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<�=?>A@�BDCEB ×GFIH"J > JLKNMPOQF7Rq×GS >IT K5× <VU MB×XW?Y-M T MZK�×GS > R�MA[\K�× U�> S·×]W_^�Ma`�× C:b ScH U O�HdSdW�e
HfOhg ×G[iK5×�j T MB×XWlk1HN×GF >
YV×GOQM U ×XW > JLK�HdS U H U�m HdS T�>Zn�<VU M1× B M mo> SLMPJ > ScpqMZO C j F�×rF > k1K�×GO1JiMZO�×Xs"Y8p C HdHftuMA[\FvO >a=�B H CxwAU HdOvJ T MPSLH
J >-y H Thz@QT j�s{^�H}| > HdSLMxW�~�MPFPMap @ F�× <�T K5×r�fHdF�×]W�k > O > F > Y > S·×GpIM U M3MZO CE� SLMZON[d× T [ > kxMZO1J >AT W n]> S�JLK�H w ScHfMPJ
H��xt�HdS·×GHdOQ[�H =?> ScF�×GO w J >Aw H�JLK�HdS?MZO C JLK�H�×rS?F�×GO C OQH TcT J > M BrBG>Z= JcKQH
ScH T�@�B J�×rO wl��> ×GO1J =�> ScF T J >�m H@×rON[ BG@QC H C ×GO
JLK�× T JLKQH T × T s

�N> S3�_KNMPt�JcHfS��vW < M U�w SLMPJLH n�@QB J >:y H T�z@NT j�s?^�H�| > HdSLM7MZO C)� SLMZOQ[N× T [ > kxMZOvJ >IT�= ×rJLK = K >AU JLK�× T
[\KQMZtxJLHdS = M T�=?> ScFAH C s"~�KNMZO�F T J > j B H���MZO C HfS b H BG>P= MZO C�y��@ S w HdO��X×D[iKvJLHdS��V�
H m HdS�J n�> S�JLK�HN×GS�K�H B tuMZO C
× C HfM T ×rO�JLK�H�t�S >v>Zn]T�>Zn�� S > t >IT ×rJ·× > Ou�1s���MZO C �1s��1W�j B H���MZO C HdS b H Br>P=�n�> S U MZF�×GO w3� × wA@ ScH��1s�� @NT ×rO w JLK�H
tQMA[\FZM w H��n×rO C HdScH BrB MxWQj F�×GSLM�~�M � × U M�MPO C"yo�> S w �lM U�m M @�n�> S�[ > ScS >Amo> SLMPJ·×GO w�U MPO1p >Zn JcKQH
[ >ZU t @ JiMPJ·× > OQM B
ScH T�@QB J T W?kxM U�@ H B�� HdJcHfS T�> O n�> S�K5× T K�H B t = ×�JLK7[fM B [ @QB MPJ�× > O T W�MZO C R�×rS >IT K5× <VU M1×XW b HdScO C kvJ @ S U�n H BDT MZO C
j F�×GSLM�~�M � × U M n]> S?JLK�HN×GS Tc@ t�t > S�Jfs

�N> S��_KNMZtxJLHdS��xW1JLKQMZO�F T J > e�HdO � ×he�M T K5× = M m MZSLM n�> S m S·×rO w ×rO w JcKQH�tQS >ZmQB H U J > JLK�H
M @ JcK > Sdg T ×rO1JLHdScH T JfW
MZO C R HdSc` zH b S �> O�O�× U MZO�O WAY-M T MZK�×GS > R�MA[\K�× U�> S·×]WAR�×GS >IT K�× <VU M1×XWIY-MZScp < ONM m MxW � SLMZOQ[d× T [ > kxMZOvJ >IT WAjlF�×GK�× T M
~�M U�@ SLM�MPO C MPO3MZO > Oxp U�>A@QT ScH n HdScHdH n�> S [ >AU�U HdO1J T MZO C HdOQ[ >A@ SLM w H U HdO1J T s

�N> S��_KQMZt�JcHfS_¡xW < M U�w SLMPJLH n]@�B J > ~�MPFZMfp @ F�× <�T K�×G�dHdF�× = ×rJLK = K >AU JLK�× T [\KQMZtxJLHdS = M T�=�> ScFAH C s{~?KNMZO�F T
J > ^
M¢`�× C j `�× T W y H Thz@QT j�s�^�H�| > HdSLMxW�Y-M T MZK�×GS > R�MZ[�K�× U�> S·×XW��lp @ ×G[iK5×
R�×GSLM m M¢pAM T K5×]W £ >IT K5×rF >E< FIH m HZW
R�×rS >IT K5× <VU M1×�MZO C k1K5×rO��Å×D[iK�× ~ > F @ ONM w M n�> S C × T [ @QTLT × > O T WN[ >ZU�U HfO1J T MZO C ×GO n]> S U MPJ�× > Ohs

�N> S_�_KQMZtxJLHdS_¤1W < M U¥w SLMPJcH n�@�B J > k > O > F > Y > S·×rpvM U M = ×�JLK = K >AU JcK5× T [\KNMPt�JLHdS = M T{=?> ScFAH C s{~?KQMZOQF T
J > ^
MP`�× C j `�× T WZR�×GS >AT K�× <VU MB×vMZO C H T tNHa[d×DM BGB p
Y�M T MPK5×rS > R�MA[\K�× U�> S·× n�> S C × T [ @QTcT × > O T MZO C HdOQ[ >Z@ SLM w H U HdO1J T s

� ×GOQM BrB pAW�[ > S C ×GM B MA[iFvO >¢=�B H CxwAU HdOvJ T MZScH�J >�U p n M U × B p�MZO C}U p n S·×GHdO CQT�n�> S_JLKQHN×GS T�@ tQt > ScJ C�@ S·×GO w JLK�H
pIHfMZS T?>Zn�U p w SLM Cx@ MPJcH T J @NC pAs

×r`
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x�¯h°i±i²d³v´a± µDµ
x�´f¶N·o¸A¹�ºG»A¼o½x¾�»Z·�±\° µD¿
À {�²dµD³v·o½xÁ�ºD³I±�µG¸x·�°aÂ�±�ÃN»AµD²�½1»A·o»Z²�³1ºDµDÄ¢³v±\µG¸x·�°�³1·�¼�³vÅ�ÅhºDµÆ´a³v±\µG¸x·�° À
¾
¡�¾ ­ �]���N���������N�]������� ¡X¡�¡X¡�¡q¡�¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡ Á

¾
¡�¾
¡�¾ Ì���£k�������������n�N���v��ºk�N�«�������L¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡ Á
¾
¡�¾
¡ Á ¢©���������[�N�]������� ¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡ Á
¾
¡�¾
¡ À Çc�]���������]�����n�N���~ÍM�������]��������¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡ À
¾
¡�¾
¡ Â Èn�k�ª����� ���]���k�k�]�����#¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡ Õ

¾
¡ Á Ì����]�������]�������L¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡ Ö
¾
¡ Á1¡�¾ Ì���£k�������������n�N���v��ºk�N�«�������L¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡ Ö
¾
¡ Á1¡ Á ¢©���������[�N�]������� ¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡ Ö
¾
¡ Á1¡ À Çc�]���������]�����n�N���~ÍM�������]��������¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡ É
¾
¡ Á1¡ Â Èn�k�ª����� ���]���k�k�]�����#¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡ É

¾
¡ À ÁNÌÑ�������Ã�����������k�]�����
�~���
�¦� �]�<����À�Ì ¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡ É
¾
¡ À ¡�¾ Ì���£k������������� ¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡ É
¾
¡ À ¡ Á ¢©���������[�N�]������� ¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡ Ê
¾
¡ À ¡ À Çc�]���������]�����n�N���~ÍM�������]��������¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡ Ê
¾
¡ À ¡ Â Èn�k�ª����� ���]���k�k�]�����#¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡ Ê

¾
¡ Â Ô©��������¯����������]���;¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡ Ë
¾
¡ Âk¡�¾ Ì���£k�������������n�N���v��ºk�N�«�������L¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡ Ë
¾
¡ Âk¡ Á ¢©���������[�N�]������� ¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡ Ë
¾
¡ Âk¡ À Çc�]���������]�����n�N���~ÍM�������]��������¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡ ¾�Ì
¾
¡ Âk¡ Â Èn�k�ª����� ���]���k�k�]�����#¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡ ¾\Ì

