
���������	��

���������������������������! #"$�&%����' (���$���*)'+,���#��-/.0�1�2�2 #�3�4�65879-:�2 *�<;=���>"?�@�A���>
 ���
B %C;D� E(F GIH�)'%KJ

LNM OQPSRATNPVU1PVW$PVWYX$Z\[^]�_a`cb$d4PVefRgPVWhP�`c[^WYX^P�]�P�U
i?jVkcjg]cjgefPmlnWYXoMpP1q(ef_ar3kc]�j�W^Mprs`ut�MfUvMwk�_aX

xuPVygUvP�W^_�z�_{r|b�}~P�]c���Y���^Lm�hT2PVU1PVW$�NP�ygP�]
xuPVW^y�PVefj�]�_@�V�g�v�����Y�\lnWYXoMpP

q~��UvP�M�e����a�\M OQPSR�]|PVU1P�W��\Zo[^]c_{`Qb�� d4P�e�R�PVWYPg`Q[^WhX^PV]|PVU�����Uvj�kcj�]�j�epP^� r3j�U

���$���*�~�4���
lnW�kcb^Mp`4�YP��h_a]a�#��_vMfW\��_a`QkcMfygPVkc_ kcbY_¡XoMf`Qk�P�WYr3_s��¢hP�`c_aX?efjorsPVkcMfj�W9[^�o�
X^PVkc_4PV�Y�^]cj�P�r|bAjV£~��¤@i?¥8¦a§¨q(L2�n¤4©«ª `u]�j�[ok�_�[^�¬XYP�kc_4�Y]cj�kcjor3jge­�
®9_�Xo_a��_sefj��0P�W¯P�WYPVefR�kcMprsP�e(Uvj\X^_se(k�j�r3jgUv�YPV]�_vMwk|`	�¬_s]c£°j�]�UvP�WYr3_
�±M�kcb1k�bYP�k�jV£'k�b^_@`Qk�PVkcMpr±efj\raP�k�M�jgW¡[^��X^P�k�_�PV�Y�^]cj�P�r|bvjV£�_{PV]�e�Mf_s]�r3_se��
ef[^epPV]�kc_{r|b^W^jge�jgy�Mf_a`a�«®9_¡`QbYj��¨kcbYPVka��£°j�]�kcbY_¡`cP�U _v�YP�y�MfW^y:Xo_sepPSR
P�WYX²rsjg`Qka�~k�b^_�X^Mf`Qk�P�WYr3_s��¢YPg`Q_{X!PV�Y�^]cj�P�r|b0]�_aXo[hr3_a`«k�b^_Aj��g_s]�b^_aPgX
k�]�PV³1r«Xo[^_ kcj�efj\raP�k�M�jgW�[^��X^P�k�_«Uv_{`c`�PVyg_a`a�4lnW�P�XYXoMwk�M�jgW���kcbYMf`�]�_3�
Xo[hr3_aX«efjgP�X^M�W^y@Mp`#_{´�[YPVefe�R«`QbYP�]c_{X	PVUvjgW^y@P�e�e^rs_sefef`>MfWmk�b^_2XoMp`µk|PVWYrs_3�
¢YPg`Q_{XAP��^�^]�jgPgr|b��o�±b^Mfe�_4M�kNMp`2r3jgWo¶YW^_{X�k�jvkcb^_m¢hjg]�Xo_a]2r3_ae�ep`±MfW$kcb^_
`Qk�PVkcMpr4PV�^�^]�jgPgr|b��~®9_mPVep`QjvMfW�kc]�j\X^[Yr3_�k�b^_	W^jgWo��[YW^Mw£°jg]cU�W^_sMfy�b\¢¬j�]
r|b^jgMfrs_NPV�Y�^]cj�P�r|bvk�jmUvjoXo_se�Uvj�¢^MfefMwkµRvUvj�]�_�Pgrsr3[Y]�PVkc_sefRvPVWYX¡`Qkc[hXoR
M�k�`�MfU �hP�r�k$j�W·kcb^_9�h_a]Q£°jg]cU1P�WYr3_�jV£	k�b^_�kµ��j�P�e�ygj�]�Mwk�b^U1`s�¹¸N`Q�
MfW^y$`QMfUm[^epP�k�M�jgWY`���_v`µk�[YXoR�P�XoM�º¬_a]c_aW�k�Uvjg¢^M�efM�kµR:U joXo_ae­��P�WYX�kcb^_
`cM�U«[^epP�kcMfj�W0]�_a`c[^e�k�`«r3j�W^¶Y]cU�kcbY_�¢¬_sW^_s¶^k�`«jV£±k�b^_AXoMp`Qk�PVWhr3_3��¢YPg`Q_{X
P��^�^]�jgP�r|b�jV£u¦s§¨q(LN��¤4©«�
»:¼�½'¾m¿hÀ�Á#ÂgÃ e�jorsPVkcMfj�WÄ[^��X^P�k�_��Å`Qk�P�k�Mfr�Æ�efjorsPVkcMfj�WÇ[^��X^P�k�_��
XoMp`Qk�PVWhr3_3��¢YPg`Q_{X'Æ\�YPVygM�W^yhÆh��¤�i�¥¹¦s§Åq(LN��¤4©«Æ^i?P�]c�gj��vr|bhPVMfW�Æ

È É�Ê �>�~Ë¡Ì?Í$���~Î3Ë Ê
zub^_mkc]|P�Xo_s��j�º9¢¬_3kµ��_s_aW?efj\raP�k�M�jgW?[^��X^P�k�_ P�WYX:�YP�y�MfW^y¡MfW�r3_ae�ef[^epPV]
`cRo`µk�_sU1`mMp`vP���_sefe���]�_a`c_aP�]�r|b^_{X�kcj��YMfr9Ïw¦g�(Ðo�~�o�~Ñ�Ò��²T±_s£°_s]�_sWYrs_�Ï �SÒ
ygM��g_a`2P1rsj�Uv�^]�_sb^_aWY`QMf��_	`c[^]���_aR�jV£*k�b^_mXoM�º¬_a]c_aW�kNe�joraP�kcMfj�W:[Y�¬X^PVkc_
Uv_ar|bhPVW^Mp`QU1`a�*��_ae�ef[^epPV]Ó`cRo`µk�_sU1`~_sUv�^efj�RmP�Uvj�¢YM�efMwkµR«U1PVWYP�y�_sUv_aWgk
Uv_ar|bhPVW^Mp`QU�`c[Yr|b$kcbYPVka�¬�±b^_sW:MfW?MpXoef_	Uvj\X^_��hkcb^_«W^_3kµ��j�]����\W^j��2`
k�b^_AefjorsPVkcMfj�W0jV£Nkcb^_�Uvj�¢^Mfe�_�P�k1P�rsjgPV]|`c_s]	yg]�P�W�[YefP�]cM�kµR?k�bYPVW²kcb^_
rs_sefe�ef_s�g_se��,lnWÔjVk�b^_s]���jg]�XY`s�uk�b^_�WY_3kµ��j�]��ÕXoj\_{`AWYjVk�k�]�Pgr|�Õkcb^_
efjorsP�k�M�jgW?jV£�PVW�MpXoef_3��Uvj\X^_«Uvj�¢YM�ef_ Pg`NM�k4Uvj���_a`2£°]cjgU�r3_ae�e>kcj$r3_ae�e��
¢^[^k�k�]�Pgr|�\`�M�kuPVkuP«e�joraP�kcMfj�W^��P�]c_{P�e�_a��_se��~¥Ö`Q_sk�j�£#r3jgWgk�M�yg[^j�[h`Ór3_ae�ep`
P�]c_$y�]�j�[Y�h_{X!k�j�y�_skcb^_a]1M�W�k�j¯P¯efjorsPVkcMfj�WIPV]�_aP^��PVWYX�k�b^_:W^_3kµ��j�]��
�\W^j��2`«kcbY_:e�jorsPVkcMfj�WÕjV£�kcb^_:Uvj�¢YM�ef_$j�W^efR0kcj9k�b^_:y�]|PVW\[^epPV]�MwkµR¯j�£
efjorsP�k�M�jgW·PV]�_aPg`s�8×Ø¤�M�º¬_a]c_aWgk$r3_ae�ef[^epPV]¡k�_ar|b^WYj�efj�y�Mf_a`¡[Y`Q_�XoMwº�_s]�_sW�k
k�_s]�Uv`�kcj�]c_s£°_s]�k�j�Ùce�jorsPVkcMfj�W4PV]�_aPY� Ú�®9_��±Mfefegb^j���_s�g_s]'[Y`c_(k�b^_(k�_s]�U
efjorsP�k�M�jgW�P�]c_{P?k�j9]�_3£°_a] kcj0PVefe2`Q[hr|b²k�_ar|b^W^jge�jgy�R��n`Q�¬_arsMw¶hr¡kc_a]cU1`a� Û
z#]�Pgr|�\M�W^ymU jg¢^Mfe�_{`�PVk�k�b^_@e�jorsPVkcMfj�Wo�nPV]�_aP	e�_a��_se*×ØPg`�j��^�¬jg`c_aX¡kcj«kcb^_
rs_sefe�e�_a��_aepÛuPS�gj�MpX^`�_3Ü^r3_{`c`cM��g_�e�jorsPVkcMfj�W�[^��X^P�k�_	Uv_a`�`cP�y�_a`�£°]�j�UÝkcb^_
Uvj�¢YM�ef_��>Þ2j���_s��_a]a�aMwk*MfWYr3]�_aPg`Q_{`�kcb^_��YP�y�MfW^y2r3j�`µk|`��±b^_aW4kcbY_s]�_(Mf`>PVW
MfWYr3jgUvM�W^y4raPVefe\£°j�]*kcbY_±U jg¢^Mfe�_g�>zub^_±WY_3kµ��j�]��¬�V`cMfWYr3_±M�k(�\W^j��2`>j�W^efR
k�b^_@rs[^]�]c_aWgk�e�jorsPVkcMfj�W�P�]c_{P4jV£�kcb^_@Uvj�¢^Mfe�_g�\��jg[^efX¡bYPS��_Nkcjm�hPVy�_�M�W

