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

/10�243 512�6 38790;:<517>=@?�512�6 AB5DC�EGFIHJ0�K�:<5
L�MNK�51O":QPRMS2T:U71V�W�71P>K�0;:QMSOBXZYSE[MN2�YSM

\]?�M_^B2�EGF1MSOa`�EG:cbI7dV&e�OaE[fN792�5�g�\h0�YN`a792@g,e�=�i9j9k9l;m

npohqNrtsDu�v1r

w1xzy1{}|�~��D|U����|}�J�a{�{"�a�1x�|}�J�"�J{}��{}�D|]�]|"�����cx�|c�U�<y��9���<�
{�|��}�"�<�]{��tx �d�B{}�<y�~[xzy���|�� ~��]�����<���h��y�xzy1{"��|}�Q�cxzyS���D|"��{}|�yd~G�
�"�S|����@���<�,|"�8x�� {}�<y��}�t�]|}�B�"�U�]|��]�<�c���J��|��1��|c�"|"y�~@~z��|
��|��}x���yB�<y9�*|��<�< ����<~[x��<y����¡~��D|£¢�¤1¥�¦;§<¨ª©a©�«G¤d¬�¢�D¢Q®�¨°¯�±�±ª²
�;�ªx�{}�³x����]´,�}�c~* µ|��<|" 
{��N{���|¶~��D��~&�D�<���}|}|�y·�N|c�cx���y1|}�_�"�
~z���<~�|}��{}�¸{}�N{���|� ¹xzy1|�{}�<y�|�xz~��D|"�º���< µ�¶��y1| �ty1{}�����9��|c�}�"|}�
 ¹xzy1|]���8~[�,��{}�N{���|� ¹xzy1|��8�;�tx�{��J���<�<|U�}|}|�y»{}�<�
�1��|��}�"|���~��
�<~& µ|}�Q�c~¼���<  �U~z��|�xz�U ½|�yª��~��S�"�¾�¶|U�ª�"|��Jy9�<�<|� ¡�N�<~��¸{}��� �
�1��|��}�}x���y¿�"{���|��]|U�}�Q�"|}���a�D��y»|�y9{��a�<xzyª�J�À���B�c���� z �y��t���
��|"�&���
�<�< ���|c�&~z���<~¡�}����|������}��|}Á���|"y�~[ ¹�����t�cxzyS���]|"�����c���N{��
{�|��}�"|c�"��Â9�ªx��B{}�<�
�1��|��}�}x���y��"{���|��]|&�9��|���|"�c�<|c��~z��|B�N��xz ¹xz~[�
~Ã�8���<y9�����  ¹�]��{}{}|����hxzy1�<xz�ax��<���� Z����~Ã��xz~�|�� �"�]�¶|*�����"|��c�<|}�
~z���<~º~z��|�{���y�~�|�yd~��B����ÄdÅDÆ
�8Ç<ÈdÆÉ�<y9�¸ÇNÊtÆÉ�À�B~z��|���|"� �
�<�c�>�" µ�a{�Ë<�¸�À�J�}xµÌa|�Ät�UÍ��U��y1�³ÊNÎ»�,�<���<�°��|��[�D|}{"~Gxz�<|� ��»xzy
Ï1Ð�Ñ ±TÒÔÓtÕÃÖa×p�}|�y9{��t������ËQ�¸{}�<yØ�}|_{}�����9��|c�}�"|}�»~��R��~  ½|��<�c~
�D�<  �J~��D|"xz�J�cxµÌa|c�_�"�³|"y1{}�a�<xzyª�³~z��|_~Ã�}�ØÈ�� Ät����y1�>Í��}��|��
Á���|"y�~h�Q�� ¹��|c�U��|c�[��|�{"~[xz�Q|" ¹���pÙ£�<�
�1��|c�}�cx��<yI�< z µ����������|}�<~�|��
�<�]�<�ty�~G� �À������~Ã��~����}| �c~��<��|}�� µ|}����xzyS��~��]�c�����c~Ã��y�~[x��< ���|��
�<��{"~Gx���yD��xzy_� x��}������~Ã|��U¯ÀÅ<�ÀÚSÎ�� ÄÛÆ¡²Q����Ü¼��{}�ªx �»~G���ÀÝp{B¯�ÚS��Þ��
Ä�ÍN�zÊDÆ,²Q����y1��|"y1|"�G����{���yD�c�t�]|���¯ÀÊ���È�ß�Æ¡²�� ÂD���ÀÝp{
��y1��|"y��
|��G���8��|�����{�~[x��<y��&�<��|&xzy8���<�c~,�N|��cxz�<|}�]��� ~G���<yD����|"�c�cxzyS�]�N�<~��
�<�<|��8|�àN~Ã|"�cy1�� ;���ª�"|��&xzy¿{}�<�
�1��|��}��|}�h���<�c�]�

á âSã rtsDä¼åhæ
v1rDçÀä ã

èêé�ë8ì1í�î�ï�ð�ñ�òµë8ó"í�ô�ìDõtï�öµ÷�øBùtë"úªö�ó�ëaû�ñ1ë"ö½÷Dø�ùtëaû�ö½ø�÷�ë�ù�ï�í�ü
ùDðQý�ð�î�ëUïÀýªìDö�ó"ð�ò½ò½ý�ñ�ð<ï�ï�ë"î�ý¿ìdí<þ@ë"î�ë�ùÛÿ¿èêéªõ�û�ö½÷³ðNùDùtöµï�ö½í�÷
ï�í8ô�ë�ë�ï�ö½÷Dø�ï�é�ëhì1ë"î���í�î�ô]ð�÷�ó"ë
ø�íSð�ò�û��Nï�é�ë&ùtëaû�ö½ø�÷dû���íNîêû�õ�ó}é
ùtë"úªö�ó�ë�û ô8õdûÀï]ð�ò�û�í¸ñdë�ì1í<þ¡ë�î8ë��]ó"öµë�÷Sï�ÿ��h÷Dë�û�ö½ø�÷�ö	�dó�ð�÷Sï
û�íNõDî�ó"ë8í
�,ìdí<þ@ë"îºó�íN÷�û�õDô�ìtï�ö½í�÷¸ö½ûhï�é�ë�ó�ð�ó}éDë ô�ë"ô�í�î�ý¶í�÷
ìDî�ító"ë�û�û�íNî�ó}éDö½ì�û�þ¼éDö�ó}é ó"í�÷Sï�ö½÷ªõDë°ï�ípíªó�ó�õDìªýIö½÷�ó�î�ë�ðNû�ö½÷Dø
ð�ô�í�õD÷Sï}û í
�hó}éDö½ì³ð�î�ëaðDÿ���ë�ùtõ�ó"öµ÷�ø°ï�éDë¶û�ö�"ëaû í
�híN÷tüÃó}é�öµì
ó"ð�ó}é�ë�û¼ö�û�÷Dí�ï�ï�é�ë ð�÷dû�þ@ë"î�ñ1ë�ó�ð�õ�û�ë�éDö½ø�é�ë"î
ô�ö�û�û
î�ð�ï�ëaû¼î�ë"ü
û�õDòµï¼öµ÷�ì1ë"î���í�î�ô�ð�÷�ó�ë&ò½íNû�û@ð�÷�ù�ð�÷�öµ÷�ó"î�ëað�û�ë
ö½÷�ì1í<þ@ë"î¼ó�íN÷tü
û�õDô�ëaùBñªýBë��ªï�ë"î�÷�ð�ò1ñ�õ�û�ëaû"ÿ
���������
���������� "!�#%$'&%(
$*)�+,)-���/.���02143�5�6�7�8:9;7�7<9=8:9>7�8@?�A')-.��CB'��1

D ��)-.��FE'G%GH&H9>7�7�5�6�8@3�3I)-.��KJML;$N9;5�?�7�6�O�3�OP���P�FQ��SRN.�T UV0W�-XY$'�FT[Z���.\)�0

]¡ý.û�ï�íNî�ö½÷Dø�ó"íªùDë ð�÷dù ùDð<ï}ð ö½÷Éó�íNô�ì�î�ëaû�û�ë�ù^��íNî�ô_�
û�ô]ð�òµò½ë"î,ó�ð�ó}éDëaû,ó�ð�÷]ìDî�í<úªö½ùtë¼ò½í<þ@ë"î£ô�ö�û�û,î�ð�ï�ë�û¡ð�÷�ù�î�ë�ùDõ�ó�ë
ìdí<þ@ë"îUó"í�÷�û�õDô�ìtï�öµíN÷Ûÿ4èêéDë¶ì1í<þ¡ë�îUó�í�÷dû�õDô�ëaù>ñªý>ë"�ªï�ë�î�ü
÷�ð�ò�ñDõ�û�ë�ûºó�ð�÷Jñ1ë`��õ�î�ï�éDë"î&î�ëaùtõ�ó"ë�ùJñªý�ï�î}ð�÷dû���ë�î�î�öµ÷�øBó�ítùtë
í�î
ù�ð<ï�ð�ï�é�ð<ïhö½ûa��ë"ï�ó}éDëaù¶ð�ó"î�íSû�û@ï�éDë�ñDõ�û�ë�û�öµ÷Jó"í�ô�ìDî�ë�û�û�ëaù
��í�î�ô�ÿcb¡ítùtë°ó"í�ô�ìDî�ë�û�û�ö½í�÷³ö½ûUñdë�öµ÷DøRþ¼ö½ùtë�òµý³ûÀï�õ�ùtö½ë�ù³ï�í�ü
ùDðQýJñªý°î�ë�û�ë�ð�î�ó}é�ë"î}ûd��íNî*ï�éDëBìDõDî�ìdíSû�ë�íe�êî�ë�ùtõ�ó"öµ÷�ø¶ìdí<þ@ë"î
ó�íN÷�û�õ�ô�ìDï�ö½í�÷gf hY�Si
i"j[ÿk�¼ë�ó"ë"÷Sï�ò½ýJï�ë�ó}éD÷DömlSõDë�ûn��í�î�ì�ðNó-oªöµ÷Dø
íe��÷�ð�î�î�í<þIþ¼ö�ùªï�é�ù�ð<ï�ð�íNìdë�î�ð�÷�ùDû@öµ÷�ô õDò�ï�öµô�ëaùtö½ð]ð�ìDìDò½ö½ó�ð<ü
ï�ö½í�÷�û�édðQú�ë�ñdë�ë"÷pë"�tìDò½í�î�ë�ùpf q4�Ii�r2�di�s�jÃÿut
í<þ¡ë�ú�ë�î��£ò½öµï�ï�ò½ë
þ¡íNî�o�é�ðNû
ñ1ë"ë�÷_ùDí�÷Dë í�÷¸ó"í�ô�ìDî�ë�û�û�ö½í�÷°íe�¡ùDð�ï�ðBöµ÷¿ó"ðNó}éDë�û
��í�î¼øNë"÷Dë�î�ð�ò1ì�õDî�ì1íNû�ë*ð�ìDì�òµö�ó"ð�ï�ö½í�÷�û�ÿ
èêéDë»ô�ë"ô�í�î�ýØó�í�ô�ìDî�ë�û�û�öµíN÷·ï�ë�ó}éD÷DömlSõDë�û°ìDî�í�ì1íNû�ë�ù öµ÷