¾
¡ Õ � �¦�«�������������O�����«������º ���e¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡ ¾\Ì
¾
¡ Õ ¡�¾ Ì���£k�������������n�N���v��ºk�N�«�������L¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡ ¾\Ì
¾
¡ Õ ¡ Á ¢©���������[�N�]������� ¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡ ¾
¾
¾
¡ Õ ¡ À Çc�]���������]�����n�N���~ÍM�������]��������¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡ ¾M¾
¾
¡ Õ ¡ Â Èn�k�ª����� ���]���k�k�]�����#¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡ ¾
¾

¾
¡ ÖÍÈ��M���]�1����¨ ¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡�¡q¡�¡X¡�¡X¡Ý¾dÁ

ÎÐÏ_Ñ ±i²d»Z¾�³vº�Å�²d¸1Å »Z²�±�µG»A°�Ò]¸1²�¼�µD°\°i»Z´¢±\µG¸x·�°�¸1Ò�´¢¸x·Q¿1» Ñ�ÓAÔ Å ¸xºDÕQ±i¸1Å�»A° ÀAÖ
Á1¡�¾¬×
� ���]�1�1�����]�����¸¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡�¡X¡ ¾dÖ
Á1¡ Á ¶S�Nº �¦�l����� �����������]�������<���9ÀN¥b���
��§B�]�������?¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡ ¾�É
Á1¡ À Ô<���k��� �©�®���<�����X�]�����X���c�«� �����������]����� ¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡ ÁNÂ

`



Á1¡ ÂØÈn�k�]���g�
�O�k�����]�����]�������<�®���ª����������£������
�¦§1�]������� ¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡ ÁfÊ
Á1¡ Õ Ê������������������ ¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡ À�Â

ÓÐÙ ¸x·o²d»P½xÁ�ºD³I²�±i²fµG³1·o½xÁ�ºG³v±\µG¸x·�°aÂo¿NµD»P¹�½1²d³vÅhÃ�°l¸1Ò�±i²fµG³1·o½xÁ�ºG³v±\µG¸x·�°aÂo³1·�¼8ºDµÆ·o»Z³I²
Å�²d¸1½1²d³v¾3¾�µÆ·o½}¼�Á Ô
³1ºDµD±�Õ Ó1Ö
À ¡�¾¬×
� ���]�1�1�����]�����¸¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡�¡X¡ ÀMÖ
À ¡ ÁÐÚª���������N�]���Å§B¯1���¦���[�N�©�k�]�
�����N�«�g�����k¯k�����~�1���������Å§?¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡'ÀaÊ

À ¡ Á1¡�¾&×����[Í
���������]�����©�®���<�]���������N�]���Å§L¡q¡�¡�¡q¡�¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡'ÀaÊ
À ¡ Á1¡ Á ¢ �����������]�@���
���k�]���������W�����X�1�����5�k�]���������3�´�]���!�@�����1�����
� �����]�¦���@��§1�����E¡X¡X¡�¡�¡q¡�¡X¡�¡X¡ ÀaË
À ¡ Á1¡ ÀÛÚª�����
���������¦���@�����k�]���
�����N�]����§g���©£���� �����@����� �����
� �����������@��§ ������� ¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡ Â¢Ì

À ¡ À µcºk�N�«�������Û¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡ Â¢Ì
À ¡ Â Ê������������������ ¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡'ÂMÀ

ÜØÝ »Z¸x¾�»P±\²dµÆ´�°\Ão»ZºÆºDµÆ·o½x°�¸1Ò ÓAÔ Å�¸xºGÕQ±i¸xÅ�»A° Ü�Ö
Âk¡�¾¬×
� ���]�1�1�����]�����¸¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡�¡X¡ ÂBÖ
Âk¡ ÁÞÇc�]�1���®��¯���ºk�N�@�������n�N���l�]���l�N��Ë �v¡�¡X¡�¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡q¡�¡�¡X¡�¡q¡�¡�¡q¡�¡ Â¢Ê
Âk¡ À Ê������������������ ¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡X¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡�¡X¡X¡X¡�¡�¡q¡�¡X¡X¡�¡X¡�¡q¡�¡�¡q¡�¡X¡�¡X¡'Â¢Ë
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~?K�H U M1×GO�ScH T�@QB J T�>Zn JLK�× T JLK�H T × T MZScH T FIH�Ji[LK�H C ×GO�JLK�× T�T Ha[\J�× > Ohs�~?K�H U MPJLK�H U M¢J�×D[dM BNC H�JiM1× BDT MZScH C × T [ @NTcT H C
×rO��_KQMZtxJLHdS T ��J > ¤1s�R HdScHZW = H�H U t�KNM T ×r�fH > O�MZt�t B ×D[dMPJ�× > O T�B HaM C ×GO w J > JLK�H�tQS >Am�B H U�Tl= H C × T [ @NTcT s�ó @ S
ScH T�@QB J T�U × w K1J w ×r`IH T�@QwAw H T J�× > O T?> O C H T × w O5×rO w M BGwA> S·×rJLK U�T?n�> S?JcKQH T H�MZt�t B ×D[dMPJ�× > O T s

ô MZ[\K T Hf[�J·× > OÓ×rO1JLS >vC�@ [�H T
> O�H >Amv� Ha[\J n S >ZU JLS·×GMZO wA@QB MPJ�× > O T MZO C JLK�HN×GS w HfO�HdSLM B ×r�aM¢J�× > O T söõuH C × T [ @QTLT
JLK�HN×GS�MZt�t B ×D[dMPJ�× > O T MZO C t�S > tNHfS�J�×rH T
>Zn ×GOvJLHdScH T JdW�JLK >A@Qw K�ScH T JLS·×D[\J�×rO w"U M1×rO B p�J > JcK >IT H T�@Qm1� Hf[\J T ScH B Hf`PMZOvJ
J >�>A@ SlScH T�@QB J T s_kxHdH � × wA@ ScH�÷PsD÷Zs

� S > toHdS�J�×GH Tlm Hf[ >ZU H Tc@�mQT JiMPO1J�×DM BrB p C ×�ø�[ @�B J = K�HfO3JLK�H C × U HdO T × > OV× T SLM1× T H C s < O3HaMZ[�K C × U HdO T × > OhW = H
MZOQM B p1�dH n�@ O C M U HdOxJLM B t�S >Am�B H U�Tdù m M T ×D[�tQS > t�HdS�J�×rH T n�> S
S�× w × C8>Am1� Hf[\J T MZO C8ú OQHötQS > toHdS�J�×GH T�n�> S�M mQT JcSLMA[\J
>Am1� Ha[\J T s �N> S m M T ×G[�JLHdS U ×GO >ABr>Aw pvW T HdH�û ¡Iü¢ý�û�÷fþAüPýXs

triangulations in 3D

dissections
in 3D

2D surfaces through
points in 3D

triangulations in 2D

pseudo-triangulations

oriented matroid
triangulations in 2D

maximal planar graphs
= 2-spheres

simplicial complexes
in 2D

d=2

d=3

d=2.5

basic fine

rigid

abstract

understood
known
in this thesis
not understood?

