
���������
	������������������������������ ��!"�$#%���&�'�(�*)+��,-�.����/0!"�1)2��!"�3����� 4
	�#5�7698;:��
6=<?> @*�A,��B/0��C

DFEHGJILKNM�OFP(QRP(QTSVURIXWYOFPZEHG[URW]\�GXE]EH^
_�EH`FPZ^badceEHQ�a�f(g+h3WHf;Q�f;ciIJWHj

k�QTILl;EH^bjmILa0nNf(g[o=E]jbadE]^mQR\�pTjqad^dPZGXIrP
DFE]sT^mpFPZ^bnut(v(v;w

x�y�z|{|}"~��m{
�&�m�]�L�����H�0�"�������3�A���������|���3���]�|���|�B�|�����|�|���q���������|�b���3���L�r���������H���]� �3���]�|���|�B���0¡d��¢��|�|�b�3�����]�����0�q�����]�m�������b�H£H���"�����

���]�¤�|���m�H�b�3���|�|�¦¥����q�H�|�¤�b�H�§¥����q�H�|���q���|�|�m�]�m�3���������|�¨�����������"��£]���m©«ª¨�0�T�|¡m���0�¬�+£H���§�q����]�[���|���|�q�������H�b�«�|�b�H�|���������"���0�
�b�®���]�����3�H�������0�b�F�q�H�]�����0�"�����m�H�+�b&¡m�"�����b£H�¤�3���]�|���|�¯�������°���������������]�|�b���������0�q�F�b�+�r���q�����r�����0�b�B�b�H�b���±�����3�b�����Y�|���"���0�°�������
���]�A�r����£H����£±���§�b1���]�§�3���]�|�����b���q�r�]�3�±���b���������]�|�b���Y©i²��m�3�§�r����£]����£]���q�¨�q���³�r���"�����r�����0�q�«�]���b�����������|�����0¡d�������|�|�Y�����
¢��|�����|�r���b¢]�������]�0��´�q�¤���]�'²±�3�Y�q����µZ���q�H���������m�®¶&£±���b���|�q���|������¡d��·L²]µ;¶B¸«¹��1º¨�|�]�����b�������0�®¶&£±���b���|�q���|������¡d��»��m�H�]�������m���q�
ª&���������m�����0�H�q�r���������J�³·Lº«¶B¸B»�ª1¹¼�¦�q� ²±µ;¶&¸��Xº«¶&¸B»�ª[���3���]�|�½�Z���H�|��£��±���H�����]�+�]�|�|�|�����"�����q������£±¾3�|���|�Y�1�|�b���±�������b�H�1´�q�
���]�&��¿±���r���|�]�|�¨�q;�3�m�3�������|�d�b�H�3���]�¨��£±¾3�|���|�Y�T�|�b���±�������b�'À�b���|�b�H�����r���|�H�¼���b�H���q�r�]�3�±���b�����B�H�b�����q�����J�3�b¬���H�[·LÁ¨£��q���Â¹J�
Ã§�"¿]���¤£H�ÅÄZ��Æd�|�����H�Y���ÈÇ��r�������q���q�A·�·LÁ1¹�Ã§Ä(Ç�¹¼©;É��]�����'���H�|�����3�m�3�|�Y�¤�|�m�H�]�������m�]�3�q�����r�����b���m�Y��´�q���F�"���È����¡m������À� ���
�±���b�������|�m�m���H���¤���|�2�H�b��¢��F���"�����r¥H�0�+´�q�����]�Bº«¶&¸B»�ªÈ�3���]�|�±������H�T£]���]�¼�����±���H�¨���b�H�«��£]�+�����������r���|�]�|�������|���m���F���«£]�H���X�Y©
¶V���|���2���|�r������������¡d�3�|�b���±�������b��´�q�+�|�b�H�����r���|�]�����q�����q�r�±�3�]���b����� �]�b�����q�����J�����|���b�����|¡����q���3���H���2�]���b¢H���|�§©�µT�H�3�H�b�����
�|�r���q¢H�������H�|�T�1���0�bÆ¤��£]¾3���������0�d�b�T���b�b�L�3�m�3�|�Y�0�m�|�m�H�]�������m�3´�q�T�|�b�H�����r���|�H�¼�3�b�H�3�b�r�±�3�]���q�����B�]�b�����q�����J� �b�·LÁ1¹�Ã§ÄZÇ�´�q�
²±µ;¶&¸��Xº«¶&¸B»�ª¤©dµT�H���T�|�b���±�������b�'�|�b�'�0�b��������¢��&�¼¿±�������]�|�+���+�q��� �H�m�±�L�����]�0�q���|�m�H�]�������m���q�¦�3�0�b�3�3���±�|�H�������§º«¶B¸B»�ª
�������q���|����£H¢�Êr�����2�������0�q���m���q¢H���3���|�m£]���q�����X���|�m�H�]�������m�]�|©'¶&�����H�b£H�m�Ë���H� ���b�b�L�3�m�3�|�Y�1���m���±�������b���0�q�H�H�q�2¢��3¡d������¥��|���q�
�0�q���������q�«���H�[���|�|�m�H���q���A´�b£]�����Ë�3�m�3�|�Y�&�|�m�H�]�������m�H�|�¬���2�q�����0���1���H�¤���b�H�'��£H�������������r���|�H��� �b����H� º«¶&¸B»�ªÌ�]���Y�|�����
���3��¿±�|���0���m�]�m©�Ã��b�Y���[»T�q��������¿±���������3�|�Y���B���]�0�i���H�q�����H�1���m�q�L�3�m�3�|�Y���|�b���]�������m�����B�3�b���«���������q¢H���¤���§�±���b�������|�1���H�b�
���]�3���|�|�m�H� �b�H��´�b£]�������3�b�3�|�Y�2�|�m�H�]�������m�H�2���H�������H�3£]���]�¼�����±���H�����b�H�§��£]�������������r���|�H���'���[�|���m���3���A£H�]���X�Y©�µT�H�|���
��¿±���������3�|�Y���2�q���������]�"�u�����"�1���H�3�|�q�����|���¤�����|�|��¥��|�q�����m� �qF���H�3�|�b���]�������m�H�b���3�0�b�����2����£]�|���b����� �b¢]���b���]���]�§£H��¢]�Â�q���0�
�|�r�������"���|�&À�b�«���]�+º«¶B¸B»�ªN�|�m�3���b�H�|�Y�0©&µT�H�[��£]¾ �|���|�Y�«�|�b���]�������m�]�&À�b�1�|�b�H�����r���|�]�����b�H�A�b�r�±�3�]���q�����[�]�b�����q�����J�A�q���
¡d�¼����¥H�0�®�|�3�H�������0�b�����°£H�����H��²]Í1ÎuÏqÐmÐ�������£±���H�|��Ñq�L�3�m�Y���®Ò1²®µZ���0�q��£]���°Ó�������������£]���]�|�F�b�H�°�¼¿]�����q�H�b�����q�����3¢����X���|�|�
¶B£H�r�����b�������q���A���H�¤Ò1²]¶2©¬µT�H�¤��Ô¦�|�����1�qT�m£±�������¼���2�b������¿������|�3�[�m¢]������¡m�"�����m�H�1�b�����]�¤�|�3�]�������|�b�¯�3�m�3�|�Y�&�|�m�H�]�������m�]�
�"���2�b�������b�H�b���±���0�§���§�]�¼���b���½©

Õ Ö]×&Ø�Ù¦Ú1Û[Ü¤Ý(Ø¦Þ�ÚB×
h3QTß;GXEZàÂj�áqâ�ã;ä;t;åË\�p�adf;^bEHß;^bEHjbjmIJl(EeM�f;QTSTILadIJf;QFP(G[æ�E±adE]^mf;jbWHEHSTP(jbamIXWHILa0nçá�\�èAM§æ�å�cif�STE]G+P(Q�Sêé�f;GJGXEH^bjmGJE]lBàÂj

áqâ�ã;ä(ë�åiì EHQ�EH^dPZGXIXjbEHS�\�èAM§æíá¼ì®\�èAM§æ�åicef�STEHG�P(^mERadOTEîcef;jqa5`Bf;`TpTGXP(^icef�STEHGJjeg�f;^iW�P(`�adpT^bIXQTß=amIXceE±ï
l(PZ^bn�IXQTß�jqn�ciceE]am^mIXW�l;f;GXPZadIJGXIJa0neIJQ5ðFQFP(QTW]IrP(G«P(QTSÌEHW]f;QTf;ceIXW�amIXceE�jmE]^mIJEHj�SFPZadP�ñ�_�EHjb`TIJamE�adOTE]IX^A`Bf;`TpTGXP(^mILa0n;ò
adOTEÈjbad^bpTW]ampT^dPZG+P(Q�SîjbadPZadIJjbadIJW�P(G2`T^bf;`BEH^bamIXE]j�f(g+adOTE]jmEócef�S�EHGXj�ô�EH^mE³QTf(aËg�pTGXGLnNEHjqaYP(sTGJIXjbOTEHSîp�Q¯amIXG[^mE]WHEHQ�amGJn;ñ
õ�ö¯÷dø&ù|úmûJ÷dü0ýXþ�ÿ���þJ÷+ûXü2ûJ÷Yù����+ö¯÷���ø�ýJý��	�"ø�ù��"ûX÷mø¼ù|ú�
�b÷������������������2ù�������ü¼ÿ�ø�����ö�ü������Âü0ý����dþ����0÷qû��Àú�� ����þ"!�údþJþ"��ü��dþ$#�ö¯÷dø&%YýXþLûFù|úmûJ÷dü0ý'��þ)(1ü0þJû

�0ýrù�ûJø��Âú����Àü0ý�ûJ÷dø*%+�Yù���!$��ù��mþXú�,�,�ü0ýLû¦ü��±ù��.-�údþJûJýrù�����ù��0/¦ü0þJû��0ýrù��dúYù�ûJø1-�ÿ¯ù|ý��¨ù����«ù��023����� 45���dúYù���6¯ø�þXø�ù|ý"!X÷�7�ýrù��"û8�ÀýJü�( ûX÷dø:9�ù�!�ú�� û3�Bü��<;=!�ü��mü�(���!�þ
>@? ü�(�(1ø�ý"!�ø�
A;B�mú�!�ù�û"��ü��¤ù�������ù�ÿ�ù�û�C�DE-.#qö¯÷dø�þJø$!�ü����[ù|úmûJ÷dü0ý�ÿ���þX÷dø�þ(ûJü&ù�!F�5�mü¼ÿ���ø����0ø�ûJ÷dø�%+�Yù���!$��ù��±þXú�,�,�ü0ýJû�ü��]ûX÷dø�-�údþLûXýXù�����ù���6�ø�þXø�ù|ý�!r÷
? ü0ú���!�����ù����+ûJ÷dø ? ø��qûJø�ý)�Âü0ý123�qûJø�ý"�Yù�û���ü��Yù��86¯ø�þJø�ù|ý"!r÷¤ü��¤ûJ÷dø0�qù�,dù��dø�þXø&;B!�ü��dü�(0��
�9�ù�!�ú�� û3�¤ü��;=!�ü��mü�(���!�þ$
+C���� 4"ø�ýXþ"� û3�2ü��¬ö�ü��A�"ü�#

G



æ�f�ô�E±l;E]^Hò3cef;jbaÈf(g§amOTEeamOTEHf(^mE]amIXWHP(G�^bEHjbpTGJamjÈf;Q ì®\�èAM§æ cef�STEHGJj°OTP�l(ENP(jbjmpTceEHS%PuWHf;Q�jbaYPZQ¯a³f;^°GXIXQ�E�P(^
WHf;QTS�IJadIJf;QFP(GFceE�PZQ«ò�PZQTS5IJa'OFPZj�QTf(a�n;E±aAs&E]EHQ5E]jbadP(sTGXIJjmOTE]S ô�OTE±adOTE]^�adOTf(jmE�^bEHjbpTGJamj�ô�f;pTGXS5P(GXjbf³OTf;GJS ILg¨adO�E
WHf;QTS�IJadIJf;QFP(G&ciEHP(QNô�E]^mE°QTf;Q�ï|GXIJQTE�P(^]ñ
�1IXQTßVP(QTS%UuWH\�GJEHE]^Ná�tZv;v;w�å `T^mf(`&f;jbEHS%PucópTGLadIJlZP(^bIrPZamEó\�è�UR\�ï®ì \�èAM§æ cif�STE]G�ò¤P(QTS=E]jbadP(sTGXIJjmOTE]S

IJadjËjbam^mpTW±adpT^mP(G PZQTSêjbadPZadIJjbadIJW�P(G2`T^bf;`BEH^bamIXE]jHñ��(EHP(Q�adOTEHP(pÅáqâ�ã(ã;ä�åAEHjbadP(sTGJIXjmO�EHSîW]f;QTjmIJjbamEHQTW±nî^mE]jmpTGLadj�f(g�EHjqadILï
c PZamf;^mj�g�f(^°c³pTGJamIJlZP(^mIXPZadEóì®\�èAM§æ cif�STE]GXjHñiæ�IJj `T^mf�f(g�j®f(g�WHf;QTjbIXjqadEHQ�W]n9STIXS9QTf(aÈP(jbjmpTceEePu`TP(^bamIXWHp�GrP(^
g�pTQTW]amIXf;QTP(GTg�f;^mc g�f;^3amOTE�W]f;QTSTILadIXf(QFP(GFceE�P(Q«ò�sTp�a�P(jbjmpTceEHSÌP°GXf;ßZï|cif(ciE]Q¯a WHf;QTS�IJadIJf;QiP(QTS5jbf;ciEË^mE]ß;pTGXP(^qï
IJa0n5W]f;QTSTILadIJf;QTj§g�f;^A`Tp�^m`Bf;jmE]j�f(g¤IXS�EHQ�adILðFW�PZamIXf;Q¨ñ�M�OFP(QRP(QTSVURWH\�GXE]EH^Èá�t(v(v�t;å�EHjqaYP(s�GXIXjbOTEHSÌadO�E°jqad^bpTW]ampT^dP(G
P(QTS9jbaYP¬adIXjqadIJW�P(G¤`T^mf;`BEH^qadIJEHj g�f;^ adOTEiì \�èAM§æ W]f;ci`Bf;QTE]Q�adj®IXQêadO�E���cef�f(adO��[^dP(Q�jmIJamIXf;Q \�p�adf;^bEHß;^bEHjbjmIJl(E
ï ì \�è§M§æ*á����[\�è§ïqì \�èAM§æ�å®cef�S�EHG�ñ	�AOTE±n9jmOTf�ô�EHS=amOFPZa®adOTEe^mE]jmpTGLadj°IXQ
�1IXQTß á"â�ã;ã;ã�å P(Q�S��1IXQ�ßRPZQTS
URWH\�GXEHE]^°á�t(v(v�t(P�ò�s«ò�t(v;v(w�å�P(GJjmf P(`T`�GXIXE]SNIXQ5amOTE W�P(jbE®f(g���¤\�èAï"ì®\�èAM§æÈòTIJQTWHGJpTSTIJQTß³adO�E QTEHW]EHjmjmP(^bnuPZQTS
jmp��eWHIJEHQ�a®WHf(QTSTIJamIXf;Q�j�g�f;^ËadOTEóE�K�IXjbamEHQTW]E f(g�cif(ciE]Q¯amjHò¨P(QTS P5jmp��iW]IXE]Q¯a®W]f;QTSTILadIJf;QVg�f;^�WHf;QTjbIXjqadEHQ�W]nêPZQTS
P(jbn�ce`�adf(amIXW QTf(^mciP(GXILa0nifZg¤amOTEiá���pFP(jbILïqå�UVP¬K�IXcóp�c��1I��(E]GXIJOTf�f�SNh3jbamIXciPZadf(^®ámá��°åbU��2h'å±ñ
�AOTIXj `FP(`BEH^5E�K�amEHQTS�j5adOTEê^bEHjmp�GJadj f(g°h3GXIXERP(QTS��(EHP(Q�adOTEHP(p áqâ�ã(ã��;å±ò��(EHP(Q�adOTEHP(p áqâ�ã(ã;ä�å±ò�é�f;pTjmjmP(ciP

