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O,PRQS8T S	U�VXWZY\[]S>^`_%a�[]bdceY P ceTfTgSihjTf_%a P bkYlS%m
bkTg_%n%S8o�mqplc\YqY
rS>S>o>mlaiceYMYq_sbkoto`_%YMaiS>o

u ^]c%vZS�[�wex-y O Wjz

{ _%|q|Fce^t[,plS�^]S8a P S>^`a P S}Y�~%Ue�e�s��VXotS>|l[tS>T �q^]S��8�%�L��V��>Ug|q_sneS>o

�+���>�����q�%�%��� S bkY\[t^tclpq�qaiSg_�TgS>[ P clp���c\^�[ P SfaiceYMo][`^t�qa�[]bdceY�c%��o`�sS��dS�[`_s��a��q^t�%S8o,��^tceT�_%Y��qYlc\^]n\_%Ylbd��S8p�aic%�d�dS>ai[tb c\Y�cs�
o`a�_%[][]S8^]S8p¡pq_%[t_¢|Fc%bkY\[tog�d£\bkYln�ceY¡_�ot�q^]��_%a�S%¤ O,P S>otS�a>�q^t�%S>o Tf_@£ P _@�%S�_¢[t^tS�S�� bk�sSBo][`^t�qa�[t�q^tS+[tc�a>_%|l[`�q^]SB�q^`_%Yqa P bkYln
o P _%|FS>o�ot�qa P _%o	�q� cLclp¥�%S>o`otS��ko�¤ O,P S�o`�sS>� S>[t_s�¦a>�q^t�%S>o*a>_%Y§�MS��Mo]S8p6��c\^�plb ¨;S8^]S8Ye[�_e|q|l�dbda>_s[tb c\Yqo*^t_eYln%bkYlnB��^]c\T©o`�q^Z��_eaiS
^tS>a�ceYqot[t^`�qai[tb c\Y+[tcfce�LvZS8ai[,^]S8aiceneYlbd[]bdceYR¤
ª o"_%YBbkYq|q�l[>mM[ P S�_s�dn%c\^]bd[ P T«[t_%�%S>o,_fotS�["c%��U%¬}|McebdY\[`o�¤¦Wj[­^]S>[t�q^`Yqo,_�otS�[,cs��a��M^]�eS>o,_%^`^`_%YlneS>p�bkY�_f[t^tS�S�ot[t^`�qai[`�q^tS%¤

O,P S�c\Yl� £�bdY\[]S8^t_eai[tb c\Y�YlS>S>plS8p�bko�[ P S"otS��dS>a�[]bdceY cs�®_­pq_%[t_*|Fc%bkYe[�¯ P bka P ^]S8|q^]S8o]S8Y\[°[ P S,^]cLc%[�c%�F[ P S
[`^]S>S%¤ ª YlS�bdn P �Fce^ P cLcLp
n\^t_e| P bko�aiceYMo][`^t�qa�[]S8p�c��%S8^±[ P S	o]S>[�cs��|Fc%bkY\[to
[]c�a�ceTf|q�l[tS­neS�clplS>otbka­plbkot[t_%YMaiS>o��FS�[j¯
S�S8Y+[ P S	^]cLc%[
|McebdY\[,_%YMp+[ P S*c%[ P S>^
|Fc%bkY\[to>¤6²�c\YqYlS8ai[]S8p§� S>�%S>�±o]S>[to�cs�,[ P S�plbdot[t_eYqaiS�Tg_e|³_%^tS�[ P S8Y§Si´l[t^`_%a�[]S8p¥_eYqp§ce^tne_eYlbd��S>p�bkY¡_�[t^tS�S+ot[t^`�qa�[t�q^tS%¤ O,P S
a�S>Y\[]S8^to�c%��[ P S>otS*� S>�%S��ko,otS�[to,a�ceYqot[]bd[t�q[]S	[ P S�ot�%S��dS�[t_%�µa��q^t�%S8o�¤
¶�·\¸®¹tº » ��¼��%� �Lbdo`�q_s�dbd�>_s[tb c\YRmlot�%S��dS�[`_s�µa��M^]�eS%mqai£L�dbdYMpq^]bka�_%�µplS>a�ceTf|Fceotb [tb c\YRmln%S8YlS>^`_s�db �>S>p�ai£L� bkYqplS8^to>mq^tS>aic\Yqot[t^`�qai[tb c\Y
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· � y�c\�qo�|M^]c\|Mc\o]c\Yqo±�qYqS-T rS>[ P clplS-aiceYMo][`^t�lbko`_%Y\[±plS8o�a�ce�q^`�MS8o�o��L�lS��dS�[t[]S8o Q_ |q_%^t[]bk^�pqS­�k_�plc\YqY
rS>S�p�� �qY+YL�q_%n%S
plS�|McebdY\[to�_%|q|q^tc@´lbdTf_eYe[	�qYqS+ot�M^Z��_eaiS�Us¬g¤�²�S8o�aic\�q^t�FS>o�|MS8^tTgS�[t[]S8Ye[ plS�aic\Yqo][`^t�qbd^tS��qYlS+_e|q|q^tc@´LbkTf_s[tb c\Y�a�£\�dbkYqpq^tb��L�lS
plS+�d_6o`�q^]��_%a�S�plS���� c\�LvZS�[>¤��±�d� S8o�|MS8�l�%S8Y\[�_@�%cebd^	�qYqS+o][`^t�Mai[t�M^]S+_e^t�Fce^tS>o`aiS8Y\[]S�|Mc\�q^�Tgclp
rS>� bko]S8^�plS8o	S>T �q^t_eYqa P S8T S8Y\[to
a�ceTfTgS�pq_%Yqo��dS�a�_eo�plS>o,��_%bdo`o]S8_%�L´+o`_%Yqne�lbkYqo>¤
ª |q_e^][tbd^*p�� �qY¥S>YMo]S8T��l�dS�plS�|McebdY\[`o	Us¬gmµ��� _s�dn%c\^]bd[ P T S ��ce�M^tYlbd[	�qY¥S>YqotS>T �l�dSfpqS�aice�M^t�FS>o*ot[t^`�qai[`�q^lrS�S>o*otce�qo-��c\^tTgS

