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2.1 Cube approach
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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

k�ìîí²÷G5¢õ+ý=ëtð|ñpóµìºí û�òQ��ò¾óµëtø<�
ADëÑê ñyô+ë�ï�õ+ø�ý ñ+ðjë1ú�ëY5�ëOït÷�ójìîõ+í�óµìºø�ëÎï�õ3í òË÷ ø�ë1úJ�`��óµê�ë

���!üGÿ#ñyô+ëOöºëtóMóµðµñ+í ò¾ù�õ3ðjø ù�õ3ð§ójê�ëÈú�ì�.5ëtðµëtíYór��öºõ�ï^�²ìîí�û�ñ+ý�ü
ý�ðµõ3ñ+ï|ê ëOò�ñ+í ú(ÿ�ìºójê�ójê�ëÒõ+ðµìºû3ìºí�ñ}öD�D��üPV[AÈé9öîõ3òµòU�Îï�õ3ø�ý ðjë1ò¾ü
òËìîõ+í�ø�ë�óµê�õ�úr
 S�
Gþ�õ+íÄñ��
&�* (>v#ô²ìîú�ëtõÀø�ëOú�ìÌïtñ+ö*òjë � ÷�ëOí ï�ë�õ+ù
S�O�ù�ðµñ+ø�ë1òÒõ}ù[ ������* G���Îý�ì�5²ëOöîò#ïtõ²ú�ëOúÓìîí¢û3ðµñ��Àòµïtñ+öºë�)?7C��ìÆó|ò
ý�ëOð�ý�ì�5²ëOö ,Y�
V*ìîû+÷ ðjë] !òjê�õpÿ�òCójê�ë#ë45²ë1ï�÷�óµìºõ3í(óµìºø�ë#õ���ó|ñ}ìîí�ëOú�ÿ�ìÆóµê�óµê�ë

ù`ñ+òËó�ÿÒñyô3ëtöîë�ó5ójð|ñ}í�ò¾ù�õ3ðjøaójõ�ï�õ3ø�ý�÷�ójë S�O#ù�ðµñ+ø�ëOòfõ+ùG ������* G���
ý�ì�5²ëOöîòÑñ}í�úáù�õ+ð�ójê�ë�ú�ì%.5ëtðµëtíYón��öºõ�ï^�²ìîí�û¢ñ}ý ý�ðjõYñ+ï|ê�ë1ò �Òï�÷��=ë
í�õ+í�üGõpô3ëtðµöîñ+ý�ý�ë1úfþ+ït÷���ëÑõpô+ëOðjöÌñ}ý ý�ë1úÀñ}í úÀðµëOï�óµñ+í�û+÷�öÌñ}ð��(u�ë�ü
òË÷ öÆó|ò�ñ+ðjë ý�ðµëOòjëtíYójë1ú�ù�õ+ð ú�ì�.5ëtðµëtíYó � öºõ�ï^� òjì�;OëOòOþ9ù�ðjõ3ø
�8S��m�8S��m��S¢óµõ= G�����* G��� �m��SÓìîí9ójê�ë´ï�÷��=ë¢ñ}ý ý�ðjõYñ+ï|ê�ë1ò�ñ}í ú
ù�ðjõ3ø  ������(�8S��m�8S�óµõ  G�����B ���� �m�8S�ìîí�ójê�ë(ðµëOï�óµñ+í�û+÷�öÌñ}ð�ñ+ý�ü
ý�ðµõ3ñ+ï|êm� l�öÌòjõ þÑÿAëIê ñyô3ëDìîí ï�öî÷ ú�ë1ú�ójê�ëIëY5�ë1ï�÷�óµìºõ3íaóµìºø�ë
ÿ�ìÆóµê�õ+÷�ó<� öºõ�ï^�²ìºí û þÑ÷ òËìîí�û&ójê�ëIí�õ3í�übõpô+ëtðµöÌñ}ý�ý=ëOúÈñ+í úXóµê�ë
õpô+ëOðjöÌñ}ý�ý=ëOú¢ÿÒñyô3ëtöîë�óÒójð|ñ}í òËù�õ+ðµø<�
V*ìîð|ò¾ó'õ}ù5ñ}öîö7þpÿÒë�ïtñ+í�õ���òËëOðjô3ë,ójê�ñpó$��öîõ²ï^�²ìîí�ûÎñ}ý�ý�ðµõ3ñ3ï|ê�ëOò

