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g Q^J�L!X¢J�HrzUT%Q^dpHKT_z Õ Õ\Õ¬Õ\Õ\Õ*Õ¬Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ ®C�

b?HrzUc_N�L*� ý G�L!dKQ·e¢HK`�|%N�S��^L!`�L!TtP&LO�ÓQ^dKc�QRP�HrSUT g LOPf£,LOL!TYv
¡8F"GÂQ^T�X¢v8bÑ� ù^ù !�xÛÜJ"X_L!dpQ!e6J Õ
Õ\Õ �R�

b?HrzUc_N�L*� � �,SU`C|�QRN�HKJMSUT«S^u/Txc%` g LON&S^u g etPML!J"HKT%]{N�L!Q^JML Õ Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ �^�

b?HrzUc_N�L*� � #§Q^J�HK]*QRN�] [ HKPML!]{P�c_N�L\u¦S^N8`�L!X%HpQ�Q^c_P [ S^N�H��!QRP�HKSUTkþ�v8bÑ� ù^ù  ù ÿ Õ%Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ �^�

b?HrzUc_N�L*��� o TWPMLON�ÖfX_SU`CQ^HKT¢]OQ^dpd>Q^c_P [ S^N�HP�!QRP�HrSUT¢`�S6X_L!d¨ÛÜJ&QR|%|�N�SUQ^] [�Õ Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ � �

b?HrzUc_N�L ù �J�"LOPf£,S^N�Ð¢J�]{L!T%QRN�HrS Õ$Õ¬Õ\Õ\Õ*Õ¬Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ ���

b?HrzUc_N�L ù  o TWPMLON�ÖfX_SU`CQ^HKT¢]OQ^dpd>Q^c_P [ S^N�HP�!QRP�HrSUT¢`�S6X_L!d Õ%Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ ý 

b?HrzUc_N�L ù �H�"LO£ [ L!Q^X%LON!ÛÜJ(Q�RTS �_�¦� RTQ �M�VU��K� X_L!J�]{N�Hr|�P�HrSUT Õ4Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ ý �

b?HrzUc_N�L ù^ù �§Q^dpd�J�HrzUT%Q^dKHpT_z1M%S·£Þ£"HrP [ P [ L*HKTtPMLONMÖfX_SU`aQ^HKTm]OQ^dKd�Q^c_P [ S^N�H��!QRP�HrSUT¢`�S6X_L!d Õ"Õ\Õ¬Õ\Õ ý ®

b?HrzUc_N�L ù ®$Ú0QR|%|�HKT%z�S^u } o�V `CL!J�J�QRz^L!J8]{SUTtPML!TtP8PMSC|�SUdKHK]{e�]{SUTWPMN�SUd�HKT_u¦S^N�`CQRP�HKSUT Õ)Õ\Õ\Õ¬Õ\Õ ý^ý

b?HrzUc_N�L ù ��	�S } Ö L!T [ Q^T%]{L!X } oÀV |%N�S�6etÖ � ��ÛÜJ8Q^dKz^S^N�HrP [ ` Õ"Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ ý��

b?HrzUc_N�L ù^ý } HKzUT%Q^dKHKT_z�M%S�£àQ^J�J�c�`CHKT_z�|%N�L!]{SUT�X%HrP�HrSUT%J,u�Q^HKdKc_N�L Õ�Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ � 

b?HrzUc_N�L ù"� o T%]{N�L!Q^JML�HKTmJMLON��6HK]{L¬P�HK`�L\QRP"|%N�SK�xe«JMLON��^LON�J ÕBÕ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ �Rù
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b?HrzUc_N�L ù�� 	Ic%L!c%HKT_z�`�S6X_L!d Õ�Õ\Õ¬Õ\Õ\Õ*Õ¬Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ � �

b?HrzUc_N�L ù � G�L!dKQ·exJ g LOPf£,LOL!T¢P [ L �¦�XW·���f� N�L!wxc_L!JMP
Q^T%XmP [ L\N�L!]{L!Hr|%P&S^u�P [ LZY"["\ÔN�L!JM|�SUT%JML Õ+Õ\Õ � �

b?HrzUc_N�L¬®U�$¡IT%L{Ö £,Q·e¢X_L!dKQ!e�S^u?P [ L)Y�["\ÔN�L!JM|�SUT%JMLaþ^]_B¬�R� ÿ ÕIÕ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ � ®

b?HrzUc_N�L¬®%Â¡IT%L{Ö £,Q·e¢X_L!dKQ!e�S^u?P [ L)Y�["\ÔN�L!JM|�SUT%JMLaþ^]_B�O�^� ÿ Õ Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ � ®

b?HrzUc_N�L¬®W�Å¡IT%L{Ö £,Q·e¢X_L!dKQ!e�S^u?P [ L)Y�["\ÔN�L!JM|�SUT%JML¬u¦S^N*¬Q^T%XY��J�LON��^LON�J
QRP V  ÕaÕ¬Õ*Õ\Õ\Õ¬Õ\Õ � �

b?HrzUc_N�L¬® ù ¡IT%L{Ö £,Q·eËX_L!dKQ·e(S^u
P [ L`Y�["\ N�L!JM|�SUT%JMLCu¦S^NmaQ^T%X9�0JMLON��^LON�J�QRP V R��Q^T%XËq.�6L!X
c_P�HpdKH��!QRP�HrSUT«u�Q^]{PMS^N"QRP V � ÕËÕ*Õ¬Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ �^ý

b?HrzUc_N�L¬®^®Ì¡IT%L{Ö £,Q·e¢X_L!dKQ!e�S^u?P [ L)Y�["\ÔN�L!JM|�SUT%JML¬u¦S^N8`ZB¬��JMLON��^LON�J Õ�Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ �"�

b?HrzUc_N�L¬®W�Å¡IT%L{Ö £,Q·e¢X_L!dKQ!e�S^u?P [ L)Y�["\ÔN�L!JM|�SUT%JML¬u¦S^N8`ZB ù JMLON��^LON�J Õ�Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ �"�

b?HrzUc_N�L¬® ý Ú0Q+�6Hp`�c%` } oÀV `�L!J�J�QRz^L!J�QRN�N�HK�ÓQ^d§N�QRPMLYuyS^N�Q(�ÓQRN�exHKT%zÔTxc%` g LONCS^u¬JMLON��^LON�JCQRP
|%N�S�6e V  Õ*Õ\Õ*Õ¬Õ\Õ\Õ¬Õ\Õ\Õ*Õ¬Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ � �

b?HrzUc_N�L¬® � Ú0Q+�6Hp`�c%`Ìc_P�HKdKH��!QRP�HKSUT«u¦Q^]{PMS^N"uyS^N8QC�ÓQRN�e6HKT_z�Txc%` g LON&S^u/JMLON��^LON�J
QRP
|%N�S�6e V  Õ � �

b?HrzUc_N�L¬® � Ú0Q+�6Hp`�c%` } o�V `�L!J�J�QRz^L!J«QRN�N�HK�ÓQ^d8N�QRPML0u¦S^NmX%H�Ò�LON�L!TtPa�RQ^dKc_L!JCS^u�JMLON��6HK]{LYP�HK`CL
HKT�]{N�L!Q^JML²þ�K%+a ÿ QRP
|%N�SK�xe V  Õ=Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ �R�

b?HrzUc_N�L¬®C� Ú0Q+�6Hp`�c%` } oÀV `�L!J�J�QRz^L!J
QRN�N�HK�ÓQ^dsN�QRPML¬u¦S^N
X%H�Ò�LON�L!TWP§�RQ^dKc_L!J,S^uÑJ�LON��xHp]{L�N�QRPMLaþ^] ÿ
QRP
|�N�S�6e V  Õ Õ¬Õ\Õ\Õ¬Õ\Õ\Õ*Õ¬Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ �R�

b?HrzUc_N�L*�R� ~�T%X6Ö PMSRÖ L!T%X�	IS } J�c_|%|�S^N�P&HKT [ LOPMLON�S^z^L!T_LOSUc%J�T_LOPf£,S^N�Ð6J Õ�Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ � ý

b?HrzUc_N�L*�6Â�,SUTtPMN�SUd>QRN�] [ HrPML!]{P�c%N�L g Q^JML!X¢SUT¢Pf£,SRÖ P�HrLON"N�L!JMSUc_N�]{L�`CQ^T%QRz^L!`�L!TtP"`�S6X_L!d ÕÍÕ¬Õ\Õ � �

b?HrzUc_N�L*�^� ~��6Q^`�|sdrL¬S^u�]{SUTtPMN�SUdÑQRN�] [ HKPML!]{P�c_N�L\£8HKP [ X%H�Ò�LON�L!TWP(	IS } uyN�Q^`�LO£�S^N�ÐxJ Õ_Õ*Õ\Õ\Õ¬Õ\Õ � �

b?HrzUc_N�L*� ù b_N�Q^`�LO£�S^N�Ð�u¦S^N&P [ L\HKTtPMLON�Q^]{P�HrSUT«S^u?QR|%|�dpHK]OQRP�HrSUT«Q^T%XmT_LOP £�S^N�Ð«dKQ·e^LON�J
c%J�HpT_z�P [ L
|%N�S^|+SUJ�L!XmJ�HrzUT%Q^dKHpT_z�QRN�] [ HKPML!]{P�c_N�L!J Õ«Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ\Õ¬Õ*Õ\Õ\Õ¬Õ\Õ O�^�
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F"drP [ SUc_z [ P [ LON�L [ Q!�^L g LOL!T `CQ^Tte9QRPMPML!`�|%P�JCPMSk|%N�S·�6HKX_L¢wxc%Q^dKHKPfekS^u¬JMLON��xHK]{LkþT	IS } ÿ HKT
P [ L o TtPMLON�T_LOPO�&c%JMLON�Ja`CQ·e L9�x|�LON�HrL!T�]{L¢]{SUT_u¦c�J�HrSUT SUT [ S·£ÇQ^T%X £ [ L!T PMSËQR|�|�dree	�S } Õ F�JaQkN�L{Ö
J�c%dKPO��P [ L;]{SU`C`�c�T%HK]OQRP�HrSUT¹HKT¢P [ L o TWPMLON�T%LOP8N�L!`CQ^HpT%J g L!JMP�Ö L{Ò�S^N�P Õ"Z8[ HKJ&P [ L!J�HKJ"Q^X�X_N�L!J�JML!J"HKTtPMLON�Q^]�Ö
P�Hr�^L8`;c%drP�Hp`�L!X%HKQIJML!J�J�HrSUT%J
þ¦L Õ z Õ �6�xHpX_LOSRÖf]{SUT_u¦LON�L!T%]{L ÿ �x£ [ HK] [ ]{SU` g HpT_L
N�L!wxc%HrN�L!`CL!TWP�J/S^u�PMN�Q^X�HrP�HrSUT%Q^d
PML!drLO| [ SUTWe¢JMLON��xHK]{L!J"Q^T%X o TtPMLON�T_LOPIQR|%|�dKHK]OQRP�HKSUT%J Õ§Z
[ HKJ&N�L!wtc%HKN�L!J
]OQ^dKdÑJMLOP�c_|>�+]OQ^dKdÑJ�HrzUT%Q^dKHKT%z_�%T_LOz^SRÖ
P�HKQRP�HrSUT>�xN�SUc_P�HKT_z_�_JML!]Oc_N�HrPfe^�%Q^T%XmT%LOPf£,S^N�Ð²N�L!JMSUc_N�]{L!J Õ�Z
[ LON�LOu¦S^N�L^�_Q^TmHKTtPMLON�Q^]{P�HrSUT g LOPf£,LOL!T¢JML!J�J�HrSUT
]{SUTtPMN�SUd�J�HrzUT%Q^dKHKT%z¢Q^T%XkN�L!JMSUc_N�]{L�`CQ^T%QRz^L!`�L!TtP;`CL!] [ Q^T%HpJ�`CJ*HpJ*T_LOL!X_L!XËPMSYu�Q^]OHKdKHKP�QRPMLaP [ L�c%JMLaS^u
	�S } `CL!] [ Q^T%HpJ�`CJ&PMSac�JMLON�J§S^u/J�c%] [ QR|%|�dKHp]OQRP�HrSUT%J Õ

o T�P [ HKJ�P [ L!J�HKJO�xT_LO£ J�HrzUT%Q^dpHKT_z*QRN�] [ HrPML!]{P�c_N�L!J§uyS^N§P [ LIHKTtPMLON�Q^]{P�HrSUT�S^u�JML!J�J�HrSUT²]{SUTtPMN�SUd�J�HKzUT%Q^dKHKT_z
Q^T%X9N�L!J�SUc_N�]{L¢`CQ^T%QRz^L!`CL!TWPaQRN�Lm|%N�S^|�SUJML!X Õ9Z
[ LmQRN�] [ HrPML!]{P�c_N�L!JaQRN�L g Q^JML!X SUT9P [ L¢HKTWPMLON�Q^]{P�HrSUT
S^u&L9�_HKJMP�HKT_z0|%N�S^PMS6]{SUdKJO��P [ L } L!J�J�HrSUT o T�HrP�HKQRP�HrSUT V N�S^PMS6]{SUd�Q^J;P [ L�JML!J�J�HKSUTË]{SUTtPMN�SUd�|%N�S^PMS6]{SUd¨��Q^T%X
]Oc_N�N�L!TWPf	�S } QRN�] [ HrPML!]{P�c_N�L!J ÕËZ
[ L«G�HrÒ+LON�L!TtP�HKQRPML!X } LON��xHK]{L!Jmþ�GIH�Ò } LON�� ÿ QRN�] [ HrPML!]{P�c%N�LmHKJ�c%JML!X9Q^J
P [ L¬|%N�HK`CQRN�eCL9�_Q^`�|�dKL Õ�Z
[ L¬HKTtPMLON�Q^]{P�HrSUTmS^u } o�V Q^T%XmN�L!JMSUc%N�]{L¬`CQ^T%QRz^L!`�L!TtP"Q^X%X%N�L!J�JML!J§N�L!J�SUc_N�]{L
T_LOz^S^P�HKQRP�HKSUT���]OQ^dKd=Q^c%P [ S^N�H��!QRP�HrSUT>�?Q^T�XkL!T%X_Ö PMSRÖ L!T%Xe	�S } HpT [ LOPMLON�S^z^L!T%LOSUc%J�T_LOPf£,S^N�Ð6J Õ o TØS^N�X_LON
PMSØLO�RQ^dKc%QRPML¹Hru"P [ Lm|%N�S^|�SUJML!X J�HKzUT%Q^dKHKT_z(QRN�] [ HrPML!]{P�c_N�L!JaQRN�LYHpT%X_LOL!X HK`�|�N�S·�6HKT_zÔP [ LYc�JMLmS^u'	�S }
HKT [ LOPMLON�S^z^L!T%LOSUc%JCT_LOP £�S^N�Ð6JO��PML!JMP g L!X Q^T%X J�HK`;c%dKQRP�HrSUTËL9�6|+LON�HK`�L!TtP�J;QRN�L¢c%JML!XÍPMS(LO�ÓQ^dpc%QRPMLmP [ L
QRN�] [ HrPML!]{P�c_N�L!J!Û+J�HKzUT%Q^dKHKT_z�LO×²]OHrL!T%]{e^�+P [ L�|�LON�u¦S^N�`CQ^T�]{L*HK`�|%N�S·�^L!`�L!TtP�J8P [ LOeY]OQ^T g N�HKT_z_��Q^T�X [ S�£
L!Q^JMeÔQ^T%XÔQ!�RQ^HKdKQ g dKL;P [ LOe0QRN�L�PMSmL!T%XÔc%J�LON�JIT_S¢`CQRPMPMLON\P [ L!HKNIQ^]O]{L!J�J\X_LO�6HK]{L�S^N¬Pfex|+L�S^u,T_LOPf£,S^N�Ð
P [ LOemQRN�L\]{SUT%T%L!]{PML!XYPMS Õ
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Z
[ L o TtPMLON�T_LOP [ Q^JÑN�LO�^SUdKc%P�HrSUT%H��OL!X�P [ L,£,Q·e*£,L,]{SU`C`;c%T%Hp]OQRPML Õ o T;JM|�L!]OHKQ^d¨�RHKTWPMLON�Q^]{P�Hr�^L&`�c%dKP�HK`�L!X%HKQ
QR|%|�dpHK]OQRP�HrSUT%JO�Ó£ [ Hp] [ QRN�L§c�J�c%Q^dKdre�N�LOu¦LON�N�L!X�PMS¬Q^J o TtPMLON�T_LOP�PML!drLO| [ SUTte*QR|%|�dpHK]OQRP�HrSUT%JO� [ Q!�^L&HK`C|�Q^]{PML!X
SUc_N�dKHr�^L!J;HKTk`aQ^TWe(£§Q!e6J Õ b_S^N�HKT%JMP�Q^T%]{L^�/HKTkP [ L«J�] [ SxSUdKJ��xHpX_LOSRÖf]{SUT_u¦LON�L!T%]OHKT_z [ Q^J;Q^dKdrS·£,L!XÍT_LO£
`�L!Q^T%J�u¦S^N,X%HpJMP�Q^T%]{L8drL!QRN�T%HKT_zZi ���Aj �t�6HKX_LOSRÖf]{SUT_u¦LON�L!T%]{LIJMe6JMPML!`CJ=uyS^N,PML!drL!`�L!X%Hp]OHKT_L8QR|%|sdKHK]OQRP�HrSUT%J [ Q^J
L!T%Q g dKL!XmN�L!`�S^PML\|sQRP�HrL!TWP"`�SUT%HrPMS^N�HpT_zCQ^T%X¢]{SUT%J�c%drP�QRP�HrSUTdi�O� ý j �sQ^T%X¢QRP [ SU`�L\S^N�HKT«P [ L\£,S^N�Ð«L!T6Ö
�6HrN�SUT%`�L!TtP8�^SUHp]{L{Ö S·�^LONMÖ o�V [ Q^J g L!]{SU`�L�Q^T¹Q^dKPMLON�T%QRP�Hr�^L;£,Q·e¢S^u=`CQRÐ6HKT_z²| [ SUT_L;]OQ^dKdKJ�ik� ý j Õ"Z8[ L!JML
QR|%|�dpHK]OQRP�HrSUT%J\]{SU` g HKT%LaN�L!wxc%HrN�L!`CL!TWP�J*S^u&PMN�Q^X%HrP�HrSUT�Q^d/PML!drLO| [ SUTteØJMLON��6HK]{L!J�Q^T%X o TtPMLON�T_LOP�QR|�|�dKHK]OQÓÖ
P�HrSUT%J ÕYZ
[ HKJ\N�L!wtc�HrN�L!J*]OQ^dpd=JMLOP�c_|��?]OQ^dpd=J�HrzUT�Q^dKHKT_z_��T_LOz^S^P�HKQRP�HrSUT��/N�SUc_P�HKT_z_�?Q^T%XÍT_LOPf£,S^N�ÐØN�L!J�SUc_N�]{L
`CQ^T%QRz^L!`CL!TWP Õ  "S·£,LO�^LON!��HKTØX%exT%Q^`aHK]�T_LOPf£,S^N�Ð(L!Tt�xHKN�SUT%`�L!TtP�JO�ÑJ�c%] [ Q^J\P [ L o TtPMLON�T_LOPO�?T_LOPf£,S^N�Ð
N�L!JMSUc%N�]{L!JIQRN�L�T_S^PI|%N�S^PML!]{PML!X(c%T%dKL!J�J5	Ic�Q^dKHrPfemS^u } LON��6HK]{LmþT	�S } ÿ `�L!] [ Q^T�HKJ�`CJIQRN�L�X_LO|�drS�e^L!X(Q^T%X
Q!�RQ^HKdKQ g drL¬PMSCP [ L\QR|%|sdKHK]OQRP�HrSUT%J Õ

F�drP [ SUc_z [ P [ L o TWPMLON�T%LOP�~�T_zUHKT_LOLON�HpT_z Z Q^JMÐ0b_S^N�]{Lmþ o ~ Z b ÿ [ Q^J g LOL!T0£�S^N�Ð6HKT_z²SUT¹P [ L�X_LO�^L!d�Ö
S^|�`�L!TtPIS^ul	IS } `CL!] [ Q^T%HpJ�`CJ=i � �/^ ý j �>P [ LOe¹QRN�L�T_S^P¬£8HKX%L!dre¢X_LO|�drS�e^L!XÔQ^T%XÔP [ LON�L�HKJIT_Smc%T%Hpwtc_L
]{SU`C`�SUT.JMSUdKc_P�HKSUT9PMSØ|%N�S��xHKX%Lm	IS } HKT P [ L o TtPMLON�T_LOP�i�O�U��j Õ Z ex|�HK]OQ^dpdre^�=P [ L o TtPMLON�T_LOPC|%N�S·�6HKX_L!J
g L!JMP�Ö L{Ò�S^N�P8JMLON��6HK]{L!J Õ b%c_N�P [ LON�`�S^N�L^�%P [ L¬�RQRN�HrLOP e«S^u?Q^]O]{L!J�J"X_LO�6HK]{L!J
Q^T�X¢T_LOPf£,S^N�ÐmHKT_u¦N�Q^JMPMN�c%]{P�c_N�L!J
N�L!wxc%HrN�L!J [ LOPMLON�S^z^L!T_LOSUc%Jm	�S } `�L!] [ Q^T%HKJ�`CJaPMSÍJ�c_|%|�S^N�P�Q^T L!T�X6Ö PMSRÖ L!T%X¥]{SU`C`�c�T%HK]OQRP�HrSUT |�QRP [�Õ
b_S^N
HKT�JMP�Q^T%]{L^�_JMSU`�L\Q^]O]{L!J�J8X_LO�xHp]{L!J [ Q!�^L\dKHK`aHrPML!Xa]OQR|�Q^]OHKPfe«Q^T%X«`CQ!e«T_S^P&X%HrN�L!]{P�dKeCJ�c_|%|�S^N�Pl	�S }�n
Q^dKJMS_��X�H�Ò+LON�L!TWP;T_LOPf£,S^N�Ð6J�P [ QRP�L!`C|�drS·eËX%H�Ò�LON�L!TWP=	�S } `�L!] [ Q^T�HKJ�`CJ�N�L!wxc%HrN�L�`�L!Q^T%J�PMSÔ`aQ^T%QRz^L
g S^P [ P [ L¬|�SUdKHK]OHKL!J,Q^T�XmP [ L�	�S } ]{SUTtPMN�SUd�|%N�S^PMS6]{SUdKJ
HKT«S^N�X%LON
PMSC|%N�S��xHpX_LIL!T%X6Ö PMSRÖ L!T%Xo	�S } Õ%Z
[ c%JO�
HKT«Q^X%X%HKP�HrSUTaPMS�P [ L¬u�c%T%X�Q^`�L!TWP�Q^d+T_LOL!X«u¦S^N(	�S } J�c_|%|�S^N�P�uyS^N&N�L!Q^d�Ö P�HK`�L¬]{SU`C`;c%T%HK]OQRP�HKSUT��6P [ LON�L¬HKJ
QCT_LOL!X¢uyS^N8]{SU`C|�QRP�H g HKdpHrPfe�Q^]{N�SUJ�J8T%LOPf£,S^N�Ð«L!wtc%HK|�`�L!TtP§Q^T�Xm|%N�S^PMS6]{SUdKJ Õ

¡IT%L,£§Q!e�PMS¬u�Q^]OHKdKHrP�QRPML&P [ L
c%JML§S^up	IS } `�L!] [ Q^T%HKJ�`CJ?Q^T%X�PMS*|%N�S^PML!]{P=T_LOP £�S^N�Ð�N�L!J�SUc_N�]{L!J/PMS o T6Ö
PMLON�T_LOP,`�c�drP�HK`�L!X%HpQ�QR|�|�dKHK]OQRP�HrSUT�J/HKJ�PMS;X_LO�^L!drS^|aLO×²]OHrL!TWP�£,Q·exJ�P [ QRP�£8HKdKd6Q^dKdrS�£ P [ L!J�L"QR|%|�dpHK]OQRP�HrSUT%J
PMS¢P�QRÐ^L�Q^X_�ÓQ^TtP�QRz^L�S^u�P [ L²c%T%X_LON�dKexHKT%zaN�L!JMSUc%N�]{La`CQ^T%QRz^L!`CL!TWP;`�L!] [ Q^T�HKJ�`CJ ÕCZ8[ HKJ¬HKJIP [ L²`CQ^HKT





z^SUQ^d?S^u�P [ L;|%N�S^|�SUJML!X0£,S^N�Ð¢|%N�L!J�L!TWPML!XÔHKTYP [ HKJ"P [ L!J�HKJO�+£ [ Hp] [ JMLOLOÐxJ�PMSmHK`�|�N�S·�^L;P [ L�HKTWPMLON�Q^]{P�HrSUT
S^u¬JML!J�J�HKSUT ]{SUTWPMN�SUd"J�HKzUT%Q^dKHKT_z þ�QRP²P [ LYQR|%|�dpHK]OQRP�HrSUT drLO�^L!d ÿ Q^T%X T_LOP £�S^N�ÐÍN�L!JMSUc_N�]{LY`aQ^T%QRz^L!`�L!TtP
`�L!] [ Q^T%HKJ�`aJ*þ�QRP"P [ L*T_LOPf£,S^N�Ð¢drLO�^L!d ÿ Õ b%N�SU`$P [ L��xHKLO£
|�SUHKTWP§S^u/|%N�S^PMSx]{SUdÑdKQ!e^LON�J!��P [ HKJ8HKTWPMLON�Q^]{P�HrSUT
HKJ&HKdpdKc%JMPMN�QRPML!X�HKTmb?HrzUc_N�L�R��£8HrP [ P [ L } L!J�J�HrSUT o T�HrP�HKQRP�HrSUT V N�S^PMSx]{SUd=þ } oÀV§ÿ i �^ý ���^�6��� ý �>^!��j�Q^J&P [ L
u¦Sx]Oc%J
S^uÑP [ HpJ
J�HrzUT%Q^dpHKT_z;£�S^N�Ð Õ
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ñ é^q!r_s+tË÷ � Z
[ L\HKTtPMLON�Q^]{P�HrSUT¢S^u?J�L!J�J�HrSUTm]{SUTtPMN�SUd�J�HrzUT%Q^dKHKT%z;Q^T%Xu	�S } Õ

Z
[ L o TtPMLON�T_LOPOÛÜJ8T%LOPf£,S^N�Ð²N�L!JMSUc_N�]{L\`CQ^T�QRz^L!`�L!TWP"Q^T%XmJML!J�J�HKSUTm]{SUTWPMN�SUd�J�HrzUT%Q^dKHpT_z;`CL!] [ Q^T%HpJ�`CJ
QRN�L;HKT%X_LO|�L!T%X_L!TtP
Q^T%X [ Q!�^L;P [ L!HrN"N�SUdrL!J
£,L!dKdÑX_LOq�T_L!X Õ o T¢z^L!T_LON�Q^d¨�sP [ L*N�SUdrL*S^u�T_LOPf£,S^N�Ð¢N�L!J�SUc_N�]{L
`CQ^T%QRz^L!`CL!TWP?HKT%]OdKc�X_L!J>X%H�Ò�LON�L!TtP�HKQRPML!X�PMN�L!QRP�`�L!TtPÑu¦S^NÑ|sQ^]�Ð^LOP?uyS^N�£,QRN�X�HKT_z�þ�H Õ L Õ �^wxc%Q^dKHrP eIS^u%JMLON��6HK]{L ÿ �
N�SUc_PMLØX%L!]OHKJ�HrSUT¥Q^T%X X%HKJ�JML!`CHKT%QRP�HKSUT��8Q^T%X J�HrzUT�Q^dKHKT_z9HKTt�^SUdr�^L!X HKT Q^X%`CHKJ�J�HrSUT¥]{SUTWPMN�SUd*Q^T%Xv	�S }
T_LOz^S^P�HKQRP�HKSUTui �^ù j Õ ¡¬TCP [ L"S^P [ LON [ Q^T%X��tJ�L!J�J�HrSUTC]{SUTtPMN�SUd�J�HrzUT�Q^dKHKT_zI|%N�S^PMS6]{SUdKJ�uyS6]Oc%J=SUT²]{SUT%T%L!]{P�HrSUT
Q^T%Xm]OQ^dKd�]{SUTtPMN�SUd¨�_u¦S^N&L!JMP�Q g dKHpJ [ HKT_z_�x`�S6X%Hru¦exHKT%z*S^N&PMLON�`CHpT%QRP�HKT_z�`�c�drP�HK`�L!X%HpQ*JML!J�J�HrSUT%J Õ ÚYS^N�LOS·�^LON·�
g S^P [ T_LOPf£,S^N�Ð N�L!JMSUc_N�]{LÔ`CQ^T%QRz^L!`�L!TtP¢J�HrzUT�Q^dKHKT_zÍQ^T%X.J�L!J�J�HrSUT ]{SUTtPMN�SUd¬J�HrzUT%Q^dpHKT_zkQRN�L(JMLO|sQRN�QRPML
u¦N�SU`ÇP [ L�Q^]{P�c%Q^d/X%QRP�Q«PMN�Q^T%J�`CHKJ�J�HKSUT���£ [ HK] [ Pfex|�HK]OQ^dpdre¢c%JML!J�P [ L�v
L!Q^drÖ P�HK`�L Z N�Q^T%JM|�S^N�P V N�S^PMS6]{SUd
þ�v Z V,ÿ ik� � j�PMSaJML!T�Xm`�c%dKP�HK`�L!X%HKQ�]{SUTtPML!TWP"L!T%X6Ö PMSRÖ L!T%X Õ

¡ITaP [ L"HpTWPMLON�Q^]{P�HKSUTaS^u>T_LOP £�S^N�Ð�N�L!JMSUc_N�]{L�`CQ^T%QRz^L!`�L!TtP§Q^T%XaJML!J�J�HrSUTa]{SUTtPMN�SUd+J�HrzUT%Q^dpHKT_z\`�L!] [ Ö
Q^T%HKJ�`CJO�%P [ LON�L [ Q!�^L g LOL!TYX%HrÒ+LON�L!TtP8QR|%|�N�SUQ^] [ L!J"|%N�S^|�SUJML!XYHKTmP [ L;dKHrPMLON�QRP�c_N�L)i��6��® � � ý^ý �!�Ó®%�w���6�
O�U�+j Õ=Z8[ LOeCu¦Sx]Oc%J&`CSUJMP�dreCSUT«P [ L¬]OQ^dKd�J�LOP�c_|«| [ Q^JML¬Q^T%X�N�L!JMSUc%N�]{L{Ö N�L!JMLON��RQRP�HrSUT6Ö g Q^JML!X�	�S } `�L!] [ Ö
Q^T%HKJ�`CJO�=HKT9Q^T L{Ò�S^N�P�PMS(|%N�S·�6HKX_LmQ(J�HrzUT%Q^dpHKT_zÔJ�] [ L!`CLmP [ QRPC`CHKT%Hp`CH��OL!J;]OQ^dKd&X_LOu¦L!]{P�J�£ [ HK] [ QRN�L
]OQ^c%JML!X g eCP [ L¬dKQ^]�ÐaS^u�Q!�RQ^HKdKQ g drL�N�L!JMSUc%N�]{L!J§HKT�P [ L�T%LOPf£,S^N�Ð Õ�Z
[ L!HrN§QR|%|%N�SUQ^] [ L!J§�RQRN�e²HKT²PMLON�`CJ§S^u

�



QRN�] [ HrPML!]{P�c_N�Q^d=]{SU`�|�drL9�_HrPfe^��drLO�^L!d/S^u§HKTtPMLOz^N�QRP�HrSUTkQ^T�XÔPfex|+LaS^u,HKTtPMLON�Q^]{P�HrSUT g LOP £�LOL!TËJML!J�J�HKSUT(]{SUT6Ö
PMN�SUd�Q^T%X²N�L!JMSUc_N�]{L�N�L!JMLON��RQRP�HrSUT�|%N�S^PMS6]{SUdKJ Õ o T�z^L!T_LON�Q^d¨�6P [ LOeaQ^X%X_N�L!J�J�`CS^N�L�J�PMN�HK]{P�Ö Pfex|�L¬]OQ^dKdsJ�LOP�c_|
J�] [ L!`�L!J§HKTCS^N�X_LON�PMS�|%N�S·�6HKX_L8Q^J�J�c_N�L!X�JMLON��6HK]{L!JO�6Q^J,HpTCPMN�Q^X%HKP�HrSUT%Q^d%PML!dKLO| [ SUT_L�T_LOPf£,S^N�Ð6J Õ b%c_N�P [ LONMÖ
`�S^N�L^�_`�SUJ�P,S^uÑP [ SUJML¬JMP�c%X�HrL!J�dpQ^]�ÐaL!HKP [ LON§|+LON�uyS^N�`aQ^T%]{L"Q^T%Q^dKexJ�HpJ=S^N&L9�6|�LON�HK`�L!TtP�Q^d�N�L!J�c%drP�J�SUT«P [ L
|%N�S^|�SUJML!XmJ�] [ L!`�L!J Õ

Z
[ L8HKTtPMLON�Q^]{P�HrSUT²S^u } oÀV Q^T%XCN�L!JMSUc_N�]{L�`CQ^T%QRz^L!`�L!TtP�N�L!wtc%HKN�L!J�Q^X%X%HKP�HrSUT%Q^d%J�HKzUT%Q^dKHKT_zIL9�_] [ Q^T%z^L
g LOPf£,LOL!TaL!T�XCc%JMLON�J Õ F�X%X%HKP�HrSUT%Q^d_]{SUTtPMN�SUd�J�HKzUT%Q^dKHKT_z¬HK`C|�Q^]{P�J�P [ L"X_L!dKQ!e�c%J�LON�J�£8HpdKdxL9�x|�LON�HrL!T�]{L8Q^T%X
P [ L�J�HrzUT%Q^dKHpT_z¢drSUQ^XkHpTØP [ L�T_LOPf£,S^N�ÐkX%c%N�HKT_zmP [ L�]OQ^dKd=J�LOP�c_|kPMN�Q^T�J�Q^]{P�HrSUT Õ o TØS^N�X_LON�PMS0LO�ÓQ^dpc%QRPML
P [ HKJ�HK`�|sQ^]{PO�>Q^T%XÔ`�S^P�Hr�RQRPML!X g eYP [ L�T%LOL!X0PMSmHKTt�^L!JMP�HrzUQRPML�S^P [ LON\HKTWPMLON�L!JMP�HKT_z�QR|%|%N�SUQ^] [ L!JIPMSmP [ L
HKTtPMLOz^N�QRP�HrSUT²S^u>QR|%|�dKHp]OQRP�HrSUT6ÖfdKQ·e^LON�Q^T%XaN�L!JMSUc_N�]{L�`CQ^T%QRz^L!`�L!TtP§|%N�S^PMS6]{SUdKJO�tP [ L"`CQ^HpTCN�L!JML!QRN�] [ z^SUQ^d
HKJ8PMS«]{N�L!QRPML�T%LO£�J�HKzUT%Q^dKHKT_zC`CSxX_L!dpJ
P [ QRPI]OQ^T¹|%N�S·�6HKX_L�`�S^N�L�M%L9�6H g HKdKHrP eaPMSmHKTtPMLON�Q^]{P�Hr�^L�`�c�drP�HK`�L{Ö
X%HKQYQR|%|�dKHK]OQRP�HKSUT%JCþ¦L Õ z Õ �/PML!drLO| [ SUTtetÖfJMPfe6drLa�6J Õ o TWPMLON�T%LOP�ÖfJMPfe6drLaN�L!JMLON��RQRP�HrSUT%J ÿ Õ �"L9�xPO�/P [ LaN�L!JML!QRN�] [
S g6ø L!]{P�Hr�^L!J8Q^T�XmP [ L\|%N�S^|+SUJ�L!XmJMSUdKc_P�HrSUT�J,QRN�L g N�HrLxM�e²X_L!J�]{N�H g L!X Õ

y3z+y {}|�~�|��(����� �&�7��|_�������(|�~��(�
���$�����f�A�C�(�0~

Z
[ HpJIP [ L!J�HKJ¬Q^X%X%N�L!J�JML!J¬P [ LaT_LOL!X(u¦S^N\L!T%X6Ö PMSRÖ L!T�XØ]OQ^dKd�J�HKzUT%Q^dKHKT_z«HKT [ LOPMLON�S^z^L!T_LOSUc%J oÀV T_LOPf£,S^N�Ð6J
PMSk|�N�S^PML!]{PCN�L!JMSUc%N�]{L!JCu¦S^NaN�L!Q^drÖ P�HK`�L¢`;c%drP�HK`�L!X�HKQÔJMPMN�L!Q^`CJ Õ �8LO£ÇJ�HrzUT%Q^dpHKT_z(QRN�] [ HrPML!]{P�c_N�L!JaP [ QRP
]{SUTtPMN�H g c_PMLIPMS�P [ L¬HKTtPMLON�Q^]{P�HrSUT¢S^u } o�V Q^T%Xm]Oc_N�N�L!TWP§N�L!JMSUc%N�]{L\`CQ^T%QRz^L!`�L!TtP&u¦N�Q^`�LO£,S^N�ÐxJ8QRN�LI|%N�L{Ö
JML!TtPML!XÔ]{SUT%J�HKX_LON�HKT_zCP [ L;N�SUdrL�S^u } o�V QRz^L!TtP�J¬Q^T%X¹JMLON��^LON�JIQ^T%X0P [ L!HrNIHKTtPMLON�u�Q^]{L�£8HKP [ P [ L�T_LOPf£,S^N�Ð
dKQ·e^LON"L!TtP�HrP�HrL!J Õ b?HrN�JMPO�sP [ L\N�SUdKL\S^u�	�S } Ö L!T [ Q^T%]{L!X¢S^N�	�S } Ö L!T%Q g dKL!X } o�V |%N�S�_HrL!J8HKJ8X%HKJ�]Oc%J�JML!X Õ o T
|�QRN�P�Hp]Oc%dKQRN!�xP [ L!HrN&N�SUdKLIHpT²N�L!wtc_L!J�P�HKT_z;N�L!JMSUc_N�]{L!J
SUT g L [ Q^dru>S^u?c%JMLON�J,£ [ S�`CQ·e�T%S^P [ Q!�^L\Q^]O]{L!J�J8PMS
	�S } N�L!JMLON��RQRP�HrSUT²|%N�S^PMS6]{SUdKJ=HKJ=L!`�| [ Q^J�H��OL!X Õ #§Q^JML!XaSUT²P [ L�G�HrÒ+LON�L!TtP�HKQRPML!X } LON��6HK]{L!J=QRN�] [ HrPML!]{P�c%N�L^�
Q�dKHrz [ Pf£,L!Hrz [ P
J�HrzUT%Q^dKHpT_z�J�] [ L!`�L\HKJ,|%N�S^|+SUJ�L!Xau¦S^N&P [ L¬HKTtPMLON�Q^]{P�HrSUT«S^u�	�S } Ö L!T [ Q^T�]{L!X } oÀV |%N�S�_HrL!J
Q^T%X0G�HrÒ } LON��²L!X_z^L�N�SUc_PMLON�J Õ§Z8[ HKJ&J�] [ L!`�L^�+£ [ HK] [ ]OQ^TY|�N�S·�6HKX_L\drSxSUJML=	�S } zUc%QRN�Q^TWPMLOL!J"PMS�c�JMLON�JO�
HKJIQ^T(L9�_Q^`�|�drL�S^u,Q«SUT_L{Ö £,Q·e } oÀV Q^T�XÔN�L!JMSUc_N�]{LC`aQ^T%QRz^L!`�L!TtP\HKTWPMLON�Q^]{P�HrSUTØHKTÔQm	�S } Ö L!T [ Q^T%]{L!X
} o�V |%N�S�6eWÖ g Q^J�L!X¢QRN�] [ HrPML!]{P�c_N�L

Z
[ L§HpTWPMLOz^N�QRP�HKSUT�S^u } oÀV Q^T�X�N�L!JMSUc_N�]{L
`aQ^T%QRz^L!`�L!TtP�|%N�S^|�SUJML!X g e�P [ L o ~ Z bÍþ�v"bÑ� ù^ù !� ÿ i��+j
X_LOq�T%L!J"T_LO£4£§Q!e6J¬PMSm]{SU`C`;c%T%HK]OQRPML)	�S } HKT_u¦S^N�`CQRP�HKSUTYQRP¬P [ L�QR|%|�dKHp]OQRP�HrSUT0dpQ!e^LON\Q^T%XÔQ^X%X_N�L!J�JML!J
QCN�L!JMSUc_N�]{L{Ö N�L!J�LON��ÓQRP�HKSUT6Ö g Q^JML!X0QR|%|%N�SUQ^] [ PMS$	�S } Õ�Z
[ L\HK`�|�Q^]{P
S^u/P [ L*J�HrzUT%Q^dpHKT_z�T_LOL!X_L!XYuyS^N"P [ HKJ
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HKTtPMLOz^N�QRP�HrSUT(Q^T%X¹S^u�P [ L;N�L!JMLON��RQRP�HrSUT(X_L!dKQ·exJIX%c_N�HKT_zaP [ L;]OQ^dKd?`CQ^T�QRz^L!`�L!TWP¬| [ Q^JML�QRN�L�LO�ÓQ^dpc%QRPML!X
P [ N�SUc%z [ PML!JMP g L!X�L9�x|�LON�Hp`�L!TWP�J Õ�Z
[ L!T��W`�S^P�Hr�RQRPML!X g e�P [ L
HKX_L!QIS^u+LO×a]OHrL!TtP�dre;c�J�HKT_zIP [ L
HKX�drL�P�Hp`�L!J
þ¦L Õ z Õ �/N�L!JMLON��ÓQRP�HrSUTÍQ^T%XËc%JMLON�Q^T�JM£�LON�HKT_zYX_L!dpQ!e6J ÿ X%c%N�HKT_z«P [ L�]OQ^dKd�J�LOP�c_|kPMN�Q^T�J�Q^]{P�HrSUT��/Q^TØL9�6|�LONMÖ
HK`�L!TtP�Q^d
J�HKzUT%Q^dKHKT_zÔ£,S^N�Ð9SUT P [ L0v
L!JMSUc_N�]{LY`CQ^T%QRz^L!`�L!TtP¢¡��^LON�dKQR|%|�L!X9£8HKP [ F"T%J�£�LON�HpT_zØG�L!dKQ!e
þ�v
¡
F�G ÿ ]OQ^dKd�JMLOP�c%|¢QRN�] [ HKPML!]{P�c_N�L\HKJ§|%N�S^|+SUJ�L!X Õ #,Q^J�HK]OQ^dKdre^�6P [ HKJ&J�HrzUT%Q^dKHKT%z�QRN�] [ HrPML!]{P�c_N�L\QR|�|�dKHrL!J§Q
X%H�Ò�LON�L!TtP
Q^T%X¢`�S^N�L�M%L9�6H g drL¬]OQ^dKd�JMLOP�c_|0`�SxX%L!d�P [ Q^TmP [ L¬PMN�Q^X%HrP�HrSUT%Q^d�PML!dKLO| [ SUTteWÖfJMP exdKL*`�S6X_L!d Õ

Z
[ L«HpX_L!QYS^u3	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�S�_HrL!J�]OQ^T g L«u¦c%N�P [ LON�QR|%|�dKHrL!XÍHKT9QÔPf£,SRÖ £§Q!e } o�V Q^T%X
N�L!JMSUc%N�]{L0`CQ^T�QRz^L!`�L!TWP«HKTtPMLON�Q^]{P�HrSUT�þ�b�HKzUc_N�L¹� ÿ �&£ [ HK] [ c%JML!JCP [ L0]{SUT%]{LO|%P�J²S^u¬P [ L¹HKTWPMLOz^N�QRP�HrSUT
S^u } o�V Q^T�XØN�L!JMSUc%N�]{La`CQ^T%QRz^L!`CL!TWP�PMS0Q^c%P [ S^N�H��OL�T_LOPf£,S^N�Ð(N�L!JMSUc%N�]{L!J*u¦S^N*P [ L²]OQ^dKd¨�?]{SUT%J�HpX_LON�HKT_z
P [ La]Oc%N�N�L!TtP\T_LOPf£,S^N�Ð(drSUQ^X.þ�H Õ L Õ ��Pf£,SRÖ £§Q!ekHKTtPMLON�Q^]{P�HrSUT ÿ Q^T%XØQ^dKdKS·£8HKT%z«Q^TËHKTtPMLOz^N�QRPML!XkQ^T%Xk`�S^N�L
z^N�Q^Txc%dKQRNa]OQ^dpd
Q^c_P [ S^N�HP�!QRP�HrSUT `�S6X_L!d g LOPf£,LOL!T S^N�HrzUHKT Q^T%X X%L!JMP�HKT%QRP�HrSUT X%SU`CQ^HKT%J Õ o T Q^X%X�HrP�HrSUT��
P [ L¬HKT%]{N�L!Q^JML!X�|%N�S6]{L!J�J�HKT_z�drSUQ^X«P [ QRP§P [ HpJ,`CSxX_L!d�`CQ·e�Hp`�|�SUJML8SUT } o�V |%N�SK�6HKL!J&HKJ§Q^T%Q^dre8�OL!X�c�J�HKT_z
wxc_L!c%HKT_z�`�S6X_L!dKJ!�x£ [ HK] [ ]OQ^T [ L!dr|mSUTmLO�RQ^dKc%QRP�HpT_z�P [ L*J�]OQ^dpQ g HKdKHrP eCS^u?P [ L\|%N�S^|+SUJ�L!XmQRN�] [ HKPML!]{P�c_N�L Õ

QoS ControlSIP Proxy

UAC UAS Router Router Router

QoSSIP

Transport

Control

Data

Application

ñ é^q!r_s+to� � Z £,SRÖ £,Q·e } oÀV Q^T%XmN�L!JMSUc%N�]{L*`CQ^T%QRz^L!`CL!TWP�HKTWPMLON�Q^]{P�HrSUT Õ

Z SYQ^] [ HrLO�^LaL!T%X_Ö PMSRÖ L!T%X�	�S } ��P [ LCN�SUdrLaS^u,QR|%|sdKHK]OQRP�HrSUT6ÖfdpQ!e^LON*J�HKzUT%Q^dKHKT_z [ Q^J\z^N�S·£8HpT_zYHK`�|�S^NMÖ
P�Q^T%]{L^�+L!JM|�L!]OHKQ^dKdre«HKT [ LOPMLON�S^z^L!T_LOSUc%JIT_LOP £�S^N�ÐmL!Tt�6HrN�SUT%`�L!TtP�JO�sL!Q^] [ £8HrP [ P [ L!HrN8S�£8T¢|�SUdKHK]OHKL!J
Q^T%X
	�S } J�] [ L!`�L!J Õ²Z
[ L [ LOPMLON�S^z^L!T_L!HrP e [ QR|%|�L!T%JI`�SUJMP�dreÔQRP*P [ L�PMN�Q^T%JM|�S^N�P\drLO�^L!d ÕaZ
[ c%JO��P [ HKJ\£�S^N�Ð
L!Tt�xHKJ�HrSUT%J�P [ QRP&P [ L¬QR|%|�dKHp]OQRP�HrSUT6ÖfdKQ·e^LON§]OQ^TmQ^X�XmJMSU`�LIPfex|�L�S^u�]{SUTWPMN�SUd�PMS [ QRN�`�SUT%HP�OL"P [ HpJ [ LOPMLON�SRÖ
z^L!T_LOSUc%J§L!Tt�6HrN�SUT%`�L!TtP Õ ¡IT_LIJ�]{L!T%QRN�HrS�P [ QRP§£8HKdKd g L�]{SUT%J�HKX_LON�L!X�HKJ,P [ QRP§S^uÑ`�S g HKdrLIT_LOPf£,S^N�Ð6J§£8HrP [
X%H�Ò�LON�L!TtP
HKT_u¦N�Q^JMPMN�c�]{P�c_N�L!J§Q^T%X¢J�HKzUT%Q^dKHKT_z;|%N�S^PMS6]{SUdKJ Õ

®
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Z
[ HpJÑP [ L!J�HKJ?HKJ�S^N�zUQ^T%H��OL!XaQ^J?uySUdKdKS·£8J Õ o Ta� [ QR|%PMLON=�x�WQ¬J�c_N��^LOe*S^u+]Oc_N�N�L!TtP/JMP�QRPML{Ö S^uyÖ P [ L{ÖfQRN�P,£�S^N�Ð;HKT
P [ L;QRN�L!QCS^u�]{SxS^|�LON�QRP�HrSUT g LOP £�LOL!T¹JML!J�J�HKSUTY]{SUTtPMN�SUdÑJ�HrzUT%Q^dKHKT%z�Q^T�X¢N�L!JMSUc%N�]{L�`CQ^T�QRz^L!`�L!TWPI`�L!] [ Ö
Q^T%HKJ�`CJ¬HKJ¬|%N�L!JML!TWPML!X Õ � [ QR|�PMLON ù |%N�L!JML!TWP�J�Q^TØQRN�] [ HrPML!]{P�c_N�L²£8HrP [ Qo	�S } Ö L!T [ Q^T�]{L!X } o�V |%N�SK�xe
Q^T%X.HrP�J²J�HrzUT%Q^dKHKT%zØJ�] [ L!`CL g Q^JML!X.SUT.P [ L0GIH�Ò } LON�� QRN�] [ HrPML!]{P�c_N�L ÕàZ
[ L!T��8� [ QR|�PMLON²®Ë|%N�L!JML!TtP�J
P [ LCv8L!JMSUc_N�]{LC`CQ^T�QRz^L!`�L!TWP�¡��^LON�dKQR|%|�L!X¹£8HrP [ F�T%JM£,LON�HKT_z«G�L!dKQ!e þ�v
¡8F"G ÿ ]OQ^dKd/J�LOP�c_|ØJ�] [ L!`�L Õ
� [ QR|�PMLON§�*HKJ�Q g SUc_P�P [ L8N�SUdrL8S^u_	�S } Ö L!T [ Q^T%]{L!X²|%N�SK�6HrL!J,HKTaP [ L"HKTtPMLON�Q^]{P�HrSUT²S^u�]OQ^dKdsQ^c_P [ S^N�HP�!QRP�HrSUT
Q^T%X)	�S } Ö L!T%Q g drL!X�`�L!X%HpQ"Q^c_P [ S^N�H��!QRP�HrSUT Õ o Ta� [ QR|%PMLON ý P [ L
QR|%|sdKHK]OQRP�HrSUT�S^usP [ L§Q g S��^L
`�L!TWP�HKSUT_L!X
QRN�] [ HrPML!]{P�c_N�L!J=QRN�L&]{SUT%J�HKX_LON�L!X;HpT;Q [ LOPMLON�S^z^L!T_LOSUc%J�T%LOPf£,S^N�Ð�£"HrP [ P [ L§S g6ø L!]{P�HK�^L&S^u+Q^] [ HrLO�6HKT_z�L!T%X6Ö
PMSRÖ L!T%X�	IS } Õ b�HpT%Q^dKdre^�xP [ HKJ,P [ L!J�HpJ,]{SUT�]OdKc%X_L!J§HKT¢� [ QR|�PMLON � £ [ LON�LIP [ L¬`CQ^HKT�N�L!JML!QRN�] [ N�L!J�c%drP�J§QRN�L
J�c%`a`CQRN�H��OL!XmQ^T%XYQ�Ttc%` g LON&S^u?|%N�S g drL!`aJ§uyS^N
u�c_P�c_N�LIHpTW�^L!JMP�HKzUQRP�HrSUTYQRN�L\J�c_z^z^L!JMPML!X Õ

�
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Z S«X%LO�^L!drS^|ØQ^T(c%T%X_LON�JMP�Q^T%X%HKT%zCS^u=P [ L�HKJ�J�c_L!J"S^u=P [ L�HKTtPMLON�Q^]{P�HrSUTÔS^u,QR|%|�dKHK]OQRP�HKSUT6ÖfdKQ!e^LON¬J�HKzUT%Q^dKHKT_z
Q^T%X�T_LOPf£,S^N�ÐtÖfdKQ!e^LON�	�S } `�L!] [ Q^T%HKJ�`aJO��q�N�JMP�P [ HKJ�] [ QR|%PMLON�|%N�S·�6HKX_L!JÑQ^T*S��^LON��6HrLO£9S^u%JML!J�J�HrSUT�]{SUTWPMN�SUd
J�HrzUT�Q^dKHKT_z_�/HKT%]Odpc%X%HKT_zYL9�6HKJ�P�HKT_z¹|%N�S^PMS6]{SUdKJ Õ F�`�SUT_zÔP [ L!JMLm|�N�S^PMSx]{SUdpJO��L!`�| [ Q^J�HKJ;HKJ;zUHr�^L!T9PMS(P [ L
} L!J�J�HrSUT o T%HrP�HpQRP�HrSUT V N�S^PMSx]{SUd&þ } o�V,ÿ �+£ [ LON�L } o�V ÛÜJ [ HKJMPMS^N�e¢Q^T%X0QR|�|�dKHK]OQRP�HrSUT�JO�sHrP�J g Q^J�HK]*J�HKzUT%Q^dKHKT_z
M%S�£\��Q^T%X«P [ L*N�SUdrLIS^u } oÀV |%N�S�_HrL!J
QRN�L*X%HKJ�]Oc�J�JML!X Õ?Z
[ L!T��%Q�N�LO�xHrLO£ÏS^u�]Oc_N�N�L!TWP
`CSxX_L!dpJ§|%N�S^|�SUJML!X
HKT¹P [ LCdKHKPMLON�QRP�c_N�L�PMSm|%N�S��xHpX_L�P [ LCHKTtPMLON�Q^]{P�HrSUTÔS^u§JML!J�J�HrSUT(]{SUTtPMN�SUd�Q^T�XÔN�L!JMSUc_N�]{LC`aQ^T%QRz^L!`�L!TtP*HKJ
|%N�L!J�L!TWPML!X Õ

�1z+y �$|�~�~��"�(� ¡¢�5���A�����o�)�x£¤�
�������f£

} L!J�J�HrSUT�]{SUTWPMN�SUd�J�HrzUT�Q^dKHKT_zI]{SUT%J�HKJ�P�J/S^usP [ L8JMLOP�S^u�`�L!J�J�QRz^L!J,Q^T%X�|%N�Sx]{L!X%c%N�L!J?PMS*JMLOP=c%|>�W`�S6X%Hru¦e^�^S^N
PMLON�`CHpT%QRPML¬`�c%dKP�HK`�L!X%HKQ*JML!J�J�HrSUT�J Õ b_S^N&L9�_Q^`�|�drL^�_J�HrzUT�Q^dKHKT_z�|%N�S^PMS6]{SUdKJ§QRN�L¬N�L!wxc%HrN�L!X²PMS�]{StS^N�X�HKT%QRPML
]{SUT%T_L!]{P�HKSUT%J
S^u/�^SUHK]{L{Ö S��^LONMÖ o�V Q^T%X¢�6HKX_LOSRÖf]{SUT_u¦LON�L!T%]{L;JML!J�J�HKSUT%J Õ o T¢z^L!T%LON�Q^d¨��JML!J�J�HrSUT¢]{SUTtPMN�SUdÑ|%N�SRÖ
PMS6]{SUdKJ¬u¦Sx]Oc%J\SUT(]{SUT%T_L!]{P�HrSUTØQ^T�XØ]OQ^dKd/]{SUTtPMN�SUd¨� g L!HKT%z�JMLO|sQRN�QRPML!X(u¦N�SU`iP [ LCQ^]{P�c%Q^d�PMN�Q^T%J�`CHpJ�J�HrSUT
S^u/`�c�drP�HK`�L!X%HpQ�]{SUTtPML!TWP g LOPf£,LOL!TYJML!J�J�HrSUTm|�QRN�P�Hp]OHr|�Q^TtP�J Õ

Z S\|�LON�u¦S^N�`4]{SUT%T_L!]{P�HrSUTCQ^T�XC]OQ^dKd_]{SUTtPMN�SUd%u�c%T%]{P�HrSUT�JO� g Q^J�HK]§J�HKzUT%Q^dKHKT_z�|%N�S^PMS6]{SUdKJ�`;c%JMP/|�N�S·�6HKX_L
P [ L�u¦SUdKdrS�£8HKT_z«JMLON��6HK]{L!J)i ý �6��� ý j �Ic�JMLON\T%Q^`�L�PMN�Q^T�J�dKQRP�HrSUT(Q^T%X(dKSx]OQRP�HrSUT(J�LON��xHp]{L!JO��]OQR|�Q g HpdKHrPfe¹T_L{Ö
z^S^P�HKQRP�HrSUT>��]OQ^dpd�|�QRN�P�HK]OHr|�Q^TtP�J"`aQ^T%QRz^L!`�L!TtPO�>Q^T%XYzUQRPMLO£§Q!e(JMLON��xHK]{L!J Õ o T0Q^X%X�HrP�HrSUT¢PMS«P [ L�T_LOL!X0PMS
HKX_L!TtP�Hru¦e²P [ L;drS6]OQRP�HrSUTYS^u/P [ L�]OQ^dKdKL!XY|�QRN�Pfekþ�H Õ L Õ � �s�A¥a�����M�R�_�����U�����R� �R�!¦m���!���^���¨�R�Ø�!�{�IW·�¨��� ÿ �+c�JMLON�J
P [ QRP,£,Q^TtP§PMS�L!JMP�Q g dKHKJ [ Q;`�c%dKP�HK`�L!X%HKQ*JML!J�J�HrSUT�`;c%JMP§Q^dKd�QRz^N�LOLISUT«`�L!X%HpQ\u¦S^N�`CQRP�J¬þ¦L!T%]{S6X%HKT_z�Q^T%X
g Q^T%X%£8HKX_P [ ÿ P [ QRP�P [ LOemJ�c_|�|+S^N�PO��Q^T%X¢SUT¹T_LOP £�S^N�Ð¢Q^X�X_N�L!J�JML!J"Q^T%X¢|�S^N�P"Ttc%` g LON�J
PMS²N�L!]{L!Hr�^L;P [ L
`�L!X%HpQ=M%S·£"J Õ8Z
[ L�PMLON�` ���¨§6�7©{�¦� �����m�+� �t�^���¨�^�����^� HKJ"c%J�c%Q^dKdKe�c%J�L!X¢PMS�N�LOuyLON"PMS²P [ HKJ
P et|�L*S^u�`�L!X%HKQ
T_LOz^S^P�HKQRP�HKSUT�P [ QRPÑS6]O]Oc_N�J g LOPf£,LOL!T�c%JMLON�JÑQRP/]OQ^dKdxJMLOP�c_| Õ ÚYS^N�LOS·�^LON!�x]OQR|�Q g HKdpHrPfe\] [ Q^T_z^L!J/`CQ·e*S6]O]Oc_N
X%c_N�HKT_z*Q^TmQ^]{P�Hr�^L\J�L!J�J�HrSUT Õ F�dKJMS_�_Q^]{P�Hr�^L\JML!J�J�HrSUT%J,]OQ^T [ Q!�^L\]OQ^dpds|sQRN�P�HK]OHr|�Q^TtP�J,Q^X%X_L!X�S^N&N�L!`�S��^L!X n
P [ c%JO�%J�HrzUT�Q^dKHKT_z;|%N�S^PMS6]{SUdKJ
`;c%JMP&|%N�S·�6HKX_L ¥C�R�s�!�x�9¥a�{���&���*���R�¦�L§6�R�{�����!�ª§_�R���¦� X%c_N�HKT%z;Q^TmSUT_Ö z^SUHKT_z

ý



]OQ^dKd Õ b�HpT%Q^dKdre^� �W�U�f�9«=�R�m�!�{�IW·�¨���{� QRN�LCT_LOL!X_L!X¹PMSm|%N�S��xHKX%L;Q^TØHpTWPMLON�u�Q^]{L�£8HrP [ PML!drL!]{SU`C`;c%T%Hp]OQRP�HrSUT
T_LOP £�S^N�Ð6JO��J�c%] [ Q^J8P [ L V c g dKHK] } £8HKP�] [ L!X Z L!drLO| [ SUT%L3�8LOP £�S^N�Ðkþ V } Z � ÿ Õ

Z £,SC|%N�S^PMSx]{SUdKJ8|%N�S��xHKX%L\]OQ^dKd>]{SUTtPMN�SUd�JMLON��xHK]{L!J8PMS o TWPMLON�T%LOP
PML!drLO| [ SUTtemQR|%|�dKHp]OQRP�HrSUT%JO�/P [ L } L!J�Ö
J�HrSUT o T%HrP�HKQRP�HKSUT V N�S^PMS6]{SUd=þ } o�V,ÿ ik�^�+j>Q^T%X«P [ L\  Õ ù � ù |%N�S^PMS6]{SUd�J�c%HKPML=i � ý j Õ �,SU`�|�QRN�HKJMSUT%J g LOPf£,LOL!T
P [ L!JML�|%N�S^PMS6]{SUdKJ§]OQ^T g L8u¦SUc%T%XaHpTaP [ LIdKHrPMLON�QRP�c_N�L�i ���%� ù ^�x®^®%�.� � j Õ o T�J�c%`a`CQRN�e^�xP [ L!HrN§X%H�Ò�LON�L!T%]{L!J
QRN�L�S^N�HrzUHKT�QRPML!XkHKTkP [ L�T�QRP�c_N�LaS^u8P [ L!HrN�X%L!J�HrzUT%JO��P [ L�QRN�] [ HrPML!]{P�c_N�Q^d,| [ HpdrSUJMS^| [ e^��P [ L«JMP�Q^T%X�QRN�X%J
|%N�S6]{L!J�JO�§Q^T%X X_LOP�Q^HpdKJCJ�c%] [ Q^JaF } � Õ «L!T%]{S6X%HKT_z þ�  Õ ù � ù ÿ �^LON�J�c%J�PML9�6PCL!T%]{S6X%HKT_z þ } o�V,ÿ Õ�Z S g L
`�S^N�L�JM|�L!]OHrq�]R�tP [ L"  Õ ù � ù J�c%HrPML [ Q^J�JMPMN�SUT_z*N�SxS^P�J,SUTaPMN�Q^X%HrP�HrSUT%Q^d%PML!drLO| [ SUTte.% o TtPMLOz^N�QRPML!X } LON��6HK]{L!J
GIHrzUHrP�Q^d��"LOPf£,S^N�Ð.þ o } G�� ÿ � g L!HKT_zm|�QRN�P¬S^u§P [ L²  Õ ù �8�Øu¦Q^`aHKdreYS^u§|%N�S^PMSx]{SUdKJ*S^u§P [ L o TWPMLON�T�QRP�HrSUT%Q^d
Z L!drL!]{SU`C`;c%T%HK]OQRP�HrSUT�Jl/"T%HKSUTÔþ o Z /8Ö Z ÿ þ¦L Õ z Õ �s  Õ ù �R��u¦S^N o } G��àQ^T%X«  Õ ù �6¬u¦S^N¬#,N�SUQ^X g Q^T�X6Ö o } G5�
þ;#�Ö o } G5� ÿMÿ Õ } oÀV c%JML!J"QaX%H�Ò�LON�L!TtP8`�S6X_L!d¨� [ S�£�LO�^LON Õ o P�J o ~ Z b,ÛÜJ8`�S6X_L!d>HKJ
PMN�Q^T%J�Q^]{P�HrSUT_Ö S^N�HrL!TtPML!X��
£8HrP [ J�HK`CHpdKQRN�HrP�HrL!J§PMS�P [ L� 8ex|�LON Z L9�xP Z N�Q^T�JMuyLON V N�S^PMSx]{SUd&þ�  Z
Z V,ÿ P [ QRPIHKJ"c�JML!X¢PMS«PMN�Q^T%J�uyLONIQ^T%X
X%HKJ�|�dKQ!e²q�drL!J§SUTmP [ L o TtPMLON�T_LOP Õ

�1zx� ���=|��|�~�~_�C�(�¯®��Z���A�C���A�C�(�±°v�²���7�������¢³8�1®�°µ´
�w¶·�p¶�÷ ë¹¸�ºÞï�ãOú1»

Z
[ HpJ"P [ L!J�HKJ¬HKJIQ g SUc_PIP [ LCHKTtPMLON�Q^]{P�HrSUT(S^u } o�V Q^T%XÔN�L!JMSUc%N�]{LC`CQ^T%QRz^L!`�L!TtP*`�L!] [ Q^T%HKJ�`CJ Õ�Z8[ LON�L
QRN�L*J�LO�^LON�Q^d�N�L!Q^JMSUT%J
£ [ e } o�V HKJ
S^u?J�|+L!]OHpQ^d>HKTtPMLON�L!JMP Õ b?HrN�JMPO��HrP�J"X_L!J�HrzUT¢HpJ g Q^JML!XmSUTYP [ L o TtPMLON�T_LOP
QRN�] [ HrPML!]{P�c_N�L^��£ [ HK] [ Q^dKdKS·£8JIQ^TÔL!Q^JMeÔHKTtPMLOz^N�QRP�HrSUT¹£8HrP [ S^P [ LON o TWPMLON�T_LOPI|%N�S^PMS6]{SUdKJCþ¦L Õ z Õ �ÑdKHpT_ÐxJ8PMS
} o�V JMLON��6HK]{L!J§]OQ^T g LIHKTtPMLOz^N�QRPML!XmHKTa£�L g |�QRz^L!J ÿ Õ F"dpJMS_�xHKP�S^|�LON�QRPML!J&HKT�Q�]OdKHrL!TtP�ÖfJMLON��^LON&`�S6X_L^�_Q^T%X
T_LO£ JMLON��6HK]{L!J\]OQ^T g LCHp`�|�drL!`�L!TtPML!X(L!HrP [ LON*QRP*P [ LaL!T%Xkc%J�LON\S^N�HKTtPMLON�`�L!X�HKQRPMLaJMLON��^LON�J Õ } L!]{SUT%X��
J�]OQ^dKQ g HKdKHrP e*Q^T%X�N�L!dpHKQ g HKdKHKPfe\QRN�L
JMSU`CL
Q^X_�ÓQ^TtP�QRz^L!J�S^u } o�V �UJ�HKT%]{L } o�V JMLON��^LON�J�X_S\T_S^P/Ð^LOLO|�JMP�QRPML
u¦S^N
P [ L�£ [ SUdrL\JML!J�J�HrSUT�� g c_P8c%J�c�Q^dKdreau¦S^N8SUT�dremQCJ�HKT_zUdKL¬PMN�Q^T%J�Q^]{P�HrSUT Õ§Z8[ c%J!�%P [ LOem]OQ^T [ Q^T%X%drL\Q²dKQRN�z^L
Txc%` g LON§S^u?J�c g J�]{N�H g LON�JO�tQ^T�X¢]OQ^dKdKJ§£8HpdKdsT%S^P g L¬QÓÒ�L!]{PML!XYHruÑP [ LOe g L!]{SU`CL¬SUc_P&S^u�J�LON��xHp]{L Õ b�HpT%Q^dKdre^�
} o�V ÛÜJ¬X_L!J�HrzUT [ Q^J¬]{SUT%J�HKX%LON�L!X(QR|%|�dKHp]OQRP�HrSUT6ÖfdKQ·e^LONI`CS g HKdKHrP ehi�O�^��j Õ F"|%|�dKHK]OQRP�HKSUT6ÖfdKQ!e^LON¬`�S g HKdKHrP eYHKJ
Q^dKdrS�£�L!X�HKT;X%H�Ò�LON�L!TtPÑ£§Q!e6JO��|�LON�JMSUT%Q^dx`�S g HKdpHrPfe^�RHKT�£ [ HK] [ } o�V N�L!wxc_L!JMP�J?]OQ^T g L,X%HKN�L!]{PML!X;PMSIJ�LO�^LON�Q^d
S^u=P [ L;c%J�LON!ÛÜJ�|+SUJ�J�H g drL�drSx]OQRP�HKSUT%J�þ¦P [ QRP\HKJO��c%JMLON�J!Û+HKX%L!TWP�Hrqs]OQRP�HrSUT0HpJ�HpT%X_LO|�L!T%X_L!TtP
S^u=P [ L!HrN¬Q^]{P�c%Q^d
| [ exJ�HK]OQ^d8Q^X%X%N�L!J�J�HKT P [ LÔT_LOP £�S^N�Ð ÿ n S^N«JML!J�J�HrSUT¥`�S g HpdKHrPfe^�§£ [ HK] [ Q^dKdrS·£"J²c%J�LON�JaPMSÍPMN�Q^T%J�uyLON«Q^T
SUT6Ö z^SUHKT%z�JML!J�J�HrSUT¢u¦N�SU`ÙSUT_L�Q^]O]{L!J�J¬X_LO�xHp]{L�þ¦L Õ z Õ �>Q�]{L!dKdKc%dKQRN8| [ SUT_L ÿ PMS�Q^T_S^P [ LON�þ¦L Õ z Õ ��Q�X_L!JMÐxPMS^|

�



]{SU`�|�c%PMLON ÿ n S^N
JMLON��6HK]{L\`�S g HKdKHrP e^�xP [ QRP
|%N�S��xHKX%L!J�P [ L\J�Q^`�L*JMLON��xHK]{L!J§PMSaP [ L\c%JMLON�J&HpT%X_LO|�L!T%X_L!TtP�S^u
P [ L!HrNIdrS6]OQRP�HrSUT0S^NIQ^]O]{L!J�J¬X_LO�xHp]{L Õ�Z
[ L;c%J�L*S^u } o�V uyS^N¬`�S g HKdKHrP e«`aQ^T%QRz^L!`�L!TtPIQ^T�X¹HKP�J"J�HKzUT%Q^dKHKT_z
|�LON�u¦S^N�`CQ^T%]{L [ Q^J g LOL!TmJ�P�c%X%HrL!XmHKT¼i � � ý^ù j Õ

F"uyPMLONmQ^T¥HKT%HrP�HpQ^d§�^LON�J�HrSUT.S^u } o�V Ö } o�V ��«Ö;P [ QRP²£§Q^J²X%LO�^L!drS^|�L!X.HKT P [ L0`aHKXÏ���R�6ÛÜJO�"P [ L
JML!]{SUT%X¹�^LON�J�HrSUT g L!]OQ^`CL�Q^T o ~ Z b.JMP�Q^T%X%QRN�X0HKTÍ�����(þ�v8b��&�^�Ó® ù ÿ i �^�+j Õ F"uyPMLON¬JMLO�^LON�Q^d?N�LO�xHpJ�HrSUT%J
P [ QRP�Q^X%X_L!XÍJML!]Oc_N�HrPfeØ`�L!Q^J�c_N�L!J�Q^T%XÍ`�S^N�LmX_LOP�Q^HKdrL!XÍX_L!J�]{N�Hr|%P�HrSUT%J\S^u
P [ L«|%N�S^PMS6]{SUd¨ÛÜJ;u¦c�T%]{P�HrSUT%Q^d
g L [ Q!�6HrS^N!�"P [ HKJ«JMP�Q^T%X�QRN�X [ Q^J g LOL!T¥SUc_P�X%QRPML!X g e.Q T_LO£,LONmSUT_L þ�v"bÑ� ù � ý  ÿ ik�^�Aj Õ b_N�SU`'P [ L
g LOzUHKT%T%HpT_z_�UP [ L¬`CQ^HKT²z^SUQ^d�S^u } o�V X_L!J�HrzUT%LON�J=£§Q^J§PMS�]{N�L!QRPML\Q�z^L!T_LON�HK]�JML!J�J�HKSUT�J�HrzUT%Q^dKHKT%z\|%N�S^PMS6]{SUd
P [ QRP«]{SUc%dKX g L0c%JML!X¥T_S^P�SUT%dre u¦S^Nm`�c%dKP�HK`�L!X%HKQ(J�L!J�J�HrSUT%J g c_P�Q^dKJMS9`�c�drP�H�Ö |�dKQ·e^LON²zUQ^`CL!JO� g Q^T%Ð
PMN�Q^T%J�Q^]{P�HrSUT%JO�+HKT%JMP�Q^TtP8`�L!J�J�QRzUHKT_z_��Q^T%X0`CQ^Tte�S^P [ LON�QR|%|sdKHK]OQRP�HrSUT%J Õ b_S^NIHKT%JMP�Q^T�]{L^��i � 9j�|%N�S^|�SUJML!J
P [ L�c%JML8S^u } oÀV uyS^N,]{SU`C`;c%T%HK]OQRP�HrSUT�Q^`�SUT_z;T_LOPf£,S^N�Ð^L!X [ SU`�L�QR|%|�dKHpQ^T%]{L!J Õ ¡ITCP [ L"q%L!dKXaS^u��^SUHK]{L{Ö
S·�^LON�Ö oÀV � } o�V | [ SUT_L!JO�=JMLON��^LON�J�Q^T%X9zUQRPMLO£§Q!e6J²QRN�L g L!HKT_zÔHK`�|sdrL!`�L!TtPML!X g eËJ�LO�^LON�Q^d
]{SU`�|�Q^T�HrL!J Õ
b%c_N�P [ LON�`�S^N�L^��SUT_LCHK`�|�S^N�P�Q^TtP¬QR|%|�dKHK]OQRP�HKSUT¹HpJ"P [ LCc%JML�S^u } oÀV Q^J\P [ LCJ�HrzUT%Q^dpHKT_z�|%N�S^PMS6]{SUd/HKTÔP [ L
]{S^N�L«T_LOPf£,S^N�Ð.þ�H Õ L Õ � oÀV g Q^]�Ð g SUT_L ÿ S^u
P [ HrN�X6Ö z^L!T_LON�QRP�HrSUT¥þ ù � ÿ £8HrN�L!dKL!J�J\JMe6JMPML!`CJ$i ®�j �?£ [ LON�L o�V Ö
g Q^JML!X¢|%N�S^PMS6]{SUdKJ&u�Q^]OHKdKHrP�QRPML¬P [ L�HKTWPMLOz^N�QRP�HrSUT g LOPf£,LOL!T¢q.�6L!X¢Q^T%XY`�S g HKdrL¬T_LOP £�S^N�ÐxJ�i� ù ��^ ù j Õ

�w¶·�p¶P� è t7½¨¾1¿�s+À å s�Á ¸ é·½�t7Á�½+r�s+t

} o�V ÛÜJ\X%L!J�HrzUTÔPMN�HrL!J\PMS¢Ð^LOLO|ÍHKP�J¬u¦c�T%]{P�HrSUT%Q^dKHKPfeYPMSYSUT%dre0J�L!J�J�HrSUTØ]{SUTtPMN�SUd=u¦c%T�]{P�HrSUT%JO� g c_P\HrP\Q^dKdrS�£8J
]{SxS^|+LON�QRP�HrSUT(£8HrP [ S^P [ LON\|%N�S^PMS6]{SUdKJ Õ } o�V HpJ¬Q^TØQR|%|�dKHp]OQRP�HrSUT6ÖfdKQ·e^LON¬|%N�S^PMS6]{SUd�P [ QRP¬P et|�Hp]OQ^dKdre0c�JML!J
P [ LmJMLON��6HK]{L!J;S^u8L!HKP [ LON�P [ L²N�L!dKHKQ g drL�]{SUT%T_L!]{P�HrSUT_Ö S^N�HrL!TtPML!X Z N�Q^T�JM|�S^N�P��,SUTtPMN�SUd V N�S^PMSx]{SUd\þ Z � V,ÿ
S^N�P [ L¢c%T%N�L!dKHKQ g dKLa]{SUT%T_L!]{P�HrSUT�drL!J�J=/�JMLONCGIQRP�QRz^N�Q^` PMN�Q^T%JM|�S^N�P V N�S^PMS6]{SUd*þ;/�G V§ÿ Õ o T9P [ L¢dKQRPMPMLON
]OQ^JML^�8`CL!J�J�QRz^LÔN�LOPMN�Q^T%J�`CHKJ�J�HKSUT%J�QRP²P [ L0QR|%|�dpHK]OQRP�HrSUT dKLO�^L!d"QRN�L¹JM|�L!]OHrq%L!X HpT P [ L } o�V JMP�Q^T�X%QRN�X
þ�v8b�� ù � ý  ÿ HpTËS^N�X_LONCPMSØ|%N�S·�6HKX_LmQÔN�L!dKHKQ g drL�J�HrzUT%Q^dKHKT%z0L9�_] [ Q^T%z^L Õ ¡�P [ LON�PMN�Q^T�JM|�S^N�P�|%N�S^PMS6]{SUdKJ
]OQ^TmQ^dKJMS g L¬c%JML!X�PMSC]OQRN�N�e } o�V `�L!J�J�QRz^L!JO�sJ�c%] [ Q^J§P [ L } PMN�L!Q^`Ì�,SUTtPMN�SUd Z N�Q^T%J�`CHKJ�J�HrSUT V N�S^PMS6]{SUd
þ } � Z V,ÿ i� � ���69j&£ [ HK] [ HKJ�QÔ]{SUT%T_L!]{P�HKSUT6Ö S^N�HrL!TtPML!X9PMN�Q^T%JM|�S^N�P;|%N�S^PMS6]{SUd§S^N�HrzUHpT%Q^dKdre(HKTtPML!T%X_L!XËPMS
PMN�Q^T%J�|+S^N�P
PML!drLO| [ SUTte¢J�HrzUT�Q^dKHKT_z�S��^LON o�V T_LOPf£,S^N�Ð6J Õ } � Z V u¦L!QRP�c_N�L!JIHKT�]OdKc%X_LI|%N�S^PML!]{P�HKSUT¹QRzUQ^HpT%JMP
G�L!T%HKQ^d�S^u } LON��6HK]{L;þ�G�S } ÿ QRPMP�Q^]�Ð6JO�_LO×a]OHrL!TtP�c�JML8S^u�P [ L�Q!�RQ^HKdKQ g dKL o�V HKTtPMLON�u�Q^]{L!J�HpTaQ*`;c%drP�HrÖ [ SU`�L!X
[ SUJMPO�sQ^T%X¢`�L!J�J�QRz^L{Ö S^N�HrL!TtPML!X0X_L!dpHr�^LON�e¹þ�H Õ L Õ ��X_L!dKHr�^LON�J&]{SU`�|�drLOPML*J�HrzUT%Q^dKHKT%z�`CL!J�J�QRz^L!J ÿ Õ F"]O]{S^N�X�HKT_z
PMS`i� � j �+P [ L;c�JML�S^u�/"G V HKJ"N�L!]{SU`C`�L!T�X_L!X0HpTYP [ L;]OQ^JML�S^u=dKHrz [ P"J�HrzUT%Q^dKHKT%zadrSUQ^X%J Õ  8S�£�LO�^LON·�>P [ L

�



QR|%|�dpHK]OQRP�HrSUT6ÖfdKQ·e^LON/N�LOPMN�Q^T%J�`CHKJ�J�HKSUT%J�c%J�L!X�£8HrP [ /"G V QRN�L&T_S^P�QR|%|%N�S^|�N�HKQRPML,uyS^N [ L!Q·�te;PMN�QR×a]&dKSUQ^X%J Õ
o TmP [ HKJ&]OQ^JML^� Z � V S^N } � Z V QRN�L*`�S^N�L*QR|�|%N�S^|%N�HpQRPML Õ

F�J§HKT²Q;P et|�Hp]OQ^d+]OdpHrL!TWP�ÖfJ�LON��^LON&PMN�Q^T%J�Q^]{P�HKSUT�� } oÀV `�L!J�J�QRz^L!J
]OQ^T g L�HKT²P [ L�uyS^N�`nS^uÑN�L!wxc_L!JMP�J,S^N
N�L!JM|�SUT%J�L!J Õ ¤ [ L!T0PMN�Q^T%J�|+S^N�PML!XmS·�^LON3/�G V �+Q } oÀV `�L!J�J�QRz^L�HKJ
J�L!drupÖf]{SUTtP�Q^HKT_L!X¹HKTYSUT_L�X%QRP�QRz^N�Q^`m�
£ [ Hp] [ ]OQRN�N�HrL!J�PML9�6P?HpT_uyS^N�`CQRP�HrSUT Õ�Z
[ L,q%N�JMP�PML9�xP/dKHpT_L�HKT%uyS^N�`aJ>P [ L§Pfex|�L§S^u%N�L!wxc_L!JMP
þ¦L Õ z Õ � o �¤Â o Z ~
�
v8~ � o } Z ~=v ÿ S^N"P [ L\Pfex|�L*S^u?N�L!JM|�SUT%JMLaþ¦L Õ z Õ ��|%N�S·�6HKJ�HrSUT%Q^d�N�L!JM|�SUT%JML!J
J�c�] [ Q^J0ÃO � ��v o � � o � ��Ä �
S^N�q�T%Q^d>N�L!JM|�SUT%JML!J
J�c�] [ Q^JZÃ��R�^�¢¡�a Ä ÿ Õ"Z
[ L*`�L!J�J�QRz^L;Q^dpJMS [ Q^J�Q [ L!Q^X_LON!�+£ [ HK] [ N�L!JML!` g drL!J"Q^T
L!`CQ^HKd [ L!Q^X_LON!�x]{SUTWP�Q^HKT�HKT_z\Q^X%X_N�L!J�JML!JO�xJML!J�J�HrSUTaHKX_L!TtP�Hrq�]OQRP�HrSUT��tJ�HrzUT%Q^dKHpT_z"|sQRP [ �WN�SUc%P�HKT_z\X%HrN�L!]{P�Hr�^L!JO�
Pfex|�L\S^u?`�L!J�J�QRz^L g S6X%HrL!J!�xQ^`�SUT%zCS^P [ LON8q�L!dKX%J Õ

} SU`CL8S^u�P [ L"N�L!wtc%L!JMP�J=Q^T%XaN�L!JM|�SUT%JML!J [ Q!�^LIQ g S6X_e�QRPMP�Q^] [ L!X«PMS�P [ L"`�L!J�J�QRz^L Õ F"J } o�V £,S^N�Ð6J
£8HrP [ S^P [ LON²QR|%|sdKHK]OQRP�HrSUT9|%N�S^PMSx]{SUdKJ!�,P [ L } L!J�J�HKSUT G"L!J�]{N�Hr|%P�HrSUT V N�S^PMS6]{SUd;þ } G V§ÿ i �69j"HpJCc%J�c%Q^dpdre
Q^X_S^|%PML!X¹PMS«u¦S^N�`CQRPIP [ L g S6X_emS^u�P [ L;`CL!J�J�QRz^L!J Õ\Z
[ LOeYX_L!J�]{N�H g L�P [ L�`�L!X%HKQ²|�QRN�Q^`�LOPMLON�J"£"HrP [ HKT
P [ L } o�V `CL!J�J�QRz^L!J ÕÔZ SÔHKdKdpc%JMPMN�QRPMLCP [ L�`�L!X�HKQmM%S�£ÅX_L!J�]{N�Hr|�P�HrSUT%J\HKT } o�V `�L!J�J�QRz^L!J�c%J�HpT_z } G V �
b?HrzUc_N�L ù J [ S·£8J,Q�Pfex|�HK]OQ^d g S6X_e�S^u>Q } oÀV `�L!J�J�QRz^L"P [ QRP [ Q^J,P £�S�M%S·£ X_L!J�]{N�Hr|%P�HrSUT�J8þ�Q^c%X%HrS V �&Ú
]�ÖfdKQ·£ÂQ^T%XØÚ V ~ � �6HKX_LOS ÿ �>L!Q^] [ SUT_L g HrÖfX%HrN�L!]{P�HrSUT�Q^d Õ �8S^PML�P [ QRP¬P [ L=M%S·£ÂX%L!J�]{N�Hr|%P�HKSUT%J"HpT%]OdKc%X_L
X_e6T%Q^`CHK]�HKT_u¦S^N�`CQRP�HrSUT�Q g SUc_P�P [ L§Q^X%X_N�L!J�J�PMSI£ [ HK] [ JML!T%X�P [ L,`CL!X%HKQ�þ¦L Õ z Õ �W|+S^N�PÑ®C�6 � �Iu¦S^N�Q^c�X%HrS ÿ Õ

Flow
Video

Flow
Audio

Information

General
Session

 SDP Example with Two Flows

a = rtpmap:32 MPV/90000

m = video 51374 RTP/AVP 32

a = rtpmap:0 PCMU/8000

m = audio 49170 RTP/AVP 0

t = 3034423619 3038023619

b = CT:256

c = IN IP4 130.207.230.189

s = ECE8000 Class

v = 0

o = ana 2890844526 2890842807 IN IP4 130.207.230.189

ñ é^q!r_s+tu� � Z
[ L g SxX%eaS^u } o�V `�L!J�J�QRz^L!J!�sHKT } G V Õ

o T\P [ L } oÀV QRN�] [ HrPML!]{P�c_N�L^�ÓP [ L�L9�6] [ Q^T_z^L,S^u } oÀV N�L!wxc_L!JMP�J�Q^T�X¬N�L!JM|�SUT%JML!JÑX_LOq�T_L!J�Q
PMN�Q^T%J�Q^]{P�HrSUT��
£ [ Hp] [ ]OQ^T g LIuyS^N"HKT%JMP�Q^T%]{L¬Q�PMN�Q^T�J�Q^]{P�HrSUTmPMSaJ�LOP
c_|¢Q�T_LO£Ï]OQ^dKd �xS^N"Q�PMN�Q^T%J�Q^]{P�HrSUT¢PMSa`�S6X%Hru¦eaQ^T
L9�_HKJMP�HKT_zI]OQ^dKd Õ F.Pfex|�HK]OQ^d } o�V PMN�Q^T%J�Q^]{P�HKSUT�PMS¬L!JMP�Q g dKHpJ [ Q�]OQ^dpd_HKTW�^SUdK�^L!J�c%JMLON/QRz^L!TtP=]OdKHrL!TtP�J
þ;/"F8�&J ÿ

�



Q^T%XCc�JMLON=QRz^L!TtP�JMLON��^LON�J8þ;/"F } J ÿ �tLO�^L!TWP�c�Q^dKdre�N�L!X%HrN�L!]{P�JMLON��^LON�JO�tQ^T%XC`�SUJMP=S^uyPML!Ta|%N�S�6e�JMLON��^LON�J Õ o T
T_S^N�`aQ^d_S^|�LON�QRP�HrSUT�� } oÀV PMN�Q^T%J�Q^]{P�HrSUT�J=]{SU`�|%N�HKJML
Q [ Q^T%X%J [ QRÐ^L&S^u�P £�S�S^N=P [ N�LOL"`�L!J�J�QRz^L!J g LOPf£,LOL!T
} o�V QRz^L!TWP�J/S^N/JMLON��^LON�J Õ?Z
[ c�JO�RP [ L§|%N�S^PMS6]{SUdxHpJ��^LON�e�JMPMN�Q^Hrz [ PMuyS^N�£,QRN�X Õ F uyLO£ Txc%` g LON�S^u�`�L!J�J�QRz^L!J
c%J�c�Q^dKdre¢Q^]O]{SU`�|�dpHKJ [ Q«]{LON�P�Q^HKTÔP�Q^JMÐ+��Q^J¬HKT¹P [ L g Q^J�Hp] } o�V ]OQ^dKd?JMLOP�c%|¹S^u§b?HrzUc_N�L;®_�>£8HKP [ |%N�S�_HrL!J
V *Q^T%X V � Õ

UAC UASP1 P2
INVITE

INVITE
INVITE

100 Trying
100 Trying

180 Ringing
180 Ringing

180 Ringing

200 OK
200 OK

200 OK

ACK

Data

BYE

200 OK

UAS alerts
user

User answers

Call

Setup

Trans.

