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YNQWI1m:ú²F�ÿ/�fI��WILGp[WDÝKMGJXEOlG��WnJGp[fIHO/Qf`C[WDCI�X@�8ILBNGJAMKMGPO\`bnJn���j@IlY���I\I\[hYNQWI:I�`bBEn�����KMBEA �"�WQf`CXNICS
�ßQWI\BEI��8`CO/ûCI\YÓKMBEA �8X°`CBNIÑjf`CXNILK¿AC[�` BE`C[fKMA^_ o¾`^O�YEACB�SV`C[fK YEQWI��8ILBN_a`b[fI\[�Y���KMBEA �
�WQf`CXNICSTGJ[$�ßQfGJO/QÝBE`C[fKMAC_�G��L`bYNGJAC[�KMAµI�X�[fAbY7�WnJ`��%`C[��1BEACnJI �dUVQWILBNI\o ACBEICS�I��ÚILOlYEX�Abo8DCnJACjf`Cn
X��µ[fO/QWBEAC[fG���`dYNGJAC[Ð_a`��Ðj@I�BNILGp[�YNBEAMK&�fO\ILKÔ`CD^`bGJ[��ßQWGPO/Q�npI�`CKÐYEAÓ`C[Z�W[Wo¾`bGJB�KWGpþµGPXkGJAC[ÑAbo
jf`b[fK!�ßGJKµYEQ+��UVQWIhBEI\_a`bGJ[fKMILB%AboVYNQfGJX$�f`.�@I\B+`CKWKWBNI�XNXNILX1YEQWIÜGPXNX0�WIhACoVYNQWIÜo¾`bGJBN[WI�XNX%Abo
m:ú²F GJ[Ð`�XNO\I\[f`CBNGJA$�ßGpYNQ]KHF2�M�ujf`^XkI�K
35[Vm#XkA/�WB/OlILX��

´ µßø�b ö2e�`�òWøZô²ñ¶µV÷·jÆñ4`�ó8øZô

L Gp_$�WnP`dYNGJAC[8X�`CBNI2�8ILBko A^BN_�I�K��ßGpYNQ°YNQWI1[WIlY���ACBEûaXkGJ_*�fnJ`bYNACB?� [8X;
�� ¸)���µü�GJD �WBEI � KMI��WGPO�YEX
YNQWI%XNGp_$�WnP`dYNGJAC[°YNA/�8A^npA^D ���fXNILK°o A^BVYNQWI�o A^npnJA)�ßGp[fD+GJ[µþCI�XZYEGpD�`dYNGJAC[8X��

X.�Ô[fAµKWILX+XkIL[fKY35[Vm YEBE`.-hOhþµGJ`�K�F���AdþCI\B+`ÑXNGJ[WDCnJIÜj@AbYNYNnJI\[WI�O/û npGJ[Wû��ßGpYNQ�`C[
m:ú²F ÿ��WI��WGp[fD
KWGJXEOlG��WnJGp[WI+YEA]X �ÜBEILO\I\GJþµGp[WDÓ[WAMKMI�X��,UVQWIaKMILnJ`��íAC[ý`bnJn�nJGJ[WûMX�KMAµILX�[WACY
Qf`TþCI�`C[aGp[!\S�WI\[8OlI1AC[�YNQfI1XNGp_$�WnP`dYNGJAC[aBEILX0�WnpYEX�XkGJ[fO\I4K�F�� Q8`CX�[fAÝOlA^[WDCI�XZYEGpA^[aOlAC[�YEBNA^n
_+I�O/Qf`b[fGJXN_¹�ßQWGPO/QÐKMI��@I\[fKfXßAC[°YNQWI�BEA �f[fK��uYNBEG��°YNGJ_�I%`b[fKÊSµYEQ��fX\SfAC[°YNQWI%KMILnJ`��/�
ù�[¨� ����GiYHGJX4�WBNA/�8A�XkI�K°YNAÜXNIlYßYEQWIÝm:ú=Fº�f`CBE`C_�IlYNILBEXC�
���S�z�aYNAÜ`bY:npI�`CXkY:Y��ßGJO\I�YNQfI

