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rIsutBvxwzy|{Ks~}~�Bv ���q�0�B�z��vx�	�|�z���q}~�
∗ � su�B��s~�zy<�<su��s��;�Ts~�Bw

r��z��su���qwz�*wzt%�O���;�����'��������� �<su�!}~�Tsu�q}~v��qw��l���_� �����O���
 �tBv�¡7wz�q¢qv��q�I�Msu��vx¢j��� ��t�¢���v����B��£Osu��vx}~t�suy<�M}~y��%�qw0�T�BtBvx¤%��w ¥D�0}~yxw	�Bw0¢l��v�t�w0¢

�isu��vx¢ ¦O�qwzt�}~�Byxw �Msu��vx¢

§(¨%©:ª�«¬¨
�dwz��su����vx�zyxwl�B�q�0¢qwzt%�qwly®­ �z�����Bwjsu�q�T��v#�Twz�z�����Tsuyxw��R­ �Bt*��su�B�qwz�B�D�!wz���*wz���Tsut%���R­¯w±°Rw0�z����wz�Dy
s��B�z�qw0�z��vx}~t��R­¯}~��¢³²
�Ts~�zyxw0¢��+su��¢��q�z�q�0}:¡;vx¢�vx}~t�wz����su�q¤%���0w���sut�¢��Bt(¡7�z�Bvx�z�Byxw�´%r�wz�'µ���su�*�z�Ts~¢�¶%�By
s~�0�0w0¢m·Iy®­¸s�¡�sut%�d�'��¡E�z�Bvx�z�Byxw�¶
¹ }~�B��tBvx¢q¢Twzt%�Dsu����su�B�qwz�B�D�Bwz�'µºv���su»7w0¢D�Bwdy
s��*¼z�*wl¢q�0½zt�wd�B�qv�¢Tw0¢i�Bwd�!}~v�t%�q¢i�Bwm¡%��wm�'v#°R�z�qwzt%�q¢�´��D­¯}~�'¾³w0�z��v ¹
w0¢����R­¸su��¢����Tsuv��qw���sut�¢�yxw¿�qwz����¢�v�����su����v�y
s��q}~�B�qw�wz��yxw0¢�}~��¢��Ts~�zyxw0¢�¶+sAÀ�t_�Bw	�B�0�'�Bv��qw	y®­¯w0¢���s~�0w	�q}~�By
su�Byxw�´
�dwz���qwºv�t ¹ }~����su��vx}~t?w0¢���wzt�¢��Bv��qwº���Tsut�¢���vx¢qw�·��BtÁ}~�q�'v�t�su�qwz�B�¿�Bw��!}~�q�Â¤E�Bv|�B�qwzt��Â�Bw0¢I�B�0�zvx¢�vx}~t�¢I¢��B�Oyxw
�0}~t%���qÃ~yxwm�'��¡E�z�Bvx�z�Byxw�´~�D­ v�t%�q�z»��Tsu��vx}~t*�Bwd�0wz���qwlsu�B�By�vx��su��vx}~t�w±µ'v�»7w��Bt�wmsut�suy��;¢qw�À�t�wd�Bw0¢isuy�»7}~��v����B�*w0¢DsAÀ�t
�Bw¿�B�±À�tBv���yxw0¢��0}~t%���Tsuv�t%�qw0¢��R­ v����By
sut%�Tsu��vx}�tÄ�Bw0¢��'v#°K�z�qwzt;�qw0¢j��su����vxw0¢�¤%�BvRy
s��0}~t�¢q��v�����w�´�Åit ¹ }~t��z��vx}~t_�Bw0¢
�0}~t%���Tsuv�t%�qw0¢�¶��Bt�w¿su�q�T�Bv��qw0�z���B�qw	yx}~»�vx�±vxwzy�yxw:ÆA�(su�q�z�qvxwzy�yxw�wz¢q�j�T��}~vx¢�vxw�´+�dwz���qw	su�q�T�Bv��qw0�z���B�qw	w0¢���suyx}~�q¢��B�0�z��v��qw
su���Bv��l�B�q½0¢lwzt�¡%��wI�R­¯¼z���qwI¢�v����Byx�0w�»��TÇ~�0w¿·��BtÈ¢�v����By
su�qwz�B�j�B�q�0�zvx¢�su���z�'�zyxw�¶'�0wI¤%�BvK�!wz���*wz�j�Bw�¡~suy�vx�Bwz�
}~�È�R­ v�t%¡�suy�vx�Bwz��yxw0¢j�T��}~v#µ��R­ v����By
sut%�Tsu��v
}~t�´
ÉËÊ�Ì�©zÍTÎEÏÐ¨E©ÈÑ¿su�q�T�Bv��qw0�z���B�qw�¢��'¢��q½z�*w�¶'v�t%�q�z»��Tsu��vx}~t�¶+¢��q�z�q�0}:¡%vx¢qvx}~t�¶B�*�z����}%�Bw¿�Bw¿�0}~t��0wz�B��vx}~tÄ¢��;¢q�q½z�*w

Ò�Ó�Ô0Õ Ì�ÖAÊR×Mª<Î�Ì:ØÐÊ Õ
�D­¯}~�'¾³w0�z��v ¹ �Bw*�0w����Ts�¡�suv�y�w0¢��	�R­ v����By
sut%�qwz�º¢q}~��¢ ¹ }~���*w��Bw*¢��'¢��q½z�*w�¢q�B�I�B���0w*�Bt�w�su�B�By�vx��su��vx}~tÙ�Bw*�B�±²
�qwz����v�t�su��vx}~t_�BwIy®­¯w0¢���s~�0w¿�q}~�By
su�Byxw�¶�wzt��B�z�qw0�z�Tsut%����su�j¡;v�¢qvx}~tÈ¢��q�z�q�0}�¢T�0}~�Bvx¤E��w¿y
sº�q}~�B�qw	wz�lyxw0¢�}~��¢��Ts~�zyxw0¢
¤E�BvM�!w±��¡7wzt%�I¢:­ �È���q}~�B¡Ewz��´K�D­¸su�B�By�vx��su��vx}�t?w0¢�� ¹ }~�B��tBvxwp��su�Oyxwp�<su�!}~�Tsu�q}~v��qw*�Bw0¢I�Út%�qwz�Ts~�z��vx}~t�¢I���z�Bvx�z�Byxw±²
�Út ¹ �Ts~¢��������z���B�qw±²��d}~t��'���0�qwz�B�ÄÛa�����O���lÜ±Ý¸�AÞÚ´iÅiy�yxwÈw0¢���wzt%��vx½z�qwz�*wzt%��yx}~»�vx�zvxwzy�yxwÈwz�*}~�!�z�Tsu��vx}~tBt�wzy�yxw�¢��B�*�Bw0¢
v���su»7w0¢

320 × 200
wzt�tBv�¡Ew�su���BwI»���vx¢j�0}%�B�0¢�¢��B��ßp�Bv��q¢l�+su�l�Bv#µBwzy®´

�|}~�B�È¼z���qwÂ¡;v
su�ByxwÁ�0�0}~t�}~��vx¤%��wz�*wzt%��¶jy®­¸su�B�By�vx��su��vx}~tË�B}~v��È¼z���qwÂv�t%�q�z»��q�0w?��sut�¢��Bt�wÁ¢qwz�ByxwÂ�B���0w�¶js�¡Ew0�
�!}~�qwzt%��vxwzy�yxwz�*wzt%�º�Bw�y
s��*�z�*}~v��qw�w±µ'�qwz��t�w�´��M}~�B�	¼z���qw*��su��su�Byxw��Bw*�B�z�qw0�z�qwz�	yxw0¢	}~��¢��Ts~�zyxw0¢��Bwp��sutBvx½z�qw
w±µ;���q¼z�*wz�*wzt%�DÀ+su�Byxw�¶�v�y ¹ su�B�i���Tsuv��qwz�jà�á�á�v���su»7w0¢i��su�D¢qw0�0}~t��Bw0¢:¶~yxw0¢iv���su»7wz¢��z�Tsut%��·�y
s ¹ }~vx¢M�By���¢i»��Tsut��Bw0¢
wz��s�¡Ew0���By���¢��Bw�t�v#¡Ew�su���BwI»���vx¢�´
�dwº��su�Bvxwz�I�B�q}~�!}�¢qw��B}~t��p�Bt�w��z�����Bw��B�z�Tsuv�y�yx�0w���wºy®­¸su�B�By�vx��su��vx}~t¬wztÁ¡%��wp�Bw�¢q}~tÂv�t%�q�z»��Tsu��vx}~t�¶R�B�Bvx¢I�Bt
�T��}~v#µÙ�R­¸su�q�T�Bv��qw0�z���B�qwÈwz�p�Bt�w�v����By
sut%�Tsu��vx}~tâw±°Kw0�z��v�¡Ew�´Mr�w0¢p¢�v����By
su��vx}~t�¢��B�q�0�zvx¢qw0¢*su�ã�z�;�zyxw�wz�*su�Ù��v#�
�B�q½0¢��!wz���*wz���qwzt%�I�Bw	¡�suy�vx�Bwz� ¹ }~t��z��vx}~tBt�wzy�yxwz�*w0t%��y®­ v����By
sut%�Tsu��vx}�tÁwz�O¢T}~v��O�Bw�¢�­¸s~¢q¢q�B�qwz��¤%��­¯wzy�yxw��qw0¢��!w0�z�qw
yxw0¢j�0}~t%���Tsuv�t%�qw0¢�¶�¢q}~v����BwI�0}~t�¢q�Tsu�qwz��¤%��­¯wzy�yxwIyxwz¢j¡;vx}~y�w�´

