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X^SN_	L	`UOPa	 NbcXd	 eZN_N]S`XOZNd	 OSO%
PX]f(	V]XOPX	O	PX]	S	OU]NOPNgPXTa_fd	OQbhXZP
eZN_N]SZS(	 `PN	 NbXORX`SVUXPOg	 WX^SN_UTa_Nd
ONbOPVX__NOPa\(	 VNi]Nj_NOPa\	 UVPN_N]_N^N
RNVXYX_Sg	 WX^SN_UTa_Nd	 VTUOPS	 V	 RWXYXTUk
iUZN_NYUPXTa_N	 NPVXYX__fk	 Xd	 RNT_N]N`Sd(
_UTS`SX]	 OU]NOPNgPXTa_fk	 eZN_N]S`XOZSk
S_PXWXONV	 l�m�	 �	 QOTNVSgk	 ^TNbUTSiU[SS	 i_U%
`X_SX	 WX^SN_NV	 ZUZ	 eZN_N]S`XOZS	 OU]NOPNg%
PXTa_fk	kNigdOPVQ\cSk	OQbhXZPNV	VNiWUOPUXP�
�_S	 VOPQRU\P	 ]XjYQ	 ONbNd	 V	 ZN_ZQWX_P_fX
NP_NnX_Sg	 iU	 NbcSX	 WXOQWOf�	 �ORXn_NOPa
STS	_XQORXn_NOPa	WX^SN_NV	V	ePNd	bNWabX	NR%
WXYXTgXPOg	 PUZS]	RN_gPSX](	 ZUZ	ZN_ZQWX_PN%
ORNONb_NOPa(	 ZNPNWNX	 RWSNbWXPUXP	 RWS]X_S%
PXTa_N	 Z	 WX^SN_Q	 _XZNPNWfX	 NONbX__NOPS�
�	ZU`XOPVX	NO_NV_fk	eZN_N]S`XOZSk	kUWUZ%

PXWSOPSZ	 RWS	 NRWXYXTX_SS	 ZN_ZQWX_PNORNONb%
_NOPS	 WX^SN_U	 SOOTXYNVUPXTS	 VfYXTg\P	 RNTN%
jX_SX	 WX^SN_U	 S	 X^N	 NPYXTa_fk	 PNVUWNRWNSi%
VNYSPXTXd	 _U	 V_QPWX__X]	 S	 V_Xn_X]	 Wf_ZUk
l�mo	 RWNYQZPSV_NOPa	 �RWNSiVNYSPXTa_NOPa!	 SO%

RNTaiNVU_Sg	WX^SN_UTa_fk	WXOQWONV(	S	V	RXW%
VQ\	 N`XWXYa	 WUbN`Xd	 OSTf	 S	 ZURSPUTU(	 RN
OWUV_X_S\	 O	 YWQ^S]S	 WX^SN_U]S	 l)m(	 ORNONb%
_NOPa	 RWNSiVNYSPa	 PNVUWf	S	 QOTQ^S(	 QYNVTXP%
VNWg\cSX	 PWXbNVU_Sg]	]XjYQ_UWNY_fk	 Wf_%
ZNV(	NbXORX`SVUg	RWS	ePN]	WNOP	WXUTa_fk	YN%
kNYNV	_UOXTX_Sg	l,m(	QWNV_g	jSi_S	_UOXTX_Sg
WX^SN_U�
�N_ZQWX_PNORNONb_NOPa	gVTgXPOg	S_PX^WUTa%

_f]	RNZUiUPXTX](	 YTg	 N[X_ZS	 ZNPNWN^N	 _XNb%
kNYS]N	NbNbcX_SX	nSWNZNd	S	WUi_NWNY_Nd	S_%
pNW]U[SS(	 ONYXWjUcXdOg	 V	`UOP_fk(	 OS_PXPS%
`XOZSk	S	U_UTSPS`XOZSk	RNZUiUPXTgk�	�WSi_U%
VUg	 ZN]RTXZO_fd	 kUWUZPXW	 RN_gPSg	 ?WX^SN%
_UTa_Ug	ZN_ZQWX_PNORNONb_NOPa@(	SOOTXYNVUPX%
TS	 VfYXTg\P	 NP_NOSPXTa_N	 OU]NOPNgPXTa_fX
^WQRRf	pUZPNWNV(	ZNPNWfX	pNW]SWQ\P	WX^SN%
_UTa_Q\	 ZN_ZQWX_PNORNONb_NOPa�
�	 WUbNPX	 l"(	 O�	 �)m	 UVPNWf	 WUOO]UPWSVU\P

