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C9D�EGFGH�I(JLKMHONOP Q�DRD�ETSUDRH�VXWLKMHONOP YMWOHZE[VX\.HON^]ZJODRH�KMHO_5Ca`bEc]Z`dKMHON*SeKMHON
f�DRgihkjL\Ml�I(\.m�gOWih�DRno]ZpR`qDRHOpRD8KMHO_�r�HON.`qHODRDRn=`qHON

soKth�`q\.HLKMu�]ZWOH5C(KthcEc]ZDRH�vXHO`xw.DRn=y=`xhGz
{#KM\.JOy=`qWOHONOPO|$KM`x}~KMH�P �#j���j�I

� r$EGm�KM`qu��&p�JLKMHONMzZ`���pRy=DMj HOyczZy=W�j DR_OW�j hG}a�
� |&DRu����.�.��Ec��Ec�.�.�.�M�.�.�^��D��ZhkjL���.�M�����

�t� K������.�.��Ec��Ec�.�.�t���.�i�M�
�1 �¡k¢t£M¤�¥�¢

|&\�JODRuqg�WOy=DRn=y'¦LHO_*h�JOD~n=`qN.J�h$`qHil�\.n=m�Kth�`q\.Hal�n=\.m§KoN.n=DkKth'¨�WLKMH�h�`xhGz*\MlL_LKth�KiP.FGHil�\.n=m�Kth�`q\.H � `quxh�DRn=`qHON
��F � �#y=DRHO_Oy�`qHil�\.n=m�Kth�`q\.H!l�n=\.m�y=DRncw.DRn=y�h�\�gLKMy=y=`xw.D5WOy=DRn=y*h�JOn=\.WON.Je©On=\�KM_OpkKMych�m�DR_O`qWOm�yRP$n�Kth�JODRn
h�JLKMHª©3DR`qHON�y=DkKMn=p�JODR_e©�z�h�JODRm1j�|&\�D4«�pR`qDRH�h�uxz!ych�\.n=D¬m�KMH�z!WOy=DRn#gOn=\M¦LuqDRya`qHªy=DRncw.DRn=y�KMHO_!¦Luxh�DRn
`qn=n=DRuqD4wMKMH�h�WOy=DRn=yRP
m�KMH�z­y=`qN.HLKth�WOn=D�EG©LKMy=DR_®`qHO_OD��¯h�DRp�JOHO`q¨�WODRy�KMn=D�KMgOgOuq`qDR_­`qH®F � yczZych�DRm�yRj±°9z
WOy=`qHON�y=`qN.HLKth�WOn=DRyRP3F � _O\ZDRyXHO\MhoHODRDR_�h�\�pR\.m�gLKMn=D8DkKMp�J�`xh�DRm²\Ml'gOn=\M¦LuqDRy
h�\¬¦Luxh�DRn
\.Wiho`qn=n=DRuqD4wMKMH�h
\.HODRyRj�VX\�}(D4w.DRnRP'©3DRpkKMWOy=D�y=`qN.HLKth�WOn=DRy*KMn=D¬`qHOpR\.m�gOuqD4h�D�`qHil�\.n=m�Kth�`q\.H�\Ml~gOn=\M¦LuqDRyRP>`xh#`qy�w.DRncz2JLKMn=_
h�\�KMHOyc}(DRn�h�JOD�pR\.m�gOuqD���¨�WODRn=`qDRya©�z�WOy=`qHON5\.HOuxz�h�JOD�y=`qN.HLKth�WOn=DRyRj8|³JODRn=D4l�\.n=DMP>K^pRn=`xh�`qpkKMu&`qy=y=WOD�\Ml
h�JODoy=`qN.HLKth�WOn=D�EG©LKMy=DR_�F � y=DRncwZ`qpRDo`qy9JO\�}®h�\*`qHO_OD���h�JODXy=`qN.HLKth�WOn=DRy(\Ml�WOy=DRn(gOn=\M¦LuqDRy�l�\.n(KMH�D4«�pR`qDRH�h
¦Luxh�DRn=`qHON�gOn=\ZpRDRy=yRj*|³JOD5´�µ�¶=·�¸�¹4º�»�¼½ºG¶4¾�´�µZ¿*¨�WODRncz!`qyo\.HOD�À�`qHO_!\Ml�¨�WODRn=`qDRya`qH�h�JOD�y=`qN.HLKth�WOn=D�EG©LKMy=DR_
F � yczZych�DRm�y�}
JO`qp�JÁ`qy*WOy=DR_Áh�\�¦Luxh�DRn*\.Wih*h�JOD^HO\.HZEG¨�WLKMuq`x¦LDR_U_LKth�K�pR\.m�gLKMn=DR_e}
`xh�Je¨�WODRn=`qDRyRj!FGH
h�JO`qyXgLKMg3DRnRP }(D�gOn=\.g3\.y=D�KMH!Â�Ã#ÄGºÅ¾�¶�¶*´�µ3Æ�¶=·�Ç4ºÅ¾=¸MºG¶T¿MÈtP3}
JO`qp�J�`qHO_OD��iDRy�y=`qN.HLKth�WOn=DRyX\Ml�WOy=DRn�gOn=\M¦LuqDRy
©�z!gLKMnch�`xh�`q\.HO`qHON�h�JODRm;`qH�h�\5y=WO©ON.n=\.WOgOy#WOy=`qHON1K5©O`qHLKMncz�h�n=DRD�ych�n=WOp4h�WOn=D�KMpRpR\.n=_O`qHON^h�\1KMuqu$\Ml�h�JOD
_O`xÉ�DRn=DRH�ha`xh�DRm�y�KMm�\.HON�h�JODRm1jaFGH2KMH!F[fXETh�n=DRDMP�DkKMp�JªgLKth�J�l�n=\.m/h�JOD�n=\Z\Mhoh�\�K^uqDkKtl�HO\Z_OD�`qyXh�JOD
y=`qN.HLKth�WOn=D�\Ml9h�JOD�gOn=\M¦LuqD�g3\.`qH�h�DR_!©�z�h�JOD�uqDkKtl9HO\Z_ODMj�°(DRpkKMWOy=D¬DkKMp�J2gOn=\M¦LuqD�`qy�g3\.`qH�h�DR_ª©�z�\.HOuxz
\.HOD^uqDkKtl
HO\Z_OD5\Ml³h�JOD5F[fXETh�n=DRDMP'h�JODRn=D^}
`ququ9©3D^HO\!pR\.uquq`qy=`q\.H2`qHUh�JOD5ych�n=WOp4h�WOn=DMjeÊ1\.n=DR\�w.DRnRP9\.HOuxz
h�JOD^_O`xÉ�DRn=DRH�h�`xh�DRm�y*KMm�\.HON�y=WO©ON.n=\.WOgOy�\Ml³gOn=\M¦LuqDRy*}
`ququ�©3D�p�JODRp�ÀMDR_¯Kth�\.HOD�h�`qm�D�h�\�¦Luxh�DRn*\.Wih
`qn=n=DRuqD4wMKMH�h'gOn=\M¦LuqDRy$l�\.n$¨�WODRn=`qDRyRj'|³JODRn=D4l�\.n=DMP�\.WOn'ych�n�Kth�DRNMz�pkKMH¬KMHOyc}(DRn'h�JOD~`qHOD��OKMp4h'¦Luxh�DRn=`qHONo¨�WODRncz
}
`xh�J�uqDRy=y
H�WOm�©3DRn³\Ml'KMpRpRDRy=y=DR_�gOn=\M¦LuqDRy
KMy
pR\.m�gLKMn=DR_5h�\�I(JODRH�Ë yXy=`qN.HLKth�WOn=D�h�n=DRDaych�n�Kth�DRNMz.j � n=\.m
\.WOn
y=`qm�WOudKth�`q\.H5n=DRy=WOuxh�yRPL}(D8JLKkw.D*y=JO\�}
H�h�JLKthX\.WOn
ych�n�Kth�DRNMz�pkKMH�KMpRpRDRy=y�uqDRy=y
H�WOm�©3DRnX\Ml'gOn=\M¦LuqDRy
h�\�KMHOyc}(DRn
h�JOD#¨�WODRn=`qDRy
h�JLKMH�I(JODRH�Ë yXy=`qN.HLKth�WOn=Dah�n=DRD#ych�n�Kth�DRNMz^l�\.n~h�JOD#`qHOD��OKMp4h
¦Luxh�DRn=`qHONOj

�TÌ�¶4ÈtÍ(Ît¾=Æ�Ç4��faKth�K!gLKMnch�`xh�`q\.H�P�FGHOD��OKMp4h�¦Luxh�DRn=`qHONOP�FGHil�\.n=m�Kth�`q\.HU¦Luxh�DRn=`qHONOP(]Z`qN.HLKth�WOn=DMP~]Z`qm�`qudKMn=`xhGz
y=DkKMn=p�J �
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� h�n=DRm�DRHO_O\.WOy~KMm�\.WOH�h(\Ml�`qHil�\.n=m�Kth�`q\.H¬`qy9pRn=DkKth�DR_5KMHO_^_ODRuq`xw.DRn=DR_^\�w.DRn9SU\.n=uq_�S `q_ODXSUDR©�j�|³JO`qy
JLKMyXm�KM_OD#`xhX`qHOpRn=DkKMy=`qHON.uxz5_O`x«�pRWOuxh³l�\.nX`qHO_O`xwZ`q_OWLKMuqy(h�\�pR\.H�h�n=\.u&KMHO_1D4É�DRp4h�`xw.DRuxz1m�KMHLKMN.Dah�JOD8g3\tE
h�DRH�h�`dKMuquxz�`qHi¦LHO`xh�D��L\�} \Ml³`qHil�\.n=m�Kth�`q\.H�j¬FGn=\.HO`qpkKMuquxz.P��=WOych�KMy*m�\.n=D�KMHO_Um�\.n=D¬WOy=DRn=y�KMn=D�N.D4h=h�`qHON
\.HOuq`qHODMPM`xh'`qy'N.D4h=h�`qHON�`qHOpRn=DkKMy=`qHON.uxz8_O`x«�pRWOuxh'h�\�¦LHO_¬`qHil�\.n=m�Kth�`q\.H8WOHOuqDRy=y�\.HOD~À�HO\�}
y�D��OKMp4h�uxz*}
JODRn=D
h�\5N.D4h#`xh�l�n=\.m KMHO_ªJO\�} h�\5N.D4h#`xhkj8FGHil�\.n=m�Kth�`q\.H�¦Luxh�DRn=`qHON^JLKMyam�KM_OD�pR\.HOy=`q_ODRn�KM©OuqD�gOn=\.N.n=DRy=y#`qH
n=DRpRDRH�haz.DkKMn=yRP�}
JO`qp�J!_ODRHO\Mh�DRy8K�lÅKMm�`quxz5\Ml�h�DRp�JOHO`q¨�WODRy�h�JLKthaJODRuqg!WOy=DRn=y�¦LHO_�h�JOD�n=`qN.J�h�`qHil�\.n=m�K�E
h�`q\.H1`xh�DRm�y
}
JO`quqDa¦Luxh�DRn=`qHON�\.WihoWOHO_ODRy=`qn=DR_�\.HODRyRj
FGH�\.n=_ODRn
h�\�_O`qy=gLKth�p�J�n=DRuqD4wMKMH�ho`qHil�\.n=m�Kth�`q\.H^h�\
WOy=DRn=y�}
`xh�Jen=DRy=g3DRp4h�h�\�h�JODR`qn*y=g3DRpR`x¦Lp^`qHil�\.n=m�Kth�`q\.HªHODRDR_�P9K�WOy=DRn�D��igOn=DRy=y=DRy¬JO`qy5��JODRn��8`qH�h�DRn=DRych�y
`qHeK1H�WOm�©3DRn�\Ml³uq\.HONtETh�DRn=m��½������P'pR\.H�h�`qH�WO\.WOy=uxz2D4wMKMuqWLKth�DR_U¨�WODRn=`qDRyRP�pkKMuquqDR_��3¾�Î[»�¼q¶�Ç4j�|³JOD�WOy=DRn=y
}
`ququ�h�JODRH�gLKMy=y=`xw.DRuxz1n=DRpRDR`xw.D8`qHil�\.n=m�Kth�`q\.H^¦Luxh�DRn=DR_�KMpRpR\.n=_O`qHON¬h�\�h�JODR`qn
gOn=\M¦LuqDRyRj(FGH�K�}
`q_OD8n�KMHON.D
\Ml�KMgOgOuq`qpkKth�`q\.HOyRP y=WOp�JªKMyoy=gLKMm/DRm�KM`qu�¦Luxh�DRn=`qHON�� ����P ¦Luqm ¦Luxh�DRn=`qHON��½������P�HOD4}
yo¦Luxh�DRn=`qHONOP3KMHO_�n=DRp�E
\.m�m�DRHO_ODRn~yczZych�DRm�y³l�\.n~gOn=\Z_OWOp4h�yRPL`qHil�\.n=m�Kth�`q\.H�¦Luxh�DRn=`qHON�`qy~gOudKkzZ`qHON¬KMH5`qHOpRn=DkKMy=`qHON.uxz�`qm�g3\.nch�KMH�h
n=\.uqDMj

