
���������
	����������������������������������� ��!#"%$&���('*)+��,����.-0/
1 � �2� )+����/�34����5��6����!7� �98:�;34�6!7�=<0��>�,�/

?�@BADCFEHGJILK�MN?�OQPSRT�UVTXW+Y[Z @V\JI^]X_BK U E�`QOQELK�PLE UBa Ocb�_BdeE�OQP Tgf OhP�iEjI f OQkmlVP0E U ]�E UBan E U O T `cE0?�I a Ipo b
q0rNsXtvuXwDs+xeyuXw{z|u�}J~���y~F�m�ez|��s�������x{~F��z|�X~m�px{~m�

� �[�Fu���s6��u��|z�xjy~m�m�Jz��ms�}Js(���ez|�H~Fw{�[z�}esX}J~�}j~��V�s�u6��sX�J��u
� �V�J��w{uX���vrN�J�mz�sX�Jug�#�^s���tv~�w[x{uJ���� X¡�x{�v�J¢
£  X  £ ¡+¤�¥ £�£ �v�sXu6��s��e�|uJ�v�J���^¦§wDsX¨mz|�

©+ªJ«+¬�[®�¯+°e±�² «+ª�°J³ ´µ®H¶|·�¸�± ¬D¶ ¹Xºp·�®�»�¼�½�¾X°J² ¶�±�«+¬F¾�±�¿�ÀÁÂ�#�ez|�H~�w{�[zh}Js�}�ÃÄsX�Fz�uX�^s���}J~F��Å2~F��x[w{u�}J~���s���w{u��v�e}J~�¦2�m� � �m�
Æ sX�F�e��xDs�}L}j~�Å2z|~m�e�Fzhs�� ��Ç sX�FxDs���¤§�È�j�[�j� � ÃSÉ
~m�[~�s�w{�DÊL���e�Èx{z�x{�Jx{~Å�� ���vË £�£X£ ¤7��sX�e}Jz|�Ì�^¦2�J~m�euX� � z�w{~m�m� � w{��~m�px{z|�^s~F¤µÍgsXz|�ÌÎ ©+®�·�®p»�Ïj¶�³ ÏHª�°�ÏH°�Ð�¼X½�¸DÑX®�±�«p»�¶ ¹m¸X»�± ¸mÏe«�± ®�À

ÒgÓ�ÔmÕmÖ+×^ØXÕ�Ù ��ÊJz��
Ú�u�w{Û ÜJw{~F�[~m�px{�ÄsX�Âs�ÜeÜjw{uHsX�DÊÂz|�LÚ�Êez|��ÊÂ�J�[~Fw#Üjw{uXÝe��~F�m�^w{~mÜJ¤w{~m�[~F��x{~m}�tpÞ6u��px{uX��uX��z|~m��x{Ê^s+x�Ú�~Fw{~#��~ms�w{�e~m}�tpÞ�sX��z��px{~Fw[�csX�m~ÄsX��~F��x��Js+w{~��mu�Í�¤
Ües�w{~�}Âx{u��cuX�Èx{~Fw(�mu��|��sXtvu�wDs�x{z|u����QuXw�z|�J�cu�w{Ígs�x{z|u��ßw{~Fx[w{z|~m��s����Qw{u�Í4x{ÊJ~�Ú�~FtN�B��x
z|�g�[Êeu�Ú��àÊJu+Úáx{ÊJ~Lz|�px{~Fw[�Ìs��m~âsX��~F��x6w{~FÜJw{~m�[~m�px{�6x{Êe~ Ûj�Ju�Ú���~m}J��~Âs�tvu��jx6x{Êe~
�J�[~Fw�s��|u��e�LÚ�z�x{Ê�x{ÊJ~6ÜJw{uXÝe�|~m��x{Êes�x�Ú�~�w{~�~FÍ6Üez�w{z|��sX�|��Þ�}j~m�H~m�|uXÜeÜv~�}V��ãÄ~FÜ^s�w[x[¤
z|�e���hw{u�Íäs��[Üv~m�mz�Ý^��Ígs+x{��ÊJz��J��Í6u�}J~F�å�etJw{z|~FæJÞ Üjw{~m�[~m�px{~�} ÊJ~Fw{~��vçp�esX�px{z�xDs�x{z|�H~
w{~m�[�J��x{�
Ú2~Fw{~�s���ÊJz|~m�H~�} tpÞ��muXÍ6Ü^s�w{z|�J�6�[�e�DÊLÜ^s+w[x{z��F�e��s�w�u��px{u��|uX��z|~m�Äz|�0s��Q�e�|��Þ
s��Jx{u�Ígs+x{z|�#ÚèsmÞp�j��Êe~�w{~m�[�e��x{��s�w{~�Üjw{~m�[~m�px{~�}�sX�e}gx{ÊJ~mz�wèz|Í6Üe�|z|��s�x{z|u��J�
s�w{~�}jz��È¤
�m�J�[�[~�}B��é�~�s�w{�X�e~6x{Ê^s+x�s��êsX��~F��x�ë ��Û��Ju+Ú��|~�}j��~g��s��:tv~g~m�jw{z|��ÊJ~�}ìtpÞ�u�x{Êe~Fw
s���~m�px{���es+��z|�Hs+x{z|u��g~ Ç Üv~Fw{z|~m�e�F~m�m��Üvu��[�[z|te��Þ6ÊJ~m�|Üez|�e��z|�g�mu��J�e~m��x{z��J��sX�^}�w{~m�Fu��J¤�mz|�|z�s�x{z|�e��}jz��Èx{z|�J�Fx�Û��eu�Ú��|~�}J�X~���z|~FÚ��èÚ�Êez|�|~�ÜJw{~m�[~�w{�jz|�J��s�}j~m�Xw{~m~�u���ÜJw{z|�XsX�FÞp�

í îeï
ðvñVò�ó(ô�õ�ðVö{ò
ï

÷ Uvø IjùFP0EpC�OQI U E�\ T�U CFA�E�úBúV`hO TXa CFI ÷ UVø IjùFPLE�C�OQI U û�T CFù�O T GpE�`Èü ÷ û(ý C�ùFo�C�I avT C T k+C�@BA T ùFA2úVù T+øÌY
T ù T�U k T A�C�Iàl T `húþC�l T PÿO U O Uvø IJù�P0E�C�OQI U A T E�ùmkml9CFEJA��vAXM��Äl T ù T \jOcA{C T ù TXa úBù T�øåT ù T�U k T AX_k+I U ADO avT ù TXa EjA#@BA T ù#úVù�I��B` T AX_eEjù T @BA TXa EJA
\J@VO avT A#O U C�l T A T EjùFkml0úBù�Ivk T A�A T AXM^K U Ejk�CFOhG Tù T A T E�ùmkml�� T ` a CFù�O T A�C�IÂOQPLúVùFIpG T C�l T ù T AD@V`hCFA�I ø C�lBOQA�C{oeú T I ø Ej\ TXU CmA�_���IJù	�^O U \L\ T�UBT ù YE�`Q`ho6OcADIJ`QE�C T�a _�C�lVùFIj@V\Jl�k�IeIJú T ùFE�C�OQI U M f @BkmlLE U E�úVúBù�IeEjkml�_XO U C�l T#ø IJù�PáI ø�
 @V`hC�O Y K�\ TXU C
f ovA{C T P0A�ü 
 K fBý _���IJ@V` aìø IJADC T ù� U I���` T�a \ T ADlBEjù�O U \N_NE�`Q`QI���O U \ÂEJk�k T AFA�C�IÂC�l T ù T AD@B`�CmAI ø IjC�l T ùÂE�\ T�U CFA T�� ú T ùFO TXU k T A�C�lBE�Câk+Ij@B` a úNIjC TXU CFOQEj`h`Qo TXU ù�Ockml CFl T ù T A�@V`�CmALEjkmlVO T G TXa� o�O UBa OQG^O a @BE�`èE�\ T�U CFAXM��§IìúBEHG T C�l T �ÄEHo ø IJù� U I���` TXa \ T A�lBEjù�O U \ÂOhC6OQA UVT k T AFAFE�ùFoâCFI
avT C T ùFP O UVT CFl T�ø IjùFP � o���lVOckml�ù T k+Ijù avT�a úVù T+øåT ù TXU k T A�k�E U � T k+IjPLúBEjù T�a M�Äl T���T ùmADI U E�` f^T EjùFkml T ù7Ej\ TXU C�� ���È_��#EJA avT A�Oh\ UVTXa C�IgEJA�A�OcA{C�@BA T ùmA2C�I��B`hC T ù
O Uvø IJù�P0E YC�OQI U:a @Bù�O U \ ÷ U C T ù UBT C�A T EjùFkml�A T AFADOQI U A�E UBa C�I�� T�T ú�úBù�I��B` T A�CFlBEpC�k�E U � T CFù T EpC TXa EJAI U C�IJ`hIJ\jO T AXM��Äl T Ej\ TXU CmA�� T ù T O U O�CFOQEj`h`Qo avT A�OQ\ UVT�a C�I�ù�@ U EjA
ADCFE UBa^Y E�`QI UVT ADovADC T P0AXMeK UE�`hC T ù U E�C�OQG T CFIßOQPLúVùFIpG T CFl T OQùgA T E�ùmkmlêú T ù ø IjùFP0E U k T OcA�CFI�Ejk��e@VOQù T � U I���` TXa \ T E � Ij@VCC�l T P T AÄC�lNEpC�E�ù T ù T `QE�C T�a CFILC�l T I UVT A#CFlBEpC�EjúVú T E�ù�O U ELúBE�ù�C�Ock+@V`cE�ùÄúVùFI��N` T _vúNIeA�A�O � `ho



