	dRWYg��	 \[�T\V	 4 5Sφ �

	 �	 [�aSThW��
4 5Sψ �

�	V	�`	�VcWT\XZ	[T�ThaVX	_WTQTcWVf6
WRj	dRWYg�j	�c]eXTfWTQT	\[�T\V*

4 5 4 5 4 5` S S Sφ ψ= −
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4\_�	WV[��	r��	f�	@@�	QS�	�s5�
,�WV_�YR	[�Tg\\V	R\XVWTUSW��	�VUWT6

U\WT^	gWe	U	bXT_	\SRfV	_ThWT	T[�\VXZ
a�dd�Wg�VSZWe_	 UYSjfW�_	 U	 [�T6
\X�VW\XU	 �M< +
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` S
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∈
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�
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[��	cVaVWWT^	WVfVSZWT^	gW	 �4�5S S=
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�
�Ta	�iW�_	a�dd�Wg�VSZWTQT	UYSj6

fW��	4�5	]Ra_	[TW�_VXZ	UYXT�WRj	V]\TSjX6
WT	W[��eUWRj	dRWYg�j	 4 5S Y

�
�	YTXT�V�	RaTU6

SXUT��X	 \TTXWTiW�j	 4�5	[TfX�	 U\jaR	WV
cVaVWWT_	[�T_hRXY	�c_WW��	Y�

�VUWTU\WV�	gWV	 �S
�
	U	bXT^	\�XRVg��	RaTU6

SXUT��X	T[�VXT�WT_R	UYSjfW�j	U	 �M< +

�� 4 5�` S∈
�

4�5

�	\SRfV	TaWTcWVfWT^	dRWYg��	�c]eXTf6
WTQT	\[�T\V	 4 5� S

� �
	U_\XT	4�5	[TSRf�_	UY6

XT�WT	a�dd�Wg�VSZWT	R�VUWW�

4 5�
aS

� S
aY

=
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V	U_\XT	4�5	T[�VXT�WT	R�VUWW�
�4 5 ��� S =
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4�5

��VUWW�	4.5	�	UYSjfW�	4�5	T[�\eUV6
jX	\�XRVg�j�	[��	YTXT�T^	gWV	WYTXT�TQT
XTUV�V	[TUeiVX\�	�S�	[TW�hVX\�	U	cVU�6
\�_T\X�	TX	XTQT�	]RaX	S�	�c]eXTfWe^	\[�T\
WV	 bXTX	 XTUV�	 [TSTh�XSW	 �S�	 TX��gVX6
SW�	�YT�T\XZ	bXTQT	[TUeiW��	�S�	[TW�6
hW��	 [�T[T�g�TWVSZWV	 �Vc_�R	 �c]eXTf6
WTQT	\[�T\V	�S�	�c]eXTfWTQT	[�aSThW��
[T	YVhaT_R	XTUV�R�

�_\XT	UYXT�WTQT	R�VUWW��	4.5	_ThWT
cV[�\VXZ	\�\X_R	R�VUWW�^
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\	[�T�cUTSZWe_�	[TSTh�XSZWe_�	YTbdd�6
g�WXV_�	 �λ �	��\SV	 ��λ > 	WVceUVjX	YTbd6
d�g�WXV_�	[Ta\X�T^Y�	gWe	WV	 �6^	[�T6
aRYX�	�VYRj	_TaSZ	a�WV_�Y�	�eWTfWe`	gW
aS�	T]kQT	\SRfV�	{	XTUV�TU	U[�Ue	[�a6
STh�S	��	�V_RSZ\TW	r.s�

�Ta`Ta�k�_	Ue]T�T_	a�W�g	�c_�W��
aS�	YVhaTQT	XTUV�V	\�\X_V	4 5	[��UTa�X\�
Y	U�aR	4.5�

���	 \X\XUWWe`	 [�a[TSThW��`	 WV
_VX_VX�f\YRj	_TaSZ	�eWYV	4\_�	r��	f�	@@
QS�	�s5	TYVceUVX\��	fXT	_WTQTcWVfWV�	dRW6
Yg��	̀ 	[TSRW[��eUWV	\U�`R	�	TQ�VW�fW6
WV�	V		T]�Vce	�US�jX\�	W[R\Xe_�	Ue[RY6
Se_�	 cV_YWRXe_�	 �	 TQ�VW�fWWe_�	_WT6
h\XUV_��	ShVk�_�	U	<M���

�VY�	R\STU��	WV	dRWYg�j	T]T]kWWT6
QT	\[�T\V	W�h	]Ra_	WVceUVXZ	T\WTUWe_��

��T_	XTQT�	T]efWe	[�a[TSThW��	WV
_TaSZ	 �eWYV	 T]\[f�UVjX	 Ue[TSWW�
cVYTWV	�VSZ�V\V

4 � 5 � 4 4 55�S f f ` S≤ ∀ ∈
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�\S�	425	Ue[TSWWT	U	dT�_	�VUW\XUV�
XT	bXT	_e	]Ra_	WVceUVXZ	cVYTWT_	�VSZ�V\V
U	dT�_	�VUW\XUV�

�Rk\XUTUVW�	�VUWTU\WT^	gWe	QV�VW6
X��RX	 \SaRjk	 RXU�haW��	 [��WVaS6
hVk	
^SR	4\_�	r��	f�	@@	QS�	�s5�
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VSZWTQT	UYSjfW��	4�5	\	cVaVWWe_	WVfVSZ6
We_	 R\STU�_�	 YTQaV	 C	 RaTUSXUT��X	 T\6
WTUWe_	R\STU��_�	�cU\XWT	4\_�	r s5�	�Rk6
\XUTUVW�	WTX��gVXSZWTQT	�iW��	T]\[6
f�UVX	\SaRjk	RXU�haW�	4\_� r2s5�
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�\STU�	 WTX��gVXSZWT\X��	 d�QR���R6
jk	U	S__	��	TcWVfVX�	fXT	U	\SRfV	gWe

�HS = 	\[�T\	WV	H6^	XTUV�	W	_WZi	[�aST6
hW���

��h	 aT[TSW�XSZWT	 ]Ra_	 [�a[TSV6
QVXZ�	fXT	�iW�	cVaVf�	4�5�	435	[��	Sj]T_
WVfVSZWT_	�V\[�aSW��	gW	 � �S ≥

�
�T[�6

aS�X\�	a�W\XUWWe_	T]�VcT_	U[�VUT�	�XT
[�a[TSThW�	�_X	\X\XUWWe^	bYTWT6
_�f\Y�^	 \_e\S�	 �	 \SRfV	 TaWTcWVfWT^
dRWYg��	�c]eXTfWTQT	\[�T\V	 4 5� S

� �
TWT	T]\6

[f�UVX\��	WV[��_��	QSVaYT\XZj	 4 5� S
� �

�
�	 �eWTfWT^	 bYTWT_�Y	 U	 �TS�	 �QRS�6

XT�V�	\TQSV\TUeUVjkQT	a^\XU��	U\`	RfV6
\XW�YTU	 �	 R\XVWVUS�UVjkQT	 �VUWTU\We
gWe�	Ue\XR[VX	�eWTY�	�Tc_ThWT\XZ	aT\6
X�hW��	 �VUWTU\��	 U	 �VSZWe`	 bYTWT_�6
f\Y�`	\�\X_V`	T]\[f�UVX\�	QST]VSZWT^
R\XT^f�UT\XZj	 [TSThW��	 �VUWTU\��	 U
\_e\S	_VX_VX�f\YT^	XT���	R\XT^f�UT6
\X�	[T	��[RWTUR�

�eWTY	WVcTU_	4QST]VSZWT5	R\XT^f�Ue_�
\S�	 [��	 Sj]e`	 WVfVSZWe`	 gWV`	 � �S ≥

�

YVhaV�	�c	X�VYXT��^�	cVaVf�	4�5�	435�	T[�6
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