ñ é^q!r_s+t�- � #,Q^J�HK] } o�V ]OQ^dKd>J�LOP�c_|YJ�HrzUT�Q^dKHKT_z�J�] [ L!`�L Õ

b%c%N�P [ LON�`�S^N�L^�_P [ HKJ&J�HK`C|�drLI]OQ^dKd�JMLOP�c_|mM�S·£ÞS^u?`�L!J�J�QRz^L!J"Q^dKdrS�£8J§L!T%X¢c%J�LON�J§PMSCT_LOz^S^P�HKQRPML�P [ L!HrN
`�L!X%HpQ¹]OQR|sQ g HKdKHrP�HKL!J;Q^T�XÅM%S·£8JCP [ QRP�£8HKdKd g LmHKT9P [ L¢`;c%drP�HK`�L!X�HKQ0J�L!J�J�HrSUT Õ b_SUdKdKS·£8HKT%zÔQ^T } G V Ö
g Q^JML!XÔSRÒ�LONI%ÓQ^T%J�£�LON*`CSxX_L!dÑu¦S^N\]OQR|�Q g HKdKHKPfeYT_LOz^S^P�HpQRP�HrSUT¢i � �+j ��P [ L�`�L!X�HKQ«]OQR|�Q g HKdKHKPfeYT_LOz^S^P�HpQRP�HrSUT
]OQ^T [ QR|%|�L!T�HpT«Pf£,Sau¦S^N�`CJO�%Q^J"J [ S·£"T¢HKTmb?HrzUc_N�L\� Õ

¡IT%L;u¦S^N�`ÇS^u,SRÒ+LONI%ÓQ^T�JM£�LON�HKJ�PMS�|�N�S·�6HKX_L�P [ L } G V SRÒ�LON\HKT¹P [ L�HKT%HrP�HpQ^d �¦�XW·���f� N�L!wtc_L!J�PO��Q^T%X

INVITE
(w/ SDP )

UA1

INVITE
INVITE

200 OK

200 OK
200 OK

(by UA2)
w/ modified SDP

ACK
(no SDP)

ACK

ACK

End Domain 1 End Domain 2

Proxy1 Proxy2 UA2

INVITE
)

UA1

INVITE
INVITE

200 OK

200 OK
200 OK

ACK

ACK

ACK

End Domain 1 End Domain 2

Proxy1 Proxy2 UA2

(no SDP

(w/ SDP)

(by UA1)
w/ modified SDP

(a) Offer/Answer Model (Type1) (b) Offer/Answer Model (Type2)

ñ é^q!r_s+to � ¡"Ò�LONI%ÓQ^T%JM£,LON"`�S6X_L!dKJ§u¦S^N8]OQR|�Q g HKdKHrP e²T_LOz^S^P�HKQRP�HKSUT Õ

O�



P [ L } G V Q^T%JM£,LON"HKJ§|�N�S·�6HKX_L!X¢HpT«P [ L\q%N�J�P,N�L!dKHKQ g dre²PMN�Q^T%J�`aHrPMPML!XmN�L!JM|�SUT%J�L�þ�H Õ L Õ �sQ�q�T�Q^d�N�L!JM|�SUT%JML
S^N"QC|%N�S·�6HKJ�HKSUT%Q^d�N�L!JM|�SUT%JML^�_zUHK�^L!T¢P [ QRP8HKP8HKJ§|%N�S^|�LON�dKe²Q^]�Ð6T_S�£8drL!X_z^L!XÅik�R�Aj ÿ Õ�Z8[ L*JML!]{SUT%XYuyS^N�`$HKJ
PMS¢JML!T%XÔP [ L�HpT%HrP�HKQ^d } G V SRÒ�LON\HKTÔP [ L�N�L!JM|�SUT%JML�`�L!J�J�QRz^LCuyS^N\Q^TÔL!`C|%PfetÖ g SxX%HKL!X �¦�XW��¦�f� N�L!wxc_L!JMPO�
Q^T%XmP [ L } G V Q^T%JM£,LON"]{SU`CL!J8HKT«P [ L*q�T%Q^d�Q^]�Ð6T_S�£8drL!X_z^L!`�L!TtP"`CL!J�J�QRz^L Õ

F�drP [ SUc_z [ c%JMLON,QRz^L!TWP�J§]OQ^T�JML!T%XaJ�HrzUT%Q^dKHKT%z\`�L!J�J�QRz^L!J§X%HrN�L!]{P�dre�PMS;L!Q^] [ S^P [ LON·�xHrP�HKJ=HK`C|+S^N�P�Q^TWP
PMS0T%S^PMLCP [ QRP�HpT(`�L!X%HKc%`)PMS¹dKQRN�z^LaT%LOPf£,S^N�ÐxJ!� } o�V |%N�S�_HrL!J\Q^dK£,Q·exJ*|�QRN�P�HK]OHr|sQRPMLaHKTÔP [ L } oÀV ]OQ^dKd
]{SUTtPMN�SUd�PMN�Q^T%J�Q^]{P�HrSUT%J�i ���6��®W�Aj Õ b_S^NIHKT%J�P�Q^T%]{L^� } o�V |�N�S�6e¢JMLON��^LON�J8|�LON�uyS^N�`ÅP [ L\N�SUdKL\S^u�Q^c_P [ L!TtP�H�Ö
]OQRP�HrSUT¢Q^T�XmQ^c_P [ S^N�H��!QRP�HKSUTmJ�HKT%]{L�/�F"J&`;c%JMP g LIQ^c_P [ L!TtP�HK]OQRPML!XYQ^T%XmQ^c%P [ S^N�H��OL!X«u¦S^N&LO�^LON�e«]OQ^dKd�S^N
JML!J�J�HrSUT¢N�L!wxc_L!JMP8P [ LOe¢`CQRÐ^L Õ ÚYS^N�LOS·�^LON·� } oÀV |%N�SK�6HrL!J"Q^]{P"Q^J�QR|%|�dKHp]OQRP�HrSUT6ÖfdKQ·e^LON8N�SUc_PMLON�J
P [ QRPIQRN�L
N�L!JM|�SUT%J�H g drL"uyS^N"N�SUc_P�HKT_z�P [ L } oÀV N�L!wtc%L!JMP�J&PMSCS^P [ LON"|%N�SK�6HrL!J
PMS·£§QRN�X%J
P [ L!HrN&q�T%Q^d>X%L!JMP�HKT%QRP�HrSUT Õ

�1zKÆ ®��$�7|��²�'�����"�(�Ç��È¢É�Ê3Ê����C�����A�"�5��ËCÌm�5Í�|����)�£¬�
�����+�=£H�(�
�}{}|�~��5������|
Î �(�m�¬£�|�Ï�|����

F�J } o�V |%N�S��xHpX_L!J�]OQ^dKd%]{SUTtPMN�SUdsJMLON��6HK]{L!J�PMS\N�L!Q^d�Ö P�HK`�L8]{SUTt�^LON�J�QRP�HKSUT%Q^d�QR|%|sdKHK]OQRP�HrSUT%J!�^N�L!JMSUc_N�]{L"`CQ^T6Ö
QRz^L!`�L!TtP¬J�] [ L!`CL!J�]OQ^T¹|%N�S^PML!]{P�T_LOP £�S^N�Ð¢N�L!JMSUc_N�]{L!J"u¦S^N�P [ L;]OQ^dpd Õ8Z
[ L;T_LOL!X0uyS^NI]{StS^N�X%HKT%QRP�HrSUTYS^N
HKTtPMLON�Q^]{P�HrSUT g LOPf£,LOL!T¢JML!J�J�HrSUT«]{SUTWPMN�SUd>J�HrzUT%Q^dpHKT_z�Q^T�X«N�L!JMSUc_N�]{L¬`CQ^T�QRz^L!`�L!TWP"HKT�P [ L o TtPMLON�T_LOP&£§Q^J
q%N�J�P8N�Q^HKJ�L!X g e � S·eUQ^d �!�§�^�DÐ HKT�i ® � j Õ8Z
[ L�QR|%|%N�SUQ^] [ P�QRÐ^L!T¹PMS�`CQRÐ^L;P [ HKJ�]{SxS^N�X%HKT%QRP�HKSUT [ QR|%|�L!T
HKJ;QYN�L!JMSUc_N�]{L{Ö N�L!J�LON��ÓQRP�HKSUT6Ö g Q^JML!X9T_LO£ J�HrzUT%Q^dpHKT_zYQRN�] [ HrPML!]{P�c_N�LaÖIP [ L«G�HpJMPMN�H g c%PML!XÍ¡�|�L!T } HrzUT%Q^d�Ö
HKT_z(F"N�] [ HrPML!]{P�c_N�LËþ�G\¡ } F ÿ ��£ [ HK] [ X_LOqsT_L!JCQÔPf£,SRÖ | [ Q^J�L0]OQ^dKd&JMLOP�c%| J�] [ L!`�L^��£ [ LON�LmN�L!JMSUc%N�]{L!J
QRN�L;q%N�JMP8N�L!JMLON��^L!X��+P [ L�]OQ^dKdrL!XY|�QRN�Pfe0HKJ8Q^drLON�PML!X��+Q^T�XYP [ L!T0P [ L�N�L!JMSUc_N�]{L!JIQRN�L;]{SU`C`CHrPMPML!X¹PMS�P [ L
c%JMLON�J Õ o TØQ^X%X�HrP�HrSUT���G¬¡ } F QRN�] [ HKPML!]{P�c_N�L²X%LOq�T_L!J¬P [ LaN�SUdrLCS^ufÃ�zUQRPML!J Ä Q^T%X&Ã�zUQRPML«]{SUTtPMN�SUdKdKLON�J Ä Õ
� QRPML!J*N�LO|%N�L!JML!TtP¬P [ LCT_LOP £�S^N�ÐWÖfdKQ·e^LON«þ¦L Õ z Õ ��L!X_z^LCN�SUc_PMLON�J ÿ £ [ HKdrL;zUQRPMLa]{SUTWPMN�SUdKdrLON�J¬N�LO|%N�L!JML!TtP¬P [ L
QR|%|�dpHK]OQRP�HrSUT6ÖfdKQ·e^LONaþ¦L Õ z Õ ��Q^TkQR|%|�dKHK]OQRP�HKSUT¹J�LON��^LON*J�c%] [ Q^J\Qm|�N�S�6e0JMLON��^LON ÿ Õ ¤ [ L!TØc%JMLON�J¬HpT%HrP�HKQRPML
J�HrzUT�Q^dKHKT_z¬PMS�JMLOP§c_|²Q�JML!J�J�HrSUT>�tP [ L"zUQRPML¬]{SUTWPMN�SUdpdrLON=|�LON�u¦S^N�`CJ�JMLON��6HK]{L{ÖfJM|�L!]OHrq�]
Q^X�`CHKJ�J�HKSUTC]{SUTWPMN�SUd¨�
�^LON�Hrq�L!J�HKu/P [ L�T_LOPf£,S^N�Ð0]OQ^T(Q^X�`CHrP�P [ L;]OQ^dpdÑ|�N�HrS^N�PMS�P [ L;N�L!JMSUc_N�]{L;N�L!JMLON��RQRP�HrSUTÔ| [ Q^JML^��Q^T%XÔJMLOP�J
c_|mP [ L�JML!J�J�HrSUT«|�SUdKHp]{e²HKT_u¦S^N�`CQRP�HKSUTmQRP
P [ L\T_LOP £�S^N�ÐtÖfdKQ·e^LON�þ�H Õ L Õ ��QRP
P [ L¬zUQRPML!J ÿ Õ

Z
[ L o ~ Z b [ Q^J
Q^X�X_N�L!J�JML!XYP [ L*HKTtPMLON�Q^]{P�HrSUTYS^u/JML!J�J�HrSUT0]{SUTWPMN�SUd�J�HrzUT�Q^dKHKT_z�Q^T%XYN�L!JMSUc_N�]{L�`CQ^T6Ö
QRz^L!`�L!TtP,HpT�v8bÑ� ù^ù !�0i��+j Õ�Z
[ L
v8bÑ� ù^ù !��JMP�Q^T%X�QRN�XCX_LOq�T%L!J�T_LO£ £§Q!e6J�PMS;]{SU`C`;c%T%HK]OQRPML�`�L!X%HKQ
M%S�£.Q^T%XZ	IS } HKT_u¦S^N�`CQRP�HKSUT�L!T%X6Ö PMSRÖ L!T%X²Q^T%X�PMS�HpTWPMLOz^N�QRPML"P [ L
N�L!J�SUc_N�]{L8`CQ^T�QRz^L!`�L!TWP,| [ Q^J�L&£8HrP [

^



P [ L } o�V ]OQ^dKd�J�LOP�c_|¢J�HrzUT%Q^dpHKT_zmþ¦£ [ HK] [ £"HKdKd g L�N�LO�xHrLO£,L!XmHKT«`�S^N�L\X%LOP�Q^HKd�HKT�P [ L\T_L9�6P
J�c g J�L!]{P�HrSUT ÿ Õ
F�drP [ SUc_z [ P [ L*N�L!JMSUc_N�]{L{Ö N�L!J�LON��ÓQRP�HKSUT6Ö g Q^JML!XÔQR|%|%N�SUQ^] [ HKJ�c%JML!XYQ^T�X0v } Â V HKJ�c%J�c�Q^dKdre�N�LOuyLON�L!T%]{L!X
HKT¢HKP�J
L9�_Q^`�|�drL!JO��P [ L�v"bÑ� ù^ù !��Ö g Q^JML!XÔJ�HKzUT%Q^dKHKT_z�J�] [ L!`�L;HKJ8HKT�X_LO|�L!T%X_L!TtP,S^u/Q²JM|�L!]OHrq�]'	�S } J�HrzRÖ
T%Q^dKHpT_z8|%N�S^PMSx]{SUd Õ ¡�P [ LON�QR|%|%N�SUQ^] [ L!J?uyS^N/P [ L
HKTWPMLON�Q^]{P�HrSUT�S^u } o�V Q^T%X�N�L!J�SUc_N�]{L&`CQ^T%QRz^L!`�L!TtP [ Q·�^L
Q^dKJMSC]{SUT�J�HKX_LON�L!X¢P [ L\GIH�Ò+LON�L!TWP�HKQRPML!X } LON��6HK]{L!J*þ�GIH�Ò } LON�� ÿ 	�S } QRN�] [ HrPML!]{P�c_N�LZik�Ó®�j Õ

o T%X_LO|�L!T%X_L!TtP�dre;S^u�P [ L�	IS } `CQ^T%QRz^L!`CL!TWP§|%N�S6]{L!X%c_N�L*þ�H Õ L Õ �_v } Â V S^N§GIH�Ò } LON�� ÿ Q^T%X²P [ L8P et|�L
S^u&c%JMLON�J!�ÑP [ LaN�SUdrLCS^u } o�V |�N�S�_HrL!J\]OQ^T g LCL9�xPML!T�X_L!XØPMS0P [ LCN�SUdrLaS^ufÑ �AÒ R �{�s�C©O�r�?¦�Òx� Q §s�M�Ó^� ��� Õ
	�S } Ö L!T�Q g drL!X } oÀV |�N�S�_HrL!J§T_S^P,SUT%dreaJ�c%|%|�S^N�P=P [ L�Pfex|�HK]OQ^d�JML!J�J�HrSUT«]{SUTWPMN�SUdsu�c%T%]{P�HKSUT%Q^dKHrP e g c_P§Q^dKJMS
c%T%X%LON�JMP�Q^T%X(P [ L²JML!J�J�HrSUT�ÛÜJ�	IS } N�L!wxc%HrN�L!`�L!TWP�J�Q^T%XØPMN�Q^T%J�dKQRPML²P [ L!`DPMS0P [ L²T%LOPf£,S^N�ÐkdrLO�^L!d Õ b%S^N
HKT%J�P�Q^T%]{L^�·P [ L�HKTWPMLON�Q^]{P�HrSUT¬S^u�	�S } Ö L!T%Q g drL!X } o�V |%N�SK�6HKL!J>Q^T%X�	�S } Q^X%`CHKJ�J�HrSUTI]{SUTWPMN�SUdtHKJ�]{SUT%J�HpX_LON�L!X
HKT¹v8bÑ� ù^ù  ù i ý^ý j Õ ÚYS^N�LOS·�^LON·�ÑQ«`�S^N�L�]{L!TtPMN�Q^dKH��OL!X } o�V QRN�] [ HrPML!]{P�c_N�L^� g Q^JML!X¹SUTÔP [ L�c%JML;S^u } o�V
|%N�SK�6HKL!JCQRPCP [ LmL!T%X X%SU`CQ^HKT%JO�,HKJ�X%HKJ�]Oc%J�JML!X9HKTvi � �+j�Q^JCQ(£§Q!e9PMSØ|%N�S��xHpX_LmQ^J�J�c_N�L!X J�LON��xHp]{L!J�PMS
`;c%drP�HK`�L!X�HKQ�J�L!J�J�HrSUT%J Õ

~=�^L!TC`�S^N�L&|%N�Q^]{P�HK]OQ^d6L9�6Q^`C|�drL!J?S^u+P [ L&HKTWPMLON�Q^]{P�HrSUT�S^u�JML!J�J�HrSUT�]{SUTtPMN�SUd%J�HKzUT%Q^dKHKT_zIQ^T%X�N�L!J�SUc_N�]{L
`CQ^T%QRz^L!`CL!TWPCQ^T%XËP [ L«L9�6PML!T%X_L!XÍN�SUdrL�S^u"QR|%|sdKHK]OQRP�HrSUT6ÖfdpQ!e^LON�JMLON��^LON�J�]OQ^T g L²u¦SUc%T%XÍHKTËP [ Lm	�S }
u¦N�Q^`�LO£,S^N�ÐxJ8S^uÑP [ L'/"T�Hr�^LON�J�Q^d�ÚYS g HKdKL Z L!drL!]{SU`C`;c%T%Hp]OQRP�HrSUT%J } e6JMPML!`CJ�þ;/�Ú Z } ÿ i ®"jÑQ^T%X V Q^]�Ð^LOP�Ö
�§Q g dKL)i ��j Õ o T g S^P [ QRN�] [ HrPML!]{P�c_N�L!JO��P [ L*QR|%|�dpHK]OQRP�HrSUT6ÖfdKQ·e^LON8J�HrzUT�Q^dKHKT_z;PMN�Hrz^z^LON�J�	�S } |%N�Sx]{L!X%c%N�L!J&HKT
P [ L«T_LOPf£,S^N�ÐÍdKQ!e^LON Õ(Z
[ L!JML²|�N�Sx]{L!X�c_N�L!J*HpT%]OdKc%X_La|+SUdpHK]{eWÖ g Q^JML!XkQ^X%`aHKJ�J�HrSUTË]{SUTWPMN�SUd�P [ N�SUc_z [ P [ L
HKTtPMLON�Q^]{P�HrSUTÔS^u,Q^T(QR|%|�dKHK]OQRP�HKSUT6ÖfdKQ!e^LON¬JMLON��^LON\Q^T%XÔ|�SUdKHK]{e¢]{SUTtPMN�SUd/JMLON��^LON�JIPMS¢Q^c%P [ S^N�H��OL�N�L!JMSUc%N�]{L!J
u¦S^N8P [ L;]OQ^dKd¨��Q^T%XYN�L!JMSUc_N�]{L\N�L!JMLON��RQRP�HrSUTYL!HrP [ LON"HpT%HrP�HKQRPML!X g e«P [ L*L!T�XYc%JMLON8S^N g e«P [ L�QR|%|sdKHK]OQRP�HrSUT
JMLON��^LON"SUT g L [ Q^druÑS^uÑP [ L*L!T%Xmc%JMLON Õ F�dKd�P [ L!J�L\Sx]O]Oc%N8X%c_N�HpT_z�P [ L\]OQ^dKd�L!JMP�Q g dKHKJ [ `CL!TWP§| [ Q^J�L Õ

~�JM|�L!]OHKQ^dKdre^�tP [ L5/IÚ Z } 	�S } QRN�] [ HrPML!]{P�c%N�L¬Q^X_S^|%P�J } o�V Q^J,P [ L¬JML!J�J�HrSUT�]{SUTWPMN�SUd�J�HKzUT%Q^dKHKT_z*|%N�SRÖ
PMS6]{SUd Õ F§P�P [ L,PMN�Q^T%JM|�S^N�P�ÖfdrLO�^L!d¨�^P [ LÔ/IÚ Z } zUQRPMLO£§Q!e�PMSIL9�6PMLON�T%Q^d6T_LOP £�S^N�Ð6J�HKJÑP [ L � V v } zUQRPMLO£,Q·e
J�c_|�|+S^N�P§T%SxX_L�þ �\�\} � ÿ Õ o P"HKJ8QCGIH�Ò } LON��WÖf]OQR|sQ g drL\L!X_z^L�N�SUc_PMLON"P [ QRP8L!` g L!X%J&P [ L�u¦c%T�]{P�HrSUT%J§S^u�Q
|�SUdKHK]{e;L!T_u¦S^N�]{L!`�L!TtP=|�SUHKTtP"þ V ~ V,ÿ i�^ � �s^�+j Õ F§P�P [ L"QR|%|sdKHK]OQRP�HrSUT6ÖfdKLO�^L!d¨�UP [ L5/�Ú Z } 	IS } u¦N�Q^`�L{Ö
£,S^N�Ð(X_LOq�T_L!J�Q^T �¨§"§+� �¨���^���¨�R�0���6�s�·�����R� P [ QRP�L9�6] [ Q^T_z^L!J;£8HrP [ P [ L �\�\} � J�LON��xHp]{L{Ö g Q^JML!XË|+SUdpHK]{e
JMLOP;c_|ËHKT%uyS^N�`aQRP�HrSUTØX%c_N�HKT_z¢JML!J�J�HrSUTØL!JMP�Q g dKHKJ [ `CL!TWP Õ F�TkL9�_Q^`�|�drLaS^u&P [ L �¨§C§s� �¨���U�����R�¹���x�+�!���¨�R�
HKJ;P [ L V N�SK�xe �§Q^dKd } P�QRPML0�,SUTtPMN�SUd§b%c%T%]{P�HKSUTÞþ V ÖÀ� } �&b ÿ HKTËP [ L oÀV `;c%drP�Hp`�L!X%HKQ0JMexJ�PML!` þ o Ú } ÿ
þ¦£ [ Hp] [ JMLON��^L!J oÀV `�c%dKP�HK`�L!X%HKQ¹JML!J�J�HrSUT%J�S·�^LON²P [ Lm/IÚ Z } X%SU`CQ^HKT ÿ Õ o T HrP�J�N�SUdrLmPMSØS g P�Q^HKT Q^T

!�



Q^c_P [ S^N�H��!QRP�HrSUTÍPMS^Ð^L!T9uyS^N�P [ LmJML!J�J�HrSUT��/P [ L �¨§"§+� �¨���^���¨�R�Ô���x�+�!���¨�R� g L [ Q!�^L!J�HpTËQÔJ�HK`aHKdKQRN*£§Q!eËPMS
Q$	�S } Ö L!T%Q g dKL!X } o�V |%N�S�6e Õ o u�Q^c_P [ S^N�H��!QRP�HrSUT¹HKJ
z^N�Q^TtPML!X���N�L!JMSUc%N�]{L!J"QRN�L�N�L!J�LON��^L!X¹uySUdKdKS·£8HKT%zCP [ L
]{SxS^N�X%HKT%QRP�HKSUT«S^u } oÀV Q^T�XmN�L!JMSUc_N�]{L¬N�L!JMLON��RQRP�HrSUTËþ�v"bÑ� ù^ù !� ÿ ��Q^J8X_L!J�]{N�H g L!X«T_L9�xP Õ

�1zÖÕ ���(|������"|�× ��ÈF�+�=|N®��$�7|�£¬�����A�C�(�Ø��ÈF�1®�° �(�
�Ù{}|�~��(�1�²�_| Î �5��Ë
�l£�|�ÏÇ|��$�

o TmS^N�X_LON
PMS�Q^X%X_N�L!J�J
HKTm`�S^N�L�X_LOP�Q^HKd�P [ L�]Oc_N�N�L!TtP
£,S^N�Ð²SUTYP [ L*HKTtPMLOz^N�QRP�HrSUTYS^u } oÀV Q^T%XmN�L!J�SUc_N�]{L
`CQ^T%QRz^L!`CL!TWPO�_HKT%]Odpc%X%HKT_zIJML!]Oc_N�HrPfeC`�L!] [ Q^T%HKJ�`CJ�PMS�|%N�S^PML!]{P,P [ L"J�HKzUT%Q^dKHKT_z¬`�L!J�J�QRz^L!JO�_Q^TCS��^LON��xHKLO£
S^u?P [ L�X�H�Ò+LON�L!TWP&| [ Q^JML!J
S^u/Q } o�V ]OQ^dKd>JMLOP�c_|0|%N�S6]{L!X%c_N�L\HpTWPMLOz^N�QRPML!XY£8HrP [ N�L!JMSUc_N�]{L*`aQ^T%QRz^L!`�L!TtP
HKJ§|%N�L!JML!TWPML!X Õ=Z S²HKdKdKc%J�PMN�QRPML"P [ L!JML*X%H�Ò�LON�L!TtP&| [ Q^JML!J&HpT«P [ L*]OQ^dKd�JMLOP�c%|¢|%N�S6]{L!J�J&S^u?QZ	�S } Ö L!T�Q g drL!X
`;c%drP�HK`�L!X�HKQÔJML!J�J�HrSUT>��b?HrzUc_N�L ý J [ S·£"JCP [ LYQ^c%P [ L!TWP�Hp]OQRP�HrSUT��§]OQ^dKd
Q^c_P [ S^N�H��!QRP�HrSUT��§`�L!X%HKQ(Q^c%P [ SRÖ
N�H��!QRP�HKSUT��_Q^T%XmN�L!JMSUc%N�]{L¬N�L!JMLON��RQRP�HrSUT«| [ Q^JML!J&P [ QRP [ Q·�^L g LOL!Tm]Oc_N�N�L!TtP�dre²|%N�S^|�SUJML!X�uyS^N } oÀV g e�P [ L
o ~ Z b Õ
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o T²P [ L } oÀV QRN�] [ HrPML!]{P�c_N�L^��c%JMLON&QRz^L!TtP�J*þ;/"F�J ÿ `;c%JMP g L�Q^c%P [ L!TWP�Hp]OQRPML!X¢Q^T%X«Q^c_P [ S^N�HP�OL!X²u¦S^N&LO�^LON�e
]OQ^dKd6S^N=J�L!J�J�HrSUT�N�L!wxc_L!JMP/P [ LOe�`aQRÐ^L Õ b%S^N�JML!]Oc_N�HrPfe;N�LOzUQRN�X%HpT_z¬c%JMLONMÖ PMSRÖfc%J�LON=]{SU`C`;c%T%HK]OQRP�HrSUTCS^N�L!T%X
c%JMLON�Ö PMSRÖ |%N�S�6e«]{SU`C`�c�T%HK]OQRP�HrSUT��_c%J�c%Q^dKdre } o�V |%N�SK�xe�JMLON��^LON�J§|�LON�u¦S^N�` P [ LIN�SUdrLIS^uÑQ^c%P [ L!TWP�Hp]OQRP�HrSUT
Q^T%X\Q^c%P [ S^N�H��!QRP�HrSUT Õ  "S·£,LO�^LON!�^uyS^N [ S^|_Ö g eWÖ [ S^|�JML!]Oc_N�HrP e^�ÓJ�c%] [ Q^J>|%N�SK�xetÖ PMSRÖ |%N�SK�xe\Q^c%P [ L!TWP�Hp]OQRP�HrSUT��
} o�V N�L!dKHKL!J�SUT S^P [ LONa`CL!] [ Q^T%HpJ�`CJCJ�c�] [ Q^J o�V } L!]«£ [ HK] [ Q^X%X%JCJML!]Oc%N�HrPfeÍPMSØP [ Lm|sQ^]�Ð^LOP«QRPCP [ L
T_LOP £�S^N�Ð²dKQ!e^LON!�_Q^T%X²P [ L Z N�Q^T%JM|�S^N�P��ÑQ!e^LON } L!]Oc_N�HrPfeYþ Z � } ÿ i ù �_�L�^�+j+|%N�S^PMS6]{SUd+£ [ HK] [ HKJ,c%JML!Xa£8HrP [
]{SUT%T_L!]{P�HKSUT6Ö S^N�HrL!TtPML!X¢PMN�Q^T�JM|�S^N�P§|%N�S^PMS6]{SUdKJ�þ¦L Õ z Õ � Z � V,ÿ Õ

b_S^N�Q^c%P [ L!TWP�Hp]OQRP�HrSUT�� } o�V c%JML!J?QIX%Hrz^L!JMP�Q^c_P [ L!TtP�HK]OQRP�HrSUT�`�L!] [ Q^T%HKJ�`Jik�^�+j%X_LON�HK�^L!X*u¦N�SU`4  Z8Z V
X%Hrz^L!J�P�Q^c_P [ L!TtP�HK]OQRP�HrSUT�i ù �+j Õ o P�HKJ�QY] [ Q^dKdrL!T_z^L{Ö g Q^JML!XË`CL!] [ Q^T%HpJ�`DHKTk£ [ HK] [ P [ L²|%N�S�6e(S^N�c%JMLON
P [ QRP«N�L!]{L!Hr�^L!J«P [ L¹]OQ^dKd�N�L!wxc_L!JMP«] [ Q^dKdrL!T_z^L!J�P [ L(c%JMLON�£ [ S9JML!TtP«P [ L0N�L!wtc_L!J�P ÕÂZ
[ LÔc%JMLON�P [ L!T
HKJ�J�c_L!J\Q¢T_LO£nN�L!wxc_L!JMP\£8HKP [ P [ LaQR|%|�N�S^|%N�HKQRPML�N�L!JM|�SUT%JML0þ¦L Õ z Õ �/Qmu�c%T%]{P�HrSUTØS^u&P [ La] [ Q^dKdrL!T_z^L^��P [ L
N�L!Q^dK`¢�%c%JMLON�T%Q^`CL^�6Q^T�X«|�Q^J�JM£,S^N�X ÿ Õ F"u¦PMLON8HrP�J&HKX_L!TtP�HrP e²HKJ&]{SUT_q�N�`�L!X��6P [ L¬|%N�S�6e²�^LON�HKq%L!J&Q^]O]{SUc%TtP
HKT_u¦S^N�`CQRP�HKSUT��xQ^T�XmHru>P [ L\c%J�LON§HpJ&Q^c_P [ S^N�H��OL!X�PMSa`aQRÐ^L¬P [ L¬]OQ^dKd¨�_P [ LI|%N�SK�xe²uyS^N�£,QRN�X�J§P [ L¬N�L!wxc_L!JMP Õ

b_S^N�L!T%X6Ö PMSRÖ L!T�XYQ^c_P [ L!TtP�HK]OQRP�HrSUT>�sc%JMLON�QRz^L!TWP�J�QRP8P [ L�X_L!JMP�HpT%QRP�HrSUT¢X_SU`aQ^HKT¢]OQ^TYc�JML*QaJ�HK`CHKdKQRN
] [ Q^dKdrL!T_z^L{Ö g Q^J�L!XË`�L!] [ Q^T%HKJ�`DPMSÔQ^c_P [ L!TtP�HK]OQRPML«P [ L«]OQ^dKdrLON Õ  "S·£,LO�^LON!��P [ L�HKJ�J�c_LCS^u
PMN�Q^T%JMu¦LON�N�HKT_z
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ñ é^q!r_s�tÔü �*V [ Q^JML!J&S^u?Q } o�V ]OQ^dpd�JMLOP�c_|YJ�HKzUT%Q^dKHKT_z�HKTtPMLOz^N�QRPML!XY£8HrP [ N�L!JMSUc%N�]{L\`CQ^T%QRz^L!`�L!TtP Õ
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Q^c_P [ L!TtP�HK]OQRPML!X¹c%JMLON!ÛÜJ"HKX_L!TtP�HrPfemQ^]{N�SUJ�J"X%HrÒ+LON�L!TtP8X_SU`aQ^HKT [ Q^J g LOL!TYP [ L�J�c g6ø L!]{P
S^u/X%H�Ò�LON�L!TWP8|%N�SRÖ
|�SUJ�Q^dKJ Õ

b?HrN�J�PO�"HKT v8b�� ù^ù �^�vi � � j¬P [ L(Q^c_P [ L!TtP�HK]OQRPML!XÞHpX_L!TWP�HKPfe HKT%uyS^N�`aQRP�HrSUT.HpJ�J�L!TWP¢HKT¥Q9T_LO£ } o�V
[ L!Q^X_LONØþ¦P [ LhÝ ����¥ [ L!Q^X_LON¢`CQ·e [ Q·�^LØQ^T Q^T_SUTWe6`�SUc%JmHpX_L!TWP�HKPfe ÿ �8£ [ Hp] [ HKJ«]OQ^dKdrL!XvQ�R �9¦W�{�s���¦���
[ L!Q^X_LONaþ¦P [ LC|%N�LOq.� V `�L!Q^T%HpT_z«P [ QRP¬P [ HKJ¬HKJIQ«|%N�Hr�ÓQRPML [ L!Q^X%LON ÿ Õ  8S�£�LO�^LON!��P [ HKJ¬HpT_uyS^N�`CQRP�HrSUTÔHKJ
PMN�Q^T%J�uyLON�N�L!X«£8HrP [ T_SCQ^X%X%L!XmJML!]Oc_N�HrP e�J�HKT%]{L\HrP
Q^J�J�c%`�L!J&QCT_LOP £�S^N�Ð�S^u�PMN�c%J�PML!X¢JMLON��^LON�J Õ FàJ�L!]{SUT%X
JMSUdKc%P�HrSUTËHpJ�|�N�S^|�SUJML!XËHpTËQ^T o ~ Z bàX_N�QRu¦P�i �A� j&HpTk£ [ HK] [ Q^T Q^c_P [ L!TtP�HK]OQRP�HrSUT JMLON��xHK]{L(þ�c%J�c�Q^dKdreØQ
|%N�SK�xeCJ�LON��^LON ÿ Q^X�X%J=Q;J�HrzUT%QRP�c%N�L8HKT�P [ L [ L!Q^X_LON,S^u�P [ L } oÀV `�L!J�J�QRz^L Õ=Z
[ HKJ=J�HrzUT%QRP�c_N�L8HKJ�S g P�Q^HKT_L!X
g ea]{SU` g HKT%HKT_z*P [ L�c�JMLON!ÛÜJ,HKX_L!TtP�HrPfeaHpT_uyS^N�`CQRP�HrSUT��xQ^T%X²HpT_uyS^N�`CQRP�HrSUTaHpTaS^P [ LON [ L!Q^X%LON�JO�6HKT²Q^X�X%HrP�HrSUT
PMS\P [ L"HKT_u¦S^N�`CQRP�HrSUT�HKT�P [ L } G V g S6X_e*S^u�P [ L
`�L!J�J�QRz^L!J Õ ¤ [ L!TCP [ L
X%L!JMP�HKT%QRP�HrSUTaX_SU`CQ^HKT�N�L!]{L!HK�^L!J
Q¢`�L!J�J�QRz^La£8HKP [ P [ HKJ¬J�HKzUT%QRP�c_N�L^��HrP*]OQ^TØ�^LON�HruyeÔHrP�J\Q^c%P [ L!TWP�Hp]OHrPfe g Q^JML!XkSUTØP [ LaS^N�HrzUHKT(X_SU`aQ^HKT�ÛÜJ
]{LON�P�Hrqs]OQRPML^�ÑQ^T%X(HrP¬]OQ^TØQ^J�J�c%`�L�P [ QRP¬P [ LCc%JMLON [ Q^J g LOL!T(Q^c_P [ L!TtP�HK]OQRPML!XËQ^T%XÔP [ QRP¬P [ LC`�L!J�J�QRz^L
[ Q^J g LOL!TÔJ�QRuyL!dKeYPMN�Q^T%J�`CHrPMPML!X Õ  "S·£,LO�^LON!�>P [ HpJ�J�SUdKc_P�HrSUT0N�L!wxc%HrN�L!J�Q^X%X_L!XÔ]{SU`�|�dKL9�6HrP e0HKT0P [ L } o�V
|%N�SK�6HKL!J
Q^T%X¢HrP�J§S^|�LON�QRP�HKSUT [ Q^J
JMSU`CL\N�L!JMPMN�Hp]{P�HrSUT%J§SUT¢P [ L¬£,Q·e�|�N�S�_HrL!J&N�L!X�HrN�L!]{P&N�L!wxc_L!JMP�J Õ

F¥�RQRN�HKQRP�HrSUT�S^u�P [ L8QR|�|%N�SUQ^] [ S^u+J�L!T%X%HKT_z¬Q^c_P [ L!TWP�HK]OQRPML!X²HKX_L!TtP�HrPfe;S^N�Q*J�HrzUT%QRP�c_N�L
HKT_u¦S^N�`CQRP�HrSUT
HKT�P [ L [ L!Q^X%LON&S^u } o�V `�L!J�J�QRz^L!J8HKJ,PMSaJML!T�X�J�L!T%J�HrP�Hr�^L¬HKT%uyS^N�`aQRP�HrSUT«HKT�P [ L g SxX_eaS^u } o�V `�L!J�J�QRz^L!J
c%J�HpT_z�L!T%]{N�ex|%P�HrSUT¢`�L!] [ Q^T%HKJ�`CJ Õ F�TmL9�_Q^`�|�drL\S^u?J�c%] [ QR|%|�N�SUQ^] [ HKJ
Q^X_S^|%PML!XYHKTmP [ L*J�L!]Oc_N�L\£,L g Ö
]{SUT_u¦LON�L!T%]OHKT%z�`�S6X_L!d%S^uÔi�O�_9j �6£ [ HK] [ c%JML!J§Ú o Ú0~ g SxX%HKL!J/PMS;J�L!T%X²HpX_L!TWP�HKPfeCHKT_u¦S^N�`CQRP�HKSUT�L!T%]{S6X_L!X
HKT²ªIÚ�� Õ%Z8[ L�Q^X%�ÓQ^TtP�QRz^L¬S^u�P [ HpJ,dpQRPMPMLON
J�] [ L!`CLIHpJ�P [ LIQ g HKdKHrP e�PMS�J�L!T%X«`�S^N�L¬HKT_u¦S^N�`CQRP�HrSUT�Q g SUc_P
P [ L�c%JMLONCþ�H Õ L Õ �>`CS^N�L�z^N�Q^Ttc�dKQRN�HrP e¢HKT¹P [ L�Q^c_P [ L!TtP�HK]OQRP�HrSUT ÿ Õ  "S·£,LO�^LON!��P [ L;|�N�S�6e¢£,SUc%dKXÔT_LOL!X¹PMS
QRPMP�Q^] [ P [ HKJ�`�L!J�J�QRz^L�PMS«P [ L g SxX%e�S^u�P [ L�`�L!J�J�QRz^LCQ^T%X0L!HrP [ LON¬JML!T�X¹HKP"PMS«P [ L�T_LOPf£,S^N�Ð0S^N\JML!T%X
HrP g Q^]�ÐËPMSÔP [ L$/"FÌPMS¹N�L{ÖfHKJ�J�c_L«QÔT_LO£ N�L!wxc_L!JMP;£8HrP [ P [ HKJ�HKT_u¦S^N�`CQRP�HrSUT Õ¹Z
[ L²q%N�JMP�£§Q!eÍHKJ�T_S^P
N�L!]{SU`C`CL!T%X_L!XmJ�HKT�]{L"|%N�S�_HrL!J&QRN�L\T_S^P&Q^dKdrS�£�L!X«PMSC`CSxX%HKuye�P [ L\]{SUTtPML!TtP
S^uÑ`�L!J�J�QRz^L!J Õ=Z
[ LIJ�L!]{SUT%X
£§Q!e N�L!wtc%HKN�L!J²Q9T_LO£)PMN�Q^T�J�Q^]{P�HrSUT g LOPf£,LOL!T |%N�SK�6HrL!J�Q^T%X�/�F Õ&Z
[ HpJ²]{SUc%dpX g LÔX_SUT_L g e c�J�HKT_z
Q g Q^]�ÐtÖ PMSRÖ g Q^]�Ð¥c%JMLONaQRz^L!TtPÔþ;#&�A#�/�F ÿ i � �+j"HpT%JMPML!Q^X S^u¬QËJ�HK`�|�dKL�|�N�S�6e n [ S·£,LO�^LON!�8Q^X%X�HrP�HrSUT%Q^d
PMN�Q^T%J�Q^]{P�HrSUT%J g LOPf£,LOL!T } oÀV |�N�S�6eYQ^T%Xu/"F�£�SUc�dKX g L�T_LOL!X_L!X��+£ [ Hp] [ `CQ!e¹drL!Q^X¹PMS«Q��^LON�e0drSUT_z
]OQ^dKd>J�LOP�c_|YJ�HrzUT�Q^dKHKT_z Õ
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b_S^N;]OQ^dKd/Q^c_P [ S^N�HP�!QRP�HrSUT���T_S¢Q^c%P [ S^N�H��!QRP�HrSUTkJMexJ�PML!`BHKJI|%N�S^|�SUJML!X(HpTÔP [ L g Q^J�HK]�J�P�Q^T%X%QRN�XÔu¦S^N } o�V
þ�v8b�� ù � ý  ÿ Õ o T
ik�^�+j �tP [ HKJ?|%N�S6]{L!J�J�HpJ�]{SUT%J�HKX%LON�L!X�]{SU`�|�drLOPML!dKe�PMN�Q^T�JM|�QRN�L!TtP/PMS*P [ L } oÀV |%N�S6]{L!X%c_N�L Õ
 "S·£,LO�^LON!�6P [ L8QR|%|�dpHK]OQRP�HrSUT6ÖfdKQ·e^LON�J�HKzUT%Q^dKHKT_z¬`;c%JMP�L!T�J�c_N�L
JMSU`CL"JMS^N�P=S^u�J�LON��xHp]{L{ÖfJM|�L!]OHrq�]&Q^X%`CHpJ�J�HrSUT
]{SUTtPMN�SUd�i ® � j Õ/Z
[ HpJ�`CL!Q^T%J?uyS^N�HpT%JMP�Q^T%]{L&PMS g dKSx]�Ð�JMSU`�L&N�L!wtc_L!J�P�J/X_LO|�L!T%X%HKT_z"SUT�P [ L&P�QRN�z^LOP=c�JMLON/S^N
SUTCP [ L8�^SUdKc%`CL
S^u�]OQ^dKd%N�L!wxc_L!JMP�J!�tQ^T%XaPMS*zUHr�^L
|�N�HrS^N�HrP e�PMS;]{LON�P�Q^HKT²]OQ^dKd%N�L!wxc_L!JMP�J�þ¦L!`�LON�z^L!T%]{e²]OQ^dKdKJO�
|%N�HKS^N�HrPfe¹c%JMLON�J ÿ Õ o P*HpJIPMN�c_L�P [ QRP\P [ LaX_L!]OHKJ�HKSUTÔSUT(£ [ LOP [ LON*PMSYQ^c_P [ S^N�HP�OLCP [ LC]OQ^dKd�HpJ¬c%drP�HK`CQRPML!dKe
`CQ^X_L g e P [ LÔN�L!]{L!Hr�^LON«S^u*P [ L¹]OQ^dKd�HKTt�xHKP�QRP�HrSUT��8QRP«P [ LÔX_L!JMP�HKT�QRP�HrSUT.X%SU`CQ^HKT Õ #§c_P«|%N�S�_HrL!J�QRP
g S^P [ P [ L*S^N�HrzUHpTYQ^T%X¹X_L!JMP�HKT�QRP�HrSUTYX_SU`aQ^HKT%J�Q^dKJMS [ Q!�^L�]OQ^dKd�Q^c%P [ S^N�H��!QRP�HrSUT0N�L!JM|�SUT%J�H g HKdKHKP�HrL!J,£ [ L!T
X_L!]OHKX�HKT_z�£ [ LOP [ LON&PMSauyS^N�£§QRN�XmP [ L*]OQ^dKd�N�L!wxc_L!JMP�J
S^N8T_S^P Õ
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Z
[ L"N�SUdrL�S^u>|%N�SK�xe²Q^c_P [ S^N�H��!QRP�HKSUT [ Q^J g LOL!T«dKHKT_Ð^L!XaPMS;`�L!X�HKQ*Q^c_P [ S^N�H��!QRP�HrSUT«HKT²Q^T�HpT_uyS^N�`CQRP�HrSUT%Q^d
o ~ Z b<JMP�Q^T�X%QRN�XÏþ�v"bÑ� ù^ù  ù ÿ i ý^ý j Õ F"]O]{S^N�X%HKT_z(PMSÍv8bÑ� ù^ù  ù ��HrPCHKJ²Q^J�J�c%`�L!X P [ QRP²c%J�LON�JC`;c%JMP
|%N�L!J�L!TWPCQ^T Q^c%P [ S^N�H��!QRP�HrSUT9PMS^Ð^L!T PMS(N�L!JMLON��^LYN�L!JMSUc_N�]{L!JaHKTÍP [ L¢T_LOPf£,S^N�Ð+�&c%J�HKT_zÔv } Â V Õ o PCQ^dKJMS
Q^J�J�c�`�L!JIP [ QRP } o�V |%N�S�_HrL!J [ Q!�^L²Q^]O]{L!J�J\PMS¢P [ LC]{SUTWPML!TtP\S^u,P [ L } o�V `�L!J�J�QRz^L!J�þ¦P [ c�JO��`�L!J�J�QRz^L!J
]OQ^T%T_S^P g L/L!T�]{N�et|�PML!X ÿ Õ #§Q^JML!X*SUT\P [ L!J�L=Q^J�J�c%`C|%P�HrSUT%JO��HrP�|%N�S^|�SUJML!J�P [ L=HKTtPMLON�Q^]{P�HrSUT\S^u } o�V |%N�S�_HrL!J
Q^T%X0drSx]OQ^d�|�SUdKHK]{e�L!T_uyS^N�]{L!`�L!TWP"|�SUHKTWP�J;þ V ~ V J ÿ QRP g S^P [ P [ L�S^N�HrzUHKT¢Q^T�XYX_L!JMP�HpT%QRP�HrSUT¢X_SU`aQ^HKT%J
S^u
Q«]OQ^dKd Õ o u�P [ L V ~ V Q^c_P [ S^N�H��OL!J�P [ L�`�L!X%HKQZM%S·£"JIP [ L�c%JMLON [ Q^J�N�L!wxc_L!JMPML!X��>HrP�N�LOP�c_N�T%J�PMS^Ð^L!T%JIPMS
P [ L«|%N�SK�xe^�,£ [ Hp] [ JML!T%X%J�P [ L!` PMS(P [ L�/�F Õ�Z
[ L«|%N�SK�xeÍc%JML!J�Q [ L!Q^X_LONCHpTËP [ L } oÀV `�L!J�J�QRz^LmÖ
Q�RTà �?¦R�¨� RáS �6�¦�6�R���Pâ!�U�����R� Ö�PMSCJML!T�X«P [ HKJ&HKT_u¦S^N�`CQRP�HKSUT²PMSaP [ L3/"F Õ%Z
[ L!T>�xP [ L3/"F�c%JML!J&P [ L¬PMS^Ð^L!T
PMSkN�L!JMLON��^LYN�L!JMSUc_N�]{L!J²HKT P [ L¹T_LOPf£,S^N�ÐÏþ¦L Õ z Õ � g e ]{SUTW�^LON�P�HpT_zkP [ L0PMS^Ð^L!T.HpT_uyS^N�`CQRP�HrSUT PMSË|+SUdpHK]{e
L!drL!`�L!TtP�J;HKTkQ^TÍv } Â V `�L!J�J�QRz^L`i �^�+j ÿ Õ � HK�^L!TkP [ HpJ\PMS^Ð^L!T��/P [ L�T_LOPf£,S^N�Ð(�^LON�HKq%L!J�HKu,P [ L²c%JMLON;HKJ
Q^c_P [ S^N�H��OL!XYPMS«N�L!J�LON��^L�P [ L�N�L!wtc_L!J�PML!XÔN�L!JMSUc_N�]{L!J!��Q^T�X0Hru/P [ L;Q^`�SUc�TWPIS^u�N�L!J�SUc_N�]{L!JI`CQRP�] [ L!J¬P [ L
Q^dKdrS�£,Q g drL¬Q^`�SUc%TtP Õ=Z
[ L!T��6P [ L¬T_LOP £�S^N�Ð«Q^X�`CHrP�J,P [ L\]OQ^dKd g Q^J�L!X«SUT«P [ L\Q!�RQ^HKdKQ g HpdKHrPfe�S^u�N�L!JMSUc%N�]{L!J
þ¦N�L!JMSUc%N�]{L{Ö g Q^JML!X0Q^X%`CHKJ�J�HrSUT«]{SUTWPMN�SUd ÿ Õ
o P
HKJ
HKTtPMLON�L!JMP�HpT_z�PMSaT_S^PML\P [ L\J�HK`CHKdKQRN�HrP�HrL!J�S^uÑP [ L\]{SUT�]{LO|%P�J
S^u�	�S } Ö L!T�Q g drL!X } o�V |%N�SK�6HKL!J
Q^T%X

P [ L8HpX_L!Q�S^u+zUQRPML�]{SUTWPMN�SUdKdrLON�J¤i ® � j%|%N�LO�6HrSUc%J�dre�X%HKJ�]Oc%J�JML!X Õ 	�S } Ö L!T%Q g dKL!X } oÀV |%N�S�_HrL!J�HpTWPMLON�Q^]{P=£8HrP [
V ~ V JIHKT¹Q«J�HK`CHKdpQRN8£§Q!e0Q^JIzUQRPMLC]{SUTtPMN�SUdKdKLON�JIHKTWPMLON�Q^]{P�£"HrP [ zUQRPML!J\PMS«Q^c%P [ S^N�H��OL�P [ L�JMLON��6HK]{L�Q^T%X

 ý



JMLOP8c%|mP [ L*T_LOP £�S^N�Ð«u¦S^N
P [ L*J�L!J�J�HrSUT Õ
F"uyPMLON«]OQ^dKd�Q^c_P [ L!TtP�HK]OQRP�HrSUT¥Q^T%X¥]OQ^dKd8Q^c_P [ S^N�H��!QRP�HrSUT��
HpT%]OdKc%X%HpT_z¹`CL!X%HKQkQ^c%P [ S^N�H��!QRP�HrSUT>�
c%JMLON

QRz^L!TtP�JCP�QRÐ^L0]{SUTtPMN�SUd8S^u"P [ L¢]OQ^dpd&JMLOP�c_| |%N�Sx]{L!X%c%N�L^��Q^T%X9N�L!wtc_L!J�P�N�L!JMSUc_N�]{L!JCuyN�SU` P [ L¢T_LOPf£,S^N�Ð
c%J�HpT_z¢P [ L«Q^c_P [ S^N�HP�!QRP�HrSUTÍPMS^Ð^L!T Õ ¡IT%dre(QRu¦PMLON;N�L!JMSUc_N�]{L!J�QRN�L�N�L!JMLON��^L!X>�/P [ L²N�L!]{L!Hr�^LON�S^u
P [ L«]OQ^dKd
HKTt�xHKP�QRP�HrSUTËHpJ�Q^drLON�PML!X���Q^T%X9Q^T%JM£,LON�J�P [ Lm]OQ^dKd Õ b�HpT%Q^dKdre^��	�S } Ö L!T%Q g drL!XË`CL!X%HKQ0L9�6] [ Q^T_z^L g LOzUHKT%J Õ
Z
[ LÔHKTtPMLOz^N�QRP�HrSUT S^u } oÀV ]OQ^dpd�J�LOP�c_| J�HrzUT%Q^dKHpT_zËQ^T%X¥N�L!J�SUc_N�]{LÔN�L!JMLON��RQRP�HrSUT J�HrzUT�Q^dKHKT_z g Q^JML!X¥SUT
v8b�� ù^ù !��i��Aj�HKJ
X_L!J�]{N�H g L!X�T%L9�xP Õ
�w¶�-�¶D- ï�ãOúÙÚ Ü�ß õ t7ã¿�r�s+Á"t õ t7ãKt7s�ð Ú ½�é^¿!Ü ä õ�ñ
ä �!�>÷L��å

æèç ��¥�¥��6�%�¨���^���¦�t� à �Ö¦R�¨� Ý ���A«Þ�R��¦ Ñ �AÒ
é
�Öê!�x�¦���9¥a�{���¦���^���¦�_� S §"§+� �¨���^���¨�R��ë��R�W�{�

} o�V `�L!J�J�QRz^L!J¬HKT0Q^T¹SRÒ�LONI%ÓQ^T%JM£,LON¬|%N�S6]{L!J�JI]{SU`C`;c%T%HK]OQRPML�Q^T%X¹T_LOz^S^P�HKQRPMLC`CL!X%HKQZM%S·£<HKT_u¦S^NMÖ
`CQRP�HrSUTËL!T%X6Ö PMSRÖ L!T�X Õ o TÅ	�S } Ö L!T%Q g drL!XËT_LOPf£,S^N�Ð6JO��HKT_u¦S^N�`CQRP�HrSUTkQ g SUc%P*P [ L�`�L!X%HKQ0JMPMN�L!Q^`CJ�S^u8Q
`;c%drP�HK`�L!X�HKQmJML!J�J�HKSUTkQ^dKdrS�£ c�JMLON�J\PMSÔHKTt�^S^Ð^L²P [ L!HrN*N�L!J�SUc_N�]{L�N�L!JMLON��RQRP�HrSUTÍJ�] [ L!`CL!J�Q^T%XÍ`CQR|ÍP [ L
M%S�£8J*PMS¹N�L!JMSUc%N�]{LaN�L!J�LON��ÓQRP�HKSUTdM%S�£8J Õ V LONMÖTM�S·£ S^N�|�LONMÖfJ�L!J�J�HrSUTkN�L!JMLON��RQRP�HrSUTÍ`CQ!e g Lac�JML!X��/Q^T%X
£§Q!e6J�S^u8`CQR|%|�HpT_zY`�L!X%HpQYJMPMN�L!Q^`aJ�PMSÔN�L!J�SUc_N�]{L�N�L!JMLON��RQRP�HrSUThM%S·£8J�HKJ�|%N�L!J�L!TWPML!X9HKTOi �R�Aj Õ o T_u¦S^NMÖ
`CQRP�HrSUT9Q g SUc_P�`�L!X%HpQ
M%S�£8J�HKJ;|�QRN�P�HK]Oc�dKQRN�dre(HK`�|�S^N�P�Q^TtP;£ [ L!TËP [ Lmc%JMLON g L!HKT_z0]OQ^dpdrL!X9T_LOL!X%J;PMS
g L²HKTt�^SUdr�^L!XÍHKTØP [ LaN�L!JMSUc%N�]{L²N�L!JMLON��RQRP�HrSUT Õ b_S^N�HKT�JMP�Q^T%]{L^��]{SUTt�^LON�J�QRP�HrSUT%Q^d§`;c%drP�HK`CL!X%HKQmJML!J�J�HrSUT%J
c%J�c�Q^dKdre [ Q!�^L�Pf£,SRÖ £,Q·edM%S�£8J;Q^T%XØP [ L²N�L!]{L!Hr�^LON;S^u&P [ L²]OQ^dpd=£8HpdKd?SUT%dreÔÐ6T_S·£ £ [ QRP\N�L!JMSUc_N�]{L!J�PMS
N�L!JMLON��^L&P [ N�SUc_z [ P [ L&QR|%|sdKHK]OQRP�HrSUT6ÖfdpQ!e^LON�`�L!J�J�QRz^L!J�S^usQ } oÀV ]OQ^dpdxJ�LOP�c_| Õ/Z
[ c%JO�^QRP�P [ L&QR|%|�dpHK]OQRP�HrSUT6Ö
drLO�^L!d¨� } o�V |%N�S��xHKX%L!J�`�L!X�HKQ*HKT%uyS^N�`aQRP�HrSUTCP [ QRP&HKJ,]{SU`C`;c%T%HK]OQRPML!X�L!T%X_Ö PMSRÖ L!T%XmQ^T%X�]OQ^T g LIc%JML!X²PMS
g H�ÖfX�HrN�L!]{P�HrSUT%Q^dpdre�N�L!JMLON��^L*N�L!JMSUc_N�]{L!J8HKT�	�S } Ö L!T�Q g drL!XmT_LOP £�S^N�Ð6J Õ

o T Q^X%X�HrP�HrSUT9PMSkP [ L0HKT_u¦S^N�`CQRP�HKSUT ]{SUT%]{LON�T%HKT%z¼M%S·£)HKX_L!TtP�Hrq�]OQRP�HKSUT�� g Q^T�X_£8HKX_P [ ��Q^T%X.`�L!X%HKQ
Pfex|�L!JO��HrP
HpJ
]OdrL!QRN8P [ QRP8`�S^N�L*HpT_uyS^N�`CQRP�HrSUTmQ g SUc_P
P [ L�`�L!X%HKQ1M%S�£8J8Q^T�XmP [ L!HrN5	IS } N�L!wxc%HrN�L!`�L!TtP�J
£,SUc%dKX g L [ L!dr|%u�c%d�PMS�P [ L�QR|%|sdKHK]OQRP�HrSUTYPMS²N�L!J�LON��^L*N�L!J�SUc_N�]{L!J Õ F"dKJ�S_�sc%JMLON�J8T_LOL!X0PMS�]{SU`a`�c%T�HK]OQRPML
P [ L�JMP�QRP�c%J�S^u�P [ L8N�L!J�LON��ÓQRP�HKSUTCL!T%X6Ö PMSRÖ L!T�X¹þ�H Õ L Õ �6HKT�S^N�X_LON�PMS;c_|�X%QRPML
L!Q^] [ S^P [ LON�SUTaP [ L8N�L!J�c%drP�J�S^u
P [ LIN�L!JMLON��ÓQRP�HrSUT�J�PMN�Hrz^z^LON�L!X«QRP g S^P [ L!T%X�J�S^uÑQ;]OQ^dpd ÿ Õ  8L!T�]{L^�_P [ L o ~ Z bØ|%N�S^|�SUJML!J,P [ LI]{SUT%]{LO|%P&S^u
Ã�|%N�L!]{SUT�X%HrP�HrSUT%J Ä HKT*v"bÑ� ù^ù !� Õ o PÑX%LOq�T_L!J�Q^X%X%HrP�HrSUT�Q^dUQRPMPMN�H g c%PML!J�PMS�P [ L§`�L!X%HKQ¤M%S·£8JÑ£8HrP [ N�L!JM|�L!]{P
PMS'	�S } þ�X%HrN�L!]{P�HrSUT��^JMPMN�L!T_z^P [ �UJMP�QRP�c%J?Pfex|�L ÿ i��+j Õ/Z
[ L!JML§QRPMPMN�H g c%PML!J�QRN�L§c�JML!X;PMSI]{SU`a`�c%T�HK]OQRPML&P [ L
X_L!J�HKN�L!X(Q^T%X(P [ L²]Oc_N�N�L!TtP�	�S } N�L!JMLON��RQRP�HrSUTØJMP�QRP�c%J Õ ÚYS^N�LOS·�^LON!�?P [ La|%N�L!]{SUT%X%HKP�HrSUT%J¬]{SUT%]{LO|%P [ Q^J

 �



P [ L�|�c_N�|�SUJML\PMS [ SUdKXYP [ L�]OQ^dpd�JMLOP�c_|¹PMN�Q^T%J�Q^]{P�HrSUT0c�TWP�HKdÑQ^dKd>|�N�L!]{SUT%X%HrP�HKSUT%J
QRN�L�`�LOP;þ�H Õ L Õ �+X_L!J�HrN�L!X
JMP�QRP�c%J"HKJ§L!wxc%Q^d�PMSa]Oc_N�N�L!TWP
J�P�QRP�c%J ÿ Õ�Z8[ L!T��6P [ L*]OQ^dKdKL!Xmc%JMLON8HKJ8Q^drLON�PML!XmS^u�P [ L*HKT�]{SU`CHKT_z�]OQ^dKd Õ

æ Ò����U�s�R� �y�t� Ý �r�A«

o TØv8b�� ù^ù !�xÛÜJ�HKTWPMLON�Q^]{P�HrSUTØS^u } o�V Q^T%XÅ	�S } �>QRP�P [ LaQR|%|�dpHK]OQRP�HrSUT6ÖfdrLO�^L!d�/�F�J\L9�_] [ Q^T_z^L } o�V
`�L!J�J�QRz^L!J
PMSCL!JMP�Q g dKHKJ [ Q�T_LO£ÏJ�L!J�J�HrSUT��_Q^T%XYQRP&P [ L\T_LOPf£,S^N�ÐtÖfdrLO�^L!d�/�F�J
JML!T%X¢v } Â V V F Z  4`�L!J�Ö
J�QRz^L!J;PMSÔPMN�Hrz^z^LON;N�L!JMSUc_N�]{L²N�L!J�LON��ÓQRP�HKSUTkP [ N�SUc_z [ SUc_P;Qo	�S } Ö L!T%Q g drL!XËT_LOPf£,S^N�Ð Õ o TËHKP�J�J�HKzUT%Q^dKHKT_z
M%S�£ þ�b?HrzUc%N�L ý ÿ �U£,L [ Q!�^L&HKX_L!TtP�Hrq%L!X*q%�^L§HK`�|�S^N�P�Q^TtPÑJMPMLO|�J?HKT*P [ L§HKTWPMLON�Q^]{P�HrSUT;S^u } o�V Q^T�X*N�L!J�SUc_N�]{L
`CQ^T%QRz^L!`CL!TWPO�

 Õ V LON�u¦S^N�`ÙHKT%HrP�HKQ^dsSRÒ�LONI%ÓQ^T%JM£,LON

� Õ v8L!JMLON��^L�N�L!JMSUc_N�]{L!J

ùxÕ /"|�X%QRPML*c%J�LON�J§SUTmP [ L\N�L!J�c%drP�J§S^u?N�L!JMSUc%N�]{L¬N�L!JMLON��RQRP�HrSUTkþ¦SRÒ�LONI%ÓQ^T%J�£�LON ÿ

® Õ v8L!J�c%`�L\]OQ^dpd>JMLOP�c_|Ëþ�Q^dKLON�P8c%JMLON ÿ

� Õ ~��6] [ Q^T_z^L=	�S } Ö L!T%Q g dKL!Xm`�L!X%HKQ

Z
[ LCq%N�JMP�JMPMLO|ÍHpT%]OdKc%X_L!J¬Q g Q^J�HK]CSRÒ+LONI%ÓQ^T�JM£�LON } G V T_LOz^S^P�HKQRP�HrSUT>��£"HrP [ 	�S } |%N�L!]{SUT%X�HrP�HrSUT%J
HKT%]Odpc%X_L!XmHKTYP [ L } G V ]{SUTtPML!TWPIS^u/P [ L;`�L!J�J�QRz^L!J Õ o TYP [ L;L9�6Q^`�|sdrL*J [ S�£8T¹HKTYb?HrzUc_N�L ý �sP [ L�SRÒ�LON
þ¦L Õ z Õ � } G V  ÿ HpJ�JML!TWP²HKTÍP [ LYHKT%HKP�HKQ^d �¦�XW��¦�f� N�L!wxc_L!JMPO�§Q^T%X P [ L¢Q^T%J�£�LON0þ¦L Õ z Õ � } G V � ÿ HKJ�JML!TtPCHKT
P [ L�N�L!JM|�SUT%JML Õ �"S^PML�P [ QRP�HKT¢P [ HKJ8J�PMLO|0P [ L;N�L!]{L!Hr�^LON�S^u/P [ L;]OQ^dKdÑHpTW�6HrP�QRP�HrSUT¢HpJ8T_S^PIQ^drLON�PML!X0S^u/P [ L
HKT%]{SU`aHKT_z�]OQ^dpd Õ/Z
[ L�N�L!JMLON��RQRP�HrSUT«| [ Q^J�L�þ�JMPMLO|Y� ÿ `;c%JMP g L�J�c%]O]{L!J�JMu�c%d+Q^T%X«HrP�J,N�L!J�c%drP�J,c_|�X%QRPML!X²PMS
L!T%X¹c%JMLON�JIHKT¹Q�T_LO£4SRÒ+LONI%ÓQ^T�JM£�LON¬L9�_] [ Q^T_z^L�£ [ HK] [ HKT�]OdKc%X_L!J } G V ù Q^T%X } G V ®(þ�JMPMLO| ù ÿ g LOu¦S^N�L
P [ La]OQ^dpdrLOL²HKJ*T_S^P�Hrq%L!X(S^u§P [ L�]OQ^dKd8þ�JMPMLO|Í® ÿ Õ b?HKT%Q^dKdre^��£ [ L!TØ]OQ^dKd�JMLOP�c_|ØN�L!J�c%`�L!J�Q^T%X(P [ L�]OQ^dKdrLOL
Q^T%JM£,LON�J&P [ L*]OQ^dKd¨�!	�S } Ö L!T%Q g drL!Xm`�L!X�HKQ�L9�6] [ Q^T_z^L g LOzUHKT�J\þ�JMPMLO|¹� ÿ Õ

Z
[ LCJ�HrzUT%Q^dKHpT_z�M%S·£Â|�N�S^|�SUJML!XØHKT(v"bÑ� ù^ù !�0Q^] [ HrLO�^L!J�P [ LaHpTWPMLON�Q^]{P�HKSUT(S^u } oÀV Q^T%X(N�L!J�SUc_N�]{L
`CQ^T%QRz^L!`CL!TWP;J�`�SxS^P [ dre^��P [ N�SUc_z [ P [ L²c%JML�S^u§|%N�L!]{SUT%X�HrP�HrSUT%JIHKT(P [ L } o�V `�L!J�J�QRz^L!J�PMS [ SUdpX(P [ L
]OQ^dKd>J�LOP�c_|¢PMN�Q^T%J�Q^]{P�HrSUT¢c%TtP�HKd�N�L!JMSUc%N�]{L!J
QRN�L\N�L!JMLON��^L!Xmu¦S^N8P [ L\]OQ^dpd Õ
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o T�Q¬T_LOPf£,S^N�Ð;£8HrP [�[ LOPMLON�S^z^L!T%LOSUc%J=X_SU`aQ^HKT%JO�^L!Q^] [ £8HrP [ P [ L!HKN�S�£8T�|�SUdKHK]OHKL!JO�^Q^X%X_N�L!J�J�HKT_zIJ�] [ L!`CL!JO�
Q^T%Xó	�S } `�L!] [ Q^T�HKJ�`CJO�&P [ L¹HKJ�J�c_L¢S^u¬L!T%X_Ö PMSRÖ L!T%Xv	�S } [ Q^Jaz^N�S�£8HKT_z9HK`�|�S^N�P�Q^T�]{L ÕÏZ
[ L0£�S^N�Ð
HKTdi�O�U�Aj�Q^X%X_N�L!J�JML!J&P [ HpJ
HKJ�J�c%Laþ�HKT¢Q^X%X%HKP�HrSUT«PMSaP [ L�|%N�S g dKL!`CJ§S^u?q%N�LO£§Q^dKd�PMN�Q·�^LON�J�HKT_z²Q^T%XYQ^X%X%N�L!J�J
PMN�Q^T%J�dKQRP�HrSUT ÿ HKT0P [ L�|%N�S^|�SUJ�Q^dÑS^u�Q�z^L!T_LON�HK];]{SUTtPMN�SUd?uyN�Q^`�LO£�S^N�Ðs��£ [ HK] [ HKJ�Q^dKJMSmJMP�Q^T%X�QRN�X%H��OL!X g e
P [ LY~�c_N�S^|�L!Q^T Z L!drL!]{SU`C`;c%T%HK]OQRP�HrSUT } P�Q^T%X%QRN�X%J o T�JMP�HrP�c_PMLkþ�~ Z } o�ÿ HKT HrP�J Z L!drL!]{SU`C`;c%T%HK]OQRP�HKSUT%J
Q^T%X o TtPMLON�T_LOP V N�S^PMSx]{SUd� "QRN�`CSUT%H��!QRP�HrSUT0¡I�^LON(�"LOPf£,S^N�ÐxJ;þ Z o�V  ¬¡�� ÿ |%N�S ø L!]{P�i ù �+j Õ

} HpT%]{L8P [ L [ LOPMLON�S^z^L!T%L!HrPfe²Sx]O]Oc_N�J�`�SUJ�P�dreaQRP,P [ L"PMN�Q^T%JM|�S^N�P�X%SU`CQ^HKTÔþ¦£ [ HK] [ HKJ=P [ L�|�QRN�P,S^u>P [ L
T_LOP £�S^N�Ð²P [ QRP&Q^]{P�c%Q^dKdre [ Q^T%X%drL!J�P [ L¬X%QRP�Q;|�Q^]�Ð^LOP�JO��H Õ L Õ �6P [ L�PMN�Q^T%JM|�S^N�P§Q^T%X«T_LOP £�S^N�Ð�dKQ!e^LON�J ÿ �_P [ L
u¦N�Q^`�LO£,S^N�Ð�c�JML!J&Q�`�S6X_L!d�HKT�£ [ HK] [ P [ L¬QR|%|�dKHK]OQRP�HKSUT�dpQ!e^LON�þ¦N�LO|�N�L!JML!TtPML!X¢Q^J&P [ L\JMLON��xHK]{L¬X_SU`aQ^HKT%J
HKT�b?HrzUc_N�L � ÿ ]{SUTWPMN�SUdpJ/P [ L
PMN�Q^T�JM|�S^N�P/X_SU`CQ^HKT%J ÕÑZ
[ HpJ/]{SUTWPMN�SUd�QRN�] [ HKPML!]{P�c_N�L
PMN�Q^T�J�dKQRPML!J/L!T%X_Ö PMSRÖ L!T%X
N�L!wxc%HrN�L!`CL!TWP�J*PMS0PMN�Q^T�JM|�S^N�P*X_SU`CQ^HpTkJML!`CQ^TtP�HK]OJ�uyS^Nf	�S } ��Q^X%X_N�L!J�J�HKT_z_� g HKdKdKHpT_z_��Q^T%XËQ^]O]{SUc%TWP�HpT_z
|�c_N�|+SUJ�L!J Õ

Domain 1

Domain 2 Domain 3

Transport

Transport Transport

Transport

Application

Service 
Domain 1

Domain 4
Transport

Domain 2
Service 

Session Control Signaling

Source Destination

QoS Signaling

Packet Flow

ñ é^q!r_s�tdô � F"|%|�dpHK]OQRP�HrSUT6ÖfdrLO�^L!d�]{SUTtPMN�SUd>S^u?PMN�Q^T�JM|�S^N�P&X_SU`CQ^HKT%J Õ

o T\Q^X%X%HKP�HrSUT��!P [ L�Q^c_P [ S^N�J>J�|+L!]OHKuyeIHKTIP [ L�u¦N�Q^`�LO£,S^N�Ð¬HKTtPMLON�u�Q^]{L!J g LOPf£,LOL!T*QR|%|sdKHK]OQRP�HrSUT¬drLO�^L!dtQ^T%X
X%QRP�Q�PMN�Q^T%JM|�S^N�P�drLO�^L!d¨�6Q^T%XaJ�c%z^z^L!JMP�P [ L�HK`C|�drL!`�L!TtP�QRP�HrSUT�£8HKP [ ]Oc_N�N�L!TWP,J�HrzUT%Q^dKHpT_z¬|%N�S^PMS6]{SUdKJIþ¦L Õ z Õ �
} o�V �%v } Â V,ÿ Õ b%c%N�P [ LON
£,S^N�Ð«HKJ&N�L!wxc%HrN�L!X�PMSaQ^X�QR|%P&L9�6HpJMP�HKT_z�|%N�S^PMS6]{SUdKJ&PMSaP [ HKJ&T_LO£ÏQRN�] [ HrPML!]{P�c%N�L^�
£ [ Hp] [ Q^X�X%J²QÍ]{LON�P�Q^HKT¥drLO�^L!d"S^u*]{SU`�|�dKL9�6HrP e PMSËP [ L¹J�HKzUT%Q^dKHKT_zØT%LOL!X_L!X¥PMSËL!JMP�Q g dKHKJ [ QËJML!J�J�HrSUT Õ
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Z
[ L�HKTtPMLON�u¦Q^]{L!J g LOPf£,LOL!T9QR|%|�dKHK]OQRP�HKSUTkQ^T%XkPMN�Q^T%JM|�S^N�P;drLO�^L!dKJ*J [ S·£ P [ QRP;P [ LON�L«HKJ*Q [ Hrz [ X%LOz^N�LOL
S^u§J�HrzUT%Q^dKHpT_z²HKTtPMLON�Q^]{P�HrSUT g LOP £�LOL!TØJ�L!J�J�HrSUT(]{SUTtPMN�SUd�Q^T%Xd	IS } J�] [ L!`CL!J Õ ÚYS^N�LOS��^LON!��	IS } HKJ�u¦c%dpdre
HKTtPMLOz^N�QRPML!X9QRP�P [ L�QR|%|sdKHK]OQRP�HrSUTËdrLO�^L!d�J�HKT%]{LaP [ L�	�S } N�L!wxc%HrN�L!`�L!TtP�J;QRN�L [ Q^T%X%drL!XØQRP�P [ HpJ*c_|%|�LON
dKQ·e^LON Õ �,SUT%]{LON�T%HKT_zCP [ L;HK`C|�drL!`�L!TtP�QRP�HrSUTmS^u�P [ HKJ
u¦N�Q^`�LO£,S^N�Ð¢c%J�HpT_z�L9�6HpJMP�HKT_z o TtPMLON�T_LOP�|%N�S^PMS6]{SUdKJO�
HrP�HKJaT_L!]{L!J�J�QRN�e P [ QRP�P [ L0J�LON��xHp]{L0X_SU`CQ^HpT [ Q·�^L¹Ð6T_S�£8drL!X_z^L0S^u¬P [ L¹X�QRP�QØ|�QRP [�Õ o T.P [ HKJ²]OQ^JML^�
QR|%|�dpHK]OQRP�HrSUT�dKQ!e^LON&L!TtP�HrP�HrL!J¬þ�J�c%] [ Q^J&Q } o�V |%N�SK�xe²JMLON��^LON ÿ J [ SUc�dKX g LIQ!£§QRN�L¬S^u>P [ L¬X%QRP�Q;|�QRP [�Õ o T
P [ L o TtPMLON�T_LOP&P [ HKJ8HKJ&c%J�c%Q^dpdreCPMN�c_L\QRP8P [ L*Q^]O]{L!J�J�X_SU`CQ^HKT�J Õ

�,SUT�J�HKX_LON�HpT_z*P [ L [ LOPMLON�S^z^L!T_L!HrPfe�S^u�P [ LIPMN�Q^T%JM|�S^N�P§X_SU`CQ^HKT�JO�tP [ L\Q^]O]{L!J�J
T_LOP £�S^N�Ð6J
`CQ·e g L¬Q^J
£,L!dKd=£"HrN�L!drL!J�J;Q^]O]{L!J�JCT%LOPf£,S^N�ÐxJ�P [ QRP�]OQ^T9z^L!T%LON�QRPML¢X_e6T%Q^`CHK]²] [ Q^T_z^L!J�u¦S^NCQ^TÍSUT6Ö z^SUHKT_z(JML!J�J�HrSUT
þ¦L Õ z Õ �8] [ Q^T_z^L!J�HKT c%JMLON²drSx]OQRP�HKSUT��&Q g N�c_|%PC] [ Q^T_z^L!J�HKT9P [ L¹Q!�RQ^HKdKQ g HKdpHrPfeËS^uIT%LOPf£,S^N�Ð N�L!JMSUc_N�]{L!J ÿ Õ
Z
[ c%JO�+Q^X%X%HKT_z²JMSU`�L*P et|�L;S^u�]{SUTWPMN�SUd�QRP�P [ L;QR|%|�dKHK]OQRP�HKSUT6ÖfdKQ!e^LON [ Q^J"P [ L*|�S^PML!TtP�HKQ^dÑPMS [ QRN�`�SUT%H��OL
P [ HKJ [ LOPMLON�S^z^L!T_LOSUc%J�T_LOPf£,S^N�Ð«L!Tt�xHrN�SUT%`�L!TtP Õ
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F"uyPMLON¬N�LO�6HrLO£8HpT_z²JMP�QRPML{Ö S^uyÖ P [ L{ÖfQRN�P�£�S^N�ÐxJISUT¹P [ L�HKTtPMLON�Q^]{P�HrSUTÔS^u,QR|%|�dKHK]OQRP�HKSUT6ÖfdKQ!e^LON¬Q^T%X¹N�L!J�SUc_N�]{L
`CQ^T%QRz^L!`CL!TWPO�^P [ L�]{SUT%]OdKc%J�HKSUT\HKJ�P [ QRP�P [ LOe\`CQ^HKT%dKe"Q^X%X_N�L!J�JML!X¬P [ L�Q^X%X%HrP�HrSUTIS^u%Q
N�L!JMSUc_N�]{L=N�L!JMLON��RQÓÖ
P�HrSUTa|%N�S6]{L!X%c_N�L8X�c_N�HKT_zIP [ L�]OQ^dKd�J�LOP�c_|a| [ Q^JML Õ F"drP [ SUc_z [ X%HrÒ+LON�L!TtP=drLO�^L!dpJ=S^u>HKTtPMLOz^N�QRP�HrSUT g LOPf£,LOL!T
JML!J�J�HrSUT0]{SUTtPMN�SUd/Q^T%X`	�S } [ Q!�^L g LOL!T0|%N�S^|�SUJML!X���]Oc_N�N�L!TWP�JMP�c%X%HrL!J�QRN�L�`�SUJMP�dre0HKT.M�c_L!T�]{L!X g e¢P [ L
N�L!JMSUc%N�]{L{Ö N�L!JMLON��RQRP�HrSUT6Ö g Q^JML!X�	�S } `�L!] [ Q^T%HKJ�` Õ²Z
[ LON�LOu¦S^N�L^��P [ LOeÔQ^X�X_N�L!J�J\`CS^N�LaJMPMN�Hp]{P�Ö Pfex|+L�]OQ^dKd
JMLOP�c_| J�] [ L!`�L!J�HKTËS^N�X_LON;PMSÔ|%N�S��xHKX%L�Q^J�J�c_N�L!XÍJMLON��6HK]{L!JO��Q^J�HKTkPMN�Q^X%HrP�HrSUT�Q^d=PML!drLO| [ SUT_L«T_LOPf£,S^N�Ð6J Õ
b%c_N�P [ LON�`�S^N�L^��P [ SUJML*JMP�c�X%HrL!J&dKQ^]�Ð�L!HKP [ LON
|�LON�u¦S^N�`CQ^T%]{L\Q^T%Q^dKexJ�HpJ§S^N8L9�6|+LON�HK`�L!TtP�Q^d�N�L!J�c%drP�J§SUTYP [ L
|%N�S^|�SUJML!XmJ�] [ L!`�L!J Õ

ÚYS^N�LaJM|�L!]OHrqs]OQ^dKdre^�>drSxS^ÐxHpT_zmuyN�SU`)P [ LC|�LON�JM|�L!]{P�Hr�^L�S^u,P [ LC|%N�S�6eWÖfc%J�LON*HKTtPMLON�Q^]{P�HrSUT���b�HKzUc_N�L �
HKX_L!TtP�Hrq%L!J�P [ N�LOL�Pfex|+L!JIS^u§HKTtPMLON�Q^]{P�HrSUTÔP [ QRP [ Q!�^L g LOL!T(Q^X%X_N�L!J�JML!X(HKT¹|%N�LO�6HrSUc%J�£,S^N�Ð6J Õ b?HrN�JMPO�>HKT
Q } oÀV ]OQ^dKd�JMLOP�c_| HKTtPMLOz^N�QRPML!X¥£8HrP [ N�L!JMSUc_N�]{L¹`CQ^T%QRz^L!`�L!TtPO�"Q^J�|%N�S^|�SUJML!X.HKT v"bÑ� ù^ù !�x� } o�V ÛÜJ
QRN�] [ HrPML!]{P�c_N�L�Q^dKdrS�£8J=c%J�LON�J�PMS;N�L!JMLON��^L"N�L!JMSUc_N�]{L!J�X%HKN�L!]{P�dre�c%J�HKT_z¬P [ L!HrN=S�£8TaN�L!JMSUc_N�]{L8`aQ^T%QRz^L!`�L!TtP
|%N�S^PMS6]{SUdKJ Õ�Z8[ HKJ,HKJ&J�HK`CHpdKQRN=PMS�P [ LI|%N�Sx]{L!X%c%N�L�HpT²P [ L¬z^L!T_LON�HK]IG\¡ } FàJ�HrzUT%Q^dKHpT_z�QRN�] [ HrPML!]{P�c_N�L Õ ¡IT
P [ L\S^P [ LON [ Q^T%X��%HpT [ LOPMLON�S^z^L!T_LOSUc%J�T_LOP £�S^N�Ð6J
P [ LON�L*QRN�L*c�JMLON�J&£ [ SC`CQ!emT_S^P g L\Q g dKL¬PMSCN�L!wxc_L!JMP
N�L!JMSUc%N�]{L!J&X%HrN�L!]{P�dKe Õ�Z
[ LOea`CQ·e²P�QRÐ^L�Q^X_�ÓQ^TtP�QRz^L\S^u�P [ L¬HKTtPMLON�Q^]{P�HrSUT«S^u�	�S } Ö L!T%Q g dKL!X } oÀV |%N�S�_HrL!J
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£ [ LON�L�P [ L\|%N�SK�xe«JMLON��^LON
N�L!wtc_L!J�P�J&N�L!JMSUc_N�]{L!J&SUT«P [ L!HrN g L [ Q^dru�Q^T%X«P [ c%J
]{SUTtPMN�SUdKJ&P [ L¬N�L!JMLON��RQRP�HrSUT
|%N�S6]{L!J�J Õ F�TmL9�_Q^`�|�drLIS^u�£�S^N�Ð�HKT«P [ HKJ&QRN�L!QCHKJ§P [ L\J�HrzUT%Q^dKHpT_z�QRN�] [ HrPML!]{P�c_N�L\|%N�S^|�SUJML!X g e } Q^dKJ�Q^T_S
�{���R��Ð ik�Ó®�j�£ [ LON�L8Q\|%N�S^|+SUJ�Q^d_uyS^N,Q*T_LO£ �,SU`C`�SUT«¡�|�L!T V SUdKHK]{e } LON��6HK]{L*þ �
¡ V } ÿ i ù ®"j+]OdKHrL!TtP�P et|�L
[ Q^J g LOL!T¢QR|�|�dKHrL!X«HKT«P [ L�HKTWPMLON�Q^]{P�HrSUTmS^u�|%N�S�6emJMLON��^LON�J8Q^T%X¢GIH�Ò } LON���L!TWP�HrP�HKL!J Õ

Z
[ L\P [ HrN�XmQRN�L!QaP [ QRP [ Q^J8Q^X�X_N�L!J�JML!X¢P [ L*N�SUdKL¬S^u�	�S } Ö L!T%Q g dKL!X } o�V |%N�S�_HrL!J8HKJ
SUTYQ^X%`CHpJ�J�HrSUT
]{SUTtPMN�SUdsHpT�|�SUdKHK]{etÖ g Q^JML!XZ	�S } QRN�] [ HrPML!]{P�c_N�L!JO�6J�c%] [ Q^J�P [ L"HpX_L!Q¬S^u�zUQRPMLI]{SUTWPMN�SUdpdrLON�J=HpT�P [ L8|sHrSUT_LOLON
£,S^N�ÐYS^u,G¬¡ } FÂQRN�] [ HrPML!]{P�c_N�L^�ÑQ^T%X¹P [ L�v8bÑ� ù^ù  ù |�N�S^|�SUJ�Q^d�uyS^NIP [ L�HKTtPMLON�Q^]{P�HrSUTÔS^u } oÀV |%N�S�_HrL!J
Q^T%X$	�S } Q^X%`CHKJ�J�HrSUTC]{SUTtPMN�SUd+uyS^N§S g P�Q^HpT%HKT_z�P [ L"Q^c_P [ S^N�H��!QRP�HrSUT«HKT_u¦S^N�`CQRP�HKSUTCPMS;N�L!JMLON��^LIN�L!JMSUc%N�]{L!J
HKT¹P [ LCT_LOP £�S^N�Ð Õ �"S^PML�P [ QRP\P [ HpJ"N�SUdrL�S^u=|%N�S�6e¹JMLON��^LON�J\QR|%|�dpHrL!J8PMS g S^P [ P [ LC]OQ^JML!J¬£ [ L!T(c�JMLON�J
N�L!wxc_L!JMP¬N�L!J�SUc_N�]{L!J*X�HrN�L!]{P�dre0S^N\£ [ L!T(|�N�S�_HrL!JIN�L!wxc_L!JMP\N�L!JMSUc_N�]{L!J¬SUT g L [ Q^dru=S^u§P [ LCc%J�LON�J Õ F�dKJMS_�
X%H�Ò�LON�L!TtP(	�S } `�L!] [ Q^T%HKJ�`CJ&`CQ!e g L\QR|%|�dpHrL!X�PMSCL!HrP [ LON8]OQ^J�L Õ

SIP Integration with
Resource Management

(RFC 3312)

QoS Control by
Means of COPS
[Salsano et al.]