P�e�egkcb^_�r3_ae�ep`��±M�kcbYM�WmkcbYPVk#efj\raP�k�M�jgWmPV]�_aPY��zub^_ÓWY_3kµ��j�]���rsP�W	_sUv�^efj�R
`cU1PV]ck@�YP�y�MfW^y$`µk�]�PVkc_sygM�_{`�kcbYPVk��Y]cjgy�]�_a`�`QMf��_ae�R�_3Üo�YP�WYX?k�b^_1`Q_{PV]|r|b
£°]�j�Ußkcb^_�r3_ae�eY£°]cjgU¹�±b^Mfr|bvk�b^_NUvjg¢^M�ef_NepP�`Qk�`c_sW�k�P	U _{`c`�PVyg_ukcjmkcb^_
W^_skµ��jg]c��M�� _g����£°]�j�UàkcbY_ rs_sefe>MfW��±bYMfr|b:k�b^_ W^_3kµ��j�]��AepP�`Qk�]c_{r3_sMf��_{X
Pme�jorsPVkcMfj�W1[^��X^PVkc_@U _{`c`�PVyg_±j�]�£°]cjgUß�±bYMfr|b1k�b^_@U jg¢^Mfe�_�_sWYXo_{X1M�k�`
epP�`Qk2rsPVefe��^�±b^Mpr|b^_s�g_s]uMf`uUvj�`µk2]�_ars_sW�k	Ï �SÒ��
i:j�`µk±r3_ae�ef[^epPV]u`QRo`Qkc_aUv`�_sUv�^efj�R1Pm`Qk�PVkcMprNefjorsP�k�M�jgW�PV]�_aP«r3jgWYr3_a�oka�
�±b^_a]c_¡P$yg]cjg[^�9jV£±r3_sefep`	PV]�_1Xo_a`cM�ygWYP�k�_aX¯P�`4P$efjorsPVkcMfj�W0PV]�_aP$PVWhX
Pg`c`cM�ygW^_aXáP²e�joraP�kcMfj�W·P�]c_{P0MpXo_sW�kcM�¶Y_a]9×Ølµ¤@Û3�±Zo[Yr|bâP!`Qk�PVkcMpr?efj\raP��
k�M�jgW9P�]c_{P�r3jgWYr3_a�ok�bYP�`@¢¬_s_sW9[Y`c_aX�M�W0ã4Zoi�ä�ã�}ÓTNZhä�¸Ni�z2Z:W^_skQ�
��j�]��o` Ïæå{Ò�PVWYX9MfW9lQZ\�����AP�WYX!��¤�i�¥±�|¦s§8W^_skµ��jg]c�o`a�v¸NWYXo_a]4kcb^Mp`
`�r|b^_sUv_g��_{P�r|bár3_ae�e�¢^]�jgP�XYrsP�`Qk�` k�b^_?lµ¤CjV£�kcb^_�e�jorsPVkcMfj�WáPV]�_aP9j�£
�±b^Mpr|b²M�k1Mf`vP��YPV]cka�!¥�`vMfXoef_3��UvjoXo_AUvjg¢^M�ef_a` Uvj���_�£°]cjgU&r3_sefeukcj
rs_sefe­�~k�b^_sR0UvjgW^Mwk�j�] kcbY_AefjorsP�k�M�jgW�P�]c_{P:lµ¤KPVWYX²`Q_aWYX!¢YPgr|�0P�efjV�
raP�kcMfj�W�PV]�_aP1[^��X^PVkc_vUv_a`�`cP�y�_	M�£(kcbY_sR:Uvj���_«M�W�kcj�P¡W^_a�Åefj\raP�k�M�jgW
P�]c_{P^�~t�jorsPVkcMfj�W:PV]�_aPg`u`Qb^jg[^epX�¢¬_mPV�Y�^]cjg�^]�MfPVkc_sefR1�^epPVW^WY_aX$`Qj k�bYP�k
M�k�]�_3çY_{r�k|`*kcb^_2kc]|P�Xo_s��j�º�¢h_skµ��_a_sW1�YP�y�MfW^y	r3j�`µk|`ÓP�WYXve�joraP�kcMfj�W1P�]c_{P
[^��X^PVkc_	r3j�`µk|`4Ï èVÒ��
zub^_a]c_�PV]�_(kµ��j��Y]cMfU1PV]�R@XoMp`�P�Xo��PVW�k|PVy�_{`��±M�kcb«kcb^_u`Qk�P�k�Mfr�efj\raP�k�M�jgW
P�]c_{PAP��^�^]�jgP�r|b�� zub^_ ¶Y]|`Qk�jgW^_vMf`4kcbYPVk�Uvjg¢^M�ef_a`?ÙQ�^MfW^yV���¬j�W^ygM�W^y�Ú
¢¬_3kµ��_s_aW1kµ��j«r3_sefep`(k�bYP�k±PV]�_2j�W¡kµ��jmX^Mwº�_s]�_sW�k�efjorsPVkcMfj�W�P�]c_{P�`~yg_sWo�
_a]�PVkc_±[^W^WY_ar3_{`c`�PV]�RmefjorsPVkcMfj�W¡PV]�_aP@[^��X^PVkc_NUv_{`c`�PVyg_a`(P�ewk�b^j�[^ygb kcb^_
XoMp`Qk�PVWhr3_$kcbY_sR!bYPS�g_�kc]|PS��_s]|`c_aX0Mp`1W^j�k�`QMfy�W^M�¶hraPVW�k?Ï �SÒ��â¥NW^jVk�b^_s]
XoMp`�P�Xo��PVW�k|PVy�_±Mp`~k�bYP�kÓkcb^_�e�jorsPVkcMfj�Wv[^��X^P�k�_NUv_a`�`�PVy�_{`~PV]�_2W^j�k�XoMp`µ�
k�]cMf¢^[ok�_aXÔ_s��_aW^efRIPgr3]�jg`�`�rs_sefef`a�8zub^_�efjorsPVkcMfj�Wâ[Y�¬X^PVkc_�kc]|P�³¡r�Mf`
rsj�Wo¶YWY_aX0k�j?k�b^_�rs_sefef`mkcbhP�k1PV]�_�j�W!kcb^_�¢hjg[^WYX^P�]cR¯¢¬_3kµ��_s_aW0kµ��j
jg]�Uvj�]�_:e�joraP�kcMfj�W·P�]c_{P�`a�¨x�_{rsP�[Y`Q_?kcb^_�]c_{`Qjg[^]�rs_a` £°jg]ArsP�]c]�R\M�WYy
k�b^_	efj\raP�k�M�jgWA[^��X^PVkc_4k�]�PV³1r4P�ef`cj1r3jgU _{`�£°]cjgUék�b^_mPS��PVMfefP�¢^ef_@�¬j\j�e
j�£�]�_a`cj�[^]|r3_{`@M�W0P$r3_ae�e���[^WY_s��_aW0XoMf`Qkc]�Mf¢^[okcMfj�W¯j�£�efjorsP�k�M�jgW�[Y�¬X^PVkc_
k�]�PV³1r	]c_{`Q[^e�k�`NM�W�[^Wo£ØP�M�]�W^_a`�`NP�WYX$]�_aXo[Yrs_aX?raPV�YPgr3M�kµR¡£°jg]�rsP�]c]�R\M�WYy
¢¬_aP�]c_a]ukc]|P�³¡r@M�WAkcb^_4¢¬j�[YWYX^PV]�R�rs_sefef`a�
z#j�j��g_s]|r3j�Uv_vk�b^_AXoMp`�P�Xo��PVW�k|PVy�_{`4jV£Nkcb^_�`µk|P�kcMpr�`�r|b^_aU _g�*kcb^]�_s_
�\MfWYX^`$jV£vXoR\WYPVUvMpr¯`cr|b^_aUv_a`$bYPS�g_�¢¬_s_aWÖ`Qkc[hXoM�_{XâMfWêkcb^_¯efMwk�_s]|P��
k�[^]c_ÖÏ�¦��4è�Ò��ëzub^_{`Q_IPV]�_!k�M�Uv_s]c��¢YP�`c_aX'� Uvj���_aU _aW�kQ��¢YP�`c_aX'�vPVWhX
XoMp`Qk�PVWhr3_3��¢YPg`Q_{XNefjorsP�k�M�jgW�[^�¬XYP�kc_�PV�^�^]�jgPgr|b^_a`a�'lnW@kcb^_(kcMfU _a]Q��¢YPg`Q_{X
P��^�^]�jgP�r|b���_{P�r|bIUvj�¢^Mfef_�`Q_aWYX^`AP0e�joraP�kcMfj�Wá[Y�¬X^PVkc_�U _{`c`�PVyg_?P�£ì�
k�_s]mPA¶^Üo_aX9Xo[^]|P�k�M�jgW�j�£�k�M�Uv_1_aefP��Y`Q_{`s�vlnW9kcbY_1U j��g_sUv_sW�kc��¢YPg`Q_{X
P��^�^]�jgP�r|b���j�Whr3_1k�b^_¡W\[^Um¢¬_s]«jV£2r3_ae�e�r3]�jg`�`QMfW^y�`�¢�R¯P:Uvj�¢YM�ef_¡_3Ü\�
rs_s_aXY`NP kcbY]c_{`Qb^jgefX��YM�k@`c_sWYX^`�Pve�joraP�kcMfj�W:[Y�¬X^PVkc_	Uv_{`c`�PVyg_���lnW$kcb^_
XoMp`Qk�PVWhr3_3��¢YPg`Q_{X?PV�^�Y]cj�P�r|b��¬kcbY_ Uvjg¢^M�ef_v`Q_aWYX^`�P�efjorsPVkcMfj�W�[Y�¬X^PVkc_
Uv_a`�`�PVy�_v�±b^_aW^_s�g_s]4k�b^_�XoMp`Qk�PVWhr3_1¢¬_3kµ��_s_sW9k�b^_�r3[Y]c]�_sW�k	efj\raP�k�M�jgW