ï�öîëOñ+ðjö��´ðµëOú�÷ ï�ë�ójê�ë�ëY5�ëOït÷�ójìîõ+íMójìîø�ë�õ+ù'ójê�ë�õ+ðµìºû3ìºí�ñ}ö*ñ+öºû3õ}ü
ðjìºójê ø ù�õ3ð´ñ}öîö�ïtõ+íGZ�û+÷�ð|ñpóµìºõ3í ò4��é#ê�ëÄõ3ý�ójìîøÀñ}öR� öºõ�ï^��òËì�;të
ìºí×ójê�ëáï�÷��=ë¢í�õ3í�übõpô+ëtðµöÌñ}ý�ý=ëOú§ñ}ý�ý ðjõYñ+ï|ê )?S�O��cS�O��(�8SD,ÑõD��ü
óµñ+ìºí ò*ñ�òËý=ëtë1ú�÷�ý(õ+ùG���T!G�'õpô+ëOð5ójê�ëAõ+ðµìºû3ìºí ñ+öpí�õ+í�üGõpô3ëtðµöîñ+ý�ý�ë1ú
ÿÒñyô3ëtöîë�ó/óµðµñ+í ò¾ù�õ3ðjø�þ(ÿ�ê ëtðµëOñ+òÄõpô+ëtðµöÌñ}ý�ý=ëOú ��öîõ�ï^�Yìîí�ûañ+ý�ü
ý�ðµõ3ñ+ï|ê ëOòOþ}ï�÷��=ëf)�õ+ý�ójìîø�ñ+ö���öîõ�ï^��òËì�;të]�e���c�e���(�8SD,*ñ}í�ú�ðµëOï�óËü
ñ}í�û3÷�öÌñ}ð )�õ+ý�ójìîø�ñ+öh��öîõ²ï^� òjì�;të  G��� �cS�O��m��SD,�þáý ðjõpô²ìÌú�ë�ñ
òËý=ëtë1ú�÷�ýÓõ+ù ��� !�!Ññ+í úE�G� Oe�ÎðµëOòjý=ëOïUóµìºô3ëtö��+þYï�õ+ø�ý ñ+ðjë1ú�ójõ�óµê�ë
í�õ+í�üGõpô3ëtðµöîñ+ý�ý�ë1úÀÿ#ñyô+ëtöîë�óÒójð|ñ}í�ò¾ù�õ3ðjø<�
l!òÄÿÒë×ïtñ+í òËëOë+þ�ñ+ø�õ3í�û ójê�ë&ú�ì%.5ëtðµëtíYóa� öºõ�ï^�²ìºí û�ñ+ý�ü

ý�ðµõ3ñ+ï|ê ëOòOþ#ójê�ë§ðjë1ïUó|ñ}í�û3÷�öîñ+ð´ñ+ý�ý�ðµõ3ñ+ï|êXõD��óµñ+ìºí�òÓóµê�ë=�=ëOòËó
ðjë1òË÷ öÆó|òtþ,ñ3ò�ÿÒë¢ë45�ý�ë1ïUójë1új�×é#ê�ìÌò���ëOê ñyô²ìºõ3ð�ìÌò�ú�÷�ëáójõÄóµê�ë
��ëtóËóµëtð�ëY5�ý�öîõ+ìºóµñ}ójìîõ+í×õ+ù!öºõ�ïOñ}öîìÆó��Iõ}ù�ìºóµò�ø�ëtø�õ3ðQ�9ñ+ïOï�ë1òjòjëOò



