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scan() scan()

dump()dump()

project(h.homeId, h.name)project(g.gsmId, g.name)

DBMS

read() read()

load(key1, key2, similarity)

write()

GSM-CLIENT g HOME-CLIENT h

NLJoin[similarity = simf(name1, name2) > 0.5]

DBMS

project(h.homeId, h.name, h.street)

dump()

sim1 = simf(name1, name2) >= 0.6

sim2 = simf(street1, street2) >= 0.6

load(key1, key2, similarity)

DBMS

DBMS

GSM-CLIENT g

scan()

HOME-CLIENT h

similarity = min(sim1, sim2)

dump()

project(g.gsmId, g.name, g.street)

scan()

���������
	������	������������	���	����! ��"�#�$��%�&('�)*�+�-,-���.��!�
�$�/�# 0	��1�! ����!�$��%�&2%#�43$�/56�+ /�!�
���879�:��&�;<�
�+%-&�3

=8>@?@A�B�CEDGF:BIHKJML1NIOKPQL�AIL�N�R@RIJ$?�B�N$SKT@J2UKP@V$B�N$>1RIJ�W
X

T@JIB2Y�Z�SKJ9BIHKJ2VQL1N@T@T@JI[�\I]^BIHKJ9B`_�\2VIJIBKVa\I]�V$B@[KP8>�bKVcF8P8>d>@AIL�SKJI[e\I]9S�f@B�J�V<W
N$>�U2T@JIB2Y-ghSKJ9BIHKJdT@NI[@b�JI[e\I]dBIHKJ9B`_�\2VIJIBKV
P$]2Y Z ]KP$BKV2P8>�B�\ML1J8L1\I[@f^BIHKJ$> X

?KNI[@BKP$BKPI\$>iF8P8>9L1J8L1\I[@f�WjBIHKJ2VIJIB�Y Z N�R@RI\I[@UKP8>�b�B�\9BIHKJdT@J$>�b@BIHk\I]eV$B@[KP8>�bKV
RI\8L�?KNI[�J^J@N�R8HkJ@T@J8L1J$>�B�lIgnmoY�gj_�P$BIHkJ@N�R8HeJ@T@J8L1J$>�BpP8>�BIHKJj?KNI[@BKP$BKPI\$>1Vd\I]�Y Z \I]2T@J$>�b@BIHpq

_`HKJI[�J�rIq+s$t-u<v�w-x�l g`y�z q�r {dD|
J@T�VIJ X

?KNI[@BKP$BKPI\$>�Y Z N�R@RI\I[@UKP8>�b2B�\9BIHKJdT@J$>�b@BIHp\I]pV$B@[KP8>�bKV
?KNI[@BKP$BKPI\$>�Y g N�R@RI\I[@UKP8>�b2B�\9BIHKJdT@J$>�b@BIHp\I]pV$B@[KP8>�bKV
]�\I[d}�~�VQL1N@T@T@J�V$BpT@J$>�b@BIHp\I]^Y Z B�\dT@NI[@b�J�V$B�T@J$>�b@BIHk\I]2Y Z X

[�J@NIU2BIHKJj?KNI[@BKP$BKPI\$>1Vd\I]�Y�gdRI\$>�B�N�P8>1P8>�b�V$B@[KP8>�bKVa\I]2T@J$>�b@BIHe} z D������$�$�:}Q�$�����
�:}!�9D
BIHKNIBeNI[�Jj>K\IB2N@TI[�J@NIU@fkP8>9L1J8L1\I[@f

RI\8L�?KNI[�J2J@N�R8HpJ@T@J8L1J$>�BpP8>pY Z \I]2T@J$>�b@BIHe}�_�P$BIHeJ@N�R8HpJ@T@J8L1J$>�BkP8>2BIHKJdN$SK\I��J6?KNI[@BKP$BKPI\$>1V|
|

���+�-���
	o��n���`���`���������`�@�9���I���K�#���K�8���1�#�6���������Q�����a�����K���������-�

�I,�	^���:��&�;<�
�+%-&" 1¡I¢�£¤	K&�;<	�'¥%�&� �7p¦��!�
�¤%!���
,�	6	<��	�;����$��%�&���3o��%-&�	h�/&�3
����	6�
,�	j§o¨©�«ª�¢¥¬�,�	9&�	�3
�$	K�
 �%�%�¦®�%!�/&6¯��+�I,6	<���$	K�
&��! ��:��&�;��$��%�&a;��# � �3��/3�;<%-59¦� +	��$	� +7j	<��	�;����$	K�j%-���
3
�/��	��
,�	¤§®¨©�«ªh°-7j¦��
%!�-�
��593
�I,��#�©,���&��� �	o���!�
�h±" �	�3�¢�¬�,�	o �	<����3
����	®%!�(±"���"�$	o�j�
	�¦��
	�3
	�&-�I3n%-&�	o¦�%�3I3
��°� �	�²-��	��
76	���	�;����$��%�&^¦� ���&
�/59¦� �	�56	�&-�$�/&��M�I,�	®59�!�
;@,��/&���%�¦�	��I�#�
�+%-&9°"	��8¯³	�	�&2´�ª��pµ
�n��¶8·³¸®¬¹�!&"�9£�º¤�k·nµ$�n�»¶8·n¸®¬¼�
��°� �	�3�¢+¢

½`¾�¿4ÀÂÁÂÁÂÃ�Ä:ÅQÆQÇIÅQÈ0ÅÊÉ�È�Ë*Ç`Ì@Í�À ÅÊÃ�Î�È(¿`Ï!ÆQÈ�ÄQÐ#¿@Í�ÄÊÈ�ÅÊÀÂË�È�Ä"¿@Ñ�Å�Ç`ÀÂÍ�È�Î�ÀÂÍ*ÒÓÆQÇ`Ô�ÁÂÈ<Õ@Ö<È�ÆÊÄQÀÂ¿@Í�×ÓÅQÇ`Ø@È�Ä0ÙKÚ Û@×�ÄQÈ�Ô�¿@Í�Î�Ä�ÅQ¿�È8ÜKÈ�Ô�ÃKÅÊÈ
ÇnÄÊÀÂË�Ð�ÁÂÈ¥È8Ü�ÅÊÈ�ÆQÍ1Ç`Á�ÝaÏ+Ã�Í�Ô8ÅÊÀÂ¿@Í¤ÅÊÉ1ÇIÅ¥Ô�¿@Ë�Ð1Ç`ÆÊÈ$Ä�ÅßÞ¥¿�Ä:ÅQÆÊÀÂÍ�Ì@Ä
Ú"¾¥É�ÀÂÄàÅÊÈ�ÄÊÅ0Þ¥Ç`Ä¥Î�¿@Í�ÈÓ¿@Í¤Ç³á�Ã�Í¤â»Á ÅÊÆ�Ç<á�ã!äÓå(ÝaÞ�À ÅÊÉMæ�ç<è
é�ê»ë Õ�è@×`ç é ¿`Ï�Ð�É<ìKÄÊÀÂÔ$Ç`Á0Ë�È�Ë�¿@ÆÊì<Õ�æ@Ú í@îG¿`Ï�Ö�ÀÂÆÊÅÊÃ1Ç`Á�Ë�È$Ë�¿@Æ:ìMÇ`Í�ÎjÆQÃ�Í�ÍKÀÂÍ�ÌMá�Ã�Í1Ò4áhÆQÈ�ÁÂÈ$Ç`ÄQÈ¤ï�Ú ï�ÚoÒ»ÅÊÉ�È�Æ�ðÓñ é á�ÄË*Ç$ì�É�Ç$Ö<È�Ç¤Ñ!È8Å:ÅQÈ�Æ�Ñ#È�É1Ç$Ö�ÀÂ¿@Æ
Õ-É�¿
Þ¥È8Ö<È�Æ�Þ¥È�Ñ#È�ÁÂÀÂÈ8Ö<È�ÅQÉ�ÇIÅ4ÅQÉ�È�¿
Ö<È�ÆQÉ�È$Ç`Îj¿`Ï¥Ô$Ç`ÁÂÁÂÀÂÍ�Ì®È8Ü�ÅQÈ�ÆÊÍ1Ç`Á�Ï+Ã�Í�Ô8ÅÊÀÂ¿@Í�Ä�ÆQÈ�Ë*Ç`ÀÂÍ�Ä4Ç
Ñ!¿`Å:ÅÊÁÂÈ$ÍKÈ$ÔQØ!Ú

å»åòÍ4ó�è<ôIç�í



�4� ����� ��� %���'( �����)$ � ��� ����	#� 
��	� $ ��
 %+� �'%�� � ��
 �,� ���

�  �� � )+?=A!3%F /GD�34/ / ��� & � 3��%/!?=-

µN�°m�7�k�� 7;�087 3Mu 460{m�3Jk?n#7 =%7-mG584�n(3 0 3 =%7;3�0{�+587o%� 0�4 =%4r� 3�584rmK�J  a�b 7��po�� 7;5¥m b 7;u 460¤mG3Jkvn�7Jsªm b 7
t.58793%m�7;5
m b 7�0846=%4p�63 5�4pmK�4 +�C�5¤m b 7;5�sJ� 723 5�7�o%�°m�7�k¥�vk 4�kPm87958790¤m�7�u%4rk 0{m�5�4�kyt�0�� b o.087.u4 0{m�34kvn#7 460"t�5�7;3Jm8795
m b 3Jk 3hn#795¤mG3�4�k�m b 58790 b o4�ru^�¨ "ilk�m b 7Zn�3�087�� b 7;5�7�0{o�=%7 3Juvu 4rm84ro4k+3%�X«Pkvo�����7Euyt 7"34�?oP�ym`m b 7Zu 4 0{m�34kvn#7
=%7�m�5�4rn �087Eu 460 15{o�~ 4ru7�uds"m b 7 k 790¤m�7�u:�po�o�1 7-~�3%���3%m�4poPk n�34k �+7 5�7;1y�63Jn�7�u �P� 3 0G1+7En#463%�¢�°o�5G=)oJ�
3�115{oA® 4 =�3%m�7 b 3 0 b |lo�4rkn�3J�p� 7�u�3 � 	�� -)%+�*���'%�9�)(�%+� �'%+*����,�  
²��+11?o.087fm b 3%mNm b 7�u 460{m�3Jk?n#7Z�¯�vkvn-m84ro4koP�+7�� 0ªm b 7f�°o4�p�ro�� 4rkvt�1+5¤o.1+795¤mK� © m b 79587 7-® 4 0{m�023 �¯�vk?n�m84ro4k

� £ ¦%0{�?n b m b 3%m¥�°o.5 7-~�7;5{� 13 4 5 £ ' � � ' � ¦§sªm b 7;�°oJ�r�po�� 4�kyt 4rk7����3%� 4rmK� b oJ��u0 ©�� )6'N�F� �87J� £ ' � � ' � ¦�� �� £ ' � ¦ 2 � £ ' � ¦ �   �?o.5 7�®3 =�1y� 7Js � £ ' � ¦�=%3A�[�+7¥m b 7&� 7�kvtJm b o%��' �   a�b 7�kdsVm b 7¥mK�¢o�4�k1v�ym 0�7-m�0ZoJ�
0{m�5�4�kyt�0"n;3Jk¥�+7 b 3 0 b 7�u�3Jn�n�o.5{u 4�kyt*m¤ofm b 7"5�7;0��y�pm"oJ�Cm b 723 1+1y��4�n�3Jm84ro4k&o%�C�¯�vkvn-m84ro4k � £ ¦¨ �ilk m b 3%m¢n�3 0�7Js
�?�vn¨«�7�m � n�oPk08460{m�0xo%�\m b o�0�7 0¤mG584�kyt�0�' 0��vn b m b 3%m � £ '�¦ | �  "ilk 3&k 7;4pt b �<o�5 b o�oyu b 3�0 b s�m b 7 0¤mG584�kyt�0
4�k;�v�?n¨«�7-m � k 7;7�u�oPky�r�� 7 n-o�=�13�587Eum¤o �?�vn¨«�7�m�0 . � b 79587 £ � 2 �{¦�� | . � | £ �
	 �{¦§ *· b 7Ek �
460Zm b 7���7EkytJm b 3�0 4pm 460*�°o�5Zm b 7 7�u 4rm�u 460¤mG3Jkvn�7 � eJe �IsÀk 7;4pt b �?o.5 b o�oyu b 3 0 b 4rkvt�7EkPm�3�4r�60f�v�vn¨«�7�m84�kytm b 7
4�k1v�vm 0{m�5�4rkyt.08�P� m b 7�4658� 7�kvtJm b  8²y�11<o�0�7.m b 3Jm 34k 3 11y� 4�n�3%m�4poPk%4 0�4rkPm87958790¤m�7�u�4�k 7�u4pm`u4 0{m�34kvn#7.� 4rm b
3¥m b 5�7;0 b oJ��u/� | /   a�b 7�k(0{m�5�4rkyt.0�o%�"� 7�kyt4m b / � =�3A��1?o4m87�kPm�4 3J�p�r��=�3Jm{n b 0¤mG584�kyt.0�o%����7EkytJm b � s / �vs
o.5 /�/   ².4 =%4r� 3�5¤�r�Js�0{m�5�4�kyt�0 o%�N� 7�kvtJm b � =�3A� 1?o4m87�kPm�4 3J�p�r� =�3%m{n b 0¤mG584�kyt�0 o%�.� 7�kvtJm b �vs � s"o�5 / �v 
��kyoJm b 7;5 7-®3 =�1y� 7&oJ� 3 �¯�vkvn-m84ro4k � £ ¦N�°o.5Z� b 4�n b m b 4 0 15¤o.1+795¤mK� 3J� 0{o b oJ��u0*�°o�5 34k 7Eu 4rm�u 4 0{m�34kvn#7
�¯�?kvn�m�4poPk 4 0�m b 7�oPk 7fm b 3Jm2587�m{�5�k0�m b 7hk��= �+795�o%��oyn-n-�+5�5�7�kvn�7;0ªoJ�)3 13�5¤m�4rn��y�63 5�n b 3�5�34n�m8795x� 4pm b 4rk
3�0{m�5�4rkvt? 
a�b 7  "7;4pt b �<o�5 b o�oyu ��3 0 b �4o 4�k 3%�rtJo.584rm b = 4 0%15�7;0�7�kPm87Eu 4rkM¸<t4�5�7��? �· b 7�k � 4rt 4�k1v�vm�¸?� 7;0

oJ��0¤mG584�kyt�0 b 3A~ 7fm{o2�+7 b 3Jk?uy��7EudsCo4ky�r� m b 7 13�5¤m�4pm�4poPk0.m{o2� 7 n�o.=�13 5�7�u 3 5�7f�ro�3Ju7�u 4�k4m{o =%7;=&o�5{�J 
 �oJm�7�m b 3%mªm b 7 0�7�n-o4kvu�� $��x�roPo.1 7En�oPkyo�=%4r¶�7;0¢o4k 4rk+1v�ym ��o4�ymG1v�ym.� 7�n;3J�0�7�oPk 7 13 5{m84rm84ro4k2o%� � � =�3A�� 7��0�7�u2�°o�5.� � 13�5¤m�4pm�4poPk0ªo%� � �  
�)4�k3%�r�p�4s�� 7[kyoJm�7;m b 3Jm2m b 7 0{m�3Jk?u3 5�u b 3 0 b |lo 4�k � 7-mK� 7�7�k 3MmG3J�y� 7 � � 34kvu 3 m�34�y� 7 � � n�34k

5�7;1v� 34n#7Zm b 7 k 7;0{m87Eu �ro�o�1�7-~�3J�r�3Jm84ro4k�4�kUn-� 3�0�0�4�n�3%� 0�4rm{�3Jm84ro4k0�s+0��vn b 3 0ª� b 7Ekm b 7�· �� � � n-� 34�0�7
7-®1y��4�n#4rm¤�r��4rkvn-�r�?u 7;0�3 15�7�u 4�n�3Jm87fo%�"m b 7f�°o�5G= � £ � �� �(�G�/,�)G� ���F�%¦ | � £ � �� �(�G�/,�)F� �r�F�%¦§ x· 7&n��63�46= m b 3%m
4�k¥u3%mG3Zn�� 7;3Jk4rkyt 3�11y� 4rn;3%m84ro4k+0-s�m b 4 0`«�4�kvu&o%� 15�7�u 4�n�3Jm87 3 11 7;3�5
��587E��� 7�kPm¤�r�Js�084�kvn#7�m b 7-�&n�o.5�5�7;0G1?oPkvu
m{o 4�kPm{� 4rm84r~ 7 b 7E�5�4 0{m84�n�0 4�k[n-o�=�13 5�4�kyt 0{m�5�4rkvt�0�  �?o�5 7-® 3�=�1y��74s 3�¸<�pm�7;5 15�7�u 4�n�3Jm87¥n�o.=%1+3 5�4rkyt m b 7
¸ 5�0{mZ��7�m¤m8795Zo%�xm b 7¥mK�xo�0{m�5�4rkvt�0 4 0f�+087Eu;��5�7���� 7Ek4m{�p� 4rk 15G3Jn�m�4rn�7Jsy|¤�+0¤m�4¸+7EuM�4��m b 7¥��3Jn-mZm b 3JmZu+3%m�3
7EkPm�5{� 7;5G5¤o.5�0 4�k m b 7Z¸ 5G0¤mª� 7-m{m87;5"3 5�7Z��� 4rm87f�vk?n�o�=�=&o4kV 

�  �� 5 ) � ?�� ?"/.- B �� 36��57/ � -

· b 7�k 3 0�7;=%4pq
34�ym¤o.=�3%m84�n�u 7En#46084ro4k �P� � � 7;0{m =�3%m�n b ¸ 5G0¤m � �°oJ�r�ro��20 3 =�3%m�n b 4�kyt;o�1 7;5G3%m�4poPkds�m b 7
n-o�5G58790�1<o4k?u 4rkvt�u 7�n�4 0�4poPk�m b 58790 b o4�ru =%3A�� 7%1v�+0 b 7Eu;uyo��.k�m{o2m b 7%=�3Jm{n b 4�kyt?  a�b 7ho.1ym846=%4p¶93%m�4poPk
oJ�Àm b 7 13�465{� 4 0�7f�+790¤m2=�3%m�n b ¸ 5�0{m23%�rtJo.584rm b =�mG3J« 7;0 1y�63Jn�7 3�0x�°oJ�r�po��20� 
a 3J«.4�kyt�4rkPm¤o 34n-n-o4�vkPmªm b 7 5�7-�63%m�4poPk0 b 4 1U� 7-mK� 7�7�k�0�4 =%4r� 3�584rmK� 3Jk?uUu4 0{m�34kvn#7 15�7-~ 4ro4�0{�p�2t 4r~ 7�k 4�k

0�7�n-m84ro4k&�ys�0��11<o�0�7¢� 7 b 3A~ 7`mK�xo*m�3J�v��7<0¤oP�5�n#7;0 � � 34kvu � � � 4rm b m{�1y� 7;0���� ����� � 3Jkvu �����r�C� � s 5�7;0G1 7�n¨qm�4p~�7-�r�J  a�b 7Z�¯�?kvn�m�4poPkm b 3Jm.n�o�=�13�58790xm b 7�mK�xo¥m{�1v��790-s 4 )6'N��� � �87 £ �����r�C� � �<��� ����� � �<��� ,-�&' ����� 4 � )6'K�{¦
5�7-m��5�k0�m b 7A7�u 4rm u 4 0{m�34kvn#7 �+7�mK� 7;7�k 0¤mG584�kyt ¸ 7-��u0 ' ��� ��� ����� � 3Jkvu ' ��� �����r�C� � 4p�

Ï°Ð > ÏÃÑ



���������
	����������	���������	������� "!#����$%���&�(')��	*���+�,�.- �Je

� 4 )5� � )6'K�F� �87J� £ ' � � ' � ¦�� ��� ,1�&' ����� 4 � )6'N� 3Jkvu�� s`oJm b 7;5{� 4 0�7J  �"0G0��=%7 m b 3%m¥m b 7 m�4 =%7m¤oMn�o.=hq
1?�ym87 4 )6'N��� � �873� £ ¦ 4 0�=&o4kyo4m¤o4k4rn;3%�r�p� 4rk?n�5�7;3 0�4�kyt � 4rm b � % �G	��'%��� (�$ �6��� s 7J  t? ��1) � £ � ' � � � � ' � �¦  £ �1��� ,1��' ����� 4 � )6'N� 	 / ¦ 3�0 4rm24 0��°o�5�m b 7 $ «�«Jo4k 7Ek�3J�pt4o�5�4pm b = � e%���I .²��11<o�0�7�m b 3%m � �*�67 � � )6'N� 4 0
m b 7 =�3�® 46=h�= u 460¤mG3Jkvn�7f�°o�5234n-n�7;1ymG3Jkvn�7 4�k(=�3%m�n b 4rkvt £ n�o.5�5�7;0G1<o4kvu0ªm{o�m b 7 =�3%m{n b 4rkyt 0�46= 4r�63 5�4pmK�
m b 5�7;0 b oJ��u<¦ 3Jk?u 4 ��7 )6'*) � � � )6'K� 4 0Nm b 7 =%3%® 4 = �= 3J�p�ro�� 7�uUu 4 0{m�34kvn#7Z�°o.5Nu 7En#46084ro4k £ n�o�5G5�7;0G1?oPkvu0ªm¤o
m b 7�u 7En#46084ro4k�0846=%4p�63 5�4rmK��m b 5�7;0 b o4�ru<¦¨ ��"0G0{�=%7 3J� 0{o m b 3%m 4 ��7 )6'*) � � � )/'N� � � �*�67 � � )6'N�¨ 
a�b 7 3J�pt4o�5�4pm b =�t 4r~ 7Ek 4�k�¸?tP�5�7 � u 7;0�n�5�4��+790¢oPk 7*� 3A��m{o 7�~ 3J�r�+3%m87Zm b 7fu 7�n�4 0�4poPk 1 b 3 0�7*n-o4kvn��5lq

5�7�kPm{�p�� 4rm b m b 7�=�3%m{n b 1 b 3�0874s 0��vn b m b 3Jm�m b 7¥m¤oJmG3%�
m846=%7&oJ�`m b 7 mK�xo 1 b 3 0�7;0 4 0 =%4�k 4 =%4r¶�7Eud  a o
7-®1y� 3 4rk m b 4 021+587En#46087��p�4sy� 7 5�7���� 46587 3 � 7-� u 7�¸Ck 4pm�4poPk0 ©

� ´�7�m ��n�o�5G5�7;0G1?oPkvum¤o�3 =�3%m�n b 4�kyt2m��1y� 7&� 4rm b m{�1v��7¥n�o.=%1<o4k7�kPm�0 4�u 7�kPm84p¸+7Eu��P� � � � �I f´�7-m 3%�60{o
� � � �  'K�/,&n�o.5�5�7;0G1?oPkvu�m{o�m b 7Z¸ 7-��u 'N�/, o%�Àm b 7��4m b n�o.=�1?oPk 7�kPm�m{�+1y��7foJ�Àm b 7 =�3%m{n b 4rkyt�m��1y� 7{�¨ 

� � 7�¸<k 7%3Jk 	 (�-.	 �+7�mK� 7;7�kmK�xo 13�465�0No%��=�3%m�n b 4rkvt�m{�1v��790i� � 34kvu � � 3�0 ©�� |	� £ � � �Q� � ¦ � � � � / � |� � � / ��
 � � � ��� | � � � ����4s<� b 7;5�7q����� � �C0¤mG3Jkvu+0��°o�5Nm b 7 4ru 7EkPm84p¸+7;5�o%�"m b 7��4m b m��1y� 7 n-o�=�1?oPk 7�kPm.oJ�m b 7 =%3Jm{n b 4�kyt¥m{�+1y��7�)§ "iI��� � � � � svm b 7�k/� � 3Jkvu/� � 3�587 0�3 4ru m¤o�� 7 � ��� 
 %(� 	�� -)%+�G���*�  
� a �xo =%3Jm{n b 4�kyt�m��1y� 7;0�3 5�7 0�3 4rum{o2�+7 � ��	 ( 4p�8m b 7;5�7 4 0�3Jk 7�uvt 7 3�= oPkyt�m b 7;= 3Jkvu 4p�"m b 7;4 5�u 460lq
m�34kvn#790 3�587�7����3J� © �/)G� 4�|�� £ � � �Q� � ¦ � � � � � ���

4 )6'N��� � �87 £ � � � / �  'K�/,��Q� � � ���  'N�/,��Q��� ,1�&' � ��� 4 � )6'N�{¦ |4 )/'N��� � �87 £ � � � / �  'N�/,��<� � � ���  'K�/,��Q��� ,1�&' � ��� 4 � )/'N�{¦����� �� =%3Jm{n b 4�kyt m{�1y� 7*m b 3Jm�460 4�k 0{o�=%7Nm�4�7Eu 13 4 5
460�n�3%�r� 7�u 3 � ��	  

� �Nk 7���� 4r~ 3J��7Ekvn#7�n��63 0G08o%�Vm�4�790�460¢m b 7�m�5G3Jk0�4pm�4p~�7Nn��ro�0��5�7�o%�Vm b 7Nm�4�790 34kvu 460"�°o�5G=�3%�r�p��5�7;15�7;0�7�kPm87Eu
�P� © ���-�/)G� |�� £ � � �<� � ¦ ��£ �/)5� £ � � �<� � ¦¤¦�
 £�� � � �?���-�/)G� £ � � �<� � ¦ � �/)G� £ � � �<� � ¦¤¦��P 

� · b 7Ek(4pm 460�u 7En#4�u 7�u;m b 3Jm�3 =�3Jm{n b 4�kyt2m��1y� 7 5�7;15�7;0�7�kPmG0"3�~�3%� 4�u =�3%m{n b sCm b 7�k�m b 7 m{�1v��7¥n�o.=hq
1<o4k 7Ek4mG0.oJ�8m b 7%=%3Jm{n b 4�kyt�m��1y� 7;0 3 5�7 0G3�4�um¤o � 7 � ��������	 (  NiI�8m b 7 3%�r�ro�� 7Eu(=%3�5�5�463%t 790 3 5�7 / © / s
m b 7-��3 5�720�3 4ru¥m{oh�+7 ����� �G-�������� �"� ����������-.	#� � 4p� / © kdsPm b 7Ek � ��� ��-.��� ��� � ������������-.	�� �3Jk?u�4� = © k
m b 7�k -��G����� � ���������;-�	#�  
· 7f�+7�t 4�k �P� 3J�p�ro�� 4rkvtho4kv�p� =&o4kvoJt�3�=&o4�0 =�3 5G58463%t�7;0�  a�b 460<4 0<3�115{o�15�4 3Jm87�� b 7�k 7;34n b 4�k1v�ym

u+3%m�34�3 0�7 b 3 0"kyofuv�+1y��4�n�3Jm8790-  a�b 7 3%�rtJo.584rm b = b 3 0�mK�xo 0¤m�7;10� Àilk&m b 7ª¸ 5G0¤mC0{m87;1&� 7�n�3%��n-�v� 3Jm87ªm b 5�7�7
0�7-mG0ª� b o�0�7 4rkPm�� 4pm�4p~�7 =%7;3Jk4rkyt�460ªm b 7Z�°o4�p�ro�� 4�kyt ©

� a�b 7 0�7-m�� � � 4 n�oPk4mG3�4�k0Zm b 7 =%3Jm{n b 4�kyt�m��1y� 7;0�� 4rm b u 460{m�3Jk?n#7�� 7-�ro�� 4 ��7 )6' ) � � � )6'N��34kvu�m b �0
=&o�0{mª��4�«�7��p��m{o���793Ju m¤o =�3 5G58463%t�7 �

� a�b 7 0�7-m! �-�"� � � 4 � � ��� � �Mn-o4k0�4 0{m�0ZoJ� =�3%m�n b 4�kytm{�1y� 7;0Zm b 3%m 3�587¥k 7;4pt b �<o�5G0*m¤o 7-� 7;=%7Ek4mG0 4�k
� � � 4 �v�vm"3 5�7�� 7;0G0ª� 4r« 7-�r��m¤o�� 7 =�3 5G584 7�u �

� �Nk?uhm b 72087�m$#�7 7J� �$��3 5�7 =�3Jm{n b 4�kytZm{�1v��790�m b 3Jm b 3A~ 7xm¤of�+7 34k3%�r��¶�7�u �P��m b 7��0�7;5�� 7�n;3J�0�7ªm b 7;4 5
u 460¤mG3Jkvn�7�460�� 7-mK� 7�7�k m b 7Zu7�n#460�4poPk 3Jk?u�m b 7 =�3Jm{n b m b 5�7;0 b oJ��u0<3Jk?u�m b 7-� b 3A~�7*kvo&k 7;4pt b �?o.5�0 4�k
� � � 4  
% ÛAÒ¨×VØ5âEÖ`ä5Ü§î¨Ö8Ò§è<ØÙâAÖ8Ö � L%Ò¨ä5æ ØÙæßÒ�@PÚ�ØÙâAÖ8ãAæßäÙØ5Ü*@AÓlÖ!MJÖKØÃìdÖlÖ @ZØÃìdÒ�ÓlÒ¨õ L%Ò�@AÖ @-ØÀØ5Õ LAÞßÖlä
æßä>M�Ü§ä5ÖlãZÒ�@�Ø5âAÖ8ÓlÒ¨õ L�Ü§×Ùæßä5Ò�@

Ò§è?Üxä5æ @�Q¨ÞßÖ(O�ÖlÞßã ÆIÊ�� à Ï @*Ü%Q¨Ö @AÖl×IÜ§Þ�Ó¤Ü§ä5Ö¨Ú�æ Ø\Ó¤Ü*@*æ @�ð�Ò¨Þ ð�Ö�ØÙâAÖ8Ó¤Ò¨õ LAÜ§×5æßä5Ò�@NÒ§èvõ�Ò¨×5ÖÀØ5â�Ü*@�Ò�@AÖ�O�ÖlÞßãPà

>?>A@CB;D#EGF�H



�%� ����� ��� %���'( �����)$ � ��� ����	#� 
��	� $ ��
 %+� �'%�� � ��
 �,� ���

���������	� ��
������� � ��������� ��� 
��� � ������� ���
 ���������	�"!$#��%#�&�'�!$#��)(*!$'�+�+-,.'�&�/�(
0
1 ��/��32��
2 4�#�#�5�6 0�7
8 9-:�: /�����6 0�7
; < #�+=/�' :�> � $�? � 	 � ��@ � 	 H �BADCFE IHG E � � > '�� : #��%I�5KJ%/ML%,N� > ,�� ��� � ������� ��� 0

O�P < ,���5Q'�I�IR# :�: ��+�+�/�� : /�(=# < �TS ,��VU ���.� (XWY�	W � '���5 �TS > '�Z�/R'��[/�5�&�/MJ%/��.L-/�/��Q� > /�! P�O
\ ]_^ � ������` U ���.� � 0 �TS $-? �TS 	 � ��@ �TS 	 H ��@a��� ��� ADC U �.�.�cb ��de�TS 7
f , <R]_^ � ������` U �.���hg� 0�7ji � > /�� 0
k ���Y�l��� ��� ]m^ � ������` � �F�Y�	? 0 ��� ��� b � S $-? � S 	 � ��@ � S 	 H ��@a��� ��� AnC ]m^ � ������` U �.�.� 7 A

O�P : '�I : �%I�'���/� > /K5-,�(N��'�� : /oJ%/��.L-/�/�� � 	 � � '���5 � 	 H � i L%,N� > '*�%/NL
: #��)(N��+�'�,���� ���Y�l��� ��� ]m^ � ������` L > , :�> '�INL-'�p-(=(.'��-,�( < ,./�( ���Y�l��� ��� ]m^ � ������`c
R������� � ��������� ��� P�O

q �l�Nrs��� ��� � ��� ���ut_v �l�N? � 	 � ��w ��� � @ � 	 H ��w ��� � @u�F�Y����� ��� ]_^ � �N�-��`%A
x , < �X�Nrs��� ��� 
K���Y�l��� ��� ]m^ � ������` � > /��['�5�5 ? � 	 � ��@ � 	 H ��@y�X�Nrz��� ��� A ��#U �.�.�
{ /�I�(./='�5�5 ? � 	 � ��@ � 	 H �BA ��#| � � U �.��� d �X� v~} �

7
2�� /�I�(./ 0
2�2 �l�Nrs��� ��� � ��� ���ut_v �l�N? � 	 � ��w ��� � @ � 	 H ��w ��� � @u��� � ������� ��� A
2 8 , < �X�Nrs��� ��� 
o���N��� � ���N����� ��� � > /��V'�5�5 ? � 	 � ��@ � 	 H ��@u�X�Nrz��� ��� A ��#RU ���.�
2 ; /�I�(./Q, < ������� � ��������� ����� �X�Nrs��� ��� 
�h� � ���j��� ��� � > /��['�5�5 ? � 	 � ��@ � 	 H ��@a�X�Nrs��� ��� A ��# ] �����y� �

7
7

1 ��/�� 8 �
2 \ (.#�+��=U �.�.� '���5 ] �����y� � J�pQ,�� : +�/�'�(�,���&Q5-,�(N��'�� : /
2Nf L%,N� > ,��V/�' :�> 5-,�(N��'�� : / i : I��)(N��/�+=� > /o�����%I�/�(K� > '��oJ%/�I�#���&R��#K� > /R(.'�!$/R/.�N�),NZ�'�I�/�� : / : I�'�(�(KL%,N� > ,�� ����E���� �
2 k ,N��/�+�'���/R#�Z�/�+[U �.��� I�,�(N� 0
2 q I�/�� � $%? � 	 � ��@ � 	 H ��@y��� ��� A J%/K� > / : ��+�+�/����M!$'�� :�> ,���&Q+�/ : #�+�5[,��VU ���.� 5�/ : I�'�+�/�5Q��#*J%/�!$'�+�+-,./�5
2 x #����-,.#��%'�I�I�p�( > #NL=��#o� > /*�)(./�+� > / < #�I�I�#NL%,���& < #�+Z�'�I�,N5�'��-,.#����
2 { ����+�&�/ < +�#�!3U �.�.� i ] �����y� � '���5=| � � U ���.� d �X� v~} � '�I�IK�����%I�/�( � (XWY�	W � d��
8 � < #�+Q/�' :�> ����+�&�/�5=�����%I�/ � < +�#�!3U �.�.� 5�#
8 2 J�+-,���&���' :���� #���4�#�#�5.�.�%#���& >l� �l�

7
8�8 ,N��/�+�'���/R#�Z�/�+ ] �����a� � I�,�(N� 0
8.; I�/�� � $%? � 	 � ��@ � 	 H ��@y��� ��� A J%/K� > / : ��+�+�/����M!$'�� :�> ,���&Q+�/ : #�+�5
8�\ �)(./�+['��%'�I�p-(./�( ? � 	 � ��@ � 	 H ��@a��� ��� A
8 f , < � > /M�)(./�+M!$'�+�+-,./�( � � > /��=+�/�!$#�Z�/ < +�#�! ] �����y� � '�I�I�!$'�� :�> ,���&=+�/ : #�+�5-( � (N� � de�

7

8.k J�+-,���&���' :���� #���4�#�#�5.�.�%#���& >l� �l� 0
8.q , < | � � U �.��� d �X� v~} �*g� 0�7ji � > /�� 0
8.x < #�+Q/�' :�> � ,��[| � � U �.�.� d �l� v~} � (�� :�> � > '�� � d � 5�# 0
8.{ , < �%#�� � � d�} � L%,N� > } ,��QU �.��� � > /�� 0
; � �l��rz��� ��� � ��� ���ut_v �X�N?T� 	 � ��w ��� � @T� 	 H ��w ��� � @u�h� � ������� ��� AuA
; 2 , < �l��rz��� ��� 
������� � �����l��� ��� � > /��['�5�5 ?T� 	 � ��@y� 	 H ��@T�l��rz��� ��� A ��#U �.�.�
;�8 /�I�(./R, < ���N��� � ���N����� ����� �l��rz��� ��� 
o��� � ������� ��� � > /��V'�5�5 ?T� 	 � ��@a� 	 H ��@T�l��rz��� ��� A ��# ] �����a� �
;�; +�/���(.#�+��QU �.�.� '���5 ] �����a� � J�pQ,�� : +�/�'�(�,���&Q5-,�(N��'�� : /

7
7

7
7

7

�)4rt4�5�7 � ©����j�����������������-�M�-�n�� �¡y��������¢�£*¤l¥�¡y����¦�§%�%¥¨�©��£j�ª�$«��X¬X¡¨£j���X§hj��®H�M��£j ¯j �¢��°¡y���-�M��£X¥� �¡¨£j�-¦B

Ï°Ð > ÏÃÑ



���������
	����������	���������	������� "!#����$%���&�(')��	*���+�,�.- � �

a�b 79087 087�m�0"=�3A�Un b 3Jkyt�7 4rkm b 7hn-o4�5G087foJ�C7�® 7�n��ym84�kyt 0{m87;1;�v  a�b 7f�°oJ�r�ro�� 4rkyt�mG3 0�« 0.n�oPk0¤m�4pm��ym87
0{m8791�� ©

/   a 4 7;0�3 =&o4kyt:m b 7 � � � 4 m{�1v��790�3�587 0 b o��.k m¤o:m b 7M�08795-  µ�m b 7;5 � � � 4 m{�1y� 7;0 3�587 =�3�5�5�4�7Eu
3J�vm¤o�=�3Jm84�n�3%�r�r�J 

�y  ���°m�7;5 793Jn b =%3�5�5�463%t 7�o%�C3�=%3Jm{n b 4�kyt&m{�1v��7 ��svm b 7Z�°oJ�r�po�� 4�kyt&m{�1y� 7;0"3 5�7 5�7;=&o�~ 7Eu���5{o�= � � � 4 ©
� � � � � � � ��) � � � � 4 �P ��N� 0{o?s"m b 7��°o4�p�ro�� 4�kyt 3�587 5�7;=&o�~�7�u���5{o�= #�7 7K� �$� © � � � � � � ���) � # 7 7J� �����P  £ a�b 7N�0�7;5 =�3A�ho�1vm84ro4k3J�p�r�&� 7"0 b o��.k¥m b 7"58790{�v�pm8oJ�dm b 460¢u7-� 7-m84ro4k¥o.1+795�3Jm84ro4k�3Jk?u
~�3%� 4ru+3%m87 4rm- ç¦

ev  � m{�1y� 7�� 4rk  �-�"� � � 4 � � ����� � =�3A��� 7%=&o�~ 7Eu 4rkPm{o � � � 4   a�b 4 0*� 4r�p�
oyn-n��5N� b 7�k 3J�p�$� � � 4
k 7;4pt b �<o�5G0�oJ����m b 3%m b 3Ju b 4pt b 7;520�n�o.58790 b 3A~�7��+7;7�k;u 7���7�m87Eu 3Jkvu�kvo2k 7�4rt b �<o�5No%�A� 4 0�=�3 5G584 7�ud 
 No4m84�n#7m b 3%m&¸<kvu 4�kyt k 7;4pt b �<o�5G0&n�3Jk�� 7uvo4k 7 7���n�4�7Ek4m{�p�:� 4pm b^b 3�0 b 4�kvu 7�® 790 oPk � � � 4 £ 3Jk?u
0�4 =%4r� 3�5¤�r�U�°o�5� �-�"� � � 4 � � ����� �C¦�0��vn b m b 3%m ��� ' ��� � �87J�/) � � © n-o�=�1<o4k 7Ek4m*m{�+1y��7�� =�3%m{n b 4rkyt
m{�+1y��7 4�u 4�k � � � 4  �²��?n b 3�u3%mG3 0{m�5��vn-m{�5�7 7�k34�y��790¥�0¥m¤o u 460{n-o�~ 795 k 7;4pt b �?o.5�0 4rk 7-® 1 7�n-m87Eu
n�oPk0{m�3JkPmªm846=%7J 
a�b 460�3%�rtJo�5�4rm b = �¢oP�y��u b 3A~ 7�m¤o^� 7 7-®ym87�k?u 7�u 4p�hm b 7[�0�7;5 �<3JkPm�02m¤o^� 7[n;3%�r��7Eu m¤o 3Jk3J�p��¶;7

0�7-mG0&o%� =�3Jm{n b 4�kyt�m{�1y� 7;0¥m b 3%m b 3A~�7 34k 7�uvt 7�+7�mK� 7;7�k^m b 79= 3Jkvu^� b o.087 0846=%4p�63 5�4rm84 7;0h��3%�r� 4rkPm¤o
3 n�7;5{m�3�4�k k 7�4rt b �<o�5 b o�o�u 4rkPm�7;5{~ 3J�Ù  ilk 0��vn b 3�n;3 0�7Js��/)G�&' 3 5�7 7-®ym87�k?u 7�u m¤o � 7 m b o.087 m��1y� 7;0
oP�+7�� 4rkyt © �/)G�� _��) � �r� ��, � � � 4 £ � � �Q� � ¦ |�� £ � � �<� � ¦ � � � � � � � � 4 )/'N� £ � � � / � �<� � � ���¯¦ 2 4 )/'N� £ � � � / � �<� � � ���¯¦ � �
����) � ��� ��, ��� � 4 �P Àilk 3Juvu4pm�4poPkds�m b 7�m87;0{m 4rk2��4�k 7��NoJ�Vm b 7 3%�rtJo.584rm b = 460 5�7;1y�63Jn�7�u��P� © 4� ����� � )6'K� �
�1) � � )6'N��# � ,1�-� 4 . 	 ����) � �r� ��, ��� � 4 m b 7Ek�34uvu £ � � / � �<� � ��� � ����� � )6'N�{¦`m¤o � � � 4  

 �V� �a
 - º ����� � a�b 7��°o4�p�ro�� 4�kyt 7�®3 =�1y� 7 460 �+3 0�7�u�o4k mG3J�y� 7;0 � ²P±�q¤}¢´\i �  a 3Jkvu��fµ�± �8q
}¢´Ài �" a   a�b 7 =�3%m�n b 4rkvt o.1+795�3Jm84ro4k 4�kP~JoJ�r~ 7908m b 7*n-o�=�13�58460¤oPk¥o%�Àk+3 =%7;0¢��5{o�=��?o4m b m�34�y��790-  a�b 7
34n-n�7;1ymG3Jkvn�7xu 460{m�3Jk?n#7<4 0�e 3Jk?uhm b 7�u 7�n�4 0�4poPkhu 460{m�3Jk?n#7<4 08�v 8��0�0��=%7ªm b 7<4�k1v�ym"m{o�m b 72=�3%m�n b 1 b 3�087
460`n-o4k0{m84rm{�vm87�u �P� m b 7.�°o4�p�ro�� 4rkvt�m{�1v��790 £ � 7 3 5�7�|¤�0¤m<=%7�kPm84ro4k4rkythm b 7*«�7-� 34kvu�k3 =%7 3%m¤mG584��v�ym�7;0¨¦ ©
�	��
�������������

d�'K8�s�2G4[P BDU�W�uNe
d ��8�s�4�P BCO?UQuNe

��� 
������������ �!�
d�' � � ��8�s�4�P BCO?UV=?9 P uNe
d�' � � ��81uJ2G4[P BDUQuNe
d�' � � �-8�s�2G4[P BDU�W�>"uNe
d�' � � "�81u�4�P BCO?U�W�>"uNe

�`® 7�n-�vm84�kyt 0¤m�7;1 / o%�Àm b 7 3%�rtJo.584rm b = 58790{�v�pmG0<4rk m b 7Z�°o4�p�ro�� 4�kyt ©
æ�A#"%$'&)(+*-,/.0,2123'465 $�798 �¯Å;:�=<?> 	 	� æßäªÖlõ LEØÃñ�à =@ÆIÊ)A4Ç�B/C ÁED ÆIÈ#@Ê)F!G D�HJI È#@ÊKC�FEÅ 8 @ D;H#L Í æßä�ÖKð§Ü§ÞßÕ�Ü�Ø5Ölã2ìÀæ ØÙâ�Ø5âEÖÜ§Ó¤ÓlÖ"LEØ5Ü*@AÓlÖ¢ãEæßäÙØ5Ü*@AÓlÖ¢Ü*@Eã*×5ÖKØÙÕA× @Eä9M ?�æ ØÙäÀÜ§ÓKØÙÕ�Ü§ÞyãAæßä¯ØIÜ*@AÓlÖ8æßäONEÚ�MAÕ�Ø\ìXÖ"ãAÒ�@�P Ø\Ó¤Ü§×5ÖNAKà�QvÜ§æß×_? ��@��HGFSR�AVæßäVãAæßäÙÓ¤Ü§×5ãAÖlãPà
æßæ�A "%$'&)(T*E,/. ,�123�U/5 $ 798 �¯Å;:�=<?> 	�	  æßä�Ölõ LEØÃñ�à S@ÆIÊ)A4Ç�B/C ÁED ÆIÈ#@Ê)F#G D�H#D ÆIÈ#@Ê)F D;H�L Í�VXW ì\âAæßÓ5âhæßä
Ö¤Ô-Õ�Ü§ÞvØ5ÒNØ5âEÖãAÖlÓ¤æßäÙæßÒ�@*ãAæßä¯ØIÜ*@EÓ¤Ö¨àXô�ÒAÚAØÙÕ�LAÞßÖ ? ��@ ��HGF�E-@&H�AXæßä\æ @Eä5Öl×ÙØÙÖlã*æ @�Ø5Ò > 	 	  à
æßæßæ�AY"%$'&)(�*E,/.�,�1?36Z'5 $<äÙæ @AÓlÖ"Ø5Õ�LEÞßÖ
�`Ü§Þß×ÙÖ{Ü§ã�ñ M%ÖlÞßÒ�@�Q¨äÀØÙÒ!798 �¯Å;:�=<?> 	�	  Ú[798 �¯Å;:�=<?> 	�	  æßä�@AÒ§Ø�Ölõ LEØÃñ*Ü*@Aã È�@)B?\

] @pÆ5Ê 798 �¯Å;:�=< ÖlÔ-Õ�Ü§Þßä�H�à J âAÖ\Ö¤ãEæ ØdãAæßäÙØ5Ü*@AÓlÖÀèpÒ¨×XÜ"õ.Ü���æßõxÕAõ[ãAÖlÓlæßä5æßÒ�@�ãAæßä¯ØIÜ*@AÓlÖÀÒ§èH�æßäCÓlÒ¨õ LAÕEØÙÖlã $ =@pÆ5Ê)A4Ç�B/C Á-D ÆIÈ�@pÊ^F

