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bf��h�_cU�_`��j�hv_`bf^>gVjk^>_cU0�nu�b�¨fW�h�RTW��6W�u���beuvU(jk^ng�W�bk�
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��� ����� � � � j�o��6\Vg _ljkac_lo�jkh�_cbe^3��W��TuvbedfuvjeU0U�W�o��ia�� W ¢�\Vg�m�h�_cbe^�W�oxh8mT^TW2h�W�g�RT^T_lsMmTW���� bf��h�_cU�_covj�hv_`bf^
sMmT_]�6W�uvU0W�h���� W ¢��Tacbe_`h�WVu���W�o�_c^���beuvU(j�hv_`bf^no�g�be^T^DmTW�o(mT^T_lsMmTW�U�W�^Mh�jkm U�beU�WV^fh+��Wªa�� W�¢�\Vg mTh�_cbe^��
�]jk^¤o g W
g be^MhvW ¢Dh�Wf£ka`W�hvW�U��no ��W�o��¤\�g _ljkac_covj�hv_`bf^���bf_¥h�� hvu�W
r6beuv^T\��¤bfmTu ^TW
�njeo��6\�^njea`_lo�W�u8a�� W ¢�\�g m�hv_`bf^
�Tm0�nu�bfdeu�jkU�U�We��y2W�hqh�W�g be^Mhvuvje_`^Mh�W
ac_`U�_`h�W�acWVo �6bfovo�_`rT_cac_¥hv\VoA��� be�Th�_cU0_lovj�h�_cbe^¤o je�T��_`h�_cbe^n^TW�aca`W�oAjkm�U�bk�
U�WV^fh3�TW(acj+de\V^T\�u�j�hv_`bf^���m�g�bD�TWe��y2W h3jeuqhv_cg�a`W��Tuv\Vo�W�^MhvW0mn^TW(U�\ h�RnbD�TW��¤WVu�U�W�hqhvje^Mh@��� bf��h�_cU�_co�W�u
acW�g�b���W�df\�^T\Vu�\3�njku/oq�6\Vg�_cjea`_lovj�h�_cbe^���a�� W�¢D\�g m�hv_`bf^�£Áo�je^no��¤bfmTu]jem�hvje^Mh�_c^fhvu�b���mn_`uvW���W�o�mTuvg�b	��h/oq_cdk�
^n_¥¯¤gVj�hv_¥�
W�^1h�WVU��>��� W�¢D\�g m�hv_`bf^��+y2W(uv\Vo�mTa`hvj�h@W�oxh�bfr�h�WV^Mm>WV^1jfo�o�b�g _ljk^Mh@mT^TW�jkmTh�uvW�hvWVg�RT^n_csMmTW���W
o��6\Vg _ljkac_lo�jkh�_cbe^�£�jk�n�¤WVa`\VW�oq�6\Vg�_cjea`_lo�jkh�_cbe^���W@��be^n^T\�W�o�£ �0alj�oq�6\Vg�_cjea`_lo�jkh�_cbe^!�0a�� W ¢�\Vg�m�h�_cbe^©�#"Bbem¤oBjk���
�na`_lsMmTbe^no
g�W hqhvWihvWVg�RT^n_csMmTW]�¤bfmTu
W%$´WVg h�mTWVu�mn^TW@g beU��njfg­hv_`bf^���m�g�b���W�df\�^T\Vu�\]�njeu2acW]o��6\Vg _ljkac_loqWVmTu��
a�� W ¢�\Vg�m�h�_cbe^��TW�Q�W�U��¤b¤��"Bbfo2uv\Vo�mTa¥h�j�h�oµU�be^Mhvu�WV^fh�sfmnW�o�mTu2^nbfo2W ¢�W�U��TacWVoV£falj3g�beU��njfg­h�_cbe^���m�g b���W
�6W�uvU�W h3��� jkU�\Va`_cbeuvW�u@alj��¤WVuq��bfu�U(je^ng W(��W�o��TuvbedfuvjeU0U�W�o�df\�^T\Vu�\�o@��� mT^1�°jeg­hvW�mTu�jkacacje^fh�wxm¤o�sMm�� ��±n£
jÍ¨fWVg�mT^TW���\Vdeu�je�Tjkh�_cbe^��Tm�hvW�U��noB�TW�oq�6\Vg�_cjea`_lo�jkh�_cbe^�a`_cU�_¥hv\�W&���V²D³��
''» ��� ¹ �	( � � o��6\Vg _ljkac_lo�jkh�_cbe^���a�� W ¢�\Vg�m�h�_cbe^�£To��6\Vg _ljkac_lo�jkh�_cbe^��TW���be^T^n\�WVoV£��TuvbedfuvjeU0U(jkh�_cbe^�\�hvjkdf\�W
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t jeuqhv_cjea�W�¨�jkacmnj�hv_`bf^�_coAj]��bfu�U¬bk�Á�TuvbedfuvjeU oq�6WVg�_cjea`_c�Vjkh�_cbe^�h�Rnjkhµbe��hv_`U�_c��W�oAj/�Tuvbedeu�jkU�§�_`h�R(uvWVo��6WVg­h
hvb1o�mT�T�na`WVU0WV^Mhvjkuvp�_c^���beuvU(j�h�_cbe^ jkr6bem�h(_`hvo�_c^T�Tm�h�o��98��njku�h�_ljka�W�¨�jea`mnjkh�bfu0WV¨�jkacmnj�hvWVo�g bf^noxhvu�m¤g­hvo
hvRnj�h0��W��6W�^n� be^Tacpªbf^ oqmng�R>_c^���beuvU(j�hv_`bf^9:;���<���5����g bf^noxhvu�m¤g­hvo�=­£8jk^¤�>u�WVrTmT_cac�To@h�RTW�u�WVU�je_`^n_`^Td>$�?1�
�@�1�0���]g be^¤oxhvu�mng hvoih�b���beuvU.j�o��¤W�g _ljkac_`�VWV�I�TuvbedfuvjeU�����W�g W�^Mhva`pf£´jkhqhvW�^Mh�_cbe^�Rnjeoih�mTuv^TW���h�b+�njku�h�_ljka
WV¨�jkacmnj�hv_`bf^|j�h/u�mT^|h�_cU0WBA ±¤£6�n£��V±1C<�D8 g uv_¥hv_cgVjka�_covo�mTW���bfuiuvmT^��Jh�_cU0W�o��¤W�g _ljkac_`��j�h�_cbe^I_loih�RTW0^TW�W���h�b
�nu�b���mng�W�W4E�g _cW�^Mh@W ¢�WVg�m�hvjerTa`W(g�bD�TW�jkh�j�U�_c^T_`U(jeaAu�mn^��:hv_`U�W�g bMoxh��� ¡^�h�RT_lo@�nje�¤WVuV£Á§�W��TuvWVo�W�^Mh/j
acb�§
�¡g bfoqh
U0W�h�RTb���bfa`bfdep���bfu�_`U��Tuvb�¨D_`^Td�h�RnW@�¤WVuq��bfu�U(jk^¤g W/bk��u�mT^T�:hv_`U�W�o��¤W�g _ljkac_`�VWV�+g b���We�

z�^TW
jk�n�Tu�bMjeg�R/hvb�ac_`U�_`h�_c^Td]h�RTW�g�bfoqh�bk�¤u�mT^T�:hv_`U�W
oq�6WVg�_cjea`_c�Vjkh�_cbe^3_lo�h�b/jeovoqWVU3rTacWAhvRTW
oq�6WVg�_cjea`_c��W��
�nu�bfdeu�jkUH��u�bfU �TuvWVg�beU��T_ca`W��@��u�jkdeU�WV^fh�o8bk�¤h�RTW�o�bemTu�g W��Tuvbedeu�jkU�£�®D^Tb�§�^0jeoF���
�G�H�"���<�
�­��Q�W�U��Talj�hvWVo
g�be^Mhvje_`^JI�'1�"�
��u�WV�TuvWVo�W�^Mh�_c^Td�oxh�j�hv_cg|o�mTr�hvW�uvU(o�§�RTbMoqWI¨�jkacmTW�o�jkuvW|��W�h�W�uvU�_`^nWV� ��mTuv_c^Td uvmT^��Jh�_cU0W
o��6WVg _ljkac_c�Vj�hv_`bf^��*8�h@uvmT^�h�_cU0Wf£�hvRTW(oq�6WVg�_cjea`_c��WVu]WV¨�jkacmnj�hvWVo�h�RTW(oqhvjkh�_lg0g�be^noqh�uvmng hvoV£©jk^n��g bf�T_`W�o]h�RTW
g�beU��T_ca`W��]h�WVU0�nacjkh�WVo�g bfu�uvWVo��¤bf^n��_c^Td
h�bBh�RTW���pD^njkU�_lgAg bf^noxhvu�m¤g­hvo©_`^Mhvbijk^@bfm�h��TmTh�rTm $´W�u���KibeacWVo�jkuvW
¯¤a`acWV��j�h©hvRT_lo©hv_`U�Wf�MLAjkuv_ljk^Mhvo�bk��hvRT_co8je�T�Tuvbfjeg�R/RnjÍ¨fWAr6W�W�^3hvje®eW�^3rMp@o�W�¨fW�u�jkaeuvmT^��Jh�_cU�W2o��¤W�g _ljkac_`�VW�u�o�£
o�mng�R�jeo�Q�W�U��6bNA ±T£©�V��C<£n��pTyOA �n£n��C<£njk^¤��y2p�g acbe^nW0Ac�V²1CJ�

Pnbeu0U�je^Dp1je�T�Tac_cgVj�h�_cbe^¤o�£�h�RnW�g bMoxh�bk��h�WVU��Tacjkh�W��JrnjfoqW��>u�mn^��:hv_`U�W+g b���W�dfW�^TWVuvjkh�_cbe^>Rnjfo3r6W�WV^
o�RTb�§�^+h�b(r6W3jeU0bfuqhv_`�VWV�+_c^Ibe^Tacp�j���WV§ _`^D¨eb�gVj�h�_cbe^¤o
bk��h�RTW3o��6WVg _ljkac_c��WV���nu�bfdeu�jkUQA �T£©����C<��"iW�¨eWVuq�
hvRTW�acWVovoV£Vr6WVgVjkmno�W h�WVU��Tacjkh�W�o�jkuvWAg bfU0�n_`acWV�/r6W ��bfu�WAo��¤W�g _ljkac_`��j�hv_`bf^�£V§�RnW�^/h�RnW�uvWA_co�be^Tacp]je�T�TuvbÍ¢�_`U(j�hvW
®D^Tb�§�acWV�TdeWBbe�©RTb�§ hvRTW�p(§�_ca`a´r6W@jeovoqWVU3rTacWV�Á£fh�RnW/g�beU��T_ca`W��(hvW�U��Talj�h�W�o
jkuvWi^Tbeh�RT_cdeRna`p(bf��h�_cU�_`�VWV�Á�
Q
RnW/g�bfoqh�bk����mTuqhvRTW�u�bf��h�_cU�_`�V_`^nd�hvRTW�o��¤W�g _ljkac_`�VWV���Tu�bfdeu�jkU j�hBuvmT^�h�_cU�W@Rnjeo�hvb0r6W�g�jeu�W���mTaca`p�g�be^��
hvu�bfa`acWV���>Q
RDmnoV£A_c^ U(je^Mp�gVjeo�WVo3h�RT_lo�jk�T�Tuvbfjfg�R>h�b1u�mn^��:hv_`U�W�oq�6WVg�_cjea`_c�Vjkh�_cbe^ df_`¨fWVo�a`W�o�o�o��¤WVWV��mn�
hvRnjk^1oq�6WVg�_cjea`_c�Vjkh�_cbe^1j�h@g beU��T_cacW3hv_`U�We£©§�RTW�uvW3hvRTW(oq�6WVg�_cjea`_c��W��|�TuvbedfuvjeU�gVjk^�r¤W(g bfU��T_`acWV�ªmno�_`^Td
je^�bf��h�_cU�_`�V_`^nd�g�beU��T_ca`WVuRA`����£�����CJ�

z�^TWI�nu�bfrTa`WVU §�_`h�R hvRTWIh�WVU��Tacjkh�W��JrnjfoqW�� jk�T�Tuvbfjfg�R _lo�h�R¤j�h�hvW�U��Talj�h�W�o�jkuvWI§�uv_¥h�h�W�^ hvb�h�RTW
bfm�h��nm�h]rnm $6WVu�jeoih�RTWVpªjkuvW�o�W�acWVg h�W��Á�3Q
RT_lo/oxhvuvjkh�W�dfp�_`U��Tac_`W�o�h�Rnjkh]_`�2§�W��6W�u���beuvU«be�Th�_cU0_c�Vjkh�_cbe^no
hvRnj�h�U�b���_`��p�h�RnW�oq_c��W/beu�acb�g�jkh�_cbe^+bk���nu�WV¨M_cbem¤oqacpM�JWVU0_`hqhvWV��h�W�U��Talj�hvWVoV£T§�W]U�mnoqhBu�W�g be�Dp(g b���W/hvRnj�h
R¤jeo]jkacu�W�je��p+r¤WVW�^1§�u�_`hqhvW�^ªh�b�h�RTW0bem�hv�Tm�h/rTm $´W�u���y2be�DpD_`^nd�g b���W0_c^M¨fbeac¨eW�oio�mTrnoqhvjk^Mhv_cjea�U�W�U�bfu�p
jfg�g�WVovo�£Bje^n� U(jÍp u�W�sfmn_`uvWªmT�´�Tjkh�_c^Td rTu�jk^¤g�R b $ÁoqW�hvoV� Q
RnWVo�Wªbe�6W�u�j�hv_`bf^no�§�bemnac� o�mTrnoqhvje^Mh�_ljkaca`p
_c^ng�u�W�jeo�W
h�RTWig�bfoqhµbk��o��¤W�g _ljkac_`��j�hv_`bf^���Q
RnWBdebMjkaTbe�6hvRT_loµ�nje�¤WVuµ_lo hvb3jkaca`b�§ h�WVU��Tacjkh�W�o ��beuµh�RTWiW�^Mh�_cu�W
o��6WVg _ljkac_c��WV�|�Tu�bfdeu�jkU�h�b�r6W�oqWVa`W�g­h�W��|jk^¤�|jk^njea`pD�VWV��r6W ��beuvW�je^Dp�hvW�U��Talj�hvWVo]jkuvW�§�u�_`hqhvW�^�_`^Mh�b�h�RTW
bfm�h��nm�hBrTm $´W�u�£�h�RDmno�jea`acb�§�_c^Td�bf��h�_cU�_`��j�hv_`bf^no
be^�h�RTW�g�Rnbfo�W�^�h�W�U��Talj�hvWVo�§�_`h�Rnbem�hig�bD�TW/g�be�DpD_`^ndn�

S��©����T�T�� » �n�#U
 ¡^ªh�RT_lo/�nje�¤WVuV£´§�W��Tuvbe�6bfo�W�hvb+�T_`¨D_l��W3hvRTW�u�mn^��:hv_`U�W�oq�6WVg�_cjea`_c��WVu�_c^Mh�b�hx§2b+�TRnjfoqW�o4V�j�¯nu�oqh]�TR¤jeo�W
hvRnj�h�WV¨�jkacmnj�hvWVo/hvRTW�oqhvj�hv_cg(g�be^noqh�uvmng hvo@jk^¤��oqWVa`W�g­hvo@h�W�U��Talj�hvWVoV£�je^n��jIoqW�g bf^n�ª�nRnjeo�W�h�Rnjkh3W�U�_`hvo
hvRTW3g�bD�TW@��beu�hvRTW3o�W�acWVg h�WV�+hvW�U��Talj�hvWVoV�
Q
Rn_coibeuvdfjk^n_`��j�h�_cbe^+jkaca`b�§BoBmno�hvb(�¤WVuq��bfu�U�deacbernjea�jk^njea`p�o�_co
be�
h�RTW�o�W�acWVg h�W��1h�W�U��Talj�hvWVo@_c^�hvRTW(¯nu�oxh��nRnjeo�W�§�_`h�RTbfm�h3_c^fhvu�b���m¤g _c^Td�h�RTW�g bfoqh3be�
g�be�DpD_`^Td|g�b���We�
"iW�¨fW�u�h�RTWVa`W�o�oV£ehvRT_lo�je�T�Tuvbfjfg�R(�¤beh�W�^Mhv_cjea`acp�_`^Mh�uvb���mng�WVo�oq_cde^T_`¯¤gVjk^Mh2W�¢Mhvuvj�g bMoxh2h�b0�njeovoµ_c^���bfu�U(j�hv_`bf^
jer¤bfm�h@h�RnW�oqWVa`W�g­hvWV�1h�WVU��Tacjkh�W�o@��uvbeU.hvRTW(¯nu�oqh��TRnjeo�W(hvb�h�RTW�o�WVg�be^n�1�TR¤jeo�We�+ ¡^>h�RT_lo��nje�¤WVuV£�§2W
o�RTb�§ h�Rnjkh2�Tj�h�j@oq�6WVg�_cjea`_c�Vjkh�_cbe^WA �T£T��X#C¤be�Áj@�TWV��_lg�jkh�WV�0uvmT^��Jh�_cU�Wioq�6WVg�_cjea`_c��WVu deWV^TW�u�j�hvWV�0rDp�Q�W�U��¤b
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jem�h�bfU(j�h�_lg�jea`acpI�Tuvb���mng W�o@jk^>W
E�g�_`WV^fh@hx§�bk�<�TRnjfoqW0uvmT^��Jh�_cU0W(o��¤W�g _ljkac_`�VW�u��(¦�W�hvRTW�^�o�RTb�§'Rnb�§ h�b
W�¢��Ta`bf_¥h
hvRTW/hx§2be�J�nRnjeo�W]je�T�Tuvbfjfg�R(h�b(_cU��Ta`WVU�W�^MhB_`^MhvW�u��:hvW�U��Talj�h�W/bf��h�_cU�_`��j�h�_cbe^¤o��

8�o�je^�W ¢TjeU0�na`WAbe��h�RTW�®D_`^¤�To©be�Tbe��hv_`U�_c�Vjkh�_cbe^no©h�Rnjkh�gVjk^�r6W2_cU��TacW�U�W�^Mh�W���mno�_c^TdBbemnu�je�T�Tuvbfjeg�R©£
§�W�g�be^no�_l��W�u0g beU��njfg­hv_`bf^�bk��h�RnW+o��¤W�g _ljkac_`�VWV� g�b���We�1Q©WVU0�6b � o�u�mT^T�:hv_`U�W�o��6WVg _ljkac_c��W�u0r6W�de_c^no3h�RTW
o��6WVg _ljkac_c�Vj�hv_`bf^�bk�AWVjfg�R+��mT^ng­hv_`bf^|rDp+jea`acb�g�jkh�_c^Td�j(rTm $6WVuBh�b�RTbeal�+h�RnW�o��¤W�g _ljkac_`�VWV�Ig b���Wf�
��WVg�jemno�W
hvRTWBo�_`�VW�bk�6h�RTWBo��¤W�g _ljkac_`�VWV����mT^ng h�_cbe^�_lo ^TbkhA®D^Tb�§�^�j�h hvRT_loA�6be_c^fh�£khvRTWBoq_c��W�be�¤hvRT_lo rTm $´W�uA_loAg�RTbMoqWV^
jeu�rn_¥hvuvjeu�_ca`pf��¦ RTW�^|h�RTW�oq_c��W�oBbe� h�RTW0oq�6WVg�_cjea`_c��W�����mT^ng h�_cbe^no�¨�jkuvp�§�_l��W�acpe£6hvRT_co]jk�n�Tu�bMjeg�R�acWVje�no�h�b
g�be^no�_l��W�u�jkrTacW���u�jkdfU�W�^Mhvjkh�_cbe^��/ ¡^1bemTu/jk�T�nu�bMjeg�R�£´§�W0gVjkalg mTalj�hvW�h�RnW�o�_c��W0bk�AhvRTW(oq�6WVg�_cjea`_c��W��ªg b���W
_c^>h�RnW(¯nu�oxh��TR¤jeo�We£�je^n��jkacacbDgVj�hvW(rTm $´W�u3o��njeg�W(bk�
h�RnW�g bfu�uvWVg h@o�_c��W(_c^>h�RTW�o�WVg�be^n�1�TR¤jeo�We��Q
Rn_co
acWVjf�To
hvb�U�beuvW�g beU��njfg­hig�bD�TWe�
 ¡^IbemTuiW ¢��¤WVu�_cU�W�^MhvoV£¤g�beU��njfg­h�_cbe^�_cU��Tu�b�¨fWVo�hvRTW��6W�u���beuvU�je^ng W@be�
hvRTW�o��¤W�g _ljkac_`�VWV���Tu�bfdeu�jkU½rDp�mT�+hvb�j��°jfg­h�bfu�bk��±n�

Q
RTW�u�W�oxh�be��hvRT_lo��nje�¤WVu�_co�beuvdfjk^n_`�VWV�1jeo/��bfa`acb�§Bo���¦�W�¯nuvoqh���W�o�g�u�_cr6W�Q©WVU0�6b � o�je�T�Tuvbfjeg�R�h�b
uvmT^��Jh�_cU�W�o��¤W�g _ljkac_`��j�h�_cbe^�_c^�U�beuvW���W�hvjk_caµ_c^ }DW�g­hv_`bf^ X��ª}DW�g­h�_cbe^ �|��W ¯¤^TWVo��Tj�h�j|oq�6WVg�_cjea`_c�Vjkh�_cbe^�£
�TWVovg uv_`r6WVo8bfmTu8mnoqW
be�´�Tjkhvj/o��¤W�g _ljkac_`��j�h�_cbe^3h�b/be�Th�_cU0_c��W�uvmT^��Jh�_cU�W�oq�6WVg�_cjea`_c��W���g�bD�TWe£eje^n�0_`aca`m¤oxhvuvjkh�WVo
hvRTW�h�W�g�RT^T_lsMmTW(mno�_`^Td|je^>_`U��TacW�U�W�^Mh�j�h�_cbe^>be�
g�bD�TW�g beU��njfg­hv_`bf^��� ¡^ }DWVg h�_cbe^>±n£�§2W�g�be^no�_l��W�u�je^
jea¥hvW�uv^nj�hvWi_c^Mh�W�uv�TuvW hvW�u��JrnjfoqW��(jk�T�nu�bMjeg�R��8}DWVg h�_cbe^ X3jeovoqW�o�o�WVoAh�RTW/�6W�u���beuvU(jk^ng�Wibk�©h�RTW/g bfU0�¤jeg­hv_`bf^
bf��h�_cU�_`��j�hv_`bf^��8¦�W�¯n^n��h�Rnjkh�hvRTW/oq�6WVg�_cjea`_c�Vjkh�_cbe^(hv_`U�W]_co
jkacU�bfoqh�_l��WV^fhv_cgVjka¤h�b�h�Rnjkh�be��h�RnW]bfu�_cde_c^njea
o��6WVg _ljkac_c��W�u8�Tuvb���mng�WV��rDp3Q�W�U��6bn£eje^n�3h�Rnjkh g�beU��njfg­h�_cbe^0oq_cde^n_¥¯¤gVjk^Mh�acp@_cU0�nu�b�¨fWVo�h�RTW
�6W�u���beuvU(jk^ng�W
be�ihvRTW|oq�6WVg�_cjea`_c��W�� g�bD�TWe� P�_`^njea`acpe£�§�W��TWVovg uv_`r6W�uvW�alj�hvWV� §2bfu�®�_c^ }DWVg h�_cbe^��T£
jk^n� g bf^ng acmn��W�_c^
}�WVg­hv_`bf^	���
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Q�W�U��6b � o/jk�T�Tuvbfjfg�RIh�b+uvmT^��Jh�_cU0W(o��¤W�g _ljkac_`��j�hv_`bf^ªRnjfo�r6W�WV^1�TWVo�_`df^TWV�ª§�_¥hvRªhvRTW�debfjeaco�bk��U�_`^T_cU(jka
uvmT^��Jh�_cU�Wµb�¨fW�uvRTWVjf�i��bfu�o��6WVg _ljkac_c�Vj�hv_`bf^�£Ía`b�§���WV¨eWVa`bf�TU�W�^Mh�g�bfoqhV£�jk^n��W
E�g _cW�^Mh�o��6WVg _ljkac_c��WV�3g b���We��Q©b
uvWV�Tmng W/hvRTW3uvmT^��Jh�_cU�W�b�¨eWVu�RTW�je�Á£nU3mng�R�bk� hvRTW�§�beuv®�be�8uvmT^��Jh�_cU�W3o��¤W�g _ljkac_`��j�h�_cbe^�_loB�6W�u���beuvU�WV�Ij�h
g�beU��T_ca`W�h�_cU0Wf�B ¡^|�njeuqhv_cg�mTaljku�£�h�RTW0g bfU0�n_`acW �Jh�_cU�W��TRnjfoqW��6W�u���beuvU(oBrT_c^n��_c^Tde�:hv_`U�W3je^njkacp�oq_lo�£¤§�RT_lg�R
_l��WV^fhv_¥¯¤WVo3oqhvjkh�_lg�je^n����pD^njkU�_lg(W ¢��TuvWVovo�_`bf^no�£�jk^n��h�RTWV^ g bf^noxhvu�m¤g­hvo@h�W�U��Talj�hvWVo0jk^n��jª��WV��_lg�jkh�W��
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	@rnjfoqW��1be^1h�RT_lo�_c^���bfu�U(j�hv_`bf^�� 8�h�g�beU��T_ca`W�hv_`U�Wf£�hvW�U��Talj�hvWVo�jeu�W(g bf^D¨eW�u�h�W��
hvb>ber�wxW�g­h�g b���WImno�_c^Td�j1oqhvje^n�Tjeuv� g beU��T_cacW�u&:������)=­� Q
RTW�mno�WIbk�������|WVa`_cU�_`^njkh�W�o�h�RTWI^nW�WV� h�b
�TW�¨eWVa`bf�(j/^TW�§ g b���W�dfW�^TWVuvjkh�bfuAjk^n�0W�^nRnjk^ng�WVoµ�¤bfuqh�jkrT_ca`_`hxpe����WVgVjkmno�W�g beU��T_cacW�uAbf��h�_cU�_`��j�h�_cbe^¤oAg�je^
r6W�jk�n�Ta`_cWV��£Áh�RTW�g�b���W�§�_¥hvRT_`^1hvRTW�h�WVU0�nacjkh�WVo�_co/W4E(g�_`WV^MhV��Q
RTW�uvmT^��Jh�_cU0W��TR¤jeo�W�o�_cU0�na`p�_`^D¨ebf®eW�o
hvRTW0u�mT^T�:hv_`U�W�oq�6WVg�_cjea`_c��WVu�bf^|h�RnW0oqhvjkh�_lg3¨�jkacmTW�o���Q
RTW0uvmT^��Jh�_cU0W�o��¤W�g _ljkac_`�VW�uiWV¨�jkacmnj�hvWVo�h�RTW�oqhvj�hv_cg
g�be^noqh�uvmng hvoije^n�Imno�WVoih�RnW�h�WVU��Tacjkh�W�oBhvb�rTmT_cal�Ih�RnW0o��¤W�g _ljkac_`�VWV���TuvbedfuvjeU��iQ©b�a`_cU�_¥h]h�RnW3uvmT^��Jh�_cU0W
b�¨fW�uvRTWVjf�Á£DQ©WVU0�6b(�6W�u���beuvU�o
^nb���mnuqhvRTW�u�bf��h�_cU�_`��j�h�_cbe^�be�©h�RnW/h�W�U��Talj�hvWVoBjkh�u�mT^�h�_cU�We�

���! "$#&%('*)+#,)+-/.102.43*5/-
¦1W�^Tb�§½��W�o�g�u�_cr¤W�Q©WVU0�6b � o�_cU��TacW�U�W�^Mhvjkh�_cbe^�be��uvmT^��Jh�_cU�W�oq�6WVg�_cjea`_c�Vjkh�_cbe^>_c^�U0bfu�W��TW hvje_`a2mno�_`^Td
je^ W�¢�jeU��Ta`Wf£BhvRTW�_c^Mh�WVu��TuvW hvW�u���beuIjkuv_`h�RTU�W hv_cg�W ¢��TuvWVovo�_`bf^no�o�RTb�§�^ _c^ P�_cdemTuvW �e��}DmT�n�¤bMoqW1§2W
o��6WVg _ljkac_c��W�h�RTW�_c^fhvW�uv�TuvW h�WVu�§�_¥hvR uvWVo��¤W�g­h0h�b1h�RnW+W�¢��Tu�W�o�o�_cbe^ jeu�dfmTU�W�^Mh76 :°oqhvj�hv_cg#=­£2a`W�jÍ¨M_c^Td�h�RTW
WV^D¨M_cuvbe^TU�W�^MhAjkuvdemnU0WV^Mh�8�mT^T®D^Tb�§�^N:°�TpM^¤jkU�_cg#=­�[P�_`dfmTuvW]��_caca`mnoqh�u�j�hvWVo8hvRTW�uvWVo�mTa¥hAbe�ÁrT_`^¤��_`^ndk�Jh�_cU0W
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je^njkacp�oq_loBjfg�g bfuv�T_`^Td0hvb(h�RT_lo�_`^���bfu�U(jkh�_cbe^��B}D�6WVg�_cjea`_c�Vjkh�_cbe^Ibk�8hvRTW3_c^Mh�W�uv�TuvW hvW�uBWVa`_cU�_`^njkh�W�o�h�W�oxh�oBbf^
hvRTWi�nu�bfdeu�jkU¬oqh�uvmng h�mTuvW��M_`^¤��W�W��Á£f_c^Mh�WVu��TuvW hvW�u�oµjeu�Wij3g aljeovoq_lg�jeanjk�T�na`_lg�jkh�_cbe^�jkuvWVj@��beu2o��6WVg _ljkac_c�Vj�hv_`bf^
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P�_cdemTuvW+�)V�8i^�_c^Mh�WVu��TuvW hvW�u]bk�
jkuv_¥hvRTU�W h�_lg�W ¢��TuvWVovoq_cbe^noV�3}Mh�j�h�_lg�g bf^noxhvu�m¤g­hvo]jkuvW�oqRTb�§�^�_`^1g bfmTu�_cW�u
��bf^MhV£�§�RT_ca`W��TpM^¤jkU�_cg/g�be^noqh�uvmng­h�o�jkuvW@oqRTb�§�^+_c^�r6beal�D�°jeg�We�

�
jeo�WV��be^�h�RnW�uvWVo�mTa`hvo8be�¤rT_c^n��_c^Tdk�Jh�_cU�W�jk^njea`p�o�_coV£kj�h�W�U��Talj�hvW
_coAg�be^noqh�uvmng h�WV����beu W�jeg�R��TpM^¤jkU�_cg
rna`b�g�®´�8 ¡^�hvRTW�g�jfoqW]bk��h�RTW/_c^fhvW�uv�TuvW h�WVu
W ¢TjkU��TacWe£DhvRTW�uvW@jkuvWi¯n¨fWihvW�U��Talj�hvWVoV£�be^TW/uvW��TuvWVo�W�^Mh�_c^Td�h�RTW
r6W�df_`^n^T_`^nd0be�©hvRTW/��mT^ng h�_cbe^�£Tbf^TW/u�WV�TuvWVo�W�^Mh�_c^Td�h�RTW@WV^n��be��hvRTW/��mT^ng h�_cbe^�£¤jk^n��be^TW]��bfu�WVjeg�R�bk��h�RTW
���! �	 �D"�rnuvje^ng�RTWVoV�AQ
RTW�yOg b���W�g�beuvu�W�oq�6be^¤��_`^nd3hvb�h�RTW@hvW�U��Talj�hvWVo
��bfu�h�RTWN+.-O/�je^n�P<D>+g�jfoqW�o�jkuvW
o�RTb�§�^�_c^ P�_`dfmTu�W0X��BQ
RTW0je�T��uvWVovo�WVo@Q4ROS�je^n�TQ4R!G3uvW��TuvWVo�W�^MhB�Taljeg�W �<RTbeal��W�u�o :<I3'1� ��� =Bh�Rnjkh�§�_ca`a�r¤W
¯¤a`acWV�+_c^��TmTu�_c^Td(o��¤W�g _ljkac_`��j�h�_cbe^�§�_¥hvRIoxh�j�h�_lg/¨�jkacmTWVoV�

Q©WVU��Tacjkh�W/��bfu@+�-O/�gVjeo�W2: 	 5 � L+=�V
846 	 �18�3U#  3 	 )V#WQ�ROS&)YX

Q©WVU��Tacjkh�W/��bfuN<D>�g�jeo�W2: 	 5 �OZ =
V
846 	 �18�3[:�\�\.]�� � #!8^�_Q4RVG�)YX

P�_cdemTuvW�X�V Q�W�U��Talj�h�W�o 	 5 � L�je^n� 	 5 �CZ ��beu  3 	 6 8 � 846 	

Q
RTW�uvmT^��Jh�_cU�W�o��6WVg _ljkac_c��W�u�g�be^Mhvje_`^¤o0j1g b���W��JdfW�^TWVuvjkh�_cbe^���mn^ng­hv_`bf^ ��bfu(WVjfg�R ��mT^ng h�_cbe^ bk��h�RTW
o�bemnuvg�W@�Tu�bfdeu�jkU��BQ
RTW0g b���W �<deWV^TW�u�j�hv_`bf^+��mT^ng­hv_`bf^I��beu  3 	 6 8 � 816 	 _lo�o�RTb�§�^I_c^ P�_`dfmTuvW��T�a`�~µjfg�R
g�b���W �<deWV^TW�u�j�hv_`bf^I��mT^ng h�_cbe^�Rnjfo]h�RTW�oqh�uvmng­hvmTuvW0be�2hvRTW�g bfu�uvWVo��6be^n��_c^Td�oqbfmTu�g W���mT^ng­hv_`bf^�£�U0b���_`¯nW��
jfo(��bfa`acb�§Bo�� Q
RTWª�¤jku�jkU�W hvW�u�o�jkuvWIh�RnW1oqhvjkh�_lg|�njeuvjeU0W�h�WVuvo(be�@h�RTW>o�bemTu�g W���mT^¤g­h�_cbe^©� 8�rTm $´W�u
_lo0jkaca`b�g�jkh�W��>��beu�h�RTW�o��¤W�g _ljkac_`�VWV� g�bD�TWe£ mno�_`^nd|h�RnW���mT^¤g­h�_cbe^ 8 	&�.b *0:4:.\�� b ��\ A 6¤�+~µjeg�R �TpM^¤jkU�_cg
rna`b�g�®(_lo2uvW��nacjfg WV��rDp�jk^�_c^D¨eb�g�jkh�_cbe^�be�©hvRTW�U(jfg uvbc>.-O/4d b�e4� /4d4f�g e4� �D>.-O/4d b�e4� /4d0f.g e4� g bf�T_cWVo2h�RTW
hvW�U��Talj�hvWi_c^n��_lg�j�hvWV�(rDp0h�RnW�o�WVg bf^n��jeu�dfmTU�W�^MhA_`^Mhvb�h�RnW�bfm�h��TmTh2rTm $´W�u�£�j�h2h�RTW��¤bMoq_`h�_cbe^�_c^n��_lg�jkh�W��
rDp���\ A 6 b��0	 86£�jk^n��_`^ng�u�WVU�W�^Mhvo/��\ A 6 b��0	 8]jegVg beu���_c^Td�hvbBh�RnW�o�_`�VW2be��h�RTW2h�WVU��Tacjkh�Wf£ejeo©_`^n�T_cgVj�h�W���rDp
h ÙjilkOm�ÎKn:Ópo�Ì�qÕÓ r¥Ø@ÐtsÍÑiÌÍÏ°ÑunJÑxÔ�ÐJÖvÐ:ÓÕÎ­Ô�v!wÁÑ7s�Öyx ÑiÑuqÕÓpo�ÓÕÔ�ÖvÐJÑxÒ�n:Îzo�ÑBÎ�r�Ð{sÍÑ]Ö�Ï�|­Ë�o�ÑxÔ Ðtn�Î�r©Ðts�Ñ~}xÎVÒ�Ñxà�|­ÑqÔ�ÑqÏ:ÖvÐ:ÓÕÎ­Ô
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hvRTW�h�RT_cu��0jeu�dfmTU�W�^MhV� z�^ng W�j�h�WVU��Tacjkh�W
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g�_cjea`_c��WVu�hx§�_lg W�jkh0g�beU��T_ca`W�h�_cU0W�Y bf^ng W�h�b�deW�^nW�u�j�h�W�hvRTW+u�mT^T�:hv_`U�W�o��¤W�g _ljkac_`�VW�u�£ jk^n� j�oqW�g bf^n�
hv_`U�W�h�b0oxh�jkdeW�_¥h��[8B^Tbeh�RTWVu�je�T�Tuvbfjeg�R(_loµh�b0U0b���_`��p�h�RnWiuvmT^��Jh�_cU0W/o��¤W�g _ljkac_`�VW�uAhvb0g�u�W�j�hvWV�(j�uvWVg�beu��
be�8h�RTW0oqWVa`W�g­h�W���h�WVU��Tacjkh�W�oijk^¤��h�RTW�RTbeacW�¨�jkacmTW�o�£´jk^n�+hvRTW�^ªU�je^Dmnjkaca`p+§�uv_¥hvW3jk^I_c^Mh�W�uv�TuvW hvW�uBhvRnj�h
dfW�^TWVuvjkh�W�o�h�RnW�o��6WVg _ljkac_c��WV�ªg b���W0rnjeo�WV�ªbe^IhvRT_co/uvWVg�beu��Á£6§�RT_cg�R1g�je^ªr6W�¨D_cW�§�WV�ªjfo�j+o�WVsMmTW�^¤g W3be�
g�b���W �<deWV^TW�u�j�hv_`bf^|_`^¤oxhvu�mng h�_cbe^noV��¦ RT_ca`W�hvRTW(_`^MhvW�uv�Tu�W�h�WVu]^nW�WV�1bf^Ta`pªr¤W(§�uv_¥h�h�WV^1bf^ng Wf£Áh�RnW(_`U��TacW �
U�WV^fh�j�hv_`bf^�bk�nbf��h�_cU�_`��j�hv_`bf^no©_c^�hvRT_lo©��u�jkU�WV§2bfu�®]g�jk^�r¤W
g bfU��Ta`W�¢Á£Íje^n�@hvRTW�W�^Mh�_cu�W2_`U��TacW�U�WV^fh�j�hv_`bf^
U(jÍp�^nW�WV��h�b(r6W@uvW�beuvdfje^T_c��WV�(h�b(jegVg beU�U�b��Tj�hvW/^TW�§Obe��hv_`U�_c�Vj�hv_`bf^noV�
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RTW�_c^Mh�W�uv�TuvW hvW�u@jk�T�nu�bMjeg�Rªjea`acb�§Bo�je^DpI^MmnU3r6W�u/bk��be��hv_`U�_c�Vj�hv_`bf^��nRnjeo�WVo�h�b+r6W0_c^no�W�u�h�W��ªr6W �
hx§�W�WV^�h�RTW�deWV^TW�u�j�hv_`bf^�be�Áh�RTW]g b���WBdfW�^TWVuvjkh�_cbe^�_`^¤oxhvu�mng h�_cbe^noµrDp3hvRTWiuvmT^��Jh�_cU�Wioq�6WVg�_cjea`_c��WVuµjk^¤��h�RTW
bfm�h��nm�hqhv_`^Td�be��oq�6WVg�_cjea`_c��W���g�bD�TW�rDp�h�RnW�_c^Mh�W�uv�TuvW hvW�u��8Q�b0_`U��TacW�U�W�^Mh�g b���W@g bfU��njeg h�_cbe^�£M§2W/g bfmTal�
jf�T��ji�TRnjeo�W hvRnj�h���beu�WVjeg�R�oq�6WVg�_cjea`_c��W��/��mT^ng h�_cbe^3o�mTU(o�hvRTW
oq_c��W�jkuvdemTU�W�^Mh�o�bk��hvRTW^>.-O/4d b�e4� /4d0f.g e4�
_c^noqh�uvmng­hv_`bf^noV£Mjea`acb�g�j�hvWVoAj3rTm $´W�u2bk�Áh�RnW�g bfu�uvWVg h2o�_`�VWe£Djk^n�0hvRTW�^�mT�6�nj�h�W�o hvRTW ��\ A 6 b
�0	 8�jkuvdemnU0WV^Mh
be�2W�jeg�R >.-O/4d b�e4� /4d0f.g e4� _c^noxhvu�m¤g­h�_cbe^1jegVg beu���_c^Tdeacpe� �2W�g�jemnoqW�h�RnW0_c^Mh�WVu��TuvW hvW�u/_lo�_c^n��WV�¤WV^n��WV^fh�be�
hvRTW(oqbfmTu�g W3�nu�bfdeu�jkU�£´§2W�g�je^�_cU��Ta`WVU�W�^Mh@U0bfu�W���u�jeoqh�_lg3U�b���_`¯¤g�jkh�_cbe^noV£�o�mng�R�jfo�uvWVjeu�u�jk^nde_c^Td�beu
uvW��nacjfg _c^Td�h�WVU0�nacjkh�WVoV��Q
RTWVo�W@be�6W�u�j�hv_`bf^noBgVjk^Ir6W3��_"E(g�mTa`hih�b�W ¢��TuvWVovo�_`^�hvRTW3�Tjkhvj�o��6WVg _ljkac_c�Vj�hv_`bf^
��u�jkU�WV§2bfu�®´£nr6WVgVjkmno�W�h�RTW���pD^njkU�_lg3g�bD�TW�be�µWVjfg�Rªg b���W��JdfW�^TWVuvjkh�_cbe^�U(jeg uvb�_lo�W ¢��Tac_cg�_¥hva`pIWV^ng b���W��
_c^+h�RTW@uvWVjf��W�u��

