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� J�� b�J�������MÝNK^`N@X2ùTQRõÝnÆötMÝQRN@úVstQÆø�X2btb2[9^TNYl�ö�cYX�Q �èb�úVstMÝNYURbG^Ts�X)iSMÝX2õOlÆX\l@hSi'^TlVlVMÝNVU0ö�cYX
ö�X!N�lÆX!NYø!i�ö�Qçö�cVX2MÝs4úY^`stX!NqöC^`õ MONYlÆMOùSMOlVnY^`õËb!þè]�cVX2s�X!ÿ QTstX
ö�cVX�MONYlÆMOùqMËlÆnY^TõObÈQ`ÿ�b�nVhYb�X"!qnVX2Nqö
M�ötX!sC^aö�MOQTN�^`stXgNVQ`ö�h9QTnYNYl0ö�QWö�cYX!MOs�úY^`stX!NqöC^`õfb�X2^`sCøCc0b�úY^Rø�XTþYmÆnVú�X2s�MOQTs"ú9X!s�ÿ QTstrx^`NYø!XgQ`ÿ
ö�cVX2��] s�X\ø�QRr�hVMONY^aötMÝQRNçMËb"bdcYQaü"N0MON D"X�ÿ�þ � ���V[�� ����þ
VQTs ö�cVX�r�nVõÝö�MOQThV÷�X2ø�ötMÝùRX�QTúVö�MOr�MOû2^`ö�MOQTNf[2ö�cYX�QTúVö�MOr�MOû!X2sßMËbfsC^`N�lÆQTrWõOi4øCcY^TNVUTMONVU"úVstX�ÿ �


X!stX!NYø!X2b�h9X�ö�ü�X!X2N)ötcVX"ö�ü�Q
QThÆ÷�X\ø�ötMÝùRX�ÿ nVNYø�ötMÝQRNYb�^TNYlxbdX\^`sCøCcVX2b�ý�^Ts�X!ö�Q
bdQRõÝnVö�MOQTNYb�MONWö�cYX
ÿ nVNYø�ötMÝQRN@bdú�^Tø�XRþ$<MÝURnVs�X �Wb�cVQaü�b�ö�cYX�ý�^`stX�ötQ�b�QTõOnÆö�MOQTN�b"^`NYl�^`õËb�Q !qnY^RbdM ��ý�^`stX�ö�Q�bdQRõÝn$�
ö�MOQTNYb2[Sü"cVMOøCcçü�X2s�XÈUR^aötcVX!stX2lxlVnVs�MONVU)ö�cVX4QTúVö�MOr�MOû2^`ö�MOQTN�úYs�QÆø�X\b�b2þ ô b�bdcVQaü"NçMÝN ßMOUYþ:�V[
ö�cVX2s�XW^`stXÌrx^`NSi !qnY^Tb�M ��ý�^Ts�X!ö�Qx^`NYl ý�^`stX�ötQçbdQRõÝnVö�MOQTNYb2þ
	GX��SögM�ögMOb4X��SúYõO^TMÝNVX\l'cVQaü ötQ
bdX\^`sCøCcçX!NYUTMONVX!X2s�MONVUWMÝNVÿ QTstrW^`ö�MOQTN0QTnÆö�QTÿßötcVX!r�þ


� ��� �� ����� �����
��)
 ����� �) ���������%�����C�����5)�� �%��� ��"#�	�  ������
��+� ) ���G�������C$�
�
� ���$"#���%�������
��H�	 


� X�ödötMÝNYUÌ^TlÆX�!Rn�^aö�X�MONÆÿ QTstrx^aötMÝQRNÌÿ QTs�lVX�ö�X2s�rWMONVMONVUÌ^ �YNY^`õVb�QTõOnÆötMÝQRN)MËb�NVQ`ö�^TN)X\^Tb�i
öt^Rbd_
X2b�ú�X\ø�MË^`õOõÝi M�ÿ"ötcVX!stX�^`stXxrx^`NSi ý�^Ts�X!ö�Q'bdQRõÝnVö�MOQTNYb
