
Efficient Location Area Planning for Personal
Communication Systems

���������
	���
������������
, � ������������������� ��������!

, " ��#���$&%('*)+�-,/. � �0���21
and 3 �4�256)7�8��9:%;�

ABSTRACT<>=@?@ACBED�FHG�IJD�KML�GN?@OQPNA
I:?RD�SEKMA�FHG2=@KMOTO&U�A�PN=VFWB�PNKMAXSZY�SZB�?ROTS0PNS�B�KKHI�B�PNOTPN[@?\L�FHA^]*_�P`]JB�abU�S�FdcM?Me _�a�PNGN?\I�D�KWf*P`]�PNA�chg+U^FdG`PiBjYbKHk�l*?RDEmf*PN=@?onpg+Kql�r&cHU^FWD�FHACB�?@?@S\B�KsOTKML�PNGN?hU�SE?RD�S@tvu+?RBj_0KHD�wxOTKHL�PNGNPNBjYOyFdA^FdcM?@OT?@ACBVe�FHA�]hPNAzI^FWDEB�PN=@U�G`FdDVe�GNKC=VFdB�PNKMA{OyFdA^FdcM?@OT?@ACBVeJ=@KHA�mSEU�OT?@S\F|SEPNcMA�Pi}�=VFHACBTI:KdDEB�P`KHAvKdk7L�FHA^]*_�P`]JB�a e~_�a�P`=�a�P`S\F|A�?@=Rm?RSES�FdDEYbKWfq?RD�a�?VFM]zk�KdD�SEU�I�I:KHDEB�PNA�cXOTKML�PNG`?�U�SE?�D�S@t7�o?�k�KC=RU�S�KMUJD?���KHDEB�S�KMA
OTPNA�PNOTPN[@PNA�c�B�a�PNS0KWfq?RD�a�?VFM]�t~�+A�GNPNwq?�I�D�?@f*PNKMU�S0_0KHD�w*S@e_4?\=@KHA�=@?@ACBED�FWB�?\KMAsKMI�B�PNOTPN[@PNA�cX?R�JPNSZB�PNA�chSE=�a�?ROT?@S@e�FdA^]bSEK
B�a�?FdGNcMKHD�PiB�a�OTS&_0?yIJD�?@SE?@ACB\FWD�?
?@FHSEPNGiY�PNA�=@KdD�I:KHD�FdB�?@]oP`ACB�K{=@UJDED�?@ACBA�?RB�_4KHD�w*S@t~�o?7IJD�?@SE?@ACB�B�a�?�}�D�SZB�I:KMGiYJA�KHOTP`FHG:B�PNOT?�FHI�I�D�KV�JP`OyFWmB�PNKHAxFHGNcMKdD�PNB�a�OTS�k�KHD;OTP`A�PNO;U�O�L^FdA^]J_�P`]*B�aoGNKC=VFdB�PNKMAxOyFdA^FHcH?RmOT?RA*BVtX�jAoI�G`FHA�FdD�cHD�FdI�a�S@e~KMU�D&FdG`cHKHD�PiB�a�O�IJD�KdfHFHL�GiY�cH?@A�?RD�FWB�?@SF{SEKHG`UJB�PNKMAxB�a^FdB&U�SE?RS;A�KbOTKdD�?yB�a�FHA�F{=@KMA�SZB�FHACB�k�FH=�B�KHDTOTKdD�?L�FHA�]J_�P`]JB�a�B�a^FHAvB�a�?zKHI�B�PNOyFHG�SEKMGNU�B�PNKHA t>��AvcM?@A�?RD�FHG�cHD�FHI�a�S@eKHU�D;FHGNcMKdD�PiB�a�O�I�D�KWfHFHL�GiY|cM?RA�?RD�FWB�?@S\FhSEKHGNU�B�PNKMAoB�a�FdB�U�SE?@S��ZU�SZBFTk�Fd=RB�KHD��\n�G`KHc4� r�OTKdD�?�L�FHA�]J_�P`]JB�a{B�a^FdA{KMIJB�P`OyFdG�_�a�?�D�?;�oPNSB�a�?�A*U�O;L:?�D�KHk~L�FHSE?�SZB�FdB�PNKMA�S�PNAhB�a�?�A�?RBj_0KdD�w�t��o?�SEa�KV_�B�a�FdBVePNA&I�D�FH=�B�P`=R?MeqKHU�D�FHGNcHKHD�PiB�a�O�I�D�K*]JU�=@?RS-A�?VFWDEmjKHI�B�PNOyFHGCD�?@SEU�GiB�S~FHA^]KHU�B�I:?RDEk�KHD�OTS�KHB�a�?RD+SE=�a�?ROT?@S�B�a�FdB�FdD�?&]�?RSE=RD�PNL:?V]zPNAzB�a�?�GNPiB�?RD�FdmB�UJD�?Mt;��KHD7B�a�?;PNOTI:KHDEB�FdACB�=VFHSE?;KHk0B�a�?;GNPNA�?;cdD�FHI�a e2_0?\IJD�?@SE?@ACBF\I:KHGiY�A�KMOTP`FHGim�B�PNOT?�KMIJB�P`OyFdG�FdGNcMKHD�PiB�a�Ozt���PNA^FdG`GiYCe^_4?�P`GNGNU�SZBED�FWB�?B�a�FdB~KHU�D�FHGNcHKHD�PiB�a�O�=VFdA\FdG`SEK�L:?4U�SE?V]�k�KdD�KHI�B�PNOTPN[@PNA�c�B�a�?0a�FHA^]*mKd�|OT?@=�a�FHA�P`SEOzt

Keywords� ?�D�SEKMA^FdG��4KMOTO&U�A�PN=VFWB�PNKMAblCY�SZB�?ROze:�4?@GNGNU�G`FWD�l*YJSZB�?@OTS@e^�hKML�P`GimPiBjY��zFHA�FHcM?ROT?@ACBVe0�2KC=VFdB�PNKMAv<�D�?@F � G`FHA�A�PNA�c�e4<�I�I�D�KV�JPNOyFdB�PNKMA<�GNcMKHD�PiB�a�OTS@t
�R� tW�4?j�Z?RD�FdA�K7FdA^]&�stHlJOTPiB�a�FdD�?�_�PiB�a;�4?RG`GJ� FHL�S@eH�2U�=@?@ACB� �?@=�a�mA�KMGNKMcHPN?@S@e�¡M¢H¢y�hKMU�A*B�FdPNA{<�fq?Ht`e��hUJDED�FVY
£+PNGNG�e�u+¤T¢q¥d¦q¥d§Jt! u&tW��OTOTKdD�GNP`=@F�PNS-_�PiB�a&B�a�?4��FdL:KHD�FdB�KdDEY&k�KHD��4KHOTI�U�B�?�D�lJ=@PN?@A�=@?Me�h�� +e�u7¨~§q©dmj©H©H§�e�ªd¢M¢s �?@=�a�A�KHGNKMcHY«lJ¬*U�FdD�?Me0�0FHO&L�D�P`]�cH?Me��z<¢Mª*­@©M¦Jt � FdDEB�KHk�B�a�PNS�_0KHD�wy_�FdS+]JKMA�?+_�a�PNGN?�fJPNSEPiB�PNA�cT��?@GNG���FdL�S@t1 ¤�t2u7FHKdD�PNS7_�PiB�a|B�a�?T�4KMOTI�U�B�?RD�lJ=@PN?@A�=@?\®7?RI^FdDEB�OT?RA*BVe: �?@=�a�mA�PNKMA�m\�jSZD�FH?@G+��A�SZB�PiB�UJB�?{KHk& �?@=�a�A�KMGNKMcdYCe�£+FHPik�Fx©MªH¢M¢H¢Je��jSZD�FH?@G�t� FWDEB�KHk-B�a�PNS�_0KdD�wT_�FHS�]�KHA�?7_�a�P`GN?�f*PNSEPiB�P`A�cT�4?@GNG���FHL�S@t

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
MobiCom’03, September 14–19, 2003, San Diego, California, USA.