FGHil�\.n=m�Kth�`q\.H � `quxh�DRn=`qHON!��F � �X`qyaKMH2KMn=DkK5\Ml9n=DRy=DkKMn=p�Jªh�JLKth#_OD4w.DRuq\.gOyah�\Z\.uqyXl�\.n�_O`qy=pRn=`qm�`qHLKth�`qHON
©3D4hG}(DRDRH¬n=DRuqD4wMKMH�h�KMHO_�`qn=n=DRuqD4wMKMH�h'`qHil�\.n=m�Kth�`q\.H��½�k� ��j$FTh'_ODkKMuqy$}
`xh�J*h�JOD~_ODRuq`xw.DRncz8\Ml `xh�DRm�y$y=DRuqDRp4h�DR_
l�n=\.m K�udKMn=N.D8pR\.uquqDRp4h�`q\.H�h�JLKthoh�JOD*WOy=DRn�`qyouq`qÀMDRuxz5h�\�¦LHO_!`qH�h�DRn=DRych�`qHON�\.noWOy=D4l�WOu'KMHO_�pkKMH�©3D�y=DRDRH
KMy#K5pRudKMy=y=`x¦LpkKth�`q\.H�\.naK5pRuqWOych�DRn�h�KMy=À j�vXHOuq`qÀMD�`qHil�\.n=m�Kth�`q\.H�n=D4h�n=`qD4wMKMu³��F[�o�Xh�DRp�JOHO`q¨�WODMP>F � _ODkKMuqy
}
`xh�J�WOy=DRn=yo}
JO\^JLKkw.D�uq\.HONtETh�DRn=m `qH�h�DRn=DRych�y¬��`qHil�\.n=m�Kth�`q\.H5HODRDR_Oy��
h�JLKthaKMn=D*D��igOn=DRy=y=DR_ª©�z�m�DkKMHOy
\Ml&WOy=DRn
gOn=\M¦LuqDRyRPOn�Kth�JODRn³h�JLKMH5}
`xh�J5pkKMy=WLKMu�WOy=DRn=y³}
JO\.y=D#HODRDR_OyoKMn=DaD��igOn=DRy=y=DR_�KMyXKM_ZEGJO\Zp�¨�WODRn=`qDRy
� �ZP��.����j�|&\¬_LKth�DMP K�udKMn=N.DaH�WOm�©3DRn
\Ml&¦Luxh�DRn=`qHON�h�DRp�JOHO`q¨�WODRyXJLKkw.D8©3DRDRH�_OD4w.DRuq\.g3DR_�j

� y=`qN.HLKth�WOn=D#`qy
KMH�KMpRpRDRy=yXych�n�Kth�DRNMz5l�\.n³gLKMnch�`dKMubEGm�Kth�p�J^n=D4h�n=`qD4wMKMu�}
JO`qp�J1m�DRD4h�y
m�KMH�z5n=DR¨�WO`qn=D�E
m�DRH�h�yo\Ml�KMH�\M«�pRD*DRH�wZ`qn=\.HOm�DRH�h!� � ��j
|&\5KMgOgOuxz�\.H�F[� \.nXF � yczZych�DRm�yRP�y=`qN.HLKth�WOn=DRyXpkKMH�©3D*WOy=DR_
h�\�y�Kkw.Dah�JODaych�\.n�KMN.Da\Ml&_LKth�KM©LKMy=D#KMHO_5y=g3DRDR_1WOg5h�JODa¨�WODRncz5g3DRncl�\.n=m�KMHOpRDMj9]Z`qN.HLKth�WOn=DRy³KMn=DaJLKMy=JZE
pR\Z_ODR_1©O`qHLKMncz^}(\.n=_Oy
_ODRn=`xw.DR_1l�n=\.m \.©"�=DRp4h�yXych�\.n=DR_�`qH5h�JOD#_LKth�KM©LKMy=DMj�|³JOD4z�y=DRncw.D�KMyXK�¦Luxh�DRn~l�\.n
n=D4h�n=`qD4wMKMu(`qHÁ\.n=_ODRn�h�\!_O`qy=pkKMn=_­K�udKMn=N.D^H�WOm�©3DRn�\MlXHO\.HZEG¨�WLKMuq`x¦LDR_Á\.©"�=DRp4h�yRj$#aDRHODRn�KMuquxz.P�KMuqu9©O`xh�y
\Ml�h�JOD�y=`qN.HLKth�WOn=D�KMn=D*pRuqDkKMn=DR_�h�\
%�¶4¾�ÎtP3h�JODRHªK�JLKMy=J�h�n�KMHOycl�\.n=m�Kth�`q\.H1`qy�KMgOgOuq`qDR_�h�\�h�JOD�\.©"�=DRp4hkË y
wMKMuqWODRy~h�\�_OD4h�DRn=m�`qHOD�}
JO`qp�J1©O`xh�y
KMn=D#y=D4h
h�\�Îtµ�¶4j

Â�µ�¶=·�¸�¹4º�»�¼½ºG¶4¾�´�µZ¿�`qy�\.HOD�À�`qHO_®\Ml#y=DkKMn=p�JO`qHONeych�n�Kth�DRN.`qDRy�}
JO`qp�J KMn=D�WOy=WLKMuquxz­KMgOgOuq`qDR_¯\.H¯h�JOD
y=`qN.HLKth�WOn=D�EG©LKMy=DR_ F � yczZych�DRm�yRj � H `qHOD��OKMp4h¬¦Luxh�DRn=`qHON!ych�n�Kth�DRNMzÁ`qy�\Ml�h�DRH WOy=DR_ h�\!¦Luxh�DRn�\.Wih�h�JOD

�



Qualified Document

{a, b, c, d, e}


Query Itemset

{a, c, e}


Unqualified Document

{a, b, c, g, f, h}
: Query


: Document


� `qN.WOn=D��.� � H1D��OKMm�gOuqDa\Ml&h�JOD#n=DRudKth�`q\.HOy=JO`qg^©3D4hG}(DRDRH!K�¨�WODRncz�KMHO_1_LKth�KM©LKMy=D#_O\ZpRWOm�DRH�h�y
`qH^h�JOD
`qHOD��OKMp4hXm�Kth�p�J

HO\.HZEG¨�WLKMuq`x¦LDR_2_LKth�K�pR\.m�gLKMn=DR_2}
`xh�Jªh�JOD�¨�WODRn=`qDRyRj5FTh*pkKMHUn=D4h�n=`qD4w.D¬h�JOD�_LKth�KM©LKMy=D¬w.DRncz2¨�WO`qp�À�uxz.P
©OWih�ych�`ququ³HODRDR_Oy^K2ych�KMN.D�h�\2n=D4¦LHOD1h�JOD1y=DkKMn=p�JODR_ KMHOyc}(DRn=yRj |³JOD�`qHOD��OKMp4h�¦Luxh�DRn=`qHON2gOn=\.©OuqDRm `qy
D��Zh�DRHO_ODR_�l�n=\.m h�JOD
`qHOD��OKMp4h9m�Kth�p�J�j'FGH¬h�JODX`qHOD��OKMp4h9m�Kth�p�J�P�h�\8KMHOyc}(DRn(¨�WODRncz��ZP�}(DXHODRDR_�h�\a¦LHO_
KMuqu�\.©"�=DRp4h�y
`qH^h�JODa_LKth�KM©LKMy=Da}
JO`qp�J�pR\.H�h�KM`qH�DkKMp�J�`xh�DRm \Ml��Zj�VX\�}(D4w.DRnRP3`qH^h�JODa`qHOD��OKMp4h³¦Luxh�DRn=`qHONOP
}(D�HODRDR_!h�\^¦Luxh�DRno\.Wih#KMuqu&\.©"�=DRp4h�ya`qH�h�JOD�_LKth�KM©LKMy=D�}
JO`qp�JªKMn=D�HO\MhapR\.H�h�KM`qHODR_!`qH��Zj#|³JODRn=D4l�\.n=DMP
h�JOD�`qHOD��OKMp4h*¦Luxh�DRn=`qHON1pkKMHe©3D�pR\.HOy=`q_ODRn=DR_ÁKMy8h�JOD�`qH�w.DRn=y=D^gOn=\.©OuqDRm�\Ml~h�JOD�`qHOD��OKMp4h�m�Kth�p�J�j � H
D��OKMm�gOuqD*\Ml�h�JOD�n=DRudKth�`q\.HOy=JO`qg�©3D4hG}(DRDRH2K^¨�WODRncz�WOy=DRnaKMHO_!_LKth�KM©LKMy=D�_O\ZpRWOm�DRH�h�y�`qH�h�JOD�`qHOD��OKMp4h
m�Kth�p�J1`qy
y=JO\�}
H�`qH � `qN.WOn=D��.j9FGH�h�JO`qy
D��OKMm�gOuqDMPOh�JODRn=D*KMn=D8�¬`xh�DRm�yRP�´���¶����~¸	�³¹
KMHO_ ¶4PLpR\.H�h�KM`qHODR_
`qH�h�JOD�¨�WODRncz^`xh�DRm�y=D4hkj�°(DRpkKMWOy=D�h�JOD�_O\ZpRWOm�DRH�h~}
`xh�J^`xh�DRm�ya¸	��
��~¹
�9Æ�KMHO_U¶(pR\.H�h�KM`qHOy(h�JOD�`xh�DRm�y
\Ml>h�JOD�¨�WODRncz5DRH�h�`qn=DRuxz.PZh�JO`qy(_O\ZpRWOm�DRH�h
`qy(¨�WLKMuq`x¦LDR_^h�\�©3D�y=DRH�h³h�\�h�JODa¨�WODRncz^WOy=DRnRj(��H^h�JODa\Mh�JODRn
JLKMHO_�POh�JOD8_O\ZpRWOm�DRH�h
}
`xh�J�`xh�DRm�y8¸	��
��³¹
�'¿	���³KMHO_���_O\ZDRy
HO\MhXpR\.H�h�KM`qH5h�JOD8`xh�DRm�y³\Ml&h�JOD#¨�WODRncz
DRH�h�`qn=DRuxz.j�|³JODRn=D4l�\.n=DMPLh�JO`qy³_O\ZpRWOm�DRH�h
}
`ququ�HO\MhX©3Day=DRH�hXh�\�h�JOD#¨�WODRncz�WOy=DRnRj