¦



j�£	kcb^_9Uvj�¢^Mfef_9P�WYXáM�k�`�e�joraP�kcMfj�WÔ�±b^_sWÔMwk$epP�`Qk$`c_sW�k�P�efj\raP�k�M�jgW
[^��X^PVkc_�U _{`c`�PVyg_�Mp` y�]�_aP�k�_s]mkcbYP�W�P�kcb^]�_a`cb^j�epX'��©N£2k�b^_a`c_Akcb^]�_s_
XoR\WYP�UvMfruPV�Y�^]cj�P�r|b^_{`s�Sk�b^_2XoMp`µk|PVWYrs_3��¢YP�`c_aX PV�Y�^]cj�P�r|b«Mf`*Uvj�]�_u_3³v�
rsM�_aWgk{��¢^[ok~PVep`QjNU jg]c_�r3jgU �Ye�_sÜ1Ï �SÒ��>x�_{rsPV[h`Q_~k�b^_�U j��g_sUv_sW�kc��¢YPg`Q_{X
P��^�^]�jgP�r|b�Mp`2`Q_a_sW?Pg`±Uvj�]�_4�^]�Pgr�k�MfraPVe'k�j¡M�Uv�^ef_sUv_aWgk{�hUvj�`µkNj�£*kcb^_
P�WYPVefRo`Q_{`*bYPS��_±¢¬_s_aW1£°j�]~k�b^Mp`ÓUv_ar|bhPVW^Mp`QU$��PVWYX £°jg]�r3jgUv�YPV]�M�WYy�kcb^_
Uvj���_aUv_sW�kQ��¢YP�`c_aX�PV�^�^]�jgPgr|b?�±M�kcb�kcb^_¡`Qk�PVkcMpr P��^�^]�jgPgr|b²Ï �^��èo����Ò��
ÞNj���_a��_s]{��P�`���_¡Xo_{`crs]cMf¢h_v¢¬_sefj��4�*��¤@i?¥K¦a§¹qÓL2�n¤�©ébYPg`4r|b^jV�
`c_sW¯k�b^_AXoMp`Qk�PVWhr3_3��¢YPg`Q_{X¯e�jorsPVkcMfj�W0[^��X^PVkc_AP��^�^]�jgPgr|b��#P�WYX0b^_aWYr3_
k�b^_s]�_AMp`1P9W^_s_{X!£°jg]1P9rsj�Uv�^]�_sb^_aWY`cM��g_�P�WYPVefRo`QMp`mj�£Nk�b^_$¢h_aW^_3¶^k|`
j�£~kcb^_vXoMp`µk|PVWYrs_3��¢YP�`c_aX?P��^�^]�jgPgr|b�j��g_s]Nkcb^_v`µk|P�k�Mfr PV�^�Y]cj�P�r|b���®�_
PgX^Xo]�_a`�`ukcb^Mp`2�Y]cjg¢^e�_aU�MfW$kcbYMf`N�YPV�¬_s]{�±i:j�]�_sj��g_s]{�o[Y`QMfW^y1k�b^_mWYj�Wo�
[^WYMw£°jg]cUKW^_aM�ygb\¢hjg]@r|b^jgMfrs_«P��^�^]�jgP�r|b��h��_«MfW�kc]�joXo[Yr3_ PVWYX�`µk�[YXoR?P
W^_a�âUv_3k�b^joXAkcj1UvjoXo_se�Uvjg¢^M�efM�kµR¡Uvj�]�_�Pgrsrs[^]�PVkc_ae�Rg�
í ÈNî ïâð�ñhò<ó ô Ë«ÍA�*õ¹öø÷9Ì:�@�>õ¹ùß�~Ë4�>Ë��±Ë«ú
lnWâ��¤@i?¥&¦s§KqÓL2�n¤�©«�~k�b^_:MpXoe�_s��UvjoXo_:Uvj�¢YM�efMwkµR�U1PVWYP�y�_sUv_aWgk
�^]�jor3_{Xo[^]�_a`�PV]�_«bhPVWYXoef_aX�¢\R:kcbY_ ]�j�[^kc_v[^��X^P�k�_ �Y]cj�kcjor3jge­��P�WYX�Mwk
[Y`c_a`±kcb^_mX^Mf`Qk�P�WYr3_s��¢YPg`Q_{X�efjorsPVkcMfj�W$[^��X^P�k�_mPV�^�Y]cj�P�r|b¯Ïw¦{�SÒ���lnW0¦s§
qÓL2�n¤�©«�g_aP�r|bAr3_sefe¬¢^]cj�P�X^raP�`Qk�`ÓMwk|`ÓepP�k�Mwk�[YXo_��\efj�W^ygMwk�[YXo_g�\P�WYX¡Pm�YP��
]|PVUv_3k�_s]*rsP�e�ef_aXvûNüVýoþ�ÿ��������Vþ�ÿ�û����
	ìý����>¥NW«MpXoef_uU joXo_uUvj�¢YM�ef_���Pg`>Mwk
Uvj���_{`u£°]�j�U�r3_sefe�k�j�r3_ae�e��¬U jgW^M�kcj�]|`±k�b^_a`c_4k�b^]c_a_	�YP�]�P�U _skc_a]�`a�±¥±£ì�
k�_s]�_{P�r|b	rs_sefe�r|bYP�W^y�_g�{kcb^_�U jg¢^Mfe�_�r3j�Uv�^[^kc_a`�kcb^_�XoMp`µk|PVWYrs_Ó¢¬_3kµ��_s_sW
k�b^_�`cMwk�_1e�jorsPVkcMfj�WY`	jV£ukcb^_Ar3[^]�]c_aW�k4rs_sefe�P�WYX9kcb^_Ar3_sefe(MfW0�±b^Mpr|b0Mwk
epP�`Qk�`c_sW�k�Pme�joraP�kcMfj�W�[^�¬XYP�kc_@Uv_a`�`cP�y�_g�#l�£�k�b^Mp`�XoMp`Qk�PVWhr3_NMp`�y�]�_aPVkc_s]
k�bYPVW:k�b^_1ûNü�ýoþnÿ���������þnÿ�û����
	ìý��m�YP�]�P�U _skc_a]N¢^]�jgPgX^rsPg`µkNMfW?k�b^_vr3_sefe
MfW��±bYMfr|bÕMwk1epP�`Qkv`c_sW�k¡P9e�joraP�kcMfj�W�[^��X^P�k�_�Uv_{`c`�PVyg_��~k�b^_$U jg¢^Mfe�_
`c_sWYXY`�P�W^jVk�b^_s]@[^��X^P�k�_«k�j�k�b^_ W^_3kµ��j�]����	©Nk�b^_s]��±Mp`Q_g�hk�b^_ U jg¢^Mfe�_
Xoj\_{`ÓW^j�k�`c_sWYX�P	efj\raP�k�M�jgW¡[^��X^P�k�_�Uv_a`�`�PVy�_g�#z#jm�¬_s]c£°j�]�U,kcb^Mp`�j��o�
_a]�PVkcMfj�W��{kcbY_�Uvjg¢^M�ef_Ó��j�[YefXmbYPS��_Ókcj�`µk�j�]�_(kcbY_�epP�k�Mwk�[YXo_���e�jgW^y�M�kc[YX^_��
P�WYX¡ûNüVýoþ�ÿ��������Vþ�ÿ�û����
	ìý��2�YP�]�P�U _skc_a]�`*j�£¬k�b^_NepP�`Qk�rs_sefeYMfW1�±b^Mfr|b�Mwk
XoMpXmP�efj\raP�k�M�jgW	[^��X^P�k�_�jg�h_a]�PVkcMfj�W��#zub^_±XoMf`Qk�P�WYr3_�r3jgU �Y[okc_{XmMp`#kcb^_
XoMp`Qk�PVWhr3_2¢¬_3kµ��_s_aWvkcb^_N`cM�kc_2efjorsP�k�M�jgWY`a�gPVWhXvMwkuXoj\_a`~W^j�k�Xo_a�h_aWYXvj�W
k�b^_ue�jorsPVkcMfj�W«jV£Yk�b^_uUvj�¢^Mfe�_u�±M�kcb^MfW«kcb^_±`c_s]���MfW^y�`QM�kc_g�>zubY_�epP�k�Mwk�[YXo_
P�WYX9e�jgW^y�M�kc[YX^_¡M�W^£°j�]�UvPVkcMfj�W¯¢^]�jgPgX^rsPg`µk4¢\R�_{P�r|b0r3_ae�e�Mf`m[Y`Q_{X9£°j�]
rsj�Uv�^[ok�M�W^y k�b^Mf`NXoMf`Qk�P�WYr3_g�
x�_araPV[Y`c_�kcb^_:Uvjg¢^M�ef_?`c_sWYX^`�P¯e�jorsPVkcMfj�WÕ[^��X^P�k�_?Uv_a`�`cP�y�_�j�W^efR
PV£ìkc_s]�M�k4U j��g_a`Nkcj:P�r3_sefe*kcbhP�k�Mf`4`c[o³¡r3Mf_sW�kcefR:£ØP�]�P��YPV]ckN£°]�j�U�kcb^_
rs_sefe±£°]cjgU<�±b^Mpr|bÕkcb^_?Uvjg¢^M�ef_:epP�`Qk�`Q_aWgk¡P¯efjorsP�k�M�jgW�[Y�¬X^PVkc_g�ukcb^_
�^]�j�¢Ye�_aU8jV£��^MfW^y����¬j�W^ygM�WYymMp`�_ae�MfUvM�WhP�kc_{X'�(qÓ`�`c_sW�kcMpPVefe�Rg��Pg`u`Qj\j�W�P�`
PmU jg¢^Mfe�_�`Q_aWYX^`uP	efjorsPVkcMfj�W¡[^��X^PVkc_��oM�k±Xo]�PS�2`�PmrsM�]|r3ef_�PV]�j�[^WYX1kcb^_
`c_s]��\M�W^y�r3_ae�e*jV£�]�PgXoMf[Y`@û�ü�ýoþnÿ���������þnÿcû����
	ìý��vP�WYX�`c_sWYXY`Nk�b^_vW^_3Ü\k
efjorsP�k�M�jgW«[Y�¬X^PVkc_2jgW^efR	Mw£'M�k(y�j\_a`(j�[ok|`QMpXo_ukcbhP�kÓr3Mf]|r3ef_��(��e�_{PV]�e�Rg��kcb^Mp`
P��^�^]�jgP�r|bÕ_sefMfU MfWYPVkc_a`¡kcb^_��^M�WYyV���hjgW^y�MfW^y0�^]�j�¢^ef_sU jV£�kcbY_�`µk|P�k�Mfr
efjorsP�k�M�jgW�P�]c_{P«P��^�^]�jgPgr|b��
zub^_4�Y]cjg¢^e�_aUéjV£*[^W^_a��_aW�efjgPgXoMfW^yvjV£*e�jorsPVkcMfj�W$[^��X^P�k�_	`QMfy�WhPVefM�W^y
Uv_a`�`�PVy�_{`�Mf`#PVep`Qj±_ae�MfUvM�WhP�kc_{X4�±M�kcb�kcbY_N¦s§�q(L2�n¤4©!XoMp`Qk�PVWhr3_3��¢YPg`Q_{X
efjorsP�k�M�jgW1[^��X^P�k�_�Uv_ar|bhPVW^Mp`QU$�*zub^_@]�P�WYXoj�UvW^_{`c`(M�W�kcb^_�M�W^M�kcMpPVe�efjV�
raP�kcMfj�Wh`(jV£'Uvj�¢YM�ef_a`a��k�b^_�r3_sefep`(MfW¡�±b^Mpr|b1kcb^_aM�]�epP�`Qk�rsP�e�ep`(ygjVk(k�_s]�U M��
WYPVkc_{X'��kcb^_�r3_ae�ep`�M�WA�±b^Mfr|b�kcb^_aR1efPg`µk±`c_sW�kuPme�joraP�kcMfj�W�[^�¬XYP�kc_g�^PVWYX
k�b^_�ûNüVýoþ�ÿ��������Vþ�ÿ�û����
	ìý��¡_sWh`Q[^]�_ kcbYPVk	kcbY_s]�_1Mf`m[^W^M�£°j�]�UCefjgP�X^M�W^y
j�£Ne�joraP�kcMfj�WÕ[^��X^P�k�_$U _{`c`�PVyg_a` P�rs]cj�`c` r3_ae�ep`«kcb\[Y`1`c�^]c_{P�XoMfW^y�kcb^Mp`
`cM�ygWYPVefMfW^y«efjgPgX�Uvjg]c_�_s�g_sW^efR��
®9_2Xo_s�g_sefj��vPVW1PVWhPVefRgk�MfraPVe\UvjoXo_seok�j	r3jgU �hPV]�_�k�b^_±�¬_s]c£°j�]�UvP�WYr3_
j�£@k�b^_²¦a§Cq(LN��¤4©CXoMf`Qk�P�WYr3_s��¢hP�`c_aXIefj\raP�k�M�jgWÕ[Y�¬X^PVkc_9PV�^�^]�jgPgr|b
�±M�kcb kcbhP�k(jV£¬kcbY_ukc]|P�XoM�kcMfj�WYP�e^`µk|P�k�Mfr�efj\raP�k�M�jgW P�]c_{P@P��^�^]�jgPgr|b���zub^_