Copyright 2003 ACM 1-58113-753-2/03/0009 ... ¯ 5.00.

1. INTRODUCTION°�±�²�³�´Hµ^¶M·0¸�´H¹;¹&º*µ�»�¼�¶H½�»�´dµs¾:±�²�¿V»�¼�± n � ��l�r�A�?�B�_0KdD�w*S�?@A�FHL�G`?I:?@KHI�GN?�B�KT=@KMOTO&U�A�PN=VFWB�?7PNA^]J?@I:?@A^]J?@ACB�GiY
Kdk-B�a�?@PiD�GNKC=VFdB�PNKMA|FdA^]_�a�PNGN?�B�a�?RY;FdD�?�OTKWf*PNA�cJt~ �K7IJD�Kdf*P`]�?0B�a�PNS�=@FHI^FdL�PNGNPiB�YCeC?VFd=�a � ��lA�?�B�_0KdD�w«PNSX?V¬CU�PNI�I:?V]�_�PNB�aÀF ¹\´qÁR»�· »�½�Â�¹\¶Hµ:¶@ÃC±�¹y±�µ�½ OT?@=�a^FdmA�PNSEO�B�a�FdB+=@KMA�SEP`SZB�S�Kdk4B�_4K
OyFV�ZKdD�=@KMOTI:KHA�?@ACB�S@t� 0a�? ·N´V¼�¶H½�»�´Hµ¹T¶dµ:¶VÃC±�¹T±�µ�½ =@KHOTI:KMA�?RA*B
OyFHI�S
SEU�L�SE=RD�PNL:?RDzAJU�O;L:?RD�STB�KxB�a�?=@UJDED�?@ACB�GNKC=VFdB�PNKMA�S�KHk0B�a�?;=@KdDED�?@SEI:KMA�]�PNA�c
U�SE?RD�S7_�a�?@A�=VFdGNG`S�FWDEmD�PNfq?Mt0 0a�?&Ä ¶Hµ^Åq´ZÆÇ¹T¶dµ:¶VÃC±�¹T±�µ�½ =RKMOTI:KMA�?@ACB�OyFHPNACB�FHPNA�S�KHA�cMKdmPNA�c{=VFdGNG`S&_�PNB�a�?RA�SEU�D�?@]o¬CU^FHGNPiB�YsKHk�SE?RD�f*PN=@?|npg+KCl�r7_�a�PNG`?yB�a�?RPND?@A�]JmpU�SE?RD�S�=�a�FHA�cH?�B�a�?@PiD~FdBEB�Fd=�a�OT?@ACB�I:KMPNACB�S@t~ 0a�?4=@UJDED�?@ACB-SZB�FHAJm]�FWD�]�Shk�KHDbGNKC=VFWB�P`KHAÈOyFdA^FHcH?@OT?@ACBzPNA>I�D�?@SE?RA*B � ��lÉA�?�B�_0KdD�w*SSEU�=�a&FHS�Ê�l���Ëi­�ÌpeM�ElCmj§J­+Ë ªVÌ�FdA^]����z �lTË ©WÌJU�SE?0SEPNOTPNG`FdD~SE=�a�?@OT?@Sk�KdD�OTKML�PNGNPiB�YXOyFHA�FHcH?@OT?@ACBVt~ 0a�?+L^FHSEPN=�P`]�?VF�k�KdD�B�a�?@SE?7SE=�a�?@OT?@SPNS4FdS-k�KMGNGNKV_�S@t0 0a�?�=@KWfq?RD�FdcM?�FdD�?VF7Kdk:B�a�?0SZYJSZB�?@O�PNS�]�PNf*P`]�?V];PNACB�K·N´V¼�¶H½�»�´Hµ�¶H²�±E¶H³ n���<�S�r�e�_�a�?RD�?&?VFH=�a|��<�=@KMA�SEP`SZB�S�Kdk0FycHD�KHU�I|KHk=@?@GNGNS7B�a^FWB+k�KHD�OTS�Fy=@KMACB�PNA*U�KHU�S+cH?@KMcdD�FHI�a�PN=TFdD�?@FJt� 0a�?&=@?@GNGNS�KHkKMA�?�KHD~k�?�_«� <�S�FdD�?�FdSESEKC=@P`FdB�?V]\_�PiB�aTF�SEP`A�cMGN?�OTKML�P`GN?�SZ_�PiB�=�a�PNA�c=@?@ACB�?RD&np�{l���r0B�a^FWB+=RKMA�A�?@=RB�S�B�a�?@OQB�KyF\}��J?V]
P`AJk�D�FdSZBED�U�=RB�UJD�?Mt 0a�?�SZYJSZB�?@OÍwq?@?RI�S�B�a�?���<ÇP`]J?@ACB�PN}�?RD�KHk~B�a�?�GNKC=VFWB�PNKMAbk�KHD�?VFd=�aU�SE?�DVt-�Éa�?@AXF�OTKML�P`GN?�U�SE?RD0=RD�KMSESE?@S�FdAX��<ÉL:KMU�A^]�FWDEYCeqB�a�?�U�SE?�DU�I�]�FdB�?@S�B�a�?�SZYJSZB�?@OÎ_�PiB�a|PiB�S7A�?R_ÈGNKC=VFdB�PNKMA2t���A{B�a�PNS�_�F@YCe:B�a�?SZYJSZB�?@O�P`S4FHL�G`?�B�K�OyFHPNACB�FHPNA\B�a�?�=@U�DED�?RA*B�GNKC=VFdB�PNKHA
Kdk�?VFd=�ayU�SE?RDVt�Éa�?@A�Fh=VFdGNG0=@KMOT?RS�PNA�k�KHD;FzI^FWDEB�P`=RU�G`FdD&U�SE?RDVe�B�a�?TSZYJSZB�?@OÏSEPimO;U�GiB�FHA�?RKMU�SEGiY�I�FHcH?@S\B�a�?XOTKML�P`GN?
U�SE?RD;P`AvFHGNG�B�a�?X=@?@GNGNSTKHk�B�a�?U�SE?�DVÐ S�D�?@=@KdD�]�?V]o=RU�DED�?@ACB���<�t� 0a�?y=VFHGNGN?V]oU�SE?�D&D�?@I�GNP`?RS�B�KhB�a�PNSI^FdcMPNA�c�OT?@SES�FdcM?7FdA^]\B�a�?�SZYJSZB�?@OÑ?@SZB�FHL�G`PNSEa�?@S�F�=@KMA�A�?@=RB�PNKHAXL:?�mB�_4?@?@AhB�a�?�KHD�PNcMPNA�FdB�KHD+KHk-B�a�?�=VFHGNG�FdA^]
B�a�?�=VFHGNGN?V]zU�SE?RDVt0�jAh=@UJDEmD�?@ACB-SZYJSZB�?@OTS@eM��<�S~FdD�?�]J?RB�?RD�OTPNA�?V]�PNA;FH]�fHFHA�=@?0L^FdSE?V]&KHA;SZB�FWB�P`=OTKWfq?@OT?@ACB4I�D�KML�FHL�P`GNPiB�PN?@S�FHA^]�e�PNA
cM?@A�?RD�FHG�e�D�?ROyFHPNAzU�A�=�a�FHA�cM?V]�t��AbD�?@=@?RA*B�Yq?VFdD�S@e � ��l|A�?RBj_0KHD�w*S�a�FWfM?&k�Fd=@?V]sD�FdI�P`]bP`A�=RD�?VFdSE?PNA|B�a�?&A*U�O;L:?RD�KHk�OTKML�PNG`?&U�SE?RD�S@t� 0a�?;OyFdPNA|SEKHGNU�B�PNKMAbk�KdD�SEU�IJmI:KHDEB�PNA�csB�a�?hcHD�KV_�PNA�coI:KHI�U�G`FWB�P`KHA«PNS\B�KsD�?@]�U�=R?hB�a�?
