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closest cluster center
Data vectors are assigned
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>�|5D�PQ^Kq`D�S�^EOQX-Cw?Tk{sh?BN/?BCEOfb�S�^EOQX-Cw?Tk{b�PQ|5Dln�P�k�XmDTO�bB�
S5?BPR?}PQ|p?BP ?BnfD���bTu-DlC���S-DlX~DlN5S-DlN4PhH �5b�n�^KN5OfPR?BN5sTD�U�PQ|5D
�vM([)�5CKPfDln]?BCK_�b�nQ^KPQ|-q³_�DlN5DlnR?BPfDTO]?InR?BN-_�DjbB�vnfDTOQ\-CKPfO
S�^EOQX-Cw?hk1^KN-_�|-^EOQPfb�_�nR?Bq`OvbB�5PQ|5D§_�nfDlk�Ofsh?BCEDTOvbB��?]��bTu-DlC
PQ|-nfb�\-_�|ZPQ|5D�PQ^Kq`D;��ORDlnQ^EDTOhH

x CK^EsRyZb�NeS�^��VDlnfDlN4P���bTu-DlCEOj?BN5S/N5b�PfDGPQ|p?BPYPQ|5DG_�DlN��
DlnR?BC�OQ|p?BX~DzbB�}PQ|5D�|-^EOQPfb�_�nR?Bq ^EO�S�^��~DlnfDlN1P���b�n�PQ|5D
?�slPQ^K��?BPfDTSZ?BN5S�N5b�N��(?�slPQ^K��?BPfDTSe?BnfDh?�OhH

>�|5DrS�^��VDlnfDlN4Pj?BnfDh?�OY^KN/PQ|5D���b�CK\-q`DG|p?T��DGS�^��~DlnfDlN1P
_�nfDlk�Ofsh?BCED`S�^EOQPQnQ^KA-\-PQ^Eb�N5OhH��Yb�PfD�PQ|p?BP�PQ|5DdS�^EOQPQnQ^KA-\��
PQ^Eb�N ^KN ?�slPQ^K��?BPfDTS�?BnfDh?�O�|p?�O�?/A-^Kq`b�S5?BC�S�^EOQPQnQ^KA-\��
PQ^Eb�N&U&nfD �pDTslPQ^KN-_ZPQ|5D�P�a§bZS�^EOQPQ^KN5slP�_�nfDlk1�¥CEDl��DlCEOjPQ|p?BP
b�sTsl\-n�S�\-nQ^KN-_�PQ|5D ?�slPQ^K��?BPfDTS ?BN5S N5b�N��(?�slPQ^K��?BPfDTS
OQPR?BPfDTOhU§a�|-^KCEOQP`PQ|5DeS�^EOQPQnQ^KA-\-PQ^Eb�N bB��N5b�N��(?�slPQ^K��?BPfDTS
?BnfDh?�O�^EO�_�DlN5DlnR?BCKCKk�q`b�N5b�q`b�S5?BC¥H
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x CK^EsRy�b�NrPQ|5D ceb�nfD�HTHTH A-\-PQPfb�NGPfb�D;u�Xp?BN5S�PQ|5D sTb�N��
PQnfb�C§a�^KN5S-bha PfbZS�^EOQX-Cw?hk�?BN ?�S-S�^KPQ^Eb�Np?BC"P�a"benfb7a�OhH
>�|5Dz\-X-XmDlnInfbha sTb�N1PR?B^KN5O�P�a§b�N5Dla ��^EOQ\p?BC Cw?hk�DlnfOhU
���'� 	��'� ! ?BN5S � � � 0 $'! �'��� ��UIa�|-^KCEOQP�PQ|5DB-.��/ 0 # � $
����� , !�\-N5S-DlnQN5Dh?BPQ|e^EO}?BN/^KN4PfDlnQq`DTS�^w?BPfDIX-nfb�sTDTOfOQ^KN-_
Cw?hk�DlndPQ|p?BPz? �VDTslPfO�PQ|5DZS5?BPR?$Cw?Tk�DlndA~DlCEbha²^KPhH���DTD
� ^K_5H ��HKJ�J�� b�n]?�_�nR?BX-|-^Esh?BC�D;u�X-Cw?BNp?BPQ^Eb�N&H