p�� _%^`�q^tS%¤��°_+oqrS>� S8ai[]bdceY�|M^lrS8_s�k_%�l�dS�p�� �qY¢pqS>o-|McebdY\[to*|FS>^`TgS�[­pqSgp
rS��FYlbk^"�k_+^`_%a�bdYqS�plSg��� _%^`�q^tS%¤��-Y6n\^t_e| P S�plS �%cebdotbdYM_sn%S
a�ceYqot[t^`�lbd[�o`�q^
��� S8Yqo]S8T��l�dS*plS>o,|Fc%bkY\[to
S>ot[,�l[]bd� bkolrS-|Fce�M^
a>_s�ka��l�dS>^
�dS>o�plbko][`_%Yqa�S>o�n�rS�clp
rS8o]b��L�lS>o¦S>Y\[t^tS­�dS	|McebdY\[,^`_%aibkYlS­S�[�� S8o
_e�l[t^tS>o�|McebdY\[to>¤�¬­S8o±S8Yqo]S8T��l�dS>o�plS�Ylbd�%S8_%�L´faic\YqYlSi´lS8o±o`�q^��k_�a�_e^][tS�plS�plbkot[t_%YMaiS�otceY\[¦S�´L[`^t_%b [`o�S�[
o][`^t�Mai[t�M^lrS8o�o]c\�qo���c\^tTgS
p�� _%^`�q^tS%¤ �.S8o,aic\�q^t�FS>o,o��L�lS��dS�[t[]S8o,o]c\Ye["_%� c\^to�a�ceYqot[t^`�lbd[]S>o Q_�|q_e^][tbd^�plS8o"aiS8Y\[t^tS>o�plS�aiS8o,Ylbd�%S>_e�L´R¤
! » �>� ¹ �#" 
· � aic\�q^t�FS	o$�L�lS>� S>[][tS%mqp
rS8aic\Tg|Fceotbd[]bdceY+a�£L� bkYqpq^tb��L�lSemMai£L�dbdYMpq^]S8o�n�rS8Y
rS8^t_%� bkolrS>o>ms^]S8aiceYMo][`^t�qa�[]bdceY
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O,P S*plS8ota>^]bk|l[]bdceY�cs�.c\�LvZS>a�[to
¯,b [ P a�£\�dbkYqpq^tbda>_s�®o P _e|MS8o P _%o��MS>S>Y+Si´l[]S8Yqo]bd�%S>� £��qotS>p+bdY+[ P S*aic\Tf|q�l[]S8^±�Lbko]bdceY�aic\TgT �qYlbd[j£6 ª87 ��Uqmqw ª87:9 �smMw 7:9
; m�< 7>=@? � ; m 7 { ��wL��ACBI¤�WZY�_ �F^`ot[�_%|M|q^]c@´lbkTf_s[]bdceYgbd[�bko�cs��[]S8Y+a�ceY\�%S8Ylb S8Y\[¦[]cgT clplS>�R_�o P _%|FS­_eo�_
neS>YlS8^t_%� bd��S8p�ai£L�dbdYMplS>^>¤ O,P bdo�bko¦|q_e^][tbda>�l�d_e^]�d£�^tS��dS���_%Y\[�bdYg[ P S"aiceY\[tSi´l[�cs�;^tS>a�ceYqot[t^`�qa�[]bdceY�c%�;_eYq_s[tceTgbda>_s�lo P _%|FS>o���^tceT ² O
pq_%[t_Bce^*o`a�_eYqYlS>^ 6 u � zEDR�e�Lm � � �\�lmRyGFHFJI���ACBI¤ y-�qTgS>^tce�qo*¯
ce^`�Lo P _@�eSg�FS�S8Y§plceYlSg��c\^­c\�LvZS>a�[	plS>o`a�^tbd|q[]bdceY¥�qo]bkYln
[`^]S>SihI� bk�sS�o][`^t�Mai[t�M^]S8o 6 w �,wL�%ULm ���FS>�%ULm±y*²,wL� ; m�y­_%�>�
Aqm�y*²,wL��ACB�ce^fa�£\�dbkYqpq^tbda>_s�,^]S8|q^tS>otS>Y\[t_%[]bdceYqo 6 7 { ��wL�
A�BLKÏ¤ � P _s[
Tf_%�%S>o [ P SB�qotS+cs�-ai£L� bkYqpq^tbka�_s�
plS>o`a�^tbk|l[]bdceYqog_%YMp³n%S8YlS>^`_s�db �>S>p³a�£\�dbkYqplS>^`ogo]c¢|Fce|M�l�d_e^�bko [ P S>bd^g^]S>�d_%[]bd�%SBo]bkTf|l� bkaibd[j£%¤ ª
neS>YlS8^t_%� bd��S8p a�£\�dbkYqplS>^¦bdo¦|M_%^`_%TgS�[tS>^tb �>S>p��\£g_	ot|lbkYfa��q^t�%S�[tc%n%S>[ P S8^�¯,b [ P _	o]S>[�cs�Ra�^tceo`o�o]S8ai[tb c\Yqo 6 ªG7 ��UCBI¤�¬­S8|MS8YqplbkYln	ceY
[ P S�_%|q|q� bka�_%[]bdceYRmL[ P S�^]S8aic��%S8^]£gcs��ot�Ma P |q_e^t_eTgS�[]S8^to��qo`�q_%� �d£�^]S
�L�lbd^tS>o
�dS>o`o
¯�c\^t�f[ P _%Y�b [,¯
ce�q�dpB�MS-��c\^,_ Tgce^tS*n%S8YlS>^`_s�
plS8ota>^]bk|l[tb c\Y+c%��_fo P _%|FS%¤
z6clplS>� bkYlngcs�°o P _e|MS8o�¯,bd[ P bkTg|q� bkaibd["ot�M^Z��_eaiS>o
plS �FYlS>pB�\£�_ o`�sS>� S>[]c\Y P _%o�_%�dotc �FS�S8Y+S�´l|q� ceb [tS>p�bdY ? ^t_e| P bka�o 6 7 � �e�lm7 wL�M��B�M�[ P S�o`�q^Z��_eaiS8o�c%�°[ P S	ce�LvZS8ai[`o,_%^tS­[ P S>Y�plS �FYlS>pB_%o�bkotcshjot�q^]��_%a�S>o�cs���MS��kp����qYqai[tb c\Yqo,neS>YlS8^t_%[]S>p��\£�[ P S*neS�ceTgS>[t^tbda

