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Q=RTSVU,W�XZY\[^]V_`WVacbTdPW�eE_`fg_heiS	U,WV_
jDk`lnmhW�eEoEpqjDrs[^t�uwv

[^acxyx3lBkze^{gW)kiWV|}RTWVki|}RyW�~&���n�N�c��Y\v�an���c�B�n��Y\��xyac�BWV_

�P�+�V�	���T�n�n� Q=RTWZan�y_`W	~y|	W^lc��a�kiaB{g��l�|Vackik`��W	ksk`WVby_zWExya�e`e`W	ki~L��~L����k`WV��WH_`_����E��_zfg_ze`WVU,_�~TWH|�WV_i_`��ei��WH_1e`l�acxTxy��f�a�|	ln����� _z��ln~
a¢¡Bln� {Tac~y|	WPU,WV|}R3ac~T� _zU£��~¤lnk}{gW	k�eil U�an~yac�BW<ac���^|�lB����� _z��ln~y_¥eiRya�eL|	an~@xyk`lg{gby|	W<lB~¦eiRTW/U,WV{g��bTU£_`Ryank`��~T�y§@jDkiW	¡¨��lBby_
_ze`by{T��WH_�|	ln~y|	W	ki~T��~y��|�WV����bT� acksk}an{T��l)~TW	eh��lBk`©g_Dank`WE��~L�BW	~TWVkian�T�ªlg|�b3_zWH{�ln~,eiRTWE�yaB_z� _Dln�«�ªk`WH¬NbTW	~y|	f�|�W	���yx3ack`e`��e`��ln~J§�­ WEkiW�®
��~¨¡nWV_ze`���Bace`W=eiRT��_s�ªkiWV¬NbTW	~3|�f�k`WVby_zW^e`lnxy��|=�ªlBks����k`WV��WH_`_s���E�Z_s��RyW	kiWEac���y~Tlg{gWH_Dby_`W�eiRTWZ_iacU,WE|}Ryan~T~TWV�3ac~3{�ackiW�kian~y{glnU,��f
xT� an|	WV{«§�¯¨WV¡nWVkian��U,WVaB_zbyk`WVU�WV~Nei_Eank`W¥xTkiWV_`W	~Ne`WH{�e`l�|�lBU�xybge`W�ac���+k}an{T��lLx3ack}acU,W�eiW	k}_^��~°aL��lg|	an�+k}an{T��lL~yW�eh�$lnki©&§�Q=RTWV~J±
eiRTW	lBk`W	e`� |	ac��_heiby{gf<an~y{�_z��U�by��ace`��ln~�k`WH_zby��e}_^ackiW���~Ne`kilg{gby|	WV{<e`lL{gWH{gby|	W�e`RTW�{T��_zeian~y|�W�eiRya�eEx&W	kiU,��e}_^a�|�lBU,xT��W	e`W�|Vackik`��W	k
kiW	by_`W��¨fLby_`��~T�La,|Vackik`��W	k=_zWV~y_`WwU,WH|}Ryac~T� _`U�§
²/³N´8µ`¶¥· ��¸+�n� _`xyace`� ac�«kiW	by_`Wn±gx&l���WVk�|�ln~Neik`lB�¹± ­ a¢¡BWV��ac~J±Tt=¯gv��

º�»ª¼+½J»¿¾ ½JÀVÁhÂ	Ã¢ÄhÅ¢ÁhÀ�Ã¢ÆªÇDÈ+É ÊTÉÌËzÍ�Î$Ï}ÐHËzÎ�Ñ=Ò¨ÄsÓ8Ô¢ÄhÕ5Å�Öh×)Ó8ÄhØ¢ÄqÙnÚ�Ûy½�¾+¼�Ó«Ü�ÉHÜ3Ý^Ö}ÞÌß àyá�Ô�Ö}ßÌØHÀ�Ã¢ÅNÉ ¾+ßâÖ}ã�Ô¢Ö�ä+ÞÌÅ¢Æ¹ÞâÖHÉ å�Ææ »ª¼+½J»¿¾ ½JÀVÁhÂ	Ã¢ÄhÅ¢ÁhÀ�Ã¢ÆªÇDÈ+É ÊTÉÌËzÍ�Î$Ï}ÐHËzÎ�Ñ=Ò¨ÄsÓ8Ô¢ÄhÕ5Å�Öh×)Ó8ÄhØ¢ÄqÙnÚ�Ûy½�¾+¼�Ó«Ü�ÉHÜ3Ý^Ö}ÞÌß àTÒgÖ}ÃHÆ¹ÄhÅ�Ç`É ç+ÞÌÄzÅHÅ¢À}Çqä+ÞÌÅHÆ¹ÞâÖHÉ å�Æ
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�� ����� � � ��WV_�ki]V_`WVanbgd���lg|Vacbgd�_iac~y_��3�gbge`����� _`W	~NeDbT~�bT~T� ¬BbyW=|Vac~yan�¹±n��� _�~T]V|	WV_i_z��e`WV~Ne1{Tln~y|$bT~�U,]V|}Ryan~T��_`U,W�{�� ]V¡¨��eiW	U,W	~Ne
{gW=|�lB����� _z��ln~y_V§���a^xT��bTxyankze1{gWH_�]	e`by{gWH_�_zbTk���WV_�k`]H_zWHacbgd)k}an{g��lZ|	W	����by��an��kiWV_�_zW$�yan_`W	~Ne�_zbTk�bT~yW�xyankzei��ei��lB~�{gWH_��ªki]V¬NbTWV~y|�WH_�x3ack
|	W	����bT��Wn§^t�W�eEankzei��|	��W)WH_heE|	ln~y_ian|	k`]��,��� ]	e`by{TW�{gW)� a�k`]Vbge`������_ia�ei��lB~�{gW��ªk`]H¬BbyW	~y|	W�{Tac~y_^��W�|	ln~Ne`W	dNeiW�{g���&]Vk`WV~BeE{TWV_^ki]V_`WVanbgd
��lg|	acbTd�_iac~y_��y��l��<e`lBby_���WV_�~ �)b3{T_�bgei������_`W	~NeE��W)U"!	U,W�|	an~yac��W�eE_`ln~Ne^xT� an|�]H_�{gW)U�ac~T��S	kiW�ac��]Vace`lB��kiW$# lnb���U�xyk`]V¡N� _`���T��W�%�§
&Z�'�8]	kiW	~NeiWV_�U�WH_zbyk`WH_sx&W	kiU,W�eze}ac~Ne${TWZ|	an��|	bT��W	ks��WV_�xyankianU�S	e`kiWV_�{gWEU,lg{g]	��� _`ace`��ln~�k}an{g��l�{gWw|�WV_�ki]V_`WVacbTd,_`ln~NesxTki]V_`W	~Nei]	WV_V§
&(� anbge`kiW�xyack`eV±g{gWH_=k`]H_zby��e}a�ei_�eiRT]	lBk`� ¬NbTWV_$W�e^{gWH_=_z��U�bT� a�ei��lB~y_=_zlB~Ne=anxTx3lBkzei]V_$x&lnbTk=xTki]V{g��kiWZ� a,{g��_zeian~y|�W�¬NbT�«x&W	kiU�W	e�bT~TW
ki]	bgei����� _`ace`��ln~,|�lnU,xT��S�eiW�{gb�|Vac~yan�¨��lBki_i¬Nb)� by~¥U,]V|}R3ac~T� _zU,W*��{g]�eiWV|�ei��lB~�{TW$x&lnk`e`WVby_`W$WH_he1bgei����� _z]=x&lnbTk1]V¡N��e`WVk���WH_1|�ln������_`��lB~y_
# U�]H|}Ryac~y��_`U,W�ehfNxy��¬NbTW){gWH_=k`]H_zWHacbgdL��lg|	acbTd %�§
+ · �V� µ �-, � �<� k`]Vbge`������_ia�ei��lB~�_`xya�ei��an��WB±T|/.B~Beik`lB��W�{gW)xTby��_i_`an~y|�WB±g­ a¢¡BWV���E��±3t=¯Tv��
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t�Ryan~T~TWV�^bge`������-Ha�e`��ln~¤��~¤����kiW	��WV_i_,��lg|	an�^ackiWVa°~TW�eh�$lnki©g_���_V±���~ �nWV~TW	k}ac�5±s�yaB_zWH{¦lB~¦eiRTW�_iacU,W/|	ackiki��WVk¥�ªkiWV¬NbTWV~y|�fB§ �^l
kiW	by_`W,� an|�e`lBk�lnk)�ªkiWV¬NbTWV~y|�f°xT� ac~T~T��~T�/� _�{gW �y~TWH{«§��E����by_`W	k}_�e`bT~yWLln~ eiRTWP_iacU,WL|}Ryac~y~TW	�san~y{°e`kif�eil�e`k}ac~y_`U,��e�{Ta�e}aT§
oEl���WV¡nW	kH±n|	ln����� _z��ln~,�&W�eh�$W	WV~L|�lnU,U¥bT~T� |	a�ei��lB~y_1ln�8~yWVacki�¨f�by_`W	k}_D|	lnbT� {�acxTx&WVank1�ªkiWV¬NbTW	~Nei��fB§+Q�l�a¢¡nlB��{�|�lB����� _z��ln~y_V±B_`W	¡BW	k}ac�
eiWV|}RT~T� ¬NbTWV_�W�dg� _he$����©nW)t$ackik`��W	k$¯¨W	~y_`WZv�bT��ei��xy��W���|	|	WV_i_ # t=¯gv�� %�.�X�/ §+pq~Le`RT� _�e`WV|}Ry~T��¬NbTWB±N{T�'�8W	kiW	~Ne$e`RTkiWV_`RTln� {T_�ackiW �TdgWV{
��~/lnk}{gW	k^e`l�U�ac~yan�nWwe`RyW�U,WV{g��bTU _zR3acki��~T�3§DrsaB|}R/by_zWVk^RyaB_=e`l�WH_hei��U�a�eiW)e`RyW�_z���n~3ac�Jln�+~TWV���BR¨�3lBk`��~T�,by_`W	k}_	§$­ RTW	~�eiRTW
~¨bTU¥�3WVk^lc�1~TWV���BRN�&lnki��~T�,by_zWVki_=� _^kiW	� a�ei��¡BW	��fLRT���nRJ±Te`RTW�b3_zWVkEa¢¡nlB��{T_�eil�e`k}ac~y_`U,��eEan~y{��$an��e}_=�ªlnkZac~Tlne`RTWVk^_z����WV~Ne^x3WVk`��lg{«§
Q=RTW�t=¯gv�� eiRTkiWV_`RTln� {�e`RyaceV±N��~3{g��|Va�eiWV_�eil�a)by_`W	k���RTW	~,eiRTW^~¨bTU��&W	k�lc�«��~BeiW	k`�ªW	ki��~y��_z���n~yan��_D��_sRT���BRJ±Nk`WVxTk`WH_zWV~Nei_+e`RyWE©nWVf
ln��eiRTW�_zfg_ze`WVU�|	anxyan|	��ehf���~�kiaB{g��l����E� ~TW	eh��lBk`©g_V§
pq~P��by|�WV~Ne�­ a¢¡nWE���E��±NeiRTk`WVW^eiRTk`WH_zRyln� {,��WV¡nW	� _sank`WZ{gW/�y~yWV{10���l��)±BU,WV{T��bTU�±gac~3{�RT���nR2.Ì�3/ §+­ RyW	~LeiRTWZ_`���n~yan�yU,WVaB_zbTkiWV{
�¨f<e`RTW¥by_zWVk^� _^��l���WVk�e`Ryan~�e`RTW�e`RTkiWV_`RTlB��{«±ye`RTW�by_zWVkZ|Vac~�e`k}ac~3_zU,��eV§�� R¨bTU�ac~/��~Ne`WVk`¡BW	~Ne`��ln~�� _^~TWVWV{gWH{�e`lLU,lg{g���ªf<eiRTW
eiRTk`WH_zRyln� {,�3W	eh��WVW	~���l��)±nU,WV{g��bTU�±¨ac~y{,RT���nR�§+pq~LoE��x&W	ki� ac~/X�. �T±�43±653/ ±Be`RTWw_zfg_ze`W	U {gW �y~TWV_�ac~�an{yacxgei��¡BW=e`RTkiWV_`RTln� {�e`R3a�e
