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Ç�l�h!�VsUj�t�q0h�m��nqrj�lnh�yHxz��t�lnh&j��!l|j�l|{0s�m�j�qrj�s�~�s�h&j�m�j�xQ�!t�m�j�x0t���sut��Xx0t�~����nq0m�vfln�n� � s

~�s��2k!q0h!ln�uq0���8v�sdv}ln�n��h�x0j]yzl|{0sdj�k�s�m�sdj�t�q0h!m���qrj�l|xzh!mu�8v�s*vfln�n�Kxzh��|w�yzl|{0sdj�k�s�lnh&j��!l|j�l|{0s
�Xx0t�~�mu�
¦�k!sam�s��Vxzh!� qT¤�l|xz~ m�q�w�m�j�k!qrj}q0h&w�x � m�sut�{0sutOm�sus�m}k!l�~�m�s��|�?qrj}t�s�m�j�lnh�j�k�s�x0t�l|yzlnh3Ë

ÿ���� sX¸U2d�r/��,; s2�

¦�k!s�j�k!l|t��¬qT¤�l|xz~ m�q�w�maj�k!qrjav�s�k�q�{0s�j�k!s�j�x&xz��mE�Cx0t�j�k�xz��yzk&jiÁÀsV¤,o8sut�l�~�s�h©j�m�Ëaxzh
q0h&wUqro!o!t�x0o�t�lnqrj�s�m�j�t�q0l|yzk&jf�nlnh!sav�sd�uq0h�q0m�m��!~�s�j�k�sut�s*lnmfq0h�x � m�sut�{0sut��Xx0tOt�su�Csut�s�h!�Vs
�Xt�q0~�s<�2Ø�q0h!� j�k�sam�q0~�sa�Xx0t�o�k!x0j�xzh!muË	�
ÿ���
 Òy8iÓ)�ÔÁÊ�jù�¾ � ��aÞmª EGFIH ��Á%;�sN¸w2*�	Þ!�2��q0h!�

Òy8iÓ)�ÔÁÊ��; ¾ � ���²kK<ªmJGK$��Á�;>sX¸U2d�³²kK$�2�

¦�k!sE�Cxz��t�j�k qT¤�lnxz~ m�qÊw,m}j�k!qrj�s�q0��k�x � m�sut�{0sut�¢�m�sus�m�£�j�k�s�m�q0~�sasu{0s�h©j�md�Xo8xzm�m�l � �|w
qrj}�!l|-)sut�s�h&j�m�o�q0�VsVÁÀj�l�~�s��|x��uqrj�l|xzh!m2�2Ë¿Ò Â

ÿ������ 8iÓ8�r0$2]��; � 8iÓ8�r0��r�2�

¦�k!sa�nq0m�j�qT¤�l|xz~ m�qÊw,m}j�k!qrj�j�k�sa{0s��nx,�ul|j¡w�x0�+q�o$k�x0j�xzh lnma¾r���Cx0t�s�q0�2k x � m�sut�{0sut�Ë
� õ8ô<êÖóOé�ÿ<êÖßT�ªðié2ç�ä0âme�á�éT��â�ãwfdäuå�Ý<ó�êÖçTè���ß�ã<é2í?íëß2è�êÖð�ú�ó�ÝTð�ô�áÀôTé�á}ó�Þré�ðiâ��náÀê(��âaã<ßuâió}çTß�áfè2â�á

ð�àÀßt�?ã<âiã��Kê�áÀô·÷�� ó?é2çTã������ óiú<ð�ïXü�� û �nüý¢Û õ8ô<êÖó��KêÖíÖí)ôTéY��â�áÀßOä0â�ðiß2çTó�êëã<â¡à�é2äTí�åG�8â�é"PVâiç<â�ã©úy�KôTâiçdÞÊàÀâiÞré�àÀêÖçTèOï¹ß2à�éOè�â�çTâ�à�é�íëê(Ê�é�áÀêÖß�ç�ß2ï8áÀô<â
é�ÿÊêÖß��§óµåÊóµáÀâR�QáÀßt�8é�à�ã<óKè2âiçTâ�à�é�í&àÀâiíëé�áÀê���ê�áXåuú<ð�ïCü!� û �nü
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ÿ���" á 2d�³²kK$��;Ä¾ �µq0h!� sX¸U2��³²iK$�$ªmË�Ì_8ÈÍ H �2�

Ì]�!t���k�xzln�Vs��Cx0tOq¬¢i�!t�m�j�o8xzm�m�l � �|s�£dqT¤�lnxz~ m�w�m�j�s�~ �Xx0t}m�o8s��ulnq0�8t�s���qrj�l|{,lnj�w�l�muË

ëk²kÍUì�¸´ÍUíiÎIÏ	Ð; ® ÿ#���%$�ÿ����&$�ÿ���
'$�ÿ�����$�ÿ���" ±z�
& k�s�h*v�s�v�q0h©j	j�xElnh��!ln�uqrj�s�sV¤,o���ln�ul|j��|w]j�k�s�h,�!~ � sut+x0���!ln~�s�h!m�l|xzh!m��<v�s�v}ln�n�©v�t�l|j�s