EHGHEjOh`cE � ` T ��OhC�l9IjC�l T ù�E�\ T�U CFAX_§Ejk+C�O U \:EJA6úBE�ù�CgI ø E 
 K f _2E�`hC�lVIJ@V\jl U I a I^k�@VP T�U CFAADlVIJ@V` a � T E�@vCFIjP0EpCFOQkXE�`Q`ho T�� kmlBE U \ T�a C�I � T C�C T ù#úVù T A T ùFG T CFl T @BA T ù�úVùFOhGpEjk�ojM��Äl T �BùmADCA{C T ú0O U C�lVOcA a OQù T k�CFOhI U OQA�C�Igk+IJPLúBE�ù T �J@NE U C�OhCFE�C�OQG T `Qo�k�I U k T úvCmA�C�lNEpC � T `QI U \gC�I a O�� T ù Y
T�U C(@BA T ù(úVùFI��B` T AX_VI U C�l T Ohù�k+@VùFù TXU C ø IjùFP�M �ÄlVOcA�OcA�CFl T EjOhP*I ø CFl T�T�� ú T ù�O T�U k T A�C�lBE�CE�ù T ù T `cEpC T�a O U CFlVOQA!�#Ijù"��_ aVT AFk+ùFO � O U \âC�l TLT�� ú T ùFOhP TXU CmE�`2ù T AD@B`�CmA(I � CFEjO UBTXa ��OhC�l%C�l TOhPLúV` T P T�U CmEpC�OQI U I ø E U E�`Q\jIjùFOhC�lVP ø IJù�k�IjPLúBEjù�O U \ a O#� T ù T�U Cè@BA T ù�úVùFI��B` T AX_pk+I U ADO avT ùFO U \C�l T �ÄEHo�C�lVOcA!� U I���` T�a \ T OcA�ADC�IJù T�a � o ��T ùFA�I U Ej` fvT E�ùmkml T ù�E�\ T�U CFAXM��Äl T kmlBIJA T�U A�OQP YOh`cE�ùFO�C{o�P T EjA�@Vù T OQA(CFl T$
 n% ��&('���PLI avT `�_�C�lNEpC�CFE�� T A�O U C�I�Ejk�k�Ij@ U C�C�l T �#Ijù a A�C�lBE�C
avT AFk+ùFO � T Eàk+I U k T úVC0E UBa E�`cADI O�CmAÂA T P0E U C�Ock UVT OQ\jl � IjùFlVI^I a M��ÄlVOQALPLI avT `�OQA � ùFO T�) o
avT AFk+ùFO � TXa E�`QI U \*��OhC�lìCFl T PLI a O#�NkXEpCFOhI U A#C�lBE�C+� T ù T�UVT k T A�AFE�ùFo ø Ijù�OhCFA�E a IjúvCFOhI U M�Äl T ��IJù	�gOcA�IjùF\JE U O W�TXa EjA ø IJ`h`QI���A�,�A T k+C�OQI U.- úBù T A TXU CmA � EjA�Ock#k�I U k T úvCmA�ù T `QE�C T�a CFIO Uvø IJù�P0E�C�OQI U Ej\ T�U CmA�/eA T k�C�OQI U % IJ@vC�`QO UBT A�C�l T PLI avT `�@BA TXa CFI*�e@BE U C�O ø o�CFl T ADOQPLOh`cE�ùFO�C{o� T C0� TXT�U k�I U k T úvCmAÂI øga O�� T ù T�U Cß@BA T ùßúVùFI��B` T A%üåI U CFIj`QIj\jO T A ý E UNa ADlVI���AÂC�l T OhPLúV` T+YP TXU C TXa E�`Q\jIJù�OhC�lVP C�lNEpC6A�k�ù TXT�U A�C�l T k+IJP úNE�ù TXa I U CFIj`QIj\jO T A�C�IßPLEjú�C�lBIJA T k+I U k T úvCFAC�lBE�C�P0EHo � T A�@VOhCFE � ` T�ø Ijù�E U0T G T�U C�@BEj`NA�lBE�ùFO U \BM�1 T�� CX_^A T k�CFOhI U32�avT CFE�OQ`cA�CFl T�T�� ú T ùFO YP TXU CFE�`^k+I UBa OhC�OQI U A2k+I U k T ù U O U \�C�l T A T ` T k�C�OQI U I ø C�l T C T A{Cèk+IJ`h` T k+C�OQI U A§@BA TXa CFI�\ TXUVT ùmEpC TC�l T úVùFI��B` T A2E UNa `cEpC T ùèk+IjPLúBEjù T C�l T P�_�EjA4� T `h`vEJA�CFl T P I a O��NkXEpC�OQI U A UBT�TXaVTXa CFI�E a E�úVCC�l T A�OQP OQ`cE�ùFO�C{oêPLI avT `èC�I�CFl T kmlBEjùFEJk�C T ù�OcADC�Ock�A�I ø C�l T5��T ùmADI U E�` f^T EjùFkml T ù�úBù�I��B` T ù T ú Yù T A TXU CmEpCFOhI U M f^T k�CFOhI U � a OcAFk+@BAFA T A�CFl T ù T A�@V`hCFA�E�`QI U \���OhC�l:OhPLúV`QOQkXEpCFOhI U A(k�I U k T ù U O U \ù T `QE�C TXa ��IJù	��M767O U Ej`h`Qoj_vA T k�CFOhI U98 úVù T A TXU CFA
C�l T k+I U k+`Q@BA�OhI U A�E � IJ@vC#C�lVOcA T�� ú T ù�OQP T�U CXM