äKÓ�å Öu¨E©�æ Õ Ì�ç'Ì:ØÐÊ Õ ×|æ_Ï�è�çBé�éMÏaØ3ÎEç'Ì:Ø3Ê Õ
rOwz�'µ���su�*�z�Ts~¢O}~��¢qwz��¡Ewzt%���Bt�w�¢q�0½zt�w	¢q}~��¢��Bwz�'µ_sutB»�yxw0¢��'v#°R�z�qwzt%�q¢�¶+�Bw	¢q}~���qw	¤%��­ �Bt��!}~v�t%�O�Bw¿y
s*¢T�0½zt�w
t�­¸s���s~¢iy
s��*¼z�*wl�!}�¢qv���vx}~t�¢��B�Dyxw0¢D�Bwz�'µ�v���su»7w0¢�´%�dwz���0��su�����Bwm�!}�¢qv���vx}~t�w0¢���su�B�!wzyx�j�'vx¢��+su��v��q��´%�%v�}~t�w0¢��
∗ ê!ëMìîíÚï�ð4ï4ñ¸ò;ï�ó�ì®óië�ô7ë�õ�ì®öuóMò¸÷4í®ø®ù0öuëDú!ûuü'ó�ìîí®÷Tì�ó�ìÚïTñ¯ì|ïTöIýEþaü�ÿ
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��su��su�Byxw��R­¸su������v��B��wz���Bt�w��'vx¢���su��v��q�º·��T��s~¤E��w	�!}~v�t%�O�Bw	y®­ v���su»7w�¶!}~t��!}~�B���Ts�suvx¢q�z�*wzt%���qw0�0}~t�¢q�����Bv��qw�y
s
¢q�0½zt�w��~r ÛÐ�By���¢��B�q�0�zvx¢q�z�*wzt%��y
sI��su���qw��Bwl�B�q} ¹ }~t��Bwz�B�4Ü±´%�<s��q�0�z�B�!�z�Tsu��vx}~t��Bw0¢��0}~t%�q}~�B�q¢�¶%su���!w±yx�0¢������	�
���

 �������±¶7¢qw ¹ suv��D��su�i�Bt���suyx�z�By��Bwl»��Ts~�'vxwzt%��¢q�B�i�q}~��¢iyxw0¢i�!}~v�t%�T¢D�Bwly
sO��suv��qwj¢q�q�z�q�0}�¢q�0}~�Bvx¤E��w�´E�D­¸su�B�By�vx��su��vx}~t
�!wz���*wz���Tsut%�Iy
s(���±�Twz�z��vx}~t¬�R­¯}~��¢��Ts~�zyxw0¢I¢qw����q}~�B¡�sut%�I¢��B�Oy
s(�q}~�B�qw�¶!v�y ¹ su�B���q}~�B�I�R­¸su�!}~�q�Â�B�z�qwz����v�t�wz�¿y
s
�q}~�B�qwl�B�q}~�B�qwz�*wzt%���'v��qw�¶E�0wl¤%�Bv�¢qw ¹ suv���·���su����v����Bwly
s���su���qwj�Bwj�'vx¢���su��v��q��´E�ÚyB�qw0¢��Twlwzt�¢��Bv��qw�·I�B�z�qwz����v�t�wz�
yxw0¢I}~��¢��Ts~�zyxw0¢�¶�·�¢Ts�¡7}~v��Iyxw0¢I�B��v���v���v�¡Ew0¢¿t�w��0}~t�¢���v�����sut%�	��s~¢Iyxs��q}~�B�qw�´�Åit'À�t�¶��B½0¢¿¤%��wpy®­¯}~t?�0}~tBt�s��x�	y
s
t�su���B�qw¿�Bw¿�T��s~¤E��wI�B��v���v���v�¡Ew�ÛÐ�q}~���qw¿}~��}~��¢��Ts~�zyxw:Ü±¶�}~tÈ�!wz�B��wzt�w±µ;���Tsuv��qw¿y®­¯wz¢q��s~�0wI�q}~�By
su�Byxw�´
��w0¢|�'v#°K�z�qwzt%�Twz¢M�z�Tsu�!w0¢|�'�����Tsuv��qwz�*wzt%�i¢q}~t%���B��vx½z¡7wz�*wzt%�|�B�T�z¢Twzt%�q�0w0¢���suv�t%�qwzt�sut%��¶�s�¡Ew0�Dyxwz�B�M�0}~���Byxw±µ;v��q��´
� tÄt�}~�qwz�Ts

I
�Bt�w�v���su»7w�¶!y®­ v�t��'vx�0w

d
v�t��'vx¤E��sut%���Bt�w�v���su»7wp�'�q}~v��qw�¶!y®­ v�t��'vx�0w

g
�Bt�wºv���su»7wº»Esu���T��w�´Kr�w

�By���¢�¶
L
w0¢��lyxwIt�}~���B�qw¿�BwIy�v�»�t�w0¢�wz�

N
yxwIt�}~���B�qw¿�BwI�Bv#µBwzyx¢l��su�jy�v�»�t�w¿�Bw

I
´

äKÓaÒ�Ó���� Ì�ÖuçBÎ�Ì:ØÐÊ Õ ×|æE©*é|ÖuØa«¬Ø3Ì:Ø��!æE©
�dwz���qw��z�Tsu�!w��0}~t�¢�vx¢��qw�wztÙy®­¯w±µ'���Ts~�z��vx}~tã�Bw0¢º�B��v���v���v�¡Ew0¢p�Bw��T��s~¤%��w(v���su»7w�¶i·_¢Ts�¡E}~v���yxw0¢p�0}~t%�q}~�B�q¢��Bw0¢
}~�'¾³wz�q¢j»��TÇ~�0w	·p�Bt���suyx�z�By��BwI»��Ts~�'vxwzt%��´!�%v

i
�qwz�B�q�0¢qwzt%�qw¿y®­ v�t��'vx�0w	��sut�¢jy
spy�v�»�t�w	�'���!}~v�t;��¢��B�jyxw0¤E��wzy<}~t

���Ts�¡~suv�y�yxw�wz�
I(i)

¢T}~t*tBv�¡Ew�su�(�Bwj»���vx¢:¶
I(i+1)− I(i)

w0¢���yxw��'v#°R�z�qwzt%��vxwzy!wzt(�0wj�!}~v�t%��´'�%v+�0wz���qw�¡~suyxwz�B�dw0¢��
¢��B�!�z��vxwz�B�qw¿·��BtÈ¢qwz�Bv�yK�B�q�0�B�±À�tBv®¶��0wO�!}~v�t%�jw0¢��m�Bt�w��B��v���v���v�¡7w	·�»��Ts~�'vxwzt%�l�!}�¢�v���v ¹ ´��%vRwzy�yxwIw0¢��mv�t ¹ �z��vxwz�B�qw
·�y®­¯}~�B�!}�¢q�p�Bwp�0wº¢qwz�Bv�y®¶K��­¯w0¢��O�Bt�w��B��v���v���v�¡Ew�·�»��Ts~�'vxwzt%�It��z»Esu��v ¹ ´��dwz�Isuy�»7}~��v����B�*w*w0¢���wzt

