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ZGUW\�w�ZGS�rI`E\GeAf=UDch]6S�\Gf=U{o.`E\A`K~4`Pc"U \G[Kc�UD�Bw=UDS=eDUDc�\�[qc�[FS=uFch\Gf.`E\�eD[FS&\A`P]^S*\Gf=U c"UD��w=UDS=eWU|[FX
S=[P\GUDci`PS=o \Gf=Ug}6aBZG]^eDc�UDS&\GUWZGUWo�~Ba{\Gf=U�w=c�UWZ Q

��f=U�o.`E\A`E~4`Pc�Uz]^cieD[Fr�m�[Fc"UDo|[FX�vP`EZ�]^[Fw=c�\#aBm�UDc�[FX�rhw=c�]6e�`P}�c"eD[PZGUDc�p �"`2P3P� �eD}^`Pc�c�]^eD`P}G ;\�UD}^U��
v�]6c�]^[FS�\Gf=UDrkU�c�[FS=uFc9 �`PS=oIeW[FS�\GUWr�m�[PZA`EZ"a�m�[PmNr�w=c"]^e�p�`Pc,V�UD}6}�`Pc�`Pc"c�[�eD]^`E\GUDo�\�U�l�\��.}^UDc Q ��f=U
c�eD[PZ�UDc�`EZGU,ZGU�m=ZGUDc�UDS&\GUDo�]^S�ÔQ¨¿�,�w��S=[P\A`E\G]6[FS8 P`im�[bV�UWZ�X_w=}�}:`PS=uFw.`PuFU©X_[PZ ZGUWm=ZGUDc"UDS�\�]^S=u�r�w=c"]^e�`P}
c�eD[PZ�UDc<]^Sj`PSs§Q��¥�Õ8�$}6]6�&U�S=[P\A`E\G]6[FS Q ��f=Uk`Pc�c�[BeD]:`E\�UDoj\GU�l�\g�.}6UDc<`EZ�Uk` c"[FS=u���c�}1a�ZG]6eDc9 !Vif=U�ZGU
`Em=m.}^]6e�`E~.}^U� �[PZ{eD[FrkrkUDS&\A`EZ�a�[FS \Gf=UKc�eD[PZ�UqX_[PZ ]^S=c"\"ZGw=rkUDS&\A`P}�m.]^UWeDUDc Q ��f=UqU�l�m�UWZ�]^rkUDS&\A`P}
o.`E\A`E~4`Pc�UgeD[FS&\A`P]^S=c R�RER c�eW[PZGUDc9 4U�`PeAf�V�]6\Gf�`�c�]6S=uF}^Ug`Pc�c�[�eW]:`E\GUDo \GU�l�\�o=[BeDw=rkUDS&\ Q

¢�}6w=c"\GUWZ�]^S=u<V�`Pc�`Pu&`P]6Sko=[FS=Uiv�]:`w��¥  �w=c�]6S=uzrI`�l=]6r�w=r }6]6�&UD}6]^f=[B[�oy��¥�Õ �,`PS=oIrI`�l�]^rhw=r
`|m�[Fc"\�UWZG]^[PZ�]x�
¥ �TÑ���UDc"\G]6rI`E\G]^[FS Q ��f=UkZ�UDc�w=}6\�]^S=uym=ZG[P~4`E~.]^}6]6\#anrI`Pc"c<o=]^c"\"ZG]6~.w�\G]6[FS�[>v&UWZz\�f=U
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���¡�����9U.M *,+<��+�1��G/���6��ü6NM>6B*�U¦6N-ÐMPOJ*Q��1�+�*���*�Z9/�H;���ï*Þ!T&(/,Z 6NH��
H�� 6ïF *��ü6ïOJ1�1Þ0�V M 1�� X¿HI/ÞZ 6NH��
Hh/
�^1WU.M¶*�+.6B1�+.6)A�6NMNO��'Z9*�0O
5G�J*,+��í�J/�+�/2H¥*,M *,+�U�V HL6B0 0��ï*X�/2-�0�H¥/,Z 6NH��
Hs/��^1WU.M¶*�+.6B1�+.6zA�6NMPOÙ*,H;��6N+.6BEG/ �
�</25#*�U
V!��12M`M 1�HX#!���O^*��ï/#E�F¿1[�/"��/2+D6N-�026BE�/�M *�UDMPOJ/2M MPOJ*L+�*�U`�J*�E,M>6N_2*IE����9U.M¶*�+<O^/WU#��*�*,-w/��
M¶12H¥/2M`6BE�/���� 5D��+��
-�*�0
�,5¥MNO^*�+G*`=$�%�ï/�+.67U�*,+,!

Maximum Likelihood Clusters Bayesian Clusters
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'&(�L��12H¥*]1[(MNO^*wE����9U.M¶*�+�UQ6N-fMNO^*���1�+�*��S*GZ9/2H�)�ï*x1���M¶/26N-�*G0*�,5�H¥/,Z 6NH#�
H+� 6ïF *�� 6ïOJ1�1Þ0 /2-�0
H¥/,Z 6NH#�
HÖ/Q�^1WU.M *,+.6B12+.6I*.U.M`6NHI/�M>6B1�-�! ��O^*Q�/�5#*.U.6B/�- HI1�0#*���=#6N_W*�U,�9UTH¥12+�*]E�1ÞO^*�+�*,-^MÙ/�-�0ÐU>�^/2+�U,*
E����9U.M *,+�UIV`-�12M¶*�MPOJ/�M3U,1�HI*�1[SMPOJ*�E��-�9U�M¶*,+�U�/�+�*�*�H��M`5�X#!

eD}6w=c"\GUWZGch]6c�c"f=[>V�S�]6S���]6uFw�ZGU ; Q �iUWm=ZGUWc�UDS&\A`E\G]6v&U{o.`E\Gw=r eD}6w=c"\GUWZhm=ZG[P~4`E~.]6}^]1\�an`Pc�c�]^uFS=r�UDS�\�c
`EZGU�c�f=[bViSy]6S��t`E~.}6U R Q

£©a{`PS=o|}:`EZGuFU� �\Gf=UgeW}^w=c"\GU�ZGciuFUDS=U�ZA`E\GUDo|w=c"]^S=uk¥ �TÑ `EZGU�]^S&\Gw=]6\G]1v&Uip{`P}^}8[FX�\Gf=U R ? m.]^UDeWUDc
~�a/. Q � Q £�`PeAf¬`EZGU `Pc�c�]6uFS=UDo�\�[K\Gf=U{cG`PrkUNeD}6w=c"\GUWZ9 ,X_[PZ�]^S=c"\A`PS=eWUIpd\Gf=[Fw=uFf�`�X_UWV eDw�ZG]6[Fw=c
`PS=[FrI`P}6]^UDc�U�l=]6c"\ Q ��f=U�£�U�`E\G}^UWc ��c"[FS=u ¢W��f=U�Ó,UD}6}^[bV ��w�~.rk`EZG]^S=UD£�]^c<]6S=eD}^w=o=UDo�]6Sd\Gf=U�cG`Pr�U
eD}6w=c"\GUWZk`Pc�\Gf=Uf£�`Pe�f*m.]^UDeWUDc9 ,\Gf=[Fw=uFf�`P}^}©\Gf=U [P\Gf=UWZ�£�UD`E\G}^UDc�c�[FS=uFc�`EZGU�`Pc"c�]^uFS=UDo�\G[j[P\Gf=U�Z
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H¥*,-^M>U �9U.6N-�= ��12MPO�6NHI/Þ= *�UÙ/2-�0ÙF *,52A312+�02U�!x��OJ*¥M>A31T*GZ9/2H�)�ï*
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eD}6w=c"\GUWZGc Q