|q^tbkT bd[]bd�%S8o�[ P _s[���c\^tT}[ P S"o`�sS>� S>[]ceYµ¤ ª YfbdTf|l�dbda�b [�^]S8aiceYMo][`^t�qa�[]bdceY�cs�µo P _%|FS>o���^tceT}_	otS�[�c%�µUs¬�o`a�_%[][]S8^]S8p |Fc%bkY\[to��qo]bkYln�_
neS�ceTgS>[t^tbda*o`�sS��dS�[tceY P _%o,�FS�S8Y�|q^]c\|Mc\o]S8p�bkY 6 7 O ? �e�lm = ² ?-ª �
ACBI¤�WZYB[ P S>bd^"_e|q|q^tce_ea P mL[ P S	neS�ceTgS>[t^tbda-ot�%S��dS�[tceY�bdo,�q�qb �d[
�qotbkYln�[ P SHN�c\^]c\Ylc%b®n\^t_e| P c%��[ P S�pq_s[`_f|McebdY\[to>¤
z6c\o][­cs�±[ P Sfo][`�qplbdS>o*plceYqS bkY¢TgS>pqbda>_s��bdTf_snebdYqn�ot[t_%^t["��^tceT��ec%�k�qTgS�bkTf_sn%S8o­otc+[ P _s[-[ P S [`^t_eplb [tb c\Yq_s��TgS>plbk_s��_s´Lbko

[`^t_eYqoZ��c\^tT a�_eYB�FS�_e|q|l�db S8p 6 yGFHFJI���ACBI¤ u bdo`�q|q_%[]bPO _s�È¤ 6 u � zQD®�e�RB��qo]S�_+plb ¨®S>^tS>Y\["_e|q|q^tce_%a P []c�a�ceTf|q�l[tS�_�aiS8Y\[t^`_s�
_s´Lbko bdYqotbkplS�|q�q�dTgceYM_%^t£�[`^]S>S�ot[t^`�qai[`�q^]S8o�¤ O,P S�bk^�_%� nece^tb [ P T1�qo]S8o _�^]S8a��q^`otb �eS�^]S>n%bdceY§ne^tc�¯,bkYln�[]c�n%c¢plc�¯"Y¡[ P S�[t^tS�S
�ec%�k�qTgS%¤ ª �q^`_%Yqa P bdYlnf^tS�n%bdceY+bdo"S>Yqa�ce�qY\[]S8^]S8p�¯ P S8YB[ P S��qY\�Lbko]bd[]S8pBotS�[�c%���ec@´LS>�do�o`|l�db [,bkY\[]cf[j¯�c�plbko�vZc%bkYBotS�[`o�¤
ª o�c\|q|FceotS>p�[tcf�%c@´lS��db �>S>p�pM_s[t_ ¯
S-ot[t_e^][���^]c\T�_%Y��qYlce^tne_eYlbd��S>p+ai�dce�qp+cs��|Fc%bkY\[to�o`_%Tf|l�dS>p�c\Y+_got�M^Z��_eaiS*_%Yqp+¯�S*plc

