
���������
	��
������������	������������������ �!�����"�#�$�&%(' �
���*)
�+�,�
- �.���,���0/1��23�����+�

4*57685:93;=<>9@?@A8;CB�5EDGF!B$9H?�IKJHB�9
AML�NO9H?QPRJHB$9H?@AMST5EJVU�<>WYX
B$BOAH<>9MZ[X]\H5_^VJM<

`badcVe
fhgji�adklg�m$n_o,m$i�cqprgjasf�tOudvwadkruda
xKkqvwyza{fj|hv}g�~�m�n
���w�wvwkqm�vw|Ke�g�xKfj�qe$kqe���o,�Ve�i�cVe$vw�$k

x�fj�Ve$kqeO�r�G�3�O���$�O�
�����O���z�z�Y�&�r�
�>���>�������l�$�l�z�Y���O���z�z ��Q��¡O¢z£�¤l�z¢R¥§¦r¨�¦r�R¥���©$¦

ª�«Y¬d­d®
¯V°$­�±³² v}gj��gj�qa�e$´ry$e$kqu{adi�adklg�m$n
µ&¶,µ·t�gja{us�rkqm��wm$��vwad|d�V¸¹v}fjad�wad|h|�kqa{gh�
¸,m$fjº>|�udm$kq|hvw|Gg�m$n_gjvwk>~�|hadkq|hm�f+´ra{yOvwuda{|��qm$�E´&gj�ra*cOfjm�i�vw|ha*m�n,fjady�m��wprgjvwm�krvw»dvwkq�
|hadkr|hvwkq�bvwk³e¹¸¹v7´ra_f¼e$kq�$a!m$nVe$crcq�wvwu�e�gjvwm�kT´rm�i�e�vwkq|��8adude$pq|ha,m$nqgj�radv}f�½Vas¾rvw�rv7�wv}g�~l�
�wm�¸¿udm�|Gg�e�kV´�a�e�|ha�m$n�´radcr�7m�~Oi�adklg�ÀzÁKm�¸!adyzasf��lgj�qabu{m�kq|Gghf¼e�vwkqa�´�udm�i�crprg¼e
gjv7m$k
c8m�¸!asf��$�qe�ghgja{fh~+c8m�¸,a{f���|Ggjm$f¼e$�$a�u�e$cqe$udv}gÂ~.e$kV´+udm$i�i³pqkrvwu�e�gjvwm�k+�qe$kV´>¸¹v7´Ogj�.m$n
gj�ra¹gjvwkl~³´rady>vwudad|]c8m�|ha�us�qe$�w�wadkq�$vwkq�+crfjm$�q�wadi�|
vwkTgj�qa�´rad|hvw�$k�e$kV´�´Oadcq�wm�~Oi�adklg
m�nR|hprus��|G~O|Ggjadi�|dÀ>Ã�e
fj��a{g!�7mlude$�wvw»�e�gjvwm�k�pq|hvwkq�*e$udm$pq|Ggjvwub|hvw�$kVe$�8¸¹v}gj��gjv7kl~*¸¹vwfjas�
�wad|h|
´Oady>v7u{ad|�vw|Ye¹cVe�fhgjvwudpr�7e�fj�}~.´rv}Ä�udpr�}g�g¼e$|hº�´Opqa
gjm�gj�ra,e�i�m�prk>gRm$nr|hvw��kVe��>crfjm$�
uda{|h|hv7kr�Te�kV´�udm�i�crprg¼e
gjv7m$k�vwkOy�m��wyza�´HÀl��kTgj�rv7|,cVe$c8asf��z¸!aKcrfjm
y>vE´Oabe�k�v7kO�Â´radcOgj�
|Ggjpq´O~&m�n_´rad|hvw��krvwkq��|hpqu¼�&¸¹v}fjad�wad|h|�|hadkr|hm$f�kra{g�¸,m$fjº>|Kn:m$fKfja�e$�}�Å¸!m�fj�E´Qe�udm�pr|Ggjv7u
ghf¼e�usº>vwkq��e�cqcq�wvwu�e
gjv7m$kq|dÀ ² a��7ed~lm�pOgbeTu{�7pr|Ggja{fh�§�Ve�|ha�´&e�fju¼�qv}gjadusgjprfja�gjm�e�´r´Ofjad|h|
gj�ra!�wv7i�v}g¼e
gjv7m$kq|]m$nVgj�ra,gjvwkl~+|hadkq|hvwkq�+´Oady>vwudad|dÀ�ÃRm�e$u¼�qvwady�a!a{ÆHadu{gjvwyza,prgjvw�wv7»de�gjvwm�k
m�nYgj�qa�|hu�e
fjuda�¸¹v}fjad�wad|h|K�qe$kq´O¸¹v7´Ogj�@�Ve*Ç>pqe$�wv}g�~>�Â´Ofjvwyzadk�cVe
f¼e�´Ov7�$iÈgjmT|hpqcrcrfjad|h|
fja�´Opqkq´qe$klg,v7kOnÉm�fji�e�gjvwm�k�e$kq´�fjad|hm$�wyzabudm$klgjadklgjv7m$k�vw|!cOfjm�c8m$|ha�´@ÀqÊbkqa�vwkq|Gg¼e�kquda
m�n�gj�qa�ÇlpVe��wvwgÂ~>��´>fjvwyzadk3e$cqcOfjmze�us�3v7|.vwi�cq�wadi�adklgja�´·vwk[gj�ra�e$udm$pq|GgjvwuTghf¼e$u¼º>vwkq�
|G~O|Ggjadi&�V¸¹�ra{fja+gj�qa*Ç>pqe$�wv}g�~�m$n]gj�qa+ghf¼e$u¼ºOvwkr��fja{c8m$fhgj|�u�e�kQ�8a³ÇlpVe�klgjvwËqa�´&k>pr�
i�a{fjvwu�e��w�w~lÀ ² a�´radi�m$kq|Gghf¼e
gja¹gj�ra¹a{ÆHadu{gjvwyzadkrad|h|,m�n@m�prf,crfjm$c8m�|ha�´�e
fjus�rvwgja{u{gjprfja
e�kV´Tcrfjm�gjmludm��w|!pr|hvwkq�+e�|hadkq|hm�f,kra{g�¸,m$fjº.gjad|Ggj�8a�´T�Ve�|ha�´Tm�k�x�o!Ì,a{fjºzad�wa{~³i�vwu�e
i�m�gjad|dÀ
o,m$kq|hv7´ra{fjvwkr��gj�ra�c8a{fhnÉm�fji�e$kqu{a��wvwi�v}g¼e�gjvwm�kr|³m�n�gjvwkl~3|hadkq|hm�f�´ra{yOvwuda{|d�
gj�ra�e$u¼�qvwadyza�´[e$udm$pq|Ggjvwu�g¼e�fj��asg*ghf¼e�usº>vwkq�·e�ududpOf¼e$u{~[v7|+a{¾>ghf¼e�m$f¼´rvwkqe�fjvw�}~���mlm>´HÀ
ÊbpOf&a{¾Oc8a{fjvwi�adklg¼e$�K|GgjpV´>~¿e$�w|hmÍ|h�qm�¸¹|�gj�Ve
g�gj�ra[e�udm�pr|Ggjv7u3g¼e�fj��asg�ghf¼e$u¼º>vwkq�
ÇlpVe��wvwgÂ~�u�e�kÎ�8a�vwkV´Oada�´�i�a�e�|hprfja�´Ïe�kV´�pr|ha�´�gjm3e�|h|hvw|GgTfjad|hm�pOfjuda�e$�w�wmlu�e�gjvwm�k
´Oadudvw|hvwm�kq|dÀ]Ã!�rvw|Te$crcq�wvwu�e�gjvwm$kr�Â´OfjvwyzadkÎ´Oad|hvw��kÎe�kV´�vwi�cq�wadi�adklg¼e
gjv7m$k�a{¾Oa{fjudvw|had|
e��7|hm³|ha{fjyzabgjm.v7´radklgjv}n:~�vwi�c8m$fhg¼e�k>g!e�fja�e�|¹m$n�n:prfhgj�qasf!¸!m�fjº�vwk�vwkr�§kqa{gÂ¸!m�fjº�crfjm$�
uda{|h|hv7kr��e$kq´�udm$i�i³pqkrvwu�e�gjvwm�kr|dÀ

Ð�ÑRÒrÓsÔÎÕMÓ�Ö�×�Ø�Ù U�5:Ú{B�W:B$Û{Û¹Û¼B$9@ÛsNOÚ�9HB�ÜjUKNrÚsÝ�A>Ûs5E9HÝ�ÜsÚ{B�B�Ú{NO\HÜs5:9H?@AO<rÞ
Nr\@ÛjÜ{5:ÞbÜd<>Ú{?OB�Ü�ÜsÚd<OÞdÝqD
5E9H?MAHßq\@<>W:57Üjà[Z8Ú{5EárB�9
AVÚ{B$Z8\H9MZH<>9@Þ�à�Ûs\HâHâHÚ{B$Û{Û¼5:NO9]ã

ä åqæ�ç8èHé�ê*ë.ìRçHíjé�æ

î \HB$WEB�ZÍïVà�ÜsJ@B�5:9@Þ�ÚsB�<OÛs5E9H?�Þ�<Oâ@<>ï@5EW:57Ü{5EB�ÛT<>9@ZÍB�áOB$Ú¼DhZ8B�Þ
W:5E9H5:9H?[Þ
NrÛ¼ÜTN>ðbÞ�NOñ&âH\8Ü{5E9@?[<O9@Z
Þ
NOñ&ñ�\H9H5ÉÞ�<lÜ{5ENr9CZHB�áV5:Þ�B$Û$AYU�5EÚ{B�W:B$Û{ÛT9HB�ÜjUKNrÚsÝ8ÛTÞ
Nr9@Û¼5ÉÛ¼Üs5:9H?�N>ðb<�WÉ<>Ú{?OB�9V\Hñ�ïRB�Ú�NOðKÜ{5E9Và



Û¼B$9@Û¼NrÚ{Û�J@NOWÉZ ÜsJHB¿â@ÚsNrñ�5ÉÛsBCNOð·ÚsB$áONOW:\8Ü{5ENr9H5 � 5E9@? < U�5ÉZ8B¿Úd<>9@?OB=N>ðQ<>â@âHWE5ÉÞ�<>Üs5:NO9ÈZ8NOD
ñ&<O5E9MÛ�Û¼\MÞdJC<rÛ�ï@<lÜsÜsW:B��@B$W:Z=Ûs\HÚ{áOB�5:W:W:<O9@Þ
BrAYñ&<rÞdJH5:9HB&ð§<>5:WE\@ÚsB·Z85É<>?r9HNrÛs5:Û$AYïH5:NOW:NO?r5:Þ$<>W�Z8B
D
ÜsB$Þ
Üs5:NO9
A,JHNrñ�B3Û¼B�Þ
\HÚ{57ÜjàrA_Ûsñ·<>ÚsÜ�Û¼âM<OÞ
B�Û�A]5E9VáOB$9qÜsNOÚ{àÎÜ{Ú{<rÞdÝV5E9H?ÏB�Ü{Þ�� ����ã
	h9�Ûs\HÚsárB�5:WEWÉ<>9MÞ
B
<>âHâHW:5ÉÞ�<lÜ{5ENr9@Û$A�áV5:Ûs\@<OW³<O9@Z <>\MZ85EN�ZH<lÜd<�<>Ú{BÏÜjUbN¿ÝOB$à ÛsNO\@Ú{Þ�B$ÛQNOð�5E9HðÅNOÚ{ñ&<>Üs5:NO9
ã��+5:Ú¼D
ïMNrÚs9HB�
lÛ{<lÜ{B�W:WE5EÜsBQÞ$<>ñ&B�Úd<OÛ�Þ$<>9 B�<OÛs5EW:àÍñ&NO9@57Ü{NOÚ�<ÏU�5ÉZ8B[<>Ú{B$<[U�JH5:WEB�ÜsJHB�Þ�NOW:WEB�Þ�Ü{5ENr9 N>ð
<OÞ
Nr\@Û¼Üs5ÉÞ�5:98ðÅNOÚ{ñ·<lÜ{5ENr9�Þ�<O9�NO9@WEà ïRBÏZ8NO9HB�Þ
W:NrÛsB3ÜsN ÜsJHBÏÛsNO\HÚdÞ
B[Z8\HB[ÜsN ÜsJHB�W:5Eñ&5EÜsB�Z
Z85:Û¼Ü{<O9@Þ
B*N>ð
âHÚ{NOâM<>?r<>Üs5:NO9&N>ð]ÛsNO\@9@Z·5:9QÜsJ@B*<>5:Ú�ã��*ÛK<�ÚsB�Û¼\HWEÜ$AqUbB.Þ
\HÚ{Ú{B�9qÜsW:à&J@<záOB+ñ·<O9qà
B�àOB�Û�5:9�ÜsJHB�Û¼ÝVà ïH\HÜ&9@N>Ü&B�9HNr\H?OJ�B$<>ÚdÛ�NO9¿Ü{JHB[?OÚ{NO\H9@Z
A,ÛsNÍÜ{NCÛsâRB$<>Ý�ã���JH5ÉÛ�ñ&<OÝOB�Û
<OÞ
Nr\@Û¼Üs5ÉÞ�ÜsÚd<OÞdÝV5:9H?�NOð]ñ&NOïH5:W:B.Üd<>Ú{?OB
ÜdÛ�\MÛ¼5:9H?�Üs5:9qàQÛsB�9MÛ¼5:9H?�ZHB�áV5:Þ�B$ÛbáOB$Úsà·<>Ü¼ÜsÚd<OÞ
Üs5:áOBrAq<rÛ
ñ&<rÛsÛs5:áOB�Z8B�â@WENlàVñ&B�9qÜ+N>ð!U�5:ÚsB$WEB�ÛsÛ+ÛsB�9MÛ¼NrÚ{Ûb5:9ÏW:<OÚs?rBT<OÚsB�<&Þ�<>9�âHÚ{NláV5:ZHB³ñ&NrÚsB�<OÞ$Þ
\HÚd<lÜ{B
<>9@Z�Üs5:ñ&B�W:à�5:98ðÅNOÚ{ñ·<lÜ{5ENr9&<OïMNr\8Ü!ÜsJHB.?OB�Nr?OÚd<>âHJ@5:Þ$<>WqWEN8Þ�<>Üs5:NO9�N>ðRÜsJHB+Ü{<>Ú{?OB�Ü{Û$ã���JHB�ï@<rÛ¼5ÉÞ
5:Z8B�<[N>ðb<rÞ
Nr\@ÛjÜ{5:Þ�Ü{Ú{<rÞdÝq5:9H?[5:Û³Ü{NÏZ8B
Ü{B$Þ�Ü�Ü{JHB·W:NVÞ$<lÜ{5ENr9 NOðb<3Ü{<OÚs?rB
ÜTïqàC<>9@<OWEà � 5E9H?3ÜsJ@B
Û¼âRB$Þ�5��MÞ�Þ�\HB$Û�Ûs\@ÞdJ�<OÛ�Z8B$W:<zà3<>9@Z�<>ñ&âHW:5EÜs\@Z8B�Ú{B$Þ�B�5:áOB�ZQïVàQñ�\@W7Ü{5EâHW:B�ÛsB�9@ÛsNOÚdÛ$ã

�³B�9HB$Ú{<OWEW:à[ÛsâRB$<>ÝV5:9H?@AMU�5EÚ{B�W:B$Û{Û.ÛsB�9MÛ¼NrÚ.9HB�ÜjUKNrÚsÝ8Û+Þ�NO9@Ûs5:Û¼Ü*NOð�Üs5:9Và�ÛsB�9MÛ¼NrÚsà[Z8B�áV5ÉÞ
B$Û
Z8B�âHW:NlàOB�Z·5:93<�ÚsB$?O5:NO9·N>ð_5E9qÜsB$ÚsB�ÛjÜ�ã���<OÞdJ3Z8B�áV5ÉÞ
B³J@<OÛKWE5:ñ&57Ü{B$Z3âHÚ{NVÞ�B$Û{Û¼5:9H?�<O9@ZQU�5:Ú{B�W:B$Û{Û
Þ
NOñ&ñ�\H9H5ÉÞ�<lÜ{5ENr9ÏÞ�<>âM<>ïH5:WE5EÜs5:B$Û$A8U�JH5ÉÞdJÏB�9@<OïHW:B�57Ü�Ü{NQ?r<>ÜsJHB$Ú�5E98ðÅNrÚsñ·<>Üs5:NO9[ðÅÚsNrñ Ü{JHB�B�98D
áq5:Ú{NO9Hñ&B�9qÜ¹<>9MZ�ZHB�W:5EárB�Ú�Ü{JH5:Û¹5E98ðÅNrÚsñ·<>Üs5:NO9�ÜsN�<OÞ
Üs\@<>ÜsNrÚ{Û,ðÅNrÚ¹<>âHâHÚ{NOâ@Ús5É<lÜ{B�<rÞ�Ü{5ENr9@Û�ã���J@B
ñ&<��jNOÚ�ÞdJ@<OWEW:B�9H?rB$Ûb5:9[Z8B�Û¼5:?O9�<>9MZ�Z8B$âHWENlàVñ&B�9qÜ�N>ð!Û¼\MÞdJ3U�5:ÚsB$WEB�ÛsÛ�ÛsB�9@ÛsNOÚ�9HB�ÜjUKNrÚsÝ8Ûb<>Ú{B
ÜsJHB·Þ
Nr9@Û¼ÜsÚd<>5:9HB$Z Þ
NOñ&âH\HÜ{<lÜ{5ENr9ÍâRNlUKB$Ú$ARï@<>Ü¼ÜsB$ÚsàÍâMNlUbB�Ú�ARÛ¼ÜsNrÚ{<O?OB�Þ�<>âM<OÞ
5EÜjàÏ<>9@ZCÞ
Nrñ�D
ñ�\H9H5ÉÞ�<>Üs5:NO93ï@<>9@ZHU�5:ZVÜ{J3NOð
ÜsJ@B*Ü{5E9VàQZ8B$áV5:Þ�B$Û$ã��,<>Ú{?OB�ÜKÜ{Ú{<rÞdÝV5E9H?�\@Û¼5:9H?&<OÞ�NO\@Û¼Üs5ÉÞ*Ûs5:?O9@<OW
5:Û+<�â@<OÚ¼Ü{5:Þ�\HWÉ<>Ú�ZH<>\@9rÜ{5E9@?�Üd<OÛsÝ·ðÅNOÚ�Ü{JHBTðÅNOW:W:NlU�5E9H?&Ú{B$<rÛ¼Nr9@Û�A