MON ^�r)nVõ�ötMOlVMÝrWX!N�bdMOQTNY^Tõ�b�úY^Tø!XTþ ô õ��
ö�cVQRnVUTcKúY^`sC^`õOõOX!õ ��ø!QqQRstlVMÝNY^`ö�XÌrWX!ö�cVQÆlVb � �A	�[ �C
 ��cY^`NYlVõÝXWr�nYõ�ötMOlÆMOrWX!NYb�MOQTNY^Tõ�bdQRõÝnÆötMÝQRNYb2[
ö�cVX2içcY^jùRX4õOMOr�MÝöt^`ö�MOQTN�MON0ötcVX
NSnVr�h9X!s"QTÿ�b�QTõOnÆötMÝQRNpb�X�öCb�^`NYlçö�cYX!MOsG^`rWQTnYNRö"QTÿ�lÆMOrWX!N	�
bdMOQTNYb2þ�] Q QaùTX!sCø�QRrWXWö�cVXplÆM���ø!nVõ�ö�iR[�^ãb�iqN�øCcVs�QRNVQTn�b � �/ùSMOb�nY^TõÝMOû2^`ö�MOQTNéMËb�úVstQTú9QRb�X2lfþ
��X!stXT[�X\^TøCc Q`ÿ)r�nVõÝö�MËlÆMOr�X2NYb�MÝQRNY^`õgúY^Tst^Tr�X!ö�X2s0^`N�l ÿ nVNYø�ö�MOQTN bdúY^Rø�X\bçMËb0b�nVhèlÆMOùqMËlÆX\l
MÝNqö�Q�bdX2ùTX2st^Tõ ��� QTs � � bdnYhYbdú�^Tø�X\b![q^`NYl�ùqMËb�nY^`õOMÝû2X2lxb�MÝr)nVõÝöt^`NYX!QTn�bdõOiTþ:��^RøCc�bdQRõÝnÆötMÝQRNxMOb
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ùqMËb�nY^`õOMÝû2X2lçMÝN�^`õOõ9ö�cVX
b�nVhYb�úY^Tø!X2b2[S^TNYlçö�cVQqbdXgø�QRs�stX2b�ú�QRNYlÆMONVU�ú9QTMONqötb�MONçötcVX
bdnVh�bdúY^Rø�X\b
^`stX�ø�QTNYNVX2ø�ö�X2lKhSiãõOMONVXçb�X!UTrWX2NRöCb!þf]�cYX�s�X\^`õ�ü�QTstõËl b�úY^Tø!XxMOb�^`õËbdQ�ùSMOb�nY^TõÝMOû!X\lK^`öÌö�cYX
b�^Tr�X�ö�MOr�XRþ\]�cYs�QRnVUTc4ö�cYX�MONRötX!sC^Tø�ö�MOùTX�QTú9X!sC^aötMÝQRNgQ`ÿÆö�cYX�úVstX2b�X!Nqö ùSMOb�nY^TõÝMOû2^`ö�MOQTN
bdiÆbdö�X2rp[
X!NVURMÝNVX2X!sCbgø!^`NKX��ÆúVõOQTstXx^`NYl nVNYlVX!sCb�öC^`NYlãö�cVXxø!QTsts�X2õO^`ö�MOQTN ^TrWQTNVUpr�nVõÝö�MËlÆMOrWX!NYb�MÝQRNY^`õ
ÿ nVNYø�ötMÝQRN'^`NYlpúY^Tst^Tr�X!ö�X2s�b�úY^Rø�X2b�^TNYl0ö�cVX
stX2^Tõ9ü�QTstõËl0b�úY^Tø!XTþ


��N ötcVX�úVstX2b�X!Nqö�cYX2^aöÌúYMÝú9X�QTúVö�MOr�MOû2^`ö�MOQTNf[ ö�cVX&
���lÆMÝrWX2NYbdMOQTN�^`õ�lÆX\bdMOUTN»úY^Tst^Tr�X!ö�X2s
bdúY^Rø�X�MOb�b�úVõÝMÝö<ö�Q ��� ^`NYl6� � b�nVhYb�úY^Tø!X2b2[2M�þ XRþÝ[\ötcVX � � bdúY^Rø�X�Q`ÿ � ! ^`N�l " #&% [a^`NYlÌö�cVX � �
bdúY^Rø�XÈQ`ÿ � � [ � � [Æ^`NYl � � [Ss�X\bdú9X2ø�ö�MOùTX2õÝiRþq]�cVX ��� QThV÷�X2ø�ötMÝùRX"ÿ nVNYø�ö�MOQTN�bdú�^Tø�XGQ`ÿ @0 ^TNYl@. MOb�stX!rx^`MONVX\l�^Tb�M�ö�MËb!þÆ]�cVXÈö�ü�Q�úY^`sC^`rWX�ötX!s�bdnYhYbdú�^Tø�X\b�^TNYlxötcVXÈQRNVX�ÿ nYNYø�ötMÝQRNpb�úY^Tø!X
^`stX�ùSMËbdnY^TõÝMOû!X\l�b�MÝr)nVõÝöt^`NYX!QTn�bdõOiTþ <MÝURnVstX�	
b�cVQaü�bfötcVX�ø�QRNYø�X2úÆö�Q`ÿYötcVX�úVstQTú9QRb�X2lÌùSMËbdn�^`õ �
MÝû\^aö�MOQTN þq]�cVXÈbdQRõÝnÆötMÝQRNYb�MÝNxötcVXGQRs�MOUTMONY^Tõ 3 � bdú�^Tø�XÈ^`stXGbdX2úY^`sC^aötX2lWMONqö�Q
ö�ü�QÌúY^Tst^Tr�X!ö�X2s
bdúY^Rø�X\b�^`N�läQTNYX�ÿ nVNYø�ö�MOQTN bdnVh�bdúY^Rø�XRþ<L'QRs�X2QaùTX2s2[f^ ø�QTststX2b�ú�QRNYlÆMONVUã^Tø�ö�nY^Tõ�b�cY^Tú�X0Q`ÿ
ö�cVXWcVX\^aö
úVMOú�XWMËbgùqMËb�nY^`õOMÝû2X2lãü"M�ötcãötcVXxbdnVh�bdúY^Rø�X\b!þ,@�QTststX2b�ú�QRNYlÆMONVUçú9QTMONqötb
b�cVQaü"NãMON
lÆM��èX!stX!Nqö�b�nVhYb�úY^Rø�X2b�^`stX�ø�QTNYNVX2ø�ö�X2l�hSi�õÝMONVXGb�X!URr�X2Nqötb2þT]�cVX!stX�ÿ QRs�XR[`MÝö�MOb�X2^Rbdi�ö�QÌURst^Rbdú
ö�cVX�b�QTõOnÆötMÝQRN 2 bGø�QTststX!õË^aö�MOQTN0h�X!ö�ü�X2X!N�ötcVX�b�nVhYb�úY^Tø!X2b2þV]�cVXÌúVstX2b�X!Nqö�ùSMOb�nY^TõÝMOû2^`ö�MOQTN�bdiÆb �
ö�X!r�ü�^Tb�lÆX!ùRX!õOQTú9X2lxnYb�MONVU
ö�cYX2@ õË^`NVURnY^`URX�^`NYlxö�cVXÈUTsC^`úVcVMËø ��úVstQTURst^Tr�rWMONVU4õÝMOhVsC^`stMÝX\b
NY^`rWX2l ô � ��� 	G] �D � ô nVö�Q � * ���C� ��þ ô úVstQTURst^TrWrW^ThVõOX�URst^TúVcVMËø!^TõÆnYbdX2s�MONqö�X!s�ÿ¥^Tø!X"MOb
^`õËbdQWúVstQaùSMOlÆX\lÖþ


��N <MOUYþ/	�[Öö�cYX!stX�^`stX �Y[ 
�
 � !qnY^Tb�M ��ý�^Ts�X!ö�Q0b�QTõOnÆötMÝQRNYb!þ���ö)MObÌø!õÝX\^`stõÝi bdcVQaü�X2l ü"cY^`ö
_qMONYlVb)Q`ÿÈúY^`sC^`rWX�ötX!s)ú�QqbdMÝö�MOQTNYb�b�cVQTnVõËlérx^`_RX�ötcVX0QRúÆö�MOr�nYrpþ�VQRs)X��V^`rWúVõOXT[ßö�cVMON ��!
