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gFp t ^ y ^nX �S^kcHd{vH� [ed =<^xpNv b �IsFX~^ngOc�\��HXZY�[ t sO���ugep�\_X~[esOd{>�\_X sFXZ[2\_g t v�X~^ngOc�\ s b ^`\_[]\ p b g y \_><\_X~[ y
��gOc/X b g t \ b []sO��Y�^nc�� t ^ y ^nX \ "N[ � � � �V[Ic�[ b sFXZg bob [esV��XZ^kjl[ a g ��[ b�t ^ y ^kX�\�$ � � gVXZY�gep1XZY�[]\_[u=�^ �
pNv b �zsFXZ^kgOc y g/d{[]\;Xm> a ^`�Is tnt > t [esVd XZg$jlg t X�sF�V[���g tnt s a \_[,% � � ' ���1g a p,=�^xpNv b �IseXZ^ngVcH\;gVc�XZY�[
gOX~Y�[ b YHsFcHdE� a�b g/d/vH��[ t ^ y ^kX���>�� t [e\ " a [ b ^kg/d{^`��g b =�^nX \ $�XZYHseX y sI> t [esVd X~Y�[i\_><\_XZ[ y XZgug \ �
��^ tkt seXZg b > ^kcH\_X sF=�^ t ^kXZ^n[]\;sV\ Y�s]jl[4= [z[Ic�d{[IX~[e��X~[ed ^nc s jVs b ^n[IXm>�gep a g�� [ b \m>�\mXZ[ y y g/d{[ t \
%">/� � � � � ��� � ��� � ! ' sFcHdugO=�\_[ b jl[edu^nc a�b sV��XZ^���[-% � � � �  �� � # ' �

�
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� c��O[Ic<[ b s t � a g���[ b \_><\_X~[ y ^ncH\mX�sF=<^ t ^kXm> a�b gO= t [ y \ �Isec.=H[o� t sO\~\_^ w [edu^nc/XZgfXZY b [I[ y sF^kc
�IsFX~[I�Og b ^k[e\�� cHs y [ t > � sec�� t [l� jlg t X�se�O[l�1sFc�d y ^`d�sFc�d t gOc<��XZ[ b~y ^nc�\_X�se=�^ t ^nXm> a�b gO= t [ y \��
W c�� t [1^ncH\mX�sF=<^ t ^kXm> a�b gO= t [ y g/�z��v b \�d{v�[1XZgiXZg b } v<[ ^ y =Hs t sFcH� [ gFpr\m>{c�� Y b gOc�gVvH\ y sO��Y�^nc�[]\
� Y�^ t [ jlg t X sF�O[ sFcHd y ^`d � XZ[ b~y sFcHd t gVc���� XZ[ bZy ^nc�\_X�se=�^ t ^nX~^n[e\ g/�z��v b d/v�[ XZg b [esV��XZ^kjl[ a g�� [ b
^ y =Hs t sFcH� [ sFc�d p sFv t XC��gVc{X~^nc��V[IcH��^k[e\ ^ncfXZY<[1\_><\_XZ[ y � b []\ a [e��X~^njl[ t > �
W c�� t [ ^kcH\_X sF=�^ t ^nXm>i�Isec
=H[.\mv�=Ed{^nj/^`d/[ed ^kc{X~g.X b sFc�\_^n[zc{XisFc�d�\ y s tkt � \_^k�OcHs t ^kcH\_X sF=�^ t ^kX_> � � b sFc�\_^n[zc{Xi^ncH\mX�sF=<^ t ^kXm>.g b
wHb \mX1\ � ^kc��o^ncH\mX�se=�^ t ^nXm>og/�I��v b \ d{v<[ XZg t s b �V[�d{^�\_XZv b =HsecH��[ ^kcuXZY�[ \_><\_XZ[ y � Y�[ b [esV\ \ y s tnt �
\_^k�OcHs t ^kcH\_X sF=�^ t ^nXm> b [e\_v t X�\|p b g y ^ncH\mv% �� ^n[Ic/XCXZg b } v<[ � � y s tnt � \_^k�OcHs t ^kcH\_X sF=�^ t ^nXm>o^�\ pNv b X~Y�[ b
\_v�=�d{^nj/^`d/[ed�^nc/XZgoc<gOc � gl\~��^ tkt sFX~g b >.secHdugl\~��^ tkt sFX~g b >u^ncH\mX�se=�^ t ^nXm> % �BA ' �
� g a p�=�^ pNv b �zsFXZ^kgOcH\ � � Y�^`��Y d{[]\Z� b ^n=H[.X~Y�[.gVcH\_[IX4gFp2sFc g \Z��^ tnt seXZg b > a�b gV= t [ y � ��gVv t d

s b ^`\_[4d{v�[4XZg�jVs b ^�sF= t [�c<[IXid�s yua ^nc��<� p b [e}lv�[Ic���>�d{[ a [zcHd{[IcH� [�gep [ t [e��X b ^`�Is t X~g b } v�[4sFc�d
jlg t X�sF�V[u� gOc/X b g t ^`\~\_v�[]\ "N[ � � ��p sO\_XisV��XZ^kc��$sFv�X~g y seXZ^`��jlg t X�sF�V[ b [I�Ov t sFX~g b \ ^kc �V[Ic�[ b sFX~g b \
% � ��� � > ' $isecHd9s b [$X b ^k�O�V[ b [ed�=/>�\_><\_X~[ y ��gVc{X~^nc��V[IcH��^k[e\ � � c y g \_Xf�IsV\_[e\ � =�^xpNv b �IseXZ^ngVcH\
g/�I��v b gOc+jl[ b > \mX b [e\Z\m[ed*\m>�\mXZ[ y \�� ^ � [ � Y�[esIj/^ t > t glsOd/[ed+\_><\_X~[ y \�g a [ b seXZ^nc<� � t gl\_[�XZg
XZY�[�&ZXZ^ a gFp1X~Y�[fc�gl\m[.� v b jl[!( " y s �/^ y v y t glsOd/^nc�� a gV^nc/X�gVc�s.� � ? ��v b jl[�$ � � Y�^�\;^�\;s
XZg a ^`�Is t ��gVcH��[ b c�sO\ y sFc/>f��v bZb [Ic/X c<[IX � g b ��\Cg a [ b sFXZ[�c�[]s b XZY<[I^ b \_X sF=�^ t ^kX_> t ^ y ^kX�\|d/v�[ XZg
[e��gVc�g y ^��Is t secHd;[zc{j/^ b gOc y [zc{X s t ��gOc�\_X b sF^kc{X \ � � cH� ^`d{[Ic/X�\BgepE\_><\_X~[ y ��g tkt s a \_[e\
^nc�d{vH��[ed =/>
� g a pC=�^xpNv b �IseXZ^ngVc�^ncH� t vHd{[ X~Y�[ � b ^ �EsFc��Osec a g ��[ b \_><\_X~[ y d{^�\_X~v b =HsecH��[igFp���s]>3�{� � > > �
% � � ' �QsFcHd�XZY<[�q�[e\_X~[ b c � >�\mXZ[ y �Cglg b d{^kcHsFX~^ngOc �CgOv�cH� ^ t " q ��� � $,\m>�\mXZ[ y d{^�\_X~v b =HsecH��[
gFpiW1v��OvH\mX � �/� � > >  % �  ' � � Y�[$��gVcH\_[]} v�[zcH��[e\ ��[ b [$\_[zjl[ b [ � � c XZY�[�q ��� � \m>�\mXZ[ y �
s a�a<b g!�{^ y sFX~[ t >0# � � y ^ tkt ^ngVcf��vH\mXZg y [ b \ � [ b [ ^kc{X~[ bZb v a XZ[]d2p b g y ��gOc/XZ^kc{v�gVvH\ \mv a�a�t > % �  ' �
^nc�XZY<[ � b ^ �EsFc��Osf[Ijl[Ic/XI�l^nX X~glg��$sF=HgOv<X�sFc$Y�gOv b XZgo= b ^nc<��X~Y�[i\_><\_XZ[ y =HsV� �4XZgfc�g b~y s t �
pNg tkt g�� ^nc�� s cHsFX~^ngVc � ^�d{[ �O� y ^nc/v�XZ[C= t sO���lgOv�X �Uq ^kXZY � s]><\ gep a<b [ed{^���XZ^kc��,sFcHdo��gVc{X b g tnt ^kc��
� g a pC=�^xpNv b �IseXZ^ngVcH\��/XZY�[ise= gejl[i^ncH��^�d{[Ic/X�\C��gVcH��[I^kjOse= t >3��gOv t duYHsIjl[ =H[I[Ic$sIjlgO^`d/[ed �

� Y�^�\�XZY<[e\_^�\usOd�d b [e\~\_[e\uXZY<[�^`\Z\mv�[e\ugFp a�b [ed{^���XZ^kc���� y ^kXZ^n� sFX~^nc���sFcHd sIjlgO^�d{^nc���� g a p
=�^xpNv b �IseXZ^ngVcH\;^kc a g�� [ b \_><\_X~[ y \�� � Y�[ a�b []\_[Ic/XZ[ed � g a p =�^ pNv b �zsFXZ^kgOc�[���s yua�t []\ s b [ t g �
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p b [e}lv�[Ic���> a Y�[Ic�g y [IcHs "S� � � � � � �,^ � [ � [ t [e��X b g y []�ZYHsFc�^��Is t gl\Z� ^ tnt sFX~^ngOc�\ $ � Y<^`��Yus b [ y g b [
��g y4y gOc t >�gO=H\m[ b jl[]d�XZY�sFc seXu\mv�=H\m>{cH��Y b gOc�gVvH\�XZg b \m^ngOc�s t p b [e} v<[IcH��^k[e\ � � Y�[z>9s a�a [es b
d{v�[fXZgugVc�[ b gOvH\�d{[Ijl[ t g a ^nc��4sO��X~^njl[2sFcHd b [esV��XZ^kjl[ a g���[ b t g sOd a�b g wHt []\ sFcHd�s b [ovH\_v�s tnt >
X b ^n�O�V[ b []d3=/> t ^nc�[ gVv�X�se�O[e\ �BsV\ � ^ tnt = [2d{[ y gVcH\_X b seXZ[ed�^kc�XZY�^�\ XZY�[e\m^`\��

�
��� � � � �)��� �����"� �����&�����

� g�� [ b \m>�\mXZ[ y \ s b [��O[Ic�[ b s tkt > y g/d{[ t [edo={> y [esecH\ gepCY�^n�VY t >fc�gVc t ^kc�[es b d/>{cHs y ^`�zs t \_><\ �
XZ[ y \ gFp�[e} v�sFXZ^kgOcH\ secHd�s jVs b ^n[zX_>fgFp���gVc{X b g t secHd ^kcHd{[ a [Ic�d{[Ic/X a s b s y [IXZ[ b \ � � c$� b ^nX~^`�Is t
��^ b ��v y \mX�secH��[e\ � jVs b ^`seXZ^ngVcH\ gFp s a s b s y [zXZ[ b1y sI>$�IsFvH\m[ov�cH\mX�sF= t [ogl\~��^ tkt seXZ^ngVcH\ � ��g b [�� �
s yua<t [ ^kc % � �����O���H� � ' �{gl\~��^ tkt seXZg b >u=H[IYHsIj/^ng b gep|X~Y�[ a g ��[ b \_><\_X~[ y � sO\ ^`d/[Ic{X~^ w []d vH\m^nc��
� g a pQ=�^xpNv b �IsFX~^ngVcuXZY�[zg b > � � c % �V� ' �lX � g2} vHs t ^kX�sFX~^njl[ t >od{^ �E[ b [Ic/X�\_><\_X~[ y ^ncH\mX�se=�^ t ^nXZ^k[e\Cd{v�[
XZgu=<^xpNv b �IsFX~^ngOc�\ � [ b [�gV=H\_[ b jl[ed � � Y�[ a gl\~\_^k=�^ t ^nXm> � sO\ b sF^�\_[ed�gFp�XZY<[o��gl[��/^`\mXZ[Ic���[�gep g \ �
��^ tkt seXZg b >�^nc�\_X�se=�^ t ^nX~^n[e\isFcHd9jlg t X�se�O[$��g tnt s a \_[ � d{[ a [IcHd/^nc���gOc XZY�[$jOs t v�[�gep�X~Y�[$�IsFv�\Zs t
a s b s y [zXZ[ b v�cHd{[ b ��gOc�\_^`d/[ b seXZ^ngVc���W c�gVXZY�[ b \_X~vHd{> % � � ' \_Y�g��1\oXZY�[4g/�I��v b~b [IcH� [ugFp,X � g
� g a p
=�^ pNv b �IseXZ^kgOcH\ a�b ^ng b XZgis�\ZsOd<d t [1c�g/d{[1=�^xpNv b �IseXZ^ngVc
�lsV\ ^`\rs t \mg b [ a g b XZ[edo^nc�% � ��' � � Y<[
wHb \mX � g a pQ=�^xpNv b �IsFX~^ngVc � sO\ v�cH\mX�se= t [ " &�\mv�=E� b ^kXZ^`�zs t ( $ � Y�[ b [esV\ XZY<[�\_[e� gOcHd�gVc�[ � sO\ \_X s �
= t [ " & \_v a [ b � b ^kXZ^`�zs t ( $ �QW t \_g % � � ' \_Y�g��1\ X~Y�[ g/�z��v bZb [IcH��[CgepEs � >�� t ^`�UpNg t d " X � g t ^ y ^nXE��><� t []\
gFprd{^ �E[ b [Ic/XC\mX�sF=<^ t ^kXm>�s a�a�b glsO��YugVc�[ sec�gOX~Y�[ b sFcHdf��g tkt ^�d{[ seX s�\ZsVd�d t [��Sc�g/d/[ =�^xpNv b �IseXZ^ngVc $
=�^xpNv b �IseXZ^ngVc�sFcHd.X ��g a [ b ^kg/d�d{gOv�= t ^nc<� "Ssu\mX�se= t [ t ^ y ^kX ��><� t [ t gl\Z\m[e\ ^kX�\1\_X�se=�^ t ^nXm>l� � Y�^ t [
sFc�gVXZY�[ b � t gl\m[ed�g b =�^nX1\mX�s b X�\ � ^kXZY�X � ^`��[1XZY<[ a [ b ^ng/d�sO\ X~Y�[�g b ^n�O^kcHs t � >�� t [�$Q=�^xpNv b �IseXZ^ngVcH\
sFX,d{^ �E[ b [Ic/X a s b s y [IXZ[ b jVs t v�[e\ pNg b XZY�[i\~s y [�\m>�\mXZ[ y �

� Y�[4sFX~XZ[Ic/XZ^kgOc�^nc�XZY�[ t ^nX~[ b seXZv b [oYHsO\�=H[I[Ic�X~g b [Ijl[es t X~Y�[ a�b [e\m[IcH��[ogep � g a p1=�^xpNv b �
�IsFX~^ngVcH\�� b seXZY�[ b XZYHsec�\mv��O�V[e\_X~^nc�� y [esecH\ gep�XZY�[I^ b a�b [ed{^`� XZ^ngVc���W c�^kcHd{[��$XZg�d{[zXZ[ b~y ^nc�[
XZY�[ a�b g!�/^ y ^kXm>.gFp;s \m>�\mXZ[ y XZg�s �1g a p,=�^xpNv b �IseXZ^ngVc � ^kXZY b [e\ a [e��XoXZg�s.�O^kjl[Ic \_><\_X~[ y
a s b s y [zXZ[ b ��gOv t d =H[�=H[Ic�[ w ��^`s t ��[I^kXZY�[ b sO\ soXZglg t ^kc�\_><\_X~[ y g a [ b sFXZ^kgOc$g b ^kc a<t sFc<c�^nc��
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\_X~vHd{^n[]\ �+q Y�^ t [.X~Y�[ b [.YHsV\3=H[I[zc \_g y [ � g b � d{gVc�[ ^kc9X~Y�^`\us b [es�vH\_^kc���g a XZ^ y ^��eseXZ^ngVc
XZ[e��Y�c�^�} v<[e\-% �C! ' �
[��/XZ[Ic�\_^njl[f� g yua v<X�sFX~^ngVcH\�sFcHd g a XZ^ y ^��]sFXZ^kgOcH\,s b [4c�[I[ed{[]d [Ijl[ b >.X~^ y [
XZY�[oX~g a g t gO�V>.gFp�X~Y�[o\m>�\mXZ[ y ��YHsFc��V[e\ �,�.[IXZY<g/d�\ XZg3d{[IXZ[]��X1\_g �m�Is tnt [ed.X b sFcH\~� b ^kXZ^`�zs t sFc�d
� g a pC=�^xpNv b �IseXZ^ngVcH\ ^nc a g ��[ b \_><\_XZ[ y \ s b [od/^`\Z� vH\Z\m[edu^nc % � � ' ��=HsV\_[ed�gOc � Y�sFX ^�\ vH\_[ed�^nc
�O[Ic<[ b s t d{>{c�s y ^��Is t \_><\_XZ[ y \�% � � ' �{X~Y{vH\ XZY<[ b [es tEa s b X gepCXZY<[�� b ^kXZ^��Is t [I^n�V[Ic{jVs t v�[��zsFc�=H[
vH\_[]d sV\�sFc�^nc�d{[��.X~g$d{[IXZ[]��X �1g a p =�^xpNv b �IsFX~^ngVc�^nc�s d/>{cHs y ^`�zs t \_><\_XZ[ y � �1g ��[Ijl[ b � ^kX�\
c�gOc � t ^nc�[es b ^kX_>4^ncHd{^���[e\ y s �l[e\|^kX ^ yua�b sO��X~^`�Is t pNg b a g�� [ b \_><\_X~[ y s a�a�t ^`�IseXZ^ngVcH\ �

W � t gl\_[]d � t glg a$y gOc�^kXZg b ^nc<�f\_><\_XZ[ y pNg b d/[IXZ[e� XZ^nc<�o^ yua [IcHd/^nc��i^ncH\mX�sF=<^ t ^kXm> b [ t seXZ[eduXZg
� g a p =�^ pNv b �zsFXZ^kgOcH\�^nc�v<cH��[ b X�sF^kc�c�gVc t ^kc�[es bia�t sec{X \�^`\ a�b g a g \_[ed�^kc % �  ' ��W =H[Ic<[ w X�gep
XZY�^�\ y [IXZY�g/d/g t gV�O>�^`\ X~YHsFX1^nX �V^njl[e\ s � s b c�^nc<�useX s a gO^nc/X,� t g \_[�XZgfXZY�[i^ncH\mX�se=�^ t ^nXm>�[zjl[Ic
� Y�[Icuc<gfsO�I��v b sFX~[ \m>�\mXZ[ y�y g/d{[ t ^`\CsIjVsF^ t sF= t [ � �1g ��[Ijl[ b �O[es b~t ^k[ bCa�b [ed/^`��X~^ngOcogepC\mvH��Yusec
[Ijl[Ic/X|^`\Qc�gOX a g \Z\m^n= t [l�/sO\|XZY�[ ^kcHd{[��i^`\|c�gVX � gOc/XZ^nc/v�gVvH\|g b \ y glgVXZY��rW a<b [ed{^���X�se= t [�^ncHd/[��
� ^nX~Y t ^nc�[es b g b } vHsVd b seXZ^�� \_YHs a [,^`\ vH\m[�pNv t ^kc a�b g]�Z[e��XZ^kc�� X~Y�[ a�b gV= t [ y sFX~^`� t g sOd{^kc�� t [Ijl[ t \��
pNg b so�O^kjl[Ic.�V[Ic�[ b sFX~^ngOc�sFcHd t glsVd.d{^ b [e��X~^ngVcH\���=HgOX~Y�^nc a�t sec�c�^nc<�usecHd.g a [ b sFXZ^kgOc�\mX�sF�V[e\ �
� > a<b [ed{^���XZ^kc��os a<b gO= t [ y " [ � � � � g a pr=�^xpNv b �IsFX~^ngVc $ ��[ tnt ^nc3sOd{jVsFc���[l�Hs y [esV\_v b [��Isecu=H[
d{[Ij/^`��[]d " [ � � �QXZv�c<^nc�� gepQs a�a�b g a�b ^�sFX~[1��gOc/X b g tnt [ b �lsF^kc $QXZg y ^nXZ^k�lseXZ[CXZY�[ a<b gO= t [ y � � coXZY<^`\
XZY�[]\_^`\ �Hs a�b []d{^`��X sF= t [ ^nc�d{[��f^`\ a<b g a g \_[ed�secHdu^nX�\ a<b sO� XZ^`�zs t =H[Ic<[ w X�\ s b [id{[ y gOcH\mX b seXZ[ed �

� Y�[$jVs b ^kgOvH\f=�^xpNv b �IsFX~^ngVcH\��1sFc�d9XZY�[�sO\Z\mg/��^`seXZ[ed b ^`��Y d{>{c�s y ^��Is t =H[IYHsIj/^ng b X~YHsFX�s
a g ��[ b \_><\_X~[ y �IsFc [��/Y�^n=�^kXI� t [esOd9X~g�XZY<[�} v�[]\_XZ^kgOc gep � Y<[IXZY�[ b ^ncH\mX�se=�^ t ^nXm> a�b gV= t [ y \
^ncHd/vH��[ed�={> � g a p =�^ pNv b �IseXZ^kgOcH\��Isec =H[ a�b [ed/^`��X~[ed�sFcHd�sIjlgO^�d{[edB�
secHdB�r\ a [e��^ w �Is tkt >l�EXZY�[
a gl\Z\m^n= t [ b g t [ gepHpN[I[ed{=HsV� � ��gOc/X b g t � �lg y [ a g \_^nX~^njl[ b [e\mv t X \U^kc�XZY<^`\Qd{^ b [e��XZ^kgOc2s b [ b [ a g b XZ[]d
^nc % � ���{�@#l�/� A ' � Y�[ b [1XZY�[1^`\~\_v�[e\|gepQ=�^xpNv b �IsFX~^ngVcu��gVc{X b g t X~Y b gVv��OYfpN[I[ed{=HsV� �2\_X sF=�^ t ^��]sFXZ^kgOc
XZ[e��Y�c�^�} v<[e\�s b [�sVd�d b []\Z\_[]d ��W X~[e��Y�c�^`}lv�[fXZg�[ t ^ y ^kcHsFX~[fs � g a p1=�^xpNv b �IsFX~^ngVc�=/>�^nc/X b g �
d{vH��^kc���s & b [Ijl[ b \_[!(�� g a p =<^xpNv b �IsFX~^ngOc�XZY b gOv��VY9sec�g a X~^ y s t ��YHsec��O[�gFp a s b s y [IX~[ b \�^`\
a�b []\_[Ic/XZ[edu^kc % � > ' �

W t XZ[ b cHsFX~^njl[ t >l� � g a p,=�^xpNv b �IsFX~^ngVc9�zsFc�=H[ j/^n[ � [ed�sV\�sec�gl\Z� ^ tnt sFX~g b > a�b gV= t [ y �|sFc�d
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XZY�[ b [�^`\4s jVsV\_X$s y gVv�c/XugFp � g b � b [ a g b X~[ed9^nc XZY<[ t ^nX~[ b seXZv b [.^kc XZY�[�s b [es�gFp a g�� [ b
\_><\_X~[ y g \Z��^ tnt sFXZ^kgOc�d�s y4a ^nc�� � �1c�[fgFp,XZY<[ a ^kgOc�[z[ b ^kc�� ��g b �<\;^kc�XZY<^`\�s b [es�d{[es t \ � ^kXZY
s a�a<b g a<b ^`seXZ[�\m[IXZX~^nc���gep1[���� ^nX�seXZ^kgOc���gVc{X b g tra s b s y [IX~[ b \ pNg b ^ yua�b gFjl[ y [IclX ^kc�d<s yua ^kc��
sFcHd�\mX�se=�^ t ^nXm>�gFp�\m>{cH��Y b gOc�gVvH\ �O[zc�[ b seXZg b \
% �O� ' � 
1^njl[zc X~Y�[o��YHs b sO� XZ[ b ^`\_X~^`�I\ secHd.cHseXZv b [
gFp XZY�[I^ b gl\~��^ tkt seXZ^ngVcH\�� � g a pE=�^ pNv b �zsFXZ^kgOcoX~Y�[Ig b >o�Isec�=H[ vH\m[ed�XZgi\mXZvHd{>oX~Y�[ y sO\ a�b g a gl\m[ed
^nc %"� ��' � � [IcH� [l�B^nc�XZY<^`\ X~Y�[e\_^�\��QX_> a ^��Is t gl\~��^ tkt sFX~^ngVc���gVc{X b g t XZ[e��Y�c�^�} v<[e\ s b [u\mXZvHd/^n[ed�^nc
XZY�[3��gOc/XZ[��/X gep � g a p =�^xpNv b �IseXZ^ngVcH\��QsV\�sFc�[  �� ^n[Ic/X � sI>�gFp,��gVc{X b g tkt ^kc��uXZY<[�sO\~\_g/��^�sFXZ[]d
^ncH\mX�se=�^ t ^nXm> a<b gO= t [ y \��

� pEXZY�[ b sec��O[,gFp a g�� [ b \m>�\mXZ[ y ��gOc/X b g tkt [ b \ [I^nX~Y�[ b sIjVsF^ t se= t [ g b =H[I^nc<��� gOcH\m^`d{[ b [ed;pNg b
d�s y4a ^nc��1gl\~��^ tkt seXZ^ngVcH\ X~Y�[ � g���[ b � >�\mXZ[ y �lX sF=�^ t ^��z[ b "S� � ��$ �lsO\rs a�a�t ^n[ed�XZg �V[Ic�[ b sFX~g b \ �l^`\
XZY�[ y g \_X � ^�d{[ t >2s a�a<t ^n[]d �|�.g b [ b [e��[zc{X t >l� � t [��{^k= t [�W t XZ[ b cHsFX~^nc����Cv bZb [zc{X � b sFc�\ y ^�\Z\_^kgOc
�l><\_XZ[ y " ��W � � ��$1��gVc{X b g tnt [ b \ YHsIjl[o=H[I[Ic�d{[Ijl[ t g a [ed$sFcHd�XZY�[I>��IsFc�=H[us t \mg.[�� a�t gV^nX~[ed
pNg b gl\~��^ tkt seXZ^ngVcfd�s y4a ^nc�� a v bZa g \_[e\��|q Y�^ t [1s �<W � � �i��gVc{X b g tnt [ b y sI> � [ tnt = [,s a<a�t ^k[ed�^nc
a�b sV��XZ^���[�X~gusV� Y<^n[Ijl[is a s b XZ^`� v t s b t g/�Is t \_><\_X~[ y gO=/�Z[e��X~^njl[�\mvH��Y�sO\1jlg t X sF�V[o��gVc{X b g t sFc�d
[Ic�YHsecH��[ y [Ic{X1gFp a g ��[ b �Hg�� �Is a se=�^ t ^nXm>l�B^kc a�b ^kcH��^ a�t [i^nX��Isec =H[ a�t sV��[ed�seX�s�\mX b seXZ[I�V^`�
t g/�IseXZ^kgOc � ^nXZYf\mv�^nX sF= t [1��gOc/X b g t \_^k�OcHs t \|XZg [zc�YHsFc���[1d�s y4a ^nc�� � ��W � � ��� gOc/X b g tnt [ b a<t sO� [ �
y [Ic/X secHd�\_[ t [e��X~^ngVc.gFp XZY�[o=H[e\mX���gVc{X b g t ^nc a v<X�\_^k�OcHs t pNg b gl\~��^ tkt seXZ^ngVc�d�s y4a ^nc��<� =�sO\_[]d
gOc y g/d{[$��gOc/X b g tkt sF=<^ t ^kXm>�sFc�d�gO=�\_[ b jOse=�^ t ^nXm>���gOcH� [ a X�\ � s b [$d{^�\Z��vH\~\_[ed�^kc % �O��� � � ' � � c
%"� ! ' ��� gOc/X b g t gep � g a pr=�^xpNv b �IsFX~^ngVcH\ ^`\�\_XZv�d{^n[edu=/> y [esFcH\CgFp�s �lX�seXZ^�� ?�s b �Cg y4a [zcH\ZseXZg b
" �@?�� $EgOcos1�O[Ic�[ b sFX~g b �S^kc w c�^kXZ[C=�vH\ X~[e\_XQ\m>�\mXZ[ y secHd;gVcfs X~Y b [I[ y sV� Y<^nc�[|X~[e\_Xr\_><\_X~[ y =/>
a�t sV��^nc<��X~Y�[ �@?�� =H[IX � [z[Ic.X � gf�O[zc�[ b seXZg b \ � � g a pC=�^xpNv b �IseXZ^ngVc���gVc{X b g t vH\m^nc��4� � �$sFc�d
�@?��*gVc�s �  u=�vH\ XZ[]\_X�\m>�\mXZ[ y s b [fd{^`\~��vH\~\_[ed.^kc %"� ��' ���1XZY�[ b ��W � � �3��gOc/X b g tkt [ b \��H^ � [ �
� Y{> b ^�\_X~g b �CgOc/X b g tnt [ed �l[ b ^n[]\��Cg yua [IcH\~sFX~g b " � � ��� $ � �lX�seXZ^�� � >{cH��Y b gOc�gVvH\ �Cg y4a [zc �
\ZseXZg b " � � W � � � � $ � �lX sFX~^`���l>/cH� Y b gOc<gOvH\ �l[ b ^n[]\��Cg yua [IcH\~sFX~g b " ��� ��� $2sFcHd�h c�^ w [ed
� g�� [ b � t g�� �CgVc{X b g tnt [ b "Sh � �|� $�� � ^kXZY$\_v<^nX�se= t [�^kc a v�X1��gVc{X b g t \_^n�VcHs t \ Y�s]jl[is t \_gf=H[I[Ic
\_X~vHd{^n[]d4pNg b XZY�[i��gVc{X b g t gFpr[ t [e� X b g y [e�ZYHsec�^`�zs t g \Z��^ tnt seXZ^kgOcH\ " � g a p|=<^xpNv b �IsFX~^ngOc $��H\_goX~YHsFX
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XZY�[ a sF^ b gFp a v b [ t >u^ y sF�O^kcHs b >�[z^n�O[zc{jVs t v�[e\ ��sO\~\_g/��^�sFX~[ed � ^kXZY.X~Y�[ � g a p|=�^ pNv b �zsFXZ^kgOc$�Isec
=H[ y gejl[edo^nc/XZgoX~Y�[ t [�pNX�YHs t p a�t sFc�[ ��XZY/vH\ d�s y4a ^nc��oX~Y�[�gl\~��^ tkt sFX~^ngVcH\ �

� c�XZY�^�\;XZY<[e\_^�\��|XZY<[u� � ��sFc�d�\_[Ijl[ b s t ��W � � ����gOc/X b g tnt [ b \ � ^ � [ ���@?��1� � � �<�1�|sFc�d
� � W � � �,� s b [�secHs t > �z[edusFc�d.��g yua s b [ed�p b g y XZY�[ a gV^nc/X gFprj{^k[ � gFp � g a p|=�^ pNv b �zsFXZ^kgOc
��gOc/X b g t ��W c�[ ��X~[e� Y<c�^`}lv�[f^`\�^nc/X b g/d{vH��[]d pNg b XZY�[4= []\_X a�t sO��[ y [Ic{X�gep�\mY{v�c/X �<W � � �
��gOc/X b g tkt [ b \ XZg$��gVc{X b g t � g a p�=�^ pNv b �zsFXZ^kgOc��iW XZXZ[zc{X~^ngOc$^`\ s t \mg y sOd{[iXZg�XZY�[f\m[ t []��XZ^kgOc.gep
XZY�[�=H[e\mX ^kc a v�X1\m^n�Oc�s t \ ��XZgfgO=�X sF^kc y s!�{^ y v y g \Z��^ tnt seXZ^kgOc$d�s y4a ^nc��i^nc�XZY<[�\m>�\mXZ[ y �

� Y�[C^kcH� b []sO\_^kc�� X b [IcHd ^kc�XZY�[CvH\m[ gep ��W � � �1��gVc{X b g tkt [ b \ ^kc a g�� [ b \_><\_XZ[ y \B��gVv t d t [esOd
XZg�\mg y [�v�c�d{[e\_^ b se= t [�^nc/XZ[ b sO� XZ^ngVcH\ = [zX ��[I[Ic���W � � �4sFcHd a g���[ b \m>�\mXZ[ y ��gVc{X b g tnt [ b \ g b
s y gVc�����W � � �,��gOc/X b g tkt [ b \
sO\ b [ a g b X~[ed;^kc % � � ' � � Y�[�^nc/XZ[ b sO��X~^ngVcH\
��gOv t d;[��{Y�^k=�^nXQ\m[ b ^kgOvH\
^ncH\mX�se=�^ t ^nXm> a�b gV= t [ y \|^nc�\mg y [��zsO\_[]\�� � Y<^`��Yu�Isec�= [,X b ^k�O�V[ b [edf={>fc�gOX gVc t >f^nc/XZ[ b sO� XZ^ngVcH\
s y gVc�� ��W � � ����gVc{X b g tkt [ b \ t g/�IsFX~[ed9^nc s��V^njl[Ic�s b []s{� =<v�X�s t \_g d{v�[�X~g�^nc/XZ[ b sO� XZ^ngVcH\
s y gVc��f� � �/\ secHd���W � � �2��gVc{X b g tkt [ b \ vH\m[eduXZY b gOv��VY�gOv<X XZY�[i\_><\_X~[ y �lsV\ d{[ y gVcH\_X b seXZ[ed
^nc�XZY<^`\ XZY�[e\m^`\��

�
��� ��������������� ����� �����"� �$� �

� Y�[ pNg tnt g�� ^kc���gOv�X \_X�secHd{^kc��fs b [esO\ gepQ��v b~b [Ic/XC^nc/XZ[ b [e\_X � ^ tnt =H[�sVd�d b []\Z\_[]d�^nc � g a pQ=�^xpNv b �
�IsFX~^ngVc�\_X~vHd{^k[e\ sFcHd$��gOc/X b g t sV\ X~Y�[I> a [ b X�se^nc$XZgo^nc a g�� [ b \m>�\mXZ[ y \ 


� � � [Ijl[ t g a<y [Ic/X gep1s.\m^ yua<t [�^kcHd{[��$XZg a�b [ed/^`��X��1g a p1=�^ pNv b �zsFXZ^kgOcH\�����g b gVc � t ^nc�[fg b
g � � t ^kc�[ y gOc�^kXZg b ^nc��<�F^kXC\_Y<gOv t d a�b [e\_[zc{XCs a�b [ed/^`��X sF= t > t ^nc�[]s b g b seX t []sO\_X�}lvHsOd b sFX~^`�
=H[IYHsIj/^ng b � ^nX~Y b [e\ a []��X XZg a s b s y [IXZ[ b ��YHsFc��V[e\ ^nc�XZY�[i\m>�\mXZ[ y �

� � � Y�[�\mXZvHd{>�gepo\m[Ijl[ b s t a g�� [ b \_><\_X~[ y ��gOc/X b g tnt [ b \ � \ a [e��^`s tnt >�� � �/\usecHd9jVs b ^kgOvH\
��W � � �4��gOc/X b g tnt [ b \C^nc�XZY<[�� gOc/X b g t gFp �1g a pr=�^xpNv b �IseXZ^ngVcH\ �
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� �1W cHs t ><\_^�\ gep a [ b pNg bZy secH��[isFcHd�^nc/XZ[ b sO��X~^ngVcH\ gepCjVs b ^ngOv�\ ��gOc/X b g tkt [ b \ v�cHd{[ b s � ^`d{[
b sec��O[igFpCg a [ b seXZ^nc<�usecHd3p sev t X1��gVcHd{^kXZ^ngVcH\ �

� Y/vH\��CXZY<^`\;X~Y�[e\m^`\o��gVcH��[Ic/X b sFXZ[]\;gOc XZY�[3d{[IXZ[]��XZ^kgOc�secHd a�b [ed{^���XZ^kgOc�gep�� g a p,=�^xpNv b �
�IsFX~^ngVcH\��
XZY<[I^ b ��gOc/X b g t X~Y b gVv��OY�� � �$sFc�d ��W � � ��� gOc/X b g tnt [ b \ � ^nX~Y�XZY�[ y g \_X,\_v�^kX�se= t [
a�t sV��[ y [zc{X \|sFcHd���gVc{X b g t \_^k�OcHs t \ ��sFc�d�XZY�[ a [ b pNg b~y sFc���[ secHdu^nc/XZ[ b sO��X~^ngVcH\|gFpQXZY<[e\_[�� gOc �
X b g tnt [ b \ pNg b s�jVs b ^n[zX_>fgFp \_><\_XZ[ y ��gOc�d{^nX~^ngOc�\ �

�
� � � � ��� � #�� ��� �"��� � ����� � �

� Y�^`\ XZY<[e\_^�\ ^`\ g b �lsec�^��I[]d.sO\ pNg tkt g��1\ 
 �CY�s a X~[ b �o^nc/X b g/d{vH��[]\ XZY�[ y g/d{[ t ^nc<��gFp ������sFc�d
XZY�[���W � � � � gOc/X b g tnt [ b \BX~YHsFXrs b [ vH\m[ed;^kc;X~Y�^`\
XZY<[e\_^�\��e^ � [ � �@?��1� � � ����sFcHd � � W � � �,� �

� c X~Y�^`\ ��YHs a XZ[ b �BXZY<[fsFcHs t ><\_^`\1XZ[e��Y�c�^�} v�[]\��EsFcHs t >/XZ^`�zs t X~glg t \�secHd X~[e\_X \_><\_XZ[ y \ v�\_[ed�^nc
XZY�^�\ X~Y�[e\m^`\ s b [is t \mgud/^`\Z� vH\Z\m[ed �

� Y�[�X~Y�[Ig b >�=H[IY<^ncHd�� g a p|=<^xpNv b �IsFX~^ngOc�\��{X~Y�[�[ �E[e��X�gFp � g a pr=�^xpNv b �IsFX~^ngVcugFp�d{>/cHs y ^��
=H[IYHsIj{^kg b gOcuX~Y�[ \m>�\mXZ[ y pNg tnt g � ^kc��osid{^`\mXZv b =HsFc���[l�/sFcHdfXZY�[ a�b g a gl\_[]d �1g a pQ=�^ pNv b �zsFXZ^kgOc
^ncHd/^`��[e\ �/s t gVc�� � ^kXZY�\m[Ijl[ b s t c/v y [ b ^`�Is t [���s yua�t []\ gFp XZY�[I^ b s a�a�t ^`�IseXZ^kgOc�s b [ a�b [e\m[Ic/XZ[edo^nc
�CYHs a XZ[ b � � � Y�[1[ �E[e��X|gepQd{^ �E[ b [Ic/X|c�gVc t ^kc�[es b \mX�seXZ^`� t g sOd y g/d{[ t \ gOc � g a p =�^xpNv b �IseXZ^ngVcH\
^`\1s t \_gfd{^�\Z��vH\~\_[ed�^ncuX~Y�^`\1��YHs a X~[ b �
� g a p,=�^xpNv b �IsFX~^ngVc ��gVc{X b g t vH\m^nc���� � ��secHd9\mY{v�c/X4sFcHd \m[ b ^k[e\ ��W � � ��� gOc/X b g tnt [ b \ �

^ncH� t vHd{^kc���s�c�[ � a�t sO��[ y [Ic/X;X~[e��Y�c�^`}lv�[�pNg b \mY{v<c{X ��W � � ����gOc/X b g tkt [ b \os b [�d{^`\~��vH\~\_[ed
^nc��CYHs a XZ[ b ! � � Y�[ a [ b pNg bZy secH��[ogep XZY<[f��gOc/X b g tnt [ b \1v�cHd{[ b s � ^`d/[ojOs b ^k[IXm>.gFp \_><\_X~[ y
g a [ b sFXZ^kc���sFc�d�p sev t X2��gOc�d{^nX~^ngOc�\��CsO\ � [ tkt sO\ a gl\~\_^n= t [u^kc{X~[ b sV��XZ^kgOcH\ =H[IX � [I[zc�� � ��sFc�d
��W � � �H� g b = [zX ��[I[Ic ��W � � �$� gOc/X b g tnt [ b \ �Bs b [4d{^`\~��vH\Z\m[ed.^nc��CY�s a X~[ b � � � ^ncHs tnt >l�B� gOc �
� t v�d{^nc���gV=H\_[ b jVsFXZ^kgOcH\CXZgV�O[IX~Y�[ b � ^nX~Y a gl\~\_^k= t [ pNv�XZv b [ b [e\m[es b � Yfd{^ b [e� XZ^ngVcH\|s b [ a�b [e\m[Ic/XZ[ed
^nc��CYHs a XZ[ b  �
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�lX sFX~^`��sFcHd$d{>/cHs y ^�� d<sFX�sogFp s tnt X~Y�[i\ y s tnt XZ[]\_X,\_><\_XZ[ y \ v�X~^ t ^��I[edo^nc�X~Y�^`\ X~Y�[e\_^�\ s b [
�O^kjl[Ic.^kc.W a�a [IcHd{^���[e\1W����+sFc�d � � � Y�[ �@?�� secHd � � W � � �,� ��gOc/X b g tkt [ b a s b s y [IXZ[ b \
vH\_[]d3^kcuXZY<[ X � g�� s b [esosFc�d3X~Y�[ �m�C�C� � � � y sO��Y�^kc�[ X~[e\_X \_><\_X~[ y \ s b [ �V^njl[Icf^nc3W a�a [IcHd{^��
� �
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��sFX~Y�[ y seXZ^`�zs tQy g/d{[ t \ gFp s a g�� [ b \_><\_X~[ y pNg b \mX�se=�^ t ^nXm>�secHs t >�\m^`\ "N[I^n�V[Ic{jVs t v�[og b X~^ y [
d{g y sF^nc�sFcHs t ><\_^�\ $f��gVcH\_^�\_Xugep2d{^ �E[ b [Ic{X~^`s t sFcHd s t �O[z= b se^`� []} vHseXZ^kgOcH\ b [ a�b [e\_[Ic/XZ^kc���XZY�[
y g/d{[ t \ gep \_><\_XZ[ y � g yua gOc<[Ic{X \���^kcH� t v�d{^nc��f�O[zc�[ b seXZg b \��EX b secH\ pNg bZy [ b \��H=�vH\m[e\�� t ^nc<[e\'"SsV�
sFcHd4d�� $�� t glsOd<\ sFc�d ��W � � �i��gVc{X b g tkt [ b \ �rW9= b ^k[�pQd{[]\Z� b ^ a X~^ngOcogep
X~Y�[ y g/d{[ t \ �O[e\ a []��^`s tnt >
XZY�[C=HsV\_^�� \mX b vH��XZv b [�sFcHd�XZ[ b~y ^nc�s t � Y�s b sV��XZ[ b ^`\mXZ^��I\ gepH� � �H� � ?;�1� � � ����sFc�d � � W � � � �
��gOc/X b g tkt [ b \�� s b [.= b ^n[ �H>�d{^�\Z��vH\~\_[ed�^nc XZY�^�\���YHs a XZ[ b � � Y<[.=HsV\_^`�$sFcHs t ><\_^�\ X~[e� Y<c�^`}lv�[e\ �
sFcHs t >/XZ^��Is t X~glg t \1sFc�d XZY<[;X~[e\_X1\m>�\mXZ[ y \ v�X~^ t ^ �I[ed pNg b XZY�[ b [e\_[es b ��Y$s b [is t \_g a�b [e\_[Ic/XZ[]d �

>
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[Ic/XZ^`s t []} vHseXZ^kgOcH\ b [ t seXZ[ed.X~guXZY<[ y [e��YHsFc�^��Is tEy gOX~^ngVcH\ � � Y�[o=HsO\m^`� y []� YHsec�^`�zs tBy gOXZ^kgOc
gFp�so�O[zc�[ b seXZg b ^`\1� YHs b sV��XZ[ b ^��I[]d =/>uXZY<[�\mgu�zs tnt [edu\ � ^nc��f[e}lvHsFX~^ngOc�\'"S� � � $ �
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� Y�[ b [ � ^�\U�V[Ic�[ b sFXZg b ^nc/XZ[ b cHs t =�v�\ jlg t X�sF�V[1sFc�� t [l� � ^`\QsFc��Vv t s b \ a [I[edB� � � ^�\ y g y [Ic/XBgep
^nc�[ b XZ^�s�gFpr�O[Ic<[ b seXZg b � � ��� [ t [e��X b ^`�zs t gOv�X a v�X1gFprXZY�[��V[Ic�[ b sFXZg b � � ^`\ d<s yua ^kc��o� gOcH\mX�sFc/XI�
sFcHd ��� ^`\ XZY<[ y [e� Y�sFc�^��Is t�a g�� [ b ^nc a v<X X~goXZY�[��O[zc�[ b seXZg b �

� c y g b [fd{[zX�sF^ t [ed y g/d{[ t \��
X b sFcH\m^n[Ic/XosecHd�\_v�=�X b secH\_^k[Ic{Xi=H[IYHsIj{^kg b \os b [3��gOcH\m^`d{[ b [ed
% � A � �  ' � � cfXZY<^`\ b [e\_[]s b ��Y � g b �B�/� t sO\~\_^`�zs t sFcHd4d{[IX�se^ t [ed y g/d{[ t \ � [ b [ vH\m[ed�X~g b [ a�b [e\_[Ic/X
XZY�[ y sV� Y<^nc�[e\C^nc�jVs b ^ngOv�\ X~[e\_X1\m>�\mXZ[ y \��
��g b [z^n�O[zc{jVs t v�[1g b XZ^ y [,d{g y se^nc�\m^ y v t seXZ^kgOc4\_XZv�d{^n[e\ �{^kX ^`\ c<[e��[e\~\Zs b >�X~go^ncH� t vHd{[,XZY�[

[ �E[e��X \�gFpiXZY<[.[��<��^nX sFX~^ngOc�sFcHd a<b ^ y [ y gejl[ b � gOc/X b g tnt [ b \�� � Y�[I>�^kcHd{^ b [e��X t >�^kc �Hv�[Ic���[
XZY�[ b [esV��XZ^kjl[usecHd�sO��X~^njl[ a g�� [ b gVv�X a v<X�\�gFp,s.�V[Ic�[ b sFX~g b�b [e\ a [e� XZ^njl[ t > � �m�C�C� � > a [ �
g b q ��� � � > a [�Wi� �m�C�C� � � s/�CW � ! s{�CsFc�d�\_^ yua�t [o[�����^kXZ[ b,y g/d{[ t \;s b [uv�\_[ed ^kc�XZY<^`\
XZY�[]\_^`\ �BXZg b [ a�b [e\_[zc{X1XZY�[i[��<��^nX sFXZ^kgOc���gOc/X b g t gFp��O[Ic<[ b seXZg b \��QsFc�d.Y{><d b sev t ^���sFcHd�\_^ yua�t [
XZv b =�^nc<[ �Ogejl[ b c�g bQy g/d{[ t \Bs b [�vH\_[ed�XZg b [ a�b [e\_[Ic/X
XZY<[ a<b ^ y [ y gejl[ b � gOc/X b g tnt [ b \BgepHjVs b ^kgOvH\
�O[Ic<[ b seXZg b \ ^nc3\_g y [;X~[e\_X1\m>�\mXZ[ y \ sO\ ^nc % �BA(' �

� Y�[ y g/d/[ t ^kc���gep t glsOd<\ ^�\ gFpNXZ[zc.� g yua�t ^`�IseXZ[edo=/>�X~Y�[�v�c a�b [ed{^`� X�sF=<^ t ^kXm>ogFpCX~Y�[i��g y �

a gOv�cHd/^nc�� gFp4d{[zj{^���[e\ " [ � � � � t v<g b []\Z��[Ic/XI���Cg yua sV��X�� t v�g b [e\~��[Ic/X$sFcHd � cH�IsecHd{[e\~��[Ic/X
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t s yua \�� � [�p b ^n�O[ b sFX~g b \�� � [eseXZ[ b �|�.gVXZg b � �1jl[Ic�sFc�d ��v b cHsO� [�$ � � g�� [zjl[ b � t glsVd y g/d{[ t \
s b [�X b sOd/^nXZ^kgOcHs tnt >�� t sO\Z\m^ w []d.^nc/XZguX � g�= b glsVd �IseXZ[I�Vg b ^n[e\ 
�\_X�seXZ^���secHd d/>{cHs y ^`� � � c�XZY<^`\
b [e\m[es b � Y ��g b �B� XZY<[�^nc �Hv<[IcH��[$gFpiXZY b [I[�=HsV\_^`�$\_X sFXZ^�� t g sOd y g/d{[ t \�� cHs y [ t >���gOc�\_X�sec{X
^ yua [ed<sFcH��[ �B��gVcH\_X sFc/Xi��v bZb [Ic/X secHd � gOcH\mX�sFc/X a g ��[ b �EgOc�XZY�[f\m>�\mXZ[ y � g a p�=�^ pNv b �zsFXZ^kgOc
a gO^nc/X1YHsO\ =H[I[Ic$\_X~vHd{^n[]d � � Y�[I^ b d{[ w c�^kXZ^kgOcH\ s b [isO\ pNg tkt g��1\ %"�@# ' 
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/W \_X�seXZ^�� t g sOd y g/d{[ t � Y�[ b [,XZY�[
b []s t secHd b [esO� XZ^njl[ a g ��[ b jVs b ^n[e\ � ^kXZY�XZY<[f\Z}lvHs b [ogFp X~Y�[ojlg t X�se�O[ y se�Oc�^kXZvHd{[ � � X
s t \_g b [�pN[ bZb []d�XZg4sO\1��gOc�\_X�sec{X,sOd y ^nX~X�sFc���[ t glsVd y g/d{[ t �
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CW \mX�sFX~^`� t g sOd y g/d{[ t � Y�[ b [�XZY�[
b []s t sFc�d b []sO��X~^njl[ a g�� [ b jVs b ^n[]\ d{^ b [e��X t > � ^kXZY�jlg t X�se�O[ y sF�Vc�^nX~vHd{[ �
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QW \mX�seXZ^`� t g sOd y g/d{[ t � Y�[ b [fXZY�[
b []s t sFc�d b []sO��X~^njl[ a g�� [ b d/gl[e\ c<gOX1jOs b > � ^nX~Y$� YHsec��O[]\ ^nc�jlg t X�sF�V[ y se�Oc�^kXZvHd/[ � � X
^`\ s t \mg �/c�g�� c�sV\ ��gVcH\_X sFc/X1��?CW t glsOd y g/d{[ t �

W tkt XZY�[e\m[ t glsVd y g/d/[ t \i�IsFc�=H[$d{[e\Z� b ^n=H[ed�=/>�sFc�[e}lvHseXZ^ngVc�gFpis a g t >{c<g y ^�s t t glsVd
y g/d{[ t 
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� Y�[ b [ �98 secHd � 8 \mX�sFc�d pNg b XZY�[ b [es t sFc�d b [esV��XZ^kjl[ a g�� [ b \���gOcH\mv y [ed�seXos b [ pN[ b [Ic���[
jlg t X�sF�V[ ; 8 � � Y�[�[�� a gVc�[Ic/X�\ � sFcHdA@�d{[ a [IcHd*gVc+XZY<[ Xm> a [�gFp t g sOd*X~YHsFX$^`\u=H[I^nc��
b [ a<b [e\m[Ic{X~[edB�B[ � � ��pNg b � gOcH\mX�sFc/X a g ��[ b t glsOd y g/d{[ t \ � �B@ ���/� pNg b ��gOcH\mX�sec{Xi��v b~b [Ic/X
t g sOd y g/d{[ t \ � �C@ � � secHd�pNg b ��gOcH\mX�sec{X1^ yua [ed<sFcH��[ t g sOd y g/d{[ t \ � �D@ � � �
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� c t g sOd �Hg�� \mXZvHd{^k[e\���^kc.g b d{[ b XZgfgO=<X�sF^kc�� � ? ��v b jl[]\ gFpCjVs b ^ngVvH\ XZ[]\_X1\_><\_X~[ y \ ��XZY�[
t g sOd�\ ��[ b [ b [ a�b [e\_[zc{X~[edusO\1��gVcH\_X sFc/X ���i�HsFcHd.^kcH� b [esO\m[edusO�z��g b d{^nc��fXZg "S� ��� $���^ � [ �|=HgOX~Y
b [es t sFcHd b [esO��X~^njl[ a g ��[ b ��gVcH\_v y4a XZ^kgOcH\ � [ b [ ^kcH� b []sO\_[]d�={>4XZY�[�\~s y [ b sFX~^ngi={> �l[z[ a ^nc<�
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� Y�[ b [ � 
 � sFcHd � 
 � s b [�XZY<[ ^kc�^nX~^`s t b [es t sFcHd b [esV��XZ^kjl[ a g�� [ bfb []\ a [e��X~^njl[ t >�sFcHd ��^`\
XZY�[ t glsVd{^nc<�;p sO� XZg b � � Y�^`��Y b [ a�b [e\_[Ic/X�\|X~Y�[ \ t g��9jVs b >/^nc�� a s b s y [IX~[ b vH\m[ed�^kc�=�^ pNv b �zsFXZ^kgOc
\_X~vHd{^n[]\ �
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W � � ���Isec�=H[uj/^n[ ��[ed�sO\osec�sOd�d/^nXZ^kgOcHs t = t g/� ��gep,s.�O[Ic<[ b seXZg b [��<��^nX sFXZ^kgOc���gOc/X b g t g b
W v�X~g y seXZ^`� ?Cg t X sF�V[ � [I�Ov t sFX~g b "SW/? � $ �HsOd�d/[ed X~g�^ yua�b gejl[;X~Y�[ogejl[ b s tntQa g ��[ b \_><\_X~[ y
d{>/cHs y ^�� a [ b pNg bZy sFcH��[ � a s b X~^`��v t s b~t >�X~g�d�s yuaoa g ��[ b * p b [e}lv�[Ic���>�gl\Z� ^ tnt sFX~^ngOc�\ � � Y<[1�����
vH\_[]\�sev��{^ t ^�s b > \_X�se=�^ t ^��I^kc���\_^k�OcHs t \f\_vH��Y sV\�\mYHs]pNX4\ a [I[]dB� XZ[ bZy ^kcHs t p b [e}lv�[IcH� >�secHd+*Ig b
a g ��[ b X~g���YHsFc<�O[fXZY�[u^kc a v�Xi\m^n�Oc�s t X~g.X~Y�[uW/? � � � Y�^`\ ^`\is jl[ b >.[ �E[e� XZ^njl[ y [IX~Y�g/d gep
[Ic�YHsecH��^kc��u\ y s tkt � \_^k�OcHs t \_X sF=�^ t ^kX_> a [ b pNg bZy secH��[-% �BA � � A ' �

� Y�[�XZY b [I[ =�sO\_^�� = t g/���<\U^kcos � � �is b [ ^ tnt vH\_X b sFX~[ed;^kc � ^k�Ov b [ � � � � � Y�[1\_X sF=�^ t ^ �I[ b 
,sF^kc
= t g/���id{[IX~[ bZy ^kc�[e\�XZY<[ s y gOv<c{X
gepEd�s y4a ^nc�� � � [��/XI�IXZY<[ q�sO\mY�gOv<X|= t g/����\m[ b jl[e\
sV\ s Y�^k�OY �
a sO\~\ wHt X~[ b ��� ^nX~Yos X~^ y [���gVcH\_X sFc/X|XZYHseX|s tnt g �1\QXZY�[ \_^n�VcHs t sO\Z\mg/��^`seXZ[ed � ^kXZYog \Z��^ tnt seXZ^kgOcH\
^nc
b gVXZg b \ a [I[]d3X~g a sO\~\ v<cH� Y�sFc��V[ed � � ^kXZY�gVv�X1XZY�^�\ = t g/� �E�{X~Y�[i\_XZ[]sOd{>4\_X sFXZ[i��YHsFc<�O[e\ ��gOv t d
y g/d{^ pN>uXZY�[iXZ[ b~y ^nc�s t jlg t X sF�O[]\ � � ^kcHs tkt >l�/XZY�[2�|YHsO\m[ �m� g yua [IcH\~sFX~^ngOc$= t g/��� a�b gej{^�d{[e\ XZY�[
s a�a<b g a<b ^`seXZ[ a YHsO\m[ � t [esVd.��YHs b sO��X~[ b ^�\_XZ^�� XZg4��g yua [IcH\ZseXZ[ pNg b X~Y�[ a YHsV\_[ t sF�o=H[IX � [z[Ic�XZY�[
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[��<��^nX~[ b ^nc a v<X secHd�X~Y�[ �O[zc�[ b seXZg b [ t [e��X b ^`�Is t "Sse^ b �S� s a $rXZg b } v<[ �{^kc a�b sO��X~^`��[ � X ��g�g b�y g b [
wHb \mX � g b d{[ b = t g/����\ y s]>f=H[�vH\_[ed�XZgfsV� Y�^k[Ijl[ X~Y�[id{[e\_^ b [ed a YHsO\m[o��g yua [IcH\~sFXZ^kgOc��
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� ^n�Vv b [i� � � 
 � sO\m^`� = t g/����d{^`se� b s y gFp a g ��[ b \_><\_XZ[ y \mX�sF=<^ t ^ �I[ b �

� c�X~Y�^`\ b [e\m[es b � Y ��g b �B�CXZY�[3����� ^�\���gVcH\_^�d{[ b [ed�sO\oXZY<[ wHb \mXf� Y<gO^`� [�X~g�s y [ t ^ng b sFX~[
� g a p|=�^ pNv b �zsFXZ^kgOcH\CX b ^n�O�V[ b []d3=/> t ^nc<[ gVv�X�se�O[e\�� ��W � � �f��gVc{X b g tnt [ b \Cs b [�s t \mgf��gOcH\m^`d{[ b [ed
pNg b XZY�^�\ a v b~a g \_[ �

� � � � ��
���� � �$#-� �"� � � �����

��W � � ��� gOc/X b g tnt [ b \is b [$s.p s y ^ t >�gep Y�^k�OY � \ a [I[]d�[ t [e��X b gOc�^���� gOc/X b g tnt [ b \�gFp�^kcH� b []sO\_^kc��
^nc/XZ[ b [e\_X pNg b [zc�YHsFc���^nc�� a g ��[ b \_><\_X~[ y�a [ b pNg bZy secH��[�%"� > ' � � Y�[I>��Isec�\m^n�Oc<^ w �Isec{X t >�^kc �
� b []sO\_[�X~Y�[uv�X~^ t ^ �esFX~^ngVc�gFp,^ncH\mX�s tnt []d �Is a sO� ^nXm> � Y<^ t [ b [ed{v���^nc���\_vH\~��[ a X~^n=�^ t ^kX_>$XZg a g�� [ b
d{^`\mXZv b =HsFc���[e\ XZY b gOv��VY b s a ^`d�sev�XZg y sFX~^`� b [e\ a gOcH\m[osFc�d g a [ b sFX~g b � ^nc<^nXZ^�sFX~[ed�sO��X~^ngOc�\ �

�C[ b X�se^nc ��W � � � � gOc/X b g tnt [ b \�Y�s]jl[�s tnb [esOd{> =H[I[zc+s a�a�t ^k[ed sFc�d*gOX~Y�[ b \�s b [�v�c�d{[ b
d{[Ijl[ t g a�y [Ic{X � � ?;�1� � � ���1� � � W � � �,��� � � ����sFc�doh � ��� " s ��g y =�^kcHsFX~^ngVc;gepEs � �����
sFcHd$s � � W � � �,� $�s b [ ��[ tnt �{c<g � c ��W � � �f��gOc/X b g tkt [ b \�%"�V��� �C!<� !l��� ! � � !l��� ! ��� ! ! ' �

� Y�^�\�XZY�[]\_^`\o� gOcH��[zc{X b sFX~[e\;gVc �@?��1� � � �<� sFcHd � � W � � �,� ��gOc/X b g tkt [ b \�sO\oXZY<[e\_[
YHsIjl[�=H[I[Ic�s tnb [esOd{>$^`d{[zc{X~^ w [ed�sV\ pN[esO\m^n= t [os t XZ[ b cHseXZ^njl[]\ X~g�� � �$��gOc/X b g tkt [ b pNg b X~Y�[o� gOc �
X b g t gFp�[ t [e��X b g y [e� Y�sFc�^��Is t g \Z��^ tnt sFXZ^kgOc�^nc a g ��[ b \_><\_X~[ y " � Y�[zXZY�[ b sV\�XZY<[I^ boa�b ^ncH� ^ a s t
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pNv�cH��X~^ngVc�g b � y g b [ t ^��l[ t >l�/sV\ XZY�[2\_v a<a�t [ y [Ic{X s b >�d{>/cHs y ^�� �Is a sF=�^ t ^kX_>4XZgugVXZY�[ b \_X b seXZ[ �
�O^�� gV=/�Z[e��XZ^kjl[e\ $ � ��g b [��<� t vH\_^kjl[ g \Z��^ tnt sFXZ^kgOc ��gVc{X b g t �1s ��W � � � � gOc/X b g tnt [ b ��gOv t d9=H[
c�[Ijl[ b XZY�[ t [e\~\ y g b [.[�� a [IcH\_^kjl[�XZYHsec s�� � �H� sV\�^ tkt vH\mX b seXZ[ed�^kc XZY�[�s a�a�b g!�{^ y sFX~[.� gl\_X
��g y4a s b ^`\_gVc�gFp�X~Y�[e\_[$��gVc{X b g tnt [ b \o\_Y<g � c ^nc � sF= t [�� � � % ! � � !@ ' ��W = b ^n[�p d{[e\~� b ^ a XZ^kgOc
pNg tkt g��1\ gep|X~Y�[ y g/d{[ t \ gepC[esO��Y�gFprXZY�[]\_[ ��W � � �u� gOc/X b g tnt [ b \��

� sF= t [i� � � 
 �Cgl\_X,��g yua s b ^`\mgOcugep�� � ��secHd���W � � �4��gVc{X b g tnt [ b \
�CgOc/X b g tnt [ b �Cgl\_X "Sh���$
� � � � �O�/�B�V�O�
�@?�� � !l� *��/jVs b " ��gOc/X b g tnt [ed a g b XZ^kgOcH\�$
� � ��� � !l� *��/jVs b " ��gOc/X b g tnt [ed a g b XZ^kgOcH\�$

� � W � � �,� � � � *��/jOs b
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W \_Y/v�c/Xi��gOc�c<[e��XZ[]d��@?��+^kce�Z[e��X \ �Is a sO��^kXZ^kjl[og b ^kcHd{vH� XZ^njl[f� v bZb [Ic{X \_g�sV\;X~g y se^nc/X�sF^kc
g b ��gOc/X b g t sf\ a [e��^ w � jVs b ^�sF= t [l�{Xm> a ^`�zs tnt >o=�vH\ jlg t X�sF�V[ %"� > ' � �@?���\ � [ b [ wHb \mX1d{[Ijl[ t g a [ed
^ncuX~Y�[ t sFXZ[ � >  V�O\ pNg b X~Y�[���g yua [IcH\ZseXZ^kgOcfgFp t s b �O[ ��vH��XZv�sFXZ^kc��o^nc�d{vH\_X b ^�s tHt g sOd�\ �H\_vH��Y�sO\
[ t []��X b ^`� s b �;pNv b cHsO��[]\ � � Y{> b ^�\_X~g b � � � ^kX���Y�[ed.��s a sV��^nX~g b \ " � ����\�$ g b s�� ^ �/[ed.��s a sO��^kXZg b
" �|� $ � ^nX~Y�s � Y{> b ^�\_X~g b �~�CgOc/X b g tkt [ed � [esO��X~g b " � � �'$ a�b gej/^`d{[ b s a ^�d�sFcHd w c�[�jlg t X�se�O[
��gOc/X b g t �

� > X~Y�[ t seXZ[ � > #]�O\ �@?�� ��[ b [�s a<a�t ^k[ed;X~g X b sFc�\ y ^�\Z\_^kgOci\_><\_X~[ y \BX~g sV� Y�^k[Ijl[|^ yua�b gejl[ed
d{>/cHs y ^�� jlg t X sF�O[$��gVc{X b g t � � Y�[�X � g y g \_X a g a v t s b � gOc w �Vv b seXZ^kgOcH\fs b [ X~Y�[��|� � ^kXZY
� � �;�rsFcHd � ��� � ^kXZY � � � � � ^n�Vv b []\;� � �$sFcHd�� ����\mY�g�� s =HsV\_^`�4\_X b vH��X~v b [fgFp,s �@?;�
� ^nX~Y jlg t X sF�O[i��gVc{X b g t sFcHd�^nX�\ � gOc/X b g t ��YHs b sO��X~[ b ^�\_X~^`�O� b [e\ a []��XZ^kjl[ t >l�epNg b s ��� secHd � � �
Xm> a [ �@?�� % ! # ' �
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�Q^n�Ov b [i� � � 
 � sO\m^`� �@?�� \mX b vH��XZv b [ � ^nX~Y jlg t X sF�O[i��gVc{X b g t �
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% � ��� � ��� � � ����� �����	�

W c�sVd�d{^nX~^ngVcHs t \_X�se=�^ t ^��I^kc��i\_^k�OcHs t � ^nX~Y�s�\mv a�a�t [ y [Ic/X�s b >2��gOc/X b g t \mv a [ b ^ yua gl\m[ed gVc�XZY�[
jlg t X�sF�V[�� gOc/X b g t�t glg a gFp4s��@?�� �IsFc�s t \mg a�b gej/^`d{[�g \Z��^ tnt seXZ^kgOc d�s yua ^nc<��=/> y gFj/^nc<�
� b ^kXZ^��Is t [I^n�V[Ic{jVs t v�[e\CXZgfXZY�[�g a [zc t [ pNX � YHs t p a�t sec�[isO\1d{^`\~��vH\Z\m[ed ^kc %"� � � �C!<� ! A ' �

��W ��� secHd � � � �/� y g/d{v t []\BgFpE� �/W �EW � % ! >�� � � ' � � Y�^`��Yis b [�X � g1gFpHX~Y�[�sFcHs t >/XZ^`�zs t
XZglg t \ vH\m[ed�^ncfXZY<^`\|XZY�[]\_^`\ "S\m[e��XZ^kgOc4� �  � �isFcHd4� �� ��� $Cs tkt g��9X~Y�[���gVc{X b g tnt [ b XZgi= [ y g/d{[ t [ed
sO\�s�jlg t X�se�O[f��gVc{X b g t d{[zj{^���[ y sOd{[iv a gFp su\mX�seXZ^`� 
,se^nc�= t g/� �E� X ��g �H[esOd *��EsF�$= t g/���<\��
sFcHd�sFc�[Ic�d �S= t g/��� " � � � � $ sO\i\_Y�g�� c�^kc � ^k�Ov b [f� � ! � � Y�[�� � � � [Ic�d �S= t g/����^`\�s.\mX�sFX~^`�
d{[Ij/^`��[fXZY�sFX b [ a�b [e\_[Ic/X�\ X~Y�[ � � � sFc�d �|� sV\osFc�[]} v�^kjVs t [zc{Xz�Uc<gOc t ^nc�[es b �r��gOc/X b g tnt sF= t [
\_vH\~��[ a X sFcH� [ 
 ��
�� % � � ' �|W+\mv a�a�t [ y [Ic/X�s b >i��gVc{X b g t ^nc a v�X \m^n�Oc�s t ^�\Cs t \mgf��gOc�\_^`d/[ b [ed�pNg b
XZY�[ a v bZa gl\m[ogFp�� g a pC=�^ pNv b �IseXZ^kgOc�� gOc/X b g t sV\ s t \_g�d/[ a ^`� XZ[edu^nc � ^n�Vv b [2� � ! � � c�sFc�gVXZY�[ b
\_^ y v t sFX~^ngOc,XZglg t �l� � � �IvH\m[ed;^kc;X~Y�^`\ b []\_[es b ��Y ��g b � "S\m[e��XZ^kgOci� �  � � secHd�� �� � � $ �FX~Y�[ �@?��$^`\
b [ a<b [e\m[Ic{X~[edo={>fs�jOs b ^�sF= t [ b [esO��X sFcH� [ � ^kXZY y s �/^ y v y ^kcHd{vH��X~^njl[1secHdu�Is a sO��^kXZ^kjl[ t ^ y ^nX \��
� Y�^`��Y d/^ b []��X t >���g bZb [e\ a gOc�d X~g X~Y�[ t ^ y ^kX�\;^kc9X~Y�[ wHb ^nc���sFc<� t []\ gep�X~Y�[.X~Y{> b ^�\_X~g b \ � sO\
\_Y�g�� c�^nc�� ^n�Vv b [�� ��� � � Y�^`\ b [esO� X�sFc���[�^�\�sV\Z\_v y [ed X~g�jOs b >�XZg���gOc/X b g t X~Y�[��@?�� =�vH\
jlg t X�sF�V[l� � ^kXZY�so\mv a�a�t [ y [Ic/X�s b >2��gOc/X b g t = t g/���usecHdu^nc a v<X \_^k�OcHs t \ X~god�s yua gl\~��^ tkt seXZ^ngVcH\
sO\1\_Y�g�� c$^nc�� ^n�Vv b [i� � � �

B svc 

ST 7
1  +  ST5

1  +  ST6

1  +  ST1 1  +  ST3

1  +  ST 1  +  ST2 4

+ +

+

1  +  ST7

- Additional Signal

V ref

Vsvc -
+

+

+
SD2K

SVC

SVCKa
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�
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+

+  -

Vref

K

1   + TS

V

wST

1   +  TwS

input
Additional

1   +  T1S

B min

B max

B

1   +  T2S

� ^k�Ov b [�� � � 
 � t g/� �4d{^`se� b s y gep�sFc �@?;��v�\_[ed�^nc$� � � �

������� � � � ���

� Y�[ y s �/^ y v y a g���[ b X b sFcH\SpN[ b �Is a sF=�^ t ^nXm>�gFp s X b sFcH\ y ^`\~\_^kgOc t ^kc�[ ^�\ ^nc�� b [esV\_[ed�=/>o\m[ b ^k[e\
�Is a sO��^kXZg b ��g yua [IcH\ZseXZ^kgOc�gepHXZY<[ \m[ b ^k[e\B^nc�d{vH��X~^njl[ b [esO��X sFcH� [ � � Y�[ vH\m[ gep y g/d{v t s b = t g/� �<\
gFp �Is a sO��^kXZg b \ X~g a�b gej/^`d{[ �H\ZsI>l� �V� � !l��� ��g yua [Ic�\ZsFX~^ngVc.^`\ t gVc��u[e\mX�se= t ^�\_Y�[ed � � g�� [zjl[ b �
XZY�[4\_v<=H\_>/cH��Y b gVc�gOvH\i\_[ b ^n[e\ b [e\mgOcHsec{X p b []} v�[zcH��>$\_g a�b g/d{v���[ed�YHsO\ =H[I[Ic �{c<g � c�XZg�^kc �
X b g/d{vH��[ c<[I�lseXZ^njl[1d<s yua ^kc���gFp �O[Ic�[ b sFX~g b XZg b \_^kgOcHs tBy g/d{[]\ � � Y<[ d{>/cHs y ^`���Is a se=�^ t ^nXm>�gep
s � � �<� �Isec�= [�vH\m[ed pNg b gl\Z� ^ tnt sFX~^ngOc3d�s yua ^nc�� " =HgOX~Y�\_v<=H\_>/cH��Y b gVc�gOvH\1sFc�d3[ t [e��X b g y [ �
� Y�sFc�^��Is t $C^nc$sOd�d/^nXZ^kgOc�XZgfXZY<[�\mXZ[esVd{>�\mX�sFX~[o��g yua [IcH\~sFXZ^kgOcugep�\_[ b ^n[]\ b [esV��X�secH��[ �

W � � ������gOc/X b g tnt [ b ^`\Q=HsO\m^`�Is tnt > s � Y{> b ^�\_X~g b �CgVc{X b g tkt [ed � []sO��X~g b " � � �'$
^nc a s b s tnt [ t
� ^nX~Y s.=Hsec���gFpi�Is a sO� ^nXZg b \��9W Xm> a ^`�Is t \_^kc�� t [ y g/d{v t [ � � ��� \mX b v���XZv b [upNg b ��v b~b [Ic/X
��gOc/X b g t sFcHd X~Y�[�\mXZ[esVd{>�\mX�seXZ[���g bZb [e\ a gOc�d{^nc��-? � � ��YHs b sO� XZ[ b ^`\_X~^`�f��v b jl[fs b [3\_Y�g�� c�^nc
� ^n�Vv b []\ � �� fsFc�d.� � #l� b [e\ a [e��X~^njl[ t >�% ! # ' �

% � ��� � ��� � � ����� �����

� � � �/� sFcHd���W�� ��s tnt g ��X~Y�[ � � ���!��gOc/X b g tkt [ b X~g.=H[ y g/d/[ t [ed�sV\���v bZb [zc{Xz� a g�� [ b �
g b jlg t X�sF�V[i��gOc/X b g t d{[Ij/^`� [ � ^nX~Y.s � sV\_Y�gVv�X1= t g/��� � ^nX~Y��lsF^kc
� t se��� t [esOd+* t se��= t g/� �E�{� sF^kc
= t g/��� � ^kXZY t ^ y ^kX�\ ��secHd�sec�[Ic�d;= t g/� � "�� � � $
sV\ \mY�g�� c�^nc � ^k�Ov b [e\ �r� � A sFcHdi� ��> � � Y�[ � � �
� [IcHd�= t g/����^`\
=HsO\m^`�Is tnt >�s \_X sFX~^`� d/[Ij{^���[CXZYHseX b [ a�b [e\_[Ic/X�\
XZY<[ � � ��sFcHd �|����g y =<^ncHseXZ^ngVc
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� ^n�Vv b [�� �� 
 � sV\_^`� � � ��� \_X b vH��X~v b [ � ^nX~Y$��v bZb [Ic/X ��gVc{X b g t �

sO\1sFc$[e} v<^njVs t [Ic{Xz�lc�gOc t ^nc�[]s b �H� gOc/X b g tnt sF= t [�\_vH\~��[ a X sFcH� [ 
 � 
�� � ^kXZY t ^ y ^nX \ % � � ' �

��������� � � � � �����

� Y�[ � � W � � �,� b []\_[ y = t []\U^kc y sec{> b [e\ a [e��X�\�s�\_>/cH� Y b gOc<gOvH\ ��g yua [IcH\~sFXZg b �l=�v�X � ^kXZY �
gOv�X,XZY�[�^nc<[ b X~^`s � � Y�[i=HsO\m^`� [ t []��X b gOc�^�� = t g/����gFp�s�� � W � � � ��^`\ XZY<[8?Cg t X�se�O[ � �lgVv b ��[]d
�CgOc/jl[ b X~[ b " ? ��� $ � � Y�^�� Yu^kcu�O[zc�[ b s t ��gVc{jl[ b X�\�sFc�^nc a v�X d<� jlg t X sF�O[,^nc/XZgos�X~Y b [z[ � a YHsO\m[
gOv�X a v�X jlg t X sF�O[iseX pNv�c�d�s y [zc{X s t p b []} v�[zcH��>l� � ^nXZY b s a ^�d t >�� gOc/X b g tnt sF= t [�s yua�t ^nXZv�d{[�sFc�d
a YHsV\_[osec�� t [ �

� Y�[4=HsO\m^`��\_X b vH��X~v b [�gep�s � � W � � �,� pNg b [I^nX~Y�[ b�a YHsV\_[�� gOc/X b g t g b ��v t \_[�q ^�d{XZY
�.g/d{v t sFXZ^kgOc " �|q � $|� gOc/X b g t �/sFc�d�^nX \ ? � � � Y�s b sV��XZ[ b ^`\mXZ^�� s b [,d{[ a ^`��X~[ed�^nc � ^k�Ov b [e\ �/� � � �
sFcHd4� � � � � b [e\ a []��XZ^kjl[ t > % ! # ' �|W \C�Isecu=H[ \m[I[Icf^nc � ^n�Vv b [,� � � �{�<s � � W � � �,� ^�\ y sOd{[ v a
gFp s � gOv a�t ^nc��4X b secH\ pNg bZy [ b �
s�? ��� sFcHd�s�d��o�Is a sO��^kXZg b � � Y�[f��gVc{X b g t \_><\_X~[ y �Isec�=H[
d{[e\m^n�Oc<[eduXZg y se^nc/X�sF^kcuXZY<[ y sF�Vc�^nX~vHd{[ gep|X~Y�[�=�vH\ jlg t X�se�O[i��gVcH\_X sFc/X ={>�� gOc/X b g tnt ^nc��iXZY�[



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

�	 ������	 � >

(C
ap

ac
iti

ve
)

(I
nd

uc
tiv

e)

0 1 2

0

-2

  2

V
ol

ta
ge

 (
pu

 o
n 

X
c 

I 
R

at
ed

 )

Current (pu on I Rated)

MOV Protective Level

M
ax

im
um

 F
iri

ng
 A

dv
an

ce

Full Thyristor
Conduction

No Thyristor
Current

Harmonic
Heating Limit

Maximum 

Thyristor Current

Maximum

Firing Delay

Seconds

30 min

Con
tin

uo
s

� ^n�Vv b [i� � # 
 � � �<� ? � � \_X~[esOd/>�\_X sFXZ[2� Y�s b sV��XZ[ b ^`\mXZ^��I\ �

SD2
S TCR

K2

1.0

0

1

1   +   ST1

1  +  ST2
1  +  ST3

Input Signal
B (p.u.)K

TCSC
T

W
1  +  STW

� ^k�Ov b [�� � A 
�W h,\_[ b � [ w c�[]d � � ��� v�\_[edu^nc$��W ���usecHd � � � �/��
Bh � � � ��� � � �
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� ^k�Ov b [�� � > 
�W h,\_[ b � [ w c�[]d � � ��� v�\_[edu^nc$��W ���usecHd � � � �/��
Bh � � � ��� �m� �
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� ^k�Ov b [�� � � � 
 � sO\_^�� � � W � � �,� \_X b vH��X~v b [ �
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V

Imax

V min

min (Capacitive) (Inductive)

refV

I

� ^k�Ov b [�� � � � 
 � � W � � �,� ? � � \_X~[esOd{>3\_X�seXZ[2� YHs b sV��XZ[ b ^`\mXZ^`�z\ �

y sF�Vc�^nX~vHd{[ sFcHd+*zg b|a YHsO\m[1\_Y�^ pNX gepBX~Y�[ ? ����gOv<X a v�Xrjlg t X sF�V[ � � c2\_X~[esOd{>2\_X sFXZ[�g a [ b sFXZ^kgOc
�
XZY�[o^kc{jl[ b XZ[ b jlg t X sF�V[ ; � ^�\ sO\~\_v y []d XZg�=H[o^nc a YHsV\_[ � ^nXZY�X~Y�[fsO��X~[ bZy ^ncHs t jlg t X sF�V[ ; �
sO\CXZY�[ b [ ^�\ a�b sV��XZ^��Is tkt >�c<gosO� XZ^njl[ a g�� [ b ��g � ^kc��;p b g y g b XZgiXZY�[ ? ��� � � Y�[ � � W � � � �
\_v a<a�t ^k[e\ b []sO��X~^njl[ a g ��[ b X~guXZY�[2sO�o\m>�\mXZ[ y ^xp ; � ^�\ � b [esFX~[ b XZY�sFc ; �E^nX�d b s �1\ b [esV��XZ^kjl[
a g ��[ b p b g y X~Y�[osV�o\_><\_X~[ y ^xp ; ^�\ � b [esFX~[ b XZYHsec ; � � � Y<[od��o�Is a sO� ^nXZg b jlg t X�se�O[ ;���� ^`\
��gOc/X b g tkt [ed�X~Y b gVv��OY$XZY�[ a YHsO\m[osec�� t [ � � � Y<^`��Y�d{[IX~[ bZy ^kc�[e\ X~Y�[�X b sFcH\m^n[Ic/X sV��XZ^kjl[ a g�� [ b

�Hg�� = [zX ��[I[Ic�XZY<[o\_><\_X~[ y secHd.XZY�[�? ���1�HsecHd.Y�[IcH� [;X~Y�[o��YHs b �O^kc��4sFcHd�d{^�\Z��YHs b �O^kc���gep
� �

� Y�[ � � W � � �,� ^�\ b [ a�b [e\_[zc{X~[ed vH\m^nc��1XZY�[|pNv�c�d�s y [zc{X s t p b [e}lv�[Ic���> y g/d{[ t d/[e\Z� b ^n=H[ed
^nc % ! # ' � � Y�^�� Y b [ a�b [e\_[Ic/X�\CXZY�[isV��XZ^kjl[ secHd b [esV��XZ^kjl[ a g�� [ b ��g �1\ p b g y secHduXZgfXZY�[ ? ��� �
� Y�[ y g/d{[ t ^�\ =HsV\_^`�zs tnt >fso��gOc/X b g tkt sF= t [1jlg t X sF�V[�\mgOv b ��[ =H[IY�^kcHdusec ^ yua [ed�secH��[ � ^nXZY4XZY�[
b [ a<b [e\m[Ic{X sFX~^ngOc�gFp,XZY�[���YHs b �O^kc���secHd�d{^`\~� Y�s b �V^nc���d/>{cHs y ^`�z\��
gFp,XZY�[3d��u�Is a sO��^kXZg b �CsO\
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� [ tkt sV\ X~Y�[ � � W � � �,� sO��secHd.d<� t gl\~\_[e\��

% � ��� � ��� � � ����� �����	�

W a YHsO\m[i��gOc/X b g t \mX b sFXZ[z�O>u^�\ sO\~\_v y [ed pNg b X~Y�[ � � W � � �,� =�v�\ jlg t X sF�V[l��secHd�so\_v a�a<t [ �
y [Ic/X�s b >���gVc{X b g t = t g/� �isecHdo\_^k�OcHs t s b [1sOd<d{[ed pNg b � g a pH=�^ pNv b �IseXZ^kgOco� gOc/X b g t �lsV\|d{[ a ^`��X~[ed
^nc � ^n�Vv b [f� � � � � � Y<[ a � v��fd{^ �E[ b [Ic/XZ^`s t � s t �O[I= b sF^���[e} v�sFXZ^kgOcH\ " � W � $1� g bZb [e\ a gVcHd{^nc<�.XZg
XZY�^�\ y g/d{[ t s b [ % ! # ' 
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 � " � ��6*7 $18 � � ^�\�vH\_[]d�XZg b [ a�b [e\_[Ic/XoXZY<[ X b secH\ pNg bZy [ b ^ yua [ed�secH��[l�
sFc/>�sV��\_[ b ^n[]\ wHt XZ[ b \��H[IX�� � � � �:9 �*; A � �B� sFc�d �!s b [iXZY�[ b [es t sFc�d b [esV��XZ^kjl[ a g ��[ b \

�Hg�� ^nc��4^nc/XZgfXZY�[�? � � � ;:< � ^�\ X~Y�[�X~[ bZy ^kcHs t jlg t X�sF�V[l� ; � < � ^`\ XZY�[i^nc/jl[ b X~[ b jlg t X�se�O[
sFcHd �

�
\_X sFcHd<\ pNg b XZY�[�^nc/XZ[ b cHs t ��gOc/X b g t \_><\_X~[ y jOs b ^�sF= t [e\ �

� Y�[1\mXZ[esVd{>f\_X sFX~[ y g/d/[ t gep
X~Y�[ � � W � � �,� �Isec�=H[1gO=�X sF^nc<[ed2p b g y "S� � !%$Q=/> b [ a�t sV� �
^nc��oX~Y�[�d{^ �E[ b [Ic/XZ^�s t [e}lvHsFX~^ngVcH\ � ^nX~YuXZY�[ \_XZ[]sOd{>�\mX�seXZ[�[e}lvHsFX~^ngOc�\ gFprXZY<[�d�� jlg t X�sF�V[�sFc�d
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XZY�[�jlg t X sF�O[���gOc/X b g t � Y�s b sV��XZ[ b ^`\mXZ^��I\�gFpiXZY<[ � � W � � � � � � gVXZ^`� [ X~YHsFX4XZY�[���gVc{X b g tnt [ b
d b glg a ^`\id{^ b [e��X t > b [ a<b [e\m[Ic{X~[ed gVc�X~Y�[�? � � ��YHs b sO� XZ[ b ^`\_X~^`�f��v b jl[l� � ^kXZY�XZY�[$��gVc{X b g tnt [ b
t ^ y ^nX \ =H[I^nc<�fd{[ w c�[]d =/>u^nX \ sO��� v bZb [Ic{X t ^ y ^kX�\�� � [Ic���[l�lXZY�[2\_X~[esOd{>$\mX�sFX~[�[e} v�sFXZ^kgOcH\ pNg b
XZY�[ a Y�sO\_[2��gOc/X b g tkt [ b s b [i�O^kjl[Icu=/>
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d{>/cHs y ^�� y g/d{[ t \
sO\|d{[]\Z� b ^n=H[ed�se=HgFjl[ � ^nX~Y a YHsV\_[1��gVc{X b g t ^�\U^ yua�t [ y [IclX~[ed ^nco� � � vH\m^nc��
XZY�[i\m> y =Hg t ^�� t ^k= b s b >4sFcHd�jl[e��X~g b ^ �I[edf��g y4a v�X�seXZ^kgOc�XZ[e��Y�c�^�} v<[e\ ^kc���W � �EW'� �
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� sO\m[ed�gVc9XZY<[ []} vHseXZ^kgOcH\ogFp,XZY�[�jVs b ^ngVvH\u��g yua gOc�[Ic/X�\isFcHd�XZY�[z^ b ��gVc{X b g t y g/d{[ t \id{[ �
\Z� b ^n=H[ed�^kco\_[]��XZ^kgOcH\Q� � � sFcHdo� �"!<�OXZY�[ a g�� [ b \m>�\mXZ[ y �Iseco= [ b [ a�b [e\_[Ic/XZ[]d,pNg b XZY<[ a�b gO= t [ y
^nc�YHsecHd =/>uXZY<[ pNg tnt g � ^kc��f\_[zX gFp�d{^ �E[ b [Ic/XZ^�s t sFcHd�s t �O[I= b sF^�� [e} v�sFXZ^kgOcH\ " � W � $ 


