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%ò
�©� ���Ò�o ~½ÓZO��Ér %7�Û¼àÔ l�ìøÍ, ?/6 x l�ìøÍ, %ò
%i� l�ìøÍ %ò
�©� ���Ò�o, ÂÒì�r %ò
�©� ���Ò�o ~½ÓZO� 1px ���ª�ô�Ç
���½̈�� s�ÀÒ#Qt��¦ e����. Õª ×�æ\� ÂÒì�r %ò
�©� ���Ò�o�Ér |9�_� %ò
�©��̀¦ �í�<Ê
���H @/�©� %ò
�©��̀¦ ¹1Ô��H ë�H]js�
��. �:r �7Hë�H\�"f��H ÒqtÓüt&ñ
�Ð�<Æ\�"f ��6 x
���H &h� '��§>=�̀¦ s�6 xô�Ç ÂÒì�r %ò
�©� ���Ò�o ~½ÓZO��̀¦ ]jîß�ô�Ç��. t�
%i� &ñ
§>=�Ér ¿º DNA "f\P� çß�\� Ä»���̧\�¦ q��§
���H ~½ÓZO�Ü¼�Ð+� %ò
�©� ���Ò�o\� &h�6 x
�#� ¿º %ò
�©� çß�\� Ä»
���̧\�¦ q��§
���H ë�H]j�Ð F�&ñ
_�ô�Ç��. s� ·ú��¦o�7£§�̀¦ &h�6 x
�l� 0AK�"f s�	�"é¶ C�\P� &ñ
�Ð��� %ò
�©��̀¦ {9�
	�"é¶ "î
����̧ %ò
�©�Ü¼�Ð ���8̈�ô�Ç��. ¿º {9�	�"é¶ "î
����̧ %ò
�©��̀¦ &ñ
§>=
�#� Òqt$í
�)a &h� '��§>=�̀¦ s�6 x
�#� ÂÒ
ì�r %ò
�©� Êê�Ð %ò
%i��̀¦ Òqt$í
ô�Ç��. z�́+«>\���H 10 >h_� @/�©� %ò
�©�õ� @/�©� %ò
�©�_� ÂÒì�r�̀¦ 4�¤��ô�Ç %ò
�©�, »¡¤
�èô�Ç %ò
�©�, SX�@/ô�Ç %ò
�©�Ü¼�Ð 57áxÀÓ_� |9�_� %ò
�©��̀¦ ��6 x
�%i���.

Abstract

The Image retrieval has been studied different approaches which are text-based, contents-based,
area-based method and sub-image finding. The sub-image retrieval is find to query image in the
target one. In this paper, we propose a novel sub-image retrieval method using Dot-Matrix used tool
in the bioinformatics. Dot-Matrix is a method for evaluation similarity between two sequences and
we redefine the problem for retrieval of sub-image to the finding similarity of two images. For the
approach, the 2 dimensional array of image converts to the vectors which have gray-scale value. The
2 converted images aligned using dot-matrix and the result shows candidate subimages. We used 10
images as target and 5 queries duplicated, small scaled, and large scaled images for experiment.
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1 "�Òeµ

���'��Å	\���H %ò
�©�, q�n��̧, �̧n��̧ 1px ���ª�ô�Ç YO�w�p�n�#Q &ñ
�Ð�� �>rF�
��¦ ��6 x��[þt�Ér ���'��Å	 ���Ò�o
��s�àÔ\�¦ s�6 xK�"f YO�w�p�n�#Q &ñ
�Ð\� ]X���Hô�Ç��. {9�ìøÍ&h�Ü¼�Ð ��6 x��[þt�Ér %7�Û¼àÔ\�¦ ��6 x
�#� ���'��Å	
���Ò�oÜ¼�Ð YO�w�p�n�#Q &ñ
�Ð\�¦ S\�1pqô�Ç��. YO�w�p�n�#Q &ñ
�Ð ×�æ 
������ %ò
�©��̧ \Vü@��H ��m���. ���'��Å	 �©�
\� e����H ú́§�Ér %ò
�©��̀¦ ò́Ö�¦&h�Ü¼�Ð ���Ò�o
�l� 0Aô�Ç ���ª�ô�Ç ���½̈�� s�ÀÒ#Qt��¦ e����. %ò
�©� ���̂_� &ñ
�Ð��
����� I�Õª�� ]j3lq 1px_� %7�Û¼àÔ &ñ
�Ð\�¦ |9�_�(Qeury)�Ð s�6 xô�Ç %ò
�©� ���Ò�o�̀¦ %7�Û¼àÔ l�ìøÍ %ò
�©� ���Ò�os���
�¦ ô�Ç��.
%7�Û¼àÔ l�ìøÍ %ò
�©� ���Ò�o�Ér 6£x²ú� r�çß�s� ��ØÔ�¦ çß�éß�
�����H �©�&h�s� e��#Q"f @/ÂÒì�r_� ���'��Å	 ���Ò�o ��

s�àÔ\�"f ��6 x
��¦ e����. %ò
�©�_� %7�Û¼àÔ &ñ
�Ð��H ���$í
���� ÅÒ�'a&h�Ü¼�Ð ���$í

�l� M:ë�H\� 1lx{9�ô�Ç %ò
�©�\�
@/K�"f ���ª�ô�Ç %7�Û¼àÔ &ñ
�Ð�� �>rF�ô�Ç��. %7�Û¼àÔ l�ìøÍ %ò
�©� ���Ò�o�Ér ���ª�ô�Ç %ò
�©�s� ���Ò�o÷&�¦ ��6 x����H
���Ò�o ���õ� %ò
�©� ×�æ\�"f "é¶
���H %ò
�©��̀¦ ��r� ¹1Ô���� ô�Ç��. %7�Û¼àÔ l�ìøÍ %ò
�©� ���Ò�o�Ér %7�Û¼àÔü< �'aº���)a ��
�ª�ô�Ç %ò
�©��̀¦ Ãº|9�
���H 3lq&h�\���H &h�½+Ë
�t�ëß� Ä»��ô�Ç %ò
�©� ���Ò�os� 3lq&h�s������ %7�Û¼àÔ l�ìøÍ %ò
�©� ���Ò�oÜ¼