Extensions for SIP
and QoS Admission
Control (RFC3313)

DOSA
Architecture

UMTS QoS Framework

PacketCable Multimedia Architecture

Proxy−User Interaction

resources directly
Users reserve

on behalf of users
Proxy requests resources

Call Authorization
Proxy and QoS

Gate Controller
Concept

DOSA’s

Industry Applications

ñ é÷q�r�s+toø � ¡��^LON��xHrLO£ÏS^uÑ|%N�LO�xHrSUc�J§N�L!JML!QRN�] [ £,S^N�Ð Õ

b?HKT%Q^dpdre^�sP [ L�HpT%X%c%JMPMN�esÛÜJ"QR|%|%N�SUQ^] [ PMS�P [ L�QR|�|�dKHK]OQRP�HrSUT_ÖfdKQ!e^LON¬Q^T%X¹N�L!JMSUc%N�]{L�`CQ^T%QRz^L!`�L!TtP\HKT6Ö
PMLON�Q^]{P�HrSUT²|%N�L!J�L!TWPML!X�HKT�P [ L8uyN�Q^`CLO£�S^N�Ð6J�S^u²/�Ú Z } Q^T�X V Q^]�Ð^LOP��§Q g drL�]{S��^LON�J,P [ L"X�H�Ò+LON�L!TWP=]OQ^J�L!JO�
H Õ L Õ ��L!HKP [ LON�c%JMLON�J;N�L!wxc_L!JMP�HKT%z0N�L!J�SUc_N�]{L!J�X%HrN�L!]{P�dre^�/S^N�QR|%|�dKHK]OQRP�HKSUTËJMLON��^LON�J�N�L!wxc_L!JMP�HKT_z¹N�L!JMSUc%N�]{L!J
SUT g L [ Q^dru�S^u,c�JMLON�J Õ o T g S^P [ ]OQ^JML!JO��P [ L�N�SUdrL�S^u¤	�S } Ö L!T�Q g drL!X(QR|%|�dpHK]OQRP�HrSUTÔJMLON��6HK]{L!J\HKTÔP [ La]OQ^dKd
Q^c_P [ S^N�H��!QRP�HrSUTm|%N�Sx]{L!J�J8HKJ&Q^X_S^|%PML!X Õ
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#§Q^JML!XËSUT } o�V Q^T%XØP [ L²GIH�Ò�LON�L!TtP�HKQRPML!X } LON��xHK]{L!J*QRN�] [ HKPML!]{P�c_N�L^�?P [ LCN�SUdKLCS^u¤	�S } Ö L!T [ Q^T�]{L!X } o�V
|%N�SK�6HKL!J9û�HKJ/HKTt�^L!JMP�HrzUQRPML!XaHpT�P [ HKJ/] [ QR|%PMLON Õ/Z
[ L
]{SxS^|�LON�QRP�HrSUT g LOPf£,LOL!TCN�L!JMSUc_N�]{L
`CQ^T�QRz^L!`�L!TWP,Q^T%X
} o�V Sx]O]Oc_N�J�HpTYQ«dKHrz [ Pf£,L!Hrz [ P�J�] [ L!`�L�P [ QRPI]OQ^T¹|%N�S·�6HKX_L�]{SUQRN�JML{Ö z^N�Q^HKT¼	�S } zUc%QRN�Q^TtPMLOL!JIPMS«c�JMLON�J
£ [ SC`aQ!emT_S^P [ Q·�^L*X%HrN�L!]{P
Q^]O]{L!J�J8PMS�	�S } N�L!JMLON��ÓQRP�HrSUT¢|%N�S^PMS6]{SUdKJ Õ

#,e²Hp`�|�drL!`�L!TtP�HKT_z�P [ LI|%N�S^|�SUJML!X«J�] [ L!`�L¬HKT«Q;PML!JMP g L!X��6|+LON�uyS^N�`aQ^T%]{L"N�L!J�c%drP�J§J [ S�£ÞHK`�|%N�S·�^L{Ö
`�L!TtP�J
HKT�P [ L¬wxc%Q^dKHrP eaS^u [ Hrz [ Öfwxc%Q^dKHrP eC�xHpX_LOS�QR|%|�dKHK]OQRP�HKSUT%J=£"HrP [ `CHKT%HK`;c%` HK`�|�Q^]{P§PMS�L!T%Xmc�JMLON�JO�
L!JM|�L!]OHKQ^dKdKe²HKT«PMLON�`aJ&S^u�]OQ^dpd>JMLOP�c_|¢S��^LON [ L!Q^X Õ

Æ�z+y °v�²�'���?|�Ï �(�m�ü�$�����f�A�C�(�

o TËPMN�Q^X%HrP�HrSUT%Q^d,]OHrN�]Oc�HrP�ÖfJM£8HrP�] [ L!XËPML!drL!]{SU`C`;c%T%HK]OQRP�HrSUT9T_LOP £�S^N�ÐxJO�,JML!J�J�HKSUTÍ]{SUTtPMN�SUd&J�HKzUT%Q^dKHKT_z¹Q^T%X
N�L!JMSUc%N�]{L*`CQ^T%QRz^L!`CL!TWP8QRN�L*Q^dKd�HKTtPMLOz^N�QRPML!XËþ�H Õ L Õ �sJ�HrzUT�Q^dKHKT_z;uyS^N"]OQ^dKd>]{SUTtPMN�SUd>Q^dKJMS²JML!drL!]{P�J
P [ L¬|�QRP [
P [ QRP\]OQ^T(|�N�S·�6HKX_L�N�L!JMSUc%N�]{L!JIuyS^N*P [ L�]OQ^dKd ÿ Õ o T(Q^X%X�HrP�HrSUT���N�L!JMSUc%N�]{L�N�L!JMLON��RQRP�HrSUT(HKJ¬] [ QRN�Q^]{PMLON�HP�OL!X
g e [ QRN�X6ÖfJMP�QRPML\N�L!J�LON��ÓQRP�HKSUT%JO�%£ [ LON�LIN�L!JMSUc_N�]{L!J"QRN�L\L9�6|�dKHK]OHKP�dreaQ^dKdrS6]OQRPML!X¢Q^T%X¢N�L!drL!Q^JML!Xmu¦S^N8QC]OQ^dpd Õ

o T o�V T%LOPf£,S^N�ÐxJ!� [ S·£,LO�^LON!�&P [ L [ S^|_Ö g eWÖ [ S^|.|%N�HKT�]OHr|�drL«HK`�|�dpHrL!J�T_SØq.�6L!X N�SUc%PML0Q^T%X J�P�QRPML{Ö
drL!J�J\N�SUc_PMLON�J Õ F�J*QmN�L!J�c%drPO�ÑJ�LON��xHp]{L!J*QRN�L g L!JMP�Ö L{Ò�S^N�P ÕmZ S¢|%N�S��xHKX%L0	�S } zUc%QRN�Q^TWPMLOL!J;PMSYX%HrÒ+LON�L!TtP
Pfex|�L!J�S^u�QR|%|�dpHK]OQRP�HrSUT%JO�WPf£,S�]{SU`�|�dKL!`�L!TWP�QRN�e�QR|�|%N�SUQ^] [ L!J [ Q·�^L g LOL!T�|%N�S^|+SUJ�L!X��5ý �ÿþ P [ L
N�L!JMSUc%N�]{L{Ö
N�L!JMLON��ÓQRP�HrSUT_Ö g Q^JML!X;QR|%|%N�SUQ^] [ £ [ HK] [ |�LON�uyS^N�`CJ�Q^X%`aHKJ�J�HrSUT*]{SUTWPMN�SUd6Q^T%X�N�L!JMLON��^L�N�L!J�SUc_N�]{L!J�uyS^N�M%S�£8J
S^N¬]{SUT%T_L!]{P�HrSUT�JISUT¹Q^T¹L!T%X_Ö PMSRÖ L!T%X g Q^J�HKJ!�+Q^T%X�ý �y� þ P [ L�X�H�Ò+LON�L!TWP�HKQRPML!XÔJMLON��xHK]{L!JIQR|%|�N�SUQ^] [ £ [ Hp] [
|%N�S��xHpX_L!J
HKT%X�Hr�xHpX%c%Q^d%|sQ^]�Ð^LOP�J�£8HrP [ X�H�Ò+LON�L!TWP&|�LONMÖ [ S^| g L [ Q!�6HrS^N�J&QRP"QCzUHr�^L!TYT_S6X_L*X%LO|+L!T�X%HKT_z;SUT
P [ L�|�Q^]�Ð^LOP�JOÛ�JMLON��xHK]{LC`aQRN�ÐxHpT_zUJ Õ � Hr�^L!TÔP [ L!JMLZ	�S } J�] [ L!`�L!J!�>P [ L�u�Q^]{P*HKJ�P [ QRP¬P [ LOeÔQRN�L�PMS^P�Q^dKdre
HKT%X%LO|+L!T�X_L!TWP&u¦N�SU`)JML!J�J�HrSUTY]{SUTtPMN�SUd?J�HrzUT%Q^dpHKT_z Õ  "L!T%]{L^��HKT¢P [ L o�V £�S^N�dpXYP [ LON�L;HKJ"T_S«HKTWPMLOz^N�QRP�HrSUT
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g LOPf£,LOL!TYJML!J�J�HrSUT¢]{SUTtPMN�SUd>Q^T%Xu	�S } J�HrzUT�Q^dKHKT_z Õ
Z
[ HKJ§JMLO|�QRN�QRP�HrSUT g LOP £�LOL!T0JML!J�J�HrSUT«]{SUTtPMN�SUd>Q^T%X
	IS } J�HrzUT%Q^dKHpT_z;HpJ&HKT«QRz^N�LOL!`�L!TtP
£8HrP [ P [ L o T6Ö

PMLON�T_LOP
QRN�] [ HrPML!]{P�c%N�L^��Q^T%XmP [ L\HKT%X_LO|�L!T%X_L!T�]{L8u¦N�SU`ÅP [ L\T_LOP £�S^N�Ð�Q^T%XYQR|%|�dKHK]OQRP�HKSUT�dpQ!e^LON�J
Q^dpdrS·£,L!X
P [ L�JMLO|�QRN�QRPML�X_LO�^L!drS^|s`�L!TWP�S^u/|%N�S^PMS6]{SUdKJ�Q^T%X0uyN�Q^`CLO£�S^N�Ð6J�uyS^NIJML!J�J�HrSUTY]{SUTtPMN�SUd?Q^T%X`	�S } J�HrzUT%Q^d�Ö
HKT_z Õ«Z
[ c%JO�?HrP*J�c�HrP�J\`�SUJMP�S^u&P [ L²QR|�|�dKHK]OQRP�HrSUT�J¬HKTØP [ L o TtPMLON�T_LOPO�/J�c%] [ Q^J�PMN�Q^X%HrP�HKSUT%Q^d/¤(L g Q^T%X
L!`CQ^HKd?PMN�QR×a] Õ  "S·£,LO�^LON!��P [ HKJIdKQ^]�Ð0S^u§HKTtPMLOz^N�QRP�HrSUT g LOPf£,LOL!TkJML!J�J�HrSUTÔ]{SUTWPMN�SUd�Q^T%Xd	�S } J�HKzUT%Q^dKHKT_z
g L!]{SU`�L!J�Q^TYHKJ�J�c_L¬uyS^N o TtPMLON�T_LOP�`�c�drP�HK`�L!X%HpQ;QR|�|�dKHK]OQRP�HrSUT�J&£ [ HK] [ SRÒ�LON"N�L!Q^drÖ P�HK`�L*]{SUTt�^LON�J�QRP�HrSUT�Q^d
JMLON��6HK]{L!J Õ } c%] [ QR|%|sdKHK]OQRP�HrSUT%J,]{SU` g HKT_LIN�L!wxc%HrN�L!`CL!TWP�J,S^u�PMN�Q^X%HrP�HrSUT�Q^d�PML!drLO| [ SUTWe�QR|%|�dKHp]OQRP�HrSUT%J§Q^T%X
o TWPMLON�T%LOP�QR|%|sdKHK]OQRP�HrSUT%J Õ
Z
[ LON�LOu¦S^N�L^�+P [ LON�L�HKJ"Q�T_LOL!X0uyS^NIJMSU`�L�drLO�^L!dÑS^u=HKTtPMLON�Q^]{P�HrSUT g LOPf£,LOL!T(JML!J�Ö
J�HrSUTY]{SUTWPMN�SUdÑQ^T%X¢N�L!JMSUc_N�]{L*`aQ^T%QRz^L!`�L!TtPO�+JMSU`CLOP [ HKT_zCHKT g LOP £�LOL!TYP [ L\PMS^P�Q^dKdKe«HpTWPMLOz^N�QRPML!X¹`�S6X_L!d
S^u?PML!drL!]{SU`C`;c%T%HK]OQRP�HKSUT¢T_LOPf£,S^N�Ð6J8Q^T%X¢P [ L\X_L!]{L!TtPMN�Q^dKH��OL!X¢`CSxX_L!d>S^u o�V T_LOP £�S^N�ÐxJ Õ

F�J\X%HKJ�]Oc%J�JML!XÔHKTØ� [ QR|�PMLON*�x��PMS¢JMSUdr�^LaP [ HKJ�|%N�S g dKL!`ÙP [ LON�L [ Q!�^L g LOL!T(J�LO�^LON�Q^d=X%HrÒ+LON�L!TtP¬QR|_Ö
|%N�SUQ^] [ L!J�|%N�S^|�SUJML!X(HKT(P [ LadKHrPMLON�QRP�c%N�L Õ  "S·£,LO�^LON!�/P [ L!HrN�QR|%|%N�SUQ^] [ L!J�Q^X�X_N�L!J�J\QYPML!drLO| [ SUTtetÖfJMPfe6drL
]OQ^dKd§JMLOP�c_| `CSxX_L!d,PMS(|%N�S·�6HKX_L«Q^J�J�c_N�L!X9JMLON��xHK]{L!J�u¦S^NCHKTtPMLON�Q^]{P�Hr�^Lm`;c%drP�HK`�L!X�HKQYQR|%|sdKHK]OQRP�HrSUT%J;S��^LON
P [ L o TWPMLON�T%LOP Õ o TËP [ HKJ�] [ QR|%PMLON·�=P [ LmQR|%|%N�SUQ^] [ P�QRÐ^L!T HpJ�PMSÔ|%N�S·�6HKX_L«drStSUJ�Lm	IS } zUc%QRN�Q^TtPMLOL!J�PMS
P [ LCQR|%|sdKHK]OQRP�HrSUT%J!��P [ N�SUc_z [ P [ LCHKTWPMLON�Q^]{P�HrSUTØS^u¬	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�SK�6HKL!J\Q^T%XØGIH�Ò�LON�L!TtP�HKQRPML!X
} LON��6HK]{L!J&L!X%z^L\N�SUc_PMLON�J8QRP
P [ L*Q^]O]{L!J�J�T_LOP £�S^N�ÐØþ�b?HrzUc_N�L'� ÿ Õ�Z
[ L¬P�QRN�z^LOP"c%JMLON�J
QRN�L\Q^]O]{L!J�J�X_LO�6HK]{L!J
P [ QRP [ Q!�^L�dpHK`CHrPML!X«]OQR|�Q^]OHrP emQ^T%X¢`CQ·e«T%S^P8J�c_|%|�S^N�P,N�L!JMSUc%N�]{L*`CQ^T%QRz^L!`CL!TWP�`�L!] [ Q^T�HKJ�`CJ Õ

o T¢ik�Ó®�j ��P [ LaHKTtPMLON�Q^]{P�HrSUTkS^u } oÀV |%N�SK�xe(JMLON��^LON�J*Q^T%XËG�HrÒ+LON�L!TtP�HKQRPML!X } LON��6HK]{L!J [ Q^J�Q^dKJMS g LOL!T
Q^X%X_N�L!J�JML!X Õ Z
[ HpJCHKTtPMLON�Q^]{P�HrSUT.Sx]O]Oc_N�N�L!X P [ N�SUc_z [ QË`�SxX�Hrq%L!X9�^LON�J�HKSUT S^u¬P [ L(�
¡ V } |%N�S^PMS6]{SUd
PMSÍN�L!wtc%L!JMP²N�L!JMSUc_N�]{L!J Õ  8S�£�LO�^LON·��HKT.S^N�X_LON�PMSÍzUc%QRN�Q^TtPMLOL¹P [ L¹]{SU`�|sQRP�H g HKdKHKPfe Q^`�SUT_z9T_LOPf£,S^N�Ð
L!wxc%Hr|�`�L!TtP�Q^T%X�|�N�S^PMSx]{SUdpJO�tQ^T²QRN�] [ HKPML!]{P�c_N�L
P [ QRP�c%JML!J=Q } oÀV Ö g Q^JML!XCHpTWPMLON�u�Q^]{L
u¦S^N=P [ L"HKTWPMLON�Q^]{P�HrSUT
S^u&|%N�SK�6HKL!J*Q^T%XÍGIH�Ò } LON��0N�SUc_PMLON�J;HKJ [ LON�L²Q^X_S^|%PML!X Õ¢Z
[ LC|%N�S^|+SUJ�L!X } o�V Ö g Q^J�L!XkQRN�] [ HrPML!]{P�c_N�L²PMS
]{SU`C`;c%T%HK]OQRPML'	�S } N�L!dpQRPML!XmHKT_u¦S^N�`CQRP�HrSUT [ Q^J§P [ LIQ^X_�ÓQ^TtP�QRz^L\S^u g L!HKT%z�HKT%X%LO|+L!T�X_L!TWP�S^u�Q�JM|�L!]OHrq�]
	�S } J�HrzUT%Q^dKHpT_zm|%N�S^PMS6]{SUd Õ o TËQ^X%X�HrP�HrSUT���HrP*HKJ g Q^JML!XØSUTÍQYdpHrz [ P £�L!HKz [ P�]{SU`C`;c%T%HK]OQRP�HrSUTËJ�] [ L!`�L^�
£ [ Hp] [ HKJ
HpT%X_LO|�L!T%X_L!TtP�S^u?QC]{L!TtPMN�Q^dKH��OL!Xu	�S } L!TtP�HrPfemJ�c%] [ Q^J8Q g Q^T%X_£8HpX_P [ g N�S^Ð^LON�i � ù � �Rù j Õ
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Strict QoS Best−EffortLoose QoS

Lightweight Call Setup
Model Using 

QoS−enhanced Proxies

Proxy−User Interaction Type of QoS Guarantees

End−to−End Call Signaling
in Heterogeneous Networks

Proxy requests resources
on behalf of users

ñ é^q!r_s�to4 � �ÑHrz [ Pf£,L!Hrz [ P"]OQ^dKd>JMLOP�c_|0J�] [ L!`CL^ÛÜJ8QR|%|%N�SUQ^] [�Õ

Æ�zx� Éè�²���'���7|_��������|�×��A�A� îv���0ËCí¢�)�f�(�m�_|�����®_° °v���NM(�C|�~
F�J&J [ S·£"TmHKT²b?HrzUc%N�L�O�6�_P [ L\QR|%|�dKHp]OQRP�HrSUT6ÖfdrLO�^L!dsL!drL!`�L!TtP&P [ QRP§£�S^N�ÐxJ&Q^J&P [ LIdpHKQ^HKJMSUT g LOPf£,LOL!TmL!T%X
c%JMLON�J;Q^T�X¢	�S } JMLON��6HK]{L!J�HKJ�Q(JMP�QRPMLOu�c%d } o�V |%N�SK�xe^�,H Õ L Õ �=|�N�S�_HrL!J�P [ QRP�]OQ^T J�Q·�^L¢P [ LmJMP�QRPML¢S^uIQ
PMN�Q^T%J�Q^]{P�HrSUT Õ �,SUT%]{LON�T�HKT_zmP [ L�JMP�QRPMLaS^u&P [ L²`�c%dKP�HK`�L!X%HKQmJ�L!J�J�HrSUT���JMP�QRPMLOu�c%d�|%N�S�_HrL!J*]OQ^TËN�L!wxc_L!JMP
P [ N�SUc%z [ P [ L �������R� ¦ R �M�R�_�f� u¦c%T�]{P�HrSUT%Q^dKHrP e�ik�^�AjsP [ QRP,c%JMLON=QRz^L!TtP�J,N�SUc_PML
P [ L } o�V `�L!J�J�QRz^L!J�P [ N�SUc_z [
P [ L!`ÌuyS^N�Q^dKd>`CHKX_Öf]OQ^dKd�PMN�Q^T%J�Q^]{P�HrSUT%J Õ§Z
[ c%JO�%P [ L�JMP�QRPMLOu¦c�d>|%N�SK�xem]OQ^T0PMN�Hrz^z^LON"N�L!JMSUc_N�]{L;Q^dKdrS6]OQRP�HrSUT
X_LO|�L!T%X%HpT_zaSUT(P [ L�]{SUTtPML9�6P*S^u,P [ L } o�V `�L!J�J�QRz^L!J*N�L!]{L!Hr�^L!XØQ^T%XÔP [ LCJMP�QRP�c%J¬S^u,P [ L�]Oc_N�N�L!TtP } o�V
PMN�Q^T%J�Q^]{P�HrSUTËþ�HKT�]OdKc%X%HKT%z*P [ L¬N�L!J�c%drP�J&S^u�P [ L*]OQR|�Q g HKdKHrP e²T_LOz^S^P�HKQRP�HKSUT¢|%N�S6]{L!J�J ÿ Õ

Z
[ LCJMP�QRPMLOu¦c�d/|%N�SK�xe(HKJ¬QeÑ ��Ò R �O�_�x�R�+���Ö¦uÒ6� Q §+���ÓU� ��£ [ HK] [ T%S^P\SUT%dre¹J�c_|%|�S^N�P�JIP [ L�P et|sHK]OQ^d
JML!J�J�HrSUTC]{SUTtPMN�SUd%u�c%T%]{P�HrSUT�Q^dKHrPfe g c_P�Q^dKJ�S\c%T%X_LON�J�P�Q^T%X%J?P [ L
c%J�LON�JOÛ7	�S } N�L!wtc%HKN�L!`�L!TtP�J�Q^T%X�|%N�S·�6HKX_L!J
Q^T�HKTtPMLON�u�Q^]{L,£"HrP [ P [ L&T_LOPf£,S^N�Ð;N�SUc_PMLON�J Õ F�]O]{S^N�X%HKT_zIPMSfi�O�U�Aj �WP [ HKJ?HKTtPMLON�u¦Q^]{L g LOPf£,LOL!TCQR|%|sdKHK]OQRP�HrSUT
þ } o�V |�N�S�6e ÿ Q^T%X¹T_LOPf£,S^N�Ðkþ¦N�SUc_PMLON ÿ dKQ·e^LON�J�]{SU`C`�c�T%HK]OQRPML!J"PMN�Q^T%JM|�S^N�P�Ö N�L!dpQRPML!XY] [ QRN�Q^]{PMLON�HKJMP�Hp]OJ"S^u
P [ L�c%JMLON5M%S·£"J Õ #§Q^J�HK]OQ^dpdre^�+HKP"HKJ�QaSUT%L{Ö £,Q·e0HKTtPMLON�Q^]{P�HrSUT g LOPf£,LOL!T } oÀV |%N�SK�6HKL!J"Q^T%X0P [ L�T_LOPf£,S^N�Ð
dKQ·e^LON;þ�b?HrzUc_N�LC^ ÿ Õ

Z
[ L;HKTtPMLON�u�Q^]{L g LOP £�LOL!TÔP [ Lf	�S } Ö L!T [ Q^T%]{L!X } oÀV |%N�S�6eYQ^T%X¹G�HrÒ } LON��WÖf]OQR|�Q g drL�L!X%z^L�N�SUc%PMLON�J
S6]O]Oc_N�J�P [ N�SUc_z [ P [ L¢L9�_] [ Q^T_z^LYS^u } o�V `�L!J�J�QRz^L!J Õ b_S^N�P [ HKJ�|sc_N�|�SUJML^�=P [ L¢L!X_z^L¢N�SUc%PMLON�JC`;c%JMP
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SIP User Agent DiffServ
Edge Router

SIP User Agent
Client Server

DiffServ
Edge Router

Session Control SignalingManager (SIP Proxy)
Application−Level Application−Level

Transport−Level
Manager (SIP UA)

Manager (SIP Proxy)

QoS Signaling/Data Path

Transport−Level
Manager (SIP UA)

Core Routers

QoSQoS

Data Data

Session Session
Control Control

ñ é^q�r�s+tË÷86 � #§Q^J�Hp]\QRN�] [ HrPML!]{P�c_N�L\£"HrP [ 	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�SK�6HKL!J Õ

QoS ControlSIP Proxy

UAC UAS Router Router Router

QoSSIP

Transport

Control

Data

Application

ñ é^q!r_s+tË÷s÷ � ¡IT%L{Ö £,Q·e } oÀV Q^T%XmN�L!JMSUc%N�]{L*`CQ^T%QRz^L!`CL!TWP8HpTWPMLON�Q^]{P�HKSUT Õ

HK`�|sdrL!`�L!TtP;Q g Q^J�HK] } oÀV c�JMLONCQRz^L!TWP²HKTÍS^N�X_LON�PMSØ]{SU`C`;c%T%HK]OQRPMLm£"HrP [ P [ Lm|%N�SK�xe Õ GIc_LmPMS(P [ L
J�HK`C|�dKHK]OHrP e�S^uÑP [ L } oÀV |�N�S^PMSx]{SUd �%Q^T%XmJ�HKT%]{LIP [ L!J�L\JMLON��6HK]{L!J&QRN�L\c%JML!X«SUTmQ�|�LONMÖfJ�L!J�J�HrSUT g Q^J�HpJO�6P [ HKJ
HKTtPMLON�u�Q^]{L [ Q^J
`CHpT%HK`;c%` HK`�|�Q^]{P
HKT«P [ L¬|�Q^]�Ð^LOP�uyS^N�£,QRN�X�HKT_z�|%N�S6]{L!J�J&S^u�P [ L\N�SUc%PMLON�J Õ

o T9P [ HKJ�SUT_L{Ö £§Q!e } o�V Q^T%X9N�L!JMSUc_N�]{L¢`CQ^T�QRz^L!`�L!TWP²HKTWPMLON�Q^]{P�HrSUT��=P [ L¢HKT_u¦S^N�`CQRP�HrSUTÍu¦N�SU` P [ L
	�S } Ö L!T [ Q^T%]{L!X } oÀV |%N�SK�xeCHpJ�c%J�L!X g e�P [ L"N�SUc_PMLON�u¦S^N,P [ L!JML�|�c_N�|�SUJML!JO�5ý � þ PMS�]OdKQ^J�J�Hruye�|�Q^]�Ð^LOP�J g e
c_|�X%QRP�HKT%z"P [ L&qsdrPMLON�J/P [ QRP/|�LON�u¦S^N�`<`;c%drP�H�Ö q�L!dKX�]OdKQ^J�J�Hrqs]OQRP�HrSUT��²ý �¦� þ PMS\`�LOPMLON=P [ L&PMN�QR×a]
Q^]O]{S^N�X�HKT_z
PMS�P [ L g Q^T�X_£8HKX_P [ HpT%X%HK]OQRPML!X\HpT\P [ L,JML!J�J�HrSUT�Q^T%X*`aQ^T%QRz^L�L9�_]{LOL!X%HKT%z8PMN�QR×a]R�²ý �y�¦� þ PMS"`aQRN�Ð¬|�Q^]�Ð^LOP�J
PMS�N�L!]{L!Hr�^L\QR|%|�N�S^|%N�HKQRPML�|�LONMÖ [ S^| g L [ Q!�6HrS^N&QRP§P [ L g Q^]�Ð g SUT_L Õ b_S^N8J�Hp`�|�dKHK]OHKPfe^�tHKP,HKJ,Q^J�J�c�`�L!X�P [ QRP
P [ L\T_LOP £�S^N�Ð«]OQ^TY|%N�S��xHKX%L�P [ L¬N�L!wtc�HrN�L!X g Q^T%X_£"HKX_P [ �6Q^T%X«P [ L\L!X%z^L\N�SUc_PMLON�J&QRN�L*]{SUT_q%zUc_N�L!X«£8HrP [
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]OdKQ^J�J�L!J�£"HrP [ Q^X_L!wxc%QRPMLI]OQR|�Q^]OHrP e Õ�Z
[ L"L!X_z^L�N�SUc_PMLON�J,]OQ^T�P [ L!T²]OdpQ^J�J�Hru¦e�Q^T%XaL!T�wtc_L!c%L8P [ L�|�Q^]�Ð^LOP�J
S^u>P [ L¬T_LO£�M%S�£ Q^]O]{S^N�X%HKT_z;PMS�P [ L'	�S } N�L!wtc�HrN�L!`�L!TtP�J,PMN�Q^T%J�`CHKPMPML!X g eaP [ L�|%N�SK�xe Õ F�X%X%HKP�HrSUT%Q^dKdre^�
P [ L�N�SUc_PMLON�J�X%S«T%S^PIT%LOL!X0PMSmÐ^LOLO|ØJ�P�QRPML�uyS^N¬P [ L } o�V JML!J�J�HKSUT Õ ¤(LCQ^J�J�c%`CL;P [ QRP�P [ L;qsdrPMLON�JIQ^T%X
`�LOPMLON�J"QRN�L¬|�LON�HrS6X%HK]OQ^dKdKe�N�L!JMLOP g Q^]�Ð«PMSCP [ L g Q^J�HK]IN�SUc_PMLON8]{SUT%q%zUc_N�QRP�HrSUT Õ

æèç �^�y�²Ò��O����§¼Ò%���U�s�R� �y�x� Ý �r�A«

Z
[ L;J�HKzUT%Q^dKHKT_z�`�L!J�J�QRz^L!J\L9�6] [ Q^T_z^L!X g LOPf£,LOL!T(JMSUc_N�]{L�Q^T�X¹X%L!JMP�HKT%QRP�HrSUT¹L!T%XÔX_SU`aQ^HKT%J�PMSmJMLOP
c_|kQ0`�c�drP�HK`�L!X%HpQ�]OQ^dpd�QRN�L²J [ S·£8TËHKTØb?HrzUc_N�L¢!� Õ¢Z
[ HKJ¬J�] [ L!`�L�Q^J�J�c%`�L!J*P [ QRP*P [ LCL!X_z^LaN�SUc_PMLON
S^uIL!Q^] [ X_SU`CQ^HKT [ Q^J�|%N�LO�6HrSUc%J�dreËJ�c g J�]{N�H g L!XÍ£8HrP [ P [ L¢|%N�SK�xe JMLON��^LONÔþ� ÿ Õ¥Z8[ L } /5# } �§v o #§~
`�LOP [ S6Xµi � ®�j/S^|�L!T%J"Q«]{SU`C`;c%T%Hp]OQRP�HrSUTÔ] [ Q^T%T%L!d�HpTY£ [ HK] [ P [ L;N�SUc_PMLON\]OQ^T g L*N�L!`�S^PML!dre0T%S^P�Hrq%L!X
g e(P [ La|%N�S�6e(S^u&P [ L�HpT%]{SU`CHKT_z¢`CL!X%HKQmM�S·£8J;Q^T%XØP [ L!HrN1	�S } N�L!wxc%HrN�L!`CL!TWP�J Õ �"L9�6PO�/PMS0|�dpQ^]{L²Q
]OQ^dKd�P [ L=/�F8�4JML!T%X%JIQ^T o �¤Â o Z ~Þ`�L!J�J�QRz^LYþ¨� ÿ PMS«P [ L�S^P [ LON�c%JMLON Õ o T¹P [ L g Q^J�HK] } o�V |%N�S^PMS6]{SUd¨�
£8HrP [ SUc_PaQ^Tte Q^X%X%HrP�HrSUT�JO��P [ HKJ o �¤Â o Z ~ `�L!J�J�QRz^L¹£8HrP [ Q^T } G V g SxX_e9T%QRP�c_N�Q^dKdre9HKT%]OdKc%X%L!J�P [ L
u¦SUdKdrS·£"HKT_z�HKT_u¦S^N�`CQRP�HrSUT>�

æ P [ L*`�L!X%HKQ�dKLO�^L!d>QRPMPMN�H g c%PML!J&S^u?P [ L\Pfex|�L!J
S^u�M%S·£"J
P [ QRP
£"HKdKd g L¬L9�6] [ Q^T_z^L!XYHpTmP [ L*JML!J�J�HrSUT��
J�c%] [ Q^J;P [ L«`�L!X%HKQYPfex|+L!Jmþ�Q^c%X�HrS_�/�xHpX_LOS ÿ Q^T�XkP [ L�PMN�Q^T%J�|+S^N�P*|�S^N�P*PMSÔ£ [ HK] [ P [ L«`�L!X%HKQ
M�S·£8J8£8HKdKd g L\JML!TWP n

æ P [ L\N�L!wxc%HrN�L!X g Q^T%X%£8HKX_P [ u¦S^N
P [ L*JML!J�J�HrSUT n

æ L!T�X0c%J�LON�HKT%uyS^N�`aQRP�HrSUT��%N�LO|�N�L!JML!TtPML!X¹HpT } o�V /�v¤�ÑJ8P [ QRP�QRN�L�HKT%X%LO|+L!T�X_L!TWP&S^u=P [ L*| [ e6J�HK]OQ^d
dKSx]OQRP�HrSUT¢S^u�P [ L\c%JMLON Õ

o TYQ^X%X�HrP�HrSUT��%P [ L*|%N�S^|�SUJML!XY]OQ^dKd�JMLOP�c%|0`�S6X_L!d�Q^X�X%J8Qa|�QRN�Q^`�LOPMLON�þ �O�r�Ó��� ÿ P [ QRP�HKT%X%HK]OQRPML!J8P [ L
Pfex|�L¬S^uÑPMN�QR×a]¬HKT�PMLON�`CJ&S^u�	�S } N�L!wxc%HrN�L!`�L!TWP�J!�xu¦S^N8HKT�JMP�Q^T%]{L^�_Hru�P [ L¬PMN�QR×a]IN�L!wxc%HrN�L!J§drS�£ÏdKQRPML!T%]{e
S^N [ HKz [ g Q^T%X_£8HpX_P [�Õ

Z
[ L;]OQ^dKd�JMLOP�c_|(J�HKzUT%Q^dKHKT_za|%N�S6]{LOL!X%J"Q^J¬T%S^N�`CQ^d§þ ù ÿ �>Q^T%XY£ [ L!TYP [ L�q�T�Q^d�N�L!J�|+SUT�JML*u¦N�SU`ÇP [ L
]OQ^dKdrL!XÍc%JMLON·��£"HrP [ P [ L�q�T%Q^d=|�QRN�Q^`�LOPMLON�J�S^u
]OQR|sQ g HKdKHrP eØT_LOz^S^P�HKQRP�HrSUT>��HKJ*HKJ�J�c_L!X.þ¦® ÿ �=P [ La|%N�S�_HrL!J
QRP«P [ LÔL!T%X X_SU`CQ^HKT�J²T_S^P�HKuye P [ L¹N�SUc_PMLON«S^u*P [ Ld	�S } N�L!wxc%HrN�L!`CL!TWP�J(þ¨� ÿ Õ�Z
[ L } o�V `�L!J�J�QRz^L!J

� ý



UAC UASR1 R2P1 P2

INVITE
INVITE

100 Trying
100 Trying

180 Ringing

180 Ringing

200 OK
200 OK

200 OK

Data

(3)
180 Ringing

(4)

(5)
NOTIFY
200 OK

(1)
SUBSCRIBE

200 OK

(1)
SUBSCRIBE

200 OK

ACK
(6)

NOTIFY
(5)

200 OK

(2)
INVITE (class)

ñ é^q!r_s�tÍ÷8� � } o�V ]OQ^dKd�JMLOP�c%|YJ�HrzUT%Q^dpHKT_z�£8HrP [ HKTtPMLON�Q^]{P�HrSUT¢£8HrP [ GIH�Ò } LON���N�SUc_PMLON�J Õ

P [ QRPI]OQ^T g L�c%JML!X¹QRN�L�P [ L��¬¡ Z o bPO¹i � ®�jÑN�L!wxc_L!JMP�J�£ [ HK] [ Q^dKdrS·£�QRz^L!TWP�JIPMS«JML!T%X¹T_S^P�Hrqs]OQRP�HrSUTYS^u
Q^JMe6T%] [ N�SUT_SUc%J¬LO�^L!TtP�J�PMS¢N�L!`�S^PMLaT%SxX_L!J Õ b�HpT%Q^dKdre^�>P [ L�P [ N�LOL{Ö £§Q!e [ Q^T%X�J [ QRÐ^L�S^u§P [ La]OQ^dKd/J�LOP�c_|
HKJC]{SU`C|�drLOPML!X.P [ N�SUc_z [ P [ L¢q�T%Q^d8Q^]�Ð6T_S·£8dKL!X_z^L!`�L!TtP(þ ý ÿ uyN�SU` P [ L¹]OQ^dKdrLON!�&Q^T%X P [ L!T P [ L0X%QRP�Q
JMPMN�L!Q^`aJ8QRN�L¬PMN�Q^T�J�`CHrPMPML!X Õ

o T J�c%`C`aQRN�e^�8P [ LÔ|%N�S^|+SUJ�L!X¥QRN�] [ HrPML!]{P�c%N�L(Ð^LOLO|�JmP [ L(JML!J�J�HrSUT ]{SUTtPMN�SUd\J�HrzUT�Q^dKHKT_zÍQ^T%Xv	�S }
J�HrzUT�Q^dKHKT_z9HKT%X_LO|�L!T%X%L!TWP Õ F§P¢P [ L(L!T%X X_SU`aQ^HKT%JO�"P [ L!HrN¢HKTtPMLON�Q^]{P�HrSUTÞHpJ«|%N�S·�6HKX_L!X g e.P [ Lh	�S } Ö
L!T [ Q^T�]{L!X } o�V |%N�SK�xe«£ [ HK] [ HKTtPMLON�Q^]{P�J8£8HrP [ P [ L*L!X_z^L\N�SUc_PMLON"SUT g L [ Q^druÑS^u�P [ L\L!T%X¢c%J�LON�J&S^u?P [ L
X_SU`CQ^HpT Õ ÚYS^N�LOS��^LON!�_]{SU`�|�QRN�L!Xa£8HrP [ P [ L g Q^J�HK] } o�V ]OQ^dpd�JMLOP�c_|uik�^�+j�P [ L"|%N�S^|�SUJML!X�]OQ^dKd%J�LOP�c_|)M%S�£
N�LO|%N�L!JML!TWP�J8QCJ�`CQ^dKd�]OQ^dpd>JMLOP�c_|¢S��^LON [ L!Q^X Õ

Æ�zKÆ �f|�~��7�_|�� íQM�Ê�|����+ÏÇ|��$�A~
�p¶P�²¶�÷ æ�¸ t æ t8ãx½%R�t7ß
FàPML!JMP g L!XØþ�b�HKzUc_N�LC ù ÿ £§Q^J
HK`�|sdrL!`�L!TtPML!X�HpT«S^N�X_LON&PMSCJMP�c%X%eaP [ L\HKTtPMLON�Q^]{P�HrSUT¢S^u�JML!J�J�HrSUT«]{SUTWPMN�SUd
J�HrzUT�Q^dKHKT_z;Q^T%X�	IS } Õ_Z
[ L�PML!JMP g L!X�]{SU`C|%N�HKJML!J V �§J,N�c%T%T%HpT_z\P [ L���HpTtcL�CS^|�LON�QRP�HpT_z;J�exJMPML!` u¦S^N&P [ L
} o�V L!TtP�HrP�HrL!J�Q^T%XkT%LOPf£,S^N�Ð(N�SUc_PMLON�J Õ F�dKJMS_�?HrP [ Q^J*Q g S^PMP�drL!T%L!]�ÐØQRN�] [ HrPML!]{P�c_N�L^�?£ [ LON�LCP [ L�`CQ^HKT
g Q^]�Ð g SUT_L�Q^dKdrS�£8J�SUT%drekO�¢Ú g |�J�S^u g Q^T%X_£8HpX_P [ � g L!HKT%zaP [ L�L!T%XÔc%JMLON�J�]{SUT�T_L!]{PML!X(PMSØO�^�¢Ú g |�J
~�P [ LON�T_LOP [ c g J Õ

� �



R1 R2

Proxy2Proxy1

10 MbpsUAC

Traffic
Generator

UAS

Generator
Traffic

100 Mbps100 Mbps

ñ é^q!r_s�tÍ÷7� � Z L!J�P g L!X¢£8HrP [ ��HpTtcL�²N�SUc_PMLON�J"HKTmQ g S^PMP�drL!T_L!]�Ð«PMS^|�SUdrS^z^e Õ

F§P?P [ L&Q^]O]{L!J�J�T%LOPf£,S^N�ÐxJ!� } oÀV c�JMLON�QRz^L!TtP�J�Q^T%X;|%N�S�_HrL!J?HK`�|�drL!`CL!TWP�Q g Q^J�HK]=�^LON�J�HrSUT;S^u%P [ L } o�V
|%N�S^PMS6]{SUd
þ } L!]{P�HrSUT ùxÕ ùxÕ � ÿ Õ o TÔP [ L�L9�x|�LON�Hp`�L!TWP�J!��Q } oÀV c%J�LONIQRz^L!TtP*]OdKHKL!TWP¬HKT%HKP�HKQRPML!J"Qm]OQ^dpd�J�LOP�c_|
£8HrP [ P [ L } o�V c%JMLON*QRz^L!TtP�J�LON��^LON\SUTØP [ L�S^P [ LON*L!T%X Õ F8u¦PMLON*]OQ^dKd�J�LOP�c_|kJ�HrzUT�Q^dKHKT_z«HKJ\]{SU`�|sdrLOPML!X��
X%QRP�Q;PMN�Q^T%J�`CHKJ�J�HKSUTaJMP�QRN�P�J g LOPf£,LOL!T«P [ L!`m�_J�Hp`�c%dpQRP�HKT_z\P [ LIPMN�Q^T�J�`CHKJ�J�HrSUT�S^uÑ`;c%drP�Hp`�L!X%HKQ\]{SUTtPML!TtP Õ
Z
[ HpJ�PMN�QR×a]\]{SU`�|�LOPML!J
£"HrP [ g Q^]�Ðxz^N�SUc%T�XmPMN�QR×a]Iz^L!T_LON�QRPML!X g e²P [ L ÒX¥C�R����©O�¦�¦� PMN�QR×a]¬z^L!T_LON�QRPMS^N Õ
Z
[ L } o�V |%N�S�_HrL!J§HKT²L!Q^] [ X%SU`CQ^HKT�QRN�L�Hp`�|�drL!`�L!TtPML!X�HKTaP [ LIJ�Q^`�L V �§J,Q^J§P [ L�N�SUc_PMLON�JO�_Q^T%X�P [ LOe
[ Q·�^L;P [ L;Q^X%X%L!XYu�c%T%]{P�HrSUT�Q^dKHrPfe«S^u=]{SU`a`�c%T�HK]OQRP�HKT_z²P [ L=	IS } N�L!wxc%HrN�L!`�L!TWP�J"PMS�P [ L�N�SUc_PMLONCþT	�S } Ö
L!T [ Q^T�]{L!X0|�N�S�_HrL!J ÿ Õ o T¹P [ HKJIHK`�|sdrL!`�L!TtP�QRP�HrSUT���P [ L�|%N�SK�xeYHpJ�J�c_L!J�P [ L�PMN�QR×a]�]{SUTtPMN�SUd/]{SU`C`CQ^T�X%J
X%HrN�L!]{P�dreaPMSCP [ L\N�SUc_PMLON Õ

Z
[ LCN�SUc_PMLON!ÛÜJ;JMS^u¦Pf£§QRN�L«]{SUT%J�HKJMP�J*S^u&P [ L)�ÑHKTtc.�(� Õ ® Õ � Ð^LON�T_L!d�]{SU`�|�HKdKL!X(£8HrP [ J�c_|%|�S^N�P¬u¦S^N o�V
u¦S^N�£,QRN�X%HKT_z ÕØZ
[ L²N�SUc%PMLON�J�QRN�Lm]{SUT_q%zUc_N�L!XÍc�J�HKT_z0P [ L«PMN�QR×a]m]{SUTtPMN�SUd§L!T_zUHKT_L^�=£ [ HK] [ HKJ;|�QRN�P;S^u
P [ L �ª§s�M�R�_�f�TS |�Q^]�ÐÓQRz^L^��£8HrP [ GIH�Ò+LON�L!TWP�HKQRPML!X } LON��xHK]{L!J"J�c_|%|�S^N�P�i �x��Ij Õ o P [ Q^J8`�LOP [ SxX%J"P [ QRPI]OQ^T
]OdKQ^J�J�Hruye^�_|�N�HrS^N�HrP�HP�OL^�xJ [ QRN�L^��Q^T%X¢dpHK`CHrP§HKT g SUc�T%X²Q^T�XmSUc_P g SUc%T%X«PMN�QR×²] Õ

�p¶P�²¶P� ú s+¿X½K¿pÁ"¿ Û&ã<UWV�Û t U tLÜ�½ Ú ½�é^¿�Ü
¡IT_L²S^u
P [ L«Q^X_�RQ^TWP�QRz^L!J�S^u } oÀV �ÑL!JM|�L!]OHKQ^dKdre(HKTÍ]{SU`�|�QRN�HpJMSUTk£"HrP [ P [ L«  Õ ù � ù |%N�S^PMS6]{SUd,J�c%HrPML^�/HKJ
P [ L*Q^]O]{L!J�J�H g drL\Hp`�|�drL!`�L!TtP�QRP�HrSUT«S^u?P [ L¬|%N�S^PMSx]{SUdÑQ^T%X«N�L!dKQRPML!X0JMLON��6HK]{L!J Õ F�J8J [ S�£8T¢HKTmb?HrzUc%N�LC{®_�
]OdKHrL!TtP�ÖfJMLON��^LON�JMS6]�Ð^LOPI|%N�S^z^N�Q^`a`CHKT_z
i �^�6�ÑO� ù jÑHKJ8c%JML!X¢PMS�HK`�|�dKL!`�L!TWP } oÀV Q^T%XYHrP�J8HKTWPMLON�u¦Q^]{L�£8HrP [
P [ Lm/�G V PMN�Q^T%J�|+S^N�P�|%N�S^PMSx]{SUd Õ9Z £,S(z^N�SUc_|�J�S^u�|%N�S^z^N�Q^`CJ�QRN�L¢X_LOq�T%L!X��aP [ L¢]{S^N�L¢JMP�Q^]�Ð dKQ·e^LON
Q^T%X.P [ LÔPMN�Q^T%J�Q^]{P�HKSUT¥c�JMLON�dpQ!e^LON Õ<Z
[ LÔ]{S^N�LÔJMP�Q^]�Ð dKQ·e^LON¢]OQRN�N�HrL!J²SUc_P�P [ L¹HpTWPMLON�u�Q^]{LÔ£8HrP [ P [ L
T_LOP £�S^N�Ð²Ð^LON�T_L!d¨�xPMN�Q^T%J�dKQRPML!J } oÀV PML9�6P&`�L!J�J�QRz^L!J,PMS�S g6ø L!]{P�J3i ®%9j �_Q^T%X²Hp`�|�drL!`�L!TtP�J�P [ L�]OdKHKL!TWP§Q^T%X
JMLON��^LON;PMN�Q^T%J�Q^]{P�HrSUTËJ�P�QRPML«`aQ^] [ HKT%L!J²þ¦£ [ Hp] [ QRN�L�c%J�L!X g e g S^P [ |%N�SK�6HrL!J;Q^T%XËc%JMLON�QRz^L!TtP�J ÿ Õ ¡IT

� �



PMS^|«S^u�P [ LI]{S^N�L¬JMP�Q^]�Ð²dKQ·e^LON!�_P [ L�PMN�Q^T%J�Q^]{P�HrSUT«c%J�LON§dpQ!e^LON&HK`�|�dKL!`�L!TWP�J�P [ LI]{S^N�LI|%N�S^z^N�Q^`aJ�u¦S^N§P [ L
c%JMLON�QRz^L!TWP�JIQ^T%X0|%N�SK�6HKL!J Õ F"`�SUT%zaP [ L!`m�sP [ L�]OQ^dpdÑJMP�QRPML�`CQ^] [ HKT_L!J"QRP"P [ L;c%JMLON�QRz^L!TWP�JO��Q^T%XYP [ L
`�L!J�J�QRz^L�N�SUc_P�HKT_z�Q^T%X¹uyS^N�£,QRN�X�HKT_z�u¦c%T�]{P�HrSUT%J�QRP�P [ L;|�N�S�6e Õ F�X%X%HrP�HrSUT�Q^dKdre^��P [ L;HK`C|�drL!`�L!TtP�QRP�HrSUT
S^u�Q�	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�SK�xe�HKT%]Odpc%X_L!J?Q'	�S } `CQ^T�QRz^L!`�L!TWP=u¦c%T�]{P�HrSUT%Q^dKHrP e^�U£ [ Hp] [ ]OQR|%P�c_N�L!J/P [ L
	�S } N�L!wtc%HKN�L!`�L!TtP�J§S^u } oÀV PMN�Q^T%J�Q^]{P�HrSUT%J"Q^T%X¢T_S^P�HKq%L!J§P [ L\N�SUc%PMLON
S^u?P [ L\JML!J�J�HKSUT�ÛÜJ
`�L!X%HpQ�M�S·£8J Õ

User Application

SIP Factory

Call State Machine

UDP Server
Handler

NetworkSIP Parser

UDP Datagram UDP Datagram

Core SIP ProxyCore SIP User Agent (Client/Server)

Client
State

Machine

SIP Transactions

Server
State

Machine

Transaction
User
Layer

Core
Stack
Layer

Application
Layer

Kernel
Network

Manager
QoS

Message Routing

ñ é÷q�r�s+tÍ÷C- � } oÀV |%N�S^PMS6]{SUd>HK`�|�dKL!`�L!TWP�QRP�HKSUT Õ

�p¶P�²¶�� â ó V t7sRé U tLÜ�½Kã ä ¿�ÜYX�q!r_s Ú ½�é^¿!Ü
o TCP [ L
L9�6|�LON�HK`�L!TtP�JO�xQRuyPMLON,P [ L"]OQ^dpd�JMLOP�c_|�HKJ�]{SU`�|sdrLOPML!X��xP [ L8c%JMLON,QRz^L!TWP�J,L9�_] [ Q^T%z^L"�6HKX_LOS\PMN�QR×a] Õ
o P�HKJ,Q^J�J�c%`CL!XaP [ QRP,P [ L"�xHKX%LOS*PMN�QR×a]�HKJ=S^u�Q�]OdpQ^J�J=P [ QRP�N�L!wxc%HrN�L!J��^LON�e [ HKz [ wxc%Q^dKHrP eCQ^T%X²X%StL!J,T_S^P
PMSUdrLON�QRPML;L9�_]{L!J�J�Hr�^L;|�Q^]�Ð^LOP¬drSUJ�JML!J Õ
Z
[ L;`CQ^HKTmS g_ø L!]{P�Hr�^L�HKJ8PMS�`�L!Q^J�c_N�L*P [ L�wxc%Q^dKHrP e�S^u/P [ L*�6HKX_LOS
|�LON�]{L!Hr�^L!X g e¹P [ LCL!T%XØc�JMLON!� [ L!T�]{LCP [ L�u¦Sx]Oc%J*HKJ¬SUT(|�Q^]�Ð^LOP;dKSUJ�JML!J Õ #,L!]OQ^c%JML�HrP\HKJ\T%S^P¬|+SUJ�J�H g drL
PMSØ`�L!Q^J�c%N�LmP [ L¢wxc%Q^dKHrP ekS^u�P [ Lm`�c%dKP�HK`�L!X%HKQ¹]{SUTtPML!TWPC|�LON�]{L!HK�^L!X g eËL!T%X c%JMLON�J�HKTÍP [ LmPML!JMP g L!X
L9�6|+LON�HK`�L!TtP�JO�"Q9J�HK`C|�drL0J�P�QRP�HKJMP�HK]OQ^d¬Q^T%Q^dKexJ�HpJ²S^u�P [ LÔ|�Q^]�Ð^LOP
M%S·£BHKJ«|�LON�u¦S^N�`�L!X Õ o Pm`�L!Q^J�c%N�L!J
P [ L*Txc%` g LON&S^u�]{SUT%J�L!]Oc_P�Hr�^L*|sQ^]�Ð^LOP�J�J�c%]O]{L!J�JMu�c%dKdKeaN�L!]{L!Hr�^L!X¢£ [ HK] [ ]OQ^T¢HKT%X�HK]OQRPML¬z^StS6X¢wxc%Q^dKHrP e²S^u
P [ L�N�L!]{LO|%P�HKSUT Õ o T¹S^P [ LON¬£�S^N�X%JO��P [ L�`�LOPMN�Hp];c�JML!XÔHKT¹P [ L�L9�x|�LON�HK`CL!TWP�JIHKJ ©��W�TZ R � � R ©��U��Z��������{�^WR�?¦
§6�U��Z^�!�¦� ��£ [ HK] [ zUHr�^L!J;P [ L�Q·�^LON�QRz^L^�=�RQRN�HKQ^T�]{L^��Q^T%Xk|�N�S g Q g HKdpHrPfeÔX%HKJMPMN�H g c_P�HrSUTÔu�c%T%]{P�HKSUT.þ¦|�X_u ÿ S^u

���



P [ L;Ttc%` g LON8S^u�|sQ^]�Ð^LOP�JIP [ QRP"£�LON�L�X_L!dKHK�^LON�L!XYQ^T%XY|�dKQ·e^L!X g Q^]�Ð¢SUT0P�HK`�L^�+£8HrP [ T%Sa|�Q^]�Ð^LOPIX%N�S^|�J
HKT g LOPf£,LOL!Thik�Aj Õ

¡IT P [ L(N�SUc_PMLON�JOÛ
]{SUT%q%zUc_N�QRP�HrSUT>�"P [ LØX�H�Ò+LON�L!TWP�HKQRPML!X J�LON��xHp]{L!J¢`CQRN�Ð6HKT_zÞþ ¦Ó�I¥��^�-Z ÿ wtc%L!c%HKT_z
X%HKJ�]OHr|�dKHKT%L\HKJIc%JML!XÔPMS¢`CQRN�ÐYP [ L�|�Q^]�Ð^LOP�J!�ÑQ^T%XÔ]OdKQ^J�JMÖ g Q^JML!X(wxc_L!c%HKT_z(þ ��#¬	 ÿ HKJIc%J�L!X0PMS¢`aQ^T%QRz^L
P [ L g Q^T%X_£8HKX%P [�Õ o P=HKJ�]{SUT_q�zUc_N�L!X�£8HKP [ P [ N�LOL
PMN�QR×a]8]OdKQ^J�JML!JO�?Q^TCL9�6|+L!X�HrPML&uyS^N�£,QRN�X�HKT_zCþ�~=b ÿ ]OdpQ^J�J
£8HrP [ g Q^T�X_£8HKX_P [ S^u� Õ ��Ú g |�JO�_Q^TmQ^J�J�c%N�L!X�uyS^N�£§QRN�X%HpT_z�]OdKQ^J�J\þ�F"b ÿ £8HrP [ g Q^T%X%£8HKX_P [ S^u���Ú g |�JO�
Q^T%X¹Q g L!JMP�L{Ò�S^N�P�þ;#§~ ÿ ]OdpQ^J�J8£"HrP [ P [ L�N�L!`aQ^HKT%HKT_z g Q^T%X_£8HpX_P [�Õ
Z
[ L;~=b.]OdKQ^J�J [ Q^J�P [ L [ Hrz [ L!JMP
|%N�HKS^N�HrPfe^�_Q^T%X«HrP�J&J�`CQ^dKd+b o bÑ¡4wxc_L!c_LCþ¨�;|�Q^]�Ð^LOP�J8drSUT%z ÿ HpJ&JMLON��^L!XmQ^J&drSUT_z�Q^J
HKP [ Q^J§|sQ^]�Ð^LOP�J Õ,Z
[ L
F�b¥]OdpQ^J�JIPMN�QR×a]�HKJIX%HrN�L!]{PML!XÔPMS¢Q²N�Q^T%X_SU`)L!QRN�dre¹X_LOPML!]{P�HrSUT þ�v"~=G ÿ wtc%L!c_L Õ b?HKdrPMLON�J�QRN�LCc%JML!X¹PMS
]OdKQ^J�J�Hruye«P [ L;|�Q^]�Ð^LOP�JIPMS²P [ L�QR|%|%N�S^|%N�HKQRPML*]OdpQ^J�JO�+£ [ HKdrL\T%SUT6Öf`CQRP�] [ HKT_z�PMN�QR×a];HKJ
PMN�L!QRPML!XÔQ^J g L!JMP�Ö
L{Ò�S^N�P Õ o T9P [ L!JML¢L9�6|+LON�HK`�L!TtP�JO��q�drPMLON�J�QRN�LY]{SUT_q%zUc%N�L!X9PMSØ]OdKQ^J�J�HKuyeËP [ L$M%S·£"JCQ^]O]{S^N�X%HKT%z(PMSØP [ L
X_L!JMP�HpT%QRP�HrSUTË|+S^N�P Õ F�dKJMS_�/`�LOPMLON�J�QRN�L«QRPMP�Q^] [ L!X PMS0P [ L�q�drPMLON�J�HKTkS^N�X_LON;PMS(Q^dKdrS·£ P [ L�N�SUc_PMLON;PMS
N�L!Q^]{P"PMSCL9�6]{LOL!X�HKT_z�PMN�QR×a] Õ

o T¢J�c%`¢�_P [ HKJ
]{SUT_q�zUc_N�QRP�HrSUTmS^u?L9�6|�LON�HK`�L!TtP�J
HKJ
c�JML!XmPMSaQ^dKdKS·£ÏP [ L [ Hrz [ wxc%Q^dKHrP e²�6HKX_LOS�PMN�QR×a]
PMS g LYu¦S^N�£,QRN�X_L!X.Q^J�L9�6|�L!X%HrPML¹uyS^N�£§QRN�X n [ L!T%]{L^� [ Q!�6HKT_zË|%N�HrS^N�HrPfe S��^LONmS^P [ LON«Pfex|+L!J�S^u\PMN�QR×a] Õ
Z
[ L�N�SUc_PMLON·ÛÜJ�q�drPMLON�J�Q^T%X9`�LOPMLON�J�QRN�L«]{SUT%q%zUc_N�L!X g Q^JML!XÍSUT9P [ LmHKT%uyS^N�`aQRP�HrSUTk|�N�S·�6HKX_L!X g eËP [ L
	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�S�6e Õ

Z £,SaJMLOP�J
S^u�L9�6|�LON�HK`�L!TtP�J§£,LON�L\|�LON�u¦S^N�`�L!X��

æ o TØP [ Laq%N�J�P*JMLOPO�?�xHpX_LOS¢PMN�QR×a]²HKJ*J�L!TWP;QRP;Q0]{SUT%JMP�Q^TtP g HKP¬N�QRPML^�/QRP�!� � Ð g |�J Õ«Z
[ L!T���Pf£,S
`CL!Q^J�c_N�L!`�L!TtP�J\QRN�La|+LON�uyS^N�`CL!X Õ b?HrN�JMPO�>JMP�QRP�HKJMP�Hp]OJ\QRN�LC]{SUdKdrL!]{PML!XkS^u g Q^]�ÐtÖ PMSRÖ g Q^]�ÐØN�L!]{L!Hr�^L!X
|sQ^]�Ð^LOP�J�þ¦S^N g c_N�JMP,drL!T_z^P [ J ÿ u¦S^N&�xHKX%LOS�PMN�QR×²]"P [ QRP§HpJ�PMN�Q^T%J�`CHrPMPML!X«Q^J&F�b¥þ¦N�LOzUc%dKQRN&JMLON��6HK]{L ÿ
HpTØQY]{SUT_z^L!J�PML!XÍT%LOPf£,S^N�Ð þ�H Õ L Õ � g Q^]�Ðxz^N�SUc%T%XkPMN�QR×a]²HKJ\HKT(P [ LaN�Q^T_z^L²S^u
�YÚ g |�JO�Ñ£ [ HK] [ HKJ
P [ L;]OQR|�Q^]OHKPfeYS^u/P [ L;F�b ]OdKQ^J�J ÿ Õ"Z
[ L!T��sJMP�QRP�HpJMP�HK]OJIQRN�L�]{SUdKdrL!]{PML!X0S^u g Q^]�ÐtÖ PMSRÖ g Q^]�Ð¹N�L!]{L!Hr�^L!X
|sQ^]�Ð^LOP�J²uyS^NC�6HKX_LOSÔPMN�QR×²]«P [ QRPaHKJ�PMN�Q^T�J�`CHrPMPML!X Q^JC~�bÅþ¦|%N�L!`CHKc�`�J�LON��xHp]{L ÿ �,HKTÍP [ L0J�Q^`�L
]{SUT%z^L!JMPML!X¢T_LOP £�S^N�Ð Õ o T«P [ HKJ,dKQ^JMP&J�HrP�c�QRP�HrSUT��xP [ L'	�S } Ö L!T [ Q^T�]{L!X«|%N�S�6ea]{SU`C`;c%T%Hp]OQRPML!J&P [ L
N�L!wtc%HKN�L!`�L!TtP�JaS^u\P [ HKJ [ Hrz [ Öfwxc%Q^dKHrP eÍ�6HKX_LOS9JMPMN�L!Q^` PMS9P [ LÔGIH�Ò } LON�� L!X_z^LÔN�SUc_PMLON Õ4Z
[ LOe
HpT%X%HK]OQRPMLCQYN�L!wtc�HrN�L!X g Q^T%X%£8HKX_P [ S^u¬!� � Ð g |�Jaþ�]{SU`a`CHrPMPML!XØN�QRPML ÿ Q^T%XkP [ QRP\|�Q^]�Ð^LOP;drSUJ�JML!J
J [ SUc%dKX g L¬`CHKT%Hp`CH��OL!X Õ

ù �



æ o TØP [ LaJML!]{SUT%XÍJMLOPO��P [ LaN�QRPML²S^u&�xHpX_LOSmPMN�QR×a]²HKJa!� � Ð g |�JO� g c_P\HKP*`CQ!e(�RQRN�eÔPMS9!� ý Ð g |�J
X�c_N�HKT_z*P [ L8PMN�Q^T�J�`CHKJ�J�HrSUT Õ?Z
[ L8|sc_N�|�SUJML
S^u�P [ HpJ�JMLOP,S^u>L9�6|�LON�HK`�L!TtP�J=HKJ�PMS;PML!JMP§P [ L"J [ QR|�HKT_z
L{Ò�L!]{P�JISUT0P [ L�wxc%Q^dKHrP emS^u/P [ L*�6HKX_LOS²PMN�Q^T%J�`aHKJ�J�HrSUT Õ F�J�HKT¢P [ L�|%N�LO�6HrSUc%J8L9�x|�LON�HK`CL!TWP�JO�sP [ L
�6HKX_LOSaPMN�QR×a]\HKJ
q%N�JMP&PMN�Q^T�J�`CHrPMPML!X¢Q^J"F"bÞþ¦N�LOzUc%dKQRN"J�LON��xHp]{L ÿ HKTmQC]{SUT_z^L!J�PML!X0T_LOP £�S^N�Ðs�sP [ L!T
Q^J�~�bnþ¦|%N�L!`CHKc%`�JMLON��6HK]{L ÿ QRuyPMLON�P [ L�HKTtPMLON�Q^]{P�HrSUTÍS^u"P [ L
	�S } Ö L!T [ Q^T�]{L!X } oÀV |%N�SK�xeÍQ^T%X
N�SUc_PMLON�J Õ

�p¶P�²¶D- õ t8ãKr Û ½Kã

b_S^NÑP [ L�q%N�J�P>JMLOP>S^u6L9�x|�LON�Hp`�L!TWP�J!�·P [ L�|�LON�]{L!TtP�QRz^L=S^u_drSUJ�P¨%�SUc_P�Ö S^upÖfJ�L!wtc_L!T�]{L=|�Q^]�Ð^LOP�JO�UQ^T%X¬P [ L�`�L!Q^T
Q^T%X��RQRN�HKQ^T%]{LIS^u�P [ L¬J�H��OLIS^u�P [ LIN�L!]{L!HK�^L!X«�xHKX%LOS�J�PMN�L!Q^`CJ&QRN�L¬|%N�L!JML!TWPML!XmHpT Z Q g drL� Õ=Z
[ L"N�L!J�c%drP�J
J [ S�£àP [ QRP"�6HKX_LOSCPMN�QR×a]�J�c6Ò+LON�J8T_S²|�Q^]�Ð^LOP¬drSUJ�J�L!J8£ [ L!T¢PMN�Q^T%J�`CHrPMPML!X¹Q^J"~�b���HKTmP [ L;]{SU`C`aHrPMPML!X
PMN�Q^T%J�`CHrP,N�QRPML Õ F�dKJMS_�_P [ LI|�LON�]{L!Hr�^L!X«wxc%Q^dKHrP e²HK`�|�N�S·�^L!J§]{SUT%J�HpX_LON�Q g dre²J�HKT%]{L�P [ L¬`�L!Q^T¢J�HP�OL"S^u�P [ L
JMPMN�L!Q^`aJ\HKJ ø c%JMP�^�|�Q^]�Ð^LOP�J�Q^J*N�LOzUc%dKQRN\J�LON��xHp]{L ÕCZ S g LOPMPMLON�HpdKdKc%JMPMN�QRPML�P [ LCHp`�|%N�S��^L!`�L!TWP�HKTÔP [ L
|�LON�]{L!Hr�^L!X(wxc%Q^dKHrP e g eYL!T%XÔc%JMLON�JO��P [ L�|�X_u�S^u=P [ L g Q^]�ÐtÖ PMSRÖ g Q^]�ÐØN�L!]{L!Hr�^L!XÔ|�Q^]�Ð^LOP�J�QRN�LCJ [ S�£8TÔHKT
b?HrzUc_N�L!J�!��Q^T%XY ý �6u¦S^N�N�LOzUc�dKQRN,Q^T�XC|%N�L!`aHKc%`ÂJMLON��xHK]{L"N�L!JM|�L!]{P�Hr�^L!dre Õ �"S^PML�P [ QRP,X%N�S^|%|�L!X�S^N,SUc_P�Ö
S^uyÖfJML!wtc%L!T%]{L�|�Q^]�Ð^LOP�J*N�L!J�c%drP�HKTÔJ�`CQ^dKdKLON g c%N�JMP"dKL!T_z^P [ �ÓQ^dKc%L!J"S^u g Q^]�ÐtÖ PMSRÖ g Q^]�Ð(N�L!]{L!Hr�^L!XÔ|�Q^]�Ð^LOP�J!�
£ [ Hp] [ `�L!Q^T%J�drL!J�J;wtc�Q^dKHrPfe(|�LON�]{L!HK�^L!X g eØP [ L�L!T%X9c%JMLON Õ o TkP [ L�q%N�J�P [ HKJ�PMS^z^N�Q^`m�/�6HKX_LOSYPMN�QR×a]
N�L!]{L!Hr�^L!JCN�LOzUc%dKQRN�JMLON��6HK]{LmHKT9QÔ]{SUT_z^L!JMPML!X T%LOPf£,S^N�ÐÍQ^T�X `�SUJMP�S^u8P [ L¢J�H��OL²S^u�P [ L g Q^]�ÐWÖ PMSRÖ g Q^]�Ð
N�L!]{L!Hr�^L!X¹|�Q^]�Ð^LOP�J\QRN�L�J�`CQ^dKd Õ ¡IT0P [ L;S^P [ LON [ Q^T%X��+T_S²|sQ^]�Ð^LOP\drSUJ�J�L!J"HKT0P [ L;|%N�L!`CHpc%`$JMLON��6HK]{L�HKJ
J [ S�£8TkQ^J*SUT_LadrSUT%zYJMPMN�L!Q^` S^u§P [ LaJ�H��OLaS^u,P [ LaPMS^P�Q^d�PMN�Q^T%J�`CHpJ�J�HrSUT��>H Õ L^��HKTØP [ LCN�Q^T_z^LaS^u\O�^�^�^�
|�Q^]�Ð^LOP�J Õ þ Z
[ L²|�drS^P\z^N�SUc_|�J*Q^dpd g c_N�J�P�J*drSUT_z^LON�P [ Q^TË�R�^�0|�Q^]�Ð^LOP�J�HKT(P [ L)�tÖfQ+�_HKJ\�RQ^dKc_LaS^u8�R�^� Õ ÿ
Z
[ L�S6]O]Oc_N�N�L!T�]{L�S^u,drSUT%z^LON!��c%T%HpTWPMLON�N�c_|%PML!X¹JMPMN�L!Q^`CJO�ÑQ^J\J [ S�£8T(HKTÔP [ LCJML!]{SUT�XÔ|�drS^PO�>|%N�S·�6HKX_L!J¬Q
g LOPMPMLON8wxc%Q^dKHrP e²PMSCP [ L\L!T%Xmc%JMLON Õ

o T�P [ L\JML!]{SUT%XmJMLOP§S^u�L9�x|�LON�Hp`�L!TWP�J!�tP [ L¬Txc%` g LON§S^uÑ|�Q^]�Ð^LOP8dKSUJ�JML!J&HKT%]{N�L!Q^JML!J&Q^T%X�P [ L¬Q!�^LON�QRz^L
J�H��OL�S^u>P [ LIJMPMN�L!Q^` HKJ§�Ó®�|�Q^]�Ð^LOP�J
uyS^N,|%N�L!`CHpc%`�JMLON��xHK]{L�þ Z Q g drL¬� ÿ Õ �8S^PMLIP [ QRP§P [ LIdKQRN�z^L��ÓQRN�HKQ^T%]{L
HKTmP [ HKJ&]OQ^JML�J [ S·£8J8P [ QRP
P [ LON�L*QRN�L*JMPMN�L!Q^`CJ
P [ QRP�]OQ^T g L\wxc%HrPML\drSUT_z^LON"P [ Q^TmP [ L�Q!�^LON�QRz^L^��£ [ Hp] [
[ QR|%|�L!T%J>£ [ L!T\HKT�]{SU`CHKT_z&PMN�QR×²]=HKJ�£8HrP [ HKTIP [ L�]{SU`C`CHKPMPML!X\N�QRPML Õ  "S·£,LO�^LON!�^P [ L�dKS·£,LON�Q·�^LON�QRz^L&J�H��OL
S^u?P [ L*JMPMN�L!Q^`CJ"HpTm]{SU`�|�QRN�HKJ�SUT¢£8HrP [ P [ L*q%N�J�P&L9�x|�LON�HK`CL!TWP&N�LxM�L!]{P�J8P [ L*L{Ò+L!]{P�J"S^u/J [ QR|�HKT%z�£ [ L!T
P [ L�PMN�QR×a]�N�QRPMLIL9�_]{LOL!X%J§P [ LI]{SU`C`CHrPMPML!X�N�QRPML Õ=Z8[ L g Q^]�ÐWÖ PMSRÖ g Q^]�Ð«N�L!]{L!Hr�^L!X«|�Q^]�Ð^LOP
X%HKJMPMN�H g c_P�HrSUT�J

ù 



æÔÚ R Û tË÷ �*V Q^]�Ð^LOP�JMP�QRP�HpJMP�HK]OJ�þ¦L9�6|�LON�HK`�L!TtP¬ ÿ Õ
} LON��xHK]{L �>SUJ�JML!J Ú¢L!Q^T�#,c%N�JMP } H��OL Â�QRN5#,c%N�JMP } H��OL
v8LOzUc%dKQRN �xÕ �\[ ^ Õ *|%ÐtP�J � Õ � |%ÐtP�J
V N�L!`CHpc%` �][ O�^�^�^�C|%ÐxP�J ��|%ÐxP�J
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ñ é^q�r�s+tË÷L � #§Q^]�ÐWÖ PMSRÖ g Q^]�ÐY|�Q^]�Ð^LOP�J"X�HKJMPMN�H g c_P�HrSUT��t£8HrP [ N�LOzUc%dpQRN8JMLON��6HK]{Laþ¦L9�6|+LON�HK`�L!TtP\ ÿ Õ
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ñ é^q!r_s�tÍ÷tü � #§Q^]�ÐtÖ PMSRÖ g Q^]�Ð0|�Q^]�Ð^LOP�JIX%HKJ�PMN�H g c_P�HKSUT��W£8HKP [ |%N�L!`CHKc�` J�LON��xHp]{Laþ¦L9�x|�LON�HK`CL!TWP\ ÿ Õ

ù �



QRN�L�zUHr�^L!T0HpTYb?HrzUc_N�L!J� � Q^T�Xk � uyS^N�N�LOzUc%dKQRN�Q^T%X¢|�N�L!`CHKc%`ÌJMLON��6HK]{L!J Õ o TYP [ L [ HKJMPMS^z^N�Q^`CJ8HrP�]OQ^T
g L"JMLOL!T«P [ QRP�£ [ L!TaP [ LIL!T%X�c%JMLON,L9�_]{LOL!X%J§P [ L¬]{SU`C`CHrPMPML!X�N�QRPML^�_Q^J&HKT�b?HrzUc_N�L; � �_P [ LITtc%` g LON�S^u
SUc_P�Ö S^uyÖfJML!wxc_L!T%]{L�|�Q^]�Ð^LOP�J*HKT%]{N�L!Q^JML!J Õ*Z
[ c%JO��P [ L [ HpJMPMS^z^N�Q^`iJ [ S�£8JIQ [ Hrz [ LONIu¦N�L!wtc%L!T%]{e¢S^u�J�`CQ^dKd
JMPMN�L!Q^`aJO�=£8HKP [ |�Q^]�Ð^LOPaX_N�S^|sJ;HpT g LOPf£,LOL!T ÕÍZ
[ L«N�L!Q^JMSUT HKJ;P [ LmJ [ QR|�HKT_z¹X_SUT_L g eËP [ LmT_LOPf£,S^N�Ð
X%Hr�^LON�P�J�P [ L«L9�6]{LOL!X%HpT_z(PMN�QR×a]�PMS(P [ LmN�LOzUc�dKQRN�JMLON��6HK]{Lmwtc_L!c%L^�=£ [ Hp] [ X_SxL!J�T_S^P�SRÒ+LONCP [ L¢J�Q^`�L
SUT6Ö P�HK`CL;X_L!dpQ!e¢zUc%QRN�Q^TWPMLOL!J\Q^J�P [ L;|%N�L!`aHKc%`ÌJ�LON��xHp]{L;wxc_L!c_L ÕIZ
[ LON�LOu¦S^N�L^��|�Q^]�Ð^LOP�J\`CQ!e0QRN�N�Hr�^L�QRP
P [ L
N�L!]{L!Hr�xHpT_z\L!T%X�SUc%P=S^u�JML!wxc_L!T%]{L"Q^T�XCP [ L8wxc%Q^dKHKPfe�|�LON�]{L!Hr�^L!X g e�P [ L8L!T%Xac%JMLON=£"HKdKd g L
QÓÒ+L!]{PML!X Õ

Æ�zÖÕ ¡��(�
�����1~��"�5�

Z
[ HpJ¬] [ QR|%PMLON;HKTtPMN�SxX�c%]{L!XØQ¢J�HKzUT%Q^dKHKT_z«QRN�] [ HrPML!]{P�c_N�L²£8HrP [ 	�S } Ö L!T [ Q^T%]{L!X } oÀV |%N�SK�6HrL!J Õ o TØP [ HKJ
QRN�] [ HrPML!]{P�c_N�L^�¬	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�S�_HrL!JCHKTtPMLON�Q^]{PC£8HKP [ G�HrÒ } LON��WÖf]OQR|�Q g drL«L!X_z^L¢N�SUc_PMLON�JCHKT Q
dKHrz [ Pf£,L!Hrz [ PaJ�] [ L!`�L¢P [ QRP²]OQ^T |%N�S��xHpX_Lm]{SUQRN�JML{Ö z^N�Q^HKTó	�S } zUc�QRN�Q^TWPMLOL!J²PMSkc%J�LON�J�£ [ SØ`aQ!e T_S^P
[ Q·�^L;X%HKN�L!]{P"Q^]O]{L!J�J�PMSm	�S } N�L!JMLON��RQRP�HrSUTY|�N�S^PMSx]{SUdpJ Õ o T¹Q^X%X%HKP�HrSUT��_P [ L;|%N�S^|�SUJML!X¢dpHrz [ P £�L!HKz [ PI]OQ^dKd
JMLOP�c_| J�] [ L!`�Lmc%JML!J�QÔT_LO£ÅQR|%|%N�SUQ^] [ þ�Q^J�S^|%|�SUJML!XÍPMSÔP [ L²PMN�Q^X%HrP�HrSUT%Q^d�PML!drLO| [ SUTWekQR|�|%N�SUQ^] [ S^u
Q^J�J�c%N�L!XmJMLON��6HK]{L!J ÿ PMSaP [ L*HKTtPMLON�Q^]{P�HrSUTmS^u?JML!J�J�HrSUT¢]{SUTtPMN�SUd�J�HKzUT%Q^dKHKT_z�Q^T%XmN�L!JMSUc_N�]{L\`CQ^T�QRz^L!`�L!TWP Õ

#§Q^JML!X¥SUT¥L9�x|�LON�Hp`�L!TWP�Q^d"]{SU`�|�QRN�HpJMSUT%J²S g P�Q^HKT_L!X¥HKT QÍ`;c%drP�HK`�L!X�HKQØ]OQ^dKd8£8HrP [¥[ Hrz [ Öfwxc%Q^dKHrP e
�6HKX_LOS�JMPMN�L!Q^`CJO�6P [ L�|%N�S^|�SUJML!X�QR|%|%N�SUQ^] [ HK`�|%N�S·�^L!J,P [ LIwtc%Q^dpHrPfe�S^u>P [ L�N�L!]{L!Hr�^L!X«`�L!X%HKQ�|�LON�]{L!Hr�^L!X
g e L!T%X.c�JMLON�JO�&£8HKP [ `CHKT�HK`�c�` HK`�|�Q^]{P�HKT PMLON�`CJ�S^u\Q^X%X%HrP�HrSUT�Q^d8J�HrzUT�Q^dKHKT_zØdrSUQ^X.S^Nm]OQ^dKd8J�LOP�c_|
X_L!dKQ·exJ Õ

ù^ù



æÔÚ R Û to� �*V Q^]�Ð^LOP�JMP�QRP�HpJMP�HK]OJ�þ¦L9�6|�LON�HK`�L!TtP
� ÿ Õ
} LON��xHK]{L �>SUJ�JML!J Ú¢L!Q^T�#,c%N�JMP } H��OL Â�QRN5#,c%N�JMP } H��OL
v8LOzUc%dKQRN O� Õ ù [ � Õ � |%ÐxP�J  ýxÕ � |%ÐtP�J
V N�L!`CHpc%` ýxÕÿ� [ �Ó® Õ ®²|%ÐtP�J ®%!�Ó® Õ ù |%ÐtP�J
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ñ é^q!r_s+tk÷7ø � #§Q^]�ÐtÖ PMSRÖ g Q^]�Ð0|�Q^]�Ð^LOP�J"X%HKJMPMN�H g c_P�HrSUT��W£8HrP [ |%N�L!`CHpc%` JMLON��6HK]{L¬Q^T%XmJ [ QR|�HpT_z«þ¦L9�6|�LON�H�Ö
`�L!TtP"� ÿ Õ
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o TYS^N�X%LON8PMS«|%N�S��xHKX%L*c%JMLON�J"£8HrP [ QC|%N�Q^]{P�HK]OQ^dÑQ^T�XYu�Q^JMP�£,Q·e¢PMS²N�L!JMLON��^L;N�L!JMSUc_N�]{L!JIX%c%N�HKT_zCJML!J�J�HrSUT
JMLOP�c_|��xP [ HKJ�] [ QR|%PMLON
|�N�S^|�SUJML!J�Q�X%HrÒ+LON�L!TtP§]OQ^dKd�JMLOP�c_|¢`�S6X_L!dsP [ Q^T�P [ QRP&S^u>PMN�Q^X%HKP�HrSUT%Q^dsPML!drLO| [ SUTte Õ
Z
[ L�T_LO£�`CSxX_L!dÑQ^dKdrS�£8J8c%J�LON�J
PMS g L;Q^drLON�PML!X0£ [ HKdKL�P [ L*N�L!JMSUc%N�]{L�N�L!JMLON��RQRP�HrSUT¢P�QRÐ^L!JI|�dpQ^]{L^��P [ c%JO�
P�QRÐ6HKT_z�Q^X%�ÓQ^TtP�QRz^LIS^u�|�QRN�Q^dKdrL!dsc%JMLON,Q^T%JM£,LON�HKT_z*X%L!dKQ!e6J�Q^T�XaN�L!J�LON��ÓQRP�HKSUT²X_L!dpQ!e6J Õ b_S^N§P [ HKJ�PMS;S6]O]Oc_N
LO×a]OHrL!TtP�dre^�ÓL9�6HpJMP�HKT_z
L!dKL!`�L!TWP�J�S^u6P [ L } o�V QRN�] [ HrPML!]{P�c%N�L=|%N�S·�6HKX_L�`�L!Q^T%J�uyS^N�HKT%X_LO|�L!T%X%L!TWP�]OQ^dKdUJ�LOP�c_|
Q^T%X N�L!JMSUc_N�]{L¢`CQ^T�QRz^L!`�L!TWPaPMN�Q^T%J�Q^]{P�HrSUT�JCQ^T%XµM%S�£ÌT_LOz^S^P�HKQRP�HKSUT Õ ~��6|�LON�HK`�L!TtP�Q^d&]{SU`�|�QRN�HpJMSUT%J
S g P�Q^HKT%L!XmHKTmQ�`�c�drP�HK`�L!X%HpQ�]OQ^dKd�X%L!`�SUT%JMPMN�QRPML¬P [ QRP
P [ L¬|%N�S^|�SUJML!XmQR|�|%N�SUQ^] [ N�L!X%c%]{L!J§P [ L\Hp`�|�Q^]{P
S^u
P [ L�N�L!JMLON��ÓQRP�HrSUT9X_L!dpQ!e6JO�?£8HrP [ `CQ+�6Hp`�c%`�]OQ^dKd,JMLOP�c_|9X_L!dKQ·ekHK`�|%N�S·�^L!`�L!TtP�J;uyS^N�QR|%|%N�S�_HK`CQRPML
�RQ^dKc_L!J&S^u�N�L!JMLON��RQRP�HrSUT¢Q^T�X¢Q^T%JM£,LON�HKT_zCX%L!dKQ!e6J Õ