Q
RTW�W ¢Dh�u�j��nW�¢D_crT_ca`_`hxp�bk�´h�RnWi_c^fhvW�uv�TuvW h�_c¨eWBje�T�Tuvbfjfg�R�g�beU�WVoµj�h�j��¤WVuq��bfu�U(jk^¤g W��6W�^njea¥hxpf�8Q
RnW�uvW
jeu�W�h�Rnu�WVW�oqbfmTuvg�WVo�bk��_`^nW
E�g _cW�^ng�p@V

� PTu�jkdfU0WV^Mhvj�hv_`bf^�_c^1h�RTW�g�b���W �<deWV^TW�u�j�hv_`bf^ªrTm $´W�u���Q
RTW(rTm $6WVu�bk��g b���W��JdfW�^TWVuvjkh�_cbe^|_c^noqh�uvmng­�
h�_cbe^no�mno�WV� rDp h�RTW�_`^Mh�WVu��nu�W�h�W�u�_co�jkaca`b�gVj�h�W�� _`^ h�RTW1o�jeU0Wª§�jÍp h�Rnjkh�h�RnWªrTm $´W�u���beu�h�RTW
oq�6WVg�_cjea`_c��W��ªg�bD�TW3bk�2WVjeg�R|��mT^ng­hv_`bf^ª_lo/jkaca`b�g�jkh�W��IrDp�hvRTW�beuv_`df_`^¤jka©uvmT^��Jh�_cU�W�o��¤W�g _ljkac_`�VW�u��/ ¡^
g bf^fhvuvjfoxh�£8^TW�§�gVjeg�RTW���¨�jkacmTWVo0jkuvW�o�_`U��Tacp je�n��WV�>hvb|hvRTW�WV^n� be��h�RTW��Tjkhvjªo��6WVg _ljkac_c�Vj�hv_`bf^
g�jfg�RTWe£njfo�_c^n��_lg�j�hvWV��rDp�h�RTW � *���"�60�¤bf_`^Mh�WVuV£¤a`W�jÍ¨D_`^Td�^Tb�W�U���hxp�o��njfg We� "Bbeh�W/hvRTbemTdfR�h�RnjkhV£
h�RTW@rnm $6WVuBbk� g b���W��JdfW�^TWVuvjkh�_cbe^�_`^noqh�uvmng h�_cbe^no
_lo
be^Tacp�m¤oqW�����mnu�_c^Td�o��¤W�g _ljkac_`��j�h�_cbe^©£Dje^n��h�RDmno
_¥h�oBoqh�uvmng­hvmTu�W/Rnjfo
^Tb�_`U��njfg­hBbf^�hvRTW@�¤WVuq��bfu�U(je^ng W/bk��h�RTW�o��6WVg _ljkac_c��WV���TuvbedfuvjeU+�
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� Q
RTW�uvW��nacjfg W�U�WV^fh�be�ig bf^noxh�jk^Mhvo3jk^n��acb�g�jeaµ¨�jkuv_cjerTacWVo@rDp1U0WVU�beuvp�uvW ��WVu�WV^ng W�o��IQ
RTW�g�b���W �
deWV^TW�u�j�hv_`bf^ U(jeg uvbfo3WVjfg�R RnjÍ¨fW�o�beU�W�jeu�dfmTU�W�^Mhvo3h�Rnjkh�jeu�W+g bf^noxh�jk^MhvoV£�� � , � h�RTW+hvW�U��Talj�h�W
oq_c��W/jkuvdemnU0WV^Mh2hvbc>.-O/4d b�e4� /4d4f�g e4� �ÍQ
RnW]�Tjkhvj0oq�6WVg�_cjea`_c��WVu�g�be^no�_l��W�u�oAhvRnj�h
hvRTWVo�W�¨�jea`mTW�o
jkuvW
^Tbkh�§2bfuqhvR>oqh�bfu�_c^TdI_c^�h�RnW�g�jfg�RTWe£8jk^n�>o�_`U��Tacp>�Taljeg W�o/h�RnW�U)W ¢��Tac_cg�_¥hva`p1_`^ h�RTW�uvWVjf��W�u��+ ¡^
h�RTW@_c^Mh�WVu��TuvW hvW�u�jk�n�Tu�bMjeg�R�£�jea`aÁbe�©h�RnW�jkuvdemTU�W�^Mh�o2be�©hvRTW�g b���W��JdfW�^TWVuvjkh�_cbe^�U(jeg�u�bMo�U3mnoqhBr¤W
oxhvbeuvWV�>_c^ hvRTW�g�bD�TW �<deW�^nW�u�j�h�_cbe^>_c^noqh�uvmng­hv_`bf^no�£ _c^ng�a`mn�T_`^Tdªh�RTW+g bf^noxh�jk^Mh�jeu�dfmTU�W�^MhvoV�|~µjfg�R
g b���W|dfW�^TWVuvjkh�_cbe^ ��mT^ng h�_cbe^ mno�WVo�oqbfU0WIacb�g�jeaB¨�jkuv_cjerTa`W�o0h�Rnjkh�§�W|RnjÍ¨eW�bfU0_`hqhvWV� ��uvbeU bemTu
�TuvWVo�W�^Mhvjkh�_cbe^ bk��uvmT^��Jh�_cU�W|oq�6WVg�_cjea`_c�Vjkh�_cbe^ ��beu�o�_`U��Tac_cg�_¥hxpf� Q
RTWVo�W�¨�jkuv_cjerTa`W�o�jkuvW�o�_cU0_caljkuva`p
g bf^M¨fW�u�h�W��(h�b(U�WVU0bfu�p�u�W���W�uvW�^ng�WVo�_`^+hvRTW@_`^MhvW�uv�Tu�W�h�WVu
je�T�Tuvbfjfg�R��

� Q
RTW0u�WV�Tacjfg WVU0WV^Mh�bk�µoqh�u�jk_cdeRMh��Jac_`^nW3g b���W0rDp+rnuvje^ng�RTWVoV��Q2pD�T_lg�jkacacpe£Áj�rTacb�g�®�bk�AhvRTW�bfu�_cde_c^njea
u�mn^��:hv_`U�W�o��¤W�g _ljkac_`�VW�u�g�be^no�_coqhvo/be�
j�m¤oqW(be�2hvRTW(U(jeg uvbT>.-0/4d b�e4� /4d0f�g e�� ��beaca`b�§�WV�ªrDp�g b���W
h�b��nj�h�g�R RTbeacWVoV�ªQ
RTW�_`^MhvW�uv�Tu�W�h�WVuV£�be^�hvRTW�beh�RTWVu3Rnje^n�Á£Ag�be^no�_coqhvo3bk�ijIacbDbe� g�be^Mhvje_`^n_`^Td|j
���� �	 ��"�oxh�j�h�WVU�W�^MhB§�_¥hvRIj0gVjeo�Wi��bfu�WVjfg�R�_c^noqh�uvmng­hv_`bf^�� Q
RMm¤o�£�WV¨eW�uvp�_c^noqh�uvmng­hv_`bf^�_c^D¨ebeac¨eW�o2j
wxmTU����

Q
RnW�r6W�^ng�RnU�jeu�®�o�_`^�}DW�g­h�_cbe^ X�o�RTb�§�hvRnj�h]h�RnWVo�W��Tuvberna`WVU�o/gVjkmno�W0oqhvjea`alo]��mTW0h�b+U(jeg�RT_c^TW�g�jeg�RnW
r6W�R¤jÍ¨M_cbeu je^n��rTu�jk^¤g�R�U�_loq�TuvWV�T_cg h�_cbe^noV�© ¡^0bemTu W�¢��¤WVu�_cU�W�^MhvoV£eo��¤W�g _ljkac_`��j�h�_cbe^�mno�_`^Td]hvRTW
_`^Mh�WVu��nu�W�h�W�u
je�T�Tuvbfjfg�R�_lo©mn�/h�b �k²M³ oqacb�§2WVuÁh�R¤jk^�o��¤W�g _ljkac_`��j�h�_cbe^@be�Dh�RTW2beuv_`df_`^njeakuvmT^��Jh�_cU0W2oq�6WVg�_cjea`_c��WVu��TuvbD�Tmng W��
rDp�Q�W�U��6bn�
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¦1W�^Tb�§ jeovo�WVovo
h�RTW3�¤WVuq��bfu�U(jk^¤g W@bk�8hvRTW3g bfU��njeg h�_cbe^�be��hv_`U�_c�Vjkh�_cbe^Imno�_`^nd�hx§2b�r6W�^¤g�RTU(jkuv®Do]Vµje^
_c^Mh�WVu��TuvW hvW�u0��beu�hvRTWIt � 8 "��<t½acje^Tdem¤jkdeW AÕX)XD£2X ��C<£�je^n� je^ _cU(jkdfW �<U�je^T_c�TmTalj�h�_cbe^ �Tuvbedeu�jkU AÕXeX�CJ�
t � 8 "B�Jt _co�j ��bfU�je_`^T�<o��¤W�g _`¯¤gIaljk^TdfmnjkdfW���beu�_`U��TacW�U�W�^Mhv_`^Td jeg h�_c¨eW|^TW�hx§2bfu�® �Tuvbkh�b�g�bealo�� Q
RTW
_cU(jkdfW �<U�je^T_c�TmTalj�h�_cbe^@�nu�bfdeu�jkUOje�T�Tac_`W�o�j�g bf^M¨fbeacm�h�_cbe^/¯¤a¥hvW�u�h�b�rTa`mnu�je^�_`U(jedeWe��Q
RT_lo��nu�bfdeu�jkU §
jeo
bfu�_cde_c^njea`acpi§�uv_¥h�h�WV^3_c^��fjÍ¨�jn£�je^n�/h�u�jk^¤oqalj�hvWV�/hvb/y�mno�_`^ndBh�RnW��MjÍ¨ÍjBrMpMhvWVg b���W��:hvbk�qy�g beU��T_cacW�u Kijkuv_lo�ovj
Ac� �#CJ��Q
RTW(t � 8 "��<t _`^MhvW�uv�Tu�W�h�WVu]_lo/b�¨eWVu��k²e²f²�ac_`^TW�o/bk�By g�bD�TWe£�§�RT_cacW�hvRTW(_cU�jedeW��JU(jk^n_`�Tmnacjkh�_cbe^
�nu�bfdeu�jkU½_co�je�T�TuvbÍ¢�_`U(j�hvW�acp�±f²e²f²�ac_`^nWVoV�8Q
RnW]t � 8 "B�Jt _c^Mh�WVu��TuvW hvW�u�§�jfo
oqRTb�§�^�h�b�r6W�^TW�¯ThBoq_cde^n_¥�ß�
_lg�je^Mh�acp���uvbeU½uvmT^��Jh�_cU�W]o��¤W�g _ljkac_`��j�hv_`bf^���"iW�¨fW�u�h�RTWVa`W�o�oV£Mo�beU�Wi¯n^TW �Jh�mn^T_`^nd�be��h�RTW/o�_`�VWibk�©h�RTW]rTm $´W�u
jea`acb�g�jkh�WV� ��beu(W�jeg�R o��6WVg _ljkac_c��WV� ��mT^ng h�_cbe^ §
jeo0^TW�W���WV� h�b>bfr�hvje_`^ h�RTWIr6WVoqh(�¤WVuq��bfu�U(je^ng Wf� Q
RTW
_cU(jkdfW �<U�je^T_c�TmTalj�h�_cbe^ª�Tu�bfdeu�jkU §
jeoi��bemT^n��hvb�r6W�^TW�¯Th3o�_`df^T_¥¯6g�jk^Mhva`p���uvbeU.g�beU��T_ca`W��:hv_`U�W(oq�6WVg�_cjea¥�
_c�Vjkh�_cbe^�£frTm�hµ^nb�_`U��Tuvb�¨eWVU�W�^Mh §�jfo ber�h�jk_c^TWV��rDp�u�mT^T�:hv_`U�Wio��¤W�g _ljkac_`��j�hv_`bf^0_c^�o�beU�WBg�jfoqW�o�� "BWV_¥hvRTW�u
�nu�bfdeu�jkU½§�jfo���W�¨fW�acbe�6WV�+oq�6WVg�_¥¯6g�jkacacp(h�b0h�W�oxh�hvRTW�jk�n�Tu�bMjeg�R��Tu�W�oqWV^Mh�WV��_c^�hvRT_coB�njk�6W�u��
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Q
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t � 8 "B�Jt rTacmTu
_c^T�Tm�h�o�_c��W �f�0a`_c^TWVo � �n��ac_`^nWVo ��� ��¯na¥hvW�u ������¯na`h�W�u
� ��mn^ng­hv_`bf^no �f²k± �e²e²f� �f� ���e�
o��¤W�gk�Ag b���W�o�_c��W�:�rDpMh�W�o = �V�f�$�eX �f�e²e±f² �-X)XeX ���D�#XfX
U(j�¢���^©�µoq_c��W�:°rMpMhvWVo�= X �e² �e�e± �ÍXk�fX �-X��ÍX
jÍ¨eWf����^��Aoq_c��W :°rDpfhvWVo�= �MX �fX �n� � �
�/}�g�jeg�RnW]o�_`�VW�:�rDpMh�WVo�= �V�n�V²f� ����²n��X � �e�e� � �T� �
U(j�¢ � _`^MhvW�uv�+WV^Mh�uv_`W�o��Í��^�� �n� X)X �ÍX�± �e±e±
� hvW�U��Talj�hvWVo ��±$� � ��± � � �eX �kX

Q�jkrna`W��)VA}D_c��W@be��hvRTW/W ¢��6W�uv_`U�W�^Mh�o��
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}D�6WVg�_cjea`_c�Vjkh�_cbe^�h�_cU�WVo §�W�uvW2U�W�jeo�mTu�W��3m¤oq_c^Td]h�RTW�mna¥hvuvjfoq�njeuvg�o�pDoqh�WVU'g bfmT^Mh�WVuvoV£�mno�_`^Td]hvRTW
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 ~ ¢�WVg�m�h�_cbe^1bk�AhvRTW(oq�6WVg�_cjea`_c��W��|_cU(jkdeW��JU(je^T_`�nmTacjkh�_cbe^I�TuvbedfuvjeU §�jfoiU�WVjfoqmnu�W��Imno�_`^Td
�46 	 "18 	� 5 6¤£Mr6WVgVjkmno�W�be�A_¥h�oBacbe^Td��TmTuvjkh�_cbe^���~A¢DW�g m�hv_`bf^|bk�8hvRTW�o��¤W�g _ljkac_`�VWV��t � 8 "B�JtO_`^Mh�WVu��nu�W�h�W�u
§
jeo�U�WVjfoqmnu�W���mno�_c^Td0h�RTW@mTa`h�u�jeo��njeuvg]oqp�oqh�WVU�g bfmT^Mh�W�u�oV�

	�� � � ) ��� 5 ��#&0�- � ) )��20 ' � 02.13!5/-
Q�jkrna`W(�@�TuvWVo�W�^Mh�o�¨�jkuv_`bfmno�jeo��¤W�g­h�o�bk�8h�RnW3oq_c��W@be�8h�RTW@W�¢D�6W�uv_cU0WV^MhvoV�2¦1W3o��¤W�g _ljkac_`�VW/h�RTW�t � 8 "B�Jt
_c^Mh�WVu��TuvW hvW�u+§�_¥hvROuvWVo��6WVg­h+h�b hx§�b �TuvbedfuvjeU(o�£�bf^TW1�f� ac_c^TWVo : � :$64* 8.3 6 �4� =­£Bjk^¤� be^nW � �T�ªac_c^TWVo
: ���4( 576 �4� = � ¦1W|o��¤W�g _ljkac_`�VW�hvRTW|_cU(jkdeW��JU(je^T_`�nmTacjkh�_cbe^ �Tu�bfdeu�jkU §�_`h�R uvWVo��¤W�g­h�h�b>hx§�b>rTa`mnu�uv_`^nd
g�be^D¨ebfa`mTh�_cbe^�¯na¥hvW�u�o�£�j|��� �+¯na¥hvW�u3je^n��j ��� ��¯na¥hvW�u��Iz�^1hvRTWVo�W��TuvbedfuvjeU�oV£�g bfU��njeg h�_cbe^>_`U0�
�nu�b�¨fWVo´hvRTWµ�6W�u���beuvU(jk^ng�W bk��h�RnW2o��¤W�g _ljkac_`�VWV�/�TuvbedfuvjeU rDp@j
�°jeg h�beu�bk��U�beuvW h�R¤jk^�X���beu�hvRTWµt � 8 "B�Jt
_c^Mh�WVu��TuvW hvW�u�£�je^n�>U�beuvW�h�Rnje^1±|��beu@hvRTW�_cU�jedeW��JU(jk^n_`�Tmnacjkh�_cbe^>�Tuvbedeu�jkU�� "ibkhvW(h�Rnjkh�h�RnW��¤WVuq��bfuq�
U(je^ng W+_`U��Tuvb�¨eWVU�W�^Mh0g�beU�WVo3��u�bfU h�RTW�_cU��Tu�b�¨fWV��aljÍpebfm�h�be�Bh�RnW�o��6WVg _ljkac_c��WV� g b���W+_`^ U�W�U�beuvpe£
u�j�hvRTW�u�h�R¤jk^ ��uvbeU je^ _cU0�nu�b�¨fW�U�W�^Mh3_c^ hvRTW��nu�b�g W�o�o�bk�]jkaca`b�g�jkh�_c^Td|hvRT_lo�U�WVU0bfu�p>_`hvo�W�a`�x� {IW�U0�
bfu�p|jea`acb�g�jkh�_cbe^ª_lo/�6W�u���beuvU0W���jkh�oq�6WVg�_cjea`_c�Vjkh�_cbe^|hv_`U�Wf£�jk^¤�|hvRMm¤o@_¥h�o@g bMoxh@Rnjfo�^nb+_cU��njeg h�be^�h�RTW
�6W�u���beuvU(jk^ng�W�be��hvRTW�o��¤W�g _ljkac_`�VWV�+g b���We�

y2bfU0�¤jeg­hv_`bf^|_loiU�bfoqh/mnoqW���mTa8§�RTW�^|h�RTW�oq�6WVg�_cjea`_c��W��|�TuvbedfuvjeU g�be^no�_coqhvo�bk�AU(je^Mp+��mT^¤g­h�_cbe^¤o�be�
§�_l��WVa`p]¨�jkuvpM_c^TdBo�_`�VWe�� ¡^@h�RT_lo©o�_`h�mnjkh�_cbe^�£�h�RnWµU�W�U�beuvp�jea`acb�g�jkh�_cbe^�oqh�u�j�h�WVdep]��WVovg uv_`r6WV�/_c^3}DW�g­h�_cbe^0X��ÕX
o�mTdfdeWVoqhvo�hvRnj�h/j�^Tbe^T�<g�beU��njeg h�_c^Td�o��¤W�g _ljkac_`�VW�uio�RTbemnac��g bf^no�W�uv¨Íjkh�_c¨eWVa`p�jea`acb�g�jkh�W�j(aljkuvdeW/rTm $´W�ui��beu
WV¨eWVu�p�o��¤W�g _ljkac_`�VWV����mT^ng­hv_`bf^�£T�Tuvb���mng�_`^Td(g�bD�TW�hvRnj�h�_lo
§�_c�TW�acp�ovg�j�h�h�WVu�W���_c^�U�W�U�bfu�pf� }��¤W�g _ljkac_`�V_`^Td
hvRTWªt � 8 "B�Jt _`^MhvW�uv�Tu�W�h�WVu�deWV^TW�u�j�hvWVo�j acjeu�dfWI^MmnU3r6W�u�be�3oq�6WVg�_cjea`_c��W�� ��mT^ng h�_cbe^noV�¬Q
RTWªacjeu�dfWVoqh