á�t(v;v(v�å�P(Q�SuM�OFP(QÌP(QTSRURW]\�GJEHEH^ á�t(v;v;t;å±ò�P(QTSNjmO�f¦ô�j§amOFPZa�P³ô�E�P��(EH^�GJf;ßZï0cef;ceEHQ�a'WHf;Q�STIJamIXf;Q5S�EH^mILl;E]Sus�n
é�f;pTß;E]^mf;G'P(Q�S��3IXW�PZ^mS$á"â�ã;ã�t;å�IJj³jmp��iW]IXE]Q¯aÈadfîE]QTjmp�^mE5W]f;QTjmIJjbamEHQTW±n P(Q�S%P(jbn�ce`�adfZadIXWeQTf;^bc PZGXIJa0nîf(g§adO�E
á��®åmU��2h g�f;^®adOTE5ì®\�èAM§æ W]f;ce`&f;Q�EHQ�aóIJQ P���¤\�èAï"ì®\�èAM§æ cef�S�EHG�ñuUuf;^mE]f¦l(EH^]ò adOTE5^bEHjbpTGJamj³f(g§amOTIXj
`FP(`BEH^�W�P(QiE�P(jbIXGLn�s&EËE±K�amEHQTSTE]S adf³P®ô�IJSTEËWHGrPZjmj�f(g«Q�f;Q�ï0GJIXQTEHP(^ adIJciEAjbEH^bIXEHj�cif�STE]GXj ô�IJamO5ì \�è§M§æ E]^m^mf(^mjHò
jmpTs�bE]W]aËadfeP(`T`�^mf;`T^bIrPZamE ^mE]ß;pTGrPZ^mIJa0niWHf(QTSTIJamIXf;Q�jHñ
��IXQ�WHEîadO�EêE±K�IXjqadEHQ�WHE f(g®adOTEVjmEHW]f;QTS7P(QTS�g�f;pT^qadO�cef;ceEHQ�adj5fZg°amOTEêpTQTW]f;QTSTILadIJf;QFP(GËjmOTf�W��¯jÌIXce`TGXIJEHj

WHf;QTjbIXjqadEHQ�W]nVP(QTSêP(jqn�ci`�amf(adIJWÈQ�f;^mciP(GXILa0nNf(gËá��®åmU��2h�g�f;^ËamOTE�ì \�è§M§æ cef�STE]G�á�jmE]E �1IXQTßîáqâ�ã(ã;ã�å±ò!�1IXQTß
P(QTS%UuWH\�GJEHE]^Ná�tZv;v�t(P�ò2s«ò t(v;v;w;å±ò2l;EH^bIJg�n�IXQ�ßuamOTE cef;ceEHQ�a°WHf;QTS�IJadIJf;QTj®IXjÈPÌSTIrP(ß(QTf;jbamIXW WYOTE]W��=^mE]ß�P(^bSTIXQTß
adOTE°P(STE#"¯pFP(W]nuf(g¤adOTE°EHjqadIJc PZamf;^Hñ%$|a�IXj�IXce`Bf;^badP(Q�a§adfeQTf(amE°amOFPZa�adOTE®cef;ceEHQ�aËWHf;QTS�IJadIJf;QTj�P(^bE°g�p�QTW]amIXf;QTj
f(g2adOTE�am^mpTE `FPZ^dP(ceE]amEH^mj]òTP(Q�SÌamOTEHjbE®cópTjba�sBE�E]jbadIJc P¬adEHSNIJQN`T^dPZW]adIJWHEZñ��AOTEiá��®åmU��2h?f(g2adOTE `FPZ^dP(ceE]amEH^mj
P(^mEËf(g�adE]Q5pTjbEHS5adfÈl;EH^bIJg�n adO�EHjmE�cif;ceEHQ�a�WHf;Q�STIJamIXf;QTj�s�niSTIX^bEHW]a�jmpTs�jbadILadp�amIXf;Qîá�jbEHE®URW]\�GJEHEH^�E]a§P(G�ñ&á�tZv;v;w�å
P(QTSNæËf(adIBE]a�PZG�ñ$á¼t(v;v�t;å g�f;^'pTQTILl(PZ^mIrP¬adE�P(QTS5cóp�GJadILlZP(^mIXPZadE�cef�STE]GXj]ò�^bEHjb`&E]W]adILl;E]GJn�å±òTs�p�a§adO�E�^mE]GXIXP(sTIXGJIJa0n³f(g
adOTIJj�P(`T`T^bf�P(WYOuOFP(j�QTf(aAn(E]a�s&E]EHQuIXQ�l;E]jbadIJß�PZamEHS«ñ
�AOTIXj+`FP(`BEH^3P(GJjmf�WHf;QTS�pTW]amj a0ô�f°URf(Q¯amEËM§P(^mGJf�E�K�`BEH^bIXceEHQ�adj]ñ3h+K�`&E]^mIXceEHQ�aAâ�jmOTf�ô�j adOTPZa+amOTE§EHce`TIJ^mIXWHP(G

l;EH^bjmIJf;Qîf(g amOTEÈg�f(pT^bamOîcif(ciE]Q¯a�WHf(QTSTIJamIXf;QuEHjqaYP(s�GXIXjbOTEHSVIXQ��1IJQTß PZQTS URW]\�GXE]EH^ á¼t(v;v�t¬s�å®á�jmE]E�P(GJjmfNM�OTP(Q
P(QTSÈURWH\�GXE]EH^�á�t(v(v�t;åmå�g�f;^2P(jbn�ce`�adfZadIXW3Q�f;^mciP(GXILa0nËW�P(Q°E�P(jbIXGLn�sBE l�IJf;GrP¬adEHS ILg�amOTE ad^bpTE�GXf;Q�ßA^mpTQ°`&E]^mjbIXjbamEHQTW]E
IXQ=amOTEÌì \�èAM§æ W]f;ce`&f;Q�EHQ�aóIJj³WHGJf;jmEiadfTò s�p�a�GXE]jmj³amOFP(Q«ò3p�QTIJa0n(ñ��AOTENP(S�lZP(Q�adP(ß;E5f(gAamOTE5GJf;ßZï0cef;ceEHQ�a
WHf;QTS�IJadIJf;Q³IJj+adOTPZa3IJa P(GXGJf�ô�j¤adO�EAGXf;QTß�^mpTQ�`BEH^bjmIXjqadE]QTWHEAadf E�K�WHEHE]Sif(QTE(ò¯P(Q�SóadO¯pTj3`T^bf¦l�IJSTEHj�P�cef;^mE�^mEHGJIrP(s�GXE
ciEHP(QTj+fZgFWYOTEHW��¯IJQTß®WHf;QTjbIXjqadEHQ�W]n�PZQTS�P(jqn�ce`�amf(adIJW�QTf(^mciP(GXILa0n�g�f;^¤amOTE&�®U��2hAñ;h+K�`BEH^mIJciE]Q�a�t�IJQ¯l(EHjqadIXß;PZadE]j
adOTE E#'&EHW±adj°f;Q adOTE EHce`TIJ^mIXWHP(G+cef;ceEHQ�a®WHf(QTSTIJamIXf;Q�j f(g�amOTEeWHf;QTS�IJadIJf;QFP(G¤ciEHP(Q s&E]IXQTßÌceIXjbjm`BEHWHILðFEHS¨ò¤PZQTS
jmOTf�ô�jÌadOFPZaÌamOTE WHf;^b^mEHW±aVjb`&E]WHILðFW�PZamIXf;Q$f(gÈadOTE W]f;QTSTILadIXf(QFP(G�ceE�P(Q$IJjuIJci`Bf;^qaYP(Q�a5ô�OTE]Q7l(EH^mILg�n�IXQTß%adO�E
cif;ceEHQ�aAW]f;QTSTILadIJf;QTjApTjbIXQTß(�®U��2hAñ
D+IXQTP(GXGLn;ò�adOTE)�2f(ß;IXjqadIXW*���[\�è§ïqì \�èAM§æ á��+���[\�èçï2ì®\�èAM§æ�å[P(QTS h+K�`&f(QTEHQ�adIXP(G,��¤\�èAï"ì®\�èAM§æ á¼h-�¯ï

�¤\�è ï�ì \�èAM§æ�åAcef�STEHGJj§P(^bE EHjbamIXciPZadE]SÌpTjmIJQTß.��/0�1�(v;v M�f(ci`Bf;jmILadE è�E]ampT^mQ�jHò�w¬ï|cif;Q�amOÌk2���¤^bE�P(jbpT^bn

3



é�IXGJG ^mE±adpT^bQTjHò+P(QTS adOTEeE±K�WYOFP(Q�ß;E ^mPZadEes&E±a0ô�E]EHQ amOTE k ��\ P(QTS \�pTjqad^dPZGXIrP�ñ(�AOTEe^mf(GXGXIJQTßNEHce`TIJ^mIXWHP(G+GJf;ßZï
cif;ceEHQ�aËP(Q�SVjmE]WHf;Q�SêP(QTSug�f;pT^bamOVcef;ceEHQ�a�WHf;Q�STIJamIXf;QTj]òBP(QTSÌadOTE]IX^ËjmEHQ�jmIJamIJl�IJa0n adf f(p�adGJIXEH^bj�P(QTSRE±K�ad^bEHceE
f;sTjmE]^blZPZamIXf;QTj]òFP(^bEÈPZGXjmf E�KTPZciIJQTEHSÌIXQÌSTE±aYP(IJG�ñ
�AOTEA`TGXP(Qóf(g�adO�E§`FP(`BEH^3IJj P(j+g�f(GXGXf�ô�j � ��EHW]amIXf;Qet�`�^mf�l�IXSTE]j�P�sT^mIJE]gB^mE±l�IXE]ô?f(g�amOTE�ì \�èAM§æ�PZQTS(���¤\�èAï

ì®\�èAM§æ cef�STEHGJjHò�ô�IJamO5PÈ`TP(^bamIXWHp�GrP(^3E]ci`TOTP(jmIJj�f;QeadOTE]IX^�adOTE]f;^mE±adIJW�P(G�STE±l;EHGJf;`TceEHQ�adj]ñ3\
QTE±ô�adOTE]f;^mE±adIJW�P(G
^mEHjbpTGJae^bEHß�P(^bSTIXQ�ß amOTEÌjbadPZadIJjbadIJW�P(GA`�^mf;`BEH^qadIXE]j f(g�amOTE��°U �[h g�f;^(���¤\�èAï"ì®\�èAM§æ�IXjeP(GJjmf EHjqaYP(sTGJIXjbOTEHS«ñ
�AOTIXj3IJj g�f;GXGJf¦ô�EHS s�n�a0ô�fóURf(Q¯amE�M§P(^mGJf°E�K�`&E]^mIXceEHQ�amj'IJQ(��EHW±adIXf(Qiw�ñ �AOTE�EHce`TIX^bIXWHP(G�^bEHjmp�GJadj'P(^bEA`T^mE]jmE]Q¯amEHS
IXQ ��EHW±adIJf;Q��TòFP(QTS���E]W]adIJf;Q � ß(IJl;E]j�jmf;ceE WHf;Q�WHGXp�STIXQTß ^bEHciP(^ �¯jHñ
� ���	��
 Ú1Û	����
�AOTIXj�jmE]W]adIJf;QîSTIJjmW]pTjmjbEHj jmf(ciEÈf(g adO�E³cef;jba�^mE]WHEHQ�a�amOTEHf(^mE]amIXWHP(G¤^bEHjbpTGJamj�f;QVamOTE�ì \�è§M§æÈò ���¤\�è PZQTS

���¤\�èAï"ì®\�èAM§æ cif�STEHGJjHñ._�E]ðFQTILadIJf;QTjHò'^mE]ß;pTGXP(^mILa0n%WHf;Q�STIJamIXf;QTjeP(Q�S.jmp��iW]IXE]Q¯a WHf;Q�STIJamIXf;QTj�g�f;^�amOTERE�K¯ï
IXjbamEHQTW]E fZg�cif(ciE]Q¯amjHò�jqaYPZamIXf;QTP(^mILa0n$P(QTS7EH^mß(f�STIJWHILa0n;ò P(Q�S
jmp��iW]IXE]Q¯aVWHf;Q�STIJamIXf;QTjNg�f;^ÌW]f;QTjmIJjbamEHQTW±n
PZQTS
P(jbn�ce`�adf(amIXWÌQTf;^bc PZGXIJa0n=f(g�amOTE��®U��2h g�f;^�adOTE]jmEîcef�STEHGJjHò�ô�IJGXGAsBERS�IXjmW]pTjmjbEHS�IJQ.STE±aYP(IJG�ñ�\-QTE]ô-PZQTS
ô�EHP �(E]^§jmp��eW]IXEHQ�aAW]f;QTSTILadIJf;Qeg�f(^�W]f;QTjmIJjbamEHQTW±n5P(Q�SNP(jbn�ce`�adfZadIXW�QTf(^mciP(GXILa0nóg�f;^�adOTE2�°U �[h%f(g¨adOTE2���¤\�èAï
ì®\�èAM§æ cif�STEHGBô�IXGJG1P(GXjbf�s&E®`T^bEHjbEHQ�adE]S«ñ
�1E]a á����������Èå�s&EiPN`T^mf;sTP(sTIXGJIJa0nRjm`FPZWHE(ò�������� ��!#"%$eP(Q'&3ï|lZP(GXp�EHS?`T^mf�WHE]jmjHò+P(QTS)(�**á�+,� -.��/0��1¤å321P