�� � 
 " � ��� � � ��� $ "S� �� $
� � � " � ��� � � ��� $

� Y�[ b [ ���
	�� ^�\ s jl[e� XZg b gFp \_X sFXZ[fjVs b ^`sF= t [e\�sO\~\_g/��^�sFX~[ � ^kXZY�d{>{c�s y ^���\_X sFX~[e\ gFp �V[Ic �
[ b seXZg b \�� t glsOd<\�� secHd9gOX~Y�[ b \_><\_X~[ y ��gOc/X b g tkt [ b \ � � ��	�
 ^`\fs jl[]��XZg b gFpi\mXZ[esVd{> � \_X sFX~[
s t �O[I= b sF^�� jVs b ^`se= t []\ b [e\mv t X~^nc���p b g y c�[z� t []��XZ^kc��;p sV\_X1d{>/cHs y ^`�I\ " [ � � �|\mg y [ t glsVd jlg t X�se�O[
a YHsV\_g b,y sF�Vc�^nX~vHd{[e\ secHd.sec�� t [e\ $ � � ��	�� ^�\ s�\m[IX gepCv�cH� gOc/X b g tnt sF= t [ a s b s y [zXZ[ b \��H\_v�� Y
sO\ sV��XZ^kjl[isFcHd b [esO��X~^njl[ a g�� [ b1t g sOd.jVs b ^`sFX~^ngVcH\��
secHd.^nc$XZY�^�\ X~Y�[e\m^`\ ^nX1^`\ vH\_[ed�XZg b [ a�b [ �
\_[Ic/X X~Y�[ t glsOd/^nc���p sV��XZg b " t � � $ sO\ a�b [Ij/^ngVvH\ t >$d{[ w c�[]d ^nc�"S� ��� $ �
sFc�d � ��	

+ ^`\1su\m[IX gep
��gOc/X b g tkt sF= t [ a s b s y [zXZ[ b \ \_vH��Y$sO\ X�s a \_[IX~XZ^kc��l\ �BW v<XZg y sFXZ^�� ?Cg t X�sF�V[ � [I�Vv t seXZg b " W ? �'$
sFcHd �@?�� b [�pN[ b [zcH��[ jlg t X�se�O[e\��
��g b [I^k�O[Ic/jVs t v�[1sFcHs t ><\_^�\ "S\ y s tkt \m^n�VcHs t \_X�se=�^ t ^nXm>�g b \mXZ[esVd{>f\_X sFXZ[ \_X�se=�^ t ^nXm>osecHs t >�\m^`\�$��

"S� �� $4�Isec =H[ t ^nc<[es b ^��I[ed�s b gOv<cHd*sec*[]} v�^ t ^k= b ^kv y g a [ b sFX~^nc�� a gV^nc/X " � � ��� � $ipNg b �V^njl[Ic
jVs t v<[e\ gep|X~Y�[ a s b s y [zXZ[ b \'"�� � ��� � $ � � Y/vH\��
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� Y�[ b [l� � ^�\ X~Y�[o\m>�\mXZ[ y � sV��gO=�^�sFc
� sFcHd � � ��� 
 ;�� ��� 8 � � � ��� 
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��� ��� � ;�� � � 8 � � p ^kX ^`\�sV\Z\_v y [ed.XZY�sFX ��� ^�\ c�gVcH\_^kc��Ov t s b � � Y�^�� Y�^�\;s b [e} v<^ b [ y [IclX pNg b
[e}lvHsFX~^ngOc�\ "S� �� $ XZg�s a�a�b g a�b ^�sFX~[ t > b [ a�b [e\_[zc{X1XZY�[2\_><\_X~[ y % � ��' � X~Y�[o\m>�\mXZ[ y [I^k�O[Ic/jVs t v�[e\
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�IsFcf=H[ b [esOd/^ t >i��g yua v�X~[ed;=/>�[ t ^ y ^ncHseXZ^nc<� XZY�[ jl[e� XZg b gFpUs t �O[I= b sF^�� jOs b ^�sF= t [ � � ^nc "S� � # $��
sO\ pNg tkt g��1\ 
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XZY<[ � W � \m>�\mXZ[ y �Isec�=H[ b [ed{vH� [ed X~g�s$\_[IX�gFp�� � � [e}lvHseXZ^ngVcH\-% � ��' � � Y<[Ic
�
=�^xpNv b �IseXZ^ngVcH\ gep XZY<[ a g�� [ b \m>�\mXZ[ y y g/d{[ t �HsFcHd a s b XZ^���v t s bZt >�� g a p�=�^xpNv b �IsFX~^ngVcH\ � Y�^�� Y
s b [ XZY�[ ^kc{X~[ b [e\mX gepEXZY�^�\ � g b �E�l�IsFco=H[1\mXZvHd{^k[ed;=/> y gOc�^kXZg b ^nc��1XZY<[ [I^k�O[Ic/jVs t v<[e\Ugep y sFX b ^ �
� ^kc " � � A $,sO\i\_><\_XZ[ y�a s b s y [IX~[ b \ ��secHd�� ��YHsec��O[e\�� � ^ y [od{g y sF^kc�\_^ y v t sFX~^ngOc�\��BgVc
XZY�[igOX~Y�[ b YHsecHdB� � Y�^�� Y$s b [�vH\_[ed�^nc�XZY<^`\ b []\_[es b ��YuXZg4\_X~vHd{>�XZY�[�� t gO=�s t \_X sF=�^ t ^kX_>fgFp�XZY�[
\_><\_X~[ y y g/d{[ t � � [ b [ gV=�X�se^nc�[]d�=/>�c{v y [ b ^��Is tkt >$^nc/XZ[ b � b seXZ^kc���[e}lvHsFX~^ngOc�\ " � �� $ � �.g b [
d{[IX sF^ t [ed�d{[e\~� b ^ a XZ^kgOcH\ pNg tnt g�� gepCXZY�[�jVs b ^ngVvH\ secHs t >�\m^`\ X~[e� Y<c�^`}lv�[e\�sFcHd�XZglg t \ v�\_[eduY�[ b [ �

� ��� � #�� � �&� � ��� � ��� # ��� �����

��v tnt � � ? g b &Zc<gl\_[$��v b jl[e\ ( gFp1X~Y�[uX~[e\_X2\_><\_XZ[ y \ vH\_[ed pNg b =�^ pNv b �IseXZ^kgOc�secHs t >�\m[e\ ��[ b [
gO=�X sF^kc�[ed�vH\m^nc���s��CgOc/XZ^nc/vHseXZ^ngVco� g���[ b � t g�� "_��� � $ XZ[e��Y�c�^�} v�[ � �1c�[ sVd{jVsFc/X�sF�V[ ^�\UX~YHsFX
XZY�[fs t �Vg b ^kXZY y \ s b [oc�gVX a�b gVc�[oXZg3d{^njl[ b �O[Ic���[ a�b gV= t [ y \ sFX g a [ b sFX~^nc��$��gVcHd{^kXZ^ngVcH\ c�[es b
\_X~[esOd{>3\_X�seXZ[i\_X sF=�^ t ^kX_> t ^ y ^kX�\�� ��v b XZY�[ bZy g b [l�O^kX >/^n[ t d�\ sVd�d{^kXZ^ngVcHs t ^nc{pNg bZy seXZ^kgOc
�<\_vH��Y�sO\
\_[Ic�\_^nX~^nj/^nX~^n[e\ � ^nX~Y b [e\ a []��X|XZg�X~Y�[ a s b s y [zXZ[ b �E� X~YHsFX��Isec�=H[ vH\m[edoXZg�=H[IXZX~[ b v�cHd/[ b \mX�sFc�d
XZY�[ a Y<[Ic�g y [Ic�gOc�v�c�d{[ b \_X~vHd{> % � � ' �

� c�g b d{[ b XZg�d/[IXZ[e� X � g a p =<^xpNv b �IsFX~^ngOc�\�gOc�XZY�[$� � ? � v b jl[e\i��g b~b [e\ a gOcHd{^kc���XZg�XZY�[
jVs b ^kgOvH\�XZ[e\mX�\_><\_X~[ y \ � X~Y�[ y v t XZ^ a�t [ a g�� [ b �Hg���\_g t v�X~^ngVcH\ �O[Ic�[ b sFX~[ed.=/>.XZY<[ ��� ��pNg b
XZY�[ojVs b >/^nc�� a s b s y [IX~[ b �E� p b g y XZY�[o=HsV\_[ t glsOd.X~g�XZY�[ y s �/^ y v y t glsVd{^nc<����gOc�d{^nX~^ngOc�\��
� [ b [�vH\_[ed�XZg�gV=�X�se^nc9X~Y�[ b [ed/vH��[ed�\_><\_X~[ y \mX�sFX~[ y seX b ^ ��sFXf[esV� Y�[e}lv�^ t ^n= b ^nv y�a gV^nc/X �
� Y�[Icf[I^n�V[Ic/jOs t v�[]\ � [ b [ vH\_[ed�X~g�d{[IX~[e��XQXZY�[�jVs b ^kgOvH\|=�^ pNv b �zsFXZ^kgOc a gO^kc{X \��O[]\ a [e��^�s tnt > � g a p
=�^xpNv b �IseXZ^ngVc
� � Y<^`��Y ��[ b [,��g y =�^kc�[ed � ^nX~YuXZY<[ X~^ y [1d{g y sF^kcu\m^ y v t seXZ^kgOcH\ X~gosecHs t > �I[,XZY�[
b [e\mv t X~^nc��f\m>�\mXZ[ y gl\Z� ^ tnt sFX~^ngOc�\ �
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��� � y [zXZY�g/d�\1s b [oXm> a ^��Is tkt >u[ yua�t ge>l[edfXZg�X b sO��[iXZY�[f� � ? ��v b jl[iv a XZg4XZY�[ y s!�{^ y v y
t g sOd{^kc�� a gO^kc{X " y s �/^ y v y t glsOd<sF=�^ t ^nXm>ug b \_X~[esOd/>.\mX�seXZ[f\_X sF=�^ t ^kX_> t ^ y ^nX $rgFpCX~Y�[o\m>�\mXZ[ y �

q Y�^ t [�XZY�[I> s b [���g y4a v�X�seXZ^kgOcHs tnt >�d{[ y sFcHd{^kc��.pNg bft s b �V[ b \_><\_X~[ y \ % � �{� � A � � � ' �CXZY<[I>
a�b gej/^`d{[4sOd<d{^nX~^ngOc�s t ^nc{pNg bZy seXZ^kgOc�sF=HgVv�XoXZY�[4\_><\_X~[ y =H[IY�s]j/^ng b �r\_vH��Y�sV\�\_[IcH\m^nX~^nj/^nXm>.^kc �
pNg b~y sFX~^ngOc � ^kXZY b [e\ a [e��X XZg a s b s y [IXZ[ b jVs b ^�sFX~^ngOc�\ �

� Y�[f��� ��XZ[]� Y�c<^`}lv�[�vH\_[e\,sFc.^kXZ[ b sFX~^njl[ a�b g/� [e\Z\ ^kc{jlg t j/^nc�� a�b []d{^`��X~g b sFcHd�� g bZb [e��X~g b
\_X~[ a \1sO\ \_Y<g � c$^nc�� ^k�Ov b [�� � � � � � c$\_g y [��IsO\m[e\��Hsec$sOd�d{^kXZ^kgOcHs t a s b s y [IXZ[ b ^��]sFXZ^kgOc4\_X~[ a �
^`\ vH\_[]d3X~gfsIjlgO^`d���[ b X�se^nc$��gVc{jl[ b �O[Ic���[ a<b gO= t [ y � � Y{v�\��{p b g y s �{c�g�� c�^nc<^nXZ^�s tEa gV^nc/X1W��
suX�sFc<�O[Ic/X a�b [ed/^`��X~g b \_XZ[ a ^�\ vH\_[]d.XZg�[e\_X~^ y seXZ[�XZY<[f\_g t v�XZ^kgOc a gO^nc/X �*pNg b su�O^kjl[Ic t glsVd
d{^ b [e��X~^ngOc�d/[ w c�[ed.=/>.X~Y�[ a s b s y [IXZ[ b � �oW�� g bZb [e��X~g b \mXZ[ a ^`\ X~Y�[Ic�vH\m[ed.XZg$d{[zXZ[ b~y ^nc�[
XZY�[�[��<sO� Xo\_g t v�X~^ngVc �!vH\m^nc���s a g�� [ b �Hg�� � ^kXZY sFc sVd�d{^nX~^ngVcHs t [e} v�sFXZ^kgOc�XZg w cHd�XZY�[
a�b g a [ b jVs t v<[ gep � � � Y<^`\ a�b g/� [e\Z\ ^�\ b [ a [esFX~[edov�c{X~^ t XZY<[ d{[]\_^ b [edo=�^xpNv b �IsFX~^ngVcud{^�sF� b s y g b
� � ?!��v b jl[ ^`\ gV=�X�se^nc�[]d �CW a s b s y [IX~[ b ^ �esFX~^ngVcu\mXZ[ a�y sI>o=H[�vH\_[eduX~gusIjlgO^�du��gVc{jl[ b �O[Ic���[
a�b gV= t [ y \ � Y�[zcuXZY�[ � sV��gO=�^�sFc�=H[e��g y [e\C\_^kc��Ov t s b s b gOv<cHd X~Y�[ y s!�{^ y v y t glsOd/^nc�� a gO^kc{X
={>3\_^ y4a�t >o[��<��YHsFc��V^nc��oX~Y�[ a s b s y [zXZ[ b � � ^nXZY$sojVs b ^�sF= t [ � ^nXZY�X~Y�[ t s b �O[e\mX1� Y�sFc��V[ �

W tkt � � ?�� v b jl[e\ � [ b [ gO=<X�sF^kc�[edu=/>uXZY�[ih c<^njl[ b \_^nXm>igFpCq�sFX~[ bZt glgf� g�� [ b � t g�� " h q �

� � �
� q $ % � ! ' � � XfYHsO\o=H[I[Ic�d{[e\_^k�Oc�[]d�XZg��Is t ��v t sFX~[ t g/�Is t pNg t d�=�^xpNv b �IsFX~^ngVcH\�\mvH��Y sO\
\ZsVd�d t [ic�g/d{[2sFcHd t ^ y ^nXC^kcHd{vH��[]d3=<^xpNv b �IsFX~^ngOc�\ ^nc a g ��[ b \_><\_X~[ y \�sFcHd�^`\ =HsV\_[ed�gOc���� �
sFcHd�d{^ b [e��X,��g yua v�X�seXZ^ngVcHs try [IXZY<g/d�\ �iW�jVs b ^k[IXm>�gFp gVv�X a v�X wHt [e\ a [ bZy ^kX pNv b XZY�[ b sFcHs t �
>�\m[e\��Q\mvH� Y�sV\ X�sFc<�O[Ic/X jl[e��X~g b \�� t [�pNX�sFc�d b ^n�VY{X,[I^n�V[Ic{jl[]��XZg b \1sFX�XZY�[o=<^xpNv b �IsFX~^ngOc a gV^nc/XI�
a g ��[ b �Hg��9\mg t v�XZ^kgOcH\QsFXCd/^ �E[ b [zc{X t glsOd/^nc�� t [Ijl[ t \�� t [�pNXQsFc�d b ^n�VY{X
[z^n�O[zc{jl[e� XZg b \
sO\~\_g/��^�sFXZ[]d
� ^nX~Y.XZY<[�\ y s tkt [e\mXC[I^n�V[Ic{jVs t v�[l�<sFcHd�jlg t X�sF�V[i\_X�se=�^ t ^nXm>o^nc�d{^`��[]\��{[zX�� �
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� ^xpNv b �IsFX~^ngVcu\mXZvHd{^k[e\Cs b [ =HsV\_[edogOc4[I^n�V[Ic{jVs t v�[1secHs t >�\m^`\��/s t \_g b [�pN[ bZb []d�XZgisO\�\ y s tnt \_^n�VcHs t
\_X sF=�^ t ^nXm>l�r\_X~[esOd{> \_X�seXZ[�\mX�se=�^ t ^nXm>�g boy g/d<s t secHs t >�\m^`\ % �BA(' � �1cH��[uX~Y�[ b [ed{vH��[]d�\_><\_X~[ y
\_X sFXZ[ y seX b ^ � � "S� � A $ ^`\id{[IX~[ bZy ^kc�[ed$sFXosec�[e} v<^ t ^k= b ^kv y a gO^nc/Xos t gVc���XZY�[4� � ? ��v b jl[ �
XZY�[�[I^k�O[Ic/jVs t v�[e\ sFc�d [I^k�O[Ic/jl[e��X~g b \Cs b [��O^kjl[Ic�={> 


��� � � � "S� ��> $
� Y�[ b [ � ^`\ XZY�[i[I^n�V[Ic{jVs t v�[l�<sFcHd��f^`\ XZY�[i��g bZb []\ a gOcHd/^nc�� b ^n�VY{X1[I^n�V[Ic/jl[e��XZg b � � Y�[ y sF^kc
d b s � =HsV� �4^`\ XZY<[;c<[I[ed�pNg b gV=�X�se^nc�^kc���X~Y�[�^nc/jl[ b \m[ gep � � �HsFcHd�Y�[IcH��[,XZY�[isO\~\_g/��^�sFX~[ed t gl\Z\
gFpr\ a s b \_^nXm> � � g�� [Ijl[ b �OX~Y�[1sFv�� y [Ic/XZ[edo\m>�\mXZ[ y []} vHseXZ^kgOcH\C�Isec�=H[ vH\m[edfd{^ b [e��X t >l�V\_g�X~YHsFX
[  3��^n[Ic/X�\ a s b \_^nXm> �S=�sO\_[]d�s t �Og b ^nX~Y y \��IsFc \ a [I[ed v a X~Y�[u[I^k�O[Ic/jVs t v<[f��g yua v�X�seXZ^ngVc % � � ' �
XZY/vH\���X~Y�[�[I^n�V[Ic/jOs t v�[ ��g yua v�X�seXZ^ngVc$�IsFc�=H[ b [e\_X sFXZ[]d sV\
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^`\BX~[ bZy [ed XZY<[ �V[Ic�[ b s t ^��I[ed1[I^n�V[Ic{jVs t v�[ a<b gO= t [ y � � Y<[ b [)% � � � � ' � s b [�XZY�[�sev�� y [zc{X~[ed
b ^k�OY/X [I^k�O[Ic/jl[e��X~g b \BgFp � � � >;[ t ^ y ^ncHseXZ^nc<� � � p b g y "S� � � � $���"S� ��> $ �Iseco= [ b [esVd{^ t >�gO=�X sF^nc<[ed �

� pHX~Y�[ b gOX~g b sFc�� t [e\ " � $Us b [ X s �l[IcfsV\C\_X�seXZ[1jVs b ^�sF= t [e\��VXZY�[ b [ � ^ tkt =H[,s c{v tnt [I^k�O[Ic/jVs t v�[
^xp�XZY<[os t �O[I= b sF^���jVs b ^�sF= t [e\ s b [o[ t ^ y ^kcHsFX~[ed � � Y�^�\ ^`\1= []�IsFvH\m[ogFp�XZY<[�p sO��X X~YHsFX,XZY�[f\mv y
gFpQX~Y�[���g t v y c�\|��g b~b [e\ a gOcHd{^kc��oXZg � � ^�\ �z[ b g % � A ' � � c y g \_XCgFpQX~Y�[���g yuy [ b � ^�s tnt >isIjVsF^ t �
sF= t [f\ y s tnt \m^n�Oc�s t \mX�sF=<^ t ^kXm>uXZglg t \�� sFc�[��<sO��X1c/v tnt [I^n�V[Ic/jOs t v�[id{gl[]\ c<gOX�s a�a [es b =H[e�zsFvH\m[
c{v y [ b ^��Is t X~[e� Y<c�^`}lv�[e\�s b [�vH\m[eduXZgfgO=�X sF^kc.XZY<[�\m>�\mXZ[ y � g/��gV=�^`sec�sFcHd+*zg b \_X sFXZ[ y sFX b ^�� �

� Y�[�[I^n�V[Ic/jOs t v�[]\BgFpEXZY�[�XZ[e\mXC\_><\_X~[ y \ ��[ b [��Is t ��v t sFX~[ed;vH\m^nc��1XZY<[l�l�.v t XZ^ � W b [es � y s tnt �
�l^n�VcHs t�a�b gV� b s y " ��W � ��$ p b g y XZY�[ � t [e��X b ^`�o�Qg ��[ b � []\_[es b ��Y � cH\mXZ^nX~v�XZ[ " � � � � $ a�b g��
� b s y � � Y<[o\ y s tnt \_^k�OcHs t \mX�sF=<^ t ^kXm> y g/d{v t [ gFp�X~Y�[i� g�� [ b �l><\_X~[ y � glg t =Hg!�#" ��� � $ s t \_g
� sV\ vH\_[]d;XZg �Is t ��v t seXZ[CXZY<[ [I^k�O[Ic/jVs t v<[e\B^nc2\_g y [ �zsO\_[]\ �|��W�� � pNg bZy \BX~Y�[ \mX�sFX~[ y seX b ^ � �
gFpUs a g ��[ b \_><\_X~[ y sFcHdfd{[IX~[ bZy ^kc�[e\
s tnt X~Y�[ [I^k�O[Ic/jVs t v�[e\|secHd�[I^n�V[Ic/jl[e��XZg b \
gFpEXZY<[ y sFX b ^ �
={>4XZY�[ � �+s t �Vg b ^kXZY y � � X1s t \_g a�b g/d{vH��[e\ jVs b ^ngVvH\ gOv�X a v�X�\ pNg b pNv b XZY<[ b secHs t >�\m^`\ \_v�� Y$sO\
a s b XZ^���^ a seXZ^kgOc�p sO��X~g b \ �Q\_X�seXZ[ y sFX b ^��B�EsFcHd.p b []} v�[zcH��> b [e\ a gOcH\m[ ��� g���[Ijl[ b ��^kXid{gl[e\ c�gOX
a�b g/d/vH��[uX~Y�[�pNv tkt � sO��gV=�^`sec � Y�^�� Y�^`\ c�[e� [e\Z\~s b >.pNg b gVc�[ugFp1X~Y�[ a�b g a g \_[ed�^kcHd{^`� [e\ sFc�d
XZY�[,c�[ ����W � � �o� gOc/X b g tnt [ b|a�t sO��[ y [Ic{XQXZ[]� Y�c<^`}lv�[1sO\ d{[]\Z� b ^n=H[edo^ncfXZY�[��CYHs a XZ[ b \ ��sFc�d
! � ��g b XZY<^`\ b [esV\_gOc$XZY�[i� � � \_gepNX � s b [�XZglg t � sO\ vH\m[ed �

� � � ^�\ so��W � �EW'��=HsV\_[ed a g�� [ b \m>�\mXZ[ y sFcHs t ><\_^�\ XZglg t % �  {� � # ' � � X � sO\�d{[Ijl[ t g a [ed
XZg a [ b pNg b~y�a g ��[ b \_><\_X~[ y secHs t >�\m^`\ � ^kXZYovH\m[ b d{[ w c<[ed y g/d{[ t \�� � Y�^`\ a�b gV� b s y ��gOc/X�se^ncH\
\_[Ijl[ b s t � b s a Y<^`� X~glg t \��lcHs y [ t > ?Cg t X sF�V[ �lX sF=�^ t ^nXm>l� � b secH\_^k[Ic/X �lX sF=�^ t ^kX_> sFcHd � y s tnt �l^n�VcHs t
�lX�se=�^ t ^nXm> � � Y�[ a�b gV� b s y ��g/d{[f�Isec.=H[ y g/d{^ w [eduXZg3sO�I��g yuy g/d�seXZ[�vH\m[ b � d{[ w c<[ed a g�� [ b
\_><\_X~[ y ��gVc{X b g tkt [ b�y g/d{[ t \ �
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� ^ y [�d{g y sF^kcosecHs t >�\m^`\ ^�\UjVs t vHsF= t [ c<gOXCgOc t > pNg b jl[ b ^xpN>/^nc��1secHd�=H[IcH��Y y s b �/^nc�� X~Y�[ \ y s tkt
\_^k�OcHs t b []\ a gOcH\m[�=<v�Xos t \_gupNg b sV\Z\m[e\Z\m^nc���X~Y�[o[ �E[e��X \ gep X~Y�[�c<gOc t ^nc�[es b ^kXZ^n[]\ gOc�d{>/cHs y ^��
d�s y4a ^nc�� � � ^ y [1d/g y se^nc4\_^ y v t sFXZ^kgOcH\Cs b [ X~Y�[�sIjVsF^ t sF= t [ a<b sO� XZ^`�zs tBy [IXZY�g/dogFprX b sFcH\m^n[Ic/X
\_X sF=�^ t ^nXm>�secHs t >�\m^`\
XZg1d�seXZ[l�V^nc � Y�^`��Yis \m[IX
gFp�c�gOc t ^nc�[]s b d{^ �B[ b [Ic/XZ^�s t [e}lvHsFX~^ngVcH\ b [ a<b [e\m[Ic{X �
^nc�� y sO��Y�^nc<[e\BsecHdo��gOc/X b g tkt [ b \
s b [ \_^ y v t X�sec�[IgOv�\ t >,\_g t jl[ed�vH\_^kc��,\_XZ[ a �S=/> �m\mXZ[ a c{v y [ b ^��Is t
^nc/XZ[ b � b sFXZ^kgOc�XZ[]� Y�c<^`}lv�[e\��<\_vH��Y$sO\ X b s a [ �IgV^`d�s t g b1a�b [ed/^`��X~g b � g bZb [e��X~g b y [IX~Y�g/d�\��
��g b X~Y�[ X~^ y [ d{g y sF^nc4\_^ y v t sFX~^ngVc�^nc4XZY�^�\�X~Y�[e\m^`\��lX~Y�[ � �/XZ[Ic�d{[ed � b sFcH\m^n[Ic/X � �.^`d{X~[ bZy

�lX�se=�^ t ^nXm>�� b gO� b s y " � � � � � $1gep � � � � secHd�XZY�[oX b sFc�\_^n[zc{Xi\_X sF=�^ t ^kX_>$secHs t >�\m^`\ y g/d{v t [
gFp�� � � � [ b [ v�\_[ed � � � � �/� ��g y =�^kc�[e\ y v t X~^ a�t [ c/v y [ b ^`�Is t ^kc{X~[ b � b seXZ^ngVc y [IXZY�g/d<\ sFc�d
sOd{jVsecH��[ed y g/d{[ t ^nc<�;gep|jVs b ^n[zX_>ogeprd{[Ij/^`��[]\ secHd���gOc/X b g tkt [ b \�pNg b X b sFcH\m^n[Ic/X secHd y ^`d � XZ[ bZy
\_X sF=�^ t ^nXm>�sFcHs t ><\_[e\�����W�� �$sFcHd � � � �/�+\mYHs b [u��g yuy gVc�d�seX�s w�t [e\ � b [ a<b [e\m[Ic{X~^nc��4XZY�[
\_X sFXZ^���sFcHd d/>{cHs y ^`� a g�� [ b \_><\_X~[ y d�sFX s � � Y�[ a<b gO� b s y \��zsFc b []sOd \_X sFX~^`� c<[IX � g b �
d�sFX s3p b g y � �BWi�B� � � �
q ��� �1� �_�C�C� secHd � � � � a g ��[ b �Hg��1\ pNg bZy sFXI� sFcHd�d{>/cHs y ^��
�O[Ic<[ b seXZg b4a�t sec{X4d�sFX s p b g y � � � pNg b~y sFX � � Y�[$X b secH\_^k[Ic/Xu\mX�sF=<^ t ^kXm>�sFcHs t ><\_^�\ y g/d{v t [
gFp4� � � vH\m[e\�s a�b [ed{^���XZg b ��g b~b [e� XZg b�y [zXZY�g/d9^kc+\mg t j/^nc<��X~Y�[�d{^ �E[ b [Ic{X~^`s t [e}lvHsFX~^ngOc�\ �
� Y�^`\ y g/d{v t [�s t \_g4sO�z��g yuy g/d�sFX~[e\ sec{>uv�\_[ b d{[ w c<[ed y g/d{[ t \ sFc�d b []sOd�\ XZY�[i\mX�sFX~^`��sFc�d
d{>/cHs y ^�� d�seX�so^nc y sFX b ^���pNg bZy sFX1sO\1\_Y<g � c$^nc$W a�a [Ic�d{^`��[]\ � sFcHd�� �

� ��� � ��� � ���&� � ��� �

� Y�[ jVs b ^ngOv�\ a�b g a gl\_[]d y [zXZY�g/d{g t gV�O^n[]\UYHsIjl[�= [z[Icfs a�a<t ^n[]d;XZg s c{v y =H[ b gepBX~[e\_Xr\_><\_X~[ y \ �
b sec��O^kc�� p b g y � y sO��Y�^nc�[]\ " �o=�vH\m[e\ $CX~g � � y sV� Y�^kc�[e\ " � ! � =�vH\m[e\ $ �CW*= b ^k[�prd{[e\~� b ^ a XZ^kgOc
gFpC[]sO��Y gep|X~Y�[e\m[�\m>�\mXZ[ y \�pNg tkt g��1\ �
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