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R�O�PNJS_;e�U�G5I�R�V�U����5µ�I�bSU`u
U�V�I�PQ[�G,L�kSV�\
|KUWJ�LNPXJ�U`ï PNOoI�bSU.O�U�]1G,V	G5I�PNJS_;LNPXJSU
h�Ø�GK[	b�\,e$I�bSU�O�U
[(LNR�OxI�U�V	O;PNOse�RSV�I�bSU�V�T&PXuZPQT&UWT�PNJ�T&UW]1UWJ�T&U�J>I�LXM�R�O�PNJS_�e�U�G5I�R�V�U:� k a�GKOjT&UW]SPQ[�I�U�T�k>M~I�bSU
kSV�\
|KUWJ¿LXPNJSU�O~¤��lG,J�T�¤ k hà��bSU}Y;G,îx\KV�]SV�\
kSLNU�Y �oPXI�b¿I�bSPQOyGKLX_
\KV�PwI�bSY PNOtI�b1G5I�PwI
_KU�J�U�V	G5I�U�O^Ë � [(LNR�OxI�U�V	O.�ob�U�V�U6�}PQO.I�bSU�T&PXY;UWJ�O�PN\KJ1G,LNPwIxM�\KeiI�bSUy]�G,I�I�UWV�J1O�h~��\KV^LNGKV�_
U
uvGKLXR�UWO3\Ke����3��¥ä�
�N��PQO`IxMZ]SPQ[�GKL�PNJ~PNJ&e�\KV�YsG5I�PN\KJ�V�U(I�V�PNU�u5G,L�G,]S]SLNPQ[�G5I�PX\
J�OtÄX��ÆKÅ5Ç���a�I�bSU
J>R�Y.kgU�V.\Ke�[�LXR1OxI�U�V	O3_KUWJSU�V	G5I�UWT�kZMlI�bSPNOqG,LN_K\
V�PXI�bSY PNOqO�\nLQG,V�_KU^I�b�G5I3I�bSU�T�G5I�GnO�U(IqPNO
T&PXuZPQT&UWTyPNJ>I�\;RSJSPNJ>I�U�V�UWO�I�PNJS_
LXMtO�YsG,LNL�G,J1Tje�V	G,_
Y^UWJ>I�UWTy[(LNR�O�I�UWV�OWh

õ �BG,V	T�´�Ð�·je�RSm�mWMgÈ3�»b1G,V	T�[�LXR�O�I�UWV�PNJS_nG,LN_K\
V�PXI�b�Y G,LNLX\&[�G,I�U�O8U�GK[	b}]�G5I�I�UWV�J}I�\nG�O�PXJS_
LXU
[(LNR�OxI�U�V�T&RSV�PXJ�_3PwI	O�\
]1UWV�G,I�PN\KJjGKJ�TsPNJjPwI	O�\
R&I�]�R&IWh!�¿e�RSm�mWMj[(LNR�OxI�U�V�PXJ�_3Y;U(I�b�\ZTtGKO�O�PN_KJ�O
T&U�_
V�UWUWO!\Ke�Y;U�Y.kgU�V	O�bSPX]tPXJtO�U�u
U�V	G,L�[�LXR1OxI�U�V	OcI�\qUWG
[	bsPXJS]�R&Id]1G5I�I�U�V�J�hc��e�RSmWm�Mj[�LXR�O�I�UWV�f
PXJS_3[WG,JskgUB[(\
JZuKU�V�I�U�T3I�\3GDb�G,V	T;[(LNR�O�I�U�V�PNJS_`kZM^G
O�O�PX_
JSPNJS_DUWGK[	b^]�G,I�I�UWV�J;I�\DI�bSU8[(LNR�OxI�U�V
�oPwI�b�I�bSU`LQG,V�_KUWO�I�Y^U�GKO�RSV�UH\Ke{Y;U�Yqk1UWV�O�bSPN]�h

õ FBU�I�U�V�Y;PXJ�PNO�I�PQ[B´WÐ�·0OxI�\&[	b�GKO�I�PQ[,È���b�PNO{PNO�O�RSU�PQO$Y^\>OxI$V�UWLXUWu5G,J>I�I�\B]�GKV�I�PwI�PX\
J�G,LZG,]S]�V�\>GK[	bSU�OT&UWO�PX_
JSUWTtI�\s\
]&I�PNY;PXmWU`GsO��>R�GKV�U�TjU�V�V�\KVde�RSJ�[(I�PN\KJ�h!��bSPQOo\
]&I�PNY;PXm�G5I�PN\KJ�[�GKJ�kgU3GK[W[(\
Yqf
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]SLXPQO�bSUWT.R�O�PNJS_BI�V	GKT&PXI�PN\KJ�GKL,I�UW[	bSJSPQ�>RSUWO{\KV{I�b�V�\
RS_Kb3GBV�GKJ�T&\KYÛO�UWGKV�[	bD\,e�I�bSUdOxI	G5I�U�O�]�GK[�U
[(\KJ1O�PQOxI�PXJ�_^\Ke$GKLXL�]g\
O�O�PXkSLNUDLNGKk1UWLXPNJS_>O�h

õ ��J�[(V�U�Y;U�J>I	G,Li´WÐ�·yJS\KJ&f�PNJ�[(V�U�Y;U�J>I	G,L�È.��bSPQO`PNO�O�RSUjG,V�PNO�UWOD�ob�U�J�I�b�Uj]�G5I�I�UWV�J�O�U(I3I�\nk1U[(LNR�OxI�U�V�UWT�PQO�LNGKV�_
UKaBGKJ�T¿[(\
J�O�I�V	G,PNJ
I	Oj\
J¿U(p&UW[�R&I�PN\KJ¿I�PNY^U}\KVyY;U�Y;\KV�M�O�]�G
[(U}G5��UW[�I
I�bSUjGKV�[	bSPXI�U�[�I�RSV�U^\,edI�b�UjG,LN_K\KV�PXI�bSY�hs��bSU;UWGKV�LNMzbSPQOxI�\KV�Mn\,eo[(LNR�O�I�U�V�PNJS_�Y^U�I�bS\&T&\
LX\
_KM
T&\ZUWOoJS\KIB[(\
J
I	G,PNJ�YsGKJ>M�U(pSG,Y;]SLNUWOi\,ec[(LNR�OxI�U�V�PXJ�_;GKLX_
\KV�PwI�bSYsOoT&UWO�PN_KJSU�TtI�\s��\
V�|s�oPXI�b
LNGKV�_
UqTSG,I�GyO�U�I�OWa�kSR&IDI�bSUsG
T&uKUWJ
ID\,edTSG5I	GtY;PNJSPXJ�_yb1GKOBe�\
O�I�U�V�UWTzI�bSUsT&UWuKUWLX\
]SY;U�J>IH\Ke
[(LNR�OxI�U�V�PXJ�_DGKLX_
\KV�PwI�bSYsO{I�b�G,I!Y^PNJSPNY;PXmWU�I�bSUoJZRSYqk1UWV!\,e�O�[WG,J�O{I�bSV�\
RS_KbqI�b�Uo]�G5I�I�U�V�JsO�U�IWa
V�U�T&R�[(UDI�bSU3JZRSYqk1UWVB\,ec]�G,I�I�U�V�J�OoU(pSGKY^PNJSU�TyTSRSV�PNJS_jU�p&UW[(RSI�PN\KJ�aS\
ViV�UWT&R�[�UDI�bSU^O�PNm�U`\Ke
TSG5I	G^O�I�V�R�[(I�RSV�UWO�R�O�UWTyPNJtI�bSU3G,LN_K\
V�PXI�b�Yy¼ O�\K]gU�V	G5I�PX\
J�OWh
��[(\
_KUWJ
I�\
k�O�U�V�uvG,I�PN\KJDPNJ Ä Å>ÆvÇKPQO�I�b�G,I�I�b�U�O�]gUW[�Pwrg[�G5I�PX\
J3\,eSGKJ3G,LN_K\KV�PXI�bSY¹e�\KV$[(LNR�OxI�U�V�PXJ�_