`FP(^dPZciE±adEH^[IXQ546!7&�8�9;:¬ò;jbf�adOTPZa<+=* á>+ : ��+@?A�ABCBDBC��+FE�å�2ròG/'* á�/ : �HBDBCBD��/FI¦å32�ò�1�* áJ1 : �HBDBCBD��1LKdå32ròNMLOQPROTSQ*VU&ò
P(QTS#(HW STE]QTf(adEÌadO�EÌam^mpTEu`FP(^mP(ceE]adE]^ól;E]W]adf(^Hñ�_�E±ðFQTEX����P(jeP9S�IXjmW]^mE±adE±ï�adIJciENjqadf�WYOFP(jbamIXWu`T^mf�WHE]jmj ô�IJamO
ß;EHQTE]^dP(GJIXjbEHSÌWHf;Q�STIJamIXf;QFPZG¨OTE±adEH^bf;jmW]EHSFPZjbadIJWÈE]^m^bf;^mj�IJg"òGY��Z!["�ò

���\*^] á`_L��ab+¨åcOed�� á�t�ñJâ¦åd��\*gf�� h ij�3� f��\k
IXIXS«á¼vl�Hâ¦å á�t�ñ´t;å

il�\*m-[O In o p : / o d ?�rq o O Kn o p : 1 o il�rq o � á�t�ñÀw�å

ô�OTEH^bET_L�0* áJ���rq : ���s�rq?H�HBDBCBD�td��rq : �td��rq?H�HBDBDBC��uA�¼å�2[P(QTSvuA��IXj®Pîâxw'yRl(EHW]amf;^®f(g�E±K�f;ß;E]QTf;pTj]ñeURf;^mE]f�l;EH^]ò¤ILa IXj
P(jmjbpTciE]SuamOFPZa./ o,z

vóg�f;^�P(GXG|{R* â}�HBDBCBD�>PRP(QTSX1 o,z
vóg�f;^�P(GJG\{~* â}�ABCBDBC�tS³adf EHQ�jmpT^bEÈadO�E `&f;jbIJamIJl�IJa0n f(g�il�0ñ

o$OTEHQXS�*7v�òFE#"¯pFPZadIJf;Q á�t�ñÂw�å�^bEHSTpTW]EHj�adfih3QTß;GXEZàÂj°á"â�ã;ä�t(å�\�èAM§æ³á�PBå§`T^bf�W]EHjmj]ñ
_�E]ðFQ�E®amOTE®GXI �(EHGJIXOTf�f�S g�pTQTW±adIXf(QÌamf s&E

� á�((å<*�� â
ts� �n � p :�� GXf;ß�il�jO d ?�il��� B á�t�ñ��¯å

�AOTEÈciP¬K�IXc³pTc GXI �(E]GXIXO�f�f�S5EHjqadIJc PZamf;^°á�U �[h'å§g�f;^�adOTE°cif�STE]G1STE]ðFQ�EHSîIJQRE#"�pTPZadIJf;QTj³á�t�ñLâ¦å�ï�á�t�ñÂw�å§IXjAadO�E
jmf;GJp�adIJf;Q5adf�adO�E®g�f(GXGXf�ô�IJQTßóciP¬K�IXceIXjdP¬adIXf(Q `T^bf;sTGXE]c �

�(�*7PZ^mß;ciP¬K�t�H� � á�(;åb� á�t�ñ �;å
IJg,f��¤IXj�QTf;^bc PZGXGJneSTIJjbam^mIXs�p�adE]S«ñ���adOTE]^bô�IXjbE(ò �(�IXjAS�E]ðFQTE]SîP(jAamOTE � pTP(jmI ïqU��2h á��®U��2h�å�ñ

�



DFf;^5S)* v P(QTS#] á`_L��ab+¨åT* +L2 _L�"ò3ô�OTEH^bE � IXj�PêW]f;QTjbadP(Q�a�ò�P(QTSçs�nçP(jbjmpTceIXQTßîamOFPZa�amOTEN`T^mf�WHE]jmjxd��
jbaYPZ^badE]SNIXQ�ðTQTIJamEHGJn g�P(^�IXQ amOTE�`FPZjba§ô�ILadO5ðFQTILadE�t��5adONcef;ceEHQ�a�ò�h�Q�ß;GXEóáqâ�ã;ä;t;å'jbOTf�ô�E]SuamOFPZaZd��2IJj§jmE]WHf;QTS�ï
f;^mSTE]^�jbadPZadIJf;QFP(^qnVILg'P(QTSêf;Q�GJnRIJg'P(GJG[amOTE�^mf�f(adj�f(g�adOTE�WYOTP(^dP(W±adE]^mIXjqadIJWó`&f(GJn�QTf;ceIrP(G'á"â���� I o p : / o u o å.* v
GXIXE�f;p�adjbIXSTE�amOTE®pTQTILa�WHIX^bWHGJE(ñ
URIXGJO�� � áqâ�ã;ä��;å§P�l;f(IXSTE]SVh3QTß;GJE(à�j�P(jmjbpTce`�adIJf;QuP(QTSujmOTf�ô�EHSVamOFPZaIn o p : / o

� â

IXj�QTE]WHE]jmjdPZ^bn9P(QTS jbp��eWHIXE]Q�a°g�f(^%d��'amfÌs&E�jbEHWHf(QTS�ï0f(^mSTE]^°jqaYPZamIXf;QTP(^bn(ñ³DFpT^qadOTE]^mcef;^mEZò[URIXGJO�� �óáqâ�ã;ä��;åËP(GXjbf
STEH^bIJl;E]SuamOTE ^mE]ß;pTGXP(^mILa0n5WHf(QTSTIJamIXf;Qig�f;^§adOTE®E�K�IJjbamEHQTW]EÈf(g[cef;ceEHQ�adj§ô�ILadOTf;p�aAadOTE®^mE]jbam^mIXW±adILl;E®P(jbjmpTce`�adIJf;Q«ñ
�AOTEi^bEHjbpTGJa°IXj IJSTEHQ�amIXWHIXP(G¤amfuamOFPZa°f(g�h3QTß;GXE IJQ amOTEeW�P(jbEefZg§\�è§M§æóáqâ�å�ô�ILadO9QTf;^bc P(GRf��"ò2sTp�a°W�PZQTQTf(a°sBE
ß;IJl(EHQuP(QuE±K�`TGXIJWHILa§g�f;^mc IXQNadO�E°WHP(jmE°f(g¤\�èAM§æ³á�PBåAP(Q�S	� z

t�ñ
o=E]IXjbj áqâ�ã(ä;ë�åiPZQTS1�+PZQ¯ampTGrP�áqâ�ã;ä(ã�åejbOTf�ô�E]S$amOFPZa�
 áJd�� å ��� IXj jbp��eWHIJEHQ�a5g�f;^iWHf;QTjbIXjqadEHQ�W]n�PZQTS

P(jbn�ce`�adf(amIXW�QTf;^bc PZGXIJa0nÈg�f;^ �®U��2hçIJQeamOTE�WHP(jmE�f(g\S�* v³P(Q�S=] á`_L�3ab+¨å�* � ñ �AOTIJj�^bEHjbpTGJa'ô§PZj�g�pT^qadOTE]^�IXc�ï
`T^mf�l;E]S s�n.�1IXQTß°P(Q�S5URW]\�GJEHEH^�á¼t(v;v;w�å�ò;ô�OTf°jmOTf�ô�EHS amOFPZa�adOTE �®U��2h=IJj'W]f;QTjbIXjbamEHQ�a�P(QTSiP(jbn�ce`�adf(amIXWHP(GXGLn
QTf;^mciP(G&IJg�
5áJd ?� å ��� ñ
DFf;^ S z

v%PZQTS ] áJ_L�3a�+¨å7* +L2 _L�"ò�é�f;GXGJEH^bjmGXE±l
áqâ�ã;ä(ë�åejbOTf�ô�E]S amOFPZa amOTEêQTE]WHEHjbjdP(^qn$P(QTS�jbp��eWHIJEHQ�a
WHf;QTS�IJadIJf;Q5g�f;^°á¼t�ñ´t(å�adf s&E®jbEHWHf(QTS�ï0f(^mSTE]^�jqaYPZamIXf;QFPZ^bniIXjIn o p : / o O Kn o p : 1 o � â}B
k�QTSTE]^�adO�E P(jmjbpTci`�adIXf(QVadOFP¬a 1 : z

v�ò���E]GXjbf;Q?áqâ�ã(ã;v�åËS�EH^mILl;E]SîadOTE�QTE]WHE]jmjdPZ^bn P(Q�Sêjmp��eWHIJEHQ�a®WHf(QTSTIJamIXf;Q
g�f;^AjbadPZadIJf;QFP(^bIJa0n P(QTSuEH^mß(f�STIJWHILa0n f(g ì \�èAM§æ³áqâ;òLâ¦å�adf sBE


5á�GJf;ß�á / : f ?� O 1 : åbå � vl� 1 : z
vlB á�t�ñÀë�å

�AOTIXj[WHf;Q�STIJamIXf;Q°IXj[QTf(a¤E�P(jqnÈamf�P(`�`TGJn®IJQÈ`T^mP(W]amIXW]E§P(j[IJa¤IXQ�l;f(GJl;E]j¤amOTE�E�K�`BEHW±aYPZamIXf;QÈf(g�P(QÈpTQ �¯QTf�ô�Q�^dPZQTSTf;c
l(PZ^mIrPZsTGXEËP(QTSipTQ �¯QTf�ô�QÌ`FP(^mP(ciE±adE]^mjHñ æ�f�ô�E±l;E]^HòFIJa'IJj�PZabad^mP(W]amIJl;E�s&E]W�P(p�jmE�amOTE�W]f;QTSTILadIXf(Q P(GJGXf�ô�j�adOTE�GXf;QTß
^mpTQî`BEH^bjmIJjbadE]QTWHEZò1QFP(ceEHGLnX/ : O 1 : ò&adf s&Eóß(^mE�P¬adEH^ËadOFPZQêf;QTE(ñ �AOTEH^bE]g�f;^bE(ò«ILa�IXj�P5jbam^mf;Q�ß;EH^�^mEHjbpTGJa�sFP(jmE]Sf;QuP�ô�E�P��(EH^�WHf;Q�STIJamIXf;Q5amOFP(QRé�f;GXGJEH^bjmGXE±lBàÂj]ñ
�AOTE�GJf;ßZï|cif;ceEHQ�a2W]f;QTSTILadIXf(QÈIJQ5á¼t�ñÀë;å1ô�P(j+E�K�adEHQ�STEHSóamf ì \�èAM§æ³á�Pc��S(å¨ô�IJamOx] á`_L�3ab+¨å�*
v�s�nóé�f;pTß;E]^mf;G

P(QTS ��IJW�P(^bS á"â�ã;ã�t;å�ñ �AO�E]n jmOTf�ô�EHS amOFPZa	
5á�GXf;ß�á / : f ?� O61 : åmå5IJjHò�IJQ g�P(W±a�ò�amOTE��1IXP(`TpTQTf�l�E�K�`&f;Q�EHQ�a
g�f;^®ì \�èAM§æ³áqâ;òLâ¦å±ò2PZQTSîadOFP¬a adOTE�QTE]ß�PZamIJl�IJa0nRf(g�adOTEeP(jbjmf�WHIXPZadE]S �2IXP(`TpTQ�f¦lVE±K�`Bf;QTEHQ�a°IXj�QTEHW]EHjmjmP(^bn9PZQTS
jmp��eWHIJEHQ�a�g�f;^Ajbam^mIJW]aËjbadPZadIJf;QFP(^bIJa0n P(QTSuEH^mß(f�STIJWHILa0n f(g ì \�èAM§æ³á�Pc��S(å±ñ
�1IXQTß=P(QTS URW]\�GXE]EH^ á¼t(v;v�t¬s�å E]jbadP(sTGXIJjmOTE]S.adO�Eîjmp��eW]IXEHQ�aNW]f;QTSTILadIJf;Q.f(g amOTEîjqaYPZamIXf;QFPZ^bnçjmf(GXp�amIXf;QÅf(g

PVg�P(ciIJGJn f(g�ì \�èAM§æ³áqâ;òLâ¦åÈcef�STEHGJj³IXQ�l(EHjbamIXß�P¬adEHSçs�n%æËEÌP(QTS �[EH^dP��jbl�IX^qaYPçáqâ�ã;ã;ã;P�å ô�IJamO ] áJ_L�3ab+&åx* v�ñ
�2IJQTßîPZQTS?URWH\�GXE]EH^uá�tZv;v�tZs�å®jmOTf�ô�EHS%adOTPZaóadO�E5cif(ciE]Q¯a³WHf;Q�STIJamIXf;Q IXQçæ�E5P(QTS��[EH^��PZjbl�IX^qaYPçáqâ�ã;ã;ã;P�å IXj
QTEHW]EHjmjmP(^bnisTp�a�QTf(a'jbp��eWHIXE]Q�a�òTPZQTS `T^bf�l�IJSTEHSeadOTEËjmp��iW]IXE]Q¯a�WHf(QTSTIJamIXf;Q¨ñ æ�E�P(QTS(�¤E]^��P(jql�IX^badP5á"â�ã;ã;ã(sFå P(GXjbf
IXQ�l;E]jbadIJß�PZamEHSîadO�E³g�f;pT^qadOîcef;ceEHQ�a�jqad^mp�W]adp�^mE�f(g�adO�E ì®\�èAM§æóá Pc��S(åË`T^bf�W]EHjbj�ô�IJadOv]+áJ_L�3ab+&å * v�ñ�$0QîadO�E
W�P(jbE°fZg3ì \�èAM§æ³áqâ;òLâ¦å�òTadOTE g�f;pT^qadOÌcef;ciE]Q�a�WHf;QTS�IJadIJf;QNpTQTS�EH^�QTf;^bc P(GJIJa0nif(g~f��¤IXj

