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ABSTRACTd/e�fhg/i#jkimlKn=fhoqprn7sut�v�wKlxg=y{z}|�~u��~����u�K�[��j�grw�jk�}j����hl��hsqw�j�p7fhs�o��	lxw[e��
jko�fhgr����s�nA�If}t�lK��jkn7lxj%o�lKp��as�n7�ugx�=�Ao��hfh��lWlK��f}g�p7fho��	��lxwKp7sknr����j�grl�t
g� �g�p7lx�	g�grv�w;e)jkg�¡O¢�£3�{�/l¤gre�s���e�s���o�lKp��as�n7�q�¥�hsqw�jkp7fhs�o)w�j�o
�ml¦lKg�p;j����hfhgre�lxt§�Ifhp7e�s�v�pAv�grfho��	j$¨���l�t¤grlKpRsk�{n7lK��lKn7lKo�wxl¦ims�f}oqp7gx�
d/e�fhg3�hlKp7g3v�g�j���s�f}t�p7e�l5wxs��	�$v�o�f}wxjkp7fhs�o¦�mskprp7�}lKo�lxw;�ug3j�o�t¦grf}o����hlK�
ims�fhoup7g��¥sk���©�ªjkf}�hv�n7lAp7e#j�p5s�p7e�l[nr�If}grlR�hfh�	fhp5p7e�l=i�n;j�wKp7fhw�jk�hfhp� 	s��Egrv�w[e
g� �g�p7lx�	gx�

1. INTRODUCTION«RlxwxlKoup= �l�jkn7g=e�j���l�grlxlxo¤i�n7s��hf¬¨#w�n7lKgrl�jkn7w;e§fhoqp7s­�}jkn7��lK�¥grw�j��hl�t�fhg��
prn7fh��v�p7l�t�®�oqp7lKn7o�lKp	jki�i��}fhw�j�p7fhs�o�g�tun;j��Ifho��¯s�oMp7e�l¤��s�v�o�t�jkp7fhs�o�g
�}jkf°t¤�u %¨��}l[��gre�jkn7fho���g� �g�p7lK�	gx��grv�w[e§j�gI¢�jki�g�p7lKn���j�o�t¤skp7e�lKn¦�u±#²
�7�ª³;��´K�ª��³r�rµ�imlxl[nr�¥p7sk�¥imlxlKn¶g� �g�p7lK�	g¶grv�w[e¦jkg{¡Oouv�p7lK�}�}jIj�o�t�·�n7lxlKo�lKp
¸ grlKl§¹¬º�º[»�¼[��d/e�fhgOn7lxgrl�j�n7w[e½e#jkg¦t�lx��lx�hs�iml�t¾grlx�¬���¥skn7��j�o�fhgrf}o��¿wxs�o��
p7lKoup�j�t�tun7lxgrg7j����}l¾g�p7skn;j���l½��j�grl�tMs�o?t�fhg�prn7fh��v�p7lxt)e#jkgre)p;jk���hlxg
¸ªÀOÁ dI¼O¹¬º�Âq��º�Ãq�EÄq�mÃ�»{j�o�t§t�f}g�prn7fh��v�p7l�t%prn7lxlxg ¸ªÀ dI¼�¹¬º��1º�Åk»©�
Á s��/lx��l[n��qp7e�lRlKÆ	wxfhlxo�wK 	�	lKprn7fhwxgÇwxs�o�grf°t�lKn7l�t%fho�skn7fh��fho#jk�1��lKnr�

grfhs�o�g¿sk�$p7e�lxgrl¯i�n7s�p7sqwxs��hg¿e#j���l½grfh�	i��¬ ��mlxlKo�p7e�l½o�v����mlKn�sk�
s���l[n7�°jx �e�s�i�g5p;jk��lxo��Ie�fh�}lIn7s�v�p7fho��Wj��	lxgrg7jk��l�¹hºxÈk»©�5d/e�fhgÇ�	f}��eqp
�ml%jki�i�n7s�i�n7f}j�p7l%��s�n$grs��	l	��l[nr Éwxs�o�g�prn;jkf}o�l�tÉgrwxlKo#jkn7fhs�gx�Ç��v�pWfhg
n;j�n7lx�¬ Êgrv�f¬p;j����hl���s�n­n7l�jk�hf}g�p7fhw§t�lxi��}s� ��	lxoqp7gx�¯d/e�fhg�fho�Ë#lK��fh��fh�hf¬p� 
�hl�j�t�g3p7sRimlKn7��lKn7grl5n7s�v�p7f}o��Aims��hf}wKf}lKgxÌujA�	lxgrg7jk��lÇ�	f}��eqp3�mlÇn7s�v�p7l�t
fho%p7e�lAsk��lKn7�}j� %o�lKp��as�n7�	�uf}jWp7e�l�ÍQv�n7s�imlK�¥�¦Î�prn;j�o�g7jkp7�}j�oqp7fhw��hfho��
�Ie�lxo­p7e�lÇp��/s¦o�sut�lxgQ�Ifh�h�}fho��Wp7sOwxs��	�$v�o�fhw�j�p7l=jkn7lIo�l�jkn7�q ��Ifhp7e
j/��j�g�p{�hsqw�jk�qwxs�o�o�lxwKp7fhs�o¶����skn{lK��j��	i��hl���s�o�lÇfhoWÏ1s�o#t�s�o�j�o�t�s�p7e�lKn
fho�Ð/jk����n7f°t���l��
À f}g�prn7fh��v�p7l�t�o�lKp��/s�n7����jk�	lxgRjkn7lWjko�s�p7e�lKnR�}jkn7��l[��grwxj��hl$l[��jk�­�

i��hlÊ�Ie�fhw[e�e�j�g�n7lxwxlxoqp7�¬ �lxo���j���lxtÑp7e�l^n7lxgrl�j�n7w[eÒwKs��	��v�o�f¬p� q�
Ó �	s�o���p7e�l§�$v��¬p7fhv�grlKn	��j��	lxgx�a·3f¬n7g�p%imlKn7grs�o)gre�sqskp7lKn7g ¸ ·{£aÎ�¼
j�n7lWs�o�l¦sk�3p7e�l¦�	s�g�pIims�i�v��}jknIp� �imlxgW¹¬º�Ä�»©�a®�o¿·{£ÇÎ¤��jk�	lxgx�#o�lKpr�
�as�n7��i�n7s���fh�	f¬p� ¯fho���skn7�%jkp7fhs�oMjk�ms�v�p$p7e�l�i��}jx qlKn7g�j�o#t^grl[n7��lKn7g
fhg	jkoÊf}�	imsknrp;j�oqp­g� �g�p7lx�Ôn7l�Õqv�f¬n7lx�	lKoup��½ÖGf¬p7e�grv�f¬p;jk���hl§fho���s�nr�
�%j�p7fhs�o¶�mp7e�lW��j��	l$t�fhgrwxs���l[nr ¿�	lxw;e#jko�fhgr��w�j�o¾n7lKp7v�n7o�j%�hfhg�p¦sk�
grl[n7��lKn7g¤p7e�jkp§jkn7l½wx�hs�grl½p7sÊjÊi�n7s�grimlxw[p7f}��l½i��}j� �lKn ¸ l�� ����jM× �q�
¢Al�jkn7lKg�pA¢Alxfh��eu�ms�v�n7gxØmÕqv�l[nr #¼[�
Ù§skp7fh��j�p7l�t	�u $p7e�lIwxv�nrn7lxoqpa�}j�w;�­sk�¶o�lKp��as�n7�$i�n7s���f}�	f¬p� �fho���s�nr�

�%j�p7fhs�o�fho�p7e�lxgrl/g� �g�p7lx�	gx���/l/g�p;j�nrp7l�t$��n7s���p7e�l/��s��h�hs��Ifho��$Õqv�lxg��
p7fhs�o�gxÚQwxs�v��}t­�/lRw[e�jkn;j�w[p7lKn7fhgrlOo�l[p��/skn7�­i�n7s���fh�	f¬p� $f}o�j¦grw�jk�°jk���hl
�	sut�lx�°Û)Ðas�v��}t¿p7e�fhgO�	sut�lx��e�lx�hi¾p7e�lWg� �g�p7lx�	gAfho�grlx�hlxwKp7fho��§jki��
i�n7s�i�n7f°j�p7l¦wx�hs�grlWimlxlKn7g;Û
¢AlKp��as�n7�%i�n7s���fh�	f¬p� q�ufho§p7e�lOwxs�oqp7lK�upIs��{p7e�fhgRi�j�imlKn���n7lK��lKn7gRp7s

e�s��Ñwx�hs�grl$o�sut�l Ó fhgIp7s­o�sut�lWÜXfho§n7lKgrimlxwKpRp7s�p7e�l¦v�o#t�l[n7�h �fho��

®�£�p7s�ims��hs��k q��Ö^l�w[e�jkn;j�w[p7lKn7fhgrl¿f¬p­�If¬p7e)�	l�jkgrv�n7lxg$s��O®�£�o�l[pr�
�/skn7�­imlKnr��s�n7�%j�o�wxl��5d/e�lRi�n7s�i�j���j�p7fhs�o¤t�lx�}jx q����skn/fho�g�p;jko�wxl��uw�j�o
fho#t�f}wxjkp7l��Ie�l[p7e�lKnRs�nRo�s�p=p��as­o�sut�lxgRjkn7lWwx�hs�grl¦o�lxfh��eu�ms�v�n7gx�
d�s¦w�jki�p7v�n7lIp7e�lIi�n7s���f}�	f¬p� $�ml[p��/lKlxo	o�sut�lxgx���/lRw�jko	wxs��	i�v�p7l

p7e�lKfhn3�}sqwxjkp7fhs�o­fhoWp7e�lÇ®�oqp7lKn7o�l[p{v�grfho��AjAgrl[p{s��mwKsqs�n;t�fho�jkp7lxgx� Á s��
�/l¦wxj��hwxv��}j�p7l�grv�w[e¤�hsqw�jkp7fhs�o�gOfhg=p7e�l��%jkfho§f}t�l�j­sk�3p7e�fhgIi#jkimlKn��
Ö^l¤gre#jk�}�Io�s����%jk��l%p��/s¯t�l[¨#o�f¬p7fhs�o�g	�mlK��skn7l§�/l§f}oqprn7sut�v�wxl

