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��¸t�������¸ª� ÂmN9W<J�DYWFUnRZ_XN7WFDSJ�UXWYN�[Vg�]hDFEIdh_ `N9LMN f��¡EHDSf/EHgVg^J�g^RZN9LMN	g/Ww\eEH[^\<RZEIgtWFDKJ�UXgtWFN�\Af/N
]VDhiN�R3iN�f/N	g^RZN�\<J9��N�R�DFN	WSJ�DKf3����gªN9g^\jN9Ldh_XN�ftN��°W��JIRSTVN�\�ftEIUXW��N9WFDYNEHDSf/EHgVg^J�g^R3iN¤fVJ�g�\�[VgVN
L�JHRxTVU�gVN<f/N�L�J�gVUa`N9DFN�`J�LMUXgVU�LMU�\eN9D$_�J�f/[VDhiN9N�WYEIWSJ�_XN�f�� N9k$iN�RZ[VWYUXEIg¿�Vv3N�\,N	k$iN�Rc[VWFU�EIg^\�f/N�RcN�\
W��JHRxThN�\�\jEIgtW�RZEHg/WYDSJ�U�g/WYN�\']�J�D�ftN�\'DYN9_�J�WFUXEHg^\�ftNM]VDhiN�R3iN�f/N9g�RZN�WFN9L¦]�EHDFUn\/iN9N�\cb®]^J�D7N9k/N	LM]V_XN¢b
[VgVN�W��JHRxThN,gVN�]^N9[hW�RZEHLMLMN9g^RSN9D�\jEIgMN9k$iN�RZ[hWFUXEHg��ù[��òJ�]hD9`N�\ _�J��^g¦f/N�_ � N9k$iN�RZ[VWFU�EIg f/NARST^JHRZ[Vg
f/N7\eN�\�]VDhiN�f$iN�RZN�\Y\eN9[VDK\�]V_X[�\�[Vg�DYN9WSJ�DSf3�^ÀAJ�g^\�_XN<R9JH\ÁE�`[�_�N�\«WYN9LM]^\$f��¡N9k$iN�RZ[hWFUXEHg�f/N<W��JHRxThN�\
\eEHg/Ww[VgVUXWKJ�U�DFN�\,N	W,_�N�\Af/[VDhiN9N�\AftN�DFN	WSJ�DKfV\AN9gtWFUa`N	DFN�\cbV_XN�]hDFEIdh_ `N9LMN<N�\jW<©AC �af/U"!�RZUX_�N7fVJ�g^\�_XN
\eN	g^\¾�£EIDFW	�tÀAJ�g^\ _�N�R9JI\mE�`[¦_XN�\¾WYN9LM]^\�f�� N9k$iN�RZ[VWFU�EIg�f/N�W��JIRSTVN�\m\eEHg/WmN9gtWFU�N9DS\�N9W _XN�\ f/[VDhiN9N�\mf/N
DFN	WSJ�DKfV\«[hgVUXWKJ�UXDYN�\ZbH_XN�]VDFEHdV_a`N9L¦N�N�\eWm]^EI_�l/gVEHLMU�J�_ bIN	W«[hgMJ�_XGIEHDFU�WFTVLMNwf/NwRZEIL¦]V_XN9ktUXWhiN�¯�±a�3²9³
N�\jW ]VDhiN�\eN9gtWhiN��Hv3N�\mR9JH\«f#�¡N9k$iN�RZ[VWYUXEHg^\ ]hDViN9N9L¦]VWFU���N�\3N9W gVEHg]hDViN9N9L¦]VWFU���N�\3\jEIgtW«WYEI[^\ _�N�\ f/N9[hk
RZEHg^\eUnf�iN9DhiN�\Z�
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ÂmEIg�\eU�ftN9D�WFTVNA�£EH_X_XE���U�gVG�\FRSTVN�f/[h_XUXghG�]VDYEIdV_�N9L��ts�TVN9DYN�J�DFN7J�\eU�gVGI_�N<L�JIRSTVUXghN�J�g^f¤J�\eN9W�E��
��WSJI\j�V\�WFEMd^N�DY[Vg�EIg¤WFT^J�WAL�JHRxTVU�gVN��hs�TVN�N9ktN�RZ[hWFUXEHg^\�E��$WYTVN�WKJI\e�h\�J�DFN�RcEIg^\jWFDSJ�UXgVN�f¬dtl
]VDYN�RZN�f/N	g^RZN<RZEHg^\eWYDSJ�UXgtWS\���TVUnRxT¤J�DYN7f/N�\FRcDFUXd^N�fMdtl�J�f/U�DFN�RZWYN�fMJHRZlVRc_XU�R�GIDSJ�]VT87:9�±<;>=0?}³Kb
DFNc�£N9DFDYN�f}WYE�JH\«WSJH\e��GIDKJ�]VT®bV��ThN9DFN�WFTVN \eN9WmE�����N9DYWFU�RcN�\@;�RcEIDFDYN�\e]^EHg^fV\�WFE7WFTVNw\eN	W�E���WKJI\j�V\
J�g�f�WYTVN�\eN9W<E���J�DSR9\�? WFE�WYTVN�]VDFN�RZN�f/N9g�RZN�RZEHg^\eWYDSJ�UXgtWS\Z�¿s�TVN�WSJH\e��GIDKJ�]VT�U�\AJM��N	UXGITtWFN�f
GIDKJ�]VT���U�WFT���N9DYWFU�RcN�\«�$N9UXGHT/WYN�fMd/lMWKJI\j�¬]hDFEtRZN�\Y\eU�gVGMWFU�LMN�\BA*C b�DFEG; b^J�g^f�J�DSR9\���N	UXGITtWFN�f
dtl�_�N9gVGIWYT^\�E�� f/N9_nJ9lV\IH�CKJ	�MLVEID�J�g/l�]^J�U�D�E��wWSJH\e�h\IDN=POQER;�b U �7±PDN=POV³/ER?b¾WYTVN9g¨WSJH\e�SO
R9J�g�\jWSJ�DFW�N9k/N�RZ[VWFU�EIgMEHgV_XlTH CKJ WFUXL¦N,[VghUXWS\�J9�£WFN9D�WYTVN<N9ktN�RZ[VWYUXEIg�RZEILM]h_XN9WYUXEIg�E���WSJH\e�UDFbtU �¡N¢�Xb
V C�W H CXJZY\[�J b���TVN	DFN V C U�\«WYTVNwRZEILM]h_XN9WYUXEIg�WYUXLMN�E���WSJH\e�]DFb [^J Un\«WYTVNA\jWSJ�DFWFU�gVG�WFU�LMN�E���WSJH\e�
O^��s�TVDFEH[VGITVEH[VW�WFTVNM]�J�]^N9D9b�]VDFEtRcN�\F\jUXgVG¤WFUXL¦N�\AJ�g�f¥]hDFN�RZN�f/N9g^RZN�ftN9_�J9lh\'J�DFN�JH\F\j[VLMN�f�WFE
d^N�gVEIghgVN9G�J�WFU���N�UXgtWFN	GIN9DK\Z�^s�TVN�]VDYEIdV_�N9L�U�\�WFE ��g^f�J}�£N�JH\eUXdh_XN7\FRSTVN�f/[h_XN�±���TVUnRxT�\FJ�WFU�\ �^N�\
WFThN']hDFN�RZN�f/N9g^RZNwf/N9_nJ9lV\S³$\e[^RST�WFT^J�W�WFTVN<L�J���N�\e]^J�g®b/Ua�¡N���WYTVN7RZEILM]h_XN9WYUXEIg�WFU�LMN�E��mWYTVN<_�JI\jW
N9ktN�RZ[VWYN�f,WKJI\e��b�U�\3LMU�gVUXLMU��ZN�f3�N_�N�J�g�J�_Xlt�9Nmd^EIWYT�WFTVNm]VDYN9N9LM]VWYUX��N�J�g^f<WFTVNmgVEHgV]VDYN9N9LM]VWYUX��N
\FRSTVN�ft[V_XU�gVG�]VDYEIdV_�N9L�\c�

QAR9RZEHDSf/U�gVG�WFE¨WFTVN¤WFTVDYN9N9� �^N9_nf°gVEHWSJ�WYUXEHg�\YRxTVN	LMNMUXgtWFDYEtf/[^RZN�f d/l\`�DSJ�T^J�L�b$v®J9��_XN9D	b
v3N9g^\jWFDKJ,J�g^f<uÁU�gVgVE�E�l�a<J�g]b OHOdc bcEI[VD®gVEHgV]VDYN9N9LM]VWYUX��Nm±£DFN�\j]®�Z]VDYN9N9LM]hWFUX��NH³t\FRSTVN�f/[h_XUXghG�]VDYEI�
dV_�N9L R9J�gMd^NAftN9gVEIWYN�fMJH\,Ofe+A�g^h V ±<H CKJ ³i=jA J e�kMlBmonA±�DYN�\e]¿��OIepA,q�rY�j=BA,g�h V ±oH CKJ ³0=BA J e�kMlBm<n9³Kb
��TVN9DYN�H CXJ f/N9gVEHWFN�\m]VDFN�RZN�f/N9g�RZN�f/N	_�J9lV\c��q gMR	JI\eNw��N�T^J9��N�U�f/N9gtWFUnR9J�_h]^J�DKJ�_X_�N9_VL�JHRxThUXgVN�\cb�WYTVN
]VDYEIdV_�N9L�\^R9J�g7d^Nmf/N9gVEHWFN�fAdtl�ste%A,g�h V ±oH�CKJ9³i=,AuJZe+k lBmon J�g^f�steoA,q�rY�j=�A�g^h V ±<H�CKJc³i=,AuJZedk lBmon �

s�TVN�gVEIWYUXEIg�E��®]VDYN�RZN�ftN9g^RZN´f/N9_�J9lh\¾��JH\ �^DK\eWmUXgtWFDYEtf/[^RZN�f�U�g�¶�J�_nJI\Zb¢v3N9g^\eWYDSJ<J�g�f'v$J���J��
RZEH]�EH[V_XE¢\Zb 4 cab���ThN9DFN�WYTVN�WFN9DYLxwSf/N9_nJ9l�N�f']VDYN�RZN�ftN9g^RZN´RZEIg^\jWFDKJ�UXgtWS\�yA��JI\�[^\eN�f���s�TVU�\�gVEIWYUXEIg
R9J�g¬d^N<[^\jN�fMWFE�LMEtf/N	_3WFThN'DYN9_XN�JI\eN fVJ�WYN'E�� WYTVN<WSJH\e�h\Z�^q g^f/N9N�f3b�d/l�JHfVf/U�gVG�J���RZWFU���NfwYUXgVU��
WFUnJ�_zy�WSJI\j�ªE�� ��TVU�RST¨J�_�_�WSJH\e�h\J�DFN�UXWK\�\e[^R9RcN�\F\jEIDS\cb WFTVN�]VDYN�RZN�ftN9g^RZN¦f/N9_nJ�l�d�N	We�$N9N9gªWYTVN
wFU�gVUXWYU�J�_�yWKJI\e��J�g^f�J�gtl�]^J�DYWFU�Rc[V_�J�DAWSJH\e��R9J�g�d^N¦RZEIg^\jU�f/N	DFN�f�JH\ WYTVN�DFN	_XN�JH\eN�fVJ�WFN�E���WYTVN
_�J�WFWYN9D9��q g�JA\jUXLMU�_�J�D¾�´J�l¢b�WYTVN,]hDFN�RZN�f/N9g^RZN$f/N	_�J9lV\�R9J�g¦J�_n\eE<d^N�[^\eN�f�WFE<LMEtftN9_/WYTVN�f/N9_�UX��N9DYl
WFU�LMN�\�±���TVUnRxT J�DFN$UXg�RZN	DFWSJ�UXg7\eN	g^\eN�N ��[VU��IJ�_XN9gtW3WYE<f/[VN´fVJ�WYN�\x³K��q g^f/N9N�f3b9d/l7JHfVf/UXghG<J ��RZWFU���N
w ��g^J�_zyWSJH\e��E��m��TVUnRxT�J�_X_®WKJI\j�V\AJ�DFN7UXWS\�]VDYN�f/N�RZN�\F\eEHDS\cb�WYTVN�]VDYN�RZN�ftN9g^RZN7f/N9_nJ9lMd^N9Wj��N9N9g¤J
WSJH\e�¤J�g�f�WYTVNTw �^g�J�_�y�WSJI\j��R9J�g�d^N7RZEIg^\jU�f/N	DFN�f�JI\�WFThN�ftN9_XU���N9DFl�WYUXLMN�E���WFTVNA�£EHDFLMN9D	�

©,EIWYNATVE���N	��N9D WFT�J�W�WFThN,gVEHWFU�EIg�E���]VDYN�RZN�ftN9g^RZN�f/N	_�J9lV\mU�\mf/U�{3N	DFN9gtW �£DFEIL WFT�J�W�E��mRcEILM�
L�[VgVU�R	J�WFU�EIg�WYUXLMN�\�UXgMWYTVNA\YRxThN�f/[V_�UXgVG<_XU�WFN9DKJ�WY[VDFN7± \jN9N,N¢�¡GV��b O}| c�³K�ts�TVNAN"{�N�RZWYUX��N�RZEHLML�[VgVU �
R9J�WFUXEHg�WYUXLMN�\Ád^N9Wj��N	N9g�WKJI\e�h\�ftN9]^N9g^f�EIg�WFTVN�WKJI\e��JH\F\jUXGIghLMN9gtW9�®ÂmEILML�[VgVUnR9J�WYUXEIg¤WFU�LMN�\
d^N9Wj��N9N	g�WSJI\j�V\<��TVU�RST�J�DYNMJH\F\jUXGIghN�f�WYE�WYTVNM\YJ�LMN7L�JIRSTVU�gVN�J�DFN�[^\e[^J�_X_�l�JI\F\j[VLMN�f�WYE�d^N
\eL�J�_X_ab�Welt]VUnR9J�_�_Xl�gVN9GI_�UXGHUXdV_�N�±£U �¡N¢�/�9N9DYE/³K��~,E���N9��N9D	b�]VDFN�RcN�f/N9g^RcN<f/N9_nJ�lh\«d^N9Wj�$N9N9g�WSJH\e�h\,J�DFN
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JI\Y\e[VL¦N�f�WFE¤DFN9L�J�UXg¤[Vg^RST^J�gVGHN�f�N9��N9g���TVN9g�Wj��E�WSJH\e�h\�J�DFN¦JI\F\jUXGHgVN�f�WFE�WYTVN�\FJ�LMN�L�J��
RSTVUXgVN¢�

r�UXghGI_XN	��L�JHRxThUXgVN´\FRSTVN�f/[V_�UXgVG<T^JH\�d^N9N9g�DFN�RZN	UX�tUXgVGAL�[^RST�UXgtWFN9DYN�\eWmU�gWYTVNA_XU�WFN9DKJ�WY[VDFN��¢q1gh�
f/N9N�f3b^JI\�¶�J���N9D b¡z c®UXg^f/UnR9J�WYN�f3btUXW�U�\�J�dV[VUX_nf/UXghG�dV_�EtRx�MU�g�WYTVN7f/N9��N9_�EI]VLMN	g/W E��$J�RZEILM]hDFN9�
TVN9g�\eUX��Nw[Vg^f/N9DK\eWKJ�g^f/U�gVG�E��$RZEHLM]V_�U�R9J�WFN�f�\elh\eWYN9L�\Z�ts�TVN7DFN�JHf/N9D�Un\�DFNZ�£N9DYDFN�f�WFE�WFTVN7\e[hDF��N9l
]^J�]�N	DS\dtl¨À,U�_XN9N9]�J�g J�g^f r�N9g b |dcab `�[V]VWSJ�J�g^f a lt]^J�DFU�\jU�\Tb O9z�c bmJ�g^f v®J9��_�N9D9bmv3N9g�\eWFDKJ/b
u�UXgVgVE�E�lTa<J�g�J�g�f�r�TVL¦E�lh\.b OZ��c3�£EID�DFN�\jN�J�DKRxTM�$EIDY�MUXg�WFThU�\ �^N9_�f��

s�TVN�\FRSTVN�ft[V_XU�gVG�]hDFEIdh_XN9L J�g�J�_Xlt�9N�f U�g WYTVU�\]�J�]^N9D�U�\�J�g N9ktWFN9g^\jUXEHg E��7WYTVN�LMEtf/N9_
��UXWYT�DYN9_XN�JH\eN7J�g�f�f/N9_�UX��N9DYlWYUXLMN�\,±�EHDAft[VN�fVJ�WFN�\S³S��p�EIDYN9E���N9D9btUXW�T^JH\Af/UXDYN�RZW�J�]V]V_XUnR9J�WYUXEHg^\
UXg¤L�J�gt[/�aJHRZWF[VDYUXgVG�\jlV\jWFN9L�\�J�g^f�RZEHLM]V[VWYN9D�\jlV\jWFN9L�\Z��LVEID�N9khJ�LM]V_�N�b/U�g b |}c b^J¦\FRSTVN�f/[V_�UXgVG
]VDYEIdV_�N9L E��AL�[V_�WFUX]hDFEtRZN�\Y\eEHD�\jlV\jWFN9L§U�\�DYN�f/[^RcN�f�WFE¤WFTVUn\�\eU�gVGI_�N9��L�JIRSTVUXgVN�L¦Etf/N9_ b®��TVN	DFN
WFThNWKJI\e�h\ADFN9]hDFN�\jN9g/W RZEILML�[VgVUnR9J�WYUXEHg^\�EIg¨JMdV[�\�J�g�f�WYTVN]hDFN�RZN�f/N9g^RZN f/N9_nJ�lh\ADFN9]hDFN�\jN9g/W
N9ktN�RZ[VWYUXEHgMWFU�LMN�\¾E�� WYTVDFN�JHfV\�UXg�]^J�DSJ�_X_XN	_�]hDFEtRZN�\Y\eEHDS\Z��s�TVUn\�LMEtf/N9_�J�_n\eE�J�DFU�\jN�\�UXg7ojEIdV�a\eTVEH]
\FRSTVN�ft[V_XU�gVGV�^ÀAJ�[V�9U�N9DFN9�aC¾N9DYN�\�J�g�f�v®JI\Y\eN9DYDFNUb
	}c�]VDFEH]�E¢\eN�f�J�LMEtf/U ��R9J�WFUXEHg�E��mWFTVN \eTVU �£WFU�gVG
d^EIWYWF_XN	gVN�RS��]VDYEtRZN�f/[VDYN,E���QAfhJ�L�\¾N	W�J�_ ��b O+c �/r¢[^RxT¦JALMEtf/U ��R9J�WYUXEHg�WSJ���N�\U�g/WYE7JIR9RZEH[VgtW«WYTVN
]VDYN�RZN�f/N	g^RZNwf/N9_�J9lh\�JH\F\eEtRcU�J�WYN�f¬��U�WFT�WFThNA]VDFN�RZN�f/N9g�RZN,DYN9_�J�WFU�EIg^\�U�g^f/[^RZN�fd/l¦\FRSTVN�ft[V_XU�gVG�J
d^EIWYWF_XN	gVN�RS�L�JHRxThUXgVN�btJ�g^f¬WYTVN9DFNc�£EIDFNwl/U�N9_�fV\md^N9WFWYN9D�]^N9De�£EHDFL�J�g^RZN�\c�

s�TVNAGHN9gVN9DKJ�_^gVEIgh]VDFN9N	LM]VWFU���N�\YRxTVN�f/[V_XU�gVG<]VDFEHdV_XN	L5�£EID�L�J���N�\j]^J�g�LMUXghUXLMU ��J�WFUXEHg�\j[VdV�
ojN�RZW�WFE�DFN	_XN�JH\eN�J�g^f�ftN9_XU���N9DFl�WFU�LMN�\ ±���ThU�RST�RcEIDFDYN�\e]^EHg^fV\ WFE�WFTVN$]VDFEHdV_XN	L ��U�WFT7]VDFN�RcN�f/N9g^RcN
f/N9_nJ9lV\�E����	N9DFE�_XN9ghGIWFT¤UXgtd^N9Wj��N9N9g¦WSJI\j�V\�N9kVRcN9]VW��£EID�WFThE�\eN JI\Y\eEtRZUnJ�WFN�f���UXWFT¤WFTVNUwFU�gVUXWYU�J�_zy
J�g�f¬WFThN w �^g^J�_�y�WSJI\j�V\S³��´JI\�\jTVE���g�WFE�d^N7©AC ��T^J�DSf�d/l `wJ�DFN9l�J�g^f�~IEHTVg^\jEIg b {}ca��Â$J�DY_XU�N9D
b ��cV]VDYEI]^E�\jN�fJ�g�N !�RZUXN9gtW®dVDKJ�g^RSTV�aJ�g^f/�£d^EI[Vg�f¬J�_XGHEIDFU�WFTVL��£EIDm\jEI_��/U�gVGAWFThN�]VDFEHdV_XN9L��d_ TVN9g
J�_�_VWFThN�WSJI\j��]VDFEtRcN�\F\jUXgVG7WFUXL¦N�\®J�DYN,N ��[^J�_ b/r�U�LMEIg�\ b O�	}c�J�g^f `wJ�DFN9l�b¢~IEITVg^\jEIg®bVr�U�LMEIg�\ J�g^f
s�J�D�oYJ�g b O��}c®]hDFEI]^E¢\eN�f�]^EI_�l/ghEILMUnJ�_®J�_XGHEIDFU�WFTVL�\�£EID�WFThN'EH]VWFU�L�J�_¿\eEH_X[VWYUXEIg¿�

q g�WFThN�]VDYN9N9LM]VWYUX��NmR	JI\eN¢b�TVE��$N9��N9D9b	\eU�LM]V_XNm]^EI_�l/ghEILMUnJ�_tJ�_�GIEHDFUXWYTVL�\®\jEI_X��N$WFTVN$]VDFEHdV_XN	L
�£EID�L�J���N�\e]^J�g<LMUXgVU�LU���J�WYUXEHgA\j[VdVojN�RZW®WYE,DYN9_XN�JH\eN$J�g�f�f/N9_XU���N9DFl�WYUXLMN�\Z�9q g^ftN9N�f3b�JH\ EHd^\eN9DY��N�f
dtl `wJ�DFN9l N9W�J�_a�.b O���cab«WYTVN�]VDYN�\eN	g^RZN�E��7]VDFN�RcN�f/N9g^RcN�RZEHg^\eWYDSJ�U�g/WK\�±���U�WFT �9N9DFE¥f/N9_�J9l^³�Un\
N�\Y\eN9gtWFUnJ�_X_�l¨UXDFDYN9_XN	�IJ�g/W¦UXg WFThU�\�R9JI\jN�AÃ�gVN�R9J�g �^DS\jW¬L¦Etf/U �£l WFTVN�DYN9_XN�JH\eN�J�g^f�f/N9_�UX��N9DYl
WFU�LMN�\ \jE�WFT^J�W�WFTVN	l�d�N�RZEILMNwRZEHg^\eUn\eWFN	g/W$��UXWFT¦WFTVNA]hDFN�RZN�f/N9g^RZN�DYN9_�J�WFU�EIg^\cbVJ�g�f�WYTVN9g�J�]V]V_�l
WFThN�v®J�DFGHN�\eWY� À,N	_XUX��N	DFlt� s�U�LMN,]^EH_XU�Rcl�bV\jN9N ~,EIDYg b O 4 c �

q WAU�\AN�JH\eUX_�l�\jN9N9g��£DFEHLµWFTVN¦J�d^E���N�f/Un\FRZ[^\Y\eU�EIg^\AWFT�J�W�WYTVN�©AC �£T^J�DKf/gVN�\Y\'E��´L�J���N�\e]^J�g
LMU�gVUXL�UX��J�WFU�EIg¦\e[VdVojN�RcW�WFEMDYN9_XN�JH\eN7J�g�f�f/N9_XU���N9DFl�WYUXLMN�\«UXL¦]V_XU�N�\«WYTVN7©AC ��T^J�DSf/ghN�\F\,E��mL�J��
��N�\j]^J�g�LMUXghUXLMU ��J�WFUXEHg�\j[VdVojN�RZWmWFE7UXgtWFN9GHN9D ]VDYN�RZN�ftN9g^RZN�f/N	_�J9lV\c��¶�J�_nJI\cb/v3N	g^\eWYDSJ�J�g^ffv$J���J��
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RZEH]�EH[V_XE¢\Zb 4 ch\eThE��$N�f�WFT�J�W ��TVN	g�DFN9_�N�JI\jN�J�g^f�f/N9_XU���N9DFl�WFU�LMN�\®J�DFN�J�_X_VN �ù[^J�_ b9WYTVN�L�J���N�\e]^J�g
LMU�gVUXL�UX��J�WFU�EIg�\e[hdVojN�RZW�WFE�UXgtWFN	GIN9D$_XN9gVGHWFT^\�E��m]VDYN�RZN�f/N	g^RZNwf/N9_�J9lh\�DFN9L�J�UXg�\�©AC �£T^J�DKf3�

q g�WFTVUn\,]^J�]^N9D	b®��N�\eThE�� WFT^J�WAN9��N9g�U �mWSJH\e�h\AT^J9��N�[VgVUXWwN9k/N�RZ[VWFU�EIg¤WFUXL¦N± ���ms,³Sb3WYTVN
]VDYEIdV_�N9L�E��$L�J���N�\e]^J�g�LMU�gVUXL�UX��J�WFU EIg¤\j[VdVojN�RZW�WFEMU�g/WYN9GIN	D,_�N9gVGIWYT^\�E��$]VDFN�RZN�f/N9g�RZN7f/N9_�J9lh\
U�\�\eWYUX_�_A©AC �£T^J�DKf�±�U�g \eWYDFEHgVG¨\eN	g^\eNI³K� ~�E��$N9��N9D	b UXg R	JI\eN¤E��7[VgVU�W_�N9gVGHWFT E�� ]VDFN�RcN�f/N9g^RcN
f/N9_nJ9l�± �ACmÀ'³KbVN9��N9g�U ��WFThN'WKJI\j�V\�T^J9��N7J�DFdhUXWFDKJ�DYl¬U�g/WYN9GIN	D�N9k/N�RZ[VWFU�EIgMWYUXLMN�\Zb/WYTVN<]VDFEHdV_XN	L
d^N�RZEHLMN�\�]^EI_�l/gVEHLMU�J�_ b�J�g^f �$N�]VDYE��tU�ftN�J�g ¯7± ��²�³ J�_�GIEHDFUXWYTVL���s�TVN�\eN¤DFN�\j[V_XWK\}ThEI_�fª�£EID
d^EIWYT�]VDYN9N9LM]VWYUX��N�J�g^f¬gVEHgV]VDYN9N9LM]VWYUX��Nw\FRSTVN�f/[h_XUXghGV�

s�TVNA]VDYN�\eN	g/WKJ�WFU�EIg�E���WFTVN�]^J�]�N	D�U�\mEIDYG�J�ghUX�9N�f¦JI\�£EH_X_�E���\c�Vq g�r�N�RZWYUXEIg�\«z�J�g^f 4 d�N	_XE��<b
��N�RZEIg�\eU�ftN9DghEIgV]VDYN9N9LM]hWFUX��N¦\FRSTVN�ft[V_XU�gVG�]hDFEIdh_XN9L�\c�j_�N�]VDYE���N¬U�g r�N�RZWFU�EIg z�WFTVN�©AC �
T^J�DSf/gVN�\F\¾�£EIDmWFThN�R9JI\jN�E���J�DFdVU�WFDKJ�DFl�U�g/WYN9GIN	D¾]VDYN�RZN�ftN9g^RZN´f/N9_�J9lh\Z�Hq gMr�N�RZWYUXEIg 4 b���N�]hDFE��/Unf/N
WFThN�]^EI_�l/gVEHLMU�J�_V\jEI_�[VWFU�EIg'�£EHD WFThN�R9JH\eN�E���[VghUXW�]VDFN�RcN�f/N9g^RcN�ftN9_�J9l���q gr¢N�RZWFU�EIg7�Vb���N�N	k/WYN9g^f
WFThN�\eN�DFN�\j[V_XWK\AWFE�]hDFN9N9L¦]VWFU���N�\YRxThN�f/[V_�UXgVGM]hDFEIdh_XN9L�\c� L¾U�g^J�_�_Xl�b^UXg¨r�N�RZWYUXEHg � b¾��N�]hDFE��/Unf/N
\eEHLMN<RZEHg^RZ_�[^f/UXghG�DFN9L�J�DF�h\Z�
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OGF

E WYTVN�]VDFN�RZN�f/N9g�RZN�f/N	_�J9lV\�d�N	We�$N9N9g�J�gtl�WSJI\j�V\AE�� 7 ��UXWFThEI[VW7\e[�R9RZN�\Y\eEIDK\<J�g^f [ ² J�DFNOGF
E WYTVN<]VDFN�RcN�f/N9g^RcN<f/N9_nJ�l�d^N9Wj��N9N	g [ � J�g�fH+ C-, ±�DFN�\e]®�I+ J<, ³mUn\#D � W O�±�DYN�\e]¿��O � W O�³�F

á�ß�é�íïî



���������
	������������	�������	�������������������� 	��"!#!%$'&)(�	��"	��*	+�,�"	.-/	0���132 |

E WYTVNm]VDFN�RcN�f/N9g^RcNmf/N9_nJ�lwd�N	We�$N9N9g�+ C10 ±£DFN�\j]®�'+ J ;�³¿J�g�f [ ² Un\ (�. D*# W O�±£DFN�\j]®� (�.ZO'& W O�³K�

s�TVN<WFU�LMN�_XUXL¦UXWmUXg�± C�O�³�Un\�s W �h�
q W U�\¾N�JI\el�WYE<\eN	N�WFT^J�W«WYTVN9DYN�U�\ JA\jEI_�[VWFU�EIg�WFE�± Cmzù³�U ��J�g^f�EIgh_Xl�U ��WFTVN9DYN�U�\ J<\jEI_X[hWFUXEHg�WFE

± C�O�³S�^q g^f/N9N�f3btJIR9RZEHDSf/U�gVG�WFE�WYTVN7RZEIg�\eWFDY[^RZWYUXEIg�E�� 7 "�btWFTVN7RST^J�U�g^\ 7 � J�g^fS7 ² J�DYN<RZDYUXWFUnR9J�_]^J�WFT^\�U�g�7 "�\eE�WYT^J�W�WKJI\j� + C 2Yb®O Y � Y 7�b3±£DFN�\j]®�6+ J 2Kb3O Y � Y =V³$\jTVEI[V_nfMd�N<N9ktN�RZ[hWFN�f�J�W
WFU�LMN D � W z¬±£DFN�\j]®��O � W zù³S�

_�N¤gVE�� WFDKJ�g^\ �£EIDYL WYTVN�Rc_�JI\Y\eUnR9J�_ 4 � \YJ�WFUn\ ��J�dVUX_�UXWjlª]VDYEIdV_�N9L�b�f/N9gVEHWFN�f¨d/l 4 rtQmsAb WFE
± Cmz�³�dtl�J�]^EI_�l/gVEHLMU�J�_3WYDSJ�g�\1�£EIDYL�J�WYUXEHg®�^uÁN�R9J�_�_3WFThN�ftN �^gVU�WFUXEHg�E�� 4 rtQms 

4 rtQms  4 � 2p�!P� 2��F��p�
���
!P1 � `�UX��N9g�J¤\eN9W�� E���dVUXg�J�DFl��HJ�DFU�J�dV_XN�\�� C b«O Y D Y q�b®J�g^fªJ
RZEH_X_XN�RZWFU�EIg k E��wRc_�J�[�\eN�\ V J E���N	D���b�O Y O Y =�=�e V J eB9 4 b�U�\<WFTVN9DYN�J�\YJ�WYU�\1�£ltUXghG�WFDF[hWFT
JI\Y\eU�GIgVLMN	g/Wm�£EID�k��

��¸ � �¨�
	�� ���� � $���1��,$ �I���� ��1f!%(N��u2��p$�( ��2 !P$ � &213
 �

�<��¼®¼���� `�UX��N	g�J�g�UXg^\jWSJ�g�RZNE�� 4 rtQms5JI\<J�d�E���N�b®�$N�RZEIg^\jWFDY[^RZW<WFTVN��£EH_X_�E���U�gVG�UXg^\jWSJ�g^RZN
E��7±aCmzù³Sbm\j[^RSTªWFT^J�W�WYTVN9DFN¦N9k/Un\eWK\'J�\YRxThN�f/[V_�UXgVGM�£[Vg^RcWFUXEHg + U �wJ�g^f�EHgV_Xl�U � 4 rtQms5T^JI\�J
\eEH_X[VWYUXEHg®�

s�TVN<\jWFDF[�RZWF[VDYN,E���EI[VD$WSJH\e��GIDSJ�]VT 7R9�±o;M=0?�³�U�\m\eU�LMUX_nJ�D WYE�WFThN,EHgVNA[^\jN�fdtl��,_X_�L�J�g
b O � ctUXg<WFThN�]VDYE�E���E���©wC�£T^J�DSf/gVN�\F\¾E��^L�J���N�\e]^J�g'L¦UXgVU�LMU ��J�WYUXEIg�E������ms�WSJH\e�h\¾EIg7U�f/N9gtWFUnR9J�_
L�JHRxTVU�gVN�\A[Vg^ftN9D�]VDYN�RZN�ftN9g^RZN¦RZEIg�\eWFDKJ�U�g/WK\Z� q gª�$EIDKfV\Zb WKJI\e��GIDSJ�]VT\7 Un\�RZEIg^\jWFDY[^RZWFN�fªJI\
�£EI_�_XE���\ >LVEID�N�JIRSTª�HJ�DFUnJ�dV_�N��,C�E���b�O Y D Y q�b¾��N¦T^J9��NWj��E¤]^J�WYT^\�� C A � - �,C A � -
$&$&$ -�� C A � J�g^f��� C A � - �� C A � - $&$%$ - �� C A � UXgS77�^s�TVN<J�DKR9\<±�� C A J�� � =�� C A J ³$J�g^f�±��� C A J�� � =��� C A J ³
T^J9��N�]VDFN�RcN�f/N9g^RcN�f/N9_�J9lh\ H�� ?! B#"', A � ? B 9 H%$� ?! B#"', A $� ? B 9 z�q W O��£EIDAO Y D Y q�b�O Y O Y q���L�EHD
N�JHRxT�]^J�WFT�WYTVN9DYN'Un\�EIgVN<LMEHDFNA��N	DFWFN	k'& C EHD(�& C bV��U�WFTVEH[VW�EI[VWYGIEIU�gVG¦J�DSRHb^RZEIgVghN�RZWFN�f�WYEWYTVN
]^J�WFT�dtl<J�g�J�DSR,±#� C A C)� � =�& C ³3EHD�±��� C A C)� � =��& C ³���UXWFT7]VDFN�RZN�f/N9g�RZN$f/N9_�J9lh\jH�� ?* ?*" , A + ? 9 H,$� ?! ?!"', A $+ ? 9 q
�£EID�O Y D Y q��BL�EHD�N�JIRST¨RZ_nJ�[^\jN V � Etk bmO Y g Y =�b¾��N¦T^J9��NU�gQ7�\jN9��N9gª��N9DYWFUnRZN�\
V �@� b«O Y � Y |���s�TVN9DYNUn\<J�g�J�DSR��£DFEHL-�,C A � ±�EHD.��,C A � ³�WYE�N�JHRxT�RZ_nJ�[^\jN V � A � ��TVN	gVN9��N9DAU�W
RZEHg/WYDFUXdh[VWFN�\c�

Q,gMN9khJ�L¦]V_XN$E���WFTVNwRZEIg�\eWFDY[^RZWYUXEIg¦E���WFThNAUXg^\jWSJ�g^RZNAE��$± Cmzù³�U�\«U�_X_�[^\eWYDSJ�WYN�f�UXg]L¾UXGH[VDFN�OHb
��TVN9DYN,WYTVN<\jN9WmE���_XU�WFN9DKJ�_n\Un\/� 9 #0� � =�� ² =���1d=���2%'<J�g^fWYTVNwRZ_�J�[^\eN�\$J�DYN�k � 93� � W � ² W ���1
J�g�f k ² 94�� � W �51 W ��52�btTVN9g^RcN�b = 9 z/b�q 9 �h�Vs�TVN<GIDKJ�]VT¤U�\�WYEI]V�£d^EIWFWYEIL�EIDYUXN9gtWFN�fMJ�g^f
J�_�_VWFThNAJ�DSR9\mJ�W$WFTVN�\YJ�LMN�_�N9��N9_tT^J9��N�WFTVNw\FJ�LMN�_XN	gVGIWYT®�/r�EHLMN���N9DFWYU�RZN�\¾J�g^f��N9DYWFN9k<g^J�LMN�\Zb
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J�g�f°\jEILMN¦J�DKR9\�RcEIgVgVN�RZWFN�f�WFE�Rc_�J�[�\eN���N9DFWYU�RZN�\ V ² A J J�DYNMEILMU�WFWYN�f��£EHD�\YJ���NME��w\eUXL¦]V_XUnRZUXW l¢bO Y O Y |��
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L¾UXGH[VDFN�O ^s�JI\j��GIDSJ�]VT�E��mWFThN'U�g^\eWKJ�g^RcN±aCmzù³$RZEHDFDFN�\e]^EIg^ftUXgVGMWYE�WFTVN<U�g^\eWKJ�g^RZN<E�� 4 rtQmsA�

s�TVNA�£EIDYL�J�_�f/N �^gVUXWYUXEHgME��mWYTVN<GIDKJ�]VT¤U�\�WFThN �£EH_X_�E���U�gVGV�

E s�TVN7\jN9W�E��m��N	DFWFUnRZN�\ ; RZEIgtWSJ�UXg^\ 

� �,CKJÁJ�g^f ��,CKJ��£EID<O Y D Y q�b � Y O Y q�b
� & C J�g^f �& C �£EHD�O Y D Y q�b
� V �@� �£EHD<O Y g Y =¦J�g�f�O Y � Y |��

E s�TVN7\jN9W�E��$J�DSR9\#? J�g�f¬]VDYN�RZN�f/N	g^RZNwf/N9_�J9lh\�J�DYN�

� ±#� C A J � � =�� CKJ ³mJ�g�f�± �� C A J � � = �� CKJ ³ ��U�WFTM]hDFN�RZN�f/N9g^RZNwf/N9_nJ9lV\ H�� ?! B�" , A � ? B 9 H%$� ?! B�" , A $� ? B 9
z�q W O�£EID<O Y D Y q�b�O Y O Y q�b

� ±#� C A C)� � =�& C ³�J�g^f¨±��� C A C)� � =��& C ³���UXWYT�]VDFN�RZN�f/N9g�RZN�f/N	_�J9lV\.H�� ?! ?!"', A + ? 9 H%$� ?! ?!"', A $+ ? 9 q
�£EHD�O Y D Y q��

� s�ThN�J�DKR9\�RZEHgVgVN�RZWYUXgVG � C � ±£DFN�\j]®� �� C � ³7J�g^f V � � b�O Y D Y q�b�O Y g Y =^b
O Y � Y |¢b J�DFN�f/N �^gVN�f�JI\'�£EH_X_XE���\c�¾v3N	W V � RZEHg^\eUn\eW�E���_XU�WFN9DKJ�_�\! #" , =$ %" . =$ %"�&	b
��ThN9DFN7N�JIRST' MUXg�f/N9]^N9g^f/N	g/WY_Xl�\jWSJ�g�fV\Á�£EID ��EHD'��®b^UXg�J �^k/N�f�EIDSftN9D9b^U � N�� V � 9
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 #" , W  %" .#W  #"�&9bmO Y�� � � � ² � � 1 Y q�bmO Y g Y =��¾v3N	W [ � [ ² [ 1'd^NMWYTVNdhUXg^J�DFl�DFN9]hDFN�\jN9g/WKJ�WYUXEIg¤E�� ��b�O Y � Y |¢�3s�ThN9g��£EID7O Y A Y 4 b^U � [ � 9 OIb^��N
T�J���N¦J�g J�DSR�±� " � � = V �@� ³Sb�N9_�\jN�b3U � [ � 9 �tb¾WFThN9gª��N�T^J9��N¦J�g J�DKR�±�� " � � = V � � ³Kb��ThN9DFN � �\eWKJ�g^fh\ �£EHD ��¥EHD��®b \eThEI[V_nf  �d^N �¥EHD ��®b¾DFN�\e]^N�RZWYUX��N9_�l��®©,EHWFNMWYT^J�W
\jUXg^RcNMJ¤RZ_�J�[^\eN¦\eTVEH[V_�f�T^J9��N¦J�W�_�N�JI\jW<EIgVN�_XU�WFN9DKJ�_ T^J9�tUXgVG¤WFDY[VWFT�JI\Y\eUXGHgVLMN9gtW9b
WYTVN7R9JI\jN [ � 9 [ ² 9 [ 1 9 ��R9J�gVgVEIW�EtR9RZ[hD9�
s�ThN�]VDYN�RZN�f/N	g^RZNwf/N9_�J9lh\�J�DYN�ftN �^gVN�fMdtl H ��� ��� A 	 
 2@9:H $��� ��� A 	 
 2�9�= W z�q . OH�

s�TVN9DYN�J�DFNFq W z´�£EHDFdVUnfVf/N9g<DFN	GIUXEHg^\��£EID®WYTVN$\FRSTVN�f/[h_XUXghG«�£[Vg^RcWFUXEHg)+ �dLVEID$O Y D Y q .7OIb
WFThN�D��£WFTM�£EIDYdVU�fVftN9gMDFN	GIUXEHg�jC 9 b � C ="h+C�³�U�\mE���_XN9gVGHWFTTDY�Vs�TVN<_�JH\eW$WFTVDYN9N,�£EIDYdVU�fhf/N9gMDYN9GIU�EIg^\
� C 9tb � C ="h C ³Sb�q Y D Y q W z/b^J�DFN<E���_XN	gVGIWYT^\
=^b,q�. OIb�q�b/DYN�\e]^N�RZWYUX��N9_�l���s�TVN7\jWSJ�DYW�J�g^f
WFThN'N	g^fME��mWYTVE�\jN'DYN9GIU�EIg^\�J�DYN�

� C 9 z�q W O W ±az�q W z�³oD W C�� C)� ���
² = h C 9 z�q W O W ± z�q W zù³oD W C�� C � ���

² = O Y D Y q . O�=
� � 9 � � . � � �² = h � 9 � � . � � �² W =�=

� � � � 9 � � . ��� �² W =�= h � � � 9 � � . ��� �² W =�. O�=
� � � ² 9 � � . ��� �² W z = . O�= h � � ² 9 � � . � �@� �² W z =). OD!

s�T/[�\Zb3WYTVN9DFN J�DYN q W 4 JHRZWFU���N<DFN9GHUXEIg�\w�£EHDAWFThN�L�JIRSTVUXghN�b/WYTVN �^DS\jWAEIghN���UXWFT�_�N9gVGHWFT
��q W 4 b^WFTVN7gVN9ktWZq .¨zEHgVN�\���UXWYT�_XN	gVGIWYT�z�q W z/bVWYTVNIqM�£WFT���U�WFT¤_XN9gVGHWFTUq W OHb�WYTVN
q W Oc� \jW,��U�WFT¤_XN9gVGHWFT q�bVWYTVNIq W z���g^f���U�WFT¤_XN9gVGHWFT =�J�g�f¬WFThNIq W 4 �£DSf���U�WFT�_�N9gVGHWFT
	 =��

s�TVN�WYUXLMNw_XUXL¦UXW�Un\ ( 9 � � . � �@� �² W | = . OH�3©�EIWFN7WFT^J�W�( 9 eX;�e W�� � � ²C�� � ±oh C . � C ³´\eE
WFT�J�W�[Vg^f/N9D�J�g/l��£N�JI\jUXdV_�N<\FRSTVN�f/[h_XUXghG�\eEI_�[VWFU�EIg�WFThN'L�JIRSTVUXgVN�gVN9��N	D�U�ft_XN�\c�

s�TVN��£EIDYdVU�fhf/N9g�J�g�f�JIRZWYUX��N<DFN9GHUXEHg^\,E��$WYTVN�L�JIRSTVU�gVN<RZEHDFDFN�\e]^EIg^ftUXgVG�WFE¦WFTVN�N9khJ�L¦]V_XN
E��@L¾UXGH[VDFN�O<U�\�U�_X_�[^\eWYDSJ�WYN�fU�g L�UXGI[hDFN7z/�^s�TVN<WYUXLMNA_�UXLMU�W U�\ (\9 |�|¢�

active forbidden

2531021 10

0 19 20 32 42 4530

3 122

Time

419 4

50 52 56 59 61 65 77

L¾UXGH[VDFN7z �LVEHDFdVUnfVf/N9g¤J�g�f�JIRcWFUX��NwDFN9GHUXEIg�\�E��mWYTVN<L�JIRSTVUXghN,E��mWFTVN<U�g^\eWKJ�g^RZN ± Cmzù³K�

_�N´RZ_�J�UXL�WYT^J�W�WFTVN9DYNmU�\�JA\eEH_X[VWYUXEIg7WFEAWYTVN�U�g^\eWKJ�g^RcN�E�� 4 rtQmsªU ��J�g^f�EHgV_Xl<U �^WFTVN	DFNmWFTVN	DFN
U�\wJ}�£N�JI\jUXdV_�N�\YRxTVN�f/[V_XNA�£EHDAWFTVN�J�d^E���N�U�g^\eWKJ�g^RcN�E��w±aC«z�³S�®s�ThN�UXgtWF[VU�WFUX��N<Unf/N�J�d�N	TVUXg^f�WYTVN
]VDYE�E���U�\�WFT^J�W � C ±�EHD��� C ³�U�\ WFDY[VN�U �¿J�g�fEIgV_�l�U �3WYTVN�N9k/N�RZ[VWFU�EIg�E�� � C � ±�EHD��� C � ³¿d�N	GIUXg�\U�gWYTVN
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WFU�LMN�UXgtWFN9DY�IJ�_Fb ��=0q�. O"c �^s�ThN�]VDYEIdV_�N9L UXg�\eWSJ�g^RZN<E��Á± Cmzù³$U�\�RZEHg^\eWYDF[^RcWFN�f�UXg¤\e[^RST¤J}�´J9l
WFT�J�WmWFTVN	DFN�U�\mJ<\eEH_X[VWYUXEHgWYE�WFThN�UXg^\jWSJ�g�RZN,E�� 4 rtQms°U �¿J�g^f}EHgV_Xl�U ��WFTVN9DYN,WYTVN9DYN�U�\ JA�£N�JI\jUXdV_�N
�,$��,�����
	 \YRxTVN�f/[V_XN��£EID$WFTVN J�d^E���NAUXg^\jWSJ�g^RZNAE��$± Cmzù³K�Vq gMEIDKf/N9D$WFE�T^J9��NwJ'gVEHgVU�f/_�N<\eEH_X[VWYUXEHg®b
��NwT^J9��NAWFE \FRSTVN�f/[V_�NAUXg¦WFTVN���DS\eWZq WYUXLMN�\j_XEIWK\�N9UXWYTVN9DmWSJH\e��� C � EHD��� C � bhRZEIDYDFN�\j]�EHg^f/U�gVG�WFE
WFThN'WYDF[VN<�HJ�_�[VN7JI\Y\eEtRZUnJ�WFN�f¬WFE�N�JIRST¬_�UXWYN9DSJ�_ � C d^N9UXgVG�O<EID �tbVDFN�\j]^N�RZWFU���N9_Xl¢��s�TVN�ftN9_�J9lh\«EIg
WFThN�]VDYN�RZN�f/N	g^RZN$RZEIg�\eWFDKJ�U�g/WK\¾J�DFN�RSTVE�\jN9g�\j[^RxT7WFT^J�W EIg�RZN�J�_X_ � C A � �ò\�J�g�f
�� C A � �ò\�J�DYN�N9ktN�RZ[hWFN�f3b
��NwR9J�gVgVEIW�RST^J�gVGINAWYTVNAEHDSf/N9D$E���N9ktN�RZ[hWFUXEHg}�£EHD�WYTVN9UXD$\j[^R9RZN�\Y\eEHDS\ZbtU � N�� � C A J �ò\$J�g^f �� C A J �ð\ZbI�£EID
J�gtl �^ktN�fIO^b®O Y O Y q�b/��UXWYTVEI[hW,U�g/WYDFEtf/[^RcUXgVG�J�W,_�N�JI\jW�EIgVN<U�ft_XNAWYUXLMN�UXg�WFThN�\YRxThN�f/[V_�N��

q g¬WYTVNA�£EI_�_XE���UXgVGhb/�$N�ftN9gVEIWYN<d/l��6"CKJ ±�DYN�\e]®� & "C ³mWFTVN �^DK\eW�N9k/N�RZ[VWFN�fWSJH\e��J�LMEIgVG�WKJI\j�V\
� CKJ J�g^f �� CKJ ±�DFN�\e]®� & C J�g^f �& C ³ J�g^f�d/l ��"%"CXJ ±�DYN�\e]®� & "%"C ³�WFTVN�\jN�RZEIg�f}EHgVN��tq g�EIDSftN9DmWFE7\eU�LM]V_XU �£l
WFThN�]VDFE�E�� ±aJ�g^f�WFThN�gVEHWSJ�WYUXEHgU�g�WFThN�]VDFE�E��Z³Kb���N�RcEIg^\jU�f/N9DJ�g�JIfhf/UXWYUXEIg�J�_/�£EHDFdVUnfVf/N9g�DYN9GIU�EIg
E����	N9DFEM_�N9gVGHWFT � � 9 b � � ="h � ³���UXWYT � � 9 h � 9 z�q W OI� _�NT�J���N�WYTVN9DYNZ�£EIDYN�q W 4 �£EHDF�
dVUnfVf/N9g�DFN9GHUXEHg^\ UXg�WFEIWKJ�_�±�UXg�RZ_X[^ftUXgVGAWYTVNwJ�d^E���N,EHgVN,��U�WFT��9N9DYE'_�N9gVGHWFT3³ �� � = � � =&$&$&$p= � � � ² �r�U�LMUX_nJ�DF_�l�bZ�$NARcEIg^\jU�f/N9D q W �7JHRZWFU���N�\¾DFN	GIUXEHg^\ � � = � � =&$&$&$p= � � � 1 bI��TVN9DYN � � Un\¾WFThNAJHRZWFU���N
DFN	GIUXEHg�d^N9Wj�$N9N9g�WFU�LMN<�9N9DYE�J�g^f�WFUXL¦N�z�q W OIb�J�g^f � � Un\AWFTVN�JHRZWFU���N�DFN	GIUXEHg��£DYEILµWYUXLMN
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¯7± � ² ³<J�_�GIEHDFUXWYTVLµ�£EID�WYTVN�LMUXgVU�LU���J�WYUXEHg�E���L�J���N�\j]^J�g®�¿QÁW<WFThNN9g�f�E���WFTVUn\�\eN�RZWFU�EIg���N
��UX_�_mN9k/WYN9g^f�WFTVN¦EI]VWYUXL�J�_m\eEH_X[VWYUXEIg�WFE�WYTVN�R9JH\eNM��ThN9DFN¦\eEHLMNE���WFTVN¦]VDFN�RcN�f/N9g^RcN�f/N9_�J9lh\
T^J9��N�_�N9gVGHWFT��	N9DFEhb3J�g^f�J�_n\eEMWYEMWFTVN�R	JI\eN7��TVN9DYN�DFN	_XN�JH\eN�J�g^f�f/N9_�UX��N9DYlMWFU�LMN�\$J�DFN��	N9DFE�EID
EIghN'[hgVUXW	�

s�TVN�EI]VWYUXL�J�_V\YRxTVN�f/[V_XN¢b�DYNZ�£N9DFDYN�f�WFE7JH\�v3N9ktU�RZEHGIDKJ�]VTVUnR,Ã�DSf/N9D�rtRSTVN�ft[V_XNw± v¾Ã<rV³�UXg�WFTVUn\
]^J�]�N	D9b U�\�J�_XUn\eW \FRSTVN�f/[V_�NM]VDYEI]^E�\jN�f d/l ÂmE}{�L�J�g J�g^f `�DSJ�T^J�L b � c«�£EHDWYTVN�L�J���N�\e]^J�g
LMU�gVUXL�UX��J�WFU�EIg�E���J�g¤J�DYdVUXWYDSJ�DFl�WSJI\j�GHDSJ�]VT���UXWFT ���ms WSJH\e�h\�EIgMWj�$E�]^J�DSJ�_�_XN9_^]VDYEtRZN�\Y\eEIDK\Z�
v¾Ã<r�U�\�d^JI\jN�f¬EHg�JM\eWKJ�WYU�R'_�U�\jW�E��$WSJH\e�h\Af/N �^ghN�fMd/l�WFThN�_XN	k/UnRZEIGHDSJ�]hTVU�RAEIDKf/N9DwJI\Á�£EH_X_�E���\c�
v3N9W�WYTVN9DFNwd�N�
 �^g^J�_®WSJI\j�V\c�^QA\F\jUXGHg¬_nJ�d^N9_n\AO�=&$&$%$}=�
�WFE�WFThN�\eN �^g^J�_®WSJH\e�h\ÁU�g�J�g�J�DFdhUXWFDKJ�DYl
��J9l��tr�[V]V]^E�\jN,ghE�� WFT^J�W�= ��
MWKJI\e�h\ T^J9��N�J�_XDFN�JIf/l7d�N	N9g_nJ�d^N9_�N�f�d/l�O�=Sz*= ! ! !8=^�/ÂmEHg^\eUnf/N9D
J�_�_VWFThN�WSJI\j�V\ ��TVE¢\eNw\e[^R	RZN�\F\jEIDK\«J�DFN�J�_X_V_nJ�d^N9_XN�f3�IQw\F\eU�GIg�_�J�d�N	_ = W O�WFEAWYTVN�WSJH\e��\e[�RxT�WYT^J�W
WFThNAf/N�RZDFN�JH\eU�gVG7\eN ��[VN9g^RcN�E���WFThN,_nJ�d^N9_�\ E��®UXWK\ UXLMLMN�f/U�J�WFN$\e[^R	RZN�\F\jEIDK\«U�\ _�N9k/UnRZEIGHDSJ�]VTVU�R	J�_X_�l
LMU�gVUXL¦J�_�±£WFU�NMU�\�dVDYEI��N9g¨U�g¨J�g J�DFdhUXWFDKJ�DYlª��J9l^³S� v¾Ã<r�U�\�WYTVN9g¨WFThNM_XUn\eW�\FRSTVN�ft[V_XN���TVU�RST
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JI\Y\eU�GIg^\AWFThN�J9�HJ�UX_nJ�dV_�N<WSJI\j�V\AWYEWYTVN�L�JIRSTVU�gVN<JIR	RZEIDKf/UXgVG�WFE¦WFTVN f/N�RZDYN�JI\jUXgVGMEHDSf/N	D,E���WYTVN
_�J�d^N9_�\c�

����¸t¼���¸ � 	 � 	i! 7 9 ±<;>=0?�³ �"	]�� �(+�d�
!P(��("1 !P}2��]��(� � � � � � � (0	��"	��*	+�,�"	 �*	i���132I����}	
���,�
! �
	�����!���� !���	+� ��� � �I�������I��� 	N2�!���	 �I ��	N2 � ��U$�� 7 �M�
!������ !���	 �"��}202/$�����$�� � (�	0	 � � �
!%� �}	.2p����	������
	N2 �

�<��¼®¼����µq��AWYTVN�L�JHRxThUXgVN¦f/E�N�\ghEIW�U�f/_�NM[Vg^f/N	DMv¾Ã<r^bmWFTVN	g v¾Ã<r�U�\�WFDFU��/UnJ�_�_Xl�EI]VWYUXL�J�_ �
QA\Y\e[VLMN¤UXg WFTVN��£EI_�_XE���UXghGªWFT^J�W�WYTVN�L�JIRSTVU�gVN�f/E�N�\¬U�ft_XN�[Vg^ftN9D�v¾Ã<r^��v3N9W�� d^N�WYTVN
L�J���N�\e]^J�g�E��.7 [Vg�f/N9D<v¾Ã<r^�®v3N	W'WYTVN�_�J�d^N9_ E��$WKJI\e� +SEQ7 JH\F\jUXGIghN�f�dtl�v¾Ã<r¤d^N��3±*+�³K�
À,N9ghEIWFN7d/l	� ,; - # �*=	O�=Sz�=&$&$&$ =
� . O0'�WYTVN7\FRSTVN�f/[V_�UXgVG��£[hg^RZWFU�EIg¤E��$v¾Ã<r^�^À,N	gVEIWYN�dtl
s��9±�+V³ WYTVN7\eN9W�E��J�_�_®]VDFN�ftN�RZN�\Y\eEIDK\�E�� +�UXgS77�

ÂmEIg^\jU�f/N	D �^DS\jW�WFTVN¤R9JH\eN���TVN9DYN�J�_�_�WFTVNMWKJI\j�V\�J�DYN����msA��LVEID�\FJ���NME�� \eU�LM]V_�U�RZU�Wel�E��
gVEHWSJ�WYUXEHg®b��$N�JH\F\e[hLMN�b/dtl¤RZEIgt��N9gtWFU�EIg®btWFT^J�W,��TVN	gVN9��N9D$WFTVN7L�JIRSTVUXghNAU�\�Unf/_XN<d^NZ�£EIDYN�WYUXLMN
�5b3U�WAU�\�N9k/N�RZ[VWFU�gVG¦J ��RZWFU�WFUXEH[^\,WKJI\e��b®f/N	gVEIWYN�f�d/l �/b3��U�WFT��± ��³.9 �/�¿©,EIWYN�WFT^J�W'[hgV_XN�\Y\
J�_�_¾WYTVN�WSJH\e�h\AT^J9��N�RZEHLM]V_XN	WFN�fMN9ktN�RZ[VWYUXEHg®bVWFTVN�L�JIRSTVUXgVN<gVN	��N9D,Unf/_XN�\ÁWj��E¦EIDALMEHDFN7[VgVUXWK\
E���WYUXLMN�RcEIgtWFUXGH[VEI[�\e_Xl�ft[VNMWFE¤WFTVN��aJIRZW7WFT^J�W�WFThN]VDYN�RZN�ftN9g^RZN¦f/N9_nJ�lh\AT^J9��N[hgVUXW<_XN	gVGIWYT®�
À,N9ghEIWFNwd/l�� � �  # �*=	O�=Sz�=&$&$&$ =
� .¨O0' - ; ( # �''WYTVNAU�g/��N9DK\eN�E�����b/Ua�¡N���b�� � � ± rS³mf/N	gVEIWYN�\
WFThN�WSJI\j���ThU�RST�U�\¾N9ktN�RZ[hWFUXghGAEIg�WFTVN�L�JIRSTVUXgVN´f/[VDYUXgVG<WFThN�WFUXL¦N�\e_�EIW b r+=Nr W O�³3[Vg�f/N9D$v¾Ã<r^�

v3N9W�� � d^N�WFTVN�N�J�DF_�UXN�\jW,WYUXLMNA�£EIDw��TVU�RST�WFTVN�L�JIRSTVUXgVNwU�\,gVEHgVU�ft_XN�[Vg^ftN9D<v¾Ã<r¤f/[VDYUXgVG
WFThN'WYUXLMN�UXgtWFN	DF�HJ�_ b � � =
��³ 