^`NYlçõÝQaü " # % _TX2X!úçnYúçötcVXgQTúÆötMÝr)nVr�þ �GQaü�X2ùTX2s2[qõÝQRNVU � � ü"M�ötcpb�rx^`õOõ � � ^`N�l � � lÆQSX2b
NVQ`ö�ø!QTsts�X\bdú9QTNYl�ö�QgötcVX�QRúÆö�MOr�nVr�þ VstQTr ötcVMËb�ùSMOb�nY^`õOMOû2^aötMÝQRNf[`X2NVUTMONVX!X2stb�ø2^`NWX2^RbdMOõOiÌUTX!ö
MOlÆX\^Tb�QRN0úY^Tst^TrWX�ö�stMËø4b�X!N�bdMÝö�MOùSM�ö�i�QTÿ ötcVX
úVstX2b�X!Nqö"cVX2^`ö�úVMÝú9XÌb�cY^`ú9X
lÆX2b�MÝURNfþ


��NÌ^TlVlÆMÝö�MOQTN [!MÝößø!^TN
h�X�MONqö�X2s�úVstX�ötX2lÈö�cYX�ý�^`stX�ötQ"bdQRõÝnÆötMÝQRNYb2þ ��ö MËb ^Tbtb�X2btbdX\l�ötcVX�X��9X\ø�ötb
Q`ÿ � ! ^`NYl " #&% QRNçötcVX
QThV÷�X2ø�ötMÝùRX4ÿ nVNYø�ötMÝQRN'bdúY^Rø�XR[ÆM�þ XTþO[VQ`ÿßö�cVX
rx^Rb�b"^TNYl�ø�QTN�lÆnYø�öC^`NYø!X







����� Û��YÛ   �T�q�d�R��y2�qy\|R���`����|S~2����â�~�}���y2��y2�fåÖ~����t}�y
��y\��|R}���y2�q��y2�f�R��~!}�{q��{Æ�C�CÉ


MÝN <MOUYþ(
Æþ ��Néö�cVX �YUTnYs�XR[fö�cYXçõOMÝNVXpbdX2UTrWX!NqöCbÌùSMOb�nY^TõÝMOû!XxötcVX0ø!QTsts�X2õO^`ö�MOQTNé^`rWQRNVU'ö�cYX
bdnVh�bdúY^Rø�X\b!þ ô bWbdcYQaü"NéMÝN <MOUYþ(
Æ[ßö�cVXpQTú9X!sC^aötMÝNYU'ö�X2r�ú9X!sC^aötnVstXçMËb)^`ö)MÝötb)r�MONVMOr�nVr�[
^`NYléQRNVõOi ötcVXpùj^Ts�MË^aötMÝQRNéQ`ÿ"ötcVXp^RlÆcVX\bdMOùTXxötcVMËøC_qNYX2btb�stX2b�nVõÝötbÌMONäötcVX�øCcY^`NVURX2b
QTÿ�ö�cYX
QThÆ÷�X\ø�ö�MOùTX�ÿ nVNYø�ötMÝQRNYb @.#^TNYl @0Jþ�]�cVXxö�cYs�X2Xçbdc�^`ú9XçúY^Tst^Tr�X!ö�X2stb � � [ � � ^`NYl � � ^`stX
^`õOr�Qqb�ö�ö�MOX2lénVúä^`ö�ötcVXçbt^`rWX�ú9QTMONRö�MÝN»ötcVX!MOs�úY^`sC^`rWX�ötX!s�b�nVhYb�úY^Rø�XTþß]�cqn�b![<ü"M�ötcVQTnVö
øCcY^`NVURMÝNYU�ötcVXÌbdc�^`ú9X4ú�^`sC^`rWX�ötX!s � � [ � � ^TNYl � � [ÆötcVX
lÆX2b�MOUTNpQ`ÿ�cVX2^`ö�úYMÝú9X2b�^RlÆQTúVö�MONVU
ö�cVMONVNVX2s�^TlÆcVX\bdMOùTX�^aöxõOQaü�X2s)QRú�X2st^`ö�MONVU ö�X!rWú9X!sC^aötnVs�X�MËbWX��Æú9X2ø�ötX2l ö�Q»rWMÝNYMÝrWMOû!X�ö�cYX
rW^Rb�bç^`NYl ötQérW^��ÆMÝrWMOû!X'ötcVX@cVX\^aöçø�QRNYlÆnYø�öt^TNYø�XRþ ��Qaü�X!ùRX!s\[�M�öçMËb�ùRX!sti lÆM ��ø�nVõÝö�ötQ
øCcY^`NVURX�ötcVXxQTú9X!sC^aötMÝNYUçötX!rWú�X2st^`ö�nVstXWh�X\ø!^TnYbdXWQTÿ�ötcVXxlÆX2b�MÝURN õOMOr�MÝöt^`ö�MOQTN»Q`ÿ�^`NKQTsthVMÝö
