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Q�T�TcSUb`~njlTcM�t�MPT;Y9[�ç$ë�boTUM@VGt;~kQstUM@eYsW�TU�kMPb`S;a-YsWn�
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^`QsWnmsjkQsmsM�tPª�¢®M£TU�nM@WaPQ9TUM@msYsScb`¶PM@e�Tc�nM@tUM�ò û���ý
boWXTUY["$ç�mhSUYhjnOktG~kQht�M�eYhW�TU�nM�t�M�OkSUM�elM-ðkWkM@e°Q�TU�
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Q9ScMZjktUM@e;boW�enY�aPjnVGMPWXT¾aP^ojRtwTcMPScboWnmAOnSUYlaPM@tctPª:��YsVGM
¹¾MP^`^u�ÅÍ�WnY�¹ºW¥elbytwT)Q9WkaPM�QsWke�tUboVGb`^`QsSUboTwv VGM@QstUjnScM@t
b`Wka-^`jkelM'TU�kM'\+jka-^`b`enM@Q9W6elb`t�TcQsWka-MhzXx/Q9Wn�kQ9T�T)Q9W § YsS
a-boTwvX�{~k^oYla)Ín¨�elbytwT)Q9WkaPMszZLNb`aPM/a-Y�MP��aPboM@WXT@zóòXQsaPa@Q9S)e
a-Y�MP��aPboM@WXT@z6QsWke�fgYhtUboWkM´a-Y�M-�;a-b`MPWXT[�o�@�J�Åª �kYsS
a-YhVGOkQ9Scb`tUYsW"OnjnScO|YhtUMsz�Tc�nM�OnScYsO|YhtUM@e"Q9OnOnScYhQha)�
Q9WRe�Tc�nM©fgYhtUboWnM�aPYXMP�;a-b`MPWXT£[¡YhSÌTU�nM�tUboVGb`^`QsSUboTwv
VGM@Qht�jnScM@t@z¸Q9WRe©Tc�nM»\+jka-^`b`enM@Q9WÎelbyt�TcQ9WRa-M�ScMPOnScM-�
tUMPWXTUb`Wnm4TU�kM�elbytUtUboVGb`^`QsSUboTwv/VGM�QstUjnSUM�tHQ9ScMGjkt�M�eÌboW
TU�kMHM-·lORM@SUb`VGMPWXTct@ª
�nScYsV TU�nM�enQ�T)Q´tUM-T@z=¹gM»�kQ�rsM["$ç»mhSUYhjnOkt�Ys[
ò ûL��ý § o 7 z rGr�r z o 7Òô ¨A¹ºboTU��M@Qha)�»mhSUYhjnO»a-YhWXTcQ9b`WkttUYsVGM�W�jnVA~|MPS=Y9[Jò û��]ý ªJ�nYhSHTU�nM�OnSUYhORYXt�M�eÌQ9Ol�
OnScYhQha)�dz�TU�kM;twT)Q�TUMGTcScQsWktUbuTcboYhW£OnScYs~RQ9~nb`^oboTwv/elbyt�TUScbu�
~njlTcboYhWktqQsWke�TU�nM¸b`WnboTUbyQ9^2t�TcQ9TUMHOnScYs~RQ9~nb`^oboTwv�elbyt�TUScbu�
~njlTcboYhWkt:Q9ScM¬aPQ9^ya-jk^`Q9TUM@eAjktUboWnmF\#�XjkQ9TUb`YsWktÊ�FQ9Wke�Mlª
�º[öTcMPSFTc�nM@tUMAOnScYs~RQ9~nb`^oboTwv�elbytwTcSUb`~njlTcboYhWktFQ9ScMAQ�r�Q9b`^u�
Q9~k^oMhz�YhWnM+tUboVGb`^`QsSUboTwvqr�Qs^ojnM_[¡YsSdM�Qsa)�FOkQ9b`S2Ys[XmhSUYhjnOkt