? ?

properies

objects

� × wA@ ScH�÷ZsG÷ ù ~{S·×DMPO wA@�B M¢J�× > O T WxJLK�H�×rS w HdO�HfSLM B ×G�fMPJ�× > O T MZO C JLK�H�×rSlt�S > toHdS�J�×GH T s
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VCm^BC?19$?WfK_dn5VC9<?�oXD$jl=@E@=�A�BC9<?5D3EpUk?WV�q
93D$jX;>=@m@D39Mf^=]EpUC\*BC?�o8D$jl=�A5BC9$?5D3EsrtU�EK=@DuB�v�Y5[wEa9$\�AW_i9�f^=@Exq�9$D$jy;>=]m@D�9�f]=@E
UC\*BC?�oRD$jl=@EK=zA5BC9$?5D3E{9$EyU JcS·×DMZO wA@�B MPJ�× > O 9 v|` ÷ hXUC?�c8A�UC9<myB�vpY5[wE^9<\uAW_d9Mf]=@E{9<?5D}=]m]EK=]fKD�U>D�D$jl=@9<mX`<A5BCE^E^9�bK_dc
=@\�AWD3cLh�vKU4f]=]r~UC?WVZ` � hxD$jl=xn�?�9MBC?1B�v�D$jl=uY5[ME^9$\�AW_i9�f]=@Eu9<E�=]�@n�U>_WDwBZD$jl=�A5B>_ickjl=aVCmaBC?'�
~?K�H�ScHdtQScH T HdOxJLMPJ�× > O >Zn M�t >AB pvKQH C S > O�OQHdH C�T�Tc>ZU H�MZS wA@�U HfO1J T W m�@ J = H T F�×Gt�JLK�H U KQHdScHZs < O Tc>ZU H

T ×rJ @ MPJ·× > O T ` >Zn JcHfOÒ×GO [ >ZU t @ JiMPJ·× > OQM B
w H >AU H�JLScp h = H�MZScH n]> SL[�H C J >:@NT H�M BGB JcKQH w ×r`vHdO t > ×GOvJ T ×rO)JcKQH
JLS·×GMZO wA@QB MPJ�× > O W�MPO C ×GO T�>AU H > JLK�HdS T ×�J @ MPJ�× > O T ` >Zn JLHdOU×GO�[ >AUöm ×GOQMPJ > S·×GM B{w H >AU H�JLScp h = HöMZScH�O > Jds�j T MPO
H���M U t B HZW�M BrB�>Zn JLK�H ú `IH�JLS·×DMZO wA@�B MPJ·× > O Tö>Pn M-tNHfO1JiM wA> O = ×rJcK;×�J T `IHdS�J�×D[�H T JLK�H�t > ×GOvJö[ > O úQwA@ SLMPJ�× > O;× T
w ×r`vHdO¹×rO � × wA@ ScH�÷Zs��1s

� × wA@ ScH�÷Zs�� ù ~{S·×DMZO wA@�B MPJ·× > O T?>Zn Möt�HdOvJiM wZ> O s
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~�S·×GMZO wZ@QB MPJ�× > O T ×rO C × U HdO T × > O J =�>Ew ×r`AH�tQMZS�J·×rJ�× > O T�>Zn JLK�H w ×G`IHdO­t >AB p wA> OhW MZO C MZScH n�@ O C M U HdOvJiM B ×GO
[ >AU t @ JLMPJ�× > ONM B{w H >ZU HdJcScpEû �I¤aýlû ¡IüxW{�_KQMZtxJLHdS��A�¢ý s�j U�> O w × U t > S�JiMPOvJ�MZt�t B ×D[dMPJ�× > O T MZScH��
H >AU H�JLS·×D[ < Ox�
n�> S U MPJ�× > O"kxp T JcH U�T�> Sn× U M w HltQS > [�H TcT ×GO w s ô �1JLHdO T ×r`vH =?> ScFöKQM T�m HdHdO Cx> O�HZ×rO�JLK�× T�ú H BDC s�~?K�H�^
H B M @ OQMap
JLS·×GMZO wA@QB MPJ�× > O n]> S�M w ×G`IHfO�t > ×GOvJ�[ > O úQwA@ SLM¢J�× > O�× T F1O >P= O�J > t >ITcT H TcT `ZMZS·× >A@QT O5×G[�H�tQS > tNHfS�J·×GH T�T�@ [\K�M T
U MP��× U ×G�N×GO w JLK�H U ×rO5× U�@QU MZO wAB HAsöj BrB JLS·×DMPO wA@�B M¢J�× > O T�>Zn M w ×G`AHdO�t > ×GO1J�[ > O úNwA@ SLMPJ�× > O T [dMZO m H�JLSLMZO T �
n�> S U H C J > HfMA[iK > JLK�HdS m p T HL� @ HfOQ[�H T�>ZnQBG> [dM B [\KQMZO w H T [dM BGB H Ct� 9 A'E W = K5×G[\Kg× T [ > O1`AHdO�×GHdOvJ = K�HdO > txJ�× U ×r��×rO w
JLS·×GMZO wA@QB MPJ�× > O T s

�T� !3)����5��2$)l#%!$&'�"(z!$���5�

~�S·×GMZO wZ@QB MPJ�× > O T ×GO C × U HdO T × > O-JLK�ScHfH�MZScH�M BDT�> × U t > S�JiMZO1JfW m Ha[dM @QT H >Am1� Ha[\J T
T�@ ScS >A@ O C ×rO w"@QT MZScH >Pn JLK�× T
C × U HdO T × > O s �N> S H��xM U t B HAW U H T K w HdOQHdSLMPJ�× > O > S�� >AU t @ JcHfS
j�× C H C ^�H T × w O�MZScH¬× U t > S�JiMZOvJ�MZt�t B ×D[dMPJ�× > O T
>Zn JcS·×DMZO wA@�B MPJ�× > O T s

�



� >AU tQMZScH C J >qC × U HfO T × > OEJ =_> W�JLK�H3[dM T H C × U HdO T × > O7JcKQScHdH ` > S U�> ScH h m Hf[ >AU H TöU�@ [LK U�> ScH�[ >AU �
t B ×G[fMPJcH C W�MPO C M�O @�Uöm HdS >Zn�n]@ O C M U HdOvJiM B � @ H T J�× > O T MZScH T J�× BGB ScH U M1×rO5×rO w3@ O T�>AB `IH C s�| H�J @NT�B × T JöM n H =
n MA[\J T�ù

� ~?K�H8O @�Uöm HdS >Zn JcS·×DMZO wAB H T ×GO:JLS·×DMZO wA@�B MPJ·× > O T ×GO C × U HdO T × > O®J =_>�@QT ×GO w M BrB >Pn JLK�H w ×G`AHdO­t > ×GO1J T
× T�C HdJcHfS U ×rOQH C�@ O�×�� @ H B p m p3JLK�H�t > ×rO1J�[ > O úQwA@ SLMPJ�× > OhW
K >¢= Hd`AHdSdW�JcKQHdScH�MZScH�[fM T H T JLK�H�O @�Uöm HfS >Zn
JLH�JLSLMZK�H C SLM~×GO"JLS·×GMZO wA@QB MPJ�× > O T ×GO C × U HdO T × > O"JLK�ScHfH�`ZMZScp n�> S C ×���HdScHdOxJ_JLS·×DMZO wA@�B MPJ·× > O T Hd`vHdO n�> S�JLK�H
T M U H�t > ×GO1J�[ > O úNwZ@ SLM¢J�× > O8MPO C JLK�H�t >AB p1K�H C S > O s

� × wA@ ScH�÷Zs � ù ~{S·×DMPO wA@�B M¢J�× > O T ×rO1J > JLK�ScHfH > S�J =�> JLH�JLSLMZK�H C SLM1s

� ~?K�HfScH?Hd��× T J T M�O > OQ[ > Ox`IH��öt >AB p1K�H C S > OhW n�> S�H���M U t B HZW1k�[\K �> OQKQMZS C Jfg T t >AB pvKQH C S > O W = K�×D[\K Cx> H T O > J
KNM¢`ZH�M-JcS·×DMZO wA@�B MPJ�× > O ` × n t > ×GO1J T�> JLK�HdS�JLKQMZO7JcKQH"`vHdS�J�×G[dH T�>Zn JcKQH"t >AB p1K�H C S > O:[fMPOQO > J m H @QT H C h
û ¡IüxW?kxHf[\J�× > O­�A�vs ¤¢ý s �N@ S�JLK�HdS U�> ScHAW C Ha[d× C ×rO w�= K�H�JLKQHdS�M w ×G`IHdOEJcKQScHdH C × U HdO T × > OQM B ` O > OQ[ > O1`AH�� h
t >AB pvKQH C S > O3KQM T M�JLS·×DMPO wA@�B M¢J�× > O > SlO > JX× Tt��� �V[ >AU t B H�JLH�û �I¤¢ý s