ë+²kÍwì�¸�Íwí��r8���lnh�o��nq0�VsEx0��ë+²iÍUì�¸´ÍUí��

Å?sujÈ8A@ �,�pgihaj�k!lnmKo�qro8sut?v�s�m�k�x<vÐj�k�qrj,ë+²iÍUì�¸´ÍUí��r8��3lnm��Vxzh!m�lnm�j�s�h©ju�0l|j?l�m?h�x0j+lnh!��sVÁ
o8s�h!��s�h&ju�,q0h���l|j��Cx0t � ln�!m¨�Xq0m�j�sut�j�k!q0h��nl|yzk&j¨x � m�sut�{0sut�m � ��j�o8sut�~�l|j�m¨�Xq0m�j�sut�j�k!q0h��nlnyzk©j
� x,��l|s�mu�¿Ò�Ò�&¬sOm�k�x<v j�k!qrj9ëk²kÍUì�¸´ÍUí8y0s�h�sut2qrj�s�m�q0hU²,®)Ï©°�«�ºµÏz¶�(V·n°#��t�m�jiÁÀx0t���sut¨j�k�sux0t�w � ��j
v�s*�uq0h¬m�j�t�s�h�y0j�k�s�h�l|jOm�x�j�k!qrj]l|j � s��Vxz~�s�m]��s��uln�!q � �ns��µ~�x0t�sux<{0suta�uqrj�suy0x0t�ln�uq0�C�2Ø+q0h!�
q0�nm�x�v�s��uq0hRm�j�t�s�h!y0j�k�s�h¬l|jEm�x�j�k!qrjal|j � s��Vxz~�s�mak!sut�s��!l|j�qrt�l��|w �!h!��s��ul��!q � �|s0�)�X�!t�j�k�sut
� x0j�kMx0�fÂ�Ãxz��s��	�Ömdlnh!�Vxz~�o$�|suj�s�h�s�m�m�o!t�x0o8sut�j�l|s�m�k�xz�n�R�Xx0tdj�k!lnm�m�j�t�s�h�y0j�k�s�h!s��M{0sut�m�l|xzh3�
&¬s�vfln�n�)m�susaj�k!qrj � x0j�k���lnh!��m�x0�psV¤�j�s�h!m�l|xzh x0�,ë+²iÍUì�¸´ÍUí	qrt�s�h�qrj���t�q0���

) ��^��,é`�� �e2[�#+* ei\i�  2eY#`�O\-,�\)^���é��� 2e�[�# �U�$æ�\k�#^ \�����[  �e"#��O\

�Om�qQv�qrt�~�Á���oK�Ov�s � suyzlnh×v}l|j�k q§m�l�~�o��|s�m�j�qrj�s�~�s�h&jUq � xz��j�xz��t�qT¤�lnxz~ m�w�m�j�s�~
ë+²kÍwì�¸�Íwí�� & k�s�h�Æ�lnh!m�j�s�l�hdv�q0m�qE��k!ln���3�zk�s�xzh!�Vsf��t�s�q0~�s���j�k�qrj¨k�s�j�t�qÊ{0s��|s���j�x0y0suj�k�sut
v}l|j�k qRo�k�x0j�xzhK��q0h!�Új�k�s�h k�s j�t�lns��Új�xÐl�~�qryzlnh�sUk!xÊv j�k�s v�x0t��n� �Vxz���n�Ú�|x,x0�Ú�nl|�0s
v}k�s�h�xzh!s]m�sus�m�l|j�v}k!ln�nsfj�t�qÊ{0s��nlnh�y�vfl|j�k�qdo�k�x0j�xzh3��Ì]�!t���t�m�j�o!t�x0o8xzm�l|j�lnxzh�m�qÊw,m�j�k!qrj
lnh�~�x���s��nm�x0��ë+²iÍUì�¸´ÍUí���w0xz�U�uq0h���jfm�susaj�k�sav�x0t��n��vfk!ln�|s]j�t�qÊ{0s��nlnh�y�v}lnj�k�q�o�k�x0j�xzh3�

.0/21%3�1547698:6;15< � ë+²kÍUì�¸´ÍUí�� ;>sX¸U2d�	Þ!�7Æ;>sX¸U2��³²kK)�×ÍV0Î�¶r®!¸3/1?"Þ¥ª EQFIH ?�²iKWªWJGK�=
.0/21'1%> ?×�Om�m��!~�s�j�k�qrjZsN¸U2d�	Þ!�¿;©sX¸U2*�³²iK$���Xx0t�m�xz~�sm/1?"Þ¹ª EQFIH ?�²iK�ª�JGK lnh§q
~�x���s��fx0��ë+²kÍwì�¸�Íwí��ª¦�k�s�h>sX¸7�&�	Þ!�Ñ; s�q0h!� á �,�³²kK)�<; ¾ � w ÿ����&$mÿ#��" ��¦�k,�!m
sX¸7�,�	Þ!�ÑÆ; sN¸7���³²kK)�2�H¦�k!s�h�ÞHm�sus�m�q0hQsu{0s�h©j�l�hÐvfk!ln��kBÞHlnm*o!t�s�m�s�h©j � �!j%²kKÚlnm�h�x0j
o!t�s�m�s�h©j��µh!q0~�s��|w�m��!��k�lnm�0����³²8�}�Cx0t]q0h©w:²½ª)sX¸7�,�	Þ!�A@jsX¸7���³²kK$���2�a�fxÊv�su{0sut��§/ ��x,s�m
h�x0j�m�susEm��!�2k�q0h�su{0s�h©j � w:sX¸ 2 �	Þ!��;>sN¸ 2 �³²kK)�2�¨¦�k!lnm��Vxzh&j�t�q0�!ln�Vj�m ÿ���� ��o�t�xÊ{�lnh�y*j�k�s
o!t�x0o8xzm�lnj�l|xzh3�#Ç,sus�»pl|yz��t�s·=�� B "DC
EGF�H 1%/ H!I ��J °u´O81@ �K=

L ºNM1ëk²kÍUì�¸´ÍUí��r8��aº�¯a®$z´¨ºX®$Ï©°�³�°V®$Ï&°V®�´;O�®$¶QP�°V·¹¸
® ÿR�'$�ÿ#��
�$�ÿ#����$�ÿ���" ± � ; ÿ#��� u

L ºCºNM1ëk²kÍUì�¸´ÍUí����z��º�¯aºX®$Ï©°�³�°V®)Ï©°V®�´;O�ºS=µ°T=,ÍurÎ�¶0®!¸ ÿ�� ª�ë+²iÍUì�¸´ÍUí����z�VU�°VW,¶QXr°
ë+²kÍUì�¸´ÍUí����z��@ ® ÿ#� ± Æ� ; ÿ�� u