�Ð��H ô�Ç>��� e����.
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s�\� ���� Ä»��ô�Ç %ò
�©� ���Ò�o\� %ò
�©� ���̂_� &ñ
�Ð\�¦ |9�_��Ð s�6 x
���H ?/6 x l�ìøÍ %ò
�©� ���Ò�o(Content-
Based Image Retrieval, CBIR)[1]s� ]jîß�÷&%3���. ?/6 x l�ìøÍ %ò
�©� ���Ò�o�Ér %ò
�©� ���̂\�¦ @/³ð½+É Ãº e����H :£¤
fç
�̀¦ ÆÒØ�¦
��¦ s�\�¦ q��§
�#� Ä»��ô�Ç %ò
�©��̀¦ ���Ò�oô�Ç��. ��6 x����H �'ad���̀¦ ��t���H %ò
�©��̀¦ |9�_��Ð ��6 xô�Ç
��.
|9�_� %ò
�©�(Query Image)�Ér %ò
�©� ���Ò�o\� |9�_��Ð ��6 x
���H %ò
�©�s��¦ @/�©� %ò
�©�(Target Image)�Ér |9�

_� %ò
�©�õ� q��§
���H %ò
�©�s���. ÂÒì�r %ò
�©� ���Ò�o�Ér %ò
�©��̀¦ |9�_��Ð ��6 xô�Ç��. ���Ò�o ���õ���H |9�_� %ò
�©�õ� Ä»
��ô�Ç %ò
%i��̀¦ �í�<Ê
���H @/�©� %ò
�©�s� �)a��. ���Ò�o ���õ� %ò
�©��Ér |9�_� %ò
�©�s� éß�í�Hy� 4�¤���)a �	כ ü@\� �̧���,
Ä»��ô�Ç %ò
�©��̀¦ �í�<Ê
��¦ e����. ÂÒì�r %ò
�©� ���Ò�o�Ér %7�Û¼àÔ l�ìøÍ %ò
�©� ���Ò�o�Ð�� Ä»��ô�Ç %ò
�©��̀¦ �Ð�� &ñ
SX�

�>� ���Ò�o½+É Ãº e��t�ëß� %ò
�©�[þt_� :£¤fç
�̀¦ q��§
�Ù¼�Ð %7�Û¼àÔ l�ìøÍ %ò
�©� ���Ò�o\� q�K� 4�¤ú̧�
�����H éß�&h��̧

e����.
ÒqtÓüt&ñ
�Ð�<Æ(Bioinformatics)\�"f��H DNA "f\P��̀¦ ë�H��\P��Ð �Ð�¦ %�o�ô�Ç��. ÒqtÓüt&ñ
�Ð�<Æ\�"f ��6 x
�

��H &h� '��§>= ~½ÓZO��Ér ¿º >h_� DNA "f\P��̀¦ �©� &ñ
§>=(Pairwise alignment)
�#� Ä»���̧\�¦ >�íß�
��¦ K�{©� %ò

%i��̀¦ ¹1Ô��H��. %ò
�©�_� Ò�o�©� /BNçß��̀¦ ë�H��\P� /BNçß�Ü¼�Ð �̀���"f ÂÒì�r %ò
�©� ���Ò�o ë�H]j\�¦ @/�©� ë�H��\P�\�"f |9�
_� ë�H��\P�õ� Ä»��ô�Ç %ò
%i��̀¦ ¹1Ô��H ~½ÓZO�Ü¼�Ð F�&ñ
_�
��¦ &h� '��§>= ~½ÓZO�Ü¼�Ð K����ô�Ç��.
�:r �7Hë�H\�"f��H ÂÒì�r %ò
�©� ���Ò�o\� �'aô�Ç Dh�Ðî�r ]X���H ~½ÓZO�Ü¼�Ð &h� '��§>=�̀¦ s�6 xô�Ç ÂÒì�r %ò
�©� ���Ò�o ~½ÓZO�

�̀¦ ]jîß�ô�Ç��. ]jîß�
���H ~½ÓZO��Ér çß�éß�ô�Ç ���íß�Ü¼�Ð 4�¤��÷&���� ���+þA�)a %ò
�©��̀¦ �í�<Ê
���H %ò
�©��̀¦ ���Ò�oô�Ç��.
t�%i� &ñ
§>=�̀¦ s�6 xô�Ç ÂÒì�r %ò
�©� ���Ò�o�Ér 3éß�>��Ð s�ÀÒ#Q�����. 'Í	 ���P:, |9�_� %ò
�©�õ� @/�©� %ò
�©��̀¦ ��� %�o�

��¦ &h� '��§>=(Dot-matrix)[2]�̀¦ Òqt$í
ô�Ç��. ¿º ���P:, &h� '��§>=�̀¦ ���%�o�
��¦ YUs��̂¦a�A(Labeling)ô�Ç��. ��
t�}��Ü¼�Ð YUs��̂¦a�Aô�Ç &h� '��§>=�̀¦ s�6 xK�"f @/�©� %ò
�©�\�"f |9�_� %ò
�©�_� Êê�Ð %ò
%i��̀¦ ¹1Ô��H��.
�:r �7Hë�H_� 2]X�\�"f��H l��>r %ò
�©� ���Ò�o\� �'aô�Ç ���½̈[þt\� @/K�"f �����·p��. 3]X�\�"f��H ]jîß�ô�Ç ÂÒì�r %ò


�©� ���Ò�o ~½ÓZO�\� �'a
�#� l�Õüt
��¦ 4]X�\�"f ����:r�̀¦ ë�B��H��.