� � >AU t @ J�×GO w JLK�H U ×GO�× U M B O @QU�m HdS >Zn JLH�JLSLMPKQH C SLM�ScH%� @ ×rScH C ×GO"M�JLS·×DMZO wA@�B MPJ·× > O >Zn Mö�P� C × U HdO T × > ONM B
` [ > Ox`ZHd� h t >AB pIJ > t�H@× Tt��� �V[ >AU t B H�JLH�û üPý s

� < J�× T O > J�FvO >P= O = K�H�JLK�HfS�M BGB JLS·×GMZO wZ@QB MPJ�× > O T�n�> S�M w ×G`AHdO}t > ×GO1J�[ > O úNwZ@ SLMPJ·× > O"MZO C ×rJ T [ > Ox`AH���K @�BGB
[fMPO m HlJLSLMPO T�n]> S U H C J > HaMZ[�K > JLKQHdS m p T H%� @ HdOQ[dH T�>ZnH� ×rt T W n�> S�JLK�H [dM T H Yz� � I ¡ I ¤1s�j T_U HdOvJ�× > O�H C
M mo> `AHZW�×rJq× T JLS @ H n]> S Yp� �vs < Jq× T F1O >Z= O}J >�m H n M BDT H n]> S Yz� ü3û �ZüPý s
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b p�JLK�H E^9��%= >Pn M�JcS·×DMZO wA@�B MPJ�× > OhW = H U HfMZO8JLK�HöO @�U�m HfS >Zn Y � T × U t B ×D[�H T ×rOu×�Jfs
j T ×GO C ×D[dMPJcH C M mo> `ZHZWoJLK�H
T ×G�dH >Zn JLS·×DMZO wA@�B MPJ·× > O T ×GO�JLK�ScHfH > S�K�× w KQHdS C × U HdO T × > O T `ZMZS·×rH T Hd`IHfO n]> S�JLK�H T M U H w ×G`IHdO T H�J >Pn t > ×GOvJ T MZO C
t >AB p1K�H C S > Ohs�~?K @QT WxJcK5× TlT ×r�fH m Hf[ >AU H T M U MPJcJcHfS >Zn � @ H T J�× > Ohs

� >AU t @ JiMPJ�× > OQM BGB pAW ×rJ<× T × U t > S�JiMPOvJ�J > FvHdHdt�JLK�× T�T ×r�fH T�U M BrB s�~?K�H U4V} LU4f]=@?Wf@cto¡m^U^A5j >Zn M JLS·×DMZO wA@�B MPJ·× > O
× T M w SLMZt�K = ×rJcK�×rJ T `IHdS�J�×D[�H T [ > ScScH T t > O C ×GO w J > JLK�H Y � T × U t B ×D[�H T ×GO�JLK�H�JLS·×GMZO wZ@QB MPJ�× > O�MZO C H Cxw H T�m H�J = HdHfO
tQM1×GS T�>Zn `vHdS�J�×G[dH T [ > ScScH T t > O C ×GO w J > Y � T × U t B ×D[�H T�T KQMZS·×GO w JLK�HN×GS n MA[dH�J T s � ×rO C ×GO w M�JLS·×GMZO wA@QB MPJ�× > O = K >IT H
T ×G�dH >Zn JLK�× T M C¢� MA[�HdON[�p w SLMZt�KÆ× TlT�U M BrB × T M BGTc> × U t > S�JiMZO1Jfs

~{S·×GMZO wA@QB MPJ�× > O T ×GO®�Z^ @QT ×GO w M BGB JLK�H w ×G`vHdOEt > ×GOvJ T KQMP`ZH�[ > O T JiMPOxJ T ×r�fHZs®j BDT�> W�JLK�H�×rS�MZt�t B ×D[dMPJ·× > O T
>Zn JLHdOV×GOx` >AB `AH B MZS w H�O @�U�m HfS >Zn t > ×GO1J T s_~?K @QT W5×rJ m Hf[ >AU H T × U t > S�JiMPOvJlJ > [dMZScH�O > J U HdScH B p}JLK�H T ×G�dH mQ@ J
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U�> ScH ú OQHdS_t�S > toHdS�J�×GH T M T [ >AU t B H���×�J�pZs ��T H @QC�> �XJLS·×GMZO wA@QB MPJ�× > O T ` T HdH
kxHf[\J�× > O}j�sG÷ h MZScH w HdOQHdSLM B ×G�fMPJ�× > O T�>Zn
JLS·×GMZO wA@QB MPJ�× > O T ×rO-�Z^ n�> S Tc@ [\K�t @ Sct >IT HAs
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< O8[ >AU t @ JcHfS w SLMZt�K�×D[ T W @ O C HdS T JiMZO C ×rO w JLK�Hg×GO n S > OvJK­ m HfK�×GO C"> S C HdS >Zn JcKQH T × U t B ×G[�H T ×GO8M�JLS·×DMZO wA@�B MPJ·× > O
`�×GH = H C}n S >ZU M T toHa[d× ú [
t > ×GO1JfWQM T ×rO"JLK�H úQwA@ SLH m H BG>Z= W�× T?n]@ O C M U HfO1JiM B û �AüPýXs

� × wA@ ScH�÷Zs ¡ ù �_px[ B ×G[«×GO n S > O1JK­ m HdK5×rO C"> S C HdS >Zn JLS·×DMPO wAB H T `�×GH = H C}n S >AU M�t > ×GOvJfs
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ó S C HdS·×GO wIT�>Zn Y � T × U t B ×D[�H T ` > S�`vHdS�J�×G[dH T h n�> S¬×GOQ[�ScH U HdOvJiM B [ > O T JcS @ [\J�× > O;× T × U t > S�JiMPOvJ¬×GOuJLK�H n]>ABrBG>¢= ×GO w
MZScHfM T s�~?K�H�J�× U H�MZO C�T tNMA[�H?[ >AU t B H���×rJcp >Zn [ >AU t @ JiM¢J�× > O T ×GO Tc@ [\K�MPtQt B ×G[fMPJ·× > O T�C Hdt�HfO Cö> O�JLK�H > S C HfS·×rO w
>Zn JcKQH Y � T × U t B ×G[dH T JLK�H�[ >AU t @ JiMPJ�× > OÆ× T�m M T H C"> Ohs
` ÷ h ~?KQH > S C HdS·×GO w × T × U t > S�JiMPOvJ�×rO8[ > O T JLS @ [\J�×GO w JLK�H�JcS�×GMZO wA@�B MPJ�× > O W > SX×GO-[ >ZU t @ J�×rO w�Tc>ZU H n]@ ON[\J�× > O

> O}JLK�H
JcS·×DMZO wA@�B MPJLH C t >AB pvK�H C S > O"M T ×GO U H T K w HdOQHdSLMPJ�× > Ohs < O"JLK�H T H
[dM T H T W1JLK�H�[ >v> S C ×GOQMPJLH T�>Zn JLK�H
t > ×GO1J T ×GO"JcKQH�JcS·×DMZO wA@�B MPJ�× > O8MZScH�ScHL� @ ×rScH C s