>�|5DGPfb1b�CKA~bTuZsh?BN$?BCEOfb�S�^EOQX-Cw?TkZsTb�N5sl\-nQnfDlN1PjOQXp?BPQ^w?BC
^KN�� b�nQqd?BPQ^Eb�N$A4kZPQ|5DG\5OfD�bB� ���', ! 6 ����/I��Cw?hk�DlnfO�PQ|p?BP
OQ^KP]?BA~bh��D�b�n]AmDlCEb7a�PQ|5D�S5?BPR?�H

M(NrPQ|5D"c�?�Ofy1^KN-_ ��?Tk�DlnhU�slCK^EsRyrb�NrPQ|5D"OfDTsTb�N5SGA-\-PQPfb�N
��nfb�q PQ|5DZCED;��P���OQ|5bha�^KN-_ �Yb�N5D �;U�?BN5S ORDlCEDTslPdPQ|5D
�����}b�X-PQ^Eb�N&H

�}bha a§D�sh?BN�qd?�OQy$PQ|5D�Fj?BPR?/Cw?hk�Dln�A4k \5OQ^KN-_ePQ|5D
c�?�OQy1^KN-_zCw?Tk�Dlnj?BAmb7��D�H]>�|-^EO�slnfDh?BPfDTO�?`qd?�OQy{��nfb�q
?]_�^K��DlN�S5?BPR?�ORDlP�?BN5SGPQ|5DlN`?BX-X-CK^EDTO ^KP@Pfb}PQ|5D"S5?BPR?�OfDlP
^KN/PQ|5DjFj?BPR?�Cw?hk�DlnhH

x CK^EsRy{b�NZPQ|5D �1\-q�bB� x b�D��dsl^EDlN4PfO A-\-PQPfb�Ne^KN/PQ|5D
c�?�OQy�^KN-_ Cw?Tk�Dln=?BN5S²OfDlCEDTslP ���4	F#�� �
	F# �'� C 	F! , ��$
	��
��nfb�q PQ|5DjX~b�X��¥\-X/CK^EOQPhH

	 D}a�^KCKC&sf|5b�b�OfD}Pfb�S-D;�5N5D�PQ|5DYqd?�Ofy`\5OQ^KN-_�PQ|5D ��� 7
	F#�� �
	F# �'� C 	F! , � $
	�� S5?BPR?�ORDlPhU}?BCKPQ|5b�\-_�|�?BN4k�bB��PQ|5D
b�PQ|5DlnfO]sTb�\-CES/AmD�\5OfDTS{Pfb`_�^K��D�S�^��~DlnfDlN1P�qd?�OQy�OhH

W}OQ^KN-_ PQ|5D�OQCK^ES-Dln/sTb�N4PQnfb�C�^KN=PQ|5D$c�?�OQy�^KN-_ Cw?hk�DlnhU
?�S�
 \5OQP`PQ|5D�PQ|-nfDTOf|5b�CES�Pfb�?Bnfb�\-N5S ��H�����H � b�\ sh?BN
\5OfD�PQ|5DrDTS�^KP�Ambhu�^Kq�q`DTS�^w?BPfDlCKk�Pfb�PQ|5D�CED;��P�Pfb�P(k1X~D
^KN ��H�����^��vk�b�\/X-nfD;� DlnhH

	 D�sh?BN�N5bha±?�S�
 \5OQP�PQ|5DIOf^K�hDIbB�§PQ|5D�qd?�OQy/A4k�?�S��

 \5OQPQ^KN-_GPQ|5DYPQ|-nfDTOQ|5b�CES�^KN-_�CK^Kq�^KPhH�>�|-^EO�sh?BN�AmD}S-b�N5D
A4k�OQX~DTsl^���k�^KN-_�Dl^KPQ|5Dln§?BNd?BA5Ofb�CK\-PfD]b�nv��nR?�slPQ^KCED���?BCK\5D�H
	 D�� CKC&\5OfD�PQ|5D�Cw?BPQPfDlnhU-a�|-^Esf|e^EO�PQ|5DjS-D;� ?B\-CKPhH

