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Optimization Properties for Classes of Conjunctive Regular Path Queries Optimization Properties for Classes of Conjunctive Regular Path Queries 

Abstract Abstract 
We are interested in the theoretical foundations of the optimization of conjunctive regular path queries 
(CRPQs). The basic problem here is deciding query containment both in the absence and presence of 
constraints. Containment without constraints for CRPQs is EXPSPACE-complete, as opposed to only NP-
complete for relational conjunctive queries. Our past experience with implementing similar algorithms 
suggests that staying in PSPACE might still be useful. Therefore we investigate the complexity of 
containment for a hierarchy of fragments of the CRPQ language. The classifying principle of the 
fragments is the expressivity of the regular path expressions allowed in the query atoms. For most of 
these fragments, we give matching lower and upper bounds for containment in the absence of 
constraints. We also introduce for every fragment a naturally corresponding class of constraints in whose 
presence we show both decidability and undecidability results for containment in various fragments. 
Finally, we apply our results to give a complete algorithm for rewriting with views in the presence of 
constraints for a fragment that contains Kleene-star and disjunction. 

Comments Comments 
University of Pennsylvania Department of Computer and Information Science Technical Report No. MS-
CIS-01-20. 

This technical report is available at ScholarlyCommons: https://repository.upenn.edu/cis_reports/9 

https://repository.upenn.edu/cis_reports/9


���������
	���
���������������������������� ����������"!#��$�	�%�&('*)�+-,/.0)�+�1324+�5616�87:9;&<���"=6��=>���?%-�@�A	B�>	B�/CEDF
GH561I132J�?	���&�%@�<K�L�&��A	B� M

NPORQ8S�TUS?VXWXQ/S�Y[Z]\_^"Y`Obac^dQ8S�afehgiYJ^kjhl�W#e8e8afemYngojpY[Znq�r�Z�s:Q8S-tuawvma
xJryl�WE^z\oW{Q8|~}�r>ac^;S�a
e

�y�������>�3�/�����B� �J�d���#�d�����I�
� �������I�������?�o�d�n�#�3�/���4�������d�/�<�

���>���/�(�[ c�
¡>¢#£¥¤�¢#¦¨§�©�¢@¤�¢�ª<©�¢?«¬¦¨§R©�I¢{©�I¢�®4¤�¢@©�¦°¯�£4±;²�®4³3§6«I£¥©�¦¨®�§IªF®4²�©�3¢{®�´iµ
©�¦¨¶[¦¨·?£¥©�¦¨®�§¸®4²[¯-®�§4¹�³3§I¯-©�¦¨º�¢�¤�¢�»4³3±°£¥¤¼´6£�©�¾½B³I¢-¤�¦¨¢�ªÀ¿�Á/ÂcÃ8Äcª0Å@Æ
Ç�3¢
È6£¥ªÉ¦¨¯c´I¤�®4È3±¨¢�¶_3¢-¤�¢:¦¨ª(«i¢�¯�¦°«I¦¨§3»{½B³3¢@¤ÉÊn¯�®4§�©0£¥¦¨§3¶[¢�§B©�È�®4©�
¦¨§*©�I¢Ë£¥È3ªÉ¢�§I¯�¢¬£4§3«Ì´I¤�¢�ªÉ¢�§I¯�¢Ë®¥²F¯�®4§3ª<©É¤0£4¦¨§B©�ª�ÆÍÁ/®�§B©0£4¦¨§3¶[¢-§�©
Î ¦Ï©�3®4³I©R¯�®4§3ª<©É¤0£4¦¨§B©�ª¬²�®¥¤yÁ/ÂcÃ8Äcª¬¦¨ªRÐ�ÑcÃ/ÒiÃ�Ó
Á�Ð;µ�¯�®�¶[´I±°¢@©�¢�Ô£4ª�®4´3´�®4ªÉ¢?«¼©�®Õ®�§3±ÏÊRÖcÃ"µ�¯�®4¶[´3±¨¢-©�¢#²×®4¤X¤�¢�±°£¥©�¦¨®4§6£4±�¯�®4§4¹<³I§3¯-©�¦¨º�¢
½B³3¢-¤�¦¨¢�ª�Æ/Øc³i¤:´6£4ª<©
¢-Ùi´�¢-¤�¦¨¢�§I¯�¢ Î ¦Ï©�Ë¦¨¶[´3±¨¢�¶[¢-§�©�¦¨§I»#ªÉ¦¨¶[¦¨±°£¥¤c£4±Ïµ»�®¥¤�¦Ï©�3¶[ªEªÉ³I»�»4¢�ª<©�ªn©�6£�©nª<©0£�Êi¦°§I»y¦¨§*Ã8ÒIÃ�Ó
Á�Ð�¶[¦¨»4�©#ª<©�¦¨±¨±
È�¢
³3ªÉ¢@²�³3±AÆ�Ç�3¢-¤�¢-²×®4¤�¢ Î ¢X¦¨§�º�¢�ª<©�¦¨»�£�©�¢X©�I¢X¯�®�¶[´I±°¢@ÙI¦Ï©�ÊÕ®¥²"¯�®�§B©0£¥¦°§iµ¶[¢�§B©F²×®4¤#£u3¦¨¢-¤0£�¤�¯@BÊ¼®4²(²Ú¤0£4»4¶[¢�§B©�ª�®4²(©�3¢[Á/ÂcÃ8ÄÛ±°£4§3»4³6£¥»�¢�Æ
Ç�3¢(¯-±Ú£¥ªÉªÉ¦Ï²×Êi¦¨§3»X´I¤�¦¨§3¯-¦°´I±¨¢
®¥²6©�3¢�²Ú¤0£4»4¶[¢�§B©�ª�¦¨ª"©�3¢�¢@ÙI´i¤�¢�ªÉªÉ¦¨º�¦¨©�Ê
®4²�©�3¢c¤�¢-»�³3±°£�¤:´6£¥©�Õ¢-Ùi´I¤�¢�ªÉªÉ¦¨®4§3ª:£4±¨±¨® Î ¢?«Õ¦°§J©�3¢c½�³I¢-¤ÉÊJ£¥©�®4¶[ª�ÆÜ3®¥¤�¶[®�ª<©d®4²I©�3¢�ªÉ¢"²×¤0£¥»�¶[¢�§B©�ª�Ô Î ¢8»�¦¨º�¢/¶`£�©�¯@I¦¨§3»(±¨® Î ¢-¤�£¥§6«�³3´iµ´�¢-¤{È�®�³I§6«iªX²×®4¤#¯�®�§B©0£¥¦°§I¶[¢�§B©X¦¨§�©�3¢`£¥È3ªÉ¢�§I¯�¢`®4²:¯�®4§3ª<©É¤0£4¦¨§B©�ª�Æ
¡>¢À£¥±¨ªÉ®H¦°§B©É¤�®�«i³3¯�¢>²×®4¤¼¢�º�¢-¤ÉÊÝ²Ú¤0£4»�¶[¢-§�©y£Þ§3£¥©�³i¤0£4±¨±ÏÊß¯�®¥¤É¤�¢-µ
ªÉ´�®�§3«I¦¨§3»À¯�±°£¥ªÉªu®4²#¯�®4§3ª<©É¤0£4¦¨§B©�ªu¦¨§ Î I®�ªÉ¢�´i¤�¢�ªÉ¢�§I¯�¢ Î ¢¼ªÉ3® ÎÈ�®4©�#«I¢-¯�¦°«3£4ÈI¦¨±°¦Ï©�ÊE£¥§6«X³3§3«I¢�¯�¦°«I£4È3¦¨±¨¦Ï©�Ê�¤�¢�ªÉ³I±Ï©�ª�²�®4¤"¯-®�§B©0£4¦¨§3¶[¢-§�©
¦¨§`º�£�¤�¦°®4³3ª�²×¤0£4»4¶[¢�§B©�ª�Æ"Ü�¦¨§6£¥±°±ÏÊBÔ Î ¢c£¥´3´3±ÏÊ[®4³I¤�¤�¢�ªÉ³3±Ï©�ª/©�®X»4¦°º�¢f£¯�®4¶[´3±¨¢-©�¢
£4±¨»�®¥¤�¦Ï©�3¶à²×®4¤8¤�¢ Î ¤�¦Ï©�¦°§I» Î ¦Ï©�`º�¦¨¢ Î ª/¦¨§n©�3¢
´I¤�¢-ªÉ¢�§3¯�¢®4²�¯�®�§Iª<©É¤0£4¦¨§B©�ª
²×®4¤f£#²×¤0£¥»�¶[¢�§B©:©�6£�©:¯�®�§B©0£¥¦°§Iª:á�±°¢-¢�§3¢-µ�ª<©0£�¤c£¥§6«
«I¦¨ª�¹�³3§3¯@©�¦°®4§�Æ

â ã"ä �/�(åRæÀç> c�(è�å ä
é6ê4ëuì�í0î@ï-ð�ñ?î-ð�ï@ê�ò�ò�ó�î-óÝëËô�ò�ê4õ×í>ó�ö�ò�÷3ð�ê¥ï-øßõ×óiö�ùið�óiùiê�íÀú M¥û
ü ó�ýIê(þ�ê�ñ�ôiëËêcó�ýiê4ï@øEóiñ?î-ìÚýIê
ó�ï-ê4óFôiÿ�ìÚö3î@ê4ï@ê�í�î-ìÚö�ùXï@ê�í0ê�ó�ï�ñ ü ìÚö
ò�ó�î-ó�þ�óií@ê4í��Éöyî ü ì�í���ó��dê¥ï��cênóiï@êEì×öIî-ê¥ï-ê4í0î@ê�ò¼ì×ö�í@ê¥ëËì�í�î-ï@ð�ñ��
î@ð�ï@ê�ò ÷Ið�ê¥ï-ø_õ�ó�ö�ùIð�ó�ùIê4í	�#ëËôiï-ê
��ï-ê4ñ¥ì×í@ê¥õ×ø_ì×ö î ü ê4ôiï-ê�î-ì×ñ4ó�õ
ÿ ôið�ö�ò�óBî-ìÚôIö�í[ôiÿF÷3ð�ê4ï@øÀô���î@ì×ëËì��óBî-ìÚôIöbÿ ôIïJí@ð�ñ ü õ×óiö�ùið�óiùiê�í��
� ê`ñ�ôiö�ñ�ê¥ö3î-ï-ó�î@êEôiö�î��fôËñ�ôIë���ð�î-ó�î@ì×ôiö�óiõ���ï-ôiþ�õ×ê¥ë¬í	�
��� ü ê���ï@ôIþ�õÚê4ë ô�ÿn÷3ð�ê¥ï-øHê4÷3ð�ì×ýBó�õ×ê¥ö�ñ¥ê���ëuôIï@ê�ùiê4ö�ê¥ï��
ó�õ×õÚø��4÷3ð�ê¥ï-ø#ñ¥ôiö3î-óiìÚö�ëuê4ö3î�������ìÚî ü ôiï���ìÚî ü ôið�î�ì×ö3î@ê4ùiï-ì°î�ø
ñ�ôiö�í�î-ï-óiìÚö3î-í	�

��� ü ê���ï-ôiþ�õÚê4ëmô�ÿ�ï-ê���ï-ì°î-ìÚö�ùJ÷3ð�ê¥ï-ìÚê�í:î-ôÕë¬ó! iê"��í0ôIëËê��
ð�í0ê#ô�ÿ"ý6ì×ê��Xí	�3óiùIó�ì×ö#��ìÚî ü ôIï$��ìÚî ü ôIð�îfì×ö3î@ê4ùiï-ì°î�ø¬ñ�ôIö%�
í�î-ï-óiìÚö3î-í	�

& ôiï#÷3ð�ê4ï@ì×ê4íXôiöÀï-ê¥õ�óBî-ìÚôIö�ó�õ'��ñ�ôIë���õÚê�(�ýBóiõÚð�ê�í���ò�ì�ñ?î-ìÚôIö�ó�ï-ø
ó�ö�ò*)+) ò�óBî�ó,�3î ü ê�í0ê+��ï@ôIþ�õÚê4ë¬ícñ4ó�ö�þ�ê`í@ôiõ×ýiê�òRö�ì�ñ�ê4õÚøyó�ö�ò
ð�ö�ìÚÿ ôiï-ëËõÚø-��ìÚî ü ó¸í�î-ï@ê4ö�ù�î ü ê¥ö�ìÚö�ù ô�ÿ[î ü êbñ�õ�óií-í@ì×ñ4ó�õ{ì�ò�ê�óií
ôiö�î-ó�þ�õÚê�ó�ð%(oó�ö�ò_ñ ü óií@ê!�.��é6ê¥ê*î ü êÍñ ü óIí0ê0/wþ�óIñ� Iñ ü óIí0ê

î@ê4ñ ü ö�ì×÷3ð�êÕìÚö¸ú 1 û ó�ö�òÌí0ôIëuêJô�ÿ:ìÚî-í{î ü ê4ôiï-ê�î@ì�ñ¥óiõ;ÿ ôið�ö�ò�óBî-ìÚôIö
ìÚößú 2�2 û � �43{õ°î ü ôið�ù ü î ü ê���ï@ôIþ�õ×ê¥ë¬í ü ó�ýiê`î ü ê¥ôIï@ê¥î@ì�ñ¥óiõÚõ×ø>ìÚö%�
î@ï�óiñ?î�ó�þ�õ×ê¼õ×ô5�cê¥ïJþdôið�ö�ò�í	�(î ü ê�í0ê�þdôið�ö�ò�íuóiï@êyìÚö î@ê4ï@ë¬íÕô�ÿ
÷Ið�ê¥ï-øËóiö�ò¼ñ¥ôiö�í0î@ï�ó�ì×ö3îfí@ì�4ê!�6�<îfî-ð�ï-ö�ícôið�îcî ü ó�îfî ü ê4í@êXî-ê4ñ ü �
ö�ì×÷3ð�ê�í�ó�ï-ê:ìÚöÕÿ�óiñ�î7��ï�óiñ�î@ì�ñ¥óiõiÿ ôIï7��ï�óiñ�î@ì�ñ¥óiõ8�Éí0ì9�¥êf÷Ið�ê¥ï-ìÚê�í8óiö�ò
ñ�ôiö�í�î-ï-óiìÚö3î-íHú 2 M�û �:)#ð�ïÌê�(;�dê¥ï-ì×ê¥ö�ñ¥ê<��ì°î ü ìÚë���õ×ê¥ëËê4öIî-ìÚö�ù
î ü ê4ëzí@ð�ùiùIê4í0î-í
î ü ó�î{óJö�ê�ñ�ê�í@í-ó�ï-ø¬ñ�ôiö�ò�ì°î-ìÚôIö¼ÿ ôIï���ï-óIñ?î-ì×ñ4ó�õ�
ì°î�øbì×ínî ü ê¼óiþ�ìÚõ×ìÚî�øÀî@ôÀò�ê4ñ�ì�ò�êRñ¥ôiö3î-óiìÚö�ëËê4öIî[ì×ö
��ôIõÚø6ö�ôIëËì×óiõ
í=��óIñ�ê��?>cóiö¼î ü ì�í�þ�ê[ò�ôIö�êEÿ ôiïXí@ê¥ëËì�í�î-ï@ð�ñ�î@ð�ï-ê4òyõ�ó�ö�ùIð�ó�ùIê4í�@
3cîFî ü ênî ü ê¥ôIï@ê¥î@ì�ñ¥ó�õ;ñ¥ôiï-ê#ôiÿ/í@ð�ñ ü õ�ó�ö�ùið�óiùiê4ífõ×ìÚêEî ü ê#A�B�CED

F�G CHA�IKJML5N"O�NQP G%RS O�T S IVUXW G N�O�JYN�Z\[�]_^�`bacZQdJô�ÿ�ú MiM �He û �cf{ê¥ï-ê
ì×íXóiöyê�(�ó�ë���õ×ê!�
g#�Kh$i�j��?kmlon,p�q;nr�Ks,t�u vw�wx y�z{i�z|sHx}v�t�h~icz�y	t-j

� ü ì�í#ì�íEìÚö3î-ê¥ï���ï@ê¥î@ê�òÌìÚöÍóRùIï-ó!� ü � ü ô3í0êuê4ò�ùiêJõ�ó�þdê¥õ�ínó�ï-êî-ó� Iê¥öËÿ ï-ôiëmó`í@ê�îFñ�ôiö3î�ó�ì×ö�ìÚö�ù�sHi�voi�y�� ü ì×õÚê�lon,p�q;nJì�í
óÕñ�ôiö,�
í�î�ó�ö3î`ö�ô�ò�ê!� � ü êR÷3ð�ê¥ï-ø*ï-ê�î-ð�ï-ö�ínî ü êRí0ê¥îJô�ÿ���ó�ì×ï�í#�Yh�i�j��ô�ÿ#ö�ô6ò�ê4íRí@ð�ñ ü î ü ó�î¬ÿ ôiï¬í0ôIëËê�ö�ô6ò�ê�z î ü ê¥ï-êÌó�ï-ê���ó�î ü í
lon,p�q;n���z<�_z���h\��zm��j�� ü ôIí@êËõ×óiþ�ê4õ×íEþdê¥õ×ôiö�ù�î-ô
î ü ê[ï-ê¥ùIð�õ×óiïFõ×óiö�ùið�óiùiê�íb�Ks,t!u vw��x ybi?sHx v�t�i?y	t#ï@ê�í=�dê4ñ�î@ì×ýiê4õÚø��
fXô5�cê¥ýIê¥ï��¥ñ�ôIöIî�ó�ì×ö�ëËê¥ö3î"ô�ÿ6ùiê4ö�ê¥ï�ó�õ�>c���c�Eí;ì�í_�?�b�fé%��3�>c�?�

ñ�ôië���õ×ê�î-êbú e%� MiM?ûQ� � ü ê4ï@ê¥ÿ ôiï-ê!�/ìÚöHî ü ì�í���ó!��ê4ï"�cê\��ó�øÍóBî��î@ê¥ö3î-ìÚôIöHî@ôÀï-ê4í0î@ï-ì�ñ?î@ê�òbÿ ï-óiùiëËê¥ö3î-íJô�ÿ�>c�����Eí�� � ü ì�íJóÀóiöó��,��ï-ôIóIñ ü ýBóiõÚì�ò�óBî-ê4ò¾þ6ø���ï-óIñ?î@ì�ñ�ê��Ìî�ø;��ì�ñ¥ó�õ{ð�í0ê4ï-íRêw(%��õ×ôiìÚî
ôiö�õ×øHóÌÿ ï�óiñ?î-ìÚôIöHô�ÿ�î ü êyê�(%��ï@ê�í@í@ì×ýiê#�dô5�fê4ïJô�ÿXï-ê¥ùIð�õ�ó�ïJê�(;�
��ï@ê�í@í@ì×ôiö�í	� � ü ì�íRì�í¼þ�óIí0ê�òßôiößî ü ê*ê�(;�dê¥ï-ì×ê¥ö�ñ¥ê4íRôiÿ`ð�í@ê¥ï�íô�ÿ�î ü ê`í@ê¥ëËì×í0î@ï-ð�ñ�î@ð�ï-ê4ò�÷3ð�ê¥ï-ø¬õ×óiö�ùið�ó�ùiê[é3î-ï@ðH�b�ßú M	��û ��þ�ð�î
ó�õ�í0ôÕô�ÿ"î ü ê��b���Þ÷Ið�ê¥ï-øuõ�ó�ö�ùið�óiùiê��b�����=�b� ú � û ��ó�ö�ò¼ì°îFì×í
í0ð,�E��ôIï0î-ê4òÞþ6ø*î ü ê¬ï@ê�í�î-ï@ì�ñ?î-ìÚôIö�í[ôIö���óBî ü ê�(;��ï@ê�í@í@ìÚôIö�ínì×ë"�
��ô3í0ê�òyþ6ø¼î ü ê+�b�(óBî ü í0î-óiö�ò�ó�ï�òÞú 2!e û �cfXê4ï@ê[ì�íXóuýiê4ï@ø¼í@ì×ë"�
��õÚêÕêw(�ó�ë���õ×ê[ô�ÿ
÷3ð�ê4ï@øyô!��î-ìÚëËì9�4ó�î@ì×ôiöÌì×ö*í0ð�ñ ü óËÿ ï-óiùiëËê¥ö3î��
>fôiö�í@ì×ò�ê¥ïFî ü ê`÷Ið�ê¥ï-ø
� �Y�X�$k{l5n,p!q;n���z~i�z��_s¡ £¢¡x¤�¥�¦E��h$i�z.�;x §�¢o¨Y¨'©!x �_s¡ £¢6�

� ü ì×ñ ü ï-ê�î-ð�ï-ö�íFî ü ê`ö�ó�ëËê�í�ô�ÿª�dê¥ï�í0ôIö�í�� ü ô�«�ö�òÌôið�î{ó¼í0ê��
ñ�ï-ê�îcÿ ï@ôIë í0ôIëuê4þ�ô�ò�øyñ�ôiö�ö�ê4ñ�î@ê4òyò�ì×ï@ê�ñ?î@õ×ø¬ôiïFì×ö�ò�ì×ï@ê�ñ?î-õÚøËî-ô
¬ ô ü ö_�ª3{í-í0ð�ëuênî ü óBî�î ü ênÿ ôiõ×õ×ô5��ìÚö�ùËý6ì×ê��_ì�íFë¬óBî-ê¥ï-ì×óiõÚì9�¥ê�ò
#®Q¯�° ¨M±%¢;�K²$i�³´�ªk l5n%p�q;n<�Xµ�i�µ¶�_s� *¢�²�icµ¶§�¢o¨Y¨'©�³

ó�ö�òyî ü ênÿ ôiõ×õÚô5��ì×ö�ùuìÚö3î@ê4ùiï-ì°î�øyñ�ôiö�í�î-ï-óiìÚö3î ü ôiõ�ò�í
�Aî-ê¥õ×õ93{õÚõM�¸·Hz�i�hzú;z¹��x §�¢o¨K¨K©�x	�ºh»� z¼§�¢�¨K¨K©�h û



í-ó�ø3ì×ö�ù¾î ü óBîÀôið�ïÀò�óBî�ó�þ�óIí0êÍëËô�ò�ê¥õ�íÀóßí0ô�ñ¥ìÚê¥î�ø_ì×ö � ü ì×ñ ü
� ü ê4ö�ê¥ýIê¥ïËî��côHô�ÿnì°î�í¬ëËê¥ëJþdê¥ï�íRí ü ó�ï-êÌóHí0ê�ñ�ï-ê�î��cê4ýiê4öIî-ð%�
ó�õ×õ×øHê¥ýiê4ï@ø6þdô�ò�øÞñ¥ôiö�ö�ê4ñ?î-ê4òÝî@ôbî ü ê4ë í ü ó�ï-ê4í[î ü óBîRí@ê4ñ¥ï@ê¥î	�
� C��!N�O+IMU%J Z+A�B�C,Z�IKO S JMCEI'�6î ü ê`÷Ið�ê¥ï-ø � ñ¥óiöyþdênê4÷3ð�ì×ý�óiõÚê4ö3î@õ×ø
ï-ê���ï-ì°î@î@ê¥öyî@ô¬ð�í0ê���JML G%R P¡N��
��� �K�0�$k #®Q¯¡° ¨V±;¢;�Yz�i�h+�bi�z{¤�¥�¦E�4j�i�hr�_s¡ £¢���x

� ê��dê¥ö�ò�ì×ö�ù�ôiö*î ü êËí�î-ôiï�ó�ùIêJí@ñ ü ê¥ë¬ó,� � � ë¬ó�ø>þ�êËñ ü ê�ó��dê¥ï
î@ôyê¥ýBó�õ×ð�ó�î@ê!���Éöbó��,�dê¥ö�ò�ì8( � �fêJí ü ô5� ì×ö*ò�ê�î�ó�ì×õ ü ô5�àî ü ê
ëËê�î ü ô�ò�í\�cêÀò�ê¥ýIê¥õ×ô!�¾ìÚößî ü ì�í\��ó!��ê4ï¼í0ð�ñ¥ñ�ê4ê4ò¾ì×ö-«�ö�ò�ì×ö�ù
î ü ì×í�ï-ê���ï-ìÚî@ì×ö�ùE�
� ô�í0î@ð�ò�øÀýBó�ï-ìÚôIð�í{ÿ ï-óiùiëËê¥ö3î-í#ô�ÿ�>c���c�Eí��cêËò�ê¥ýiê4õÚô��*óö�ôBýIê¥õfî@ê4ñ ü ö�ì×÷3ð�ê��àú e,� MiM�û ð�í0êÌóið�î@ôIëËó�î-ó���î ü ê¥ôIï@ê¥î@ì�ñËî@ê�ñ ü �

ö�ì�÷3ð�ê4í�þ�ð�î ü ê4ï@ê��cêX��ì×õÚõEî-ï@ø�í@ôiëËê�î ü ì×ö�ù¾ò�ì
	�ê¥ï-ê¥ö3î	�¾ï-êw�
ò�ð�ñ�î@ì×ôiö�íEî-ô���ï-ôiþ�õ×ê¥ë¬í#ÿ ôiï-ëJð�õ�óBî-ê4òbìÚöÞî ü êËï@ê4õ×ó�î@ì×ôiö�óiõ�í@ê�î��
î@ì×ö�ù � � ü ê`ÿ ï�ó�ùiëËê4öIî�íFÿ ôiï�� ü ì×ñ ü �cê���ï-ôBýiê[ðE�,��ê4ï{þdôið�ö�ò�íó�ö�òÌò�ê4ñ¥ì×ò�óiþ�ì×õÚìÚî�ø¼ï-ê4í@ð�õÚî-í{óiï@ê[í@ð�ñ ü î ü óBî��cêJñ¥óiö�î@ï�ó�ö�í@õ×ó�î@ê
÷3ð�ê¥ï-ì×ê4í{óiö�òÀò�ê	��ê4ö�ò�ê4ö�ñ�ì×ê4í#ìÚö3î-ô¼ï-ê¥õ�óBî@ì×ôiö�ó�õ"ýIê¥ï�í0ì×ôiö�í	��ôBýIê¥ï
óRí���ê�ñ�ì�ó�õ"ï-ê¥õ�óBî-ìÚôIö�ó�õ8í@ñ ü ê4ë¬ó,� & ôIïXêw(�ó�ë���õ×ê!��î ü êu÷3ð�ê¥ï-ø£g
í ü ô5��öbóiþ�ôBýIê`î@ï�ó�ö�í0õ�óBî-ê4í#î@ô�î ü êÕÿ ôIõÚõ×ô5��ì×ö�ùyð�ö�ìÚôIö*ôiÿfï-ê¥õ�ó5�
î@ì×ôiö�ó�õ"ñ�ôIö���ð�ö�ñ�î@ì×ýiê`÷3ð�ê4ï@ì×ê4í	�

g � �� i��;�������5�� i��¡�������¡�� i��;�
���!�� i��;�4k s t ��lon,p�q;nEi����	��i�y�������i=zX��i�s �� 7i!���o��i

v t ��� � i!,�bi�y t �� �i��¡�
� � �� i��;�4k v5� l5n,p�q;nEi!� � �bi�y���� � i=zX��i�s �Vz�i�� � �bi

v t ��� � i!,�bi�y t �� �i�j��
� êXî ü ìÚöE uôiÿ"�#��i����#óií(ôIï-ò�ì×ö�óiï@øÕï@ê4õ×ó�î@ì×ôiö�óiõ�ñ�ôIö���ð�ö�ñ�î@ì×ýiê

÷3ð�ê¥ï-ì×ê4í#ôBýiê¥ï#ó¼í-ñ ü ê¥ë¬ó¼ñ¥ôiö3î-óiìÚö�ìÚö�ù£sHi�s,toi�v�t5i�y5i�y�t5�+3���ï@ì�
ôiï-ì s¬ó�ö�ò�s%t{ê¥î-ñ��9��ó�ï-ê{ì×ö�ò�ê	��ê4ö�ò�ê4öIî�þ�ì×ö�óiï@øËï-ê¥õ�óBî@ì×ôiöyí0ø6ë �
þdôiõ�í��3þ�ð�î��fê{ìÚö3î@ê4ï���ï@ê¥î:î ü ê4ëmôiö�õ×øuìÚöRï-ê¥õ�óBî-ìÚôIö�ó�õ�ìÚö�í0î-óiö�ñ�ê�í
ì×öX� ü ì�ñ ü ñ�ê¥ï@î-óiìÚöbï@ê4õ×ó�î@ì×ôiö�óiõ(ñ�ôiö�í�î-ï-óiìÚö3î-í ü ôIõ×ò�� � ü ê¬ñ�ôIö%�í0î@ï�ó�ì×öIî�í{óiï@ê+«�ï-í0î=�<ôiï�ò�ê¥ï#ó�ö�ò>î ü ê¥øÌí-ó�ø!��ÿ ôiï#êw(�ó�ë���õ×ê!�dî ü óBî
s,tyì×íuî-ï-óiö�í@ì°î-ìÚýIê!�:ï-ê%$�ê�(�ìÚýIê!�
óiö�òÝì×ö�ñ�õ×ð�ò�ê�í#sH�-){ÿEñ¥ôið�ï�í@ê!�
î@ï�ó�ö�í0ìÚî@ì×ýiêHñ�õ×ôIí@ð�ï-êÍì°î�í0ê4õ°ÿ¬ñ¥óiö�ö�ô�îÀþdêHêw(%��ï-ê4í-í@ê4òàìÚö «�ï�í0î=�
ôiï�ò�ê4ï[õÚôIùiì�ñ��#�<î`ì�ínî ü ê4ï@ê¥ÿ ôiï-êËï@ê4ëËóiï� Bóiþ�õÚêuî ü óBî+«�ï�í0î=�<ôiï�ò�ê¥ï
ï-ê4óií@ôiö�ìÚö�ùbí0ð'&Rñ¥ê4íJÿ ôiïËí0ôIëuê¼ô�ÿXî ü ê�í@ê¥ëËì�í�î-ï@ð�ñ?î@ð�ï@ê�òHõ×óiö%�
ùið�ó�ùiê�ÿ ï�ó�ùIëËê¥ö3î-í��cê
ñ¥ôiö�í@ì×ò�ê¥ï"ì×ö[î ü ì×í7��ó��dê¥ï���f{ô5�fê4ýiê¥ï����cê
ó�õ�í@ô���ï-ôBý3ì�ò�êyð�ö�ò�ê�ñ�ì�ò�ó�þ�ì×õ×ì°î�øÍï-ê4í@ð�õ°î�í`î ü óBîuî@ôIùiê¥î ü ê4ï���ìÚî ü
î ü êuó�ÿ ôiï-ê¥ëËê¥ö3î@ì×ôiö�ê4ò��?�b�fé%��3�>c�ßõ×ô5�cê¥ï{þdôið�ö�ò ú e û í ü ô5�
í@ôiëËê:ô�ÿ6î ü ê:î ü ê¥ôIï@ê¥î@ì�ñ¥ó�õIõÚì×ëËì°î�í�ôiÿ%� ü óBî�ñ¥ó�ö[þdêfò�ôiö�ê
óiþ�ôIð�î
ô!��î@ì×ëuì9�4ó�î@ì×ôiö�ìÚöÌí@ê¥ëËì�í�î-ï@ð�ñ�î@ð�ï-ê4òyõ�ó�ö�ùIð�ó�ùIê4í	�
(*),+.-0/21435-'67198:/;8:<=6?>A@B)�@DCE-014/2F2@5)G8.<H67>214IKJL-'JM@N)DO

�Éö>í0ê�ñ?î@ì×ôiö�2"�fênò�ê�«�ö�ênî ü ênñ¥õ×óIí@í@ê4í���õ×óiö�ùið�óiùiê#ÿ ï-óiùiëËê¥ö3î�í��
ô�ÿF÷3ð�ê¥ï-ìÚê�ínó�ö�òÞò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�ínð�ö�ò�ê4ï[í�î-ð�ò�ø ü ê4ï@ê���óiíb�cê¥õ×õ
óií[î ü ê4ìÚï[î-ï-óiö�í@õ×ó�î@ì×ôiöÞìÚö3î@ôÌï-ê¥õ�óBî-ìÚôIö�ó�õ:ñ¥ôiï-ï@ê�í=�dôiö�ò�ê¥ö3î-í	�\�Éö
í@ê4ñ?î-ìÚôIöQPX�fê�í0ð�ëËë¬ó�ï-ì9�¥ê¼ôIð�ïuï@ê�í0ð�õÚî-íËóiö�òÝò�ì�í@ñ¥ð�í-íuí@ôiëËê
ï-ê¥õ�óBî@ê�ò0�côiï� �ué6ê�ñ?î-ìÚôIöSRÌñ�ôIö3î-ó�ì×ö�ínôIð�ïnï@ê�í0ð�õÚî-ínôIöbðE�,��ê4ï
þdôið�ö�ò�í/ÿ ôiïª��ð�ï-êF÷Ið�ê¥ï-øJñ�ôIöIî�ó�ì×ö�ëËê¥ö3î6� ü ìÚõ×ê�í0ê�ñ?î-ìÚôIöHTEñ�ôIö%�
î-óiìÚö�ícî ü ê`ñ¥ôiï-ï@ê�í=�dôiö�ò�ìÚö�ùuõ×ô5�fê4ïcþdôið�ö�ò�ï@ê�í0ð�õÚî-í	�
é6ê�ñ?î@ì×ôiö*e
��ï-ê4í@ê¥ö3î-íXôið�ïXï-ê4í@ð�õÚî-í{ôiöÌò�ê4ñ¥ì×ò�ìÚö�ùX� ôiï{ö�ô�î � �yñ�ôIöIî�ó�ì×ö�ëËê¥ö3î
ô�ÿ{÷3ð�ê4ï@ì×ê4íJìÚö î ü ê���ï-ê4í@ê¥ö�ñ¥êRô�ÿ#ò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4í	�Þé�ê4ñ?î-ìÚôIöBU

êw(6î@ê4ö�ò�í#î ü êËñ ü óIí0ê�/ þ�óiñ� 3ñ ü óií@ênî@ê�ñ ü ö�ì�÷Ið�êyú 1 û î@ô¼î��fôyô�ÿ
î ü ênÿ ï�ó�ùIëuê4ö3î-í��cêní0î@ð�ò�ø!� � ê`ñ�ôIö�ñ�õ×ð�ò�ênì×ö>í@ê4ñ�î@ì×ôiö*�,�
� ê ü ó�ýIêJï-ê¥õ×ê¥ù3óBî@ê�òÀí@ôiëËê"��ï@ô6ô�ÿ�íEó�ö�ò*ó��fôIï� Iê4òÌê�(�óië �

��õÚê{î@ôJî ü ênó��,�dê¥ö�ò�ì×ñ¥ê4í	�3î@ôJþdê#ñ¥ôiö�í@ð�õÚî@ê�òRóBîfî ü ênò�ì�í@ñ¥ï@ê¥î@ì×ôiö
ô�ÿ{î ü êÌï-ê4óiò�ê¥ï�� � ê ü ó�ýiê>ó�õ�í@ôX��ð�îRìÚöoó�ößó��E��ê4ö�ò�ì( î ü ê
êw(6î@ê4ö�í0ì×ôiöÞî-ôÀð�ö�ì×ôiö�íJó�ö�òÍò�ì�í���ð�ö�ñ?î-ìÚôIöHô�ÿFî ü êRñ ü óií@ê!��3{õ8�
î ü ôIð�ù ü î ü ì�íÕê�(6î@ê¥ö�í0ì×ôiö_�(ì×öHî ü ê¼ÿ ôIï@ëwî ü óBî �fêyö�ê¥ê�ò�� ü óIí
ö�ô�î!Voó!�,��ó�ï-ê¥ö3î-õÚø5Voþ�ê4ê¥ö+��ð�þ�õÚì�í ü ê4ò���ï@ê4ý3ì×ôið�í0õ×ø!��ìÚî ��ì×õÚõ3ö�ôiî
í0ð,��ï@ì�í0êyó�ö6øiôIö�ê���ì°î ü ó�öHð�ö�ò�ê¥ï�í�î�ó�ö�ò�ìÚö�ù*ô�ÿFî ü ê�ñ�õ�óií-í0ì�ñ¥óiõ
ñ ü óií@ê!�

W X çZYX�:è[YX� � ä æ]\på ä ���/�(�`è ä �/�
^ -'6?-'_L-0I7@DI5O ��ê�îM`¸þ�ê#ó`í0ê¥î
ô�ÿ RS5a N R Z�� & ôiï:î-ê4ñ ü ö�ì×ñ4ó�õ�ï-ê4ó��
í0ôIö�í��cêJóií-í0ð�ëuênî ü óBî�`�ì×í{ìÚö,«�ö�ìÚî@ê!�dþ�ð�îEô�ÿ(ñ�ôIð�ï-í@ê[ôiö�õÚø�ó
«�ö�ìÚî@êËö6ð�ëJþdê¥ïnô�ÿcõ×óiþ�ê4õ×íb��ì×õÚõ�ô�ñ¥ñ¥ð�ïnìÚöÍóyùiì×ýiê¥öbò�óBî�ó�þ�óIí0ê��
÷Ið�ê¥ï-ø!��ôIï{ñ�ôIö�í�î-ï-óiìÚö3î��$3�Z�N%b J Z�IKO G A�I G O�Nc�d� S I S5a�S Z�NXì�íXó «,�
ö�ì°î-ê#ò�ì×ï-ê4ñ?î-ê4òËùIï-ó!� ü � ü ôIí@ê�ê4ò�ùIê4í:óiï@ê�`$��õ�ó�þdê¥õ×ê4ò_�6�f÷3ð�ìÚýBó��
õÚê4öIî-õÚø��!�cê�ñ¥ó�öËþdê�ùiì×ýiê4öuóní@ê�î$�¼�Aî ü êXö�ô�ò�ê4í�ôiÿ�î ü ê�ùiï�ó�� ü �
ó�ö�òÌó�«�ö�ì°î-êÕí@ê�îEô�ÿ(õ×óiþ�ê4õ×íXÿ ï@ôIëe`���ê�óiñ ü ì×ö3î@ê¥ï���ï-ê�î-ê4òÌóií{ó
ö�ôiö%�<ê¥ë���î�ø¼þ�ìÚö�ó�ï-øRï@ê4õ×ó�î@ì×ôiö�ôiö*�
�
3º�côiï�òÕóiþ�ôIð�îMf 8./AI767-g/�67I ò�ê¥ö�ôiî@ì×ö�ù[ö�ô�ò�ê4í	� � ü ê�ð,�,�dê¥ïþ�ôIð�ö�ò`óiö�ò[ò�ê4ñ¥ì×ò�ó�þ�ì×õÚìÚî�øEï@ê�í0ð�õÚî-í8ò�ô�C B5I'��óIí�í0î-óBî-ê4ò��BóIí@í@ð�ëËê

î ü êb��ï-ê4í@ê¥ö�ñ¥ê{ô�ÿ/í0ð�ñ ü ñ�ôiö�í�î�ó�ö3î-í	� �f÷3ð�ó�õ×ì°î-ìÚê�í
þdê�î��cê¥ê4ö¼ò�ì�í��
î@ì×ö�ñ?îXñ�ôIö�í0î-ó�ö3î�ícñ4ó�ð�í@êXî ü ênð�í@ð�ó�õ ��ï-ôiþ�õ×ê¥ë ú 2 û óiö�òRôIð�ïFï@ê��
í0ð�õÚî-íyñ¥óiöoþ�êÀê�(6î@ê¥ö�ò�ê4òoí0î@ï�ó�ì×ù ü î0ÿ ôIï��Fó�ï�ò�õ×øÍî@ô ò�ê4ó�õ���ì°î ü
î ü ì�í�� & ôiïXñ¥õ×óiï@ìÚî�ø¬ô�ÿ/êw(%��ô3í0ìÚî@ì×ôiö��fê ü ó�ýIê#ôIëËì°î@î@ê4ò¼î ü ì×í�ê�(;�
î@ê¥ö�í0ì×ôiö_��)#ö¼î ü ênôiî ü ê4ï ü ó�ö�ò���í@ôiëËêEô�ÿ�ôIð�ïFêw(�ó�ë���õ×ê4íFóiö�ò
ê¥ýiê4ö¸í@ôiëËê>ô�ÿ#î ü êÌñ�ôIö�í0î@ï-ð�ñ?î-ìÚôIö�íuð�í0ê�ò ì×ö¾õÚô5�cê¥ïuþ�ôIð�ö�ò�í
ó�ö�òoð�ö�ò�ê4ñ¥ì×ò�ó�þ�ì×õÚìÚî�øoï-ê4í@ð�õ°î�íyò�ô ð�í@êbñ¥ôiö�í0î-óiöIî�í¼ò�ê4ö�ô�î-ìÚö�ù
ö�ô�ò�ê4í	�¼é6ð�ñ ü ð�í@ê¬ì×í`ìÚöÞÿ�óiñ�î`ìÚö�ê4í-í0ê4öIî-ì×óiõ:ó�ö�òbì�í[ë¬óiò�êËÿ ôIï
î ü ê`í-ó�ëËênï@ê�óií@ôiö�ícôiÿ/ñ�õ�ó�ï-ìÚî�ø!�
h*i2@N),19@DIkj�lnmdophqIkO 3 A�B5C F�G C AwI'JML5N�O�NQP G%RS O7T S IVU#W G N�Osr
[�]_^�`�a7dËú MIM �,e û ü óiícî ü ê[ùiê4ö�ê¥ï�ó�õdÿ ôiï-ë

g\�� � i�x	x�x	i! :t,�<k �u� i�x�x	x�i ��v � M �
fXê¥ï-ê�î ü ê S I B�b"Z���A�B5C F�G CHA�IYZo� ��w ó�ï-ê�ê¥ìÚî ü ê4ï
ê4÷3ð�óiõÚìÚî@ì×ê4íM=�
�ÕôIï�O�NQP G%RS O�T S IMU S I B�b"Z
ô�ÿ8î ü êEÿ ôiï-ëxqyz� � ü ê4ï@êuy ì�íFó
ï@ê4ùið�õ�ó�ïFêw(%��ï-ê4í-í@ìÚôIö�íFò�êw«�ö�ê4ò�þ6ø �

y �9�{� ¨�u u'y t uDy � x y � u �9y �k| y � � �K2��
�]}!~��� t

� ü ê¥ï-ê�¨�ï�ó�ö�ùIê4í8ôBýiê4ï8õ�ó�þdê¥õ�í�ìÚö=`Hó�ö�ò ëËê�ó�ö�í S Cgr���í0ì×ö�ùIõÚêo�
õ×óiþ�ê4õK� ){ÿ�ñ�ôið�ï-í@ê!�;ê�óiñ ü �5J Z�IKJMC;P G J Z�UEN��¬ý�óiï@ì�ó�þ�õÚê�í� 0�ËëÕð�í0î
ó�õ�í0ôÝô�ñ4ñ�ð�ï�ìÚö_î ü êÞï-ìÚù ü î ü ó�ö�òàí0ì�ò�ê��r3#íyì×ö�ò�ì�ñ¥ó�î@ê�ò����cê
ÿ ôiõ×õÚô5�pú MIM?û ì×ö�ð�í0ì×ö�ùuî ü ê�Z�UEB5O�IVU S C����`ÿ ôiï t��
�<ÿM� ì�í#óyí0ê4ëËì×í0î@ï-ð�ñ?î-ð�ï-ê4òÌò�ó�î-ó�þ�óií@ê!��óiö*óBî-ôië� �y;�ì×í

Z S IKJ Z��cN��fþ6øJó#ýBó�õ×ð�óBî-ìÚôIöJî ü óBî(ë¬ó���í2 7i![î-ôEö�ô6ò�ê4íª©�i=§�ì×öH�
ì°ÿ�î ü ê¥ï-ê:ì�í�ó���ó�î ü ÿ ï-ôië´©:î@ô�§�ì×öp�º� ü ì�ñ ü í���ê4õÚõ�í�ôIð�î8ó��côiï�ò
ìÚöHî ü ê¼õ�ó�ö�ùið�óiùiêRò�ê4ö�ô�î-ê4òÍþ6øÞî ü êRï-ê¥ùIð�õ�ó�ï`ê�(;��ï@ê�í@í@ìÚôIö�y"�
���p���c���H�9�,�����!�c�,�����9�H�,�{�9�9�{�,�s�,�{�9�����������������9�,� | �{�q�9�!�s�? ¡�c���¢7£,�����9���{�s�,���c�,�q���?�=¤#¥!¦�§u�,�9�u�c¨ | �c��£,�c�9���c¨©�9�,��ª�«"¬S¨�s�#���,��4®?�%����¢5¯

2



� êRêw(6î@ê4ö�òÞî ü ì×íuò�êw«�ö�ì°î-ìÚôIöHô�ÿXóBî-ôiëwí@ó�î@ì�í�ÿ�óIñ?î@ì×ôiöÞî-ôÀùiì×ýiê
í@ê¥ë¬ó�ö3î@ì�ñ¥í
î@ô"� ü ôiõ×ê�>c���c�Eí:ì×öRî ü ê��Fó�øuî ü ó�îfì�í
ð�í0ð�óiõ�ÿ ôIï
ñ�ôIö���ð�ö�ñ�î@ì×ýiên÷3ð�ê¥ï-ìÚê�í��$�#ð�ê4ï@øRñ¥ôiö3î-óiìÚö�ëuê4ö3îcì�íFó�õ�í0ôËò�êw«�ö�ê4ò
óiíFð�í0ð�óiõK�
� /A198:/2I 8.<nlnmdoph*I5O �ÉöÞí���ìÚî@ê¬ô�ÿcþ�ê4ìÚö�ùÀñ¥ó�õ×õ×ê4ò��@ñ�ôIö%�

��ð�ö�ñ�î@ì×ýiê��,�!>c���c�Eí8ñ�ôIöIî�ó�ì×ö[ìÚë���õ×ì�ñ�ìÚî8ÿ ôIï@ë¬í8ô�ÿ�ò�ì�í���ð�ö�ñ?î@ì×ôiö��
ëËôIí0î{ùiõ�ó�ï-ì×ö�ùiõ×ø¼þdê4ñ4ó�ð�í@ê`ô�ÿ(î ü ê£u�ô!�dê¥ï�óBî-ôiïXì×öÀï-ê¥ùið�õ×óiï�êw(;�
��ï-ê4í-í0ì×ôiö�í��~�Éö ÿ�óiñ�î	�+�cêHó�ï-êÞö�óBî@ð�ï-óiõÚõ×ø�õ×ê4òàî@ô�ñ¥ôiö�í@ì×ò�ê¥ï
G CEJYB�C,ZXB��<]_^�`bacZRóií¼î ü êÞñ�õ�óií-í¼ôiÿJ÷3ð�ê¥ï-ìÚê�íRôiÿ`ìÚö3î@ê4ï@ê�í�î��
�<î{ì�íXê�óií@ø¬î@ô¼í@ê¥ênî ü óBî{î ü ê��$���cé%��3�>c�¾ð,�,�dê¥ï{þdôið�ö�ò>ôiö
ñ�ôIö3î-ó�ì×ö�ëËê¥ö3î`ú MiM �Ee û í�î-ìÚõ×õ ü ôIõ×ò�ícÿ ôiï�ð�ö�ì×ôiö�í�ô�ÿ?>c���c�Eí	�
ln8./�67-019/ACE@D/�6E-0/2F ^ @NJM@D/2FA@D/ f 14@DI5O �Ìð�ñ ü ôiÿEî ü ê

ê4óiï@õ×øËï@ê4õ×ó�î@ì×ôiö�óiõdò�óBî-óiþ�óií@ê�î ü ê¥ôIï@øRò�ê�ó�õÚîc��ìÚî ü ñ�ôIö���ð�ö�ñ�î@ì×ýiê
�Aî�ó�þ�õ×ê4óið �c÷3ð�ê¥ï-ìÚê�íFó�ö�ò4N%b a Nc�k�!Nc���!N T,N�C.��NwC AwJYNwZnú 2 û � ü ì×ñ ü
ó�ï-ênõÚôIùiì�ñ¥óiõ�óIí@í@ê¥ï@î@ì×ôiö�ífôiÿ�î ü ê`í=�dê4ñ¥ì×óiõ;ÿ ôiï-ë

·�� Hú � � �	� �?��
���� � �	� 7i�;� û �9P��
� ü ê4ï@êS���5i����*óiï@êÀñ¥ôiö���ð�ö�ñ?î@ì×ôiö�íRô�ÿ[ï-ê¥õ�óBî-ìÚôIö�ó�õXó�î@ôië¬í¼ôiï
� ì×ö������Xê�÷Ið�ó�õ×ì°î-ìÚê�í � �né6ð�ñ ü ò�ê	��ê4ö�ò�ê¥ö�ñ�ì×ê4íEó�ï-ê`î@ì×ù ü î-õÚø>ï-êw�
õ�óBî@ê�ò�î@ô¼ñ¥ôiö3î-óiìÚö�ëuê4ö3î{óií-í0ê4ï0î-ìÚôIö�í[ú 2NU û ���EìÚýIê¥ö>î��cô��Aî�ø;��ê��
ñ�ôIë���óBî-ìÚþ�õ×ê��"ñ�ôiö���ð�ö�ñ?î-ìÚýIê
÷3ð�ê¥ï-ì×ê4í�g � i�g � ì°î/ì×í�ê4óií@øXî-ô{ñ�ôIö%�
í0î@ï-ð�ñ?î[ó�öÀê4ëJþdê4ò�ò�ê4òÞò�ê��dê¥ö�ò�ê¥ö�ñ¥ø>î ü ó�îEì�íEê4÷3ð�ì×ý�óiõÚê4ö3î � ì×ö
ê4óIñ ü ò�ó�î-ó�þ�óií@êJì×ö�í�î�ó�ö�ñ¥ê��{î@ôyî ü êuñ¥ôiö3î-óiìÚö�ëËê4öIî�g ��� g � �
�<î¬ì×íuê�÷Ið�ó�õ×õÚøHê�óií@øbî-ôHñ�ôiö�í�î-ï@ð�ñ�îËóiö ê�÷Ið�ìÚýBó�õ×ê¥ö3î¬ñ�ôIöIî�ó�ì×ö%�
ëËê¥ö3î{óií-í@ê¥ï@î@ì×ôiöRÿ ï-ôiëzó�ö6øRùiì×ýiê4öyê4ëJþdê4ò�ò�ê4ò>ò�ê��dê¥ö�ò�ê¥ö�ñ¥ø!�
�ÉöEî ü ì×í���ó��dê¥ï_�cêª��ì×õÚõ3ñ�ôiö�í0ì�ò�ê¥ï"í@ê¥ýIê¥ï�ó�õ�ñ¥õ×óIí@í@ê4í�ôiÿ6÷3ð�ê4ï@ì×ê4í	�

ó�ö�ò�ÿ ôiï{ê�óiñ ü ô�ÿ�î ü ê¥ë~�cê���ìÚõ×õ/ì×ò�ê4ö3î@ìÚÿ ø�óRñ¥õ×óIí@í{ô�ÿ:ò�ê	��ê4ö%�
ò�ê4ö�ñ�ì×ê4í���ñ¥ôiö�í0î@ï�ó�ì×ö3î-í��uî ü ó�î ü óIí¬î ü ì×í� 6ìÚö�òoô�ÿnî@ì×ù ü î>ñ�ôiï��
ï-ê4í���ôIö�ò�ê¥ö�ñ�ê���ìÚî ü î ü êËñ�ôIö3î-ó�ì×ö�ëËê¥ö3î{ôiÿf÷3ð�ê¥ï-ì×ê4í�ÿ ï-ôië�î ü ê
óií-í@ô6ñ¥ì×ó�î@ê�ò¼ñ�õ�óií-í	�
��FAF ^ 19I��?i2/ f 67148./ j ^���^ IkO �Eê¥ö�ê¥ï�ó�õ×ì�4ìÚö�ùËÿ ï-ôië�ñ�ôIö%�

��ð�ö�ñ�î@ì×ýiêÞ÷Ið�ê¥ï-ìÚê�íËî@ô G C JYB5CEZ�B��XA�B5C F�G CHA�IKJML5N�W G N�O�JYN�Z����cê
ñ�ôIö�í@ì×ò�ê4ï;î ü ê
óií-í0ô�ñ¥ì×ó�î@ê4òEñ�õ�óií-í;ôiÿ ��J Z F�G CHA�IKJML5N�N[b a Nc�k��N�����NwD
TENwC��!N�CHA�JYN�Z�[���� �+ZQd�� ü ì�ñ ü ó�ï-êÕõ×ôiùIì×ñ4ó�õ�óií-í0ê4ï0î-ìÚôIö�íEô�ÿ
î ü ê
ÿ ôiï-ë

·�� Ýú � � �	� ��?�
v
�
w�� � 
�� w � ��� w ��� 7i�� w � û �4R¡�

� ü ê4ï@êu� � i�� ��� w óiï@êEóiífìÚö��4P¡��� � êEò�ôIö! îcö�ê4ê4òRò�ì×í4��ð�ö�ñ�î@ì×ôiö
ì×ö*î ü ê"��ï@ê4ëuì�í@êÕôiÿ
î ü êÕì×ë���õÚì�ñ¥ó�î@ì×ôiöÞþ�ê�ñ¥óið�í0êuìÚîEì�ínê4÷3ð�ì×ýBó5�
õ×ê¥ö3î`î@ôbñ�ôiö���ð�ö�ñ?î-ìÚôIö�í`ôiÿ � � � í	� � ê ü ó�ýiêËî ü ê¬ÿ ôiõ×õÚô5��ì×ö�ù
î@ì×ù ü î
ñ¥ôiï-ï@ê�í=�dôiö�ò�ê¥ö�ñ¥ê!�;î ü êXñ�ôIöIî�ó�ì×ö�ëËê¥ö3î(ô�ÿdî��fônð�ö�ìÚôIö�í(ô�ÿ
ñ�ôIö���ð�ö�ñ�î@ì×ýiêË÷3ð�ê¥ï-ìÚê�íEì×ínê�÷Ið�ìÚýBó�õ×ê¥ö3îEî@ô>ó�«�ö�ìÚî@êËö6ð�ëJþdê¥ïnô�ÿ
� � � í��;ó�ö�ò*ó¼í@ì×ö�ùiõ×ê � � � ì�í{ê�÷Ið�ìÚýBó�õ×ê¥ö3îEî@ô¼î ü êËñ�ôIöIî�ó�ì×ö%�
ëËê¥ö3î
ôiÿ�ó[ñ¥ôiö���ð�ö�ñ?î@ì×ýiêX÷3ð�ê4ï@øÕìÚö3î-ô`ó#ð�ö�ìÚôIö¬ô�ÿ;ñ�ôIö���ð�ö�ñ�î@ì×ýiê
÷3ð�ê¥ï-ì×ê4í	�
3 � � � ì�í"� G%RMR ì°ÿ8ì°î�ò�ô6ê4í
ö�ô�î ü ó�ýiêXê�(�ì×í0î@ê4öIî-ì×óiõÚõ×ø¬÷3ð�ó�ö3î@ì�

«�ê�òRýBó�ï-ì×óiþ�õ×ê4í	� � ü ê#A�U S Z�NEú P û ñ4ó�öRþdêEêw(6î@ê4ö�ò�ê4òRî@ô � � � í	�ùiì×ý6ìÚö�ù{ó{ò�ê�ñ�ì�í0ì×ôiö+��ï@ô�ñ�ê�ò�ð�ï-ê(ÿ ôiï�ñ�ôIö3î-ó�ì×ö�ëËê¥ö3î�ôiÿ�ð�ö�ì×ôiö�í8ô�ÿ
ñ�ôIö���ð�ö�ñ�î@ì×ýiê
÷3ð�ê4ï@ì×ê4í"ð�ö�ò�ê4ï8óXí@ê�î�ôiÿ6ÿ ð�õÚõ � � � íc��í@ê¥ê#ú M P%� M R û
ÿ ôiï#ó���ó�ï@î@ì�ó�õ�î-ï@ê�óBî@ëËê4öIî{óiö�ò>ó��,�dê¥ö�ò�ì8(*3 ÿ ôiï#ó¬í= Iê�î-ñ ü ô�ÿ
î ü ê[ï@ê�í0ð�õÚî-í��cênð�í@ê!�}�
#"@DCE14I76[)�i f 67iA)�@DFZln8./AI76[)�-019/�67I5j ^�� m�o ^ I5O 3{í���ì°î ü

� � � í��_�cêËò�êw«�ö�êÕî ü êËñ�õ�óií-í#ôiÿfò�ê	��ê4ö�ò�ê¥ö�ñ�ì×ê4íEî ü óBî`ñ�ôIï@ï-êw�
$&% �?�©�,�c�����9�{�s��'( �c�?�,���*)7�¡������� ( �,+�-�-.-.+ (0/ ¯

í=�dôiö�ò�í¬î@ô ð�ö�ì×ôiö�í¬ôiÿ`ñ�ôiö���ð�ö�ñ?î-ìÚýIêÀï-ê¥ùið�õ×óiï#��óBî ü ÷Ið�ê¥ï-ìÚê�í
�'>c�����Eí��w� � ê¼ñ¥óiõÚõfí0ð�ñ ü ò�ê	��ê4ö�ò�ê4ö�ñ�ì×ê4í��5J Z F�G CHA�IKJML5N*N%b D
a Nc�5�!Nc�*O�NQP G%RS O�T S IVU��!N T,N�C.��NwC AwJYNwZ�[����ª^�`©�+ZQdJóiö�òÌî ü ê¥ø
ó�ï-ê
ò�êw«�ö�ê4ò[óIí�óií-í@ê¥ï@î@ì×ôiö�í�î ü óBî ü ó�ýiê(î ü ê
í-ó�ëËê:õ×ôiùIì×ñ4ó�õBÿ ôIï@ë
óií � � � í	�Fí0ê4ê4�4R¡�w�
þ�ð�îRì×ö � ü ì×ñ ü � � ic� �1� w ó�ï-ê>ñ�ôiö���ð�ö�ñ��
î@ì×ôiö�íJô�ÿXï-ê¥ùið�õ×óiï+��óBî ü óBî-ôië¬í� y�Þôiï`ê�÷3ð�ó�õ×ì°î-ìÚê�í�� � ü êò�êw«�ö�ì°î-ìÚôIöRÿ ôiï�í-óBî-ì×í0ÿ�óiñ�î@ì×ôiöRôiÿ8ó`ùIìÚýIê¥ö � �$��� � ìÚö�óJùIìÚýIê¥ö
í0ê4ëuì�í0î@ï-ð�ñ?î-ð�ï@ê�ò*ò�ó�î-óiþ�óií@ê`ÿ ôIõÚõ×ô5�XíXÿ ï-ôië î ü êËð�í0ð�ó�õ�ëËê4ó�ö,�
ìÚö�ù¼ô�ÿ(õÚôIùiì�ñ¥óiõ"ñ�ôiö�ö�ê4ñ�î@ì×ýiê4í{ó�ö�òÌ÷3ð�óiöIî-ì8«�ê¥ï�íXó�ö�ò�ÿ ï-ôiëzî ü ê
í@ó�î@ì�í�ÿ�óIñ?î@ì×ôiöyÿ ôiï�ï-ê¥ùIð�õ�ó�ï���óBî ü óBî@ôIë¬ífùIìÚýIê¥ö�ê4óiï@õ×ìÚê4ï	�
� ü ê¥ö�î ü ênï@ê4ùið�õ�ó�ïFêw(%��ï-ê4í-í@ìÚôIö�íFó�ï-ê#ï-ê4í0î@ï-ì×ñ�î@ê�ò¬î@ôRí@ì×ö�ùiõ×ê

õ×óiþ�ê4õ×í¬ì×ö `���>c���c�Eí¬óiï@ê>ê�÷Ið�ìÚýBó�õ×ê¥ö3î¬î-ôbî ü êÌð�í@ð�ó�õ#ñ�ôiö,�
��ð�ö�ñ?î-ìÚýIêu÷3ð�ê4ï@ì×ê4íEó�ö�ò � ����� � í{î@ôn��ð�í�î � � � íEí@ê¥ê4öÀôBýiê4ï
óyï-ê¥õ�óBî-ìÚôIö�ó�õ�í-ñ ü ê¥ë¬ó�ñ�ôiö�í0ì�í�î-ìÚö�ùyôiÿfþ�ì×ö�ó�ï-øÀí@ø3ëÕþ�ôIõ×í#ÿ ï-ôië
`��
�32 -gC�J"49@DIkO � ����� � í#ñ4ó�öbêw(%��ï-ê4í-í#ó¼õ×óiï@ùIêJýBó�ï-ìÚê¥î�ø>ô�ÿ

ñ�ôiö�í�î-ï-óiìÚö3î-íJôiö í@ê¥ëËì�í�î-ï@ð�ñ?î@ð�ï@ê�òÝò�óBî�ó,��3{í �fê�í@óo�+�/î ü ê¥ø
ùiê¥ö�ê¥ï�ó�õ×ì�4ê`ëËôIí0îEï-ê¥õ�óBî-ìÚôIö�ó�õ/ò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�í#ôiÿ:ìÚö3î-ê¥ï-ê4í0î	���Éö
óiò�ò�ìÚî@ì×ôiö£�cêEñ4ó�ö¼ê�(%��ï@ê�í@íFñ¥ôiö�í0î@ï�ó�ì×ö3î-ící0ì×ëËìÚõ�ó�ïcî@ôuî ü ênôiö�ê�í
� � � íÀú 2kT û í���ê�ñ�ìÚÿ øHÿ ôiï#�b���?� � ü ê�«�ï-í0îËî��fôÍþdê¥õ×ô5� í@ó�ø
î ü ó�î��-ó�ö6ø*��ê4ï-í@ôiö ü óií#êw(�óiñ�î@õ×øÌôiö�êuí0ô�ñ�ì�ó�õ�í@ê4ñ�ð�ï@ìÚî�ø>ö3ð�ë"�
þ�ê4ï&�E� � ü êXî ü ì×ï-ò¬í-ó�ø�í/î ü ó�î5��î-ê¥õ×ê�� ü ôiö�ê�ö6ð�ëÕþ�ê4ï-í:ñ4ó�öËôiö�õÚøþ�ê`ôiÿ�î��cô�� ìÚÿ:ó�ö6ø,�$ 6ì×ö�ò�í	��ýiôIì×ñ¥ênôiïFÿ�ó5(6� � ü ì×õÚê`î ü ênÿ ôIð�ï0î ü
ì×íXó  6ì×ö�ò�ô�ÿ8ùIê¥ö�ê4ï-óiõÚì9�¥ê�ò���ôIìÚö%�<õ×ì Iênò�ê��dê¥ö�ò�ê4ö�ñ�ø��
·� Hú l5n,p�q¡n���x87 ¢�9�©�¥o�S � 
Dq 0©o©	�S û
·� %·� � ·. � ú8l5n%p�q;nb��x.7H¢�95©�¥o�� ;:

:E 0©o©	�� � :  0©�©	�� � �  � �  � û
·� %·�!·��¼ú  �§�¢o¨Y��¥p<:  ���  ¯ ¥ ® yw¢p�>= @? sN K� û
·� %·�!·��¼ú  �y�¦ ® ¨BAH<: �y	¦ ® ¨CAH� � � ±95s¡�!A�7Hs9o¢���§� û
D )�-0+.CE@D/�67I5jFE�GIH�iA@N)�14@DI�-0/2FJE�G�F2@5J @N/2F2@N/ f 19@DI é6ìÚö�ñ�ê

ñ�ôiö3î�ó�ì×ö�ëËê¥ö3îcôiÿ6>c�����Eí
ì�í��?���cé%��3�>c�ª�Éñ�ôIë���õÚê¥î@êJú e û �cê
í�î-ð�ò�øK��O S P�b#NwC IYZ�ôiÿ:î ü êÕõ×óiö�ùið�ó�ùiêÕò�êw«�ö�ê4òÀþ6ø>ï-ê4í0î@ï-ì×ñ�î@ì×ö�ù
î ü ê>ï-ê¥ùið�õ×óiïÕê�(;��ï@ê�í@í@ìÚôIö�íËó�õ×õÚô5�cê4òÝìÚößóBî-ôië¬í*��ñ�ôIö���ð�ö�ñ�î-í����
� ü êÀí0ì×ë���õ×ê4í0îRÿ ï-óiùiëËê¥ö3î��cóiõÚõ×ô5��ìÚö�ù���ð�í�î¼õ�ó�þdê¥õ�íRóiö�òßñ�ôiö,�ñ¥óBî-ê¥ö�ó�î@ì×ôiö_�3ì�í:ê4÷3ð�ì×ýBó�õ×ê¥ö3î:î-ôJñ�ôIö���ð�ö�ñ�î@ì×ýiê#÷3ð�ê4ï@ì×ê4í:ôBýiê¥ï
þ�ì8�
ö�ó�ï-ø>ï@ê4õ×ó�î@ì×ôiö�í	�MLcê�î��cê¥ê¥öÀî ü ê�í0êËó�ö�òbùiê4ö�ê¥ï�ó�õª>c���c�Eí��cê
ñ�ôiö�í0ì�ò�ê¥ïFî ü ênÿ ôiõ×õ×ô5��ìÚö�ùÕÿ ï�ó�ùiëËê4öIî�í

P



ÜI¤0£4»4¶[¢�§B©:§6£4¶[¢ Â
¢�»4³3±°£¥¤
¢-Ùi´I¤�¢-ªÉªÉ¦°®4§3ª
ª<Êi§�©0£�Ù
¯�®�§¥¹-Æ�½B³I¢-¤�¦¨¢�ª ��������� �	� � $
¿�
4Å ��������
��� �	� � $
¿�
���� Å ��������
��� �	� � $ ��¿�� � | � $ Å
¿�
�� Å ������� ��
��� �	� � $
¿����?Å ��������������� ��� � $
¿�
�� ��� � ��� Å ��������
� ��� � ��� �	� � $ ��¿�� � | � $ Å
� ������� ��� � ��� �	� � $ ��¿�� � | � $ Å

������� ��� � � � $
� �����������

��������� � � � $ ��¿!� � | � $ Å
Á/ÂcÃ8Äcª ������� ��� � ��� �	� � $ ��¿�� � | � $ Å
& ôiï8óiö6øXÿ ï�ó�ùiëËê4öIî E ���cê
ñ4ó�õ×õ�î ü ê
ñ�ôIï@ï-ê4í���ôIö�ò�ì×ö�ùX÷3ð�ê¥ï-ì×ê4í

E D=W G NwO�JYNwZ��$3��,��õÚø6ì×ö�ù¬î ü ê`í@óiëuênï-ê4í0î@ï-ì×ñ�î@ì×ôiöyî@ôËî ü êJóBî-ôië¬í
î ü óBîÕó!�,��ê�ó�ï`ì×öÝò�ê	��ê4ö�ò�ê¥ö�ñ�ì×ê4í	� �cêRò�ê�«�ö�ê¼ñ¥ôiï-ï@ê�í=�dôiö�ò�ìÚö�ù
ñ�õ�óií-í@ê4íÕô�ÿ � �$��� � í	�
ñ¥óiõÚõ×ì×ö�ùÀî ü êyï-ê4í��dê4ñ?î-ìÚýIêyñ¥ôiö�í0î@ï�ó�ì×ö3î-í
E D!�!N TENwC��!N�CHA�JYN�Z�� � ü êuñ�ôIï@ï-ê4í���ôIö�ò�ê4ö�ñ�êJò�ì×í-ñ�ð�í-í@ê4òÀóiþ�ôBýIê!�þdê�î��cê¥ê¥öuñ�ôIöIî�ó�ì×ö�ëËê¥ö3î(óií-í0ê4ï0î-ìÚôIö�í�óiö�òJò�ê	��ê4ö�ò�ê4ö�ñ�ì×ê4í	�iñ�ôIö%�
î@ì×ö6ð�ê4íyî-ô ü ôiõ�òoÿ ôiï>ê�óiñ ü ÿ ï�ó�ùIëuê4ö3î E � � ü ê*ÿ ï�ó�ùIëuê4ö3î-íñ¥óiõÚõ×ê4ò � óiö�ò#" ü ó�ýIê>î@ê�ñ ü ö�ì�ñ¥ó�õ#ìÚë��dôiï@î-óiö�ñ�êÀþ�ð�î¼î ü ê¥ì×ï
ò�ê�«�ö�ìÚî@ì×ôiö�íEò�ì�òÀö�ô¼í@ð�ùIùiê4í0î#óiö3ø3î ü ìÚö�ù¼þdê�î0î-ê¥ï#î ü óiö*ñ ü ô6ôIí=�
ì×ö�ùuî ü ê�í0ê`óiï@þ�ìÚî@ï�ó�ï-ø¬ö�óiëuê�í��
D 14),I761G%(H)�F2@5)*m�@49-'67198:/2-64%$M)�-0/2I	49-'67198:/ O 3cîcî ü ê[ñ�ôIï@ê

ô�ÿ6ôið�ï;î@ê�ñ ü ö�ì�÷Ið�ê(ì×í8ócî@ï�ó�ö�í@õ×ó�î@ì×ôiöEô�ÿ�í0ê4ëËì×í0î@ï-ð�ñ?î-ð�ï-ê4òn÷3ð�ê¥ï-ìÚê�í
ó�ö�òEò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4í�ìÚö3î-ô�«�ï-í0î=�<ôiï�ò�ê4ïdõ×ôiùIì×ñ!�4ö�ó�ëËê¥õ×ø{ì×ö3î@ô�� ð�ö�ì8�
ôiö�í�ô�ÿ��(ñ¥ôiö���ð�ö�ñ?î-ìÚýIêF÷3ð�ê4ï@ì×ê4í(óiö�ò � � � í�B5L5NwO S Z'T,N�A�J S5R O�NwD
RS IKJYB�C S5R Z�A�U,N[b S î ü ó�î#ì×ö�ñ�õ×ð�ò�ê�í�¨fó�ö�ò�¨Qt[óií��fê4õÚõ�óií ó�ö�ò
�>óIí`í0ê	��ó�ï�óBî-ê¬þ�ì×ö�ó�ï-øbï-ê¥õ�óBî-ìÚôIöHí0ø6ëJþdôiõ�í	�*3.��ï-ìÚôIï@ì(î ü ê4í@ê
í@ø3ëÕþ�ôIõ×í¼ó�ï-êÌìÚö�ò�ê��dê¥ö�ò�ê4ö3î	��þ�ð�î��fê���ì×õ×õXî@ï-øÝî-ô ñ¥ó!��î@ð�ï@ê
Z�B�b#Nuô�ÿ#î ü ê'&nõ×ê¥ê¥ö�ê�í0î-óiïËí@ê¥ë¬óiöIî-ì×ñ4í`î ü ï-ôið�ù ü ï-ê¥õ�óBî@ì×ôiö�ó�õ
ò�ê	��ê4ö�ò�ê¥ö�ñ�ì×ê4í	�
)#ð�ï"î@ï�ó�ö�í@õ×ó�î@ì×ôiöEì×í�ò�ê4í@ìÚùIö�ê4ò#ÿ ôIï;î ü ê��'�;i i�¨'t�i�u �Q��ÿ ï�ó�ùiëËê4öIî

ôiö�õÚø����<îEï-ê¥õ×ì×ê4íEê4í-í0ê4ö3î@ì�ó�õ×õÚø>ôiö*î ü êuÿ�óIñ?îEî ü ó�înì×öbî ü ì�í#ÿ ï-óiù��
ëËê¥ö3î#ñ¥ôiö�ñ4óBî@ê4ö�óBî-ìÚôIö�óiö�ò<u�óiï@ê#C B5I"ö�ê�í�î-ê4ò>ì×ö�í@ì×ò�ê�&nõ×ê¥ê4ö�ê
í0î-ó�ï�í	�
� ü ê£«�ï�í0îuî ü ì×ö�ù4�fêÌò�ôÍì�í 6[)�-0/2I	49-'67@ -�(p-�) u8�+*#í0ì×ö�ù

î ü êyê�÷Ið�ìÚýBó�õ×ê¥ö�ñ�ê4�Ys�u v���x yZ� �YsHx y	��u�Kvox y��"�fêyëËôBýiê�u8ì×ö î ü ê
ôið�î@ê¥ï-ëËôIí0î��dôIí@ì°î-ìÚôIö[ìÚöJî ü êb�'�;i i�¨'t�i�u �Q�<ï-ê¥ùið�õ×óiï"êw(%��ï-ê4í-í0ì×ôiö�í��
� ü ê4ö_�6�fêRö�ô�î@êRî ü ó�î�g k x	x�x�i� y���u y��d i�x�x	x"ì�í`ê4÷3ð�ì×ý¡�
ó�õ×ê¥ö3î�î@ôºgp�u� g��0� ü ê¥ï-ê4g w k x�x	xwi! y w  i	x�x�x9� & ôiï
ò�ê	��ê4ö�ò�ê¥ö�ñ�ì×ê4í	�H�cêJö�ô�î@ê`î ü ó�î  �yu�!u y �p>ì�íXê�÷Ið�ìÚýBó�õ×ê¥ö3î#î@ô
 Zy �  =  �y � ¬óBÿAî-ê¥ïc� ü ì�ñ ü õÚôIùiì�ñ¥óiõ�ê4÷3ð�ì×ýBó�õ×ê¥ö�ñ¥ê4ífþ�ï@ì×ö�ù
î ü êËò�ì×í4��ð�ö�ñ�î@ì×ôiö�íEôið�î	��3kò�ì�í���ð�ö�ñ?î-ìÚôIö�ínìÚö*î ü ê���ï-ê¥ëËì�í0êuô�ÿ
î ü ê#ì×ë���õÚì�ñ¥ó�î@ì×ôiö�ìÚö�óÕò�ê��dê¥ö�ò�ê4ö�ñ�ø¬ì�ícê4÷3ð�ì×ýBó�õ×ê¥ö3îfî-ôuóuñ�ôIö%�
��ð�ö�ñ�î@ì×ôiö
��ó¬í@ê�î��cô�ÿ�ò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�í�� � ôRí0ð�ëuë¬óiï@ì9�¥ê��
md@DCE-0)-,.�O�/10 r+IKO S C,Z RS IKJMC;P S�2$S r+IMUEN�u43 S C:r��Q�;i i�¨'t�i�u ��D
W G NwOsr a N�A�B�b�NwZ S C�N�W G JML S5R N�CEI G CEJYB5C�B����'�;i i�¨ t �wD=W G N�O�JYN�Z65