` � h ~?KQH > S C HfS·×rO w × T × U t > S�JiMPOvJ3M BDT�> ×rO MPONM B p1�N×GO w JLK�H U�> SctQK >ABr>Aw p >Zn JLK�H�t >AB pvKQH C S > Ohs < O JLK�× T
[fM T HZW�JLK�H~×rO n�> S U MPJ·× > O > O B p > O�JLK�Hö[ > OQO�Hf[�J·× > O >Zn JcKQH Y � T × U t B ×D[�H T ` ×]s HZsoJLK�H¬×GO n]> S U MPJ·× > O > O8JLK�H
@ O C HfS B p�×GO w�T × U t B ×D[d×DM B [ >AU t B H���W T HfH�k1Hf[�J·× > Oq÷Ps ¤ h U × w K1J m H Tc@ ø�[d×GHdO1Jfs
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j JLS·×GMZO wZ@QB MPJ�× > O >Zn M Y � C × U HdO T × > ONM B [ > Ox`AH���t >AB pvJ > tNH«× T m]=Mo¡n¦_�Ukm × n ×rJl[dMZO3MPtQtoHfMZS�M T JcKQH
tQS >¢� Hf[\J�× > O >Zn
JLK�H Br>P= HfS n MA[�H T�>Zn JLK�H m�>A@ O C MPScp}[ >AU t B H�� >Zn M `3Y�° ÷ h � C × U HdO T × > OQM B [ > Ox`IH���t >AB pIJ > toHZs�~?K�H�[ > O C ×rJ·× > O
>Zn ScH wZ@QB MZS·×rJ�p U HfMZO T JcKQHP±i[ > Ox`AH���×rJVp�² >Zn JLKQH�JLS·×GMZO wA@QB MPJ�× > O s �N> S�H���M U t B HAW = K�HdO:M8JcS·×DMZO wA@�B MPJ�× > O × T
ScH wA@�B MZSdW = Hl[dMZO ú O C�B ×rOQH T KQH BrB ×GO wIT ûr÷L�¢ý W T toHf[d×DM B F�×GO C�T�>Zn O5×G[dH > S C HdS·×GO wIT�>Zn Y � T × U t B ×D[�H T�n�> Sª×rON[�ScH U HfO1JLM B
[ > O T JcS @ [\J�× > Ohs�~?K�H C H ú O�×rJ�× > O >Zn ScH wA@�B MZS·×�Jcp�[dMZO m H?H��1JLHdO C H C J > O > ON[ > Ox`AHd��t >AB pvK�H C SLM ù M�JcS·×DMZO wA@�B MPJ�× > O
` >Pn M
O > OQ[ > Ox`ZHd��t >AB pvKQH C S > O h × T ScH wA@QB MZS�× n ×rJ n�> S U�T M T�@QmQT HdJ >Zn�T�>AU H?ScH wA@�B MPS�JLS·×GMZO wA@QB MPJ�× > O >Zn M
[ > O1`AHd�
t >AB pvJ > toHZs�j O3H���M U t B H >Pn M�O > O�ScH wZ@QB MZS?JcS·×DMZO wA@�B MPJ�× > OÆ× T�w ×G`AHfO m H BG>Z= s

��H wA@QB MZS�JLS·×GMZO wA@QB MPJ�× > O T M B J >Aw H�JLK�HdS n�> SöM8t > ×GO1J�[ > O úQwA@ SLMPJ�× > O ` MZO C ×rJ T [ > Ox`AH���K @�BGB h MPScH n�> S U ×GO w
M�t >AB pvJ > tQM B�T JLS @ [�J @ ScH C H T [dS·× m H C�m p3JLK�H T Hf[ > O C MPScp�t >AB pIJ > toH-û ¡A¡Zý û ¡I¤¢ý s}~?K�× T ScH T�@QB Jv× U t B ×GH T JLKQMPJ�M BGB
ScH wA@�B MZS
JLS·×GMZO wZ@QB MPJ�× > O T n]> S�M w ×G`IHdO�t > ×GO1J�[ > O úNwZ@ SLMPJ·× > O�[dMZO m H�JLSLMPO T�n�> S U H C J > HfMA[\K > JLK�HdS m p T HL� @ HdON[�H T
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� × wA@ ScH�÷Zs ¤ ù j5O > O�ScH wZ@QB MZS?JcS·×DMZO wA@�B MPJ�× > O s

>Znx� ×rt T s < O [ > O�O�Ha[\J�× > O = ×�JLK ��S �>Am OQHdS m M T H T W�×GO�×rJ�×GM B × C HfM BDT}n]> S}JLK�HqMPø�O�H-J > S·×G[u× C HfM B�C H�JLHdS U ×GO�H C
m p�M8t > ×GO1J�[ > O úNwA@ SLMPJ�× > Ou[ > ScScH T t > O C J > JLK�H�ScH wA@�B MZS�JLS·×DMZO wA@�B MPJ·× > O T�>Zn JLK�H�t > ×rOxJ�[ > O úQwA@ SLM¢J�× > O)û �A�Pý
û�÷fþAþPý s­�lH wA@�B MZS�JLS·×GMZO wZ@QB MPJ�× > O T MZScH3M w HdO�HfSLM B ×G�fMPJ�× > O >Zn JcKQH3^�H B M @ OQM¢pqJLS·×DMPO wZ@QB MPJ�× > O = H BGB FvO >P= O;×rO
[ >AU t @ JLMPJ�× > ONM B�w H >AU H�JLScp}û �I¤¢ý WIMZO C KQM¢`AH?M BDT�>�m HfHdO @QT H C ×GO�JLK�× T{ú H BDC J >x> s�k�×rON[�H?ScH wA@�B MPS�JLS·×GMZO wA@QB MPJ�× > O T
MZScH�[ > O�O�Ha[\JLH C3m p � ×rt T W = H�[dMZO3t�HdS n]> S U > txJ�× U ×G�fMPJ·× > O > O3JLS·×GMZO wZ@QB MPJ�× > O T�m p @ t C MPJ�×GO w JcS·×DMZO wA@�B MPJ�× > O T
Br> [dM BGB p m p � ×rt T s}j BDT�> W�JLK�H�ScH wA@QB MZS·×rJ�p wA@ MZSLMZO1JLHdH T�T K�H BrB M m × B ×�Jcp-HdOQM mQB ×GO w ×rON[�ScH U HfOIJiM B [ > O T JLS @ [\J�× > O >Zn
JLK�H = K >AB H
JLS·×DMZO wA@�B MPJ·× > Ohs

ó O�JLK�H > JLK�HfS
KQMZO C W O > O�ScH wA@�B MPS
JcS·×DMZO wA@�B MPJ�× > O T W FvO >P= O-J >3m H m HdKQMP`�×GO w"C ×³��HfScHdO1J B p n S >AU ScH wA@�B MZS
JLS·×GMZO wA@QB MPJ�× > O T WNMZScH�O > JlpIH�J = H BGB�@ O C HdS T J >1>xC s �N> S?H���M U t B HZWxJLK�H�[ >A@ O1JcHfScH���M U t B H@×GO Yp� ü�M w M1×GO T J�M BGB
JLS·×GMZO wA@QB MPJ�× > O T_m HN×GO w JLSLMZO T�n�> S U M m�B H m p T HL� @ HdON[�H T�>Zn.� ×rt T × T M�O > O�ScH wA@�B MZS_JLS·×GMZO wZ@QB MPJ�× > O = ×rJcK"O >�� ×rt T
û �AüPý s
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~?K�H U�>IT J m M T ×G[�[dM T H >Zn JLS·×DMZO wA@�B MPJ·× > O T ×GO C × U HdO T × > O�JLK�ScHfH�MZScHöJcKQHöJLS·×DMZO wA@�B MPJ·× > O T�>Zn �P� C × U HfO T × > OQM B
[ > Ox`AH��Et >AB pIJ > t�H T s ô `IHdO n�> S�JcK5× T [dM T H"JLK�H T ×G�dH >Zn JLS·×GMZO wA@QB MPJ�× > O T MZScH >Zn � @ H T J�× > O T s)j BGTc> W ú O C ×GO w
U ×rO5× U M B ` MZO C"U MP��× U M B J >x> tQS >Zm M m�B p h JLS·×DMZO wA@�B MPJ·× > O T?n]> S �P� t >AB pvJ > toH T ×GO w HdO�HfSLM B × T [ >ZU t @ JiMPJ·× > OQM BGB p
×rOxJcSLMA[\JiM m�B HZs®õuH3MPONM B p1�dH U ×GO�× U M B MPO C:U M¢��× U M B�T ×G�dH�JcS·×DMZO wA@�B MPJ�× > O T�n]> S T toHf[N× ú ["O > Ox� T × U t B ×D[d×DM B �P�
t >AB pvJ > toH T
>Pn ×GOvJcHfScH T J ù tQS·× TcU�T WAMZO1J�×rtQS·× TcU�T WZj SL[LK5× U H C HfMZO T�>AB × C�T WPMZO C [ >AU�m ×GOQMPJ > S·×GM B Y �V[ @�m H T ` ~?K�H > ScH U
�1s�� h s