O(N)
�!}~�B�

�T��s~¤E��w�y�v�»�t�w�¶B�B}~t��Iwzt
O(N ×L)

�!}~�B�l�Bt�wOv���su»7wIwzt%��vx½z�qw�´�Åit��*}:�EwztBt�w�¶'�!}~�B�j�Bw0¢l¢q�0½zt�w0¢l�q��suy�v�¢q�qw0¢�¶
su� ��sAµ'v����B� à�á�� ��wz¢º�!}~v�t%�q¢p¢q}~t%�p�0}~t�¢qwz��¡E�0¢�Û���� ��su�p¢�v�»�t�w��Bw�»��Ts~�Bv�wzt;�4Ü±´M �t w±µ'wz���Byxw��R­ v���su»7w
�B�q}:¡7wzt�sut%�m�Bw0¢���su�*�z�Ts~¢dwz��y®­¯w±µ'���Ts~�z��vx}~t�w±°Kw0�z�����0wºÛÐ�B��v���v���v�¡Ew0¢m·I»��Ts~�'vxwzt%�d�!}�¢�v���v ¹ wzt��By
sut���¶E�B��v���v���v�¡Ew0¢
·º»��Ts~�'vxwzt%��t��z»Esu��v ¹ wztÈ»���vx¢4Ümw0¢��l�B�q�0¢Tw±t;�q��À�»��B�qw*à�´

� ��! "<à$#( �t�w�v���su»7w¿wz�jyxw��q�0¢q�By��Tsu���R­ �Bt�w¿w±µ'���Ts~�z��vx}~t��BwI»��Ts~�'vxwzt%�

äKÓaÒ�ÓaÒ�Ó&% ØaÏ
Ì�Öuç('�æ_×Mª*)|Öuª|Ø3Ì
�D­¯�z�Tsu�!w*�R­¯w±µ;���Ts~�z��vx}~t¬�Bw0¢�����v���v#�qv#¡Ew0¢It��0�0w0¢q¢qv��qwº�BtÂÀ�y����Tsu»7w*sAÀ�t?�R­¯�zy�v���v�t�wz�¿yxw0¢��!}~v�t;�q¢�vx¢q}~yx�0¢:´K�Úy ¹ su�B�
�!}~�B�_�0wzy
sâsut�suy��;¢Twz�Èy®­¯wzt�¢Twz���Byxw¬�Bw0¢��B��v���v���v�¡7w0¢Äw±µ;���Tsuv��qw0¢_wz�_�B�z�qwz����v�t�wz�_�!}~���_�T��s~�z�Bt�w �R­¯w±y�yxw0¢_yxw
t�}~���B�qwÈ�Bw�¡E}~vx¢�v�t�¢�´��%v��0wzy��Bv#²Ú�zv�w0¢��*¢��(+�¢Tsut%��¶D}~t �0}~t�¢Twz��¡7w�y
sÂ�B��v���v���v�¡7w�´��|}~�B�(�T��s~¤%��w�y�v#»�t�w~¶�}~t s
wztÂ�*}:�EwztBt�w,��� �Bwº�B��v���v���v�¡Ew0¢�´R��wp¡E}~vx¢�v�t�su»7w��z�����'vx��w0¢����Bt?��su���q���Bw

5 × 5
´K��v�t�¢�v®¶.-/���qw0¢��q¢I¢q}~t%�¿·

w±°Kw0�z����wz�l��su�m�B��v���v���v�¡7w�´ � t�}~�B��vxwzt%�j�B}~t��O�Bt�w��0}~���Byxw±µ'v��q�Iwzt
O(25×N × 5%)

��su�my�v�»�t�w�¶'¤%��­ v�y ¹ su�B�
���By���v��By�vxwz����su�

L
�!}~�B�jy®­ v���su»7w	wzt%��vx½z�qw�´

äKÓ
äKÓ10 ç�ÏÐÎEª�Ïd×�æÄÏ3çÁ×MØÐ©�é|çBÖuØ3Ì�¨
2 ��su����v��*�R­ v���su»7wz¢��B�q}:¡Ewzt�sut%���Bw��Bwz�'µÙ��su�*�z�Ts~¢*¢��;t��T�B�q}~tBvx¢q�0w0¢�wz�p}~��¢qwz��¡�sut%�py
s_�*¼z�*w�¢q�0½zt�w�¢q}~��¢
�Bwz�'µ�sutB»�yxw0¢d�'v#°R�z�qwzt%�q¢�¶;}~t��0}~t�¢������Bv��d�Bt�wO¢q�0½zt�w3�~r ��su���Bt�w��*�z����}%�Bw��R­¸su�B��su��vxwz�*wzt%�j�Bw0¢��!}~v�t%�q¢m�Bw0¢
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v���su»7w0¢�´|Åit w±°Kwz��¶��Bt �!}~v�t%�p�Bw(y
s�¢q�0½zt�w�t<­¯su���Ts���s~¢�y
sÈ�*¼z�*w(�!}�¢�v���vx}~t ¢q�B��y
sÈ��suv��qw��R­ v���su»7w0¢�´ � t
¢��B�B�!}�¢qwº¤%��w�yxw0¢���su�*�z�Ts~¢¿¢q}~t%�O��su� ¹ suv��qwz�*wzt%�	suy�v�»�t��0w0¢�¶K�0wp¤E�Bv|v����By�vx¤%��wp¤%��­ �BtÄ�!}~v�t%�	su�B�Ts�y
s(�*¼z�*w
}~�q�B}~tBt��0w�su��tBv�¡7w�su�_�Bw0¢��Bwz�'µÈ��su�*�z�Ts~¢�´ � t_su�B�!wzy�yxw	�'vx¢q��su��v��q�¿yxw¿�B�0��suy
su»7wºsu�ÈtBv�¡Ew�su���Bw0¢Osu��¢q�zvx¢q¢qw0¢�´
�iy���¢	�Bt¬�!}~v�t%�ºw0¢����±yx}~v�»�t��(�Bw0¢���su�*�z�Ts~¢�¶<�*}~v�t�¢	y
sÈ�'vx¢q��su��v��q��¤%�BvDy��Bvdwz¢q��s~¢q¢T}%�zvx�0w�¢qwz�Ts�v����!}~���Tsut%�qw�´
� t�¡�sº�B�z�qwz����v�t�wz�j�!}~�B���T��s~¤E��w��B��v���v���v�¡EwI�Bw�y®­ v���su»7w¿�'�q}~v��qw�y
sº�B��v���v���v�¡7w¿�BwOy®­ v���su»7wI»Esu���T��w¿¤E�BvKy��Bv
¢qwz�Tsuv���yxwp��vxwz�'µÁsu�B��su��vx�0w�´��|}~�B�	�zwzy
s'¶�}~tÁ��suyx�z�Byxwp��tÁ¢q�0}~�qw��Bwp�0}~���q�zy
su��vx}~t

s
·(��su����v��¿�Bw0¢��*}:�EwztBt�w0¢

»Esu���T��w�¶
mg

¶�wz�j�'�q}~v��qw�¶
md

¶�su�È�!}~v�t%���0}~t�¢�vx�B�z�q��4

md(xd, yd) =
1

15

1∑

j=−1

2∑

i=−2

Id(xd + i, yd + j), mg(xg, yg) =
1

15

1∑

j=−1

2∑

i=−2

Ig(xg + i, yg + j)
Û³à:Ü

s =

1∑

j=−1

2∑

i=−2

||Id(xd + i, y + j) − md(xd, y)| − |Ig(xg + i, y + j) − mg(xg, y)||
Û�-7Ü

�iy���¢*yxwÈ¢q�0}~�qwÈ}~�B�qwzt%� w0¢��*��s~¢�¶i�By���¢*y
sÂ�0}~���T�±y
su��vx}~t wzt%���qwÈyxw0¢*�Bwz�'µã�!}~v�t%�q¢�w0¢�� ¹ }~���qw�´D�|}~�B�(�T��s~¤E��w
�B��v���v���v�¡7w�¶�v�y�¢�­¸su»�v����B}~t��¿�BwI���q}~�B¡Ewz�jyxw��!}~v�t%����}~tBt�sut%�jyxw¿¢q�0}~�qwI��v�tBv���suy®´
Åit*�B�Tsu��vx¤E��w�¶7y
s��'vx¢��+su��v��q�lt�wl�B�z��s~¢T¢qwm��s~¢ N

