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l1J.TMVk�-sUahfQ`�\Mf3f.f3VmRSJ VXW¿P3�]JSJ��
`bahJ�TM`�i1~OLXahTMf'WDN3VmRéP3�MJ
J%ðÊPQJ�TMsMJ�sHKUncLOTMT]J�N��ª^Ê\MKMK³VOf3J¯P3�MLmP�LOP�LS`�J�N3PQLkahT¼KUncLOTMTUacTM~
fQP3J�K?p��[J[ahTUP3NQV�s]\M`�J�LmTSVOK³J�N3LmP3VON[�[ahPQ�
L.KMLONQLORSJ�PQJ�N ök÷ P3V
PQ�MJ
KÊnhLOT?p¿���MJ�NQJ ök÷ `�LOT<Ñ�J�Ñ�Vm\MTMsÁPQVs�èsUa®ÐrJ�N3J�TUPS`�VmTUÒ
fQP3LmT�PQf�pG�r{�W��Mv&WAY,YAYUW	�����&Ú�Wy�¿J_TMJ%ðÊP[acTMf3J�N3P�LmTMVOPQ�MJ�N[VOK³J�N3LXÒ
PQVON��[ahPQ��L�K]LON3LmRSJ�P3J�N ö�� PQ�MLOPµ`�LOT�Ñ³J�ahTMfQP3LOTUPoahLOPQJ�sSP3V9LOTUi
VXWKté`�VOTMfQP3LmT�PQf)�O{�W	��v�W,Y,YAY��Wtjp�PQ�MJ�T7PQ�MJ�f3PQLOPQJ�f3KMLm`�J�VXWZL
PQN3LmsUahPoahVOT]LknªK]LON3PoahLXn¦ÒgVON3s]J�NSKUnhLmTMTMJ�NSR.ac~O�UP¯nhVUVOç¼n®ahçOJ7ü?ah~XÒ
\]N3J { | � �b�UÚgTSP3�Êahf[f3J�LmN3`b�
PQN3J�JkpMPQ�MJ�KMLmN3PgacLkn®ÒÔVmN3sMJ�N[KUncLOTMTMJ�N
`�VORSR.ahPQf&P3V_VmTMJ¿VXWu�À{[P3�]N3VO\]~O�v� ��LOP�VOT]J[nhJ�emJbnDpMLmTMs PQ�MJ�T
`�VORSR.ahPQf�PQV
VOT]J�VkWK�O{_PQ�MN3Vm\M~O�s�wt LOP9LOTMVmP3�MJ�N�nhJ�eOJbn��ªÚgT
PQ�MJ��[VONQf3P[`�LOfQJkpMP3�]J�N3J_LONQJ�Poah~O�UP[`�VOT]f3P3NQLkacT�PQf�VOTSPQ�MJbahN�ekLXn¦Ò
\]J�f&���Uac`¸�S`�LOT.VOTUnci�Ñ�J[f3LmPgacf ��J�s�ÑUiª`�VOTMfQP3LOTUPQfK���
LOT]s��Wt
pÀLmTMsHPQ�MJ.J�TUPgahNQJSf3J�LmN3`b�¼P3N3J�JS�[ahP3�¼L
foayx�JSVXW[t{z|�1R \]f3P
Ñ³J�fQ`�LOTMT]J�sÀ�

?x= a1 a2 an

?y= b1 ... bm b1 ... bm b1 ... bm

dom(?x)= a1, ... an

dom(?y)= b1, ... bm

(A) (B)

ü?ac~O\MNQJu{ �Z^ÊP3LOPQJ�fQKMLO`�J�f�VkWyP3�]J�KUncLOTMTMJ�N3f�Ñ³JbWDVONQJ�LmTMsSLkWDPQJ�N
PQ�MJ�JbðMPQJ�TMfgacVOTÀ�

ÚgT_`�VmT�PQN3Lmf3P�P3V9P3�MJ&PQN3LmsUahPoahVOT]LknMLOKMK]N3VOLm`b�ÀpkVO\MNµJbðMP3J�TMs]J�s
`�VOTMfQP3N3LXahTUPgÒgÑMLmf3J�s¼KUnhLmTMTMJ�N9sMVUJ�f�TMVmP�`�VORSR.acP�P3V.LOTUi
KMLmNgÒ
Poah`�\ÊnhLON.`�VmTMf3PQLOTUP�sM\MNoahTM~jKUnhLmTMTUahT]~M��ñ��MJSsMVORSLXahT¼ekLknc\MJ�f
W�VON_Ñ�VmP3� ök÷ LmTMs ö�� LONQJSfgacRSKUnhi7NQJ�`�VmN3sMJ�s<LOTMsjN3J�Lmf3VOT]J�s
LmÑ�Vm\MP�LmP�L.nhLmP3J�N_PgacRSJk��ñ��MJ�N3JbWDVmN3J�PQ�MJ.f3J�LmN3`b�7P3NQJ�J¯nhVUVOçUf
n®ahçmJ�P3�MJ¯VOTMJ_f3�]Vk��T
acT7üÀac~O\MNQJ
{ |ÔÓ �b�
ÚgT�VmN3sMJ�NèP3V-`�VOTM`%nh\MsMJ-P3�MLmPùP3�MJ¹JbðMP3J�T]sMJ�séKUncLOTMTMJ�N
K³J�NoWDVONQRSfSÑ�J�PQP3J�N�p��[J²R.\MfQPSLknhfQV1P3LmçOJ�ahTUP3V1Lm`�`�Vm\MTUPSP3�MJ
LmRSVO\MTUP_VkW�Y�^ �¹KMNQVU`�J�f3foahTM~1s]VOTMJ¯WDVON¯J�LO`b�1TMVUsMJ.acT1P3�MJ
fQJ�LONQ`b�BP3N3J�Jk�éÚgTÏVm\MN�JbðMP3J�TMs]J�sBLknc~OVONoahPQ�MR�pªÑ³VOPQ�ÏfQP3J�K]f
® LOTMs ��{7NQJ } \UahNQJ�s Y�^ ��KMNQVU`�J�f3foahTM~]��l1J�LOsMR.acP
P3�]LOP
acTùP3�MJ��¿VmN3f3P.`�Lmf3Jkp�P3�ÊahfS�[VO\UncsÁRSJ�LmTÁP3�]LOP.P3�MJ�LORSVO\]T�P
VXWªKMNQVU`�J�f3foahTM~ùK³J�NSTMVUsMJ�acfSJbðMK�VmTMJ�TUPgacLkn��Ïñ��UacfS�¿LmfSP3�MJ
NQJ�LOfQVOT1���UiHY[�MLmKMRSLOT | Y[�MLmKMRSLOT1{�ÖmØOÙm��fQK�J�`ba ��`�Lkn¦nciÁNQJbÒ
} \UacN3J�sjP3�MLmP�ekLONgacLOÑUncJ�f�acT�ñ�l � � � R \]f3P�TMVmP��MLkeOJ ��TUahPQJ
s]VORSLkacTMf�VkW&ekLXnh\MJ�f�� ��Vk�¿J�emJ�N�p³ÑUi
LkeOVXahsUacTM~S�MLkemahT]~	��TUahPQJ
ekLmNgacLOÑUncJ¿sMVmRSLkacTMf�pkñ�l � � �ÿ| LOT]s'^]t�w����ÀN3J�f3VONQP3J�sSPQV�P3NQi
Vm\MP_RSLOTUi�RSVONQJ K³VOfQfgahÑÊnhJ
ekLmNgacLOÑUncJ ÑUacTMsUacTM~Of.P3V ��TMs¼VOTMJ
PQ�MLOP.acfS`�VOT]fgahfQP3J�TUP�p�ncJ�LOsUacTM~1P3V1PQ�MJ�~OJ�T]J�N3LmPgahVmTèVkW�RSVmN3J