UbONT\P_Q\	S	 NP_NOSPXTa_Q\	ZN_ZQWX_PNORN%
ONb_NOPa�	�NY	 UbONT\P_Nd	 ZN_ZQWX_PNORNONb%
_NOPa\	 eZN_N]SZS	 WX^SN_U	 OTXYQXP	 RN_S]UPa
ONVNZQR_NOPa	pSiSZN%^XN^WUpS`XOZSk	 S	 ON[S%
UTa_N%^XN^WUpS`XOZSk	kUWUZPXWSOPSZ(	ZNPNWfX
ONiYU\P	 QOTNVSg	 YTg	 pNW]SWNVU_Sg	 _U	 X^Nq	�_Q`S_	��	��(	�XTX_NV	��	�(	�dPS_^N_	��	��(	����
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PXWWSPNWSS	eZN_N]S`XOZSk	OPWQZPQW	S	 OPWQZ%
PQW	WUOOXTX_Sg�	�P_NOSPXTa_Ug	ZN_ZQWX_PNORN%
ONb_NOPa	NRWXYXTgXPOg	V	WU_jSWNVU__N]	WgYQ
VOXk	WX^SN_NV	PN^N	jX	QWNV_g	UY]S_SOPWUPSV%
_N%PXWWSPNWSUTa_Nd	 SXWUWkSS	 OPWU_f�
�WQ^SX	 SOOTXYNVUPXTS	 VfYXTg\P	 YVX	 ^WQR%

Rf	pUZPNWNV	 ZN_ZQWX_PNORNONb_NOPS	 l-m�	 RN%
PX_[SUTa_fX	 S	 WXUTa_fX�	 ?�NPX_[SUTa_Ug
ZN_ZQWX_PNORNONb_NOPa	WX^SN_U	kUWUZPXWSiQXP%
Og	_U]S	ZUZ	ORNONb_NOPa	WX^SN_UTa_Nd	OSOPX%
]f	Z	 QOPNd`SVN]Q	 OU]NWUiVSPS\	S	 NbXORX`X%
_S\	OPUbSTa_N^N	WNOPU	bTU^NONOPNg_Sg	_UOXTX%
_Sg	_U	NO_NVX	VfONZNd	eppXZPSV_NOPS	]XjWX%
^SN_UTa_fk	 S	 V_Xn_XeZN_N]S`XOZSk	 OVgiXd�
�UWgYQ	O	RNPX_[SUTa_Nd	ZN_ZQWX_PNORNONb_N%
OPa\	eZN_N]SZS	WX^SN_U	bNTanNX	]XPNYNTN^S%
`XOZNX	 S	 RWUZPS`XOZNX	 i_U`X_SX	 S]XXP	 RN_g%
PSX	 XX	 WXUTa_Nd	 ZN_ZQWX_PNORNONb_NOPS(	 ���
ZNPNWUg	]NjXP	 bfPa	 NRWXYXTX_U	 ZUZ	 OPXRX_a
pUZPS`XOZNd	 WXUTSiU[SS	 ZN_ZQWX_P_Nd	 RNiS%
[SS	 WX^SN_U	 _U	 ]SWNVN](	 NbcXWNOOSdOZN]	 S
WX^SN_UTa_N]	 Wf_ZUk@�
�	WUbNPX	 l0m	QZUifVUXPOg(	`PN	VOX	pUZPNWf(

NbXORX`SVU\cSX	ZN_ZQWX_PNORNONb_NOPa	_U[SN%
_UTa_Nd	 eZN_N]SZS(	 ]Nj_N	 O^WQRRSWNVUPa	 V
PWS	 NO_NV_fk	 bTNZU(	 kUWUZPXWSiQ\cSk	 PSR
ZN_ZQWX_P_fk	 RWXS]QcXOPV�
WXOQWO_fX	L	_UYXTX__NOPa	WUiTS`_f]S	VS%

YU]S	WXOQWONV(	 RNiVNTg\cUg	RWNSiVNYSPa	 PN%
VUWf	 TQ`nX^N(	 `X]	 Q	 ZN_ZQWX_PNV(	 ZU`XOPVU
RN	 bNTXX	 _SiZNd	 [X_Xo

NRXWU[SN__fX	L	ONVNZQR_NOPa	NW^U_SiU[S%
N__fk(	 eZN_N]S`XOZSk(	 _UQ`_N%PXk_NTN^S`XO%
ZSk	 pUZPNWNV(	 RNiVNTg\cSk	 OQbhXZPQ	 ZN_%
ZQWX_PNORNONb_NOPS	YNbSVUPaOg	VfONZNd	eppXZ%
PSV_NOPS	SORNTaiNVU_Sg	S]X\cSkOg	V	X^N	WUO%
RNWgjX_SS	WXOQWONV	S	_U	ePNd	NO_NVX	O_SjUPa
SiYXWjZS	 S	 [X_f(	 RNVfnUg	 ZN_ZQWX_PNORN%
ONb_NOPa	 OVNSk	 PNVUWNVo
OPWUPX^S`XOZSX	L	 ONVNZQR_NOPa	 OPWUPX^S%