2

wz��wzy�yxwjw0¢��i��su��suv�y�yxwz�B�q¢D�q}~�~¾�}~�B�q¢D�!}�¢�v���v�¡Ew~´7 �t�wm�B��v���v���v�¡Ew
�R­¸su��¢q�zvx¢q¢qw

i
�Bwz¡;�Ts(�B}~t��p¢qwº�0}~���q�zyxwz�¿s�¡Ew0��y®­ �Bt�wº�Bw0¢O�B��v���v���v�¡Ew0¢I�R­¸su��¢q�zvx¢q¢qw

[i, i + N
2
]
¶!wz�O��su�¿suv�y�yxwz�B�q¢

v�y|t�­¯w0¢�����s~¢�t��0�0w0¢q¢Tsuv��qw��Bw��qwzt%�qwz�I�Bt�wp�0}~���q�zy
su��vx}~t¬wzt%���qwp�Bwz�'µ_�B��v���v���v�¡Ew0¢I��}~t%��yxwº¢qv�»�t�wº��w�»��Ts~�'vxwzt%�
w0¢����'v#°R�z�qwzt%��´|��w(¡7}~vx¢�v�t�su»7w��Bw(�0}~���q�zy
su��vx}~tãw0¢����Bw

5
wzt su��¢q�zvx¢q¢qw�wz�

3
wztÙ}~�q�B}~tBt��0w�¶|¢q}~v��

15
�Bv#µ'wzyx¢�´

� tÁ¢q�B�B�!}�¢qw�¶R�0}~���*wp�B�q�0�0�0�Bwz���*wzt;��¶<¤E��wºy®­¯}~t¬s�su�Á��sAµ;v����B�
N × 5%

�Bwp�B��v���v���v�¡7w0¢I�+su��v���su»7w�´
�|}~�B�º�T��s~¤E��w��B��v���v���v�¡7w(�Bw*y®­ v���su»7w(�'�q}~v��qw�¶<v�y ¹ su�B����suyx�z�Byxwz�

S
s�¡Ew0�

5% × N
2

�B��v���v���v�¡Ew0¢º�Bw*y®­ v���su»7w
»Esu���T��w�´E�<w��0suyx�z�By!�Bw�¢q�0}~�qw�s�¡Ew0�l�Bt�wl�B��v���v���v�¡Ew��Bwjy®­ v���su»7w�»Esu���T��w�¢Tw ¹ suv���wzt

O(30)
´7�Msu�d�0}~t�¢q�0¤E��w±t;��¶

�!}~�B�*yxwÈ��suyx�z�By��Bw��q}~��¢*yxw0¢�¢q�0}~�qw0¢(su� tBv�¡Ew�su�â�R­ �Bt�wÈ�B��v���v���v�¡Ew��Bw�y®­ v���su»7w��'�q}~v��qw�¶�}~tâ}~�B��vxwzt%���Bt�w
�0}~���Byxw±µ;v��q�?wzt

O(15) + 5% × N
2
× O(30)

´m�isu��y�v�»�t�w�¶myxwÁ��suyx�z�By	�BwÂ�'vx¢q��su��v��q�Â�!}~�B���Bt ¢�v�»�t�wÁ�Bw
»��Ts~�'vxwzt%�l¢qw ¹ suv��mwzt

O((5%×N)× (O(15) + (5%× N
2
)×O(30))

´;��s��0}~���Byxw±µ'v��q�O�q}~�Tsuyxw�w0¢��m�B}~t����Bw
L× 2×O((5%×N)× (O(15) + (5%× N

2
)×O(30))

´ � t��q�0�z�B�!½z�qw	su����sAµ;v����B�
10%(2× 5%)

�Bw
�!}~v�t%�q¢�¢��B�ly
s���su���qw¿�Bw¿�'vx¢���su��v��q�It�}~�q�

D
´

äKÓ65RÓ&% ØaÏ3Ì0Öuç('�æ_×|æ_ÏÐçÁÎ7çBÖAÌ�æ_×�æ_×|ØÐ©�é|çBÖuØ3Ì�¨
��w�À�y����Tsu»7w��Bw*y
s���su���qw���w*�'vx¢���su��v��q�(w0¢��	¢�v���v�y
suv��qw(·È�0wzy��Bv��'�?À�y����Tsu»7w��Bw0¢¿����v���v#�qv#¡Ew0¢�´<�<w*¡7}~vx¢�v�t�su»7w
�Bw��0}~���B�Tsu»7w(w0¢��	�Bt¬�qw0�z�TsutB»�yxw

5 × 3
su�B�q}~�B�º�'�¬�!}~v�t%�º�z�����'vx��´ � t¬t�}~�qw

n
yxw*t�}~���B�qw(�Bw*�!}~v�t%�q¢º·

�'vx¢���su��v��q��t�}~t�t%�By�yxwI�BwOy
s87�}~t�w�¶
t
�Bt�w��0}~t�¢��Tsut%�qwI�BwO�q}~yx�z�Tsut��0w¿wz�l}~t���suyx�z�Byxw�y
sº¢q}~���*w

s
wzt��0wO�!}~v�t%�

s =
∑

1

j=−1

∑
2

i=−2
D(xd + i, yd + j).

�%v
|D[xd + i, yd + j]−s/n| < (s/n)× t

¶7yxwl�!}~v�t%��w0¢����0}~t�¢Twz��¡7��´
�<s��0}~���Byxw±µ;v��q�¿�q}~�Tsuyxw	w0¢��j�Bw

O(L × 15 × N × 10%)
´

äKÓ:9�Ó�å ÖuÊ<;iÏ�×�æ_ÏÐçÁÖuÊ+ª<Ì�æ
�dwz���qw�su�B�By�vx��su��vx}~t�¡;vx¢Tsut%�<·l�B�z�qw0�z�qwz�<yxw0¢<}~��¢��Ts~�zyxw0¢<¢TwM���q}~�B¡�sut%�<¢��B��y
sm�q}~�B�qw�¶�v�y ¹ su�B���!}~�B¡7}~v����B�z�qwz����v�t�wz�
y
s��q}~�B�qwº�B�q}~�B�qwz�*wzt%�	�'v��qw�¶K}~�Â�By���¢O�B�q�0�zvx¢q�z�*wzt%�Iy
s��'vx¢���su��v��q�p��wº�T��s~�z�Bt?�Bw0¢O�!}~v�t%�q¢I�Bwºy
s��q}~�B�qw�¶R�0w
¤E�Bvi�!wz�B�¿¼z���qw ¹ suv#�	s�¡Ew0�py
s���su���qw*�Bw��'vx¢���su��v��q�

D
´RrIsut�¢Iyxw���s~¢¿�R­ �Bt�wp�q}~�B�Twp�By
sut�w�¶�}~t?¢Tsuv��¿¤%��w�¶R¢��B�

�Bt�wj�*¼z�*w�y�v�»�t�w��Bw
D
¶7�q}~��¢�yxw0¢��!}~v�t%�q¢��Bw�yxs¿�q}~�B�qw�}~t%��y
sI�*¼z�*w��'vx¢���su��v��q��´ � t��!wz�B�d�B}~t����0}~t�¢�vx�B�z�qwz�

¤E��w*�!}~�B�º�T��s~¤%��w*y�v�»�t�w�y
s��q}~���qw*�!}�¢T¢q½0�Bw*�Bt�w(�0wz���Tsuv�t�w(�'vx¢���su��v��q��´|r�w��0wz���qw*��sutBvx½z�qw�¶|}~tÙ�z}~t�¢�vx�B½z�qw
y®­¯w0¢���s~�0w�s��Esut%��yxw0¢�y�v�»�t�w0¢º�!}~�B�º}~�q�B}~tBt��zw�wz��yxw0¢º�'vx¢���su��v��q�0¢º�!}~�B��su��¢q�zvx¢q¢qw(wz�º��sut�¢�yxw0¤%��wzy��By���¢�vxwz�B�q¢
�!}~v�t%�q¢º�R­ �Bt�w�y�v�»�t�w

y
s��Esut%��y
sÈ�*¼z�*w(�'vx¢���su�qv#�T�

δ
¢�­¸s~�0�z�B���Byxwzt%�*su�¬�!}~v�t;�

(y, δ)
´M�O­¯w0¢���y®­¯w0¢���s~�0w(�Bw

��²Ú�'vx¢���su��v��q�(�B�q�0¢Tw±t;�q�(��sut�¢�y
s�À�»��B�qw=-'´�rIsut�¢�yxw���s~¢º�R­ �Bt�w(�q}~�B�qw(�By
sut�w�¶�yxsÈ�q}~�B�qw��0}~���qw0¢��!}~t�� ��sut�¢
�0wz�	w0¢��+s~�zw(·��Bt�w��'�q}~v��qw�´ � t¬�!wz�B��}~�B�qwztBv��	y®­¯�0¤%��su��vx}~t ��w*�0wz���qw��'�q}~v��qw(w±t¬�B��v�y�vx¢Tsut%��yxs����Tsut�¢ ¹ }~���*�0w
�Bw?>O}~�B»�� Ý@�AÞÚ¶d�0wÄ¤E�BvO�!wz���*wz���BwÄ��suyx�z�Byxwz��y
s �'vx¢���su��v��q�Ä��w�y
s¬�q}~�B�qwÄwzt �T��s~¤%��w_y�v�»�t�w�´dÅDt �0w_¤%�Bv
�0}~t��0wz��t�w�yxw��q}~�By�vx¢�¶;yxwO�B���zt�}~�*½zt�wI¢qw��qw0¢T¢qwzt%�lsu��tBv�¡7w�su���BwOy
s���su���qwI�Bw�y
s&��²Ú�'vx¢���su��v��q����su�m�Bt�w��'�q}~v��qw
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,�-(��.0/%132413576!��.0879!5:-;6<&�87=?>�8A@B.01
CD"E$;$;&

� ��! "A-B#��msu���qw¿�BwIy
sC��²Ú�'vx¢q��su��v��q��´

�qwz�B�q�0¢qwzt%�Tsu��v�¡Ew	�Bw¿y
s��q}~�B�qw¿�By���¢��z��suvx¢q¢qw�´��<s��qw0�T��wz�q�T��w��Bw¿y®­¯�0¤%��su��vx}~t_wzt_�Bwz¡;vxwzt%���By���¢Osu�q�'��w�´���­ vx�B�0w
w0¢��	�Bw ¹ suv��qw*¢q�B�Bv��¿yxw��q}~�By�vx¢¿v�t%¡Ewz�q¢qw�·�y
s��q}~�B�qw*�!}~�B�	}~�B�qwztBv���´�¢��B�¿y
s���su���qw*�Bt�w*�'�q}~v��qw*�Bvxwzt¬�B�±À�t�v�w�´
��w��q}~��y#vx¢��z�Tsut%�	y�vx��·�y®­¯wzt%¡;v��q}~tBt�wz�*wzt%��¶|}~t?�B��v�y�vx¢qw*�Bt�w��*�z����}%�Bw(w±µ'��su��¢���v�¡7w*�!}~�B�	wzt¬�qw0�T��wz�q�T��wz��y
s
¡~suyxwz�B��´|�'s~�T��sut%�º¤%��w�yxw*�q}~�By�vx¢	¢Tw*¢�v�����w*wzt%���qw*²D�

◦
wz�8�

◦
¶�}~t ¹ suv���¢��B�Bv���·�y
s���su���qw(�Bw1��²Ú�'vx¢���su��v��q�=��á

�q}~�By�vx¢�Ûa��sut�¢��0wz��v�t%�qwz��¡~suy�yxw:Ü±¶;suv�t�¢�vA��áIw0¢���s~�0w0¢��BwE>O}~�B»���¢T}~t%�D}~���qwzt%��¢�´%�dwzy��Bv��!}�¢q¢T�0��sut%�Dyxwl��sAµ'v����B�
�Bw0¢I��sAµ;v���s��Bw��q}~��¢Iyxw0¢¿w0¢���s~�0w0¢	�BwF>O}~�B»��Á�!}�¢q¢T�0�Bwz�Ts�yxw��q}~�By�vx¢¿w±µ�s~�z��Ý¸ßuÞÚ´R�D­¸su�B�By�vx��su��vx}�t �B}~v���su��¢q¢�v
¼z���qw*�q}~�B��¢��qw(su�'µÁ�B�q}~�Byx½z�*w0¢º�Bw�¡;��v�y�y
su»7w�´|�dwzy��Bv#²Ú�zvd¢qw��qw0¢T¢qwzt%�¿��su�	�Bt�w*�q}~�B�qw��0}~���qw0¢q�!}~t���sut%���By���¢º·
�Bt�w|¾³}~t��z��vx}~t��Bwl�'�q}~v��qw0¢D��sut�¢iy
s���su���qwj�Bw

v
²Ú�'vx¢���su��v��q��´7�D­ vx�B�0w�su�B�!}~���q�0wl��su�Dyxwm�<�Ú���³�Ùw0¢��i�Bwl�B�0�0}~�B�!wz�

�0wz���qw���su���qw�wzt
5
���Tsut��T��w0¢O¡7wz����vx��suyxw0¢O�Bw	�*¼z�*w	�Tsuv�y�yxwºw±�O�R­ �Èw±°Kw0�z����wz�Ov�t��B�z�!wzt���su���*w0t%�Oyxw0¢O��suyx�z�Byx¢�¶

�R­¯}HG
5
w0¢���s~�0w0¢M�BwI>O}~�B»���´uÅitº�qwzt�sut%�M�0}~���B�qwm�'���q}~��y#vx¢Mwz�M�'��¡;��v�y�y
su»7w�¶;àJ��á�w0¢���s~�0w0¢M�BwI>O}~�B»��º�B}~v�¡Ewzt%�

¼z���qwl��suyx�±��y��0¢:´���}~�q¢D�'�*��suyx�z�By��Bwmy
s��'vx¢���su��v��q�l�Bwmy
s��q}~�B�qw�¶7}~tp�q�0�z�B�!½z�qwlyxw0¢K����sAµ'v���s��Bw0¢M���Tsut��T��w0¢��Bw0¢
�'v#°K�z�qwzt%�q¢��q}~�By�vx¢�´ � tÁs�su�Ä��sAµ'v����B� à�á�� �Bw��!}~v�t%�q¢�¢�����y
s(��su���qwp�Bwº�'vx¢���su��v��q��¶K�0wº¤E�Bv|t�}~��¢��B}~tBt�w
�Bt�w��0}~���Byxw±µ'v��q�Owzt

O(L× (10%×N)× 30)
�!}~�B�m�T��s~¤E��w��q}~�By�vx¢�¶;�B}~t��

O(30×L× (10%×N)× 30)�!}~�B�jy
sp�B�z�qwz����v�t�su��vx}�t_�'�È�B�q}uÀ�y<�BwIy
sp�q}~�B�qw�´

äKÓMLKÓ&N «¬¨%ÏaØÐÊ�Öuç'Ì:ØÐÊ Õ ×|æ_ÏÐçÁÎ7çBÖ:Ì�æÄ×�æ�×MØÐ©�é|çBÖuØ3Ì�¨
�Äsuv�t%�qwzt�sut%��¤%��w�y®­¯}~t �0}~tBt�s��x�(yxwÈ�B�q}uÀ�y���w�y
sÁ�q}~�B�qw�¶�}~t �!wz�B��su�*�zy�vx}~�qwz�(y
s?��su���qw��Bw��'vx¢���su��v��q�_wzt
�0}~����v�»7w�sut%�jyxwz¢jwz���qwz�B�q¢j�R­¸su�B��su��vxwz�*wzt%���0}~����vx¢Tw0¢m�B�T�z�0�0�Bwz���*w0t%��ÝPO~ÞÚ´ � t�¡�s��q�±²Úw±°Kw0�z����wz�j�Bt���suyx�z�By<�Bw
�0}~���q�zy
su��vx}~t�¶D·�y
s_�'v#°K�z�qwzt��0w�¤%��­¸·��B�q�0¢qwzt%��}~t ¢��B�B�!}�¢qw�¤%��­¯}~t �0}~tBt�s��x�py
s_�'vx¢��+su��v��q���Bw��T�+s~�±��t�w��Bw0¢
�B��v���v���v�¡7w0¢�´ � t����qwzt��(�Bt�wO�B��v���v���v�¡7w

i
�Bw�y®­ v���su»7w��'�q}~v��qw�wz�m}~t�y��Bv�s~¢q¢q}%�zvxw��Bt�wO�'vx¢q��su��v��q�

δ
�z»EsuyxwI·¿y
s

�'vx¢���su��v��q�	�BwIy
sp�q}~�B�qw	¢��B��¢Tsºy�v�»�t�w�´!�%v<�0w¿�!}~v#t;��su����v�¡Ew	·�¢qw¿�0}~���q�zyxwz����sut�¢j�Bt�¡7}~vx¢�v�t�su»7w
5 × 5

su�B�q}~�B�
�'�Á�!}~v�t%�

i + δ
��sut�¢Iy®­ v���su»7w*»Esu���T��w�¶<suyx}~�q¢	�0wp�!}~v�t%�ºsu�B��su����vxwzt%�º·�y
s��q}~���qw�´���w*��s~¢¿�0�T����sut%��¶<}~tÁyxw

�0}~t�¢�vx�B½z�qw��0}~���*w��Bt�}~��¢��Ts~�zyxw�´%��w���suyx�z�By!�Bw��0}~���q�zy
su��vx}~t�¢qw ¹ suv����q}~�~¾³}~�B�q¢d¢��B���Bt�¡E}~vx¢�v�t�su»7w
5×3

¶E¢T}~v��
àJ���Bv#µBwzyx¢�´BÅit��B�Tsu��vx¤%��wI}~tÈ�0}~t�¢��Tsu�qw¿¤E��w�à�áº�!}~v�t%�q¢j¢��B��-/�º¢T}~t%�m�qw0¢��q�0¢l��su�l�B��v���v���v�¡Ew�´B��sp�0}~���Byxw±µ;v��q�
w0¢��j�B}~t��¿wzt

O(L × (10% × N) × 10 × 15)
´

äKÓ6QRÓ���� Ì�ÖuçBÎ�Ì:ØÐÊ Õ ×|æ_Ï�è#æ%©�é|çBÎ7æ_ÖuÊ+ª�ÏÐç()MÏÐæ
� t�s	·I�B�q�0¢qwzt%���Bt�w���su���qw��Bw��'vx¢���su��v��q��t�}~��¢�v�t��'vx¤%��sut%��y
sIt�su���B�qw��Bw0¢��B��v���v���v�¡Ew0¢��qwz�B�q�0¢Twzt%�q�0w0¢�ÛÐ�q}~�B�qw
}~�*}~��¢��Ts~�zyxw:Ü±´E�D­ vx�B�0wjw0¢��D�Bwl��su�q�0}~�B��v����0wz���qwj��su���qwj�Bwl��s~¢Dwzt���su�B�D�!}~�B���B�z�qwz����v�t�wz��y®­¯w0¢���s~�0wl�q}~�By
su�Byxw�´
��wl���Tsuv��qwz�*wzt%�d¢Tw ¹ suv��D��su�Dyxwl��s~¢D�!}~�B���z¡;v��qwz���Bwj�0}~t�¢�vx�B�z�qwz�d¤E��wj�0wj¤%�Bv�¢qwl���q}~�B¡7w��Bwz¡~sut%���Bt*¡E�z�Bvx�z�Byxw±²
}~��¢��Ts~�zyxw¿�0}~���*w¿�BwIy®­¯wz¢q��s~�0wIy�v��B�qw�´��<s��0}~���Byxw±µ;v��q�	�BwI�0wz���qw¿�z�Tsu�!w¿w0¢q�jwzt

O(L × N)
´B��wI�q�0¢��By��Tsu���'�

���Tsuv��qwz�*wzt%��w0¢��l�qwz�B�q�0¢Twzt%�q�¿¢����ly
s�À�»��B�qw8�'´

5RÓ10 Ê Õ Ì�Öuç�Ø Õ Ì�æE©
��w0¢l�0}~t%���Tsuv�t%�qw0¢lv�tBv���v
suyxw0¢j�BwOy®­¸su�B�By�vx��su��vx}~t_�B�±À�tBvx¢q¢qwzt%�ly
s�y
su�qwzt��0wI�'�����Tsuv��qwz�*wzt%��¶Byxw��B�z�Bv��l�Bw0¢mv���su»7w0¢
wz�lyxwz�B�jy
sp�Tsuv�y�y�w�´��<spy
su�qwzt��0w	�'�����Tsuv��qwz�*wzt%����­ ��t�wI��suv��qw¿�R­ v���su»7w0¢��B}~v���¼z���qwIv�t ¹ �z��vxwz�B�qw	·�à�á�áp�*¢�´BÅit



���������	��

��������������
����������� !���	��
#"%$%$'&(�*)+�
,�-(��.0/%132413576!��.0879!5:-;6<&�87=?>�8A@B.01
CD"E$;$;&

�R�	! "A�B#�ÅD¢���s~�0wI�q}~�By
su�Byxw�´

�qwz¡~sut��T��w�¶ByxwI�B�z�Bv����BwI¢q}~����vxwI�Bw0¢lv���su»7w0¢�su��tBv�¡Ew�su�È�Bw0¢j�Bwz�'µ���su�*�z�Ts~¢�w0¢��j�Bw�à�áº�*¢�´BÅit'À�t�¶By
sº�Tsuv�y�yxw
�Bw0¢Dv���su»7w0¢ds¿�z�q�jv�tBv���v
suy�wz�*wzt;��ÀBµB�0w�·I�Bt�wj�q�0¢q}~y��B��vx}~t

1024×1024
�!}~�B��à�����v#�T¢D��su���Bv#µBwzy®¶7¢T}~v����/�/�/���

tBv�¡7w�su�'µ��BwI»���vx¢j�!}�¢q¢�v��Byxw0¢�´���wz�B�j�Tsuv�y�yxw�ÛÐv�t��'v�¡;vx�'��wzy�yxw:Ülw0¢q�j�B}~t��¿�BwB-p�Ä}B´
�Msu�Osuv�y�yxwz�B�q¢�¶��!}~�B��¤%��wIyxw	�0}HSB���'�_�zv��q�z�Bv���¢q}~v��Os~�0�0wz�B�Tsu�Byxw	��su��yxw0¢��0¤E�Bv��!wz�*wzt%��vxwz�q¢:¶+}~t_�0}~t�¢�vx�B½z�qw	�Bt
t�}~���B�qw	��wI�B�q}%�T��w0¢O�Bw8�'àJ-���sAµ;v����B�È¶��Bt�w ¹ �q�0¤%��wzt��0w	�Bw ¹ }~t��z��vx}~tBt�wz�*wzt%���Bw8-�á�á*�T>�7	wz���Bt�w¿�*�±²
�*}~v��qw�v�t%�qwz��t�w�t�w��B�z��s~¢T¢Tsut%����s~¢OàO�_}B´%�iy���¢qvxwz�B�q¢m�0}~t�¢q�0¤%��wzt��0wz¢m�!w±��¡7wzt%�m¢qw��B�0�'�Bv��qwO�BwO�0w0¢d¤E��wzyx¤%��w0¢
�0}~t%���Tsuv�t%�qw0¢84
# ��s�y
su�qwzt��0w��!wz����vx¢Tw�w0¢q���Bvxwzt¬¢��B�!�z��vxwz�B�qw(su�?�B�z�Bv���´ � tÁ¡E}~v��I�Tsu�Bvx�Bwz�*wzt%��¤%��­ v�yit�­¯w0¢��I��s~¢I�!}�¢q¢qv��Byxw
�R­¯w±°Rw0�z����wz��y
sp�q}~�Tsuy�v��q�	�'�È���Tsuv��qwz�*wzt%��wzt?-p��v�y�y�vx}~t�¢��Bw¿�z�'�zyxw0¢�´+�dwzy
spv����!}�¢qw¿�B}~t��	¤E��wIy
sº�����0w¿w0¢��
�0}~t�¢q��v������0w��Bwl�By���¢�vxwz�B�q¢$UWVYXZ� 
 ���[�pÛîsu�*��sAµ'v����B�bà�á7ÜM¤%�Bv ¹ }~t��z��vx}~tBt�wzt%�dwzt*��su�Tsuy�yx½zyxw�wz���B�0��suyx���R­ �Bt�w
v���su»7w	��sut�¢lyxwI�qwz����¢�¶��0}~���*w¿v�y�y���¢����q��À�»��B�qw]\�´