=@?@GNG�SEP`[R?@SFHA�];B�K�PNA�=RD�?VFdSE?�L�FHA�]J_�P`]JB�a;D�?RU�SE?�Ë §�e�ÒWÌ�t� 0a�?@SE?�=�a^FdA�cH?@S�=@FHU�SE?B�a�?{A*U�O;L:?RDTKdk�=VFHGNG7]J?@GNPNfq?RD�PN?@S@e�GNKC=VFdB�PNKMAÀU�I�]�FdB�?{KHI:?RD�FdB�PNKHA�S@eFHA�]|a�FHA�]�KH�oKMI:?RD�FWB�P`KHA�S�B�KXP`A�=RD�?VFdSE?y]JD�FHOyFWB�PN=VFHGNGiY|FHA�]bD�?@SEU�GiBPNAba�PNcMabGNKqFH]�S7KHA|OTKHL�PNGNPiB�Y{OyFdA^FHcH?@OT?@ACB�OT?@=�a^FHA�PNSEOTS@t��hKdD�?RmKWfq?RDVeJk�D�?V¬CU�?@ACB�a^FHA�]�Kd�sKHI:?RD�FdB�PNKHA�S�Fd��?@=RB�B�a�?�U�SE?RDVÐ S�g+KCl
I:?�DEm=@?@IJB�PNKMA e�?@SEI:?@=@P`FdG`GiY{PNAzOTKWfq?RS0k�D�KMOÍKHA�?&�{l���mjFdD�?@F;B�KTFHA�KHB�a�?�D_�a�?�D�?zPNA*B�?�DEmZ�{l��Ña^FdA^]JKH�ÉKHI:?RD�FdB�PNKMA�SXFdD�?zI:?RDEk�KHD�OT?V]�t� 0a�PNSOTKHB�PNfHFdB�?@S&?R�*B�?@A�SEPNfq?XD�?@SE?VFWD�=�a�?R��KHDEB�S&k�KHDTD�?@]�U�=RP`A�c|B�a�?
KWfq?�DEma�?@FM]«Kdk�B�a�?{OTKML�PNG`PiBjYvOyFdA^FdcM?@OT?@ACByOT?@=�a^FdA�PNSEOTS\k�D�KHOÓL:KHB�aB�a�?�A�?RBj_0KdD�wyD�?RSEKMU�D�=R?@S�FHA^]T_�PiD�?@GN?@SES�L^FHA�]J_�P`]JB�aXI:?RD�SEI:?@=�B�P`fM?@S@t 0a�?RSE?�?���KHDEB�S~a^FVfq?�GN?VFH]&B�K+B�a�?�]J?@fq?@GNKHI�OT?@ACB-Kdk�AJU�OT?RD�KMU�S�A�?�_OTKML�PNG`PiBjY�OyFdA^FHcH?@OT?@ACB�SE=�a�?@OT?@S�KHA�KMA�?Ta^FHA�]oFHA�]�A�?�_Ô=@GNU�SZmB�?RD�PNA�c;FHGNcMKdD�PiB�a�OTS0k�KdD�KMIJB�P`OTPN[@PNA�c�B�a�?7��<ÀI�G`FdA�A�PNA�chn���< � r�KMAB�a�?+KHB�a�?�D�a�FHA�]2t



1.1 Related Work 0a�?RD�?�FWD�?�F&fHFdD�PN?RB�YyKdk-A�?�_ÀG`KC=@FdB�PNKMA{OyFdA^FHcH?@OT?@ACB0SE=�a�?ROT?@SPNAxB�a�?
G`PiB�?RD�FWB�U�D�?Mt«l*?@fq?RD�FdG�I�D�KMI:KHS�FHGNSTPNACBED�K*]�U�=R?hPNA�=RD�?ROT?@ACB�FHGPNOTIJD�KdfM?@OT?@ACB�S&B�K|B�a�?z=@UJDED�?@ACBy��<ÎFHI�I�D�KMFH=�a tÀ��KdDyPNA�SZB�FHA�=@?MeKWfq?�D�GÕFdI�I�P`A�c���<vSZY�SZB�?ROTS�_0?RD�?�PNACBED�K*]�U�=@?V]�B�K�D�?V]�U�=@?0B�a�?0A*U�O\mL:?�D0KHk2U�I�]�FdB�?�KHI:?RD�FdB�PNKHA�S4B�a�FdB�D�?@SEU�GiB�k�D�KMOÑU�SE?RD�S�OTKWf*P`A�c�A�?VFWDB�a�?;� <ÇL:KMU�A^]�FWD�PN?@S;Ë ¡dÌ�e`Ë ¥WÌ�t�l*?V¬CU�?@ACB�P`FHG�I�FHcHP`A�cyOT?RB�a�K*]JS�_4?RD�?SEU�cMcH?@SZB�?V]«B�KsD�?@]�U�=R?zB�a�?{FdOTKMU�ACBTKdk�I^FdcMPNA�c�PNA�]�U�=R?V]�LCYvFHAPNA�=@KMOTPNA�c|=VFdG`G�t���AxSE?V¬CU�?@ACB�PÕFdG�I^FdcMPNA�cJe4B�a�?XSZYJSZB�?@OÖI�FHcH?@STSE?Rm¬CU�?@ACB�PÕFdGNGNY&SEU�LJmjFdD�?VFdS�Kdk:B�a�?�=@UJDED�?@ACB���<«Kdk2F7=VFHGNGN?V]JmpU�SE?RD4L�FHSE?V]KHAoPiB�S�GNKC=VFdB�PNKMA�IJD�KML�FHL�PNGNPiB�YvË ×dÌ�e`Ë ¦WÌ�e�ËN­@¢dÌ�t
�4KHB�asU�I�]�FdB�PNA�chFHA^]I�FHcHP`A�cs=RKMSZB�S;=@FHAxL:?TD�?V]�U�=@?V]oLCY�U�SEPNA�c|F{SZY�SZB�?ROØKdk+OTKWf*PNA�c� <�S@t� 0a�PNS\FdI�IJD�KqFH=�ax=VFHAxL:?yU�SE?�k�U�G�PNAoB�a�?
=VFdSE?