� _*�TdgWV{�an_�a¥�ªbT~3|�e`��ln~/ln��eiRTW�e`k}a)7L|w��lNan{«§�­ RTWV~�e`RTW�eikia�7�|w� _�RT���nR<e`RTW)¡�an��bTW�ln��eiRTW�e`RTkiWV_`RTlB��{<��_=�y���B�nW	kH§
�E~ an{Tanxge`��¡nW¥e`RTkiWV_`RTlB��{°��_�|�kiby|�� ac�1��~
a<����kiW	��WV_i_�kiaB{g��l���RT����W,eiRTWP|VacxyaB|���ehf/lc�$e`RTWL_`fg_heiW	U an~y{°e`RTWL|	lnU,U�bT~y��|Va�e`��ln~
¬Nbyan����ehf
{gW	x&W	~y{y_¥{g��kiWV|�ei��f lc��eiRT� _�eiRTk`WH_zRyln� {«§ uZbTk�acxTxyk`lNan|}R ��~ e`RT� _�x3acx&W	k¥|	ln~y_`� _he}_���~¦|�lBU�xybge`��~T��eiRTWPU�acd¨��U�byU
{g� _zeiac~3|�W$�ªk`lBU aZe`k}ac~3_zU,��eze`WVk+e`RyaceD�nbyankian~BeiW	WH_�aw~TlB~g®5��~Ne`WVkz�ªWVk`��~T��|�lnU,U¥bT~T� |	a�ei��lB~¥��~,xyack}ac����W	�¨����eiR,lce`RyW	k+e`k}ac~y_`U,��e`e`��~T�
~Tlg{gWH_	§DQ=Ry��_�{g� _zeiac~3|�W)x&W	kiU���ei_$eilLan{Tanxge=e`RTW�eiRTkiWV_`RTln� {P��~/a�����kiW	��WV_i_=���E��§
uZ~�eiRTW)lceiRTW	k^R3ac~y{«±3¡�ackifN��~T��e`RyW�_z���n~3ac�Jx&l���WVk���~�an~ ��8)9�:;'=< ~TW	eh��lBk`©2. >?/+��_�~yW	WV{TWV{�e`l�kiWVaB|}R<~yW	���nR¨�3lBki_=��~/lnk}{gWVk=e`l
kil¨lceEac����x3an|}©nW	ei_^|	lnkik`WH|�ei��f�eil�e`RyW�{gWV_ze`��~yace`��ln~J§�Q=RT� _E_`���B~yac�«x&l��$W	k^¡�acki� a�e`��ln~�� _E|	lnkik`WV��ace`WV{<����e`R/lnbyk^k`WVby_`W�{g��_zeian~y|�WB§
��U�a�dg��U¥bTU _z���n~3ac�yx&l��$W	ksx&W	kiU,��e}_�e`l�kiWVaB|}RLa)� ank�~Tlg{gWZ�Tbge�ac���3~yl¨{TWV_���~�eiRTWZe`k}ac~y_`U,��e`e`W	k$~TWV���BRN�&lnki��~T��ackiWVa)|Vac~L~ylce
eikian~y_zU,��e$an~y{�ln~Le`RTW�|�lB~Beikiank`fB±Ba�U���~T��U�bTU _`���n~yan�yx&l���WVk�ac����l��^_s|	ank`ki��W	kDkiW	by_`WE�ybge$~yWV|�WH_`_`��e`��WV_DU,lBk`WZxyan|}©BW�eskilnbgei��~y�y§
Q=RT� _Dx3acx&W	ks� _DlBk`�Nac~T�@-	WH{,an_��ªlB����l��^_�0�¯¨WV|�e`��ln~<��_`RTl��^_1kiWV_`bT��ei_sln�ge}ac��~TWV{,����e`RPa)_`W�e$lc�«U,WVaB_zbTkiW	U,WV~Be}_Dac~3{�_z��U�bT� a�ei��lB~J±
��RT����Ww¯¨WH|�e`��ln~<�)xTkiWV_`W	~Nei_�a�e`RTWVlnkiW�ei��|Vac�3_ze`b3{gf,lc�«e`RyWEkiW	by_`WE{g� _he}ac~y|	Wn§+pq~P_`WV|�ei��lB~A4y±¨a�_`xya�ei��an�ykiW	by_`W^����e`RPan~y{�����e`RTlBbge
|Vackik`��W	k�_`W	~y_`W���_�_`��U¥bT� a�e`WH{«§