TMVUsMJ�f�ahTjP3�MJ_f3J�LON3`b�7PQN3J�JX�
ñ�V_~O\MLmN3LOTUPQJ�J�PQ�MJ�fQVO\MTMs]TMJ�f3f�VXWrPQ�MJ�KÊnhLOT]TMJ�N�pUW�\Un¦nyY�^ �
NQJ�LOfQVOTUacTM~1R \]f3P�Ñ³J
LmKMKUn¦acJ�sÁLmP�f3PQJ�K�®Ê���Vk�[J�eOJ�N�p�a¦W��[J
�[LOTUPSP3V¼acTM`�NQJ�LOfQJHPQ�MJ�J��
`bahJ�TM`�ièVXWªKUncLOTMTUacTM~Mp9�¿J�R.\Mf3P
sMJ�P3J�NQR.ahTMJkpÀ�[acP3�
NQJ�f3K³J�`�P�PQV fQP3J�K ��{kp | {�� ��â��ùã "Má �ª`�VmTUÒ
fQP3N3LXahTUP[KMN3VU`�J�fQfgacTM~ fQ�MVO\ÊnhsSÑ³J�LOKMKUn®ahJ�s?pMLOTMs | vm���Uâ��ùâM�bßgÜ�å
fQ�MVO\Uncs7P3�]J Y�^ �<Lknc~OVONoahPQ�MRSf�Ñ�J¯LOKMKUn®ahJ�s?�
ü]VON1P3�]J �Uâ��&àgãv"Má �èK]LON3P<VkW�P3�MJ } \MJ�fQPgahVmT@�[Jù�MLkeOJ
Pg�[V `b�MVkac`�J�f�� q9TMJ ahf*P3V \]f3J L K�VXnhiUTMVOR.acLkn®ÒÔPoahRSJ
Y�^ �¼LXnh~mVONgacP3�MR fQ\M`b�SLOf � N3`bÒ3Y[VOTMfoahfQP3J�TM`�i |E� \MRSLON�{�ÖOÖOvm�b�
^macTM`�JùP3�]J1LON3`%ÒÔ`�VmTMfgacf3PQJ�TM`�i Lknc~OVmNgahPQ�MRSf7sMVÿTMVOP7J�TUWDVONQ`�J
~XnhVOÑ]LknH`�VmTMfgacf3PQJ�TM`�imp1LOTMVmP3�MJ�NùLXnhP3J�N3TMLmPgahemJBacfèP3V-\Mf3JBL
ÑMLm`bç�PQN3Lm`¸çmacTM~kÒgÑMLOfQJ�sBY�^ � Lknc~OVmNgahPQ�MR�f3\]`¸�ÿLOf
ü]VON3�[LONQsUÒ
Y[�MJ�`¸çmacTM~ |E� \]RSLON1{�ÖmÖOvO�¯���Uac`¸�¹�MLmfS~OVUVUsúLkemJ�N3Lm~OJbÒg`�Lmf3J
K³J�NgW�VON3RSLmTM`�Jk�
ñ��MJ �Uâ��&à3â>�bßÔÜ�å�KMLONQPªVXWòPQ�MJ } \]J�f3PoahVOT ahf_n®ahçmJbnhi1sMJ�K�J�TÊÒ
sMJ�T�P�VmTèP3�MJjKMN3VmÑUnhJ�R�sMVORSLXahTùW�J�LOPQ\MN3J�f�� q9TMJ¼sMVmRSLkahT
WDJ�LOP3\]N3J�ahfS���MJ�N3J�LOTMs1�]Vk��VkWDPQJ�T1sMV¼sMJ�LmsÁJ�TMs]fS`�LO\MfQJ�s
ÑUi1acTM`�VmTMfgacf3P3J�T�PjekLONgacLOÑUncJ7ÑUacTMsUahT]~Of