Kdk�BED�Fd=�w*PNA�ck�FHSZB�OTKWfJPNA�c;U�SE?�D�S�KHAha�P`cHaC_�F@YJS�Ëi­H­RÌ�tÙ B�a�?RD4_4KHD�w\PNAyB�a�PNS0FWD�?VF�=@KMA�SEP`SZB�Kdk�]*YJA^FHOTPN=�OTKML�PNG`PiBjY\OyFHAJmFdcM?@OT?RA*B�SE=�a�?@OT?RS�B�a�FdB&FdD�?yL�FHSE?V]oKHAoU�SE?RD�S@Ð�I�D�Kd}^GN?yP`AJk�KdD�OyFdmB�PNKHA t4lJPNA�=R?+B�a�?�G`FdBEB�?�D+FWD�?�=@U�SZB�KHOTPN[@?V]Xk�KHD�B�a�?+P`A�]�PNf*P`]�U^FdG OTKdmL�PNG`PiBjYÉI^FWBEB�?RD�A�S
KHk&?VFH=�aÀU�SE?RDVe�B�a�?RY�FdD�?sOTKHD�?b?RÚT=@PN?@ACB
B�a^FHAcH?@A�?�D�FHGNPN[@?V]�SE=�a�?@OT?@S7k�KHD;FHGNG4U�SE?RD�S@th�jAsB�a�P`S�=VFWB�?@cMKdDEYs_4?y}�A^]IJD�KMI:KHS�FHGNS&GNPNwq?\B�a�?\I:?RD�SEKMA�FHG���<ÑFHI�IJD�KqFd=�a2e�PNAs_�a�P`=�asB�a�?T��<SEPN[@?RS�FWD�?�]�?�}^A�?@]yKHAzF�I:?RDEmpU�SE?RD�L�FHSEPNS0k�KdD�D�?V]�U�=@PNA�c�B�a�?+SEPNcHA^FHGimPNA�c|KWfq?�D�a�?VFH]�KHk�?VFd=�a�PNA^]JPNfJP`]JU^FHG�U�SE?RD
Ëi­WªVÌpe`Ëi­V©WÌ�e�Ëi­@§HÌ�e`Ëi­WÒVÌpts��AËi­@¡dÌ�e:Ëi­W¥VÌpe^ËN­@×dÌ�e`Ëi­V¦dÌ�e*B�a�?�U�SE?RD�S�FWD�?�FHGNGNKV_0?V];B�K�SEwJPNI&SEKMOT?4U�I�]�FWB�?KHI:?RD�FdB�PNKHA�S&_�a�?@A�B�a�?RY�=�D�KMSES&B�a�?y��<�S@Ð�L:KHU�A^]�FdD�PN?@S@tz��a�?@A�F=@FHGNG4=@KHOT?@S�PNA e B�a�?\SZYJSZB�?@O8U�SE?@S�B�a�?\U�SE?RD�I�D�Kd}^GN?\PNA�k�KHD�OyFdB�PNKHAB�K�?RSZB�P`OyFWB�?0B�a�?�IJD�KML^FdL�PNGNPiB�Y�k�KHD�?VFd=�aT� <vB�a^FWB�PNB�PNS~B�a�?0=@UJDED�?@ACB� <ÈKHk-B�a�?7U�SE?�DVt0 0a�?�SZYJSZB�?@OÛB�a�?@AhI�FHcH?@S�B�a�?���<�S�PNAzKdD�]�?RD�Kdk]J?@=RD�?VFdSEPNA�cTI�D�KHL^FdL�PNGNPNBjYCt~��A
KHB�a�?�D�SE=�a�?ROT?@S@e*B�a�?RD�?�PNS�A�K\A�KHB�PNKMAKdk4GNKC=VFWB�PNKMAsFdD�?VFdS@e2FHA^]hB�a�?&OTKHL�PNGN?�U�SE?RD�S�I:?RDEk�KdD�O�U�I�]�FdB�?�KHI�m?�D�FdB�PNKMA�S�L�FHSE?V]hKHAz?@PiB�a�?�D�B�a�?�?@G`FHI�SE?V]
B�PNOT?\Ë ªH¢WÌ�e�Ë ª*­�Ìpe^AJU�O;L:?RDKdk�=RD�KMSESE?@]�=@?@GNGNSyË ªd¢dÌ�e�Ë ªMªVÌ4KdD�B�a�?;BED�FVfq?@GN?V]s]�PNSZB�FHA�=@?TSEPNA�=@?\B�a�?IJD�?@f*PNKMU�S�U�I�]�FWB�?�KHI:?RD�FdB�PNKHAhË ªH¢WÌpe�Ë ªH©dÌ�t~ 0a�?4SE?@GN?@=�B�?V]�B�aJD�?@SEa�KHG`]�Sk�KHD~I:?RDEk�KHD�OTPNA�c�U�I�]�FdB�?�KMI:?RD�FWB�PNKMA�S�FdD�?0FH]�FdI�B�?V]�B�K�B�a�?�PNA�]�PNf*PÕ]*mU�FHG-OTKHL�PNGN?�U�SE?RD7OTKHL�PNGNPiB�YzI�FdBEB�?RD�A�S7FdA^]{=@KMOTO&U�A�P`=@FdB�PNKMAhBED�FWk�m}�=Mt Ù B�a�?RD~SE=�a�?@OT?@S�Ë ªd§dÌ�e:Ë ªMÒWÌ�e�Ë ªH¡WÌ�e:Ëi­@§HÌ�e*FdGNSEK�=@KMA�SEPÕ]J?RD~B�a�?�U�SE?RDSEI:?R?V]�FHA^]7B�a�?�BED�FV�Z?@=�B�KHDEY�]�UJD�PNA�c�PiB�S�G`FHSZB-U�I�]�FWB�?�k�KHD-IJD�?V]�PN=RB�PNA�cPiB�S�GNKC=VFdB�PNKMA�_�a�?@A�A�?@?@]�?V]�tb�4KMOTIJD�?@a�?RA�SEPNfq?TSEU�D�fM?RYJS�KHk�GNKC=VFdmB�PNKHA�OyFdA^FdcM?@OT?@ACB�SE=�a�?@OT?RS&=VFdA�L:?Tk�KMU�A^]oPNAÀË ªWÌ�e`Ë ªH¥WÌ�t|�Éa�PNGN?B�a�?TA�?R_ÑSE=�a�?@OT?@S@e�?@SEI:?@=@P`FdG`GiYoB�a�?TI�D�Kd}^GN?RmpL^FdSE?V]�OT?RB�a�K*]�S@e�Kdk�mk�?RD�L:?RBEB�?RD�U�B�PNGNPN[VFdB�PNKMAbKdk-_�PND�?RG`?RSES7A�?RBj_0KdD�wXD�?@SEKHU�D�=@?RS�B�a�FHAhB�a�?SZB�FdA^]�FdD�]�� <�mjFHI�I�D�KMFH=�a e2B�a�?RYbSEUJ��?RD�k�D�KHO8SEKMOT?\PNA�a�?RD�?@ACB�]J?Rm}�=@PN?@A�=RP`?RS@to 0a�?RYoB�?@A�]�B�KsFH]�]oSEPNcMA�Pi}^=VFdA*B;=@KMOTI�GN?R�JPNBjYsB�K{B�a�?OyFdA^FdcM?@OT?@ACB&KHk�B�a�?yA�?�B�_0KdD�w*S@t� 0a�?XA�?�B�_0KdD�woPNS&D�?V¬CU�PND�?@]�B�KwM?@?@IvBED�Fd=�wxKdk�SEPNcMA�Pi}�=VFHACB�GiY«OTKdD�?zPNA�k�KHD�OyFdB�PNKHA«I:?RDXU�SE?�DXFHA^]?@FH=�a�OTKML�P`GN?{U�SE?RDXA�?@?V]JS\B�Kowq?@?RIvBED�FH=�w�KHk�PiB�SyOTKML�P`GNPiB�Y�I�FdBEmB�?�D�A�S@t«�hKHD�?@KWfq?�DVe4B�a�?�YoD�?V¬CU�PiD�?hOTK*]JPi}^=VFWB�P`KHAvKdk+B�a�?