byt�mhMPWnM@ScQ9TUM@edª��nYsS�fgYhtUboWkM£a-Y�MP��aPboM@WXT6Q9Wke©\_jl�
a-^`byelM@QsW©elbytwT)Q9WkaPM/Q9OnOkSUYXQsa)�nM�tPz¬t�b`WkaPM�¹gM/�kQ�rsM�Q
tUM-T=Ys[bç$ë;OkSUM�elM-ðkWkM@e�Q�TUTUScbo~kjlTUM�t § � 7 z r�r�r z � ô1õ ¨IzTU�kMPScM-[¡YsScMsz+M@Qsa)��ò û�� aPQsW³~|MJScMPOkSUM�t�M@WhTcM@e�~�v³Q
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~nb`WkQ9Scv�rsM@a-TUYhS�[¡YsSJQ"ò û�� mhSUYhjnOdz¾TU�kM£a-M@WXTUScYsbye
Y9[=TU�nMÌmhSUYhjnOa@Q9W©~|M�aPQs^`aPjn^`Q9TUM�e´~�v´Q�rsM@ScQsmsb`Wnm
TU�kM°Q9T�TcSUb`~njlTcMr�Q9^`jnM�t/Ys[6Q9^`^»ò û���ý ¹ºboTU�nb`W±TU�nM
msScYsjkOdª � WkaPM6Tc�nM/Q9T�TUScb`~njlTUM�rhM@a-TUYsS)t=[¡YsS�Qs^o^ ÆCÞ
ò ûL� mhSUYhjnOktHQsSUMGaPQs^`aPjn^`Q9TUM�e�z�TU�kM;elb`t�TcQsWka-M�tHQ9Wke
TU�kM�t�b`VGbo^yQ9ScbuTwvÌV�Q�TcSUbya-M�tGaPQ9W~RM�aPYsWkt�TUScjka-TUM@eQst
[¡Ys^`^`Y�¹ZtPª

i «¬�kM�OnScYsO|YhtUM@e°Q9OnOkSUYXQsa)�xe�«¬�nM/tUboVGb`^`QsSUboTwv
V�Q9TUScbu·�bytºa-YhWkt�TUScjkaITcM@e6jkt�b`Wnm�\#�XjkQ9TUb`YsW4�nª

i fgYXt�b`WnM�a-Y�M-�;a-b`MPWXT�Q9OnOkSUYXQsa)�me�«¬�nM�tUb`Vibo�
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Partitioning Clustering Algorithm: Partitioning Around Medoid (PAM)
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�Êb`msjkSUM���� ¼ Q9SUTUboTUb`YsWkboWnm��qSUYhjnWke4x�M@enYsbye §½¼ �qx£¨
x�M-Tc�nYle

Þa`Þ EbY�¿Ndq�l���@Ë½�@Ë�ÂRÇ�Ë½Ç! ¥C���Â|É�ÇÊÃ $�¿�ÃÊÂ|Ë½Ã��" dgC�$$#i$¥¿h�HYÊÂ2Ã
�kYsS a-YsVGOkQsSUbytUYsW OnjnScORYXt�Mhz Tc�nM t�b`VGbo^yQ9SU�
buTwvQP�enb`tct�b`VGbo^yQ9ScboTwv�V�Q9TUScb`aPM@t6msMPWkMPS)Q�TUM�e°[¡ScYsV TU�kM
OnSUYhORYXt�M�e Q9OnOkSUYXQsa)�dz TU�nM fgYhtUb`WnM aPYXMP�;a-b`MPWXT
Q9OnOnScYhQha)�dzQsWke�Tc�nM¯\_jkaP^obyelM�Q9W elb`t�TcQsWka-M²Q9On�
OnSUYXQsa)�ÌQ9ScM�Q9OnOn^`b`M@e£TUY4Tc�nM�OkQ9SUTUboTUb`YsWkboWnm�QsSUYhjnWke
ViM�elYsbyent §½¼ �qx£¨ºx�M-Tc�nYlek� ���{ªZ«¬�kb`tºVGMPTU�nYle�a@Q9W