: îeï+;mò�ñ�<>=2ðVö{ò
ï9=@?�A§ï�ðCB
K�\ TXU CFA�E�ù T @BA�@BEj`h`Qo�úVùFI^k T AFA T A�CFlBEpC�ùF@ U k�I U C�O U Ij@NAD`Qoj_�� U I��D��lBE�C�CFI a IìE UBa ��l TXUC�IàO U C T ùFG T�UBT MèK�\ T�U CFALk+IJPLP�@ U Ock�E�C T ��OhC�lþI�C�l T ùÂE�\ T�U CFAX_èEjA	�^O U \ ADIJ`hOck+OhCFE�C�OQI U ALE UBa
T��vT k�@vC�O U \gCFl T ù T �e@ T A{C TXa CmEjA	�vA�MeK�k�k�Ijù a O U \6C�IE� '�� _^E U Ej\ TXU C�lBEjA#E6`QI U \�`hOcA{C#I ø úVùFIjú Y
T ù�C�O T AX_JE�PLI U \F��lVOckmlÂk�E U � T lVOQ\jlB`hOQ\jleC T�a ,�G�HJILK�M�K�NPOp_�Q�KSR�TUG�V�WCGYX�TZV[TZI\Op_^]	_`G�R�I\TZa(TZI\O�E UBa
b ]	KSG�R�IcTZaSTZI\OpM n @ T C�I�C�l TÄTXU IjùFPLIj@BA2E�PLPLIj@ U CèI ø O UVø IjùFPLE�C�OQI U Ejk�k T AFADO � ` T CFlVùFIj@V\JlgC�l T÷ U C T ù UVT C�_VE UBa C�l T A�lVIJùDC#C�OQP T E�@BA T ù�\ T�UVT ùFEj`h`QoLlBEjA#CFId� UBa ù T ` T GHE U C#O Uvø IjùFP0EpCFOhI U _vEC{oeú T I ø E�\ T�U C�C�lNEpC(lNEjA � T�TXU ��O avT `Qoìù T A T E�ùmkml TXa OcA�CFl T A�Iâk�Ej`h` TXa TZM�Ie_�VZV[T#f�_�M�I�TZM(g�K�]ih
NjG�IcTUK�MkG�f�_�M�I!� lB_�& - _�&(mB_�& 8 _ % �ÈMC�Äl T oßE�ù T�avT � UVT�a O U � l��§EJAÄk+IjPLúV@VCFEpCFOhI U E�`�A�I ø C0�ÄE�ù T
T�U C�OhC�O T A�C�lNEpC�k�E U EjkXk T AFA�I UVT Ijù#P�@V`hC�OQúV` T O Uvø IJù�P0E�C�OQI U A�Ij@Vùmk T A�CFlBEpC�E�ù T�a OQADC�ùFO � @vC T�aE UBa l T C T ùFIj\ T�UVT Ij@BA�E UNa kXE U Ejk(�J@BOhù T _�P TXa OQE�C T E UNa P0E U CmE�O U úBù�IeEjk�CFOhG T `Qo�ù T ` T GpE U CO Uvø IJù�P0E�C�OQI U I U � T lBEj` ø I ø CFl T @BA T ù�IjùgIjC�l T ù�E�\ T�U CFAX_�úVù T+øåT ùFE � `ho%O U E�niH7Q`I\heTZM�heI\TZN$_
ø EjA�lVOhI U MC�Äl T oâk�E U � T _BO U \ TXUVT ùmE�` _oR"KSK b _�]	G�I\TZa�_ E UBa M�K�M h�R"KSK b _�]	G�I\TZa�_�MNK aVa OhC�OQI U Ej`h`Qoj_� IjC�l C{o^ú T AÂk�E U � T ]	G�IcTUK�M�G�V|_�GYp�G b IcTZa�_ E UBa N$K�X�TZV�_�M û�T k+IJP P TXUBavT ùÂEj\ TXU CmA0E�ù T EADú T k�OQEj`Bk�EJA T I ø O Uvø IJù�P0EpCFOhI U E�\ TXU CFAXM��q��I6P T CFlVI a AèCFlBEpC#E�ù T k�IjPLPLI U `Qo�@NA T�a O U ù T k YIjPLP T�UBavT ù�E�\ T�U CFAX_ � EjA TXa I Ur
 EjkmlVO UVT6Z�T E�ù U O U \Nü 
êZ7ý E UBa P0E��^O U \LúBE�ù�C�I ø E 
 K fE�úVúV`QO TXa C�I ÷ û _BEjù T ��& 8 _ % �L,
sut K�M�Ie_�M�IdX`G�Q�_`pvG bYb ]	KSG�R`WC_�Q�,�Ej\ TXU CmA�A T�T � ø IjùLO�C T P0A�C�lBE�CLEjù T ADOQPLOh`cE�ù�C�I%C�lBIJA TúVù T+øåT ùFù TXa � o C�l T @BA T ùX_2k+IJP úNE�ùFO U \%k+I U C T�U CXM û I^I�C T�a O U C�l T ÷ û a IJPLEjO U _§CFl T oE�ù T úNIJúV@V`cE�ù ø IJù�C T�� C�@BEj` a E�CFE6E UBa k�E U � T EjúVúV`QO T�a AD@Nk�k T A ø @B`h`Qo�CFIgOcADIJ`QE�C TXa @BA T ùmA(/
sut K�VZV�GYX"K�]	G�I\TZa�_�G bYb ]	KSG�R`WC_�Q�,�IjùFQ�KSR�TUG�VwVx_"G�]iM�TZM7fy��& % � M �Äl T oìEjAFAD@VP T C�lNEpC�CFl T ù T OQAE \jùFIj@VúßI ø @BA T ùmAÄI ø C�l T A�ovA{C T P�_Vk+IJP úB@vC�O U \�C�l T A�OhPLOQ`QEjù�OhC{o � T C0� T�T�U @BA T ùmA�ü U IjCO�C T P0A ý E UBa ù T k+IJPLP TXUBa O U \ O�C T P0AÄC�lNEpC�A�OhPLOQ`QEjù�@BA T ùFAÄlNEHG T(ø Ij@ UBa O U C T ù T ADC�O U \NM



�Äl T ú T ù ø IJù�P0E U k T I ø A�@Bkml�ADovADC T PLA�k�ù�@Nk+OcE�`Q`ho avT ú TXUBa A�I U CFl T C{o^ú T I ø PLI avT `QO U \@BA T�a C�ILù T úVù T A T�U C�CFl T OQù�@BA T ùmAXM

z^{c| }E~(�����!��� �4�c�7~
� Ejkml9Ej\ T�U CgO U E 
 K f k�E U � T k�I U A�O avT ù TXa C�I:lBEHG T E�úNE�ù�C�Ock+@V`cE�ù6G^OcADOQI U I ø OhCFA T�UvYGeOQùFI U P T�U C�M��ÄlVOcA(GeOcA�OhI U k�E U � T PLE avT�T�� úV`hOck+OhC�C�lVùFIj@V\JlêE U I U C�Ij`QIj\JojMBK U I U CFIj`QIj\JoOQA avT � UBTXa O U ���S�2EJA�E0`QIj\JOQkXE�`�CFl T IJù�o5��lVOckmlê\jOQG T A�E U�T�� úB`hOck+OhCX_�úBE�ù�C�OcE�`2EjkXk+Ij@ U C�I ø Ek+I U k T úVC�@BEj`hO W E�C�OQI U M^6V@BùDCFl T ùFPLIjù T _�E�k+I U k T úvC�@BEj`hO W E�C�OQI U OQA6E U O U C T�U ADOQI U Ej`�A T P0E U C�OckA{CFù�@Bk+C�@Vù T ��lVOQkml T�U k�I avT A7C�l T OQPLúV`QOQk�O�C�ùF@V` T A2k+I U A{CFùFEjO U O U \�C�l T ADC�ùF@Bk�CF@Vù T I ø E�úBO T k T I øù T E�`QO�C{ok� ��� M��Äl^@BAX_BE U I U C�IJ`hIJ\jo0OcA�E0k+IJPLúVù�IJPLOQA T ��O�CFlêE0ADú T k�O#�Nk�k+I U k T úVC�@BEj`hO W E�C�OQI UI ø CFl T �#IjùF` a M^?�@NE�ùFO U I � A avT � U O�CFOhI U ù T � UBT A#E U IjC�l T ù avT � U OhC�OQI U \jOQG T�U � oâ?�ùF@ � T ù!� 8 � _A{CmEpC�O U \ C�lNEpC�E U I U CFIj`QIj\jo0OcA�E T�� úV`QOck+OhC�ADú T k�O#�NkXEpCFOhI U I ø E0k+I U k T úvC�@NE�`QO W EpC�OQI U M