>?>A@CB;D#EGF�H



� � ����� ��� %���'( �����)$ � ��� ����	#� 
��	� $ ��
 %+� �'%�� � ��
 �,� ���

G D;H!I ÆIÈ#@Ê)F�G
� D�H W{Í à Ï Ø�×ÙÖlØÙÕA× @Aä"Ü�ãAæßäÙØ5Ü*@AÓlÖªÖlÔ-Õ�Ü§ÞyØ5Ò �¨à8ô�æ @EÓ¤Ö �¢æßä
ÞßÖlä5ä\Ø5â�Ü*@�Ò¨×�ÖlÔ-Õ�Ü§ÞyØ5Ò È#@^B ] @ÆIÊ 798 �¯Å;:�=< ÚJØ5Õ�LEÞßÖ
? ��@��HGF��-@ �NAdæßäVæ @Aä5Öl×¯Ø5Ölã*æ @�ØÙÒ.á
Ò�Ò-ãPà
æ ð$A�"%$'&)( *-,/. ,�123��65 $�ØÙÕ�LAÞßÖ �ZÜ§Þß×ÙÖ{Ü§ã�ñ2M%Ö¤ÞßÒ�@ Q¨äªØ5Ò > 	�	  ÚVä5ÒhÒ�@AÞ ñ�ÓIâEÖ¤Ó5î¥Ø5âAÖ�ÖlãAæ Ø�ãAæßä¯ØIÜ*@AÓlÖ*èpÒ¨×�ÜfãAÖlÓlæßä5æßÒ�@ãAæßäÙØ5Ü*@AÓlÖÀÒ§è �_? È#@^B ] @pÆ5Ê 798 �¯Å;:�=< AKà �XÒ¨õ LAÕEØÙÖ $ =@ÆIÊ)A4Ç�B/C ÁED ÆIÈ#@Ê)FOG D;H�D È�@pÊKC�FOG
� D�H�� Í ìÀâEæßÓIâ�×5ÖKØÙÕA× @Aä Mª? D"æßävØ5âAÖ\×5Ö¤Ü§Þ

ãAæßäÙØ5Ü*@AÓlÖ¨Ú MAÕ�ØCìdÖVãAÒ�@�P ØCÓ¤Ü§ÞßÓ¤ÕEÞçÜ�Ø5ÖÀæ Ø�AIà�� @^B ] @pÆ5Ê 798 �¯Å;:�=< ÖlÔ-Õ�Ü§Þßä �¨Ú-ä5Ò�ØÙÕ�LAÞßÖs? ��@ ��HGFSN�A<æßä LAÕEØCæ @-ØÙÒ	� 	¨Ê;> 	 	��
YB 	¨Ç� F à
ð$A "%$'&^( *�1�. ,�123'4�5 $?@AÖlæ Ø5âAÖl×8Ø5Õ LAÞßÖ2H"@EÒ¨×�Ø5Õ�LEÞßÖ ��HGFSRHM%ÖlÞßÒ�@�Q*ØÙÒ�ØÙâAÖ > 	 	� Ø5Ü�MAÞßÖ¨Úyä5Ò�Ó¤Ò¨õ LEÕEØ5Ö¢Ø5âAÖ�ãEæßäÙØ5Ü*@AÓlÖèrÕ @EÓlØÙæßÒ�@ =@ÆIÊ)A4Ç�B/C Á�I È#@ÊKC�F D;HTI È#@ÊKC�FEÅ 8 @ D;H L Í à J âAÖ�ãAæßä¯ØIÜ*@AÓlÖ.×5ÖKØÙÕA× @EÖ¤ã æßä�D�ì\âAæßÓIâ&æßäGQ¨×ÙÖ{Ü�ØÙÖl×¢ØÙâ�Ü*@&ØÙâAÖ�ãAÖlÓlæßä5æßÒ�@ãAæßäÙØ5Ü*@AÓlÖGMAÕEØ\ÖlÔ�Õ�Ü§ÞßäVØÙâAÖ`Ü§Ó¤ÓlÖ"LEØ5Ü*@AÓlÖ¢ãEæßäÙØ5Ü*@AÓlÖ�à J Õ�LAÞßÖ ? H-@ ��HGFSR%@ D�AXæßäVæ @Aä5Öl×ÙØÙÖlã*æ @�Ø5ÒªØÙâAÖ�7 C CIÅ5Ì�Ê Ø5Ü�MAÞßÖ¨à
ðEæ�A "%$'&)( *;1�. ,�123�U/5 $4Ø5Õ�LEÞßÖ ��HGF�EGM%ÖlÞßÒ�@�Q¨ädØÙÒ`ØÙâAÖ > 	 	  ØIÜ�MAÞßÖ¨à�� @^B ] @ÆIÊ 798 �¯Å;:�=< æßä H�ÚEäÙÒ¢ÓlÒ¨õ LAÕEØÙÖÀØÙâAÖ�ãEæßäÙØ5Ü*@AÓlÖèrÕ @EÓlØÙæßÒ�@ =@pÆIÊ^APÇ�B/C Á�I È#@ÊKC�F D;H�I Æ5È#@Ê)F D�H W¤Í à J âAÖ*ãEæßäÙØ5Ü*@AÓlÖZ×5ÖKØÙÕA× @AÖlã�æßä2HZØ5âAÜ�Ø.Ö¤Ô-Õ�Ü§Þßä È�@)B ] @ÆIÊ 798 �ÙÅ : =< à J Õ�LEÞßÖ

?�H-@��HGF�E-@&H�AdæßäVæ @Aä5Öl×¯Ø5Ölã*æ @�ØÙÒxØIÜ�MEÞßÖ > 	�	  à
ðEæßæ�A "%$'&^( *�1�.�,21236Z'5 $
Ø5Õ�LEÞßÖ ��HGF��ZÜ§Þß×5Ö¤Ü§ãEñ M%ÖlÞßÒ�@�Q¨ä¢ØÙÒ*ØÙâAÖ > 	�	  ØIÜ�MAÞßÖ.Ü*@Eã È#@^B ] @ÆIÊ 798 �¯Å;:�=< ÖlÔ�ÕAÜ§Þßä
�¨à*ô�ÒAÚìdÖ.Ó¤Ò¨õ LEÕEØ5Ö�ØÙâAÖNãAæßäÙØ5Ü*@AÓlÖNèpÕ @AÓKØÙæßÒ�@�Ü§ä =@ÆIÊ)A4Ç�B/C Á�I È�@pÊ C�F D�H0D ÆIÈ�@pÊ^F0G
� D�H�� Í à Ï Ø¢×5ÖKØÙÕA× @Eä M Ø5âAÜ�Øªæßä`ä5Õ�L%Öl×5æßÒ¨×8Ø5Ò

È#@^B ] @pÆ5Ê 798 �¯Å;:�=< à Ï Ø\æßädØ5âEÖ8@ZÜ§ãAãAÖlã*ØÙÒªæ Ø Ð Ò§ØIá
Ò�Ò-ã�ó @EÒ¨Õ�Q¨âPà
ðEæßæßæ�AY"%$'&^(�*;1�.Y,�1?3��65 $?ØÙÕ�LAÞßÖ H.M%ÖlÞßÒ�@�Q¨äÀØÙÒ > 	 	� à�� @^B ] @pÆ5Ê 798 �¯Å;:�=< æßä)H�àdô�ÒAÚ%ÓlÒ¨õ LAÕEØÙÖ8ØÙâAÖ8ãAæßä¯ØIÜ*@AÓlÖ8èrÕ9@AÓKØ5æßÒ�@

Ü§ä�$ =@ÆIÊ)A4Ç�B/C Á�I È#@ÊKC�F D;H!I È�@pÊ C�F G � D;H W¤Í Ú%ÕAäÙæ @�QªØ5âEÖ¢æ @Aæ ØÙæçÜ§Þ�ãAÖlÓlæßä5æßÒ�@*ãAæßäÙØ5Ü*@AÓlÖ¨à Ï Ø
×5ÖKØÙÕA× @Aä9M ì\âAæßÓIâfæßä\ä5Õ�L%Öl×5æßÒ¨×VØ5Ò
È#@^B ] @pÆ5Ê 798 �¯Å;:�=< Ü*@Aã*ØÙÕ�LAÞßÖ ? H-@ ��HGFSN�Adæßä>LAÕEØ\æ @�Ø5Ò�� 	�Ê > 	�	 �
YB 	¨Ç�� F à
a�b 7Z�°o4�p�ro�� 4�kyt mG3J�y� 7 0��=�=%3�584r¶�790xm b 7�u 460{m�3Jk?n#7;0ªoP�ym�3 4rk7�u�3Jkvu m b 7fmG3J�y� 7 £ � �9��( o.5 �@
�
*	"� � m¤o

� b 4rn b m b 7�� � 7-�ro4kyt 3%�°m87;5"0¤m�7;1 / oJ�
m b 7 3%�rtJo.584rm b = ©

#$)*��T���+N ]�(!�� n�ZA�&�KT���+� ]�*!�� 7�P 2CB�@JH?O<= B�@JLJ9 =
' ' � � � " T
' ' � � � � #�:K:N7
' ' � � � ' #�:K:N7
' ' � � " M !�:VB�#�:K:K7��1H?:NI?.NU
� ' � � � � �$O<OF=?MQB
� ' � � � � #�:K:N7
� ' � � � M !�:VB�#�:K:K7��1H?:NI?.NU
� ' � � " M !�:VB�#�:K:K7��1H?:NI?.NU

��n-n-o�5�u 4rkvt m{o�m b 7 0{m8791� oJ�Àm b 7 3%�rtJo�5�4rm b =Usym b 7Z�°oJ�r�po�� 4�kyt%4 0 7-® 7�n-�vm87�u ©
�¨à J âAÖ�Ø5Ü�MAÞßÖ > 	�	  æßä\Ò¨×ÙãAÖl×5Ölã M�ñNæ @AÓl×5Ö¤Ü§ä5æ @ QªãAæßäÙØ5Ü*@AÓlÖ¨Ú%Ü§äVèrÒ¨ÞßÞßÒ¤ìÀä¤à

d�'K8*' � � �-8('Ve
d�'K8*' � � ��8$�Je
d ��8*' � � ��8$�Je

Ûyæß×5ä¯Ø{Úyõ.Ü�ØÙÓIâAæ @ Qf×5ÖlÓlÒ¨×5ã? ��@��HGF��-@��NA"æßä¢õ.Ü§×Ù×5æßÖlãPà Ñ ä¢Ü*×5ÖläÙÕAÞ Ø{ÚvØÙâAÖ.×5ÖlÓlÒ¨×5ão? ��@��HGF�E-@ H�A"æßä.LEÕA× Q¨Ölã&èp×5Ò¨õ ØIÜ�MEÞßÖ
U �.�.�8Ü*@AãªØÙâAÖVØIÜ�MEÞßÖ | � � U �.�.� d �l� v~} �ªæßäCÓ5âAÖlÓIî¨ÖlãPà J Õ LAÞßÖ_? �¨Ú ��HGFSN�A<ÓlÒ¨ÕAÞßã M%Ö+MA×5Ò¨Õ Q¨â-Ø�M�Ü§ÓIî%MEÕEØCæ Ø<æßä @EÒ§ØCäÙæ @AÓlÖØÙâAÖl×5Ö8Ö �Eæßä¯Ø5ä
Ü*@*Ölã�Q¨Ö!MJÖKØÃìdÖlÖ @fæ Ø
Ü*@Aã*ØÙâAÖ8õ.Ü§×5×5æßÖlã�ØÙÕ�LAÞßÖ#$m? ��@ ��HGF��-@�NAKà Ð Ö ��Ø¤Ú�ØÙÕ�LAÞßÖ ?�H-@��HGF�E-@&H�AXèp×5Ò¨õ U ���.�ªæßäãAÖlÓlÞçÜ§×5ÖlãZÜ.MJÖlä¯ØÀõ.Ü�ØÙÓIâ*Ü*@AãZÜ*@Aã�×5ÖlÓlÒ¨×5ã ?�H-@��HGFSR%@ H�AXæßä>LAÕA×�Q¨Ö¤ãNèr×ÙÒ¨õ:ØÙâAÖ"Ø5Ü�MAÞßÖ ] �����y� � à

H�à Ð Ò`Ø5Õ LAÞßÖlä�Ü§×5Ö
ä5âAÒ¤ì?@NØ5ÒªØÙâAÖ"ÕAäÙÖl×{à

a�b 7 =�3�4�k�� 7�k 7-¸?m¢oJ�Vm b 460xo�1ym�4 =%4r¶;3Jm84ro4k 460`m b 3%m 4rmxu 7En�5�7;3�08790"m b 7Zu 460¤mG3Jkvn�7Nm b 58790 b oJ��u¥�°o�5 0¤o.=%7
u4 0{m�34kvn#7�n�3J�rn��y�63%m84ro4k+0- �"0�3 5�7;0��y�rm-sJm b 7 7�u4pm8u 460{m�3Jk?n#7ª�¯�vkvn-m84ro4k¥� 7�n�o.=%7;0"� 7;0G0)7�®1 7�k0�4p~�7<4rk =�3JkP�
n;3 0�7;0�  a�b 7��°o4�p�ro�� 4rkvt 3 115{oA® 4 =�3Jm87 3Jk+3%�r� 0�460215�7;0�7�kPm�0232�584 7���0{m{�?uy� oJ�8m b 7&n�o.=%1?�ym�3Jm84ro4km846=%7;0
4�kP~Jo4�p~�7�u 4�kUm b 7�u7�n#460�4poPk 1v�+0 b qKuyo��.k o�1ym�4 =%4r¶;3Jm84ro4kd 

Ï°Ð > ÏÃÑ



���������
	����������	���������	������� "!#����$%���&�(')��	*���+�,�.- �P�

��������� �^
�
À� ¾ ��#� �y� º � �À� - » ��¯� ¾ �.�*� º 	 º �,Ù�N ¾ � � �
�*� ¼ 	 ¾�½ � � 

�N#� ��4�y�N ¾ �

· 7h�0�7�m b 7��°o4�p�ro�� 4rkvt 3Juvu 4rm84ro4k+3%�\kyo4m�3Jm84ro4k ©�� 460.m b 7 084r¶�7ho%�"m b 7 0¤mG584�kyt�¸+7��ru+0N� 7�4�kyt2n�o.=�13 5�7�uds
=�34«�4�kyt�m b 7 1 7;0G0846=%4 0{m84�n 3�0�0��=�1ym�4poPkm b 3Jm.m b 7��(3%�r� b 3A~�7fm b 7%0�3�= 7f� 7�kvtJm b ��� 4 0Nm b 7&kP�+=h� 7;5.oJ�
m��1y� 7;021?�ym 4rk  �-�"� � � 4 � � ��� � �\ 
/ ²Pm�7;1 / ©"a�b 7fn�o.=%1?�ym�3Jm84ro4k�0�3A~�7�u�uv�+584�kyt&m b 7Z¸ 5G0{m 0{m87912oJ�Àm b 7Zu7�n#460�4poPk 1v�0 b qKuyo��.k o�1ym�4 =%4r¶;3�q
m84ro4k 46023%mª� 7;3 0{m ©
 ��E��� £ �/�(�67�� � )6'N� 2 4 ��7 )/'*) � � � )6'N�{¦	��
. 
· 7�=�3A� 7�k?u:�1��P� 0�3A~ 4�kyt =&o�5�7 m b 3Jk:m b 460 0�4rkvn�7 © � � � � 7 3%�60¤o 0�3A~�72m846=%72�°o.5&m{�1y� 7;0¥m b 3%m
3 5�7 1v�ym�4rkPm{o � � � 4 34kvu(3%�65�7;3Juv� b 3A~�7�k 7�4rt b �<o�5G0 4rk � � � 4 s �
�,� � 4pm"=�3A��+7 1?o.0�0�4r�v��7�m{o 4�kP~Jo4« 7
m b 7�7Eu 4rm�u 4 0{m�34kvn#7U�¯�vk?n�m84ro4k�� 4rm b 3 =%3%® 4 = �= 3%�r�ro�� 7Eu:u 460¤mG3Jkvn�7��790�0¥m b 3Jk ( 	�
��6�*�����.$ �6��� 3 0
13�5�3�= 7�m8795-s�� b 7Ek��1) � � )6'N��# � ,1�-� 4 .�� 4 ��7 )/'*) � � � )6'N�. 

� ²Pm�7;1:� © ilk m b 7U�xo�5G0¤mhn;3 0�7JsC3%�r�  �-� � � ��� � � � � � 4 =�3Jm{n b 4�kyt;m��1y� 7;0�3 5�72�5{o4�yt b mh�3Jn¨« 3Jk?u
m b 7�465&u4 0{m�34kvn#7 460%5�7�qKn�o.=�1v�ym87Eud  iI�*m b 460�4 0&m b 7�n�3 0�7Js`m b 7 7�®ymG5�3�m846= 7�n-o4k0��=%7�u 4 0 ©  ��y��£ � �(�67�� � )6'K� 	 / ¦���
.  a�b 7&o�~�7;5 b 7;34u�o%�ª�0�4rkytUm b 4 0fo.1ym846=%4p¶93%m�4poPkdsd� b 7�k�n�o.=�13 5�4rkvt � 4rm b /  
�xo4�y��u2m b 7�k� 7 ©  ������ £ 4 ��7 )6' ) � � � )6'N� 	 / ¦���
. 

��n-n�o.5{u4rkyt m¤o%1?o�4rkPm��ys 3�~�7;5{�&�34u 0�n#7Ek3 5�4po��°o�5¢� b 4rn b m b 7Zu 7�n�4 0�4ro4k 1v�+0 b qKuyo��.k�o.1ym846=%4p¶93%m�4poPk
�xo4�v�rufkyo4m\�xo�5�«N� 7-�r�.4 0Àm b 7`�°oJ�r�po�� 4�kyt< 
²��11<o�0�7 3�� � � 4 =%3Jm{n b 4�kyt�m{�1y� 7�� © £ � � / � �Q� � ���°¦ 4 0 =�3 5G584 7�ud 
a�b 7 � � � 4 m�34�y��7�n-o4kPm�3 4rk+0 3J�p��=�3Jm{n b 4�kytm{�1v��790�� © £ �>� / � ��� � ���¯¦�� b 7;5�7 �>� / � | � � / ��3Jk?u �>� ���`n�34k
mG3J« 7 3J�p��1?o.0�0�4r�v��7�~�3%��� 790¥o%� � � 34kvu � © £ � � / � � �>� ���°¦h� b 79587��>� ��� | � � ��� 3Jkvu �>� / �Nn�3Jk�mG3J«�7(3J�p�
1<o�0G0�4r�y� 7&~ 3J�r�7;0*o%� � � s 4Ù  7J %3%�r�
m b 7�k 7�4rt b �<o�5G0NoJ���¨  a�b 79087&o4k7;0 3 5�7%1?�5¤t�7�u�oPkvn#7��"460 =�3 5G584 7�ud ��0<3hn�oPk0�7���� 7�k?n#7Js 3J�p� =�3%m{n b 4rkyt&m{�+1y��7906� 4rk  �-�"� � � 4 � � ����� ��0{�vn b m b 3Jm�� � �¥�?�ym�kyoJm6� � �¨s
�°o.5 3J�p�X~�3%��� 790¢oJ���'� / � ) � � � 3Jkvu �'� ��� ) � � � s3�587*�5{o4�yt b mx�3Jn¨«�34kvu�m b 7 7�u 4rmxu4 0{m�34kvn#7��¯�vkvn-m84ro4k 4 0
5�7�q
4�k4~4o4« 7�ud 
a�b 460<460��vky� 4r« 7-�r��m¤o b 3 11 7�k�0�4rkvn�7 4rk�3 5�7;3J��460{m84�n�0�4pm��3%m�4poPk�� 7fuyo&kvoJm<7�®1 7�n�mªm{oPo�=�3JkP� � o�oyu

=�3Jm{n b 790 m b 3%m 3�587k 7�4rt b �<o�5G0-  a�b 7;5�7��°o.5874s�1v�5{t 4�kytMuyo 7;0¥kyoJm 3%¬ 7En�m 3��63 5{t 7k��=h� 7;5&oJ� � � � 4
m��1y� 7;0234kvu m b 7fm��1y� 7;0 4�k  �-�"� � � 4 � � ����� �(3 5�7 087��ruyo.= �5{o4�yt b mª�+3Jn¨«C 

��������� � ¾ - » �C� � ¾ �À�&���
¿�� � ¾ ��
 , �y�A�1¯��� º � ¾ � , �y������������ ��
 - º �
a�b 7 3J�<o�~ 7 3%�rtJo.584rm b = 3 1+1y��4 7;0f�°o�5 =&o4kvoJt�3�=&o4�0 =�3 5G5�4 3Jt 7;0�s 45  74  oPk 7�m{�+1y��72��5¤o.= 3U¸ 5G0{m�m�34�y��7
0 b oP�y�ru � 7 =�3�5�5�4�7Eu�m¤o ���������*� � 4pm b o4k7;m{�1v��7���5¤o.= 3 087En�o4k?u^mG3J�y� 7J �²Po�=%7 =&oyu 4p¸<n�3Jm84ro4k0
b 3A~ 7�m¤o^�+7 4�kPm�5{oyuv�vn#7Eu � b 7�k 3 0879=%34kPm84�n�0�oJ� #  � 460 3J�p�ro�� 7�u^�°o�5�� 7;0{m =�3Jm{n b ¸ 5G0¤m�u7�n#460�4poPk
£ 1?o4�p��t.3 =��?¦¨sP� b 4rn b =%7;3Jk+0ªm b 3Jm23 m��1y� 7*��5¤o.= o4k 7ZmG3J�y� 7fn�3Jk�=�3%m�n b =&o�5�7*m b 34k oPk 7*m{�1y� 7Z��5{o�=
m b 7�o4m b 7952�v�vm2m b 7 4�k4~�7;5G087[uyo 7;02kvoJm b 3 11 7�kd  � 7�n-o4k0�4ru7;5�4rkyt m b 7 7-®3 =�1y� 7�o%�fm b 7 a 7-� 7�n-o�=
n-o�=�134k4�4s0{�?n b 3 =%3Jm{n b 0�7;=�3JkPm84�n�0�n-o�5G58790�1<o4k?u0ªm¤o�m b 7 0�4pm��3%m�4poPk � b 7;5�7fo4k 7 �fµ�± �8q¤}¢´\i �  a
=�3A� b 3A~�7 0�7-~�7;5G3%�ªn#7-�r���y� 3�5�1 b o4k7;0��v�ym¥oPk 7Un�7-�r�r�v� 3�5%1 b o4k 7�k��= �+795&n-o�5G58790�1<o4k?u0 3Jm = o.0¤m&m¤o
3 084�kyt4��7 b o�=%7 1 b o4k7 k��=h� 7;5� Milk m b 4 0¥n;3 0�7Js�3Jk 7�uyt�7 � 7-mK� 7�7�k:mK�¢o[m{�1v��790 � � 3Jkvu � � 460 ��790�0
5�7;0{m�5�4�n�m84r~ 7xm b 3Jk&�+7-�°o�5�7<34kvu � 7�n�3J�p� 4rm ���� ��-.��� ��� ��	 (�-.	   a�b 7ª�°o�5G=%3J�yu 7�¸<k4pm�4poPk 460�m b 7ª�°oJ�r�po�� 4�kyt ©

>?>A@CB;D#EGF�H



� � ����� ��� %���'( �����)$ � ��� ����	#� 
��	� $ ��
 %+� �'%�� � ��
 �,� ���

� � | � £ � � �<� � ¦ � � � � ) � | � � � )��� � b 7;5�7 )<4ru7�kPm84p¸+7;0*m b 7 mG3J�y� 7&� b o�0�7hm��1y� 7;0Zn�34k =�3 5G5¤�Uo4ky�r�o4k 7o4m b 795�n�o.=�1?oPk 7�kPm�m{�+1y��7 £ m b 7;�¢o.=%7�k 4rk 3 1<oJ�r��t�3�= oP�0 0{o�n�4�7�mK� �Nm b 7 =%7�k 4�k 3 1?o4�p�.3Jkvu5{o4�+0
0{oyn#4 7-mK�?¦§  a�b 7�u 7-¸<k 4rm84ro4k0�o%��#k� ,1�-� 4 . � � � 4 34kvu �+) � � )6'N��# � ,-�-� 4 . 5879=%3 4rk^m b 7 0�3�= 7 7-®yn�7;1ym
m b 3%m 793Jn b 587-� 7;5�7�kvn�7*m{o 7�uyt�7 4 0 5�7;1y�63Jn�7�uU�P� 1?o4�p��t.3 =&o4�0 7Euyt 74 
a�b 79587<460"kyo�k 7;7�u o%� 3  �-�"� � � 4 � � ��� � � 087�m��?�ym"� 7 0{m84r�p�<k 7�7Eu 34k # 7 7J� ���Àm�3J�v��74  a�b 721?�5¤t�4rkvt

