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\^]`_[acbed�fhg�ikjlbnmporqsb[t�jlu�j4tl_[acbkj
v,wlxpyzb[t�v,{|mp}`_[tlb

gHmp~(~SxPw4t��(b�wlbk��]`b[wl�l]`b�})�#�N���P��f���o({�u��������	fh���9~�mp��bkj

���#�k�n�U�(�������D�X�,� �����r��d�dX��jFt4]`b,acx�j4t#�(b[~({�xnu�bk��� ��wlb[{�bkjlj¡{�xI�nmp{rmpwlbnm�}`b[tD�¢xPw4£���}(��jlt�mp}`�`mpwl�
}`xZ�¤mP�`mnu�jn� � t�o`jlbkj,�nmpw4w4��b[w¤jlb[}`jlb^a	o({�t4��~({�b�mP�k�kbkjlj&� ��t4]��kxP{�{���j4��xP}�mk¥�xP���`mp}`�kb�¦¨§ ©�ª¬«R­�§¤«R®
tlx�wlbkj�xP{�¥�b �kxP}Ntlb[}Nt4��xP}�¯Sb[tD�¢bkb[}�}`xI�(bkjn�&§¤xP}Ntlb[}It4��xP}�� ��}`�(xZ��j�¦¨§¢°±®#�l]�mp}(��b��ru�}�mpa>���nmp{�{�u
tlx�mP�`mp~(tFtlx t4]`b¢�kxP}Ntlb[}Nt4��xP}�{�b[¥�b[{¨²F³�~BxP}�bnmP�l]��kxP{�{���j4��xP}µ´�m^}`xI�(bX�(xPo(¯({�bkjF��tlj¡§¢°¶tlx�wlbk�ro`�kb
· o(w4t4]`b[w	�kxP{�{���jl��xP}¸w4��j4£rjn�¹³�~SxP}ºm�j4o`�k�kbkj�j · o({¢t4w�mp}`j4a>��jlj4��xP}µ´#t4]`b¹§¢° ��j.wlbkjlb[tn´&mPjljlo(a>��}(�
t4]�mpt¹t4]`b��kxP}Ntlb[}Nt4��xP}»{�b[¥�b[{.]�mPj��rwlxP~(~Bbk�<�½¼�xZ�¢b[¥�b[wn´.�kxP}Itlb[}Nt4��xP}»{�b[¥�b[{.��j¹acxPwlb¾{���£�b[{�u
tlx¿�l]�mp}(��b¹jl{�xn� {�u�´Xmp}`�Àwlbkjlb[t4t4��}(�¾t4]`b�§¢° �nmpo`jlbkj�}`b[�½�kxP{�{���j4��xP}`j>mp}`�Àwlb[t4w�mp}`j4a>��jlj4��xP}`j
¯Bb · xPwlb,wlbnmP�l](��}(��t4]`b¤xP~(t4��aemp{I¥�mp{�o`b¢mp�Nmp��}µ��\^](��j¡�¤mPj4tlbkj#¯�mp}`�r� ���rt4]cmp}`�	��}`�[wlbnmPjlbkj¡�(b[{|mnu�jZ�
� }Át4](��jswlb[~BxPw4t��¤b¿mp}�mp{�u�Ânb¾j4��a>~({�b¿j4{�xn�Ã§¢° �(bk�[wlbnmPjlb · o(}`�[t4��xP}`j¹mp}`�Ä�kxPa>~�mpwlb¿t4]`b[��w
~Bb[w · xPw4aemp}`�kbkjµtlx t4]`bX{�b[�NmP�[u�jlt�mp}`�`mpwl�<�F°�b&o`j�b,j4��a�o({|mpt4��xP}`j�mp}`�.aempt4]`b[aempt4���nmp{�acx��(b[{���}(�
tlxÅjl]`xn�Ãt4]`b[��w¿�kxP}`j4���(b[w�mp¯({�b�xPo(t4~Bb[w · xPw4aemp}`�kbÀmpt¬mp{�{��kxP}Ntlb[}It4��xP}»{�b[¥�b[{�j¬mp}`�Æt4w�mp}`j4��b[}Nt
~(]�mPj�bkjn�
Ç�È�ÉBÊlË	Ì �UÍ#��� °Ä��wlb[{�bkjlj.�kxPa>a	o(}(���nmpt4��xP}`jn´�ª¬«�§H´F§ ©�ª¿«�­�§¤«�´ �Î�,�,� �����r��d�d�´#j4��a	o({|mUÏ
t4��xP}`jZ´(ª¿mpw4£�xZ¥Ð��]�mp��}`jn�
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	 � �¿�D�X�,� �����r��d�d�bkj4t.{�bcjlt�mp}`�`mpwl���(b>wlikjlbnmporq�{�x��nmporq�j�mp}`jzÏ��`{,{�bc~({�o`j��(i[~({�xnu�i
�(b�}`x�j&y4xPo(wljn� � {Fo(t4��{���jlb9§ ©�ª¿«R­�§¤«»~BxPo(w�wlikj�xPo`�rwlb.{|mc�kxP}Itlb[}Nt4��xP} b[}Nt4wlb	t4w�mp}`j4acb[t4tlb[o(wljn�

¡m · b[}��[t4wlb��(b��kxP}Ntlb[}It4��xP}»¦¨§¢°Æ®.�l]�mp}(��bÐ�ru�}�mpa>���No`b[acb[}It>~SxPo(w�j�� mP�`mp~(tlb[w��¹{�� i[t�mpt9�ro
wlikj�bnmpo��rmp~(wl_kj^��]�m��No`bH�kxP{�{���j4��xP}Ðo(}`b�jlt�mpt4��xP}s�(xPo(¯({�bHjlxP}�§¢° ~SxPo(w¢wlik�ro(��wlbH{�bkjXw4��j��Io`bkj¤�(b
· o(t4o(wlbkj��kxP{�{���jl��xP}`jn��
¡mcj4t�mpt4��xP}¬wlb[acb[t�jlxP}¿§¢° �>j�m9¥Pmp{�b[o(w���}(��t4�|mp{�b	mp~(wl_kj��l]�m��Io`b.¯BxP}(}`b
t4w�mp}`jla>��jlj4��xP}µ´�b[}¿j4o(~(~Bx�j�mp}Nt��No`bR{�b.}(��¥�bnmpo¿�(b.�kxP}(��bkjlt4��xP}¾m>�r��a>��}Io`i���§¤b[~Sb[}`�`mp}Itn´St4wl_kj
j�xPo(¥�b[}Ntn´S{�b�}(��¥�bnmpo �(b��kxP}(��bkj4t4��xP} �l]�mp}(��b�{�b[}Ntlb[acb[}Itn´µb[tH{|mcwlb[a>��jlb��ro�§¢° �ej�m>¥�mp{�b[o(w
��}(��t4�|mp{�b��nmpo`jlb��(b^}`xPo(¥�b[{�{�bkj¤�kxP{�{���j4��xP}`j,b[tX�(b^}`xPo(¥�b[{�{�bkj¢wlb[t4w�mp}`j4a>��jlj4��xP}`j¢mk¥�mp}Nt¢��� mpt4tlb[��}`�rwlb
{|m�¯SxP}(}`b¢¥�mp{�b[o(w#�(b¢}`xPo(¥�bnmpoµ�,§¤bk�[���(i[��w�mP�(b^�kxP}`j4���(i[w�mp¯({�b[acb[}It&{�bkj¡~Bb[w · xPw4aemp}`�kbkj^¦ �(i[¯(��tljZ´
�(i[{|mp��j�b[tl��� ®L���Rmp}`j#�kbXw�mp~(~SxPw4t#}`xPo`j#~(wlxP~Sx�j�xP}`j#�(bkj · xP}`�[t4��xP}`j#�(b¤�(ik�[wli[acb[}Nt�mpt4��xP}! {�b[}Itlbkj#"
�(bkj,§¢°�jn´Nb[t¡}`xPo`j&�kxPa>~�mpwlxP}`j&{�b[o(wlj�~Bb[w · xPw4aemp}`�kbkj����kb[{�{�bkj&�ro>j4t�mp}`�`mpwl�>mP�[t4o`b[{¨�%$HxPo`j#{�bkj
mp}�mp{�urjlxP}`jXaempt4]`i[aempt4���No`b[acb[}It¤b[t,~�mpw¢j4��a�o({|mpt4��xP}s~SxPo(wXacxP}Nt4wlb[wX{�bkjX�Nmp��}`jX�kxP}`j4���(i[w�mp¯({�bkj
�Io�� b[{�{�bkjµ~Bb[o(¥�b[}Nt�mp~(~SxPw4tlb[wn´Pb[tF�kbk�[�&�No`b[{��Io`b,jlxP��tµ{�b,}(��¥�bnmpo	�(b,�kxP}(��bkj4t4��xP}9mp��}`j4�'�Io`b,�ro(w�mp}Nt
{�bkj�~(]�mPjlbkj t4w�mp}`j4��tlxP��wlbkjn�
( Ì �n� Ê �') � �Ä� §¤xPa>a�o(}(���nmpt4��xP}`j¹j�mp}`j4Ï��`{¨´¢�kxPo`��]`b¬ª¿«�§H´¢§ ©�ª¿«�­�§¤«�´ �Î�,�,� �����r��d�d�´
jl��a�o({|mpt4��xP}`jn´)�l]�mp��}`bkj��(bRª¾mpw4£�xn¥B�
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°Ä��wlb[{�bkjlj.mP�k�kbkjljH}`b[tD�¢xPw4£rj	mpwlb9bLq�~Bb[w4��b[}`�[��}(�6m�]No(��b>j4o`�k�kbkj�jRj4��a>��{|mpw�tlxÐt4]�mpt�x · t4]`b9�(bLÏ
~({�xZuIacb[}It�x · t4]`b � }Itlb[w4}`b[t�m	�(bk�nmP�(bRmp��x(��°Ä��wlb[{�bkjlj^�(b[¥I���kbkj�mpwlb�o`jlbk�¹mp{�acx�j4t^b[¥�b[w4uI� ]`b[wlb
tlx¾~(wlxZ¥I���(b6�l]`bnmp~µ´¢acxP¯(��{�b6mp}`�ÅbnmPj4uÀtlx �(b[~({�xnuº}`b[t �¤xPw4£�jn´¢� ��t4]ÁxPw>� ��t4]`xPo(t�mP�k�kbkj�j>tlx
� ��wlbk�Á��} · w�mPjlt4w4o`�[t4o(wlbkj�{���£�b6t4]`b � }Ntlb[w4}`b[tn�Æ°Ä��wlb[{�bkjljÐmP�k�kbkjljc}`b[tD�¢xPw4£rjÐ�nmp} ¯Bb¹��wlxPo(~Bbk�
��}Itlx�tD�¢x9�nmptlb[��xPw4��bkjn²X§¤b[}It4w�mp{���Ânbk�¹xPw¤�r��j4t4w4��¯(o(tlbk�<�¤§¤b[}Nt4w�mp{���Ânbk��mpwl�l](��tlbk�[t4o(wlbkj�mpwlb�aemp��}({�u
�kxP}It4wlxP{�{�bk��¯IuÐm9�kx�xPwl�r��}�mptlxPw�¦ b�� �`�,« �k�kbkj�j�v¡xP��}It�¦ «Hv¢®4®¤t4]�mpt ��w�mp}Itlj�mP�k�kbkjlj tlxct4]`b�� ��wlbLÏ
{�bkj�j�}`xI�(bkjR��} ��tlj	mpwlbnms��}�mÐ�kxP}Ntlb[}Nt4��xP} · wlbkb9aemp}(}`b[wn�25�}�t4]`b>xPt4]`b[w.]�mp}`�<´µ�r��j4t4w4��¯(o(tlbk�
mpwl��](��tlbk�[t4o(wlbkjH]�mk¥�b.}`x��kb[}Nt4w�mp{#�kxIxPwl�r��}�mptlxPwljn²¤«�{�{µ}`xI�(bkj��kxP}Ntlb[}`�¬tlxemP�k�kbkjlj�t4]`b.�l]�mp}(}`b[{
o`jl��}(�em9�r��j4t4w4��¯(o(tlbk� · o(}`�[t4��xP}µ�¢\^]`bRb&6e�[��b[}`�[usx · t4](��j · o(}`�[t4��xP}��nmp}¹¯Sb�acbnmPjlo(wlbk�Ð¯Nust4]`b
t4](wlxPo(��](~(o(te��t>mP��](��b[¥�bkjemp}`�ºt4]`bÐ�(b[{|mkurj · w�mpacbkj>xP¯`jlb[w4¥�bÐ¯Sb · xPwlbst4]`b[u���b[t>j4o`�k�kbkjlj · o({�{�u
wlbk�kb[��¥�bk�<�
�D�,�X� �����r��d�d87�d�´,�r´,�:9 ��j9t4]`bÐacx�j4tc�(b[~({�xnu�bk�Á� ��wlb[{�bkjlj9{�x��nmp{�mpwlbnm¿}`b[t �¢xPw4£ ¦ 
F« $R®

jlt�mp}`�`mpwl�.}`xn�^mP�`mkurjn� � t¡j4o(~(~SxPw4tljµt �¢x�mP�k�kbkjlj · o(}`�[t4��xP}`jn´pxP}`b&��j¡�kb[}Nt4w�mp{���Ânbk�9mptµt4]`bX«Hv¡´nt4]`b
xPt4]`b[w&��j&�r��jlt4w4��¯(o(tlbk�<�#\^]`b �r��jlt4w4��¯(o(tlbk�>�kxIxPwl�r��}�mpt4��xP} · o(}`�[t4��xP}6¦ �.§<;,®¡��j�¯�mPjlbk�9xP}c�nmpw4w4��b[w
j�b[}`jlb9a�o({�t4��~({�bemP�k�kbkj�je¦¨§ ©�ª¬«R®&7 �09,� ��t4]��kxP{�{���jl��xP}�mk¥�xP���`mp}`�kb¬¦¨§¤«R®L�µ³Hj4��}(�6§ ©�ª¬«R­�§¤«�´
bnmP��] }`x��(b��r�>=Bb[wlje��tlj>t4w�mp}`j4a>��jljl��xP} tlx�m¾w�mp}`�(xPa t4��acb6��}Åt4]`b · o(t4o(wlb6mp}`� jlb[}`jlbkjct4]`b
��]�mp}(}`b[{¢¯Bb · xPwlbct4w4u���}(�6tlx�t4w�mp}`jla>��tn�¹³�~BxP}¸bnmP��]À�kxP{�{���j4��xP}µ´#}`xPt4� ��bk�¸¯Nu t4]`bsmp¯`jlb[}`�kbex ·
mP��£I}`xZ� {�bk�r��acb[}Nt¹¦ «�§<?�® · wlxPa1t4]`b>�(bkj4t4��}�mpt4��xP}µ´Ft4]`b9}`x��(b9��}`�[wlbnmPjlbkjRt4]`bc¯SxPo(}`� x · t4]`b
w�mp}`�(xPa �(b · b[w4w4��}(�>t4��acb�´(�nmp{�{�bk�¹�kxP}Ntlb[}It4��xP}6� ��}`�(xZ��¦¨§¢°Æ®L� � }`�[wlbnmPj4��}(�9t4]`b�§¢° wlbk�ro`�kbkj
t4]`b¾w4��jl£Äx ·�· o(w4t4]`b[w¬�kxP{�{���j4��xP}`jn´RmPjlj4o(a>��}(� t4]`b¾}Io(a�¯Bb[w¬x · �kxP}Ntlb[}`�r��}(� }`xI�(bkj¹��j�](����]µ�
$Hx��(bkjeaemnuÁxP~(t4��xP}�mp{�{�u o`jlb@-�"!ACB�"&#&%D%E F#�"C�	(HG��CIJ"!��-K%E @#,"&�	( ¦ g�\�©(­�§¤\�©(® · w�mpacbkjstlx
wlbkj�b[w4¥�bÐt4]`b��l]�mp}(}`b[{�¯Sb · xPwlbÐt4]`b�mP�[t4o�mp{��`mpt�mUÏ «�§<? · w�mpacb¹t4w�mp}`j4a>��j�j4��xP}`jn�Å³�~SxP} bnmP��]
jlo`�k�kbkjlj · o({Xt4w�mp}`j4a>��jljl��xP}µ´,m¹}`x��(bewlbkjlb[tlj	��tljc§¢° tlxMLONKPRQ>S�mp}`�À�kxP}Ntlb[}`�(jcmp�Nmp��}À� ��t4]
{�xZ� §¢°h¥Pmp{�o`bkjn�

5�o(w¤�¤xPw4£e��}st4](��j¤~�mp~Sb[w�mp��acj¤tlx9b[}(]�mp}`�kb�t4](��j^{|mPjlt¢~BxP��}Ntn²&³�~SxP}¹m	j4o`�k�kbkjlj · o({)t4w�mp}`j4Ï
a>��j�j4��xP}µ´�m.� ��wlb[{�bkjlj¤}`xI�(b�wlbkjlb[tlj¢��tlj^§¢° ´It4]`b[wlb · xPwlb���tXt�mp£�bkj¤t4]`b�w4��j4£cx · bLq�~Bb[w4��b[}`�[��}(��t4]`b
j�mpacb��kxP{�{���jl��xP}`j�mp}`�¾wlb[t4w�mp}`j4a>��jlj4��xP}`j.o(}Nt4��{&��tRwlbnmP�l]`bkj.](����]¸§¢° ¥�mp{�o`bkj.mp�Nmp��}µ´µ�¤mPjlt4��}(�
t4��acbRmp}`�s¯�mp}`�r� ���rt4]µ�X«Hjlj4o(a>��}(��t4]`b�}No(a	¯Sb[w�x · �kxP}Ntlb[}`�r��}(�ctlb[w4a>��}�mp{�j���]�mp}(��bkj�j4{�xZ� {�u�´
t4](��jew4��j4£À��j>{���£�b[{�uÅtlx ¯BbÐ](����]µ�Á°�b¹~(wlxP~Bx�jlb�jl{�xn� §¢° �(bk�[wlbnmPjlbÀ¦¨© �R® · o(}`�[t4��xP}`jsmp}`�
b[¥�mp{�o�mptlb�t4]`b[��w^~Sb[w · xPw4aemp}`�kb�¯NuÐ�kxPa>~�mpw4��}(�ct4]`b[a tlx9t4]`b �D�X�,� �����r��d�dRj4t�mp}`�`mpwl�<´r��}��r� · Ï
· b[wlb[}NtRj4��a	o({|mpt4��xP}�jl�kb[}�mpw4��x�jn��©I��a	o({|mpt4��xP}`j	mp}`�¬aempt4]`b[aempt4���nmp{,acxI�(b[{�j�j4]`xZ� t4]�mptHt4]`bkj�b
· o(}`�[t4��xP}`j�xPo(t4~Bb[w · xPw4a t4]`bR{�b[�NmP�[u¹j4t�mp}`�`mpwl�6��}¹tlb[w4acj�x · t4](wlxPo(��](~(o(tn´)�(b[{|mnu�jZ´PyÎ��t4tlb[wHmp}`�
~Bxn�¤b[w��kxP}`j4o(a>~(t4��xP}µ�
\^]`b¹}`bLq�t�jlbk�[t4��xP} ~(wlbkjlb[}Itljet4]`b¹acxPt4��¥�mpt4��xP}`j�mp}`�Áwlb[{|mptlbk�Å�¢xPw4£B�Æ©�bk�[t4��xP}Ä�¿��}Nt4wlxpÏ

�ro`�kbkj�t4]`b9mp~(~(wlx�mP�l]¾x · j4{�xn� §¢° �(bk�[wlbnmPjlbÐ¦¨© �R®�mp}`�¬b[¥�mp{�o�mptlbkj���tlj�~Bb[w · xPw4aemp}`�kbkj · wlxPa
t4]`b.t4](wlxPo(��](~(o(tn´S�(b[{|mnu6mp}`�>yz��t4tlb[w�~BxP��}Nt�x · ¥���b[�.´`o`j4��}(��j4��a�o({|mpt4��xP}`jRmp}`��aempt4]`b[aempt4���nmp{
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¹bLqr~({�xPwlbkj.t4]`b · mp��w4}`bkjlj�~(wlxP~Sb[w4t4��bkj	x · t4]`be~(wlxP~Sx�j�bk�¸© � jl��]`b[acb�´
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\^](��j��nmp}¿¯Sb9mk¥�xP���(bk�¿¯Iu6£�bkb[~(��}(�¹jlxPacb	](��j4tlxPw4u6xP}¿t4]`b	xP¯`jlb[w4¥�bk�¾�kxP{�{���j4��xP}`jZ² � }`jltlbnmP�¬x ·
wlbkj�b[t4t4��}(�¹t4]`b>§¢° tlxHL N P Q>S ´B�¢b>jlb[t�t4]`be§¢° tlxÐ�r� �st4��acbkj���tlj�~(wlb[¥���xPo`j�¥�mp{�o`b�¦ {�xn�¢b[w
¯BxPo(}`�(bk�¬¯Nu)L NMPRQ>S)´)�¨� b�� L NMS ��� �����
	��:LONKPRQ>S�
 �������ML N���� ����� ®L��\^]`b�jlxP{����¬�[o(w4¥�b��} ;#���`� d¿jl]`xn��j¹t4]`b¾�kxP}`j4���(b[w�mp¯({�b t4](wlxPo(��](~(o(t¬b[}(]�mp}`�kb[acb[}Nt6�¤b¾��b[t�¦ o(~ tlx �����>®L´
bkjl~Sbk�[�|mp{�{�u � ��t4]À](����]�}Io(a�¯Bb[w9x · mP�[t4��¥�b
��xn��jÐ¦ mpt�� � �������p®L�¹° ]`b[}À�¢b��(bk�[wlbnmPjlb�t4]`b
§¢° j4{�xZ� {�u�´��¢b��^mPj4tlb�acxPwlb�¯�mP�l£�x =¬t4��acb���} · mk¥�xPw¤x · �kxP{�{���j4��xP}smn¥�xP���`mp}`�kb���;(o(w4t4]`b[w4acxPwlb�´
t4](wlxPo(��](~(o(t���j acxPwlb.j4t�mp¯({�b�´��ro`b�tlx>{�xn�¤b[w�­pj4acxIxPt4]`b[wH¥�mpw4�|mpt4��xP}`j�x · §¢° ¥�mp{�o`bkjn�
© �Å��j¡m�t4w�mP�(bkx =c¯Sb[tD�¢bkb[}��¤mPj4t4��}(��jlxPacb,¯�mP��£�x =et4��acb¢mp}`��w4��j4£���}(�Hm��kxP{�{���jl��xP} · xP{�{�xn�¢bk�

¯Iu�t4]`bs� ]`xP{�b · w�mpacb�wlb[t4w�mp}`j4a>��jlj4��xP}µ��©I��}`�kbst4]`bst4��acbs��}`�ro`�kbk�À¯Nu�t4]`b�{|mpt4tlb[w9��j�a�o`�l]
{|mpw4��b[w�t4]�mp} t4]`b�¯�mP�l£�x =ºt4��acb�´F© ����j�a�o`�l] ¯Bb[t4tlb[wRxP}�mk¥�b[w�mp��b���\^]`b9mn¥�b[w�mp��bcxn¥�b[w4]`bnmP�
�ro`b.tlx9¯�mP�l£�x =�mp}`�¹wlb[t4w�mp}`j4a>��jljl��xP}`j��nmp}�¯Bb�� w4��t4tlb[}¬mPjn²
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� ]`b[wlb4 #"��%$(��j�t4]`b^~(wlxP¯�mp¯(��{���tDucx · m��kxP{�{���j4��xP}µ´������0����� ���F��j�t4]`b xn¥�b[w4]`bnmP���ro`b^tlx�¯�mP�l£�x =

t4��acb	mpt�j4t�mp��b �ex · t4]`b.j4o`�k�kbkj�j · o({<t4w�mp}`jla>��jlj4��xP}µ´�mp}`�

� � �+*-,/. ���0���(�
�
5
Q-6#7

�2�����0����� � �8':9(;=< * <>�

��j¤t4]`bRxZ¥�b[w4]`bnmP�¹�ro`b�tlx	wlb[t4w�mp}`jla>��jlj4��xP}`j�mp}`�st4]`b[��w��kxPw4wlbkj4~BxP}`�r��}(�>¯�mP�l£�x =<jn´��.¯Bb[��}(�9t4]`b
}Io(a�¯Bb[w�x · wlb[t4w�mp}`j4a>��j�j4��xP}`jRo(}Nt4��{¤m�jlo`�k�kbkjlj · o({ · w�mpacb�wlbk�kb[~(t4��xP}µ´¡mp}`�?9(;=< * <e��jHt4]`b>�`mpt�mt4w�mp}`jla>��jlj4��xP}�t4��acbR��}¹t4]`b.¯�mPj4����acxI�(b��
\^]`b¾�¢xPwlj4t6�nmPj�b · xPw¬© � �¢xPo({��±¯Bb¿� ]`b[}Æ�¢b��kxP}`jl���(b[w¹](����]»§¢° ¥�mp{�o`bkjn´�¯(o(t¹}`x

�kxP}(��bkjlt4��xP}���j�t�mp£I��}(�¹~({|mP�kb��>\^](��j.��jRt4]`b>�nmPjlbcmpt � � ��������´F� ]`b[} �¢bcjltlxP~�mp{�{&¯(o(t.xP}`b
t4w�mp}`jla>��jlj4��xP} ��}�xPwl�(b[w.tlx¹xP¯`jlb[w4¥�bct4]`b9wlb[aemp��}(��}(�6t4](wlxPo(��](~(o(tn�D;#���`�¹d>j4]`xZ��jRt4]�mpt�© �
jlt4��{�{&¯Sb[]�mn¥�bkj�¯Bb[t4tlb[w.t4]�mp}�wlbkjlb[t4t4��}(�6t4]`b�§¢° �F« · tlb[w · b[� jlo`�k�kbkjlj · o({&t4w�mp}`j4a>��jlj4��xP}`jn´&© �
�¤xPo({��swlbnmP�l]Ðt4]`b L NKP Q S9¥�mp{�o`b�´�� ](���l]6§¢° wlbkjlb[t^jl�l]`b[acbH�¤xPo({���]�mn¥�b��r��wlbk�[t4{�uewlbnmP�l]`bk�<�
�¤o(t^�¢bH}`xPt4���kb�t4]�mpt^t4]`b�§¢° wlbkjlb[t jl��]`b[acb�t�mp£�bkj^{�xP}(�9t4��acb�tlx	��}`�[wlbnmPj�b���tlj^t4](wlxPo(��](~(o(tn�
� } · mP�[tn´¡mp{�{,t4w�m:6e��jlxPo(wl�kbkj�¦ ¯(o(t�xP}`bZ®Rj4tlxP~¸mpt � � ��������´¡¯(o(t.t4]`bcb&=<bk�[t.��j� Dj4](� · tlbk� ">tlx
mpwlxPo(}`� � � � $�@����	\^](��jR��j��ro`b9tlx�t4]`b�wlbkj4���ro�mp{ · w�mpacbkj �Io`b[o`bk�¬��}¾t4]`b9��}Itlb[w · mP�kbkj.x · mp{�{
�N�et4w�mp}`j4a>��t4tlb[wljc¦ t4]`b���}Ntlb[w · mP�kb �No`b[o`b	{�b[}(��t4]¾��j	
�� · w�mpacbkj�®L��« · tlb[w�j�xPo(wl�kbkjRj4tlxP~µ´�t4]`bkj�b
wlb[aemp��}(��}(� · w�mpacbkj&� ��{�{)�kxP}Nt4��}No`b��kxP}Ntlb[}`�r��}(�	tlx.mP�k�kbkjlj&t4]`b �l]�mp}(}`b[{¨´I~Bx�jlj4��¯({�u	�kxP{�{����(b�mp}`�
��b[t wlb[t4w�mp}`jla>��t4tlbk��wlbkj4o({�t4��}(����}¹t4]`b · xP{�{�xZ� ��}(�`²

A ©I~(wlbnmP�¾t4]`b	jlo`�(�(b[}¾j�xPo(wl�kbkjRj4tlxP~¾��}¬t4��acb�´Bt4]`b[wlb · xPwlb9�¢b9�nmp}(}`xPtRxP¯`jlb[w4¥�b�t4]`b�wlbnmp{
xn¥�b[w4]`bnmP�¬x · © � � ]`b[}�t4w�m:6e��jlxPo(wl�kbkj�j4tlxP~¬mp¯(w4o(~(t4{�u��

A «�j��kxP}(��bkj4t4��xP}6j4t4��{�{µbLqr��j4tljn´�© � j4t4��{�{µjl]`xn��j�¯Bb[t4tlb[w ~Bb[w · xPw4aemp}`�kb��
§¤xP}`j4���(b[w¬}`xZ� t4]`bÀj�mpacb¸jl�kb[}�mpw4��xÄmPj¬¯Bb · xPwlb�´�¯(o(t6� ��t4] j4]`xPw4tlb[w¬��}Itlb[w · mP�kb �Io`b[o`b

{�b[}(��t4]`jÐ¦�B ��®L´#��}ÀxPwl�(b[w	tlx6wlb[acxn¥�b�t4]`beb&=<bk�[t	x · j4acx�xPt4]({�u j4tlxP~(~(��}(�¿j�xPo(wl�kbkj�mp}`�¸xP¯rÏ
j�b[w4¥�b�t4]`bRwlbnmp{Fxn¥�b[w4]`bnmP�¿�ro`bRtlxe© �9�+;#���`�X�>jl]`xn��j t4]�mpt�t4]`b	mp¯SxZ¥�b �Io`b[o`b[��}(�eb&=Bbk�[tlj�mpwlb
b[{���a>��}�mptlbk�<´(mp}`��t4]`b�xZ¥�b[w4]`bnmP�Ð�ro`b�tlx>© �±�nmp}s¯Sb�xP¯`jlb[w4¥�bk�smpt¢��tlj¤�¢xPwlj4tR¦ }`x��kxP}(��bkj4t4��xP}µ´
](����]¾§¢°�¥�mp{�o`bkjn´r�¨� b��Xmpt���� �������p®L�
\^](��j�j4]`xZ��jet4]�mpt¹© ��~Sb[w · xPw4acjÐmPjc�¢b[{�{RmPjs§¢° wlbkj�b[tejl�l]`b[acb¾mpte{�xZ� �kxP}(��bkj4t4��xP}µ´

b[¥�b[} w4����]It¹m · tlb[ws](����] �kxP}(��bkjlt4��xP}µ� \^](��js�nmp} ¯Bb¬�kxP}`jl���(b[wlbk� mPjst4]`b¿wlbkj4~BxP}`jlb6x · t4]`b
· o(}`�[t4��xP}9tlxHt4]`b¤�kxP}(��bkjlt4��xP}c�l]�mp}(����}(� · wlb �No`b[}`�[u�mpt#��tlj�aemUqr��a�o(a�´��¨� b��¡� ]`b[}9t4]`b¤}No(a	¯Sb[w
x · �kxP}Itlb[}`�r��}(�Å}`xI�(bkjs¥�mpw4uÅo(~ mp}`� �(xZ� }Ä¥�b[w4u · mPj4tn� © �Ã~Bb[w · xPw4acj¹mPj��¢b[{�{.mpts{�xn�¢b[w
�kxP}(��bkjlt4��xP}�¥�mpw4�|mpt4��xP}`jn´p� ]`b[}9t4]`bX}Io(a�¯Bb[w&x · t4w�mp}`j4a>��t4t4��}(�RjlxPo(wl�kbkj��l]�mp}(��bkj�o(~�mp}`���(xn� }
acxPwlb�j4{�xn� {�u��
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;#����o(wlb��r²,\¡xPt�mp{µt4](wlxPo(��](~(o(tH�kxPa>~�mpw4��j�xP}µ´(� ��t4]`xPo(t�g�\�©(­�§¤\�©S´��I{�b[}�B��r�

;`xPw��kxPa>~�mpw4��jlxP}6�kxP}I¥�b[}(��b[}`�kb�´`�¢b.mP�(��m�t4](��wl�¹�[o(w4¥�b.tlx ;#���`�X�r´(jl]`xn� ��}(�>t4]`bRxn¥�b[w�mp{�{
t4](wlxPo(��](~(o(tH� ]`b[}��¤b��(x>}`xPtH�(bk�[wlbnmPjlbRt4]`b�§¢° mpt�mp{�{¨´`�¨� b��X£�bkb[~(��}(����t�mpt���tlj�aemUqr��a�o(a
wlbnmP��]`bk��¥�mp{�o`bkjn�Ð\^](��j�j4]`xn��j	t4]�mpt�t4]`be¯�mP�l£�x =Át4��acb��nmp}(}`xPt	¯Bbemp¯`jlxP{�o(tlb[{�u��kxP}`jl���(b[wlbk�
mPj�}`b[��{�������¯({�b>mp}`�6a	o`j4t�¯Sb�wlbk�ro`�kbk�¿o(~SxP}¾j4o`�k�kbkjlj · o({Ft4w�mp}`jla>��jlj4��xP}`jn�H\^]`b�~Bb[w · xPw4aemp}`�kb
�(bk�[wlbnmPj�bkj��kxP}`j4���(b[w�mp¯({�u6mpt {�xn�»�kxP}(��bkj4t4��xP}¿mp}`�Ð](����]¿§¢°h¥�mp{�o`bkjn´�mPj �¤b.�nmp}�jlbkb · xPw t4]`b
wlb[aemp��}(��}(�ÐmP�[t4��¥�b ��xn� m · tlb[w �!� �������N�

;¡���`�	�ej4]`xZ��j�t4]`b9�(b[{|mku¾xP¯`jlb[w4¥�bk� · xPw�t4]`b9j�mpacb9j4��a�o({|mpt4��xP}�j��kb[}�mpw4��x�jn�R°�b9�nmp} jlbkb
]`xZ� t4]`b¹�(b[{|mkuº��}`�[wlbnmPjlbkjc� ��t4]Åt4]`b¹}No(a	¯Sb[wex · �kxP}Ntlb[}`�r��}(�¸}`xI�(bkj · xPw9¯BxPt4] © �¶¦ j�xP{����
�[o(w4¥�bZ®cmp}`� §¢° wlbkj�b[tejl�l]`b[acb¸¦ �`mPj4]`bk� �[o(w4¥�bZ®L�Ä© ��j4]`xZ��jc{�xZ�¢b[w��(b[{|mnu�jsmp}`�¾yz��t4tlb[wljn�
©I��}`�kb�t4]`b�§¢° �(bk�[wlbnmPjlbkj6j4{�xn� {�u�´�acxPwlb��kxP{�{���jl��xP}`j6mp}`�Æwlb[t4w�mp}`j4a>��jljl��xP}`j¬mpwlb�mk¥�xP���(bk�<´
� ](����]�t4w�mp}`j4{|mptlbkj�tlxÐ{�xn�¢b[w9mk¥�b[w�mp��b��(b[{|mkurjn�c«�}`� j4��}`�kb9t4]`b�§¢° ¥Pmpw4��bkj.jl{�xn� {�u�´Fjlt�mku���}(�
acxPwlb�mP�`mp~(tlbk�ctlx�t4]`b�mP�[t4o�mp{`�kxP}(��bkj4t4��xP}c{�b[¥�b[{¨´�t4]`b#yz��t4tlb[w&��j�{�xn�¤b[w,t4]�mp}>t4]`b xP}`b � ��t4]�§¢°
wlbkj�b[tHjl��]`b[acb�¯Nu6tlb[}`j�x · a>��{�{���j�bk�kxP}`�(jn��\^]`b	~(wlxP¯�mp¯(��{���t4��bkj�x · m�jlo`�k�kbkjlj · o({Ft4w�mp}`j4a>��jljl��xP}
��]�mp}(��b � ��t4]9t4]`b�§¢° ¥�mpw4�|mpt4��xP}µ´�t4]`b[wlb · xPwlb^o`j4��}(�.j4o`�(�(b[}�§¢°+wlbkjlb[t,m · tlb[w,bnmP��]cj4o`�k�kbkjlj · o({
t4w�mp}`jla>��jlj4��xP}c{�bnmP�(jXtlx�¥�b[w4u�](����].yÎ��t4tlb[wljn�,© �Ä]�mPj,{�xZ�¢b[wFyÎ��t4tlb[wljn´Ij4]`xn� ��}(��t4]`b��kxP}N¥�b[}(��b[}`�kb
x · t4](��j�mp~(~(wlx�mP��]6t u�~(���nmp{�{�u�mpt�](����]6�kxP}(��bkj4t4��xP}6{�b[¥�b[{�jn�

;`xPw��kxPa>~({�b[tlb[}`bkjljn´)�¢b�j4]`xn�»��}H;#���`�,�ct4]`b�~�mP�l£�b[t��(b[{|mnu�j�� ]`b[}6�¤b.�(xc}`xPt��(bk�[wlbnmPj�b
t4]`b�§¢°�mpt�mp{�{X¦ jlxP{����¹�[o(w4¥�bZ®L� � t ]�mPj�j4��a>��{|mpw ¯Bb[]�mk¥���xPw�tlxe© � mpt ](����]��kxP}(��bkj4t4��xP}�{�b[¥�b[{�jZ�
¼Hxn�¤b[¥�b[wn´(m · tlb[w¢t4]`b�j4o`�(�(b[}s�kxP}(��bkj4t4��xP}�{�b[¥�b[{S�rwlxP~¿¦ mpt � � �������p®L´�t4](��j,acbk��]�mp}(��j4a�£�bkb[~`j
](����]º§¢° ¥�mp{�o`bkjR{�bnmP�r��}(�¬tlx¹](����]��(b[{|mkurj�¦ mp}`��{�xn� t4](wlxPo(��](~(o(tn´&mPj.jl]`xn� }���}@;¡���`�c�I®L�
\^]`bkj�b¤�(b[{|mnu�j&bLqr��j4t�¯Bb · xPwlb¤t4]`b^�kxP}(��bkj4t4��xP}>{�b[¥�b[{`�rwlxP~µ´�¯(o(t,mpwlb¤��} · mn¥�xPw,x · �kxP{�{���j4��xP}cmk¥�xP����Ï

��� T����



���������	��
���
���������������������������
����! ���
�"$#&%'"�()"&�+*,
.-/ 0�+12"&�3%.# �

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 50 100 150 200 250 300

P
ac

ke
t d

el
ay

 (
s)

  

Time (s)  
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"delays_noenh_comm_noRTS_qlen2.dat"

;#����o(wlb��r²&v�mP�l£�b[t��(b[{|mkurj��kxPa>~�mpw4��jlxP}µ´`� ��t4]`xPo(t�g�\�©(­�§¤\�©S´ �I{�b[} B �r�

mp}`�kb�´`��}`�[wlbnmPj4��}(�ct4]`b�t4](wlxPo(��](~(o(tHmp}`�Ð{�xZ�¢b[w4��}(��t4]`b.xn¥�b[w�mp{�{µ~�mP��£�b[t��(b[{|mnu�j��kxPa>~�mpwlbk�6tlx
§¢° wlbkj�b[t	jl��]`b[acb���°�bsj4]`xPo({���}`xPtlb�t4]�mpt	� ]`b[}¸�¢bs�kxP}`j4���(b[w�{�xP}(��b[w	��}Itlb[w · mP�kb �Io`b[o`bkj
¦ b�� �`� 
���®L´��(b[{|mkurj¤¯Sbk�kxPacbHxPwl�(b[wlj^x · aemp��}(��t4o`�(bH](����]`b[w¤t4]�mp}st4]`bH�(b[{|mkurj¢��} ;#���`�,�	mp}`���`�
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;#����o(wlb9�`²Hv#mP��£�b[t	�(b[{|mnu�j.�kxPa>~�mpw4��j�xP}µ´<� ��t4]`xPo(t�g�\�©(­�§¤\�©S´��N{�b[}:B �r´<t4]`b�}`xpÏ �(bk�[wlbnmPjlb
j��l]`b[acb��
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° ]`b[} �¢b¬o`jlb�j4]`xPw4ts�`mpt�m · w�mpacbkjn´^t4]`b�wlb[{|mpt4��¥�b¬�Nmp��} �(bk�[wlbnmPj�bkjsmp}`�Æ© ��¯Sbk�kxPacbkj
{�bkj�j	b&6e�[��b[}Itn²s\^]`b�¯�mP�l£�x =Æxn¥�b[w4]`bnmP�º��}It4wlxI�ro`�kbk�º¯IuÀ© � ¯Bbk�kxPacbkj>�kxPa>~�mpw�mp¯({�bÐtlx¬t4]`b
· w�mpacb�~�mku�{�x�mP�<�9\FxÐt4]�mpt.b[}`�<´<�kxP}`j4���(b[wRt4]`b>g�\�©(­�§¤\�©¿bLq(�l]�mp}(��b>¯Bb · xPwlb>mÐ�`mpt�m · w�mpacb
t4w�mp}`jla>��jlj4��xP}µ��© � mn¥�xP���(j9¦ jl]`xPw4t�®�g�\�©¹�kxP{�{���jl��xP}`j�� ](����]¾mpwlb	{�bkjlj�j�b[¥�b[wlb�´ · wlxPa t4]`b	�`mpt�m
w�mptlb.~SxP��}It�x · ¥���b[�.�&\^]`b[wlb · xPwlb.�¢b�xP¯`jlb[w4¥�bR{�xn� �Nmp��}6x · © � xZ¥�b[wH§¢° wlbkjlb[t�jl�l]`b[acb��
\^](��j��nmp}º¯Bb�j�bkb[}À��} ;#���`� 
r�¾° ]`b[}Å�kxP}(��bkj4t4��xP}º��j�{�xn�.´X�¢bÐxP¯`jlb[w4¥�bs}`x¿�Nmp��}µ´¢© �

~Bb[w · xPw4acj�mPj��¢b[{�{ mPj9§¢° wlbkjlb[t�jl�l]`b[acb��6«^t�](����]º�kxP}(��bkj4t4��xP}¸{�b[¥�b[{R¦ mpt(�(���������U®L´��¤b
xP¯`j�b[w4¥�bHm.¯Sb[t4tlb[w¢t4](wlxPo(��](~(o(t^b[}(]�mp}`�kb[acb[}Itn�<5�¯I¥I��xPo`j4{�u�´rg�\�©(­�§¤\�©smP�(�(j¢xZ¥�b[w4]`bnmP�¹mp}`�
~Bb[w · xPw4acj {�bkjlj t4]�mp}�t4]`b�¯�mPjl���.jl�l]`b[acb�´`� ]`b[t4]`b[w�o`j4��}(��© � xPw�§¢° wlbkjlb[t�jl��]`b[acb��
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SD, RTS/CTS, qlen = 2
802.11, RTS/CTS, qlen = 2

;#����o(wlb 
r²,\¡xPt�mp{µt4](wlxPo(��](~(o(t��kxPa>~�mpw4��jlxP}¬� ��t4]6g�\�©(­�§¤\�©S�

� }±xPwl�(b[w�tlxÅb[¥�mp{�o�mptlb t4]`b¾~Bb[w · xPw4aemp}`�kb�x · t4]`b¸© �!mp~(~(wlx�mP��]µ´R�¢b ��}It4wlxI�ro`�kb�t �¢x
acb[t4w4���kj�o`jlbk�Ð��} · bkbk�r¯�mP�l£¹�kxP}Nt4wlxP{¡t4]`bkxPw4uK7�dn��9 ²

A � ��-� �B�
�� � BZ% 
���
��������N²#\^](��j&��j&t4]`b w�mpt4��x.x · t4]`b^t4](wlxPo(��](~(o(t^xP¯(t�mp��}`bk�>¯Nucmp~(~({�u���}(�© � xn¥�b[w�t4]`b�t4](wlxPo(��](~(o(t�xP¯(t�mp��}`bk�¹¯Iu¹mp~(~({�u���}(�s§¢°hwlbkjlb[t�jl��]`b[acb��
A�� "C% % I 
���
2% 
.12"	�-9($
�N²&« · tlb[w�m9j4o`�(�(b[}��(bk�[wlbnmPj�bRx · mP�[t4��¥�b�° \Fj }Io(a�¯Bb[w	¦ b�� �`�,mpt��!�
�������U®L´ 9($S��jXt4]`b�t4��acb���t¢t�mp£�bkj m�j4��}(��{�b ��xn� tlx	wlbnmP�l]s��tlj¤jltlbnmP�rucj4t�mptlb�t4](wlxPo(��](~(o(tn´
� ��t4]¸j4aemp{�{ §¢° ¥Pmp{�o`bkjn� 9($X��]�mpw�mP�[tlb[w4��Ânbkj9t4]`bej4urj4tlb[a -!"$# �  ���#�" % 
.12"eo`j4��}(�¾§¢°
�(bk�[wlbnmPjlb��
� }�t4]`b · xP{�{�xZ� ��}(�¬�¤bc� ��{�{Xo`j�bc�r�>=Bb[wlb[}It9§¢° �(bk�[wlbnmPjlb · mP�[tlxPwlj��¹mp}`���r�>=<b[wlb[}Nt��`mpt�m

w�mptlbkj�
Ä¦�
 BÃ¦ jlxPo(wl�kbe�`mpt�m�w�mptlbZ®4­r¦ aemUq���a	o(a ��]�mp}(}`b[{¤�nmp~�mP�[��tDu(®�®Htlx�b[¥�mp{�o�mptlb�� mp}`�
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9($¨� ;#���`� ��j4]`xn��j^t4]`bHt4](wlxPo(��](~(o(t��Nmp��} � · o(}`�[t4��xP}�x · t4]`b�§¢°h�(bk�[wlbnmPjlb · mP�[tlxPw �I� � mP�l]
~BxP��}Nt¤��j^mk¥�b[w�mp��bk�Ðxn¥�b[w��.jl��a�o({|mpt4��xP}¹w4o(}`jn´rmp}`�et4]`bH�kxP} ���(b[}`�kbH��}Ntlb[w4¥�mp{)��j^� 
 �s��°�bH�nmp}
j�bkb�t4]�mptn²
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Multiplicative factor, δ

Basic, λ = 1, pkt-size = 1050
RTS/CTS, λ = 1, pkt-size = 1050

Basic, λ = 0.1, pkt-size = 105

;#����o(wlb �r²,\^](wlxPo(��](~(o(t��Nmp��}µ´ �>´r¥rjn�,§¢° �(bk�[wlbnmPj�b · mP�[tlxPw �I�

A ° ]`b[}��c�(bk�[wlbnmPj�bkjn´Bt4]`b	jl{�xn� §¢° �(bk�[wlbnmPjlb�¯Bbk�kxPacbkjH�[{�x�j�b[w9¦ wlbkjlb[a	¯({�bkjRacxPwlbZ®�tlx
§¢°�wlbkj�b[t�jl�l]`b[acb	mp}`��j4]`xn��j�}`x>b[}(]�mp}`�kb[acb[}Nt�xn¥�b[w�t4](��j�{|mPj4tn´µ¦���� �U®L�

A ¼�xZ�¢b[¥�b[wn´B� ]`b[}¾t4]`b	a�o({�t4��~({����nmpt4��¥�b · mP�[tlxPw �>��j�](����]µ´µ§¢° �(bk�[wlbnmPjlbkj�j4{�xZ� {�u6o(~BxP}
bnmP�l]6jlo`�k�kbkjlj · o({ · w�mpacb�t4w�mp}`j4a>��jljl��xP}µ´(j4t4��{�{Fmk¥�xP���r��}(� · o(t4o(wlbR�kxP{�{���j4��xP}`j�mp}`�Ðwlb[t4w�mp}`j4Ï
a>��jlj4��xP}`jn´�t4]`b[wlb · xPwlb�t4]`bHt4](wlxPo(��](~(o(t���j¤](����]`b[w t4]�mp}s� ��t4]¬§¢° wlbkjlb[t jl�l]`b[acbc¦�� �

�U®L�
A ° ]`b[}�o`j4��}(��j4aemp{�{ · w�mpacb¤j4��Ânbkjn´p�Nmp��}��(bk�[wlbnmPj�bkj#jl��}`�kb¢�kxP{�{���j4��xP}`j&mpwlb¢{�bkjlj#jlb[¥�b[wlb�´�mp}`�
t4]`bRaemUqr��a�o(a �Nmp��} � P < , ��j�mpwlxPo(}`� �&P < , �#�����r� �^b[u�xP}`��t4](��j�¥�mp{�o`bRt4]`b�¯�mP�l£�x =~�mku�{�x�mP��¯Bbk�kxPacbkj��kxP}`j4���(b[w�mp¯({�b�wlb[{|mpt4��¥�bRtlx>t4]`b · w�mpacbRj4��Ânb.mp}`� � �(bk�[wlbnmPjlbkjn�

A «�j�
��(bk�[wlbnmPj�bkjn´Ft4]`bct4](wlxPo(��](~(o(t	�Nmp��} � �(bk�[wlbnmPjlbkj · xPw	mp{�{X¥Pmp{�o`bkj	x · �I� � } · mP�[tn´
� ]`b[}Æ�`mpt�m�w�mptlbkjÐ�(bk�[wlbnmPjlb�´��¢b¾xP¯`jlb[w4¥�b · b[�¢b[w¹�kxP{�{���j4��xP}`js{�bnmP�r��}(�Åtlx · b[�¢b[w6§¢°
��}`�[wlbnmPjlbÐmp}`�À§¢° �(bk�[wlbnmPjlb��¹\^]`b[wlb · xPwlbet4]`be�Nmp��}Àx · © � xZ¥�b[w>§¢° wlbkj�b[t	jl��]`b[acb
��b[tlj {�xn�¤b[wHmp}`���kxP}I¥�b[w4��bkj�tlx9o(}(��tDu��

A ° ]`b[} � � ��´^�¢b¬xP¯`jlb[w4¥�b¬m }`xP}rÏ¨}`b[��{�������¯({�b¬�Nmp��} � � �6� ]`b[} t4]`b¬�l]�mp}(}`b[{H��j
](����]({�us�kxP}(��bkjltlbk��¦ mPj jlbkb[}¹��} ;#���`�,��®L�,¼Hxn�¢b[¥�b[wn´`� ]`b[}�t4]`bR�l]�mp}(}`b[{Fjlo`�(�(b[}({�u�¯BbLÏ
�kxPacbkj#{�bkjlj��kxP}(��bkj4tlbk�<´Pt4]`b�§¢° ¥Pmp{�o`b¢£�bkb[~`j��kxP}`j4t�mp}Nt4{�u	](����]µ´���}`�[wlbnmPj4��}(�Rxn¥�b[w4]`bnmP�<´
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mp}`���(bk�[wlbnmPj4��}(�ct4](wlxPo(��](~(o(tHb&6e�[��b[}`�[u��R;`xPw {�xZ� �`mpt�m9w�mptlbkjn´`t4](��j�xn¥�b[w4]`bnmP�À¦ � ]`b[}
� � �U®���j�}`b[��{�������¯({�bÐwlb[{|mpt4��¥�bÐtlx¿t4]`bs���r{�bs��]�mp}(}`b[{ ~Sb[w4��x��(j�¯Sb[tD�¢bkb[} �kxP}`jlbk�[o(t4��¥�b
~�mP�l£�b[tljn��\^]`b[wlb · xPwlb9t4]`b9�Nmp��} � � ���	¼Hxn�¤b[¥�b[wn´µ� ]`b[} 
 � ��´µt4](��jRxn¥�b[w4]`bnmP� ¯BbLÏ
�kxPacbkjX�kxP}`j4���(b[w�mp¯({�b�{�bnmk¥���}(��{|mpw4��b ���r{�b��Nmp~`j,¯Bb[t �¢bkb[}�~�mP�l£�b[tljn´Iwlbk�ro`�[��}(�	b&6e�[��b[}`�[u�´
t4]`b[wlb · xPwlb.t4]`bR�Nmp��}6�rwlxP~`j tlx � � �����>@r�

A ° ]`b[}	o`j4��}(� ���#��´Ut4]`b^§¢° j4��Ânb�¦ mp}`��xn¥�b[w4]`bnmP��®F� ��{�{�~(wlxP��wlbkjlj4��¥�b[{�u��(bk�[wlbnmPj�bXo(~BxP}
bnmP�l]6jlo`�k�kbkjlj · o({<t4w�mp}`j4a>��jlj4��xP}µ�,\^]`b[wlb · xPwlbRt4]`b.xZ¥�b[w4]`bnmP�6�[��tlbk��mp¯Bxn¥�be¦ � ��t4] � � �U®
j4t4��{�{µbLqr��j4tlj^¯(o(t · xPw�m�t4w�mp}`j4��b[}Nt�~Bb[w4��x��¹xP}({�u�´(t4]`bR�ro(w�mpt4��xP}¬x · � ](���l]6��j · o(}`�[t4��xP}6x ·
�N´`t4]`b · w�mpacb��`mpt�m9w�mptlb 
¿mp}`�¹t4]`b.�kxPw4wlbkj4~BxP}`�r��}(�ej4o`�k�kbkj�j · o({<t4w�mp}`jla>��jlj4��xP}`jn�¢\^](��j
t4w�mp}`j4��b[}Nt^~Bb[w4��xI�e��jX��]�mpw�mP�[tlb[w4��Ânbk�Ð¯Nu 9($¨´�t4]`bHjlb[t4t4{���}(��t4��acb��¤b��(b �`}`bk�¹mp¯Bxn¥�b�´rmp}`�
� ��{�{µ¯Bb.mp}�mp{�uIÂnbk�¹��}¬jlbk�[t4��xP}¹�`�
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5�o(w¤mp}�mp{�u�j4��j,��j,�r��¥I���(bk�e��}NtlxRtD�¢x�~�mpw4tljn� ;¡��wljlt,�¢b�jlt4o`�ru�t4]`b�¯Sb[]�mn¥I��xPwXx · mRj4��}(��{�b�acxP¯(��{�b
jlt�mpt4��xP}s� ��t4]6m>© � ª¿mpw4£�xZ¥eacx��(b[{¨´`mp}`�Ð�¢b��kxPa>~(o(tlbRt4]`b�j4t�mpt4��xP}�mpw4us~(wlxP¯�mp¯(��{���t u��st4]�mpt
t4]`b¬j4t�mpt4��xP}Ät4w�mp}`j4a>��tljsm�~�mP�l£�b[ts��}Äm�w�mp}`�(xPa>{�uÁ�l]`x�jlb[}Ät4��acb¿j4{�xPtn�Æ\^](��je~(wlxP¯�mp¯(��{���tDu
�(x�bkjc}`xPt��(b[~Sb[}`� xP}Át4]`b¬mP�k�kbkj�jcacbk�l]�mp}(��jlacj¾¦ � ��t4]ÄxPwc� ��t4]`xPo(tÐg#\�©(­�§¤\�© jl�l]`b[acbZ®L�
©�bk�kxP}`�<´`¯Nu�jlt4o`�ruI��}(�>t4]`bRb[¥�b[}Itlj�xI�k�[o(w4w4��}(�e� ��t4](��}6m�t4��acbRj4{�xPtn´r�¢bRbLqr~(wlbkjlj^t4]`bR�l]�mp}(}`b[{
t4](wlxPo(��](~(o(tRmPj�m · o(}`�[t4��xP}¿x · �¹� ��t4]¿mp}`�6� ��t4]`xPo(tHg�\�©(­�§¤\�©6jl�l]`b[acbkjZ�^°�b.��b[t�t4]`b[} m
jlu�j4tlb[a x · t �¤xsb �Io�mpt4��xP}`j�t4]�mptH�¢b�jlxP{�¥�b · xPwHt4]`b	��]�mp}(}`b[{#t4](wlxPo(��](~(o(t�¯Iu���b[t4t4��}(�Ðw4���¬x ·
�<�

�! #"� #" �%$¡��) É �'& � Ì�(*) �(�,+ È �c�n�U�-$¡� 	.&?�Z�'& Ì $ ) � Ì �¡�(�/& )#&|� É
°�b�aemp£�b.t4]`bRj�mpacb�mPjlj4o(a>~(t4��xP}`j�mPj ��}87�d�dC9 �&« �(qrbk�Ð}Io(a�¯Bb[w &¾x · �kxP}Itlb[}`�r��}(��j4t�mpt4��xP}`j
��jH�kxP}`j4���(b[wlbk�¾mp}`�6t4]`b�t4w�mp}`j4a>��jlj4��xP} �Io`b[o`b	x · bnmP��]¿j4t�mpt4��xP}¿��j�mp{��¤mkurjH}`xP}`b[a>~(t u�� � mP�l]
~�mP��£�b[t^]�mPj¢tlx��^mp��t · xPw m.w�mp}`�(xPa ¯�mP�l£�x =¿t4��acb��(bk�[wlb[acb[}Nt tlx	Ânb[wlx	¯Bb · xPwlb�t4w�mp}`j4a>��t4t4��}(�`�
\^]`b	t4��acb�j4{�xPt��ro(w�mpt4��xP}¾��jH�(b �`}`bk�¿mPj10�´Bmp}`� �¾�(b[}`xPtlbkjHt4]`b�~(wlxP¯�mp¯(��{���tDu6t4]�mptRm>~�mP�l£�b[t
�kxP{�{����(bkjZ�,«±t4��acb.jl{�xPt¤��j�b �No�mp{<tlxc�����r��d�dRt4��acbRjl{�xPt*0-2H� · }`x9~�mP��£�b[tlj�mpwlb�t4w�mp}`j4a>��t4tlbk�<� � ·
m	~�mP��£�b[t���j^¯Bb[��}(�>t4w�mp}`j4a>��t4tlbk�<´�0¿��j b �Io�mp{<tlx9t4]`b�¯(o`j4ue~Bb[w4��xI�Ðo(}It4��{µt4]`bR�l]�mp}(}`b[{F��j^���r{�b
mp�Nmp��} · xPw�m�t4��acb�~Sb[w4��x��¹b �Io�mp{µtlx�� � ;,©S�(°�b��(b �`}`bRt �¤xej4tlx��l]�mPj4t4���.~(wlxI�kbkjlj�bkj tlx>acx��(b[{
t4]`bc~(wlxPtlxI�kxP{,¯Bb[]�mk¥���xPwn´#jlbkbD;#���`�����2;#��wlj4tn´/3 � � ��wlb[~(wlbkj�b[}Ntlj	t4]`b>¯�mP�l£�x =Á�kxPo(}Itlb[w	x · t4]`b
t4��acb>msj4t�mpt4��xP}¾]�mPjHtlxs�¤mp��tR¯Bb · xPwlb���t��nmp}¿t4w�mp}`jla>��tn��\^](��jH~(wlxI�kbkj�j�]�mPj�t4]`b�w�mp}(��b · wlxPa
�etlxst4]`b	�[o(w4wlb[}It	§¢° j4��Ânb���«�}`xPt4]`b[wRj4tlxI��]�mPj4t4����~(wlxI�kbkj�j � � ���¤��j��(b �`}`bk��mPjHt4]`b�¯�mP�l£�x =
jlt�mp��b�mpt	�r�>=<b[wlb[}Nt>§¢° {�b[¥�b[{¨� �>� ���Hj��nmp{�bkj · wlxPa �¹tlx � ´F� ��t4] �!¯Bb[��}(�6t4]`bcaemUqr��a�o(a
§¢° j4t�mp��b��
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;#����o(wlb	��²&ª¿mpw4£�xZ¥¹�l]�mp��}6acx��(b[{ · xPw�© � jl�l]`b[acb��

° ��t4]st4]`bkjlb�mPjlj4o(a>~(t4��xP}`jn´�t4]`b�¯(� Ï �r��acb[}`j4��xP}�mp{µj4tlx��l]�mPj4t4���H~(wlx��kbkjlj ��� � ��� 
 3/� ��� � · o({ �`{�{�jt4]`b	~(wlxP~Bb[w4t4��bkjRx · mp}¾]`xPacxP��b[}`bkxPo`j.�r��jl�[wlb[tlb9ª¿mpw4£�xZ¥¬��]�mp��}µ�.\^]`b	ª¾mpw4£�xn¥��|mp} ~(wlxP~Bb[w4t u
�(x�bkj�}`xPt>]`xP{�� · xPw9t4]`bs~(wlxI�kbkj�j 3/� ����mp{�xP}`b�´,� ](����] ��j9�(b[~Sb[}`�(b[}ItexP}ºt4]`b�¯�mP��£�x = jlt�mp��b
](��jltlxPw4u�� ;�xPwXj4��a>~({����[��t u�´I�¢b�� w4��tlb NKQS��}`j4tlbnmP�cx · LONKQ<mp}`� N 2¤��}`j4tlbnmP�cx · L NKP Q>S��,©I��}`�kb
t4]`b^�kxP}Itlb[}Nt4��xP}c� ��}`�(xZ� �(xPo(¯({�bkjXm · tlb[w&bnmP��]9�kxP{�{���jl��xP}µ´��¢b �nmp}9� w4��tlb NKQ �#" Q � N 2P´P� ]`b[wlb
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\^]`bHb[}`b[w4��u��[o(w4¥�bkj j4]`xn� }Ð]`b[wlbRmpwlbRmp}���aemp��bRx · t4]`b�}No(a	¯Sb[w�x · wlb[t4w�mp}`j4a>��jlj4��xP}`j · xPw
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;#����o(wlbcdn�r²,\^](wlxPo(��](~(o(tHx · �����r��d�dR��}6}`xP��j4us��]�mp}(}`b[{

;`xPw�mp{�{B¥Pmp{�o`bkj x · ~�mP��£�b[t�b[w4wlxPw w�mptlb>¦ v � g�®¢�¢b��nmp}�jlbkbHt4]�mpt^t4]`b�t4](wlxPo(��](~(o(t��rwlxP~¹��j
a	o`�l]�{|mpw4��b[w,t4]�mp}ct4]`b��kxPw4wlbkj4~BxP}`�r��}(��v � g�´�¯Bbk�nmpo`jlb x · t4]`b o`jlb[{�bkjlj¢§¢° ��}`�[wlbnmPjlb��nmpo`j�bk�
¯Iuº}`xP��jlb�� ;`xPwe��}`j4t�mp}`�kb¿mpt  ��� � ��� ��´ · xPw�m�jl��}(��{�b ��xn�.´^t4]`b6t4](wlxPo(��](~(o(ts�rwlxP~ ��j
¦ �����������9tlx�dn��� 
�����® ��� � � ](��{�b.xP}({�u dn� � x · t4]`bR~�mP�l£�b[tljHmpwlb.�kxPw4w4o(~(tlbk�����
\^]`b�b&=<bk�[t.x · }`xP��jlb�{�x�j4t · w�mpacbkj���jRb[¥�b[}¾acxPwlb9]�mpw4a · o({�tlx6© � j4��}`�kb���t��nmpo`j�bkj�§¢°�j
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;¡���`�^dn�	j4]`xn��j¢t4]`b�t4](wlxPo(��](~(o(t¤�Nmp��}sx · © �±xn¥�b[w �����r��d�d�� ]`b[}�¥�mpw4uI��}(�	t4]`b�v � gÆmp}`�
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Packet Error Rate (PER)
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wlb[t4w�mp}`jla>��jlj4��xP}`j.¦ � ](���l]6�¢xPo({���mp{�jlx�wlbk�ro`�kbR�kxP}(��bkj4t4��xP}�xP}Ðt4]`b��l]�mp}(}`b[{?®L´(��}`�[wlbnmPjl��}(�>t4]`b
t4](wlxPo(��](~(o(t��kxP}`j4���(b[w�mp¯({�u�´S�(bk�[wlbnmPj4��}(���(b[{|mnu�jHmp}`�>yz��t4tlb[wljn� � t�~Bb[w · xPw4acjHmPj��¤b[{�{#mPj �Î�,�,�
�����r��d�d9��} }`xP}rÏ �kxP}(��bkjltlbk��b[}N¥���wlxP}(acb[}Ntljn´�mp}`� j4]`xZ��j.�kxP}`j4���(b[w�mp¯({�b9�Nmp��}�xZ¥�b[wRt4]`b9{|mpt4tlb[w
��}¹�kxP}(��bkj4tlbk�¹xP}`bkjZ�&\^]`b�t4](wlxPo(��](~(o(t��Nmp��}s��j · o(}`�[t4��xP}¹x ·F· w�mpacbH{�b[}(��t4]`j�mp}`�Ð�`mpt�m�w�mptlbkjZ�
°�b¬j4]`xn�¤bk�<´�o`j4��}(�Àj4��a�o({|mpt4��xP}`j¹mp}`�Áaempt4]`b[aempt4���nmp{RacxI�(b[{���}(�`´^t4]`b¿�kxP}`j4���(b[w�mp¯({�b¬�Nmp��}
� ]`b[}�o`j4��}(��{|mpw4��bc�`mpt�m · w�mpacbkje¦ �����>®L´�mp}`��bLqrtlb[}`�(bk� t4]`bemp}�mp{�urj4��j · xPwRt4]`b>�¢xPwlj4t��Nmp��}
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