R�O�R�G,LNLNMjLXU�GvuKU�Od[�\KJ�O�PQT&U�V	G,kSLNU8Ý�U(p&PNkSPXLXIxMtPNJ�PXY;]SLNU�Y;UWJ
I	G5I�PX\
J�h�Z# @ �n+ <,AD),A�132,+ 1X)6]ZEn]eN;C:9=<BA +.-;4�"L] 45U[A + 9T2>Á�C
��bSU�\K]gU�V	G5I�PN\KJ�\KeBGzbSPNU�V	G,V	[	bSPQ[�GKL�[(LNR�O�I�U�V�PNJS_lG,LN_K\
V�PXI�b�Y PQO.PNLNLXR�O�I�V	G5I�UWT�R1O�PNJS_zI�bSUjIx�d\,f
T&PNY;U�J�O�PX\
J�G,L$TSG5I	GsO�U�IBPNJz�{PN_KR�V�U.Å�ho��bSPNOir�_KR�V�U3T&UW]SPQ[�I�O8O�UWuKUWJn]�G5I�I�U�V�J�OoLQG,kgU�LNUWTn�.a�\Ha
�8a1Fqa1ØBa1�da1GKJ�Tzþ¤PXJ�I�bSV�U�U.[�LXR�O�I�UWV�OWh��ÛbSPNU�V	G,V	[	bSPN[WG,L�GKLX_
\KV�PwI�bSYýMZPNU�LQTSOiGl£
¢(¨�£5¦�Ñ�©,¦� 5Ù
V�U�]SV�UWO�U�J>I�PNJS_�I�bSU!JSU�OxI�UWTD_KV�\KR�]SPXJ�_o\,e&]�G5I�I�UWV�J�O�G,J�T`O�PXY;PNLNGKV�PXIxMBLNU�u
U�LQO�G,I��obSPQ[	b`_KV�\KRS]SPNJS_>O
[	b�GKJS_KU
h���T&UWJ�T&V�\K_
V�GKY¹[(\
V�V�UWO�]g\KJ�T&PNJS_�I�\oI�bSUdO�UWuKUWJ`]1\
PXJ>I�O{PNJ.�$PX_
RSV�U�Å3��\
k&I�GKPXJSU�TDe�V�\KY
I�b�U�O�PXJS_
LXU�f�LNPNJS|HGKLX_
\KV�PwI�bSY»Ä Å>ÆvÇ���PNO$O�bS\5�oJ`PXJq�{PN_KR�V�Ui���Sh$��bSU�T&UWJ�T&V�\K_
V�GKYæ[�GKJ3k1U�kSV�\K|KUWJ
G5IiT&PX��U�V�U�J>IiLXUWuKUWLNOdI�\sM>PNU�LQTyT&Pw��U�V�U�J>IB[�LXR�O�I�UWV�PNJS_>O�\Ke{I�bSU3TSG,I�GSh9n\
O�I�bSPNU�V	G,V	[	bSPQ[�GKL�[(LNR�O�I�U�V�PNJS_qGKLX_
\KV�PwI�bSYsO�G,V�Uiu5G,V�PQG,J>I�O�\,e�I�bSU8O�PXJ�_KLNU(f�LXPNJS|nÄw�5Ü5Ì,Ç�aZ[(\
Yqf
]SLNU(I�U(f�LXPNJS|lÄX�
�
Å5Ç�aSG,J�T�Y;PXJSPNY.R�Yqf�u5G,V�PNGKJ�[(U;ÄX�WÅS�
µ��WÌZÜ�Ç�G,LN_K\
V�PXI�bSYsOWhcèBe{I�bSU�O�U
a&I�b�U3O�PNJS_KLNU(f
LNPXJS|;G,J1Ts[(\KY;]SLNU(I�U(f�LXPNJS|;G,LN_K\
V�PXI�bSYsO!GKV�UoY;\>OxI�]g\K]�RSLNGKVWh0��bSU�O�UoIx�d\.GKLX_
\KV�PwI�bSYsOcT&Pw��U�VdPNJ
I�b�Uq��GvMyI�bSUWMl[	b�G,V	GK[(I�UWV�PNm�UDI�bSUsO�PNY;PXLQG,V�PwIxM�kgU(Ix�dU�UWJ�G�]�G,PNV8\Ke�[(LNR�O�I�UWV�OWh`��JzI�bSUsO�PNJS_KLNU(f
LNPXJS|�Y;U(I�bS\&T�a0I�b�UyT&PQO�I�G,J1[(UjkgU(Ix�dU�UWJ�Ix��\�[(LNR�OxI�U�V	O3PQO3I�bSUlÙ^§�¨�§�Ù^Ô&Ù¾\,eoI�b�U�T&PQOxI	G,J�[�UWO
kgU(Ix�dU�U�J^G,LNL&]�G,PNV	O�\Ke1]�G,I�I�UWV�J1O$TSV�Gv�oJ`e�V�\KY I�bSUdIx�d\8[(LNR�O�I�UWV�O���\
JSU�]�G5I�I�UWV�J.e�V�\
YÉI�bSUdr�V	OxI
[(LNR�O�I�UWVWavG,J�THI�bSU!\KI�bSUWV�e�V�\
Y¿I�bSU�O�UW[�\KJ�T��(h���JDI�b�U�[(\
Y^]�LXU�I�U(f�LNPXJS|DG,LN_K\
V�PXI�b�Yya�I�bSU�T&PNO�I�GKJ�[(U
kgU(Ix�dU�U�J�Ix�d\^[�LXR�O�I�UWV�O�PQOdI�b�U^Ùs �×
§�Ù^Ô&ÙÛ\,e0G,LNL�]�G,PNV��oPQO�UHT&PQO�I�G,J1[(UWO�kgU(Ix�dU�UWJ�]1G5I�I�U�V�J�O�PNJ
I�b�U;Ix��\z[�LXR�O�I�UWV�OWhs��J�U�PXI�bSUWV.[�G
O�U
a�Ix�d\z[(LNR�OxI�U�V	O`G,V�U;Y^UWV�_
UWTlI�\�e�\
V�Y G�LQG,V�_KUWV`[(LNR�OxI�U�V
k�G
O�U�T;\KJjY;PNJSPXYqRSY¶T&PQOxI	G,J�[�U8[(V�PXI�U�V�PQGSh0��bSU8[�\KY;]SLNU(I�U�f�LNPNJS|^GKLX_
\KV�PwI�bSYð]SV�\&T&R1[(UWO!I�PN_Kb>I�LNM
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ä(jel*�6ÞTÞT�	�M�MwLs=wTk*s=h=k~gGiPjes�s=bed*f gGh=iPf��
kg\KRSJ�T;\
V![(\
Y^]1GK[�I�[�LXR1OxI�U�V	OoÄw�WÍ,Ç�h$��bSUiO�PNJS_KLNU(f�LXPNJS|^G,LN_K\KV�PXI�bSY�a,kZMq[�\KJ>I�V	GKO�IWa,O�R&��U�V	O0e�V�\KY
Gt[	b1G,PNJSPXJ�_�U��gU�[�IsÄw�WÍN�5Ç�hH��IDb1GKOHGsI�UWJ�T&UWJ�[(M�I�\�]SV�\&T&R�[�U^[�LXR�O�I�UWV�OBI�b1G5I`G,V�UqO�I�V	G,_K_
LXMy\KV
U�LN\KJ�_
G5I�UWT�h���bSU�V�U`G,V�UDIx��\s[(LNR�O�I�UWV�O�PNJz�$PX_
RSV�U�OD��Ë;GKJ�T}�WÌ;O�UW]�G,V	G5I�UWT�kZM�G ö kSV�PQT&_KU�øq\KeJS\
PNO�M.]�G,I�I�U�V�J�O�h0��bSUBO�PNJS_KLNU(f�LXPNJS|^G,LN_K\KV�PXI�bSY ]�V�\&T&R�[�UWO!I�bSUB[�LXR1OxI�U�V	O!O�b�\5�oJ^PNJj�$PX_
RSV�U`��Ë&a
�obSUWV�U�GKO^I�b�Ul[(\
Y^]�LXU�I�U(f�LNPXJS|�G,LN_K\
V�PXI�bSY \Kk&I	G,PNJ�O;I�bSUz[(LNR�O�I�U�V�PNJS_~O�b�\5�oJ�PNJ¿�$PX_
RSV�U��WÌSh
��bSUB[�LXR1OxI�U�V	O!\KkSI�G,PNJSU�T;k>MqI�b�UB[(\
Y^]�LXU�I�U(f�LNPXJS|;G,LN_K\
V�PXI�b�Y¤G,V�UiY;\KV�Ui[(\
Y;]�GK[(I!I�b�GKJ;I�bS\>O�U
\KkSI�G,PNJSU�T¿kZM�I�bSU�O�PXJS_
LXU�f�LNPNJS|�G,LN_K\KV�PXI�bSY�µDI�b�U}[�LXR�O�I�UWV�LNGKk1UWLXU�T �}\Kk&I	G,PNJSUWTæR�O�PNJS_�I�bSU
O�PXJS_
LXU�f�LNPNJS|zG,LN_K\
V�PXI�bSY PQODU�LN\KJ�_
G5I�UWT�k1U�[�GKR�O�U^\,edI�b�U^J�\KPQO�Mz]1G5I�I�U�V�J�OHLNGKk1UWLXU�T öO¦ ø�hq��bSUO�PXJS_
LXU�f�LNPNJS|^GKLX_
\KV�PwI�bSYðPNO�Y;\KV�UBuKUWV�O�G5I�PXLNUoI�b�G,JsI�bSU8[�\KY;]SLNU(I�U(f�LXPNJS|sG,LN_K\
V�PXI�bSY�a>\,I�bSU�V��oPNO�UKh
�S\
V.U�p&GKY;]SLXU
a0I�bSUyO�PNJS_
LXU�f�LNPXJ�|�GKLX_
\KV�PwI�bSYâ[�G,J�U�pZI�V	GK[�IqI�bSUy[(\
J�[(UWJ
I�V�PQ[j[�LXR�O�I�UWV�O^O�bS\5�oJ
PNJ��$PX_
RSV�Ut�K�.kSR&IDI�bSU;[(\
Y;]SLXU�I�U�f�LNPXJ�|�GKLX_
\KV�PwI�bSYä[�G,J�JS\,I�hH�B\5��UWuKU�V�a1e�V�\
YäGt]SV	G,_KYsG,I�PQ[
uZPXUW�o]1\
PXJ>I�a$PXIqb1GKO3kgU�UWJ~\Kk1O�UWV�u
UWT�I�b�G,I.I�bSU�[�\KY;]SLNU(I�U�f�LNPNJS|}GKLX_
\KV�PwI�bSY ]SV�\&T&R1[(UWO.Y;\KV�U
R�O�U(e�RSL�bSPXUWV�GKV�[	b�PXU�O�PNJ�YsG,JZMtG,]�]SLXPQ[�G,I�PN\KJ�O�I�b�G,JyI�b�U3O�PNJS_KLNU(f�LNPXJS|�G,LN_K\KV�PXI�bSY Ä Å
Æ5Ç�h§~¨�¨�©3ª�«"¬Z­�®°¯
±3²�¬#³�±3´ ¨�©�¬�µO¶U±�´�·�¸2©�¹»º
¯
¬Z­�±3´ ¨P§~©3¨�ª>­�±3¯
¼ «
�x�v�yÞ!LQGK[(UoU�GK[	bs]�G,I�I�U�V�JjPXJtPwI	O�\5�oJj[�LXR�O�I�UWVWh!��\KJ1OxI�V�R�[(I�G3LNPQOxId\,e�PXJ>I�U�V�]�G5I�I�U�V�JjT&PQOxI	G,J�[�UWO

e�\KV!G,LNL�T&PQO�I�PNJ�[�I!RSJ�\KV	T&U�V�UWTq]�G,PNV	O0\,e�]�G5I�I�U�V�J�OWaKG,J1T^O�\KV�I0I�bSPQOcLNPNO�I!PNJ;G
O�[�U�J�TSPXJS_D\
V�T&UWVWh
��Ë
��Ò>I�UW]sI�bSV�\KR�_Kb;I�b�U8O�\KV�I�UWT^LNPNO�I�\Ke�T&PQOxI	G,J�[�UWOWaKe�\
V�Y;PNJS_`e�\KV�UWG
[	bjT&PNO�I�PNJ�[(IdT&PQO�O�PNY^PNLQG,V�PwIxM

uvGKLXR�U~� o Gl_
V�GK]Sb�\KJ~I�bSUy]�G5I�I�UWV�J�Oq�obSUWV�U�]�G,PNV�O.\,eB]1G5I�I�U�V�J�O^[(LN\
O�U�V3I�b�G,J�� o G,V�U
[(\KJ�JSUW[(I�UWT�kZM~Gz_KV	G,]�b�UWTS_KUKh���eDG,LNL�I�bSU�]�G5I�I�UWV�J�O;GKV�U�Y^UWY.kgU�V	O^\,e8G}[(\
JSJSUW[(I�U�T
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Jy��[(LNR�OxI�U�V�PXJ�_>�{PNTSU�J>I�PXr�UWT^kZM.O�PXY;]SLNM
[(\KJ�JSUW[(I�UWTy[(\
Y;]1\
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e�\KV!G,LNL�T&PQO�I�PNJ�[�I!RSJ�\KV	T&U�V�UWTq]�G,PNV	O0\,e�]�G5I�I�U�V�J�OWaKG,J1T^O�\KV�I0I�bSPQOcLNPNO�I!PNJ;G
O�[�U�J�TSPXJS_D\
V�T&UWVWh

��Ë
��Ò>I�UW]sI�bSV�\KR�_Kb;I�b�U8O�\KV�I�UWT^LNPNO�I�\Ke�T&PQOxI	G,J�[�UWOWaKe�\
V�Y;PNJS_`e�\KV�UWG
[	bjT&PNO�I�PNJ�[(IdT&PQO�O�PNY^PNLQG,V�PwIxM
uvGKLXR�U~� o Gl_
V�GK]Sb�\KJ~I�bSUy]�G5I�I�UWV�J�Oq�obSUWV�U�]�G,PNV�O.\,eB]1G5I�I�U�V�J�O^[(LN\
O�U�V3I�b�G,J�� o G,V�U
[(\KJ�JSUW[(I�UWT�kZM�G�_KV	G,]Sb�U�T&_KU
h���eBG,LNLcI�bSU�]�G5I�I�UWV�J�OqG,V�UsY;U�Y.kgU�V	O3\KeiGz[(\
Y^]�LXU�I�U�LNM
[(\KJ�JSUW[(I�UWT�_KV	G,]�b�aSOxI�\K]�h

��Ì>�y��bSU3\KRSI�]SR&IH\,ecI�bSUqGKLX_
\KV�PwI�bSYýPQO8GjJSUWO�I�U�TnbSPNU�V	G,V	[	b>Mt\,e!_KV	G,]�b�Oo�obSPQ[	bz[�GKJzk1Uq[(R&I
G5ItG~T&U�O�PNV�UWT�T&PQO�O�PXY;PNLNGKV�PXIxM�LNU�u
U�Loe�\
V�Y;PNJS_~G�]�GKV�I�PwI�PX\
JÛ��[(LNR�O�I�UWV�PNJS_>�sPNT&UWJ>I�PXr�UWT�kZM
[(\KY;]SLNU(I�U�LNMt[(\
JSJSU�[�I�U�T�[�\KY;]g\KJSUWJ
I	OoPNJtI�bSU3[(\
V�V�UWO�]1\
J�T&PNJS_^_KV	G,]Sb�h

�iPNU�V	G,V	[	bSPN[WG,LcG,LN_K\
V�PXI�b�Y;ODGKV�U^Y;\KV�U^u
U�V	O�G,I�PNLXUqI�b1G,J}]�G,V�I�PXI�PN\KJ�GKL!G,LN_K\
V�PXI�bSYsOWh^��\KVDU(pZf
G,Y;]SLNUKaZI�bSU`O�PNJS_
LXU�f�LNPXJ�|j[(LNR�OxI�U�V�PXJ�_^GKLX_
\KV�PwI�bSY»��\
V�|&O���UWLXL�\
J�TSG,I�G^O�U�I�Oo[(\
J>I�G,PNJSPNJS_.J�\KJ&f
PQO�\KI�V�\K]SPQ[0[(LNR�OxI�U�V	O�PNJ�[(LNR�T&PNJS_o�dU�LNLwf�O�UW]�G,V	G5I�UWT�a�[	b�G,PNJ&f�LXPN|KU
aWGKJ�TD[(\KJ1[(U�J>I�V�PQ[0[(LNR�OxI�U�V	O�a��obSUWV�U�GKO
GtIxM>]�PN[WG,L0]�G,V�I�PXI�PN\KJ1G,LcG,LN_K\
V�PXI�bSY O�R�[	b�G
O8I�bSU�L>f�Y^U�G,J�ODGKLX_
\KV�PwI�bSYä��\
V�|&O8��UWLXL0\KJ�LXMn\
J
TSG,I�GnO�U(I�ODb1Gvu>PNJS_nPQO�\KI�V�\K]SPQ[^[(LNR�OxI�U�V	OjÄX��ÍN�,Ç�h�è8J}I�bSUs\,I�bSU�V3b1G,J�T�a{I�b�U;I�PNY^U�G,J�T�O�]�GK[�U
[(\
Y;]SLXU�p&PwI�PXU�OlÄ ÌKë5Ç8\,eDI�bSU�]�G,V�I�PXI�PN\KJ1G,LBGKLX_
\KV�PwI�bSYsOjG,V�U�IxMZ]SPN[WG,LNLXM�LX\5�dU�VjI�b�GKJ�I�bS\>O�Uz\Ke
I�b�UqbSPNU�V	G,V	[	bSPQ[�GKL{G,LN_K\
V�PXI�b�Y;OWhD��I`PNOH]g\
O�O�PNkSLNU3I�\�T&UWuKU�LN\K]�bZM>k�V�PQTzG,LN_K\
V�PXI�b�Y;O^ÄX�WÌKë,Ç{I�b�G5I
U(p&]SLN\KPXI�I�bSU`_
\Z\ZTte�UWG,I�RSV�UWO�\Ke$kg\,I�bn[�G5I�U�_
\KV�PXU�O�hÁ ±3¬Z­�®°­�Â`¼»±�Â�®b©@§~¨�¨�©3ª�«"¬Z­�®°¯
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]�G5I�I�U�V�J�OWhc��V�UWG,I�U�GK[	by]�G5I�I�UWV�J�GKOoG;[(LNR�O�I�UWVWh
��Ë
�y�{PNJ�TjI�bSUHY;\
O�I�O�PXY;PNLNGKV�]1G,PNV�\Ke{[(LNR�O�I�U�V	OdR�O�PXJS_.I�bSUH]SV�\vp&PXY;PXIxM^YsG,I�V�Pwp�h�9nU�V�_KUBI�bSU�O�U