� �.Þ�NO\@Û¼Üs5ÉÞQÜ{Ú{<rÞdÝV5E9H? 9HB�B�ZHÛ&Þ
NrWEWÉ<>ïRNOÚd<lÜ{5EárB�Þ
Nrñ�ñ�\H9H5ÉÞ�<>Üs5:NO9�
>Þ
NOñ&âH\HÜ{<lÜ{5ENr9�<>ñ&Nr9H?
ñ�\HWEÜs5:âHW:B�ÛsB�9@ÛsNOÚdÛ$ã���JHB�5:98ðÅNOÚ{ñ·<lÜ{5ENr9[?q<lÜ{JHB�Ú{B$Z[ïVà[<�Û¼5:9H?OW:B�ÛsB�9@ÛsNOÚ�5ÉÛ+\MÛ¼\@<OWEW:à[5E98D
Þ
Nrñ�â@WEB�ÜsB�<>9MZ�5:9@<OÞ$Þ
\HÚd<lÜ{BOã

� �.Þ�NO\@Û¼Üs5ÉÞ¹Ü{Ú{<rÞdÝV5E9H?.ÚsB�ßr\@5EÚ{B$Û,<.Ûs5E?r9H5��MÞ�<O9rÜ!<>ñ&NO\@9rÜ!N>ðRÛ¼5:?O9@<OWrâ@ÚsN8Þ
B�ÛsÛs5:9H?.<>9MZ�Þ
Nrñ�D
âH\8Üd<lÜs5:NO9[Ü{N&ZHB
ÜsB�Þ�Ü.<O9@Z[WEN8Þ�<>ÜsB³ÜsJ@B�Û¼Nr\HÚ{Þ�B$ÛbN>ð!5:9rÜ{B�Ú{B$Û¼Ü$ã

� ��JHBQÚ{B�âRNOÚsÜ{Û�?OB�9@B�Úd<lÜsB�ZCïqàÍÜsJHB[Û¼B$9@Ûs5E9H?ÎÞ�NOñ&âRNO9HB$9rÜdÛ�9HB$B$ZCÜ{NÎïMB[Z8B�W:5:áOB�Ú{B$Z Ü{N
ÜsJHB�<rÞ�Ü{\@<lÜ{NOÚdÛK5:9Ï<�Üs5:ñ�B$WEà�ð§<OÛsJH5:NO9
ã��*\8ÜsDGZ@<lÜsB�Z[ÚsB$âMNrÚ¼ÜdÛb<OÚsBTNOð_W:57ÜsÜsW:B�\@ÛsBOã

	h9QÜsJ@5:Û�â@<OâMB$Ú$A8UbB³âHÚsNláV5ÉZ8B*<O935:98DhZ8B�âHÜsJ�ÛjÜ{\@Z8àQNOð
ÜsJHB�� Ö! #"�$&%GÓ' (%*)8Ö{Ó � Ñ�Ò ��+ ,�- Ö.$&%&"�/
×0$1 2$ÉØdØ')@Ó
Ø 5E9=<>âHâ@WEàV5:9H?�9HB
ÜjUbNOÚ{Ý8Û.NOð %3$ Ñ54 U�5:ÚsB$WEB�ÛsÛTÛsB�9@ÛsNOÚdÛ*ÜsN�ÚsB�<>WED�UbNOÚ{WÉZÎ<OÞ�NO\@Û¼Üs5ÉÞ
ÜsÚd<OÞdÝV5E9@?*<>â@âHWE5ÉÞ�<>Üs5:NO9@Û$ã Õ6"HÓ �  - )VØ.%3$1 �Ø.$ , Ñ ��+�7 Ö -  dÓ�ØdØ.$ Ñ , %hÓ# '"VÑ�$18�)@Ó
Ø9)VØ
ÓdÒ: � Ñ<;dÓ=8()�$&%GÓ
Ø'$ × 7�+ $ÉØ'%3$1 �>]ÑRÓ(?zÓ�Ö.%@"HÓ + Ó�ØdØ'>A$&% 7 Ö - ?B$§ÒOÓ
Ø �  - Ñ5%hÓ{ÔC%�D - Ö - )8Ö�ÖsÓ
Ø�Ó � Ö! '" ã�	h9�<rZHZ85EÜs5:NO9
Az5:9�Ü{JH5:Û
â@<>âRB�Ú�AVUKBTNO9@WEàQZ8B�<>W�U�5EÜsJ3ÜsÚd<OÞdÝV5E9@? $ × 7 ) + Ø.$&?lÓ <rÞ
NO\MÛjÜ{5:Þ³Û¼5:?O9M<>WÉÛ�AVÛ¼\MÞdJ3<OÛKðÅNVN>Ü+Û¼ÜsB$â@Û�A
Û¼9H5:âRB�Ú*ÛsJHNOÜ{Û+B�Ü{ÞOã�E+NlUbB�árB�Ú�AVÜsJHB�9HB
ÜjUbNOÚ{ÝV5E9@?&<rÛ¼âRB$Þ
Ü.N>ð!Ü{JHB�Ûsà8ÛjÜ{B�ñ 5:Û*<>âHâHW:5ÉÞ�<>ï@WEBTÜ{N
<>9Và·ÜjàVâMB�NOð]Üd<>Ú{?OB
Ü�W:N8Þ�<>W:5 � <lÜ{5ENr9
ã

��JHBQNláOB$Ú{<OWEW¹Ûsà8ÛjÜ{B�ñ�<>ÚdÞdJH5EÜsB�Þ�Üs\@ÚsBQÞ�NO9@Ûs5:Û¼Ü{Û�N>ð�ÜjUbNÍÛ¼B$W7ð DhÞ
Nr9qÜ{<>5:9HB�ZCÞ�NOñ&âRNO9HB$9rÜdÛ�A
ÜsJHBC<OÞ
Nr\@Û¼Üs5ÉÞ�Ü{<OÚs?rB
ÜQÜ{Ú{<rÞdÝq5:9H?¿Ûs\Hï@Ûsà8ÛjÜ{B�ñ�A�U�JH5ÉÞdJ Z8B�<>WÉÛQU�5EÜsJ Ü{JHB ZHB
ÜsB�Þ�Ü{5ENr9
AKâ@ÚsNOD
Þ
B$Û{Ûs5E9H?Q<O9@Z[ÜsÚ{5É<>9H?r\HW:<>Üs5:NO9�N>ð¹5:ñ&âH\HWÉÛ¼5:áOB�<OÞ
Nr\@Û¼Üs5ÉÞ�Û¼5:?O9@<OW:ÛGF@<O9@Z[ÜsJHB�Þ
Nrñ�ñ�\H9H5ÉÞ�<>Üs5:NO9
Û¼\HïMÛ¼à8Û¼ÜsB�ñ�A>U�J@5:ÞdJ&5ÉÛ¹Ú{B$ÛsâMNr9@Û¼5:ïHW:BbðÅNOÚ¹Ú{B�âRNOÚsÜs5:9H?TJH5:?OJ·ßq\@<>W:57Üjà�ÜsÚd<OÞdÝV5:9H?TÚsB�Û¼\HWEÜ{Û,Ü{N�ÜsJ@B
ZH<lÜd<�Ûs5E9HÝ&5:9�<�Ü{5Eñ&B$WEà&ð§<rÛ¼JH5:NO9]ã��_N�<OZ@Z8ÚsB�ÛsÛ¹ÜsJHB³W:5Eñ&5EÜsB$Z3Þ
Nrñ�â@\8Ü{<>Üs5:NO9@<OWM<>9MZ·ï@<lÜsÜsB$Úsà
âMNlUbB�Ú�N>ð.U�5:Ú{B�W:B$Û{Û�ÛsB�9@ÛsNOÚ&Z8B�áV5ÉÞ
B�Û�A,UKB[NOÚ{?r<O9H5 � B�ÛsB�9@ÛsNOÚdÛ�5:9qÜsN=Þ
W:\@Û¼ÜsB�ÚdÛ$ã!^VB$9@ÛsNOÚdÛ�5:9
B$<OÞdJ�Þ
W:\@ÛjÜ{B�Ú�Þ
NVNOÚdZ85:9@<lÜ{BQ5E9 Û¼B$9@Ûs5E9H?C<>9@Z�Þ
NOñ&ñ�\H9H5ÉÞ�<lÜ{5ENr9=ÜsN âMB$Ú¼ðÅNrÚsñ1ÜsJ@B[ÛsB�9@Ûs5:9H?
Ü{<OÛsÝ�ã��_N�ZHB$<>WRU�5EÜsJ·Ü{JHB*5:9@<rÞ�Þ
\@Ú{<rÞ
à�5E9Qñ&B�<OÛs\HÚsB$ñ&B�9qÜb<O9@Z·\H9HÚ{B�W:5É<>ïH5:WE5EÜjà�ÜjàVâH5:Þ$<>WMU�57Ü{J
WENlU�DGB�9@Z�Z8B$áV5:Þ�B�5E9ÏÚ{B�ñ&N>Ü{B�NOÚ+J@NrÛ¼Üs5:WEB�B$9qáV5:ÚsNr9Hñ&B�9qÜ$A@UKB�B�6Vâ@WENrÚsBTÜ{JHB�Ú{B$Z8\H9MZH<>9@Þ�à�5:9



<�W:<OÚs?rB�9V\Hñ�ïRB�ÚKN>ð
Û¼B$9@ÛsNOÚdÛ,ÜsN�Nrï8Ü{<O5E9·ñ&NOÚ{B+Ú{NOïH\MÛjÜ¹Ú{B$Ûs\HWEÜ{Û$ã��_N�<OÞdJH5:B�árB�B���B$Þ
Üs5:áOB+\8Ü{57D
WE5 � <>Üs5:NO9·N>ð�Ü{JHB*Û{Þ�<OÚ{Þ�B�U�5EÚ{B�W:B$Û{Û�ï@<O9@Z8U�5ÉZVÜsJ
AV<�ßq\@<>W:5EÜjàrDhZ8Ú{5EárB�9·Û{ÞdJHB�ñ&B+5ÉÛ¹âHÚ{NOâRNrÛsB$Z�Ü{N
Û¼\Hâ@âHÚsB�ÛsÛ¹ÚsB�Z8\H9@ZH<O9qÜ�ZH<lÜd<�<>9@Z�Ú{B$ÛsNOW:áOB�ÞdJ@<O9H9HB�WRÞ
Nr9rÜ{B�9qÜs5:NO9]ãC��JHB+9HNlárB�WEÜjà�N>ð
ßq\@<OWE5EÜjàqD
Z8Ús5:áOB$9 ÛsÞdJHB$ñ&B·5:ÛTÜ{J@<lÜ�5EÜ�<O5Eñ·ÛTÜ{NÏ5E9@Þ�ÚsB�<OÛsB�ÜsJHB��MNlU NOðb5:98ðÅNOÚ{ñ·<lÜ{5ENr9=<rÛ�Þ
Nrñ�âM<>Ú{B$Z
ÜsNQÚd<zU ï@57ÜdÛ�ãA�*9HB�5:9@ÛjÜd<>9@Þ�B�N>ð!Ü{JHB�ßq\@<>W:5EÜjàrDhZ8Ú{5EárB�9Ï<>â@âHÚsNq<OÞdJ[5:Û.5Eñ&âHW:B�ñ&B$9rÜ{B$Z�5:9ÎNO\@Ú
ÜsB$Û¼ÜsïRB$Z
AHU�JHB�Ú{BTÜsJ@BTßq\@<OWE5EÜjà�NOð]Ü{JHB�<OÞ�NO\@Û¼Üs5ÉÞ*ÜsÚd<OÞdÝV5E9@?�Ú{B�âRNOÚsÜ{Û�Þ�<O9�ïMB�ßq\@<O9rÜ{5��MB$ZYã
; B³Z8B�ñ&NO9MÛjÜ{Ú{<>ÜsB+Ü{JHB.B��RB�Þ�Ü{5EárB�9HB�ÛsÛKN>ð
Nr\HÚKâ@ÚsNrâMNqÛ¼B�Z·<>ÚdÞdJH57Ü{B$Þ
Üs\HÚ{B.<>9MZ·âHÚ{N>ÜsN8Þ�NOWÉÛ

\@Û¼5:9H?Ï<[Û¼B$9@Û¼NrÚT9HB
ÜjUbNOÚ{Ý[ÜsB$Û¼ÜsïRB$Z=Þ�NO9@Ûs5:Û¼Üs5:9H?�<�9V\Hñ�ïMB$Ú�N>ð��³I��bB�Ú{ÝOB$WEB$à[ñ&5ÉÞ�<[ñ&N>Ü{B
Û¼B$9@Û¼NrÚ�9HN8Z8B$Û�<O9@Z&<³ðÅB�U âRÞ 

	���
TÛ¼5:9H?OW:B�ïRNr<>ÚdZ�Þ
NOñ&âH\HÜsB�ÚdÛ$ã�	h9·NO\HÚ�B�6VâRB�Ú{5:ñ�B$9qÜ{Û$AlU�57Ü{J
<>9=<OÞ
Nr\@Û¼Üs5ÉÞ�ÛsB�9@ÛsNOÚ�Z8B$9@Ûs57Üjà N>ð�����	�������������A
UbB&Þ$<>9CWEN8Þ$<lÜsB&<�Û¼Nr\H9@ZCÛ¼Nr\HÚdÞ
B�U�57Ü{J=<O9
<záOB�Úd<>?rB¹B�Ú{Ú{NOÚ]NOð�	��@ã �*5:9@ÞdJHB$Û$Al<>ñ&NO9@?.U�JH5ÉÞdJ ���"! N>ð@ÜsJHB�B�Ú{Ú{NOÚdÛ]<>Ú{BbWEB�ÛsÛ_ÜsJM<>9 �*5:9@ÞdJHB$Û
<>9@Z#
��Hã ��! N>ð8ÜsJ@B�B�Ú{Ú{NOÚdÛ
<>Ú{B¹W:B$Û{ÛYÜsJM<>9%$�5:9@ÞdJHB�Û�ã��*\HÚ_B
68âMB$Ús5:ñ&B�9qÜ{<OWrÛ¼Üs\@ZHàTÛsJHNlU+Û
ÜsJ@<>Ü
ÜsJHB�ZH<lÜd<Qßq\@<>W:57Üjà[Þ�<O9ÏïMB�5E9@ZHB�B$ZÎñ�B�<OÛs\HÚ{B$Z�<>9@Z�\MÛ¼B�Z�ÜsN�<rÛsÛs5ÉÛjÜ.Ú{B$ÛsNO\@Ú{Þ�BT<OWEW:N8Þ�<>Üs5:NO9
Z8B$Þ�5:Ûs5ENr9@Û$ã ��JH5ÉÛ3<OâHâHW:5:Þ$<lÜ{5ENr98D�NrÚs5:B�9qÜ{B$Z Z8B$Ûs5:?O9 <>9MZ 5Eñ&âHW:B�ñ&B$9rÜd<lÜ{5ENr9 B
68B�ÚdÞ
5ÉÛsB$ÛQ<OW:ÛsN
Û¼B$ÚsárB�ÜsN*5:Z8B$9qÜs5EðÅà�<>9@Z�âHÚsNláV5ÉZ8B¹5:9@Ûs5E?rJrÜdÛ
Ü{N.5:ñ&âMNrÚ¼Üd<>9qÜ,<OÚsB�<OÛ
5:9�5:98DG9HB
ÜjUbNOÚ{Ý.â@ÚsN8Þ
B�ÛsÛs5:9H?
<>9@Z[Þ
Nrñ�ñ�\H9H5ÉÞ�<>Üs5:NO9@Û$ã

��JHBTNOÚ{?r<>9@5 � <lÜs5:NO93N>ð_ÜsJH5ÉÛ�â@<OâMB$Ú�5:Û+<rÛbðÅNOW:WENlU+Û$ã���ð Ü{B�Ú�Ü{JHB�5:9rÜ{ÚsN8Z8\MÞ�ÜsNrÚsà·âM<>ÚsÜ$A8UbB
?O5:áOB�<·ïHÚ{5:B
ð¹NláOB$ÚsáV5:B�U N>ð�J@<>ÚdZ8U�<>Ú{B�Þ
NO9MÛjÜ{Ú{<O5E9qÜ{Û.<>9@Z[Ü{JHB�Ûsà8ÛjÜ{B�ñ <>ÚdÞdJH57Ü{B$Þ
Üs\HÚ{BOãM^8B$Þ�D
Üs5:NO9&��âHÚsB�Û¼B$9qÜ{Û�Ü{JHBTZ8B$Ûs5E?r9�<>9MZ·5Eñ&âHW:B�ñ&B$9rÜd<lÜ{5ENr9QN>ðYÜ{5Eñ&BTÛ¼àV9@ÞdJHÚ{NO9@5 � <lÜs5:NO9]AO<OÞ�NO\@Û¼Üs5ÉÞ
Û¼5:?O9@<OW]âHÚ{N8Þ
B�ÛsÛs5E9@?Q<>9@Z[Ü{Ús5É<>9H?r\HWÉ<lÜs5:NO9[ðÅNrÚ³<rÞ
NO\MÛjÜ{5:Þ³Üd<>Ú{?OB
Ü.ÜsÚd<OÞdÝV5E9@?@ã�	h9 ^8B$Þ�Ü{5ENr9'
@AR<
ßr\M<>W:57ÜjàqDhZ8Ús5:áOB$9 5:98DG9HB
ÜjUbNOÚ{Ý Ûs5:?O9@<OW¹âHÚ{NVÞ�B$Û{Û¼5:9H?Î<O9@Z=Þ
NOñ&ñ�\H9H5ÉÞ�<lÜ{5ENr9¿ÛsÞdJ@B�ñ&B&ðÅNOÚ�ÚsB�D
Z8\H9@ZH<O9@Þ
à�Û¼\Hâ@âHÚsB�ÛsÛs5:NO9�<O9@Z Þ
Nr9rÜ{B�9qÜs5:NO9�ÚsB�Û¼NrWE\HÜs5:NO9 5:Û&âHÚ{NOâRNrÛsB$Z
A_Ü{NO?rB
ÜsJ@B�Ú·U�5EÜsJ <
9HNláOB$W�ñ�\HWEÜs5ED�âM<>Ú{B�9qÜ�Û¼5:9HÝqD�ÜsÚ{B�B�ÚsNr\8Üs5:9H? <>W:?ONrÚs5EÜsJ@ñ[ã 	h9 ^8B$Þ�Ü{5ENr9(�8A¹UbBÏB�ál<>W:\@<>ÜsB�ÜsJ@B
âHÚsNrâMNqÛ¼B�ZÎ<>ÚdÞdJH5EÜsB�Þ�Üs\@ÚsB�<>9@Z <>W:?ONOÚ{5EÜsJHñ·Û*\@Û¼5:9H?�<3ÛsB�9MÛ¼NrÚ*9HB�ÜjUKNrÚsÝ[Ü{B$Û¼ÜsïRB$ZC<>9@Z Þ
NO9HD
Þ
W:\@Z8BTÜsJ@B�â@<>âRB�Ú�5:9Î^VB$Þ
Üs5:NO9)$&U�57Ü{J�<�W:5:Û¼Ü+N>ð_ðÅ\8Üs\@ÚsB�UbNOÚ{Ý�ã