� � 9 LMU�g�#'� e � Y � Y � . O�=�� r�E #'�u=�� W O�=&$&$&$p=
� . O ' ���± rS³ 	9 �' !
À,N9ghEIWFN�dtl ; � WFThN�\eN9WME��7WSJI\j�V\�JH\F\eU�GIgVN�f WYEªWFTVN�L�JIRSTVUXgVN¤f/[hDFUXghGªWFTVN�WYUXLMN�U�g/WYN9DF�HJ�_
b � � =
� ³ 

; � 9��
� �
�
� � � � #��

� � ± rx³ ' !

©,EIWYNWYT^J�W7WFTVN�WSJH\e��N9ktN�RZ[VWYN�f�J�W�WFU�LMN � � . z�U�\<J¬]VDYN�f/N�RcN�\F\jEID<E��ÁJ�_X_mWYTVNWKJI\j�V\<UXg
; � ±�EHWFTVN	DF��U�\jN�b�JI\,]VDYN�RZN�ftN9g^RZN7f/N9_nJ9lV\�T^J9��N7[VgVUXW�_XN	gVGIWYT®b^J�WA_�N�JI\jW,EHgVN�WKJI\j��UXg ; � ��TVU�RST
U�\�gVEHW<JM\e[�R9RZN�\Y\eEIDwE���� � � ±�� � . z�³�\eTVEH[V_�f�d^N7N9k/N�RZ[VWFN�f�J�W�WFU�LMN�� � . OI� ³�v3N9W � � d�N�WYTVN
N�J�DF_XU�N�\eWmWYUXLMN��£EHD���TVUnRxT�WFTVNwL�JIRSTVUXghN�U�\mRZEIgtWFU�g/[hEI[^\j_Xl�N9k/N�RZ[VWFU�gVGA]VDYN�f/N�RcN�\F\jEIDS\mE���J�_X_3WYTVN
WSJH\e�h\ÁU�gS; � 

� � 9 LMUXg���r�e � Y r Y � � .¨z*=�� +'E ; �  #�� � � ± rS³i=�� � � ± r W O�³0=&$%$&$ =�� � � ±�� � .ªzù³ '��\s � ±�+V³
��!
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À,N9ghEIWFN�dtl ; � WFThN�\eN9WME��7WSJI\j�V\�JH\F\eU�GIgVN�f WYEªWFTVN�L�JIRSTVUXgVN¤f/[hDFUXghGªWFTVN�WYUXLMN�U�g/WYN9DF�HJ�_
b � � =�� � . O�³ 

; � 9
� ��� ²�
� � � , #��

� � ± rS³ ' !

v3N9W � � d^N�WFThN�WSJH\e�7N9k/N�RZ[VWFN�f�J�W�WFUXL¦N � � .�OI��r�UXg�RZN�WKJI\e� � � U�\¾ghEIWmJ,]hDFN�f/N�RZN�\F\jEID�E��¿J�_�_
WFThNAWSJH\e�h\�E��F; � b � � T^JH\�J�\eL�J�_X_XN	D«_nJ�d^N9_^WFT�J�g�WSJH\e�h\�UXg ; �  ��± � � ³ � L¦UXg > �

�
, ��±�+V³S�hs�T/[^\cb

WFThN�WSJI\j��N9ktN�RZ[VWYN�f�J�W<WFU�LMN�� � . zU�\wJ�]hDFN�f/N�RZN�\F\jEIDAE��´J�_X_�WFTVN�WKJI\e�h\AUXg ; � ±�EHWFTVN9DY��U�\jN�b
JIR	RZEIDKf/UXgVG�WFE¦WFTVN7f/N ��gVUXWYUXEIg¤E��$v¾Ã<r^b¿J�W�_XN�JH\eW�EIgVN7WSJI\j��UXg8; � ��ThU�RST�U�\�gVEHWAJ�\e[^R	RZN�\F\jEID
E�� � � � ±�� � .�zù³�\jTVEI[h_�f d�N�N9ktN�RZ[VWYN�f J�W�WYUXLMN � � . O�f/[VN�WFE J�G¢J�U�g�WFTVN�JI\Y\e[VL¦]VWFU�EIg
WFT�J�W�]VDFN�RcN�f/N9g^RcN<f/N9_nJ�lh\�T^J9��N<[VgVU�W�_XN9gVGHWFT®� ³S�hv3N9W$� ² d^N�WFThN'N�J�DF_�UXN�\jW�WFU�LMNÁ�£EHD,��ThU�RST¬WYTVNL�JHRxTVU�gVN�U�\�RZEHg/WYUXgt[VEI[^\j_XlMN	k/N�Rc[VWFU�gVG�WYTVN<]VDFN�ftN�RZN�\Y\eEIDK\�E��J�_�_®WFTVN<WSJH\e�h\ÁU�gS; � 

� ² 9 LMUXg���r�e � Y r Y � � .¨z*=�� +'E ; �  #�� � � ± rS³i=�� � � ± r W O�³0=&$%$&$ =�� � � ±�� � .ªzù³ '��\s � ±�+V³
��!
À,N9ghEIWFN�dtl ; ² WFThN�\eN9WME��7WSJI\j�V\�JH\F\eU�GIgVN�f WYEªWFTVN�L�JIRSTVUXgVN¤f/[hDFUXghGªWFTVN�WYUXLMN�U�g/WYN9DF�HJ�_
b � ² =�� � . O�³ 

; ² 9
� , � ²�
� � � . #��

� � ± rS³ ' !

v3N9W � ² d�N7WFTVN7WSJH\e��N9ktN�RZ[VWYN�f�J�WAWYUXLMN�� ² . OI��À,[VN7WFEMWYTVN'�aJHRZWS\�WFT^J�W,WKJI\j� � � T�JI\AJ
\eL�J�_X_�N9D�_�J�d^N9_hWFT^J�gWYTVN�WSJH\e�h\U�g�; � bIWFT^J�WmWSJI\j� � ² Un\¾gVEHW�JA]VDYN�f/N�RcN�\F\jEID E���J�_�_VWFThN�WSJI\j�V\ E��
; � btJ�g^fMWFT�J�W�N	��N9DFl7WSJI\j�U�g ; ² Un\«]VDYN�f/N�RZN�\F\eEHDmE���J�_�_^WFTVNAWKJI\j�V\mE���; � J�g^f¦J�_X_�WFTVN�WSJH\e�h\«E��
; � dtl�WYDSJ�g�\eUXWYUX�tUXWjl�b9WKJI\e� � ² T^JH\�J<\eL�J�_X_�N9D®_�J�d�N	_�WYT^J�g�WSJH\e�h\ UXg�; ²  ��± � ² ³ � LMU�g > �

�
. �3±*+�³K�

s�Tt[^\ZbtWFTVN�WSJH\e��N9k/N�RZ[VWFN�f�J�W�WYUXLMN � ² .�z'U�\mJ<]VDFN�ftN�RZN�\Y\eEID$E���J�_X_^WFTVN�WSJH\e�h\«U�g ; ² b/\jE�WYT^J�W��N�R	J�g¦f/N �^gVN � 1 JI\ WFTVN�N�J�DF_�UXN�\jW WFU�LMN«�£EHDm��TVU�RST�WFTVN�L�JIRSTVUXgVNmUn\«RcEIgtWFUXgt[VEH[^\e_�l�N9ktN�RZ[VWYUXgVG
WFThN']hDFN�f/N�RZN�\F\jEIDK\�E��$J�_X_3WYTVN<WSJH\e�h\ÁU�g�; ² �

ÂmEIgtWFU�g/[VN7WFTVUn\Á]hDFEtRZN�ft[VDFN7[Vg/WYUX_�WFTVN7d^N9GIU�gVgVUXghGE���WYTVN�\YRxThN�f/[V_�N�bVJ�g^f���N7EIdVWKJ�UXg�WYTVN
WFU�LMN�N9]^EtRxT^\ �'9 � � � � � � � � $&$&$ � � ² � � �
� � � � �5b^\j[^RxT¤WFT^J�W��£EIDwJ�_�_mO Y D Y q�b
N9��N9DYlWKJI\j�ME��#; C U�\�]VDYN�f/N�RcN�\F\jEID�E��J�_�_®WFTVN<WKJI\e�h\�E��F; C � � bV��ThN9DFN

; C 9
� ?!"', � ²�
� � � ? #��

� � ± rS³ ' !

v3N9W �,C d^N�WYTVN�±�]^E�\Y\eUXdh_Xl ��RcWFUXWYUXEH[^\x³mWKJI\e��N9ktN�RZ[hWFN�fMJ�W�WFU�LMN$� C . OHb � Y D Y q��
À,[VN�WFEMWYTVN�]VDYN�RZN�f/N	g^RZN�DYN9_�J�WFU�EIg^\,d^N9Wj�$N9N9g�WSJH\e�h\,E�� ; C J�g^f ; C � � b�O Y D Y q�b3UXWAUn\

RZ_�N�J�DAWYT^J�W J�gtl��£N�JI\jUXdV_�N�\FRSTVN�ft[V_XN7E���WKJI\j��GIDSJ�]VT 7 T^JI\<J�W'_�N�JI\jWA_XN	gVGIWYT q W � �C�� � eK; C eðb
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��TVN9DYNSeK; C e�f/N9gVEHWFN�\AWFThN�R9J�DKf/UXg^J�_XU�Wel�E�� ; C �®r�UXg�RZN�� 9 q W � �C�� � eX; C eòb�v¾Ã'r¤U�\�WFTt[^\AJ�g
EI]hWFUXL�J�_®\YRxThN�f/[V_�N��

ÂmEIg^\jU�f/N	D�gVE�� WFThNAGIN9ghN9DSJ�_®R9JH\eN���TVN9DFNwWSJI\j�]hDFEtRZN�\Y\eU�gVG�WFU�LMN�\�J�DFN J�DFdhUXWFDKJ�DYlg^J�WF[VDKJ�_
gt[VLd^N9DK\Z� _�N¤f/N �^ghNMWFTVN�\eN9WK\'E��wWSJH\e�h\�UXg¨J�\jUXLMU�_�J�DA��J9l�b��/U����Xbj; � U�\<WFTVN�\jN9W�E��AWKJI\j�V\
N9ktN�RZ[VWYN�f�J��£WYN9D�WYTVNA_nJI\eW$L�JIRSTVU�gVN�Unf/_XU�gVGVbtJ�g�f�WKJI\j�V\mE���; C b^O Y D Y q�btJ�DFN RZEIg^\jN�RZ[VWYUX��N9_�l
N9ktN�RZ[VWYN�f3bHJ�g^f�N�JHRxT�WSJH\e��E��>;�C3U�\�]VDFN�ftN�RZN�\Y\eEIDmE���J�_�_VWFThN,WKJI\e�h\ E��>;*C � � �tr�UXg^RcN�]VDFN�RcN�f/N9g^RcN
f/N9_nJ9lV\ T^J9��N�[VgVUXWm_�N9gVGIWYT®b�WFTVN	DFNAUn\EHgV_Xl�EIghN�±£]�E¢\F\jUXdV_�l ��RcWFUXWYUXEH[^\x³�WSJI\j�3btf/N	gVEIWYN�fdtl � C � � b
UXgtd^N9Wj��N9N	gMWSJH\e�h\�E��#; C J�g^f�WFTVE¢\eN<E��#; C)� � UXg�WFThN�v¾Ã<r¦\FRSTVN�ft[V_XN��hv3N9W