7 J�b J RS O R r83 S Cgr#�Q�;i i�¨'t5i�u ��D!��NQTENwC��!N�CHA[r a N�A�B�b�NwZ S CXN�W G JML�D
S5R N�CEI�Z�NwI�B.���Q�;i i�¨'t	��D!��NQTENwC��!N�CHA�JYN�Z65
9 ê�(3î����cêÌî@ï�ó�ö�í@õ�óBî@êÀóiö6ø �Q�;i i�¨'t��Q�É÷Ið�ê¥ï-ìÚê�í¼ó�ö�òoò�ê��dê¥ö%�

ò�ê¥ö�ñ¥ìÚê�íFìÚö3î-ô£��ï@ê4õ×ó�î@ì×ôiö�óiõ �fñ�ôIö���ð�ö�ñ�î@ì×ýiê[÷3ð�ê¥ï-ìÚê�íFó�ö�ò � � � í
ôBýiê¥ïcî ü ê`í=�dê4ñ¥ì×óiõ"í@ñ ü ê¥ë¬ó
`6�'^�N R }�~��� :o¨,u�¨<;�`>=Q�?:�¨ t u�¨@;�`�=Q�A: i���=��?:��B=
ìÚö�� ü ì�ñ ü óiõÚõ(í@ø3ëÕþ�ôIõ×í[óiï@êÕþ�ì×ö�ó�ï-øÌï@ê4õ×ó�î@ì×ôiö�íb��ìÚî ü î ü ê¬ê�(;�
ñ�ê���î@ì×ôiö[ô�ÿE��� ü ì×ñ ü ì�í"ð�ö�ó�ï-ø"�Aî ü ê
ö�ê¥ê4òEÿ ôIï7�kì�í"ê�(;��õ×óiìÚö�ê�ò
þ�ê4õÚô5���w�
� ü ê 67),-g/AI�44-'6?148./DC �Kg��nôiÿ{ó<�'�%i i�¨Qt�� �<÷3ð�ê4ï@ø4g ì×íÕò�êw�

«�ö�ê4òËþ6øJî@ï�ó�ö�í@õ×ó�î@ì×ö�ùnì°î�í
ñ¥ôiö���ð�ö�ñ?î-í
óiñ¥ñ¥ôiï�ò�ì×ö�ùEî@ônî ü êXï@ð�õÚê�í
�Aÿ ôiï�ê�óiñ ü þ�ì×ö�ó�ï-øK9uìÚö�`6�'^�N R �

C �� ;9p,�E� 9%�� 7i!,�
C �4 Kyu�5x y �u,�E� C �4 Kyu� ¯ ��i C � ¯ y��u,�

� ü êyýBóiï@ì�ó�þ�õ×ê ¯ ì�í���ìÚë���õ×ì�ñ�ìÚî@ê¥õ×ø,�Õêw(�ì×í0î@ê4ö3î@ì�ó�õ×õÚøH÷3ð�ó�ö3î-ì8«�ê�òó�ö�òÕí0ôEì°î(ëÕð�í�î�þdêfÿ ï-ê4í ü ê�óiñ ü î@ì×ëuêFìÚî-í�ï-ð�õ×êfì�í�ó��,��õ×ì×ê4ò�� & ôIï
êw(�ó�ë���õ×ê!� g\�� �i�,�$k  0sHxV� x}v� �6î@ï�ó�ö�í0õ�óBî-ê4ícî@ô g � �4 �i!,�$k
sH�4 �i��¡�wi��%�4� i ° ��i�v5� ° i�%�w�
� ü ê 67)�-0/AI�44-067148./+C �CA;�Xôiÿ:ó0�'�%i i�¨ t � �<ò�ê��dê¥ö�ò�ê4ö�ñ�øJAyì×í

ò�êw«�ö�ê4ò�í0ì×ëËìÚõ�ó�ï-õÚø�� � ü ê���ï-ê4í@ê¥ö�ñ�ê{ôiÿ8ñ�ôIö�ñ¥ó�î@ê4ö�óBî-ìÚôIöRìÚöyî ü êñ�ôiö�ñ�õ×ð�í0ì×ôiö¼ô�ÿ"î ü ê#ì×ë���õ×ì×ñ4óBî@ì×ôiöyìÚö A ��ìÚõ×õ;óiò�ò¼êw(�ì�í�î-ê¥ö3î@ì�ó�õ×õÚø
÷Ið�ó�ö3î@ì«�ê4ò ýBó�ï-ì×óiþ�õÚê�í��ª� ü ìÚõ×ê¼î ü ê£��ï@ê�í0ê4ö�ñ�ê�ô�ÿEñ�ôiö�ñ¥óBî-ê¥ö�ó��
î@ì×ôiö_ì×öàî ü ê4��ï-ê¥ëËì�í0êbô�ÿJî ü êÞìÚë���õ×ì×ñ4óBî-ìÚôIöàì×ö�A-��ì×õÚõ[óIò�ò
ð�ö�ì×ýiê¥ï�í-ó�õ×õÚøR÷3ð�óiöIî-ì8«�ê4ò�ýBó�ï-ì×óiþ�õÚê�í��
�32 -gC�J"49@�8.<#6[)�-0/2I�44-'6?148./MO �"ê¥î�AËþdêEî ü ê[ò�ê	��ê4ö�ò�ê4ö�ñ�ø

·� %·�Àú  <�Ks u vw�wxM�  � 
'�H���x9�Ks�u vw��� û
�<î�î@ï�ó�ö�í@õ×ó�î@ê�í
î-ôËî ü ênÿ ôIõÚõ×ô5��ì×ö�ùuí@ê�îXôiÿ8î��cô � � � í
·. %·��· ° ú  �s ° : ° � r� ú 
'� � 
 ¯ � �� ¯ � : ¯ � sd� � û

= ú 
'� � 
 ¯ � �� ¯ � : ¯ � v�� � û×û

·� %·.�· ° ú  0v ° : ° � r� ú 
'� � 
 ¯ � �� ¯ � : ¯ � sd� � û
= ú 
'� � 
 ¯ � �� ¯ � : ¯ � v�� � û×û

9 ô5�+� C �Kg��#ì�í[ó¼ï-ê¥õ�óBî-ìÚôIö�ó�õ(÷3ð�ê¥ï-øÀó�ö�ò C �BA¡�Eì�í[óyï@ê4õ×ó��
î@ì×ôiö�óiõ/ò�ê	��ê4ö�ò�ê4ö�ñ�ø��;þ�ôiî ü ôBýIê¥ï{î ü êËí@ñ ü ê¥ë¬ó*`6�'^�N R �+f{ô5���
ê¥ýiê4ï	���fê���ì×õÚõ:ð�í0êËî ü ê¥ë ö�ô�î`ôBýIê¥ïnó�ï-þ�ì°î-ï-óiï@øÌì×ö�í0î-óiö�ñ�ê�ínô�ÿ
`6�'^�N R þ�ð�îEôIö�õÚøÌôBýIê¥ï#ìÚö�í0î-óiö�ñ�ê�íXî ü óBî`í-óBî-ì×í0ÿ øÌí=�dê4ñ¥ì8«�ñuí@ê�î-í
ô�ÿ[ï@ê4õ×ó�î@ì×ôiö�óiõXò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�í�� � ôÝò�ê4óiõ���ì°î ü î ü ê*ý�óiï@ì×ôið�íÿ ï-óiùiëËê¥ö3î-í	�%�cênñ¥ôiö�í@ì�ò�ê¥ïcî��côËí@ð�ñ ü í@ê�î-í

$�>2@FE t FA@NJM@D/2FA@D/ f 19@NI5j
��ö�ô�ò�êHGY� ·. ,·.Àú ¨=�� 7i!,�?� �<�4 H�!:£�<�4,� û
� ö�ô�ò�ê t � ·. ,·.Àú}�%�� 7i!,�?� �<�4 H� : �<�4,� û
� þ�óIí0ê	� ·. ,·.Àú ¨=�� 7i!,�?� �,�� �i�,� û
��ï@ê[$ t � ·. Hú �<�� �$� �%�4 �i� H� û

� î@ï�ó�ö�í t � ·. ,·.�·��yú �,�� �i�,�!:��%�� i��¡�ª� �,�� �i��¡� û
� ü ê¥ï-ê�¨�ï�ó�ö�ùiê4íJôBýiê4ï�`�� � � ü ì�íuì×íuó�öHì×ö%«�ö�ìÚî@ê>í@ê�îÕôiÿ{ò�êw�
��ê4ö�ò�ê¥ö�ñ�ì×ê4í�þ�ð�î{ô�ÿ(ñ�ôIð�ï-í@ênôiö�õ×ø\«�ö�ì°î-ê¥õ×ø¼ë¬ó�ö6øyëËó�î0î-ê¥ï�ÿ ôIï

R



Á/®�§B©0£¥¦°§I¶[¢�§B©:®4² �f´3´�¢-¤:È�®4³3§6«
¯�®4§4¹<³I§3¯-©�¦¨º�¢F½�³I¢-¤�¦¨¢�ª ÖcÃ � ���
¿�
4Å�µ�½B³3¢@¤�¦°¢-ª ÖcÃ ��������®4¤
¯�®¥¤�®�±¨±°£¥¤ÉÊ
	iÆ �
³3§I¦¨®�§3ª(®¥²"¯�®�§¥¹-Æ3½B³3¢-¤�¦¨¢�ª �� $ � �����
³3§I¦¨®�§3ª(®¥²:¿�
���� Å�µ�½B³3¢-¤�¦¨¢�ª �
³3§I¦¨®�§3ª(®¥²:¿�
�� Å�µ�½�³I¢-¤�¦¨¢�ª �
³3§I¦¨®�§3ª(®¥²:¿�� � Å�µ�½�³I¢-¤�¦¨¢�ª �
³3§I¦¨®�§3ª(®¥²:¿�
�� ��� � ��� Å�µ�½B³3¢-¤�¦¨¢�ª �  $ ©�I¢�®4¤�¢�¶�	iÆ �
³3§I¦¨®�§3ª(®¥²;¡ ½B³3¢-¤�¦¨¢�ª �
³3§I¦¨®�§3ª(®¥²��¼½B³I¢-¤�¦¨¢�ª �
³3§I¦¨®�§3ª(®¥²8Á/ÂcÃ8Äcª Ð"ÑFÃ8ÒIÃ�Ó
Á�Ð ������Ô����

Á/®4§B©0£4¦¨§3¶[¢�§B©:®¥² ��® Î ¢-¤
È�®�³I§6«
¯-®�§4¹�³3§I¯-©�¦¨º�¢X½B³3¢-¤�¦¨¢�ª ÖcÃ � ���
¿�
¥Å�µ�½�³I¢-¤�¦¨¢�ª �
³I§3¦¨®�§Iª:®4²;¯�®4§4¹@Æ�½B³3¢-¤�¦¨¢�ª �  $ � �����
¿�
8�6� Å�µ�½B³I¢-¤�¦¨¢�ª �  $ ¤�¢-¶`£¥¤����iÆ��
¿�
8� Å�µ�½B³3¢@¤�¦°¢-ª �� $ ©�I¢�®4¤�¢-¶! �Æ��
¿�� � Å�µ�½B³3¢@¤�¦°¢-ª �� $ ©�I¢�®4¤�¢-¶! �Æ��
¿�
8� � � � �	� Å�µ�½B³3¢@¤�¦°¢-ª � � �
¡ ½B³I¢-¤�¦¨¢�ª Ã8ÒIÃ�Ó
Á�Ð ©�I¢�®4¤�¢-¶! �Æ �
�¼½B³3¢-¤�¦¨¢�ª Ð"ÑFÃ8ÒIÃ�Ó
Á�Ð � ���d£4§3«J¤�¢�¶`£�¤����iÆ �
Á/ÂfÃ8Äcª �

& ìÚùIð�ï-ê M � *��,�dê¥ï#ó�ö�òyõÚô5�cê¥ïFþdôið�ö�ò�íFÿ ôiïXñ¥ôiö3î-óiìÚö�ëuê4ö3î

óyùiì×ýiê¥öÞò�óBî�ó�þ�óIí0ê��"÷3ð�ê¥ï-ø!�;ôIïnò�ê��dê¥ö�ò�ê4ö�ñ�ø�� ��fXê4ï@ê �fêËí@ê¥ê
ü ô5�º�cê#ð�í0ê��
�6�fê��cóiö3î
î ü ênñ ü óií@ê���ìÚî ü ��ï@ê[$ t �(î-ôuó!�,��õ×øôiö�õÚø¬î-ô¬ýBó�ï-ì×óiþ�õÚê�í� >î ü ó�î{ó�ï-ênóiõÚï-ê4óIò�ø#��ï-ê4í@ê¥ö3î	�

$�>2@�E%G#"ZF2@NJM@D/AF2@D/ f 14@DI5j óiï@êuôiþ�î-ó�ì×ö�ê�òÀþ6øÌï@ê	��õ�óiñ�ì×ö�ù
����ì°î ü ¨'tEì×ö E t ó�þdôBýiê!�
� ü ê>ì×ö3î@ê¥ö3î-ìÚôIö¾þdê ü ìÚö�ò¸î ü ê4í@êÀò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�íËì×í¬î@ôÍö�ó�ï��ï-ô5��î ü êÍùIó!��þdê�î��cê¥ê¥öàî ü êÞí@ê¥ëËì�í�î-ï@ð�ñ�î@ð�ï-ê4ò_ëËê4ó�ö�ìÚö�ù¾ô�ÿ

î ü ê &nõ×ê¥ê4ö�êÞí0î-óiï�óiö�òoî ü êÍó�ï-þ�ì°î�ó�ï-øßìÚö3î@ê4ï���ï@ê¥î-óBî-ìÚôIöoî ü óBî
ñ�ôIð�õ�òyþdê[ùiì×ýiê4ö¼î-ôËî ü êJï@ê4õ×ó�î@ì×ôiö�óiõ�í-ñ ü ê4ëËó=`6�'^�N R � � ê`ñ4ó�ö
óií-í@ô6ñ¥ì×ó�î@êFò�ì×ï@ê�ñ?î@õ×ø`î-ônê4óiñ ü í@ê¥ëËì×í0î@ï-ð�ñ�î@ð�ï-ê4òuò�óBî�ó�þ�óIí0ê�óEï-êw�
õ�óBî@ì×ôiö�ó�õ�`6�'^�N R �<ì×ö�í�î�ó�ö�ñ¥êEî ü ó�î{í@ó�î@ì�í�«�ê�í E t � E G " ��ñ¥óiõÚõ"ìÚî{ó
E t � E G#"w��ì×ö�í0î-óiö�ñ�êo��� Lcð�îJî ü ì�í���ì×õÚõcö�ô�îuñ�ôBýiê4ï E t � E G#"w�
ì×ö�í�î�ó�ö�ñ¥ê4í`ñ¥ôiö3î-óiìÚö�ìÚö�ù���ó�ì×ï-ínôiÿ�ò�ì×í0î@ì×ö�ñ?îÕö�ô�ò�ê4í+� ü ì×ñ ü óiï@ê
ö�ôiîÌñ¥ôiö�ö�ê4ñ?î-ê4ò_þ3øàó�ö6øº��óBî ü ��ìÚî ü õ�ó�þdê¥õ�í¼ÿ ï-ôië `�� ){ÿ
ñ�ôIð�ï�í0ê��EìÚîÀì�íÌö�ô�îX��ô3í@í@ìÚþ�õÚêÞî@ô�ñ¥õÚô3í0êÍî ü êHùIó!�Ûî ü ì�í��Fó�ø!�
í@ìÚö�ñ¥êXî-ï-óiö�í0ìÚî@ì×ýiê#ñ�õ×ôIí@ð�ï@ê#ì×ífö�ôiî$«�ï�í�î���ôIï-ò�ê¥ï
ò�ê�«�ö�óiþ�õÚê��6�<îcì�í
î ü ê¥ï-ê�ÿ ôiï-ê`ï-ê¥ë¬ó�ï� Bó�þ�õ×ê[î ü óBîb«�ï�í�î���ôIï-ò�ê4ïXï-ê4óií@ôiö�ìÚö�ùRí@ð'&Rñ�ê�í
ÿ ôiïní@ôiëËêJôiÿ:î ü êËí@ê¥ëËì×í0î@ï-ð�ñ�î@ð�ï-ê4òÌõ�ó�ö�ùið�óiùiê[ÿ ï�ó�ùIëuê4ö3î-í��cê
ñ�ôIö�í@ì×ò�ê4ï�ìÚöyî ü ì×í���ó��dê¥ï��
D i 4B4 ^ @NJM@D/AF2@D/ f 14@DIkO ��ê4õ×ó�î@ì×ôiö�óiõEò�ê	��ê4ö�ò�ê4ö�ñ�ì×ê4í
�9P��

ó�ö�ò � � � í���R¡�:ó�ï-êFñ4ó�õ×õÚê�ò � G%RMR � ü ê¥öËî ü ê¥ø¬ò�ô[ö�ô�î ü ó�ýIê�êw(;�
ì�í�î-ê¥ö3î@ì�ó�õ×õÚø¬÷3ð�óiöIî-ì8«�ê4ò¬ýBó�ï-ì�ó�þ�õ×ê4í	���Éö¼î ü êEñ¥óií@êXôiÿ � ����� � í
ÿ ð�õ×õÚö�ê4í`ëÕð�í0îÕþdêRëËôiï-êRñ�ôië���õ×ì�ñ¥óBî-ê4òÍþdê4ñ4ó�ð�í@êRñ�ôIö�ñ¥ó�î@ê¥ö�ó5�
î@ì×ôiö*ìÚöÌï-ê¥ùIð�õ×óiïXêw(%��ï-ê4í-í@ìÚôIö�í�ì×öIî-ï@ô�ò�ð�ñ�ê4í#ó�öÌì×ë���õÚì�ñ�ìÚînêw(�ì×í=�
î@ê4ö3î@ì�ó�õ'�?fXê¥ï-ê��fêEî�ó� iê[óuýiê4ï@øyí0ì×ë���õÚê`ó!�,��ï-ôIóIñ ü �
��ê�î AHþdêÀó�ö �'�%i i�¨Qtoiou � �<ò�ê	��ê4ö�ò�ê4ö�ñ�ø¾ó�ö�ò¾õ×ê�î C �BA¡�Ëþdê

î ü ê#í@ê�îfôiÿ � � � ífì×öIî-ô�� ü ì�ñ ü AJî@ï�ó�ö�í@õ�óBî@ê�í�� � êEí-ó�ø`î ü óBî�A
ì�í�ó � G%RMR �!N T,N�C.��NwC A%rnìÚÿ/ê�óiñ ü � � � ì×ö C �CA;�Fì×ícÿ ð�õÚõ'�

$ % ç'&(&U�[�*) å,+.- YX��ç'/����
ln8:/�6?-014/2CE@D/�6Z<�8:);E�GIH�iA@N)�14@DI5O � ê¬í@ð�ëËëËóiï@ì9�¥êuì×öX«�ù��
ð�ï-ê M ôið�ï/ö�ê	�Ýï@ê�í0ð�õ°î�í�ôIö`î ü êcñ¥ôië���õ×êw(�ì°î�ønôiÿ�ò�ê4ñ¥ì×ò�ìÚö�ùnñ�ôIö%�
î-óiìÚö�ëuê4ö3î#ÿ ôIïn÷3ð�ê4ï@ì×ê4í#ì×öÀî ü êÕýBó�ï-ì×ôið�í{ÿ ï-óiùiëËê¥ö3î�í��H��ð�î@î@ì×ö�ù
î ü ê¥ë ì×ö�î ü ê`ñ¥ôiö3î@ê�(6îFôiÿ  6ö�ô5��ö�ï-ê4í@ð�õ°î�í��

� ü êRð,�E��ê4ï`þ�ôIð�ö�ò�íÕó�ï-êËÿ ôiïJñ¥ôiö3î-óiìÚö�ëuê4ö3î`ô�ÿ�ð�ö�ì×ôiö�í`ô�ÿE �<÷3ð�ê4ï@ì×ê4í	����ì°î ü î ü êbï@ê4ë¬ó�ï� �óiþ�õ×ê�ê�(�ñ�ê���î@ì×ôiöoô�ÿ[î ü ê��Q���Q�
ÿ ï-óiùiëËê¥ö3î(ÿ ôiï$� ü ì×ñ ü ñ¥ôiö3î-óiìÚö�ëuê4ö3î:ô�ÿª�'��� �<÷3ð�ê4ï@ì×ê4í:ì×í(ì×ö 9 �6�
��ð�í�înõ×ì IêJñ�ôIöIî�ó�ì×ö�ëËê¥ö3î#ôiÿ
ñ�ôIö���ð�ö�ñ�î@ì×ýiêÕ÷3ð�ê4ï@ì×ê4í	� � ü ì�í��cóIíó�õ×ï@ê�óiò�ø�í ü ô5��öÌì×ö ú MiM?û ���Ìôiî@ì×ý�ó�î@ê�òÌþ6ø¼î ü êÕí0î@ð�ò�øyôiÿ
ñ�ôiö,�
î-ó�ì×ö�ëËê¥ö3î G C.��NwOu�!N T,N�C.��NwC AwJYNwZ���î ü ê#ö�ê���î@ê4ñ ü ö�ì×÷3ð�ê#ìÚö3î-ï@ô!�
ò�ð�ñ�ê�ò ü ê¥ï-êXï-ê���ï-ôBýiê�í���óiõÚôIö�ùnî ü ê��có�ø���î ü ì×í 9 �Hþdôið�ö�ò��6í0ê4ê
ñ�ôiï-ôiõ×õ�ó�ï-ø=R � PE�10
)#ð�ï[ö�ê	� ð,�,�dê¥ïJþ�ôIð�ö�òÞï@ê�í0ð�õ°î[ì�íEî ü ó�îJñ�ôiö3î�ó�ì×ö�ëËê¥ö3î[ô�ÿ

ð�ö�ì×ôiö�í[ôiÿ��'�;i i�¨'t�i�u �Q�É÷3ð�ê¥ï-ì×ê4ínì�í[ìÚö3254 � � î ü ê4ôiï-ê¥ë R � �¡�����<î
ñ¥ó�öÌþdêJí@ê¥ê4ö>ÿ ï@ôIë î ü êJõ×ô5�fê4ï�þ�ôIð�ö�ò�íXî-óiþ�õÚêJî ü ó�îXî ü ì×í{ì×í#ó
î@ì×ù ü îXþ�ôIð�ö�ò��
� ê ü ó�ýiê�î-ï@ì×ê4ò[î@ô#í0î-ó�î@ê:ôIð�ï�õ×ô5�cê¥ï"þdôið�ö�ò[ï@ê�í0ð�õ°î�í"ì×ö[î ü ê4ìÚï

í�î-ï@ôIö�ùiê�í�î�ÿ ôIï@ë*��ÿ ôIï E �É÷3ð�ê¥ï-ìÚê�í�ï�óBî ü ê¥ï�î ü ó�öÌð�ö�ìÚôIö�íXôiÿ E �
÷Ið�ê¥ï-ìÚê�í����<î#ì�íXö�ô�î#í@ð,��ï-ì×í@ì×ö�ù¬î@ôyí0ê4êJó6274 � õÚô5�cê¥ï{þ�ôIð�ö�òÌì×ö
î ü êc��ï-ê4í@ê¥ö�ñ¥ê
ô�ÿ6u � � ü ì�í/ò�ô3ê�í�ö�ô�î/ÿ ôiõ×õÚô5�Ýò�ì×ï-ê4ñ?î-õÚøEÿ ï-ôië ú 2�P û
þ�ð�î��cê ü ó�ýiê
md@DCE-')8,98"O!/;: U,N1254 � DKU S O���CHNwZ�Z_THO�B�B.��JMC=<?>�@BA �wB5O�IMUEN R B 2 N�O
a B G C.�\B�CXA�B5C I S JMCgb#NwC I�B.� G CEJYB�C,Z�B.�+A�B5C F�G CHA�IKJML5N�W G NwO�JYNwZ
A S C a N S � S THI Nc��IQB A�B5CEI S JMC:b�N�CEI#B.� E D=W G N�O�JYN�Z�T O�B5L�J4�!Nc�
IMU S I E JMC A R8G �!NwZ"u 5
�<î#ì�í#í@ð,��ï-ì�í0ì×ö�ù ü ô5�cê¥ýIê¥ï�� ü ó�î ü ó!�,�dê¥ö�í#ìÚöÀî ü êuó�þ�í@ê¥ö�ñ¥ê

ô�ÿ u8� � ü ìÚõ×êcñ¥ôiö3î-óiìÚö�ëuê4ö3î8ô�ÿ �'��� �<÷3ð�ê4ï@ì×ê4í�ì×í/ì×ö 9 �6���cêfí ü ô5�
ìÚöbî ü ê4ôiï-ê¥ë T,� M î ü ó�î[ñ¥ôiö3î-óiìÚö�ëuê4ö3îEôiÿ��Y¨Qt�� �<÷3ð�ê4ï@ì×ê4í#ì×íC254 � �
ü ó�ï�ò��4�Ìôiï-ê¥ôBýIê¥ïJóbí0ì×ë���õÚê�ýBó�ï-ì×ó�î@ì×ôiöHôiÿXî ü ê>í-ó�ëËê ��ï-ô6ô�ÿ
ó��,��õ×ì×ê4í#î@ô�î ü ê*�Q�;i � ��ÿ ï�ó�ùIëËê¥ö3î	� � ü ê¥ï-ê�ÿ ôiï-ê!���cê"«�ö�ò*î ü ó�îî ü ê�ì×ö�ñ�ï-ê4óIí0êFì×ö¬ñ�ôië���õ×êw(�ìÚî�øJò�ô6ê4í:ö�ô�î
í0î@ê4ë ÿ ï-ôië î ü êXëËê¥ï-ê
��ï@ê�í0ê4ö�ñ�êJô�ÿ(î ü ê &nõ×ê¥ê¥ö�êJí�î�ó�ï#ìÚöÌî ü êÕ÷3ð�ê4ï@ø���þ�ð�î{ÿ ï-ôië î ü ê
JMCEI NwO S AwI'JYB5C¬þdê�î��cê¥ê4ö�¨/óiö�ò£¨'tEôIïcþdê�î��cê¥ê4ö ó�ö�ò t��
3pëuôIï@êËõ×ìÚþdê¥ï�ó�õ�ö�ê�í�î-ìÚö�ù�ôiÿfï-ê¥ùIð�õ×óiï#ê�(%��ï@ê�í@í@ì×ôiö�í���ì°î ü ì×ö

î ü ê &nõÚê4ê¥ö�êËí0î-ó�ïEì×ö�ñ�ï-ê4óIí0ê�í{ñ�ôIë���õÚê�(�ì°î�ø��+�<ÿ$�fêËó�õ×õ×ô5� ñ�ôiö,�
ñ¥óBî-ê¥ö�ó�î@ì×ôiönì×ö�í0ì�ò�ê�î ü ê &nõ×ê¥ê¥ö�ê:í�î�ó�ï����cê(ùiê�î;î ü ê � ��ÿ ï-óiùiëËê¥ö3î��
DFE2  �9�,�s�,�s�#���"�?�©�,�c�HG��s�,�9�{�,���.� �g��¢?£? {��G!� �9��  ®#�,���9��Is�9�,� ¨ ���c�KJ����[��s�7���c�{�,���*�%®H�c�?�,�{�,�5L4�,�9� ���� ¡�c���� {� �c�,�
G��s�MG!�����������9�{�s�d�{� �!�c���{  ®�9���!�����#®7�{�� {���?�#���,£?���{�����ONPG��s�%���c�{��J��!�%�"�{� �9�9�{ { N�{��«�Q0¯

T



Á/®�§B©0£¥¦°§I¶[¢�§B©:®4² �f§6«i¢-¤ Î 3£¥©¯-®�§3ª<©É¤0£¥¦¨§�©�ª �
¢-¯�¦°«3£4ÈI±¨¢��

¯�®4§4¹<³I§3¯-©�¦¨º�¢F½�³I¢-¤�¦¨¢�ª ²×³3±¨± ¤�¢�±°£�©�¦°®4§6£¥±
«i¢�´�¢�§3«I¢�§I¯�¦¨¢�ª

�FÐ/ÒR¿ � ����Å

³3§I¦¨®�§3ª:®¥²"¯�®�§¥¹<³3§I¯-©�¦¨º�¢
½B³3¢-¤�¦¨¢�ª

²×³3±¨±
�
Ð
�
ª �FÐ/ÒR¿�©�3¢�®¥µ

¤�¢�¶ ÓXÆ ��Å
³3§I¦¨®�§3ª ®4² ¿�
��	� Å�µ
½B³3¢-¤�¦¨¢�ª

²×³3±¨±/¿�
8��� Å�µ�«I¢�´Iª�Æ �FÐ/ÒR¿�©�3¢�®¥µ
¤�¢�¶ ��Æ���Å

³3§I¦¨®�§3ª ®4² ¿�
8� Å�µ
½B³3¢-¤�¦¨¢�ª

²×³3±¨±��
µ�«I¢�´Iª�Æ �FÐ/ÒR¿�©�3¢�®¥µ
¤�¢�¶ ��Æ ��Å

¿�
�� Å�µ�½B³3¢-¤ÉÊo¦¨§_³3§I¦°®4§
®4²�¿�
�� Å�µ�½B³I¢-¤�¦¨¢�ª

²×³3±¨±
�
Ð
�
ªH®�º�¢-¤

ªÉ´�¢-¯�¦°£4±d¶[®�«i¢�±¨ª
ÖFØ ¿�©�3¢�®¥µ
¤�¢�¶ ��Æ ��Å

¿�� � Å�µ�½B³3¢-¤ÉÊ#¦¨§[³3§3¦¨®4§[®4²
¿�� � Å�µ�½B³3¢-¤�¦¨¢�ª

²×³3±¨±
�
Ð
�
ª ÖFØ ¿�©�3¢�®¥µ

¤�¢�¶ ��Æ 	BÅ
& ì×ùið�ï-ê�2%�?��ê�í0ð�õ°î�íFÿ ôiïXñ¥ôiö3î-óiìÚö�ëËê4öIî�ð�ö�ò�ê¥ïXò�ê	��ê4ö�ò�ê4ö�ñ�ì×ê4í

ÿ ôiï£� ü ì�ñ ü �cêÞí ü ô5�Pì×ö_î ü ê¥ôIï@ê4ë T%�}2Ýó �fé%��3�>c� õÚô5�cê¥ï
þdôið�ö�ò�ôiö�ñ�ôIö3î-ó�ì×ö�ëËê¥ö3î�� � êÞò�ôiö! î� 6ö�ô5� � ë¬óiìÚö�õ×øßþ�ê��
ñ¥óið�í@êXô�ÿ�ò�ì&Rñ�ð�õÚî@ì×ê4í���ìÚî ü ó`ï@ê4õ×ó�î@ì×ôiö�óiõ�î@ï�ó�ö�í@õ�óBî@ì×ôiöH��ì°ÿ�î ü ì�í
þdôið�ö�òÍì�ínî-ìÚù ü î��6� ü ì×ñ ü ì�í�� ü ø0�cê#��ð�îuóÀ÷3ð�ê4í0î@ì×ôiöÍë¬ó�ï� 
ì×ö¼î ü ê[ñ�ôiï-ï-ê4í���ôIö�ò�ì×ö�ù`ð,�,�dê¥ï�þdôið�ö�ò¼ê4ö3î@ï-ø!�6�<ÿ8ì×ö�óIò�ò�ìÚî@ì×ôiö
�cênóiõÚõ×ô5�àò�ì×í4��ð�ö�ñ�î@ì×ôiö���ìÚî ü ì×ö�î ü ê�&nõ×ê¥ê4ö�ê`í�î�ó�ï��%�fênôIþ�î-óiìÚö
î ü ê " ��ÿ ï�ó�ùIëËê¥ö3îc� ü ì×ñ ü ì�í�óiíFþ�óIò�óIícùiê¥ö�ê¥ï�ó�õ7>c�c�b�{í��
md@DCE-0)-, 8 O�. : U,N ����`%7,`��"]��cDKU S O��5C N�Z�Z�T O�B	B��?JMC <	� A S T D
T R JYN�Z�I B A�B5C I S JMCgb#NwC IcB���
�D=W G NwO�JYNwZ65
ln8./�67-019/ACE@D/�6 i2/AF2@N) F2@5J @N/2F2@N/ f 19@DIkO � ü êHñ ü óIí0êî@ê�ñ ü ö�ì�÷3ð�ênìÚöÌñ�õ�óií-í@ì×ñ4ó�õ�ï@ê4õ×ó�î@ì×ôiö�óiõdî ü ê4ôiï-øRùiì×ýiê�ífð�ícî ü ê`ò�ê��

ñ�ì�ò�óiþ�ìÚõ×ìÚî�øÀô�ÿfñ¥ôiö3î-óiìÚö�ëuê4ö3înôiÿfñ�ôIö���ð�ö�ñ�î@ì×ýiê¬÷3ð�ê¥ï-ì×ê4íEð�ö�ò�ê4ï
ÿ ð�õ×õ/ò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4íuú 2 û � � ê�ñ�ì�ò�ó�þ�ìÚõ×ì°î�ø>ê�(3î-ê¥ö�ò�í{í0î@ï�ó�ì×ù ü î0ÿ ôIï=�
�Fó�ï�ò�õÚøuî-ôÕñ�ôIö3î-ó�ì×ö�ëËê¥ö3îFô�ÿ�ð�ö�ìÚôIö�ífô�ÿ8ñ¥ôiö���ð�ö�ñ?î@ì×ýiên÷3ð�ê¥ï-ì×ê4í
ð�ö�ò�ê¥ïFÿ ð�õ×õ � � � í��Aî ü ê¥ôIï@ê4ë.3��}2!�w�
� ü ì�í�ö�ì�ñ�ê`í@ìÚî@ð�ó�î@ì×ôiö�ÿ ôiïXï-ê¥õ�óBî-ìÚôIö�ó�õ�õ�ó�ö�ùIð�ó�ùIê4í�ñ¥ôiö3î@ï�óií0î-í

��ìÚî ü î ü ê
í0ìÚî@ð�óBî@ì×ôiöEÿ ôIï�í0ê4ëËì×í0î@ï-ð�ñ?î-ð�ï-ê4òEõ×óiö�ùið�ó�ùiê�í��4óií"í@ð�ë �
ë¬ó�ï-ì�4ê4ònì×ö�«�ùið�ï@êMPE� � ü ê
ùiê¥ö�ê¥ï�ó�õ���ï-ôiþ�õÚê4ëÛí0î@ð�ò�ìÚê�ò[ì×í/ñ�ôIö%�î-óiìÚö�ëuê4ö3î�ô�ÿ6ð�ö�ì×ôiö�í"ô�ÿ E �<÷3ð�ê4ï@ì×ê4í;ð�ö�ò�ê¥ï"ÿ ð�õÚõ E �<ò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4í	�
�<î/î@ð�ï-ö�í8ôið�î/î ü ó�î/ê4ýiê4öJñ�ôIöIî�ó�ì×ö�ëËê¥ö3î8ôiÿ7�Y¨Qtw� �<÷3ð�ê4ï@ì×ê4í8ð�ö�ò�ê4ï
��ð�í0î�ÿ ð�õ×õ � � � íXì×í�ð�ö�ò�ê4ñ¥ì×ò�ó�þ�õ×ê#�Aî ü ê¥ôiï-ê¥ë e,� R¡�w�
� ü ê4ï@êÌì�íRí@ôiëËêÌùiô6ô�ò¾ö�ê��Xí	��óií¬ôIð�ï¬î-ê4ñ ü ö�ì�÷3ð�ê*ñ4ó�ï-ï@ì×ê4íî ü ï@ôIð�ù ü ì×ö�î ü ê¥ôIï@ê4ëmeE� M î-ô���ï-ôBýiêÀò�ê4ñ�ì�ò�óiþ�ìÚõ×ìÚî�ø¸ÿ ôIï¼î ü ê

�'�%i�u �Q��ÿ ï-óiùiëËê¥ö3î��
� ê[õÚê�ó�ýiênô!�dê¥ö�î ü ê[ùiê4ö�ê¥ï�ó�õ���ï-ôiþ�õÚê4ë ñ�ôIï@ï-ê4í���ôIö�ò�ì×ö�ùÕî@ô

î ü ê-�Q�;i ���nþ�ð�î��cê ü ó�ýiêbî��fô ��ó�ï@î@ì�ó�õnï-ê4í@ð�õÚî-í�î ü óBîÀí0ð�ù��
ùiê�í�îFî ü óBî�î ü ê+��ï-ôiþ�õ×ê¥ë ëËì×ù ü î�þ�ê`ñ¥ôië���õ×ì×ñ4óBî-ê4ò�� � ê`í ü ô5�
ò�ê�ñ�ì�ò�ó�þ�ì×õ×ì°î�ø¸ìÚö¾î ü ê*ñ¥óIí0ê>ô�ÿ`óÞï-ê4í0î@ï-ì×ñ�î@ê4òßñ¥õ×óIí@íËôiÿ��Q�;i � �
ò�ê	��ê4ö�ò�ê¥ö�ñ�ì×ê4í	�:î ü óBî��fê>ñ¥óiõÚõ���%�!N TENwC��!N�CHA�JYN�Z*��ò�ê�«�ö�ìÚî@ì×ôiö
ì×ößí@ê4ñ�î@ì×ôiö-e��w�¸3Xö�ò �cê>í ü ô5� G CIò�ê�ñ�ì�ò�ó�þ�ì×õ×ì°î�ø
��ìÚî ü ��ð�í0î
� � � í{ì×öÀî ü êÕñ4óií@ê`ô�ÿ
óyñ�õ�óií-íXô�ÿ�Z'TEN�AwJ S�R b�B?�!N R Z���óiõ×í@ô¼ò�ê��
«�ö�ê�ò�ìÚöÌí@ê4ñ?î-ìÚôIö£e¡���
�ÉöÕôið�ï/î��cô{ð�ö�ò�ê4ñ�ì�ò�óiþ�ìÚõ×ìÚî�ø���ï-ô3ôiÿ�í��c��ð�í�î�õÚì9 iêcì×öJî ü ê���ï@ô6ôiÿ