�4�(���Y�#�����
�C�S����� �4�q�`���

�(���Y���Y�����+ ¡ �J¢"£	��¤	¥�¦	§J� ¨ ©"§�¥�¨ �7¢ ª « ¢"¥¬�7¢	���(�P@�S���7� �®�¯c�`���

£	�J++¨ ¥�@��¢"¥±°�²@³@ª�´ ττττ µ

¶�·x¸ Ù�¹^Ù É
~m��s�x{z|�e��u��px{u��|u��Xz|~m�m�v��sX�J���^s���~�sX�e} �muX�e�m~mÜjx{�^s���z|¨�s+x{z|u��»º Ë�¼å�

�Äl T @NA T I ø I U C�Ij`QIj\JO T A�CFI T�� úB`QEjO U OQPLúV`QOQk�O�CF� U I���` TXa \ T OcA�EâG^OQE � ` T E�úBúVù�IeEjkml�CFIIpG T ùmk+IJP T C�l T úVùFI � ` T P I ø A T PLE U C�Ock�l T C T ùFIj\ T�UVT O�C{oJM ÷ U C T ù�IJú T ùFE � OQ`hOhC{o � T C0� TXT�U Ej\ T�U CmAk�E U � T EjkmlBO T G TXa ù T k�I U k�Oh`QOQE�C�O U \�C�l T(a O#� T ù T�U C½�#IjùF` a G^O T ��A�CFlVù�IJ@V\jl CFl T k+IJPLúVù�IJPLOQA TC�IâEÂk�IjPLPLI U I U CFIj`QIj\Jo¾�#&Sl��ÈMNK�`QA�IB_NO Uvø IJù�P0E�C�OQI U E�\ T�U CFA�kXE U @BA T I U CFIj`QIj\JO T AÄC�IÂù T ú Yù T A TXU C T�� úV`QOck+OhC�`QoêOQA�Ij`cEpC TXa @BA T ù�úVù�I��B` T A*�#&��^_�&�� _^��lVOckml:OcA�C�l T G^O T � E a IjúVC TXa O U CFlVOQA��IJù	�Âk�I U k T ù U O U \�CFl T úVùFI��B` T A#\ T�UVT ùFE�C TXa � o0C�l T¿��T ùmADI U E�` f^T EjùFkml T ù
Ej\ T�U C�M

z^{Zz ��Y��~S� À4ÁC�LÂo�7ÁJ��Ã�Äw���
�Äl TÅ��T ùmA�I U Ej` f^T E�ùmkml T ùÆ� ���NE�\ T�U C�OcA avT�a OQkXEpC TXa C�I6CFl T CmEjA	��I ø ù T C�ùFO T G^O U \6O Uvø IJù�P0E�C�OQI U
ø ù�IJP�CFl T � T � M ÷ C�@NA T A*Ç#EjA T�È EjA TÂû�T EjA�I U O U \�C�I � @VOQ` a E�úVùFI��B` T I ø CFl T CFl T P0E�C�OckúVù T�øåT ù T�U k T A�I ø C�l T @BA T ùX_�@BA�O U \�E U E�úVúBù�IeEjkml avT CFEjOh` TXa O U � ���ÈMo�ÄlVOcA6úVùFI��B` T OQA6Ej@vC�I YPLE�C�Ock�Ej`h`Qo6\ TXUVT ùmEpC TXa E UBa OhCèOQA2O U k+ù T P T�U CmE�` _ � T O U \�@BA TXa CFI T�� úBE UNa C�l T @BA T ù�ù T �e@ T A{CmA��O�CFl9ù T ` T GHE U CFA�C T ù�P0AX_§EjA¿� T `h`
EJA�C�I»�N`�C T ùgù T ` T GpE U C6úBEj\ T A ø ùFIjP�C�l T A T CgI ø ù T AD@B`�CmAI � CmE�O UVTXaâø ù�IJP \ T�UVT ùFEj`�úB@Vù�ú�IJA T A T E�ùmkml TXU \jO UVT AÄ`QOx� T ?�I^Ij\j` T _7É
EjlVI^ILIjù�K�`hCFEHG^OcA{CmEVM�Äl T úVù�I��B` T AèE�ù T \ T�UBT ùmEpC T�a � o6CFl T E�\ T�U CÊ�#E�CFkmlVO U \(C�l T @BA T ùS� A2A T EjùFkml � T lBEHG^OhIJ@Vù�M
� E�ùmE�P T C T ùmA�EjA�C�l T C�OQP T avT�a Ock�EpC TXa CFIßù T E a E a Ivk�@VP T�U CX_�OhCFA�ADIJ@VùFk T E aVa ù T AFA�_�k+I UVYC T�U C�_ T CFk�M2E�ù T CFE�� TXU O U C�I:EJk�k�Ij@ U CgCFI avT AFk+ùFO � T CFl Tßa I^k�@VP T�U C�EJA�EËR`G�Q�_5��lVOckml9OQA
k+IjPLúBEjù T�a C�IêúVù T G^OQIj@BA�`Qoêù T k+IJù avT�a k�EjA T AXM^Ì l TXU E�k T ùDCmE�O U avT \Jù TXT I ø ADOQPLOh`cE�ùFO�C{o%OQAù T Ejkml T�a � T C0� T�T�U k�EJA T A�_^CFl T oßE�ù T \Jù�IJ@Vú TXa O U C�I0ELk+`Q@BADC T ù�M Ç�`Q@BA{C T ùmA�E�ù T P I U OhC�Ijù TXa _E UBa ��l T�U CFl T kmlVIJA T�U úBE�ùmE�P T C T ùmA�ù T PLEjO U O U GpEjù�OcE U CX_vE \jùFIj@BúâI ø ��IJù a A�OcA#CFE�� TXU CFI\ T�UBT ùmEpC T E5IZW�_�N$_+_^CFlBEpC���OQ`h` � T @BA TXaâø ù�IJP C�l TXU I U CFI�ù TXa @Bk T C�l T A�úBEJk T I ø IJúvC�OQI U A



��l T�U G T ùFO ø o^O U \LO ø E a Ivk+@BP TXU C�ù T C�ùFO T G T�aÂø ùFIjP C�l T � T � OcA�ù T ` T GpE U C ø IJù�C�l T @BA T ùXMNKC�l T P T lBEJA6E U EjAFADIvk�OQE�C TXa b ]	_cg�_�]"_�M�R"_ÂGpE�`Q@ T _�ùmE U \JO U \ ø ùFIjP WXT ùFIâCFIìI UVT M^�Äl T úVù T+øÌY
T ù T�U k T GpE�`Q@ T OcAg\jOQG TXU � o%C�l T C�OQP T A�ú TXU C � o E U @BA T ù�ù T E a O U \�C�l T kXEjA T A�CFlBEpCLE�ù Tk+`cEjAFADO�� TXa @ UBavT ù#E�C�l T P T _���l T�U k+IjPLúBEjù T�a C�IgCFl T IpG T ùmE�`Q`vù T E a O U \�CFOhP T I ø C�l T @BA T ù�M�Äl T C�l T P T A�AD@Nk�k T A�A�OQG T `QoL\ TXUVT ùmEpC TXa � o0CFl TF��T ùmADI U E�` f^T EjùFkml T ù�E�\ T�U C�E�ù T lVO T ùmE�ùmkmlVO Yk�E�`Q`QoìIJù�\eE U O W�T�a M��Äl T C�l T P0EpC�Ock�lVO T ùFEjùFkmlBO T A�_VIJùPIÍWC_�N$_*Ic]	_`_�Q�_�kXE U � T k�I U A�O aVT ù TXa EJAù T úVù T A TXU C�O U \LúBE�ù�C�Ock+@V`cE�ù�I U C�IJ`hIJ\jO T AXMC�ÄlVOQAÅ�#EHoJ_^C�l T P T A�kXE U � T C�ù T E�C T�a EjAdR`K�M�R`_ b IUQlBEHG^O U \Fg�_`G�I\HJ]	_�Q�_VEjk�CF@BE�`Q`Qo���IJù a A
CFlBEpC aVT AFk+ùFO � T C�l T PìM