VU`�`�\MN��BÚ�W�P3�MJ�sMJ�LOs
J�T]sMf
VU`�`�\]NSJ�LONonhi<ahTùP3�]J²fQJ�LONQ`b�èP3NQJ�Jkp[ahP.acf
RSVONQJSn®ahçOJ%nhi
PQ�MLOP�ekLONoahLmÑUnhJ�f�ahT.LOT.LONQÑUahPQN3LmN3i_acTMf3PQLOTUPgacLOPgacVOT�VkW�L_KMLmN3PgacLkn®Ò
VmN3sMJ�N9KUnhLmT�`�LOTMT]VOP�Ñ³J�`�VOT]fgahfQP3J�TUPonhi7Ñ³VO\MT]s7P3V.`�VOT]f3P3LmTUP3f��
ÚgT1PQ�Uahf�`�LOf3JXp)LmKMKUnhimacTM~HY�^ �ÿN3Vm\MPgacTMJ�f.RSVON3J.VkW�P3J�T¼`�VO\Ênhs
sMJ�P3J�`�P�s]J�LOs�J�TMsMf[J�LONon¦acJ�N[ahT�f3J�LmN3`b�ÀpUnhJ�LOsUacTM~ PQV�R.\M`b�.ahR.Ò
KMNQVkeOJ�s�J��
`%ahJ�TM`�iO�[Ú�W)P3�]Jªs]J�LOs�J�TMsMf�VU`�`�\]N�sMJ�J�K�sMVk��T�ahT
PQ�MJ fQJ�LONQ`b�HPQN3J�JSVmN�P3�]J�N3J.LONQJ_ahTjWDLO`�P�TMV�ahTM`�VmTMfgacf3PQJ�TM`bacJ�f�p
PQ�MJSsMJ�Lms1J�TMs1`b�MJ�`bçmahTM~¼N3Vm\MPgacTMJSLOP�^UPQJ�K���{.acf_n¦acçOJbnci1P3V
�[LOfQP3J�L¯nhVmP�VkW�PgacRSJ��[ahPQ�
W�J��ÏT]V�s]J�f�KMNQ\MTMJ�s?�
ÚgT�P3�MJ¯TMJbðMP�f3J�`�PgahVmTÀpy�[J_KMN3J�fQJ�TUP�LSfQJ�P�VXW)JbðMK³J�NgacRSJ�TUP3f
PQV1�MJbnhKùLmTMf3�[J�NSP3�]J ��â��&à3âM�bßgÜ�å } \MJ�fQPgahVmTè���Ua®nhJ7çmJ�J�KUacTM~
PQ�MJ �Uâ��&àgãv"Má �.acf3f3\]J��MðMJ�s¼�[ahPQ�HLmT�ahRSKÊnhJ�RSJ�TUPQLOPgacVOTÀ��ÚgT
^UJ�`�PgacVOTa®��[J_sUahfQ`�\Mf3f¯P3�MJ9ahRSKÊn¦ah`�LOPgacVOTMf_VXW)P3�]J�N3J�fQ\UnhPQf��
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ñ�V¹P3J�fQP1P3�MJùJbÐÀJ�`�PoaheOJ�TMJ�fbfùVkW²Vm\MN¼LOKMKMNQVOLm`¸�?pu�[Jù�MLkeOJ
JbðMPQJ�TMsMJ�séPQ�MJÏ^Mt9w���KÊnhLOT]TMJ�N | ï�` � n¦ncJ�f3PQJ�NBÕ Î�VOfQJ�TUÒ
ÑUn®ahPQPè{�ÖOÖ]{������Êah`b���[LOf�acRSKUnhJ�RSJ�TUP3J�s ÑUi Ó LONQN3J�PQP1LOTMs