Ylce[­^tS>ot[t^tbda�["ce�M^totS��d�%S8o,[]cBT S8plbka�_s��_%|M|l� bka�_%[]bdceYqo>¤ O c��qotS�_+a�£L� bkYqpq^tbda>_s��T clplS>�°[tc+^tS>|q^tS>otS>Y\["[ P S o`�q^]��_%aiSem;_+Us¬ a��q^t�%S
bkYqotbdplS-[ P S-a�� c\�qp�cs��|McebdY\[to
^tS>|q^tS>otS>Y\[]bkYln�[ P S-ce�LvZS8ai[�T �qot[
�FS-o`|FS>aib �MS8pR¤ � P S>Y+[ P S*o]S>[�c%�.Us¬ |Fc%bkYe[`o±bko
n%bd�%S8Y�_%o
_�otS�[
c%�®��¬ |l�k_%YM_%^�ota>_%Yqo>m�[ P S,a>�q^]�eS�plS �FYlS8p �\£	[ P S�a�S>Y\[t^tc%bkpqo°cs�MS8_%a P ��¬ o]S8ai[tb c\Y�a�_eY��FS,�qo]S8p�SÈ_%o�bdY 6 7 { ��wL��ACBLKÏ¤UT­c�¯�S>�%S8^�m
[ P bdo�bkTf|l�db S8o
_gaic\Yqotbdot[]S8Ye[
ce^tbdS>Y\[t_%[]bdceYfcs��[ P S*a�^tceo`o]hIotS>a�[]bdceYq_%�F|l�k_%YlS8o�^tS��k_s[tb �eS��d£f[]cg[ P S	|Fceotb [tb c\Y�cs�°[ P S*ce�lvZS>ai[>¤ = bdne�M^]S
��o P c�¯"o°[j¯
c­|Fceo`otbd�l�dS�^]S>�d_%[]bd�%S
ce^tb S8Ye[`_s[tb c\Yqo�¤�²�� S8_%^t� £*[ P S �;^tot[�a�ceY �Fne�q^`_s[tb c\YVSÖ_WKµbko�Ylc%[�_%pM_%|l[tS>pR¤¦w\ceTgS>[]bkT S8o�me�MS8a�_%�Mo]S
c%��[ P S��FS>Yqp�o P _e|MS	c%��[ P S�ce�lvZS>ai[>mqbd["bdo�S��eS>Y�bdTf|Fceo`o]bk�l�dS�[]c �FYMp�_f�@_%� bkpBce^tb S8Y\[t_s[tb c\Y���c\^,[ P S�o]S8ai[tb c\Yq_s�.|q�d_eYlS>o>mM_%o,��ce^
[ P S P ce^`otS-c%� = bdne�q^tSf�>�q¤

ba

= b n\�q^]Sf��M�XZYZ[H\1],^_\�[R`Pa�bc\1]�d�^�ef[)g�\h\�i�jHk�lf]�mJ[)gnio\�iRjH]8\1p�q1`ri)d,]Rs

ª � [ P ce�ln P bd[�bdo
S>o`otS>Y\[]bk_s�;[]c �FYqpB_ o`�lbd[t_e�l� S*_�´lbko±bkY�ce^`plS>^�[]cfplS>otbdneY�_ n%S8YlS>^`_s�db �>S>p�a�£L� bkYqplS8^�mL[ P bdo�bkoto`�lS-¯
_eo�^`_%^tS��d£
plbko`a��qo`o]S8pR¤�WZYB|q^t_eai[tbda>_s�®a�_%otS>o
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a�ceTf|Mc\YlS>Y\[	bko	[ P S�� cla�_%[]bdceY¥cs��[ P S��lbd^t[ P c%����YlS>¯ �M^t_eYqa P S>o>mµbd[	bdo�plS>a�ceTf|Mc\o]S8p¢bkY\[]c���YlS>¯ a�ceTf|FceYlS8Ye[`o	�qotbdYln�[ P S
neS�clplS>otbka�ne^`_%| P _%Yqp³[ P S
��aic\YqYlS>a�[]S8p¡aic\Tg|FceYqS>Y\[to cs�  /*aic\^t^tS>o`|FceYqplbkYln�[tc¢[ P S>otS��q^`_%Yqa P S>o>¤��"YqS�¯«aiS8Y\[t^tc%bkpqo�_e^]S
a�ceTf|q�l[tS>p _s[��dS��eS������ �6_eYqp _%^tS6aiceYMYlS>a�[]S>p [tc³[ P S¢a�S>Y\[t^tc%bkpqofc%�-[ P S¢aic\^t^tS>o`|FceYqplbkYln§aic\YqYlS>a�[]S8p a�ceTf|FceYlS8Ye[`o�cs�
�dS��eS����ì¤ � b [ P [ P bko	|q^tcLa�S>o`o�m.¯�SfS>YMot�q^tSf[ P Sg��_eai[	[ P _s[	[ P Sfo`�sS>� S>[t_%�¦a��q^t�%S8o-ot[t_@£¢bdYqotbkplSf[ P S�c\�LvZS>a�[-¯ P ceotSfo`�q^]��_%a�S bko
_e|q|q^tc@´LbkTf_s[tS>p+�\£�[ P S�U%¬�pq_s[`_g|Fc%bkY\[to,bkY�Tgceot[
c%��[ P S�a�_eo]S8o�¤