B � � ! �+� ����' ���+����� C �	�����	'��EDFC �������<�+�"C ���¥��� ��� �GC '	����
����IH
Q=RTW�|Vackik`��W	kwk`WVby_`W���~°��lg|	ac��k}an{g��l�~TW�eh�$lnki©g_E{gWVx3WV~y{T_)_ze`kiln~T�B��f/lB~�e`RyW�WV~¨¡N��kiln~TU,W	~Ne�|}Ryack}an|�e`W	ki� _hei��|V_	§)j1a�eiR°��lB_i_wac~y{
_`��l�� � an{g��~T� W/�8WV|�e}_,{gW/�y~yW<eiRTW�k`WVby_zW<� an|�e`lBk¥��~¤���E��W	~¨¡¨��kiln~yU�WV~NeV§KJ=an_`��|Vac����fB±��ªlnk,��l¨|Vac�=k}an{g��l°_`fg_heiW	U�±1e`RyW�_iacU,W
|Vackik`��W	k$��_$kiW	by_`WV{LW	¡nWVk`f,��RTWVk`W�ac~3{LRyaB_$a¥{g���&WVk`WV~Be�WVU�xy��l�f¨U,W	~Ne$|	lnU,xyank`��~T������e`R�a�|�W	����bT��ank$_`fg_heiW	U ����©BWML)¯TvN.PON±RQ)/ §
t�lB~y_zWH¬NbTW	~Ne`��fn±can���Nby_`W	k}_�|Vac~�b3_zW�e`RTW=_iacU,WD�ªkiWV¬NbTWV~y|�f��yan~y{�����e`RTlBbge1ac~¨f)|�ln~3_heikian��~Nei_V§�oEl���WV¡nW	kH±Ve`RTW$RT���nR���~Ne`WVkz�ªWVk`WV~y|�W
��W	¡BW	�nxyk`lg{gby|	WV{��¨fwlce`RyW	kJby_`W	k+|�lBU�U¥bT~T� |	ace`��ln~y_«��~�a^|	��lN_zWH{wank`WHa=xTkiW	¡nWV~Nei_Ja�|	ln~Ne`��~¨bTlnby_Jbge`�����@-Vace`��ln~�ln�¨e`RTWDb3_zWH{)|	ackiki��WVkV§
Q=RTW�|Vackik`��W	k=_`W	~y_`Wwe`WV|}Ry~T��¬NbTW)kiWV_`ln��¡nWH_DeiRT� _^|�lB~y_heikian��~Ne�ac~y{�x&W	kiU,��e}_�ac���Jby_`W	k}_seilL_zR3ackiWEeiRTW)U,WV{g��bTU�a¢¡Bln� {g��~T��an��U,lN_he
an����|	ln����� _`��lB~y_	§
pq~
eiRT� _¥_`WV|�e`��ln~J±��$W�e`kif e`l�|	lnU,xTbgeiWPxyankianU�W	e`WVki_�eiRya�e�U,l¨{TW	��_`���n~yan�sxTkilnxyan�Bace`��ln~J§/v/WHan_`bTk`WVU,W	~Ne�xyack}acU,W	e`W	k}_�ank`W
|Vackik`��WV{�lnbge��¨f�by_`��~T���Jb3|�W	~Ne)­ a¢¡nW¥���E��t$anki{T_$#ªpqrsrDr#Qn�N�g§�XnX�%���~ {g���&WVk`WV~Be�|Van_`WV_w��~3|���by{g��~T�<��~y{gl¨lBkwWV~¨¡N��kiln~TU,W	~Ne
# l�7L|�WH_	±s|	lnkik`� {glBki_V±���~y_`� {gW<�ybT��� {g��~T�B_V±DW	ei|c§ % ac~3{ W�d¨eiW	ki~yac�=�TbT��� {g��~y�B_�W	~¨¡¨��kiln~yU�WV~Ne #ªkilBaB{T_¥�3W	eh��WVW	~¦�ybT��� {g��~T�B_�����e`R
U�ac~¨f<RNbyki{g��WV_ %�§DQ=RyWV_`W)k`WH_zbT��ei_�ank`W)|	lnU,xyackiWV{P����eiR�_z��U�by��ace`��ln~�k`WH_zbT��ei_V§1pq~�� an|�eV±geiRTW�xTkilnxyan�Bace`��ln~LU,lg{gW	��|�ln~3_z� {gW	kiWV{
by_`WV_�aB_=k`WH|�WV��¡BWV{�_z���n~yan�8x3l��$W	k�.PON±;Q�/&0