�



á / : O 1 : å ? O.tN/ ? : � âNB á�t�ñ��;å
�1IXQTß=áqâ�ã(ã;ã�å�f;s�adP(IXQTE]S=Pujmp��eW]IXEHQ�a³WHf;QTS�IJadIJf;Q g�f;^ adOTEeE±K�IXjqadE]QTWHE5fZg�adO�ENt��5amO=cef;ciE]Q�a°g�f(^ÈPuSTf;p�ï

sTGXE�adO�^mEHjbOTf;GJS \�è�UR\ WHf(QTSTIJamIXf;QTP(G OTE±adEH^bf;jmW]EHSFPZjbadIJWHILa0n cif�STEHGËá�_2�¤\�è�Uu\ËM§æ�å±ñ �AOTIJjÈcef�STEHG3IJQTWHGJpTSTEHj
adOTEÌ\�è§M§æÈò�ì®\�èAM§æÈò��[\�è®ò%�¤\�èAï|\�èAM§æ°ò��¤\�èAï"ì®\�èAM§æ P(QTS �¤\�è�Uu\*cef�S�EHGXj PZjejb`&E]WHIXP(GAW�P(jbEHj]ñ
\�GJamOTf;pTß(O �1IJQTß áqâ�ã;ã(ã�å�f;QTGJnîP(`T`TGJIXE]S9O�IXj®^mE]jmpTGLadj®adfVì®\�èAM§æóá Pc��S(å�ô�ILadO ] áJ_L� ab+¨å * vRP(Q�S9amOT^mE]jmOTf;GJS
\�è�UR\*cef�STEHGJjóô�IJadO?IXQ�STEH`BEHQTS�EHQ�adGLn?P(QTS.IJSTEHQ�amIXW�PZGXGJn STIJjbad^bIXsTp�adEHS?IXQ�QTf�l(P¬adIXf(QTjHò'IJaeIXj W]GXE�PZ^ amOFPZa adO�E
jdP(ceEi^bEHjbpTGJa³OTf;GXS�j°g�f;^ �[\�è�UR\�áJMs���¬å|ïqì \�èAM§æ³á�Pc�tS;åiá�jmE]E��1IXQ�ßîP(QTS%URWH\�GXEHE]^Ná¼t(v;v;w�å P(Q�SçM�OFP(Q%PZQTS
URWH\�GXEHE]^Èá�t(v;v;t;åmå�ò�adOTPZaËIXjHòTPiì \�è§M§æóá�P\��S;å�`�^mf�WHEHjbjËô�ILadO

] á`_L�3ab+¨å�*g+�� W��W O E	�n o p : +�� 
 �: o �s�rq o O � �n o p : +�� 
 �? o d��rq o O d��3� � 
 q : � ���rq����� 
 �
ô�OTEH^bE�� * âN�HBCBDBD��� : ò��ÈIXj�adOTE�STE]GrP�nî`TP(^dP(ceE]amEH^]ò¨adOTEóamOT^mE]jmOTf(GXSê`FP(^mP(ceE]adE]^mj jmPZadIJjbg�n)� � *��GW � � : �BCBDB � ��� : * � òTP(QTSÌadOTE®WHf�E#�eW]IXEHQ�amj%+ ��
 �: o P(QTS7+ � 
 �? o P(^mE®W]f;QTjbadP(Q�a�ñ
�AOTE?jmp��eWHIJEHQ�a WHf;QTS�IJadIJf;Q STEH^bIJl(EHS IXQ �1IXQTß áqâ�ã;ã;ã�åVIJj P(GXjbf Q�EHWHE]jmjmP(^bn g�f;^îadO�E?E�K�IXjbamEHQTW]E.f(geadO�E

t��5adO�cef;ceEHQ�a5g�f;^Ìì \�è§M§æóá�P\��S;å ô�OTEHQV] áJ_L�3a�+¨åeg�f;GJGXf�ô�j5P ß(EHQTE]^dP(G�\�p�adf(^mEHß(^mEHjbjmILl;E URf�l�IXQTßç\�l(EH^"ï
P(ß;EÈá�\�è�UR\óá M����¦åmå `T^bf�W]EHjbj á�jbEHE �1IXQTß°P(QTS5URWH\�GXE]EH^�á�t(v;v;t(P�ò�t(v;v(w�åmå�ñ DFpT^bamOTEH^bcif(^mE(ò �1IJQTß³PZQTS5UuWH\�GJEHE]^
á�t(v;v;t(P�å�P(GXjbf=STE]^mILl;EHS�amOTEVQ�EHWHE]jmjmP(^bn�P(QTS�jbp��eWHIXE]Q�aNcif(ciE]Q¯aiWHf(QTSTIJamIXf;Q�jif(g�adOTEêPZjbn�ciceE]am^mIJWR`Bf�ô�E]^
ì®\�èAM§æóá Pc��S(å�cif�STEHG¨f(g _�IJQTß�E]a�P(G¼ñ1á"â�ã;ã;w�å�ñ
h3jbadIJc P¬adIXf(Q f(g�amOTE�`FP(^mP(ciE±adE]^mj1f(g�adOTE�\�è�UR\óá M����¦å0ï"ì®\�èAM§æóá Pc��S(å¨cif�STE]G;IXj«a0n�`TIJW�P(GJGJn�s¯n®U��2h�ò�f(^[s�n

�°U �[h%ô�OTE]Q=f��[IXj�QTf(a§Q�f;^mciP(G�ñ �1IXQTß³P(QTS �1I á"â�ã;ã��(å'jmO�f¦ô�EHSNamOFPZa§amOTE�GXf�W�PZG �®U��2h%g�f;^Aì \�è§M§æóá�P\��S;å
IXj�WHf;Q�jmIXjqadE]Q¯a�P(QTSVP(jbn�ce`�adf(amIXWHP(GXGLn QTf(^mciP(G1IJg 
5áJd �� å � � ñADFf;^AadOTE°ß;GJf;sFP(G+�®U��2hAò �2IJQTßiP(QTSêUuWH\�GJEHE]^
á�t(v;v;t(P�åójmOTf�ô�EHS�amOFPZa 
5áJd ?� å � � IXjejmp��eWHIJEHQ�a5g�f;^ W]f;QTjmIJjbamEHQTW±n;òËP(QTS�
 áJd��� å � � IJj jmp��eWHIJEHQ�a5g�f;^
P(jbn�ce`�adf(amIXWuQTf;^bc P(GJIJa0n(ñ$h�GJIXERP(QTS �(EHP(Q�adOTEHP(p áqâ�ã;ã��;å P(QTS �(EHP(Q�adOTEHP(p áqâ�ã;ã;ä�å�jmOTf�ô�EHS�amOFPZa amOTEVGJf;ßZï
cif;ceEHQ�a�W]f;QTSTILadIXf(QeIJj�jmp��eWHIJEHQ�a'g�f;^�WHf;QTjbIXjqadEHQ�W]nef(g �®U��2h=g�f;^�ì \�èAM§æ³á�Pc�tS;å�ò¯ô�O�IXGXE�é�f;pTjmjmP(ciP5á�tZv;v;v�å
`T^mf�l;E]SRamOFPZaAadO�E°jmP(ceE°W]f;QTSTILadIJf;QNIXj�P(GJjmf�jbp��eWHIXE]Q�a�g�f;^�PZjbn�ci`�adf(amIXW QTf;^bc PZGXIJa0n(ñ
URWH\�GXE]EH^�E]aËP(G¼ñ«á¼t(v;v;w;å�jmOTf�ô�EHSuadOFPZa�adOTE cef;ceEHQ�aAWHf(QTSTIJamIXf;Q�j§IXQ �1IXQ�ß P(QTSuURW]\�GXE]EH^Èá�tZv;v�t(P�ò�t(v;v(w�å±ò

P(QTSóadO�E§WHf;Q�STIJamIXf;QTj[g�f;^ W]f;QTjmIJjbamEHQTW±n P(QTS P(jqn�ci`�amf(adIJW�QTf(^mciP(GXILa0n®IXQ �1IXQ�ß P(QTSiURW]\�GXE]EH^�á¼t(v;v;w;å±ò;h3GJIXE§PZQTS
�(E�P(Q�adO�E�P(pîáqâ�ã;ã �;å±ò�(EHP(Q�adOTEHP(pêá"â�ã;ã;ä�å PZQTS é�f;pTjmjmP(ciP á¼t(v;v;v�å�ò¯P(GXjbfÈO�f;GXS�g�f;^ amOTE�ì GXf(jbadE]Q E]a�P(G�ñÅáqâ�ã;ã�t;å
á�ì �;è�å�P(jqn�ceceE]ad^bIXWVì®\�èAM§æ cif�STEHG¼ñ�æ�fZadIËE]a P(G�ñËá¼t(v;v�t;å�EHjqaYP(s�GXIXjbOTEHS.P cóp�GJadILlZP(^mIXPZadEÌì �;è�cif�STE]G�ò
P(QTS.jbOTf�ô�E]S�adOFPZaiadOTERcif(ciE]Q¯aeW]f;QTSTILadIXf(QTj PZQTS�WHf(QTjmIJjbadE]QTW]nÅ^mE]jmpTGLadjiIXQ �1IJQTß P(Q�S�URW]\�GXE]EH^îá�t(v;v(w�å±ò
adOTE�W]f;QTjmIJjbamEHQTW±n ^mEHjbpTGJamj®IXQ9h3GXIXEóP(QTS �(E�P(Q�amOTE�P(p�áqâ�ã(ã��;å�P(Q�S��(EHP(Q�adOTEHP(p�á"â�ã;ã;ä;å±ò1P(Q�S9amOTE P(jbn�ce`�adfZadIXW
QTf;^mciP(GJIJa0ne^mE]jmpTGLadj�IXQ �1IXQTß PZQTSîUuWH\�GJEHE]^³á¼t(v;v;w;å±òFP(GJjmf�OTf(GXSNg�f;^§adO�EHIX^Acef�STEHG¼ñ
M�OFP(Q%PZQTS��[f;QTß=áqâ�ã(ä;ë�å P(QTS �¤E]^dP �jql�IJ^badP áqâ�ã;ãN�¯å�E±K�amEHQTSTE]S=adO�E �AOT^bEHjmO�f;GXS \�p�amf;^mE]ß;^mE]jmjmILl;Eîá �[\�è�å

cif�STEHG�f(g �¤f;Q�ßÌáqâ�ã��(ä�å�P(QTS��[f;QTß�PZQTS �1IXc-á"â�ã;ä;v�å adfóP(GXGJf¦ôÅg�f;^'jmcef�f(amOiam^dP(QTjbIJamIXf;Qis&E]OFP�l�IJf;pT^]ò�amOFPZa§IJjHò

���\*  n o p : + 2o _L�bá"! o q : á"�A�3a$# o q : � � o q : åR�%!
o
á"�A�3a$# o � � o åbåcO d���� d��\kV{>{'&&á�vl��( ? å�� á�t�ñÀä�å

)



ô�OTEH^bE + o * á>+ o : �HBDBDBC�b+ o E�å�2rñ !
o
á'�A�3a$#,� � å�P(^mE f(g�amEHQ9W�P(GJGXE]S am^dP(Q�jmIJamIXf;Qêg�pTQ�W]adIJf;QTj]ò2ô�O�IXWYO PZ^mE ^mE#"�p�IX^mE]S amf

s&EÈPZaËGXEHP(jba�a0ô�IXW]EÈS�I '&EH^mE]Q�adIrPZsTGXE°P(QTSR^dP(Q�ß;E g�^mf;c � EH^mfeadfef;QTEZò �A�3IJjAadOTE®adOT^bEHjbOTf;GXSulZP(^mIXP(sTGXE]jHò # o IXjAadO�E
ad^dPZQTjmILadIXf(Q ^mPZadEZò¤ô�OTIJWYO%^mE��TEHW]amj³adO�E jm`BEHE]S%f(gAjqô�IJadWYO�IXQTßVg�^bf;c f;QTEi^mE]ß;IXceEeamfîP(Q�f(adOTE]^Hò3PZQTS �

o
IXj®adO�E

adOT^bEHjmO�f;GXS lZP(GXpTEZò�ô�IJadO �
o q : � � o g�f;^'P(GJGj{~* â}�ABCBDBC� �êñ \$WHf;ce`T^mE]OTEHQ�jmIJl(E�jbpT^bl(E]nef(g«^bEHW]EHQ�a�S�E]l;E]GXf;`�ciE]Q¯amj

f(g¤amOTIXjAcef�STEHG«WHP(Qus&E g�f;pTQ�SuIJQNl(PZQV_�I � �iE±a�PZG�ñ1á¼t(v;v�t(å±ñ
�AOTE°cif;jqa�`&f(`TpTGrPZ^§WYOTf;IJWHE®f(g[ad^dPZQTjmILadIXf(Q5g�pTQTW]amIXf;Q�jHò !iá'�A��a$#,� � å±òFPZ^mE adOTE®GJf;ß;IXjqadIJW�g�pTQTW±adIJf;QÌß;IJl(EHQus¯n