0,E+00

1,E+07

2,E+07

3,E+07

4,E+07

5,E+07

6,E+07

7,E+07

8,E+07

16 32 64 128 256 512

Block size

D
c

u
 L

in
e

s
 I

n

cube-overlapped
rectangular

Figure 6. DCU Lines In of Blocking ap-
proaches for Heart video sequence

ñ}í ú�ójê ë×ðjëO÷ òjë§õ+ù s õ3ñ}ójìîí�û�ý�õ3ìºíYóMõ3ý�ëOðµñ}ójìîõ+í ò8�XV�õ3ð/ìºí�ü
ò¾ó|ñ}í ïtë+þfìîíMóµê�ëÀðjë1ïUó|ñ}í�û3÷�öîñ+ðÑñ+ý�ý�ðµõ3ñ3ï|ê�þ=ójê�ë�õ+ý�ójìîø�ñ+ö,ï�õ3í�ü
Z û+÷�ð|ñpóµìºõ3íKìÌòi G�����BS�O��(�8Saÿ�ê�ìîï|ê¼õD��óµñ+ìºí¼ñÕòËý=ëtë1ú�÷�ý¼õ}ù
��� OD7 õpô+ëOð�ójê�ëiS�O��BS�O��(�8S ìîíÕójê�ë ï�÷��=ë×õpô+ëOðjöÌñ}ý ý�ë1ú�ñ+ý�ü
ý�ðjõYñ+ï|ê��6�wí×òjõ+ø�ë¢ï�õ3íGZ û3÷�ðµñ}ójìîõ+í òJ)U�8S��m�8S��m��S�þ(�e���B�D���(�8S
ñ}í úhS�O��cS�O��(�8SD,Lóµê�ë�ït÷���ë�í�õ+í�üGõpô3ëtðµöîñ+ý�ý�ë1ú´ñ+ý�ý�ðµõ3ñ3ï|ê´õD��ü
óµñ}ìîí òLù`ñ+òËójëOðLóµìºø�ëOòLójê�ñ}íÓóµê�ëÑðjë1ïUóµñ+í�û+÷ öîñ+ðLñ}ý�ý ðjõYñ+ï|ê�þ3ê�õpÿ#ü
ëtô+ëOðÒójê�ìÌò�ñ}ý ý�ðjõYñ+ï|ê´ý�ðjë1òËëOíYóµò�ñ}ðjójìºù`ñ+ï�óµò�ñ+í ú´ñ�ú�ë1ï�ðµëOñ3òËëÑõ}ù
ójê�ëoF��GK u )`ñ}ðµõ+÷ í ú-O�ý=õ+ìîí3ó|òb,�ìºí(ójê�ë,ðµëOïtõ+í òËójðµ÷ ï�ójëOúÎô²ìÌú�ëtõ�þ
ójê ñ}óÎú�ìÌòµïtñ}ð|ú�òÑìºóÑù�õ3ðÎê�ìºû3ê � ÷ ñ+öºìºó��Äï�õ3ø�ý ðjë1òjòjìºõ3íÄõ}ùAø�ë1ú�ìºüïtñ}ö	ô²ìÌú�ëtõc� ��íDójê�ë�õ}óµê�ëtðÎê ñ+í úfþ�õpô3ëtðµöîñ+ý�ý=ëOúMñ+ý�ý�ðµõ3ñ3ï|ê�ëOò
ø�ñ+ìºíYó|ñ}ìîí/ójê�ëÀòµñ}ø�ë�ï�õ+ø�ý�ðµëOòµòjìºõ3í/ðµñ}ójë�ñ}í ú � ÷�ñ}öîìÆó��áójê�ñ}íójê�ë§í�õ+í�ü&��öîõ�ï^�²ìºí�û ñ}ý�ý ðjõYñ+ï|ê�ë1òtþ�ÿ�ê ìîï|ê�ï�õ+í�Z ðjø óµê�ëIý�õ+ü
ójëtíYóµìîñ+öÒõ+ù!óµê�ëOòjë�ø�ëtójê�õ�ú�ò8�1'�ìîû+ê�ëOð�ë45�ëOï�÷�ójìîõ+í&ójìîø�ë1ò�õ+í
õpô+ëtðµöÌñ}ý�ý=ëOú ��öîõ²ï^�²ìîí�ûÓñ}ý ý�ðjõYñ+ï|ê�ë1ò#ï�õ+ø�ý ñ+ðjë1ú´ójõÀóµê�ë(í�õ3í�ü
õpô+ëtðµöÌñ}ý�ý=ëOú§õ+í ëOò�ñ}ðµë¢ú�÷�ë´ójõMójê�ë´ìºí ïtðjë1ñ+òjëÓõ}ù!ójê�ë´ÿAõ3ðQ�Yü
ìºí�û/òjë�ó(õ+ùo��öîõ�ï^��ò�òËìîí ï�ëÓú ñpóµñ´ù�ðµõ+ø%ójê�ë�ù�õ3öºöîõpÿ�ìºí û6� öºõ�ï^��ò
ø�÷ òËó �=ë�ìîí ïtõ+ðµý�õ3ðµñ}ójëOú��n'!õpÿAëOô+ëtð1þ�óµê�ëOòjë�õpô+ëtðµöÌñ}ý�ý=ëOú/ñ+ý�ü
ý�ðjõYñ+ï|ê�ë1ò=õ���ó|ñ}ìîíÎójê�ë �=ëOòËó�óµðµñ3ú�ë�übõ�.��=ë�ó¾ÿÒëtëOíÎý�ëOðËù�õ3ðjøÀñ}í�ï�ë
ñ}í ú � ÷ ñ}öîìÆó��D�
�wí�õ+ð|ú�ëtð*ójõ�û3ñ+ìºí�òjõ+ø�ëÒìºí�òËìîû+êYó�ñ���õ3÷�ó�ójê�ë#òËý=ëtë1ú�÷�ý ò�õD��ü