; Q � Q� ª
´J³�¯#»�½�±�«�³�ª���®�±�¯ «�® ¬�½�¹
�xS*]^r�m�[PZ�\A`PS&\hX `PeD]^}6]6\#anX_[PZ�]^rI`PuFU� �rhw=c�]6e `PS=o*\GU�l�\ho.`E\A`E~4`Pc�UDc9 �c�w=eAf�`Pcz\Gf=U � [PZG}^o�� � ]6o=U
� UW~; ,]^c�Z�UW\�ZG]6UWvP`P}�~4`Pc�UWo�[FS�w=c�UWZ���w=UWZ�]^UDc Q*� U V�]^c"f¬\G[jc"w�m=m�[PZ�\���w=UWZG]6UDc�~4`Pc"UDo�[FS¬\GU�l�\
 
rhw=c�]^e�  ]^rk`PuFU�X_U�`E\�w�ZGUDc9 �e�`E\�UDuF[PZG]^eD`P}�vE`EZG]^`E~.}^UDc<[PZ�eD[Frz~.]^S.`E\G]6[FS=cg[FX©\�f=UDc�U QI� UI`P}6c�[�V�[Fw=}6o
}^]1�&U{\�f=U �Bw=UWZG]^UWc�\G[K~�U{c�[FX:\k]6S�\Gf=U{c�UDS=c�U \Gf.`E\�\�f=U�eD[Frz~.]^S.`E\�]^[FS=ch[FX�]6\�UDrkch]^ch\A`E�&UDS�]^S&\G[
eD[FS=c�]6o=UWZA`E\G]6[FS8 F~.w�\�o=[�eDw=rkUWS�\Gc�V�f=]^eAf�o=[�S=[P\�f.`�v&U�`xuF]6v&UDSh]1\GUDr c�f=[Fw=}6o�c�\G]^}6}B~�U�eD[FS=c"]^o=UWZGUWo Q
�xw�Zim=ZG[P~4`E~.]6}^]^c�\G]^e�rk[�o=UW}^c�UDS.`E~.}^Ugw=c�\G[�[>v&U�ZGeD[FrkU�\Gf=UDc�U�m=ZG[P~.}^UWrkc Q

��]^uFw�ZGU ? c"f=[>V�c�\Gf.`E\�X_[PZi`���w=U�Z�a{eD[FS=c�]^c�\G]^S=u�[FXt`�eW[FS ��w=S=eW\G]^[FSy[FX�V�[PZGo=c�\Gf.`E\�o=[�UDc�S=[P\
`Em=m�UD`EZx]^S�\�f=Ux¢�[PZGUD}�o.`E\A`E~4`Pc�U� 4V�Uz`EZGU�`E~.}^Ug\�[�ZGUW\�Z�]^UWv&Ug]^rI`PuFUDc�V�f=UWZGUz]6\�]^c�eD}^UD`EZ�\Gf.`E\i\�f=U
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MPOJ/�M)��+�1Þ0 �^E�*G0�K36ü= �
+�*	��!�
���67USMPOJ*D+�*��ï/2M`6N_2*8��+�1$��/���6�� 6NM`5�1 [�MPOJ*DHI*,H ��*,+�U�O96 ��1[ØU,12-9=�¡6N-wE����9U.M¶*�+�
#!