! á"�A�3a$#,� � å�* â
â0O?E±K�`[á3� #+á'�A�;� � åbå � á�t�ñÀã�å

P(QTSNadOTE®E�K�`Bf;QTE]Q�adIrPZG«g�pTQTW]amIXf;QÌß;ILl;E]QRs�n

! á"�A��a$#,� � å�* â � E±K�`[á � #+á'�A�;� � å ? å�B á�t�ñLâ�v�å
\ a0ô�fZï0^bEHß;IJciE á � * t;å ��¤\�è cef�S�EHG1ô�IJamOîP GJf;ß;IXjqadIJWeá�E±K�`Bf;QTE]Q¯amIrP(GråAam^dP(Q�jmIJamIXf;QÌg�pTQTW±adIJf;QVIJj�WHP(GXGJEHSîPZQ
� ��¤\�è á¼h-���[\�è�å¤cef�S�EHG�ñ ���[\�è?cif�STE]GXjHòZEHjb`&E]WHIrPZGXGJn �+���[\�è?cif�STE]GXjHòZOFP�l;EAsBEHE]Q�jmpTW]WHEHjbjbg�pTGJGJnóP(`T`TGJIXEHS
IXQ®P�Q�p�cós&E]^1f(g�P(^mEHP(jHñ �¤E]^��P(jql�IJ^badPËPZQTSÈ\�QTSTE]^mjmf(QNáqâ�ã;ã�t;å¨PZQTS �[EH^ �P(jbl�IJ^baYPAE±a+PZG�ñ�á"â�ã;ãN��å¨WYOFP(^dPZW]adE]^mIJjmEHS®adO�E
STI '&EH^bEHQ�a�S�n�QFP(ceIXW]j3f(g¨IJQTSTpTjqad^bIrP(G�`T^mf�STpTW±adIXf(Q�IXQTSTE�K�EHj�g�f;^+lZP(^mIJf;pTj�� h'M§_ W]f;pTQ�ad^bIXE]j'S�pT^mIJQTß®E±K�`FP(QTjbIXf;Q�j
P(QTSî^bEHWHE]jmjbIXf;QTj p�jmIXQ�ß �+���¤\�è cef�S�EHGXj]ñ URf(^mEHf�l(EH^Hò �1pTQ�STs&E]^mß;O PZQTS��[EH^��PZjbl�IX^qaYP á�tZv;v;v�åAE±K�P(ceIXQTE]SVadO�E
g�f;^mE]W�P(jqa�`&E]^bg�f;^bc PZQTWHEif(gAadOTE�� ��¤\�è cef�STE]G'g�f(^³pTQTE]ci`�GXf�n�ciE]Q¯a³^dPZamEHjóIJQ%_�EHQ�c P(^ �9P(QTS%\�p�jbad^mP(GXIXP�ò
P(^mß;p�IXQTß adOFP¬a�ciP(Q�nRp�QTEHce`TGXf�n�ceEHQ�a�^mPZadE]j�E±K�OTIJsTIJa�P(jqn�ceceE]ad^bIXE]j�IJQRadOTPZa�amOTE³^mPZadEÈf(g3IXQ�WH^mEHP(jmEÈIXj�f(g�adE]Q
OTIXß;O�EH^�adOFP(QiadOTE�^dPZamE�f(g1S�EHWH^bE�P(jbE(ñ%�AOTE]IX^�^bEHjbpTGJamj�jmO�f¦ô�EHSNamOFPZa�amOTE���¤\�è cef�S�EHG�IXj�jmpT`BEH^bIXf;^�adfÈIJadj�\�è
WHf;pTQ�amEH^m`TP(^baHñ
\ ���[\�è§ïqì \�èAM§æ cif�STEHG�P(GJGXf�ô�j�d���IJQ E "¯pFPZamIXf;Q�á�t�ñÂä�å®amfVg�f;GJGXf�ô�P ì \�èAM§æ `T^mf�WHE]jmjHò'P(j³STE]ðFQ�EHS

IXQ.á�t�ñÀt;å0ï�á�t�ñÂw�å�f;^]ò¤E#"¯pTIJlZP(GJEHQ�adGLn;ò[s¯n jbE]abadIXQ�ß�] á`_L��ab+¨å�amfRg�f;GJGXf�ô P ���[\�è `T^bf�W]EHjmj]ò3P(j°STE]ðTQTEHS IJQ�á¼t�ñÂä�å±ñ
�2p�QTSTsBEH^mß(O
P(Q�S �[EH^ �P(jbl�IX^qaYP7áqâ�ã(ã;ã�å ß;ILl;E9P?W]f;ce`T^mE]OTEHQTjbIJl(E E�K�`Bf;jbIJadIJf;Q$f(g³amOTIXjNcef�STEHG¼ò�sTp�auSTf?QTf(a
`T^mf�l�IXSTEóP(Q�nî^mE]ß;pTGXP(^mILa0nÌWHf;QTS�IJadIJf;QTjËg�f;^�jbadPZadIJf;QFP(^bIJa0nÌf;^�adOTEóE�K�IXjbamEHQTW]E f(g�cif(ciE]Q¯amjHò&f;^ P(Q�nîjqaYPZamIXjqadIXWHP(G
`T^mf;`BEH^qadIJEHjHñ�è�EHW]EHQ�adGLn;ò¨M�OFP(QêPZQTSêURW]\�GJEHEH^óá�t(v(v�t;å§jmOTf�ô�EHSîamOFPZaËadOTE°^mE]jmpTGLadj�IJQ��1IJQTßîá"â�ã;ã;ã;å�PZQTS��1IXQTß
P(QTS�UuWH\�GJEHE]^îá¼t(v;v�t(P�ò�s«òAt(v;v;w�åóPZGXjmf9OTf;GJS?g�f(^ ��¤\�èAï"ì®\�èAM§æÈñ%�AOTE±nÅjbOTf�ô�E]S�adOFP¬a 
 áJd ?� å � � IXj
jmp��eWHIJEHQ�aeg�f;^�WHf;Q�jmIXjqadE]QTW]n?P(Q�S�
 áJd�� å � � IXj jmp��iW]IXE]Q¯aeg�f;^ P(jqn�ci`�amf(adIJWNQTf;^bc P(GJIJa0n9g�f;^óadO�E��®U��2h
f(g ���¤\�èAï"ì®\�èAM§æÈñËM�OTP(Q P(QTS7URWH\�GXE]EH^ á�t(v(v;w�åiIJQ¯l(EHjqadIXß;PZadE]S$amOTEêE#'&EHW±adjÌf(gÈf;p�amGXIXE]^mjNPZQTS$E±K�ad^bEHceE
f;sTjmE]^blZPZamIXf;QTjAf(QuamOTE �°U �[hÅf(g¤amOTE ���[\�è§ïqì \�èAM§æ cef�STE]G�ñ
\ÅGJEHjbj¤^bEHjbam^mIJW]adILl;E'WHf;Q�STIJamIXf;Q«ò¬QFP(ceEHGLn�adO�E�GJf;ßZï0cef;ceEHQ�a1W]f;QTSTILadIXf(Q«ò¦IXj[ß;IJl(EHQ³sBEHGJf�ô=g�f;^2adOTE'WHf(QTjmIJjbadE]QTW]n

P(QTSuP(jbn�ce`�adfZadIXW Q�f;^mciP(GXILa0n fZg��®U��2hÅg�f;^§amOTE ���[\�è§ïqì \�èAM§æ cef�STE]G¨ô�IJamOxP * SQ* â;ñ

� Ù¦Ú��3Ú@��Þ�Ø�Þ�ÚB× Õ��
	��������� �(���� ����� � ���������������� �!���#" �%$ ��"
� �&� ������('*)+�-,&�.��" ���
/ �!01�� / ��3254�6�7�8:9<;=�����P * S * â ��>254�6@?�8-6BAC / ��) � �D)E��F�� � � � ������ � )E���DG �  / ��)�H�� / ��F�����GI2 � �J�LKM)J�J'�� � ���D����ONP��RQS� �  �  /
T FVUW�.�J��)X254ZY[Y�4&8J8:9 �  / 
5á�GXf;ßFá�/ : f ?� O 1 : åmå � v 9\����]%�����.��; � ��� � � �( � � FJ�� � � � �^����_]%��) (HWX�  /`��� G�"W'*�^������F � ����G
���)�" � �a6

� Ù¦Ú«Ú�b+� �AOTE `T^mf�f(g'f(g�WHf;QTjbIXjqadEHQ�W]nêIJj jmIXceIXGXP(^�adfNadOFP¬a f(g�h�GJIXE�PZQTS �(E�P(Q�adO�E�P(p.áqâ�ã(ã��;å�P(Q�S��(EHP(Q�adOTEHP(p

c



áqâ�ã;ã(ä�å±òFô�IJamORamOTE³W]f;QTSTILadIXf(QFP(G1ceE�P(QR^mEH`�GrP(W]EHSîs�nVPijbadPZadIJf;QFP(^qnÌpTQTILl(PZ^mIrP¬adE ���[\�è `T^mf�WHE]jmjHñ �AOTE³`�^mf�f(g
f(g&P(jbn�ce`�adf(amIXW§Q�f;^mciP(GXILa0n®IXj3jbIXceIXGrPZ^2amf�adOFP¬a�f(g&é�f;pTjbjdP(ciPeá�t(v;v(v�å±ò¬ô�IJadO�amOTEAWHf;Q�STIJamIXf;QFPZG�ceE�P(Q�^bEH`TGXP(WHE]S
s¯nNP jqaYPZamIXf;QTP(^bn pTQTIJlZP(^bIrPZamE0���[\�è `T^bf�W]EHjbjHñ��

� Ú�Ù¦Ú@�����TÙ�� Õ����!] 
5áJd ?� å � � 9=���*]%�����.��; � ��� � � �( � � FJ�� � � � �^�����]%��) (HW �  / ��� G�"W'*�^������F � ����G ���)E" � �a6
� Ù¦Ú«Ú�b+� �AO�E°jbEHW]f;QTSVcef;ceEHQ�aAW]f;QTSTILadIXf(QNIXce`TGXIJEHj�amOTE®GXf;ß¬ï0cef;ciE]Q�a§WHf(QTSTIJamIXf;Q¨òTP(QTSÌOTE]QTWHE®adO�E°^bEHjbpTGJa�IJQ
��^bf;`Bf;jmILadIXf(Qêâ;ñ��AOTIXj�W]f;ci`�GXE]amEHj§amOTE®`T^mf�f(g"ñ	�

�AOTE amOTEHf;^bE]amIXW�PZG�^bEHjmp�GJadjÈ`T^mE]jmE]Q¯amEHS?P(sBf�l;Eiô�IJGXG�sBE5P(QFPZGJn�jmE]S IXQ9a0ô�f Uuf;Q�adEÌM§P(^bGXfRE±K�`&E]^mIJciE]Q¯amj³IJQ
��EHW±adIXf(QRw


 
 ÚB×&Ø � � �TÙs��Ú���\����Ù¬Þ�� ��×&Ø��
�AOTIXj�jmE]W]adIJf;Qê^mE]`&f(^badjËadOTEÈ^mE]jmpTGLadj�f(g+a0ô�fuURf(Q¯amE M§P(^bGXf E�K�`&E]^mIXceEHQ�amjHñ�kËQTGXE]jmj�jqaYPZamEHSîfZadOTE]^bô�IXjbE(ò1PZGXG

adOTE ���[\�è§ïqì \�èAM§æ cef�S�EHGXj�WHf;QTjbIXSTE]^mE]SROFP�l(E°amOTE g�f;GXGJf¦ô�IJQTßójb`&E]WHIJðTW�PZamIXf;Q �
���\* á�+ : W~O + :�: ���rq : å]áqâ � !iá ���rq : a #~� � åbå\O
á�+@?�WRO +@? : ���rq : å !iá �s�rq : a$#,� � å\O d����ds�\*gfs�th il�3� f��\k������êá�vl��â¦åb�ij�\*m-[O#/	d ?�rq : O 1~ij�rq : á¼w�ñJâ¦å

ô�OTEH^bEóadOTE³am^dP(Q�jmIJamIXf;QRg�pTQTW]amIXf;Q¨ò !iá ���rq : a$#,� � å�ò¨IJj�EHILadOTE]^�adOTE³GXf;ß;IJjbamIXW®g�pTQTW]amIXf;Q¨ò«P(j�S�E]ðFQTE]S IJQîE "¯pFP¬adIXf(Q
á�t�ñÂã�å±ò[f;^°adOTEeE±K�`Bf;QTEHQ�amIrP(G�g�pTQTW±adIXf(Q«ò P(jÈSTE]ðTQTEHS%IJQ E#"�pTPZadIJf;Q$á�t�ñJâ�v;å±ñ �AOTEiQ�p�cós&E]^³f(g§^mEH`�GXIXWHPZadIJf;QTj®IXj
â�v;v;v�ò�ô�IJamOVw;v(v;vóf;sTjbEH^blZPZamIXf;Q�jËp�jmEHSuadOT^bf;pTß;O�f;p�a�ñ
�AOTE g�f;GJGXf�ô�IXQ�ßÌadP(sTGJEiW]f;Q�aYP(IJQTjÈamOTEia0ô�fêjmE±adjóf(g§`FP(^dPZciE±adEH^bj³pTjbEHS%IJQ adO�E SFPZadPRß;E]QTEH^mPZadIJQTßV`�^mf�WHEHjbj

á¼_®ì0��å �
����� ����� ����� �����  ! " # $

%'&)(+* ,.- G ,.- / 01,.- � 01,.- / G , ,.- , G ,.- 3 ,.-32 )
%'&)(+*4* ,.- G ,.- / 01,.- � 01,.- / G , ,5- ,6,7, G ,5- ,6/ ,.- /

8:97;.< & G6=?> 9A@B9AC &)(�& @EDF9A<HG &JI

�AOTE � $"_ ^mP(QTSTf;c-EH^b^mf;^]ò\f��"ò&IXj�ß(EHQTE]^dPZamEHSês�nêP5QTf(^mciP(G¤^mP(QTSTf(c-ß(EHQTE]^dPZamf;^�ô�^mILamamEHQêIXQ���KRl;E]^mjbIXf;Q9w�ò
ô�IJadO � EH^bfÌciEHP(QêP(QTSêp�QTIJa�lZP(^bIrP(Q�WHE(ñ®DFpT^qadOTE]^mcef;^mEZò«P(GJG¤E]jbamIXciPZadIJf;QV^bf;p�adIJQTEHj�P(^mE³ô�^bIJabadEHQVIXQv��K&ò¨ô�IJamO
IXQTILadIrPZGBlZP(GJpTEHjAjbE]a�adf adOTE am^mpTE�lZP(GJpTEHj]ñ

LK�Õ �� ���¯Ù¬Þ4� ��×&ØuÕ��M�N� �¤Þ�ÙZÞ�Ý��L�<
 ÚO� ��×&Ø � ÚB×[Û¤Þ�Ø¦Þ�ÚB×
�AOTEuP(IXc f(g�adO�E5ðF^mjqa E±K�`&E]^mIJciE]Q¯a IJj³adf jbOTf�ô amOFPZa�adO�E5g�f;pT^bamO%cif(ciE]Q¯aóWHf;QTS�IJadIJf;Q WHP(QçE�P(jbIXGJn sBE

l�IJf;GrP¬adEHS ILg�adO�Eiad^bpTEeGXf;QTßu^mp�Q=`BEH^mjbIXjqadEHQ�WHE5IJQ9amOTE5ì \�è§M§æ cef�STE]G3IXj°WHGJf;jmE adfTò[sTp�aÈGXE]jmj°adOFP(Q¨ò¤pTQ�IJa0n;ñ
$0QRadO�EHjmE°W�PZjmEHj]ò&amOTEÈGJf;ßZï|cif;ceEHQ�a�PZQTSRjbEHW]f;QTSîcef;ceEHQ�aËWHf;QTS�IJadIJf;QTj�`T^bf¦l�IJSTE®cif;^bE®^mEHGJIrP(s�GXE IXQ�g�f;^mciPZadIJf;Q
adOFP(QNamOTE g�f;pT^bamORcef;ceEHQ�aA^bEHß�P(^bSTIXQ�ß amOTE®jbadPZadIJjbadIJW�P(G&`T^mf(`&E]^badIJEHj�f(g[adOTE �®U��2hAñ