P�y�y�]�_sy�P�k�_Nefj\raP�k�M�jgWA[^��X^PVkc_4Uv_a`�`cP�y�_@e�j�P�X�PVWYX�kcbY_4[^Wo£ØPVMf]�W^_a`�`uM�W
k�b^_$e�j�P�XoMfW^y�Pgr3]�jg`�`«rs_sefef`vP�]c_Akcb^_Akµ��j��^]�MfUvP�]cR¯Uv_3k�]cMprs` ��_$[Y`Q_
k�j�r3jgU �hPV]�_�kcb^_4kµ��j¡PV�Y�^]cj�P�r|b^_{`s��zub^_a`c_	Uv_3k�]cMprs`NPV]�_	r3j�Uv�^[^kc_aX
�±b^Mfef_N��_a_s�^MfW^y4k�b^_@�YPVygM�W^y«r3jg`Qk�`(kcb^_@`cP�Uv_��*®�_�U1PV��_2kcb^_@�YPVygM�WYy
rsjg`Qk�`�kcb^_¯`cP�Uv_�¢\Rár3j�W^¶Yy�[^]�MfW^y0kcbY_¯û�ü�ýoþnÿ���������þnÿcû����
	ìý��¯`Q[hr|b
k�bYP�k*kcbY_±W�[YUm¢¬_s]~jV£�r3_ae�ep`*M�W �±b^Mpr|bmk�b^_±Uvj�¢^Mfef_�WY_s_aXY`>kcj�¢h_u�YP�y�_{X
Mp`~MpXo_sW�kcMprsP�eYMfW1¢hj�kcb kcbY_N`µk|P�k�Mfr2P��^�^]�jgPgr|b«PVWhX kcb^_NX^Mf`Qk�P�WYr3_s��¢YPg`Q_{X
efjorsP�k�M�jgWA[Y�¬X^PVkc_	P��^�^]�jgP�r|b��
� � Ê �	ú��¡�*Î3�±�	ú�� Ë¡Ì:õNúsÎ Ê��
lnW9kcbYMf`	`c_ar3kcMfj�W��#��_1UvjoXo_ae~kcb^_1Uvjg¢^M�efM�kµR�jV£u[Y`c_s]|`4PVWYX9`cj�ef��_ £°j�]
k�b^_uU _{PVWmkcMfU _u¢¬_3kµ��_s_aW«efjorsP�k�M�jgWm[^��X^PVkc_a`>£°jg]>kcb^_±`Qk�P�k�Mfr�efj\raP�k�M�jgW
[^��X^PVkc_A`Qkc]|P�k�_sygR9P�WYX¯kcbY_�¦s§àq(LN��¤4©�XoMf`Qk�P�WYr3_s��¢hP�`c_aX¯efj\raP�k�M�jgW
[^��X^PVkc_4`µk�]�PVkc_ay�R��>®9_�Pg`c`c[^Uv_�kcbYPVk�k�b^_@kcMfUv_�X^[^]�PVkcMfj�W�£°j�]��±b^Mfr|b
k�b^_?Uvj�¢^Mfef_:]c_aUvP�M�Wh`vM�W·P0rs_sefe­�±rsP�e�ef_aX²kcbY_�r3_ae�e2]�_a`cMpXo_sWYrs_$kcMfUv_��
Mp`1_3Üo�¬j�W^_aW�kcMpPVefe�R²X^Mf`Qkc]�M�¢Y[okc_{X��±M�kcbáP¯Uv_aP�W�j�£ ¦
���������¡`c_arsj�WYXY`s�
×Ø®�_ rsPVW:]�_sepP�ÜAkcb^Mp`2_sÜo�hjgW^_sW�kcMpPVe>P�`�`Q[YU �^kcMfj�W?PVWhX:PVefe�j��Ôkcb^_«r3_sefe
]�_a`cMfX^_sWYrs_mk�M�Uv_a`@k�j$¢h_1PVW\R:yg_sW^_a]�P�e>XoMp`Qkc]�M�¢^[^kcMfj�W���MfW¯�±b^Mpr|b�rsPg`Q_
k�b^_«rsj�W�kcMfW\[^j�[Y`Q��kcMfU _«i?PV]���j���r|bhPVMfWY`2�±Mfe�e>¢¬_ar3jgUv_m`Q_aUvMw�ni?PV]���j��
r|bYP�M�Wh`s� ¥±£ìkc_a]	[^W^M�£°j�]�UvM! {P�k�M�jgW��'��_v�±Mfe�e���b^j���_s�g_s]{��y�_3k�k�b^_1`cP�U _
XoMp`�r3]�_3kc_s�­k�M�Uv_�_sUm¢¬_aXYXo_aXÔi?PV]���j��Õr|bYPVMfWY`�Pg`�MfW·k�b^_�X^Mf`�r3[Y`�`cM�jgW
k�bYP�k�£°j�efe�j��2`a�æÛ ®�_¯r3jgWY`cMfXo_a]¡kµ��j�XoM�º�_s]�_sW�k�raP�`c_a`1£°jg]AbYj���kcb^_
Uvj�¢YM�ef_?r|b^j\jg`c_a` k�b^_?W^_sÜ�k�r3_sefe±k�j0��Mp`cMwk{�âlnWIkcbY_:¶Y]|`µk�raP�`c_���kcb^_
Uvj�¢YM�ef_�r|b^j\jg`c_a`mPVW\R�j�£�k�b^_¡W^_aM�ygb\¢hjg]�`4j�£ukcb^_�r3[^]�]c_aW�kmr3_sefeÓ�±M�kcb
_{´g[hPVe(�^]�j�¢hPV¢^Mfe�M�kµR��1®9_�Xo_{PVe(�±M�kcb9k�b^Mf`«rsPg`Q_g���±b^Mpr|b0��_1rsP�e�e(kcb^_
]|PVWYX^j�U WY_sMfy�b\¢hjg]�r|b^jgMfrs_��gM�WAZo_ar�k�M�jgW¡�^�f¦��*zub^_2]|PVWYX^j�U¹r|b^j�Mpr3_±j�£
W^_aM�ygb\¢hjg]�`uMp`±j�¢^k�PVMfW^_{XA�±M�kcb#"�$â��% �«MfW'&>M�yg[^]c_v¦g�ÓlnW�kcb^_«`Q_{r3j�WhX
raP�`c_�����_�UvjoXo_se\k�b^_u¢h_abYPS�\M�jg]#j�£YUvj�¢^Mfef_a`#kcj�r3jgWgk�M�W\[^_�MfWmk�b^_±`cP�U _
XoMf]�_ar�k�M�jgW��#ÞN_s]�_���k�b^_u�^]�j�¢YP�¢^M�efM�kµR@�±M�kcb �±b^Mpr|b P�Uvj�¢^Mfef_�ef_aPS�g_a`�kcb^_
rs_sefe\kcb^]�j�[^ygbmPVW\R4j�£YkcbY_�k�b^]�_s_�£ØP�r3_{`>j��^�¬jg`cMwk�_Ók�j@kcb^_�£ØP�rs_Ók�b^]�j�[^ygb
�±b^Mpr|b!M�k _aW�kc_s]|`	MfW�kcj�kcb^_�r3_ae�e�Mf`(")���^�*�±b^_a]c_A��%æ�+*,"-*�¦��9¥N`
Mfe�ef[Y`Qkc]|P�k�_aX9M�W.&>Mfy�[^]�_:¦���kcb^_a]c_1Mp`mP$bYM�ygb^_s]	�Y]cjg¢YPV¢^MfefMwkµR²×Øy�]�_aPVkc_s]
k�bYPVW!¦�ä���Û�kcbYPVkNk�b^_mUvj�¢YM�ef_mef_aPS�g_a`uk�b^_«rs_sefe�k�b^]cjg[^y�b:_{P�r|b:j�£~kcb^_
k�b^]c_a_4j��^�¬jg`cM�kc_4£ØPgr3_a`a�Ó®9_	bYP�WYXoef_�kcb^Mp`NraP�`c_��^�±bYMfr|b:��_	rsP�e�e�WYj�Wo�
[^WYMw£°jg]cU�W^_sMfy�b\¢¬j�]±r|b^j�Mpr3_g�oM�W?Z\_{r�k�M�jgW��Y� Ð^�

&>Mfy�[^]�_v¦��(}(]�j�¢hPV¢^Mfe�M�kµR1�±M�kcb$�±b^Mpr|bAk�b^_4Uvj�¢^Mfef_@ef_aPS�g_a`�k�b^_	XoM�º¬_a]Q�
_aWgk±£ØPgr3_{`ujV£�k�b^_	r3_ae�e�£°j�]ukcbY_4y�Mf��_sW$XoMf]c_{r�k�M�jgWAj�£>_aWgk�]cR

/1032 46587�9�:<; =->@?�ACBCDE:<FHGIB�:<?KJL>
lnW4k�b^Mp`#raP�`c_��S��_�P�`�`Q[^Uv_~k�bYP�k>Uvj�¢^Mfe�_{`�Uvj���_(kcj�P�W\RNjV£ok�b^_�rs[^]�]c_aWgk
rs_sefe­ª `uW^_sMfy�b\¢¬j�]|`Ó�±M�kcb�_a´�[YP�e'�^]�j�¢YP�¢^M�efM�kµR��\M­� _��f�o�±M�kcb$Pm�^]�j�¢hPV¢^Mfe�M�kµR

