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Figure 1. Cube approach
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Figure 2. Algorithm of 1D FWT with Daub-4
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Figure 3. Rectangular approach

2.2 Rectangular approach
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Figure 4. Reuse in Rectangular approach
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Table 1. Description of the memory hierarchy
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Figure 5. Execution Time of Blocking ap-
proaches for Heart video sequence
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Figure 6. DCU Lines In of Blocking ap-
proaches for Heart video sequence
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Figure 7. L2 Lines In of Blocking approaches
for Heart video sequence

ìºíMójê�ë�ë45²ë1ï�÷�óµìºõ3íÄóµìºø�ë���u�ëOïOñ}öîö�ójê ñ}óÎú�ñ}óµñáñ}ðµë�òËójõ3ðjë1úM�`�
ðjõpÿ�òOþ òjìºí�ï�ë�óµê�ë(ðµëOïUó|ñ}í�û3÷�öÌñ}ð�ñ}ý ý�ðjõYñ+ï|ê6�+ëOëtý ò!ø�õ3ðjë(ïtõ²ë�ù±ü
Z�ï�ìîëtíYó|òAìîí´ñ�ðµõpÿ�ójê ñ+íÓójê ëÑït÷���ë�ñ+ý�ý�ðµõ3ñ+ï|êCþ3òjý ñpóµìîñ+ö=öîõ�ïtñ+öÆü
ìÆó��Dìîò-�=ë�ójójëOð(ëY5�ý�öîõ+ìºójë1ú§ñ+í úDójê�ëÀí²÷�øC��ëOð�õ}ù�ï�õ3ø�ý ÷�öîòjõ+ðb�
ø�ìîòµòËë1ò#ìîò�ú�ðµñ3ò¾óµìîïOñ}öîö��ÓðµëOú�÷ ï�ë1új�
�²÷�ø�øÀñ}ðµì�;Oìºí�û�þ'õpô+ëOðjöÌñ}ý�ý=ëOú9ñ+ý�ý�ðµõ3ñ3ï|ê�ëOòÎøÀñ}ìîíYóµñ+ìºí9óµê�ë

ï�õ3ø�ý ðjë1òjòjìºõ3í¢ð|ñpóµë(ñ}í ú´ójê ë � ÷�ñ}öîìÆó��´õ}ù�ójê�ë�ô²ìÌú�ëtõÀÿ�ê�ëOðjë1ñ+òójê�ëIí�õ3í�übõpô+ëtðµöÌñ}ý�ý=ëOúÈñ+ý�ý�ðµõ3ñ3ï|êÈý�ðµõ²ú�÷ ï�ë1òáñ+í�÷ í ñ+ïOï�ëtý�óËü
ñ���öîë�ú�ëtû3ðjëOëÎõ}ù*ô²ìÌòËì���ìîöºìºó��¢ìîíáójê�ë�ðµëOïtõ+í òËójðµ÷ ï�ójëOú¢ô²ìîú�ëOõ\�
u�ëtûYñ}ð|ú�ìºí ûÀójê�ëC��öîõ²ï^�²ìîí�û¢õpô3ëtðµöîñ+ý�ý=ëOú�ñ}ý�ý ðjõYñ+ï|ê�ë1òtþ�óµê�ë

ðjë1ïUó|ñ}í�û3÷�öîñ+ð�õ3í�ë�ëY5�ý�öîõ+ìºóµòn��ëtóËóµëtð�óµê�ë�ø�ëOø�õ+ðb�/ê�ìºëOðµñ+ðµï|ê`�
ójê ñ+íMóµê�ëÓï�÷\��ë3þCñ}í úMójê²÷ òÑóµê�ëÀëY5�ë1ï�÷�óµìºõ3íMóµìºø�ë�ìîò�òjìîû+í�ì�Z�ü
ïtñ+í3óµö��ÑðµëOú�÷ ïtëOúj�*é#ê�ëLë4.=ë1ïUóCõ+ù²ðµëOï�óµñ+í�û+÷�öÌñ}ðCõ+ðCït÷���ë���öîõ²ï^�Yü
ìºí û!ñ+ï|ê�ìîëtô3ëOòCëY5�ëOït÷�ójìîõ+íÎóµìºø�ëOò������ )& G�����cS�O��(�8SD,5ñ+í úf��� �
)?�e���c�e���(�8SD,,ù`ñ+òËójëOð#ójê ñ+í<��öºõ�ï^��ò#õ}ù$ G�����B ���� �m�8S\�

� � å ä � � ç!�²è¾å ä �

�wí�óµê�ìîò	ÿÒõ+ðb�5þyÿAëÒê ñyô+ëLù�õ�ï�÷ òjëOú�õ+í�ðµëOú�÷ ï�ìîí�û�ójê�ëÒëY5�ëOït÷�ü
ójìîõ+í¢ójìîø�ëÑõ}ùCójê�ë-���!ü�V�ñ+òËó�AIñyô+ëOöºëtóÒé*ðµñ+í ò¾ù�õ3ðjø¼ÿ�ê�ëOí¢ìºóÒìÌò
ñ}ý�ý öºìîëOú¢ójõ�ï�õ�ú�ëÎø�ëOú�ìÌïtñ+ö5ôYìÌú�ëOõ\�$A§ëÑê�ñyô+ë!ý ðjë1òËëOí3óµëOúÓó¾ÿAõ
ý�ðµõ+ý=õ3òµñ}öÌò4�mV�ìîðµòËóOþ3ÿAë#ê ñyô3ë�ú�ëtô3ëtöîõ+ý=ëOú�ñ}í ú�ëtôpñ+öº÷ ñ}ójë1ú�òjëtôYü
ëtð|ñ}ö[��öîõ²ï^�²ìîí�û�ñ}öîû+õ+ðµìºójê�øÀò�ìºíDõ+ð|ú�ëtð�ójõ�ëY5�ý�öîõ+ìºóÑójê�ë�ø�ëtø�ü
õ+ðb�Dê ìºëOðµñ+ðµï|ê`���a��ëOï�õ3í úfþ	ÿÒë¢ý�ðµõ+ý=õ3òjëÀójê ë¢ðµët÷ òjëÓõ}ù!ïtõ+ø�ü
ý�÷�ó|ñpójìîõ+í�ò�ìºíIõ3ðµú�ëOðÎójõÄú�ë1ï�ðµëOñ3òËë�ójê�ë¢íY÷ ø��=ëtð�õ}ùos õYñpójìîí�û
ý�õ3ìºíYó�õ3ý�ëOðµñ}ójìîõ+í ò�ñ+í ú§ø�ëtø�õ+ðb�Dñ3ïtï�ë1òjòjëOò8� u�ë1òË÷ öÆó|ò�òjê�õpÿ
ójê ñ}óLóµê�ë�ðµëOïUó|ñ}í�û3÷�öÌñ}ðLñ+ý�ý�ðµõ3ñ+ï|ê�õ���óµñ}ìîí ò,ójê�ë ��ë1ò¾óÒðjë1òË÷�öºóµòOþ
ñ+ï|ê�ìîëtô²ìîí�û(ù�õ3ð#õ+ý�óµìºøÀñ}ö*��öîõ�ï^�ÓòËì�;të )+ ���� �cS�O �m��SD,,òjý=ëtëOú�÷�ý ò
õ}ùR�G� Oe�´õpô3ëtðÎójê ë¢í�õ3í�ü&� öºõ�ï^�²ìºí ûáí õ+í�übõpô+ëOðjöÌñ}ý�ý=ëOúDÿ#ñyô+ëtöîë�ó
ójð|ñ}í òËù�õ+ðµø ñ}í úi��� OD7Àõpô3ëtð�óµê�ë�õ+ý�óµìºøÀñ}ö/)?S�O��BS�O��(�8Se,�ï�÷��=ë
õpô+ëOðjöÌñ}ý�ý=ëOú�ñ}ý ý�ðjõYñ+ï|ê�� V�÷�ðjójê�ëOðjø�õ3ðjë3þÎójê�ë×ðµëOï�óµñ+í�û+÷�öÌñ}ð