p7e�l�p7e�l�i�n7s����hlx�Ýs��$fhoqp7lKn7lxg�p��&·3fhn7g�p���j�Þ#ß�à�ßuákâ�ã§äxå3â�æ�ßGç
fhg¦t�l[¨#o�lxt¿�u ¤p7e�l�i#jkfhn ¸©è�é�ê ¼R�Ie�l[n7l è n7lxi�n7lxgrlxoqp7gAp7e�l$grl[p¦s��
��j��hf}tWs���ë�lxwKp7g{jko#t ê fhg3j/��v�o�wKp7fhs�o1��lxf¬p7e�lKn��	lKprn7fhwQs�n3o�s�o����	l[prn7f}w��
p7e#j�pQn7lxi�n7lxgrlKoup7g{p7e�lIt�fhg�p;j�o�wxl=�mlKp��alxlxo�p7e�lxgrl=s��uë�lKwKp7gÇgrv�w[e$p7e#jkp
ê Ú è�ìíèïîñð �/®�o¿wxs�ouprn;jkg�p��mj­òmß�æ�óxô�á¤äxå�â#æ�ß�fhgOj­grlKpAõ
p7e#j�pOfhgAwx�hs�grl�t�v�o�t�lKnOj�i�i�n7s�i�n7f}jkp7l���lxwKp7skn�j�t�t�f¬p7fhs�o½jko#t¿grw�jk�°j�n
��v��¬p7f}i��hf}wxjkp7fhs�o¿s�imlKn;jkp7fhs�o�gx�
d/e�lKgrl/t�l[¨#o�f¬p7fhs�o�g3e#j���lÇjI��n7s�j�t�grwKs�iml�� Ó ��lxo�lKn;jk�ugri#j�wKlÇn7lxi��

n7lxgrlxoqp7g5s��uë�lxw[p7g/j�o�t$p7e�lKfhnÇ��v�p7v#jk��t�fhg�p;j�o�wKlxgxÌq�Ie�lKn7lxj�g/j���lxwKp7s�n
gri#jkwxl	n7lxi�n7lKgrlxoqp7g$s���ë�lxwKp7gx�Qp7e�lxf¬n�t�fhg�p;j�o�wxlxg$j�o�t^�}sqwxjkp7fhs�o�gx��®�o
p7e�l5®�oqp7lKn7o�lKp¶w�j�grl���p7e�lÇgri�j�wxlaçD�%jx O�mlaj=grlKp{sk��o�lKp��as�n7�Ao�sut�lKg
¸ s��uë�lKwKp7g;¼�gri�j�wxl�t�jkwxwxskn;t�fho���p7s�j¿i#j�nrp7f}wKv��}jkn�o�lKp��/s�n7�¯imlKnr��sknr�
�%j�o�wxl%�	lKprn7fhw ¸ t�fhg�p;j�o�wxl�¼[�É·�s�n$fho�g�p;j�o�wxl��5i�n7s�imlKnrp7fhlxg­grv�w[eÊjkg
i�n7s�i#jk��jkp7fhs�o?t�lx�}j� �j�o#t���j�o#tu�If}t�p7e�w�jko?t�lK¨#o�l%p��/s¾p� �imlxg$s��
t�fhg�p;jko�wxlI�	l�jkgrv�n7lxgxÌuwxs�o�grl�Õqv�lxoqp7�h �v�o#t�l[nÇwKlKnrp;j�fho%j�grgrv��	i�p7fhs�o�gx�
p7e�l[ ¤w[n7l�jkp7l�p��/s­�	lKprn7fhw�gri�j�wxlKgx�
d/e�lWi�n7s����hlx��p7e�lxo¾fhg�t�l[¨#o�lxt¿j�gI��s��}�hs��Igx�OÖÉl�n7lK��l[nOp7s%f¬p�jkg

p7e�l$ö	÷[ø�ø�z�±u|%i�n7s����hlx��j�o�t¤f¬pRwxs�o�grf}g�p7gRs���Ú
ù ¨#o#t�fho��½j½grwxj��}j����}l§�%j�i�i�fho����	lKp7e�sutÉp7s�prn;j�o�g���skn7�-��úx²
û �r´K�ª��ü�ý b é�þhþhþ}é ý#ÿ����afhoMs�v�n­w�j�grl��/o�lKp��/s�n7��o�sut�lxgx�Çs��Ap7e�ls�n7fh��fho#jk�Agri�j�wxl¿çTs�oqp7s½ø���z�±��ª��ü�� b éxþhþhþ}é � ÿ �¾fho?j�p;jkn7��l[p��lxwKp7skn%gri#j�wKl¾õ�� ¸ ��fhg%p7e�l¾t�fh�	lxo�grfhs�o#jk�hfhp� �¼�f}o)grv�w;e�j
�=jx ^p7e#j�p$p7e�l�t�fhg�p;j�o�wxl¤�	lxj�grv�n7lKg ¸ fª� l��^t�lx�}jx #¼Wjkn7l�i�n7l[�
grlKn7��l�tE�¶fª� l���� ¸	��
¥é���
 ¼���� ¸ ò 
�é ò 
 ¼A��s�n�� é���� Å�Ì¶�Ie�lKn7l��fhgRj�o�s�p7e�lKnAt�fhg�p;j�o�wxl���v�o�wKp7fhs�o1�

ù ´;�k±��7�ª³r÷�z�±��;ÚÇ�al¦s�o��¬ ��uo�s��Xj$��lK��t�fhg�p;j�o�wxl��	l�jkgrv�n7lxg=�ml[�p��/lKlxo§p7e�lKgrl¦s��uë�lxwKp7gx�ad/e�fhgIfhgA�mlKw�j�v�grl��/l¦�=jkoup=p7e�l¦g� �g��
p7lx��p7s�grwxj��hl­jko#t¿e#j��ufho��%j­��v��h�{t�fhg�p;j�o�wxl��%jkprn7f¬��� ��� ì� ����fhgRf}�	i�n;j�wKp7fhw�jk�ª�

d/e�l$wxs�o�g�prn;j�fhoqpWj��ms���l��hl�j�t�g�v�gAp7s¤v�grl�ø#z��k���ªz�±u|Wp7lxw[e�o�f}Õqv�lxg
p7s^�%jkiMp7e�l¿�hsqw�jkp7fhs�oGsk�Wj�o)s��uë�lxw[p¤fhoGj½��lxo�lKn;j��Agri#jkwxl¿s�oqp7s
j	��lxwKp7sknr�¥gri#j�wKl��hsqw�jkp7fhs�o¶�Wd/e�lxgrl�p7lKw[e�o�f}Õqv�lxgAwxs�o�grf°t�lKnOp7e�l�t�fhg��
p;j�o�wxlI��n7s��&j¦��fh��lxo	s���ë�lxwKp/p7s�j¦ouv����ml[nÇsk��i�n7lK�¥grlx�hlxwKp7l�t­ø#z��k���ª�
ü � b éxþhþ}þhé � ÿ �"!#�É��£5fh��skp7fho��%fhgOp7e�lWwxs��	�	s�o§�°n;j��	lK�as�n7�¿��skn¦j
�}jkn7��l�wK�°jkgrgAsk�Qo�l�j�n7lxg�pRo�lxfh��e��ms�v�nRjk�}��s�n7f¬p7e��	g�¹ $��1º&%�»¥�
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a) Global Basis b) Multiple Local Bases
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')(�Þ+*¶ákß�,�-/.¤ã�ô�03â�ã � ç1*3ã�ó&(�å3ã�ß325ô1æ�â#ã54�â#äxß�ä
®�o¯p7e�f}g¦i�j�imlKnW�al	g�p7v#t� ¾p��/s¾t�fhg�p7f}o�wKp¦p7lxw;e�o�f°Õqv�lxg�p7e#j�pWlx�­�

i��hs� �i�fh��s�p7fho��Mp7sÊgrs��h��l½p7e�l^× �%j�i�i�fho���Ø/i�n7s����hlx�¿��·3f¬n7g�p��O�al
fhoqprn7sut�v�wxlÊ÷�úK�[�76 �u���½skn§|76h��ú7÷76Owxsqskn;t�fho#j�p7lxg��¥�#jkgrl�tGj�i�i�n7s�jkw[e�lxg
p7e�jkpRjk�h�/jx �gIv�grlAp7e�lOg7j��	lOgrl[pIs��3�alx�h�h�¥�uo�s��Io¤i�fh��s�p7gx�5ÜÇlxw�j�v�grl
sk�Ep7e�fhgx�qgrv�w;e­p7lxw;e�o�f°Õqv�lxgQwKn7l�jkp7lRims�p7lKoup7f}jk���ms�prp7�hlxo�lxw;��gx�5d/e�fhgÇfhg
o�s�p{p7sR�	lxoqp7fhs�o¦p7e�lÇwxs�o�grl�Õqv�lxo�wxlxg3�Ie�lKo�jRi�fh��s�p3o�sut�lÇ�mlxwxs��	lxg
v�o#j���j�fh�}j����hl ¸ l�� ���5i�fh��s�pa�ªj�fh�hv�n7l�¼[�ad/e�lW¡O¢�£^�°n;j��	lK�as�n7��¹¬º&8k»1fhg
fho�wx�hv#t�lxt§fho¤p7e�fhgIw�j�p7lx��sknr q�
d¶sOs���lKn7wxs��	lap7e�laf}grgrv�l/s����/lx�h����o�s��Io�i�fh��skp7gx���al/p7e�lxo�fhoqprn7s��

t�v�wxl�y{z}|�~u��~��k���K�[�#j�o¾jk�hp7l[n7o#jkp7fh��l�p7lKw[e�o�f}Õqv�lOp7e�jkpRv�grlxg¦³r�96h÷��ªz:���
skn=ö���6 �ªz ø+6}�;6h��´7÷76�wxsqs�n;t�fho#jkp7lKg���g� �g�p7lx�	gx�{Ï¶fh��eqp7e�s�v�grl/fhg ¸ j�¼¶grw�j��¬�
jk���hl�Ú��q ¾n7lx�¬ �f}o��¿s�oÉj�oq ¯jkn7��fhprn;j�nr Égrl[pWs��=i�f}��s�p7gx�3f¬p$j���s�f}t�gWj
grfho����hl§grlKp�s��In7lK��lKn7lxo�wKl§ims�fhoqp7g ¸ i�fh��s�p7g;¼¦��skn7�	f}o��¾�ms�prp7�hlxo�lxw[�ugxÌ
¸ �#¼�j�wKwxv�n;j�p7l�Ú��q Êgrs��h�uf}o��Ép7e�l½ö	÷[ø�ø#z�±u|�i�n7s����hlx�¿�Çf¬p�t�lx�ufhgrlxg
jkwxwxv�n;jkp7lWwxsqs�n;t�fho#jkp7lKgR��s�nAj�o�sut�l��
®�o¾�Ie#jkpO��s��h�hs��Igx�3�/l$��fh��l�j�o�s���lKn7�ufhlK�Òs��Çp7e�l�¡O¢�£���n;jk�	lK�

�as�n7�½fhoÊÎ�lxw[p7f}s�oÊÃu�{t�lxgrwKn7fh�ml	p7e�l­Ï¶fh��eqp7e�s�v�grl%t�lxgrfh��o^fho^�	skn7l
t�lKp;j�fh�Qfho¯Î�lxwKp7fhs�oÉÈu�¦Ö^lWp7e�lxo½t�fhgrwxv�grg�s�v�n¦fho�f¬p7f}j��{n7lxgrv��hp7g�j�o#t
n;jkfhgrl$j$�}fhg�pAs��QÕqv�lxg�p7fhs�o�gIfho¾ÎulxwKp7fhs�o�$��
2. GNPd/e�l$¡O¢�£ ¸ ¡O�hs���j��3¢AlKp��as�n7�§£3s�grf¬p7fhs�o�fho��q¼I�°n;j��	lK�as�n7�^¹¬º<8k»3��s�n
i�n7l�t�fhwKp7fho��½®�oqp7lKn7o�lKp$o�l[p��/skn7�^t�f}g�p;jko�wxlKg­fhg��#jkgrl�t�s�oX÷�úK�[�76 �u���
wKsqs�n;t�fho�jkp7lxg	wxs��	i�v�p7l�t^�q ��	sut�lx�h�hfho��¾p7e�l¤®�oqp7lKn7o�lKp­jkg	j¾n7l�j��
��lxwKp7s�n%gri�j�wxl��?®�o)s�v�p7�hfho�l��/p7e�l¾¡O¢O£]j�n7w[e�f¬p7lxwKp7v�n7l§f}g­��s�n7�	l�t
�°n7s���p��as­i#j�nrp7gx�Ç·3fhn7g�p��#j�gr�%j��h�¶grlKpRs��3�alx�h���uo�s��Io¿e�s�g�p7g ¸ i�fh�q�
skp7g;¼$w�jk�}�hl�tM�}j�o#t��%jkn7�ug��hsqw�j�p7l§p7e�lK�	grlx�h��lxg�fhoqp7s½j�n7lxj��I��lxwKp7skn
gri�j�wxl%�q ¯�	l�j�grv�n7f}o��§p7e�lKfhn��$v�p7v#jk�5t�fhg�p;j�o�wxlxg ¸ t�lx�}jx �¼[�¿d/e�lxgrl
wKsqs�n;t�fho�jkp7lxgAjkn7l�p;jk��lxo��u %e�s�g�p7g=p7e#j�p=�Ifhgre§p7sAë�s�fho§p7e�lOg� �g�p7lK�
jkgOj$���hs���j��ª�Ej�o�t¤p7e�l[n7lK��skn7l�v�o�f}Õqv�l�����j�grfhgAsk�{p7e�l¦��lKwKp7s�nRgri#jkwxl��
d/e�l­�}j�o�t��%jkn7�ugxØmwKsqs�n;t�fho�jkp7lxg�jkn7l$w�j��hwxv��}jkp7l�t�p7e�n7s�v���e�p7e�l$grs��
�hv�p7f}s�o¿s��5j�n7lx�}jkp7fh��l¦lKnrn7sknA�	fho�f}�	f>=�j�p7fhs�o§i�n7s����}lK�¿Ú?A@	B CEDGFHFJIHF�¸ � @ C éLK� @ C ¼{�Ie�lKn7l)� @ C jko#t K� @ C jkn7l=p7e�lI�	l�jkgrv�n7l�t�j�o#t
lKg�p7f}�%j�p7l�t¿t�f}g�p;jko�wxlKgR�ml[p��/lKlxo§p7e�lO�°jko#t��%jkn7�ug5� éM� �
d/e�l¦grlxwxs�o#t§i�jknrpRs��{p7e�l¦jkn7w;e�f¬p7lxwKp7v�n7l�n7lx�}jkp7lxgRp7s­e�s���j�o¿jknr�

��f¬prn;jknr �e�s�g�p­wxj��hwxv��}j�p7lxg­f¬p7g­s��IoMj���grs��hv�p7l�wxsqs�n;t�f}o�jkp7lxg	��j�grl�t
s�o¾p7e�lW�}j�o#t��%jkn7�ugxØ#s��Io�wxsqskn;t�fho#j�p7lxgx�¦d/e�lRë�s�fho�fho���e�s�g�p��	l�j��
grv�n7lxg¦f¬p7g�n7s�v�o#t��©prn7fhi½t�lx�}jx ¾p7s¤p7e�l��}j�o�t��%j�n7��gOj�o�t�p7e�lxo¯wxj�g�p7g
p7e�l$wKs��	i�v�p;jkp7fhs�o½jkg¦j�o�s���lKn;jk�}�{l[nrn7s�n¦�	fho�fh�	f>=�j�p7f}s�o¾i�n7s����hlx�¿Ú? @	B C DGFHFJIHF�¸ � @ C éLK� @ C ¼3�Ie�lKn7l=o�s��N� @ C j�o�t K� @ C j�n7l/p7e�l/�	l�jkgrv�n7l�t
jko#t�lxg�p7fh�%jkp7l�t�t�fhg�p;j�o�wxlxg{n7lxgrimlxw[p7f}��lx�¬ ��°n7s��Òe�s�g�pO�mp7sAp7e�la�}j�o�t��
�%j�n7� � Ì DGFJFHIJF�¸ ¼afhgRj�o§lKnrn7s�nR�	l�jkgrv�n7lx�	lxoqp/��v�o�wKp7fhs�o¶�
3. LIGHTHOUSEÖÉl�g�p;jknrp¤�u Mfhoqprn7sut�v�wxfho��Ê·3fh��v�n7lÊºxj��]d/e�l½��j�grfhgP. sk�Wp7e�fhg
È�� À ��lKwKp7s�n¦gri�j�wxl$wxs��	i�n7fhgrlxg���lxw[p7s�n7g�ü�ãRQ é ã:S é ã:TU�u�Wd/e�l�grlxwKs�o#t
s���grlKn7��jkp7fhs�o½fhgRp7e#jkpG.(��v�g�pR�mlW��skn7�	l�t¿�q ¤�alx�h�h�¥�uo�s��Io�i�fh��skp
o�sut�lxgx�ufª� l��h�qp7e�lIg7jk�	lRo�sut�lxg5��v�g�p5�mlRwKs�oqp;j�wKp7lxt­�u $lx��l[nr Aë�s�fho��
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Lighthouse

(Metric Space M) (Vector Space V)')(�Þ+*�á�ßWVX-�2Y(�Þ+ZEó&Z�ô+*�äxß�[�òmßuá�ò\(°ß�]
fho��%o�sut�l��A®�o¿�ªjkwKp��mp7e�fhgAf}gOj	w[e�jkn;j�w[p7lKn7fhg�p7f}w$s��/¡O¢�£3�1× ��f}o�o�fho���Ø
¹¬º<$k»�jko#t�Ø �ml�jkwxs�o�fho���ØA¹ ^k»R��n;jk�	lK�/skn7��g	fhoMp7lKn7�	g­s��Oe�s���p7e�l[ 
�%j�o�j���l�n7lK��lKn7lKo�wxlWims�fhoqp7gx�Ç®�p=p7v�n7o�gIs�v�pIp7e�jkpIp7e�fhgIw[e�jkn;jkwKp7lKn7fhg��
p7fhwWe#j�gIp7e�lWt�fhg7j�t���j�oqp;jk��l¦p7e#j�pAf¬pA�%j���lKg/p7e�l¦g� �g�p7lx��o�skpR��v��h�¬ 
grlx�¬���¥skn7��j�o�fhgrl�t1�/Ö�e#jkpRe�j�i�imlKo�g=f¬�{p7e�l¦i�f}��s�pIo�sut�lxg ¸ l�� ���Ç�°jko#tu�
�%jkn7�ug`_��ml�j�wxs�o�g;¼Qjkn7lIo�skpÇj���j�fh�}j����hlOj�paj���fh��lxo­fho�g�p;jkoqpask�mp7f}�	l�Û
ÖGe�s¿gre�s�v��}tÉj�ë�s�fho�fho��§o�sut�l	wKs�oqp;j�wKp�fho�g�p7lxj�t¯p7s¿�hsqw�j�p7l%fhp7grlK�h�
fho§p7e�lOg� �g�p7lK��Û
d�s�s���l[n7wxs��	lÉp7e�lÊj��ms���l^fhgrgrv�lMsk�Paa�96:6¬²:bk±m�HaQ±Gø#z:�k�k�ª�;���/l

i�n7lKgrlxoqp{Ï¶fh��eup7e�s�v�grl b ��jIp7lxw;e�o�f}Õuv�l5p7e�jkp�lK��i��hs�n7lxg¶p��/sRwxs�o�wxlxi�p7gxÚ
��v��¬p7f}i��hla�hsqw�j����#jkgrlxg3p7s���lKp7e�l[n{�Ifhp7e�jRprn;jko�grf¬p7fhs�o��%j�prn7f¬�Wf}o���lxw[�
p7s�nAgri#jkwxlxgx�RÏ1f}��eqp7e�s�v�grl�j��h�hs��IgAp7e�l¦Ë#lK��fh��fh�hf¬p� ���skn¦j�oq ¤e�s�g�pAp7s
t�l[p7lKn7�	fho�l¦f¬p7gOwxsqskn;t�fho#j�p7lxgAn7lK�°j�p7fh��l�p7s%jkoq §grlKpOs��5i�fh��skpRo�sut�lKg
i�n7s��uf}t�l�t�f¬p	�%jkf}oqp;jkf}o�g­j¾prn;j�o�grfhp7fhs�o)�%j�prn7fh�E�MÎuv�w;eMj��%j�prn7f¬�
t�sqlKg5�Ie�jkp5p7e�l=�%jkn7f¬p7fh�	l=w;e#jknrpÇt�sqlxgÇ��s�nÇo#j��uf}��jkp7fhs�o1�Q®�p5��fh��lKgaj
�#jkgrfhw�fho�g�prn7v��	lxoqpR��s�n¦��j�v���fho��¤j����hs��#jk�{ims�grf¬p7fhs�o��Ie�lxo¾p7e�f}gAfhg
t�lKlx�	l�t$o�lxwxlxgrg7j�nr q�{ÖGf¬p7e�p7e�l=f}t�l�j�s��E�hsqw�jk�mims�grf¬p7fhs�o�fho����u�mlKprp7lKn
grw�jk�°jk��fh�hf¬p� 	sk�1p7e�l=g� �g�p7lx��w�j�o­�mlRjkw[e�f}lK��l�t1�{·3f}��v�n7l¦ºx�	gre�s��Igaj
��s��h�}s��=�¥v�i�wxs�o�¨#��v�n;j�p7f}s�o¤sk�¶p7e�lI���hs���j��E�#jkgrf}gagrwxlxo#j�n7fhs�jkw[e�f}lK��l�t
�If¬p7e)p7e�l§Ï1f}��eqp7e�s�v�grl§��n;jk�	lK�/skn7�m�?¢As���o�sut�lKg�c b é c c é c�d é c�e
jkn7l§�}sqwxjkp7l�tMf}o)t�fgfElKn7lKoup��hsqw�j��R�#jkgrf}gx�;2 jko#tN2Yh¥�afho)j¯t�lxwxlxo��
prn;j��hfhgrl�t¿�%jko�o�l[n��
·3fh��v�n7l�Ã$i�n7lxgrlKoup7gRjko§lK��j��	i��hl�s��{s�v�nIp7lxw;e�o�f°Õqv�l¦j�i�i��hfhl�t�p7s

j�È�� À n7l�jk�¶��lKwKp7s�n=gri�j�wxl��a£3s�fhoup7gIj�p=p7e�lA�}l[��pRgrf}t�l�i��}skpIo�lKp��/skn7�
o�sut�lxgAj�g=p7e�lK ¤�	fh��eqpI�ml¦s���grlKn7��l�t¤f}o¤p7e�l¦®�£Mo�lKp��/skn7� ¸ �	lKprn7fhw
gri#jkwxl¤çÒ¼[�^d/e�l�n7fh��eup$grf}t�l¤gre�s��Ig$p7e�l¤g7jk�	l�ims�fhoup7g$�%j�i�iml�t
s�oqp7s�j­��lxw[p7s�n�gri�j�wxl�õ¯�IÖGf¬p7e¾i�f}��s�p7fho����#�/l�w[e�sqs�grl$jkn7��fhprn;j�nr i�j ,%�hsqw�j��3n7lK��lKn7lxo�wxlWims�fhoqp7gx�#�Ie�fhw;e¿�/lWw�j��h�;6 zh|�~u��~����u�K�[�7�I�Oo��
�hfh��lA¡O¢�£3��s�v�n5��n;j��	l[�/s�n7�$n7lx�hf}lKgas�o%j�grl[p/s��Eo�sut�lxg5��n7s��]�Ie�f}w;e
t�fgfElKn7lKoup{ë�s�fho�fho��­e�s�g�p7g=�%j� %grlK�}lKwKpAt�fgfElKn7lxoqp7�¬ q� Á s��alx��lKn���l�jkw[e
s��¦p7e�lxgrl�e�s�g�p7g¤e�j�g	p7s�i�n7lxgrl[n7��l¿p7e�l¾fhou��j�n7f}j�oqp�Ú^jÉprn;jko�grf¬p7fhs�o
�%jkprn7f¬�3k��Q�Ie�fhw[e�fhg$s�o��¬ ^j�i�i��hf}wxj����hl%p7s�w�j��hwxv��°j�p7fho��¯j¿���hs���j��
ims�grf¬p7fhs�o1�#e�j�g=p7s­�ml�wxsknrn7lxwKp7�¬ ¿�%jkfhoup;jkfho�l�tE�
Ö^lAgre#jk�}�Eo�s���f}oqprn7sut�v�wxl¦t�lKp;j�fh�hg=s��¶p7e�lR��s�v�n=g�p7lxi¤i�n7sqwxl�t�v�n7l

��s��h�}s��al�t¾�u �jRë�s�fho�f}o��	e�s�g�p��

3.1 Finding Lighthousesd/e�l¦�msqskp7g�prn;j�i¿sk�{p7e�l�g� �g�p7lx��sqwKwxv�n7gRj�gI��s��h�}s��IgxÚ
ù3l ô�(�àL(�à�Þ�à�ô ê ß+-�j½o�lK��o�sut�l¤à 
 ¨�o#t�g­j�oÊlxoqprnr �ims�fhoup
o�sut�l�à 
 ��fª� l��­j�oq �o�sut�l�p7e#j�p¦fhgWj��¬n7l�j�tu ½f}o½p7e�l$g� �g�p7lK�¿�
¢Osut�l�à 
 i�n7s��uf}t�lxg/p7s�à 
 j��}fhg�pRs��3o�sut�lKg/p7e#jkp/w�j�o¤ims�p7lxo��
p7f°jk�h�h Éj�w[p�jkg�à 
 �hf}��eqp7e�s�v�grlxgx�¤d/e�l�ë�s�fho�fho��¾o�sut�l­grlK�}lKwKp7gi�j ,Oo�sut�lxg�j��	s�o��/p7e�s�grlÇfho¦p7e�fhg��hfhg�p��3®¥p¶p7e�lxo¦wxs�o�g�prn7v�w[p7g
j­�}sqwxj�����j�grfhgm2on�ükã	Q é ã:S éxþhþhþhé ã � �q���Ie�lKn7lWl�j�w;e¿��lKwKp7s�nAã{fhgj�i#jkfhnRsk�{�hf}��eqp7e�s�v�grlxgx�ad/e�fhgI�#j�grfhgRgri#jko�g=p7e�l�õ � �

b Á fhg�p7s�n7fhw�j��h�¬ q�Q�hfh��eqp7e�s�v�grlxg�i��}jx ql�t¯j§�ufhp;jk�5n7s��hl%p7s¤o#j��ufh��jkp7fhs�o¶�d/e�l¦¨�n7g�p�jko#t§�	s�g�pAo�s�p7skn7f}s�v�gA�}fh��eup7e�s�v�grl��E£Qe#jkn7s�gOsk� Ó �hlK��j�o��t�n7f}j ¸ Í5�k �i�p[¼[���/j�gQ��v�fh�hp5jk�ms�v�pÇÃ�Ä�ÅOÜA� ÐA��ÖGe�lxo��}sqs��uf}o��¦jkp{p7e�fhgv�o�f}Õuv�lÇp7s��/l[n5�If¬p7e�jA��n7fh��eupQ�hfh��eqp5j�p{p7e�lap7s�i¶��jAgre�fhi1Ø gQwKn7l[�Êw�j�owxs��	i�v�p7l¦p7e�lxf¬n��hsqw�j��Qims�grfhp7fhs�o½n7lx�}j�p7f}��l$p7s%f¬p ¸ �hsqw�j��3n7lK��lKn7lxo�wxl�¼[�ÍQ��lxoqp7v#jk�}�¬ q�5p7e�l¤ims�grf¬p7fhs�o�w�jko)�ml�prn;j�o�g���s�n7�	lxt)fhoqp7sÉj½���hs���j��s�o�l¦�q %v�grfho��$�%jkn7f¬p7fh�	l�w[e�jknrp7gIjko#t�p7e�l��hfh��l��5¢Os��=j�t�jx �gx��¡�£aÎ¸ ¡O�hs���j��5£3s�grf¬p7fhs�o�f}o��¾Îq �g�p7lK��¼=�If¬p7e�f¬p7gOn7lxi��hfhw�j�p7l�t½grl[n7��fhwxl$e#jkg�%j�t�lOp7e�fhgI�	lKp7e�sut%n7l�t�v�o�t�j�oqp��
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a) Finding Lighthouses b) Local Basis c) Host Coordinates/
Transition Matrix'p(°Þ+*�á�ßWqX-/V�r sut � â+v¯å3ã�ß

ù ')(�ákäxó�à�ô ê ß�ä7-Ê�Ie�lKoXà 
 f}g�p7e�l¾�­�©p7e?o�sut�l�grv�w;e�p7e#j�pwyx{z j º���à 
 fhg�wxs�o�grf}t�l[n7l�t�j�g�s�o�l�sk�Çp7e�l�¨�n7g�p�o�sut�lxgx�
Ó gQà 
 w�jko�o�skpQe#j���lÇs�p7e�l[n z j ºa�hf}��eqp7e�s�v�grlxgx��f¬pQwxs�o�g�prn7v�wKp7g
j­�hsqw�j����#j�grfhgR�Ifhp7e¿p7e�l¦�hf}��eqp7e�s�v�grlxgIp7e#jkpOj��¬n7l�j�t� $ë�s�fho�l�t1�
d/e�l%f}t�lxj¿f}gWp7s¾��v�fh�°t½p7e�l­¨�n7g�p$�#jkgrfhg�j���p7lKn z j º%o�sut�lxg
e#j���lÇë�s�fho�l�t§fho§p7e�lOg� �g�p7lK�¿�| o�wxl­p7e�l�ë�s�fho�fho��¾o�sut�l�à 
 e�j�gW�mlxlxoÉ��fh��lxoÊj§�hfhg�p$s��Ro�sut�lxg

p7e�jkp�w�jko�j�w[p§jkg¤f¬p7g%�hfh��eqp7e�s�v�grlxgx�If¬p%p7e�lxo)�	l�j�grv�n7lxg%jÉgrlKp�sk�
o�lKp��as�n7�^iml[nr��s�n7�%jko�wxl��	lKprn7fhwxg��mlKp��alxlxoÊf¬p7grlx�¬��jko#tÉp7e�l¤�hfh��eqpr�
e�s�v�grlxgx�Qd/e�lÇp7lxw[e�o�f}Õqv�l5�q ¦�Ie�fhw[eWp7e�lKgrl/�	l�j�grv�n7lx�	lxoqp7g3j�n7l/v�o��
t�lKnrp;j���lxo¿�Ifh�}�{��jknr ¿j�wxwKs�n;t�fho��%p7s	p7e�l�wKs�oqp7lK�up��Ad/e�l�® À Ù Ó £aÎ
i�n7skë�lxwKp¤¹ Â�»a��s�v�o#t¯p7e�jkpWp7e�l	i�n7s�i#jk��j�p7f}s�oÊt�lx�}jx ¯w�j�o^�ml­prn7f}jko��
��v��}jkp7lxt1��grs$p7e�lOt�lx�}jx %�mlKp��/lxlxo�ims�fhoqp7g ¸ ÷��°´�¼Çwxj�o§�mlAlxg�p7fh�%jkp7l�t
��j�grl�tMs�oMp7e�l¿t�lx�}jx )�ml[p��/lKlxo ¸ ÷��°ú�¼­jko#t ¸ úK��´x¼[� Ó g	j�n7lxgrv��¬p��
p7e�lRn7s�v�o�t��©prn7fhi�p7fh�	l ¸ «5d=dI¼{�	l�j�grv�n7l�t�p7e�n7s�v���e	®rÐ=Ù¿£ÊÍaÐ Á |
i�j�w;��lKp7g­�%jx É�ml¿j�i�n;j�w[p7f}wxj��/p7sqs��=p7s½fho�wxskn7ims�n;jkp7l¿t�lx�}jx Êj�g­j
�	l[prn7f}w�� Ó t�t�fhp7fhs�o#j��h�¬ q�up7lxw;e�o�f}Õqv�lKg/p7e#jkpR�	l�jkgrv�n7lOp7e�lWj���jkf}�}jk���hl
��j�o�t��If}t�p7e%�hsqs��­i�n7s��	fhgrfho���� Á s��/lx��lKn��q�/lRe#j���lRs�o��h ­lK��i��hs�n7l�t
p7e�l¦o�lKp��/skn7�¤t�lx�}jx §�	lKprn7fhw�fho�p7e�fhgIi#j�iml[n��
Ö�fhp7e%j i ì i �%jkprn7f¬�$s��Eo�lKp��as�n7��iml[nr��s�n7�%jko�wxlI�	lKprn7fhw=��j��¬�

v�lxgx�ap7e�l�ë�s�fho�fho��^o�sut�l§wxs��	i�v�p7lKg$p7e�l�wxsqskn;t�fho#j�p7lxg%s��¦j��hsqw�j��
��j�grfhg}2R�
·3fh��v�n7lRÈOfhoqprn7sut�v�wKlxg5jWÃ�� À lK��j��	i��hl��3Ö^l/j�grgrv��	l/p7e�jkpQp7e�l[n7l

j�n7l�grf¬�¾o�sut�lxg¦jk�¬n7l�j�tu ¾fho�p7e�l$g� �g�p7lx�¿ÚOü&c b é c c é c d é c e é c�~ é c��&�
¸ ·3fh��v�n7l$È�j�¼[��Î�v�i�ims�grl$j	o�lK��o�sut�l��+c����m�/j�oqp7gAp7s�ë�s�fho¯fho1� Ó g
p7e�l­¨�n7g�p�g�p7lxi1�3f¬p�wxs�oqp;j�w[p7g�j§o�sut�l	fhoÉp7e�l	g� �g�p7lK�¿��g7jx Wc�e��3f}o
skn;t�lKnRp7s	��l[pOj­�hfhg�pAs��Q�hfh��eqp7e�s�v�grlxgx�=®�o§p7e�fhgIlK��j��	i��hl���cXe¦grlxo#t�g
j��hf}g�p�sk�ap7e�n7lKl�o�sut�lxg�p7s¿jkwKp�j�gGc��$�hfh��eqp7e�s�v�grlKgxÚ�ü�c e é c�~ é cX�J�q�
Ó pAp7e�fhgOp7fh�	l��+c��$g�p;j�nrp��	l�jkgrv�n7fho��%p7e�l$t�fhg�p;j�o�wxl��1i�n7s�i#jk��jkp7fhs�o
t�lx�}jx q���mlKp��/lxlKo§f¬p7grlx�¬�5j�o�t¤p7e�lOp7e�n7lxl¦�hfh��eqp7e�s�v�grlxgx�
d/e�lÇ��s��h�hs��Ifho���grlxwKp7fhs�o�g{t�lKgrwKn7fh�mlÇp7e�l5�	lKp7e�sutOp7e#jkp�w�j��hwxv��}jkp7lxg

j$�}sqwxj��3��j�grfhgp2?v�grfho��$p7e�l��hfh��eqp7e�s�v�grlxgx�
3.2 Local Basis CoordinatesÓ oq �o�sut�lIp7e#jkp5�=jkoqp7gÇp7s¦p;j���lIi�jknrpÇf}o	p7e�lRg� �g�p7lx��e�j�gÇp7sWwxs��­�
i�v�p7l¦f¬p7gIs��Io¾wxsqs�n;t�f}o�jkp7lxgRn7lx�}jkp7fh��l¦p7s	j­�hsqw�jk���#jkgrfhgx� Á s��/lK��lKn��
f¬pW�$v�g�p�¨�n7g�pWt�lKp7l[n7�	f}o�l$p7e�l­wxsqs�n;t�fho#jkp7lKg�sk�/p7e�l$�#jkgrf}g¦p7e�jkpWf¬p
�Ifh�h���mlAv�grfho����Çd�s­t�s$p7e�fhgx��o�sut�l¦à 
 wxj��hwxv��}j�p7lxg�2�n�ü�ã Q éxþhþhþhé ã � ��Ie�lKn7l�ã 
 fhg�j§i#jkfhn�sk�I�}fh��eup7e�s�v�grl	o�sut�lKg cX�<cX���%®¥p�jki�i��}fhlxg¦p7e�l
¡An;jk�­��Î�w;e��	f}t�pai�n7sqwxlxgrg�¹ Èk»3t�lxgrwKn7fh�ml�t§j�g=��s��}�hs��Igx�
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fhgIw�j��h�hl�t§p7e�lAp7e�l¦wxs��	ims�o�lKoup/s��5ã 
 sknrp7e�s���s�o�j���p7s�� 
 � Q��
Ö^l�gre#j��h�5lK��i��}j�fho½p7e�l%¡An;jk�­��Îuw[e��	f}t�pAi�n7sqwxlxgrgx���Ifhp7eÉj¿Èk� À

�#jkgrfhgRwKs�o�g�prn7v�wKp7fhs�o¤lK��j��	i��hl��Q®�o�p7e�lO¨�n7g�pIg�p7lKi ¸ ·3fh��v�n7lm$�j�¼[�#ãRQ
fhgÇi�n7skë�lxwKp7l�t	fhoqp7s¦grv���gri#j�wKlp�����L Çlxw[p7s�naãRQOo�s��?gri�j�o�g5p7e�l=s�o�l
t�fh�	lxo�grfhs�o#jk�3grv���gri#jkwxl�� Q �R®�o¿p7e�l�grlxwxs�o�t¾g�p7lxi ¸ ·3fh��v�n7l/$��#¼[�
��lxw[p7s�n	ã S fhg­i�n7skë�lxwKp7l�tÊjk�}s�o��¯j�o�t^s�nrp7e�s���s�o#j��/p7s�� Q � | ��lKn
p7e�l¦�}jkg�pOg�p7lxi ¸ ·3fh��v�n7lG$�w�¼[�m��lxwKp7sknAã:T­fhgAw�jk�hwxv��}jkp7lxt½jkgRp7e�l¦grv��
s��Ef¬p7gQwxs��	ims�o�lKoup5jk�hs�o��Ap7e�l=grv���gri#jkwxl5��S���gri�j�o�o�l�t$�q $ãRQOjko#t
ã S ��j�o�t§�q %f¬p7gRwKs��	ims�o�lxoqpIs�nrp7e�s���s�o#jk�¶p7s¡� S �
d/e�lIë�s�fho�fho���o�sut�l��Xc\���Ev�grlxgOp7e�l­¡An;jk�­��Î�w;e��	f}t�pIi�n7sqwxlxgrgOp7s

wxs��	i�v�p7l�j��hsqw�j��¶�#j�grfhgp2on�ü c e c�~ é c e cX�J� ¸ ·3fh��v�n7lWÈk�m¼[�
3.3 Host CoordinatesÓ p3p7e�fhg{g�p;jk��l��qo�sut�l=à 
 e#jkg{��n7lxgre$wxsqs�n;t�f}o�jkp7lxg5s���f¬p7g5�hsqw�jk����j�grfhgx�
®�pQ�%jx Wo�s��Mw�jk�hwxv��}jkp7l=f¬p7gQs��Io­grlKpQsk�mwxsqs�n;t�fho#jkp7lKgx� Á s��/lx��lKn��qjkg
jWgrf°t�lK�¥l9fElxwKp/s��3w;e�sqs�grfho��­j�n7��f¬prn;jknr  i¡j ,��}fh��eup7e�s�v�grlOo�sut�lxgap7s
gri#jko¾p7e�lW��lxwKp7skn�gri�j�wxl�õ��m�mf¬p�fhgAi�n7s���j����}lWp7e#j�pOp7e�lxgrlW��lxwKp7skn7g
�Ifh�h�Ç��skn7�Ôj�o�jk�¬p7lKn7o#j�p7l	�#j�grfhgx�{o�s�p�o�lKwxlxgrg7jkn7fh�¬ �jkoÉsknrp7e�s���s�o�j��
s�o�l���Ðae#jko�wxlxgWj�n7l$p7e�jkp�p7e�l$wxs��	i�v�p7l�t¾�#j�grfhg��Ifh�h�Q�ml�s����hf°Õqv�l��
®�o�p7e�jkp­wxj�grl��5�/l¤e#j���l	p7s¯�ml¤j����hl¤p7s�v�grl§j�oq Ép� �iml�s��A�#jkgrfhg
¸ s����hf°Õqv�l�_ksknrp7e�s���s�o�j��°¼[��grsIp7e#j�p�o�sut�l5à 
 wxsqs�n;t�fho#jkp7l5��lxw[p7s�n7g¶�Ifh�h�
�mlWj��hfho�l�j�nRwxs��$��fho#j�p7f}s�o§sk�{p7e�l��hsqw�jk�3�#jkgrf}gp2IÚ
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 � Ó g�p7e�l
s�o��¬ ���fh��lxo½fho�i�v�pOp7s�s�v�n�p7lxw;e�o�f}Õqv�l�fhg�p7e�l$t�fhg�p;j�o�wxl­�	l�jkgrv�n7lxg
¸ l�� ���½t�lx�}jx #¼O�°n7s��Ôp7e�l�ë�s�fho�fho���o�sut�l	p7s�j¿grlKp�sk�I�hf}��eqp7e�s�v�grlxgx�
j�oMlK��i#jko�grfhs�oÊsk�Op7e�l�g� �g�p7lx� j��ms���l§fhg­lKgrgrlxoqp7f°jk�ª�Md/e�v�gx�Çp��/s
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grfho�wxl/p7e�l=j�o����hl)¯O�mlKp��/lxlKo�f}t�lxoqp7fhw�jk����lKwKp7s�n7g{fhg5Å��5Îuv���g�p7fhp7v�p7fho��
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®�oWg� �oqp7e�lxgrfhgx�kp7e�lÇo�sut�l�Ø g3wKsqs�n;t�fho�jkp7lxgQj�n7law�jk�}wKv��}jkp7l�tW�q ¦grs��h�q�
fho��§p7e�l­g� �g�p7lx�9s��=�hfho�l�j�n�l�Õqv#jkp7fhs�o�g ¸ %�¼[�¤¡OlKs��	lKprn7fhw�jk�}�¬ q�¶p7e�fhg
n7lKi�n7lxgrlxoqp7g¿p7e�l¯i�n7skë�lxwKp7fhs�o�g½sk��p7e�lÉo�sut�l^t�f}g�p;jko�wxlÉ�	l�j�grv�n7lxg
jk�hs�o��­p7e�l���lxw[p7s�n7gIs��{p7e�l��hsqw�j��¶�#j�grfhg}´I�
®�o�s�v�n¦Ã�� À lK��j��	i��hl ¸ ·3fh��v�n7l­È�w�¼[�Eo�sut�l/c��$grs��h��lKg¦j	grf}�	i��hl