ý�ý õ8ô<â�Þ0ß�êÖçuá�êÖçdÞÊàÀßY�ÊêÖç<èOáÀôTêÖçTè2ó#íëê(PVâZYQ��[]\_^`[ba-c ¤edQf�gAhjikf`l�mon_prqsn_p¨êÖó�êÖç*áÀô<â�ó	��é2íÖí$ç�Ý���ä0â�à	ß�ï
é�ÿÊêÖß���ó?é�çrãOðiß2çTðiâ�Þ<áÀó?çTâiâ�ãÊâ�ã©ü � ð�áÀÝré�íëí�åfêÖçt� û]���)â¨ó�ô<ßt�UáÀôTé�á�éj��Ý<ð¡ô��8âiéTPVâ�àO�Vâ�àÀó�êÖß2çEß2ï5YQ��[]\�^s[ba
êÖópâiç<ß�ÝTè2ôEï¿ß2àpÞ<àÀßY��êëç<è�áÀôTêÖó+ðiß2çTðiíÖÝ<ó�êëß2ç&ü � ��ß�àÀâ#àÀâ¡ñrçTâiãQ��â�àÀó�êÖß�çaß2ï�áÀôTâ#áÀôTâiß�àÀâR� óÀé�åÊó+áÀôTé�á+î�õ'u
ß�ä<ó�â�à_�Vâ�àÀó�eCíëß2ó�â���ß�óµáKß2ï�áÀô<âiê�à§��â�áÀâ�à3àÀß�ãÊó	f<úrð¡ïXüv� û]��ü
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sX¸U2*�	Þ!��;>sN¸w2��³²kK$� sN¸7�,�	Þ!�7Æ;>sX¸7���³²kK$�

»+lnyz��t�s·=�Ë¨�Oh�x � m�sut�{0sut}�uq0h!h�x0j�j�t2q�{0s���j�x0y0suj�k�sut}v}lnj�k�q�o�k�x0j�xzh3�

.0/21'1%> ? g�j¬lnm¬h�x0jR�!lxw��u�!�|jUj�x��2k�s���� j�k!qrj�ë+²kÍUì�¸´ÍUíy@ ® ÿ�� ± Æ� ; ÿ�� �Xx0tRq0h©w
ÿ�� ª<ë+²kÍwì�¸�Íwí���l|� ÿ�� Æ; ÿ#��� ��Ç,x�v�s�k!qÊ{0s�j�x�m�k!xÊv�j�k!qrj

ëk²kÍUì�¸´ÍUí��r8���@ ÿ���� � ; ÿ���� q0h!�
ëk²kÍUì�¸´ÍUí����z��@ ÿ���� Æ� ; ÿ���� �

�Om�m��!~�s�j�k!qrj � lnm�q�~�x���s��	x0�`ëk²kÍUì�¸´ÍUí��r8��z@ ÿ���� �UÅ?sujG/1?"Þ ª EQFIH � q0h!�
��su��h!s {

2 ��Ë³; ® �³²È?b|z�jª v l � v l Ë:0$2*�³²8�,;>0����S|z�"±´u
¦�k,�!m

{
2 ��lnm+q � lnh�qrt�w]t�s��nqrj�l|xzh�xzh�m�o�q0�VsVÁÀj�ln~�s0Øzj¡v�xOo8xzlnh&j�m?x0�!m�o$q0�VsVÁÀj�ln~�s�qrt�s�t�s��nqrj�s��

v}k�s�h¥/ q0h���Þ�m�susaj�k!sam�q0~�sU¢isu{0s�h&j�m�£�qrj�j�k�xzm�sao8xzlnh&j�mu�c&¬s�h!xÊv m�k!xÊv j�k�qrj

�_}T�
{
2 ��l�m�q � l »�s��Vj�l|xzh lnh�q0h&w�~�x,�!s��3x0� ® ÿ���
�$�ÿ#��� ±z�

Å?sujj²È?b|�ª v l � s��!l�m�j�lnh!�Vju�d¦�k�s�h�j�k�sut�s�lnmEq�m�j�t�q0l|yzk&ja�nlnh!sGÁdv}l|j�k1Òy8iÓ)�ÔÁÊ�QùÓ¾
m�suo�qrt2qrj�lnh�y�j�k�s�~ �$l���s0�Ä²)ª�Áaq0h!�~|��ª�Ár�j��w ÿ���
 �gÁalnm�j�k�s�j�t�q0�Vs�x0�#m�xz~�s�x � m�sut�{0sut
K3�E¦�k!s�hÑK¼ª)0$2*�³²8�T?"Ke�ª10$2��S|z�2�Km�k�x<v}lnh�y�j�k!qrj�0$2Ñl�mflnhÃ»is��Vj�l|{0s*�Xx0tOq0h&wUx � m�sut�{0sut
/¬�\��w ÿ���� v�s�k!qÊ{0s�j�k!qrj � x0j�k j�k�s���xz~�q0l�h q0h!��j�k�s�t�q0h�y0sax0�

{
2 �*lnm v l �¨¦}k�s�m�s

�µq0�Vj�m}ln~�o$�|w��_}T�2�{
2 ��lnm}�uq0�n�|s���j�k�s�v�x0t�����ÁÀ{,lnsuv×j�t2q0h!m��Xx0t�~�qrj�l|xzh � suj¡v�sus�h</ q0h!��Þ)Ë¨lnj�m�lnh&j��!l|j�l|{0s

~�s�q0h!l�h�yflnm?j�k!qrjc/ªj�k!l�h��,m?j�k!qrj,Þ�lnm��Vt�qr uw�j�xOj�k�s�sV¤,j�s�h&jpj�k!qrjpk!lnm?m�sus�lnh�yfl�m��!l�m�j�x0t�j�s��
� w�j�k!l�m��µ�!h!�Vj�lnxzh

{
2 ���Xvfk!qrj�su{0sut}su{0s�h&j�/ m�sus�m}qrj�m�o�q0�VsVÁÀj�ln~�sa�|x��uqrj�l|xzh�²��aÞ�m�sus�m�l|j

qrj}�|x��uqrj�l|xzh
{
2 �,�³²3���2�

¨fxÊva� ÿ���"�$�ÿ���
 t�s�Ô&��l|t�sEj�k!qrj
{
2 �*o!t�s�m�sut�{0s��nl|yzk&jiÁ��nlnh�s�m �µl���s0����lnh�s�m�v}l|j�kUq0h�yz�|s