* +�,.-rç0/�1 2435/]è03+í�/76

879;: <'=�>@?%ACB�D�=
EGFIHJBK=�L;=
M�M�NO=
PQM�ACBSRT="UOH;V�=
�.Û!ÛjÜd<lÜ{B$Z�5:9·^VB$Þ
Üs5:NO9&	rAzNO\HÚ,ñ&5:Û{Û¼5:NO9�5:Û_Ü{N*5:ñ&âHWEB$ñ&B�9qÜ¹<OÞ
Nr\@Û¼Üs5ÉÞ�Ü{<OÚs?rB
Ü,ÜsÚd<OÞdÝV5:9H?+\@Ûs5E9@?
9HB
ÜjUbNOÚ{ÝOB�Z�ÛsB�9@ÛsNOÚdÛ�ã�	h9ÏZ8B�Û¼5:?O9H5:9H?&NO\@Ú�Ûsà8ÛjÜ{B�ñ�AHUbB³ð§<OÞ
B³Ü{JHBTðÅNOW:WENlU�5:9H?·ÞdJ@<OWEW:B�9H?rB$Û�W
	Oã�X
5:ñ&57Ü{B$Z�J@<OÚ{ZHUb<OÚsB�Þ�<Oâ@<>ï@5EW:57ÜjàYXÅ5:9�ÜsB$Úsñ·ÛYNOðMIbF5�[Z 	jFb^�A$Û{<>ñ&âHW:5:9H?+Úd<lÜsBrA
âHÚ{NO?rÚ{<Oñ
<>9@Z�ZH<>Ü{<�ñ&B�ñ&NOÚ{àOA8U�5:Ú{B�W:B$Û{ÛKïM<>9@Z8U�5ÉZVÜ{J[B�Ü{ÞOã \�F

�8ã �¹Ú{ÚsNrÚ¼D�<>9@Z�ð§<>5:W:\HÚsB�D�â@ÚsNr9HB�9HB�ÛsÛ�XÅBrã ?MãEAlZ8\@BKÜ{N³ÜsJHB�W:NlU�Ûs<Oñ&âHWE5:9H?³Ú{<>ÜsB�<>9@Z�W:NlU�Ûs<Oñ�D
âHW:5E9H?3<OÞ�Þ�\HÚd<OÞ
àrA8WENqÛsÛ�NOð�5E9qÜsB$ÚsÚ{\Hâ8Ü+B$áOB$9rÜdÛ�A@âMNlUbB�Ú+Þ�NO9@Û¼ÜsÚd<>5:9qÜ{Û$AHâHJVà8Û¼5ÉÞ�<OW
ZH<>ñ·<>?rB
B
ÜdÞ>ã]\.F

�Hã.^.5�_QÞ
\HWEÜjà�5:9�âHÚ{NO?OÚd<>ñ&ñ&5:9H?�<O9@Z[Z8B�ïH\@?O?O5:9H?&B�ñ�ïMB�ZHZ8B�Z[Ûsà8ÛjÜ{B�ñ·Û$ã
��JHBKÛsâMB�Þ
5��MÞ¹JM<>ÚdZ8Ub<OÚsB�UbB�\MÛ¼BK5:Û ×0$1 � × - %hÓ A�Z8B$áOB$WENrâMB�Z�ïVà`�TIa�bB�Ú{ÝOB�W:B�à � � �A�b	�
��Gã

ZÏ5:Þ$<�ñ&NOÜsB�\@Û¼B�Û+Ü{JHB ����ñ�B$?r<�	����rX ñ&5:Þ�ÚsNODGÞ�NO9qÜsÚ{NOW:W:B�Ú � ����U�5EÜsJ <c
"Z E � IbF5� Þ�à8Þ
W:B
ðÅÚsB�ßr\@B�9@Þ�à&<O9@Z�<%
rS#� ZH<>Ü{<�L=�dZ ã���JHB³U�5EÚ{B�W:B$Û{ÛK9HB
ÜjUbNOÚ{ÝV5E9H?�J@<>ÚdZ8U�<>Ú{B+Þ
NOñ&âRNO9HB$9qÜ
NO9�ÜsJHB�ñ&5:Þ$<Cñ�NOÜsB�Û&5:Û�ÜsJ@BÎL î Z ��L#	����"�ÍÚd<OZ85:NÎÜ{Ú{<O9@Û{Þ
B�5:áOB$Ú<�]eB�GA�U�JH5ÉÞdJ�NrâMB$Ú{<>ÜsB�Û
<lÜ³ÜsJHB&\H9H5Éßq\HB&Ú{<rZ85:NQðÅÚ{B$ßq\HB�9MÞ
àÏN>ð�fg	�$@ã ��Z E � ã�	GÜ�Þ�<O9 <rÞdJH5EB$áOB�<�ñ·<l685:ñ·<>W�<>âHâ@WE5ÉÞ�<>D
Üs5:NO9ÍWÉ<zàOB$Ú.Ü{JHÚ{NO\H?rJHâH\8ÜTN>ð�<>âHâHÚ{Nz685Eñ·<>ÜsB�W:à'�����"�bàrÜ{B$Û.
lÛsB$Þ���	�����ã6��JHB·<OÞ�NO\@Û¼Üs5ÉÞ�ÛsB�9MÛ¼NrÚ



ñ�N8Z8\@WEB NO9 ñ&5:Þ$<¿ñ&N>Ü{BÍÞ�<O9 <lÜ[ñ�NqÛjÜ3ÚsB�<OÞdJ <¿Û¼Ü{<OïHWEB Ûs<Oñ�â@WE5:9H?¿Úd<lÜ{BÎN>ð#
OÝ�E � ã9�
Þ
NOñ&âRNO9HB$9qÜ¼DGï@<OÛsB$Z �T^�� ��5E9Và5�T^ � � ��5ÉÛT\@Û¼B�ZÍ<rÛ.Ü{JHB·Û¼NOð ÜjUb<OÚsB�Û¼à8Û¼ÜsB$ñ�<>ÚdÞdJH57Ü{B$Þ
Üs\HÚ{B
ðÅNOÚ�ñ·<>9H5:âH\HWÉ<lÜ{5E9@?�ñ&NOÜsB$Û$ã

�.Û³U�5EW:W�ïRB$Þ
Nrñ&B�Þ�WEB�<>Ú{B�Ú³W:<>ÜsB�Ú³NO9]AMÜ{JHB&J@<>ÚdZ8U�<>Ú{B�Þ�<Oâ@<>ï@5EW:57ÜjàÏ5ÉÛ³áOB$Úsà�W:5Eñ&5EÜsB$Z ðÅNrÚ
ZH<lÜd<lDhÞ
B�9qÜ{Ús5ÉÞ>A8Þ
Nrñ&âH\8Ü{<>Üs5:NO9@<OW7DG5:9rÜ{B�9@Ûs5:áOBT<OÞ
Nr\@Û¼Üs5ÉÞ.Ü{Ú{<rÞdÝV5E9H?&<>â@âHWE5ÉÞ�<>Üs5:NO9@Û$ã

879 8 N � M�>�=����SBKV�� HJ>�=
V�>
	�BK=
^.\HB+ÜsN�Ü{JHB.<lðÅNrÚsB$ñ&B�9qÜs5:NO9HB�Z�JM<>ÚdZ8Ub<OÚsB�<O9@Z&Û¼NOð ÜjUb<OÚsB�W:5Eñ&5EÜ{<lÜ{5ENr9·N>ð�Üs5:9Và�ZHB�áV5:Þ�B$Û$A>NO\@Ú
Û¼à8Û¼ÜsB�ñ <>ÚdÞdJH57Ü{B$Þ
Üs\HÚ{B[ZHB$Ûs5E?r9�J@<rÛ�ÜsNCÜ{<OÝOB�B
6VÜ{Ú{<CÞ�<OÚsB[NO9�ÜsJHBÎ<OâHâHW:5:Þ$<lÜ{5ENr9�Ú{B$ßq\H5:ÚsB�D
ñ�B$9qÜ$AH<zál<>5:W:<OïH5:WE5EÜjàOAqÚsNrïH\@Û¼Üs9HB�ÛsÛ�<O9@ZQñ·<>9M<>?OB�<>ïH5:W:57Üjàrãr;CB�<OZ8Nrâ8ÜKÜ{JHB³ðÅNOW:WENlU�5:9H?�Z8B$Ûs5E?r9
âHJH5:WENqÛ¼NrâHJH5:B$Û$Ar5 \KB
68âHW:NOÚ{5E9H?�ÜsJHBTÚ{B$Z8\@9@ZH<>9MÞ
à&5E93W:<OÚs?rB.9V\Hñ�ïMB$ÚbNOð_ÛsB�9@Ûs5E9@?�Z8B$áV5:Þ�B$Û$Aq5:5 \
Z85EáV5ÉZ8B
Dh<>9MZVDGÞ�NO9@ßq\HB$Ús5:9H?Î<rÞ
NO\MÛjÜ{5:Þ�Ü{Ú{<rÞdÝq5:9H?�Üd<OÛsÝVÛ�ïVà=Þ$<>Ú{ÚsàV5:9H?�NO\8Ü�ÚsNrWEB3Z85b��B�Ú{B�9qÜ{5:<>D
Üs5:NO9
A
<O9@ZÍ5:5:5 \*Üd<>Ú{?OB
Ü{5E9@?�ðÅNrÚ³B��RB�Þ�Ü{5EárB·\8Üs5:WE5 � <>Üs5:NO9CN>ðbWE5:ñ&57Ü{B$ZCÚsB�Û¼Nr\HÚdÞ
B$Û*Úd<lÜsJ@B�Ú³ÜsJ@<O9
9HNOñ&5:9@<>W
\HÜs5:WE5 � <>Üs5:NO9
ãRL�B$Z8\@9@ZH<>9MÞ
à�5ÉÛ.ZHB$Ûs5EÚd<>ïHW:BT9HN>Ü+Nr9HW:à�ðÅNrÚ�ÜsJHB�â@\HÚsâRNrÛsB�N>ð�ïRB
ÜsÜsB�Ú
<záz<O5EWÉ<>ï@5EW:57Üjà X ÜsNÎÞ�NO\H9qÜ{B�Úd<OÞ�ÜTÜ{JHB·5Eñ&â@<rÞ�Ü�NOðbJH5:?OJ Z8B$áV5:Þ�B&ð§<>5:WE\HÚ{B&Ú{<>ÜsB�\�A
ïH\HÜ�<>WÉÛ¼N[ðÅNrÚ
ÜsJHB�âH\HÚ{âMNqÛ¼B�N>ð�ÚsNrïH\@Û¼Üs9HB�ÛsÛ$ãML+B$Z8\H9MZH<>9qÜ³Z@<lÜ{<3Þ�<O9ÎÛjÜd<lÜs5ÉÛ¼Üs5ÉÞ�<>W:W:à3ñ&5EÜs5:?r<lÜ{B�Ü{JHB�9HB$?r<>D
Üs5:áOBT5Eñ&â@<rÞ�Ü+NOð_B�Ú{Ú{NOÚdÛ�ãVL�NOW:B�Z85��RB$ÚsB$9rÜ{5:<>Üs5:NO9�Û¼â@WE5EÜ{Û�Ü{JHB�Þ
Nrñ&âHWEB�6�9@<>Üs5:NO9@<OWE5EÜs5:B$ÛbN>ð,ÜsJ@B
B�9qÜs5:ÚsB[Û¼à8Û¼ÜsB$ñ15:9qÜsNCÛ¼\HïHDÂÜd<OÛsÝVÛ�ÜsJM<lÜ�<OÚsB[<K��NOÚdZH<>ï@WEB�<O9@Z ñ·<>9M<>?OB�<>ïHW:B·ðÅNrÚ�B�<OÞdJ NO9@B
N>ð]Ü{JHB³Üs5:9Và�Z8B�áV5ÉÞ
B�Û�ã�	h9@Þ�ÚsB�<OÛs5E9H? Ó��.Ó' �%3$&?zÓ Ú{B$ÛsNO\@Ú{Þ�B.\8Ü{5EW:5 � <lÜ{5ENr93ñ·<>ÝrB$Ûb\@ÛsB*NOð_W:5Eñ&5EÜsB�Z
ÚsB�Û¼Nr\HÚ{Þ�B$ÛKÜsN&ïRB
ÜsÜsB�Ú*Û¼B$ÚsárB.Ü{JHB�<>âHâ@WE5ÉÞ�<>Üs5:NO9[ÚsB�ßr\@5EÚ{B�ñ&B�9qÜdÛ�ã
^VâMB�Þ
5��MÞ�<OWEW:àOA�UbB·Z85EáV5ÉZ8B�ÜsJHB&NlárB�Úd<>W:W,Ûsà8ÛjÜ{B�ñ05:9rÜ{N[ÜjUKN�Û¼\@ï@Û¼à8Û¼ÜsB$ñ&Û�WRÜsJHB �  - )VØ.%*$1 

% � Ö , Ó(% %�Ö �  �
�$ Ñ , Ø.)5;�Ø.4zØ.%hÓ
× <O9@ZQÜ{JHB  - ×�×0)8Ñ�$1 � %3$ - ÑÎØ.)5;
Ø.4zØ'%hÓ�× ã

�  - )VØ.%3$1 % � Ö , Ó(% %ÂÖ �  �
�$ Ñ , Ø.)5;
Ø'4zØ.%hÓ
×�� ��J@B.<OÞ�NO\@Û¼Üs5ÉÞKÜ{<>Ú{?OB�Ü!ÜsÚd<OÞdÝV5E9@?TÛs\Hï@Ûsà8ÛjÜ{B�ñ#Þ
NO9HD
Û¼5ÉÛjÜdÛ�N>ðYñ�\HW7Ü{5Eâ@WEB Ø�Ó�ÑHØ - Ö.4  + )VØ.%hÓ
ÖdØ ã�� Û¼B$9@ÛsNOÚ{à�Þ
W:\@ÛjÜ{B�ÚK5:Û!Ü{JHB+âHÚ{5:ñ&<OÚsà�\H9H5EÜ�ðÅNOÚ¹ÜsÚd<OÞdÝqD
5E9H?ÎÜsJHB3WEN8Þ�<>Üs5:NO9@Û�N>ð.<rÞ
NO\MÛjÜ{5:Þ�Üd<>Ú{?OB
ÜdÛ�ã 	GÜ�J@<rÛ�<  + )VØ.%hÓ
Ö "@Ó � Ò <O9@Z¿ÛsB�árB�Úd<>W Ø +�� ?zÓ�Ö.4
�  - )VØ.%3$1 �Ø
Ó�ÑHØ - ÖdØ U�J@5:ÞdJ �jNr5E9qÜsW:à�ñ&NO9H5EÜsNrÚ*<QÛsâMB�Þ
5��MÞ�<OÚsB�<Hã5� Þ
W:\@Û¼ÜsB�Ú³Þ�<O9ÏïMB�ðÅNOÚ{ñ�B�Z
\@Û¼5:9H?+ñ&B�ÞdJ@<>9H5ÉÛsñ&Û_Û¼\MÞdJ�<OÛ�Ü{JHB�Nr9HB¹\@ÛsB$Z�5:9��r5E9H56��	�� �OÜsN.<rÞ�Þ
Nr\H9qÜ]ál<>Ú{5ENr\@Û
<OâHâHW:5:Þ$<lÜs5:NO9HD
Û¼âRB$Þ�5��MÞKð§<rÞ�ÜsNrÚ{Û�XÂÛ¼\@ÞdJ&<OÛ!?rB�NrWENr?OàOAz<>W:?ONrÚs5EÜsJ@ñ[AlZ8B$áV5:Þ�BbÞ$<>â@<OïH5EW:5EÜjà�B
ÜdÞ>ã]\ ^*àV9@<>ñ&5ÉÞ�Þ
W:\@ÛjD
ÜsB�Ú{5:9H?ÏðÅNOÚ�ñ�NláV5:9H?�Ü{<OÚs?rB
ÜdÛ�5:Û�NO9HB�N>ð�NO\HÚ�NO9H?rNO5:9H?�ÚsB�Û¼B�<>ÚdÞdJ UbNOÚ{Ý�ã]L�B$ZH\H9@ZH<O9@Þ
àC5:Û
<OÞdJH5:B�árB$Z[ïVà�ZHB�âHW:NlàV5E9H?·B�6VÜsÚd<QÛ¼B$9@ÛsNOÚdÛ�U�57Ü{JH5:9Í<QÞ
W:\@Û¼ÜsB$Ú³<O9@ZÏ<>W:WENlU�5:9H?&Ü{JHB�ñ&NO9@57Ü{NOÚsD
5E9H?·<OÚsB�<OÛKN>ð,<rZ �¼<OÞ�B�9qÜ�Þ
W:\@ÛjÜ{B�ÚdÛKÜsN&NláOB$ÚsWÉ<>â·U�5EÜsJ�B$<rÞdJ�NOÜsJHB$Ú$ã��_Ú{<rZ857Ü{5ENr9@<>W:W:àOA8<OÞ�NO\@Û¼Üs5ÉÞ
ÜsÚd<OÞdÝV5E9@?�9HB�B�ZHÛ�NO9@WEà�ÜsJHÚ{B�B*Û¼B$9@Û¼NrÚ{Û,Ü{N�Þ�<OÚsÚ{à�Nr\8Ü¹ÜsJ@B %�Ö.$ � Ñ , ) +�� %*$ - Ñ ã�E.NlUKB$áOB$Ú$A>5:9·NO\@Ú
5Eñ&âHW:B�ñ&B�9qÜd<lÜs5:NO9]A_UbB�Ú{B$ßq\H5:ÚsB�ñ�NrÚsB�ÜsJ@<O9 ÜsJ@ÚsB$B3ÛsB�9@ÛsNOÚdÛ�5:9¿B$<rÞdJ¿Þ
W:\@Û¼ÜsB�Ú�ÜsN NOï8Üd<>5:9
NO9HB�ÜsÚd<OÞdÝV5:9H?QÚ{B�âRNOÚsÜ*Ü{N[Þ�NOñ�ïM<lÜ.Ü{JHB&5E9M<OÞ�Þ�\HÚd<OÞ
à�NOð�5E9MZ85EáV5ÉZ8\@<OW!ÛsB�9MÛ¼NrÚ�� Û*Z@<lÜ{<@ãRL+NOW:B
Z85b��B�Ú{B�9qÜ{5:<>Üs5:NO9C5:ÛTZ8Nr9HB&ïqà <OÛ{Û¼5:?O9H5:9H?[Þ
W:\@ÛjÜ{B�Ú�JHB�<OZ <>9@ZCÛ¼B$9@ÛsNOÚdÛ*Z85���B�Ú{B�9qÜ9�jNOï@Û�<O9@Z
Þ
NVNOÚdZ85:9@<lÜ{5E9H?�ÜsJ@B�ñ Ü{N �jNO5:9qÜsW:à�Þ�<OÚsÚ{à·NO\8Ü.<rÞ
Nr\@ÛjÜ{5:Þ*Üd<>Ú{?OB
ÜbÜsÚd<OÞdÝV5:9H?@ã
; B.<rÛsÛs\Hñ&B�Ü{J@<lÜ�?rB�Nr?OÚd<>âHJH5ÉÞ�<OW8WEN8Þ$<lÜs5:NO9·NOðYB$<OÞdJQÛsWÉ<záOB�Ú{à�ÛsB�9@ÛsNOÚKÞ�<>9·ïRB+Nrï8Ü{<O5E9HB�Z

