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Figure 1. VIP architecture overview
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Table 1. Width of each bus.

0����4� ��
���������������������

)�ùlôXw�T�`xq�þ��fõFø����fúÆúÆô	�!÷Æü!÷���lúÆô	>ôÀõFø¾ôÀý5'��jû0õ;MBN/OP"X 
)�ùl÷Æü!÷�5�Yúz÷ÆôÀü=ø}ù�û�ø!ýlôÀþ���ýY÷zõ��5û0õYýjôÀÿFôÀþ	�lø¾÷Æõ��1÷zõYü}ø����lþÀø¾÷2�'õlü
5ûF�K'�ô"ýl÷,n;ô	�}ô�õ�ø 
����� �'õlô�û����Yúz÷ÆþUû�ø}÷��fõhø��hø}ùlô8�'ø}ùlô	�F /TVõ
ø}ùlô=þ	�fõFó��'ú��lø}÷��fõ�û����lúÆ÷ÆþUû0ø¾÷2�'õ.���¾ôÀü}ô�õ�ø¾ôÀýh÷Æõ�ü}ô�þÀø}÷��fõQh&�F'&�'ø}ù
ý�û0ø{û>û�õlýj÷Æõlü}ø����lþ�ø}÷��fõ� ô	5���}÷ÆôÀü�û��¾ôX�lü¾ôÀý�ø��>ü¾ø����}ô$ú û����'ô
÷Æõlü}ø����lþÀø¾÷��fõ ö3���¾ýlü��=ö�ùl÷ÆúÆôK
����$ø}ùlô þ{ù�û��{û0þÀø¾ô	�9�}ôÀþ����fõY÷2J�ô	���
�fú���'Aû0úC÷Æõ�
C����1û0ø¾÷2�'õlü!û��¾ô(ü¾ø����}ôÀýo÷Æõjý�û�ø¢û�>ô�5������ H õYþÀô
û0õ ÷zõYü}ø����lþÀø¾÷2�'õ1÷zü�ýYôÀþ	�FýlôÀý!�Aý�û�ø¢û$û0õlý þ	�fõFø����fú[ü}÷��fõAû0úÆübû��}ô
ü}ôÀõFø�ø��(ø¾ùlô:M N#O8"!ü�ø¾ù��������fù ø}ùlô8�fú���'�û0ú�'��lü�û0õlý1û�ýYôÀýl÷,�
þUû0ø¾ôÀýjþ	�'õFø����'úg'��lüF 

0����(�1�!��� " ��$�$�& ��')�+*%���#&�,

)�ùlô>�����FþÀôÀü¾ü}÷Æõ�� 5û0ø��}÷Æÿ`÷Æü�÷2��lúÆô	hôÀõFø}ô�ýZ'��KûZU � U
MBN/O8" 5û�ø��¾÷zÿg Cò=û0þ{ù;MBN/O8"K÷Æü�þ	�'õlõlôÀþÀø¾ôÀý�ø��$÷zø¾ü ..���}ø}ù1�
w����Yø}ù!�Cò=û0ü}ø$û0õlý<doôÀü}ø"õlô�÷2�'ù�'&���}ü�û0õlý�ø��jû ú��FþUû0úB>ô�9�
�����5û0ü�÷Æøp÷Æü�ø}ùlô"þUû�ü}ô8
����!ûXN=òZ=CM[÷2�����}ô U�@� �ò�û0þ{ù ..���}ø}ù1�
w����Yø}ù!�Cò=û0ü}ø�û�õlý;doô�ü}ø"þ	�fõYõlôÀþÀø¾÷2�'õoù�ûOófôKY�U�'l÷Æø}ü9=?)�û�'lúÆô
^�@� 6 �'õlþÀô	�lø���û0úÆú�����û0õpMBN/O8" �}ô	���¾ôÀü}ô�õ�ø¾üjû�ü���'��-5û�ø��¾÷zÿ
��
�ø}ùYôe�'ú���'�û�ú.N�ò 5û�ø��¾÷zÿg f)�ùlôjý�û�ø¢ûoû�õlý7þ	�fõFø����fú9ü}÷����
õ�û0úÆü:��
�û0õ%M N#O8" û��}ô ü}ù�û��}ôÀý7û�5�'õ��1ôÀófô���� N=ò�üX��
!÷Æø}ü
ü���'m� 1û0ø��¾÷Æÿ  
M����oôÀÿlû���lúÆô��h÷Æõ�ûIU�q w�T�`�q þ	������lø¢û�ø}÷��fõ1�hôUû0þ{ù