`XOZSk	 WXnX_Sd	 S	 RWS_gPfk	 _U	 Sk	 NO_NVX
RWN^WU]]	WUiVSPSg(	RNiVNTg\cSk	NRPS]UTa_N
ON`XPUPa	WXOQWO_Q\	bUiQ(	SOPNWSZN%ZQTaPQW_fX
S	 eZN_N]SZN%NW^U_SiU[SN__fX	 NONbX__NOPS
YTg	pNW]SWNVU_Sg	Q_SZUTa_N^N	RQPS	WUiVSPSg(
`PN	YXTUXP	OQbhXZPU	ZN_ZQWX_PNORNONb_NOPS	_X%
YNOg^UX]f]	YTg	 ^TNbUTa_fk	ZN_ZQWX_PNV�
�i	 PWXk	 ^WQRR	pUZPNWNV	pNW]SWQXPOg	 PUZ%

jX	 ZN_ZQWX_PNORNONb_NOPa	 V	 ]NYXTS	�OX]SW%
_N^N	 eZN_N]S`XOZN^N	pNWQ]U	 ���*!	 l.m�
�Tg	Q`XPU	]_NjXOPVU	OPUPSOPS`XOZSk	RNZU%

iUPXTXd	 V	 S_PX^WUTa_N]	RNZUiUPXTX	 SORNTaiQ%
XPOg	 WXdPS_^NVfd	]XPNY�	 �SOPX]U	 WXdPS_^NV
RNTQ`STU	WUiVSPSX	XcX	V	_U`UTX	$$	V�	S	NON%
bX__N	 UZPSV_N	L	 V	 ��0�%k	 ^^�	 �	 _UOPNgcXX
VWX]g	 OSOPX]U	 WXdPS_^NV	 RWSNbWXTU	 OPWQZPQ%
WSiU[S\	 ZUZ	 RN	 WX^SN_UTa_N]Q(	 PUZ	 S	 RN
RWXY]XP_N%NPWUOTXVN]Q	 RWSi_UZU]o	 pNW]SWQ%
\POg	WXdPS_^S	OPWU_(	WX^SN_NV(	RWXYRWSgPSd(
bU_ZNV�	 �PWQZPQWU	 S_PX^WUTa_N^N	 RNZUiUPXTg(
Q`SPfVUX]N^N	V	WXdPS_^X	WX^SN_UTa_Nd	ZN_ZQ%
WX_PNORNONb_NOPS(	 RWXYOPUVTX_U	 _U	 WSO�	 ��

_���
 e�
�PWQZPQWU	 S_PX^WUTa_N^N	 RNZUiUPXTg	 WX^SN_UTa_Nd	 ZN_ZQWX_PNORNONb_NOPS
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�U	 _SinX]	 QWNV_X	 RWXYTNjX__Nd	 ]NYXTS
SORNTaiQ\POg	 RXWVS`_fX	 �`UOP_fX!	 OPUPSOPS%
`XOZSX	RNZUiUPXTS�	�UTXX	N_S	U^WX^SWQ\POg	V
NbNbcU\cSX	OPUPSOPS`XOZSX	RNZUiUPXTS	bNTXX
VfONZN^N	QWNV_g(	RWS`X]	VNi]Nj_N	_XOZNTaZN
QWNV_Xd	 NbNbcX_Sg�
�Tg	pNW]SWNVU_Sg	S_PX^WUTa_N^N	RNZUiUPX%

Tg	ZN_ZQWX_PNORNONb_NOPS	_XNbkNYS]N	NRWXYX%
TSPa	 OSOPX]Q	 pUZPNWNV(	 NbWUiQ\cSk	 ZN_ZQ%
WX_PNORNONb_NOPa	 WX^SN_U(	 OpNW]SWNVUPa	 OSO%
PX]Q	 RXWVS`_fk	 OPUPSOPS`XOZSk	 RNZUiUPXTXd(
VfbWUPa	 OSOPX]Q	 _NW]SWNVU_Sg	 WUi_NWNY_fk
OPUPSOPS`XOZSk	RNZUiUPXTXd	S	]XPNY	U^WX^SWN%
VU_Sg	RNZUiUPXTXd	bNTXX	_SiZN^N	QWNV_g	V	RN%
ZUiUPXTS	 VXWk_X^N	 QWNV_g	 l�m�

�OkNYg	Si	ZN]RTXZO_N^N	kUWUZPXWU	RN_gPSg
?WX^SN_UTa_Ug	 ZN_ZQWX_PNORNONb_NOPa@(	 RWXY%
TU^UXPOg	pNW]SWNVUPa	XX	S_PX^WUTa_fd	RNZUiU%
PXTa	 _U	 NO_NVU_SS	 PWXk	 ^WQRR	 RNZUiUPXTXd(
NO_NVfVU\cSkOg	_U	]NYXTS	��*	l.m�	RNZUiUPX%
Tg	 ?�UiNVfX	pUZPNWf@(	 OZTUYfVU\cX^NOg	 Si
WXOQWO_fk(	 eZNTN^S`XOZSk	pUZPNWNV	S	 `XTNVX%
`XOZN^N	RNPX_[SUTUo	RNZUiUPXTg	?*UZPNWf	ep%
pXZPSV_NOPS@(	SO`SOTgX]N^N	_U	 NO_NVU_SS	kU%
WUZPXWSOPSZ	eppXZPSV_NOPS	SORNTaiNVU_Sg	ePN%
^N	 RNPX_[SUTUo	 RNZUiUPXTg	 ?�__NVU[SN__fX
pUZPNWf@	ZUZ	 N[X_ZS	 VfWUjX__NOPS	 V	 WX^SN%
_X	pUZPNWNV	?_NVNd	eZN_N]SZS@(	QWNV_g	WUiVS%
PSg	ONVWX]X__fk	PXk_NTN^Sd	S	ZU`XOPVU	S__N%
VU[SN__fk	WXnX_Sd	 �WSO�	 �!�

�SOPX]U	 _NW]SWNVU__fk	 OPUPSOPS`XOZSk
RNZUiUPXTXd(	SORNTaiQX]fk	YTg	pNW]SWNVU_Sg

�	U	b	T	S	[	U	 	�
����	��
 ���������	���[
 �������	�	�

S_PX^WUTa_N^N	 RNZUiUPXTg	 WX^SN_UTa_Nd	 ZN_%
ZQWX_PNORNONb_NOPS(	 RWSVXYX_U	 V	 PUbT�	 ��

_���
 h�
�PWQZPQW_Ug	]NYXTa	 WX^SN_UTa_Nd	 ZN_ZQWX_PNORNONb_NOPS	 l�m

�PUPSOPS`XOZSX	RNZUiUPXTS
�%^N	QWNV_g	NbNbcX_Sg

�PUPSOPS`XOZSX	RNZUiUPXTS
�%^N	QWNV_g	NbNbcX_Sg

�PUPSOPS`XOZSX	RNZUiUPXTS

� � )

��	�NPX_[SUT	PXWWSPNWSS �X]N^WUpS`XOZSd
RNPX_[SUT

��	�OPXOPVX__fd	RWSWNOP	_UOXTX_Sg(	`XT�
_U	����	̀ XT�
��	JNeppS[SX_P	]S^WU[SN__N^N	RWSWNOPU(	r
	)�	�NTg	eZN_N]S`XOZS	UZPSV_N^N	_UOXTX_Sg	OWXYS
VOX^N	_UOXTX_Sg(	r
,�	�NTg	PWQYNORNONb_N^N	_UOXTX_Sg(	r

�ZNTN^S`XOZSd	RNPX_[SUT "�	�fbWNO	iU^Wgi_g\cSk	VXcXOPV	V	NZWQjU\cQ\
OWXYQ(	P	_U	����	`XT�
-�	�bWNO	iU^Wgi_X__fk	OPN`_fk	VNY	V	RNVXWk_NOP%
_fX	VNY_fX	NbhXZPf(	P	_U	����	`XT�
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�	Z	N	_	`	U	_	S	X	 	 	 P	 U	 b	T�	�

�UZ	 ZUZ	 SORNTaiQX]fX	 YTg	 N[X_ZS	 WX^SN%
_UTa_Nd	ZN_ZQWX_PNORNONb_NOPS	OPUPSOPS`XOZSX
RNZUiUPXTS	S]X\P	WUi_fX	XYS_S[f	Si]XWX_Sg
S	RNWgYNZ	 VXTS`S_(	 YTg	Sk	 Q_SpSZU[SS	RWS%
]X_gTSOa	 RWN[XYQWf	_NW]UTSiU[SS	S	nZUTS%
WNVU_Sg�	 �Tg	 U^WX^SWNVU_Sg	 OPUPSOPS`XOZSk
RNZUiUPXTXd	V	RNZUiUPXTS	bNTXX	VfONZN^N	QWNV%
_g	SORNTaiNVUTOg	]XPNY	RWg]N^N	OQ]]SWNVU_Sg
`UOP_fk	kUWUZPXWSOPSZ(	VfWUjX__fk	V	bXiWUi%
]XW_N]	S_YXZO_N]	VSYX�	�Tg	RXWXVNYU	OPUPSO%
PS`XOZSk	 YU__fk	 V	 bXiWUi]XW_fd	S_YXZO_fd
VSY	RWS]X_gTSOa	 RWXNbWUiNVU_Sg

min

max min

sc i i
i

i i

x x
x

x x

−=
−

min

max min

1sc i i
i

i i

x x
x

x x
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