Î ÏSï�ðvò½Ð{ò�?�öDõ�=ÊÐ�<>=2ðVõ�Ñ�ö�ï+?9=@BÒ=ÔÓÄô+=èï�ðVö[ðJ=2ðvö0Õ½A.<>Ao=ÊB^ô�ñ�Aäò�;
Ö ñVòÊ×�Ð�AØB^ö	< ö	Ð0=�ñBö{ð�Ù

÷ U CFl T `QO�C T ùmEpC�@Bù T C�l T ù T E�ù T A�IjP T �#Ijù"�^A�CFlBEpC aVT E�`^��OhC�lìCFl T k+IJPLúBE�ùFOQA�I U I ø I U C�IJ`hI Y\jO T AÆ�#&��v_ 2 _�& 2 �eù T+øåT ù TXU k+O U \�A�ú T k+O��Nk
C�I^Ij`cA ø IJù§CFl T k+I U A{CFù�@Bk+C�OQI U I ø k+IJP úB` T�� I U C�Ij`QIj\JO T A��O�CFl�CFl T O U C T ù�G T�U C�OQI U I ø l^@VP0E U�T�� ú T ù�CFAXM�Ú U C�l T IjC�l T ù7lBE UBa _pO U ��&('��^OhC�OQA�úVù T A T�U C TXaE(ù T `cEpCFOhG T `Qo�A�OhPLúV` T P I avT `�_Jk�E�`Q` TXaj
 n�% _pCFI�k�IjPLúBEjù T I U C�IJ`hIJ\jO T AX_�C�lBE�C
E�`Q`hI���A�E6k+IJP YúV` T C T `ho�E�@vCFIjP0EpC TXa k+IJPLúBE�ùFOQA�I U _+k+IjP � O U O U \�C�lVù T�T�ø IJù�P0A�I ø ADOQPLOh`cE�ùFO�C{o(P T EjA�@Vù T P T�U C�M6V@Vù�C�l T ù�PLIJù T _BOhC(k�E U � T E�úVúV`QO TXa ��OhC�l:A�IjP T PLI a O��Nk�E�C�OQI U A�C�I0CFl T lBO T ùFEjùFkmlVO T A�C�lBE�CE�úVú T Ejù�O U CFl T»��T ùmADI U E�` f^T E�ùmkml T ù6@BA T ùLúVùFI��N` T A�IJù T G TXU C�IàPLIjù TßavT CFEjOh` TXa I U C�IJ`hI Y\jO T AXM � G TXU CFlVIj@B\jl%C�l T @NA T I ø C�l T�
 n% PLI avT `
k�E U kXE�@BA T ADIJP T úVù T k�OQA�OQI U `hIeA�A�O UC�l T ù T A�@V`hCFAX_���l TXU E9ADIvk+O T C{oSI ø O UVø IjùFPLE�C�OQI U E�\ T�U CFALOcAÂk�I U A�O aVT ù TXa O�CßOQA T A�A T�U CFOQEj`C�lBE�C(CFl T k+IjPLúBEjù�OcA�I U úVùFIvk T AFA�k+Ij@B` a � T P0E avT T � T k+C�OQG T `Qo»��OhC�l%C�l T lVOQ\jl T A{C avT \Jù TXTI ø Ej@vC�IJPLE�C�OQI U _�A�I:CFI%EHGjIJO a E%A�O�CF@BEpCFOhI U O U ��lVOckml9CFl T @BA T ù�OcALk+I U CFO U Ij@BA�`ho9EJA�� TXaC�I avT k�O avT @Vú�I U k+I UJ) Ock�CFA�CFlBEpC$�#Ij@V` a a OcA{CFùFEJk�CLl T ù�ÛHlBOhP ø ùFIjP l T ùiÛplVOcA�ù T Ej`#\JIJEj`QAXM�Äl TP
 n�% PLI avT ` T GHEj`h@NEpC T A�CFl T A�OQP OQ`cE�ùFO�C{o � T C0� TXT�U k�`QEJA�A T A � T `hI U \jO U \0CFI a O�� T ù TXU Ck+I U k T úVC#lVO T ùmE�ùmkmlVO T AXM ÷ C��ÄEjA�@BA T�a EJA#E � EJADOcA�CFI Ej`h`QI�� C�l T k�IjPLúBEjù�OcADI U I ø úVù�I��B` T A�I ø
a O#� T ù T�U C�@NA T ùFA6I øq��T ùFA�I U E�` f^T EjùFkml T ùXM ÷ C�k�I U A�O aVT ùmA�C�lBE�CgC0��I�O UBavT ú TXUBavTXU C k+I U k T úVClVO T ùFEjùFkmlBO T A(üµI U C�IJ`hIJ\jO T A ý E�ù T k+I UBUVT k+C TXa C�lBù�IJ@V\jlìE�PLIJù T \ TXUVT ùmE�`�üåOQP0E�\jO U Ejù�o ý k+`cEjAFAEjAÄOhC�E�úVú T EjùFA#O U �N\j@Vù T>- M E ý M

anything

entity entity type

object building
complex

stadium building

artifact

structure way

building stadium building
complex

depth

Hierarchy H1 Hierarchy H2

athletic
field

sports
arena

structure

building stadium building
complex

athletic
field

sports
arena

¶�·x¸ Ù(ÜBÙ sSÝ[Å2u��J�e~m�Fx{z|�J��x�Ú�u�u��px{u��|uX��z|~m�è�e�[z|�J�(s��muXÍ6Í6u���z|Ígs���z|�^s+w[Þ�w{upuXxÆÞÌ��~��Qx	Ý	ß�tJÝ �[~FÍgsX�px{z|��J~mz|��Ê�tvuXw{ÊJupu�}�Ú�z�x{ÊjàSá(�Ä�cu�wqâ"ã\ä�å�æÍç7èjé
qm�j�muX��xDs�z|�ez|�e�Fê��F�hs��[�[~m�ÅÞcw{z���x{ÊJÝqº���¡�¼µ�



�Äl T�
 n�% P I avT `Jk�IjP � O UVT ACg�_`G�I\HJ]	_�heNjG�ILR`W7TZM7f(E UBa Q�_�N$G�M IcTUR�p�T¬Q`IeG�M�R`_+MS�Äl T \j`QI � Ej`ADOQPLOh`cE�ùFO�C{oLGpE�`Q@ TFë üUì�í`î ý � T C0� T�TXU C0�#I�k+I U k T úvCFAqìLE UNa îH_ � T `QI U \JO U \�C�I a O�� T ù TXU CÄI UVYC�Ij`QIj\JO T A�_vAFEHo¿ï�E UBarð _vOcA�\jOQG TXU � o0CFl T�ø Ij`Q`QI���O U \ T �J@NEpC�OQI U ,
ë üUì�ñJí"î�ò ý�óõôqö�÷që�ö ücì�ñCí`î�ò ý±øùô�ú�÷që^ú üUì�ñCí"î	ñ ý±øùô�ûF÷qëoû üUì�ñ7í`î�ò ý ü0& ý