|³JOD#`qHOD��OKMp4h³¦Luxh�DRn=`qHON�ych�n�Kth�DRN.`qDRy
KMn=Da\Ml�h�DRH1KMgOgOuq`qDR_5\.H5h�JODapR\.H�h�DRH�hcEG©LKMy=DR_1¦Luxh�DRn=`qHON�yczZych�DRm�yRj
FGH�h�JODRy=D8yczZych�DRm�yRPLh�JOD#¨�WODRncz�`qy
KMH1`qHOpR\.m�`qHON�_O\ZpRWOm�DRH�h
}
JO`qp�J�}
`ququ�©3D#y=DRH�hXh�\¬_LKth�KM©LKMy=D#WOy=DRn=y
KMpRpR\.n=_O`qHON³h�\³h�JODR`qn�gOn=\M¦LuqDRyRj&|³JOD�l�\.n=m�KMuM_OD4¦LHO`xh�`q\.H#\MlZh�JOD�`qHOD��OKMp4h�¦Luxh�DRn=`qHON
gOn=\.©OuqDRm `qy�_ODRy=pRn=`q©3DR_
KMy³l�\.uquq\�}#�
�����������	�����! #"%$~´�&�´�µZ¿e¸Mµ ´�µ�¹�Î('�´�µZ¿UÆ�Î�¹*)+'�¶4µLº��-, .0/(1���º��L¶1´�µ�¶=·�¸�¹4º�»�¼½ºG¶4¾�´�µZ¿ �3¾�Î2
R¼q¶*' ´qÇ1ºGÎ
»�µ3ÆU¸M¼�¼³Æ�¸MºT¸�
�¸�Ç�¶�)�Ç�¶4¾ �3¾�Î[»�¼q¶�Ç5Í3�LÎ�Ç�¶5´�µLºG¶4¾�¶�Ç4ºa´�ºG¶*'*Ç�¸M¾�¶1¸M¼�¼
¹�ÎtµLºT¸M´�µ�¶�Æª´�µ4, .0/(15�768�O¸Mºa´qÇ
�
9;:�<=, .0/(1���Í3�L¶4¾�¶>9;:~´qÇ8º��L¶>?=ÄGº����3¾�Î[»�¼q¶#´�µ�º��L¶�Æ�¸MºT¸�
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�



Query Document

{a, b, c, d, e}


Qualified User Profile

{a, c, e}


Unqualified User Profile

{a, c, g}


: Query


: User Profile


� `qN.WOn=D^�Z� � HeD��OKMm�gOuqD�\Ml~h�JOD�n=DRudKth�`q\.HOy=JO`qg2©3D4hG}(DRDRH­K1¨�WODRnczU_O\ZpRWOm�DRH�h�KMHO_egOn=\M¦LuqDRy*`qHªh�JOD
`qHOD��OKMp4h
¦Luxh�DRn=`qHON

� H�D��OKMm�gOuqD³\Ml3h�JOD
n=DRudKth�`q\.HOy=JO`qg�©3D4hG}(DRDRH5Ka¨�WODRncz¬_O\ZpRWOm�DRH�h(KMHO_¬gOn=\M¦LuqDRy�`qH�h�JOD
`qHOD��OKMp4h�¦Luxh�DRn[E
`qHON#`qy�y=JO\�}
H�`qH � `qN.WOn=DX�Zj'FGH¬h�JO`qy�D��OKMm�gOuqDMP.h�JODRn=DoKMn=D���`xh�DRm�yRP ´���¶�����¸	� 
���¹
��ÆXKMHO_!¶4P�pR\.H�h�KM`qHODR_
`qHeh�JOD5¨�WODRncz _O\ZpRWOm�DRH�hkje°(DRpkKMWOy=D5h�JOD�gOn=\M¦LuqD�}
`xh�J `xh�DRm�y5¸	�¬¹�KMHO_ ¶�`qy�DRH�h�`qn=DRuxzepR\.H�h�KM`qHODR_
`qH�h�JOD*`qHOpR\.m�`qHON�_O\ZpRWOm�DRH�hkP�h�JO`qyogOn=\M¦LuqD*`qyo¨�WLKMuq`x¦LDR_1h�\^n=DRpRDR`xw.D�h�JOD�`qHOpR\.m�`qHON�_O\ZpRWOm�DRH�hkj#��H
h�JOD#\Mh�JODRn
JLKMHO_�PLh�JOD#gOn=\M¦LuqDa}
`xh�J�`xh�DRm�y8¸	�³¹
KMHO_�¿#`qy³HO\MhXDRH�h�`qn=DRuxz5pR\.H�h�KM`qHODR_1`qH5h�JOD#`qHOpR\.m�`qHON
_O\ZpRWOm�DRH�hkj�|³JODRn=D4l�\.n=DMPOh�JO`qy
gOn=\M¦LuqD�}
`ququ�HO\Mh
n=DRpRDR`xw.D#h�JOD#`qHOpR\.m�`qHON�_O\ZpRWOm�DRH�hkj

f�`xÉ�DRn=DRH�h¬ych�n�Kth�DRN.`qDRy�l�\.n�h�JOD�`qHOD��OKMp4h�m�Kth�p�J­JLKkw.D1©3DRDRH­gOn=\.g3\.y=DR_�P~y=WOp�J®KMy�h�JOD � ´x¿Mµ3¸Mº�)Z¾�¶
��´�¼q¶�Ç � ��P�������PZh�JOD��
´�ºÅÄ � ¼½´�¹�¶���´�¼q¶�Ç � ����PZh�JOD � ÄGºÅ¾�¶�¶�Ç � � ��POKMHO_^h�JOD � ´x¿Mµ3¸Mº�)Z¾�¶06O¾�¶�¶�Ç � ����j � uqu3\Ml�h�JODRy=D
ych�n�Kth�DRN.`qDRy9pkKMH^©3DXn=D4wZ`qy=DR_�l�\.n�h�JODo`qHOD��OKMp4h9¦Luxh�DRn=`qHON8©�z�p�JLKMHON.`qHON8h�JODo¨�WODRncz�gOn=\ZpRDRy=y(w.DRncz�DkKMy=`quxz.j
VX\�}(D4w.DRnRP h�JOD8`qHOD��OKMp4hXm�Kth�p�J�m�DkKMHOy³h�JLKthoKMuqu�_LKth�KM©LKMy=D#\.©"�=DRp4h�yXpR\.H�h�KM`qHO`qHON�h�JOD#¨�WODRncz�HODRDR_1h�\
©3D~l�\.WOHO_�j�I(JODRH�JLKMy�gOn=\.g3\.y=DR_^Ç4´x¿Mµ3¸Mº�)Z¾�¶XºÅ¾�¶�¶'ych�n�Kth�DRNMz � ���Oh�\#y=\.uxw.D³h�JOD³`qHOD��OKMp4h�m�Kth�p�J¬gOn=\.©OuqDRm
D4«�pR`qDRH�h�uxz.j�|³JO`qyaych�n�Kth�DRNMz!pkKMH2KMuqy=\5©3D¬n=D4wZ`qy=DR_ªh�\�y=\.uxw.D�h�JOD¬`qHOD��OKMp4ha¦Luxh�DRn=`qHONOj*|³JOD¬y=`qN.HLKth�WOn=D
h�n=DRD�`qyo©OWO`quxh�©�z�gLKMnch�`xh�`q\.HO`qHON�_LKth�KM©LKMy=D�gOn=\M¦LuqDRy�`qH�h�\^N.n=\.WOgOy#KMpRpR\.n=_O`qHON�h�\^h�JOD�_O`xÉ�DRn=DRH�h#`xh�DRm�y
KMm�\.HON�h�JODRm1jX|³JODRn=D4l�\.n=DMP�}
JODRHªK�¨�WODRncz�`qyon=DRpRDR`xw.DR_�P�`xhoHODRDR_Oy�\.HOuxz�h�\�p�JODRp�À1h�JOD�D��i`qych�DRHOpRD�\Ml
h�JODRy=D�_O`xÉ�DRn=DRH�h8`xh�DRm�ya`qH!h�JOD�¨�WODRncz!h�\�¦Luxh�DRna`qn=n=DRuqD4wMKMH�h#_LKth�KM©LKMy=D¬gOn=\M¦LuqDRyRj�VX\�}(D4w.DRnRP'©3DRpkKMWOy=D
`xh�D��Zh�n�KMp4h�y¬\.HOuxze\.HOD5_O`xÉ�DRn=DRH�h¬`xh�DRm KMm�\.HON�DkKMp�J­N.n=\.WOg­Kth�K�h�`qm�DMP'h�JOD5¦Luxh�DRn=`qHON�D4É�DRp4h�m�Kkz
©3DRpR\.m�Dag3\Z\.n~}
JODRH1h�JOD#¨�WODRncz�pR\.H�h�KM`qHOy
KMuqu�\Ml&h�JODRy=D8_O`xÉ�DRn=DRH�hX`xh�DRm�yRj

|³JODRn=D4l�\.n=DMP�`qHOych�DkKM_Á\Ml
WOy=`qHON�h�JOD^y=`qN.HLKth�WOn=D�h�n=DRD�h�\�ych�\.n=D^WOy=DRn�gOn=\M¦LuqDRyRP�`qHUh�JO`qy*gLKMg3DRnRP'}(D