ô�ÿ�î ü ê4ôiï-ê¥ëxT%� M �;�cê{ë¬ó� Iê{ê4í-í@ê¥ö3î@ì�ó�õdð�í@ê#ôiÿ�ô�ÿ"î ü ê JMCEI NwO S AwD

IKJYB�C¬þ�ê¥î��fê4ê¥ö*¨(ó�ö�ò£¨'t#ôIï�þ�ê¥î��fê4ê¥ö óiö�ò t!�
md@�(H)�1�6719/A+ (*1�6?>���14@�(*I i2/2FA@N) ^ @5J @N/2F2@N/ f 19@DIkO �Eì×ýiê¥ö

ó[í0ê¥îc²Ûô�ÿ;ý6ìÚê	�Xí��3ó[í0ê¥î  ô�ÿ;ò�ê	��ê4ö�ò�ê¥ö�ñ�ì×ê4í:ê�(%��ï@ê�í@í@ì×ö�ùnìÚö%�
î@ê¥ùIï@ìÚî�øÝñ�ôIö�í0î@ï�ó�ì×öIî�í��:óiö�ò óÍ÷3ð�ê4ï@ø<g����fê>ó�ï-ê¼ì×ö3î@ê¥ï-ê4í0î@ê�ò
ìÚö4«�ö�ò�ìÚö�ù �0ï-ê���ï-ì°î-ìÚö�ù3í8�*g � � ü ì×ñ ü ëËê¥ö3î@ì×ôiöHí@ôiëËê¬ô�ÿcî ü ê
ý3ì×ê��Xí�� þ�ð�îyë¬ó�øoí�î-ìÚõ×õnñ�ôiö3î�ó�ì×öoõ×óiþ�ê4õ×í¼ÿ ï@ôIë�g��Ró�ö�ò�ó�ï-ê
N�� S A�I R r#ê�÷3ð�ìÚýBóiõÚê4öIî�î-ô\g��
� ê�ò�ôÀö�ôiîuí0î@ð�ò�ø*î ü ì×í"��ï-ôiþ�õ×ê¥ëwì×öÝì°î�í[ÿ ð�õ×õcùiê¥ö�ê¥ï�ó�õ×ì°î�ø��

þ�ð�î*ï�óBî ü ê¥ï��cêHõÚô6ô� àóBîÀê�(6î@ê¥ö�ò�ìÚö�ùßî@ô�í@ôiëËêHô�ÿuî ü ê E �
ÿ ï-óiùiëËê¥ö3î-íXî ü ê*A�U S Z�N�� a�S A���A�U S Z�N0[�]�� 0 d[óiõÚùIôiï-ì°î ü ëzî ü ó�î
�fêXì×ö3î@ï-ô�ò�ð�ñ�ê�òuìÚöÀú 1 û � � ü ì×í
ó�õ×ùiôiï-ìÚî ü ëhï@ê4õÚì×ê4í(ôIöËî ü ê#ñ ü óií@ê
��ì°î ü ò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4í	�º�Éößý6ìÚê	�zôiÿ{î ü êÌð�ö�ò�ê�ñ�ì�ò�ó�þ�ì×õ×ì°î�ø¸ï@ê��
í0ð�õÚî-í��fê ü ó�ýIênôiþ�î�ó�ì×ö�ê4ò¼ÿ ôiïXôiî ü ê4ï E ��ÿ ï�ó�ùIëËê¥ö3î-í	�%�fê ü ó�ýIê
ü ó�ýiêyõÚô6ô! Iê4òHó�îuï-ê���ï-ì°î-ìÚö�ù0��ìÚî ü ý6ì×ê��XíÕôiö�õ×øÍÿ ôiïÕî ü ê��Q���Q�
ó�ö�ò4�'�%i�u �Q��ÿ ï-óiùiëËê¥ö3î�í��
�ÉöHî ü ê¥ôiï-ê¥ë U;� M �cê¼í ü ô5� î ü óBî*� ê4í-í@ê¥ö3î@ì�ó�õ×õÚø,�Eî ü ê*>c/ L

ó�õ×ùiôiï-ìÚî ü ë ì�í:ñ¥ôië���õ×ê�î@êXÿ ôiï�î ü ê��'�!�Q��ÿ ï-óiùiëËê¥ö3î	�iìÚöËî ü ê{í@ê¥ö�í@ê
î ü ó�î
ì°î$«�ö�ò�ífó�õ×õ�ï-ê���ï-ì°î-ìÚö�ù3í�î ü óBîfóiï@êub JMCEJ�b S5R ì×öRó+��ï-ê4ñ¥ì×í@ê
í0ê4ö�í0ê��
& ôIïJî ü ê��Q�;iou � ��ÿ ï�ó�ùIëuê4ö3î��fê�êw(6î-ê¥ö�òÝî ü ê�ôiï-ìÚùIìÚö�ó�õ�>c/ L

ó�õ×ùiôiï-ìÚî ü ë î-ônóIñ¥ñ¥ôið�ö3î�ÿ ôiï(ò�ì�í���ð�ö�ñ?î-ìÚôIö_�Ióiö�ò��cê���ï-ôBýiêfî ü ó�î
î ü ì�í�êw(6î-ê¥ö�ò�ê�ò�ýiê¥ï�í@ìÚôIö¼ì�í�ó�õ�í0ô¬ñ�ôIë���õÚê¥î@ê��
md@ 44-067@DF (p8:)-,©O ��ê¥ï ü ó���íEî ü êRñ�õ×ôIí@ê4í0î`ì×öÍí���ì×ï@ìÚî`ì�íRú R û �

� ü ì×ñ ü ùIìÚýIê4í(ó�ö#�$��� � ���0�ª�Éñ�ôië���õ×ê�î-êcò�ê4ñ�ì�í@ìÚôIö ��ï@ô�ñ�ê�ò�ð�ï-êÿ ôiïfñ¥ôiö3î-óiìÚö�ëuê4ö3î
ô�ÿ�÷3ð�ê4ï@ì×ê4ífó�ö�ò¬ñ¥ôiö�í0î@ï�ó�ì×ö3î-í(ê�(;��ï@ê�í@í@ê4òËì×ö
óÀò�ì	dê4ï@ê4öIîJÿ ï-óiùiëËê¥ö3î`ô�ÿ�>c�����Eí�� � ü ì�ñ ü ñ�ôIï@ï-ê4í���ôIö�ò�íEî-ô
ò�ê4í-ñ�ï-ì��î@ì×ôiößõÚôIùiì�ñ¥í	� � ü ì�í¬ÿ ï�ó�ùIëuê4ö3î¬óiõÚõ×ô5�Xí¬ð�ö�ï@ê�í�î-ï@ì�ñ?î-ê4òï@ê4ùið�õ�ó�ï[ê�(;��ï@ê�í@í@ìÚôIö�ínì×öÍî ü ê�ñ�ôiö���ð�ö�ñ?î�í��/þ�ð�îuï@ê�í�î-ï@ì�ñ?î�ínî ü ê
í ü ó!��êcô�ÿ�î ü ê�÷3ð�ê4ï@ønùiï�ó�� ü �Aî ü ð�í�þ�ê4ìÚö�ù#ì×ö�ñ�ôIë���óBî-ìÚþ�õ×ê���ì°î ü
ôið�ïuñ�õ�óií-í0ì«�ñ¥ó�î@ì×ôiö
��ï-ì×ö�ñ�ì9��õ×êRÿ ôiïu÷3ð�ê¥ï-ø*ÿ ï�ó�ùIëËê¥ö3î-í���� � ü êñ�ôiï-ï-ê4í���ôIö�ò�ì×ö�ùyò�ê	��ê4ö�ò�ê4ö�ñ�ì×ê4í[óiõÚõ×ô5� ð�ö�ï-ê4í0î@ï-ì�ñ?î@ê�òÀï-ê¥ùIð�õ×óiï
��óBî ü êw(%��ï-ê4í-í@ìÚôIö�í{óiö�òÌê¥ýIê¥ö*ñ4ó�ï�ò�ì×ö�ó�õ×ì°î�ø>ñ�ôIö�í0î@ï�ó�ì×öIî�í��dþ�ð�î
ü ó�ýiê[ï-ê4í0î@ï-ì×ñ�î@ê�òÌí ü ó!��êÕó�ö�ò>ì×ö���ó�ï@î@ì�ñ�ð�õ×óiï{ñ¥óiö�ö�ô�î#êw(%��ï-ê4í-í
ÿ ð�ö�ñ?î-ìÚôIö�ó�õ6ò�ê	��ê4ö�ò�ê¥ö�ñ�ì×ê4í	� 3#í8ó{ëËó�î0î-ê¥ï�ôiÿ�ÿ�óiñ�î	��ú M 2 û í ü ô5�Xí
î ü ó�î	�E� ü ê¥öÀóiò�ò�ìÚö�ùËÿ ð�ö�ñ?î-ìÚôIö�ó�õ/ò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�í�î-ôRóËùiê¥ö�ê¥ï��
ó�õ×ì��óBî@ì×ôiö¼ô�ÿ8ò�ê�í@ñ¥ï@ì9��î-ìÚôIöRõÚôIùiì�ñ¥ícñ¥óiõÚõ×ê4òRî ü ê �Eð�ó�ï�ò�ê�ò & ï�ó�ù!�
ëuê4ö3îEôiÿ$«�ï�í�îEôiï�ò�ê¥ïEõ×ôiùiì�ñ��;í-óBî-ì×í=«�ó�þ�ìÚõ×ì°î�ø
��ó�ö�ò ü ê¥ö�ñ�êËñ�ôiö,�
î-ó�ì×ö�ëËê¥ö3î���þ�ê�ñ�ôiëËê�í>ð�ö�ò�ê�ñ�ì�ò�ó�þ�õ×ê!� 9 ôiö�êÍô�ÿuôið�ïÀ÷3ð�ê4ï@ø
ÿ ï-óiùiëËê¥ö3î-íFì�í�ñ�ôIö3î-ó�ì×ö�ê�ò¼ì×öÌò�ê4í-ñ�ï-ì��î@ì×ôiö�õÚôIùiì�ñ¥í	�
� ü êyñ¥õ×óIí@í`ô�ÿ��'�!�Q�É÷3ð�ê¥ï-ìÚê�í��Fóií[ì×ö3î@ï-ô�ò�ð�ñ�ê�òHì×ö_ú MIM?û � ð�ö%�ò�ê¥ï[î ü ê¬ö�óiëuê¬ôiÿ��-í0ì×ë���õ×ê¼é3î@ï-ðH�b���R÷3ð�ê4ï@ì×ê4í&���EóIí[óÌñ�õ�óií-í

ô�ÿ{í@ê¥ëËì×í0î@ï-ð�ñ�î@ð�ï-ê4òÝ÷3ð�ê4ï@ì×ê4íJð�í@ìÚö�ù*î@ï�ó�ö�í@ìÚî@ì×ýiê¼ñ¥õÚô3í0ð�ï-ê¼óiö�ò
� ü ôIí@ê�ñ�ôiö3î�ó�ì×ö�ëËê¥ö3î?��ï-ôiþ�õ×ê¥ë ì�í(ì×ö 9 �6� � ü êXò�ê4ñ¥ì×í@ìÚôIö"��ï@ô!�ñ�ê4ò�ð�ï@ê#�Fóiínþ�óií@ê4òÞôiöHó�öHóið�î@ôIëËó�î-ó���î ü ê¥ôIï@ê¥î@ì�ñÕóiï@ùIð�ëËê¥ö3î
� ü ì×ñ ü �cóIíFó��,��õ×ì�ñ¥ó�þ�õÚê#î@ô\>c���c�Eíc��ìÚî ü ó�ï-þ�ì°î-ï-óiï@øËï-ê¥ùIð�õ×óiï
��óBî ü ê�(%��ï@ê�í@í@ì×ôiö�í	�
ú M �%� M 1 û í�î-ð�ò�øoî ü êHêw(%��ï-ê4í-í0ì×ý6ì°î�øoóiö�òàí-óBî-ì×í=«�óiþ�ìÚõ×ìÚî�øoô�ÿ

÷Ið�ê¥ï-ìÚê�í;ôBýiê4ï�î-ï@ê4ê:í�î-ï@ð�ñ?î@ð�ï@ê�í���ìÚöEÿ ôIï@ë¬ó�õ×ì�í0ë¬í�î ü óBî�óiï@ê(ê�÷Ið�ìÚý¡�
ó�õ×ê¥ö3îJî-ô��*é )"�ª>fõ�óií-í0ê�í`ôiÿXî@ï-ê¥ê�í�î-ï@ð�ñ�î@ð�ï-ê4íuó�ï-êRùIìÚýIê¥ö óIí
ùiï�ó�ëËë¬ó�ï�í���� ü ì×ñ ü ñ¥ó�öyþ�êEý6ìÚê	�fê�òRóiícñ�ôIö�í0î@ï�ó�ì×öIî�í:ôIö¬î ü ê4ìÚï
í�î-ï@ð�ñ�î@ð�ï-ênìÚöÌóuþ�ï-ôIóIò�ê¥ï�í@ê¥ö�í@ê!�
ú T û ùIìÚýIê4í"ó#ñ�ôië���õ×ê�î-ê
ó�õ×ùiôIï@ìÚî ü ë�ÿ ôiï�«�ö�ò�ì×ö�ù#ï@ê	��ï@ìÚî@ì×ö�ùIí"ô�ÿ

ï@ê4ùið�õ�ó�ï?��óBî ü ÷Ið�ê¥ï-ìÚê�í�� ì'� ê!�(í0ì×ö�ùIõÚê��<ñ¥ôiö���ð�ö�ñ?î�>c���c�Eí��6��ì°î ü
ý3ì×ê��Xí/ò�ê�«�ö�ê4òJþ6øEï-ê¥ùIð�õ�ó�ï���óBî ü ÷3ð�ê¥ï-ìÚê�í�� � ü ê���óBî ü êw(%��ï-ê4í=�í0ì×ôiö�í[óiõÚõ×ô5�cê4òÀì×öÞî ü êRñ¥ôiö���ð�ö�ñ?î`ó�ï-êËð�ö�ï-ê4í0î@ï-ì×ñ�î@ê�ò��"þ�ð�î`ö�ô

e



ñ�ôIö�í0î@ï�ó�ì×öIî�í#óiï@êÕî-ó! iê4ö*ì×öIî-ô�óIñ¥ñ¥ôið�ö3î	�"óiö�òbôiö�õ×øÀñ�ôIë ��õÚê¥î@ê
ï-ê���ï-ì°î-ìÚö�ù3í�ó�ï-ênôiþ�î�ó�ì×ö�ê4ò4�Aî ü óBîXì�í	��ï@ê	��ï@ìÚî@ì×ö�ù3íFëuê4ö3î@ì×ôiö�ì×ö�ù
ôiö�õÚøuý6ìÚê	�Xí��w�Fú M e û óIò�ò�ï-ê4í-í0ê�í(î ü ê���ï-ôiþ�õ×ê¥ëpô�ÿ�«�ö�ò�ì×ö�ùÕóiï@þ�ì�
î@ï�ó�ï-ø¼ï-ê���ï-ìÚî@ì×ö�ùIí�ôiÿ(ï@ê�÷Ið�õ×óiï���óBî ü ÷3ð�ê¥ï-ì×ê4í	��ó�ö�òHú M T û ùIìÚýIê4í
ó�ö>ó�õ×ùiôIï@ìÚî ü ëkÿ ôiïcî ü ê[ï-ê¥õ�óBî-ê4ò ��ï@ôIþ�õ×ê¥ëmô�ÿ S CEZ 2 N�O�JMC¡P[ï@ê4ù��
ð�õ�ó�ï���ó�î ü ÷3ð�ê¥ï-ì×ê4ícð�í@ìÚö�ù¬ì×ö�ñ¥ôië���õ×ê�î@êný6ì×ê��Xí	�

� ����� YX��� åÕç ä æÌ�
�'�!� GIH�iA@N)�14@DI5O ��ê4ñ4ó�õ×õ�î ü óBî/ó"�'�!�Q�É÷Ið�ê¥ï-ø{ì�í8ó�>c���c��� ü ô3í0ê
óBî-ôië¬í�ó�õ×õ×ô5�_ôiö�õÚøyï@ê4ùið�õ�ó�ïFêw(%��ï-ê4í-í@ìÚôIö�ícþ�ð�ì×õ°îXÿ ï-ôië õ×óiþ�ê4õ×í	�
�;�Fó�ö�ò î ü ê¥ì×ï¼ñ¥ôiö�ñ4óBî@ê4ö�óBî-ìÚôIö_� & ôIï¬êw(�ó�ë���õ×ê!��g#�4 �i!,�*k
 �sHx���x v� i# y  �ì�íXó*�'�!�Q�É÷3ð�ê¥ï-ø!��óiíFô��,�dôIí@ê4ò¬î-ô g � ��,�?k
 \sHx v	tox yM ��þ�ê�ñ¥óið�í0êFôiÿ v�t	��ó�ö�ò g � � ��,�?k  \s�u v  � þdê4ñ4ó�ð�í@ê
ô�ÿ�u ���
� ê ü ó�ýIêXí ü ô5��ö¬ìÚö¼í@ê4ñ�î@ì×ôiö 2 ü ô5�¸î-ô`î-ï-óiö�í0õ�óBî-êXó�ö6ø*�'��� �

÷3ð�ê¥ï-øÌì×öIî-ôÌó�ñ¥ôiö���ð�ö�ñ?î-ìÚýIêË÷3ð�ê4ï@ø C �Kg��#ôBýIê¥ï#î ü êRí-ñ ü ê¥ë¬ó
`6�'^�N R � � ü ì×õÚêËö�ôiînôIþ6ý3ì×ôið�í���ìÚî[î@ð�ï-ö�íEôið�înî ü óBî[ï-ê4óií@ôiö�ìÚö�ù
ó�þdôið�î C �Kg��Ëð�ö�ò�ê4ïRî ü ê*í@ê�î¼ôiÿ[ò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4í E t ì×ö3î@ï-ô��ò�ð�ñ¥ê4ò�ì×ö>í@ê4ñ�î@ì×ôiö�2uí0ð'&Rñ¥ê4í	�
ou)�8gJ 8:I?1�6?148./��AO!/
	 NwI?g � i�g � a N I 2 B��'�!��D=W G NwO�JYNwZ65 : UEN
A�B5C I S JMCgb#NwC I�g � � g � J ZXL S5R J4�¸J � S C.�¸B�C R r J � E t u �C �'g � � � C �'g � �H5
`cO�B	B����0�<î¼í@ð'&Rñ�ê�íuî@ôÝí ü ô5�mî ü óBî¬ÿ ôIï¼ó�ö6ø E t ��ì×ö�í0î-óiö�ñ�ê î ü ê4ï@êRê�(�ì×í0î-íÕóÀí0ê4ëËì×í0î@ï-ð�ñ?î-ð�ï-ê4òHò�ó�î-ó�þ�óií@êd� í@ð�ñ ü î ü óBî

g w �4�"� � C �'g w �w�  � ® � M i�2,�
�Éö�ò�ê¥ê4ò_�ª��ì×ñ� Hó*õ×óiþ�ê4õc¨ ; `»� ü ì�ñ ü ò�ô6ê�íJö�ôiîÕô�ñ¥ñ¥ð�ïuìÚö

ê¥ìÚî ü ê¥ï+g w ��ìÚö,«�ö�ìÚî@ê¥õ×øÌë¬ó�ö6ø>õ×óiþ�ê4õ×íE÷3ð�ó�õ×ìÚÿ ø!�;í0ì×ö�ñ¥ê`î ü ê�g w í
ó�ï-ê�«�ö�ìÚî@êEó�ö�òH`¸ì×í
ö�ô�î���� � ô`ôiþ�î�ó�ì×öd�\�6í0î-ó�ï@î
þ6øuï@ê�ò�ð�ñ�ì×ö�ù
 î@ô#î ü êFí-ñ ü ê4ëËó�`6�'^�N R 9 ô5�� Iê¥ê	�Jêw(6î-ê¥ö�ò�ì×ö�ùu�Ûþ3ø`óIò�ò�ì×ö�ù
î@ô�¨� í�ì×ö3î@ê4ï���ï-ê�î�óBî-ìÚôIöJê¥ýIê¥ï-ø���óiìÚï��'©!i�§=� ;0��ÿ ôIïª� ü ì�ñ ü î ü ê¥ï-ê
ì�íXö�ô#��ó�î ü ÿ ï-ôië~©[î-ô\§FìÚöK� ���<î{ì�íXê�óií@øRî-ôRí0ê4ê[î ü ó�îXî ü óBî
g w �4�"� � C �'g w �w�  ����í@ì×ö�ñ�ê{î ü ê+g w ífò�ôIö! îcê4ýiê¥öyëËê¥ö3î@ì×ôiö ¨=�
ó�ö�ò¬î ü ð�íFñ4ó�ö�ö�ôiîcò�ê4ï@ì×ýiêEó�ö�í��cê¥ï�í(î ü óBî�ï@ê4õÚøËôIöRî ü ê#õ×ê¥ö�ùiî ü
ôiïcõ�ó�þdê¥õ�ô�ÿ;î ü ê���óBî ü ÿ ï@ôIë ©#î@ô §��Iÿ ôIïcóiö6ø#©�i�§:óiícó�þdôBýiê!� �

9 êw(6î	�¡�fê�ôIþ�í@ê¥ï-ýiêcî ü ó�î(î ü ê#ò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�í:ì×ö E t ó�ï-êcÿ ð�õ×õü ê4ö�ñ�êfî ü ê�ñ ü óIí0ê���ì°î ü î ü ê¥ë î@ê¥ï-ëËìÚö�óBî@ê�í��BùIìÚý6ì×ö�ùnó{ò�ê�ñ�ì�í0ì×ôiö
��ï-ô�ñ�ê4ò�ð�ï@êÕÿ ôiï E t u � C �Kg � � � C �Kg � �Ëú P,��2 û?� êËò�ê¥ö�ôiî@ê
��ìÚî ü A�U S Z�N�� " �'g��/î ü êXï@ê�í0ð�õ°î:ôiÿ;ñ ü óií@ìÚö�ùEî ü ê{÷3ð�ê¥ï-ø"g¶��ìÚî üî ü ê`ò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�í�ìÚö E t �

$�>2@D8g)�@DC��AO . : U,N<�Q���wD=W G N�Osr4gn�<J Z
A�B5CEI S JMC Nc�-JMC´IMUEN
�'�!��D=W G NwOsr#g���J � S C.��B�C R r*J � IMUENwO�N N��!J Z�IKZ S A�B5C I S JMCgb#NwC I
b S T!T JMC¡PX['Z�N�N <?>�A'd���O�B�b C �Kg��	�+JMC IQB�A�U S Z�N � " � C �Kgp���=�H5
ln8g)�8 4C49-')8)��AO#8�� / /��
�'�!��D=W G NwOsr\A�B5C I S JMCgb#NwC I�J Z��b`cD=A�B�b�T R N�IQN-5
`cO�B	B���� & ì×ï-í0î#ö�ôiî@ì�ñ�êJî ü ó�î{î ü êÕí@ì�4êJô�ÿ C �Kg��{ì×í{õÚì×ö�ê�ó�ïEìÚö

î ü óBî�ô�ÿªg�� � ü ê[ñ ü óií@êXî�ó� iê�ífî@ì×ëuê��dôiõ×ø6ö�ôiëËì�ó�õ�ìÚöyî ü êní@ì9�¥êô�ÿ8î ü ê[÷3ð�ê4ï@ì×ê4í	�6þ�ð�î�êw(%�dôiö�ê4öIî-ì×óiõ;ìÚöyî ü êEë¬ó�(6ì×ëJð�ë í0ì9�¥êEô�ÿ
ó¼ò�ê��dê¥ö�ò�ê4ö�ñ�øÀóiö�ò>î ü êÕë¬ó�(6ì×ëJð�ë�óiï@ìÚî�ø>ô�ÿ(î ü êÕï-ê¥õ�óBî-ìÚôIö�í
ì×ößî ü êÀí-ñ ü ê¥ë¬óoú P û �¶fXô5�cê¥ýIê¥ï��:î ü ê*ò�ê	��ê4ö�ò�ê¥ö�ñ�ì×ê4í¬ì×ö E tü ó�ýIê*«,(�ê4òoí@ì�4êÀó�ö�ò¾î ü êÀë¬ó5(�ì×ëJð�ë ó�ï-ì°î�ø¸ô�ÿ[óHï-ê¥õ�óBî@ì×ôiö

ìÚö¸î ü êÌí-ñ ü ê¥ë¬óbì×í\2,� � ü ê>ð,�E��ê4ïuþdôið�ö�ò¸ÿ ôiõ×õÚô5�XíÕö�ô�î-ìÚö�ùî ü ó�î:î ü ê#ñ�ôiö3î�ó�ì×ö�ëËê¥ö3î:ë¬ó��,��ì×ö�ù`ñ4ó�öËþ�êXÿ ôið�ö�òËì×ö 9 �6� & ôIï
î ü êuõÚô5�cê¥ï#þ�ôIð�ö�ò��;ìÚî[ñ¥ó�ö*þ�êËí0ê4ê¥öÌî ü óBîEî ü ê"��ï-ô6ô�ÿ:ôiÿ 9 �?�
ü ó�ï�ò�ö�ê�í@íEÿ ôIïJñ�ôIöIî�ó�ì×ö�ëËê¥ö3î[ô�ÿ�ñ�ôIö���ð�ö�ñ�î@ì×ýiêR÷3ð�ê¥ï-ì×ê4ínì×ößú{U û
ñ¥ó�ö�þdê`óiò�ó!��î@ê�ò¼î-ôËï@ê�÷Ið�ìÚï-ênþ�ìÚö�ó�ï-ø¬ï@ê4õ×ó�î@ì×ôiö�íFôIö�õÚø�� ��32 -gC�J"49@.O >fôiö�í@ì�ò�ê¥ï�g � �4 � i! 0 �$k  � s= � iM � vox y# 0ó�ö�ò´g � �� � i! � ��k  � �£x sHx �  � � �<îÀì×íÀê4óií@øoî-ô�í0ê4ê
î ü ó�î*g � ì×íyñ�ôiö3î�ó�ì×ö�ê4òßì×ö¶g � � � êÞí ü ô5� ü ô5� �cêÀì×ö�ÿ ê¥ï
î ü ì�íXð�í@ì×ö�ùËî ü ê4ôiï-ê¥ëeRE�}2%� � ü ênî@ï�ó�ö�í@õ×ó�î@ì×ôiö�î@ôRñ¥ôiö���ð�ö�ñ?î-ìÚýIê÷Ið�ê¥ï-ìÚê�í#ø6ì×ê¥õ�ò�í���gp�p� C �Kgn�w�Eó�ö�ò���g��H� C �Kg��	���7��ì°î ü
��gp�o�4 ���i! 0 �?k s �� ��5i� :����i�v��� :��i ° �w�wi�y�� ° �5i! 0 � óiö�ò
��g����4N�oi�k�	� k �%�4N��i ¯ ���wi�s � ¯ ��i ¯ ����i��,� ¯ ��i!k�	��� 9 ô�î@êRî ü ó�î
î ü ê4ï@êbì×í�ö�ô¾ñ�ôiö3î�ó�ì×ö�ëËê¥ö3îyë¬ó��E��ìÚö�ùÝÿ ï-ôië���g��Àî@ô��bgp�
óií�î ü êÞõ�óBî@î@ê4ïÀñ�ôiö3î�ó�ì×ö�í>ö�ô¸���ÉóBî@ôIë¬í¼î-ôoí0ê4ï@ýIêÞóIí>ìÚë¬ó�ùIê
ÿ ôiïRî ü êÀÿ ôIï@ëËê4ï	 í����ÉóBî-ôië¬í	�>Lcð�î�þ6ø¾ñ ü óIí0ì×ö�ù���g � ��ì°î ü
� ö�ô�ò�ê����Xóiö�ò>î ü ê¥ö���ìÚî ü � ï-ê%$ t ��� �cê`ôiþ�î�ó�ì×öXg � �� � i� 0 ��k�<�� � �wi��<�4 � ��i��,�� � i! � �wi�s �� � i� � ��i�v5�� � i ° � �wi�y�� ° � i! 0 �dî ü ð�íñ�ï-ê4óBî-ìÚö�ù{ó�ö[ì×ë¬ó�ùiê:ÿ ôiï��bg �  í8ñ¥ôiö���ð�ö�ñ?îª�,�� � i ¯ � ��� � êcñ�ôiö,�
î@ì×ö3ð�êËñ ü óií@ìÚö�ù���ì°î ü � þ�óIí0ê� t ����î ü ê4ö ��þ�óií@ê"! t �Eó�ö�ò �Aî-ï-óiö�í t ���ôiþ�î�ó�ì×ö�ìÚö�ù�g �E�4 � i� 0 �?k �<�4 � ��i����� � ��i��%�4 � i� � ��i�sH�4 � i! � �wi
v5�� � i ° � �wi�y�� ° � i! 0 �wi��%�4 � i ° � �wi��%� ° � i! 0 ��i��%�4 � i! 0 ��� 9 ô5�
:7N��#�  ��5i�k�$#�  0 i ¯ ��#�  ��5i ¯ ��#�  :��=�ì�í¬óbñ¥ôiö3î-óiìÚö,�
ëuê4ö3î{ë¬ó��,��ì×ö�ùËÿ ï-ôië C �Kg����Fì×öIî-ô g �,� � ü ê¥ï-ê`ó�ï-êEÿ ð�ï0î ü ê¥ïó��,��õ×ì�ñ¥ó�þ�õÚêRñ ü óIí0ê¬í0î@ê	��í��8ôiëËìÚî0î@ê�ò ü ê¥ï-êRóiíEî ü ê¥øÞôiö�õ×ø*óIò�ò
ö�ê��_ó�î@ôIëËícó�ö�ò ü ê4ö�ñ�êEò�ôÕö�ô�î�ó�	�ê4ñ?îfî ü ênê�(6ì�í0î@ê¥ö�ñ�ê{ôiÿ"î ü ê
ñ�ôiö3î�ó�ì×ö�ëËê¥ö3î�ëËó!�,��ì×ö�ùE� �� /2148./2I�8:< �'�%i i�¨Qt5iou � G&H�i2@N),19@DIkO � ü êcì�ò�ê4ó��fê ü ó�ýiê ��ð�í�îð�í0ê�òÞî@ô ü ó�ö�ò�õ×ê��'�!�Q�É÷3ð�ê¥ï-ìÚê�í[ì�í`ê4óIí0ì×õ×ø*êw(6î-ê¥ö�ò�ê�òÞî@ô<�Q�;i�u �Q�
÷Ið�ê¥ï-ìÚê�í ��ùiì×ý6ìÚö�ù>ó 274 � ��ï-ô�ñ�ê4ò�ð�ï@êo���;þ�ð�î ü ô5� ó�þdôið�î[ôiî ü ê4ï
ÿ ï-óiùiëËê¥ö3î-í�@.>cóiö
�fê�ò�ê4óiõ$��ìÚî ü �K¨'t	�Q�É÷Ið�ê¥ï-ìÚê�í`ð�í@ìÚö�ùÌî ü ê4ìÚï
ï@ê4õ×ó�î@ì×ôiö�óiõ�î@ï�ó�ö�í@õ×ó�î@ì×ôiöHó�ö�ò*î ü êyí@ê�î E G "¬ôiÿ�ò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4í
ò�êw«�ö�ê4òÀì×ö*í@ê4ñ�î@ì×ôiöX2�@ � ü êuóiö�í=�cê¥ï#ì×í#ö�ê4ùIóBî-ìÚýIê!�H� ü ì�ñ ü ì×íí0ð�ï���ï-ì×í@ì×ö�ù#ùIìÚýIê¥öJî ü êXí@ø6öIî�óiñ�î@ì�ñcí@ì×ëuì×õ�ó�ï-ì°î�ø[ôiÿ�î ü ê��'��� �_��ì°î ü
î ü ê\�K¨'t	�Q��ÿ ï-óiùiëËê¥ö3î	�
ou),8:JM8.I71467198:/%�"O&� : UENwO�N
N���J Z�I\�Y¨Qt��wD=W G N�O�JYN�Z*g�i�g � Z G A�U
IMU S Iªg � g � awG I E G#"('u � C �Kg�� � C �'g � �65
`cO�B�B.����f{ê¥ï-êJó�ï-êEî ü êu÷3ð�ê¥ï-ìÚê�í���í@ê¥ê�«�ùið�ï-ê�RËÿ ôiï���ô3í@í@ì×þ�õÚø

ü ê¥õ9��ÿ ð�õ8ùiï�ó�� ü ï@ê	��ï@ê�í0ê4ö3î-óBî-ìÚôIö�ícô�ÿªg�i�g � ���

g#�4 �i�%�<k  �s ° �5i# �s ° ��i ° �by ° 0 i ° ��v °*) i ° ��v °,+ i
° � y ° ) i ° 0 ¨�x ¨2 i ° ) ¨�x ¨ t  i ° + ¨2

g � �4 �i�%�<k  �s ¯ � i ¯ � v ¯ � i ¯ � y ¯ 0 i ¯ � ¨2 i ¯ 0 ¨�x ¨�x ¨ t 
� ô�í0ê4ê`î ü óBî+gkì×íEñ�ôIö3î-ó�ì×ö�ê�òÌìÚö�g � ��ôIþ�í0ê4ï@ýIê[î ü óBîb¨K¨'tu�

¨9�6¨Y¨K¨ t óiö�ò+g¾ì×í"ê4÷3ð�ì×ý�óiõÚê4ö3î"î@ôFî ü ê:ð�ö�ì×ôiö[ôiÿ6÷3ð�ê4ï@ì×ê4í7gp�%�ªg��
� ü ê¥ï-ê�g � i�g � ó�ï-êyôIþ�î-óiìÚö�ê�òÝþ6øÝï-ê���õ�óiñ¥ìÚö�ù*î ü êÀñ�ôIö���ð�ö�ñ�î
° ) ¨K¨'t=X��ì°î ü ° ) ¨# �/ï@ê�í=�dê4ñ�î@ì×ýiê¥õ×ø ° ) ¨Y¨K¨'tn*ì×ö�g���Lfð�î
þ�ôiî ü g � i�g � óiï@êRñ¥ôiö3î-óiìÚö�ê4òÞìÚö�g � ��óií+��ìÚî@ö�ê4í-í0ê�òÍþ3øbî ü ê
ñ�ôiö3î�ó�ì×ö�ëËê¥ö3îuë¬ó!�,��ì×ö�ùIí : ¯ � #� ° � i ¯ � #� ° ) i ¯ 0 #� ° 0 =ó�ö�ò�: ¯ � #� ° � i ¯ � #� ° + i ¯ 0 #� ° ) =��+�Éö3î-ð�ì°î-ìÚýIê¥õ×ø!�dÿ ôiï[óiö3ø
ìÚö�í0î-óiö�ñ�ê  ��ó�ö�ò`óiö6øEë¬ó!�,��ì×ö�ù{ÿ ï-ôië g¾î-ô  ��ò�ê	��ê4ö�ò�ì×ö�ù#ôIö
� ü ê�î ü ê¥ï ° ) ¨=x ¨Qt#¬ì×ö£g ì�ící@ó�î@ì�í�«�ê�òRþ6ø¬ó���óBî ü ô�ÿ�õ×ê¥ö�ù�î ü M
ôiïFóBîfõ×ê4óIí�î�2%� ¯ � y ¯ 0 ì×ö�g � ì�ífí-óBî-ì×í=«�ê�ò¬þ6øÕî ü êní@óiëuê���óBî ü� ü ì×ñ ü í-óBî-ì×í=«�ê4ícê4ì°î ü ê¥ï ° ��y ° 0 ôiï ° �+y °-) ��ï@ê�í=�dê4ñ�î@ì×ýiê4õÚø��

U



x yu4

u3

u2

u1

ll*
a

a

b

c

c

b
l

ll

u5

x v1 y
a

Q(x,y) Q’(x,y)

c

b

v3

v2

lll*

l

& ìÚùIð�ï-êuPE��>fôið�ö3î-ê¥ï-êw(�ó�ë���õ×êE÷3ð�ê4ï@ì×ê4ícÿ ôIï���ï-ô!�dôIí@ì°î-ìÚôIödRE� R