2 ®̧�Áo> ¥o>Ä©

%ò
�©� ���Ò�o ~½ÓZO��Ér %7�Û¼àÔ l�ìøÍ, ?/6 x l�ìøÍ, %ò
%i� l�ìøÍ %ò
�©� ���Ò�o, ÂÒì�r %ò
�©� ���Ò�o ~½ÓZO� 1px ���ª�ô�Ç ���
½̈�� s�ÀÒ#Qt��¦ e����. %7�Û¼àÔ l�ìøÍ %ò
�©� ���Ò�o�Ér %ò
�©� &ñ
�Ð ü@\� ÆÒ��&h���� %7�Û¼àÔ &ñ
�Ð\�¦ s�6 x
�#� ���
Ò�o
���H l��:r&h���� ~½ÓZO�s���. %ò
�©�_� %7�Û¼àÔ &ñ
�Ð��H ���$í
��_� ÅÒ�'as� ìøÍ%ò
÷&#Q 1lx{9�ô�Ç %ò
�©�s� ���ª�ô�Ç %7�
Û¼àÔ &ñ
�Ð\�¦ ��t�Ù¼�Ð ��6 x��_� |9�_�\� @/ô�Ç &ñ
SX�ô�Ç ���õ�\�¦ l�@/
�l� #Q§>���. ��6 x��_� |9�_�\� @/ô�Ç
&ñ
SX�ô�Ç ���õ�\�¦ %3�l� 0AK�"f %ò
�©� ���̂\�¦ |9�_��Ð ��6 x
���H ?/6 x l�ìøÍ %ò
�©� ���Ò�o ~½ÓZO�s� ]jîß�÷&%3���.
?/6 x l�ìøÍ %ò
�©� ���Ò�o�Ér %ò
�©��̀¦ |9�_��Ð ��6 x
�#� %ò
�©��̀¦ @/³ð
���H :£¤fç
�̀¦ ÆÒØ�¦
��¦ q��§
�#� Ä»��

ô�Ç %ò
�©��̀¦ ���Ò�oô�Ç��. %ò
�©�_� :£¤fç
�Ér Ò�o�©�, |9�y��, +þAI�, /BNçß� �'a>� 1px #��Q ��t��� e����. ?/6 x l�ìøÍ %ò
�©�
���Ò�o\�"f��H %ò
�©�_� ����̂ :£¤fç
�̀¦ s�6 xô�Ç ~½Ód��õ� :£¤&ñ
 %ò
%i�_� :£¤fç
�̀¦ s�6 xô�Ç ~½Ód��Ü¼�Ð ½̈ì�rô�Ç��. %ò
�©�_�
����̂ :£¤fç
 °ú̀�כ¦ ÆÒØ�¦
���H ~½ÓZO�Ü¼�Ð��H %ò
�©�_� Ò�o�©�, |9�y��, +þAI� 1px�̀¦ s�6 xô�Ç��. Ò�o�©��Ér y�Û¼�ÐÕªÏþ�, @/
³ð Ò�o�©�, Ò�o�©� >�8£xÜ¼�Ð ½̈ì�r
��¦ +þAI���H î�rFỲ���, ~½Ó�¾Ó$í
�̀¦ ����� +þAI��<Æ&h� î�rFỲ���Ü¼�Ð ½̈ì�rô�Ç��. |9�y��
�Ér 1lx|9�$í
 |9�y��, s�|9�$í
 |9�y��, î�rFỲ��� y�Û¼�ÐÕªÏþ� 1pxs� e����.
:£¤&ñ
 %ò
%i�_� :£¤fç
�Ér ����̂ :£¤fç
�̀¦ �̂¦2�¤ éß�0A�Ð ��¾º#Q ÆÒØ�¦
���H ~½ÓZO�õ� :£¤&ñ
 %ò
%i�_� @/6£x&h��̀¦ ÆÒØ�¦


���H~½ÓZO�Ü¼�Ð ½̈ì�rô�Ç��. @/6£x&h��̀¦ÆÒØ�¦
���Hõ�&ñ
�Ér 2éß�>�_�%�o�õ�&ñ
�̀¦���2;��. 'Í	���P:éß�>���H%ò
�©�
_�SX�@/,»¡¤�è,�r���,"î
����̧1px_� 8̈��â
����o\�%ò
�¾Ó�̀¦W=�~ÃÎ��H$í
|9��̀¦��t���H:£¤fç
&h��̀¦¹1Ô��H��. ¿º���P:
éß�>���H·ú¡"f¹1Ô�Ér:£¤fç
&h��̀¦%ò
�©�_�@/6£x&h�Ü¼�Ð³ð�&³
���Hl�Õüt��\�¦Òqt$í
ô�Ç��. :£¤&ñ
%ò
%i�_�:£¤fç
&h��̀¦ÆÒ
Ø�¦
���H ~½ÓZO��Ér K�o�Û¼ �ï�- ���Ø�¦l�(Harris Corner Detector)[3], K�s�r�îß� ���Ø�¦l�(Hessian Detector)[4],
��Äºr�îß� 	�ì�r ���Ø�¦l�(Difference of Gaussian, DoG)[5] 1pxs� e����.
:£¤&ñ
 %ò
%i�_� :£¤fç
&h��̀¦ @/6£x&h�Ü¼�Ð ³ð�&³
���H l�Õüt�� Òqt$í
 ~½ÓZO�\���H Lowe�� ]jîß�ô�Ç SIFT(Scale In-

variant Feature Transform)[6] ~½ÓZO�, Bay_� SURF(Speed up Robust Features)[7], Mikolajczyk�� ]jîß�ô�Ç
GLOH(Gradient Location and Orientation Histogram)[8] 1pxs� e����. SIFT ~½ÓZO��Ér :£¤fç
 &h��̀¦ ×�æd��Ü¼�Ð
4 × 4_� �̂¦2�¤éß�0A�Ðy�� �̂¦2�¤%ò
%i�_�i��!sq[þt_�l�Ö�¦l�~½Ó�¾Óy�Û¼�ÐÕªÏþ��̀¦ 8~½Ó�¾ÓÜ¼�Ð ½̈ì�r
�#�8úx 128	�
"é¶_�  7�'�\�¦ ½̈$í