�hfho�lxjkn�g� �g�p7lx�9fho¯p��/s¤��j�n7f°jk���hlxgxÚG¢ b j�o�tW¢ c � Ó g¦j�n7lxgrv��¬p��¶p7e�lwKsqs�n;t�fho�jkp7lxg=sk��c � �mlxwxs��	lp¢ b þ ã Q j ¢ c þ ã S ���Ie�lKn7lOã Q n c�e<c ~ j�o#t
ã�S�n c e cX���
3.4 Transition MatrixÖÉlWj��h�hs��Ño�sut�lxg=p7s	j�n7��f¬prn;jkn7fh�¬ §w;e�sqs�grl¦p7e�lxf¬nI�hfh��eqp7e�s�v�grlWo�sut�lxg
¸ �hsqw�jk�{�#jkgrf}g;¼Ii�n7s��uf}t�l�t¤p7e�lK ¤i�n7lxgrlKn7��lWp7e�l¦fho���jkn7f}jkoupAs��Qn7fh��eqp7�¬ 
�%jkfhoup;jkfho�fho��§j¤prn;j�o�grfhp7fhs�o^�%jkprn7f¬�#k��%d/e�l	Õqv�lxg�p7fhs�o¯fhg�e�s��]j
ë�s�fho�fho��¤o�sut�lW�uo�s��IgOjk�ms�v�pAp7e�l����hs��#jk�3�#jkgrfhg�. �If¬p7e�s�v�p��	l�j��
grv�n7fho��	jkou �i�n7s�imlKnrp� ¤�ml[p��/lKlxo¿f¬p7grlx�¬�5j�o�t�p7e�l¦o�sut�lxg=p7e�jkp=��skn7�
grv�w[e�j	��j�grfhgx��d¶s%j�o�g��alKnOp7e�fhg�Õqv�lxg�p7fhs�o¶�#�al$��n7f}o��­p7e�lWf}t�l�j	sk�
ú7÷��7z���´;~�÷�±u|�z�±q|�fhoqp7s­s�v�n=p7lxw;e�o�f}Õqv�l��
®¥���alaw;e#j�o���lap7e�la��j�grfhg{��s�n5jR��lxwKp7skn{gri#jkwxl/õµ����n7s��Ñgrs��	las��}t

��j�grfhg}4³n�üJ*OQ éKþ}þhþhé * � �Wp7s$grs��	l�o�lK���#j�grfhgp4�h+n�ü�*\h Q éxþhþhþhé *\h� �u�p7e�lxo¤p7e�l�s��}t§wKsqs�n;t�fho�jkp7l¦�%jkprn7f¬�½¹ ò¶»�¶)sk�Qj���lxw[p7s�nIòÉfhg=n7lx�}jkp7lxt
p7s¾p7e�l�o�lK� wxsqs�n;t�f}o�jkp7l��%jkprn7f¬��¹ ò1» ¶X· s��Ip7e�l%g7jk�	l���lxwKp7s�n$�q 
p7e�l¦l�Õqv#j�p7f}s�o¶Ú

¹ ò¶» ¶ · n¹¸ � b ¹ ò¶»�¶ ¸ Ä�¼
�Ie�lKn7l$p7e�l$wKs��hv��	o�gAsk�;k�j�n7l$p7e�l�wKsqs�n;t�fho�jkp7l­�%j�prn7f}wKlxgOsk�Çp7e�l
o�lK�Ò��j�grfhg���lxw[p7s�n7gOn7lx�}j�p7f}��l$p7s	p7e�l�s��}t��#j�grfhgx�Ep7e#j�p�fhgx�Ep7e�l�wxs��¬�
v��	o¤��lxwKp7s�n7gIsk�ºk]j�n7l�Ú
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Ó g�j­n7lxgrv��hp��1o�sut�l$à 
 wxs��	i�v�p7lxgOj	prn;jko�grf¬p7fhs�o½�%jkprn7f¬��k]�mlK�
p��/lxlKo�fhp7g��hsqw�j��a�#j�grfhg�2�j�o�tÉp7e�l	���}s��#jk�/�#jkgrf}g¡.��¿d/e�fhg�t�sqlxg
o�s�p{n7l�Õqv�fhn7laj�oq �j�t�t�f¬p7fhs�o�j���t�fhg�p;j�o�wxl/�	l�jkgrv�n7lx�	lxoqp7gx��d/e�l/s�o��¬ 
n7lxÕuv�f¬n7lx�	lxoqpOfhgRp7e#jkpRp7e�l�lxoqprnr ¿ims�fhoupAo�sut�l�à 
 grv�i�i��hfhlxgOlxf¬p7e�lKn
p7e�l¦wxsqs�n;t�fho#jkp7lKgAsk�Y. s�nRf¬p7gIs��IoPkÒprn;jko�grf¬p7fhs�o¾�%j�prn7fh�E�
d/e�l/prn;j�o�grfhp7fhs�o	�%jkprn7f¬��¸Xwxj��hwxv��}j�p7l�t­�q �c\� ¸ ·3fh��v�n7lRÈ�w�¼3wxs�o��

p;jkfho�gIp7e�l¦wxsqskn;t�fho#j�p7lxgOsk�{p7e�l¦�hsqw�j����#j�grfhg�2onÑü�ã Q é ã S ��n7lK�°j�p7fh��l
p7s¾p7e�l����hs��#jk�/�#jkgrfhg�¿$�¯d/e�fhg�fho^��j�wKp$p7e�l%wxsqs�n;t�fho#jkp7lKg�s��Ip7e�l
�hfh��eqp7e�s�v�grlKgap7e#j�pawxs��	ims�grl}´I�ufª� l��h�#ü�c e é c�~ é cX�J�q�5d/e�lKn7lK��s�n7l���c��
t�lx�ufhgrlxgºk?�Ifhp7e$o�skp7e�fho��A�	s�n7lap7e�j�oWp7e�l/fho���s�n7�%j�p7f}s�o�f¬p5j��¬n7l�j�t� 
e�j�gx�
ÖÉl¾lK��imlxwKp�o�sut�lxg%p7sÉn7lK�¥w�j��hwxv��}jkp7l�p7e�lxf¬n�wxsqs�n;t�fho#jkp7lKg¤��n7s��

p7fh�	lRp7s$p7fh�	lOt�v�lRp7s$��n7lxÕuv�lxoqp/o�lKp��as�n7�	p7s�ims��}s��� �w;e#j�o���lxg ¸ fª� l��
jko¾s�i�p7f}wxj��3�hfho��%�=jkgOgreuv�pAt�s��Io#¼[�IÎ�v�w[e§w[e�j�o���lxgAjkn7lWw�j�i�p7v�n7l�t
�q Wp7e�l=o�lKp��as�n7��imlKnr��skn7�%j�o�wxl=�	lKprn7fhwxgQv�grl�t$grv�w;e	j�g{p7e�l=i�n7s�i�jk�
��jkp7fhs�o¿t�lx�}jx q�{®�o%p7e�fhg=w�jkgrl���j$i#j�nrp7fhwxfhi#jkp7fho���o�sut�lOn7lK�¥wxs��	i�v�p7lKg
f¬p7g�wxsqs�n;t�fho#jkp7lKg���s��h�hs��Ifho��½p7e�l­��s�v�n�g�p7lxi�g�j��ms���l��§®¥�/��skn�grs��	l
n7lxj�grs�o1�Çj§�hf}��eqp7e�s�v�grl¤o�sut�l	�mlxwKs��	lxgWv�o�j���jkf}�}jk���hl�t�v�n7fho��¿p7e�fhg
n7l[��wxj��hwxv��}j�p7f}s�o�i�n7sqwxlKgrgx��p7e�l�i#jknrp7fhwxfhi�jkp7fho��¿o�sut�l�p7e�lxoÉw;e�sqs�grlxg
jko¾j��¬p7lKn7o�jkp7l¦�hfh��eqp7e�s�v�grl¦p7s	t�lx�uf}grlAp7e�l�prn;j�o�grf¬p7f}s�o¿�%jkprn7f¬�E�

4. EXPERIMENTAL EVALUATION®�o�p7e�fhg­grlxwKp7fhs�o¶�a�al§i�n7lxgrlxoqp%j�oÊfho�f¬p7f}j��Rjko#j��¬ �grfhg	s��Os�v�n�p7lxw[e��
o�f}Õuv�l��QÖ^l�wKs��	i#j�n7l�t�p7e�lWj�wxwKv�n;j�w[ §sk�5Ï¶fh��eqp7e�s�v�grlWt�lx�}j� ¤lxg�p7f¬�
�%j�p7lxg{jk��j�fho�g�p3p7e�la¡O¢�£¾lxg�p7fh�%jkp7lKgx� Ó wKwxv�n;jkwK q�kf}o¦p7e�f}g�wxs�oqp7lK�up��
fhgQe�s��Êwx�hs�grl/p7e�l/t�fhg�p;j�o�wKl=i�n7l�t�f}w[p7l�t��q Ws�v�n{p7lxw;e�o�f°Õqv�lafhg3p7sAp7e�l
n7lxj��¶t�fhg�p;j�o�wxl��	l�jkgrv�n7l�tE�{®��¶�/l�jkw[e�fhlx��l�e�f}��e¤�hlx��lx�Es��{jkwxwxv�n;j�wK 
p7e�jkpR�	l�jko�g/�/l¦wxj�o¿wxs��	i�v�p7l�j�wKwxv�n;j�p7l�o�sut�l��hsqw�j�p7fhs�o�gx�
d/e�lWt�j�p;j­v�grl�t§fho§p7e�fhgRl[��iml[n7f}�	lKoupa�=j�gIp7e�l�|76h��ú;÷H6{t�j�p;j­grlKp

