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f��\��C]5(:<MN5(Z�=QZ�G�:<5�W�=QO��
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timing sub-element
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5;�XG6E�=�FbZ�GI=Q46ZN8;O$5UMN=Q4D8%GIFb5UZNKkGI5"MN=Q4V��5U4I: 8;OHOb5�CQ8%GIFH5(Z¢8%ZNW 5(M�GIFb:.Fb�%8%GIFb5UZ��N} =�=Q:<M�E�8(KVFH�Q=?GIE�8;Gh5(J�4
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C2OHJNW�=%K�GIE�=�GIFH:<FbZ�7XK�MN=%C2F9C-CQ8;G6Fb5(ZÍRQGIE�=\5UM-=`4D8;G6Fb5UZ�R(8%ZNWkFbZ�GI=`4V��8(C]= 
67(OHJ�= �ASN=QG��!=`=QZkG6E�=!FHZ�M�J�G��Q5(J�GIM�J�G
8;Z�W GIE�=.5(MN=Q4D8%GIFH5(Z 5���Fb7UJ�4I=�s�79���A5UGI=�GIEN8%GkZ�5UG?8;OHO�MN8;46GDKk5;�XG6E�=�:q8��TJ�=QG6GI=?Z�=Q=LW SN= CNOHOb=%W~�\��5(4
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S�OH5�Ci�<OH=Q�T=QO��
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�
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GD8%�T=%KkFbZ�M�J�G�W�8%GD8 FHZ 8%Z�8%4IS�FHGI4D8%4I_ ��5U4I:q8%G 50K68L_ R�8 S�OH5�Ci� 5;��n ^¢n~�!5U4DW�K�7DR�8;ZNW¢_�FH=QOaW�K�4I=LKVJ�OHGDK
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�!E�=hGIFH:<FbZ�7kK�J�S���=QOb=`:<=QZ�G$4I=QM�4I=%K�=QZ�G9K!8kZ�5%�T=QOÍ8;M�M�4I5T8UCiEqG65�f��\��W�=%K6C24IFHM�GIFH5(ZNK]R�8%ZNW<�!=�M�46=%KV=`Z�G�FbG
E�=Q46=AFHZ�7U4I=%8%GI=Q4cW�=QG98;FbO��"�!E�=�G6Fb:<FHZ�7hK�J�S���=QOb=Q:.=QZ�G�FbZ�C2ObJNW�=%K$GIE�46=Q=�W�FaKVG6FbZNC]G���J�ZNC2G6Fb5UZNK2R�8(K!FHZNW�F CQ8;G6=%W
FbZ.��FH7(J�46=�o >�CQ8%OaC2J�O 8;G6FbZ�7hGIE�=AG6Fb:<FHZ�7hW�F 8;7(498;: 5;�Ú8YC25(:<MN5UZ�=QZ�G*@TCDE�=%CD��FHZ�7�G6EN8;G�GIE�=XFbZ�M�J�GDK�FbZNW�=`=%W
8;464IFH�T=\�\E�=QZ�GIE�=Q_§KVE�5UJ�OaW�@�8%ZNW<C25UZ�G64I5UObObFHZ�7�G6E�=A=`^�F KVGI=`ZNC2=!5%��G6E�=A5UJ�GIM�J�G!�U8;OHJ�=%K�KV5hG6EN8;G�GIE�=Q_Y5(Z�OH_