eD}6w=c"\GUWZ c�[FS=u ? �.K � 4 B&�
R � ·�®(µT®2½�±�¹`®#°�� � ½���»�½�ª R
R � ·�®�µT®2½�±G¹`®#°����¿³�±I±,³��¿® ±���³�º  ª�±,³ � ²��S« ´
® R Q�� ��; �
R � ·�®�¸�º�¯2®���Û ½�±Gº'¯2À)½�² � «Q�·z± R
QQQ QQQ QQQ� ��³)¼�² � 
�³�¯5��® ¹>½�«ª R� � «ª ®  ª+� · � ½�«¹7°�� � ®�¯#¯#«�¼�¹`®!�S«.® R� ³�± ·�®�¯��#" Ü�ÀzÀ)½�»x° �<½�»Ð«¹N²$"�±�·�® »�® R
QQQ QQQ QQQ; % ¦<Û�¦<µ¿½ �#·��  ª�¬�® ª�±G«�³�ª'&)( R; % ¦<Û�¦<µ¿½ �#·��  ª�¬�® ª�±G«�³�ª'&�* R; % ¦<Û�¦Øµ¿½ �#·+�  ª�¬�® ª�±G«�³�ª,&-(/. R; � ·�®(µT®�½�±�¹`® °��0��®�¹¶¹`³���Û�º�¼�» ½�¯#«ª8® R Q §F§ � ?QQQ QQQ QQQ
1 ³�±�·�® ¯��2"43 ·�®�® ¹Ø³,´ �Ø³�¯#±Gº�ª ®5"�±�·�® »�® R
QQQ QQQ QQQ
§ �g¦ ��¦�� ����½�ª ³�ª�±�·�® �s³J³�ª R
§ Û8³Þ´#±�¸I® ¹¶¹	� � ½�« ª�±�®�À-�<³�¬�® R
§ � ·�®�µT®2½�±G¹`®#°����¿³�±I±,³��¿® ±���³�º  ª�±,³ � ²��S« ´
® R Q � � ?<=

rk[Bo=UD}^c�`EZGUxuFUWS=UWZA`P}^]6c�]^S=uzZGUD`Pc�[FS.`E~.}6a Q ��]^uFw�Z�UDc 1 c"f=[>V�c�`hX_U�V�ZGUW\�Z�]^UWv&UDo{]^rk`PuFUDc©X_[PZ�`z��w=UWZ�a
eD[FS=c�]6c"\G]6S=u�[FX©`{c�]^S=uF}6U�]6rI`PuFU Q £©aK`Po=o=]6S=u�V�[PZGo=c�\G[N\Gf=U��Bw=UWZ�ayV�U�e�`PSq~.]^`Pc�\Gf=UhZGUDc"w=}6\�\G[
ZGUW\"ZG]^UWv&U�]^rk`PuFUDc�\Gf.`E\�}^[�[P�h}6]6�&U�\Gf=U�]^rI`PuFU��Bw=UWZ�ah~.w�\,eW[FS�\A`P]6S�\Gf=U�UD}^UWrkUDS&\Gc�c�m�UDeD]1�.UDo�~�a�\�f=U
V�[PZGo=cz����]^uFw�ZGU � � Q ��f=U<cG`Pr�U�ZGUWc�w=}6\Gcie�`PS�~�U�[P~=\A`P]^S=UDo�]^S|¥�w=c�]6e<o.`E\A`E~4`Pc�UDc Q ��f=]6ciUDS.`E~.}6UDc
w=c�UWZ�c�\G[���w=UWZ�a{X_[PZic�[FS=uFc�w=c"]^S=u�V�[PZ�o=c�\Gf.`E\�\Gf=UWa{rk]6uFf�\�ZGUDr�UDrz~�UWZi`PS=o�f�w=rkrkUDo{\Gw=S=UDc Q