¾Ê�2�A��wÐq�m��nl|yzk&j*y0s�h�sut�q0�nl| �qrj�lnxzhÐx0�}j�k�s��Vs��|s � t�qrj�s��Q�O�|sV¤�q0h���t�xÊ{&Á��)sus�~�q0hQj�k!sux0t�s�~
�Xj�k!qrj�v�sfv}ln�n��t�s��uq0�n��lnh�q�~�xz~�s�h&j2�#j�k�s�h

{
2 �Ok�q0m#j�x*o!t�s�m�sut�{0sOq0�n�!m�j�t2q0l|yzk©j��nlnh�s�m��©l���s0�

l|j}l�m}q��Vxz�n�nlnh�s�qrj�lnxzh �f¦�k�s�hmsX¸7���r/��\;
{
2 �,�rsN¸w2*�r/����j;

{
2 �,� s���l�m}q�m�j�t�q0l|yzk&jf�nl�h�s � w

ÿ���� �¨¦}k&�!m ÿ���� k�xz�n�!m��
¦�xUm�k�x<v�ë+²kÍwìT¸´Íwíi���z�z@ ÿ���� Æ� ; ÿ���� v�s��Vxzh!m�j�t����Vjaq � l »�s��Vj�l|xzh

{
Ë�' � ¬ ' � �

v}k�sut�s � lnm}j�k!s*m�sujOx0�#t�s�q0��mu�$vfk!ln��k�o!t�s�m�sut�{0s�m]�nl|yzk&jiÁ��nlnh�s�mu� � ��j}vfk!ln��k�j�qr�0s�m s�xzh&j�x
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»pl|yz��t�sj�,Ë
{
o!t�s�m�sut�{0s�mpq0�n�,�nl|yzk&jiÁ��nlnh!s�m � ��j+h�x0j+q0���&m�j�t2q0l|yzk©jp�nlnh!s�mu� s?�uq0h!h!x0j � s��!su��h�s��

�Xt�xz~ �nl|yzk&jiÁ��nlnh!s�m�l�h ' � �

q �u��t�{0s�v}k!ln�2k¬lnmEh�x0jaq m�j�t2q0l|yzk©ja��lnh�s0���}sut�s�lnmEj�k�s�ln�!s�q�x0��j�k�s��Vxzh�m�j�t��!�Vj�l|xzh �µm�sus
»pl|yz��t�sG�z�2Ë
Å?suj�s ûK� s�qÐ¢�m��nl|yzk&j��|w � s�h©j�£�{0sut�m�l|xzh�x0� s��)q0h����|suj

{
� s�q0h&w � l »is��Vj�l|xzh � suj�v�sus�h

sfq0h��)sNûX��&¬s�sV¤�j�s�h!�
{
j�x q0h&w�o8xzlnh&j�²Mh!x0jExzh sfq0mE�Xxz�n�|x<v}muË]ÅKsujQÒUq0h�� F � sdj�k�s

j�v�x�o8xzlnh©j�mfv}k�sut�s�j�k�s*j�v�x��nl|yzk&jiÁ��nlnh�s�m�j�k!t�xz��yzk:²�lnh&j�sut�m�s��Vj s��8q0h����|suj
{
�³²8� � s�j�k�s

lnh&j�sut�m�s��Vj�l|xzh�o8xzlnh&j}x0�#j�k!s�j¡v�x��Vx0t�t�s�m�o)xzh��!lnh�y���l|yzk©jiÁ���lnh�s�m�y0xzlnh!y�j�k�t�xz��yzk
{
��Ò��}q0h!�{

� F �2��&×l|j�k¬m�xz~�s��uqrt�s�j�k!l�m]sV¤,j�s�h!m�l|xzh¬x0�
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time-like lines are
within the cone

space-like planes are
outside the cone
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Ì]�!t��!t�m�j�qT¤�lnxz~ lnm�qÐm�j�t�xzh�y0sut�{0sut�m�l|xzh x0�ao�qrt�j�x0� ÿ#��
 ��l|j�m�q�w�m�j�k�qrj�su{0sut�w
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ÿ���½ sX¸U2d�³²kK Ò �,;>sX¸U2d�³²kK ' �¾� ²kK Ò ;½²iK ' �

¦�k!sa�nq0m�j�qT¤�l|xz~ m�qÊw,m}j�k!qrj�su{0sut�w � x,�!w�lnm�q0h x � m�sut�{0sutfx0t�o�k�x0j�xzh3�

ÿ���¿ D{; EGFIH�� J�K3�

À0Á /�²kígÎIÏ	Ð; ® ÿ����~$�ÿ���µ&$�ÿ���·'$�ÿ��-»5$�ÿ���½�$,ÿ���¿ ±´u
&¬sd�!ln� h!x0jflnh!�u���!��s ÿ�� ²�lnh&j�x À0Á /�²+í � s��uq0�!m�s0�$q0mfv�s�v}l��n�3m�sus0�8l|j�m�sI-8s��Vj�mEqrt�s

�!l.-8sut�s�h&j��Ct�xz~ j�k�xzm�sax0�+j�k�saj�k!sEs��|s�~�s�h&j�m�x0� À�Á /�²+í�� Ò�¶
EGF�H 1%/ H!I �ÂJ °u´XÒ Õ 8A@ ��¶0®$Ï�·|°�´�� l ?Tn3?�z|?U}f��(�°d¶r®�¸�Ã�²!«�· º�Ï©°�¶0®GÄ�°V·|Ï�=