õpô+ëtðµöÌñ}ý�ý=ëOú×ñ+ý�ý�ðµõ3ñ3ï|ê¶øÀñ}ìîíYóµñ}ìîí ò�ójê ëÄòjñ+ø�ëáô²ìîú�ëtõ � ÷ ñ}öºüìÆó��¢ñ+í ú´ójê�ë(ïtõ+ø�ý�ðµëOòµòËìîõ+í´ðµñ}ójìîõ�õ+ù*óµê�ë�õ+ðµìîû+ìîí ñ}ö5ëtí�ï�õ�ú�ëtð��

� �X��� ä å�� � �Cæ � � � ä ���

é#ê ìîò*ÿAõ3ðQ�Ñê ñ3òm�=ëtëOí�ý ñ+ðËóµìîñ+öºö��Ñòj÷�ý�ý=õ+ðjójë1úf�`�Ñójê�ë]�²ý ñ+í�ü
ìîòjê p��Qp �Ñé ÷�í ú�ëOð´û3ðµñ+í3ó�é/�Qp/��"D"�"pü^���� G�tü�po"`!1üP"�����é#ê�ë
ôYìÌú�ëOõ�òjë � ÷�ëOí ï�ë1ò�ê ñyô+ë:�=ëtëtí ú�õ+í ñ}ójëOú	�`�Èóµê�ë2'�õYòËý�ìºóµñ+ö
u�ëOïtõ+öîë�óµñ3òh)?l!ö�� ñ3ï�ëtójë+þI�²ý�ñ}ìîíc,d�	ADëMñ+ðjë�û3ðµñ}ójë�ù�÷ ö�ójõIóµê�ë
ðjëOôYìîëtÿÒëtð|òLù�õ+ð#ójê ëtìîð�ôpñ}öî÷ ñ���öîë�ï�õ3ø�ø�ëOí3ó|ò4�

	 ��� �C� � ä � �*�

�����
	��������������	������ �!�"�"#$�%�'&(�*)
��+-,.&0/1�32.,4� 56,.27,.&�/
,.��8$��9;:<�"=��!2�>@?A&0�"BC�!����2.DED38F&��"BC�!B"��GIHKJMLCN�OQP!P;R3STHEU3V�NXWZY0[]\
^ PQLCO!N3_ ^ [@`4STHEU3�$	aD #b���dc$��9fe'g1g3g]�

� e ��hM���&0����9!B;D3&i�ijk�ml6�',n�po���lq,.B;=I�0D':X�pr��mst�"�����"24�(r��mstD1&]?
/1�'9;9I�@�
r���sd�aou9!D1v3�dw�yx�9!���"&@c(�3z�����{m�f|a�3���}�'9!2.,.&0/]�
w�m�~�$)y��&0&0�Q>E�$�3&0��sd�m{@D39!�"&�B;�"&i�f�i�380�3=I�m�M�8$D39;�I�3c�2.�
2.,.&0�"�'9��'27/3�"c�9I��2.,.c�9I�'9;>�:TD39��0,./1�]?A8$��9;:TD'9!�}�3&0=��~="D3��80z]�;?
�Q9!B"���mP;OI�0����P ^ N3LI`���Y0\X�b�3\C�1�1�3���<�k��J����p����N'L!�'STHEU
� N3`�P
�y�]�Q ��w¡iH�ST¢3��NCW��mPQH0H$PQV!V"P!PQ�-�wH$N�£3¢�ST¤T¤7PQ�i�"¥1¥3g]�

� ¦'�}�~��f&@�!D3&0,.&0,w�'&(�§�~��l6�'9!27�3z0���©¨X�}�'/1�~="D@��,.&0/�z0B;,.&0/
ª ��#b�"2.���6�;9I�'&0BC:TD'9!����GC«�«u«¬�0LC3H0VQbO�`4SnN'H0VwN3HZGI_��UEPMJ6L;N1\
OIPQV!V!STH@U3�i�b®Ae3¯Q� e'gb°"±]e1e'g]�i�8]9!,.2��"¥1¥beE�

� ²3�}{$�-l6� �;�!,7BC�I�@�6³q�-o6�3B!�32.,.&0D]�M�'&(�Fo��-�p�'&(�]�1�K��8$�"/3?A²��´
��z02��!,.������,7��BC�I�3&0�0� 9I��:<D39y�!�0���!�0,�9I����,72.2.�"&�,7z����m8(� 9;���1�
GC«�«�«�µ�[]¤ `4ST_}P;R3S43�(¶]®4²E¯Q� ·'² ±@¸3¦]�i¹a=��!D3c$��9y��¥3¥1¥]�

� ° �}{$�-l6� �;�!,7BC�I�@�6³q�-o6�3B!�32.,.&0D]�M�'&(�Fo��-�p�'&(�]�1�K��8$�"/3?A²��´
��z02��!,.������,7��BC�I�3&0�0� 9I��:<D39y�!�0���!�0,�9I����,72.2.�"&�,7z����m8(� 9;��e@�
GC«�«�«�µ�[]¤ `4ST_}P;R3S43�$·@®C� ¯Q� ·3¶�±@¸'²���rb�'&]z0�'9;>�e3g3g1g@�

� ¶'�}x��qlq��9!&0�3cqº�1�fr��6xaD1&0vmº�32.�"v1�fr��M�~�Mxt� 9!=3º» �]���'&(��r]�qstz]?
� �!D��b�&0� ª 27D3B;BC>w¦'?�� ª � #1�"2.���p�;9I�'&0BC:TD'9!�§:<D39k��,./1��?�¼Ez(�'2.,.��>
=�D1��8�9!��B;B;,7D3&�D3:6������,.=��'2u#@,7���"D]�ZJ6L;N�O �MNCW�GC«u«�«½«uµ�¾�Y
GIH�`�PQLQH(3`4SnN3H(1¤w��N3H�W�PQL;PQH$OIP�N3H�GIH�W�N3LQ_
3`4SnN3H��mP;OI�@H$N1¤.N!U3¿
� ^b^ ¤ S4OI'`4SnN3H0VdSTHK¾�SnN3_�P;R3SnO�STH$PQ�p80�3/1��B
e3e3¶ ±@e3¦@�1�-	aD #b���
?
c$�Q9te'g1g3g]�

� · �}x��0lq��9!&0�3cqº�1��r��$xaD3&0v�º�'2.�"v1�0r��$�~�0xt� 9!=3º» �]�m�'&(�´r��]stz(� �!D��
h-&0�0�3&�=",.&0/��!�����"&E�;9!D18E>��"&0=�D@����9�D3:f��¦1�]?n: ª ��:<D39��0,./1�]?
¼Ez0�32.,��X>�="D3��8�9!�"B;B;,.D1&�D3:q������,.=��'2k#@,7���"D]�
J6L;N�O �6NXWwGC«u«�«
GIH�`�PQLQH(3`4SnN3H(1¤yY0¿'_ ^ N3V!ST[@_*W"N3LÀGIH0`�P�¤T¤ S7UEPQH�`�Y0S7U3H(1¤�J6L;N1\
OIPQV!V!STH@U
'H$R´��N3_�_d[@H0S4OI'`4SnN3HZY0¿'VI`�PQ_�V!�@	aD #b�"��c$��9ue3g3g]�1�

� ¸'�dÁ��1oq�0�"&��3&0�wÂ��3w�'+k���'9!2.�}�3&��]56��9!�"�Q?X�],.���"&0B;,.D1&0�32@B;z0c]?
c0�3&0�w=�D@��,.&0/fD3:�#@,Ã�]�"Dfz0B;,.&0/M�!�0��v"��9!D'?n�;9!�"�q�����!��D@���EJMLCN�O �
NXW�YEJqGC«M\ ÄiSTV![�1¤f��N3_d_�[]H�SnO!3`4SnN3H�V}3H(R�GI_
�UEPdJ6L;N�OIPQV!VI\
S<H@U3��8(�3/3�"Bw��¦1g1e�±0��¦]�"g]�i��� 9!=Q�K�"¥1¥3¶]�

� ¥'�
¨I�(sy�'z0c$�"=I�0,.�"B"�
�mPQHÀ�pP!O�`4[@L;PQV
N3HÅ��3¢3P�¤7PQ`4V!��{]DE=",.����>´:<D39
¨�&(�]z0BC�;9!,7�32i�3&0���8�802.,.������� �!�0�"�}� �!,.="B"�p�"¥1¥beE�

�.�"g'�}r]�isaD1&0/1�'9;9I�@��r���sd�iou9!D3v1�p¨I�p{m�mstz]Æ����3&(�~{m�m|a�3���}� 9;?
2.,.&0/]�uÅB;���fD':�2.�"#b�"2�¦dc0�3B;,.=y2.,7&����'9��'27/3�"c�9I��B;z0c08]9!D1/'9I�3���
���pµÇ�0LC3H0V��pµ~3`<�0�pY$NXWQ`4�i��²��.�Q±0� ·E����¥1¸3¸]�

�.�3����s���|��"2.2.��9��ÉÈ��3c0c�,�����Ê8$�Q9;:TD1�}�'&0="�K="D1z�&@�!�Q9!BÀ27,.c]9I�'9;>
:<D39Å,.&E�!�"2ÃË3�3�}�©8�9!DE="��B;B;D39!B§�3&(�Ì2.,.&]z]Ím� �f¢'3S4¤.1Î"¤7P�3`
�E`4` ^�Ï ÐbÐ0Ñ-Ñ-Ñ �7VQO"¤7�<3_�PQVQ¤.1Î � UbN3¢ Ð J6L;NXÒ�P!O�`4V Ð �MbÎ�Î�ST` Ð ��.��e �Z�~�(����|a,.2��!D1&��$l���sd�0rb� ª ��9;�!���$�3&0����({]��&0/1z�8��I�@�6oqD3�
?
8]9!�"B;B;,.&0/ZBC�!,.272k�3&(�À��D #@,.&0/
,.�}�3/3�"B ª ,��!� ª ��#b��27�Q�!B"�wµ�[]¤�\
`4S<_}P;R3Sn�Y0¿'V!`�PQ_dV!�me@®n¦b¯Q�p�"¥1¥'²��

����¦ �}l�� ?�r��')y,.�¬�3&0��Â��3��'+k�"�'9!2.�}�3&��0f&����dc$��������� ª ��#b��27�Q�
#@,7���"Df="D@���Q9-z0B;,.&0/��!��9!�"�Q?X�],.���"&0B;,.D1&0�32EB;���k8(�'9;�!,��!,.D1&�,.&0/t,.&
�0,.��9I� 9!=Q��,.=��32q�;9!���"B´®4B;8�,.�@�Q¯Q��JMLCN�OQP!P;R3STHEU3V´NCW
Ów3`AF��N'_
\
^ L;PQVIV!SnN'HF��N'H�W�PQL;PQH$OIPQ�k��¥3¥b·E�

���"²'�Z�~�3{m���p�3���3hM�'h�� ÈfD3�!�@c$��9!/]�3�3&(���~�'hM��Â�D32.:��]56�0��=��3=I�0�
8$��9;:<D1�}�3&�="�
�'&(��D18��!,.��,.v�� �!,7D3&0ByD':6c02.DE=I�b���~�32./1D'9!,.�!����B"�
Ô N3[@LI`<��GIH�`�PQLQH(3`4SnN3H(1¤i��N'H�W�PQL;PQH$OIP�N3Hd�fLCOI�@ST`�P;O�`4[@L;1¤�Y0[ ^ \
^ N3LI`�W"N'L�JMLCN!U3L;3_�_dSTHEU��p3HEU3[0"UEPQVZ3H$RÖÕ ^ PQL;'`4STH@U�Y�¿3VI\
`�PQ_dVd�4�aY@J���ÕqYÀG]Ä� ��(f8�9!,.2���¥3¥]�1�

��� °��}��i{$���i� ª ,.B��3&0�Kx���)y&�D ª 2.�"B"�d¨X�}�'/1�d=�D1��8�9!��B;B;,7D3&Kz�BC?
,.&0/��!�0�we�?X� ª ��#b�"2.���M�;9I�'&0BC:TD'9!���6GC«u«�«×�0LC3H0VQbO�`4SnN'H0V�N3H
GI_�"UEP�J6L;N�OIPQV!V!STH@U3�k�1®Ae1¯Q� e'²3²'±@e1°3¶@�i�8�9!,.2���¥3¥beE�

����¶ �}���Â��6�i,.����{m� ?nÂ��q�i,7�3D]�t�'&(���~�M{m�M�i�3���½lq2.DE=Q�@,.&0/
�3&0���'9;9I�">~="D1&E�;9I�'=��!,.D1&F�3=�9!D3B;B
� 9!c0,��;9I�'9!,.2�>�&��"BC�!���K2.DED18�B
z0B;,.&�/��'Ø�&��u80�'�!,��!,.D1&0,.&�/��]GIHtJ6L;N�OIP!P!R'STH@U3V�NXW�`<�0P6Ù1`<�y���pµ
Y]G'Ú-Ju�p� � Y0¿'_ ^ N'VIS<[]_ÛN3H�JMLISTH(O�S ^ ¤7PQVZ3H(R�J6L;bO�`4SnOIPÀNCW
J�3L;1¤<¤7P�¤(J6L;N!U3LC3_d_�STH@U3�(r1z0&��we3g3g]�1�

��� ·��Z�~�bÂ��@���'9!="�"2.2.,.&i�0�~�@r���xaD'9!��,.B;�i�@w�@lq,.2./1,.&i���3&0�}�~�@+k�
lqD327,.�"�$�mf&
D #b��9!#@,.� ª D3:EÜC8$��/3?Xe3g3g1g]�pJ6L;N�OIP!P;R3STH@U3V�NCW6Ó�3`A
��N3_ ^ L!PQV!V!SnN3H���N3H"W�PQL!PQH(OQPQ�m���'9!=I��e3g3g1g]�

����¸ �Z{m�-��z�9I�3�@,4�Öf808]9!D Í],.�}�'�!,.D3&��3&(��9!�"&0����9!,.&�/~D':a#bD32.z0���
�0� �I��z�B;,7&�/ ª � #1�"2.�����;9I�3&0BC:<D39!��B"�uJ6L;N�OIP!P;R3STH@U3V�NCW�Ä�STV![�1¤�\
S7Ý�3`4SnN'H0��8(�3/3�"B�e@�I±]e3¸@��¹a=��!D3c$��9w��¥1¥1e@�

����¥ �Z{m�t��z�9I�'�@,n�Þ��z02��!,.B;=��32.��#1D12.z0���K9!��8�9!�"B;�"&E�I� �!,7D3&¬cE>��
��D3/ ª ��#b�"2.������GC«u«�«¬�0L;3H�VQbO�`4SnN3H�VwN3H�Ä�STV![�1¤ S7Ý�3`4SnN'H�3H$R
��N3_ ^ [@`�PQL�Ú6L; ^ �@SnO�V!�k�b®Ae3¯Q�.��g1¥�±(�3��¶]��r3z0&0�
�"¥1¥1°@�

� e3g �}r��'�~� {]�(�'80,�9!D��bh���c$���0�]����,.�}�'/1��="D@��,.&0/�z�B;,7&�/�v"��9!D3�;9!���"B
D3: ª ��#b�"2.���!Ba=�DE��Ø�=",.�"&E�!B"�aGC«�«u«ß�0LC3H0VQO!3`4SnN3H�V
N'H~Y�S7U3H$1¤
J6L;N�OIPQV!VIS<H@U3�(²]�b®C��e1¯Q� ¦3²3²E°�±E¦3²1¶be@�pst�"="���dc$��9t�"¥1¥3¦]�

� e@�Q��Èw��o��-Â��(�'27�Q>E�6w��+k���!,��!�����M�'&(�Fr��ur��-stD1&�/b� 9;9I�]���z�?
�!D1�}� �!���K�"��8�,�9!,7="�32qD38��!,.��,.v��'�!,.D3&0BdD':fB;D3:<� ª � 9!���3&0�K�!�0�
�'�!27�'BM8�9!D ÜC�"=�����Jf'L;1¤T¤7P�¤k��N'_ ^ [@`4STHEU3�(e3·]®C�Q?Ce3¯Q� ¦ ±@¦1°@��e'g1g@�1�


