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�9y ���"�[|$x[rn�<�n|$rn�<�	� p �[|$��z}y{z��72A|ut*~��9z5��r&|$y{���$8?v��mt*x}~$����z[� �n��x�t*vYv{��z[z[r*~$z
�#|$y�� |M8�t*� z}�$x[���#y{v{v ��rn�&�.t0v{rn~<�0�7t p y�~�� p v�y�� �+��1 o y{� � t+�&� t+|ut*v{r �[r�]hx[r�� ��z[z}rnx

1 o x�t*�&z[rn~��Y]hx}r�� ��z}z[rnxQX���v{�$r*~�t+~$��]hx}r�� ��z}z[rnx w"�$| � r*xQt*�nx[����y�~$���[r�z[��x��n��rn~�� p ��|<��z[y�z

��r*���&y��}�����+� 8 � ����vJs<x[y��9y�v{���*���
��r�|ut��n� ��rn�&�0y�~ ��rn~q� t����.�#y ��|�t*~$�H�7rnx��*���grn~Hz[��t*v{v
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t�z}rn�&����y�����z � x[�$z:��x�t ��y{~<��sut+�[|�r��Kx[��z}�mt*x � | �#8 �Trn�$v{��v{y �*����r��[|ut*~!��t*v�vAr��"� p � x}y{��~$�$z��

��z}s_� ��y{t*v{v p ]`t*�$v �5N	G��?BK]d�?3St+x[y �5>Zt+x��*�Si7|ut"��t*~$��NKy � ��69s_� ��y t+v	��|$t*~!��z ��r B"t*~ � r*x

s$x}r �9y��$y{~$��t ��rU�$���[r �$y{z}s$v t p y�� t+�n��zKr*~$#%�O�#y�~$�$r �#z��,aet*z:�m� o �<�Q~$r+�"��|$�,v{��t*z}���j85�Trn�$v��
v{y �*�S�[r ��|ut+~!� � p sut*x}��~q��z5t*~<��� t*��y�v p � rnxT��|$��y{x ��rn~�&u�$��~ ���Qy�~ ���+�c8T�<���$y��mt+�[�S��|$y�z7��|<��z[y�z
��r,� p sut*x[��~q��z��
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2Ay{v�y{~$��� ;	=72�� � � rnxe��|$�?v�rnz[z}v{��z[z ��rn�&s$x[��z[z[y�rn~ r�� o y �@v�� �*��v�y{��t*�n��z � rnx � t���z}y{�&y{v��c��x�t+~$z[�&y{z}z[y{r*~
t*~$� z}�[rnx�t*�*�Cy�zds<x[rns�rnz[��� �[|ut+�Y���Us$v�rny��[ze�@�Tr �O�$y{�&��~$z}y{rn~$t*vq~$��y��n| o r*x[y{~<�5s<y �U��v�x[���$�$~$�$t*~ ��y���z��
1 o y �Ov{� �n��vLy�� t+�n� y{z"y�~$y��[y t*v�v p sut+x}��y ��y�rn~$���!y�~��[r�~$rn~ �Or �*��x}v t*s$s<y{~$��x[� ����t*~$�nv���zQr��At+x o y ��x�t+x p
�$y�����~$z[y�rn~$zS�[|ut+� ��r �*��xQ��y ��|$��xKrn~$v p �#|<y���� s$y �U��v�zKrnx"t �&y �9���<x[� r � o v t�� ��t*~$�Z�#|$y ����s$y � �
��v�z���1S~ ��~q��x}rns p ��r9�$����y�~$�$� �(y{z �$z[�����[r z[s�����y�� p �[|$� 	��ut*~q��y
	�����v{��~$�*�[| t*~$�(�#y{�<�[|(r��
�mt � |�x}������t*~$�nv��*�J2A|$�,x[� ��� t+~$�nv{��z ��r*~���t*y{~<y{~$� z}rn��� o v t�� �.s$y �U��v{z"t*x}����~ ��rU�<���0�$z[y�~$� z[sut �
��y{t*v s$x[���$y ����y�rn~ t+~$� ��~$r �#~ ��r9�$y{~<� ��� � |$~$y�	9�<��z��h2A|$�	y{�$��t r�� sut*x}�[y��[y{rn~$y�~$�"��|$�	y{��t*�n�#y{~q�[r

x[� ����t*~$�nv���z7� �9����~<�$z7��|<�K~$r*�[y{rn~&r��jx}�$~ �@v���~$�+��| ��rU�<y{~$� y{~q��rJ�@�7r �<y{�&��~$z}y{rn~$z��c2A|$� �*� p � �mt��
���<x[�Qr��Y��|$�Qs$x}rns_r*z[����;	=72gy{zT��|ut+�5y �Ax[���$� ����z5�[|$�Qs$x[r o v{��� r�� ��rn�&s$x}��z[z}y{rn~�r��`t o y �Ov{� �*��v
y{��t*�n�5��r �[|ut+�Ar�� ��rU�$y�~$� r��Ys$y �U��v{z7y{~ �T��v�v �$� &$~$����x[���ny{rn~<z7�#|$y � | ��r �n��x5t x}��v t ��y��*��v p �*��x p
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kn� k ]hx[� �9y�rn�$zAX�r*x ���n�n�q�*�n�n�q�n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� $
kn�%$ =?t�� ���nx}rn�$~$� �n�q�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� &