áq5É<[ñ&B$ÞdJ@<O9H5:Ûsñ·Û�Û¼\MÞdJ=<rÛ�Z8B$Û{Þ
Ú{5:ïMB�Z � 
@A�	����Gã �*áOB$Ú³ÜsJHB·Ú{\H9qÜs5:ñ&B·N>ðbÜsJHBQÛsà8ÛjÜ{B�ñ�AYÜsJ@B
Þ
W:\@ÛjÜ{B�Ú�J@B$<OZ <O9@Z=<>W:W�5EÜ{Û�ÛsWÉ<záOB�Ú{àÍÛsB�9@ÛsNOÚdÛ�<>Ú{BQÞ
W:N8ÞdÝ ÛsàV9@ÞdJHÚ{NO9H5 � B�ZYãY; JHB�9¿<ÏÛsNO\@9@Z
U�57Ü{J ÜsJHBCÛ¼âRB$Þ�5��MB$Z Ûs5E?r9@<lÜ{\HÚ{BÎ<>Ú{Ús5:áOB�Û�A¹<OWEW³Û¼B$9@Û¼NrÚ{ÛQÚsB�Þ
NOÚdZ�ÜsJHBCÛ¼Nr\H9@Z <O9@Z Üs5:ñ&5E9@?
5E98ðÅNrÚsñ·<>Üs5:NO9·<>9@Z&Ú{B�âRNOÚsÜ�ÜsJ@B�ñ#ÜsN�Ü{JHB.Þ�WE\@Û¼ÜsB$Ú�JHB�<OZYã��bà�<>9M<>W:à � 5E9@?TÜsJHB.ZH5b��B�Ú{B�9@Þ�B$Û�N>ð
ÜsJHB.ÛsNO\@9@Z·<>Ú{Ús5:ál<>WVÜ{5Eñ&B$ÛK<>ñ&NO9@?�Û¼WÉ<záOB$Úsà�ÛsB�9MÛ¼NrÚ{Û$AzÜsJHB*Þ
W:\@ÛjÜ{B�ÚKJHB$<rZ�Þ$<>9·B�ÛjÜ{5Eñ·<lÜ{B�ÜsJ@B
WEN8Þ�<>Üs5:NO9 NOð�ÜsJHB[Û¼Nr\H9@Z ÛsNO\HÚdÞ
B·\@Ûs5:9H?ÎÜ{Ús5É<>9H?r\HWÉ<lÜs5:NO9 <O9@ZCÜsJHB$9�Ú{B�âRNOÚsÜ�ÜsJHB3ÜsÚd<OÞdÝV5:9H?
ÚsB�Û¼\HWEÜ�ï@<OÞdÝQÜsN&ÜsJ@B Ò � % � Ø.$ Ñ�
 áV5:<�ÜsJ@B  - ×�× )8Ñ5$1 � %*$ - ÑÎØ.)5;�Ø.4zØ.%hÓ
× ã



��JHB�Þ
W:\@ÛjÜ{B�Ú¹J@B$<OZ�9HB$B$ZHÛ!Ü{N�J@<>9MZ8WEB�<�Ûs5E?r9H5��MÞ�<O9rÜ¹<Oñ�Nr\H9qÜ�N>ðYÞ
NOñ&âH\HÜ{<lÜ{5ENr9
AlU�JH5ÉÞdJ
5:Û*ïMB$àONr9@Z[ÜsJHB&Þ�<Oâ@<>ï@5EW:57Üjà[N>ð!Ü{JHB�Þ�\HÚ{ÚsB$9rÜ*?OB�9@B�Úd<lÜs5:NO9�NOð¹ñ�5ÉÞ�<Qñ�NOÜsB�Û�ã6��JHB�Ú{B
ðÅNrÚsBrA@5:9
NO\HÚ�5:ñ�â@WEB$ñ�B$9qÜ{<lÜ{5ENr9
A8UbB*\@ÛsBTâRÞ 

	���
�Ûs5:9H?OW:B*ïRNr<OÚ{Z3Þ
Nrñ�â@\8ÜsB$Ú{Û � $��
<OÛ�Þ�WE\@Û¼ÜsB$Ú�JHB$<rZHÛ�A
U�JH5:ÞdJÏ<OÚsB³U�5:ZHB�W:à�\@ÛsB$Z35E9�B$ñ�ïRB$ZHZ8B�Z�Û¼à8Û¼ÜsB�ñ·Û$ã

��- ×�× )8Ñ5$1 � %*$ - Ñ���)5;�Ø.4zØ.%GÓ�×�� ��JHBÍÞ�NOñ&ñ�\H9@5:Þ$<lÜs5:NO9 Ûs\Hï@Ûsà8ÛjÜ{B�ñ 5ÉÛQÚ{B$ÛsâRNO9@Ûs5Eï@WEB�ðÅNrÚ
ÚsB$W:<zàV5:9H?ÏÜsJ@B�Ü{Ú{<rÞdÝq5:9H?ÎÚ{B�âRNOÚsÜ{Û�ðÅÚsNrñ Þ
W:\@Û¼ÜsB�Ú�JHB�<OZHÛ�ÜsNÍÜsJHB Ò � % � Ø.$ Ñ�
 ã 	h9�NrÚ{Z8B$Ú�Ü{N
<OÞdJH5:B�árB�J@5E?rJ Ó �.Ó' (%*$&?lÓ Ü{JHÚ{NO\H?rJHâH\8Ü�<O9@ZCWENlU#WÉ<lÜsB$9@Þ
àrA]UbB·âHÚ{NOâRNrÛsBQ<�9HNláOB$W¹ÛsÞdJHB$ñ&B
Þ�<>W:W:B$Z 8() ��+ $&%34�/¼ÒlÖ.$&?lÓ
Ñ Ú{B$Z8\H9MZH<>9@Þ�à�Ûs\HâHâ@ÚsB�ÛsÛs5ENr9Q<>9@Z·Þ�NO9qÜsB$9qÜs5:NO9·Ú{B$ÛsNOW:\8Üs5:NO9�ÜsN�Û¼âRB�B�Z
\Hâ�Ü{JHBKZ8B$WE5:áOB$ÚsàTNOðHJH5E?rJHB�Ú!ßq\@<>W:5EÜjà*Ü{Ú{<rÞdÝV5E9H?�Ú{B�âRNOÚsÜ{Û,<>9MZ�Û¼\@âHâHÚ{B$Û{Û]5:98ðÅB�Ú{5:NOÚ�
zB�Ú{Ú{NO9HB$NO\@Û
ÚsB$âMNrÚ¼ÜdÛ�ã��+N>Ü{BOAMÜsJHB�Ú{B$Z8\H9MZH<>9@Þ�à3NOð�<OÞ�NO\@Û¼Üs5ÉÞ�ÛsB�9@ÛsNOÚ{à3ñ&NOÜsB$Û.ÚsB�Z8\@Þ�B$Û.ÜsJHB�B�Ú{ÚsNrÚ+5E9 <
Û¼5:9H?OW:BTÞ
W:\@ÛjÜ{B�Ú+<O9@Z·Ü{Jq\MÛ�5:Û�Z8B�Û¼5:Úd<>ïHW:BOã�E+NlUbB�árB�Ú�AqZH\HB³ÜsN�ÜsJHBTNláOB$ÚsWÉ<>â@âH5E9@?�N>ð!Þ
W:\@Û¼ÜsB�ÚdÛ$A
ñ�\HWEÜs5:âHW:BKÚ{B�âRNOÚsÜ{Û_Þ�<>9�ïMBK?OB�9@B�Úd<lÜsB�Z³ðÅNOÚ!<+Ûs5E9H?rWEBb<OÞ�NO\@Û¼Üs5ÉÞ�B�árB�9qÜ,<rÞ
Ú{NrÛ{ÛYñ�\@W7Ü{5EâHW:B�<OZ �¼<>D
Þ
B�9qÜ�Þ
W:\@Û¼ÜsB�ÚdÛ$A$U�JH5ÉÞdJ�ñ·<zàT\H9H9HB�Þ
B�ÛsÛ{<>Ú{5EW:àTWEB�<OZTÜ{N³Þ�NO9H?rB$Û¼Üs5:NO9�NOðHÜsJHBb9HB�ÜjUKNrÚsÝ³NOÚ,Ub<rÛjÜ{B
N>ð]9HB�ÜjUKNrÚsÝ·Ú{B$ÛsNO\@Ú{Þ�B$Û$ãV4*\@<OWE5EÜjàqDGZ8Ú{5:áOB�9�ÚsB�Z8\H9@ZH<O9@Þ
à·Ûs\HâHâHÚ{B$Û{Ûs5ENr9�âH5ÉÞdÝ8Û�Ü{JHB³ïMB�ÛjÜ�NO9@B
ðÅÚsNrñ Ü{JHB�ñ�\HW7Ü{5Eâ@WEBKÜsÚd<OÞdÝV5:9H?�ÚsB$âMNrÚ¼ÜdÛ�A�ÜsJV\@Û_<OÞ�Þ�NOñ&âHW:5:ÛsJHB�ÛYÜsJ@B�?ONq<>W>NOð@<OÞdJH5:B�áV5:9H?+ïRB
ÜsÜsB�Ú
ÚsNrïH\@Û¼Üs9HB�ÛsÛ�Nr\8Ü.N>ð!Ú{B$Z8\H9MZH<>9qÜ�ÜsÚd<OÞdÝV5:9H?&ÚsB$âMNrÚ¼ÜdÛ�ãCZÏNOÚ{BT5Eñ&âRNOÚsÜ{<>9qÜ{WEàrAMßq\@<>W:5EÜjàrDhZ8Ú{5EárB�9
ÚsB�Z8\H9@ZH<O9@Þ
àQÛs\HâHâ@ÚsB�ÛsÛs5ENr9�<>9MZ�Þ
Nr9qÜsB�9qÜ{5ENr9�Ú{B$ÛsNOW:\8Üs5:NO9Q5ÉÛKÜsJHBTñ·<��jNrÚKñ&B�ÞdJ@<>9H5ÉÛsñ ÜsJ@<>Ü
ÚsB�<>W:5 � B$Z�ÜsJHB.5:Z8B�<TN>ð Ó��.Ó' �%3$&?zÓ \8Üs5:W:5 � <lÜs5:NO9·NOð�Þ�NOñ&ñ�\@9H5:Þ$<lÜ{5ENr9&Ûs\Hï@Ûsà8ÛjÜ{B�ñ Ú{<>ÜsJHB$Ú�ÜsJ@<O9
Ñ - × $ Ñ ��+_\HÜs5:WE5 � <>Üs5:NO9
ã �_NÍÚ{B�WÉ<zàCÜsJHB�Ú{B�âRNOÚsÜ�ÜsNCÜ{JHB[Z@<lÜ{<CÛs5E9HÝ UbB[5E9qÜsÚ{N8Z8\@Þ�B3ñ�\HW7Ü{57D
â@<>Ú{B�9qÜ,Ûs5:9HÝTÜsÚ{B�BKÚsNr\8Üs5:9H?*Û{ÞdJHB$ñ�BKÜsN³âHÚ{NláV5:Z8B¹ð§<OÛ¼Ü,W:N8Þ�<>WqÚ{B$Þ
NlárB�Ú{à³<O9@Z�JH5:?OJ@B�Ú,ñ�B�ÛsÛ{<>?rB
Z8B�W:5EárB�Ú{àQÚd<lÜs5:N@ã

� � ì�é�ë -rç8ísì��
	!è�� /Yç
��è�	�ì���ísæ�� +�ë�� -", -Oç0/�1

	h9¿ÜsJ@5:Û&ÛsB$Þ�Ü{5ENr9
A!UKB3âHÚ{B$ÛsB�9qÜ�Ü{JHBÏZ8B
Üd<>5:WEB�Z¿Z8B$Ûs5:?O9�NOð+ÜsJ@B3ÝrB�à Þ
Nrñ�âRNO9@B�9qÜ{Û�ðÅNOÚ�ÜsJ@B
<OÞ
Nr\@Û¼Üs5ÉÞ�Ü{Ú{<rÞdÝV5E9H?=ÛsàVÛ¼ÜsB$ñ 5:9@Þ
W:\@Z85:9H?=Ü{JHB�Üs5:ñ&BÎÛ¼àV9@ÞdJHÚ{NO9@5 � <lÜs5:NO9]A,Nr9@ÛsB
Ü�Z8B�ÜsB$Þ
Üs5:NO9
A
Þ
Ú{NrÛ{ÛjDhÞ
NrÚsÚ{B�WÉ<lÜ{5ENr9
A>Ü{Ús5É<>9H?r\HWÉ<lÜs5:NO9]AV<O9@Z�Z8B
Ü{B�Ú{ñ&5E9@<>Üs5:NO9[N>ð_ÜsJHB�ßq\@<OWE5EÜjàQN>ð!Ú{B$Ûs\HW7ÜdÛ�ã

�O9;: � H��[= N � PQV���BKA�P H����0>�HJA�P

; B·\@ÛsB·Z8B�WÉ<zàqD�ïM<OÛsB$ZÏÜ{Ús5É<>9@?O\HWÉ<lÜ{5ENr9ÎÜsNÏW:N8Þ�<>ÜsB&5Eñ&âH\@W:Ûs5EárB·Û¼Nr\H9@ZCÛ¼Nr\HÚ{Þ�B$Û$A�JHB�9@Þ�BQ<OÞ
D
Þ
\HÚd<lÜ{B�Üs5:ñ&5E9@?35:98ðÅNOÚ{ñ·<lÜ{5ENr9Î5:ÛT<�9HB$Þ�B$Û{Û¼5EÜjàOãY^VâRB$Þ
5��MÞ$<>W:WEàrA�<OWEW,Ü{JHB�ÛsB�9MÛ¼NrÚ{Û.U�57Ü{JH5E9 ÜsJ@B
Ûs<Oñ�B[Þ
W:\@Û¼ÜsB�Ú&J@<zárBQÜ{N ïRB�Ü{5Eñ&B�DGÛsàV9@ÞdJHÚ{NO9H5 � B�ZYã
��J@B3ñ&B
Ü{JHN8Z�NOð+Üs5:ñ&B[ÛsàV9@ÞdJHÚ{NO9H5 � <>D
Üs5:NO9 UbBQ<OZ8Nrâ8Ü�5E9=Ü{JHBQÛsàVÛ¼ÜsB$ñ 5ÉÛ�� Ó1D
Ó�ÖsÓ�Ñ� dÓ�/��+Ö -B� Ò� � Ø.%���4lÑ� '"VÖ - Ñ5$�� � %3$ - Ñ X§L ��^g\(� ����A
U�JH5:ÞdJÍ5:Û*<QW:5E?rJrÜsD�UbB�5:?OJqÜ.Û{ÞdJHB�ñ&B�Ü{J@<lÜTÞ�<O9Í<OÞdJH5:B�árB�JH5:?OJÍ<rÞ�Þ
\@Ú{<rÞ
àOã5	h9ÍL ��^�A�<·JHB$<rZ
9HN8Z8B�ïHÚ{Nr<rZHÞ�<rÛjÜdÛ�ÚsB�ðÅB�Ú{B�9@Þ�B�Ú{<rZ85EN&ïRB$<rÞ
NO9MÛ�ÜsNQ5EÜ{Û.9HB�5:?OJVïRNOÚdÛ�ã��K<OÞdJ�Ú{B$Þ
B$5EárB�Ú�Ú{B$Þ�NOÚdZHÛ
ÜsJHB�<OÚsÚ{5:áz<OW�Üs5:ñ&B�ï@<OÛsB$Z[Nr9Ï57ÜdÛ+W:NVÞ$<>W]Þ�WEN8ÞdÝ[<>9@Z�ÛsB�9@ZHÛ�ÜsJH5ÉÛ+5:98ðÅNOÚ{ñ·<lÜ{5ENr9[ïM<OÞdÝQÜ{N·ÜsJ@B
NOÚ{5E?r5E9@<>ÜsNrÚ.N>ð�Ü{JHB&JHB$<rZÏ9HN8Z8Brã �.9@Z8B$Ú*Ü{JHB&<OÛ{Û¼\Hñ&â8Ü{5ENr9ÎÜ{J@<lÜ³ÜsJHB�ïHÚ{Nr<rZHÞ�<rÛjÜ{B$Z�Úd<OZ85:N
ïMB�<OÞ
Nr9[<OÚsÚ{5:áOB$Ûb<lÜ+<OWEWYÚ{B$Þ�B�5:áOB�ÚdÛbÛ¼5:ñ�\HWEÜ{<O9HB�Nr\@ÛsWEàrAV<>ð ÜsB$Ú+<�ðÅB$U Ú{NO\@9@ZHÛbN>ð_ÜsJHB�ïRB$<rÞ
NO9HD
5E9H?�<>9MZÎÚ{B�âHW:5EB�Û�ARÜ{JHB�J@B$<OZÍ9HN8Z8B·Þ�<O9ÎNOï8Üd<>5:9Íñ·<>â@âH5E9@?�ðÅ\H9MÞ�Üs5:NO9MÛTN>ðKÞ�WEN8ÞdÝ�ÚsB�<OZ85:9H?qÛ
ïMB�ÜjUKB$B�9 <>9VàÍâM<>5:Ú�N>ð�ÚsB�Þ
B$5EárB�ÚdÛ�A�\@Ûs5E9@?ÎÛjÜd<lÜs5ÉÛ¼Üs5ÉÞ�<>W:W:àÍñ&B
Ü{JHN8ZHÛ�Ûs\@ÞdJ <OÛTW:B$<rÛjÜ�Û{ßq\@<>Ú{B
WE5:9HB$<OÚ�Ú{B�?rÚsB�ÛsÛs5:NO9
ã �_NÎÜ{JH5ÉÛ�B$9@ZYA,ÜsJHB[JHB�<OZ 9HN8Z8B[Þ�<O9�Þ
Nr9qárB�ÚsÜ�<>9VàCÚsB�Þ
B$5EárB�Ú
� Û�Þ
W:NVÞdÝ
ÚsB�<OZ85:9H?rÛb5:9qÜsNQ<�\H9H5:áOB$Ú{Û{<>WYÞ
W:N8ÞdÝQÚ{B$<OZH5E9H?Mã