� > OQScH wA@�B MZS�JLS·×GMZO wZ@QB MPJ�× > O T MZScH�O > J @ O C HdS T J >1>xC7= H BGB s:õEH�M1× U J > t @ J T�>AU HV×GO T × w K1J�×rOxJ > JLK�H T H
O > O�ScH wZ@QB MZSöJLS·×DMZO wA@�B MPJ·× > O T su~?KQH"[ > O�OQHf[\J�× > O m H�J = HfHdOuO > O�ScH wA@�B MPS·×rJcpqMZO C JcKQH¸×GO n S > OxJ@­ m HdK�×GO C `�×GH =
> S C HdS·×GO w�= M T�ú S T J�×GOx`ZH T J·× w MPJcH C ×GO û �AüPýXs:õuH�×GOvJLS >1Cx@ [�H3M C ×���HdScHdOxJ¬×GO n S > O1JK­ m HdK�×GO C `�×GH = > S C HdS·×GO w W
ScH T JLS·×D[\JLH C J > Y � T × U t B ×D[�H T ×rO�JLK�HlJLS·×DMPO wA@�B M¢J�× > OhW = K�×D[iK�M w ScHdH T�m HdJ�JLHdS = ×rJLK�JLK�H�[ >AUöm ×rONMPJ > S·×DM BNT JLS @ [�J @ ScH
>Zn JcS·×DMZO wA@�B MPJ�× > O T�Tc@ [iK�M T M Ca� MA[�HdON[�p w SLMZt�K T s
õuH?t�S > `ZH�JcKNMPJ�JLS·×GMZO wZ@QB MPJ�× > O T KNM¢`�×GO w M
[dp1[ B H?JLK�H?ScHd`vHdS T H
>Znh= K�×D[\K~× T O > J�M�[�p1[ B HX×GO�JLK�× T ×rO n S > O1JK­ m HfK�×GO C�> S C HdS�`�×rH = H C�n S >AU Tc>AU H?t > ×GO1J�MZScH n�> S U ×GO w M ` t�S > toHdS h
T�@�m [ B M TcT�>Zn O > OQScH wA@�B MZS�JLS·×DMZO wA@�B M¢J�× > O T s}õuH @QT H B ×rOQHfMZS�tQS >Aw SLM U�U ×GO w-Cx@ M B ×rJ�p8J > ×GOx`AH T J�× w MPJLH n]@ S�JLK�HdS
t�S > t�HdS�J�×GH T?>Pn O > O�ScH wA@�B MZS�JcS·×DMZO wA@�B MPJ�× > O T ×GO8[ > O�O�Ha[\J�× > O = ×rJLK"JLK5× T?w SLMZt�K ` ~?K�H > ScH U �xsG÷ h s
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VCm^BC?19$?WfK_dn5VC9<?�oXD$jl=@E@=�A�BC9<?5D3EpUk?WV�q
93D$jX;>=@m@D39Mf^=]EpUC\*BC?�o8D$jl=�A5BC9$?5D3EsrtU�EK=@DuB�v�Y5[wEa9$\�AW_i9�f^=@Exq�9$D$jy;>=]m@D�9�f]=@E
UC\*BC?�opD$jl=@EK=�A5BC9$?5D3E�9$E�U C × TcT Hf[\J�× > O 9 vu` ÷ h�UC?�c�A�UC9$m�B�v~Y5[ME^9<\uAW_d9Mf]=@E:jlUk;>=�?WB�9<?5D}=]m]9MBCm�A'Bk9$?5D�9$?Xf]BC\z\*BC?lr
UC?WV{` � hxD$jl=xn�?�9MBC?1B�v¹D$jl=uY5[ME^9$\�AW_d9Mf^=@Eu9$E�=]�@n�U>_WDwBZD$jl=�A�B>_ickjl=^VCmaBC?'�
~?K�H ScHft�ScH T HdO1JiMPJ·× > O >Zn M�t >AB p1K�H C S > O}OQHdH CQT_T�>AU H�MPS wA@QU HdOvJ T W mQ@ J = H T F�×rt}JLK�H U KQHdScHZs�^Z× TcT Ha[\J�× > O T

n�> S U M T�@ toHdSL[ B M TcT?>Zn JLS·×GMZO wA@QB MPJ�× > O T s �N> S�t > ×GO1J T ×GO w HfO�HdSLM B t >IT ×rJ�× > O ` ×]s HZs�O > Yu° ÷
t > ×rOvJ T ×rON[ BG@QC H C ×GO
M�Kxp1tQHfSct B MZO�H h W�JLK�H T H�J =�> [ B M TcT H T�m Hf[ >AU H
H%� @ M B s ô �xM U t B H T MZScH T K >P= O¹×GO � × wA@ ScH�÷Zs�ü1s

� × wA@ ScH�÷Ps�ü ù ^Z× TcT Ha[\J�× > O T�>Zn MZO > [\JiMZK�H C S > Ohs_ó O B p�JcKQH B H n J > O�Hg× T M�JLS·×GMZO wZ@QB MPJ�× > O s

^Z× TcT Hf[�J·× > O T MZScH T M U H�M T JcS·×DMZO wA@�B MPJ�× > O T ×GO:JcKNM¢J�JLK�HfpEtQMZS�J�×�J�× > O7JLK�H w ×G`AHdO:t >AB pvKQH C S > O W m�@ J�MZScH
C ×���HdScHfO1JX×rO�JLKNM¢J?JLKQHdp Cx> O > J n]> S U T × U t B ×D[d×DM B [ >AU t B H��xH T ` T HdH�k1Hf[�J·× > O�÷Zs�¤ h s
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� >AU t @ J�×GO w JcKQH8` >ABr@QU H >Pn Mut >AB p1K�H C S > O)× T M m M T ×D[ > toHfSLMPJ·× > O)×rO­KNMZO CxB ×GO w [ > ON[�ScH�JLH >Amv� Hf[\J T û ¡¡�Pý s
j BGT�> W�×GO T�>AU H�t�S >Am�B H U�T W
JLK�H�[ > O T JcSLM1×GOvJ T�>Zn JLK�H�t�S >AmQB H U C H ú O�H�M3t >AB p1K�H C S > O W�MZO C JLKQH�O @QU�m HdS >Zn
JLK�H T�>ABG@ J�× > O T�m Hf[ >AU H T JLK�Hl` >ZBG@�U H >Zn JLK�H�t >AB pvKQH C S > O8û �1�dý s
» >ABG@�U Hl[ >AU t @ JiMPJ·× > O m Hf[ >AU H T × U t > S�JLMZOvJ
M BGTc> ×GO T�@ [\K�[dM T H T s ` k1HdH�kxHf[\J�× > Oq÷Zs �vs�� m H BG>Z=)n]> S @QT ×GO w�C × TcT Ha[\J�× > O T�n]> S?` >ZBG@�U H�[ >AU t @ JiM¢J�× > Ohs h
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^Z× TcT Hf[�J·× > O T MZScHöScH B MPJLH C J > JLK�H T J @QC p >Zn Rq× BGm HdS�J m M T H T MZO C JLK�HöK5×GHdSLMZSL[iKvp >Zn [ > `IHdS·×GO w t�S > toHdS�J�×rH T n]> S
t >AB p1K�H C SLM B [ > O�H T W = K�×D[LK�MZScH�ScH B Hf`PMZOvJ_J > M Brw H m SLM1×G[ w H >AU H�JLScp�MZO C ×GO1JLH w HdS_t�S >Aw SLM U�U ×GO w ` T HdH�ûr÷d�Pý�û ¡Q÷\ý
û �A�Pý h s
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~?K�H�ScH wA@QB MZS Y � C × U HdO T × > ONM B [ @�m H�KNM T�m HfHdO = × C H B p T J @NC ×GH C�n�> Sv×�J T�T�U M BGB H T J C × TcT Ha[\J�× > O T û �P¡�W�kxHf[\J�× > O
���Pý?û ¤A�¢ý�û ¤Z¤¢ý sl~?K�× T ScHf[�H�×r`vH T JLK�H�ONM U H >Pn Ea9$\�AW_�=]gk9$D3c >Zn JLK�Hö[ @�m HZsl~?K�× Tl= M T�U�> J�×G`AMPJcH C�m p�JLK�H T J @QC p
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> O ú �xH C t > ×GO1J T s"k�×rON[�H C × TcT Hf[\J�× > O T ×rON[ BG@QC H�JLS·×DMZO wA@�B MPJ·× > O T W
JLK�HdScHS× T [iKQMZOQ[dH�M U ×GO�× U M B_C × TcT Ha[\J�× > O�× T
T�U M BGB HfS?JLKQMZO8M U ×GO�× U M B JLS·×GMZO wZ@QB MPJ�× > Ohs
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b p}JcKQH Ea9��k= >Zn M C × TLT Hf[\J�× > OhW = H U HaMZO�JcKQH
O @QU�m HdS >Zn Y � T × U t B ×G[dH T ×rOÆ×rJfs
k�×GOQ[�H C × TcT Hf[\J�× > O T W C ×���HdScHfO1J n S >AU JLS·×DMPO wA@�B M¢J�× > O T W C�> O > J n�> S U T × U t B ×D[d×DM B [ >AU t B H��xH T WxJLK�Hfp m Ha[ >AU H