^`NYl ö�cYX!strW^Tõ�ø�QRNqö�stQTõ�b�iSbdö�X2r�þ L'QTstX!QaùRX!s\[Öø�QTNqöts�QRõObgQaùRX!s4ö�cVX�ö�cVMËøC_SNVX2btb
Q`ÿ"^TlVcVX2b�MÝùRX
MÝNSùTQRõÝùRXÈURs�X\^aö"nVNYø!X!s�öt^TMÝNqö�ixMONprx^TNqnVÿ¥^Tø�ötnVstMÝNVU�þV] QWMOrWúVs�QaùRXÈcYX2^aö�úYMÝú9X
ú�X2sdÿ QRs�rx^TNYø�XR[
ö�cVX2s�X!ÿ QTstXT[�M�ö�MObpstX"!qnVMOs�X\l ö�Q ÿ QÆø�nYb0QTN�ö�cVX»ø�QRs�stX!õË^aötMÝQRN Q`ÿ
ö�cYXKb�cY^`ú9XKúY^`sC^`rWX�ötX!sCb
^`NYläö�cVXpQThÆ÷�X\ø�ötMÝùRX�ÿ nVNYø�ö�MOQTNYb2þ VQRs�ötcVMOb�úVnYs�ú9QRb�XT[ßö�cVXpX"!qnY^`ö�MOQTNYb)Q`ÿ @. ^`NYl @0 ^`stX
s�X2UTX!NYX!sC^aö�X\l�ö�Q�ø�QTN�bdMËlÆX!s�nVNYø!X!s�öt^TMÝNqö�iWQ`ÿ ��! ^TNYl "$#&% þS]�cY^aö�MOb2[qö�cVX4X"!qnY^`ö�MOQTNYb�ø�QRNYb�MObdö
Q`ÿ�QTNYõÝi0ö�cVX)ö�cYs�X2X)b�cY^`ú9XÌúY^Tst^Tr�X!ö�X2stb2[Yü"cVMOõOX � ! ^`NYl " # % ^Ts�XÌöt^`_RX!N'MONqö�Q0^Rø!ø!QTnVNqöÈ^Rb
úVs�QRhY^`hYMÝõOM�ö�i0lÆMObdö�stMOhVnÆö�MOQTN�b"^Tb�MON�]<^`hYõÝX �Æþ
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 %��� ���������������H��� �%$��� � ���$"a�������  
]�cVX'^TlÆcVX\bdMOùTX0ö�cYMOøC_SNVX\b�b ��! MËbW^TbtbdnVrWX\läötQKh9X'ø�QRr�ú9QRb�X2l Q`ÿ4st^TNYlÆQTrFùa^TõÝnVX\b�ü"M�ötc
ö�cVX'NVQRs�rx^Tõ�lVMObdö�stMÝhYnÆö�MOQTN Q`ÿ	��
� 4 � 3 7B= 7��Ör ^TNYl���
� 4 � �B= 3��Ör�þ�]�cVX�QRú�X2st^`ö�MONVU
ö�X!rWú9X!sC^aötnVs�X " # % MObG^`õËbdQW^TbtbdnYr�X\l�ötQxh�XÌø!QTrWú9QRb�X2l0Q`ÿ�st^TNYlÆQTr ùj^TõÝnYX2b�ü"MÝö�c������� 4
�87B= 7Te ^`NYl�������� 4 �A	>= �TeWþ ô lÆMÝstX2ø�ö)bt^`rWúVõOMÝNVU@L@QTNqö�X&@�^Ts�õOQ'bdMOr�nYõO^`ö�MOQTN»ü"M�ötcéö�cYX
��Q�� ��L'nVõOõÝX2sGrWX�ötcVQÆl@MËb4nYbdX\l'ötQçöC^`_TX)MÝNqötQ0^Tø2ø�QRnVNqöÈsC^`NYlÆQRr ���JúY^`sC^`rWX!ö�X!sCb�QTÿ�ö�cYX
^TlÆcVX\bdMOùTX�ö�cVMËøC_SNVX2btb � ! ^`NYl�ö�cYX�QRú�X2st^`ö�MONVU�ötX!rWú9X!sC^aö�nYs�X " #&% þa]�cVX�NqnYr�h9X!s�Q`ÿèb�^Tr�úYõÝX\b
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Euclidean Distance:  [ 42 + 22 ] 1/2 =  4.472
Manhattan Distance:  4 + 2 =  6
Sup Distance:  max {4,2} =  4
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