	h9QNO\HÚb5:ñ�â@WEB$ñ�B$9qÜ{<lÜ{5ENr9
AVUKB*J@<záOB³<�5:9H5EÜs5É<>W:5 � <lÜs5:NO93âHJ@<rÛ¼B*U�JHB�9��[X���� 	���5:9�NO\@Ú
âHÚ{<rÞ�Ü{5:Þ�B�\,Ú{NO\H9@Z@Û�N>ð�ïMB�<OÞ�NO9H5:9H?�<>9MZ&ÚsB$âHWE5:B$Û�<>Ú{BbâRB�ÚsðÅNOÚ{ñ&B$ZYã���ð ÜsB$Ú¹Ü{JHB+5:9H57Ü{5:<OWE5 � <>Üs5:NO9
A
Üs5:ñ�5:9H?�5:98ðÅNOÚ{ñ·<lÜs5:NO9=Þ�<O9ÍïRB·âH5:?O?OàVï@<rÞdÝOB�ZÏNO9 ÜsJHB&â@<rÞdÝOB�Ü{Û³B
6HÞdJ@<O9H?OB�ZÎïRB
ÜjUbB�B�9 ÜsJ@B
Þ
W:\@ÛjÜ{B�Ú�JHB$<rZ¿<>9MZ=ÜsJHB�ÛsB�9@ÛsNOÚdÛ�ã
��JHB�Ú{B
ðÅNrÚsBrA
Ü{JHB[Þ�WEN8ÞdÝ8Û�Þ$<>9¿ïRB�Þ�<>W:5:ïHÚ{<>ÜsB�Z U�57Ü{JHNO\HÜ
5E9qÜsÚ{N8Z8\@Þ�5E9H?³B
6VÜ{Ú{<³Þ
Nr9rÜ{ÚsNrWrNlárB�Ú{JHB$<rZHÛ$ãG��68âRB�Ú{5Eñ&B$9rÜ!Ú{B$Ûs\HW7ÜdÛ!Û¼JHNlU¿ÜsJ@<>Ü,Ü{JHB�Z85ÉÛjÜ{NOÚsÜs5:NO9
N>ð
Þ
W:N8ÞdÝ�Ú{B$<OZH5E9H?qÛ¹Þ�<O9·ïMB.ÝOB�âHÜ�U�57Ü{JH5:9&�������OAOU�JH5:ÞdJ·5ÉÛ�Ûs\0_QÞ
5:B�9qÜ¹ðÅNrÚ¹NO\@ÚKZ8B$W:<zàqDGï@<OÛsB$Z
<OÞ
Nr\@Û¼Üs5ÉÞ.Ü{Ú{<rÞdÝV5E9H?Mã

�O9 8 	SP M�=�>YEQ=�>�=
V�>�HJA�P
^.\HB+ÜsN�Ü{JHB+W:5Eñ&5EÜsB$Z·Þ�NOñ&âH\8Üd<lÜ{5ENr9&Þ$<>â@<OïH5:WE5EÜjàOAOÜsJHB.Þ�\HÚ{ÚsB$9rÜ�?rB�9HB$Ú{<>Üs5:NO9�N>ð ×0$1 � × - %hÓ�Ø
<>Ú{B*9HNOÜ+Þ�<>âM<>ïHW:BTN>ð,Û{<>ñ&âHW:5:9H?·<>9@Z3âHÚ{NVÞ�B$Û{Û¼5:9H?�<OÞ
Nr\@Û¼Üs5ÉÞ³Z@<lÜ{<�Þ
Nr9@Þ
\@ÚsÚ{B�9qÜsW:àOã�	h9@Û¼ÜsB�<OZYA
ñ&<��jNOÚ�ðÅ\H9@Þ�Ü{5ENr9@ÛbÛ¼\@ÞdJ3<OÛbÛ¼B$9@Û¼5:9H?MAOU�5:ÚsB$WEB�ÛsÛ¹ÜsÚd<>9@Û{Þ
B$5EáV5:9H?�<>9MZ·âHÚ{NVÞ�B$Û{Û¼5:9H?�JM<záOB�Ü{N�ïRB
Û¼B$Ús5É<>W:5 � B$ZYãgZÎNOÚ{B�NláOB$Ú$AqïRB$Þ�<O\@ÛsB�N>ð,ÜsJHB�W:5:ñ�5EÜsB�Z�ñ&B�ñ&NOÚ{àQ5:9 × - %hÓ
Ø AM<OÞ
Nr\@Û¼Üs5ÉÞ�Ûs<Oñ�â@WEB�Û
J@<záOB�Ü{N�ïRB³Û¼ÜsNrÚsB�Z&5E9�<�Þ
5:Ú{Þ�\HW:<OÚ�ïH\g�RB$Ú$ã�	h9QNOÚdZ8B$Ú¹ÜsN�<záONO5ÉZ&ïH\0��B�ÚbNláOB$Ú �MNlU¿ðÅNOÚb\@ÛsB
ðÅ\HW
Ûs<Oñ�â@WEBÏZH<>Ü{< A¹<>9 NO9@ÛsB
ÜQZ8B�ÜsB�Þ�Üs5:NO9 ñ&B$ÞdJM<>9H5ÉÛ¼ñ 5:Û&9HB$B$Z8B�Z�ÜsN=5E9MÛjÜ{Ús\@Þ
ÜQÛ¼B$9@Û¼NrÚ{Û�Ü{N
ÛjÜ{NOâ=Ûs<Oñ�â@WE5:9H?ÏZH<lÜd<�NO9@Þ�B�ÜsJHB·5:9qÜsB�Ú{B$Û¼ÜsB�Z <rÞ
Nr\@ÛjÜ{5:Þ&Ûs5E?r9@<>W�5ÉÛ�Þ�<Oâ8Üs\@ÚsB�ZYã ��JHB·U�<zàÎ<
Û¼B$9@Û¼NrÚ¹Z8B
Ü{B�Ú{ñ&5E9HB�Û¹U�JHB�ÜsJHB$Ú¹Ü{JHB+5:9@Þ
Nrñ�5:9H?�<rÞ
NO\MÛjÜ{5:Þ�Ûs5E?r9@<>W@5:Û�NOðYâMNOÜsB�9qÜ{5:<OW@5:9rÜ{B�Ú{B$Û¼Ü¹5:Û
ï@<OÛsB$Z�NO9�ÜsJHB�ñ·<O?O9H5EÜs\@ZHB�N>ð@Ü{JHB+Ûs5E?r9@<>W�ã�� Û¼ñ·<OWEWHÛsWE5ÉZ85:9H?TU�5E9MZ8NlU�5ÉÛ�\@ÛsB$Z�ÜsN�Þ�NOñ&âH\8Ü{B
ÜsJHB+ñ&NláV5:9H?�<záOB$Ú{<O?OBbN>ðRÜsJHB+ñ·<O?O9H5EÜs\@ZHB+N>ð
Ûs5E?r9@<>WÉÛ�ã�	Gð�Ü{JHB+B�9@B�Ú{?Oà�U�5EÜsJ@5E9&Ü{JHB+U�5:9@Z8NlU
B
6HÞ
B$B$ZHÛ,<�ÜsJ@ÚsB�Û¼JHNrW:Z
A�Ü{JHBbÛsB�9MÛ¼NrÚ_<OÛ{Ûs\Hñ&B$ÛYÜ{J@<lÜ_ÜsJHB�Þ
\@ÚsÚ{B�9qÜ
Ü{5Eñ&Bb5:Û,Þ
W:NrÛsB¹Ü{N+ÜsJ@B�NO9MÛ¼B�Ü
âMNr5E9qÜ�N>ðHÜ{JHB�<OÞ�NO\@Û¼Üs5ÉÞKÛs5:?O9@<OWÂã ��JHB�Û¼B$9@ÛsNOÚ!Þ
NO9qÜ{5E9V\HB�Û_Ú{B$Þ�NOÚdZ85:9H?.ZH<>Ü{<*5E9qÜsN*ÜsJ@B�Þ�5EÚdÞ
\@W:<OÚ
ïH\0��B�Ú³\H9qÜs5:W_5EÜ*U�5:9@ZHÛ.ï@<OÞdÝ�<>9@Z�Ú{B$<rÞdJHB$Û.<·âHÚ{B�W:\@Z8B�âRNO5:9qÜ*âHÚ{5ENrÚ�ÜsN�ÜsJHB�NO9@ÛsB
Ü*âMNr5E9qÜ$ã
�*9@Þ
BTÜ{JHB�ÛsNO\H9@Z�NOð,5:9qÜsB$ÚsB�ÛjÜ.5ÉÛ+Þ$<>â8Ü{\HÚsB�ZYAHâRNrÛ¼Ü¼DGâHÚ{NVÞ�B$Û{Û¼5:9H?&5ÉÛ.Þ
Nr9@Z8\@Þ
ÜsB�ZÏÛ¼B$â@<>Úd<lÜ{B�W:à
<lÜ�ïMNOÜsJ ÜsJHB·Þ�WE\@Û¼ÜsB$Ú�JHB$<rZÍ<O9@ZÎÜ{JHB·Û¼B$9@ÛsNOÚdÛ�ã6��JHB·Þ
W:\@Û¼ÜsB�Ú�J@B$<OZÍB
6VÜsÚd<OÞ
Ü{Û*ÜsJ@B&ÛsNO\@9@Z
Û¼5:?O9@<>Üs\HÚ{B*ðÅÚsNrñ ÜsJHBTÚ{B$Þ�NOÚdZ8B$Z3Ûs<Oñ�â@WEB�Ûb<O9@Z3ïHÚsNq<OZHÞ$<OÛ¼Ü{Ûb5EÜbÜ{N�ÜsJHB�ÛsB�9@ÛsNOÚdÛK5E9[57ÜdÛ�NlU�9
Þ
W:\@ÛjÜ{B�Ú�ã��+âRNO9�ÚsB�Þ
B$5EáV5:9H?.Ü{JHB+Ûs5E?r9@<lÜ{\HÚsBbâ@<rÞdÝOB
Ü,ðÅÚ{NOñÈÜ{JHB�Þ
W:\@ÛjÜ{B�Ú�JHB�<OZYA>ÛsB�9MÛ¼NrÚ{Û,<>âHâ@WEà
Þ
Ú{NrÛ{ÛjDhÞ
NrÚsÚ{B�WÉ<lÜ{5ENr9&ÜsN·Þ
Nrñ�âM<>Ú{B.Ü{JHB�ÚsB�Þ
B$5EárB$Z[Û¼5:?O9@<>Üs\HÚ{B³U�57Ü{J�ÜsJHB�ïH\g�RB$ÚsB�Z3ZH<>Ü{<@ã

�O9 � 
%BKACM�M��

 A�B�BK=
L �0>�HJA�P
��ð ÜsB$Ú·ÚsB�Þ
B$5EáV5:9H?ÍÜ{JHBÎÛsNO\H9@Z�Û¼5:?O9M<lÜs\@ÚsB3ðÅÚsNrñ�ÜsJ@B�Þ�WE\MÛjÜ{B�Ú&JHB$<rZYA�B$<rÞdJ�ÛsB�9@ÛsNOÚ·Þ�ÚsNqÛsÛ¼D
Þ
NOÚ{Ú{B�WÉ<lÜsB�ÛRÜsJHBKÚsB�Þ
B$5EárB$ZTÛ¼5:?O9M<lÜs\@ÚsB�U�5EÜsJ�ï@\0�RB$ÚsB�Z�ZH<lÜd<�ÜsN.B
6VÜsÚd<OÞ
Ü
ÜsJHBKZ8B$Ûs5EÚ{B$ZTâM<lÜ¼Ü{B�Ú{9
<>9@Z¿ZHB
ÜsB$Úsñ&5:9HB3ÜsJHB�ÛjÜd<>ÚsÜs5:9H?ÍâRNOÚsÜs5:NO9�N>ð*Ûs5E?r9@<>W�ã ��J@B�Ú{B3<>Ú{B3ÛsB�árB�Úd<>Wb<OZ8ál<>9qÜd<>?OB�Û�5:9
ÞdJHNVNrÛs5E9H?*ÜsJ@B+ÛjÜd<>ÚsÜs5:9H?TâMNrÚ¼Ü{5ENr9�<rÛ,ÜsJHB�Ú{B
ðÅB$ÚsB$9@Þ
B�âRNOÚsÜs5:NO9
ã î 5:Ú{Û¼Ü$AlÜ{JHB+Û¼Ü{<>ÚsÜs5:9H?³âMNrÚ¼Ü{5ENr9
5:Û3WEB�ÛsÛ3Û¼\MÛsÞ�B�â8Ü{5EïHW:BÏÜ{N�B$ÞdJ@NqB�Û�ã 	h9 5:98DGZHNqNrÚQB�9VáV5:ÚsNr9Hñ&B�9qÜ{Û$A¹Ü{JHBÍB��RB�Þ�Ü3NOð�B$ÞdJHNVB$Û�5:Û
ßr\@57Ü{B+Û¼5:?O9H5��MÞ$<>9qÜ$ã î NOÚsÜs\H9M<lÜsB$WEàrAzÜsJHB�B�ÞdJHN�5ÉÛ�9HN>Ü¹â@ÚsB�Û¼B$9rÜ{B$Z�5E9�Ü{JHB+ÛjÜd<>ÚsÜs5:9H?�âRNOÚsÜs5:NO9�N>ð
<OÞ
Nr\@Û¼Üs5ÉÞ�Û¼5:?O9@<OW
\H9HW:B$Û{Û�Ü{JHB�ÛsB�9MÛ¼NrÚ+5:Û+áOB�Ú{à3Þ�WENqÛ¼B�ÜsN�<&U�<>W:WÂã�^VB$Þ�NO9@Z
AHÜsJ@B�\H9H5Éßq\HB�9HB�ÛsÛ
N>ð�NO9@ÛsB
Ü�âMNr5E9qÜ�<O9@ZCÜsJHB3Ûs<OWE5:B�9qÜ�ÞdJ@<O9H?OB·5:9¿Û¼Nr\H9@Z=U�<záOB·ÛsJ@<>âRB�<lÜ�ÜsJHBQNr9@ÛsB
Ü�âRNO5:9qÜ
ñ&<OÝOB�Û�ÜsJHBKÛjÜd<>ÚsÜs5:9H?�âMNrÚ¼Ü{5ENr9³árB�Ú{à.B�<OÛsà�ÜsN+ïRB�Þ�NO9@Ûs5:Û¼ÜsB$9qÜsW:à.W:NVÞ$<lÜ{B$ZT<>ñ&NO9@?+Z85:Û¼ÜsÚ{5:ïH\8ÜsB�Z
5E9@ZHB�âRB�9@Z8B$9qÜ.Û¼B$9@Û¼NrÚ{Û$ã

��JHB&âHÚsN8Þ�B$Z8\HÚ{B$Û³NOðbÞ
Ú{NrÛ{Û¼DGÞ�NOÚ{ÚsB$W:<>Üs5:NO9Ï<>Ú{B�Ûs\Hñ&ñ·<>Ú{5 � B$ZÍ5E9 î 5E?Mã 	OãA��UbN[â@ÚsB$âHÚsNOD
Þ
B$Û{Ûs5E9H?³âHÚ{N8Þ
B$ZH\HÚsB�Û_<OÚsBb<>âHâ@WE5:B$Z�ÜsN³ïH\0��B�Ú{B$Z�ZH<lÜd<.ïRB
ðÅNrÚsB�Þ
Ú{NrÛ{Û¼DGÞ�NOÚ{ÚsB$W:<>Üs5:NO9
ã(��J@B �@ÚdÛ¼Ü
ÛjÜ{B�â 5ÉÛ�ÜsNÍÚsB$ñ�NlárB�ÜsJHB35E9qÜsB$Ú¼ðÅB$ÚsB$9@Þ
B·NOð�9HNO5ÉÛ¼Brã ��JHB3<záOB�Úd<>?rB�ñ·<O?O9H5EÜs\@ZHBQN>ð�9HNr5:ÛsB·5:Û
Þ�<>WÉÞ
\@W:<>ÜsB$Z �@ÚdÛ¼Ü$A@<O9@Z3ÜsJHB$9�ÜsJHB�Û{<>ñ&âHW:B$Û�U�J@NrÛsB�áz<OWE\@B$Û+<OÚsB�Þ
W:NrÛsBTÜsN&Ü{JHB�<zárB�Úd<>?OB³<>Ú{B
ÚsB$âHW:<rÞ
B�Z=U�57Ü{J¿ÜsJ@B3<záOB$Ú{<O?OBQÛsNÏÜsJM<lÜ�ÜsJHB3ÚsB�Û¼\HWEÜ{Û�N>ð.Þ�NOÚ{ÚsB$W:<>Üs5:NO9 Z8N 9HN>Ü�Ús5:âHâHW:B3Z8\@B



ÜsNÏÜ{JHB�NqÛsÞ�5EW:W:<>Üs5:NO9=N>ð�9HNr5:ÛsB$Û$ã 	h9=Ü{JHB3ÛsB$Þ�NO9@Z=Û¼ÜsB�â]A]Ü{JHB�Ûs5E?r9@<>WK5:Û�â@<OÛ{Û¼B�Z ÜsJHÚ{NO\H?rJ <
Û¼B�Þ
NO9MZVD�NrÚ{ZHB�Ú �b\8ÜsÜsB$ÚsUbNOÚsÜsJ WENlU�DGâ@<OÛ{Û=�@W7Ü{B�Ú³ÜsN�Ú{B�ñ&NláOB�ÜsJHB&JH5:?OJ ðÅÚ{B$ßq\HB�9MÞ
àÎÞ
Nrñ&âMNOD
9HB�9qÜ{Û$ãA��ð Ü{B�Ú³ÜsJHB�âHÚ{B
DGâHÚ{NVÞ�B$Û{Û¼5:9H?MAMÞ
Ú{NrÛ{Û¼DGÞ�NOÚ{ÚsB$W:<>Üs5:NO9[5:Û³<>âHâ@WE5:B$ZÎÜsN3ÜsJHB0�@WEÜsB�Ú{B$ZÍZH<lÜd<
U�57Ü{JÍÜ{JHB�Ú{B$Þ�B�5:áOB�ZÎÛ¼Nr\H9@Z Û¼5:?O9@<>Üs\HÚ{B�Ü{N[ZHN�â@<>Ü¼ÜsB$Ús9 ñ·<lÜ{ÞdJ@5E9H?MãA��JHB �M9@<>W�Û¼ÜsB�â 5:Û*Ü{N
�@9@Z�ÜsJHB �@ÚdÛjÜ·Û¼5:?O9@5��MÞ$<>9qÜ&âMB�<>Ý 5:9¿ÜsJ@B�Þ�NOÚ{ÚsB$W:<>Üs5:NO9 Ú{B$Ûs\HWEÜ�\@Ûs5:9H?ÍÜ{JHÚ{B$ÛsJHNOWÉZ85:9H? <O9@Z
ÜsJV\@Û�Ü{JHB�<>Ú{Ús5:ál<>WRÜs5:ñ&B�5:Û�B�6VÜsÚd<OÞ�Ü{B$ZYã