Õ0z+y °v�²�'���?|�Ï �(�m�ü�$�����f�A�C�(�

Z S¹|�N�S·�6HKX_L«wtc�Q^dKHrPfekS^u"JMLON��6HK]{Lm]{SUTtPMN�SUd¨��P [ LmJ�c g6ø L!]{P�S^u"P [ LmHKTWPMLON�Q^]{P�HrSUT9S^u"]OQ^dKd§J�HKzUT%Q^dKHKT_z¹Q^T%X
N�L!JMSUc%N�]{L\`CQ^T%QRz^L!`�L!TtP [ Q^J
Q^X�X_N�L!J�JML!X�N�L!J�SUc_N�]{L¬N�L!JMLON��ÓQRP�HrSUTmX�c_N�HKT_z�P [ L¬]OQ^dKd�JMLOP�c_|m| [ Q^JML Õ /�J�c6Ö
Q^dKdre^�+P [ L;N�c%drL;HKJ"PMS«c�JML*P [ L�PMN�Q^X�HrP�HrSUT%Q^d�PML!drLO| [ SUTteWÖfJ�Pfe6drL;]OQ^dpd�J�LOP�c_|¹`CSxX_L!d§þ�H Õ L Õ ��c%JMLON�J"QRN�L�SUT%dKe
Q^drLON�PML!X QRuyPMLON«Q^dKd§N�L!JMSUc%N�]{L!J [ Q·�^L g LOL!T J�c%]O]{L!J�JMu¦c�dKdrekN�L!JMLON��^L!X u¦S^NCP [ L0]OQ^dKd ÿ Õ o T P [ L o TWPMLON�T_LOPO�
[ S�£�LO�^LON!�xP [ HKJ=`CQ!e�N�L!J�c�drP�HKTCdrSUT%z\]OQ^dKd%JMLOP�c_|�X_L!dKQ·exJ�Q^T�XaQ [ HKz [ ]OQ^dKd g drS6]�Ð6HKT_z¬N�QRPML�þ9ÃMT_S1	IS } %ÓT_S
]OQ^dKd Ä ÿ Õ b_S^NaHKT�JMP�Q^T%]{L^��P [ L«£,S^N�Ð6J�SUT9P [ LmG¬¡ } FÌQRN�] [ HrPML!]{P�c_N�Ldi ® � j
Q^T%XÍP [ L o ~ Z b,ÛÜJ;|%N�S^|�SUJ�Q^d
u¦S^N"P [ L;HKTtPMLOz^N�QRP�HrSUT0S^u } o�V Q^T%XYN�L!JMSUc_N�]{L;`CQ^T�QRz^L!`�L!TWP�þ�v8b�� ù^ù !� ÿ i��Aj?Q^X_S^|%P8P [ L�PMN�Q^X�HrP�HrSUT%Q^d
PML!drLO| [ SUTWeØ]OQ^dKd�JMLOP�c_|Í`�SxX%L!d=HKT(£ [ HK] [ P [ LaL!T�Xkc%JMLON�HKJ\T%S^P�Hrq%L!XØS^u&P [ L²HKT%]{SU`aHKT_zY]OQ^dKd=N�L!wxc_L!JMP
SUT%dre�QRuyPMLON"N�L!JMSUc_N�]{L!J [ Q·�^L g LOL!T¢J�c%]O]{L!J�J�u¦c%dpdreCN�L!JMLON��^L!X¢u¦S^N
P [ L*]OQ^dKd Õ
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o T\|�QRN�P�HK]Oc%dKQRN!��P [ L�J�HrzUT%Q^dKHKT%zlM%S·£Í|%N�S^|�SUJML!X\HpT\v8bÑ� ù^ù !�"Q^] [ HrLO�^L!J�P [ L,HKTWPMLON�Q^]{P�HrSUT*S^u } oÀV Q^T%X
N�L!JMSUc%N�]{L�`CQ^T�QRz^L!`�L!TWPIJ�`�SxS^P [ dre^��P [ N�SUc_z [ P [ L*c%JML�S^u?|%N�L!]{SUT%X%HKP�HrSUT%J'i��+j?HKTmP [ L } oÀV `�L!J�J�QRz^L!J
PMS [ SUdKXËP [ L�]OQ^dpd=JMLOP�c_|9PMN�Q^T�J�Q^]{P�HrSUTÍc%TWP�Hpd�N�L!JMSUc%N�]{L!J�QRN�L²N�L!JMLON��^L!XÍuyS^N;P [ L«]OQ^dKd Õ  8S�£�LO�^LON!��P [ L
Q^X%X%HKP�HrSUT%Q^d?J�HrzUT%Q^dpHKT_zmT_LOL!X_L!X(u¦S^N\P [ HpJ¬HKTWPMLON�Q^]{P�HrSUTkQ^T%XÔP [ LCN�L!JMLON��RQRP�HrSUTØX%L!dKQ!e6J\S^u,P [ LCN�L!J�SUc_N�]{L
`CQ^T%QRz^L!`CL!TWP�| [ Q^JML�]{LON�P�Q^HKT%dre«HK`�|sQ^]{P
P [ L�X%L!dKQ!e«L9�6|+LON�HrL!T%]{L!X g emc%JMLON�J"Q^T%X¢P [ L�J�HrzUT%Q^dKHpT_z�drSUQ^X
SUT P [ L0T_LOPf£,S^N�Ð X%c_N�HpT_z0P [ LY]OQ^dKd
JMLOP�c%| PMN�Q^T%J�Q^]{P�HrSUT Õ o T S^N�X_LONCPMSØLO�RQ^dKc%QRPMLYP [ HKJ�HK`�|sQ^]{PaQ^T%X
Q^dKJMSC`CS^P�Hr�ÓQRPML!X g e�P [ L\HKX_L!Q;S^u�LO×a]OHrL!TtP�dre«c%J�HKT_z�HKX%dKL�P�Hp`�L!J&X%c_N�HpT_z;]OQ^dpd�JMLOP�c_|kþ¦L Õ z Õ ��N�L!JMLON��RQRP�HrSUT
Q^T%XËc%JMLON�Q^T�JM£�LON�HKT_z¢X_L!dKQ·exJ ÿ ��P [ HKJ\] [ QR|%PMLON�|�N�S^|�SUJML!J*Q^TkL9�x|�LON�HK`CL!TWP�Q^d�J�HrzUT%Q^dKHKT%zm£�S^N�ÐÔSUTËP [ L
é
�{�{�R�6�M���Z¥C�R�s�!�x�9¥a�{�s�a`�W^�{�����¨§C§_�Ö¦u«/���¦� S �_�¨«��O���¦�t�cb;�O���^� ý éa` S b¬þ ]OQ^dKd/JMLOP�c_|ØQRN�] [ HrPML!]{P�c%N�L Õ
Z
[ L
v
¡8F"GÏ]OQ^dKd%JMLOP�c_|²QRN�] [ HKPML!]{P�c_N�L8Q^X%X%N�L!J�JML!J/P [ L8J�c g6ø L!]{P/S^u�c%JMLON�J=]OQR|�Q g drL&S^u�N�L!wxc_L!JMP�HKT%z¬P [ L!HrN
S·£"TmN�L!JMSUc_N�]{L!J
PMSCP [ L\T%LOPf£,S^N�Ðs�+Q^J8J [ S·£8TmHKTmb?HrzUc%N�LC� Õ

Z
[ L\v&¡8F�G<]OQ^dKd�JMLOP�c_|Y`CSxX_L!d [ Q^J
P [ L¬S g6ø L!]{P�Hr�^L\PMSC|%N�S·�6HKX_L¬`�S^N�L�M%L9�_H g HpdKHrPfe�PMS²HKTWPMLON�Q^]{P�Hr�^L
`;c%drP�HK`�L!X�HKQYQR|%|sdKHK]OQRP�HrSUT%J!�Cq%N�JMPO��`CS^P�Hr�ÓQRPML!X g ekP [ L«HpX_L!QYS^u"LO×a]OHrL!TtP�dreËQ^dpdrSx]OQRP�HpT_z0P [ L«T%S^N�`CQ^d
£§Q^HrP�HKT_z(P�HK`CL!J�HKT QØ]OQ^dKd
J�LOP�c_| PMN�Q^T%J�Q^]{P�HrSUT HKTtPMLOz^N�QRPML!X £"HrP [ N�L!JMSUc_N�]{L¢`CQ^T%QRz^L!`�L!TtPO�&L9�6HpJMP�HKT_z

Strict QoS Best−Effort

QoS Most of
the Time

Call Setup Model
Internet−StyleTelephony−Style

Call Setup Model

ROAD SchemeDOSA RFC 3312

Proxy−User Interaction Type of QoS Guarantees

End−to−End Call Signaling
in Heterogeneous Networks

Users Reserve Resources
Directly

ñ é^q!r_s+tË÷84 � v
¡8F"G<J�] [ L!`�L^ÛÜJ�QR|%|%N�SUQ^] [�Õ
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L!drL!`�L!TtP�JIS^u�P [ L } o�V QRN�] [ HrPML!]{P�c_N�L�QRN�L�QR|%|sdKHrL!X¢PMSmQ^dKdKS·£4P [ L�]OQ^dKd?JMLOP�c_|(Q^T%X¹N�L!JMSUc_N�]{L�`aQ^T%QRz^L{Ö
`�L!TtP�| [ Q^JML!J�PMS¹S6]O]Oc_N�]{SUT%]Oc_N�N�L!TWP�dre Õ o TÍJ�HK`C|�drLC£,S^N�X%JO�?P [ L«T_LOP £�S^N�ÐËHKJ�HpTk] [ QRN�z^L«PMS0N�L!J�LON��^L
N�L!JMSUc%N�]{L!JIuyS^N¬P [ L�]OQ^dpd�Q^T�X(]OQRP�] [ L!J�Öfc%|Ø£8HrP [ P [ L�]OQ^dKd?JMLOP�c_|(PMN�Q^T%J�Q^]{P�HrSUTÔ£ [ L!T0P [ L;N�L!JMLON��RQRP�HrSUT
HKJ;]{SU`�|�drLOPML!X Õ } L!]{SUT%X��/P [ L«v
¡
F�G)]OQ^dKd�J�LOP�c_| `�SxX%L!d=P�QRÐ^L!J�HKTtPMSÔ]{SUT%J�HKX_LON�QRP�HrSUTkP [ L�X%HrÒ+LON�L!TtP
Pfex|�L!JaS^u o TtPMLON�T_LOP²QR|�|�dKHK]OQRP�HrSUT�J Õ o P�HKT%]OdKc%X%L!J�Q¼M%S�£ÇT_LOz^S^P�HpQRP�HrSUT QR|%|%N�SUQ^] [ PMSÍQ^X%QR|%P�Hr�^LÔQ^T%X
T_SUT6ÖfQ^X�QR|%P�Hr�^L*`;c%drP�HK`CL!X%HKQ�QR|%|�dKHp]OQRP�HrSUT%J Õ #§Q^J�Hp]OQ^dKdre^�%P [ HpJlM%S·£�T_LOz^S^P�HKQRP�HrSUT¹HKJ
Q g L!J�P�Ö L{Ò+S^N�P¨%�	IS }
M%S�£4T%LOz^S^P�HKQRP�HrSUT0P [ QRPISx]O]Oc_N�J"X%c%N�HKT_z�P [ L�]OQ^dKd�JMLOP�c_|¹| [ Q^JML Õ o P [ Q^J"P [ L;Q^X%�ÓQ^TtP�QRz^L�S^u�Q!�^SUHKX�HKT_z
P [ L�ÃMT_Sf	�S } %ÓT_S�]OQ^dKd Ä |%N�S g dKL!`ÂPMS�Q^X%QR|%P�Hr�^LIQR|%|�dpHK]OQRP�HrSUT%J Õ F�J,Q;]{SUT%JML!wxc_L!T%]{L^�6P [ L�Pfex|�L"S^u�	�S }
zUc%QRN�Q^TtPMLOL!J;HrPISRÒ+LON�J�HKJ¬JMPMN�Hp]{P�	�S } zUc%QRN�Q^TtPMLOL!J\£"HrP [ Q¢J [ S^N�P¬|+LON�HrSxX0S^u g L!JMP�Ö L{Ò+S^N�P3M%S·£nQRP\P [ L
g LOzUHKT%T%HpT_z²S^u&P [ LaJML!J�J�HKSUT Õ�Z8[ LON�LOu¦S^N�L^�ÑHrP�]OQ^T g LaJ�Q^HKXØP [ QRP�HrP*SRÒ+LON�J�Ã?	�S } `CSUJMP*S^u§P [ L²P�HK`�L Ä
þ�b?HrzUc_N�L�� ÿ Õ b_S^N8T_SUT6ÖfQ^X�QR|%P�Hr�^L\QR|%|�dpHK]OQRP�HrSUT%JO�xP [ LIPMN�Q^X_L{Ö SRÒ�J
S^uÑP [ L¬|%N�S^|�SUJML!X«J�] [ L!`�L!J
QRN�L\Q^dKJMS
]{SUT%J�HpX_LON�L!X Õ

Õ0zx� { �hÉed Ë,{}|�~��(�1�²�_|±Ï��(�
�l£�|�Ï�|����Ç���(|����?��Ê3Ê1|_� ×��A�A� ÉN�$Ë
~�×ó|������f£fd |��?�(Í

Z
[ L¬N�QRP�HrSUT%Q^drL g L [ HKT�XaP [ L�v&¡8F�G<QRN�] [ HKPML!]{P�c_N�L*HKJ
PMSCP�QRÐ^L�Q^X_�RQ^TtP�QRz^L*S^u?T_S^N�`CQ^d�£§Q^HrP�HKT%z;P�Hp`�L!J
X%c_N�HKT_zmP [ L�]OQ^dKd=JMLOP�c%|kPMN�Q^T%J�Q^]{P�HrSUTËHpTWPMLOz^N�QRPML!XÍ£8HKP [ N�L!JMSUc_N�]{L²`CQ^T%QRz^L!`CL!TWP Õ ¡ITØP [ L�T_LOPf£,S^N�Ð
drLO�^L!d_J�HKzUT%Q^dKHKT_z_�RP [ LON�L
HKJ�P [ L
X_L!dKQ·e g LOPf£,LOL!T�P [ L&N�L!J�SUc_N�]{L§N�L!JMLON��RQRP�HrSUT�N�L!wtc_L!J�P?Q^T�X�N�L!JM|�SUT%JML Õ ¡IT
P [ L�QR|%|�dKHp]OQRP�HrSUT¢drLO�^L!d?J�HrzUT�Q^dKHKT_z_�%P [ LON�L�HKJ"P [ L;X_L!dKQ!e g LOP £�LOL!TÔQ^drLON�P�HKT_zaP [ L�]OQ^dKdrLOL�Q^T%X0N�L!]{L!Hr�6HKT_z
[ HKJI% [ LON\N�L!JM|�SUT%J�L Õ«Z8[ c%J!�ÑHKJ�HrP\|�SUJ�J�H g drL�PMS0S��^LON�dKQR|ÍP [ LaN�L!J�SUc_N�]{LCN�L!J�LON��ÓQRP�HKSUTËX_L!dpQ!e6J\£8HrP [ P [ L
c%JMLON�Q^T%JM£,LON�HKT%zYX_L!dKQ·exJ � Z
[ HKJ*]OQ^TË|�S^PML!TWP�HKQ^dpdreÔN�L!X%c%]{L²P [ L�]OQ^dpd=JMLOP�c_|9X_L!dKQ·e^��J�Q!�^L g Q^T�X_£8HKX_P [
c%JML!XÍu¦S^NaJ�HrzUT�Q^dKHKT_z_�/Q^T%X g N�HKT_z0dpHrz [ P�PMSØQ(]OQ^dKd§JMLOP�c%| `�SxX%L�P [ QRPCHKJ�X%H�Ò�LON�L!TWP�P [ Q^T9P [ LmPMN�Q^X%H�Ö
P�HrSUT%Q^d�PML!drLO| [ SUTWek`CSxX_L Õ �§c_N�N�L!TWP;QRN�] [ HrPML!]{P�c_N�L!J;u¦S^N } oÀV Q^T%XËN�L!JMSUc_N�]{L�`CQ^T�QRz^L!`�L!TWPCQRN�N�Q^T_z^L
N�L!JMSUc%N�]{L«N�L!JMLON��RQRP�HrSUT Q^T%X c%J�LON�Q^T�JM£�LON�HKT_z(X_L!dKQ·exJ�HKTÍQ(JML!wxc_L!TtP�HKQ^d§`CQ^T%T_LON ÕÍZ
[ L«v
¡
F�Gi]OQ^dKd
JMLOP�c_|9QRN�] [ HrPML!]{P�c_N�L�|%N�S^|�SUJML!J�Q^TËHp`�|�drL!`�L!TtP�QRP�HrSUTkPMS0P [ L!J�L²X_L!dKQ·exJ;HKTËQY|�QRN�Q^dKdrL!d�`CQ^T�T_LON!�/Q^T%X
L9�6|+LON�HK`�L!TtP�Q^dKdreCLO�RQ^dKc%QRPML!J"HrP�J g L!T_LOq%P�J Õ

Z
[ L�v
¡8F"G�QRN�] [ HrPML!]{P�c_N�L¬X_LOq�T%L!J,Q;J�HK`C|�drL"]OQ^dpdsJMLOP�c%|«J�] [ L!`�L¬HKT²£ [ Hp] [ P [ LON�L¬HKJ,HKTWPMLON�Q^]{P�HrSUT
g LOPf£,LOL!T } o�V /�F�J�Q^T�Xo	�S } QRz^L!TtP�J Õ o P�c%J�L!J"L9�_HKJMP�HpT_zaL!drL!`CL!TWP�J�S^u�P [ L } o�V QRN�] [ HrPML!]{P�c_N�L^��J�c%] [
Q^J } oÀV N�L!wtc%L!JMP�JCQ^T%X N�L!JM|�SUT%JML!JCQ^T%X g Q^J�HK] } o�V PMN�Q^T%J�Q^]{P�HrSUT%JaQ^T%X X%HKQ^dKS^zUJ Õ Z
[ c%JO�,HrPa]OQ^T g L
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L!Q^J�HKdKeØHK`�|�drL!`CL!TWPML!XËHKTË]Oc%N�N�L!TtP } o�V /"F�J;P [ QRP;J�c_|%|�S^N�P*]{SU`C`;c%T%Hp]OQRP�HrSUTkS^u�	�S } HKT_u¦S^N�`CQRP�HrSUT
HKTYP [ L*u¦S^N�`$S^u/|�N�L!]{SUT%X%HrP�HKSUT%J
Q^J�|%N�S^|�SUJML!X¢HpTYv8b�� ù^ù !� Õ �§SUT%]{LON�T%HKT%z�P [ L1	�S } J�HrzUT�Q^dKHKT_z_�%HrP�HKJ
Q^J�J�c�`�L!XÔQ«z^L!T_LON�HK]f	�S } QRz^L!TtP\Q^T%X(J�HrzUT�Q^dKHKT_z²|%N�S^PMS6]{SUd Õ b_S^N�HKT%JMP�Q^T%]{L^��P [ LZ	IS } QRz^L!TtP*]OQ^T g L
Q¢zUQRPML«]{SUTtPMN�SUdKdrLON!�?Q^TËL!X_z^LaN�SUc%PMLON!��Q �\�\} ���ÑQ0]OQ g drL�`�SxX%L!`BPMLON�`CHpT%QRP�HrSUTØJMe6JMPML!`7þ �&Ú Z } ÿ �
S^N«Q g Q^T%X%£8HKX_P [ g N�S^Ð^LON·�&L!`�|�drS�exHKT%z(P [ L!HrNaS�£8T¥J�HrzUT%Q^dKHpT_zÔ|%N�S^PMS6]{SUd8PMSË|+LON�uyS^N�` P [ LYN�L!J�SUc_N�]{L
`CQ^T%QRz^L!`CL!TWP"u¦c%T�]{P�HrSUT%Q^dKHrP e Õ

b%c%N�P [ LON�`�S^N�L^��P [ HKJ*]Oc_N�N�L!TWP;HK`�|�dKL!`�L!TWP�QRP�HKSUTØHKJ g Q^JML!XØSUTËP [ L�Q^J�J�c%`�|�P�HrSUTØP [ QRP�P [ L«QR|%|�dKH�Ö
]OQRP�HrSUT9dKQ·e^LONmþ¦L Õ z Õ ��Qo	�S } Ö L!T [ Q^T%]{L!X } o�V |�N�S�6e ÿ [ Q^J;Q^c_P [ S^N�HP�OL!XkP [ L«]OQ^dKd,Q^T%XË�^LON�Hrq%L!XËHru&P [ L
T_LOP £�S^N�ÐÍ]OQ^T9Q^X%`CHrP�P [ LmT_LO£ ]OQ^dpd Õ¹Z8[ HKJ*c�J�c%Q^dKdreÔS6]O]Oc_N�J�£ [ L!TËP [ L«q%N�JMP;]OQ^dKd�N�L!wtc%L!JMP«þ�HpTW�6HrPML ÿ
HKJ;HKJ�J�c%L!X�i ® � � ý^ý j Õ o TËS^P [ LON�£�S^N�X�JO�/Q^TËL!Tt�^L!drS^|�L«HKJ\S^|�L!T_L!XËuyS^N�P [ L�]OQ^dKd¨�/Q^T%XÍHru&P [ L«c%JMLON;N�L{Ö
wxc_L!JMP�J,N�L!JMSUc_N�]{L!J�£"HrP [ HKT�P [ QRP,L!Tt�^L!drS^|�L^�6P [ L�q�T%Q^dsN�L!J�c%drP�J�S^u>P [ L�N�L!JMSUc%N�]{L"N�L!JMLON��RQRP�HrSUT�£8HKdKds`�SUJMP
|%N�S g Q g dre g L²J�c%]O]{L!J�JMu�c%d Õ #§Q^JML!XÍSUTØP [ HKJ*Q^J�J�c%`�|%P�HrSUT>��P [ L�v&¡8F�GÌJ�HrzUT�Q^dKHKT_z$M%S�£ HpTW�^L!JMP�HKzUQRPML!J
HKT%X%LO|+L!T�X_L!TWP,]OQ^dKd�JMLOP�c_|mQ^T%X«N�L!J�SUc_N�]{L¬`CQ^T%QRz^L!`�L!TtP&PMN�Q^T%J�Q^]{P�HrSUT%J Õ F�dKJMS_�%HrP,|%N�S^|�SUJML!J,P [ L¬c%J�L�S^u
|%N�L!]{SUT�X%HrP�HrSUT%J&HpT¢QCT_LO£�M%S·£�T_LOz^S^P�HKQRP�HrSUT¹QR|%|%N�SUQ^] [ P [ QRP"P�QRÐ^L!J"HpT¢]{SUT%J�HKX%LON�QRP�HrSUTmP [ L*L9�6HKJ�PML!T%]{L
S^u/Q^X%QR|%P�Hr�^L\Q^T�X¢T_SUT6ÖfQ^X%QR|�P�Hr�^L\QR|%|�dKHp]OQRP�HrSUT%J&HKT«P [ L o TtPMLON�T_LOP Õ
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Z LÔv
¡8F"G ]OQ^dKdIJMLOP�c%| J�] [ L!`�LØHpT%]OdKc%X_L!JaP [ LÔq%�^L(`CQ^HKT JMPMLO|�JmX%L!J�]{N�H g L!X HpT � [ QR|%PMLON¢� þ } L!]�Ö
P�HrSUTY� Õ ® Õ ® ÿ � g c_P
HKP�J
JML!wxc_L!T%]{L\S^u?LO�^L!TtP�J"]OdrSUJ�L!dre²N�L!JML!` g drL!J
JMPMLO|�J���Q^T%Xm®aSx]O]Oc_N�N�HKT_z�HKTm|sQRN�Q^dKdrL!d Õ
Z
[ c%JO�UP [ L8HKT%HrP�HpQ^dx]OQ^dpd%JMLOP�c_|CPMN�Q^T%J�Q^]{P�HrSUT g LOP £�LOL!T } o�V /�F"J�þ�H Õ L Õ �tQ^T �y�XW��¦�f� PMN�Q^T�J�Q^]{P�HrSUT ÿ u¦SUdKdrS�£8J
P [ L g Q^J�HK] } o�V ]OQ^dKdxJMLOP�c_|�`�S6X_L!d¨�RHKT�£ [ HK] [ P [ L§]OQ^dKdrL!X�c%JMLON?HKJÑQ^dKLON�PML!X*S^u�P [ L,HpT%]{SU`CHKT_z"]OQ^dKdWQ^J?JMSxSUT
Q^J�P [ L �¦�XW·���f� N�L!wtc%L!JMP=HKJ=N�L!]{L!Hr�^L!X Õ/Z
[ L8N�L!JMSUc_N�]{L"`CQ^T%QRz^L!`�L!TtP�PMN�Q^T%J�Q^]{P�HrSUT g LOP £�LOL!T�]OQ^dKd_|sQRN�P�HK]�Ö
Hr|�Q^TtP�J�Q^T%Xo	IS } QRz^L!TtP�J¬HKJ
PMN�Hrz^z^LON�L!X¹£ [ L!TYP [ L;HpT%HrP�HKQ^d�SRÒ�LONI%ÓQ^T%JM£,LON¬PMN�Q^T%J�Q^]{P�HrSUT0HpJ"]{SU`�|sdrLOPML!X Õ
 �Q!�6HKT_z g S^P [ PMN�Q^T�J�Q^]{P�HrSUT%J�Ö¬HKTW�6HrPML�Q^T%XÍN�L!JMSUc_N�]{L«`CQ^T%QRz^L!`CL!TWP;Ö\]OQRN�N�HrL!XËSUc_P�HKT%X_LO|�L!T%X%L!TWP�dre^�
P [ LIv
¡
F�G4J�] [ L!`CL�P�QRÐ^L!J&Q^X%�ÓQ^TtP�QRz^L\S^u>P [ LIT_S^N�`aQ^d+X%L!dKQ!e6J,S^u>P [ L¬HKTt�xHrPML"PMN�Q^T%J�Q^]{P�HKSUTÔþ�H Õ L Õ �%c%JMLON
Q^T%JM£,LON�HKT%zÔX%L!dKQ!e6J0þ;:=<?>A@ ÿMÿ Q^T%X P [ LmN�L!JMLON��RQRP�HrSUT X_L!dKQ·exJ¹þ;:hg"i�@ ÿ S^u�P [ LmN�L!JMSUc_N�]{L¢`aQ^T%QRz^L!`�L!TtP
PMN�Q^T%J�Q^]{P�HrSUT(PMSmN�L!X%c�]{L;P [ LCHK`�|�Q^]{PIS^u,P [ LCHKTtPMLON�Q^]{P�HrSUTÔ£8HrP [ N�L!JMSUc_N�]{LC`CQ^T�QRz^L!`�L!TWP�HKT¹P [ LC]OQ^dKd
JMLOP�c_|0J�HrzUT%Q^dKHpT_z;X%L!dKQ!e Õ

F�J�Q*N�L!J�c%dKPO�UP [ L"v
¡8F"GàJ�HrzUT%Q^dpHKT_z�M%S�£.HKJ�HK`�|�drL!`CL!TWPML!XCQ^J,J [ S�£8TaHpTab?HrzUc_N�L��R� Õ �>SxS^ÐxHKT%z*QRP
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P [ HKJIJ�HKzUT%Q^dKHKT_z)M%S·£<u¦N�SU`)Q [ Hrz [ LONIdrLO�^L!d¨��P [ L�J�HrzUT�Q^dKHKT_zZM%S·£<HKT%]Odpc%X_L!J"Pf£,S �y�XW��¦�f� PMN�Q^T%J�Q^]{P�HKSUT%J Õ
Z
[ L�q�N�JMP �y��W·���f� N�L!wtc_L!J�P\HKT%HrP�HKQRPML!JIP [ LC]OQ^dKd/JMLOP�c_|ØPMN�Q^T%J�Q^]{P�HrSUT g LOP £�LOL!TË]OQ^dKdrLON²þ } o�V /�F� ÿ Q^T%X
]OQ^dKdrLOL*þ } oÀV /�FI� ÿ Õ=Z
[ HKJ�PMN�Q^T�J�Q^]{P�HrSUT��U£ [ HK] [ u¦SUdKdrS�£8J/Q g Q^J�Hp] } oÀV ]OQ^dKd_JMLOP�c_|>�t]OQ^T�L!JMP�Q g dKHpJ [ Q\]OQ^dKd
g LOPf£,LOL!T } o�V /"F�J Õ=Z
[ L!T��t£"HrP [ HKT²Q^TmQ^]{P�Hr�^L\]OQ^dKd�Q^T%X«QRuyPMLON&P [ L�N�L!JMSUc_N�]{L¬`CQ^T%QRz^L!`CL!TWP&PMN�Q^T�J�Q^]�Ö
P�HrSUT�HKJ=]{SU`C|�drLOPML!X��xP [ LIJML!]{SUT%X �y�XW��¦�f� N�L!wtc%L!JMP�Ö/Q*N�L{ÖfHKTW�6HrPML&Ö/c_|�X%QRPML!J=P [ L�J�L!J�J�HrSUT�ÛÜJ=|�QRN�Q^`�LOPMLON�J Õ
Z
[ HpJ?N�L{ÖfHKTt�xHrPML8PMN�Q^T%J�Q^]{P�HrSUT²c_|�X%QRPML!J=c�JMLON�J/SUTaP [ L
N�L!J�c�drP�J/S^u�P [ L
N�L!JMSUc_N�]{L8`aQ^T%QRz^L!`�L!TtP�PMN�Q^T�J�Q^]�Ö
P�HrSUT Õ o T«J�c%`C`CQRN�e^�tP £�S�SRÒ�LONI%ÓQ^T%JM£,LON&L9�6] [ Q^T_z^L!J&S6]O]Oc_N!�/HKT²P [ LIq%N�J�P�HKTt�xHKPML^�tP [ L�SRÒ�LON*þ } G V  ÿ HKJ
]OQRN�N�HKL!XYHKTmP [ L �¦�XW·���f� N�L!wxc_L!JMPO�sQ^T�X¢P [ L*Q^T�JM£�LON�þ } G V � ÿ HKJ8]OQRN�N�HrL!X¢HKTYP [ L\|%N�S·�6HKJ�HrSUT%Q^d>N�L!JM|�SUT%JML
Ã�N�HKT%zUHKT_z ÄLn HKT�P [ LIN�L{ÖfHKTt�xHrPML^�6P [ LISRÒ�LON*þ } G V ù ÿ �_£ [ HK] [«[ Q^J§c_|�X%QRPML!X�|�QRN�Q^`CLOPMLON�J§S^u�P [ LIN�L!J�SUc_N�]{L
N�L!JMLON��ÓQRP�HrSUT>�%HKJ&]OQRN�N�HrL!XmHpT«P [ L �y��W·���f� N�L!wxc_L!JMPO�sQ^T%X«P [ L\Q^T%JM£,LON�þ } G V ® ÿ �%£8HrP [ Q^dKJ�SCc_|�X%QRPML!X«|�QÓÖ
N�Q^`�LOPMLON�JO�%HKJ,]OQRN�N�HrL!X«HKT�P [ L�q�T%Q^d+N�L!JM|�SUT%J�L0Ã�S^Ð Ä Õ F"uyPMLON g S^P [ HKTt�xHrPML�PMN�Q^T%J�Q^]{P�HrSUT%JO��	�S } Ö L!T�Q g drL!X
X%QRP�Q�L9�_] [ Q^T_z^L g LOzUHKT%J Õ

¤ HrP [ HKT0P [ L;q%N�JMPIHKTt�xHKPML*PMN�Q^T%J�Q^]{P�HrSUT���£ [ L!T0P [ L�]OQ^dKdrLONIHKJ�J�c_L!J8P [ L�HpT%HrP�HKQ^d�SRÒ�LON�	�S } Ö L!T�Q g drL!X
} o�V |%N�SK�6HrL!J�Q^c%P [ S^N�H��OL�P [ L¢JMLON��6HK]{L«Q^T%X9�^LON�Hru¦ekHru8P [ LmT_LOPf£,S^N�Ð9]OQ^T Q^X%`CHrP�P [ Lm]OQ^dKd ÕËZ
[ HKJ;HKT6Ö
PMLON�Q^]{P�HrSUT g LOPf£,LOL!To	IS } Ö L!T%Q g drL!X¢|%N�S�_HrL!J
Q^T�X¢P [ L*T%LOPf£,S^N�Ð¢dKQ!e^LON·ÛÜJ8|�SUdKHK]{e«]{SUTtPMN�SUd>L!TtP�HrP�HrL!J"`CQ!e
S6]O]Oc_N&HKTaX%HrÒ+LON�L!TtP,£,Q·exJ Õ b%S^N g N�LO�6HrPfe^�xP [ L¬X_LOP�Q^HKdKJ=S^u>P [ HKJ,HKTtPMLON�Q^]{P�HrSUT [ Q·�^L g LOL!T²SU`CHrPMPML!X«HKT²P [ L
|%N�L!J�L!TWPML!X¢J�HrzUT%Q^dKHKT%z�M�S·£\� g c%P&P [ L*HKX_L!Q�HpJ§P [ QRP
P [ L �¦�XW��¦�f� N�L!wxc_L!JMP
X_SxL!J
T_S^P8N�L!Q^] [ P [ L\]OQ^dKdrLOL*HKu
P [ L*J�LON��xHp]{L [ Q^J
T_S^P g LOL!T«|%N�S^|+LON�dreaQ^c_P [ S^N�H��OL!X Õ

Z
[ L!T��>Q^J\JMSxSUTØQ^J¬P [ L�SRÒ�LONI%ÓQ^T%JM£,LON*L9�_] [ Q^T_z^LaHKJ¬]{SU`�|sdrLOPML!X���]OQ^dKdKLON\Q^T%X(]OQ^dKdrLOL�PMN�HKz^z^LON\P [ L
N�L!JMSUc%N�]{L8`CQ^T%QRz^L!`CL!TWP�PMN�Q^T%J�Q^]{P�HrSUT Õ F�J=HrP�HpJ?|%N�S^|�SUJML!X�P [ QRP�P [ L } o�V HKTt�xHrPML&PMN�Q^T%J�Q^]{P�HrSUTCQ^T�X�P [ L
N�L!JMSUc%N�]{LC`CQ^T%QRz^L!`�L!TtP\PMN�Q^T�J�Q^]{P�HrSUT(S6]O]Oc_N*HKT¹|�QRN�Q^dKdrL!d¨��P [ LC]OQ^dKdKLOLC`CQ!e(Q^T%JM£,LON¬P [ LC]OQ^dKd/X�c_N�HKT_z
P [ L;N�L!JMSUc_N�]{L;`CQ^T�QRz^L!`�L!TWPI| [ Q^JML Õ o u/P [ HKJ [ QR|%|�L!T%J!� [ HKJI% [ LON"Q^T%J�£�LON¬HKJ�Q^]�Ð6T_S·£"drL!X_z^L!X(Q^T%X0P [ L
JML!J�J�HrSUTË`aQ!e g L²L!JMP�Q g dKHKJ [ L!X g LOu¦S^N�LaP [ L�N�L!JMLON��RQRP�HrSUTËHpJ;]{SU`C|�drLOPML!X Õ b_S^N�P [ HKJ�N�L!Q^JMSUT>��P [ LON�L«HKJ
Q0P�HK`�L²HpTØP [ L«v
¡
F�GÌ]OQ^dKd,JMLOP�c_|9J�] [ L!`�L�P [ QRP;]OQ^dpd=|�QRN�P�HK]OHr|�Q^TtP�J�`aQ!ekJMP�QRN�P�PMN�Q^T�J�`CHrPMP�HKT%z¢P [ L
`;c%drP�HK`�L!X�HKQ5M%S·£8J!�WLO�^L!T²P [ SUc_z [ P [ L
N�L!JMSUc_N�]{L
N�L!JMLON��RQRP�HrSUTa|%N�S6]{L!J�J�HKJ�T%S^P�]{SU`�|�dKLOPML!XaQ^T%X!%�S^N�P [ L
N�L{ÖfHKTt�6HrPML�PMN�Q^T%J�Q^]{P�HrSUT [ Q^J¬T_S^P*c%|�X�QRPML!X¹c�JMLON�JIS^u,P [ LCN�L!J�c�drP�J�S^u,P [ L�N�L!JMLON��RQRP�HrSUT Õ�Z
[ HpJ"P�Hp`�LCHKJ
]{SUT%J�HpX_LON�L!X¢Q^J
Q g L!J�P�Ö L{Ò+S^N�P�þ;#§~ ÿ HKTtPMLON��RQ^d¨��J�HpT%]{L¬P [ L*`;c%drP�HK`CL!X%HKQ�M%S·£8J"`CQ!e g L¬PMN�Q^T%J�uyLON�N�L!X¢Q^J
g L!JMP�Ö L{Ò�S^N�P?£8HrP [ T%S�	�S } zUc%QRN�Q^TtPMLOL!J g LOuyS^N�L�P [ L§]{SU`�|�dKLOP�HrSUT*S^u�P [ L,v
¡8F"G.]OQ^dKd6JMLOP�c_| Õ�Z
[ c%JO�RP [ L
#§~ÞHKTtPMLON��RQ^d�]{SU`CL!J¬Q^J¬Q²PMN�Q^X_L{Ö SRÒ���P [ L�J�HK`C|�drL�v
¡8F"G J�HrzUT�Q^dKHKT_z�J�] [ L!`CL;S��^LON�dKQR|�JIN�L!JMLON��RQRP�HrSUT
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Dans = Answering Delay

= Reservation Delay

BE = Best−Effort Interval

Application

Transport

SIP UA SIP UA

SIP UA1 SIP Proxy SIP Proxy SIP UA2

INVITE (SDP1)

(2,4)

(1)
180 RINGING (SDP2)

200 OK INVITE

QoS Signaling

PRACK

200 OK PRACK

ACK

200 OK INVITE (SDP4)

ACK

Multimedia Data

(3)

(5)

Interval
BE

INVITE (SDP3)

T

T1

T2

T = Total Call Setup Delay

T2 = Call Setup Delay of Second INVITE Transaction

T1 = Call Setup Delay of First INVITE Transaction

QoS

QoS

QoS

QoS

QoS−enabled
SIP Proxy SIP Proxy

QoS−enabled

QoS Agent

QoS Agent

ñ é÷q�r�s+t`�X6 � v&¡8F�GÂJ�HrzUT%Q^dpHKT_z�M%S·£ Õ

Q^T%XØc�JMLON*Q^T%JM£,LON�HKT%z¢X_L!dKQ!e6J*QRP*P [ LCL9�6|+L!T�JML�S^u§|+S^PML!TtP�HKQ^dKdKe0drL!J�J*JMPMN�HK]{P�	IS } zUc%QRN�Q^TtPMLOL!J�QRP�P [ L
g LOzUHKT%T%HpT_z�S^u�P [ L*J�L!J�J�HrSUT Õ

-²¶·�p¶P� ä�Ú�Û;Û8ï t7½�r V á t Û^ÚCºeÚ Ü_ß ò;â ã Ü�½Kt8s�ð Ú!Û

o T P [ L¹v
¡
F�GD]OQ^dKd�JMLOP�c_| J�] [ L!`�L^�
P [ L¹PMS^P�Q^dI]OQ^dKd8J�LOP�c_|¥X%L!dKQ!ekjiHKT%]Odpc%X_L!J�P [ LÔX_L!dKQ·e S^u\P [ L
q%N�J�P;HKTt�6HrPML²PMN�Q^T%J�Q^]{P�HrSUT þ�j� ÿ Q^T%XÍP [ LmX_L!dpQ!eØS^u"P [ L«N�L{ÖfHKTt�xHrPML�PMN�Q^T%J�Q^]{P�HrSUTÞþ�j�� ÿ Õ o TÍP [ L«q%N�JMP
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HKTt�xHKPML\PMN�Q^T%J�Q^]{P�HKSUT���P [ L;X_L!dKQ·ecj�*HKJ"QaJ�c�`$S^u/P [ L�S·�^LON�Q^dKd�J�HrzUT�Q^dKHKT_zCX_L!dpQ!ekþEl ÿ þ¦£ [ HK] [ HKT�]OdKc%X_L!J
PMN�Q^T%J�`CHKJ�J�HKSUT��!|%N�S^|sQRzUQRP�HrSUT��^wtc%L!c%HKT_z_�ÓQ^T%X\|%N�Sx]{L!J�J�HKT_z
X_L!dKQ·exJ ÿ �RQ^T�X\P [ L�N�L!JMLON��RQRP�HrSUT*X%L!dKQ!eaþ;:hg"iV@ ÿ
S^N*Q^T%J�£�LON�HpT_zmX_L!dKQ!e9þ;:=<Ö>�@ ÿ �Ñ£ [ HK] [ LO�^LON\HKJ¬dKQRN�z^LON Õ o T(P [ L�N�L{ÖfHpTW�6HrPML�PMN�Q^T%J�Q^]{P�HrSUT��>P [ LCX%L!dKQ!emj��
HKJ�SUT%dre X�c_L0PMS P [ LÔJ�HrzUT%Q^dKHKT%zk`�L!J�J�QRz^L!J!Û
X_L!dKQ!e6J«Q^T%X HKJ«T_S^PmQÓÒ+L!]{PML!X g e¥Q^TWe.N�L!JMLON��RQRP�HrSUT¥S^N
Q^T%JM£,LON�HKT%zaX_L!dKQ·exJ Õ§Z
[ LON�LOuyS^N�L^�sP [ L�X%L!dKQ!e6J
u¦S^N"P [ L*v
¡
F�G�]OQ^dKdÑJMLOP�c_|¹J�] [ L!`CL�]OQ^T g L¬L9�6|%N�L!J�JML!X
Q^J8HpTm~=wxc%QRP�HrSUT%J¬\Q^T�XY� Õ

j�¤BnlpoWqsr]t?þ;: g"i�@<u : <Ö>�@ ÿ þ� ÿ

j�Bvj;9oWj�� þ¨� ÿ

�"S·£<u¦Sx]Oc�J�HKT_z²SUT%dre¢SUT¹P [ L�N�L!JMLON��ÓQRP�HrSUTÔQ^T%XÔQ^T%J�£�LON�HpT_z�X%L!dKQ!e6JO��£�L�]OQ^TÔP�QRÐ^LCQ�drSxS^Ð0QRPIP [ L
PMS^P�Q^d�]OQ^dpd>JMLOP�c_|YX%L!dKQ!e«Q^T%XmP [ L3#§~¥HKTtPMLON��ÓQ^d>uyN�SU` P £�S²|�LON�JM|�L!]{P�Hr�^L!JO�

 Õ : g"iV@xw : <?>A@
¤ [ L!TYP [ L\N�L!JMSUc%N�]{L*`CQ^T%QRz^L!`CL!TWP"PMN�Q^T%J�Q^]{P�HrSUT0q�T%HpJ [ L!J g LOuyS^N�L*P [ L*HKT%HKP�HKQ^d�HKTW�6HrPML¬PMN�Q^T�J�Q^]�Ö
P�HKSUT��xc�JMLON�J=X%S;T_S^P,T_S^P�HK]{L�P [ L�N�L!JMLON��RQRP�HrSUT�X_L!dKQ!eCJ�HKT%]{L"HKP [ Q^J,T_S�Hp`�|�Q^]{P=SUT²P [ LI]OQ^dKd�J�LOP�c_|
X%L!dKQ!e+�

j�BnlyoÅ:=<Ö>�@�ozjI� þ ù ÿ

F�dKJMS_�6P [ L�#§~ HKTtPMLON��ÓQ^d+HKJ,HKT�HrP�J�dKS·£,L!JMP&drLO�^L!d¨�6H Õ L Õ �_HrP,HpJ�QR|%|�N�S�_HK`CQRPML!dre�P [ L�X%c%N�QRP�HrSUT²S^u>P [ L
N�L{ÖfHKTW�6HrPML¬PMN�Q^T�J�Q^]{P�HrSUT¢£ [ HK] [ c%|�X�QRPML!J&c%JMLON�J&SUT¢P [ L¬N�L!J�c%dKP�J&S^uÑP [ L\N�L!JMLON��RQRP�HrSUT��

{h|~} jI� þ¦® ÿ

o T¢P [ HKJ8]OQ^JML^��P [ L�#§~¥HpTWPMLON��RQ^d>N�LO|%N�L!JML!TtP�J
P [ L�P�HK`�L�P [ L�T_LOP £�S^N�ÐYT_LOL!X%J8PMS�]OQRP�] [ Öfc_|¹£8HrP [
P [ L*]OQ^dKd>JMLOP�c%|mPMN�Q^T%J�Q^]{P�HrSUT Õ
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� Õ :hg"iV@x�e:=<?>A@
¤ [ L!T�P [ L&N�L!JMSUc_N�]{L
`aQ^T%QRz^L!`�L!TtP�| [ Q^JML§P�QRÐ^L!J,drSUT_z^LON�Q^T%X�]{SUTtP�HKTxc_L!J/LO�^L!T²QRuyPMLON�P [ L
]OQ^dKdrLOL
Q^T�JM£�LON�J&P [ L*]OQ^dKd �_P [ L¬N�L!JMLON��RQRP�HrSUT0X_L!dKQ!e«X%HrN�L!]{P�dre²QÓÒ�L!]{P�J8P [ L\]OQ^dKd>JMLOP�c_|YPMN�Q^T%J�Q^]{P�HrSUT>�

j�BnlpoÅ:hg"iV@LoWj�� þ¨� ÿ

F�T%XÍP [ L$#§~ÂHKTtPMLON��RQ^d,HpT%]{N�L!Q^JML!J�Q^J�P [ LmX%HrÒ+LON�L!T�]{L g LOPf£,LOL!T N�L!J�LON��ÓQRP�HKSUT Q^T%X9Q^T%JM£,LON�HKT_z
X%L!dKQ!e6J g L!]{SU`�L!J
`CS^N�L\LO�6HKX_L!TtPO�

{6|~} þ;:hg"i�@9�¼:=<Ö>�@ ÿ oWj�� þ ý ÿ

o T(J�c%`C`aQRN�e^�>P [ L�q%N�JMP¬]OQ^JML0þ;:hg"i�@ w :=<Ö>�@ ÿ J [ S·£8JIP [ LCT%QRP�c_N�Q^d/Q^X_�RQ^TtP�QRz^L!J*S^u,P [ LCv
¡
F�G
J�HrzUT�Q^dKHKT_z�J�] [ L!`CL^�>£8HrP [ QmJ�`CQ^dpd�#§~ÞHpTWPMLON��RQ^d/Q^T%XÔT_SmHK`�|sQ^]{P�S^u,P [ L�N�L!JMLON��ÓQRP�HrSUT(X%L!dKQ!e¹SUTÔP [ L
c%JMLON·ÛÜJ&]OQ^dKd�JMLOP�c_|¢X_L!dpQ!e Õ o Tm]{SUTWPMN�Q^JMPO��P [ L\dpQRPMPMLON8]OQ^JML²þ;:hg"iV@x�e:=<?>A@ ÿ J [ S·£"J§P [ L¬z^N�L!QRPMLON"Hp`�|�Q^]{P
S^u�P [ L�N�L!J�LON��ÓQRP�HKSUT0X_L!dpQ!e6J"SUT¹P [ L=#§~ HKTtPMLON��RQ^dÑQ^T%XÔ]OQ^dKd�JMLOP�c_|(X_L!dpQ!e Õ �8S^PML�P [ QRP¬HKT g S^P [ ]OQ^J�L!J
P [ L\PMS^P�Q^dÑ]OQ^dKd�JMLOP�c_|0X_L!dKQ!eØþ�j ÿ HpT%]OdKc%X_L!J,P [ L�#,~¥HKTtPMLON��RQ^d�þ {6|�ÿ Õ
-²¶·�p¶�� ò�â��!� ¿ ï ñ¤Û ¿8¾ è t8q�¿X½Óé Ú ½�é^¿!Ü

} HKT�]{L;P [ L)#§~ÏHKTtPMLON��RQ^d�HKJ¬QÓÒ�L!]{PML!X g e0P [ LaX%H�Ò�LON�L!T%]{L g LOPf£,LOL!TØP [ L�N�L!JMLON��RQRP�HrSUTØQ^T%XkQ^T%JM£,LON�HKT_z
X_L!dKQ·exJ!��Q^T%X g L!HKT%z g S^P [ X_L!dpQ!e6J��RQRN�HKQ g drL!J*X%HK×a]Oc%drP\PMS(]{SUTtPMN�SUd,uyN�SU`DP [ L�|�SUHKTtP*S^u
�6HrLO£ S^u
P [ L
QR|%|�dpHK]OQRP�HrSUT%JO��P [ Lav
¡
F�GÌJ�] [ L!`�L²HKT%]OdKc%X%L!J¬QmM%S�£nT_LOz^S^P�HKQRP�HKSUTkQR|%|%N�SUQ^] [ HKT(£ [ Hp] [ P [ L�QR|%|�dKH�Ö
]OQRP�HrSUT%J�]OQ^T(P�QRÐ^L²Q^X%�ÓQ^TtP�QRz^L²S^u,P [ LaJ�HK`�|�drL�J�HrzUT�Q^dKHKT_z�S^u§P [ LCv
¡
F�G$J�] [ L!`�LCPMS¢S��^LON�]{SU`�L�P [ L
HK`�|sQ^]{P=S^u�P [ L�#§~ÍHpTWPMLON��RQ^d+HKTCP [ L g LOzUHKT%T%HKT%z¬S^u�P [ L�`;c%drP�Hp`�L!X%HKQ¬JML!J�J�HrSUT Õ/Z
[ HpJ�M%S·£ T_LOz^S^P�HpQRP�HrSUT
Q^dKdrS�£8J�P [ L�QR|%|sdKHK]OQRP�HrSUT%J�PMS;]{SUT%J�HKX_LON=P £�S�S^|%P�HKSUT%J=X%c%N�HKT_z¬P [ L5#§~ HKTWPMLON��ÓQ^d¨�&þ� ÿ PMS [ SUdpXCP [ L�X%QRP�Q
PMN�Q^T%J�uyLONIc%TtP�HKd>P [ L�]{SU`�|�dKLOP�HrSUTYS^u=P [ L�]OQ^dKd�JMLOP�c_|��sS^NCþ¨� ÿ PMS�Q^dpdrS·£�P [ L�X%QRP�QaPMN�Q^T%JMu¦LON�HKT¹Q�drS·£,LON
wxc%Q^dKHrP eØ`�SxX%LÔþ�H Õ L Õ � g L!JMP�Ö L{Ò�S^N�P�`�S6X_L ÿ Q^J�QY|%N�L!dKHK`CHKT�QRN�e0`;c%drP�HK`CL!X%HKQ¢JML!J�J�HrSUT9X%c_N�HpT_zmP [ Lm]OQ^dKd
JMLOP�c_| Õ,Z
[ HKJ§£8HKdKd�X_LO|�L!T%X¢SUT¢£ [ LOP [ LON
P [ L*QR|%|sdKHK]OQRP�HrSUT¢J�c_|%|�S^N�P�J§P [ L*X�H�Ò+LON�L!T%]{L*HKTmP [ L*T_LOPf£,S^N�Ð
N�L!JMSUc%N�]{L!J
Q!�RQ^HKdKQ g HKdKHrP e²X%c_N�HKT_z;P [ L'#§~ HKTtPMLON��RQ^d Õ

Z S�Q^dKdrS·£ P [ L�P £�SCQ^dKPMLON�T%QRP�Hr�^LI£§Q!e6J&S^u�S^|�LON�QRP�HrSUT>�xP [ L�|�N�S^|�SUJML!X0M%S·£ T_LOz^S^P�HKQRP�HKSUT¢QR|%|%N�SUQ^] [
QR|%|�dpHrL!J?P [ LlM%S�£ HKX�]{SUT%]{LO|%P�i� � j�£ [ HK] [ Q^dKdKS·£8J/QR|%|sdKHK]OQRP�HrSUT%J?PMS�JM|�L!]OHruye;X%H�Ò�LON�L!TtP�M%S·£ u¦S^N�`CQRP�J�Q^J
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Q�c%T%Hpwtc_L5M%S�£ Õ #,e�Q^X�X%HKT_z;L9�xPML!T�J�HrSUT%J§PMSCP [ L } G V ]{SUTWPML!TtP8S^u�P [ L } o�V `�L!J�J�QRz^L!J&u¦SUdKdrS·£"HKT_z�P [ L
M%S�£&ÖfHKX(]{SUT%]{LO|%PO�?Q g L!JMP�Ö L{Ò�S^N�P3M%S�£nQ^T%X(Qu	�S } Ö L!T%Q g dKL!XoM%S·£ ]OQ^T g LCX_LOq�T_L!X(c%T�X_LON\Q¢c%T%Hpwtc_L
M%S�£ HKX ÕÑZ8[ c%J!�UHrP/HKJ g Q^J�HK]OQ^dKdKe¬SUT_LlM%S·£*� g c_P?P [ QRP/]OQ^T g L,J�L!TWP�HKT�X%HrÒ+LON�L!TtP�uyS^N�`aJO�^SUT%dre\SUT%L
Q^]{P�Hr�^L
M%S�£ÏQRP"Q�P�HK`CL Õ=Z
[ HKJ§]{SUT%]{LO|�P"HKJ&QR|%|sdKHrL!X�PMSaQ��6HKX_LOS=M%S�£ÏHKT«P [ L } G V J [ S�£8T¢HKTmb?HrzUc%N�L*�6 Õ

a = class:qos A2 e2e sendrecv

a = rtpmap:32 MPV/90000

m = video 51372 RTP/AVP 32

a = group: FID 1, 2

a = inactive

a = mid:1

m = video 51374 RTP/AVP 32

a = rtpmap:32 MPV/90000

a = quality:0

a = mid:2

Video Flow: group Flow1, Flow2

Flow 1 − QoS−Enabled Flow

Flow 2 − Best−Effort Flow

 SDP  Implementation Flow−ID Concept

ñ é^q!r_s+to�>÷ � #,L!JMP�Ö L{Ò�S^N�P"Q^T�X�	�S } Ö L!T%Q g drL!X$M%S�£8J
QRN�L\z^N�SUc_|�L!XmQ^J
QCc%T%Hpwtc_L�M%S�£ Õ

Z S0X%HrÒ+LON�L!TtP�HKQRPMLaQ
#,~ M%S�£�u¦N�SU`DQu	�S } Ö L!T%Q g dKL!X`M%S·£*�ÑP [ LON�LaQRN�LaP £�S0S^|%P�HrSUT%J!��c%J�HpT_zmP [ L
J�Q^`�L�]{S6X_L!]R��S^N�c%J�HKT_zaX%HrÒ+LON�L!TtP"]{S6X_L!]OJIHru/J�c_|�|+S^N�PML!X g emP [ L;QR|�|�dKHK]OQRP�HrSUT�J Õ #,eYc%J�HKT%zCP [ L�J�Q^`�L
]{S6X_L!]R�WQ^T } G V M%S�£ QRPMPMN�H g c_PML§S^u+wtc%Q^dpHrPfe*]OQ^T�zUHK�^L§QIJ�c%z^z^L!JMP�HrSUT�u¦S^N/P [ L&wtc%Q^dpHrPfe\S^usP [ L§L!T%]{S6X%HKT_z Õ
F�J�HKTaP [ L8�6HKX_LOS�M%S·£¥L9�_Q^`�|�drL"S^u>b�HKzUc_N�L��6R�6QuÃM`ZBIwxc%Q^dKHrP es�Ü� Ä QRPMPMN�H g c_PML"PMS�P [ L8�6HKX_LOS'M�S·£¥PML!dKdKJ
P [ L�]{SxX_L!]8PMS�c%J�L)Ã�P [ L8£,S^N�JMP,JMP�HKdKd_Hp`CQRz^L"wxc%Q^dKHrP e�P [ L"]{S6X_L!]8X_L!J�HrzUT_LON�P [ HpT_ÐxJ=HKJ�JMP�HKdpd%c%J�Q g dKL Ä i �69j Õ
Z
[ L�JML!]{SUT%X(Q^dKPMLON�T%QRP�Hr�^L¢þ�H Õ L Õ � g eYc%J�HpT_z²X%HrÒ+LON�L!TtPI]{SxX_L!]OJ ÿ HpJ"PMSmX_LOqsT_L�P [ L1#§~�M%S�£ÂQ^J¬Q«drS·£,LON
wxc%Q^dKHrP e^�%drS·£,LON g Q^T�X_£8HKX_P [ �6HKX_LOS=M%S�£Ïu¦N�SU`$Q�X%H�Ò�LON�L!TtP&L!T%]{S6X%HKT_z�P et|�L¬P [ Q^TmP [ L�	�S } M%S�£ Õ

o T0Q^X�X%HrP�HrSUT��+PMS«X_LOq�T_L;P [ L�M%S·£\ÛÜJ�N�L!wxc%HrN�L!XYJMLON��6HK]{L�]OdKQ^J�JO��P [ LoÃM]OdKQ^J�J Ä `CL!X%HKQaQRPMPMN�H g c_PML�dKHKT_L
HKJ�Q^X_S^|�PML!X HKTÍP [ L�	�S } Ö L!T�Q g drL!XÅM%S�£\ÛÜJCX_LOq�T�HrP�HrSUT Õ /"J�HpT_z(JMSU`�L¢]{SUT%]{LO|%P�JaS^u"P [ L¢v8bÑ� ù^ù !�xÛÜJ
|%N�L!]{SUT�X%HrP�HrSUT%J"QR|%|%N�SUQ^] [ ��Q^T%X0c�J�HKT_zaQ�]OdKQ^J�J�Hrq�]OQRP�HrSUT¹J�HK`CHpdKQRN
PMS�P [ L�SUT%L�|%N�S^|+SUJ�L!XYHKT�i �^�+j ��P [ HKJ
QRPMPMN�H g c_PML�HKT%]OdKc%X%L!J�HpT_uyS^N�`CQRP�HrSUT¹SUTØX_L!dKQ·e.%�|sQ^]�Ð^LOP�dKSUJ�JIPMSUdrLON�Q^T%]{LYþ¦L Õ z Õ �?HKT(b?HrzUc_N�L��6R��]OdKQ^J�J¬FI�
X_LOq�T%L!JCQØN�L!Q^drÖ P�HK`�L¢PMN�QR×²]Y]OdKQ^J�JaP [ QRP²Q^dpdrS·£8J²`�S6X_LON�QRPML0dKLO�^L!dKJ�S^u¬|�Q^]�Ð^LOP�drSUJ�J ÿ �§Pfex|+L0S^u'	�S }
þ¦L!T%X6Ö PMSRÖ L!T�X ÿ �sQ^T%XmX�HrN�L!]{P�HrSUT«S^u�	�S } Ö L!T�Q g drL!X�M%S�£ þ�JML!T%X�%�N�L!]{L!Hr�^L ÿ Õ
�"S·£\��uyN�SU`)P [ L��xHrLO£8|+SUHpTWP"S^u�P [ L�QR|%|sdKHK]OQRP�HrSUT%J!��J�SU`�LC`CQ!e g L�HKTWPML!dpdKHrz^L!TtP�Q^T%X(Q^X�QR|%P�Hr�^L�HKT
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QC£§Q!emP [ QRP
P [ LOe¢]OQ^TYQ^]O]{SU`a`�SxX�QRPML;X%HrÒ+LON�L!T�]{L!J
HKTmP [ L�#§~Ô%�	�S } Ö L!T�Q g drL!Xm|�LON�u¦S^N�`CQ^T%]{L Õ§Z
[ c%JO�
P [ LOe `aQ!e PMSUdrLON�QRPML¹P [ L0Q^X%X%HKP�HrSUT%Q^d
|sQ^]�Ð^LOPmdrSUJ�JML!J�Q^T%X¥X_L!dKQ·exJ�P [ QRP«`CQ!e Sx]O]Oc_N«QRPmQ^T L!QRN�dKHrLON
JMP�QRN�P¬S^u�P [ LC`;c%drP�HK`�L!X�HKQaJML!J�J�HrSUT���X%c_N�HKT_zaP [ Lf#,~ÏHKTWPMLON��ÓQ^d Õ o TÔP [ HpJ�]OQ^J�L^�>P [ LC`�L!X%HpQaL9�_] [ Q^T%z^L
J [ SUc�dKX g L*Q^dKdrS�£�L!XYPMS²JMP�QRN�P"HKT0Q)#§~.`CSxX_L^�sPMS g L\PMN�Q^T�J�HrP�HrSUT_L!XYdKQRPMLON"PMS�Q0	�S } Ö L!T%Q g drL!X0`�L!X%HKQ
L9�_] [ Q^T_z^L Õ,Z
[ QRP§HKJ�P [ L¬]OQ^JML¬J [ S·£"T�HpT²b?HrzUc_N�LI�^� Õ Q6�%£ [ LON�L�P [ L�c�JMLON&X%QRP�QRz^N�Q^` |%N�S^PMS6]{SUd�þ;/�G V§ÿ
HKJ
c�JML!X¢PMS�]OQRN�N�e«P [ L�`;c%drP�Hp`�L!X%HKQ;|�Q^]�Ð^LOP�JCþ¦P [ HKJ
`�L!Q^T�J8P [ QRP(/"FI�a`aQ!e¢JMP�QRN�P"PMN�Q^T%JMu¦LON�N�HpT_z�X%QRP�Q
Q^J¬JMSxSUTÔQ^J¬HrP�J�L!T%X%J�HrP�J�q�T%Q^dÑN�L!JM|�SUT%JML;PMS«P [ L�q%N�JMP�HKTW�6HrPML;PMN�Q^T%J�Q^]{P�HKSUT ÿ Õ\Z
[ HKJ"L9�_Q^`�|�drL;S^u�M%S�£
T_LOz^S^P�HKQRP�HKSUT¥Q^J�J�c%`�L!J«QÍJ�c%]O]{L!J�JMu�c%d8N�L!JMSUc_N�]{L¹N�L!JMLON��ÓQRP�HrSUT HKT�HrP�HKQRPML!X g e g S^P [ ]OQ^dKd8|sQRN�P�HK]OHr|�Q^TtP�J
þ;/�F��Q^T%X�/"FI� ÿ Õ¹Z8[ c%J!��HKTkP [ LaN�L{ÖfHKTW�6HrPML²PMN�Q^T%J�Q^]{P�HrSUTÍP [ L$	�S } Ö L!T%Q g drL!X¼M%S�£ÅHKJ*Q^]{P�Hr�RQRPML!X9HKT
g S^P [ X%HrN�L!]{P�HrSUT%J\þ �O�O�!¦���������{�^WR� ÿ Õ

¡�P [ LON&Pfex|+L!J§S^u�QR|%|�dKHp]OQRP�HrSUT%J§HKT%]OdKc�X_L8P [ SUJ�L�P [ QRP
`CQ!e g L�S��^LON�£ [ L!dp`�L!X g e�X%HKJ�]{N�LO|�Q^T%]OHrL!J,HKT
P [ L\N�L!JMSUc_N�]{L\Q·�ÓQ^HKdpQ g HKdKHrP e²HKT«P [ L*T_LOPf£,S^N�Ð Õ ~�HrP [ LON
P [ L¬N�L!wtc%HKN�L!X g Q^T%X_£"HKX_P [ HKJ
Q·�ÓQ^HKdpQ g drLIuyS^N"P [ L
QR|%|�dpHK]OQRP�HrSUT(Q^T%XÔP [ L²QR|%|�dKHK]OQRP�HKSUT0S^|�LON�QRPML!J�T_S^N�`CQ^dpdre^�>S^N\P [ LCQR|�|�dKHK]OQRP�HrSUT(X%StL!J\T%S^P¬S^|+LON�QRPMLaHKT
Q^TkQ^]O]{LO|�P�Q g drLa`�S6X_LCP [ QRP*Q^dKdrS�£8J\]{SU`C`;c%T%HK]OQRP�HKSUT g LOPf£,LOL!TkL!T%Xkc%JMLON�J Õ o T(P [ HKJ¬£§Q!e^��P [ L g L!JMP
S^|%P�HrSUT uyS^N²P [ LYQR|%|�dpHK]OQRP�HrSUT HKJ�PMSË|�c_P�P [ LY`CL!X%HKQoM%S�£8JCSUT [ SUdKX X%c_N�HKT_z¹P [ L
#§~nHpTWPMLON��RQ^d¨�§Q^J
J [ S�£8TaHpTCb?HrzUc_N�L"�^� Õ g Õ #,Q^J�HK]OQ^dKdre^�tP [ LON�L8QRN�L�T_S'#§~�M%S·£"J=Q^T%XaP [ L5	�S } M%S·£8J�QRN�L"J�LOP=PMS�HpT%Q^]{P�Hr�^L
S^|�LON�QRP�HrSUTÔc%TtP�HKd>P [ L�c�JMLON¬QRz^L!TWP�J¬c_|�X%QRPML;L!Q^] [ S^P [ LONISUT0P [ L�J�P�QRP�c%JIS^u�P [ L�N�L!JMLON��ÓQRP�HrSUT Õ o T¹P [ L
]OQ^JML�S^u�Q�J�c%]O]{L!J�JMu¦c�d�N�L!J�LON��ÓQRP�HKSUT���£�L�]OQ^T(J�Q·e¢P [ QRPIuyS^N¬T_SUT_ÖfQ^X%QR|%P�Hr�^L�`;c%drP�HK`�L!X�HKQCQR|%|�dpHK]OQRP�HrSUT%J
P [ L�#,~¥HKTtPMLON��RQ^d>N�LO|%N�L!JML!TWP�J8P [ L*|�SUJMP�Ö |sHK]�Ð6c_|YX_L!dpQ!eØþ�H Õ L Õ �+P [ L*X_L!dKQ·e¢QRuyPMLON�P [ L;]OQ^dKd>HKJ"Q^T%JM£,LON�L!X ÿ
P [ QRP
P [ L*]OQ^dKdrLOL¬L9�6|�LON�HrL!T%]{L!J g LOu¦S^N�L�	�S } Ö L!T�Q g drL!Xm`;c%drP�HK`�L!X�HKQ*L9�_] [ Q^T_z^L g LOzUHKT%J Õ

�"S·£)]{SUT%J�HKX%LON�HKT_z(P [ L0]OQ^JML0S^u¬Q^T.c%T%J�c%]O]{L!J�JMu¦c�d§N�L!JMLON��RQRP�HrSUT��&P [ L!T P [ LY]OQ^dKd"`CQ!e ]{SUTtP�HKTxc_L
Q^J�#§~ uyS^NIQ^X%QR|%P�Hr�^L�QR|%|�dpHK]OQRP�HrSUT%J g c_P"`;c%JMP g L�]OQ^T%]{L!dKdKL!X0u¦S^NIT_SUT6ÖfQ^X%QR|%P�HK�^L;QR|%|sdKHK]OQRP�HrSUT%J Õ
Z
[ L
dKQRPMPMLON�`�L!Q^T�J�Q�z^N�L!QRPMLON�Hp`�|�Q^]{P?PMS¬c%JMLON�JÑ£ [ S [ Q!�^L g LOL!T;Q^drLON�PML!X�HKT��RQ^HKT Õ  "S·£,LO�^LON!� g Q^JML!X;SUT�P [ L
|%N�LO�6HrSUc%J=Q^J�J�c%`�|�P�HrSUT�P [ QRP�Q^TaL!TW�^L!dKS^|+L [ Q^J g LOL!T²JMLOP�u¦S^N=P [ L�]OQ^dKd%X%c_N�HKT_zIP [ L"]OQ^dpd%Q^c_P [ S^N�HP�!QRP�HrSUT
|%N�S6]{L!J�JO�§P [ L¹] [ Q^T�]{L!J²S^u\Q^T.c%T%J�c�]O]{L!J�JMu�c%d&N�L!JMLON��ÓQRP�HrSUT.QRN�L0J�`CQ^dKd Õ Z
[ c%JO�§P [ L0Hp`�|�Q^]{PCPMS9]OQ^dKd
|�QRN�P�Hp]OHr|�Q^TtP�J&dKHrL!J&`CQ^HKT�dreaSUTmP [ L'#§~ HKTtPMLON��RQ^d Õ

Z SØJ�c%` c_|���P [ L¢`CQ^HKT9|�SUHKTtP�S^u"P [ Lm#,~�%�	�S } M%S�£ÌT_LOz^S^P�HKQRP�HKSUT QR|%|%N�SUQ^] [ HKJ�PMS(|%N�S^|+LON�dre
[ Q^T%X�drL§P [ L"c%J�LON�JOÛUQ g HKdpHrPfe�S^u�Q^TaL!QRN�dre�`�L!X%HpQIPMN�Q^T%J�`CHpJ�J�HrSUT;P [ QRP,]{SU`�L!J=Q^J,Q¬N�L!J�c�drP/S^u�P [ L8v
¡
F�G

®^®



Flow DirectionStatus

QoS Flow

BE flow

Inactive

Active Send/Recv

Router

Router

200 OK INVITE

QoS Signaling

PRACK

200 OK PRACK

SIP UA1 SIP UA2

ACK

ACK

BE
Interval

QoS

QoS−Enabled Flow

T

SDP1

SDP2

SDP3
Flow DirectionStatus

QoS Flow

Flow DirectionStatus

QoS Flow Inactive

Active Send

180 RINGING (SDP2)

INVITE (SDP1)

INVITE (SDP3)

200 OK INVITE (SDP4)

Post−Pickup
Delay

SDP4
Flow DirectionStatus

QoS Flow Active Send/Recv

Flow DirectionStatus

QoS Flow Inactive

(b)

Router

Router

200 OK INVITE

QoS Signaling

PRACK

200 OK PRACK

SIP UA1 SIP UA2

ACK

ACK

BE

BE
Interval

BE

BE

QoS

BE

BE

BE

BE

QoS−Enabled Flow

T

SDP1

SDP2

SDP4

SDP3
Flow DirectionStatus

QoS Flow

BE flow

Flow DirectionStatus

QoS Flow

BE flow

Inactive

Active Send/Recv

Flow DirectionStatus

QoS Flow

BE flow Inactive

Active Send/Recv

Active Send

180 RINGING (SDP2)

INVITE (SDP1)

INVITE (SDP3)

200 OK INVITE (SDP4)
Inactive

(a)

ñ é^q!r_s+t���� � v
¡8F"GÙM%S·£ÅT_LOz^S^P�HKQRP�HKSUT��Yþ�Q ÿ uyS^N�Q^X%QR|%P�Hr�^L«QR|%|�dpHK]OQRP�HrSUT%JO�&þ g ÿ uyS^N�T_SUT6ÖfQ^X�QR|%P�Hr�^L
QR|%|�dpHK]OQRP�HrSUT%J Õ

]OQ^dKd�JMLOP�c_|Ô£§Q!e Õ\Z S«Q^X�QR|%P�Hr�^L�`�c%dKP�HK`�L!X%HKQaQR|%|�dKHK]OQRP�HKSUT%JO�sHKP�Q^dKdKS·£8JIQ^T¹L!QRN�dKHrLONIJMP�QRN�P�S^u�P [ L�`;c%d�Ö
P�HK`�L!X�HKQmJML!J�J�HKSUTØQ^T%X(N�L!X�c%]{L!J¬P [ L�HKX%drL�P�HK`�LCX�c_N�HKT_zm]OQ^dKd=JMLOP�c_| Õ�Z SYT%SUT6ÖfQ^X%QR|%P�Hr�^L²`�c%dKP�HK`�L!X%HKQ
QR|%|�dpHK]OQRP�HrSUT%JO��HrP [ SUdKX%J�P [ LC`;c%drP�HK`�L!X�HKQaPMN�Q^T%J�`CHKJ�J�HrSUT¹c%TWP�HpdÑP [ L�u¦c%dpd�]{SU`C|�drLOP�HrSUTÔS^u,P [ LCv
¡
F�G
]OQ^dKd>J�LOP�c_|YJ�HrzUT�Q^dKHKT_z Õ
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Õ0zKÆ �f|�~��7�_|�� íQM�Ê�|����+ÏÇ|��$�A~

o T S^N�X%LON�PMS9JMP�c%X%e P [ L(HKTWPMLON�Q^]{P�HrSUT¥S^u*JML!J�J�HKSUT.]{SUTtPMN�SUdIJ�HrzUT%Q^dpHKT_zkQ^T%X.N�L!JMSUc%N�]{L¹`aQ^T%QRz^L!`�L!TtP
|%N�S^|�SUJML!X�HKT²P [ L¬v
¡
F�Gà]OQ^dpd+J�LOP�c_|mQRN�] [ HKPML!]{P�c_N�L^�_P [ L } o�V PML!JMP g L!XÔþ�b?HrzUc%N�LI� ù ÿ HpJ,]{SUT%q%zUc_N�L!X�HKT
P [ L¬J�Q^`�L g S^PMP�drL!T%L!]�Ð²QRN�] [ HrPML!]{P�c%N�L\Q^J
X_L!J�]{N�H g L!X²HKT²P [ L¬|%N�LO�xHrSUc�J�] [ QR|%PMLON Õ=Z8[ L¬`CQ^HKT g Q^]�Ð g SUT_L
Q^dKdrS�£8J¬SUT%dKeËO�YÚ g |�J¬S^u g Q^T%X%£8HKX_P [ � g L!HKT_z«P [ LaL!T%X(c%JMLON�J*]{SUT%T_L!]{PML!XØPMSËO�^�0Ú g |�J¬~�P [ LON�T_LOP
[ c g J Õ

SmartCard
ML7710

10 Mbps

Linux Router Linux Router
QoS Agent

Network 2

SmartCard
ML7710

100 Mbps

Network 1

SIP UAS

SIP UAC

SIP Proxy

100 Mbps

SIP Proxy (P2)
(P1)

ñ é^q!r_s�t`�X� � } o�V PML!JMP g L!X�ÛÜJ
PMS^|+SUdKS^z^e«Q^T�X [ QRN�X_£§QRN�L Õ

F§P�P [ L
Q^]O]{L!J�J=T_LOP £�S^N�ÐxJO�xQ } o�V c%JMLON�QRz^L!TtP=]OdKHrL!TtP
þ;/"F8� ÿ HKT=�"LOPf£,S^N�Ðm&HKT%HrP�HKQRPML!J?Q¬]OQ^dKd_J�LOP�c_|
£8HrP [ P [ L } o�V c�JMLON�QRz^L!TtP¬JMLON��^LONaþ;/�F } ÿ HKTu�"LOPf£,S^N�Ð¹� Õ F<z^L!T_LON�HK]1	IS } QRz^L!TtP¬HKJ"Hp`�|�drL!`�L!TtPML!X
HKT9P [ L¢J�Q^`�LY`CQ^] [ HKT_L¢Q^JaP [ LmL!X_z^L¢N�SUc%PMLONCS^u��8LOP £�S^N�ÐÞ Õ ¤ [ L!T P [ L } o�V c%JMLONaQRz^L!TtP²J�L!T%X%J
Q¢N�L!JMSUc_N�]{LCN�L!JMLON��RQRP�HrSUTØN�L!wxc_L!JMP�PMSYP [ L�	�S } QRz^L!TtPO��Q¢N�L!J�LON��ÓQRP�HKSUTkX_L!dKQ·eÔP�HK`�LON�HpJ¬PMN�Hrz^z^LON�L!XËHKT
S^N�X_LONIPMSmL!`;c%dKQRPML�P [ L�|%N�S^|sQRzUQRP�HrSUT¹S^u�	�S } J�HKzUT%Q^dKHKT_zaN�L!wtc%L!JMP�JIP [ N�SUc_z [ SUc_P"P [ L�T%LOPf£,S^N�Ð Õ�Z
[ L
	�S } QRz^L!TtP*]{SUT_q�zUc_N�L!J¬P [ L�N�SUc_PMLON!ÛÜJ¬PMN�QR×²]�]{SUTWPMN�SUd=L!T_zUHKT_L^��£ [ HK] [¹[ Q^J\GIH�Ò+LON�L!TWP�HKQRPML!X } LON��6HK]{L!J
]OQR|�Q g HpdKHrP�HrL!J Õ

-²¶P�²¶�÷ î tC½KsRé^Á"ã

Z
[ LÔL9�6|�LON�HK`�L!TtP�J [ Q!�^LØP [ L(z^SUQ^d¬PMS X_LOPMLON�`CHpT_LÔP [ L(X_L!dKQ!e^�¬Txc%` g LON«S^u�`�L!J�J�QRz^L!J!�IQ^T�X PMS^P�Q^d
Txc%` g LON\S^u g etPML!J*PMN�Q^T%JMu¦LON�N�L!XkHKT(P [ LaJ�LOP*c_|ØS^u&Q¢`;c%drP�HK`CL!X%HKQ«]OQ^dKd Õ�Z
[ LC]OQ^dKd�J�LOP�c_|ËX_L!dpQ!e þ Z ÿ
HKJ�]{SU`�|�c%PML!X9uyN�SU` P [ L�P�Hp`�L²P [ Lm/"F8�nPMN�Q^T�J�`CHrP�J;P [ LmHKT%HKP�HKQ^d�HpTW�6HrPML�N�L!wtc%L!JMP�PMS(P [ L«P�HK`�L«P [ L
/�F8�4N�L!]{L!Hr�^L!J�P [ LCqsT%Q^d3Ã�S^Ð Ä þ�Q^J;HKT(b?HrzUc_N�L²�R� ÿ Õ F�dKJMS_��PMS¢L9�xL!`C|�dKHru¦e0P [ LaJ�HrzUT%Q^dpHKT_z«S·�^LON [ L!Q^X

® ý



`�L!Q^J�c%N�L!`�L!TtP�JO�xb?HrzUc%N�L��Ó®�HKdKdKc�JMPMN�QRPML!J/P [ L"PMS^P�Q^d�Ttc%` g LON=S^u g exPML!J=L9�_] [ Q^T%z^L!X�HpTCSUT_L�S^u�P [ L8PML!J�P�J
S^u�P [ L�v8b�� ù^ù !��Ö g Q^JML!X(]OQ^dKd�JMLOP�c_|ÔJ�] [ L!`�L Õ �8S^PML�P [ QRPIP [ L�PMS^P�Q^d/Ttc%` g LON8S^u g exPML!J"PMN�Q^T%JMu¦LON�N�L!X
HKJ&QCJ�c%`ÅS^u�P [ L*J�H��OL¬S^u?Q^dKd>`CL!J�J�QRz^L!J
L9�_] [ Q^T_z^L!X g LOPf£,LOL!T } oÀV /"F8�ÞQ^T%Xm|%N�SK�xe V  Õ

200 OK − INVITE

ACK

P1
INVITE (SDP1)

UAC

100 Trying

183 In Progress (SDP2)

180 Ringing

200 OK − UPDATE (SDP4)

Size (bytes)
656

270

678

Total = 4775 bytes

656

637

276

316

314

PRACK

200 OK − PRACK

328

316

Resource Reservation

PRACK

200 OK − PRACK

328

UPDATE (SDP3)

ñ é^q!r_s�t`�.- � ~��_Q^`�|�drL¬S^u [ S�£ÏP [ L\Txc%` g LON&S^u g etPML!J8£,Q^J
S g P�Q^HKT_L!X Õ

-²¶P�²¶P� õ t8ãKr Û ½Kã

o T�P [ L"]OQ^dpd%JMLOP�c_|�X_L!dKQ!e�L9�6|�LON�HK`�L!TtP�JO�UP [ L"uyS6]Oc%J�HpJ�SUTCP [ L8`CQ^HKTCX�H�Ò+LON�L!T%]{L!J g LOPf£,LOL!TCP [ L"v
¡
F�G
J�HrzUT�Q^dKHKT_z3M�S·£ Q^T%XaP [ L�v"bÑ� ù^ù !��Ö g Q^JML!XYJ�HrzUT%Q^dKHpT_z Õ  "L!T%]{L^�6Pf£,S�P [ HKT_zUJ,QRN�LI]{SU`�|�QRN�L!X>� [ S·£ P [ L
JML!wxc_L!T%]{L;S^u�LO�^L!TtP�JO��Q^T%X [ S·£4P [ L�Q^`�SUc%TtP"S^u�J�HKzUT%Q^dKHKT_z¹þ�`�L!J�J�QRz^L!JO� g exPML!J¨%Ó`�L!J�J�QRz^L ÿ QÓÒ�L!]{PIP [ L
]OQ^dKd§JMLOP�c_| X%L!dKQ!e ÕÍZ
[ c�JO��HrP�HKJ�Q^J�J�c%`CL!XÍHpTËP [ L�L9�6|�LON�HK`�L!TtP�J;P [ QRP�P [ L } o�V `�L!J�J�QRz^L!JCS^u g S^P [
J�] [ L!`�L!J
L9�6|�LON�HrL!T%]{L¬P [ L\J�Q^`�L\|%N�Sx]{L!J�J�HKT_z�X_L!dKQ·exJ
Q^T�X¢J�Q^`�L*T%LOPf£,S^N�ÐWÖ N�L!dKQRPML!XYX_L!dpQ!e6J Õ

~��x|�LON�HK`CL!TWP�J§£,LON�L\|�LON�u¦S^N�`�L!XmHKT¢£ [ HK] [ P [ L*Q^T%JM£,LON�HKT%zCX_L!dKQ!e«HKJ
J�LOP8Q^J8QC]{SUT�JMP�Q^TWP"�ÓQRN�HKQ g drL

® �



þ;:=<Ö>�@�B��6��R���x��O�CQ^T%X¢�R��J�L!] ÿ Q^T%XmP [ L¬N�L!JMLON��RQRP�HrSUTmX_L!dKQ·eÔþ;:hg"iV@ ÿ �RQRN�HrL!J&u¦N�SU`Å��PMS²��JML!]{SUT�X%J
þ;:hg"i�@0B)�6�IO�^�Ø`CJML!]R� ù �^�Ø`CJ�L!]R�§�R�^�Ë`CJML!]R�ImJML!]R�&Q^T%X �(JML!] ÿ Õ Z8[ L«�ÓQ^dKc%L!J�S^u"N�L!JMLON��RQRP�HrSUT
X_L!dKQ·exJ*QRN�LaHKTØQ«N�Q^T_z^La]OdrSUJMLaPMS¢P [ LCSUT_L²c%JML!XØHKTei � ù j�þ�H Õ L Õ �� Õ �YJML!]�u¦S^N*v } Â V§ÿ Õ�Z
[ L��RQ^dKc_L!J¬S^u
c%JMLONCQ^T�JM£�LON�HKT_z(X_L!dKQ·eËPML!T%X PMS g L [ Hrz [ LONCJ�HKT�]{L�P [ LYQ^drLON�P�HKT%zÔX�c_N�QRP�HrSUT9HKT9PML!drLO| [ SUTWe9`CQ·e g L
J�HrzUT�Hrq�]OQ^TtP�dreCz^N�L!QRPMLON�P [ Q^T(\JML!]{SUT�X Õ F�dKJMS_�_P [ L\c%J�LON
Q^T%JM£,LON�HKT_zCX_L!dpQ!e�S^u��CJ�L!]{SUT%X%J
HKJ§PMSaPML!JMP8Q
g SUc%T%X%QRN�eC]{SUT%X%HrP�HrSUT�P [ QRP
]OQ^TYJ [ S·£ P [ LIX�H�Ò+LON�L!T%]{L¬HKT�P [ L¬]OQ^dKd�JMLOP�c_|¢X_L!dpQ!eaS^u g S^P [ J�] [ L!`CL!J
Q^J
Q�N�L!J�c%drP§S^u?P [ L¬S·�^LON�Q^dpd�X_L!dKQ·e²S^u?P [ L\J�HrzUT%Q^dKHKT%z�`CL!J�J�QRz^L!J�þEl ÿ Õ

Z
[ L0]OQ^dKd�JMLOP�c_| X_L!dKQ·e N�L!J�c%drP�J²QRN�LÔJ [ S·£"T.HKT.b?HrzUc_N�LÔ�^� Õ o T P [ L¹|�drS^P�JaS^u\P [ L¹v8bÑ� ù^ù !��Ö
g Q^JML!XÔ]OQ^dKd?JMLOP�c%|ØX_L!dKQ!e6JO��P [ L�X_L!dKQ·e0HKT�]{N�L!Q^JML!JIdKHKT_L!QRN�dremQ^JIP [ L�N�L!JMLON��RQRP�HrSUT(X_L!dKQ·eYHKT%]{N�L!Q^JML!J¬Q^T%X
P [ L�Q^T%JM£,LON�HKT%z²X_L!dKQ·e0HKJ"Ð^LO|%P¬]{SUT%JMP�Q^TtP Õ o T0P [ L�|�drS^P�J�S^u�P [ L�v
¡
F�G J�] [ L!`�L^� [ S·£,LO�^LON!�>£,L�]OQ^T
HKX_L!TtP�Hru¦eaP [ L!J�L\Pf£,SaX%H�Ò�LON�L!TtP&N�LOzUHrSUT%J�þ�Q^J8HKT } L!]{P�HKSUTm® Õ � Õ � ÿ �

 Õ ¤ [ L!T`:hg"iV@ w :=<Ö>�@O��Q«T_L!QRN�MsQRP\dKHKT_L�J [ S�£8JIP [ QRPIP [ LC]OQ^dKd?JMLOP�c_|ØX%L!dKQ!e¹]OQ^T g L;QR|%|�N�S�_H�Ö
`aQRPML!XØPMSYP [ LCc%JMLON*Q^T%J�£�LON�HpT_z¢X_L!dKQ·e9þ�j } :=<?>A@ ÿ Õ o T(P [ HKJIN�LOzUHKSUT���P [ L²]OQ^dKd�JMLOP�c_|ËX_L!dKQ!e
J�Q!�6HKT_zUJÑS^u%P [ L�v
¡8F"G¥J�] [ L!`�L,S·�^LON/P [ L,v8bÑ� ù^ù !��Ö g Q^JML!XC]OQ^dKdtJMLOP�c_|�J�] [ L!`CL,HKT�]{N�L!Q^JML!JÑ£8HrP [
P [ L��ÓQ^dKc%L;S^u�P [ L�N�L!JMLON��RQRP�HrSUTØX%L!dKQ!e9þ;:hg�iV@ ÿ Õ o T¹Q^X�X%HrP�HrSUT���P [ L�N�L!J�c%drP�J�£8HrP [ HpTYP [ HpJ"N�LOzUHrSUT
u¦S^N�P [ L«L9�6|+LON�HK`�L!TtP;HKTÍ£ [ HK] [ :=<Ö>�@ZB�<���<�(þ Z Q g drL ù ÿ ]{SUT_q%N�`�P [ QRP�P [ L$#§~ÂHKTtPMLON��RQ^d¨ÛÜJ
X�c_N�QRP�HrSUTmHKJ
�^LON�e�]OdKSUJML\PMSCP [ L�X%c_N�QRP�HrSUT«S^u�P [ L\N�L{ÖfHKTW�6HrPML¬PMN�Q^T�J�Q^]{P�HrSUTkþ Z � ÿ Õ

� Õ ¤ [ L!TÅ:hg"i�@c�H:=<Ö>�@·�/P [ L�]OQ^dpd,J�LOP�c_|ÍX%L!dKQ!ekHpT%]{N�L!Q^JML!J�dKHKT%L!QRN�dre(Q^J;P [ L²N�L!JMLON��RQRP�HrSUT9X_L!dKQ!e
:hg"iV@*HpT%]{N�L!Q^JML!J�þ�j } :hg"iV@ ÿ ÕmZ
[ HKJ*]OQ^T g LaJMLOL!TÍHKT(P [ L²|�drS^P�J¬S^u¬:=<?>A@IBI�YQ^T�X aJ�L!]{SUT%X Õ
F�J;P [ L�N�L!JMLON��RQRP�HrSUTÍX_L!dKQ!eËHKT%]{N�L!Q^JML!J;u¦S^N g S^P [ J�] [ L!`�L!J g L!HpT_z0]{SU`�|sQRN�L!X��/P [ L�X%H�Ò�LON�L!T%]{L
g LOP £�LOL!TYP [ L!` g L!]{SU`�L!J8J�P�Q g drL\Q^T%XmQR|%|�N�S�_HK`CQRPML!dre�L!wxc%Q^d�PMSCP [ L\c�JMLON!ÛÜJ
Q^T%J�£�LON�HpT_z�X_L!dKQ!e
:=<?>A@ Õ F�dKJMS¹HKTØP [ HpJ\N�LOzUHrSUT>��P [ L0#§~4HKTtPMLON��ÓQ^d ÛÜJ�X%c%N�QRP�HrSUTØHKT Z Q g drL ù ø c�`�|�J\PMSÔQ [ Hrz [ LON
dKLO�^L!d¨��£ [ Hp] [ HKJ�QR|%|%N�SK�6Hp`CQRPML!dreØP [ LmX%HrÒ+LON�L!T�]{L g LOPf£,LOL!T P [ L«N�L!J�LON��ÓQRP�HKSUT Q^T%X9Q^T%JM£,LON�HKT_z
X%L!dKQ!e6J Õ