Query

Results
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��(� �<*.U��%� M>U �9U�6N-9=x6NH¥/,=�*�8��^*,+.5�1[�K�6ü=$�
+�*��xA�6NMPO / 0#0 *G0�M¶*�Z M¶! ��O^*(H¥1�0#*��;U.M>6����+�*�M �
+.-JU
6NH¥/,=�*.UL1 [ØU��
-JU,*�M>U�� ���
M�MNO
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; Q = Q Ü�º�±,³
	  ¹¶¹Nºz°#±G¯W½�±�«�³�ª�½�ª À�Ü�º�±�³�	GÜ�ª�ª ³�±.½�±G«�³�ª
� ]6\Gf=]6S�[Fw�Z�X:ZA`PrkU�V�[PZ��  �[FS=UNe�`PS�~.w=]^}6o¬`PS�`Em=m.}^]6e�`E\G]6[FS�\�f.`E\�\G`E�&UDc<\GU�l�\hc�UD}^UWeW\GUDo�X:ZG[Fr `
o=[�eWw=rkUDS&\
 �`PS=o�c�w=uFuFUWc"\Gc�]^rI`PuFUDct\�[guF[xV�]6\Gfh\Gf=U�\GU�l�\��G£�`EZGS.`EZGo ®�±�½�¹6¦8� �2RER�R ��� Q ��f=]^cg¢�`Pw�\G[E�
]^}6}^w=c"\"ZA`E\GUD£�`Em=m.}^]6e�`E\G]^[FS ]^c�UDc�c�UWS�\G]^`P}^}1a�`hm=ZG[�eWUDc�c�[FX�}^]^S���]^S=u�m.]^eW\Gw�Z�UDc�\G[�V�[PZGo=c Q §x[bV�UWv&UWZ
 .]1\
c�f=[Fw=}6o�~�U�eD}6U�`EZ�~Bahc�a�rkrkU�\�Z�a�\Gf.`E\�V�U�e�`PS ��w=c"\�`Pc�U�`Pc�]6}6ahuF[x\Gf=U�[P\Gf=UWZ�V�`�a) �`PS=o�}6]^S��<V©[PZGo=c
\G[km.]6eW\Gw�ZGUDc Q ��f=]^c{¢�`Pw�\�[E�#`PS=S=[P\A`E\GUW£km=ZG[�eDUWc�c�]^c�v&UWZ�a�]^S&\GUWZGUWc"\G]^S=uNX_[PZ�`IS�w=rh~�UWZ�[FX�ZGU�`Pc�[FS=c Q
��]6Z�c"\
 &uF]6v&UDS�`PS�]6rI`PuFU� F]6X4V�U�e�`PS�m=ZG[�o=w=eDU�ZGU�`Pc"[FS.`E~.}^U�V�[PZGo=c�X_[PZ©`PS�]^rI`PuFU�X_UD`E\Gw�ZGU� &\Gf=UDS�V�U
e�`PS�w=c�UzU�l�]^c"\�]^S=uk\GU�l�\xc�U�`EZ�e�fK]^S=X:ZG`Pc"\�ZGw=eW\�w�ZGUz\G[k~=ZG[&`Po=UDSKc�U�`EZGeAf=UDcx~�UWa&[FS=oy\Gf=UzeD[FS��.S=UDc�[FX
[Fw�Z�c�a�c"\GUWr Q �4[PZiU�l=`Pr�m.}^U� 4eW[FS=c�]^o=UWZ�]^rI`PuFU�c�U�`EZ�e�fy~�a�w=c"UWZxc"�&UW\�e�f Q ��X \�f=U�c"�&UW\�e�fyeW[FS�\A`P]6S=c
`PSN[PZA`PS=uFU�~4`P}^}�]^SI\Gf=Uxw�m=m�U�Z�ZG]6uFf�\©eD[PZGS=UWZ
 �\�f=Ug`PS=S=[P\G`E\G]^[FSIrk[Bo=UD}�r�]^uFf&\©ZGUW\Gw�Z�S{\Gf=U�V©[PZGo=c
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¢"c�w=S=£z`PS=on¢"c�w=S=c�UW\G£ Q ��f=UDc�UiV©[PZGo=c,e�`PS8 B]^S�\Gw�ZGS8 B~�Uiw=c�UWo�\G[�c"U�`EZGeAfIX_[PZ©]6rI`PuFUDc�\Gf.`E\�rI`E\GeAf
\Gf=Ugc"�&UW\GeAf|w=c�]6S=uk`h\GU�l�\�~4`Pc�UDo�c�U�`EZGeAfyUDS=uF]6S=U Q

; Q ; Q�� ¼��
®�� ± �¿®���³5�ª3«±�«.³�ª
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