=@UJDED�?@ACBSZB�FdA^]�FdD�]�S4FHA�]\SEK�D�?@¬*U�PiD�?�=�a^FdA�cH?@S4Kdk B�a�?�_�PiD�?@GN?@SES4A�?RBj_0KHD�w&PNA�mkÕD�FHSZBED�U�=RB�U�D�?@S�FdS�_0?@GNG�FHS-U�I�]�FdB�PNA�c+FdG`GCB�a�?4a^FdA^]JSE?RB�S@t~ 0a�PNS-=@KHO\mI�GNP`=@FdB�?@S�B�a�?�PNA�=@KdD�I:KHD�FWB�P`KHAyKHk�D�?@=@?@ACB�SE=�a�?@OT?@S~PNACB�K7B�a�?�=@UJDED�?@ACBPNAJk�D�FHSZBED�U�=RB�U�D�?RS@tÙ B�a�?RDTD�?@SE?VFWD�=�a�]�PiD�?@=RB�PNKMA�SyP`A�=@GNU^]J?{]�?@fM?@GNKMI�PNA�c�A�?�_�I�FdDEB�PimB�PNKHA�PNA�chFHGNcMKdD�PNB�a�OTS7B�a^FWB�=@KMOTI�U�B�?�?RÚT=@PN?@ACB�� <�I�G`FHA�S@t& 0a�?@SE?� <oI�G`FHA�S�FWD�?�?@fHFHGNU�FdB�?V]�LCY�B�a�?@PiD�B�KdB�FHGqSEPNcMA�FHGNPNA�c�=@KMSZB�S@e »pÜ�±VÜNÝ B�a�?=RKMSZB�KHk~FdGNG B�a�?+P`A�]�U�=@?V]yI^FHcHPNA�cTFdA^]
U�I�]�FWB�?7KMI:?RD�FWB�PNKMA�S�PNA
B�a�?SZYJSZB�?@Oztvl*PNA�=@?XB�a�?hI�FHcHP`A�cs=RKMSZBX]�?RI:?@A^]JS;KMAxB�a�?
A*U�O;L:?�D;Kdk=R?@GNG`S&B�a^FdB&FWD�?
I�FHcM?@]�_�a�?@A�=VFdGNG`S&=@KMOT?yPNA e-_�a�PNG`?yB�a�?TU�I�]�FWB�?=RKMSZBXD�?@SEU�GiB�STk�D�KHOÞ� <�L:KHU�A^]�FdDEY�=RD�KHSESEP`A�cMS@e�B�a�?�D�?zPNShF�=RG`?@FdDBED�FH]�?RmpKd�zL:?RBj_0?@?@AyB�a�?�B�_4K�=@KMSZB�S@t���YTSE?RG`?R=RB�PNA�c;G`FWD�cM?7� <�S@eCB�a�?A*U�O;L:?RD~Kdk�� <«L:KMU�A^]�FdDEY&=RD�KMSESEPNA�cHS�FHA�]\a�?@A�=@?0B�a�?�SZYJSZB�?@O�U�IJm]�FdB�?�=@KHSZB0PNS�D�?V]JU�=@?@]2eM_�a�PNG`?�SE?@GN?@=RB�PNA�c�SEOyFdGNG:��<�S�IJD�K*]�U�=R?@S�GNKV_I�FHcHP`A�c�=@KMSZBVtÈ 0a�?b� <�I�GÕFdA�A�P`A�coOT?RB�a�K*]�ST=VFdA�L:?{=@G`FHSESEPi}^?@]PNACB�K{B�_4K{=VFdB�?@cHKHD�PN?@S@to 0a�?yI^FdI:?RD�S;PNAoB�a�?T}�D�SZB;=VFWB�?@cMKdDEYÉË ªH×WÌpeË ªd¦dÌ�e;Ë ©H¢dÌ�e`Ë ©*­RÌ�FdSESEU�OT?zU�A�Pik�KdD�OßU�SE?RD
]�PNSZBED�PNL�UJB�P`KHAÉFHA�]vPNACB�?RDEm

=@?@GNG^OTKWfq?ROT?@ACB�D�FdB�?MeCFHA^];_�PiB�a\B�a�?@SE?�SZBED�KMA�c&FdSESEU�OTIJB�P`KHA�S-B�a�?�Y]�?�D�P`fM?;FdA|KHI�B�PNOyFHG~� <ÇI�G`FHA�A�PNA�cJt�£+KV_4?@fq?RDVe:B�a�?@SE?�D�?RSEU�GiB�S�FdD�?A�KdB
FHI�I�GNP`=@FHL�GN?{B�KoOTKHSZByI�D�FH=�B�P`=@FHG+=@FHSE?@Sy_�a�?RD�?zB�a�?{A�?RBj_0KdD�wU�S�FdcM?oPNSza�?RB�?RD�KHcM?@A�?@KMU�S�Ë ©H¢Je�©MªWÌ�t��jAÉB�a�?�SE?R=@KMA�]>=VFWB�?@cMKdDEYCeB�a�?hA�?RBj_0KHD�wxPNSyOTK*]�?@GN?V]vFHSXFscdD�FHI�a«_�a�?RD�?h?VFH=�a�A�K*]J?hD�?@IJmD�?@SE?@ACB�SXFs=R?@GNG�e�PiB�ST_0?RP`cHaCB
SEI:?R=@Pi}^?@STB�a�?h=@?@GNG�I:KHI�U�GÕFWB�PNKMAÉFdA^]B�a�?�D�?&PNS�FdAs?V]JcM?&L:?RB�_4?@?@Ab?@fq?RDEYzI^FHPiD�Kdk0FH]d�ZFH=@?@ACB�A�K*]�?@S�B�a^FdB]�?�}^A�?RS+B�a�?�U�SE?RD7OTKdfM?@OT?@ACB�D�FWB�?;L:?RBj_0?@?RA|B�a�?;=@KdDED�?@SEI:KMA�]�PNA�c=@?@GNGNS@tX 0a�?y� <�I�G`FHA�A�PNA�chPNS�OyFHI�I:?V]{B�KzF
cdD�FHI�aoI^FWDEB�PNB�PNKHA�PNA�cI�D�KHL�GN?@Ozt�l*PNA�=@?�B�a�PNS�I^FdDEB�PiB�PNKMA�PNA�c�I�D�KHL�GN?@O�P`S�u � mpa^FWD�]2e*]JPN��?�DEm?@ACB�a�?@UJD�PNSZB�P`=RS+FWD�?�IJD�KMI:KHSE?V]hk�KdD+KHL�B�FHPNA�P`A�cT?RÚT=@PN?@ACB�SEKMGNU�B�PNKHA�S@t�hKMSZB�KHk-B�a�?�I�D�KHI:KMSE?V]zSE=�a�?@OT?RS�GNPNOTPiB�B�a�?���<>SEPN[@?&PNAzKdD�]�?RD�B�KL:KMU�A^]