þT`Cn��fIaAboC�����o�z�
`b[8K����ÝYEAÐnJ`CBND^I\B1YNQf`C[��!� � �!�/� < O\O\ACB/KMGJ[WDÓYNA
YNQfILXNIaB0�WnJILXLS,m:ú=F GJX
OlAC[!JfD �WBEILKQ�ßGpYNQ£���»�o�z�£­¼�/�p�f`CO/û^IlYEXLS@�
�/�P�z�£­�W �p�f`^O/ûCI\YEXLS�`b[fKY����­½�!® � � � �
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¿ A)��I\þCILBLSÊXNGp[8OlI�YNQfI\BEIaGJX�[fAÐj!�WB/XZY��íYNB/`)-hO"�ßGiYEQWGp[ýYEQWIÜXNGp_$�WnP`dYNGJAC[8X\SÚYEQWIÜXNIlYkYEGp[fDÐAbo
YNQWI�XkI+YNQfBNILI"�8`bB/`b_�IlYEI\B/XHGPX�nJILXEX�Gp_E�@ACBNYE`b[�YG�:�
��� � GPX�XNIlY�YNA]�S� � � ��`°BEILO\AC_�_�I\[fKWILK
þT`Cn��fI�o A^B�U435�M�uj8`CXNILK
YEBE`.-aO+XNA �WB/OlI�X$� �)�N
1XkA°YNQf`bYHYEQWI�Gp[!\S�WI\[8OlI�Abo�YEQWI�IL`CBNn��ÔKMBEA �
`bnJDCACBEGpYNQW_4GJXÝnpA)� `bYUJfB/XZYG��UVQWILBNIÜGJX�[WAíBEILO\AC_�_�I\[fKMI�Kýþd`bn��WIao ACB$����� � GJ[ O\`^XkIÜAbo
`aOlAC[fDCILXkYNGJAC[
GJ[fXNI\[fXNGiYEGpþ^I�YNB/`b[fX0�@ACBNY��WBNACYNAMOlA^n,X��8O/QÔ`CX�KHF2�4�8UVQWI%jS�&�@ILBHXNG��LI�Abo�YNQfI
j8ACYkYNnJI\[fILO/û�npGJ[Wû�GPX4�G¸ �1�f`^O/ûCI\YEX²XNA�YEQf`dY5�f`CO/û^IlY�KWBNA/�fX²K&�fI:YNAÝAdþCILB�\fA)� AboÊYEQWI4�8`CO/ûCI\Y
ÿ/�fI��WI�[WILþCILB�AMOLO��WBG�
üWACBV`bnJnÊXkGJ_*�fnJ`bYNGJAC[fXLS�YNQWILBNI�`bBEI�Jfþ^I1KWG��ÚI\BEI\[�Y435[�m£YNB/`)-hOHDCI\[fI\B/`dYNA^BEX²AC[°IL`CO/QÜAbo

YNQWIhXNI\[fKWGp[WDÓ[WAMKMI�X?�ßQWGJO/QýXNI\[fKpK�F��À�f`CO/û^IlY/X2�ßGpYNQY��WfS � �fS·�/�WS+X.�fS,`b[fKQ���/��û�jS�fX��
UVQWI\BEI
GJXh`ÑYEAbYE`Cn�`b_�A/�W[�Y�ACo"�G�WS ¸ �/�Æûµj!�fXÜ`bBEBNGJþµGp[WDý`dY�YEQWIÐj8ACYkYEnpIL[WILO/û�npGJ[Wû�O\ACBEBNI��
X��@AC[fKWGp[WD�YNA+`b[hAdþ^I\BEnpA�`CK+AboM�G�/X ° �µUVQfI4�f`^O/ûCIlY�XkG��\IHGJX�OlA^[fXZY/`b[�Y4� � X�j���YNI�X�o A^B=I�`CO/Q
KW`dY/`*\8A)�1�
ú²`CO/Q°XkGJ_*�WnP`dYEGpA^[hnP`CXkYEX����/��XNILOlA^[fKWX���UVQfI�YEBE`.-aOHDCIL[WI\B/`dYEACB/X�XkYE`bBNYßXkIL[fKMGJ[WDÝGJ[°`C[