Sampling Record
Sound

Detection
First Peak

correlation
Cross−

Filter
Low Pass

Cancellation
Noise

Time
Sound Arrival

����� ±��q±��
	���
�������	���������
�	���������
���	�	����! �"$#%�'&(�)��	*����&+����	��

�O9�, � BKH �gP.- 	QL �g>�HJA�P0/ N�A 	QPQE NOA 	�BKV"=215AOV �0>�H;P3-54 �gPQE76dU��gL�	 �g>�HJA�P A�8
9�:<;>=@?�A�BDCE;�F<G

�+âRNO9ÍÚ{B$Þ�B�5:áV5E9H?�ÜsJHB Ø - )8Ñ�Ò � Ö�Ö.$&? ��+ %3$ ×&Ó
Ø ðÅÚ{NOñ�ÛsB�9@ÛsNOÚdÛ.5:9ÎÜ{JHB&Þ
W:\@ÛjÜ{B�Ú�ARÜsJHB&Þ
W:\@Û¼ÜsB�Ú
JHB$<rZÏÜsÚd<>9MÛ¼WÉ<lÜ{B$Û�Ü{JHB�Üs5:ñ�B&5:9qÜsNQÜ{JHB&\H9H5:áOB$Ú{Û{<>W_ÚsB�ðÅB�Ú{B�9@Þ�B�Üs5:ñ&B&ïMB�ðÅNOÚ{B�B
68B�Þ
\8Ü{5E9H?3ÜsJ@B
ÜsÚ{5:<O9H?O\HWÉ<lÜ{5ENr9
ã

�]Ú{5:<O9H?O\@W:<>Üs5:NO9 5ÉÛ3Z8Nr9HBÍïVà Þ�NOñ&â@<>Ú{5:9H? ÜsJ@BCZ85���B�Ú{B�9@Þ�B$Û35E9 Û¼Nr\H9@Z âHÚ{NOâM<>?r<>Üs5:NO9
Z8B�WÉ<zà8Û·ðÅÚ{NOñ ÜsJHBCÛ¼Nr\HÚ{Þ�BÏÜsN�Z85b��B�Ú{B�9qÜ�<OÞ
Nr\@Û¼Üs5ÉÞÎÛ¼B$9@ÛsNOÚdÛ�ãK^8\HâHâRNrÛsBÎÜsJ@BÍW:NVÞ$<lÜ{5ENr9 N>ð
Û¼Nr\H9@Z ÛsNO\HÚdÞ
BÏ5ÉÛaX%HJI�Kg\�<O9@Z ÜsJ@B ÛsNO\H9@Z 5:Û3?OB$9HB�Úd<lÜ{B$Z <lÜ3Üs5:ñ�Ba��ã�	Gð�<�ÛsB�9@ÛsNOÚMLON
WEN8Þ�<>ÜsB�Z <>Ü X%H5N�I�K+N�\&Z8B�ÜsB�Þ�Ü{ÛQÜsJHBÎÛsNO\@9@Z ÚsB�<OÞdJHB�Û&57Ü3<>Ü·Üs5:ñ&B'��N XÅ5�ã BrãKÛsNO\H9MZ <OÚsÚ{5:áz<OW
Üs5:ñ�B�\�ãH;CB�ÛsJ@<>W:W
J@<zárB.Ü{JHBTðÅNOW:WENlU�5:9H?&B$ßq\@<>Üs5:NO9OW

P XQHSRTH5N�\ �VU X%KWRXK+N�\ � � X ��NVR � \.Y'Z X�	�\
U�JHB�Ú{B�ZQ5:ÛbÜ{JHB�áOB$WEN8Þ�57ÜjàQNOð!ÛsNO\@9@ZYã

��JHB�NrÚsB�Üs5ÉÞ�<>W:W:à·ÜsÚ{5:<O9H?O\@W:<>Üs5:NO9�Þ�<>9�\@ÛsBTÜsJ@ÚsB$B�Û¼\MÞdJ[B�ßq\@<lÜ{5ENr9@Û�?OB$9HB�Úd<lÜ{B$Z3ïVàQÜsJ@ÚsB$B
Û¼B$9@Û¼NrÚ{Û³Ü{NÎ<>9@<OWEàqÜ{5:Þ$<>W:WEàCÞ
NOñ&âH\HÜsB&ÜsJ@B�Û¼Nr\H9@Z ÛsNO\HÚdÞ
B&W:N8Þ�<lÜ{5ENr9
ã 	h9=âHÚd<OÞ
Üs5ÉÞ
BOA_Z8\HB·Ü{N
ÜsJHB=Þ
Nq<>ÚdÛ¼B�D�?rÚ{<O5E9HB�Z�<rÞ
NO\MÛjÜ{5:ÞÎÛ{<>ñ&âHW:5:9H?�ZH<>Ü{<�N>ð�W:NlU�D�âRB�ÚsðÅNOÚ{ñ·<>9@Þ�BÎÛ¼B$9@Û¼NrÚ{Û$A¹B$ÚsÚ{NOÚdÛ
?OB�9@B�Úd<lÜsB�Z 5E9 Þ�ÚsNqÛsÛ¼DhÞ
NOÚ{Ú{B�WÉ<lÜs5:NO9 <>Ú{BÎ9HNOÜ�9HB�?rWE5:?O5:ïHW:B X ðÅNrÚ3B�6H<>ñ&âHW:BOA¹Ü{JHBÍB$ÚsÚ{NOÚdÛ·Þ�<O9
áz<OÚsà�ðÅÚsNrñ �@ã�	�ÜsN&�@ã �>ñ&Û@\�ã���JHB�<>ïRNláOBTÜ{JHB�NrÚsB�Üs5ÉÞ�<OW_<>â@âHÚsNq<OÞdJ[5:Û.ñ&NrÛ¼ÜsW:à35:ñ&âHÚ{<rÞ�Ü{5:Þ$<>W�ã
E+NlU ÜsN�Þ
Nr\H9qÜsB$Ú{<rÞ�Ü+Ü{JH5:Û³âHÚ{NOï@WEB$ñ 5ÉÛ³<�ïH5:?�Ú{B$ÛsB$<OÚ{ÞdJ[Ü{NOâH5ÉÞ>ãYL�B$WEB$áz<O9qÜ*UbNOÚ{ÝVÛ*Þ�<O9ÍïRB
ðÅNO\H9@Z 5:9 ��	�	�� ��	�� � f��,B�Ü{Þ>ãAE.NlUKB$áOB�Ú�AMÜsJH5ÉÛ*ÜsNOâ@5:Þ�5:Û³Nr\8Ü�N>ð¹Ü{JHB�Û{Þ
NrâMB�N>ð�ÜsJH5ÉÛTâ@<>âRB�Ú�ã6	h9
ÜsJH5ÉÛ+â@<OâMB$Ú�UKB�Ûs5:ñ�â@WEà�Þ
Nr9@Û¼5ÉZ8B$Ú+<&ñ&<>685Eñ�\Hñ W:5EÝrB�W:5EJ@NqN8Z XJZÍX \�ï@<rÛ¼B�Z[JHB�\HÚ{5ÉÛjÜ{5:Þ�<rÛ�<
Þ
NO9qÜ{B
6VÜ�ðÅNOÚ�NO\@Ú�ÚsB�Û¼B�<>ÚdÞdJ
ã

� + ,�- Ö.$&%&"8×\[�Ó�Ø( �Ö.$ 7 %3$ - Ñ � IKNr9@Û¼5ÉZ8B$Ú �#ÛsB�9@ÛsNOÚdÛ$AKðÅNrÚÏB$<rÞdJ JVàVâMNOÜsJHB�Üs5ÉÞ�<OW�Û¼Nr\HÚ{Þ�B=WENOD
Þ�<lÜ{5ENr9 X']H3I^]K
\[5:9 ÜsJHB �MB�WÉZ`_�A�ÜsJ@B�Ú{BC5ÉÛÎ< áOB�Þ�Ü{NOÚa]b X']HJI+]Kg\ � X ]c N I ]c � I������'I ]c^d \[Ú{B�âHDÚsB�Û¼B$9rÜ{5E9@?ÍÜ{JHB�ÜsJHB$NOÚ{B
Ü{5:Þ$<>W�âHÚ{NOâ@<O?r<lÜ{5ENr9�Z8B$W:<zà=Ü{NCB�<OÞdJ�NO9HB�N>ð*ÜsJHB � Û¼B$9@Û¼NrÚ{Û$ã�X
B�Ü
b � X c N�I c � I������'I c d \*ïRB�ÜsJHB&NOïMÛ¼B$ÚsárB$ZÏâHÚ{NOâM<>?r<>Üs5:NO9ÍZHB�WÉ<zàÏáOB$Þ
ÜsNrÚ*ï@<rÛ¼B�ZÎNr9ÍÜ{JHB&ÚsB�DâMNrÚ¼ÜdÛ!?r<lÜ{JHB�Ú{B$Z�<lÜ�Ü{JHB+Þ
W:\@Û¼ÜsB$Ú�JHB$<rZ�ðÅNrÚ¹<�Û¼5:9H?rWEB�ÛsNO\H9@Z�B$áOB�9qÜdÛ�ã���JHB$9
AlÜ{JHB�B$Û¼Üs5:ñ·<lÜsB�Z
WEN8Þ�<>Üs5:NO9[N>ð,ÜsJHB�ÛsNO\@9@Z3ÛsNO\@Ú{Þ�BYXfeH3IgeK0\K5ÉÛ�?O5:áOB$93ïVà

X�eH3IheKg\ � <OÚs?jilkm�n ko'p�qsr ñ&5:9 c Xf]b X']H3I^]K
\tI b \ X;�"\



; JHB�Ú{B c 5:Û.<>9�<>W:?ONOÚ{5EÜsJHñ ÛsâRB$Þ
5��MÞTZ85��RB$ÚsB$9@Þ
B�ñ&B�<OÛs\HÚsB$ñ&B�9qÜ+ÛsÞdJHB$ñ&BOã
��JH5:Û³<>W:?ONrÚs5EÜsJ@ñ NO9@WEà�5:9qárNOW:áOB�Û�ñ�\HWEÜs5:âHW:5:Þ�57ÜjàrAY<OZHZ85EÜs5:NO9MÛ*<O9@ZÏÞ
Nrñ�âM<>Ú{5:ÛsNO9@Û$ã�IKNrñ�D

â@<>Ú{B$ZQÜsN&B$ßq\@<>Üs5:NO98DGï@<OÛsB$Z�Û¼NrWE\8Ü{5ENr9
A8U�JH5ÉÞdJ3\MÛ¼\@<OWEW:à·Ú{B$ßq\H5:ÚsB�ÛbZH5EáV5ÉÛ¼5:NO9[<>9@Z[Û¼NrWEáV5:9H?�N>ð
WE5:9HB$<OÚ�<>9@Z=ßq\@<rZ8Ú{<>Üs5ÉÞ�B�ßq\@<lÜ{5ENr9@Û�AYNr\HÚ�<>W:?ONrÚs5EÜsJ@ñ�5:ÛTñ&NrÚsB&Ú{NOïH\@Û¼ÜTÜsN)�@Nq<lÜ{5E9H?�âRNO5:9qÜ
B�Ú{ÚsNrÚ{ÛKNOÚ+Z8B$?OB$9HB�Úd<lÜ{5ENr9@Û�ã

E+NlUbB�áOB$Ú$A!Ûs5E9@Þ�B�Ü{JHB�Ú{BÏ<>Ú{B35:9��@9@57Ü{BÏâMNr5E9qÜ{Û&5:9 <>Ú{B$< _�A�ÜsN=ñ·<>ÝrB�Ü{JHBÏ<>W:?ONrÚs5EÜsJHñ
UKNrÚsÝ�AHÜ{JHB�ñ�Nr9H5EÜsNOÚ{B$ZÍ<>Ú{B$<·NOð�<�Þ
W:\@Û¼ÜsB$Ú*5ÉÛ �MÚ{Û¼Ü³Z85:áV5:ZHB$ZÎ5:9qÜsN ��DGïqàqD � ?rÚs5ÉZHÛYXÅ5:9ÍNO\@Ú
5Eñ&âHW:B�ñ&B�9qÜd<lÜs5:NO9]AHUKB�ÞdJ@NqNqÛ¼B � ÛsN�Ü{J@<lÜ�Ü{JHB�?rÚ{<O9q\@W:<OÚs5EÜjà·N>ð,ÜsJHB�?rÚs5ÉZ35:Û ���T�O5E9@ÞdJ � \�ã
��JHB�Ú{B
ðÅNrÚsB�Ü{JHB�Üs5:ñ�B�Þ
Nrñ�â@WEB�6V5EÜjà�N>ð�Ü{JHB�<OWE?rNOÚ{57Ü{JHñ 5:Û*ÚsNr\H?OJ@WEà�� X � ��\�ã6	h9Í<rZHZ85EÜs5:NO9
A
57Ü³5:Û.âMNqÛsÛs5Eï@WEB�ÜsN·Ü{JHÚsNlU Nr\8Ü.NO\HÜ¼DGN>ð DGïMNr\H9@Z�Ú{B$<OZH5E9H?qÛ+ï@<rÛ¼B�Z�NO9�Ü{JHB�âHJVà8Ûs5:Þ$<>W]WÉ<zU+Û�Ü{N
<záONO5ÉZQ\@9H9HB$Þ�B$Û{Ûs<OÚs5:W:àQZ8B�?rÚ{<rZH<lÜ{5ENr9�N>ð,ÜsJ@BTÜsÚ{5:<O9H?O\HWÉ<lÜ{5ENr9�Ú{B$Ûs\HWEÜ$ã

��JHB�Þ
Nr9��MZ8B$9@Þ
B�WEB$áOB�W_N>ð�B$Û¼Üs5:ñ·<lÜ{B$Z�W:NVÞ$<lÜ{5ENr9ÎÞ�<>9Î<OW:ÛsN·ïRB�<>â@âHÚsNz685:ñ·<lÜsB�Z[ïqà3ÜsJ@B
âMB$Ú{Þ�B�9qÜ{<O?OB�N>ð ]b � Û�B$WEB$ñ�B$9qÜ{Û�Ü{J@<lÜ�ð§<>W:W:Û�U�5EÜsJ@5E9&Ü{JHB��TïMNr\H9@ZH<OÚsà�N>ð b ã���J@5:Û�âRB�ÚdÞ
B$9qÜ{<>?rB
5:Û+ZHB��@9HB�Z�<OÛ�Ü{JHB 8�) ��+ $&%34QÖ � Ñ�
 N>ð,ÜsJ@B�WEN8Þ$<lÜs5:NO9[Ú{B�âRNOÚsÜ$ã���JHB�JH5:?OJ@B�Ú�Ü{JHB�âMB$Ú{Þ�B�9qÜ{<O?OBrA
ÜsJHB&ñ&NOÚ{B�Þ�NO9��MZHB�9@Þ�B�5:9ÍÜ{JHB·Û¼B$9@ÛsB$ZÎÚ{B$Ûs\HWEÜT<O9@ZÏÜ{JV\@Û³ÜsJHB&JH5:?OJ@B�Ú*ÜsJHB·ßq\@<>W:5EÜjàÏÚ{<O9HÝ�ã
^.B�ÜsB�Ú{ñ&5E9M<lÜs5:NO9CN>ðKÜsJHB·ßq\@<OWE5EÜjàÏÚ{<O9HÝÏN>ðKÜsÚ{5:<O9H?O\@W:<>Üs5:NO9ÎÚ{B$Ûs\HWEÜ{Û³5:ÛT5:ñ&âMNrÚ¼Üd<>9qÜ$ãA	h9 ÜsJ@B
Þ�<OÛsB³N>ð_ñ�\HWEÜs5:âHWEB�Þ�WE\@Û¼ÜsB$Ú{Û#X§U�JHNrÛsB³ñ�Nr9H5EÜsNOÚ{B$Z3<>Ú{B$<rÛ�ñ·<zà·NláOB$ÚsWÉ<>â�\�AVñ�\HWEÜs5:âHW:BTÚsB$âMNrÚ¼ÜdÛ
ðÅNOÚQÜ{JHB Û{<>ñ&BCÛ¼Nr\H9@Z B�árB�9qÜ�ñ·<zà ïMB ?OB$9HB�Úd<lÜ{B$Z <>9@Z Z8B�W:5EárB�Ú{B$Z Ü{N¿ÜsJ@B ZH<>Ü{<¿Ûs5E9@ÝRã
	jZ8B$<OWEW:àOA8Nr9HWEàQÜsJHB�Þ
W:\@Û¼ÜsB$Ú�JHB$<rZ�U�5EÜsJ[ÜsJ@B³ïRB$Û¼Ü.ßq\@<>W:5EÜjà·Ú{<O9HÝ XÅNrÚ�JH5E?rJHB$Û¼Ü+Þ
Nr9��MZ8B$9@Þ
B�\
9HB�B�ZÍÜ{NÏÛ¼B$9@Z ÜsJHB·Ú{B�âRNOÚsÜ³ïM<OÞdÝ�ãA	h98ðÅB�Ú{5:NOÚ�ßq\@<>W:5EÜjàÎÚsB$âMNrÚ¼ÜdÛTÛ¼JHNr\HWÉZ ïRB·Û¼\@âHâHÚ{B$Û{Û¼B�ZÎÜ{N
ïMB�Ü¼ÜsB$Ú&\8Üs5:WE5 � B�ÜsJHB[W:5Eñ&5EÜsB$Z�ï@<>9MZ8U�5:Z8ÜsJ�<O9@Z¿Þ�NOñ&âH\8Üd<lÜs5:NO9M<>W�âRNlUbB�Ú�5:9 Ü{JHB3U�5:Ú{B�W:B$Û{Û
9HB
ÜjUbNOÚ{Ý8Û�ã���JH5ÉÛ�âRNO5:9rÜ�U�5:WEW]ïMBTðÅ\HÚsÜsJ@B�Ú+5:WEW:\@Û¼ÜsÚd<lÜ{B$Z35E9Î^VB�Þ�Üs5:NO9T
@ã 	Oã