M(N²PQ|5D	��?�sfy�_�nfb�\-N5S ��?Tk�DlnhU�slCK^Esfy²b�N PQ|5D��5nfOQP
A-\-PQPfb�N Pfb PQ|5D³nQ^K_�|1P bB�)PQ|5D � � � 0 $
!"�'��� � Cw?9�
A~DlC¥H�>�|-^EOZPQ\-nQN5OZPQ|5D Cw?Tk�Dln�b�N&H �}bha slCK^Esfy)PQ|5D
�1\-q²bB� x b1D��dsl^EDlN1PfO A-\-PQPfb�NI?BN5S�ORDlCEDTslP�PQ|5D�- , �'�

 ���
	����rS5?BPR?�OfDlP]Pfb`S�^EOQX-Cw?Tk{PQ|5D�?BNp?BPfb�q�^Esh?BC S5?BPR?�H

M(P§a"b�\-CES{AmDYq`b�nfD�\5OfD;��\-C�^���a"D�sTb�\-CES{N5bha)OfDTD}PQ|-^EO
PQ|-nfDTOQ|5b�CES-DTSzS5?BPR?jbh��DlnQCw?B^ESzb�N4Pfb�PQ|5D�b�nQ^K_�^KNp?BCmS5?BPR?�H

x CK^EsRy/b�N/PQ|5D�A-\-PQPfb�N�^Kq�q`DTS�^w?BPfDlCKk/Pfb�PQ|5DrnQ^K_�|4P�bB�
PQ|5D ���
� 	��'��!GCw?BA~DlC&Pfbz?�slPQ^K��?BPfDjPQ|5D�sTb�N1Pfb�\-nYCw?hk�DlnhH
>�|5DlN�slCK^EsRy b�N PQ|5D �1\-q²bB� x b1D��dsl^EDlN1PfO A-\-PQPfb�N
?BN5S$OfDlCEDTslPrPQ|5D ���4	F#�� �
	F# �'� / 	F! , � $
	��$S5?BPR?�OfDlPj��nfb�q
PQ|5D�X~b�X��¥\-X/CK^EOQPhH

>�bdOfDTDj|5bha�� ?Bn�PQ|-^EO]PQ|-nfDTOQ|5b�CES�^EO���nfb�q³PQ|5DjnfDTOQP�bB�
PQ|5DrS5?BPR?�U�a§DGsh?BNZN5b7a�bh��DlnQCw?hk�?�sTb�N1Pfb�\-nYCw?hk�Dln}bB�
PQ|5Dz��\-CKC ����	F# � ��	F#F�'� / 	F! , � $
	�� S5?BPR?�OfDlPhH �}b�PfDz|5b7a
k�b�\Zsh?BN/N5b7a�OfDTD�PQ|p?BP]^�� k�b�\ZS-DTslnfDh?�ORDTS/PQ|5Djqd?�OQy
PQ|-nfDTOQ|5b�CESVU§PQ|5DlN PQ|5D{X~Dh?By ?BP � u
	 ��J�U:k 	 J�U§�
	 � # �}a�^KCKCYA~D�PQ|5DeN5D;u�PzPfb�OQ|5b7a²\-X&H�>�|5DesTb�N��
Pfb�\-n�Cw?hk�DlnYsh?BNZ?BCEOfb�A~D�\5OfDTS{Pfb`sTb�q�Xp?BnfDrS�^��~DlnfDlN1P
��?BnQ^w?BA-CEDTO:��nfb�q PQ|5D]O�?Bq`D�nfDTOQ\-CKP§ORDlPhH >�|-^EO"?BCKCEbha�O�?
sTb�q�Xp?BnQ^EOfb�N bB�"q`DlPQ|5b�S-Or��b�n�|-^K_�|-CK^K_�|1PQ^KN-_�PQ|5Dd?�s;�
PQ^K��?BPfDTS�nfDl_�^Eb�N5OhH


�
���������������������������! ���"$#&%�%('