Ð



j�£m¦SäV�^�0¸2WYX^_s] kcb^_{`Q_$P�`�`c[^Uv�okcMfj�WY`a�(¢¬jVk�b²k�b^_AefjorsPVkcMfj�W²[Y�¬X^PVkc_
`Qkc]|P�k�_sy�Mf_a`�rsP�W�¢¬_«UvjoXo_sef_aX�P�`�P1¶hW^Mwk�_3�n`µk|P�k�_ P�¢Y`Qjg]c¢YM�W^yAi?PV]���j��
r|bYP�M�W��u×�Z\_s_M&>Mfy�[^]�_	Ðo�æÛ
®9_«Pg`c`c[^Uv_4kcbhP�kNk�b^_mefjorsPVkcMfj�W?PV]�_aPvMfW:k�b^_«`Qk�PVkcMpr	efj\raP�k�M�jgW:[^�o�
X^PVkc_«U _skcb^joX:Mp`�`Q[hr|b$kcbYPVk�k�b^_«rs_sW�kc_a]@rs_sefe>P�e�jgW^y¡�±M�kcb�PAr3_a]Qk|PVMfW
W\[^U«¢h_a]mjV£2]�MfW^yg`mjV£±W^_sMfy�b\¢¬j�]|`4k�j�y�_skcb^_a]«rsj�WY`QkcM�kc[ok�_a`«P?efj\raP�k�M�jgW
P�]c_{P^�u¥2e�kcb^jg[^y�b?`c[Yr|b:efj\raP�k�M�jgW$P�]c_{P�`2X^j¡W^jVk�_sW�kcMf]c_ae�RAkcMfef_4kcb^_vÐS�
¤á`c�YP�rs_��V��_±`µk�M�efeoU1PV�g_Ók�b^_2P�`�`Q[YU �^kcMfj�W	k�j�_sWYP�¢^e�_u[Y`>k�j4r3j�Uv�YP�]c_
k�b^_��¬_s]c£°j�]�U1PVWYrs_2jV£�kcb^_�kµ��j PV�^�Y]cj�P�r|b^_{`s�>zub^_@`Qk�PVkc_�jV£#PmU jg¢^Mfe�_
Mp`�kcbY_¡]cMfW^y$MfWYXo_3Ü¯jV£�kcbY_�r3_ae�e�M�W¯�±b^Mpr|b¯kcb^_1Uvjg¢^M�ef_¡Mp`	r3[Y]c]�_sW�kcefR
raPVUv�^MfW^yY��®�_vXo_sWYjVkc_mkcb^_ r3_aWgk�_s]�r3_ae�e*P�`�]cMfW^y��Y�'PVWYX$k�b^_	¶h]�`Qk@�
W^_aM�ygb\¢hjg]�`±P�]cjg[^WYXAkcb^_«r3_sW�k�_s]Nrs_sefe�P�`±]�MfW^y:¦��Ykcb^_	WY_3Ü\km¦{Ð WY_sMfy�bo�
¢¬j�]|`�P�`@]cMfW^y:Ðo��P�WYX�`cjAjgW��ml�k	`cb^j�[YefX�¢h_1r3ef_aP�]@£°]cjgU�kcb^_1PV¢¬j���_
Xo_{`crs]cMf�ok�M�jgW�kcbYPVk�kcbY_ÓUvj�¢^Mfef_�rsP�W	j�WYe�R@U1PV��_Ój�W^_�`µk�_s�4k�]�P�WY`QM�kcMfj�Wh`s�
M�� _g���g£°]�j�Uß`Qk�PVkc_ON|�gMwkursPVWvjgW^e�R y�j�k�jm`Qk�P�k�_ON�P9¦±jg]QN�R?¦��g�^]�j���MpXo_{X
`c[Yr|bm`Qk�PVkc_a`�_3ÜoMp`µk{�#l�£^��_�Pg`c`c[^Uv_(k�bYP�k#kcb^_ur3_aWgk�_s]*r3_ae�e\PVefj�W^yN�±Mwk�bTS
]�M�WYyg`#jV£YW^_aM�ygb\¢hjg]�`#r3j�Wh`µk�Mwk�[okc_{`>P�efj\raP�k�M�jgWmPV]�_aPY�ak�b^_sW P2k�]�P�WY`cMwk�M�jgW
£°]�j�UÅ`Qk�PVkc_US@kcj�kcb^_uW^_sÜ\k*]�MfW^y@PS�uPSR@£°]cjgU¨kcbY_urs_sW�kc_a]*��jg[^efXmUv_aPVW
k�bYP�k�PvefjorsPVkcMfj�W:[^��X^P�k�_	Uv_a`�`cP�y�_4��j�[^epX�W^_s_{X�kcj¡¢¬_m`c_sW�kN¢\RAkcb^_
Uvj�¢YM�ef_���®�_	Xo_aW^jVk�_4kcbYMf`2Pg`2PVWIÙ�PV¢Y`cj�]�¢^MfW^y `Qk�PVkc_g� Ú1P�WYX���_4�±Mp`Qb
k�j?Xo_3k�_s]�U MfW^_vk�b^_1Uv_aPVW9k�M�Uv_�P$Uvj�¢YM�ef_vk�P���_a`@k�j:]c_{P�r|b�kcb^_APV¢o�
`cj�]�¢^MfW^y	`µk|P�k�_±£°]cjgU k�b^_NMfW^M�kcMpPVe�`µk|P�k�_��*�2jVk�_2k�bYP�kÓjgWYr3_2kcb^_�U jg¢^Mfe�_
Uvj���_{`2k�j�kcb^_1PV¢h`Qjg]c¢^MfW^y$`µk|P�k�_��'M�k	_a`�`Q_aWgk�MfP�e�efR:y�_sk�`@]�_3��y�_sWY_s]|P�kc_{X
MfW�kcb^_	WY_3Ü\k2e�joraP�kcMfj�W:P�]c_{PmMfW$kcb^_mM�W^M�kcMpPVe#`µk|P�kc_g�Ózub^_	MfW^M�kcMpPVe�`Qk�PVkc_
MfW$kcb^_	`Qk�PVkcMpr4efj\raP�k�M�jgW�[Y�¬X^PVkc_mP��^�^]�jgPgr|b�Mp`N`Qk�P�k�_MSY�h¢h_{rsP�[Y`Q_	kcb^_
Uvj�¢YM�ef_�_sW�kc_a]�`�kcbY_4W^_3Ü\k2efj\raP�k�M�jgWAPV]�_aP«MfWAk�b^_ESV��kcb$]�M�WYy«£°]�j�Uékcb^_
rs_sW�kc_a]2r3_sefe��
lnW«kcb^_�¦a§IqÓL2�n¤�©·PV�^�Y]cj�P�r|b��{kcbY_�Uvjg¢^M�ef_��gP�`~`cj�jgW«Pg`#M�kÓ`c_sWYX^`*P
efjorsP�k�M�jgW1[^��X^P�k�_NUv_a`�`cP�y�_g�V_a`�`Q_aW�kcMpPVefe�RvXo]|PS�2`(P	r3Mf]|r3ef_NPV]�j�[^WhX kcb^_
rs_sW�kc]�_	jV£�Mwk|`NW^_a�År3_ae�e��@zubY_s]�_3£°j�]�_��hkcbY_«MfW^M�kcMpPVe*`µk|P�kc_«jV£ÓP�U jg¢^Mfe�_
MfWÕkcb^_�X^Mf`Qk�P�WYr3_s��¢YPg`Q_{XIPV�^�^]�jgPgr|b²Mp`�`Qk�PVkc_?�^�ê¥N`�M�WÕkcbY_�`µk|P�k�Mfr
P��^�^]�jgP�r|b��g��_@Pg`c`c[^Uv_�kcbYPVk�k�b^_4Uvj�¢^Mfef_@`c_sWYXY`±PmefjorsP�k�M�jgWA[Y�¬X^PVkc_
Uv_a`�`�PVy�_@�±b^_aW�M�k2y�j\_{`u¢h_aR�j�WhX�k�b^_MS1]�M�WYyg`ujV£*W^_aM�ygb�¢¬j�]|`uPV]�j�[^WhX
k�b^_�rs_sefe\£°]cjgU¨�±b^Mpr|bmM�k*epP�`Qk~`Q_aWgk~P�e�jorsPVkcMfj�W«[^�¬XYP�kc_uUv_a`�`�PVy�_g��zub^_
W\[^U«¢h_a]MS$Mf`��g_s�ok4MpXo_sW�kcMprsP�e*£°j�]4¢¬jVk�b�k�b^_1Uv_3kcbYj\XY`@kcj$��_a_s��kcb^_
�YP�y�MfW^y�rsjg`Qk�`±k�b^_v`cP�U _g�@zubY_mj�¢^Oµ_ar�k�M��g_	Mp`Nk�jArsj�Uv�YPV]�_4k�b^_mk�M�Uv_
¢¬_3kµ��_s_aW�efj\raP�k�M�jgW�[^��X^P�k�_vU _{`c`�PVyg_a`N£°j�]@kcbY_«kµ��j$`cr|b^_aUv_a`@y�Mf��_aW
k�bYP�k±k�b^_4�YPVygM�WYy rsjg`Qk�`±PV]�_@kcb^_4`�PVUv_��

&>Mfy�[^]�_?Ðo����j�W�kcMfW\[^j�[h`µ��kcMfUv_$i�PV]���j��0r|bYPVMfW�£°j�]vkcbY_?`µk|P�kcMpr$PVWYX
XoMp`Qk�PVWhr3_3��¢YPg`Q_{X¡efj\raP�k�M�jgWA[^��X^PVkc_	PV�Y�^]cj�P�r|b^_{`
zub^_	X^Mwº�_s]�_sWYrs_	MfW$kcb^_4k�M�Uv_«¢h_skµ��_a_sW�kcb^_me�jorsPVkcMfj�W:[^��X^PVkc_a`2£°j�]
k�b^_a`c_	kµ��j�`�r|b^_sUv_a`�Mp`�Xo[Y_mk�j¡kcbY_	£ØP�r3k�k�bYP�k�kcb^_ MfW^Mwk�MfP�e>`Qk�PVkc_«£°j�]
k�b^_�XoMp`Qk�PVWhr3_3��¢YPg`Q_{XÕP��^�^]�jgPgr|bÕMp`�`µk|P�kc_��^�2�±b^Mfef_?£°j�]�kcb^_9`µk|P�k�Mfr
P��^�^]�jgP�r|b��ÓM�k¡Mf`¡`Qk�PVkc_'Sh�âlnW�kc[YMwk�M��g_sefR��uMwk�`Qb^jg[^epX�¢¬_?r3ef_aP�]v£°]cjgU
k�b^_ i�PV]���j��$r|bYPVMfW?k�bYP�k�kcbY_«k�M�Uv_ kcj�]�_aP�r|b?kcb^_1PV¢h`Qjg]c¢^MfW^y�`Qk�PVkc_
��j�[^epXA¢h_	bYM�ygb^_s]u£°jg]±kcb^_«XoMf`Qk�P�WYr3_s��¢hP�`c_aX�PV�^�^]�jgPgr|b¡k�bYPVW�£°j�]2kcb^_