2



èËE]W�P(GJG¨adO�E°Q�EHWHE]jmjmP(^bnRP(QTSujmp��iW]IXE]Q¯a�WHf(QTSTIJamIXf;Q5g�f(^ 
5áJd ?� å ��� g�f;^Ëì \�è§M§æóáqâ(òJâ¦å�IJj
/�O 1 � âNB á¼w�ñ´t;å

\�j~/uPZQTS�1NPZ^mE�pTQ �¯QTf�ô�QóIJQÈ`T^mP(W]amIXW]E(ò�UuWH\�GJEHE]^¤E±a+PZG�ñ�á�tZv;v;w�å«P(Q�Sóæ�fZadI�E]a+P(G¼ñ¯á�t(v(v�t;å«jmpTß(ß;EHjqa+E�KTPZciIJQTIXQTß
�/�O �1 � âN� á¼w�ñÀw�å

ô�OTEH^bEm�/$P(QTS �1�P(^bEeamOTE��®U��2h f(g /$P(QTS 1�ò[^mE]jm`BEHW]amIJl(EHGJn(ñNh�"¯pFPZadIJf;Q.á¼w�ñÂw�å�IXj®adOTEeEHce`TIJ^mIXWHP(G+jbEHW]f;QTS
cif;ceEHQ�aAW]f;QTSTILadIJf;Q«ñ%��IJciIJGrP(^bGJn(ò¯amOTE®EHce`TIX^bIXWHP(G&g�f;p�^badOÌcef;ceEHQ�a�WHf;Q�STIJamIXf;QNpTQ�STEH^�QTf;^bc PZGXIJa0niIXj

áG�/�O �1¤å ? O.t<�/ ?
� â}� á¼w�ñ��¯å

P(QTSNadOTE®E]ci`TIJ^mIJW�P(G&GXf;ßZï|cif(ciE]Q¯a�WHf;Q�STIJamIXf;QNIJj

� q : �n � p : GJf;ß�á}�/��f ?� O �1[å � vl� á¼w�ñ �;å

ô�OTEH^bEv�fs�+IJj§adOTE®EHjqadIJc PZamEHSÌjbadP(QTSFPZ^mSTIJjmEHSu^mE]jmIJSTpFP(G¼ñ
�AOTE�`FP(^mP(ciE±adE]^3jm`FP(W]EAadOFPZa3ô�f;pTGJS jdPZamIXjbg�nÈadOTE§g�f(pT^bamOecef;ceEHQ�a�WHf(QTSTIJamIXf;Q³IXj3WHGJE�P(^bGJnÈjmciP(GXGJEH^[adOFP(Q�g�f;^

adOTEËjmE]WHf;QTSNcef;ceEHQ�a�ñ3URf;^mE]f�l;EH^]ò�ô�OTE]Q5adOTEËGXf(QTßÈ^bpTQ5`BEH^bjmIXjqadE]QTWHEZò�QFP(ceEHGLn /5O[1�ò�IJj�W]GXf;jbEËamf³pTQ�IJa0n;ò¯adO�E
EHce`TIX^bIXW�PZG;g�f;pT^bamOócef;ciE]Q�a+W]f;QTSTILadIXf(QÈciP�nÈQ�f(a sBE�jmPZadIJjbðFE]S«ò;E]l(EHQ�adO�f;pTß;O³amOTE�g�f(pT^bamOócif(ciE]Q¯a¤WHf(QTSTIJamIXf;Q
sFP(jmE]S f;QîadOTEóam^mpTE�`TP(^dP(ceE]amEH^bj IXj�jmPZadIJjbðFE]S«ñ �AO�IXj IXj�`FP(^bamIXW]pTGrP(^bGJnÌIJci`Bf;^badP(Q�a P(j�c P(Q�nRðFQFP(QTW]IrP(G[adIJciE
jmEH^bIXE]j�E�K�O�IXsTILa�GJf;QTß°^mpTQi`&E]^mjmIJjbamEHQTW]E�adOTPZa�IJj�W]GXf;jbEËamf³pTQ�IJa0n;ò�P(Q�S5f;s�adP(IXQTIJQTß®jbadPZadIJjbadIJW�P(GF`�^mf;`BEH^qadIXE]j�fZg¨adO�E
EHjbamIXciPZadf(^mj§IJjAIXce`&f;^qaYP(Q�a�g�f;^A`TpT^b`&f;jbEHjËf(g[jbadPZadIJjbadIJW�P(G¨IXQ�g�E]^mEHQ�WHE(ñ%�AO¯pTj]òBE�K�P(ciIJQTIXQ�ß³adOTE®`BEH^qg�f;^mciP(QTW]E f(g
adOTE®EHce`TIJ^mIXWHP(GBcif;ceEHQ�a�W]f;QTSTILadIXf(QTjAjmOTf(pTGXSÌsBEÈP�pTjbE]g�pTG2`T^mP(W]amIXWHP(G«E±K�E]^mWHIJjmEZñ

�AOTE®jbadE]`Tj�g�f;^�h+K�`BEH^bIXceEHQ�a°â°P(^mE°P(jAg�f;GJGXf�ô�j �
��adE]` â;ñ ì®E]QTEH^mPZadE®SFP¬aYP�pTjmIJQTßiP(��¤\�èAï"ì®\�èAM§æ cif�STEHG¼òTP(j�STE±ðFQTE]SVIXQNE#"¯pFPZadIJf;Q=á¼w�ñLâ¦å±ñ
��adE]`ît�ñ �AOTE³U��2h.IXjAf;s�aYP(IJQTEHSÌs�nÌEHjqadIXciPZamIXQTß³amOTE ad^bpTE®cif�STEHG¼ñ
��adE]`Vw�ñ �AOTE EHjqadIXciPZamEHjÌP(^bEîadOTE]Q7jbpTsTjbamIJamp�adE]S7IJQ¯amf adOTEêjbEHW]f;QTS PZQTS�g�f;pT^bamO$cif;ceEHQ�aNW]f;QTSTILadIJf;QTj amf

f;s�adP(IXQNadO�EHIX^A^bEHjb`&E]W]adILl;E°EHce`TIX^bIXWHP(G¨W]f;pTQ�adE]^m`FP(^qadj]ñ
��adE]` �Tñ �AOTEêEHce`TIJ^mIXWHP(GAGXf(ßZï0cef;ceEHQ�aeWHf;QTS�IJadIJf;Q.IJj f;s�aYP(IJQTEHS�s�nÅpTjmIJQTß=amOTE U��2h P(QTS�adO�EVEHce`TIJ^mIXWHP(G

jbadP(QTSFP(^bSTIXjbEHSu^mE]jmIXS�pFP(GXj]ñ
�AOTE P(sBf�l;E�jqadEH`�j�P(^mE�^bEH`BE�PZamEHS5g�f;^�s&fZadO �+���[\�è§ïqì \�èAM§æ
P(QTSNh-���[\�è§ïqì \�èAM§æ g�f;^�amOTE�a0ô�f�`FP(^dPZc ï
E]adE]^³jbE]adj]ò�P(j³GJIXjqadEHS IXQ
�+PZsTGXERâ;ò P(Q�S=adOTEijmpTceciP(^bn jqaYPZamIXjbamIXW]j³f(g§amOTEHjbE5cef;ciE]Q�a³W]f;QTSTILadIXf(QTj g�f;^³EHP(WYO
cif�STEHG«P(^mE ß;ILl;E]QRIJQ �¤P(sTGJEHjËt³ï*��ñ

�



%'( 9 (��HI�(���� I " # $ ���	� 0 C � C &�
 ( 3�	� C � C &�
 ( �	����C � C &�
 (
�M9� � C G.C ,.- , G � ,.- 3 ��c ,.- �8G � 0 ,5- , ) G ,5- / � 2 G - Gt� 2
� ��
�� C G.C ,.- ,7, c ,.- G � / ,.- c � � 0 ,5- GVc�� ,5- � ��c ,5- ��c �
� & 9 
 ,.- , G , ,.- 3 , G ,.-32 � c 0 ,5- , � 2 ,5- / � 2 ,5- /'2 /

DF97@ � 9 
��)& � - 3 )� 0 , c � - / � � 01, � ) - 3 2 � 01, � 3 - )b�	� 01, � G - � � � 01, � /.- / )�� 01, �
%��7&���
5&JI�I ,.- c ) , ,.- , � G 01,.- 3 G � 0 ,5- c � , 0 ,5- ) )b� 0 ,5- , � G
� G.@ ( � I�� I � -32 cG 3 - / � , � - G$) 3 � - / G � � - 2A,7/ � - ) � �

8 9A;5< & 3�= % G.C C 97@�� %'( 9 (��HI�(���� I! � @ � % 8#"%$ 0'& "%$)(+* 9 
-, � C/. � @ ��� 97<+� � C &�
 ( ( � 
-,�� (�� � 
 I0 @ � C21 9 ( 9 & &3
.& @B9 (�&3, ;4�
� % 8#"%$ 0'& "%$)(+* ��� (�5 > 9A@B9AC &)(�& @ %'&)(+*

% ( 9 (��HI�(���� I " # $ �6��� 0 C � C &�
 ( 3���� C � C &�
 ( ������C � C &�
 (
�M9� � C	G5C ,.- , G � ,.- 3 � ) ,.- �8G � 01,.- , ) 3 ,.- / � 2 G - G ��c
� �7
-� C G.C ,.- ,7, c ,.- G � � ,.- c � / 01,.- G c�� ,.- � ��c ,.- ��c )
� & 9 
 ,.- , G , ,.- 3 , 3 ,.-32 � c 01,.- , � 2 ,.- / � 2 ,.- / 2 /

DF97@ � 9 
-� & � - 3 / � 01, c � - / c	� 01, � ,.- ,7, G 3 - ) )� 01, � G - ��c	� 01, � ,.- ,7, G
%8�6&���
.& I4I ,.- c�� � ,.- , � , 01,.- 3 , 3 01,.- c�c�c 0 ,5- ) � � 0 ,5- , � /
� G.@ ( � I�� I � -32 38G 3 - / � � � - G � � � - � � ) � - c�c � � - ) � �

8 9A;5< & �.= % G5C�C 97@�� % ( 9 (��HI�(���� I! � @ � % 89":$ 0;& ":$)(+* 9 
-, � C<. � @ ��� 9A<=� � C &3
6( ( � 
�,�� (�� � 
5I0 @ � C21 9 ( 9 & &�
.& @�9 (4&3, ;4�
� % 8#"%$ 0'& "%$)(+* ��� (�5 > 9A@B9AC &)(�& @ %'&)(+*

%'( 9 (��HI�(���� I " # $ ���	� 0 C � C &�
 ( 3�	� C � C &�
 ( �	����C � C &�
 (
�M9� � C G.C 3 - G / � 0 , � ,.- G � � ,.- / 3 3 0 ,5- ,6, 2 G - ,6, G G - , 3 �

� ��
�� C G.C ) - , � � 0 , ) ,.- , c 3 ,.- � ) � 0 ,5- , � � ,5- / c�� ,5- / � /
� & 9 
 G - G 3� 0 , � ,.- ,7/ � ,.- � / � 0 ,5- , G / ,5- / � � ,5- /6/ )

DF97@ � 9 
��)& � - � ��� 0 G , G - � / � 01, � G - � 2 � 01, � � - G c	� 01, ) 3 - � �	� 01, ) G - � 2 � 01, �
%��7&���
5&JI�I ,.- c � / ,.- , c�c 01,.- , ) , 0 ,5- � / 3 0 ,5- / � / 0 ,5- ) � /
� G.@ ( � I�� I � - � /'2 3 -32 c � 3 - c�c , � - �8G 2 � - c , 3 � - /6, G

8 9A;5< & � = % G.C C 97@�� %'( 9 (��HI�(���� I! � @ � % 8#"%$ 0'& "%$)(+* 9 
-, � C/. � @ ��� 97<+� � C &�
 ( ( � 
-,�� (�� � 
 I0 @ � C21 9 ( 9 & &3
.& @B9 (�&3, ;4�
� % 8#"%$ 0'& "%$)(+* ��� (�5 > 9A@B9AC &)(�& @ %'&)(+*4*

/



%'( 9 (��HI�(���� I " # $ ���	� 0 C � C &�
 ( 3�	� C � C &�
 ( �	����C � C &�
 (
�M9� � C G.C 3 - ) ��� 0 , � ,.- G � � ,.- / � , 0 ,5- ,6, 2 G - ,6, c G - , )Ec
� ��
�� C G.C � - � 2 � 0 , ) ,.- , c , ,.- � ) , 0 ,5- , � � ,5- / c#3 ,5- / � /
� & 9 
 G - G 3� 0 , � ,.- ,7/ ) ,.- � / � 0 ,5- , G / ,5- / � � ,5- /6/ )

DF97@ � 9 
��)& � - 2 )� 0 G , G - �G3� 01, � G - � / � 01, � � - G �	� 01, ) 3 - � / � 01, ) G - � �	� 01, �
%��7&���
5&JI�I ,.-32 3 ) ,.- G � 3 01,.- ,7/ � 0 ,5- � , 2 0 ,5- 2 � c 0 ,5- � , 3
� G.@ ( � I�� I � - / 3 � � - 3 � 2 � - G , � � - , G , � - G , 3 � - , ) ,

8 9A;5< & )�= % G5C�C 97@�� % ( 9 (��HI�(���� I! � @ � % 89":$ 0;& ":$)(+* 9 
-, � C<. � @ ��� 9A<=� � C &3
6( ( � 
�,�� (�� � 
5I0 @ � C21 9 ( 9 & &�
.& @�9 (4&3, ;4�
� % 8#"%$ 0'& "%$)(+* ��� (�5 > 9A@B9AC &)(�& @ %'&)(+*4*