���H ~½ÓZO�s���. �̂¦2�¤ %ò
%i�_� :£¤fç
 &h�s� �¦	�"é¶_�  7�'�s�Ù¼�Ð :£¤fç
 &h� ÆÒØ�¦ x9� %ò
�©� &ñ

½+Ëõ�&ñ
\�"f >�íß� �ª�s� ú́§�Ér éß�&h�s� e����. SUFT ~½ÓZO��Ér SIFTü< q�5pwô�Ç $í
0px\� 5Åq�̧\�¦ >h���ô�Ç ~½ÓZO�Ü¼
�Ð �̂¦2�¤ %ò
%i�\�"f Harr J?s��̂¦aÅ@ :£¤fç
(Harr Wavelet Feature)\�¦ s�6 x
�#� 2,4,8>h_� :£¤fç
 &h��̀¦ ÆÒØ�¦
�
�¦ y��y�� 32,64,128 	�"é¶_�  7�'�\�¦ ½̈$í

���H ~½ÓZO�s���. GLOH ~½ÓZO��̧ SIFT\�¦ >h���ô�Ç ·ú��¦o�7£§Ü¼�Ð :£¤
fç
 &h��̀¦ ×�æd��Ü¼�Ð �ÐÕª e�¦�� &ñ
½+Ë(Log-Polar Mapping)�̀¦ s�6 x
�#� 3>h_� "é¶ ìøÍ�â
õ� 8>h_� ~½Ó�¾Ó\� @/ô�Ç
17>h_� �̂¦2�¤�̀¦ ½̈$í

��¦ y�� �̂¦2�¤\�"f 16~½Ó�¾Ó_� l�Ö�¦l� y�Û¼�ÐÕªÏþ��̀¦ Òqt$í

�#� 272	�"é¶_�  7�'�\�¦ ½̈$í
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ô�Ç��. SIFT �Ð�� Z�}�Ér 	�"é¶�̀¦ ×�¦s�l� 0AK�"f ÅÒ$í
ì�r ì�r$3� l�ZO�(Principal Component Analysis,PCA)�̀¦
��6 x
�#� 128	�"é¶_�  7�'��Ð &ñ
½©�o
���H ~½ÓZO�s���.
ÂÒì�r%ò
�©����Ò�o\��'aô�Ç���½̈\���HMehta��]jîß�ô�ÇÂÒì�r%ò
�©����Ò�or�Û¼%7�[9]�Ér SIFT�Ðëß���H@/6£x&h�[þt

çß�_� Ä»���̧\�¦ q��§K�"f ÂÒì�r %ò
�©��̀¦ ���Ò�o
���H ~½ÓZO�s���. Yan Ke�� ]jîß�ô�Ç ÂÒì�r %ò
�©� ���Ò�o ~½ÓZO�[10]\�
"f�̧ SIFT�Ð @/6£x&h��̀¦ ëß�[þt�¦ Ä»���̧\�¦ q��§ô�Ç��. ¿º ~½ÓZO� �̧¿º @/�©� %ò
�©�\� @/ô�Ç @/6£x&h�[þt�̀¦ X<s�'�
Z�s�Û¼\� $��©�K�¿º�¦ ���Ò�or�\� |9�_� %ò
�©�_� @/6£x&h��̀¦ Òqt$í
K�"f X<s�'�Z�s�Û¼\� e����H @/�©� %ò
�©�_� @/

6£x&h�[þtõ� Ä»���̧\�¦ q��§ô�Ç��. ÂÒì�r %ò
�©� ���Ò�o\� SIFT�Ð @/6£x&h��̀¦ Òqt$í

�Ù¼�Ð %ò
�©�_� SX�@/, »¡¤�è, s�1lx,
�r���, �Ér�̀ 1px\� y©�
�t�ëß� ���íß�|¾Ós� ú́§�Ér éß�&h��̀¦ ��t��¦ e����.

3 �\� �ßjÝ~
£�· l�£� ø5� ÉÙ&P� ÆZ�(�× ~É�aËc

�:r �7Hë�H\�"f��H &h� '��§>=�̀¦ s�6 xô�Ç ÂÒì�r %ò
�©� ���Ò�o ~½ÓZO��̀¦ ]jîß�ô�Ç��. z�́+«>\�"f ��6 xô�Ç |9�_� %ò
�©��Ér @/
�©� %ò
�©�_� {9�ÂÒì�r�̀¦ 4�¤��ô�Ç %ò
�©�õ� 4�¤��ô�Ç %ò
�©��̀¦ SX�@/, »¡¤�èô�Ç %ò
�©�Ü¼�Ð ]jô�Çô�Ç��. Êê�Ð %ò
%i��̀¦ ³ðr�
ô�Ç @/�©� %ò
�©�s� ÂÒì�r %ò
�©� ���Ò�o_� ���õ�s���.