`Qk�PVkcMpr:PV�^�^]�jgPgr|b��Il�k�rsP�WÕ¢¬_?`cb^j��±W²k�bYP�k�kcb^_:]|P�k�_$PVk¡�±b^Mpr|bIP
Uvj�¢YM�ef_±e�_{PS��_{`>`Qk�PVkc_UN�£°j�]Ó`Qk�PVkc_1N�R$¦g��M�£�`Qk�PVkc_UNVR�¦±_sÜoMf`Qk�`a�VMp`~y�Mf��_aW
¢\R+�������S×­Ð
NCRÖ¦{ÛW����N@P�WYX²`cM�UvMfefP�]cefR9kcb^_$]|P�k�_AP�kv�±b^Mpr|b�P�Uvj�¢^Mfe�_
ef_aPS�g_a`4`Qk�P�k�_#N2£°jg]	`µk|P�kc_XNYPÖ¦1Mp`E���W�K��×­Ð
NYPÖ¦{ÛW����N���Mw£2`Qk�P�k�_#NZPÖ¦
_sÜ\Mp`Qk�`a�*zubY_4]�PVkc_4P�k±�±b^Mpr|b�k�b^_4Uvj�¢^Mfef_@ef_aPS�g_a`u`Qk�P�k�_4�m£°jg]2`µk|P�k�_ ¦
Mp`(���W���{�4zub^_{`Q_ _3Üo�^]�_a`�`cM�jgWY`NraPVW?¢¬_«jg¢ok�P�M�WY_aX:¢\R:efj�jg�\M�W^yAP�k@kcb^_
k�jVk�P�e\W�[YUm¢¬_s]~jV£¬_aXoyg_a`#jV£�PVefe�bY_3Ü^PVygj�WY`#M�WvP@y�Mf��_aW	]cMfW^y�kcbYPVk*k�PV�g_a`
k�b^_4Uvj�¢^Mfe�_@k�jvP�WAMfW^W^_a]u]cMfW^y1PVWYX�kcbYjg`c_�k�bYP�kuk|PV��_�M�kukcj1PVW�j�[ok�_s]
]�M�WYyY��&Yj�]�_3Ü^PVUv�^ef_��h£°j�]�kcb^_ r3_ae�ep`NMfW?]�M�WYy�¦��hkcbY_s]�_«PV]�_4k�b^M�]ckµR:`QM�Ü
_{Xoy�_{`2MfW?PVefe­��©N£*kcbY_a`c_���`QM�Ü�_{Xoy�_{`u£ØP�rs_4kcbY_«r3_aW�kc_s]�r3_sefe>M�W:]�M�WYy��^�
kµ��_sef��_�_aX^y�_a`�£ØPgr3_4r3_ae�ep`uM�W$]�M�WYy�¦�M�k�`c_se�£µ�YPVWhX�_aM�ygbgk�_s_aWA_{Xoy�_{`�£ØP�r3_
k�b^_mr3_ae�ep`uMfW:]cMfW^y¡Ðo�Óx�RAM�WYX^[Yr�k�M�jgW��Y��_4rsPVW:`cb^j��·k�bYP�kN£°j�]±]�M�W^y#N|�
k�b^_�W�[YUm¢¬_s]ujV£�_{Xoy�_{`�kcbYPVk�£ØPgr3_@]cMfW^y[N\R²¦��\]cMfW^y[N|�\P�WYX¡]�MfW^yTN�PÕ¦
P�]c_�MfWAk�b^_4]|P�kcMfj jV£(Ð
N�RÕ¦4�gÐ
NÓ�gÐ
N)Pá¦g�
x�R [h`QMfW^y kcbY_ [^W^M�£°j�]�U M] aPVkcMfj�W kc_{r|b^W^Mp´�[^_��6k�b^_ P�¢hj��g_
rsj�W�kcMfW\[^j�[Y`Q��kcMfU _ i�PV]���j�� r|bYP�M�W6rsP�W ¢h_ërsj�W\��_a]Qk�_aXDkcjDP
XoMp`�r3]�_3kc_s�­k�M�Uv_¡�g_s]|`QMfj�W���Z\_s_X&>Mfy�[^]�_��Y���2j�kc_1k�bYP�k«kcb^_�XoMf`�r3]�_3k�_3�
k�M�Uv_v��_a]�`cM�jgW?bYPg`Nk�]�P�WY`cMwk�M�jgWY`2£°]�j�U�P�`Qk�P�k�_mk�jAM�k�`c_se�£@×Ø_3Ü^r3_a�ok�£°j�]
`Qk�PVkc_���Û�kcj�PVefe�j��ß£°j�]«U j��g_sUv_sW�k	j�£NP:Uvj�¢^Mfe�_��±Mwk�b^M�W!kcb^_�`cP�U _
]�M�WYyY�	®9_¡rsP�W?kcbY_sW9j�¢ok|PVMfW?kcbY_ W\[^U«¢h_a]4jV£ur3_sefe*]c_{`QMpXo_aWYr3_«kcMfUv_a`
¢¬_3kµ��_s_aWákµ��j²e�jorsPVkcMfj�WâP�]c_{P¯[^��X^P�k�_�Uv_a`�`�PVy�_{`v£°]�j�U P0Uvj�¢^Mfef_��
®9_AXo_aW^jVk�_¡¢\R_^)`2kcb^_�PS�g_s]|PVyg_ W\[^U«¢h_a]mj�£±rs_sefe�]�_a`cMpXo_sWYrs_vkcMfUv_a`
£°jg]2P«Uvjg¢^M�ef_�kcjv]�_aPgr|b�k�b^_	PV¢Y`cj�]�¢^MfW^yv`µk|P�kc_@£°]�j�UÝ`Qk�PVkc_EN|�
®9_mrsP�W:`Qjge��g_�£°j�]O^ ` £°jg]NPVefe�NÓ[h`QMfW^y1k�b^_4£°j�efefj��±M�W^y1`c_3kNj�£>_{´�[YP��
k�M�jgWY`s�

^L`Z$Ö¦CP
`]aYb
c
d3e `gf�b

"\` d ^ d ×Q¦{Û

&>Mfy�[^]�_m�^��¤NMp`�r3]�_3kc_s�­k�M�Uv_ i?PV]���j���r|bhPVMfW$PV£ìkc_a]�PV�Y�^e�R\MfW^y1k�b^_	[^W^M��
£°jg]cUvM] aP�k�M�jgW?k�_ar|b^W^Mp´�[^_v£°j�]@k�b^_¡`µk|P�k�MfrvPVWhX�XoMp`Qk�PVWhr3_3��¢YPg`Q_{X?efj\raP��
k�M�jgW�[Y�¬X^PVkc_	P��^�^]�jgP�r|bY_a`
&>Mfy�[^]�_ÓÑ�r3jgU �hPV]�_a`�kcb^_uPS��_a]�P�y�_~W\[^Um¢¬_s]*j�£hr3_ae�e\]�_a`cMfXo_aWYr3_ÓkcMfUv_a`
k�bYP�k1_sepPV�h`Q_�¢h_skµ��_a_sW²kµ��j9e�joraP�kcMfj�W�[^��X^P�k�_�Uv_{`c`�PVyg_a`m£°]cjgU kcb^_
`�PVUv_�U jg¢^Mfe�_g��®9_�U1P���_�kcb^Mp`>�^e�j�k(P�`>P2£°[^Whr�kcMfj�W jV£\SY��k�b^_uW\[^Um¢¬_s]
j�£(]cMfW^yg`2jV£Ór3_ae�ep`2MfW�P�e�jorsPVkcMfj�W?P�]c_{P^�u®�_m¶YWYX$k�bYP�k�kcb^_mkcMfUv_m¢¬_3�
kµ��_s_aW�[^��X^P�k�_a`�£°jg]Ók�b^_4XoMf`Qk�P�WYr3_s��¢hP�`c_aX¡P��^�^]�jgP�r|b�Mf`�Um[hr|b�epPV]�y�_s]
k�bYPVWAkcbYPVk�j�£�k�b^_@`Qk�PVkcMpr�PV�^�^]�jgPgr|b��#zubYMf`uMfUv�^e�Mf_a`�k�bYP�kukcbY_�P�y�yg]c_s�
y�P�kc_mj���_s]�b^_{P�X�kc]|P�³¡r	Xo[^_mkcj¡efjorsPVkcMfj�W:[^��X^P�k�_mUv_a`�`�PVy�_{`u�±M�efe>¢h_
b^Mfy�bY_s]~£°jg]*kcb^_N`Qk�PVkcMpr±PV�^�Y]cj�P�r|b �±b^_sW1r3jgUv�YPV]�_aXmkcj�k�b^_NXoMp`µk|PVWYrs_3�
¢YPg`Q_{XvPV�^�^]�jgPgr|b���£°jg]~kcb^_�`cP�U _±�hPVy�MfW^y4r3j�`µk{�Z&>Mfy�[^]�_±Ñ	PVep`cj	`Qb^j��2`
k�bYP�k{�ÓP�`«��_AM�Whr3]�_aP�`c_XSh�~kcbY_�PS�g_s]|PVy�_1W\[^U«¢h_a]«j�£�r3_ae�e�]�_a`cMfXo_aWYr3_
k�M�Uv_a`$¢¬_3kµ��_s_aWÔefjorsPVkcMfj�Wâ[Y�¬X^PVkc_{`$M�WYrs]c_{P�`c_��@P�`�_3Üo�¬_ar�k�_aX'��¥2e��
k�b^j�[^ygbâk�b^Mp`$M�WYrs]c_{P�`c_�bYP��^�¬_sWY`�£°jg]�¢¬jVk�bêkcb^_0PV�Y�^]cj�P�r|b^_{`s�2kcb^_

�



MfWYr3]�_aPg`Q_«Mf`�£ØPg`µk�_s]@£°j�]@kcbY_vX^Mf`Qk�P�WYr3_s��¢YPg`Q_{X?PV�Y�^]cj�P�r|b?�±bY_sW¯r3j�U �
�YP�]c_{X¡k�j kcb^_	`Qk�PVkcMpr@P��^�^]�jgPgr|b��

2 3 4 5 6 7 8 9 10
0

10

20

30

40

50

60

70

80

90

100

DO location update mechanism    
 Static location update mechanism

Time Between Location Update Messages per Mobile for p=0.5
       (In units of average cell residence times)      