L ºNM¼��W�°VÎ�° ¶rÎ�° ° Å©¶z«Ê´µ· ¸Ñ´SU¨ÆP�ÊÏ©°V· ¯ iÍBëk²kÍUì�¸´ÍUí ��À�Á /�²+íÇU	ºX´;W¤Ä�°V·|ÏQÈ¡Î�°�Ï0²�«Ê´
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�uq0�n�È�`K¬�Vxz~�o$�|suj�s ln�#l|jOl�~�o��nl|s�m�s�l|j�k�sut Ó x0tVÖ Ó �Cx0t]s�q0��k���t�m�j}x0t2��sut]�Cx0t�~*�!�nq Ó �Xx0�
l|j�m���q0h�yz�!qry0s<�2�
ý¢ÉRM çuáÀÝTê�áÀê(�Vâií�åuú�×�Ø�Ù}â�ÿÊðiíÖÝrãÊâiópß�ç<í�åEß�ç<â9��ß�ã<â�í�ß2ï)áÔ�8ß}ð¡ô<ß�êÖðiâióiúÄ�KôTêÖíÖâ�áÀô<â�àÀâióµápâ�ÿÊðiíÖÝrã<â�éfíëé�àÀè�â�à
ç�Ý[��ä0â�à3ß2ï�Þ0ß�ó�ó�êÖäTêÖíÖê�áÀêëâ�óiü
ý î þ â	â�ÿÊðiíÖÝrãÊâ+áÀôTâpðié2ó�â�ð7¤ û¨ï¹ß2à�ó�ê(��ÞTíÖêÖðiê�áXå}ß�ç<íÖåuü

¾U�



Ú�Û%Ü 8 µ ��W�°�´;W�°�rÎ�¸ iÍaÎ�°�¶r·ÝÈ�«u·|T¯u°�Ï�Ä�°V·|ÏT¯aºC¯�Ï©°�«�ºµÏz¶�(V·n°�¶r®$Ï�«2QPf³$·|°�´�°T=
Ú�Û%Ü 8 · ��W�°�´;W�°�rÎ�ºÀ°�¯*iÍ*rÎiÏ&°VÎ�°�Ï�Ä�°V·|ÏT¯�¶r®$ÏÞÃ�²�«�· º�Ï©°�¶r®�Ä�°V·|ÏT¯�¶rÎ�°�²�®$Ï©°�«�ºµÏ©¶j(V·n°T=OÒ à
ß 1<�à H�Ü 82á�/ H »ãâ ®!¸«Ä#®!ºµ´�°V·¹¸�¶TÅzºµ�P�¶z´µºxäÊ¶j(V·n°�«2r®�¯2ºC¯�´�°u®�´�´;W�°�rÎ2¸ iÍ*rÎiÏ&°VÎ�°�Ï�Ä�°V·|ÏT¯�ºC¯
²�®$Ï©°�«uº�Ïz¶j(V·n°T=
ß 15/:1å;å Û /:æ ½ ë+²kÍUì�¸´ÍUíO¶r®$ÏZë+²kÍwì�¸�Íwí �ÕÀ�Á /�²+í}¶0Î�°�²�®$Ï©°�«uº�Ïz¶j(u·|°7=
.0/21'1%> ?�¦�k!lnmOlnmOq��Vx0t�xz�n�nqrt�w x0��»!q0�Vj�¼,�Kq0h!��j�k�s*j�k�sux0t�s�~ j�k�qrjE�Cx0tEq0h&w�Æ¨���u�nln��s�q0h
�!s��n��ÒÄj�k�sut�s�lnmpqE~�x���s��,x0�§ë+²kÍUì�¸´ÍUí ��À�Á /�²+í!vfl|j�k�ÒÄq0mpj�k!s��!s��n�*t�s��!�!�Vj��µ¦�k!sux0t�s�~
=&�2�|Ë]ÅKsuj Ó � sdq0h©wU�!s��n��ÁÀj�k�sux0t�suj�ln�*�!t�m�jfx0t���sut]�Cx0t2~��!��q�v�t2l|j�j�s�h � wU��m�lnh�y�{Tqrt�l�q � �|s�m
x0�8xz��t¨Ô,�!q0h&j�l|j�w�m�x0t�ju�	¦�k!s�h Ó lnmp{rq0�nln��lnh�qa�Ct�q0~�s�~�x,�!s�� � v}l|j�kd�!s����dt�s��!�!�VjzÒªl|-
Ó lnm�{rq0�nln��lnhÞÒ �	¦�k&��m Ó l�m¨{rq0�nln��l�h�j�k�s]�u�nq0m�m�x0�KÆ¨�!�u��ln��s�q0h���s��n�!m¨l|- Ó lnm#j�t2��sflnh�q0�n�
~�x���s��nm�x0�cëk²kÍUì�¸´ÍUí ��À0Á /�²kí¡�¨Ç�l�h!�Vsfj�k!sO��t�m�jiÁÀx0t���sut�j�k!sux0t�w�x0��j�k�sEÆ¨�!�u�nl���s�q0h���s��n�!m
lnm#��h!��s��uln�!q � �|s � w�»!q0�Vj�¼,�©j�k�sf�!t�m�jiÁÀx0t2��sut¨�Vxzh!m�s�Ô,��s�h!�Vs�m¨x0�Oë+²kÍwìT¸´Íwí ��À0Á /�²kí)l�m#�!h�Á
��s��uln��q � �|s0�zj�x,x���Ç�lnh!�Vs�j�k�lnm#lnm#q���h!l|j�s�j�k!sux0t�w0�&j�k!s�h�q0h&wdm�� � m�suj#x0�3l|j�lnm#�!h!�!s��uln�!q � �|s0�
j�x,x���B "DC
¦�k!s�q � xÊ{0s�m���y0y0s�m�j�mfj�k!qrjfl|�+v�s�v�q0h©jfj�x�x � j�q0lnh�lnh&j�sut�s�m�j�lnh�y��!s��ulnm�l|xzh�ÁÀj�k!sux0t�suj�ln�

t�s�m����|j�mu��j�k!s�h�v�sdk!q�{0sdj�x��Vxzh!�Vs�h&j�t�qrj�s�xzhUt�s�q0�¿Á��u�|xzm�s����!s��n��muØ$x0t]qrjE�|s�q0m�j]lnh!�u�n����s�q
��s��uln��q � �|s�j�k!sux0t�w x0�¨��s��n��Á�qT¤�l|xz~�mOlnh©j�x�xz��t]j�k�sux0t�lns�mu�EÅKsujVç ��s�h�x0j�sdj�k�s*j�k�sux0t�wUx0�
t�s�q0�¿Á��u�nxzm�s����!s��n��mu�
EGF�H 1%/ H!I ¿�J °u´O81@ �K=