3.1 �\� �ßjÝ~
 �»jÅ]�

ÂÒì�r %ò
�©� ���Ò�o�̀¦ 0AK�"f ]jîß�
���H ~½ÓZO��Ér ÒqtÓüt &ñ
�Ð�<Æ\�"f ��6 x
���H &h� '��§>=�̀¦ s�6 xô�Ç��. &h� '��§>=
~½ÓZO��Ér ÒqtÓüt &ñ
�Ð�<Æ\�"f ¿º DNA "f\P��̀¦ �©� &ñ
§>=ô�Ç Ä»���̧\�¦ �Ð#� ÅÒ��H �Ü¼�Ð	כ DNA "f\P�s� ���s�K��̧
"f\P� &ñ
�Ð�� Ä»t�÷&��H �¦̀�	כ f���'a&h�Ü¼�Ð �Ð#�ï�r��. %ò
�©��̀¦ SX�@/
���� l��>r %ò
�©�_� Ò�o�©��Ér í�H"f�� ����o��
\O��¦ l��>r Ò�o�©�[þt ��s�\� Dh�Ðî�r Ò�o�©�s� [þt#Qçß���. ÂÒì�r %ò
�©� ���Ò�o\�"f &h� '��§>= ~½ÓZO�Ü¼�Ð SX�@/ô�Ç ÂÒì�r
%ò
�©��̀¦ ���Ò�o
���� l��>r Ò�o�©�[þt_� "f\P��Ér Ä»t�÷&Ù¼�Ð ���Ò�os� ��0px
��¦ r�y��&h�Ü¼�Ð ����èß���. &h� '��§>= ~½Ó
ZO�\���H {9�	�"é¶ C�\P��o�)a @/�©� %ò
�©�õ� |9�_� %ò
�©�_� "î
����̧ %ò
�©�s� 
¹כ��9���. "î
����̧ %ò
�©��Ér p�²DG 9\�YU
q���� r�Û¼%7� 0A"é¶�r(NTSC: National Televisiion System Committee) ³ðï�r "î
����̧ /BNd���̀¦ s�6 x
�#� ���
8̈�
��¦ e��_�_� i��!sq_� "î
����̧ GS(i,j)��H ��6£§õ� °ú ��.

GS(i, j) = 0.299×R(i, j) + 0.587×G(i, j) + 0.114×B(i, j) (1)

R,G,B��H RGB Ò�o�©� �̧4Sq_� [j °úכÜ¼�Ð 0 ∼ 255_� #3�0A\�¦ �������.
%ò
�©��Ér s�	�"é¶ C�\P�s�Ù¼�Ð ¿º "î
����̧ %ò
�©��̀¦ ���Ð × [j�Ð_� U�́s�\�¦ ��t���H {9�	�"é¶ C�\P��Ð y��y�� ���

8̈�ô�Ç��. {9�	�"é¶ C�\P��Ð ���8̈�
���H ~½ÓZO��Ér '�� Äº��� ~½Ód��õ� \P� Äº��� ~½Ód�� 2��t��� e����. d�� (2)��H '�� Äº���
~½Ód��s��¦ d�� (3)�Ér \P� Äº��� ~½Ód��s���. ß¼l��� n × m��� %ò
�©� Gü< {9�	�"é¶ C�\P��Ð ���8̈�ô�Ç %ò
�©� E��H e��_�
_� i��!sq i,j\� @/K� ��6£§õ� °ú ��.

E(i× n + j) = E(k) = G(i, j),
11 12
21 22

⇒ 11 12 21 22 (2)

E(i + j ×m) = E(k) = G(i, j),
11 12
21 22

⇒ 11 21 12 22 (3)

k_� #3�0A��H 0 ≤ k < n × m s���.
@/�©� %ò
�©�õ� |9�_� %ò
�©�_� "î
����̧ %ò
�©��̀¦ {9�	�"é¶ C�\P��Ð ���8̈�\� 1lx{9�ô�Ç ~½Ód���̀¦ ��6 xô�Ç��. &h� '��§>=�Ér

·ú¡"f ���8̈�ô�Ç ¿º {9�	�"é¶ C�\P�_� U�́s�\�¦ ���Ðü< [j�Ð�Ð ��t���H 2	�"é¶ C�\P�s���. &h� '��§>= Òqt$í
r�\� �̧��H
°ú̀�כ¦ 0Ü¼�Ð �íl��oô�Ç��. Q��H ß¼l��� x��� |9�_� %ò
�©�_� {9�	�"é¶ C�\P�s��¦ T�Ér ß¼l��� y��� @/�©� %ò
�©�_� {9�
	�"é¶ C�\P�s���� ß¼l��� x × y��� &h� '��§>= M�Ér ��6£§õ� °ú s� Òqt$í
ô�Ç��.

M(i, j) =

{
1, if Q(i) = T (j)
0, otherwise

(4)

d�� (4)\�"f i,j_� #3�0A��H 0 ≤ i < x , 0 ≤ j < y s���. e��_�_� i,j\� @/ô�Ç &h� '��§>= M(i,j)\���H Q(i)ü< T(j)_�
"î
����̧ °úכs� 1lx{9�
���� 1�̀¦ $��©�ô�Ç��. &h� '��§>=\�"f 1_� °ú̀�כ¦ ��t���H &h��̀¦ :£¤fç
 &h�Ü¼�Ð &ñ
ô�Ç��. &h� '��§>=
M�Ér ÕªaË> 1õ� °ú s� 0õ� 1_� °ú̀�כ¦ �������. ÕªaË> 1_� &h� '��§>=�Ér '�� Äº��� ~½Ód��Ü¼�Ð {9�	�"é¶ C�\P��Ð ëß���H @/
�©� %ò
�©�õ� |9�_� %ò
�©��̀¦ ��6 xô�Ç��.
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Ü«ÍÏ�1: @/�©� %ò
�©�õ� |9�_� %ò
�©�Ü¼�Ð ëß���H &h� '��§>=. @/�©� %ò
�©�õ� |9�_� %ò
�©��̀¦ '�� Äº��� ~½Ód��Ü¼�Ð {9�	�"é¶ C�\P��Ð
ëß�[þt�¦ &h� '��§>=�̀¦ Òqt$í
ô�Ç ÕªaË>s���.