Ix��\`[(LNR�O�I�UWV�O0PNJ>I�\D\KJSUi[�LXR1OxI�U�V�h ÃB]gTSG,I�U�I�bSUo]SV�\vpZPNY;PwIxM.Y;G,I�V�Pwp.I�\`V�U(Ý�U�[�IcI�b�PNOcY;UWV�_
U
\K]gU�V	G5I�PN\KJ�h
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k&îxUW[(I�OoG,V�UDPXJ�\
JSU`[(LNR�OxI�U�V�aSOxI�\K]�h!Ø�LNO�UKa&_
\.I�\jOxI�U�]nË&h\dG
O�U�T^\KJ;I�b�Ui�dGvM.I�bSUB]SV�\vp&PNY;PwIxMqY;G,I�V�Pwp^PNO�RS]�TSG5I�UWTsPNJjOxI�U�]tËSa
G`u5G,V�PNU(IxM.\Ke�G,_K_
LX\
Y^f
U�V	G5I�PXu
UsG,LN_K\KV�PXI�bSYsO`[�GKJ�k1UtTSUWO�PX_
JSUWT�hy�iPNU�V	G,V	[	bSPQ[�G,L!TSPXuZPQO�PNuKUsG,LN_K\
V�PXI�b�Y;O`O�I�GKV�I3�oPXI�b~G
O�PXJS_
LXUD[(LNR�O�I�UWVd\Ke$GKLXLgI�b�UH_
PXu
U�J�\Kk&îxU�[�I�O�GKJ�Tt|
U�UW]�O�]SLXPXI�I�PXJ�_qI�bSU`[(LNR�O�I�U�V	Odk�GKO�UWTt\KJyO�\
Y^U
[(V�PXI�U�V�PN\KJ�I�\;\Kk&I	G,PNJyG^]�GKV�I�PwI�PX\
J�\,e$O�PNJS_KLNU(I�\KJ�[(LNR�OxI�U�V	O�h�Z# ÀþYZ)BA%9S+ 9S+ U(-3)6],"L] 45U[A + 9T2>Á�C
��]�GKV�I�PwI�PX\
J�G,LS[�LXR1OxI�U�V�PXJS_3GKLX_
\KV�PwI�bSY \
k&I�GKPXJ�O�GHO�PNJS_KLNUo]�G,V�I�PXI�PN\KJ;\Ke1I�bSUBTSG,I�GDPNJ�OxI�UWG
Tq\Ke�G
[(LNR�O�I�UWV�PNJS_.O�I�V�R�[�I�RSV�UKa&O�R1[	bjGKO�I�bSUHT&U�J�TSV�\
_KV	G,Y ]�V�\&T&R�[�UWTskZMsG3b�PXUWV�GKV�[	bSPQ[�GKL&I�U�[	bSJSPQ�>RSUKh
ÞcG,V�I�PXI�PN\KJ1G,L0Y;U(I�b�\ZT�O`b�GvuKU;GKTSuvGKJ>I�G,_
UWOHPNJ�GK]S]SLNPN[WG5I�PX\
J�ODPXJZu
\KLNu>PNJS_yLNGKV�_
UsTSG5I	GyO�U(I	OHe�\KV
�obSPQ[	b�I�bSUj[�\KJ�O�I�V�R�[(I�PN\KJ�\,eiGnT&UWJ�T&V�\K_KV	G,YéPNO3[�\KY;]SR&I	G5I�PX\
J�G,LNLXM�]SV�\KbSPNkSPXI�PNuKUKhy�¶]SV�\Kk&f
LNU�Y G
[�[�\KY;]�G,JZMZPNJS_tI�bSUsR�O�Us\,e�G�]�G,V�I�PXI�PN\KJ�GKL!G,LN_K\
V�PXI�bSY PQODI�bSUj[	bS\KPQ[(U;\Ke�I�bSUsJZRSY.kgU�V
\,e!T&U�O�PNV�UWTy\KR&I�]SR&I8[�LXR1OxI�U�V	O�hd� O�UWY;PXJ�GKL�]�GK]1UWV.Ä Í>ê5Ç�]�V�\5uZPQT&UWO�_
RSPNT�G,J�[�U`\KJyI�bSPQOi|
U�MyT&U(f
O�PX_
J�T&UW[�PNO�PN\KJ�h}��bSUt]�GKV�I�PwI�PX\
J�G,L�I�U�[	bSJSPQ�>RSUWOqR�O�R�G,LNLXM�]SV�\&T&R�[�Ut[(LNR�O�I�U�V	Oqk>M�\
]&I�PNY;PXmWPXJS_
Gj[�V�PXI�UWV�PN\KJye�RSJ�[(I�PN\KJlTSU(r�JSU�TnU�PXI�b�U�VBLN\&[�GKLXLNM}��\KJzGjO�RSk�O�U(I8\,ecI�b�U3]�G5I�I�UWV�J�O	�o\
Vi_KLN\Kk1G,LNLXM
��TSU(r�JSU�T�\5uKUWVDGKLXL�\,edI�bSUs]�G,I�I�U�V�J�O��(hy��\KYqkSPNJ�G5I�\KV�PNGKL!O�U�G,V	[	bl\,edI�b�UtO�U�I3\,e�]1\>O�O�PNkSLXUsLQG5f
kgU�LNPXJS_>Oie�\
V8GKJn\K]&I�PXYqRSYäuvGKLXR�U.\,e!G�[(V�PwI�U�V�PX\
JyPQOH[(LNUWG,V�LNMy[�\KY;]SR&I	G5I�PN\KJ1G,LNLXM�]SV�\
bSPNkSPwI�PXu
UKh
��J}]SV�G
[�I�PN[�UKagI�bSUWV�U�e�\KV�UKa�I�bSUsG,LN_K\KV�PXI�bSYäPQOBIxMZ]SPQ[�GKLXLNMnV�RSJlYqRSLwI�PX]�LXU^I�PNY;UWOD�oPXI�b�T&PX�gUWV�UWJ
I
O�I�G,V�I�PNJS_tO�I�G,I�U�O8GKJ�T�I�b�U.kgUWO�ID[�\KJ&r�_
RSV	G5I�PN\KJ�\
k&I�GKPXJSU�T�e�V�\KY G,LNL�\KecI�bSU^V�R�J�OBPQOiR1O�U�TlGKO
I�b�U`\KR&I�]SR&IB[(LNR�O�I�UWV�PNJS_�h
Æ&h¸Ë&hN�1Ä��(Ô� ,¦�¢	£�jd¦�¦�Ñ5¦�Å8� ©>Ñ5¦�§�¥�_ZÙqÐ�·B��bSU�Y;\
O�I{PNJ
I�RSPXI�PNuKU�G,J�TDe�V�UW�>RSUWJ>I�LNMHR1O�U�T3[(V�PwI�U�V�PX\
J

e�RSJ�[(I�PN\KJ~PNJ�]�GKV�I�PwI�PX\
J�G,Ld[(LNR�OxI�U�V�PXJ�_�I�UW[	b�JSPN�>RSU�O3PQO`I�bSU�O��>R�G,V�UWT}U�V�V�\KV3[(V�PXI�U�V�PN\KJ�a$�obSPQ[	b
I�UWJ�TSOqI�\}�d\KV�|��dU�LNL��oPwI�b�PQO�\
LNG,I�UWT�G,J�T�[(\KY;]�G
[�I;[(LNR�OxI�U�V	O�h���bSU�O��
R1G,V�UWT�U�V�V�\KV3e�\
V^G
[(LNR�O�I�UWV�PNJS_�B�\,e0G;]�G5I�I�U�V�J�O�U�I�& ��[(\
J
I	G,PNJSPNJS_�Æ [�LXR1OxI�U�V	O���PQO
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JS_KPNJS_sI�\sI�b�UCTNÊ3Ìj[�LXR1OxI�U�VDG,J�T Â R.PNOBI�bSU^[(UWJ
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PNT�\Ke
I�b�U|T�Ê3Ìj[(LNR�OxI�U�V�h
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]SLN\5MZPXJS_3G`O��>R�G,V�UWTqU�V�V�\KV![(V�PXI�U�V�PN\KJ�Äw�vË,ê5Ç�h$��I�OxI	G,V�I�Oc�oPXI�bjGDV	G,J�TS\KY PNJSPXI�PQG,L1]�G,V�I�PXI�PN\KJsG,J1T
|KUWU�]�OD\
J�V�UWG
O�O�PN_KJSPNJS_jI�bSUs]�G,I�I�UWV�J1OHI�\n[(LNR�O�I�U�V	ODk�G
O�U�Tl\
JlI�bSUjO�PNY;PXLQG,V�PXIxMnk1U�Ix��UWU�J�I�bSU
]�G,I�I�UWV�JsGKJ�TqI�bSUB[�LXR1OxI�U�V�[�U�J>I�UWV�O0RSJ>I�PXLgG`[(\KJZu
U�V�_KU�J1[(U�[(V�PwI�U�V�PX\
JqPQOcY;U(I8��¢W·¸©>·Na>I�bSUWV�UoPQOcJS\
V�UWGKO�O�PX_
JSY;U�J>I{\KegG,JZM`]�G,I�I�U�V�J.e�V�\KYÛ\
JSUd[�LXR1OxI�U�V0I�\DG,J�\,I�b�U�V�a,\KV{I�bSUiO��>R�G,V�UWT3U�V�V�\
V$[�UWGKO�UWO
I�\�T&UW[�V�U�GKO�UDO�PN_KJSPXr1[�GKJ>I�LNM�G5e�I�U�VBO�\KY;U`JZRSYqk1UWVi\,ecPXI�U�V	G5I�PX\
J�O	��h���bSU L>f�Y^U�G,J�OBG,LN_K\KV�PXI�bSY
PQOc]1\
]SRSLQG,V!kgUW[WG,R�O�UoPXI�PNO�UWG
O�M`I�\3PNY^]�LXUWY^UWJ>I�G,J�T^PXI�O!I�PNY^U8[(\KY;]SLNU(p&PXIxM.PQOUÍ;��5��(aZ�obSU�V�U�5
PQOdI�bSUDJZRSY.kgU�Vo\Ke{]�G,I�I�U�V�J�O�hc�÷YsG5îx\
Vd]�V�\
kSLXUWYà�oPXI�b�I�bSPQOoG,LN_K\
V�PXI�bSY¶PQOdI�b1G5IoPwIiPQOoO�U�J�O�Pwf
I�PNuKU�I�\DI�bSU8O�UWLXU�[�I�PN\KJ;\KegI�bSUoPNJSPwI�PNGKL�]�GKV�I�PwI�PX\
JsG,J�T^YsGvMq[�\KJZuKUWV�_
U�I�\3GDLX\&[�GKLSY;PXJ�PXYqRSY¤\Ke
I�b�U8[(V�PXI�U�V�PN\KJ^e�RSJ�[(I�PN\KJju5G,LNRSU8Pwe�I�bSUBPNJSPXI�PQG,Lg]�G,V�I�PXI�PN\KJsPQO!JS\KI�]SV�\K]gU�V�LXM;[	bS\>O�UWJ�h$�$PN_KRSV�U3�WÍ
O�bS\5�iO`O�UWuKUWJ�Ix�d\,f�T&PNY;U�J�O�PX\
J�G,Lc]1G5I�I�U�V�J�OWhj��eo��UjO�I�GKV�I3�oPXI�b�]�G,I�I�U�V�J�O3�3a \Ha�G,J�T~�¤GKO
I�b�U^PNJSPXI�PQG,L!Y;U�G,J�ODG,V�\KR�J�Tz�obSPQ[	b�I�bSUsÌ�[(LNR�O�I�U�V	ODG,V�Uqk�RSPXLXIWa�I�bSUWJ���U^U�J�T}RS]}�oPXI�b�I�bSU
]�GKV�I�PwI�PX\
J�(N(���->a.(�\Hag�|->a.(�Fqa�Øia��da1þ2-N-3O�bS\5�oJ�kZMjUWLXLNPX]1O�U�O�h���b�U3O��>R�GKV�U�TjU�V�V�\KVo[(V�PwI�U(f
V�PX\
Jyu5GKLXRSU`PQOoYqR�[	b�LNGKV�_
U�Vde�\KVoI�bSPQOo]�G,V�I�PXI�PN\KJyI�b�G,J�e�\
V�I�bSU3kgUWO�IB]�GKV�I�PwI�PX\
J�(N(��.a>\Hag�|-
a(�Fqa�Ø�-
a�(v�da�þ2-�-tO�bS\5�oJ�kZM�V�U�[�I�GKJS_KLNUWOWa��obSPQ[	b�M>PNU�LQTSODI�bSUj_
LX\
k�G,L0Y;PXJ�PXYqRSY u5GKLXRSUs\Ke
I�b�U.O��>R�GKV�U�TtUWV�V�\KVo[�V�PXI�UWV�PN\KJye�RSJ�[(I�PN\KJye�\KV8Gs[(LNR�OxI�U�V�PXJ�_j[(\KJ>I	G,PNJSPXJ�_qI�bSV�U�U3[(LNR�O�I�UWV�OWh���bSU
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J�PQO�\Kk&I	G,PNJSUWT�kZMt[	bS\Z\
O�PNJS_�a>e�\KVoU�pSG,Y;]SLNUKaS�3a1F.a�GKJ�Ty��GKO
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O8I�bSUs[(UWJ>I�V�\KPQTSOH\,e!I�bSUj[(LNR�O�I�U�V	OWh goU�]gUWG,IDI�bSPQO`OxI�U�]}RSJ>I�PNL�[(\
JZuKU�V�_KUWJ�[(U.PNO
GK[	bSPNU�u
UWT�a�§�·�¢�·Na�RSJ>I�PNL�I�bSU3[(LNR�O�I�U�VBY^UWY.kgU�V	O�b�PX]yPNOBOxI	G,kSLNUKh
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�x�v�n��bS\Z\
O�UPL�[(LNR�O�I�UWV�[(UWJ>I�U�V	OsI�\�[�\KPNJ�[(PQT&Ul�oPXI�bÓL�V�GKJ�T&\
Y^LNM>f�[	b�\
O�U�J�]�G5I�I�U�V�J�O�\KV:L
V�GKJ�T&\KY;LNMjT&U(r1JSUWTy]g\KPNJ
I	OoPNJ�O�PQT&UHI�b�U`b>MZ]gU�V�uK\
LXRSY;U`[(\
J>I�G,PNJSPNJS_qI�bSU`]�G,I�I�U�V�J�O�U(I�h