~RM�r�b`MP¹¾M@e�Qst�Q�r�Q9Scb`Q9TUb`YsW"Y9[JTU�nM�¹¾MP^`^o�{Í�WnY�¹ºW
Íh�ÅVGM@QsW�a-^`jktwTcMPScboWkm Q9^`msYhSUboTU�kVJª «¬�nM¥byelM@Q�Y9[/ â ' a-^`jkt�TUM@SUb`Wnm�VGMPTU�nYle b`t�Qst[¡Ys^`^`Y�¹ZtPª ��W
YsS)elMPSFTcY�Ys~lT)Q9b`W í a-^`jkt�TUM@Sct@z2Tc�nM;VGM-Tc�nYle�t�M@^oM�aIT)tí Yh~��wM@a-Tct § ¹º�nbya)� QsSUM¤a@Q9^`^oM�e ScMPOnScM@tUMPWXTcQ9TUb`rsM
Ys~��wM�aITct@zAYhS í õ úGü�0hø ô 0 ¨£b`W�Tc�nMenQ9TcQt�MPT@ª «¬�nM
a-YsScScM@tUORYhWkelb`Wnm a-^`jktwTcMPS)t¯Q9ScM TU�nM@W [¡YsjnWRe ~Xv
Qstct�b`msWnb`WnmiM@Qha)�JScMPV�QsboWnb`WnmGYs~à�wM@aIT¬TcYGTU�nM¸WkM@Q9ScM@t�T
SUM@OnSUM�t�M@WXTcQ�TcborhM/Yh~��wM@a-TJ~kQht�M�e©YhW´Tc�nM�t�b`VGbo^yQ9ScbuTwv
YsSgenb`t�TcQsWka-MZVGM�QstUjnSUM�tPª]«¬�nMNViMPTU�nYle;enbB�ÈMPS)t_[¡ScYsV
TU�nM6Íh�ÅVGM@QsW»Q9^`msYhSUboTU�nV boW»TU�kQ9T=YhWka-M�Tc�nMJSUM@OnSUMP�
t�M@WhT)Q�TcborhM/Ys~à�wM@aIT)t4Q9ScM£tUMP^`M@aITcM@e�zNTU�kMPv´Q9ScM£ðn·lM@e
TU�nScYsjnmh�nYsjnT¸TU�nM6a-^`jktwTcMPScboWkm�OnScY�aPM@tctPz�¹º�nM@SUM�QstHb`W
Íh�ÅVGM@QsW6VGM-Tc�nYle�zlTc�nM¸a-M@WhTcSUYhb`e6Y9[]M@Qha)�6aP^ojkt�TUM@SZbyt
SUM�aPQ9^ya-jk^`Q9TUM@e/¹º�nMPWÌQJWnMP¹"Ys~à�wM@aITHbytHQstct�b`msWkM@e�TcY
TU�nM¸aP^ojkt�TUM@S@ª

Þa`	% dq¿X��ZÅÂk��\³�kÇÊ�h¿�D�¿���É¡^½�
«¬�nM=SUM�t�jk^uTN[¡SUYhV�jRt�b`Wnm�Tc�nM ¼ QsS�TcbuTcboYhWnb`Wnm;a-^`jkt��
TUMPScb`WnmÌViMPTU�nYle�YsW�Tc�nSUM@M�elb`t�TcQsWka-M�QsWke°t�b`VGbo^yQ9SU�
buTwv°V�Q�TcSUbya-M�t;byt6tU�nY�¹ºW�b`W©��bomhjnSUM»�sª"�lboWkaPM/¹¾M
�kQ�rsMZQ'TcY9TcQs^kYs[�"$ç4ò ûL� msScYsjnORtPz9¹¾MºVGM@Qht�jnScM¬TU�kM
ORM@S�[¡YhSUV�Q9WRa-M�~�v�t�TcQ9SUTUb`Wnm£[¡SUYhV�TU�nM4a-^`jkt�TUMPS�tUbo¶@M
Y9[��/jnO»TcYÌTU�nM�aP^ojRtwTcMPS;tUbo¶@MJYs[�"$ç9ª´«¬�nM�ScM@tUjn^oT

tU�nY�¹Zt_Tc�kQ�TgTU�nM'\_jkaP^obyelM�Q9W�elbyt�TcQ9WRa-M § elMPWkY9TUM�e�~�v
LN���l«Ê�LR'f¾\¾¨AmhborhM@tiQ/¹¾YsS)tUM;ORM@S�[¡YhSUV�QsWka-MJa-YsVi�
OkQsSUM�eiTUYHTc�nMqa-YXt�b`WnMqaPY�M-�;a-b`MPWXT § f � ���ÒRq\¾¨]¹º�nb`^oM
YsjkS'Q9�GWkbuTwvX�Å~kQstUM@e�tUboVGb`^`QsSUboTwv4VGM@QstUjnScM § �N�]�Ê�ÒRZ�
�w«'&F¨qv�boM@^`ektZTc�nM=^`Y�¹¾M@t�TqW�jnVA~|MPS'Y9[_b`WXTUMPSU��a-^`jktwTcMPS
Qsa@a-M�tUtUM@t@ª���W´OkQsS�Tcb`aPjn^yQ9S�z¾¹º�kMPW�Tc�nM£W�jnV=~RM@S�Ys[
a-^`jkt�TUM@Sct+b`t_[¡SUYhV��'TcY¸�kzhYsjnSgVGM-TU�kY�eGv�b`MP^yent+QAt�b`m9�
WnboðRaPQsWXTZ^oY�¹¾MPS¬W�jnVA~|MPSqY9[]boWXTUM@S���a-^`jkt�TUM@SZQsaPaPM@tct�M�tPª
«¬�nbyt�byt�~|M@a@Q9jktUMÌTU�kQ9T/YsjkS�OnSUYhORYXt�M�e Q9OnOnScYhQha)�
a-YhWktUb`elM@Sct'Tc�nM�jktUMPSAQhaPaPM@tctFOkQ�TUTUMPScWktFb`W®TU�nM�ekQ�TcQ
tUM-T�¹º�nM@W enM-TUM@SUVGb`Wnb`Wnm�TU�nM³tUboVGb`^`QsSUboTwv�~|M-Tw¹¾MPMPW
TU�kM�¢£M@~®elYlaPjnVGMPWXTct@ª=«¬�nM�aP^oYXt�M@^ov4ScMP^yQ�TUM�e/¢®MP~
elYla-jkViM@WXTct�TU�RQ�T]�kQ�rsMg�nbomh�nMPS]tUboVGb`^`QsSUboTwvFSUM@^`Q9TUb`YsWkt
Q9ScMºOn^yQsaPM@eiboWGTc�nMqtcQ9VGMZa-^`jkt�TUM@S@ª�¢��nMPWGTc�nMZW�jnVi�
~|MPSZYs[]aP^ojkt�TUM@Sct¬bytºtUVGQs^o^{zlTc�nMHMO�ÈM@a-TUb`rsMPWkM@tct¬Y9[�TU�nM
a-^`jkt�TUM@SUb`Wnm/~|M@aPYsVGM@t=VGYsScM�tUbomhWnbuð|aPQ9WXT�ª£�ZWkY9TU�kMPS
Ys~Rt�M@SUr�Q�TcboYhW4b`tq¹º�nMPW4Tc�nM¸W�jnVA~|MPSqY9[_a-^`jkt�TUMPS)tºb`Wl�
a-ScM@Qht�M�tPz�Tc�nMºW�jnVA~|MPS:Ys[|b`WXTUM@S���a-^`jkt�TUMPS:QhaPa-M�tUtUM@t�b`Wl�
a-ScM@Qht�M�tPªÊ«¬�nM_ScM@QstUYsWN[¡YsS2TU�nM+boWkaPSUM�QstUM:boWFTc�nM_W�jnVi�
~|MPS]Y9[kb`WXTUM@S���a-^`jkt�TUMPS]Qsa@a-M�tUtUM@t2¹ºbuTc�¸TU�kMgb`Wka-ScM@Qht�MgboW
TU�kM¸W�jnVA~|MPSNY9[:a-^`jktwTcMPS)tºbytºTU�RQ�TqM�Qsa)�4a-^`jktwTcMPSN�kQst
YsWk^ov®Q�[¡M@¹�ò û�� msScYsjnOkt@ª�«¬�nbytHt�boTUjkQ9TUb`YsW®b`tHTU�nM
tcQ9VGMº[¡YsSgQ9^`^nTU�kMqQ9OnOkSUYXQsa)�nM�tPª2«¬�kb`t+M-·lOn^yQ9b`Wkt:¹º��v
¹¾MN�kQ�rhMqTc�nMFt�b`VGbo^yQ9SºQ9VGYhjnWXT¾Ys[2boWXTcMPSU�ÅaP^ojkt�TUM@S¾QhaI�
a-M�tUtUM@t@z�M@tUORM�a-byQ9^`^ovG¹º�nM@W�Tc�nM'WXjkVA~|MPS)tgYs[Êa-^`jkt�TUM@Sct
Q9ScMG�@�kz��s�sz����AQsWke®�@�kª

% <=ÂRÇ��$^�ÉÊ��Ë½Â|ÇÊ�
��W4TU�nbytZORQ9O|MPS�zRQ9W�Q9�GWkbuTwvX�Å~kQstUM@eJOnScYs~kQs~nb`^obytwTcb`a
VGYlelMP^ÊTUYJaPQ9^ya-jk^`Q9TUMFTU�kM=tUboVGb`^`QsSUboTwv6VGM�QstUjnSUM�tº~|M-�
Tw¹¾MPMPW£msScYsjnORtqYs[_¢£M@~®elYlaPjnVGMPWXTct'~kQht�M�e�YsW/TU�nM
jktUMPS+QhaPaPM@tctÊORQ�T�TcMPScWkt�[¡YsS+¢£M@~GenY�aPjnVGMPWXT+a-^`jkt�TUM@S��
b`Wnm/byt¸OnScM@tUMPWXTcM@e�ª�«¬�nM6OnScYsO|YhtUM@eÌQ9OnOkSUYXQsa)�ÌaPQ9W
aPQsOlTUjkSUMNTU�nMHelv�WkQsVGb`aq~RM@�kQ�r�boYhSgYs[dTU�nMF¢®MP~JelYlaI�
jnVGMPWXT)t;t�b`WkaPM�Tc�nM�jktUMPS�Qsa@a-M@tctiOkQ�TUTUM@SUWktGa@Q9W�~RM
M-·�TcScQhaITUM�e�[¡ScYsV²Tc�nMG¢£M@~�t�M@SUrhMPS'^oYhm6ScM@aPYsS)e�Q9Wke
ScMPOnScM@tUMPWXTGTU�nM�QhaITcjkQ9^Zelv�WkQsVGb`a��XjkQsWhTcbuTwv»Y9['TU�nM
jktUMPSi~nScY�¹Zt�b`Wnm4TU�kSUYhjnms�ÌTc�nM�¢®MP~»tUboTUMsª£«¬�nM�ScM-�
tUjn^uTcboWkm®¢®MP~�elYlaPjnVGMPWXT;a-^`jktwTcMPS)tGaPQ9W»TU�nM@W°~RMPT��
TUM@S/elbytUaPY�rsM@S6Tc�nM�jktUMPS/QhaPaPM@tct6~|MP�RQ�rXb`YsS�YhW�TU�nM
¢�¢�¢Îª
«2Y�a-YhVGOkQ9ScM�TU�nMµ�XjkQ9^`boTwv�Y9[£TU�nM�tUboVGb`^`QsSUboTwv
VGM@Qht�jnScM@t6aPQs^`aPjn^`Q9TUM�e°~Xv�YsjkS6Q9OkOnSUYXQsa)�°Q9mXQ9b`WktwT
TU�kM¥Y9Tc�nMPSa-Y�M-�;a-b`MPWXT)tPz®¹gMÎb`VGOn^`MPVGMPWXTUM�e¯Q9Wke
Q9OkOn^ob`M@e=Tc�nM¬OkQ9SUTUboTUb`YsWnb`WnmFQ9ScYsjnWRe¸VGM@elYhb`e §½¼ �Nx/¨
VGM-Tc�nYle�ª;«¬�nM�W�jnVA~|MPSHYs[gb`WXTUMPSU��a-^`jktwTcMPS¸QhaPa-M�tUtUM@t
bytFjkt�M�e£QhtNTU�nMGO|MPSU[¡YsScVGQsWka-MiVGM-TcSUbya=TUY4a-YsVGOkQsSUM
O|MPSU[¡YsScVGQsWka-M®Q9VGYsWkm�TU�nMÌelbþ�|M@SUM@WXTJQ9OkOnSUYXQsa)�nM�tPª
�ZW�v¥aP^ojRtwTcMPScboWnmÎQs^omhYsScbuTc�nV ¹ºbuTc��QmsY�Yle¥tUb`Vibo�
^yQ9ScbuTwv¥aPY�M-�;a-b`MPWXT»tU�nYsjn^ye±vXb`MP^ye�Q�^oY�¹ WXjkVA~|MPS
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