)#öEî ü ê:ô�î ü ê¥ï ü ó�ö�ò���óiñ4ñ�ôIï-ò�ì×ö�ùfî@ô�î ü ê:ñ ü óIí0ê�î ü ê¥ôIï@ê4ëhú 2 û �
C �'g��"ì�í"ö�ô�î/ñ¥ôiö3î-óiìÚö�ê4ò[ì×ö C �'g � ��ð�ö�ò�ê¥ï E%G "fþ�ê�ñ¥ó�ð�í0ê(î ü ê¥ï-ê
ì�í;ö�ôXñ�ôIö3î-ó�ì×ö�ëËê¥ö3î"ë¬ó��E��ìÚö�ùFÿ ï@ôIë C �'g � ��ìÚö3î-ô�A�U S Z�N���� " � C �'g��=�w�
�V�Éö3î-ð�ì°î-ìÚýIê¥õ×ø!�%� ü ó�î E G#"[ò�ô6ê4ífö�ô�î�ñ¥ó!��î@ð�ï-ê{ì�ífî ü ê=b JMCEJ�b S5R D
JMI�r¼ô�ÿ�¨ t �yìÚî¬ôiö�õ×ø í0î-ó�î@ê4íÕî ü óBî\¨ t ñ¥ôiö3î-óiìÚö�íJî ü ê>ï@ê[$�êw(�ì×ýiê
î@ï�ó�ö�í0ìÚî@ì×ýiê¬ñ�õ×ôIí@ð�ï-êËô�ÿ�¨���þ�ð�î`ì°îJò�ô3ê�í0ö� î`ï-ð�õ×ê¬ôið�î���óiìÚï�ínô�ÿ
ö�ô�ò�ê�íEî ü ó�îJó�ï-ê¥ö! î`ï@ê�óiñ ü óiþ�õ×êÕý6ì�ó�ó£��ó�î ü ô�ÿ�¨M�<ê4ò�ùiê4í	� �Éö%�
í0î-ó�ö�ñ�ê4í[ñ¥ôiö3î-óiìÚö�ìÚö�ùÌí@ð�ñ ü ó*��ó�ì×ï\�K©�i�§=�[ó�ï-ê¬ñ�ôið�öIî-ê¥ï-êw(�ó�ë �
��õ×ê4íyÿ ôiï�î ü êHñ�ôiö3î�ó�ì×ö�ëËê¥ö3î	� ñ¥ôiö���ð�ö�ñ?î ° ) ¨K¨'t oìÚö g ì�í
í-óBî@ì�í=«�ê4ò*þ3ø�î ü êËê¥ö�ò%�dôiì×ö3î-íEô�ÿ
î ü ê ��óBî ü 9 G��© G "��§ G���
ê¥ýIê¥öRìÚÿ © ü óIí
ö�ôÕôið�î-ùiôIìÚö�ù"¨M�<ê4ò�ùIê!�¡� ü ìÚõ×ê ¯ 0 ¨Y¨K¨'t�uì×ö£g � ì�íö�ôiî	�}� �
3kí@ìÚë���õ×êËý�óiï@ì�óBî-ìÚôIö*ôiÿ
î ü êËñ¥ôið�ö3î-ê¥ï-êw(�ó�ë���õ×êuóiþ�ôBýIêuó!�%�

��õ×ìÚê�íRî-ô �Q�;i � �<÷3ð�ê4ï@ì×ê4í	�r�Éö_ó�ö6øoñ¥óIí0ê��Xì°ÿJî ü êÞí@óiëuêbì×ò�ê4ó
�côið�õ�ò ü ó�ýiêÌó��E��õÚì×ê4ò¾ìÚî �côið�õ�ò ü ó�ýiê>ùiì×ýiê4ö¸ð�í 9 �móiõÚùIô��
ï-ì°î ü ë¬í��;ó�ö�ò��cêÕí ü ô5� ìÚö*î ü ê4ôiï-ê¥ë T%� M î ü óBînñ�ôIöIî�ó�ì×ö�ëËê¥ö3î
ÿ ôiïËþdô�î ü î ü ê
�Y¨Qt�� �Jó�ö�ò î ü ê
�Q�;i � ��ÿ ï�ó�ùIëuê4ö3îuì�í6274 � � ü ó�ï�ò �
� ü ê4ï@ê¥ÿ ôiï-ê!�ª�cê���ì×õÚõcî�ó� iê>ó�ö�ô�î ü ê¥ïuï@ôIð�î@êyî@ô5�Fó�ï�ò�íJóÞñ�ôIö%�î-óiìÚö�ëuê4ö3î�î@ê4í0î	�
� ê¼í0î-ó�ï@î[ÿ ï-ôië î ü êRôIþ�í0ê4ï@ýBó�î@ì×ôiöbî ü ó�î E t � E G " ì�í`í@ð�ÿM�

«�ñ¥ìÚê4öIî[ì×öHò�ê4ñ¥ì×ò�ì×ö�ùÌñ�ôIö3î-ó�ì×ö�ëËê¥ö3î[ô�ÿ�g � ìÚö<g � ì×ö*î ü ê¬ï-êw�
í0î@ï-ì×ñ�î@ê4ò¼ñ¥óií@êXì×ö\� ü ì�ñ ü g � ñ¥ôiö3î-óiìÚö�í:ö�ô &nõ×ê¥ê4ö�ê#í0î-óiï���ö�ô �
ôiï�¨'t	����óiö�ò�g��#ì�ífó£�'�%i i�¨Qt�� �<÷3ð�ê4ï@ø�� � ê[ñ¥ó�õ×õ�gp��Z�I S O�D ��O�N�N��
ou)�8gJ 8:I?1�6?148./��AO�� : U,N#Z�I S O�D ��O�N�N W G N�Osr�g � J Z�A�B5C I S JMCHNc�
JMC�IVU,N��'�%i i�¨'t	��D=W G NwOsr\g � J � S C��0B5C R r�J �#IVU,N�O�N J Z S A�B5CED
I S JMCgb#N�CEI2b S T!THJMC;P ��O�B�b C �'g � ��I B"A�U S ZwN�� "�� ��� " � C �'g � ���65
3~��ï-ô6ô�ÿ[í= Iê�î�ñ ü ì�í¬ùiì×ýiê4ö¸ì×öoó��,�dê¥ö�ò�ì8( Lb� M � 9 ê�(3î\�cê

í ü ô5� ü ô5�ßî@ôuð�í@ê���ï-ô!�dôIí@ìÚî@ì×ôiöqR � T[î@ôËò�ê4ñ¥ì×ò�êEñ�ôIöIî�ó�ì×ö�ëËê¥ö3î
ê¥ýIê¥ö�ì°ÿ?g � ì�í�ó ��ï@ô���ê4ï��'�%i i�¨Qtw� �<÷3ð�ê4ï@ø��
�Éö>î ü ê`ï-ê4í0îXô�ÿ�î ü ì�í{í@ê4ñ�î@ì×ôiö�¨6��ì×õÚõ/ò�ê¥ö�ôiî@ê`ê4ì°î ü ê¥ïEóËõ×óiþ�ê4õ

ì×ö�`ßôiïfî ü êní@ø6ëJþdôiõ ��)#þ�í@ê¥ï-ýiê�î ü óBîFÿ ôIïFóiö6ø\¨ ;Z` � : =¡�
¨'tZ�	� ��
 4 ¨ 4 �ª� ü ê¥ï-ê�¨ 4 ì�íËí ü ôIï0îJÿ ôiïÕî ü ê>ñ�ôIö�ñ¥ó�î@ê¥ö�óBî@ì×ôiöô�ÿ!7Þí0ð�ñ¥ñ�ê�í@í@ì×ýiê�¨� í	���ÌôIï@ê`ùIê¥ö�ê4ï-óiõÚõ×ø!�dõ×ê�î�g\�Y¨'t� i�x	x�xwi�¨'tt �Xþdê
ó��Q�;i i�¨'t��Q�É÷Ið�ê¥ï-øyì×ö0� ü ì�ñ ü �Y¨Qt� i	x�x	x�i�¨Qtt �{ó�ï-êJó�õ×õ"î ü ê£B�A�A G O�D
O�N�CHA�NwZEôiÿ{í�î�ó�ï-ï@ê�òÞí@ø6ëJþdôiõ�í � î ü ê£¨ w  íÕóiï@ê¬ö�ôiîÕö�ê�ñ�ê�í@í-ó�ï-ìÚõ×ø
ò�ì�í�î-ìÚö�ñ?î��w��é�ð�ñ ü ó{÷3ð�ê4ï@øEì�í�ê�÷Ið�ìÚýBó�õ×ê¥ö3î8î@ô#óiö`ì×ö%«�ö�ìÚî@êcð�ö�ì×ôiö
ô�ÿ(í0î-ó�ï���ÿ ï@ê4êE÷3ð�ê4ï@ì×ê4í	�

g#�Y¨ t� i	x�x�x	i�¨ tt �G� ���
 4� ������� � ��
 4��
g#�K¨ 4�� i	x�x�x�i�¨ 4��t �

� ü ê� Iê¥øÝî-ôHôið�ïyñ�ôiö3î�ó�ì×ö�ëËê¥ö3îËî@ê4í0î¼ì�íËî ü óBîRî ü ì×íRìÚö%«�ö�ì°î-êð�ö�ì×ôiö[ñ4ó�önþ�ê
ï@ê	��õ×óIñ�ê�ò���ìÚî ü ó�«�ö�ì°î-ê:ôiö�ê�� & ôiï�óiö3ø"�'�;i i�¨ t �Q�
÷3ð�ê¥ï-ø#g õÚê¥î�Z ��Zw�Kg��(þdê{î ü ê�Z�I S O�D ��O�N�NbZ�J���Nfô�ÿ7g��6ò�êw«�ö�ê4òyóií

î ü ê
ñ¥ôið�ö3î�ôiÿ�ó�õ×õ�ô�ñ¥ñ�ð�ï@ï-ê¥ö�ñ¥ê4í�ôiÿ6ö�ôiö%� &nõÚê4ê¥ö�ê��<í0î-óiï@ï-ê4ò{õ×óiþ�ê4õ×í
ìÚö*g�� & ôiïcêw(�óië ��õÚê��iÿ ôIï�g#�4 �i�%�?k  £sHx}v�t�£i  ��x y����cê
ü ó�ýiê Z ��Zw�Kg�� �¶2%�
ou),8:JM8.I71467198:/%�"O�� 	 N�I,gp��i�g�� a NcI 2 B��Q�;i i�¨'t	��D=W G NwO�JYNwZ S C.�
R NwI�� }!~��� Z ��Z��Kg������ M 5 : UENwC 3 gp� � g��\J � S C���B�C R r#J �

�
��
 4� 
�� ������� � ��
 4�� 
�� gn�5�Y¨ 4�� i�x	x�xwi�¨ 4��t � � g��

� ü ê���ï@ô6ôiÿ`ì×íyùiì×ýiê4ö�ìÚöÛó��,�dê¥ö�ò�ì8( Lb�}2%� � êÍñ¥óiö�ö�ô5�
ùiì×ýiêuôið�ï`ò�ê�ñ�ì�í0ì×ôiöX��ï-ô6ñ¥ê4ò�ð�ï@êÕÿ ôiï`ñ¥ôiö3î-óiìÚö�ëËê4öIînô�ÿcð�ö�ì×ôiö�í
ô�ÿ��'�;i i�¨'t�i�u �Q�É÷3ð�ê¥ï-ì×ê4í	�¡� ü ì×ñ ü>ü óIícÿ ôið�ïXí0î@ê	��í��
#�6?@NJ�/.j � ê�«�ï�í�î8î@ï�ó�ö�í@õ×ó�î@êcóo�có�ø#î ü ê+u8�Bôiþ�î�ó�ì×ö�ìÚö�ù�«�ö�ì°î-ê

ð�ö�ì×ôiö�í�µ � i�µ � ô�ÿ��'�;i i�¨Qt�� �<÷3ð�ê4ï@ì×ê4í	�
#�6?@NJ .�j 9 êw(6îb�fê[ð�í@ê���ï-ô!�dôIí@ìÚî@ì×ôiöZRE� euî@ôRôIþ�î-óiìÚö�ÿ ï-ôië

µM�Õó\«�ö�ì°î-êËð�ö�ì×ôiö*ôiÿfí0î-ó�ï���ÿ ï@ê4êÕ÷3ð�ê¥ï-ì×ê4í�� E �o�_� ü ì�ñ ü ëÕð�í0î
þ�ê`ñ ü ê�ñ� iê�òRÿ ôIïXñ�ôiö3î�ó�ì×ö�ëËê¥ö3î�ìÚö0µ©���
#�6?@NJ 8"j >fôIöIî�ó�ì×ö�ëËê¥ö3î{ôiÿ�� E �`ì×ö�µ©�Jì×í#ò�ê4ñ¥ì×ò�ê�òÌð�í@ìÚö�ù

î ü ênÿ ôIõÚõ×ô5��ìÚö�ùuê�óií@ø¬ï@ê�í0ð�õ°î��
ou),8:JM8.I71467198:/%�"O � : UEN G CEJYB�C�B��ªZ�I S O�D ��O�N�N�W G N�O�JYN�Z � tw�� � g w
J ZbA�B5CEI S JMC Nc� JMC£IVU,N G C JYB5C�B.���'�%i i�¨'tw�wD=W G N�O�JYNwZ � v� � � g �� J �
S C.�0B5C R r�J �F�wB�O NwL5N�Osr M"!´®#! �¶IVU,N�O�N#J Z S M"!%$&!  
Z G A�U*IVU S I6g w � g �� 5
#�6?@NJ �Aj & ì×ö�ó�õ×õÚø��"ñ ü ê4ñ� 6ì×ö�ù¼ê�óiñ ü í�î�ó�ï���ÿ ï-ê¥ê"g w ÿ ôIï[ñ�ôiö,�

î-ó�ì×ö�ëËê¥ö3îXì×ö�g �� ì�íXò�ôIö�ênð�í0ì×ö�ù���ï-ô!�dôIí@ì°î-ìÚôIö�R � T,�
� ü ê*ðE�,��ê4ï>þ�ôIð�ö�òßÿ ôIï¼î ü ì×í>óiõÚùIôiï-ì°î ü ë ì�í�í�î-ï-óiìÚù ü î@ÿ ôiï��

�cóiï-ò���óiö�òyì°î�í���ï-ô3ôiÿ8ì�íFìÚöÌó!�,��ê4ö�ò�ì(�Lb� P,�
$�>A@D8:)�@NC �"O�' ]?B�CEI S JMCgb#N�CEI_B.� G CEJYB5CEZ�B.���'�;i i�¨Qtoiou �wD=W G N�O�JYN�Z
J Z�JMC 2 4 � 5

( ) å+*;Y{� � åÕç ä æÌ�
�Y¨'t	� GIH�iA@N)�14@DI-, �'�;i � G&H�i2@N)�14@DIkO � ü ê�u�ô!�dê¥ï�óBî-ôiï"ñ¥ôiï-ï@ê�í=�dôiö�ò�íî@ô[î ü ê{ð�ö�ìÚôIöRó�ö�ò¬ñ¥ôiö3î-óiìÚö�ëËê4öIî
ÿ ôiï:ð�ö�ìÚôIö�í:ôiÿ;ñ¥ôiö���ð�ö�ñ?î-ìÚýIê
÷Ið�ê¥ï-ìÚê�ífì�í5274 � �Éñ�ôIë ��õÚê¥î@ê¬ú 2kP û ��Lfð�îFìÚî�î@ð�ï@ö�íFôIð�îFî ü ó�îXê¥ýIê¥ö
ìÚöÍî ü êyóiþ�í0ê4ö�ñ�ê¬ôiÿ�u��cê ü ó�ýiê6254 � � ü óiï-ò�ö�ê4í-ínï@ê�í0ð�õÚî-í	�6��ì°î ü
ñ�ôië���õ×ê�î-ê¥õ×øyò�ì	�ê¥ï-ê¥ö3î���ï@ô6ôiÿ�í��
$�>A@D8:)�@NC.��O�/ ]?B�CEI S JMCgb#N�CEI�B.�c�Y¨Qt��wD=W G N�O�JYNwZ�J Z�254 � DKU S O���5
]ªB�CEI S JMC:b�N�CEI�B.�+�Q�;i ��D=W G NwO�JYNwZ+J Z5254 � DKU S O���5
`cO�B�B.�����fí@í@ê¥ö3î-ì×óiõÚõ×ø¬î ü êÕí-ó�ëËê+��ï-ô3ôiÿª�fôIï� �ícÿ ôiï#þ�ôiî ü ÿ ï�ó�ù!�
ëuê4ö3î-í	� � êyí ü ô5�pî ü ê£��ï-ô3ôiÿFÿ ôiï`î ü ê4�Y¨'t��Q��ÿ ï-óiùiëËê¥ö3î�� î ü ê
��ï@ô6ôiÿ�ÿ ôiïcî ü ê\�'�%i �Q��ÿ ï-óiùiëËê¥ö3îFì×í�óËí0î@ï�ó�ì×ù ü î0ÿ ôIï��Fó�ï�òËëËô�ò�ì8�
«�ñ¥ó�î@ì×ôiö �w�
� ü ê$��ï@ô6ô�ÿ�ì�í"þ6ønï@ê�ò�ð�ñ�î@ì×ôiönÿ ï-ôiëàî ü ê 274 � �<ñ¥ôië���õ×ê�î-ê6· 
'P�/� � � ��ï@ôIþ�õÚê4ë ú 2 �Bû �¬î ü ê�ì×ö�í�î�ó�ö�ñ¥ê4íuô�ÿ{î ü ì�í ��ï@ôIþ�õ×ê¥ë ó�ï-ê

«�ï-í0î=�<ôiï�ò�ê4ïFí@ê¥ö3î-ê¥ö�ñ¥ê4í10Ìôiÿ8ùIê¥ö�ê4ï-óiõ�ÿ ôiï-ë
·. ��6x�x�x ·. t 
'N� x�x	x&
D5v32 G w�� � � w �
� ü ê¥ï-êRê4óIñ ü ñ�õ�ó�ð�í@ê�� w ì×íÕó*ò�ì�í���ð�ö�ñ?î-ìÚôIöÝô�ÿFî ü ï@ê4ê¼õ×ì°î-ê¥ï�ó�õ�í
� ü ì×ñ ü óiï@ênó�ö6øRôiÿ8î ü ê[ýBó�ï-ì×óiþ�õÚê�í� � i�x�x	x�i� :t i! � i�x	x�x	i! v ôIï
î ü ê4ìÚïXñ¥ôië���õ×ê¥ëËê¥ö3î-í	� � ü ênõ×ì°î-ê¥ï�ó�õ�ícóiï@êní-ó�ì�òRî-ôuþdê�CHNQP S I'JMLoN

�



ì×ö`î ü êfõ�óBî@î@ê¥ï�ñ¥óIí0êfó�ö�ò+T,B5Z�JMI'JML5N/ìÚöJî ü êfÿ ôiï-ëËê¥ï�� 0uì×í�ó ��øiê�í8�
ì×ö�í�î�ó�ö�ñ¥ênì°ÿ(ó�ö�ò�ôIö�õÚø¼ì°ÿ�ì°îXì�í�ýBó�õ×ì�ò��
& ôiï
ê4ýiê4ï@øÕìÚö�í0î-óiö�ñ�ê 0��;�cê{ñ�ôIö�í0î@ï-ð�ñ?î(î ü ê{ì×ö�í0î-ó�ö�ñ�ê�g � �

g � ��� ü ê¥ï-ê 0  íEý�óiï@ì�ó�þ�õÚê�í#ó!�,��ê�ó�ïnóiíEõ�ó�þdê¥õ�í��"óiö�òXg � ñ�ôIö%�
î-óiìÚö�íRó�ößô�ñ¥ñ¥ð�ï@ï-ê¥ö�ñ�ê>ô�ÿ� tw ÿ ôiï¬ê4ýiê¥ï-ø M ! ® ! �ª� � ê
ð�í@êuî ü êËö�ôiî-óBî-ìÚôIö�g � �� �t� i	x�x	x�i! �tt �#ìÚö3î@ï-ô�ò�ð�ñ¥ê4ò*ÿ ôiï���ï-ô!�dô��
í@ì°î-ìÚôIö�R � eE� � ü ê[ñ�ôiö3î�ó�ì×ö�ëËê¥ö3î ü ôiõ�ò�íFìÚÿ(óiö�òyôiö�õ×øRìÚÿ
g � �� 4 � i�x�x	x�i� 4��t � � g � ÿ ôiïÕóiõÚõ � ! 7 w � � ê�A RS J�b î ü óBî
î ü êÀï@ê�ò�ð�ñ�î@ì×ôiößì×í¼ò�êw«�ö�ê4òoí@ð�ñ ü î ü ó�îRî ü ê*õ×ó�î0î@ê4ï ü ôIõ×ò�íRì°ÿ
ó�ö�ò>ôiö�õ×ø¼ìÚÿ 0 ü óiíXó¬í-óBî-ì×í0ÿ ø6ìÚö�ùyóií-í0ì×ùiö�ëËê4öIî�� ü ì�ñ ü ë¬ó� Iê4í
 w ÿ�ó�õ�í0ê�ìÚÿ 7 w � � �3ó�ö�òuî-ï@ð�ê�ìÚÿ 7 w � � � � ü ì�í(ë¬ó� Iê4í 0¼ýBó�õ×ì×ò
ìÚÿFóiö�ò*ôIö�õ×øÀì°ÿ�gp� � g���� � ü êËñ¥õ×óiìÚë�ì×í���ï-ôBýiê�ò*ó�ÿAî@ê¥ï+�cê
ùiì×ýiêEî ü ê`ñ�ôIö�í�î-ï@ð�ñ?î@ì×ôiö��
Lcô�î ü g � i�g � óiï@êÞþdô3ôIõÚê�ó�ö%�<ýBó�õ×ð�ê4òÛ÷3ð�ê¥ï-ì×ê4í	�#ì'� ê�� î ü ê4ø

ü ó�ýIê/ö�ôXò�ì×í0î@ì×ö�ùIð�ì×í ü ê�òný�óiï@ì�ó�þ�õÚê�í���g �  í"þ�ô�ò�øEì×í�ñ�ôiö�í�î-ï@ð�ñ�î@ê�ò
ð�í@ìÚö�ù�ñ¥ô!��ì×ê4í#ô�ÿfó G CEJML5N�O�Z S�R P S ��P¡NwI'� � ü êuð�ö�ì×ýiê4ï-í-ó�õ/ùIóIò;�ùiê¥î ��ò�ê�«�ö�ê�òHí ü ôIï0î-õÚø,�Eì�í`ò�ê4ö�ô�î-ê4ò�µ�� ¯ w t�i ¯ �!i ¯ � i�¨'�nó�ö�òÍìÚî
ñ�ôIö�í@ì×í0î-í[ôiÿ{óÀí@ê�îJôiÿ�ñ¥ôiö���ð�ö�ñ?î�íJñ�ôIö3î-ó�ì×ö�ì×ö�ùÌî ü êRýBó�ï-ì×óiþ�õ×ê4í
¯ w t�i ¯ ��i ¯ � ��ó�ëËôIö�ùÀô�î ü ê¥ï�í��[ó�ö�ò ó�öÝô�ñ¥ñ¥ð�ï-ï@ê4ö�ñ�ê¬ôiÿ�¨'tuÿ ôIï
í@ôiëËêRõ�ó�þdê¥õ�¨=� & ôIïJê¥ýIê¥ï-ø  w �?g � ñ�ôiö3î�ó�ì×ö�í`óÀñ¥ô!�6øbôiÿ�µ �
ì×ö�� ü ì�ñ ü ¯ w t�i ¯ �!i ¯ � óiï@ê�í0ð�þ�í�î-ì°î-ð�î@ê�ò���ìÚî ü î ü ê�ýBó�ï-ì×óiþ�õ×ê4í
¯����w t i ¯����� i ¯����� �6¨Fì�íJí@ð�þ�í0î@ìÚî@ð�î@ê4ò<��ì°î ü  w �(ó�ö�òbî ü ê¼ï-ê¥ë¬ó�ì×ö%�
ì×ö�ùJýBó�ï-ì�ó�þ�õ×ê4ícó�ï-ê�ÿ ï-ê4í ü õÚøËï-ê¥ö�óiëËê4ò�� � êEò�ê4ö�ô�î-êXî ü ì×íFñ¥ô!�6ø
��ìÚî ü µ�� ¯����w t i ¯����� i ¯����� i! w �w� gp�yó�õ�í0ôHñ¥ôiö3î-óiìÚö�íËóHñ¥ôiö���ð�ö�ñ?î9p w ¯�� �w t ÿ ôiï�ê4ýiê¥ï-øq w �
& ôiï�ê4ýiê4ï@ø� � �o�fê
óIò�òEî ü êfñ�ôIö���ð�ö�ñ�î-í 9# � ¯��
	w t � ¯���	w t  � ¯��
	� �

¯ ��	w t ,� ¯ �
	� î@ô\g � �
�
ýiê¥ï-ø¸ñ¥õ×óið�í@ê � w ì�í¼í-óBî@ì�í=«�ê4òßþ6ø UÍò�ì�í�î-ìÚö�ñ�î¼î-ï@ð�î ü óií=�

í@ìÚùIö�ëËê¥ö3î-í�s � i	x�x�x	i�s��#î@ôÕî ü ênýBó�ï-ì�ó�þ�õ×ê4ícì×öyìÚî-íFõ×ì°î-ê¥ï�ó�õ�í�� & ôiï
ê¥ýIê¥ï-ø�sk�!�H�fêJóIò�òÀóRñ¥ôiö���ð�ö�ñ?î+©s�n� w §��nî-ô£g � � & ôIï{ê¥ýIê¥ï-ø
õ×ì°î-ê¥ï�ó�õ"ôiÿ � w ��õ×ê�î ° þ�ê`ìÚî-í{ýBó�ï-ì×óiþ�õÚê��$�<ÿ?sk��� ° � � §*9 ° ¢¡�dóiò�ò
ó>ñ�ôIö���ð�ö�ñ�î ¯�� s0©%�uî@ô�g � ��ô�î ü ê¥ï���ì×í@êuóIò�ò*î ü êRñ¥ôiö���ð�ö�ñ?î
¯ � s�©%�Eì×ö�í0î@ê�óiò��
� ü ì�í*ñ¥ôië���õ×ê�î-ê4í>î ü ê¸ñ¥ôiö�í0î@ï-ð�ñ?î-ìÚôIö ô�ÿ g � �Õð,� î@ôoî ü êí���ê�ñ�ì«�ñ¥ó�î@ì×ôiö�ôiÿ`î ü êÞð�ö�ì×ýiê4ï-í-ó�õ#ùIóIò�ùiê¥î	� & ì×ï�í�î*�fêÞí ü ô5�

î ü ê`ñ�ôiö�í�î-ï@ð�ñ�î@ì×ôiö�ô�ÿ?g����cg��0 íFþ�ô�ò�ø�ñ�ôIöIî�ó�ì×ö�í�ñ�ô���ì×ê4í�ôiÿ/ó
Z S I'J Z � S A�IKJYB�C
P S �	P�N�I���ò�ê�«�ö�ê4ò í ü ôIï0î-õÚø,�w� � ü êyí@ó�î@ì�í�ÿ�óIñ?î@ì×ôiöùIóIò�ùiê¥î:ì×í
ò�ê¥ö�ôiî@ê�ò ����� w t i!��� �� i�¨K�(óiö�òuì°îfñ¥ôiö�í@ì�í�î�í(ô�ÿ"ó[í@ê�îô�ÿ�ñ�ôIö���ð�ö�ñ�î-íXñ¥ôiö3î-óiìÚö�ì×ö�ùÕî ü ê[ýBóiï@ì�ó�þ�õ×ê4í#� w t i!��� �� ��óiëËôiö�ùô�î ü ê¥ï�í��"ó�ö�òJó�öÕô�ñ¥ñ�ð�ï@ï-ê¥ö�ñ¥ê:ô�ÿH¨'t(ÿ ôiï/î ü êFí-ó�ëËê
õ�ó�þdê¥õ%¨dóií8ìÚö
î ü ê[ð�ö�ì×ýiê¥ï�í-ó�õ;ùIóIò�ùiê¥î	� & ôIï�ê¥ýIê¥ï-øq w � g � ñ¥ôiö3î-óiìÚö�íFó¬ñ¥ô!�6ø���4� � �w t i!� � �� �� i! w ����ìÚö�î ü ê`í@óiëËêní@ê¥ö�í0ê[óií�ñ¥ô!��ì×ê4íFôiÿªµ+�w�$g �ó�õ�í@ônñ¥ôiö3î-óiìÚö�í(ó[ñ�ôiö���ð�ö�ñ?î�9  w � � �w t � & ôiï(ê4ýiê¥ï-ø�,��ì×ö 07�%g �
ñ�ôIö3î-ó�ì×ö�í:î ü ênñ�ôIö���ð�ö�ñ�î-í 9�,��� � 	w t i!� � 	w t ,��� � 	� �� � & ôIï
ê¥ýIê¥ï-øñ�õ�ó�ð�í0ê�� w �;g � ñ�ôIöIî�ó�ì×ö�í/î ü êXñ�ôiö���ð�ö�ñ?î�© w � w § w �Ió�ö�ò`ÿ ôIï:ê¥ý¡�
ê¥ï-øRýBó�ï-ì�ó�þ�õ×ê ° ñ�ôIï@ï-ê4í���ôIö�ò�ì×ö�ùÕî@ôËôiö�ê[ôiÿ©� w  íXõÚìÚî@ê4ï-óiõ×í	�Eg �
ñ�ôIö3î-ó�ì×ö�ínî ü êyñ¥ôiö���ð�ö�ñ?î=� � �� s�© w � � ü ê¼ñ�ôIö�í0î@ï-ð�ñ?î-ìÚôIöÝí0ôÿ�ó�ï�ì�íFêw(�ê4ë ��õÚì«�ê4òyì×ö�«�ùið�ï-êuT,��ôiö>ó+·!
,2+/ � � �_ì×ö�í0î-ó�ö�ñ�ê
ÿ ôiïXí@ì×ë ��õÚì�ñ�ìÚî�øyí-ó� Iê!�
� êÌö�ô5�zí��dê4ñ�ìÚÿ øÝî ü êÌð�ö�ì×ýiê4ï-í-ó�õXóiö�ò¾í@ó�î@ì�í�ÿ�óIñ?î@ì×ôiö¾ùIóIò;�

ùiê¥î-í	����ê�ñ¥ó�õ×õ×ìÚö�ùRî ü êuñ�ôið�öIî-ê¥ï-êw(�ó�ë���õ×ê[ì×ö���ï-ô!�dôIí@ì°î-ìÚôIö RE� RE�
µ�� ¯ w t i ¯ � i ¯ �5i�¨K�dì�í"ó�ñ�ô��3ø{ô�ÿ6î ü ê
þ�ô�ò�ø#ô�ÿEg�����ì°î ü  7i ° 0 i °-) i�¨óiñ�î@ì×ö�ùÌóií ¯ w t i ¯ � i ¯ �5i�¨���ï@ê�í=�dê4ñ�î@ì×ýiê¥õ×ø!� ���4� w t i���� �� i�¨'�{ì�í[óñ�ô��6øEôiÿ�î ü êfþdô�ò�ø`ô�ÿ g � �5��ìÚî ü  �i� i�¨�óIñ?î-ìÚö�ùEóií2� w t_i!� � �� i�¨��� ê*í0î@ì×õÚõ ü ó�ýiê>î-ô
��ï@ôBýIê�î ü êÞñ�õ�ó�ì×ë£� 9 ôiî@êÌî ü óBî>é6ìÚö�ñ�ê

C 1 C 1C 1

�������������������������
�������������������������

S �������������������������

�������������������������
S

C 2
C 2

Q :
1

x
inv v in

y
v z

in

x
0v

x
1v

y
1v

y
0v

z
0v

z
1v

w in
zw in

yw in
x

w out
x w out

y w out
z

�������������������������
������
������
���

�������������������������
������������������������� �������������������������������������������������

�������������������������������������������������

��
��
��
�

��
��
��
�

������������������������������������������

������������������������������������������

 � �  � �  � �  � �  � �  � � 

!�!!�!
!�!!�!
!�!!�!

"�""�"
"�""�"
"�""�"

#�##�#
#�##�#
#�##�#

$�$�$�$$�$�$�$$�$�$�$$�$�$�$$�$�$�$$�$�$�$

%�%�%�%%�%�%�%%�%�%�%%�%�%�%%�%�%�%%�%�%�%

&�&&�&
&�&&�&
&�&&�&

''
''
''

C 2 C 2

a a a
a a

a a
a

a a

U U

r

C 1

r

z z

zx y y z

zQ :
2

x

a a a aa a a

& ì×ùið�ï@ê R � �ª(�óië ��õÚê ï-ê4ò�ð�ñ�î@ì×ôiö ÿ ôIï0�� ·. %·�6
'�*�� = %�
( )+* ,

- 
:����=��;�
( ).* ,
-0/

g � �4 4 � i	x�x	xwi! 4 �t ��ñ�ôiö3î�ó�ì×ö�í;ö�ô�&nõ×ê¥ê4ö�ê:í�î�ó�ï�� C �'g � �� 4 � i�x�x	x�i� 4 �t �=�
ñ¥ó�ößþdêÌï@ê4ùIóiï-ò�ê�ò¸óIí¬óHí0ê4ëËì×í0î@ï-ð�ñ?î-ð�ï-ê4ò¸ìÚö�í0î-óiö�ñ�ê���� ü ôIí@ê
ö�ô�ò�ê4ínó�ï-ê`î ü êuý�óiï@ì�ó�þ�õÚê�í���fXê4ö�ñ�ê#gp�5�4 4�� i	x�x	x�i! 4��t � � g��
ì°ÿ�ó�ö�òÕôiö�õ×ø[ìÚÿ�î ü ê¥ï-êcì�í�ó{ë¬ó!�,��ì×ö�ù� hÿ ï-ôië î ü êFýBó�ï-ì×óiþ�õ×ê4í8ô�ÿ
g��#î@ôuî ü ô3í0ênôiÿ C �'gp�5�4 4�� i	x�x	x�i! 4��t �=�c� ü ì�ñ ü ë¬ó!��í�ò�ì�í�î-ìÚö%�
ùið�ì�í ü ê4òÀýBóiï@ì�ó�þ�õ×ê4í#î-ô�ò�ì�í0î@ì×ö�ùið�ì�í ü ê4òbýBó�ï-ì×óiþ�õÚê�í��;í@ð�ñ ü î ü ó�î
ó�ö6øyñ¥ôiö���ð�ö�ñ?î� Sy �ô�ÿ$g��[ì�í{í-óBî-ì×í=«�ê�ò>þ3ø��V 4�� ��i= 4��,�����
3Xõ�í0ô�ö�ôiî@ê�î ü óBî���þ6øEñ�ôiö�í�î-ï@ð�ñ�î@ì×ôiö_�� 4��� � �� �M� ¯ � ôiï_ 4��� � �� � �¯ � ÿ ôiïuê¥ýIê¥ï-øÞí@ð�ñ ü   ó�ö�òHê¥ýIê¥ï-øbýBó�ï-ì�ó�þ�õ×ê ° ìÚö 0��fí0ô� 
ò�ê�î-ê¥ï-ëuì×ö�ê�í*ó¾î@ï-ð�î ü óií-í0ì×ùiö�ëËê4öIî���óií-í0ì×ùiö�í*§*9 ° ¢ î@ô ° ìÚÿ
ó�ö�òbôiö�õ×øÀìÚÿc 4��� � �� �u� ¯ � ���\�ÌôIï@ê4ôBýiê4ï	��ê¥ýIê¥ï-øÀñ�ôIö���ð�ö�ñ�î© w � w § w ìÚöXg � ì�í{í-óBî@ì�í=«�ê4ò>þ6ø
�V 4�K© w ��i= 4�V§ w �=�Xì°ÿ
óiö�ò>ôiö�õÚø
ì°ÿ�0  í#ñ¥õ×óið�í0êp� w ì×í#í@ó�î@ì�í�«�ê4ò>ð�ö�ò�ê¥ïXî ü ê[î-ï@ð�î ü óií-í@ìÚùIö�ëËê¥ö3î
ñ�ôiï-ï-ê4í���ôIö�ò�ì×ö�ù{î-ô+ X�:é6ô[ê4ýiê4ï@ø+  ñ�ôiï-ï-ê4í���ôIö�ò�í8î@ô`óEî-ï@ð�î ü
óií-í0ì×ùiö�ëËê4öIî(í-óBî@ì�í0ÿ ø3ì×ö�ùnó�õ×õ�ñ�õ�ó�ð�í@ê4í/ôiÿ�07� Lfð�î/ÿ ï-ôië î ü ê�ò�ì�í��
ñ�ð�í-í0ì×ôiö¼ìÚö¬î ü ênñ�ôið�öIî-ê¥ï-êw(�ó�ë���õ×ê!�3ìÚî
ÿ ôiõ×õ×ô5�Xí:î ü óBîcÿ ôiïfê¥ýiê4ï@ø
ð�ö�ì×ýiê¥ï�í-ó�õ×õÚøÀ÷3ð�óiöIî-ì8«�ê4òbý�óiï@ì�ó�þ�õÚêH w ô�ÿ 07�7 ��4� ���� �� ��� ¯�����ì°ÿ
óiö�òÌôiö�õÚø�ì°ÿ 7 w � � ��ó�ö�ò* ��4� ���� �� ��� ¯����� ìÚÿfó�ö�ò>ôIö�õ×ø�ìÚÿ
7 w � � ��ìÚöÍô�î ü ê¥ï+�côiï�ò�í  w ì×í[óIí@í@ìÚùIö�ê4òX§*9 ° ¢Rì°ÿ�ó�ö�òbôiö�õÚø
ì°ÿ 7 w � � �ué�ìÚö�ñ¥ê¬ñ�ôiö3î�ó�ì×ö�ëËê¥ö3î ü ôiõ�ò�í#ÿ ôiï`óiõÚõ�ýBó�õ×ð�ê4ínôiÿ 7 w
� ì×ö�ñ�õ×ð�ò�ì×ö�ù � �w�;î ü ì×ínëËê4óiö�íEî ü óBî�g �K� g � ì°ÿ�ó�ö�òbôiö�õÚøÀìÚÿ
ê¥ýiê4ï@ø�î-ï@ð�î ü óIí@í@ì×ùiö�ëËê¥ö3î#î@ôyî ü êH w í ü óiínóiö*êw(6î-ê¥ö�í@ìÚôIöÀî-ô
î ü ê�,�4í(î ü óBîFí@ó�î@ì�í�«�ê�í:ó�õ×õ�ñ¥õ×óið�í@ê4í:ôiÿ�0X��ôiï��Iê�÷3ð�ìÚýBóiõÚê4öIî-õÚø��IìÚÿ
ó�ö�ò�ôiö�õÚøRìÚÿ 0Ìì�íFý�óiõÚì�òE�w� �
3{í �cê �dôiì×öIî-ê4ò ôið�îuìÚö�«�ùið�ï-ê M ��î ü ê 274 � õ×ô5�cê¥ïJþdôið�ö�ò