� ��!�"9x; .
�
�
C�� �

; C 9
�
�
C�� � # �,C '	. # � ' !

s�TVN9g¿b
� 9

��
C�� � ±�����" ?��� �	� A " ? W ����" ?�� �	� ³ W ��

C�� �
�
> �

�
? A > 9�
 W q . e�� e = ±YO�³

��TVN9DYN
 9 � > �
�
A > U�\'WYTVNMWYEIWSJ�_�]VDFEtRcN�\F\jUXgVG�WYUXLMN�\�E���77bmJ�g^f�� ��� � U�\'WYTVNMU�g^f/U�R	J�WFEHD

�£[Vg^RcWFUXEHg®�
ÂmEIg^\jU�f/N	D�J�g�J�DYdVUXWYDSJ�DYl�\FRSTVN�f/[h_XN����£EIDI75��U�WFT�L�J���N�\e]�J�g ��"���v3N9W�� "C ±�DYN�\e]¿� r@"C ³�d^N

WFThNAWFU�LMN,N	]�EtRSTM��TVN	g¬WYTVN��^DK\eW<±£DFN�\j]®�/_nJI\eWc³ WKJI\e�¦E��F; C \jWSJ�DFWS\�N	k/N�Rc[VWFU�EIg�[Vg^f/N9D�\YRxThN�f/[V_�N� b � Y D Y q��¾r�UXg�RZN�N9��N	DFl�WSJH\e��E��.; C b�O Y D Y q�b3U�\,]hDFN�f/N�RZN�\F\jEID�E��ÁJ�_X_�WFTVN�WKJI\e�h\,E��
; C)� � bV��N<EIdhWSJ�U�g�WFT^J�W r@"C .¨z Y � "C)� � ��v3N9W�;$"C d^N�WFThN�\eN	W,E��mWSJH\e�h\Á��TVUnRxT¤\jWSJ�DYWAN9ktN�RZ[VWYUXEHg
[Vg^ftN9D��¤f/[VDFU�gVG�WYUXLMN�U�g/WYN9DF�HJ�_Mb � "C =�r "C c b � Y D Y q��VÂm_XN�J�DF_�l�b*; C � ;�"C b � Y D Y q��hÀ,N9gVEHWFN
dtl�� "C)� � WFTVN�\jN9W<E��<±£gVEIg ��RZWFU�WFU�EI[^\S³,WKJI\j�V\A��TVUnRxT�\jWSJ�DYW<N9k/N�RZ[VWFU�EIg¤[Vg^f/N9D��¨f/[VDYUXgVG�WYUXLMN
UXgtWFN	DF�HJ�_�± r "C =�� "C)� � ³Sb®O Y D Y q��^q1W�Un\�\eU�LM]V_XN�WFT�J�W
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��TVN9DYN�WFTVN �^DK\eW�UXgVN ��[^J�_XUXWjl�Un\�f/[VN�WFE�WFTVNM�aJHRZWS\�WFT^J�W�f/[VDYUXgVG�WFU�LMNU�g/WYN9DF�HJ�_�\± r@"C =�� "C)� � ³Kb
O Y D Y q�b3\YRxThN�f/[V_�N �¥L�J�l�T^J9��N�Unf/_XU�gVG]^N9DYUXEtfV\<E��´_XN9gVGHWFT�LMEHDFN7WFT^J�g�EHD'N �ù[^J�_ WFE¤z
J�g�f�WFT^J�Wmf/[VDYUXgVGAWYUXLMN�UXgtWFN9DY�IJ�_�\Fb � "C =Nr@"C cab � Y D Y q�bI\YRxThN�f/[V_�N ��L�J9lAT^J9��N�Unf/_XU�gVG�]^N9DFU�EtfV\Z�

q gVN ��[^J�_�UXWjl�± 4 ³�WYEIGIN	WFTVN9D���U�WFT¤DFN9_nJ�WFU�EIg^\A±YO�³$J�g^f�±azù³$UXLML�N�f/UnJ�WFN	_ l7UXLM]h_Xl�WFT�J�W
� " � 
 W q . e�� " e ��
 W q�. e��fe�9 � !

s�TVN9DYNZ�£EIDYN�bVv¾Ã<r¦T^JI\�J}L¦UXgVU�L�[VL5L�J���N�\e]�J�g®�

q g R	JI\eN¦E�� ���ms WKJI\e�h\Zb WYTVNMEH]VWFU�L�J�_�UXWjl�E��<v¾Ã<rªDYN9L�J�UXg^\AWFDY[VNMN9��N	gª��TVN9g¨_XN	gVGIWYT^\
E��w]VDYN�RZN�f/N	g^RZN¦f/N9_�J9lh\�J�DYN�J�_X_�E��$N�f�WYE�d�N��9N	DFE�U�g/d^N9Wj�$N9N9gªWKJI\e�h\�E�� J�\e[Vd�RST^J�U�g°E��AWYTVN
WSJH\e��GIDKJ�]VT®b�U � N��Xb H CKJ 9 �¬EHgV_Xl�U �Ie � ±%De³de 9 e s�±
OV³de 9�OHb¾��TVN9DYN � ±%De³wf/N9gVEHWFN�\<WFTVN¦\eN9W<E��
UXL¦LMN�f/U�J�WYN \j[^R9RZN�\F\eEHDS\®E���DY�9q g�WYTVU�\®R9JH\eN�b9WKJI\j�V\BD3J�g^f OwJ�DFN$GIU���N9g<WFTVN$\FJ�LMNm_XN9ktU�RcEIGIDKJ�]VThU�RZ�
EIDKf/N9D�_nJ�d^N9_ �

p�EIDYN�\e]^N�RZU ��R9J�_�_Xl�bV�$N�f/N �^gVN�JMp�Etf/U �^N�f�v3N9ktU�RcEIGIDKJ�]VThU�R}Ã�DKf/N9D�rtRSTVN�ft[V_XN�± p�v¾Ã<rV³Kb
d^JH\eN�fªEIg¨WYTVN�£EI_�_XE���UXghG�LMEtf/U �^N�f�_XN9ktU�RcEIGIDKJ�]VThU�RZ�£EIDKf/N9D�_nJ�d^N9_�UXgVG ¾v3N	W�WFTVN9DYNd^N 
 �^g^J�_
WSJH\e�h\Z�®Qw\F\eU�GIg�_�J�d�N	_�\�O�=&$&$&$ = 
�WYE�WFTVN�\jN �^g^J�_ WSJH\e�h\ U�g�J�g�J�DYdVUXWYDSJ�DYl��´J�l¢�¾r�[V]V]^E¢\eN�gVE��
WFT�J�WH= � 
 WKJI\e�h\T^J9��N¤J�_�DFN�JHf/l¨d^N9N9g _nJ�d^N9_�N�f°dtl O�=Kz*= ! ! !8=^��ÂmEIg^\jU�f/N9D¦J�_�_,WYTVN�WKJI\j�V\
��TVE¢\eN7\e[^R	RZN�\F\jEIDK\�J�DFN7J�_X_3_nJ�d^N9_�N�f3�tq���WFTVNAWKJI\j�M��TVE�\jN7f/N�RZDYN�JI\jUXgVG \eN ��[VN9g^RcNAE���WFTVNw_�J�d^N9_n\
E��UXLMLMN�f/U�J�WFNw\e[�R9RZN�\Y\eEIDK\ÁUn\Á_�N9ktU�RZEHGIDSJ�]VTVUnR9J�_�_Xl�LMUXgVU�LMJ�_^T^JI\AJ�[VgVU �ù[hN�\j[^R9RZN�\F\eEHD9b�J�g^f�U �
WFThN�]VDFN�RcN�f/N9g^RcN�ftN9_�J9l�d^N9Wj��N9N9g¤WFTVUn\,WSJH\e��J�g^f�UXWK\,\j[^R9RZN�\Y\eEHD'T�JI\,_�N9gVGIWYT��9N9DYEVb^WFTVN9g�WYTVN
WSJH\e��Un\ JI\Y\eUXGHgVN�fWYTVN�\FJ�LMN�_nJ�d^N9_�JI\ U�WS\ \j[^R9RZN�\Y\eEHD9�VÃ�WFTVN9DY��U�\jN�b�WYTVU�\�WSJI\j��U�\mJI\Y\eU�GIgVN�f�_�J�d^N9_
= W OH�

����¸t¼���¸ � � � 	i! 7 9�±o;M=i?}³ �"	F�� �("�p�
!P(��("1 !%}2��F��(N � � �M�
!������ �T!%}2��d2 � Z202p� �f	�!����!
�p$�(Z��
� ± � =�+V³�ES? � H " > E # �*=	O0' � ��,�'!����! e � ± � ³pe�9 e s�±*+�³pe�9�O � ��	+��	 �}	+( H " > 9 � � � ��	+�
� ��� � �I���,���I��� 	N2 !���	)�I �^	N2 � ��S$�� 7 �>�
!������ !���	 �"��}202/$�� �,$�� � (�	0	 � � !%� �}	�2p����	����u� 	N2 �

�<��¼®¼���� s�TVN<]VDFE�E��$U�\�J�g^J�_XEIGHEI[^\AWYEWYTVN �^DK\eW�]^J�DYW�±��£EID�WFTVN R9JI\jN<E�� ���ms WKJI\j�V\S³�E��mWYTVN
]VDYE�E���E��´s�TVN9EIDYN9L z/� _�N�R	J�g�f/N ��gVN�WYUXLMN<N9]^EtRST^\ ��9 � � � � � � � � $&$&$ � � ² � � � �
� � � �5b�U�g¤\e[^RST�J���J9l�WFT^J�WÁ�£EHD<J�_�_mO Y D Y q�bVN9��N9DYlWKJI\j��E��);*C�U�\�]VDYN�f/N�RZN�\F\eEHD,E��$J�_�_
WFThN'WKJI\j�V\�E��F; C)� � bV��TVN9DFN

;�C 9
� ?!"', � ²�
� � � ? #��

� � ± rS³ ' !

q�� H " > 9 ��J�g�f + E ; C �£EID¦\eEHLMN � Y D Y q�b WYTVN9g®bmJHR9RZEIDKf/UXghG�WYE�WYTVN¤JI\F\j[VLM]VWYUXEHg®b
e � ± � ³pe�9 e s}±*+�³pe�9�OHb/\jE�WFT^J�W � E ; C �ts�T/[^\cbù�£EHD�J�gtl¤± � =�+V³MES?�b/U � � E8; C)� � J�g^f +�E ; C b
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WFThN9gQH " > � OI�ms�ThN9DFNZ�£EHDFN�b®WYTVN�J�DYGI[VL¦N9g/WK\AE��wWFTVNMEH]VWFU�L�J�_�UXWjl�E�� v¾Ã<r�]hDFE��/Unf/N�f�UXgªWYTVN
]VDYE�E��mE��$s�TVN9EHDFN9L�z�J�DFN \eWFU�_X_��IJ�_XUnf3�

�M¸ �¨�V��� � q WMUn\N�JH\eUX_�l \jN9N9g �£DFEHL WYTVN�J�d^E���N�]VDFE�E���WYT^J�W�WFThN�EI]VWYUXL�J�_XUXWjlªE�� p�v¾Ã'r
N9ktWFN9g�fV\�WFE�WFTVN�R9JI\jN���TVN	DFN�WFTVN¤]VDFEtRcN�\F\jUXgVG�WFU�LMN�\'E�� � J�g�f +¨J�DYN�J�DFdVU�WFDKJ�DFl¨g^J�WF[VDKJ�_
gt[VLd^N9DK\«��TVN	gVN9��N9DZH " > 9 �t�
�M¸ �¨�V��� �Qw\¾LMN9gtWFU�EIgVN�f<]VDFN	�/U�EI[^\j_Xl�b�]VDFN�RZN�f/N9g�RZN�f/N	_�J9lV\�R9J�g�d^N,[^\jN�f�WFE<LMEtf/N9_tDFN	_XN�JH\eN
J�g�f¬ftN9_XU���N9DFl7WFUXL¦N�\Z��s�Tt[^\cbVWFTVN<J�d^E���NwDFN�\j[V_XW$E���]�EH_XltgVEIL¦U�J�_�\jEI_X[hWFUXEHg�TVEI_nfV\«�£EID$WFTVN7R9JH\eN
��TVN9DYNMDFN	_XN�JH\eN¦J�g^fªftN9_XU���N9DFl¤WFUXL¦N�\AJ�DYN[hgVUXW7_XN9gVGHWFT®��q g��aJHRZW9b®WFThNM]^EI_XltgVEHLMU�J�_m\eEH_X[VWYUXEIg
R9J�gd^N�N9k/WYN9g^f/N�f�WFE<WFTVN�R	JI\eN���TVN9DYN�DFN9_�N�JI\jN�J�g^f�f/N9_�UX��N9DYl<WFUXL¦N�\¾J�DFN��9N	DFE<EIDm[VgVU�W _XN	gVGIWYT®�
q gMWFThU�\�R9JH\eN�bt_XN9ktU�RZEHGIDKJ�]VTVUnRZ�£EIDSftN9D�_nJ�d^N9_XU�gVG�\jWSJ�DFWS\���U�WFT�WFThN��^g^J�_®WSJI\j�V\���ThU�RSTMT^J9��NA�9N9DYE
f/N9_�UX��N9DYl�WFUXL¦N�\Z�^s�TVN�]VDYE�E���E��´WFTVN�EI]hWFUXL�J�_XU�Wjl¬E���\j[^RxT�J�g¨v¾Ã<r�R	J�g�d�N�R9J�DYDFUXN�f�EI[VW<dtl
JIfhf/UXgVG¦J ��RcWFUX��NwWSJI\j�¤JI\�WFTVN \e[^R9RcN�\F\jEID�E��$J�_X_®WFThN �^g^J�_¾WKJI\j�V\���TVU�RST�T^J9��N<[VgVUXWwf/N9_�UX��N9DYl
WFU�LMN�\c�/s�ThN'DYN�\eW�E��mWFThN']hDFE�E��U�\�J�g�J�_XEHGIEH[^\,WFE�WFT�J�W�E��s�TVN9EIDYN9L�zt�

q g�v¾Ã<r¦J�g�f¬p�v¾Ã<r^bVWYTVNA_�N9k/UnRZEIGHDSJ�]VTVU�Rc��EHDSf/N9D$_�J�d�N	_XUXghG�DFN �ù[VU�DFN�\�¯7±"e ?Te¡³mEH]�N	DSJ�WYUXEHg^\Zb
J�g�f�WFTVN7EIgV�£_XU�gVN�\YRxTVN�f/[V_XU�gVG�DFN �ù[VU�DFN�\,¯7±a�,_XEHG�� ³´EI]^N9DSJ�WFU�EIg^\c�¾r�UXg�RZNTe ? e Y � ² b�WYTVN�WYUXLMN
RZEHLM]V_XN	k/U�Wel7E��v¾Ã<rMU�\�WYTVN9DYNZ�£EIDYN}¯7±a�3²Z³S�

� ! "��<� � ���«� 	M� �������������������

q g�WYTVU�\<\jN�RZWFU�EIg®b���N¦RZEIg^\jU�f/N	D'WYTVN�]VDFN9N	LM]VWFU���N7R9JI\jN�OSe*A�q�rF�B= A�g�h V ±<H�CXJZ³i=.AuJUe k lBmon ��q W
��UX_�_3d^N7\eTVE���g¤UXg�v3N9L¦L�J 4 d^N9_�E�� WFT�J�W�]VDYN9N9LM]VWYUX��N�\jEI_X[hWFUXEHg^\�J�DYN<gVEIWwf/EIL¦UXg^J�g/W$��TVN9g
WSJH\e�h\ÁT�J���N ���msA�

��¸ � �¨� � � 	0! 7 9 ±<;>=0?�³ �"	I�� �(+�d�
!P(��("1I!%}2��I��(� � � �M�
!�� ��� � !P}2��d2'��,� � $}2p�
!P� �}	
���*!o	 �*	+( � (�	��"	��*	��,�"	��*	0� �132 � � ��	+���p$�(.��,1 � (�	0	 � � !%� �}	#2p����	������
	 � $�� 7 � !���	+(0	�� 2 ��,$�� �
� (�	0	 � � !P� �}	�2p����	������
	 � " $�� 7 $��"!%�����	����p(N$ �x � $���1��,$ �I����j!%(N���2��p$�(3�I�!%��$��S$�� � �F2p�*�0�
!����! !���	)�I ��	N2 � �� ���,�*	+( � " � 2�!���	.2p �f	 }2�!���	)�I �^	N2 � ��S�*�,�*	�( � �

�<��¼®¼����#v3N	W�� d^NMWYTVNML�J���N�\e]^J�g�E���7 [Vg^f/N9D \FRSTVN�f/[h_XN � � QA\Y\e[VL¦N���UXWFThEI[VW7_XE�\Y\'E��
GIN	gVN9DSJ�_XU�Wel¤WFT^J�W�[Vg�f/N9D � b®WFThNWKJI\e�h\'E���; 9 #�O�=Sz*=%$&$&$ =S� '¦RZEIL¦]V_XN9WYN�N9ktN�RZ[hWFUXEHg�U�g�WYTVN
EIDKf/N9D�E���O�=Sz�=&$&$&$ =S���

À,N9gVEHWFN�dtl = �� � = �² � $&$%$ � = �� , WFTVN�WSJH\e�h\�N9ktN�RZ[VWYN�f�ft[VDFU�gVG�WFTVN¦WFUXL¦NM\j_XEIWUb
�*=9O�³
[Vg^ftN9D � �´v3N9WUgù±@= �C ³SbwO Y D Y H � bÁd^N�WYTVN�N	k/N�Rc[VWFU�EIg WFU�LMN�E���WYTVN�\eN�WKJI\j�V\MUXg b ��=9O�³K�
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ÂmEIg�\eWFDY[^RZW´\FRSTVN�f/[V_�N � � JH\�£EH_X_XE���\c��q gWYTVN�WFU�LMN�\j_XEIW b
�*=9O�³Sb � � N9ktN�RZ[VWYN�\®N9kVRc_X[^\jUX��N9_�lAWSJH\e�
= �� �^r�WSJ�DFWFU�gVG'�£DYEIL WYUXLMN�N	]�EtRST�OIb � � JH\F\jUXGIg�\�WFTVN<\YJ�LMNwWSJI\j�V\�WYE�WYTVN<L�JIRSTVUXghN�JI\ � f/E�N�\
N9khRZN9]VW3�£EHD WSJH\e� = �� �}_ ThN9gVN9��N9D � JI\Y\eU�GIg^\ WSJH\e� = �� WFEwWFTVN$L�JIRSTVUXghN�b � � JH\F\eU�GIg^\ �^DK\eWY_Xl<WSJH\e�
= �² bh\eN�RZEHg^f/_�lWKJI\e� = �1 bVN9WKRI�XbtJ�g^f �^g^J�_�_Xl�WSJH\e� = �� , bh\e[^RSTMWFT�J�W�J�L¦EIgVG�WYTVNAWFEHWSJ�_�J�LMEH[Vg/WmE��
O . g�± = �� ³�N9ktN�RZ[VWYUXEHg�WFUXL¦N�E��®WKJI\j� = �� b�WKJI\e� = �C EtR9RZ[V]VU�N�\ WFTVN�L�JHRxTVU�gVN«�£EHD�J<WFEIWKJ�_�J�L¦EI[VgtW
g�± = �C ³�E���WFU�LMN�bhz Y D Y H � ��q WAU�\,N�JI\el�WYE¤\eN9N�WYT^J�W � � U�\<J}�£N�JH\eUXdh_XN�\FRSTVN�ft[V_XN�b�J�g�f�WYT^J�W
J�_�_¾WKJI\j�V\�±£UXg¤]^J�DYWFU�Rc[V_�J�D9b^WSJI\j� = �� ³´RZEHLM]V_XN	WFN<N9ktN�RZ[VWYUXEIg�N�J�DF_�UXN9D<±£U �¡N¢�VgVEM_�J�WFN9Dc³�[Vg^ftN9D � �
WFT�J�g�[hg^f/N9D � �

ÂmEIg^\jU�f/N	D�gVE�� \FRSTVN�ft[V_XN � � �¾À�N9gVEIWYNMdtl =t²� � =t²² � $&$&$ � =t²� . WFTVNMWKJI\j�V\<N9k/N�RZ[VWFN�f
f/[VDYUXgVG¤WFTVN�WFU�LMN�\j_XEHWTb O�=Szù³�[Vg�f/N9D � � �¾v3N	WIg�± =t²C ³KbmO Y D Y H ² b d^N�WFTVN�N9ktN�RZ[VWYUXEHg�WYUXLMNE�� WFTVN�\jN�WSJI\j�V\�UXg:b O�=Sz�³S��ÂmEIg^\jWFDF[�RZWM\YRxThN�f/[V_�N � ²}U�g°WYTVN�\YJ�LMN¦��J9l¨JI\���N¤f/E��£EID � � �
q g�WFTVN�WYUXLMN7\j_XEIW]b O�=Sz�³Sb � ²AN9ktN�RZ[VWYN�\ÁN	kVRZ_�[^\eU���N9_Xl¦WSJI\j� =t²� �¿À,[VDFU�gVG�WFU�LMN<UXgtWFN9DY�IJ�_�\Ib
�*=9O�³
J�g�f b z*=
��³Sb � ²�JH\F\eU�GIg^\�WFThN�\FJ�LMNMWSJH\e�h\�WFE�WYTVNML�JHRxTVU�gVN¦JI\ � � f/E�N�\�N9khRZN9]hW'�£EID7WSJH\e�
=t²� ��_ TVN9ghN9��N9D � � JI\F\jUXGHg^\�WSJH\e�H=t²� WYE�WYTVNAL�JHRxTVU�gVN�b � ²$JI\F\jUXGHg^\ ��DS\eWY_Xl�WKJI\e� =t²² bh\eN�RZEHg^f/_�lWSJH\e� =t²1 b®N9WSRH�Xb®J�g^f �^g^J�_X_�l�WKJI\e� =t²

� . b�\e[^RSTªWYT^J�W J�LMEHgVG�WFTVNMWYEIWKJ�_�J�LMEI[hg/W�O�. g�± =t²� ³�E��
N9ktN�RZ[VWYUXEHgMWFU�LMN,E�� WKJI\j�H=t²� bVWSJH\e�H=ù²C EtR9Rc[V]VUXN�\�WFTVNAL�JIRSTVUXgVN��£EID�J�WFEHWSJ�_�J�LMEH[Vg/W)g�± =t²C ³mE��
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