kn�%$U��k BK��&u~$y ��y{r*~$z��*�n�n�q�n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� &
kn�%$U�'$ ]hx}���$y�����y�rn~�2d� � |$~$y�	9�<��z��n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� (
kn�%$U�%) I#��z}y{�$�$t*vei7r9�$y{~$�^�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� *
kn�%$U�+& iAi78@2A2gI5� ��rn�&����~$�ut+�[y{rn~<zT�+�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� ,

kn�+) EK�<��v�y{~$�Kr �d�[|$�"��|$��z[y{z��n�q�n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� l
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$U� k BK� &u~<y���y�rn~$ze� �n�q�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n��knk

$U� kn��k ]hx}���$y�����y�rn~�4hx[x[r*x��n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n��knk

$U� kn�'$ ]hx}���$y�����y�rn~�4hx[x[r*xA]Cx}r o t o y{v{y � p �n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n��k�$
$U� kn�%) ]hx}���$y�����y�rn~�R t����[rnx��*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n��k�$

�Uy�y



$U�%$ ]hx[���<y ���[y{rn~�2Y��� |$~<y 	��$��z#���n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n��k )
$U�%$U��k Nh��x}�[y �mt+v #	E"I'�n�q�n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n��k )
$U�%$U�'$ 35rnx[y
	�rn~q��t*v #	E"I��n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n��k�&
$U�%$U�%) 2?�Tr �O�$y{�&��~$z}y{rn~$t*v�]hx[���$y ����y�rn~W�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n��k�(
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)<� k 8@~q��x[r9�$� ����y�rn~��q�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� $��
)<�%$ 6U��	��$��~q��y t+vj2Ay{v{y�~$���q�*�n�n�q�n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� $ $

)<�%$U��k ajy���y � t+�[y{rn~�r��L69��	��$��~q�[y t*vj2Ay�v{y{~<���+�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� $ $
)<�+) =7v{r � � G"x[r �#y�~$�b�n�n�q�*�n�n�q�n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� $ *

)<�+)<��k >�t��Uy{��t*vjEK~$� �\BKy{�&��~<z[y{r*~ut*vjG"x[r �#y�~$�T�+�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� $ *
)<�+)<�'$ EK�&~$y �O�$y{�&��~<z[y{r*~ut*v_GQx}r �#y{~$���n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� $*l
)<�+)<�%) i7|<rny ���Jr �c=7y�x}�[|�aer �mt ��y{r*~��q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� )<k

)<� & P	rn~ �O�#|$y ���QI#������t*~$�nv���z � P5XHI �A�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� ) $
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&$� k 4h~��[x[rns p i7r9�$y{~<���n�q�*�n�n�q�n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� ) (
&$�%$ =7v{r � � i7r9�$y�~$���n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� ) *
&$�+) I5�<~ �@v���~$�*�[|�i7rU�<y{~$� �n�n�q�n�n�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� )��
&$� & I5�<~ �@v���~$�*�[|�=7v{r � ��i7r9�$y{~<�&�*�q�n�n�n�n�q�*�n�n�q�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� )nl
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 y{��t*�n� *nl
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*<�%( P5XHI ��rn�&s$x[��z[z[y�rn~�x�t+�[y{r �9z��hv{��~$�*�[|�r �`v�rn~$�n��z}�5x[�$~'�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� ( $

�Uy



*<�+* P5XHI ��rn�&s$x[��z[z[y�rn~�x�t+�[y{r �9z�� o v�r�� ��v���~$�+��|K�+�q�n�n�n�q�n�*�n�q�n�n�n�*�q�n�n�n�q�n�*�n�q�n�n�n� ( )
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*<� k �
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Prediction function = f(a,b,c,d)

Rdy{�n�$x}� $U�%$U�L2?�7r��@�$y�����~$z[y�rn~ut*v_s$x[���$y ����rnx

X : elements of prediction window W
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Non-white rectangle allowed to cover a complete sentence

Non-white rectangle allowed to cover individual words

Non-white rectangle allowed to cover a letter only

Image boundary
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(i)   Data
(ii)  Run lengths
(iii) Run-length coding, fixed length

5W 3B 3W 2B 5W 1B 1W
0101 0011 0011 0010 0101 0001 0001
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��r9�$��� �c8 � ~$� ����z}z�t*x p ����|$� &ux[z:�Lx[�$~�y�zct*v �?t p zLt	�#|<y����7x[�$~ �#y ��| v���~$�*�[| 	���x[r$�`8 � x[�$~ �Ov{��~$�*��|<z
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