I=`^�F KVG ���\E�=`Z<GIE�=XGIFH:<FbZ�7hW�Fa8%7(498;: KVMN=%C]F9CN=%K�GIEN8%G�GIE�=Q_�8%4I=��U8%ObFaW 50C]5(Z�GI4I5UON5;��G6E�=�=Q^�FaK�GI=QZ�C2=!5%��GIE�=
5(J�GIM�J�G9K�MN=Q46:<FbG9K!CDE�=%CD��FHZ�7hGIE�=hFHZ�M�J�G9KA8%G\GIE�=���5(OHOb5%�\FbZ�7�C25(:<MN5UZ�=QZ�GB7D�
� � ����� � �	�¥x �Âz !����Tz�x��� ��¢z���¡��!��y � ����z�x��� ��
f��!��Ob=Q�T=`O�FbZ�FHGIF 8;ObFH�%8;G6Fb5UZ�8;ZNW�G6=Q4I:.FbZN8%GIFb5UZ�C25(Z�W�FbG6Fb5(Z�K�5;�Ú8YC25(:.M-5UZ�=QZ�GQRT8UK\KVMN=%C2FdCN=%W?FbZ�GIE�=gGIFb:.FbZ�7
W�F 8;7(498;: 5;�X8.C2Fb49C2J�FbGgW�8%GD8(K�E�=Q=QG`R�8;46=?EN8;Z�W�Ob=%W�S�_�G6E�=?GIFH:<FbZ�7�KVJ�S���=QOH=Q:<=QZ�GQ� �!E�FaKAFHZNC2OHJNW�=%K\4I=%K�=QG
KV=��mJ�=`ZNC2=%K�8;ZNW<GI=`4I:<FHZN8;G6Fb5(Z%5Â= �å7��T=Q:.M�G�_�FHZ�7hS�J�c�=Q4DK�7D� �!E�=hFbZ�FHGIFa8%ObFH�%8;G6Fb5(Z.8;Z�W G6=Q4I:.FbZN8%GIFb5UZ�FHZ���5(46�
:q8%GIFb5UZ�F K�FHZNW�FaC`8;GI=LW FbZÕ��Fb7UJ�4I=Ys<S�_ G6E�=�W�FH4I=%C2GXC]5(Z�Z�=LC2GIFH5(ZNKASN=QG���=Q=QZqGIE�=?x � � �����qKVJ�S��Â=`Ob=Q:<=`Z�G
8;Z�W�GIE�=YFbZ�M�J�G ��5UJ�GIM�J�GQ���!E�=LKV=?C]5(Z�Z�=LC2GIFH5(ZNKXCQ8;464I_qFbZ�FbGIF 8;OHFb�%8%GIFb5UZ<FbZ���5(4I: 8;GIFH5(Z"S-=`GV��=Q=QZqGIE�=kGIFH�
:<FHZ�7?K�J�S���=QOb=Q:.=QZ�G9K�5%��8�KV_�KVG6=Q:~� �!=LCQ8;JNK�=hGIE�=hSN=QEN8Q��Fb5(4\5%��8;Z"5(MN=Q498;GIFH5(Z"FaK\Z�5(Gg8 c�=%C2G6=%W<S�_.GIE�=
FbZ�FbGIF 8;OHFb�%8%GIFb5UZ�RTGIE�F K!FbZ���5U4I:q8%GIFH5(Z<F K!Z�5(GXMN8(K6KV=%WqGI5�GIE�=Y �����y%z�xL -yT�
� � ����� ��� � ���	�
	Az�y%z �¢�Tx%��y;w
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�\FbOHO�SN=kJNK�=%W FHZ G6E�=?f �\��W�=%K6C24IFHM�GIFH5(Zq5;��8�KV_�KVG6=Q:ÜFbZqGIE�=���5(OHOb5%�\FbZ�7�KV=%C2G6Fb5UZ��N3$8;498;:<=`GI=Q49K!GI5�GIE�=
GIFH:<FbZ�7<GI5T5UOaK?8;46=�>�GIE�= '�% ��� ��� ��5;�XGIE�=<C25U:<MN5(Z�=`Z�G�@ÖG6E�=�Z�J�:�SN=Q4�5%�XFbZ�M�J�Gk=Q�T=QZ�GDKXM-=`4kMN=Q4IFH5�W'@
GIE�=kZ�J�:�SN=Q4\5%��5(J�G6M�J�Gh=Q�T=QZ�GDK!MN=Q4�MN=Q46Fb5�W'@Í8;ZNW�G6E�=?Z�J�:�SN=Q4\5%�\C]Ob5�CD�qC2_�C2Ob=%K\FbZÕ8��	��� !�� ��� �!E�=
'�% ��� ��� ��5;�gGIE�="C25U:<MN5(Z�=QZ�GkF KkK�M-=LC2F9CN=LW�FHZ�5(49W�=Q4?G65~EN8;ZNW�Ob=qFbZ�FHGIF 8;ObFH�%8;G6Fb5UZ�8%ZNW�GI=Q46:<FbZN8%GIFH5(Z6>
GIE�=�5UJ�GIM�J�G�F K�Z�5(G§C25(ZNK�FaW�=`4I=%W��U8;OHFaW~J�Z�GIFbO ' %	� � ��� � C2OH5�Ci�ÕC2_�C]Ob=%K�8Q��GI=Q4hG6E�=�FHZ�M�J�G�8;4I46Fb�T=%K]R�8;Z�W
ObFH�T=Q�\FaK�=�GIE�=?5(J�G6M�J�GhC25UZ�G6FbZ�J�=%K\GI5<SN=Y�(8%ObF W J�Z�GIFHO$'�%	� � ��� �¢C2_�C2Ob=LK\8L��GI=`4�GIE�=YFbZ�M�J�GAF KAZ�5<OH5(Z�7U=Q4
�U8;OHFaW��UBAObO�C]5(:<MN5(Z�=QZ�G9K�8%4I=\MN=Q46Fb5�W�F C(R(8UK$W�=Q: 8;ZNW�=LW�S�_p�m��� @(G6E�=��	��� !�� �<FaK�G6E�=!Z�J�:�SN=Q4�5;�ÍC2_�C2Ob=LK
5;� GIE�=YKV_�KVG6=Q: C2Ob5�CD�<MN=Q4\MN=Q4IFH5�W 5%�$G6E�=h7(Fb�T=`Z�C]5(:<MN5(Z�=QZ�G`�

� � ��� � � � ��!Â� �¢� �-x%z�x �Â ��
�!E�=?G6Fb:<FHZ�7�KVJ�S��Â=QOH=Q:<=QZ�G\:�JNKVGXSN=?�\4IFbG6GI=QZ"FbZ�8<Oa8%Z�7(J�8;7(=.CQ8%MN8;S�OH=?5;��=Q^�M�4I=LKIKVFHZ�7<G6E�=?:<5(:.=QZ�G9K
�\E�=QZ�8qK�Fb7(Z�8;O$=Q^�FaK�GDKAFHZ�G6E�=�f��\� K�=QZNK�=�@-��=?JNKV= ��!#"�� %�'�fåljhÚ5(4��-,g��� fål�3�h����!E�=?S-=`EN8Q��FH5(4QRN5(4
5(MN=Q498;G6Fb5(ZÍR�5(Z~G6E�=?5(G6E�=Q4�EN8%ZNW~CQ8%Z~S-=?�\46FbG6GI=QZ"FbZ��\E�8;GI=`�T=Q4AO 8;Z�7UJN8;7U=�F K�:.5TKVGg8;M�M�4I5UM�4IF 8;GI= @��!=
G�_�M�FaCQ8%ObOb_hJNK�= � f¹>Qtjh���e�Z?G6E�FaK�8%4IGIF C2Ob=\��=A�\FHObO�M�4I=%K�=QZ�G C25(:<MN5UZ�=QZ�GDK�JNK�FbZ�7 ��!#"$�&%$' 508hKV_�ZNCDE�4I5UZ�5(JNK
W�8%GD8 ��5;� O 8;Z�7UJN8;7U=�7!��5(4XGIE�=�G6Fb:<FHZ�7?K�J�S���=QOb=`:<=QZ�GQR�8;ZNW��	��5U4�GIE�=�5UMN=Q4D8%GIFb5UZ�KVJ�S��Â=QOH=Q:<=QZ�GQ���AFdc�=Q�
4I=`ZNC2=%K$FbZ.GIE�=X4I=QM�4I=%K�=QZ�G98;G6Fb5(Z.5;�ÚW�8%GD8�SN=QG���=Q=QZ�GIE�=�G���5?KVJ�S��Â=`Ob=Q:<=`Z�G9KÖ5%��GI=QZqC]4I=%8%GI=%K�GIE�=XZ�=Q=%W?��5(4
8;Z�FbZ�GI=`4V��8(C]=TR-G65q4I=Q5U4I7T8%Z�Fb�`=�W�8;G98 MN8UKIKVFHZ�7qSN=QG��!=Q=QZ~G6E�=?GIFH:<FbZ�7<K�J�S���=QOb=Q:.=QZ�GX8%ZNW~GIE�=�5(MN=Q498;GIFH5(�
ZN8%O$K�J�S���=QOb=Q:.=QZ�G�@T�!=hFb:<M�Ob=Q:�=QZTG�GIE�F K�FHZ�G6=Q4V��8UC2=�JNK�FbZ�7�Oa8%Z�7(J�8;7(=LK���4I5U: G6E�=hG��!5.KVJ�S���=QOH=Q:<=QZ�GDK�8(K
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information

READ WRITE

H_IN H_OUT

initialization
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System
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SLOW R process
FAST

WRITE
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System
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�!=hE�5UMN=?GI5.8(CDE�Fb=Q�T=gFbZ�GI=Q465(MN=Q4D8%S�FbOHFbG�_��\FbGIEq=Q^�FaK�GIFHZ�7�8;ZNW ��J�GIJ�46=�� ,�����C25U:<MN5(Z�=`Z�G9K!�\4IFbG6GI=QZqS�_
5(G6E�=Q49K2�

�!E�=hK�_�Z�GIE�=LKVFaK$5%�$�-,g����C25�W�=�FbZ�GI5§B���e � �¾K$5(4c�$3

gB �¾K�KVE�5UJ�OaW�: 8;�T=\FbG�MN5TK6KVFHS�Ob=�G65�8;J�G65(:q8%�
GIF CQ8;OHOb_.KV_�Z�G6E�=%K�Fb�Q=g8;Z�_ 
I:<F KIKVFHZ�7kOHFbZ���K ��R�5UZNC2=Y8�C]5(:<M�OH=QGI=gKVFH:�J�Oa8;G6Fb5UZ<K�_�K�GI=Q: E�8(K\S-=`=QZ"C24I=%8%GI=%W��
�AJ�46FbZ�7�Fb:.M�Ob=Q:�=QZTG98;GIFH5(Z�R�8%Z�_<������e!C25U:<MN5(Z�=`Z�G\:<5�W�=QOaK��\FbObO�SN=h4I=`M�Oa8UC2=%W<S�_.GIE�=h�h����e�C25(:.M-5U�
Z�=QZ�G�GIE�=`_k4I=`M�4I=%K�=QZ�GQ���XZ�GIE�=X5(G6E�=Q4�EN8;Z�W�R�8;Z�_?=Q^�G6=Q4IZ�8;O�=QOH=Q:<=QZ�GDK�Z�=Q=LW�=%WkGI5§C25(:.M�Ob=QG6=�8kKV_�KVG6=Q:~R
KVJ�CiE 8(K?S�J�c�=Q4DK�5(4�FbZ�FHGIFa8%ObFH�%8;G6Fb5(Z�C25(Z�GI465(OaK]R�CQ8;Z SN=�KV_�Z�G6E�=%KVFH�Q=%W�W�Fb4I=LC2GIOH_ ��465(: GIE�=ÕKVFH:�J�O 8;G6Fb5(Z
:<5�W�=`O0�

� � � *,� � 0 	�� � � � �$� 	 #/#,. ��� � ��� � . � � � . � �

�!E�F K!KV=LC2GIFH5(Z�7(Fb�T=LK�K�5(:<=X=Q^�8;:<M�Ob=%K�5%��5(J�4cC25(:.M-5UZ�=QZ�G$:<5�W�=`O0RT8%ZNWqKVE�5%�XK�E�5;��FHG\CQ8%Z<SN=�8%M�M�OHFb=%W
GI5.=%8(K�=?GIE�=YGI4D8%ZNKVFHGIFH5(Z~SN=QG��!=Q=`Z�8�S-=`EN8Q��FH5(4D8%O$:<5�W�=`O�8;ZNW~8%Z�f��\��:<5�W�=QO���} =?�\FHObO�M�46=%KV=QZ�GXGIE�=
C25U:<MN5(Z�=QZ�GDK�8UK!GIE�=Q_.8;46=�JNK�=%W<FbZ.8;ZqFb:q8%7(=Q��C25U:<M�4I=LKIKVFH5(Z�8%M�M�ObF CQ8;G6Fb5UZ���}�=�CN49KVG!M�4I=%K�=QZ�Gc8;Z<5%�T=Q46�
��Fb=Q�*5;�ÚGIE�=hM�46FbZNC]FbMN8%OaK!5;�ÚGIE�=�FH:q8;7U=hC25U:<M�4I=LKIKVFH5(Z"8;M�M�ObF CQ8;G6Fb5(ZÍRm��5(OHOb5%�!=LW S�_qC25U:<MN5(Z�=`Z�G�:<5�W�=QO K
W�=Q�T=`Ob5(MN=%Wk��4I5U:+GIE�=g:q8��TJ�=QG6GI=\M�46=%KV=QZ�GI=LWkFbZqK�=%C2GIFH5(Z 3�� �!E�=�C]5(:<MN5(Z�=QZ�G9K�8;4I=gGIE�=QZ�FbZ�GI=`7(4D8%GI=%W?GI5
��5(46: 8hKV_�KVGI=`:~� �!E�=gC25(:<MN5UZ�=QZ�GDK$8%ZNWpG6E�=g8;M�M�OHFaCQ8%GIFH5(Z�8;46=�W�=%KIC246FbSN=%W?8%G�G���5�OH=Q�T=QO KB>%8�SN=QEN8Q��FH5(498;O5ÂS�Ob5�CD��7�OH=Q�T=QOR@ 8;ZNW"8�C2FH4DC2J�FbG!OH=Q�T=QO��

e0:q8;7U=kC]5(:<M�46=%KIK�Fb5UZ��\FbG6E�FbZÕ8;Z~FH:q8;7U= 5?0n
�� � ��� 0n� � 1��XC]5(:<M�46=%KIK�Fb5UZ'7!F K�5%��GI=QZ~MN=Q4���5(46:<=%W<��F 8�8
KV=��mJ�=`ZNC2=!5%��G6E�4I=Q=\5UMN=Q4D8%GIFb5UZNKB>��AFaK6C24I=`GI=���5 KVFHZ�= ��4D8%ZNK���5U4I:�5�� � ��7�@ �TJN8;Z�GIFdC�CQ8;G6Fb5UZ6@T8;Z�Wp�U8;46Fa8%S�Ob=
Ob=`Z�7(G6EqC25�W�FHZ�7���}�=�EN8Q�T=hCDE�5TK�=QZ<G65?Fb:<M�OH=Q:�=QZTG$GIE�= ���A��e�KVMN=%C2FdC�CQ8;G6Fb5UZ f¹> (�h-��5(4\FH:q8;7U=�C]5(:<M�46=%KV�
KVFH5(Z�RUJNKV=%WhGI5�G64D8%ZNK���=Q4ÚFb:q8%7(=%K�SN=QG��!=Q=QZYGI=QOH=Q��FaKVFH5(ZYKVG6JNW�FH5TK2� �!E�=XC25�W�=Q4$FaK�W�=%K6C24IFHSN=%WkFbZ/3 ( (�OHFbZ�=%K�5;�
��!#"$�&%$'���5(4�GIE�=\GIFb:.FbZ�7XFbZ���5U4I:q8%GIFH5(Z�RU8;ZNW.l ( ()(�OHFbZ�=%K�5;������� % ��� f l(t�hN8%ZNW � ��5U4�GIE�=X5(MN=Q498;GIFH5(ZNK
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DCT Quant

Activity

VLC Control
Incoming

Image

Compressed

Image

1

1

1

1

77

1111

1

1

1

1 77

��Fb7(J�4I=�>(> >Ne�: 8;7(= ��5(:<M�46=%KIK�Fb5UZ�*�FHZ�Fb��C25�W�=`4QR-�m����S�Ob5�CD����Ob=`�T=QO

5ÂZ�5(GkFHZNC2OHJNW�FbZ�7 G6E�=qC25�W�=<GI5ÕW�5�e �(� 5(Z¢8"KV= �TJ�=QZ�C2=�5%�XFb:q8%7(=%K�7D��e0Z 5U4DW�=`4kGI5"M�4I=LKV=QZ�G?8q:q8;ZN8%�
7(=L8;S�OH=�=Q^�8;:<M�OH=TR(��=�=`^�G64D8(C]G!GIE�=hKVJ�S�KV=QG\5%�$G6E�=hC25�W�=`4\�\E�FaCDE<MN=Q4V��5U4I:qK�FbZ�GI498;��Fb:q8%7(=gC25(:<M�4I=%K6KVFb5UZ
5(Z�ObJ�:<FbZN8%ZNC2=YFbZ���5U4I:q8%GIFb5UZ�� �!=%CQ8;J�KV=?GIE�FaK�K�J�SNKV=`G�F KA5(Z�Ob_�8<MN8;46Gh5;�\G6E�=�C25U:<M�Ob=`GI= ���A��e�C25�W�=`4QR
�!=h46=2��=Q4!G65�FHGX8(K\GIE�= 
6:<FbZ�FH�0C]5�W�=Q4 ���

����� ���	��� � + � �	� � � � ��� � 1 1&( �0/ 
 ( /�( � � ����� �
�!E�= ���A��e\KVG98;ZNW�8;4DW~K�MN=%C2F9C�=%K\8�K�= �TJ�=QZNC2=g5;��� � ��R �TJN8%Z�G6F9C�CQ8%GIFH5(Z�RN8%ZNW �U8;46Fa8%S�Ob=hOb=`Z�7(G6E�C]5�W�FbZ�7
GI5.M-=`4V��5(46:ÜFbZ�GI4D8%�ÂFH:q8;7U=YC25(:<M�4I=%K6KVFb5UZ�R�S�J�Gg8(W�W�KAG��!5�5(MN=Q498;GIFH5(ZNK�G65qC25(Z�GI465(O�GIE�= �mJ�8;Z�GIF9C-CQ8;G6Fb5(Z >
8���=Q=%W�S�8(CD��Ob5T5UM ��4I5U: GIE�=?5UJ�GIM�J�GkS�J c�=`4QR�8%ZNW�8;Z�=%K�GIFb: 8;GI=Y5;�XG6E�=�8(C2G6Fb��FbG�_qFbZ 8qC2=Q4IG98;FHZ~S�Ob5�CD�
5;�§GIE�=~FH:q8;7U=T� �!E�=������+7(498;M�E���5(4qGIE�FaK<K�= �mJ�=QZNC2="FaKqKVE�5%�\Z 8;Gq8�S�OH5�Ci� Ob=Q�T=`O\FbZ ��Fb7UJ�4I= >(>(�
��5(:.M-5UZ�=QZ�GDKk�\E�F CiE�MN=Q4V��5U4I: G6E�=%K�= 5UMN=Q4D8%GIFb5UZNKk�\FbOHO!SN=qJNKV=LW SN=QOb5%� GI5~M�46=%KV=QZ�GkG6E�=qGI498;ZNK�FbGIFH5(Z
SN=QG��!=Q=`Z SN=QEN8Q��Fb5(498;Og8;ZNW�f �\��KV_�KVG6=Q: :<5�W�=QO K2���!FH:<FbZ�7�K�J�S���=QOb=`:<=QZ�GDK���5U4<GIE�=%KV=�C25U:<MN5(Z�=`Z�G9K
=Q^�FaK�G\8;GX8kS�Ob5�CD�<Ob=Q�T=`ON8;ZNW"8?C2Fb49C2J�FHG�OH=Q�T=QO�R(SN5(GIE"5;�Ú�\E�FaCDE<JNK�=hGIE�=YKI8%:<=gKVJ�S�465(J�G6FbZ�=LK�G65?M-=`4V��5(46:
GIE�=k8UC2GIJ�8;O�5(MN=Q498;G6Fb5(Z�K2�

��� � � � � ��� 1&( *,( �0/ � 3 + � � � ���0/	� / *
}�=�EN8Q�T=hW�=Q�T=`Ob5(MN=%W.C25(:<MN5UZ�=QZ�GDK���5(4\G6E�=h:<FbZ�FH�0C]5�W�=Q4$JNK�FbZ�7?G6E�=YC25(:.M-5UZ�=QZ�G�:<5�W�=QONM�46=%KV=QZ�GI=LW�FbZ
GIE�FaK�8;4IG6FaC2OH=T����8(CDE?C25U:<MN5(Z�=`Z�G�FHZkGIE�=!SN8UKVFaC�ObFHS�4D8%4I_YC25(Z�KVFaK�GDK�5%�NGIE�=!GIFH:<FbZ�7XKVJ�S���=QOH=Q:<=QZ�GN�\4IFbG6GI=QZYFbZ
��!#"$�&%$'NRU8;Z�5(MN=Q4D8%GIFH5(Z��\4IFbG6GI=QZ?FHZ�8;Z�Fb:<MN=Q498;G6Fb�T=�Oa8%Z�7(JN8%7(= 5ÂF��å=T�U8hKVJ�S�465(J�G6FbZ�=gCQ8%ObO 7Í8;Z�WpFHZ�G6=Q4V��8UC2=
C25�W�=�8UK�Z�=Q=%W�=LW����!E�=�C25(:<MN5UZ�=QZ�GDKX8;4I=�8%ObO�C]5(:<M�FHOb=%W<FHZ�G65 � C25�W�=?G65<SN=�=`^�=%C]J�GI=%W<J�Z�W�=Q4��AZ�Fb^��
}�=��\FHObO$M�46=%KV=`Z�GhG��!5"C25U:<MN5(Z�=QZ�GDK]R�8q�AFaK6C24I=`GI= ��5TKVFHZ�= �Ö498;ZNK0��5(4I: 8;Z�W�8��AJ�8;Z�GIF9C�=Q4Q���!5(G6E�8%4I=
M�46=%KV=QZ�GI=LW�8;G.8�S�Ob5�CD��Ob=Q�T=QO�R�8(KkFbZ ��FH7(J�46=�>2s�R�8%ZNW¢8;G.8~C2Fb49C2J�FHGkOb=`�T=QO 5ÂFHZNC2OHJNW�FbZ�7~FbZ�FHGIFa8%ObFH�%8;G6Fb5(Z
C25UZNKVF W�=Q4D8%GIFH5(ZNK�7DRX8(KqFbZ*��FH7(J�46= >`o��Xe0Z	G6E�= ��5UObOH5;�\FHZ�7 KVJ�S�KV=%C2G6Fb5UZNK2R\GIE�=%KV=�C25U:<MN5(Z�=`Z�G9K �\FHObO�SN=
M�46=%KV=QZ�GI=LW<8(K\GIE�=`_q8;46=kC]5(Z�CN7UJ�4I=LW ��5(4XGIE�=�:.FbZ�FH�0C25�W�=Q4Q�
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READ WRITE