1 b 3 0�7 4rk(0{m8791�&n b 34kyt 790 3JkvuUm b 7 =&o�u4¸+7Eu(3%�rtJo.584rm b = �°o�5�u 7En#46084ro4k 1v�0 b qKuyo��.k o�1ym�4 =%4r¶;3%m�4poPk�4 0
0 b o��.k%4�k&¸?t4�5�7 �    �oJm87Nm b 3Jm8m84 7;0 3 5�720¤m�4p�r� 1<o�0G0�4r�y� 7"34kvu¥m b 7"7���� 4r~ 3J��7Ekvn#7�n��63 0G08790�o%� 1?o4�p��t.3 =&o4�0
m�4�790 3 5�7fu 7�¸<k7�u 3Jn�n�o�5�u 4�kyt&m¤o 1?o4�p��t.3 =&o4�0 7Euyt 790- 
� ������� � ���������;-�	#� =%3A� 3 5�4 0�7� b 7�k 3Mm��1y� 7���5{o�= 3JkP� o%�fm b 7;m�34�y� 7;0 460 3J�p�ro�� 7Eu:m{o =�3 5G5¤�

= �y�rm8461y��7�m��1y� 7;0foJ�xm b 7�o4m b 795Zm�3J�v��74 ��?o.5 4rk0{m�34kvn#74s\oPk 7�4rkPm8795{k7-m�n�� 4 7�kPm =�3A� =�3 5G5¤�;m{o 087�~ 795�3J�
n�7-�r�r�v� 3�5�1 b oPk 7�5�7�n-o�5�u0�34kvu�~ 4rn�7�qI~ 795�0G3v  a�b 7�3%�rtJo.584rm b = 4�k�m b 4 0xn�3�087Nuvo.790¢kvoJm`mG3J« 724rkPm{o 3Jn�n�oP�vkPm
m b 7 7-® 460{m87�k?n#7�oJ�xm�4�790 0�4rkvn�7 7-~�7;5{� 7����3J�p�r� 0¤mG5¤oPkyt 7�kyoP�yt b =�3 5G58463%t�7�4 0 3Jn-n�7;1ym�7�ud  a�b 79587 460hkyo
k7�7�u��°o.5�m b 7� �-�"� � � 4 � � ��� � � �&���J�C� 3JkvuM� 7�n�34kvkyoJmhm�3J« 7 3Juy~�34k4mG3%t�7�o%�.u 7�n;58793 0�4rkvtu7�n#460�4poPk
m b 5�7;0 b oJ��u0N�°o�5Zn�o.=%1?�ym84�kyt��790�0 7-® 1 7�k+084r~ 7 7�u 4rmfu 4 0{m�34kvn#7 �¯�vkvn-m84ro4k0� ¥}¢oPk0�7���� 7�kPm{�p�4sdm b 79587%4 0Zkyo
o.1ym846=%4p¶93%m�4poPkd  a�b 7 3%�rtJo.584rm b =��xo�5�« 0<3 0 5�7;15�7;0�7�kPm87Eu 4�k ¸?t4�+587��� 

�  �� # 34/GD�$*� 9<?"D � @? $')	� 9E/!* �  $'&8$'?=/!-

}¢o.=�1 4p� 7;5G0N�+087%0 b o.5¤m¤qIn�4 5�n-�4pm�4rkyt2m¤o 0{m¤o.1m b 7%7-~�3J�r�3Jm84ro4koJ��32�<oPo4��793Jk(7-®158790�0�4ro4k 3��°m�7;5�4pmG0NoP�ymlq
n-o�=%7�460
«Pkvo��.kd +�<o�5?7�®3 =�1y� 7Js�4p�?m b 7x�<o�oJ� 7;3Jkhn�o4k+08460¤mG0\oJ�+3�n-o4kA|¤�?kvn�m�4p~�7�7�®15�7;0G0�4poPkdsAm b 7Ek 3 0 0{oPoPk
3�0\oPk 7ªn�o4k�|¤�vkvn�m)460�u 4 0�n�o�~�7;5�7�uZm{o*� 7x��3%�60874sA�¯�5¤m b 7;5 7�~ 3J�r�+3%m84ro4k n�34kh� 7 b 3J�pm�7�ud  a�b 7xo�1ym�4 =%4r¶;3Jm84ro4k0
u7;0�n�5�4r� 7�u b 7;5�7 3 5�7fn��ro�0�7-�r� 587�� 3Jm87Eu2m{o�0 b o.5¤m¤qIn�4 5�n-� 4rm84�kyt< 

��������� � � ¾ �E� ¼ � °��� ��¯�N������h�?� º ¿ ¾ � , � -¯�N ¼�� � » � #�  -Ù�y�1°� »

}¢oPk0�4ru 795xm b 7Z�°o4�p�ro�� 4rkvt%7-®3 =�1y� 7*oJ�)3�=�3%m�n b 4�kyt¥o�1 7;5G3%m¤o.5 ©

���,�m��n����
Y �(Z[�\#�)(�[T���+� ]�*!��^.-8(n�ZA�&�KT���+� ]�*!�� U
+��N�/2DP 4�'�`w2DP 4��Cd�.10 HV@J4�=J81U�0 HV@J4A=Qe58

2DP 4���`w2DP 4��Cd�.10 2CBD>E=F=FBG8,U-0 2CBD>E=F=GB�e
), "�& ]+?���� �	�^`a4�P HJdX2DP 4�'K8N25P 4 �Je

��no����)*n�Z�+��%)* "�i ]+V���� �	��
�`!�-0 "

iI�Xm b 720�46= 4r�63 5�4pmK�fm b 58790 b oJ��u £ �  � ¦�4 0"n-o4k0�4�u 7;5�7�uh� b 7�k¥n�o.=�1v�ym84�kyt ���,� # 34kvu �*�,� % s.4rm 460C7Ekyo4�yt bm b 3%m
o4k7¢oJ�?m b 79087x~�3 5�4 34�y� 7;0?4 0)3 0G0�4ptPk 7�u 3�~�3%��� 7<0�=�3%�r� 7;5Àm b 34k �?  � m¤o 7-� 4 =%4�k3%m�7¢m b 7�n�o�5G5�7;0G1?oPkvu 4�kyt
m��1y� 7J  a�b o�0�7�m{�+1y��790N� 4r�r�
k 7�~ 795N� 7-�ro4kyt�m{o2m b 7 =�3%m�n b 7;0�587�m{�5�k 7Eu��4�±�e2�+7En�3J�+087 m b 7��UuyoUkyoJm
0G3%m�4 0¤�°�:m b 7�n-o4kvu 4rm84ro4k oPk�m b 7 =%4�k 46=h�= 3%�r�po�� 7�u 0�4 =%4r� 3�584rmK�J  a�b 7 7-® 7En-�ym�4poPk 1y� 34k��°o�5�±[e 4 0
5�7;1+5879087Ek4m�7�uMoPk m b 7�584rt b m o%��¸?tP�587 ev Mµ*kv�p�Mm b o�0�7 13 4 5G0�oJ�.m{�1y� 7;0h��5{o�= � ²P±�q¤}¢´\i �  a 3Jk?u
�fµ�± �8q¤}¢´\i �  a m b 3%m 0G3%m8460¤�°��m b 7�n�oPkvu 4rm84ro4k ' ) � / � �  � � '*) ��� � �  � t�4p~�7 5�4 0�7 m{o�=�3Jm{n b 790- 
a�b 7�o�1ym�4 =%4r¶;3Jm84ro4k�3 0�7�uUoPkm b 460���34n�m2460�m¤o �4� 13�0�0ªoPk 7�oJ�
m b 7 13�5¤m�4 3J� 0846=%4p�63 5�4rmK���¯�vkvn-m84ro4k;n;3%�r� 0£ m b 3Jm23 0G084rt4k+0 3&~�3%��� 7fm{o ���,��# o�5xm{o �*�,� % ¦¢oPkvn#7fm b 7foJm b 7;5ªoPk 7 587�m{�5�k0 3&~�3%��� 7Z��790�0ªm b 3Jk �?  �  

Ï°Ð > ÏÃÑ



���������
	����������	���������	������� "!#����$%���&�(')��	*���+�,�.- � �

���������	� ��
������� � ��������� ��� 
��� � ������� ���
 ���������	� �%#�I�p�&�'�!$#��)(*!$'�+�+-,.'�&�/�(
0
1 ��/��32��

4�#�#�5�6 0�7
9-:�: /�����6 0�7
< #�+=/�' :�> � $%? � 	 � ��@ � 	 H �BAnChE IzG E � � > '�� : #��%I�5J%/ML%,N� > ,�� �h� � ���j��� ��� 0

O�P < ,���5='�I�IR# :�: ��+�+�/�� : /�(=# < �TS ,��[U �.�.� (XWY�	W � '���5 �TS > '�Z�/R'��%#�I�p�&�'�!$#��)(=/�5�&�/MJ%/��.L-/�/��Q� > /�! P�O
]_^ � �N�-��` U �.�.� � 0 �TS $-? �TS 	 � ��@ �TS 	 H ��@y��� ��� ADC U �.�.�cb ���zd��TS 7
, <R]_^ � ������` U ���.��g� 0�7ji � > /�� 0

���°����� ��� ]_^ � ������` � �F�Y�	? 0 ��� ��� b � S $%? � S 	 � ��@ � S 	 H ��@a��� ��� AnC ]_^ � ������` U �.��� 7 A
O�P : '�I : �%I�'���/R� > /K5-,�(N��'�� : /KJ%/��.L-/�/�� � 	 � � '���5 � 	 H � i L%,N� > '*�%/NL : #��)(N��+�'�,���� �F�Y����� ��� ]_^ � �N�-��`

L > , :�> '�INL-'�p-(R(.'��-,�( < ,./�( �F�Y����� ��� ]_^ � �N�-��`c
������� � �Y������� ��� P�O
�l��rz��� ��� � ��� ���ut_v �X��? � 	 � ��w ��� � @ � 	 H ��w ��� � @a�F�Y�l��� ��� ]m^ � �N�-��`%A
, < �l�Nrs��� ��� 
o���°����� ��� ]_^ � ������` � > /��['�5�5 ? � 	 � ��@ � 	 H ��@y�X�Nrs��� ��� A ��#U �.�.�

/�I�(./ 0
�l��rz��� ��� � ��� ���ut_v �X��? � 	 � ��w ��� � @ � 	 H ��w ��� � @a��� � ������� ��� A
, < �l�Nrs��� ��� 
������� � �Y������� ��� � > /��['�5�5 ? � 	 � ��@ � 	 H ��@a�X�Nrs��� ��� A ��#U �.�.�
/�I�(./Q, < ���N��� � �����l��� ����� �l�Nrs��� ��� 
�h� � ������� ��� � > /��['�5�5 ? � 	 � ��@ � 	 H ��@u�l�Nrs��� ��� A ��# ] �����y� �

7
7

1 ��/�� 8 �
(.#�+��=U �.�.� '���5 ] �����y� � J�pQ,�� : +�/�'�(�,���&Q5-,�(N��'�� : /
L%,N� > ,��V/�' :�> 5-,�(N��'�� : / i : I��)(N��/�+R� > /o�����%I�/�(K� > '��oJ%/�I�#���&=��#K� > /R(.'�!$//.�N�),NZ�'�I�/�� : / : I�'�(�(*L%,N� > ,�� �N� � � ^ ` } ���h� v � E �Y� �
,N��/�+�'���/R#�Z�/�+[U ���.� I�,�(N� 0

I�/�� � $-? � 	 � ��@ � 	 H ��@y��� ��� A J%/o� > / : ��+�+�/����M!$'�� :�> ,���&Q+�/ : #�+�5[,��QU �.�.� 5�/ : I�'�+�/�5Q��#*J%/ !$'�+�+-,./�5
#����-,.#��%'�I�I�p�( > #NL=��#K� > /M�)(./�+� > / < #�I�I�#NL%,���& < #�+Z�'�I�,N5�'��-,.#����

����+�&�/ < +�#�!�U �.�.� '���5 ] �����y� � '�I�IK�����%I�/�( � (XWY�	W � �zd��
7
,N��/�+�'���/R#�Z�/�+ ] �����a� � I�,�(N� 0

I�/�� � $-? � 	 � ��@ � 	 H ��@y��� ��� A J%/o� > / : ��+�+�/����M!$'�� :�> ,���&Q+�/ : #�+�5
�)(./�+='��%'�I�p-(./�( ? � 	 � ��@ � 	 H ��@a��� ��� A
, < � > /*�)(./�+M!$'�+�+-,./�( � � > /��[+�/�!$#�Z�/ < +�#�! ] �����y� � '�I�I�!$'�� :�> ,���&Q+�/ : #�+�5-( � (XWY�	W � �zd��

7
7

�)4rt4�5�7 � ©¯���j�����������������%����m�� .¡y� ������¢�£K¤l¥�¡y� ��¦�§%�-¥¨�©��£X� �$«M�X¬l¡¨£����X§�j��®H�o��£X F� �¢N�B¡y���%���£X¥� �¡¨£j�-¦BK�Y�%¥
����� �	��
����������
������
	�����

ilk t 7Ek 7;5G3%�5s4oPkvn#7*m b 7*m{oJmG3%� 0�4 =%4r� 3�584rmK�¥o%� 3%=�3%m�n b 4rkvt 460xo4�ymG3�4�k 7�u �4� 3�11y�r� 4rkyt&m b 7 �%�,� s � ��� s
o.5h�P�Mn�o�=�1v�vm84�kyt�m b 7 15{oyuv�vn-m�o%�.m b 7 13�5¤m�4 3J� 0�4 =%4r� 3�584rm84 7;0�s�m b 7�3 11 7;3�5�34kvn#7�m b 5�7;0 b oJ��u n�34k �+7
1?�0 b 7�uuyo��.k m¤o¥m b 7�n-o�=�1v�ymG3%m�4poPk2oJ�)13�5¤m�4 3J� 0846=%4p�63 5�4rm84 7;0ªm b �0 3A~4o 4�u 4�kyt%0{o�=%7Zo%��m b 7;=U 

��������� � � ¾ �E� ¼ � °��� ��¯�N������h�?� º ¿ ¾ � ��-#�À��� º �1���� � �\� º �*� ¾ -¯¿

� 0846=%4p�63 5\o4�0�7;5{~�3%m84ro4k*�xo�5�« 0C�°o�5\n-�r�+0¤m�7;5�4rkyt< +�"0G0��=%78m b 7`�°oJ�r�po�� 4�kyt2=�3%m�n b 4�kyt.o�1 7;5G3%m{o�5�s��°o4�p�ro�� 7Eu
�P� 3¥n-�r�0{m879584�kyt��P�2u 463 =%7-m�7;5� 

>?>A@CB;D#EGF�H



e � ����� ��� %���'( �����)$ � ��� ����	#� 
��	� $ ��
 %+� �'%�� � ��
 �,� ���

���������	� ��
o���N��� � ���N����� ��� 
o��� � ������� ���
 ���������	� &�+�#����!$'�+�+-,.'�&�/�(
0
1 ��/�� 2��

4�#�#�5�6 0�7
9-:�: /�����6 0�7
< #�+Q/�' :�> � $�? � 	 � ��@ � 	 H �BADC�E I G E � � > '�� : #��%I�5oJ%/ML%,N� > ,�� ��� � ������� ��� 0

�l�Nrs��� ��� � ��� ���ut_v �l�N? � 	 � ��w ��� � @ � 	 H ��w ��� � @a��� � ������� ��� A
, < �l�Nrs��� ��� 
������� � �Y������� ��� � > /��['�5�5 ? � 	 � ��@ � 	 H ��@y�X�Nrz��� ��� A ��#U �.�.�
/�I�(./=, < ������� � �����l��� ����� �l�Nrs��� ��� 
o�h� � ������� ��� � > /��V'�5�5 ? � 	 � ��@ � 	 H ��@y�X�Nrs��� ��� A ��# ] �����y� �

7
1 ��/�� 8 �

(.#�+��QU �.�.� '���5 ] �����a� � J�pQ,�� : +�/�'�(�,���&Q5-,�(N��'�� : /
,N��/�+�'���/Q#�Z�/�+=U �.��� I�,�(N� 0

I�/�� � $�? � 	 � ��@ � 	 H ��@a��� ��� A J%/K� > / : ��+�+�/����o!$'�� :�> ,���&R+�/ : #�+�5[,��VU ���.� 5�/ : I�'�+�/�5R��#*J%/�!$'�+�+-,./�5
7
,N��/�+�'���/Q#�Z�/�+ ] �����a� � I�,�(N� 0

I�/�� � $�? � 	 � ��@ � 	 H ��@a��� ��� A J%/K� > / : ��+�+�/����o!$'�� :�> ,���&R+�/ : #�+�5
�)(./�+Q'��%'�I�p-(./�( ? � 	 � ��@ � 	 H ��@y��� ��� A

7

7

� 4rt4�+587h� ©��s �¡y��������¢�£�¤X¥�¡y� ��¦�§%�-¥¨����£j� �~«��j¬l¡¨£j���j§�j��®H����£X cj .¢N�B¡y�B�-�M��£X¥� .¡¨£X�-¦B*�°�%¥ ��� ��� ��
�������
	�����

���,�m��n�� �

Y �(Z[�\#�)(�[T���+� ]�*!��^.N'K8,#$)*��T���+N ]�(!��^. �
+��N�/2DP 4�'�`w2DP 4��Cd�.10 HV@J4�=J8N.10 HV@J4�=?e58

2DP 4���`w2DP 4��Cd�.10 2CBD>E=F=FBG8-.10 2�BD>E=F=GB�e
), "�& ]+?���� �	�^`a4�P HJdX2DP 4�'K8N25P 4 �Je

��no����)*n�Z�+��%)* "�i ]+V���� �	��
��-0 "
��+�pc)����,�� "!$# � �
Y �(Z[� � �

+��N��#�)* "�i ]+V���� �	�%`a4[P HKd�2DP 4[P 9 @?>bP BSRJe
�$� 7NP @J4�=FBC=?>
��no����)*n�Z�+�� #�)* "�& ]+?���� � ��
��-0 �

a�b 7n����0{m879584�kyt;o.1ym84ro4k � � (������ 	��
	�� 3Jk?u m b 7 n����0{m8795hm b 58790 b oJ��u 0846=%4p�63 5�4rmK� 5�7���� 46587 m b 3Jm 3J�p�
=�3Jm{n b 4�kytm{�1v��790 58790{�v�pm�4rkyt ��5{o�= ±��Um{o b 3A~ 7�3 0846=%4p�63 5�4pmK��~ 3J�r�7&t.58793%m�7;5*m b 34k �v ç� 4�k�o�5�u 7;5*m¤o
� 7hn-�r�0{m879587Eud .��0�0��=%4�kyt 3%t.3�4�k2m b 3%m.m b 7 0�4 =%4r� 3�584rmK���¯�?kvn�m�4poPk023 1+1y��4 7�u(3�=&o4kyt¥m{�+1y��790"3�587f�3�087Eu
oPk�7�u 4rmªu 4 0{m�34kvn#74s4m b 7*m�5�4 34kytJ� 724�k 7����3J��4rmK� � /�� �CtP�3 5G3JkPm87;7;0"m b 3%m¢�°o�5`m b 5�7�7 =�3%m{n b 4rkythm{�1y� 7;0�� � s(� �
34kvu � � � 4pm b 1+3�465¤� 46087fu 460{m�3Jk?n#7Zt 4r~ 7Ek �P� 4 � � s 4 ��� 34kvu 4 � � s 4 � � � 4 �� 	 4 � �  
´?7-m;�0�n-o4k0�4ru7;5Um b 7 5�7-�63%m�4poPk0 b 4 1 �+7�mK� 7;7�k 0846=%4p�63 5�4pmK�:34kvu u 4 0{m�34kvn#7 u 7-¸<k 7Eu � 7��°o.5874  ¡ª�

1 7;5¤�°o�5G=%4rkvt�m b 7n-o�5G58790�1<o4k?u 4rkvt 0{�?�0¤m�4pm��ym84ro4k+0-s¢m b 7U�°oJ�r�ro�� 4rkyt 4rk7����3%� 4rmK� 4 0&~ 79584p¸+7Eu © '*) � � � �'*) � � � 	 '*) � � �
2 /   �"11v�p� 4�kytm b 460 5�7;0��y�pmZm{oUm b 7 0�7���� 7�k?n#7&o%�ªo�1 7;5G3%m84ro4k+0N± � 34kvuM}xe?sV� 7-m��0

Ï°Ð > ÏÃÑ



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

0��11<o�0�7�m b 3%m&mK�¢o =%3Jm{n b 4�kyt;m��1y� 7;0�5�7-m{�+5{k 7Eu �P��± � 3 5�7 © £ � �w��. / ��� � ��.y� � '*) �+)F��� ,�)5�/. � ¦ 3Jk?u£ � � ��.y� � � �w��.ye ��' ) �1)F�C�-,�)D�/. � ¦§ fiI� '*) �1)G���-,�)5�/. � 	 ' ) �1)F�C�-,�)D�/. � 2 / 460 0{�1 7;5�4ro�5.m{o �? ß�ys<m b 7�0846=%4q
�63 5�4rmK�2�+7�mK� 7;7�km��1y� 7 � � ��. / 3Jk?u � �w��.ye%4 0.t4�3�5�34k4m�7�7Eu2m{o��+7 3J� 0{o 0{�+1+79584ro�5ªm{o��v ç�� x²�o?s?m��1y� 7;0
4�u 7Ek4m�4¸ 7�u �P� � � ��. / 34kvu � �w��.ye�k 7�7Eu:kyo4m � 7 n-o�=�13 5�7�u 34kvu 3J�p�xm b 5�7�7 � � ��. / s � �w��.v� 3Jk?u
� �w��.ye 3�587 1v�vm 4rkPm¤o¥m b 7 0�3�=%7Zn-�r�+0¤m�7;5� 