f vw�axejºð�î�ë_ð�ìDì�òµö�ó"ð�ñDòµë°ï�ípùDð<ï}ð»ö½÷·ô]ð�ö½÷4ô�ë"ô�íNî�ýzy>ï�éDë
ùDð<ï}ð°ö�û�õD÷�ó"í�ô�ìDî�ë�û�û�ëaù�þ¼éDë"÷>ö�ï]ö�û�ñDî�íNõDø�éSï�öµ÷Sï�í¿ð�÷ªý�í
�
ó"ðNó}éDëBò½ë"úNë"ò�û8ö½÷»ï�éDë�ô�ë�ô�íNî�ý¿éDö½ë"î}ð�î}ó}éªý�ÿ|{�÷pf }\j�ð�õDï�éDíNî�û
ìDî�í�ì1íNû�ë�ù�ï�éDë õ�û�ë8íe��ï�éDë�~/���'��f ��j�ùDð�ï�ðUó"í�ô�ìDî�ë�û�û�ö½í�÷¶ð�òµü
ø�íNî�öµï�éDô�ï�íUðNó}éDöµë�ú�ë*ó�íNô�ìDî�ëaû�û�ö½í�÷�íe�£ùDð<ï}ðDÿ@èêéDën~/���N��ð�òµü
ø�íNî�öµï�éDô ùtíªëaû¡÷�í�ïêìDî�ëaû�ë�î�úNë�î}ð�÷�ùtíNô ð�ó�ó�ë�û�û£í
�;ö½÷�ùtö½úªö½ùtõdð�ò
ùDð<ï}ðBë�òµë�ô�ë"÷Sï�û�ÿ�èêé�ë"î�ë"��í�î�ë�öµ÷uf }\j,ó�í�ô�ìDî�ë�û�û�ë�ù°ù�ð<ï�ð�ó"ð�÷tü
÷Dí�ï]ñ1ëJûÀï�í�î�ë�ù>ð<ï�ï�éDë�ï�í�ì³òµë�ú�ë�òd��i�ó"ð�ó}é�ë
�êí�÷Dò½ýRð�ï�ï�éDë
òµí<þ@ë"î�ò½ë"úNë"ò�û£í
�1ï�éDë
ô�ë�ô�íNî�ý�û�ýtû�ï�ë�ô^�F�Nv*ó�ð�ó}éDë���ó"ð�÷]ö�ï,ñ1ë
o�ë�ìtï�ö½÷pó�í�ô�ìDî�ë�û�û�ë�ù���íNî�ô�ÿ��_ë�ìDî�ëaû�ë�÷Sï�ð_ó�í�ô�ìDî�ë�û�û�öµíN÷
û�ó}é�ë"ô�ë�ð�ìDì�òµö�ó"ð�ñDòµë@ï�í`��i¼ó"ðNó}éDë�û£öµ÷�ï�é�ö½û,ì�ð�ì1ë"îaÿ�èêé�ë¼í�÷Dò½ý
í�ï�éDë"î�ï�ë�ó}éD÷DömlSõDëêþ¼éDö�ó}é�ô�ë�ë�ï�û�ï�éDö�û�î�ë�lSõDö½î�ë�ô�ë�÷Sï�é�ðNû�ñdë�ë"÷
ùtë"úNë"ò½í�ì1ë�ù�öµ÷dùtë"ì1ë"÷�ùDë"÷Sï�ò½ýBñªý��;ð�î�öµ÷�ð�÷�ù�b¡íN÷Nï�ë*f	i�v�j[ÿ
{�÷Ií�î}ùtë"î]ï�í»ð�ó}éDö½ë"úNë¶éDö½ø�éDë�îUìdë�î@��íNî�ô]ð�÷�ó�ëJð�÷�ù³òµí<þ@ë"î