:£¤fç
 &h�[þtõ� f�����s� ����� �̂¦2�¤ Õªo��¦ {9�&ñ
ô�Ç l�Ö�¦l�\�¦ ��t���H f�����s� &h� '��§>=�̀¦ ½̈$í
ô�Ç��. &h� '��
§>=\�"f &h�[þtõ� f�����s� ����� �̂¦2�¤�Ér ú̧�6£§\� K�{©�
��¦ ���[þt�Ér ÂÒì�r %ò
�©�_� Êê�Ð %ò
%i�s���. ÕªaË> 2��H @/�©�
%ò
�©�õ� |9�_� %ò
�©�Ü¼�Ð ëß���H &h� '��§>=�̀¦ r�y���oô�Ç s����%ò
�©�s���.

Ü«ÍÏ�2: ÂÒì�r %ò
�©�s� �í�<Ê�)a �¦̀�	כ ����?/��H &h� '��§>=, &h� '��§>=�̀¦ s���� %ò
�©�Ü¼�Ð %�o�K�"f r�y���oô�Ç��.

3.2 �\� �ßjÝ~
�+ O±Õ£�̧ V���ÿ? §�́�b� �\� ¥o>Úr


&h� '��§>=_� :£¤fç
 &h� ×�æ\���H ú̧�6£§s� �í�<Ê÷&#Q e��Ü¼Ù¼�Ð ú̧�6£§�̀¦ ]j��K��� ô�Ç��. &h� '��§>= M(i,j)�� 1{9�
M: ÕªaË> 3 ¢,aAá¤_� ú̧�6£§ ]j�� ��Û¼ß¼\�¦ ��6 xô�Ç��. ß¼l��� x × y��� &h� '��§>= M\�"f M(i,j)_� i,j_� #3�0A��H
0 ≤ i < y-2 , 0 ≤ j < x-2 s���. ú̧�6£§ ]j�� ��Û¼ß¼��H ýa�©�éß�_� °úכs� 1s��¦ ÕªaË> 3õ� °ú s� �� Qt� °úכ ×�æ
\� 4>h_� °úכs� 0{9� M: ýa�©�éß�_� °ú̀�כ¦ 0Ü¼�Ð [O�&ñ
K�"f ú̧�6£§�̀¦ ]j��ô�Ç��. ÕªaË> 3\�"f X ³ðr��)a ýa³ð °úכ�Ér
ú̧�6£§ ]j��\� �'a#�
�t� ·ú§��H don’t care °úכs���.

Ü«ÍÏ�3: ú̧�6£§ ]j��\� ��6 x
���H ��Û¼ß¼. ýa�©�éß�s� 1{9�M: ��Û¼ß¼ü< q��§
��¦ ��Û¼ß¼_� X°úכ�Ér Don’t cares���.

SX�@/ô�Ç ÂÒì�r %ò
�©��̀¦ |9�_� %ò
�©�Ü¼�Ð ��6 x
���� &h� '��§>=_� :£¤fç
 &h�[þts� ]j@/�Ð ������÷&t� 3lw
��¦ ×�æçß�

\� =åS#Qt���H ÂÒì�rs� Òqt|����. =åS#Qt���H ÂÒì�r�̀¦ G�0>"f �'aº�� e����H :£¤fç
 &h�[þt�̀¦ ������
���� SX�@/ô�Ç ÂÒì�r %ò

�©��̀¦ |9�_��Ð ��6 xK��̧ ���Ò�os� ��0pxK������. �'aº�� e����H :£¤fç
 &h�[þt�̀¦ ������
���H ���\O��Ér M(i,j)�� 1{9� M: ���
��\�¦ 
��¦ d�� 5ü< °ú ��. &h� '��§>= M(i,j)\�"f i,j_� #3�0A��H ·ú¡"f ���:r ú̧�6£§ ]j��ü< 1lx{9�
���.

M(i + 1, j + 1) =

{
1, if{M(i + 2, j + 2) | M(i + 1, j + 2)}
0, otherwise

(5)
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&h� '��§>=_� ú̧�6£§�̀¦ ]j��
��¦ :£¤fç
 &h�[þt�̀¦ ������ô�Ç Êê\� z���Ér f�����[þts� ÂÒì�r %ò
�©�_� Êê�Ð %ò
%i�s���. Õª
aË> 4��H ú̧�6£§ ]j��ü< :£¤fç
 &h� �������̀¦ ������ô�Ç &h� '��§>=�̀¦ r�y���oô�Ç \Vs���.

Ü«ÍÏ�4: ú̧�6£§ �̂¦2�¤�̀¦ �í�<Êô�Ç &h� '��§>=, &h� '��§>=s� �í�<Êô�Ç ú̧�6£§�̀¦ ú̧�6£§ ��Û¼ß¼�Ð ]j��K��̧ &h� '��§>=�Ér f�����s� �����
ú̧�6£§ �̂¦2�¤[þt�̀¦ �í�<Êô�Ç��.