S TVUMWX�Y1Z3[
\
Z3[ #zX�%

��RTWVk`W�S]TVU�� _)eiRTW�eikian~y_zU,��ezeiWV{
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l�7L|�W�WV~Beikian~y|�W�ln��e`RyW)�TbT����{g��~T�3§

y [�lBaB{10+e`k}ac~y_`U,��e`e`WVk^ac~y{<k`WH|�WV��¡BW	k�ackiW�ln~�a¥kilBaB{P����e`Rylnbge^|	anki_ j
y [�lBaB{P����e`R/|Vack}_�0�e`k}ac~y_`U,��e`e`WVk^ac~y{�kiWV|�WV��¡BW	k=U,l�¡¨��~T�,ackilnby~y{<|Vack}_$xyacki©nWH{Lln~<e`RyW)k`lNan{«§
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»ª¼�½�»¿¾



���������	��
���
�����
�����������
�
�
������ �"!#!$
��&%(')��*)� 5

� Ö���Ó8À�Ý
	¢ÃVÇ5ÞÌÅ¢ã�À}å8ÖiÇ¹Ç¹ÄhÅVÃ¢ÖiÇ5ÞÌÀ�Å�ÁhÀ�Ý
	nÀ�ÅHÄzÅ�Ç¹Õ`à���
���� ���
Ö}Å¢Ø���
�������� ����� � Æ ÄzÁhÄhÞ ��ÄhØ/Õ5ÞÌã�Å�Ö}ß�	cÀ! «ÄhÆ
��ÄhÆ¹Õ¹Ã¢ÕZØHÞÌÕ#"
Ç Ö}Å¢ÁhÄ!� É

�%$ �'&VßÌÀ( å Ö}Ø¢ÞÌÅHã�ÁzÀ�Ý
	cÀ�Å¢ÄhÅ�Ç�Ý�ÄzÖ}Õ5ÃHÆ¹ÄhÝ�ÄhÅ	Ç(�DÕ¹Ç5Ö}Å¢Ø�Ö}Æ Ø
Ø¢Ä)�VÞâÖiÇ5ÞÌÀ�Å+*�ÑHÉ Ð��HÉ

,+���BbTk`W���0�v�WVan_`bTkiW	U,W	~Ne���~<�Tby��� {g��~T��l�7L|�WH_=ln~T��fn§

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 10 20 30 40 50 60 70 80

Th
ro

ug
hp

ut

C/I in dB

transmitter
receiver

� Ö�� &	×VÕ¹Ç¹ÄhÝ
Ç5Ô¢Æ À�Ã¢ã�Ô�	HÃHÇ �	� $ 	¢Õ � ��ÄhÆ¹Õ¹Ã¢Õ�
���
��	�����8Æ¹ÖiÇ5ÞÌÀ¢É

-110

-100

-90

-80

-70

-60

-50

-40

-30

0 2 4 6 8 10 12 14 16 18

S
ig

na
l p

ow
er

 (d
B

)

Distance from transmitter (log)

measurement
simulation

�%$ �J½�ÄhÁhÄhÞ ��ÄhØ�Õ5ÞÌã�Å�Ö}ß 	cÀ! «ÄhÆhÉ

,+���nbTkiW)��01Q=RTkilnbT�BRTxTbge�U,WVaB_zbTkiW	U,WV~Be}_�ac~y{�a,|�lBU�x3acki��_`ln~<�3W	eh��WVW	~�_z��U�bT� a�ei��lB~�an~y{�U,WVan_`bTkiW	U,W	~Ne}_	§