��Ë
�y�BO�O�PN_KJyUWG
[	b�]�G,I�I�U�V�JtI�\qI�bSU3[(LN\
O�UWO�Ii[(LNR�O�I�U�Vi[�U�J>I�UWVWh
��Ì>�6goUW[�\KY;]SR&I�U8I�bSU3[(LNR�O�I�UWVi[(U�J>I�U�V	O�R�O�PNJS_^I�b�U3[(RSV�V�UWJ>Io[�LXR1OxI�U�VoY;U�Yqk1UWV�O�bSPN]�O�h
��ÍZ����e�G.[(\
JZuKU�V�_KUWJ�[(Ui[�V�PXI�UWV�PN\KJsPQO�JS\,IdY^U�IWaZ_K\3I�\qO�I�UW]�Ë&hc��MZ]SPN[WG,Lg[(\KJZu
U�V�_KU�J1[(Ui[(V�PXI�U�V�PQG

G,V�UKÈ�JS\.��\KV�Y;PNJSPNY;GKLQ��V�U�GKO�O�PN_KJ�Y^UWJ>I�\,e&]�G5I�I�UWV�J�O�I�\iJ�U���[(LNR�O�I�U�V$[(UWJ
I�U�V	O�a�\KV{Y;PXJSPNYsG,L
T&UW[�V�U�GKO�U8PNJnO��>R�GKV�U�TjU�V�V�\KV�h

ÒZU�u
U�V	G,L>uvGKV�PQG,J>I	O�Ä¸Ü�Ç&\,e�I�bSU�L>f�Y;UWG,J1O{GKLX_
\KV�PwI�bSYÉb�GvuKU�k1UWU�J^V�UW]1\
V�I�UWT`PNJ.I�bSU�LXPXI�UWV�G,I�RSV�UKh
ÒZ\
Y^Ut\,eoI�b�U�Y G5I�I�U�Y;]&IqI�\}O�UWLXU�[�IqGn_
\Z\ZT�PNJSPXI�PQG,Ld]�G,V�I�PXI�PN\KJ~O�\nI�b�G5IqI�bSUyG,LN_K\KV�PXI�bSY PNO
Y;\KV�UlLNPX|
U�LNM�I�\�r�J�T¿I�bSU}_KLN\Kk�GKL8Y;PNJSPNY.RSYåu5GKLXRSU
hà�iJS\KI�bSUWV�uvGKV�PQG5I�PX\
J¿PQOtI�\�]gU�V�Y;PwI
O�]SLXPXI�I�PXJ�_^GKJ�TsY;U�V�_KPNJS_.\Ke�I�bSUHV�UWO�RSLwI�PXJ�_q[(LNR�O�I�UWV�OWh$��MZ]SPQ[�G,LNLNMKa&G.[�LXR�O�I�UWV�PQOdO�]SLNPXId�obSUWJtPXI�O
u5G,V�PNGKJ�[(U^PQOHGKk1\5u
U^Gy]SV�U(f�O�]1U�[(PXr�UWTzI�bSV�UWO�bS\KLQTlGKJ�TlIx��\�[(LNR�O�I�U�V	ODG,V�UqY;UWV�_
UWTz�ob�U�J�I�bSU
T&PQOxI	G,J�[�U!kgU(Ix�dU�U�J3I�bSUWPXV0[(UWJ
I�V�\
PNT�O�PNO{kgU�LN\5��GKJS\,I�bSU�V{]SV�U(f�O�]gUW[�Pwr�U�THI�bSV�UWO�bS\
LNT�h ÃBO�PXJ�_iI�b�PNO
u5G,V�PNGKJ>IWa�PXI3PNO3]1\>O�O�PXk�LXU^I�\n\
k&I�GKPXJ}I�bSUs\K]&I�PXYsGKLc]�G,V�I�PXI�PN\KJ�O�I�G,V�I�PNJS_ye�V�\KYéGKJ>M�G,V�kSPwI�V�GKV�M
PNJSPwI�PNGKL�]1G,V�I�PXI�PN\KJ�a0]SV�\5uZPNT&U�T�]SV�\K]gU�V3I�bSV�UWO�bS\KLQT�u5G,LNRSUWOqG,V�UtO�]gUW[�Pwr1UWT�hl��b�Ut�dU�LNLwf�|ZJS\5�oJ
��Ò�èHFi�c�$�¶ÄX�Wê5Ç�GKLX_
\KV�PwI�bSYàUWY^]�LX\5M&O�I�bSPQO�I�UW[	bSJSPQ�>RSU`\,e$Y;U�V�_KPNJS_sG,J�TyO�]�LXPXI�I�PXJS_j[�LXR1OxI�U�V	O�h
��e8��Ò1èHFi�c�{�äPQO;_KPNuKUWJ~I�bSU ö U�LNLNPX]�O�UWø�]�GKV�I�PwI�PX\
JSPXJ�_�O�bS\5�oJ�PXJ��$PX_
RSV�U}��Í�G
O^GKJ�PNJSPXI�PQG,L
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]�GKV�I�PwI�PX\
JSPXJ�_�aSPXIi�oPXLNL�]�V�\&T&R�[�UHI�bSU3\
]&I�PNYsG,L�I�bSV�U�U(f�[(LNR�O�I�UWVo]�G,V�I�PXI�PN\KJSPNJS_1h!��Ò�èHFi�c�$�Û�oPNLXL
r�V	OxI{Y^UWV�_
U0I�bSU�[(LNR�OxI�U�V	Oh(��A-�G,J�T�(`\Ha¸�|-!PNJ>I�\i\
JSU![(LNR�O�I�U�V{k1U�[�GKR�O�U0I�bSU�T&PQO�I�G,J1[(U!kgU(Ix�dU�UWJ
I�b�U�PNV;[�U�J>I�V�\KPQTSOqPNO^O�Y;GKLXLoGKJ�T�I�bSU�J�O�]SLNPXIqI�bSUy[�LXR1OxI�U�V6(�Fqa ØBa �da¸þ2-}���obSPN[	b�b�G
OqGlLNGKV�_
U
u5G,V�PNGKJ�[(Uv��a&PNJ>I�\^Ix��\s[�LXR�O�I�UWV�OI(vF.a Ø�-3GKJ�T#(v�da þ2->h
�iJS\KI�bSUWV$u5GKV�PQG5I�PX\
J3\,e1I�bSU�L>f�Y^U�G,J�O0GKLX_
\KV�PwI�bSYÉPXJZuK\
LXu
UWO$O�UWLXU�[�I�PXJS_DGBTSPw��U�V�U�J>I![(V�PwI�U�V�PX\
J

e�RSJ�[(I�PN\KJzGKLwI�\K_KU�I�bSUWVWh���bSUt£5Ú5¨� 5Ù^§�ÕsÕ(�#ÔZÐ�¥�¢(¦�§�¨Z©3GKLX_
\KV�PwI�bSYé���ob�PN[	b�]gU�V�Y^PXI�OBV�UW]SV�UWO�U�J>I�G,f
I�PN\KJ1O`\,I�bSU�V`I�b�G,J}I�bSUj[(UWJ
I�V�\
PNT Â�Õ e�\
V`UWG
[	b�[�LXR1OxI�U�V��H�dG
OD]SV�\
]1\>O�U�TlPNJ�Ä ÍZ�5Ç�a{GKJ�T�Äw��ë��5Ç
T&U�O�[�V�PNk1U�OjG�T&MZJ�GKY^PQ[n[(LNR�O�I�UWV�PNJS_�G,]S]�V�\>GK[	b�\Kk&I	G,PNJSUWT�kZM~e�\
V�YqRSLNG,I�PNJS_}I�bSU�[(LNR�OxI�U�V�PXJ�_
]SV�\KkSLNU�YðPNJjI�b�Uie�V	G,Y;U��d\KV�|.\Ke�Y;G,p&PXYqRSY^f�LNPX|
U�LNPXb�\>\&T;U�OxI�PXYsG5I�PX\
J�h0��bSUBV�U�_
RSLNGKV�PNm�U�T�9zG5f
b�GKLNGKJS\KkSPQO�T&PQOxI	G,J�[�U`�dG
O�R1O�U�T�PNJ ÄX��ËKÅ5Ç�I�\;\
k&I�GKPXJ�bZMZ]1UWV�UWLXLNPX]1O�\
PNTSGKL�[(LNR�OxI�U�V	O�h
Æ&h¸Ë&h¸ËÒÖ�¦� 	Ïb_�$
×._�¢�Ñ,¦�¢�¥�§�Õ í �#ÔZÐ�¥�¢(¦�§�¨Z©
·B��bSUiY;\
O�I!�dU�LNLwf�|ZJS\5�oJ._
V�GK]Sb&f�I�bSUW\KV�U(I�PQ[�T&PNu>PQO�PXu
U