^`_[a�b:cedWf,dWghcji(d]kMa
lma�b:_edBn
^`_[a�b:cedWf,dWghc$i(d3kMa
lma�b:_ed,o
^`_[a�b:cedWf,dWghcji(d]kMa
lma�b:_edBp
^`_[a�b:cedWf,dWghc$i(d3kMa
lma�b:_edBq
^`_[a�b:cedWf,dWghcji(d]kMarlma�b:_edts
^`_[a�b:cedWf,dWghcji(d]kMarlma�b:_edBu
^`_[a�b:cedWf,dWghcji(d]kMarlma�b:_ed8v
^`_[a�b:cedWf,dWghc$i(d3kMa
lma�b:_ed8w
^`_�a�bxc[d�f,dWgycji(d]kMarlma�b:_edBz
^`_[a�b:cedWf,dWghcji(d]kMa
lma�b:_edB{

^`_[a�b:cedWf,dWghcji(d]kMarlma�b:_ed�oJn
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�qwz����¢�ÛÐ�*¢4Ü

�zy���¢��qwz�

� ��! "<\
#(ÅMµB�0�z�B��vx}~t_¢��B�¿à�á|UWVYXZ� 
 �����±´

# �<w0¢�v���su»7w0¢m}%�0�z�B�!wzt%�m�T��s~�z�Bt�w3-¿�Ä}B¶E¢T}~v��K\º�_}	�!}~�B���Bt�w���suv��qw�¢��q�z�q�0}�¢T�0}~�Bvx¤E��wO¢q}~v��K\Eá	�Ä}	¢�v�y®­¯}~t
s à�á}U~V�Xh� 
 �����±´M��wz�B��¢��q}%�[��su»7w�t�w(�!wz�B�º��s~¢p¢qw ¹ suv��qw���sut�¢�y
s��*�z�*}~v��qw�v�t%�qwz��t�w��Bw�y
s��B���0w�¶|�z�Tsut%�
�B}~tBt��0w0¢�yxw0¢(�0}~t%���Tsuv�t%�qw0¢��R­ v�t%�T�±»��4su��vx}~t�´m��w0¢(v���su»7w0¢�¢q}~t%���B}~t��Ä·?¢q�q}%�[�7wz��wztâ�*�z�*}~v��qwÄw±µ'�qwz��t�w�´
�<wÈt�}~���B�qw_�BwÈ�B�q}%�T��w0¢��z�Tsut%��y�v���v��q�Ä·��'àJ-'¶�}~t �0}~t�¢�vx�B½z�qw_¤%��­ �Bt�w�¢qwz�Byxw � ��� w±µ'�qwz��t�wÈ¡�sÁ¼z���qw
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�B��v�y�vx¢T�0w�´i�<w�¢q�T���z��sÁ�Bw�y
s_À�»��B�qw��Ä�B�q�0¢qwzt%�qw�y®­¸su�q�T�Bv��qw0�z���B�qw��R­ �Bt�w��B���0wÈ�B}~t%��yxw0¢*¢q}~��¢�²Ú¢��;¢q�q½z�*w0¢
ÛÐv�t��B�z�!wzt���sut;�q¢4Üm»7½z�qwzt%��yxw0¢j�'v#°R�z�qwzt%�qw0¢j��suv��qw0¢�¢��q�z�q�0}�¢q�0}~�Bvx¤%��w0¢j�B�q}:¡Ewzt�sut%����w�y
s � �O� w±µ'�qwz��t�w�´
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UWVYXh� 
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UWVYXh� 
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UWVYXh� 
 ���

� a�f,�W_[aH�

� �� �� ��

l(� � d

f,�Wf,�Hb:_edBd���cedW_�g<d

� ��! "A�B#����q�T�Bv��qw0�z���B�TwI»�yx}~��suyxw	�'��¢��'¢��q½z�*w�´

#â�!}~�B���T��s~¤E��w	�Bv#µBwzy��Bw��T��s~¤%��w	v���su»7w�¶�y
s � �O�[w±µ;�qwz��t�w�¢q�B�Bv����Bt�w��0�z��v����B�qwºw±°Rw0�±�q���0w	��su���Bt�w��Bw0¢
��su�*�z�Ts~¢�wz�*�Bwz�'µÙyxw0�z���B�qw���su��y
sÄ�B���0w�´iÅiy�yxwÈ�0}~t%��vxwzt��'�Ts�-�áÄv���su»7w0¢*�Bw|-Ä�Ä}ãÛ³à�áÄ��suv��qw0¢*¢��q�z�q�0}u²
¢T�0}~�Bvx¤E��w0¢4Ü±´�Åiy�yxw(�!}�¢q¢q½0�Bw��Bt�w*y
su�qwzt��0w��Bw_àJ-È�z�'�zyxw0¢�wz���!wz�B�����Tsut�¢ ¹ �z�qwz��¾���¢q¤E��­¸·��/-È�*}~�q¢ºwzt¬�Bt�w
�Ts ¹ suyxw�´

� t��!wz�B�d·I�B�q�0¢qwzt%�dw0¢���v��*wz��y
sI�T��su�q»7w�su��tBv�¡Ew�su�(�Bwjy
s � ��� w±µ'�qwz��t�w�´%Åit_à�á�á¿�*¢�¶E�T��s~¤E��w���su�*�z�Ts¿¡~s
�0}~�Bvxwz���'v#µºv���su»7w0¢�wz�Dyxs��B���0wl¡~sOy�v��qw¿à�áO��suv��qw0¢�¢��q�z�q�0}�¢q�0}~�Bvx¤%��w0¢�¶7¢q}~v��K-�áOv���su»7w0¢�¶7wz���0wl�Bwz�'µ ¹ }~vx¢:´ � t(s
�B}~t��O��á¿���Tsut�¢ ¹ wz���q¢��R­ v���su»7w0¢�´B����s~¤%��w�v���su»7wO�0}~t%��vxwzt%��à�á/-�\�y�v�»�t�w0¢dwz�d�T��s~¤%��w�y�v�»�t�w�¢qw��B�0�0}~�B�!wOwztÄà��
��s~¤E��wz�q¢j�BwI��\p�Bv#µBwzyx¢�´' �t����Tsut�¢ ¹ wz���l�R­ v���su»7wI¢Tw ¹ suv��lwztÁà��/��ß�\���s~¤%��wz�q¢lwz�lyxw0¢j��áºwzt|��ß/��á�\Eáp��s~¤E��wz�q¢:´
�<s��B���0w¿�q}~�B��t�w�·,-�á�á*�T>�77¶��0w¿¤%�Bv�t�}~��¢�y
suvx¢q¢qwB-�áp��v�y�y�vx}~t�¢O�Bw¿�z�'�zyxw0¢�Û³à�á�á��*¢4Üd�!}~�B�����Tsut�¢ ¹ �z�qwz��yxw0¢
��ß/��á�\Eá���s~¤%��wz�q¢�¶<¢q}~v��r-'à��z�;�zyxw0¢	��su�	��s~¤E��wz��¶��0w*¤%�Bv�w0¢q�¿v�t�¢���+�¢Tsut%��ÛÐ�Bt¬��s~¤E��wz�	�qw0¤%�Bvx½z�qw,\/\_�z�'�zyxw0¢
��v�tBv����B� �!}~�B�d¼z���qw����Tsut�¢ ¹ �z�q�:Ü±´;�<s	¢q}~y��B��vx}~t�·¿�0w��B�q}~�Byx½z�*wOw0¢q���Bw��q�0�'�Bv��qw�yxw0¢�¢��!�0�zv#À���su��vx}~t�¢:¶;wz���By���¢
�B�q�0�zvx¢q�z�*wzt%�jy
s��q�0¢q}~y��B��vx}~t��Bw0¢mv���su»7w0¢�¶'�+s~¢q¢Tsut%�l�Bw

1024× 1024× 16
�B�B��·

1024× 256× 16
�B�B��´B��w

t�}~���B�qw*�Bw���s~¤E��wz�q¢¿��s~¢q¢qw*suv�t�¢�v��Bw,��ß/��á�\Eá�·1-�\Z��O~��á�wz�	}~t¬sÈ·��B�q�0¢qwzt%��ß/-��z�'�zyxw0¢I��su�¿��s~¤E��w±�:´��dw
�T��}~v#µpw0¢��D�0wzy��Bv�¤%�BvB�!wz���*wz���Bwl�0}~t�¢qwz��¡7wz�Dyxw0¢M�*wzv�y�yxwz�B�q¢D�B�q}~�B��vx�z�q�0¢�·Oy®­¸su�B�By�vx��su��vx}~t��!}~�B���0wz���qwl¤%��sut%��v��q�
�Bw��*�z�*}~v��qw�´