ìdí<þ@ë"îUó"í�÷�û�õDô�ìtï�öµíN÷,�@ù�ð<ï�ð�ó"í�ô�ìDî�ë�û�û�ö½í�÷pû�éDí�õDò�ù³ñdëJð�ìtü
ìDò½öµëaù°ð<ï&ï�é�ë`��î}û�ï&ò½ë"úNë"ò�ó"ð�ó}é�ë�ÿ*èêéDë�éDöµøNéDë"î&ì1ë"î���í�î�ô�ð�÷�ó�ë
î�ëaû�õ�ò�ï}û,ñ1ë�ó�ð�õ�û�ëhñªýUû�ï�íNî�ö½÷Dø ù�ð<ï�ð ö½÷�ó�íNô�ìDî�ëaû�û�ë�ù*��í�î�ô þ¡ë
ó"ð�÷�û�ï�íNî�ëêøNî�ëað<ï�ë�î�ð�ô�í�õD÷Sï}û�íe�9ö�ï@ð�÷�ù ï�é�ë"î�ë"��í�î�ëêô]ð\�töµô�ö�"ë
ï�éDë¼é�ö�ï}û�ï�í&ï�é�ö½û ���<�c~ ó"ðNó}éDë�ÿ/�hìtï�ö½ô�ö��öµ÷Døºï�éDë¼ì1ë"î���í�î�ô�ð�÷�ó�ë
íe�%�Sihó"ðNó}éDë
édð�û�ï�éDë&ô�íSûÀï@î�ëaùtõ�ó�ï�ö½í�÷Uö½÷Bì1í<þ¡ë�î¡ó"í�÷�û�õDô�ìtü
ï�ö½í�÷¸ñdëaó"ð�õdû�ë8ï�éDë�ìdí<þ@ë"îºó�íN÷�û�õDô�ë�ù¶ñªý���i�ó"ðNó}éDë8ö�û
í<úNë"î
ï�éDî�ë"ëêï�öµô�ëaû£íe�9ï�é�ð<ï¡ó"í�÷�û�õDô�ë�ù�ñªý8ï�éDë��'v*ó"ðNó}éDënf r\j[ÿ�èêéDö�û
ö½ûUñdëaó"ð�õdû�ë���iJó�ð�ó}éDë¶û�ë"î�úªö½ó"ë�û���ð�îUô�íNî�ë�ô�ë"ô�í�î�ý»î�ë"��ë�î�ü
ë"÷�ó"ë�û@ï�é�ð�÷�ï�é�ë��Nv�ó"ðNó}éDë�ÿ
{�÷°ï�éDö½û&ì�ð�ìdë�îºþ¡ë�ìDî�ë�û�ë"÷Sïhï�éDë�ùtë�û�öµøN÷¸ð�÷�ùJë�úQð�òµõdð<ï�ö½í�÷

íe��ï�éDë {������9��|����cx���y {}��{}�D| ���'�N�8þ¼é�ö½ó}é»÷�í�ï�í�÷Dò½ý»ûÀï�í�î�ë�û
ùDð<ï}ð°ö½÷pó�í�ô�ìDî�ë�û�û�ë�ù���íNî�ô_�,ñ�õtï]ö�ïBó�ð�÷>ð�ò½û�í_ñdë�õ�û�ë�ù>ð�û
ï�éDë_ï�í�ì¾òµë�ú�ë"ò�ó�ð�ó}éDëNÿ èêéDö�û�ö�û�ñdëaó"ð�õdû�ë��'� ë"ô�ìDò½í<ýªû�ð