[(LNR�O�I�UWV�PNJS_�GKLX_
\KV�PwI�bSY PNOyk�G
O�U�T�\KJ�I�bSU�[(\KJ1OxI�V�R�[(I�PN\KJ�\Ke3I�bSU�Ù^§�¨�§�Ùs 5�8Ð�Ï� 5¨1¨�§�¨Z©�¥�¦�¢	¢
�39�Ò&�i�d\,e{I�bSU`TSG,I�G�Äw��ÅKÅ,Ç�GKJ�TjI�bSU�JnT&UWLXU�I�PNJS_^I�bSU�9lÒS�¿UWTS_KUWO��oPXI�b�I�b�UHLQG,V�_KU�OxI�LNU�JS_KI�b�O
I�\�_
U�JSUWV�G,I�UyY^\
V�U�[(LNR�O�I�UWV�OWh��$PN_KRSV�U}��Æ�T&U�]SPQ[�I	O^I�bSU#9�Ò&�à\
k&I�GKPXJSU�T~e�V�\KY JSPXJ�U�Ix�d\,f
T&PNY;U�J�O�PX\
J�G,L�]1\
PXJ>I�OWhU\dMtk�V�U�G,|ZPXJ�_.I�bSU3LNPXJS|�LNGKk1UWLXU�Tz�dF �oPXI�bnG;LXUWJS_,I�b�\,ecê;RSJSPXI�O3��I�bSU
UWTS_KUD�oPwI�b�I�bSU`YsG,pZPNY.R�YýØ!R�[�LXPQT&U�G,JyLXUWJS_,I�b1��a�Ix��\s[(LNR�O�I�UWV�O`�*(��3a�\8a1�|-.GKJ�T�(�Fqa�Øia��da
þ^a&�3aZ�O-v��G,V�UB\
k&I�GKPXJSU�T�hc��bSUDO�U�[(\KJ1Tj[(LNR�O�I�U�V�[�GKJjkgUBe�RSV�I�b�U�V�T&PXuZPQT&UWTtPXJ>I�\.Ix�d\q[�LXR�O�I�UWV�O
kZMjkSV�UWGK|>PNJS_^I�b�U`UWT&_
UDØ����obSPQ[	b�b�GKOoG^LNU�JS_KI�by\,e0Í�h¸Æ.R�JSPwI	O�h
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��bSU�b�PXUWV�GKV�[	bSPQ[�GKLKG,]�]SV�\>GK[	bSU�O�G,V�U�GKLNO�\BV�U�LQG5I�UWTHI�\8_
V�GK]Sb&f�I�bSUW\KV�U(I�PQ[c[(LNR�O�I�UWV�PNJS_�h0ÒZPNJS_KLNU(f
LNPXJS|^[(LNR�O�I�U�V	OcG,V�UoO�R�kS_KV	G,]Sb1O0\,egI�bSUoY;PNJSPXYqRSY¤O�]�GKJSJSPNJS_DI�V�U�U�\,egI�b�UiTSG5I	GsÄ Ü,Å5ÇS�obSPQ[	bsG,V�U
G,LQO�\qI�bSU.[�\KJSJSU�[�I�UWT�[(\
Y^]g\KJ�U�J>I�O3Ä¸Ü,Æ5Ç�h���\KY;]SLNU(I�U�f�LNPNJS|t[(LNR�O�I�UWV�OiGKV�UDYsG5p&PNYsG,L�[�\KY;]SLNU(I�U
O�RSkS_KV	G,]�b�O;Ä ÜKÆvÇ�G,J1T}GKV�U;V�U�LQG5I�UWTlI�\�I�b�UsJS\&T&Uj[(\
LX\
V�GKkSPXLNPXIxMn\,e�_KV	G,]Sb�O;ÄX��Ë5Ç�hj��bSUsYsG,p>f
PNY;GKL�[�\KY;]SLNU(I�U�O�RSk�_KV	G,]Sb���GKO.[�\KJ�O�PQT&U�V�UWT�I�b�UtOxI�V�PQ[�I�UWO�IqT&U�r�JSPXI�PN\KJ~\KeoGl[(LNR�OxI�U�VqPXJ¿Ä ë5Ç
G,J1TÛÄw�vÆa�5Ç�h � _
V�GK]Sb&f�\KV�PXUWJ
I�UWT�G,]�]SV�\>GK[	b�e�\KV�JS\KJ&f�bSPNU�V	G,V	[	bSPQ[�G,LiO�I�V�R�[(I�RSV�UWO�G,J�T�\5u
U�V�f
LQG,]S]SPNJS_}[(LNR�OxI�U�V	O.PQO^]SV�UWO�U�J>I�U�T�PXJ÷Äw�WÍ>Æ5Ç�h���bSUnßq¢��X 5Ô&¨� 5Ún©,¦� �Ïb_���FHþ`�qPQOq\
k&I�GKPXJ�UWT�kZM
[(\
JSJSU�[�I�PNJS_sG,LNLgI�bSU`]1G,PNV�Od\,e$]1\
PXJ>I	OdI�b�G,IoGKV�UHïc\KV�\KJ�\KP�JSU�PN_KbZkg\KV	O�h0��bSU`FDþ [�\KJ>I�GKPXJ�O�GKLXL
I�b�UiJSU�PN_KbZkg\KV�bS\Z\&T3PNJ&e�\KV�YsG5I�PN\KJs[�\KJ>I�GKPXJSU�T.PNJ;I�b�U�9lÒ&��G,J�TqI�bSUoV�UWLNG,I�PNuKU�JSUWPX_
b>kg\KV�bS\Z\&T
_KV	G,]�b��3gBú8þ`�`ÄX�WëKÍ,Ç�h�Z# ñ /�+ ô*9TN5AD<sA�<XC:UZ] @B+.-*4�)6-*H�/�U�H,<�[�7[<q<,Ã*+.-*4§"L] 4,U[A + 9T2
Á�C
��bSUiY;PXpZI�RSV�UiV�UWO�\KLNu>PNJS_`G,]�]SV�\>GK[	b.I�\.[�LXR�O�I�UWV�G,J1G,LNMZO�PQOcb�GKO!k1UWU�JjGKT�T&V�U�O�O�UWT^PNJjGDJZRSY.kgU�V
\,e{�dGvM&OWh{��bSUHRSJ�T&UWV�LNMZPXJ�_qGKO�O�RSY;]&I�PN\KJjPQO�I�b�G,I�I�bSU8]1G5I�I�U�V�J�O�I�\qk1UD[(LNR�O�I�U�V�UWTtG,V�U8T&V	Gv�oJ
e�V�\KY \KJSUz\Ke.O�UWuKUWV�GKLBT&PQOxI�V�PNkSR&I�PX\
J�O�aiGKJ�T�I�b�Ul_K\>G,LiPQOtI�\~PQT&U�J>I�Pwe�M�I�b�Ul]�GKV�GKY^U�I�UWV�Os\Ke
UWG
[	byGKJ�T���]gU�V�b�G,]1O���I�bSU�PNViJZRSY.kgU�V�hU9n\>OxIi\Ke{I�bSU3�d\KV�|sPXJ�I�bSPQOiG,V�UWG^b�G
OoGKO�O�RSY;U�TtI�b�G5I
I�b�UjPXJ1T&PXuZPQT&R�GKL�[(\
Y;]1\
JSU�J>I�O.\,edI�bSU�Y;PwpZI�R�V�UtTSU�J�O�PwIxM}G,V�UtþDG,R�O�O�PNGKJ�a$GKJ�T}PXJ~I�bSPQO.[WGKO�U
I�b�U.]�GKV�GKY^U�I�UWV�OB\,e0I�bSU^PNJ�T&PNu>PQT&R�GKL0þDGKR�O�O�PQG,J�O8G,V�U`I�\tk1U^UWO�I�PNYsG5I�U�TnkZMtI�bSU^]SV�\&[�UWT&RSV�UKh
�{V�G
T&PwI�PX\
J�G,L�GK]S]SV�\
G
[	bSUWO�I�\jI�bSPQOo]SV�\KkSLNU�YùPXJZu
\KLNuKUD\Kk&I	G,PNJSPNJS_z��PXI�UWV�G,I�PNuKU�LNMS��G;YsG5p&PXYqRSY
LNPX|
U�LNPXbS\Z\&T�UWO�I�PNY;G,I�U`\Ke�I�b�U`]�G,V	G,Y;U(I�U�V�uKU�[�I�\KV	O�\Ke{I�bSU3[(\
Y;]1\
JSU�J>IiT&U�J1O�PXI�PNUWO3Ä Å
Æ5Ç�h9n\KV�U�V�UW[�U�J>I�LNMKavI�bSUoØcp&]1U�[�I	G5I�PN\KJ29zG5p&PNY^PNmWG,I�PN\KJy��ØU9���GKLX_
\KV�PwI�bSY¶��G8_KU�J�U�V	G,LXf�]SR�V�]g\
O�U
YsG5p&PNY.RSY»LNPX|
U�LNPXbS\Z\&TjGKLX_
\KV�PwI�bSY Ä Ì
Å5Çge�\KV�Y;PQO�O�PNJS_,f�TSG5I	G3]SV�\Kk�LXUWY;O	�cb1GKO�k1UWU�J�GK]S]SLNPXU�T;I�\
I�b�Us]SV�\
kSLNU�Y \Ke�]�GKV�GKY^U�I�UWVHU�OxI�PXYsG,I�PN\KJ�hs�ðV�U�[(UWJ
I`kg\Z\K|�ÄX�WÌKÍ,Çc]SV�\5u>PQT&U�OHGKJ}G
[�[�UWO�O�PNkSLNU
T&U�O�[�V�PN]&I�PN\KJy\,e$I�b�U`I�U�[	bSJSPQ�
R�UKh!��JyI�b�U.ØU9ée�V�GKY;U��d\KV�|gaZI�bSU`]�GKV�GKY^U�I�UWV�Od\,e$I�b�U.[(\
Y^]g\,f
JSUWJ
I�T&U�J1O�PXI�PNUWO�G,V�UiRSJ�|>J�\5�oJ�a>G
O�GKV�UiI�bSUHY;Pwp&PNJS_.]�GKV�GKY;U(I�UWV�OWa
GKJ�T;I�bSUWO�UHGKV�UBUWO�I�PNY;G,I�U�T
e�V�\KY I�bSUj]�G,I�I�U�V�J�O�hy��bSUjØU9 ]SV�\&[(U�T&RSV�U^kgU�_
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PXJ>I	OBkZM�I�bSUWPXVD[(UWJ
I�V�\
PNTy\
VBkZMyG�O�U�IB\,e�TSPNO�I�GKJ
I8]1\
PXJ>I�O8PNJ

I�bSU3[�LXR�O�I�UWVWhc�$PN_KRSV�U;�vÜqT&U�]�PN[(I�O�I�bSUWO�UHIx��\;PQT&UWG
O�h
��Ë
�6goU�]SV�UWO�U�J>I;[(LNR�OxI�U�V	O^R�O�PNJS_}JS\&T&UWO^PNJ�G�[(LQGKO�O�PXr1[WG5I�PN\KJ~I�V�U�UKh���bSPNO^PQO;PXLNLNR�OxI�V�G,I�U�T~PNJ

�{PN_KR�V�U;�Wë�h
��Ì>�6goU�]SV�UWO�U�J>I`[(LNR�O�I�U�V	O8k>MlR�O�PNJS_�[(\
J5îxRSJ�[(I�PNuKU^LX\
_KPQ[�G,L$U(p&]SV�UWO�O�PX\
J�O�h3��\KVDU(pSGKY^]�LXU
a�I�bSU

U(p&]SV�UWO�O�PN\KJ�Ä é � ¥æÌ,Ç�Ä é�k ê¹Ë5Ç{PNJl�$PX_
RSV�Uj�WëjO�I�GKJ�TSOie�\KViI�bSU.LN\K_
PN[WG,L�O�I�G,I�UWY^UWJ>I.º é �
PNO�_
V�U�G5I�UWVdI�b�GKJ�Ì�¼� 5¨�£qº é k PQO�LXU�O�OdI�b�G,JzË&¼NhÃBO�U.\,ecI�bSUq[�U�J>I�V�\KPQT�I�\tV�U�]SV�UWO�U�J>IBGt[�LXR1OxI�U�VHPNOBI�bSUqY;\
O�I8]g\K]SRSLQG,VHO�[	b�U�Y;UKh8��IH�d\KV�|&O

�dU�LNL��obSUWJ�I�bSUt[�LXR1OxI�U�V	O3G,V�Uj[(\
Y^]1GK[�I3\
V3PQO�\KI�V�\K]SPQ[,hy�i\5�dU�uKUWVWa{�obSU�J�I�bSUt[�LXR�O�I�UWV�O.G,V�U
U�LN\KJ�_
G5I�UWT�\KV3J�\KJ&f�PNO�\,I�V�\
]SPQ[,a�I�bSU�J�I�bSPNOqO�[	b�U�Y;U;e�G,PNLNO`I�\nV�U�]SV�UWO�U�J>IDI�bSUWY ]�V�\
]1UWV�LNMKh���J
O�R�[	b�G}[�G
O�U
acI�b�UnR�O�Uy\,eDG�[(\KLNLNUW[�I�PX\
J�\Ke8kg\KRSJ�T�G,V�M�]1\
PXJ>I�O;PNJ�G�[�LXR�O�I�UWVj[�GK]&I�RSV�UWO^PXI�O
O�b�G,]gUj�dU�LNL�hn��bSU�J>R�Y.kgU�V.\Keo]1\
PXJ>I�O.R�O�UWT}I�\lV�UW]SV�U�O�UWJ>I.Gz[(LNR�O�I�U�V^O�b�\KRSLQT�PXJ1[(V�UWGKO�UjGKO
I�b�U3[(\KY;]SLNU(p&PXIxMj\,e0PXI�OoO�b�G,]gU`PXJ1[(V�UWGKO�UWOWh0��bSUDIx��\sT&PX��U�V�U�J>IoV�UW]SV�U�O�UWJ>I�G5I�PX\
J�OdPXLNLNR�OxI�V�G,I�U�T
PNJz�{PN_KR�V�Us��ë^GKV�U`U��>RSPXu5GKLXUWJ
I�h�Ø�uKU�V�Mj]�G,I�b�PNJzGs[(LQGKO�O�PXr1[�G,I�PN\KJ�I�V�U�UDe�V�\KYýI�bSU3V�\Z\,IiJS\&T&U
I�\sG;LNUWG,e{JS\&T&U3[�\KV�V�U�O�]g\KJ�T�O�I�\sG^[�\KJ5îxR�J�[�I�PXu
U3OxI	G5I�UWY;U�J>IWh!�BJyPNY;]1\
V�I	G,J>IoLXPNY;PwI	G5I�PX\
Jy\Ke
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I�b�U.IxMZ]SPQ[�GKL$R1O�Uq\,e!I�bSU^O�PNY^]�LXU;[(\
J5îxRSJ�[(I�PNuKU;[(\KJ1[(U�]SIHV�U�]SV�UWO�U�J>I	G5I�PN\KJ1OoPNO8I�b�G5IHI�bSUWMz[�GKJ
T&U�O�[�V�PNk1UD\
JSLXMtV�U�[�I�GKJS_KR�LNGKVd\
VoPNO�\,I�V�\
]SPQ[8[�LXR�O�I�UWV�O�PNJyI�bSUDe�U�G5I�RSV�U`O�]�GK[�UKh
F8G,I�G;G,k�O�I�V	GK[(I�PN\KJyPNO�R1O�U�e�RSL�PNJ�TSUW[(PQO�PX\
J�YsG,|ZPNJS_;k1U�[�GKR�O�UD\Ke{I�bSUDe�\KLNLX\5�oPNJS_1È