Sci, 2

Sci+1, 2

Sci, 1

Sci+1, 1

geodesic paths

S
i−1

Sci, 2

Sci+1, 2

Sci, 1

Sci+1, 1

S’ci−1, 1
S’ci−1, 2

= bdne�q^tS/AvM���],`}^�x���� e�\ylf[%d"i�^z]�mVi�^y^z��]:|
efq1^z�n[R`Pi�|�qziRgWdz��s��yef~R�%^�x����Pe�\ym�]�d,[RjHk�[C\1]�mJe�g�^z[o^-Y�[/d,[RjHk�[)g�]"g�^_\,x���� �!�
" J i�gWm#��� �!�
" 'iRg�m0^z��]:d�[)q�q�]�\1k�[RgWm
efg�~/d,]"g�^zq�[Re�m�\�i�q�]8d,[)g�g�]�d�^z]"mJY@e�^z��^z��]h^�Y�[�d,]"g�^zq�[Re�m�\@[�`+l�],{C],l%$'&)()s

���%S>Y\[`�q_s�d� £g¯
S-Tf_@£�_%|q|M^]c@´lbkTg_%[]S"[ P S*_�´lS>o�¯,b [ P o`|l�dbdYlS*a��M^]�eS>o
_%o
o P c�¯"Y���ce^�[ P S­��S>T �q^
ceY = bdne�q^tS	��_%Yqp 9+* ¤ � S
�qotS�_fo]bkTf|l�dS �M[][tbdYln�|M^]claiS8pq�q^tS���^tceT 6 wla P �%�lm ��b �k� ; B.[]c�aic\Tf|q�l[]S	[ P S>otS	ot|q� bkYlS>o,��^]c\T�[ P S�a�ceYqYqS>ai[tS>p�aiS8Y\[t^tc%bkpqo�¤

= bdne�M^]S��WM�� ],`�^�x,(.-Glf]"{C]�l�\1],^_\yd,[RjHk�p�^z]"mJ[Rg0^z��]:~R]"[%m�]"\�e}d:~RqziRk���[R` i�`}]"jop�q"s��yef~R�%^�x+^z��]:d,[Rq�q�]�\1k�[)g�m
efg�~/i��
e�\,s

�
_%a P _�´lbko�c%��[ P S�[`^]S>S�ot[t^`�qai[`�q^]SBaic\^t^tS>o`|Mc\Yqp§[]c§_6[`�q�q�l�k_%^f|q_e^][ cs�"[ P SBo`�q^]��_%a�S%¤ O,P S��MYlb c\Y¡c%��[ P S8o]S�[t�q�M�l�d_e^
|q_e^][`o,��c\^tT�_�plS8aic\Tg|Fceotbd[]bdceY�cs�¦[ P S�[ P S o`�q^]��_%a�S%¤ � S �F^`ot["bdY\[`^]clpq�qa�S>p�[ P bko­plS8aic\Tg|Fceotbd[]bdceYB��ce^­|Mce� £ P S8pq^`_s�°o`�q^]��_%a�S>o
bkY�_B|q^tS��Lbdce�qo­¯�c\^t� 6 �°_s�8�e�Lm ��N­��ACBÈ¤�WZY6[ P bdo*¯
ce^`��_+otbdTf|l�db �FS>p¥plbdo`a�^tS�[tS �eS>^`o]bdceY�c%�±[ P Sgz¢ce^`o]S [ P S>ce^t£�bdo*plS>�%S��dce|FS>p
SÈaÏ�Z¤ 6 F	S>^`�e�\mPF	²�z¢� ; B¦��ce^	�Mo]S�c%�
z6c\^totS O,P S�c\^]£6bkY¥�Lbdo`�q_s�dbd�>_s[tb c\Y�Kì¤ O,P S�n%S�clplS8o]bkagplbdot[t_eYqaiS�[tc6_�o]c\�q^ta�Sf�%S>^t[]S�´6ceY
_§|Fc%�d£ P S>pq^tceY bdo�a�ceTf|q�l[tS>pRm
_%Yqp _¢�eS>^t[]S�´¡bdo�a��d_eototb �FS>p _eof^]S>ne�l�k_%^gce^fa>^]bd[]bka�_%��_ea�a�ce^`plbdYqn¢[]c§[ P S�aiceY �Mne�q^`_s[tb c\Y³cs�
plbkot[t_%YMaiS>o±cs�Rbd[to±YqS�bdn P �Mc\^to8SÖotS�S = bdne�q^tS���KÏ¤ O,P S­ai£L�dbdYMpq^]bka�_%�MplS8aiceTf|Fceotb [tb c\Ygbdo�ce�l[`_sbkYlS>pf�\£fa��l[t[]bkYln�[ P ^]c\�ln P [ P S��dS��eS��
otS�[`o­_eototclaibk_s[]S8pB[]c�[ P S a>^]bd[]bka�_%�°|Fc%bkYe[`o�¤ O,P S�� S>�%S>�°otS�[to�cs�¦[ P S�neS�clplS>otbka	plbdot[t_eYqaiS _%^tS�S���aibdS>Y\[t� £BSi´l[t^`_%a�[]S8p��qo]bkYln�[ P S
_ep@v]_%a�S>Yqa�£��MS>[j¯�S>S>Y+��_%aiS8o
cs�.[ P S	|Mce� £ P S8pq^]c\YR¤�WZY�c\�q^�a�_%otS-[ P bko�_%p@v]_eaiS>YMai£�^tS��k_s[]bdceYMo P bk|�bko�Ylc%[,_@��_sbd�k_%�l�dS%¤ ª o�_g^]S8ot�l�d[
|Fc%bkY\[to	a�_eYqYlce[-�FS�ai�k_%o`o]b �MS8p¢_%o*^tS�n\�l�d_e^�c\^*a�^tb [tbda>_s��¯ P bka P ¯
ce�l�kp6bkY�[t�q^`Y�|M^]c��LbkplS [ P S��q^`_%Yqa P bkYlnB|McebdY\[to>¤ O,P SfceYl�d£

/ á�Ì8Í�ý]ÚìÌ�Ì8ÒìÕÈØÙýZÍ
Õ.K�Ú`Õ]ôlØÙÌ	Õ K@ØÙÔ�ý]ÚìÔÖÍiôeÕ K8Í,Ú`þ8ØÙÔ�ý]Ó8ÑÖòÏÚ`ÕÖÓ@ÑÖÍ�ØÙÔ�òiÍZÑ)(	ñÙÒ 4³ÚìÌ@ó�÷tê,ñÙÍZòiÍZñÙÔ¦ÚìÑÖÍ
ÔÈÓ10,ýZØÙÍ]ÌiÕ�ÕÖÒ­ÒCN8ÕÈÚìØÙÌ�Õ K@Í
Ô32ÏÍZñÙÍjÕIÚìñFý]Ó8ÑÖòiÍ54�Õ.K@Í
Õ K8ÑÈÍZÍ±Ú`þ8ÍZÔ.ÒìÜMüqØ30ÏÓ8ÑÈÍ¦ú�ÚìÑÖÍ�òiÍZÑ)(�ýZñÙÒÏÔÈÍ¦ÚìÌ@ó�Õ K@Í¦Ô.M,Ò>ÒìÕ.K@ÍZÑµÒÏÌ@Í¦ö@ÑÈÍZÔÈÍZÌiÕÈÍZó*ØÙÌ­ülØ30ÏÓ@ÑÈÍ�ø�ØÙÔRÕ K@Í NsÍZÔÖÕ.ÒÏÌ@ÍÏÎ
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= bdne�q^tS 9 M b�e��v]"q�]"g�^yg
p�jo|�]"q@[�`+lf]"{C],l�\�pW\1]�m0^z[�d,[)jHk�p�^z]�^z��]8i��%e�\y[�`+^z��]>`r],jop�q:x����n��q�]�m�d,p�q�{C]����	�
�n� ��],l�lf[�Y d,p�q�{C]���iRg�m����
��|�lfp�]8d�p�q�{C]���s
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−
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+
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= bdne�q^tS"�vMP^z��]@l�]�`}^zjH[C\�^U{C]"q1^z]���e�\ q�]"~)p
l}i�q�i�gWm�^z��]y[�^z��]"qPi�q�]�d,q1e�^�e�d"i�l+�r^z��] & ��q�]�\1k�]�d�^�ef{C]�l ��
h� i)\�\1[%d�e�i�^z]"mH^z[8i>{)]"q1^z],�Ge�g�m
e�d"i�^z]�\
^z�Wi�^�^z��]8~R]"[%m�]�\�e�d�m
e�\�^_iRg�d,]o|�],^-Y�]"],gn^z��]G{C]"q1^z],��iRg�mV^z��]G\1[)p�qzd�]Ge�\�~Rq�]�i�^z]"q���q�]�\1k�]�d�^�ef{C]�l ��l�[�YZ]"q_�y^z�Wi�gn^z��]8~)],[%m�]�\�e�d�m%e}\�^_i�gWd,]
|�],^�YZ]"]"g�^z��]:\1[)p�qzd,]GiRg�mJ����s
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[tce|Fc%�dc%n%bka�_%�qbkYL��ce^`Tf_s[]bdceYf_@��_sbd�k_%�l�dS,_%^tS,[ P S�YqS�bdn P �Mc\^ P c\clpgne^`_%| P _eYqpf[ P S�n%S�clplS8o]bka�ne^`_%| P ¤.WZYfc\^tplS8^�[]c plS�[tS>ai[�a�^tb [tbda>_s�
|Fc%bkY\[to	¯
S�aice�q�dp¥bkYe[`^]clpq�MaiS�_B� cla�_%��ce^`plS>^tbkYlnB_e^]c\�qYqp¥_B�%S>^t[]S�´¢¯,bd[ P _%Y¥_%|q|M^]c@´lbkTg_%[]Sg[t_eYln%S8Ye[	|l�k_%YqS�_%o`o]claibk_s[tS>p�_%o
bkY 6 T�¬-¬�I¦�e�)BI¤§WZY¡[ P bdoga�_eo]S�¯�S�¯�c\�l�dp P _@�%S�[tc¢S8YL��ce^`aiSB_6n%�dce�M_s��a�c P S8^]S8YqaiS�cs�"[ P bdog�dcla�_s�
ce^`plS8^]bkYln6c\Y³[ P SB¯ P ce� S
o`�q^]��_%aiSe¤ O,P bdo�a�_%YB�FS�_%o�Si´q|FS>Yqotbd�%S	_%o�S8YL��ce^`aibkYlnf[ P S	ne� c\�q_s�Ra�ceYqotbdot[]S8Yqai£+cs��[ P S	[`_%YlneS>Y\[,|l�d_eYlS*ce^tb S8Y\[t_s[tb c\Yqo�_%o,plc\YlS
bkY 6 T­¬­¬HI��\�)BÈ¤�z6ce^tS�c��eS>^�[ P bko,¯
ce�l�kp�Ylc%["�FS��eS>^t£+^]S>� bk_%�q� S	otbdYqa�S�YlS�bd[ P S>^,[ P S�YlS�bdn P �Fce^ P cLclp+n\^t_e| P Yqce^,[ P S	n%S>cLpqS>otbda
n\^t_e| P _%^tS�|l�d_eYq_%^>¤ ª �ko]cFm�otbkYqaiS�c\�q^�|q�M^t|FceotS�bko�[]c��q�lbd� [�o`�sS>� S>[t_%�±a��q^t�%S8o�_%YMp³Ylc%[�[tc¢^tS>aic\Yqot[t^`�qai[	[ P S�o`�q^]��_%aiS�bd[�bko
^tS>_eo]c\Yq_%�l�dS-[]c�|q^tc��\bkplS	_f|q^tcLa�S>pq�M^]S*�dS>o`o�Si´q|MS8Yqotb �eS-[ P _%YB_�^tS>aic\Yqot[t^`�qai[tb c\Y+TgS�[ P clpR¤