�



gOn=\.g3\.y=D�K^_LKth�K�ych�n=WOp4h�WOn=DMP�pkKMuquqDR_�h�JOD¬ÂRÆ�¶4µLºÅ´ »~¶4¾ 6O¾�¶�¶���F[fXETh�n=DRD���P�©�z�D��Zh�n�KMp4h�`qHON^m�\.n=D*H�WOm�©3DRn
\Ml�_O`xÉ�DRn=DRH�h(`xh�DRm�y�KMm�\.HON8gOn=\M¦LuqDRy�h�\8`qHO_OD��¬h�JODRm1j�]Z`qm�`qudKMn&h�\#h�JODXy=`qN.HLKth�WOn=D
h�n=DRDMPZDkKMp�J�`qH�h�DRn=HLKMu
HO\Z_OD�\Ml9h�JOD�F[fXETh�n=DRD�pkKMHª©3D�pR\.HOy=`q_ODRn=DR_UKMy#K5gLKMnch�`xh�`q\.H�\Ml9gOn=\M¦LuqDRyRj�VX\�}(D4w.DRnRP>h�JODRn=D¬pR\.WOuq_ª©3D
m�\.n=D�h�JLKMHÁ\.HOD^`xh�DRm�WOy=DR_Áh�\�gLKMnch�`xh�`q\.HUgOn=\M¦LuqDRy�`qHÁKMHÁF[fXETh�n=DRDMj�|³JODRn=D4l�\.n=DMP�h�JOD^gOn=\M¦LuqDRy*}
`ququ
©3D5gLKMnch�`xh�`q\.HODR_Á`qH�h�\!N.n=\.WOgOy¬m�\.n=D^D��OKMp4h�uxz.j­Ê1\.n=DR\�w.DRnRP(©3DRpkKMWOy=D1KMuqu(gOn=\M¦LuqDRy�`qHÁh�JOD5_LKth�KM©LKMy=D
KMn=D�`qHO_OD��iDR_2N.uq\.©LKMuquxz.PL}(D¬\.HOuxz1pR\.HOy=`q_ODRnapR\.HOych�n=WOp4h�`qHON5h�JOD�`qHO_OD���ych�n=WOp4h�WOn=D�l�\.n�ych�\.n=`qHON^gOn=\M¦LuqD
y=`qN.HLKth�WOn=DRy
`qH5h�JOD8pkKMy=D#\Ml$h�JOD#\MÉ EGuq`qHOD�gOn=\ZpRDRy=y=`qHONOj � n=\.m \.WOn
y=`qm�WOudKth�`q\.H�PZ}(D8JLKkw.D8y=JO\�}
H1h�JLKth
h�JOD³F[fXETh�n=DRD³ych�n�Kth�DRNMz�pkKMH¬n=DR_OWOpRD
h�JOD³m�\.ych�H�WOm�©3DRn�\Ml�KMpRpRDRy=y=DR_�gOn=\M¦LuqDRy�`qH�h�JOD³`qHOD��OKMp4h�¦Luxh�DRn=`qHON
KMy
pR\.m�gLKMn=DR_5}
`xh�J5h�JOD#y=`qN.HLKth�WOn=Dah�n=DRD#ych�n�Kth�DRNMz � ����j

|³JOD�n=DRych>\MlZh�JO`qy�gLKMg3DRn�`qy�\.n=N�KMHO`��RDR_#KMy�l�\.uquq\�}
yRj$]ZDRp4h�`q\.H*�~N.`xw.DRy>K~y=WOncw.D4z8\MlZy=D4w.DRn�KMu�y=`qN.HLKth�WOn=D�E
©LKMy=DR_�`qHO_OD��¬ych�n�Kth�DRN.`qDRy�WOHO_ODRn�h�JOD
`qHOD��OKMp4h�¦Luxh�DRn=`qHONOj']ZDRp4h�`q\.H��agOn=DRy=DRH�h�y9h�JOD³gOn=\.g3\.y=DR_�ych�n�Kth�DRNMz.P
pkKMuquqDR_­h�JODªÂ�Ã#ÄGºÅ¾�¶�¶�´�µ3Æ�¶=·UÇ4ºÅ¾=¸MºG¶T¿MÈtj FGH�]ZDRp4h�`q\.H®�OP~}(D!ych�WO_iz­h�JOD�g3DRncl�\.n=m�KMHOpRD�KMHO_ m�KMÀMD�K
pR\.m�gLKMn=`qy=\.H�\Ml&h�JOD8gOn=\.g3\.y=DR_1ych�n�Kth�DRNMz5}
`xh�J�h�JOD#y=`qN.HLKth�WOn=Dah�n=DRD8ych�n�Kth�DRNMz.j � `qHLKMuquxz.P�}(D8N.`xw.Dah�JOD
pR\.HOpRuqWOy=`q\.H�j

� � �
�������
	

FGHUh�JO`qy#y=DRp4h�`q\.H�P$}(D�gOn=DRy=DRH�h¬K1y=WOncw.D4zU\Ml³y=\.m�D¬}(DRuqubEGÀ�HO\�}
Hey=`qN.HLKth�WOn=D�EG©LKMy=DR_U`qHO_OD��Uych�n�Kth�DRN.`qDRy
}
JO`qp�J KMn=D1\Ml�h�DRH®KMgOgOuq`qDR_¯`qH­`qHil�\.n=m�Kth�`q\.He¦Luxh�DRn=`qHON2yczZych�DRm�yRj � `qn=ychkP9}(D�}
`ququ³`qH�h�n=\Z_OWOpRD1y=\.m�D
`qHO_OD��ªych�n�Kth�DRN.`qDRya\Ml9h�JOD¬`qHOD��OKMp4h#¦Luxh�DRn=`qHONOP�`qHOpRuqWO_O`qHON^h�JOD � ´x¿Mµ3¸Mº�)Z¾�¶ ��´�¼q¶�� �ZP�������P�h�JOD �
´�ºÅÄ � ¼½´�¹�¶
��´�¼q¶ � ����Pih�JOD � Ä�6O¾�¶�¶ � ���&KMHO_�h�JOD � ´x¿Mµ3¸Mº�)Z¾�¶�6O¾�¶�¶ � ����j

FGH¬h�JOD³pR\.H�h�DRH�hcEG©LKMy=DR_�`qHil�\.n=m�Kth�`q\.H8¦Luxh�DRn=`qHONayczZych�DRm�yRPZKMH¬`qHOpR\.m�`qHON�_O\ZpRWOm�DRH�h9`qy'n=DRgOn=DRy=DRH�h�DR_
©�z�KopR\.uquqDRp4h�`q\.H*\Ml ÀMD4z�}(\.n=_OyRj9Ê1\.n=DR\�w.DRnRPZKoWOy=DRn'gOn=\M¦LuqD(`qH*h�JOD~_LKth�KM©LKMy=D~`qy$KMuqy=\�n=DRgOn=DRy=DRH�h�DR_�©�z�K
y=DR¨�WODRHOpRDa\Ml�_O`qych�`qHOp4h9ÀMD4z�}(\.n=_OyRj9FTl>KMH^`qHOpR\.m�`qHON#_O\ZpRWOm�DRH�h���
�� 1������aK8gOn=\M¦LuqDMPZ`xh9m�WOych(pR\.H�h�KM`qH
DkKMp�JUÀMD4z�}(\.n=_e\Ml(h�JOD�gOn=\M¦LuqD � ����j�|&\1y�Kkw.D�h�JOD¬ych�\.n�KMN.D¬\Ml~WOy=DRn8gOn=\M¦LuqDRy8KMHO_2¦Luxh�DRna_O\ZpRWOm�DRH�h�y
m�WOp�JUD4«�pR`qDRH�h�uxz.P$gOn=\M¦LuqDRy8KMHO_U_O\ZpRWOm�DRH�h�y*KMn=D�\Ml�h�DRH2n=DRgOn=DRy=DRH�h�DR_ KMy8©O`xh�m�KMgOy#`qH!h�JOD¬¦Luxh�DRn=`qHON
gOn=\ZpRDRy=yRj
|³JOD � ´x¿Mµ3¸Mº�)Z¾�¶ ��´�¼q¶ � �ZP>������P h�JOD �
´�ºÅÄ � ¼½´�¹�¶ ��´�¼q¶ � ����P h�JOD � Ä�6O¾�¶�¶ � � �$KMHO_1h�JOD � ´x¿Mµ3¸Mº�)Z¾�¶
6O¾�¶�¶ � ���&KMn=D#`qH�h�n=\Z_OWOpRDR_�j
FGH `qHil�\.n=m�Kth�`q\.H2¦Luxh�DRn=`qHON!yczZych�DRm�yRP(K!WOy=DRn¬gOn=\M¦LuqD^m�KkzepR\.H�h�KM`qH y=D4w.DRn�KMu³ÀMD4z�}(\.n=_Oy�h�\�¦Luxh�DRn

`qHOpR\.m�`qHON�_O\ZpRWOm�DRH�h�yRj³|³J�WOyRP�K¬gOn=\M¦LuqD#y=`qN.HLKth�WOn=D8`qy³l�\.n=m�DR_1©�z�y=WOg3DRn=`qm�g3\.y=`qHON¬h�JOD8y=`qN.HLKth�WOn=DRy
l�\.nXKMuqu�`xh�y
ÀMD4z�}(\.n=_OyRj � `qN.WOn=D8�¬_ODRgO`qp4h�y
h�JOD8y=`qN.HLKth�WOn=D#N.DRHODRn�Kth�`q\.H�KMHO_1pR\.m�gOn=DRy=y=`q\.H�gOn=\ZpRDRy=yX\Ml
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� `qN.WOn=D#�i�9]Z`qN.HLKth�WOn=DaN.DRHODRn�Kth�`q\.H1KMHO_1pR\.m�gLKMn=`qy=\.H

K^gOn=\M¦LuqD*JLKkwZ`qHON^h�JOn=DRD�ÀMD4z�}(\.n=_OyR���cpR\.m�gOWih�DRnRP ���=KMuqN.\.n=`xh�JOm1P �^KMHO_��cgOn=\.N.n�KMm�m�`qHONOj �®S JODRH2K
HOD4} _O\ZpRWOm�DRH�h8KMn=n=`xw.DRyRP�h�JOD�gOn=\M¦LuqD�y=`qN.HLKth�WOn=DRy#KMn=D�y=pkKMHOHODR_UKMHO_ªm�KMH�z�HO\.HZEG¨�WLKMuq`x¦LDR_!gOn=\M¦LuqDRy
KMn=Dª_O`qy=pkKMn=_ODR_�j |³JODRH�P�h�JODªn=DRych1gOn=\M¦LuqDRy1KMn=Dªp�JODRp�ÀMDR_±`qH h�JODªn=D4¦LHODRm�DRH�h�ych�DRg h�\­DRuq`qm�`qHLKth�D
h�JOD �R¸M¼ Ç�¶1ÆM¾�Î �LÇ4j � l�h�DRn�h�JOD5n=D4¦LHODRm�DRH�h�ych�DRg�P�h�JOD5m�Kth�p�JODR_­_O\ZpRWOm�DRH�h�}
`ququ�¦LHLKMuquxzUn=D4h�WOn=HÁh�\
h�JOD2n=DRm�KM`qHO`qHONÁWOy=DRn=yRj � _O\ZpRWOm�DRH�h�pR\.H�h�KM`qHO`qHON­pRDRnch�KM`qH�ÀMD4z�}(\.n=_Oy�h�\¯©3D2y=DkKMn=p�JODR_ }
`ququa©3D
h�n�KMHOycl�\.n=m�DR_1`qH�h�\�K¬_O\ZpRWOm�DRH�hoy=`qN.HLKth�WOn=D���?�����.5�(`qH5h�JOD8y�KMm�D#JLKMy=J1l�WOHOp4h�`q\.H�j�|³JOD*_O\ZpRWOm�DRH�h
y=`qN.HLKth�WOn=D¬`qyah�JODRHUpR\.m�gLKMn=DR_2y=DR¨�WODRH�h�`dKMuquxz�}
`xh�J2D4w.DRncz2gOn=\M¦LuqD¬y=`qN.HLKth�WOn=D	��?�����9;:��a`qHªy=`qN.HLKth�WOn=D
¦LuqDRyRj'|³JOn=DRD
g3\.y=y=`q©OuqD~\.Wih�pR\.m�DRy�\Ml3h�JOD³pR\.m�gLKMn=`qy=\.H¬KMn=D³D��iDRm�gOuq`x¦LDR_¬`qH � `qN.WOn=D³�i�~�[���&h�JOD³gOn=\M¦LuqD
m�Kth�p�JODRy�h�JOD�¨�WODRncz­�[´���¶��qP
��?�����.5���
��?�����9;:�������?�����9;:��=���9���.�
h�JOD�gOn=\M¦LuqD�_O\ZDRyaHO\Mham�Kth�p�J�h�JOD
¨�WODRncz��[´���¶��qP���?�����.5������?�� 9;:������?�����9;:��=�����Å���$h�JOD
y=`qN.HLKth�WOn=D
pR\.m�gLKMn=`qy=\.H¬`qHO_O`qpkKth�DRy�K#m�Kth�p�J�©OWih
h�JODXgOn=\M¦LuqD
`qH¬lÅKMp4h(_O\ZDRy9HO\Mh9m�Kth�p�J�h�JODXy=DkKMn=p�J^pRn=`xh�DRn=`dK��.h�JO`qy9pkKMy=DX`qy9KMuqy=\8pkKMuquqDR_�K �R¸M¼ Ç�¶aÆM¾�Î � � ����j

FGH®K2y=`qN.HLKth�WOn=D5¦LuqDMP³Kªy=D4h^\Ml�gOn=\M¦LuqD1y=`qN.HLKth�WOn=DRy�`qy¬y=DR¨�WODRH�h�`dKMuquxz ych�\.n=DR_�P(}
JO`qp�J®`qy¬DkKMycz h�\
`qm�gOuqDRm�DRH�h�KMHO_¯n=DR¨�WO`qn=DRy�uq\�} ych�\.n�KMN.D1y=gLKMpRD!KMHO_¯uq\�} WOg3_LKth�D�pR\.ychkj VX\�}(D4w.DRnRP³}
JODRH K2HOD4}
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g3DRncl�\.n=m�KMHOpRDa\Ml$\.WOn
ych�n�Kth�DRNMz^}
`xh�J5h�JLKth
\Ml�I(JODRH�Ë yXy=`qN.HLKth�WOn=D�h�n=DRD#ych�n�Kth�DRNMz � ����j
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FGH8h�JO`qy>y=`qm�WOudKth�`q\.H�PR}(D9WOy=D9h�JOD�gOn=\M¦LuqD�N.DRHODRn�Kth�\.n>}
JO`qp�J8JLKMy&©3DRDRH�KMgOgOuq`qDR_#`qH�� ����h�\XN.DRHODRn�Kth�D9yczZHZE
h�JOD4h�`qp�gOn=\M¦LuqDRy³KMHO_^h�\�D4wMKMuqWLKth�Doh�JOD�g3DRncl�\.n=m�KMHOpRDMj�r�KMp�J�yczZH�h�JOD4h�`qpagOn=\M¦LuqDo}
`ququ3©3Doh�n�KMHOycl�\.n=m�DR_
`qH�h�\ah�JOD³y=`qN.HLKth�WOn=D³_OD4¦LHODR_�`qH �½����� Ktl�h�DRn'h�JOD
N.DRHODRn�Kth�`q\.H�j$|³JOD
gLKMn�KMm�D4h�DRn=y�WOy=DR_¬h�\#N.DRHODRn�Kth�D³h�JOD
yczZH�h�JOD4h�`qp�gOn=\M¦LuqDRy#KMn=D�y=JO\�}
H2`qH�|$KM©OuqD��ij �$KMn�KMm�D4h�DRn � `qyoh�JOD�H�WOm�©3DRn�\Ml9_LKth�KM©LKMy=D�gOn=\M¦LuqDRyRj
r�KMp�J­gOn=\M¦LuqD5`qy�pR\.m�g3\.y=DR_ \MloÀMD4z�}(\.n=_Oy�p�JO\.y=DRH l�n=\.m h�JOD�_O\.m�KM`qHe`xh�DRm y=D4hkjÁ|³JODRn=D4l�\.n=DMP�h�JOD
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uqDRHONMh�J�\Ml>DkKMp�J^gOn=\M¦LuqDoy=`qN.HLKth�WOn=DX`qy(y=D4h(h�\�K#¦i�iDR_�H�WOm�©3DRn�.�P�}
JO`qp�J^`qy9h�JODoH�WOm�©3DRn(\Ml>`xh�DRm�y9`qH
h�JOD�_O\.m�KM`qH^`xh�DRm y=D4hkj�|&\�y=`qm�gOuq`xl�z�h�JOD�ych�WO_iz^\Ml>h�JOD�D4É�DRp4h
\Ml>h�JOD�gOn=\M¦LuqD�y=`��RD�\.H5g3DRncl�\.n=m�KMHOpRDMP
KMuqu�yczZH�h�JOD4h�`qp�gOn=\M¦LuqDRyXJLKkw.D*h�JOD*y�KMm�D8H�WOm�©3DRno\Ml�`xh�DRm�yRj��$KMn�KMm�D4h�DRn � `qyXWOy=DR_�h�\�pR\.H�h�n=\.u�h�JOD
H�WOm�©3DRn�\Ml�`xh�DRm�y�`qH�DkKMp�J�gOn=\M¦LuqD³y=`qN.HLKth�WOn=DMP ´���¶����Oh�JODXH�WOm�©3DRn9\Ml �4� �8©O`xh�y�`qH�K#y=`qN.HLKth�WOn=DMj$|³J�WOyRP
}(DapkKMH�N.DRHODRn�Kth�D#K�Ç �O¸M¾�Ç�¶ �3¾�Î[»�¼q¶4P3´���¶�����K�gOn=\M¦LuqDo}
JO`qp�J�pR\.H�h�KM`qHOy(l�D4} `xh�DRm�yRPi©�z�h�WOHO`qHON�gLKMn�KMm�E
D4h�DRn � j#|³JOD�¦Ln=ychagOn=\M¦LuqD�N.DRHODRn�Kth�DR_!l�n=\.m/h�JOD�_O\.m�KM`qH�`xh�DRm�yo`qy�pkKMuquqDR_�h�JOD 
�¸�Ç�¶ �3¾�Î[»�¼q¶4j#|³JOD
©LKMy=DagOn=\M¦LuqD�`qy~uq`qÀMDaK�y=DRDR_1\Ml$KMuqu3h�JODa\Mh�JODRn~yczZH�h�JOD4h�`qp#gOn=\M¦LuqDRyRj � l�h�DRn~h�JODa©LKMy=DagOn=\M¦LuqD�JLKMy³©3DRDRH
N.DRHODRn�Kth�DR_�PL\Mh�JODRn
gOn=\M¦LuqDRy³}
`ququ�©3D#N.DRHODRn�Kth�DR_�KMpRpR\.n=_O`qHON�h�\¬`xhkj

|³JOD*y=`qm�`qudKMn=`xhGz�gLKMn�KMm�D4h�DRnRP � P3pR\.H�h�n=\.uqyXJO\�} y=`qm�`qudKMn(h�JOD8HOD4} gOn=\M¦LuqDRy�KMHO_1h�JOD8©LKMy=D*gOn=\M¦LuqD
KMn=DMPZ}
JODRn=D#� � � � �.j�|³JLKth³`qyRPZl�\.n(DkKMp�J�©O`xh(}
JO`qp�J�`qy(y=D4h³h�\
�4� ��`qH�h�JODay=`qN.HLKth�WOn=Do\Ml>h�JOD�©LKMy=D
gOn=\M¦LuqDMP�h�JODRn=D�`qyaK^gOn=\.©LKM©O`quq`xhGz � h�JLKth�h�JOD�pR\.n=n=DRy=g3\.HO_O`qHON5©O`xh�\Ml�h�JOD�HOD4} gOn=\M¦LuqD�y=`qN.HLKth�WOn=D*`qy
KMuqy=\�y=D4h�h�\ �4�.j � � n�KMHO_O\.m�wMKMn=`dKM©OuqD ( }
`ququ�©3D�WOy=DR_eh�\�_OD4h�DRn=m�`qHOD¬}
JOD4h�JODRn*h�JOD^gOn=\.©LKM©O`quq`xhGz
`qy�JO\.uq_!\.naHO\MhkP�}
JODRn=D�� � ( � �.j*FTl ( � � P�h�JODRH!h�JOD¬pR\.n=n=DRy=g3\.HO_O`qHON5©O`xha\Ml9h�JOD�HOD4} gOn=\M¦LuqD
y=`qN.HLKth�WOn=D�`qy#y=D4h*h�\ �4�.j � �oh�JODRnc}
`qy=DMP$h�JO`qy#©O`xh*`qy#y=D4h*h�\ �=�ij � � l�h�DRn8DkKMp�J �4� ��©O`xh8\Ml~h�JOD�©LKMy=D
gOn=\M¦LuqD#JLKMy
©3DRDRH�y=pkKMHOHODR_�P3`xl&h�JOD#H�WOm�©3DRnX\Ml'`xh�DRm�y³`qH5h�JOD8HOD4}±gOn=\M¦LuqD#`qy³uqDRy=y
h�JLKMH � PO}(D#}
`ququ
h�WOn=HÁ\.Heh�JOD��=� �!©O`xh�y*\Ml
h�JO`qy�gOn=\M¦LuqD�h�\��4� �!Kth�n�KMHO_O\.m WOH�h�`qu9h�JOD5H�WOm�©3DRn�\Ml �4� �!©O`xh�y*`qHÁ`xh
`qyoDR¨�WLKMu$h�\ � ja°(DRpkKMWOy=D�h�JODRn=D�`qyoHO\5_OWOgOuq`qpkKth�DR_�gOn=\M¦LuqD*`qH�h�JOD�_LKth�KM©LKMy=DMP�}(D�pkKMH�pR\.H�h�n=\.u&h�JOD
_O`qych�n=`q©OWih�`q\.H8\MlLh�JOD~pRuqWOych�DRn'©�z*h�WOHO`qHONXh�JOD~y=`qm�`qudKMn=`xhGz�gLKMn�KMm�D4h�DRn � l�n=\.m§�Xh�\��.j$FGH�\Mh�JODRn$}(\.n=_OyRP
KMuqu$h�JOD�yczZH�h�JOD4h�`qp�gOn=\M¦LuqD¬y=`qN.HLKth�WOn=DRy8KMn=D�pRn=DkKth�DR_Un�KMHO_O\.m�uxz�WOy=`qHON�K�WOHO`xl�\.n=m _O`qych�n=`q©OWih�`q\.H�l�\.n
h�JOD~g3\.y=`xh�`q\.HOy�h�JLKth$}
`ququ�©3D(y=D4h'h�\ �4�.j � � l�h�DRn$h�JOD(y=`qN.HLKth�WOn=DRy'\MlLyczZH�h�JOD4h�`qp³gOn=\M¦LuqDRy'KMn=D(N.DRHODRn�Kth�DR_�P
h�JOD4z^}
`ququ�©3DaWOy=DR_�KMy³h�JOD#`qHOgOWih
_LKth�K�\Ml&h�JOD#y=`qN.HLKth�WOn=Dah�n=DRD�� ���>KMHO_1\.WOn³gOn=\.g3\.y=DR_1F[fXETh�n=DRDMj