óµñ}ìîí�ë1úC�`�t� öºõ�ï^�²ìºí ûÎñ+ý�ý�ðµõ3ñ3ï|ê�ëOòOþ�V�ìºû3÷�ðjë1ò$S�ñ}í úE!!ý�ðµëOòjëtíYó
ójê�ë&ø�ëOø�õ+ðb��ïOñ+ï|ê�ë2�=ëtê�ñyôYìîõ+ðMù�õ+ðMójê�ë&ê�ëOñ+ðËó§ôYìÌú�ëOõaòËëtü
� ÷ ëtí ïtë�� A§ëÀø�ëOñ3òË÷�ðµë�ójê ìîòf�=ëtê�ñyôYìîõ+ð�÷�òËìîí�ûM�ÑñpóµñapÒñ3ï|ê�ë
��í�ìºó=)?�fp�� , k�ìîí�ëOò �wíXñ}í ú k[�Lk�ìîí�ëOò �wí ëOô+ëOí3ó|òÀõ}ùÎóµê�ë
ý�ëOðËù�õ3ðjøÀñ}í�ï�ë�ï�õ+÷ í3óµëtð|òtþCÿ�ê�ìîï|êIðµëtý�ðµëOòjëtíYóÑójê�ëÀí²÷�øC��ëOð�õ}ù
öºìîí�ëOò#ñ+öºöîõ�ïtñpóµëOú¢ìºí´ójê�ëfkH�n�Ññpó|ñJpÒñ3ï|ê�ëÎñ}í úÓójê�ëfk(��ïtñ3ï|ê�ë
ðjë1òËý=ëOï�ójìîô+ëtö��2)�ì&� ë��Àóµê�ëÀí²÷�ø��=ëtð(õ+ùÒñ3ïtï�ë1òjòjëOòÑóµê ñpó(ø�ìÌòjòÎìîí
��õ+ójêMïOñ+ï|ê�ë1òb,Y�]�bóÑïtñ+íh��ë�õ�� òjëtðµô+ë1ú´ójê ñ}ó!ójê ë�ðµëOïUó|ñ}í�û3÷�öÌñ}ð
ñ}ý�ý�ðµõ3ñ3ï|ê�ñ+öºöîõ�ïtñpóµëOò	öîëOòµò'í²÷�ø��=ëtðAõ}ùjk ��ñ+í ú k(�Ñöîìºí�ë1ò	ójê�ñ}í
ójê�ë�ï�÷��=ë�õpô+ëtðµöÌñ}ý�ý=ëOú�ñ}ý ý�ðjõYñ+ï|ê�þ �¾÷ òËójìºù �²ìºí�û´ójê ë�ú�ë1ï�ðµëOñ3òËë

0,E+00
2,E+06
4,E+06
6,E+06
8,E+06
1,E+07
1,E+07
1,E+07
2,E+07
2,E+07
2,E+07

16 32 64 128 256 512

Block size

L
2

 L
in

e
s

 I
n

rectangular
cube overlapped

Figure 7. L2 Lines In of Blocking approaches
for Heart video sequence
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