���%�o�ô�Ç &h� '��§>=�̀¦ YUs��̂¦a�A
���� �̂¦2�¤[þt�̀¦ ½̈½+É Ãº e���¦ �̂¦2�¤�Ér f����� ü@\��̧ #��Q �̧�ª��̀¦ �������.
&h� '��§>=\�"f f����� s�ü@\� �̂¦2�¤[þt�Ér ú̧�6£§Ü¼�Ð óøÍéß�
��¦ ]j��ô�Ç��. ú̧�6£§��� �̂¦2�¤�̀¦ óøÍéß�
���H l�ï�rÜ¼�Ð��H
|9�_� %ò
�©�_� ���Ð�� [j�Ð_� U�́s�\�¦ ��6 xô�Ç��. @/�©� %ò
�©�õ� |9�_� %ò
�©��̀¦ '�� Äº��� ~½Ód��Ü¼�Ð {9�	�"é¶ C�\P�
�̀¦ Òqt$í
Ùþ¡����� ú̧�6£§_� l�ï�r�Ér |9�_� %ò
�©�_� [j�Ð U�́s��Ð 
��¦ ¿º %ò
�©��̀¦ \P� Äº��� ~½Ód��Ü¼�Ð {9�	�"é¶ C�\P�

�̀¦ Òqt$í
Ùþ¡����� ���Ð U�́s�\�¦ l�ï�rÜ¼�Ð ú̧���H��. &h� '��§>=�̀¦ YUs��̂¦a�Aô�Ç Êê\� ���:r f�����_� r����&h�õ� =åQ&h�
_� y»¡¤ ýa³ð_� 	��Ð f�����_� U�́s�\�¦ ½̈
��¦ ú̧�6£§ óøÍéß� l�ï�rõ� q��§K�"f ]j��ô�Ç��. f�����_� U�́s�ü< ú̧�6£§
óøÍéß� l�ï�r�̀¦ q��§½+É M: ú̧�6£§ óøÍéß� l�ï�r\� {9�&ñ
ô�Ç °ú̀�כ¦ NSÅÒ#Q Êê�Ð%ò
%i�_� �̧	�\�¦ )�6 xô�Ç��. ÕªaË> 5��H
ú̧�6£§ óøÍéß� l�ï�rÜ¼�Ð ú̧�6£§ �̂¦2�¤ ]j��ô�Ç &h� '��§>=�̀¦ r�y���oô�Ç �̧_þvs���.

Ü«ÍÏ�5: ú̧�6£§ �̂¦2�¤[þt�̀¦ ]j��ô�Ç &h� '��§>=, f�����s� ����� �̂¦2�¤[þt�̀¦ ú̧�6£§ óøÍéß� l�ï�r\� ���� ]j��ô�Ç��

3.3 Ññ�× ÆZ��]� �»jÅ]�

ú̧�6£§�̀¦ ]j��ô�Ç Êê\� YUs��̂¦a�Aô�Ç &h� '��§>=s� �í�<Êô�Ç f������̀¦ s�6 x
�#� Êê�Ð %ò
%i��̀¦ ³ðr�ô�Ç��. &h� '��
§>=_� :£¤$í
�̀¦ s�6 x
���� f������̀¦ s�ÀÒ��H :£¤fç
 &h�[þt�̀¦ @/�©� %ò
�©�_� ýa³ð�Ð ���8̈� ��0px
���. ����"f Êê�Ð %ò

%i��Ér &h� '��§>=_� f�����[þt�̀¦ s�ÀÒ��H :£¤fç
 &h�[þt�̀¦ @/�©� %ò
�©�_� ýa³ð�Ð ���8̈�
�#� ½̈ô�Ç��. &h� '��§>=_� ýa³ð\�
"f @/�©� %ò
�©�_� ýa³ð�Ð ���8̈�
���H d���Ér ¿º ��t��� e����. d�� (6)�Ér @/�©� %ò
�©�õ� |9�_� %ò
�©��̀¦ '�� Äº��� ~½Ó
d��Ü¼�Ð {9�	�"é¶ C�\P��Ð ���8̈�ô�Ç �â
Äºs��¦ d�� (7)�Ér \P� Äº��� ~½Ód��Ü¼�Ð {9�	�"é¶ C�\P��Ð ���8̈�ô�Ç �â
Äºs���. d��
(6)õ� d�� (7)\�"f xü< y��H ýa �©�éß� ýa³ð�� (0,0){9� M: @/�©� %ò
�©�_� ���Ð, [j�Ð ýa³ð�Ð &ñ
_�
��¦ j��H &h� '��
§>=\�"f ���Ð ýa³ð�Ð &ñ
_�ô�Ç��. d�� (6)\�"f c��H @/�©� %ò
�©�_� ���Ð U�́s��Ð &ñ
_�
��¦ d�� (7)\�"f r�Ér @/�©�
%ò
�©�_� [j�Ð U�́s��Ð &ñ
_�ô�Ç��.

x = j mod c, y = bj/cc (6)

x = bj/rc, y = j mod r (7)
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d�� (6)õ� d�� (7)\�"f w\�¦ &h� '��§>=_� ���Ð U�́s��Ð &ñ
_�
���� i_� #3�0A��H 0 ≤ i < w s���.
ÕªaË> 1_� &h� '��§>=(M)\���H :£¤fç
 &h�s� 4>h�� e����. &h� '��§>=\�"f :£¤fç
&h�_� ýa³ð��H y��y�� (0,5), (1,6),

(2,9), (3,10)s��¦@/�©�%ò
�©�_����ÐU�́s�(c)��H 3s���. d�� (6)�Ér&h�'��§>=\�"f:£¤fç
&h�_�\P�ýa³ð��� 5,6,9,10�̀¦
y��y�� (1,1), (1,2), (2,2), (2,3)Ü¼�Ð ���8̈�ô�Ç��. z�́]j�Ð @/�©� %ò
�©�\�"f |9�_� %ò
�©�õ� 1lx{9�ô�Ç %ò
%i��Ér (1,1),
(1,2), (2,2), (2,3)�� s�ÀÒ��H 2 × 2 %ò
%i�s���. &h� '��§>= ýa³ð\�"f @/�©� %ò
�©�Ü¼�Ð ���8̈�ô�Ç ýa³ðü< z�́]j @/�©�
%ò
�©�_� ÂÒì�r %ò
�©� ýa³ð�� {9�u�ô�Ç��.
Êê�Ð %ò
%i��̀¦ ½̈$í
½+É M: �̧��H °úכs� 0Ü¼�Ð �íl��o÷&�¦ @/�©� %ò
�©�õ� 1lx{9�ô�Ç ß¼l�\�¦ ��t���H s���� %ò
�©�

�̀¦ s�6 xô�Ç��. &h� '��§>=_� f������̀¦ s�ÀÒ��H :£¤fç
 &h�[þt_� ýa³ð\�¦ @/�©� %ò
�©� ýa³ð�Ð ���8̈�
�#� s���� %ò
�©�_� K�
{©� ýa³ð\�¦ 1�Ð [O�&ñ
ô�Ç��. �̧��H :£¤fç
 &h�[þt_� ýa³ð ���8̈�s� =åQ����� s���� %ò
�©��̀¦ YUs��̂¦a�Aô�Ç��. YUs��̂¦a�A
ô�Ç ���õ��Ð ½̈ô�Ç �̂¦2�¤s� ÂÒì�r %ò
�©�_� Êê�Ð %ò
%i�s���.