ÿ ôiïJñ¥ôiö3î-óiìÚö�ëËê4öIî[ôiÿ��Q�;i i�¨ t i�u �Q�É÷Ið�ê¥ï-ìÚê�íEÿ ôiõ×õÚô5�Xí#��ìÚö�ò�ê��dê¥ö%�
ò�ê¥ö3î@õ×ø,��ÿ ï@ôIë î ü ï-ê¥êFí@ôið�ï�ñ�ê�í��;î ü êcî��fôEõ×ô5�fê4ï8þdôið�ö�ò�í�ìÚöÕî ü ê
��ï@ê4ý6ìÚôIð�ícî ü ê4ôiï-ê¥ë óiö�ò¼î ü ê[ôIö�ênìÚö>ï-ê¥ë¬ó�ï� qP,� M �
1 G&H�i2@5)�19@NI5O � ü ênÿ ôiõ×õÚô5��ì×ö�ùËï-ê4í@ð�õ°î{í ü ô5�Xífî ü óBî{óËëËôiï-êõÚì×þ�ê4ï-óiõ8ö�ê4í0î@ì×ö�ùyôiÿ:ï@ê4ùið�õ�ó�ï���óBî ü ê�(;��ï@ê�í@í@ìÚôIö�í���ìÚî ü ìÚö�ùyî ü ê

&nõÚê4ê¥ö�ê*í0î-óiïRì�í\��ï-ôiþ�õ×ê¥ë¬ó�î@ì�ñ>ìÚößî-ê¥ï-ëËí¼ô�ÿ`ñ�ôIë���õÚê�(�ì°î�ø¸ô�ÿ
ñ�ôiö3î�ó�ì×ö�ëËê¥ö3î	� �<ÿ��fêXóiõÚõ×ô5�¾ñ¥ôiö�ñ4óBî-ê¥ö�ó�î@ì×ôiö�í�ôiÿ�õ�ó�þdê¥õ�íª��ìÚî ü �
ìÚö�ùRî ü ê &nõ×ê¥ê4ö�ê`í0î-ó�ï��E�cê[ôiþ�î-ó�ì×ö>î ü ê � ��ÿ ï�ó�ùIëËê¥ö3î	� � ü ôIí@ê
õÚô5�cê¥ï;þdôið�ö�òEÿ ôiï�ñ¥ôiö3î-óiìÚö�ëËê4öIî;ì�í��cé%��3�>c�4��ó���ï-ô6ô�ÿ�í= Iê�î-ñ ü
ì×í�ì×ö>ó��,�dê¥ö�ò�ì8(�>����
$�>A@D8:)�@NC.��O�. ]?B�CEI S JMCgb#N�CEI7B��32£D=W G N�O�JYNwZ�J Zª` 7%`��"]��cD
U S O���5
3{í6�dôiì×ö3î@ê4òÕôið�î�ì×öuï@ê4ëËóiï� �PE� 2,��óEþ�ì°î(ëËôiï-êcö�ê4í0î@ì×ö�ùEî ü óiö

î ü ó�îXø3ì×ê¥õ�ò�í��$���fé,��3�>c�ª� ü ó�ï�ò�ö�ê�í@í �

1



� \kå ä ���`è ä & Y ä � � ä æ YX��� Y � Y ä æ Y ä��
 Xè[YX�

$�>2@ �Q�;i�u � Gc<�),-g+:CE@D/�65O � ü ì×í`ì×í+� ü ê¥ï-ê¬ôið�ïnî-ê4ñ ü ö�ì�÷3ð�ê¬ô�ÿï-ê¥õ�óBî@ì×ôiö�ó�õ6î@ï�ó�ö�í0õ�óBî-ìÚôIöuì�í:ëËô3í�î:ê[	dê�ñ?î@ì×ýiê�� & ì×ï�í�î
ï-ê4ñ4ó�õ×õ�î ü óBî
þ6øXî-ï-óiö�í0õ�óBî-ìÚö�ù+u¥óo�có�ø��¥ó�ö6ø#ð�ö�ì×ôiönô�ÿ��'�%i�u �Q�É÷Ið�ê¥ï-ìÚê�í;ì×í"ê4÷3ð�ì×ý��
ó�õ×ê¥ö3îfî@ôÕóJð�ö�ì×ôiöyô�ÿ$�'�!�Q�É÷3ð�ê¥ï-ìÚê�í��6��ê�ñ¥ó�õ×õ�ó�õ�í0ôJî ü ó�îcó�ö6ø¬í@ê�î
�àô�ÿ?�'�%i�u �Q�Éò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�í:ì�í�î@ï�ó�ö�í0õ�óBî-ê4òuìÚö3î-ôJó[í0ê¥î C ���+�(ô�ÿ
� � � í�� Lcøyò�ê�«�ö�ìÚî@ì×ôiö_�F��î ü ê`ò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�íXì×ö �pó�ï-ênÿ ð�õÚõ �
ëËê4óiö�ícî ü ó�î�î ü ê � � � í�ì×ö C �9�+�Fóiï@êEÿ ð�õ×õK�
é6ì×ö�ñ¥ê`î ü ê � � � í{ì×ö E t ó�ï-ê`ó�õ×õ�ÿ ð�õ×õ'��î ü ê`ÿ�óIñ?î#î ü ó�îEñ�ôIö%�î-óiìÚö�ëuê4ö3î�ô�ÿ6ð�ö�ì×ôiö�í"ô�ÿ��'�;iou � �<÷3ð�ê4ï@ì×ê4í"ð�ö�ò�ê4ï;ÿ ð�õ×õ �'�%i�u �Q�Éò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�í

ì�í:ò�ê4ñ¥ì×ò�ó�þ�õ×êcÿ ôiõ×õÚô5�Xí/ÿ ï-ôië î ü ê¥ôIï@ê4ë»3��}2nó�ö�ò`î ü êFÿ ôiõ×õÚô5��ì×ö�ù
ï-ê4í@ð�õ°î��
$�>2@D8g)�@DC �"O!/
	 N�I0� a N S Z�N�I_B.� � G%RMR �'�%i�u ��D!��NQTENwC��!N�CHA�JYN�Z�3
S C��"µ � i�µ � I 2 B G CEJYB�C,Z�B.�+�Q�;i�u ��D=W G N�O�JYN�Z65 	 N�I$IVU,N"N�W G JML S D
R N�CEI G CEJYB�C,Z�B��$�'�!��D=W G NwO�JYNwZ a N � tw � � g w 3 O�NwZ'T,N�A�IKJML5N R r � v� � � g �� 5
: U,N�C0µ � J Z A�B5CEI S JMC Nc� JMC�µ � G C.��NwO � J � S C.�*B5C R r J � �wB5O
N�LoN�Osr M�!�®�! �
IVU,N�O�N�N��!J Z�IKZ M ! $ !  ¼Z G A�U�IVU S I C �Kg w �
J Z�A�B5CEI S JMC Nc�#JMC C �Kg �� � G C.�!N�O E t � C ���+�65

� ü ê£��ï-ô6ô�ÿ{ê�(;��õÚôIì°î�íuî ü ê*�côiï� ��cê>ó�õ×ï@ê�óiò�øHò�ì�ò ì×ößí0ê�ñ��î@ì×ôiöZR¬ó�ö�ò¼ì�í�ôiëËìÚî0î-ê4ò��
$�>2@ �'�%i � Gc<�),-g+:CE@D/�65O 3{íuí�î�óBî@ê�ò��(î ü ì×í"��ï-ôiþ�õ×ê¥ë ì�í

ô!�dê¥ö��6f{ô5�fê4ýiê4ï	�5�cê ü ó�ýIêfî��cô[ýBó�ï-ì×ó�î@ì×ôiö�í:ô�ÿ;ì°î��IôIö�êXò�ê�ñ�ì�ò;�
ó�þ�õÚê��6î ü ê[ôiî ü ê4ï�ôiö�ê���í0ð�ï���ï-ì�í0ì×ö�ùiõ×ø!�6ö�ôiî	�
��-')�14-067148./ /.j �KG�F2@NJM@D/AF2@D/ f 14@DI5O >fôIö�í@ì×ò�ê4ïRóHí0ð�þ%�

ñ�õ�óií-íFô�ÿ8ÿ ð�õ×õ$�'�%i �Q�Éò�ê	��ê4ö�ê¥ö�ñ¥ìÚê�í��E� ü ì×ñ ü ò�ì�í@óiõÚõ×ô5�Xí
� ô6ñ4ñ�ð�ï-ê¥ö�ñ�ê4í:ô�ÿ;î ü ê���ì×õ×ò�ñ4ó�ï�ò ìÚöRî ü ê���ï@ê4ëËì×í@êXô�ÿ;î ü ê
ìÚë���õ×ì×ñ4óBî-ìÚôIö_��ó�ö�ò

� ô6ñ4ñ�ð�ï-ï-ê¥ö�ñ¥ê4ífô�ÿª�`ì×öyî ü ê[ñ�ôIö�ñ�õ×ð�í@ìÚôIö¼ô�ÿ8î ü ênì×ë���õÚì�ñ¥ó��î@ì×ôiö4��í@ê¥ênÿ ôiï-ëJð�õ×ó£��R;�=���
� ê`ñ¥ó�õ×õ�î ü ê¥ë ���<ò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4í	�
$�>2@D8g)�@DC �"O . ]?B5CEI S JMC:b�N�CEI$B�� G CEJYB5CEZbB.�b�'�%i �wD=W G N�O�JYN�Z
G C.��NwO�� G%RMR�� D!�!N TENwC��!N�CHA�JYN�Z�J Zp�!N�A�J4� S5awR N-5
� ü ê"��ï-ô3ôiÿ:ì×íEôIëuìÚî0î-ê4ò�� � ü êËò�ê�ñ�ì�í0ì×ôiö���ï@ô�ñ�ê�ò�ð�ï-ê`ì�í#þ�ó5�í@ì×ñ4ó�õ×õÚøuî ü êní-ó�ëËêEóií
î ü ênôiö�êXÿ ôiï�ò�ê�ñ�ì�ò�ì×ö�ùuñ¥ôiö3î-óiìÚö�ëuê4ö3îfô�ÿ

ð�ö�ì×ôiö�íJôiÿ"�'�%i i�¨Qt�� �<÷3ð�ê4ï@ì×ê4í"��ì°î ü ôið�îËò�ê	��ê4ö�ò�ê4ö�ñ�ì×ê4í	�¼ñ�ôIö%�
í@ì×ò�ê4ïXôiö�õÚø�ó «�ö�ìÚî@ê`ð�ö�ìÚôIö�ôiÿ:í�î�ó�ï���ÿ ï-ê¥ê[÷3ð�ê¥ï-ì×ê4í	��ó�ö�ò>ñ ü ê�ñ� 
ñ�ôIö3î-ó�ì×ö�ëËê¥ö3î¼ñ ü óIí0ì×ö�ù4��ìÚî üDE t óiö�ò´��óIí¬ôiö�õÚø¾ò�ì
	�ê¥ï-ê¥ö�ñ�êÿ ï-ôië�î ü óBî/ñ¥óií@ê�� ��ìÚî ü î ü ê(î@ï�ó�ö�í0õ�óBî-ìÚôIö#ôiÿ3î ü ê����Éò�ê	��ê4ö�ò�ê¥ö�ñ�ì×ê4í	�
��-')�14-067148./ .�j �=6[6[)�14_2iA67@DF CE8 F2@ 44I5O é6ð,�,�dôIí@êyö�ô5�

î ü óBî��cê`ï-ê4í0î@ï-ì×ñ�îXî ü ê`ÿ ð�õÚõ��'�%i � �<ò�ê	��ê4ö�ò�ê4ö�ñ�ì×ê4í{ê¥ýiê4öÌëËôiï-ê!�
ÿ ôiï�ñ�ì×ö�ù[î ü ê¥ì×ïfó�î@ôIëËí:î@ô`þdê#í0î-óiï=��ÿ ï-ê¥ê!� � ê{ôiþ�î-ó�ì×ö#��ï-ê4ñ¥ì×í@ê¥õ×ø
î ü êÀÿ ð�õ×õ � � � í	� Lcð�î>óií-í0ð�ëuê*î ü ó�î��cêbóiõÚõ×ô5�PóÝí=�dê4ñ¥ì×óiõ
ñ�õ�óií-íRôiÿ`í0ê4ëuì�í0î@ï-ð�ñ?î-ð�ï@ê�ò�ò�ó�î-ó�þ�óií@ê4í	�cì×ö¸� ü ì�ñ ü î ü êbò�ó�î-ó
ùiï�ó�� ü ñ¥óiöÀþ�ê �@óIò�ôiï-ö�ê�ò6�Ëþ6øÀóBî0î�óiñ ü ì×ö�ù�óBî0î-ï@ì×þ�ð�î-ê4í{î@ô�ì°î�í
ö�ô�ò�ê�í����Àôiï-ê���ï-ê4ñ�ì�í@ê¥õ×ø!��ó�î0î-ï@ì×þ�ð�î-ê4òÌëËô�ò�ê¥õ�í ü ó�ýiêJí-ñ ü ê¥ë¬ó
`6�'^�N R �����w�!� ü ê4ï@ê	�Ûì�í:óní0ê¥î:ô�ÿ�þ�ì×ö�ó�ï-ø`ï-ê¥õ�óBî@ì×ôiö�í8ö�ó�ëËê4í	�
ñ¥óiõÚõ×ê4ò S IKI'O�J awG I NwZ��c� ü ôÝóiï@êÌò�ì�í���ôIìÚö3î¬ÿ ï-ôië `�� � ü êÌôIö�õ×øò�ì	dê4ï@ê4ö�ñ�êJþ�ê¥î��fê4ê¥öÀó�öÀó�î0î-ï@ì×þ�ð�î-êJó�ö�òÌóRõ×óiþ�ê4õ�ì�í�î ü óBî{î ü ê

ÿ ôiï-ëuê4ï{ì�í{ö�ô�î{ì×ö�ñ�õ×ð�ò�ê�òÀì×öÌî ü êJì×öIî-ê¥ï���ï-ê�î-ó�î@ì×ôiöÌôiÿ � � ü ì×õ×ê
î ü ê[õ�óBî@î@ê¥ï�ì�í ) �
$�>A@D8:)�@NC � O 8 ]?B�CEI S JMCgb#N�CEI_B.� S �Q�;i ��D=W G NwOsr�JMC S�G CEJYB�C
B.���Q�;i �wD=W G N�O�JYNwZ G C.�!N�OM� G%RMR ���©��Z�3 a�G I B�LoN�O S I'I'O�J awG I Nc�
b�B?�!N R Z�3$J Z G C.��N�A�J4� S5awR NH5

� ü êb��ï@ô6ôiÿ"ì×ífôiëËìÚî0î@ê�ò���þ�ð�îFýiê4ï@ø¬í@ìÚëËì×õ×óiï
î-ô`î ü óBîFô�ÿ"î ü êw�ôiï-ê¥ë.eE� R �
$�>2@ �Y¨Qt�� G�<�)�-0+:CQ@N/�65O é6ð�ï���ï-ì�í0ì×ö�ùiõ×ø!�Xî ü ì�í£��ï@ôIþ�õ×ê¥ë ì×í

ð�ö�ò�ê�ñ�ì�ò�ó�þ�õ×ê!��ò�ê4í���ì°î-ê{î ü êní0ø6ö3î-óIñ?î@ì�ñEí0ì×ëËìÚõ�ó�ï-ì°î�øËôiÿ"î ü ê#�K¨'t	�
ó�ö�ò<�Q��� ��ÿ ï�ó�ùIëuê4ö3î-í	� � êuí ü ô5� óRí0î@ï-ôiö�ùiê¥ï{ð�ö�ò�ê�ñ�ì�ò�ó�þ�ì×õ×ì°î�ø
ï@ê�í0ð�õÚî	�6� ü ì�ñ üÝü ôIõ×ò�í`ê¥ýIê¥öHìÚÿXî ü êyò�ê	��ê4ö�ò�ê¥ö�ñ�ì×ê4íuó�ï-êRí�î�ó�ï��
ÿ ï@ê4ê!��î ü ð�í
ñ¥ôiï-ï@ê�í=�dôiö�ò�ìÚö�ù#î@ô���ð�ï-ê¥õ×øJï-ê¥õ�óBî@ì×ôiö�ó�õ6ÿ ð�õ×õ � � � í��
$�>A@D8:)�@NC � O&� : UEN�A�B5C I S JMCgb#NwC I£B�� S C ¨Qt5D=W G NwOsr-JMC S
G CEJYB5C4B.��¨Qt5D=W G NwO�JYNwZ+JMC0IVU,N�THO�NwZ�NwC A�N"B�� � G%RMR ���©�+Z�J Z G CED
�!N�AwJ4� Ska�R N-5
`cO�B�B.���>Lcø�ï-ê4ò�ð�ñ�î@ì×ôiöÛÿ ï-ôiëUî ü êÍÿ ôiõ×õ×ô5��ìÚö�ùßð�ö�ò�ê4ñ¥ì×ò�óiþ�õ×ê
��ï@ôIþ�õ×ê¥ë*� �Eì×ýiê¥öuñ�ôIöIî-êw(6î=��ÿ ï-ê¥êcùiï�ó�ëËë¬ó�ï�
 �»� E i���i �6i���
� ü ê¥ï-ê E ì�ífî ü êEí0ê¥îcôiÿ;î@ê¥ï-ëËìÚö�ó�õ�í���ñ�ôiö3î�ó�ì×ö�ìÚö�ùÕóBîcõÚê�óií0î
î��cô
í0ø6ëJþdôiõ�í����!� î ü êFö�ôIöIî-ê¥ï-ëËìÚö�óiõ×í	� � ;��mî ü êFí0î-óiï0î(í@ø3ëÕþ�ôIõK�
� � ����� E � �0��t#î ü êb��ï@ô�ò�ð�ñ�î@ì×ôiö�í	��ó�ö�ò�����
��
î ü ê[õ�ó�ö,�
ùið�óiùiê:ùIê¥ö�ê4ï-ó�î@ê4ònþ6ø�
���î ü êc÷3ð�ê�í�î-ìÚôIö�� ü ê�î ü ê¥ï�����
�� � E t
ì×í�ð�ö�ò�ê4ñ¥ì×ò�ó�þ�õ×ê¬ú M U û �

$�>2@K)�@DFAi f 6?148./MO �Eì×ýiê4öÀñ�ôIöIî-êw(6î=��ÿ ï-ê¥ênùiï�ó�ëËë¬ó�ï	
z�
� E i���i �6i�����,�cê[ñ�ôiö�í�î-ï@ð�ñ�îXó�ö>ìÚö�í�î�ó�ö�ñ¥êEôiÿ�ñ¥ôiö3î-óiìÚö�ëuê4ö3î

g �	� g��p�£g ! � ! � �
� ��� � /�� �

g �  � � /
óiícÿ ôiõ×õ×ô5�Xí��

g#�'�<k ��� t� �!��i  y�¥o��©�§�s¡��§=©�i"� '; E ���0�
g#���'�<k � �  
g ! � ! �'�<k  $��x � t  

g �  � � / �'�<k  $%.�  i# $%g�u ��%.��i"%:� ; E �

 ñ�ôIö�í@ì×í0î-í¼ô�ÿ[î ü ê*ÿ ôIõÚõ×ô5��ìÚö�ùHÿ ð�õ×õK�Eí�î�ó�ï���ÿ ï-ê¥ê � �$��� � í
� � � � í��w�

�B?H��� ·. 7i! i��>ú  $�  :q $� � � H� � û
� ® � $ � ·. 7i! i��>ú ��  :d�&�  � H� � û

�K©7; *v��|·. 7i!*ú  $� #� �
� � �

 $%S û

�CA 4 � ·. �!i�x	x�xwi� ��ú
�
'
w � �  w�( �*) w  w �  ���  � û

�B? ¥ 9 ¢ ¯ ¢�9,57��º� � ) � x�x	x ) � ;+���
, % �,�{�1J��[�,�� g�{�2����J��{ ¡�c�"�{�p�9£,�{��� �A�������?�.-�/*0*������� J��[�,�� g�c�,�-�Qg�������9£k��G�� 1 G!���9�{�s��2 3546 Is�A�?�!�9�"���9�9���{�,�7���A�,�7�?�!�.�c��� �,�c�.���!��G����c�, {��%®�����)7�{�%���9�{�s���c {�s�,���9�,�87:9<;"=>���¢?�{�!¯

M	�



3{õÚõ/î ü êu÷3ð�ê4ï@ì×ê4í#ó�ï-êJþ�ì×ö�ó�ï-ø!��í@ôRî ü êJÿ ôIõÚõ×ô5��ìÚö�ù ü ôIõ×ò�í#ï-êw�
ùIóiï-ò�õÚê�í@ícô�ÿ8î ü ê4ìÚï#ñ�ôiö�í�î-ï@ð�ñ�î@ì×ôiö_�

g '� � g � �£g ! � ! � � �  �� � / � � g �  � � /
� ��T!�


  ú  u �  :*g#�  � '����:*g � �  �M����:£g ! � ! �  �M���
: 2 �  �� � / � � g �  � � / �  �M��� û

� ê`ñ�õ�ó�ì×ëmî ü ó�î

  ú  u �  :*g#�  � '����:*g � �  �M����:£g ! � ! �  �M���

: 2 �  �� � / � � g �  � � / �  �M��� û
� �Ke��


��4� ; E t	����'; ����
��
� ü ì�ñ ü �6î@ôIùiê¥î ü ê4ïc��ìÚî ü �9T�����ì×ë���õÚì×ê4ícî ü óBî�î ü ê[ñ�ôIö�í�î-ï@ð�ñ?î@ì×ôiö
ì�íEó�ï-ê4ò�ð�ñ?î@ì×ôiö�� � ü êËìÚö3î-ð�ì°î-ìÚôIöbþdê ü ìÚö�ò*î ü êËñ¥õ×óiìÚëPì�íEî ü óBî
î ü ê¬ìÚö�í0î-óiö�ñ�ê  î ü ó�îJóiñ?î�í`óií[óÌñ¥ôið�ö3î-ê¥ï-êw(�ó�ë���õ×êJÿ ôIïJñ�ôIö%�
î-óiìÚö�ëuê4ö3î
ï@ê	��ï-ê4í@ê¥ö3î-í:ó��côiï�ò=�¸� ü ì�ñ ü ��ì°î-ö�ê4í-í@ê4í�î ü êXö�ôIö%�
ñ�ôIö3î-ó�ì×ö�ëËê¥ö3î�ô�ÿ E t#ì×ö ����
��w�
ou)�8 8.<�8.< f 49-014C j�� ��3#í@í@ð�ëËìÚö�ùyî ü ê¬í�î�ó�ö�ò�ó�ï�ò*ì×ö3î@ê¥ï��

��ï-ê�î�óBî@ì×ôiöÍôiÿ.�Xt�� g\�  � '����ì×ë ��õÚì×ê4ínî ü óBîJî ü ê4ï@ê¬ê�(6ì�í0î-í[ó
��ó�î ü ô�ÿ��*�<ê4ò�ùIê4íÕÿ ï@ôIë �Ýî-ô  ì×ö  �¶g ! � ! �  �Z���*ì×ë �
��õ×ìÚê�íEî ü ó�î`ó�õ×õª��óBî ü ínô�ÿ.�*��ê�ò�ùiê�ínó�ï-êuí@ìÚë���õ×ê�� ö�ôÌñ¥ø6ñ¥õÚê�í��w�
 u �»�B?H���:#� ® � $ �(ì×ë���õÚì×ê4í:î ü ó�î
î ü ê¥ï-ê�ì×ífó[ð�ö�ì�÷3ð�ê���í0ì×ë���õÚêo�
��ó�î ü ô�ÿ �*��ê�ò�ùiê�í8ÿ ï@ôIë �`î@ô  � ü ì�ñ ü �fêFñ¥óiõÚõ6î ü ê	�*�Éñ ü ó�ì×ö_�
 u � �'©[; �vw�`í-ó�ø�í`î ü óBîËê¥ýIê¥ï-ø ����ê�ò�ùiê ü óiíÕìÚö���ó�ï�ó�õ×õ×ê¥õ

��ìÚî ü ì°î{ó&%H�<ê4ò�ùiêEÿ ôiïXí@ôiëËê`í@ø3ëÕþ�ôIõ % ; E ��óiö�ò�ì°î�ÿ ôIõÚõ×ô5�Xí
ÿ ï-ôië 2 g �  � � / �  �����Àî ü óBî¬î ü ì�í¬ê4ò�ùIê>ì×í¬ð�ö�ì×÷3ð�ê�� � ü ê�*�Éñ ü ó�ì×öÕî ü ð�í
ñ¥ôiï-ï@ê�í=�dôiö�ò�í8î@ôJó[í0î@ï-ìÚö�ù �oì×ö E t��Iôiÿdõ×ê¥ö�ùiî ü
ê4÷3ð�óiõ�î@ô�î ü óBî`ô�ÿfî ü ê ���<ñ ü óiìÚö����fóiñ ü �*��ê�ò�ùiêËó�õ×ôiö�ùyî ü ê
ñ ü óiìÚö>ñ�ôIï@ï-ê4í���ôIö�ò�ífî@ô¬ó �dôIí@ì°î-ìÚôIö�ì×öZ���
� ê:ë¬ó� Iê8î ü ê(ÿ ôIõÚõ×ô5��ìÚö�ùFí@ð�þ�ñ�õ�ó�ì×ë*�"õÚê¥î  �i�#þdê(î ü ê:í0ôIð�ï-ñ¥ê!�

ï-ê4í���ê�ñ?î@ì×ýiê4õÚøuî�ó�ï-ùiê�îcö�ô�ò�ê4ífô�ÿ/óJí@ð�þdñ ü ó�ì×ö¼ô�ÿ�î ü ê*�*�Éñ ü ó�ì×ö_�
ó�ö�òÌõÚê¥î ° þdêJî ü êuñ¥ôiï-ï@ê�í=�dôiö�ò�ìÚö�ùRí0ð�þ�í�î-ï@ì×ö�ù¼ôiÿ �����"ê¥îb�
þdêJó�ö6ø¼ö�ôiö3î@ê4ï@ëËì×ö�ó�õ�í@ð�ñ ü î ü óBîXî ü ê¥ï-ê[êw(�ì�í�î�íXóRò�ê4ï@ì×ýBóBî@ì×ôiö
ô�ÿ ° ìÚö 
Pí0î-óiï0î-ìÚö�ù>ÿ ï@ôIë¼�
� � ü ê¥öHî ü ê¥ï-êRì�íJó�ö<����ê�ò�ùiêÿ ï-ôië� Àî@ô�yì×ö  � � ü êuí0ð�þ�ñ�õ�ó�ì×ë�ì×í#í ü ô5��öÌþ3ø>ì×ö�ò�ð�ñ�î@ì×ôiö
ôiöÕî ü êcõ×ê¥ö�ù�î ü ô�ÿ�î ü êXò�ê¥ï-ìÚýBóBî-ìÚôIö_��ó�ö�òJìÚî(ð�í0ê�í/î ü êFÿ�óIñ?î�î ü óBî
 u � 2 4 �
	 �BA 4 ���� ôiùIê�î ü ê¥ï���ìÚî ü g����  �����%��î ü êuí0ð�þdñ¥õ×óiìÚë�ì×ë ��õÚì×ê4í#î ü óBî
î ü ê¥ï-ê#ì�ícö�ô¬ò�ê¥ï-ìÚýBó�î@ì×ôiöRôiÿA�ÛìÚö 
 í0î-ó�ï@î@ì×ö�ùÕÿ ï@ôIëkî ü ê[í0î-óiï0î
í@ø3ëÕþ�ôIõ�����ì×öyôiî ü ê4ï��fôIï-ò�í#� '; ����
����
� �:é3î-óiï0î-ìÚö�ùÕÿ ï-ôië ����þ�ð�ìÚõ�òRî ü êEëuì×ö�ì×ë¬ó�õ;ëËô�ò�ê¥õ  ñ�ôIö%�

í@ì×í0î@ì×ö�ù*ôiÿ�� ìM�Jóiö �*�Éñ ü ó�ì×öHô�ÿ#õÚê4ö�ù�î ü u � u ����ìÚìM�`î ü ê>ñ�ôIï@ï-êw�
í���ôIö�ò�ì×ö�ù���óiï-óiõÚõ×ê¥õ:ê�ò�ùiê�í`í���ê4õÚõ×ìÚö�ù ���(ó�ö�òº� ì×ìÚìM�[ÿ ôIï`ê¥ýIê¥ï-ø
í@ð�þdñ ü ó�ì×ö*ÿ ï-ôiëPö�ô�ò�êH Íî-ô�ö�ô6ò�ê=bñ�ôiï-ï-ê4í���ôIö�ò�ì×ö�ùRî-ôyî ü ê
í@ð�þ�í0î@ï-ìÚö�ù ° ô�ÿ ����óiö�òRê4ýiê¥ï-øËö�ôiö3î-ê¥ï-ëuì×ö�óiõH� ÿ ï@ôIër� ü ì×ñ ü
î ü ê¥ï-êcì�í(ónò�ê¥ï-ì×ý�ó�î@ì×ôiöÕô�ÿ ° ì×ö 
��Ióiò�òÕóiö �*�<ê4ò�ùiêfÿ ï@ôIë  Ëî@ô
 �c��ì �:ìÚë���õ×ì×ê4í��  u � ��?H��� :\� ® � $ �=�:�g ! � ! �  �M��� :�g\�  � '�
�%����ìÚìM�fê¥ö�í@ð�ï-ê4íb�  u � �K©7; *vw��� : 2 g �  � � / �  � ���Õó�ö�òX� ì×ìÚìM�
ùið�ó�ï�ó�ö3î@ê4ê4í  u � 2 4 �
	 �CA 4 �w�L��'; ����
��fó�ö�ò¬î ü êEëËìÚö�ì×ë¬ó�õ�ìÚî�ø¼ô�ÿ8î ü ê[ëËô�ò�ê4õ"ê¥ö�ÿ ôIï-ñ¥ê�g��_�  �M���%� �

 - Y * �:è���è ä�� � è���� � è%Y * � � ä æ YX�
� Y � Y ä æ Y ä  Xè%Y{�8�

ú 1 û ì×öIî-ï@ô�ò�ð�ñ�ê4íRî ü ê A�U S Z�N � a�S A ��A�U S Z�Nº[�]�� 0 dÌó�õ×ùiôIï@ìÚî ü ë
ÿ ôiï[ï-ê���ï-ì°î-ìÚö�ù>÷3ð�ê¥ï-ì×ê4í���ìÚî ü ý3ì×ê��Xínð�ö�ò�ê¥ï`ò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4í +
� ð�ê¼î@ôÀí���óiñ¥ê¼ñ�ôIö�í0î@ï�ó�ì×öIî�í��fêyñ¥ó�öÍôIö�õÚøÍí� iê�î�ñ üÍü ê¥ï-ê¬î ü ê
ì×ò�ê�ó{óiö�ò+�cê
ôiëËìÚî7��ï-ô6ô�ÿ�í	� � ü êcí�î-ï-ó�î@ê4ùiøEô�ÿ�î ü ê�>c/ LÍó�õ×ùiô!�ï@ìÚî ü ëzì×í�î@ôËï@ê�ò�ð�ñ¥ênî ü ê+��ï-ôiþ�õÚê4ë ô�ÿ�ï@ê	��ï@ìÚî@ì×ö�ù ��ì°î ü ý6ìÚê	�Xí
î@ôyî ü ê���ï-ôiþ�õ×ê¥ëPôiÿ
ï-ê���ï-ì°î-ìÚö�ùyð�ö�ò�ê4ï[ò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�í����<ÿ�² w
ì×í`ó�ý6ì×ê��pö�ó�ëËê¬ó�ö�ò
g�² w î ü êR÷3ð�ê¥ï-øÌî ü óBîJò�ê�«�ö�ê4í`ì°î����cê
ñ¥ó���î@ð�ï-ê ² w þ6ø���ï-ì°î-ìÚö�ùyó\��ó�ì×ï{ô�ÿfìÚö�ñ¥õÚð�í0ì×ôiö*ò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4í
î ü ó�îÕê4í-í@ê¥ö3î@ì�ó�õ×õÚøÞí@ó�ø4² w � g�² w ó�ö�ò<g�² w � ² w � � ê4ö�ô�î-ê
î ü ê¬í@ê�înô�ÿfóiõÚõ(í@ð�ñ ü ��óiìÚï�í#ô�ÿfò�ê	��ê4ö�ò�ê4ö�ñ�ì×ê4í���ìÚî ü �� óiö�ò
õÚê¥îXð�íXó�õ�í@ôËóIí@í@ð�ëËêEî ü ó�î��fê[ï-ê���ï-ìÚî@ênð�ö�ò�ê4ï{ó�öÌóIò�ò�ìÚî@ì×ôiö�óiõ
í0ê¥î  ôiÿ�ò�ê	��ê4ö�ò�ê4ö�ñ�ì×ê4í	�
� ü ê�>c/ Lmó�õ×ùiôiï-ìÚî ü ë ôiö¾ób÷3ð�ê4ï@ø�g ü óiíJî��côX� ü óií@ê4í	�

& ì×ï�í�îXî ü ênf >2-0I?@ ôiÿ$gr��ì°î ü  �  � � � ü êJò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4íìÚö  � î ü óBîÌó��E��õÚø�óiï@êbÿ ð�õ×õK�ní@ô¸ìÚÿJî ü ôIí@êbì×ö  ó�ï-êÀÿ ð�õÚõ
î@ô6ôE��î ü êJñ ü óií@ê+��ìÚõ×õ"î-ê¥ï-ëuì×ö�ó�î@ê!�H��ìÚî ü ó¬÷3ð�ê¥ï-ø£�fê`ñ4ó�õ×õ"î ü ê
iA/21��.@5)�I?-64�J 44-g/ µ��kþ�ê�ñ¥ó�ð�í0êÕì°înêw(%��õ×ì×ñ¥ì°î-õÚø>ëËê¥ö3î-ìÚôIö�í#óiõÚõ
ý3ì×ê��Xícî ü óBî{ñ4ó�ö�þ�ê[ð�í0ê�ò¼î-ô¬ó�ö�í��fê4ï�g��
� ü êbí@ê4ñ¥ôiö�ò¸� ü óií@êÀì�íRî ü ê _2- f , f >2-0I?@ � ü ì�ñ ü ñ¥ôiö�í@ì×ò%�ê¥ï�í#óiõÚõ�Z Gga W G N�O�JYN�Z�ô�ÿ
î ü êÕð�ö�ì×ýiê¥ï�í-ó�õ���õ×óiö4µ*� ��í0ð�þ�í0ê¥î-í#ô�ÿ

ì°î�í¬ñ�ôiö���ð�ö�ñ?î�í��cëËê¥ö3î@ì×ôiö�ìÚö�ùÍó�õ×õXò�ì�í�î-ìÚö�ùið�ì�í ü ê4ò¸ý�óiï@ì�ó�þ�õÚê�í��w�
� ü êÌôið�î���ð�îRôiÿ#î ü êÀó�õ×ùiôIï@ìÚî ü ë ì×íËî ü êÀí@ê�îRô�ÿEî ü ôIí@ê>í@ð�þ%�
÷Ið�ê¥ï-ìÚê�í`ê4÷3ð�ì×ýBó�õ×ê¥ö3îJî-ô�gzÿ ôIï�� ü ôIë î ü ê¼ï-ê¥ëËôBýBó�õfô�ÿ{óiö3ø
ñ�ôiö���ð�ö�ñ?î¬ñ�ôIë���ï@ôIëËì×í@ê4íJî ü ì�íuê4÷3ð�ì×ýBó�õ×ê¥ö�ñ¥ê!� � ê>ñ¥óiõÚõFí@ð�ñ ü
÷Ið�ê¥ï-ìÚê�ínb JMCEJ�b S5R ï-ê���ï-ì°î-ìÚö�ùIí#ô�ÿ�g#��� � ü êËí@ð�þ�÷3ð�ê¥ï-ìÚê�íEô�ÿî ü êXð�ö�ìÚýIê¥ï�í@óiõ,��õ�ó�ö¬ó�ï-êFî@ê�í�î-ê4òuÿ ôIï
ê4÷3ð�ì×ýBó�õ×ê¥ö�ñ¥êFî@ô"gÛóiùIó�ì×ö
þ3øyñ ü óií@ìÚö�ùE�

$�>2@������IG�<�)�-0+.CE@D/�6kO � ü ê£>c/ Lpó�õ×ùiôIï@ìÚî ü ë ó��E��õÚì×ê4í
ó�õ×ëuô3í�î>ò�ì×ï@ê�ñ?î@õ×ø ü ê4ï@ê�� � êHí ü ôið�õ�òº�dôiì×öIîÌôIð�î¼î ü óBî>î ü ê
ý3ì×ê��Xí¼ë¬ó�ø¸ö�ôiî¼þdê*þ�ì×ö�ó�ï-ø ï-ê¥õ�óBî-ìÚôIö�íRóiö�ò¾î ü ê4ï@ê¥ÿ ôiï-êÌî ü ê
ï@ê	��ï@ìÚî@ì×ö�ùIí��fêyôiþ�î�ó�ì×ö<��ì×õÚõcö�ô�î¬ñ�ôIï@ï-ê4í��dôiö�òbî@ôX��ð�ï-êX�Q���Q�
÷Ið�ê¥ï-ìÚê�í��;þ�ð�înï�óBî ü ê¥ïnë¬ó�øÀñ�ôIö3î-ó�ì×öÀï-ê¥õ�óBî-ìÚôIö�ó�õ(óBî-ôië¬íb��ì°î ü
î ü ê�ý6ìÚê	�mö�ó�ëËê4í	� � ê ü ó�ýiê¬î ü êRÿ ôIõÚõ×ô5��ì×ö�ù�A�B�b�T R N�I NwC N�Z�Z
ï@ê�í0ð�õÚîFÿ ôiïFî ü ê`ó�õ×ùiôIï@ìÚî ü ë*�
$�>A@D8:)�@NC.��O�/ 	 N�I�g a N S �Q����D=W G N�Osr83_² a N S Z�N�I�B.�b�'�!��D
L	JYN 2 Z S C.�  a N S Z�NwI�B�� � G%RMR �'���wD!�!N T,N�C.��NwC AwJYNwZ65 	 N�I! z�
E t � C �  � � C � "� � S C.� R N�Iªµ*�z�rA�U S Z�N$#�� C �Kg��=� ['IVU,N
A�U S Z�N"IQN�Osb"JMC S I N�ZQd�5
: U,N�C 3 �wB�O S CgrBb"JMC J�b S�R O�N 2 O�JMI'JMC¡P
g � B��£g 2 JMIVU-² 3

C �Kg � ��J Z S Z Gga W G N�Osr#B���µ*� 5
$�>2@ �Q�;i�u � Gc<�),-g+:CE@D/�65O �Éö_î ü ì�íÌñ¥óií@êÞî ü êH÷3ð�ê4ï@ø�óiö�ò

ý3ì×ê��Xí/î-ï-óiö�í@õ×ó�î@êfî@ôEð�ö�ì×ôiö�í�ôiÿdñ�ôIö���ð�ö�ñ�î@ì×ýiê�÷3ð�ê¥ï-ì×ê4í�ó�ö�òJî ü ê
�'�;iou � �<ò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4í�î@ï�ó�ö�í@õ×ó�î@ê#î@ô � � � í��
�<ÿª�fê+��õ×ð�ùRì×ö3î@ôËî ü ê >c/ L�ëËê¥î ü ô�ò�î ü ê`êw(6î@ê4ö�ò�ê�òÌñ ü óií@ê

��ì°î ü � � � í���í0ê4êXó��,�dê¥ö�ò�ì8(#3��w�!�cê�ôiþ�î�ó�ì×ö¬ó G CEJYB5C[ôiÿdð�ö�ì8�
ýiê¥ï�í-ó�õ ��õ×óiö�í�µ � i�x�x	x�i�µ©tÀó�ÿ ê¥ïEî ü ê¬ñ ü óIí0ê � ü óIí0ê����
óIñ ü µ w
%8% �,�{���{�M�,�s�,���{� 2 &"6�¨�s�('?§s¦*),+.-0/�13254,16-�¦87:9c¥<;7�,���9�{�!���c�,�H�,��£����>=�?�!��G!�{���OID�"�,��G����s���,�����c {�@?����9�,�#���� ¡���9�{�s���c g�����9�9�{�,����� ��������� J��[�,�� �"� �9�u�,��G��9�{�s���c���{���L�c�?�CG!�KJ�£? {��¢3)s�c {�?�!�"���,���©�c {���5G!�c£?�9�,�9�!�A���,�<A�A�9���9�9�{�,�,¯
BDCA�?�,���=��¤</E16/s¦F/�1G7*-�-0/�H�¦�§�H0H047¤I'�¦87*/�1 J��{�,��J��c J;[�,�����{���n�c���

G��,�!�c£k���!¯

MiM



��õ�ó�öRì�í:þ�óiñ� Iñ ü óií@ê4òuø6ìÚê4õ×ò�ì×ö�ùuó`í0ê¥îfôiÿ�ëËì×ö�ì×ëËóiõ;í0ð�þ�÷3ð�ê¥ï-ì×ê4í� w �?�:ýIê¥ï-ø¬ê¥ö3î@ï-øRì×öyî ü ê`ñ¥óiï0î-ê4í@ì×óiö ��ï-ô�ò�ð�ñ�î+� � �Xx	x�x � ��t
ñ�ôIï@ï-ê4í��dôiö�ò�í:î@ôuóJí@ê�îfôiÿ8÷3ð�ê¥ï-ì×ê4í?� ü ôIí@ê{ð�ö�ì×ôiöyì×ícó`ï-ê���ï-ìÚî=�
ì×ö�ùyôiÿ C �'g���� � ê¬ñ¥óiõÚõ/î ü ì×íEê�(3î-ê¥ö�í@ì×ôiö*ôiÿ:î ü ê\>c/ L óiõÚùIô��
ï-ì°î ü ë î ü êd�5J Z F�G CHA�I'JMLoN�]�� 0 ó�õ×ùiôIï@ìÚî ü ë*�
� ê`í@ó�øRî ü ó�î{óÕð�ö�ìÚôIö>ô�ÿ(÷Ið�ê¥ï-ìÚê�íFì×í+O�N�� G A�N��EìÚÿ(ó�õ×õ"ëËê¥ë �

þdê¥ï�íXó�ï-ênëuì×ö�ì×ë¬ó�õ�óiö�ò�ö�ôiö�ê[ôiÿ8î ü ê¥ëzì×í{ñ�ôiö3î�ó�ì×ö�ê4òyìÚöÀóiö%�
ô�î ü ê¥ïËëËê¥ëÕþ�ê4ï	� � ü ê�ÿ ôiõ×õ×ô5��ìÚö�ùÞï-ê4í@ð�õ°î¬ì×ë���õÚì×ê4íuî ü óBî¬î ü êò�ì�í���ð�ö�ñ?î-ìÚýIê4>c/ L�ó�õ×ùiôIï@ìÚî ü ë ì�í�A�B�b�T R NwI N¼ÿ ôiïyî ü ê �'�;iou � �
ÿ ï�ó�ùiëËê4öIî��
$�>2@D8g)�@DC � O .�� JMLoN�C S �'�;iou �wD=W G N�Osr£g 3 S C.�
B�CHN�B.��JMIKZ
O�Nc� G A�Nc�*O�N 2 O�JMI'JMC¡P�Z+g � ��g � � �4x	x�x��0g �v 3��wB5O N�L5NwOsr M !$ !   3�IVU,N�O�N�J Z Z�B�b#N M ! ® ! � Z G A�UXIMU S I C �Kg �� ��J Z S
Z Gga W G N�Osr\B.��µ w 5

� \kå ä   /4ç>�/è¥å ä �
�Éö�î ü ì�í��côiï� H�;�cê���ï@ô���ô3í0ê[óËñ�õ�óií-í@ì8«�ñ4óBî-ìÚôIö¼ô�ÿ�ñ�ôIö���ð�ö�ñ�î@ì×ýiê
ï-ê¥ùið�õ×óiïE÷3ð�ê4ï@ì×ê4í �'>c�������Eó�ö�òÀî ü ê¬óií-í@ô6ñ¥ì×ó�î@ê�òÀñ�ôIö�í�î-ï-óiìÚö3î
õ�ó�ö�ùIð�ó�ùIê4í`þ6øHî ü ê�êw(%��ï-ê4í-í0ì×ý6ì°î�øÍô�ÿ#î ü ê�ï-ê¥ùið�õ×óiï"��ó�î ü êw(;�
��ï-ê4í-í0ì×ôiö�í�ó�õ×õ×ô5�fê�ò[ìÚöJî ü êFñ�ôIö���ð�ö�ñ�î-í	� � ê ü ó�ýiê
í0î@ð�ò�ìÚê�ò`î ü ê
ñ�ôIë���õÚê�(�ì°î�øÝôiÿEñ¥ôiö3î-óiìÚö�ëËê4öIî��$��ìÚî ü ôiï���ìÚî ü ôIð�îRì×öIî-ê¥ùIï@ìÚî�ø
ñ�ôIö�í0î@ï�ó�ì×öIî�í;ÿ ôIï"î ü ê
ýBó�ï-ìÚôIð�í;ÿ ï�ó�ùIëËê¥ö3î-í���ï@ô���ô3í0ê�ò�� & ôiï/ñ�ê¥ï��
î-óiìÚöÍÿ ï�ó�ùIëËê¥ö3î-í��cê ü ó�ýiêRóiõ×í@ôÌí�î-ð�ò�ì×ê4òÍî ü ê¼ñ¥ôië���õ×ê�î@ê4ö�ê4í-í
ô�ÿ:ó¬í���ê�ñ�ì«�ñ+ 6ì×ö�ò>ô�ÿ:ó�õ×ùiôIï@ìÚî ü ë ��ñ ü óIí0ê�/pþ�óIñ� Iñ ü óIí0êo�(ÿ ôIï
ï-ê���ï-ì°î-ìÚö�ù���ìÚî ü ý6ìÚê	�XíFð�ö�ò�ê4ïXñ�ôIö�í�î-ï-óiìÚö3î�í��
3 í@ð�þ�î-õÚê[ôIþ�í@ê¥ï-ý�ó�î@ì×ôiöyî ü ó�î#ñ¥óiö>þ�ê`ë¬óIò�ê[þ�óií@ê4ò�ôIöyî ü ê

ï-ê4í@ð�õ°î�í+�cê ü ó�ýiêËôiþ�î-ó�ì×ö�ê�òbì�í[î ü óBî ì�íJ�0ëËôIï@ê��¼î ü ó�öÍî ü ê
ð�ö�ì×ôiö � î ü ê uXóIñ?î@ð�ó�õ×õÚø,��ô�ÿËî ü ê õ�ó�þdê¥õ�íÌî ü óBî*ô�ñ4ñ�ð�ïÀì×ö ó
ùiì×ýiê4ö ñ�ôIö3î@êw(6î��
�Éö�ò�ê¥ê�ò��
ôIö�ê�ëuì×ù ü î¬óBî@î@ê¥ë���îËî-ôÞñ¥ôiö3î@ï�ó5�
ò�ì�ñ?îcî ü ênò�ê�ñ�ì�ò�ó�þ�ì×õ×ì°î�øËÿ ôIï
î ü ê �Q�;iou � ��ÿ ï�ó�ùIëuê4ö3î
þ6ø¬ï@ê�ò�ð�ñ�ì×ö�ù
�'�%i � �<÷3ð�ê4ï@ì×ê4íÕó�ö�ò<�<ò�ê	��ê4ö�ò�ê4ö�ñ�ì×ê4íJî@ô �'�;iou � �<÷3ð�ê4ï@ì×ê4íuó�ö�ò4�
ò�ê	��ê4ö�ò�ê¥ö�ñ�ì×ê4í	�fð�í@ì×ö�ùHó*î-ï-óiö�í@õ×ó�î@ì×ôiö õ×ì9 iê � ¨ � u�x	x�x	u ¨�t_u ?
� ü ê4ï@ê?¨ � i�x�x	xwi�¨�tnóiï@ê(ó�õ×õBî ü ê:õ�ó�þdê¥õ�í;ëËê¥ö3î@ì×ôiö�ê�ònìÚöEî ü ê
÷3ð�ê¥ï-ì×ê4í
ó�ö�òÌò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�í{ó�ö�ò ?Àì�í{óuÿ ï-ê4í ü õ×óiþ�ê4õK� � ü ì�í{ó�î0î@ê4ë���îÿ�ó�ì×õ�íJþdê4ñ4ó�ð�í@ê¼ìÚîuò�ô6ê�íJö�ôiîuñ4ó���î-ð�ï@ê¼î ü êyê4÷3ð�ì×ýBó�õ×ê¥ö�ñ¥ê*� �� t�� � t �,� ü ì�ñ ü ì×ö¼î-ð�ï-ö�ì�íFê4í-í@ê¥ö3î@ì�ó�õdÿ ôiïFî ü ênð�ö�ò�ê�ñ�ì�ò�ó�þ�ìÚõ�ìÚî�ø¬ï@ê�í0ð�õÚî	�$){ÿ8ñ¥ôið�ï�í@ê!�Iî ü ê[ñ�ôIï@ï-ê4ñ�î
î-ï-óiö�í0õ�óBî-ìÚôIöRó�öyìÚö%«�ö�ì°î-ê
ò�ì�í���ð�ö�ñ?î-ìÚôIöyôiÿ8õ�ó�þdê¥õ�í
î�ó� Iê4ícð�íFôið�îcôiÿ�î ü êEõ�ó�ö�ùið�óiùiê4ícñ�ôIö%�
í@ì×ò�ê4ï@ê�ò ü ê¥ï-ê!�
� ê{ñ�ôIö�ñ�õ×ð�ò�êFî ü óBî
óIí:ó[÷3ð�ê¥ï-ø`õ�ó�ö�ùIð�ó�ùIêcÿ ê4óBî-ð�ï-ê�ï@ê4ùið�õ�ó�ï

êw(%��ï-ê4í-í@ìÚôIö�í8óiï@êFí@ð,��ï-ì×í@ìÚö�ùiõ×ø��iö�ó�ð�ù ü î�ø �,��ìÚöÕî ü êFí@ê¥ö�í0êcî ü óBî
óiò�ò�ìÚö�ù�í0ð,�E��ô3í0ê�ò�õÚøàìÚö�ô6ñ¥ð�ôið�íÌô!�dê¥ï�óBî-ôiï�í¼î-ô_í@ôiëËêÞÿ ï-óiù��
ëËê¥ö3î-íuñ¥óið�í@ê4í`í@ð�ï���ï@ì�í@ìÚö�ùÌì×ö�ñ¥ï@ê�óií@ê4í[ì×ö ñ�ôIë���õÚê�(�ì°î�ø��<� & ôIï
êw(�óië ��õÚê��8óiò�ò�ìÚö�ùÌê¥ìÚî ü ê4ï"�yôiï î@ô>î ü ê¬ÿ ï-óiùiëËê¥ö3î[ô�ÿ�ñ�ôIö%�
��ð�ö�ñ�î@ì×ýiê
÷3ð�ê4ï@ì×ê4í;ò�ô3ê�í;ö�ôiî8ó�	�ê4ñ�î�ñ�ôië���õ×êw(�ìÚî�ø{ôiÿ6ñ¥ôiö3î-óiìÚö�ëËê4öIî��
í0î@ì×õÚõ 9 ��� �iþ�ð�îcóiò�ò�ì×ö�ù a B5IVUEï�ó�ì�í0ê�í/î ü êXñ¥ôië���õ×êw(�ì°î�øJî@ô 254 � �}�
� ê[ó�ï-ê#õ×ê4ó�ý6ì×ö�ùÕí@ôiëËênìÚö3î-ê¥ï-ê4í0î@ì×ö�ù"��ï@ôIþ�õÚê4ë¬ífô���ê4ö_�$)#ö�ê

ì�íÌî ü ê ð,�,�dê¥ïbþ�ôIð�ö�ò ôIö ñ�ôIöIî�ó�ì×ö�ëËê¥ö3î*ì×ö î ü ê � ÿ ï-óiù��
ëËê¥ö3î	�ª3{ö�ô�î ü ê¥ï:ô���ê4ö#��ï-ôiþ�õ×ê¥ëhì×í�î ü ê{ò�ê�ñ�ì�ò�ó�þ�ìÚõ×ì°î�øÕô�ÿ"ñ�ôIö%�
î-óiìÚö�ëuê4ö3îXð�ö�ò�ê4ï{ñ�ôIö�í�î-ï-óiìÚö3î�íFìÚö�î ü ê �'�%i �Q��ÿ ï-óiùiëËê¥ö3î�� � ü êï-ê4óiò�ê¥ï"ñ¥óiö`í0ê4ê�î ü ó�î8í@ê¥ýiê4ï-óiõBô!�dê¥ö[÷3ð�ê4í0î@ì×ôiö�í"ñ¥óiö[þ�ê(ÿ ôIï@ëÕð%�
õ�óBî@ê�ò>ó�þdôið�î�ï-ê���ï-ì°î-ìÚö�ù���ìÚî ü ý6ìÚê	�XíFìÚöÌñ¥ê¥ï@î-ó�ì×öyÿ ï-óiùiëËê¥ö3î-í	�
)#ö�ênì×ö3î@ê¥ï-ê4í0î@ì×ö�ùRò�ì×ï-ê4ñ?î-ìÚôIöyôiÿ8ÿ ð�î@ð�ï-ê+�fôIï� ¬ì�íFî ü ê`ó��,��õÚì�

ñ¥óBî-ìÚôIöbôiÿfôIð�ïnï@ê�í0ð�õÚî-íEî-ôÌñ�ôiö���ð�ö�ñ?î-ìÚýIê¬÷Ið�ê¥ï-ìÚê�í#ôBýIê¥ï����0�
ò�ô�ñ�ð�ëËê¥ö3î�í\��ìÚî ü ���(ó�î ü ú 2!e û ê�(%��ï@ê�í@í@ì×ôiö�íËì×ö¾î ü ê4ìÚï�ñ�ôiö,�
��ð�ö�ñ?î�í�� � � ê ü ó�ýiêÀí@ð�þ�ëËìÚî0î-ê4ò�óHñ¥ôið,��õ×êÀôiÿ���ï@ê4õÚì×ëËìÚö�óiï@ø
ï@ê�í0ð�õÚî-íFôIö¼î ü ì�íFî@ôRóËí@ê���óiï-ó�î@ênñ�ôiö�ÿ ê¥ï-ê¥ö�ñ¥ê!�}�

- Y +�YX�©Y ä  �Y{�
2 � 6
	k¯�EA�,� �������s�,  I�Q0¯[ª��,�,��J��c��I7�c�,��� ¯	7��G!�{�5¯��M§s¦�§</E1�¦*)?¥��u¥����
��� /s¤�� ¥�� §s¦87*/E1GH©¦8/��5¥!¤<7:H�¦ � 4>-�¦84 � ¥�� �M§s¦�§�§�1!�#"�$&%g¯ /u�s�9�%�c�
' �c�?¨ J��c��I(�3&�&�&?¯

2 36
	7���9�s� EA�,� �������s�,  I*) ��G����c�9�&+A�? {  I��c�,�
,2��G��9�s�-,2�¡�c�7�5¯ � /E4,1!�%§E+¦87*/�1GH(//.��M§s¦�§0��§�H�¥3H�¯HEA�,�,�{�9�s�>= �p���� {��®�I��3&�&21?¯
2 36
4����9���{��  ª����!�9���c�,�&/u�s�9�,� 5�¯�,.�c���?� ¯=EQ£,���[�c¨"£,����G��!�?�,����¨ �s��������#�,��£����,�,���MG��{����¯76,/�4 � 1�§2� //.©¦*)?¥98#:�$ I;3<�2=?>0@ IA�3&2B�>,¯
2 > 6C� ¯�4 �c  )c�c�,�����KIED ¯��2��D2�¡��G��KJ��MI0�c�?�&/=¯ 0D��� ?������{�?� ¯&F2�?�!�9�{����c�,� G!�s�?�9�9���c�{�%���"�s� �9�OJ�� = �9�9���MG��9�,�������������?¯EG��H:�8I7I�;J I��3&�&�&?¯
2 16C� ¯K4��c  )s�c�,�����KI*D ¯;�2�LD2�¡��G��KJ��MI</=¯ 0D��� ?������{�,� I,�c�,�*/=¯,��c�9�,� ¯

EA�,�9�����9�{�,�©�����s�, ¡�c�:£������ ;[�,�����{���:�,���{�,� )7�{���"��¯!G���M�:��7J I 32N2N2N?¯
2 46C� ¯K4��c  )s�c�,�����KI*D ¯;�2�LD2�¡��G��KJ��MI</=¯ 0D��� ?������{�,� I,�c�,�*/=¯,��c�9�,� ¯
4��s�%���c�{�MJ����%���c¨ G��s��L4�,�MG��9� )%�������s�, ¡�c��£����9� ;[�,�����{�����A� �9���{�,=)%�����9�s¯OG��QPR�*I 32N2N2N?¯

2 S"6 EA���,�s�T4����c�,�,���©�c�,� Q:�,�{ {�{£ /u�!�9 {�{�N¯>A2£?�9��J��c ?��J�£, {��J����[�����9�{�s��c¨�G��s��L9�?�MG���� )%� ;7�,���9�{�!� �{�H���� ¡���9�{�s���c ������������c������¯UG��H�EVXWR: I
�3&YS2S7¯

2 B6 EA {�{�Z�2���?�9�?G���I�/��c�9®E¬����9���c�,�,�5?KI[�L�c�,�{�� ¡� ¬g {�s�9���?G���I=EA {�s�0D�*)[®�I©�c�,�\�2�c�\	7�MG��{�N¯ E]F2�,���4®�0D�c�,�s���c�s��¨ �s��-�/*0.¯^G��
_X� /3-�` /�.9as¦*)�M01�¦�¥ � 1�§%¦ 7 /�1�§2�-�b�c�b�d: /E1e.�¥ � ¥316-�¥BI(�3&�&�&?¯

2 &6 EA {�{���2���?��� G���I 0D�MG��¡�c� Q0�s£���I,�c�?��,��c  % �c�,�,���N¯�Q.�%®?�9��G!�c (�2�����
G��,�?�!£����,�,���MG��KI;4��s�?�9�9���c�{�%���g�c�,�<A2£?�9��J��@?����9�{�s� �A� �9� CA�,� )%���9���c 
Q: ¡�c�,��¯fG��\g�%A��h II�3&�&�&?¯

2 ��N6 /��c�4®;¬�¯q¬��������c�?�,�5?�Ii�L�c�,�{�� ¡��¬0 {�s�����?G���Ikj%�c�����7� ' �c�,�MIEA {�s�l5�¯ 0D�*)[®�I��c�,�c�L�c�c	7�MG��{�N¯m	[�9���,�,��  N E ���!�,=���� �9� J��c�,=�c�s��J����[�A�9®7�9�9��Ju¯�G��[�;M�nO$bWO��I(�3&�&YS7¯
2 �2� 6C�L�c�?�{�! ¡�L¬0 {�s�9�!� G���I�E2 {�s�#5 ¯50D�*)7®�I7�c�,���L�c� 	7�MG��{�N¯�F2�,���9® G��s�>=���c�{�MJ����[��¨ �s�7G��s��L4�,�MG��9� )%� ;[�,�����{�����"� ���q�9�!�s�? ¡�c�#��¢?£,�9�������{�s�?��¯

G�� _ WO��� I*�3&�&2B?¯
2 �:36�o"¯�D2��p�c�,��  ¯�A2�����,� �����9�9���c�{�?�{�,��£��������L�c¨:�s���c���?��¯L6>/�4 � 1�§2� /�.

�*qs¤�� /2� 7*-L% /sr�7 -OI 4�>MI��3&�&�&?¯
2 ��36
DTp�s�4���[D2���c�,�,�s¯��2��£����,�,���MG�®H�������{�4¨ ��G��9�{�s�n�{�p�������c���c����� �"� �9��{�MG��KJ�£, {���9�©�{�?¨�s�?J����9�{�s�N¯�G��\g�%A��h I��3&2B�>,¯
2 �t> 6
DTp�s�4���mD2���c�,�,���c�?� EA {�k���4����A ¯ /u���,�?�! @?��s�N¯ % �c�, {�!�c�d�9��G��>=�,�@;[�,���Z¨�s��;7�?�!�4®?�{�?� �{�?¨�s�?J����9�{�s� �9�s�,�?G����Z���?���s�,�s� �s {�s���c � G��,��J��c��¯fG��QM�:���V I��3&�&�&?¯
2 ��16
DTp�s�4���#D2���c�,�,�2�c�,�5E2 {��¢ % �?�KJ��,¯�EA���s£?����J��@?!���9�{�s�#����G��?�,�@;7�?�¨�s�"�c�,�9�����9�{�,�#�����s�, ¡�c� £����9� ;[�,�����{����¯fG��u��¥��v��h I 32N2N2N?¯
2 �:46
DTp�s�4���wD2���c�,�,�u�c�,� E2 {��¢ % �,�KJ��,¯6EA {�s�!�?���c��G �9���A�9� ���{�?�s��¨ �s��s£?�9��J��@?��{�,���9���s�, ¡�c�A£,����� ;7�,���9�{�!�!¯OM2:���V I 32N2N<�s¯
2 �eS"6Cj,¯�+A�s£ G����c¨
�0�c�,�Tj�¯$CA { �J��c�5¯YM01�¦ � /e��4 -!¦87*/E1�¦F/ §�4?¦8/%¤�§s¦�§M¦:),¥ / � q�x

� §E1r�4,§er[¥3H/x"§�1!� -0/s¤I'64?¦�§s¦87*/�1�¯ EA�,�,�{���s�,= �p�!�9 {��®�I��3&YSD&?¯
2 ��B6�¬����c�,��«A�*)%���u�c�,� % �,�KJ��c�y	�G��%�����[�9��G���¯XF2�?�!�4®��c�?���KJ������?¯�G��

_ WO��� I��3&�&�&?¯
2 �3&6�¬����c�,�u«"�.)%���p�c�,� % �,�KJ��c��	�G��%�����[�9��G���¯Ro:¢7£,�����9��� )%� �c�,���vz =

G��{���[�A£����4�����9�� ¡�c�,�s���c�s���A¨�s�����9�!� =��4���9�MG����?�������������?¯{G�� _ WO��� I32N2N2N?¯
2 32N6
4��,�9�{�9�9�s�H+ ¯ Qg�c£��c�?��J�� ���9�{�s�N¯|: /s¤I'647¦�§s¦87 /�1�§2�l: /s¤I'!� ¥s}E7
¦~qs¯

EA�,�,�{���s�,= �p�!�9 {��®�IK)"�!�c�,�{�,�MI</��c������G��7�,�9���9�9�BIA�3&�&�>,¯
2 3<� 6�0D��G!�¡�c� Qg�s£,��I�E2 {�{�L�2���?�9�?G���I�EA�����c�,��	?�c�[�,�s�,���BI7�c�,�L,��c  % �c�>=�,���N¯PE^4����c��� % �[�#¬��c�v�mG��[�;M�nO$bWO��I /��!® 32N2N2N?¯
2 3536�0D��G!�¡�c� Qg�s£,�©�c�,�#,.�c  % �c�,�,���N¯ E2� �5;7�����9�{�s���c  G��,�c��� ¨ �s�0£����9�>=

G��s��L4�,�MG��9� )%��;7�,���9�{�!�OI�G��s�,�4�����c�{�[�9�BI,�c�,��)?�{���"��¯AG��CM�:���V I(�3&�&�&?¯

M 2



2 3236�5.���,�s�?���[��� 	?�c�s� )S�c�,� /u�{���c {�{�&5.�c�,���c���c�7�{�!¯ o ;7�?� )s�c {���MG������J��s�,������ ¡���9�{�s���c '��¢?£,�9�������{�s�?�2�"� ���u�9�,�M�,�,�{�s�p�c�,���,� � �������MG���s£��!�������s�9��¯y6>/�4 � 1�§Y��//.©¦*)?¥R8#:�$ I 3YS�I��3&2B2N?¯
2 3�> 6 Qg¯ )s�c�]oPJ��,��ª��%�c�!¯ % �?� G!�s�1)%���,�{���MG�� �c¨q�9�{ {�{�,�s��¯ G��

E ¯7	7�s�9�,�~=?o:�N¯ @c: /s¤I'!� ¥s}E7
¦~q�x�% /�rE7*-tx�§�1!�c� ¥0-34 � H07*/�1 V )?¥0/ � qKI£,£N¯!323<���35423�I 32N2N2N?¯
2 3216��u3Y42¯ o:¢[�����,�9�{�, {� /��c���[�,£ 0'�c�,�s���c�s� = -�/*0A@ �s¯ N?¯�u3Y4]) ��G��KJ5J��!�?�������{�s� ��N$=�¬����,�9���c�9® =s�3&�&2B?¯1E�)s�c�{ ¡�c�, {�H¨���KJ9������
	�������
������������������������������������� �!#"<=� ��#������$�%&�#$'¯
2 3546��u3Y42¯ -�/*0 Qg���9� 0'�c�,�s���c�s��= -�Qg�����!@ �s¯ N?¯ � 3Y4

)"��G��KJ5J����,�����9�{�s� �:4 «A��)%�OJ ���!���3&�&�&?¯ E )s�c�{ ¡�c�? {��¨���KJ9������
	�������
���������������������!���'�� 9:¯
2 3YS"6 /u�{���c {�{� 5��c�,�,�c�c�c�[�{�L�c�,�U4��,�9�{�9�9�s��Qg�c£��c�,��J�� �9���{�s�5¯ E2 {�s���,���c��G�,��£��!�?�,���MG��{�!�!¯76*:��K� I 321�I��3&2B53?¯

� \ �>�[�/è ä�� *�è�� � �wè¥�)(/ç ä  c��è�*=Y,+ & �
��YXæÌæ YXæ � Y � Y ä æ Y ä  Xè[YX�

��ê�ñ¥ó�õ×õ(î ü êS�5J Z F�G C AwI'JMLoN*N[b a Nc�k��Nc����NQTEN�C.�!N�CHA�JYNwZ�[����©��ZQd
ò�ê�«�ö�ê4òÍì×öHí0ê�ñ?î-ìÚôIö
24��í0ê4êËÿ ôiï-ëJð�õ�ó4��R;�=���.- G%RMR � � � í`óiï@ê
ï-ê4í0î@ï-ì×ñ�î@ì×ôiö�í
ô�ÿ�ùIê¥ö�ê4ï-óiõ�ÿ ôiï-ë ��R;�(î-ôÕò�ì�í-ó�õ×õÚô5�oê�(6ì�í0î@ê¥ö3î-ì×óiõÚõ×ø
÷3ð�ó�ö3î-ì8«�ê�òÍýBó�ï-ì×óiþ�õÚê�í[ôiöÍî ü êRï-ìÚù ü î ü ó�ö�òHí0ì�ò�êRôiÿcî ü ê¼ì×ë �
��õ×ì×ñ4óBî-ìÚôIö�� � w � � ÿ ôiïEê¥ýiê4ï@ø ® ���Jé�óBî@ì�í0ÿ�óiñ?î-ìÚôIö*ôiÿ � � � íEì�í
ò�ê�«�ö�ê4ò>óIíFêw(%��ê�ñ?î-ê4ò��
ln>2-0I7@ (*1�6?> ^���^ I5O �"ê¥î Anþdêcó � � � ô�ÿ�ùiê¥ö�ê¥ï�ó�õIÿ ôiï-ë

RE�_gkþdê¬ó¼ñ¥ôiö���ð�ö�ñ?î@ì×ýiêu÷3ð�ê¥ï-øÌó�ö�ò*õÚê¥î+¦*þ�êËó ü ôiëËôiëËôIï=�
� ü ì�í@ë ÿ ï@ôIë 0¾ì×ö3î@ô�g#� � êyí-ó�ø*î ü óBîuî ü ê4A�U S ZwN*Z�I N TÞô�ÿ
g»��ì°î ü ARð�í0ì×ö�ù ¦�ì�í S T�T R JYA S5awR N��dì°ÿ?¦Ìó�õ×õ×ô5�Xífö�ôuê�(6î@ê¥ö�í0ì×ôiö
� ü ì�ñ ü ì�í[ó ü ôiëËôiëËôiï�� ü ì�í@ëzÿ ï-ôië 0 :0/ w ì×ö3î@ô�gkÿ ôIï[ó�ö6ø
M�!�®�! ¨=�7�Éö¼î ü ì�íFñ¥óIí0ê��Iî ü ê O�N�Z G%R Idô�ÿ/ó��,��õ×ø6ìÚö�ù`î ü ì×íFñ ü óIí0ê
í0î@ê��bì×í#î ü êÕð�ö�ìÚôIöÀô�ÿc÷Ið�ê¥ï-ìÚê�í#� G w�� � g w ��� ü ê¥ï-êJê�óiñ ü g w ì�íò�ê�«�ö�ê4ò óií�g :1/ w �'¦��4 � ��i	x�x	xwi�¦7�� .tE��iI? � i	x�x�x	i&? � � �w�ª� ü ê¥ï-êî ü ê5?7�  í�óiï@êEÿ ï-ê4í ü ýBóiï@ì�ó�þ�õ×ê4í	�
& ôiï"ê�(�óië���õÚê��4ñ ü óIí0ì×ö�ù�g#�4 �i�%�?k sH�4 �i�%����ì°î ü · ° · ¯ ú s � ° i ¯ �?�

v5� ° i ¯ � =<y!� ° i ¯ � û ï@ê�í0ð�õÚî-íyì×ö¶g  ��g ! ��ìÚî ü g  �4 �i�%��ks �� 7i!,��i�v5�� 7i!,�Fó�ö�ò�g ! �� 7i!,�$k s �4 �i!,�wi�y��4 �i!,�w�
�<ÿ6�fê`ñ¥ôiö3î@ì×ö6ð�ê[ó��,��õÚø6ì×ö�ùRñ ü óií@ê[í�î-ê���í�î@ô¬ê4óIñ ü g w �V��ìÚî ü

� � � í(ÿ ï-ôiëhó[í@ê�î  ���¡�fê�þ�ð�ìÚõ�ò¬ó\A�U S Z�NbI'O�N�N�ï@ô6ôiî@ê4òËó�î�g��
� ü ô3í0êËí0ð�þ�î@ï-ê¥ê�íEóiï@êJî ü ê¬ñ ü óIí0êÕî@ï-ê¥ê�íEï@ô6ô�î-ê4òÀó�înî ü ê\g w  í	�
� ü êÕõÚê�ó�ýiê4íFôiÿ(î ü êuñ ü óií@ênî@ï-ê¥êuó�ï-ê`ñ�ôIö���ð�ö�ñ�î@ì×ýiêJ÷3ð�ê4ï@ì×ê4íXî@ô
� ü ì�ñ ü ö�ôËñ ü óií@êEí0î@ê	�£��ìÚî ü ó�ö6ø � � � ÿ ï-ôië  ó!�,��õ×ìÚê�í��ª�Éö
ùiê4ö�ê¥ï�ó�õ'��î ü êXñ ü óií@êFëËó�øÕò�ìÚýIê¥ï-ùiê��Bþ�ð�î?� ü ê4öuìÚî(î@ê4ï@ëËì×ö�óBî-ê4í	�
�cê`ñ¥ó�õ×õ;ìÚî-í�O�N�Z G%R I�î ü ê`í0ê¥îXô�ÿ�õÚê�ó�ýiê�íFô�ÿ/î ü ê`ñ ü óIí0êEî-ï@ê4ê!��ò�ê��
ö�ôiî@ê4ò¸A�U S Z�N � �'g����*�<ÿ��cê#«,(Þî ü ê¼ò�ê��dê¥ö�ò�ê4ö�ñ�ì×ê4íÕó�ö�òÞî ü ê
í-ñ ü ê¥ë¬ó¬ó�ï-ìÚî@ì×ê4í	��î ü ê�«�ö�ìÚî@ê[î-ï@ê4ê���ï-ô�ò�ð�ñ�ê�ò�þ3ø>óuî@ê4ï@ëËì×ö�óBî��
ì×ö�ù¬ñ ü óií@ê ü óií�ò�ê	��î ü �dôiõ×ø6ö�ôiëËì�ó�õ;ì×öyî ü ê`í@ì�4êEôiÿªg#�
$�>2@D8g)�@DC �KO�/ -�B�O S � �;Nc�£Z�N�IbB.��� G%RMR ���©��Z  3cP!JMLoN�C
A�B5C F�G CHA�IKJML5N�W G N�Osrbg 37IMUENbA�U S Z�N�IKO�N�NbB a I S JMCHNc� a r A�U S Z�JMC;P
g 2 JMIVU  J Z�«�ö�ìÚî@ê 5320B5O�N�B5L5N�O�3 �wB�O S5RMR JMC,Z�I S CHA�NwZ�Z S IKJ Z �cr5D
JMC¡P�IMUEN ���©��Z�JMC  3HgrJ Z�N�W G JML S�R N�CEI IQB � v� � � g�v�3 2 UENwO�N
g � i�x�x	xwi�g v S O�N�IVU,N R N S L5NwZ�B��+IVU,N A�U S Z�N"IKO�N�N-5
$�>2@D8g)�@DC �KO�.�� JML5N�C-A�B5C F�G CHA�IKJML5N*W G N�O�JYNwZ"g � i�g � S C��
IVU,N Z�NwI  B.� � G%RMR ���©��Z 3�g � J Z�A�B�CEI S JMCHNc�0JMC4g � G C.��NwO
 J � S C.� B5C R r�J �5�wB5O�N�L5NwOsr R N S ��g�� B.��IVU,N4A�U S ZwNXI'O�N�N