B�a�?���<ÇI�FHcMPNA�cT=@KMSZB+FHA�]zSE?@?@wha�?@U�D�PNSZB�PN=@S�k�KdD���<�I�G`FHAJmA�PNA�chB�a^FWB�OTP`A�PNOTP`[R?;B�a�?TSZYJSZB�?@O8KWfq?�D�FHGNG4U�I�]�FdB�?;=@KMSZBVth 0a�?@SE?a�?RU�D�PNSZB�PN=@S�?ROTI�GNKVYh]JPi��?RD�?@ACB�FHGNcMKdD�PNB�a�OTPN=�B�KCKHGNS+GNPNwq?�cM?@A�?RB�PN=�FHGimcMKdD�PiB�a�OTS0Ë ©M©WÌ�eÕË ©d§HÌ�eqB�FHL:KCK�SE?VFWD�=�aXË ©H§HÌ�FdA^]�SEP`O&U�G`FdB�?@]�FdA�A�?VFHGNPNA�cË ©H§dÌpe`Ë ©qªVÌ�e�Ë ©MÒWÌ�t&��AxË ©qÒWÌ�B�a�?&FHUJB�a�KdD�S�I�D�KWf*PÕ]J?;FX=@KMOTIJD�?@a�?RA�SEPNfq?I�D�KHL�GN?@OÈk�KHD�O&U�G`FdB�PNKMA�B�a^FWB~FHGNSEK7=@KHA�SEP`]�?�D~SEP`[R?�FHA^]�=@KHA�A�?R=RB�PNfJPiBjY=@KHA�SZBED�FHPNACB�S@e�?@A�FHL�G`PNA�coA�?RBj_0KdD�wv]J?@SEPNcMA�?RD�STB�KsD�?@IJD�?@SE?@ACBySEKMOT?I�D�Fd=RB�PN=VFHG+=@KMA�SZBED�FHPNACB�ShKHk�Fo=R?@GNG`U�G`FdDzA�?RB�_4KHD�w:t Ù B�a�?RDXI^FHI:?�D�SË ©M¡WÌpe`Ë ©q¥VÌ�e Ë ©H×dÌ�FM]�]*D�?@SES-B�a�?4��<vI�G`FHA�A�PNA�c+IJD�KML�G`?ROÈk�D�KHO�F�cHD�FdI�aB�a�?RKHD�?RB�PN=�FHI�I�D�KMFH=�a t-�jAhË ©M¡WÌ�B�a�?0FHU�B�a�KHD~IJD�?@SE?@ACB�S�FHA\FdGNcMKHD�PiB�a�OB�a^FWB�=@KMACB�FdP`A�S�Bj_0K\I�a^FdSE?@S@t�<�OT?RD�cH?7I�a�FHSE?�PNA
_�a�P`=�ahB�a�?7=@?@GNGNSFdD�?�OT?RD�cH?V]Xk�KHD+=@KMA�SZBED�U�=RB�PNA�c\F\=@KMGNGN?@=RB�PNKMAbKdk���<�S@e�FHA�]zFHAh?R�*m=�a^FHA�cM?�I�a^FdSE?+PNAy_�a�PN=�aX=@?@GNGNS�FdD�?+?R�J=�a�FHA�cH?V]TL:?RB�_4?@?@AyB�a�?+��<�Sk�KdDyD�?V]�U�=@PNA�csB�a�?zU�I�]�FdB�?z=RKMSZBVt> 0a�?zFHGNcMKdD�PNB�a�OÓP`A�Ë ©q¥WÌ�U�SE?RSI�G`FdA^FdD�cdD�FHI�a�L�PNSE?@=RB�PNKMAÉn�I�FdDEB�PiB�PNKMA�P`A�c{PNA*B�K
B�_0Kh?V¬CU^FHG�I^FWDEB�S�r�eFHA�]|PNA�Ë ©M×dÌ~B�a�?;I^FWDEB�PiB�P`KHA�PNA�c
FHGNcHKHD�PiB�a�OÏPNS7L�FHSE?V]bKMAbB�a�?&=@KMAJmSZBED�FHPNA�?V]\OyFd�JPNOyFHGJSEI^FdA�A�PNA�c+BED�?@?�FHGNcMKdD�PiB�a�Ozt~��A;FHGNG�B�a�?�I^FHI:?�D�SOT?@ACB�PNKMA�?V]2eHSEPNO;U�G`FWB�P`KHA�S�=@KMA�SZB�PiB�U�B�?�B�a�?�OyFdP`A�B�KCKMG�k�KHD�?@fHFHGNU^FWBEmPNA�c�B�a�?+¬*U�FHGNPiB�YTKdk�B�a�?�SEKHG`UJB�PNKMA�S�IJD�K*]�U�=@?V]TLCY\B�a�?+FHGNcMKdD�PNB�a�OTS@eFHA�]�A�K{_0KdD�SZBEmj=@FHSE?zcHU^FdD�FdACB�?@?@STFWD�?hI�D�?RSE?@ACB�?V]Én�?Mt c�tNe�FdS\=@KMO\mI^FWD�?V]|B�KhFHAsKMI�B�PNOyFdG�SEKHGNU�B�PNKMA^r�tT��A�Ë ©M¦dÌ�B�a�?\FHU�B�a�KHD�S�FH]�]JD�?RSESB�a�?4KMA�?�m�]JPNOT?@A�SEPNKMA�FHGJ��<�I�G`FHA�A�PNA�c�I�D�KHL�GN?@OÈk�KHD�=@KWfq?RD�PNA�c+a�PNcMaJm_�F@YJSTFdA^]oD�FHPNGiD�KqFH]�S@t«lJPNA�=R?
a�P`cHaC_�F@YJSTFHA�]�D�FdPNGND�KMFM]JSX=@FdDEDEYxFOyFV�ZKHD�I:KHDEB�PNKHATKHk�U�SE?�D�BED�FWÚT=Me*FdAy��<«I�GÕFdA�A�P`A�c+B�a^FWB4?�ÚT=@PN?@ACB�GiY=@KWfq?RD�S�B�a�?ROQ=VFHA{SEPNcMA�Pi}^=VFdA*B�GiY
D�?V]�U�=@?7B�a�?�SEPNcMA�FHGNPNA�cyKWfq?RD�a�?@FM]KHk�B�a�?&?@ACB�PND�?;SZY�SZB�?ROzt; 0a�PNS7_0KHD�wbIJD�?@SE?@ACB�S�F
a�?@U�D�PNSZB�PN=;_�a�P`=�a=@KHA�SZBED�U�=�B�S�B�a�?�KHI�B�PNOyFHG ��<ÇI�G`FHA�A�PNA�cTPNAhB�a�?�=VFdSE?�KHk�a�KHOTKMcM?�mA�?RKMU�S�BED�FdÚT=�FHA�]yU�SE?RD�]J?@A�SEPiB�Y;L�UJB4YJPN?@G`]�S4SEU�L�mpKMIJB�PNOyFHG�D�?@SEU�GiB�SPNAzcM?RA�?RD�FdG�t

1.2 Our Results�o?�=@KHA�=@?RA*BED�FWB�?�KMU�D4?R��KHDEB�S�KMAyKHI�B�PNOTPN[@PNA�c7B�a�?�?R�JPNSZB�PNA�c�OTKHmL�PNGNPiB�Y+OyFHA^FdcM?@OT?RA*B2SE=�a�?@OT?RS FdA^]+_4?�IJD�?@SE?@ACB�F0A�KWfq?@GqFdGNcMKHD�PiB�a�Ok�KdD~GNKC=VFdB�PNKMA;FdD�?VF�I�G`FHA�A�PNA�c�n���< � r�tHl*U�=�a�I�G`FHA�A�PNA�c�=VFHA�L:?4U�SE?V]k�KdDXL:KHB�a�?RÚT=@PN?@ACByGNKC=VFdB�PNKHAÉOyFHA^FdcM?@OT?RA*B\FHST_0?RG`G�FHSTa�FHA�]�KH�OyFHA�FHcH?@OT?@ACBVt~l*P`A�=@?�B�a�?�SE?R=@KMA�]X=VFdA