� � �"!����Ï��!

� S�_%|q|q� bdS>pBce�M^,ot�%S��dS�[]c\Ylbd�>_s[tb c\Y+TgS�[ P clpBceYB_gotS�[,c%��S�´q_%Tf|l�dS>o,|q^tS>otS>Y\[]S8p���^tceT = bdne�M^]Sf�>� []c = bdne�q^tSf�8�vM

= bdne�q^tSf�>� M�(.-Glf]"{C]�l�\1],^_\�i�gWm0^z��]:d,[)q�q�]"\1k�[)gWm%efg�~/\ �C],lf],^_i�l�d�p�q�{C]�\�[RgVioj/i�gniRg�m0[RgVio��[Rqz\1])s

� = b n\�q^]S = b n\�q^tS �8� o P c�¯"o�[j¯�cfTgcLpqS��ko�c%��_gTf_%YB_%Yqp�_ P c\^totS%¤ O,P S8o]S*TgclplS��ko�_%^tS-|q�M�l� bka*plceTf_%bdY�T clplS>�do
��c\�qYqp
ceY�[ P S � S>��|q_%n%S8o�cs��²�£l�FS>^t¯
_e^]S���M

� O,P S*Tf_eY P _%o�[ P S�o]c\�q^ta�S-|Fc%bkY\[,� cla>_s[]S8p�_%[,[ P S	[tce|�cs� P bko P S>_epR¤
� O,P S P c\^totS�¯�_%ogota>_%YqYlS8p§��^tceT Tf_%Y\£�c\^]bdS>Y\[`_s[]bdceYMo�^tS>o`�l� [tbdYqn¢bkY �l�8���dbdYlS8_%^ ota>_%Yqo ¯ P bka P aic\Yqo]bkot[]S>p¡cs�­_
otS>^tbdS>o,c%�±ota>_%Yqo­cs�¦plb ¨;S8^]S8Y\[-^tS�neb c\YqoHS��LbdS�¯"o�K�c%�¦[ P Sgce�LvZS8ai[>¤ O,P S otce�M^ta�S�|McebdY\[­bdo-_s[­[ P SgSi´l[t^tS>Tgbd[j£�c%�¦b [`o
v]_@¯	¤

WZYB[ P S8o]S*[j¯
cfa>_%otS>o>ml[ P S��M^t_eYqa P S>o�_e^]S	aic\^t^tS>a�[]�d£�� cla>_s[]S8p�_eYqpB_f[t^tS�SihI�dbd�%S-_s´Lbk_s�µot[t^`�qa�[t�q^tS*bdo,�q�qb �d[�¤

� O,P S	o P c\S	|q^tS>otS>Y\[tS>p�bkY = b n\�q^]Sg�%�	_eYqp¢�@��bko�bkoto`�lS>p+��^tceT«_go]£lY\[ P S�[]bka*TgcLpqS��È¤ O,P S�|McebdY\[`o,plS>o`a�^tbd�qbdYlng[ P S*o P cLS
_%^tS�o][`^t�Mai[t�M^]S8p�bkY6��¬ |l�k_%Yqo>¤><-YlS a�_%Y�Ylce[]bkaiS�[ P _s[�[ P S��dS��eS��ko,ce�q[t_sbkYlS8p�¯,bd[ P [ P S�otce�q^`aiS�|Fc%bkY\["�dcLa>_s[tS>p�_s["[ P S
��^]c\Y\[	cs��[ P S+o P cLS�_%^tS�YlS>_e^]�d£¢|l�k_%YM_%^>¤u<-�q^�TgS�[ P clp§bdo�� bd[][t� S+otS>YMo]bd[]bd�%S�[tc�[ P S��dcla�_s[tb c\Y¥cs��[ P S+otce�M^ta�Sf|Fc%bkY\[toRM
bdY = bdne�q^tS��8�lmR[j¯
c�plb ¨;S8^]S8Ye[�|Fc%bkY\[to*�dcla�_s[tS>p�bdY���^tceY\[*cs��[ P S�[ P S�o P c\S P _@�%Sf�MS>S>Y§�qotS>p�[]c6aic\Tf|q�l[]Sf[ P S�_�´lbk_s�

� KiÕ�ÕÈö 4 ����4 4 4¦Î ý�(�NsÍZÑ)4µÚìÑÖÍÏÎ ý]ÒCM�� M,Ò�ó@ÍZñÙÔ	� M,Ò�ó@ÍZñ Þ Ì@ó@Íjþ%Î K�Õ.M,ñ
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= bdne�q^tS+�e�
M (5-ol�],{C],lP\1],^_\hiRgWm�^z��]od�[)q�q�]�\1k�[RgWm
efg�~0\ �)],lf],^_i�lPd,p�q�{C]�\�[)gV^z��]8~R]"[%m�]�\�e�do~RqziRk��V[R`ZiJ\1��[�])s�X���]G]�m�~R]�\>i)m��1iRd,]"g�^�^z[
^z��]8\1[Rp�qzd,]:k�[�e�g�^yi�q�]�m
qzi"Y�g0efgn~)q�],]"g�s

o][`^t�Mai[t�M^]S8o�¤ O,P Sga�ce^`^]S8ot|FceYqpqbdYlnB_�´lbk_s��o][`^t�Mai[t�M^]S8o­_e^]Sfpq^`_@¯"Y�bdY¥^tS>p¢_eYqp�£%S��d�dc�¯	¤0<-YlSga>_%Y�o]S>Sg[ P _s[-[ P S�£¢_e^]S
YlS>_e^]�d£�[ P S�ot_eT Se¤

= bdne�q^tSf�8��M@XZY�[/\ �C]�l�]�^_i�l d,p�q�{C]"\yiR\�\1[%d�e�i�^z]�m�^z[�^�Y�[�m
e��v]"q�]"g�^y\1[)p�qzd,]8k�[Refg�^_\,s

� O,P S*|MS>� �Lbko
�FceYqS­[ P S-�q� cLclp��eS>o`o]S>�do
o P c�¯"Y�^]S8ot|FS>a�[]bd�%S>� £fbkY = b n\�q^tS��>U _%Yqp = b n\�q^]S � ; _%^tS�plS8ota>^]bk�MS8p+�\£�_�otS�[
cs�
��¬ ota>_%Yqo>¤ O,P S>otS pM_s[t_+aiceTgS	��^tceT [ P S pq_%[t_%�M_%otS	cs� ? bd� � 7 _%^tS �L�lS�[,c%�¦[ P S ¬­S8|q_%^t[tTgS8Ye[�cs�
²�ceTf|q�q[]S>^*wLaibdS>YMaiS
cs� O S>� ª �Lbd� �­Yqb �eS>^`o]bd[j£��%¤
= c\^	[ P S��q� cLclp¥�%S>o`otS��ko�m°[ P S�Tf_sbkY³^`_%Tgb �;a�_s[tb c\Yqo*_%^tS�plS�[tS>a�[]S>pµm��q�q[�¯ P S>Y¥[ P S��%S8ototS��ko	_%^tSf[]cLc6ai�dceotS%m�_%o*bd� �k�qo]h
[t^`_s[tS>p�bdY�[ P S�^tbdn P [	|q_%^t[*cs� = bdne�q^tS�� ; mR[ P S�pq_%[t_�|Fc%bkYe[`o	�MS>� c\Yln%bkYln�[]c�plbkot[]bkYqai[	�eS>o`o]S>�do*_%^tSfaiceYMYlS>a�[]S>p�bkY�[ P S
YlS�bdn P �Fce^ P cLclpfne^`_%| P _eYqp�bkY�[ P S�n%S>clplS>otbda"ne^`_%| P ¯ P bda P �dS>_epqo¦[tc _eY�bdYMaice^`^tS>ai[�^]S8ot�l�d[¦��c\^±[ P S*ot�%S��dS�[t_%�Fa>�q^]�eS>o±bdY
[ P bko"_e^]S8_q¤

� O,P S+_s´Lbko	c%�
[ P S�ot£lYe[ P S�[tbda P S��dbda�c%bkpq_s�±ot[t^`�qa�[t�q^tS+|q^tS>otS>Y\[]S8p¥bdY = bdne�q^tS��8��a>_%YqYlce[��MS���ce�qYqp³�Mo]bkYln6y-_s�>_e^]bk_%Y � o
ot�M�Fplbd�LbdotbdceYBT S>[ P clpR¤yT�S>^tS%mq_eo�[ P S	pq_%[t_f|Fc%bkYe[`o"_%^tS*^]S>ne�l�k_%^t� £�pqbdot[t^tbd�M�l[]S8p�bkYqotbdpqS-S8_%a P |l�k_%Yq_e^
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