L ºNM1ëk²kÍUì�¸´ÍUí �RÀ0Á /�²kí � çªºC¯�Ï©°�«�ºµÏz¶�(V·n°T=
L ºCºNM1ëk²kÍUì�¸´ÍUí �RÀ0Á /�²kí ��® ÿ�� ²+± � çÄºC¯�Ï©°�«uº�Ïz¶j(V·n°d¶r®$Ï�«2QPf³$·n°u´�°T=
L ºXºCºNM1ëk²kÍUì�¸´ÍUí � � À�Á /�²+í�@ ® ÿ#� ±T� ��® ÿ#� ²g± � ç º�¯�²�®$Ï©°�«uº�Ïz¶j(u·|°�O�ÍurÎ�¶r®!¸H¶TÅ0º�QP

ÿ�� ª À�Á /�²+í]=
.0/21'1%> ?×�µlC��q0h!� �µlnlC�]qrt�s��Vx0t�xz�n��qrt�l|s�m�x0�}¦�k�sux0t�s�~ =��	v�s�m��0suj��2kQj�k�s�o!t�x,x0��x0���µlnlC�2�
ÅKsuj � q0h�� � û � sa~�x���s��nm�x0��ë+²kÍUì�¸´ÍUí �RÀ�Á /�²+í ��® ÿ�� ²q± � çO�,&¬s*�uq0h!h�x0j�qro!o��nw
¦�k�sux0t�s�~ý=�w0suju� � s��uq0�!m�s�j�k�s��!s�����ÁÀt�s��!�!�Vj�m�Ò q0h!�ÕÒ û x0� � q0h�� � û t�s�m�o8s��Vj�l|{0s��nw
~�qÊw h!x0j � s¬j�k�sRm�q0~�s0�©���!j�j�k�suw qrt�sRs��|s�~�s�h&j�qrt�ln�nw s�Ô,�!l|{rq0�|s�h©ju� � s��uq0�!m�sèç lnm
�Vxz~�o��nsuj�s0�Km�x � w j�k!s�éas�lnm��|sut�Á�Ç�k�s��nq0k lnm�xz~�x0t�o�k!l����!�|j�t2qro)x<v�sut2m}j�k�sux0t�s�~ j�k�suw�k!qÊ{0s
lnm�xz~�x0t�o�k!ln���!�|j�t2qro)x<v�sut2mu�©m�qÊw�Ò Ò q0h!�tÒ û Ò �	Å?suj � Ò q0h�� � û Ò � s�j�k!s��!�|j�t�qro8xÊv�sut�m	x0�� q0h!� � û t�s�m�o8s��Vj�l|{0s��|w0�zj�qr�0s�h � w�j�k�s�m�q0~�s��!�|j�t�qr�$�|j�sut��p¦�k�s�hdj�k�s��!s�����ÁÀt�s��!�!�Vj�mpx0�
j�k�s�m�s�qrt�syÒ Ò q0h!�GÒ û Ò t�s�m�o8s��Vj�l|{0s��nw0� ¨fxÊvÚv�s��uq0h�qro!o$�|w�¦�k�sux0t�s�~â=Ej�x � Ò q0h!� � û Ò� s��uq0�!m�s�Ò Ò q0h!��Ò û Ò qrt�s*l�m�xz~�x0t�o�k�ln�r��y0suj�j�lnh!y�j�k�qrj � Ò q0h!� � û Ò qrt�s�lnm�xz~�x0t�o�k!ln�r�m�x s��ns�~�s�h©j�qrt2ln�|w�s�Ô&�!ln{Tq0�|s�h&ju�:����jaj�k!s�h � q0h!� � û qrt�s�s��ns�~�s�h©j�qrt2ln�|w�s�Ô&�!ln{Tq0�|s�h&ju�
j�x,x���m�lnh��Vs�j�k�s��Xx0t�~�sut�j�v�xR~�x���s��nm*qrt�s��!�|j�t�qro8x<v�sut�m*x0��j�k!s�m�s0�M¦�k!l�m���h�lnm�k�s�m�j�k�s
o!t�x,x0�)x0�	�µl�lC�2���µl�lnlC�+lnm	q��Vx0t�xz�n�nqrt�w*x0�8j�k�s}h�sV¤�j#j�k�sux0t�s�~�Ø&v�s}lnh��u�n�!��s��dl|j#k�sut�s � s��uq0�!m�s
l|j�h!l��Vs��|w��Vxzh&j�t�q0m�j�md�µlC��q0h!�M�µl�lC�2�¨B "DC

&¬s*h�xÊv�j��!t�h�j�x�j�k�s�q0h�q0�|x0y0xzh x0�#Â�Ãxz��s��	�Öm}�!t�m�j�lnh��Vxz~�o��|suj�s�h�s�m�m�j�k�sux0t�s�~��
ý¢ô ì�ß2áÀâ8áÀôTé�á!ê�ï©é�ñrç<ê�áÀâií�å��|ß�àg��ß2àÀâ8è2âiçTâ�à�é�íÖíÖåuú�àÀâiðiÝ<àÀó�ê(�Vâ�íÖå[ �é�ÿÊêÖß���é�áÀê(Ê�é2ä<íëâ8áÀô<âiß2à�å�êÖó!ÝTçrãÊâiðiêëãTé�äTíÖâ�ú
áÀôTâ�çOê�á?êëóKç<ß2áKðißT��ÞTíÖâ�áÀâ�ü
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EGF�H 1%/ H!I ��êÂJ °�´�8�@©¾ ¶r®$ÏÐ·|°�´ ÿ�� (2°�¶r®!¸ÊP�°ëPÞ(2°VÎUiÍ À�Á /�²+í]=ì��W�°uÎ�°�ºC¯U¶
ÍurÎsPd²�·|¶tí L ºC®Rr²�Î#Í�Îi¶�P�°ëÈ¡·|¶r®��z²!¶T�&°oM�¯2²!«�W ´;W,¶z´