� ÝßÔ�qÕÓÕÔ�ÓÕÔ�|�vnÖ�n�ÌÍÏ°ÎWxVÓÕÒÍÑxÒ(× Ø������DvnÓpnµÔÍÎ�Ð�ÓÕÔ Ð:ÑqÏ°Ñun:Ð:ÓÕÔ�|NrcÎ­ÏAÐ{sÍÑiÐ:Ñuo�Ì�q ÖvÐ:Ñynqç mVsÍÑBÎ­Ì�Ð:ÓÕÎ­Ô�n�� 1.2���� *+/��.,� +/.*!�#"�$+,�2&%('
� 1.2���� -�'�$+/�,.*!�()�'�* )�3 nJËÍÌÍÌ�Ï:ÑuntnÁÎ­ÌVÐJÓpo�Óp�qÖvÐ:ÓÕÎ­Ô�n¤Ð{s�ÖvÐ!oBÖ�+­Ñ�Ó Ð´Ò�Ó �@}xË�q Ð¤Ð:ÎµÑ-,�Ð:ÏJÖ�}¡ÐÁÐ{sÍÑj}xÎzo�ÌÍÓpqÕÑxÒ�Ð:Ñuo�Ì�q ÖvÐ:Ñyn&rcÏ°Îzo>Ðts�Ñ
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qÕÑ­ç
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��mn^ng­hv_`bf^�_lo
mT��h�b0b�¨eW�u�X �@h�_cU�WVo�hvRTW@jÍ¨eW�u�jkdfW���mT^ng h�_cbe^�oq_c��Wf� Q
RTW/_`U(jkdfW �<U(jk^T_c�TmTalj�hv_`bf^��Tuvbedeu�jkU
_lo�b�¨eW�u�jkacakjio�U(jkaca`WVu©W�¢�jeU��Ta`Wµh�Rnje^@h�RnWµt � 8 "��<tª_c^Mh�WVu��TuvW hvW�u�£Vrnm�h�W�¢�RT_`rn_¥h�o�je^�W�¨fW�^@U�beuvWAW ¢Dhvu�WVU0W
u�jk^ndeWibe�©��mT^¤g­h�_cbe^�o�_`�VWVo �f��bfuBj7� ���@¯na`h�WVu
h�RTW@o�_`�VW�be�©h�RnW]aljkuvdeW�oxh2��mT^ng h�_cbe^+_co
b�¨fW�u
��X�h�_cU0W�o�h�RTW
jÍ¨fW�u�jkdfW���mT^ng h�_cbe^|o�_`�VWe�

Q
RTW0U(jk_c^ªb�¨fW�uvRTWVjf��bk�AhvRTW0�nj�hvj�oq�6WVg�_cjea`_c�Vjkh�_cbe^ªje�T�Tuvbfjfg�RI_co�h�RnW0o�_`�VW�be�Ah�RnW0gVjeg�RTWf�] ¡^�bemTu
W�¢��¤WVu�_cU�W�^MhvoV£Dh�RTW�gVjeg�RTW/_lo�sMmT_¥hvW@acjeu�dfWe£Tje�T�Tuvbfjeg�Rn_`^Td3h�RTW�o�_c��W/bk��h�RTW�o��6WVg _ljkac_c��WV�+g b���Wf����WVg�jemno�W
hvRTW]W�acW�U�W�^Mhvo2bk�ÁhvRTW/g�jeg�RnW�jkuvWBU�bfoqh�acp(jegVg WVovo�WV�(o�WVsMmTW�^Mhv_cjea`acpe£MRTb�§�W�¨eWVuV£eh�RT_lo
oxhvu�m¤g­h�mnu�W�Rnjeo2debDb��
acb�g�jea`_`hxpe� PnmTu�h�RTWVu�U�beuvWe£��TuvW�ac_`U�_c^njkuvp|W ¢��6W�uv_`U�WV^fh�o�o�RTb�§ hvRnj�h3_`h�o�RTbemnac�1r6W(�¤bMo�o�_`rna`W�hvbªjkacU�bfoqh
R¤jkac¨eW�h�RTW@o�_`�VW]be��h�RnW��Tj�h�j�o��¤W�g _ljkac_`��j�hv_`bf^�g�jfg�RTW]rMp(_cU��Tuvb�¨M_c^Td�h�RTW@gVjeg�RT_c^Td�oxhvuvjkh�W�dfp�bk��Q�W�U��6bn�

Q
RTW0aljeoqhihx§�b�a`_c^TW�o�be�µQ�jerTacW����TWVovg uv_`r6W�hvRTW�U�WVU0bfu�p+uvWVsMmT_cu�WVU0WV^MhvoBbe�Ah�RnW3_c^fhvW�uv�TuvW h�_c¨eW0jk���
�nu�bMjeg�R Vµh�RTW�U�jk¢�_`U�mTU ^DmTU�r¤WVu�be�Ag b���W3dfW�^TWVuvjkh�_cbe^�_c^noxhvu�m¤g­h�_cbe^¤oB�6W�uB��mn^ng­hv_`bf^ªjk^n�Ih�RTW0oq_c��W�be�
hvRTW�h�jkrTacW�_c^n��_lg�jkh�_c^TdIh�RnW�U�bfoqh3uvWVg WV^Mh�je�T�Tu�W�o�o�jkh3§�RT_lg�R j|g bf�Dp�be�
W�jeg�R>hvW�U��Talj�h�W�§�jfo�W�U�_`hq�
hvWV�Á�3~µjeg�R1g b���W0deW�^nW�u�j�h�_cbe^ª_`^noqh�uvmng h�_cbe^ªm¤oqW�o/Xk±�rDpMh�W�o���Q
RTW(o�_`�VW�be�Ah�RnW3h�jkrTacW�bk�AhvW�U��Talj�h�W�o]_co
�TW h�WVu�U�_c^TWV��rDp�hvRTW@^DmTU3r6W�u�be�©h�WVU��Tacjkh�W�o�_`^+hvRTW@�Tuvbedeu�jkU�£M§�RT_lg�R+_lo�¯T¢�WV��jkh�g�beU��T_ca`W/hv_`U�Wf�

3x3 7x7 plearn.pp spym.pp
image filter PLAN-P interpreter
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Orig.
DS
Interp.

P�_cdemTuvWª��V>}D�6WVg�_cjea`_c�Vjkh�_cbe^ h�_cU�Wªmno�_c^Td�h�RnW��Tjkhvj��¡o��¤W�g _ljkac_`��j�h�_cbe^ je^n� _`^MhvW�uv�Tu�W�h�WVu�jk�T�nu�bMjeg�R�£�jeo
g�beU��njeu�W��(h�b�hvRTW@beuv_cde_c^njka6u�mn^��:hv_`U�W�o��¤W�g _ljkac_`�VW�u

P�_cdemTuvW3��g�beU��njkuvWVo�hvRTW�o��6WVg _ljkac_c�Vj�hv_`bf^+h�_cU0W�mno�_`^Td�h�RTW0�Tj�h�j��¡oq�6WVg�_cjea`_c�Vjkh�_cbe^��<rnjeo�WV��jk�T�nu�bMjeg�R
::�]}�=©je^n�]h�RTW2_`^MhvW�uv�Tu�W�h�_c¨eWµje�T�Tuvbfjfg�R0:° ¡^fhvW�uv��� =/h�bBh�Rnjkh�bk�Tm¤oq_c^Td�hvRTWµbfu�_cde_c^njkaeu�mT^T�:hv_`U�W2o��6WVg _ljkac_c��W�u
:<z�u�_cdn� =­�(¦1W(_c^ng acmn��W(r6bkhvR�mnoqWVu�jk^n�>o�p�oxhvW�U«hv_`U�We�+Q
RTW�o�_`�VW0be�2hvRTW���mT^ng h�_cbe^�rTm $6WVuvo/mno�WV�1rDp
hvRTWIbeuv_cde_c^njka�uvmT^��Jh�_cU�W|oq�6WVg�_cjea`_c��WVu&:;� ��� �c£
h�RTW|¨�jea`mTW�be�~/4g�� b � + b E&<	
 � =/Rnjfo(ac_¥h�h�acWIW%$´WVg­h�be^ h�RTW
o��6WVg _ljkac_c�Vj�hv_`bf^|hv_`U�We��Q
RDmnoV£Á��beu/WVjfg�R��nu�bfdeu�jkU�£´§2W0mno�W�hvRTW(oqU(jea`acWVoqh�oq_c��W�h�Rnjkh�_co/o�m�E�g _cW�^Mh/��beu
r6bkhvR+h�WVoqhig�jfoqW�o��

Q
RTW]�Tj�h�j��¡oq�6WVg�_cjea`_c�Vjkh�_cbe^(jk�n�Tu�bMjeg�R0Rnjeo2ac_¥h�h�acWib�¨eWVu�RnWVje��§�_`h�R�uvWVo��6WVg­hµh�b�hvRTWibfu�_cde_c^njeanoq�6WVg�_cjea¥�
_c��WVuV�[Pnbeu�oq�6WVg�_cjea`_c�Vjkh�_cbe^�bk�©hvRTW@t � 8 "��<t _`^MhvW�uv�Tu�W�h�WVu2§�_`h�R�uvWVo��¤W�g­h
h�b�h�RTW@�nu�bfdeu�jkU � : 64* 8�3 6 �4� £
hvRTW@�Tj�h�j�oq�6WVg�_cjea`_c�Vjkh�_cbe^�jk�T�Tuvbfjfg�R�_loBXeXf³ oqacb�§2WVuµhvRnjk^+hvRTW/beuv_`df_`^njeaÁoq�6WVg�_cjea`_c��WVuV�8 ¡^+bkh�RnW�uBg�jfoqW�o�£
hvRTW|�Tjkhvj�o��¤W�g _ljkac_`��j�h�_cbe^ jk�n�Tu�bMjeg�R _co�a`W�o�o�hvRnjk^ ��²M³ o�acb�§2WVuV� Q
RTWIbfr�wxWVg h�g b���WIbe��hvRTWª�Tjkhvj��
o��6WVg _ljkac_c��WV��uvmT^��Jh�_cU0W�o��6WVg _ljkac_c��W�u
��bfu
h�RTW@t � 8 "B�Jt _c^Mh�WVu��TuvW hvW�u�_loBjk�n�Tu�bÍ¢�_cU(j�h�WVa`p�hx§�_lg W@jfo
acjeu�dfW

Y�Y Ô[Z]\­â�\�\



� � �-
�� ������������� ����� ���H$	�F�����"�
��
N
����"�4	

load
stall

store
stall

load-store
stall

3x3 filter

branch
mispred.

i.c. miss
stall

0

2

4

6

9027

3090

78

2296 3411

load
stall

store
stall

load-store
stall

7x7 filter

branch
mispred.

i.c. miss
stall

0

2

4

6

DS
Interp.54102

18646

143

11766 5631

load
stall

store
stall

load-store
stall

plearn.pp

branch
mispred.

i.c. miss
stall

0

5

10

307769

15570

76198 35707 67004

load
stall

store
stall

load-store
stall

spym.pp

branch
mispred.

i.c. miss
stall

0

2

4

6

8

10

DS
Interp.

1595019

110807

361812
153467 161436

P�_cdemTuvW���V(y2t 6 oxh�jkacaco3bk��hvRTW�_c^Mh�W�uv�TuvW hvW�u3je�T�Tuvbfjeg�R©£�jeo�g bfU0�¤jkuvWV�1h�b|h�RTW+�Tj�h�j��¡oq�6WVg�_cjea`_c�Vjkh�_cbe^
je�T�Tuvbfjfg�R���Q
RnW]RnW�_cdeRMh�bk�©hvRTW/rnjku���bfuB�Tj�h�j0o��6WVg _ljkac_c�Vj�hv_`bf^�_lo�jkac§�jÍp�o��e� Q
RTW/^DmTU3r6W�u�o
be^�h�bf��be�
hvRTW@rnjeuvo2��beu
hvRTW@_c^fhvW�uv�TuvW h�WVu�_`^¤��_cgVj�hvW�hvRTW�jkr¤oqbfa`m�hvW/^MmnU3r6W�u�bk� oqhvjkacalo��

jfo2h�RTW/berTwxWVg­hBg�bD�TW]be�©hvRTW/beuv_`df_`^njea¤uvmT^��Jh�_cU�W@oq�6WVg�_cjea`_c��WVuV�µy2be^¤oqW�sfmnW�^Mh�acpe£Mh�RnW�uvW/jeu�W/o�_`df^T_¥¯6g�jk^Mhva`p
U�bfu�W
�njedeW��°jkmTa`hvoµ��mTuv_`^Td/W�¢DW�g m�hv_`bf^0h�b@acbfje�3h�Rn_coAg�b���We�8Q
RTWVo�W��njedeW��°jkmTa`hvoµoqWVW�U�hvb@RnjÍ¨eW�j/oq_cde^n_¥�ß�
_lg�je^MhB_`U��njfg­hBbe^+hvRTW��6W�u���beuvU�je^ng W/be��hvRTW3o��¤W�g _ljkac_`��j�h�_cbe^+bk� � :$6�* 8�3 6 ��� �8��WV�Tmng _c^Td(hvRTW@^DmTU3r6W�u
be�6¨�jea`mTW�o hvRnj�h2jeu�W�gVjeg�RTW���rDp�h�RTWia`bMje��WVuV£ejfoA��W�o�g�u�_cr¤W���jkr6b�¨eWe£foqRTbfmTal�(jkaloqb/uvWV��mng�W�h�RnWig b���WBo�_`�VWe£
je^n��h�RDmno
hvRTW@�njkdfWi�°jemTa`hBb�¨eW�uvRTW�je�Á�

}D�6WVg�_cjea`_c�Vjkh�_cbe^/mno�_`^nd
h�RTWA_c^Mh�WVu��TuvW hvW�u©je�T�Tuvbfjfg�Ri_lo�mT�]h�b ��²M³ oqacb�§�W�u6h�Rnje^�oq�6WVg�_cjea`_c�Vjkh�_cbe^]mno�_`^Td
hvRTW(beuv_cde_c^njka8oq�6WVg�_cjea`_c��WVuV�� ¡^�}DWVg h�_cbe^>±n£©§2W�ber¤oqWVu�¨fWV�IhvRnj�h/hvRTW(_`^MhvW�uv�Tu�W�h�WVu/je�T�Tuvbfjfg�Rª�6W�u���beuvU�o
U�bfu�W�U�WVU0bfu�p>uvW ��WVu�WV^ng W�o@h�R¤jk^�hvRTW+�nj�hvjk�<o��6WVg _ljkac_c�Vj�hv_`bf^�jk�T�Tuvbfjfg�R�£8§�_¥hvR �6bMbfu�WVu�acb�g�jea`_`hxpe£ jk^¤�
hvRnj�h©h�RTWA_c^Mh�WVu��TuvW hvW�u�je�T�Tuvbfjeg�R]�6W�u���beuvU�o´U�bfu�W rTu�jk^¤g�RTWVoV�©Q�bBjeovoqW�o�o6hvRTWA_cU0�¤jeg­h�be�Dh�RTW�oqW ��W�j�hvmTu�W�o�£
P�_cdemTuvWª� g�beU��njeu�W�o�h�RTW�^DmTU3r6W�u�bk�0y2t 6�oxh�jkacaco�_`^ m¤oqWVu�U�b���Wª��mTWªh�b g�jeg�RnWVo(U�_lo�o�WVoV£�a`bMje�D�
oqh�bfu�W|�TW��6W�^n��WV^ng W�o�£�jk^n� rTu�jk^¤g�R U0_lo��Tu�W���_lg­h�_cbe^©� Q
RTWVo�WI¯ndfmTu�W�o�g�a`W�jkuva`p oqRTb�§�hvRnj�h�h�RTWª�nj�hvj
o��6WVg _ljkac_c�Vj�hv_`bf^@jk�T�Tuvbfjfg�RiRnjfo©o�_`df^T_`¯¤g�je^fhva`p�r¤W�hqhvW�u�gVjeg�RTW r6W�R¤jÍ¨M_cbeu´hvRnjk^/hvRTWA_c^Mh�W�uv�TuvW hvW�u©je�T�Tuvbfjeg�R©�
Pnbeu�hvRTW|_cU�jedeW��:¯na`h�WVu�_c^Td>W ¢TjeU0�na`Wf£µhvRTW|_c^fhvW�uv�TuvW h�WVu�jk�T�nu�bMjeg�R o�m $´W�u�o���uvbeU�o�_cde^T_`¯¤g�je^Mh�acp U�beuvW
rnuvje^ng�R�U�_loq�TuvWV�T_cg h�_cbe^no�jfo
§2WVa`aJ�

P�_c^njkaca`pf£Á§2W0g bf^noq_l��WVuihvRTW��6W�u���beuvU(jk^ng�W3be� h�RTW(o��¤W�g _ljkac_`�VWV�I�TuvbedfuvjeU(o��DP�_cdemnu�W��V²�o�RTb�§Boih�RTW
o��6W�WV�TmT�(�TuvbD�Tmng W���rMp�o��¤W�g _ljkac_`�V_`^Td/hvRTWi_cU(jkdfW �<U�je^T_c�TmTalj�h�_cbe^0�TuvbedfuvjeU�h�b3j3� �>��rTa`mnu�uv_`^nd/¯na¥hvW�u
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3x3 filter, 320x200 image
7x7 filter, 320x200 image

P�_cdemTuvW(�V²�V�}D�6W�W���mT�|bfr�hvje_`^nWV�+rDp+o��¤W�g _ljkac_`�V_`^nd�h�RTW�_`U(jkdfW �<U(jk^T_c�TmTalj�hv_`bf^��TuvbedfuvjeU :�rnm $6WVu]o�_c��WVo
_c^�rDpfhvWVo�=

je^n� j � � �ªrTacmTu�uv_c^Td1¯na¥hvW�u��  ¡^ WVjeg�R g�jfoqWf£2§�WIjk�T�na`p h�RTW�¯na`h�WVu(h�b�j��MXk² �½Xe²e²��T_¥¢�WVaB_`U0�
jedeWf��Q
RTWi�nj�hvjk�<o��6WVg _ljkac_c�Vj�hv_`bf^��<rnjeo�WV��jk^n��_c^Mh�W�uv�TuvW hvW�u��JrnjfoqW��3je�T�Tuvbfjeg�RnWVo8r6bkh�R(�nu�b���mng�Wig bfU��njeg h
�nu�bfdeu�jkU(o�£8jk^¤� o��¤W�g _ljkac_`��j�h�_cbe^ h�bªWV_¥hvRTW�u0¯na`h�WVu(oq_c��W��Tu�b���m¤g WVo0j1oq�6W�W���mT� be��jkr6bemTh�Xªb�¨eW�u3h�RTW
mn^noq�6WVg�_cjea`_c��W����Tuvbedeu�jkU��©Q
RnWBu�WVU(jk_c^T_`^nd3oq�6W�W���mT�no2jkuvW
��beuµQ�W�U��6b � oAbfu�_cde_c^njkan_`U��TacW�U�W�^Mh�j�h�_cbe^(be�
uvmT^��Jh�_cU�W@oq�6WVg�_cjea`_c�Vjkh�_cbe^+§�_¥hvR�h�RTW@_c^n��_lg�jkh�WV�+rTm $6WVuBoq_c��W/��bfu�WVjeg�R�o��¤W�g _ljkac_`�VWV����mT^ng h�_cbe^��A¦1W/h�W�oxh
hvRTW�U�_`^T_cU3mnU �6bfovoq_crTacW0rnm $6WVu3o�_`�VWVoV£�jk^n��¨�jkuv_`bfmno]acjeu�dfW�u@oq_c��W�o�h�Rnjkh3jkuvW��6b�§2WVuvo]be�µhx§�bn� 6io�_`^Td
Q�W�U��6b�§�_`h�R>j�u�WVacjkh�_c¨eW�acp�oqU(jkaca8rTm $´W�u�o�_`�VWe£6h�RnW�o��6W�WV�TmT��¨�jeu�_cWVo�r¤W�hx§2WVW�^ �e� X�jk^¤��X���beu@j����
��¯na`h�WVuV�2PTbfu/j � � �(¯na`h�W�u�£�RTb�§�W�¨fW�u�£6h�RTW(o�U�jea`acWVoqh@rTm $´W�u�o�_`�VWVo/jkuvW0^Tbkh@aljkuvdeW3WV^TbemndeR|��bfu/h�RTW
aljkuvdeW�oxh0oq�6WVg�_cjea`_c��W��>��mT^ng h�_cbe^�� PTbfu�hvRT_co�¯na`h�WVu0o�_c��We£Ah�RTW�u�W�oqmTa`h�be��o��¤W�g _ljkac_`�V_`^Td�mno�_`^Td1Q©WVU��¤b�_co
jea`§
jÍp�oAo�a`b�§�W�u8hvRnjk^(hvRTWibfu�_cde_c^njean�TuvbedfuvjeU+��Q
RTW�g�beU��njeg h�W��(g b���Wi_loAb�¨fW�u ��bfmTu2h�_cU0W�oA�°jfoxhvW�uµh�Rnje^
hvRTW�g b���W/�Tuvb���mng�WV��rMp+Q©WVU��¤b�mno�_`^nd�je^�WVoqh�_cU�jkh�W�����mT^¤g­h�_cbe^Io�_`�VW@bk�8��� bfu@� ����rDpfhvWVoV�

P�_cdemTuvW �e�|o�RTb�§Bo�hvRTWªo��¤WVWV��mn� �TuvbD�Tmng W�� rMp oq�6WVg�_cjea`_c��_c^Td�hvRTW|t � 8 "B�Jt _`^Mh�WVu��nu�W�h�W�u(§�_`h�R
uvWVo��6WVg­h�h�b�h�RTW��Tu�bfdeu�jkU � :$64* 8�3 6 �4� � � 8BdMjk_c^�£6h�RTW0�Tj�h�j��6be_c^Mhvoih�b�hvRTW3uv_cdeRMh�be� h�RTW�_`^Mh�WVu��nu�W�h�W�u
je�T�Tuvbfjfg�R jkuvW|��beu�Q�W�U��¤b¤£i§�_`h�RH¨�jkuv_`bfmno���mn^ng­hv_`bf^ rTm $´W�uIo�_`�VWVoV� KBW�uvW>oq�6WVg�_cjea`_c�Vjkh�_cbe^ jea`§
jÍp�o
�nu�b���mng�WVoBj�oq�6W�W���mT��� "BWV¨eWVuqhvRTW�acWVovo�£nh�RTW�g beU��njfg­hvWV�Io��¤W�g _ljkac_`�VWV�+�Tuvbedeu�jkU�_coib�¨eW�uBhx§�_cg�W3jeo
�°jfoxh
jfo@hvRTW�o��¤W�g _ljkac_`�VWV�>�TuvbedfuvjeU dfW�^TWVuvjkh�WV�1rDp>Q©WVU0�6bªm¤oq_c^Tdªj|��mT^ng­hv_`bf^ rTm $´W�u�o�_`�VW�bk�iX���rDpMh�W�o��
8i^njkacp�oq_lo@be��hvRTW�^DmTU�r¤WVu3be��oqhvjea`alo3�TmTW(h�bª_`^noqh�uvmng h�_cbe^ g�jfg�RTW(U�_covo�WVo3o�RTb�§¬h�Rnjkh�h�RnWVo�W�oxhvWVjf��_`acp
_c^ng�u�W�jeo�W]jfo
U0bfu�W@o��njeg�W�_loBjea`acb�g�j�hvWV����beu�W�jeg�R���mn^ng­hv_`bf^��

� � ��!��/����#��¬&@	��

¦1W�rTuv_`W �np uvW�¨D_cW�§�h�RTW�RT_loqh�beuvp be���Tjkhvj o��¤W�g _ljkac_`��j�h�_cbe^©£/g�beU��njeu�W1bemTu|je�T�Tuvbfjfg�R h�b je^TbkhvRTW�u
bf��h�_cU�_`��j�hv_`bf^ bk��u�mT^T�:hv_`U�W�oq�6WVg�_cjea`_c�Vjkh�_cbe^ _c^ Q�W�U��6bn£�jk^n� g beU��njeu�W�bemTu�jk�n�Tu�bMjeg�R�hvb1je^TbkhvRTW�u
hvW�U��Talj�hvW �<rnjeo�WV��u�mn^��:hv_`U�W@o��¤W�g _ljkac_`�VW�u��6W�u���beuvU0_c^Td0u�mn^��:hv_`U�W@bf��h�_cU�_`��j�h�_cbe^¤o��

� 0+.10 � %�) � 3*0 '!3
	 0+.43!5/-
{ªjk^DmnjkaÁ�Tjkhvj0oq�6WVg�_cjea`_c�Vjkh�_cbe^�_co�j��°jk_cuva`p�g�beU�U�be^+�Tu�bfdeu�jkU be��hv_`U�_c�Vjkh�_cbe^��(Pnbeu
W ¢TjkU��TacWe£DhvRTW/_`U0�
�na`WVU0WV^Mhvj�hv_`bf^@bk�Dh�RnW Pnjfoxh PTbemnu�_cW�u©Q�u�jk^noq��beuvU jÍ¨�jk_cacjerTacW8��u�bfU
3�6 	 :  � g�be^no�_loxh�oÁbk�Tjk^@_c^T_`h�_ljkac_`��j�hv_`bf^
� Ú�Î­ÏÁÐ:Ñy}tsÍÔÍÓp}qÖ�q�Ï:ÑqÖ�n:Î­Ô�nWv�Ó ÐVw�Ö�n©ÔÍÎ�Ð©ÌkÎzntn:ÓÕ×�qÕÑ�Ð:Î@o�Ñ�Ö�Ô�ÓÕÔ�|�rcËDqpq Ø
ÐJÑun°Ð�Ð{sÍÑ	3 )� (* 8")�)iÌÍÏ°Îz|­ÏJÖ�o/ç

Y�Y Ô[Z]\­â�\�\
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P�_cdemTuvW��e� Vµ}D�¤WVWV��mn�Iber�h�jk_c^TWV�+rDp�o��¤W�g _ljkac_`�V_`^Td�hvRTW@t � 8 "��<t _c^fhvW�uv�TuvW h�WVu
h�b � :$64* 8�3 6 �4� :°rTm $´W�u
o�_c��WVo
_c^�rDpfhvWVo�=