� � � �[	��"�-� 	��&�
����� 	.� 	��§�
�

a�b 4 0<0�7�n�m�4poPk 15�7;0�7�kPmG0`m b 7 58790{�y�rm�0¢o%�)3 0�7-mªo%�?7�®1+795846=%7�kPm�0x� b o.087�tJo.3%�C� 3�0`m{o%7�~�3%���3%m�7�0{o�=%7�oJ�
m b 7Zo�1ym�4 =%4r¶;3Jm84ro4k m87�n b k 4r��� 790215{o�1<o�0�7�u 4rk m b 7f�63 0{m 087En�m�4poPkd �ilk m b 7;0�7 7�®1 7;5�4 =%7�kPmG0ª� 7f�0�7�u o4k 7
oJ�?m b 7ªu+3%m�34�3 0�7;0
n�5�7;3Jm87Euf�°o�5
m b 7ª~ 3J��4�u3Jm84ro4kfoJ�<m b 7x· ��i � ´(0¤� 0{m879= � ���5 
iKm
n-o4k0�460¤mG0ÀoJ�<mK�xoNmG3J�y� 7;0
� � 34kvu � � s4�<oJm b n-o4kPm�3 4rk4rkyt 4�k��°o�5G=�3%m�4poPk 34�?oP�ymC7�® 460¤m�4rkyt�n-o�=�134k 4�790 £ 74  t< 
k3�=%7Js4�+5¤�5s 4�kvuv�0{m�5{�?¦§ a�b 7�o.1+795�3Jm84ro4k�� 7*m�5�4�7Eu2m{o o.1ym846=%4p¶;7 460 3Jk 3 11+5¤oA® 46=%3Jm87`|lo 4�k � 7-mK� 7�7Ek�m b 7fmK�¢o m�3J�v��790-s��°o4�p�ro�� 7Eu
�P� 3�u 7En#46084ro4ko.1+795�3Jm84ro4k�P�U� 7;0{m�=�3%m�n b ¸ 5G0¤m�  a�b 7 0�4 =%4r� 3�584rmK� � 7-mK� 7�7Ek�m{�+1y��7902460�n-o�=�1v�ym�7�u��P�
34k 7Eu 4rmZu4 0{m�34kvn#7&�¯�vkvn-m84ro4kdsÀ� b 4�n b 460 4 =�1y� 7;=%7Ek4m�7�uM�0�4rkvtUm b 72² =%4pm b qI· 3Jm87;5G=�3Jk 3Jk?u $ «P«Jo4k 7Ek
3J�pt4o�5�4pm b =�0- �ilkUo�5�u 795ªm¤o¥o4�ymG3�4�k 3 �63 5{t 7Z~4oJ���=%7*oJ��u+3%m�3&� 7 58791y� 4rn;3%m87Eu2m b 7fo�5�4rt 4�k3%�Vu3Jm�34�3 0�7 3
n�7;5{m�3 4rkUk��=h� 7;5ªoJ�Àm846=%7;0�  a�b 7�kVs+3�5�34kvuyo�=%4r¶�7Eu 7;5G5{o�5x� 3�0 4rkPm�5{oyuv�vn�7�u 4rk�7;34n b b 3Jkvuy� 7�u2¸+7��ru�4�k
o.5{u7;5�m¤o 3A~Jo 4�u 7�®3Jn-m`uv�1y� 4�n�3%m�7;0� À· 7Nm�7;0{m87Eu¥o4�5C7�~�3%���3%m�4poPk%0{m�5G3%m�7-t�4�790"� 4pm b m b 5�7�7�0{n;3%� 7ª��3Jn�m{o�5G0 ©
/ ��� � �vs / � ��� � � 34kvu / � � ��� � �fm��1y� 7;0<4�k 793Jn b m�3J�v��74  a�b 7 084r¶�7Zo%�
m b 7 5�7;0��y�rm84�kyt&¸?��790<4 0 � � � s � � � �
34kvu � ± 58790�1 7�n-m84r~ 7-�r�; 
².4�kvn�7�m b 7;o�~ 795 b 793Ju^o%��n�3J�p� 4�kyt 3Jk 7-®�m�7;5�k3%�N�¯�vkvn-m84ro4k���5{o�= µ 5�34n�� 7(4 0 7�®ym�5�7;=%7-�r� b 4pt b s�� 7

u4ru�kyoJmZn�oPk0�4ru 795*m b 7�7-~�3J�r�3Jm84ro4k�o%�`m b 7 =%3Jm{n b o�1 7;5G3%m¤o.5N� 4rm b 4rk[m b 7 � ¡ª±�² 3�0 3Jk 4rkPm87958790¤m�4rkvt
3J�pm�7;5�k3%m�4p~�7J  ��7�kvn�7JsX� 7 4ptPkyo�5�7�uUm b 7 � ¡ª±�² 34kvu(4�k 3%�r�Àm b 7 7-®1+795846=%7�kPm�0N� 7%=%34k 461v�y�63%m87Eu¸?� 7;0
�+084�kyt�} 15{oJt.5�3�=%0�  �<o�5 7;3Jn b 7-®1+795846=%7�kPm�� 7 =%7;3 0��5�7�u�m b 7 7�® 7�n��ym84ro4kMm�4 =%7 o%��m b 7�15{oJt�5G3 =
� 4rm b o4�ymZm�34«.4rkyt�4�k4m{o�34n-n-o4�vkPmNm b 7¥m846=%7 �°o.5Zuv�=�1 4�kytm b 72µ 5G3Jn�� 7 u+3%m�34�3 0�7 4�kPm¤o ¸?� 7;0��%sV�ro�34u 4rkvt
m b 7 u+3%m�3���5¤o.= ¸?��790"4�kPm¤o m�3J�v��790-s 5�7;3Ju4rkyt u3%mG3���5{o�= 3�¸?� 7JsXo.5Nm b 7hm�4 =%7 �°o�5��2584rm84�kyt2m b 7 5�7;0��y�rm�0
4�kPm¤o 3¸<��74 ;µ*�+5 7�®1 7;5�4 =%7�kPmG0 b 3A~ 7�� 7�7Ek uyo4k7�o4k 3JkMi  a �`´ z 7Ek4m�4r�+=�i{i*� 4rm b � � �J± b ¶ 3Jk?u
/ � �J±;¡ª�Pm�7;0<5��vkvk 4�kyt¥´�4�k���® � 7Eu���3Jm �   �v �· 7��+087Eu�µ 5G3Jn-��7*~ 795�0�4ro4k �? 
µ*�5�o�1ym�4 =%4r¶;3%m�4poPk�mG3 5{t 7�m 460fm b 7 7-~�3J�r�3Jm84ro4k[o%� 3(=�3%m{n b 3Jk?u 3�u7�n#460�4poPk[� 7-mK� 7�7Ek[mG3J�y� 7;0 � �

34kvu � � s+0G1+7En#4p¸+7�u�4�k2oP�5ª� 34kyt4�+3%t 7Z�P��m b 7Z�°oJ�r�po�� 4�kyt 087E��� 7�kvn�7Zo%��o�1 7;5G3%m¤o.5�0 ©

���,�m��n��
Y �(Z[� � I B I 8-� � B �+��N� ), "�& ]+?���� �	�^`a'[T�=<7NP B/�rP 2CBDd�B I 0 OF:N4�MV@JHQR<8 B � 0 OF:N4�MV@JHQR3e��J' � � ���no����)*n�Z�+��%)* "�i ]+V���� �	��
 � ��� � ���$E � � � � �~� ^ � �
���1�� ), Z[!1�
Y �(Z[� �
�$��L3=F2�BF��@QBCO?U Y P >E2CB
��no����)*n�Z�+��%)* "�i ]+V���� �	��
 � ���N��� � �����jE � � � � �~� ^ �

�NJ âAÖ8Ø5æßõ�Ö"ØÙÒ�ãEÕAõ L �� �
� � �.ØÙÕ�LAÞßÖlä�ÓlÒ¨õ L%Ò¨ä5Ölã M-ñ�?	�%�N`~@�
)��� ^ ��A\èp×5Ò¨õ�
×IÜ§ÓlÞßÖ`ØÙÒ4O�ÞßÖlä
æßä"Ü§×ÙÒ¨Õ @Aã �¢õ�æ @Pà J âEÖ
Ø5æßõ�Ö�ä�L%Ö8@�ØVèrÒ¨×VÞßÒ�Ü§ãAæ @ QxØ5âEÖO�ÞßÖ�M�Ü§ÓIîNæ @-ØÙÒ��
×5Ü§Ó¤ÞßÖ
æßä H`õ�æ @Pà

>?>A@CB;D#EGF�H



eP� ����� ��� %���'( �����)$ � ��� ����	#� 
��	� $ ��
 %+� �'%�� � ��
 �,� ���

matchThs = 3 

1

10

100

1000

10000

100000

10000 100000

Nb. of tuples per table

Ex
ec

ut
io

n 
tim

e (
se

c)

Nested Loop

Neighborhood
Hash Join

matchThs = 6

1

10

100

1000

10000

100000

1000000

10000 100000

Nb. of tuples per source table

Ex
ec

ut
io

n 
tim

e (
se

c)

Nested Loop

Neighborhood
Hash Join

�)4rt4�5�7 � ©  "790¤m�7�u´\o�o.1 ~ 0  �7�4rt b �<o�5 b o�o�u�� 3 0 b �Jo�4rkU´�7-�°m © =�3%m{n b?a�b 0 | evs � 4pt b m © =�3%m�n bva�b 0
| �

a�b 7�k+3�4r~ 7Z� 3A��oJ� 7�~�3%���3%m�4rkyt&m b 4 020�7���� 7Ekvn#7 460�m¤o 1 7;5¤�°o�5G= 3¥k 7;0{m87EuU�po�o�1Vs3Jkvun�o.=�1v�ym874s��°o�5
793Jn b m��1y� 7 4rk m b 7h} 3�5¤m�7;0�4 34k 15{o�u?�vn�mxm b 7 0�4 =%4r� 3�584rmK��~�3%��� 7 ��m b 7�k m¤o%7�® 7�n��ym87Zm b 7fu 7�n�4 0�4poPk 1 b 3�087
�P� 4rm8795�3Jm84�kyt¥o�~ 795¢m b 7 5�7;0��y�pmªoJ�
m b 7 =�3%m{n b 3Jk?u u 7En#4�u 4�kyt�� b 4�n b 3�587Zm b 7�n�o�5G5�7�n�m<=�3%m�n b 7;0� 
��0 0�3 4ru 793 5{��4 7;5�s"m b 7;5�7 460�3�� 4 0{m&o%��1<o�0G084��y� 7 o.1ym846=%4p¶93%m�4poPk0hm b 3%m¥� 7 n;3Jk 3�11y�r� 4rk:o�5�u 7;5 m¤o

46=�15{o�~ 7xm b 7"1 7;5¤�°o�5G=�3Jkvn�7ªo%�Xm b 4608k3 4p~�7 7�~�3%���3%m�4poPkd À· 7�o4�+08795¤~�7xm b 3%m"m b 7;5�723 5�7ªmK�¢ofu 46=%7�k0�4ro4k0
3�0�0{oyn#463%m�7�u�� 4rm b m b 7 7�® 7�n��ym84ro4kUoJ�
m b 4 0"087E�P�7�kvn�7 © ¸ 5G0¤m�svm b 7 =%7�m b oyu�0�7�uUm¤o&¸<kvuUm b 7 =�3%m{n b 4rkyt
5�7�n-o�5�u0�s 34kvu 0�7�n�oPkvuds�� b 7�m b 795h� 7 7-® 7En-�ym�72m b 7 =�3%m�n b 4�kyt 34kvu u 7En#46084ro4k 1 b 3 0�7;0 0�7;1+3 5G3%m87��p��o�5
=%795¤t�7&m b 7;=U  ��n-n-o�5�u 4rkvtUm{o�m b 7¥¸ 5�0{mfu 4 =%7Ek084ro4kVsÀ� 7 b 3A~ 7¥m b 7�n b o 4�n#7�� 7-mK� 7�7�k 3k 790¤m�7�u��po�o.1
7�~�3%���3%m�4poPk 34kvu 3Mk 7;4pt b �?o.5 b o�oyu b 3 0 b |lo�4rkds<3 0�7-®1y� 3 4rk7�u 4rk 0�7�n�m�4poPk^e?  �v  �Nn-n-o�5�u 4�kyt[m{o m b 7
0�7�n-o4kvu u 46= 7Ek0�4poPkdsy� 7 b 3A~�7Nm b 7�n b o 4�n#7Z� 7-mK� 7�7�k 7�4rm b 7;5 7�® 7�n��ym84�kyt¥m b 7Zu7�n#460�4poPk 3%�°m87;5xm b 7 7�kPm846587
=�3Jm{n b 4�kyt 1 b 3�087 b 3 0ª¸<k4 0 b 7�u £ � ��� z 	 �*	#�*� � ��� 
 % � �*��� ¦ 3 0.u 7-¸<k 7Eu��4� m b 7 0879=%34kPm84�n�0�svo�52=%795¤t�7
m b 7¥u 7�n�4 0�4poPk 1 b 3 0�7 � 4rm b m b 7�=�3%m�n b 4rkvt�1 b 3 0�7 £ $ 	�
��6�*������� � �'% � ( ���C� ¦§s�3�0Zu 7;0�n�5�4r� 7�u 4rk 087En�m�4poPk
e?  e?  ¡ª� ~�3 5{� 4rkvt:m b 7 1<o�0G084�� 4r��4rm84 7;0�3%�ro4kvt:m b 7;0�7[mK�xo^u 46=%7�k0�4ro4k0 � 7�o4�vm�3�4�k �°oP�5�7-~�3%���3%m�4poPk
0{m�5G3%m�7-t�4�790 © £ / ¦  �7;0{m87Eu2´ÀoPo.1 £  N´"¦§s £ �4¦" "790¤m�7�u ´\o�o�1�3Jkvu � 7�n#460�4poPk z �+0 b � o��.k £  �´ 	 � z � ¦§s£ eP¦ �7�4rt b �?o.5 b oPoyu ��3�0 b �Jo�4rk £  ���y¦§s?3Jkvu £ �y¦ "7;4pt b �<o�5 b o�oyu � 3 0 b �Jo�4rk 3Jkvu � 7�n�4 0�4poPk z �0 b
� o��.k £  �*� 	 � z � ¦¨ 
a�b 7<7-® 7En-�ym�4poPk�m�4 =%7;0
�°o.5)0¤mG5�3Jm87-t�4�790 £ / ¦?3Jk?u £ e�¦?3 5�7 15�7;0�7�kPm87Eu 4�k�¸<t4�5�7%� £ � 4rm b 3��po4t�3 5�4rm b =%4�n

0�n�3J��7Z�°o.5.m b 7 � 3�® 460§¦¨s?� b 79587hm b 7hn-o�=�134k4�k3�= 79023 5�7 b 3�0 b 7�u�P� m b 7�465.� 7�kyt4m b 4�km b 7 k 7;4pt b �<o%q
5 b o�oyu b 3�0 b |lo 4�k 3%�rtJo.584rm b =   ��0�7-®1+7En�m87Eudsdm b 7%=�3%m�n b 4�kyt�1 7;5¤�°o�5G=�3Jkvn�7 460 4 =�15{o�~ 7Eu� b 7�k[m b 7
b 3 0 b |lo�4rk�460 3 11y� 4 7�ud   �oJm87fm b 3%mªm b 7ft�3 4rk2�°o�5 3�=�3%m�n b m b 5�7;0 b oJ��u2oJ�
e £ 3�5¤oP�vkvu � ���&¦�460�t�5�7;3Jm8795
m b 3Jk m b 7*t.3�4�k��°o.5<3%=�3Jm{n b m b 5�7;0 b oJ��u o%� � £ oPk 3A~�7;5G3%t�7 � � �¥¦§  a�b 460<4 0�uv�7*m{o¥m b 7Z��34n�mªm b 3Jm�m b 7
k��= �+795ªo%�C13 5{m84rm84ro4k+0ªm¤o��+7�n-o�=�13�587Eu 46020�=�3J�p� 7;5� 
�)4rt4�5�7 � 0 b o��20ªm b 7 5�7;0��y�rm�0�oP�ym�3 4rk7�uU� b 7�km b 7Z�°o4�+520¤mG5�3Jm87�t 4 7;0 3 5�7�n�oPk0�4ru 79587Eud 8· 7 =%7;3�0{��q

5�7�u�m b 7�7-® 7En-�ym�4poPk;m�4 =%7&�°o�5 0{m87;1 / o%�`m b 7�u 7�n�4 0�4poPk 1v�+0 b qKuyo��.k�o�1ym�4 =%4r¶;3%m�4poPk��°o.5 / © / =�3 5G58463%t�7

Ï°Ð > ÏÃÑ



���������
	����������	���������	������� "!#����$%���&�(')��	*���+�,�.- e4e

matchThs = 6 decisionThs = 3

0

200

400

600

800

1000

1200

10000

Nb of tuples per table

Ex
ec

ut
io

n 
tim

e (
se

c)

NL 
NL + DPD
NHJ 
NHJ + DPD

matchThs = 6 decisionThs = 3

0

20000

40000

60000

80000

100000

120000

140000

100000

Nb of tuples per table

Ex
ec

ut
io

n 
tim

e (
se

c)

NL 
NL + DPD
NHJ 
NHJ + DPD

�)4rt4�5�7 � ©  3�4r~ 7�¡<7;0{mf± 3%m�n b �)465�0{mf~ 795�0��0 � 7�n�4 0�4poPk z �0 b q � o��.k[´�7��°m © / �vs � � �2m{�1v��790-s � 4rt b m ©
/ � �?s � � ��m��1y� 7;0

0�7;=�34k4m�4rn;0- G��0 4�k m b 7 15�7-~ 4ro4�0�n;3 0�7Jsym b 7ft�3 4rkUo4�vm�3�4�k 7Eu2� b 7Ek b 3 0 b 4�kyt 4 0"3 11y� 4 7�u�4 0 0{m84r�r�?0�4ptPk 4q
¸Cn�3JkPm� ���o�� 7�~ 7;5�s\m b 7 46=�15¤o�~�7;=%7�kPm 34n b 4�7�~ 7Eu��P�[m b 7�3 11y� 4�n�3%m�4poPk�o%��m b 7 u 7�n�4 0�4poPk 1v�0 b qKuyo��.k
o.1ym846=%4p¶93%m�4poPk 460`kvoJm�0�4ptPk 4p¸<n�34k4m
�°o.5 / �?s � � ��m{�1v��790-s =�3%m{n b m b 58790 b oJ��u¥o%� � 3Jkvu¥u 7En#46084ro4k&m b 58790 b oJ��u
oJ�8ev  a�b 7 58793 0{o4k�4 0�m b 7��°oJ�r�ro�� 4rkyt<  a�b 460.o�1vm846= 4r¶;3Jm84ro4k(460"34uy~�3JkPm�3Jt 7�o4�0�� b 7�km b 7 � o�oyu�m�34�y��7
£ 087;7ªm b 7.u 790{n;58461ym�4poPk oJ�<m b 723%�rtJo.584rm b = 4rk¥ev  eP¦�460
¸?�r��7Eu 4�k%7;3�5¤�r� 4�k m b 7215{oyn#7;0G0�  a�b 460C46=%1v��4 7;0"m b 3%m
m b 7�u 460¤mG3Jkvn�7 oJ� 0{o�=%7 �63%m{m8795 1+3�465�0*o%� 0¤mG584�kyt�0Zn;3Jk�� 7�7-~�3%���3Jm87�u�m b 5{o4�vt b 3 � 7;0G0�7-®1+7Ek084r~ 7%7�u4pm
u4 0{m�34kvn#7*�¯�vkvn-m84ro4kd ¢ilkUm b 460213�5¤m�4rn��y� 3�5�n�3�0874sym b 7�k��= �+795�o%��m{�1v��790 4 0NkyoJm��63 5{t 7 7�kyoP�yt b m¤o 5G3�460�7
m b 460�0�4pm��3%m�4poPkd .· b 7Ek;n�oPk0�4ru 79584�kyt / � �?s � � �&m{�1v��790�34kvum b 7%0�3�=%7hm b 58790 b o4�ru+0-s<t�3�4�k0No%� � � 3Jk?u
/�/ � 3 5�7xoP�ym�3 4rk7�ud �· 7"0 b o4�y��u�5879=%3�5{«�m b 3Jm8m b 7�t�3 4rk&o4�vm�3�4�k 7Eu � 4rm b m b 4608o�1vm846= 4r¶;3Jm84ro4k�u 791+7Ekvu0
�63 5{t 7��p��oPk2m b 7�u3Jm�3%4pmG087���C3Jk?u2oPk m b 7fm b 58790 b o4�ru ~�3%��� 7;0� �)4ptP�587 / �%0 b o��20xm b 7Z�°o4�5�u 46=%7�k0�4ro4k0
�°o.5)3�=�3%m�n b m b 58790 b oJ��u�o%�Ce 34kvu 3*u 7En#46084ro4khm b 5�7;0 b oJ��u�oJ� /  ��`~�7�kfm b o4�vt b m b 7�k��=h� 7;5
oJ�?m{�1v��790)4 0
/ � �?s � � �vs�kyoft.3�4�k%4 0"oP�ym�3 4rk7�u¥�P� �0�4rkvtfm b 7Nu7�n#460�4poPk%1?�0 b qIuyo��.k o�1vm846= 4r¶;3Jm84ro4k%4�k¥m b 4608n�3�0874  a�b 4 0
460 7�®1 7�n�m�7�u�084�kvn�7�m b 7*u7�n#460�4poPk�m b 58790 b o4�ru2o%� / uyo 7;0ªkyo4m 1+795�=%4rm¢m b 7 7�® 7�n��ym84ro4k2o%�\m b 7 3%�rtJo�5�4rm b =
m{o¥m�3J« 7 3Juy~�3JkPmG3%t 7*o%�"n�3J�p� 4�kyt 3 � 7;0G0<7�®1 7�k0�4r~ 7 7�u 4rm.u 460¤mG3Jkvn�7*�¯�vkvn�m�4poPkd 
· 7[�xo4�v�ru���4�«�7[m¤o 5879=%3�5{«^m b 3%m 3Jk:34uvu 4rm84ro4k3J��46=�15¤o�~�7;=%7�kPm o%��m b 7�u 7En#46084ro4k 1v�0 b qKuyo��.k

o.1ym846=%4p¶93%m�4poPk�n�34kh� 7¢oP�ym�3 4rk 7Eu�� b 7Ek�m b 7xk7�4rt b �?o.5 b oPoyu b 3 0 b |lo 4�k 460��087Eud  a�b 4 0
n�34kh� 7 34n b 4 7-~ 7Eu
�P�¥n�o.=%1+3 5�4rkytfm b 7�1+3 5{m84rm84ro4k08�°oJ�r�po�� 4�kyt 3 0G1+7En#4p¸<n.o.5{u7;5� (�)465�0{m-sPm b 7��v�vn¨«�7�m�0`m b 3Jm¢n�o.5�5�7;0G1<o4kvu&m¤o
0{m�5�4�kyt�0¢� 4pm b 7E�P�+3%�C��7EkytJm b 3 5�7�n-o�=�13�587Euds4m b 7�k m b o�0�7N� 4rm b 3hu 4p¬ 79587Ekvn#7*o%�À��7EkytJm b 0�7E���3%�Xm¤o o4k 7
34kvu 0¤o¥�°o.5¤m b   a�b 460.�<3A�Jsym b 7 15{o4�+3J� 4r��4rmK��oJ�À¸<k?u 4rkvt�¸ 5G0¤m�m b o�0�7 =�3%m{n b 7;0ªm b 3%m"3�587 =&o�5�7 0846=%4p�63 5
460 b 4rt b 7;5�  a�b 7�k 7-m�5�7;0��y�rmC4 0`m b 3Jm8m b 7 � o�o�u&mG3J�y� 72460�¸?�r��7Eu�4rk 3�0C7;3�5¤�r� 3�0�1?o.0�0�4��y��74 (�C�5{m b 795�=&o�5�7Js
oPkvn#7�3 =�3%m{n b � 4rm b u 4 0{m�34kvn#7 ( 460*�°o4�vkvu[� b 79587 ( 4 0 7E���3%�"m{oUm b 7�u 4p¬ 79587Ekvn#7¥o%�x��7EkytJm b 0Zo%�xm b 7
n��5G587Ek4m 1+3 5{m84rm84ro4k0�s\m b 7�k m b 7;5�7 460hkyo�k7�7�uMm{o;n�oPk4m�4rk�� 7 n�o�=�13�584�kyt��v�vn¨« 7-mG0f� 4pm b 3�u 4p¬ 79587Ekvn#7
oJ�N� 7�kyt4m b 0&t�5�7;3Jm8795hm b 3Jk (   a�b 7 t.3�4�k0 o4�ymG3�4�k 7�u^� b 7�k^n�o.=%1+3 5�4rkyt[� 4pm b k7�4rt b �?o.5 b oPoyu b 3 0 b

>?>A@CB;D#EGF�H



eJ� ����� ��� %���'( �����)$ � ��� ����	#� 
��	� $ ��
 %+� �'%�� � ��
 �,� ���

matchThs = 3 decisionThs = 1

0

10000

20000

30000

40000

50000

60000

70000

80000

100000

Nb of tuples per table

Ex
ec

uti
on

 tim
e (

se
c)