MBN/O8"�÷Æü"þ	�fõm$&�����¾ôÀýwû�ü(û(U�q N=ò 5û0ø��}÷Æÿg K)�ùlô5MBN/O8"
5û�ø��}÷Æÿjø¾ùlôÀõ%'AôÀþ	�� ôÀü>û�ü}÷Æõ��fúÆô ú û����'ôeN�ò 5û�ø��¾÷zÿg <)�ùlô
þ	�fõYõlôÀþÀø¾÷2�'õlü5'AôÀøVöpôÀôÀõZMBN/OP"!ü>û��¾ô(�lü}ôÀý 
����hþ	�'õlõlôÀþ�ø}÷Æõ��
û0ý"	�û0þÀôÀõFø:N�ò�ü4ú2�FþUû�ø}ôÀý�÷Æõ�ýY÷ n;ô	�¾ôÀõFøPMBN/OP"!ü5=CMC÷������}ôyY�@	 
wF÷ÆõlþÀô!ûK^�qrø������fú������85ûF�8'Aô05û�����ôÀýK�fõhû8U�q7ø������fú��������
ø}ùlô8'���û��}ý51ûF�:'Aô�þ��fõ�$&�����}ô�ý�û�übû�^�q wmT�`�q �����FþÀô�ü}ü����� 
H '�óF÷����Yü}ú����Oû0õ���û��¾þ¢ùY÷zø¾ôÀþÀø����}ô�ø¾ù�û0øi$�øC÷ÆõFø��9ø}ùl÷Æüg
C�¢û� ôÀö3�����
5ûF�K'�ô"÷�5�Yúzô�>ôÀõFø}ô�ý9'�� þ	�fõm$&�����¾÷Æõ��(ø¾ùlôXMBN/O8"9ü� 

0��-0��1
�2435�����������(�-�%�

doô"ù�ûOófô�þ{ù��'ü}ôÀõ�ø}ùlôXN 6 T�ú2�FþUû�ú!'��Yü!ü}ø{û0õlýAû��}ý[
����9ø}ùlô
T�D H ÷Æõ�ø¾ô	�-
Vû0þÀô� B)�ùY÷zü=ü}ôÀúÆôÀþÀø¾÷��fõh÷Æü/5�'ø}÷Æófû0ø¾ôÀý:'��$÷zø¾ü�ö�÷ÆýlôÀú��
û0þÀþ�ô	�lø¢û�õlþÀô�'��4ø}ùlô0N 6 ÷Æõlý��lü}ø����hû0õlý8
C����÷Æø}ü�ùl÷��fù�ø��¢û�õlü-
Pô��
�¢û�ø}ô:=�^FY�U8`(a3�Fø}ôÀü4D0ü}ô�þ�@	 3)�ùlô�ýlô�ü}÷��fõ9��
\ø¾ùlô.'��Yü�÷Æõ�ø¾ô	�-
Vû0þÀô

Y



FPGA

PE

PE PE

PE

FPGA

FPGA FPGA

PE

PE PE

PE PE

PE PE

PE

PE

PE PE

PE

Mem. Mem.

Mem.Mem.

Figure 3. Mapping of a 4 � 4 PE matrix over the
FPGA matrix
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19x11 Image for 4x4 template convolution

16x8 PE's matrix

Figure 4. Tile processing for 4 � 4 template
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Table 2. Performance comparison between
different processors for convolution (time for
a convolution over a 512 � 512 pixel image)
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Figure 5. Architecture of the neural network
for handwritten character recognition
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Table 3. Comparison of execution time for
recognition of one character on different
hardware
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Figure 6. Photography of the VIP board
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