l1J%nhs |gÓ LmN3N3J�P3P Õ l1JbnhsÁ{�ÖOÖmvO�b�[ñ��MJ�TMJ��BKUnhLmTMTMJ�N�py���Uah`b�
�[J�`�LXn¦n&ü)^]t�w��µp³�MLOT]sUnhJ�f ��TÊahP3J¯ekLONgacLOÑUncJ�sMVmRSLkahT]f�LOf�s]JbÒ
fQ`�NgacÑ�J�s�acT@^UJ�`�PoahVmT@vU� ÚgT P3�ÊahfÁfQJ�`�PoahVOT?p7�¿JùsMJ�fQ`�NgacÑ�J
Vm\MN_`�VORSK]LONgacf3VmTHVXW�^Mt9w��ÿLOTMs¼ü)^]t�w��¹VkemJ�N_L
NQLOTM~mJ VXW
s]VORSLkacTMf�� Ó VOP3�ùKUncLOTMT]J�N3f�LON3J�acRSKUnhJ�RSJ�T�PQJ�sùacT � n¦ncJ�~ONQV
Y[VmRSRSVOT�w³ahfQK7VOT�L
^U\MTUÒ
	S^UKMLONQ` ^UPQLOPgacVOTÀ�
ÚgT7LXn¦n�VkW&P3�MJ¯WDVXn¦nhVk�[acTM~
PQJ�f3PQf�pyPQ�MJ�fQ\MÑM~OVmLkncf�LONQJ fQVknceOJ�s
acT�L
wÀÚ3üyq¹RSLmTMTMJ�N��&lè�MJ�T�K³J�NgW�VON3R.acTM~SÑ³J�f3PoÒ���NQf3P9f3J�LmN3`b�
�[acP3�1Ñ³VOPQ�1KUnhLmTMTMJ�NQf�p&P3�]J �MJ�\MNgacf3Pgac`�WD\MTM`�PoahVmT¼ahf.P3�MJ.f3\MR
VXWªPQ�MJ7TU\MR.Ñ�J�NSVXWª\MT]f3LkW�J²`�LO\MfQLkn�n¦acTMçUf�p�PQ�MJ�TU\MR Ñ³J�NSVXW
VmK�J�TH`�VmTMsUacPgahVmTMf�PQV
Ñ³J Lm`¸�ÊahJ�emJ�sHLmf_�¿Jbn®n&LOf�PQ�MJ.T�\]R Ñ³J�N
VXW&f3P3J�KMf9ahT�LSKUnhLmTÀ��ñ��MJ�NQJ�f3\UncP3f_VkW&PQ�MJ�P3J�f3P3f_LmN3J_KUnhVmP3PQJ�s
VmT Pg�[V�sÊahRSJ�TMfoahVmTMLkn�~mN3LmKM�Mf�pU���MJ�NQJ�P3�MJ[imÒÔLXðUahf�pmsUahfQKUnhLkimJ�s
acT7ncVO~�f3`�LXnhJkp�f3�MVk��f_PQ�MJuY ��dBPgacRSJ NQJ } \UahNQJ�s1W�VON�fQVknceOacTM~
K]N3VOÑÊnhJ�RSf��
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ñ��]J ��N3fQPy`�VmRSKMLONoahfQVOT_acT�emVknceOJ�f�P3�]J&RSLO`b�UacTMJ&f3�]VOK�sMVmRSLkacT
s]J�f3`�NoahÑ³J�s�ahTS^UJ�`�PoahVmT
vU��ñ��MJ¿Pg�[V_KUnhLmTMTMJ�NQf&LONQJ¿`�VORSKMLmN3J�s
ÑUi<ekLON3imacTM~HPQ�MJ�TU\MR Ñ³J�NSVXWªf3PQVU`¸çUf.acTúPQ�MJ�acTUahPoahLkn_f3PQLOP3JX�
ñ�V�VmÑMP3LXahT�LOT
LkemJ�N3Lm~OJ�NQJ�f3\UncP�p³ahP�ahf[LOfQf3\MRSJ�s²PQ�MLOP�WDVmN&LOTUi
�-KUahJ�`�J�f7VXW f3PQV�`bçUf�� V PQ�MN3Vm\M~O��� « P3�MJ¼VOTÊnhièfQP3J�Jbn.VOTMJ
acf�� «���© �Ïñ�V1LOTMfQ�¿J�N
P3�]J�Uâ��&à3â>�bßgÜ�å } \MJ�f3PgacVOTèNQLkacf3J�sÿahT
PQ�MJ.nhLmf3P.f3J�`�PgahVmTÀp&�[JSLknhfQV�ekLONgacJ�sÁPQ�MJ.WDNQJ } \MJ�TM`�i¼VkW�Y�^ �
LmKMKUn®ah`�LmPgahVmTÀ�
q9\MNSPQJ�f3P�N3J�fQ\UnhP�LOKMK³J�LONQf.ahT �³~O\MNQJþvÊ�úÚgT<P3�MJ ��~m\MN3JXp
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��<4I�bëbÜ��W"MÜ�å�á ���_NQJ�KMNQJ�f3J�TUPQf�TMVOP�LmKMKUnciOacTM~
PQ�MJHY�^ �-NQVO\MPoahTMJ7LmPu^ÊP3J�K ��{ | ��NQf3P
fQP3J�KùVXW �Zf3P3LmÑUn¦acf3�UÒ
�ZN3J�`�VmTMsUacPgahVmT��SLmP_Lkn¦n�� � �����04��&ä±ß�� 
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