A
ve

ra
ge

 n
um

be
r 

of
 c

el
l r

es
id

en
ce

 ti
m

es
 b

et
w

ee
n 

lo
ca

tio
n 

up
da

te
s

Number of rings of neighbors in location area

&>Mfy�[^]�_:ÑY�9¥2��_a]�P�y�_�kcMfUv_?¢¬_3kµ��_s_sWáefjorsPVkcMfj�WI[^��X^P�k�_a`�×ØM�Wâ[^W^M�k�`
j�£�PS��_a]�P�y�_ r3_sefe(]�_a`cMfX^_sWYrs_«k�M�Uv_{`�Û�£°jg]	XoMf`Qk�P�WYr3_s��¢hP�`c_aX9PVWYX9`µk|P�k�Mfr
efjorsP�k�M�jgWA[Y�¬X^PVkc_	P��^�^]�jgP�r|bY_a`a�
/10ih =-:<71j
k�7�?�l�:QF�; =->@?KA<BmDE:QFHGIB�:<?KJL>
lnWÖk�b^Mf`�rsPg`Q_g�4kcb^_²�^]cjg¢YPV¢YM�efMwkµRÔ�±Mwk�bÅ�±b^Mpr|bÖkcb^_�Uvj�¢^Mfe�_²e�_{PS��_a`
k�b^]cjg[^y�b:P�W�RAjV£>kcb^_mkcb^]�_s_4jg�^�¬jg`cMwk�_4£ØP�rs_a`±Mp`Q"#�Y�±b^_a]c_	��% �n*+"po
¦�% �Y�*P�WYX¯k�b^Mf`«�^]�j�¢YP�¢^Mfe�M�kµR¯Mf` XoMf��MpXo_{X0_a´�[YP�e�efR0PVUvj�W^y?kcb^_�kcb^]�_s_
£ØPgr3_a`a�¨zub^_�`c[^UÄjV£4k�b^_��^]�j�¢hPV¢^Mfe�M�kcMf_a`¡�±Mwk�b·�±b^Mpr|bIkcb^_�U jg¢^Mfe�_
ef_aPS�g_a`��\MpP±k�b^_Ó£ØPgr3_�Mwk~rsP�Uv_ÓMfWgk�j2k�b^_�rs_sefe\j�]>Mwk|`#WY_aPV]�_a`Qk�kµ��jNWY_sMfy�bo�
¢¬j�]|`>Mf`�¦LR�"#�{�±M�kcb«kcbYMf`*�^]�j�¢hPV¢^Mfe�M�kµR	XoMf�\MfXo_{X	_{´g[hPVefe�R	P�U jgW^y�kcb^_{`Q_
k�b^]c_a_v£ØP�rs_a`a�AZ\_s_q&>Mfy�[^]�_:¦��A®�_1[h`Q_vk�b^Mf`mUv_ar|bYP�W^Mf`cU�k�j:Uvj\X^_se
k�b^_�_sº¬_{r�kukcbhP�kuU jg¢^Mfe�_{`�P�]c_�U jg]c_@efM��g_sefR«k�j«Uvj��g_NMfWAP�Ùµ£°j�]��uPV]|X^Ú
XoMf]�_ar�k�M�jgW9kcbYP�W0M�W!PIÙc¢YP�r|�\�uPV]|X^ÚAX^M�]�_ar3kcMfj�W��A®áMwk�b0kcb^Mp`	UvjoXoM�¶^�
raP�kcMfj�W���kcb^_v]�M�W^y�W\[^Um¢¬_s]4j�£(kcbY_1U jg¢^Mfe�_ Mf`�WYjAefj�W^yg_s]4P�i?PV]���j��
r|bYP�M�W��~¢h_{rsPV[h`Q_�kcb^_AW^_3Ü\kv]cMfW^y?k�bYP�k«kcb^_�Uvj�¢^Mfef_��±Mfe�euUvj���_¡MfW�kcj
P�ef`cjmXo_a�h_aWYX^`�j�W1k�b^_@]cMfW^y4£°]�j�U¹�±b^Mpr|b¡k�b^_NUvj�¢YM�ef_@raPVUv_NMfW�kcjmkcb^_
rs[^]c]�_sW�k4r3_ae�e��¡Þ2j���_s�g_s]{�'��_v�±Mfe�eÓ`QkcMfefe(y�_sk4P$i?P�]c�gj��:r|bYPVMfW�M�£u��_
MfWYr3ef[YXo_�k�b^_4]�M�W^yv£°]�j�UÝ�±b^Mfr|b�k�b^_4Uvj�¢^Mfe�_	raPVUv_4MfWgk�jvkcb^_	rs[^]�]c_aWgk
]�M�WYy P�ef`cj1P�`u�YP�]Qk±jV£#kcb^_	`Qk�PVkc_g�~®�_	Xo_s¶YW^_@kcbY]c_a_�kµR��¬_a`uj�£>`Qk�PVkc_a`a�
r Z\k�P�k�_a`�jV£�k�b^_2£°jg]cUsNutvNwR¯¦g���±bYMfr|b¡Mp`�[Y`Q_{X1k�j«Xo_aW^jVk�_Nk�bYP�k
k�b^_ U jg¢^Mfe�_«Mf`�r3[Y]c]�_sW�kcefR�M�W9PArs_sefe#MfW�]�M�WYyXN±PVWYX�bYP�`�Uvj���_{X
k�j kcb^Mp`2r3_ae�e�£°]cjgUÝPvr3_sefe�MfW$]cMfW^y[NYRÕ¦��

r Z\k�P�k�_a`�jV£�k�b^_2£°jg]cUsNutvN�P²¦g���±bYMfr|b¡Mp`�[Y`Q_{X1k�j«Xo_aW^jVk�_Nk�bYP�k
k�b^_	Uvj�¢YM�ef_4Mf`�r3[^]�]�_sW�kcefR�MfW?P1r3_ae�e#M�W:]�M�WYy#N��hPVWYX$bYPg`±Uvj���_{X
k�j kcb^Mp`2r3_ae�e�£°]cjgUÝPvr3_sefe�MfW$]cMfW^y[N)P·¦��

r Z\k�P�k�_a`�jV£�kcbY_N£°jg]cUxNutvN|���±b^Mpr|b¡Mf`�[Y`c_aXvk�j«Xo_aW^jVk�_±kcbhP�k�kcb^_
Uvjg¢^M�ef_@Mf`±rs[^]c]�_sW�k�e�RvMfW�P r3_ae�e'MfWA]�MfW^yTN|�oPVWhX�bYPg`�U j��g_aX1MfW�kcj
k�b^Mp`2r3_ae�e�£°]�j�UÝP�W^jVk�b^_s]2rs_sefe�MfW�]�MfW^yTN|�

�NjVkc_ k�bYP�k4k�b^_s]�_¡PV]�_ `cj�Uv_1_sÜors_s�ok�M�jgWY`@kcj�k�b^_¡PV¢¬j���_ ]c[Ye�_{`�£°j�]
`Qk�PVkc_a`a��Z\�¬_arsMw¶hraPVefe�Rg�(`µk|P�k�_a`m�ItyR4¦�X^j�_{`	W^j�k«U1PV�g_�`c_sWY`c_¡¢¬_3�
raPV[Y`c_�k�b^_s]�_�Mf`vW^j9]�M�W^yzR4¦��IZ\MfU MfepPV]�e�Rg��`Qk�P�k�_��{t6�9X^j�_{` W^jVk
U1PV�g_@`c_sWh`Q_@¢h_{rsP�[Y`Q_@M�£#��_@ef_aPS�g_2k�b^_�j�W^efR�r3_ae�e�MfWA]�MfW^y �Y�o��_@W^_{r��
_{`c`�PV]�M�efR:bYPS�g_«k�j:y�j$k�j:]cMfW^y¯¦���zubY_s]�_3£°j�]�_��#��_¡X^_sW^j�kc_vkcbY_1j�W^efR

]�_sef_s��PVW�kA`Qk�PVkc_?�±bY_sWák�b^_?Uvj�¢^Mfef_�Mp`¡MfW·]cMfW^y!�!Pg`�`Qk�PVkc_��Y�Å¥N`
¢¬_3£°jg]c_g�~��_�P�`�`Q[^Uv_�kcbYPVk �±b^_aW²P?Uvjg¢^M�ef_�U j��g_a`	£°]cjgU P�r3_ae�e�M�W
]�M�WYyIS¯MfWÕP9XoMf]c_{r�k�M�jgWÕPS�uPSR9£°]cjgU kcb^_:r3_aW�kc_s]{�ÓM�k1y�j\_a` MfW�kcj�kcb^_
P�¢Y`Qjg]c¢YM�W^y�`Qk�P�k�_��g�±b^_s]�_±Mwk(WY_s_aXY`*kcj	`c_sWYXvP�efjorsP�k�M�jgW«[Y�¬X^PVkc_2Uv_{`µ�
`�PVyg_��$¥2e�kcb^jg[^y�b¯k�b^_s]�_¡Mp`	W^j:]�M�WYypS|P¨¦g�>`Qk�PVkc_XS}t~STPÅ¦¡`µk�M�efe
Mp`mUv_{PVW^MfW^yV£°[Ye�¢¬_araPV[Y`c_¡k�b^Mf`«Mp`	k�b^_AMfW^M�kcMpPVeu`µk|P�k�_�jV£NP�Uvj�¢^Mfe�_AM�W
k�b^_1`µk|P�kcMpr«e�jorsPVkcMfj�W�[^�¬XYP�kc_vUv_ar|bhPVW^Mp`QU$�	lnW�kcbY_vX^Mf`Qk�P�WYr3_s��¢YPg`Q_{X
efjorsP�k�M�jgW¯[^�¬XYP�kc_�U _{r|bYPVWYMf`cU$��k�b^_¡MfW^Mwk�MfP�e�`Qk�PVkc_1Mp`m`Qk�PVkc_¡�^�$zub^_
]�_a`c[^e�kcMfW^y1XoMf`�r3]�_3k�_3��kcMfUv_�i�PV]���j��¡r|bYP�M�W�Mf`±`cb^j��±W�M�W�&>Mfy�[^]�_	�o�

&>Mfy�[^]�_ê�^��¤NMp`crs]c_skc_s�­k�M�Uv_Ôi�PV]���j��¹r|bYPVMfW8£°j�]²kcb^_Ö`Qk�P�k�MfrêPVWhX
XoMp`Qk�PVWhr3_3��¢YPg`Q_{X�PV�Y�^]cj�P�r|b^_{`��±Mwk�b�WYj�Wo��[^W^M�£°j�]�UéW^_aM�ygb�¢¬j�]±r|b^jgMfrs_
lnW�&#Mfy�[Y]c_@�m��_�`cb^j��IkcbY_Nk�]�P�WY`QM�kcMfj�W��^]cjg¢YPV¢YM�efMwk�M�_{`(£°jg]�`Qk�PVkc_{`Ój�£
k�b^_	£°jg]cU�N<t�N�Pâ¦��\N<t�NZRI¦��¬PVWYX�NCt�N|�±zub^_a`c_	�^]�j�¢YP�¢^Mfe�M�kcMf_a`
bYPS�g_4¢h_a_sW?jg¢ok�P�M�WY_aX$¢\R�efj\j��\M�WYy�P�k2k�b^_	W\[^U«¢h_a]NjV£*£ØPgr3_a`2£°]cjgUàP
rs_s]ck�PVMfW�]�MfW^y|N*k�bYP�kue�j\jg� MfW�kcjvr3_ae�ep`�M�WA]cMfW^y[N��\]�M�WYy|NLR0¦��oPVWhX¡]�M�W^y
NZPÖ¦����±M�kcb¯�^]�j�¢hPV¢^Mfe�M�kcMf_a`1")���$PVWhX�×Q¦(Rp"¬Û3�V�^�q&Yj�]4_3Ü^P�U �Ye�_g��kcj
rsj�Uv�^[ok�_�k�b^_A�Y]cjg¢YPV¢^MfefMwkµR¯jV£�]c_aUvP�M�WYM�W^y�M�WÕ`µk|P�k�_�N[t�N���_�`c_s_
k�bYP�k«kµ��j:jg[okmjV£2`cMwÜ9£ØP�rs_a`m��_s_a�9kcb^_AU jg¢^Mfe�_¡MfW¯kcbY_A`�PVUv_�`Qk�P�k�_��
P�WYX:j�WY_	jV£*kcbYjg`c_m�±Mfe�e#bYPS��_mP¡�^]cjg¢YPV¢YM�efMwkµR�jV£)")���¡P�WYX�kcb^_«jVk�b^_s]
�±Mfe�e�bYPS�g_�P?�^]�j�¢hPV¢^Mfe�M�kµR9jV£m×µ¦|R_"�Û3����P�`�`Qjor3MpP�k�_aX¯�±M�kcb!M�ka�¯zub^_
�^]�j�¢hPV¢^Mfe�M�kµR@jV£�×µ¦�Rm"¬ÛW���±�±Mfefeg¢¬_�Pg`c`cjor3MpP�k�_aX@�±Mwk�b	k�b^_(£ØPgr3_(k�b^]�j�[^ygb
�±b^Mpr|b:k�b^_	Uvj�¢^Mfef_m]�_aP�r|bY_aXAkcb^_ r3_ae�e��¬P�WYX$k�b^_m�^]�j�¢hPV¢^Mfe�M�kµR�j�£�"L�V�
�±Mfe�eÓ¢h_�Pg`c`cjor3MpP�k�_aX?�±M�kcb¯k�b^_v£ØP�rs_1j��^�¬jg`cM�kc_ kcj$k�b^_¡j�WY_«k�b^]�j�[^ygb
�±b^Mpr|bIkcbY_�Uvj�¢^Mfef_�rsP�Uv_?M�W�k�j0kcb^_9r3_ae�e��Åzub\[Y`¡k�b^_?�^]�j�¢hPV¢^Mfe�M�kµR
j�£�k�b^_1Uvj�¢^Mfe�_1]�_sU1P�M�W^MfW^y:MfW0`µk|P�kc_#N�t~N2Mf`¡¦Sä��Y�¡¥2efe(k�b^_1jVk�b^_s]
k�]�P�WY`QM�kcMfj�Wm�^]cjg¢YPV¢YM�efMwk�M�_{`#raPVW«¢h_ur3jgU �Y[okc_{X	¢\R4[Y`cM�W^y�`cj�Uv_�raPV]�_3£°[^e
Pgrsr3jg[^W�kcMfW^yY�*¸N`cMfW^ymk�b^_a`c_�kc]|PVWY`cMwk�M�jgW��^]�j�¢hPV¢^Mfe�M�kcMf_a`a����_�rsP�WAPVy�PVMfW
`cj�ef��_N£°j�]�kcb^_@Uv_aP�WAXo[^]|P�k�M�jgW¡k�j«]�_aPgr|b1kcb^_�PV¢h`Qjg]c¢^MfW^y `µk|P�kc_�£°]�j�U
_{P�r|bIjV£�kcbY_�`µk|P�k�_a`1¢\RÕ[Y`QMfW^y!q�´h�@×µ¦SÛ��±�±M�kcbIkcbY_?e�MfUvMwk|`¡jgWIkcb^_
`c[^UvU1P�kcMfj�W0P��^�^]�j��^]�MfPVkc_ae�R:UvjoXoM�¶Y_aX'�Azub^_1Uv_aPVW9k�M�Uv_1¢¬_3kµ��_s_sW
[^��X^PVkc_a`>£°jg]*kcb^_±`Qk�PVkcMpr�efjorsPVkcMfj�W«P�]c_{PN[Y�¬X^PVkc_uUv_ar|bYP�W^Mp`QU¨Mp`*y�Mf��_aW
¢\Rp^����M��aZb PVWYX�kcbhP�kmj�£�k�b^_�XoMp`Qk�PVWhr3_3��¢YPg`Q_{X�P��^�^]�jgP�r|b9Mp`4y�Mf��_aW
¢\Rq^L���
lnWq&>Mfy�[^]�_Nå\����_2r3jgUv�YPV]�_�kcb^_2_sº¬_{r�k(j�£'r|bhPVW^ygM�W^y1"1jgW«k�b^_NPS�g_s]c�
P�y�_uW\[^Um¢¬_s]~j�£¬r3_ae�eY]c_{`QMpXo_sWhr3_�kcMfUv_a`~¢¬_3£°jg]c_±PVW [^��X^P�k�_±Mf`(UvPgXo_uM�W
k�b^_1`µk|P�kcMpr PVWYX�XoMf`Qk�P�WYr3_s��¢hP�`c_aX?efjorsPVkcMfj�W?[^��X^PVkc_1`µk�]�PVkc_ay�Mf_a`a�4®�_
¶YWhX¯kcbYPVka�~�±M�kcb!MfWYrs]c_{P�`cM�W^y#"#�*kcb^_�XoMp`µk|PVWYrs_3��¢YP�`c_aX9efj\raP�k�M�jgW0[^�o�
X^PVkc_�`µk�]�PVkc_sygR�U1P���_a`mUvj�]�_1£°]c_{´�[^_sW�k«[Y�¬X^PVkc_{`m¢¬_araPV[Y`c_�Uvj�¢YM�ef_a`
rsj�W�kcMfW\[^_Nk�j«Uvj��g_NMfW�k�b^_4`cP�U _@XoMf]c_{r�kcMfj�W�£°j�]uefj�W^yg_s]{�#lnWAkcb^_�rsPg`Q_
j�£�k�b^_A`Qk�PVkcMpr¡PV�Y�^]cj�P�r|b��#b^j���_s��_a]a��kcb^_�kcMfUv_�¢¬_3kµ��_s_sW¯kµ��j:efj\raP��
k�M�jgW�[^��X^PVkc_vUv_a`�`cP�y�_a`�MfWYr3]�_aPg`Q_{`NU1PV]�y�MfWYP�e�efR$�±Mwk�b�MfWYr3]�_aPg`QMfW^y["��
zub^Mp`	Mp`	¢¬_araPV[Y`c_��*bYPS�\MfW^y?r3jgUv_1£°]cjgU�]�MfW^ypSTP¨¦��>kcb^_�U jg¢^Mfe�_AMf`
Uvj�]�_�e�Mf��_ae�R�y�j kcj��uPV]|X^`�kcb^_«r3_sW�k�_s]±jV£>kcbY_4e�jorsPVkcMfj�W$PV]�_aP MfWY`µk�_aPgX

Ñ



&>Mfy�[^]�_��Y�~ã@_aW^_s]|PVe�_{´g[hP�kcMfj�Wh`Ó£°jg]Ók�]�P�WY`cMwk�M�jgW��^]�j�¢YP�¢^Mfe�M�kcMf_a`�j�[^k�j�£
`Qk�PVkc_a`1Nut ×gNYR�¦SÛ���N8tvN|�YPVWYX�Nut ×gNLP·¦{Û

j�£��^MfW^yV���hjgW^y�MfW^y	¢hP�r|�vM�W�k�jmk�b^_�efjorsPVkcMfj�W�P�]c_{P4£°]�j�U¹�±b^Mpr|b�M�k#Oµ[Y`Qk
_aWgk�_s]�_aX'�¡zubY_1M�Uv�YPgr�kmj�£�k�b^_1��PVef[^_1jV£u"0j�W�kcb^_A`µk|P�kcMprvefj\raP�k�M�jgW
[^��X^PVkc_«P��^�^]�jgPgr|b$raPVW?¢¬_«`c_s_aW?Uvj�]�_«rse�_{PV]�e�RAM�WI&#Mfy�[Y]c_mèY�N®áM�kcb
"_$ß��%æ�o����_«jg¢ok�P�M�W�kcb^_1rs[^]c�g_m��_mjg¢ok�P�M�W^_{X?MfWI&>Mfy�[^]�_mÑh��P�`@_3Ü\�
�¬_ar3kc_aX��(zub�[h`���_�¶YWYX�kcbYPVk�k�b^_4XoMp`µk|PVWYrs_3��¢YP�`c_aX1efjorsPVkcMfj�W�[Y�¬X^PVkc_
Uv_ar|bhPVW^Mp`QUÇr3jgW�kcMfW�[Y_a`1k�j²�¬_s]c£°j�]�UÇ¢h_skQkc_a]�k�bYPVW·kcb^_¯`µk|P�k�Mfr�PV�o�
�^]�jgPgr|b�_a��_sW$[^WhXo_s]NPv�g_s]�R¡W^jgWo��[YW^Mw£°jg]cU�W^_sMfy�b\¢¬j�]2r|b^jgMfrs_4Uvj\X^_se
�±M�kcb�"I$ß��% è^�	�2j�kc_«kcbYPVk@��_ _3Üo�h_{r�k�kcbY_«Uvj�¢YM�efMwkµR:UvjoXo_ae*kcj�¢h_
rse�j�`Q_±k�jmk�b^_@]�P�WYXoj�U,W^_aM�ygb�¢¬j�]ur|b^jgMfrs_NUvjoXo_se¬�±b^_sW�kcb^_�r3_ae�e'`cM! a_a`
P�]c_�£ØPVMf]�e�R�efP�]cyg_$P�WYXÕ�±b^_sWIUvj�¢YM�efMwkµR�Mf`�]c_{`µk�]cMpr�k�_aX'�âl�k�Mf`¡U jg]c_
efM��g_sefR$kcj�¢h_vW^jgWo��[^W^M�£°j�]�UKM�W�b^M�ygb\��PSR���kµR��¬_«rs_sefef`a�'j�]@�±M�kcb¯`QU1PVefe
rs_sefe�`QM] s_{`s�

2 3 4 5 6 7 8 9 10
0

10

20

30

40

50

60

70

80

DO location update mechanism; p=0.6
Static location update mechanism; p=0.6
DO location update mechanism; p=0.7
Static location update mechanism; p=0.7
DO location update mechanism; p=0.8
Static location update mechanism; p=0.8

Time Between Location Update Messages per Mobile  
  (In units of average cell residence times)      

Number of rings of neighbors in location area
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Time Between Location Update Messages per Mobile 
Static Location Update Mechanism (In units of average cell residence times)      
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