� \.noh�JOD�`qHOD��OKMp4ha¦Luxh�DRn=`qHONOP�gLKMn�KMm�D4h�DRn-� � � ( � � `qy�WOy=DR_ªh�\5pR\.H�h�n=\.u$h�JOD�H�WOm�©3DRna\Ml9`xh�DRm�y�`qH
h�JOD�yczZH�h�JOD4h�`qp�¨�WODRncz.j5|³JO`qy8gLKMn�KMm�D4h�DRn#`qy#p�JO\.y=DRHUl�n=\.m�� � h�\2���.� � j�FTh*`qHO_O`qpkKth�DRyah�JLKth8}
JLKth
g3DRn=pRDRH�h�KMN.D#\Ml&h�JODa_O\.m�KM`qH5`xh�DRm�y(}
`ququ�©3Dap�JO\.y=DRH�`qH^h�JOD#¨�WODRncz.j9FTl'K�_O\.m�KM`qH5`xh�DRm `qy~p�JO\.y=DRH�©�z
h�JOD�¨�WODRncz.P�h�JOD�pR\.n=n=DRy=g3\.HO_O`qHON5©O`xhog3\.y=`xh�`q\.H�`qH�h�JOD�y=`qN.HLKth�WOn=D*\Ml�h�JOD�¨�WODRncz1}
`ququ&©3D*y=D4h�h�\��4�.j �
� \.n
D��OKMm�gOuqDMPO}
JODRH�� � � ( � � `qy
y=D4hXh�\^�M� � P3KMHO_1h�JOD8_O\.m�KM`qH�pR\.H�h�KM`qHOy#���.�¬`xh�DRm�y8��. � ���.����P
h�JODRn=Da}
`ququ�©3D*�M��©O`xh�y
y=D4h
h�\ �4� �¬`qH5h�JOD#¨�WODRncz�y=`qN.HLKth�WOn=DMj
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FGH#h�JO`qy>y=DRp4h�`q\.H�P�}(D(m�KMÀMD9K
pR\.m�gLKMn=`qy=\.H#\Mli\.WOn>F[fXETh�n=DRD�ych�n�Kth�DRNMz8KMHO_#h�JOD9y=`qN.HLKth�WOn=D�h�n=DRD�ych�n�Kth�DRNMz
� ����`qH�`qHOD��OKMp4h³¦Luxh�DRn=`qHONOj'FGH�\.WOn
y=`qm�WOudKth�`q\.H�P�}(D#_OD4¦LHOD*K�©LKMy=D#pkKMy=D8KMy³y=JO\�}
H�`qH�|$KM©OuqD��Oj�|³JLKth
`qyRPi}(D8pRuqWOych�DRn#���.�.��WOy=DRn
gOn=\M¦LuqDRy
`qH�h�\�h�JOD#y�KMm�D#N.n=\.WOg�j � uqu�h�JOD#gOn=\M¦LuqDay=`qN.HLKth�WOn=DRyXKMn=D#pRn=DkKth�DR_
n�KMHO_O\.m�uxz�©�z�WOy=`qHON�K�WOHO`xl�\.n=m _O`qych�n=`q©OWih�`q\.H^}
`xh�J�y=`qm�`qudKMn=`xhGz¬gLKMn�KMm�D4h�DRn
� )����[´���¶���� � ��� )��.�9l�\.n
h�JOD�g3\.y=`xh�`q\.HOyoh�JLKtha}
`ququ&©3D�y=D4h#h�\ �4�.j � |³JOD¬y=D4h8\Ml9_O\.m�KM`qH!`xh�DRm�y�`qy�pR\.m�g3\.y=DR_ª\MlX�.���5`xh�DRm�yRP
´���¶����>. � �.���ije|³JOD�uqDRHONMh�J \MloDkKMp�J­gOn=\M¦LuqD5`qy�¦i�iDR_�Po´���¶���� � �;���ZjeFGH h�JOD5l�\.uquq\�}
`qHONOP'\.WOn
y=`qm�WOudKth�`q\.H^n=DRy=WOuxh�yXKMn=D�h�JOD8Kkw.DRn�KMN.D8\Ml(���.�.��¨�WODRn=`qDRyRj

� pRpR\.n=_O`qHON8h�\8h�JO\.y=DXgLKMn�KMm�D4h�DRn=y9`qH�h�JODX©LKMy=DopkKMy=DMPOK8pR\.m�gLKMn=`qy=\.H¬\Ml�h�JODoH�WOm�©3DRn9\Ml>KMpRpRDRy=y=DR_
gOn=\M¦LuqDRy8KMHO_2h�JOD�H�WOm�©3DRn8\Ml(h�n�Kkw.DRn=y=DR_e©O`xh�y#`qHªh�JOD�`qHO_OD��2©�zªWOy=`qHON1\.WOn#F[fXETh�n=DRD�ych�n�Kth�DRNMz2KMHO_
h�JOD�y=`qN.HLKth�WOn=D*h�n=DRD¬ych�n�Kth�DRNMz�l�\.n-� � � ( � � � �.� � `qy�y=JO\�}
H2`qH!|$KM©OuqD¬�Zj*FGHª|$KM©OuqD¬�ZP�}(D¬y=JO\�}
h�JLKth³h�JODay=`qN.HLKth�WOn=D�h�n=DRD#ych�n�Kth�DRNMz � ���>HODRDR_Oy³h�\�KMpRpRDRy=yXm�\.n=D�gOJ�zZy=`qpkKMu�gOn=\M¦LuqDRy~h�\�¦Luxh�DRn~h�JOD�lÅKMuqy=D
KMHOyc}(DRn=y�KMy�pR\.m�gLKMn=DR_e}
`xh�Jeh�JOD5F[fXETh�n=DRD^ych�n�Kth�DRNMz.jU|³JO`qy�`qy�©3DRpkKMWOy=D5h�JLKth�h�JOD5y=`qN.HLKth�WOn=D�h�n=DRD
h�n�Kkw.DRn=y=DRy8l�D4}(DRn#©O`xh�y#`qH!h�JOD¬`qHO_OD��!ych�\.n=DR_U`qH�h�JOD¬m�DRm�\.ncz.j�FGH2|$KM©OuqD��ZP&KMuxh�JO\.WON.J�h�JOD¬F[fXETh�n=DRD
ych�n�Kth�DRNMz�h�n�Kkw.DRn=y=DRy8m�\.n=D�©O`xh�ya`qH!`qHO_OD���P�h�JOD�h�n�Kkw.DRn=y�KMu�HODRDR_Oy8uqDRy=y�h�`qm�D�KMyapR\.m�gLKMn=DR_!}
`xh�J�h�JOD
KMpRpRDRy=y*h�`qm�D¬`qHUgOJ�zZy=`qpkKMu9gOn=\M¦LuqDRyRj � \.n8DkKMp�JegOJ�zZy=`qpkKMu(gOn=\M¦LuqDMP&`xh*HODRDR_Oy*h�\�p�JODRp�À4. ©O`xh�y^�[´���¶����
�.����©O`xh�y��oh�\1¦Luxh�DRnah�JOD¬lÅKMuqy=D¬n=DRy=WOuxh�yRj1Ê1\.n=DR\�w.DRnRP�KMuqu�gOJ�zZy=`qpkKMu�gOn=\M¦LuqDRy*KMn=D�ych�\.n=DR_U`qHªh�JOD�_O`qy=À j
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|³JODRn=D4l�\.n=DMP.h�\aKMpRpRDRy=y'h�JOD~gOn=\M¦LuqDRyRP.`xh'HODRDR_Oy�D��Zh�n�Koh�`qm�D�h�\�uq\�KM_8h�JODRm `qH�h�\Xh�JOD~m�DRm�\.ncz.j$°(DRpkKMWOy=D
h�JOD¬pR\.ych8\Ml9h�JOD¬gOn=\M¦LuqD¬KMpRpRDRy=y#h�`qm�D�`qya\�w.DRn*�M�.�^h�`qm�DRyam�\.n=D�h�JLKMH!h�JOD¬`qHO_OD��2KMpRpRDRy=y#h�`qm�DMP�}(D
pkKMH5`qN.HO\.n=D
h�JOD�H�WOm�©3DRn~\Ml�h�n�Kkw.DRn=y=DR_1©O`xh�y(`qH�h�JOD�`qHO_OD��^WOHOuqDRy=y(h�JOD�H�WOm�©3DRn(\Ml&KMpRpRDRy=y=DR_1gOn=\M¦LuqDRy
©3D4hG}(DRDRH5hG}(\¬ych�n�Kth�DRN.`qDRy(`qy~KMuqm�\.ych9h�JOD�y�KMm�Do`qH�h�JODol�\.uquq\�}
`qHONOj&FGH5|$KM©OuqDa�ZPi\.H�h�JODaKkw.DRn�KMN.DMPO\.WOn
ych�n�Kth�DRNMz¬pkKMH�n=DR_OWOpRD�KM©3\.Wih �.� � H�WOm�©3DRn9\Ml�KMpRpRDRy=y=DR_5gOn=\M¦LuqDRy(KMy�pR\.m�gLKMn=DR_�h�\�I(JODRH�Ë y(ych�n�Kth�DRNMz
� ����j�|³JOD#wMKMuqWOD�\Ml&h�JOD#n=DR_OWOpRDR_�g3DRn=pRDRH�h�KMN.D#pkKMH1©3DapkKMuqpRWOudKth�DR_�©�z5WOy=`qHON�h�JODal�\.n=m�WOudK*_ODRy=pRn=`q©3DR_
KMy³l�\.uquq\�}#�
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� `qN.WOn=D����Z� � pR\.m�gLKMn=`qy=\.H�\Ml�h�JOD�H�WOm�©3DRn�\Ml(KMpRpRDRy=y=DR_2gOn=\M¦LuqDRy���WOHO_ODRn�p�JLKMHON.`qHON^h�JOD�wMKMuqWOD*\Ml
� �

sXD��ZhkP9}(D1ych�WO_izÁh�JOD�`qm�gLKMp4h�\Mlo¦Ow.D1gLKMn�KMm�D4h�DRn=y�\.H h�JOD�g3DRncl�\.n=m�KMHOpRDMj FGH h�JOD5¦Ln=ych�pkKMy=DMP
}(D�wMKMncz1h�JOD*wMKMuqWOD*\Ml � P�h�JOD�H�WOm�©3DRn�\Ml9gOn=\M¦LuqDRyRja|³JOD�n�KMHON.D�\Ml � `qy�y=D4h�h�\��M�.�iP$���.�.�iP$���M�.�
KMHO_Á�M�.�.�iP�}
JO`quqD�h�JOD�\Mh�JODRn8gLKMn�KMm�D4h�DRn=y8KMn=D�ÀMDRgih�KMy#h�JODR`qn#©LKMy=D¬wMKMuqWODRyRj^vXHO_ODRn8p�JLKMHON.`qHON�h�JOD
wMKMuqWOD#\Ml � P�K�pR\.m�gLKMn=`qy=\.H1\Ml'h�JOD8H�WOm�©3DRno\Ml�KMpRpRDRy=y=DR_ªgOn=\M¦LuqDRyX©�z1WOy=`qHON�h�JOD8F[fXETh�n=DRD8ych�n�Kth�DRNMz
KMHO_ªh�JOD¬y=`qN.HLKth�WOn=D�h�n=DRD�ych�n�Kth�DRNMz�l�\.n � � � ( � � � �.� � `qyay=JO\�}
He`qH � `qN.WOn=D5���Zj¬FGH � `qN.WOn=D5���ZP
}
JODRH�h�JOD³wMKMuqWOD³\Ml � `qHOpRn=DkKMy=DRyRP�h�JOD
H�WOm�©3DRn�\Ml�KMpRpRDRy=y=DR_^gOn=\M¦LuqDRy�©�z�WOy=`qHONah�JOD
F[fXETh�n=DRDXKMHO_�h�JOD
y=`qN.HLKth�WOn=D�h�n=DRD¬KMuqy=\5`qHOpRn=DkKMy=DRyRj¬VX\�}(D4w.DRnRP$\.WOn�ych�n�Kth�DRNMz!HODRDR_Oy#h�\�KMpRpRDRy=y8uqDRy=yagOn=\M¦LuqDRy�h�\�n=D4¦LHOD
h�JOD5KMHOyc}(DRn=y¬KMy*pR\.m�gLKMn=DR_Uh�\ªI(JODRH�Ë y�ych�n�Kth�DRNMz.j�|³JO`qy*`qy*©3DRpkKMWOy=D�h�JLKth*h�JOD^F[fXETh�n=DRD�pkKMHU¦Luxh�DRn
m�\.n=D�lÅKMuqy=DagOn=\M¦LuqDRy³`qH5h�JOD#`qHO_OD��1KMy
pR\.m�gLKMn=DR_5h�\�h�JOD#y=`qN.HLKth�WOn=Dah�n=DRDMj
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� `qN.WOn=D����i� � pR\.m�gLKMn=`qy=\.H�\Ml�h�JOD�H�WOm�©3DRn�\Ml(KMpRpRDRy=y=DR_2gOn=\M¦LuqDRy���WOHO_ODRn�p�JLKMHON.`qHON^h�JOD�wMKMuqWOD*\Ml
.5�

FGH2h�JOD�y=DRpR\.HO_epkKMy=DMP&}(D�wMKMncz!h�JOD¬wMKMuqWOD¬\Ml .�P�h�JOD�H�WOm�©3DRn8\Ml~`xh�DRm�y#`qHªh�JOD�_O\.m�KM`qH�j�|³JOD
n�KMHON.DX\Ml;. `qy9y=D4h(h�\����ZPi�.�iPZ���ZP3�.���iP �����8KMHO_����.�iPiKMHO_�h�JODo©LKMy=DXwMKMuqWODRy(KMn=DoWOy=DR_�l�\.n�h�JODo\Mh�JODRn
gLKMn�KMm�D4h�DRn=yRj'vXHO_ODRn&p�JLKMHON.`qHONXh�JOD�wMKMuqWOD9\Ml#.�PMKXpR\.m�gLKMn=`qy=\.H8\Mlih�JOD(H�WOm�©3DRn&\Ml KMpRpRDRy=y=DR_�gOn=\M¦LuqDRy
©�z�WOy=`qHON¬h�JOD#F[fXETh�n=DRD#ych�n�Kth�DRNMz�KMHO_1h�JOD#y=`qN.HLKth�WOn=Dah�n=DRD#ych�n�Kth�DRNMz5l�\.n � � � ( � ��� �.� � `qy
y=JO\�}
H
`qH � `qN.WOn=D����ij�FGH � `qN.WOn=D����iPi}
JODRH1h�JODawMKMuqWOD#\Ml�.²`qHOpRn=DkKMy=DRyRPLh�JOD#H�WOm�©3DRnX\Ml'KMpRpRDRy=y=DR_�gOn=\M¦LuqDRy
©�z^WOy=`qHON�\.WOn~ych�n�Kth�DRNMz�_ODRpRn=DkKMy=DRyRj~VX\�}(D4w.DRnRPOh�JODaH�WOm�©3DRn~\Ml$KMpRpRDRy=y=DR_1gOn=\M¦LuqDRy~©�z^WOy=`qHON�I(JODRH�Ë y
ych�n�Kth�DRNMzª`qy#WOHOych�KM©OuqDMj^|³JO`qy8`qy#©3DRpkKMWOy=D�h�JLKth8`xh#\.HOuxz!pR\.HOy=`q_ODRn=y*\.HOD�\Ml~_O`xÉ�DRn=DRH�h8`xh�DRm�y8KMm�\.HON
_LKth�KM©LKMy=D�gOn=\M¦LuqDRy�`qHeh�JOD�y=`qN.HLKth�WOn=D^h�n=DRDMj vXHO_ODRn�h�JOD5¦i�iDR_­wMKMuqWOD^\Ml � �[´���¶����³h�JOD5}(DR`qN.J�h¬\Ml
DkKMp�J5_LKth�KM©LKMy=DogOn=\M¦LuqD���P�h�JOD�y=gLKMn=y=`xhGz�\Ml�DkKMp�J5gOn=\M¦LuqDX}
`ququL`qHOpRn=DkKMy=DRy³KMy9h�JODowMKMuqWODX\Ml�.��[´���¶����Lh�JOD
H�WOm�©3DRn³\Ml&`xh�DRm�y(`qH^h�JODa_O\.m�KM`qH ��`qHOpRn=DkKMy=DRyRj � WOy=DRn
gOn=\M¦LuqDo}
`ququ3©3DRpR\.m�D*Ç �O¸M¾�Ç�¶9`xl>h�JOD�H�WOm�©3DRn
\Ml$`xh�DRm�y~p�JO\.y=DRH1l�n=\.m JO`qy³\.n³JODRn
_O\.m�KM`qH^`qy~w.DRncz5y=m�KMuqu�j$|³JODRn=D4l�\.n=DMPLl�n=\.m h�JO`qy~n=DRy=WOuxhkPO}(D#y=JO\�}
h�JLKtho\.WOnXych�n�Kth�DRNMz1pkKMH�n=DR_OWOpRD�m�\.n=D8KMpRpRDRy=y=DR_ªgOn=\M¦LuqDRyoKMyXpR\.m�gLKMn=DR_1h�\5I(JODRH�Ë y�ych�n�Kth�DRNMz�}
JODRH
_LKth�KM©LKMy=D^gOn=\M¦LuqDRy�©3DRpR\.m�D1Ç �O¸M¾�Ç�¶4j!|³JO`qy�`qy�©3DRpkKMWOy=D^}
JODRHÁh�JOD^_LKth�KM©LKMy=D5gOn=\M¦LuqDRy�KMn=D^y=gLKMn=y=DMP
h�JODRn=D�m�Kkz�©3D�m�\.n=D8_O`xÉ�DRn=DRH�h�©O`xhog3\.y=`xh�`q\.HOyoKMm�\.HON�h�JODRm1jX|³J�WOyRP�h�JOD�gOn=\.©LKM©O`quq`xhGz^h�\�N.DRHODRn�Kth�D
m�\.n=DaF[fXEGÀMD4zZyX©�z5WOy=`qHON�h�JOD#F[fXETh�n=DRD#ych�n�Kth�DRNMz^}
`ququ�©3DRpR\.m�D#N.n=DkKth�DRnRj

FGH�h�JODXh�JO`qn=_�pkKMy=DMPi}(DowMKMncz¬h�JODXwMKMuqWODX\Ml � P�h�JOD�H�WOm�©3DRn(\Ml�`xh�DRm�y9`qH�DkKMp�J5gOn=\M¦LuqDXy=`qN.HLKth�WOn=DMj
|³JOD�n�KMHON.D1\Ml � `qy�y=D4h�h�\­���ZP³���ZP³�.�ZP
�.�ZP~KMHO_ ���ZP~KMHO_­h�JOD�©LKMy=D1wMKMuqWODRy�KMn=D1WOy=DR_¯l�\.n�h�JOD
\Mh�JODRn9gLKMn�KMm�D4h�DRn=yRj�vXHO_ODRn9p�JLKMHON.`qHON#h�JOD
wMKMuqWOD
\Ml � PZK#pR\.m�gLKMn=`qy=\.H�\Ml�h�JODXH�WOm�©3DRn9\Ml�KMpRpRDRy=y=DR_

�t�



0


50


100


150


200


250


300


350


400


15
 35
 55
 75
 95


The number of items in each profile signature (
W
)


T
he

 n
um

be
r 

of
 a

cc
es

se
d 

pr
of

ile
s
 Signature tree 


ID-tree


� `qN.WOn=D����Z� � pR\.m�gLKMn=`qy=\.H�\Ml�h�JOD�H�WOm�©3DRn�\Ml(KMpRpRDRy=y=DR_2gOn=\M¦LuqDRy���WOHO_ODRn�p�JLKMHON.`qHON^h�JOD�wMKMuqWOD*\Ml
� �

gOn=\M¦LuqDRy(©�z�WOy=`qHON*h�JODoF[fXETh�n=DRDoych�n�Kth�DRNMz�KMHO_^h�JODoy=`qN.HLKth�WOn=DXh�n=DRDoych�n�Kth�DRNMz�l�\.n�� � � ( � ��� �.� � `qy
y=JO\�}
H�`qH � `qN.WOn=D¬���Zj(FGH � `qN.WOn=D¬���ZPL}
JODRH�h�JOD#wMKMuqWOD#\Ml�� `qHOpRn=DkKMy=DRyRP h�JOD8H�WOm�©3DRnX\Ml�KMpRpRDRy=y=DR_
gOn=\M¦LuqDRya©�z!WOy=`qHON5\.WOnaych�n�Kth�DRNMz!`qHOpRn=DkKMy=DRy�l�n=\.m�� � ���Zj�Ê1\.n=DR\�w.DRnRP�h�JOD¬H�WOm�©3DRna\Ml~KMpRpRDRy=y=DR_
gOn=\M¦LuqDRy'©�z�WOy=`qHON8I(JODRH�Ë y�y=`qN.HLKth�WOn=D(h�n=DRD~ych�n�Kth�DRNMz�`qy'ych�`ququ�WOHOych�KM©OuqDMj'|³JO`qy'`qy'©3DRpkKMWOy=D~h�JLKth�`xh'\.HOuxz
pR\.HOy=`q_ODRn=ya\.HOD�\Ml9_O`xÉ�DRn=DRH�ha`xh�DRm�yaKMm�\.HON^_LKth�KM©LKMy=D�gOn=\M¦LuqDRy�`qH�h�JOD�y=`qN.HLKth�WOn=D*h�n=DRDMj*|³JODRn=D4l�\.n=DMP
l�n=\.m²h�JO`qy�n=DRy=WOuxhkP3}(D�y=JO\�}§h�JLKtha\.WOnoych�n�Kth�DRNMz�pkKMH!n=DR_OWOpRD�m�\.n=D8h�JOD�H�WOm�©3DRn�\Ml9KMpRpRDRy=y=DR_UgOn=\tE
¦LuqDRy
KMy³pR\.m�gLKMn=DR_^h�\�I(JODRH�Ë y
y=`qN.HLKth�WOn=Doh�n=DRD#ych�n�Kth�DRNMz.Pi}
JODRH1_LKth�KM©LKMy=DagOn=\M¦LuqDRy³©3DRpR\.m�Day=gLKMn=y=DMj
VX\�}(D4w.DRnRPO}
JODRH^h�JODowMKMuqWODX\Ml � `qy9y=m�KMuquqDRn�h�JLKMH����ZP�h�JODoH�WOm�©3DRn~\Ml&KMpRpRDRy=y=DR_�gOn=\M¦LuqDRy(©�z�WOy=`qHON
h�JODaF[fXETh�n=DRDaych�n�Kth�DRNMz5_ODRpRn=DkKMy=DRy
}
JODRH�h�JOD�wMKMuqWODa\Ml �,`qHOpRn=DkKMy=DRyRj�|³JO`qy³`qy³©3DRpkKMWOy=Dah�JODaH�WOm�©3DRn
\Ml>_O`xÉ�DRn=DRH�h~©O`xh~g3\.y=`xh�`q\.HOy(KMm�\.HON�KMuqu gOn=\M¦LuqDRy(`qy9h�\Z\�uqDRy=yRj�|³JODRn=D4l�\.n=DMPih�JOD�H�WOm�©3DRn(\Ml>F[fXEGÀMD4zZy³`qH
h�JOD�F[fXETh�n=DRD*m�Kkz�©3DRpR\.m�D�uqDRy=y�`qH�h�JO`qyopR\.HO_O`xh�`q\.H�joFTl�h�JODRn=D�`qy�\.HOuxz1\.HOD�`xh�DRm/`qH�DkKMp�J!_LKth�KM©LKMy=D
gOn=\M¦LuqD��[´���¶���� � �§����Pih�JOD#`qHO_OD���\Ml&h�JOD#F[fXETh�n=DRD�}
`ququ�©3DRpR\.m�D�h�JOD#y�KMm�D8KMy~h�JOD#y=`qN.HLKth�WOn=Dah�n=DRDMj