L:?�f*P`?�_0?V]XFHS4B�a�?�SEI:?R=@P`FHG=VFdSE?TKHk0B�a�?;}�D�SZBVe2B�a�D�KHU�cMa�KMUJB7B�a�?\I�FHI:?RD�_4?TOyFHPNA�GiYb=@KHA�SEP`]�?�D?RÚT=RP`?RA*B;��< � k�KdD\GNKC=VFWB�P`KHAvOyFdA^FdcM?@OT?@ACBVtz 0a�?@A2e�_0?XI�D�?@SE?RA*BFTI�D�Fd=RB�PN=VFHG~]J?@SEPNcMA{k�KdD�KMIJB�P`OTPN[@PNA�cXL:KdB�azB�a�?�GNKC=VFdB�PNKHAoFHA�]hB�a�?a^FdA^]JKH�bOT?@=�a^FdA�PNSEOTS@t�o?T=@FHSZB�B�a�?y��< � I�D�KHL�GN?@O�PNAocHD�FdI�aJmpB�a�?@KHD�?�B�P`=TB�?RD�OTS�FdA^]B�a�?RAy]�?R}�A�?�SE?@fq?�D�FHG:FdG`cHKHD�PiB�a�OTS�B�a^FWB0FWBEB�?@OTI�B~B�K�OTPNA�PNOTPN[@?0B�a�?U�I�]�FdB�?�FHA^]>I^FdcMPNA�c�=RKMSZB�S{SEU�L*�Z?R=RBbB�K�FvfHFdD�PN?RBjYÀKHkTSZYJSZB�?@O\mPNOTI:KMSE?V]b=@KHA�SZBED�FHPNACB�S�GNPNwq?\OyFd�JPNO;U�OÎ��<�SEP`[R?Mt\�jAbB�a�?;=VFdSE?TKHkKMA�?Rmj]�PNOT?@A�SEP`KHA^FdG�A�?RBj_0KHD�w*S\SEU�=�a�FdS\a�PNcMaC_0FVYJSTFdA^]oD�FHPNGiD�KqFH]�S@e_0?;I�D�?@SE?@ACB�FXI:KMGiYJA�KMOTP`FdG~B�PNOT?;FHGNcMKdD�PNB�a�O8B�a^FWB�}^A^]JS+B�a�?&KMIJmB�PNOyFHG���<ÇI�G`FdA�A�PNA�cT?@fq?@Azk�KHD7cH?@A�?�D�FHG�BED�FWÚT=;FdA^]zU�SE?RD7]J?@A�SEPiBjYI^FWBEB�?RD�A�S@t���A�cH?@A�?RD�FdG�A�?RBj_0KdD�wJS@e~_4?hSEa�KV_ÛB�a�FdB&PiBTPNS;=@KHOTI�U�mB�FdB�PNKHA^FHGNGiY|]�PiÚT=RU�GiB7B�KT}^A�]{B�a�?;� <ÇI�G`FHA�A�PNA�cy_�PiB�a{B�a�?�G`KV_4?@SZBU�I�]�FdB�?�FdA^]&I�FHcHP`A�c�=@KMSZB�S@t~£�KV_0?@fq?�DVeM_0?�IJD�Kdf*P`]�?0F+I:KMGiYJA�KHOTPÕFdGB�PNOT?yFHGNcMKdD�PiB�a�O�B�a^FdB�=@KHOTI�UJB�?@S�FHA�� <ÔI�G`FHA�A�PNA�cz_�a�KMSE?y=@KHSZB



PNS�A�K{OTKdD�?\B�a^FHAo�\n�G`KHc4� r+B�PNOT?@S�B�a�?TKMIJB�PNOyFHG4=RKMSZB
n�_�a�?RD�?y�PNS+B�a�?�AJU�O;L:?RD�Kdk�L�FHSE?�SZB�FdB�PNKMA�S�r�t+��?�B�a�?@A{=@KHA�SEP`]�?RD+B�a�?�SEI:?Rm=RPÕFdG0=VFdSE?
Kdk�I�G`FHA�FdD&A�?RBj_0KHD�w*SXn »pÜ�±VÜ`Ý A�?RB�_4KHD�w*S�P`Ao_�a�PN=�aoU�SE?RD�SKHA�GiY|OTKWfq?&L:?�B�_0?R?@AoFH]d�EFd=@?@ACB�L^FdSE?\SZB�FdB�PNKHA�S�r�e-FdA^]bSEa�KV_�B�a^FWBPNA{B�a�PNS�a�PNcMa�GiYzI�D�Fd=RB�PN=VFHG-PNA�SZB�FHA�=R?Me:_0?�=VFdAb}�A^]hPNAbI:KMGiYJA�KHOTP`FHGB�PNOT?�FHAy� <�I�G`FHA�A�PNA�c�_�PiB�aT=@KHSZB�FdB4OTKMSZB�SEKMOT?�=@KHA�SZB�FHACB�B�PNOT?@SB�a�?yKMI�B�PNOyFdG4=@KHSZBVtb�+A�GNPNwq?T?R�JPNSZB�PNA�cba�?RU�D�PNSZB�PN=RmpL^FHSE?@]oSE=�a�?@OT?@S@eL:KdB�aTB�a�?@SE?�FHGNcHKHD�PiB�a�OTS�a^FVfq?�B�a�?�FM]JfMFdA*B�FdcM?�B�a^FWB�B�a�?RY\IJD�KWfJP`]J?Fb_0KdD�SZBEmj=@FHSE?zcHU^FdD�FdACB�?@?
àáB�a�?RY�_�P`GNG�A�?@fM?RDTI:?RDEk�KHD�OâSEPNcMA�Pi}�m=@FHACB�GiY�_4KHD�SE?0B�a�FHA�B�a�?7n�?R�JI:KHA�?@ACB�P`FHGim�B�PNOT?Wr2KHI�B�PNOyFHGJFHGNcHKHD�PiB�a�Ozt��?
U�SE?XB�a�?XD�?RSEU�GiB�S\KHk�B�a�?
FHI�I�D�KV�JPNOyFdB�PNKMA�FHGNcHKHD�PiB�a�OÖFHS;B�a�?L�FHSEPNSTk�KdDhFsSEP`OTI�GN?za�?@UJD�PNSZB�P`=
B�a^FdBTk�U�DEB�a�?RDyPNOTI�D�KWfq?@S;B�a�?{��<I�G`FHA�A�PNA�chSEKHGNU�B�PNKMA2t&�Éa�?@Ab_0?;D�U�AsKHU�D�FdG`cHKHD�PiB�a�OTS�KHAoFTD�?VFHGimPNSZB�PN=�A�?�B�_0KdD�w:eJ_4?7KML�SE?RD�fq?+B�a�FdB0B�a�?RYycMPNfq?�D�?@SEU�GiB�S�B�a^FWB�FdD�?�¡MãB�K|¥C­WãÏKHk�B�a�?TGNKV_0?�D\L:KMU�A^]�KHAoB�a�?TKHI�B�PNOyFHG�SEKMGNU�B�PNKMA2tbu+KdB�?B�a�FdB�B�a�P`S+G`KV_4?RD�L:KMU�A�]2e�_�a�PN=�a�PNS�L^FdSE?V]sKHA�FXGNP`A�?VFdD�IJD�KMcHD�FdOB�a�FdB�_0?;IJD�?@SE?@ACB�L:?@GNKW_�e2OyF@YzL:?�SEPNcMA�PN}�=VFHACB�GiY{GNKV_0?RD�B�a�FHAzB�a�?Fd=RB�U^FdG�KHI�B�PNOyFHGCSEKHGNU�B�PNKMA;k�KHD~B�a�?4��< � IJD�KML�GN?@Ozt��4KMA�SE?V¬CU�?@ACB�GiYCe_4?�=@KMA�=@GNU^]�?�B�a�FdBVe^PNA{IJD�FH=RB�PN=@?Me^KMU�D+FHGNcHKHD�PiB�a�OÍ}^A�]�S�SEKMGNU�B�PNKHA�SB�a�FdB
FdD�?{fM?RDEY�=@GNKMSE?bB�K�B�a�?zKHI�B�PNO;U�Ozt��hKHD�?@KWfq?�DVe�L*Y�SEPNO;UJmG`FWB�P`KHA�ST_0?
SEa�KV_QB�a^FWB\B�a�?