`bBEjWGiYEBE`CB0�^S8jS�MY�KMIlYEI\BE_�Gp[WGPXkYNGPOÝA^BEKWI\B��N�fXNGJ[WDÐ`ÜB/`b[fKWAC_![��W_�j@I\B�D^I\[WILBE`bYNA^B2�ßGpYNQ�YNQfI
XN`C_+I1XkILILKho ACBV`bnJnÚXNGJ_*�WnP`dYEGpA^[fX;
M�ßGiYEQWGJ[hYNQfI2J8BEXkY�XNILO\AC[fKaACo�`bnJnÚXkGJ_*�WnP`dYEGpA^[fX��µUVQfI�Jfþ^I
DCI\[fI\B/`dYNA^BEX�A^[ÓI�`CO/QÓ[WAMKMI%XkYE`bBNY�XNGp_$�WniY/`b[WILA �fXNn�� �WUVQWI�_�IL`^X��fBNIL_+IL[�YEXßXkYE`bBNY�`do×YEI\B�V�X
Abo�XNGJ_*�WnP`dYEGpA^[aYNGJ_�I%XkA�YNQf`bYVj@AbYEQ,SµYNQfI�`^O�Y;�f`bnÊÿ��WI��fI�XNG��\I�`b[fKhYNQWI?��I\GJDCQ�YNI�KÜ`TþCILBE`CDCI
ÿ/�fI��WI%XNG��LI�Abo�m�ú²F Qf`Tþ^I�`bnJBNI�`CK&�aBEIL`^O/QWILK°`+XkYE`CjWnJI�XkYE`bYNI/�

Á ÂH`�økófñ�j�q�q ôMÃ�_ad]hÄn�øZò!ÅÇÆkhkÈ]É�Êp`@q�jÆõÌË�Êp_ÎÍÝóS`³Ï ÷

UVQWI�YNB/`)-hO�DCI\[fI\B/`dYNA^BEX�OlBEIL`bYNIVKW`dY/`4\8A)�:X³�ßGpYNQa`�YNACYE`bnMjfGiY�B/`dYNIVACo³���fS ¸/� ��ûµj!�fX7�ßQWGPO/Q
Qf`TþCI�YNA
OlAC_E�@IlYEI�o A^B�YEQWI+`Tþd`CGpnP`bjWnJI$¸ e j!�fX�AC[ÔYNQWI+j8ACYkYEnpIL[WILO/ûÐnJGp[fû:�Êù�[�Y;�WGiYEGpþ^I\n��CSÚGpY
GJXßI�(&�8I�O�YNI�KÓYNQf`bY�IL`^O/QÐKW`dY/`"\fA)��D^IlY/X:`+o¾`bGJB�XNQf`bBEI�Abo�BNA/�WDCQfn��Ü`Cj8A/�MYÑÐR�Ò�Ó Ð ­	8�VS®�� °
Abo�GiY/XßXkA/�WBEO\I�KW`dY/`ÝB/`dYEI �WU�`bjWnJIE��XkQWA)�:X�YEQWI�BEILX0�WniYßACo�YEQWI?JfB/XZY:XNGp_$�WnJ`bYNGJAC[ÓB0�f[+�
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UVQWIí`bBEGpYNQW_�IlYEGJOí_�IL`b[ ACo�YNQWIÑBNI�OlILGpþ^ILK�YNQWBEA �fDCQ!�!�WYLS²_�I�`CX0�WBNI�K `dY°YNQWIíYNB/`)-hO
XkGJ[WûMX\SÊGPX�OlnJA^XNIÝYNA
YNQfI+I�(&�8I�O�YNI�KýXkQf`CBNI+Abo�8�VP��� ° � ¿ A)�=ILþCI\B�S8YNQWI�YEQWBNA/�WDCQS�!�MY�þd`bBEGpI�X
XkGJDC[WG�J8OL`b[�YNn��hj@IlY���I\I\[
XNGp[WD^npI�KW`bYE`$\fA)�:X��
üWACBVI�(M`C_E�WnpI^Sµo ACBVYEQWI%KW`dY/`$\fA)�:X=o BNA^_ YNQWI��GW�ûµj!�fX�YNB/`)-hO1DCIL[WI\B/`dYEACB/X\S�AC[fI��8`bB0�

YNGPO��WnP`bBVKW`dY/`U\8A)�£`CO/QWGJI\þ^ILX²`�YNQfBNA/�WDCQ!�S�MY=ACoÆAC[Wn���9!� W�ûµj!�fX,�ßQWGJnpI�`b[WACYNQWILB�Kf`dYE`*\fA)�
`CO/QWGJI\þ^ILX
���S� � ûµj!�fXLS,��8 ° _�A^BNIÓYNQ8`b[êYNQfIÐo ACBE_�I\BG�²UVQWGPXhXkGpY0�8`dYNGJAC[ ILþCIL[êKWA�I�Xa[WACY
O/Qf`b[WD^I%Gpo�YNQWI+XkGJ_*�WnP`dYEGpA^[ÐYNGJ_�I�GPX�I�(µYNI\[8KMILK
YEAZ�^S �/� �aXNILOlA^[fKWX��8UVQWIÝþd`bBEGJ`bYNGJAC[ÐOlAµIlo��
J8OlGJI\[�YLSo�ßQfGJO/QýGPX1YNQWIaXkYE`b[8KW`bB/KÑKWI\þµGJ`bYNGJAC[�å�KMGJþµGJKWILKÑGp[�YNAÓYEQWIh`bBEGiYEQW_�IlYEGJO+_�IL`C[,SÊGJX
`bj@A �MY��!� � �)æ��S����V��z��æ·��V ° AboÆYEQWI�_�IL`b[:
�o A^B�YNQWGPXC�f`bBNYNGPO��fnJ`CBVXNGJ_*�WnP`dYEGpA^[,S�YNAµAÝQfGpD^QÜYEA
j8I:[fI\DCnJGJDCGJjWnpI/�^üS�WBkYEQWI\B�XkGJ_*�fnJ`bYNGJAC[fX@�ßGpYNQ°KMG��ÚI\BEI\[�Y²B/`b[8KMAC_�n��ÝO/QWA�XkIL[�XkYE`CBkY�YEGp_�I�X�o A^B
YNQWI+YNB/`)-hOÝDCIL[WI\B/`dYEACB/XHXNQWA)� `C[Ñ`bBEGpYNQW_�IlYEGJO+_�IL`C[íACo�`bj@A �WYE�G� ° o A^BHYEQWI�þd`bBEGJ`bYNGJAC[
OlAµI�-hOlGJI\[�YG�

< X+`íBEILX0�WnpYLS�m:ú²F0XNI\I\_aX�YNAÑj8IÓ[WA�npA^[WDCILB%o¾`bGJB"�ßQWI\[ YNQWI
`TþCILBE`CDCIhÿ��WI��fI°XNG��LI
A^XEOlGJnpnP`dYEILXV`bBEA �W[8K��
��� �z� �

ç Í+ó!`RÏ ÷�È�Å�`@q�jÀd�èUjÆ÷@ò!q

ú@�ÚILO�Y/X+AboßYNB/`)-hO��WQf`^XkI�X�� � �ßQf`TþCI°j8ILI\[�AC[WI°Abo:YEQWI°BEIL`^XkA^[fX�YEAÑKMILþCILnpA/� ÿ��WI��WILGp[fD
KMGJXEOlG��WnJGp[fILXßjf`^XkI�KÜA^[
BE`C[fKMAC_ KMBNA/�+� L GJ[fOlI�YEQWI%B/`b[fKWAC_ o¾`^O�YNA^BßAbo�m:ú²F Qf`CXß`�XN_�`Cnpn
Gp[&\P�WI\[fO\I�A^[Wn��
GJ[íO\`^XkIÝAboM�
���&�E­é�S® � � `b[8K�K�F��@�xAC[Wn��°YNB/`)-hO���O�o�� L ILOlY�� � � � 
�S8YNQfI
YNI\_E�@ACB/`bn�Gp[�YEI\B/`CO�YEGpA^[ÐAbo�YEQWIE35[Vm7YEBE`.-aO�DCIL[WI\B/`dYEACB/XC�ßGiYEQÔYNQfIÝ`TþCILBE`CDCI�ÿ��WI��fIÝXNG��LI
GJXVOlA^[fXNGJKMILBNI�KÜ`+O\`C[fKMGPKW`dYEI�YEAÝj@I�BNI�X��@AC[fXNGJjWnpI�o ACB�YNQfGJXVI��@I�O�Y��MUVQWGPXßXNILO�YEGpA^[��@I\BNo ACBE_aX
`b[
`b[f`Cn��MXNGJXVACoÆYNQfGJXßGJ[�YNILBE`^O�YNGJAC[��

êos't ¤2}/~)x'�+¡³x'y xz�;ëQ�PìH�Gí³}Zî�ïP}�~)v!ð:}�ñ�ò³}�òR}Zó+x'ô }
ü�GJD �fBNI��C`%KMI��WGPO�YEXV`%XE`b_E�WnJI�ACo,YNQfIH`TþCILBE`CDCI:ÿ��WI��WIHXNG��LIH`C[fK�YNQfI1O��WBNBEI\[�Y=ÿ��WI��WIHXNG��\I �
UVQWI4����`)(MGJX=XkQfA)�:X�YNQWI1O��WBEBEI\[�Y²[��W_�j@I\B�Abo+�8`CO/ûCI\YEX�GJ[hYEQWIHÿ��WI��WIH`C[fK+YNQfI1OL`bnPO��WnP`dYEILK
`TþCI\B/`bD^I�ÿ��WI��WI�XkG��\I/��ü�GJD �WBEI,�Cj�KMI��WGJOlYEX�`�O��MYNA/�MY�o BNA^_¯J8D �WBEI,�^`�XNQWA)�ßGp[fDßYNQWIV`TþCILBE`CDCI
ÿ/�fI��WI%XNG��LI�AC[Wn�� �
UVQWIí`TþCILBE`CDCI
ÿ��WI��WI�XkG��\IíA^XEOlGJnpnP`dYEILXh`CBNA/�W[fKY�����P�z���¾j8ILGp[WDYW �p�f`^O/ûCI\YEXaGJ[ YNQfI

XkGJ_*�WnP`dYEGpA^[fXâ
�SÆ`^X%GpYÝO\`C[�j@I°XNI\IL[�o BNA^_õJfD/�WBEI��bj+�ÆUVQfGJX�GJX�j8I�O\`.�8XkI��f`^O/ûCI\YEX�Qf`Tþ^Ia`
OlI\BNYE`CGp[Z�WBNA^jf`bjfGpnJGiY��ÓYEA°j@Iaÿ/�fI��WI�KÔGpo�YNQWIa`Tþ^I\B/`bDCI%ÿ��WI��WI�XkG��\IÝGJX1j@I\nJA)�º�����P�z��� YNQWI
XkA �xOL`bnJnpI�KEö I�`bBEn�����KMBEA �U�WQ8`CXNI ÷±
T�dù�[%YEQWGPX7�WQf`CXNICSTYEQWIßO��WBEBEI\[�Y�ÿ��WI��WIVXkG��\IVB/`bGPXkI�X�� < X�XNAµAC[
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Average queue size sample: Cutout [9..9.015s]
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`CX�YEQWI�`TþCI\B/`bD^Ißÿ/�fI��WI1XkG��\IHGJX�`bj@AdþCI��
��� �z� S�`Cnpn@GJ[fOlA^_+GJ[WD$�f`CO/û^IlYEX²`bBEI�KMBEA �!�@ILK�� YNQWI
XkA �xOL`bnJnpI�K�ö �@I\BE_a`b[WIL[^Y0�xKWBNA/�]�WQf`CXNI ÷±
H`b[fK
YEQWI�O��WBEBNIL[�YHÿ��WI��WI�XNG��LI�j@ILOlA^_�ILX1Xk_a`bnJnJI\BG�
L Gp[8OlI�YNQfI%`TþCI\B/`bD^I�ÿ��WI��fI%XkG��\I�GPX:O\`CnJO��WnJ`bYNI�KÜj��Ü`+nJA)�C�»�f`^XNX,JfnpYNILBLSfGiY:B/`bGPXkI�XV`b[fKÜo¾`bnJnJX
_*�fO/Q
XknJA)��I\B�YNQf`C[ÓYNQWI%O��WBNBEI\[�Y:ÿ��WI��fI�XNG��\I �
UVQWIÝ`C[f`bn��MXkGPX�ACo�YNQfI+XNGp_$�WnP`dYNGJAC[íA �MY;�!�MY�Qf`CX�XNQWA)�ß[ÐYNQ8`dY1YNQWI+IL`CBNn����xKMBEA �]�fQf`CXNI
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=o A^Bßj8ACYNQÐXkGJ_*�fnJ`bYNGJAC[fXLSµYNQWI%`Tþ^I\B/`bD^IHÿ��WI��fI
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� � < YßYNQWI�YEBE`.-hO1XNA �fBEO\ILX
� � < YßYNQWI%m�ú²F D�`dYNI���`��

	+s't ��v!�³¡R�:þ¨xzô/v&��x'�P�Yv&�E��íR}�¦,~�v!§¨yZó+�:ò�~)y/}�w
< YUJfB/XZY�S,YNQfI�35[Vm XkA/�WBEO\ILX?��I\BEIa_�AµKWG�JfI�K�YNAíXNI\[8K��ßGpYNQ�`
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Variation coefficient for CBR traffic: cutout [0.25:0.4] 
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