NL
NL + DPD
NHJ
NHJ + DPD

�)4rt4�5�7 / � ©  3�4r~ 7 ¡ 790¤m&± 3Jm{n b �)465�0{m&~ 7;5G0��0 � 7�n�4 0�4ro4k z �0 b q � o��.k � 4rm b =%3Jm{n bva�b 0 | e 3Jk?u
u7�n#460�4poPk a�b 0 | /

|lo�4rk�� 4rm b u 7En#46084ro4k�o.1ym846=%4p¶93%m84ro4k[� 7;5�7 3 5{o4�vkvu / e�� �°o�5 3(=%3Jm{n b m b 58790 b o4�ru[o%� � 3Jk?u�u7�n#460�4poPk
m b 5�7;0 b oJ��u2oJ�
e? 
� 0�7�n�oPkvu 0�7-m&o%�"7-®1+795846=%7�kPm�0&�<3 0&uyo4k 7�0�4rkvt 5�7;3%�ªu3Jm�3v  · 7�087Eu m b 7i  � i"�A0{�+11y� 4�795�0

u+3%m�34�3 0�7 4�k 1+3 5{m84�n-�y�63 5 m b 7Um�34�y� 7UoJ��0��11y� 4�795ho.5¤t.3Jk 4r¶;3Jm84ro4k0hm b 3Jm&n-o4kPm�3 4rk+0%3�115{oA® 4 =�3%m�7 3Jk?u
7-®3Jn�mZuv�1v��4�n�3Jm87;0�  a�b 7¥m¤oJmG3%�"k��=h� 7;5ZoJ�¢m��1y� 7;0 460fevs � � �?  a�b 7¥tJo.3%��� 3�0*m¤o 3 11y�r� 3�=�3%m{n b 4rkyt
o.1+795�3Jm¤o.5\m{o�m b 4 0�mG3J�y� 7 4rk o�5�u 7;5Àm¤o�¸<kvu%13 4 5G0
o%�<uv�+1y��4�n�3Jm8790- 
· 7 =%7;3�0{�+587Eu�m b 7 7-® 7En-�ym�4poPkhm�4 =%7 3 0
� 7-�r�3 0�m b 7.���3%� 4rmK�ho%� 58790{�v�pmG0"o4�ymG3�4�k 7�uh�°o�5�mK�xo 7-~�3%���3Jm84ro4k%0¤mG3 5{m87-t�4�790�o%�Cm b 72=�3%m�n b 4�kytfo�1 7;5G3%m{o�5 ©£ 4Ã¦¢� b 7�k��0�4rkvt b 3 0 b 4rkvt&oPkUm b 7Z¸ 5G0{m���7�m¤m8795�o%��o�5{t�34k 4r¶;3%m�4poPk2k3�=%7;0 3 0�u7;0�n�5�4r� 7�u�4�kUe?  �%34kvu £ 4 4Ã¦
� b 7�kM�0�4rkyt(3k 790¤m�7�u��po�o.1 3J�pt4o�5�4pm b =U  a�b 7 =%3Jm{n b 4�kyt�o.1+795�3Jm84ro4k;� 4rm b 3 15�7�u4rn;3%m87 0G1+7En#4p�°� 4rkyt
m b 7Z¸ 5G0¤mª� 7-m{m87;5�¸?�pm�7;5<460.u 790{n;584��+7Eu 3�0x�°oJ�r�po��20 ©

���,�m��n��
Y �(Z[�\Z�>E.J@JH3P �Q@<B�P :NH?2 � I 8�Z�>E.J@JH3P �<@QB�P :NH?2 � �+��N� ), "�& ]+?���� �	�^`a'[T�=<7NP B/�rP 2CBDd � I 0 H?:N4[Z�>".-8 � � 0 H?:N4�Z�>E.Ke �J' � � �� no�*��� �,>E2CBG+V=GBXBC=?>�d � I 0 HV:N4[Z�>E.Ke�`��,>E2CBG+V=GBXBC=?>�d � � 0 H?:N4[Z�>".Ke��no����)*n�Z�+��%)* "�i ]+V���� �	��
 � ��� � ���$E � � � � �~� ^ � �

· b 7Ek �+084�kyt*m b 7¢¸?�rm87;5�s%o.5¤t.3Jk 4r¶;3Jm84ro4kfk3�= 790?3�587 b 3�0 b 7Eu 3Jn�n�o.5{u 4�kyt�m¤o*m b 7¢¸ 5G0¤m
��7�m¤m�7;5)3Jkvuho4ky�r�
1+3 5{m84rm84ro4k0�m b 3Jm*n-o�5G58790�1<o4k?u�m¤oUm b 7�0G3 =%7�¸ 5G0{m�� 7-m{m87;5 3�587&n�o�=�13�587Eu�m b 5¤oP�yt b m b 7�7�u 4rmZu 4 0{m�34kvn#7

Ï°Ð > ÏÃÑ



���������
	����������	���������	������� "!#����$%���&�(')��	*���+�,�.- e �

�¯�?kvn�m�4poPkd  a�b 72m�4 =%7�oJ�<7-® 7�n-�vm84ro4kMo4�vm�3�4�k 7EuM� 3�0 �(087En¥�°o�5�m b 460 n;3 0�7J  a�b 72k3 4p~�7�k 7;0{m87EuM�po�o.1
7�~�3%���3%m�4poPk� 3�0 / �2m846=%7;0��poPkyt 795 £ � / 0�7�nE¦¨  a�b 7�1 7;5�n#7�kPmG3%t 7foJ��=�3%m{n b 7;0��po.0¤m*�4�m b 7�¸ 5G0{mN� 7-m¤m�7;5
¸<�pm�7;5<7-~�3J�r�3Jm84ro4k � 3�0 3 5{o4�vk?u2e �2 
a�b 7 0��vn�n#7;0G0Zo%�ªm b 7 3 11y� 4�n�3%m�4poPk�oJ�¢m b 4 0h«�4�kvu�o%�x¸?�rm8795�u 7;1 7�k?u0fo%�ªn�oP�5�0�7¥o%�ªm b 7�uvo�=�3�4�k�oJ�

3�11y� 4rn;3%m�4poPkd Àilk2��3Jn-m-s 0{o�=%7NoJ�\m b 7 =�3%m�n b 7;0`�°o4�?kvu2�P��m b 7*k3 4p~�7�3�115{o�3Jn b 3Jkvu��ro�0{mª�4��m b 7�¸?�pm�7;5
n;3Jk 4rk?u 7�7EuU� 7Z��3%�60�7 =�3Jm{n b 790 3Jkvuuyo�kyo4m.n�o�5G5�7;0G1?oPkvu�m¤o�m b 7 0G3 =%7Zo4��| 7En�m- 

� + �&� �.� 	����� �� ��� � � ���</h�&�-�/�� �&�"!

ilkMm b 460 13 1 7;5�s
� 7 34uvu5�7;0G087Eu[m b 7 15{o4�v��79= o%��u3Jm�3�n�� 7;34k 4�kyt?s
� b 4�n b 7EkPm�3�4r�60fm b 5�7�7 =%3%|lo�5 15{o%q
�v��79=%0 © o4�y| 7�n�m"4ru 7EkPm84rmK� 1+5¤oP�y��79=UsXu+3%m�3 7�kPm�5{� 795�5{o�5G0�s 3Jk?u;u3%mG3 4�kvn�oPk08460{m87�k?n#4 7;0"34n�5{o�0G0�o�~ 795¤�63 1yq
14rkyt(34�ym¤oPkyo�=&o4�+0*u+3%m�34�3 0�7;0� h· 7 15{o�1<o�0�7�u 3Uk7-� ��5G3 =%7��¢o.5{«m b 3%mfn�oPk0�4 0{m�0ZoJ� 3Jk[o�1 7�k 3Jk?u
7-®ym87�k+084��y� 7�0{� 0¤m�7;= 1v� 3Jml�°o�5G=Us 4�k�� b 4�n b 3 u3Jm�3n�� 7;34k 4�kyt�3�11y� 4rn;3%m�4poPk 460 0�1 7�n�4¸ 7�u 3 0 3u 4 5�7�n-m87Eu
34n��yn�� 4�n.t�5G3 1 b o%�Àu3Jm�3 m�5G3Jk0¤�°o�5G=�3%m�4poPk 1 b 3 0�7;0� �� 3Jn b 1 b 3 0�7"460<0�1 7�n�4¸ 7�u2�P� =%7;34k0xo%�Vo4k7�oJ�\m b 7
m b 5�7�7Nu3Jm�3�n-��793Jk 4�kyt 0�7;5{~ 4rn�7;0"oJ¬ 79587Eu��4�&m b 7�0{� 0{m879= 1v� 3Jml�°o�5G= © u+3%m�3�m�5G3Jk0¤�°o�5G=�3%m84ro4kVsJuv�1y� 4�n�3%m�7�q
7���46=%4rk+3%m84ro4kVs 34kvu�=h�y�rm84pq5mG3J�y� 7 =%3Jm{n b 4�kyt< �� 3Jn b 0�7;5{~ 4rn�7"460<0{�1+1?o.5¤m�7�u2�P� 3%0 b 3 5�7�u2« 7;5�k 7-�Co%�\�°o4�5
=�34n�5{o%qIo�1 7;5G3%m¤o.5�0xn�oPk0�4 0{m84�kyt¥o%� b 4rt b qI� 7-~ 7��À²v³�´VqI� 4r« 7�n�o�=�=�3Jk?u0-  a�b 7 0{� 0{m879= 1y�63%m¤�°o�5G= 460�o.1+7Ek
4�k m b 7 0�7�k0�72m b 3%m&k 7-� =�34n�5{o%qIo�1 7;5G3%m¤o.5�0fn;3Jk � 7Uu7�¸<k 7Eu 3Jk?u 3Juvu7�u m{o�m b 7 «�795{k7-�5s)34kvu k 7��
0�7;5{~ 4rn�7;0ªn�34k 3J� 0{o��+7 34uvu 7Eu �3�087Eu2oPkUm b 7 0�7-mªo%�C=�3Jn;5¤oJq5o.1+795�3Jm¤o�5G0� 
a�b 7��63Jkvt4�3Jt 7�n�o.=%1<o�0�7�u^o%�Zo4�+5&�°o4�5 =�34n�5{o%qIo�1 7;5G3%m¤o.5�0 b 3 0 087�~ 7;5G3%�x� 793%m{�+58790-  �)465�0{m-s<4rm 4 0

=&o.587�7�®15�7;0G084r~ 7.m b 3Jk�15�7-~ 4ro4�0{�p��15{o�1<o�0�7�u��63Jkvt4�3Jt 7;08�°o�5<=h�v�pm�4qIm�34�y��7 =�3%m�n b 4rkvt?s�o�5xuv�1y� 4�n�3%m�7�q
7���46=%4rk+3%m84ro4kV �ilk 13�5¤m�4rn��y�63 5�sCm b 72} 3 5{m87908463Jk 1+5¤oyuv�vn-mlqK�3 0�7�u 0879=%34kPm84�n�0*o%�`m b 7 =�3%m{n b 4rkyt =�3Jn;5¤oJq
o.1+795�3Jm¤o.5-s"n�oPkPm�5�4r�v�vm87;0%0�4ptPk 4¸Cn�3JkPm{�p�Mm¤o�m b 7 7-® 1+58790�0�4p~�7�k 790�0�o%�Nm b 7 �63Jkvt4�3Jt 7Js8�P�Mt4�+3 5G3JkPm87;7�4�kyt
m b 3%m�3%�r�<1?o4m87�kPm�4 3J� 795�5{o�5G0 34kvu n�o.5�5�7�n-m =�3%m�n b 7;0%3 5�7 n;3 1ym��587Eud  ².7�n-o4kvudsC4rm%7�k34�y��790hm{o 0G1 7�n#4p�°�
3J�p�
m b 7 0{m87;1+0 5�7���� 465�7�u��P�(32u3Jm�32n-��793Jk 4�kyt 1+5¤oyn#790�0"4rk 3 b 4rt b q5� 7-~�7-�?=�34kvk 7;5� @�<o�5�4rk+0¤mG3Jkvn�7JsXm b 7
a 7-� 7�n-o�= 7�®3 =�1y� 7f� 3�0�n�oyu 7Eu��084�kyt 3�5¤oP�vkvu / � �&� 4rk7;0.oJ��n-oyu 7 4rkoP�5��63JkytP�3%t�7 3�0 460"15�7;0�7�kPm87Eu
4�k�3Jkvk 7-®d 
· 7 3%�60¤o%7�®1 7;5�4�7Ekvn#7Eu2m b 460x��3Jn�mª� 4rm b m b 5�7�7Z�63 5{t 795 3�11y� 4rn;3%m84ro4k+0 © 5�7;=&o�~ 4rkyt&uv�1y� 4�n�3%m�7;0
��5{o�= m b 7 ��460{m.o%�"ilk5�4 3 0��11v��4 7;5G0-s 5879=&o�~.4�kyt�uv�1v��4�n�3Jm87;0"4rk�� 4po4�po4t 4�n�3J�V� 4r�v��4roJt.5�3�1 b � 587-� 7;5�7�kvn�7;0�oJ�
m b 7 z 3�0¤m�7��5�ilk0{m84rm{�vm87Js 34kvu�n�oPk0¤o4��4�u3Jm84ro4k o%� 3�� 4��ym87-® ¸<��7N�+084�kyt�m b 7 � ¡x´ z u3Jm�3J�+3 0�7J \´ 3 0{m-sPo4�5
�63Jkvt4�3Jt 7 460�7-®�m�7�k0�4��y��7*m b 5¤oP�yt b m b 7*�+087�o%� 7�®ym�7;5�k3%�<�¯�vkvn-m84ro4k0xn�oyu 7Eu 4rk n�oPk4~�7�kPm84ro4k+3%�+15{oJt.5�3�= q
=%4�kyt¥� 34kyt4�+3%t 790- 
��k 7-®ym87�k+084ro4k2o%�"²?³�´��<3 0<15{o�1<o�0�7�u 5�3Jm b 795xm b 34k �0�4�kyt 3Jk 7�® 4 0{m84�kyt&� 34kyt4�+3%t 7 3 0.²v³�´ � z ²P±

� / ���5s+3�0215{o�1<o�0�7�uU�P�2m b 7&}¢o b 795�3¥u3Jm�34�3 0�7*� 7�u 795�3Jm84ro4k�0¤� 0{m87;= � / � �I !�)4 5G0{m-s+4rm23%�r�ro��20 3 
G���@�� 
��
0G1 7�n#4p¸<n;3%m84ro4k^o%� 7;34n b n-��793Jk 4�kyt 15{o�n�7;0G0-  �"0¥� 7(0 b o�� 7Euds`m b 7;5�7 4 0 3 0{�yk4mG3�® �°o.5�7;3Jn b =�3Jn;5¤oJq
o.1+795�3Jm¤o.5¢m b 3%m<7Ekvn��ro�0�7;0<4rm�02=�3 4rk2�¯�vkvn-m84ro4k3J��4rm84 7;0�� 4�«�7Zm b 7 � ! �&� %	�� �8	�� ��	 n-o4k0{m�5��vn-m�0¢�°o�5<7-® 1+58790�0�4rkvt
u7�n#460�4poPk[mG587;7;0 3JkvuMm b 7 
 ��� � 
	�2	 � $ n��63J�0�7��°o.5 4 =�1<o�0�4rkvt�n�oPkvu 4rm84ro4k0ho4kM~�3%��� 7;0ho%� 4�k4m�7;5�k3%�
~�3�58463J�y� 7;0� 8².7�n-o4kvudsP� 7No4�vm�3�4�k 7Eu 3 � � � !#����� 0�1 7�n�4¸Cn�3%m�4poPk¥�°o�5 3%�r�Co�1 7;5G3%m¤o.5�0 3Jkvu 4rkPm�5{oyuv�vn�7�u�k 7��
oPk 7;0�3�0�u 7�n�4 0�4poPk 34kvu^n-�r�+0¤m�7;5�4rkyt<  ��kvu�� 3�0¤m{�p�4s 0{o�=%7o%�*m b 7��63JkytP�3%t�7 15�46= 4rm84r~ 790 1+795�=%4rm�m b 7
3�11y� 4rn;3%m�4poPk2oJ� ��� � �,�%���9��� ����� m87�n b k 4r��� 790 3 0 1v�+0 b 4�kyt�uyo��.k m b 58790 b o4�ru+0- 
· 7�15{o�1<o�0�7�u�kvo�~ 7-�<o�1ym�4 =%4r¶;3Jm84ro4k¥m87En b k 4���� 7;0`m¤o 7���n#4 7�kPm¤�r� 7-® 7�n-�vm87�=�3Jm{n b 4�kyt�o.1+795�3Jm84ro4k0� 8�

¸ 5�0{m¢m�7�n b k4r��� 7 460¢m{o�7�® 7�n��ym87 =�3Jn�5{o%qIo�1 7;5G3%m{o�5G08�0�4rkvt&�<oJm b 3%587�� 3Jm84ro4k3J�Cu+3%m�34�3 0�7 0¤� 0{m87;= 34kvu 3

>?>A@CB;D#EGF�H



e � ����� ��� %���'( �����)$ � ��� ����	#� 
��	� $ ��
 %+� �'%�� � ��
 �,� ���

0G1 7�n#4p¸<n;3%�r�p�Zm�3 4p�ro�5�7�u 7-® 7�n-�vm84ro4k 7Ekyt 4�k 7J 8� 0�7�n-o4kvuZm�7�n b k4r��� 7 4 0Àm¤o�7�®1y�ro 4rm?0�7;=�3JkPm�4rn¢«Pkvo�����7Euyt 78oJ�
0�46= 4r�63 5�4pmK�h�¯�vkvn�m�4poPk0�sPn-o�=h�4rk 7Eu¥� 4pm b�b 3�0 b |lo 4�k 3J�pt4o�5�4pm b =�0�m¤ohu5G3 =�3Jm84�n�3%�r�r� 5�7�uv�vn�7.m b 7Nk��=h� 7;5
oJ� 5�7�n-o�5�u0�m b 3%m b 3A~�7�m¤oh� 7Nn-o�=�13 5�7�u 4�k 3 115{oA® 4 =�3Jm87
|lo 4�k0� 
´ 3 0{mC4 0`m b 7�1v�0 b qIuvo��.k oJ�Xu7�n#460�4poPk
o.1+795�3Jm84ro4k0�� 4rm b 4�k =�3Jm{n b 4�kyt2o.1+795�3Jm84ro4k0�m¤o(3A~4o 4�u��vkvk 7En#7;0G0G3 5{� 34n-n�7;0G08790Nm{o�=�3%m�n b 4�kyt�5�7�n-o�5�u0� 
�)465�0{m 7�®1 7;5�4 =%7Ek4mG0�n�oPkvuv�vn-m87Eu^oPk 3�m87;0{m2u3Jm�34�3 0�7o%�f~�3 5{�.4�kyt 0�4p¶;7 0 b o�� 7�u^m b 3%m�m b 7;0�7�m b 5�7�7
o.1ym846=%4p¶93%m�4poPk2m�7�n b k 4���� 7;0��+584�kyt 3�0{�v�+0¤mG3JkPm8463%� 1 7;5¤�°o�5G=�3Jkvn�7�46=�15¤o�~�7;=%7�kPm 3 0xm b 7�u3%mG3J�3�087*t 7�m�0
�63 5{t 74 
·�o�5�« 4�k(15{oJt�5�7;0G0<7�k?n��ro�0�7;0ªm b 7 0¤m��vuy�Uo%�8n��63 0G0�4rn;3%� 7�u4pmNu4 0{m�34kvn#7f�¯�?kvn�m�4poPk024�ko�5�u 7;5ªm{o�n�o.= 7

�+1�� 4rm b 1+5¤o.1+795¤m�4�790`m b 3%mªn�34k��+7Z�0�7�u��°o�5¢o�1ym�4 =%4r¶;3%m�4poPk 1v�+5�1<o�0�7;0� À· 7 3 5�7�uyo�4rkyt%0¤o.=%7�5�7;0�7;3 5�n b
oPk 084rt4k3Jm{�5�7*�¯�vkvn-m84ro4k0234kvu � ��- ����� � 3%�rtJo�5�4rm b =�0� G� =&o�5�7Zu7-m�3 4p� 7�u 0{m{�vuv� oPk m b 7 =%7-mG3Ju3Jm�3¥m¤o
� 7 0{m¤o.587Eu 4�km b 7 15{o�n�7;0G0ªo%�8n�� 7;34k 4�kyt 4 0N�+7;4rkyt uyo4k 7��+3 0�7�uo4kUm b 7hkyo4m84ro4kUo%��15{o�13Jt�3Jm84ro4k�5{�y� 7;0
� �4� �5 ��)4�k3%�r�p�4syo4�5<3�115{o�3Jn b 0 b oP�y��u � 7 4rkPm87Ek0�4p~�7-�r� 7�®1+795846=%7�kPm87Eu2� 4rm b 5�7;3J�Xu+3%m�3 m b 3%m�k 7�7Eu0ªm¤o
� 7�n�� 7;34k 7�uV 

� 	N#%	N��	N� ��	.�

� / � z  X¡<7;5�k0{m87;4rk 34kvu a  X¡<7;5{t�0{m�5G3�790�0�7;5� �± 7-mG3�qKu3%mG3 0��11<o�5{mN�°o.5�u3Jm�32m�5G3Jk0¤�°o�5G=�3%m84ro4k+0.�0�4rkyt
± 4rn;5¤o.0¤oJ�°m � 7;1<o�0�4pm{o�5{�J  �8����� $%���&� �<�.- �,� 	*	����,�.-�� � �,��	#� �,� sC�J� £ / ¦¨sy± 3 5�n b /E�J�4�  

� ��� �  %¡ªo4k+3Jn b 793vs �  ��)4 0 b 795-s 34kvu ��  � o4t 795�0� ���34kvn�oyn¨« © � �63JkytP�3%t�7`�°o.5"u 7;0�n�5�4r�4rkyt 0�4ptPk3%m��58790- 
ilk���
 � � ��� s /E�J�4�  

� e �Z±: 8¡ªo4�y¶;7-t b o4�v�ds.�ª G� 34�587�m-s��h  � 3J� b 3 5�u3 0�s8±  8± 3%m{�v�po�~ 4�n%s¢�<  z 7;5�7�465G3vs�34kvu �N ¢².46=&o4kd 
� � � (���� 	#� �
��� � � ! $ ���
���(����	 %��� �*�,� - sXn b 3�1ym8795 � 3Jm�3�· 3 5�7 b o4�0�7 � 7���5�7;0 b =%7�kPm� �² 1+584�kyt 795lq
~C795¤�63%t<s /��4�J�  

� � � �  8} 3%�r~ 34k 7;0�7Js �   � 7 � 463Jn-o�=&o?sÀ±  
´�7�kv¶�7;5�4�k 4Ùs �    3 5�u 4Ùs)3Jk?u �   � o.0�3Jm845  � 15�4rkvn�4 1v��7Eu
3�115{o�34n b m{o:u3%mG3 4rkPm�7-t�5G3%m�4poPk 3Jkvu 5�7�n�oPkvn#4r� 4 3Jm84ro4k 4rk u+3%m�3M�<3 5�7 b o4�0�4rkvt?  0��v�=%4rm¤m87Eu m¤o
1?�v�y� 4rn;3%m84ro4kVs /��4�J�  

� � � �  �}¢�63A� 1?o�o4� 34kvu���  � �vkvu 7Ek0¤m�7�4�k 7;5�  ��� 7�® 4��y��7Mu3Jm�3J�+3 0�7�m�5G3Jk+0l�°o.5�=�3%m�4poPk0 © m b 7:² � � �
3�115{o�34n b   ������� $ ���
� �<�.- �,� 	*	����,�.-�� � �,��	�� �,� sC�4� £ / ¦§s�± 3�5{n b /��4�J�  

� � �h²X �}¢��� 7-m�s�}�  � 7-�ro4� 7-�5s4�< P².46= w7-oPkds 3Jk?u �  �² =�3%t�3?  �8o4�+5�± 7�u 463%m{o�5G0  "7;7�u � 3Jm�3h}¢oPk4~�7;5G084ro4kV 
ilk
	 �G� 
 � � !"� ' � 
 � � �0	 $ '����;! � ����$%���&� � ��� ��-.	���	��+� s /��4� �? 