\�jAjbOTf�ô�QRIJQ��+PZsTGXE®t�ò�adOTE GJf;ßZï|cif;ceEHQ�a�P(QTSÌjbEHWHf(QTSuP(QTSNg�f;pT^qadONcef;ciE]Q�a§WHf(QTSTIJamIXf;Q�j§`&E]^bg�f;^bc ô�EHGJG�ò
f;Q.P�l(EH^dPZß;E(ò�g�f(^(�+���[\�è§ïqì \�è§M§æÈñ%�AOTEuciEHP(QTjef(g�amOTERjbEHW]f;QTS�P(Q�S?g�f;p�^badO?cef;ciE]Q�aiW]f;QTSTILadIJf;QTjeP(^mE
v�ñÀã�� � P(QTSiv�ñÀã��(ã�ò¯^mE]jm`BEHW]amIJl(EHGJn(ò�ô�O�IXWYO5PZ^mEAl;E]^bn WHGJf;jmE�adf amOTEHIJ^'^bEHjb`&E]W]adILl;EËad^mp�E�lZP(GJpTEHj]ò¯QFP(ceEHGJn�v�ñÀã �®PZQTS
v�ñÀã(ä�t ��ñ
\ jbIXceIXGrPZ^�WHf;Q�WHGXp�jmIXf(Q=W�PZQ=sBE ST^mP�ô�Q g�f;^³h-���[\�è§ïqì \�è§M§æÈò¤P(j³jbOTf�ô�Q%IXQ
�+P(s�GXEiw�ñ $0Q¯amEH^bEHjbamIXQTß(GJn;ò

adOTEîceE�PZQ�EHce`TIX^bIXWHP(G�GJf;ßZï|cif;ceEHQ�aiP(QTS�jbEHW]f;QTS P(QTS�g�f;p�^badO.cif;ceEHQ�a WHf;QTS�IJadIJf;QTjeg�^mf;c s&fZadO�cef�STE]GXj
P(^mE5E#"¯pFP(G�amf wVSTEHW]IXciP(G�`�GrP(W]EHjHñ $|a�IJjóIXce`Bf;^badP(Q�aÈamfêQTf(adEiadOFPZa³adOTENciP¬K�IXcóp�c l(PZGXpTE]j�f(gAadOTE5g�f(pT^bamO
cif;ceEHQ�aÈWHf;Q�STIJamIXf;QTj°IXQ��+���¤\�èAï"ì®\�èAM§æ PZQTS%h-���[\�è§ïqì \�èAM§æ P(^mERâ;ñJâ�w��RP(Q�S�â;ñLâ�w;ë�ò¤^mEHjb`&E]W]amIJl;E]GJn(ñ
$0Q5g�P(W]aHò�amOTEH^bE®P(^mE�t��}��P(Q�Sut�� �°^bEH`TGJIXWHPZadIJf;QTj�ô�OTIXWYO5g�P(IJGXE]Siadf³jdPZamIXjbg�neadO�E�EHce`TIX^bIXWHP(GTg�f;pT^qadO5cef;ceEHQ�a�g�f;^
� ��¤\�èAï"ì®\�èAM§æ P(QTSRh-���¤\�èAï"ì®\�èAM§æÈòF^bEHjb`&E]W]adILl;E]GJn;ñ
æ�f�ô�E]l;E]^Hò�adOTEAE]ci`TIJ^mIJW�P(G�GXf;ß¬ï0cef;ciE]Q�a P(Q�SejbEHW]f;QTS cef;ceEHQ�a3W]f;QTSTILadIXf(QTj+ô�EH^mE�jmPZadIJjbðFE]SeIJQ�s&fZadO W�P(jbEHj]ñ

�AOTIXj jbEHE]cij3adf jbpTß;ß;E]jba3amOFPZa amOTEAEHce`TIX^bIXWHP(G�g�f(pT^bamO�cif;ceEHQ�a+WHf;QTS�IJadIJf;QóciP�nósBE�adf�f ^mE]jbad^bIXW±adIJl(E�adf®jmPZadIJjbg�n
IXQê`T^mP(W]amIXWHEZñ ��p�WYO=PN^mE]jmpTGLa ^mE��FEHW±adj®adOTE�IJci`Bf;^qaYP(QTW]E³f(g*�3^mf;`Bf;jbIJadIJf;Q â P(Q�S=M�f(^mf;GJGrP(^qn â(ò1QFP(ceEHGJn(ò¨adO�E
E±K�IXjqadEHQ�WHE'f(g�amOTE�jmEHW]f;QTSÈcif;ceEHQ�aHòZPZQTSÈO�EHQTW]E�adO�E'E�K�IXjbamEHQTW]E�f(g�adO�E�GJf;ßZï0cef;ceEHQ�a«W]f;QTSTILadIJf;Q«ò¦P(^bE'jbp��eWHIJEHQ�a
adf EHQTjbpT^mE°WHf(QTjmIJjbadE]QTW]nuPZQTSVPZjbn�ci`�adf(amIXW QTf;^bc PZGXIJa0n g�f;^§amOTE®`TpT^b`&f;jbE®f(g+lZP(GJIXS5IJQ�g�EH^bEHQTW]E(ñ
\�GLadOTf;p�ß;OîadOTE³jmEHW]f;QTS9cif(ciE]Q¯a�WHf;Q�STIJamIXf;QRIXj�cef;^mEÈ^mE]jbad^bIXW±adIJl(EóadOFPZQîadOTE�GJf;ßZï0cef;ceEHQ�aËWHf;Q�STIJamIXf;Q«ò&IJa

OFP(j�amOTE�P(S�lZP(Q�adP(ß;E³fZg�W]f;ce`Tp�aYP¬adIXf(QFP(G1jmIJci`�GXIXW]IJa0n(ñ $|a IJj�cef;^mEÈWHf;ce`Tp�adPZadIJf;QFP(G2IJQ¯amEHQTjbIJl(E³adfNf;s�aYP(IJQRadO�E
EHce`TIX^bIXW�PZG�GXf;ßZï|cif(ciE]Q¯a[W]f;QTSTILadIXf(Q«òZô�OTE]^mEHP(j adOTE�EHce`TIX^bIXW�PZG�jmEHW]f;QTS cef;ciE]Q�a WHf(QTSTIJamIXf;Q°g�f;^3ì \�è§M§æóáqâ(òJâ¦å
IXjAceEH^mE]GJniadOTE®jmp�c f(g[adOTE®\�è§M§æ P(Q�SVì \�è§M§æ W]f�E �eWHIXE]Q�adjHñ
\�j§amOTE�GXf(QTß³^bpTQN`&E]^mjbIXjbamEHQTW]E®P(`T`T^bf�P(WYOTE]jApTQTILa0n;ò�amOTE�EHce`TIJ^mIXWHP(G�jmE]WHf;QTSÌcef;ceEHQ�a§W]f;QTSTILadIXf(Qiô�IXGJGBP(GXjbf

jmp�'&EH^�g�^bf;c adOTEójmP(ceEó`T^mf(sTGXE]c*PZj�adOTE³EHce`TIX^bIXW�PZG2g�f(pT^bamOêcif;ceEHQ�a�WHf;QTS�IJadIJf;Q«ñ $0Qêf;^mSTE]^�adfNIJQ�l;EHjqadIJß�PZadE
adOTEÌjmE]^mIJf;pTjmQ�EHjmjif(gËadOTIJj�IXjmjbpTEÌg�f;^óadOTEuEHce`TIJ^mIXWHP(G�jbEHW]f;QTS.cef;ceEHQ�a�ò'h+K�`&E]^mIJciE]Q¯auâuIXj�^bEH`BE�PZamEHS.p�jmIXQ�ß
�+P(^mP(ciE±adE]^���E]a�$ $�IXQNô�OTIJWYOuamOTE ad^mp�E°GJf;QTß�^bpTQR`BEH^bjmIJjbadE]QTWHE°IXj�v�ñÀã;ã�ñ
�+PZsTGXE]j �Zï � `T^bEHjbEHQ�a®adOTE jmp�ciciP(^bnRjbadPZadIJjbamIXWHj�f(g�adOTE EHce`TIJ^mIXWHP(G[cif;ceEHQ�a�WHf;QTS�IJadIJf;QTj�g�f(^®P(GXG[^mE]`TGXIJW�P¬ï

adIXf(QTjHñ2$|a�IXj�ô�f;^qadO QTf(amIXQTßeadOFPZa�adOTE³am^mpTEÈg�f;pT^bamOêcif(ciE]Q¯a�WHf;Q�STIJamIXf;Qug�f;^2�¤P(^dP(ceE]amEH^0��E]adj�$ËP(Q�S�$ $ËP(^mE
v�ñÀã(ä�t � P(Q�S v�ñÀã;ã(ë;w�ò¨^bEHjb`&E]W]adILl;E]GJn;ñ $0Q¯amEH^bEHjbamIXQTß(GJn;ò&adOTE�ciP¬K�IXcóp�c-E]ci`�IX^mIJW�P(G2g�f;pT^qadOêcef;ceEHQ�a WHf(QTSTIJamIXf;Q
g�^mf;c s&f(amO.� ��¤\�èAï"ì®\�èAM§æ�P(QTSih-���¤\�èAï"ì®\�èAM§æ�pTjmIJQTß �+P(^mP(ceE]adE]^-��E]a-$[IXj3GXP(^mß;E]^+adOTP(QeamOTf;jbEËp�jmIXQ�ß
��E]a	$ $Yñ3æ�f�ô�E]l;E]^Hò'adOTENQ¯pTcósBEH^�fZg�^bEH`TGJIXWHPZadIJf;QTjÈg�PZIXGXIJQTßRamfêjdPZamIXjqg�n=adO�E5g�f;pT^bamO%cif(ciE]Q¯aóWHf;QTS�IJadIJf;Q OFPZj

G ,



IXQTW]^mE�PZjmEHS g�f;^³sBf(adO=cif�STEHGJjHò+P(j³E�K�`BEHW±adE]S«ñ��AOTEH^bENP(^bE5w��(ëVP(QTS%w��(tu^mE]`TGXIJW�PZamIXf;Q�j®ô�O�IXWYO g�P(IJG�amfîceEHE]a
adOTE°g�f;pT^bamOVcef;ceEHQ�a�W]f;QTSTILadIJf;Qug�f(^ �+���[\�è§ïqì \�èAM§æ P(QTSîh ��¤\�èAï"ì®\�èAM§æÈòB^mE]jm`BEHW]amIJl(EHGJn(ñ �AO¯pTj]ò¨adO�E
Q�p�cós&E]^ f(g'^mE]`TGXIJW�PZamIXf;QTj�g�P(IXGJIXQTß adfÌjdP¬adIXjqg�nVamOTE�EHce`TIX^bIXWHP(G[g�f(pT^bamO9W]f;QTSTILadIJf;QîIXQ�WH^mEHP(jmE]j°P(j�adOTE GJf;QTß5^bpTQ
`&E]^mjmIJjbamEHQTW]E³P(`�`T^mf�PZWYOTEHjËpTQTILa0n;òT^bEHß�P(^bSTGXE]jmj�f(g[adOTE®jb`&E]WHIJðTW�PZamIXf;QÌf(g[adOTE®W]f;QTSTILadIXf(QFP(G¨ceE�PZQ«ñ
URf;^bEHf�l;E]^Hò§adO�EH^mERP(^bEVt P(QTSÅw ^mEH`�GXIXWHPZadIJf;QTj³ô�O�IXWYOÅg�PZIXG�amf jmPZadIJjbg�n amOTERE]ci`�IX^mIJW�P(G�jmE]WHf;QTSÅcif(ciE]Q¯a

WHf;QTS�IJadIJf;Q�g�f;^+�+���[\�è§ïqì \�èAM§æçP(QTSÈh-���[\�è§ïqì \�èAM§æ°ò¬^bEHjb`&E]W]adILl;E]GJn;ñ¤\�j1adO�E'am^mpTE�GXf(QTß�^mpTQ°`&E]^mjbIXjbamEHQTW]E
IXjól;E]^bnçW]GXf;jbE5adf pTQTILa0n;ò�adOTEÌ`BEH^bg�f(^mciP(QTWHENfZg�amOTEÌEHce`TIX^bIXW�PZG�jmE]WHf;Q�SÅcef;ceEHQ�a WHf;Q�STIJamIXf;Q%jbEHEHcej�adf sBE
^mE�PZjmf;QFPZsTGXEZñ��AOTE�cef;^mE�W]f;ce`Tp�aYP¬adIXf(QFP(GXGLn�IXQ�amEHQTjbIJl;E�GXf;ßZï|cif(ciE]Q¯a'W]f;QTSTILadIXf(Q5IXj�jbadIJGXGB`&E]^bg�f;^bciIJQTßÈô�EHGJG&g�f;^
�+P(^mP(ciE±adE]^ ��E±a $ $Yñ¤\�jÈamOTEiciP¬K�IXc³pTc EHce`TIJ^mIXWHP(G GJf;ßZï0cef;ceEHQ�a®WHf(QTSTIJamIXf;Q9IXj�ï0v�ñÀv(v��Ng�f(^ÈsBf(adO��+���¤\�èAï
ì®\�èAM§æ P(QTSuh-���¤\�èAï"ì®\�èAM§æÈòBP(GJG¨^bEH`TGJIXW�P¬adIXf(QTj§jdP¬adIXjqg�n amOTE®GXf;ßZï|cif(ciE]Q¯a�WHf;Q�STIJamIXf;Q«ñ

LKC� �� ���¯Ù¬Þ4� ��×&Ø �\��
 Þ��A�&����Ý�Þ��+Ý���Ø¦Þ�ÚB×��N×+�L���c��Þ��
�AOTEË`T^mE±l�IJf;pTj�E±K�`BEH^bIXceEHQ�a�c PZSTEAadOTE�E±K�`TGJIXW]IJa�P(jbjmpTce`�amIXf;Q�adOTPZa3adOTE�jb`&E]WHIJðTW�PZamIXf;Q f(gBadOTE�W]f;QTSTILadIXf(QFP(G

ciEHP(Q=IJj �¯QTf�ô�QçP(QTS IJjÈW]f;^m^bEHW±adGJn9jb`&E]WHIJðTEHS«ñêæËf�ô�E±l;EH^]ò3adOTIJjÈIJj³jmE]GXSTf(c amOTE WHP(jmE IXQ=`�^dP(W±adIXW]E(ò jbfîIJaÈIXj
IXce`&f;^qaYP(Q�a'adf�IJQ¯l(EHjqadIXß;PZadE�amOTE `BEH^bg�f(^mciP(QTWHE�f(g1adOTE]jmE®cef;ciE]Q�a§WHf(QTSTIJamIXf;Q�j�ô�OTE]QuamOTE�WHf(QTSTIJamIXf;QTP(G&ceE�PZQ
IXj�ceIXjbjm`BEHW]IJðFE]S«ñ è�EHWHE]Q�adGJn(ò2M�OFP(Q PZQTS9URWH\�GXE]EH^ á¼t(v;v�t;åAIXQ�l(EHjbamIXß�P¬adEHSîamOTEóE '¨E]W]adj fZg�ciIJjmjm`BEHW]IJg�n�IXQ�ßiadO�E
WHf;QTS�IJadIJf;QFP(G�ciEHP(Q?f;Q?amOTE��°U �[h f(g�amOTEÌWHf;QTS�IJadIJf;QFP(G�l(PZ^mIrPZQTWHEZñ �AOTE±nçjmOTf�ô�EHS.amOFPZa adO�ERGJI��(E]GXIJOTf�f�S
g�pTQTW]amIXf;QNamfesBE®c P¦K�IJciIJjmE]S ô�OTEHQuadOTE®W]f;QTSTILadIXf(QFP(G¨ceE�PZQuIJjAciIJjmjb`&E]WHIJðTEHSuW�P(QÌsBE®ô�^bIJabadEHQRP(j