ë ö _ ë ú E UBa�ë û avTXU I�C T C�l T ` T�� Ock�Ej`�_ øåT EpCF@Vù T E UBa A T P0E U C�Ock UVT Oh\Jl � IjùFlVI^I a A�OQP OQ`cE�ù YO�CFO T A � T C0� T�TXU C�l T k+I U k T úvCFAììE UBa îH_�E UBarô ö _ ô ú E UBarô û Ejù T CFl T � T OQ\jleCFA�I ø�T Ejkmlk+IjPLú�I UVTXU C½��l T�U kXE�`ck+@V`cEpCFO U \�C�l T \J`hI � E�`NADOQPLOh`cE�ùFO�C{o�GpE�`Q@ T MjK(AèCFl T ` T�� Ock�E�`NADOQPLOh`cE�ùFO�C{ok�E U � T O UJ) @ TXU k T�a � oßúNIJ`hovA T P�oJ_vC�l T�øåT EpCF@Vù T E UBa A T P0E U C�Ock UVT Oh\Jl � IjùFlVI^I a A�OQP OQ`cE�ù YO�CFO T A�ADlVIJ@V` a � T @BA TXa MC�Äl T GpEj`h@ T A#I ø±ô ö _ ô ú E UNa�ô û avT ú TXUBa I U C�l T kmlBE�ùmEjk+C T ù�OcA{CFOQkXAI ø CFl T I U C�Ij`QIj\JO T AÄC�I � T k�IjPLúBE�ù TXa E UBa CFl T o�P�@BA{C6E aBa @VúêCFIßI UVT M�ü�I�� T G T ù�_VI U `hok+IjPLPLI U A�ú T k+O��Nk�E�C�OQI U EjA�ú T k�CmA�k�E U � T @NA T�a C�I6G T ù�O ø ogCFl T�avT \jù T�T I ø A�OhPLOQ`QEjù�OhC{ojM � M \BMQ_O ø E U I U CFIj`QIj\Joê`QE � T `QA�E�k+I U k T úVCd��O�CFl ADo^P � IJ`QA�CFlBEpC�kXE�ùFù�o U I�O UVø IjùFPLE�C�OQI U E � Ij@VCO�CLüµAFEHoËý�K È ÇÆm�m - ��þ ý _^C�l T ` T�� OQkXE�`2ADOQPLOh`cE�ùFO�C{oßOQA�@BA T ` T AFA�M ÷ U C�l T ADOQPLOh`cE�ùFO�C{o ø @ U k+C�OQI U A
ë^ÿ ücì ñ í`î ò ý _@ì E UBa î E�ù T k+`cEjAFA T AÂüµO U CFl T kXEjA T I ø+��T ùmADI U E�` f^T E�ùmkml T ù�_wIÍWC_�N$_iQ ý E UBa��
avT�U IjC T A#C�l T C{o^ú T I ø A�OhPLOQ`QEjù�OhC{oêüå` T�� Ock�E�` _ øåT E�C�@Vù T E UBa A T P0E U C�Ock UVT OQ\jl � IjùFlVI^I aNý M Z�T C� E UBa�� � T C�l T A T CmA#I ø§øåT EpCF@Vù T AÄI ø ì ñ E UBa î ò MC�Äl T�� ì��
	�� ���� úVù�Ivk T AFA aVT C T ù�PLO UVT AC�l T kXE�ù a O U E�`QO�C{o0I ø CFl T O U C T ùmA T k�C�OQI U E UNa CFl Tga O�� T ù TXU k T � T C0� T�TXU � E UBa�� M

ë^ÿ üUì�ñ7í`î�ò ý�ó � ��� � �� ��� � � ø�� ücì ñ í`î ò ý±÷ � ��� � � ø ü0& � � üUì ñ í"î ò ýDý±÷ � � ��� � ü -Jý
�Äl T GpE�`Q@ T I ø�� OQA(k�E�`ck+@B`QE�C TXa @BADO U \0CFl T p�_ b IÍWêI ø C�l T k+`cEjAFA T A�O U C�l T k+I UVUVT k�C T�a

lVO T ùFEjùFkmlBO T A�, � üUì ñ í"î ò ý�ó � ��� ñ �"!$#&%('*)��� ñ��"!$#&% ' ),+ ��� ñ �"!$#&-�./) ÷ ø1032 ï4�/�§ücì ñ ý6570�2 ï8�/�7ücî ò ý
& � ��� ñ �"!$#&%('*)��� ñ �"!$#&% ' ),+ ��� ñ �"!9#:- . ) ÷ ø1032 ï4�/�§ücì ñ ý6;70�2 ï8�/�7ücî ò ý

K U OhPLú�Ijù�CFE U C�EjA�ú T k�C�OcA#C�lBE�C�C�l T A�OQP OQ`cE�ùFO�C{o ë ücì ñ í`î ò ý � T C0� T�T�U k+I U k T úvCFAÄOcA U IjCE UBT k T A�AFE�ùFOQ`ho0A�oePLP T CFù�Ock(ù T `QE�C�OQI U ��&('�� _ T M \NM@ý�E$WCK�Q b TZILG�V2OcA�A�OhPLOQ`QEjù�CFI0EEX�HJTZV�p�TZM7f7þLOQA
P IJù T \ T�UVT ùFEj`h`Qo6Ejk�k T úvC TXa C�lBE U C�l T�T�� úBù T A�A�OhI U ýFE*X�HJTZV�p�TZM7f�OQAèA�OhPLOQ`QEjù�C�I6E¿WCK�Q b TZILG�VÍþVM�§I�k�Ej`Qk�@V`cEpC T CFl T A T P0E U C�Ock UVT OQ\jl � IjùFlVI^I a A�OhPLOQ`QEjù�OhC{o�OcAgk+I U ADO avT ù T�a CFl T0U I�CFOhI UI ø Q�_�NjG�M�I\TURrM�_�T#fSW�X`K�]	WCKSKSpp_èCFlBEpCLOQA�CFl T A T C I ø k+`cEjAFA T Ad��lVOckml a OQADCFE U k T C�I E:\JOhG T�Uk+`cEjAFA
OcAÆ��O�CFlVO U E�A�ú T k+O�� T�a ]	GYp�TZH7Q�MJ�Äl T A T P0E U CFOQk UVT OQ\jl � IjùFlVI^I a I ø E�k+`cEjAFA�k�I U CFEjO U AC�l T \jOQG TXU k�`QEJA�AX_vEjAÄk�E U � T A TXT�U O U �B\NM - M � ý MC6VIjùFP0E�`Q`ho�,=< ücì?>�í/@ ý½óBA 	*>ÿDC _J��l T ù T ì=>E UBa 	*>ÿ Ejù T k+`cEjAFA T A#I ø E U I U CFIj`QIj\joFE^_8@�OcAÄC�l T ùFE a Oh@NA�E UBa < ücì?>�í/@ ý OcAÄC�l T A T P0E U C�Ock
UVT OQ\jl � IjùFlVI^I a I ø ì=>HM 6B@Vù�C�l T ù�PLIjù T _HGI	*>ÿ�J < ücì=>�í/@ ý _ 0 üUì=>�í(	*>ÿ ýK5 @^M½�ÄlVOcA U I�CFOhI UI ø ADOQPLOh`cE�ùFO�C{o�OcA � EJA T�a I U A�lBEj`h`QI�� P0EpCmkmlVO U \B_�EJA�A�Ivk+OcEpC T�a CFI�C�l T0T GHEj`h@NEpC�OQI U I ø C�l TOhPLP TXa OcEpC T6UVT OQ\jl � IjùFlVI^I a I ø ELk+`cEjAFA�_vO M T MvCFl T ]	G�p�TZH7Q6OQAÄI ø GpE�`Q@ T &jM?�OhG T�U C0�#I�k�I U k T úvCmAqì ñ E UBa î ò ø ùFIjP I U CFIj`QIj\JO T A±ï�E UBa5ð _J��l T ù T < üUì ñ í/@ ý lBEjA k+I U k T úVCFA#E UBa <Sücî ò íL@ ý lBEJA � k+I U k T úvCFAX_^E UBa CFl T O U C T ùFA T k+C�OQI U I ø C�l T C0��I UVT OQ\jl � Ijù YlVI^I a AÄOQA aVT�U IjC TXa � o5ì ñ � û î ò _vCFl T GpE�`Q@ T I ø�ë^û üUì ñ í"î ò í/@ ý OcA�k�Ej`Qk�@V`QE�C T�a � o�,� ì ñ � û î ò �� ì ñ � û î ò � ø�� ücì ñ í`î ò ýo÷NM ücì ñ í"ì ñ � û î ò í/@ ý±ø ü0& � � ücì ñ í`î ò ý�ý±÷NM ücî ò í	ì ñ � û î ò íL@ ý ü % ý