�nu�b�g W���mTuvWBhvRnj�h�oxhvbeuvWVoAh�RTW]^TW�W���WV��oq_c^TW/jk^n��g bMoq_c^TWi¨�jea`mTW�oµ_c^�je^�jeu�u�jÍp���bfa`acb�§2W��(rDp�j��Tuvb�g W���mTuvW
hvRnj�hBg�beU��Tm�hvWVo�h�RnW Pnjeoqh�PTbfmTu�_cW�u�Q�uvje^noq��beuvU mnoq_c^Td0h�RnWVo�W/oqh�bfu�W���¨�jea`mTW�oDA`���1C<� }�_`U�_cacjeu�acpe£DhvRTW@_`U0�
�na`WVU0WV^Mhvj�hv_`bf^3be� � � 6 �@g�beU��TuvWVovoq_cbe^3jÍ¨�je_`aljkrTacW�_`^�h�RTWB}D�6WVg�r6W�^ng�RnU�jeu�®�o�mT_`h�W
�TuvWVg�beU��Tm�hvWVo�¨�jkacmTWVo
m¤oqW���_c^Ig be^D¨fW�u�h�_c^Td�r6W hx§�W�WV^+g�beacbeu���beuvU(j�h�o�A ��CJ�

8im�h�bfU�jkh�_lg��Tj�h�j�o��¤W�g _ljkac_`��j�hv_`bf^ª§
jeo�¯nu�oxh@��W�¨fW�acbe�6WV��rDp ��jeu�����_c^no/jk^n� �2mna`pfbe^T®fb�¨ AÕX#C<£©jk^¤�
�TWVovg uv_`r6WV�1jk^n�1W�¢MhvW�^n�TWV�1rDp�{|jea`U�®�w��
u�A`��X#C<��Q
RTWVo�W�jk�n�Tu�bMjeg�RTW�o�jeu�W�U�beuvW(g bfU0�na`W�¢ªh�R¤jk^1h�RTW
_cU��TacW�U�W�^Mhvjkh�_cbe^0bk�Á�Tj�h�j/oq�6WVg�_cjea`_c�Vjkh�_cbe^3m¤oqW��3RTWVu�Wf�� ¡^��njeuqhv_cg�mTaljku�£Íh�RTWVp��¤WVuq��bfu�U'U0WVU�be_c�Vj�hv_`bf^�be�
hvRTW2�nj�hvjioq�6WVg�_cjea`_c�Vjkh�_cbe^�g�jfg�RTWe��{IW�U�be_c�Vjkh�_cbe^@uvWV��m¤g WVo�h�RTW�oq_c��W2bk��hvRTW2gVjeg�RTWf£VrTmTh�_`h�_lo©^nbkh©bfrM¨D_cbemno
Rnb�§ h�b�_cU��Ta`WVU�W�^MhB_¥hBW4E�g _cW�^Mh�acp�WV^TbemTdfR���bfu�mno�W]_c^+h�RTW�g�be^Mh�W�¢Dh
be��uvmT^��Jh�_cU�W@oq�6WVg�_cjea`_c�Vjkh�_cbe^��

�/^TbfrTacbDg�®�jk^n����m��Á_cU��Ta`WVU�W�^Mh2�Tjkhvj@o��¤W�g _ljkac_`��j�h�_cbe^���beuAj@o�mTrno�W hAbe��y je^n�0_`^D¨eW�oxhv_`dMj�hvW�_`hvoAmnoqW
_c^�jk^�_c^Mh�W�u�jeg h�_c¨eW
deu�jk�nRT_cgVoAjk�n�Ta`_lg�jkh�_cbe^ A`�ÍX�C<��Q
RnW�p�g be^¤oq_l��W�uAo�W�¨fW�u�jkaDhvWVg�RT^T_lsMmTWVo h�b�ac_`U�_`hAh�RnWioq_c��W
be�Áh�RTW/�Tjkhvj3o��6WVg _ljkac_c�Vj�hv_`bf^�g�jfg�RTWe£M_c^ng acmn��_c^Td�h�RTW]mno�W�be�©oxh�j�h�_lg­�¡o�_`^Tdfa`W��<jfo�o�_cde^TU�W�^MhG:J}T}�8�=µ��bfu�U h�b
g�be^�¯¤^TW/h�RTW@�6bfo�_`h�_cbe^noBjkhB§�RT_lg�R�oqhvjkh�_lg/¨�jkacmTWVoBjeu�W@gVjeg�RTW���hvb/wxbe_c^+�6be_c^MhvoV�2Q
RT_lo
hvWVg�RT^T_lsMmTW�g bfmTal�
r6W�mno�W ��mTan_`^�bemnuµjk�T�nu�bMjeg�R��©Q
RnW�p�jeaco�b]berno�W�uv¨eW2h�Rnjkh2�Tjkhvj/oq�6WVg�_cjea`_c�Vjkh�_cbe^0Rnjeo8¨fW�uvp�acb�§ b�¨eWVu�RnWVje���

y2RT_cuvbe®eb	$ �
�F�1� �¤g bfU0�¤jkuvWBh�RnW@r¤WV^TW ¯Th�o
bk���Tu�bfdeu�jkU jk^¤���Tjkhvj�oq�6WVg�_cjea`_c�Vjkh�_cbe^�£�je^n��o�RTb�§ hvRnj�h
_`hBg�je^�r6W/mnoqW���mTaÁhvb�g�beU�rT_`^nW�hvRTWVo�W]h�W�g�RT^T_lsfmnWVoDA ��CJ�2z�mnu�_cU��TacW�U�W�^Mhvjkh�_cbe^+bk�8�Tj�h�j0o��6WVg _ljkac_c�Vj�hv_`bf^
_c^IQ©WVU��¤b�rTmT_cal�To�be^�h�R¤j�hBbk�µy2RT_cu�bf®eb	$��

 ¡^HbemTu�jk�n�Tu�bMjeg�R�£
hvRTW>a`bMje��WVu�g�beU��Tm�hvWVo�jkaca/bk��hvRTW1oqhvjkh�_lgª¨�jea`mTW�o+_`^Obeu���W�u�h�b oqWVa`W�g­h+h�RTW
hvW�U��Talj�hvWVoV� }�RT_`^kwxb�Rnjfoµo�mTdedfWVoqh�W��Á£f_c^��nu�_c¨�j�h�W�g beU�U�mT^T_lg�j�hv_`bf^�£fh�Rnjkh
g�beU��Tm�hv_`^Td0jkaca¤be�Áh�RTW/oqhvj�hv_cg
¨�jea`mTW�o�r6W ��bfu�WIdfW�^TWVuvjkh�_c^Td jk^Dp o��6WVg _ljkac_c��WV� g�b���Wªg bfmTal� jkaloqb jea`acb�§ U�bfu�W|bf��h�_cU�_`��j�hv_`bf^ be�@h�RTW
hvW�U��Talj�hvWVo
j�h
g beU��T_cacWihv_`U�We£D_c^ng acmn��_c^Td0be��hv_`U�_c�Vjkh�_cbe^noµh�Rnjkh�U�b�¨fWiRTbfa`W�oµr6W hx§�W�WV^�h�WVU��Tacjkh�W�o�AÕXk�1CJ�

"$- � �4)+#,)+-/.10 ' � %�) � 3*0 '!3
	 0+.43!5/-
 ¡^¤g uvW�U�W�^Mhvjea¤o��¤W�g _ljkac_`��j�hv_`bf^�_coµh�RnW��Tuvb�g W�o�oµbk�©o��¤W�g _ljkac_`�V_`^Td0j��TuvbedfuvjeU'dfuvjf��mnjkacacpe£fjfoµ_c^���bfu�U(j�hv_`bf^
jer¤bfm�h+h�RTW>oxh�j�hv_cg�_`^n�Tm�hvo�r6WVg�beU�WVo�jÍ¨�jk_caljkrTacW A XD£ �#C<� ~µjfg�R �TRnjfoqW�deWV^TW�u�j�hvWVo+jk^ _c^ng�u�W�jeo�_`^Tdfa`p
o��6WVg _ljkac_c��WV� oq�6WVg�_cjea`_c��WVuV£µ§�_¥hvR hvRTW�debMjka
bk�iuvWV�Tmng _c^Td�h�RTWIb�¨fW�u�jkaca2o��¤W�g _ljkac_`��j�h�_cbe^ h�_cU�We� {|jkuva`W�hV£
y2bf^no�W�aJ£ijk^n� ��be_c^Tbkh+RnjÍ¨eW��Tu�bf�¤bMoqW�� h�b _`U��TacW�U�WV^fhI_c^ng uvW�U�WV^fh�jka]u�mn^��:hv_`U�W1oq�6WVg�_cjea`_c�Vjkh�_cbe^ rDp
je�T�TacpD_`^Td�oxh�jk^n�Tjeuv��u�mT^T�:hv_`U�W�o��6WVg _ljkac_c�Vj�hv_`bf^�h�b3h�RTW]beuv_`df_`^¤jkanuvmT^��Jh�_cU�W�o��¤W�g _ljkac_`�VW�uµh�b3�nu�b���mng�W�je^
_c^ng�u�WVU0WV^Mhvjka�uvmT^��Jh�_cU0W�o��¤W�g _ljkac_`�VW�u/Ac� �1CJ��Q
RT_lo]�TuvbDg�WVovo�gVjk^|r6W0_¥hvW�u�j�h�W��Ihvb��Tuvb�¨D_c�TW3jk^Dp�^DmTU3r6W�u
be��acW�¨fW�alo
bk�8_`^ng�u�WVU�W�^Mhvjea´o��6WVg _ljkac_c�Vj�hv_`bf^��

Ý�Ù Y ÝßÞ
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z�mTu�je�T�Tuvbfjfg�Rª_lo�jkaloqbIj+��bfu�U.be��_c^ng�u�WVU0WV^MhvjkaAo��6WVg _ljkac_c�Vj�hv_`bf^��( ¡^>�njku�h�_lg mnacjeuV£�§�W(oq�6WVg�_cjea`_c��W
hvRTW�u�mn^��:hv_`U�WIo��¤W�g _ljkac_`�VW�u�§�_¥hvR uvWVo��6WVg­h�hvb�hvRTWIoxh�j�hv_cg+_c^T�Tm�h�o�bk�ihvRTWIoqbfmTu�g W+�Tu�bfdeu�jkU�£ acWVjÍ¨D_`^nd
hvRTW1�njku�jkU�W hvW�u�o�be�3h�RnW1g�bD�TW �<deW�^nW�u�j�h�_cbe^ bf�¤WVuvjkh�_cbe^no�mT^T®D^Tb�§�^©�½Q�b oq�6WVg�_cjea`_c��W�h�RTW1uvmT^��Jh�_cU0W
o��6WVg _ljkac_c��W�u�£�§�W2mno�W��Tj�h�j/oq�6WVg�_cjea`_c�Vjkh�_cbe^�u�j�hvRTW�u�h�R¤jk^0u�mT^T�:hv_`U�W�oq�6WVg�_cjea`_c�Vjkh�_cbe^���Q
RTW
a`b�§ b�¨eW�uvRTW�je�
be���Tjkhvj0oq�6WVg�_cjea`_c�Vjkh�_cbe^+U(jk®eW�o�_¥h�U�beuvW]je�T�Tuvbe�Tuv_lj�h�W�h�b(j�o�_¥hvmnj�hv_`bf^�§�RTWVu�W]h�RnW/o�WVg�be^n�+oqhvjkdfW0: � ��� �
hvRTWiuvWVjf��W�uµ��beu
�Tj�h�j3o��¤W�g _ljkac_`��j�hv_`bf^�jk^n��hvRTW/oq�6WVg�_cjea`_c��W���oq�6WVg�_cjea`_c��WVuA��bfuµuvmT^��Jh�_cU0W/o��¤W�g _ljkac_`��j�h�_cbe^H=
_lo(mno�WV� bf^Ta`p be^ng�We��z�mTu�jk�T�nu�bMjeg�R _co�h�jkuvdeW�h�WV� h�b�§
jku��To�_cU��Tu�b�¨D_c^Td�h�RTW|�6W�u���beuvU(jk^ng�W�bk�/h�RTW
o��6WVg _ljkac_c��WV� g b���Wf£Auvjkh�RTWVu3hvRnjk^ u�W���mng�_`^Td>o��¤W�g _ljkac_`��j�h�_cbe^ h�_cU0Wf� Q
RDmnoV£Abemnu0je�T�Tuvbfjeg�R g uv_¥hv_cgVjkaca`p
uvW�ac_cWVo8be^�h�RnWBjkrT_ca`_`hxp@hvb@�njeovo�deacbernjea�_`^���bfu�U(jkh�_cbe^���u�bfU be^TW�oqhvjedeW�h�b]h�RnW�^TW ¢DhV�8Q
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