L ºNMîíMºC¯�«�r®�¯�º�¯V´�°V®�´�U	ºµ´;Woë+²kÍUì�¸´ÍUí � � À�Á /�²+íK@ ® ÿ�� ±T� �<® ÿ�� ²q± � ç
¶r®$ÏOÍurÎ�¶0®!¸�´;W�°�rÎ�¸G�`K§«2r®�¯�º�¯V´�°V®�´�U	ºµ´;WÞí
L ºCºNM��7K¬ºC¯�W�°VÎ�°�Ï0ºX´À¶rÎ�ºX· ¸�²�®$Ï&°�«uº�Ïz¶j(u·|°EºC® ´;W�°O¯u°u®�¯u°E´;W,¶0´	®$�«2r®�¯�º�¯V´�°V®�´�° Åz´�°u®�¯2º�r®�iÍ

�7KHº�¯�Ï©°�«uº�Ïz¶j(u·|°7=
L ºXºCºNM¼��W�°a«�0®$«u·¹²,¯2º�r®�iÍ�ïRðzÏ©°V·]ñ ¯AÄ#Î2¯�´+ºX®$«��P}³)·|°�´�°V®)°V¯�¯E´;W�°�rÎ�°�P ¶�³z³$·¹º�°V¯]´Àd´;W�°a´;W�°�È

0Î2¸7�`K'O+º�=µ°T=3®)�«�r®!¯2ºC¯�´�°V®$´	Î�°�«u²�Î2¯2º;Xr°V·¹¸�°V®!²vP�°VÎ�¶j(u·|°*°bÅ©´�°V®�¯�ºµr®�iÍ��7K¬ºC¯O«�QP�È
³)·|°�´�°`òyP�0Î�°�QXr°uÎd´;W�°VÎ�°*º�¯d¶r®M¶r·ó�©rÎ�¸0´;WjP ´;W,¶0´�´À °�¶z«�W�«2r®�¯�º�¯V´�°V®�´;O�Î�°�«u²�Î2¯2º;Xr°V·¹¸
°u®!²vP�°VÎ�¶j(V·n°�° Åz´�°V®!¯2º�r®¥�`K û iÍ��7Kô�0º;Xr°V¯a²&¯�¶EÍVrÎ`Pd²�·¿¶ Ó ¯2²!«�WU´;W�¶0´ �`K û Æ� ; Ó
¶0®$Ï��`Kaû,Æ� ;ãÖ Ó =

.0/21'1%> ?�¦�k�sfl���s�qax0�Kj�k!sfo!t�x&x0�Klnm�j�x�m�k�x<v×j�k�qrj�q � m�s�h!�Vs]x0�?q0h©w�~�s�~ � sut�x0� À�Á /�²+í
q0�n�|x<v}m���maj�x�l�h©j�sut�o�t�suj�½�x � lnh!m�xzh��Öm��}t2l|j�k!~�suj�ln��l�h©j�x�xz��t�j�k�sux0t�w0�m&¬s�m��0suj��2kHj�k!lnm
�Xx0tfj�k�s��uq0m�s ÿ��öõßÿ���¿ �$&¬s*v}ln���3m�sus�j�k!qrj]lnh�j�k�lnm}�uq0m�stí�vfln�n� � s�Ô,�!l|j�s�h�qrj���t�q0��Ë
l|j�v}l��n�8m�j�qrj�saj�k�sasV¤�lnm�j�s�h��Vsax0�+q�o)sut2l|x,��ln�uq0�n�|w�~�x<{,l�h�y � x,��w0�

� xzh�m�ln��sut�j�k�sE�Xxz�n�|x<v}lnh�yd�Xx0t�~*�!�nq0m��Xv}lnj�k��Ct�susE{rqrt�lnq � �|s�mj/1? F q0h!�ms��2Ë
¸)�rs�� ;÷¸$�r/1? F ?ts�� ; p �r/1? F ?tsT? ¾,�2� q0h!�

í ;÷¸$��¾©�Çø¥�¢þ+s�? H �
��� s9ù ¾ùø s7Æ;�¾T� ¬ Öz¸$�rs�� ø
s�ú ¾ ¬ � ¸$�rs���û¨¸)�rs�n ¾Ê���üø
� ¸$�rs���øk¸)� H ��� ¬ � ¸$�rs§n H ��øÉ¸$�rscz H ���X�Tu