��l T ù TOM üUì ñ í"ì ñ � û î ò í/@ ý½ó � � < üUì ñ í/@ ý � � � ì ñ � û î ò � ÷ ø � < ücì ñ íL@ ý � ; � ì ñ � û î ò �
m ÷ U I�C�l T ù�k�EJA T



�Äl T O U C T ùmA T k�CFOhI U � T C0� T�T�U C�l T�UVT Oh\Jl � IjùFlVI^I a A�OcAÄE�úVúBù�I � OQPLE�C T�a � o CFl T A�OQP OQ`cE�ù Y
O�C{o I ø k+`cEjAFA T AÊ��OhC�lVO U C�l T Pr,�ì ñ � û î ò óQP"R ÿ,S�ûUT � ì3V=W SYX ë ücì ñ ÿ í`î òW ý[Z]\ �_^ ÷wë üUì ñ í"î ò ý

��O�CFl ^ ó
� & ÷ ø�ë üUì ñ í"î ò ý+ó`� ì�VaW SYX ë üUì ñ í"î òW ý
m ÷ U I�CFl T ù�kXEjA T

K�A ë üUì ñ í"î ò ý OcAèEjA�o^PLP T C�ùFOQkj_�ì ñ � û î ò E�`cADI�OcA�M��Äl T A�OhPLOQ`QEjù�OhC{o � T C0� TXT�U C0��I�k+`cEjAFA T Aì ñ ÿ E UBa î òW _ ø ùFIjP CFl T UVT OQ\jl � IjùFlVI^I a A�I ø ì ñ E UBa î ò OQA�kXE�`ck+@V`cEpC TXa @BA�O U \ß` T�� Ock�Ej`2E UBaEpCDCFù�O � @vC T ADOQPLOh`cE�ùFOhC{oj_7��O�CFl T �e@BE�`^� T OQ\jleCmA�ücmab���m ý , ë ücì ñ ÿ í"î òW ý½ó ô ö ÷që ö ücì ñ ÿ í`î òW ýoøùô ú ÷
ë ú ücì ñ ÿ í`î òW ý M�6VùFIjP l T ù T I U _ ë û ücì ñ í`î ò ý A�lVIj@B` a � T ù T E a EJA ë û üUì ñ í"î ò í�& ý M
co{c| dP�Yegf4ÁC�ihc~(��ÀËÁ��"j����Dh,kSÄHel A�O U \%C�l Tr
 n% PLI avT ` _�E%k�IjPLúBEjù�OcADI U E�`Q\jIJù�OhC�lBP �#EJA�OQPLúV` T P T�U C T�a M ÷ C0lBEjA�C0�#IúVù�Ivk TXa @Vù T AX_$m]@�ì3n &(E UBa mU@�ì3n - _eA�lVI�� U O U �B\ % _ � T O U \ � I�CFl T AFA T�U C�OcE�`Q`ho � ù T E a C�l Y�BùFADC�CFùFEHG T ùmA�Ej`QA�I ø C�l TÆ��T ùmADI U E�` f^T EjùFkml T ù�@BA T ù§úVùFI��N` T A�C�l T P T CFù TXT AXM*mU@�ì3n &
C�ùmEHG T ùmA T AC�l T �BùmA{CLúVùFI��B` T ï4@DE9o ��pq2 &J_èk+I U ADO avT ù TXa EjALEK@ 2 o 2 @ 2� 	 2 MrmU@�ì3n - ù T k T OhG T A E U I aVTI ø ï8@DE9o �[p"2 &j_w��O�CFlSOhCFA UVT OQ\jl � IjùFlVI^I a _7E UBa k+IJP úNE�ù T AgOhCP��OhC�l E�`Q`
CFl T k�I U k T úvCmA�O Uï8@DE9o �[p"2 - MC�Äl T¿
 n�% PLI avT `^�ÄEjA�E ais @BADC TXa EJA ø Ij`Q`hI���A(,
s K�A6EìúVùFI��B` T k+I U k T úVC�`cE � T `�kXE�ùFù�O T A U I�O Uvø IjùFP0EpC�OQI U ü T M \NM�ý ë1�Ft�2 '�þ ý _ ô ö OcA6A T CC�I WXT ùFI�, ë üUì ñ í"î ò ý�ó m8b m ÷që�ö üUì ñ í`î ò ý±ø mab�� ÷Æë^ú üUì ñ í"î ñ ý±ø mab�� ÷që^û üUì ñ í"î ò ý /
s �Äl T P TßøåT E�C�@Vù T A�lBEHG T EjAFADIvk+OcEpC TXa � T OQ\jleCmA6C�lNEpC0E�� T k�C C�l T GpE�`Q@ T A�I ø � �7� � � _� ��� � � E UBa � � �u� � O UßT ��M - ��l TXU k�Ej`Qk�@V`QE�C�O U \ øåT EpCF@Vù T ADOQPLOh`cE�ùFOhC{ojM ÷ UßT ��M - C�l Tk�Ejù a O U Ej`hOhC{oßOcA�E U O U C T \ T ù�_ U I�� OcA(Eâù T E�` U @BP � T ù�M�K úNIeA�A�O � ` T O U C T ù�úBù T CFEpCFOhI U OQAC�lBE�C�CFl T GHEj`h@ T A�lBEHG T EpCDCmEjkml T�a E�k�I U � avT�U k T(avT \jù T�T MeK øåT E�C�@Vù T OcA U I�� avT�U I�C T�a� oâE U Ijù avT ù T�a úBEjOhù�O UBa Ock�E�C�O U \ C�l T � T OQ\jleC�I ø C�l T�øåT EpCF@Vù T�ø IJù�E k�I U k T úvCS/
s Ì l T�U C0�#IrT¬Q�K�V�G�Ie_`p5IZW�_�N$_iQÂüµO�M T MvCFl T P T AÄC�lBE�C�E�ù T `QO U � T�a CFILC�l T ùFI^I�C�E UNa lBEHG T
U I0kmlVOQ` a ù T�U�ý E�ù T k�IjPLúBEjù T�a _^I U `Qo0C�l T�øåT EpCF@Vù T A�OQP OQ`cE�ùFO�C{oÂOcA�kXE�`ck+@V`cEpC TXa M