���

M(N�PQ|5D�qd?B^KN a�^KN5S-bha�U:A~DlCEbha PQ|5D � Np?BCKk�OQ^EOIXp?BN5D�U
^EO{PQ|5D � b�OQP �¥X-nfb�sTDTOfOQ^KN-_ OfDTslPQ^Eb�N&H c�DlPR?9��i}�¥q`Dh?BN5O
OQ|5b�\-CES ?BCKnfDh?�S�k AmD OfDlCEDTslPfDTSVH x CK^EsRy b�N
PQ|5D
� ?BnR?Bq`DlPfDlnfO A-\-PQPfb�NZPfbdA-nQ^KN-_`\-XZPQ|5D�b�X-PQ^Eb�N5O}S�^��
?BCEb�_eAmbhu~H{c�?By�DdOQ\-nfDdPQ|p?BPrPQ|5D ���'!"�
& ,4	:, ! �5�'! # 7
��� 6 , /DCE, 	�^EO�OfDlPdPfb�PQ|5DD�vM([²�5CKPfDlndnfDTOf\-CKPfOhH�>�|5D
b�PQ|5Dln�^KN-^KPQ^w?BCjOfDlPQPQ^KN-_�O{OQ|5b�\-CES Of|5b�\-CES�?BCKnfDh?�S�k AmD
OfDlN5Of^KA-CED�H x CK^Esfy x CEb�OfD b�N5sTD�k�b�\/|p?T��D��5N-^EOf|5DTSVH

�}D;u�PhU�a"Desh?BN�slCK\5OQPfDlnzPQ|5D�?�slPQ\p?BC}Xp?BnR?Bq`DlPfDlnfO�bB�
PQ|5D.� M [��5CKPfDlnd�`? c�DlPR?�i}�¥q`Dh?BN5O�slCK\5OfPfDlnQ^KN-_ bB�
PQ|5DjnfDTOQ\-CKPfO7H:>�|-^EO�DlNp?BA-CEDTO�\5O�Pfb�CEb1b�yz� b�n�Xp?BPQPfDlnQN5O
^KN/PQ|5D�nfDTOQ\-CKPYS5?BPR?�OfDlPhH

x CK^EsRy{b�N�PQ|5D x ?BCEsl\-Cw?BPfD A-\-PQPfb�N&H >�|5D Xmb�OfP �¥X-nfb1sTDTOfOf^KN-_ ?BNp?BCKk�OQ^EO
sh?BN PQ|5DlN A~D
OQPR?BnQPfDTSVUma�^KPQ|e��DTDTS�Ap?�sRyeb�N�PQ|5DrX-nfb�_�nfDTOfO}_�^K��DlN�b�N
PQ|5D�OQPR?BPQ\5O�CK^KN5D�H

�YN5sTD PQ|5D�sh?BCEsl\-Cw?BPQ^Eb�N ^EO��5N-^EOQ|5DTSVU`slCK^Esfy�b�N«PQ|5D
�Y^EDla)nfDTOf\-CKPfO A-\-PQPfb�N�PfbZA-nQ^KN-_Z\-X�PQ|5D`PQnQ^KX-CED;��OfDlP
bB�v�1^EDla�^KN-_da�^KN5S-bha�OhH

>�|5DznfDTOQ\-CKPfOI?BnfDz��^EDla§DTS�^KN�PQ|5D�OR?Bq`D`a�?Tk�?�OGPQ|5D
qd?B^KNe?BNp?BCKk�OQ^EO�nfDTOQ\-CKPfO7H

x CK^EsRy b�N�PQ|5D >�^Kq`D A-\-PQPfb�N=^KN=PQ|5D�>�^Kq`DeCw?hk�Dln
?BN5S�OfDlCEDTslP�PQ|5D � 68� / 	:, ! &�, �'� /�,����j��nfb�q PQ|5DrX~b�X��
\-X)CK^EOQPhH >�|5D$>�^Kq`D$a�^KN5S-b7a a�^KCKCjN5bha�Of|5bha�?BN
?�S-S�^KPQ^Eb�Np?BC�nfDTS�CK^KN5D�nfDlX-nfDTOfDlN1PQ^KN-_G|5b7a�PQ|5D�q`Dh?BN�bB�
PQ|5D�slCK\5OQPfDlnrPQ|p?BP�PQ|5D`OfDlCEDTslPfDTS$��bhu�DlC ^EOr?�q`DlqrA~Dln
bB�v��?BnQ^EDTO�a�^KPQ|/PQ^Kq`D�H