3.4 ��
��@ Úr
ø�

�:r z�́+«>\� ��6 xô�Ç PC ���ª��Ér Core i3 2.93GHz CPU, 4GB Bj�̧o�s���.ÕªaË> 6\�¦ @/�©� %ò
�©�Ü¼�Ð ��6 x

��¦ ÕªaË> 8(a)õ� ÕªaË> 8(b)\�¦ y��y�� |9�_� %ò
�©�Ü¼�Ð ��6 xô�Ç ���õ� %ò
�©�s� ÕªaË> 9s���. ÕªaË> 8(a)��H @/�©� %ò

�©�_� ÂÒì�r %ò
�©�\� K�{©�
��¦ ÕªaË> 8(b)��H ÕªaË> 8(a)\�¦ SX�@/ô�Ç %ò
�©�s���. ÕªaË> 8_� ß¼l��� ���Ér ¿º |9�_�
%ò
�©��̀¦ ��6 x
�#� ÂÒì�r %ò
�©��̀¦ ���Ò�o
���� ÕªaË> 9%�!3� Êê�Ð %ò
%i��̀¦ 1lx{9�
�>� ���Ø�¦ô�Ç��.

Ü«ÍÏ�6: z�́+«>\� ��6 xô�Ç @/�©� %ò
�©�

z�́+«>\� ��6 xô�Ç @/�©� %ò
�©� |9�½+Ë�̀¦ ÕªaË> 7õ� °ú s� Û�æ�â
, 1lxÓüt, d��Óüt, t��̧, 6£§d��Ü¼�Ð ½̈$í

�%i��¦ @/�©�
%ò
�©�\�"f �'ad���̀¦ ��|9�ëß�ô�Ç ÂÒì�r %ò
%i��̀¦ |9�_� %ò
�©�Ü¼�Ð ��6 x
�%i���.

Ü«ÍÏ�7: z�́+«>\� ��6 xô�Ç 10>h_� @/�©� %ò
�©� |9�½+Ë. ýa�©�éß�%ò
�©�s� R1s��¦ Äº
�éß�%ò
�©�s� R10s���.

³ð 1 \�"f ��6 xô�Ç |9�_� %ò
�©� Q1�Ér @/�©� %ò
�©�\�"f 4�¤��ô�Ç %ò
�©�s��¦ Q2��H ���Ð[j�Ðq�\�¦ 0.5C��Ð »¡¤
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�èô�Ç %ò
�©�s��¦ Q3��H ���Ð[j�Ðq�\�¦ 1.5C��Ð SX�@/ô�Ç %ò
�©�s��¦ Q4��H ���Ðq�\�¦ 1.5C��Ð SX�@/ô�Ç %ò
�©�s��¦
Q5��H [j�Ðq�\�¦ 1.5C��Ð SX�@/ô�Ç %ò
�©�s���.

Ø̧1: ÕªaË> 6�̀¦ @/�©� %ò
�©�Ü¼�Ð ��6 xô�Ç z�́+«> ���õ�, Q1 Q5��H z�́+«>\� ��6 xô�Ç |9�_� %ò
�©�Ü¼�Ð Q1:4�¤�� Q2:»¡¤�è Q3:SX�
@/ Q4:���ÐSX�@/ Q5:[j�ÐSX�@/ô�Ç |9�_� %ò
�©�s���.

Q \ T T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Rate

Q1 O O O O O O O O O O 100%

Q2 X X X X X X X X X X 0%

Q3 O O O O O O O X O O 90%

Q4 O O O O O O O X O O 90%

Q5 O O O O O O O X O O 90%

z�́+«> ���õ� »¡¤�è %ò
�©��Ér ���Ø�¦
�t� 3lwÙþ¡�¦ SX�@/%ò
�©�(Q3,Q5)�Ér @/�©� %ò
�©� R8�̀¦ ]jü@
��¦ �� Qt���H &ñ

SX�
�>� ���Ø�¦
�%i���. »¡¤�è %ò
�©�_� ô�Ç i��!sq_� Ò�o�©��Ér »¡¤�è ��� %ò
�©�_� Ò�o�©�õ� ÅÒ��� i��!sq_� Ò�o�©��̀¦ �Ðçß�K�
"f Òqt$í

�Ù¼�Ð &h� '��§>= Òqt$í
 r�\� :£¤fç
 &h�s� ]j@/�Ð Òqtl�t� ·ú§��"f ���Ø�¦
�t� 3lwÙþ¡��. @/�©� %ò
�©� R8_�
�â
Äº\���H ����̂Ò�os� 3��t��Ð &h� '��§>= Òqt$í
 r�\� :£¤fç
&h�s� ÁºÃºy� Òqt$í
÷&#Q |9�_� %ò
�©�s� �í�<Ê�)a ��Ãº_�
Êê�Ð%ò
%i��̀¦ ���Ø�¦Ùþ¡��.

(a) |9�_� %ò
�©� (b) SX�@/ô�Ç |9�_� %ò
�©�
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