� ���Z·  4}¢o b 7�kV PilkPm�7-t�5G3%m�4poPkZo%� b 7-m8795¤o4t 7Ek 7-oP�0Àu+3%m�34�3 0�7;0\� 4pm b o4�vm�n-o�=�=&o4k�uvo�=�3�4�k0��0�4rkyt*��� 7�q
5�4 7;0
�3 0�7�ufoPkfm87-®ym{�3J�.0�4 =%4r� 3�584rmK�J 4ilk�	 ��� 
 � �8!�� ' � 
 � ���0	 $ '����9! � ��� $%���&� � ��� �;-�	���	��+� s
/E�J� �v 

� � �Z·  �}¢o b 7Ekd �²Po.=%7:15�34n�m�4rn;3%��o4�+08795¤~�3%m�4poPk0�o4k 4�k4m�7-t.5�3Jm84ro4k o%�· 7�� 4rky�°o�5G=%3Jm84ro4kd  ilk
�(	9��$��� ����� ���� �'%�N� �,��
*��� * � �C�,� % � ' � 
 � � �0	 $ s /E�J�J�  

� � � $   � 3A��3J�Ù  z 5¤oyn#790�0�4�kyt���� 7;5�4�790"o�~ 795"t 7Ek 7;5G3%� 4r¶;3%m�4poPk b 4�795�3�5{n b 4�790)4rk 3 =h�y�rm84�u3%mG3J�3�087�0¤� 0{m87;=U 
ilk
	 �G� 
 � � ! � %	 ��� � � '����;! � ����� 	��N� � ��� -�	 $%���&� �*� ��	#� s /�� �Jev 

Ï°Ð > ÏÃÑ



���������
	����������	���������	������� "!#����$%���&�(')��	*���+�,�.- e��

� / � � � ���   ��o�=%7 13%t�7*oJ� � 3%mG32}¢��793Jk0�7;5xm¤o�o4�Ù  b m¤mG1 © � �A�����f  k10G3v  n�o.= � 7�u?u �� 
� / / �Z�< C±   ��7-�r��795�0{m87;4rkd Zµ 1ym846=%4p¶93%m84ro4km�7�n b k4r��� 790��°o�5���� 7;5�4�790.� 4rm b 7-®1+7Ek084r~ 7 = 7�m b oyu0�  � ' �


������ � ��� $ ���
���G����	 
 � ���
	�� � s?�Je £ �P¦ © / / e�� / � �ys /��4� �v 
� / ���Z�< d±   �"7��p� 7;5G0{m87�4�kdsd±  À²�m¤o4k7��5G3J« 7;5�s 34kvu �  À} 34n-n�4 3? filkvu 7;1 7�k?u 7�kPm-s\o�1 7�k 7EkPm87;5G15�4 0�7 u+3%m�3

4�kPm87�t�5G3%m84ro4kV  ������� $ ���
� � �.- �,� 	*	#���,� -�� � �,��	�� �,� s<�4� £ / ¦§sy± 3�5{n b /��4�J�  
� / e �*±: ��h  ��7;5�k3Jk?u 7-¶%3Jkvu[²X X�< V²Pm¤o4��°o<  a�b 7 ± 7;5{t 7 � z �+5¤t�7 15¤oP�y� 7;= �°o�5�� 3�5¤t�7hu3%mG3J�3�08790- Nilk

	 ��� 
 � �8!�� ' � 
 � � �0	 $ '����9! � ��� $ ���
� � ��� �;-�	���	��+� s /E�J� �  
� / � �*±: +��  ��7;5�k3Jkvu7-¶�3Jkvu ²C V�< À²Pm¤o4��°o<  � 793%�pq5�xo�5{��u;u3%mG3 460fu 465¤mK� © � 3Jm�3;}¢� 7;3Jk+084�kyt 3Jkvu[m b 7

± 7;5{t 7 � z �5{t 7 15¤oP�y� 7;=U  � ��� ��� ����� ! $%���&� � �,�+�,�.- ��� (�� � ���<��	 (;-�	 $ �6� 
*� z 	#�N� s�� £ / ¦ © � �yeP�ys
/E�J� �v 

� / � ���h 	�"4�kvk 7��?�5¤t%3Jkvu �  '��  � 7�46=U  a �vm¤o�5�463%�?oPk�n����0{m87;5 � 4 0�n�o�~�7;5{�h± 7�m b oyu0`�°o�5¢´?3�5¤t�7�¡<3�08790- 
ilk
	 �G� 
 � � !"� ' � 
 � � �0	 $ '����;! � ����$%���&� � ��� ��-.	���	��+� s /��4�J�  

� / � �Z�<  �N���rm¤oPkd  ilu 7�kPm�4�°� 4�kyt 3Jkvu = 795¤t�4rkvt 5�7-�63%m87Eu�� 4��y� 4po4t�5G3 1 b 4rn 587En�o�5�u0� �± 3 0{m8795 � 02m b 7;0�460-s
± 3 0G0�34n b �+087�m¤m�0xilk0{m84rm{�vm87�oJ� a 7�n b kyo4�po4tJ�4s��P�vk 7 /E�J� �  

� / ��� ��  a  yilkPm8795{k3Jm84ro4k3J�Ù  ��o�=%7 z 3%t�7Zo%� � a i � 3%mG32}¢��793Jk0�7J  b m¤mG1 © � �A�����f  7-~�m87En b   n�o�=U 
� / � �*i{²?µ   � 3%mG3J�3�087 ´ 3JkytP�3%t�7 ²v³�´ q z 3�5¤m�� © z 7;5G08460{m87�kPm[²Pm{o�5�7�u ±;oyuv�y� 7;0 £ ²v³�´ � z ²�±�¦§ 

b m{m�1 © � �������f  k1+0�3?  n-o�= � 7Euvu �� 
� /�� �Z�< A´`  � 7��p� 7-�4 �� 	�� 	������ 
 ������ ��- �   �  1~�3Jk+ �o�0{m�5G3Jkvu&}¢o�=�13JkP�4s�ilkvn% rs z 5�4rk?n#7-m{o4kds  �7-�:��7;5G0�7-�Js

/E� � �  
� � � � �   � �v«.4rn b   a 7En b k 4���� 7;0*�°o.5 3J�ym{o�=�3%m�4rn;3%�r�p�[n�o�5G5�7�n�m�4rkvtU�xo�5�u0 4�kMm87-®�m�  � ' � '����H� � � �,�.-


 � � z 	 � � s<��� £ �y¦§s /��4� �v 
� � / ���h  �& 4´?7-~���3Jkvu¥i¨ v²C P±��=%4rn¨«C  � 793 0{o4k 4�kytf� 4rm b �NtJt�5�7-t.3%m�4poPk¥}¢oPk0¤mG5�3 4rkPmG0- Xilk 	 ��� 
 � �8!"� %	�#�+� � '����;! � ������� � � $ ���
���*� ��	 
+	�
 % � �����G- � s /��J� �  
� �J��� a  ?± 4p�ro 3Jk?u²C ��Co b 3�5-  $ 084�kyt 0{n b 7;=�3�=%3Jm{n b 4�kyt�m{o�0�46=%1v��4p�°� b 7�m8795¤o4t 7�k7-o4�+0xu+3%m�3&mG5�34k0¤�63�q

m�4poPkd "ilk
	 ��� 
 � � ! � %	 ���+� � '����9! � ����� 	#�N� � ��� -.	 $ ���
���G����	�� s  �7-� �8o�5�«<s /E�J� �v 
� �%e ���h  �� 4±�o4kyt�723Jkvu }�  z   �¢�r« 34kd  �Nk 7���n�4�7EkPm¢uyo.=%3 4rkyq 4�kvu 791+7Ekvu 7�kPm�3J�pt4o�5�4pm b =��°o�5`u7-m87En�m�4rkyt

3�115{oA® 4 =�3%m�7-�r��uv�1v��4�n�3Jm87�u3Jm�3J�+3 0�7 587En�o�5�u0� �ilk � ���� �'%�N� ��� � 	���	*���K
 % �*�*� �+	�� ��� $ ���
�
� �,� �,�.- ��� (�� � ��� � 	 (;-�	 $ �6� 
G� z 	��N� �,��
G��� * � �C�,� % � ' � 
 � � � 	 $ s /��4� �y 

� ��� ��µ 5G3Jn-��74 `µ 5�34n�� 7 �&² 7;5{~ 7;5 $ m84r��4rm84 7;0.± 3Jk��3J�Ùs /E�J� �y 
� � � ��&  z 3 134«%o4k+0¤mG3JkPm84�kyo4�Vs �   � 3�5{n�4 3%q5±;o4��4�k3?s<34kvu �<  $ �p�6=�3Jkd  ± 7�uy± 3J«�795 © � ± 7�u 463%m�4poPk

²�� 0{m879= ¡ 3 0�7�u o4k � 7�n��63 5G3%m�4p~�7f² 1+7En#4p¸<n�3Jm84ro4k0� "ilk ��' $�� s /��4� �  
� � � �*i¨  ³*�3%� 4rm�3%m�4p~�7 ± 3 5�«�7�m84�kyt)²PoJ�°mK� 3�5874  �No.= 7 13%t�7 o%� } 7�kPm�5��0 ± 7;5{t 7 � z �5{t 7 m¤o�o4�Ù 

b m{m�1 © � � b m{m�1 © � �������f  � =�0{o%�°m-  n�o.= �� 

>?>A@CB;D#EGF�H



e � ����� ��� %���'( �����)$ � ��� ����	#� 
��	� $ ��
 %+� �'%�� � ��
 �,� ���

� �4�����h  � o.087Ek4m b 3%� 34kvu �N <²�n�4po.5874 À± 7�m�34u3%mG3 z 5¤o.13%t.3%m�4poPk�4rkU´?3�5¤t�7Js�±��y�rm84pqIm84 7;5 � 3%m�34�3 0�7�²P� 0lq
m�7;=�0� �0{�v�+= 4rm¤m�7�um{o�1?�v�y� 4rn;3%m84ro4kVs /��4�J�  

� � � ���h  � o�0�7�kPm b 3%� 3Jk?u�´` v�< ?².7-� 4rt�=�3Jkd  � 3%m�3 4�k4m�7-t.5�3Jm84ro4k 4�k2m b 7Z� 3�5¤t�7 © m b 7fn b 3J�p� 7�kvt 7NoJ� 5�7��0�7J 
ilk
	 �G� 
 � � ! � %	 ��� � � '����;! � ����� 	��N� � ��� -�	 $%���&� �*� ��	#� sd² 3JkPm�4 3JtJo?s?} b 4r� 7Js /E�J� �< 

� � � ���h  � o��yn b o4�vu b �+5¤�4s\i¨  � 3 =�3J« 5�4 0 b k34kds)3Jkvu a  8²P� 4p�°m-  � �y��7-qI�+3 0�7�u u3Jm�3 0{m�34kvu3 5�u 4r¶�795Z�°o�5
7EkPm87;5G15�4 0�7fu3%mG3¥�3 0�7;0� �ilk �#�+� � 'C���;! � ��� 	 �G� 
�� ��
*��� �%� � � ��
*��� �����+�%� ! 	 �������G- s /��4� �y 

� e � � �� X²�n�4po.5874sv±  d².4�7�t 7��Ùs 3Jkvu ��  � o�0�7�kPm b 3%�5  $ 084�kyt 0�7;=�3JkPm�4rnZ~�3%��� 790�m¤o���34n#4r��4rm�3Jm87 4�kPm8795¤o.1+795�3%q
�4p� 4pmK� 3 =&oPkyt b 7-m8795¤o4t 7Ek 7-oP�0 4rky�°o�5G=%3Jm84ro4k 0¤� 0{m879=%0�  � ' � 
 ������ � ��� $ ���
���*� ��	 
 � ���
	�� � s
/E� £ �4¦ © � � � �v� � �?s /E�J� �< 

� e / �*´¢ \².7-� 4pt.=�3Jk 34kvu �h  � o�0�7�kPm b 3%�5 �� =%7-mG3Ju3Jm�3�58790¤oP�5{n�7�m¤o 15{o�=&oJm�7 u3Jm�3 4rkPm87�t�5G3%m�4poPkd Zilk
	 ��� 
 � �8!@�8����� � 	#�&�.(����&� '����;!#	���	#��
*	 sC² 4p�r~ 795N² 15�4rkyt<sy± � s /��4� �  

� e4��� �  C² b 3 0 b 3�3Jkvu a   qI´` y· 3Jkvt? � "7-� a 7�n b k 4���� 7;0¢�°o.5ª¡ 790¤m¤q5± 3%m{n b2� 7-mG584 7-~�3J�Ù �ilk � ' � 
����� �
��� 
#� �����+� ��� �#�;!#��������� ����� 
 � ���&	#� � sv~Jo4�r�+= 7 �? ��"15�  /��4� �? 

� eJe � a  ��ª À² =%4rm b 3Jkvu�±: V²X d· 3Jm87;5G=�3Jkd Zilu 7EkPm84p¸<n�3Jm84ro4k;oJ�`n�o.=%=&oPk =&oJ� 7�n��y� 3�5�0��v�0�7���� 7Ekvn#790- 
� ��� ��� ��� � ! � ��� 	K
 � ����� 
 %	*���N� s / ��� © /E� � � /�� ��s /E� � /  

� e%� � ��  $ «�«%oPk 7�kd  �)4rk?u 4rkvt 3�115{oA® 46=�3%m�7�13%m{m8795{k 4�k 0{m�5�4�kyt�0�  � � ��� -.�����,� % � � s � £ / ¦ © / eP� � / eP�ys /�� � �  
� e � �k~�3J��4rmK�J  ��o�=%7 13Jt 7*o%��ilk4m�7-t.584rmK��m¤o�o4�Ù  b m¤mG1 © � �A�����f  ~�3%� 4pmK�4  n-o�= � b m�=&� ��15{oyu�q
4rkPm-  b m�=&�5 
� e � �*· 4r¶A²�o%�°m-  �No�=%7 13Jt 7Zo%��· 4p¶ � �y� 7fm¤o�oJ�5  b m¤m�1 © � �A�����f  � 4p¶90¤oJ�°m-  n�o�=U 
� eP��� �   � b oP�ds �   �*�y�p�5s 34kvu �   � 4�kyt?  � 7Ek 7;5G3%m�4rkvt¥u+3%m�3%4�kPm87-t.5�3Jm84ro4k�=%7�u 463%m{o�5G0¢m b 3%m��087 =�3%m�7�q

5�463%� 4p¶93%m84ro4kV  � ��� ��� ��� � !4��� �
	��,� � -.	#� ��#�;!#��������� ����� 
 � �*�&	�� � s � £ � �%eP¦ © /��4� �v�J� / s /��4� �  

Ï°Ð > ÏÃÑ



���������
	����������	���������	������� "!#����$%���&�(')��	*���+�,�.- e �

� +���	N�����-�/ ��� � ���&�
	./&���*���-� � �����h/&����� #J� �,� �	 �^	N�-	 ��� �
� � ��� ����	

´?7-m.�0�n-o4k0�4�u 7;5ªm b 7 =&oJm84r~�3%m�4rkyt�7-® 3�=�1y��7ZoJ�)0�7�n-m84ro4k /  �� 1?o.0�0�4��y��7 0�7-mªoJ�
m��1y� 7;0 460 ©� ²�±�ql}¢´Ài �" a

d�'K8�sX)�4[P BDU � 0 u18os �$:N4[@VP H?=A7J= � :N9 I?OF=<@JI ��� � �Vu18�s � � "?T�'3' � � �?u18�s5��@3H3@Q.3=V>]uNe
d ��8�sCP BCO?UN8 � 0 u18ms�' ��8*>�I?= � @?2�O<:�7N@�#$@34[@Qu18rs � � "?T � " � � �?u18�sD H �S:J>�4A@QB�P O<2CuNe
d ��8�sCP BCO?UN8 � 0 u18ms �$:N4[@3P H?=A7J= � :N9 I?OF=<@JI ��� � �Vu18os � � "?T�'3' � �?u18�s5��@3H3@Q.3=V>]uNe
d � 8�sD�*@JL3P H?:��JP BCO?UQu18�s � ��8*>�I?=�#$@J4A@Qu3u18rs � � "?T � " � � �?u18�s �c@3HKt6��4�MJ9 :<R<=<=GuNe
d �-8�sX)�4[P BDU � 0 u18os ��0 � :N9 IVOF=<@JI �$� � �Vu18�s � � "?T�'3' � � �?u18�s5��@JHV@?.3=?>"uNe
d "�8�sDn$@JH?2�Z�9 P �?=?>"u18osC��UV@J4�M�7J= ��@?>E2Cu18�s � � "?T�' � " � �?u18�sb;�>SP BC=?>"uNe

�fµ�± �8q¤}¢´\i �  a

d�' � � �-8�s�2G4[P BDUQu18�s �$:N4A@3P HV=�7K= � :N9 I?O<=<@JI �,:KO���I?=?H?O<:NIJ>"BXu18�s �K'�� ��"�� � " � �?u18�s �rP >E=FOGBC:J>]uNe
d�' � � "�8�s � 0c��P BCO?UQu18�s�> � @?2�OF:i#�@J4A@�' � ��� � �?u18�s �K' � � " ��� ��� �?u18osD H �S:J>b4[@QB�P OQP =?HQuNe
d�' � � ��8�sX@JH?2�:N9 P �V=?>"B�P u18�sC��UV@J4�M�7J= ��@V>"2�u18ms �K' � ��" � � � � � �]8�HKIJ9 9 e

i  a � �  � a q¤}¢´\i �" a

d � � 8�s � :NUJH6)�4�P BDUQu18os �$:N4A@3P H?=A7J= � :N9 IVOF=<@JIN8 �$� � �k�,:NO���I?=?HVOF:NIJ>"BXu18�sX)�4[P BDUQuNe
d � �-8�s � 0-)14�P BCO?U��]8ms�>�I?= � @?2�OF:i#�@J4A@i�-@V>SP 2Cu18os5��P BCO?UQuNe
d � "�8�s�2G4[P BDUQu18msD�*:KO���IV=?H?OF:NIJ>"B Y >S@JH?OF=Fu18,HKIJ9 9 e
d � ��8�sDn$@JHJH3@�Z�9 P �V=?>"u18os ����8���U3@34�M�7J=i��@V>E2��-@V>SP 2Cu18,HJIJ9 9 8-u1n$@JHJHV@6Z�9 P �?=V>]uNe

a�b 7.¸ 5�0{m�0{m8791&�°o�5`n-��793Jk 4�kyt 34kvu�4rkPm�7-t�5G3%m�4rkvt*m b 7;0�7.m b 587;7.m�34�y� 7;0�4608n-o�=�1?o.087Eu��P�hm b 7�u3Jm�3 3Jk?u
0�n b 79=%3�=�3 1+1 4rkvt&o.1+795�3Jm84ro4k 587915879087EkPm87�uU� 7-�ro�� ©

�������������������� "!$#%�&�('
)*�,+��-�(�/.32546 718�9 :<;�=?>�!�@34A=�HV@J4�=38�2CBD>E=F=GBG8(HKIJ4�LJ=?>C8*M3:NLN81OQP BSRQ81.3254�T�MJUV:NH?=38VWX:NL
Y �(Z[�\#�)(�[T���+� ]�*!��
+��N�_9 :Q;$=?>�!�@J4�=[`a9 :Q;$=?>b�c@?2�=?d�HV@J4�=Qe

f 2CBD>E=F=GBG8*HJIK4�LJ=?>C8,MJ:NLN81OQP BSR?g�`_=Gh?BD>S@?OGBC�$7K7�>E=F2�25�(:N4�MJ:NH?=?HQBC2GdX@?7J7�>E=F2D2De

a�b 7fmG5�34k0¤�°o�5G= 7Eu2± z / m{�1y� 7;0"3 5�7 ©

d�'K8�s�2G4[P BDU�8?WG0 u18ms �$:N4A@3P HV=A7J= � :N9 I?O<=<@JIQu18(HJIJ9 9 8�s �$� � �Vu18*HJIJ9 9 8�s � � "?T�'3' � � �?u18�s5��@JHV@?.3=?>"uNe
d ��8�s�4�P BCO?UN8VWG0 u18os�>bIV= � @Q2�OF: 7K@�#�@J4A@Qu18os�' �?u18,HKIJ9 9 8,HKIJ9 9 8ms � � "?T � " � � �?u18�sD H �b:3>�4[@<B�P OF2CuNe
d ��8�sCP BCO?UN83WG0 u18ms ��:N4A@3P H?=�7J= � :N9 I?OF=Q@3I?u18(HJIJ9 9 8ms ��� � �Vu18*HJIK9 9 8os � � "?T�'3' � �?u18�s5��@JHV@?.3=?>"uNe
d � 8�s�>S@JL3P HV:��3P BCO?UQu18�s�>�I?=A7K@&+3@ Y :NHQB�@3P H?=��*:J>E7J=<@JI<hVu18os � �?u18*HJIK9 9 8*HJIK9 9 8�s � � "?T � " � � �?u18�s �(@JHJti��4�MJ9 :<R<=<=GuNe
d �-8�s�2G4[P BDU�WG0 u18os ��0 � :N9 I?OF=Q@3I?u18(HJIJ9 9 8�s �$� � �Vu18*HJIJ9 9 8ms � � "?T�'3' � � �?u18�s5��@JHV@?.3=?>"uNe
d "�8�s�UV@JH?2�:N9 P �?=?>"u18osC��UV@J4�M�7J= ��@?>E2Cu18,HJIJ9 9 8*HJIJ9 9 8*HJIJ9 9 8os � � "?T�' � " � �?u18�sb;�>bP BC=?>"uNe

��k3%�roJt4o4�0Zu3Jm�3 3Jkvu 0�n b 7;=�3 o�1 7;5G3%m�4poPk0*�°o�5 �Zµ�± �8q¤}¢´\i �" a 34kvu�i  a � �  � a q¤}¢´\i �  a
3�587 ©

>?>A@CB;D#EGF�H



� � ����� ��� %���'( �����)$ � ��� ����	#� 
��	� $ ��
 %+� �'%�� � ��
 �,� ���

�������������������� "!$#%�&�$�
)*�,+��-�(�_U?:N4�=J 718*9 :Q;$=?>�!�@J4�=�HV@J4�=38-2CBD>E=F=FBG8(HJIJ4�LJ=?>C8*M3:NL�8-O?P BbR<8*U?:N4�=FT�MKU?:NH?=38VWX:NL
Y �(Z[� n�ZA�&�KT���+N ]�(!��
+��N�_9 :Q;$=?>�!�@J4�=[`a9 :Q;$=?>b�c@?2�=?d�HV@J4�=Qe

f 2CBD>E=F=GBG8*HJIK4�LJ=?>C8,MJ:NLN81OQP BSR?g�`_=Gh?BD>S@?OGBC�$7K7�>E=F2�25�(:N4�MJ:NH?=?HQBC2GdX@?7J7�>E=F2D2De

�������������������� "!$#%�&� �
)*�,+��-�(��P HQBC=V>bHV=GBG 718c9 :<;$=V>C!�@J4A=�HV@J4�=38-2CBD>E=F=GBG8*HJIK4�LJ=?>C8,MJ:NLN8�OQP BSRQ8�IV2�=?>�HV@J4�=
Y �(Z[�  "!����*�$!m�N��T���+N ]�(!��
+��N�_9 :Q;$=?>�!�@J4�=[`a9 :Q;$=?>b�c@?2�=?d�HV@J4�=Qe

f 2CBD>E=F=GBG8*HJIK4�LJ=?>C8,MJ:NLN81OQP BSR?g�`_=Gh?BD>S@?OGBC�$7K7�>E=F2�25�(:N4�MJ:NH?=?HQBC2GdX@?7J7�>E=F2D2De

a�b 7fk 7-®ym<0{m8791 n-o4k0�460¤mG0 4�k�5879= o�~ 4�kythm b 7fuv�1y� 4�n�3%m�7;0¢��5{o�= m b 7 � ²P±�q¤}¢´\i �" a m�34�y� 7J  a�b 460<4 0
7-®158790�0�7�u�P�Um b 7%087E�P�7�kvn�7�o%�"o�1 7;5G3%m�4poPk02=�3%m�n b 4�kyt?sXn����0{m87;5�4�kyt?sCu 7�n�4 0�4poPk(3Jkvu�n-o4k0{m�5��vn-m84ro4k(3 0
�°o4�p�ro��20 ©