B H TcT
@QT H n]@�B ×GO�[ >AU t @ J·×GO w�> S
MZOQM B pv��×rO w}Tc>AU Hv×GO n�> S U MPJ�× > O > O8JLK�H = K >ZB H�t >AB pvKQH C S > Ohs�R >P= Hd`AHdSdWNJLK�Hdp
MZScH @QT H n�@QB HdO >A@�w KU×GO�[�HfS�JLM1×GO�MZtQt B ×G[fM¢J�× > O T�B ×GFIH�` >ZBG@�U H�[ >AU t @ JLMPJ�× > O s < O Tc@ [iK�MZt�t B ×D[dMPJ�× > O T Wc×rJ >Pn JLHdO
KQMZt�t�HfO T J >�m Hg× U t > S�JLMZO1J?J > FvHdHdt"JLK�H T ×G�dH >Zn JLK�H C × TcT Ha[\J�× > O T�U M BGB s

< n JLKQHdScH�MZScH C × TcT Hf[�J·× > O T{T × w O5× ú [dMZO1J B p T�U M BGB HfS
JLKQMZO�JLS·×DMZO wA@�B MPJ·× > O T W C × TcT Hf[�J�× > O T{m Hf[ >AU H U�> ScH @QT H n�@�B W
[ >AU t�HdO T MPJ·×GO w JLK�H C SLM =�m MA[LF >Zn O > J n]> S U ×rO wuT × U t B ×D[d×DM B [ >AU t B H��xH T s+~?K @NT W�JcKQH C ×���HdScHdON[�H >Zn�T ×G�dH T
m H�J = HdHdO C × TcT Hf[\J�× > O T MZO C JLS·×DMZO wA@�B MPJ·× > O T�m Hf[ >AU H T�> O�H >Pn JLK�H U M1×GO�� @ H T J�× > O T s�|c×�JcJ B H
KNM T?m HdHdO�F1O >P= O
> O�JLK�× T_C ×³��HfScHdOQ[dHZs�ó OQHlJLK�×GO w F1O >¢= O¸× T JcKQH�Hd��× T JLHdOQ[dH >Zn �P� t >AB pIJ > toH T_= ×rJLK T ×G�dH w MPt m H�J = HdHdO U ×rO5× U M B
C × TcT Ha[\J�× > O T MZO C�U ×rO5× U M B JLS·×DMZO wA@�B MPJ·× > O T û ¤aý s
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~?K�H ú S T J n�@ O C M U HfO1JLM B MZO C ×GO1JLHdScH T J·×GO w [dM T HöJ >}T J @QC p�JLK�H C ×���HfScHdOQ[�H m H�J = HdHdO C × TcT Ha[\J�× > O T MZO C JLS·×DMZOx�
wA@�B M¢J�× > O T × T JLKQH�[fM T H >Pn �P� t >AB pIJ > tNH T s�ó @ SlScH T�@QB J T MZScH�M T?n]>ZBGBG>P=lTdù

� ~?K�H w MZt m H�J = HdHdOuJcKQH T ×G�dH >Zn M U MP��× U M B�C × TcT Hf[\J�× > O:MPO C M U MP��× U M B JLS·×GMZO wZ@QB MPJ�× > O®[dMZO w S >Z=
B ×GO�HfMZS B p > O3JLK�HöO @�Uöm HfS >Pn `IHdS�J�×D[�H T WoMZO C JLK�× T > [d[ @ S T M B ScHaM C p n]> S
M n M U × B p >Zn�T × U t B ×D[d×DM B [ > O1`IH��
�P� t >AB pIJ > t�H T ` � > S >ABGB MZScp��1s ¡ h s

� ~?K�HfScH�× T M��¢� t >ZB pvJ > toH�×GO = K5×G[iK W T × U�@�B JiMZO�H >A@NT�B pAWIJLK�H T ×G�dH >Zn M U ×GO5× U M B ` U MP��× U M B h C × TcT Ha[\J�× > O�× T
TcU M BrB HdS ` B MZS w HdS h JLKQMZO8MZOxp U ×GO�× U M B ` U MP��× U M B h JLS·×DMZO wA@�B MPJ·× > O ` � S > t >IT ×rJ·× > O8�vs ¤ h s

� õuH T J @QC p"K >Z= JLK�H \z9<E^\ZU>Dwf]j49$?�oema=Mo¡9MBC?�E WQJcKQH�t >ZB p wZ> ONM B
U × T�U MPJL[iK5×rO w tQMZS�J Tl>Zn{n MA[�HdJ T >Pn JcHdJcSLMP�
KQH C SLMxW >Zn�C × TcT Hf[\J�× > O T�>Zn �¢� t >AB pIJ > toH T�BG>v> F B ×GFvH ` | H U�U M��1s ü h s