�"S^PML�P [ QRP8HKTmP [ L;v
¡
F�GÂ]OQ^dKdÑJMLOP�c_|YX_L!dpQ!emN�L!J�c�drP�J&S^u/b?HrzUc_N�L��^�x�sLO�^L!TY£ [ L!TmP [ L;Q^T%JM£,LON�HKT_z
X_L!dKQ·e�HKJÑL!wxc%Q^d6PMS��OLON�S_�UP [ L&v
¡
F�G ]OQ^dKdxJMLOP�c_|CJ�] [ L!`�L&HKJ?JMP�HKdKdtQ^X_�RQ^TWP�QRz^LOSUc%J�HKT�PMLON�`CJ?S^u%N�L!X�c%]OHKT_z
P [ L�PMS^P�Q^d�]OQ^dKd/JMLOP�c_|ØX_L!dpQ!e^�Ñ`aQ^HKT%dre g L!]OQ^c%J�L�S^u,HrP�JIN�L!X%c%]{L!X(J�HrzUT�Q^dKHKT_z«drSUQ^X Õ ¡Ic_NIN�L!J�c%drP�J¬J [ S�£
Q^T¢Q·�^LON�QRz^L;X%L!dKQ!emX%H�Ò�LON�L!T%]{LIS^u?®W� ý `aJML!]R�%£ [ L!T$:=<?>A@IBI�CJML!]{SUT�X%J Õ
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ñ é^q!r_s+t`�! � Z
[ L*v
¡8F"GÂJ�] [ L!`�L^ÛÜJ"]OQ^dKd�J�LOP�c_|YX_L!dKQ·emHKT¢]{SU`�|�QRN�HKJMSUTm£8HKP [ P [ L*v"bÑ� ù^ù !��Ö g Q^JML!X
J�HrzUT�Q^dKHKT_z Õ

æÔÚ R Û tu� � Z
[ L g L!JMP�Ö L{Ò�S^N�P8HpTWPMLON��RQ^d�þ;:=<Ö>�@�B \JML!] ÿ Õ
:hg�iV@*þ�`aJML!] ÿ Z �mþ�`CJ�L!] ÿ #§~àþ�`CJML!] ÿ Z þ�`CJML!] ÿ

O�^� ý � ý�� !�6 �
ù �^� ��� ý � !�R�U�
�R�^� �6 � ® !�^�^�
O�^�^� �Rý !�^� !� � 
�R�^�^� � ý ^ ù^ý � ù  �

V N�S^|�S^N�P�HrSUT%Q^dKdKeaPMSaP [ L*]OQ^dKd�J�LOP�c_|YX_L!dKQ·em�ÓQ^dpc_L!J&S g P�Q^HKT%L!XYHKTmP [ L\PML!JMP g L!X¢u¦S^N8P [ L�v8bÑ� ù^ù !��Ö
g Q^JML!X9J�HKzUT%Q^dKHKT_z0J�] [ L!`CL^��P [ L«]OQ^dKd§JMLOP�c_| X_L!dKQ·eØN�L!X%c%]{P�HKSUTkS^u
P [ L�|�N�S^|�SUJML!XËv
¡8F"GÇJ�] [ L!`�LmHKJ
X_LO|�Hp]{PML!X�HKT�b?HrzUc%N�L
� ýxÕ F"J?P [ L&Q^T%J�£�LON�HpT_z¬X_L!dKQ!e;HKT%]{N�L!Q^J�L!J?PMS*�R�¬JML!]R�UP [ L
]OQ^dKd_J�LOP�c_|�X_L!dKQ!e;�RQ^dKc_L!J
S^u g S^P [ J�] [ L!`�L!J,z^LOP
]OdrSUJMLON!�6Q^T%X�P [ LI]OQ^dKd�JMLOP�c_|«X_L!dKQ!eaN�L!X%c%]{P�HrSUT�J [ S�£8J§Q;| [ Q^JML�S^u�X%HK`aHKT%HKJ [ HKT_z
N�LOP�c_N�T%JO� g L!HpT_z\SUT%dre²QRN�SUc%T%X¹O�][ Õ #§Q^J�HK]OQ^dKdKe^�xP [ L�X_L!dpQ!eCS^uÑP [ L"N�L!JMLON��RQRP�HrSUT�PMN�Q^T%J�Q^]{P�HrSUT«HKJ g L!HKT_z

®C�



0 2 4 6 8 10 12 14 16 18 20
0.4

0.5

0.6

0.7

0.8

0.9

1

Answering delay (sec)

R
O

A
D

 d
el

ay
 / 

R
FC

33
12

 d
el

ay
 ra

tio

Call Setup Delay Improvement

Dres=0 sec  

Dres=0.1 sec

Dres=0.3 sec

Dres=0.5 sec

Dres=1 sec  

Dres=2 sec  

ñ é^q!r_s+to��ü � G�L!dKQ·emHK`�|%N�S��^L!`�L!TtP
LO�ÓQ^dpc%QRP�HrSUT g LOPf£,LOL!TYv
¡8F"GÂQ^T�X¢v8bÑ� ù^ù !�xÛÜJ"X_L!dpQ!e6J Õ

�R�



J�Q·�^L!Xk£ [ L!T(P [ La]OQ^dKd=JMLOP�c_|kQ^T%XkN�L!JMLON��RQRP�HrSUTØQRN�L²X_SUT_LCHpT(|�QRN�Q^dKdKL!d ÕCZ
[ c%JO�>P [ L²N�L!Q^d�Q^X_�RQ^TtP�QRz^L
S^u?P [ L\|%N�S^|+SUJ�L!X¢J�] [ L!`�L*£§Q^J8Q^] [ HrLO�^L!X0uyS^N"�ÓQ^dKc%L!J&S^u/N�L!JMLON��RQRP�HrSUT¢X%L!dKQ!em]OdrSUJML�PMSaP [ L�Q^T%JM£,LON�HKT_z
X_L!dKQ·e Õ b_S^N*HpT%JMP�Q^T%]{L^��P [ L�]OQ^dKd?JMLOP�c_|ØX%L!dKQ!e¢N�L!X%c%]{P�HrSUT¹S^u=P [ L�v
¡8F"G J�] [ L!`�L�£§Q^J¬HKT¹P [ L�N�Q^T_z^L
S^u ù �][ÙHK`�|%N�S·�^L!`�L!TtP"£ [ L!T
:hg"iV@¬Bà�H���<��Q^T%X
:=<?>A@��RQRN�HrL!XYuyN�SU` �PMS«�aJML!]{SUT%X%J Õ ~��^L!T g LOPMPMLON
N�L!J�c�drP�J\þ�c_|¢PMS²�R�][ ÿ £�LON�L\S g P�Q^HKT_L!X¢uyS^N¤:hg"iV@ w <���<�¬Q^T�Xm:=<Ö>�@�B4<���<� Õ

#,L!J�HKX%L!J
SRÒ�LON�HKT_za]OQ^dpd�JMLOP�c_|¹X_L!dKQ·e¢J�Q!�6HKT_zUJO�sP [ L*v
¡8F"GnJ�] [ L!`CL*N�L!wxc%HrN�L!J8drL!J�J8`CL!J�J�QRz^L!JIQ^T%X
]{SU`�|�QRN�Q g drLaTxc%` g LON¬S^u g exPML!J\|�LON*]OQ^dKd�J�LOP�c_|kP [ Q^TkP [ Lav"bÑ� ù^ù !��Ö g Q^JML!X9J�] [ L!`�L^�=�m`�L!J�J�QRz^L!J
W!�xÐ ^²`CL!J�J�QRz^L!JO��Q^T%XÍHKTËQ!�^LON�QRz^Lm® ý �^� g etPML!J W·�9Ð ® �A�"� g exPML!JO�/N�L!JM|�L!]{P�Hr�^L!dKe Õ  "S·£,LO�^LON!� g S^P [
J�] [ L!`�L!J�Q^X%X\]{SUT%J�HpX_LON�Q g drL/S��^LON [ L!Q^X�PMS"Q g Q^J�HK] } o�V ]OQ^dKdUJMLOP�c_|�PMN�Q^T%J�Q^]{P�HKSUT��>P [ L=Q·�^LON�QRz^L&Ttc�` g LON
S^u g exPML!JIS^u�Q g Q^J�HK] } o�V ]OQ^dKd?JMLOP�c_| g L!HKT_z¹ ý^ù � g exPML!JO��u¦S^N¬®«`CL!J�J�QRz^L!JCþ¦£8HrP [ SUc_P�Q^]�ÐxT%S·£8drL!X%z^L{Ö
`�L!TtP�`�L!J�J�QRz^L!J;PMS0|%N�S·�6HKJ�HrSUT%Q^d�N�L!JM|�SUT%JML!J�þ V v8F8�la\J ÿMÿ Õ FÅ]{SU`C|�QRN�HKJMSUTkS^u&P [ L²J�HrzUT%Q^dKHKT%z¢drSUQ^X
S^u g S^P [ J�] [ L!`�L!J*]OQ^T g L�S g JMLON��^L!XØHKTkb�HKzUc_N�La� � ��£ [ HK] [ J [ S·£"J¬P [ LaTxc%` g LON¬S^u g etPML!J*|�LON*]OQ^dKd
JMLOP�c_|«£ [ L!T$	IS } Ö N�L!dKQRPML!X«HKT_u¦S^N�`CQRP�HKSUT²HKJ§Q^X%X%L!X²PMS�P [ L } G V ]{SUTtPML!TtP&S^u } o�V `�L!J�J�QRz^L!J!�%H Õ L Õ �_P [ L
#§~Ô%�	�S } M%S�£àT_LOz^S^P�HKQRP�HKSUTYu¦S^N8P [ L�v&¡8F�G�J�] [ L!`�L^�sQ^T�X¢P [ L g Q^J�HK]I|%N�L!]{SUT%X%HrP�HrSUT�J
QR|%|%N�SUQ^] [ u¦S^N
P [ L�v8bÑ� ù^ù !��Ö g Q^JML!X ]OQ^dKd=J�LOP�c_|ËJ�] [ L!`�L Õ¢Z
[ LadrLOu¦P�`�SUJMP g QRN�J*]{SU`�|sQRN�L g S^P [ J�] [ L!`�L!J;c%J�HpT_zYQ
|�dKQ^HpT } G V ]{SUTtPML!TWPO�+H Õ L Õ �%£8HrP [ SUc_P¤	�S } Ö N�L!dKQRPML!X0HKT_u¦S^N�`CQRP�HrSUT«HKT«P [ L g SxX_e²S^u?P [ L } o�V `�L!J�J�QRz^L!J Õ
Z
[ L!T>�+P [ L;N�Hrz [ P�`CSUJMP g QRN�JI]{SU`�|�QRN�L g S^P [ J�] [ L!`�L!J¬c%J�HKT%zaP [ L1M%S�£ÂT_LOz^S^P�HKQRP�HrSUT(Q^T%X¹|%N�L!]{SUT%X%H�Ö
P�HrSUT%J8QR|%|%N�SUQ^] [�Õ�Z
[ L¬N�L!J�c%drP�J8J [ S·£ÏP [ QRP8P [ L�v&¡8F�GÂJ�] [ L!`�L\£8HrP [ P [ L\|%N�S^|�SUJML!Xm#§~�%�	�S } M%S�£
T_LOz^S^P�HKQRP�HKSUT Q^X%X%J�� ý [�`�S^N�L g exPML!J�P [ Q^TÍP [ LmJ�Q^`�L«v
¡
F�G)J�HrzUT%Q^dKHpT_z¢£8HrP [ |�dKQ^HpT } G V �?£ [ HKdrL
P [ LYv"bÑ� ù^ù !��Ö g Q^J�L!X.J�HKzUT%Q^dKHKT_z(J�] [ L!`�L¢£"HrP [ |%N�L!]{SUT%X�HrP�HrSUT%J�]{N�L!QRPML!J²QRN�SUc%T%XÏ^%[ HKT%]{N�L!Q^JML¢HKT
P [ LYv"bÑ� ù^ù !��Ö g Q^J�L!X.J�HKzUT%Q^dKHKT_zÔ£8HKP [ SUc_P�|%N�L!]{SUT%X�HrP�HrSUT%J¢þ�H Õ L Õ �§u¦S^NCP [ LY]{SUT�X%HrP�HrSUT%J�£,LYQ^J�J�c%`�L!X
HKT(P [ LCL9�x|�LON�Hp`�L!TWP�J!�*L!T%X6Ö PMSRÖ L!T�X�	�S } HKT g S^P [ X%HrN�L!]{P�HrSUT%J¬u¦S^N*P £�S�M%S·£8J ÿ Õ o TØ]{SUT%]Odpc%J�HrSUT��ÑP [ L
v
¡
F�GóM%S�£ T_LOz^S^P�HKQRP�HKSUTC£8HrP [ Q�	�S } Ö L!T%Q g dKL!X=M%S·£.Q^T%XCQ3#§~hM%S·£ ]{N�L!QRPML!J=|%N�S^|+S^N�P�HrSUT%Q^dKdre�`�S^N�L
S·�^LON [ L!Q^XÍP [ Q^TØP [ L²|%N�L!]{SUT%X�HrP�HrSUT%J\QR|�|%N�SUQ^] [ S^u
v8b�� ù^ù !�x�/zUHr�^L!TËP [ L²]{SUT%X�HrP�HrSUT%J¬PML!J�PML!X Õ #§c_P
u¦S^N
J�HK`CHKdpQRN } G V ]{SUTtPML!TWP�J!�%P [ L¬v
¡
F�G4J�] [ L!`CL\Q^dr£,Q·exJ&c�JML!J§uyLO£,LON
`�L!J�J�QRz^L!J
Q^T%X g exPML!J&|�LON&]OQ^dKd
JMLOP�c_|YP [ Q^TmP [ L*v"bÑ� ù^ù !��Ö g Q^J�L!X0J�] [ L!`�L Õ
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ñ é^q!r_s�t`��ô � �,SU`�|sQRN�HKJMSUT«S^u?Ttc�` g LON&S^u g exPML!J8HpT%]{N�L!Q^JML Õ

Õ0zÖÕ ¡��(�
�����1~��"�5�

ÚYS^P�Hr�ÓQRPML!X g emP [ L�HpX_L!QCS^u/LO×a]OHKL!TWP�dre¢Q^dpdrSx]OQRP�HpT_zCP [ L�HKX%drL¬P�Hp`�L!J;þ�H Õ L Õ �sN�L!J�LON��ÓQRP�HKSUT0Q^T%X0c%JMLONIQ^T6Ö
JM£,LON�HKT_z²X_L!dKQ!e6J ÿ X%c_N�HKT%zCQa]OQ^dKdÑJMLOP�c_|¹PMN�Q^T%J�Q^]{P�HrSUT¹HKTtPMLOz^N�QRPML!X0£8HrP [ N�L!JMSUc_N�]{L;`CQ^T%QRz^L!`�L!TtPO��P [ HKJ
] [ QR|%PMLON«|%N�S^|�SUJML!X P [ L¹v
¡8F"G þ é
���O�R�6�����`¥C�R�s�·�t�9¥a�O����`�WR�O���r�¨§"§_�?¦Å«/���¦� S �_�I«��{���y�t��b��O���R� ÿ
J�HrzUT�Q^dKHKT_zaJ�] [ L!`�L Õ o P¬]OQ^T g L�L!Q^J�HKdre¢HK`�|sdrL!`�L!TtPML!X¹HpT0]Oc_N�N�L!TWP } o�V /"F�J�P [ QRP\J�c_|�|+S^N�P8]{SU`C`;c6Ö
T%HK]OQRP�HKSUTÔS^u¬	IS } HKT_u¦S^N�`CQRP�HrSUTÔHKTÔP [ L�uyS^N�`BS^u�|%N�L!]{SUT%X%HrP�HrSUT�JO�>Q^J\|%N�S^|+SUJ�L!XÔuyS^N\P [ LCHKTWPMLOz^N�QRP�HrSUT
S^u } o�V Q^T%XØN�L!JMSUc_N�]{L�`CQ^T%QRz^L!`�L!TtP�þ�v"bÑ� ù^ù !� ÿ Õ #§Q^J�Hp]OQ^dKdre^��P [ Lav
¡
F�G$J�] [ L!`�L�HKJ¬L!Tt�xHKJ�HrSUT_L!X
Q^JIQaT_LO£��^LON�J�HKSUTYS^u/P [ L;v8bÑ� ù^ù !��Ö g Q^JML!XØJ�HKzUT%Q^dKHKT_zCJ�] [ L!`�L^�&SUT%L�P [ QRPIQR|%|�dpHrL!J
Q�X%H�Ò�LON�L!TWP�Q^T%X
`�S^N�LlM�L9�6H g drL&`�SxX%L!d6P [ Q^T�P [ L&PMN�Q^X�HrP�HrSUT%Q^dxPML!drLO| [ SUTWetÖfJMPfe6drL8]OQ^dpd_JMLOP�c_|a`�S6X_L!d n SUT_L
P [ QRP�`CQ·e�J�c%HrP
g LOPMPMLON�c%J�LON�J¬Q^T%XØT_LOP £�S^N�Ð¹S^|�LON�QRPMS^N�J\P [ QRP\u�Q!�^S^N;J [ S^N�PMLON�]OQ^dKd�JMLOP�c_|ËX_L!dKQ!e6J\Q^T%XkdrL!J�J\J�HKzUT%Q^dKHKT_z
drSUQ^X��%QRP8P [ L\L9�6|+L!T�JML¬S^uÑ|�SUJ�J�H g dreadKL!J�J&JMPMN�HK]{P�	�S } zUc%QRN�Q^TtPMLOL!J Õ

#,e Q^dKdrS�£8HKT_z(Q g L!JMP�Ö L{Ò�S^N�P¨%�	�S } M%S·£ÌT%LOz^S^P�HKQRP�HrSUT X�c_N�HKT_zÔ]OQ^dKd
J�LOP�c_|>�=P [ LYv
¡
F�GiJ�] [ L!`�L
Q!�^SUHpX%JIP [ L`ÃMT_S
	�S } %ÓT_S«]OQ^dKd Ä |%N�S g drL!`$u¦S^N\Q^X%QR|%P�HK�^L�QR|�|�dKHK]OQRP�HrSUT�J Õ F�JIu¦S^NIT%SUT6ÖfQ^X%QR|%P�Hr�^L�`;c%d�Ö
P�HK`�L!X�HKQ²QR|�|�dKHK]OQRP�HrSUT�JO��c%JMLON�JI`CQ·e0L9�6|�LON�HrL!T%]{L�Q g N�HrLOu=|+SUJ�P�Ö |�HK]�Ð6c_|_ÖfX%L!dKQ!e¢S^N·�>HKT¹P [ L�£�S^N�J�P\]OQ^JML
S^uIQ^T c%T%J�c%]O]{L!J�JMu�c%d,N�L!JMLON��RQRP�HrSUT P [ LOeÍ`CQ·e g LmQ^drLON�PML!X HKTÍ�RQ^HKT Õ o T9P [ HKJCdKQ^J�PCHKJ�J�c_L^��Q^JCu�c_P�c_N�L
£,S^N�Ð(JMSU`�LaJM|�L!]OHrqs]�QR|%|�dKHK]OQRP�HKSUT%JI£8HKdKd g LC] [ SUJML!TkPMSYLO�ÓQ^dKc�QRPMLaP [ LC|�N�S g Q g HKdpHrPfe¢S^u&c%T�J�c%]O]{L!J�JMu�c%d

�^�



N�L!JMLON��ÓQRP�HrSUT�J W!�xÐ P [ L*N�HKJMÐ²S^u�Q^drLON�P�HKT_zCc%JMLON�J§|%N�HrS^N&PMSCP [ L*]{SU`�|�drLOP�HKSUTmS^uÑP [ L\N�L!JMLON��RQRP�HrSUT Õ
¤ HrP [ P [ L } o�V PML!JMP g L!X��&HrP [ Q^J g LOL!T X_L!`�SUT�JMPMN�QRPML!X.P [ L¢u¦L!Q^J�H g HKdpHrPfeËS^u [ Q!�6HKT_zkQ } oÀV ]OQ^dKd

JMLOP�c_|ØJ�] [ L!`�LCHpTWPMLOz^N�QRPML!XØ£8HrP [ N�L!JMSUc_N�]{L�`aQ^T%QRz^L!`�L!TtPO��£ [ LON�L;P [ L�]OQ^dpd�J�LOP�c_|(PMN�Q^T%J�Q^]{P�HKSUTØQ^T%X
P [ LIN�L!JMSUc%N�]{L\`CQ^T%QRz^L!`�L!TtP
PMN�Q^T�J�Q^]{P�HrSUT«S6]O]Oc_N
HKT�|�QRN�Q^dKdKL!d Õ ¡¬T«P [ LILO�ÓQ^dKc�QRP�HrSUT«S^u�P [ L\]OQ^dpd+J�LOP�c_|
X_L!dKQ·e²J�Q·�xHpT_zUJ
Q^T%XmJ�HKzUT%Q^dKHKT_z;drSUQ^X«S^u�P [ L¬v&¡8F�G<J�] [ L!`CL^�%P [ L¬]{SUT%]OdKc%J�HrSUT«HKJ§P [ QRP
HKT«`�SUJMP
]OQ^J�L!J
P [ L¢v
¡8F"G)J�] [ L!`�LmSRÒ�JMLOP�JCP [ L«N�L!J�LON��ÓQRP�HKSUT X_L!dKQ·exJ Õ o T Q^X�X%HrP�HrSUT��/|�N�S^|�S^N�P�HrSUT%Q^dKdKe(PMS(P [ L¢]OQ^dKd
JMLOP�c_|ÔX_L!dKQ·exJ"S g P�Q^HKT%L!XY£8HKP [ P [ L�v8bÑ� ù^ù !��Ö g Q^JML!X(J�HrzUT%Q^dpHKT_zaJ�] [ L!`�L^�+P [ L�`�SUJMP8zUQ^HpT%J8u¦N�SU`ÙP [ L
v
¡
F�G<J�] [ L!`�L*QRN�L�Q^] [ HrLO�^L!XY£ [ L!T«P [ L\c�JMLON8Q^T%JM£,LON�HKT%z�X%L!dKQ!e6J
Q^T%X«P [ L*N�L!JMLON��RQRP�HrSUT¢X_L!dpQ!e6J
QRN�L
HKTmQC]OdKSUJML¬N�Q^T_z^L Õ

ÚYS^N�LOS·�^LON·�\P [ LØv
¡
F�G J�] [ L!`�LØHKJ g Q^J�L!X SUT Q T_LO£D]OQ^dKd¬J�LOP�c_| |�QRN�Q^X%HKzU`'Q^T%X SRÒ+LON�J¢Q^T
L9�6|+LON�HK`�L!TtP�Q^d��xHrLO£ÏS^uÑP [ L�HKTWPMLON�Q^]{P�HrSUTmS^u } o�V Q^T%XmN�L!J�SUc_N�]{L*`CQ^T�QRz^L!`�L!TWP Õ
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o T [ LOPMLON�S^z^L!T_LOSUc%J�T_LOPf£,S^N�Ð¹L!TW�6HrN�SUT�`�L!TWP�J¬J�c%] [ Q^J¬P [ L o TtPMLON�T_LOPO��Q^J�J�c%`CHKT%z²P [ QRP¬P [ LCT_LOPf£,S^N�Ð6J
J�c_|�|+S^N�P
JMLON��6HK]{L�X%HrÒ+LON�L!TtP�HKQRP�HrSUT>�%L!Q^] [ HKTmP [ L!HrN8S�£8TY£§Q!e^��HrP"HKJ
�^LON�e0HK`�|�S^N�P�Q^TtP
PMS²`CQ^T�QRz^L [ S�£
HKTtPMLON�Q^]{P�Hr�^L�`�c�drP�HK`�L!X%HpQ�QR|%|�dKHK]OQRP�HKSUT%J8c%J�L*P [ L;T_LOPf£,S^N�Ð6JOÛ�L!T [ Q^T%]{L!X¹JMLON��6HK]{L!J Õ F�J�Q²JMPMLO|ÔHKTYP [ HKJ
X%HrN�L!]{P�HrSUT��6£,Q·exJ
PMS�L!T%J�c_N�LIP [ QRP&P [ L!JML\JMLON��6HK]{L!J&QRN�L¬|%N�S^|+LON�dreaQ^c_P [ S^N�H��OL!X«Q^T%XmQ^]O]{SUc%TtPML!X¢u¦S^N8QRN�L
T_LOL!X_L!X Õ�Z
[ LON�LOuyS^N�L^�^P [ HKJ�] [ QR|%PMLON�Q^X�X_N�L!J�JML!J�P [ L§N�SUdKL�S^u�	IS } Ö L!T [ Q^T%]{L!X } o�V |%N�SK�6HKL!JÑPMS¬Q^c_P [ S^N�H��OL
	�S } Ö L!T�Q g drL!X;`�c%dKP�HK`�L!X%HKQ"JML!J�J�HKSUT%JO� g Q^JML!X;SUT;P [ L&JML!J�J�HKSUT�ÛÜJ�|+SUdpHK]{e\HKT_u¦S^N�`CQRP�HrSUT;Q^T%X�P [ L&T_LOPf£,S^N�Ð
N�L!JMSUc%N�]{L!JOÛ�Q·�ÓQ^HKdpQ g HKdKHrP e Õ

ì'z+y °v�²�'���?|�Ï �(�m�ü�$�����f�A�C�(�

o T²P [ L } oÀV QRN�] [ HrPML!]{P�c_N�L^��c%JMLON&QRz^L!TtP�J*þ;/"F�J ÿ `;c%JMP g L�Q^c%P [ L!TWP�Hp]OQRPML!X¢Q^T%X«Q^c_P [ S^N�HP�OL!X²u¦S^N&LO�^LON�e
]OQ^dKd?S^N\JML!J�J�HrSUTÔN�L!wxc_L!JMP¬P [ LOe¹`CQRÐ^L Õ /�J�c%Q^dKdre^� } o�V |%N�S�6e¹JMLON��^LON�JI|�LON�uyS^N�`ÙP [ L�N�SUdrL�S^u,Q^c%P [ L!T6Ö
P�HK]OQRP�HrSUTÍQ^T%XËQ^c_P [ S^N�H��!QRP�HKSUT�ik�^�+j Õ b_S^N�]OQ^dKd�Q^c_P [ L!TtP�HK]OQRP�HrSUT�� } o�V c%J�L!J*QYX�Hrz^L!JMP�Q^c%P [ L!TWP�Hp]OQRP�HrSUT
`�L!] [ Q^T%HKJ�` ik�^�Aj&X%LON�Hr�^L!X9u¦N�SU`   Z8Z V X%Hrz^L!J�P�Q^c%P [ L!TWP�Hp]OQRP�HrSUTvi ù �+j Õ  8S�£�LO�^LON!�&T_SØ]OQ^dpd,Q^c%P [ SRÖ
N�H��!QRP�HKSUT(JMexJ�PML!`BHKJIN�L!]{SU`C`CL!T%X_L!X(HKTÔP [ L } oÀV J�P�Q^T%X%QRN�X Õ b_S^N�P [ HKJIN�L!Q^JMSUT>�>P [ L�£§Q!eÔP [ L�|%N�SK�xe
|�LON�u¦S^N�`CJ§P [ L\]OQ^dKd�Q^c_P [ S^N�H��!QRP�HKSUT¢HKJ&JMP�HKdpd�z^L!T_LON�HK]¬Q^T%X¢S^|+L!T«u¦S^N"X�HKJ�]Oc%J�J�HrSUT Õ

Z
[ L;|�N�S�6esÛÜJ\N�SUdrL�S^u,]OQ^dpd/Q^c_P [ L!TtP�HK]OQRP�HrSUTØQ^T%X(Q^c%P [ S^N�H��!QRP�HrSUT(]OQ^T g L�]{SU` g HKT_L!XÔPMSmP [ L�N�SUdrL
S^u"Q^T �I§"§s� �����^�����^� R �r�R�W�{�¹�"¦A¥��p�����¨�R�Þ���R�s�����R� Õ9Z
[ L«dKQRPMPMLONa`�L!Q^T%HpT_z0P [ QRP;P [ L«QR|�|�dKHK]OQRP�HrSUTÍdKQ·e^LON
HKTtPMLON�Q^]{P�J§£8HrP [ P [ LIT_LOPf£,S^N�Ð�dKQ!e^LON&L!TtP�HrP�HrL!J,PMS��^LON�Hru¦eaHKT�Q [ Hrz [ LON§drLO�^L!d�Hru>P [ LIT_LOPf£,S^N�Ð�]OQ^TmQ^X%`CHrP
P [ L�]OQ^dKd Õ/Z
[ HKJ=HKJ�X_SUT_L�HKT�P [ L�HKT%HrP�HpQ^d_JMPMLO|�J�S^u�P [ L"]OQ^dKdsJMLOP�c_|�J�HrzUT%Q^dKHpT_z_�WQ^T%X [ Q^J�P [ L"|�S^PML!TWP�HKQ^d�PMS
Q!�^SUHpXmP [ L\dKQRN�z^L\Txc%` g LON,S^u?J�HrzUT�Q^dKHKT_z;PMN�Q^T%J�Q^]{P�HKSUT%J&P [ QRP
QRN�L¬PMN�Q^T%JMu¦LON�N�L!X g LOPf£,LOL!TmL!T%XmX_SU`aQ^HKT%J
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£ [ L!T²u¦S^N,HKT�JMP�Q^T%]{L�P [ L"N�L!wtc_L!J�PML!X²N�L!JMSUc_N�]{L!J,]OQ^T%T_S^P g L"]{SU`C`aHrPMPML!X�PMS;P [ L�]OQ^dKd Õ #§Q^J�Hp]OQ^dKdre^�x£ [ QRP
[ Q^J ø c%JMP g LOL!T X_L!J�]{N�H g L!X HKJ��^LON�e¥J�HK`CHpdKQRNaPMS9P [ L(HKX_L!QËS^u �t�^�f�Ø���R�����M�R�¦�r�O��� ÕnZ
[ LÔ]{SUT%]{LO|%PmS^u
zUQRPMLm]{SUTWPMN�SUdKdrLON�J�£,Q^J�HKTtPMN�S6X%c%]{L!XËHKTØP [ L�G\¡ } F$T_LOP £�S^N�ÐkQRN�] [ HrPML!]{P�c_N�L�uyS^N o�V PML!dKLO| [ SUTte¢i ® � j Õ
Z
[ L �W�^�f�{� QRN�L;P [ L�SUT_L!J8P [ QRP�]{SUTtPMN�SUd?Q^T%X0|%N�S·�6HKX_L�Q^]O]{L!J�JIPMS�T%LOPf£,S^N�Ð¢N�L!JMSUc%N�]{L!JO��J�c%] [ Q^J"L!X_z^L
N�SUc_PMLON�J"P [ QRPIQ^]{P\Q^J�|�SUdKHK]{emL!T%uyS^N�]{L!`CL!TWPI|�SUHKTtP�J;þ V ~ V J ÿ Õ �&�^�f�a���R�����M�R�¦�r�O��� `CQRÐ^L�P [ L;X_L!]OHpJ�HrSUT
SUT«£ [ LOP [ LON,P [ L �t�^�f��� J [ SUc�dKX g L�S^|�L!T_L!X�PMSCQ^X%`CHrP,P [ L¬T_LO£ ]OQ^dKd�Q^T%X«P [ LOeaJ�LOP
c_|«P [ L �W�^�f�{� u¦S^N
P [ L*J�L!J�J�HrSUT Õ

Z
[ L�QRN�] [ HrPML!]{P�c_N�L&HKT*£ [ HK] [ P [ L,zUQRPML
]{SUTtPMN�SUdKdrLON?]{SUT%]{LO|%P?£§Q^JÑS^N�HrzUHKT%Q^dKdKe"|%N�S^|+SUJ�L!X*HKJ�Q8z^L!T%LON�HK]
J�HrzUT�Q^dKHKT_z¹QRN�] [ HKPML!]{P�c_N�L¢Q^T%X X_SxL!J�T_S^PCQ^X%X%N�L!J�J;P [ L¢X_LOP�Q^HKdpJ�S^u�P [ L } o�V QRN�] [ HrPML!]{P�c_N�L Õ FÇ`�S^N�L
N�L!]{L!TtPm£�S^N�Ð g e P [ L o ~ Z bÇþ�v8bÑ� ù^ù  ù ÿ i ý^ý j\X_LOq�T_L!J«Q } o�V L9�6PML!T%J�HrSUT¥P [ QRP¢]OQ^T g LÔc%JML!X¥PMS
HKTtPMLOz^N�QRPML5	�S } Q^X%`CHKJ�J�HrSUT�]{SUTWPMN�SUd%£8HrP [ ]OQ^dKd_J�HKzUT%Q^dKHKT_z Õ�Z
[ HKJ�L9�6PML!T%J�HrSUTa]{SUT%J�HKJMP�J?S^u�Q\T_LO£ [ L!Q^X_LON
q%L!dKX ]OQ^dpdrL!X�Q�RTà �?¦R�¨� RáS �6�¦�6�R���Pâ!�U�����R� [ L!Q^X%LON!�¬£ [ HK] [ P [ LØ|%N�S�6e¥QRPMP�Q^] [ L!J¹PMS Q } o�V `�L!J�J�QRz^L
PMS(HKT_u¦S^N�` P [ L$/"FÅS^u"P [ L«N�L!J�c%dKP�J*S^u�	�S } `�L!X%HKQ0Q^c_P [ S^N�H��!QRP�HKSUT þ�b?HrzUc%N�L¢� � ÿ ÕkZ
[ LmQ�RTà �?¦R��� R
S �_�¦�x�R���Pâ!�^���¨�R� [ L!Q^X_LON§HKJ=SUT�dreCQR|%|�dKHp]OQ g drL8HKT�Q^X%`CHpT%HKJMPMN�QRP�HK�^L8X_SU`CQ^HKT�JO�tS^N&Q^`�SUT%z�u¦L!X_LON�QRP�HrSUT�J�S^u
Q^X%`CHpT%HKJMPMN�QRP�HK�^LIX%SU`CQ^HKT%J§£8HKP [ ]{SU`C`�SUT¢|�SUdKHp]OHrL!J Õ

Edge
Router

Proxy

UA

Media Flow
QoS−Enabled

Policy
Session’s

P−Media−Authorization

Authorization Token

ñ é^q!r_s+to��ø � #§Q^J�HK]¬QRN�] [ HrPML!]{P�c%N�L\u¦S^N"`�L!X%HpQ;Q^c%P [ S^N�H��!QRP�HrSUTËþ�v8bÑ� ù^ù  ù ÿ Õ

o P�HpJÑHK`C|+S^N�P�Q^TWPÑPMS�T_S^PML§P [ QRP�P [ L§`�S^P�Hr�RQRP�HrSUT;uyS^N�P [ L } o�V L9�6PML!T%J�HKSUT�|�N�S^|�SUJML!X*HKT;v8b�� ù^ù  ù HKJ
PMSC|%N�S·�6HKX_LI|�SUdKHK]{e²]{SUTtPMN�SUd�S��^LON"£ [ LOP [ LON
QC`�L!X�HKQ�M%S·£ÏJ [ SUc%dKX [ Q·�^L�Q^]O]{L!J�J8PMS0	�S } þ�H Õ L Õ �s`�L!X%HKQ
Q^c_P [ S^N�H��!QRP�HrSUT ÿ S^NaT_S^P Õ9Z
[ LON�LOuyS^N�L^�=P [ L¢HKTtPMLON�Q^]{P�HrSUT g LOPf£,LOL!T QR|%|sdKHK]OQRP�HrSUTÍdKQ!e^LON²Q^T%X T_LOPf£,S^N�Ð
dKQ·e^LON\HKJI`CQ^HKT%dre¢HpT0PMLON�`CJ�S^u=PMN�Q^T%J�uyLON�N�HKT_z«JML!J�J�HrSUT>ÛÜJ"|�SUdKHp]{e¢HKT_u¦S^N�`CQRP�HrSUT¹Q^T%X¹P [ L�N�L!J�c%dKP�J"S^u,]OQ^dKd
Q^X%`CHpJ�J�HrSUT9SUT Qk|%N�L!dKHp`CHKT%QRN�e(|�SUdKHp]{eWÖ g Q^J�L!X Q^X%`CHKJ�J�HrSUT ]{SUTWPMN�SUd8HKT P [ LYHKTtPMLON�u¦Q^]{L g LOP £�LOL!T } o�V
|%N�SK�6HKL!J"Q^T%X V ~ V J Õ8Z8[ L*N�L!J�c%drP�J
S^u�`CL!X%HKQaQ^c%P [ S^N�H��!QRP�HrSUT0QRN�L�HKT¢P [ L�uyS^N�`ÌS^u�Q^T¹Q^c_P [ S^N�HP�!QRP�HrSUT
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PMS^Ð^L!T��,£ [ HK] [ v8bÑ� ù^ù  ù X_L!J�]{N�H g L!J;Q^JdÃMJ�c_×a]OHrL!TtP�HKT_u¦S^N�`CQRP�HrSUT9u¦S^N�P [ L¢c%J�LONCQRz^L!TWPCPMSkz^LOPCP [ L
Q^c_P [ S^N�H��OL!X�	�S } u¦S^N
P [ L\`CL!X%HKQ�JMPMN�L!Q^`aJ Ä Õ

o T�P [ L
HKTtPMLON�Q^]{P�HrSUT�S^u } o�V Q^T%X�Q^X%`CHpJ�J�HrSUT�]{SUTtPMN�SUd¨�UP [ LON�L
QRN�L
Q^X%X%HrP�HKSUT%Q^d6JMLON��6HK]{L!J?P [ QRP=]OQ^T g L
|%N�S��xHpX_L!XmPMS�L!T [ Q^T%]{L\P [ L�`�L!X%HpQCQ^c_P [ S^N�HP�!QRP�HrSUTY`�S6X_L!d�|�N�S^|�SUJML!XYHKTYv8bÑ� ù^ù  ùxÕ  8LON�L�QRN�L;JMSU`�L
Q^JM|�L!]{P�J
P [ QRP8QRN�L\]{SUT%J�HpX_LON�L!X¢HKT«P [ HKJ&] [ QR|�PMLON!�

æèç �^�y�=�R�_�¦�x�^���Pâ!�^���¨�R�9�{� �^���x�²�^�
�¦�6�0¦W�{�����¦�s�^���¨�R�e¦U�A¥C�R�¦��� Z
[ LON�L�QRN�L�JMSU`�L�S^|�L!T(HKJ�J�c_L!J�SUT
[ S·£�PMSaL!T%J�c%N�L¬P [ QRP8P [ L*]OQ^dKd>N�L!wtc_L!J�P
P [ QRP"QRN�N�Hr�^L!J8QRP"P [ L*X_L!J�P�HKT%QRP�HrSUT [ Q^J g LOL!Tm|%N�S^|+LON�dre
Q^c%P [ S^N�H��OL!XmQRP&P [ L¬S^N�HrzUHKT«X_SU`CQ^HKT Õ ÚYL!X%HKQ�Q^c_P [ S^N�H��!QRP�HrSUTmHKJ§P [ LI`aQ^HKTmHKJ�J�c%L [ LON�L^�6J�HKT%]{L¬HKT
P [ LaJ�] [ L!`�LC|%N�S^|�SUJML!X(HpT(v8bÑ� ù^ù  ù P [ La`�L!X�HKQ«Q^c_P [ S^N�H��!QRP�HKSUT(PMS^Ð^L!TkHKJ\PMN�Q^T%JMu¦LON�N�L!XÔSUT%dKe
HpT%J�HKX_L§QIX_SU`CQ^HKT>�^uyN�SU`4|�N�S�6e�PMS\c�JMLON�QRz^L!TWP=P [ N�SUc_z [ P [ L(QlRáà �Ö¦R�¨� RTS �_�¦�x�R����â·�^���¨�R� [ L!Q^X_LON Õ
Z8[ LON�LOu¦S^N�L^�WP [ L�X_L!JMP�HKT�QRP�HrSUTCX_SU`CQ^HpT [ Q^J=T%S*HKT_u¦S^N�`CQRP�HrSUTCSUTCP [ L8]OQ^dpd�Q^c_P [ S^N�H��!QRP�HrSUTaJ�P�QRP�c%J
QRP¬P [ L�S^N�HKzUHKTÔX_SU`CQ^HKT Õ¬Z et|sHK]OQ^dKdre^�+P [ L�X_L!JMP�HKT�QRP�HrSUT0X%SU`CQ^HKTÔQ^J�J�c%`CL!J"P [ QRPIHKu�P [ L�N�L!wxc_L!JMP
[ Q^J g LOL!T9J�c�]O]{L!J�JMu�c%dKdre(u¦S^N�£§QRN�X_L!XÍP [ L!T9HrP [ Q^J g LOL!TË|�N�S^|�LON�dreØQ^c_P [ S^N�H��OL!X9QRP;P [ L�S^N�HrzUHKT
X%SU`CQ^HKT Õ  "S·£,LO�^LON!�,]{SUT�J�HKX_LON�HpT_zYP [ QRP�P [ LmJ�HKzUT%Q^dKHKT_zY|�QRP [ HKJ�c%J�c%Q^dKdKeÔHpT%X_LO|�L!T%X_L!TtP\u¦N�SU`
P [ L¢X%QRP�Q(|�QRP [ �,|�S^PML!TWP�HpQ^d§|%N�S g drL!`aJ�S6]O]Oc_NC£ [ L!T9P [ LYJ�HKzUT%Q^dKHKT_z0|�QRP [ X_SxL!JCT_S^PCHpT%]OdKc%X_L
P [ Lm|%N�S�6eÍP [ QRPC£,SUc%dKX9HKTtPMLON�Q^]{PC£8HrP [ P [ L¢T_LOPf£,S^N�ÐÍuyS^Na`CL!X%HKQÔQ^c_P [ S^N�HP�!QRP�HrSUT Õ F"T%S^P [ LON
|�S^PML!TtP�HKQ^dt|%N�S g drL!`àHKJÑ£ [ L!T\P [ L �¦�XW·���f� N�L!wxc_L!JMP?HKJ>u¦S^N�£§QRN�X_L!X;HKT%X_LO|�L!T%X%L!TWP�dre�S^u_P [ L,|�SUJ�HrP�Hr�^L
S^N"T_LOzUQRP�Hr�^L¬N�L!J�c�drP�J,S^uÑP [ L¬`�L!X�HKQ�Q^c_P [ S^N�H��!QRP�HKSUT«|%N�S6]{L!J�J Õ o T g S^P [ ]OQ^JML!J!�%P [ LON�L¬HKJ&T_S�£§Q!e
P [ QRPÑP [ L�X_L!JMP�HKT%QRP�HKSUT*X_SU`CQ^HpT*]OQ^T��^LON�Hru¦e�£ [ LOP [ LON�P [ L�]OQ^dKd [ Q^J>N�L!]{L!HK�^L!X1	�S } Q^c_P [ S^N�HP�!QRP�HrSUT
QRP8P [ L\S^N�HrzUHpTmX_SU`CQ^HKT«S^N8T%S^P Õ

æèç �^�y�K�{�=� �I�U�����R�6���?�y�·�{�R�I¥C�^���¨�R��� F"X%X�HrP�HrSUT%Q^dxz^N�Q^Txc%dKQRN�HKPfe;PMS\P [ L8]OQ^dKd_Q^c%P [ S^N�H��!QRP�HrSUTC|%N�S6]{L!J�J
HpJ,X%L!J�HrN�L!X�HKT«Q^T«S^|�L!T²L!Tt�6HrN�SUT%`�L!TtP,S^uÑc%TtPMN�c%JMPML!X«X_SU`aQ^HKT%J§Q^T%X!%�S^N&c%TtPMN�c%JMPML!X«c%J�LON�J¬þ¦L Õ z Õ �
`CS g HKdrL�c%JMLON�J ÿ ��Q^]O]{S^N�X%HKT_z¹PMSei�O�_9j Õ F"dKJ�S_�/P [ LmX_L!JMP�HKT%QRP�HKSUTkX_SU`CQ^HpTkN�L!wxc%HrN�L!J�Q^X%X�HrP�HrSUT%Q^d
HpT_uyS^N�`CQRP�HrSUTÍQ g SUc%P;P [ L«]OQ^dpdrLON!ÛÜJ�HKX_L!TtP�HrPfeËHKTÍS^N�X_LON�PMS(Q^c_P [ S^N�H��OL«P [ Lm]OQ^dKd§]{SU`�|sdrLOP�HrSUTÍS^N
T%S^P Õ  8S�£�LO�^LON·�sHru>P [ L\]OQ^dKdrLON!ÛÜJ§Q^X%X%HKP�HrSUT%Q^d�QRPMPMN�H g c%PML!J&QRN�L¬T_LOL!X_L!Xmu¦S^N
]OQ^dKd�Q^c_P [ S^N�HP�!QRP�HrSUTmQRP
P [ L;X_L!J�P�HKT%QRP�HrSUT0X_SU`CQ^HKT��+HKT¢z^L!T%LON�Q^dÑHKP�J
|%N�SK�xeY£�SUc%dpX [ Q·�^L�PMS�N�LOPMN�HrLO�^L�HrP"uyN�SU`ÙQaN�L!`�S^PML
J�LON��^LON"Q^T%X¢P [ HKJ§£,SUc%dKX«S^N�HrzUHpT%QRPML\Q^X%X%HrP�HKSUT%Q^d�X_L!dKQ!e6J
PMSaP [ L\]OQ^dKd>JMLOP�c%|¢|%N�S6]{L!J�J Õ

æ Ò����U�s�R� �y�t�Ë�^¥(§6�U�!���R�¥�¦�6�¹���R�¦�§�O�!���K§�§s�M�!���{����� Z8[ LmQ^X%X%HrP�HrSUT�Q^d,J�HrzUT%Q^dKHKT%z¹T_LOL!X%L!X HKT9P [ L
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HpTWPMLON�Q^]{P�HKSUTCS^u } o�V |%N�SK�6HKL!J�Q^T%X�P [ L"T_LOPf£,S^N�ÐCdKQ·e^LON=PMS*S g P�Q^HKTC`�L!X%HpQ¬Q^c_P [ S^N�H��!QRP�HKSUT�uyS^N�P [ L
J�L!J�J�HrSUTmN�L!wtc%HKN�L!J&Q^T¢Q^T%Q^dre6J�HKJ§S^u?HrP�J
Hp`�|�Q^]{P&SUTmP [ L�]OQ^dKd>JMLOP�c_|Y|%N�S6]{L!J�J Õ

o T�Q^X%X%HrP�HKSUT�� g e�]{SU` g HpT%HKT_z"P [ L
]{SUT%]{LO|%P�J g L [ HpT%X\P [ L&HKX%L!Q"S^u } o�V |%N�SK�6HrL!J?Q^J/zUQRPML
]{SUTtPMN�SUdKdKLON�J
PMS8P [ L�`�L!X%HpQ
Q^c_P [ S^N�HP�!QRP�HrSUT*`�S6X_L!d^|�N�S^|�SUJML!X\HKT\v"bÑ� ù^ù  ù �UP [ L=HKTtPMLON�Q^]{P�HrSUT g LOP £�LOL!T } o�V |%N�S�_HrL!J
Q^T%XÔP [ LCT%LOPf£,S^N�Ð0u¦S^N*]OQ^dKd/Q^X�`CHKJ�J�HKSUT0HKJIL9�6PML!T%X_L!XÔPMS0HKT%]OdKc%X%L�Q«�^LON�Hrqs]OQRP�HrSUTÔuyN�SU`)P [ LCT_LOPf£,S^N�Ð
dKQ·e^LON=SUT�P [ L8N�L!JMSUc_N�]{L"Q!�RQ^HKdKQ g HKdpHrPfe\u¦S^N�P [ L"JML!J�J�HrSUT Õ�Z
[ c%JO�tQ^T�L!TW�^L!dKS^|+L"HKJ?S^|�L!T_L!X�u¦S^N�P [ L8JML!J�J�HrSUT
Q^T%XØHKu=P [ LCc%J�LON\N�L!JMLON��^L!J\N�L!JMSUc_N�]{L!J*£8HrP [ HpTYP [ QRP*L!TW�^L!drS^|�L^�ÑP [ L!T(P [ L�N�L!J�SUc_N�]{LCN�L!J�LON��ÓQRP�HKSUT(£8HKdKd
]{SU`�|�dKLOPML�J�c%]O]{L!J�JMu�c%dKdre Õ�Z
[ HKJ"]OQ^T g L�JMLOL!T(Q^JIQ²Pf£,SRÖ £,Q·eÔHpTWPMLON�Q^]{P�HKSUT g LOP £�LOL!T(QR|%|sdKHK]OQRP�HrSUT¹Q^T%X
T_LOP £�S^N�ÐØdpQ!e^LON�JO�?£ [ LON�LCP [ LC|�N�S�6eØHKT_u¦S^N�`CJIP [ L�T_LOPf£,S^N�ÐØQ g SUc_P\P [ L²JML!J�J�HrSUT�ÛÜJ\|sQRN�Q^`�LOPMLON�J;Q^T%X
	�S } N�L!wxc%HrN�L!`CL!TWP�JIQ^T%X¹z^LOP�J¬HKT_u¦S^N�`CQRP�HKSUTYSUTÔP [ L�T_LOP £�S^N�ÐsÛÜJ¬Q g HpdKHrPfemPMS¢Q^]O]{LO|�P\Q^T%X [ Q^T%X%drL�P [ L
]OQ^dKd Õ�Z8[ HKJ&]{SU`�|�dKLOPML!J&P [ L\|%N�S�6esÛÜJ
`CL!X%HKQ�Q^c_P [ S^N�H��!QRP�HrSUTm|%N�Sx]{L!J�J Õ

Z QRN�z^LOP�HKT_z;HKTCP [ HKJ=X%HKN�L!]{P�HrSUT��WQ^T�HK`�|sdrL!`�L!TtP�QRP�HrSUTCS^u>Q�]OQ^dKd�Q^c_P [ S^N�H��!QRP�HrSUT²`�SxX%L!dÑþ�b?HrzUc_N�LI��� ÿ
P [ QRP*]{SU` g HKT%L!JIP [ LC]{SUT%]{LO|%P\S^u,zUQRPML²]{SUTtPMN�SUdKdKLON�JIPMS¢P [ LC`�L!X�HKQ«Q^c_P [ S^N�H��!QRP�HKSUT(`�SxX%L!d?|%N�S^|�SUJML!X
HKTCv"bÑ� ù^ù  ù HKJ=|%N�L!JML!TtPML!X²HpT�P [ HKJ�] [ QR|%PMLON Õ o TaP [ HKJ=`CSxX_L!d �L	�S } Ö L!T [ Q^T%]{L!X } oÀV |%N�SK�6HrL!J=u¦c�T%]{P�HrSUT
Q^J�zUQRPMLC]{SUTWPMN�SUdKdrLON�J"PMSmQ^X%`CHrP�T_LO£<]OQ^dKdKJ"PMS�P [ L;T_LOP £�S^N�Ð0Q^T%X0PMSmJMLOP¬c_|YP [ L�JML!J�J�HrSUT�ÛÜJ"|�SUdKHK]{emQRP
P [ L¬L!X_z^L*N�SUc_PMLON�J*þ V ~ V J ÿ Õ�Z
[ HKJ&HpTWPMLON�Q^]{P�HKSUTmS^u } oÀV |�N�S�_HrL!J
Q^T%X«L!X%z^L\N�SUc_PMLON�J
|%N�S·�6HKX_L!J&J�HK`CHKdKQRN

Call Authorization
Proxy and QoS

DOSA’s
Gate Controller

Concept

SIP Extensions for
Media Authorization

(RFC3313)

Two−way Application−Network
Interaction: an Inter−Domain

Call Authorization Model

Proxy−User Interaction

ñ é^q!r_s�t`�X4 �\o TWPMLONMÖfX%SU`CQ^HKT¢]OQ^dKd�Q^c%P [ S^N�H��!QRP�HrSUTY`�SxX%L!d¨ÛÜJ&QR|%|%N�SUQ^] [�Õ
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u�c%T%]{P�HrSUT%Q^dpHrPfeØPMSkP [ LmHKTWPMLON�Q^]{P�HrSUT |%N�S^|�SUJML!X9HKT v"bÑ� ù^ù  ùxÕ  "S·£,LO�^LON!�&HKTÍP [ Lm|%N�S^|+SUJ�L!X HK`�|�drL{Ö
`�L!TtP�QRP�HrSUT¢S^u } o�V |%N�SK�6HKL!J
Q^J&zUQRPML�]{SUTtPMN�SUdKdKLON�JO�_P [ L¬z^SUQ^dKJ"QRN�L¬PMSCS��^LON�]{SU`�L*P [ L*QRuyS^N�L!`�L!TWP�HKSUT_L!X
HKJ�J�c_L!J§S^u/]{SU`C`�c�T%HK]OQRP�HKT_z�]OQ^dKd�Q^c_P [ S^N�H��!QRP�HKSUT¢JMP�QRP�c%J8PMSaX_L!JMP�HKT�QRP�HrSUTmX_SU`CQ^HKT�J&Q^T%X¢Q^X%X%HpT_z�`�S^N�L
z^N�Q^Txc%dKQRN�HKPfeÍPMSkP [ LY]OQ^dpd8Q^c_P [ S^N�H��!QRP�HrSUT |%N�Sx]{L!J�J Õ o T Q^X%X%HKP�HrSUT��=P [ L0`�S6X_L!d
HKJCPML!JMPML!X.HpT Q } o�V
PML!JMP g L!X¹PMS«LO�ÓQ^dKc�QRPML;P [ L;HK`C|�Q^]{P"S^u�P [ HKJ"Pf£,SRÖ £,Q·eÔ|%N�S�6eYHKTtPMLON�Q^]{P�HrSUT¹£8HKP [ P [ L�T_LOP £�S^N�ÐYSUT¹P [ L
g Q^J�Hp]¬]OQ^dKd�JMLOP�c_|YJ�HrzUT%Q^dKHKT%z�X%L!dKQ!e6J Õ

ì'zx� ñ|��A×v�(��òÇ���_|��
�(���C�

Z
[ L�|%N�S^|�SUJML!XY£�S^N�Ð¢Q^X�X_N�L!J�JML!J"P [ L;T_LOL!XYS^u�HKTWPMLOz^N�QRP�HrSUTYS^u=S^N�HrzUHKT¢Q^T�X0X_L!J�P�HKT%QRP�HrSUT0X_SU`CQ^HKT%J"HKT
P [ LY]OQ^dpd
Q^c_P [ S^N�HP�!QRP�HrSUT |%N�S6]{L!J�J n P [ c%J!�,]OQ^dKd8Q^c_P [ S^N�H��!QRP�HKSUT HKT9L!Q^] [ N�L!`�S^PML0Q^]O]{L!J�J²T%LOPf£,S^N�Ð HKJ
|�QRN�P�S^u�Q«dKQRN�z^LONI]OQ^dKd�Q^c_P [ S^N�H��!QRP�HKSUT0`�S6X_L!d¨�
Q^T �¦���f�{� R ¦W�A¥C�R�y�9���R�¦���R�_�¦�x�R����â·�^���¨�R�Å¥��K¦W�{� Õ } HKT%]{L
	�S } Ö L!T�Q g drL!XY`;c%drP�Hp`�L!X%HKQ�JML!J�J�HrSUT%J"QRN�L;]{SUT�J�HKX_LON�L!X>��P [ HKJ"]OQ^dKd�Q^c%P [ S^N�H��!QRP�HrSUT¹`�S6X_L!d�HpJ
|�QRN�P"S^u=Q
]OQ^dKd>J�LOP�c_|YQRN�] [ HrPML!]{P�c_N�L*P [ QRP8HKTtPMLOz^N�QRPML!J } oÀV Q^T%X«N�L!JMSUc_N�]{L*`CQ^T%QRz^L!`�L!TtP�i��Aj Õ

o T«P [ HKJ§HK`�|sdrL!`�L!TtP�QRP�HrSUTaS^u?Q^TmHKTtPMLONMÖfX_SU`CQ^HpT�`CL!X%HKQ;Q^c_P [ S^N�H��!QRP�HKSUT«uyS^N o TWPMLON�T_LOP&`�c%dKP�HK`�L!X%HKQ
QR|%|�dpHK]OQRP�HrSUT%JO�tP [ L¬T_LOPf£,S^N�Ð�J�]{L!T%QRN�HrS�J [ S�£8T«HKTab?HrzUc%N�L ù ��HKJ§c%J�L!X²Q^J&Q^T�L9�_Q^`�|�drL Õ�Z
[ HKJ=J�]{L!T�QRN�HrS
Q^J�J�c�`�L!J¢Q JMLOPYS^u;]{SU`C`CSUTÞ|�SUdKHK]OHrL!J«Q^`�SUT%z L!T%XÞX_SU`aQ^HKT%JO�IQ^JYHrPmS6]O]Oc_N�JYHKT Q u¦L!X_LON�QRP�HrSUT S^u
PMN�c%J�PML!XCX_SU`CQ^HKT�J Õ  "S·£,LO�^LON!�6P [ LON�L"`CQ!e g L
c%TtPMN�c%JMPML!XaX_SU`CQ^HKT%J=HKT�P [ L
|�QRP [ g LOPf£,LOL!TCS^N�HrzUHpTCQ^T%X
X_L!JMP�HpT%QRP�HrSUTmX_SU`CQ^HpT%J Õ

Z
[ LÔT%LOPf£,S^N�Ð¥J�]{L!T%QRN�HrS HKJ«Q^X_S^|%PML!XÞuyN�SU`'Q9c%T�Hr�^LON�J�HrP eàþ � LOS^N�zUHpQ Z L!] [ ÿ P [ QRP [ Q^J«N�L!`�S^PML
Q^T%XmHKT�X_LO|�L!T%X_L!TtP�]OQ^`�|�c�J&drSx]OQRP�HKSUT%JO�6£ [ LON�L¬`;c%drP�HK`CL!X%HKQ*J�L!J�J�HrSUT%J§`CQ·e g LIL!JMP�Q g dpHKJ [ L!X g LOPf£,LOL!T
X%H�Ò�LON�L!TtPÑ]OQ^`�|sc%JML!J Õ } P�c%X_L!TtP�JO�Ó|%N�S^u¦L!J�JMS^N�J!�ÓS^N/Q^X%`aHKT%HKJMPMN�QRP�Hr�^L/|�LON�JMSUT%T_L!dt`CQ!e�`�S·�^L§PML!`�|�S^N�QRN�Hpdre
u¦N�SU`ÂSUT_L�]OQ^`�|�c%J=PMS;Q^T%S^P [ LON�Q^T%X²JMP�HKdKd g L"Q g drL
PMS�Q^]O]{L!J�J,P [ L8`;c%drP�HK`CL!X%HKQ¬JMLON��6HK]{L!J=P [ LOeCc%J�c%Q^dpdre
Q^]O]{L!J�J,u¦N�SU`ÂP [ L!HKN [ SU`�L"]OQ^`�|�c%J Õ F�TCL9�_Q^`�|�drL"S^u�c%JMLON�`CS g HKdKHrP e;Q^]{N�SUJ�J�X�H�Ò+LON�L!TWP=]OQ^`C|�c%JML!J,Q^T%X
Q�N�LO�6HrLO£ S^u?P [ L\`CQ^HpT¢JMPMLO|�J&PMSaL!JMP�Q g dKHKJ [ QC`�c�drP�HK`�L!X%HpQ�JML!J�J�HrSUTmc%J�HpT_z } oÀV QRN�L\zUHr�^L!TYT_L9�xP Õ

o TÍP [ HKJ�L9�6Q^`�|sdrL^��L!T%X9c%JMLON�F�dKHK]{L(þ�F"dpHK]{L�� � Z Ö } Q!�RQ^T%T%Q [ ÿ `�S·�^L!JCuyN�SU` [ LON [ SU`CL«]OQ^`C|�c%J
PMS � Z ÖfF§P�dKQ^TtP�Q«]OQ^`�|�c%J�þ�JMPMLO|  ÿ Õ } [ L;drS^zUJIHKTWPMS«Q�`CQ^] [ HpT_L*S^u�P [ L;T_LO£4X_SU`CQ^HpT0Q^T%X0N�LOzUHKJ�PMLON�J
[ LON�J�L!dru Õ  8LONIN�LOzUHpJMPMN�QRP�HrSUT¹N�L!wxc_L!JMP�þ¨� ÿ HKJ8|�N�S�_HrL!X0PMS [ LON [ SU`CL;N�LOzUHKJMPMN�QRNIJMLON��^LON Õ¬Z
[ L*N�LOzUHKJ�PMN�QRN
JMLON��^LON�JMPMS^N�L!J"F"dKHp]{L^ÛÜJ
]Oc_N�N�L!TtP
drS6]OQRP�HrSUT¢HKT%uyS^N�`aQRP�HrSUTmHKTmQCdrS6]OQRP�HrSUT¢J�LON��xHp]{L*X%QRP�Q g Q^JML^��£ [ HK] [ £8HKdKd
g LYQ^]O]{L!J�JML!X £ [ L!T JMSU`CLOSUT_L0PMN�HrL!JCPMS9]OQ^dKd�F"dKHp]{L Õ #,Q^J�L!X.SUT.P [ L¹HKT_u¦S^N�`CQRP�HrSUT SUT.HrP�J²]Oc_N�N�L!TtP
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ñ é^q!r_s+tu�!6 � �"LOPf£,S^N�Ð¢J�]{L!T%QRN�HrS Õ

drS6]OQRP�HrSUT��+P [ L�HKT%]{SU`CHKT%z²]OQ^dKdÑ£8HKdKd g L�|%N�S^|�LON�dre«N�SUc%PML!X0PMS«F�dKHK]{L�QRP"P [ L;S^P [ LON¬X_SU`CQ^HpT Õ o T0S^P [ LON
£,S^N�X%JO��P [ LaN�LOzUHKJMPMN�QRP�HrSUTË|%N�S6]{L!J�J g HKT%X%J¬Q¹c%JMLON�ÖfdrLO�^L!d=HKX%L!TWP�Hrq�LON²þ�J�Hr|>�ÜQ^dpHK]{L�� � Z Ö } Q!�RQ^T%T%Q [ ÿ PMSÔQ
PML!`�|�S^N�QRN�e o�V Q^X%X_N�L!J�J§S^N [ SUJ�P
T%Q^`�LZi�O�^�Aj Õ

F§P�P [ L�T_LO£ X%SU`CQ^HKT��/F�dKHK]{La£§Q^TtP�J�PMSÔJMLOP�c_|ËQ0�6HKX_LOS0]{SUT%uyLON�L!T�]{L�£"HrP [ Q¹c%JMLON;QRP�Q^T%S^P [ LON
X_SU`CQ^HpT���L Õ z Õ � � Z Ö��>S^N�N�Q^HKT_L Õ F"dpHK]{LY]OQ^T g Lmu¦S^N²HpT%JMP�Q^T%]{LYQËJMP�c%X_L!TtPa£ [ S(£,Q^TtP�J�PMSËQRPMPML!T%X¥Q
N�L!`�S^PML&]OdKQ^J�J�P�Q^c_z [ P/QRP � Z Ö��>S^N�N�Q^HKT_L^�RS^N/Q8|�N�S^uyL!J�JMS^N?£ [ S8£§Q^TtP�J?PMS�QRPMPML!T%X��6HKQ8�xHKX%LOSRÖf]{SUT_uyLON�L!T%]{L
Q;X%HKJ�JMLON�P�QRP�HrSUT²X%LOuyL!T%J�L8P [ QRP&HKJ�P�QRÐxHpT_z*|�dpQ^]{L�QRP � Z Ö���S^N�N�Q^HKT%L Õ } S_�xF�dKHK]{L�JML!T%X%J,Q } oÀV N�L!wxc_L!JMP,PMS
L!JMP�Q g dpHKJ [ P [ L\T_LO£àJML!J�J�HrSUTËþ�JMPMLO| ù ÿ Õ

#,L!J�HKX%L!J"P [ L�u�Q^]{P"P [ QRPIF�dKHK]{L;HKJ�Q²T_LO£4c%JMLON¬HKT [ LONIT_LO£<drSx]OQRP�HKSUTÍþ � Z ÖfF§P�dKQ^TWP�Q ÿ ��P [ LON�L�`CQ!e
g L¢c%TtPMN�c%JMPML!X } oÀV |�N�S�_HrL!JaHpT9P [ LYJ�HrzUT�Q^dKHKT_z¹|�QRP [�Õ¥Z
[ c�JO��X%c%N�HKT_z¹P [ LYJML!J�J�HrSUT L!JMP�Q g dKHKJ [ `CL!TWP
F�dKHK]{L^ÛÜJ�HKX_L!TtP�HrP ek`�c�JMP g L«Q^c_P [ L!TtP�HK]OQRPML!X HpTËP [ L�S^N�HrzUHKTÍQ^T%X X_L!JMP�HKT�QRP�HrSUTËX%SU`CQ^HKT%J Õ F"dKJ�S_�=]OQ^dKd
Q^c_P [ S^N�H��!QRP�HrSUT¹Q^T%Xu	�S } Ö L!T%Q g drL!X¹`�L!X%HKQaQ^c_P [ S^N�H��!QRP�HKSUT0`;c%JMP g L�|�LON�uyS^N�`�L!X Õ b_S^NIP [ HKJ!��P [ L;J�HrzRÖ
T%Q^dKHpT_z;HpT_uyS^N�`CQRP�HrSUT��_HKT%]Odpc%X%HKT_z;F"dpHK]{L^ÛÜJ&Q^c_P [ L!TtP�HK]OQRPML!XYHpX_L!TWP�HKPfe`i � � j�Q^T%XmHrP�J
QRPMPMN�H g c_PML!J*þ¦L Õ z Õ �+HrP�J
Q^c_P [ S^N�HrPfe«drLO�^L!d�HKT%J�HKX_L8P [ L\c%T%Hr�^LON�J�HrPfe ÿ `�c%J�P g L¬J�QRu¦L!dre«]{SUTW�^LOe^L!XYuyN�SU`$SUT_L\X_SU`CQ^HKT�PMSCQ^T_S^P [ LON Õ

F§P¬dKQ^JMPO��`�L!X�HKQ)M�S·£8JIQRN�L;L9�6] [ Q^T_z^L!X þ�JMPMLO|(® ÿ HKT¹Q�X%QRP�Q�|�QRP [ P [ QRP¬`CQ!e g L�X%H�Ò�LON�L!TtP8u¦N�SU`
P [ L } oÀV J�HrzUT%Q^dKHpT_z�|�QRP [�Õ ~�X_z^L\N�SUc%PMLON�J8QRP"L!Q^] [ X_SU`CQ^HKTmQRN�L;]{SUT%J�HKX%LON�L!X¢Q^J
|�SUdKHp]{eaL!T_u¦S^N�]{L!`�L!TtP
|�SUHKTtP�J§PMSa]{SUTWPMN�SUd>P [ L\SUc%PMz^SUHKT_zCQ^T%X¢HpT%]{SU`CHKT_z1M%S�£8J&S^u/QCX_SU`aQ^HKT Õ

���
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#§Q^JML!XÔSUT(v8b�� ù^ù  ù ��P [ LON�L�HpJ"N�L!Q^dKdreYT_S«£§Q!e¹PMSmHKT_u¦S^N�`ÇP [ L�X_L!JMP�HKT%QRP�HKSUT0X_SU`aQ^HKT¹P [ QRP¬P [ L�]OQ^dKd
[ Q^J g LOL!T�Q^c_P [ S^N�H��OL!XYþ�HKT�J�|+L!]OHpQ^dx`CL!X%HKQ¬Q^c_P [ S^N�H��!QRP�HrSUT ÿ Õ/Z
[ LON�LOuyS^N�L^�tQ^T�L!T%X6Ö PMSRÖ L!T%XaQR|%|%N�SUQ^] [ PMS
`�L!X%HpQ
Q^c_P [ S^N�HP�!QRP�HrSUT*HKJ>PMS [ Q·�^L,Q } oÀV |%N�SK�xe\HKT\L!Q^] [ X_SU`CQ^HKT\P [ QRPÑJMPMN�HK]{P�dre�|+LON�uyS^N�`aJ�P [ L=N�SUdrL�S^u%Q
zUQRPMLI]{SUTWPMN�SUdpdrLON�ÖÑQ�Ñ �AÒ R �{�_�6�R�s���?¦1Òx� QeQ ���KÓ^� R � ç Ö?Q^T%XCL9�_] [ Q^T_z^L!J=|�SUdKHp]{e;]{SUTtPMN�SUd+HKT_u¦S^N�`CQRP�HrSUT
Q^T%X ]OQ^dKd&Q^c%P [ S^N�H��!QRP�HrSUT J�P�QRP�c%J�PMSØPMN�c%J�PML!X X_SU`CQ^HKT%J Õ F"T9S��^LON��6HrLO£$S^u�P [ L¢]OQ^dKd§Q^c_P [ S^N�HP�!QRP�HrSUT
`�S6X_L!d [ LON�L�|%N�S^|�SUJML!X9HKJ�|%N�L!JML!TtPML!X HKT9b?HrzUc_N�L ù R�=£ [ HK] [Í[ Hrz [ dKHrz [ P�J*P [ L«u�c%T%]{P�HrSUT�Q^dKHrPfe(S^u"P [ L
|%N�SK�xe¥dKQ!e^LON�JmuyS^N¢]OQ^dpd¬Q^c_P [ S^N�H��!QRP�HKSUT ÕnZ
[ L¹N�L!dKQRP�HrSUT%J [ Hr| S^u;P [ LÔ|%N�SK�xe.£8HrP [ S^P [ LONYJ�HKzUT%Q^dKHKT_z
Q^T%X.PMN�Q^T%JM|�S^N�P�ÖfdKLO�^L!d8L!TtP�HrP�HrL!J�Q^T%X.P [ L¹J�PMLO|�J«T_LOL!X_L!X¥HKT.QÍ]OQ^dKd�JMLOP�c_|¥£8HrP [ HKTWPMLON�ÖfX_SU`CQ^HKT¥]OQ^dKd
Q^c_P [ S^N�H��!QRP�HrSUT¢QRN�L�Q^dKJMSCJ [ S�£8T Õ

�,SUT�]{LON�T%HKT_zIP [ L"JMPMN�c%]{P�c_N�L&S^u+P [ L5	�S } Ö L!T [ Q^T%]{L!X } o�VkV N�S�6eWÖ � �9u¦S^N�]OQ^dKd_Q^c_P [ S^N�H��!QRP�HrSUT��tP [ L
[ Hrz [ LON"dKQ·e^LON�JIX_LO|�L!T%X¢SUT¹X_L!]OHKJ�HKSUT%J8Q^T%X0HKT_u¦S^N�`CQRP�HrSUTYuyN�SU`ÌP [ L�drS�£�LONIdKQ!e^LON�J Õ F�J�J [ S·£"T0HKTYP [ L
g drS6]�Ð«N�LO|�N�L!JML!TtP�HKT_zCP [ L=	�S } Ö L!T [ Q^T%]{L!X } oÀV |%N�SK�xetÖ � �ÏHKT¢b?HrzUc_N�L ù R�+P [ L\PMS^|ÔS^u�P [ L�JMPMN�c�]{P�c_N�L
HKT%]Odpc%X_L!J
JMLON��xHK]{L{ÖfJ�|+L!]OHKq�]\Q^X%`CHpJ�J�HrSUTm]{SUTtPMN�SUd?Q^T%XY`CL!X%HKQCQ^c_P [ S^N�H��!QRP�HrSUT Õ
Z8[ LOe g S^P [ N�L!dre«SUT¹Q^T
Q^c_P [ L!TtP�HK]OQRP�HrSUT.JMLON��6HK]{L^�§£ [ HK] [ HKT P�c%N�T N�L!dpHrL!J�SUT c�JMLON!ÛÜJCQ^]O]{SUc%TtP«HKT_u¦S^N�`CQRP�HrSUT P [ QRP²HKJCJ�PMS^N�L!X
HKTÔQ«drS6]OQ^d/X%QRP�Q g Q^JML Õ;Z
[ HKJIdrS6]OQ^d?HKT_u¦S^N�`CQRP�HrSUT¹]OQ^T g L�S g P�Q^HKT_L!X(X%c_N�HKT_zaP [ L�c�JMLON!ÛÜJ�N�LOzUHKJMPMN�QRP�HrSUT
|%N�S6]{L!J�JO�s£ [ LON�L;HKT¢Q^X%X�HrP�HrSUTmPMS«HKT_u¦S^N�`CHKT%z�HKP�J"]Oc_N�N�L!TWP"drSx]OQRP�HKSUT��sP [ L�c%JMLON�]OQ^T0HpT_uyS^N�`$HrP�J�`�L!X%HKQ
]OQR|�Q g HpdKHrP�HrL!J�i ��� j6Q^T%X�c%JMLON!ÛÜJ�QRPMPMN�H g c_PML!J>u¦S^N�Q�`�S^N�L�z^N�Q^Txc%dKQRNÑQ^c%P [ L!TWP�Hp]OQRP�HrSUT;|%N�S6]{L!J�J�Q^J?X%HKJ�]Oc%J�JML!X
HKT¼i�O�_j Õ

o TkP [ La|%N�S^|�SUJML!XÍHK`�|sdrL!`�L!TtP�QRP�HrSUT���|+SUdpHK]{e(HKT_u¦S^N�`CQRP�HrSUTØQ^T�XË]OQ^dKd,Q^c_P [ S^N�H��!QRP�HrSUTÍJMP�QRP�c%J�QRN�L
PMN�Q^T%J�uyLON�N�L!X g LOP £�LOL!T.X_SU`CQ^HKT�J�JMS(P [ QRPCL!T%X c%JMLON�J�Q^T%X |%N�S�_HrL!J�£,S^N�ÐÍPMS^z^LOP [ LON«HKTÍP [ L¢N�SUdrLmS^u
HKTtPMLONMÖfX_SU`CQ^HpTË]OQ^dKd§Q^c_P [ S^N�H��!QRP�HrSUT Õ V SUdKHK]{ekHpT_uyS^N�`CQRP�HrSUT þ¦L Õ z Õ ��c%JMLON·ÛÜJ;Q^c%P [ S^N�HrP ekdrLO�^L!d ÿ Q^T%X9]OQ^dKd
Q^c_P [ S^N�H��!QRP�HrSUTÍJMP�QRP�c%J;QRN�L�]OQRN�N�HrL!XkHpTkQ¹T_LO£ [ L!Q^X_LON=QlRáS �6�¦� RáQ ���VU=�r� Q^X%X%L!X g e(P [ L } oÀV |%N�SK�xe
Q^T%X�PMN�Q^T%J�|+S^N�PML!XaS��^LON&P [ L�T%LOPf£,S^N�ÐaPMS�HKT_u¦S^N�`nP [ LIX_L!JMP�HKT%QRP�HKSUT²X_SU`aQ^HKT²HKu�P [ L�`CL!X%HKQ�M%S·£8J [ Q·�^L
g LOL!T«Q^c_P [ S^N�H��OL!XmQRP&P [ L�S^N�HrzUHKT«X_SU`CQ^HKT>�6Q^T�X²�6HK]{L{Ö �^LON�J�Q Õ o T�b?HrzUc%N�L ù �x�_P [ L\T_LO£ [ L!Q^X_LON!ÛÜJ§q�L!dKX%J
QRN�L*X%L!J�]{N�H g L!X��6Q^]O]{S^N�X%HKT%zCPMSaF5#Ô��b JMe6TWP�Q+�di � � j Õ

F�J�S^u_P [ L,]Oc%N�N�L!TtPÑHK`�|sdrL!`�L!TtP�QRP�HrSUT��ÓP [ LlQlRáS �6�¦� RáQ ���VU=�r� [ L!Q^X%LON?]OQRN�N�HrL!JÑPf£,S�|sQRN�Q^`�LOPMLON�JO�ÑP [ L
c%JMLON·ÛÜJÑQ^c_P [ S^N�HrPfe*£ [ HK] [ HKJ [ LON�L,X_LOq�T_L!X g Q^JML!X;SUT�SUc_N/c%T%Hr�^LON�J�HrPfe¬]OQ^`�|sc%J?T_LOPf£,S^N�Ð*J�]{L!T�QRN�HrS�þ¦L Õ z Õ �
} Z /�GI~�� Z ��bxF8�l/(� Z O�� } Z F�b?b ÿ ��Q^T%X0P [ L�]OQ^dKd?Q^c_P [ S^N�HP�!QRP�HrSUT0J�P�QRP�c%J�P [ QRPIL9�x|�dpQ^HKT%J
£ [ LOP [ LON
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Admission Control
Service−Specific

Media Authorization

Resource

Reservation
Resource

Reservation

Negotiation

Resource
Inter−Domain

Service Level Agreement

User’s attributes, authority level,
class of service

Point

EnforcementPolicy

Resource−Based
Admission Control

User’s Account Information:
User’s attributes, authority level,

class of service

Authentication Service

Admission Control
Service−Specific

Media Authorization

Point

EnforcementPolicy

Resource−Based
Admission Control

Session’s Policy

Gate Admit/Setup

Transport

Application

Caller

Signaling Path

Authorization Status

Authenticated Identity

User’s Attributes

Session’s Policy

Gate Setup

Callee

SIP UAC SIP UAS

Bandwidth Broker

Resource Reservation Signaling

QoS

Request

Origin Domain Destination Domain

QoS−enhanced SIP Proxy−GC QoS−enhanced SIP Proxy−GC

(1)
(2)

(3)

(4)

(5)

(7) (7)

(8)

Edge Router (PEP) Edge Router (PEP)

(6)

(1) New session request

(2) Call authorization at origin

(3) Gate admit request

(4) Additional resources negotiation

(5) Exchange of authorization status and session policy

(6) Call authorization at destination

(7) Gate setup request

(8) Resource reservation
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P−Auth−Profile = "P−Auth−Profile" HCOLON
user−authority SEMI call−authorization−status

user−authority = ("faculty" | "student" | "staff")

call−authorization−status = ("SRC" | "DEST" | "SRCDEST")

P−Auth−Profile Header Fields

ñ é^q!r_s�to�!� � �"LO£ [ L!Q^X_LON!ÛÜJ5Q�RTS �_�¦� RáQ ��� U��r� X_L!J�]{N�Hr|%P�HrSUT Õ

P [ L«N�L!wxc_L!JMP [ Q^J g LOL!T Q^c_P [ S^N�H��OL!X9HKTÍP [ LmJMSUc_N�]{L^�,X_L!JMP�HKT%QRP�HKSUT���S^N g S^P [ X_SU`CQ^HKT%Jmþ¦L Õ z Õ � } v
���
GI~ } Z � } v
�§GI~ } Z ÿ Õ �,SUT%]{LON�T%HpT_z8P [ L§T_LO£ [ L!Q^X_LON·ÛÜJ�QR|�|�dKHK]OQRP�HrSUT;HKT } o�V N�L!wtc_L!J�P�J�Q^T�X�N�L!JM|�SUT%JML!JO�
HrP&]OQ^T g L�c�JML!X�SUT%dre²HpTaP [ SUJ�L¬N�L!wtc%L!JMP�J&Q^T%X�N�L!JM|�SUT%JML!J,P [ QRP
]OQ^Tm]OQRN�N�e²Q } o�V SRÒ�LONI%ÓQ^T%JM£,LON*þ�HKTmQ
J�HK`aHKdKQRN§£,Q·emQ^J
P [ L�QlRáà �Ö¦R�¨� RTS �_�¦�x�R����â·�^�����^� [ L!Q^X_LON�i ý^ý j ÿ Õ

F"uyPMLON�P [ Lm	�S } Ö L!T [ Q^T%]{L!X } oÀV |%N�S�6eWÖ � �nX_LOqsT_L!J*P [ QRP�P [ L�N�L!wxc_L!JMP�]OQ^T g L�JMLON��6HK]{L!X þ�H Õ L Õ �
JMLON��6HK]{L{ÖfJM|�L!]OHrqs]�Q^X%`aHKJ�J�HrSUT ÿ �ÓHrP?HKTtPMLON�u�Q^]{L!J?£8HrP [ PMN�Q^T%JM|�S^N�P�ÖfdrLO�^L!dxL!TtP�HrP�HrL!J
þ¦L Õ z Õ �xQ^T�L!X%z^L,N�SUc_PMLON ÿ PMS
�^LON�Hru¦eaHru�P [ LIT%LOPf£,S^N�Ð²]OQ^TmQ^X%`aHrP=P [ L¬]OQ^dKd?þ �&�^�f� S ¦A¥��¦� ÿ Q^T%X�PMS�HKT_u¦S^N�`�P [ L�T_LOP £�S^N�Ð�Q g SUc_P,P [ L
JML!J�J�HrSUT�ÛÜJ,QRPMPMN�H g c_PML!J¬þ �&�^�f�'Ò+�!����§ ÿ Õ o T²P [ L"q%N�JMP�JMPMLO|«S^uÑ�^LON�Hru¦exHKT%z*Hru>P [ LIT_LOP £�S^N�Ð�]OQ^T«Q^X%`CHrP,P [ L
]OQ^dKd¨� ø c%J�P8Q g Q^J�HK]¬�^LON�Hrqs]OQRP�HrSUTYHru�P [ L;c%JMLON8]OQ^T g L*JMLON��6HK]{L!XYHpT¢HrP�J8]OdpQ^J�J
S^u/JMLON��6HK]{L;HKJ&|�LON�u¦S^N�`�L!X Õ
Z
[ LmT_LOP £�S^N�ÐÍ�^LON�Hrq%L!J�P [ LmQ^`�SUc%TtP�S^uIQRz^z^N�LOzUQRPML!X N�L!JMSUc_N�]{L!JCQ^dKN�L!Q^X_eËQ^dpdrSx]OQRPML!X uyS^N�P [ L¢]OdpQ^J�J Õ
o T¹]OQ^J�L�HKP�HKJI]OdrSUJ�L;PMS«P [ L�`CQ+�_HK`;c%`Ù|%N�S·�6HKJ�HKSUT_L!X0Q^`CSUc%TWPO��P [ L;L!X%z^L;N�SUc_PMLON¬]OQ^TÔN�L!wtc%L!JMP¬`�S^N�L
N�L!JMSUc%N�]{L!J,PMS�Q g Q^T�X_£8HKX_P [ g N�S^Ð^LON!�6u¦S^N§HpT%JMP�Q^T%]{LIc%J�HKT%z*P [ LIHKTtPMLONMÖfX_SU`CQ^HKT²N�L!JMSUc%N�]{L�`aQ^T%QRz^L!`�L!TtP
`�S6X_L!d"|%N�S^|�SUJML!X¥HKT i�O�U�+j Õ FBJ�L!]{SUT%X JMPMLO| S^u�HKT_u¦S^N�`CHpT_z(P [ L(T_LOPf£,S^N�Ð Q g SUc_P�P [ L(JML!J�J�HrSUT�ÛÜJ
QRPMPMN�H g c_PML!J*Q^T%Xk|�SUdKHK]OHrL!J¬HKJ*T_LOL!X_L!XØPMS0�^LON�Hru¦eÔP [ LCN�L!JMSUc%N�]{LaN�L!J�LON��ÓQRP�HKSUT�ÛÜJ\N�L!wxc_L!JMP�J�þ¦|�LONMÖTM%S·£nS^N
|�LONMÖfJML!J�J�HrSUTØN�L!wxc_L!JMP�J ÿ P [ QRP;P [ L²c�JMLON;QRz^L!TtP;|+LON�uyS^N�`aJ\u¦S^N�P [ L�T_LO£ JML!J�J�HrSUT Õ¢Z
[ HKJ�JML!]{SUT%XÍJMPMLO|
`;c%JMP g L¬|�LON�u¦S^N�`�L!X¢QRP g S^P [ P [ L\S^N�HrzUHpT¢Q^T%XYX%L!JMP�HKT%QRP�HrSUTmX%SU`CQ^HKT%J Õ } o�V |%N�SK�6HKL!J�Ö � ���%P [ c%JO�+QRN�L
HKT�] [ QRN�z^L�S^uÑPMN�Q^T%JMu¦LON�N�HpT_z\|�SUdKHK]{e�HKT_u¦S^N�`CQRP�HKSUT g LOPf£,LOL!TmX_SU`CQ^HpT%JO� g eaQ^c_zU`CL!TWP�HKT%z�P [ L [ L!Q^X%LON,S^u
P [ L } oÀV `�L!J�J�QRz^L g L!HKT_z¬u¦S^N�£§QRN�X_L!Xa£8HrP [ P [ L"T_LO£ [ L!Q^X_LON�QlRáS �6�¦� RáQ ���VU=�r� |%N�LO�xHrSUc�J�dre�X_L!J�]{N�H g L!X Õ
F�JaP [ HpJ²HKJ²Qk|�N�Hr�RQRPML [ L!Q^X_LON·�&P [ L } oÀV |%N�SK�xetÖ � �Ì`CQ!e L!T%]{N�ex|%PaP [ HpJ²HKT%uyS^N�`aQRP�HrSUT Õ } HKT�]{LYHKT
SUc_N
T_LOP £�S^N�Ð²J�]{L!T%QRN�HrS�P [ L¬S^N�HrzUHKT�Q^T%XmX_L!J�P�HKT%QRP�HrSUT�X_SU`CQ^HKT�J,J [ QRN�L¬Q�`�c_P�c�Q^d�PMN�c%JMP,N�L!dKQRP�HrSUT�J [ Hr|>�
P [ LOe ]OQ^T [ Q!�^L¹Qk`;c_P�c%Q^d8QRz^N�LOL!`�L!TWP�PMSËX%L!]{N�et|�P�P [ L0HKT%uyS^N�`aQRP�HrSUT HKT P [ L [ L!Q^X_LON Õ Z
[ c%JO�§QRP
P [ L�X_L!JMP�HKT%QRP�HKSUTkX_SU`CQ^HpT���P [ HpJ\|�SUdKHK]{eÔHKT_u¦S^N�`CQRP�HrSUTkHKJ*c%J�L!X g e¹P [ L�	�S } Ö L!T [ Q^T%]{L!X } oÀV |%N�SK�xetÖ
� ��PMSm|�LON�u¦S^N�`)JMLON��6HK]{L{ÖfJM|�L!]OHrqs];Q^X�`CHKJ�J�HKSUT¹]{SUTtPMN�SUd�Q^T�X(`�L!X%HKQ«Q^c_P [ S^N�H��!QRP�HrSUT Õ�Z
[ HKJIdKQ^J�P\JMPMLO|
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`�L!Q^T%J�HKTtPMLON�u�Q^]OHKT_zC£8HKP [ P [ L�L!X_z^L�N�SUc_PMLON"PMS«JMLOP�c_|YP [ L�JML!J�J�HrSUTYHKT%uyS^N�`aQRP�HrSUTmP [ QRP�£8HKdKd g L;c%JML!X
PMSaQ^c_P [ S^N�H��OL¬N�L!JMSUc%N�]{L\N�L!JMLON��ÓQRP�HrSUT¢N�L!wtc%L!JMP�J Õ
 w¶P�²¶�÷ ä�Ú�Û;Û8ï é^q�Ü Ú�Û é;Ü_q ñ¤Û ¿8¾

o T¹J�c%`C`CQRN�e^�>b?HrzUc%N�L ù^ù HpdKdKc%JMPMN�QRPML!J8P [ LC]OQ^dpd�J�HrzUT%Q^dKHKT%z)M%S�£ÂQRP¬P [ L�S^N�HrzUHKT¹Q^T%X(X_L!JMP�HpT%QRP�HrSUTÔX_SRÖ
`CQ^HKT�J Õ b_SUdKdrS�£8HKT_z�P [ L\J�c%]O]{L!J�J�HrSUT«S^u�LO�^L!TtP�JO�sQRP&P [ L¬S^N�HrzUHKTmX_SU`CQ^HpT«P [ L!JML\QRN�L¬P [ L¬u�c%T%]{P�HKSUT%J§P [ L
	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�S�6eWÖ � � |�LON�uyS^N�`CJ§PMSaQ^c_P [ S^N�H��OL\QCT_LO£Ï]OQ^dpd�N�L!wxc_L!JMPO�

æ /�JMLON�Q^c_P [ L!TtP�HK]OQRP�HrSUTkþ� ÿ

¬ F"u¦PMLON8] [ Q^dpdrL!T_zUHKT_z;P [ L¬c%JMLON·�xP [ L�|�N�S�6ea�^LON�HKq%L!J&HrP�J§HKX_L!TtP�HrPfe g e�wtc%LON�exHpT_z;Q�X%QRP�Q g Q^JML
P [ QRP [ Q^JIP [ L;c�JMLON!ÛÜJIQ^]O]{SUc%TtP\HKT_u¦S^N�`CQRP�HrSUT Õ¬Z
[ HKJ"HpT_uyS^N�`CQRP�HrSUT¹`CQ!e g L�dKHK`aHrPML!X¢SUT%dKe
PMSkP [ L¢Q^c_P [ S^N�HKPfe9drLO�^L!d&Q^T%X ]OdKQ^J�JCS^u�JMLON��xHK]{LmS^u�P [ L¢c%J�LON Õ b%S^N²Q(T_LO£$c%J�LONCHKT9P [ L
X%SU`CQ^HKT��sP [ HKJ�HKT_u¦S^N�`CQRP�HrSUT¢]OQ^T g L�dKSUQ^X_L!X0X�c_N�HKT_z�N�LOzUHKJMPMN�QRP�HrSUT¹Q^T%X¹HrP�J�Q^c_P [ L!TtP�HK]OHrPfe
P [ L!Tm�^LON�Hrq%L!X¢£8HrP [ P [ L\c%J�LON!ÛÜJ [ SU`�L�X_SU`CQ^HKT Õ

æ } LON��xHp]{L{ÖfJM|�L!]OHrq�]IQ^X%`CHKJ�J�HrSUT«]{SUTWPMN�SUd�þ¨� ÿ

¬ #§Q^JML!XYSUT¢P [ L\c�JMLON!ÛÜJ
HKT%uyS^N�`aQRP�HrSUT��6P [ L\P et|�L*Q^T%X«|�N�HrS^N�HrP eaS^u?P [ L\N�L!wtc_L!J�PO�_P [ L\|%N�SK�xe
�^LON�Hrq%L!J&P [ L�X_SU`CQ^HKT�ÛÜJ8drSx]OQ^d�u¦S^N�£§QRN�X%HKT%z�|+SUdpHK]OHrL!J,PMSC�^LON�Hru¦e^�%u¦S^N8HKT%J�P�Q^T%]{L^��HruÑP [ HKJ&P et|�L
S^u?]OQ^dKd�]OQ^T g L¬JMLON��6HK]{L!X«HKT�P [ HKJ§X_SU`CQ^HKT>�6HKu>P [ L¬Ttc�` g LON§S^uÑ]OQ^dKdpJ�P [ L¬|%N�S�6e²]OQ^TmJ�LON��^L
[ Q^J�T%S^P²N�L!Q^] [ L!X P [ LÔ`CQ+�_HK`�c�` Q^dKdKS·£§Q g drLÔdKHK`CHrPO�§S^NmHru¬P [ LON�L¹QRN�L¹N�L!JMPMN�HK]{P�HrSUT%J²SUT
u¦S^N�£§QRN�X%HKT%z;P [ L\N�L!wxc_L!JMP&PMSCP [ L�X_L!JMP�HKT%QRP�HKSUT Õ

æ ÚYL!X%HKQaQ^c_P [ S^N�H��!QRP�HKSUT�Ö � QRPML�F�X%`CHKP§v8L!wtc%L!JMP�þ ù ÿ

¬ o TCP [ HKJ�JMPMLO|>�xP [ L
|�N�S�6eCHKTtPMLON�u¦Q^]{L!J�£8HrP [ Q¬N�L!JMSUc_N�]{L"`CQ^T%QRz^LON,S^N=|�SUdKHp]{e;]{SUTtPMN�SUds|+SUHpTWP
QRP�P [ LYT%LOPf£,S^N�Ð drLO�^L!d8PMSk�^LON�Hru¦e HruIP [ L0T%LOPf£,S^N�Ð ]OQ^T.Q^X�`CHrPCP [ HpJC]OQ^dKd¨�&HKT PMLON�`CJaS^u
N�L!wtc%HKN�L!X N�L!JMSUc%N�]{L!J²Q^T�X P [ L0Pfex|�LYS^u\c%JMLON Õ Z8[ LY|%N�S�6e zUHr�^L!J²HpT_uyS^N�`CQRP�HrSUT PMSÍP [ L
T%LOPf£,S^N�Ð²J�c�] [ Q^J,P [ L g Q^T%X_£8HKX%P [ N�L!wxc%HrN�L!XauyS^N§P [ LI]OQ^dKd¨�xP [ LI]OdKQ^J�J,S^u�JMLON��6HK]{L^�6P [ LI]OQ^dKd
|�N�HrS^N�HrP e^�%Q^T%XmP [ L\Q^c%P [ S^N�HrP e�drLO�^L!d>S^u�P [ L\c%JMLON Õ

o u*P [ L!J�LØJMPMLO|�Jm]{SU`�|�dKLOPMLØJ�c%]O]{L!J�JMu�c%dKdKe^�8P [ L(|%N�S�6e u¦S^N�£,QRN�X%J«P [ LÔN�L!wxc_L!JMPm£8HrP [ Q^X%X�HrP�HrSUT%Q^d
|�SUdKHK]{e¹]{SUTWPMN�SUd,HKT_u¦S^N�`CQRP�HKSUTØHKTÔP [ L$Q�RTS �_�¦� RáQ ��� U��r� [ L!Q^X%LON Õ /"|�SUT(N�L!]{L!Hr�6HKT_zmP [ LaN�L!wxc_L!JMPO��P [ L

ý^ù



INVITE

407 Proxy Authentication Required (nonce)

INVITE (nonce,...,response)

ACK

UASUAC

User ID

User’s attributes

User’s Account
Database

(authentication

Local Service
Policies

Type of call,
user info

Decision

Gate Admit

Decision(network cannot

(service not

authorized)

failed)

accept call) INVITE (SDP1)

P−Auth−Profile

Local Service
Policies

Type of call,

user info

Decision

Gate Setup

+ token INVITE

183
183 IN PROGRESS (SDP2)

Gate Setup

PEP

PEP

PEP

Domain 1

Access Network Access Network

Domain 2

P−Auth−Profile Updated

2

3

1

4

5

(network setup

183
failed)

(service not authorized)

(network setup failed)

SIP Proxy−GC 2SIP Proxy−GC 1

Decision

Decision
+ token

P−Media−Authorization

P−Media−Authorization

6

7

ñ é÷q�r�s+to��� � �§Q^dKd�J�HrzUT�Q^dKHKT_z�M%S·£à£8HrP [ P [ L\HpTWPMLONMÖfX%SU`CQ^HKTm]OQ^dKd>Q^c%P [ S^N�H��!QRP�HrSUTY`�SxX%L!d Õ
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	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�S�6eWÖ � �ÞQRP
P [ L*X%L!JMP�HKT%QRP�HrSUTmX%SU`CQ^HKT«|�LON�u¦S^N�`CJ§P [ L\u¦SUdKdrS�£8HKT_z;u�c%T%]{P�HrSUT%J!�

æ } LON��xHp]{L\JM|�L!]OHrq�]IQ^X%`CHKJ�J�HrSUT«]{SUTWPMN�SUd�þ¦® ÿ

¬ #,L!HKT%z�HpT_uyS^N�`�L!X g e²P [ LIS^N�HrzUHKT�S^u�P [ L¬N�L!wtc%L!JMP§S^u�P [ L\c%J�LON!ÛÜJ&QRPMPMN�H g c%PML!J,Q^T�X«P [ QRP&P [ L
N�L!wtc_L!J�P [ Q^J g LOL!T9Q^X%`CHKPMPML!X9PMS¹P [ L«T%LOPf£,S^N�ÐËQRP�P [ L«S^N�HKzUHKTËX%SU`CQ^HKT��/P [ L«|%N�S�6ekQRP
P [ LIX%L!JMP�HKT%QRP�HrSUT�X_SU`CQ^HpT²`CQRÐ^L!J§P [ LIX%L!]OHKJ�HrSUT²SUT�£ [ LOP [ LON§PMS�uyS^N�£,QRN�X²P [ LIN�L!wxc_L!JMP,PMS
P [ L"q�T�Q^d�X_L!JMP�HpT%QRP�HrSUT Õ �>S6]OQ^d+|�SUdKHK]OHrL!J�`aQ!e²X%LOq�T_L8Q�`CQ+�_HK`;c%`�Txc%` g LON�S^u�c%JMLON�J�HKT�Q
zUHK�^L!T0`;c%drP�HK`CL!X%HKQ�JML!J�J�HKSUT��%S^N�SUT%dre«c%JMLON�J"QRP"QCzUHK�^L!T0Q^c_P [ S^N�HrPfem]OQ^T¹`CQRÐ^L*P [ HKJ
P et|�L
S^u/]OQ^dKd Õ

æ ÚYL!X%HKQaF"c_P [ S^N�H��!QRP�HrSUT�Ö � QRPML } LOP�c_|kþ¨� ÿ

¬ Z8[ L�|%N�S�6eÔJML!T%X%J¬Q«zUQRPMLaJ�LOP�c_|ØN�L!wxc_L!JMPIPMS¢P [ L�L!X%z^L�N�SUc_PMLON\£8HKP [ P [ L�|+SUdpHK]{eYHKT_u¦S^NMÖ
`aQRP�HrSUTYQ^J�J�Sx]OHKQRPML!XY£8HrP [ P [ L�JML!J�J�HrSUTmHpT_uyS^N�`CQRP�HrSUTØþ¦L Õ z Õ ��]OQ^dKd>HKX ÿ P [ QRP�QRN�N�Hr�^L!XmHpTmP [ L
N�L!wtc_L!J�P Õ;Z
[ L;L!X%z^L�N�SUc_PMLON\S^N¬|�SUdKHK]{e0]{SUTWPMN�SUd=QRz^L!TWP*J�Q!�^L!J\P [ HKJIHKT_u¦S^N�`CQRP�HrSUT¹u¦S^N\c%JML
£ [ L!TmHrP§N�L!]{L!Hr�^L!J"Q�N�L!JMSUc_N�]{L¬N�L!JMLON��RQRP�HrSUT«N�L!wxc_L!JMP&u¦S^N
P [ L�M%S�£8J&Q^J�JMS6]OHKQRPML!X¢£"HrP [ P [ HKJ
]OQ^dpd Õ�Z
[ LON�LOu¦S^N�L^�%u¦N�SU`ÅP [ HKJ§|�SUHKTWP§SUT���P [ L\L!X_z^L\N�SUc_PMLON8J�Q·�^L!J"QCJ�P�QRPML\uyS^N"P [ HKJ&JML!J�J�HrSUT
£"HrP [ P [ HKJ§|�SUdKHK]{e²]{SUTWPMN�SUd�HKT_u¦S^N�`CQRP�HrSUT Õ þ Z
[ HKJ§JMP�QRPML\£8HKdpdsP [ L!T g L¬`CQ^HpTWP�Q^HKT%L!X g e�P [ L
J�L!J�J�HrSUT(N�L!JMLON��RQRP�HrSUTØN�L!wxc_L!JMP�J Õ o u,T%S¢N�L!JMLON��RQRP�HrSUTkN�L!wtc%L!JMP�J*QRN�LaN�L!]{L!Hr�^L!X��?HrP*HKJ*Q^c_PMSRÖ
`aQRP�HK]OQ^dKdreËN�L!drL!Q^JML!X Õ ÿ Z8[ L«|%N�S�6e9c_|�X%QRPML!J�P [ L¢HKT_u¦S^N�`CQRP�HKSUTËSUT ]OQ^dKd&Q^c_P [ S^N�HP�!QRP�HrSUT
Q^T�X�`CL!X%HKQ*Q^c%P [ S^N�H��!QRP�HrSUT�HKT²P [ L [ L!Q^X_LON§S^u>P [ L } o�V `CL!J�J�QRz^L!J&JMS;P [ QRP&JMP�QRPML!J&X_S�T_S^P
T%LOL!XmPMS g L¬J�Q!�^L!X¹QRP
P [ L\QR|�|�dKHK]OQRP�HrSUTmdKLO�^L!d Õ

o u8P [ L!J�L¢JMPMLO|�J�]{SU`�|�dKLOPML¢J�c%]O]{L!J�JMu�c%dKdKe^�/P [ L«|%N�S�6ekP [ L!T9uyS^N�£§QRN�X%J�P [ L�N�L!wtc_L!J�P�PMS(P [ L«q�T%Q^d
N�L!]OHr|sHrL!TWP²S^u\P [ LÔ]OQ^dKd"N�L!wtc%L!JMP Õ�Z8[ HKJ�c%JMLON�P [ L!T |�LON�u¦S^N�`CJ²P [ LÔ`�L!X%HKQË]OQR|�Q g HKdpHrPfe T_LOz^S^P�HpQRP�HrSUT
PMSËX%L!]OHKX_L¢£ [ HK] [ `CL!X%HKQ`M%S�£8JaHKPa]OQ^T.]{SU`a`�c%T�HK]OQRPMLÍþ ý ÿ ÕÞZ
[ L!T HrPaHKJ�J�c_L!JCQkN�L!JM|�SUT%JMLm£8HKP [ Q
T_LO£ÂJML!J�J�HrSUTÔX_L!J�]{N�HK|%P�HrSUT9þ Y�["\ Ò+�������¨�R�(��� Q �M���^������� N�L!JM|�SUT%JML^��£8HKP [ } G V ��HKT¹P [ L g S6X_e¢S^u�P [ L
`�L!J�J�QRz^L^��Q^T%XmQ^Tmc_|�X%QRPML!X
QlRáS �_�¦� RTQ �M�VU��K� [ L!Q^X_LON ÿ Õ ¤ [ L!T«P [ HKJ§N�L!JM|�SUT%JMLIQRN�N�Hr�^L!J&QRP
P [ L�S^N�HrzUHKT
X_SU`CQ^HpT��tP [ L�|�N�S�6e²JMLOP�J&c%|²P [ LIzUQRPML*HpT²Q�J�HK`aHKdKQRN=£§Q!e«Q^J&HrP§HKJ§X_SUT_LIQRP&P [ L¬X_L!JMP�HKT�QRP�HrSUT²X%SU`CQ^HKT
þ�JMPMLO|¢� ÿ �_£8HrP [ P [ LIc_|�X%QRPML!X²HpT_uyS^N�`CQRP�HrSUTCSUT²P [ LI`�L!X%HKQ�]OQR|�Q g HKdpHrP�HrL!J=Q^T�XaP [ LI]OQ^dKd+Q^c_P [ S^N�HP�!QRP�HrSUT
JMP�QRP�c%J;þ � ÿ Õ

ý �



¤ [ L!TmP [ L*N�L!JMSUc_N�]{L�`CQ^T%QRz^L!`�L!TtP8| [ Q^JML g LOzUHKT%JO�6N�L!JMLON��ÓQRP�HrSUTYN�L!wxc_L!JMP�J
QRN�L*PMN�Hrz^z^LON�L!X¢QRP"P [ L
c%JMLON�QRz^L!TtP�JCQRP g S^P [ P [ L²S^N�HKzUHKTËQ^T�XÍX%L!JMP�HKT%QRP�HrSUTÍX_SU`CQ^HpT%J Õ(Z
[ L�L!X_z^L«N�SUc_PMLON�J;P [ L!TÍ�^LON�HKuyekHKu
P [ La`CL!X%HKQ [ Q^J g LOL!T(Q^c_P [ S^N�H��OL!XØQ^T%XkHru,HKP�JIzUQRPML!J [ Q·�^L g LOL!TØJMLOP�c_|(uyS^N*P [ La]OQ^dKd ÕCZ SYX_SYP [ HKJO�
HrP²�^LON�Hrq%L!J²P [ L¹|+SUdpHK]{e HKT_u¦S^N�`CQRP�HrSUT.]{SUTWP�Q^HKT%L!X¥HpT P [ L¹N�L!JMSUc_N�]{LYN�L!JMLON��ÓQRP�HrSUT¥N�L!wxc_L!JMP²£8HrP [ P [ L
|�SUdKHK]{e�HKT_u¦S^N�`CQRP�HKSUTaHrP [ Q^J�J�Q!�^L!X«u¦S^N�P [ QRP§c%JMLON Õ?Z S�HKdKdKc%J�PMN�QRPML
P [ LI`CQR|%|�HpT_z\S^u�QR|%|sdKHK]OQRP�HrSUT6ÖfdpQ!e^LON
HKT_u¦S^N�`CQRP�HKSUT*PMS¬|�SUdKHK]{e�HKT_u¦S^N�`CQRP�HrSUT�uyS^N/P [ L§J�L!J�J�HrSUT��Ub?HrzUc%N�L ù ®�zUHK�^L!J�Q^T�L9�6Q^`C|�drL§S^u�P [ L&]{SUTtPML!TWP�J
S^u�Q } o�V `�L!J�J�QRz^LCþ [ L!Q^X_LON&Q^T%X g S6X_e ÿ Q^T%X²P [ LIJML!J�J�HrSUT>ÛÜJ=|�SUdKHK]{e�HKT%uyS^N�`aQRP�HrSUTCP [ QRP§HKJ�JML!TWP,PMS�P [ L
N�SUc_PMLON�J
Q^T%X¢Q^J�J�Sx]OHKQRPML!XY£8HrP [ P [ L\Q^c%P [ S^N�H��!QRP�HrSUT¢PMS^Ð^L!T Õ

Token
User ID

Alice

Service TypeAuthority

FACULTY Urgent

Call−ID

19955946

BW

256

Flow Description

flow1 (send)

flow1 (recv)

flow2

o = alice 2890844526 2890842807 IN IP4 130.207.230.189

v = 0

s = ECE8000 Class

c = IN IP4 130.207.230.189

b = CT:256

t = 3034423619 3038023619

m = audio 49170 RTP/AVP 0

a = rtpmap:0 PCMU/8000

Session
General

Information

a = curr:qos e2e none

a = des:qos mandatory e2e sendrecv

a = curr:qos e2e none

a = des:qos mandatory e2e rcv

m = video 51374 RTP/AVP 32 rcv

a = rtpmap:32 MPV/90000

Audio

Flow

Flow1:

Flow

Flow2:

Video

Via = SIP/2.0/UDP netlab2.gtrep.gatech.edu:5061;branch:z9hg4lkx

INVITE sip:netlab5.gtrep.gatech.edu:5060 SIP/2.0

To = sip:ece8000@netlab3.gatech.edu:5060

From = sip:alice@netlab2.gtrep.gatech.edu:5060; tag=60281

Call−ID = 19955946@netlab2.gtrep.gatech.edu

CSeq = 19955546 INVITE

Max−Forwards = 10

Priority = URGENT;

Contact = sip:alice@netlab2.gtrep.gatech.edu

P−Auth−Profile = FACULTY; SRC

Header

Session Policy Information:

ñ é^q!r_s�to�X- � Ú0QR|%|�HKT_z�S^u } o�V `�L!J�J�QRz^L!J"]{SUTtPML!TWP"PMSC|�SUdKHK]{e�]{SUTWPMN�SUd�HKT_u¦S^N�`CQRP�HrSUT Õ
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b?HKT%Q^dpdre^� g Q^JML!XØSUT(P [ La]OQ^dKd=JMLOP�c_|kJ�HKzUT%Q^dKHKT_z�M%S�£ [ LON�La|%N�L!JML!TtPML!X þ�b?HrzUc_N�L ù^ù ÿ Q^T%X(P [ L²c%JML
S^u�P [ L [ L!Q^X_LON0QlRáS �6�¦� RáQ ���VU=�r� �=P [ Lu	IS } Ö L!T [ Q^T%]{L!X } oÀV |�N�S�6eWÖ � �Åc%JML!J�P [ LYQ^drz^S^N�HrP [ ` HKdKdKc%JMÖ
PMN�QRPML!X.HKT9b�HKzUc_N�L ù �ÔPMSØu¦S^N�£§QRN�X9P [ L �¦�XW��¦�f� N�L!wxc_L!JMPCQRPCP [ LmS^N�HrzUHKT Q^T%X X_L!J�P�HKT%QRP�HrSUT X_SU`aQ^HKT%J
þ�H Õ L Õ �=]OQ^dpdrLON!ÛÜJ;Q^T%XË]OQ^dpdrLOL^ÛÜJ�X_SU`CQ^HKT�J ÿ Õ o TÍP [ HKJ;Q^drz^S^N�HrP [ `¢��q�N�JMP*P [ L�]OQ^dKd ÛÜJ�|�N�HrS^N�HrP e þ�X_LOq�T_L!XÍHKT
P [ L®@¯B°\±\¯�°�²´³´µ=¶F·]¸@¶]¯ ÿ Q^T�X¥c�JMLON!ÛÜJ«QRPMPMN�H g c%PML!J�QRN�L¹zUQRP [ LON�L!X QRP«P [ L(]OQ^dKdrLON!ÛÜJ«X_SU`CQ^HpT Õ<Z
[ L!T��
JMLON��6HK]{L¢Q^X%`aHKJ�J�HrSUT HpJ�|+LON�uyS^N�`CL!X g Q^JML!X SUT P [ LY]OQ^dKdrLON!ÛÜJaQ^T%X ]OQ^dKdrLOL^ÛÜJaQ^X%X_N�L!J�J�L!JO�,]OQ^dpd&|%N�HrS^N�HrPfe^�
Q^T%X ]OQ^dKdrLON·ÛÜJ�Q^c%P [ S^N�HrP e £8HrP [ HKT P [ LÔX_SU`CQ^HpT ÕÂZ
[ HKJ�HKJ²uySUdpdrS·£,L!X g e P [ L(HKTWPMLON�Q^]{P�HrSUT¥£8HrP [ P [ L
	�S } QRz^L!TtP0þ�¹�¶Hº»¸\¼»¶]½\¾B¶»¹�²>¿-À@Á]Â@Ã@Á]Ä@Å8Æ�Â8Ç ÿ Õ b�HpT%Q^dKdre^�/P [ L«T_LO£ [ L!Q^X%LONfQlRáS �6�¦� RáQ ���VU=�r� HKJ�Q^X%X_L!X
þ�·]¸´¸@ÁH¾=²]È»±]¯B°HÉ=·H²�°H±HºFµ=¶F·\¸F¶]¯ ÿ PMS�HKT_u¦S^N�`�P [ LIX%L!JMP�HKT%QRP�HrSUT�X_SU`CQ^HpT�Q g SUc_P,P [ L¬]OQ^dKd+Q^c_P [ S^N�HP�!QRP�HrSUT
JMP�QRP�c%J,Q^T%X²]OQ^dKdrLON!ÛÜJ�Q^c%P [ S^N�HrP e Õ F§P=P [ L�X_L!JMP�HKT%QRP�HKSUTCX_SU`CQ^HKT>�WJ�HK`CHpdKQRN/|%N�S6]{L!X%c_N�L8Sx]O]Oc_N�JO�W£8HKP [ P [ L
X%H�Ò�LON�L!T%]{L"P [ QRP§HKT_u¦S^N�`CQRP�HrSUT²Q g SUc%P g S^P [ ]OQ^dpdrLON,Q^T�X²]OQ^dKdKLOL�QRN�L�zUQRP [ LON�L!X>�6Q^T�X²Hru�P [ L	À@Á]Â@Ã=Ê\Ã@Â\Ë=
N�L!wxc_L!JMP
HKJ8J�c%]O]{L!J�JMu�c%d¨�6P [ L1Q�RTS �_�¦� RáQ ��� U��r� HKJ
c%|�X�QRPML!XØþ.¾´Ì»¸F·\²=¶]Á\¾F²]ÈB±\¯�°�É=·\²B°\±�ºFµ»¶@·]¸@¶]¯ ÿ Õ
 w¶P�²¶P� ô Ü Ú r²½ ¸ ¿�sRé^Þ"t8ß ä�Ú�Û;Û ã

Z
[ L1	�S } Ö L!T [ Q^T�]{L!X } o�V |�N�S�6eWÖ � �ÞHKJ"QadrS^zUHp]OQ^d>N�SUdrL*S^u�Q } o�V L!drL!`CL!TWP Õ F�]O]{S^N�X%HKT%zaPMSaP [ L } o�V
JMP�Q^T%X�QRN�Xvik�^�+j �,£ [ L!T9QÔN�L!wxc_L!JMPCQRN�N�HK�^L!J�Q^T L!drL!`�L!TtP�P [ QRPC]OQ^T |�dpQ!eÍP [ LmN�SUdrL«S^uIQÔ|%N�S�6eÍq%N�JMP
X_L!]OHKX%L!J
HruÑHKP
T_LOL!X%J&PMSCN�L!JM|�SUT%X�PMSCP [ L\N�L!wxc_L!JMP&SUTYHrP�J&S·£"T Õ o T«P [ HKJ
]OQ^JML*S^uÑN�L!J�|+SUT�X%HKT_z�X%HrN�L!]{P�dKe
PMSCQ�N�L!wxc_L!JMPO�%P [ L�L!dKL!`�L!TWP"HKJ,|�dKQ!e6HKT_z�P [ L¬N�SUdrLIS^u�Q�c%J�LON
QRz^L!TWP8J�LON��^LON�þ;/�F } ÿ Õ%Z8[ c%J!�6HpT«P [ L\]OQ^dKd
J�HrzUT�Q^dKHKT_z3M�S·£ S^u>P [ L'	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�SK�xetÖ � ��þ�b?HrzUc_N�L ù^ù ÿ HrP§HKJ§Q^J�J�c%`�L!X²P [ QRP§P [ LI|%N�SK�xe
g L [ Q!�^L!J"dKHrÐ^L*Q)/"F } Q^T%X¢P [ c%J8]OQ^T0HKJ�J�c_LILON�N�S^N"N�L!JM|�SUT%JML!J g Q^]�Ð«PMSaP [ L�HKT%HrP�HKQRPMS^N&S^u/P [ L\N�L!wxc_L!JMP Õ
Z
[ L;|%N�S^|�SUJ�Q^d [ LON�L�HKJ"PMSmQ^J�J�HrzUTÔQ�JM|�L!]OHrq�]*]{S6X_L�N�L!Q^JMSUT¹PMS«P [ L�LON�N�S^NIN�L!J�|+SUT�JML�Q^T%X0PMSmHKX_L!TtP�Hru¦e
P [ L
L!dKL!`�L!TWP�P [ QRP�HpJ�J�c_L!X�P [ L"N�L!JM|�SUT%JML Õ o TCP [ L
u¦S^N�`�LON,]OQ^JML^�6Q*JM|�L!]OHrq�]&]{S6X_L
N�L!Q^JMSUTCL9�6|�dKQ^HKT�J/P [ L
N�L!Q^JMSUTkuyS^N�P [ LCN�L ø L!]{P�HrSUT(S^u§P [ LaN�L!wtc%L!JMPO��J�c%] [ Q^J�Hru,P [ LCPfex|�LCS^u&JMLON��6HK]{L�N�L!wxc_L!JMPML!XË]OQ^T%T_S^P g L
|�LON�u¦S^N�`�L!X��tS^N
Hru�P [ LIT_LOPf£,S^N�Ð²X%StL!J§T_S^P [ Q!�^L¬L!T%SUc_z [ N�L!JMSUc_N�]{L!J,PMS�Q^X%`CHKP=P [ L¬T_LO£ ]OQ^dKd+N�L!wxc_L!JMP n
HKT�P [ L\dKQRPMPMLON"]OQ^JML^��HKX_L!TtP�Hrq�]OQRP�HKSUT²S^u�P [ L } o�V L!TtP�HrPfe«HKT�P [ L¬LON�N�S^N&N�L!JM|�SUT%JML!J&Q^dKdKS·£8J§P [ L\HpT%HrP�HKQRPMS^N
S^u?P [ L¬N�L!wxc_L!JMP
PMS²Q^JMÐ�HKP&uyS^N8Q^X�X%HrP�HrSUT%Q^d�HpT_uyS^N�`CQRP�HrSUT«Q g SUc_P&P [ L\LON�N�S^N8HruÑT%LOL!X_L!X Õ

} LO�^LON�Q^d�]OQRPMLOz^S^N�HrL!J�S^u?LON�N�S^N"N�L!JM|�SUT%JML!J8QRN�L�X_LOqsT_L!X¢HKTmP [ L } o�V QRN�] [ HrPML!]{P�c_N�L Õ F�`�SUT_z²P [ L!`m�
Q^T�LON�N�S^N§N�L!JM|�SUT%J�L"£8HKP [ Q�]{S6X_LhÍ ÓKÓ HpJ,HpJ�J�c_L!X²£ [ L!T�Q�JMLON��^LON&u�Q^HKdKJ�PMS�u�c%drqsdKd%Q��ÓQ^dKHpXaN�L!wxc_L!JMP Õ b%S^N
HKT%J�P�Q^T%]{L^�UHKT�v8bÑ� ù^ù !�¬£ [ L!T�QIc%JMLON�QRz^L!TtP=HKJ?T_S^P/£"HKdKdKHKT%z&PMS\`�LOLOP/P [ L&|%N�L!]{SUT�X%HrP�HrSUT%J�HKT;P [ L§SRÒ�LON!�

ý"�



if (request == INVITE) {

GateController::rcvRequest

priority = PriorityHeader−>priority;

    if (CALLER’s domain) {

        callerAuthority = getAttributes(caller);

        if (serviceAdmission(priority, caller,
        callerAuthority, callee) == TRUE) {

              sendRequest(GATEADMIT, qosHost, qosPort);

if (qosResponse−>gateAdmit == TRUE) {

                  authorizationStatus = SRC;

                  addAuthorizationHeader(authorizationStatus,
                  callerAuthority);

forward(request, callee);

                 }

else sendResponse("Network_Cannot_Admit_Call", caller);’
          }

   if (CALLEE’s domain) {

       calleeAuthority = getAttributes(callee);

       if (authorizationHeader−>status == SRC) {

            callerAuthority = AuthorizationHeader−>authority;

            if (serviceAdmission(priority, caller,

                 sendRequest(GATESETUP, qosHost, qosPort);

            callerAuthority, callee, calleeAuthority) == TRUE) {

if (qosResponse−>gateSetup == TRUE) {

                     authorizationStatus = DEST;

                     updateAuthorizationHeader(authorizationStatus,
                     callerAuthority);

addMediaAuthorization(qosResponse−>token);

forward(request, callee);
                 }

else sendResponse("Service_Not_Authorized", caller);’

   }

   }

else sendResponse("Service_Not_Authorized", caller);’

          }
else sendResponse("Network_Setup_Failed", caller);’

   }
   }

ñ é÷q�r�s+to�! � 	�S } Ö L!T [ Q^T�]{L!X } o�V |%N�SK�xetÖ � ��ÛÜJ8Q^drz^S^N�HrP [ ` Õ

ý��



HrP�HKJ�J�c_L!J"QmÍ�[@ÎÔN�L!JM|�SUT%J�L\PMS�HpT%X%HK]OQRPML §s�M�����R��¦R�¦���¨�R���{�^�y� �6�M� Õ F�X_S^|%P�HKT_zaP [ HKJ8J�Q^`�L;]OdpQ^J�J8S^u/LON�N�S^N
]{S6X_L!JO�WHKT;P [ HpJ/]Oc_N�N�L!TtP/HK`�|�drL!`CL!TWP�QRP�HrSUT�S^u+P [ L&HKTtPMLONMÖfX_SU`CQ^HpT�]OQ^dKd_Q^c_P [ S^N�HP�!QRP�HrSUT�`�S6X_L!dx£8HrP [ } o�V
|%N�SK�6HKL!J
Q^J&zUQRPML�]{SUTtPMN�SUdKdKLON�JO�LÍ]Î]Î0N�L!JM|�SUT%JML!J&QRN�L�JML!TWP g Q^]�Ð«PMSCP [ L\c�JMLON8HKT«P [ L*uySUdKdKS·£8HKT%z�]OQ^J�L!JO�

æ } LON��xHp]{L\Q^X%`CHKJ�J�HrSUT«]{SUTWPMN�SUd�u¦Q^HpdKJ,Ö�~�N�N�S^N"�,S6X_L^� Ò+�{�IW·�¨��� �s�^� S �_�¦�x�R����â��Ö¦

æ � QRPML�Q^X%`CHpJ�J�HrSUT�N�L!wxc_L!JMP
u�Q^HKdKJ,Ö=~=N�N�S^N��§SxX_L^��Ï �O�;«=�^�-Z ç �^�%�s�^� S ����� §+� ç �R�¦�
æ � QRPML�JMLOP�c_|YN�L!wtc%L!JMP&u¦Q^HpdKJ,Ö�~�N�N�S^N"�,S6X_L^�ÐÏ �O�;«=�R��Z Ò+�!���K§ Ý �R�¦�r�?¦
F�drP [ SUc_z [ JM|�L!]OHrq�]§]{SxX%L8Ttc�` g LON�J [ Q!�^L"T%S^P g LOL!TCuyS^N�`aQ^dKdre�Q^J�J�HrzUT_L!X�HpT�SUc_N=HK`C|�drL!`�L!TtP�QRP�HrSUT��

P [ L�LON�N�S^N�N�L!Q^JMSUT¹X_L!J�]{N�Hr|�P�HrSUT¢HKT¢Q^X�X%HrP�HrSUTYPMSaP [ L;]{SUTWP�Q^]{P [ L!Q^X%LON�HKT%uyS^N�`aQRP�HrSUT¢HKX_L!TtP�Hru¦exHpT_z�£ [ S
HKJ�J�c_L!X(P [ L²LON�N�S^N�`CL!J�J�QRz^L�N�LO|%N�L!JML!TtP*�RQ^dKc%Q g drLaHKT_u¦S^N�`CQRP�HKSUT(PMSYP [ L�HKT%HrP�HpQRPMS^N\S^u&P [ L²]OQ^dpd=Q g SUc_P
P [ L\N�L!Q^JMSUTmu¦S^N [ HKJ&c%T�Q^c_P [ S^N�H��OL!Xm]OQ^dpd�N�L!wxc_L!JMP Õ

�"L9�xPO�tP [ L
Q^X_�RQ^TWP�QRz^L!J=S^u+J�L!T%X%HKT_z�LON�N�S^N�`CL!J�J�QRz^L!J=HpT�P [ L&|%N�S^|�SUJML!X�]OQ^dKd_Q^c_P [ S^N�H��!QRP�HrSUT�`�S6X_L!d
HKJ�L9�x|sdKQ^HKT_L!X²HKTaPMLON�`CJ,S^u>P [ LITtc%` g LON�S^uÑJ�HrzUT%Q^dKHpT_z*`�L!J�J�QRz^L!J§|+LON§c%T%J�c%]O]{L!J�JMu�c%d�]OQ^dpdsJMLOP�c%|�PMN�Q^T%J�Ö
Q^]{P�HrSUT Õ

æ Ò����U�s�R� �y�t�fé8�Ö¦R�%�!���¨�R�

F§P�P [ L,S^N�HrzUHKT�X_SU`CQ^HKT>�^P [ L(	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�SK�xetÖ � �Ë�^LON�Hrq�L!J/Hru�P [ L&T_LOP £�S^N�Ð�]OQ^TaQ^X%`CHrP
P [ LC]OQ^dKd?£ [ L!TÔP [ L�HKT%HrP�HpQ^d �¦�XW·���f� N�L!wxc_L!JMP¬HKJIN�L!]{L!Hr�^L!X Õ�Z8[ N�SUc_z [ P [ L �&�^�f� S ¦A¥���� N�L!wtc_L!J�PO�>P [ L
|%N�SK�xe�] [ L!]�ÐxJ
£8HrP [ P [ L¬T_LOPf£,S^N�Ð«Hru�P [ L¬QRz^z^N�LOzUQRPML*N�L!JMSUc_N�]{L!J g L!HKT_z;c%JML!X«X_S�T_S^P§L9�_]{LOL!XmQ�|�N�S·�6H�Ö
J�HrSUT%L!X²dKHp`CHrP ÕÑZ8[ HKJ�|�N�L!dKHK`CHpT%QRN�e^�U|�SUJ�J�H g dre [ Hrz [ ÖfdrLO�^L!d�N�L!JMSUc_N�]{L"�^LON�HKq�]OQRP�HrSUT²N�L!wtc%L!JMP�PMN�Hrz^z^LON�L!X g e
P [ L)	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�SK�xetÖ � � [ L!dr|sJ"PMSmQ·�^SUHKXØQ^X%X%HKP�HrSUT%Q^d�J�HrzUT%Q^dKHpT_z²`�L!J�J�QRz^L!J¬P [ QRPI£,SUc%dKX
S^P [ LON�£"HKJML¬S6]O]Oc_N
£ [ L!TmT%S �&�^�f� S ¦A¥��¦� N�L!wxc_L!JMP
HpJ
HKJ�J�c%L!X Õ

o T«Q^X%X%HrP�HrSUT>�WP [ L �&�^�f�3Ò+�O����§ N�L!wxc_L!JMP&HKJ�J�c_L!X g eCP [ L3	�S } Ö L!T [ Q^T%]{L!X } oÀV |%N�S�6eWÖ � �¥QRP g S^P [
S^N�HrzUHpTCQ^T%XaX%L!JMP�HKT%QRP�HrSUTaX_SU`CQ^HKT%J=Q^dKdrS·£"J/P [ L"T%LOPf£,S^N�Ð�PMS*�^LON�HKuye�P [ L8J�L!J�J�HrSUT�ÛÜJ=|�SUdKHK]{e�HKT_u¦S^N�`CQRP�HrSUT
£8HrP [ P [ L
T%LOPf£,S^N�ÐsÛÜJ=Q^]O]{L!J�J�|�SUdKHK]OHKL!JO�^Q^T%X�Hru�Q^]O]{L!J�J�HKJ?z^N�Q^TtPML!X�PMS¬P [ L
T_LO£ J�L!J�J�HrSUT�Q¬`�L!X�HKQ"Q^c%P [ SRÖ
N�H��!QRP�HKSUTmPMS^Ð^L!T0HpJ
Q^J�J�HrzUT%L!X¢PMSCP [ L�L!T%X¢c%J�LON�J Õ�Z8[ HKJ§PMS^Ð^L!T¹HKJ
c%JML!XY£ [ L!TmP [ L*Q^]{P�c%Q^d>N�L!JMLON��RQRP�HrSUT
S^u?N�L!JMSUc_N�]{L!J&Sx]O]Oc%N�J Õ

ý �



�,SUT�J�HKX_LON�HpT_z¢T_LOzUQRP�Hr�^L�N�LO|�dKHKL!J\u¦N�SU`DP [ L�T_LOP £�S^N�ÐkHKTØSUT%LaS^u
P [ L«Q g S·�^L«]OQ^JML!Jmþ¦L Õ z Õ �=T_SÔQ^X6Ö
`CHrP²N�L!wxc_L!JMP«HKJCz^N�Q^TtPML!X¥S^NmT_SÍ`CL!X%HKQØQ^c_P [ S^N�H��!QRP�HrSUT¥PMS^Ð^L!T HKJ�Q^J�J�HrzUT_L!X ÿ �&P [ L¹Q^]{P�HKSUT%J�S^u\P [ L
	�S } Ö L!T [ Q^T%]{L!X } oÀV |%N�SK�xetÖ � ��þ�H Õ L Õ �6HrP�J�N�L!wtc%L!JMP�J�Q^T�X²]{S6X_L!X�T_LOzUQRP�Hr�^L�N�L!JM|�SUT%JML!J ÿ Q!�^SUHKX²P [ LIQ^X6Ö
X%HrP�HKSUT%Q^dsJ�HrzUT%Q^dKHKT%z�`�L!J�J�QRz^L!J&N�L!J�c%dKP�HKT_z*u¦N�SU` Q^dKd+P [ LIPMN�Q^T%J�Q^]{P�HrSUT%J&T_LOL!X_L!X«PMS�N�L!Q^] [ P [ LIN�L!J�SUc_N�]{L
N�L!JMLON��ÓQRP�HrSUT¢| [ Q^JML Õ

ÚYS^N�LOS·�^LON·�%Q^]O]{S^N�X%HKT_z�PMS;v"bÑ� ù^ù !��Q^X%X�HrP�HrSUT%Q^d%J�HrzUT%Q^dKHKT%z\HKJ=T_LOL!X%L!X²QRu¦PMLON�P [ L"N�L!J�SUc_N�]{L8N�L!JMLONMÖ
�RQRP�HrSUTY| [ Q^JML Õ #§Q^JML!X0SUTYP [ L;]OQ^dKdÑJMLOP�c_|ÔJ�HrzUT%Q^dpHKT_zCHKTtPMLOz^N�QRPML!X¹£8HrP [ N�L!JMSUc_N�]{L;`CQ^T%QRz^L!`�L!TtP¬Q^T%X
P [ L�c%JMLCS^u¤	�S } |%N�L!]{SUT%X%HKP�HrSUT%JO�>P [ LaN�L!J�c�drP�J¬S^u&P [ LCN�L!JMSUc_N�]{L²N�L!JMLON��RQRP�HrSUTØ| [ Q^JMLaQRN�L�]{SU`C`;c%T%H�Ö
]OQRPML!X g LOPf£,LOL!T�L!T%X�c%J�LON�J�P [ N�SUc_z [ P [ L ��§L¦U�^�f� PMN�Q^T�J�Q^]{P�HrSUT Õ o T;]OQ^J�L&S^u�N�L ø L!]{PML!X�S^N�c%T%Q^c%P [ S^N�H��OL!X
`�L!X%HpQ�M%S·£8J!�UL!T%XCc%J�LON�J�]OQ^TCX_L!]OHpX_L&PMS*N�L ø L!]{P�P [ L"c_|�X%QRPML!X�SRÒ+LON g e�HKJ�J�c%HKT_zIQÑÍ�[´Î�R�Q �������^�!¦R�������R�
Ý �^�y� �6�M� N�L!JM|�SUT%JMLËþ�H Õ L Õ �
Q^J�J�c%`CHKT%z(P [ LY]Oc_N�N�L!TWPaJ�P�QRP�c%J²X%StL!J²T_S^P²`�LOLOP²P [ L0X%L!J�HrN�L!X JMP�QRP�c�Jau¦S^N
`CQ^T%X�QRPMS^N�e0|�N�L!]{SUT%X%HrP�HKSUT%J ÿ Õ�Z
[ HKJ¬]OQ^T�]{L!dKJ\P [ L�SRÒ�LON�HpTÔP [ LCc_|�X%QRPML�PMN�Q^T%J�Q^]{P�HrSUT Õ  "S·£,LO�^LON!�/Q^J
|�LON=v8b�� ù^ù ^�i �"� j+Hru�Q\c%JMLON,QRz^L!TWP�N�L!]{L!Hr�^L!J,Q\T_SUT6Ö ���8�Cq�T%Q^d6N�L!JM|�SUT%JML&PMS�Q^T²c_|�X%QRPML
N�L!wxc_L!JMPO�tP [ L
JML!J�J�HrSUT�ÛÜJ\|sQRN�Q^`�LOPMLON�J*N�L!`CQ^HKTØc�T%] [ Q^T%z^L!X���Q^J;Hru§T_SYc_|�X%QRPML�N�L!wtc_L!J�P [ Q^X g LOL!TËHKJ�J�c_L!X Õ  "L!T%]{L^�
P [ L;HKT%HrP�HKQ^d>SRÒ+LONIHKT¢P [ L�HKTt�xHKPML*PMN�Q^T%J�Q^]{P�HrSUT0HpJ8JMP�HKdpd�|�L!T%X%HKT_z_�sQ^T%X¢P [ L;L!T%X0c%JMLONI]OQ^T0HKJ�J�c_L*Q²T_LO£
Í�[´ÎhR1Q �������^�!¦R�������R� Ý �R�¦� �6��� N�L!J�|+SUT�JMLmPMSÍ]OQ^T�]{L!d8P [ L¹HKT%HrP�HpQ^d�SRÒ�LON Õ F�dKJMS_�&P [ LÒÍ�[´Î¥N�L!JM|�SUT%JML!J
J [ SUc�dKX�]{SUTWP�Q^HKT²Q^T } G V X_L!J�]{N�Hr|�P�HrSUT;PMS*HKT%X%Hp]OQRPML&£ [ HK] [ |%N�L!]{SUT%X%HKP�HrSUT�JMP�QRP�c%J�u�Q^HKdrL!X Õ b?HKT%Q^dpdre^�^P [ L
N�L!JM|�SUT%J�L!J&QRN�L*Q^]�Ð6T_S�£8drL!X_z^L!X0Q^T%XmP [ L!TmP [ L*]OQ^dKd�JMLOP�c_|YPMN�Q^T%J�Q^]{P�HrSUTYL!T%X%J Õ

��StS^Ð6HKT_z g Q^]�ÐCQRP§b?HrzUc_N�L ù^ù HKT } L!]{P�HrSUT«� Õ ùxÕ R�%JMSU`�L�S^u�P [ L"X_S^PMPML!X«dKHpT_L!J�J [ S�£.P [ L8L!T%X²S^u�P [ L
]OQ^dKd_JMLOP�c%|�PMN�Q^T%J�Q^]{P�HrSUTaHKT�]OQ^JML&S^u+c�T%Q^c_P [ S^N�HP�OL!X;]OQ^dpdKJ/X%c_L§PMS¬u�Q^HKdrL!X �&�^�f� S ¦A¥��¦� Q^T%X �&�^�f�(Ò��O����§
N�L!wxc_L!JMP�J Õ b_S^N*HKT%J�P�Q^T%]{L^�>HKT0P [ L�]OQ^JML�S^u�QsÏ �O�;«=�R��Z ç �R���s�^� S ������§+� ç �R�¦� LON�N�S^N!��P [ L�Txc%` g LON�S^u
} o�V `�L!J�J�QRz^L!J�L9�6] [ Q^T_z^L!X g LOP £�LOL!T¥c%JMLON�QRz^L!TWP�Q^T%X |�N�S�6e HKT G�SU`CQ^HKTàYHKJ ø c%J�P ù `�L!J�J�QRz^L!J
þ o �¤Â o Z ~
���R�^�ÔN�L!JM|�SUT%JML^��F8�la ÿ �/H Õ L Õ �=T_S^P�]{SUc%TtP�HKT_z¹P [ Lm`�L!J�J�QRz^L!J�PMSØQ^c%P [ L!TWP�Hp]OQRPMLmP [ L�c�JMLON Õ
Z
[ L!T>�sHKTYP [ L;]OQ^J�L�S^u=Q²u�Q^HKdrL!X �&�U�f�1Ò+�!���K§ N�L!wxc_L!JMPIQRPIG"SU`aQ^HKT¹�¹þ�Ï �O�;«=�R��Z Ò+�!���K§ Ý �R�¦�r�?¦ ÿ �>P [ L
Txc%` g LON�S^u } oÀV `�L!J�J�QRz^L!J�L9�_] [ Q^T_z^L!X g LOPf£,LOL!TËc%J�LON;QRz^L!TtP;Q^T�Xk|%N�S�6eØHKTkG�SU`CQ^HKT¥aHpJ*Q^dKJMS ù
`�L!J�J�QRz^L!JO�%£8HrP [ P [ L¬X%HrÒ+LON�L!T�]{L�P [ QRP&P [ LIN�L!JM|�SUT%JMLIP�QRÐ^L!J8dKSUT_z^LON&PMSCQRN�N�Hr�^L^�_Q^J&P [ L �¦�XW��¦�f� N�L!wxc_L!JMP
Q^T%X*P [ L=N�L!J�|+SUT�JML�HKT%X%Hp]OQRP�HKT_z&P [ L�u¦Q^HKdpc_N�L/HKJ>PMN�Q^T%J�`CHrPMPML!X*P [ N�SUc_z [ SUc_P>P [ L,T_LOPf£,S^N�Ð g LOPf£,LOL!T*S^N�HrzUHKT
Q^T%X¢X%L!JMP�HKT%QRP�HrSUTmX%SU`CQ^HKT%J Õ

�"S·£\�?]{SUT%J�HpX_LON�HKT_z«P [ L g Q^J�HK]�]OQ^dKd=JMLOP�c_|¼M%S�£nHKTtPMLOz^N�QRPML!Xk£8HrP [ N�L!JMSUc%N�]{La`CQ^T%QRz^L!`CL!TWP«þ�Q^T%X

� �



£8HrP [ SUc_P
	�S } Ö L!T [ Q^T�]{L!X } o�V |%N�SK�6HrL!JYQ^]{P�HKT_z Q^JmzUQRPMLÍ]{SUTWPMN�SUdpdrLON�J ÿ J [ S·£8TÞHpT¥b?HrzUc%N�L ù^ý �¬P [ L
Txc%` g LON§S^u } oÀV `�L!J�J�QRz^L!J&L9�_] [ Q^T_z^L!X g LOPf£,LOL!T¢c%J�LON
QRz^L!TWP8Q^T�X«|%N�S�6e²QRP8P [ L¬Q^]O]{L!J�J8T_LOP £�S^N�Ð�S^u
G�SU`CQ^HKT(IHKJ � `�L!J�J�QRz^L!JO�%]{SUT%J�HKX%LON�HKT_z;Q^dKd+P [ L¬PMN�Q^T%J�Q^]{P�HKSUT%J§|%N�HrS^N,PMS�P [ LIN�L!JMLON��ÓQRP�HrSUT«| [ Q^JML¬Q^T%X
P [ L*T%L!]{L!J�J�QRN�e«]OdrSUJ�c_N�L¬S^u�P [ L¬SRÒ+LON�J Õ

Z
[ LON�LOuyS^N�L^�tP [ L�HKTtPMLON�Q^]{P�HrSUT²S^u_	�S } Ö L!T [ Q^T�]{L!X } o�V |%N�S�_HrL!J�Ö � � Q^T%X²P [ L�T_LOPf£,S^N�ÐadKQ·e^LON§|%N�HrS^N
PMSCP [ L�Q^]{P�c%Q^d>N�L!J�SUc_N�]{L¬N�L!JMLON��ÓQRP�HrSUTYN�L!X%c%]{L!J8J�HrzUT%Hrqs]OQ^TWP�dre²P [ L\J�HrzUT�Q^dKHKT_z�drSUQ^X¢HpT«P [ L*Q^]O]{L!J�J�Q^T%X
g Q^]�Ð g SUT_L*T%LOPf£,S^N�ÐxJ"HKT«P [ L\]OQ^JML�S^u�c�T%Q^c_P [ S^N�HP�OL!Xm]OQ^dKd�N�L!wxc_L!JMP�J Õ

200 OK PRACK

PRACK

Application

SIP Proxy ServerSIP Proxy Server

Transport

SIP UA SIP UA

SIP UA1 SIP Proxy SIP Proxy SIP UA2

INVITE (SDP1)

183 IN PROGRESS (SDP2)

RSVP RESV

RSVP RESV

UPDATE (SDP3)

Router

RSVP

RSVP PATH

Router

RSVP PATH

ACK

Domain 1 Domain 2

Number of SIP Messages in

Domain 1 =  8

580 PRECONDITION FAILURE (SDP5)

580 PRECONDITION FAILURE (SDP4)

ñ é÷q�r�s+to��ü � } HrzUT%Q^dKHpT_z�M�S·£ÏQ^J�J�c%`CHKT_z�|%N�L!]{SUT%X%HrP�HrSUT�J§u¦Q^HKdpc_N�L Õ
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ì'zÖÕ ¡����K�`�$|��A�(ÊÓd |��?�(Í Éè�m����Í¤~���~ �(�
� ���_���?�3���A�����AÍ ®�~�~��)|�~

o T0P [ L;|�N�LO�xHKSUc%J"J�L!]{P�HrSUT��>Q«J�HK`�|sdrL�]{SU`�|sQRN�HKJMSUT¹S^u=P [ L�Txc%` g LON"S^u,`�L!J�J�QRz^L!J¬L9�_] [ Q^T_z^L!X(HKT¹P [ L
JM|�L!]OHrq�]I]OQ^JML�S^u?N�L ø L!]{PML!X0]OQ^dKdKJ
X�c_L¬PMSCu�Q^HKdrL!Xm`�L!X%HpQ�Q^c_P [ S^N�H��!QRP�HKSUTm£,Q^J8|%N�L!JML!TtPML!X Õ  "S·£,LO�^LON!��HKT
S^N�X_LON/PMSILO�RQ^dKc%QRPML&P [ L&N�L!Q^dxHp`�|�Q^]{P?SUT�P [ L&]OQ^dKd_JMLOP�c_|�X_L!dpQ!e6J?S^usP [ L&HKTtPMLON�Q^]{P�HrSUT�S^up	�S } Ö L!T [ Q^T%]{L!X
} o�V |%N�SK�6HKL!J�Ö � � Q^T%X9P [ LmT_LOP £�S^N�ÐÍdKQ·e^LONCP [ HKJ�J�L!]{P�HrSUT Q^X%X_N�L!J�JML!J�P [ L¢Q^X%X%HKP�HrSUT%Q^d,JMLON��6HK]{L«P�HK`�L
HK`�|�SUJML!X¢SUT¢P [ L\|�N�S�_HrL!JO�sP [ L\L{Ò�L!]{P�J"SUT } o�V `�L!J�J�QRz^L!J8N�LOPMN�Q^T%J�`CHpJ�J�HrSUT%J!�%Q^T%X¢J�]OQ^dKQ g HKdKHrP e�HKJ�J�c_L!J
HKT0PMLON�`CJ�S^u�P [ L�Txc%` g LON�S^u=Q^X%X%HKP�HrSUT%Q^d>|�N�S�6eYJMLON��^LON�J¬T_LOL!X_L!X0PMS«`CLOLOP�P [ L;JMLON��xHK]{L�drSUQ^XÔHKT0P [ L
T_LOP £�S^N�Ð Õ

o T¹P [ L;Q^T�Q^drexJ�HKJ8P [ QRP"u¦SUdKdrS�£8JO�+P [ L�S g6ø L!]{P�HK�^L�HpJ8PMSmJ [ S�£4P [ QRPIP [ L;HpTWPMLONMÖfX%SU`CQ^HKT¹]OQ^dKdÑQ^c%P [ SRÖ
N�H��!QRP�HKSUT�`�S6X_L!dt|%N�S^|�SUJML!X;HKT�P [ HKJ�] [ QR|%PMLON�HpJÑJ�]OQ^dpQ g drL^�RzUHr�^L!T�X_L!dKQ·e\N�L!JMPMN�HK]{P�HrSUT%JÑSUT;P [ L�|�N�Sx]{L!J�J�HKT_z
P�HK`�L¬S^u?P [ L } oÀV PMN�Q^T%J�Q^]{P�HrSUT�J
Q^T%X¢QR|%|sdKHK]OQRP�HrSUT6ÖfdpQ!e^LON&N�LOPMN�Q^T�J�`CHKJ�J�HrSUT%J Õ

Z
[ L«Q^X�X%HrP�HrSUT%Q^d§drSUQ^X9SUT9P [ Lm|%N�S�_HrL!J�P [ QRP�|�LON�u¦S^N�` P [ L«u�c%T%]{P�HrSUT�Q^dKHrPfekS^u"zUQRPMLY]{SUTtPMN�SUdKdKLON�J
HKJ [ Hrz [ dKHrz [ PML!XØHKTØP [ LCS·�RQ^d,QRN�L!Q^J*S^u&b?HrzUc_N�L ù"�tÕ #§Q^J�HK]OQ^dKdre^��Q^dKd�P [ LCu¦c�T%]{P�HrSUT%Q^dKHKPfe¹S^u,P [ La|%N�SK�xe
JMLON��^LON�J"|�N�S^|�SUJML!X0HpTYP [ L�HKTtPMLONMÖfX_SU`aQ^HKT0]OQ^dpdÑQ^c_P [ S^N�H��!QRP�HrSUTÔ`�S6X_L!d§þ�b�HKzUc_N�L ù  ÿ ��£ [ HK] [ HKT�]OdKc%X_L!J
JMLON��6HK]{L¬Q^X%`CHpJ�J�HrSUT�Q^T%X«`�L!X%HKQ�Q^c_P [ S^N�H��!QRP�HrSUTmQRP g S^P [ P [ LIS^N�HrzUHKT«Q^T%X«X_L!J�P�HKT%QRP�HrSUT«X_SU`CQ^HpT%JO�_QRN�L
T_S�£Ï]{SUT%J�HKX%LON�L!X¢Q^J
HKT�]{N�L!Q^JML!Xm|%N�S�6e�JMLON��xHK]{L¬P�Hp`�L Õ

o T0Q^X�X%HrP�HrSUT���P [ HKJ8Hp`�|�drL!`�L!TtP�QRP�HrSUTYS^u/P [ L;HpTWPMLONMÖfX%SU`CQ^HKTY]OQ^dpd�Q^c_P [ S^N�H��!QRP�HrSUT¹`�SxX%L!d�Q^J�J�c�`�L!J
/�G V Q^J&P [ L*PMN�Q^T%JM|�S^N�P&|%N�S^PMSx]{SUd Õ�Z8[ HKJ [ Q^J&P £�S�HK`�|�S^N�P�Q^TtP&]{SUT%JML!wxc_L!T%]{L!JO�

 Õ Qm`CL!J�J�QRz^L{Ö g Q^JML!XØPMN�Q^T%J�`CHpJ�J�HrSUT0HKJIQ^J�J�c%`�L!X>�>H Õ L Õ ��P [ L } o�V `�L!J�J�QRz^L!J\]OQ^T g L�PMN�Q^T%J�`CHrPMPML!X
HpT$/"G V X%QRP�QRz^N�Q^`CJ8£8HrP [ SUc_P&P [ L\T_LOL!Xmu¦S^N"QR|%|�dpHK]OQRP�HrSUT6ÖfdKQ·e^LON&uyN�Q^`CHKT_z n

� Õ P [ L=N�L!dKHpQ g HKdKHrP e
S^u } o�V `�L!J�J�QRz^L!JÑHpJ [ Q^T%X%dKL!X¬QRP�P [ L,QR|%|�dKHK]OQRP�HKSUT¬dKQ!e^LON!�^H Õ L Õ �^QR|%|sdKHK]OQRP�HrSUT6ÖfdpQ!e^LON
N�LOPMN�Q^T%J�`CHpJ�J�HrSUT`ik�^�+j Õ

 w¶�-�¶�÷ õ t8ãx½KsRé^Á�½�é^¿!Ü_ã)¿�Ü åÔV�V�Û é^Á Ú ½�é^¿!Ü ��ì�Ú7º t8s õ t7½Ks Ú Ü�ã U é^ãã·é^¿!Ü_ã
¡IT9P [ LmJ�c g6ø L!]{P�S^uIQR|%|�dpHK]OQRP�HrSUT6ÖfdKQ·e^LON�N�LOPMN�Q^T%J�`aHKJ�J�HrSUT�JO�/P [ L¢HK`�|sQ^]{P;S^u�P [ L¢Q^X%X�HrP�HrSUT%Q^d,JMLON��6HK]{L
drSUQ^X²SUTaP [ L8|%N�SK�6HKL!J�HKJ�`CQ^HKT%dKe�SUT²P [ L"HpT%HrP�HKQ^d �¦�XW��¦�f� N�L!wxc_L!JMP,Q^T%X²P [ L"QRN�N�Hr�ÓQ^d�S^u�P [ L8q�N�JMP=N�L!dKHKQ g drL
|%N�S��xHpJ�HrSUT%Q^d+N�L!JM|�SUT%J�L^�¤Y�["\�R Ò+�{�����¨�R�Y��� Q �M���^������� Õ o TmS^P [ LON8£,S^N�X%JO�_P [ L\HpT%]{N�L!Q^JML!X¢J�LON��xHp]{L¬P�HK`�L
QRP
P [ L1	�S } Ö L!T [ Q^T�]{L!X } o�V |%N�SK�6HrL!JMÖ � � X_L!dKQ·exJ8P [ L\X_L!dKHK�^LON�eaS^u?P [ SUJML�`�L!J�J�QRz^L!J Õ
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Domain 1

Access Network Access Network

Domain 2

INVITE

INVITE (SDP1)

P−Auth−Profile

INVITE

P−Media−Authorization

183

183 IN PROGRESS (SDP2)

P−Auth−Profile Updated

183

UAC SIP Proxy−GC 1 SIP Proxy−GC 2 UAS

PRACK

P−Media−Authorization

PRACK
PRACK

T

100 Trying

T < T1 to avoid any retransmissions of the 183 response

T1 = 500 msec (default value)

ñ é^q!r_s�to�wô �*o T%]{N�L!Q^JML\HKTmJ�LON��xHp]{L\P�HK`�L\QRP
|�N�S�6e�J�LON��^LON�J Õ

¡ITØP [ LaPMN�Q^T�J�Q^]{P�HrSUTkdpQ!e^LON*S^u&P [ Lac%JMLON*QRz^L!TtP�]OdKHrL!TtPaþ;/"F8� ÿ ik�^�+j ��P [ L �¦�XW·���f� N�L!wxc_L!JMP�HpJ¬N�L{Ö
PMN�Q^T%J�`CHrPMPML!XYQRu¦PMLON"Q²]{LON�P�Q^HKTYP�HK`�LOSUc_P
L9�6|�HrN�L!J8HKT¢]OQ^J�L�T_SC|�N�S·�6HKJ�HrSUT�Q^d�N�L!JM|�SUT%JML\HKJ8N�L!]{L!Hr�^L!XÍþ¦P [ L
/�F8�ÂN�L!`CQ^HKT%J\HpTØP [ L�ÃM]OQ^dKdKHKT_z Ä JMP�QRPML ÿ Õ0Z8[ LaP�HK`CLOSUc_P*N�c�drLaHKJ g Q^JML!XËSUTkP [ L�c%J�c%Q^d=N�SUc%T%XØPMN�Hr|
X_L!dKQ·exJ!�xN�LOuyLON�L!T�]{L!X�Q^J�j��HKT²P [ LIJMP�Q^T%X%QRN�X>�t£8HKP [ Q�X_LOu�Q^c%drP��ÓQ^dKc%L�X_LOqsT_L!X²Q^J&�R�^�6qÕ���<� Õ FÏ`CQ+�xÖ
HK`;c%`ÅS^u � N�LOPMN�Q^T%J�`CHpJ�J�HrSUT%J§S^u/P [ L �y��W·���f� N�L!wtc%L!JMP8HKJ"Q^dKdrS·£,L!X��s£8HrP [ HKTtPMLON��RQ^dKJ&L!wxc%Q^d>PMS«� >�Ö j�R�
× B � u  u � u�ØÙØ ýxÕ

#§c_P8QRu¦PMLON
P [ L�/"F8�¥N�L!]{L!Hr�^L!J8Q�|�N�S·�6HKJ�HrSUT�Q^dsN�L!JM|�SUT%JML^�_P [ LON�L\HpJ&T_Sa`�S^N�L\T%LOL!XmPMSCN�LOPMN�Q^T�J�`CHrP
P [ L²N�L!wtc%L!JMP ÕmZ
[ L)/�F8�<Ð^LOLO|sJ*£§Q^HrP�HKT_zYuyS^N;Q¢q�T%Q^d�N�L!JM|�SUT%JML�u¦N�SU`BP [ L²T_LOP £�S^N�Ð þ�HpTØP [ L�Ã�|%N�SRÖ
]{LOL!X%HKT%z Ä JMP�QRPML ÿ Õ=Z
[ L
PMN�Q^T%J�`aHKJ�J�HrSUT;S^u>Q¬|�N�S·�6HKJ�HrSUT�Q^d6N�L!JM|�SUT%JML*þ�c%J�c%Q^dKdre;Q)Y]Î\Î �%���Ó�¦�t� N�L!JM|�SUT%JML ÿ
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HKJ
X%SUT_L g e«P [ L�JMLON��^LON8PMN�Q^T%J�Q^]{P�HrSUT0JMP�QRPML�`CQ^] [ HKT_L!J�þ¦L!HrP [ LON"HpTmQ�|%N�SK�xe«S^N"Qac%JMLON8QRz^L!TtP"JMLON��^LON ÿ Õ
Z
[ LIJMLON��^LON§PMN�Q^T�J�Q^]{P�HrSUTmJMP�QRPML\`CQ^] [ HKT_LIX%HK]{P�QRPML!J,P [ QRP&HruÑT_S�|�N�S·�6HKJ�HrSUT�Q^d%N�L!JM|�SUT%J�L�QRN�N�Hr�^L!J=£"HrP [ HKT
�R�^�sqÕ���<�Ó�ÑP [ L!TkHrP\`;c%JMP\J�L!T%XØQdY]Î]ÎÍ|%N�S��xHKJ�HrSUT%Q^d�N�L!JM|�SUT%JML Õ²Z
[ c�JO��Hru,P [ L
Y�["\ N�L!JM|�SUT%JML�u¦N�SU`
P [ L=/�F } P�QRÐ^L!J*dKSUT_z^LONIP [ Q^T¹P [ QRP\HKTtPMLON��ÓQ^d �+P [ L�J�LON��^LON¬PMN�Q^T%J�Q^]{P�HKSUTÔS^u�P [ L�|%N�SK�xe¹QRP¬P [ L�S^N�HrzUHKT
X_SU`CQ^HpT�£8HKdKd6]{SU`C`;c%T%HK]OQRPML8£8HrP [ P [ L¬/�F8�9£8HKP [ QIz^L!T_LON�HK]3Y]Î]Î²|%N�S·�6HKJ�HKSUT%Q^d6N�L!JM|�SUT%JML§PMS*HpT%X%HK]OQRPML
P [ QRP
P [ L*T_LO£ÞJML!J�J�HrSUTmN�L!wxc_L!JMP
HKJ g L!HpT_z�P�QRÐ^L!TY]OQRN�L\S^u Õ

¡ITYP [ L\PMN�Q^T�J�Q^]{P�HrSUT¹dKQ!e^LON�S^u?P [ L�c%J�LON8QRz^L!TWPIJMLON��^LON�þ;/�F } ÿ �sP [ L0Y"["\�R Ò+�{�����¨�R�¹��� Q �����U�M�{���
N�L!JM|�SUT%J�L�`;c%JMP g L,Q^]�Ð6T_S·£8dKL!X_z^L!X�HKT\S^N�X%LONÑPMS g L=]{SUT%J�HpX_LON�L!X;Q8N�L!dpHKQ g drL/|%N�S·�6HKJ�HrSUT%Q^dWN�L!JM|�SUT%JML5ik�R�Aj Õ
Z
[ HpJ¬N�L!wxc%HrN�L!`�L!TtP�]{SU`CL!J�u¦N�SU` P [ Lau�Q^]{P�P [ QRP�HKP�]OQRN�N�HKL!J�Q^T } G V g S6X_eÔ£8HrP [ Q^TËQ^T�JM£�LON;u¦N�SU`
P [ L¬HKT%HKP�HKQ^d_SRÒ�LON n P [ c�JO�6P [ L5/�F } £,Q^HrP�J,u¦S^N&Q^T�Q^]�ÐxT%S·£8drL!X%z^L!`�L!TWP8uyN�SU` P [ L�/�F8� Õ FÞ|%N�S��xHpJ�HrSUT%Q^d
N�L!JM|�SUT%J�L«Q^]�ÐxT%S·£8drL!X%z^L!`�L!TWPaPMN�Q^T%J�Q^]{P�HrSUTàþ V v8F8�la ÿ P [ L!T9u¦SUdKdrS·£"J Õ o T ]OQ^JML¢P [ HKJ V v8F8�laiN�L{Ö
wxc_L!JMP*X_SxL!J\T_S^P�QRN�N�Hr�^LC£"HrP [ HKTÔQ¢]{LON�P�Q^HpTØP�HK`�L^�ÑP [ L)/�F } N�LOPMN�Q^T%J�`aHrP�J¬P [ L�Y"["\9N�L!JM|�SUT%JML Õ²Z
[ L
`CQ+�_HK`;c%` £,Q^HKP�HKT_zÔP�HK`�L«S^u�P [ Lm/"F } HKJ�Q^dpJMS(Q(u¦c�T%]{P�HrSUTÍS^u"P [ Lcj�«|�QRN�Q^`�LOPMLON·�,HKT9QØJ�HK`CHKdKQRN
£§Q!eØQ^J¬P [ LaN�LOPMN�Q^T%J�`aHKJ�J�HrSUT¹S^u§P [ L �¦�XW��¦�f� N�L!wxc_L!JMPO�\P [ L)/"F } |�Q^J�JML!J\P [ L�|�N�S·�6HKJ�HrSUT�Q^d?N�L!JM|�SUT%JML
PMSmP [ L�PMN�Q^T%J�Q^]{P�HrSUT(dKQ!e^LON*|+LON�HrSxX�HK]OQ^dKdre«QRP\Q^T(HKTtPMLON��ÓQ^d?P [ QRPIJ�P�QRN�P�J\QRPyj��Q^T%XÔX_SUc g drL!J�uyS^N¬L!Q^] [
N�LOPMN�Q^T�J�`CHKJ�J�HrSUTmc%TtP�HKd�HrP
N�L!Q^] [ L!J�Q��ÓQ^dpc_L\S^u ý ® Ö j; Õ o uÑP [ HKJ
`CQ+�_HK`;c%`$HKTtPMLON��RQ^d>HKJ
N�L!Q^] [ L!X��sP [ L
/�F } J�L!T%X%J
Q�q�T�Q^dDÍ]Î\Î0N�L!JM|�SUT%J�L\HKT%X%HK]OQRP�HpT_z�P [ QRP8Q^TmLON�N�S^N8Sx]O]Oc_N�N�L!X¢HKT«P [ QRP8PMN�Q^T%J�Q^]{P�HrSUT Õ

#§Q^JML!X¥SUT¥P [ L¹N�LOPMN�Q^T%J�`aHKJ�J�HrSUT |%N�S6]{L!X%c_N�L!J²X_LOq�T_L!X uyS^N«P [ L¹c%JMLON«QRz^L!TWP¢]OdKHKL!TWP�Q^T%X.J�LON��^LON
PMN�Q^T%J�Q^]{P�HrSUT%JO�+HrP"]OQ^T g L*]{SUT%]OdKc%X%L!XmP [ QRP�P [ L�HKTtPMLON�Q^]{P�HrSUT g LOPf£,LOL!To	IS } Ö L!T [ Q^T%]{L!X } o�V |%N�S�_HrL!J�Ö
� �nQ^T%XÍL!X_z^LmN�SUc%PMLON�J�X%c_N�HKT%z¢P [ Lm]OQ^dKd,Q^c_P [ S^N�H��!QRP�HKSUTË|�N�Sx]{L!J�J;]OQ^T g L��^LON�eË]{N�HrP�HK]OQ^d,Q^T%X9`CQ!e
]OQ^c%JML�P [ L²N�LOPMN�Q^T%J�`aHKJ�J�HrSUT�J¬S^u �¦�XW·���f� N�L!wxc_L!JMP�J�Q^T%X�Y"["\¼R Ò����������^�Í��� Q �M���^������� N�L!JM|�SUT%JML!J Õ o T
P [ HKJ�Q^T%Q^dKexJ�HpJO�/P [ LmN�LOPMN�Q^T�J�`CHKJ�J�HrSUTkS^u"P [ LdY�["\hR Ò+�������¨�R�9��� Q �M���^������� N�L!JM|�SUT%JML«HKJ�]{SUT%J�HpX_LON�L!X
`�S^N�L¹]{N�HrP�HK]OQ^d8P [ Q^T.P [ L¹]OQ^J�L0S^u¬P [ L �¦�XW·���f� N�L!wxc_L!JMP ÕÏZ8[ L �¦�XW·���f� N�L!wxc_L!JMP²N�L!]{L!Hr�^L!J«Qkz^L!T%LON�HK]
Y]Î\ÎkN�L!J�|+SUT�JML�£8HrP [ HKT(�R�^��qÕ���<��£ [ Hp] [ £8HKdpdÑQ·�^SUHKXØHrP�J¬N�LOPMN�Q^T%J�`CHpJ�J�HrSUT%J!�s£ [ HKdrL;P [ L
Y�["\Í£8HKdpd g L
N�LOPMN�Q^T�J�`CHrPMPML!X g e²P [ L'/"F } HruÑP [ L¬|%N�S6]{L!J�J�HpT_z�S^uÑP [ L�	IS } Ö L!T [ Q^T%]{L!X } oÀV |%N�S�6etÖ � � X_L!dpQ!e6J&P [ L
N�L!JM|�SUT%J�L�Q^T%X;P [ L,N�L!]{L!Hr|%P?S^u%P [ L�|%N�S·�6HKJ�HrSUT%Q^dxQ^]�Ð6T_S�£8drL!X_z^L!`�L!TtP/u¦S^N?`CS^N�L�P [ Q^T�P [ L§dpHK`CHrP�HpTWPMLON��RQ^d
j� ÕCZ
[ L!JML�N�LOPMN�Q^T%J�`CHKJ�J�HKSUT%J�S^u�P [ LaN�L!JM|�SUT%JML�JML!TtP g e0P [ Lf/�F } £8HKdKd?HKT�]{N�L!Q^JML�P [ LCdrSUQ^XØSUT(P [ L
|%N�SK�xe«JMLON��^LON�JO��]OQ^c%J�HpT_zC`�S^N�L\X_L!dpQ!e6JO��Q^T%X¢]{SUT�JML!wtc%L!TWP�dre«`�S^N�L¬N�LOPMN�Q^T%J�`CHpJ�J�HrSUT%J Õ

Z
[ LON�LOuyS^N�L^�=P [ L¢X_L!dpQ!e9Q^T%Q^dre6J�HKJ�u¦S^N�P [ Lm|%N�S^|�SUJML!X HKTtPMLONMÖfX_SU`aQ^HKT ]OQ^dKd&Q^c_P [ S^N�H��!QRP�HrSUT `�S6X_L!d

� ®



Q^X%X_N�L!J�JML!J�P [ L"P�Hp`�LOSUc_P�J,uyS^N§QR|%|�dpHK]OQRP�HrSUT6ÖfdKQ·e^LON�N�LOPMN�Q^T%J�`CHpJ�J�HrSUT%J�S^u>P [ L�|%N�S·�6HKJ�HKSUT%Q^d%N�L!J�|+SUT�JML�Y�[C\
R Ò+�������¨�R�9��� Q �����^������� Q^J�P [ L«`aQ^HKT9]{SUT%JMPMN�Q^HKTtP Õ �,SUT�]{LON�T%HKT_zÔJ�]OQ^dKQ g HKdKHrP eØHKJ�J�c_L!J!�/P [ L«uyS6]Oc%J�HKJ
SUT¢P [ L*JMLON��6HK]{L*drSUQ^X¢S^u/P [ L\|%N�SK�xemJMLON��^LON�J8QRP
P [ L�Q^]O]{L!J�J�T_LOPf£,S^N�Ð6J�þ�H Õ L Õ �sS^N�HrzUHKTYQ^T%X¢X_L!JMP�HpT%QRP�HrSUT
T_LOP £�S^N�Ð6J ÿ �sP [ L\HK`�|�Q^]{P&SUTYP [ L\Txc%` g LON&S^u/c%JMLON�J&P [ LOe«]OQ^TYJMLON��6HK]{L\Q^T%X¢P [ L*T_LOL!Xmu¦S^N8Q^X%X�HrP�HrSUT%Q^d
N�L!JMSUc%N�]{L!J&zUHr�^L!TYP [ L\X_L!dKQ·e«]{SUT�JMPMN�Q^HKTtP�J&PMSaQ·�^SUHKXYQR|%|sdKHK]OQRP�HrSUT6ÖfdpQ!e^LON
N�LOPMN�Q^T%J�`CHKJ�J�HrSUT%J Õ

 w¶�-�¶P� � r�tLrÑé;Ü_q å Ü Ú�Û÷º ã·é^ã

�,SUT%J�HKX_LON�P [ L&wtc_L!c�HKT_z"`CSxX_L!d6HKdpdKc%JMPMN�QRPML!X;HKT;b?HrzUc_N�L ù��xÕ�Z
[ HKJ�`�S6X_L!dxHKJ g Q^JML!X�SUT;P [ L&Q^J�J�c%`C|%P�HrSUT
P [ QRP�P [ L=|�N�Sx]{L!J�J�HKT_z
S^u } oÀV `�L!J�J�QRz^L!JÑP�QRÐ^L!J/]{SUT�J�HKX_LON�Q g drL�P�HK`�L,X%c_L�PMSIwxc_L!c%HKT_z"X_L!dKQ!e6J�QRPÑP [ L } o�V
QRz^L!TtP�J=Q^T%X�JMLON��^LON�J Õ/Z
[ HKJ�QR|%|%N�SUQ^] [C[ Q^J g LOL!T�P�QRÐ^L!T g e�#,Q^T%LON ø LOL �O�Ñ�^�DÐ i � j%PMS\JMP�c%X_e�P [ L [ Q^T%X%SRÒ
|�LON�u¦S^N�`CQ^T%]{L¬S^u } o�V u¦S^N [ Q^T%X%dpHKT_z�`�S g HKdKHKPfe Õ /"J�HKT_z�QCJ�HK`aHKdKQRN&QR|%|%N�SUQ^] [ �%P [ L¬|�N�S^|�SUJML!Xmwtc%L!c%HKT_z
`�S6X_L!d
]OQ^T g LYc%JML!X PMSÍ|%N�S��xHpX_LmN�SUc_z [ L!JMP�HK`CQRPML!J²S^u¬P [ LYX_L!dpQ!e6J²X%c%LmPMSËP [ L0wtc_L!c�HKT_z(S^u } o�V
N�L!wxc_L!JMP�J&Q^T%X«N�L!JM|�SUT%JML!J§Q^J
Q�]{SUT%JML!wxc_L!T%]{L¬S^u�P [ L¬HKT%]{N�L!Q^J�L!XmJMLON��6HK]{L¬drSUQ^XmQRP&P [ L'	�S } Ö L!T [ Q^T%]{L!X
} o�V |%N�S�_HrL!J�Ö � � QRP8P [ L¬S^N�HrzUHKTmQ^T�X¢X_L!JMP�HKT�QRP�HrSUTmX_SU`CQ^HKT�J Õ
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µ 2S2µ

ñ é^q!r_s+tu�!ø � 	Ic%L!c%HKT_z�`�S6X_L!d Õ

Z
[ L\wtc_L!c�HKT_z�X_L!dKQ·exJ"QRN�L*]{SU`�|�c%PML!X g Q^JML!XmSUTYP [ L*Q^J�J�c%`�|%P�HrSUT«P [ QRP
P [ L¬|%N�SK�xemJMLON��^LON�J
|�LONMÖ
u¦S^N�` X_L!X%HK]OQRPML!X ø S g J«þ�H Õ L Õ ��PMS0|�N�Sx]{L!J�J } oÀV `�L!J�J�QRz^L!J ÿ Q^T%XËP [ QRP�P [ LOek]OQ^T g L�`�S6X_L!drL!XÍQ^J�Q^T

� �



Úo%RÚu%x«wxc_L!c_L`i�^9j �C`�L!J�J�QRz^L!J�QRN�N�Hr�^L²Q^]O]{S^N�X%HKT_z0PMSÔQ V SUHKJ�JMSUTË|%N�S6]{L!J�J�£8HrP [ N�QRPML�Ú>��Q^T%XËP [ L
|%N�S g Q g HKdKHrP e²X%HpJMPMN�H g c%P�HrSUTaS^u?P [ L�JMLON��6HK]{L\P�HK`�L�HKJ&L9�6|+SUT%L!TWP�HKQ^d>£8HrP [ `�L!Q^TË%Û�]ËJML!]{SUT�X%J Õ V SUHKJ�JMSUT
N�Q^T%X%SU`i�ÓQRN�HKQ g drL!J¬QRN�L²c%JML!XÔPMS0`CSxX_L!d?P [ LaQRN�N�Hr�RQ^d�S^u&T_LO£�JML!J�J�HrSUT(N�L!wxc_L!JMP�Jaþ¦L Õ z Õ �9Ú û ÿ g L!]OQ^c%JML
HrP�HKJ8P [ L�`�SUJMP�£8HKX%L!dremc%JML!XYQRN�N�Hr�RQ^d�`�S6X_L!d�HKTY]{SU`�|sc_PMLON�T%LOPf£,S^N�ÐYP [ LOS^N�e^�+£ [ LON�L!Q^J"L9�x|�SUT_L!TtP�HKQ^d
N�Q^T%X%SU` �RQRN�HKQ g drL!JaQRN�LYP [ L¹`�SUJMP²£8HKX_L!dre9c%JML!X.JMLON��6HK]{L¢P�HK`CL0`�S6X_L!d
HKT.wtc%L!c%HKT_z(P [ LOS^N�e&i�O�"�+j Õ
F�dKJMS_�_P [ L o TWPMLON�T_LOP
X_L!dKQ·exJ
QRN�L\Q^J�J�c%`�L!X«PMS g L¬]{SUT%J�P�Q^TWP8Q^J
P [ L\`CQ^HKT«z^SUQ^d�S^u�P [ HKJ&Q^T�Q^drexJ�HKJ§HKJ§PMS
LO�RQ^dKc%QRPML;P [ L�X_L!dpQ!e6J8HKTYP [ L*S^N�HKzUHKT¢Q^T%X¹X_L!JMP�HKT�QRP�HrSUT¢X_SU`CQ^HpT%J8X%c%L\PMS�HpT%]{N�L!Q^JML!X0JMLON��6HK]{L�drSUQ^XYSUT
P [ L\|�N�S�6e�J�LON��^LON�J Õ

o P=HKJ�Q^dpJMS*Q^J�J�c�`�L!X�P [ QRP�|%N�S�_HrL!J�]OQ^T²Q^]O]{LO|%P } oÀV N�L!wxc_L!JMP�J=Q^T�X�N�L!JM|�SUT%JML!J�uyN�SU`�JMLO�^LON�Q^dsS^P [ LON
X_SU`CQ^HpT%J Õ b_S^N�HKT%JMP�Q^T%]{L^��P [ L } oÀV `�L!J�J�QRz^LCQRN�N�Hr�RQ^d�N�QRPMLCQRP¬|%N�SK�xe V ��HKT¹P [ L�]OQ^JMLCS^u�P [ L �y��W·���f�
N�L!wxc_L!JMP�Q^T%X V «HKTËP [ L«]OQ^JMLmS^u
P [ L¼Y�["\.N�L!JM|�SUT%J�LaN�L!J�c�drP*u¦N�SU`�N�L!wxc_L!JMP�J�Q^T%XÍN�L!JM|�SUT%JML!J�u¦N�SU`
S^P [ LON,X_SU`CQ^HKT%J=Q^J=£,L!dKd Õ?Z
[ LON�LOu¦S^N�L^�tP [ L!HrN=QRN�N�Hr�ÓQ^d%N�QRPML!J=QRN�L�J [ S�£8TaQ^J,ÚBÜ û Q^T%XÝÚ�Ü\ÞÓ�WN�L!JM|�L!]{P�Hr�^L!dre Õ
F�X%X%HrP�HrSUT�Q^ds|sQRN�Q^`�LOPMLON�J"c%JML!XmHKT«P [ L�Q^T%Q^dre6J�HKJ&QRN�L*X%L!J�]{N�H g L!X«HKT Z Q g drL¬® Õ

