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hxDGXcfTCUFiHTC ng[7CED [/]Lv�XcfTJ^CUDGQtH Dg[l��FMO=FiFIjqHTCENGVPJSFIV boXcf9Q [7j�_R_cFl[cfTHI�x[cH9CUDGFy_RDg[l��F�[cnGnx]SJS\l[7CTJLXcjGH
JSj�Q [7j�_�[cfTFl[cH�X7b \IX�QtnGNPCEFIf�HT\iJSFIjG\iF ��kMFi\IFij�CT]S_c�:Q�NG\mD�Xcb9CEDGF�fTFIHTFl[cfT\mD Dg[7H�O-FIFIj�v�FI[cfEFiV
CUX�~�[cfEVPH9\IX�QtnGNPCTJLjPv�[cnPnGfEX %AJLQq[7CTJLXcjGH9Xcb-HEDGXcfTCUFiHTC ng[/CUDGHeJSjtX�fEVGFifeCUX fTFIVGNG\iFuCUDGFu]L[cfTv�F�CEJSQtF
\IXcQqnx]LF$%xJ^CEJSFIHu~ DxJL\mDa[7fEF JLjGDPFIfEFijrCuCUX�F#%P[c\iC�HEXc]SNPCTJLX�jPH��9�`j'HTX�QtFMJSjGHTCU[cjG\iFIHI�G[cnGnGfTX %AJSQq[7CEJSX�j
[7]Sv�X�fKJSCEDGQtHZQq[l_�nGfTX ��JSVGF CEDGFtX�jP]^_�HEXc]SNPCTJLX�j HTJSjG\IFtCUDPFIfEFqQq[l_�O=FqjGXWF#%AJLHKCEJSjGv [/]Lv�XcfTJ^CUDGQ
CUDG[7C nGfEXAVGNG\iFIH�[cjWF#%P[c\iCMHTXc]LNxCEJSX�j��
�`j�CUDPJSH3~ X�fT�-�Z~�F VGFi�cFi]SX�n�HEFy��FIfE[7]t[7]Sv�X�fKJSCEDGQtH3boX�f3\IX�QtnGNxCEJSjGv�[cnGnPfEX %AJLQq[7CTJLX�jPH Xcb

~ FiJSv�DrCUFIV�HTDGX�fKCUFIHKC nG[7CUDGHqX�j n=Xc]^_ADGFIVPfU[7]MHENPfTb [c\iFIH�� } NGfRCUFi\mDGjPJSs�NGFIH [cfTF Q [/JLjP]^_ Og[cHTFIV
X�j VPJSHE\ifEFyCEJ
�iJSjGv CEDGFan-Xc]S_ADGFiVGfEXcj JSj X�fEVPFIf�CEX�fEFIVPNG\IFaCUDPFanGfEX�Ox]LFiQ CUX�[ vcfU[cnGD HTDGX�fKCUFIHKC
ng[7CED3nPfEX�OP]SFIQ ��� F�vcJ^��FZHEFy��FIfE[7] HE\mDGFiQqFiH�~ DPJS\mD VPJ�� FifzJLj CUDGF�~�[�_aJSj3~ DxJL\mDWCUDGFZn=X7]S_ADGF �
VGfTX�j�JLH VPJSHE\ifEFyCEJ
�IFIV�� � DGFtHE\mDGFiQqFiH�[7fEFROg[cHTFIV�X�j [cVGVxJLjGv3hACEFiJSjGFIf n-XcJSjrCUH CUX'b [c\iFIH Xcb CUDPF
n-Xc]S_ADGFiVGfEXcj$�P\ifEFl[/CEJSjGvt[�v�fE[cnGD Or_qJLjrCEFIfE\iX�jGjGFi\iCTJLjGvRCEDGFIHTF n=XcJSjrCUH�[cjGV CEDGFIjaHTFl[cfT\mDPJLjPv�CUDPJSH
v�fE[cnGDtboX�f [ HEXc]SNPCEJSX�j���� F HEDGX�~�CEDGfEXcNGv�DqF#%xn=FifTJSQtFIjrCm[7]-Fy�c[/]LNg[/CEJSX�jqCEDg[7C CUDPFIHEF CUFi\mDGjPJSs�NGFIH
[cfTFZnPfU[c\yCEJS\l[7] �
B�]^]uXcbuX�NGf�[/]Lv�XcfTJ^CUDGQtH�[/]S]SX�~ [ CUfE[cVGFIX�� O-FiC`~ FIFij [7\I\INPfU[c\y_&[cjPV fENGjGjxJLjGv3CEJSQqF ��� F

nGfTX ��JSVGF�� �`[cnGnGfTX %AJSQq[7CEJSX�j1[7]Sv�X�fKJSCEDGQtH CUDG[7C'JSQqnPfEX���F�NGn-X�j�nPfEFi��JSX�NGH'~ X�fE� JSj�CUFIfTQtH'Xcb
� � CUDPF j�NGQ�O=Fif�Xcb�b [7\IFIH�Xcb�CEDGF n-Xc]^_ADGFIVGfTX�j�� �a�`j [cVGVPJ^CEJSX�j CUX � NP\i]^JLVGFI[cj [cjGV ~�FyJLvcD�CEFIV
QtFiCEfTJS\IHI�x~�F [/]LHTXRvcJS�cF [7]Sv�X�fKJSCEDGQtH�boX�f \IX�QtnGNPCTJLjPvRHEDGX�fKCUFiHTCM[cjPJSHEX7CUfEXcnPJL\�ng[7CEDGH�� �5[cHTCT]S_c�x~ F
HEDPX ~ DGX�~ CEDGFIHTF [7]Sv�X�fTJ^CUDPQqH9\I[cjtO=FuJSQtnP]SFIQtFIjrCUFiV JSjRng[cfE[7]S]SFi] � � DGfTX�NGv�DRJSQtnP]LFiQtFIjrCm[7CTJLXcj$�
~ F�HTDGX�~ CUDG[7CMX�NGfzng[cfE[7]^]LFy]�[7]LvcX�fTJ^CUDGQ [c\mDPJSFi�cFIH�NGnaCEX������ F��q\yJLFijG\i_ �
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� X�O-FIvcJSj$����~�XcNP]LV ]SJS�cFqCUX CUDg[cjP��Fi��FifT_cX�jGF JSj QZ_ ]^J^boFqboX�f CEDGF HTNGnGn-X�fTC�[cjGV \IX�jxpgVGFIjP\IF
CUDG[7CzCUDGFy_ Dg[l��FZHEDGX�~ jWCUDGfTX�NGv�DGXcNPC Q�_ n-X�HTC vcfU[cVGNG[7CUF ]^JSboF �
�9~�X�Nx]LV']^JL�7F�CUX�vcJS�cF�CUfTFIQtFIjPVGX�NGH�CEDg[cjG��H�CEX"��!X�fTv7� k"!NGVPJSv�FIf�hP[c\m�tboX�f CUDGF�HTNGnGn-X�fTC CUDg[/C

DGFzDg[7H9vcJS�cFIjtQtFuCUDGfTX�NGv�DPX�NPC Q�_�VGFIvcfEFIFznPfEX�v�fE[cQtH9DGFIfTF [7C �u[cfK]LFyCUX�j��e� DG[��cFuCUfTFIQtFIjGVPX�NGH
fEFiHEn-FI\yCRboX�f ��!XcfEv�[cjPV&DPJSH�~�XcfE�&[7jGV&��[cQ Dg[cnGnr_ CUX DG[��cF'O-FIFIj [Wng[cfTC�XcbzDPJSH�fEFiHEFI[cfE\mD
v�fTX�NGn��<�`j�[cVGVPJ^CEJSX�j$�zDPF Dg[cH vcJS�cFIj�QtF v�fTFl[7C'[cVP��JS\IF�~zJ^CUD�fTFIHEn-FI\yC'CUX ~ fTJ^CECUFij�ng[cn-FIfTH
[cjGV nGfTFIHEFijrCEJSjGv Q�_�~ X�fE� CEXaCUDGFq\IX�QtnGNxCUFIfZHE\yJLFijG\IF \IX�QtQ�NPjPJSC`_ � ��!X�fTvG�:_�X�NGfZDGFy]Ln O=XcCED
[c\I[cVGFIQRJS\l[7]^]^_W[cjGV pgjg[cjG\yJ [/]S]^_ Dg[cH O-FIFIjWv�fTFl[7CT]S_ [7nGnGfEFi\iJL[7CUFiV��
��~ X�NP]SV [/]LHTX ]^JL�7FWCEX�vcJS�cFaCUDg[cjP�AHtCUX�B�jPJS]��3[cDGFIHTDr~u[cfKJ�boXcf�CUDGF \IXcNGjrCE]SFIHEHqDGX�NPfEHtXcb

CEJSQtF�CUDg[/CzDGF Dg[cHzQq[cVPF�[��7[7J^]L[cOP]SF�CUXRQtF�CUDGfTX�NGv�DPX�NPCuCEDPJLHuCEDGFIHKJLH nGfTFIng[7fU[7CTJLX�j����MJSHzQ [7j�_
\IXcjGHTCEfENG\yCEJ^��Ft\IX�QtQtFIjrCEH�[cjPV CUFI\mDPjPJL\I[7] [cVP��JS\IFRDg[l�cFRDGFi]Sn=FiV QtF�CEXa\IX�QtnP]SFiCEFRCUDPJSH�CUDPFIHTJSH
JSj�[cVPVPJSCTJLXcjWCEXqQq[cjr_anG[cn=FifEH��

� Dg[cjG��H HEDGX�Nx]LVa[/]LHTX�O-F�F$%ACUFIjPVGFIV CEXZCEDGX�HTF�QtFIQ�O=FifEH�Xcj QZ_ F$%P[cQRJLjPJSjGv�O=Xr[7fEV��e��[cfE�
� FiJ^] �5{ [cXc]L[ Y ]LXA\I\mDxJLjPJ@� �cX�DGj d Xc]SVg[c�3[cjGV YgfU[cjG� w FIDPjGF ��� C ~u[cH�['CEDPJL\m�WCUDGFiHTJSHZCEXafEFI[cV
[cjGVW� fEFl[/]S]^_ VGXq[cnGnGfTFI\yJ [7CEFZCEDGFiJSfz~zJS]^]^JLjGvcjGFIHTHMCEX O-F X�j CUDGF�\IXcQqQRJ^CECEFIF �
�|[/]LHTX�vcJ^��FzCEDg[cjG��H9CUX w f��r�$_xNPVGQRJS]�BM]LFi�AHE[cjGVGfTX��RboX�f9DPJSH NPHEFiboNx]gJLVGFI[cH9~ DPJS\mDq]SFIVtCUX CUDPF

fEFiHEFI[cfE\mD�X�j�FinGHTJ^]LXcj [7nGnGfEX %AJSQ [/CEJSX�jGH�[cH�~ Fi]^] [cH w f��:h�CUFib [7j hx\mDPJSfEfU[ boXcf�DPJSH�NGHEFyboNP]9\iX�Q��
QtFIjrCUH�fEFi]L[7CEFIV CEX�j�NGQtFIfKJL\I[7] HKCm[cOxJS]^JSC`_ [cH ~�Fy]S]$[cH DPJLH DGFi]Sn'~zJ^CUD'� � w B�� Hzk��9B�� jANPQ�O-FIfEH��
�`j [cVGVxJSCTJLX�j �|��Dg[l�cF'Dg[cV Q [7j�_�bofTNPJSCTboNP] \IX�jr�cFIfEHE[7CEJSX�jGH�~zJ^CUD w X�fEXcj���NPHEHEOG[cNGQ ~ DGX

��~ X�NP]SV&[/]LHTX ]^JS�cFtCUX CUDg[cjP� � w X�fTX�j [cjGV ��Dg[l�cF O-FIFij VGX7JLjGvWX�NGf�CEDGFIHKJLHZ~�XcfE��[7]SX�jGvcHTJSVGF

JS�



Fl[7\mD�XcCEDGFIfi�gnGfEX���JLVxJLjGv QtX�fU[7]$HENGnGn-X�fKC�CEXqFI[c\mD�X7CUDGFif ~ DPFIj3CTJLQtFiH�HTFIFIQtFiV�CUX�NPv�D�� w X�fEXcj
[cjGV3��Dg[l�cF�v�fTX ~ jWCUXqO=F�v�XAXAVWbofKJLFijGVGH�[cjGV�DxJLH bofTJSFIjGVPHEDPJSn�[cjGVWHENPnGn=XcfTC�Dg[l��F�DPFi]Sn=FiV�QtF
JSj3Qq[cjr_��gQq[cjr_a~�[l_xH��
� ~�X�Nx]LV [7]SHEX3]SJS�cF'CEX�CUDg[7jG� { [cXc]L[���[cv7JS]^]LX3boX�f�HTNGnGnP]^_�JLjGv�NGH�~zJSCED � � ��Ht[cHZ~�Fy]S] [7H

d FIfEDG[cfEVtk XcCUD�bofTX�Q�CUDGF ��kz� boX�fenGfTX��AJSVPJSjGv�NGHe~zJ^CUDRv�FijGFIfE[7] � w n-Xc]^_xDPFIVGfE[7]gQtXxVPFi]GVG[7Cm[ �
� ~�X�Nx]LV&]^JL�7F'CUX VPFIVPJS\l[7CEF'CUDPJSH�CEDGFIHKJLH�CEX Q�_ ng[cfTFIjrCUHq��[7fE\IFy]z[cjPV���Fi�cFIfT]^_ �5[cjrCEDPJLFif

~ DGX�DG[��cF�[7]^~u[l_AHzO=Fy]SJSFi�cFIVaJSj'Q�_ [cOPJ^]SJ^CEJSFIH CUX�HTNG\I\iFIFIV JSj'Fi�cFIfT_�CEDPJLjPvtCEDg[7C��9Dg[l��F VGX�jPF �9�
DGX�n-F�CEDPJLH JLH|CEDGF�pgfTHTC9X7b�Q [7j�_�{9D�� w �/VGFiv�fEFiFIHeJSjRX�NGf b [7QtJ^]^_ � �W_Z~zJ^boF � fKJL\yJ [ [/]LHTX VGFIHTFIfT�cFIH
[c\m��jGX�~z]SFIVGv�QtFij�CZboX�f�ng[7CEJSFIjrCT]S_�[l~u[7J^CEJSjGv Q�_WCUDPFIHTJSH \IXcQqnx]LFyCEJSX�j�� �z]LX��cFRQ�_Wb [cQRJS]^_3�cFIfK_
Q�NP\mD [cjGVW�u[7Q vc]L[cVaCUDGFy_a~�FifEF�CUDGFifEF boX�fzQtF �

� DPJSHZfTFIHTFl[cfT\mD�~�[cH ng[7fTCEJL[7]^]S_�HENGnPn=X�fKCUFiV Or_�B�]SQqFifE\iXG�:�`jG\ ��[cjGV�Or_3CUDGF ��[7CUNGfE[7] hA\iJ �
FIjP\IFIH�[cjGV �9jGvcJSjGFIFifTJSjGv'k FIHTFl[cfT\mD���X�NPjG\iJ^]�Xcb9�u[7jg[cVg[ �

�
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� �^� } ��FIfK��JLFy~�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ,
� �-, {9fEFi]^JSQtJSjg[cfKJLFiH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� �-,��S� d fU[7nGDGH [cjGV�hxNGO-VPJ^��JLHKJLX�jPH � � � � � � � � � � � � � � � � � � � � � �
� �-,��., {9fTX�n=FifTCTJLFiH�Xcb|{ X7]S_ADGFiVGfU[ � � � � � � � � � � � � � � � � � � � � � /
� �-,�� � hADGX�fTCEFIHKC�{ [7CUD3{9fEX�n-FIfKCEJSFIH � � � � � � � � � � � � � � � � � � � � � 0
� �-,�� � hADGX�fTCEFIHKC�{ [7CUDWB�nPnGfEX %AJLQq[7CTJLXcj Y�[c\iCEX�fEH � � � � � � � � � � � � � � ���

� � � kMFy] [/CUFIV3k FIHEFI[cfE\mD � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � �S� hADGX�fTCEFIHKC�{ [7CUDPHMJSj d fU[7nGDGH � � � � � � � � � � � � � � � � � � � � � � �
� � � �., �9NG\y]SJSVGFI[cj�hxDPX�fTCEFIHTC�{ [7CUDGH JSj1, w � � � � � � � � � � � � � � � � � ���

� � � �-,��^� ��J^CUDxJLj3[qhAJLQtnP]SF�{ Xc]^_Av�X�j � � � � � � � � � � � � � � � ,c�
� � � �-,��-, B�QtX�jGvq{ Xc]^_Av�X�jg[/] } OGHKCm[c\y]LFiH � � � � � � � � � � � � � � , �

� � � � � �9NG\y]SJSVGFI[cj�hxDPX�fTCEFIHTC�{ [7CUDGH JSj � w � � � � � � � � � � � � � � � � � ,��
� � � � � �^� } jW[ ��X�jr��F#%�{�Xc]S_ADGFiVGfEXcj � � � � � � � � � � � � � � � ,32
� � � � � �-, B�QtX�jGv �3NP]^CEJSnP]SF���X�jr�cF#%�{ Xc]^_ADGFIVPfU[
� � � � � � � � � � � /
� � � � � � � } jW[ ��X�jx� ��X�jr��F$%3{ Xc]^_ADGFIVGfTX�j
� � � � � � � � � � � � � � 0

��J



� � � � � � FiJSv�DrCUFiV�hxDPX�fTCEFIHTC�{ [7CUDGH JSj , w [cjPV � w � � � � � � � � � � � � � � �
� � � �./ {�XcJSj�C��:XA\l[7CTJLX�j BM]Lv�XcfTJ^CUDGQtH � � � � � � � � � � � � � � � � � � � � � 0

� � � ��X�jrCUfKJLOGNxCEJSX�jGH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 0

+ ����� � � �*���� ��� 

� ��� �$��� ��� ��� ���3�$ 
	 �$� �&���*�!� � +
,��^� hxDGX�fKCUFiHTC�{|[7CED3B�nGnGfTX %AJSQq[7CEJSX�j�hA\mDGFIQtFIH � � � � � � � � � � � � � � � � � /��

,��^� �S� B"h�JLQtnP]SF�B�nGnGfTX %AJSQq[7CEJSX�j�hA\mDGFIQtF � � � � � � � � � � � � � � � � /��
,��^� �., �9VGvcF w Fi\IX�Qtn-X�HTJ^CEJSX�j�hx\mDGFiQqFiH � � � � � � � � � � � � � � � � � � ���

, �S� �-,��^� � NPJS]SVPJSjGvtCUDGF�d fU[cnGD � � � � � � � � � � � � � � � � � � � �P�
, �S� �-,��-, � X�NGjGVPJSjGvtCUDGF�B�nGnGfEX %AJSQ [/CEJSX�j � � � � � � � � � � � � � � �
, �S� �-,�� � Y�JLjGF � NGjPJSjGvzCUDPF9B�nGnGfTX %xJSQq[7CEJSX�j ��B�j�B�VGVPJ^CEJSX�jg[7]xhA]SFIFy��F

��XcQqnPNPCm[7CTJLXcj � � � � � � � � � � � � � � � � � � � � � � �30
,��-, �&%Pn-FIfKJLQtFij�CU[7] kMFiHENP]^CUH � � � � � � � � � � � � � � � � � � � � � � � � � � � 23,
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jGXR�7[7]SJSVWng[7CUD�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ,��c�
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} jGF Xcb-CUDGFzboNGjGVG[cQtFIjrCm[7]-nGfTX�OP]SFIQtH HTCUNPVPJLFiV JSj \iX�QtnGNPCU[7CEJSX�jg[7]�vcFIX�QtFiCEfT_t[7jGV X7CUDGFif [7fEFl[7H
HENP\mDa[cH v�fU[7nGD'[7]Sv�X�fKJSCEDGQtHI��v�FiX�v�fU[7nGDPJS\l[7]�JSjPboX�fEQq[7CTJLXcj HK_xHKCUFiQqH � d �Kh �m�r\yJLfT\INPJ^C�VPFIHTJSv�ja[7jGV
fEXcO=XcCTJL\iH�JSH�CUDg[/C�Xcb9pgjPVPJLjPv ['HEDGX�fKCUFiHTC ng[/CUD�O-FiC`~ FIFIj�C`~ Xan=XcJSjrCUH�JSj�FiJ^CUDPFIf�CEDGF�nP]L[cjGF�Xcf
JSjWCEDGfEFiFZVxJLQtFIjPHTJSX�jGH��

hxDGX�fKCUFiHTCWng[7CED<nGfTX�OP]SFIQtH Dg[l��F Qq[cjr_1[cnGnP]^JS\l[7CTJLX�jPHWHTNG\mD�[7H'CUfU[ � \�\iX�jrCUfTXc] ��HEFl[7fE\mD
[cjGV fEFiHE\iNGFc�|~�[7CEFIf �gX�~ [cjg[/]S_AHTJSHI� fEXr[7V VGFiHTJSv�j$��b [c\iJ^]SJ^C`_�]SXx\I[7CEJSX�j$�5jg[l��JLv�[7CEJSX�j&[7jGV fTX�NPCEF
nP]L[cjGjPJSjGvG� �����i�uCUX QtFIjrCEJSX�j
� NGHKC'[�boFi~ CEDg[7C NGHEF�d �Kh�� Y�XcfqHTX�QtF [cnPnP]SJS\l[/CEJSX�jGHI� JSC Qq[�_
O-F�jGFi\IFIHTHU[cfK_ CEX VGFyCUFifEQRJLjPF�[ HEDPX�fTCEFIHTC \IX�HKC'ng[/CUD Xcj�[ n-Xc]^_xDPFIVGfE[7]�HTNGfTb [7\IF � � FIfEfE[7JSjGH
[cfTF�[ HEn-FI\iJL[7]�HENGO-\i]L[cHTH'Xcb�n-Xc]^_ADGFIVGfE[7]�HENGfKb [c\IFiH'[cjGV JLj�d��Kh=� Qq[cjr_ [cnGnP]^JS\l[7CTJLX�jPH � HTNG\mD
[cH�CEDGX�HTF � NGHTC�QqFijrCEJSX�jGFIV �MfEFIs�NPJSfEF�CEDGF�\iX�QtnGNPCm[/CEJSX�j�Xcb HEDPX�fTCEFIHTC�ng[7CUDPH�X�j�[ CEFIfEfE[7JSj�� �`j
d �Kh=��[c\iCENg[7]�Vg[/Cm[ JLH vr[7CEDGFIfTFIVtCUXZQqXAVGFy]-CEFIfTfU[7JSj HKCUfTNG\iCENGfEFM~zJSCEDPJLj [Z\iX�QtnGNPCEFIf�� � DPFIfEF�[cfTF
C`_AnPJS\l[7]^]S_�CEDGX�NGHE[cjGVGHZXcb HU[cQtnP]SFIV n=XcJSjrCUH�CUDg[/C�Q [7�cFqNGn&['CUFifEfE[7JLj [cjGV DGFijG\IF [WHTDGX�fKCUFIHKC
ng[7CED�[/]Lv�XcfTJ^CUDGQ Q�NGHKC�O-F���FifT_WF��q\iJSFIjrCMJLjWX�fTVGFIfuCEX O-F XcbenPfU[c\yCEJS\l[7]5NGHTF �

,
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� DGFifEFR[cfTF�HTFi��FifU[7] �7[cfTJL[7CEJSX�jGH�XcbeCEDGF�HEDPX�fTCEFIHTC�ng[7CED nGfEXcOP]LFiQ ~ DxJL\mD�VGFin=FijGV�X�j VxJ
�=FIfTFIjrC
b [c\yCUX�fTHMn-FIfKCm[7JSjPJSjGvRCUX �

 CEDGF�\IX�HKC�QtFyCUfTJS\ � �9NG\y]SJSVGFl[7j$�-~ FiJSv�DrCUFiV$�=��[cjGDG[7CECU[cj3VxJLHKCm[cjG\iFc�g]^JLjG� VPJLHKCm[cjP\IFc��FyCU\ � � �

 CEDGF�VPJLQtFijGHTJSX�j � , w � ,��-/ w � � w � � w n=X7]S_ADGFiVGfU[7]�HTNGfTb [c\iFIH$� �

 HTn=Fi\iJ^pg\�v�FiX�QtFiCUfKJL\�\mDg[cfU[7\iCUFifTJSHTCTJL\iHzHENG\mD [cH CUDGF�nGfEFiHEFijG\IF �c[cOGHTFIjG\iFZX7b5X�OGHTCU[c\i]SFIHi�PCUDPF
C`_An-FZX7b|X�OPHTCm[7\i]SFIH � F � v �^�g\IX�jr�cF#% �m�-FiCE\ �

�`j3[cVGVPJ^CEJSX�j$�GCEDGFIfTF�[7fEF JLHTHENGFiH�n-FIfKCm[7JSjPJSjGvtCUXRCUDGFZ[7]Sv�X�fKJSCEDGQ J^CUHTFi]^beHENP\mD [cH �

 CEDGF [cQtX�NGjrC5XcbAnGfTFInGfTXx\iFIHEHKJLjPv�[7]^]LX�~ FIV � HKJLjGv7]LF HEDPXcCl��p %xFIVZHEXcNGfE\iFc� C`~�X7� n=X7JLjrC5s�NGFIfKJLFiH#�U�

 CEDGFZ[��7[7J^]L[cOPJ^]SJ^C`_aXcb CUDGF�s�NGFIfKJLFiH � HTCU[7CEJS\�X�fzVP_Ajg[cQRJS\ �m�

 CEDGF�VGFIHKJLfTFIV [7\I\INPfU[c\y_ � X�nPCTJLQq[7]@�g[cnPnGfEX %AJLQq[7CEFc� � �`[cnGnGfTX %AJSQq[7CUF��m�

 CEDGF�jANPQ�O-FIfMXcb|nPfEXA\IFIHTHEX�fTH�[/]S]SX�~�FiV � HTFIs�NGFij�CTJ [/] XcfMnG[cfU[7]^]SFi] � �

� DGFMv�FIjGFifU[7] � � VPJSQqFijGHTJSX�jg[/]��9NG\y]SJSVGFI[cj'HEDPX�fTCEFIHTC ng[7CED nPfEX�OP]SFIQ DG[cH O-FIFij HTDGX�~ j CUXZO-F
��{|� Dg[cfEV�O�_R�u[cjGjr_R[7jGVRk FiJ^b 	 ��� � � � DGF ��{|�`DG[cfEVGjPFIHEH [7jGV�CUDPF�] [7fEv�F CEJSQqFz\iX�QtnP]SF#%AJSCTJLFiH9Xcb
� � V3HTDGX�fTCEFIHKC�ng[/CUDGH�[7]Sv�X�fTJ^CUDPQqHMFi�cFIj�boXcfzHEn-FI\iJL[7] nGfEXcOP]LFiQ JLjPHTCm[7jG\IFiH�Dg[l��F�QtXcCEJ^�7[7CUFiV3CUDPF
HEFI[cfE\mD�boXcf|[cnPnGfEX %AJLQq[7CEF�HTXc]LNxCEJSX�jGH|CEX�CUDPF�HEDPX�fTCEFIHTCeng[7CUD�nGfEXcOP]LFiQ � hAJSjG\IFuQtX�HKC9[cnPnP]SJS\l[/CEJSX�j
QtXxVPFi]SHu[cfTF�[cnGnPfEX %AJLQq[7CTJLX�jPHuXcb:fTFl[7]^JSC`_ [cjGV DPJSv�Dx�`s�Ng[/]SJ^C`_ nG[7CUDGH�[cfEFMb [l��X�fTFIV'X���FifuX�nPCTJLQq[7]
ng[7CEDGH CEDg[7C [cfTF � DG[cfEV ��X�f5F#%xn-FIjGHKJS�cFuCUX�\iX�QtnGNPCEFc�r[cnPnGfEX %AJLQq[7CTJLXcjR[7]Sv�X�fTJ^CUDPQqH [cfTF HTNPJSCU[cOP]SF
[cjGVWjGFi\IFIHTHU[cfK_ �

� DGFMQ [/JLjqfEFiHENP]^CUH nGfEFiHEFIjrCEFIV JSjqCEDPJSH CEDGFIHKJLH [cfEFzCEDGF VGFIHKJLv�j �P[cjG[7]S_AHKJLH�[cjGVtJLQtnP]SFIQtFIjrCU[/�
CEJSX�j Xcb [7]Sv�X�fKJSCEDGQtH�boX�fu\iX�QtnGNPCEJSjGv [cnGnGfTX %xJSQq[7CEJSX�jGH Xcb��9NG\y]SJSVGFl[7j�[cjPV'~�FyJLv�DrCEFIV�HTDGX�fKCUFIHKC
ng[7CEDGH X�j�n-Xc]S_ADGFiVGfU[/] HENGfKb [c\IFiH�� � DGFq[7JSQ JSH CUXaVGFiHTJSv�j HTJSQqnx]LFq[cjGV�nGfE[c\iCTJL\I[7] [7]Sv�X�fKJSCEDGQtH
[cH�~ Fi]^] [cH nGfEX���JSVGFq[7]LvcX�fTJ^CUDGQtH ~zJ^CUD�CUDGFiX�fEFyCEJS\l[7]9~ X�fTHTCT� \l[cHTF O-X�NGjPVGH�~ DPJS\mD&[cfTFRF��q\iJSFIjrC
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JSjWCEFIfEQtH Xcb�CUDGF�j�NGQ�O=Fif�Xcb n-Xc]S_ADGFiVGfU[/]:b [c\IFiH�� B�Hz~zJ^]S]�O-F HEDGX�~ j$�gCUDPF�[/]Lv�XcfTJ^CUDGQtH \l[cjWO-F
[cnGnx]SJSFIV JLjWO-XcCUD CUDGF�HTFIs�NGFIjrCTJ [7] [cjPV3ng[7fU[7]^]LFy]5HEFyCECEJSjGv�H��

��FiboXcfEF nPfEFIHTFIjrCEJSjGv CEDGF'[7]Sv�X�fKJSCEDGQtHI��JSC�JLHZjGFI\iFIHTHU[cfK_ CUX3VPJSHE\INPHEHRVGFypgjPJ^CEJSX�jGHI�|jGXcCm[/CEJSX�j
[cjGV�nPfEX�n-FIfKCEJSFIHan-FIfTCU[7JSjPJLjPv CEX&HEDPX�fTCEFIHTCWng[/CUD�nGfTX�OP]SFIQtH��"B�]SHEXG�MHTJSjG\iF�CEDGFIfTF�[cfEF�Q [7j�_
�7[cfTJL[7CTJLX�jPH Xcj CUDPFMHTDGX�fKCUFIHKCung[/CUDqnGfEX�Ox]LFiQ � J � F �S��JLj v�fU[7nGDGHI�r~zJ^CUDPJSj n-Xc]^_Av�X�jGHi�AJSj CEDGF nP] [7jGF
[cQtX�jGv n=Xc]^_Av�X�jGHi�$X�j�n-Xc]^_xDPFIVGfE[7]eHTNGfTb [c\iFIHi�$JLj � � HEng[7\IFR[cQtX�jPvan=Xc]^_ADGFIVPfU[P�$FyCU\ � �W~ FRvcJS�cF
DGFifEF [�OPfTJSFib�HENGfK��Fy_'Xcb:CEDGF�nGfTFi��JLXcNGHzfEFiHEFl[7fE\mD�� } NGfz[7]Sv�X�fKJSCEDGQtH ~zJ^]S] Qq[c�cF NGHTF�Xcb5HTX�QtF�Xcb
CUDPFZfTFIHTNP]SCEH�[7jGVWCEFI\mDGjxJLs�NGFiH�nGfTFIHEFijrCUFIV3JLj CUDPJSH HENGfK��Fy_ �

����� � � ������� ���	� � ����
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B�v�fE[cnGD � � � � � 
 �9\IX�jGHKJLHKCUHzXcb�[�HEFiCuXcb:��FifTCEJS\IFiHI� � �P[cjGV [�HTFiCzX7b5FIVGv�FiHI� 
 �eB�v�fE[cnGD JSH
,.-0/21./23 JSb=JSC \I[cjtO=F FIQ�O=FiVGVGFiV JSjqCEDGFznP]L[cjGF HENG\mDqCUDg[/C jGX C`~�XZFIVGvcFIH JLjrCUFifEHTFI\iC��9B1HTCUfE[7JSv�DrC
]^JLjGF nP]L[cjg[cf�FIQ�O=FiVGVPJSjGv�Xcbu[3nP]L[cjg[cfZv�fE[cnGD VGFiCEFIfEQRJSjGFIHt[ ng[cfKCEJ^CEJSX�j X7b�CUDPF nP]L[cjGFq\l[7]^]SFIV
[ ,.-0/21./235476)8:92;=<>;?47;A@B1 � � DGFaO-X�NGjPVGFIV fEFivcJLXcjGHtXcb CUDGFaHTNGO=VxJS��JSHTJSX�j�[cfTFa\l[7]^]SFIVDC /FE:G:4 [7jGV
CUDPF�fTFIQq[7JSjPJLjPv'n=XcfTCEJSX�jWXcbeCEDGF�nx] [cjPF�JSHMCEFIfEQtFiV�CUDGF @B6FHIG73 C /FE:G �uB�nx] [cjG[cf�HTNGO-VPJS��JSHTJSX�j�JSH
[ HJ3�;K/21MLN6F-0/2HJ;A@B1 JSbu[7]S] Xcb J^CUHZO=X�NPjGVGFIV b [c\IFiH�[7fEFtCUfTJL[cjGv7]LFiH�� � DPF 926)/2-OLN3�/7,�P Xcbu[WnP]L[cjg[7f
HENPO=VPJ^��JLHKJLXcjRQ�JSHzVGFypgjGFIV3[cHz[�vcfU[cnGDTS JSja~ DPJS\mD3[��cFIfKCUF#%WX7bUS JLH [cHTHTJSv�jGFiVWCEXRFl[c\mDab [c\iF
Xcb�Q"[cjGV�C`~ XW�cFIfTCTJL\iFIHZXcbVS [7fEF � XcJSjGFIV Or_�[cj�FIVPv�FRJSb�[cjGV X�jP]^_�J^b CEDGFiJSf�\IX�fTfEFiHEn-X�jGVPJSjGv
b [c\iFIH HEDg[7fEF�[cj FIVGv�F JSj	W �
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�`j�����[ ,�@B-�� P�G 923 @B1 JLHMVGFipGjGFIV�Or_W[qpGjPJSCEF�HTFiC�Xcb9nP]L[cjg[cf n-Xc]^_xvcX�jGH�HTNG\mD�CEDg[7C�Fi��FifT_WFIVPv�F
Xcb ['n-Xc]^_xvcX�j JLH�HEDg[cfTFIV�~zJ^CUD�F#%P[c\yCE]^_ X�jPF�XcCUDPFIf�n-Xc]^_xvcX�j�� � DGFRn-Xc]^_xvcX�jGH [cfTF�\l[/]S]SFIV�CUDPF
C /FE:G:4 Xcb�CEDGFtn=Xc]^_ADGFIVPfEX�j [cjGV�CUDGFt��FifTCEJS\IFiH�[cjPV FiVGv�FIH�Xcb CUDGFqn=X7]S_Av�X�jPH�[7fEFRCUDGFt��FifTCTJL\iFIH
[cjGV FIVGv�FiH�Xcb CUDGF�n=Xc]^_ADGFIVPfEX�j�� � ~ X�b [c\iFIHz[7fEFMHU[7JSV CUX�O=F / 9�� /FE:G71�H JSb CUDGFy_ HTDg[cfEF�[cj FiVGv�F7�
XcCEDGFIfK~zJLHTFqCEDGFi_ [cfTF 1 @B1��(/ 9�� /FE:G71�H ��B n-Xc]^_ADGFIVGfTX�j�JLH 47;�� ,.-?G JSb CUDGFifEFRJSHZjPX3ng[/JLf Xcb jGX�jA�
[cV �K[7\IFIjrCub [7\IFIHuCEDg[7CzHTDg[cfTF [�n=X7JLjrCuJSj'CUDGFyJLf JLjrCUFifTJSX�f � J � F �^�PF#%x\y]LNGVxJLjGvt��FifTCTJL\iFIH#� ��YgfTX�Q CUDPJSH
n-XcJLjrC X�jr~�[cfEVGHi�ACEDGFzCUFifEQ n-Xc]^_xDPFIVGfTX�jq~zJ^]^]-JSQtnP]^_t[ZHKJLQtnP]SFMn=Xc]^_ADGFIVPfEX�j��|B n-Xc]^_ADGFIVGfTX�j �
JSH E:@B1�<2G�� JSb:boXcfz[cjr_ C`~ XRn-XcJLjrCEHuJLjrCUFifTJSX�f�CEX � �xCUDGF�]^JSjGF HEFiv�QtFIjrC � XcJSjPJLjPv�CUDGFiQ JSHuFIjrCTJLfTFi]^_
\IXcj�CU[7JSjGFIV�JSj�� �cXcCUDGFifT~zJSHEFuJ^C|JSH 1 @B1�� E:@B1�<2G�� ���:FiC Q O=Fu[MCUfKJ [7jGv�NP]L[7CUFiVRnP]L[cjg[cf HENGO-VPJ^�AJSHTJSX�j
]^_AJSjGv Xcj CEDGF � � nP]L[cjGFtJLj���� �aB HK37;K/21MLN6F-0/23 ;=3�3:GJLN6F-0/2351 G7H��V@B3 � � X�f � � � boX�f�HEDPX�fTC#��JSH
[ ,��-/ VPJSQqFijGHTJSX�jg[/] n=Xc]^_ADGFIVPfU[7]9HTNGfTb [7\IF�boX�fTQqFiV�bofEX�Q W1Or_ [cHEHKJLv�jxJLjGv3[�!�\IXAX�fTVPJLjG[7CUF�CEX
Fl[7\mD��cFIfKCUF#% X7b�Q � HEFiFtY JSv�NGfEFa� �S� � ���MXcCUF�CUDg[7C�jPX'C`~�X n-XcJLjrCEH X�j�CUDGFRHTNGfTb [c\iFRXcb [ � � �
Dg[l��F�CUDPFZHE[cQtF ��[cjGV#"'\iXxX�fTVPJSjg[7CUFiH��

Y�JLv�NPfEFt� �^� �
�&%G[7Qqnx]LFZXcb|[RCEfTJL[cjGv�Nx] [cfuJSfEfTFIv�Nx] [cf jGFyC`~�XcfE� � � � � � �

� DGFIfTF [cfEF \IFIfKCm[7JSj v�FiX�QtFiCUfKJL\anPfEX�n-FIfKCEJSFIHRXcb � CUDg[7C�~�FafTFIs�NPJSfEF'boX�f�X�NGfR[cjG[7]S_AHKJLH�JSj
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CUDPFM]L[7CUFif \mDg[cnPCEFIfEH�� � DGFIHTF�nGfTX�n=FifTCTJLFiH fTFIs�NPJSfEFMHEX�QtF�[cVGVPJ^CEJSX�jg[7]�CEFIfEQRJSjGXc]SX�vc_ �9�:FiC ��DG[��cF
� b [c\IFiHI�|FI[c\mD&O-FiJSjGv [aCUfKJ [7jGvc]SF � w FijGXcCUFqOr_��z� CUDPFq]SX�jGv�FiHTC�FIVGvcF Xcb � ~zJ^CUD �9NG\i]^JLVPFl[cj
]SFIjGvcCED�� � � �u��XcjGHTJSVGFIf�[R��FIfKCUF$% � Xcb � � w FypgjGF�� ��CUXqO=F�CUDPFZQRJSjPJSQ�NGQ [cjGv7]LF � QtFI[cHENGfTFIV
JSj � w � O=FyC`~�FiFIjW[cjr_tC`~�XRFiVGv�FiH�Xcb �"CUDG[7Cz[cfTFMJSjG\yJLVGFijrCuCUX�� � w FijGXcCEFMCEDGF�QRJSjPJLQ�NGQ HENG\mD
� �Z[cH ��� w FipgjGF�� ��CUX O=F CEDGF�QRJSjPJSQ�NGQ VPJSHTCU[cjG\IFZbofEX�Q �'CUXtCUDGFZO=XcNGjGVg[cfK_ Xcb|CEDGFZNGjPJSX�j
Xcb�JSCEHzJLjG\yJLVPFIjrC�b [7\IFIH��

� � � 	 � �	� � '��*'�� P�G 92;?47HA/21 E:G 87G7H �VG:G71 /21�� H �V@�<2G737HK;AE:G:4 � � /21.9 �	� @ C�� ;?4 /2H -?G /B47H
Qq[ % � � �
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w FipGjGF'[�n-Xc]^_Av�X�jg[7] \I[cn � �/�e\l[/]S]SFIV [ 4�,�P�G73:G �|[cfEXcNGjGV ���e[7H�boXc]^]LX�~ H�� �:FiC � � � ��� �qboXcf
HEXcQqF�� ��� ��� � �5FyC �ZO=F�CUDGF�QRJSjPJSQ�NGQ � ��X��cFIfz[7]^] � �9�:FyC�	�� � � O-F [�b [7\IF�JSjG\iJSVGFij�CzCEX
� � �:FiC � � � fTFIHEn-FI\yCEJ^��Fy]S_WX�j � � � O=F�[/C VPJLHKCm[cjP\IF � ��bofTX�Q � X�j � � � fEFIHTn=Fi\iCTJS�cFi]^_ � � � � � DPJSH
VGFypgjGFIH [ZCUfTJL[cjGvcNP] [7f�HENPOPb [c\IF 	�� � � � � Xcb 	�� � � � � DGF�HEnPDGFIfTF � ��[cfEX�NPjGV �t\IX�jPHTJSHTCUHzX7b�[7]S]
HENP\mD�HENPOPb [c\IFiHMJSjG\yJLVGFijrC�[7C � �

� � � 	 � �	� � '�� +�
 G7H � 87G�/ <2G73�HIG�� @ C � /21.9 � 87G�/21	G 9�L G&@ C � H P)/2H ;?4"1 @BH ;=1 E7;K9FG71�H HI@ ��


 G7H � 87G /21��$,�@B;=1�H"@B1 ��
 � P�G 92;?47HA/21 E:G 87G7H �VG:G71 � � /21.9 � ;?4 /2H -?G /B47H � � 	 �$��� ��� � P�G73 G
� � � ����


� � � 	 � �	� � '�� ��� P�G	92;?47H /21 E:G	87G7H �VG:G71�/21�� H �V@ 4�,�P�G73 G:4 � � 	 /21.9 � � � ;?4 LN3 G /2H�G73 H=P)/21
� � 	 ,��$�AQq[ % � � �

	
� � �

�
� C @B3 /21�� ������


�`jW��Dg[cnxCUFIf � �x~ F�~zJS]^]:jGFiFIVaCUX�FIjGHTNGfEF�CEDg[7CuCEDGF�VGFiHTCEJSjg[7CTJLXcjWn-XcJSjrCzX�ja[�n-Xc]^_xDPFIVGfTX�j ��JSH
jGXcCMCUXAX \y]LXcHEF�CEX CUDPF�HTX�NGfE\iF�n-XcJLjrC�� � DG[7Cl�-JLHM~�FZ~zJS]^]|VPFipgjGF�[ fEFivcJSX�j ���z~zJ^CUD�fTFIHTn=Fi\iC�CEX
[Rn=X7JLjrC �ZX�j3[Rn=X7]S_ADGFiVGfEX�j � [cHuCUDPFZNPjPJLXcj3Xcbe[7]^]$b [c\IFiHzJLjG\yJLVPFIjrC�CEX �

J ��� J^b	� JLHM[R��FIfKCUF$% �
JSJ � ��FifTCEJS\IFiH�Xcb�� � J^b	� ]SJSFIH JLjrCEFIfTJSX�fzCUXq[Rb [c\IF � � �
JSJ^J � �cFIfKCEJS\IFIH�Xcb�� � [cjGV ��� J^b	� ]SJSFIHMX�jW[cjWFIVGv�F7�gHU[l_ ��~zJSCED3JSjG\iJSVGFIjrCMb [c\IFiH � � [cjGV ��� �
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Y JSv�NGfTFq� �.,�HEDPX ~ HMDGX�~ ����JSHMVPFipgjGFiV3~ DGFij � ]SJSFIHMX�jW[cjWFIVGv�F�Xcb��"�

s
τ
s


Y�JLv�NPfEFt� �-, � � DGFZfEFIv7JLX�j ���uHENGfTfEX�NPjGVPJSjGv � �

��X�jGHKJLVGFifW[ CEfTJL[cjGv�Nx] [7CEFIV1n-Xc]S_ADGFiVGfU[/] HENGfKb [c\IF�Xcb � � �:FiC�� � � 	 � � � ��
�
�
�� � ��O-F�[
HEFis�NGFIjG\iF X7b b [7\IFIH X7b � HENG\mD�CUDg[/C � � [cjPV � ��� 	�[cfTFt[cV �K[c\iFIjrCl�$~ DGFifEF � � � � ��� � ��� 	#��B�j
6F1 C @B-092;=1ML Xcb C`~�XW[cV �K[7\IFIjrC b [c\iFIH � � [cjGV � ��� 	�JSH�CUDPFRHEFiC�X7b n-XcJSjrCUH X�OPCU[7JSjGFIV�Or_�fTXcCm[7CTJLjPv
� ��� 	�[cO-X�NPC�� � NGjrCEJ^] [7]S]9�cFIfKCEJS\IFIH�Xcb � ��� 	�]^JSFqJSj CEDGFqHU[cQtFqnP] [7jGF [7H � � � � DGF NPjPboXc]SVPJLjPvWJSH
HU[/JLV CUX�O=Fa[ ,.-0/21./23 ��6F1 C @B-092;=1ML J^bMCEDGFaNGjPboX7]LVGFiV b [c\IFiH�VGX�jGXcC�X �cFIfK] [cn�� � � ~�X�b [c\iFIHt[cfTF
HU[/JLVaCUXRX��cFIfT]L[cnaJ^b�CEDGFi_ Dg[l��FZ[�\IXcQqQtX�j n-XcJSj�C�JLjaCUDPFiJSfuJLjrCUFifTJSX�f#� �9B�HEFisANPFIjG\iF�Xcb:b [7\IFIH �
JSH�NGjPboXc]SVGFiV Or_�nP] [7jg[cfK� NGjPboXc]SVPJSjGv CEDGF�b [c\IFiH�JSj�X�fEVGFif�bofEXcQ ��CEX���HENG\mD�CEDg[7C � � JLH�JLj�CUDPF
HU[7QqF nP]L[cjGF'[7H � ��� 	 � � ��� � ��
 
 
 � � 	m� ~ DGFifEF�� � � �W�:FiC � � � �"�	 � � �� ��
 
 
 � �"�� O-FqCEDGF HTFIs�NGFijG\IF
Xcb b [c\iFIH�X�OPCU[7JLjPFIV�Or_�[cnGnP]^_�JLjPv3HTNG\mD [7j NPjPboXc]SVPJLjPv ��� � JLH�\I[7]S]SFIV [ 47;�� ,.-?G$47-?G:G7<2G J^b J^C�JSH
[ nP] [7jg[cf�NGjPboXc]SVPJSjGv �qB�j NGjPboXc]SVPJSjGv3~ DxJL\mD JLHZjGXcCZnP]L[cjg[cf�JSHZ\l[7]^]LFiV&[ 1 @B1��A47;�� ,.-?G$47-?G:G7<2G �
� DGF�XcfEVGFif�JSj�~ DPJS\mD CUDGF�b [7\IFIH�[cfEF�NGjPboXc]SVGFiV�VGFipgjPFIH [ HTFIs�NGFijG\IFRXcb FiVGv�FiH [cfEXcNGjGV3~ DxJL\mD
CUDPFqb [c\iFIH�[cfEFqfEX7Cm[7CEFIV�� � DxJLH�HEFIs�NGFijG\IF XcbuFiVGv�FIHZJLHZ\l[/]S]SFIV [7j G 9�L G 4>G	� 6�G71 E:G � � DGFqFIVPv�F
HEFis�NGFIjG\iF�JSHz\IX�jPHTJSVGFIfTFIV3CEXtO=F�[ 47HK3 /2; L PFH�- ;=1 G G 9�L G"4>G	� 6 G71 E:G J^b|[7jGV3XcjP]S_ JSb X�jGF \I[cj VGfU[l~
[Z]^JSjGF�HTFIv�QtFij�C bofEX�Q [�n-XcJLjrC � 	 Xcj �
	9CEX�[Zn=X7JLjrC ���zX�j ��� HENP\mD CUDg[/C CEDGF�HTFIv�QtFij�C�\IfTX�HEHTFIH
Fl[7\mD3FiVGv�FZXcb CEDGF�HEFisANPFIjG\iF�JSj3X�fTVGFIf � HEFIFZY JSv�NGfTFt� � � � �
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Y JLvcNGfEFR� � � �9B�HTCEfU[7JSv�DrCT� ]SJSjGF�FIVPv�F�HEFIs�NGFijG\IF��
	 � ��� ��
�
�
�� �����

��
���
�� �"��*+�����O� � � � � � � ��*+���O����%��O�

B 4:P�@B3�H�G:47H+,)/2H P O-FiC`~ FIFij C`~ X�n=XcJSjrCUH�� [cjGV ��JSH�VGFypgjGFIV CUX�O=F CEDGFang[7CED Xcbz]SFl[cHKCR\IX�HKC
� XcJSjPJSjGv �a[cjGV � �|~ DPFIfEF CUDGF'\iX�HTC�JLH�VGFiCEFIfEQRJSjGFIV Or_ [WHENPJ^Cm[7OP]LF E:@>47H � G7HJ3�;AE ~ DPJS\mD Qq[�_
n-FIfTCU[7JSjWCEX VPJSHTCU[cjG\iFc�gCEJSQtFc��FIjGFifEvc_c�=j�NGQ�O=Fif�X7b|CUNPfEjGHi�gX�f HEX�QtFZXcCUDGFif \IfTJ^CUFifTJL[ � � DPF�QtX�HKC
\IXcQqQtX�j \IX�HKCuQtFiCEfTJS\�HTCENGVPJSFIV'JSH CUDPF �9NG\i]^JSVGFl[cjaVxJLHKCm[cjG\iF � [/]LHTX���jGX�~ j [cH CEDGF � ��QtFiCEfTJS\ � �
��FifEF7� [qng[7CUDWXcbe]SFl[7HTC�\IX�HKC�JSH�\I[7]S]SFIV [�� 6�E7- ;K9FG /21 4:P�@B37H�G:47H ,)/2H=P [cjPV3~ X�NP]SV O=F�[ nG[7CUDWXcb
QRJLjxJLQq[7]5]SFIjGvcCED�� w FijGXcCUF�[ � NP\i]^JLVGFI[cj HTDGX�fTCEFIHKC�ng[7CED�[7H � � � � � ��[cjGV�� � � � � � JLHM\IXcQqn-X�HTFIV
Xcb5[�HEFIs�NGFijG\IF X7b � HTCEfU[7JSv�DrC�]^JSjGF�HTFIv�QtFIjrCEH � 	 � � � � � � ��
 
 
 � � � � � DGF�\IXcHTCuX7b$CUDPJSHung[/CUD ~zJ^]^]$O-F
VGFijGXcCUFiV [cH�� � � � � � � � � � � 	 ��� � � � ��� � � � ��� 
 
 
 � � � � � �
�`j�\IFifTCU[7JLj JLjGHKCm[cjP\IFIHi�MCEDGFW\IX�HKC'Xcb�CEfU[l��Fy]�Qq[l_ �c[7fT_ O=FyC`~�FiFIj�fTFIvcJSX�jGH�� � DPJSH CEfU[l��Fy]

\IXcHTC'Qq[l_ O=F3[ boNPjG\iCTJLX�j Xcb�CUDPF�fEFivcJSX�j�[7CTCUfKJLOGNxCUFIH HENG\mD1[7H HK]LX�n-Fc�ubofKJL\yCEJSX�j�\iXxF � \yJLFijrCUH
X�f CUFifEfE[7JLj�C`_An=F � F � v �S�5~�[7CUFifI��v�fU[cHTHI�5boX�fEFiHTCI��VPFIHEFifTCI�|FiCE\ � � � �:FiCZFl[c\mD fEFivcJLXcj O-Fq[cHEHKJLv�jPFIV
[ n-X�HKJSCTJS�cF�jGX�jA� �IFifEX fEFl[/] �VG7; L PFH ��B �VG7; L PFH�G 9D4:P�@B3�HIG:47H ,)/2H P JLH [ ng[/CUD JSj ~ DxJL\mD�FI[c\mD
HEFiv�QtFIjrC�Dg[cH [R\IX�HKCz~ DPJS\mD3JSHuCUDGF�]SFIjGv7CUDWXcb5CUDGF�HEFiv�QtFIjrC CEJSQtFIHzCUDGF ~ FiJSv�DrCMXcb5CUDGF�fEFivcJSX�j
CUDPfEX�NGvcD ~ DPJS\mD J^C�ng[7HEHEFiH�� � FiJSv�DrCUFIV HEDGX�fKCUFiHTCunG[7CUDGH ~zJ^]S]=O=FMVGFijGXcCUFiV'[cH � � � � � �|~zJ^CUD \IX�HKC
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� � � � � � � ��� ��� 	 � � ��� � � ����� � � � 
 
 
 � ��� � � �x~ DGFIfTFZVPX�NGOP]SF ��FIfKCEJS\l[7]5OG[cfEH � � � � [7fEF NGHTFIV
CUXtfTFInGfTFIHEFijrC [�~�FyJLvcD�CEFIV \iX�HTCMXcb|[RFiJ^CUDGFifM[qng[/CUD X�fM[RHTJSjGvc]SFZHTFIv�QtFij�C��

� DGF�]L[cHTCzQtFyCUfTJS\�CUDG[7Cu~zJ^]S]:O-F�\iX�jGHTJSVGFifEFIVaJSHuCUDg[/CzXcb:pgjGVxJLjGvRCEDGF � ;=1�;��5/2- G71 G73JL � ,)/2H=P
� Xcf�X�jPF�~zJ^CUD QRJSjPJLQq[7]|n=X�~ FIf�fEFIs�NPJSfEFiQtFIjrCUH$� ��hxNP\mD�[ ng[7CED�Q�NPHTC�CU[c�cFZJLjrCUX'[c\I\iX�NGjrC�CUDPF
VPJSfEFi\iCEJSX�j XcbzCEfU[l��Fy]uCUDPfEX�NGvcD [3b [c\iFa[cjGV VGFin=FijGVGHRX�j \IXAF��q\iJSFIjrCUHtXcbzbofKJL\yCEJSX�j [cH�~�Fy]S] [7H
b [c\iF�HT]SX�n-FIH�� w FIjGX7CUF�CEDPJSH�ng[7CED�[cH � � � � � � � �MXcCUFZCUDg[7C�~�F�NGHEF�CEDGF�HE[cQtF�jGXcCU[7CEJSX�j�[cH�CUDPF
~ FiJSv�DrCUFIV3HEDGXcfTCUFiHTC�ng[7CEDGH��

��X�jGHKJLVGFifRCUDGFa\I[cHEFaXcb \iX�QtnGNPCTJLjGv [ �9NG\y]SJSVGFl[7j HTDGX�fTCEFIHKCtng[7CUD&CEDg[7CRfTFIQq[7JSjGHRX�j CUDPF
HENPfTb [c\iF�Xcb [ n-Xc]S_ADGFiVGfEXcj�� � w FijGXcCUF�O�_3VPJSHTC � � � � �uCEDGF�HTCEfU[7JSv�DrC�]^JLjPF�VPJSHTCm[7jG\IFRO-FiC`~ FIFij �
[cjGV �$� w FypgjGF�VxJLHKC � � � � � [cH�CEDGF�QRJSjPJLQ�NGQ VPJSHTCU[cjG\iF�bofEX�Q [�n-XcJSj�C �WX�j ��CEXt[�HEFiv�QtFIjrC��
Xcb � �9B n=X7JLjrC � � ��JSH VPFipgjGFiV CUX�O=F�[ 37;K9�L G�,�@B;=1�H ~zJ^CUD'fTFIHTn=Fi\iC�CEX�HTX�QtF�n-XcJSjrC � � �"J^b
CUDPFIfEF F$%AJLHKCM[7Cu]SFl[cHKCzC`~�XRHTDGX�fTCEFIHKC ng[7CUDPHubofEX�Q � CEX � � hxDg[7fTJSfz[cjGVWhx\mDPX�fEf 	 ����� � nGfEFiHEFij�CEFIV
CUDPF�boX7]S]SX�~zJLjGvqNGHTFiboNP]�nGfTX�n=FifTCTJLFiHMX7b�� � � � � � JLj CUDPFZ\I[cHEF�~ DGFifEF � JLH \iX�jr��F#% �

� � � 	 � �	� � '�� � � � � � � � E /21�1 @BH ,)/B4:4 H=PF3:@B6 L P / <2G73�H�G�� @B3 3�;K9�L G�,�@B;=1�H�� ;=H=PT3 G:4�,�G:E7H+H�@ ��


� � � 	 � �	� � '�� � � P�G&,.-0/21./23 6F1 C @B-092;=1ML @ C / � 6�E7- ;K9FG /21 4:P�@B37H�G:47H+,)/2H=P ;?4 /	47HK3�/2; L PFH�- ;=1 G
4>GJL � G71�H�;=1 H P)/2H ,.-0/21 G 


� DGFiHEF [cVGVPJ^CEJSX�jg[7]�nGfEX�n-FIfKCEJSFIHaXcb�hxDg[7fTJSf [cjGV hx\mDGXcfEf 	 �c������[7nGnP]^_�CUX O-XcCUD1\iX�jr��F#%<[7jGV
jGX�jA�`\IXcj��cF#%Wn-Xc]^_xDPFIVGfE[ �

� � � 	 � �	� � '�� � � � � � � � E /21�1 @BH�E73 @>4:4$/21 G 9�L G�� @B3 C /FE:G�� @ C � � @B3 G H P)/21 @B1 E:G 


� � � 	 � �	� � '�� � � � � � � � E /21�1 @BH ,)/B4:4 H=PF3:@B6 L P#� @B3 G&H=P)/21 � C /FE:G:4 


� � � 	 � �	� � '����	� @ � 6�E7- ;K9FG /21 4:P�@B3�H�G:47HO,)/2H=P @B1 � ;=1�HIG73 4>G:E7H=4 ;=H 4>G7- C 
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� � � 	 � �	� � '������ �V@ � 6�E7- ;K9FG /21 4:P�@B3�HIG:47H ,)/2H P 4$@B1 � ;=1�H�G73 4>G:E7H�/2H�� @>47H @B1 E:G 


� � � 	 � �	� � '��*'	��� � 6�E7- ;K9FG /21 4:P�@B3�HIG:47H ,)/2H=P 9F@>G:4&1 @BH�87G71.95;=1 H P�G&;=1�H�G73�;A@B3 @ C / C /FE:G 


� � � 	 � �	� � '��*' '�� ;=<2G71D/ ,�@B;=1�H � @B1 � � H P�G71 � � � � � � � � � � � � � � � ��� � � � ��� � � � � 


��X�jGHKJLVGFif�[ ~�FyJLv�DrCEFIV&n-Xc]^_xDPFIVGfTX�j � JLj ~ DPJS\mD [ ~ FiJSv�DrC � � � � JLH�[cHTHEXA\iJL[7CUFiV ~zJ^CUD
Fl[7\mD1b [7\IF � � � � HTNG\mD�CUDg[7C CUDGF \iX�HTC'Xcb CUfE[��cFi]�CEDGfEXcNGv�D � � JLH CUDGF VxJLHKCm[cjG\iF CUfE[��cFi]SFIV
CUDPfEX�NGvcD � � CTJLQtFIH � � � � DGF3~ FiJSv�DrC'Xcb�[cj FIVGv�F3Xcb�� JSHqCEDGFWQtJSjPJSQ�NGQ Xcb�CUDGF ~ FiJSv�DrCUH
XcbzJ^CUH�[cV �K[c\iFIjrC�b [c\iFIH�� � _AnPJS\l[7]^]^_�� ��� � � � � � � � � � �|~ DPFIfEF�� � � � � � w FipGjGF�� [cjGV �
CUX�O=FqCUDGF Q [�%xJSQ�NPQ [cjGV QtJSjPJSQ�NGQ XcbM[7]^]�� � � � � � � � �efTFIHTn=Fi\iCEJ^��Fy]S_ � �WJ^CU\mDGFy]S] [7jGV
{|[7ng[cVPJSQRJSCEfTJSX�N 	 ��� �5DG[��cF�HTDGX�~ j3CEDg[7CzCUDPF�boX7]S]SX�~zJLjGvqnGfTX�n=FifTCTJLFiHMDPXc]LV �

� � � 	 � �	� � '��*' + � 1 G 9�L G @ C � E /21�1 @BH�P)/2<2G / �VG7; L PFH LN3 G /2H�G73&H P)/21	;=H=4$/ 9�� /FE:G71�H C /FE:G:4 


� � � 	 � �	� � '��*'���� �VG7; L PFHIG 9$4:P�@B3�HIG:47H.,)/2H P @287G � 4
	 1 G7-=-�� 4�-0/ � @ C 3 G C 3�/FE7HK;A@B1 ;=1#� PF;AE:P H=P�G
,)/2H=PD87G71.9B4 /2H H P�G5G 9�L G:45@ C � 
 � P�G / � @B6 1�H /2H � PF;AE:P ;=H 87G71.9B4 9FG�,�G71.9B4 @B1 H=P�G$3:G7-0/2HK;=<2G
�VG7; L PFH=4 @ C H P�G H �V@ C /FE:G:4 / 9�� /FE:G71�H�H�@5H PF;?4 G 9�L G �A4>G:G�
�; LN6 3 G�� 
�� / � 


� � � 	 � �	� � '��*' ��� �VG7; L PFHIG 9�4:P�@B37H�G:47H ,)/2H P �5/ � E73�;=HK;AE /2-=-��&6M4>G ��; 
 G 
 � G 9�L G ��6M47;=1ML ��/21 G 9�L G
� PF;AE:PT;?4 E:P�G /7,�G73 /21.9 H=P�G71 3 G�� G:E7HV8:/FE � ;=1�H�@5H P�G C /FE:G �A4>G:G�
�; LN6F3:G�� 
�� 8 � 


� � � 	 � �	� � '��*' � � �VG7; L PFHIG 9 4:P�@B3�H�G:47H ,)/2H P � � � � � � �5/ � E73:@>4:4 / C /FE:G � � � � HJ;�� G:4 /21.9 4>@
;=H �5/ � P)/2<2G � � � � � 4>GJL � G71�H=4 �A4>G:G�
�; LN6F3 G�� 
�� � 
�� 1�
 ; LN6 3 G�� 
��	� H P�G - ; L PFHJ-�� 4:P)/ 9FG 9 C /FE:G:4
P)/2<2G -?@ � E:@>47H
� PF;=-?G H P�G 9 /23 �B-��R4:P)/ 9FG 9 C /FE:G:4 P)/2<2G <2G73 � PF; L P E:@>47H 
 � 4RE /21�87G 4>G:G71 � /
4:P�@B3�HIG:47H ,)/2H=P E73:@>4:47;=1MLTH=PF;?45/23 G /�� 6 47H �VG /2<2G$;=1 /21.9 @B6 H @ C H P�G -?@ � E:@>47HV3:GJLN;A@B1)4 
 � PF;?4
E /21�E /26 4>GTH=P�GR-?@B1ML H PF;=1 P�@B37; �B@B1�HA/2- C /FE:G:4T;=1 H P�G G�� ,�G71)47;=<2G 3:GJLN;A@B1 HI@ 87G	E73 @>4:4>G 9 � � � �
HK;�� G:4 G /FE:P 
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a)
 b)


edge-using
face crossing


Y JSv�NGfTF � � � ����DG[cfU[c\yCUFifTJSHTCEJS\IH Xcb�[ ~ FiJSv�DrCUFiV�HEDGXcfTCUFiHTC ng[7CUD��1[ �R[7V �K[c\IFijrC b [c\iFy�`\ifEX�HTHTJSjGv
HEFiv�QtFIjrCUH�\l[cNGHTF'[WO=FijGV JSj CUDPF ng[7CED$�|O ��FiVGv�Fy� NGHTJSjGv HTFIv�QtFij�CEH�\l[7NGHEFa[WfEF��gFI\yCEJSX�j&Og[c\m�
JSj�CEXqCEDGF�HU[cQtF b [c\iF �

� � � 	 � �	� � '��*' � � ;=<2G71D/ ,�@B;=1�H � @B1 � � H P�G71 � � � � � � � � � � � � � ��� � � � � � ��� � � � �	


� FZVxJLHKCEJSjGv�NPJSHED3O=FyC`~�FiFIj�C`~ XqC`_An-FIHMXcb ng[7CUDWHEFiv�QtFIjrCUHMXcbe[R~ FiJSv�DrCUFiV�HTDGX�fTCEFIHKC�ng[/CUD��
� �.C /FE:G � E73 @>4:47;=1ML HTFIv�QtFij�CEH ~ DPJS\mD'\ifEX�HTH�[�b [c\iF�[7jGV VGX�jGX7C \ifTJ^CEJS\l[7]^]^_tNGHEF�[cjqFIVGv�F7�P[7jGV

, � G 9�L G ��6M47;=1ML HTFIv�QtFIjrCEH�~ DPJS\mD3]^JLFZ[7]SX�jGvq[cj FiVGv�F � \IfKJSCTJL\I[7]^]S_aNPHTJSjGv J^C�� �

�`j3CEDGFZNGjr~�FyJLv�DrCEFIV�VGX�Qq[7JSj$��FIVPv�Fy� NGHTJSjGv'HTFIv�QtFIjrCEH�HEnG[cj3CEDGF�FijrCEJSfEF�]SFIjPvcCUD3Xcb9[cj3FIVGvcFZJSj
� �
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���
 � �"��*+�����O� � � � � ����������*���%�� � ��%I*V�	����
 �)*����

� DGF s�Ng[7]^J^C`_'Xcb�[cj'[cnGnGfTX %AJSQq[7CUF HTXc]LNxCEJSX�j'JLH [7HEHEFiHEHTFIV JLja\iX�Qtng[cfTJSHEXcj'CUX�CUDPF�\IX�fTfEFi\iCzHTXc]LNA�
CEJSX�j���d�JS�cFIj�[ HTDGX�fTCEFIHKC ng[7CED � � � � � �uX�j [ n=X7]S_ADGFiVGfU[7] HENPfTb [c\iF � � [cj�[cnPnGfEX %AJLQq[7CEF�ng[7CED
� � � � � � �9C`_AnPJS\l[/]S]^_aDg[cHu[�\IX�HKC HU[7CTJLHKb _AJSjGvtX�jGF � X�fuQtX�fTF � X7b�CEDGFIHTF�CUDGfTFIF \y] [cHTHEFiHMX7b|[7nGnGfEX %AJ �
Qq[7CEJSX�jGH �
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Y JSv�NGfEFt� �-/ �9B�~ FiJSv�DrCUFIV3HEDGXcfTCUFiHTC�ng[7CED CEDg[7CM\l[7j3\ifEX�HTH�[�b [c\iF��q� � � � � CTJLQtFiH��

B�VGVPJ^CEJ^��F�Y�[c\iCEX�f � � � � � � � � � � � � � � � � � ��� � � � � �
�3NP]^CEJSnP]SJS\l[/CEJ^��F�Y�[c\yCUX�f � � � � � � � � � � � � � � ��� � � � � � ���
� nPHTJ^]LX�j�Y�[c\iCEX�f � � � � � � � � � � � � � � � � � � �$� � � � � � � � � �

��FifEF7� � � �"� JSH�C`_AnPJL\I[7]^]S_ HTX�QtF'boNGjG\yCEJSX�j&CUDg[/CRVGFIn-FIjPVGHtX�j&CUDGFaHKJ �iFaXcb � [cjPV �7X�f�HTX�QtF
v�FiX�QtFiCUfKJL\anG[cfU[cQtFyCUFIfTHtn=FifTCm[/JLjPJSjGv�CUX�� �&YgX�f�F#%P[cQtnP]SFc� JLj CUDPFa\l[cHTFWX7b�HTDGX�fKCUFIHKCtng[7CEDGH
X�j&n-Xc]^_ADGFIVGfE[7]zHTNGfTb [c\iFIHi� � � �"� Qq[l_&VPFIn-FIjGV X�j&CEDGF ]SX�jGv�FiHTCRFiVGv�F ]SFIjPvcCUD X�f�QRJLjPJSQ�NPQ
b [c\iF�[cjGv7]LF�Xcb � � � DGFZ] [cHKC�Xcb9CEDGFIHTF�CUDPfEFIF�\i]L[cHEHTFIH�JSH���jGX�~ j�[cH�[cj � �(/7, ,.3 @ �N;��5/2HK;A@B1 �MB�j
� �`[cnGnGfTX %AJSQq[7CEJSX�j [/]Lv�XcfTJ^CUDGQ nPfEXAVGNG\IFiH�[tfEFiHENP]^CMCUDg[7C JSH�[/C�QtX�HKC�� � � CEJSQtFIH CUDGFZX�nPCTJLQq[7]
HEX7]LNPCTJLXcj�boX�feHEXcQqF �e~ DxJL\mDRC`_AnPJS\l[7]^]S_�HU[7CTJLHKpgFIH � � � ��� � �`j � � [cnPnGfEX %AJLQq[7CTJLXcj [/]Lv�XcfTJ^CUDGQtHI�
CUDPF�[cfTOPJ^CUfU[7fTJ^]S_qDPJSv�D'[7\I\INPfU[c\y_ \I[cj O-F�CEfU[cVPFIV X���[7vr[7JSjGHTC fENGjA� CEJSQtF � hANG\mD [7]Sv�X�fTJ^CUDPQqH [cfTF
[cnGn-Fl[/]SJSjGv [cjGVW[cfEF CEDANPHM~ Fi]^]5HTCENGVPJSFIV$�gJSj3ng[7fTCEJS\INx] [cfi�GbofEX�Q [tCEDGFIXcfEFiCTJL\I[7]:��JLFy~u�`n-XcJSj�C��

�:FiC�W�O=Fu[�HEFiCeXcb-n=XcJSjrCUH|JSj�CUDPFunP]L[cjGF �9��X�jGHTJSVGFif [�\IX�QtnP]SFiCEFzv�fU[cnPD � � � � � 
 �:~ DGFIfTF
CUDPF ��FifTCEJS\IFiHt[cfEFqCUDGF n=XcJSjrCUHZJLj W ��� ] [cfT��HEX�j 	 ,c� � Dg[cH�HTDGX�~ j&CUDg[/C�X�jGF \l[cj&\iX�QtnGNPCEFa[
HEnG[cfEHTFzv�fU[cnPD�� HEX�CEDg[7C [cjr_�HEFiv�QtFIjrC � XcJLjxJLjGv�C`~ X���FifTCTJL\iFIH9JLj � \I[cjRO-Fz[cnGnGfTX %xJSQq[7CUFiVtO�_
[�ng[7CED � XcJSjPJLjPv�CUDGF \iX�fEfTFIHEn-X�jGVxJLjGvRC`~ XR��FIfKCEJS\IFiH JSj�� �eB�vcfU[cnGD�� JSHz\l[/]S]SFIVW[�� �A4�,)/21�1 G73
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Xcbe[qn-XcJSj�C � ��J^b9[7j�_ FiVGv�F � � XcJSjPJSjGvqC`~ X �cFIfTCTJL\iFIHMJLj � \I[cj�O-F�[7nGnGfEX %AJSQ [/CUFIV3Or_�[tng[7CED
� XcJSjPJSjGv CEDGF�\iX�fEfTFIHEn-X�jGVxJLjGv ��FIfKCEJS\IFiH JLj � Xcb�]LFijGvcCUD�[7C QtX�HKC � � � � ��~ DGFifEF � � � JLH [
\IXcjGHTCU[cjrC � � DGF jANPQ�O-FIfR[cjPV CUDPF nP]L[c\iFIQtFIjrCRXcb�FIVGvcFIH�JSj � VGFIn-FIjPVGH�NGn-X�j CUDGFqVGFIHKJLfTFIV
[c\i\INGfE[c\i_ O-X�NGjGVPH��

����� � ��� ��� ��� � ��
 � � �	��


B�H QtFIjrCEJSX�jGFiV$�PHTDGX�fTCEFIHKCzng[7CED nGfTX�OP]SFIQtH JSj'\IXcQqnPNPCm[7CTJLXcjg[7]-v�FIXcQqFyCUfK_ \I[cj'O-F�\I[7CUFiv�X�fKJ �iFIV
Or_ b [c\yCUX�fTHRHENG\mD [cH�CEDGFaVPJSQtFIjGHKJLX�jG[7]SJ^C`_ XcbMHEnG[c\IF7� CEDGF'C`_An=F [7jGV jANPQ�O-FIftXcbMX�O � Fi\iCUHRXcf
X�OGHKCm[c\y]LFiH � F � v �^� n-Xc]^_xvcX�jg[7] X�OPHTCm[7\i]SFIHI� \IX�jr�cF#% X�f�jGX�jx� \IX�jr�cF#% n=X7]S_ADGFiVGfU[P��FiCE\ � � [cjPV CUDPF
VPJSHTCU[cjG\IF QqFI[cHENPfEF'NGHTFIV � F � v �S� � NP\i]^JLVGFI[cj$� ��[7jGDg[7CTCm[cj$�|jANPQ�O-FIf�Xcb�]SJSjG��HI�e~ FiJSv�DrCUFiV VxJLH �
Cm[7jG\IFiHRX�fR[cjPJSHEX7CUfEXcnPJLHTQ � � � DGFIfTFaDg[cH�O-FIFij [�] [cfTv�Fa[cQtX�NPj�C�Xcb HEDGXcfTCUFiHTCtng[/CUD fEFiHEFI[cfE\mD
n-FIfTCU[7JSjPJLjPv CEX�CEDGFIHTF3VxJ
�=FIfTFIjrCtb [c\iCEX�fEH�� �WX�fEF fEFi\IFij�Cq~ X�fE�&DG[cHtO=FiFIj X�fTJSFIjrCUFiV CEX ~�[cfTVGH
\IXcQqnPNPCEJSjGv&[7nGnGfEX %AJSQ [/CEJSX�jGH X7b�HEDPX�fTCEFIHTC ng[7CEDGH���B�nGnGfTX %AJSQq[7CEJSX�jGH Dg[l��F3CEDGF3[cVP�7[cjrCm[cvcF
CUDG[7C CEDGF�[/]Lv�XcfTJ^CUDGQtHu[7fEF�X7b CUFIj HTJSQtnP]LFifz[cjGV QqXcfEFMnGfU[c\yCEJS\l[7] [cjGV JLj'HTX�QtF�JSjGHTCU[cjG\iFIH � HTNG\mD
[cH CUDGF ~ FiJSv�DrCUFiV�HEDGX�fKCUFiHTC�ng[7CUD3nGfEXcOP]LFiQ �z[cjWF#%P[c\yC�[/]Lv�XcfTJ^CUDGQ Qq[l_WjGXcCMFi�cFIj O-FZ�AjPX ~ j��
B OGfTJSFib HTNGfT�cFi_ XcbuCUDPF nGfTFi��JSX�NGH�fTFIHEFI[cfE\mD boX�f�\iX�QtnGNPCTJLjGv�O=XcCED F$%G[7\iCR[7jGV&[cnPnGfEX %AJLQq[7CEF
HEDPX�fTCEFIHTC�ng[7CEDGH JLH�vcJ^��Fij DGFifEF � hAFi��FifU[7] fTFIHEFI[cfE\mD [cfTCTJL\y]LFiHI�5JLjP\i]SNGVPJSjGv�HTNGfT�cFi_AHI� Dg[l��FqO=FiFIj
~ fTJ^CECEFIj3nGfEFiHEFIjrCTJLjGv CUDGFZHTCU[7CUF �`Xcb � CUDGF � [cfKCuJLjWCUDPJSH�[c\iCTJS�cFZpgFy]LV�[cjGV ~�F�fEFyboFIfzCUDGF�JSj�CEFIfTFIHTCEFIV
fEFI[cVGFif CEXRCUDGX�HTF � F � v �^� 	 �3,x��� � � � �
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�� �"��*+�����O� � � � � ��� %(� � ���������

{ FifEDg[7nGHWCEDGF�QtX�HTC \iX�QtQqXcjP]S_1HKCUNGVxJLFiV HEDPX�fTCEFIHTCWng[/CUD1nGfEXcOP]LFiQ JSH CEDg[7C Xcb�\IXcQqnPNPCEJSjGv
HEDPX�fTCEFIHTCeng[7CUDPH JSj�[�vcfU[cnGD�� � DGFifEFz[cfTF pP��Fun-X�HEHKJLOx]LF��7[cfKJ [/CEJSX�jGH�XcbGCUDxJLH nGfEX�Ox]LFiQ�VGFin=FijGVPJSjGv
X�jaCUDPFZj�NGQ�O=Fif�X7beHEXcNGfE\iF�[7jGV3VPFIHTCTJLjG[7CEJSX�jWjGXxVPFIHMXcb � �
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 ���1 G ��H�@ � @B1 G�� ��XcfEfEFiHEn-X�jGVGH�CUXM\IX�QtnGNxCEJSjGv�[ HEDGXcfTCUFiHTC ng[7CEDZJSj � bofTX�Q�[ HTJSjGvc]SF HTX�NGfE\iF
�cFIfTCEF#% �ZCEXq[tHKJLjPvc]LFZVGFiHTCEJSjg[7CTJLXcjW�cFIfTCEF#%��$�

 ���1 G ��H�@ �(/2-=-�� ��X�fTfEFIHTn=XcjGVGH CUX�\IX�QtnGNxCEJSjGv�[�HTDGX�fKCUFIHKC�nG[7CUDRJSj � bofEX�Q�[�HKJLjPvc]LF HTX�NGfE\iF
�cFIfTCEF#% �ZCEXq[7]S]$XcCUDGFifz��FIfKCEJS\IFiH��

 � -=-���H�@ � @B1 G�� ��XcfEfEFiHEn-X�jGVGHuCEXR\IX�QtnGNxCEJSjGv [�HTDGX�fKCUFIHKC ng[7CED'JLj � bofTX�Q [7]S] ��FIfKCEJS\IFiH CEX
[�HKJLjPvc]LFaVPFIHTCTJLjG[7CEJSX�j ��FifTCUF$% �$� � DPJSH�JLH�[cjg[7]SX�v�X�NPH�CUX�CEDGFaX�jGF � CEX7� [7]^] �7[cfTJL[7CEJSX�j&JSj
~ DPJS\mD3CEDGF�HEX�NPfE\IF�[cjGV VGFiHTCTJLjg[/CEJSX�j3�cFIfTCTJL\iFIH�[cfEF fTFi��FifEHTFIV��

 � -=-���H�@ �(/2-=-�� ��X�fTfEFiHEn-X�jGVGH�CEX'\IX�QtnGNxCEJSjGv [ HEDPX�fTCEFIHTC�nG[7CUD�JSj � O=FyC`~�FiFIj Fi��FifT_�ng[7JSf
Xcb���FifTCTJL\iFIH��

 
UG � ��HI@ �(/2-=-�� ��X�fTfEFIHTn=XcjGVGHtCUX \IX�QtnGNPCTJLjPv [�HEDGXcfTCUFiHTCqng[7CED JSj � bofEX�Q�[�\iX�jGHTCU[cjrC
j�NGQ�O=Fif�Xcb HEXcNGfE\iFZ�cFIfTCTJL\iFIH CUX [7]^]:XcCUDPFIfz��FifTCEJS\IFiH��

�`j�[7VGVPJ^CEJSX�j CEX CEDGF�C`_xn-F Xcb�nGfTX�OP]SFIQ ��CUDPFIfEF Qq[l_<O-F�XcCUDPFIf JLHTHENGFiH�n-FIfTCU[7JSjPJLjPv CUX CUDPF
HTCEfENG\yCUNGfTFu[cjPV�~ FiJSv�DrCUHeXcbxCUDGF FIVGvcFIH|HTNG\mDR[cH5~ DGFyCUDGFifeX�f5jGXcC�CUDGF FIVPv�F ~ FiJSv�DrCUH9[7fEF n=X�HKJSCTJS�cF
X�f jGFivr[7CEJ^��F7�-~ DPFiCUDPFIfMX�f jGXcC CUDGFZv�fE[cnGD JLHMVPJSfEFI\yCUFiV [cjGV �7X�fM[c\i_A\y]SJS\c�=[cjGVWCUDGF�Qq[cv�jPJ^CUNPVGF
[cjGV3C`_xn-F�Xcb|~�FyJLv�DrCEH � F � v �^� HTQ [/]S]�JLjrCEFIv�FifEHI� �gXr[7CEH�FiCE\ � � ��d�J^��FIj�DGFIfTF�JLH�[ OGfKJLFyb HENGfK��Fi_�Xcb
X�jGF � CEX7� [7]^]�[cjGV [7]^]^� CUX7�`[7]S] HEFis�NGFIjrCEJL[7]M[7]Sv�X�fKJSCEDGQtH�CUDg[/CRDg[l��F [cnPn=FI[cfEFiV JSj CUDGF ]SJ^CUFifU[7CENGfEF �
B�]SHEXP�G~�FZvcJ^��FZ[qOPfTJSFib HENGfK��Fi_WXcb ng[cfE[7]^]LFy]�[7]LvcX�fTJ^CUDGQtHzboX�fzHTXc]S��JSjGvtCUDPJSH�nPfEX�OP]SFIQ �

{9fEX�Og[7OP]S_ CEDGF3QtX�HKCtb [cQtX�NGHqXcb [7]^]Mv�fU[7nGD [/]Lv�XcfTJ^CUDGQtHtJLH w J � ��HKCUfU[ � H [7]Sv�X�fTJ^CUDPQ 	 � 0 � �
d�JS�cFIj�[ VPJSfEFi\iCUFiV�v�fE[cnGD � ���	��
 �-~zJSCED�n-X�HKJSCTJS�cF�jGX�jA� �IFifEX ~�FyJLvcD�CEH|X�j�CUDPF FiVGv�FiHI� w J�� ��HTCEfU[ � H
[7]Sv�X�fKJSCEDGQ \iX�QtnGNPCEFIH [7]^]$HTDGX�fTCEFIHKC ng[7CUDPHubofEX�Q [�p %xFIV HTX�NGfE\iF���FifTCUF$%aCUXt[/]S] XcCUDGFif���FifTCTJL\iFIH
Xcb � � � DPJSH�JSH VPX�jGF O�_�OPNPJS]SVPJSjGv�NPn�[z]SJSHTC XcbPnGfEXA\IFiHEHEFiV��cFIfTCTJL\iFIH � CUDGXcHEF boX�f$~ DPJS\mDR[MHTDGX�fKCUFIHKC
ng[7CED�Dg[cH�O-FIFij boX�NGjGV � � ��fKJLF��G_�� CEDGFR[7]Sv�X�fKJSCEDGQ nGfEX�vcfEFIHTHTJ^��Fy]S_�VPFI\IfTFl[cHTFIHZ[cj FiHTCTJLQq[7CEFRX�j
CUDPF ~ FiJSv�DrC�Xcb [WHEDGXcfTCUFiHTCRnG[7CUD bofEX�Q CEDGF HTX�NGfE\iF CEX�Fl[7\mD ��FifTCUF$%&X7b � NGjrCTJS] JSC�[c\mDPJSFi�cFIH
CUDPF�[c\iCENg[7]5HEDPX�fTCEFIHTCMng[/CUDa~�FyJLvcD�C�� � C�fTFIn-Fl[7CEFIVP]^_aF$%xCEfU[c\yCUHzCUDPFZjPF#%ACM\i]SX�HEFiHTC ��FifTCUF$% CUXRCUDPF
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HEXcNGfE\iF'CUDg[7C�Dg[cHRjGXcC�O=FiFIj nGfEXA\IFiHEHTFIV _�FiCq[7jGV&CUDGFij nGfEXA\IFiHEHEFiHRJSCROr_ 3:G7-0/ �N;=1ML [/]LX�jPv�[7]S]
J^CUH�JSjG\yJLVGFijrCRFIVGvcFIH�� � DGF CEFI\mDGjxJLs�NGF'FiHEHTFIjrCEJL[7]^]S_ fEFInPfEFIHTFIjrCUHt[WnGfEXcng[cvr[7CTJLjPv3~�[��cFibofTX�jrCRXcb
F#%xng[7jGHTJSX�jaJLj CUDGF�vcfU[cnGD bofEX�Q CUDPF�HEXcNGfE\iF���FIfKCUF$%�� � DGF�X�fTJSvcJSjg[7]-JLQtnP]SFIQtFIjrCU[7CEJSX�j fEFisANxJLfTFIH
� ��� � � CTJLQtF ��B�]^CUDGX�NPv�DWJ^CMJLH jGXcC�HTCU[7CUFiV3JSjWCEDGF�[7]LvcX�fTJ^CUDGQ �GCEDGFZ�cFIfKCEJS\IFIH�CUXqO=F�nGfTXx\iFIHEHTFIV
\l[7j O-FtHTCEX�fEFiV�JSj ['nGfTJSX�fTJ^C`_�s�NGFiNGF HTNG\mD [cHZ['DGFl[cn��tY�fTFIVGQq[cj [cjPV � [cf �K[cj 	 � / �9HEDGX�~ FIV
CUDG[7C�J^b�CEDGFanGfTJSX�fKJSC`_ sANPFINGF Xcb w J�� �AHKCUfE[ � Hq[7]Sv�X�fKJSCEDGQ JLH�JSQtnP]LFiQtFIjrCUFiV ~zJ^CUD [�Y JLO-X�jg[7\I\iJ
��FI[cn$�9CUDPF3[7QqXcfTCEJ
�IFiV \IX�HKCtXcbMF#%ACUfE[c\iCTJLjGv�CUDPFajGF#%ACqQRJLjPJSQ�NPQ JLH � � ]SX�v � � � ��FijG\IF CUDPF
fENPjGjPJSjGvqCTJLQtF�Xcb�CUDGFyJLfM[7]Sv�X�fKJSCEDGQ JSH � � � ]LX�v � � 
 � �
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� DGFIfTF [cfTF�Qq[cjr_ �7[cfKJ [/CEJSX�jGH Xcb w J � ��HKCUfU[ � H�[7]LvcX�fTJ^CUDGQ ~ DxJL\mD VPJ�� Fif JSj CUDPF�~�[�_q��FifTCTJL\iFIH
[cfTF fTFIQtX���FIV�bofTX�Q�CUDPF s�NGFiNGF �9� bGCEDGF ��FIfKCUF$%�fTFIQtX���FIV�JSHe[/]S~�[l_xH�CUDGF ��FifTCUF$%�~zJ^CUD�QRJLjPJSQ�NPQ
\IXcHTCl�gCEDGFZ[7]LvcX�fTJ^CUDGQ JLHM\l[7]^]SFIV [ -0/ 87G7-��A4>G7HKHJ;=1ML [7]Sv�X�fTJ^CUDPQ � B�HzCEDGF�\iX�HTCEH�[7fEF�jGX�jx� jGFIv�[7CEJ^��F7�
Fl[7\mDq�cFIfTCEF#%q~zJ^]S]�O-F fEFIQtX���FiV'[7C QtX�HKC X�jG\IFzbofTX�Q�CUDPFMs�NGFiNGF � 
 / 87G7- E:@B3�3 G:E7HJ;=1ML [7]Sv�X�fKJSCEDGQtH
VGX jGXcCqjGFi\IFIHTHU[cfKJS]^_ fEFIQtX���FWCUDGF ��FifTCEF#% ~zJSCED QRJSjPJLQ�NGQ \IX�HKC'[7jGV HTX [���FifTCUF$%�Qq[l_ O-F
fEF �`nGfTXx\iFIHTHEFIV Qq[cjr_ CEJSQtFIH����`j�CUDPJSH�\l[cHTFc�:CUDGFR\iX�HTC ]L[cO-Fi]SHZ[cfEFR[/]S]9\iX�fEfTFI\yC�X�jP]^_ ~ DGFIj�CUDPF
\IXcHTC�X7b Fl[c\mD��cFIfKCUF#%��'JLHM]LFiHEH�CEDg[cj3CEDGF�\iX�HTC�Xcb9Fl[7\mD�XcbeJ^CUH�jPFiJSv�D�O=X�NPfTJSjGv'��FifTCEJS\IFiH � nP]SNGH
CUDPF�\IX�HKCubofEXcQ � CEX�� ��� F�VPFIjGXcCEF�CUDPF���FifTCEJS\IFiHzCUDg[7Cu[cfEF�\INGfTfEFIjrCT]S_ JLj'CEDGF�s�NGFINPF�[cHuO-FiJSjGv
CUDPF /FE7HK;=<2G 87@B3�9FG73 �

�1DGFIj�CUDPFt~ FiJSv�DrCUHZXcb CUDGFRvcfU[cnGD [cfTFRfEFi]L[7CTJS�cFi]^_�HEQq[7]^]9JLjrCUFiv�FIfTHI��QtX�fEFRF � \yJLFijrC�[7]Sv�X7�
fTJ^CUDPQqH�\l[cj�O=F�NGHEFiV�HENG\mD�[cHMCUDg[/C�XcbeB�D�N �K[ FyC [7] � 	 2 ��~ DPJS\mD�fENGjPH�JSj � � 
 � ��� ]SX�v � �
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CEJSQtFc� ~ DGFIfTF � JSHRCUDGF ] [7fEv�FiHTCt~�FyJLvcD�C Xcb�[cjr_ FIVGv�F JSj CEDGF3vcfU[cnGD�� �`j b [c\iCI� CEDGFIfTF3Dg[7H
O-FIFIj�s�NPJ^CUFt['OxJSC�X�f�fEFiHEFI[cfE\mD�JSj�[cj�[7CECEFIQtnPC�CEX JSQqnPfEX���FRX�j CEDGFR[7]Sv�X�fKJSCEDGQ Xcb B�D�N �K['FyC
[7] �
	 2 � � � DPJSH�fTFIHTFl[cfT\mD&JLH�HEDGX�~ j JSj � [cOP]SF�� �^� �ak FI\iFIjrCRfEFiHENP]^CUH�Xcb � DGXcfENGn 	 ����2 � HEDGX�~ H
CUDG[7C�CEDGFZnGfEX�Ox]LFiQ \l[cj3O=FZHEXc]^��FiV JLj � � 
 � CEJSQtF � � DGF�[7]Sv�X�fTJ^CUDPQ JLHMOg[cHTFIV X�j3OGNPJ^]LVxJLjGv [
DPJSFIfE[cfE\mDPJS\l[/] OPNG\m�cFyCEJSjGv'HTCEfENG\yCUNGfTF �

�`j3CEDGF�\I[cHEFZJLj ~ DPJS\mD � Dg[cHMjGFIv�[7CEJ^��F�~�FyJLvcD�CEHI�-CUDGFifEFZQ [l_WO-FZjPFIvr[7CTJS�cF�\y_x\y]LFiH�JSj3CUDPF
v�fE[cnGD�~ DPJL\mD [cfEFtfTFl[c\mDg[7OP]LFqbofEX�Q CUDGFtHEXcNGfE\iFc� ~ DxJL\mD Xcbu\iX�NGfEHTF QtFI[cjGH�CUDg[7C�CEDGFIfTFtJSHZjGX
HEX7]LNPCTJLXcj�� � DGF ��Fy]S]SQq[cjx� YgX�fTV�[7]Sv�X�fKJSCEDGQ � OG[cHEFiV�X�j�fTFIHENx]SCEH Xcb 	 ��2 ��[cjPV 	 � , � �RDg[cjPVP]LFiH
CUDxJLH HTn=Fi\iJL[7]9\l[7HEFRXcb ~ FiJSv�DrCUH���� C pgfEHKC \mDGFi\m�AH�CUXaHTFIFRJ^b CEDGFIfTFt[cfEF�jGFIvr[/CEJ^��F�~ FiJSv�DrC�\y_A\i]SFIH
fEFI[c\mDg[cOx]LFubofTX�Q"CEDGFuHTX�NGfE\iF �e� b-jGX7Cl�cCEDGFIjRJ^C [cnGnP]^JSFIH [�HKJLQRJ^] [cf9HTXc]SNPCEJSX�j�CUX�CEDg[7C|Xcb w J � ��HTCEfU[ �
� C�fTNGjGH�JSj � ��� 
 �uCEJSQtF � B�QqXcfEF�fTFI\IFijrCZ[7]LvcX�fTJ^CUDGQ Xcb d�[cO-X�~"[cjGV � [cf �K[7j 	 � 0 �efTNGjGH�JSj
� � � � 
 ]LXcv � � � � � CTJLQtF7��~ DPFIfEF�� JSHzCUDGF�Qq[cv�jxJSCENGVGFZXcb CEDGF ] [7fEv�FiHTCT� Qq[cv�jPJ^CUNGVPFZ~ FiJSv�DrC
Xcb [cjr_tFIVGvcF JSj � � � [cOx]LFZ� �^�Mv7JS�cFIH [�HTNGQtQq[cfT_qXcb-CUDPJSH fEFiHEFl[7fE\mD boXcf9HEXc]^��JLjGvZCUDGF X�jPFy� CEX7� [/]S]
� J � F �^�gHTJSjGvc]SF�HTX�NGfE\iF � HEDPX�fTCEFIHTC�ng[7CED nGfEX�Ox]LFiQ boX�fzv�fU[7nGDGH��

YgX�f9CUDGF�HEn-FI\iJL[7]=\l[cHTF�Xcb nP]L[cjg[cf v�fU[7nGDGHI�AX�jG\iF�[cv�[7JLj �AQtX�fTF�F �q\iJSFIjrC [7]Sv�X�fKJSCEDGQtH \I[cj'O-F
NGHTFIV�� YgfEFiVGFIfKJL\m��HEXcj
	 � � �-~�[cHuCUDGF�pgfEHKCuCUXR[7nGnP]^_ CEDGF�jGXcCTJLXcj'Xcb5HEFing[cfE[7CUX�fTH�CUX�CUDGF�HTDGX�fKCUFIHKC
ng[7CED nPfEX�OP]SFIQ � � DGFMfEFiHENP]^CEJSjGv�[7]LvcX�fTJ^CUDGQ�fENGjGH JSj � � � � ]LXcv � � CTJLQtF�[cjGVqVGFIn-FIjPVGH�X�jtCUDPF
b [c\yC�CUDg[/C nP]L[cjg[cf�vcfU[cnGDPH Dg[l��FRHEFing[cfE[7CUX�fTH Xcb HTJ
�IF � � � � � � ��Fij �iJSjGv�Fif�FiC�[7] � 	 �x� �eHTXc]S�cFIV
CUDxJLH9nGfTX�OP]SFIQ"JLjtX�nPCTJLQq[7] � � 
 �:CTJLQtFc��[7vr[7JSjRNGHTJSjGv�HEFing[cfU[/CUX�feVPFI\IXcQqn-X�HKJSCTJLX�jPH�� YgX�fenP]L[cjg[7f
v�fE[cnGDGHq~zJSCED�jGFIvr[/CEJ^��F�~ FiJSv�DrCUHi���$JSnPCUX�j FiCa[/] � 	 0�� ��HTXc]S�cFIV�CEDGF nGfTX�OP]SFIQ NGHTJSjGv nP]L[cjg[7f
HEFing[cfE[7CUX�fTH�JLj � � � � � � CTJLQtF � d�Xc]SVGO-FIfTv 	 /3, �zHEXc]^��FiV CEDGFanGfTX�OP]SFIQ JSj � � � � � ]SX�v � �
CEJSQtF � k FI\iFIjrCE]^_��GCEDPJLH�nGfEX�Ox]LFiQ Dg[7HuO=FiFIjaHTXc]S�cFIVaJSj�� � � ��� ��]LX�v ��� � � �|CEJSQtF�Or_ ��Fij �iJSjGv�Fif
FiC�[7] ��	 �P� � �
��X�jGHKJLVGFifuCUDGF�nGfEX�Ox]LFiQ Xcb5\iX�QtnGNPCEJSjGvRHTDGX�fTCEFIHKC ng[7CUDPHuO=FyC`~�FiFIj3[7]^] ng[/JLfTHuXcb5��FifTCEJS\IFiHzXcb

[ v�fE[cnGD�� �3X�HTC�XcbeCUDPF�HEXc]SNPCTJLX�jPH�CUX CEDPJLH�nGfEX�Ox]LFiQ NGHTFR[cj�[7V �K[c\IFijG\i_�Qq[7CUfKJ %�fEFinGfEFiHEFIjrCU[/�
CEJSX�jqboX�f HTCUXcfTJSjGv�CEDGF�vcfU[cnGD [cjGVqCUDGFij'[cnPnP]S_qQq[7CEfTJ %qQ�NP]^CEJSnP]^JL\I[7CEJSX�j�� Y ]SX�_AV 	 �G� �-nGfEFiHEFij�CEFIV
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k NGj � JLQtF � FiJSv�DrCUH k FiboFIfTFIjG\iF
� � � � � n-X�HTJ^CEJ^��F 	 � 0 �
� ��
 ]SX�v � � n-X�HTJ^CEJ^��F 	 � 0 � � 	 �c��� �
� ��
 � � ]LX�v � � n-X�HTJ^CEJ^��F 	 � / �
� ��
�� ]SX�v � � fU[cjPVGX�QRJ �iFIV n=X�HKJSCTJS�cFZJSjrC � 	 ��� �
� ��
 �����������

�����	�����
�
� fU[7jGVGX�QRJ
�IFIV n=X�HKJSCTJS�cFZJSjrC � 	 � 2 �

� ��
 ]SX�v ]LXcv � � n=X�HKJSCTJS�cFZJSjrC � 	 ��� � �
� ��
 � ��� ]SX�v � 	 � � � n=X�HKJSCTJS�cFZJSjrC � 	 ��� � �
� ��
 � ��� ]SX�v � ]LXcv ]SX�v � � n=X�HKJSCTJS�cFZJSjrC � 	 ��� � �
� ��
 � n=X�HKJSCTJS�cFZJSjrC � 	 ����2 �
� ��
 � � � ]SX�v � � n-X�H��9JSjrC � � Qq[ %�� �
� 	 2 �
� ��
 � �
�� ]LXcv � ]LXcv ]SX�v � � n-X�H��9JSjrC � � Qq[ %�� �
� 	 , � �
� ��
 � � ������� � � 	 � � � � � F$%Pn-FI\yCUFiV n-X�H��9JSjrC � � Qq[ %�� �
� 	 ��� 2 �
� ��
 � � �������������#� � 	 � � � � � F#%xn-FI\yCUFIV n-X�H��9JSjrC � � Qq[ %�� �
� 	 ��� 2 �
� � ��
 � n-X�HTJ^CEJ^��F �7jGFivr[7CEJ^��F 	 ��2 �
� � � � 
 ]SX�v � � � � � n-X�HTJ^CEJ^��F �7jGFivr[7CEJ^��F � Qq[ %�� �
� 	 � 0 �
� � � � 
 ]SX�v � � n-X�HTJ^CEJ^��F �7jGFivr[7CEJ^��F � Qq[ %�� �
� 	 /3, �

� [cOP]SF � �S� �|hANGQtQ [7fT_�X7b=XcjGFy� CUX7�`[7]S]xv�fE[cnGD�HTDGX�fTCEFIHKC ng[7CUDt[/]Lv�XcfTJ^CUDGQtH|boX�fe[�v�fU[7nGD � ���	��
 � �

[cj [/]Lv�XcfTJ^CUDGQ boX�f�HTXc]^�AJSjGv CEDGFa[7]^]^� ng[7JSfEH�HEDGX�fKCUFiHTCtng[7CED nGfEXcOP]LFiQ boXcf�v�fE[cnGDGH�~zJ^CUD n-X�HTHTJ �
OP]^_ jGFIv�[7CEJ^��FW~�FyJLv�DrCEH���� C fENGjPHqJSj � � � ���ZCTJLQtF ���cX�DGjGHTX�j 	 ��� �MHTXc]S�cFIV CEDPJSH nGfTX�OP]SFIQ JSj
� ��� � ]SX�v � � ��
 ��CEJSQtFa~ DPJL\mD \l[7j O-FaQtX�fEF F � \yJLFijrCqJ^b � 
 � ��� � � ]SX�v � � � � DGF fEF �
\IFijrCZ~ X�fT��Xcb���X�n-FIfTHEQRJSCED [7jGV ��JLjGXcv�fU[cV 	 � , � �$BM]LXcj FyCZ[7] � 	 �����@� 	 �	, �9[cjPV hAFiJSVGFi] 	 �c� � �|JSH
VGFiVPJL\I[7CUFiV�CUXaVGFy�AJSHTJSjGvab [cHKCUFIf�[7]LvcX�fTJ^CUDGQtH�boX�f�HEXc]^��JLjPv CEDPJSH�nGfEXcOP]LFiQ NGHKJLjPvaQ [/CUfTJ %�Q�NP]^CEJ �
nP]^JL\I[7CEJSX�j ~zJSCED3HTQq[7]S]:JSjrCUFiv�FIfMFIjrCUfKJLFiH�� � DGFi_W[7\mDPJLFy��F�[RCTJLQtF�O-X�NGjGVWXcb � � ����������� " �����#� � �
~ DGFifEF���fTFInGfTFIHTFIjrCUHqCUDGF F#%xn-X�jGFij�CqJSj CEDGF fENGjPjPJLjPv CTJLQtF XcbMCUDGF Qq[7CUfKJ % Q�NP]^CEJSnP]^JL\I[7CEJSX�j
[7]Sv�X�fKJSCEDGQ NGHTFIV�� ��NPfEfEFijrCE]^_���CUDPF�O=FiHTC �7[7]LNPF�Xcb�� JSH , 
 � 2��P�MVGNGF�CUX ��X�n-FIfTHEQRJ^CUD�[7jGV
��JSjGX�v�fE[cV 	 � , � �
��jPboXcfTCUNPjg[7CUFy]S_c�eCUDGF'[7]LvcX�fTJ^CUDGQtHZCUDg[7C�NGHEF Q [/CUfTJ % Q�NP]^CEJSnP]^JL\I[7CEJSX�j [cfEF HEX�QtFy~ Dg[7C�JSQ��

nGfE[c\iCTJL\I[7]|HKJLjP\IF�CEDGFi_3HEN �=FIfMbofEX�Q ]L[cfTv�F�DPJSVGVGFij � Or_ CUDGF�OPJSv�� } D��-jGXcCU[7CEJSX�j���\IXcjGHTCU[cjrCUH�JSj
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CUDPF'fENGjPjPJLjPv�CTJLQtF'O-X�NGjPV���B�JSjGvc~ X�fTCED FiCq[7] � 	 0 ��CUXAX�� [ VPJ�� FifEFij�CI� \IX�Q�OPJLjG[7CUX�fKJ [/] � [cnx�
nGfTXr[c\mD [cjGV nPfEXAVGNG\IFiV [cj [cnGnPfEX %AJLQq[7CTJLX�j [7]Sv�X�fKJSCEDGQ ~ DPJL\mD \iX�QtnGNPCUFiHt[ ng[7CED&~zJSCED [cj
[cVGVxJSCTJS�cF�b [c\iCEX�f�X7b ,�� � DGF�[7]LvcX�fTJ^CUDGQ fTFIs�NPJSfEFIH�� � � ��� � � ]SX�v � �zCTJLQtF�[7jGV�fEFyCUNGfTjGH [c\yCUNg[7]
ng[7CEDGHI�PjGXcC � NGHKCzVPJSHTCU[cjG\IFiH�� � DGFi_ \i]L[7JSQ CUDG[7C�CEDGFiJSf [7]Sv�X�fTJ^CUDPQ JSHuFl[7HTJ^]S_ JLQtnP]SFIQtFIjrCEFIV [7jGV
CUDPF�\IX�jPHTCm[7j�CEH�[cfEF�HEQq[7]^] � ��X�~ Fi�cFIfI�:CEDGFiJSf�fEFiHENP]^CUH�[7nGnP]^_�CUX NGjr~�FyJLv�DrCEFIV [cjGV�NGjGVxJLfTFI\iCEFIV
v�fE[cnGDGH��

� DGFIfTF�Dg[7H|[7]SHEX�O=FiFIj�~ X�fT� n=FifTCm[/JLjPJSjGvMCUX�\iX�QtnGNPCTJLjGv�HEDGXcfTCUFiHTC|ng[7CUDPH�JSj�[ v�fU[7nGD�~zJ^CUDPJSj
CUDPFqnG[cfU[7]^]SFi] HEFyCECTJLjGv � �1DPFIj F$%P[cQRJLjPJSjGv3ng[cfU[/]S]SFi] [7]Sv�X�fKJSCEDGQtHI�:J^C�O-FI\iX�QtFIHZQtX�fEFtVPJ��q\INP]^C
CUXR\iX�Qtng[cfTF [cjGVa\iX�jrCUfU[7HTCzCUDPFIQ � � DPJLHuJSHuQq[7JSjP]^_'VGNGF�CEX�CUDPF VPJ
�=FIfTFIjrCM[cfT\mDPJSCEFI\yCUNGfTFIHzCUDg[/C
CUDPFa[7]Sv�X�fTJ^CUDPQqH�Dg[l��F'O-FIFij VGFIHKJLvcjGFIV boX�f�[cH�~ Fi]^]z[cHZCUDGF �c[7fT_�JLjPv j�NGQ�O-FIfRXcb nPfEXA\IFIHTHEX�fTH
CUDG[7CM[cfEF�fTFIs�NPJSfEFIV�[cjGV �/X�fzNGHEFiV�Or_'CEDGFZ[7]LvcX�fTJ^CUDGQ �

� NGQq[cfRFiCq[7] � 	 2 � �uHEDGX�~ FIV CEDg[7C�CEDGF X�jGF � CUX/� [7]^]uv�fE[cnGD HTDGX�fTCEFIHKC nG[7CUD nGfTX�OP]SFIQ \I[cj
O-FWHTXc]^��FIV X�j CEDGfEFiF VPJ
�=FIfTFIjrCa[7fE\mDPJ^CUFi\iCUNPfEFIH NGHTJSjGv [��7[cfK_�JLjGv j�NGQ�O-FIf Xcb�nGfEXA\IFiHEHEXcfEH'[7H
HEDPX ~ j JLj � [7OP]LFZ� �-,��|B�H boXcf CEDGFM[7]^]^� ng[7JSfEHK� HEDGXcfTCUFiHTCK�`ng[7CED nGfTX�OP]SFIQ ����NPQ [7f FyC [7] � 	 2 � �-[7]LHTX
vr[l��FM�7[cfTJSX�NGH�[7]LvcX�fTJ^CUDGQtH�� � DGFi_ fEFiHENP]^CUH�[cfEF�HEDGX�~ j'JSj � [cOP]SF�� � � [cjPV'\i]SFl[cfK]S_tJSjGVPJS\l[7CEF�CUDPF
CUfE[cVGFiX���O-FiC`~ FIFIj�jANPQ�O-FIfMXcb|nPfEXA\IFIHTHEX�fTH�[7jGV3fTNGjGjPJSjGvtCEJSQtF �

B�fE\mDPJ^CUFi\iCUNPfEF ��NPQ�O-FIf Xcb|{ fTXx\iFIHTHEX�fTH kMNGjPjPJLjPv � JSQtF
kzJLjPv � � � � � � ��� � � �
�3FiHED � � � � � ��� � ��� ��� ���� _xn-FIfT\INGO-F � � � �e]SX�v � � � ��� ]LXcv � �

� [cOx]LFt� �-, � {|[7fU[7]^]LFy]5X�jGF � CUX/� [7]^]:HEDPX�fTCEFIHTCMng[/CUDWfENGjGjxJLjGvtCEJSQtFIHMX�j VPJ�� FifEFIjrC�[cfE\mDxJSCEFI\iCENGfEFiH��

{|[cjrC �iJSX�N'FiC�[7] � 	 ��� �-nGfTFIHEFijrCUFIV [7j [7]Sv�X�fKJSCEDGQ�boX�f HTXc]S��JSjGv�CEDGF�[7]S] �`nG[7JLfTHK� HEDGX�fKCUFiHTCT� ng[7CEDGH
nGfTX�OP]SFIQ JLj'nx] [cjG[cf VxJLv�fE[cnGDGH�O�_ NGHKJLjGv�[�ng[cfE[7]S]SFi]^J
�l[7CTJLX�j Xcb:CUDGF�Dg[cQtQtXx\m�qVGFi\IX�Qtn-X�HTJ^CEJSX�j
CUFi\mDGjPJSs�NGF�XcbeYgfEFIVPFIfTJS\m��HEX�j 	 � � � � ��X�DGFij 	 � � �5nGfTFIHTFIjrCUFiV�[cj3[7]LvcX�fTJ^CUDGQ ~ DPJL\mD3JLH Og[cHTFIV3X�j
NGHKJLjGv3[aHEFing[cfU[/CUX�f VGFi\IX�Qtn-X�HTJ^CEJSX�j�� � DGFq[7]Sv�X�fKJSCEDGQ JSH VGFiHTJSv�jGFIV boX�f�CUDPF"� k ��� { k B �
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B�fE\mDPJ^CUFi\iCUNPfEF ��NPQ�O-FIf Xcb|{ fTXx\iFIHTHEX�fTH kMNGjPjPJLjPv � JSQtF
�3FiHED � � ��� � � � � � ��� ��� ��� �
�3FiHED � � � �e]SX�v � � � ��� � ]SX�v � �
�3FiHED � � � � � ��� � �
�3FiHED � � � 	 � � � � � ��� 	 � ��� �
�3FiHED � � � 	 � ��� � � ��� 	 � � ���
�3FiHED � � � � � � ��� �
� _xn-FIfT\INGO-F � � � �e]SX�v � � � ��� � ]SX�v � �
� _xn-FIfT\INGO-F � � � � � ��� � �
� _xn-FIfT\INGO-F � � � � �e]SX�v � � � � ��� ]LXcv � � �
� _xn-FIfT\INGO-F � � � � �e]SX�v � � � ��� ]LXcv � �
� _xn-FIfT\INGO-F � � � � � � ��� �

� [cOP]SF�� � � �9{|[7fU[7]^]LFy]:[7]^] �`ng[7JSfEH �`HTDGX�fTCEFIHKCT�`nG[7CUDa[/]Lv�XcfTJ^CUDGQ fENPjGjPJSjGv�CEJSQtFIHzX�j VPJ
�=FIfTFIjrC [cfT\mDPJ �
CUFi\iCENGfEFiH��

QtXxVPFi]�XcbP\IX�QtnGNPCU[7CEJSX�j�[cjGVZfEFisANxJLfTFIH � � ]SX�v � � �-CEJSQtF nPfEFInPfEXA\IFIHTHTJSjGv�NPHTJSjGv � � � � � ]LXcv � �
~ X�fE� � � DGF�[7]LvcX�fTJ^CUDGQ�NGHEFiH � � ]LX�v � � �|CTJLQtF�[cjGV � � � � � ~�X�fT�RCUXZ\IX�QtnGNPCEF�X�jx]S_tVPJSHTCU[cjG\iFIH
OGNPCM[�\y] [/JLQ JLHzQq[cVGF�CEDg[7CzCEDGF [7]Sv�X�fKJSCEDGQ \I[cj O=F�FI[cHTJ^]^_ [cVGX�nxCUFIVaCEXRF#%xnP]^JL\yJSCT]S_apgjPVWQRJSjPJ �
Q�NPQ ~�FyJLv�DrCMng[7CEDGH��

�`j�[cVGVxJSCTJLX�j CUX�CUDGFiHEF�[/]Lv�XcfTJ^CUDGQtHI� CUDGFifEFWDg[cH'[/]LHTX O-FIFIj [ b [7JSf [cQtX�NGjrC X7b�fEFiHEFI[cfE\mD
n-FIfTCU[7JSjPJLjPvWCEX3VPJSHTCEfTJSOGNPCEFIV nG[cfU[7]^]SFi] v�fE[cnGD HEDGX�fKCUFiHTC�ng[7CUD [7]Sv�X�fKJSCEDGQtH � HEFiF 	 � �@� 	 �	0 �@� 	 ��� � �
	 � / �@� 	 � 2 � � 	 � � �@� 	 ��� / �@� 	 ���	0 � � � B�QqXcfEFuCUDPX�fEX�NPv�DRVPJSHE\INPHEHTJSX�j Xcb�CUDPJSH9nGfEFy��JLX�NPH ~ X�fT��JLH9v7JS�cFIj
JSj ��Dg[7nPCUFif / �

��
�� 
�� �	! 
 	(%(� �O��� �"��*���� �O� � � � � ��� %(� �	�

�`j CEDGFWv�FIX�QtFyCUfT_ HTFiCECTJLjPvG�uFl[7fT]^_ HTDGX�fKCUFIHKC'ng[/CUD fEFIHTFl[cfT\mD�O=Fivr[cj ~zJSCED C`~ X VPJSQtFIjGHKJLX�jG[7]
X�O � Fi\iCEH � J � F �S�9nx] [cjG[cf�HTNGfTb [c\iFIH$��HENG\mD [7H�HTJSQtnP]LF n=Xc]^_Av�X�jGHi�eHTJSQtnP]SFan=Xc]^_Av�X�jGHZ~zJSCED DGXc]SFIHi�
fEFi\iCTJS]^JLjPFl[cf n-Xc]S_Av�XcjGHM[cjGV nP]L[cjg[cfzHTNGO=VxJS��JSHTJSX�jGH���hxFy]LFi\iCEJSX�jGH bofEXcQ CUDxJLH fEFiHEFI[cfE\mD ~ DPJS\mD [cfTF
fEFy]LFy�7[cjrC�CEXqXcNGfu~�XcfE� [cfTF VPJLHT\INGHTHEFiV�DGFIfTF �
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} jGF�~ Fi]^]9HTCENGVPJSFIV�nGfTX�OP]SFIQ JSH�CEDg[7C Xcb VPFiCUFifEQRJSjPJLjPv3[��9NG\y]SJSVGFI[cj�HEDGX�fKCUFiHTC�ng[7CED�O=FyC`~�FiFIj
C`~ X�n-XcJLjrCEH���[7jGV � JLjGHKJLVPF�[�HTJSQqnx]LF�n=Xc]^_Av�X�jt~zJSCED � ��FifTCTJL\iFIHuHTNG\mD CUDG[7C CUDGFMng[7CED fTFIQq[7JSjGH
FIjrCTJLfTFi]^_aJLjGHKJLVPFZCEDGF�n=Xc]^_Av�X�j�� � DPF�[7]Sv�X�fKJSCEDGQtHuCUXqHEXc]^��F CEDPJLHMnGfTX�OP]SFIQ NGHTNg[7]^]S_ O-FIv7JLja~zJ^CUD
[�CUfKJ [cjPv�NP]L[7CUFiVqn-Xc]^_Av�X�j��eB�CEfTJL[cjGv�Nx] [7CTJLXcjqX7b=CEDGF n=Xc]^_Av�X�jt\l[7jqO-F X�OPCU[7JLjPFIVRJLjt]^JLjGFI[cfeCEJSQtF
NGHKJLjGvtCUDPF�[/]Lv�XcfTJ^CUDGQ X7b9��Dg[��IFi]^]SF 	 ,c� � �

�:FIFR[cjPV�{9fEFInG[cfU[7CU[ 	 0P��� HEXc]^��FiV�CUDGF � NP\i]^JLVGFI[cj�HEDGXcfTCUFiHTC nG[7CUD nPfEX�OP]SFIQ O-FiC`~ FIFij�C`~ X
n-XcJLjrCEH ��[cjGV�� JLjGHKJLVPF�[RHKJLQtnP]SF�n=Xc]^_Av�X�j�� � DPFi_ HEDPX ~ FIVWCUDg[/C � � � � � � JSH [Rn=X7]S_Av�X�jG[7]:ng[7CED
~ DGX�HTF�\IX�fTjGFIfTH�[7fEF���FifTCTJL\iFIH�X7b���[cjGVaCUDg[/CzCUDGF NGjxJLX�jWXcb [7]^]:ng[7CEDGH � � � � � � �U�P~ DGFifEF � � JSH [
��FifTCEF#%3Xcb �t�GJSH�[tnP]L[cjg[cf CUfTFIF�fEXAXcCEFIV3[7C � � � DPJSHMCEfEFIF�JSH�\I[7]S]SFIV�[ 4:P�@B3�H�G:47HO,)/2H=PRHK3:G:G Xcb �
~zJ^CUDqfEFIHTn=Fi\iC CUX � �eB�HTHENGQtF CUDg[/C �<JLH9CEfTJL[cjGv�NP]L[7CEFIV$�A[cjGVRCEDg[7C � � JLH [ VPJL[cv�X�jG[7]�[cH9~ Fi]^] [7H
CUDPF�]LX�~ FIHTC \iX�QtQtX�jW[cjG\IFiHTCEX�fzXcb
� [cjGV � JSj'CUDGF HTDGX�fKCUFIHKC ng[7CED'CUfEFiF O=FyJLjPv � � � DGF ng[7CEDGH
� � � � ���5[cjGV � � � � � ��[cfEF X�NxC`~u[cfTVx�`\iX�jr��F$%�� �`jtCUDGFMng[cn-FIfi��CUDGFy_tVGFipGjGFIVqCUDGF NGjPJSX�jqXcb CEDGFIHTF
C`~ X ng[/CUDGHuCEXqO-FZ[ C 6 1�1 G7- ~zJ^CUD E76M4�,�� � � DGFi_ HTDGX�~�FiV3CEDg[7CM[�C 6 1�1 G7- Vg[7CU[�HTCEfENG\yCUNGfTF�\I[cj
O-F�NGHEFiV CUX'fTFInGfTFIHTFIjrCZ['HEDGXcfTCUFiHTC nG[7CUD�bofTX�Q [cjr_�n-XcJSj�C�JLj�[ HT]SFIFi�cFRCUXa[ VxJ [cvcX�jg[7] Xcb9CUDPF
HT]SFIFy��F � � DGF boNGjGjGFy]z\IX�jPHTJSHTCUHRX7bzboX�NGf�\iX�Qtn=X�jPFIjrCUH �'[ HA/2;=- ng[7CED$� [ E76 4�, n-XcJSjrCt[cjGV C`~ X
\IXcj��cF#% \mDG[7JLjPHMX7b��cFIfKCEJS\IFIHzboX�fTQRJLjGv�CEDGF�boNGjGjPFi]:O-X�fEVPFIfEH�� � DGF�C`~ Xq\iX�jr��F$%W\mDg[7JSjGHzQtFIFiCM[/C
CUDPF�\INGHTnW[cjGV [cfTF � XcJSjGFIVW[7C CUDGFyJLfzXcCEDGFIf�FIjGVaOr_ CEDGF�C 6F1�1 G7- 92;K/�L @B1./2- � @B3�- ;K9 � � HTFIF�Y JSv�NGfTF
� � � � �

� DGFu[/]Lv�XcfTJ^CUDGQ�Qq[7JSjrCm[7JSjGH5CUDGF boNGjGjPFi]AHTCEfENG\yCUNGfTF bofEXcQ � ~ DPJ^]LF F#%xng[7jGVPJSjGv�Or_�X�jGF HT]SFIFy��F
VPJL[cv�X�jG[7]:[7Cz[�CEJSQqF NPj�CTJS] � JSHzfEFI[c\mDGFIV�� � DPFZVxJ [cvcX�jg[7]SHz[cfTF�nGfEXA\IFiHEHTFIV�\iX�jGHTFI\INxCEJ^��Fi]^_ � J � F �^�
VPJL[cv�X�jG[7] � � ��HEDg[7fEFIHu[�b [c\IF�~zJSCEDaVPJ [7v�X�jg[7] � � [cH J^CuCEfU[l��FifEHEFiHuCUDGfTX�NGv�D CUDGF�VPNg[7]=v�fU[cnPD'Xcb
CUDPF�CUfKJ [cjPv�NP]L[7CEJSX�j�� � [7\mD CEJSQqF�[ HT]SFIFy��FtVPJL[cv�X�jg[/] JSH�FIjP\IX�NGjrCEFIfEFiV$�$CUDPF�\IX�jr�cF#%�\mDG[7JLjPH X�j
X�jGFzXcf9O=XcCEDtHTJSVGFIH Xcb-CUDGFuboNGjPjGFi]-[cfTFzNGn-Vg[7CUFiV [7jGVRCUDGFzCm[/JS]gQq[l_RX�f9Qq[l_RjGX7C O=FzF$%PnG[cjGVGFiV��
B�b CEFIf�CEDGF�]L[cHTC�VPJ [7v�X�jg[7] JLH�nGfEXA\IFiHEHEFiV$�:CUDGF�nGfEXA\IFiHEHTJSjGv HTCEX�nGH�� � DGF�ng[7CUD JSH \IXcQqnPNPCUFiV [7H
CUDPFtboNPjGjGFi] CU[7JS] � X7JLjGFiV ~zJ^CUD [WHKJLjPvc]LFtHKCUfU[/JLv�DrCZ]SJSjGFtHEFiv�QtFIjrC�bofTX�Q CEDGFt\INGHTn CUX��$�q� b�CUDPF
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Y JSv�NGfTFR� � � � � DGFZboNPjGjGFi]5HKCUfTNG\iCENGfEF �

boNGjGjPFi]$JSHuHTCEX�fEFiV'JLj [�pGjGv�FIf�HEFl[7fE\mDaCUfTFIFc�xJSCu[7]S]SX�~ H � � ]LX�v�� �eCTJLQtF�boX�f HEFl[7fE\mDPJSjGvq[7]SX�jGv�CUDPF
C`~ X�boNGjGjGFy]�\mDG[7JLjPHR[cjGV HEnP]^JSCTCEJSjGv�J^Cl��~ DGFIfTF�� JLH�CUDGF VPJSHTCm[7jG\IF bofTX�Q CUDPF HEFI[cfE\mD Fi]SFIQtFIjrC
CUX3CUDGF'jPFl[cfTFIHTCRpGjGv�FIf�� � DGF'pgjGvcFIf�CEfEFIF Dg[cH�CEDGF [cVGVGFiV [cVP�7[cjrCm[7v�F CUDG[7CR[7]^]uXcn=FifU[7CTJLX�jPH
Cm[7�cF � � � � [cQtX�fTCTJ �iFIVtCEJSQtFMboX�feCEDPJSH [7nGnP]^JL\I[7CEJSX�jqHTJSjG\IFMQtXxVPJ^pg\I[7CEJSX�jGH CUX CUDPF CEfEFiF�[7fEF Xcb CUFij
VGX�jPFZ\y]LXcHEF�CUXRCUDGF pgjPv�FIfTH�� � DGFZFIjrCEJSfEFZ[7]Sv�X�fKJSCEDGQ CUDPFIfEFyboX�fEF�fTFIs�NPJSfEFIH�� � � � CTJLQtF �
d�NxJLOg[7H�FiCt[/] � 	 / � �unPfEFIHTFIjrCUFiV [cj X�nPCTJLQq[7] ]SJSjGFI[cf�CEJSQtFa[7]Sv�X�fKJSCEDGQ boX�f�\iX�QtnGNPCEJSjGv�CUDPF