÷Dí<ú�ë�ò1ó"í�ô�ìDî�ë�û�û�ö½í�÷�û�ó}éDë�ô�ëhþ¼éDö�ó}é�ð�ò½òµí<þ�û@î}ð�÷�ùtíNô ð�ó�ó�ë�û�û
íe�
ùDð�ï�ð¶ë�òµë�ô�ë�÷Sï�û öµ÷Rï�éDë�ó"ð�ó}é�ë�ÿ¸èêé�ë_�'�Ié�ðNû8ñ1ë"ë�÷>ùtë"ü
û�ö½ø�÷DëaùJï�í¶öµô�ìDî�í<ú�ë�ï�éDë]ìdë�î@��íNî�ô]ð�÷�ó�ë�íe�êí�÷DüÃó}éDö½ì��
ö½î�ë�ócï�ü
�Jð�ìDì1ë�ù�þ¼î�öµï�ë"ü[ñ�ðNó-ohùDð�ï�ðKb@ðNó}éDë�ûC�����*�Ûû-�cÿN�¸ë@í�÷�òµýºó�íN÷tü
û�ö�ùtë"î�þ¼î�ö�ï�ë�üÃñ�ð�ó-o�ó�ð�ó}éDëaû8ñ1ë�ó�ð�õ�û�ë�þ¼î�öµï�ë�ü[ï�é�î�íNõDø�é³ó"ð�ó}é�ë�û
ø�ë"÷�ë"î}ð<ï�ë�ô õ�ó}éIø�î�ë�ð�ï�ë"îUùDë"ø�î�ë"ëaû�íe�*í��1ü�ó}éDöµì³ï�î�ðe�]ó°ð�÷�ù
ð�î�ë ï�éDë"î�ë"��íNî�ë]÷�í�ï8ì1í<þ¡ë�î�ë"�Uó"öµë�÷Nïaÿ�{�÷»ð°ùtöµî�ë�ó�ï�üÃô]ð�ìDì1ë�ù
�N�_ëað�ó}é�ò½öµ÷Dë8íe�Sv�	�þ@í�î}ùDûêö�û
ð�ò�û�í�ó�ð�ì�ð�ñDò½ë*íe�£ûÀï�í�î�öµ÷�ø ïÀþ@í
ó�í�ô�ìDî�ë�û�û�ë�ù»ò½ö½÷Dë�ûUðNû]ò½í�÷Dø�ð�ûUë�ð�ó}é³íe�&ï�é�ë¶òµö½÷Dë�ûBó"ð�÷pñ1ë
ó�í�ô�ìDî�ë�û�û�ë�ù°ï�íJû�ö��ë
	Àÿ��ªö½÷�ó"ë]ïÀþ¡í¶ó"í�ô�ìDî�ë�û�û�ëaù¸ò½ö½÷Dë�û�ó�ð�÷
ìdí�ï�ë"÷Sï�ö½ð�òµò½ýBî�ë�û�ö½ùDë*öµ÷°ð]ó�ð�ó}éDë*ò½ö½÷Dë8û�öµô õDò�ï}ð�÷Dë�í�õ�û�ò½ý
�Dô�í�î�ë
ùDð<ï}ðUó"ð�÷¶ñdë éDë"ò�ù¶ñªýBï�éDë ó�ð�ó}éDë ð�÷�ù¶î�ë�ùDõ�ó�ëaù�ô�ö�û�û�î}ð<ï�ëaû
ð�î�ë°í�ñdû�ë�î�úNë�ùpö½÷ ó�íNô�ì�ð�î�ö½û�í�÷pï�í³ð³ó�íN÷ªú�ë"÷Sï�öµíN÷�ð�ò��� �£ÿ
èêéDë°ó�íNô�ìDî�ëaû�û�ö½í�÷pû�ó}éDë�ô�ëJþ¡ë¶édðQú�ëJùtë�ú�ë"ò½í�ì1ë�ùpë��tìDòµíNö�ï}û
�}��|}Á���|"y�~��Q�� ¹��|¸ µ�a{��� ¹xz~[� f	i�}�jºí�ñ�û�ë"î�ú�ëaù>ö½÷4ìDî�í�øNî�ð�ô]û"ÿ {Ãï
ìDî�ëaû�ë�î�úNë�û@î}ð�÷�ùtíNô�ð�ó�ó�ëaû�û¼í
��ù�ð<ï�ðW�Döµï
ö½ûhð�ìDì�òµö�ó"ð�ñDòµë&ï�íBð�ò½ò
ùDð<ï}ð`��÷�í�ï��Àõ�ûÀï�÷�ð�î�î�í<þ¿þ¼ö½ùªï�é ùDð�ï�ð ����ð�÷dù�ö�ûÛï�éDë"î�ë"��íNî�ë¡õ�û�ë"ü
��õDò9öµ÷�ó�í�÷Sï�ë"�ªï¡í
�Ûø�ë"÷�ë"î}ð�ò�ì�õDî�ì1íNû�ëhð�ìDìDò½ö½ó�ð<ï�öµíN÷�ûK��÷Dí�ï��Àõ�û�ï
ô8õDòµï�ö½ô�ë�ùtö�ð�ð�ìDìDò½ö�ó"ð<ï�öµíN÷�û-�cÿ
èêé�ë��'�Iì�î�í<úªö�ùtë�û û�õDñdûÀï}ð�÷Sï�ö�ð�ò@î�ëaùtõ�ó�ï�ö½í�÷�û öµ÷>í��1üÃó}é�öµì