�x�v����I8_KPNuKU�OBGjO�PNY^]�LXU^G,J�TnPNJ>I�RSPXI�PNuKU^T&UWO�[(V�PN]&I�PN\KJz\Ke�[(LNR�O�I�U�V	Oi�ob�PN[	bzPQO8UWGKO�M�e�\KVBbZRSYsGKJ
[(\KY;]SV�U�b�U�J�O�PX\
JzÄw��Ì
Ë5Ç�h$��Jjkg\,I�by[(\
J�[(UW]&I�R�GKLg[�LXR1OxI�U�V�PXJS_�Äw��Ì
ËvÇ�G,J1TjO�MZYqk1\
LXPQ[B[�LXR�O�I�UWV�f
PXJS_jÄ¸Ü5ë,ÇSI�b�PNO�V�UW]SV�UWO�U�J>I�G,I�PN\KJ^PNO�\Kk&I	G,PNJSUWT^�oPXI�bS\
R&I�R�O�PNJS_3G,JjG
TST&PXI�PN\KJ�GKL�OxI�U�]�hc��bSU�O�U
G,LN_K\KV�PXI�bSYsOD_KUWJSU�V	G5I�U;I�bSU�[(LNR�OxI�U�V	O.G
O`��UWLXLdGKODI�bSU�PNVqTSUWO�[(V�PX]&I�PX\
J�OWhy�ùO�U�I.\,e�e�RSmWm�M
V�RSLNUWOc[WG,JskgUo\Kk&I	G,PNJSUWT^e�V�\KY e�RSm�mWMq[�LXR�O�I�UWV�O!\,e�G3TSG5I	GDO�U�IWhc��bSUWO�UoV�RSLXU�O![�GKJ;k1UiR1O�U�T
I�\;kSRSPNLNT�e�RSmWm�My[(LQGKO�O�PXr�U�V	O�G,J�Tte�RSmWm�M�[�\KJ>I�V�\KLNLNU�V	O�h

��Ë
����IdbSUWLX]1O�PNJ�G
[	bSPNU�uZPXJ�_qTSG,I�G^[(\KY;]SV�UWO�O�PX\
J;I�b�G,I�[WG,JtkgUHU(p&]SLN\KPXI�UWTje�RSV�I�bSUWVdkZMjG^[(\
Yqf
]SR&I�UWV�ÄX�WÌ
ë5Ç�hz�{PN_KR�V�Un��Å���G>�`O�bS\5�iO3O�G,Y;]SLNUWO3kgU�LN\KJ�_KPNJS_nI�\lIx��\z[	b1G,PNJ&f�LNPN|KUt[�LXR�O�I�UWV�O
LNGKk1UWLXU�T���GKJ�T�Ë&h��à]1G,V�I�PXI�PN\KJ�GKLd[�LXR�O�I�UWV�PNJS_zLNPN|KUjI�bSU�L>f�Y;U�G,J�OqG,LN_K\KV�PXI�bSYâ[�GKJSJS\,I
O�UW]�G,V	G5I�U;I�bSU�O�UsIx�d\lO�I�V�R�[�I�RSV�UWO3]�V�\
]1UWV�LNMKhz��bSU�O�PNJS_KLNU(f�LNPXJS|�G,LN_K\
V�PXI�b�Yé�d\KV�|ZO3��UWLXL
\KJ�I�bSPQOiTSG,I�GSa&k�R&IiPNOB[(\KY;]SRSI�G5I�PX\
J�G,LNLNMjU(p&]gU�J�O�PXu
UKh!ÒZ\1aSG;b>MZkSV�PQT�GK]S]SV�\
GK[	b�YsGvMsk1U
R�O�U�T�I�\;U(p&]SLN\KPXIoI�bSUqT&UWO�PXV	G,k�LXUD]SV�\K]gU�V�I�PNUWO�\Ke$kg\,I�b�I�bSUWO�U3G,LN_K\
V�PXI�b�Y;OWhc½}U3\Kk&I	G,PNJyë
O�RSk�[(LNR�O�I�UWV�OB\,ecI�b�UqTSG,I�GskZMyR�O�PNJS_tI�bSUy��[(\
Y;]SR&I�G,I�PN\KJ�GKLXLNMyU(áj[(PNU�J>I	��L>f�Y^U�G,J�O8G,LN_K\Kf
V�PXI�bSY�h0Ø�G
[	b.\,e1I�bSU�O�UoO�RSk�[(LNR�OxI�U�V	O0[�G,J^kgUdV�U�]�V�U�O�UWJ
I�UWT.k>M3I�bSUWPXVc[(UWJ>I�V�\KPQTSO0GKOcO�bS\5�oJ
PXJ~�$PN_KRSV�Uz�WÅ1��G>��hzúi\5�ðI�bSU�O�PXJ�_KLNU(f�LXPNJS|�G,LN_K\KV�PXI�bSY [�G,J�kgU�GK]S]SLNPXU�T�\KJ�I�bSUWO�Ut[�U�J&f
I�V�\KPQTSOiG,LN\KJ�U`I�\t[�LXR1OxI�U�ViI�bSU�Y PNJ>I�\�Ës_KV�\KRS]�OWho��bSU3V�UWO�RSLXI�PNJS_j_KV�\KR�]�OiG,V�U.O�bS\5�oJnPNJ
�{PN_KR�V�U8�WÅ���k1��h$�iUWV�U
a,G8TSG,I�GBV�U�T&R�[�I�PX\
J.PQO0GK[	bSPNU�u
UWT`kZMDV�UW]SV�UWO�U�J>I�PNJS_iI�bSU�O�RSk�[(LNR�O�I�UWV�O
k>MjI�bSUWPXVi[�U�J>I�V�\KPQTSOWh



� Ö � �! #"$ >%�'�)#*,+�-3 w/$ �-`254w6�7B'5*�9;:> %5 1<
= 75*5*

1

1

1

1 2

2

2

2 1

1

1

1

2

2

X X

1 1 1
1

11
1

2

2

1

1
1

1
1

11
1

1
1

1

1

1
1

1 1 11
1

1
11

1

2

2 2
2

2
22

2
2

2

2

2

22
2

2

2 2 2
2

2

2 2
2

2
2

2 2

2
2

2

21
11

1 1
11

1
11

(a) (b)1 1

X2 X2

ä(jel*�5Þ:ó;� ��tSg�t�s=wT|_o*iPh=fGfGjewTk�z~�
s=bed*f gGh=iPjek*l*�
��Ì>����IBPXJ1[(V�UWGKO�UWOoI�bSU3U�áj[(PNU�J�[�M�\KecI�bSU.TSUW[(PQO�PX\
JnY;GK|ZPXJS_;I	GKO�|�hd��J�Gs[(LNR�OxI�U�V�f�k1GKO�UWT�T&\&[�f

RSY;U�J>IjV�U�I�V�PXUWu5G,L�I�U�[	bSJSPQ�>RSU~Äw�vÆ,Å,Ç�adG�LNGKV�_
Uy[�\KLNLXU�[�I�PN\KJ�\KeHT&\&[(R�Y^UWJ>I�OsPQOj[(LNR�O�I�UWV�U�T
G,J�TnU�GK[	bz\Ke!I�b�U^[�LXR�O�I�UWV�O8PQO8V�U�]�V�U�O�UWJ
I�UWTnR1O�PNJS_tPXI�OD[�U�J>I�V�\KPQT�hD��Jl\
V�T&UWVBI�\tV�U(I�V�PNU�u
U
T&\&[(RSY;U�J>I	O�V�U�LNU�u5G,J>I�I�\qG^�>RSU�V�MKa
I�b�UH�>RSUWV�M;PQO�YsG5I	[	bSUWTt�oPwI�bjI�bSUH[�LXR1OxI�U�V�[(U�J>I�V�\
PNTSO
V�G,I�bSUWV�I�b1G,J3�oPXI�b^G,LNLKI�bSUdTS\Z[�RSY;U�J>I�OWh0��bSPNO{bSUWLX]�O{PNJ.V�U(I�V�PNU�uZPXJ�_iV�UWLXUWu5G,J>I$T&\&[�RSY;U�J>I�O
U(áj[(PNU�J>I�LNMKh;�iLQO�\yPNJ�O�UWuKUWV�GKL$GK]S]SLNPN[WG5I�PN\KJ1O8PNJZuK\
LXuZPNJS_�LQG,V�_KU;TSG,I�GyO�U�I�OWa{[(LNR�O�I�UWV�PNJS_yPNO
R�O�U�TjI�\s]1UWV�e�\
V�YýPXJ�TSU(p&PXJ�_�a&�obSPQ[	b�bSU�LN]�O�PNJyU�áj[(PNU�J>IBT&UW[�PNO�PN\KJyY;GK|ZPXJS_nÄ Í
Ì,Ç�h�Z# ë "LAK9S+ ìZ1*+ )6]�J�<BN6AD)6]cJ�<~9%í?U[A�ÃXC&W U[A$En]eN;C:9=<BA +.-;4

�iV�I�PXr1[�PNGKLSJSU�R�V�GKLSJSU(Ix�d\KV�|&Oo���8úBúBO	�oÄ ë,ÍKÇ1G,V�U�Y^\KI�PNu5G5I�U�T;kZM.kSPN\KLN\K_
PN[WG,L&JSUWRSV�GKL&JSU(Ix�d\KV�|&O�h
�Bú8úBOcb1GvuKU�k1UWU�J;R�O�UWTqU(pZI�UWJ�O�PXu
U�LNM3\5uKUWV{I�bSUo]�G
OxIcI�bSV�UWUoT&UW[WGKT&U�O$e�\KVckg\,I�bs[�LNG
O�O�Pwrg[�G5I�PX\
J
G,J1Tz[(LNR�O�I�U�V�PNJS_�ÄX�Wê
ëSµ�ÅKÅ,Ç�h`ÒZ\KY;Uq\,e!I�bSU.e�U�G5I�RSV�U�Oi\Ke!I�bSU;�Bú8úBO8I�b1G5I`G,V�U3PXY;]g\KV�I�GKJ
IDPNJ
]�G,I�I�UWV�J�[(LNR�O�I�UWV�PNJS_sG,V�UKÈ
�x�v�y�BúBú8O$]SV�\&[�UWO�O�JZRSY;U�V�PQ[�G,L>uKU�[�I�\KV	O�G,J1T.O�\BV�UW�>RSPNV�U!]1G5I�I�U�V�J�O{I�\8k1U�V�U�]SV�UWO�U�J>I�U�TDR�O�PXJS_

�
R1G,J>I�PXI�G,I�PNuKU8e�UWG5I�RSV�UWO�\KJ�LXM
h
��Ë
�y�BúBú8OiG,V�UHPXJSb�U�V�U�J>I�LNMt]�GKV�GKLXLNU�L�GKJ�T�T&PNO�I�V�PNkSR&I�U�Ty]SV�\&[�UWO�O�PNJS_;G,V	[	bSPwI�UW[(I�RSV�UWOWh
��Ì>�y�BúBú8OjYsGvM�LXU�G,V�J�I�bSU�PNVtPNJ>I�UWV�[�\KJSJSU�[�I�PX\
J��dU�PN_Kb>I	OjGKTSGK]&I�PNuKUWLXM÷Äw���S�
µ.��Í
Í,Ç�hÓ9z\KV�U

O�]gUW[�Pwr1[WG,LNLXM
a,I�bSU�M;[�GKJjGK[�IdGKOc]�G,I�I�U�V�JsJS\KV�YsG,LNPXmWU�V	OcG,J�T^e�U�G5I�R�V�UBO�U�LNUW[(I�\
V�OckZM^G,]S]SV�\,f
]SV�PQG5I�U`O�UWLXU�[�I�PN\KJy\,e$��UWPX_
b>I�OWh