9�Ó É ¨7Ì��<ÊR×|æ_×�èxØ Õ Ì�¨Z'�Öuç'Ì:ØÐÊ Õ
�<sÈ�B�Bvx¢q¢4sut��0w(�Bw(��suyx�z�By�t��0�0w0¢T¢Tsuv��qw�v����!}�¢qw(y®­ �B��v�y�vx¢Tsu��vx}~t �R­ �Bt�w�su�q�T�Bv��qw0�z���B�qw���su�Tsuy�yx½zyxw(�!}~�B�p�T��s~¤E��w
UWV�Xh� 
 �W�±´~��w0¢ ¹ }~t��±�qv�}~t�¢M·�w±°Kw0�z����wz�M¢q}~t%����su�|�0}~t;���qw����q½0¢|�'v#°R�z�qwzt%�qw0¢|yxw0¢<�Bt�w0¢|�Bw0¢Msu�B���qw0¢:¶A�B}~t�����­¯w0¢q��¡7wz�q¢
�Bt�wlv����By
sut%�Tsu��vx}~t��Ä���Är ¤%��wlt�}~��¢Dt�}~��¢�}~��vxwzt%�q}~t�¢�´%��À�t��Bwl�!wz���*wz�����qw��Bt�wl�*}%�'v#À���su��vx}~t��Tsu�q�'v�¡Ew��Bw
y®­¸su�B�By�vx��su��vx}~t�¶K¡7}~v��qwº�Bw��!w±�q�*w±�q���qwp�Bw0¢���vx¢qw0¢I·I¾�}~�B��¶�t�}~��¢�}~�B�q}~t�¢O�!}~�B�O�Bt�wpsu�q�T�Bv��qw0�z���B�qwp���By���v��B�q}u²
�0w0¢q¢qwz�B�l·¿�*�z�*}~v��qwO��su���Tsu»7�0wO��}~�*}~»7½zt�w�´�����s~¤%��w
UWVYXZ� 
 ���	�!}�¢q¢T½0�Bw

p
�B�q}%�0w0¢q¢Twz�B�q¢m�_����� � ��á�á�á¿�qwzy�vx�0¢

��su�l�BtÈ�B��¢�wz�l�q}~�B�jyxwI���Tsuv��qwz�*wzt%��w0¢���w4°Rw0�z�����I��su�jyx}~»�vx�zvxwzy®´
£�}~��¢l�B��v�y�vx¢T}~t�¢ly®­¸su�B�B�T}E�T��w¿�B�q�0�0}~tBvx¢q�0w¿��su�jy®­¯wzt%¡%v��q}~tBt�wz�*wzt%�O�Bw¿�0}~t��0wz�B��vx}~t_rOvx¢��'�Bwzt%�¿Ý�àzÞÚ´
#ây®­¸su�B�By�vx��su��vx}~t�w0¢q���q�0�0�z��v��qwO¢q}~��¢ ¹ }~���*w��Bwj�TÇ~�T��w0¢���su�4suy#yx½zyxw0¢m�0�T��sutB»7w�sut%�l�Bw0¢���}~tBt��0w0¢���su��y®­ v�t%�qwz���*�±²
�'v
suv��qw��BwmÀ�yxw0¢��Bwl�Tsuv�y�yxwmÀ�tBvxw�wz�D�Byx}%¤%��sut%�qw0¢OÛÐ»��Tsu�B��w��Bwl�B�q}%�0w0¢q¢���¢��BwE�¿su�Bt_Ý@�uÞ��qw0¢����Tw±v�t;��Ý@�uÞÐÜ±´%�dwz���qw
�B��s~¢Tw��!wz���*wz�º�Bw��*wz�����qw(wzt¬�z¡;vx�Bwzt��0w*yxw*��su�Tsuy�yx�zy�vx¢��*w(}~�?y®­¸s~¢q�!w0�±�t�A�@�<��VY�	���(�Bw�y®­¸su�B�By�vx��su��vx}~t�´|r�w
�By���¢:¶+yxw0¢��B�q}~�B��vx�z�q�0¢¿�Bw0¢�»��Tsu�B��w0¢I�Bw
�¿su�Bt?¢q}~t%�O�qwzy�yxw0¢¿¤E��wºyxwº�0}~���!}~���qwz�*wzt;�	�Bwºy®­¯su���By�v���su��vx}�t?t�w
�B�z�!wzt��ÄtBv|�Bw	y®­¸s~¢q¢�v�»�t�su��vx}~tÁ�Bw0¢��TÇ~�T��w0¢�su�'µ��B�q}%�0w0¢q¢qwz�B�q¢�¶+tBv|�Bw	yxwz�B��}~�q�B}~tBt�sut��0wz�*wzt;�*Ûa¢�v�yxw0¢�À�yxw0¢
¢T}~t%�j�BwI�Tsuv�y�yxw¿¢���+�¢Tsut%�qw:Ü��
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#ây®­¸su�B�By�vx��su��vx}~t ��su�Tsuy�yx½zyxwÄw0¢���suyx}~�q¢(v����By
sut%�q�0wÄ¢��B���Bt�wÄsu�q�T�Bv��qw0�z���B�qwÄ���By���v��B�q}%�0w0¢q¢Twz�B��¢��B��y
s~¤%��wzy�yxw
¢:­¯w±µ'�0�z�B�qwI�BtÈ��vx�z�q}u²®t�}:�Esu�_¢q�%�*�z����vx¤%��w�Ý�à�áuÞZ�

#ây®­¸su�q�T�Bv��qw0�z���B�Tw	w0¢��jwzt�¢��Bv��qw¿¢�v����Byx�0w	s�¡Ew0���BtÈ¢�v����By
su�qwz�B���B}~t%�lyxw0¢j�*}E��½±yxw0¢�¢q}~t%�l�B�q�0�zvx¢�su���Bv��jwz��su�
�z�'�zyxwI�B�q½0¢�¶Bwz�jyxw0¢l�!wz� ¹ }~����sut��0w0¢�¢q}~t%�l�*w0¢q�B�q�0w0¢��

# ¢qv�yxw0¢R�!wz� ¹ }~����sut��0w0¢<t�wD¢q}~t%����s~¢<¢Tsu��vx¢ ¹ suvx¢Tsut%�qw0¢�¶:suyx}~�q¢�yxw0¢R�TÇ~�T��w0¢�¤E�Bv7�!}�¢qwzt%���B�q}~�Byx½z�*w0¢�¢q}~t%���q��suy�vx¢q�0w0¢
wzt���su�q�z��vxw±y�s�¡Ew0�j��t(y®­¯}~�B��v�yK�Bw�¢��%t;����½0¢qw��R­¸su�q�T�Bv��qw0�z���B�TwI·¿��su����v��m�'���0}%�Bw�¢T}~�B�q�0w��Bw�y
s¿�TÇ~�T��wpÛa¤%��­ v�y
¹ su�B�l�qw0¢q�������z���B�qwz�Os~¢q¢qwW7I�B�q} ¹ }~t��B�z�*wzt%���!}~�B��¤%��w�yxwI�q�0¢��By��Tsu���BwIy
sp¢��;t%����½0¢qwI¢T}~v#��w�+���s~�0w:Ü±´

�<sÂ¢��!�0�zv#À���su��vx}~t ��su�Tsuy�yx½zyxwÈw0¢��*¢��������z���B�q�0w��Bw���sutBvx½z�qw�vx�Bwzt%��vx¤%��wÈ·_y
sÄ¡Ewz�q¢�vx}~tã¢q�0¤%��wzt%��vxwzy�yxw?Ûa��´ ¹ ´|ÀB²
»��B�qwÄ�7Ü±´ � t �!wz�B�(t�}~�qwz��¤%��wÈy®­¸su�B�By�vx��su��vx}~t ¢qw_�B�0�0}~�B�!wÄwzt �Bwz�'µ �Bv��!wzy�v�t�w0¢�´d�<s¬�Tsuvx¢q}~t w0¢���¤E��w�y
s
�B�z�qwz����v�t�su��vx}~t �Bw�y®­¯�0¤E��su�qv�}~tâ�Bw�y
sÂ�'vx¢���su��v��q���Bw�y
s_�q}~�B�qw�t�w��!wz�B�*¢qw ¹ suv��qw�¤%��w�¢�vl}~t �!}�¢q¢T½z��w�yxw0¢
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