>�|5DdS5?BPR?/sh?BN PQ|5DlN�A~Dd?BNp?BCKk�OfDTS$\5OQ^KN-_/PQ|5DdOR?Bq`D
PfDTsf|-N-^ 31\5DTO�?�O���b�n�PQ|5D�qd?B^KNe?BNp?Tk�CEOQ^EO�nfDTOQ\-CKPfO7H:>�|5D
�:b�CK\-q`D�a�^KN5S-b7a�OQ|5bha�O:PQ|5D���bTu-DlCEO�^KN�PQ|5Dl^Kn sTb�nQnfDTslP
CEb�sh?BPQ^Eb�N5OhU�A-\-P�a�^KPQ| PQ|5D�sTb�CEb�\-n{^KN5S�^Esh?BPQ^KN-_ PQ|5Dl^Kn
slCK\5OQPfDlnIq`DlqrA~DlnfOQ|-^KX&HD�}b�PfDz|5bha PQ|5D`��bTu-DlCEOIN5Dh?Bn
PQ|5D�\-X-X~Dln�CED;��P�bB� PQ|5D�^Kqd?B_�D � ?Bnfb�\-N5S{u 	 ��J�U�k 	
J�U�� 	 ��
��@?BnfD�q`DlqrA~DlnfO�bB�@PQ|5DjO�?Bq`DjslCK\5OQPfDlnhU5?BN5S
PQ|p?BP�PQ|5D"q`Dh?BN�bB��PQ|-^EO�slCK\5OQPfDlnvq`b�OQP�slCEb�OfDlCKkr��b�CKCEb7a�O
PQ|5DjPQ^Kq`D�ORDlnQ^EDTOhH

M(N PQ|5D qd?B^KN a�^KN5S-b7a�U slCK^EsRy b�N PQ|5D
��?T��D 	 b�nQy�OQ|5DTDlP A-\-PQPfb�N8^KN8PQ|5D OfDl��DlN4PQ|�Xp?BN5D�H
>�|5D)DlN1PQ^KnfD=a§b�nQy�OQXp?�sTD)^EO PQ|5DlN OR?T��DTS³^KN4Pfb�PQ|5D
�5CED ¡�¢  1£�¤ ¢��
	 ��¦��5�   + � ��% ¯5+�, U CEb1sh?BPfDTS ^KN PQ|5D
S�^KnfDTslPfb�nQk���nfb�q a�|-^Esf|ZCKk�N-_�A4k{a�?�O]OQPR?BnQPfDTSVH

�YN5sTDePQ|5DZnfDTOQ\-CKPfOz|p?T��D�A~DTDlN�?BNp?BCKk�OfDTSVU�k�b�\�a�^KCKC
X-nfb�Ap?BA-CKk`a�?BN4P"PfbGOR?h��D�PQ|5Dlq/H�M(Nzc�?BPQCw?BA&U4k�b�\{?BnfD
?BA-CED�Pfb OR?T��D�PQ|5D�DlN4PQ^KnfD���?BnQ^w?BA-CED$?BN5S=nfDTOQ\-CKP�OfDlP
^KN4Pfbe?zOf^KN-_�CEDI�5CED�a�|-^Esf|�sh?BN$PQ|5DlN$A~D�nfDlCEb�?�S-DTS ?BP
?�Cw?BPfDln}S5?BPfD�a�^KPQ|5b�\-P}|p?T��^KN-_dPfb`nfD;��OfXmDTsl^���k/?BCKC&PQ|5D
S5?BPR?�CEb�?�S�^KN-_`Xp?BnR?Bq`DlPfDlnfO7H

x CK^EsRyeb�N�PQ|5D ��?h��D�Fj?BPR?�HTHTH A-\-PQPfb�N$Pfb�A-nQ^KN-_{\-X
PQ|5D"OQPR?BN5S5?BnfSr��b�\-n@Cw?Tk�DlnfOvX-CK\5O@PQ|5D§D;u�PQnR?}��?h��D Cw?hk�Dln