ï�î}ð\�Uó�ÿ@èêéDë*î�ëaùtõ�ó�ï�ö½í�÷�öµ÷¶í��dü�ó}éDö½ì�ï�î}ð\�Uóºö½û�í�÷Dò½ýBö½÷¶ì�ð�î�ï
ùtõDë»ï�í·î�ë�ùtõdó�ë�ù ô�ö�û�û°î}ð<ï�ë�û�ÿ èêéDë�î�ë>ö½û_ð�÷�ðNùDùtöµï�ö½í�÷�ð�ò
û�íNõDî�ó"ë�íe�ºï�î}ð\�Uó�î�ë�ùtõ�ó�ï�ö½í�÷Ûÿ��ªö½÷�ó�ëJó�ð�ó}éDë¶ò½ö½÷Dë�û�ó"ð�÷pñ1ë
ûÀï�í�î�ë�ù�öµ÷Sï�íUï�é�ë �N�»ö½÷°ó�íNô�ì�î�ëaû�û�ë�ù���í�î�ô_��ï�éDë"ý¶ð�î�ë�ó"í�ô�ü
ìDî�ëaû�û�ë�ù»í��1üÃó}éDö½ìRñ1ë"��íNî�ë�ï�é�ë"ý»ð�î�ëBñ�î�íNõDø�éSï ö½÷Sï�í¸ï�éDë�íN÷tü
ó}éDöµìpó"ðNó}éDë�ÿ���ò�û�í_ë�úªö½ó�ï�ë�ù³ó"ðNó}éDë�òµö½÷Dëaû]ð�î�ëBï�î�ð�÷�û�ô�öµï�ï�ë�ù
í��1üÃó}éDö½ì ö½÷ ó�í�ô�ìDî�ë�û�û�ë�ùp��í�î�ô þ¼é�ë"î�ë�ï�éDë�ý ð�î�ë»ùtë�ó"í�ô�ü
ìDî�ëaû�û�ë�ùpñ1ë"��íNî�ë°ñdë�öµ÷Dø³ûÀï�í�î�ë�ùpö½÷Sï�íRô�ë�ô�íNî�ý³í�î�ð�÷Dí�ï�éDë�î
í��1üÃó}éDö½ì»ó"ðNó}éDë�ÿ��'�IìDî�í<úªö½ùDë�û8û�õDñ�û�ï�ð�÷Sï�ö�ð�ò@î�ëaùtõ�ócï�öµíN÷�û�ö½÷
ô�ö�û�û�î}ð<ï�ëaû ����ü=xVsDÿ q�� ����í��1ü�ó}éDöµì¿ï�î�ðe�Uó���xDÿ h<ü=qV}�ÿ�i�� ����ð�÷�ù
ë"÷Dë�î�øNýUó�í�÷dû�õDô�ëaù �@i�ü�vV��� �¡í<ú�ë�î¼ð����*�£ÿ
�të�ócï�öµíN÷ vRë�ú<ð�ò½õ�ð<ï�ë�û�ï�éDë�ìdí�ï�ë�÷Nï�ö½ð�òn��í�îJó"í�ô�ìDî�ë�û�û�ö½÷Dø

ó"ð�ó}é�ëBò½öµ÷Dëaû�ï�í¿é�ð�ò	�hï�éDë�öµîUû�ö��ë�û�ñªý�ë"÷�ó"ítùtöµ÷�ø ��î�ë�lSõDë�÷Sï�ò½ý
ð�ó"ó"ë�û�û�ëaù�ú<ð�ò½õDë�û`��í�î
�����W�� "!$#�%'&°û�õDö�ï�ë�ÿ {�÷³û�ëaócï�ö½í�÷�x°þ@ë
ùtë�û�ó�î�öµñ1ë�ï�éDëºùtë�û�öµøN÷Uíe�d�N�£ÿ(�ªë�ó�ï�ö½í�÷ q ìDî�ë�û�ë"÷Sï�û@ð�÷Uë�ú<ð�ò½õtü
ð<ï�ö½í�÷�íe�K�'��ÿ4�¼ë"ò�ð<ï�ë�ù�þ¡íNî�o]ö�û�ùtö�û�ó"õ�û�û�ëaùBö½÷¶û�ëaócï�ö½í�÷�rtÿ

) * s,+.-êæ/+ ã r10°u32�æ/+54¸ä7698
s:+;qSqªç�ä ã

{�÷>í�õDî�ìDî�öµíNî þ@í�î<o_þ¡ë�ûÀï�õ�ùtö½ë�ù�ï�éDë�ñdë�é�ðQúªöµíNî í
�
ìDî�í�ü
ø�î}ð�ô]û�öµ÷�ï�éDë;�<���W�� "!$#�%'&ºû�õDöµï�ëhð�÷�ù ��íNõD÷�ù�ï�é�ð<ï¡û�ö�� í�õDï,íe�
ë"ö½ø�éSïZñ1ë"÷�ó}éDô]ð�î�otûÛë��téDöµñ�ö�ï �}��|}Á���|"y�~T�<�< ¹��|¼ µ��{}�� ¹xz~G� f	i�}�jÃÿ%{�÷
ï�éDëaû�ë�û�ö	��ìDî�í�ø�î}ð�ô]ûZï�ë�÷Uùtö½û�ï�ö½÷�ó�ï,ú<ð�ò½õDë�û�ító"ó"õDìªý8í<úNë"î�r����
íe�;ð�òµòTô�ë"ô�íNî�ý]ò½ító"ð<ï�öµíN÷�ûêð�÷�ù�í�÷�ð�÷�ðQú�ë�î�ð�ø�ë
ðNó"ó�íNõD÷SïC��íNî
÷Dë�ð�î�ò½ý r��=��í
�;ð�ò½ò9ô�ë�ô�í�î�ý�ðNó"ó"ë�û�û�ëaû,ùtõDî�ö½÷Dø ì�î�íNø�î}ð�ô�ë"�ªü
ë�ó�õDï�ö½í�÷Ûÿ�èêéDë
ïÀþ¡í�ñ1ë"÷dó}éDô]ð�î<oªû£ï�é�ð�ï@ùtí8÷Dí�ï@ë"�téDö½ñDö�ïêéDö½ø�é
ùtë"øNî�ë�ëBíe�K��î�ë�lSõDë"÷Sï�ò½ý�ú<ð�ò½õDë�òµító�ð�ò½ö�ïÀý»ð�î�ë?>A@�B7CED�FAG,H(I:J,K=K
ð�÷�ù?>ML=@7CON�P�H:J'Q9ÿ%{�÷�ï�é�ö½û¼ìdð�ì1ë"î�þ@ë*ùtë"úNë"ò½í�ì�ð�ù�ð<ï�ð�ó"í�ô�ü
ìDî�ëaû�û�ö½í�÷�û�ó}éDë�ô�ë ��íNî¼õ�û�ëºö½÷¶ð`�dî�û�ï¼òµë�ú�ë"òÛó�ð�ó}éDëºþ¼éDö�ó}é�ë"�ªü
ìDòµíNö�ï}ûK��î�ë�lNõ�ë"÷Sï�ò½ýJð�ó�ó�ë�û�û�ë�ù¶ú<ð�ò½õDëaû"ÿSR,î�í
��òµö½÷DøBï�ë�ó}é�÷Dö�lSõDëaû
��í�î¼ö�ùtë"÷Sï�ö���ýªöµ÷�ø���î�ë�lSõDë�÷Sï�úQð�òµõ�ë�û¼ð�î�ë*ùtë�û�ó�î�ö½ñdëaùBö½÷ f	i�}�j[ÿ
b¡íNô�ìDî�ëaû�û�ö½í�÷ í
�Uï�éDëIùDð�ï�ð öµ÷�ð ó�ð�ó}éDë³ò½öµ÷Dëpó"ð�÷�ñ1ë