��\KY;]1U�I�PXI�PNuKUy��\KVB�oPXJSJ�U�V�f�I	G,|KU�f�GKLXL��dJSUWRSV�GKL�JSU�Ix��\
V�|&O`ÄX�
���(Ç$GKV�U`\Ke�I�UWJzR�O�UWTyI�\�[(LNR�OxI�U�V
PNJS]SR&I3TSG,I�GShD��J}[(\KY;]gU(I�PwI�PXu
UqLNUWGKV�JSPNJS_1a�O�PNY^PNLQG,VH]�G5I�I�U�V�J�OHG,V�U._
V�\
RS]1U�TnkZM�I�bSU^JSU�Ix��\
V�|
G,J1T~V�U�]SV�UWO�U�J>I�U�T�kZM~G�O�PXJ�_KLNUtRSJSPXIn��JSUWRSV�\
J1��h~��b�PNO^_KV�\KR�]SPXJ�_lPQOqT&\
JSU�G,R&I�\KYsG5I�PN[WG,LNLXM
k�G
O�U�T�\KJæT�G5I�G�[(\
V�V�U�LQG5I�PX\
J�O�h ½�UWLXLXf�|ZJS\5�oJ�U�pSG,Y;]SLNUWO�\,e.�Bú8úBOyR�O�UWT¿e�\KV�[(LNR�OxI�U�V�PXJ�_
PNJ�[(LNR�T&U"îD\
bS\KJSUWJ�¼ O�LXU�G,V�JSPXJ�_�u
UW[(I�\KVz�>R�GKJ>I�PNmWG5I�PX\
Jð��}Kï�dD��GKJ�TÉO�UWLwe�f�\KV�_
GKJSPNm�PNJS_�YsGK]
��Ò1èI9l�zÄX�K�WÍ,Ç�aiG,J�T¿G
TSG,]SI�PNuKUzV�UWO�\KJ�GKJ�[(UzI�bSUW\KV�M�Y;\&T&U�LQO}Ä Ë,Í,Ç�h ��bSU�GKV�[	b�PwI�UW[�I�RSV�UWOj\Ke
I�b�UWO�Ul�Bú8úBOyG,V�UzO�PNY;]SLXU
È}I�bSUWM�GKV�UzO�PXJ�_KLNU(f�LNGvM
U�V�UWT�hÉÞcG5I�I�U�V�J�OsGKV�Uz]�V�U�O�UWJ
I�UWT�G5ItI�bSU
PNJS]SR&IqGKJ�T�G,V�UsGKO�O�\&[(PQG5I�UWT��oPwI�b�I�bSUs\
R&I�]�R&I.JS\&T&U�O�hy��bSUs��UWPX_
b>I�ODkgU(Ix�dU�U�J}I�bSUjPNJS]SR&I
JS\&T&U�O`G,J�T�I�b�Us\KR&I�]SR&I3JS\&T&U�O`G,V�U^PXI�UWV�G,I�PNuKUWLXMz[	b�GKJS_KU�T���I�bSPQO`PQO`[�GKLXLNUWT}LNUWG,V�JSPNJS_>�BRSJ>I�PNL
G�I�UWV�Y;PNJ�G5I�PX\
J}[�V�PXI�UWV�PN\KJ�PNO`O�G5I�PNO�r�UWT�hj��\
Y;]1U�I�PXI�PNuKU;LXU�G,V�JSPNJS_�b�GKOHkgU�U�J}e�\
RSJ�T�I�\�U(p&PQOxI
PNJlkSPN\KLN\K_
PN[WG,L�JSUWRSV	G,L$JSU(Ix�d\KV�|&O�hH�i\5�dU�uKUWVWa�I�bSU^LNUWG,V�JSPNJS_j\
V8�dU�PN_Kb>IBRS]�TSG,I�U^]SV�\&[�UWT&RSV�UWO
G,V�UB�>RSPXI�UDO�PNY;PXLQG,V�I�\.I�bS\>O�U8PXJyO�\
Y^U8[(LQGKO�O�PQ[�GKL1[(LNR�O�I�UWV�PNJS_qGK]S]SV�\
G
[	bSUWOWh{��\KV�U�pSG,Y;]SLNUKa
I�bSU
V�U�LQG5I�PN\KJ1O�bSPN]�k1U�Ix��UWU�J}I�b�U~L>f�Y^U�G,J�O.G,LN_K\KV�PXI�bSYéGKJ�T8}Kï�dàPQO3GKTSTSV�U�O�O�UWT}PNJ�ÄX��Í&Ü�Ç�h���bSU
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parent1

parent2

child1

child2

1      0       1      1      0       1     0       1

1       0       1      1      1      1       1      0

1       1      0       0      0      1      0     1

1       1       0      0      1       1      1      0

crossover point
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I�\�Lt[�LXR�O�I�UWV�O
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PNJ
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[�I�PNJS_y[(LNR�OxI�U�V	O8O�UW�>RSUWJ>I�PQG,LNLXM�e�V�\
Y¾I�bSU
PNJS]SR&I3]�G,I�I�U�V�J}O�U(I`kZMzPQT&U�J>I�PXe�MZPXJ�_nb>MZ]gU�V�U�LNLXPN]�O�\KPQTSG,L0V�U�_
PX\
J�Oq��k1\
RSJ�T&U�T}k>MlLX\&[(Pc\Ke�[�\KJ&f
O�I�G,J>IA9zGKb�G,LQG,JS\
kSPQO8T&PQO�I�G,J1[(U��H�ob�PN[	b�[(\
J
I	G,PNJ�G�O�]1U�[(PXr�UWTle�V�G
[�I�PX\
J�\Ke�I�b�U^R�J�[(LQGKO�O�PXr�U�T
]g\KPNJ
I	OdPXJtI�bSUDO�U�IWh!��bSUHU(pZI�V�G
[�I�U�TsV�U�_KPN\KJ1O�G,V�U8[�\KY;]�GKV�U�TjG,_>G,PNJ�OxI�I�bSUDkgUWO�I�f�rSI�I�PXJS_^Y.R�Lwf
I�PNu5G,V�PNG,I�U`þDG,R�O�O�PNGKJ�T&UWJ�O�PXIxMsI�bSV�\
RS_KbyG2îD\
LXY;\
_K\KV�\5u>f�Ò&Y^PNV�JS\5u`I�U�OxI�aSG,J�TtI�b�U8r�Io�>R�GKLXPXIxM
PQO3R�O�UWT~G
O.G�r1_KRSV�Us\,eiY;U�V�PXI3e�\KV^O�UWLXU�[�I�PNJS_nI�bSUzº kgUWO�IW¼$V�UW_KPN\KJ�G5I.U�GK[	b�PXI�UWV�G,I�PN\KJ�hz��bSU
]SV�\&[(UWO�O![�\KJ>I�PNJZRSUWO�RSJ>I�PNLgG3O�I�\
]S]SPNJS_.[�V�PXI�UWV�PN\KJ;PQO�O�G5I�PQO�r�UWT�hc��bSPQO!]�V�\&[(U�T&RSV�Uo�dG
O�GK]S]SLNPXU�T
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I�\^I�bSU`]SV�\KkSLNU�YsOd\,e{I�bSV�UWO�bS\KLQTyO�UWLXU�[�I�PN\KJ�e�\KVoYqRSLXI�PXI�bSV�UWO�bS\KLQTyO�UW_KY;U�J>I�G,I�PN\KJ�\,e{PNJ>I�UWJ�O�PXIxM
PNY;GK_KUWV�MjGKJ�T�O�UW_KY;U�J>I�G,I�PN\KJ�\,e0V�GKJS_KUHPXYsGK_KU�V�MKh
��LXR�O�I�UWV�PNJS_nI�UW[	bSJ�PN�>RSU�O3b�Gvu
UjG,LQO�\nkgU�UWJ�O�R1[�[(U�O�O�e�RSLNLXM}R�O�UWT}e�\
V3I�b�U�O�U�_KY;UWJ
I	G5I�PX\
J}\Ke

V	G,JS_
U.PNY;GK_KU�O�a��obSPQ[	b�GKV�U^Gt]g\K]SR�LNGKVHO�\KRSV	[(Uq\,e�PNJS]SRSI`T�G5I�Gte�\KV8I�b�V�UWU(f�T&PXY;UWJ�O�PN\KJ1G,L$\Kk&f
îxUW[(I�V�UW[(\
_KJSPXI�PN\KJ;O�MZO�I�UWYsOBÄ ÅKë5Ç�h»gBG,JS_
UiO�UWJ�O�\
V�O$IxMZ]SPQ[�GKLXLNM.V�U(I�RSV�J^V	GKO�I�UWV!PNY;GK_KU�O0�oPwI�b;I�bSU
Y;UWG
O�RSV�UWTyu5G,LNRSU3G,IBUWG
[	by]�Pwp&U�L�k1UWPXJS_jI�bSU.[�\Z\KV	T&PXJ1G5I�U�O�\,e!GsÌKF LX\&[WG5I�PN\KJ�PNJzO�]1GK[(U
h�F8U(f
]gU�J�T&PNJS_^\KJ;I�bSUHO�U�J1O�\
VW¼ O�[�\KJ&r�_
RSV	G5I�PN\KJ�a,I�b�UWO�U8ÌKF¹]g\
O�PwI�PX\
J�O�[WG,JjkgUBR�J�T&U�V	O�I�\Z\&TjGKO!I�bSU
LN\Z[WG5I�PX\
J�OH�obSU�V�UqV	GvM&OBUWY;U�V�_KPNJS_te�V�\KYäI�bSU;PXYsGK_KU;]SLQG,JSU^LX\&[WG5I�PN\KJ1O8PNJ}U�PXI�bSUWV3Gt]�GKV�GKLXLNU�L
kSRSJ1T&LXU`\
ViG^]1UWV�O�]1U�[�I�PXu
UD[�\KJSUDPNJ>I�U�V	O�UW[�I�I�bSU`\Kk&îxU�[�I	OoPXJ�e�V�\KJ>Ii\,e{I�bSU3O�U�J�O�\KV�h
��bSU�LX\&[�GKLKe�U�G5I�RSV�Uo[�LXR�O�I�UWV�PNJS_H[(\KJ1[(U�]SI0PQO$]�G,V�I�PQ[(R�LNGKV�LNM`G5I�I�V�G
[�I�PXu
U!e�\KV0V	G,JS_
U�PNYsG,_KU�O�U�_,f

Y;U�J>I�G,I�PN\KJ~O�PXJ1[(Ul��RSJSLNPX|
UtPNJ
I�U�J�O�PXIxM�Y;UWG
O�R�V�UWY^UWJ>I�O	�HI�bSU�Y;UWGKO�RSV�U�Y;U�J>I	O3G5I.U�GK[	b�]SPXp&U�L
b�Gvu
U`I�bSU;O�G,Y;U3RSJSPXI�O;��LXUWJS_,I�b1��µ�I�bSPNOH�d\KRSLQTnYsG,|
U� K£�_�ÑWÕBI�V�GKJ�Oxe�\
V�YsG,I�PN\KJ�OB\KVBJ�\KV�Y;GKLwf
PNmWG5I�PX\
J�OH\,e�I�bSU;PNY;GK_KUqe�UWG,I�RSV�UWODRSJ�JSUW[�UWO�O�GKV�M�PXe�I�bSU�PNV`_K\>G,L$PNOHI�\yPNY;]1\>O�U^UW�>R�GKL!O�[WG,LNPXJ�_
\KJjI�bS\>O�UBe�UWG5I�RSV�UWOWh$�B\5��UWuKU�V�aKV	G,J�_KUiPNYsG,_KU8O�UW_KY;U�J>I�UWV�O�\,e�I�U�J�G
TSTjG
TST&PXI�PN\KJ�GKL�Y;UWG
O�RSV�U(f
Y;U�J>I�OoI�\^I�bSUDe�U�G5I�RSV�U`O�]�GK[�UKa&V�U�Y;\5uZPXJ�_.I�bSPNOBGKT&u5G,J>I	G,_KU
h
��V�GKJS_KUdPNY;GK_KUiO�U�_
Y^UWJ>I�G5I�PX\
J^O�M&OxI�U�YðT&UWO�[(V�PXkgUWT^PNJnÄ ë>ÆvÇ�UWY^]�LX\5M&OcO��
R1G,V�UWTqU�V�V�\
V0[�LXR1Oxf

I�UWV�PNJS_�PNJ�G�O�PwpZf�T&PNY^UWJ�O�PX\
J�G,L0e�U�G5I�R�V�UsO�]�GK[�U;G
O`G�O�\
RSV�[�U;\,eoG,J ö PNJSPwI�PNGKLNø�O�U�_
Y^UWJ>I�G5I�PX\
J�obSPQ[	b¿PQOjV�U(r�JSU�TÛ��IxMZ]SPQ[�GKLXLNM�k>M�Y;U�V�_KPNJS_~O�U�_KY;UWJ
I	O��sPXJ>I�\�I�bSU�\KR&I�]SR&I�O�UW_KY;U�J>I�G,I�PN\KJ�h
��bSUHI�U�[	bSJSPQ�>RSU8��GKOdUWJSb�G,J1[(UWT�PNJ�Ä ê
ËvÇ�GKJ�TtR1O�U�TtPNJ�G^V�UW[(UWJ>I�O�M&OxI�U�YsG5I�PN[H[(\
Y^]1G,V�PNO�\KJj\Ke
V	G,JS_
U`PXYsG,_
U.O�U�_KY;UWJ
I�U�V	O`Ä ë
Å5Ç�µgG
OBO�R�[	b�a1PwIHPNOB]SV�\
k�G,k�LXM�\KJSU3\KecI�bSU.LX\
JS_KU�OxI�f�LNPXu
UWTyV	G,JS_
U
O�U�_KY;UWJ
I�U�V	Od�obSPN[	b�b�G
O�]1UWV�e�\
V�Y;U�Tt�dU�LNL�\KJnG^LNGKV�_
U8u5GKV�PNU(IxMj\Ke{V	G,JS_
U8PNYsG,_
UWOWh
��bSPNODO�U�_
Y^UWJ>I�U�VD�d\KV�|&OBGKO8e�\
LXLN\5�iO�h3�dI`U�GK[	bz]SPXp&U�Li�3/M�ËTZ�iPNJlI�bSU^PXJS]�R&I3V�GKJS_KUqPXYsGK_KUKa