� CKPfDlnQNp?BPQ^K��DlCKk�Upk�b�\eqd?Tk�a"?BN1P]PfbzOR?T��DI?�OQ\-A5OfDlP]bB�
PQ|5D{nfDTOQ\-CKPfOhH >�|5D{Pfb�b�CKAmbhu |p?�Oz?�N5Dla³OR?T��D{Cw?hk�Dln
a�|-^Esf|�sh?BN�AmD�\5ORDTS{��b�n�PQ|-^EO�X-\-nQXmb�OfD�H

x CK^EsRy�b�N$PQ|5D��5nfOfPjA-\-PQPfb�N b�N PQ|5Dd��?T��D�Cw?hk�DlnG?BN5S
OfDlCEDTslP}PQ|5D�CE,�� � , � �1,db�X-PQ^Eb�N&H �YNePQ|5DIOfDTsTb�N5S�A-\-P �
Pfb�N&U�OfDlCEDTslPIPQ|5DD-.�
	F6 ��� � #+� �
! �$b�X-PQ^Eb�N&H�>:k�XmDz^KN
?`�5CEDlNp?Bq`D�^KN4Pfb{PQ|5D�DTS�^KP�Ambhu�?BN5S�PQ|5DlN�X-nfDTOfO�PQ|5D
��?T��Dj|5DlnfD�g H

� OG?BN�D;u5?Bq�X-CED�Uva§Dda�^KCKC"O�?T��D`PQ|5DdPQ^Kq`D;��OfD431\5DlN5sTD
� b�nrPQ|5D�sl\-nQnfDlN4P���bTu-DlC¥H.�YPQ|5Dln�b�X-PQ^Eb�N5O�?BCKCEbha k�b�\
Pfb`OR?h��D�PQ|5DjX-nfDTOfDlN1PYOQCK^EsTD�U-b�n�PQ|5DjDlN1PQ^KnfD���b�CK\-q`D�H
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x CK^EsRydb�NzPQ|5D tvu�^KPhg A-\-PQPfb�N{?BN5SzPQ|5DYCKk1N-_�A1kdqd?B^KN
a�^KN5S-b7a�a�^KCKC&S�^EOR?BX-X~Dh?BnhH

�YN5sTD�k�b�\d|p?T��D��5N-^EOf|5DTS�\5OQ^KN-_�PQ|5D ! WYM;U 
 \5OfP:slCEb�OfD
^KPhH � CKC PQ|5Dr��?BnQ^w?BA-CEDTO}a�^KCKC OfPQ^KCKC@A~DG?�sTsTDTOfOf^KA-CEDr��nfb�q
PQ|5D�sTb�q�qd?BN5SZCK^KN5D�H

�YN�PQ|5D�sTb�q�qd?BN5S��¥CK^KN5D�U�P�k�X~D�L
�1��¡�¢  �£�¤ ¢ � ©�� � £ ¡ ��¤�+ ¡

>�bzqd?By�D�PQ|5DrnfDTOQ\-CKPfO�?BN5S/��?BnQ^w?BA-CEDTOY��^EOQ^KA-CEDjPfbdPQ|5D
sTb�q�qd?BN5S��¥CK^KN5D�k�b�\ a�^KCKCYN5DTDTS�Pfb�qd?By�DZPQ|5Dlq
?BCKC
_�CEb�Ap?BC¥H � b�\�sh?BN ?BCEOfbZS-bZPQ|-^EO�a�|-^KCEOQPGPQ|5D ! W}M}^EO
OQPQ^KCKC&b�X~DlN&H

M(N�PQ|5DjsTb�q�qd?BN5S��¥CK^KN5D�UpP(k1X~D�L
�1� 	�� ���

>�|-^EOIa�^KCKC PQ|5DlN S�^EOQX-Cw?Tk ?BCKC§PQ|5Dz��?BnQ^w?BA-CEDTO�?�OI\5OfDTS
^KN�PQ|5D�sh?BCEsl\-Cw?BPQ^Eb�N5OhH � b�\$sh?BN�N5bha±?�sTsTDTOfO}PQ|5DI^KN��
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