B a I S JMCHNc� a r�A�U S Z�JMC¡P£g 2 JMIVU  3�IVU,N�O�N�J Z S A�B5CEI S JMC:b�N�CEI
b S T!THJMC;P���O�B�b g � JMC IQB"g�� 5

� ü ì�íÕê�(6î@ê¥ö�í0ì×ôiö��cóIíuóiõÚï-ê4óIò�øHí0ð�ùiùiê�í�î-ê4òHþ6ø Lcê4ê¥ï-ìcóiö�ò�:ó�ï�ò�ì#ì×öhú P û �#óiö�òoÿ ôIï�ó ï@ê�í�î-ï@ì�ñ?î-ê4òº 6ì×ö�ò�ôiÿÕò�ì�í���ð�ö�ñ?î-ìÚýIê
ò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�í��#ì°î£�cóIí\�dê¥ï@ÿ ôiï-ëuê�òoþ6ø �Eï�ó ü ö�ê¸ú M P û �{óiö�ò
þ3ø �Eï�ó ü ö�êyóiö�ò��Ìê4ö�ò�ê4õ�4ôiöàú M R û ��� ü ôbùIê¥ö�ê4ï-óiõÚì9�¥êyñ ü óií@ê
�<í@ê4÷3ð�ê4ö�ñ�ê�í:î-ôÕñ ü óIí0ê���î-ï@ê4ê4í	�ª>fôIöIî�ó�ì×ö�ëËê¥ö3îfôiÿ�ð�ö�ì×ôiö�í
ì�ícï@ê��
ò�ð�ñ�ê�òyî@ô¬ñ�ôIöIî�ó�ì×ö�ëËê¥ö3î�ô�ÿ(í0ì×ö�ùIõÚê[÷3ð�ê¥ï-ì×ê4í	�
$�>A@D8:)�@NC �KO 8 	 NwI  a N S Z�N�I�B�� � G%RMR ���©��Z S C�� R NwI
µ � � � tw � � g w S C��<µ � � � v� � � g �� a N
I 2 B G CEJYB�C,Z�B��
A�B�C F�G C AwI'JMLoN�W G NwO�JYNwZ65 : UENwC 3�µ � J Z�A�B5CEI S JMC Nc��JMC\µ � G C.�!N�O
 J � S C���B�C R r
J �5�wB5OXN�LoN�Osr M ! ® ! � IMUENwO�N�N��!J Z�IKZ S
M�! $ !  {Z G A�U£IVU S I6g w J Z�A�B�CEI S JMC N��\JMC£g �� G C��!N�O  5

� � ��� YX� � åuç ä æ54 �(åRå,+��
687#9 :1;=<><@?A<@?CBD;=<EBF<EGIHKJ=HL<EM,NO7QP
`cO�B�B.�$Z ��N�IQA�U � � ü ê �iì°ÿC�{ò�ìÚï-ê4ñ�î@ì×ôiö[ì�í;î-ï@ì×ý6ì×óiõK��þdê4ñ¥óið�í@ê(ô�ÿ�î ü êôiö�ê���î-ô��<ôiö�ê(ñ�ôIï@ï-ê4í��dôiö�ò�ê4ö�ñ�ê8ÿ ï-ôiëàí@ê¥ëËì�í�î-ï@ð�ñ?î@ð�ï@ê�òEò�óBî-óiþ�óií@ê4í
î@ô E%G#" �<ìÚö�í�î�ó�ö�ñ¥ê4í	� & ôiï ��ôiö�õÚø#ì°ÿC�E�4ï-ê¥ù3ó�ï�ò A�U S ZwN � " � � � " � C �'gp�����óií`ó E t � E%G#" �<ìÚö�í0î-óiö�ñ�ê#� ü ôIí@ê¬ö�ô�ò�ê4íÕó�ï-ê C �Kgp���, í`ýBó�ï-ì�
ó�þ�õ×ê4í:óiö�ò � ü ôIí@êXñ�ôIö���ð�ö�ñ�î-í�sH�4 �i�%�:ò�ê�î-ê¥ï-ëuì×ö�ê�î ü óBî��4 �i�%�
þ�ê4õÚôIö�ùIí/î-ô#î ü ê�ì×öIî-ê¥ï���ï-ê�î-ó�î@ì×ôiöuô�ÿ�õ×óiþ�ê4õ,sH� � ü êXñ¥ï@ð�ñ�ì�ó�õ�ôiþ,�í0ê4ï@ýBóBî-ìÚôIöÌì×í#î ü óBî#î ü ì�íEìÚö�í0î-óiö�ñ�êÕì×í#ëËìÚö�ìÚë¬ó�õ'��ìÚö*î ü êËí@ê¥ö�í@ê
î ü ó�î���ó�ì×ï�íXô�ÿ�ö�ô�ò�ê�íXö�ôiî#ñ�ôIö�ö�ê4ñ�î@ê�ò>þ3ø>ó#��ó�î ü ôiÿª¨V��ê�ò�ùiê�í
ó�ï-êfï-ð�õ×ê4òÕôið�î(ÿ ï-ôië»¨Qto�iÿ ôiï(ó�ö6ø`õ�ó�þdê¥õ,¨@;�`p� : =�� � ü ì×í/ÿ ôIõ8�õÚô5�Xícÿ ï-ôiëmî ü ê`ó�þ�í0ê4ö�ñ�ênô�ÿª¨'t{ÿ ï-ôië C �Kg � �fî@ô¬þdê¥ùIìÚö*��ìÚî ü �
ó�ö�òËÿ ï-ôiëpî ü ê{ÿ�óIñ?îcî ü ó�î
î ü êEñ ü óií@ê���ì°î ü E t � E G#"{ôiö�õ×øËìÚö%�
î@ï-ô6ò�ð�ñ�ê�í�¨'t[þ�ê¥î��fê4ê¥öÌýBó�ï-ì�ó�þ�õ×ê4íXî ü ó�î#ó�ï-êJñ�ôIö�ö�ê�ñ?î@ê�ò>þ6ø£¨V�
ê4ò�ùIê4í	� Lcð�î8ëËì×ö�ì×ëËóiõ E t � E G " ��ì×ö�í0î-óiö�ñ�ê�í8óiï@ê:ì×öJôIö�êw��î@ô!��ôIö�ê
ñ�ôiï-ï-ê4í���ôIö�ò�ê¥ö�ñ�ê ��ìÚî ü í0ê4ëËì×í0î@ï-ð�ñ?î-ð�ï-ê4ò ò�óBî-óiþ�óií@ê4í	�ª� ü ì�ñ ü
î@ôiùIê�î ü ê¥ï���ìÚî ü î ü ê ü ø;�dô�î ü ê4í@ì×íFì×ë���õÚì×ê4í�î ü ê[ê�(6ì�í0î@ê¥ö�ñ�ênô�ÿ�ó
ñ�ôiö3î�ó�ì×ö�ëËê¥ö3î"ë¬ó��,��ì×ö�ùFÿ ï-ôië C �Kg��o�dì×öIî-ô�A�U S Z�N � " � � � " � C �Kgn�������
�

687QR :1;=<><@?A<@?CBD;=<EBF<EGIHKJ=HL<EM,NO7QS
� ü ê �iôiö�õ×ø¾ì°ÿC����ó�ï@îyì�í¼î@ï-ìÚý6ì�ó�õ'� & ôiïyî ü ê ��ìÚÿC�<��óiï0î��{ôiþ,�í0ê4ï@ýIênî ü ó�î#ê4óIñ ü'C �Kgn�5�Y¨ 4�� i�x	x�x�i�¨ 4��t ���Xñ¥ó�öÌþdêJï-ê¥ù3ó�ï�ò�ê4ò>óIí
ó*í@ê¥ëËì×í0î@ï-ð�ñ�î@ð�ï-ê4òÝò�óBî-óiþ�óií@ê!�6� ü ô3í0ê¼ö�ô�ò�ê4íuó�ï-ê¬î ü êyýBó�ï-ì�
ó�þ�õ×ê4í	� � ü ì×íFò�ó�î-óiþ�óií@ê#ñ¥ôiö3î-óiìÚö�ícóuí0ì×ë���õÚêb��ó�î ü © ®  �7 ¨Y¢ w ô�ÿ
¨ w �<ê4ò�ùIê4í[óiö�òÞõÚê4ö�ù�î ü 7 w ÿ ôiïJê¥ýiê4ï@ø M !�® ! �ª� � ü ê¬ôiö�õÚøò�ì
	�ê¥ï-ê¥ö�ñ�ê�þdê�î��cê¥ê¥öuî ü ê4í@ê�ò�óBî�ó�þ�óIí0ê�í�õÚì×ê4í�ì×öuî ü êXõ×ê¥ö�ù�î ü í�ô�ÿ
î ü ê`í@ìÚë���õ×ê+��ó�î ü í�© ®   7H¨Y¢ w �
� ê4ö�ô�î-ê+��ì°î ü �pî ü ê`ò�ó�î-óiþ�óií@êEñ¥ôiï-ï@ê�í=�dôiö�ò�ìÚö�ùJî-ô

C �Kg � �Y¨ �� i�x	x�x�i�¨ �t �=�w� �<î:ì�í�ê4óIí0ø`î@ô`í@ê¥êcî ü ó�î(î ü êFî-ð,��õ×ê�¥Eñ�ôiö,�
í0ì�í�î-ìÚö�ù¼ô�ÿ�g �  í#ò�ì×í0î@ì×ö�ùið�ì×í ü ê4òÀý�óiï@ì�ó�þ�õÚê�í{ì�í{ì×öÀî ü êËó�ö�í��fê4ï
ô�ÿ7g � � ü ê¥öyó��,��õ×ì×ê4òËî-ô=� � Lcø ü ø;��ôiî ü ê�í0ì�ífóiö�ò¬þ6ø¬ò�êw«�ö�ì8�
î@ì×ôiöÀôiÿ/î ü êÕóiö�í��fê4ï�ô�ÿ
ó�>c�����"��î ü ê¥ï-ê`êw(�ì�í�î�í{ó¬ë¬ó��E��ìÚö�ù
  ÿ ï-ôiëhî ü ê#ýBó�ï-ì×óiþ�õÚê�í:ôiÿ7g � î@ôJî ü ê#ö�ô�ò�ê4ífô�ÿ �hí0ð�ñ ü î ü ó�î
î ü ê�ò�ì×í0î@ì×ö�ùIð�ì×í ü ê�òÍý�óiï@ì�ó�þ�õÚê�í[ô�ÿ�g � ë¬ó!�Íî@ô0¥>ó�ö�òÍê¥ýiê4ï@ø
ñ�ôiö���ð�ö�ñ?î� yzyô�ÿ?g��nì×í#í@ó�î@ì�í�«�ê4ò�þ6øX�V 4�� ��i� ��4%��������êw�

M P



ñ¥óiõÚõ3î ü óBî/î ü ì�í�ëËê4óiö�í"î ü óBî�î ü ê¥ï-êfê�(�ì×í0î-í/ó���óBî ü 7 s¡§=¦���ÿ ï@ôIë
 4�� H��î-ôb 4��,�w��� ü ôIí@ê
õ�ó�þdê¥õ�í(í���ê4õÚõ6ôið�î(ó��côiï�ònÿ ï@ôIë ���9y��w�
� ê¸ñ¥õ×óiìÚë î ü ó�îX  ò�ê�î-ê¥ï-ëËìÚö�ê�í*óoë¬ó!�,��ì×ö�ù�ÿ ï-ôië g �

ì×öIî-ôEî ü ê�ò�ó�î-ó�þ�óií@ê4í/ñ�ôiï-ï-ê4í���ôIö�ò�ì×ö�ùXî-ô C �Kg � �Y¨ 4 � i	x�x	x�i�¨ 4 �t ���
�Aÿ ôIï�7 � i	x�x	xwiC7.t � �E���
í@ð�ñ ü î ü óBîËê¥ýIê¥ï-øHñ�ôiö���ð�ö�ñ?îH y 
ô�ÿ"g � ì�íyí-óBî-ì×í=«�ê4ò�þ3ø �V 4�� ��i� ��4%����� � ü ì�í¼ì×ë���õ×ìÚê�í¼î ü ê
��ï-ô!�dôIí@ì°î-ìÚôIö_��þ�ê�ñ¥óið�í0ê¼ÿ ôiïuê¥ýIê¥ï-øÞò�ó�î-óiþ�óií@ê  �(ê4óiñ ü î-ð,��õ×ê
§Xì×ö C �Kg � �Y¨ 4 � i�x�x	xwi�¨ 4��t �=�w�  �#ì�í#î ü êuìÚë¬óiùiêuô�ÿcg �  ínò�ì�í0î@ì×ö%�
ùið�ì×í ü ê4òßýBóiï@ì�ó�þ�õ×ê4í¼ð�ö�ò�ê4ïyí@ôiëËê ü ôIëËôiëËôiï�� ü ì�í0ë ¦��Xó�ö�ò
ü ê4ö�ñ�ê�§(ì×ífî ü ê{ì×ëËóiùiê#ô�ÿ7g��  ícò�ì�í�î-ìÚö�ùIð�ì�í ü ê�ò¬ýBó�ï-ì×óiþ�õ×ê4í:ð�ö%�
ò�ê4ï�¦��� ����<î`ì×ínê�óií@ø>î@ôÀñ ü ê�ñ� >î ü ó�î"¦���  í-óBî-ì×í=«�ê4íEî ü ê
ñ�ôIö���ð�ö�ñ�î-í(ôiÿ�g���� � ü ê¥ï-ê�ÿ ôIï@êc§�þ�ê4õÚôIö�ùIí(óiõ×í@ôEî@ônî ü êXó�ö�í��cê¥ïô�ÿ$g��!���ÉöÌôIï-ò�ê¥ïFî@ô ��ï@ôBýIênôið�ï{ñ¥õ×óiìÚë*� �fê`ò�ì�í0î@ì×ö�ùið�ì�í ü î��fô
ñ¥óIí0ê�í��
] S Z�N������<ÿ�ê¥ýIê¥ï-ø¼ñ�ôIö���ð�ö�ñ�î� yzRì×ö0g � ì�íXí-óBî@ì�í=«�ê4òyþ6ø

ó ��óBî ü 7Hs¡§=¦��Íÿ ï-ôië. ��4 H�fî@ô� 4��,��� ü ì�ñ ü�ü óiícö�ôËê4ò�ùIênìÚö
ñ�ôIëËëuôIö
��ì°î ü © ®   7H¨Y¢ w ÿ ôiïuó�õ×õ M !�® ! �ª�8î ü ê¥ö�  ì�íJó
ë¬ó��,��ìÚö�ùÌì×ö3î@ôÀóiõÚõ
ò�óBî-óiþ�óií@ê4í C �Kg � �Y¨ 4 � i	x�x	x�i�¨ 4 �t �����7� ü ê¥ï-ê
 �í-óBî-ì×í=«�ê4íFóiõÚõ"ôiÿ6g �  í{ñ�ôiö���ð�ö�ñ?î�í��
] S Z�N >�5?3{í-í0ð�ëËê�ö�ô5� î ü ó�î	�Iùiì×ýiê¥ö  mÿ ï-ôië�g � î@ô��\�;g �

ü óIífóÕñ�ôiö���ð�ö�ñ?î� Zy Rí0ð�ñ ü î ü ó�îfÿ ôIïcóiö3ø¬ñ ü ôIì×ñ¥ê{ôiÿ 7 s¡§=¦��
ÿ ï-ôië  4�� �uî@ô4 4��,���fî ü ê4ï@êÌì�í¬ó M ! $%! ��ÿ ôiï#� ü ì×ñ ü
© ®   7H¨Y¢ �`ü óiíEóBînõÚê�óií0î#ôIö�êJê�ò�ùiêuìÚöbñ�ôiëËëËôiöX��ì°î ü 7Hs�§=¦ � �
�"ê¥î ©��5i	x�x	xwi�©��[þdê(î ü ê
õ×ì×í0î�ôiÿ�ö�ô�ò�ê4í"ÿ ï@ôIë © ®   7H¨Y¢ � ��ôiï�ò�ê¥ï-ê4ò
þ6ø¼ò�ì�í�î�ó�ö�ñ¥ê{ÿ ï-ôië © ®  �7 ¨K¢ �  í�í0ôIð�ï-ñ¥ê��$� ü ì�ñ ü óiï@êEê¥ìÚî ü ê4ï�ì°î�í
ê¥ö�ò%��ôIìÚö3î�íRôiï�ó�ï-êÌìÚö�î ü êbìÚë¬ó�ùIêÌô�ÿ�  � þ6ø¾óIí@í@ð�ë���î-ìÚôIö_�
	�
 P��w� & ôiïfê¥ýiê4ï@ø M�! 9 ! 	 / M �3ò�êw«�ö�êXî ü ê39;IVU\JMC IQN�O�L S5R
î@ôyþ�êÕî ü êuí@ê4ñ�î@ì×ôiöÌô�ÿ�© ®  �7 ¨K¢%�`í0î-ó�ï@î@ì×ö�ù�óBî�©�Õó�ö�òÌê4ö�ò�ì×ö�ù
óBî�©��� � �
� êFëËó! iêfî ü êbZ Gga A R9S J�boî ü óBî�î ü ê¥ï-êcê�(�ì×í0î-í�ó M�! � ! 	 /

M í0ð�ñ ü î ü óBî(ÿ ôIï:ó�õ×õ�ñ�ôIö���ð�ö�ñ�î-í© qy Jì×ö\g � �Iê¥ìÚî ü ê4ï�î ü ê4ï@ê�ì�í
ó���ó�î ü 7Hs¡§=¦��yÿ ï-ôië  ��4 H�;î@ô� 4��,��í@ó�î@ì�í�ÿ ø6ì×ö�ù�î ü êcñ¥ôiö���ð�ö�ñ?î
ó�ö�ò>ö�ô�î{ì×ö�ñ¥õÚð�ò�ìÚö�ùRî ü ê ��î ü ì×ö3î@ê¥ï-ýBó�õ'��ôIï�yhñ¥ôiö3î-óiìÚö�í�¨'t� óií
óRí@ð�þdêw(%��ï-ê4í-í0ì×ôiö_���Éö�ò�ê¥ê4ò_��óIí@í@ð�ëËê[î ü êJñ�ôIö3î@ï�ó�ï-øRî@ô5�Fó�ï�ò�í
ó ñ¥ôiö3î@ï�óiò�ì×ñ�î@ì×ôiö_�bî ü ê4ö_ê4ýiê¥ï-ø¾ìÚö3î@ê4ï@ýBóiõ{ì�í¼ì×ö�ñ�õ×ð�ò�ê�ò�ì×ö_ó
��ó�î ü î ü óBîÌí-óBî@ì�í=«�ê4í�í0ôIëËêbñ�ôIö���ð�ö�ñ�î� �y º� ü ê¥ï-êSywì�í
í0î-ó�ï���ÿ ï@ê4ê!� � ü ì×í
ëuê�ó�ö�í:î ü ó�î
ê¥ýIê¥ï-øJôIö�êXô�ÿ�© ®   7H¨Y¢ �  í
ê4ò�ùIê4íñ�ôIï@ï-ê4í��dôiö�ò�í(î@ôJó�î
õÚê�óií0î
ôiö�êXô�ñ¥ñ�ð�ï@ï-ê¥ö�ñ¥êXô�ÿ�î ü ê{õ�ó�þdê¥õH¨ � ìÚö
g��!�%� ü ê¥ö�ñ¥ênì°î�ÿ ôIõÚõ×ô5�Xífî ü ó�î 7 � �6î ü ênõ×ê¥ö�ùiî ü ô�ÿª© ®  �7 ¨K¢ � ��ì�í
õ×ê4í-ícî ü óiö�ôIï�ê4÷3ð�óiõ;î@ô£Z ��Z��Kg����M� � / M � � ü ì×íXñ¥ôiö3î@ï�óiò�ì×ñ�î-íî ü ê{ÿ�óIñ?î
î ü óBîcÿ ôiï��\� 7'��� � �;� ü ì×ñ ü ��ï@ôBýIê4í(ôIð�ïFí0ð�þ�ñ�õ�ó�ì×ë*�
LcøÕî ü êEí0ð�þ�ñ�õ�ó�ì×ë*���cê{ñ4ó�ö¬êw(6î-ê¥ö�òuî ü ê+��î ü ìÚö3î-ê¥ï-ý�óiõ,��ìÚî ü

ó�ï-þ�ìÚî@ï�ó�ï-ìÚõ×øoë¬ó�ö6ø¶¨�w�<ê4ò�ùiê4í*��ìÚî ü ôið�î*ñ¥ôië���ï-ôiëËì×í@ì×ö�ù-   í
��ï-ô!�dê¥ï@î�ø{ôiÿ�í@ó�î@ì�í�ÿ ø6ì×ö�ùXê¥ýIê¥ï-ø#ñ¥ôiö���ð�ö�ñ?î8ì×ö"g � � � ü ì�í7��ï@ôBýIê4íôið�ï
ñ�õ�ó�ì×ëpóiö�ò¬ñ�ôIö�ñ�õ×ð�ò�ê�í�î ü ê���ï-ô3ôiÿ;ô�ÿdî ü ê���ï@ô���ô3í0ìÚî@ì×ôiö�� �
687�� : ;=<><@? <@?AJ���� <@;���� NO7��
� ê$��ï-ôBýiê(ê�÷Ið�ìÚýBó�õ×ê¥ö3î-õÚøEî ü óBî8ö�ôiö%�Éñ�ôIöIî�ó�ì×ö�ëËê¥ö3î"ì�í�ì×ö E�4 � �BìÚö
ÿ�óiñ�î7�cêfí ü ô5�Þî ü ó�î8ìÚî8ì�í8ò�ê4ñ�ì�ò�óiþ�õÚêfþ6ønóiö 9 �*ëËóIñ ü ì×ö�ê?��ìÚî ü
ó�ö 9 �Ìôiï�óiñ¥õÚê��!Lcø���ï-ô!�dôIí@ìÚî@ì×ôiöuRE� e,��ì°î/ì×í�ê¥ö�ôIð�ù ü ìÚÿ�î ü êfë¬ó5�
ñ ü ì×ö�ê
ê�( ü ìÚþ�ì°î�í/ó#í�î�ó�ï���ÿ ï-ê¥êc÷3ð�ê¥ï-ø#ì×ö`î ü ê�«�ö�ìÚî@êcð�ö�ì×ôiö�� ü ì×ñ ü
ì�í�ö�ôiî/ñ¥ôiö3î-óiìÚö�ê�ò[ì×ö µ � � � ô�î ü ì×í/ê¥ö�ò���î ü êfë¬óiñ ü ì×ö�ê
ùIð�ê4í-í@ê4í
g � ìÚö � E � óiö�ò¶g � ; µ � �{ùið�ê4í-í0ê�í � ! 7 � i	x�x�x�iC7:t !
Z ��Zw�Kg��o����ñ�ôIö�í�î-ï@ð�ñ?î-í � � C �Kgn�5�Y¨ 4�� i�x	x�x�i�¨ 4��t ���6��ìÚö�� � �������

ñ�ôië���ð�î@ê4í�A�U S Z�N���� " � ������ìÚö
� � ���0���;þdê4ñ¥óið�í@êËóiõÚõfò�ê��dê¥ö%�ò�ê¥ö�ñ¥ìÚê�íXì×ö E t � E G#"Jó�ï-ênÿ ð�õ×õ �w�;óií� 6ícî ü êJôIï-óIñ�õ×ênì°ÿ�î ü ê¥ï-ê`ì×í
óRñ�ôIöIî�ó�ì×ö�ëËê¥ö3îXë¬ó��,��ìÚö�ùRÿ ï@ôIë C �'g � ��ìÚö3î@ôRî ü êJñ ü óií@ê[ï@ê��
í0ð�õÚî	�3ó�ö�òuó�ö�í=�cê¥ï�í �iøiê�í8�#ì°ÿ�ó�ö�òÕôiö�õÚø`ìÚÿdî ü êFôiï�óiñ¥õÚêFó�ö�í=�cê¥ï�í
��ö�ô�,� �
\ ) å+*;Y{� � åÕç ä æ 4 �(å¼å�+��
�:ï-ô3ôiÿ�ô�ÿ/î ü ê¥ôiï-ê¥ë�T%�}2%�
ou)�8 8:< IH,:@N6 f > j 3Xõ×ôiö�ùÝî ü êbõ×ìÚö�ê4íyô�ÿ¼ú e û ���cê*ï-ê4ò�ð�ñ¥ê

ñ�ôiö3î�ó�ì×ö�ëËê¥ö3îXî@ô¼î ü ê �fé%��3�>c�?�<ñ¥ôië���õ×ê�î-êM�iñ�ôIï@ï-ì�ò�ôiïFî-ìÚõ×ìÚö�ù
��ï@ôIþ�õ×ê¥ë �*�'> � ���b�@ú 2�R û ���
3Xö¾ìÚö�í�î�ó�ö�ñ¥êyôiÿ+> � �hì×íËóÞí0ê¥î��wôiÿ{î-ìÚõ×ê�î�ø¡�dê4í	�
óiõÚôIö�ù

��ì°î ü î��cô¼þ�ì×ö�óiï@øÌï-ê¥õ�óBî-ìÚôIö�íb²\� � ôBýIê¥ï����_� ü ì×ñ ü í=�dê4ñ¥ì°ÿ ø
î ü êXýIê¥ï@î@ì�ñ¥óiõK��ï-ê4í��_� ü ôiï-ì9�¥ôiö3î�ó�õ�ñ�ôIë���óBî-ìÚþ�ì×õ×ì°î�øÕþ�ê¥î��fê4ê¥öËî@ì×õ×ê
î�ø¡�dê4í	� � êyóiï@ê¼óiõ×í@ôÌùiì×ýiê4öÍî��fôbí=�dê4ñ¥ì×óiõ:î@ì×õ×êRî�ø;��ê�í�§���i�§��,�
ó�ö�òÀóiöÌìÚö3î-ê¥ùiê4ï��ª�b3 í@ôiõ×ð�î@ì×ôiöÌî-ô¬î ü ê�> � ��ì�íEóËî@ì×õÚì×ö�ùyô�ÿî ü ênñ�ôIï@ï-ì×ò�ôiï:ôiÿ���ì×ò�î ü �Ìì×öRî ü êb��õ×óiö�ê{ð�í0ì×ö�ù`î-ìÚõ×ê4ícôiÿ;î�ø¡�dê4í
ìÚö�����í0î-óiï0î-ìÚö�ù¬ìÚö>î ü ê[î@ô��ÌõÚê¥ÿAî#ñ�ôIï@ö�ê¥ï���ìÚî ü óuî-ìÚõ×ê`ô�ÿ�î�ø;�dê
§ � �iê4ö�ò�ì×ö�ù[ìÚöËî ü êXþdô�î@î@ôiëpï-ìÚù ü î
ñ¥ôiï-ö�ê¥ïª��ìÚî ü óEî-ìÚõ×ê�ô�ÿ�î�ø;�dê
§ � ��í@ð�ñ ü î ü ó�î�î ü ê`ñ¥ôië���ó�î@ì×þ�ìÚõ×ìÚî�øRï@ê4õ×ó�î@ì×ôiö�í�óiï@êní-óBî@ì�í=«�ê4ò��
3XöÌì×ö�í0î-ó�ö�ñ�ê[ô�ÿ�î ü ê > � �ßì�íXï-ê4ò�ð�ñ¥ê4òyî@ôRóiöÌìÚö�í�î�ó�ö�ñ¥ê[ô�ÿñ�ôiö3î�ó�ì×ö�ëËê¥ö3î�ô�ÿ � �<÷3ð�ê4ï@ì×ê4íFóiícÿ ôIõÚõ×ô5�Xí	�
 "!#!%$�&'!(&*),+.- = ( +0/ @21 (4305 /76 � = / @ � 398 /76 � /

: !(!#;�+=<.!%$�&'!(&*),+.- = ( +0/ @21 ( =
/>6 $�
?A@�B

�
CED �F D /HGJIK�L

= / @ � ? 3 � 3 $ /76 ? 6 $ = / @ � @

M =
/>6 ��
?A@�B

�
CED �F D /�GJIKON

= / @ � ? 3 � /76 � 3 $ />6 ? 6 $ = / @ � @ /

� ê`óiö�í��fê4ï��@øiê�í8�Õì°ÿ(ó�ö�ò¼ôIö�õÚøyì°ÿ
� ¨K¨ � ® ¨ ® � ±,©¡�� 7i!,� '�  ¨K¨Y¢	±;s;¨ � ® ¨ ® � ±%©¡�4 �i!,�

�

� - Y * �:è��(è ä�� * è?� � *�è%Y * �QP � ä YSR �
� & � /%Y

��ê4ñ4ó�õ×õÚì×ö�ùÀî ü ê>ëËô�î@ì×ýBóBî-ìÚö�ùÞêw(�óië ��õÚê¼ÿ ï@ôIë í0ê�ñ?î@ì×ôiö M óiö�ò
ò�ê¥ö�ôiî@ì×ö�ù���ìÚî ü #®Q¯ î ü ê:ï-ê¥õ�óBî@ì×ôiö�ó�õ�î@ï�ó�ö�í0õ�óBî-ìÚôIö C � #®Q¯¡° ¨V±;¢����
�fê ü ó�ýIê#ÿ ð�ï0î ü ê¥ïFî-ï-óiö�í0õ�óBî-ê[óiícÿ ôiõ×õ×ô5�Xí��
\®'¯ � ¯ i!�b�$k �%��l5n%p�q;nEi ° �wi��_s� *¢;� ° i ¯ ��i�§�¢o¨Y¨'©�� ° i����

ó�ö�òyî ü ê[ìÚö�ñ¥õÚð�í0ì×ôiö>ò�ê��dê¥ö�ò�ê¥ö�ñ¥ìÚê�íXñ¥ó!��î@ð�ï@ì×ö�ùËì°î{óiï@ê
�Ky�� w*T ��· ° i ¯ i!�kú��,� l5n,p!q;n i ° � : �_s¡ *¢;� ° i ¯ �

: §�¢o¨Y¨K©¡� ° i������ #®Q¯ � ¯ i���� û
�'v5� w*T � · ¯ i!�mú #®Q¯ � ¯ i!���º� 
 ° �b� l5n,p�q;nEi ° �

: �_s¡ £¢;� ° i ¯ � :�§�¢o¨Y¨K©¡� ° i���� û
& ð�ï@î ü ê¥ï-ëuôIï@ê����cê ü ó�ýIê � � � C � � �w� � � � � C � � � ���

î@ê¥õ×õ�� C �Y§�¢o¨Y¨ � ¨Y¨V�w�,� ü ê¥ï-ê!�

M R



� � k �%� l5n,p�q;nEi! ��i��_s¡ *¢¡�4 �i�� � ��i�¤_¥�¦E�?�4� � i�%�wi��%�� 7i�� � �wi
§�¢�¨K¨K©¡�4�,�5i�� 0 ��i��_s¡ *¢¡�9� 0 i=���î@ê4õÚõ � ·. �i� i!���oi��#�¬úH�%�� 7i!���	��i�§�¢o¨Y¨'©��4����i!���	�wi
�%������i!,�?� §�¢�¨K¨K©¡�� 7i!,� û

� ��� k #®Q¯ �4 �i!,�wi�¤�¥�¦E�?�� 7i��;��i��_s¡ *¢¡�4 i=��� �
o�>2-0I?@?/:j ln>A-0I?@.O C � � �*ñ ü óií@ê4í���ìÚî ü ��þ�óií@ê ��� G4G#���w�� ï-ê%$ t �w��î ü ê4ö
� C � î@ê4õÚõ 3Xõ×õV�=�fî@ô �

� �ºk �,� l5n,p�q¡n i! ��i��_s¡ £¢;�4 �i�������i�¤_¥�¦,�?�9���oi!,�wi��,�� 7i��,�	�wi
§�¢o¨K¨K©¡�4� � i�� 0 ��i��<�9� � ��i��<�9� 0 ��i��,�4� 0 i�� 0 ��i
§�¢o¨K¨K©¡�� 7i�� 0 ��i��_s¡ *¢;�4� 0 i=���

LcøÕþ�ï@ì×ö�ùiì×ö�ù[î ü ê#ñ¥ôiö���ð�ö�ñ?î$§�¢o¨K¨K©¡�� 7i�� 0 �(ì×ö3î@ô �u� �Iî ü ê#ñ ü óIí0êí0î@ê��£��ìÚî ü �Aî@ê4õÚõM�cê¥ö�ó�þ�õ×ê4íFóJÿ ð�ï0î ü ê¥ïXñ ü óií@êEí0î@ê	�¼ô�ÿ � ����ìÚî ü
y�� w*T �ª� ü ô3í0êRê[	dê�ñ?îËì×íJî@ôbêw(%��õ×ì×ñ¥ì°î-õÚø>�-ñ ü óií@êw�<ìÚö ��î ü êyý3ì×ê��
#®Q¯ �Ióiò�ò�ìÚö�ùnî ü êXùIôIóiõ \®'¯ �4���5i�� 0 �/î-ô � �5�?>fôIö3î@ì×ö3ð�ìÚö�ùnî ü êñ ü óIí0ê`ð�öIî-ìÚõ/ìÚî{î@ê4ï@ëËì×ö�óBî-ê4í	� �cê`ôIþ�î-óiìÚöÌî ü êJð�ö�ìÚýIê¥ï�í@óiõ_��õ�ó�ö
µ*�»� ü ôIí@ênþ�ô�ò�øyì×íXò�êw«�ö�ê�ò¼þ6ø
�%��lon,p�q;nEi� H��i��_s¡ *¢;�� �i�� � ��i�¤_¥�¦E�?�4� � i�,��i��%�4 �i�� � ��i
§�¢o¨Y¨K©¡�9� � i�� 0 �wi�§�¢�¨K¨K©¡�� 7i�� 0 ��i��_s¡ *¢;�4� 0 i�����i #®Q¯ �9� � i�� 0 ��i
�%��lon,p�q;nEi�lon,p�q;n¡�wi��%�� 7i! ��i��%�9���oi�������i��%�9�,�5i��,�	�wi
�%�9� 0 i�� 0 �wi��%�4Hi�,��i��%�Y�ªi=����i
�%�4 �i�������i��%�9���oi!,�wi��,�4�,��i�� 0 ��i��,�� 7i�� 0 �wi��%�4� 0 i�����i
�%��lon,p�q;nEi�������i��,� l5n,p!q;n i��,����i��,� l5n,p�q¡n i�� 0 �wi��%��lon,p�q;n,i!,�wi
�%�4 �i!,�wi��%�� 7i=���wi��%�4�,�!i=����i
�<� l5n,p�q;n¡��i����� H�wi��<�4%�wi��<�V���wi��<�4� � �wi��<�4� � ��i��<�9� 0 �

� ü ê4ï@ê[î ü êJñ¥ôiö���ð�ö�ñ?î-í{ìÚö>î ü ê`î ü ì×ï-òÌóiö�ò�ÿ ôið�ï@î ü õ×ì×ö�ê4í��fê4ï@ê
ì×öIî-ï@ô�ò�ð�ñ�ê4òyþ6ø¼ñ ü óIí0ì×ö�ù ��ì°î ü ��ï@ê[$ G ����î ü ô3í0ênì×öyõ×ìÚö�ê4í�TJî@ôdU
þ6øyñ ü óIí0ì×ö�ù ��ì°î ü �Aî-ï-óiö�í G �w��ó�ö�òyì×ö>õÚì×ö�ê��uþ6øyñ ü óií@ìÚö�ù ��ìÚî ü
� þ�óií@ê G ����ÿ ôiïXó��E��ï@ô���ï-ì×ó�î@êEìÚö�í0î-óiö3î@ì�óBî@ì×ôiö�íFô�ÿ ¨=�
o�>2-0I?@. j��n- f , f >2-0I?@.O 9 ô�î-ê¬î ü óBî	��ð,�Íî-ôÀï-ê¥ö�óiëuì×ö�ù

ô�ÿfý�óiï@ì�ó�þ�õÚê�í�� C � � � �{ì×í[ó�í0ð�þd÷3ð�ê4ï@ø>ô�ÿ�µ*�����<înì×ínê�óií@ø�î@ô
ñ ü ê�ñ� yî ü óBî C � � � �#ì×íEëËì×ö�ìÚë¬óiõK��óiö�òÀê�÷3ð�ìÚýBóiõÚê4öIîEî@ô C � � �w�
� ü ì�í�ì×í�ò�ôiö�êbþ6ø�ñ ü óIí0ì×ö�ù C � � ����ìÚî ü �'v � w*T ��� � êÞñ4ó�ö
í0î@ï�ó�ì×ù ü î0ÿ ôIï��Fó�ï�ò�õ×ø¬ï@ê¥î@ï-ìÚê4ýiê � � ÿ ï-ôië C � � � ���dî ü ð�í#ôiþ�î�ó�ì×ö%�
ì×ö�ù¬óËï@ê	��ï@ìÚî@ì×ö�ùuô�ÿ � ð�í0ì×ö�ù #®Q¯¡° ¨V±;¢¡�

M T


	Optimization Properties for Classes of Conjunctive Regular Path Queries
	Recommended Citation

	Optimization Properties for Classes of Conjunctive Regular Path Queries
	Abstract
	Comments

	tmp.1115571280.pdf.UdAIA