ank`WZxT��lnezeiWV{L��~ ,+���nbTkiWZ�y§ a�# _`W	W�Q�an�T��W¥XZan��_`l %�§+Q=RTW�_`Ryan{gl�����~T����ln�n®5~ylnkiU,an�y_zeiac~3{Tack}{L{gWV¡N� a�ei��lB~L� _sWH_hei��U�a�eiWV{Le`l�� _l` §,+���nbTkiW)�T§ a�������by_ze`k}a�eiWV_$U,WVan_`bTkiW	U,W	~Ne=¡�ac��bTWV_�an~y{<_`��U�bT� a�ei��lB~PkiWV_`bT��e}_$�ªlnk$e`RyW)k`WH|�W	��¡nWH{L_`���B~yac�8x&l���WVkV§�­ W�|Vac~�ln�y_`W	ki¡nW
eiRya�eDeiRTW^xyace`R���lB_i_1a�e`e`W	~¨byace`��ln~�ac~3{�eiRTWE{gWV¡¨��ace`��ln~��ªk`lBU eiRTW^U,WVan~�¡�an��bTWZackiW$¡BW	kif�_`��U,����ankV§�Q=RT� _s|�lB~y|���by_`��lB~�|	ln~ �3k`U�_
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,+��~yac����fB±1e`RyW�_`fg_heiW	U eiRTk`lBbT�nRyxTbge #¹a�e�e`k}ac~y_`U,��e`e`WVk,an~y{ kiWV|	W	��¡nWVk %�� _�W�dgRT���T��e`WV{@��~ ,+���BbTkiW<�T§ a�aB_,a/�ªbT~y|�e`��ln~¤lc�^eiRTW
kiWV|	W	��¡nWV{�������kiace`��ly§�v/WHan_`bTk`WVU,W	~Nei_Z��WVk`W�U�an{gW��¨f/by_`��~T��a�� &Zj # �E_`W	k�&wa�eian�nk}acU"jDkilceil¨|	ln� %E_ze`kiWVanU lc� Z W i�b"!$#&%
xyaB|}©nW	ei_V§�[�WH|	an���1eiRya�e�e`RTW<U,acdg��U¥bTU eiRTk`lBbT�nRyxTbge¥_`bTxTx&lnk`e`WH{°�¨f ­ a¢¡BWL���Z� |	anki{T_���_¥_zbTxyx3lN_zWH{�eil��&W<�cv/�yxy_�# ��~
aLe`RTWVlnkiW�e`� |	an���=a¢f(' %�§ZQ=RTW �y�nbTkiW¥_`bT�B�nWV_zei_^e`RyaceEeiRTW¥U,��~T��U�bTU)�*�&�Pkiace`��lPkiWV¬NbT��k`WH{�e`lPU�an��~Neian��~°a�RT���nR/eiRTk`lBbT�nRyxTbge
_`RTlnby��{��&W^ac�&lnbge Z � _6` §�Q=RT��_D¡¢an��byW$�������T�3WEby_zWH{�� a�eiW	k1eil)|�lnU,xTbTe`W=e`RyW�k`WVby_zW^{T��_zeian~y|�W=��~�lBbTk1k}an{g��l�U�lg{gWV�¹§��^� _`ly±ceiRTWeikian~y_zU,��ezeiW	k�ac~y{�k`WH|�W	��¡nWVk�e`Ryk`lBbT�nRTxybge�ank`W�¡nW	kif�acxTxTkil¢dg��U�ace`W	��f�WV¬Nbyac��e`l<WVaB|}R�lceiRTW	kw��RTW	~�e`RTW+��������_Z�T���n�nWVk^eiRyac~
Z � _6` §ZQ=Ry��_E��_w{gbTW�e`lLeiRTW�Ry���BR�¬Nbyac����ehf�lc�1eiRTW�k}an{T��lP|	lnU,U�by~T��|Va�ei��lB~J§^pq~/eiRTW�lne`RTWVkw|Van_`Wn±y�&W	��l�� Z � _l` ± ,+���nbTkiW��y§ a{g� _`xT��a¢fg_=eiRTW¥{T�'�8W	kiW	~y|	W��&W�eh�$W	W	~�eiRTkilnbT�BRTxTbgeZace^e`RyW�kiWV|�WV��¡BW	k^an~y{�e`RTW�e`k}ac~y_`U,��e`e`WVk^W	~y{�x3lB��~Ne(#¹{gbTW�eilLxyaB|}©nW�e^��lB_i_ %�§
rD¡¨� {gW	~Nei��fB±T��RTW	~�eiRTW)�T��e^W	kik`lBk$k}a�eiW���_=RT���nR #¹_zU�ac�����*�&� %�±geiRTW�k`W	®¹eikian~y_zU,� _`_`��ln~Pxyk`lne`lg|�lB�&�������Jk`WH{gby|	WZeiRTW)�T��e^kiace`WB§
pq~ _zRTlBkzeH±3�¨f�{glB��~y�Pac~���U,x3lBkze}ac~NeZ~¨bTU¥�3WVk�lc�DU,WVaB_zbTkiW	U,WV~Be}_	±&�$W¥|�lBU,xTbge`W�ac������~y{TlNlBkEWV~N¡¨��k`lB~TU,W	~New|}R3ack}an|�eiW	ki��_ze`� |	_
��~�lnk}{gW	k$e`lL{TW�e`WVk`U,��~TWwe`RTW)kiW	b3_zW){g� _he}ac~y|	W)ac~y{<e`RyW)U,acdg��U¥bTU ~¨bTU��&W	k�ln�+x&lB_i_`���T��W)_z��U�by��e}ac~TWVlnby_�|	lnU,U�bT~y��|Va�e`��ln~3_	§
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