Z
[ L�`CSxX_L!d?J [ S·£8T(HKTÔb?HrzUc_N�L ù�� Q^J�J�c%`�L!JIJMLO|�QRN�QRPMLawtc%L!c_L!JI£8HrP [ HpT¢P [ LCJ�Q^`CL;|�N�S�6e¹J�LON��^LON
HKT(P [ LC|%N�S6]{L!J�J�HKT%z�S^u&N�L!wtc_L!J�P�J\Q^T%XØN�L!JM|�SUT%JML!J ÕaZ8[ HKJ¬]{SU`�L!J�uyN�SU`iP [ LCu�Q^]{P*P [ QRP;HKTÔP [ L�HK`�|�drL{Ö
`�L!TtP�QRP�HrSUTØS^u,P [ La]OdpHrL!TWP�ÖfJ�LON��^LONMÖ g Q^JML!X } oÀV |%N�S^PMS6]{SUd¨��]OdKHKL!TWP¬PMN�Q^T�J�Q^]{P�HrSUT%Jaþ � Z ÿ QRN�LCX_LOqsT_L!XÔPMS
|%N�S6]{L!J�J8P [ L�N�L!wtc_L!J�PO�sQ^T%X¹JMLON��^LON�PMN�Q^T%J�Q^]{P�HKSUT%J;þ } Z ÿ QRN�L�X_LOq�T_L!X¢PMS²|%N�Sx]{L!J�J"P [ L�N�L!JM|�SUT%JML!J Õ F�J
Q^T¢L9�_Q^`�|�dKL^�sQRPMP�Q^] [ L!XÔPMSaP [ L*]{S^N�L�S^u } o�V |�N�S�6e¢JMLON��^LON�J8P [ LON�L;`CQ!e g L\SUT_L;]OdKHrL!TtP
PMN�Q^T%J�Q^]{P�HrSUT
Q^T%X¹JMLO�^LON�Q^d?JMLON��^LONIPMN�Q^T�J�Q^]{P�HrSUT%J�þ�Q^J�|%N�SK�6HrL!J�]OQ^T¹uyS^N�ÐmN�L!wtc%L!JMP�J�PMS�JMLO�^LON�Q^dÑ|sdKQ^]{L!J ÿ ÕIZ
[ LON�LOu¦S^N�L^�
HrP
HKJ§N�L!Q^JMSUT%Q g drL*PMSa]{SUT%J�HKX%LON
JMLO|�QRN�QRPML*wxc_L!c_L!J
PMSC|%N�S6]{L!J�J&N�L!wxc_L!JMP�J"Q^T%X«N�L!JM|�SUT%J�L!J Õ

Z
[ L�N�SUc%T%X6Ö PMN�HK|�X_L!dpQ!e�S^uÑP [ L\HpT%HrP�HKQ^d } o�V �y��W·���f� N�L!wxc_L!JMP§PMSCP [ L\QRN�N�Hr�RQ^d+S^uÑP [ L)Y"["\¹N�L!JM|�SUT%JML
þ�jAß >�à<á ûãâ"ä ÿ ��]OQ^T g L\]{SU`�|�c%PML!X¢Q^J

j�ß >�à�á ûãâ"ä Båj�æ ûGç"è�é okê#ß9oWj�æ Þ ç"è�é okêÑë8ì Ü oWj�æ Þ ç Ü é okêíß9oWjAæ ûGç Ü é þ � ÿ

#§Q^JML!X«SUTmÚo%RÚu%x¬wxc_L!c%HKT%z*JMe6JMPML!`CJO�_HKT�JMPML!Q^X_eaJ�P�QRPML^�_P [ L¬Q!�^LON�QRz^L\Txc%` g LON,S^u�]Oc%J�PMSU`�LON�J§HKT
P [ L*J�exJMPML!` þ�HKT«P [ HKJ
]OQ^J�L^��`�L!J�J�QRz^L!J ÿ þEî ÿ HKJ

î B Ú
]s�WÚ þ � ÿ

�Rý



æÔÚ R Û t
- � ��HKJ�P&S^u�JMe6JMPML!`Ì|�QRN�Q^`�LOPMLON�J Õ
V QRN�Q^`�LOPMLON G�L!J�]{N�HK|%P�HrSUT
Ú û } o�V N�L!wxc_L!JMP"QRN�N�Hr�RQ^d+N�QRPML�QRP
|�N�S�6e

QRP
S^N�HrzUHKTmX_SU`CQ^HpTØþ V K%^� Z ÿÚ Ü û } o�V N�L!wxc_L!JMP"QRN�N�Hr�RQ^d+N�QRPML�QRP
|�N�S�6e
QRP8X%L!JMP�HKT%QRP�HrSUTmX%SU`CQ^HKTØþ V �"%^� Z ÿÚ Þ } o�V N�L!J�|+SUT�JML\QRN�N�Hr�RQ^d�N�QRPML*QRP8|%N�S�6e
QRP8X%L!JMP�HKT%QRP�HrSUTmX%SU`CQ^HKTØþ V �"% } Z ÿÚ Ü]Þ } o�V N�L!J�|+SUT�JML\QRN�N�Hr�RQ^d�N�QRPML*QRP8|%N�S�6e
QRP
S^N�HrzUHKTmX_SU`CQ^HpTØþ V K% } Z ÿ

] û } LON��xHK]{L¬N�QRPML*QRP
|%N�SK�xe
QRP
S^N�HrzUHKTmX_SU`CQ^HpTØþ V K%^� Z ÿ

] Ü û } LON��xHK]{L¬N�QRPML*QRP
|%N�SK�xe
QRP8X%L!JMP�HKT%QRP�HrSUTmX%SU`CQ^HKTØþ V �"%^� Z ÿ

]YÞ } LON��xHK]{L¬N�QRPML*QRP
|%N�SK�xe
QRP8X%L!JMP�HKT%QRP�HrSUTmX%SU`CQ^HKTØþ V �"% } Z ÿ

] Ü\Þ } LON��xHK]{L¬N�QRPML*QRP
|%N�SK�xe
QRP
S^N�HrzUHKTmX_SU`CQ^HpTØþ V K% } Z ÿj Ü ß æ G�L!dKQ·e�S^u/Q�]{SU`�|sdrLOPML*]OQ^dKd
JMLOP�c%|¢PMN�Q^T%J�Q^]{P�HKSUTkþ¦uyN�SU`$JML!T%X%HpT_z�P [ L �¦�XW·���f�
PMSCN�L!]{L!Hr�xHpT_z�P [ L\q�T%Q^d S Î\Î+R `9ï N�L!JM|�SUT%JML ÿj ß >�à�á ûãâ"ä G�L!dKQ·e�u¦N�SU`$J�L!T%X%HKT_z�P [ L �¦�XW��¦�f�
N�L!wxc_L!JMP
Q^T�XmN�L!]{L!Hr�6HKT_z�P [ LZY"["\ÔN�L!JM|�SUT%JMLj æ ûGç"è�é 	Ic%L!c%HKT_z�X_L!dKQ·e«QRP8|%N�S�6e«QRP
S^N�HKzUHKTmX_SU`CQ^HKTØþ V K%^� Z ÿj æ Þ ç"è�é 	Ic%L!c%HKT_z�X_L!dKQ·e«QRP8|%N�S�6e«QRP
X_L!J�P�HKT%QRP�HrSUTmX_SU`aQ^HKTØþ V �"%^� Z ÿj æ Þ ç Ü é 	Ic%L!c%HKT_z�X_L!dKQ·e«QRP8|%N�S�6e«QRP
X_L!J�P�HKT%QRP�HrSUTmX_SU`aQ^HKTØþ V �"% } Z ÿj æ ûGç Ü é 	Ic%L!c%HKT_z�X_L!dKQ·e«QRP8|%N�S�6e«QRP
S^N�HKzUHKTmX_SU`CQ^HKTØþ V K% } Z ÿêíß o TWPMLON�T_LOP
X_L!dKQ·e«HpT«PMN�Q^T%J�`CHKPMP�HKT_z�S^u
} o�V `�L!J�J�QRz^L!Jê ë8ì Ü V N�Sx]{L!J�J�HKT_z�X_L!dKQ·emQRP8c%JMLON
QRz^L!TtP
JMLON��^LON�þ�]OQ^dKdrLOL ÿ

ð } LON��xHK]{L¬N�QRPML*`�c�drP�Hr|�dKHp]OQRP�HrSUT
u�Q^]{PMS^N;þ ðòñ þ�� u Ij ÿ
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/�J�HKT_zkP [ LYJMLON��6HK]{L¹drSUQ^X S^N�c_P�HKdKH��!QRP�HKSUT9u¦Q^]{PMS^Ncó�BôÚ8Û�]/�,P [ L0Q!�^LON�QRz^LÔX%L!dKQ!e9|�LON²`�L!J�J�QRz^L
þ¦£§Q^HrP�HKT_z�P�HK`CL\HKTmwtc%L!c_L¬|�dKc%J&J�LON��xHp]{L¬P�HK`�L ÿ HKJ
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ó@Ü ûÚ Ü û þ�x�õó Ü û ÿ þ�!� ÿ

j æ Þ ç Ü é B 
] Þ �öÚ Þ B

ó Þ
Ú Þ þ�x�õó Þ ÿ þ� ù ÿ

j æ Þ ç Ü é B 
] Ü\Þ �WÚ Ü\Þ B

ó Ü]Þ
Ú Ü\Þ þ�x��ó Ü\Þ ÿ þ�{® ÿ

æ b����O�����Ó���y�t�¢�¦�6��Ò+�{�IW·�¨����é&�U�f�

�,SUT�J�HKX_LON;QY|%N�S�6ekJMLON��^LON!ÛÜJ;|%N�Sx]{L!J�J�HKT_zYP�Hp`�L²£ [ SUJML²J�LON��xHp]{L²N�QRPMLØþ�HKTÍ`�L!J�J�QRz^L!J¨%ÓJML!] ÿ HKJ;X_L{Ö
]{N�L!Q^JML!X�u¦N�SU`�]²PMS ð ]/�^£ [ LON�L ð÷ñ þ�� u Ij Õ o P�u¦SUdKdrS·£"JÑP [ QRPÑP [ L§c_P�HKdpH��!QRP�HrSUT\u�Q^]{PMS^N>ó\Q^dKJMSIX_L!]{N�L!Q^J�L!J
g e�Q�u�Q^]{PMS^N8S^u ð Q^T%XmP [ L\T_LO£Ïwxc_L!c%HKT_z�X_L!dpQ!e(þ�j�>�iãø ÿ HKT%]{N�L!Q^JML!J g e

jw>�iGø
j B x��ó

ð �õó þ�!� ÿ

o P
HKJ§HK`�|�S^N�P�Q^TtP§PMSaT_S^P�HK]{LIP [ QRP
P [ LIJ�PML!Q^X_e�J�P�QRPML\L!wtc�QRP�HrSUT%J g L!HKT_z�c%JML!XmQ^J�J�c%`�LIP [ QRP2óÝùÞR�
H Õ L Õ �=Úsùµ] Õ/Z
[ LON�LOuyS^N�L^�WHru+P [ L8T_LO£ J�LON��xHp]{L&N�QRPML¤]¢X_L!]{N�L!Q^JML!J=]{SUT%J�HKX_LON�Q g dKe^�UP [ L
c_P�HKdpH��!QRP�HrSUT�u�Q^]{PMS^N
óZBúÚ�Û�]ËPML!T%X%J
PMSÔ Õ ¤ [ L!TYP [ L�QRN�N�HK�ÓQ^d�N�QRPMLíÚ g L!]{SU`�L!J g Hrz^z^LON"P [ Q^TYP [ L�JMLON��6HK]{L�N�QRPML']/�sP [ L!T

�A�



QaT%LO£�JMLON��^LON"£8HpdKd g L�T_LOL!X_L!XYPMS�Q·�^SUHKX0L9�6]{L!J�J�Hr�^L;wxc_L!c%HpT_zaX_L!dKQ·exJ�þ�H Õ L Õ �+PML!T%X%HKT%z�PMS�û ÿ Õ o TYP [ HKJ
]OQ^JML^�sP [ L*Úu%RÚo%x;wtc_L!c%L g L!]{SU`CL!J
Q^T0Úo%RÚu%Ó`Ùwtc%L!c_L^�%£8HrP [ c%P�HKdKH��!QRP�HrSUT�u�Q^]{PMS^NNófBåóFÛ�q Õ

Z
[ L�Úo%RÚu%Ó`ÅJMe6JMPML!` HKJ=�^LON�eaJ�HK`aHKdKQRN�PMS;P [ L¬Úu%RÚo%x¬wtc%L!c_L^�t£"HrP [ P [ LIX%H�Ò�LON�L!T%]{L"P [ QRP,P [ LON�L
QRN�Lhq JMLON��^LON�J¬HKT0P [ L�JMe6JMPML!`iQ^T%X¹P [ L�`�L!J�J�QRz^L!J¬QRP¬P [ L [ L!Q^X¹S^u=P [ L�wxc_L!c_L�QRN�L�N�SUc_PML!X¹PMS¢Q^TWe
JMLON��^LON�P [ QRP8HpJ8Q!�RQ^HKdKQ g drL Õ F�drP [ SUc_z [ T_SC|�QRN�P�HK]Oc%dKQRN&N�SUc%P�HKT_zaJ�] [ L!`�L [ Q^J g LOL!T¢]{SUT%J�HKX_LON�L!X���P [ LON�L
`CQ·e g L�X�H�Ò+LON�L!TWP�QR|�|%N�SUQ^] [ L!J�PMS�] [ SxSUJ�HKT_z8P [ L�T_L9�6P�Q·�ÓQ^HKdpQ g drL=JMLON��^LON,þ¦L Õ z Õ �UQ
N�L!JMSUc_N�]{L�N�L!JMLON��RQRP�HrSUT
QR|%|%N�SUQ^] [ S^N [ L!c_N�HKJMP�HK]²X%HKJM|�QRP�] [ HKT_z0N�c%drL!J ÿ Q^T%XÍP [ HpJ;HpJ�J�c_L [ Q^J g LOL!T ]{SUT%J�HKX_LON�L!XËHKTóik� ù j ÕËZ
[ L
X_LON�HK�ÓQRP�HrSUT�J=u¦S^N,Q^TmÚo%RÚu%Ó`Ìwtc_L!c%L�]OQ^T g L8u¦SUc%T%X�HKToi�^9j � g c_P [ LON�L�QRN�L�P [ L�`CQ^HpTau¦S^N�`;c%dKQ^J�P [ QRP
QRN�L*c�JML!XmHKT«P [ HKJ8Q^T%Q^dre6J�HKJO�

æ Z8[ L�|%N�S g Q g HpdKHrPfe«P [ QRP\Q«`�L!J�J�QRz^LCq�T%X�J"Q^dKd?JMLON��^LON�J g c%JMeÍþEü�ýOBþüÿý�� i ��� >�� ÿ Q^T%X(HKJ�u¦S^N�]{L!X
PMSa£,Q^HrP"HKJ

ü ý B��	� þ'q�ó ÿ�

q�pþ�x�õó ÿ þ� ý ÿ

£ [ LON�L

� � B � 
 á û�
>�� � þ'q�ó ÿ >

× � o þ'q�ó ÿ�

q�pþ�N�õó ÿ�� á û

þ� � ÿ

æ Z8[ L\Q!�^LON�QRz^L�X_L!dKQ·e«|+LON
`CL!J�J�QRz^L*HKJ

j�B 
] o üÿý

q$]��WÚ þ� � ÿ

æ F�T%XmP [ L\Q!�^LON�QRz^L�Ttc�` g LON&S^u/`�L!J�J�QRz^L!J"HKT«P [ L*J�exJMPML!`ÌHKJ

î,B Ú Ö j�B Ú
] o ÚBü ý

q$]s�öÚ þ�� ÿ

o TÔP [ LCT_L9�6P\JML!]{P�HrSUT���P [ LCTtc�`�LON�HK]OQ^d�N�L!J�c�drP�JIuyS^N¬P [ HKJ¬Q^T%Q^dre6J�HKJIQRN�L�|%N�L!JML!TWPML!X Õ b%Sx]Oc%J�HKT_z«SUT
HKT%]{N�L!Q^JML!X JMLON��6HK]{LmP�HK`CL!JaQRPCP [ LY|%N�S�6e9JMLON��^LON�J g L!]OQ^c�JML¢S^u�P [ LYHKTtPMN�S6X%c%]{P�HrSUT9S^uIP [ LYT%LO£Ì]OQ^dKd
Q^c_P [ S^N�H��!QRP�HrSUTË|%N�S6]{L!X%c_N�L!JO�?dKHrÐ^L²P [ L«T_LO£ J�LON��xHp]{L�Q^X%`aHKJ�J�HrSUTk] [ L!]�ÐxJ�Q^T%XËP [ L«HKTtPMLON�Q^]{P�HrSUTË£8HrP [
P [ LÔN�SUc_PMLONkþ �t�^�f�Ø�C¦A¥��¦� Q^T%X �W�U�f�¹�O�!����§ N�L!wxc_L!JMP�J ÿ �"P [ L(HKT%]{N�L!Q^JML!X X_L!dpQ!e6JmHKT P [ LÔ]OQ^dpd�J�LOP�c_|
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PMN�Q^T%J�Q^]{P�HrSUT9QRN�L�`CL!Q^J�c_N�L!X Õ¹Z
[ L²PMN�Q^T%J�`CHpJ�J�HrSUT(P�Hp`�L!J*S^u8P [ LoY"["\ ������§6�R�_�!� Q^T%XËP [ L«dKHK`CHKP�J¬PMS
Q!�^SUHpX N�LOPMN�Q^T%J�`CHKJ�J�HKSUTËQRN�LmQ^X%X%N�L!J�JML!X9c%J�HpT_z0P [ L«wxc_L!c%HpT_z¹`CSxX_L!d Õ b?HKT%Q^dKdre^�/P [ L«X%L!dKQ!eÍQ^T%Q^dre6J�HKJ
]{SUT%J�HpX_LON�J/P [ L"HKTWPMN�SxX%c�]{P�HrSUT�S^u�T_LO£.JMLON��^LON�J=HKTCP [ L8JMe6JMPML!`Ùþ�c�J�HKT_z¬P [ LIÚu%RÚo%Ó` wtc_L!c�HKT_z¬`�S6X_L!d ÿ Õ
Z
[ L
HpT%]{N�L!Q^JML
N�QRPML8S^u�P [ L8Txc%` g LON/S^u�JMLON��^LON�J W·�9Ð P [ L8HKT%]{N�L!Q^J�L!XCT_LOPf£,S^N�ÐCdrSUQ^X²]OQ^TaJ [ S·£ £ [ LOP [ LON
P [ L\|�N�S^|�SUJML!Xm`�S6X_L!d�HKJ&J�]OQ^dKQ g drL¬S^N"T_S^P Õ

 w¶�-�¶�� è r U t8sRé÷Á Ú�Û,õ t8ãKr Û ½�ã
Í Ð���Ð \ Ð Y �+���{��©��?¦fé
�����x���¦�

o TmP [ L*L9�6|�LON�HK`�L!TtP�JO�_P [ L=	�S } Ö L!T [ Q^T%]{L!X¢|%N�S�6e�|�LON�u¦S^N�`CHpT_z�P [ L\u�c%T%]{P�HrSUT%Q^dpHrPfe�S^u?P [ L*zUQRPML;]{SUT6Ö
PMN�SUdKdKLON�HKJ"PML!JMPML!X(HKTYP [ L } o�V PML!J�P g L!X>��c�J�HKT_zaQ�]{SUT_q%zUc%N�QRP�HrSUTÔJ�HK`CHpdKQRN
PMS«P [ L;SUT_L�J [ S·£"T0HKT¹b?HrzRÖ
c_N�L�� ù þ � [ QR|%PMLONI® ÿ Õ\Z
[ L;]OQ^dKd�JMLOP�c_|Ô|%N�Sx]{L!X%c%N�L*u¦SUdKdrS�£8J�P [ L;J�HrzUT%Q^dKHKT%za|%N�S^|�SUJML!X¹HKT¹v8bÑ� ù^ù !� Õ
Z
[ L«Q^drz^S^N�HKP [ ` X%L!J�]{N�H g L!XkHpTkb?HrzUc_N�L ù � [ Q^J g LOL!TËHK`C|�drL!`�L!TtPML!XËQRP;P [ L«|%N�SK�xeËJMLON��^LON�J�QRP�P [ L
S^N�HrzUHpTCQ^T%XCX_L!J�P�HKT%QRP�HrSUTCX%SU`CQ^HKT%J Õ?Z
[ L8z^SUQ^d�S^u�P [ L"L9�x|�LON�HK`CL!TWP�J�HpJ�`CQ^HKT%dKe*PMS*PML!J�P=P [ L�HK`�|�Q^]{P�S^u
P [ L�T_LO£.Q^c_P [ S^N�H��!QRP�HrSUT²`�SxX%L!d%HKT�P [ L"S·�^LON�Q^dpds]OQ^dKd�JMLOP�c_|«X_L!dKQ!e Õ b_S^N§P [ HpJO�WHrP=HpJ=Q^J�J�c�`�L!XCQ\P et|sHK]OQ^d
N�L!JMLON��ÓQRP�HrSUTYX_L!dKQ!e«S^u/�R�^�#qÕ���<��þ;:hg"i�@ ÿ Q^T%XmQCc�JMLON8X_L!dKQ·e²PMS²Q^T%JM£,LON8P [ L\]OQ^dKd>S^u,����<�Cþ;:=<?>A@ ÿ Õ

Z Q g drL²�¢J [ S·£"J¬P [ LCN�L!J�c%drP�J¬S^u§P [ LaQ·�^LON�QRz^L�S·�^LON�Q^dKd,]OQ^dKd�J�LOP�c_|kX_L!dKQ·e(j Ü ß æ Q^T%X(P [ LCN�SUc%T%X6Ö
PMN�Hr|0X_L!dKQ!e�S^u?P [ L�HpT%HrP�HKQ^d �¦�XW·���f� N�L!wtc%L!JMP
PMSaP [ L*QRN�N�Hr�RQ^d�S^u?P [ LZY�[C\(N�L!JM|�SUT%JMLyj ß >�à�á ûãâ"ä £8HKP [ Q^T%X
£8HrP [ SUc_P\P [ L�HK`�|�drL!`CL!TWP�QRP�HrSUTkS^u&P [ L�|%N�S^|�SUJML!XkHpTWPMLONMÖfX%SU`CQ^HKTk]OQ^dpd=Q^c_P [ S^N�H��!QRP�HrSUTÍ`�SxX%L!d ÕmZ
[ L
X_L!dKQ·e(HKT%]{N�L!Q^JML²£8HrP [ P [ L²HK`�|sdrL!`�L!TtP�QRP�HrSUT(S^u§P [ L²HpTWPMLONMÖfX%SU`CQ^HKTØ]OQ^dKd�Q^c_P [ S^N�HP�!QRP�HrSUTk`�S6X_L!d�HpJ*Q
N�L!J�c�drP\S^u
P [ L�X_L!dKQ·eØHKT%]{N�L!Q^JML�QRP�|�N�S�_HrL!J V aQ^T�X V �YHKTkP [ L²HpT%HrP�HKQ^d/J�HKzUT%Q^dKHKT_zYL9�6] [ Q^T_z^L�S^u
P [ L
} o�V ]OQ^dpdsJMLOP�c%|²PMN�Q^T�J�Q^]{P�HrSUT(þ�b?HrzUc_N�L ù"� ÿ Õ F8u¦PMLON,P [ QRPO�6P [ L"N�L!`CQ^HKT%X_LON=S^u>P [ L"]OQ^dpdsJMLOP�c%|�J�HKzUT%Q^dKHKT_z
HKJ&L9�_Q^]{P�dremP [ L;J�Q^`�L\u¦S^N g S^P [ ]OQ^JML!J Õ  8S�£�LO�^LON·�+P [ L\N�L!`CQ^HKT�X_LON
S^u?P [ L�]OQ^dpd>JMLOP�c_|¹J�HrzUT%Q^dKHpT_z�Q^dKJMS
L9�6|+LON�HrL!T%]{L!J�X_L!dKQ!e0X%H�Ò�LON�L!T%]{L!J�HKT g S^P [ ]OQ^JML!J¬X%c_L�PMSm] [ Q^T_z^L!J¬HpTYP [ L�J�H��OL;S^u�P [ L�`�L!J�J�QRz^L!JO��P [ L
|%N�S6]{L!J�J�HpT_z�S^u�P [ L\T_LO£ [ L!Q^X_LON·��Q^T%XmT_S^N�`aQ^d>X_L!dKQ·e²�RQRN�HKQRP�HrSUT�J&HKT«P [ L\PML!JMP g L!X Õ

Z
[ L*X_L!dKQ·e«]{SU`C|+SUT%L!TWPNj ß >�à�á ûãâ"ä £8HrP [ P [ L�HK`�|�drL!`CL!TWP�QRP�HrSUT¢S^u�	�S } Ö L!T [ Q^T�]{L!X } o�V |%N�S�_HrL!J�Ö
� � HpJ&QR|%|%N�SK�6HK`aQRPML!dre�� ù [ [ Hrz [ LON&P [ Q^T«P [ L�]{S^N�N�L!JM|�SUT%X%HpT_z�X_L!dpQ!e�£8HrP [ P [ L¬|�dpQ^HKT«HK`�|�drL!`CL!TWP�QÓÖ
P�HrSUT�S^usP [ L
J�HrzUT%Q^dpHKT_z8|�N�S^|�SUJML!X�HKT�v8bÑ� ù^ù !� Õ�Z8[ HKJ?HKT%]{N�L!Q^J�L§HpJ�`aQ^HKT%dre*X�c_L�PMS¬P [ L
T_LO£9u¦c%T�]{P�HrSUT%J
HK`�|sdrL!`�L!TtPML!XkQRP�P [ La|�N�S�6esÛÜJ�]{S^N�LmQ^T%XËP [ L�|%N�SK�xetÖ N�SUc_PMLON�HKTtPMLON�Q^]{P�HrSUT%J�J�c%] [ Q^J;P [ L�PMN�Q^T%J�`CHKJ�Ö
J�HrSUT9S^uIP [ L �W�^�f�¹�"¦A¥���� Q^T%X �t�^�f�¢�O�O����§ N�L!wxc_L!JMP�J Õ  "S·£,LO�^LON!�&P [ LY|%N�S6]{L!J�J�HKT_z(X_L!dpQ!e9S^u"P [ SUJML

� �



æ�Ú R Û t` � �§Q^dKd�J�LOP�c_|YX_L!dKQ·exJ8`�L!Q^J�c_N�L!XYHKT«P [ L\PML!JMP g L!X Õ
v8b�� ù^ù !� v8b�� ù^ù !�C£"HrP [

	�S } Ö L!T [ Q^T%]{L!X«|%N�SK�6HrL!JMÖ � �
j Ü ß æ �6 ù �íqÕ���<� � ù � � qÕ���%�
v"QRP�HrS  Õ �^�  Õ ^

jAß >�à<á ûãâ"ä !� � qÕ���<� !� � qÕ���<�
v"QRP�HrS  Õ �^�  Õ � ù

N�L!wxc_L!JMP�J�QRP�P [ L
L!X_z^L8N�SUc_PMLON�J=£,Q^J�T_S^P=]{SUT%J�HpX_LON�L!X�HKT�P [ L
L9�x|�LON�Hp`�L!TWP�J!�WT_L!HrP [ LON/£§Q^J�P [ L8wtc%L!c%HKT_z
X_L!dKQ·exJ Õ �"S^PMLCP [ QRP�HKT¹P [ HKJIPML!JMP g L!XØHK`C|�drL!`�L!TtP�QRP�HrSUT���P [ L�|%N�S�_HrL!J¬|%N�S6]{L!J�JISUT%dKeYSUT_LC]OQ^dKd/J�LOP�c_|
N�L!wxc_L!JMP\QRP\Q«P�HK`CLYþ�c_|(PMSmP [ L�N�L!]{L!Hr|�P�S^u,P [ L S Î]ÎmR `9ï N�L!JM|�SUT%JML�S^N\P [ LCJ�L!T%X%HKT_z�S^u=P [ L�q�T%Q^d
Q^]�Ð6T_S�£8drL!X_z^L!`�L!TtP;þTS ç ï ÿMÿ Õ

Í Ð���Ð \ Ð S Ò��÷¥��6���U�����R��é8�����6���¦�

o T0QaN�SUc_z [ QR|%|%N�SK�6HK`aQRP�HrSUT¢S^u�P [ L�HKT%]{N�L!Q^JML�JMLON��xHK]{L;P�HK`�L!J"QRP"P [ L�|%N�S�6e¢JMLON��^LON�JO��Q^T%X g Q^JML!X0SUT
P [ L,L9�x|�LON�Hp`�L!TWP�Q^dtN�L!J�c�drP�J�S g P�Q^HKT_L!X;P [ N�SUc_z [ P [ L§PML!JMP g L!X��RP [ L&J�HK`;c%dKQRP�HKSUT%J>S^u%P [ L,wxc_L!c%HKT%z"`�S6X_L!d
þ�b?HrzUc_N�L ù�� ÿ HKT«JMPML!Q^X_e�JMP�QRPML\HKT%HKP�HKQ^dKdre�Q^X_S^|%P§P [ L¬HKT%]{N�L!Q^JML¬X_L!dKQ!eaN�QRP�HrS�Q^J¬ Ø ��Q^T%X�z^LOP
HrP�J§HKTt�^LON�JML
þ�� Ø �^ù^ù ÿ Q^J=P [ L
u¦Q^]{PMS^N ð P [ QRP,X_L!]{N�L!Q^JML!J�P [ L8J�LON��xHp]{L8N�QRPML�QRP=P [ L
|�N�S�_HrL!J Õ/Z
[ L!T>�tX%H�Ò�LON�L!TtP��RQ^dKc_L!J
S^u ð QRN�L\]{SUT%J�HKX%LON�L!X��%c_|mPMSaQ²�R�][ÅX_L!dKQ·e�HpT%]{N�L!Q^JML\HKT¢P [ L\JMLON��6HK]{L¬P�HK`�Laþ�%Û ð B4 Ø � ÿ Õ

F�dKJMS_��HKT¢P [ L�T_L9�6P"L9�6|�LON�HK`�L!TtP�JO�sP [ L�wxc_L!c%HKT%zaX_L!dKQ·exJ"£8HKdKd>SUT%dre g L*LO�RQ^dKc%QRPML!X0uyS^N�P [ L�HKT%HrP�HKQ^d
J�HrzUT�Q^dKHKT_z�L9�6] [ Q^T_z^L\S^uÑP [ L �y��W·���f� N�L!wxc_L!JMP
Q^T%X�P [ L)Y"["\¹N�L!JM|�SUT%JML Õ/Z
[ HpJ�HK`C|�dKHrL!J�P [ QRP&P [ LI|%N�SK�xe
JMLON��^LON�J�`CQ·e�|%N�S6]{L!J�J�P [ L8N�L!wxc_L!JMP�J,Q^T%XaN�L!JM|�SUT%JML!J=£,Q^HrP�HpT_z*HKT�P [ L"wxc_L!c_L^�xSUT_L"QRP§Q\P�HK`CL^� g c%P=T_S^P
T_L!]{L!J�J�QRN�HKdre [ Q·�^L�PMS;£§Q^HrP�u¦S^N,P [ L"£ [ SUdrL8X%c%N�QRP�HrSUTCS^u�P [ L"]OQ^dKd+JMLOP�c_|�PMN�Q^T%J�Q^]{P�HrSUT(þ�c_|aPMS�P [ L"q�T%Q^d
S Î\ÎmN�L!JM|�SUT%JML ÿ PMS;|%N�S6]{L!J�J�Q�T_LO£¥N�L!wxc_L!JMP Õ�Z
[ HKJ=`�L!Q^T�J�P [ QRP�P [ LOe²]OQ^T²Ð^LOLO|«P [ LIJMP�QRPML¬S^u�J�LO�^LON�Q^d
]OQ^dKd>J�LOP�c_|¢PMN�Q^T%J�Q^]{P�HrSUT%J Õ

b?HrzUc_N�L ù �«J [ S·£8JIP [ L�X%L!dKQ!e6JIS^u=P [ L�P £�SRÖ £§Q!eØJ�HKzUT%Q^dKHKT_z²L9�6] [ Q^T_z^L0þ�jAß >�à�á ûãâ"ä ÿ S^u=P [ LCHKT%HrP�HKQ^d
�¦�XW·���f� N�L!wtc%L!JMPCQ^T%X P [ LmN�L!]{L!Hr|%P�S^uIP [ LdY�["\ N�L!JM|�SUT%JML^��c�J�HKT_zÔP [ Lm|�QRN�Q^`�LOPMLONa�RQ^dKc_L!J�dKHpJMPML!X HKT
Z Q g drL ýxÕ o TCP [ HKJ?L9�6|+LON�HK`�L!TtPO�UPMS*J�HK`C|�dKHru¦e¬P [ L8Q^T%Q^dKexJ�HpJ/HrP�HKJ/Q^J�J�c�`�L!X�P [ QRPÐÚ Ü û B Ú Þ B Ú Ü\Þ B Ú>�
Q^T%X9P [ QRP�P [ L«J�LON��xHp]{LmN�QRPML¢QRP�P [ L«|%N�SK�xe9JMLON��^LON�J�HpJ1]¥£ [ HK] [ HKJ�QÓÒ�L!]{PML!X g ekP [ Lmu�Q^]{PMS^N ð QRP
wxc_L!c_L!J V K%^� Z � V �"%^� Z �,Q^T�X V K% } Z¬Õ§Z
[ LYN�L!J�c%drP�J�J [ S�£ [ S·£ÇP [ L¹wxc_L!c%HpT_zËX_L!dpQ!e6J²HKT�]{N�L!Q^JML

� 



`;c%] [ u�Q^JMPMLON;Q^J¬P [ LCTxc%` g LON¬S^u§T_LO£�JML!J�J�HrSUTÔN�L!wxc_L!JMP�J\HpT%]{N�L!Q^JML!J¬£ [ L!TÔP [ LCJMLON��6HK]{L�N�QRPML²QRP\P [ L
|%N�SK�6HKL!J�HKJ/N�L!X�c%]{L!X g e�Q¬u�Q^]{PMS^N ð Õ b_S^N,HKT%JMP�Q^T%]{L^�t£ [ L!T�P [ L"c_P�HKdKH��!QRP�HKSUT�u¦Q^]{PMS^N�ó g L!]{SU`�L!J [ Hrz [ LON
P [ Q^TÔ� Õ ý þ�QRP¬Q } oÀV QRN�N�Hr�ÓQ^dÑN�QRPML�S^u ù �«`�L!J�J�QRz^L!J¨%ÓJML!] ÿ �ÑP [ L;X%L!dKQ!eYX�H�Ò+LON�L!T%]{L�£"HrP [ Q^T�X0£"HrP [ SUc_P
P [ L�HK`�|�dKL!`�L!TWP�QRP�HKSUTYS^u�P [ L;T_LO£<]OQ^dKd�Q^c_P [ S^N�H��!QRP�HrSUTÔ`�S6X_L!d g L!]{SU`�L!JIJ�HKzUT%Hrq�]OQ^TtP"Q^T%X¹HKT%]{N�L!Q^JML!J
L9�6|+SUT%L!TWP�HKQ^dpdre Õ*Z
[ HpJ"`�L!Q^T�JIP [ QRP¬drL!J�J¬]OQ^dKd�N�L!wxc_L!JMP�JI£8HpdKd g L�JMLON��6HK]{L!X(Hru=dpHK`CHrP�J"QRN�LCHK`�|�SUJML!X0SUT
P [ L*X%L!dKQ!e6J Õ

æÔÚ R Û tÔü � �ÑHKJMP§S^u/JMe6JMPML!`Å|�QRN�Q^`CLOPMLON8�RQ^dKc_L!J Õ
V QRN�Q^`CLOPMLON Â�Q^dKc_L
] �R�Ñ���<� á û
%Û�] �R�íqÕ���<�
ð � Õÿ�^ù^ùó Ú8Û�] þ�ÚÕùe] ÿê#ß !�R�#qÕ���<�
êÔë8ì è O�íqÕ���<�
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u = K*50

ñ é^q!r_s�to��4 � G�L!dKQ!e6J g LOP £�LOL!TYP [ L �¦�XW·���f� N�L!wtc%L!JMP
Q^T%XmP [ L*N�L!]{L!Hr|%P&S^u?P [ L)Y�[C\ÔN�L!JM|�SUT%JML Õ

o T9|�QRN�P�HK]Oc�dKQRN!��P [ LON�L¢QRN�LmP�HK`�L¢]{SUT%J�PMN�Q^HKTtP�J�SUT P [ LmN�L!]{L!Hr|�P�S^u"P [ LdY"["\¥N�L!JM|�SUT%JML«PMSØQ!�^SUHpX
N�LOPMN�Q^T�J�`CHKJ�J�HrSUT%J Õ o T�S^N�X%LON&PMSCQ!�^SUHKX¢Q^TteaN�LOPMN�Q^T%J�`CHpJ�J�HrSUT%J!�WP [ L3/�F } £§Q^HrP�JÐj�IJML!]{SUT�X%J g LOPf£,LOL!T

� �



P [ L§JML!T%X%HpT_z8S^u%P [ L�Y"["\CN�L!J�|+SUT�JML,Q^T�X*P [ L§QRN�N�HK�ÓQ^dtS^u%P [ L§|%N�S��xHpJ�HrSUT%Q^dWN�L!JM|�SUT%JML,Q^]�Ð6T_S·£8dKL!X_z^L!`�L!TtP
`�L!J�J�QRz^L«þ V v8F8��a ÿ Õ  "L!T%]{L^��Q^T0QR|%|�N�S�_HK`CQRP�HrSUT¹]OQ^T g L;`CQ^X_L�P [ QRP"P [ L*SUT_L{Ö £§Q!e¹X_L!dKQ!eYuyS^N�P [ L
PMN�Q^T%J�`CHKJ�J�HKSUT²S^u�P [ L)Y�[C\ÔN�L!JM|�SUT%JML g LOPf£,LOL!TmP [ L3/�F } Q^T%Xm/�F8� `�c�JMP g LIdKL!J�J§P [ Q^Tcj�%ÛR�Yþ�H Õ L Õ �
�^�R�yqÕ���<�Ó� g Q^JML!X;SUT;P [ L§JMP�Q^T%X%QRN�X>ÛÜJ�X%LOu¦Q^c%dKPÑ�RQ^dKc_L ÿ PMS¬Q!�^SUHKX�Q^Tte\N�LOPMN�Q^T�J�`CHKJ�J�HrSUT%J Õ o T�b?HrzUc_N�L,®U�6�
P [ L�SUT_L{Ö £§Q!e«X_L!dKQ!eauyN�SU`J/�F } PMS=/�F8�.S^u>P [ L=Y�["\0N�L!JM|�SUT%JMLIHKJ,X_LO|�HK]{PML!X²uyS^N&Q�JMLON��6HK]{L�N�QRPMLIS^u²]
QRP�|%N�S�_HrL!J V ;Q^T%X V �x��Q^T%XYP [ L!TYu¦S^N¬QaN�L!X�c%]{L!XYJMLON��xHK]{L;N�QRPML ð ]ËQRP�|%N�S�6e V  Õ o TYP [ L�uyS^N�`�LON
]OQ^JML^�tP [ L8HKT%]{SU`aHKT_z�N�QRPML
S^u } o�V `�L!J�J�QRz^L!J�`�c�JMP g L§dpHK`CHrPML!X;PMS ù �¬N�L!wtc_L!J�P�J¨%ÓJML!]
HKT�S^N�X_LON�PMS\Q!�^SUHpX
X_L!dKQ·exJIz^N�L!QRPMLON*P [ Q^T(j�%ÛR� Õ o TÔP [ LC]OQ^JML�S^u,N�L!X%c%]{L!XÔJMLON��xHK]{L�N�QRPMLCQRP¬|%N�S�6e V R�>P [ LC`CQ+�_HK`;c%`
Txc%` g LON�S^u�HKT%]{SU`aHKT_z8]OQ^dKdxN�L!wxc_L!JMP�J?HKJÑN�L!X%c�]{L!X*PMS\�^�8N�L!wtc%L!JMP�J¨%ÓJML!] Õ o T g S^P [ ]OQ^JML!JO�UP [ L,c_P�HpdKH��!QRP�HrSUT
u�Q^]{PMS^N�ó0HpJ¬� Õ ý Q^T%X(P [ LCTxc%` g LON¬S^u,`�L!J�J�QRz^L!J g S^P [ £§Q^HrP�HKT_z¢HKT¹P [ L²wtc_L!c%L�Q^T�X g L!HKT_zmJMLON��6HK]{L!X
þEî ÿ HpJ; Õ � Õ �8S^PML�P [ QRP�P [ L�Txc%` g LON"S^u } oÀV `CL!J�J�QRz^L!J¬JMLON��6HK]{L!X¹P [ QRP¬HKJ�N�L!X%c�]{L!X0u¦N�SU` ù �«PMS¢�^�
X_L!]{N�L!Q^J�L!J g e²P [ L�J�Q^`�L\u�Q^]{PMS^N ð B � Ø �^ù^ù Q^J
P [ L*J�LON��xHp]{L¬N�QRPML*HKT«P [ L�]OQ^JML\S^u�]�B �R� Õ

�"S·£\��]{SUT%J�HKX_LON�HKT%zaQ [ Hrz [ LON"J�LON��xHp]{L�N�QRPMLmþ^]dB O�^� ÿ HKTYb?HrzUc_N�L*®%;P [ L�Txc%` g LON"S^u�HKT�]{SU`CHKT_z
]OQ^dKdsN�L!wxc_L!JMP�J�N�L!X%c%]{L!J�uyN�SU` � �;PMS ý�� Q^JÔ]0X%L!]{N�L!Q^JML!J g eCQ*u�Q^]{PMS^N ð Õ�Z8[ L"c_P�HpdKH��!QRP�HrSUT�u�Q^]{PMS^N2ó�HKT
g S^P [ ]OQ^JML!JIHKJ"� Õÿ� Q^T�XYP [ L;Ttc�` g LON8S^u�`CL!J�J�QRz^L!JIHKT¢P [ L�JMe6JMPML!`ÇHKJNî BÏ® Õ8Z8[ L�Txc%` g LON8S^u=]OQ^dKd
N�L!wxc_L!JMP�J&P [ QRP8HKJ&N�L!X�c%]{L!X«uyN�SU` � ��PMS ý�� X_L!]{N�L!Q^JML!J g e«Q�u�Q^]{PMS^N8S^u/� Ø � �CHKT«P [ L\]OQ^JML*S^u�]�B4O�^� Õ

æ S ¦"¦R�¦�t� à �R�M��Ò��{�IWR�{���

#§Q^]�Ð0PMS²P [ L;]OQ^JML�£ [ L!Tm]dB��R�6��J�HK`�c�dKQRP�HrSUT%J8S^u�Q^TÔÚo%RÚo%Ó`iwtc_L!c%L�JMe6JMPML!`Ù£8HrP [ q�B�R� �x� ù
Q^T%XÔ®¢JMLON��^LON�J¬QRN�L�|�LON�u¦S^N�`�L!X Õ*Z8[ L�Ttc%` g LON¬S^u�JMLON��^LON�J¬�RQRN�HrL!JISUT%dreYuyS^N¬|%N�S�6e V ;HpTÔP [ L�|�QRP [
S^u§P [ L�Y�[C\ N�L!JM|�SUT%JML Õ b�HKN�JMPO��P [ LaTtc�` g LON¬S^u&HKT%]{SU`CHpT_z } o�V `�L!J�J�QRz^L!J*HKT%]{N�L!Q^JML!J\u¦N�SU`D�¢PMS¢®U�
`�L!J�J�QRz^L!J¨%ÓJML!]¬HKT g S^P [ |%N�S�_HrL!J V �"% } Z Q^T%X V K% } Z n [ S·£,LO�^LON!�_SUT%dre�|%N�S�6e V K% } Z HKJ,QÓÒ�L!]{PML!X g e
P [ L�u¦Q^]{PMS^N ð Õ,Z
[ L*X_L!dKQ·e�N�L!J�c%drP�J&u¦S^N�\Q^T%X0�aJMLON��^LON�J"QRN�L*|sdrS^PMPML!XYHKTYb�HKzUc_N�L\®W� Õ ¡Ic_N8|%N�LO�6HrSUc%J
J�HK`;c%dKQRP�HKSUT9S^u¬P [ L0Úo%RÚu%x¹wtc%L!c_LYJ [ S�£�L!X.P [ QRPCP [ L0QRN�N�HK�ÓQ^d&N�QRPMLYS^u¬HKT%]{SU`CHpT_z } o�V `�L!J�J�QRz^L!J
[ Q^XÔPMS g L�N�L!X�c%]{L!XÔPMS0�^�m`�L!J�J�QRz^L!J¨%ÓJML!]aPMSY]{SUT_u¦S^N�`)PMSYX_L!dKQ·e0N�L!JMPMN�HK]{P�HrSUT�JCþ�j ù j�%ÛR� ÿ Õ �8S�£
]{SU`�|�QRN�HKT_z¢P [ HpJ¬N�L!J�c%dKP¬£8HrP [ P [ LaN�L!J�c%drP�J\S^u2q B �¢JMLON��^LON�JO�ÑP [ LaQRN�N�Hr�RQ^d/N�QRPML²S^u } o�V `�L!J�J�QRz^L!J
P [ QRP
]OQ^T g L¬JMLON��6HK]{L!X�£8HrP [ HKT²X%L!dKQ!e«]{SUT%JMPMN�Q^HpTWP�J g L!]{SU`�L!J ù ��`CL!J�J�QRz^L!J¨%ÓJML!]R�s£8HrP [ Q^Tmc_P�HpdKH��!QRP�HrSUT
u�Q^]{PMS^N8S^uÿó1B � Ø ® Õ

 "S·£,LO�^LON!�&P [ Lm|%N�LO�xHrSUc�J�N�L!J�c%drP�HKJ�Q^dKJ�SÔQÓÒ�L!]{PML!X g eËP [ L¢HKT%]{N�L!Q^J�HKT_z(c_P�HKdKHP�!QRP�HrSUTÍu¦Q^]{PMS^N#óÍQRP

�^ù
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ñ é÷q�r�s+tu-!6 � ¡IT_L{Ö £§Q!emX_L!dKQ·e²S^u?P [ L)Y�[C\(N�L!JM|�SUT%JMLCþ^]_B¬�R� ÿ Õ

0 10 20 30 40 50 60 70 80

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

SIP Messages Arrival Rate (messages/s)

D
el

ay
 (s

)

One Way Delay of the 183 Response

T
1
/2

u1 = 100  
u1 = K*100

ñ é^q!r_s�tu-�÷ � ¡IT_L{Ö £§Q!emX_L!dpQ!e«S^uÑP [ LZY�["\ÔN�L!J�|+SUT�JMLCþ^]_B�O�^� ÿ Õ
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One−way delay of the 183 response for 1 and 2 servers (u=K*50)
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ñ é^q!r_s�tu-�� � ¡IT_L{Ö £§Q!emX_L!dKQ·e²S^u?P [ L)Y"["\ÔN�L!JM|�SUT%JML¬u¦S^N*\Q^T�X¢��JMLON��^LON�J"QRP V  Õ

|%N�SK�xe V �"% } Z\Õ �"S·£*��HKT�S^N�X_LON§PMS g LOPMPMLON8c%T%X%LON�JMP�Q^T%X²P [ LIL{Ò+L!]{P�J8S^uÑQ^X%X�HKT_z�`�S^N�L¬JMLON��^LON�J
PMS V R�
P [ L�c_P�HKdpH��!QRP�HrSUT0u¦Q^]{PMS^N*QRP¬|�N�S�6e V �"% } Z<[ Q^J g LOL!T0qX�xL!X¹PMS�ómB<� Ø ® Õ�Z
[ HKJ�`�L!Q^T%JIP [ QRPyó æ Þ ç Ü é
£8HKdpd�N�L!`CQ^HKT0P [ L�J�Q^`�L�QRP"|�N�S�6e V �"% } Z LO�^L!TÔu¦S^N"�RQRN�e6HKT_z } oÀV `�L!J�J�QRz^L!J¬QRN�N�Hr�RQ^d>N�QRPML�QRP�|%N�SK�xe
V K% } Z¬Õ^Z
[ L§N�L!Q^JMSUT�HKJ�P [ QRP?|%N�S�6e V ��HKT;|%N�Sx]{L!J�J�HKT_z�P [ L§N�L!JM|�SUT%JML!J?X_SxL!J?T_S^P?|+LON�uyS^N�`4Q^X%X�HrP�HrSUT%Q^d
P�Q^JMÐ6J*Q^J\QY]{SUT%JML!wxc_L!T%]{LCS^u,P [ LCHK`�|sdrL!`�L!TtP�QRP�HrSUTÔS^u§P [ LCT_LO£�]OQ^dKd/Q^c%P [ S^N�H��!QRP�HrSUTk`�SxX%L!d Õ } HKT%]{L
SUT%dreYP [ L�Ttc%` g LONIS^u�JMLON��^LON�J\QRP V �HKJIQ^drPMLON�L!X>�>HrP�HpJ g LOPMPMLON\PMSmHKJ�SUdKQRPML�P [ L�L{Ò+L!]{P�J\S^u�HKT%]{N�L!Q^J�HKT_z
`�L!J�J�QRz^L!J¬QRN�N�Hr�RQ^d�N�QRPML;PMS«|%N�S�6e V ;SUT%dre Õ b_S^N\HpT%JMP�Q^T%]{L^��|%N�SK�xe V K% } Z `CQ·eY|%N�S6]{L!J�JI`�L!J�J�QRz^L!J
u¦N�SU`ÅS^P [ LON o TtPMLON�T_LOP
X_SU`aQ^HKT%J&HKTmQ^X%X�HrP�HrSUT«PMSCP [ L�X_L!JMP�HKT%QRP�HKSUTmX_SU`CQ^HKTmJ [ S·£8T¢HpT«P [ L\`�S6X_L!d Õ

Z
[ LIT%LO£ÞX_L!dKQ!e�N�L!J�c�drP�J,uyS^N&P [ L)Y"["\¹N�L!JM|�SUT%JMLIPMN�Q^T%J�`CHKJ�J�HKSUTazUHr�^L!TYQ�q.�xL!X«c_P�HpdKH��!QRP�HrSUT�u�Q^]{PMS^N
QRP
|%N�S�6e V ��QRN�L*J [ S�£8TmHKTmb?HrzUc_N�L¬® ùxÕ o T¢P [ HKJ&]OQ^JML^�%£ [ L!Tcq B4\JMLON��^LON
P [ L\`CQ+�_HK`;c%`ÅQRN�N�Hr�RQ^d
N�QRPML¹] [ Q^T_z^L!J«J�dpHrz [ P�dKeËPMS9� ý `�L!J�J�QRz^L!J¨%ÓJML!] Õ  "S·£,LO�^LON!�"£ [ L!Tkq B �ØJ�LON��^LON�JaJ�HK`�c�dKQRP�HrSUT%J�S^u
[ Hrz [ LON��ÓQ^dKc%L!J�S^u } o�V `�L!J�J�QRz^L!JaQRN�N�Hr�ÓQ^d,N�QRPML [ Q^X9PMS g L«|+LON�uyS^N�`CL!XËPMSËX_LOPML!]{PCP [ L¢`CQ+�_HK`;c%`
QRN�N�HK�ÓQ^d=N�QRPML²zUHK�^L!Tzj;%ÛR�YX_L!dpQ!eØN�L!J�PMN�HK]{P�HrSUT%J Õ F"J�J [ S·£8TËHKTËb?HrzUc%N�La®^®¹P [ L«`CQ+�6Hp`�c%` Ttc�` g LON
S^u } oÀV `�L!J�J�QRz^L!J g L!]{SU`�L!J � �«`�L!J�J�QRz^L!J¨%ÓJML!]R�Ñ`CS^N�L�P [ Q^T(X_SUc g dpHKT_zCP [ L�`CQ+�_HK`;c%`)QRN�N�Hr�RQ^dÑN�QRPML
u¦S^Npq BÌ�JMLON��^LON Õ F"dpJMS_��P [ LCc_P�HKdpH��!QRP�HrSUT0u¦Q^]{PMS^N�£8HrP [ q Bn��N�Q^HKJML!J�PMSsó
BÂ� Ø �^ý �Ñ£8HKP [ î�BÂ®

� �
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ñ é^q!r_s+tè-!� � ¡IT%L{Ö £,Q·e X%L!dKQ!e¥S^u�P [ L�Y�["\�N�L!JM|�SUT%J�L¹u¦S^Nk(Q^T%Xà�9JMLON��^LON�J¢QRP V R�¬Q^T%X q.�6L!X
c_P�HKdpH��!QRP�HrSUT�u¦Q^]{PMS^NIQRP V � Õ

`�L!J�J�QRz^L!J8HKT«P [ L�JMexJ�PML!`m�%L!HrP [ LON8£,Q^HrP�HpT_z�S^N g L!HKT_z�JMLON��6HK]{L!X Õ
/�J�HKT_zaP [ L*J�Q^`�L�|%N�S6]{L!X%c_N�L!J
uyS^N	q�B ù JMLON��^LON�J�þ�b?HrzUc_N�L\®W� ÿ �+P [ L*`aQ+�6HK`;c%`ÅN�QRPML*S^u/QRN�N�Hr�RQ^d

u¦S^N } o�V `�L!J�J�QRz^L!J§N�Q^HKJML!J�PMS«^ � `�L!J�J�QRz^L!J¨%ÓJML!]R�_£8HKP [ Q;c_P�HKdKHP�!QRP�HrSUT�u�Q^]{PMS^N2ó1B � Ø �Ó®CQ^T%XÝî B � Ø �
`�L!J�J�QRz^L!J8HKT«P [ L�JMexJ�PML!` Õ

b?HKT%Q^dpdre^�tP [ L�N�L!J�c%drP�J�S^uÑ`CQ+�_HK`;c%` } o�V `CL!J�J�QRz^L!J
QRN�N�Hr�ÓQ^dsN�QRPML\Q^T%X«c_P�HpdKH��!QRP�HrSUTau¦Q^]{PMS^N W·�9Ð P [ L
Txc%` g LON&S^u/JMLON��^LON�J*þ'q�B�R� �x� ù � ® ÿ QRN�L*J�c%`a`CQRN�H��OL!XmHKTmb?HrzUc%N�L!J&® ý Q^T%X¢® �tÕ

Z
[ L!JML�N�L!J�c%drP�J�drL!Q^X¹c%J8PMS«P [ L�]{SUT%]OdKc�J�HrSUT0P [ QRP"P [ L�HpTWPMLONMÖfX%SU`CQ^HKTY]OQ^dpd�Q^c%P [ S^N�H��!QRP�HrSUT¹`�S6X_L!d
HKJ"QaJ�]OQ^dKQ g drL*`�S6X_L!d�N�LOzUQRN�X%HKT_zCP [ L*T_LOL!X0uyS^N�`�S^N�L*N�L!JMSUc_N�]{L!J;þ�H Õ L Õ �+`CS^N�L�JMLON��^LON�J ÿ QRP"P [ L�Q^]O]{L!J�J
T_LOP £�S^N�Ð6J Õ o TØS^P [ LON�£�S^N�X%JO��P [ L²`�S6X_L!d�Hp`�|�SUJML!J\Q [ Hrz [ LON*|�N�Sx]{L!J�J�HKT_z¢drSUQ^XËQRP*P [ L²|%N�SK�6HrL!J�þ�HKT
P [ HKJ"]OQ^JML;|%N�S�6e V K% } Z wxc_L!c_L;HKJ g L!HKT_z²Q^T%Q^dre8�OL!X ÿ �s£ [ HK] [ `CQ!e0drL!Q^X¢PMS�P [ L�T_LOL!X¢PMS«Q^X%X¹`�S^N�L
JMLON��^LON�J"HKTYP [ L�T%LOPf£,S^N�Ð¢PMS²]{S^|�L;£8HrP [ Q^T¹HKT%]{N�L!Q^J�HKT_zaTxc%` g LON
S^u�HKT%]{SU`CHpT_z } o�V `CL!J�J�QRz^L!J�PMS g L
|%N�S6]{L!J�JML!X Õ  "S·£,LO�^LON!��Q^J�P [ L�Ttc�` g LON8S^u�JMLON��^LON�JIHKT%]{N�L!Q^JML!JO��P [ L�Ttc%` g LON8S^u } oÀV `�L!J�J�QRz^L!JIP [ QRP
£8HKdpd g L;J�LON��xHp]{L!X0£"HrP [ HKTYP [ L�X_L!dKQ!e¹]{SUT%JMPMN�Q^HpTWP�JIPMSmQ!�^SUHpXÔN�LOPMN�Q^T%J�`aHKJ�J�HrSUT�J"HKT�]{N�L!Q^JML!JIHKT¹QmdKHKT_L!QRN
N�QRPML²£8HrP [ Q^TkQ·�^LON�QRz^L«u¦Q^]{PMS^N�S^u&®W�m`�S^N�L²`�L!J�J�QRz^L!J�|�LON*T_LO£�JMLON��^LON;HKTÔP [ La]OQ^JMLaS^u�]_B¬�R�0Q^T%X
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ñ é^q!r_s+t�-!- � ¡IT%L{Ö £,Q·e«X%L!dKQ!e«S^u�P [ LZY�["\ÔN�L!JM|�SUT%JMLIuyS^N"`ZB¬��JMLON��^LON�J Õ
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ñ é^q!r_s+t�-w � ¡IT%L{Ö £,Q·e«X%L!dKQ!e«S^u�P [ LZY�["\ÔN�L!JM|�SUT%JMLIuyS^N"`ZB ù JMLON��^LON�J Õ
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ð BI� Õÿ�^ù^ù þ�%Û ð B4 Ø � ÿ Õ Ú¢S^N�LOS��^LON!��P [ LIc%P�HKdKH��!QRP�HrSUT�u�Q^]{PMS^Nxó1B Ú�Û�q$](HKT%]{N�L!Q^JML!J&Q^JMe6`�|%PMS^P�HK]OQ^dKdKe
Q^J�T_LO£$JMLON��^LON�J�QRN�L¢Q^X%X_L!X>�/PML!T%X%HKT_z¹PMSõóÅB�Øþ�b?HrzUc%N�L«® � ÿ Õ ~=�^L!T9P [ SUc_z [ P [ HKJ�`�L!Q^T�J�`�S^N�L
`�L!J�J�QRz^L!J\£§Q^HrP�HKT_z¢HKT¹P [ L²wtc_L!c%L^�>P [ LaX_L!dpQ!e6J\HKT¹P [ LaJ�HKzUT%Q^dKHKT_z�|�QRP [ S^u,P [ L
Y�[C\9N�L!JM|�SUT%JML�£,LON�L
JMP�HKdpdsÐ^LO|�P8c%T%X_LON&P [ L\P [ N�L!J [ SUdKX�PMS²Q!�^SUHpXmN�LOPMN�Q^T%J�`CHKJ�J�HKSUT%J Õ

Z S¬]{SU`�|�drL!`�L!TtP�P [ L§|%N�LO�6HrSUc%J>N�L!J�c%drP�JO�^Q^X%X�HrP�HrSUT%Q^dWN�L!J�c%drP�JÑu¦S^N��RQRN�e6HKT_z��ÓQ^dpc_L!J�S^u ð Q^T%X�]«Q^dKJMS
drL!Q^X�PMS¬P [ L&Q g S·�^L"]{SUT%]OdKc%J�HKSUT%J Õ b?HrzUc%N�L�® � J [ S·£"J [ S·£ P [ L§|�QRN�Q^`�LOPMLON ð HK`�|�Q^]{P�J?P [ L&`CQ+�_HK`;c%`
} o�V `�L!J�J�QRz^L&QRN�N�HK�ÓQ^dtN�QRPML&Q^J?T_LO£ JMLON��^LON�J?QRN�L§Q^X%X_L!X Õ b_S^N�HKT�JMP�Q^T%]{L^�R£ [ L!T�P [ L§HKT%]{N�L!Q^JML§HKT;JMLON��6HK]{L
N�QRPML¬HKJ&�R�][)þ�%Û ð B� Ø � ÿ P [ L�Txc%` g LON§S^u } oÀV `�L!J�J�QRz^L!J&P [ QRP§£8HKdpd g L�J�LON��xHp]{L!X²£"HrP [ HKTaP [ L¬X_L!dKQ!e
]{SUT%JMPMN�Q^HKTWP�J�HKJ8N�L!X%c%]{L!X¹Q^T%XYHpT%]{N�L!Q^JML!J�QRP�Q^T¹Q!�^LON�QRz^L�N�QRPML�S^u�Q g SUc_P ù^ý T%LO£à`�L!J�J�QRz^L!J"|�LON�T_LO£
JMLON��^LONCQ^X�X_L!X Õ ¡ITÍP [ L�S^P [ LON [ Q^T%X���b?HrzUc%N�L²®C�¹J [ S·£8J;P [ L«L{Ò�L!]{P�S^u"Q [ Hrz [ LON�JMLON��6HK]{L�N�QRPMLmQRP
P [ L(|%N�S�6e u¦S^N¢Q9q.�xL!X |sQRN�Q^`�LOPMLONk%Û ð B  Ø � ÕÅZ
[ L [ Hrz [ LON¢J�LON��xHp]{L¹N�QRPML`]_B�O�^�9P [ QRP¢£§Q^J
PML!JMPML!X�HKT%]{N�L!Q^J�L!XCP [ L8Txc%` g LON�S^u } o�V `�L!J�J�QRz^L!J�QRN�N�Hr�ÓQ^d%N�QRPML"HKTa]{SU`�|�QRN�HKJ�SUT�£8HrP [ ]_B\�R�6�xQ^T%XaP [ L
HKT%]{N�L!Q^JML8N�QRPML�£§Q^J�Q g SUc_P �^ý T_LO£¥`�L!J�J�QRz^L!J,P [ QRP§]OQ^T g L"JMLON��6HK]{L!Xau¦S^N§Q*T_LO£¥JMLON��^LON&Q^X%X_L!X Õ �"S^PML
P [ L!JML*N�L!J�c%drP�J§£,LON�L\S g P�Q^HKT_L!Xmu¦S^Nxq�B�IPMSC®²JMLON��^LON�J Õ

¡�u�]{SUc_N�JML^�_P [ HKJ§X_L!dKQ!e«Q^T%XmJ�]OQ^dpQ g HKdKHrP eCQ^T%Q^dre6J�HKJ [ Q^J
J�SU`�L¬dKHK`CHrP�QRP�HKSUT%JO�6J�HKT%]{LIP [ LIN�L!J�c�drP�J&]OQ^T
g L�X%LO|+L!T�X_L!TWP;S^u
P [ LmJM|�L!]OHrqs]²] [ QRN�Q^]{PMLON�HKJ�P�HK]OJ�S^u8P [ LmHK`C|�drL!`�L!TtPML!XkP�Q^J�ÐxJO��Q^T%XÍP [ LmT_LOPf£,S^N�Ð+ÛÜJ
|�QRN�Q^`CLOPMLON,�RQ^dKc_L!J§c%J�L!X²HKTaP [ LI]Oc_N�N�L!TtP,`CSxX_L!d Õ  "S·£,LO�^LON!�_P [ L�|%N�LO�6HrSUc%J�L9�6|+LON�HK`�L!TtP�J�PMS�PML!JMP§P [ L
HK`�|sQ^]{P\S^u§P [ LaHKTtPMLONMÖfX_SU`CQ^HpTØ]OQ^dKd�Q^c_P [ S^N�H��!QRP�HrSUTË`�SxX%L!d�HKT(P [ La|%N�S6]{L!J�J�HKT_z¢dKSUQ^X(S^u&P [ LaJMLON��^LON�J
Q^T%X¹]OQ^dKd�JMLOP�c_|(X_L!dKQ·exJI]OQ^T g L�c%JMLOu�c%d�PMS�|�N�S·�6HKX_L;Qaq%N�JMP8L!JMP�Hp`CQRPML�SUTYP [ L;|�LON�u¦S^N�`CQ^T%]{L�Q^JM|�L!]{P�J
S^u?P [ L¬|%N�S^|�SUJML!XmHp`�|�drL!`�L!TtP�QRP�HrSUT Õ

ì'z�ì ¡��(�
�����1~��"�5�

Z
[ HpJ�] [ QR|%PMLON
|%N�L!JML!TWPML!XmQ�T_LO£ÞHpTWPMLONMÖfX%SU`CQ^HKT�]OQ^dKd�Q^c_P [ S^N�HP�!QRP�HrSUT«`�SxX%L!dsP [ QRP&L9�x|�dKS^N�L!J,P [ LIPf£,SRÖ
£§Q!e HKTtPMLON�Q^]{P�HrSUT g LOP £�LOL!T QR|�|�dKHK]OQRP�HrSUT Q^T�X T_LOPf£,S^N�Ð dKQ·e^LON�JaHKT9P [ Lm|%N�S6]{L!J�J�S^u¬]OQ^dKd&Q^X%`CHpJ�J�HrSUT
]{SUTtPMN�SUd�£8HrP [ 	�S } zUc�QRN�Q^TWPMLOL!J Õ4Z8[ HKJaT%LO£)`CSxX_L!d"HKT%]{S^N�|�S^N�QRPML!J²P [ LÔ]{SUT%]{LO|%P«S^u*QËzUQRPML(]{SUT6Ö
PMN�SUdKdKLON1i ® � j/HKT0£ [ HK] [ 	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�S�_HrL!J�HKTtPMLON�Q^]{PI£8HrP [ T_LOPf£,S^N�Ð¢L!TtP�HrP�HrL!J�P [ QRPI]{SUTWPMN�SUd
P [ LaQ^]O]{L!J�J*PMS¹T_LOPf£,S^N�Ð(N�L!JMSUc%N�]{L!J²þ¦L Õ z Õ � V ~ V J ÿ PMS¢�^LON�Hru¦eÔq%N�JMP [ Q^T�X(Hru�P [ LaT_LOPf£,S^N�Ð(]OQ^TÍQ^X%`CHrP
P [ L�T_LO£4]OQ^dKd�Q^T%X0PMS«JMLOP�c%|0P [ L;T_LOPf£,S^N�Ð¢u¦S^NIP [ L�]OQ^dpd Õ F�dKJMS_�+P [ L;T%LO£�`�S6X_L!dÑHKT%]{S^N�|�S^N�QRPML!J"P [ L
HKX_L!Q;S^u?`�L!X%HKQ�Q^c_P [ S^N�H��!QRP�HrSUT¼i ý^ý j�Q^T�X«P [ L\T_LOL!XmPMSCQ^J�J�HrzUTmQ�`�L!X%HKQ�Q^c_P [ S^N�H��!QRP�HrSUT«PMS^Ð^L!TYPMSCP [ L
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ñ é^q!r_s+tu-+ü � ÚYQ+�_HK`;c%` } oÀV `�L!J�J�QRz^L!J�QRN�N�HK�ÓQ^d�N�QRPML*u¦S^N"QC�RQRN�e6HKT_zCTxc%` g LON8S^u?J�LON��^LON�J�QRP8|%N�SK�xe
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ñ é^q!r_s+t�-²ô � Ú0Q+�_HK`�c�`Åc_P�HKdKH��!QRP�HKSUT«u¦Q^]{PMS^N"uyS^N8QC�ÓQRN�e6HKT_z�Txc%` g LON&S^u/JMLON��^LON�J8QRP
|�N�S�6e V  Õ
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ñ é^q!r_s+t)-!ø � Ú0Q+�_HK`�c�` } o�V `�L!J�J�QRz^L!J�QRN�N�Hr�RQ^d6N�QRPML
u¦S^N=X%HrÒ+LON�L!TtP?�ÓQ^dpc_L!J/S^u�JMLON��6HK]{L&P�HK`�L
HKT�]{N�L!Q^JML
þ�K%+a ÿ QRP
|%N�SK�xe V  Õ
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ñ é^q!r_s+t`-!4 � ÚYQ+�_HK`;c%` } oÀV `�L!J�J�QRz^L!J¬QRN�N�Hr�RQ^d>N�QRPML;uyS^NIX%H�Ò�LON�L!TtP8�RQ^dKc_L!J8S^u=JMLON��6HK]{L*N�QRPML«þ^] ÿ QRP
|%N�SK�xe V  Õ

�R�



JML!J�J�HrSUTY|�N�HrS^N�PMS�P [ L;Q^]{P�c%Q^d?N�L!JMSUc_N�]{L;N�L!JMLON��RQRP�HrSUT Õ #§Q^JML!XÔSUT¹P [ SUJML;Pf£,S¢]{SUT%]{LO|%P�J!�>Q^T%X0Q^X�X%HKT_z
u¦L!QRP�c_N�L!J&PMS�L!T%J�c_N�LIP [ QRP
P [ L\]OQ^dpd�Q^c_P [ S^N�H��!QRP�HKSUTmJMP�QRP�c%J
HKJ§PMN�Q^T%JMu¦LON�N�L!X g LOPf£,LOL!TYX_SU`CQ^HpT%J§Q^T%X«PMS
HKT%]{N�L!Q^JML"P [ L"z^N�Q^Txc%dKQRN�HrPfe�S^u>P [ L�Q^c_P [ S^N�H��!QRP�HrSUT²|%N�S6]{L!J�JO�6P [ LIT_LO£ `�SxX%L!d [ Q^J g LOL!T²Hp`�|�drL!`�L!TtPML!X
HKTmQ } oÀV PML!J�P g L!XYQ^T%X¢HrP�J
J�HrzUT%Q^dKHKT%z;HK`C|�Q^]{P&SUTmP [ L\£ [ SUdrL¬]OQ^dKd>JMLOP�c%|YJ�HrzUT%Q^dpHKT_z;PMN�Q^T%J�Q^]{P�HrSUT [ Q^J
g LOL!TmLO�RQ^dKc%QRPML!X Õ

b?HrN�J�PO�_P [ L\]OQ^JML\S^u?c%T%Q^c_P [ S^N�H��OL!X«]OQ^dKdKJ [ Q^J g LOL!Tm]{SUT�J�HKX_LON�L!X«PMSaLO�ÓQ^dKc�QRPML\P [ L g L!T_LOq%P�J§S^u�P [ L
T_LO£Þ]OQ^dKd�Q^c%P [ S^N�H��!QRP�HrSUTm`CSxX_L!d Õ�Z
[ L¬HKTtPMN�SxX�c%]{P�HrSUT�S^uÑQ^X%X�HrP�HrSUT%Q^d+LON�N�S^N
`CL!J�J�QRz^L!J
P [ QRP&|%N�L!]OHKJML!dKe
HKT_u¦S^N�`ÅP [ L*N�L!Q^JMSUT0u¦S^N�c%T�Q^c_P [ S^N�H��OL!XY]OQ^dKdKJ [ L!dr|�J&PMS�N�L!X%c%]{L�P [ L�Txc%` g LON
S^u�J�HrzUT%Q^dpHKT_zC`�L!J�J�QRz^L!J
HKT«P [ L�Q^]O]{L!J�J8Q^T%X g Q^]�Ð g SUT_L*T_LOP £�S^N�Ð6J Õ

o TËQ^X�X%HrP�HrSUT��?QYX%L!dKQ!ekQ^T�Q^drexJ�HKJ [ Q^J g LOL!Tk|�N�L!JML!TtPML!Xk£ [ HK] [ Q^X%X_N�L!J�JML!XkJ�]OQ^dpQ g HKdKHrP e(HKJ�J�c_L!J�HKT
PMLON�`CJaS^u¬P [ LYT_LOL!X PMSËQ^X%X `�S^N�LYN�L!JMSUc_N�]{L!J¹þ�H Õ L Õ �
JMLON��^LON�J ÿ X%c_L¢PMSËP [ LYHKT�]{N�L!Q^J�HKT_z(|�N�Sx]{L!J�J�HKT_z
drSUQ^X²QRP�P [ L"|%N�SK�6HrL!J�Q^J�Q�]{SUT%JML!wxc_L!T%]{L"S^u�P [ L"HKTtPMLONMÖfX_SU`aQ^HKTa]OQ^dKdsQ^c_P [ S^N�HP�!QRP�HrSUTa`�S6X_L!d Õ G�LON�Hr�6HKT_z
JMSU`�L§|�QRN�Q^`�LOPMLON�J��ÓQ^dpc_L!J�uyN�SU`àPML!JMP g L!X;L9�x|�LON�Hp`�L!TWP�J!�RJ�HK`�c�dKQRP�HrSUT�N�L!J�c%drP�JÑJ [ S�£�L!X�P [ QRP?P [ L§`�S6X_L!d
HKJ�J�]OQ^dpQ g drL¢QRPCP [ LmL!T�X X_SU`CQ^HKT�J Õ F"J�P [ L¢Ttc%` g LON�S^u�J�LON��^LON�JaHpT%]{N�L!Q^JML!JO��P [ LYTxc%` g LON�S^u } o�V
`�L!J�J�QRz^L!JIP [ QRP"£"HKdKd g L�J�LON��xHp]{L!X¹HpT%]{N�L!Q^JML!J�HKT¹Q²dKHpT_L!QRN8N�QRPML Õ F�drP [ SUc_z [ P [ L�Ttc�` g LON�J8|%N�L!JML!TtPML!X
HKT�P [ L¬Q^T%Q^dre6J�HKJ,QRN�L\X_LO|�L!T%X%L!TWP,SUT«P [ L¬JM|�L!]OHrq�]"] [ QRN�Q^]{PMLON�HKJMP�HK]OJ&S^uÑP [ L¬HK`�|�dKL!`�L!TWPML!X�P�Q^JMÐ6JO�_P [ LOe
|%N�S��xHpX_L!X�Q^T�HKT%J�Hrz [ P�SUT�P [ L&HK`�|�Q^]{P?S^u+P [ L&|%N�S^|�SUJML!X�]OQ^dKd_Q^c%P [ S^N�H��!QRP�HrSUT�`�S6X_L!d6SUT�P [ L
]OQ^dpdxJ�LOP�c_|
X_L!dKQ·exJ
P [ QRP8c%JMLON�J&£8HKdKdsL9�6|+LON�HrL!T%]{L Õ

�6



ÁOg$Â-¥Î¥hhG � #

 ß`GÂ @ hËÈ Æ�G<Ã ßÔÆ G hËÄÅÊ}ùxÎÏÆóùthËÄÅÊ Á �É¢É �*#+lnÄ$�É¢#_ÄÇl

#_Ä gÅh9Î¥hhG4Æ�lnhËÄÅh Æ�EÌ� ÄÅh9Î È Æ G<ÃÇ�

b_SUdKdKS·£8HKT%zÍP [ LØ]{SUT%]{LO|%P¢S^u;Q^TÞQR|%|�dKHp]OQRP�HrSUT6ÖfdrLO�^L!dI]{SUTtPMN�SUd¬S^u oÀV T%LOPf£,S^N�ÐxJ0Q^T%X P [ LØHKTtPMLON�u�Q^]{L!J
g LOPf£,LOL!T9QR|%|�dKHK]OQRP�HKSUTkQ^T%XkPMN�Q^T%JM|�S^N�P;X_SU`CQ^HKT%J*|%N�S^|�SUJML!XËHKT�i�O�U�+j ��Q0]OQ^JMLmJMP�c%X_eÔS^u
Q¹T_LOPf£,S^N�Ð
£8HrP [Ô[ LOPMLON�S^z^L!T_LOSUc%J\PMN�Q^T%JM|�S^N�P�ÖfdrLO�^L!d/X_SU`aQ^HKT%J�þ¦£ [ HK] [ J�c_|%|�S^N�P�J [ LOPMLON�S^z^L!T_LOSUc%J�	IS } J�] [ L!`CL!J ÿ
HKJ§|�LON�u¦S^N�`�L!X«PMSCLO�RQ^dKc%QRPML�P [ L�M%L9�_H g HKdpHrPfeaQ^T�X g L!T%LOq%P�J&S^u�P [ L\|%N�S^|�SUJML!XmJ�HrzUT%Q^dKHKT%z;QRN�] [ HrPML!]{P�c_N�L!J
u¦S^N } o�V Q^T%XZ	�S } HpTWPMLON�Q^]{P�HKSUT Õ #,Q^J�HK]OQ^dKdre^�UP [ L
z^SUQ^d%HKJ/PMS*�^LON�Hru¦e*P [ L
QR|%|sdKHK]OQ g HKdpHrPfe¬S^u�P [ L
J�HKzUT%Q^dKHKT_z
QRN�] [ HrPML!]{P�c_N�L!J�|%N�LO�xHrSUc�J�dre�|%N�S^|�SUJML!X0PMS�Q²N�L!Q^d�T_LOPf£,S^N�Ð+�+£"HrP [ X%HrÒ+LON�L!TtP8P et|�L!J�S^u=HKT%uyN�Q^J�PMN�c%]{P�c_N�L^�
	�S } J�] [ L!`�L!J!��Q^T%X¢T_LOP £�S^N�Ð«Q^]O]{L!J�J"X_LO�6HK]{L!J Õ
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¤ [ L!T `�S g HKdKL0c%JMLON�J�Q^]O]{L!J�JmP [ L o TtPMLON�T_LOP«P [ N�SUc_z [ £8HrN�L!dKL!J�J²Q^]O]{L!J�J¢T_LOPf£,S^N�Ð6JO��£ [ HK] [ ]OQ^T g L
u¦S^N¢HKT%JMP�Q^T%]{L(Q � L!T_LON�Q^d V Q^]�Ð^LOP0v"Q^X%HrS } LON��6HK]{L!J(þ � V v } ÿ T_LOP £�S^N�Ð+�IQ ù � /"T�Hr�^LON�J�Q^d¬ÚYS g HKdrL
Z L!drL!]{SU`C`;c%T%HK]OQRP�HrSUT�J } exJMPML!`iþ;/IÚ Z } ÿ �_Q�£"HrN�L!drL!J�J,drS6]OQ^d�QRN�L!Q�T_LOPf£,S^N�Ð¹þ¦¤���F5� ÿ �_S^N
Q�J�QRPML!dpdKHrPML
T_LOP £�S^N�Ð+�WQI]{SU`C`�SUT;L!drL!`CL!TWP/HKJÑP [ QRP/`�SUJMP/c%JMLON?QR|%|�dpHK]OQRP�HrSUT%J�QRN�L g Q^JML!X;SUT;P [ L oÀV T_LOP £�S^N�Ð�dKQ·e^LON
|%N�S^PMS6]{SUd�uyS^NIN�SUc%P�HKT_z«Q^T%XY|sQ^]�Ð^LOP\u¦S^N�£§QRN�X%HKT_z ÕIZ
[ L g L!T_LOq%P�J�S^u=Q^TÔQ^dKd�Ö o�V T_LOPf£,S^N�Ð¹HKT%]OdKc%X%L\P [ L
]OQR|�Q g HpdKHrPfe²S^u o�V u¦S^N8]OQRN�N�exHKT%zCQ^dKd�Pfex|�L!J&S^u/X%QRP�Q6��Q^T%X«P [ L*u¦Q^]{P
P [ QRP8c%J�HKT%z;P [ L\J�Q^`�L\PML!] [ T_SUdrS^z^e
þ�H Õ L Õ � o�V,ÿ HpT«q.�xL!XYQ^T%X¢`�S g HpdrL¬T_LOPf£,S^N�Ð6J
u�Q^]OHKdKHrP�QRPML!J&P [ L!HrN
HKTtPMLOz^N�QRP�HrSUT Õ
b_SUdpdrS·£8HpT_zYP [ HpJ¬PMN�L!T%X��?u¦SUc_N�P [ Ö z^L!T%LON�QRP�HrSUT.þ¦® � ÿ J�exJMPML!`aJ*|%N�S^|+SUJ�LCPMS¹HpTWPMLOz^N�QRPML«Q^dKd�JMexJ�PML!`CJ

þ ù � �+¤O�ÑF(���sdKLOzUQ^]{e¢JMexJ�PML!`CJO�%q.�6L!X o�V T_LOPf£,S^N�Ð6J ÿ ��SRÒ�LON�HKT_z²Q^dKd>JMLON��6HK]{L!JO�+Q^dKd�P [ L*P�HK`�LZi ù^ý � �Rý j Õ
o P*HKJ¬L!Tt�xHpJ�HrSUT_L!X(Q^J�Q¢JMe6JMPML!`BP [ QRP�£8HKdKd g LCQ g drL�PMS0SRÒ+LON�|�LON�JMSUT%Q^dKHP�OL!X(JMLON��6HK]{L!J¬S·�^LON�P [ L²`�SUJMP
LO×a]OHrL!TtP¨%�|%N�LOu¦LON�N�L!X9T_LOP £�S^N�Ðs�,X_LO|�L!T%X%HKT_zYSUTËP [ L«c�JMLON�|%N�S^q�drL�Q^T%XÍP [ L�Pfex|+L«S^u�X%QRP�Q¹PMS¹PMN�Q^T%J�Ö
`CHrP Õ ® � £8HrN�L!drL!J�J=T%LOPf£,S^N�ÐxJ§£"HKdKd_z^L!T_LON�Q^dKdre g L"] [ QRN�Q^]{PMLON�H��OL!X g e [ LOPMLON�S^z^L!T%L!HrPfe�HKTaQRN�] [ HrPML!]{P�c_N�L!JO�
|%N�S^PMS6]{SUdKJO�%Q^T�X¢Q^HrN8HKTtPMLON�u�Q^]{L!J�i�O� � j Õ

 "S·£,LO�^LON!�%P [ LIHKX_L!Q*S^uÑJML!Q^`adrL!J�J,]{SUT%T_L!]{P�HrSUT�S^u [ LOPMLON�S^z^L!T_LOSUc%J&£8HKN�L!drL!J�J�Q^]O]{L!J�J&T_LOPf£,S^N�Ð6J&Q^T%X
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q.�6L!X oÀV T_LOPf£,S^N�Ð6J�N�Q^HKJML!J�JMSU`CL¢wtc_L!J�P�HrSUT%J�u¦N�SU`�P [ Lm|�SUHKTWP;S^u��xHrLO£ S^u�N�L!JMSUc_N�]{L«`aQ^T%QRz^L!`�L!TtP
Q^T%XËwtc%Q^dpHrPfeÔS^u
JMLON��6HK]{L²|%N�S·�6HKJ�HKSUT Õ�Z8[ LON�LaHKJ�T_SYc%T�HKwtc%LC]{SU`C`�SUTÍJMSUdKc_P�HrSUTkPMSY|%N�S·�6HKX_L0	�S } HKT
P [ L o TtPMLON�T_LOP`i�O�U�+j Õ4Z
[ LON�LOu¦S^N�L^�&P [ L¹�RQRN�HrLOPfe S^u*Q^]O]{L!J�J«X_LO�6HK]{L!J«Q^T%X.T%LOPf£,S^N�Ð HKT_u¦N�Q^JMPMN�c%]{P�c_N�L!J
N�L!wxc%HrN�L!J [ LOPMLON�S^z^L!T_LOSUc%Jm	�S } `�L!] [ Q^T%HKJ�`CJaPMSÍJ�c_|%|�S^N�P�Q^T L!T�X6Ö PMSRÖ L!T%X¥]{SU`C`�c�T%HK]OQRP�HrSUT |�QRP [�Õ
b_S^N
HKT�JMP�Q^T%]{L^�_JMSU`�L\Q^]O]{L!J�J8X_LO�xHp]{L!J [ Q!�^L\dKHK`aHrPML!Xa]OQR|�Q^]OHKPfe«Q^T%X«`CQ!e«T_S^P&X%HrN�L!]{P�dKeCJ�c_|%|�S^N�Pl	�S }�n
Q^dKJMS_��X�H�Ò+LON�L!TWP;T_LOPf£,S^N�Ð6J�P [ QRP�L!`C|�drS·eËX%H�Ò�LON�L!TWP=	�S } `�L!] [ Q^T�HKJ�`CJ�N�L!wxc%HrN�L�`�L!Q^T%J�PMSÔ`aQ^T%QRz^L
g S^P [ P [ L"|�SUdKHK]OHKL!J=Q^T%X�P [ L3	�S } ]{SUTWPMN�SUd�|�N�S^PMSx]{SUdpJ�HKT²S^N�X_LON§PMS;|%N�S��xHKX%L8L!T%X6Ö PMSRÖ L!T�X$	IS } ÕxZ S�P [ L
g L!JMP¬S^u&SUc_N\Ð6T_S�£8drL!X_z^L^��i�!�R��j�HKJ\P [ LCSUT%dre¹N�LOu¦LON�L!T%]{LCP [ QRP�Q^X%X_N�L!J�JML!J¬L!T%X_Ö PMSRÖ L!T%X�	�S } J�c_|%|�S^N�P
HKT [ LOPMLON�S^z^L!T_LOSUc%JIT_LOP £�S^N�Ð6J Õ8Z8[ L*Q^c_P [ S^N�J"HKThi�!�R��jÑ|�N�S^|�SUJML*QC|�SUdKHp]{eWÖ g Q^J�L!X�	�S } `aQ^T%QRz^L!`�L!TtP
QRN�] [ HrPML!]{P�c_N�L�]{SUT%J�HKX%LON�HKT_zIP [ L�HKTWPMLON�]{SUT%T_L!]{P�HrSUT g LOP £�LOL!TZ/�Ú Z } Q^T%XC¤���F5� JMe6JMPML!`�Q^J�Q*`;c%drP�H�Ö
X_SU`CQ^HpT;J�exJMPML!` Õ�Z
[ LOe*|%N�L!J�L!TWP/X%H�Ò�LON�L!TtP�/IÚ Z } Ö ¤���F5�.HKTtPMLON�£,S^N�Ð6HKT_z"J�]{L!T%QRN�HrSUJ?P [ QRP/`CHpT%HK`CH��OL
JML!J�J�HrSUTmJMLOP�c_|YX%L!dKQ!emQ^T%Xm|�SUdKHp]{eCL9�6] [ Q^T_z^L;drSUQ^Xm£ [ HpdrL�`aQ+�6HK`aH��!HKT_z�T_LOP £�S^N�ÐmJ�]OQ^dpQ g HKdKHrP e Õ