�O�!�3���Xx0t�q�~�xz~�s�h&ju�q/ q0h!� F q0mf�Vxzh!m�j�q0h&j�m�j�x�xz��t���q0h�yz�!qry0s0�¨¦�k!s�h¥s�t�s�~�q0lnh!m
j�k�s�xzh��|w��Xt�sus�{rqrt�lnq � �|s�x0��¸Uv}k�ln��k¬j�k!s�hRm�o8s��ul|�!s�maqUm�� � m�sujEx0��j�k!s��!s��n��ÁÀt�s��!�!�VjElnh
q0h&w��Xt�q0~�sVÁ�~�x,��s��ÀË#j�k�s�m�sujfx0�pj�ln~�sVÁÀo8xzlnh&j�m�v}k�sut�sEj�k!sax � m�sut�{0sut�/ m�sus�mfj�k�s � x���w F
qrj}j�k!sax0t�l|yzlnhK�\¨fxÊv j�k�sa�Xx0t�~����nqÞí�t�s�Ô,�!l|t�s�m�j�k!qrj�j�k!l�m�m�� � m�suj � s�k!q�{0s�mO�nl|�0sEj�k�s�m�suj
x0�Klnh&j�suy0sut�muË	l|j�lnm¨q��!lnm��Vt�suj�sfo8sut�l|x��!ln��m�� � m�suj¨�Vxzh©j�q0l�h!lnh�y3¾À?�¾fq0h!���u�|xzm�s����!h!��sutjn3?�z|�
Ç�lnh��Vs�j�k�s���s��n��ÁÀt�s��!���Vjax0��q �Xt�q0~�sVÁ�~�x���s���lnm�qU�!s��n�3�+j�k�s�hM½}x � lnh!m�xzh��Öm�qrt�lnj�k!~�suj�ln�
v}ln��� � sdj�t���s�lnh�j�k�s��!s�����ÁÀt�s��!�!�VjOt�s�m�j�t2ln�Vj�s���j�x�j�k�s�m�� � m�sujO�!su��h�s�� � w�¸!�*gih�x0j�k�sut
v�x0t��!mu��¸alnm+q0hdlnh&j�sut�o!t�suj�qrj�l|xzh x0�+½}x � lnh!m�xzh§�Öm��}t�lnj�k!~�suj�ln�Elnh��7K �<® ík± �0vfk�s�h�su{0sut�í
lnm#�Vxzh�m�lnm�j�s�h&j#v}l|j�k3�7K3�	»�x0t��!su��h!l|j�l|xzhdx0�8½�x � lnh!m�xzh��Öm¨�}t�lnj�k!~�suj�ln��q0h!�U�µm�s�~�q0h©j�l��uq0�C�
lnh&j�sut�o!t�suj�qrj�lnxzh*m�sus�s0��y��©ÉUxzh���� � �À���Osu�¡��¾I=��n¾ÊÕ&�v�fsu����¾0¾r�=©È,�¨¦�k,�!mu�0½�x � lnh!m�xzh��Öm+�ft�l|j�k�Á
~�suj�ln�O�uq0h � sOlnh&j�sut�o!t�suj�s���lnh:�`K �o® ík±z�¨¦�k!s�h¿�`K �o® ík±Elnm�lnh!m�suo$qrt�q � �|s��Xvfk!ln��k�lnm�q
m�j�t�xzh!y�{0sut�m�lnxzh x0�	�!h!��s��ul��!q � ln�nlnj�w!� � w�¦�k!~���¾�¼,�n¾�q0h!�<�#t�x0o?�?¾U�,�ë¼�l�hM� � �ÀØ$q0h�� j�k,�!m
�µlnlC�fq0h!� �µlnlnlC�}x0��xz��t�¦�k�sux0t�s�~ k�xz�n� � w�ÉUxzh��Ú� � �¨¦�k!~ �Öm�¾U�,� � q0h!�Ú¾U�,���,��»+l�h!q0�n�|w0�
l|�3v�s]xz~�l|j�j�k�sO�Vxzh�m�j�q0h©j�m�/1? F ��j�k�s�h�m�s�~�q0h©j�ln�uq0�8�Vxzh!m�s�Ô&��s�h��Vs]�!x&s�m�h�x0j���k�q0h�y0s0�!m�x
�µlnlC��q0h!�Ð�µlnl�lC�¨v}ln�n�3k�xz�����Cx0tOj�k�sax0t2l|yzlnh!q0�K��q0h�yz�!qry0s��µm�suj}x0�	�Xx0t�~����nq0m}h�x0jf�Vxzh©j�q0lnh�lnh�y
j�k�s��Vxzh�m�j�q0h©j�m%/ x0t F �2��j�x,x��µlnhR�µlnl�lC��q��X�!t�j�k�sut��nl|j�j��ns]qrt�yz�!~�s�h&j}lnm�h�sus���s��)�2�
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»pl|yz��t�s�¾��,Ë F lnm}q�o8sut�l|x��!ln�uq0�n�|w�~�x<{,l�h�y � x,��w�lnh¥/1�Öm�v�x0t��n��ÁÀ{,l|suv��

¦�x�m�k�x<vª�µlC�2��v�sak!qÊ{0sEj�x��Vxzh!m�j�t����Vj�q*~�x,��s��)x0�,ë+²kÍUì�¸´ÍUí � � À�Á /�²+í�@ ® ÿ���¿ ±T� �
® ÿ�� ²q± � ç �A® ík±z�d¦�k!lnmOlnm]h�x0ja�!lxw��u�!�|jfq0m�í � q0m�ln�uq0�n�nw m�j�qrj�s�maj�k�sdsV¤�lnm�j�s�h!�Vs�x0��q
o8sut�l|x��!ln�uq0�n�nw�~�xÊ{�lnh�y � x���w$Ø�m�sus�»+lnyz��t�s�¾��,�
¦+qr�0s�qR¢�m�j�q0h��!qrt��!£�~�x���s��8v}lnj�k�~�lnh!ln~*�!~Óm�suj�x0�+x � m�sut�{0sut�m}q0h!��o�k�x0j�xzh�muØ!q0h!�

q0�!��xzh�s]o8sut�l|x��!ln�uq0�n�nw*~�x<{,l�h�y � x���w0�c&¬sExz~�l|j�j�k�sE��suj�q0ln��m�x0��j�k�sE��su��h!lnj�l|xzh�x0��j�k!lnm
~�x���s����
¦�k!s�o!t�x,x0�Xmp�Xx0t#j�k�s�x0j�k!sut¨�uq0m�s�m¨qrt�s}q0h!q0�|x0y0xz�!m�Ø©v�s�xzh!�|w�yzl|{0s}�!l.-8sut�s�h&j#lnh&j�sut�o!t�sVÁ

j�qrj�l|xzh!mOx0�¨½}x � lnh!m�xzh��Ömfqrt2l|j�k!~�suj�ln�r�]¦�k!l�m}~�s�q0h!mOj�k!qrj]v�s�yzln{0sdq��!l.-8sut�s�h&jf�Xx0t�~*�!�nq
¸!� � �!j�í�v}ln��� � s�j�k�s�m�q0~�s��µm�o)s�qr��lnh�y�q � xz��jD¸��2�Kq0h!��j�k�s�h�v�sdxzh!�nw k!q�{0s�j�x�m�k�x<v
j�k!qrj$�7K �<® íi±�lnm��Vxzh!m�l�m�j�s�h©ju�$v}k�sut�s7�7KUlnm�j�k!saj�k�sux0t�w�lnhR�µlC�2��¦?x�yzl|{0s�qZ6�qÊ{0x0t��!v�s
yzl|{0saj�k�lnm�h�suv lnh&j�sut�o!t2qrj�l|xzhR¸��Xx0t}j�k�sa�uq0m�s�v}k�s�h ÿ�� ; ÿ���µ �

¸)�r/1?ts��cÎ�Ï_Ð;'�¢þgÁÊ�V� Òy8iÓ)�ÔÁ���; Ò   � ��qÞ!�V�rsN¸ 2 �	Þ!��;�Á¹øo/³²3Þ!���?x0t�s,;¹¾À?�¾Ãu
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