��JHB.â@ÛsB�\MZ8N�Þ
N8Z8B.ðÅNOÚbWEN8Þ$<lÜs5:9H?�Ü{JHB*ÛsNO\@9@ZQÛsNO\HÚdÞ
B.<O9@ZQZ8B�ÜsB$Úsñ&5:9H5E9@?�ßq\@<>W:5EÜjà�Úd<>9HÝ
5:Û�?r5EárB�9&5:9 î 5:?@ã��8A>U�JHB$ÚsBrA e� 5:Û¹ÜsJHB�B�ÛjÜ{5Eñ·<lÜ{5ENr9·N>ðRÜsJHB �H68B$Z�Üs5:ñ&B.Z85��RB$ÚsB$9@Þ
B�ïRB
ÜjUbB�B$9
ÜsJHB�Ü{5Eñ&B¹Ú{B
ðÅB$ÚsB$9@Þ
B¹Ûsà8ÛjÜ{B�ñ·ÛY\@ÛsB$Z³ïVà ]b <>9@Z b ã��bB$Þ�<O\@ÛsB(]b \@Û¼B�Û�ÜsJ@B¹ÚsB$W:<>Üs5:áOB,Üs5:ñ&B¹U�JH5ÉÞdJ
Ü{<>ÝrB$Û�<rÞ�Ü{\@<>WbÛ¼Nr\H9@Z=B�árB�9qÜ�J@<OâHâRB�9H5:9H?ÏÜ{5Eñ&B3<rÛ ��F_U�JH5:WEB b Þ�<O9CNr9HW:à \@ÛsBQ\H9@5EárB�ÚdÛs<OW
Üs5:ñ�B�U�J@5:ÞdJ[Ü{<OÝOB�Û�Ü{JHBTÜs5:ñ&B�Û¼àV9@ÞdJ@ÚsNr9H5 � <lÜ{5ENr9�5:9H57Ü{5:<OWE5 � <>Üs5:NO93Üs5:ñ&B�<OÛ.�Hã

	 
 é 1 1 ë.æ.ísì 	,ç8í¼é�æI+�ë�� -�, -rç0/�1

IKNOñ&ñ�\H9@5:Þ$<lÜs5:NO9 Û¼\@ï@Û¼à8Û¼ÜsB$ñ Û¼B$ÚsárB$Û�Ü{NÍðÅNrÚsU�<>ÚdZ=Ü{JHB�Ü{Ú{<rÞdÝV5E9H? ÚsB$âMNrÚ¼Ü�ðÅÚ{NOñ�Þ
W:\@Û¼ÜsB�Ú
JHB$<rZ�ÜsN³Ü{JHB Ò � % � Ø.$ Ñ�
 ãl;CB�\@Û¼BKÜsJ@B�ZHB
ð§<>\@W7Ü Z �.I¿<>9@Z�ÚsNr\8Üs5:9H?³âHÚsNOÜsN8Þ
NrW�X§5Âã BOã:ArI�^0Z �
<>9@Z Û¼5:9HÝ[ÜsÚ{B�B�\+NOð ��5E9Và5�T^ � � ��<OÛ³<3ï@<OÛsB�W:5E9@BOã�	h9ÍNOÚdZ8B$Ú.Ü{N[<rÞdJH5EB$áOB�J@5E?rJÍÚ{NOïH\@Û¼Üs9@B$Û{Û
5E9C<OÞ
Nr\@Û¼Üs5ÉÞ�ÜsÚd<OÞdÝV5:9H?QÚ{B�âRNOÚsÜ$A�<zál<>5:W:<OïH5EW:5EÜjàOA@B��RB�Þ�Ü{5EárB�Ü{JHÚsNr\H?OJ@âH\8Ü³<O9@ZÎW:NlUÈZ8B�WÉ<zàOARUbB
âHÚsNrâMNqÛ¼B.ÜsJHB³5ÉZ8B$<�N>ð�� ) ��+ $&%*4�/¼Ò>Ö.$&?zÓ�ÑÎÖsÓdÒ�)8Ñ�Ò � Ñ� (4�Ø.) 7�7 ÖsÓ
ØdØ'$ - Ñ � Ñ�Ò  - Ñ5%hÓ�Ñ5%3$ - ÑÏÖsÓ
Ø - /
+ )�%*$ - Ñ X�4 ^³Ld\�<>9MZ × ) + %3$&/ 7�� ÖsÓ
Ñ�%�Ö - )�%*$ Ñ ,&ã

,�9;: 
 	 �gL;H > � � E BKH U�=�P��c=
E 	QP E �gPQV � N 	���� BK=
M�M�H;ACP �gPQE 
 ACP >�=
P >�HJA�P
�c=�M�A�L 	 >�HJA�P

�.Û·ñ&B�9qÜ{5ENr9HB$Z�ïMB�ðÅNOÚ{BOA¹5:9 ÜsJHBÎ<rÞ
Nr\@ÛjÜ{5:Þ3Üd<>Ú{?OB
Ü&Ü{Ú{<rÞdÝq5:9H?=Û¼\@ï@Û¼à8Û¼ÜsB$ñ[A!ðÅNrÚ&ÜsJHBÏâ@\HÚ¼D
âMNqÛ¼B³N>ð]â@ÚsNláV5ÉZ85E9@?�ïMB�Ü¼Ü{B�Ú�Ú{NOïH\@Û¼Üs9@B$Û{ÛK<O9@ZQ<zál<>5:W:<OïH5:WE5EÜjàOAqUKBT<>W:W:NlU ÜsJHB³NláOB$ÚsWÉ<>âHâ@5E9H?�N>ð
Þ
W:\@ÛjÜ{B�ÚdÛ �Rñ&NO9H5EÜsNrÚs5:9H?[<>Ú{B$<OÛ.ÜsN[?OB$9HB�Úd<lÜ{B�Ú{B$Z8\H9MZH<>9qÜTÚsB$âMNrÚ¼ÜdÛ+ðÅNrÚ³B�<OÞdJÍÛsNO\@9@ZÏB�árB�9qÜ$ã
��JHB�Ú{B
ðÅNrÚsBrAM<3ñ�B�ÞdJ@<>9@5:Ûsñ 5:Û*9HB�B�Z8B$ZÎÜsN[ßr\M<>9qÜs5EðÅà�ÜsJHB&ßq\@<>W:5EÜjà[NOð¹ÚsB$âMNrÚ¼ÜdÛ*<O9@ZÎÛsB�W:B$Þ
Ü
ÜsJHB+Nr9HB�U�5EÜsJ&ÜsJ@B+ïMB�ÛjÜbßr\M<>W:57Üjàrã�	h98ðÅB�Ú{5:NOÚ¹Ú{B$Z8\@9@ZH<>9qÜ¹Ú{B�âRNOÚsÜ{Û¹Þ$<>9&ïRB.Û¼\@âHâHÚ{B$Û{Û¼B�Z�ðÅÚ{NOñ



�$À���� °�¯q­���� ���
	
� � ��� ®�°���
 m��q|hasfjyza�´·crfjm$cVe$��e�gjvwm�kQ´Oad�7ed~�y�adu{gjm$f���� 
������������������������
 À i�e�fjº�e$crcVe
fjadklgj�w~�vwk>y�e��wvE´ ��! |�vwk"�
# À%$'&�k>pri³�8a{f�m�nYy$e$�wv7´�ad�wadi�adklgj|�vwk(�
)OÀ%*+� ®,�>¯V°.- c8m$v7klg 
�/0 ��/1 �32547698:�
; À u�e$�wudpr�Ee
gja /��� 
 /������<�<�<�� /����� nÉm�f 
�/0 �=/1 � e$udu{m$f¼´rvwkr�Tgjm�¶_Çlpqe�gjvwm�k 
 � �
�>À *+� ®,�>¯V°.- y$e$�wv7´ � ! 2 �
> À ? ! & /� !A@ � !
�>À BC & e�yza{f¼e���a+m$nD? ! |
E À F=G.HJI7& �
�d�OÀ *+� ®,�>¯V°.- y$e$�wv7´ � ! 2 �
�$��À I 6.6K! &L? ! @ BC
�  À �M*�N I 696 ! N�OQP ­�-R� 	SF=GKH�IT&LF=GKH�IVUC�
� # À WYX�Z�[ 8 H 1]\ Z�^R_�`+ab.c ad�e &gf�hjilkm��)rÀ 
 B0 � B1 � & gj�ra 
�/0 �n/1 � ¸¹v}gj��gj�qab�qvw���rad|GgTWYX�Z�[ 8 H 1]\ Z�^R_
� ; ÀLBWo& 
 B0 � B1 ��p |¹udm$fhfjad|hc8m$kV´Ov7kr�qWrX�Z][ 8 H 1]\ Z�^A_
�d�OÀ ®.�>­ � ® 	 
 B0 � B1 � e$|�gj�qa�|ha{kq|ha�´�|hm$pqkq´�|hm�pOfjuda��wmlu�e�gjvwm�k@�q¸¹v}gj�·eTÇlpqe$�wv}g�~�f¼e$krº�m�nSBW

����� ±Ks@±utg����&g�qtg�'�s	�
��wv>��
� �"$#@&=xqyV� x ��	�#@"Mz�{

B�9qÜsB$Ús5:9H?=ÜsJ@BÍÞ
Nrñ�ñ�\H9H5ÉÞ�<>Üs5:NO9 Û¼\@ï@Û¼à8Û¼ÜsB$ñ[AbÛ¼N¿<rÛ&ÜsN�Þ
NO9MÛ¼B$ÚsárB3Ü{JHBÍÛ{Þ�<OÚ{Þ�B[U�5:Ú{B�W:B$Û{Û
ï@<>9@ZHU�5:ZVÜ{JÎðÅNrÚ*B��RB�Þ�Üs5:áOB�ZH<lÜd<Hã�	h9 Þ$<OÛsB�N>ðKÞ�NO9qÜsB$9qÜs5:NO9ÏÚ{B$ÛsNOW:\8Üs5:NO9
AR5EÜ*5ÉÛ³ZHB$Ûs5EÚd<>ïHW:B�Ü{N
?O5:áOB�JH5E?rJHB�ÚTâHÚ{5:NOÚ{57Üjà�Ü{N3Ú{B�âRNOÚsÜ{Û³U�5EÜsJ=ïMB�Ü¼Ü{B�Ú�ßq\@<>W:5EÜjàÎ<>9@ZCÛ¼âRB�B�ZVDG\HâÍÜ{JHB�5:Ú�Z8B$WE5:áOB$Úsàrã
	h98ðÅB�Ú{5ENrÚ.Ú{B�âRNOÚsÜ{Û+<OÚsB�<OÛ{Û¼5:?O9HB�Z�WENlUbB�Ú.âHÚs5:NOÚ{5EÜjà�NOÚ*B�árB�9ÎZ8Ú{NOâHâRB$Z�5:9ÎâHÚ{B$ÛsB�9MÞ
B�NOð�Þ
NO9HD
?OB$Û¼Üs5:NO9]ã

�]N·Z8B�ÜsB�Ú{ñ&5E9@B*Ü{JHB�ßq\@<>W:5EÜjà·N>ð!ÚsB$âMNrÚ¼ÜdÛbZH\HÚs5:9H?&Ú{\H9qÜs5:ñ�BrA8UKBT\@ÛsB³ÜsJHB�ßq\@<OWE5EÜjàQÚd<>9HÝ
Z8B��@9@B$ZC5E9=<OÞ�NO\@Û¼Üs5ÉÞ�Ü{<OÚs?rB
Ü³ÜsÚd<OÞdÝV5E9@?[<rÞ�Þ
NrÚ{ZH5E9H?�ÜsN î 5E?Mã���� Û�<>W:?ONrÚs5EÜsJHñ�ãA�.Û�ZHB�ñ&NO98D
ÛjÜ{Ú{<>ÜsB$ZÎ5E9ÏÜ{JHB�B
68âMB$Ús5:ñ&B�9qÜ{<OW]Ú{B$Ûs\HWEÜ*5:9 ^VB$Þ
Üs5:NO9C�HARßq\@<OWE5EÜjà�Ú{<O9HÝ[J@<OÛ*<�Û¼ÜsÚ{NO9H?�Þ�NOÚ{ÚsB�D
W:<>Üs5:NO9[U�57Ü{J3Ü{JHB�<OÞ$Þ
\HÚd<OÞ�à·N>ð,ÜsJHBTÜ{Ús5É<>9@?O\HWÉ<lÜ{5ENr9�Ú{B$Ûs\HW7ÜdÛ�ã
; B�5:ñ&âHWEB$ñ&B�9qÜbßq\@<OWE5EÜjàqDGZ8Ú{5:áOB�9�Þ
Nr9rÜ{B�9qÜs5:NO9&Ú{B$ÛsNOW:\8Üs5:NO9·<O9@Z�ÚsB�Z8\H9@ZH<O9@Þ
à�Û¼\@âHâHÚ{B$Û¼D

Û¼5:NO9[U�57Ü{J[ÜsJHB�NrÚs5:?O5:9@<>W]I�^0Z � Z �.I âHÚ{N>Ü{N8Þ
NOW�5:9 ��5E9Và5�T^�ã@^VâRB$Þ�5��MÞ$<>W:WEàrA8UKBT\@ÛsBTÜsJ@B
ßr\M<>W:57Üjà�Ú{<O9HÝ�ÜsN�Z8B
Ü{B�Ú{ñ�5:9HB�Ü{JHB+ï@<rÞdÝON��·Ü{5Eñ&B�ðÅNrÚbI�^0Z � Þ
NO9qÜ{B�9qÜs5:NO9&Ú{B$ÛsNOW:\8Üs5:NO9
ã���J@B
ïMB�Ü¼ÜsB$Ú!ÜsJHB�ßq\@<OWE5EÜjà�Ú{<O9HÝ�A�Ü{JHB�Û¼J@NOÚsÜsB�Ú_ÜsJ@BbïM<OÞdÝON��,ã �¹árB�Ú{à³Üs5:ñ�B�<³Þ
W:\@Û¼ÜsB�Ú!JHB�<OZ�
lÚsNr\8ÜsB$Ú
Ub<O9rÜdÛKÜsN·Û¼B$9@Z3NO\8Ü.<�ÜsÚd<OÞdÝV5:9H?�Ú{B�âRNOÚsÜ�â@<OÞdÝrB
Ü�U�57Ü{J[<&ßq\@<OWE5EÜjàQÚd<>9HÝ·NOð}|&A85EÜ{Û�ï@<rÞdÝON��
Üs5:ñ�B�5ÉÛ+Þ�NOñ&âH\8Ü{B$Z[<OÛ$A

~D�J�K���.���n� ��| Y9� �7���9� Z���� U �=� � c��n� XJ��\
U�JHB�Ú{B�� �7���9� Z�����5:Û�<>9 5:ñ�â@WEB$ñ�B$9qÜ{<lÜ{5ENr98DhÛ¼âRB$Þ�5��MÞÍÞ
NO9MÛjÜd<>9qÜ$AT|15ÉÛ&Ü{JHB ßq\@<OWE5EÜjà�Úd<>9HÝ
XÅU�5EÜsJc��<OÛ¹ÜsJHB³JH5:?OJHB�ÛjÜ�ßr\M<>W:57Üjàg\�AV<>9MZ��=� � c��n� 5:Û�ÜsJ@B.Úd<>9@Z8Nrñ ïM<OÞdÝON��3?rB�9HB$Ú{<>ÜsB$Z&ïVà
ÜsJHB+NrÚs5:?O5:9@<OWMI�^0Z � âHÚ{N>Ü{N8Þ
NOW�ã�	GðYïRB
ðÅNOÚ{B�ÜsJ@B �@Ú{5E9H?�NOðY57ÜdÛ¹NlU�9&ï@<OÞdÝqDGN��·Ü{5Eñ&B�Ú�Ar<T9@NVZHB
NláOB�Ú{JHB�<>ÚdÛK<&Ú{B�âRNOÚsÜ�ïMB$WENr9H?O5:9H?�ÜsN&Ü{JHB�Û{<>ñ&B�Û¼Nr\H9@Z[B�árB�9qÜ N U�5EÜsJÎ<&JH5:?OJHB$Ú+ßq\@<>W:57ÜjàrAH5EÜ
Z8ÚsNrâ@Û�5EÜ{Û�âRB�9@ZH5E9H?&Ú{B�âRNOÚsÜ$ã

��JHBTâ@Û¼B$\@Z8N·Þ
N8Z8B�NOð]Ü{JHB�âHÚ{N>ÜsN8Þ�NOWY5ÉÛ�Z8B$Û{Þ
Ú{5EïRB$Z[5:9 î 5:?@ã��@ã
� �Ân0gj�ra ¶]prud�wvE´Oa�e$k ´rvw|Gg¼e$kruda m$n0gj�qa gÂ¸!m yza{u{gjm$fj| m$n0gj�ra e$udm$pq|Ggjvwu fjadc8m$fhgj|

�� G9X�^ ��� G.X 69� I,[MG � Z=H 8 G9^ � H 8 $�I � v7|�|hi�e��w�7asf.gj�qe$k[e$k[asfhfjm$f.�8m�prkV´@�8gj�ra³g�¸,m�fjadc8m�fhgj|+e�fja
fjad�ze
f¼´ra�´�e$|,��|je�i�a�|hm�pqkq´�adyza{k>g��



��� xbc8m$k��$adkqa{f¼e
gjvwm�k � fjadudadcOgjvwm�kQm$n
e�k�fjadc8m�fhg \ 
 [MG � Z=H 8 G9^ � H 8 $5I � WrX�Z][ 8 H 1]\ Z�^A_ � ���
�$À � 	��R� ���	��

�
 À ¬��O­ «R¯V°�� ��� ­ ��� �>®���� � ¯�� � ­�����¯ 	 ��� �l	 ­��>®��O¯�� ��®
¯ 	
� �!� 

�
��� xbc8m$k�m
yza{fj�ra�e�fjvwkr��m$n
e�k�fjadc8m$fhg \ 
 [ G � Z�H 8 G9^ � H 8 $�I � e�g�kqm>´Oa 8 ���
# À �M*#"wZ � _]I�H�WrX I�X I 
�8+�%$�'& �
)OÀ �M*)( 8 ^ � $ Z�H �+* 
 \ �-, H 6 X I
; À � ® ��. �l	R* �>® �M� ® ®K� .u� ®
­/�0� � ¯�� � ­1����¯ 	 ��

2
�>À £
��� xbc8m$k��qe$u¼ºzm$ÆQgjvwi�a{f¹a{¾Ocqv}f¼e
gjv7m$k ���
> À �43 � � �R� � � ����

�
�>À ­d®
¯ 	 ¬ � � ­/�	��

�

����� ±�5H±)687^��	� �"$#$��& �l�:9-;=<

,�9 8 N�HJP D � >�B�=
='V"ACPQM�>�B 	 V�>�HJA�P

; B+â@ÚsNrâMNqÛ¼B�<Tñ�\HWEÜs5EDGâ@<>Ú{B�9qÜ�Ûs5E9HÝ�ÜsÚ{B�B�Ú{NO\8Ü{5E9H?�<OWE?rNOÚ{57Ü{JHñ�ãrIKNOñ&â@<OÚsB�Z�U�5EÜsJ�ÜsJ@B+NOÚ{5E?OD
5E9@<OW]5:ñ&âHWEB$ñ&B�9qÜ{<>Üs5:NO9ÎNOð�Ûs5:9HÝ�Ü{ÚsB$B�Ú{NO\8Ü{5E9H? � � �GAHÜ{JHB�ñ·<O5E9ÎZ85���B�Ú{B�9@Þ�B�5:Û.ÜsJM<lÜ.5:9@Û¼ÜsB$<rZ
N>ðKñ·<O5E9qÜ{<O5E9@5E9H?�<[Û¼5:9H?OW:B�\Hâ@Û¼ÜsÚ{B$<>ñ09@NVZHB)X§U�57Ü{J Ú{B$ÛsâRB$Þ�Ü³ÜsN[Ü{JHB·ZH<lÜd<3Ûs5E9@Ý0\
A
<�9@NVZHB
ÝOB�B$â@Û�<  � ÑRÒ�$§Ò � %hÓ 7�� ÖsÓ
Ñ�% + $ÉØ.% NOð_ñ�\@W7Ü{5EâHW:BT\Hâ@Û¼ÜsÚ{B$<Oñ 9HN8Z8B$ÛKÜ{N�Ú{B$<rÞdJQÜ{JHB�ZH<lÜd<�Ûs5E9@ÝRã
��JHB�Þ$<>9@ZH5:ZH<>ÜsB�â@<>Ú{B�9qÜ³WE5ÉÛjÜ�5ÉÛ³NOÚdZ8B�Ú{B$ZÏïVàÎÞ�B�ÚsÜ{<>5:9ÎâHÚ{B
ðÅB$ÚsB$9@Þ
BTXÅBrã ?MãEA�Ü{JHB�9V\Hñ�ïMB$ÚTN>ð
JHNOâ@Û.ÜsNQÜsJHB&Û¼5:9HÝg\�ã6�+W:W_ÜsJHB�â@<>Ú{B�9qÜ³Þ$<>9@ZH5:ZH<>ÜsB�Û.<>Ú{B�ñ·<>5:9qÜ{<O5E9HB�ZÏ<OÛ³Û¼NOð Ü*Û¼Ü{<lÜ{B$Û$ã���J@B
ZH<lÜd<�Û¼5:9HÝ�âMB$Ús5:N8Z85:Þ$<>W:WEà&ÛsB�9@ZHÛ¹NO\8Ü �MNqN8Z85:9H?�âM<OÞdÝOB�Ü{Û!Ü{N�Þ
Nr9@ÛjÜ{Ús\MÞ�Ü¹Ü{JHB.Ûs5E9HÝ�ÜsÚ{B�Brã �.B�U
â@<>Ú{B�9qÜ·Þ�<>9MZ85:Z@<lÜsB�Û·<>Ú{B35:9@ÛsB�ÚsÜsB�Z�5:9qÜsNCÜsJHB�Ú{NO\8Ü{B�Ú
� Û&Þ$<>9@Z85ÉZH<>ÜsB�â@<>Ú{B�9qÜ&WE5ÉÛ¼Ü&U�J@B�9 <
�@NVNVZH5E9H?&â@<rÞdÝOB�ÜbðÅÚ{NOñ ÜsJHB�Þ�NOÚ{ÚsB�Û¼âRNO9@ZH5E9H?�9HN8Z8BT5ÉÛ�ÚsB�Þ
B$5EárB$ZYã

�]N³ðÅNOÚ{U�<>ÚdZ�<�ZH<>Ü{<³â@<OÞdÝrB
Ü�A><T9HN8Z8B�<>W:Ub<zà8Û_ÜsÚ{5EB�Û!ÜsNTðÅNrÚsU�<>ÚdZ�5EÜ�ÜsNTÜ{JHB9�@ÚdÛjÜ¹âM<>Ú{B�9qÜ
Þ�<>9MZ85:Z@<lÜsBrã�	Gð�<&W:5E9HÝ3ð§<>5:W:\HÚsB�5ÉÛ.ZHB
ÜsB�Þ�Ü{B$Z4XÅBrã ?Mã@B�68Þ�B�B�Z85E9@?&ÜsJHB�Ú{B
Ü{Ú{<O9@Ûsñ�5ÉÛ{Û¼5:NO9[WE5:ñ&57Ü \�A
<Q9HN8Z8B&Z8Ú{NOâ@Û+ÜsJHB&Þ
NrÚsÚ{B$ÛsâMNr9@Z85:9H?Qâ@<OÚsB$9qÜ³Þ�<O9@Z85ÉZH<lÜ{B�<O9@ZÏ\@ÛsB$Û.ÜsJHB�9HB�6qÜTNO9@B�5:9ÎÜsJ@B
WE5ÉÛjÜ�ã

��JHBQñ·<>5:9�<OZHáz<O9qÜ{<>?rBQN>ð�ñ�\HW7Ü{57DGâ@<OÚsB$9rÜ&Û¼5:9HÝ ÜsÚ{B�B3âHÚsNOÜsN8Þ
NrW�5ÉÛ�Ü{J@<lÜ�57Ü&5Eñ&âHÚ{NláOB�Û
<záz<O5EWÉ<>ï@5EW:57Üjà ïqà ð§<OÛ¼ÜÍÚ{B$Þ
NlárB�Ú{àOã ��JHB W:5E9@Ý ð§<O5EW:\HÚ{B$ÛÎÞ$<>9 ïMB Ú{B�âM<>5:ÚsB�Z W:N8Þ�<OWEW:à \@Ûs5E9@?
ñ�\HWEÜs5ED�âM<>Ú{B�9qÜ·5E98ðÅNrÚsñ·<>Üs5:NO9
ãKIKNrñ�âM<>Ú{B$Z¿U�5EÜsJ Ü{JHBÏNOÚ{5E?r5E9M<>W�Û¼5:9HÝ�ÜsÚ{B�B�ÚsNr\8Üs5:9H? <>W:?ONOD
Ús5EÜsJHñ�ArU�JHB�Ú{B�ÜsJHB.WE5:9HÝ8Û¹<>Ú{B�9HNOÜ�ÚsB$â@<>5:Ú{B$Z�\H9qÜs5:WHÜsJ@B+9HB
6VÜ�Ú{NO\@9@Z�N>ðYÛ¼5:9HÝ�Ü{ÚsB$B+ïH\H5:WÉZ85E9@?
�@NVNVZH5E9H?MA_W:N8Þ�<OW�Ú{B$Þ
NlárB�Ú{àÍÞ�<O9¿5:9@Þ
Ú{B$<rÛ¼B·Ü{JHB�Ú{B�W:5É<>ïH5:WE5EÜjà=<>9@Z=Ü{JHÚ{NO\H?rJHâH\8Ü�ðÅNOÚ�âM<OÞdÝOB�Ü
Z8B�W:5EárB�Ú{àQ5:9�Ü{JHB�9HB
ÜjUbNOÚ{Ý�ã

> ?A@CB#/
è@í 1 /_æ�çg-

	h9ÍÜ{JH5:Û�ÛsB$Þ
Üs5:NO9
A�UbB�Þ�NO9@ZH\@Þ�Ü�Û¼B$áOB$Ú{<OW_B�6VâRB�Ú{5:ñ�B$9qÜ{Û³5E9CNO\@ÚTÛsB�9MÛ¼NrÚ*9HB�ÜjUKNrÚsÝ[Ü{B$Û¼ÜsïRB$ZYã
^VB�9@ÛsNOÚdÛ]<O9@Z�Ú{NO\HÜsB�ÚdÛ]<OÚsBKñ·<OZ8Bb\Hâ�ïVà�<+9V\Hñ�ïMB$Ú!N>ðHñ&5:Þ$<.ñ&NOÜsB$Û$ã �¿ðÅB$U¿âRÞ 

	���
*Ûs5:9H?OW:B
ïMNq<>ÚdZ�Þ
NOñ&âH\HÜsB�ÚdÛ,<>Ú{B�Z8B�â@WENlàrB$Z³ÜsNTÛsB�Ú{áOB¹<OÛ]ÜsJ@BbÞ�WE\@Û¼ÜsB$Ú]JHB�<OZHÛ$ã ��<OÞdJ�â�ÞB
0	���
+ïMNq<>ÚdZT5:Û
Þ
NO9@9HB$Þ
ÜsB$Z�áV5:<³Û¼B$Ús5É<>WVâRNOÚsÜ_Ü{N³<*ñ&5:Þ$<³ñ�NOÜsBKðÅNOÚ�ÛsB�9@Ûs5E9@?³<O9@Z�U�5:ÚsB$WEB�ÛsÛ!Þ�NOñ&ñ�\H9@5:Þ$<lÜs5:NO9]ã



�79;: N�A 	QPQE N�A 	�BKV�= 15AOV �0>�H;P3- ?�H >
� H;P � 
 L�	 M�>�=�B

	h9&ÜsJH5ÉÛ�ÛsB$Þ
Üs5:NO9
A>UbB.Û¼Üs\@ZHà�Ü{JHB+âRB�ÚsðÅNOÚ{ñ&<O9@Þ
B�NOðMÜ{JHB.<rÞ
NO\MÛjÜ{5:ÞbÜ{Ú{<rÞdÝq5:9H?�Ûs\Hï@ÛsàVÛ¼ÜsB$ñ�ã��.ð
âHÚs5:ñ·<>Ú{à·5E9qÜ{B�Ú{B$Û¼Ü{Û�<>Ú{BOAV5 \KÜsJHB�<rÞ�Þ
\@Ú{<rÞ
à·N>ð_ÜsÚ{5:<O9H?O\@W:<>Üs5:NO9�Ú{B$Ûs\HWEÜ+<>9@Z35E5 \KÜsJ@BTÞ�NOÚ{ÚsB$W:<>D
Üs5:NO9�ïMB�ÜjUKB$B�93ÜsÚ{5:<O9H?O\@W:<>Üs5:NO9�<OÞ�Þ�\HÚd<OÞ
à·<O9@Z�ßr\M<>W:57ÜjàQÚd<>9@Ý | â@ÚsNrâMNqÛ¼B�ZQ5:9Ï^8B$Þ�Ü{5ENr9'�Hã

�.ÛTñ&B�9qÜs5:NO9@B$ZCB$<OÚsW:5EB$Ú$AYÞ�WE\@Û¼ÜsB$Ú{Û�<OÚsB�Ü{JHB·ï@<OÛs5ÉÞ�\@9H57ÜdÛTðÅNOÚ�W:N8Þ�<>Üs5:9H?Ï<>9@Z ÜsÚd<OÞdÝV5:9H?
<OÞ
Nr\@Û¼Üs5ÉÞÏÜ{<OÚs?rB
Ü�ã 	h9 Ü{JH5ÉÛ[ÛsB
Ü[N>ð�B�68âMB$Ús5:ñ&B�9qÜ$A�Û¼B$9@ÛsNOÚdÛ�<>Ú{BÎâHWÉ<OÞ�B$Z \@9H57ðÅNrÚsñ&W:à 5E9 <
	���� � 	��"��� ����� � �zD ^ <>Ú{B$<�ÜsN�ðÅNOÚ{ñ <�Ûs5:9H?OW:B³Þ�WE\MÛjÜ{B�Ú#X§ÛsB�B î 5E?Mã�

\�ã���JHÚ{B�BTÛsB
Ü¼Ü{5E9@?rÛ�<>Ú{B
ÜsB$Û¼ÜsB�ZYA]\MÛ¼5:9H? �HA 	��Ï<>9@Z 	��3ÛsB�9MÛ¼NrÚ{ÛTâRB�Ú�Þ�WE\MÛjÜ{B�Ú�Ú{B$ÛsâMB�Þ�Ü{5EárB�W:àOã � â�ÞB
0	���
[5ÉÛ�âHWÉ<OÞ
B�Z
<lÜ�Ü{JHB�Þ
B$9qÜsB�Ú�N>ð�ÜsJ@Bc�zD ^ <OÚsB�<�Ü{NÍÛsB�Ú{áOBQ<OÛ�ÜsJHB[Þ
W:\@ÛjÜ{B�Ú�J@B$<OZ
ã �_NÎ\H9@Z8B$Ú{Û¼Ü{<O9@ZCÜsJ@B
Û¼B$9@Û¼5EÜs5:áV57Üjà NOð�ÜsÚ{5:<O9H?O\HWÉ<lÜ{5ENr9 ÚsB�Û¼\@W7Ü3ÜsN¿Ü{JHB=Û¼Nr\H9@Z ÛsNO\HÚdÞ
BÎW:N8Þ�<>Üs5:NO9
AbUKBC<>WÉÛ¼N�áz<OÚsà
ÜsJHB·W:N8Þ�<lÜ{5ENr9=N>ð�Û¼Nr\H9@Z=Û¼Nr\HÚdÞ
B&<OÛ�ÛsJHNlU�9C5E9 î 5E?MãO
@ã 	h9CB�<OÞdJ ÜsB�ÛjÜ�ÛsB
ÜsÜs5:9H?[X1�@A 	��[NrÚ
	��CÛ¼B$9@ÛsNOÚdÛ'
>Þ
W:\@ÛjÜ{B�Ú \�A�	�� Ü{Ús5É<>WÉÛ·<>Ú{BÏÞ�<>Ú{Ú{5EB�Z�Nr\8Ü·ðÅNOÚ·B�<OÞdJ N>ð³ÜsJHB4	B� Û¼Nr\H9@Z Û¼Nr\HÚ{Þ�B
WEN8Þ�<>Üs5:NO9@Û$ã���JHB$ÚsB�ðÅNOÚ{BOA8<>WEÜsNr?OB
Ü{JHB�Ú�Ü{JHB�Ú{B�<>Ú{B 	�� � 	B� �T� � $�
���Ü{Ús5É<>WÉÛ�ã

0 20 40 60 80 100

0

20

40

60

80

100

120

X location (inch)

Y
 lo

ca
tio

n 
(in

ch
)

8 sensors setting
2 more added, making 10 sensors in total
2 more added, making 12 sensors in total
Sound Source Locations

����� ±��R± v>��
� �"$#%��&^� ��� �)��&^����	��  '&g� ���'�s&h�W������	�
����*#@&M ���#@&�xf� � 
)� ����"���	

�  ' ()8Ö �  (4 - D %�Ö.$ � Ñ , ) +�� %*$ - Ñ ��J@BC<rÞ�Þ
\@Ú{<rÞ
à N>ð�Ü{Ús5É<>9@?O\HWÉ<lÜ{5ENr9 ÚsB�Û¼\@W7Ü�5:Û�Z8B(�@9HB�Z <rÛ
ÜsJHB���\@Þ
W:5:ZHB$<>9CZ85ÉÛjÜd<>9@Þ�B�ïRB
ÜjUbB�B$9ÍÜ{JHBQ<OÞ
Üs\@<OW!WEN8Þ�<>Üs5:NO9GX%H � I�K � \³<O9@ZÎÜ{JHBQÞ
Nrñ&âH\8ÜsB�Z
WEN8Þ�<>Üs5:NO9 X%H��EI�K	� \�<rÛ�A


 � ���9� ����
q�n� � � � P X%H � RTH � \ �VU X%K � RXK � \ � X 

\

î 5:?@ãK��?r5EárB$Û_<>9�B�68<Oñ&âHWEBKN>ð8Ü{JHB�Ü{Ú{<rÞdÝV5E9H?.ÚsB�Û¼\HWEÜ{Û]ðÅNOÚ]ÜsJHB 	��+Û¼B$9@Û¼NrÚ_Þ$<OÛsB X§ZH\HB�Ü{N*Ûsâ@<OÞ�B
WE5:ñ&57Ü�A$UbB�NO9HW:àTÛ¼JHNlU $�NO\HÜ]N>ðVÜsJ@B�ÜsNOÜ{<>WC	G�bW:NVÞ$<lÜ{5ENr9@Û \
ãG�K<OÞdJ�������Ú{B�â@ÚsB�Û¼B$9rÜdÛRÜsJHBb<OÞ
Üs\@<OW
WEN8Þ�<>Üs5:NO9�N>ð.Ü{JHBÏÛ¼Nr\H9@Z Û¼Nr\HÚdÞ
BOA!U�JH5:W:B[B�<OÞdJ��'Y � Þ�NOÚ{ÚsB�Û¼âRNO9@Z@Û�Ü{N Ü{JHB[ÜsÚ{5:<O9H?O\@W:<>Üs5:NO9
ÚsB�Û¼\HWEÜ&5E9 NO9HB�ÜsÚ{5:<OWÂã��*Û·Û¼JHNlU�9�5E9 î 5E?Mã �HA,ÜsJHB[ñ·<��jNOÚ{5EÜs5:B$Û�N>ð+Ü{JHB[WEN8Þ�<>Üs5:9H?CÚsB$âMNrÚ¼ÜdÛ
ð§<>W:WMU�5EÜsJH5:9QÜ{JHB.áV5ÉÞ
5:9H5EÜjà�NOðYÜsJHBTÛsNO\H9@Z·ÛsNO\@Ú{Þ�BOã�E.NlUKB$áOB$Ú$AOÜsJHB.ÜsÚ{5:<O9H?O\HWÉ<lÜ{5ENr9Q<OÞ$Þ
\HÚd<OÞ�à
Z8B�?rÚ{<rZ8B$Û�<rÛ�ÜsJHB�Û¼Nr\H9@Z�Û¼Nr\HÚdÞ
BTñ&NláOB$ÛbÜ{N·ÜsJ@B�Þ
NrÚs9HB$Ú�N>ð,ÜsJHB�Û¼B$9@Û¼5:9H?Q<OÚsB�<Hã���JH5ÉÛ+Þ�<O9
ñ�5EÜs5:?r<>ÜsB�Z3ïVàQNlárB�Ú{W:<OâHâH5:9H?�ñ�\HWEÜs5:âHWEB�ÛsB�9MÛ¼5:9H?·Þ
W:\@Û¼ÜsB�ÚdÛ$ã



0 20 40 60 80
0

20

40

60

80

inch

in
ch

Sound Source at (18, 18)

0 20 40 60 80
0

20

40

60

80

inch

in
ch

Sound Source at (18, 54)

0 20 40 60 80
0

20

40

60

80

inch

in
ch

Sound Source at (18, 90)

0 20 40 60 80
0

20

40

60

80

inch

in
ch

Sound Source at (54, 18)

0 20 40 60 80
0

20

40

60

80

inch

in
ch

Sound Source at (54, 54)

0 20 40 60 80
0

20

40

60

80

inch

in
ch

Sound Source at (54, 90)

Actual Sound Source Location
Sensed Sound Source Location in 1 Trial

Each trial uses 12 acoustic sensors. 
Each sound source corresponds to 10 trials. 
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