À â�0{ã�ß3,�-GÁ§ßUÂ¨kRâ�á�â+v½ß�óKß�ákäs�(:v¯ß�à3ä&(�ômà3ä s�(�äxóxâ�à3æ�ß k�á�ô�0Qß�ä À ô#ã�ßuákâ�à3æ�ß
È ´ c ¸ ÍQv�wx�hf}t�l�jkom¼ $ º�Å � � ¸ ¡O¢�£)s�o��¬ �¼
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'p(°Þ+*�á�ßWÄX-�Å�æ�æÆ*�á�â#æHÂ)ô�Ç}2«(°Þ+Z1ó<Z�ô+*3äxß+-�È�â�ã:(�03á�â�ó&(�ômà
wxs��}�hlxw[p7l�t¯�q ¿p7e�l­¡O¢O£Xi�n7skë�lxwKp c �¦®¥p¦wxs�o�grfhg�p7g¦s��5p��/s��%jkprn7fhwxlKg
�If¬p7e?t�lx�}jx ��	l�j�grv�n7lxgx��d/e�l¤ø#³���ú;�¤ö	÷��ª³;zÊÉÊe�s��}t�g�p7e�l���v�p7v#j��
t�fhg�p;jko�wxl­�	lxj�grv�n7lKg¦�mlKp��alxlxo)º<^§i�n7s��mlxgx�	d/e�l­grlxwxs�o#t½�%jkprn7f¬�E�
w�jk�}�hl�tX�¥÷�³©|q�[��ö	÷k�ª³[zÊÉ��awxs�oqp;jkf}o�g�p7e�l¤t�lK�°jx Ê�	l�jkgrv�n7lxg��mlKp��alxlxo87%H^Ap;jkn7��lKp5e�s�g�p7gQj�o#tWp7e�lRº&^Oi�n7s��mlxgx�Qd/e�l=t�lK�°jx ¦�/j�gQ�	l�j�grv�n7l�t
�q �®rÐ=Ù¿£?ÍÇÐ Á | i�j�w;��lKp7gx�
d3jk���hl�ºIgre�s��Ig{p7e�l=��l[ $i�jkn;jk�	lKp7lKn7gQv�grl�t�fho­�ms�p7e­fh�	i��}lK�	lxo��

p;jkp7fhs�o�s���p7e�lxgrl5p��/sRp7lxw;e�o�f}Õqv�lKgx�{d/e�lÇp7s��hlKn;j�o�wxl/i�jkn;j��	l[p7lKn{�=jkg
p7e�l$wxs�ou��l[n7��lxo�wxl�lKnrn7skn¦s��Çp7e�l$�	f}o�fh�	fÊ=xjkp7fhs�o��	lKp7e�sut�v�grl�t��u 
p7e�l¦¡O¢�£)wKsut�l��
d/e�l%g�prn7lxo���p7e^sk�AÏ¶fh��eqp7e�s�v�grl��5jkg$l[��i��hs�n7l�t^fhoÉp7e�l�i�n7lx�ufhs�v�g

grlxwKp7fhs�o�gx��f}g�fhp7g�w�j�i�j���fh�hf¬p� Wsk���as�n7�ufho��I�Ifhp7eW�$v��¬p7fhi��hlÇ�hsqw�jk�u�#j�grlKg
p7e�n7s�v���e?s����hf°Õqv�l¾i�n7s�ë�lxwKp7fhs�o�gx��d�sÉ��j�f¬n7�¬ �wxs��	i#jkn7l§s�v�n	p7lKw[e��
o�f}Õqv�l%p7sÉ¡O¢�£3�{�/l¤�}fh�	f¬p7l�t^p7e�l¤lK��imlKn7fh�	lxoqp$p7s¯j�grf}o����hl¾jko#t
���hs��#j��¶�#jkgrf}gx�
Ö^l�w;e�s�grl½��s�v�n¿jkn7��fhprn;j�nr �i�n7s��mlxg§j��	s�o��^p7e�l�o�fho�lKp7lxlxo�p7s

grlKn7��l¿j�g­p7e�l¤�hf}��eqp7e�s�v�grlxg�j�o�tM�}j�o�t��%j�n7��g�o�sut�lKgx�?ÖGf¬p7e�t�fhg��
p;j�o�wxl��mlKp��/lxlKo���s�v�nIi�n7s��mlxgx��Ï¶fh��eup7e�s�v�grlOwxsut�l�wxs��	i�v�p7l�t%j��}sk�
w�jk�1��j�grfhg/��sknRj$È�� À ��lxw[p7s�n=gri�j�wxl�Ìu�Ie�lKn7l�j�g/p7e�l¦¡O¢O£ÊwKsut�lOwxj��¬�
wxv��°j�p7l�t	j����hs��#j���grs��hv�p7fhs�o%��s�n5p7e�lIt�f}g�p;jko�wxlIlKnrn7skna�	fho�f}�	f>=�j�p7fhs�o
i�n7s����hlx�¿�
Ù§s�n7lKsk��lKn���j�wxs��	�	s�o­�°n;j��	lK�as�n7�­�=jkgan7l�Õqv�f¬n7l�t­p7s�wxs��	i�jkn7l

�ms�p7e¯p7lxw[e�o�f}Õqv�lxgx� Á lxo�wxl��3�al�t�fh�uf°t�l�t¯p7e�l�lK��jk�}v�jkp7fhs�o�fhoÉp��/s
grv����¥i�n7sqwxlxgrgrlKgx�Xd/e�l§¨�n7g�p	s�o�l��=w�jk�h�}lxtÑ´7÷76 z©úK³�÷��ªz©��±��/n7lx�}jkp7lxg	p7s
e�s��]jkwxwxv�n;j�p7l%j�p7lxw;e�o�f}Õuv�l�fhg��Ie�lKoÉwxs��	i�v�p7fho���p7e�l��hsqw�j��Ç�#j��
grfhg ¸ Ï1f}��eqp7e�s�v�grl�¼/s�nRp7e�lW���hs��#j����#j�grfhg ¸ ¡O¢�£Ç¼[� À fhg�p;jko�wxlxgR�	l�j��
grv�n7lKgR�ml[p��/lKlxo¤p7e�l���s�v�nRw[e�s�grlxo¤i�n7s��mlKgI�alKn7l�n7l�Õqv�f¬n7l�t%��sknRp7e�fhg
grv����¥i�n7sqwxlxgrgx�{d/e�lW�²É��ª³�÷[ø��76h÷��ªz©�k±��qp7e�lagrlxwxs�o�t�grv����¥i�n7sqwxlxgrgx��p7lx�h�hg
e�s���j�wxwxv�n;jkp7lRj�p7lxw;e�o�f}Õqv�l=fhg5p7s¦i�n7l�t�f}w[p7f}o���_�lK�uprn;j�ims��}j�p7f}o���t�fhg��
p;j�o�wxl%�	l�j�grv�n7lxgW�mlKp��alxlxo�j�n7��f¬prn;jknr Éo�sut�lxgx�¿®�o^s�n;t�lKnWp7s¾e�lx�hi
p7e�lOwxs��	i�jkn7fhgrs�o§p��/s	jkwxwxv�n;j�wK ¤�	lKprn7fhwxg=�/lKn7l¦v�grl�t1�

c Ù§lxj�grv�n7lK�	lxoqpOt�jkp;j­j���j�fh�}j����}lWj�peqprp7i¶Ú _7_��=�=�=��Ãu� wxgx� wx��v1� l�t�v�_ÆËlxv���lxo�lxo��Æ_�n7lxgrl�j�n7w[e�_k��o�i
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')(�Þ+*�á�ßWÌX-�Å�æ�æÆ*�á�â�æ7Â?ô�Çp2Y(�Þ+ZEó&Z�ô+*3äxß+-/t � óxá�â�å5ô#ã�â�ó&(°ômà
«Rlx�}jkp7fh��l�Í{nrn7s�n�n � Ù§l�jkgrv�n7l�t¡ÍÉÍ5g�p7fh�%jkp7lxt\�

Ù§lxj�grv�n7lxt ¸ ^�¼
«Ajkp7fhs�n ÍQg�p7fh�%jkp7l�t

Ù§lxj�grv�n7lxt ¸ ºxÅ�¼
·�s�n7��v��}j¦ºxÅR��fh��lxg�p7e�l5n;j�p7f}sRs��#j�oWlxg�p7fh�%jkp7lxt¦p7sAj=�	l�j�grv�n7l�tWt�fhg��
p;jko�wxl��{®�t�l�j��h�¬ q��jRwxv�n7��lÇn7lxgrv��hp7fho��O��n7s��Ñp7e�fhg{�	lKprn7fhw/fhgQjA��lKnrp7fhw�j��
�hfho�l¤jkp���n$º�� | o¯p7e�l%s�p7e�lKn�e�j�o�t1�3p7e�l%n7lK�°j�p7fh��l¤l[nrn7s�n$�	lKprn7fhw
¸ ��s�n7�$v��}j¡^�¼/n7lxgrv��hp7gIfhoP=xl[n7s­�Ie�lxo§p7e�l¦lxg�p7fh�%jkp7l�t¤�%jkp7w;e�lxg/p7e�l
�	lxj�grv�n7lxt§t�fhg�p;jko�wxl¦�q �º�Å�ÅÆÎ��
®�oG·3fh��v�n7l^Âq�A�al½i��hs�p�p7e�l¯Ð À ·3g�s��Wp7e�l¾n7lx�}jkp7fh��l�lKnrn7skn¿sk�

Ï1fh��eqp7e�s�v�grlWj�o�t¾¡O¢�£���sknAp7e�l�w�jk�}fh��n;jkp7fhs�o¾grv����¥i�n7sqwxlKgrgx�
Ó g¦�/l%lK��imlxwKp7l�tE�3�mskp7eÉp7lxw;e�o�f}Õqv�lKgWj�w;e�fhlx��l�t¯e�fh��e^�hlx��lx�hg$sk�

jkwxwxv�n;j�wK ��	l�j�grv�n7l�t��q $p7e�lxf¬nQn7lx�}jkp7fh��lIlKnrn7s�n7gx�{ÖÉl=gre�s�v��}t­ims�fhoqp
s�v�p	p7e�jkp	p7e�l§�	l�j�grv�n7l�t?t�f}g�p;jko�wxlKg��ml[p��/lKlxo)p7e�l§��s�v�n�i�n7s��mlxg
gre�s�v��°t��%j�p7w[e)p7e�l½t�fhg�p;j�o�wxlxg¤wxs��	i�v�p7l�tM�u )l�jkw[e�p7lxw;e�o�f}Õuv�l��
d/e�fhg¤i�n7s�imlKnrp� ?t�lKp7lKn7�	fho�lKg­e�s����/lx�h�Rp7e�l§p7lxw;e�o�f}Õuv�l¿w�jko�lK�u�
prn;jkims��}jkp7l§t�fhg�p;j�o�wxl%�	l�j�grv�n7lxgx�½Ï¶fh��eup7e�s�v�grl�i�n7lxgrlxoqp7l�t�jk�}�	s�g�p
p7e�l�g7jk�	l	j���lKn;j���l	j�wKwxv�n;jkwK ½s��I¡O¢O£3�1Üas�p7e½p7lxw[e�o�f}Õqv�lxgOwxs�v��°t
lKg�p7f}�%j�p7l®^H^ÆÎ�s��5p7e�l�t�fhg�p;jko�wxlxgR�If¬p7e�fho½j	n7lK�°j�p7fh��l$l[nrn7s�n�sk�/Åu� Â
sknR�}lKgrgx�
·3fh��v�n7l�%�wxs��	i�jkn7lxgOp7e�l	Ð À ·3g¦sk�/p7e�l�n;jkp7fhs�g¦sk�IÏ¶fh��eup7e�s�v�grl

jko#tÊ¡O¢O£Ñt�lK�°jx Élxg�p7fh�%jkp7lxg¦p7s¿p7e�s�grl%�	l�j�grv�n7l�t1� À lxgri�f¬p7l­p7e�l
��j�wKp�p7e#j�p%p7e�l¿p��asÉp7lxw;e�o�f°Õqv�lxg	i�n7lxgrlKoup7lxt?l�Õqv�fh��j��hlxoqp	n7lxgrv��¬p7gx�
Ï1fh��eqp7e�s�v�grl/�=jkgÇgr�hfh��eqp7�¬ $�mlKprp7lKn{p7e#jko	¡O¢O£½��sknQn;jkp7fhs�g5�hlxgrg{p7e#j�o
º�� | o$p7e�laskp7e�lKnQe�j�o#tE�qÄkÅ�� ÈH$ÆÎ�s��1¡O¢O£½lxg�p7fh�%j�p7lxg3�/lKn7l/�If¬p7e�f}o
j­Ã�Â7Î&l[nrn7s�nI�%jkn7��fho¿j�gIs�i�ims�grlxt�p7s�%H^�� %�º&Î�sk�{Ï1f}��eqp7e�s�v�grl¦lxg��
p7fh�%j�p7lxgx� Ó g5��v�w[e	jkg«$�º�ÎÒs��¶Ï¶fh��eqp7e�s�v�grlAj�o�t%¡O¢�£ÉlKg�p7f}�%j�p7lxg
�alKn7l¦�If¬p7e�fho¾j�o¤lKnrn7s�nRsk�=º�ÅÆÎ%�
·3fho�j��h�¬ q���alasHfEl[n{grs��	l5�#jkw[�q�¥s��°�¥p7e�lK�¥lxou��lx�hs�imlQouv��	l[n7f}wxj��qgrv�i��

imsknrpI��s�nI�Ieq §Ï¶fh��eqp7e�s�v�grl�gre�s�v��°t¤grw�j��hlW�mlKprp7lKn=p7e�j�o�¡O¢O£{�uÖÉl
v�grl�t)fho)s�v�n�lK��imlKn7fh�	lxoqp7g�8H%7^ j º&^^e�s�g�p7gx�XÏ¶fh��eup7e�s�v�grl¾wxs�v��°t
e�j���l­v�grlxt¯jkou ½�hsqw�jk�Ç��j�grfhg¦��n7s��Ôj�wxs��$��fho#j�p7fhs�oÉsk�58H878§e�s�g�p7g
p;jk��lxo�$�jkp�j	p7fh�	l��Efª� l��µÏ ¸²Ð7ÐÆÐ � Ñ{¼[�¦d/e�fhgA �fhlx�}t�g�j%grlx�hlxwKp7fhs�o¯sk�
Ã�Â�ÄkÈ�È�ÄkÅ7%�Å7^�Å¯�#j�grlKg$p7e#j�p$j�ë�s�fho�f}o���o�sut�l	wxj�o�w;e�sqs�grl�jkg�grv�i��
ims�grl�t¤p7s­s�o��¬ ¤s�o�lO���hs���j��3��j�grfhgIsHfElKn7l�t¤�u §¡O¢O£{�
4.1 Discussion¡O¢O£§n7lxi�n7lKgrlxoqp7g¶p7e�lQ¨�n7g�p¶g�p7lxi¦p7sI�	sut�lx�h�hfho��I®�oqp7lKn7o�lKp�t�fhg�p;j�o�wxlxg
�If¬p7e)j½grfho����hl¿wxsqskn;t�fho#j�p7l¿g� �g�p7lx�¿�ÊÏ¶fh��eup7e�s�v�grl¤��v�nrp7e�lKn7g$p7e�fhg
�q �i�n7s�ims�grfho��Xj)g� �g�p7lK� p7e#jkp½w�jko�v�grl��$v��¬p7fhi��hl^wxsqskn;t�fho#j�p7l
g� �g�p7lx�	gx� À lxgri�f¬p7l	p7e�lxf¬n�t�fhgrgrfh�	fh�°j�n7f¬p7f}lKg���skn­grs��h�ufho��¾p7e�l%g7jk�	l

i�n7s����hlx�¿�qf¬pagrlxlx�	gÇp7e�jkpa�ms�p7e%�	lKp7e�sut�g5��j�wxlAgrfh�	f}�}j�nIÕqv�lxg�p7fhs�o�gx�
Î�s��	l¤sk�Op7e�lx� j�n7l¿wxs�o�o�lKwKp7l�t^p7s¯s�o���s�fho��¯�%jkp7e�lK�%jkp7fhw�j��/n7l[�
¨#o�lx�	lxoqp7g¦fho��ms�p7e^�	sut�lx�hgx� | p7e�l[n7g�j�n7l¤jkgrgrsqwxf}jkp7l�t��If¬p7e^p7e�l
i�n7s����hlx�]s��1w;e�sqs�grfho���p7e�lIn7fh��eupao�lKp��/skn7�­imlKnr��skn7�%j�o�wxlI�	lKprn7fhwxgx�
®�oMp7e�fhg	grlxwKp7fhs�o?�/l¿n;jkf}grl¾grs��	l¾Õqv�lxg�p7fhs�o�gx� | v�n­f}oqp7lxoqp7fhs�o)fhg
o�skpIp7s­wxs���lKnIp7e�lA��v��h�¶grimlxwKprn7v���sk�{p7e�lxgrl¦fhgrgrv�lxgA��v�p=p7s	jkgr��n7l[�
grl�j�n7w[e�lKn7g�p7s��hsqs��Êjkp­t�fgfElKn7lxoqp�imlKn7grimlxwKp7fh��lxg�jkp$p7e�fhg�i�n7s����hlx�
gri#jkwxl��Ò§ßuó`]$ô#á i kRßuáJÇ¥ô#áHv¯â�à3æ�ßÊçÑßuóxáJ(�æ�ä7Ó%Î�s%�ªjkn¦�al�e�j���l�s�o��¬ 
lK��imlKn7fh�	lxoqp7l�t§�If¬p7e�®�oqp7lKn7o�lKp�t�lx�}jx �j�g�f¬pOw�j�o½�ml�prn7f}jko���v��}jkp7l�t
¹ Â�»©��ÖGe�jkp	j�n7l¤p7e�l¿j�t�t�f¬p7fhs�o�j��=�	lKprn7fhwxg�p7e#jkp­wxs�v��°t��ml¤v�grl�t�Û
Á s���wxs�v��}t�p7e�lxgrl��	lKprn7fhwxg=�mlOø�³r÷�´K�ªz©´7÷76�6 Ô%�	l�j�grv�n7l�t#Û§®�gA×¬j���j�fh�¬�
j����hl	�#j�o�t��If}t�p7e1Ø¶j¤��l�jkgrfh���hl%�	lKprn7fhw�ÛÑ®��agrs��{wxs�v��}t½�al	w[e�jkn;jkwK�
p7lKn7fhgrlWf¬pRj�gI�/lWt�f}t%�Ifhp7e§o�lKp��/s�n7��t�lx�}j� �Ûs�(�äxóxâ#à3æ�ßÕ'L*�à3æ�ó&(�ô#àYÓ½®�oÉs�v�n$lK��imlKn7fh�	lxoqp7gO�/l	p7lxg�p7lxt¯p7e�l´LÖ®nØ× ? ¦@�Ù b � ý @ ÍÛÚ @ � Ö7Ü b�Ý Ö ��j��	fh�¬ ¿sk�{��v�o�wKp7fhs�o�gx�/ÖGe�lKo¡�Pn
Ã��/l�e#j���l�p7e�l�´ c �#�Ie�f}w;e¾fhgAp7e�l$ÍQv�wK�}f}t�l�j�o½t�fhg�p;jko�wxl��R®�o¾wxs�o��prn;j�g�p��u��s�nO�ÞnÑº����/lAe#j���lAp7e�lW×¬Ù¿j�o�e#j�prp;j�o¶Ø�sknI���hsqw[�%t�fhg�p;j�o�wKl��
Ó t�t�f¬p7fhs�o�j��h�¬ q�<�P§Xº/n7lxgrv��hp7g5fho	jOo�s�o��¥�	lKprn7fhw=t�fhg�p;j�o�wKl/��v�o�wKp7fhs�o
v�grlxt¾�Ie�lKn7l$p7e�l­t�f}g�p;jko�wxlKg¦t�s%o�skp¦s��ml[ ¿p7e�lWprn7f}j�o����hl­fho�l�Õqv#jk�¬�
f¬p� ¯¹ 8k»©�=Ö^l¦��jkn7fhl�t®�¾�°n7s��íÅ�� Å­p7s�%�� Å­fho¾s�v�nAl[��iml[n7f}�	lKoup7gRjko#t
��s�v�o�t%p7e�jkp/p7e�lm´ c ��v�o�wKp7fhs�o�e#jkg/��fh��lKo¤�mlKprp7l[nIt�lx�}jx %lxg�p7fh�%jkp7lKgp7e#jko½j�oq ¾s�p7e�lKnWt�lKn7fh��j�p7f}s�o¯sk�;´LÖ�� Á s��/lK��lKn��Ep7e�l$Õqv�lxg�p7fhs�o½fhgxÚ
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