FGH2h�JOD¬l�\.WOnch�J2pkKMy=DMP&}(D�wMKMncz!h�JOD¬wMKMuqWOD¬\Ml � P>h�JOD�gLKMn�KMm�D4h�DRn#h�JLKth8pR\.H�h�n=\.uqyah�JOD�y=`qm�`qudKMn=`xhGz
KMm�\.HON1gOn=\M¦LuqDRyRj1|³JOD^n�KMHON.D�\Ml � `qy*y=D4h*h�\��ijx�.P'�ij �iP��ij��ZP'�ij��ZP'KMHO_Á�ij �iP'KMHO_2h�JOD^©LKMy=D�wMKMuqWODRy
KMn=D�WOy=DR_el�\.n#h�JOD�\Mh�JODRn*gLKMn�KMm�D4h�DRn=yRj�vXHO_ODRn�p�JLKMHON.`qHON1h�JOD�wMKMuqWOD�\Ml � P�K�pR\.m�gLKMn=`qy=\.H2\Ml~h�JOD
H�WOm�©3DRna\Ml~KMpRpRDRy=y=DR_UgOn=\M¦LuqDRya©�z!WOy=`qHON5h�JOD�F[fXETh�n=DRD�ych�n�Kth�DRNMzªKMHO_!h�JOD�y=`qN.HLKth�WOn=D�h�n=DRD�ych�n�Kth�DRNMz
l�\.n � � � ( � ��� �.� � `qy'y=JO\�}
H�`qH � `qN.WOn=D����ij � n=\.m§h�JO`qy�n=DRy=WOuxhkP.}(D
y=JO\�}¯h�JLKth�}
JODRH¬h�JOD³wMKMuqWOD~\Ml

�.�
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� `qN.WOn=D����i� � pR\.m�gLKMn=`qy=\.H�\Ml�h�JOD�H�WOm�©3DRn�\Ml(KMpRpRDRy=y=DR_2gOn=\M¦LuqDRy���WOHO_ODRn�p�JLKMHON.`qHON^h�JOD�wMKMuqWOD*\Ml
� �

� `qHOpRn=DkKMy=DRyRP `xh
HODRDR_OyXh�\�KMpRpRDRy=yom�\.n=DagOn=\M¦LuqDRyXKMy
pR\.m�gLKMn=DR_�h�\�h�JOD8y=m�KMuqu3wMKMuqWOD#\Ml � ©�z�WOy=`qHON
\.WOn³ych�n�Kth�DRNMz.j�|³JO`qy³`qy~©3DRpkKMWOy=D#}
JODRH�h�JOD�wMKMuqWODa\Ml � `qHOpRn=DkKMy=DRyRPOh�JODaH�WOm�©3DRn
\Ml&`q_ODRH�h�`qpkKMu�`xh�DRm�y
KMm�\.HON#_LKth�KM©LKMy=DXgOn=\M¦LuqDRy�}
`ququLKMuqy=\8`qHOpRn=DkKMy=DMj'|³JODRn=D4l�\.n=DMPZh�JOD
H�WOm�©3DRn9\Ml�F[fXEGÀMD4zZy(`qH�h�JODXF[fXETh�n=DRD
m�Kkz!n=DRudKth�`xw.DRuxz�_ODRpRn=DkKMy=DRyRj1Ê1\.n=DR\�w.DRnRP&}(D�pkKMH2\.©Oy=DRncw.D�h�JLKth#h�JOD�H�WOm�©3DRn8\Ml~KMpRpRDRy=y=DR_ÁgOn=\M¦LuqDRy
©�zUWOy=`qHON�h�JOD�y=`qN.HLKth�WOn=D�h�n=DRD^_ODRpRn=DkKMy=DRy¬KMy*h�JOD�wMKMuqWOD�\Ml � `qHOpRn=DkKMy=DRyRj�|³JO`qy�`qy8©3DRpkKMWOy=D^}
JODRH
h�JOD�_LKth�KM©LKMy=D�gOn=\M¦LuqDRy³KMn=Doy=`qm�`qudKMn�h�\�DkKMp�J�\Mh�JODRnRPZh�JOD�H�WOm�©3DRn~\Ml>`qH�h�DRn=HLKMu�HO\Z_ODRy(}
`xh�J5`q_ODRH�h�`qpkKMu
wMKMuqWODRy~`qH^h�JODay=`qN.HLKth�WOn=Doh�n=DRD�}
`ququ3`qHOpRn=DkKMy=DMj�|³JODRn=D4l�\.n=DMPL`xh(}
`ququ ¦Luxh�DRn³K�udKMn=N.DoH�WOm�©3DRn³\Ml&gOn=\M¦LuqDRy
Kth�\.HOpRD�©�z�h�JOD�`qHO_OD���HO\Z_ODRy�\Ml�h�JOD�y=`qN.HLKth�WOn=D*h�n=DRD�`qH�h�JO`qyopR\.HO_O`xh�`q\.H�j�VX\�}(D4w.DRnRP>\.WOnoych�n�Kth�DRNMz
ych�`ququLn=DR_OWOpRDRy~\�w.DRn³��� � h�JODoH�WOm�©3DRn9\Ml>KMpRpRDRy=y=DR_�gOn=\M¦LuqDRy(KMy(pR\.m�gLKMn=DR_�h�\�I(JODRH�Ë y~ych�n�Kth�DRNMz�D4w.DRH
`xl � � � ) �ij$S JODRH � `qy9y=D4h~h�\*HODkKMn=uxz���KMHO_^DkKMp�J5_LKth�KM©LKMy=DogOn=\M¦LuqDXJLKMy(\.HOuxz¬\.HODX`xh�DRm _O`xÉ�DRn=DRH�h
l�n=\.m�\Mh�JODRn=yRP'h�JOD^F[fXETh�n=DRD�}
`ququ�©3DRpR\.m�D�h�JOD^y�KMm�D^KMy*h�JOD�y=`qN.HLKth�WOn=D�h�n=DRDMjªÊ1\.n=DR\�w.DRnRP�©3\Mh�Je\Ml
h�JODRy=D#h�n=DRDRy³}
`ququ�©3D�w.DRncz�WOH�©LKMudKMHOpRDR_�`qH^h�JO`qy
pR\.HO_O`xh�`q\.H�j

FGH¬h�JOD~¦Ol�h�J�pkKMy=DMP�}(D
wMKMncz*h�JOD³wMKMuqWOD³\Ml � � � ( � �*P.h�JOD
gLKMn�KMm�D4h�DRn'h�JLKth�pR\.H�h�n=\.uqy'h�JOD³}(DR`qN.J�h�\Ml
DkKMp�J1¨�WODRncz.j�SUD�wMKMncz0� � � ( � � l�n=\.m²�M� � h�\ �.� � KMHO_5h�JODa©LKMy=DawMKMuqWODRy³KMn=DaWOy=DR_�l�\.n~h�JODa\Mh�JODRn
gLKMn�KMm�D4h�DRn=yRj�vXHO_ODRn(p�JLKMHON.`qHON#h�JOD
wMKMuqWODX\Ml8� � � ( � �*PZK8pR\.m�gLKMn=`qy=\.H�\Ml�h�JODXH�WOm�©3DRn9\Ml>KMpRpRDRy=y=DR_
gOn=\M¦LuqDRy8©�z2WOy=`qHON1h�JOD�F[fXETh�n=DRD�ych�n�Kth�DRNMzUKMHO_2h�JOD�y=`qN.HLKth�WOn=D¬h�n=DRD�ych�n�Kth�DRNMz2`qy8y=JO\�}
He`qH � `qN.WOn=D
� �ij � n=\.m h�JO`qy#n=DRy=WOuxhkP>}(D�y=JO\�} h�JLKth#}
JODRH2h�JOD¬wMKMuqWOD¬\Ml � � � ( � � `qHOpRn=DkKMy=DRyRP$©3\Mh�J2ych�n�Kth�DRN.`qDRy

�M�



0


100


200


300


400


500


600


700


50%
 60%
 70%
 80%
 90%
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� `qN.WOn=D�� �i� � pR\.m�gLKMn=`qy=\.H�\Ml�h�JOD�H�WOm�©3DRn�\Ml(KMpRpRDRy=y=DR_2gOn=\M¦LuqDRy���WOHO_ODRn�p�JLKMHON.`qHON^h�JOD�wMKMuqWOD*\Ml
� � � ( � �a�

HODRDR_�h�\¬KMpRpRDRy=y
m�\.n=D�gOJ�zZy=`qpkKMu�_LKth�KM©LKMy=D#gOn=\M¦LuqDRy(h�\�n=D4¦LHODah�JOD#KMHOyc}(DRn=yRj9|³JO`qy³`qy~©3DRpkKMWOy=Da}
JODRH
h�JODo}(DR`qN.J�h
\Ml&K�¨�WODRncz^`qy(w.DRncz^udKMn=N.DMPi`xh~m�Kkz�gLKMy=y³m�\.ych³\Ml�h�JODa`qHO_OD��^HO\Z_ODRy³`qH^©3\Mh�J5ych�n�Kth�DRN.`qDRyRj
VX\�}(D4w.DRnRP&gLKMy=y=`qHON5h�JOD�`qHO_OD��ªHO\Z_ODRya\Ml9h�JOD�F[fXETh�n=DRDMP�`xh�HODRDR_Oy#h�\5p�JODRp�À2KMuqu>h�JOD¬_O`xÉ�DRn=DRH�h#`xh�DRm�y
KMm�\.HON�_LKth�KM©LKMy=D*gOn=\M¦LuqDRyRjo|³JODRn=D4l�\.n=DMP�h�JOD�gOn=\.©LKM©O`quq`xhGz^h�\^gLKMy=yoh�JOD*F[fXETh�n=DRD*`qyom�WOp�J�uqDRy=yoh�JLKMH
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