�����������������o��n �6'
Y �(Z[� �i�('[.N'K8��i�('[. �
+��N�/2DP 4�'�`w2DP 4��Cd�.N'N0 HV@J4�=J8N. �-0 HV@J4�=?e

2DP 4���`w2DP 4��Cd�.N'N0 2CBD>E=F=FBG8-. �-0 2�BD>E=F=GB�e
), "�& ]+?���� �	�^`a4�P HJdX2DP 4�'K8N25P 4 �Je

� no�*���k#r'N0 .3254� 7{j ` # �-0 .3254� 7
��no����)*n�Z�+��%)* "�i ]+V���� �	��
��-0 "-0

m b 3%m�oP�ym�1v�vm�0�m b 7Z�°oJ�r�po�� 4�kyt¥m{�+1y��790 ©

d�'K8 ��8:�-0 � �Ke
d�'K8��-8:�-0 �Je
d ��8��-8:�-0 � �Ke
d ��8 � 8:�-0 �Je

}¢���0{m87;5�4�kyt��4� m�5G3Jk0�4rm84r~ 7Zn��ro�0��587 3%�°m87;5x¸Ckvu 4�kyt�uv�1y� 4�n�3%m�7;0<46020G1+7En#4p¸+7�u�P��m b 7fo�1 7;5G3%m84ro4k ©

�����������{��+Np�)����*����'
Y �(Z[� �6'
�$�%BD>E@JH?25P B�P �?=Q��9 :325IJ>E=
+��N��#�)* "�i ]+V���� �	�%`a4[P HKdX)* "�i ]+V���� �	�me
��no����)*n�Z�+�� #�)* "�& ]+?���� � ��
 �!�-0 �

� b 4�n b 587�m{�5�k0ªm b 7Z�°oJ�r�po�� 4�kyt�087�m�0�oJ�Àm��1y� 7;0�� 4rm b 0�n b 7;=�3 £ 7K� � 'N��� 4 � �w��.�� 7K� � 'N�F��, � ) ��¦ ©

d3s�OV9 I?2�BC=?>�'<u18c'K8:�-0 � �Ke
d3s�OV9 I?2�BC=?>�'<u18 ��8:�-0 � �Ke
d3s�OV9 I?2�BC=?>�'<u18 �-8:�-0 � �Ke
d3s�OV9 I?2�BC=?> �?u18 ��8:�-0 �Je
d3s�OV9 I?2�BC=?> �?u18 � 8:�-0 �Je

a�b 7�u7�n#460�4poPk 3�11y� 4�7Eu�3%�°m8795 13 5{m84rm84ro4k 4�kyt¥o�1 7;5G3%m�4poPkU} / 460 587915�7;0�7�kPm87Eu2�P� ©

Ï°Ð > ÏÃÑ



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

�����������0���-�� )* Z[!(�m'
Y �(Z[�\��'
�$� O?9 I?2�BC=?>b�(:NU?=F25P :NH
��no����)*n�Z�+�� #�)* "�& ]+?���� � ��
��-0 �

m b 3%m.u 7En#4�u 7;0 34�ym¤o.=�3%m84�n�3J�p�r��m b 3%m / s<e%34kvu � 3�587Zuv�1v��4�n�3Jm87;0"084�kvn#7Zm b 7�n����0{m87;5�7N��� 'K�F��, / 0846=%4q
�63 5�4rmK��460 0��1+79584ro�5�m¤o �v  �v ¥}¢�r�0{m8795 7K��� 'N�F�*,%� 4 0 34k3%�r��¶�7�u��4� b 3Jkvu 084�kvn�7 4rm�0 0�4 =%4r� 3�584rmK�(4 0Z� 7-�ro��
m b 7�u 7En#46084ro4k m b 5�7;0 b o4�rud �iI��m b 7��+08795ª~ 3J��4�u3Jm87;0 4rm23 0 3&~�3%� 4run-o b 79084r~ 7Zn����0{m87;5 3�0ª� 7��p�dm b 7�k��%3Jk?u
� 3�587 3%�60{o&uv�+1y��4�n�3Jm8790
��k(7�kPm8465�7-�r��=�3Jk��3J�\n�oPk0{m�5��vn�m�4poPk o.1+795�3Jm84ro4k £ ± z ��¦ 0�1 7�n�4¸+790.m b 3%m�m b 7h�+08795"=h�+0¤mN� 7hn;3%�r��7Eu

m{o��v� 4r�ruUm b 7 }¢´ �.�  .q � ²P±�q¤}¢´\i �  a m��1y� 7;0� 
�������������������� "!$#%�&� �

)*�,+��-�(�/.32546 718�H3@34A=38-2CBD>E=F=GBG8(HJIK4�LJ=?>C8,MJ:NLN81OQP BSRQ8�.32G4�T�HJLN8?WX:NL& "!��mZ_��+��N��!cT�#�)(�[T���+� ]�*!��
Y �(Z[� �m'
�$��I?2�=?>b�c@J9 9

a�b 7��°oJ�r�po�� 4�kyt 0�7-m�oJ�ªm��1y� 7;0 4 0 u 7�n�4ru 7Eu �P�[m b 72�0�7;5 3 0�� 7�4�kyt���5�7�7�oJ�.uv�1y� 4rn;3%m�7;0 £ «�7�� 0 3 5�7
t�7�k 795�3Jm87Eu 3J�vm¤o�=�3Jm84�n�3%�r�r� 3Jn�n�o�5�u 4�kyt&m¤o¥m b 7�« 7-� 0ªo%�
m b 7��+3 0�7*mG3J�y� 7 � ²P±�q¤}¢´\i �  a ¦ ©

d ��8-u � 01)14�P BDUQu18�u&�$:N4[@VP H?=A7J= � :N9 I?OF=<@JIQu18(HJIK9 9 8�s ��� � �Vu18*HJIK9 9 8-u � � "?T�'3' � � �?u18
s5��@JHV@?.3=?>"T �rP >"=<OGBC:3>"uNe
d ��8-u � 0(�*@JL3P H?:��JP BCOVUQu181u�>�I?= � @?2�OF: 7K@�#�@J4A@Qu18os�' �?u18*HJIJ9 9 8*HJIJ9 9 8Nu � � "?T � " � � �?u18
u&�(@JHJti H �b:3>�4[@<B�P OF2CuNe

��kU²v³�´[~.4 7-� n-o4�y��u�� 7*u7�¸<k 7Eu�m¤o&t�3Jm b 7958m b 7�kyoJq
=�3Jm{n b 4�kyt�m��1y� 7;0xo%� � ²P±;ql}¢´Ài �" a £ m{�1v��7
� ¦`� 4pm b m b 7 }¢´ �%�  Nq � ²P±;ql}¢´Ài �" a m{�1v��790-  a�b 460 460�u 7�¸Ck 7�u 3 0 ©

����������� �  ]� � � '���)
)*�,+��-�(���
Y �(ZA� #$)(�[T���+N ]�(!��^.
� no�*���i.10 .3254��(=FR&!$Zo�� "!

dX)*�,+��-�(�_t5=FRJ' Y �(Z[� �6'Ve
pr!m Z[!
)*�,+��-�(���
Y �(ZA� ��+��N��!cT�#�)(�[T���+� ]�*!��

a�b 7 5�7;0��y�rm84�kyt¥m{�1v��79023 5�7Zm b 7Ek ©

d ��8-u � 01)14�P BDUQu18�u&�$:N4[@VP H?=A7J= � :N9 I?OF=<@JIQu18(HJIK9 9 8�s ��� � �Vu18*HJIK9 9 8-u � � "?T�'3' � � �?u18
s5��@JHV@?.3=?>"T �rP >"=<OGBC:3>"uNe
d ��8-u � 0(�*@JL3P H?:��JP BCOVUQu181u�>�I?= � @?2�OF: 7K@�#�@J4A@Qu18os�' �?u18*HJIJ9 9 8*HJIJ9 9 8Nu � � "?T � " � � �?u18
u&�(@JHJti H �b:3>�4[@<B�P OF2CuNe
d "�8�sDn$@JH?2�Z�9 P �?=?>"u18osC��UV@J4�M�7J= ��@?>E2Cu18�s � � "?T�' � " � �?u18�sb;�>SP BC=?>"uNe

>?>A@CB;D#EGF�H



��� ����� ��� %���'( �����)$ � ��� ����	#� 
��	� $ ��
 %+� �'%�� � ��
 �,� ���

�fµ�± �8q¤}¢´\i �  a uyo 7;0¥kyo4m&k7�7�u:m¤oM�vkvu 795¤t4o 3 15¤oyn�7;0G0hoJ��uv�1y� 4�n�3%m�7 7���46=%4rk+3%m84ro4kV  ´�7-m¥�0
kvo�� n-o4k0�4�u 7;5"m b 7.�°o4�p�ro�� 4�kyt =�3%m�n b 4rkvt�o�1 7;5G3%m�4poPk��+7�mK� 7;7�k¥m b 7�5�7;0��y�pm`o%��~ / 3Jkvu¥m b 7�kvo�5G=%3J��4r¶�7Eu
�fµ�± �8q¤}¢´\i �  a mG3J�y� 7 ©

�����������������o��n � �
Y �(Z[� � '[.-8��i�$� U
+��N�/2DP 4�'�`w2DP 4��Cd�.10 HV@J4�=J81U�0 HV@J4A=Qe

2DP 4���`w2DP 4��Cd�.10 2CBD>E=F=FBG8,U-0 2CBD>E=F=GB�e
), "�& ]+?���� �	�^`  Y d�25P 4�'�
�-0 ��@JH?7&2DP 4���
��-0 �Jem��no�*!/������pr�$!^4[P HKd�2DP 4�'K8�2DP 4��Je

�*+V)*�q Y d�25P 4�'�
�-0 �Jem��no�*! ���N��pr�$! 2DP 4��
�*+V)*�q Y d�25P 4���
�-0 �Jem��no�*! ���N��pr�$! 2DP 4�'
�*+V)*�q������pr�$!����

� no�*����U�0 MKU?:NH?=GT�HJL�+N ��r��� �K'����
��no����)*n�Z�+��%)* "�i ]+V���� �	��
 �!�-0 "��

a�b 7 5�7;0��y�rm84�kyt�m�34�y� 7 b 3 0Zm b 7 0�n b 7;=�3 £ ����. � � ����. � � '*) �+)F�C�-,�)5�/.?¦"34kvu�m b 7 5�7;0��y�rm84�kyt(=�3%m{n b 4rkyt
m��1y� 7;023�587 ©

d ��8*' � � �-8$�-0 � �Ke
d ��8*' � � "�8$�-0 �Je
d "�8*' � � ��8$�-0 �Je

� uv�+1y��4�n�3Jm87 7���46=%4rk3Jm84ro4k 15{oyn#7;0G0 3 1+1y��4 7�u m¤o�i  a � �  � a q¤}¢´\i �  a £ 0846=%4p�63 5�m{o¥m b 7foPk 7 3 1�q
1v��4 7�uUo4k � ²P±�q¤}¢´\i �  a ¦¢mG5�34k0l�°o.5�=�0xm{�+1y��790 � ��3Jk?u � � 4rk�3�k 7-� m{�1v��7 3�0x�°oJ�r�po��20 ©

d � ��81u � :NUJH6)�4�P BDUQu18�u&�$:N4A@3P H?=A7J= � :N9 IVOF=<@JI �$� � �k�,:NO���I?=?HVOF:NIJ>"B Y >S@3HVOF=Gu18�sX)�4[P BDUQuNe

a�b 7�58790{�v�pm�4rkyt[m�34�y��74s8n�3J�p� 7�u:}¢´ �.�  Nq5i  a � �  � a q¤}¢´\i �  a 4 0hm b 7Ek mG5�34k0l�°o.5�=%7EuMm b 5{o4�yt b
3;~.4 7-� ~Z�(0846=%4p�63 5hm¤o_~ / 34kvu n�o.=%1<o�0�7�uMoJ��m b 7 4rk 4rm8463%�xm{�+1y��790 � � s � � 34kvuMm b 7 k 7�� � �v  a�b 7
=�3Jm{n b 4�kyt¥o�1 7;5G3%m�4poPk2� 7-mK� 7�7�k��fµ�± �8q¤}¢´\i �  a 34kvu/~*� 4 0"0�1 7�n�4¸+7Eu �P� ©

�����������������o��n ���
Y �(Z[� �i�$� UN8 � � P
+��N�/2DP 4�'�`w2DP 4��Cd�U�0 HV@J4A=38-P"0 HV@J4�=Qe

2DP 4���`w2DP 4��Cd�U�0 2�BD>"=<=GBG8,P]0 2CBD>E=F=FB�e
), "�& ]+?���� �	�^`  Y d�25P 4�'�
�-0 ��@JH?7&2DP 4���
��-0 �Jem��no�*!/������pr�$!^4[P HKd�2DP 4�'K8�2DP 4��Je

�*+V)*�q Y d�25P 4�'�
�-0 �Jem��no�*! ���N��pr�$! 2DP 4��
�*+V)*�q Y d�25P 4���
�-0 �Jem��no�*! ���N��pr�$! 2DP 4�'
�*+V)*�q������pr�$!����

� no�*����U�0 MKU?:NH?=GT�HJL�+N ��r��� �K'����
��no����)*n�Z�+��%)* "�i ]+V���� �	��
 �!�-0 "��

34kvu 587�m{�5�k0ªm b 7fm{�1y� 7;0 ©
d�' � � �-8 � ��8:�-0 � �Ke
d�' � � "�8 � �-8:�-0 � �Je
d�' � � ��8 � ��8:�-0 " �Ke

Ï°Ð > ÏÃÑ



���������
	����������	���������	������� "!#����$%���&�(')��	*���+�,�.- �Pe

a�b 7<5�7;0��y�pmG0
o%�?±[��3Jk?uf±�e*n�3Jk �+7xt�3Jm b 79587Eufm b 5¤oP�yt b 34k&²v³�´U~ 4�7�� ~�eNm b 3Jm)7�® 7�n��ym8790\m b 7
|lo 4�k
� 7-mK� 7�7Ek¥m b 7*mK�xo 58790{�y�rm84�kyt m�3J�v��790- �~�eho4�ymG1v�ym�0¢m b 7Nm�5�461y��790 £ � � � � )l¦"m b 3Jm 0�7;=�3JkPm�4rn;3%�r�p�%587915879087EkPm
m b 7 3 1+15¤oA® 46=�3%m87¢|lo 4�kU�+7�mK� 7;7�kUm b 7fm b 5�7�7Zm�34�y��790- 

����������� �  ]� � � ����)
)*�,+��-�(��� �-0 t5=FRJ'�t5=GRK'K8�� �-0 tG=GR��itG=GR���8�� �-0 t5=GR �6tG=GR���8,4�P HJdG� �-0 25P 4[P 9 @V>SP BSRQ8,���-0 25P 4�P 9 @V>bP BbR3e�2DP 4[P 9 @?>bP BSR
Y �(ZA� � ��8(� �
� no�*���q� �-0 tG=GR�� ` ���-0 tG=GRJ'

a�b 7 5�7;0��y�rm84�kyt¥m{�1v��79023 5�7 ©

d ��8*' � � �-8 � ��8&�-0 � �Ke
d ��8*' � � "�8 � �-8&�-0 �Je
d "�8*' � � ��8 � ��8&�-0 " �Ke

� u 7En#46084ro4k 7�® 7En-�ym�7�u 3��°m�7;5ªm b 7f~.4 7-� ~�e%46025�7;15�7;0�7�kPm87Eu2�P� ©

�����������0���-�� )* Z[!(�	�
Y �(Z[� � �
�$��L3=F2�BF��@QBCO?U Y P >E2CB
��no����)*n�Z�+��%)* "�i ]+V���� �	��
��-0 �

a �1y� 7;0 £ � � / �%� � � � ��¦34kvu £ � � / e � � � � � � �  �P¦ 3�5878u7�n#4�u 7Eu 3J�ym{o�=�3%m�4rn;3%�r�p� 3 0À�+790¤m =%3Jm{n b 790-  a �+1y��7£ � � / � � � � � � � �  � � ¦?4 0�u 7En#4�u 7�u�P��m b 7��0�7;5 0�4rkvn�7 4pmG020�4 =%4r� 3�584rmK� 4 0N�+7��po�� m b 7�u 7En#46084ro4k m b 58790 b o4�ruV a�b 7¥�°o4�p�ro�� 4�kyt�n�o4k+0¤mG5{�vn-m84ro4k =�3 11 4�kyt�o.1+795�3Jm84ro4k 4 0 3�11y� 4�7Eu 3%�°m8795�u 7�n�4 0�4ro4k � � 34kvu 4rkPm87Ekvu0
m{o��v� 4r�rum��1y� 7;0�oJ�
m b 7 4�kPm87-t.5�3Jm87Eu2~ 4 7-� m�3J�v��7 }¢´Ài �" a   � �&m��1y� 7;0.� b o�0�7Zn-o4k0{m�5��vn-m84ro4k 0846=%4p�63�q
5�4rmK�(4 0Z� 7-�ro���m b 7&m b 5�7;0 b oJ��u;oJ� �v  � 3 5�7 =�3Jk��3J�p�r�;n�oPk0¤mG5{�?n�m87Eud  a�b 7 o4m b 795�0 3 5�7�3J�ym{o�=�3%m�4rn;3%�r�p�
n-o4k0{m�5��vn-m87�uV  a�b 7hn-o4k0{m�5��vn-m84ro4kUm b 5�7;0 b o4�ru 0{m�3%m�7;0�m b 3%m"4�"m b 7�m b 5�7�7 k3 =%7;0.o�5 0{m�5�7�7-m�k3 =%7;0"3 5�7
kvoJm 0{� ��n�4�7EkPm¤�r� 0�4 =%4r� 3�5ªm b 7Ek m b 7��0�7;5<460�n�3J�p� 7�uUm¤o�n-o4k0{m�5��vn�m��P� b 34kvuUm b 7 }¢´Ài �" a m{�+1y��790- 

�������������������� "!$#%�&� �
)*�,+��-�(�_t5=GRQ8*HV@J4�=381@?7J7�>E=F2�2<81.32546!�L�8�U?:N4A=J!�LN8*I?2�=?>�HV@J4�=38VWX:NL& "!��mZ���+� ]�*!��
Y �(Z[� �	�
+��N��t5=GRi`at5=GRJ��>E=<@QB�P :NHJd �	�-0 t5=GRK'K8 �	�-0 tG=GR ��8 �	�-0 tG=GR��Je

2DP 4�'�`_25P 4��Cd �	�-0 tG=GRK'N0 HV@J4�=38 �	�-0 t5=GR �-0 HV@J4�=J8 �	�-0 tG=GR��-0 HV@J4�=Qe
HV@J4�=�`  Y dX2DP 4�'�
 �-0 �Jeo��no�(!

>E=GBDIK>bH �	�-0 t5=FR��-0 HV@J4A=
2DP 4 �6`_25P 4��Cd �	�-0 tG=GRK'N0 2CBD>E=F=GBG8 �	�-0 tG=GR �-0 2CBD>E=F=GBG8 �	�-0 tG=GR��-0 2CBD>E=F=GB�e
2CBD>E=F=GB�`a Y d�25P 4�'�
��-0 �Jem��no�*!

>E=GBDIK>bH ��>E2�BDd �	�-0 tG=GRJ'N0 2�BD>E=F=GBG8 �	�-0 tG=GR �-0 2CBD>E=F=GBG8 �	�-0 tG=GR��-0 2CBD>E=F=GB�e
HJIJ4�L3=?>r`���>E2�BDd �	�-0 tG=GRJ'N0 HKIJ4�LJ=?>C8 �	�-0 t5=FR��-0 HJIK4�LJ=?>C8-� �-0 t5=GR��-0 HJIJ4�L3=?>be
M3:NLi` �,>E2CBDd � �-0 t5=GRK'N0 M3:NL�8 �	�-0 t5=FR��-0 MJ:NLN8 �	�-0 t5=FR��-0 MJ:NL3e
OQP BbR6`��,>"2�BDd �	�-0 tG=GRK'N0 OQP BbR<8 �	�-0 tG=GR �-0 OQP BbR<8 �	�-0 tG=GR��-0 O?P BbR3e
@?7J7�>E=F2�2�` OF:NH?O<@QB�d�HKIJ4�LJ=?>C812CBD>E=F=GBG8(MJ:NLN8�OQP BSRJe
.3254 !�L�`  Y d�tG=GRJ'kj `aHJIJ9 9 em��no�*!%>E=GBDIJ>�HJd � �-0 t5=GRK'N0 .3254�T�HKL3e

�,+3)*�{>E=GBDIJ>�HJd�HJIJ9 9 e
U?:N4�=K!�L6`  Y d�tG=GR �{j `aHJIJ9 9 em��no�*!%>E=GBDIJ>�HJd �	�-0 t5=GR �-0 MJU?:NHV=GT�HJL3e

�,+3)*�{>E=GBDIJ>�HJd�HJIJ9 9 e

>?>A@CB;D#EGF�H



�4� ����� ��� %���'( �����)$ � ��� ����	#� 
��	� $ ��
 %+� �'%�� � ��
 �,� ���

I?2�=V>bH3@34A=�`  Y d�t5=GR��{j `aHJIJ9 9 em��no�*!%>E=GBDIJ>�HJd �	�-0 t5=FR��-0 I?2�=?>�HV@J4�=Qe
�,+3)*�{>E=GBDIJ>�HJd�HJIJ9 9 e

WX:NL6`wO<:NH?O<@QBDd �	�-0 tG=GRK'N0 W�:NL�8 �	�-0 t5=FR��-0 WX:NL3e
)* "�i ]+V���� �	� `�4�P HJdX2DP 4�'K8N25P 4��Je

��no����)*n�Z�+��%)* "�i ]+V���� �	��
��-0 �

a�b 7 5�7;0��y�rm84�kyt2}¢´\i �  a m��1y� 7;023�587 ©

dC��'K8-u � 01)14�P BDUQu18�u&�$:N4[@VP H?=A7J= � :N9 I?OF=<@JI ��� � �k�,:NO���I?=VH?OF:NIJ>"BXu18,u � � "?T�'3' � � �?u18
u �K' � ��"�� � " � �?u18�sX)�4[P BDUQu18-u���@JHV@?.3=?>"T �rP >E=FOFBC:3>"uNe
dC� ��8-u � 0c��P BCOVUQu18-u�' ��8,>�I?= � @Q2�OF:67K@6#�@J4A@���� � �&�1@?>bP 2Cu18�u � � "?T � " � � �?u18
u �K' � � " ��� � � �?u18�s5�6P BCO?UQu18-u1 H �b:3>�4[@<B�P OF2CuNe
dC� ��8-u1n$@JHJHV@6@JH?7�n$@JH?2�Z�9 P �?=?>"u18�u ����8,��UV@J4�M�7J=i��@?>E2��-@V>bP 2Cu18�u � � "?T�' � " � �?u18
u �K' � ��" ��� � � "?u18�sDn$@JHJHV@6Z�9 P �V=?>"u18-u3;�>bP BC=V>]uNe

Ï°Ð > ÏÃÑ
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Unit é de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
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