I�D�KHI:KMSE?V]�FHGNcMKdD�PiB�a�O6KMUJB�I:?RDEk�KdD�OTSKdB�a�?RD�� < � SE=�a�?@OT?@S�]�?@SE=�D�P`L:?@]
PNAhB�a�?+G`PiB�?RD�FWB�U�D�?Mt 0a�PNS�_0KdD�wzPNS�KdD�cqFdA�PN[@?V]|FHS�k�KMGNGNKV_�S@t�l*?@=RB�PNKMA|ª\I�D�?RSE?@ACB�S�B�a�?A�?RB�_4KHD�w|OTK*]�?@G�FHA�]sIJD�Kdf*P`]�?RS&FXk�KHD�OyFdG0]J?R}^A�PNB�PNKHA�KHk�B�a�?T��<I�G`FHA�A�PNA�c�I�D�KHL�GN?@Ozt-lJ?@=RB�PNKHAy©+PNA*BED�K*]JU�=@?RS4F7SE=�a�?@OT?�k�KHD�}^A�]�PNA�cB�a�?hKHI�B�PNOyFHG�� <ÎI�G`FHA�A�PNA�c{k�KdDyG`PNA�?VFdDycdD�FHI�a�S@e0FdA^]vlJ?@=�B�P`KHAx§IJD�?@SE?@ACB�STFdI�I�D�KV�JPNOyFdB�PNKMA�FdG`cHKHD�PiB�a�OTS\k�KHDTcH?@A�?�D�FHG�cHD�FdI�a�S\FHA^]k�KHD�I�G`FHA^FWD0cdD�FHI�a�S@t�lJ?R=RB�PNKMA
Ò7P`ACBED�K*]JU�=@?@S�FHAy?RÚ\=@PN?@ACB4a�?@U�D�PNSZB�PN=k�KHD�PNOTIJD�Kdf*PNA�c&B�a�?�I:?RDEk�KdD�OyFHA�=R?�Kdk�B�a�?�I�D�KMI:KHSE?V]bFHI�I�D�KV�JP`OyFWmB�PNKHATSE=�a�?@OT?Me*FdA^]Tl*?@=RB�PNKMAy¡7?@fHFHGNU�FdB�?@S�B�a�?�I:?RDEk�KHD�OyFHA�=@?�KHk2KMUJDFdGNcMKHD�PiB�a�OTS-L*Y7SEP`O&U�G`FdB�PNKHA�S@t��jA&lJ?@=RB�PNKHA\¥CeH_4?0FM]�]JD�?@SES�B�a�?�KHI�B�PimOTPN[VFWB�PNKMAXKHk�B�a�?�a�FHA�]�KH�hOT?@=�a^FHA�PNSEOÔFdA^]T=@KMA�=@GNU^]JP`A�c�D�?ROyFdD�w*SFWD�?�cMPNfq?@A
P`A{lJ?@=RB�PNKHAz×Jt
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BED�FWÚT=n�ð�KV_�r+L:?RB�_4?@?@A|PNB�S�?RA^]JmpI:KHP`ACB�S\n�PNA|L:KHB�as]�PiD�?@=RB�PNKHA�S�r7]�UJD�PNA�c
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´jãA´�á ¶ Ù ¶$µ"¸�¶ Ù�× #c´(3å´�ù ( 5+5 µ × ¶�·j¸ ��´!� 4 Ö»( ´$# · ( ;'¸ ) Ô ( · ÖU) 4-·�¶�55+4 ! ¶ %U) 4-·e¶ Ù»( ¶^¸ ($ÖU)+* · ´�çéè�èêèY¼�ÊéÒ-Ð�Ä�Ò�Ñ Å�Ì�É-Ð�ÄAÉ-Ð ÿ ¾$½3Ì�Ñ Ï"Í Ò-Ê¼�¾»Ñ$½3Ð�É-Í É»í�Ã × ó�Û � õ ��ñ � " � " ô � " ò � × á (/'"%U( Ô Õ�($Ù ������� ´± ó � ²^³g´!�x´�÷ ¶ Ù»( µ¡¶�·j¸eK ´�á�´ Ú 4 , · Ö 4-· ´ Î É-Æ<��Ï3Å'¾ Ê�ÄAÒ-Ð�ìç�Ð�Å/ÊéÒ�Ñ Å/Ò3Ë$Ì�Í Ì�Å�Ã�fQ? ¿�Ï"Ì�ì�¾^Å'É�Å�½"¾n¼G½"¾�É-Ê�ÃnÉ*)<
�ë�@UÑ»É�Æ<��Í ¾ Å/¾ Ð�¾ Ä»Ä�´Ø�Ù»($( Ô�¶�· º #jÕ 5 )+! ¶ %») 4-· ×�à�(�& % 4 Ù Þ × ��Û ð Û"´± ój��²^³g´�³g´ K (�ß ¶ ¶�·"¸ ³g´ øI¶ #jÙ»( · % ´<¿t¾»É�Æ^¾ Å/Ê�Ã¢É*)AÑ�Ï"Å/Ä
Ò�Ð�ìÆ ¾ Å�Ê�Ì�Ñ�Ä�´�á '"Ù») · *-($Ù ; 4�($Ù 5�¶ *j× ¹ ($Ù 5 ) ·&; â ($) ¸ ( 5 Õ�($ÙU*j× ��Û-Û ð ´± ó � ² 4 ´ 4 ´ 4 ¶ ß$)+Ù ¶�· ) ´!?Q�9��ÊUÉ�g-Ì�Æ^Ò�Å�Ì�É-ÐrÒ-Í í�É-Ê�Ì�Å�½"ÆcÄ�´�á '"Ù») · *-($Ù ; 4�($Ù 5�¶ *j×����� �-´± ó�òö² 4 ´ 4 ´ 4 ¶ ß$)+Ù ¶�· )Ià ´�÷ ¶ Ù»* ¶�·j¸ ³g´5% ¶�·j·j¶ Þ ¶ Þ )+Ö ´�Ý '('jÙ 4 æ") Ô�¶ %U(Ô�¶ æ ;
]j4 & Ô ) ·&; � Ô # 5 %») � !$#"%�%U,j( 4 Ù»( Ô Ö ¶�·j¸ %»,j($)+Ù ¶ '(' 5 )+! ¶ %U) 4-· Ö ´Àjç*?�Á îjü Î É-Æ<��Ï3Å/Ì�Ð3í × �-õ ñ � ò õ ô3�-õ � × ��Û-Û " ´± ó-ó�² á�´�º 5+4 % Þ ) · º|´�ù 5 ($) ·n¶�·"¸ á�´(� ¶�4 ´!3 æ"! 5 # ¸ ( ¸nÔ ) ·j4 Ù»Ö�× · ($%'& 4 Ù Þ¸ ($! 4-Ô ' 4 ÖU) %») 4-· × ¶�·j¸nÔ # 5 %»)+! 4-Ô�Ô�4�¸ ) % µ ]j4 & ´�Ü · ë�ÊéÉ Ñ�¾»¾�ì-Ì�Ð3íQÉ*)Å�½"¾ û�� Å�½h? Î Á Ä�Ã-ÆD�3É-Ä�Ì�Ï"Æ É-Ð ¼I½"¾�É-Ê�Ã¢É*) Î É-ÆD��Ï"Å�Ì�Ð3í ×!' ¶ *-($Ö" ï-� ô " Û � × ��Û-Û-ò"´± ó õ ²_3�´jÓ ¶ Ù ¸j4 Ö ¶�·j¸ 4 ´ 4 ´ 4 ¶ ß$)+Ù ¶�· ) ´"Ü Ô 'jÙ 4�2 ( ¸ Õ 4 # ·j¸ Ö<� 4 Ùt%U,j(Ô�¶ æ ;
]j4 & Ô ) ·&;/Ô # 5 %U)+!$#"%[� 4 ÙQ' 5�¶�·�¶ Ù ¶�·j¸Yi�j ² j�; ��ÙU($(
*-Ù ¶ 'j,"Ö ´ç�Ð�)�É-Ê�Æ Ò-Å/Ì�É�ÐQëtÊéÉ�Ñ�¾ Ä»Ä�Ì�Ð3í��G¾�Å/Å'¾ Ê�Ä × ó ð ñ ð-ð�ô3ï�� × ��Û-Û-ò"´± ó " ²^¹�´(3 ��Ù 4-·¡¶�·j¸ �x´ Ú ´"Ó )+Õ"Ö»,j)+Ù ¶�· ) ´!?�Ðnç�Ð�Å/ÊéÉ ì-ÏjÑ�Å/Ì�É�Ð£Å'É�Å�½"¾
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