Y_OUT

READ WRITE

H_IN

Y_IN

H_INH_IN H_OUT

DCT_IN DCT_OUT

Timing

Inputs/period = 64 / 64

= 64 / 64Outputs/period

Latency

Operation:

= 128

��FH7(J�46=�>`l�>�� � � C25U:<MN5(Z�=`Z�G��\FbGIEqG6Fb:<FHZ�7?8%ZNW<5(MN=Q4D8%GIFH5(Z

��8(CDE�C25U:<MN5(Z�=`Z�G��c8(KYW�=Q�T=QOH5(MN=%W�JNK�FbZ�7qGIE�=�:q8 �mJ�=QGIG6=kM�46=%KV=QZ�GI=LW�=%8;46ObFb=`4QRNF0�å= �-�\FHGIE 8;Z �B�M� �� � � 0n��
~8;ZNW¢8 �R0n� 0n
 1�KVJ�S =`Ob=Q:<=`Z�G`R�8(K?�!=QOHO�8(K?GIE�=qZ�=%C]=%KIK68;4I_ FbZ�GI=Q4���8(C2=�SN=QG��!=Q=QZ¢G6E�=qGV��5���} =
M�46=%KV=QZ�GXGIE�=%K�=?C25U:<MN5(Z�=`Z�G9KA8UKAGIE�=`_�8%M�MN=%8;4hJ�Z�W�=Q4XGIE�=?7U4D8;M�E�FaCQ8%O�FHZ�G6=Q4V��8UC2=-� � !#"$�&%�' f s h0RN�\E�FaCDE
FaK!M�8;4IGX5;�ÚGIE�=���!#"�� %�'�4I=L8;Ob��GIFH:<=XM�4I5U7(4D8%:<:<FHZ�7h=QZ���Fb465(Z�:.=QZ�G`�

����� ���	� � � � 3 � / � *.(��#/ + � � ��� � �
�!E�="�AF KIC246=QGI= ��5TK�FbZ�= ��4D8;Z�K���5(46: FbZ¢5UJ�4?:<FbZ�Fb��C25�W�=Q4hFaKhMN=Q4V��5U4I:<=%W~FbZ¢G��!5ÕW�Fb:.=QZNKVFH5(ZNK�5UZ n%^�n
S�OH5�Ci��Kk5;�hFH:q8;7U=<M�FH^�=QO K2� �!E�= ��� � % ��� Oa8%Z�7(J�8;7(="�\8UK�CDE�5TK�=QZ G65~:<5�W�=QO\G6E�="� � � 5UM-=`4D8;G6Fb5UZ
��5(4�K�Fb:�J�Oa8%GIFH5(Z���e0GY8;OHOb5%�XKkJNKhGI5~7(=`Z�=Q4D8%GI=qC]5�W�=qGD8;467(=QG6=%W�8%G�8~KV_�KVGI5UObF CpMN8%4D8%ObOb=`O!M�465�C2=%KIK�5(4`R$S�J�G
�\E�F CiEÕCQ8;ZÕ8;OaK�5qS-=Y=Q^�=%C2J�G6=%W<5(Z�8���5(4I��KVG98;G6Fb5(Z~J�ZNW�=Q4��XZ�Fb^��Ne0Z�5(49W�=Q4�G65�E�8L�T=§8�:<5U4I=h4I=%8%ObF KVGIF C
:<5�W�=`O0R��!=�Fb:<M�Ob=Q:<=]Z�GAG6E�= CN^�=%W���MN5(FbZ�Gk5UMN=Q4D8%GIFb5UZNK?5;�XGIE�=<FbZ�:.5TK � � " ����� � � � � � �$� e * �T�0BY>Ql�>
n;^�nk� � � CDE�FbM%f¹>*3�h0� �!E�=AG64D8%ZNK���5U4I: M-=`4V��5(46:<=%WhS�_?G6E�FaK�C2FH4DC2J�FHG�J�KV=%K�GV��5�5(Z�=Q�0W�Fb:<=QZ�KVFb5UZN8;O�C25TK�FbZ�=
GI498;ZNK0��5(46:qK2R�G6E�=hS-=`EN8Q��FH5(4\5;�Ú�\E�F CiEqFaK!7UFb�T=QZ.S�_�>