I�b�Uq[(\
V�V�UWO�]g\KJ�T&PNJS_sÌKF Y;UWGKO�RSV�U�Y;U�J>IBPQOBTSU�JS\KI�UWT��3� !SR �PO !ÞR �RQ !SR ��ag�obSUWV�U`IxMZ]SPQ[�GKLXLNM6� !SR PNO
G`LNPXJ�UWG,V�e�RSJ�[(I�PN\KJj\KebTy��I�bSUH[(\KLNRSY;JsJZRSY.kgU�V��!GKJ�TSO�!SRBPNO�G3LNPXJ�UWG,V!e�RSJ�[�I�PX\
Jj\,e,/���I�bSUBV�\5�
JZRSY.kgU�V���h!��L�76LjJSUWPX_
bZk1\
V�bS\Z\&Ts\Ked��/O�ËT>��PQO�R�O�U�TsI�\qU�OxI�PXYsG5I�UHI�bSU`ÌKFÉO�RSV�e�GK[(UHJS\
V�YsG,L´ !ÞRC�¤��5�T!SR �F5�U!SR �F5�V!SR ��G,Iq��/O�%TZ�(a&IxMZ]SPN[WG,LNLXM�kZMjr�J�TSPXJS_jI�bSU`LNUWG
OxI�f�O��>R�G,V�UWOd]SLQG,J�GKV�rSIiI�\;I�bSU
ÌKFÉ]g\KPNJ>I�O�PNJtI�bSU`JSUWPX_
b>kg\KV�bS\Z\&T�h0��bSUHe�UWG5I�RSV�UHu
UW[(I�\KV�e�\KV�I�bSUD]SPXpZUWL�G5I3��/O�ËT>��PQOdI�bSU`O�PwpZf
T&PNY;U�J�O�PX\
J�G,L{Y;UWGKO�RSV�U�Y;U�J>Iq�3��!SRN�PON!ÞR��RQ�!SR��F5�T !SR �F5 U!SR �F5�V!SR �(agGKJ�TzGj[WG,J�T&PQTSG,I�U.O�U�_
Y^UWJ>I�G5I�PX\
J
PQO!e�\
RSJ�TskZMs[(LNR�O�I�U�V�PNJS_`I�b�UWO�Uie�UWG,I�RSV�UBu
UW[(I�\KV	OWh{�S\
V�]�V�G
[�I�PQ[�GKL�V�UWG
O�\
J�O�aKJS\,IdU�uKUWV�M^]SPXp&U�L�¼ O
e�UWG,I�RSV�UouKU�[�I�\KV!PQOcR�O�UWT;PNJ;I�bSU8[(LNR�OxI�U�V�PXJ�_`]SV�\&[�UWT&RSV�UKµKIxMZ]SPN[WG,LNLXM��
�N���8e�UWG,I�RSV�UiuKU�[�I�\KV	OcG,V�U
[	bS\>O�UWJ�kZMtO�RSk�O�G,Y;]SLNPXJ�_�h
��bSUq�X}�ÃHÒ&�oØUg÷G,LN_K\
V�PXI�bSY Ä Å>ÆvÇ���GKOdR�O�UWT�I�\s\
k&I�GKPXJ�O�UW_KY;U�J>IoLQG,kgU�LQO�e�\KVoU�GK[	by]SPwp&UWL�h

�X}�ÃHÒ&�oØUg�PQO�GKJ`U�JSb�GKJ�[(UWY;U�J>I�\,eZI�bSU�L>f�Y;UWG,J1O�G,LN_K\
V�PXI�bSY�µ�PwI$b�GKO�I�bSU�GKkSPNLXPXIxMBI�\oPNTSU�J>I�PXe�M
O�U�uKUWV�GKLg[�LXR1OxI�U�V�PXJS_>O�\Ke$G^TSG5I	GqO�U(I�a&UWG
[	bj�oPwI�byG;T&PX��U�V�U�J>IdJZRSYqk1UWV�\,e$[�LXR1OxI�U�V	O�hc�i\K�gYsGKJ
G,J1T"G>G,PNJ�G,LQO�\�U�pZ]gU�V�PNY^UWJ>I�UWT��oPXI�b�\KI�bSUWV.[(LNR�O�I�UWV�PNJS_yI�U�[	bSJSPQ�
R�UWOt��¢W·¸©>·Nac[(\
Y^]�LXU�I�U(f�LNPXJS|�a
O�PXJS_
LXU�f�LNPNJS|�a>_
V�GK]Sb&f�I�bSUW\KV�U(I�PN[Ka>GKJ�Tj\KI�bSUWV�O��>R�G,V�UWTtU�V�V�\
V�GKLX_
\KV�PwI�bSYsO���G,J�Tje�\KRSJ1T��X}»Ã8Ò>f
�oØUg¿I�\;]SV�\5uZPNT&U8I�b�UHkgUWO�Ii[(\
Y.kSPNJ�G5I�PX\
Jt\Ke{]gU�V�e�\KV�Y;GKJ�[(UDG,J1TtGK[W[(RSV	GK[�MKh0�iJ�GKTSTSPwI�PX\
J�G,L
GKTSuvGKJ>I�G,_
U`\,e��X}�ÃHÒ&�oØUgÉPQOoI�b�G5IHPwI8]SV�\&T&R1[(UWO8GjO�UW�>RSU�J1[(U3\Ke0\
R&I�]�R&IH[�LXR�O�I�UWV�PNJS_>O3�x§�·�¢�·Na
G.Ë5f�[�LXR�O�I�UWV�O�\KLNR&I�PN\KJsR�]jI�b�V�\
RS_KbjGAÆXW�Y T f�[�LXR1OxI�U�V�O�\
LXR&I�PX\
Js�obSU�V�U|ÆZW�Y T PNOdO�]gUW[�Pwr1UWTskZMI�b�U8R�O�U�VoGKJ�TjPQO�IxM>]�PN[WG,LNLXMjËa�.\KV�O�\Z��µZUWG
[	b�[�LXR�O�I�UWV�PNJS_qPXJtI�bSPQOoO�U��>RSU�J�[�UBMZPNU�LQTSO�Gq[�LXR�O�I�UWV�f
PNJS_sOxI	G5I�PQO�I�PQ[B�obSPQ[	b�[(\KYqkSPNJSUWOdkgU(Ix�dU�U�JSf�[�LXR�O�I�UWVoO�UW]�G,V	G5I�PX\
JtG,J�T��oPXI�bSPNJ&f�[(LNR�OxI�U�ViO�[�G,I�I�UWVWh
��bSUD[(LNR�O�I�U�V�PNJS_.I�b�G5I�\K]SI�PNY^PNm�U�O�I�bSPQOoOxI	G5I�PNO�I�PQ[BPQO�[	bS\
O�U�J�GKO�I�bSUDkgUWO�Id\
JSUKhcØ�G
[	bj]SPXp&U�L�PNJ
I�b�UsV�GKJS_KU^PXYsGK_KU^PNO`G
O�O�PX_
JSUWTzI�bSUjO�U�_
Y;U�J>IHLQG,kgU�L�\,e�I�bSUsJSU�G,V�UWO�ID[�LXR�O�I�UWV3[(UWJ
I�U�V�h^��b�PNO
Y;PXJ�PXYqRSYùT&PQO�I�G,J1[(UD[(LQGKO�O�PXr1[�G,I�PN\KJyOxI�U�]yPNO�JS\KIo_KR�GKV�GKJ
I�U�U�T;I�\;]SV�\&T&R�[(U`O�U�_
Y^UWJ>I�Od�obSPQ[	b
G,V�Ui[(\
JSJSU�[�I�U�TsPNJ;I�bSU8PXYsG,_
Ui]SLQG,JSU
µKI�bSU�V�U(e�\
V�U
a
G3[�\KJSJ�UW[�I�UWTs[�\KY;]1\
JSU�J>I	O!LQG,kgU�LNPXJS_^G,LN_K\Kf
V�PwI�bSY¶G,LNLX\&[�G,I�U�O!JSUW�¿LNGKk1UWLNO�e�\KVdT&PQO�îx\
PXJ>I�V�U�_
PX\
J�OcI�b�G5I��dU�V�Ui]SLQGK[(U�TsPNJsI�bSUDO�G,Y;UB[(LNR�O�I�UWVWh
ÒZRSk1O�U��
R�U�J>I8\
]1UWV�G,I�PN\KJ�OBPXJ�[�LXR1T&UqO�RSV�e�GK[(U.IxMZ]1U.I�UWO�I�OWa�Y;U�V�_KPNJS_j\,e�G
Tvî�GK[�U�J>I8]1G5I�[	b�UWOiR1Oxf
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PNJS_^G3I�U�OxIde�\KV�I�bSUD]SV�UWO�U�J1[(UB\Ke�[(V�UWG
O�U8\KV{îxRSY;]tUWTS_KUWOdkgU(Ix�dU�UWJtGKTvî�G
[(UWJ
IoO�U�_KY;UWJ
I	O�aZG,J1T
O�RSV�e�G
[(UD]�GKV�GKY^U�I�UWVdU�OxI�PXYsG,I�PN\KJ�h
�{PN_KR�V�U.Ë>Ü.O�bS\5�iOdI�bSPNOB]SV�\Z[�UWO�O�PNJS_;G,]S]�LXPNUWTyI�\jG;V�GKJS_KUHPXYsGK_KUKhdÞcG,V�ID��G
��\Ke{I�bSU`r�_
RSV�U

O�bS\5�iO$I�bSUBPXJS]�R&I�V	G,JS_
U�PNYsG,_KU
µK]�GKV�IB��k1�cO�bS\5�iO$I�b�UBT&PQOxI�V�PNkSR&I�PX\
J^\Ke�O�RSV�e�GK[�UoJS\KV�YsG,LQO�h{��J
]�GKV�Io��[���a,I�bSU�PXJ�PwI�PNGKLZO�U�_
Y;U�J>I�G,I�PN\KJ.V�U(I�RSV�JSUWT.k>Mq�X}»Ã8Ò&�oØ�g�GKJ�T3Y;\&T&PXr�UWT.I�\D_
R�G,V	G,J>I�UWU
[(\
JSJSU�[�I�U�TzO�U�_KY;UWJ
I	OiPQO8O�bS\5�oJ�hHÞcG,V�I.��T��8O�bS\5�iOoI�bSU3r�J1G,L0O�UW_KY;U�J>I�G,I�PN\KJn]SV�\&T&R�[�UWTnkZM
Y;U�V�_KPNJS_8G
Tvî�GK[�U�J>I0]�G5I	[	bSUWO{�obSPQ[	bqT&\HJS\,I0b�Gvu
U�GHO�PN_KJSPXr1[WG,J>I$[�V�U�GKO�U�UWTS_KU�kgU(Ix�dU�UWJ3I�bSU�Y�h
��bSU�r�J1G,LB[�LXR�O�I�UWV�O;V�UWG
O�\
J�G,k�LXM�V�U�]SV�UWO�U�J>IsT&PQOxI�PXJ�[(I�O�RSV�e�G
[(U�O;]SV�U�O�UWJ>I;PNJ�I�bSPQOj[�\KY;]SLNU(p
\KkSîxUW[�I�h
��bSU�GKJ�G,LNM&O�PQO`\,eoI�U(pZI�R�V�U�T�PXYsGK_KUWO.b�GKO.k1UWU�J~\KeiPXJ>I�U�V�UWO�I.I�\lV�U�O�U�G,V	[	bSU�V	OHe�\KV;O�UWuKUWV�GKL

MKU�G,V	O�h��{U(pZI�R�V�UnO�U�_KY;UWJ
I	G5I�PX\
J�I�UW[	bSJSPQ�>RSUWO;b1GvuKU�k1UWU�J�T&UWuKU�LN\K]gUWT�R�O�PXJ�_~G�u5GKV�PNU(IxM~\Ke
I�U�pZI�RSV�UtY;\&T&U�LQO^G,J�T�PNYsG,_
Uj\K]gU�V	G5I�PX\
J�O�hl��J¹ÄX��Í>Ë5Ç�a{I�U�pZI�RSV�U�PNYsG,_
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[�I�PNuKUWLXM�kZM�GlI�V�GKPXJ�UWT�\K]gU�V	G5I�\KV�a
G,J1T�[(\KV�V�UWO�]1\
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