HEDPX�fTCEFIHTC nG[7CUDGHubofTX�Q [�HEX�NGfT\IF n-XcJSj�C ��CUXt[/]S]=��FIfKCEJS\IFiH JSjGHKJLVGFZ[�CEfTJL[cjGv�NP]L[7CEFIV HTJSQtnP]LF n-Xc]^_r�
v�X�j�� � DGFi_'[7]LHTXRHEXc]^��FiVW[��c[7fTJSFiC`_'X7b:�AJSHTJSOPJ^]SJ^C`_afTFi]L[7CUFiVWnPfEX�OP]SFIQtH�� � DPFiJSf [7]LvcX�fTJ^CUDGQ FIHTHEFijx�
CEJL[7]^]S_ \l[/]L\iNP] [/CUFIHM[�HTDGX�fKCUFIHKC ng[7CED'CUfEFiF�bofEX�Q ��JLj']^JSjGFl[cfuCTJLQtF [7jGV'JLHzOG[cHEFiVaX�j'CUDGF fTFIHTNP]SCEH
Xcb|�:FIFZ[cjGV3{9fEFInG[cfU[7CU[ 	 0P� � �

d�NxJLOg[7H [7jGV���FIfTHED�O-FIfEvcFIf 	 /3/ � nGfEFiHEFIjrCEFIV�[7j X�nxCEJSQ [/] [7]Sv�X�fTJ^CUDPQ CUX�nGfTFInGfTXx\iFIHTH CUDPF
n-Xc]S_Av�XcjqJSjR]SJSjGFl[7f CTJLQtF HENG\mDqCUDg[/C [ZHTDGX�fTCEFIHKC nG[7CUDqO=FyC`~�FiFIja[7j�_�C`~�X�sANPFIfT_tn-XcJSjrCUH \l[cjqO-F
boX�NGjPV�JSj � � ]LX�v � � CEJSQqF �RB�j [c\yCUNg[7]eHEDGX�fKCUFiHTCZng[7CED \I[cj�O=FRboX�NPjGV�JLj�CEJSQtFtnGfEX�n-X�fKCEJSX�jg[7]
CUX'CEDGFtj�NGQ�O-FIf�Xcb ng[7CED�HEFIvcQqFijrCUH�� � DPFi_�FiHEHEFijrCEJL[7]S]^_ NGHEFiV ['VxJS��JSVGFq[cjGV�\IX�jPsANPFIf�HTCEfU[7CK�
FIv7_ CUXWVGFI\iX�Qtn=XcHEFtCUDGFqn=X7]S_Av�X�j�JSjrCUX�HTQq[7]S]SFIf�n-Xc]^_xvcX�jGH � \IFy]S]SH#��Or_�\IX�jrCTJLj�Ng[7]^]^_�HEnP]^JSCTCEJSjGv
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CUDPF�CUfTJL[cjGvcNP] [/CEJSX�j [7]LXcjGv VPJ [7v�X�jg[7]SH���B OPJLjG[cfT_�VGFI\iX�Qtn=X�HKJSCTJLXcj CEfEFIFRJSH �cFinPC�CUX HTCEX�fEFRCUDPF
X�fTVGFIfKJLjGv3XcbuCEDGF n-Xc]^_Av�X�jg[7] nPJSFI\iFIH�[cjGV J^C�Dg[cH�]SX�vr[7fTJ^CUDGQRJS\ DGFyJLvcD�C�� � DGFi_ �cFinPC�boXcfZFI[c\mD
\IFy]S]�[7jWDPX�NGfEv7] [cHTH fEFInPfEFIHTFIjrCEJSjGv [tHTDGX�fKCUFIHKCMng[7CUD O-FiC`~ FIFij3C`~ X O-X�fEVPFIfTJSjGvqVPJL[cv�X�jg[/]LH�� � DGF
QtFIfTvcJLjPv Xcb�C`~�X \IFy]S]SH�fTFIs�NPJSfEFIH�QtFIfEv7JLjGv Xcb|C`~ X DPX�NGf vc]L[cHEHTFIH�~ DxJL\mD�CEDGFi_ \I[cjWVGX JSj � � � �
[cQtX�fKCEJ
�IFIVtCEJSQtF � � DPFi_tHEDPX ~ FIVqCUDg[/C O=FyC`~�FiFIja[cjr_�C`~ XZsANPFIfT_�n=XcJSjrCUHi�xX�jx]S_ � � ]SX�v � � ng[/JLfTH
Xcb DGXcNGf�vc]L[cHTHEFIHRjPFIFIV&CEX O-F'QtFIfEvcFIV$� [cjPV&DGFIjP\IF'CUDPFi_ \l[cj \iX�QtnGNPCUF CUDGF'HTDGX�fKCUFIHKCRng[7CED
]SFIjGvcCEDWJSj � � ]SX�v � � CTJLQtF �
B ng[cfE[7]^]LFy]t[7]Sv�X�fTJ^CUDPQ boX�f3HEXc]^��JLjPv1CEDPJSH�nGfEX�Ox]LFiQ ~�[cH�nGfEFiHEFij�CEFIV"Or_ �e] d�JSjGVP_�[7jGV

d XxXAVGfTJS\mD 	 �r� � � � DPFi_ HEXc]^��FiV CEDGF n-XcJSjrC�CUX3n=X7JLjrCRnGfTX�OP]SFIQ boX�f�[cj � � ��FifTCEF#% n-Xc]^_Av�X�j JSj
� � ]LXcv � �eCTJLQtF�~zJ^CUD � � � � �uk ��� { k B � nGfEXA\IFiHEHEXcfEH�� � DGF�[7]LvcX�fTJ^CUDGQ NPHEFIHu[�VPJ^�AJSVGF [7jGV
\IXcjGs�NGFIfR[7nGnGfEX�[c\mD ~ DPJS\mD&JSH�FIHTHEFij�CTJ [/]S]^_ CEDGF HE[cQtF'[cH�CUDg[/C�Xcbzd�NPJSOg[cH�[cjGV ��FIfTHED�O-FIfEvcFIf
	 /3/ � � � DGFi_tpgfTHTC CUfTJL[cjGvcNP] [/CUF CUDGFMn=X7]S_Av�X�j [cjGV \IX�QtnGNPCEF�J^CUH VGNg[7]�JSj � � ]LXcv � �|CTJLQtF ����F#%ACI�
CUDPFi_3VGFiCEFIfEQRJSjGF�CUDPF�HT]SFIFy��FtXcbeCEfTJL[cjGvc]SFIH�fEFInPfEFIHTFIjrCEJSjGvaCUDPF�ng[7CED�bofEX�Q ��CUX �zJLj�CEDGF�VGNG[7] �
B HEDPX�fTCEFIHTC�ng[7CED�Q�NGHKC�]^JLF�~zJ^CUDxJLj CUDPJSH�HT]SFIFi�cF � �:FiC��
	 � ��� ��
�
�
�� ����O=F�CEDGFtFIVGvcFqHTFIs�NGFijG\IF
Xcb CEDPJLH HT]SFIFi�cF � � DGF [7]LvcX�fTJ^CUDGQ NGHTFIH [ VxJS��JSVGF�[cjGV�\iX�jGs�NGFifa[cnGnGfTXr[c\mD�Or_ pgjGVPJSjGv&CUDPF
QtFIVPJL[cj FIVPv�Fc� ���7� XcbzCEDGFaFIVPv�FaHEFisANPFIjG\iF�[cjPV fEFI\iNGfEHKJS�cFi]^_ HEXc]^��F'CEDGFanGfEXcOP]LFiQ boX�f�FIVGv�FiH
�
	 � ��� ��
�
�
�� ����[cjGV ��� � 	 � ��� � � ��
�
�
 � �����9B�j'DGXcNGfEvc]L[cHTH�JLH�Q [/JLjrCm[/JLjGFiV'boX�f�FI[c\mDaHENPOx�`n-Xc]^_xvcX�j
[cjGV�CUDPFRQqFifEvcJSjGvWnGDg[cHTFt\IX�jGHKJLHKCUH�Xcb CUDGFt\IXcQ�OPJSjPJSjGv�Xcb DGX�NPf vc] [7HEHEFiHZbofTX�Q C`~ X3[cV �K[c\iFIjrC
HT]SFIFy��FiH�� � DGFy_�HTDGX�~"CEDg[7C�CUDGFifEFR[cfTF�XcjP]S_�[ \iX�jGHKCm[cjrC j�NGQ�O=Fif � pG�cF � X7b \l[cHTFIH�CEDg[7C�\IX�NP]SV
XA\I\INPf [cjGV CEDGFR[c\yCUNg[7]|QtFIfEvcFIV�ng[7CED JLH�Fl[cHKJS]^_ \iX�jGHTCEfENG\yCUFiV�JSj�\IXcjGHTCU[cjrC CEJSQqF � � D�NGHI�:CUDPF
QtFIfTvcJLjPv \I[cj3O-F�VGX�jGF JSj \IX�jGHKCm[cjrCMCEJSQtFZNPHTJSjGv � � � � nGfEXA\IFiHEHEXcfEH��

�e] d�JLjPVP_q[cjGV d�XAXAVGfTJS\mD 	 �r� �-[7]LHTX�nPfEFIHTFIjrCUFiVa[cj [7]Sv�X�fTJ^CUDPQ�boX�f \IXcQqnPNPCEJSjGv�[7]S]�HTDGX�fKCUFIHKC
ng[7CEDGH bofEX�Q ['p %xFIV n=XcJSjrC �t~zJ^CUDPJSj CEDGFtHTJSQtnP]LFqn-Xc]S_Av�Xcj�� � DGFy_�HEXc]^��FiV CUDxJLH�nGfTX�OP]SFIQ JSj
� � ]LXcv � � �:CTJLQtFu~zJ^CUD � � � �:nPfEXA\IFIHTHEX�fTH [cHEHTNGQRJLjPv�[7vr[7JSjt[�HEDg[cfTFIVtQtFIQtX�fK_t�uk � � { k B �
QtXxVPFi] � � DGFq[7]LvcX�fTJ^CUDGQ [7]SHEX NGHEFiHZCEDGFRCUfKJ [cjPv�NP]L[7CEJSX�j�[cjGV�J^CUH VGNg[/] v�fU[cnPD���� C�FIHTHEFij�CTJ [/]S]^_
pgjGVPH CUDPF�\IFijrCUfEX7JLVRXcbPCUDGF VGNg[7]�CUfTFIF�[cjGV�n-FIfKboX�fEQtHe[MVPJ^�AJSVGFz[7jGV�\IXcjGs�NGFIf X�j�CUDPF JSjGVPJ^�AJSVGNg[/]
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nPJSFI\iFIH JLjWng[cfE[7]S]SFi] �

d�XAXAVGfTJS\mD�FiCZ[7] � 	 / � �9nPfEFIHTFIjrCUFiV&[cj�JSQtnGfEX���FiV ng[7fU[7]^]LFy] [7]Sv�X�fKJSCEDGQ CEX pGjGV [ HTDGX�fKCUFIHKC
ng[7CED1O=FyC`~�FiFIj1C`~�X n=X7JLjrCUH'JSj [&HTJSQtnP]LF�n-Xc]^_xvcX�j�� � DPFiJSf [7]LvcX�fTJ^CUDGQ fEFisANxJLfTFIH�� � ]LX�v � �
CEJSQtF ~zJSCED3X�jx]S_�� � � �e]SX�v � �z�uk ��� nGfTXx\iFIHTHEX�fTH CEXtOGNPJ^]LV3[ 47HJ3�/2HK; ��G 9 9FG:E:@ � ,�@>47;=HJ;A@B1 HJ3 G:G
~ DPJS\mD'JLQtnP]^JS\iJ^CE]^_ HKCUX�fTFIH�HTDGX�fKCUFIHKCung[/CUD JSjPboX�fTQq[7CEJSX�j�� � DPFi_ [cHEHTNGQtF�CUDg[/C CEDGF�n-Xc]^_Av�X�j'Dg[7H
JSjPJSCTJ [/]S]^_qO=FiFIj'CUfKJ [7jGv�NP]L[7CUFiV��9�$JS�cF �e] d JSjGVP_ [cjGV'd�XAXxVPfTJS\mD 	 �r� �@�ACEDGFi_ [7]SHEX�NPHEF�CEDGF�jGX7CEJSX�j
Xcb�fEFi\INGfTHTJ^��Fi]^_ pgjGVPJSjGv CEDGF \IFij�CEfEXcJSV JSj CUDGF VGNg[/] Xcb�CEDGF n=Xc]^_Av�X�j [cjGV \IX�Q�OPJSjPJLjPv DGX�NPf
vc]L[cHEHTFIHMVGNGfKJLjGvtCUDPFZQtFifEv�F�nGDg[7HEF �

'�� � � + � + �� �$��� � �$� ��� �$��

� � �����	

� �*���

� DGFifEFWDg[cH [7]LHTX O-FIFij fTFIHEFI[cfE\mD n=FifTCm[/JLjPJSjGv�CUX�CUDGFW\IXcQqnPNPCm[7CTJLXcj Xcb�HEDGXcfTCUFiHTC �9NG\i]^JLVPFl[cj
ng[7CEDGH|JSj�CUDGF nP]L[cjGFz[cQtX�jPv�n=X7]S_Av�X�jG[7]GX�OPHTCm[7\i]SFIH � X�f ~zJ^CUDPJSjq[�HTJSQtnP]SFzn=Xc]^_Av�X�j�~zJ^CUDRDPXc]LFiH#� �
B�QtX�jPv�CUDPF pgfTHTC|[7]Sv�X�fTJ^CUDPQqH5CUXMHEX7]S�cF�CUDPJSH�nGfEX�Ox]LFiQ�~u[cH�CUDg[/C X7b��:X �l[cjPX7� {�FIfEF���[7jGV � FIHK]LFy_
	 0 / � � � DGFy_ F#%P[cQRJSjGFWCEDGFanGfTX�OP]SFIQ XcbMQtX���JLjGv [ n-Xc]S_ADGFiVGfU[/] X�O � FI\yC [cQtX�jGv�n-Xc]S_ADGFiVGfU[/]
X�OGHKCm[c\y]LFiH�~ DPJ^]LF [l��X7JLVPJSjGv�\iXc]S]^JSHTJSX�jGH�� � DGFy_&NGHTF'CUDGF jGXcCEJSX�j&X7bM[ <>;?47;K8 ;=- ;=H�� LN3�/7,�P ~ DxJL\mD
FIjP\IX�Qtng[cHTHEFiH|CUDGF ��JLHKJLOxJS]^JSC`_ZJSjPboX�fEQq[7CTJLXcj�[cQtX�jGv CUDPF �cFIfTCTJL\iFIHeX7bPCUDPF n-Xc]^_xvcX�j�[7jGV�J^CUH�DGXc]SFIH��
� DGFy_�HTDGX�~�FiVRDGX�~&CUX�fEFiVGNG\IF CUDGF nGfTX�OP]SFIQ�XcbGQtX���JLjPv [M\iX�jr��F$% � fTX�O-XcC � CUX CUDg[/C|XcbPQtX ��JSjGv
[�n-XcJSj�C9[cQtX�jGv�CUDPFuX�OGHKCm[c\y]LFiH9O�_�\IfTFl[7CTJLjGv�[�jGFi~ \IX�jxpgv�NGfE[7CEJSX�jRHEnG[c\IFzfTFInGfTFIHEFijrCEJSjGv�vcfEX�~ j
X�OGHKCm[c\y]LFiH�� � [c\mD FIVGvcFWX7bMCEDGF v�fU[7nGD JLHt[cHTHTJSv�jGFiV�[�~ FiJSv�DrC'[c\i\IX�fTVPJSjGv�CUX�JSCEH"�9NG\i]^JLVPFl[cj
]SFIjGvcCED�� � DGF'[7]LvcX�fTJ^CUDGQ Xcb w J�� ��HTCEfU[ 	 � 0 � \l[cj&CEDGFIj O-F NPHEFIV X�j CUDGF ��JSHTJSOPJ^]SJ^C`_&v�fE[cnGD CEX
VGFyCUFIfTQRJLjGFW[ HTDGX�fTCEFIHKC �9NG\y]SJSVGFI[cj nG[7CUD�� � DGFy_ VGX�jGXcCRVxJLHT\INGHTHqCEDGF'CEJSQtFa\IX�QtnP]SF#%AJ^C`_ Xcb
CUDPFiJSfz[7]Sv�X�fTJ^CUDPQW�AOGNPC�JSC JLHuFI[cHTJ^]^_ HTFIFIjaCEDg[7C�CEDGF�CTJLQtF�\iX�QtnP]SF#%AJSC`_ JLH�CEDGF�HTNGQ Xcb:CUDGF�CEJSQqFiH
boX�f�\iX�QtnGNPCTJLjGvaCEDGF���JLHKJLOPJ^]^JSC`_�v�fE[cnGD�[cjPV�CEDg[7C X7b fTNGjGjPJSjGv w J � ��HKCUfU[ � H�[7]Sv�X�fKJSCEDGQ ��d DGX�HTD
[cjGV �3X�NGjrC 	 /x��� DG[��cF�HEDPX ~ j CEDg[7CMCUDGFZ\IXcQqnPNPCm[7CTJLXcj XcbeCEDGF���JSHTJSOPJS]^J^C`_�v�fE[cnGD � [cjGV�DGFIjG\iF
CUDxJLH HEDGXcfTCUFiHTC ng[7CED nGfTX�OP]SFIQ �e\I[cjqO=FMVGX�jGFzJSj � � � ]SX�v � � � � CEJSQqF ~ DGFifEF ��JSH CEDGF�j�NGQ�O=Fif
Xcb FIVGvcFIH JLj CUDGF ��JSHTJSOPJS]^J^C`_ v�fU[cnPD��
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��[cn=XAX�f [cjPV'��[7DGFIHTD�~�[cfKJ 	 2c� �gnPfEFIHTFIjrCUFiV [cj � ��� � ]SX�v � � � ]SX�v � ��CEJSQtF�[7]Sv�X�fKJSCEDGQ�CEX
HEX7]S�cF�CUDPF�nGfTX�OP]SFIQ Xcb|\IX�QtnGNxCEJSjGv'HEDPX�fTCEFIHTC �9NG\i]^JSVGFl[cj�ng[7CUDPHMJSj3CEDGF�nx] [cjPF�[cQtX�jPv n-Xc]^_xv/�
X�jg[/]:X�OGHKCm[c\y]LFiH ~ DPFIfEF � JLHuCEDGF j�NGQ�O-FIf Xcb X�OGHKCm[c\y]LFiHM[cjGV � JLHuCEDGF j�NGQ�O-FIf Xcb5�cFIfTCTJL\iFIHMXcb
[7]^]$X�OPHTCm[7\i]SFIH�� � DGFyJLfzCEFI\mDGjPJSs�NGFZ[7]SHEXR\IXcQqnPNPCUFiH CEDGF���JLHKJLOxJS]^JSC`_'v�fU[cnPD'CUDGfTX�NGv�D'CEDGF \IX�QtnGNA�
Cm[/CEJSX�j�Xcb|boNGjGjGFy]LH�[cjGV \iX�fEfKJLVGXcfEH � J � F �^��CUDGF�[cfEFI[ O-FiC`~ FIFIj C`~ X'\iX�jr��F#% \mDg[7JSjGH#� ��h�JLjG\iF�CUDPF
��JLHKJLOxJS]^JSC`_Wv�fE[cnGDW\l[cj3Dg[l��F�� � � � � FIVPv�FIHMJLj ~�XcfEHTC�\l[7HEFc�gCEDGFi_W\IXcQqnPNPCUF�[qfTFIVGNP\IFIVW��FifEHTJSX�j
\IXcj�CU[7JSjPJLjPv [RHENPOGHEFyC�Xcb�CUDGF�� ��� � � ��JSHTJSOPJS]^J^C`_3FiVGv�FiH�[cjPVWnPfEX���F�CUDg[/CMCEDPJSH JSH HEN �q\yJLFij�C��

� DGF�\IX�QtnGNxCm[7CTJLX�j Xcb [���JSHTJSOPJS]^J^C`_ v�fU[cnPD JSH [�\IXcQqQtX�j HKCUfU[/CUFIv7_'boX�fu\iX�QtnGNPCEJSjGvtHEDPX�fTCK�
FIHKC�nG[7CUDGHMJLj1, w [7QqXcjGv XcOGHTCU[c\i]SFIH�Fi��Fij CUDGXcNGv�D3J^CUHMHTJ
�IF�Qq[�_ O-FZsANG[cVGfU[/CEJS\�JSj3CUDPFZ~ X�fEHKC
\l[7HEF � B<VPJ
�=FIfTFIjrC [cnPnGfEXr[7\mD'CUX�HTXc]S��JSjGv�CUDPF�nGfEXcOP]LFiQ JSH CEDg[7C ~ DPJL\mDaJSH�CUFifEQtFIV'CEDGF E:@B1�HK;=1��
6�@B6M4 �&; � �>47HK3�/ QtFiCEDGXxV�� � DPJLH�[cnGnGfTXr[c\mDWJLjr��X7]S�cFIH�nGfTX�ng[cv�[7CEJSjGv [q~�[��cFibofTX�jrC�bofEX�Q � � � DGF
~�[��cFibofTX�jrC�fTFInGfTFIHEFijrCUHu[/]S]gn-XcJSjrCUHeJSjqCEDGFznP]L[cjGFzCUDg[/C Dg[l��F HEX�QtFzp %xFIV VPJSHTCm[7jG\IF7�AHE[l_ �g��bofEX�Q
� � � DPF'HTCEfENG\yCUNGfTF'XcbuCEDGF ~�[l��FibofTX�jrCt\mDg[cjGvcFIHR[cHZJSC�ng[cHTHEFIH�\IFIfKCm[7JSj � Fy��FIjrCRn-XcJSjrCUH���HENG\mD
[cH���FifTCEJS\IFiH�X�f�FiVGv�FIH��'� CZJLHZFl[cHKJS]^_�HEFiFIj CEDg[7C�CUDPFIfEF [cfEFq[7CZQtX�HKC � � � ��HTNG\mD Fy��FIjrCEH�CUDg[/C
Qq[l_RXx\i\INGf��eB�jqF��q\yJLFij�C�[7]Sv�X�fKJSCEDGQ�CUDG[7C NGHEFiH CEDPJSH QtFyCUDGXAV X7b nGfTX�ng[cv�[7CEJSX�jtQ�NGHKC Dg[l��F�[cj
F��q\yJLFij�C�CUFI\mDPjPJLs�NGF�CEX�nGfTFIVPJS\iC CUDGF�Xx\i\INGfTfEFIjP\IFIHzX7b:HENG\mDaFy��Fij�CEH [cjGV CEX�O-F�[cOx]LF CUX�nPfEXA\IFIHTH
CUDPFIQ�[cH|CUDPFi_�Xx\i\INGf�� ��FifEHTDAO-FIfTv�FIf [7jGVqhxNGfKJ 	 � , �PNGHEFiV�CUDPJSHe\IXcj�CTJLj�NGXcNGH w J � ��HKCUfU[ [7nGnGfEX�[c\mD
CUX�HEXc]^��F'CEDPJLH�HEDGX�fKCUFiHTCRng[/CUD&nGfTX�OP]SFIQ JLj jPFl[cf �`X�nPCTJLQq[7] � � � ]LXcv � ��CTJLQtFa[cjPV � � � ]LX�v � �
HEnG[c\IF �

� ] [7fE��HEX�j 	 ,c� �xCEXxX���[MVPJ�� FifEFIjrCe[cnGnGfTXr[c\mD�CEX�CUDxJLH�nGfEXcOP]LFiQ"[cjGV�nGfTXxVPNG\IFiVR[cj�[/]Lv�XcfTJ^CUDGQ
CUDG[7C�v�FIjPFIfU[/CUFIH�[cj � �`[cnGnGfTX %AJSQq[7CUFqng[7CED�� � DGF [7]LvcX�fTJ^CUDGQ Cm[c�7FIH�� ��� ����� �

�
�MCEJSQqFRCEXWOPNPJS]SV

[ Vg[/Cm[&HTCEfENG\yCUNGfTF�HEX&CEDg[7C CEDGF ng[/CUD�O-FiC`~ FIFIj1C`~ X sANPFIfT_ n=X7JLjrCUHa\I[cj�O-F \IX�QtnGNxCUFIV�JSj
� � �

�
� � ]SX�v � � CTJLQtF �
� FIfK_ fTFI\IFijrCE]^_�����DPJL[cjGv�[cjGVa� JSCE\mDGFi]^]�	 ,3/ �=Dg[l��F�nGfEFiHEFIjrCEFIVW[7]Sv�X�fTJ^CUDPQqH boX�f HEXc]^��JLjGv�CUDPJSH

nGfTX�OP]SFIQ � � DGFy_ nGfEFiHEFij�Ct�7[cfKJLX�NPHRQqFyCUDGXAVGH�boX�fRHTXc]^�AJSjGv�CUDPFanGfEX�Ox]LFiQ ~zJSCED sANPFIfT_ CEJSQqFiH
CEJSQtFIH HENG\mD [cH � � � �U� � � ]SX�v � � ���m� � � � ]SX�v � �m� � � ]LXcv � � �e[cjGV � � ]SX�v � �eNGHTJSjGv�n-Xc]^_xjPX�QRJ [7]
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HEnG[c\IFZVg[7CU[tHKCUfTNG\iCENGfEFiH��

� DGFIfTF DG[cH [7]SHEX O=FiFIj<[ HTJSv�jPJ^pg\l[cjrC3[cQtX�NGjrCWXcbZfEFiHEFI[cfE\mD JLj1\IXcQqnPNPCEJSjGv fEFI\yCEJ^]SJSjGFI[cf
HEDPX�fTCEFIHTC�ng[7CEDGH�~zJ^CUDPJSj fTFI\yCEJ^]SJSjGFl[7f�n=X7]S_Av�X�jPHZJSj CEDGF nP]L[cjGF [cQtX�jGv3fEFi\iCEJ^]^JLjGFI[cf�n-Xc]^_Av�X�jg[7]
X�OGHKCm[c\y]LFiH���hxFy��FIfE[7]eF �q\iJSFIjrC HEFis�NGFIjrCEJL[7]e[cjGV�nG[cfU[7]^]SFi]|[7]LvcX�fTJ^CUDGQtHMF#%AJSHTC�~ DPJS\mD HTXc]S�cFR[q�7[/�
fTJSFiC`_ Xcb CEDGFIHTF�fEFI\yCEJ^]SJSjGFI[cf'HEDPX�fTCEFIHTC'ng[7CUD�nPfEX�OP]SFIQtH���hxX�QtF Xcb CEDGF�[7]Sv�X�fKJSCEDGQtH OGNxJS]SV1[
Vg[7CU[ZHKCUfTNG\iCENGfEFMVGNGfKJLjGv�[�nGfEFinGfEXA\IFiHEHTJSjGv�HTCm[7v�FzbofEX�Q [ p %xFIV HEX�NPfE\IFMn-XcJLjrC [cjGVtCUDPFIjqfEFIn-X�fKC
HEDPX�fTCEFIHTC ��� ]SJSjG� ng[7CUDPHuCUXq[�s�NGFIfK_ n=XcJSjrCuJSj � � � �&]SX�v � � CEJSQtFc�G~ DPJ^]SFZX7CUDGFifEHzVGXtjGXcC DG[��cF
[ nGfEFinGfEXA\IFiHEHKJLjGv�HTCm[7v�FM[cjGVqDGFIjG\iF�\I[cjGjGX7C�[7jGHT~ FIf s�NGFIfKJLFiH F � \yJLFijrCE]^_ � � DGF�[7]LvcX�fTJ^CUDGQtH [cfTF
VGFiHTJSv�jGFIVtCUX nPfEXAVGNG\IFzHTDGX�fKCUFIHKC ng[7CEDGHeCUDg[/C [l��XcJSVtHTJSQqnx]LF n-Xc]S_Av�Xcjg[7]GXcOGHTCU[c\i]SFIHi�AfTFI\yCm[cjGvcNP] [7f
X�OGHKCm[c\y]LFiH�X�f�fTFI\iCTJS]^JSjGFl[cfZn-Xc]S_Av�Xcjg[7] X�OGHKCm[c\y]LFiH�� hAX�QtF Xcb CUDGF [7]Sv�X�fKJSCEDGQtHZnPfEXAVGNG\IFqHEDPX�fTCK�
FIHKCZng[7CUDPH�CEDg[7C�\iX�Q�OPJSjGFqHEDGXcfTCUFiHTC �9NG\i]^JSVGFl[cj ]LFijGvcCED [7H�~ Fi]^] [cH CUDPFRHEDGX�fKCUFiHTC�jANPQ�O-FIf�Xcb
]^JLjG��H�� ��JSCED�CUDPFIHEF�[7]LvcX�fTJ^CUDGQtH�[ \IX�jPHTCm[7j�C�\l[cj NPHENg[7]^]^_�O-F��7[cfKJLFiV$� nGfTXxVPNG\iJSjGva[ HTDGX�fKCUFIHKC
�9NG\i]^JSVGFl[cjW]LFijGvcCED�ng[7CED3XcfzHEDGX�fKCUFiHTCM]SJSjG�ang[7CEDWJ^beVPFIHTJSfEFiV�� � [cOP]SFq� � �tvcJ^��FiH�[tHENPQqQq[cfK_ Xcb
CUDPF CEJSQtF \iX�QtnP]LF$%AJSCTJLFiHRXcbz�7[cfTJSX�NGH�HEFIs�NGFijrCEJL[7]ufTFI\iCTJS]^JSjGFl[cf�HEDGX�fKCUFiHTCRng[/CUD [7]Sv�X�fKJSCEDGQtH��W�`j
CUDPF�Cm[7OP]LF7� � VPFIjGXcCEFIH�CEDGF�j�NGQ�O=FifzXcb$�cFIfTCTJL\iFIH � X�f�FiVGv�FIH$� Xcb:CEDGF�X�OPHTCm[7\i]SFIH [cjGV 
 VGFijGXcCUFiH
CUDPFZj�NGQ�O=Fif�X7b|F$%xCEfEFiQqFZFIVPv�FIHMXcb�CUDGF�X�OGHKCm[c\y]LFiH��
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( 	 )+*-, ��.0/21�3�4 5 *768,:9;, ����# , .+/<3�=�>?4 @ *-, ��.0/2>?A�4

BC�D�E��F&��	�� 5 *-, ����# , .G/2>�HI4 5 *768,:9;, ����# , .G/<3�=�>�4
( 	 5 *-, ��.0/2J'K'4 5 *768,:9;, ����# , .+/<3�=�>?4 5 *-, ��.0/2>?A�4

)+*-, ����# � , .G/21�3�4 5 *-, ����# , .0/2>�HI4 5 *768,:9;, ����# , .G/<3�=�>�45 *-, ����# � �
� , .G/2>'K'4 5 *-, ����# � �

� , .G/2>'K'45 *-, ����# ,L9M6 � ����# 6 .0/<3�='K�4
( 	�9ON ��"$P 5 *768,:9;, ����# , .+/<3�=�>?4 5 *-, � .0/2>?A�4
BC�D�E��F&��	�� 5 *768,:9;, ����# , .G/<3�=�>�4
( 	 9ON ��"$P 5 *768,:9;, ����# , .+/<3�=�>?4 5 *-, � .0/2>?A�45 *768,:9;, ����# , .G/<3�=�>�4

� [cOx]LFt� � � � hxNGQtQq[cfK_ Xcb|HTFIs�NGFij�CTJ [/] , w fEFi\iCTJS]^JLjPFl[cf HEDPX�fTCEFIHTC�ng[7CED�[/]Lv�XcfTJ^CUDGQtH
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B�H CUDGFZCm[cOx]LF�HEDPX ~ Hi�$[tv�fEFI[7C�VGFl[7]�Xcb ~�XcfE�aDg[cHMO-FIFIj�VGX�jGF�JLj CUDxJLH�[cfEFI[ [cjPV�Qq[cjr_ Xcb
CUDPFMnPfEX�OP]SFIQtH Dg[l��FMO-FIFIjtF � \yJLFijrCE]^_ HTXc]^��FIV�� � DGFzCm[cOP]SF X�jP]^_RHEDPX ~ H HTFIs�NGFIjrCTJ [7] [7]Sv�X�fKJSCEDGQtH
[7]^CUDGXcNGv�D�CEDGFIfTFu[cfTFu[7]SHEX�ng[cfU[/]S]SFi]P[7]Sv�X�fTJ^CUDPQqH��eBuCm[/]S]L[cD�[7jGVt��DGFij 	 � � �xnPfEFIHTFIjrCUFiVq[�ng[cfE[7]S]SFi]
[7]Sv�X�fKJSCEDGQ CUDg[/C nPfEFInPfEXA\IFIHTHEFiH [ fTFI\iCTJS]^JSjGFl[cf \IX�jr�cF#% n=Xc]^_Av�X�j ~zJSCED�fEFi\iCEJ^]^JLjGFI[cf DPXc]LFiHqboXcf
fEFi\iCTJS]^JLjPFl[cf HEDPX�fTCEFIHTC nG[7CUD1s�NGFIfKJLFiH�� � DGFy_�\IXcjGHTCEfENG\yCUFIV<[ Vg[7CU[&HTCUfTNG\iCENGfEF�JSj � � ]SX�v � � �
CEJSQtFa~zJSCED � � � � ��nPfEXA\IFIHTHEX�fTHq~zJ^CUD CUDPF��uk ��� { k B � QqXAVGFy] � � DGFy_ \l[cj fEFiVGNG\IF CUDPF
j�NGQ�O-FIf�XcbxnGfEXA\IFiHEHTX�fEH5JSbxCUDGF HTX�NGfE\iF [cjGVZVGFIHKCEJSjg[7CEJSX�jZ]SJSF X�j CUDGF O-X�NGjGVg[7fT_�CEX � � � � �|]LX�v � � �
nGfTXx\iFIHEHTX�fEH�� ��J^CUD�CUDPFuVg[7CU[�HTCEfENG\yCUNGfTFc��CUDPFi_�\l[cj�nPfEXAVGNG\IF CUDGF�]SFIjPvcCUDRXcbg[�HEDGXcfTCUFiHTC9nG[7CUD�JSj
\IXcjGHTCU[cjrC�CEJSQtF�NGHKJLjPv�X�jGFMnGfEXA\IFiHEHTX�fI�xX�f \iX�QtnGNPCEF�[cj [c\iCENg[7]=HEDGX�fKCUFiHTCunG[7CUDqJLj ]SX�vr[7fTJ^CUDGQRJS\
CEJSQtF NGHTJSjGv � � � �|]LX�v � �-nGfEXA\IFiHEHEXcfEH�� � DGFi_ ]L[7CEFIf$JSQqnPfEX���FiV�CUDxJLH5[7]Sv�X�fKJSCEDGQ 	 ��/ ��O�_�fEFIVPNG\iJSjGv
CUDPFZfTFIs�NPJSfEFiV�j�NGQ�O-FIfMXcb nGfEXA\IFiHEHTX�fEH boX�fznGfTFInGfTXx\iFIHEHKJLjPv CUX � � � � �|]SX�v � � �
�$JLjGv�[cH�FyC�[7] � 	 0 � �|[7]LHTX nGfTFIHTFIjrCUFiV [qng[cfE[7]S]SFi] [7]Sv�X�fKJSCEDGQ OGNPC�boX�f�[ VPJ�� FifEFij�C�nGfEXcOP]LFiQ �

� DGFy_ HTXc]^��FIV'CEDGFMnGfEX�Ox]LFiQ X7b$VGFyCUFIfTQRJLjPJSjGvR[ZHEDGXcfTCUFiHTC�ng[7CUDqbofEX�Q [ ��FifTCEF#% Xcb:[ZfEFI\yCEJ^]SJSjGFI[cf
n-Xc]S_Av�Xcj CUX [7]^] XcCUDPFIft��FIfKCEJS\IFiH JLj � � ]LX�v � ��CTJLQtFWNGHTJSjGv � � � �|]LX�v � ��nGfTXx\iFIHTHEX�fTHqboX�ftCUDPF
� k���� { k B � QqXAVGFy] � � DPFi_ [7]SHEX HEXc]^��FiV�fEFi\iCEJ^]^JLjGFI[cf ]^JSjG� VPJSHTCm[7jG\IF3nGfEX�Ox]LFiQqH�� � DGFi_
HEDPX ~ CUDG[7C9[�Vg[/Cm[�HKCUfENP\iCUNPfEFz\l[7jqO-FuOGNxJS]^Ce~zJ^CUDt[�CUX7Cm[7]A~�XcfE��X7b�� � � �:HTNG\mDRCUDg[7CefEFI\yCEJ^]SJSjGFI[cf
]^JLjG� VPJLHKCm[cjP\IFZsANPFIfTJSFIH�\l[cjWO-F�[cjGHT~ FIfTFIV�JSj � � ]SX�v � � CTJLQtF ~zJ^CUD [RNGjxJLnGfTXx\iFIHTHEX�f��

��
�� 
�� �	! 
 	(%(� �O��� �"��*���� �O� � � � � ��� %(� � �

w NGF CUX�CEDGFiJSf|fTFi]SFi�7[cjG\iF�JSj�nGfU[7\iCEJS\IF7� � � VPJLQtFijGHTJSX�jg[7]xHEDPX�fTCEFIHTCeng[7CUD�nGfEX�Ox]LFiQqH|Dg[l��FufTFI\IFyJS�cFIV
\IXcjGHTJSVGFIfE[cOP]SF�[7CECEFIjrCEJSX�j�� � DGF � �`VPJSQtFIjGHKJLXcjg[7] �9NG\y]SJSVGFI[cj3HTDGX�fKCUFIHKCzng[7CEDanGfEXcOP]LFiQ JSHuHKCm[7CEFIV
[cH�boXc]^]SX ~ H �Wd J^��Fij [�HTFiCqXcb�ng[7JSfT~zJSHEF VPJSH � XcJSjrC n-Xc]^_ADGFIVGfE[�JSj � � [cjPV C`~ X n=XcJSjrCUH �3[7jGV
� �e\iX�QtnGNPCUF'[3HEDPX�fTCEFIHTC � NP\i]^JLVGFI[cj ng[7CED&O-FiC`~ FIFIj �'[cjPV � �|CUDG[7C�[l�cXcJLVPH�CUDGF JLjrCUFifTJSX�fEH�Xcb
CUDPF�n-Xc]S_ADGFiVGfU[���B�OPfTJSFib HENPfT��Fy_ Xcb|CUDGF�fEFIHTFl[cfT\mD�JLH�vcJS�cFIj�DGFifEFZboX�f�\iX�QtnGNPCEJSjGv'F$%P[c\iC�[7jGV
[cnGnPfEX %AJLQq[7CEF�HTDGX�fTCEFIHKC�nG[7CUDGHzJSjWCEDGF�\l[cHTFZ~ DPFIfEF CEDGF�n=Xc]^_ADGFIVPfU[ [7fEF \IXcj��cF#%��
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B HEn-FI\yJ [/]uHENPO=\y] [cHTHRXcbzCUDxJLH�nPfEX�OP]SFIQ \i]L[cHTH�JLH�CEX�pgjGV [3HEDGX�fKCUFiHTCRng[/CUD&CUDG[7C�fTFIQq[7JSjGH
X�jWCUDGFZHENGfKb [c\IFZXcbe[ HTJSjGvc]SFZn=Xc]^_ADGFIVPfEX�j � \iX�Qtn=X�HTFIV X7b � CUfTJL[cjGvcNP] [7f b [7\IFIH�O=FyC`~�FiFIj�C`~ X
n-XcJLjrCEH �3[cjGV ��~ DPJS\mD�O-XcCUD ]^JLFWX�j � � hxX�QtFWXcbMCUDGFW[7]Sv�X�fKJSCEDGQtH \ifENG\yJ [7]^]^_ F#%xnP]SXcJSCqCUDPF
\IXcj��cF#%AJ^C`_ nGfTX�n-FIfTCTJLFiH�X7bu\IXcj��cF#% n-Xc]S_ADGFiVGfU[3[cjGV DGFIjP\IFqQ [l_�jGX7C�O-FtF#%ACUFijGVPJSOP]SF CUX jGX�jA�
\IXcj��cF#% n-Xc]S_ADGFiVGfU[�� � ]LFI[cfT]^_���CUDPX�HEFM[cnGnx]SJS\l[cOx]LF CUX�jGX�jA�`\IXcj��cF#% n-Xc]S_ADGFiVGfU[Z[cnGnx]S_�CEX�\iX�jr��F$%
n-Xc]S_ADGFiVGfU[q[cHz~ Fi]^] ��OGNPC�[cfTF�C`_AnPJL\I[7]^]S_a]SFIHTH�F � \yJLFijrC�HTJSjG\iF�CEDGFi_ \I[cjGjGX7C�F$%xnP]LX7JSCM\IXcj��cF#%AJ^C`_ �
B�OGfKJLFyb HENGfK��Fi_�Xcb nGfTFi��JLXcNGH�fEFiHEFI[cfE\mD�X�j�CEDGFIHTF�C`~ XanGfEX�Ox]LFiQqH�JSH�v7JS�cFIj�DGFifEF ��Y�Xcf�CUDPF

HEFi\IX�jPV nGfTX�OP]SFIQ � J � F �^�An-Xc]^_ADGFIVGfE[7]-HENGfKb [c\IFiH#�U�A~ FM~zJ^]^]=VxJLHT\INGHTH CUDPFMfTFIHTFl[cfT\mD CUDg[/C [cnGnP]^JLFiH CEX
X�jP]^_�\IX�jr��F$%tn-Xc]S_ADGFiVGfU[ [7jGV�CUDPFIj�CUDG[7C|~ DPJS\mDq[cnGnP]^JSFIHeCUX�[cfEOPJ^CUfE[cfT_ � n=X�HTHTJSOP]^_�jGX�jA�`\IXcj��cF#% �
n-Xc]S_ADGFiVGfU[���YgX�f CUDGF�\IX�jr��F$%�\I[cHEF7�=~ F�boNGfTCEDGFIf�VPJ^�AJSVGF�CEDGF�fTFIHTFl[cfT\mD�JSjrCUX'\I[cHEFiH�~ DGFifEF���JSH
p %xFIV�[cjGVaCUDPX�HEF�~ DPJS\mD�nGfTFI\IXcQqnPNPCUFZFIVGvcFZHTFIs�NGFijG\IFiH��

� XWX�NGf���jGX�~z]SFIVGv�F7�|X�NPf�[/]Lv�XcfTJ^CUDGQtH JLj ��Dg[cnxCUFIf /'fEFinGfEFiHEFIjrC�CUDGFtpgfEHKCZng[cfU[/]S]SFi] [7]Sv�X7�
fTJ^CUDPQqH�boXcf�\IXcQqnPNPCEJSjGv�~�FyJLvcD�CEFIV HEDGXcfTCUFiHTCtng[/CUDGH�Xcj \IX�jr��F$% X�f�jGX�jx� \IX�jr��F$% n-Xc]S_ADGFiVGfU[��
� D�NGHI�-[7]^]�[7]Sv�X�fKJSCEDGQtHMHTNGfT�cFi_cFIV DGFifEF�[cfEF HTFIs�NGFij�CTJ [/] �

'�� � � � �*' � � 
 � �$�!%$� � � �$� � ���������!�

��X�jGHKJLVPFIf�CEDGF nGfTX�OP]SFIQ Xcbz\iX�QtnGNPCTJLjGv�HEDGX�fKCUFiHTC�nG[7CUDGHZCUDg[/C�fTFIQq[7JSj&X�j CEDGF HTNGfTb [7\IF X7b [
HTJSjGvc]SF \iX�jr��F$% n-Xc]^_ADGFIVGfTX�j � � hxDg[7fTJSf�[cjPV hx\mDGXcfEf 	 ���c� � vr[l��F [cj [/]Lv�XcfTJ^CUDGQ boX�f�HTXc]S��JSjGv
CUDxJLHZnGfEXcOP]LFiQ CUDg[7CZfTNGjGH�JSj � � � � ]LX�v � ��CEJSQtFq~ DPFIfEF � JSH�CUDGFqj�NGQ�O-FIf�Xcb��cFIfTCTJL\iFIH�X7b � �
B�b CEFIfZnGfEFinGfEXA\IFiHEHKJLjGvP�e[ �r� ]SFIjGvcCED HTDGX�fKCUFIHKC�ng[/CUD�bofEX�Q � CEX�[7j�_�s�NGFifT_ n-XcJLjrC�� � � \I[cj
O-Fa\IX�QtnGNPCEFIV JLj � � ]SX�v � � ����CEJSQqFaNPHTJSjGv CEDGFiJSfRVg[7CU[ HTCEfENG\yCUNGfTF3XcbMHKJ �iF � � � � � � � DGFiJSf
HTCEfU[7CEFIvc_ JSH�Og[cHTFIV�X�j ,�G:G7- ;=1ML CUDPF�n-Xc]S_ADGFiVGfEXcj ~zJSCED�fEFIHTn=Fi\iC�CEX ��JSj�[ HTJSQRJS]L[cfMb [cHEDPJSX�j�CEX
HTCU[cfMNGjPboXc]SVPJSjGv � VGFIHT\IfTJSO-FIV ]L[7CUFif#� � � DPF�[7]Sv�X�fKJSCEDGQ pgfEHKC�nPfEFInPfEXA\IFIHTHEFiH�CUDGFZn=X7]S_ADGFiVGfEX�j�O�_
\IXcQqnPNPCEJSjGv CUDGFzfKJLVPv�Fzn=X7JLjrCUH � fTJSVGv�Fu]^JLjPFIH#��~zJ^CUDtfEFiHEn-FI\yC CEX�� � HEFiF�Y�JLv�NPfEF�� �-2c[ � � � DGF fKJLVGvcF
]^JLjGFiH�CUXcv�FiCEDGFIfM~zJSCED CUDGF��cFIfKCEJS\IFIH X7b � VGFypgjGFR[qCUfEFiF�HKCUfENP\iCUNPfEFRXcb � � � � �zFiVGv�FIH�JLj�~ DxJL\mD
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CUDPF �cFIfKCEJS\IFIH [cfEFW[7CRCEDGFa]LFI[l��FIH�� BM]LHTX \iX�QtnGNPCUFiV$� JSHRCUDGF HTFiC Xcb�HTDGX�fKCUFIHKC nG[7CUDGHRbofTX�Q �
� HTDGX�fKCUFIHKC�nG[7CUDaCUfTFIF�� CEXtFi��FifT_ ��FifTCEF#%WXcb � � Y JSv�NGfTFt� �.2/OWHTDGX�~ HMCEDPJSH�HTDGX�fTCEFIHKC�nG[7CUD CUfTFIF �

s
s


(a)
 (b)


Y JSv�NGfTF � �.2 �|[ � kzJSVGv�Fu]^JLjGFiH Xcb=[�\iX�jr��F$%qn=Xc]^_ADGFIVPfEX�jR~zJ^CUDqfEFIHTn=Fi\iC CUX�� �eO �|hxDGX�fKCUFIHKC ng[7CEDGH
bofEXcQ �ZCEX [/]S]:�cFIfTCTJL\iFIH��

� DGF�fKJLVPv�FM]^JSjGFIH CUX�v�FyCUDGFif ~zJ^CUDqCUDGFiHEF�nGfEFi\IX�QtnGNPCEFIVaHTDGX�fTCEFIHKCung[7CEDGH VGFipgjPF�CUDPF�O-X�NGjGVA�
[cfKJLFiH�Xcb � fEFivcJSX�jGH�CEDg[7C�CEDGFi_�\l[7]^] ,�G:G7- 4 ��Y JLvcNGfEF'� �-0 HTDGX�~ HZ[cj F#%P[cQtnP]SFtXcb9CUDPF�fEFiHENP]^CEJSjGv
n-FIFi]SHMXcb CEDGF�O=X % NPHEFIVWJLjWY JSv�NGfTFt� �.2 �

s


Y�JLv�NPfEFt� � 0 � � DGF�n=FiFi]SH�fTFIHTNP]SCTJLjPv bofEXcQ CUDPFZfKJLVPv�F ]SJSjGFIH�[cjGV HTDGX�fTCEFIHKC�ng[/CUDGHzCUXR�cFIfTCTJL\iFIH��

� _ VGFypgjPJ^CEJSX�j$��jPX �cFIfTCEF#% X�ftfKJLVGvcFWn-XcJSjrCq]^JSFIHtJLjrCUFifTJSX�fRCUX [�n=FiFi] � B HEDPX�fTCEFIHTC ng[7CED
O-FiC`~ FIFIj3[cjr_'C`~ Xtn=XcJSjrCUHu~zJ^CUDPJSjW[�n=FiFi]$JSHzFIjrCTJLfTFi]^_a\IX�jrCU[7JLjPFIV ~zJSCEDPJLjW[�n-FIFy] � hAJSjG\IF�CEDGFIfTF
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\l[7jaO=F � � � �9fTFIvcJSX�jGH � 47- ;AE:G:4 �eJSj [�n-FIFi]@�PFI[c\mD n=FiFi] vcJS�cFIHzfKJLHTF�CUX�� � � �9HEDPX�fTCEFIHTCK�`ng[/CUDaFIVPv�F
HEFis�NGFIjG\iFIH��MhAJLjP\IFc�gCEDGFIfTF�[cfTF � n-FIFy]LHi�-CEDGFIfTFZ[cfEF�� � � � � HK]SJS\IFiH�[cjGVWDGFijG\IF � � � � � HEDPX�fTCEFIHTCK�
ng[7CED�FiVGv�F�HTFIs�NGFijG\IFiH�� � DGFiJSf � � � �g]SX�v � � CEJSQtF�\IXcQqnx]LF$%xJ^C`_�[cfTJSHEFiH�bofEXcQ CUDGFZng[cfKCEJ^CEJSX�jPJSjGv
Xcb � JSjrCUX�n-FIFi]SH�� � DGF [7]Sv�X�fKJSCEDGQ OPNPJS]SVGHt[ 47- ;AE:G HJ3 G:G Xcb�� � � � ��HK]SJS\IFiHI� Fl[c\mD X�jPF'Cm[c�rJSjGv
� � � ]LXcv � � JLjPHEFIfKCEJSX�j CTJLQtF � � DPFi_�FIHTHEFij�CTJ [/]S]^_ nGfEX�nG[cvr[7CEFRX�NPC`~�[cfEVGH�bofEXcQ ���5OGNPJ^]LVPJSjGv3NGn
HT]^JS\IFIH�� � DGF F#%xn-FIjGHKJS�cF�HK]SJS\IF � [cVGVxJLjGv�X�n-FIfU[/CEJSX�j JLH5VGNGF9CEX�[znGfKJLXcfTJ^C`_ s�NGFINGF ~ DPJS\mD�fTFInGfTFIHTFIjrCUH
CUDPF'O=XcNGjGVg[cfK_ X7bM[3~u[l�cFibofEXcj�CtnPfEX�ng[7vr[7CEJSjGv�bofTX�Q � � } jG\IF CEDGF'n-FIFy]LHt[cfTF \iX�QtnGNPCUFiV$� [
n-XcJLjrC ]SXx\I[7CEJSX�j [7]LvcX�fTJ^CUDGQ"JLH NGHTFIV CEX�VGFiCEFIfEQRJSjGF�JSjt~ DPJL\mD HT]^JL\iF�CEDGF VGFIHKCEJSjg[7CEJSX�j n=XcJSjrC ]SJSFIH��
} jG\IF�CEDGF HT]^JS\IF JLHzVPFiCUFifEQRJSjGFIV$��HTXtJSHuCUDPF n=FiFi]@��[cjGVaDGFijG\IFZ[RHEDGXcfTCUFiHTCK�`ng[7CED FIVGv�F HTFIs�NGFijG\IF
JSHM��jGX�~ j�� B�j3[c\iCENg[7]:HTDGX�fKCUFIHKC�nG[7CUDW\l[cj CUDPFIjWO=F�\IXcQqnPNPCUFiV�VPJSfEFi\iCE]^_ bofEX�Q CUDGF�NGjxboXc]LVPFIV
n-FIFi]�JSj � � � �-CEJSQtFc�/~ DGFIfTF � JLH5CUDGF j�NGQ�O-FIf XcbGHTFIv�QtFij�CEH JSj�CEDGF fTFIHTNP]SCTJLjPv�ng[7CED��e�WX�NGjrC 	 ��� �
nGfTX�n=XcHEFIV [cjtJLQtnGfTX �cFIQtFIjrC�X�jqCEDPJSH�[7]Sv�X�fKJSCEDGQ ��fEFIVPNG\iJSjGv�J^C CUX�� � � � ]LXcv � � O�_tHKJLQtnP]^J^b _AJSjGv
CUDPFMHKCUX�fE[cv�FzXcb-CUDPF CEfEFiFMHKCUfTNG\iCENGfEF � ��[/CUFIfi�rCUDGF HEnG[c\IF fEFis�NPJLfTFIQtFIjrC ~u[cH fEFiVGNG\iFIV Or_q�WX�NGjrC
	 � / �zCUX � � � ]LX�v � � � } � kMXcNGfE�7F�FiC [7] � 	 �30 � CUDPFIj F$%ACUFIjPVGFIV�CEDGF�[/]Lv�XcfTJ^CUDGQ CEX ~ X�fE�&boXcf
jGX�jA�`\IXcj��cF#%Wn-Xc]^_xDPFIVGfE[ [cHu~ Fi]^] �

�`j X�fTVGFIf CUX fEFiVGNG\iF CUDPF DPJSv�D1CEJSQtF \iX�QtnP]LF$%AJSC`_<Xcb�\iX�QtnGNPCTJLjGv CUDGF F#%P[c\yC�HTXc]SNPCEJSX�j
boX�fuCEDPJLH nGfTX�OP]SFIQ � ��FifEHED�O-FIfTv�FIf�[cjGV�hxNGfKJ 	 � � �5nGfEX���JSVGFIV�[cjW[7]LvcX�fTJ^CUDGQ CUDg[7C \iX�QtnGNPCEFIH�[cj
[cnGnPfEX %AJLQq[7CEFzHEDGX�fKCUFiHTC9ng[/CUDRO-FiC`~ FIFIjRC`~ X�sANPFIfT_�n=X7JLjrCUH|X�jR[�\IXcj��cF#%�n=Xc]^_ADGFIVPfEX�jRJSj�]SJSjGFl[7f
CEJSQtF � � DGF [7]Sv�X�fTJ^CUDPQ JLH�s�NPJ^CUFtHTJSQtnP]SF'[cjGV�JSH�OG[cHEFiV X�j�Cm[7��JSjGv CUDGFtDg[/]Sb nP]L[cjGFIHZng[cHTHTJSjGv
CUDPfEX�NGvcDWCEDGFZb [7\IFIHM\IXcj�CU[7JSjPJLjPv ��[cjGV�� ��\IX�QtnGNxCEJSjGva[tng[7CUDWX�jWCUDGFZHENGfKb [c\IFZXcb CUDGFiHEF�DG[7]Sb �
nP]L[cjGFiH�[cjPV�CEDGFIj nGfEX � FI\iCTJLjPvWCEDGFtng[7CUD Og[c\m��Xcj�CEXaCUDGFtn-Xc]S_ADGFiVGfEXcj�� � DPFqfTFIHTNP]SCTJLjPv�ng[7CED
Dg[cHM[�]SFIjGvcCED3X7be[7CMQtX�HKCMC`~ XtCEJSQqFiHMCEDGF ]LFijGvcCED3Xcb|[cjW[c\yCUNg[7]5HTDGX�fKCUFIHKCMng[7CUD��

��[cf � {�Fi]SFIV�FyCe[7] � 	 /32 �AF#%ACUFijGVGFIV�CUDPJSH|fTFIHENx]SC|[cjGV�nGfEX���JLVPFIVR[cj�[7]Sv�X�fKJSCEDGQ CUXM\IXcQqnPNPCUF�[cj
� �`[cnGnGfTX %AJSQq[7CEJSX�j'Xcb$[�HTDGX�fTCEFIHKCung[7CED �xJ^C fENGjGH JLj � � � QtJSj�������� 	 � � � ]SX�v ��� �&��� � � � � ]SX�v � ��� �$� �
CEJSQtF � � DPFi_RNGHTFIVtCUDGF [/]Lv�XcfTJ^CUDGQ�Xcb ��FIfTHED�O-FIfEvcFIf [cjGV hxNGfKJ 	 � � �PCEX�X�OPCm[/JLjt[cjq[cnPnGfEX %AJLQq[7CEF
HEDPX�fTCEFIHTCMng[/CUD�� � DGFy_aF#%xng[7jGVGFIVWCUDGF n-Xc]^_ADGFIVGfTX�j Or_ [�VPJSHTCm[7jG\IF ��� � 	 � � ���P~ DPFIfEF � JLHzCUDPF
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JSjPJSCTJ [/]eVPJSHTCU[cjG\IF�FIHTCTJLQq[7CEF � � DGFy_ � fTX�NGjGVPFIVx� X�� � CEDGF�jGFy~�n-Xc]^_ADGFIVGfTX�j�Or_�JSjrCUFIfTHEFi\iCEJSjGvaJ^C
~zJ^CUD&[ v�fKJLV Xcb NGjPJ^C�VPJSHTCU[cjG\iF nGfTX�n-X�fTCTJLX�jG[7]9CUX ��� � DGFqF#%P[c\yC�ng[/CUD�~u[cH�CUDPFIj \iX�QtnGNPCEFIV
O-FiC`~ FIFIj�C`~�X�n=XcJSjrCUH5CUDg[/C|[7fEF \i]SX�HEF CUX ��[cjPV��5[7jGVZCEDGFIj�nGfEX � FI\iCEFIVZCUDPJSH nG[7CUDZOg[c\m� X�jrCEX�CUDPF
X�fKJLvcJSjg[7]�n-Xc]^_�CUX�n-F ��B�vr[7fT~�[7]�FiC [7] � 	 � �rCEDGFIjZJLQtnGfTX �cFIV�CEDGF [7]Sv�X�fTJ^CUDPQ CUX fENPj�JSj � � � ]SX�v 	

�
�

	
� �
�ZCTJLQtF � ��[7fK� {�Fi]SFIV 	 /�0 � HEXc]^��FiV CUDPF3s�NGFifT_ n-XcJLjrCt��FifEHKJLX�j Xcb�CEDPJSH nGfTX�OP]SFIQ�NGHKJLjPv CUDPF
nGfTFi��JLXcNGH�fEFiHENP]^CUH�XcbzB�vr[cfT~�[7] FiC�[7] �
	 � � � ��F nGfEX���JSVGFIV [cj [7]Sv�X�fTJ^CUDPQ CUX�nPfEFInPfEXA\IFIHTH�CUDPF
n-Xc]S_ADGFiVGfEXcj�JLj�]^JSjGFl[cf�CEJSQtF�HENP\mDtCEDg[7C�C`~�X/�`n-XcJLjrC|HEDGX�fKCUFiHTC9ng[/CUD�s�NGFifTJSFIH9\IXcNP]LV�O=F�[cjGHT~ FIfTFIV
JSj � � ����� �

����� �
�
	
� �
� CTJLQtF � } jG\iF�[7vr[7JSj$�PCUDPFZfTFIHTNP]SCTJLjPv ng[7CEDaJLHM[cj�� � [7nGnGfEX %AJSQ [/CEJSX�j��

�`j'CUDGF�\l[cHTF�~ DGFIfTF�CUDGF�HTX�NGfT\IF n-XcJLjrCuJSH�p %xFiV$� ��[7fK� {�Fi]SFIV 	 /c� �=vr[l��F�[cj [7]Sv�X�fKJSCEDGQ CUDg[/C
\IXcQqnPNPCUFiVa[�HTDGX�fTCEFIHKCung[7CED Qq[cn X�j'[Z\IX�jr��F$%'n-Xc]^_�CUX�n-F �"~zJ^CUD fTFIHTn=Fi\iC�CEX�[�p %xFIV'HTX�NGfE\iF
n-XcJLjrC � X�j � � � DGF Qq[cn'JLH [7\iCUNG[7]S]^_ [�HENGO-VPJ^�AJSHTJSX�jWXcb
��~zJ^CUD HTJ
�IF�� � �

�
]SX�v 	

�
�9~ DGFifEF � JSH

CUDPF�j�NGQ�O=Fif�Xcb|FIVGv�FiH�Xcb�� [cjGV � � � ��� � � DPF�Qq[cn3\l[cj3O=FZNGHEFiV3CEX'[cjGHK~�Fif�F � \yJLFijrCE]^_
[cnGnPfEX %AJLQq[7CEFuHEDGXcfTCUFiHTC ng[/CUD�s�NGFifTJSFIH [cjGVR\I[cj�O-Fu\IXcQqnPNPCUFiV�JLj � � �

� �
]SX�v 	

�
� �

� �
� � ]LX�v

	
�
]LXcv � �

CEJSQtF � d�JS�cFIjW[�VGFiHTCTJLjg[/CEJSX�j sANPFIfT_ � �xCEDGF �9NG\i]^JSVGFl[cja]SFIjGv7CUDaXcb�[cj �`� [cnGnPfEX %AJLQq[7CEF�ng[7CEDaX�j
� bofEXcQ �ZCEX ��\l[cjWO-F \IX�QtnGNPCEFIVWJLj � � ]LX�v �

�
� CEJSQqF �

� �$ 
	 )�������� � ��� � � ��� )������3���

B HEDGXcfTCUFiHTC ng[/CUD1O=FyC`~�FiFIj � [cjPV �qX�j [cjr_ \IX�jr��F$% n=X7]S_ADGFiVGfEX�j1Dg[7H'CUDGF�nGfTX�n-FIfTC`_
CUDG[7C�J^Cu~zJ^]S] NGjPboXc]SV JSj�CEXt[�HTCEfU[7JSv�DrCu]^JLjPF � } jGF�[cnPnGfEXr[7\mD'Cm[c�7FIj Or_ Qq[cjr_ fEFIHTFl[cfT\mDGFIfTHzJLH�CEX
\IXcQqnPNPCUF�[�HENPn=FifEHEFyC9Xcb�[/]S]An-X�HEHKJLOP]SFuHTDGX�fTCEFIHKC9ng[7CED�FIVPv�F�HTFIs�NGFIjP\IFIH9VPNGfTJSjGv [MnGfEFinGfEXA\IFiHEHTJSjGv
HTCEFIn�� d�JS�cFIj'CEDPJLH�HEFiCuXcb5FIVGvcF�HEFis�NGFIjG\iFIHi�-CEDGF�nGfTX�OP]SFIQ JLH CUDGFij'CUX�\mDGXAX�HTF�CUDGF�[cnGnGfTX�nGfTJL[7CEF
HEFis�NGFIjG\iF�vcJ^��Fij �Z[cjGV��z[cjGVWDGFijG\IFZNGjPboXc]SVaJSC CEXqnPfEXAVGNG\IFZ[tHEDGXcfTCUFiHTCMng[7CED��
�3X�NGjrC 	 � � � nGfTX��AJSVGFiV [cja[cjg[/]S_AHTJSHuXcb CUDGF�j�NGQ�O=FifuXcb:HTDGX�fKCUFIHKCzng[7CEDGH�Xcj CUDGF�HENGfKb [c\IF�Xcb

[ \iX�jr��F$%�n-Xc]S_ADGFiVGfEXcj$�:[7]^CUDGXcNGv�D�DPF�VGXAFIH�jPXcC�v7JS�cFR[cj�[7]Sv�X�fKJSCEDGQ CUX \IX�QtnGNPCEF�CUDPFIQ � �MF
vr[l��F'[ � � ��� ��CEJSv�DrC�O-X�NGjPV&X�j CEDGF'j�NGQ�O=Fif�Xcbzn-X�HEHKJLOx]LFaHTDGX�fTCEFIHKCT�`nG[7CUD&FiVGv�F'HTFIs�NGFijG\IFiH��
�MJSH [cjg[7]^_AHTJSH�[7CTCUFiQqnxCUH CUX�[cHEHTXx\yJ [7CEFMCEDGF HEDGXcfTCUFiHTC ng[7CED nGfTX�n-FIfTCTJLFiH ~zJ^CUDqng[7CEDGH JSjtCUDGFMVGNg[7]
S Xcb�CEDGFRCUfKJ [cjPv�NP]L[7CUFiV n-Xc]^_ADGFIVGfE[7] HENGfKb [c\IF � �MFtHEDGX�~ FIV CEDg[7C�boX�f�[cjr_ C`~ X�FiVGv�FiHZX7b�CUDPF
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n-Xc]S_ADGFiVGfEXcj$�gCUDGFifEF�[cfEF�[7CMQtX�HTC�� � � � � VPJSHTCTJLjP\iC�FiVGv�FZHEFisANPFIjG\iFIH�O-FiC`~ FIFij CUDGFiQ CUDg[7CM\I[cj
vcJ^��F fTJSHEF'CEX�[�HEDGX�fKCUFiHTCtng[7CED�� � D�NGHi� boXcft[7]S]�ng[7JSfEHRXcbMn-X�HEHKJLOx]LF FIVPv�FIHi� CEDGFIfTF3[7fEF � � � � �
n-X�HEHKJLOP]SF'HTDGX�fTCEFIHKCT�`nG[7CUD FiVGv�F HTFIs�NGFijG\IFiHtJSj&CUX7Cm[7] � �MF HKCm[cfKCUFIV O�_ nGfTX ��JSjGv CUDG[7CR[cjr_ HEFyC
XcbMVPJSHTCTJLjG\yCtjGX�jx� \IfTX�HEHKJLjGv�ng[/CUDGH�JSj S FIQq[cjg[/CEJSjGv�bofEX�Q [ HEX�NPfE\IF'�cFIfKCUF#% \IX�jrCm[/JLjGH � � � �
Fi]SFIQtFij�CEH�� � _�\IX�jPHTJSVGFIfKJLjGvWC`~�X ng[7fTCEJS\INx] [cf FiVGv�FiHZX7bVS3�:DGFRHEDGX�~ FIV�CUDg[/C CUDGFRfTFIQtX��c[/]9Xcb
\IFifTCU[7JLj3FIVGvcFIH�JSj3CEDGFZn=Xc]^_ADGFIVPfEX�j \I[cNGHTFIH�HTX�QtF�X7beCUDGFZFIVPv�F�HTFIs�NGFijG\IFiH�CUXqO=Fi\IX�QtF�Fis�Ng[7] �
��FZHEDPX ~ FIV3CUDg[7CMboX�f Fl[7\mD�FIVPv�F�fTFIQtX���FiV$�$[7CMQtX�HKC � � � � ng[/CUDGHM\l[cj3O=Fi\IX�QtF�FIs�Ng[7] � � DPJSH
fEFinGfEFiHEFij�CEH [&fTFIVGNG\yCEJSX�j1JLj1CUDGF�j�NGQ�O=Fif3X7b�ng[/CUDGH�� � b�CEDPJSH JSH VGX�jGF boXcfaFl[c\mD FIVGvcFc��[/C
QtX�HTC � � � � � ng[7CEDGHM[cfEF fTFIQtX���FIV �-HTDGX�~zJLjPvqCEDg[7CzCUDPFIfEFZ[cfTF�� � � � � ng[/CUDGH O-FiC`~ FIFIjWCUDGF�C`~ X
FIVPv�FIH�� � X nGfEX���FtCUDPFt]SX�~�Fif�O-X�NGjPV Xcb � � ��� �m� �3X�NPj�CZnGfTX��AJSVGFiH�[cj F#%P[cQtnP]SFqXcbu['b [cQRJ^]S_
Xcb n=X7]S_ADGFiVGfU[ � HEFiF�Y�JLv�NPfEFt� � � � � BuC ]LFI[cHTC � � VPJ�� FifEFij�C�HEDPX�fTCEFIHTC�ng[7CED3FiVGv�FZHEFisANPFIjG\iFIH�\I[cj
O-F�boX�fTQqFiVaOr_ �7[cfK_AJSjGv�CEDGF�]SXx\I[7CEJSX�j'Xcb �Z[cjPV �$�
� [c\mDaXcb:CUDPFIHEF�FIVGv�F�HEFIs�NGFijG\IFiH�\iX�jGHKJLHKCzXcb
CUDPfEFIF n-X�fTCTJLXcjGH �|[�pgfEHKC n-X�fKCEJSX�jtng[cHEHKJLjPvZCEDGfEX�NPv�DRCUDGFzNGnPn=Fif HTFiC Xcb-DGX�fKJ �iX�jrCm[7]�HTFIv�QtFij�CEHI�x[
HEFi\IX�jPVqn-X�fKCEJSX�j�ng[cHTHTJSjGv�CUDPfEX�NGvcD�CUDGF�JSjGjGFifeHEFyC Xcbg��FifTCTJL\I[7]GHTFIv�QtFIjrCEH [7jGV�pgjg[7]^]^_�[�n-X�fKCEJSX�j
ng[cHTHTJSjGv CEDGfEXcNGv�DaCUDGF ]SX�~�Fif�HTFiCMXcb DGX�fTJ
�IXcj�CU[7]5HEFiv�QtFIjrCUH��

O(n)


O(n)


s


t


Y JLvcNGfEFR� � � � B�n-Xc]S_ADGFiVGfEXcj3CUDG[7C \l[cjWDg[l��F�� � ��� � HEDGXcfTCUFiHTC�ng[7CEDWFiVGv�FZHEFisANPFIjG\iFIH��

hxDg[cfKJLf 	 ���	, � v�[��cF�[cj [7]Sv�X�fKJSCEDGQ CUXR\IXcQqnPNPCUF [7j�� � � � � HTNGn=FifEHTFiC Xcb:CEDGF�n-X�HEHKJLOP]SF FIVPv�F
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HEFis�NGFIjG\iFIH�CUDg[/C fENGjPH�JLj � � � � ]SX�v � �uCEJSQqF � ��F�nGfTX���FIV�CEDGF�\IXcfEfEFi\iCEjGFIHTHZX7b DxJLH [/]Lv�XcfTJ^CUDGQ
Or_ pgfEHKC�F#%P[cQRJSjPJSjGv CUDPF�\l[7HEF�~ DPFIfEFZCUDGFZC`~�X \mDGX�HTFIj�s�NGFIfK_�n-XcJSjrCUHI� ��[cjGV�� �-]^JSF�X�j3FIVGv�FiH
Xcb:CEDGF�n-Xc]S_ADGFiVGfEXcj�� � b�CEDGF�HTDGX�fTCEFIHKCzng[7CEDGHubofEX�Q ��[cjGV � [cfTF�\IXcQqnPNPCUFiV CEX�Fi�cFIfK_'��FifTCUF$% �
[cjGV ng[7CUDPH bofEXcQ ��CEX �q[cjGV bofEX�Q ��CEX � [cfEFM\IXcQ�OPJSjGFIV �PCUDGFij'CUDGFiHEF�HTDGX�fKCUFIHKCung[/CUDGHuVxJS��JSVGF
CUDPF�n-Xc]S_ADGFiVGfEXcj JLjrCEX � � � � �eHKJLQtnP]^_ \iX�jGjGFi\iCEFIVafEFivcJSX�jGH�� Y�JLv�NPfEFZ� �S�l��vcJ^��FiHu[cj'F$%P[cQtnP]LF�Xcb
[Rn=X7]S_ADGFiVGfU[7]�\iX�jGF JLj ~ DPJS\mD3C`~ X FiVGv�FiH�X�jaCEDGF�Og[cHEF b [c\iF�F#%xDPJSOPJSCMCUDPFIHEF�� � � � � fEFivcJLXcjGH��

s
 t


Y JSv�NGfTF�� �^��� � � DGF�� � � � � fTFIvcJSX�jGHunPfEXAVGNG\IFiV X�j'CUDGF OG[cHEF Xcb [�\iX�jGF O-FiC`~ FIFijWC`~ Xtn=XcJSjrCUH �
[cjGV��$�

��F HEDPX ~ FIVqCUDg[/C [ HEDGX�fKCUFiHTC ng[7CEDtbofTX�Q � CUX � Q�NGHKC ]SJSFz\IX�QtnP]SFiCEFi]^_R~zJSCEDPJSj X�jPFzXcb=CEDGFIHTF
fEFivcJSX�jGH��|�`jtb [7\iCl�rDPFznGfEX���FiVqCEDg[7C [ HTDGX�fTCEFIHKC ng[7CUDtO-FiC`~ FIFij CUDPFIHEFzC`~ X�n=XcJSjrCUH9\I[cjGjGXcC \ifEX�HTH
[cjr_�X7b-CEDGFzHEDPX�fTCEFIHTC nG[7CUDGHebofTX�Q � X�f � CEX�CUDGFu�cFIfTCTJL\iFIH�� �MFIjG\iFc�rCUDPFIfEF [7fEFuX�jx]S_ � � � �5Xcb�CUDPF
� � � � �zfEFIv7JLX�jPH�CUDg[7C�\l[cj�\iX�jrCm[7JSj ['HEDGX�fKCUFiHTCZng[7CED�O=FyC`~�FiFIj � [cjGV ��[cH HTDGX�~ j�JLj Y JSv�NGfTF
� �^��� � YgNGfTCEDGFIfTQqXcfEFc��[�ng[7CED�CUDGfTX�NGv�D�Fl[c\mDRXcbPCUDGFiHEFufTFIvcJSX�jGHe\I[cj�\ifEX�HTH9[7C QqXcHTC � � � � FIVPv�FIH��
� b���[cjGV�� [cfTFZ�7[cfKJLFiV HT]^JLvcD�CT]S_3[7]SX�jGvqCUDGFyJLfMFIVPv�FIHi�=CUDPF�FiVGv�F�HTFIs�NGFijG\IFiH�CUDGFiQqHTFi]^��FiH VGX
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s

t


Y JSv�NGfTFt� �S�c� � � DGF�� � � � n-X�HEHKJLOP]SFZfEFIv7JLX�jPH�[/]S]SX�~zJLjGv [RHEDGXcfTCUFiHTC�ng[7CED3O-FiC`~ FIFij ��[cjPV��$�

jGXcC�\mDg[cjGvcF � �MF HTDGX�~�FiV CEDg[7C�CUDGF FIVGv�F HEFisANPFIjG\iFIHR~zJS]^]uXcjP]S_��7[cfK_ ~ DPFIj �a[cjGV ��\ifEX�HTH
~ Dg[7C DGF�\l[7]^]LH E73�;=HJ;AE /2-N,�@B;=1�H=4 � � DGF�\ifTJ^CEJS\l[7]-n-XcJSj�CEHu[cfTF�VPFipgjGFiVaX�j FI[c\mD'FiVGv�FMO�_tCEDGF�fKJLVGvcF
]^JLjGFiH ~zJ^CUD fEFIHTn=Fi\iC CUXZFl[c\mDq��FIfKCUF$%�� hAJSjG\iF�Fl[7\mD ��FifTCEF#% \l[cj nGfEXAVGNG\iF � � � �|fKJLVPv�F�n-XcJSjrCUH X�j
Fl[7\mD�FIVGv�F7� CUDPFIfEF�[cfEF�[7C�QtX�HKC � � � � �u\IfKJSCTJL\I[7]en-XcJSj�CEH�X�j�[7j FIVGvcF�~ DPJS\mD�VPJS��JSVGF�CUDPF�FIVPv�F
JSj�CEX�\y]LX�HTFIV&JSjrCUFIfK�7[7]LHZJLj ~ DPJS\mD&CUDGFqFIVGvcF HEFis�NGFIjG\iFafEFiQ [/JLjGHZCUDGFqHU[7QqFqboX�f�[cjr_ n-XcJSjrC�JSj
CUDG[7C�JSj�CEFIfK�c[/] �Z� b [cj JLjrCEFIfT�7[7] JLH \mDPX�HEFij X�j3CUDGFRFiVGv�FR\IXcj�CU[7JSjPJLjPv �q[cjPV XcjGF�X�j CEDGF�FIVPv�F
\IXcj�CU[7JSjPJLjPv � �=CEDGFIfTF�[cfTF�[ CEXcCm[7]�Xcb � � ��� �zn-X�HTHTJSOP]LF�\IX�Q�OPJLjG[7CEJSX�jGH�� hAJSjG\IF�CUDGFifEFR[cfTF � � � �
FIVPv�F�HEFIs�NGFijG\IFiH�boX�fM[cjr_'C`~ X JSjrCUFIfK�7[7]LHi�gCUDPJSH�nPfEXAVGNG\IFiH � � � � � n=XcHEHTJSOP]SF�FiVGv�FZHEFisANPFIjG\iFIH�JSj
CUX7Cm[7]-boX�fu[�HEn-FI\iJ^pg\ ng[/JLfuX7b5HEX�NGfT\IF [7jGVaVGFIHKCEJSjg[7CTJLX�j FiVGv�FIH��9� Cz\l[7jaO=F�FI[cHTJ^]^_ HTFIFIjaCEDg[7C�boXcf
[7]^]eXcb CEDGF � � � � � nG[7JLfTH Xcb n=XcHEHTJSOP]SFtHEX�NGfT\IF �7VGFIHKCEJSjg[7CTJLX�j FIVPv�FIHi�$CUDGFifEF�JSH�[ CUXcCU[7]eXcb � � � � �
FIVPv�F�HEFis�NGFIjG\iFIH���B�j�� � � � ]SX�v � �|CEJSQqF�[/]Lv�XcfTJ^CUDGQ JSHzvcJS�cFIjaCUX�\IX�QtnGNPCEF�CUDGFiHEF�� � � � �9FIVPv�F
HEFis�NGFIjG\iFIH��

B�vr[7fT~�[7]zFiCq[/] � 	 � �uJLQtnGfTX���FIV NGn-X�j&CUDGF'~ X�fT�&Xcb�hxDg[cfKJLf 	 ����, �zOr_&nGfTX��AJSVPJSjGv [cj [7]^�
v�X�fKJSCEDGQ CUX \IX�QtnGNxCUF � � � � ��FIVGv�F3HEFisANPFIjG\iFIH'JSj � � � � ��CEJSQtF3NPHTJSjGv CUDPF3jGX7CEJSX�j Xcb 47H /23
6F1 C @B-092;=1ML ��B \IX�jr�cF#% n-Xc]S_ADGFiVGfEXcj�� \l[cj O-F 6 1 C @B-09FG 9 ~zJSCED fTFIHTn=Fi\iC�CUX HEXcQqFtjGXcjx�`fKJLVGvcF
n-XcJLjrC���X�j�J^CUH�HTNGfTb [7\IF ����X�jGHKJLVGFif�CUDPF�HEDPX�fTCEFIHTC�ng[7CUDPH�bofEXcQ ��CEX'[7]^]���FIfKCEJS\IFiH Xcb�� � � DGF
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HEFiv�QtFIjrCUH�Xcb CUDGFiHEFqHEDGXcfTCUFiHTC�ng[7CEDGH�[cfEFt\I[7]S]SFIV E76FH"- ;=1 G:4 � � DPFIHEFq\INxCZ]^JSjGFIH�CUX�vcFiCUDPFIf�~zJ^CUD
CUDPF FIVPv�FIH�X7b � JSjGVGNG\iFa[�VGFi\IX�Qtn-X�HTJ^CEJSX�j&Xcb � JLjrCUX E:G7-=- 4 ~ DPJS\mD [cfEF \IX�jr��F$%&n-Xc]^_Av�X�jGH��
B , w \IX�QtnP]SF#%WJSH boXcfEQtFIVWbofEX�Q CUDGFZ\IFy]S]SH�Or_aJSHEX�QtFyCUfTJS\l[/]S]^_WFIQ�O-FIVPVPJLjPv CUDPF�\iFi]^]LH JLjrCEX CUDPF
nP]L[cjGF � � DGF'fTFIHTNP]SCTJLjPv , w \IX�QtnP]SF#% JSH�\l[7]^]SFIV [3HKCm[cf�NGjPboXc]SVPJSjGv � HTFIFaY�JLv�NPfEF�� �S��, � � � DGF
HTCU[cf NGjPboXc]SVPJSjGvtF#%xDPJSOPJ^CUH�CEDGF boXc]^]LX�~zJSjGvqJSjrCUFifEFIHKCEJSjGv nPfEX�n-FIfKCEJSFIH �

x


x


x


x


x


a)
 b)


Y JSv�NGfTFW� �S��, ��[ � � DGF HTDGX�fKCUFIHKC�nG[7CUDGHZX�j [a\IX�jr��F$%&n-Xc]^_ADGFIVGfTX�j�bofEX�Q [ n-XcJLjrC�� CEX3FI[c\mD
��FifTCEF#%�� O � � DPFZHKCm[cf NGjxboXc]LVxJLjGvt~zJ^CUDWfEFIHTn=Fi\iCMCUX�� �

� � � 	 � �	� � '��*' � � P�G 87@B6F1.9 /23 � @ C /547HA/23&6 1 C @B-092;=1ML ;?4$E:@ � ,.37;?4>G 9 4>@B-?G7-�� @ C E76FH�- ;=1 G:4 


� � � 	 � �	� � '��*' ��� 47HA/23&6 1 C @B-092;=1MLTE /21 P)/2<2G � � � � � E:@B1�<2G�� 3 GJLN;A@B1)4 ;=1	H=P�G �V@B3 47H E /B4>G 


� DGFi_�NGHEFiV�CUDGF�VPNg[7] S Xcb9CUDGF�HTCm[7f�NGjPboXc]SVPJSjGv'~zJ^CUD�fEFiHEn-FI\yC CUXa[ jPX�jx�`fKJLVPv�F�n-XcJLjrC�� �
� DPJSH�VGNG[7] vcfU[cnGD fEFinGfEFiHEFIjrCEH [ZCUfTFIFMXcb5[7C QtX�HTC � � � � � ��FifTCEJS\IFiH�~ DGFifEF�CEDGFM]SFl[l�cFIH � [/C�QtX�HKC
� �uXcb�S \IX�fTfEFIHTn=XcjGV�CUX fEFIv7JLX�jPH�\IXcj�CU[7JSjPJLjPv � ��YgfTX�Q Fl[c\mD3JLQq[cv�F�Xcb ��JSj�CUDPF�NGjPboX7]LVPJSjGvG�
CUDPFIfEF�[cfEF � � � � �9n-X�HEHKJLOx]LF FiVGv�F�HTFIs�NGFIjP\IFIH �=XcjGF�bofEXcQ � CEXRFl[c\mDaXcCEDGFIf ��FIfKCUF$%aXcbUS � h�JLjG\iF
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CUDPFIfEF�[cfEF � � � �=JLQq[cv�FiHeXcb �5�7CUDGFifEFu[7fEFu[ CUXcCU[7]xXcb � � � ��� FIVPv�FuHEFis�NGFIjG\iFIH9bofEXcQ � � ��X�jGHKJLVGFif
CUDPF�VPJSHTCEJSjG\yC�VGNg[7]�CUfTFIFIH X7b NGjPboXc]SVPJSjGv�H�CEDg[7C [7fTJSHEF�bofEXcQ jPX�jx�`fKJLVPv�F�n-XcJSj�CEH�X�j�FiVGv�FIH�Xcb � �
� DGFtfTJSVGv�F�]^JSjGFIH�~zJ^CUD fEFiHEn-FI\iC�CEX ['ng[cfTCTJL\iNP]L[cf���FifTCUF$% Xcb �q� \l[cj�JSj�CEFIfTHEFI\yC�[7j�FIVGv�FRX7b �
JSj � � � ��n-XcJLjrCEH�� hAJLjP\IF'CUDPFIfEF [7fEF � � � ����FifTCEJS\IFiH [7jGV � � � � FiVGv�FiHI� CUDGFaFiVGv�FIHRX7b � [cfTF
ng[cfKCEJ^CEJSX�jGFiV JSj�CEX�� � � � �|X�n-FIj HEFIvcQqFijrCUHz[7b CEFIf \IX�QtnGNxCEJSjGv�CUDPF�fKJLVGvcFM]^JLjPFIH�boX�f FI[c\mD ��FifTCEF#%��
� [c\mD XcbzCEDGFIHTFaHEFIvcQqFijrCUHq[cfEFqbofEFiF'Xcb fTJSVGv�F n=XcJSjrCUH�� � DGFang[cn-FIf�HEDGX�~ FIV CUDg[7C�[7]^]�n-XcJSj�CEH
~zJ^CUDPJSj X�jPFMX7b=CEDGFIHTF�HTFIv�QtFIjrCEH�HEDG[cfEFzCUDPF�HE[cQtFMHTFiC Xcb=FIVGv�FMHEFis�NGFIjG\iFIH�� � _�\IX�QtnGNPCTJLjPv�CUDPF
HTCU[cf�NPjPboXc]SVPJLjPv ~zJSCED�fEFiHEn-FI\iC�CUXa[qHEFi]SFI\yCUFiV n-XcJSjrC�JSj�Fl[c\mD X7b9CUDGFiHEF�HTNGOx�`HTFIv�QtFij�CEHI� � � � � �
FIVPv�F�HTFIs�NGFijG\IFiHz[cfEF JSjGVGNG\iFIV'HKJLjG\iF�FI[c\mD'NGjxboXc]LVxJLjGvZnGfTXxVGNP\IFIH � � � ��� FIVPv�F�HTFIs�NGFijG\IFiH�� � DGF
[7]Sv�X�fKJSCEDGQ nGfEXAVGNG\iFIHz[7j FIVPv�F�HTFIs�NGFIjP\IF�CUfTFIFM~zJSCED � � � �|VGFInPCEDa[cjGV � � � � �|jGXAVGFIH��9B<]L[7CUFif
ng[cn-FIfzOr_aB�fEX�jPX �a[cjGV } � k X�NGfT�cF 	 � � �:nGfTX �cFIV CUDGF�jGXcjx�`X���FifT]L[cnGnPJSjGvqnGfEXcn=FifTC`_aXcb5CEDGF�HTCm[7f
NGjPboX7]LVPJSjGvR[7jGV'DGFy]Ln-FIVanGfTX��AJSVGF [�]SJ^CECT]LF�QtX�fEFMJLjrCUNxJSCTJLX�jaOr_qHEDPX ~zJSjGv�CEDg[7C�CEDGF�fKJLVPv�F�CEfEFIF�Xcb
��JSH jGXcCEDPJLjPv OGNxCMCEDGF � X�fEXcjGXcJ:VPJL[cv�fE[cQ X7b CEDGF�HTCm[7fK�`NPjPboXc]SVGFIV JLQq[cvcFIH Xcb � �
hx\mDGFy��X�j�[cjPV } � kMX�NPfE�cF 	 ����� �5VPJSV�nPfEX���JLVGF�[cj�[7]LvcX�fTJ^CUDGQ CUXqnGfEXAVGNG\iF � � � � ��FiVGv�FZHEF �

s�NGFIjP\IFIH�OGNPC CUDGFyJLf [7]Sv�X�fTJ^CUDPQ fEFisANxJLfTFIH � � � � ]SX�v � � CEJSQtF�[7jGV � � � � �|HTng[c\iF � YgNGfTCEDGFIfTQtX�fEF7�
[7b CEFIf CUDPJSHunGfTFInGfTXx\iFIHEHKJLjPvRHTCUFin$�xCEDGFiJSfu[/]Lv�XcfTJ^CUDGQ \l[7j'fEFin=X�fKC CEDGF�FiVGv�F�HEFIs�NGFijG\IFiHzCUfU[l�cFIfEHTFIV
Or_&[/]S] HEDGXcfTCUFiHTCRnG[7CUDGH�\IX�jPjGFI\yCEJSjGv�[�vcJ^��Fij ng[7JSf�Xcbzs�NGFifT_ n=X7JLjrCUH�]S_�JSjGv X�j&FiVGv�FiH�XcbzCUDPF
n-Xc]S_ADGFiVGfEXcj JSj�]LX�v�[cfTJ^CUDGQRJS\�CEJSQtF ��B�vr[cfT~�[7]9FyCZ[7] � 	 / �eCUDGFij�nGfEX���JLVPFIV [ QtXAVPJ^pg\l[7CTJLXcj�CEX
CUDPFiJSf|[7]Sv�X�fKJSCEDGQ�Xcb 	 � �xHTX�[7H�CEX�\iX�QtnGNPCUF CUDPF F$%G[7\iCeHTFiC Xcbg[/C QtX�HKC � � � � �=FIVGv�F HEFis�NGFIjG\iFIHeJSj
� � � � � � � ��]SX�v � � CEJSQqF7�x~ DGFifEF � � � � JLH�[cj'F$%xCEfEFiQqFy]S_ HT]SX�~1v�fEX�~zJSjGv�boNGjP\iCEJSX�j � NGHEFiH�JSj��cFIfTHEF
B�\m�7FIfTQ [7j�boNGjG\yCEJSX�j�� �

'�� � � � � + �� �$���
� )��*��� 	���� � �!�$%!� � � �$� � ������� 


� DGF�nGfEX�Ox]LFiQ Xcb pgjGVPJSjGva[ HEDGX�fKCUFiHTC�nG[7CUDWbofEX�Q [ n-XcJSjrC�X�j�X�jGFZ\IX�jr��F$%�n-Xc]^_xDPFIVGfTX�j�CUX [
n-XcJLjrC�X�j'[cjPXcCUDGFif�VPJSH � X7JLjrCun-Xc]^_ADGFIVGfTX�jaDg[cH O=FiFIj'HKCUNGVxJLFiVaO�_ �u[/]SCEHU[cja[7jGV hxDg[7fTJSf 	 � � � �9�`j
CUDPFiJSf nG[cn=Fif9CUDGFy_tHEDGX�~ FIV CEDg[7C [�HEDGX�fKCUFiHTC ng[7CUDtJSj HTNG\mD'[�HE\iFIjg[cfKJLXZ\IXcjGHTJSHTCEH�Xcb � n-X�fKCEJSX�jGH �
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[�HEDGX�fKCUFiHTC'nG[7CUD X�j CEDGFWHTCm[7fTCEJSjGv n=Xc]^_ADGFIVPfEX�j bofTX�Q CEDGF3HTX�NGfT\IF3CEX [ HA/ � G @�� n=X7JLjrCl��[
HTCEfU[7JSv�DrCZ]SJSjGF nG[7CUD bofEX�Q CEDGFqCU[c�cF X�� n-XcJLjrCZCUX3HEX�QtF -0/21.92;=1ML n=X7JLjrC�X�j CEDGF VPFIHTCTJLjG[7CEJSX�j
n-Xc]S_ADGFiVGfEXcj$� [cjGV pGjg[7]^]S_c� [�HEDGXcfTCUFiHTCRnG[7CUD bofTX�Q CUDGF ] [cjPVPJLjPv n=X7JLjrC�CEX�CUDPF'VGFIHKCEJSjg[7CTJLX�j��
Y JSv�NGfTF � �^� � HEDGX�~ H�[cj<F$%P[cQtnP]LF Xcb�CEDGF HKCUfTNG\iCENGfEF XcbR[ HEDGXcfTCUFiHTC�ng[7CUD<O=FyC`~�FiFIj CEDGfEFiF
n-Xc]S_ADGFiVGfU[RJSjW~ DPJS\mD3CEDGFIfTFZ[cfEF C`~ XqCU[c�cFiX�� � � 	 � � �$�u[7jGVaC`~�Xq] [cjPVPJLjPv ��� 	 � � � n-XcJLjrCEH#� �
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Y JLvcNGfEFt� �^� � � � DGF�HKCUfENP\iCUNPfEFZXcbe[tHEDPX�fTCEFIHTCMng[/CUDWO=FyC`~�FiFIj3CEDGfEFiF�n-Xc]^_ADGFIVGfE[ �

�u[7]S\INP]L[7CEJSX�j3Xcb|CEDGFZCU[c�cFiX�� [cjGVW] [cjPVPJLjPv n-XcJSj�CEH�FiHEHTFIjrCEJL[7]^]S_3HEXc]^��FiH�CUDPFZnPfEX�OP]SFIQ HKJLjG\iF
CUDxJLH ]LFI[l��FIH�NGHM~zJ^CUD [cj�[/]LfTFl[cVP_WHTXc]S�cFIV nPfEX�OP]SFIQ X7b9\IX�QtnGNxCEJSjGv'[tHEDGXcfTCUFiHTC�ng[7CUD3O=FyC`~�FiFIj
C`~ X n=X7JLjrCUH�X�j&[�\iX�jr��F$%&n-Xc]^_xDPFIVGfTX�j$�e~ DPJS\mD Dg[cH�[7]LfTFl[cVx_ O-FIFij VPJSHE\INPHEHEFiV�� � DGFy_&HTXc]S�cF
CUDxJLH nGfEX�Ox]LFiQ JSj � � � ��� ,����	�
� ����
�� ]LXcv � �eCEJSQtF�~ DGFifEF � � � �|JSH CEDGF�JSjr��FIfTHEF Xcb CUDGF�B�\m�cFifEQq[cj
boNGjG\yCEJSX�j�� � DGFy_aO=FivcJSj3Or_ang[7fTCEJ^CEJSX�jPJSjGvRCUDPF HTCm[7fTCM[cjGVWFIjPVWn-Xc]^_ADGFIVGfE[tJSjrCUXtHT]^JS\IFIH�[cHzVGXcjGF
Or_ �WX�NGjrC 	 ��� � � � DGF'jGF$%xC�HTCUFin JSH�CUX�VGFiCEFIfEQRJSjGF CEDGF C`~ X�HEFisANPFIjG\iFIHRXcb FiVGv�FIHZCUDg[/CR[cfTF
ng[cHTHEFiV CEDGfEXcNGv�DaX�j'CEDGF�pgfTHTCM[cjGV ] [cHKC n=XcfTCEJSX�jGH Xcb [�HEDPX�fTCEFIHTC nG[7CUD�� h�JLjG\iF�CUDGF fKJLVPv�F�]^JLjGFiH
HEnx]SJ^C CEDGF�n-Xc]^_xDPFIVGfE[7]�FiVGv�FiH JSj�CEX [7C QtX�HTC � JSjrCUFIfK�7[7]LH Fl[c\mD �uCUDGFifEF [7fEF [/C QtX�HKC � � � � �
JSj�CEFIfK�c[/]LHZn=Fif�n-Xc]^_ADGFIVGfTX�j�� � DGF OG[cHTJS\qJSVGFI[3Xcb VGFiCEFIfTQtJSjPJSjGv�CU[c�cFiX�� [cjGV�] [cjPVPJLjPv3n-XcJSj�CEH
JSH�CUX CUfK_&[/]S]�ng[7JSfEHRXcb CUDPFIHEF fKJLVGvcFy�`VPFipgjGFiV FIVGv�F'JSjrCUFifT�7[7]SH � X�jGF'bofTX�Q Fl[c\mD n-Xc]S_ADGFiVGfEXcj��
boX�f�[ CUX7Cm[7]�Xcb � � ��� �zng[/JLfTH�� � DGFi_3HEDGX�~ FIV�DGX�~ Fi��FifI�$CEDg[7CMCUDGFifEFR[cfTF�X�jx]S_ � � � � ��ng[7JSfEH�Xcb
FIVPv�FIH�CUDg[/C�[7fEFtjGXcC�CUX7Cm[7]^]S_ X�OGHE\iNGfEFiV bofTX�Q X�jGFq[cjPXcCUDGFif�� � DGFiJSf�[7]LvcX�fTJ^CUDGQ fEFIVPNG\IFiH�CUDPF
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j�NGQ�O-FIf�Xcb \I[cjGVPJSVg[7CEFRng[7JSfEH Or_ F$%G[7QtJSjPJSjGv CUDGFRn-X�fTCTJLXcjGH Xcb FIVGvcFIH�CUDG[7C�[cfTF��AJSHTJSOP]SFRbofEX�Q
Fl[7\mDWX7CUDGFif�� YgX�f�FI[c\mD3nG[7JLfi�PCUDPF HEFIs�NGFijG\IFZXcb�FIVPv�FIHu]^_�JLjGvtJSj'CUDGF HE[cQtFZn-FIFy]5[cH�CEDGF \mDGX�HTFIj
JSj�CEFIfK�c[/]LHz[7fEF boX�NGjGVa[7jGV CUDPF�\mDGX�HTFIjang[/JLf \l[cj'O-FMfENP]SFIVaX�NxC J^b:CUDGF�HEDGXcfTCUFiHTC�ng[7CUD VGXxFiH�jGX7C
fEFiQq[7JLj ~zJ^CUDPJSj3CEDGF�n=FiFi] �

hxDg[cfKJLf 	 ���	, �u[/]LHTX�[cVGVGfTFIHEHTFIV CUDGF nGfEX�Ox]LFiQ Xcb \iX�QtnGNPCEJSjGv [�HTDGX�fTCEFIHKCtng[7CUD [7QtJSVGHKCt[
p %xFIV j�NGQ�O=Fif � X7bu\IXcj��cF#%&n=Xc]^_ADGFIVPfU[�Dg[l��JSjGv�[7]^CUX�vcFiCUDPFIf � ��FifTCTJL\iFIH�� ��F \i]L[7JLQtFiV CUDg[/C
CUDxJLH nGfTX�OP]SFIQ nGfTXxVPNG\IFiH�� � � � � � n-X�HEHKJLOx]LFZFIVGvcF HEFIs�NGFijG\IFiH [cjGV \I[cj O=F�HEX7]S�cFIV JLj � � � ��� � � �
CEJSQtF � ��FRVGXAFIH jPXcC�[cVGVPfEFIHTH CUDGFRnGfTX�OP]SFIQ Xcb VGFiCEFIfEQRJSjPJSjGvW~ DxJL\mD�Xcb CUDPFR\IX�jr��F$% n=X7]S_ADGF �
VGfE[�[cfTF JSj�CEFIfTHEFI\yCUFiV O�_ [3HTDGX�fKCUFIHKC�ng[/CUD bofTX�Q CUDGFqHEXcNGfE\iF CUX3VGFIHKCEJSjg[7CEJSX�j$�e[cHEHTNGQRJLjGv�DGF
JSHt[7]LfTFl[cVx_ vcJ^��FIj CUDPFIHEF n-Xc]^_xDPFIVGfE[ � ��F'CEDGFIj HEDPX ~ FIV CUDG[7Cq[�HEDGX�fKCUFiHTCqng[7CED&JLHtjGXcCEDPJSjGv
OGNPC HTNGOGng[7CEDGH CUDg[7C [7]^CUFifEjg[/CUF O=FyC`~�FiFIj'HTDGX�fKCUFIHKC�nG[7CUDGH X�j [ n=Xc]^_ADGFIVPfEX�j [cjGVqHTCUfE[7JSv�DrC ]^JSjGF
HEFiv�QtFIjrCUH�CUDg[7C � XcJSj3CEDGFIHTF�HTDGX�fTCEFIHKC�ng[/CUDGH�O=FyC`~�FiFIj�C`~ X'n-Xc]S_ADGFiVGfU[��uB�vr[/JLj$�gCEDGF�nPfEX�OP]SFIQ
FIHTHEFij�CTJ [/]S]^_�JSjr��Xc]^��FiH \mDGXxXcHTJSjGv'[cnPnGfEX�nPfTJL[7CUF�Cm[c�7FIX�� [cjGVW] [7jGVPJSjGv n-XcJSj�CEH�boX�fMFl[7\mD n=X7]S_ADGF �
VGfTX�j�� � DGFiHEFZn=XcJSjrCUH VGFypgjGFZFIVGv�F HTFIs�NGFijG\IFiH [cjGVaCUDPFIfEFyboX�fEF7�gDPJSH CEFI\mDGjxJLs�NGFZboX�fu\IXcQqnPNPCEJSjGv
FIVPv�F�HTFIs�NGFIjP\IFIH X�j [�HKJLjGv7]LF�n-Xc]^_ADGFIVGfTX�j JSHu[7]SHEX�[cnGnP]^JL\I[cOP]SF�CEX�CUDPJSH�\I[cHEF�Xcb:Q�NP]SCTJLnx]LF�n-Xc]^_r�
DGFiVGfU[ �

{|[cnG[cVPJSQtJ^CUfKJLXcN 	 ����� ��nGfTX��AJSVGFiVa[cj [7]LvcX�fTJ^CUDGQ"CUXZ\IX�QtnGNxCUF � � [cnPnGfEX %AJLQq[7CTJLXcjGH�Xcb=HEDPX�fTCK�
FIHKC�nG[7CUDGH�[cQRJSVGHTC�n=X7]S_ADGFiVGfU[7] X�OGHKCm[c\y]LFiH�JSj � �`HEnG[c\IF � � DGF [7]LvcX�fTJ^CUDGQ fTNGjGH�JLj � � � � � � �

]SX�v � � � �$� � � � � � � CTJLQtFc�G~ DPFIfEF � JLH CUDPFZj�NGQ�O=Fif�X7b|Fy]LFiQqFijrCUH � ��FifTCEJS\IFiHI��b [c\IFiH�[7jGV3FiVGv�FiH#� Xcb
[7]^]�n=Xc]^_ADGFIVPfU[ [7jGV ��fTFInGfTFIHEFijrCUH�CEDGF�OxJSC�nGfEFi\iJSHTJSX�j�� � DGF�[7]Sv�X�fTJ^CUDPQ VPJ^�AJSVGFiH�CUDGFZFIVPv�FIHMXcb
CUDPF n-Xc]S_ADGFiVGfU[�JSjrCUX�JSjrCUFifT�7[7]SH�Og[cHTFIV&X�j&[�v�FIXcQqFyCUfKJL\ nGfEX�vcfEFIHTHTJSX�j&~ DPJS\mD VGFIn-FIjPVGHRX�j ���
��DGXcJ�FiC�[7] � 	 ,�� ��]L[7CEFIf�nPfEFIHTFIjrCUFiV [�fEFypgjGFIQtFij�CRCEX�CUDxJLH�[7]LvcX�fTJ^CUDGQ �3�`j&boXc]S]SX�~u�`NGn ~�X�fT���
��DGXcJ�FiCt[/] � 	 ,32 ��CUXAX�� [�\y]LX�HTFIf�]SXxXc� [/C�CUDPF'nGfEFi\iJSHTJSX�j JLHTHENGFiH � OPJ^CR\iX�QtnP]LF$%AJSC`_��ZXcbzCEDGFiJSf
Fl[7fT]^JLFif�~�X�fT� JSj 	 ,�� � � � DGFy_&F$%G[7QtJSjGFiV CEDGF']LX�~ ]SFi��Fy] X�n-FIfU[/CEJSX�jGHRXcbzCEDGFiJSft[7]Sv�X�fTJ^CUDPQ JSj
X�fTVGFIfzCUXtVGFyCUFifEQRJLjPFZCEDGF�\IX�QtnP]SF#%AJ^C`_W~zJ^CUDWfEFiHEn-FI\yC�CEXqnPfEFI\yJLHKJLXcj��

� ] [7fE��HEX�j 	 ,c� �t[7]SHEX1nGfTX��AJSVGFiV [cj�[7]Sv�X�fKJSCEDGQ CEX1\IX�QtnGNPCEF [cj � � [cnPnGfEX %AJLQq[7CTJLXcj�boXcf
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ng[7CEDGH�[cQRJLVGHKC�n-Xc]^_ADGFIVGfE[7] X�OGHTCU[c\i]SFIHZJLj � � HEng[c\iFq~ DxJL\mD&fTNGjGHZJLj � � � ��� � � ��]LX�v � � � � � � � � �
� � ]SX�v � � ]LXcv � � ]SX�v � � �zCTJLQtF � �MFIfTFc� � JSH�CUDGF�fE[7CEJSXaXcb9CEDGF�]LFijGvcCED�Xcb CUDGF�]SX�jGvcFIHTC�XcOGHTCU[c\i]SF
FIVPv�FuCUX�CEDGFzVPJSHTCm[7jG\IF O-FiC`~ FIFIj ��[7jGV �$� � DGFzboNGjG\yCEJSX�j � � � � � � � � �������
� � ����� ��� � ��~ DPFIfEF � � � �
JSH�[�boX�fTQ Xcb�JLjr�cFIfEHTF�Xcb B�\m�7FIfTQ [7jGj�� H�boNGjG\yCEJSX�j��

'�� � � � � � � � 
	� �$� � � �$�!%$� � � �!� � ���������$�

� DGF�[cnGnGfTXr[c\mD Xcb|nGfEF �`\iX�QtnGNPCEJSjGv'FiVGv�F�HEFIs�NGFijG\IFiH�O=Fi\IX�QtFIHMJLQtnGfE[c\iCTJL\I[7]�~ DGFIj CEDGF�n-Xc]^_r�
DGFiVGfEX�j JLH�jGX�jx� \IX�jr�cF#%�� B�]^CUDGX�NPv�D �3XcNGjrC 	 � � � Dg[cHZHEDPX ~ j&CEDg[7C�CUDPFIfEF [cfEFtJSj CUDPFq~ X�fEHKC
\l[7HEF�� � � � ��HTDGX�fKCUFIHKCT� ng[7CUDqFIVPv�F HEFIs�NGFijG\IFiH�boX�f [cj � � ��FifTCEF#%q\IXcj��cF#% n-Xc]S_ADGFiVGfEXcj$�rCUDPJSH VGXxFiH
jGXcC�DGXc]SV boX�f jGX�jx� \IX�jr�cF#% n=Xc]^_ADGFIVPfU[ � � DGF�Q [/JLj'nPfEX�OP]SFIQ JSH CEDg[7CuHTDGX�fKCUFIHKCzng[7CEDGH�Xcj jGX�jA�
\IXcj��cF#% n=X7]S_ADGFiVGfU[�Qq[l_ ng[cHTH�CUDPfEX�NGvcD ��FifTCTJL\iFIHR[cjPV DGFijG\IF'VPXxFiH�jGX7C�jGFi\IFiHEHU[7fTJ^]S_ NGjPboXc]SV
JSj�CEX HKCUfU[/JLv�DrC ]^JLjGFiH�� Y JSv�NGfTFt� �S� � HTDGX�~ H�[cjWF#%P[cQtnP]SF�Xcbe[qjPX�jx�`\iX�jr��F$%�n-Xc]^_ADGFIVGfTX�j3~ DxJL\mD
\l[7j�]LFI[cV CUX [cj F$%Pn-X�jGFijrCEJL[7]ej�NGQ�O=Fif Xcb9n-X�HEHKJLOP]SF�HTDGX�fTCEFIHKC ng[7CED FIVGvcF�HEFisANPFIjG\iFIH�� � X'HEFiF
CUDxJLHi�ACEDPJLjP�RXcb$FI[c\mD n-Fl[c�t[7H O-FiJSjGv�[ � n-FIjG\yJS]�CTJLn � � � DGFMng[7CUD Qq[�_tvcXZ]SFib C X�f fTJSv�DrC�[cfEX�NPjGV
Fl[7\mD n=FijG\iJ^] CTJLn �|]LFI[cVPJSjGv�CEX � � , � ��n-X�HTHTJSOP]LF HEDGX�fKCUFiHTCRng[/CUD&FiVGv�F HTFIs�NGFijG\IFiHI� ~ DGFIfTF���JSH
CUDPFZj�NGQ�O=Fif�X7b|n-Fl[c��H��

� DGF�\iX�QtnGNPCU[7CEJSX�j Xcb �9NG\i]^JLVPFl[cj�HTDGX�fTCEFIHKC�ng[7CEDGHMX�j�jGXcjx�`\iX�jr��F#%�n-Xc]S_ADGFiVGfU[ Dg[cHMO=FiFIj
JSj��cFIHKCEJSvr[7CUFiV�Or_ 	 2x�c�$,x�c�$030A�=��0x� � � � � ~ X Xcb CUDGFiHEF�[7]LvcX�fTJ^CUDGQtH � 	 ,x� �@� 	 030 � � NGHEF�CUDPF�jGX7CEJSX�j
Xcb [ ,.3 @ �>G:E7HJ;A@B1 �M��X�jPHTJSVGFIf�[cj NGjPboX7]LVGFiV HT]SFIFy��F�X7beCUfKJ [cjPvc]LFiH�JSj�CUDPF�nP]L[cjGF7� fTFInGfTFIHEFijrCEJSjGv [
ng[cfKCEJS\INP]L[cfuHTDGX�fKCUFIHKCT� ng[7CUDaFiVGv�F�HTFIs�NGFijG\IF ���1DGFij'CUDGF�b [c\IF�\iX�jrCm[7JSjPJSjGv�CUDPF�HEX�NPfE\IF�n=XcJSjrC�JSH
NGjPboX7]LVGFiV�X�jrCUXqCUDGF�nx] [cjPFc�=CEDGF�n-XcJSjrC�fEFinGfEFiHEFij�CTJLjPv CEDGF�n-X�HKJSCTJLX�j�Xcb ��JLH�\l[7]^]LFiV CUDGF ;��5/�L G
Xcb �r��[7jGVWJ^CMJLH VGFijGXcCUFiV�DGFifEF�[cH � � � B ,.3 @ �>G:E7HJ;A@B1 Xcb � � CEDGfEX�NPv�D�[tHT]SFIFy��F�Xcj�CEX [7j3FiVGv�F � �
JSHzFIHEHTFIjrCEJL[7]^]S_c�gCUDGF n-X�fTCTJLXcjWX7b FiVGv�F�� � CEDg[7CuJSHu��JLHKJLOP]SF bofEX�Q � � � � DGF�nGfTX � FI\yCEJSX�jaJLHzVGFijGXcCEFIV
[cH � � ��
 � ��� � � � � � � DPF�nGfEX � FI\iCTJLXcj CUX�vcFiCUDPFIf�~zJ^CUD CEDGF�JSQq[cv�F�X7b:CUDGF�HEX�NGfT\IF�n-XcJSjrCuFIHTHEFij�CTJ [/]S]^_
VGFypgjGFa[W\IX�jGFqJLj ~ DPJS\mD [cj&NGjPboX7]LVGFiV&HEDPX�fTCEFIHTC�ng[7CED bofEX�Q � � CUX � � Q�NPHTC�]^JLF � B boNGfKCUDGFif
nGfTX � FI\yCEJSX�j CUDPfEX�NGvcD � � \I[cHTCEHu[ 4:P)/ 9F@ � X�j'XcjGF�Xcf O-XcCUD Xcb$CEDGF�fTFIQq[7JSjPJLjPv�C`~�X�FIVGv�FiH�Xcb:[cj
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Y JSv�NGfTF3� �^� � ��B�j F#%P[cQtnP]SF JLj ~ DPJS\mD&CUDGFifEFqQ [l_ O-F � � , � ��n=X�HTHTJSOP]SF HEDPX�fTCEFIHTC�ng[7CED FIVPv�F
HEFis�NGFIjG\iFIH�O-FiC`~ FIFij3C`~ X n-XcJSj�CEH��

X�NPCEHTJSVGF�b [7\IF � � DPJSH�HTDg[cVGX�~�JSH�FIHTHEFij�CTJ [/]S]^_ X�jPF�X�f C`~ X'jGFi~"nGfTX � FI\yCEJSX�jGH�fEFInPfEFIHTFIjrCEJSjGvaCUDPF
NGn-Vg[7CEFIV���JSHTJSOPJS]^J^C`_3bofTX�Q���� � Y JSv�NGfTF � �^��/RHEDGX�~ H [7j�F#%P[cQtnP]SF�X7b [ nGfTX � FI\yCEJSX�j Xcbe[ HTX�NGfE\iF
JSQ [7v�F � � X�jrCEX [7j3FiVGv�F�� � [cjGVaJSCEH HEDg[cVPX ~�nGfEX � Fi\iCTJLX�jPH��
�WJ^CU\mDGFy]S]PFiC9[/] � 	 0�0 �AnGfEX���JLVPFIVt[cj � � � � ]LX�v � �:[7]Sv�X�fKJSCEDGQ�boX�f�\IX�QtnGNxCEJSjGv�HEDPX�fTCEFIHTC|ng[7CEDGH

X�j ['jGX�jA�`\IXcj��cF#%�n-Xc]^_ADGFIVGfTX�j�~ DPJL\mD [7]SHEX NGHTFIV � � � � �MHTng[c\IF � � DGFyJLf�[cnPnGfEXr[7\mD NPHEFIH�CUDPF
\IXcj�CTJLj�NGXcNGH w J�� �AHKCUfE[WCUFi\mDGjPJSs�NGF �WB�HZCUDGFt~u[l�cFibofEXcj�C�F#%xng[cjGVPH�bofEX�Q ���5JSC��cFiFInGH�boXcfZFI[c\mD
FIVPv�F [�HEFyC9Xcb-nGfEX � FI\iCTJLXcjGH � JSjrCUFIfK�7[7]LH Xcb�XcnPCEJSQq[7]SJ^C`_���FIQq[cjg[/CEJSjGv bofEX�Q � � � J � F �S��CEDGFuNGjxboXc]LVPFIV
JSQ [7v�F�Xcb � �zCEDGfEX�NPv�D�['HT]SFIFy��F � } jG\iF�\IX�QtnP]SFiCEFIV$�:FI[c\mD�FIVGvcF�\IX�jrCU[7JLjPH NGn CUX � JLjrCUFifT�7[7]SH
Xcb|X�nPCEJSQq[7]^JSC`_ � � DGFZng[7CEDWbofTX�Q CUDPFZHTX�NGfT\IF�CUXqFl[c\mD3nGfEX � Fi\iCTJLX�j3fEFinGfEFiHEFIjrCEH�[tHTCUfE[7JSv�DrCT� ]^JSjGF
FIVPv�F�HEFis�NGFIjG\iF � �MX ~ Fi�cFIfi�:HTJSjG\IF�CEDGF�nGfTX � FI\yCEJSX�jGH [7fEF�nPfEX�ng[7vr[7CUFiV�JSj�JLjP\IfEFI[cHTJSjGvaX�fTVGFIf�Xcb
CUDPFiJSf�VPJSHTCm[7jG\IF'bofTX�Q �r�9XcjP]S_ HEDPX�fTCEFIHTCK�`ng[/CUD FIVPv�F'HEFis�NGFIjG\iFIH [cfEF nGfEXAVGNG\iFIV���B HTDGX�fKCUFIHKC
ng[7CED3X7b �'HEFiv�QtFIjrCUHMCUXq[cjr_as�NGFifT_ n-XcJLjrCM\l[7jWCEDGFIjWO=F boX�NPjGVWJSj�� � � � ]LXcv � � CEJSQqF �
��DGFIjq[cjPV ��[cj 	 ,x� �PnGfEFiHEFij�CEFIV [cjR[7]Sv�X�fKJSCEDGQ�CUX \iX�QtnGNPCUFu[�HEDGX�fKCUFiHTC9ng[/CUDRX�jR[�\iX�jr��F$%

n-Xc]S_ADGFiVGfEXcj bofEX�Q [Zp %xFIV HEX�NGfT\IF�n=XcJSjrC � � � DPFiJSfu[7]Sv�X�fKJSCEDGQ nGfTFInGfTXx\iFIHEHTFIHuCEDGF�n-Xc]^_ADGFIVGfTX�j
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e

k


proj(s’, e      
j   
)


proj(s’, e      
k   
)


proj(s’, e      
i   
)


Y JSv�NGfTF � �^��/ � � DGF�nGfTX � FI\yCEJSX�j�Xcb [ HEXcNGfE\iF�JLQq[cvcF � � Xcj�CEX&[cj FIVGv�F � � [7jGV J^CUH HTDg[cVGX�~
nGfTX � FI\yCEJSX�jGH��

JSj � � � � �|CEJSQqF�[cjGV � � � �9HEnG[c\IF � � DGF [7]Sv�X�fKJSCEDGQ FIHEHTFIjrCEJL[7]^]S_'NGjPboXc]SVGH b [7\IFIH�Xcb$CUDPF�n=X7]S_ADGF �
VGfTX�j ~zJSCED�fTFIHEn-FI\yC CEX � HENP\mD�CUDG[7C5X�jP]^_ HT]SFIFy��FiH|fEFinGfEFiHEFij�CTJLjPv�HEDGXcfTCUFiHTCK�`ng[7CED�FiVGv�F HEFis�NGFIjG\iFIH
[cfTF�nGfEXAVGNG\iFIV��
� [c\mD HK]LFiFi��F JSHuFIs�NPJ^�7[7]SFIjrCzCUXt[�nG[7CUD'JSj'CUDGF�VGNg[7]=Xcb5CUDGF�n=Xc]^_ADGFIVPfEX�jaFiQ [ �
jg[7CTJLjPvqbofTX�Q CUDGFZHU[7QqFZHEXcNGfE\iF���FifTCEF#%�� � DGF�[/]Lv�XcfTJ^CUDGQ O-FIv7JLjGHMOr_WnGfEX�nG[cvr[7CTJLjGvqX�NPC`~�[cfTVGH
bofEXcQ �aCUDGfTX�NGv�D&J^CUHt[cV �K[c\IFij�CtCEfTJL[cjGvc]SFIH�� w NGfKJLjGv�nPfEX�ng[7vr[7CEJSX�j$�9FI[c\mD FIjG\iX�NGjrCUFifEFIV FIVPv�F
Qq[7JSj�CU[7JSjGH�CEDGF�JSQq[cv�F � � Xcb���[7jGV3J^CUHM\IX�fTfEFiHEn-X�jGVPJSjGv'nGfTX � FI\yCEJSX�j�CEDGfEX�NPv�D3CEDGF�HK]LFiFi�cF � HEFiF
[cvr[/JLjWY JSv�NGfTFq� �S��/ � �
� [c\mD�jPFi~�nGfTX � FI\yCEJSX�j JLH \IfTFl[7CEFIVWbofEX�Q [7jWF$%xng[cjGHKJLX�j3Xcb9[7jWFiVGv�FZHEF �
s�NGFIjP\IF�Or_ X�jPF�FIVGvcF � } jP]S_ HT]SFIFy��FiH ~ DxJL\mD nGfTXxVGNP\IF jGX�jA�`FIQtnPC`_ nGfEX � FI\iCTJLXcjGHuXcb5CUDPF�JLQq[cvcF
[cfTFu\l[cjPVPJLVG[7CUFiH boXcfeF#%xng[cjPHTJSX�j�� Y JSv�NGfTF�� �^� ��HEDGX�~ H9CUDPF�pgfEHKC9CUDGfTFIFzHKCm[cv�FiH9Xcb�CUDGF [/]Lv�XcfTJ^CUDGQ
~ DPJS\mD nGfTXxVPNG\IFtFIVPv�FtHEFIs�NGFijG\IFiH�Xcb HTJ
�IFiH ���-,a[cjGV � � � DGFtHEDG[cVGFIV \IX�jPFIH�fEFinGfEFiHEFIjrC��c[/]SJSV
HEDPX�fTCEFIHTC�ng[7CED fEFIv7JLX�jPH��

� X [l��XcJSV [cj F$%xn=X�jPFIjrCEJL[7]Mj�NGQ�O-FIfqXcb�NGjPboXc]SVPJSjGv�HI��[�\IfENP\iJL[7]z]LFiQtQ [�JLHtvcJ^��Fij ~ DxJL\mD
fEFiVGNG\iFIH CEDGFWjANPQ�O-FIf X7b�HEDPX�fTCEFIHTCK�`ng[/CUD NPjPboXc]SVPJLjPv�HqCEX O-F Xcb�]^JLjPFl[cfqHTJ
�IF � ��X�jGHTJSVGFif CUDPF
CUfKJ [7jGvc]SF 	���
�� ~zJ^CUD�C`~ X�nGfTX � FI\yCEJSX�jGH X�j�FiVGv�F 
���FIQq[cjg[7CTJLjPv�bofEXcQ�C`~�X�HEFInG[cfU[7CEF�HTX�NGfE\iF
JSQ [7v�FIH�� 	'[7jGV���� � HTFIF�Y JSv�NGfTF&� �^��2 � �"B�HTHENGQtF�CUDG[7C O=X7CUD�nGfTX � FI\yCEJSX�jGH Dg[l��F�HTDg[cVGX�~ H
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Y JSv�NGfTFq� �S� � � � DGF�pgfTHTCMCUDGfTFIFZHTCm[7v�FIHMXcb|CEDGF�[7]LvcX�fTJ^CUDGQ Xcb ��DGFij�[cjGV ��[cj��zhxDg[7VGFIV3\IX�jGFiH
fEFinGfEFiHEFij�C�n=XcHEHTJSOP]SF�NGjPboXc]SVGFIV3HEDGXcfTCUFiHTCMng[7CED3HK]LFiFi�cFIH�bofTX�Q � �

\IX��cFIfTJSjGv � � �:FiC � � O-FZCEDGF�VxJLHKCm[cjG\iF�bofEXcQ JLQq[cvcF � � �g~ DGFIfTF � � � � ,q[cjPV3~zJ^CUDGX�NxC�]SX�HEHMXcb
v�FijGFIfE[7]SJ^C`_ ]SFiC � � � � 	$� � DGF ]LFiQtQ [MHEDGX�~ H5CUDg[/C|[/]SCEDGX�NGv�D�CUDPF HTDg[cVGX�~ X7bGO-XcCUDZnGfEX � FI\iCTJLXcjGH

I
1

I
2


A


B

C


d
1
 d
2


proj(I   
2
 , 
BC
)


proj(I   
1
 , 
BC
)


A


s’


s’


Y JSv�NGfTF�� �^��2 � � DGFu\ifENG\yJ [/] � X�jPFy� [7jGvc]SFy�`XcjGFy� HEnP]^JSC���]SFIQtQq[�XcbGCUDPF ��DGFIjt[7jGV ��[7jR[7]Sv�X�fTJ^CUDPQ �

\IX��cFIfEH ���AX�jP]^_ XcjGF�Xcb CUDGF�nGfEX � Fi\iCTJLX�jPH ~zJ^]S] [7]^]LX�~�boNGfKCUDGFif�F#%xng[7jGHTJSX�j CEDGfEX�NPv�D'O-XcCUD FIVGv�FiH

 ��[cjGV � �"� hAJSjG\IF�J^C�Dg[7H�O-FIFij [cHTHENGQtFIV3CUDg[7C � ����� 	 �gCUDPFIj3CEDGFZng[7CUDWbofEX�Q ���MCEX ��JSH
HEDPX�fTCEFIfuCUDG[cjaCUDGF�ng[7CEDabofEX�Q �
	 CUX � ����XcjGHTJSVGFIf ng[/CUDGHzbofEXcQ � 	z[cjPV ���uCUXRn-XcJLjrCEHMXcj ��� �
� C \l[7jaO=F HTDGX�~ jWCEDg[7CzCUDPFIHEF n-XcJSjrCUHM[cfEF�\i]SX�HEFif CEX ���uCUDG[cj��
	�[cjGV HTXtCEDGF nGfTX � FI\yCEJSX�jabofEX�Q
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	�~zJ^]S] jGX7C�nGfEX�nG[cvr[7CEF�CUDGfTX�NGv�D � �"� � DGFtnGfTX � FI\yCEJSX�j bofTX�Q ���ZQq[l_�DGX�~ Fi�cFIfZnGfEX�nG[cvr[7CEF
CUDPfEX�NGvcD 
 � [cjGV � �"�Z�`j�CEDGFR\l[7HEFR~ DGFIfTF � � � � 	y� CUDGFij �
	M~�XcNP]LV nGfTX�ng[cvr[/CUF�CEDGfEX�NPv�D
X�jP]^_ 
 � [cjGV ����CUDGfTX�NGv�D X�jx]S_ � �"��B�j [7]^CUFifEjg[7CEF'nGfTXxXcb X7bzCUDPJSH�]LFiQtQ [ boXc]^]SX ~ H�bofEX�Q
B�v�[cfT~�[7]5FiC�[7] ��	 � � �

��DGFIj3[cjGV ��[cj�� H [7]LvcX�fTJ^CUDGQ OGNPJ^]SVGHM[ 4>G	� 6 G71 E:G�HJ3 G:G fEFInPfEFIHTFIjrCEJSjGvqCUDGF FiVGv�F HEFis�NGFIjG\iFIH
~zJ^CUD�CUDGF�fTXxX7C'O-FiJSjGv&CUDGF b [7\IF \iX�jrCm[7JSjPJSjGv � �"B VGX�~ jr~�[cfEV ng[7CED�bofEX�Q ��JSj�CUDGF3CUfEFiF
fEFinGfEFiHEFij�CEH [ HK]LFiFi�cFWX7bMCEfTJL[cjGvc]SFIH�JSj ~ DPJS\mD CEDGFIfTFaF#%AJLHKCUHq[ HTCEfU[7JSv�DrC�]^JLjPFaHEFIvcQqFijrCq~ DxJL\mD
ng[cHTHEFiH�CUDGfTX�NGv�D3Fl[c\mD b [7\IFZXcbeCUDPF�HT]SFIFy��F � J � F �^� [qHEDGXcfTCUFiHTCK�`ng[7CED FIVPv�F�HTFIs�NGFIjP\IF � � � X �cFiFIn
CUDPF�CUfTFIFZ]SJSjGFl[7f�JSj HTJ
�IF7�$X�jP]^_ ]LFI[��cFIH�[cjPV�JLjrCEFIfTJSX�f�jGXxVPFIH � fEFinGfEFiHEFIjrCTJLjGv n-Xc]^_xDPFIVGfE[7] b [7\IFIH$�
CUDG[7C�DG[��cF�QtX�fTFZCEDg[cj�XcjGF�\mDxJS]SV�[cfTF��7FInPC��zB�HTDGX�fTCEFIHKC�ng[7CED3CEX'[tsANPFIfT_Wn-XcJSj�C �uJSH�boX�NPjGV
Or_tHEFI[cfE\mDPJSjGvZCUDGFzCUfTFIFzboX�f [ ng[7CED \iX�jrCm[7JSjPJSjGvZCEDGFMHEDGX�fKCUFiHTC Xcb$[/]S]gCEDGF FIVGv�F HTFIs�NGFIjP\IFIH bofEX�Q
��CUX��$� � DPJLH�\l[cj'O-FMVGX�jGF�JSj � � � ��CEJSQtF�boX�f [���� ]^JSjG� HTDGX�fKCUFIHKCzng[7CED�� ��DGFij [cjGV ��[cj'HKCm[7CEF
CUDG[7CtCUDGFyJLfRCUFi\mDGjPJSs�NGF [cjPV ]SFIQtQq[ \I[cj O-F HT]^JLvcD�CT]S_ QtXAVPJSpGFIV CUX Dg[cjGVP]SF HEDGXcfTCUFiHTC ng[7CEDGH
X�j [ jGX�jA�`\IXcj��cF#% n-Xc]^_xDPFIVGfE[P��[/]SCEDGX�NGv�D jGX�VPJSfEFi\iCtnGfTXxX7bMJSHtvcJ^��FIj � � YgX�f�jPX�jx�`\iX�jr��F$%
n-Xc]S_ADGFiVGfU[x�-CEDGFi_ Cm[7�cF�JSjrCUX [c\I\iX�NGjrC�ng[/CUDGH CUDg[/C�v�XtCUDPfEX�NGvcD3��FifTCTJL\iFIH�Xcb|CUDGFZn=X7]S_ADGFiVGfEX�j��
B ng[7CED v�X7JLjGv�bofTX�Q �WCEX ��CUDPfEX�NGvcD [ ��FifTCEF#%�� JSHR�AJSFi~ FIV�[cHRC`~�X HEFInG[cfU[7CEF HENGOx� ng[7CEDGH
bofEXcQ ��CUX���[7jGV�bofEX�Q �WCEX��$� � DGFi_�QtXAVPJ^b _�CUDPFiJSf�CUfEFiFRCUXaDg[l��FRC`~ X3�rJSjGVGH�Xcb jGXAVGFIH � [
<2G73�HIG�� jGXAVGFM[cjGV [cj G 9�L G jGXAVGF � � FIfKCEJS\IFIH � DPFIjG\iFM�cFIfTCEF#% jGXAVGFIH$� FIHEHTFIjrCEJL[7]^]S_ [c\yC [cH nGHEFiNGVGX
HEXcNGfE\iFIH boX�fe~ DPJS\mD nGfTX�ng[cv�[7CEJSX�jtXx\i\INGfTH9JLj [ HTJSQtJ^]L[cf Q [7jGjGFIf9CEX � �9{9fTX � FI\yCEJSX�jGH �cFiFIn CEfU[c\m�
XcbuCEDGFiJSf�HTX�NGfT\IF JSQq[cv�F � ~ DPJS\mD Qq[l_ O-F'[7j JSj�CEFIfTQqFiVPJL[7CUF �cFIfKCUF#% � � � DGFy_ HTDGX�~ CUDg[/C�CUDPF
HEFis�NGFIjG\iF�CUfTFIFMHTCTJS]^]-Dg[cH [7C�QtX�HKC � � � ��]LFI[��cFIHz[/C�[7j�_RCTJLQtFMVGNGfKJLjGvZCUDGF�[7]Sv�X�fKJSCEDGQ [cjGVtCUDg[/C
CUDPF�CTJLQtFZ[cjGVWHEnG[c\IFZ\IX�QtnP]SF#%AJ^CEJSFIH�VGXtjGXcC \mDg[cjPv�F �

� FIfK_�fTFI\iFIjrCE]^_�� ��[cn-XxXcf 	 2x� �AnGfTX��AJSVGFiVt[�QtX�fEF CEJSQtFy�`F �q\iJSFIjrC [7]Sv�X�fKJSCEDGQ�boX�f�HEXc]^��JLjGv�CUDPJSH
nGfTX�OP]SFIQ � �MJSH�[7]Sv�X�fKJSCEDGQ fEFisANxJLfTFIH�X�jx]S_ � � � ]LXcv � � �uCTJLQtF � � DPF�[7]Sv�X�fKJSCEDGQ JLH�Og[cHTFIV X�j�[
QtFiCEDGXxVa~ DPJS\mDaJLHuCEFIfTQqFiVaCUDGF � ~�[l��FyboX�fEQ nPfEX�ng[7vr[7CEJSX�j ��QqFyCUDGXAV�� � DPJSH QtFiCUDPXxV'JSHzOg[cHTFIV
���������
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X�jtQq[7JSj�CU[7JSjPJLjPv�[�HTFIs�NGFijG\IF�Xcb=[cfE\iH9Xcb-\iJSfE\i]SFIH9~zJ^CUDq\IFij�CEFIfTH [7He��FIfKCEJS\IFiH Xcb�CEDGFzn=X7]S_ADGFiVGfEX�j��
B�Hz~zJ^CUD CUDGF�~ X�fT�'Xcbe�WJSCE\mDGFi]^]�FiCM[7] ��	 030 �@�GCUDGF�~�[l��FiboXcfEQ JSHMF$%xng[cjGVGFiV [cjPVW\mDG[cjGv�FiHMXcjP]S_
[7C \IFifTCm[/JLj Fi��FijrCzn=X7JLjrCUH�� � DGF�[7]LvcX�fTJ^CUDGQ NPHEFIH NGjPboXc]SVPJSjGv�CEFI\mDGjPJSs�NGFIH ~ DPJL\mD [7fEFMHTJSQtJ^]L[cf CEX
CUDG[7CuXcb ��DPFIjW[cjGV ��[cj 	 ,x� � [cjGV [7]SHEXRNGHTFIHz[�DxJLFifU[cfT\mDPJL\I[7]:\iX�jr��F#%'D�NP]S]$HTCUfTNG\iCENGfEF�~ DPJL\mDaJSH
\IfTNG\iJL[7]:CEX X�OxCm[7JSj F��q\iJSFIjrC�VGFiCEFIfEQRJSjg[7CTJLX�j3Xcb Fi��FijrCUH�n-XcJSjrCUH��
� [cfU[7Vg[cfU[ �K[cj�[cjPV B�v�[cfT~�[7] 	 � �MnGfTX��AJSVGFiV1[cj�[7]Sv�X�fKJSCEDGQ CUDG[7C \iX�QtnGNPCEFIV1[ nG[7CUD X�j

[P��n=X�HTHTJSOP]^_<jPX�jx�`\iX�jr��F$% � n-Xc]^_ADGFIVGfTX�j<CEDg[7C Dg[7H�[7C QtX�HKC 2 � � � �$�qCTJLQtFIH CUDPF HTDGX�fKCUFIHKC
ng[7CED ]LFijGvcCUD ��JSC�fENGjGHRJSj � � � � � � ]LX�v � � � � ��CEJSQqF � � DGFy_ [7]SHEX�nGfEFiHEFij�CEFIV [�HK]SJSv�DrCE]^_&b [cHKCUFif
[7]Sv�X�fKJSCEDGQ � J � F �S� � � � � � � ]SX�v � � � � � CEJSQqF��uCEDg[7CMfEFyCUNGfTjGH�[qng[7CUDW~ DPJS\mD�JLH�[7CMQtX�HTC���/ � � ��� �
CEJSQtFIH CUDPFqHTDGX�fKCUFIHKC�nG[7CUD�]SFIjGvcCED�� � DGFy_�ng[cfTCTJSCTJLXcjGFIV � JSj�CEX � � � � � �zfEFIv7JLX�jPHI�5Fl[c\mD�~zJ^CUD
[7C�QtX�HKC � b [c\IFiH�� � DPJSH JLH�VGXcjGFtNGHTJSjGv CUDGFRjGX7CEJSX�j�Xcb�nx] [cjG[cf HEFing[cfU[/CUX�fTHZHTNG\mD�CUDg[7C CEDGFIfTF
[cfTF'[7C�QqXcHTC � �3O-X�fEVPFIf��cFIfKCEJS\IFIHtn-FIf�fEFIv7JLX�j�� � DGFa[7]Sv�X�fKJSCEDGQ \IX�QtnGNxCUFIHRHTDGX�fKCUFIHKCRng[7CED
[cnGnPfEX %AJLQq[7CTJLX�jPH�[cQtX�jPv3[/]S] O-X�fEVPFIfTJSjGv ��FifTCEJS\IFiH�Xcb fEFivcJSX�j [7jGV CEDGFIj QtFIfTv�FIH�[7]^]9Xcb�CEDGFIHTF
HENP\mD'v�fU[7nGDGH�� w J � ��HTCEfU[ � H [7]LvcX�fTJ^CUDGQ�JLH CUDGFij'[cnPnP]SJSFIV CUX�CUDGFMQtFIfEvcFIV vcfU[cnGDtCUXZX�OPCU[7JSjqCEDGFiJSf
[cnGnPfEX %AJLQq[7CTJLX�j��

�`j'CUDGF�\l[cHTF�~ DGFIfTF�CUDGF�HTX�NGfT\IF n-XcJLjrCuJSH�p %xFiV$� ��[7fK� {�Fi]SFIV 	 /c� �=vr[l��F�[cj [7]Sv�X�fKJSCEDGQ CUDg[/C
\IXcQqnPNPCUFiV�[ HEDGX�fKCUFiHTCenG[7CUDZQq[cn�Xcj�[ n=X7]S_ADGFiVGfU[7]AHTNGfTb [c\iF �1~zJ^CUDZfEFiHEn-FI\iC CUX�[ p�%PFiV�HTX�NGfE\iF
n-XcJLjrC � X�j � � � DGF Qq[cn'JLH [7\iCUNG[7]S]^_ [�HENGO-VPJ^�AJSHTJSX�jWXcb
��~zJ^CUD HTJ
�IF�� � �

�
]SX�v 	

�
�9~ DGFifEF � JSH

CUDPF�j�NGQ�O=Fif�Xcb|FIVGv�FiH�Xcb�� [cjGV � � � ��� � � DPF�Qq[cn3\l[cj3O=FZNGHEFiV3CEX'[cjGHK~�Fif�F � \yJLFijrCE]^_
[cnGnPfEX %AJLQq[7CEF�HEDPX�fTCEFIHTCung[7CUD s�NGFIfKJLFiH [cjGV \I[cj'O-F�\iX�QtnGNPCEFIV'JSj � � � � ]SX�v � � �

�
]LX�v 	

�
]LX�v �

�
�

CEJSQtF � �MXcCUFqCUDg[7C�CUDPJSH�\iX�QtnGNPCm[/CEJSX�j XcbzCUDPF'Qq[cn Dg[cH�[�O=FyCECEFIf�CTJLQtF'\iX�QtnP]LF$%AJSC`_&JSj&CUDPF
\l[7HEF3~ DPFIfEF � JLHq\IX�jr�cF#%��<d J^��Fij�[ VPFIHTCTJLjG[7CEJSX�j s�NGFifT_ � � CEDGF �9NG\y]SJSVGFI[cj�]LFijGvcCED Xcb�[cj
� �`[cnGnGfTX %AJSQq[7CUFZng[7CEDWXcj � bofTX�Q � CUX ��\I[cj3O-F�\IX�QtnGNxCUFIVWJLj � � ]LXcv �

�
� CEJSQtF �
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 � � �U%��V� ���U� �"��*���� �O� � � � ����� %(� �	� ����� � �

��X�jGHKJLVPFIf'[�CUfKJ [7jGv�NP]L[7CUFiV nx] [cjG[cftHENGO-VPJ^�AJSHTJSX�j Q�� � DGFWnGfTX�OP]SFIQ�Xcb�VGFiCEFIfEQRJSjPJSjGv [ � NA�
\i]^JSVGFl[cj3HEDGXcfTCUFiHTC�ng[7CED3O-FiC`~ FIFij [cjr_aC`~ X n-XcJLjrCEHM\I[cjWO=F�HEX7]S�cFIV NGHKJLjPv HKJLQRJ^] [cf�[7]Sv�X�fKJSCEDGQtH
CUXRCEDGX�HEF�boXcfuHTJSQtnP]LFZn-Xc]S_Av�XcjGH��9� b DGX�~�Fy��FifI�-Fl[c\mD b [c\IF X7bUQ�JSH [cHTHTJSv�jGFIV3[�~�FyJLvcD�CMVGFijGXcCEFIV
Or_ [�fEFI[7]uj�NGQ�O=Fif�� � � ��[cjGV CUDGF ~�FyJLv�DrCEFIV HTDGX�fKCUFIHKCtng[7CED QtFyCUfTJS\'JSHRNGHEFiV$� CEDGFIj CUDPF
nGfTX�OP]SFIQ O-FI\iX�QtFIHMsANxJSCEF�VPJ��=FIfEFijrC �
B�He�WJSCE\mDGFi]^] 	 0�� �xDG[cH|HTDGX�~ j$�r[M~ FiJSv�DrCUFiVRHEDGXcfTCUFiHTC|ng[7CUD�\l[cj�O=FijGVR[7C�FI[c\mD�VPJL[cv�X�jG[7] � �`j

DPJSH|ng[7n=FifI�cDPF F$%G[7QtJSjGFiV�CUDGF nGfEX�Ox]LFiQqH�CUDg[/Ce[cfTF b [7\IFIV�VGNGfKJLjGv�X�nPCEJSQq[7]Ang[7CED�\IXcQqnPNPCm[7CTJLXcjGH
~ DGFij'Cm[c�rJSjGv�JLjrCEXR[c\I\iX�NGjrCuCEDGF�~ FiJSv�DrCUHzXcb:CEDGF�b [c\iFIH�����F�Qq[cVGF�NGHEF�Xcb 	 1 G7-=-�� 4 
 / � ~ DxJL\mD
VGFypgjGFIHqnGfTFI\iJSHEFy]S_ DPX ~ [�HEDGXcfTCUFiHTCqng[7CED HEDGX�Nx]LV QtX���F bofEX�Q b [c\IF'CEX�b [c\IFaVGFin=FijGVPJSjGv X�j
CUDPFqNPjPJSboXcfEQ ~ FiJSv�DrCUH�CUDG[7CZ[cfEFt[7HEHTJSv�jGFiV CEXaCUDGF�b [c\iFIH�� ��FRHEDPX ~ FIV CUDg[/C CUDGFifEFq[cfEF�CEDGfEFiF
n-X�HEHKJLOP]SF 87G71.92;=1ML 4 CEDg[7C�[ HEDPX�fTCEFIHTC�ng[7CUD�\l[cj�CU[c�cF�~ DGFIj�FijG\IX�NPj�CEFIfKJLjGv [7j FIVGvcF�O=FyC`~�FiFIj
C`~ X b [c\IFiH�� Y�JLv�NPfEF�� �S�	03HEDGX�~ H�CEDGF CUDPfEFIF \l[cHTFIH�� �5FyC �1VGFIjGX7CUF CEDGF ~ FiJSv�DrCtXcbuCEDGF b [c\iF
CUDG[7C3[ HTDGX�fKCUFIHKC�nG[7CUD1JLHa]SFl[l��JLjPv�[cjGV�]SFiC ��VGFijGXcCEF�CEDGF�~�FyJLvcD�C�XcbZCUDGF�b [c\iF�CEDg[7C CUDPF
HEDPX�fTCEFIHTC nG[7CUDaJSHzFIjrCUFifTJSjGv � �:FiC � � � [cjGV']SFiC !WO=F�CEDGF [cjGv7]LF Xcb5JSjG\iJSVGFijG\IFZ[cjGV���O-F�CUDPF
[cjGv7]LFRXcb fEFybofU[c\yCEJSX�j��R�`j�CUDPFqfTFibofE[c\iCTJLX�j�\I[cHEF7�5CEDGFtng[7CED�JSH 3 G C 3 /FE7H�G 9 [cjGV�CUDGFtng[/CUD�X�O-Fi_AH
��HKJLj���� ��HTJSj ! ����F�HEDGX�~ FIVWCUDg[7C CEDGFZ[cjGvc]SF�Xcb JSjG\yJLVGFijG\IFZXcb|[qHTDGX�fKCUFIHKCMng[7CUDW\l[7jGjGXcCMO-F
v�fTFl[7CEFIf � JLj�[cOPHEXc]SNPCUF��c[/]LNGF��zCUDG[cj CUDGF E737;=HK;AE /2- /21MLN-?G VPFipgjGFiV [7C�CEDg[7C FiVGv�F � � DGF�\IfTJ^CEJS\l[/]
[cjGv7]LFubofTX�Q�[�b [7\IF � ~zJ^CUDt~�FyJLv�DrC ��� CEXZ[�b [c\IF � � ~zJSCEDt~ FiJSv�DrC �����PJSH9VGFijGXcCUFiVq[cH � � � � � � � � �
[cjGV JSHMVPFipgjGFiV [cH � ��� � � � � � � �<HKJLj � 	 � ��� � � ��� � �
� be[�HEDGX�fKCUFiHTCMng[7CED'bofEX�Q ��DPJ^CUHuCUDPF FIVGv�F�[7CuCUDPF \IfTJ^CEJS\l[/]5[cjGvc]SFc�xCUDGFij J^CzQq[l_'\ifTJ^CEJS\l[7]^]S_

NGHTFZCEDGF�FiVGv�F�[cjGV3O=F E73�;=HJ;AE /2-=-��53 G�� G:E7H�G 9 Og[c\m�'JSjrCUX ��� � DPJSH�\I[cjWX�jP]^_ Xx\i\INGf JSb������ � ��� �
� b9CUDPF�FIVPv�F�JSH�[7]^]LX�~ FIV CEX'Dg[l��FR[q~�FyJLv�DrC�CEDg[7C�JLH�VPJ
�=FIfTFIjrC�CEX CUDg[/C�XcbeJ^CUH�[cV �K[c\iFIjrC�b [c\iFIHi�
CUDPFIj [WHTDGX�fTCEFIHKC�ng[/CUD�CUDg[7C�DxJSCEHZCEDGFtFIVGv�Fq[7C�CEDGFRJLjG\iX�QRJLjPv3\ifTJ^CEJS\l[7] [cjGv7]LFt\l[7j \ifTJ^CEJS\l[7]^]S_
NGHTFZCEDGF�FIVGv�FZ[cjPV CEDGFIj3F#%AJ^CMJSjrCUXtb [c\IF � � [/CzCUDGF�X�NPCEv�XcJSjGvt\IfKJSCTJL\I[7] [cjGvc]SF �
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Refraction
 Critical Reflection
 Critical Usage
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β
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Y JSv�NGfTF�� �^�	0 � � DGF CEDGfEFiF�C`_xn-FIHzX7b O-FIjPVPJLjPvqnPfEX�n-FIfKCEJSFIHzXcb [�HEDPX�fTCEFIHTC nG[7CUDaJSj�CEFIfTHEFI\yCEJSjGv [cj
FIVPv�F �

�WJ^CU\mDGFy]S] [cjGV {|[cnG[cVPJSQtJ^CUfKJLXcN 	 ��� ��nGfTFIHEFijrCUFIV'[cj [/]Lv�XcfTJ^CUDGQ�CEX�HEXc]^��FMCUDGF HEDPX�fTCEFIHTC ng[7CED
nGfTX�OP]SFIQ JSj3[R~ FiJSv�DrCUFIV3nP]L[cjg[cf HENPO=VPJ^��JLHKJLXcj Q�bofEX�Q [Rp�%PFiV�HTX�NGfE\iF�n-XcJSjrC � ��jGX�~ j [cHzCUDPF
~ FiJSv�DrCUFIV3fEFivcJLXcj3nGfTX�OP]SFIQ � � � DGFZ[7]Sv�X�fKJSCEDGQ \iX�QtnGNPCEFIH�[tnG[7CUDa~ DPJS\mD�Dg[7H�[R\iX�HTC�[7C QtX�HKC
� � � �$� CTJLQtFiH|CUDGF�HEDGX�fKCUFiHTCe~ FiJSv�DrCUFiVqnG[7CUD�\iX�HTCI�c~ DGFifEFz� � � ��� � � DGFz[7]Sv�X�fKJSCEDGQ�fEFisANxJLfTFIH
� � � � � � CTJLQtF�JSj CEDGF�~ X�fEHKC \l[cHTFc�G~ DGFifEF � � ]SX�v � ��� � � � �$�9JSH [�b [c\iCEX�fufEFinGfEFiHEFij�CTJLjPv CUDPF
OPJ^C�\IX�QtnP]SF#%AJ^C`_�Xcb CUDGFtnGfTX�OP]SFIQ JLjGHKCm[cjP\IF � �MFIfTF � JLH CUDPF�] [cfTv�FIHKC JLjrCEFIv�FifZ\iXxXcfEVPJSjg[7CEF�Xcb
[cjr_Z��FIfKCUF$%tXcbgCUDPF�CUfKJ [cjPv�NP]L[7CEJSX�jt[cjGV � � fEFIHTn=Fi\iCTJS�cFi]^_�� � �$JSH|CEDGFzQq[ %AJLQ�NGQ � fEFIHTn=Fi\iCTJS�cFi]^_��
QRJLjxJLQ�NGQ �R~�FyJLvcD�C Xcb [7j�_ b [c\iF3X7b�CUDPF3CUfKJ [7jGv�NP]L[7CEJSX�j�� � DGFi_ \i]L[7JSQ DGX�~�Fy��FIfi�zCUDg[7CqCUDPF
[7]Sv�X�fKJSCEDGQ ~ X�NP]SV n=FifTboX�fTQ Q�NG\mD O-FiCTCUFif�JLj nGfE[c\iCTJL\iFc� DGX�~�Fy��FifI� CEDGFi_&VPJLV jPXcCt\IX�QtnP]SFiCEF
CUDPFiJSf�JLQtnP]SFIQtFij�CU[7CEJSX�j�� � DGFt[7]Sv�X�fKJSCEDGQ JSH�Og[7HEFIV�X�j CEDGFR\IXcj�CTJLj�NGXcNGH w J � ��HTCEfU[ CEFI\mDGjPJSs�NGF
Xcb:�WJSCE\mDGFi]^]$FyCu[/] � 	 030 � [7jGV'[7]SHEXZCm[c�7FIH JLjrCUX�[c\I\iX�NGjrC CUDGF �7[cfTJSX�NGH fEFybofU[c\yCEJSX�j'[cjPV fEF��gFI\yCEJSX�j
\mDg[cfE[c\iCEFIfKJLHKCEJS\IH�� � DGF [/]Lv�XcfTJ^CUDGQ [7\iCUNG[7]S]^_1\IXcQqnPNPCUFiH ;=1�H�G73�<B/2- 4 @ C @:,.HK;��5/2- ;=H�� boX�faFI[c\mD
FIVPv�F�~zJ^CUD fTFIHTn=Fi\iC�CEXa[qp %xFiV�HEX�NGfT\IF�n=XcJSjrC � � DGFIHTF�JLjrCEFIfT�7[7]SH�VPFipgjGF�CUDGFZJLjrCUFifEHTFI\iCTJLXcjGH Xcb
\mDg[cjPjGFi]SHu~ DPJS\mDWFiQq[cjg[7CEF�bofEX�Q CEDGF�HTX�NGfE\iF n=X7JLjrC � � DPF�\mDg[cjGjPFi]SHzfEFInPfEFIHTFIjrC ng[cHTHU[cvcF�~u[l_AH
HENP\mD CUDg[/C�[/]S]�HTDGX�fTCEFIHKCung[7CEDGH bofEX�Q�CEDGFMHEX�NGfT\IFMn=X7JLjrC CUDg[7C fTFIQq[7JSj JSj'[�ng[cfTCTJL\iNP]L[cf \mDG[cjGjGFy]
ng[cHTH�CUDPfEX�NGvcD CUDGF�HU[cQtF�HTFIs�NGFijG\IF�Xcb:FiVGv�FiH�� � DGF [7]Sv�X�fKJSCEDGQ O=FivcJSjGHuOr_ nPfEX�ng[7vr[7CEJSjGvZbofEX�Q
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CUDPF�HTX�NGfE\iF�n-XcJSj�C�CUXtCUDGF�FIVGvcFIH�X7b|CUDPF�b [c\iFZJSj3~ DPJS\mD J^C�JSH�\iX�jrCm[7JSjGFiV�� � DPJLH�VGFipGjGFIH�CEDGfEFiF
\mDg[cjPjGFi]SH���YgX�fRFI[c\mD FiVGv�FWXcbMCUDg[7Ctb [c\iFc� CUDGF n-XcJLjrCq~zJSCED QRJSjPJSQ�NGQ \IXcHTC � HU[l_ � � �

�
��CEX

CUDPF�HEX�NPfE\IF JSHu\IXcQqnPNPCUFiV�� { fTX�ng[cv�[7CEJSX�j'CUDPFIj nGfEXA\IFiFIVGHzOr_ F#%xng[cjGVxJLjGvtX�NxC`~u[cfTVGHzbofEX�Q CUDPF
FIVPv�F ~ DPJS\mD Dg[cH�CEDGF \y]LXcHEFIHKC�� � �

�
CUX3CUDGF HEX�NGfT\IF ����n-X�j&F$%PnG[cjGHTJSX�j$� \mDg[7jGjGFi]SHt[cfTF HEnx]SJ^C

JSj�CEXRC`~�X [cjGVaJ^CUH O=XcNGjGVg[cfKJLFiHM[cfEF fTFI\IXcQqnPNPCUFiV�� � DGF�HEDg[cn-F�Xcb�CUDGF \mDg[7jGjGFi]�O-X�NGjGVG[cfTJSFIHuJSH
VGFyCUFIfTQRJLjGFiV�Or_ hAjGFi]^] � Hz] [l~<Xcb fEFibofE[c\iCTJLXcj��
�&%PnG[cjGHTJSX�jW\IX�jrCTJLj�NGFiHMJSjaCUDPJSHzQq[cjGjGFifMNPj�CTJS]:[7]S]
��FifTCTJL\iFIHzXcb$CEDGF�HTNGO-VPJS��JSHTJSX�j [cfTF�fEFI[c\mDGFiV�� � DGFIfTF�[cfTF�HEn-FI\yJ [/] \I[cHEFiH�JLjr�cXc]S��JSjGvtnGfEXcng[cvr[7CTJLXcj
bofEXcQ [ ��FIfKCUF$%1[cHq~�Fy]S]�[cH'Dg[cjPVP]SJSjGv&nG[7CUDGH CUDg[7C'[cfEF3fEF��gFI\yCUFIV1Og[7\m� JSjrCUX [ b [7\IF � � DGF
[7]Sv�X�fKJSCEDGQRJL\�VGFyCm[7J^]LHM[cfTF�jGX�jx� CUfTJ^��J [/]5[cjGV CUFi\mDGjPJS\l[7] [cjGV3[cfTF�CEDGFIfTFiboX�fTF�X�QRJSCTCUFIVWDGFifEF �

d�Fy~u[/]SJ FiC�[7] � 	 /7� � nGfEFiHEFij�CEFIV [cj [7]Sv�X�fTJ^CUDPQ boX�fZ[3HEn-FI\yJ [/]SJ
�IFiV \l[cHTF Xcb�CUDGFt~�FyJLvcD�CEFIV
fEFivcJSX�jtnGfEX�Ox]LFiQ JLjR~ DPJS\mD CEDGF nP] [7jg[cf9HENPO=VPJ^��JLHKJLXcj'\IX�jPHTJSHTCUH Xcb=fEFivcJLXcjGH9~zJSCEDq~ FiJSv�DrCUH FiJ^CUDGFif
�P����Xcf���� � DGFiJSf�[/]Lv�XcfTJ^CUDGQ CU[c�cFiH � � � � �|CTJLQtF�[cjGV JSH Og[cHEFiV'X�jq\IX�QtnGNxCEJSjGvR[�HEn-FI\iJL[7]^J �iFIV
��JLHKJLOxJS]^JSC`_ v�fE[cnGD�� � DPJSHZHEn-FI\iJL[7]^J �I[7CEJSX�j FIjGHTNGfEFiH�CUDG[7C��/� ~ FiJSv�DrCUFiV fEFivcJSX�jGH�\l[cj O-FqFijrCUFIfTFIV
bofEXcQ�[���FifTCUF$%�Xcf|n-FIfEn-FIjPVPJL\iNP]L[cf CEX [cj�FiVGv�FuX7bGCUDGF fEFivcJLXcj�� � DGF�v�fU[cnPD�\l[7jR[7]SHEX�O-F�OGNxJS]^C|JSj
CEJSQtF � � � ]LXcv � ��� �eCEJSQqF7�P~ DGFifEF � JSH�CUDGF�jANPQ�O-FIfzXcb�FIVPv�FIHuX7b:CUDGF � � ~ FiJSv�DrCUFIV fTFIvcJSX�jGH��

�`j&CUDGF fEFi\iCEJ^]^JLjGFI[cf�HTFiCECTJLjPvG�eCUDGFifEF Dg[cHR[7]SHEX�O=FiFIj&HTX�QtF ~�XcfE��JLj&\iX�QtnGNPCTJLjGv�HTDGX�fKCUFIHKC
~ FiJSv�DrCUFIV fTFI\yCEJ^]SJSjGFl[7f�ng[7CEDGHI��~ DGFIfTF fTFI\iCTJS]^JSjGFl[cf�X�OGHKCm[c\y]LFiH�Dg[l��Fq~�FyJLvcD�CEHR[cHTHEXA\iJL[7CUFiV ~zJ^CUD
CUDPFIQ �t�`j CEDPJLH�HT\IFIjG[cfTJSXG�5CUDGFtHEDPX�fTCEFIHTC�fEFi\iCTJS]^JLjPFl[cf�ng[7CEDGH�[cfEFt[7]^]SX ~ FIV CUX ng[cHTHZCEDGfEXcNGv�D [
~ FiJSv�DrCUFIV X�OGHKCm[c\y]LFR~zJ^CUD [ \iX�HTCZ\iX�Q�OPJSjPJSjGv CUDGFtVPJSHTCU[cjG\IFq[cjPV ~ FiJSv�DrCZQqFyCUfKJL\ � � [cOx]LF � �-/
vcJ^��FiH [ HTNGQtQq[cfT_ X7bMCEDGF'CEJSQtFa\IX�QtnP]SF#%AJ^CEJSFIHqXcb �7[cfTJSX�NGHRHTFIs�NGFIjrCTJ [7] fTFI\yCEJ^]SJSjGFl[7fqHTDGX�fKCUFIHKC
~ FiJSv�DrCUFIV�nG[7CUD�[/]Lv�XcfTJ^CUDGQtH��M�`j�CEDGF�CU[cOP]SFc� � VGFijGXcCUFiH�CUDPF�j�NGQ�O-FIf�Xcbe��FifTCTJL\iFIH � Xcf�FiVGv�FIH$�
Xcb�CUDGF�X�OPHTCm[7\i]SFIH��

�`j � w ��CUDGFifEF�Dg[cHaO-FIFij<HTNGOGHKCm[cjrCEJL[7]^]S_�]SFIHTH3fTFIHTFl[cfT\mD<boX�faVGFy��Fy]LX�nxJLjGv [7]Sv�X�fTJ^CUDPQqH'CEX
\IXcQqnPNPCUF ~ FiJSv�DrCUFiV<HTDGX�fTCEFIHKC3nG[7CUDGH���B�\I\iX�fEVPJSjGv CUX � JSCE\mDGFi]^]Z[cjGV1{ [cng[cVPJSQRJSCEfTJSX�N 	 �c� � �
CUDPFiJSf ~ X�fE��n-FIfTCU[7JSjPJLjPv�CUXMCUDGF ~�FyJLv�DrCEFIVtfEFivcJLXcj�nGfTX�OP]SFIQ"\l[cj�O-F QqXAVPJ^pgFIV�CEX�~ X�fE� boX�f�jGX�jA�
\IXcj��cF#% n=X7]S_ADGFiVGfU[�HKJLjP\IF�J^C JSH�OG[cHEFiV'X�j CEDGF�\iX�jrCEJSj�NGX�NGH w J�� ��HTCEfU[�[7nGnGfEX�[c\mD'Xcb�� JSCE\mDGFi]^]$FyC
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�3FyCUfKJL\ � FiJSv�DrCUFiV k FI\yC �
� 	 � � � ]SX�v � � � � � 	 ,3, �

Y ��hxXcNGfE\iF
� 	 � � � � � 	 ��, � �

� � � ]SX�v � � � � � 	 ,3, �
� � � ]SX�v � � � � � 	 0 , �
� � � ]SX�v � � 	 ��,3, �

� 	 ���$JLjP� � � � � � 	 ��, � �

� [cOP]SF � �-/ � hxNPQqQq[cfK_aXcb HEFisANPFIjrCEJL[7] , w fTFI\yCEJ^]SJSjGFl[7fM~ FiJSv�DrCUFiV�HEDPX�fTCEFIHTC�ng[7CEDW[7]LvcX�fTJ^CUDGQtH��

[7] � 	 030 � � ��X�~ Fi�cFIfI�$CEDGF�]L[cfEvcF�CEJSQtF�\IXcQqnx]LF$%xJ^C`_�Xcb fTX�NGv�Dx]S_ � � � � ]SX�v � � QtXcCTJS�7[7CEFIH�HKCUNGVP_
boX�fzQtX�fTFZF �q\iJSFIjrC�HTXc]SNPCEJSX�jGH��
��[7CU[ [7jGV<�WJSCE\mDGFi]^] 	 0 � � nGfTFIHTFIjrCUFiV<JSjGVGFIn-FIjPVGFIjrCE]^_ [cjGV [7CaCEDGF�HU[7QqF�CTJLQtF�[cHaX�NPf

~ X�fE� � HTFIF 	 2�� � � [7ja[7]^CUFIfTjg[7CEF�[7]Sv�X�fKJSCEDGQ CUDg[/Cu\IXcjGHTCEfENG\yCUHz[�vcfU[cnGD ~ DPJL\mDa\I[cj'O-F�HTFl[cfT\mDGFIV
CUX�X�OxCm[7JSj [cj [cnGnGfTX %AJSQq[7CUF ng[7CED ��CEDGFiJSftng[7CUD [c\i\INGfE[c\i_ JLH � � � ������

���	�
�U�9~ DGFIfTF � � �

�
JSH

CUDPF3QRJSjPJLQ�NGQ [cjGvc]SFWXcb [cjr_ b [c\iF3X7b�� � � � � JSHqCEDGFW]L[cfTv�FIHKC CEX HTQ [/]S]SFIHKC ~ FiJSv�DrC fE[7CEJSX
[cjGV ��JSH�[ \IX�jPHTCm[7j�C�CUDg[/C�VGFin=FijGVGH�NPn=X�j ��� � DGFyJLfZCEJSQqFq\IXcQqnx]LF$%xJ^C`_ JSH�� � � � ��� � � DGFiJSf
[cnGnPfEXr[c\mD&JSH�Og[7HEFIV X�j VPJLHT\IfTFiCEJ
�iJSjGv�CUDGF jANPQ�O-FIfRXcb n-X�HEHKJLOx]LFaX�fKJLFijrCm[7CTJLX�jPH � J � F �S� � ��CUDg[/C
[&HEDPX�fTCEFIHTC nG[7CUD�\I[cj�Cm[c�7F�bofEXcQ CEDGF HEXcNGfE\iF�n=XcJSjrC � � X VGFiCEFIfEQRJSjGF CUDPF�O=X�NPjGVg[cfKJLFiH'Xcb
Fl[7\mD XcbZCUDGF E:@B1 G:4 \IfEFI[7CUFiV VGNPfTJSjGv CEDPJSH3nGfTXx\iFIHTHI��CUDPFi_1VGFyCUFIfTQRJLjGF [ ng[7CUD1CUX [cjGX7CUDGFif
��FifTCEF#% � X�f�\ifTJ^CEJS\l[7] n-XcJSj�C#��Or_�CEfU[c\yJLjGvWX�NPC�CEDGF nG[7CUD�CUDGfTX�NGv�D�CUDPF \iX�jGFc��X�O-Fi_�JSjGv hAjGFi]^] � H
]L[�~�Xcb fEFybofU[c\yCEJSX�j [7]LXcjGvaCUDGFtn-Xc]S_ADGFiVGfU[/]9FIVGvcFIH�� � DGFt\iX�jGFIHZ[cfTFROGNPJ^]SC�NPHTJSjGv�[7j XcNPC`~u[7fEV
nGfTX�ng[cvr[/CEJSX�j HTCEfU[7CEFIvc_ � BuC \IFifTCU[7JLj�n-XcJSjrCUH�VGNPfTJSjGv'CUDGF�nGfEX�nG[cvr[7CTJLX�j � \IXcjGFIH�[cfTF�HTnP]SJ^C JSj�CEX
C`~ X CEDPJSjGjGFIf \iX�jGFiH�� } jP\IFRnGfTX�ng[cvr[/CEJSX�j�JSH \IX�QtnP]SFiCEFc�$CUDPFRfEFIHTNP]^C JLH�\I[7]^]LFiV [ ,)/2H=PF1 G7H [7jGV
J^CMJSH HEFI[cfE\mDGFiV�NGHKJLjPv w J�� ��HTCUfE[ � H�[/]Lv�XcfTJ^CUDGQ boXcf [tnG[7CUD bofEX�Q �ZCUX��$�
�`jRCUDGfTFIFzVPJSQtFIjGHKJLX�jPHI��CUDGFznGfTX�OP]SFIQ�Xcb-VGFiCEFIfEQRJSjPJSjGv�[ HTDGX�fTCEFIHKC fEFI\yCEJ^]SJSjGFI[cf ng[7CUDt[7QqXcjGv

[�HTFiCtXcb O-X %PFiHRDg[cHR[/]LHTX�fEFI\iFiJ^��FiV HTX�QtF [7CECEFIjrCEJSX�j�� � ]L[cfE��HTX�j FiCt[7] � 	 � � ��nGfEFiHEFIjrCEFIV [cj
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[7]Sv�X�fKJSCEDGQ CEX HTXc]^��F CUDPJSH nPfEX�OP]SFIQ JLj � � � � � ]LXcv � � ����CEJSQtF � � �9VGF ��FIfTv FyC [7] � 	 � / �M[7]LHTX
HEX7]S�cFIV�CEDPJLH nGfEXcOP]LFiQ �cOGNPC�CUDPFi_�NGHTFu[ \IX�Q�OPJLjPFIV � 	5[cjPV�]^JLjG� VxJLHKCm[cjG\iF�QtFiCEfTJS\ �e�`j�[cVGVPJ^CEJSX�j$�
CUDPFiJSf�[7]LvcX�fTJ^CUDGQ JLH�v�FijGFIfE[7]^J �iFIV�CUXa~�XcfE��boX�f�DPJLvcDGFIf�VPJSQtFIjGHKJLX�jPH�� � DGFyJLf�fENPjGjPJSjGvWCTJLQtF�JSH
� � � �G]SX�v � � ~ DPJS\mD JLHROg[7HEFIV X�j&CEDGFaOGNPJ^]SVPJLjPv�Xcb�[ Vg[7Cm[ HKCUfTNG\iCENGfEF � � bMnGfTFInGfTXx\iFIHEHKJLjPv JSH
[7]^]LX�~ FIV$�eCEDGFIj&CEDGFi_ \l[7j [cjGHT~ FIf�HEDGX�fKCUFiHTCRng[/CUD s�NGFIfKJLFiH�JLj � � ]SX�v � � � ����CEJSQtF boX�f�[ � �

- ;=1�� ,)/2H=P �1��DGXcJ�[cjPV�� [cn 	 ,�0 �MnGfEFiHEFIjrCEFIV1[cj JLQtnGfTX���FIV1[/]Lv�XcfTJ^CUDGQ CEDg[7CqfEFisANxJLfTFIH XcjP]S_
� � � � ]SX�v � � nGfEFinGfEXA\IFiHEHKJLjGv'[cjGVWHEDGX�fKCUFiHTC�ng[7CUDWs�NGFIfKJLFiH�\I[cj3O-FZ[cjGHK~�FifEFIV3JLj � � ]LX�v � � ���
CEJSQtF �

��
�� 
�� � *+%�� ���5* 
 � � %(*+�	� 	 ��*+� % � � � �

hxDGXcfTCUFiHTC�ng[7CED�[7]Sv�X�fKJSCEDGQtHMCEDg[7C�[7]^]LX�~�HTX�NGfT\IF��/VGFIHKCEJSjg[7CEJSX�j s�NGFifTJSFIH�FiJ^CUDGFif�fEFis�NPJLfTF���jGX�~z] �
FIVPv�FuXcbgCEDGF b [c\iF � H#�5\iX�jrCm[7JSjPJSjGv�CUDGF�sANPFIfT_�n-XcJLjrC � H#�:X�f|n-XcJSj�C|]LXA\l[7CTJLXcjR[7]Sv�X�fTJ^CUDPQqH�CUX�]SXA\l[7CEF
CUDPF�b [7\IF�\IX�jrCU[7JLjxJLjGvtCUDPFZs�NGFifT_ n-XcJSj�C � H$� � � DGF�boXc]S]SX�~zJLjPvqXcOGHEFifT�7[7CEJSX�j boXc]^]LX�~ H bofEX�Q 	 ���x� � �

� ��� � �	% 
 ���*�$� '��*'�� ;=<2G71 /R,�@B-�� P�G 923 @B1 � � ;=H P � � � � C /FE:G:4 � / 9 /2H / 47HK3�6 E7HK6 3 G E /21 87G
8 6F;=- H ;=1 � � � � � HK;�� G$476�E:P H=P)/2H C @B3 / LN;=<2G71 � 6�G73 � ,�@B;=1�H � @B1 � � �VG E /21 9FG7H�G73 � ;=1 G H=P�G
C /FE:G&@ C � ;=1�� PF;AE:P � - ;AG:4 ;=1 � � ]LX�v � � HJ;�� G 
 � 1 H=P�G 4�,�G:E7;K/2- E /B4>G ;=1�� PF;AE:P � ;?4�/ HIG73�3�/2;=1 �
� @B3 G G�� E7;AG71�HO,.-0/21./23V,�@B;=1�H�-?@>E /2HK;A@B1 /2- L @B3�;=H P �$4 E /21 87G&6M4>G 9 � G 
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�`j�XcfEVGFif5CEX�DPFi]Sn�\IXcQqnG[cfEF CUDGF fEFiHENP]^CUH�XcbxCUDGF ~�XcfE� nGfTFIHEFijrCUFIV�JSj�CUDPJSH�CEDGFIHKJLH�CUX CUDGF nGfTFi��JSX�NGH
~ X�fE��� � [cOP]SF � � �RHEDGX�~ H CUDGF ~ X�fE� n=FifTCm[/JLjPJSjGvtCUXt\IXcQqnPNPCEJSjGvqHEDGX�fKCUFiHTC�ng[7CUDPHMXcj3[7fEOPJ^CUfE[cfT_
� J � F �^� n-X�HEHKJLOx]S_ jGXcjx�`\iX�jr��F#% ��n=X7]S_ADGFiVGfU[7]MHTNGfTb [c\iFIH�� } NGf�~ X�fT� boXx\iNGHEFiH Xcj CEDGFa~�FyJLvcD�CEFIV
HEDPX�fTCEFIHTC nG[7CUD�QtFyCUfTJS\ ��B�H'\l[7j�O=F HTFIFij�bofEX�Q CUDGF3Cm[cOP]SFc�zCEDGF�~ X�fE� nGfEFiHEFij�CEFIV1JLj CUDPJSH
CUDPFIHTJSHI�gJSQtnGfEX���FiH�NGn-X�jaCUDPFZfTNGjGjPJSjGvqCEJSQqF�Xcb F#%AJSHTCTJLjGv [7]Sv�X�fTJ^CUDPQqHzJSjaCUFIfTQtH�Xcb � �
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kMNPj � JSQtF �3FyCUfKJL\ B�\i\INGfE[c\i_ k FiboFifEFijG\IF �MFi~
� � � � ]SX�v � � �9NG\y]SJSVGFl[7j �&%P[c\iC 	 030 � �
� � � � � �9NG\y]SJSVGFl[7j �&%P[c\iC 	 ,x� � �
� � � ]LX�v � � � �9NG\y]SJSVGFl[7j �&%P[c\iC 	 2x� � �
� � � � � �g]LXcv � � � � � �9NG\y]SJSVGFl[7j 2 � � � �$��� � � 	 � � �
� � � � � � ]LXcv � � � � � �9NG\y]SJSVGFl[7j ��/ � � � �$��� � � 	 � � �
� � � � ]SX�v � � � FiJSv�DrCUFiV � � � �$� � ��� 	 ��� � �
� � � � �$� � FiJSv�DrCUFiV � � � ������

���	�
� � � � 	 0 � � �

� � � � � � FiJSv�DrCUFiV � � � � � � � � 	 2�� � � 	 232 � � 	 2c� � ��D�� ,
� � � � ]SX�v � � � FiJSv�DrCUFiV � � ��� � � � � � � 	 2�� � � 	 232 � � 	 2c� � ��D�� ,
� ��� � ]LX�v � � � � � � � � FiJSv�DrCUFiV � � � �$� � ��� 	 � � � 	 ��� � ��D�� �
� � � � � B�jPJSHEXcCEfEX�nPJS\ �&%P[c\iC 	 ���30 � �
� � � � ]SX�v � � � � � � � B�jPJSHEXcCEfEX�nPJS\ �����

����� ��� �
� � � �
	 ��	

�
��� �	� �
� � 	 2�0 � ��D�� �

� � � � ]SX�v � � � � � � � B�jPJSHEXcCEfEX�nPJS\ � � � � � �� �
��� ��� �
� � �$� � ��� 	 2�0 � ��D�� �

� [cOP]SFq� � � � hANGQtQ [7fT_ Xcb HEDGXcfTCUFiHTC�ng[7CED3[/]Lv�XcfTJ^CUDGQtH X�j3[cfEOPJ^CUfE[cfT_ n=X7]S_ADGFiVGfU[7]�HTNGfTb [c\iFIH��

�`j ��Dg[cnPCEFIf ,t~�F�nPfEFIHTFIjrCZ[cj�[/]Lv�XcfTJ^CUDGQ boX�f�\IX�QtnGNPCTJLjPv'~�FyJLv�DrCEFIV�HEDGXcfTCUFiHTC nG[7CUDGH�X�j
n-Xc]S_ADGFiVGfU[/]xHTNGfTb [7\IFIH|[cjGVZnGfEX���JSVGFu[cjZF#%xn-FIfKJLQtFIjrCU[7]g[cjG[7]S_AHKJLH5CUX �7[7]SJSVg[7CEF J^CUH�NGHTFiboNP]SjGFIHTH�� � X
X�NGfM��jGX�~z]LFiVGv�F7�=CUDxJLH ~�XcfE� nGfEX���JSVGFIH�CEDGF�pgfEHKC�[7]Sv�X�fKJSCEDGQ boX�f \IXcQqnPNPCEJSjGva[cnPnGfEX %AJLQq[7CTJLXcjGH
Xcb�~ FiJSv�DrCUFIV HEDGXcfTCUFiHTC ng[7CEDGH9X�jq[cfTOPJSCEfU[cfK_�n-Xc]^_xDPFIVGfE[7]gHENPfTb [c\iFIH 	 � � DPJSH ~ X�fT��~�[cH9JLjPJ^CEJL[7]^]S_
VGFy��Fi]SX�n-FIVW[cH�[ZCUFi\mDGjPJS\l[7] fEFin=X�fKC�JSj 	 23/ � �e� C�~�[cHunGfTFIHTFIjrCUFiV JSj'O-XcCUD ng[cn-FIf 	 2�� �$[7jGV ��JLVPFIX
	 232 ��boX�fEQ [cjPV pgjg[7]^]S_WHTNGOGQRJSCTCUFiV�CEXa[ � XcNGfEjg[/] 	 2c� � ���`j CEDGF�\mDG[cnPCUFif�~ F�nGfEX���JSVGFR[ ~ X�fEHKC
\l[7HEF�CUDPFIX�fTFiCEJS\l[/]efENPj�CTJLQtFR[7jg[7]^_xHKJLH�[7jGV ��FifTJ^b _�J^CUH NGHTFiboNP]SjGFIHTH CUDGfTX�NGv�D�F$%Pn-FIfKJLQtFij�CU[7CEJSX�j
~zJ^CUDWv�FIX�vcfU[cnGDxJL\I[7]:CUFifEfU[/JLjWVg[7CU[ � � [cfTJL[7CTJLX�jPHzX�jWCEDGFZ[7]Sv�X�fTJ^CUDPQ [cfTF�[/]LHTXqVPFIHE\ifTJSO=FiV��

�`j ��Dg[cnPCEFIf � ~ FqnPfEX���JLVGFt['CEDGFIX�fTFiCTJL\I[7]eJSQqnPfEX���FiQqFijrC�X�j CEDGFt[7]Sv�X�fKJSCEDGQ CEDg[7C�JSH \l[ �
ng[cOx]LF�X7b5v�FIjGFifU[7CTJLjPvt[cj � �`[cnGnGfTX %AJSQq[7CUF HTXc]LNxCEJSX�j'CUX�CEDGF�HE[cQtF�nGfEXcOP]LFiQ � � DPF [cnGnGfTXr[c\mD'JSH
s�NPJ^CUF�HKJLQRJ^] [cf CUX�CEDg[7C�JSj ��Dg[7nPCUFif ,x�G[7jGV CUDPF�Qq[ � X�fKJSC`_ Xcb:CUDPF�\mDg[cnPCEFIf�JSHuNGHTFIV'CEX�nGfEX���JSVGF
['CUDGFiX�fEFyCEJS\l[7]9[cjg[7]^_AHTJSH�Xcb O-XcCUD�ng[/CUD [c\I\iNGfU[7\i_�[cjPV fTNGjGjPJSjGv CEJSQtF � � DPJSH�~�X�fT��~�[cH�pgfEHKC
VGFy��Fi]SX�n-FIVt[cH [MCEFI\mDGjxJL\I[7]PfTFIn-X�fTC�boX�f5CUDGF HEn-FI\yJ [/]P\I[cHEF JLjZ~ DPJL\mD�CUDGF HEX�NGfT\IF�[cjGV�VPFIHTCTJLjG[7CEJSX�j

��� �����,��	�� �*)��.�*�������#��� � �������%����� �������,��� ���%7��%��� � �
� �*� ����� �������$�&� ����:



���������
	���
��������
����������������� /c�

[cfTF ��FifTCTJL\iFIHtXcbzCUDPF n-Xc]S_ADGFiVGfEXcj�� � F nGfEFiHEFIjrCEFIV [cj&F$%xCEFIjGHKJLXcj CEX�CUDGF [7]Sv�X�fTJ^CUDPQ ~ DxJL\mD
[7]^]LX�~ FIVt[cfTOPJ^CUfU[7fT_�sANPFIfTJSFIHeJSj 	 ��� � � } NGf���FIfKCUF$%A� CUX7� ��FifTCUF$%�~ X�fE� � J � F �S�7CUDGF CUFI\mDPjPJL\I[7]gfTFIn-X�fTC#�
~�[cH�nPNGOP]^JLHTDGFIV�]L[7CEFIfzJLj
	 � � � B�]^CUDPX�NGv�DWCUDGF � �`[cnGnGfTX %AJSQq[7CEJSX�j [/]Lv�XcfTJ^CUDGQtH Xcb � JSCE\mDGFi]^]e[7jGV
{|[7ng[cVPJSQRJSCEfTJSX�N 	 ��� ��[7jGV �3[7Cm[q[cjGV��WJ^CU\mDGFy] 	 0 � �5DG[cV3F$%AJLHKCUFIV [7CzCUDPJSH CEJSQqF7�gX�NGfM[7JSQ ~�[cH
CUXtnGfTX��AJSVGF�[cj3[7]LvcX�fTJ^CUDGQ CUDg[/C fEFIVPNG\IFiV3CUDPFZfTNGjx� CEJSQqF�VGFin=FijGVGFijG\i_3X�j � �
�`j�X�fEVGFif�CUX nGfTX ��JSVGFq[cj [7]Sv�X�fTJ^CUDPQ CEDg[7C ~�[cH \l[cnG[cOP]SFqX7b nPfEXAVGNG\iJSjGvW[aQtX�fEFRfTFl[7]^JLHKCEJS\

\IXcHTC�QtFl[cHTNGfEF7�$~�FRJSjr��FIHKCEJSvr[7CEFIV�CUDGFRnGfTX�OP]SFIQ Xcb \IX�QtnGNPCTJLjPvWHTDGX�fKCUFIHKC�FIjGFifEvc_�ng[7CEDGH�CUDg[/C
Cm[7�cF JLjrCUX�[c\I\iX�NGjrC CUDGFMVPJSfEFI\yCEJSX�j X7b CUfE[l��Fi] [7]SX�jGv�CUDGFMn-Xc]S_ADGFiVGfU[/]-b [7\IF JLjG\y]SJSjGFiH�� � DPJSH ~ X�fE�
~�[cH nPfEFIHTFIjrCUFiV'JLj'��Dg[cnPCEFIf��Z~ DxJL\mD'NPHEFIH�[Z\iX�HTC QtFiCEfTJS\�Og[cHTFIV X�j CEDGF�QtXAVGFi]�X7b:k X ~ F�[7jGV
k X�HEH 	 ���30 � ��BM]SCEDGX�NGv�D k X�~�Fq[cjGV k X�HEH DG[cV nPfEFi��JSX�NGHK]S_�JSjr��FIHKCEJSvr[7CEFIV CEDPJSHZnPfEX�OP]SFIQ �:CUDPF
F#%xn-X�jGFij�CTJ [/] CTJLQtFZ\IX�QtnP]SF#%AJ^C`_�Xcb�CUDPFiJSf�[7]Sv�X�fKJSCEDGQ Qq[cVGF CUDxJLH�nGfEX�Ox]LFiQ [qv�XAXAVW\I[cjGVPJSVg[7CEF
boX�f boNGfTCEDGFIf fEFIHTFl[cfT\mD�� � C�~�[cHuX�NPf JSj�CEFIjrCzCUX�fEFiVGNG\IF VPfU[cQq[7CTJL\I[7]S]^_qCUDGF�VGFIn-FIjGVPFIjG\iF X�j � JSj
CUDPF�fENPj�CTJLQtF�XcbeCUDPF�[7]Sv�X�fKJSCEDGQ � � DGFR[cnGnPfEXr[c\mDW~�F�Cm[c�7F�F#%xng[7jGVGH�X�jWCUDg[/C�Xcb ��Dg[cnPCEFIfEH ,
[cjGV � � � DPJSH ~�X�fT�'Dg[cH O-FIFij3nGfTFIHTFIjrCUFiV fEFi\IFIjrCT]S_ JSj 	 2�0 � �

w NGFtCUX CUDGFt] [7fEv�FqHTJ
�IF Xcb�CEDGFqCEFIfTfU[7JSj Vg[/Cm[3HTFiCEHZCEDg[7CZ~�F Dg[l��F FijG\IXcNGjrCUFIfTFIV$�e[ ]^JLQRJ^C
[cfTX�HEF n-FIfKCm[7JSjPJSjGvRCUX�CUDPF Q [�%xJSQ�NPQ CUFifEfU[/JLj HTJ
�IF CEDg[7CuCEDGF�JLQtnP]SFIQtFij�CU[7CEJSX�j3\IX�NP]SV Dg[cjGVx]LF �
� DPJSH ~�[cH Qq[7JSjP]^_ VGNGF3CEX CEDGF3]^JSQtJ^C Xcb�[l�7[7JS]L[cOP]SF JLjrCUFifEjg[/]�[cjPV ��JLfKCUNg[/]�QtFIQtX�fK_ Xcb�CUDPF
CUFiHTC Q [7\mDPJLjPF � �`j�[cVGVPJ^CEJSX�j$�uCEDGF3]L[cfEvcF�Vg[7CU[ HKJ �iFIH'\I[cj�fEFiHENP]^C JSj ]L[cfEvcF�fENPjGjPJSjGv CEJSQtFIH��
� X�DGFy]Ln [7]S]SFi��JL[7CUF CUDPF�HKCUX�fE[cv�FM\IX�jGHKCUfE[7JLjrCEHu[cjGV fENGjrCTJLQtFMVGFi]L[l_xHi�G[Zng[cfU[/]S]SFi]=[7]Sv�X�fKJSCEDGQ�~�[cH
VGFy��Fi]SX�n-FIV��9�`jRb [c\yCl��HKJLjP\IF X�NGf|~ X�fT��JSH9Og[cHEFiVtX�jRVGFI\iX�Qtn=XcHTJSjGv CUDGFzHTDGX�fTCEFIHKC ng[7CUDRnPfEX�OP]SFIQ
JSj�CEXa[ vcfU[cnGD3nGfEXcOP]LFiQ �=CUDPFIfEF�[cfEFZQq[cjr_�n-X�HTHTJSOP]LF�ng[cfE[7]S]SFi]|[7]Sv�X�fKJSCEDGQtH�CUDG[7C�[7nGnP]^_WCEX X�NPf
CUFi\mDGjPJSs�NGFIH�� ��Dg[cnPCEFIf / JLjr�cFIHTCTJLv�[7CUFiH�[&ng[7fU[7]^]LFy] HTJSQ�Nx] [7CTJLXcj [7]Sv�X�fKJSCEDGQ boX�f'\IXcQqnPNPCEJSjGv
[ ~ FiJSv�DrCUFiV1HEDGX�fKCUFiHTC'nG[7CUD X�j�n-Xc]S_ADGFiVGfU[/]�HTNGfTb [c\iFIH�� � DGFW~�X�fT� \l[cj�O-F [7nGnP]^JLFiV CUX [7]S]
Xcb X�NPfR[7]Sv�X�fTJ^CUDPQqH�JLj&CEDGF'nGfTFi��JLXcNGHR\mDg[cnPCEFIfTH�� �&%Pn-FIfKJLQtFij�CU[7] fEFiHENP]^CUHt[7fEF'nGfTFIHTFIjrCUFiV boXcf
�7[cfTJSX�NGH�C`_An-FIH�Xcb CUFifEfU[/JLj�Vg[7CU[ � � FRHEDPX ~�CUDg[/CZ['�cFi_�b [7\iCUXcf�JLj�CEDGFtn=FifTboX�fTQ [7jG\IFRXcb CUDPF
ng[cfE[7]^]LFy]�[7]LvcX�fTJ^CUDGQ JLH JLj CUDPF�VGFi\IX�Qtn-X�HTJ^CEJSX�j3Xcb CEDGF�CUFIfTfU[7JSjWVg[7Cm[ � J � F �^�GCUDGFZng[cfKCEJ^CEJSX�jPJSjGv�� �
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B�]^CUDPX�NGv�D�CUDPFIfEFRDG[cH O=FiFIj�F#%ACEFIjGHKJS�cF ~ X�fE�WJLj�\IXcQqnPNPCEJSjGv HEDGXcfTCUFiHTCZng[7CEDGH�JSj nG[cfU[7]^]SFi]|boXcf
CUfE[cjGHTn=X�fKCm[7CTJLXcj jGFyC`~�X�fT��HI�9CUDGFifEF Dg[cH�O-FIFij&��FifT_ ]SJ^CECT]LFqJLj&\iX�QtnGNPCTJLjGv�HEDGX�fKCUFiHTCRng[/CUDGH�X�j
jGX�jA�`v�fKJLVx� ]SJS�cF�CUFifEfE[7JLjPH�� � C�~�[cH�X�NGf JLjrCUFijrC�CUXqHEDPX ~�CEDg[7C�[7]^] X7beCUDGF�~ X�fE�aJSj3CUDPF�nGfTFi��JSX�NGH
\mDg[cnxCUFIfTH�\I[cjWO=F�ng[cfE[7]^]LFy]SJ
�IFiV�[cjPVWCEDg[7CMF��q\iJSFIjrC�HEn-FIFiVGNGn�\I[cjWO=F�X�OPCU[7JSjGFIV��
Y JSjg[7]^]S_c� ��Dg[cnPCEFIf � [7CTCUFiQqnxCUHtCUX OGfTJSF �G_ HTNGQtQ [7fTJ
�IF�CEDGF3fTFIHTNP]SCEH Xcb�CUDGF CUDPFIHTJSH'[7jGV

nGfTFIHEFijrC�[RboFi~ X�n=Fij nGfEX�Ox]LFiQqH�[cHz~ Fi]^]|[7HMVPFIHE\ifTJSO=F�~ X�fE� CEDg[7C JSHM\iNGfEfTFIjrCE]^_ O-FiJSjGv VPX�jGF �
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!#"%$'&)(%(%$+*,&)-/.102*435*)687:9<;>=405.%?A@B?C9D=E.,02?CFG35.>*E$+05?H3+0'(I&J02.K(%$5*ELM6<?CNO9<3P02*QF>9D35-C$5?C0+9<RC?S05.%?T9<;%(>">0
(U*)6DVW.%?CF%$5*);�9D;X&Y;I&Z02">$2&Z6�@[&\VE]^L,V_(M6`&)-a9<;>=cb:02?C9D;%?C$4(U*)9D;,023Q&Z6D*E;%=G05.%?d?HF%=)?H3Q*)eP02.%?d(U*)68V,f
.%?CF%$5*E;hg i ?Y-H*E;%3j02$+"%-C0k&_=E$5&)(%.l-H*E;,02&Z9<;M9<;%=m05.%?nbW02?a9<;>?H$d(U*)9<;,053k&Z3o7E?C$+059D-H?C3p&Z;%Fl?HF%=E?C3
&)3'02.%?A9<;,02?C$5-C*E;%;%?C-C059D*E;%3TLU?C0q@B?H?C;rbW02?a9<;%?C$[(U*)9<;,053B02.%&Z0[-C*E$5$+?H35(U*E;%Fk02*o3+?H=EN1?C;:053[@s.>9D-/.G6D9D?
-H*)NK(M6<?a02?C68Vd9D;105.%?[02$j9`&Z;%=E">6<&)$teu&)-C?H3v*)eU02.%?T(U*)68VW.%?HF%$+*E;wgxi ?sF%?H3+-H$j9<LU?s.%?H$+?s05.%?TF%?C3+9D=E;p&Z;%F
&);I&J6DVW3+9D34*)ey3+?C7)?H$2&J6B3+-/.%?HN1?C3oez*E${(>6<&)-C9D;%=|02.%?kbW05?C9D;%?H$4(U*)9<;,053}&Z;%F ?CF%=E?C34*); ?H&)-/. eu&)-C?d*)e
02.>?}(U*)68VM.>?HF%$+*E;wgT~[.%?4�)?aV|9<F%?H&K9D3A05*K05$2&);>3+ez*E$+N�=E?H*EN1?a02$+9D-435.%*E$j02?C3+0S(I&Z02.r(%$5*)L>6<?CN13S9D;:05*
=E$5&)(%.Mf�02.%?C*E$5?a059D-4(>$5*EL>6D?HN13A35*d02.%&Z0s02.%?{ez*)686<*�@T9D;%=K=E*,&Z6D3s&)$5?4&)-/.M9<?a7)&ZL>6<?Z�

� gs(%$+*�7)&ZL>6<?QLU*E"%;%F>3S*E;Y05.%?4&)(%(%$+*��W9DNK&Z059D*E;reu&Z-C02*)$53A&);%F|02.%?Q(I&J02.n-H*E3j0S-H&);nL�?Q?H3j0/&)LWf
689<3+.%?HFh]

� gs?��>(U?H$j9<N1?C;:02&Z686DV|7E?C$+98��&)L>6D?4.>9<=).r�:"I&Z68980qV|(I&Z02.>3A-H&);nL�?Q*EL>02&Z9D;%?HFw]

� gs?��M9D3+0+9<;>=p35.>*E$+05?H3+0A(I&J02.n=E$2&)(>.r&J6<=E*)$+9802.%N13s-\&);nLU?4">35?HFh]

�E�
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, gT05.%?Q35-/.%?CNK?C3#&)$+?Q?\&)3j9D68VY9<N1(>6D?HN1?C;:02&)L>6D?)]�&);%Fn&)(%(U?\&J6D9D;%=102*1(%$2&Z-C0598059D*E;%?C$53Cg

i ?d(U*)9D;,0Q*E">0{02.%&Z0\]w9D;X&);,V_*)e'*E"%${3+-/.%?HN1?C3H]�@B?1-\&);�3j02*E$+? 02.%?d=E$5&)(%.X&)3#980{(U?H$+02&Z9D;%3
02*YbW02?a9<;%?C$#(U*)9<;,053S9DNK(M6D9D-C980568VEg�-q;_&);c9802?H$5&Z059D*E;_*Ze�. 90/ �:3+05$2&�1 3#&J6<=E*)$+9802.%N|]w&ZF2/j&)-H?C;%-CVn9D;>ez*E$jf
NK&Z059D*E;G-H&);GLU?S-C*EN1(%">05?HFY*E;p05.%?�3>Vp&J0T&}3+NK&Z6D6h&)F%FM9D0+9<*E;%&Z6h-C*E3+0HgP~[.:"%3H]>05.%? =)$2&)(%.k;%?H?CF%3
;%?a9D05.%?H$s02*1LU?4(>$5?H-C*EN1(%">05?HFc;>*E$[02*KL�?{3j02*E$+?HFwg

-q; &ZF%F>98059D*E; 05* 02.%?�02.>?H*E$+?C059D-\&J61-H*E;,02$j9<L>">059D*E;%3C]1@B?l.I&\7E?l9<N1(>6D?HN1?C;:05?HF &J6D6d*Zep*E">$
35-/.>?HN1?H3C]w&d(�*Z9<;,0+f�02*Zf (�*Z9<;,0s35.>*E$+05?H3+0�4v"%-C689DF%?\&);r(I&Z05.c&Z6D=E*E$j9D05.%N ez*)$A3j6<?C?C7)?H3H]U=E$5&)(%.n35(I&);Wf
;%?C$53{*E;ceu&Z-H?H3 *)e'(�*)68VW.%?HF>$2&Y&);%F65y.>?H;�&);%F87S&);91 3{&Z6D=E*E$j9D05.%N|g#i ? (U?H$jez*E$5N1?CFm?a�W02?C;%3+987E?
?a�M(U?H$j9<N1?H;,053K*); 02$+9<&);%=)">6`&Z$}9D$5$5?C=E">6<&)$ ;%?a0q@y*)$5�:3;:�~<->=A3+?}&);%F�?C3+02&)L>689<3+.%?HFl?a�M-C?C686<?C;:0K(U?H$ f
ez*E$+Nk&Z;%-H?k*)ey05.%?p3+-/.%?HN1?H3 9D; (%&Z02. �W"%&Z6D980qV &);%F $+"%; 0+9<N1?A@'LU*)05. LU?C9D;%=_LU?C0+02?H$Q02.%&); 02.>?
02.>?H*E$+?C059D-\&J6'@B*E$+3+0 -H&)35?kL�*)"%;%F%3Cgpi ?K35.>* @ ?��M(�?C$+9DNK?C;,0/&Z686DV 02.I&J0o&n-H*E;>3+0/&Z;:0};:"%NoLU?H$}*)e
bW05?C9D;%?H$A(�*Z9<;,023B:u9 g ?)g8]U3j98�C?y(�?C$s?HF%=E?435")Dk-C?}9DN1(>6DV:9D;%=G&Z;�EF:HG#6D*E= G
?B$5"%;n059DN1?}&Z3A@y&)3S&Z6<3+*
*EL%3+?H$j7E?HF ?a�M(�?C$+9DN1?H;,0/&Z6868VEgI-q;�02.>?K">;:@B?C9D=E.,02?CF -\&Z35?)]�&|F>9<$+?H-a0}-C*EN1(I&)$j9<3+*E; 05*�5y.>?H; &Z;%F
7 &Z;91 3o&Z6D=E*E$+9802.>N 9D3o=Z9D7)?H;wg�7S?H$+?p*E">$o35-/.>?HN1?H3d3+.%*�@�&neu&)3+0}-H*E;,7)?H$5=)?H;%-C?|05*c*E(M059DNk&J6B9D;
&)-C-H"%$5&)-CV�@T9802.�&|No"%-/. 9DN1(%$5*�7)?HF�$5">;%;>9D;%=r0+9<N1?p*�7)?H$J5y.>?H;�&);>FK7 &Z;wg;LS3j9<;%=c&); &ZF%F>9 f
059D*E;I&J6t(U*E3+0jfq(%$+*M-C?H353j9<;>=r3j02?H(m05.%?d?a�>&)-a0}3+.%*E$j02?H3j0Q(I&Z05.%3Q&)$5? ez$+?H�:"%?C;:0+6DV�*)L>0/&Z9D;%?CFwgM-q;m02.>?
@B?C9D=E.,02?HF|3+-H?H;%&)$+9D*%]%&Z3yeu&)$B&)3B@B?{&)$+?#&\@[&Z$5?#*)e ]:02.M9<3y@B*E$+�k$+?H(%$+?H35?C;,023[02.>? �I$53j0T&)F>?H�:"I&Z05?C68V
F%*W-H"%N1?C;:05?HF_9DN1(>6<?CN1?H;,0/&Z0+9<*);6NHg�7A?H$+?d&Z6D35*k05.%?o(%&Z02.m&Z-H-H">$2&)-aVr-C*E;,7E?C$5=E?C;%-H?C34$5&)(>9DF>68Vc&J0
&oeu&)3j0s$5"%;%;M9<;%=d0+9<N1?)g�i ?{-C*E;%-C6D"%F%?{05.I&Z0[05.%?{35-/.%?CN1?H3A(%$5?C35?H;,05?HFc.>?H$5?Q&Z$5?{*)e .>9D=E.Y7Z&Z6<">?
ez*E$'(%$2&Z-C0598059D*E;%?C$53yez$+*EN 9<;>3+9DF%?{&);%Fp*E">023j9<F>? 02.%? 35-C9D?H;,0+9D�I-{-C*EN1No"%;M9D0qVG&);%Fpez*E$B$5?C35?\&Z$5-/.%?C$53
9D;n05.%?4&)L�*�7)?4N1?C;:0+9<*);%?HFn�I?C6DF%3Hg
~[.%?A-/.I&)(>05?H$v9<3P*E$+=,&);>9DRH?CFK&)3vez*)6D6D*�@s3H�tbM?H-a059D*E; � g � F%?C35-H$j9<LU?H3B*E"%$P&)(>(%$5*\�W9<NK&Z0+9<*);p&Z6D=E*Zf

$+9802.>NK3Aez*E$A35.%*E$j02?C3+0#(%&Z02.%3S-H*EN1(%"M0/&Z0+9<*E;>3HgTi ?}L�?C=)9D;r@T9802.m&K3+9DNK(M6<?o&)(%(%$+*,&)-/.m&);>Fr02.>?H;
F%?C35-H$j9<LU? 9DNK(>$5*�7E?CFX3+-/.%?HN1?C3HgdbW?H-C0+9<*); � g � (%$5?C35?H;,053Q05.%?o05?H3+0+9<;>=Y(%$5*W-H?CF%"%$5?C3H]�?��>(U?H$j9<N1?C;Mf
0/&J6P35?C05"%( &Z;%F $+?H3+">6D053}05.I&Z0Q@y?C$5?K*EL>02&Z9<;>?HFwgGbM?H-a059D*E; � g � F>9<3+-H"%3+35?C3d&);X?a�W02?C;%3+9D*E; 05*r*E">$
OQP9RSRHTVU WYX+Z�U�R\[]Z�U X+W9RYTV[^W �`_ba � � cedgfihjXlk�X+m0RHUQaYkjXgRHUnXlojojaH_lXlpqT�_gr � �+dsf �9X+WSojaH_loA_lWHUQtvu
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Star scheme
 Leaf scheme
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� /713&�1.-6'71 "%)�13-K&V�('*+2&V/*>�G*&A02E}+21.&A&A4�'*)KF* <&!+Agh'7)}"<BM4]&A02BM"%+.+?"<PW <&M03'7)�F9&VBD'(E�'702"%+.&�oX"#13-K"%)
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Impermissible Ranges


Sideslope Overturn Ranges


Braking Range
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'715 <&A'*+21C/9)�&fG7'7 %"%$}4�'713-Lg � u�� e �3vsPe&\1�os&!&A)��V'*)�$=��Q _C #13-�/*��F9-}op&�BD'*�7&J13-W"<+ '*+.+2��BM4K1."%/9)
"%)=1.-�&f'*)6'7 #El+2"%+Agj/9��08'7 %F9/90?"%1.-�B "%+5'*PK %&c13/M$�&!1.&A�\1C1.-�&f'*P�+.&!)��A&f/*>�G7'7 %"%$=46'713-K+C'7)�$z0.&A4]/90?1
o8-�&!):+.���^-='�46';13-y$�/l&A+s)�/*1[&;/l"<+?1(Q�_C # q1.-6'71[02&ABD'7"%)�+s1./VPe& +.-�/Ho8)y"%+s13-6';1s"#>�'JG7'7 %"%$:46'71.-
$�/l&A+8"<)K$�&A&!$�&0/l"%+21(gj13-K&A)}/*��05'7 <F*/902"#13-�B�oX"# # w'; %os'(EW+C4�0./l$����!&�'ZG7'7 #"<$,46'713-}'*+Xos&\ % �Q8{[-K"%+
oX"# % P]&a4�0./HG9&!),"%)?*l&A�!12"</*) ¢ Q ( Q £ Q
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� "%F9��02& ¢ Q ¢�� _C)�&;/K'*BM4K <&z+2-�/HoX"<)�F~1.-6'71V1.-�&A02&=BD'(E�)K/*1ZP]&z'}G*'; %"%$�46'71.-�P]&!1�op&A&!)�1�op/
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�A/*)I13'7"%)K"<)KFD�3v3Q
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13-K&�$K"%0.&A�\1."%/9)�+y/*)S13-�&}Pe/9�K)�$6'*0?"<&!+y/*>c13-K&�03'*)KF9&�ub13-�&!+.&~'*02&��('; % %&A$ ' �D�*���C� � �,�K�*��� /*>
�A0?"%12"<�A'7 �'7)�F* %&A+\v3Qa{[-I��+AgL1.-�&V'*)KF* <&J13-6'71��� '*)�$��UzBD'*�*&VoX"#13-�1.-�&�-�/*02"%�A/9)T1^'; k4K <'*)�&�"%+ 6��^Q
6h&!1
	��8Pe&V1.-�&M'*)�F* %&VP]&!1�op&A&!)�13-K&A+.&Z1�op/:G9&A�\13/902+co8-�&A)�4K <'*�A&!$�&!)�$ -�13/ -�&A)�$�'*+c+2-�/Ho8)�"%)
� "%F9��02& ¢ Q:9WQ�6h&\1�	 c P]&s13-K&sBZ"<)W"<BJ��B /*>]'; % 
	��L>b/90 13-K&cu���4V1./ 13-K0.&A& vh"%BD4]&A02BZ"<+2+2"%PK <&X0.'*)�F9&!+
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'*)�F7 <&!+_'*)�$�� c4e ¡8= i = `�13/UPe&f13-�&JBM"%)K"%B���B '*)�F7 <&f/9) b0c P]&!1�op&A&!)�'UBD'71.�^-�&A$~46';"<05/*>
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:_)%$j'71_1.&A0203'7"%)LgL/9�K0_BM/W$�&\ �P]&A-6'(G9&!+c %"%�*&D'Uop&!"%F9-T13&!$�+2-�/9021.&A+?1J4�'713-�'*+C"<)�1.-�&Vos&\"<F*-I1.&A$
0.&!F*"%/9) 4�02/9PK %&AB /*>'&="#13�^-�&\ % �'*)�$)(w'*46'7$K"<BZ"#130?"</9� V < Xf[ +2"%)��A&�13-�&!0.&�'*0.&�)�/�P�03'*�T"%)�FS/*0
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� "%F9��0.& ¢ Q:9 � {[-�&cG7'7 %��&a/*>�	��roX"%1.-,02&A+.4]&A�\1C1./M�A02"#1."%�('; �'*)�F* %&cG9&A�\13/902+ �� '*)�$ �UjQ

 <'Ho /*>�0.&\>b03'*�\1."%/9)LQ � /90[)K/9) -�$6'71[13&!0.0.'7"<)K+8oX"#13-z+?13&A&!4,+? </*4e&!+AgK1.-�&c46'71.-=�^-�'*03'*�\13&!02"%+21."%�A+C'*02&
$K"#dq&!0.&!)I1AQ�T8/ op&Z'*)K$WT5/9+2+ V ¡4X)Y [ +.-K/ o 1.-6'71c'U+.-�/90?13&!+21a'*)W"<+2/*1302/94K"%�V46'71.-��('*),1303'(G*&A0.+2&M'
>@'*�!&a"%)z13-�02&A&a$K"#dq&!0.&A)T15o['(El+_'7+5+2-�/Ho8),"%) � "<F9�K0.& ¢ Q � QY{[-K"%+C�!/90.02&A+.4]/9)�$K+51./D/*)�&a/*>�1.-�0.&!&
1�El4e&!+C/7>�>@'*�!&a�A0./*+.+2"%)�F9+8o8-K"%�^-,op&J$K&A)�/*1.&f'*+ �*��� �^�\�@���;������� �^� �

¡ Q � � ��� �#�*� � *I1303';"<F9-T1_'*�A02/9+.+c';1_'t4]&A02BZ"<+2+2"%PK <&7gh)�/9) -�P�03'7�I"%)�Fy-K&('*$K"%)�Fy/*Pe&\El"%)�FS*l)�&! # �*�+
 <'(o�'7 %/9)�FZ13-K&a>@'7�A&aPe/*��)�$6'*0?"<&!+fu�BD'(E:1303'(G*&! �'7 %/9)�FD'M�A02"#1."%�('; �'*)�F* %&;v3Q

£ Q�� �������C� 
^�l� � ��� "%G*&A)~'DBD'713�^-�&!$~46'7"%0C/7>��A0?"%12"<�A'7 �"%BM4e&!0.BZ"%+.+2"%PK"# %"#1�E�$W"<02&A�!12"</*)}G9&!�!13/*0.+
�� '7)�$ �U6g613-W"<+C46'713-=�A/*)�+2"%+21.+_/*>k�!/9)�+2&A�A�W1."#G9&V+?1303';"<F9-T15 %"%)�&J+.&AF*BD&!)T13+C1.-6'71 '7 #13&A02)6'71.&
"%),$W"<02&A�!12"</*)�+��� '*)�$ �UjQ m '7�^-,�^-6'7)�F9&c"<)=$K"%0.&!�!1."%/9)="<+8�('; % %&A$,' � �������C� 
^�l� � Q

( Q�� �2�
�;����� � *I1303';"<F9-T1C'*�!0./9+2+8oX"#13-=P�0.'*�T"<)�FU'71C'Z)�/9) -��A0?"%12"<�A'7 -�&('7$K"<)KF�Q

{[-�&~'7 %F9/90?"%1.-�B /*>7T8/ op&�'7)�$PT5/*+.+8V ¡4X)Yf[ �!/9BM4��K1.&A+z'x+2-�/9021.&A+?1:&A)�&!0.F*EN46'71.-S>b/90U'
G9&!-K"%�! %&tBM/HGl"%)�Fz"<)�':13&A0203'7"%)LQD{[-�&\"<0J'7 %F9/902"#13-KB �A/*BD4K�K13&!+V'7 # �4]/9+.+?"<PK %&D�A/9BJPK"<)�'71."%/9)�+f/*>
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(1)


(2)


(3)


braking


range


impermissible


range


� "<F9�K0.& ¢ Q � � {[-�& ¢ os'(El+5"%)=o8-W"<�^-}'M+2-�/90?13&A+?1_'7)K"<+2/*1302/94K"%�a46'713-=�('7)=�!0./9+2+ 'V>@'*�!&*Q

13-K&�13-�02&A&�1.03'(G9&!0.+.'7 w1�El4]&A+a'*P]/HG9&Z'71 &('*�^-~&!$�F9&V&!)��A/*��)T13&A02&A$�$���0?"<)�Ft4�0./94�'*FT'712"</9)qQc{[-�&!E
&0/W-6'7��+21�'7 # T4]/9+.+?"<PK"# #"%12"<&!+�1.-�0./9�KF9-f'*)���� +.&('70.�^-Uu�+.&!&�V 9 �\[ v]02&A+.�W %12"<)�F8"%)J'7)��Uu ` W ve'; <F9/*02"#13-�B
"%)t13-�&5os/*0.+21s�('*+2&*Qr{[-�&\Et$K/V-�/Hos&\G9&!0Ag6��+2&_'J+2&!1X/7>h-�&A�K02"%+21."%�A+['*)�$y4�02��)K"%)�F�1.&A�^-�)K" �I��&A+[1./
-�&\ <4�'7 # <&\GI"`'71.&Z13-K"%+_ `'70.F9&�12"<BM&M�A/*BD4W <&;/W"#1�E9g +?1^'712"<)�F:1.-6'71_"#1a4e&!02>b/902BM+cB����^-�Pe&\1.1.&A0_13-�'*)
13-W"<+84]&A+.+?"<BZ"%+212"<�JPe/9�K)�$LQr��)=1.-�&!"%0X"<BM4K %&ABM&!)I13'71."%/9)Lgj+?oX"%1.�^-lP�'*�^�,4�'713-�+Xop&A02&J$K"%+3'; % %/Hos&!$LQ

6h&!1C��+C&;/K'*BZ"<)�&�'D+?oX"%1.�^-IP6'*�^�=46'713-z13-�'71 4�'*+.+2&A+C1.-�0./*��F9-,'M>@'*�!& b0c QlT8/ op&J'*)�$�T5/9+2+
V ¡4X)Y\[ +2-�/Ho 1.-6'71c13-K&A+.&D+2oX"#13�^-IP6'7�^��4�'713-�+f'*02&Z�A/9)T13'7"<)K&A$�oX"#13-W"<) bdc Q � ��021.-�&A02BM/90.&7g 1.-�&!E
+.-K/ o�13-�'71c't+?oX"%1.�^-IP6'*�^�~46'71.-��A/*)�+2"%+21.+c/*>Y'y�^-6'7"%)~/*>r�A/*)�+.&!�A�K12"%G*&D+2&AF9BM&!)I1.+a$K"<02&A�\13&A$~"%)
13-K&:$K"<02&A�\1."%/9)�+D/*>_'�BD'71.�^-�&A$N46'7"%0Z/*>5�A0?"%12"<�A'7 X"<BM4]&A02BM"%+.+?"<PW"% #"%1�EN'*)KF* <&:$W"<02&A�!12"</*)�+AQ�{[-K"%+
BD'713�^-K&A$ 46'7"%0D/*>a'*)�F7 <&,$K"<02&A�\1."%/9)�+Ag8+.'HE �� '*)K$ �UjgX�A/9020.&!+.4]/9)�$S1./�13-K&}P]/9��)�$6'702"%&A+t/7>a'
+2"%)�F* %&a"<BM4]&A0.BZ"%+.+?"<PK"# #"%1�E=03'7)�F9&*Q



���������
	���
���������������������������������� ������!"	���	����$#%�&���
��' ¡ 9 (

�������
	��
����������� � ����� �C� 
^�l� �V�K�*��� 
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{�/J��)�$�&!0.+?1^'*)�$U13-K"%+s4�02/94]&A021�E*gW�!/9)�+?"<$�&!0['a+2oX"#13�^-IP6'*�^�U46'71.-U>b0./*B '*)U&!$�F9&C/*>h'c>@'*�A& bdc
13/Z1.-�&cG9&A0?13&;/ UU/94K4e/9+?"%1.&c13-�&a&A$KF9&f'*+X+.-�/Ho8)="<) � "%F9��02& ¢ Q � Q H_��&_13/Z13-K&f�!/9)�+?1303';"<)T1813-6';1
13-K&f+?oX"%1.�^-IP6'*�^�=46'713-zBJ��+215 %"%&coX"%1.-K"%) b0c gK1.-�&a)I��B�P]&A05/*>�+2oX"#13�^-IP6'*�^�I+_02&��I�K"%0.&A$=13/M0.&A'*�^-
UV"%+s"<) ]6)K"#13&*Q n /Hos&\G9&A0!gj'*+pop&CoX"# # L+.&!&C"%) 2p <'7"<B ¢ Q ¡ gI13-�&5 <&!)�F*13-t/*>L13-W"<+p46'713-U"<+pPe/9�K)�$�&A$qQ
{[-�&a4�02/9PK %&AB��A'*)z/9)K #Ey/l�A�A�K08o8-K&A),'71[ %&('*+?1C/*)�&c/*>�13-�&c+?oX"%1.�^-lP�'*�^�z46'713-z&!)�$�4]/*"<)T1.+5"%+8'
G9&!021.&0/�/*>r�UQV{ /:+.&!&M1.-K"%+Agh�A/*)�+2"%$�&A0c>b/90 &0/K'*BM4K %&U'y+?oX"%1.�^-IP6'*�^��46'71.-�13/ UjQJ{[-K&D4�'713-�"%+
�A/*)�+21.03'7"%)�&A$=13/D0.&!BU';"<)=oX"%1.-K"<)=13-�&a>@'*�!&*Q2_C+51.-�&a46'71.-}F9&\13+8�! %/9+.&!0C1./ Ujg613-K&f�!/9)TG9&!0.F9&!)��A&
/*>r13-K&Z&A$�F9&!+_"<)K�!"%$�&A)T1a13/ U=�('*�K+.&Z13-�&�46'713-~1./:F9&!1c+2BD'7 % %&A0a'7)�$�+.BD'7 # <&!0AQ$*I"<)��!&M'y$K"%0.&A�\1
46'71.-D1./ UJ"<+Y)�/*1Y4]&A0.BZ"%+.+?"<PK %&*gW13-K"%+p�!/9)TG9&!0.F9&!)��A& oX"# # e�A'*��+2&51.-�&C4�'713-U+.&AF*BD&!)T13+p1./JP]&A�!/9BM&
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Amount of Over Processing for Various Terrains 

and Processor Configurations
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Effects of Number of Processors on 


Over-Processing
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Effects of Terrain Size


on Over-Processing
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Processor Configuration (Tile Size)


Speedups Using Slow Vs. Fast Communication (Madagascar50k TIN)


Fast Comm.
 Slow Comm.
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Processor Configuration (Tile Size)


Speedups Using Slow Vs. Fast Communication (America40k TIN)


Fast Comm.
 Slow Comm.
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Processor Usage for Different Tile Sizes and Communication Speeds 

(Madagascar 50k)
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<---------- slow communication  |  fast communication ---------->                    

Processor Configuration (Tile Size)
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Processor Usage for Different Tile Sizes and Communication Speeds 

(America 40k)
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<---------- slow communication  |  fast communication ---------->

Processor Configuration (Tile Size)
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Over-Processing for Different Tile Sizes (Madagascar 50k)
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Over-Processing for Different Tile Sizes (America 40k)
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Processor Configuration (Tile Size)


Speedups for Various Tile Sizes With Multiple Sources (America40k)
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Processor Configuration (Tile Size)


Speedups for Various Tile Sizes With Multiple Sources (Madagascar50k)
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Over-Processing Differences Between Single Source and Multiple 


Weighted Sources (Madagascar 50k)
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Processor Configuration (and Tile Size)
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Over-Processing Differences Between Single Source and Multiple 


Weighted Sources (America 40k)
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Processor Configuration (and Tile Size)
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