� 5 � 7 *�� l	��
 5 5 � 7
�����
)���
��� 5�
,7 5�� ��� - ��� )����� - � � * ("�`> �Q�Q�`� ��
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�XJ�4A:.5�W�=QO�Fb:.M�Ob=Q:.=2Z�GDK�:�J�OHGIFHM�ObFHCQ8%GIFb5UZ�R�KI8%GIJ�498;GIFH5(Z�RÍ8;ZNW�465(J�ZNW�FbZ�7<5UMN=Q4D8%GIFb5UZNKAG65<GIE�=§KI8%:<=
Z�J�:�SN=Q4�5%��S�FbG9K!8(K!G6E�=hC2FH4DC2J�FbGQRT�\FHGIE<G6E�=�=Q^�C2=QM�G6Fb5UZ�5%��GIE�=�C�ZN8;O�:q8%GI46Fb^k:�J�OHGIFbM�Ob_TR%�\E�=Q46=��!=�M�8(KIK
5(Z�Ob_ 3UlpS�FHGDK!FHZNKVG6=%8(W<5;�;3�3�� �!E�=YC25�W�=Y8UKIKVJ�:<=%K 3(l?S�FHG\J�ZNKVFH7(Z�=LW FHZ�G6=Q7(=`4DK2�

B�GY8qS-=`EN8Q��FH5(4D8%O!OH=Q�T=QO�GIE�=.� � �+FaKh8�K�J�S�4I5UJ�GIFHZ�=TR��\E�FaCDE G98;�T=%Kh8%Z¢8;464D8Q_ 5%�gt;s"M�Fb^�=QOaK]R�8;Z�W
4I=`GIJ�46ZNK\8;ZÕ8;4I498Q_<5;��t%s<C]5T=B8qC]Fb=QZ�GDK]�

B�G§8�S�Ob5�CD��OH=Q�T=QO$G6E�=qGIFb:.FbZ�7"KVJ�S��Â=`Ob=Q:<=`Z�G�5%��G6E�="� � �+FaK?8;46S�FbG64D8%4I_T�Ú��5U4�C25(Z��T=QZ�FH=QZNC2= R��!=
W�=%C]FaW�=�GIEN8%GkM�465�C2=%K6KVFbZ�7�KVGD8%4IG9Kk�\FbGIE�GIE�= CN4DK�GkS�OH5�Ci��5;�XFHZ�M�J�GYM�Fb^�=QO K2R�8%ZNW�GIE�=<S�Ob5�CD�~5;�X5(J�GIM�J�G
C25T=B8 C2FH=QZ�G9KAFaKh8Q�U8;FHOa8;S�Ob=.8;GhGIE�=�5(J�GIM�J�GY5(Z�= C2_�C]Ob=?Oa8%GI=Q4`���!E�=.KVJ�S�4I5(J�GIFbZ�=<�\E�FaCDE CQ8;O C2J�Oa8%GI=%KXGIE�=
� � � _�Fb=QO W�K�8�46=%KVJ�OHG!�\FHGIE�5UJ�G\W�=`Oa8Q_TRT8%ZNW<KV5?G6E�=XFbZ�GI=Q4���8(C2=XOb5U7(FaCXC25UZNKVF KVGDK�5;�Ú8hS�J�c�=Q4!�\E�FaCDE�E�5UOaW�K
GIE�=�S�Ob5�CD�<5;�ÚGI498;ZNK0��5(4I:.=%WqC25T=B8 C2Fb=QZ�GDK$��5(4\5UZ�=?C2_�C2OH=T�

B�G�8 C2Fb49C2J�FbGYOb=Q�T=`O0R��!=":<5�W�=QO�GIE�="FbZ�GI=Q4���8(C2=q5;��GIE�=Õe * � �0Bk>`l�>U���!E�FaK?M�4I5�C]=%KIK�5(4<46=%8(W�K�5(Z�=
Fb: 8;7(=YM�Fb^�=QO�MN=Q4hC]Ob5�CD��R�8;ZNW��\46FbG6=%KA5(Z�=?GI4D8%ZNK���5U4I:<=LW�C25T=B8 C2FH=QZ�G\MN=Q4�C2Ob5�CD��� �!=%CQ8%JNKV=YGIE�=?G64D8%ZNKV�
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