ð�ó}éDö½ë"úNë�ù>ñSý³ûÀï�í�î�öµ÷�ø¿û�ë"ò½ë�ó�ï�ëaùpúQð�òµõ�ë�û]ö½÷pë"÷�ó"íªùDë�ù���í�î�ô_�

ð�û@í�ì�ìdíSû�ëaù]ï�í�ï�éDë"ö½î¼í�î�öµøNöµ÷dð�ò4��í�î�ô þ¼éDö�ó}éUï�ð
o�ëaû¡õ�ì�ð`��õDò½ò
þ¡íNî�ùÛÿ�èêé�ë&ú<ð�òµõDëaû@ï�é�ð�ï
û�é�í�õDò�ù�ñdë�û�ë"ò½ë�ó�ï�ë�ù ��í�î¼ë�÷�ó�ítùtö½÷Dø
û�é�í�õDò�ù°ñ1ë]ï�éDë ��î�ë�lSõDë"÷Sï�ò½ý°ðNó"ó�ëaû�û�ë�ù¸ú<ð�ò½õDë�û&ï�í¶ô]ð\�töµô�ö�"ë
ï�éDë�ó�íNô�ì�î�ëaû�û�öµíN÷_ï�é�ð�ï�ó"ð�÷»ñ1ë�ð�ó}é�öµë�ú�ë�ùÛÿ�{�÷»ì�ð�î�ï�ö�ó�õ�ò½ð�î��
í�õDî�øNíNð�òtö½û�ï�í*ë"�tìDò½í�öµï£ï�é�ë¼öµ÷�û�ï�ð�÷�ó�ëaû�ö½÷�þ¼é�ö½ó}é v�	dþ@í�î}ùDû�í
�
ùDð<ï}ð*ó"ð�÷ ñ1ë
ó�íNô�ìDî�ëaû�û�ë�ù ö½÷Nï�íS	9þ¡íNî�ù�û"ÿ�èêéDö½û£þ¡íNõDò½ù�ð�òµò½í<þ
ð8ó�ð�ó}éDë�ò½ö½÷Dë�ï�é�ð<ï@éDí�ò�ùDûav�	Tþ@í�î}ùDû£í
�ÛõD÷�ó"í�ô�ìDî�ë�û�û�ëaù]ùDð<ï}ðY�
ï�í�ñ1ë�ð�ñDò½ëºï�í�éDíNò½ù�ïÀþ@í�ó�ð�ó}éDëºò½öµ÷Dëaû¼íe��ó�íNô�ì�î�ëaû�û�ë�ù�ùDð<ï}ðDÿ
{�÷Bí�î}ùtë�î£ï�í ë"ú<ð�ò½õ�ð�ï�ë�ï�éDë&ìdí�ï�ë"÷Sï�ö½ð�òdí
�Ûï�éDë&ð�ñ1í<ú�ë
ó"í�ô�ü