�Ëá (;å<*6� ât n � � GXf(ßZil�jO d ?�il��� � â
t n � �

? á`_L�3a�(;åil� � á¼w�ñÀë�å

ô�OTEH^bE � á`_L�3a�(;å�IXj'adOTE�S�I '&EH^mE]QTWHE�s&E±a0ô�E]EHQNadOTE�WHf;^b^mEHW±adGLnijb`&E]WHILðFEHSuP(QTS ciIJjmjm`BEHW]IJg�E]S5WHf;Q�STIJamIXf;QFPZGFciEHP(QTjHñ
h�jbjmE]Q¯amIrP(GJGJn(ò�amOTENcef;^mENPZWHWHp�^dPZamEuS�f�E]jóadOTEÌceIXjmjb`&E]WHILðFEHSçWHf(QTSTIJamIXf;QTP(G�ceE�PZQçP(`T`T^bf�K�IJc PZamE5adOTENW]f;^m^bEHW±a
ciEHP(Q á�adOFPZaiIXj]òAP(j � á`_L�3a�(;å�� v�å±ò�amOTEVGJf�ô�E]^ IXj adO�ERsTIXP(jeIXQÅamOTE��®U��2h f(g�amOTEV`TP(^dP(ceE]amEH^bjiIJQÅadO�E
WHf;QTS�IJadIJf;QFP(G�lZP(^mIXP(QTW]E(ñ3æËf¦ô�E]l(EH^]òBamOTE E#'&EHW±adj�f(g[ciIJjmjb`&E]WHIJg�n�IJQTß³adO�E WHf;QTS�IJadIJf;QFP(GBceE�P(QNf;Q5amOTE EHce`TIJ^mIXWHP(G
cif;ceEHQ�aAW]f;QTSTILadIJf;QTj�P(^bE°jqadIJGXG¨p�Q �¯QTf�ô�Q«ñ
�AOTE°P(IXc f(g¤h+K�`BEH^bIXceEHQ�a�t³IXj§amfeIJQ�l;EHjqadIJß�PZadE�amOTE `BEH^bg�f(^mciP(QTWHE fZg¤amOTE EHce`TIX^bIXWHP(G¨cef;ceEHQ�aAWHf(QTSTIJamIXf;Q

ô�OTEHQ=amOTE W]f;QTSTILadIJf;QFP(G3ceE�P(Q9IXj°ceIXjmjb`&E]WHILðFEHS«ñ �AOTIJjÈE�K�`&E]^mIXceEHQ�a³^mEH`�GXIXWHPZadE]j adOTEi^mEHjbpTGJamj³f(g�M�OFP(Q PZQTS
URWH\�GXEHE]^®á�tZv;v�t;å3^mE]ß�P(^mS�IXQTß³amOTE�sTIXP(j�fZg1adOTE0�®U��2hçIXQ amOTE�W]f;QTSTILadIJf;QFP(GFlZP(^mIXP(QTW]E�ô�OTE]QÌamOTE�W]f;QTSTILadIXf(QFP(G
ciEHP(QÌIXjAceIXjmjb`&E]WHILðFEHS«ñ��AO�EÈjqadEH`�jËg�f;^�h+K�`BEH^mIJciE]Q�a�teP(^bE®P(jAg�f;GXGJf�ô�j �
��adE]` â;ñ ì®E]QTEH^mPZadE®SFP¬aYP�pTjmIJQTßiP(��¤\�èAï"ì®\�èAM§æ cif�STEHG¼òTP(j�STE±ðFQTE]SVIXQNE#"¯pFPZadIJf;Q=á¼w�ñLâ¦å±ñ
��adE]`ît�ñ+h3jbadIJc P¬adE�adO�E®am^mpTE®cef�S�EHG�ñ
��adE]`Vw�ñ+h3jbadIJc P¬adE®P(Qu\�èÈáqâ¦å|ïqì \�èAM§æ³áqâ;òLâ¦å�cef�STEHG¼ò�QFP(ceEHGLn

���\*Q+@W~O + : ���rq : O d����d��\*�f�� h il�3� fs�ck�� �:�îá¼vl��â�åij�c* -�O /,d ?�rq : O 1~il�rq :
G�G



��adE]` �Tñ+h3jbadIJc P¬adE®PeM�f;QTjqaYP(Q�abï"ì®\�èAM§æóá"â;òLâ¦å§cif�STEHG¼ò�QFPZciE]GJn���\*Q+@W~O d����d��\*�f�� h il�3� fs�ck�� �:�îá¼vl��â�åij�c* -�O /,d ?�rq : O 1~il�rq :
�AOTE P(s&f�l(E jqadEH`�jVP(^bE ^mEH`BE�P¬adEHS g�f;^NsBf(adO �+���¤\�èAï"ì®\�èAM§æ P(QTS7h-���¤\�èAï"ì®\�èAM§æ g�f;^NadOTEêa0ô�f

`FP(^dPZciE±adEH^bj�jmE±adj]ò2P(j�STE±ðFQTEHS9IXQ��+P(s�GXE5â;ñ0�AOTIJj�GXEHP(STj�amf5g�f;pT^�jbE]amj f(g�^mE]jmpTGLadjHò2PZj�jmOTf�ô�Q9IXQ��¤P(sTGJEHj ëiï
â�w�ñ
�AOTE�WYOTf(IXWHEËf(g«amOTE�\�è³á"â¦å0ï"ì®\�èAM§æóá"â;òLâ¦å3P(QTS amOTE M�f;Q�jbaYPZQ¯aqïqì \�èAM§æ³áqâ;òLâ¦å3cif�STE]GXj'IXj'STpTE�`�^mIXciP(^bIXGJn

adf�adOTE]IX^�`Bf;`TpTGXP(^mILa0n;ñ��AOTE³M�f;QTjqaYP(Q�abï"ì®\�èAM§æóá"â;òLâ¦å§cif�STEHG1IJjAf(g�adE]QRWYO�f;jmE]QVô�OTEHQuadOTE°P(p�adf�WHf;^b^mEHGXPZadIJf;QTj
f(gTadO�E�SFPZadP�P(^bE�WHGJf;jmE�adf � EH^bfTò;sTp�a+adO�E§P(p�amf�W]f;^m^bEHGXPZadIJf;Q®STf�E]j QTf(a¤^mE±l;EHP(GFP(Q�n°QTf;Q�ï|GXIJQTE�P(^2jqad^mp�W]adp�^mE§IJQÈadO�E
WHf;QTS�IJadIJf;QFP(G+ciEHP(Q«ñX��adOTE]^³E]ci`TIJ^mIJW�P(G jqadpTS�IXEHjÈOFP�l;Ei`T^mE±g�EH^m^bEHS=amOTE \�è³á"â¦å0ï"ì®\�èAM§æóá"â;òLâ¦å�jm`BEHWHILðFW�P¬adIXf(Q
adfNP(W]WHf;cecef�SFP¬adEÈamOTE�`Bf;jmjbIXsTGJE³`T^bEHjmE]QTWHE f(g'jbEH^mIXP(G[WHf;^b^mEHGXPZadIJf;Q«ò¨P(QTSêpTjbIXQTß5amOTE�P(p�amf;^mE]ß;^mE]jmjbIJl;E�`�^mf�WHEHjbj
adfuP(`T`T^bf�K�IJc P¬adEóadO�Eep�Q �¯QTf�ô�Q=WHf(QTSTIJamIXf;QTP(G+ceE�P(Q¨ñ �AOTIXj®E±K�`BEH^bIXceEHQ�a®ô�IXGXG¤^mE±l;E�PZG�amOTE E#'&EHW±adj°f(g�amOTEHjbE
STEHW]IXjmIJf;QTjAf;QÌadO�E°E]ci`�IX^mIJW�P(GBcef;ciE]Q�a�WHf;QTS�IJadIJf;QTj]ñ
�+P(Q�EHGXj3\$PZQTSeéçIJQ D+IXß(pT^mE�âËW]f;Q�aYP(IJQóadOTEA`�GXf(amj f(gBjmf;ceEAjmIJcópTGXPZadE]SóSFPZadP P(ß�P(IJQTjba amOTEHIJ^ GrPZß;ß;EHSólZP(GJpTEHj

g�^mf;c �+���¤\�èAï"ì®\�èAM§æ�P(Q�Sih-���[\�è§ïqì \�è§M§æÈò;^bEHjm`BEHW±adILl;EHGLn;ò�pTjbIXQTß0�¤P(^dPZciE±adEH^-��E]a�$Yñ ��IXceIXGrPZ^[`�GXf(amj3P(^mE
P(GXjbf�P�l(PZIXGrPZsTGXE�g�f;^§SFP¬aYPóß;E]QTEH^mPZadE]Sup�jmIXQ�ß	�+P(^mP(ciE±adE]^ ��E]a $ $'g�f(^�sBf(adOÌ`T^bf�W]EHjmjbEHj]ò�P(jAjmOTf�ô�QuIXQ �¤P(QTE]GXjËM
P(QTSu_ IJQuD+IXß;p�^mE�â;ñ��AOTE®Q¯pTcósBEH^�f(g+f;sTjbEH^blZPZamIXf;Q�jAIXQÌE�P(WYOuW�PZjmE°IXj�w;v;v(v�ñ

−2.0 −1.5 −1.0 −0.5 0.0 0.5 1.0 1.5 2.0

−
2.

0
−

1.
5

−
1.

0
−

0.
5

0.
0

0.
5

1.
0

1.
5

2.
0

A: LSTAR−GARCH with Parameter Set I
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B: ESTAR−GARCH with Parameter Set I
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7 C: LSTAR−GARCH with Parameter Set II
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D: ESTAR−GARCH with Parameter Set II
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f;QTSçP(QTS g�f(pT^bamO%cif;ceEHQ�amjHò g�f;^ � ��¤\�èAï"ì®\�èAM§æÈñ¤\�j�jmO�f¦ô�QçIJQ%D+IXß(pT^mE5t(ä�ò �/
STE]WHGJIXQTE]jóWHf;Q�jmIXjqadE]Q¯amGJn
adOT^bf;pTß;OTf(p�aAadOTE ^bf;GXGJIXQTß³jdP(ce`TGXE]jHò�ô�ILadONa0ô�feS�^dP(ciPZadIJW�ST^bf;`TjHòFQTP(ciE]GJni^mf;GJGXIJQTßójdPZci`TGJEHjAw;t(ã P(QTSuw;ã�t � �/
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STEHW]^mE�PZjmEHj§g�^bf;c v�ñÂv;ãÈadfóv�ñÀv(ëN�³IJQiadO�E�ðF^mjqaAIXQ�jbaYPZQTWHEZòTP(QTS STEHW]^mE�PZjmEHjAg�pT^qadOTE]^�g�^bf;c v�ñÀv(ë;ã°amf�v�ñÂv;w;ë³IJQiadO�E
jmEHW]f;QTS«ñ
M�f;^m^bEHjb`&f;Q�STEHQ�adGLn;ò �17^bIXjmE]j WHf;QTjbIXjqadEHQ�amGJn=amOT^mf(pTß;OTf;p�a�adOTEN^bf;GXGJIXQTßRjdP(ce`TGXE]jHò3ô�IJamO%a0ô�f ST^mP(c P¬adIXW IXQ�ï

WH^mEHP(jmE]j�IXQu^mf(GXGXIJQTß�jdPZci`TGJEHj�w�t(ãeP(QTSêw(ã�t�òBP(jËjmOTf�ô�QîIJQîD+IJß;pT^mEÈt(ã�ñ&$0QRg�P(W±a�ò �1 IXQTW]^mEHP(jmE]j�g�^mf;c v�ñÀä;ë(v amf
v�ñÀã�âH��IXQNadO�E®ðT^mjbaËIJQTjbadP(QTWHEZò�P(QTSuIXQTW]^mEHP(jmE]jËg�pT^qadOTE]^§g�^mf;c v�ñÀã(v��Èadfiv�ñÂã��(ãóIXQNamOTE®jmEHW]f;QTS«ñ
$0Q�adEH^bEHjqadIXQ�ß;GJn(òZadO�EH^mE�IXj2QTf�f;s�l�IJf;pTj¤P(sBEH^m^mP(Q�a+f(sTjmE]^blZPZadIJf;Q°s&E]IXQTß�^mEHcef�l;E]S³f;^¤P(STSTE]SóIXQ®adO�E'a0ô�f�^mf(GXGXIJQTß

jdP(ce`TGXE]jHñ �AO¯pTj]ò+adOTEiST^dPZc PZamIXW cef¦l(EHceEHQ�adjÈSTfVQ�f(a³jbEHE]c amfVsBEiWHP(pTjmE]S%s�n E�K�ad^mE]ciEif;sTjbEH^blZPZamIXf;Q�jÈf;^
f;p�adGJIXE]^mj�IJQ amOTEeSFPZaYP�ñ �AOTIXj®jmO�f¦ô�j°adOFP¬a®QTf(a°f;QTGLnêP(sBEH^b^dP(Q�a°f;sTjbEH^blZPZamIXf;Q�j°WHP(Q9W�P(pTjbEijbpTWYO=WYOTP(QTß;E]jÈIJQ
adOTE®EHjqadIJc PZamEHj]òFP(QTSÌô�f(pTGXSÌsBEÈPZQuIJQ�adEH^bEHjqadIXQ�ß P(^bE�P�f(g[g�p�adp�^mE®^mE]jmE�PZ^mWYO«ñ
�AOTE3g�f;GXGJf�ô�IXQTß§S�IXjmW]pTjmjbIXf;Q°`T^bf¦l�IJSTEHj1a0ô�f�`TGXP(pTjbIXsTGJE+E±K�`TGXP(QFPZamIXf;Q�j1^mEHGXPZadIJQTß�amfËIJQ�adEHQ�STEHS®g�p�adp�^mE�^mE]jmE�PZ^mWYO

IXQçadOTIJjiPZ^mE�P�ñm��QTERE�K�`TGrP(QTPZadIJf;QçIXj adOFPZa amOTEuð�amadE]S.lZP(GXp�EHj f(g�amOTERW]f;QTSTILadIJf;QFP(G§ceE�PZQ?g�^bf;c �+���¤\�èAï
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