Procedure 1 Trav_1(profile_1,�profile_2)
queue_1.add(profile_1.root)
while queue_1�not�empty�do

node_1 v queue_1.head
for k=1�to�num_children(node_1)�do
child_k� v next_child(node_1)
queue_1.add(child_k)
queue_neighb.initialize()
queue_neighb.add(node_1)
queue_neighb.add(child_k)
for j=1�to�num_children(child_k)�do
queue_neighb.add(next_child(child_k))

end for
Trav_2(child_k,�queue_neighb,�profile_2)

end for
queue_1.retrieve(node_1)

end while

Procedure 2 Trav_2(node,�queue_neighb,profile_2)
queue_2.add(profile_2.root)
while queue_2�not�empty�do

node_2v queue_2.head
for m=1�to�num_children(node_2)�do
child_m� v next_child(node_2)
queue_2.add(child_m)
queue_neighb_2.initialize()
queue_neighb_2.add(node_2)
queue_neighb_2.add(child_m)
for n=1�to�num_children(child_m)�do

queue_neighb_2.add(next_child(child_m))
end for
element_queue.sim=S(node,queue_neighb,child_m,queue_neighb_2)
node.queue_sim.add(element_queue)

end for
queue_2.retrieve(node_2)

end while
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 l � T�� C�Ç�`QEJA�A�O Y�Nk�E�C�OQI U ?�ùFIj@Búo,�C�l T �BùmA{C�_�P IJù T ADC�ùF@Bk�CF@Vù T�a _�k�Ej`h` TXa�{`2 î | � _�lBEJA!' - ' - úBEj\ T A�k�Ij` Y` T k�C T�a O U &(l�l7� ø ù�IJP Ç�IJP úB@vC T ù f k+O T�U k T n T úBEjùDCFP T�U CFA�I øÄø Ij@Vù l f K l U OQG T ùFA�OhC�O T AX_IjùF\JE U O WXTXa O U C�I5��P0E�O Uêa OQù T k�CFIjùFO T A ��OhC�l¾�LA�@ � a OQù T k�C�IJù�O T A T Ejkmlo/VC�l T A T k�I UBa _BùFE�C�l T ù
) EpC�_�k�E�`Q` TXa ë12 	��
Ei@^_èlBEjAjlY� 2 ':úBE�\ T A a OcA{CFù�O � @vC TXa lVIjPLIJ\ T�UBT Ij@NAD`QoàO U C�I &(m�� a Ohù T k YC�IjùFO T A6k+IJù�ù T A�ú�I UBa O U \ T EJkml:CFI�E U O UBa @BA{CFù�OcE�`�EJk�CFOhG^OhC{o:A T k�CFIjù�Mo�Äl T AD@ � A T CFA�@BA TXa CFI
øåTXa¾��T ùFA�I U E�` f^T EjùFkml T ùq� T ù T , l�� % úBEj\ T A ø ù�IJP I UVT I ø C�l T � P0EjO U a Ohù T k+C�IJù�O T A�I ø C�l T{`2 î | � k�Ij`Q` T k�CFOhI U /o� - & úBEj\ T A ø ùFIjP � a Ohù T k+C�IJù�O T A(I ø C�l T�ë12 	��
Ei@âk�Ij` T k+C�OQI U M�6VùFIjPl T ù T I U _vk+OhC�O U \�E k+IJ`h` T k+C�OQI UâavTXU I�C T A
C�l T @BA TXa AD@ � A T CXM7�ÄlVù TXT úBù�I��B` T A�_eADlBI�� U O U �B\BM
2 _C� T ù T \ T�UBT ùmEpC T�a ,~}wQ�_�]D�����#_B@BADO U \ ë12 	��
Ei@ EjA�O U úV@VCXM ÷ CmA�ADC�ùF@Bk�CF@Vù T OcA�ùmEpCFl T ù ) EpCX_k+I U CmE�O U O U \ s @BA{C 8 T¬Q�K�V�G�IL_`p*IÍWC_�Nj_�QJüµO�M T MQ_eE�CFl T P T `hO U � T�a C�I6CFl T ùFI^I�C�_�lBEHG^O U \ U I�kmlVOQ` Y
a ù TXUNý _ UVT OhC�l T ù�I ø ��lVOckml OcA�A�@ � k+`cEjAFADO�� TXa @ UBaVT ù
E U I�CFl T ùS/r}±Q�_�]��U���Ä_�@BA�O U \ {`2 î�| �EjA(O U úB@vCXM ÷ C�OQA�PLIjù T ADC�ùF@Bk�CF@Vù TXa CFlBE U�����2 @9��<��0_^��OhC�l �LCFl T P T AX_ - I ø ��lVOQkml E�ù TAD@ � k�E�C T \jIjùFO T A�I ø PLIjù T \ TXUVT ùmE�`�C�l T P T A�/2E UBa }wQ�_�]��Y�]�����#_§I � CFEjO UBTXa øåT�T�a O U \êO U O YC�OcE�`Q`ho ë12 	��
Ei@ ø Ij`Q`hI�� TXa � o {`2 î�| � MC�Äl T IJù aVT ù�OcA�ù T ` T GpE U C�EjA�O�C(E�� T k�CmAÄC�l T C�l T P T\ T�UBT ùmEpC�OQI U M^KáAFE�PLúV` T k+I U k T úvC�OQA�A�lVI�� U ��O�CFl�O�CmA øåT E�C�@Vù T AÄO U CFE � ` T.2 M
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�Äl T k+IJPLúBE�ùFOQA�I U I ø CFl T \ T�UVT ùFE�C T�a úVù�I��B` T AF�ÄEjA�ú T ù ø IJù�P TXa O U C0�#I:ADC T úNA�M ÷ U O YC�OcE�`Q`hoJ_ T EjkmlêI UVT I ø C�l T CFlVù TXT úBù�I��B` T AÅ�ÄEjA�k+IJPLúBE�ù TXa ��OhC�l O�CmA T ` ø _�O U IJù avT ù�CFIßlBEHG Tù T�øåT ù T�U k T k�EJA T A�M71 T�� CX_^C�l T o$� T ù T k+IJPLúBE�ù TXa ��OhC�l T EJkmlÂI�CFl T ù�M � EJkmlâk+I U k T úvC#I ø C�l T@ 2 o 2 @ 2Ì 	 2 I U C�IJ`hIJ\jo*� TXT úBA#E�`QOcA{CÄI ø C�l T k+I U k T úvCFA#I ø C�l T I�CFl T ùÄI U CFIj`QIj\jo @Vú�I U ��O�CFlO�CglBEJA6E�ADOQPLOh`cE�ùFOhC{o�GHEj`h@ T E � IpG T EìC�lVù T A�lVIj` a C�lBE U kXE U � T A T C � o�CFl T @BA T ù�M�K aBa O YC�OQI U Ej`h`Qoj_jC�l T úBù T�øåT ù T�U k T�avT \Jù TXT I ø E�C�l T P T kXE U � T CFE�� T�U O U C�I�EJk�k+IJ@ U CX_jkXE�@BA�O U \6C�l TADOQPLOh`cE�ùFO�C{oêC�I � T P�@V`hC�OQúV`QO T�a � o:OhCX_ avT k+ù T EJADO U \ìC�l T A�OQP OQ`cE�ùFO�C{oêGpEj`h@ T Mw�Äl T I � A T ùFGHE YC�OQI U A7k+I U �Bù�P T�a CFl T úBù T�a OQk+C�OQI U A§A{CmEpC�O U \�CFlBEpC§C�l T ADOQPLOh`cE�ùFO�C{o(OQA U I UVY A�o^P P T C�ùFOQkjM f C�OQ`Q`�_O avTXU C�Ock�E�`2CFl T P T A�ù T k T OQG TXa ù T `QE�C�OQG T `Qo�lVOQ\jl%A�OQP OQ`cE�ùFO�C{o�GpE�`Q@ T AXM��Äl T `QI�� T ù�ADOQPLOh`cE�ùFO�C{o
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GHEj`h@ T�ø IJù#O avTXU CFOQkXE�`�C�l T P T AÆ�ÄEjAÆmab���mV_eù T A�@V`�CFO U \ ø ùFIjP øåT EpC�@Bù T ADOQPLOh`cE�ùFO�C{oJ_7��O�CFlß\JùFE a^Y@BE�`Q`hoLlVOQ\jl T ù
GpEj`h@ T A ø IJù�k+IJù�ù T A�ú�I UBa O U \J`ho ADOQPLOh`cE�ù#A T PLE U C�Ock UVT OQ\jl � IjùFlVI^I a A�M?Ü`Q�K�VxG�Ie_"pIZW�_�N$_iQ�üµA T�T A T k�C�OQI U % Mx& ý ù T EJkml TXa EßADOQPLOh`cE�ùFOhC{oßI ø &$b mVM f E�PLúV` T k�IjPLúBEjù�OcADI U ù T AD@B`�CmAE�ù T A�lVI�� U O U �B\NMr�LE UBa O U CFE � ` T.2 M
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