ìDî�ë�û�û�ö½í�÷�û�ï�î}ð<ï�ë"ø�ýV�Qþ¡ë@ûÀï�õ�ùtö½ë�ù*ï�éDëêùtö½û�ï�î�ö½ñDõtï�ö½í�÷ íe�Dï�éDë¡ï�í�ì
T ��î�ë�lSõDë"÷Sï�òµý°ðNó"ó"ë�û�û�ëaù¶ú<ð�ò½õDë�û&ö½÷¸ö½÷�ùtö½úªö½ùtõdð�ò£ó"ðNó}éDë�òµö½÷Dë�û�ÿ
�¸ëºìDö�ó-o T ðNû¡ì1í<þ@ë"î@íe�'v���í�îêë"�Uó"öµë�÷Nï¼ë�÷�ó�ítùtö½÷Dø�ÿ �_ëhî}ð�÷
ï�éDë_û�ö��pñdë�÷�ó}éDô]ð�î<otû]þ¼ö�ï�ég��î�ë�lSõDë"÷Sï�úQð�òµõ�ëJòµító�ð�ò½ö�ïÀýpð�÷�ù
ë"�Dð�ô�ö½÷Dë�ù¶ï�éDë ô�ë�ô�í�î�ý�ó"í�÷Sï�ë�÷Nï}û�ô�ö�ùtþ@ðQý�ï�é�î�íNõDø�é¶ï�éDë"ö½î
ë"�të�ó"õtï�ö½í�÷dû"ÿ*�_ëBùtö½úªö½ùtëaù¸ï�éDë]ô�ë"ô�íNî�ýJö½÷Sï�í¶ñDò½ító-otûºíe�aqW�
}�ð�÷�ùzi�s�þ¡íNî�ùDû&ëað�ó}éJï�í�ô�ö½ô�ö½ó�ó�ð�ó}éDë�òµö½÷Dë]û�ö��ë�ûºíe�CqW�%}
ð�÷�ùzi�s�þ@í�î}ùDû�ÿ èêéDë]÷ªõDô ñdë�î*íe�S��î�ë�lSõDë�÷Sï�úQð�òµõ�ë�û*ó}éDíSû�ë�÷
ð�î�ëKvw�2q�ð�÷�ù }�ÿ {�÷Uí�î}ùtë"î,ï�í ë�û�ï�ö½ô�ð�ï�ëhï�éDëhòµö�o�ë�òµö½éDíªítù�ï�édð<ï
ðUó"ðNó}éDë*ò½öµ÷Dë ó�í�õ�ò½ù�ñ1ë ó"í�ô�ìDî�ë�û�û�ëaùBï�íUé�ð�ò	�£í
��öµï�ûhû�ö�"ë8þ¡ë
ìDò½í�ï�ï�ë�ùUï�éDë&ìdë�î�ó"ë"÷Sï�ð�ø�ë�í
�Zò½öµ÷Dëaû,ö½÷Bþ¼é�ö½ó}éBð�ï@ò½ë�ðNûÀï@é�ð�ò��Zí
�
ï�éDë@ú<ð�ò½õDë�û�ð�î�ëS��î�ë�lNõ�ë"÷Sï�ò½ý*ð�ó"ó"ë�û�û�ëaù*ú<ð�ò½õDë�ûa�Gû�ë�ëVU�öµøNõDî�ëKi��cÿ
�h÷]ð�÷UðQú�ë�î�ð�ø�ë¡÷Dë�ð�î�ò½ý`q=�=� � rVv'� ð�÷�ù*rwi��Øíe�Ûó�ð�ó}éDë¼ò½öµ÷�ë�û
íe�£û�ö��ë�ûdq4�M}Bð�÷�ù�i�s]î�ëaû�ì1ë�ó�ï�ö½ú�ë�òµý�ó"ð�÷¶ñdë�ó�í�ô�ìDî�ë�û�û�ë�ù�ï�í
ð<ïUò½ë�ðNûÀï]é�ð�ò	�&ï�éDë�öµî�û�ö�"ë�ñªýRë��ªì�òµíNö�ï�öµ÷Dø_ï�í�ì vw�PqW�êð�÷�ùu}
��î�ë�lSõDë"÷Sï¼ú<ð�ò½õDë�ûêî�ë�û�ìdëaócï�öµúNë"ò½ý�ÿ

124.m88ksim

147.vortex
126.gcc

134.perl
099.go

130.li

average
0

20

40

60

80

100

%
 o

f t
ot

al
 li

ne
s

4wpl−2values
8wpl−4values
16wpl−8values

Figure 1. Lines that can be compressed to at
least half of their sizes.
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Figure 2. Compression cache.
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Table 1. % of cache hits creating compression opportunities.
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Table 2. % of cache hits requiring decompression.
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Figure 3. Compression cache design details.

0            -1         1           2
Frequent

Value(32bits)

Encoding(3bit) 000         001        010        011

    0        2000         0       99999       -1      f17c8     5963        0

    1        1000         0       99999       -1      f17c8     5963        0

    0        1000         0          -1         -1       f17c8     5963        0 

    0        1000         0       99999     6a8d     f17c8     5963        0

    0        1000         0       99999       -1      f17c8     5963        0

    0        1000         0       99999       -1      f17c8     5963    43b51

Uncompressed Cache Line

000 100 000 101 001110 111 000

010 100 000 101 001110 111 000

000 100 000 101 001110 111 000

000 100 000 001 001110 111 000

2000     99999     f17c8     5963

1000                   f17c8     5963

1000      6a8d     f17c8     5963

1000     99999     f17c8     5963

1000     99999     f17c8     5963

    0        1000         0       99999       -1      f17c8     5963    43b51

000 100 000 101 101110 111 000

mask Compressed CC line

Figure 4. Compressed encoded data in
�N�

.
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Figure 5. % Traffic reduction.
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Figure 6. % Energy savings.
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