� õuH�tQS > `ZH BG>¢= HdS
MZO C�@ t�toHdS m�>Z@ O C�T
> O-JLK�H T ×G�dH >Zn_C × TLT Hf[\J�× > O T
>Pn �P� t >AB pvJ > tNH T
= ×rJLK�ScH T toHf[\J�J >
JLK�H�O @QU�m HdS >Pn `vHdS�J�×G[dH T ` � S > t >IT ×�J�× > O8�1sr� h s�ó @ S�t�S >v>Zn ScH B MPJLH T JLKQH¹½N� `AHf[�J > S >Pn M C × TcT Hf[�J�× > O = ×�JLK
JLKQMPJ >Pn�Tc>ZU H��P� m M BGB s
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��HdtQScH T HfO1J�×rO w JcKQH m�>Z@ O C MPScp >Pn Mu�P� C × U HdO T × > ONM B >Zm1� Hf[�J"M T M Tc@ S n MA[�HV× T�n�@ O C M U HfOIJiM B ×GO [ >AU t @ JcHfS
w SLMPtQK�×D[ T MZO C3T�>AB × C}U�>xC H B ×rO w û �ZþPý_û �I�1WNkxHf[\J�× > O < s ¡ZýXs�~?KQH�M m�> `AH C H ú O5×�J�× > O >Zn�Tc@ S n MA[�H T [fMZO C ×GScHf[\J B p m H
H��1JcHfO C H C J > M BrBG>P= O > J > O B p�JcS·×DMZO wAB H T�m�@ J�M BGTc>8T � @ MZScH T�> S�[ > Ox`AH���t >AB p wA> O T W = K�×D[\K�MZt�toHfMZSv×rO T�@ [iK
MZt�t B ×D[dMPJ·× > O T s � ×G[dH C MPJiM T JcS @ [\J @ ScH n]> S U�>1C H B ×GO w W > S�JLK�H > S C HdS·×GO w->Zn JLK�H}[ >ZU t > O�HfOvJ T�m HfO�H ú J T�n M T J
ScHdO C HdS·×GO w WN[ >AU tQScH TcT × > Ouû ¤PüPý WQH�Ji[Zs
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j n JLHdS�ScHdtQScH T HfO1J�×rO w Mö�P� C × U HfO T × > OQM Bo>Zmx� Hf[�J m p�M T�@ S n MA[�HZW�×rJ m Hf[ >AU H T × U t > S�JiMPOxJ�J > MZOQM B pv�dH�JLK�H T KQMZtNH
>Zn JcKQH >Zm1� Hf[�J}û �A�1W�k1Hf[�J·× > O < s ¡Zý s�Ç @ H T J�× > O T J >8m H�M T FIH C MZScH�JLKQH�O @QU�m HdS >Zn [ > O�O�Ha[\JLH C [ >AU t > O�HdOvJ T W
J @ O�OQH BDT WQ` > × C�T W�t > [\FAH�J T WxH�Ji[Ps�~?KQH T H�MZScH«× U t > S�JiMZOvJlM BGTc> ×GO U�>AB Hf[ @�B MPS U�>1C H B ×GO w û �v�fý s
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j T ×�J @ M¢J�× > Og×rO > O�H C × U HdO T × > O�K�× w K�HdSdW¢JLS·×DMPO wA@�B M¢JLH C �¢� C × U HdO T × > OQM B1T�@ S n MA[�H©×GO�¡Z� C × U HdO T × > OQM BIT tQMA[�HZWZM BDT�>
KQMP`AH�MZt�t B ×D[dMPJ�× > O T s �N> S H���M U t B HZWhtQMZS�J�×�J�× > O�×GO w JLK�H��P� C × U HfO T × > OQM B�T tQMA[�H = ×�JLK > OQH U�> ScH C × U HdO T × > OQM B
>Zn�C MPJiM ` T�@ [\K­M T W�JcH U toHdSLMPJ @ ScHZWlt�ScH TcT�@ ScH h B HfM C�T J > JLK�× T t�S >Am�B H U s < O­JLK�× T}T ×rJ @ MPJ·× > OhW�SLMPJLK�HdS�JLKQMZO
ScHf[ >Aw O�×G�N×GO w JcKQH = K >AB H T KQMZtoHZW�� @ HdS·×GH T�> O�JcKQH C MPJiM�M T M C MPJiM m M T H U × w K1J m Ha[ >AU H >Pn ×GO1JLHdScH T J�û üI�¢ý s

�����H��� � � &�0~� � #%!3��(z)���+,�H����(K#L!3&5��(

® � +�� � !3���5(*£w& � !$��� � ��/¬���H#L)�2~�4&5��(K# � ���¡#L!3&5�

� ×G[�H > S C HdS·×GO wIT�>Zn JLS·×GMZO wZB H T ` > S�`IHdS�J�×D[�H T h MZScHS× U t > S�JiMZO1J n]> S U MZO�×Gt @QB MPJ�×GO w�T�@ S n MA[�H T s-~?KQH�J·× U H}MZO C
T tQMA[dH
[ >AU t B H���×rJ�p >Pn
T�@ [�K�[ >AU t @ JLMPJ�× > O T�C HftoHdO C}> O�JLK�H > S C HfS·×rO wö>Zn JLK�HlJLS·×DMZO wAB H T JLK�H
[ >AU t @ JiMPJ�× > O�× T
m M T H C"> O s�jltQt B ×G[fMPJ·× > O T [dMZO m H�[ B M TLT × ú H C�m p�JLK�H C MPJiM�OQHdH C H C}n�> Sl[ >AU t @ JiMPJ�× > Ohs
` ÷ h ~?KQH > S C HfS·×rO w × T × U t > S�JiMZO1J\×GOö[ > O T JLS @ [\J�×GO w WAScHdO C HdS·×GO w WI[ >AU t�ScH TcT ×rO w WAMPO C�Tc>ZU H_J > t�×D[ T{>PnQn HaMPJ @ ScH

Hd�vJLSLMA[\J�×GO w s < O�JcKQH T H�[dM T H T W�JLK�H�[ >1> S C ×GOQMPJcH T�>Pn JLK�H�t > ×rOxJ T ×GO}JLKQH Tc@ S n MZ[dH�MPScH�ScHL� @ ×GScH C s
` � h ~?KQH > S C HfS·×rO w × T × U t > S�JiMZOvJ�M BDT�> ×GO Hd�vJLSLMA[\J�×GO w J > t >ABG>Aw ×D[dM B
n HaMPJ @ ScH T û �AþPýXs < O JLK�× T [dM T HAW JLK�H

×GO n]> S U MPJ·× > O > O B p > O�JcKQH�[ > O�O�Hf[�J�× > O >Zn JLK�H�JLS·×GMZO wZB H T ` ×]s HZshJLKQH¬×GO n�> S U MPJ�× > O > O�JcKQH @ O C HfS B p�×GO w
T × U t B ×D[d×DM B [ >AU t B Hd�oW T HfH�k1Hf[�J·× > O�÷Zs�¤ h × TlT�@ ø�[N×rHfO1Jds

õEH
KQMZO C�B H�JLK >IT H >Zn J�p1tQH ` � h s
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j �¢� C × U HdO T × > OQM B T�@ S n MA[�HV×GO �P� C × U HdO T × > ONM B�T tQMA[�H8KNM T JLK�H T JcS @ [\J @ ScH >Zn MZO M mNT JLSLMA[\J"�¢� C × U HdO T × > OQM B
T × U t B ×G[N×GM B [ >ZU t B Hd� @ O C HdS B p�×GO w ×�J ` n]> S w H�JcJ�×GO w JLK�H�[ >v> S C ×GOQMPJLH T?>Zn JcKQH
t > ×GO1J T h s�~?K�× T?B Hd`IH B�>Zn{T × U t B ×G[N×GM B
[ >AU t B H��xH T KNM T HdO >A@�w Kg×GO n]> S U M¢J�× > O�J > MZOQM B pv�fH�JLK�H > S C HdS·×GO wIT >Zn JLS·×DMZO wAB H T ` > S�`vHdS�J�×G[dH T h n�> S
[ > O T JLS @ [�J·×GO w
JLK�H T�@ S n MA[�Hg×GOQ[�ScH U HfO1JiM BGB pZs�õuH T J @QC p Tc@ [\K > S C HdS·×GO wIT?n�> S T × U t B ×G[N×GM B [ >ZU t B Hd�1H T ` T HfH�k1Hf[�J·× > O�÷Zs ¤1s ¡ h s

�



ÿ��$É Ê¬� �����'Ë��4Â�Á�·.��·��

����´.��� ����� �"!$#%!$&'�"(*)��"+,��-.)�/10 23��(

b M BGBDT MZO C�T tQK�HdScH T MZScH >Amv� Hf[�J T�>Zn J > t >ABG>Zw ×D[dM BxB Hd`AH B s�j:JcS·×DMZO wA@�B MPJ�× > OhWIM T�@ S n MA[�HZW > S�MPO > S·×GHdO1JLH C�U MPJLS > × C
JLS·×GMZO wA@QB MPJ�× > O�KNM T M J > t >ZBG>Aw ×G[fM BQT JLS @ [\J @ ScH @ O C HfS B p�×rO w ×rJds < OöJLK�× T ` [ >AU�m ×GOQMPJ > S·×GM B h J > t >ABG>Zw ×D[dM BxB Hd`IH B W = H
n�> S w H�J JcKQH�[ >1> S C ×rONM¢JLH T�>Zn JLK�H�t > ×GO1J T W m�@ JlFIHfHdt¹×rO n�> S U MPJ�× > O > O�JLK�H�± T KQMZt�HL² >Zn JLK�H >Am1� Ha[\JlHd�1tQScH TcT H C
m p�K >Z= JLK�H�[ >AU t > O�HdO1J T ` HZs w s Y � T × U t B ×D[�H T h MZScH�[ > O�OQHf[\JLH C s
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�
5 �-727 õ 5 < 4 i 4 < C-8
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