Z
[ LØQR|%|�dKHK]OQRP�HKSUT S^u;]Oc_N�N�L!TWPmN�L!JMSUc_N�]{Lk`aQ^T%QRz^L!`�L!TtP0J�] [ L!`�L!JYQ^T�X o TtPMLON�T_LOP¢|�N�S^PMSx]{SUdpJmPMS
[ LOPMLON�S^z^L!T%LOSUc%J§T_LOPf£,S^N�Ð6J=PMS�u¦Q^]OHKdpHrP�QRPML
P [ L�Q^] [ HrLO�^L!`CL!TWP,S^u�L!T%X6Ö PMSRÖ L!T%X$	�S } HpJ [ LON�L8HpTW�^L!JMP�HKzUQRPML!X
u¦S^N�HKTtPMLON�Q^]{P�Hr�^L,`�c�drP�HK`�L!X%HpQ&QR|%|�dKHK]OQRP�HKSUT%J�P [ QRP�c%JML } oÀV Q^J�P [ L�JML!J�J�HrSUT*]{SUTtPMN�SUdxJ�HrzUT%Q^dKHpT_z&|%N�S^PMS6]{SUd Õ
} o�V ]OQ^TÍ|%N�S·�6HKX_LaQ0]{SU`C`�SUTÍz^N�SUc%T%XkuyS^N�c%JMLON�J\PMS¹L9�6] [ Q^T_z^Lm	�S } N�L!wtc%HKN�L!`�L!TtP�J*Q^T%XË|�SUdKHK]OHrL!J Õ
F§P�P [ LmT_LOP £�S^N�ÐÍdrLO�^L!d¨��N�L!JMSUc_N�]{LmT_LOz^S^P�HKQRP�HKSUT g LOP £�LOL!T T%L!Hrz [ g S^N�HpT_z0X_SU`aQ^HKT%J;HKJ g Q^JML!XÍSUT9P [ L
Pf£,SRÖ P�HrLON\N�L!JMSUc_N�]{L�`CQ^T%QRz^L!`CL!TWP\`�S6X_L!dli�O�U�Aj�Q^T%X¹P [ L�]{SUT%]{LO|�P¬S^u�Q^TÔQR|%|�dKHp]OQRP�HrSUT6ÖfdrLO�^L!d�]{SUTWPMN�SUd
S^u/PMN�Q^T%J�|+S^N�P8X_SU`CQ^HKT�J�i�O�U�+j Õ8Z S²HpdKdKc%JMPMN�QRPML\Q^T0QR|%|�N�SUQ^] [ PMS²L!T�X6Ö PMSRÖ L!T%X`	�S } HKT [ LOPMLON�S^z^L!T_LOSUc�J
T_LOP £�S^N�Ð6JO��Qa]{SUTWPMN�SUdÑQRN�] [ HrPML!]{P�c_N�L*Q^J�J�c%`CHKT%z;P [ L*HKTtPMLON�£�S^N�ÐxHKT%z;S^u?P [ L3/IÚ Z } 	�S } QRN�] [ HrPML!]{P�c%N�L
u¦S^N ù � JMe6JMPML!`CJ�i ®�j �/Q^T%XØP [ L o � } o � � o Fö	�S } QRN�] [ HrPML!]{P�c_N�L²uyS^N�`�S g HKdKLCQ^X6Ö [ S6]aT_LOP £�S^N�Ð6J$i ý ®�j
HKJ�|%N�L!J�L!TWPML!X Õ o TÔJ�c%`C`aQRN�e^��P [ HKJ�] [ QR|%PMLON�Q^X%X_N�L!J�J�L!J"P [ L;T_LOL!XÔu¦S^NIL!T%X6Ö PMSRÖ L!T%X(]OQ^dpd�J�HrzUT%Q^dKHKT%zaHKT
[ LOPMLON�S^z^L!T%LOSUc%J o�V T%LOPf£,S^N�ÐxJ8PMSC|%N�S^PML!]{P8N�L!JMSUc_N�]{L!J8uyS^N8N�L!Q^d�Ö P�HK`�L\`;c%drP�Hp`�L!X%HKQ;JMPMN�L!Q^`CJ Õ
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~=T�X6Ö PMSRÖ L!T%X
	�S } HKT [ LOPMLON�S^z^L!T_LOSUc%J8T%LOPf£,S^N�ÐxJ
N�L!wtc�HrN�L!J§JMLON��6HK]{L\T_LOz^S^P�HKQRP�HKSUTmL!HrP [ LON g LOu¦S^N�L¬Q�JML!J�Ö
J�HrSUT g LOzUHKT%J�S^N*X�c_N�HKT_z�Q^TÔSUT6Ö z^SUHKT_z¢J�L!J�J�HrSUT��>Q^T�X0£§Q!e6J\PMS¢`aQ^T%QRz^L�P [ L��RQRN�HrSUc%J3	�S } J�HKzUT%Q^dKHKT_z
|%N�S^PMS6]{SUdKJ&S^u/Q^c_PMSUT%SU`�SUc%J
£"HrN�L!drL!J�J§Q^]O]{L!J�J�T_LOP £�S^N�Ð6J8Q^T�X¢T_LOPf£,S^N�ÐmX_SU`CQ^HpT%J§PMSaQ^] [ HrLO�^L*P [ L�JMLONMÖ
�6HK]{L\c%JMLON�J8QRz^N�LOL!XYc_|�SUT«u¦S^N8Q�zUHr�^L!TYJML!J�J�HrSUT Õ
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F�J�J�c%`CHpT_z"HKTtPMLON�Q^]{P�Hr�^L
`;c%drP�Hp`�L!X%HKQ"JML!J�J�HrSUT�JÑP [ QRP/N�L!wtc�HrN�L§JML!J�J�HrSUT�]{SUTtPMN�SUd_J�HrzUT�Q^dKHKT_z"PMS\JMLOP�c_|�P [ L
JML!J�J�HrSUT%JO� } o�V HKJ�P [ L o TtPMLON�T_LOP¬|�N�S^PMSx]{SUd?PMS g L�c%JML!X¹u¦S^N\JMLON��6HK]{L;T%LOz^S^P�HKQRP�HrSUTØQRPIP [ LCQR|%|sdKHK]OQRP�HrSUT
drLO�^L!d Õ b?HrN�JMPO� } o�V |%N�S·�6HKX_L!J�]OQR|sQ g HKdKHrP ekT_LOz^S^P�HKQRP�HKSUT��,H Õ L Õ ��M%S�£ÌHKT_u¦S^N�`CQRP�HrSUT9HKJ�]OQRN�N�HrL!X g e } o�V
`�L!J�J�QRz^L!J"JMSaP [ QRP"c%J�LON�J
]OQ^T¹QRz^N�LOL*SUTYP [ L\Pfex|�L!J
S^u/`�L!X%HpQ�L!T%]{S6X%HKT_z�PMSac�JML Õ } L!]{SUT%X���J�HKzUT%Q^dKHKT_z
u¦S^N8JML!J�J�HKSUT¢JMLOP�c_|¹]OQ^T g L*HKTtPMLOz^N�QRPML!X¢£8HKP [ N�L!JMSUc_N�]{L*N�L!JMLON��RQRP�HrSUT¢|�N�S^PMSx]{SUdpJ&PMSaN�L!J�LON��^L\N�L!JMSUc%N�]{L!J
u¦S^NCQ(T_LO£ÅJML!J�J�HrSUT Õ o TËP [ HKJ�HKTtPMLOz^N�QRP�HrSUT��Ô	IS } N�L!wtc�HrN�L!`�L!TtP�J;S^u"P [ Lm`�L!X�HKQuM%S·£8J�QRN�L¢c%JML!XÍPMS
]{SU`C`;c%T%HK]OQRPML�P [ L�X_L!J�HKN�L!X0Q^T�X0]Oc_N�N�L!TWP3	�S } N�L!JMLON��ÓQRP�HrSUTÔJMP�QRP�c�JO�>HKT¢P [ L;u¦S^N�`ÙS^u §s�������R�!¦R�����¨�R�_�
u¦S^N�P [ L�J�L!J�J�HrSUT0L!JMP�Q g dKHpJ [ `�L!TtP Õ¬Z
[ LON�LOu¦S^N�L^� } o�V `CL!J�J�QRz^L!JIPMN�Q^T%J�|+S^N�P(M%S�£<HKT_u¦S^N�`CQRP�HrSUT¹Q^T%XÔHrP�J
	�S } QRPMPMN�H g c_PML!J;L!T%X6Ö PMSRÖ L!T%X ÕËZ
[ HKJ�Q^dKdrS·£"J;QÔJML!Q^`adrL!J�J�T_LOz^S^P�HKQRP�HKSUT9S^u8`�L!X%HKQ¹]OQR|�Q g HpdKHrP�HrL!J;Q^T%X
	�S } J�P�QRP�c%J
PMSac�JMLON�J&T_Sa`aQRPMPMLON8P [ L¬P et|�L\S^u�P [ L!HrN8Q^]O]{L!J�J"T_LOP £�S^N�Ð Õ

b%c%N�P [ LON¬SUT¹P [ L�HKTtPMLON�Q^]{P�HrSUTÔS^u } o�V Q^T%X¼	�S } ��P [ L�HKX%L!QaS^ul	�S } Ö L!T [ Q^T�]{L!X } oÀV |%N�S�_HrL!J [ Q^J
g LOL!TC|%N�S^|+SUJ�L!X�PMS�|�N�S·�6HKX_L
Q^T�HKTtPMLON�Q^]{P�HrSUTCS^u } oÀV Q^T%X0	IS } Q^X%`CHpJ�J�HrSUT�]{SUTtPMN�SUd�i ý^ý j �W|�N�HrS^N�PMS;P [ L
Q^]{P�c%Q^d=N�L!JMSUc_N�]{L²N�L!JMLON��RQRP�HrSUT Õ o TË� [ QR|%PMLON��x��	IS } Ö L!T [ Q^T%]{L!X } oÀV |%N�SK�6HKL!J¬u¦c�T%]{P�HrSUT%HKT%z«Q^J �W�U�f�
���^�������^�y�K�{��� i ® � j [ Q!�^L g LOL!TØHK`�|�dKL!`�L!TWPML!XÔSUTËQ^TkHKTtPMLONMÖfX_SU`aQ^HKT(]OQ^dKd�Q^c_P [ S^N�H��!QRP�HrSUTË`�SxX%L!d?P [ QRP
Q^dKdrS�£8J�P [ L¢HKTtPMLON�Q^]{P�HrSUT9S^uIQR|%|�dpHK]OQRP�HrSUT9Q^T%X T_LOP £�S^N�Ð9dKQ·e^LONCL!TWP�HKP�HrL!J�P [ QRPC]{SUTtPMN�SUd
Q^T%X9|�N�S·�6HKX_L
Q^]O]{L!J�J"PMSaT_LOP £�S^N�Ð«N�L!J�SUc_N�]{L!J Õ

F�J�J�c%`aHKT_z�P [ L
c%JML&S^u } o�V Q^T%XZ	�S } Ö L!T [ Q^T%]{L!X�|%N�SK�6HKL!J/QRP�P [ L
Q^]O]{L!J�J�T_LOPf£,S^N�Ð+�WL!T%X�c%J�LON�J/]OQ^T
QRz^N�LOL"SUT�P [ L8`;c%drP�HK`CL!X%HKQ�JML!J�J�HrSUT>ÛÜJ/|�QRN�Q^`�LOPMLON�J=Q^T%X�P [ L
N�L!wxc%HrN�L!Xf	�S } Õ } c%] [ HKT_u¦S^N�`CQRP�HrSUT�Q^dKdrS�£
c%JMLON�J/PMS*HKTt�^S^Ð^L8P [ L!HKN�N�L!JMSUc_N�]{L&N�L!JMLON��RQRP�HrSUTaJ�] [ L!`�L!J�Q^T%XC`CQR|aP [ L¬M%S�£8J�PMS\N�L!JMSUc_N�]{L
N�L!JMLON��RQRP�HrSUT
M%S�£8J Õ þ¦¤ØQ!e6J\S^u&`CQR|�|�HKT_z«`�L!X%HKQ0M%S�£8J¬PMS¢N�L!JMSUc_N�]{L�N�L!J�LON��ÓQRP�HKSUT`M%S·£"J\QRN�L�|%N�L!J�L!TWPML!XØHpTei �R�Aj ÿ Õ
#§c_PO�tHpT�J�c%] [²[ LOPMLON�S^z^L!T_LOSUc�J�T_LOP £�S^N�Ð�dpQ!e^LON!�xP [ L8HKJ�J�c_L§S^u [ S·£.P [ L
N�L!JMSUc%N�]{L
N�L!JMLON��ÓQRP�HrSUTCN�L!wtc%L!JMP�J
]OQ^T;|%N�S��xHKX%L=P [ L,N�L!wxc%HrN�L!X1	�S } Q^drSUT_z�P [ L,X�QRP�Q"|sQRP [ N�L!dpHrL!J�SUT;P [ L§HKTtPMLON�£,S^N�ÐxHpT_z
S^uw	IS } J�HKzUT%Q^dKHKT_z
|%N�S^PMS6]{SUdKJ Õ

üp¶·�p¶P� � t7½Kt8s�¿!q�tLÜ�t8¿!r_ã � ¿ ï.ï é^q�Ü Ú�Û é;Ü_q ú s+¿X½�¿pÁ"¿ Û ã

Ú0Q^T%QRzUHKT_z P [ L [ LOPMLON�S^z^L!T_LOSUc�Jo	�S } ]{SUTWPMN�SUd\|%N�S^PMS6]{SUdKJYS^u�X�H�Ò+LON�L!TWP¢X_SU`aQ^HKT%JmN�L!wxc%HrN�L!J �y���f�O� R
¦U�A¥C�R�¦� JMLON��6HK]{L*T%LOz^S^P�HKQRP�HrSUT Õ,Z
[ L\]{SUT%]{LO|%P8S^u �¦�����M� R ¦U�A¥C�R�¦� Q^T%X �¦���f�{� R ¦U�A¥C�R�¦� N�L!JMSUc_N�]{L�`CQ^T6Ö
QRz^L!`�L!TtP
HKJ§X_LOq�T_L!X�HKT�P [ LIPf£,SRÖ P�HrLON&N�L!J�SUc_N�]{L¬`CQ^T%QRz^L!`�L!TtP
`�S6X_L!d�i�O�U�+j �_£ [ Hp] [ HKJ g Q^JML!X�SUT«P [ L

�Ó®



]{SUT%]{LO|%P�S^u o TtPMLON�T_LOP�N�SUc_P�HKT%zY£ [ LON�L²L!Q^] [ Q^c_PMSUT_SU`�SUc%J�J�exJMPML!` [ Q^J�HrP�J;S�£8TÍN�SUc_P�HKT_z0|%N�S^PMS6]{SUd
Q^T%X¹Q^T0HpTWPMLONMÖfJ�exJMPML!`ÙN�SUc_P�HpT_zC|%N�S^PMS6]{SUd§þ�J�c%] [ Q^J"P [ L g S^N�X%LON8zUQRPMLO£§Q!e¹|%N�S^PMS6]{SUd,þ;# � V§ÿMÿ N�SUc_PML!J
|�Q^]�Ð^LOP�J g LOPf£,LOL!TYX�H�Ò+LON�L!TWP
Q^c_PMSUT%SU`�SUc%J8J�exJMPML!`aJ Õ

F§P
P [ L¬£8HrN�L!drL!J�J,Q^]O]{L!J�J8T_LOP £�S^N�Ð6JO��HpTWPMN�QÓÖfX%SU`CQ^HKTmJ�] [ L!`�L!J [ Q·�^L\P [ L!HrN&S�£8Tm|�SUdKHK]OHKL!J,Q^T�X«|%N�SRÖ
]{L!X%c_N�L!J�PMS�`CQ^T%QRz^LIHKTWPMLON�T%Q^d_N�L!JMSUc%N�]{L!J=PMS�X_L!Q^d�£8HrP [ P [ L"HKT%X�Hr�xHpX%c%Q^dx] [ QRN�Q^]{PMLON�HKJMP�HK]OJ,S^u�P [ L"N�Q^X%HrS
T_LOP £�S^N�Ð Õ�Z8[ L�£§Q!eÔJ�HrzUT�Q^dKHKT_z�HKT_u¦S^N�`CQRP�HrSUT¹HKJ�L9�6] [ Q^T_z^L!X(£"HrP [ HKTYP [ L�X_SU`CQ^HKT¹�RQRN�HrL!JO��Q^T%XÔP [ LOe
]OQ^TaX%LOq�T_L&L!HrP [ LON=PMS*JMLO|�QRN�QRPML"]{SUTWPMN�SUd�uyN�SU`<P [ L8X%QRP�Q\PMN�Q^T%JM|�S^N�P8þ�J�c�] [ Q^J=P [ L¤/IÚ Z } 	�S } QRN�] [ H�Ö
PML!]{P�c_N�L1i ®Aj�S^N=PMS;JML!T%XCJ�HrzUT%Q^dKHKT%z�HKT%uyS^N�`aQRP�HrSUT�HKT�P [ L"J�Q^`�L
|�Q^]�Ð^LOP,Q^J�X%QRP�Qaþ�J�c�] [ Q^J o � } o � � o F�ÛÜJ
HKT6Ö g Q^T%X«J�HrzUT%Q^dKHpT_zmi ý ®�j ÿ Õ

o TWPMLON�ÖfX_SU`CQ^HKT¢T%LOz^S^P�HKQRP�HrSUT¢X_LO|�L!T%X�J§SUTmP [ L¬S^|�LON�QRP�HrSUTmS^u?L!X_z^L*N�SUc_PMLON�J Õ�Z8[ LOe�QRN�L¬zUQRPMLO£,Q·exJ
HKT�£"HrN�L!drL!J�J=Q^]O]{L!J�J§T_LOPf£,S^N�Ð6JO�_J�c%] [ Q^J=P [ L � V v } zUQRPMLO£§Q!e�J�c_|%|�S^N�P�T%SxX_L;þ �\�\} � ÿ HpTf/�Ú Z } �tS^N
Q�q.�6L!X;Q^]O]{L!J�J?|+SUHpTWP?HKT�¤O�ÑF(��J Õ/Z
[ LOe\|�N�S·�6HKX_L�P [ L&HKTWPMLON�u¦Q^]{L g LOPf£,LOL!T�£8HrN�L!dKL!J�J�Q^]O]{L!J�J=T_LOPf£,S^N�Ð6J
Q^T%XmP [ L oÀV g Q^]�Ð g SUT_L Õ

b_N�SU`$Q�X_SU`CQ^HKT�|�LON�JM|�L!]{P�Hr�^L^��	�S } |sQRN�Q^`�LOPMLON�J
QRN�L\`CQ^HKT%dreCX%LON�Hr�^L!X«u¦N�SU` L!T%Xmc%JMLON�JOÛtL9�6|�L!]�Ö
P�QRP�HrSUT%J/Q^T�X;J�LON��xHp]{L§dKLO�^L!dxQRz^N�LOL!`�L!TWP�J�þ } ��F�J ÿ Õ �8LOP £�S^N�Ð;S^|�LON�QRPMS^N�J/HKT�T%L!Hrz [ g S^N�HpT_z"X_SU`aQ^HKT%J?]OQ^T
L!JMP�Q g dpHKJ [ Q^TØHKT�HrP�HKQ^d } ��F���£ [ Hp] [ ]OQ^TØP [ L!T g LCQ^X ø c�JMPML!XØQ^c_PMSU`CQRP�Hp]OQ^dKdre¹P [ N�SUc_z [ HpTWPMLONMÖfX%SU`CQ^HKT
JMLON��6HK]{L«T_LOz^S^P�HKQRP�HrSUT Õ o TtPMLONMÖfX_SU`aQ^HKT9J�] [ L!`CL!J�£�S^N�ÐËSUT9Q�M�S·£$QRz^z^N�LOzUQRPML¹drLO�^L!d Õ b_S^NCHKT�JMP�Q^T%]{L^�
£ [ L!TËQo	IS } Ö L!T [ Q^T%]{L!Xk|%N�SK�xeØHKTtPMLON�Q^]{P�J;£8HrP [ P [ LaL!X%z^L²N�SUc%PMLON�PMSÔQ^X%`CHrP*P [ L²T_LO£ JML!J�J�HrSUTØu¦S^N
Q¢c%J�LON\HKT(Qm]{LON�P�Q^HKTØ]OdpQ^J�J¬S^u§JMLON��6HK]{L^��P [ HpJ¬`CQ!eÔPMN�Hrz^z^LON*P [ L�L!X_z^LCN�SUc%PMLON\PMS¢N�L!wxc_L!JMP\Q^X%X�HrP�HrSUT%Q^d
T_LOP £�S^N�Ð(N�L!JMSUc_N�]{L!J*uyS^N�P [ QRP*JMLON��6HK]{La]OdpQ^J�J Õ F�X%X%HKP�HrSUT%Q^d/T_LOP £�S^N�Ð(N�L!JMSUc_N�]{L!J�QRN�LCN�L!wxc_L!JMPML!XkPMS0Q
[ Hrz [ LONMÖfdrLO�^L!d/L!TtP�HrPfe(J�c�] [ Q^J;Q g Q^T%X%£8HKX_P [ g N�S^Ð^LON0i � ù j=S^N*QYJMLON��6HK]{LaX_SU`CQ^HpT(P [ QRP\S��^LON�JMLOL!J;P [ L
X_SU`CQ^HpT�i�O�U�Aj Õ o T�i�O�U��j � g Q^T%X_£8HKX%P [ g N�S^Ð^LON�J�u¦N�SU`nQ^X ø Q^]{L!TtP&X_SU`CQ^HKT%J�T_LOz^S^P�HKQRPMLIN�L!JMSUc%N�]{L!JO�xP [ L!T
HKTtPMN�QÓÖfX_SU`CQ^HpT�J�] [ L!`CL!J�QRN�L8HKTt�^S^Ð^L!X�PMS\�^LON�Hruye;HrusHpTWPMLON�T�Q^d6N�L!JMSUc_N�]{L!J=]OQ^T g L
Q^dKdrS6]OQRPML!X�uyS^N/P [ L
T_LO£
N�L!wxc_L!JMP Õ

o T J�c%`C`aQRN�e^��P [ L¢QR|%|sdKHK]OQRP�HrSUTÍS^uIHKTWPMLON�ÖfX_SU`CQ^HKT9Q^T%X HKTtPMN�QÓÖfX_SU`aQ^HKT9N�L!JMSUc_N�]{L«`aQ^T%QRz^L!`�L!TtP
]{SUT%]{LO|%P�J;PMSÔQ [ LOPMLON�S^z^L!T_LOSUc%J�T_LOP £�S^N�ÐkHKJ;HKdKdKc%J�PMN�QRPML!XØHKTËb�HKzUc_N�L��R� Õ F§P�Q^TËQR|%|sdKHK]OQRP�HrSUTËdrLO�^L!d¨�
JMSUc_N�]{L,Q^T%X�X_L!J�P�HKT%QRP�HrSUT;X_SU`CQ^HKT�JÑ]{SU`C`;c%T%Hp]OQRPML¬	IS } N�L!wxc%HrN�L!`�L!TWP�J�Q^T%X�`�L!X%HpQ¬M%S�£ HKT_u¦S^N�`CQRP�HrSUT
X%c_N�HKT_z¢JML!J�J�HrSUTËHpT%HrP�HKQRP�HrSUTkQ^T%XkLO�^L!TtP�c%Q^d§JML!J�J�HrSUTkN�L{ÖfT_LOz^S^P�HKQRP�HrSUT%J Õ 	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�S�_HrL!J
|�LON�u¦S^N�` P [ L¬N�SUdrL¬S^u?zUQRPML;]{SUTWPMN�SUdpdrLON�J g e�HpTWPMLON�Q^]{P�HpT_z�£8HrP [ L!X_z^L*N�SUc_PMLON�J&PMSa�^LON�Hru¦e�HruÑP [ L*JML!J�J�HrSUT

�^�



]OQ^T g L�Q^X%`aHrPMPML!XkPMSÔP [ L«T_LOP £�S^N�ÐÍQ^T%XËPMSÔJ�LOP;c_|9JML!J�J�HrSUTk|�SUdKHp]{eØHKT_u¦S^N�`CQRP�HrSUTËQRP;P [ L²N�SUc%PMLON�J Õ
~=Q^] [ Q^]O]{L!J�JmT_LOPf£,S^N�Ð4þ¦L Õ z Õ �"Q ù � T%LOPf£,S^N�Ð.Q^T%X¥QÍ`�S g HKdrL0Q^X6Ö [ S6]0T_LOP £�S^N�Ð ÿ HKTt�^S^Ð^LÔHKP�JaS�£8T
HKTtPMN�QÓÖfX_SU`CQ^HpTCJ�] [ L!`�L
PMS�Q^dpdrSx]OQRPML8N�L!JMSUc_N�]{L!J=uyS^N�P [ L8T_LO£.]OQ^dKd Õ v
L!JMSUc_N�]{L"Q^dKdrS6]OQRP�HrSUTC`aQ!e�N�L!wxc%HrN�L
HKTtPMLONMÖfX_SU`CQ^HpT«N�L!JMSUc_N�]{L�T_LOz^S^P�HKQRP�HrSUT%J g LOP £�LOL!T0Q^X ø Q^]{L!TWP�X_SU`CQ^HKT%J Õ
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ñ é^q!r_s+to �6 � ~�T%X6Ö PMSRÖ L!T%X�	IS } J�c_|%|�S^N�P§HKT [ LOPMLON�S^z^L!T_LOSUc%J"T_LOPf£,S^N�Ð6J Õ

õ�zKÆ �Z���(Ï�|�×v�(��òbÈ��(� Î �(�m�¬£¬�+�f£ ð|��7|�����£�|��
|��(�1~Hñ |���×ó�(��òl~

b?HrzUc_N�L«�6aHKdpdKc%JMPMN�QRPML!J�HKTØ`�S^N�L²X_LOP�Q^HKd�P [ L g c%HKdKX�HKT_z g drS6]�Ð6J\S^u8QYuyN�Q^`CLO£�S^N�Ð(u¦S^N�`CQ^T%QRzUHKT_z0P [ L
	�S } J�HrzUT%Q^dKHpT_z&|%N�S^PMS6]{SUdKJ>S^u [ LOPMLON�S^z^L!T_LOSUc%J?Q^]O]{L!J�J?T_LOP £�S^N�Ð6J Õ?Z
[ L�PMN�Q^T%JM|�S^N�P>|�QRP [ HKJ>N�LO|%N�L!JML!TtPML!X
g e¹P [ LazUQRPMLO£§Q!eX% g Q^T%X_£8HpX_P [ g N�S^Ð^LON;`CSxX%c�drL!J Õ  "S^N�H��OSUTtP�Q^d,QRN�N�S·£"J\N�LO|%N�L!JML!TWP�P [ LaL9�_] [ Q^T_z^L²S^u
HKTtPMLONMÖfX_SU`CQ^HpT0]{SUTtPMN�SUd/`�L!J�J�QRz^L!JO��£ [ LON�L!Q^J�P [ L;�^LON�P�HK]OQ^d/QRN�N�S·£8J�N�LO|�N�L!JML!TtPI]{SU`a`�c%T�HK]OQRP�HrSUT0£8HrP [
HKTtPMN�QÓÖfX_SU`CQ^HpTÔ|%N�S^PMS6]{SUdKJ Õ #§Q^JML!X(SUT(P [ HKJ\]{SUTtPMN�SUd�QRN�] [ HrPML!]{P�c_N�L^��T_L9�6P*Q^T(L9�_Q^`�|�drL�£8HrP [ /IÚ Z }
Q^T%X�`�S g HKdKL"Q^X6Ö [ S6]�T_LOPf£,S^N�ÐaQRP§P [ LIQ^]O]{L!J�J&X_SU`CQ^HpT%J�HpJ=|%N�L!JML!TWPML!X Õ F"dKJ�S_�xX_LOP�Q^HpdKJ=S^u�P [ L�QR|�|�dKHK]OQÓÖ
P�HrSUT(Q^T%XÔT_LOP £�S^N�Ð¹dKQ·e^LON*HKTtPMLON�u�Q^]{L�HpJ"zUHK�^L!TÔPMS¢X_L!`�SUT%JMPMN�QRPML�P [ L�c%JML�S^u } o�V J�HrzUT�Q^dKHKT_z�J�] [ L!`CL!J
HKTtPMLOz^N�QRPML!X¢£"HrP [ N�L!JMSUc_N�]{L*`CQ^T%QRz^L!`�L!TtP"X�c_N�HKT_z�]OQ^dKd�JMLOP�c%|YQ^T%X¢]OQ^dKd�`CQ^T%QRz^L!`�L!TtP8| [ Q^JML!J Õ

üp¶P�²¶�÷ å Ü â ó ÚBUWV�Û t�¿�� � tC½�t7s+¿�q!t8Ü_t7¿�r�ã å ÁCÁ"t7ãKã è tC½I¾�¿!s�Àpã
o T0P [ HKJ"J�L!]{P�HrSUT���P [ L�QR|%|�dKHp]OQRP�HrSUTYS^u=P [ L�|%N�S^|�SUJML!X¹]{SUTWPMN�SUd/QRN�] [ HrPML!]{P�c%N�L�HKJIJMP�c%X%HrL!XYuyS^NIP £�S¢X%HKupÖ
u¦LON�L!TWP�Q^]O]{L!J�J�T_LOP £�S^N�ÐxJO��Q � V v } T_LOP £�S^N�Ð�i ù j&Q^T%XËQ0£8HrN�L!drL!J�J;Q^X6Ö [ S6]aT_LOP £�S^N�ÐËP [ QRP�c%JML!J;Q^T
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ñ é÷q�r�s+t` �÷ � �,SUTWPMN�SUd>QRN�] [ HrPML!]{P�c_N�L g Q^JML!XmSUT¢P £�SRÖ P�HKLON8N�L!JMSUc%N�]{L*`CQ^T%QRz^L!`CL!TWP�`�SxX%L!d Õ

HKT6Ö g Q^T%Xm	�S } J�HrzUT�Q^dKHKT_z�u¦N�Q^`�LO£,S^N�Ð�T�Q^`�L!X o � } o � � o FJi ý ®�j Õ
Z
[ HKJ
L9�_Q^`�|�drL;HKJ�HKdKdKc%J�PMN�QRPML!XYHKT0b?HrzUc_N�L��^� Õ F�`�S g HKdrL*PMLON�`CHKT%Q^d,þ¨Ú Z ÿ S^u�Q � V v } T_LOPf£,S^N�Ð

JMLOP�J�c%|�]{SU`a`�c%T�HK]OQRP�HrSUT�£8HrP [ Q¬`�S g HKdrL§c%JMLON?S^u+Q^T�Q^X_Ö [ Sx]§£"HrN�L!drL!J�J�T_LOP £�S^N�Ð Õ F§P/P [ L
QR|%|sdKHK]OQRP�HrSUT
dKQ·e^LON!�>P [ LOe¹c%JML } o�V PMS¢]{SU`C`�c�T%HK]OQRPML�P [ L�Pfex|�L!JIS^u�`�L!X�HKQ)M�S·£<P [ LOe0£,Q^TtP¬PMSmL9�6] [ Q^T_z^L^�ÑP [ L!HrN
JMSUc_N�]{L8Q^T%XCX_L!J�P�HKT%QRP�HrSUTCQ^X�X_N�L!J�JML!J=Q^T%XC|�S^N�P�Txc%` g LON�JO�UP [ L g Q^T%X_£8HKX%P [ N�L!wtc%HKN�L!X�uyS^N=P [ L"JML!J�J�HrSUT��
Q^T%XmP [ L¬Pfex|+L*S^u�	�S } N�L!wtc�HrN�L!`�L!TtP�J
X_L!J�HKN�L!X«uyS^N8P [ L\JML!J�J�HKSUT Õ

F§P�P [ L�/IÚ Z } % � V v } T%LOPf£,S^N�Ðs�RP [ L§Ú Z ]OQ^T;c%JML�P [ L�N�L!JMSUc_N�]{L=N�L!JMLON��ÓQRP�HrSUT*|%N�S^PMS6]{SUd+þ�v } Â V,ÿ
PMSØN�L!wxc_L!JMPaN�L!JMSUc_N�]{L!JCPMSØP [ LYT_LOP £�S^N�Ð9HpTWPMN�QÓÖfX%SU`CQ^HKT�ÛÜJ�N�L!JMSUc_N�]{L¢`CQ^T�QRz^L!`�L!TWP�`�S6X_L!d Õ o T P [ L
/IÚ Z } 	�S } QRN�] [ HrPML!]{P�c_N�L^��	�S } J�c_|%|�S^N�P"HKJ8|�N�S·�6HKX_L!XYP [ N�SUc_z [ QadKQ·e^LON�L!Xd	�S } QRN�] [ HrPML!]{P�c_N�L$i ®Aj Õ
Z
[ L"dKQ!e^LON�J,N�LO|�N�L!JML!TtP ©����R���{���O�O�¨W�������� Õ b_S^N&HKT�JMP�Q^T%]{L^�WSUT²P [ L"PMS^|_ÖfdKQ!e^LON·�6Q^T²L!T%X6Ö PMSRÖ L!T�X²JMLON��xHK]{L�HKJ
N�L!Q^dKHP�OL!X\P [ N�SUc%z [ P [ L�PMLON�`CHKT�Q^dUL!wxc%Hr|�`�L!TtP¨%Ó`�S g HpdrL/PMLON�`CHKT�Q^dsþ Z ~�%RÚ Z ÿ drS6]OQ^d g L!QRN�LON?JMLON��6HK]{L^�RP [ L
/IÚ Z } g L!QRN�LON�JMLON��6HK]{L^�RQ^T%X¬P [ L�L9�6PMLON�T%Q^d g L!QRN�LON�JMLON��6HK]{L Õ�Z
[ L/u¦Sx]Oc%J [ LON�L=HKJ>SUT¬P [ L�/IÚ Z } g L!QRN�LON
JMLON��6HK]{L¬Q^T%XmHrP�J&c�JML¬Q^J
Q^TmHKTtPMN�QÓÖfX_SU`CQ^HKT«N�L!JMSUc_N�]{L¬J�] [ L!`�L Õ o T � V v } ÛÜJ&T_LOP £�S^N�ÐmHKT%uyN�Q^J�PMN�c%]{P�c_N�L^�
P [ L � V v } J�c_|%|�S^N�P�T_SxX%L�þ �\�*} � ÿ |�N�S·�6HKX_L!J,Q^]O]{L!J�J&PMS�L9�6PMLON�T%Q^d�X%QRP�Q�T_LOP £�S^N�Ð6J Õ F�J,P [ L �\�\} �
|%N�S��xHpX_L!J�zUQRPMLO£,Q·e;u�c%T%]{P�HKSUT%Q^dKHrP e¬PMS�L9�6PMLON�T%Q^d6T_LOP £�S^N�ÐxJ�Q^T�X�HK`C|�drL!`�L!TtP�JÑGIH�Ò } LON��*L!X_z^L§u¦c%T�]{P�HrSUT%J
þ¦L Õ z Õ �%|�Q^]�Ð^LOP
`CQRN�Ð6HKT_z_�x|�SUdKHK]OHKT_z_�xJ�] [ L!X%c%dKHKT%z ÿ �tHrP§Q^]{P�J&Q^J&Q;|+SUdpHK]{e�L!T_uyS^N�]{L!`�L!TWP&|�SUHKTtP�þ V ~ V§ÿ Õ o P
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ñ é^q!r_s�t` �� � ~��_Q^`�|�dKL¬S^u�]{SUTtPMN�SUd�QRN�] [ HrPML!]{P�c%N�L\£8HrP [ X�H�Ò+LON�L!TWP(	�S } uyN�Q^`CLO£�S^N�Ð6J Õ

]{SU`C`;c%T%HK]OQRPML!J�£8HrP [ Q*|�SUdKHK]{e�]{SUTtPMN�SUd�u¦c%T�]{P�HrSUTYþ V �&b ÿ QRP�P [ L oÀV ÚYc%dKP�HK`�L!X%HKQ } e6JMPML!`�S^uw/IÚ Z }
T_LOP £�S^N�Ð6J0þ o Ú } ÿ £ [ Hp] [ JMPMS^N�L!JaP [ L¢drS6]OQ^d&|�SUdKHK]OHrL!J!�=JMLON��6HK]{L¢drLO�^L!d
QRz^N�LOL!`�L!TWP�JÔþ } �ÑF ÿ �=Q^T�X ]OQ^T
[ Q·�^L;P [ L�N�SUdKL�S^u=Q g Q^T%X%£8HKX_P [ g N�S^Ð^LONIPMS�]{SU`C`;c%T%Hp]OQRPML;£"HrP [ T_L!HKz [ g S^N�HKT%z g Q^T%X_£"HKX_P [ g N�S^Ð^LON�J
£ [ L!T«P [ L*`CQ+�_HK`�c�` P [ N�L!J [ SUdpX«S^u�QC]{LON�P�Q^HKTY]OdKQ^J�J
HKJ§N�L!Q^] [ L!XËþ�HKTtPMLONMÖfX_SU`aQ^HKT¢T_LOz^S^P�HKQRP�HKSUT ÿ Õ

F§PÑP [ L=£8HKN�L!drL!J�J>Q^X_Ö [ Sx]=T_LOPf£,S^N�Ð+�ÓP [ L�HKTtPMN�QÓÖfX_SU`CQ^HpT¬N�L!JMSUc_N�]{L=`CQ^T%QRz^L!`�L!TtP?`�SxX%L!dUHKJ�Q^X�QR|%PML!X
PMS¹P [ L o � } o � � o FÅX%HKJMPMN�H g c_PML!Xh	IS } u¦N�Q^`�LO£,S^N�Ð Õ o � } o � � o FÅQ^Hp`CJ*PMS¹|%N�S��xHpX_L�	�S } PMSÔQ^X%QR|_Ö
P�Hr�^L\`;c%drP�HK`CL!X%HKQ*QR|�|�dKHK]OQRP�HrSUT�JO� g eaP�QRÐ6HKT_zCHKTtPMS�]{SUT%J�HKX%LON�QRP�HrSUT�P [ L¬X_e6T%Q^`CHK]�] [ Q^T%z^L!J
HKT«T_LOPf£,S^N�Ð
PMS^|�SUdrS^z^e«Q^T%X«dKHKT_ÐCwxc%Q^dKHrP ea£ [ HK] [ QRN�L¬Pfex|�HK]OQ^d�HpT�Q^X [ Sx]�L!Tt�xHrN�SUT%`�L!TtP�J Õ b_S^N
L!Q^] [ `�S g HKdKL"T_S6X_L^�
P [ L,`CQ^HKT*]{SU`C|+SUT%L!TWP�J�S^u_P [ L�uyN�Q^`CLO£�S^N�Ð�HKT%]OdKc%X%L�Q
z^L!T_LON�Hp]�N�SUc_P�HpT_z8|%N�S^PMSx]{SUd¨�^HKT_Ö g Q^T%X\J�HKzUT%Q^dKHKT_z_�
Q^TØQ^X%`aHKJ�J�HrSUTÔ]{SUTtPMN�SUd=`CSxX%c�drL^�>Q^T%X(Qm|�Q^]�Ð^LOP�J�] [ L!X%c%dKLON Õ F"`�SUT%zmP [ LaQ g S·�^La]{SU`C|+SUT%L!TWP�JO��HKT6Ö
g Q^T%X«J�HKzUT%Q^dKHKT_z*SRÒ+LON�J�M�L9�6H g HKdKHrP e;PMS�L!J�P�Q g dKHKJ [ M%S�£8J§Q^T%X«PMS�Q^X%QR|%P§P [ L!` PMS�] [ Q^T%z^L!J
HKT²P [ L¬X%QRP�Q
|�QRP [�Õ"Z
[ c�JO��Q�`�S g HKdrL\c�JMLON�QR|�|�dKHrL!J
HpT6Ö g Q^T%X¢J�HrzUT%Q^dKHKT%z�PMS²N�L!wxc_L!JMP�HKTtPMLON�T%Q^d�T%LOPf£,S^N�Ð¢N�L!JMSUc%N�]{L!J Õ
¤ [ L!TÍP [ L�`CS g HKdrLac�JMLON;]{SU`a`�c%T�HK]OQRPML!J�£8HrP [ P [ L«Ú Z QRP�P [ L � V v } T_LOP £�S^N�Ð+�=Q0q.�6L!XÍQ^]O]{L!J�J
T_S6X_L
|%N�S·�6HKX_L!J/P [ L�HKTtPMLON�u¦Q^]{L g LOPf£,LOL!TaP [ L�Q^X [ S6]8T%LOPf£,S^N�ÐCQ^T%XaQ*q.�6L!X o�V X_SU`aQ^HKT Õ?Z
[ HKJ�Q^]O]{L!J�J
T_S6X_L8N�L!]{L!Hr�^L!J§|�Q^]�Ð^LOP�J
£8HrP [ HKT6Ö g Q^T%X²J�HrzUT%Q^dpHKT_z\N�L!wxc%HrN�HKT_z¬N�L!JMLON��ÓQRP�HrSUT�S^u>N�L!JMSUc_N�]{L!J Õ F�]{P�HKT_z�Q^J&Q
zUQRPMLO£§Q!e¢PMSCS^P [ LON"T_LOP £�S^N�Ð6JO��HKP
HK`�|�drL!`CL!TWP�J§P [ L¬u¦SUdKdrS�£8HKT_z�u�c%T%]{P�HrSUT�JO�
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æ PMN�Q^T%J�dKQRP�HrSUT¢S^uÑP [ L�]{SUTWPMN�SUdÑHKT_u¦S^N�`CQRP�HrSUT«]{SUTtP�Q^HKT_L!X0HKT«P [ L¬N�L!JMLON��ÓQRP�HrSUTY|�Q^]�Ð^LOPO�

æ `CSUT%HrPMS^N�HKT%z;S^u?SUc_PMz^SUHpT_z�PMN�QR×a]R�

æ g Q^T%X_£8HKX%P [ g N�S^Ð^LON?]OQR|�Q g HKdpHrPfe¬PMSIHKTtPMLON�u¦Q^]{L,£8HrP [ |�LOLON g Q^T�X_£8HKX_P [ g N�S^Ð^LON�J�HKT*]OQ^J�L,SUc%PMz^SUHKT_z
QRz^z^N�LOzUQRPML�M�S·£8J&N�L!Q^] [ QadKHK`CHrP,P [ N�L!J [ SUdKX��

æ N�LO|+S^N�P�HKT_z g Q^]�Ð«PMSaJ�SUc_N�]{L\PMSCzUHK�^L*JMP�QRP�c%J8S^uÑP [ L*N�L!JMLON��RQRP�HrSUTm|%N�Sx]{L!J�J Õ

¤ [ L!T;Q^]{P�c%Q^d6]{SU`C`�c�T%HK]OQRP�HrSUT�Sx]O]Oc%N�JO�^HKT6Ö g Q^T�X\J�HrzUT%Q^dpHKT_z&N�LOu¦N�L!J [ L!JÑP [ L,N�L!JMLON��RQRP�HrSUT%J!�RT%S^P�Hrq%L!J
LO�^L!TtP�c%Q^d g S^PMP�dKL!T_L!]�Ð¢T_S6X_L!JO�+Q^T%X0LO×a]OHrL!TtP�dre«PMN�Q^T%J�`CHKP�J8]{SUTtPMN�SUd?HKT_u¦S^N�`CQRP�HrSUTm£ [ L!T¢P [ L;T_LOPf£,S^N�Ð
PMS^|�SUdrS^z^eÔ] [ Q^T_z^L!J Õ o TÔP [ L�]OQ^JMLCS^u,]{SU`C`�c�T%HK]OQRP�HrSUTÔ£8HKP [ L9�6PMLON�T%Q^d/T%LOPf£,S^N�ÐxJ!��P [ L�Q^]O]{L!J�J*|+SUHpTWP
]{SUT%JMP�Q^TtP�dre¢N�L!]{L!Hr�^L!J"HpT6Ö g Q^T%X¢J�HrzUT%Q^dKHKT%z�£ [ HK] [ `CQ·eYHKT%X%Hp]OQRPML*] [ Q^T%z^L!J�HpT¢P [ L;HKT%HrP�HKQ^d�N�L!JMLON��RQRP�HrSUT
|%N�S6]{L!J�J Õ&Z
[ L*Q^]O]{L!J�J�|�SUHKTWPO�sHKTmP�c_N�T>�%|�LON�HrS6X%HK]OQ^dKdrea|+LON�uyS^N�`aJ&P [ L\zUQRPMLO£§Q!e0u¦c%T�]{P�HrSUT%J
S^u?PMN�Q^T�J�dKQÓÖ
P�HrSUT��tPMN�QR×a]�`�SUT%HrPMS^N�HKT_z_�UN�LO|�S^N�P�HpT_z g Q^]�Ð�PMS;JMSUc%N�]{L^�xQ^T�X²T_LOz^S^P�HpQRP�HrSUTa£"HrP [ Q^X ø Q^]{L!TtP g Q^T�X_£8HKX_P [
g N�S^Ð^LON�J Õ

üp¶P�²¶P� åÝVLV�Û é÷Á Ú ½�é^¿!Ü �xè tC½I¾�¿!s�À ã Ü�½Kt7s�� Ú Á"t
Z
[ L«HKTtPMLON�u�Q^]{L g LOP £�LOL!T QR|%|sdKHK]OQRP�HrSUTËdKQ!e^LONCQ^T%X9HKTtPMN�QÓÖfX_SU`aQ^HKTkN�L!JMSUc_N�]{Lm]{SUTtPMN�SUd,S^u8P [ L«]{SUTWPMN�SUd
QRN�] [ HrPML!]{P�c_N�L§J [ S�£8T;HKT*b?HrzUc_N�L,�6,]OQ^T g L�Q^] [ HrLO�^L!X;P [ N�SUc%z [ P [ L,X%H�Ò�LON�L!TtPÑJ�HrzUT�Q^dKHKT_z
QRN�] [ HrPML!]{P�c_N�L!J
|%N�S^|�SUJML!X HKT.P [ HKJ�P [ L!J�HKJ Õ b?HrzUc_N�LØ� ù HKdpdKc%JMPMN�QRPML!J²P [ LÔu¦N�Q^`�LO£,S^N�Ð u¦S^N«P [ HKJ«HKTtPMLON�u¦Q^]{L Õ F§PmP [ L
QR|%|�dpHK]OQRP�HrSUT!%Óc%J�LON*JM|�Q^]{L^�?P [ LON�L²QRN�L²X%HrÒ+LON�L!TtP\P et|�L!J�S^u
Q^]O]{L!J�J�X%LO�xHK]{L!J;Q^T%XÅ	�S } Ö L!T [ Q^T�]{L!X } o�V
|%N�SK�xeÍJMLON��^LON�J Õ F§P�P [ L¢T%LOPf£,S^N�ÐÍJ�|�Q^]{L^��P £�S(|sdKQ^T_L!J�]OQ^T g LmHKX_L!TtP�Hrq%L!X��²P [ L¢X%QRP�QÔ|�dKQ^T%L^�=Q^T%X
P [ L
	�S } Q^T%X T%LOPf£,S^N�ÐÍ`aQ^T%QRz^L!`�L!TtPC]{SUTWPMN�SUd
|�dKQ^T_L Õ F§P�P [ L¢X%QRP�QÔ|�dKQ^T_L^��X�QRP�QoM%S·£$P [ N�SUc_z [
GIH�Ò } LON��tÖf]OQR|�Q g drL²N�SUc_PMLON�J Õ F§P�P [ L$	�S } Q^T%XËT_LOPf£,S^N�ÐË`aQ^T%QRz^L!`�L!TtP�]{SUTtPMN�SUd�|�dKQ^T_L^�/]{SUTtPMN�SUd§HKJ
|%N�S��xHpX_L!X g e«Q^T¢L!TtP�HrP e«J�c%] [ Q^J8Q g Q^T%X_£"HKX_P [ g N�S^Ð^LON Õ

F§P§P [ L�QR|%|�dKHK]OQRP�HKSUT!%Óc%JMLON,JM|�Q^]{L^�6P [ L"c�JMLON�L!wxc%Hr|s`�L!TWP,`CQ!eaL9�6] [ Q^T_z^L'	�S } J�HrzUT%Q^dKHpT_z\X%HrN�L!]{P�dKe
£8HrP [ P [ L«T_LOPf£,S^N�ÐkJM|sQ^]{L^��J�c%] [ Q^J;N�L!JMLON��RQRP�HrSUTËN�L!wxc_L!JMP�J;X%HrN�L!]{P�dre(PMS¹P [ L²L!X_z^L«N�SUc_PMLON Õ o TËP [ HKJ
]OQ^JML^�tP [ L
v
¡
F�G J�] [ L!`�L&|%N�S^|�SUJML!X�HKTC� [ QR|�PMLON�®¬]OQ^T g L§QR|�|�dKHrL!X;PMS\]{SxS^N�X%HKT%QRPML§P [ HpJ/HKTWPMLON�Q^]{P�HrSUT
Q^T%X0PMS«|%N�S·�6HKX_L=	�S } ÃM`�SUJMPIS^u�P [ L�P�HK`CL Ä Õ o T0S^P [ LON¬]OQ^JML!JO�>J�c%] [ Q^J"P [ L;]OQ^JML�S^u�Q^]O]{L!J�J¬X_LO�6HK]{L!J
£8HrP [ dKHp`CHrPML!X�	IS } u¦c%T�]{P�HrSUT%Q^dKHrP e^�RN�L!JMLON��RQRP�HrSUT%J?]OQ^T�S6]O]Oc_N?P [ N�SUc_z [ P [ L(	IS } Ö L!T [ Q^T%]{L!X } o�V |%N�SK�xe
c%J�HpT_zaP [ L�dKHrz [ Pf£,L!Hrz [ P¬J�HrzUT%Q^dKHpT_zaQRN�] [ HrPML!]{P�c_N�L�|%N�S^|+SUJ�L!X¹HpTÔ� [ QR|%PMLON ùxÕ�Z
[ L�HpTWPMLONMÖfX%SU`CQ^HKTÔ]OQ^dKd
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Q^c_P [ S^N�H��!QRP�HrSUTY`CSxX_L!d�]OQ^T g L*QR|%|�dpHrL!X«uyS^N"LO�^LON�e¢T_LO£�JML!J�J�HrSUT¢N�L!wtc%L!JMPO�sHKT�X_LO|�L!T%X_L!TtP,S^u?P [ L1	�S }
N�L!JMLON��ÓQRP�HrSUTÔJ�] [ L!`�L g L!HKT_z�c%JML!X ÕIZ
[ L�HKTtPMLONMÖfX_SU`CQ^HKT¹]OQ^dKd�Q^c_P [ S^N�HP�!QRP�HrSUTÔ`�SxX%L!dÑHKTtPMLON�u�Q^]{L!J�£8HrP [
P [ L�L!X_z^L�N�SUc_PMLON!�>£ [ HK] [ HKT¹P�c_N�TÔ`CQ·e¹HpTW�^S^Ð^LaHpTWPMN�QÓÖfX%SU`CQ^HKTÔT_LOz^S^P�HKQRP�HrSUT�J¬£8HrP [ P [ L g Q^T�X_£8HKX_P [
g N�S^Ð^LON Õ

F§P�P [ L
T_LOPf£,S^N�Ð�JM|�Q^]{L^�WP [ L&u¦c%T�]{P�HrSUT%Q^dKHrP e\S^u+P [ L g Q^T%X_£"HKX_P [ g N�S^Ð^LON�HKT%]Odpc%X_L!J?Q^X%`CHKJ�J�HrSUT;]{SUT6Ö
PMN�SUd¨�L	�S } N�SUc_P�HpT_z_�WJMLON��6HK]{L
`CQ^T�QRz^L!`�L!TWPO�6Q^T%X�Q\T%LOPf£,S^N�Ð�`CQ^T%QRz^L!`�L!TtP�HKTtPMLON�u�Q^]{L
£8HrP [ P [ L
`CQ^T6Ö
QRz^L!`�L!TtP\HKT_u¦S^N�`CQRP�HrSUT g Q^JMLmþ¨Ú o # ÿ Õ FÂX_LOP�Q^HKdrL!X¹X_L!J�]{N�Hr|%P�HrSUTYS^u�P [ HKJ�QRN�] [ HrPML!]{P�c_N�L�]OQ^T g L*u¦SUc%T%X
HKTui ý �+j Õ�Z
[ L"L!X_z^LIN�SUc_PMLON,u¦c%T�]{P�HrSUT%Q^dKHrP e�HKT%]OdKc%X%L!J/uyS^N&HKT�JMP�Q^T%]{L"J�SU`�L"u�c%T%]{P�HKSUT%J=X_LON�Hr�^L!Xau¦N�SU`nP [ L
/IÚ Z } 	IS } QRN�] [ HKPML!]{P�c_N�L)i ®�j�þ�J�c�] [ Q^J o�V `�S g HpdKHrPfe²`CQ^T%QRz^L!`�L!TtP8Q^T%XmJML!J�J�HrSUT«`CQ^T%QRz^L!`�L!TtP
u¦S^N
|�Q^]�Ð^LOP
X%QRP�Q;|%N�S^PMS6]{SUd?þ V G V,ÿ J�HrzUT%Q^dpHKT_z*J�c%|%|�S^N�P ÿ Õ/Z
[ L"QRN�] [ HrPML!]{P�c%N�L!J§S^u>P [ L g Q^T%X%£8HKX_P [ g N�S^Ð^LON
Q^T%XYL!X_z^L�N�SUc_PMLON"HKT�]OdKc%X_L¬S^P [ LON�u�c%T%]{P�HrSUT%Q^dpHrPfe«Q^J8£,L!dKd n [ S·£,LO�^LON!��P [ SUJML;QRN�L*P [ L*SUT_L!J�`�SUJMP"N�L!drL{Ö
�RQ^TWP?PMS�P [ HKJÑ£�S^N�Ð Õ ~=JM|�L!]OHKQ^dKdKe^��P [ L§QR|%|�dpHK]OQRP�HrSUT!%ÓJMLON��xHK]{L,`CQ^T%QRz^LON/HKTtPMLON�u�Q^]{L,£"HrP [ P [ L&QR|%|sdKHK]OQRP�HrSUT
dKQ·e^LON*HKJ [ LON�L�J [ S·£8TÔP [ N�SUc_z [ Q } o�V Ö g Q^JML!XÔHKTtPMLON�u�Q^]{L^�ÑQ^JI£§Q^J\c%JML!X(HpT0P [ LCHK`�|�drL!`CL!TWP�QRP�HrSUT�J"S^u
P [ L\|�N�S^|�SUJML!XmJ�HrzUT%Q^dpHKT_z�QRN�] [ HKPML!]{P�c_N�L!J Õ

õ�zÖÕ ¡��(�
�����1~��"�5�

o TmP [ HKJ
] [ QR|%PMLON!�sP [ L\N�SUdKL!J
S^u�	�S } J�HKzUT%Q^dKHKT_z�Q^T%X0JML!J�J�HKSUT¢]{SUTWPMN�SUd�J�HrzUT�Q^dKHKT_z�QRN�L*HpdKdKc%JMPMN�QRPML!XmHKT¢Q
]{SUTtPMN�SUdÑQRN�] [ HrPML!]{P�c%N�L�P [ QRP [ Q^J"P [ L*|�S^PML!TtP�HKQ^dÑPMSaSRÒ�LON�L!T�X6Ö PMSRÖ L!T%X`	�S } g LOPf£,LOL!T [ LOPMLON�S^z^L!T_LOSUc�J
Q^]O]{L!J�J�T_LOPf£,S^N�Ð6J Õ�Z
[ L=/�Ú Z } % � V v } T%LOPf£,S^N�Ð(Q^T%X(Qm`�S g HKdKL;Q^X6Ö [ Sx];£8HrN�L!drL!J�J���F5�nQRN�LCc%JML!X
Q^J
L9�_Q^`�|�dKL!J&S^u/Q^]O]{L!J�J8T_LOP £�S^N�ÐxJ Õ,Z
[ L\HKTtPMLON�Q^]{P�HrSUT g LOPf£,LOL!TYQR|%|�dpHK]OQRP�HrSUTmQ^T%X¢T%LOPf£,S^N�ÐmdKQ!e^LON�J"HKJ
|%N�L!J�L!TWPML!XÍHKTÍQ¢u¦N�Q^`�LO£,S^N�ÐØP [ QRP�HKT%]{S^N�|�S^N�QRPML!J�P [ L�J�HrzUT%Q^dKHpT_zYJ�] [ L!`�L!J;|%N�S^|�SUJML!XËHKTØP [ L�|%N�LO�6H�Ö
SUc%J¬] [ QR|%PMLON�J Õ�Z
[ HpJ�HpJ�Q^TØL9�6Q^`�|sdrL�uyN�Q^`CLO£�S^N�Ð0P [ QRP\J [ S�£8JIP [ LCQR|%|sdKHK]OQ g HKdpHrPfe«S^u,P [ L�|%N�S^|�SUJML!X
J�] [ L!`�L!J8HpT«P [ L\|%N�S g drL!` S^u�L!T�X6Ö PMSRÖ L!T%X¢]OQ^dKd�J�HrzUT%Q^dKHpT_z;Q^`CSUT_z [ LOPMLON�S^z^L!T%LOSUc%J"T%LOPf£,S^N�ÐxJ Õ
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} LOLOÐ6HKT_z²PMS«Hp`�|%N�S��^L�P [ L�HKTtPMLON�Q^]{P�HrSUT¹S^u=JML!J�J�HrSUT¹]{SUTWPMN�SUd?J�HKzUT%Q^dKHKT_z²Q^T%X0T%LOPf£,S^N�ÐYN�L!J�SUc_N�]{L�`CQ^T6Ö
QRz^L!`�L!TtPO�_P [ HKJ�P [ L!J�HKJ�|%N�L!J�L!TWPML!X�T_LO£ J�HrzUT%Q^dKHpT_z*QRN�] [ HrPML!]{P�c_N�L!J,P [ QRP&Q^X%X%N�L!J�JML!XaP [ L�HpTWPMLON�Q^]{P�HKSUT²S^u
} o�V Q^J=P [ L"J�L!J�J�HrSUTC]{SUTtPMN�SUd+J�HrzUT%Q^dpHKT_z¬|%N�S^PMS6]{SUd�Q^T�Xa]Oc_N�N�L!TWP�N�L!JMSUc_N�]{L�`CQ^T%QRz^L!`�L!TtP�u¦N�Q^`�LO£,S^N�Ð6J Õ
Z
[ L«GIH�Ò�LON�L!TWP�HpQRPML!X } LON��6HK]{L!J�þ�GIH�Ò } LON�� ÿ QRN�] [ HrPML!]{P�c_N�LmHKJ;c%JML!XÍQ^J�P [ L«|%N�HK`aQRN�eÔL9�6Q^`�|sdrL Õ(Z
[ L
T_LO£ÂQRN�] [ HrPML!]{P�c_N�L!J¬Q^X%X_N�L!J�J�L!XÔP [ L�N�SUdrL!JIS^u } oÀV QRz^L!TtP�J*Q^T%XÔ|�N�S�6e0JMLON��^LON�J¬HKTÔJ�c g6ø L!]{P�J¬J�c%] [ Q^J
N�L!JMSUc%N�]{L*T_LOz^S^P�HKQRP�HKSUT���]OQ^dKd�Q^c_P [ S^N�H��!QRP�HrSUT��%Q^T�XmL!T%X6Ö PMSRÖ L!T%Xo	�S } HKT [ LOPMLON�S^z^L!T_LOSUc%J"T_LOPf£,S^N�Ð6J Õ

} HpT%]{L*HKTtPMLON�Q^]{P�Hr�^L;`�c%dKP�HK`�L!X%HKQ�QR|�|�dKHK]OQRP�HrSUT�J
]{SU` g HKT_L*P [ L\N�L!wxc%HrN�L!`�L!TtP�J
S^u/PMN�Q^X%HrP�HrSUT%Q^d>PML!drL{Ö
| [ SUTteaJMLON��xHK]{L!J§Q^T%X o TWPMLON�T%LOP§QR|�|�dKHK]OQRP�HrSUT�JO�WP [ LIQR|%|%N�SUQ^] [ P�QRÐ^L!T«SUT«P [ LIX_L!J�HrzUT²S^u�P [ L�J�HKzUT%Q^dKHKT_z
QRN�] [ HrPML!]{P�c_N�L!J8£,Q^J"PMSC|%N�S·�6HKX_L\c%JMLON�J&£8HrP [ |�N�Q^]{P�HK]OQ^d�Q^T�Xmu¦Q^J�P
£,Q·exJ"PMSaN�L!JMLON��^L\N�L!J�SUc_N�]{L!J8X�c_N�HKT_z
JML!J�J�HrSUT¹L!JMP�Q g dKHKJ [ `�L!TtP"Q^T%XÔPMSmQ!�^SUHpXÔP [ L�HKJ�J�c_L;S^u�ÃMT%Sm	IS } %ÓT_Sm]OQ^dKd Ä Õ #,e0]{SUT�J�HKX_LON�HpT_zaP [ L�X%HKupÖ
u¦LON�L!TWP"Pfex|�L!J
S^u�QR|%|�dpHK]OQRP�HrSUT%J
HpTmP [ L o TtPMLON�T_LOPO��P [ L�X%H�Ò�LON�L!TtP8drLO�^L!dKJ8S^u�	�S } zUc%QRN�Q^TWPMLOL!JO��Q^T%XYP [ L
X%H�Ò�LON�L!TtP8c%JMLON�JOÛ�Q g HKdpHrPfe�PMS�Q^]O]{L!J�J"N�L!JMSUc_N�]{L*`aQ^T%QRz^L!`�L!TtP�J�] [ L!`�L!JO�+P [ L�|%N�S^|�SUJML!X¢QRN�] [ HrPML!]{P�c_N�L!J
HKTt�^L!JMP�HrzUQRPML!X9Q¹T_LO£Å]OQ^dKd�J�LOP�c_|Ë|sQRN�Q^X%HrzU`DÖIQ^T o TWPMLON�T%LOP�ÖfJMPfe6drLm]OQ^dKd,JMLOP�c_|9`�SxX%L!d¨�/HKT%JMPML!Q^XËS^u8Q
PML!drLO| [ SUTWetÖfJMPfe6drL*]OQ^dpd�JMLOP�c_|Y`�S6X_L!d Õ

F�JIQ^T¹HpT%HrP�HKQ^d�£,S^N�Ð¢HKT0P [ HKJ�X%HrN�L!]{P�HrSUT��sQ^T¹QRN�] [ HrPML!]{P�c_N�L g Q^J�L!XYSUT¹P [ L�c%JML�S^uÔ	�S } Ö L!T [ Q^T%]{L!X
} o�V |%N�SK�6HrL!JmQ^T�X¥Q } oÀV Ö g Q^JML!X HKTtPMLON�u¦Q^]{L g LOP £�LOL!T P [ LÔQR|�|�dKHK]OQRP�HrSUT¥Q^T%X T_LOP £�S^N�Ð¥dKQ·e^LON�Jm£§Q^J
X_LO�^L!drS^|�L!X��%Hp`�|�drL!`�L!TtPML!XmHKTmQ�PML!J�P g L!X>��Q^T%Xm|�LON�u¦S^N�`CQ^T%]{L¬L!T [ Q^T%]{L!`�L!TtP�J8X_L!`CSUT%JMPMN�QRPML!X Õ 	�S } Ö
L!T [ Q^T�]{L!X } oÀV |�N�S�_HrL!J�T_S^P�SUT%dKekJ�c_|%|�S^N�P;P [ L«Pfex|�HK]OQ^d&J�L!J�J�HrSUT ]{SUTtPMN�SUd&u�c%T%]{P�HrSUT�Q^dKHrPfe g c_P�Q^dKJMS
c%T%X%LON�JMP�Q^T%XaP [ L"c%J�LON�JOÛL	IS } N�L!wtc%HKN�L!`�L!TtP�J=Q^T%X²|%N�S��xHKX%L"Q^T�HKTWPMLON�u¦Q^]{LI£8HrP [ P [ LIT_LOPf£,S^N�ÐCN�SUc%PMLON�J Õ
GIc_L;PMS«HKP�J"J�Hp`�|�drL*`CL!] [ Q^T%HpJ�`ÇS^u=QaSUT%L{Ö £,Q·e¹HKTtPMLON�Q^]{P�HrSUT g LOPf£,LOL!Td	�S } Ö L!T [ Q^T%]{L!X } oÀV |%N�S�_HrL!J
Q^T%X0G�HrÒ } LON��WÖf]OQR|�Q g drL¬L!X_z^L*N�SUc_PMLON�J8Q^T�XYHrP�J
J�`CQ^dKd�S��^LON [ L!Q^X¹HKTmPMLON�`CJ8S^u�J�HrzUT%Q^dpHKT_z�Q^T%XY]{SUQRN�JML{Ö
z^N�Q^HKTu	�S } zUc%QRN�Q^TWPMLOL!JO�+P [ HKJ8J�] [ L!`CL*£§Q^J8T%Q^`�L!X0Q^J8Q²dKHrz [ Pf£,L!Hrz [ P"J�] [ L!`CL Õ ¡¬T g L [ Q^dru�S^u?c�JMLON�J
£ [ S"`CQ!e\T_S^P [ Q!�^L,Q^]O]{L!J�J�PMS�	�S } N�L!JMLON��RQRP�HrSUT*|%N�S^PMS6]{SUdKJO�RP [ LÔ	�S } Ö L!T [ Q^T%]{L!X } oÀV |%N�SK�6HKL!J�HKT_u¦S^N�`
P [ L&T_LOP £�S^N�Ð;P [ L§Pfex|�L!J?S^us`�L!X�HKQ¤M�S·£8J/Q^T%X;P [ L§N�L!wxc%HrN�L!X g Q^T%X_£8HKX%P [ u¦S^N�P [ L
JML!J�J�HrSUT>�RHpT;Q^X�X%HrP�HrSUT
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PMSCL!T%X_Öfc%JMLON8HKT%uyS^N�`aQRP�HrSUT��6HKT«|�QRN�Q^dKdKL!d�£8HrP [ P [ L\SUT_Ö z^SUHKT_zC]OQ^dKd>J�LOP�c_|YJ�HrzUT�Q^dKHKT_z Õ
b%c%N�P [ LONIJMP�c%X_e6HKT_zCS^u=P [ L o ~ Z b�ÛÜJ"|%N�S^|�SUJML!X0HKTtPMLOz^N�QRP�HrSUT¹S^u } o�V Q^T�XYN�L!J�SUc_N�]{L�`aQ^T%QRz^L!`�L!TtP

drL!XkPMSYP [ L�X_LO�^L!drS^|�`�L!TtP\S^u&P [ L�HK`�|%N�S·�^L!XkQ^dKPMLON�T%QRP�Hr�^L�J�] [ L!`CL^�?v8L!JMSUc_N�]{L�`CQ^T%QRz^L!`�L!TtPC¡��^LONMÖ
dKQR|%|�L!X�£"HrP [ F�T%JM£,LON�HKT_z*G�L!dKQ·exJIþ�v
¡
F�G ÿ Õ o P�L9�x|�dKS^N�L!J�P [ L } o�V c%J�LON�QRz^L!TtP§HpTWPMLON�Q^]{P�HKSUTC£8HrP [ P [ L
T_LOP £�S^N�ÐÍHKTÍQ0£§Q!eËP [ QRP�P�QRÐ^L!JCQ^X_�RQ^TWP�QRz^LmS^u"|�QRN�Q^dKdKL!d=c%JMLON�Q^T%J�£�LON�HpT_z0X_L!dpQ!e6J;Q^T�XËN�L!JMLON��RQRP�HrSUT
X_L!dKQ·exJ Õ F"dKJ�S_�xQ;T_LO£ ]OQR|�Q g HKdKHKPfe�T_LOz^S^P�HKQRP�HrSUT«QR|%|�N�SUQ^] [ £§Q^J�P�QRÐ^L!T«PMS�Q^dKdKS·£ Q�`�S^N�L¤M%L9�_H g drL�	�S }
T_LOz^S^P�HKQRP�HKSUT���HKTËPMLON�`CJ�S^u8Q^dKdrS�£8HKT_z¹Q g L!JMP�Ö L{Ò�S^N�P�M%S·£ PMSÔPMN�Q^T%J�HKP�HrSUTØPMSÔQo	IS } Ö L!T%Q g drL!XÍ`;c%drP�H�Ö
`�L!X%HpQ$M%S·£ÅQ^J�|�QRN�P�S^u&P [ LaL9�6PML!T%X_L!X9]OQ^dKd�JMLOP�c_| ÕYZ8[ HKJ\HKTtPMN�S6X%c%]{L!J'M%L9�6H g HKdKHrP e0HKTkP [ L²J�LOP�c_|ËS^u
Q^X%QR|%P�HK�^L«`;c%drP�Hp`�L!X%HKQ0JML!J�J�HrSUT�JO��Q^T%XÍN�L!X%c%]{L!J;P [ LmHK`C|�Q^]{P�S^u�Q^X%X%HrP�HKSUT%Q^d�J�HrzUT%Q^dKHKT%z¢SUT9P [ Lm]OQ^dKd
JMLOP�c_|mX_L!dpQ!e6J Õ F"T�L9�6|�LON�HK`�L!TtP�Q^d�LO�RQ^dKc%QRP�HKSUT²S^u�P [ L¬]OQ^dKd�JMLOP�c_|mX_L!dKQ·eaJ�Q!�6HKT_zUJ§Q^T%X«J�HKzUT%Q^dKHKT_z�drSUQ^X
S^u§P [ Lav
¡8F"G$J�HrzUT%Q^dKHKT%z�J�] [ L!`�L�J [ S·£,L!XØP [ QRP*HKT(`�SUJMP�]OQ^JML!J*P [ Lav
¡
F�G$J�] [ L!`�L!J\SRÒ�JMLOP�J�P [ L
N�L!JMLON��ÓQRP�HrSUT0X_L!dKQ·exJ Õ F�dKJMS_�%P [ L�`�SUJMP8zUQ^HKT%J8HpTmPMLON�`CJ8S^u�X_L!dKQ!emHK`C|%N�S·�^L!`CL!TWP�QRN�L�Q^] [ HrLO�^L!X0£ [ L!T
P [ L*c�JMLON
Q^T%JM£,LON�HKT_zCX%L!dKQ!e6J
Q^T%XmN�L!JMLON��RQRP�HrSUT%J
X_L!dpQ!e6J
QRN�L*HKTmQa]OdrSUJML¬N�Q^T_z^L Õ

¡ITÍP [ LmHKJ�J�c_L�S^u8P [ LmHKTtPMLON�Q^]{P�HrSUT9S^u } oÀV Q^T�X ]OQ^dKd§Q^X%`CHKJ�J�HrSUTË]{SUTtPMN�SUd¨��P [ L«|%N�SK�xetÖfT_LOPf£,S^N�Ð
HKTtPMLON�Q^]{P�HrSUT�£§Q^J,Hp`�|�drL!`�L!TtPML!X�HKT²Q^T«HKTtPMLONMÖfX_SU`aQ^HKTa]OQ^dKd�Q^c_P [ S^N�H��!QRP�HrSUT�`�S6X_L!d�P [ QRP§HpT%]{S^N�|�S^N�QRPML!J
P [ LI]{SUT%]{LO|%P�J,S^u>|%N�S�_HrL!J§Q^J�zUQRPML¬]{SUTtPMN�SUdKdrLON�J�þT	�S } Ö L!T [ Q^T%]{L!X } o�V |%N�S�_HrL!J�Ö � � ÿ Q^T�XaP [ LIT_LOL!X²PMS
|%N�S^|�LON�dKe;Q^c_P [ S^N�H��OL
P [ LI`�L!X%HpQ�M%S·£"J=|%N�HrS^N�PMS*P [ L�Q^]{P�c%Q^dsN�L!JMSUc%N�]{L8N�L!J�LON��ÓQRP�HKSUT Õ/Z
[ L"T%LO£.`�S6X_L!d
|%N�S��xHpX_L!JI]OQ^dKd/Q^c_P [ S^N�HP�!QRP�HrSUT(JMP�QRP�c%J\Q^T�X(Q^X%X%JI`�S^N�L�z^N�Q^Txc%dKQRN�HrPfe0PMSmP [ L�Q^c_P [ S^N�H��!QRP�HKSUTÔ|%N�S6]{L!J�J
QRP�P [ L;X%L!JMP�HKT%QRP�HrSUT0X_SU`CQ^HKT Õ FÂX_L!dKQ·e¢Q^T%Q^dre6J�HKJ [ Q^J g LOL!TY|%N�L!JML!TtPML!X¹P [ QRPIQ^X%X_N�L!J�J�L!X0J�]OQ^dpQ g HKdKHrP e
HKJ�J�c_L!J\HKTkPMLON�`CJ�S^u&P [ L²T_LOL!XkPMS¹Q^X�Xk`�S^N�L²N�L!JMSUc_N�]{L!J�þ�H Õ L Õ �?|%N�S�6eØJMLON��^LON�J ÿ PMS¹]{SU`C|+L!T�J�QRPMLau¦S^N
P [ L;HKT%]{N�L!Q^J�HpT_zCdrSUQ^X0SUT¢P [ L;JMLON��^LON�JO�+zUHr�^L!T¹X_L!dKQ·e«]{SUT�JMPMN�Q^HKTtP�J8SUT0P [ L } oÀV PMN�Q^T%J�Q^]{P�HrSUT%J8J�c%] [ Q^J
P�HK`�LOSUc%P�]{SUT%JMPMN�Q^HKTtP�J?u¦S^N�QR|%|�dKHK]OQRP�HKSUT6ÖfdKQ!e^LON/N�LOPMN�Q^T%J�`CHpJ�J�HrSUT%J�HKT1/�G V Ö g Q^JML!X } oÀV PMN�Q^T%JM|�S^N�P Õ?Z
[ HKJ
Q^T%Q^dre6J�HKJ&J [ S·£,L!X¢P [ QRP8P [ L\T_LO£Ï]OQ^dKd�Q^c_P [ S^N�H��!QRP�HKSUTm`�SxX%L!d>HKJ&J�]OQ^dKQ g drL\QRP
P [ L\L!T�XmX_SU`CQ^HKT%J Õ

F�dKd�P [ LCQ g S·�^LaJ�HrzUT%Q^dKHKT%z²QRN�] [ HrPML!]{P�c_N�L!J\£�LON�L�LO�RQ^dKc%QRPML!XØL9�x|�LON�HK`CL!TWP�Q^dKdKe^�>HKTÔQ«PML!JMP g L!XÔ£8HrP [
��HpTtcL� V �§J�Q^T�X�N�SUc_PMLON�J/£ [ LON�L&Q } o�V |%N�S^PMS6]{SUd%JMP�Q^]�Ð�£,Q^J�Hp`�|�drL!`�L!TtPML!X Õ ¤¥HrP [ P [ L } o�V PML!JMP g L!X��
P [ L¬u¦L!Q^J�H g HpdKHrPfe�S^u [ Q·�xHKT%zCQ } oÀV ]OQ^dKd�JMLOP�c_|¢J�] [ L!`�L*HpTWPMLOz^N�QRPML!X¢£8HrP [ N�L!JMSUc_N�]{L\`CQ^T%QRz^L!`�L!TtP8£§Q^J
X_L!`�SUT�JMPMN�QRPML!X��%P [ N�SUc_z [ P [ L*X�H�Ò+LON�L!TWP
J�HKzUT%Q^dKHKT_z�QRN�] [ HrPML!]{P�c_N�L!J"X%HKJ�]Oc�J�JML!X«Q g S·�^L Õ

b?HKT%Q^dpdre^�UP [ L8dpQ^JMP�] [ QR|�PMLON�|%N�L!JML!TWPML!X²Q^T�L9�_Q^`�|�drL
u¦N�Q^`�LO£,S^N�Ð�P [ QRP,QR|%|�dKHrL!J?P [ L8T_LO£ J�HKzUT%Q^dKHKT_z
QRN�] [ HrPML!]{P�c_N�L!J?PMS¬Q^] [ HrLO�^L&L!T%X6Ö PMSRÖ L!T�X=	IS } HpT [ LOPMLON�S^z^L!T_LOSUc%J�T_LOP £�S^N�ÐxJ Õ/Z
[ HKJ>u¦N�Q^`�LO£,S^N�Ð�J [ S·£,L!X
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P [ L�u¦c�T%]{P�HrSUT%Q^dKHKP�HrL!J�S^u>P [ L�T_LOP £�S^N�Ð²dKQ·e^LON§Q^T�X�QR|�|�dKHK]OQRP�HrSUT²dKQ!e^LON&L!TtP�HrP�HrL!J§Q^T%X [ S�£¥P [ LOeaHKTtPMLON�Q^]{P
PMSØ`CQ^T%QRz^LmN�L!JMSUc_N�]{L!J�u¦S^N�P [ L¢]OQ^dKd Õ b_N�SU` P [ Lm�6HrLO£
|�SUHKTtP*S^uIHKTtPMN�QÓÖfX_SU`CQ^HpTÍQ^T�XÍHpTWPMLONMÖfX%SU`CQ^HKT
N�L!JMSUc%N�]{L\`CQ^T%QRz^L!`�L!TtP"J�] [ L!`�L!J!�%L9�6Q^`C|�drL!J&S^u�P [ L*J�HKzUT%Q^dKHKT_z�T_LOL!X_L!X¢PMSaQ^] [ HKLO�^L�	�S } QRN�L*zUHr�^L!T��
Q^T%X L!JM|�L!]OHKQ^dKdreËPf£,SËP et|�L!JCS^u¬£"HrN�L!drL!J�JaQ^]O]{L!J�J²T%LOPf£,S^N�ÐxJ�QRN�L¹]{SUT%J�HKX_LON�L!X���/IÚ Z } Q^T%X `CS g HKdrL
Q^X6Ö [ S6]¬T_LOP £�S^N�Ð6J Õ

Z
[ L
L9�6Q^`C|�drL
u¦N�Q^`�LO£,S^N�ÐCHKJ�Q^TaS^|�L!TaQ^T%X)M%L9�6H g drL§uyN�Q^`�LO£�S^N�Ð�P [ QRP�]OQ^T²Q^]O]{SU`C`�S6X%QRPMLIS^P [ LON
J�HrzUT�Q^dKHKT_zÔJ�] [ L!`�L!JaQRPCP [ L¢|%N�SK�xetÖfc%JMLONaHpTWPMLON�Q^]{P�HKSUT PMSØP [ L¢T_LOP £�S^N�Ð Õ o PCHKJCL!TW�6HKJ�HrSUT%L!XËP [ QRPaHKT
[ LOPMLON�S^z^L!T%LOSUc%J�T_LOPf£,S^N�Ð(L!Tt�xHrN�SUT%`�L!TtP�JO�ÑL!Q^] [ £8HrP [ P [ L!HKN*S·£"TØ|�SUdKHK]OHrL!J*Q^T%X�	�S } J�] [ L!`�L!JO�?P [ L
QR|%|�dpHK]OQRP�HrSUT6ÖfdKQ·e^LON"Q^X%X�J8JMSU`�L�Pfex|�L\S^u�]{SUTWPMN�SUd�PMS [ QRN�`�SUT%HP�OL\P [ L!HrN�X%H�Ò�LON�L!T%]{L!J8HpTmPMLON�`CJ"S^u�	�S }
J�HrzUT�Q^dKHKT_z ÕCZ
[ c%JO��P [ LaHKTtPMLON�Q^]{P�HrSUT g LOP £�LOL!TËQR|%|�dKHp]OQRP�HrSUT(Q^T%XkT%LOPf£,S^N�Ð(dKQ!e^LON�J*PMS0J�c%|%|�S^N�P'	�S } Ö
L!T%Q g dKL!X `�c%dKP�HK`�L!X%HKQ0JML!J�J�HKSUT%J�HKJ��^LON�e9HK`�|�S^N�P�Q^TtP Õ o T9P [ L¢]{SUc_N�JML«S^u"P [ HpJ�N�L!JML!QRN�] [ £�S^N�Ðs�,P [ L
z^N�S�£8HKT_z\HK`C|+S^N�P�Q^T%]{L§S^usP [ L"HKTWPMLON�Q^]{P�HrSUT�S^u�JML!J�J�HrSUT�]{SUTtPMN�SUdsJ�HrzUT%Q^dKHpT_z�Q^T�X�N�L!JMSUc_N�]{L
`aQ^T%QRz^L!`�L!TtP
[ Q^J g LOL!TØS g JMLON��^L!XËHKTÔP [ L o TWPMLON�T_LOP*]{SU`C`;c%T%HrP e(Q^T%XØHKT(P [ LaHKT%X%c�JMPMN�eËþ�J�c�] [ Q^J�HKTÔP [ L)/IÚ Z }
	�S } u¦N�Q^`�LO£,S^N�Ð«Q^T%XmP [ L V Q^]�Ð^LOP��§Q g drL;`�c�drP�HK`�L!X%HpQ�u¦N�Q^`�LO£,S^N�Ð ÿ Õ

Z
[ L\`CQ^HKT�uyS6]Oc%J&S^u�P [ L\]Oc_N�N�L!TWP&£,S^N�Ð«Q^T%X«N�L!dKQRPML!X¢£�S^N�Ð [ Q^J g LOL!T«SUTmP [ L\]OQ^dKd�JMLOP�c_|¢| [ Q^JML Õ
ÚYSUJMP§S^u>P [ LIJ�HrzUT%Q^dKHpT_z\J�] [ L!`�L!J§P [ QRP§QRN�L�c�JML!XaPMS;L!JMP�Q g dpHKJ [ Q�JML!J�J�HrSUT�]OQ^T g L�c%JML!X²PMS;c_|�X%QRPML�Q^T
Q^]{P�Hr�^L�JML!J�J�HrSUT�ÛÜJ"|�QRN�Q^`�LOPMLON�J�þ�H Õ L Õ ��u¦S^NI]OQ^dpd�`CQ^T%QRz^L!`CL!TWP ÿ Õ¬Z
[ HpJ8c_|�X%QRPML^�+£ [ HK] [ c%J�c%Q^dKdre�Sx]O]Oc%N�J
P [ N�SUc%z [ Q �M� R �¦�XW��¦�f� N�L!wtc_L!J�PO�+HKJ"PMN�Hrz^z^LON�L!XYu¦S^N�HpT%JMP�Q^T%]{L g eY] [ Q^T_z^L!JIHKTYP [ L;T%LOPf£,S^N�ÐY]{SUT%X%HKP�HrSUT%J
X%c_LaPMS0JML!J�J�HrSUTk`�S g HKdKHrP e Õ  "S·£,LO�^LON!��HKTkP [ HKJ¬PMS^|sHK]aQ^J�£�L!dpd�Q^J*S^P [ LON;QRN�L!Q^J�HKT } oÀV �ÑP [ LON�LaQRN�L«Q
Txc%` g LON&S^u?|%N�S g drL!`CJ,uyS^N8u¦c_P�c%N�L\HKTt�^L!JMP�HrzUQRP�HrSUT��

æ Q^T�Q^dre7�OL§P [ L,LO×a]OHrL!T�]{e\S^u�P [ L,|%N�S^|�SUJML!X;J�HrzUT�Q^dKHKT_z8QRN�] [ HrPML!]{P�c%N�L!J�uyS^N/`CQ^T%QRzUHpT_z�Q^]{P�HK�^L
]OQ^dKdKJ n

æ HpTW�^L!JMP�HKzUQRPML [ S·£)u¦LOL!X g Q^]�Ð.|�Q^]�Ð^LOP�JYQRP�P [ L¹T_LOP £�S^N�Ð.drLO�^L!d�þ�HKT6Ö g Q^T%X.J�HrzUT%Q^dKHKT%z ÿ HKTtPMLON�Q^]{P
£"HrP [ JML!J�J�HrSUTC]{SUTtPMN�SUdsJ�HrzUT%Q^dKHKT%z�þ¦SUc%P�Ö S^upÖ g Q^T�X²J�HKzUT%Q^dKHKT_z ÿ PMS�PMN�Hrz^z^LON�T%LO£.HKTtPMN�QÓÖfX_SU`CQ^HpTCQ^T%X
LO�^L!TtP�c%Q^dKdKe«HpTWPMLONMÖfX%SU`CQ^HKTmT_LOz^S^P�HKQRP�HKSUT%J&PMSa`CQ^T�QRz^L*N�L!JMSUc%N�]{L!J&u¦S^N8Q^T¢SUT6Ö z^SUHpT_zC]OQ^dKd n

æ Hp`�|%N�S��^L�P [ L;]OQR|�Q g HKdpHrPfemT_LOz^S^P�HKQRP�HKSUT0|�N�Sx]{L!J�J"HKT } o�V � g e¢J�c_|%|�S^N�P�HKT%zC`�S^N�L'M�L9�6H g drL*HKTtPMLONMÖ
Q^]{P�HKSUT%J�HpTØP [ L²SRÒ+LONI%ÓQ^T�JM£�LON�T_LOz^S^P�HKQRP�HKSUTË|�N�Sx]{L!J�J\PMS0Q^dpdrS·£ T_S^P*SUT�dreÔP [ L²T_LOz^S^P�HpQRP�HrSUTkS^u
`CL!X%HKQ�|�QRN�Q^`CLOPMLON�J g c%P§Q^dpJMSCS^u�	�S } N�L!wxc%HrN�L!`CL!TWP�J
QRP8P [ L\QR|%|�dKHp]OQRP�HrSUTmdKQ!e^LON n
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æ J�P�c%X_eCP [ L�L{Ò�L!]{P�J§S^uÑT_LO£¥PMN�Q^T%JM|�S^N�P�ÖfdpQ!e^LON§|%N�S^PMS6]{SUdKJ¬þ�J�c%] [ Q^J } � Z V,ÿ Q^T%X�JML!]Oc_N�HrP ea`�L!] [ Ö
Q^T�HKJ�`CJ§PMSCP [ L\|�LON�uyS^N�`CQ^T%]{L¬S^u } oÀV J�HrzUT%Q^dpHKT_z n Q^T%X

æ SUTYP [ L¬N�SUdrL¬S^u/QR|%|sdKHK]OQRP�HrSUT6ÖfdpQ!e^LON
J�HrzUT�Q^dKHKT_z;PMS²Q^] [ HrLO�^L\L!T%X_Ö PMSRÖ L!T%Xu	�S } HKT [ LOPMLON�S^z^L!T_LOSUc�J
£"HrN�L!X!%�£8HKN�L!drL!J�J�T_LOPf£,S^N�Ð6JO�6N�L!JML!QRN�] [ N�L!JMSUc_N�]{L¬`CQ^T�QRz^L!`�L!TWP§PML!] [ T%HKwxc_L!J§Q^T%X�P [ L!HrN§HKTtPMLOz^N�QÓÖ
P�HKSUT¢HKT«P [ L*]OQ^dpd�JMLOP�c_|�%Ó]OQ^dKd�`CQ^T%QRz^L!`�L!TtP8S^u/`;c%drP�HK`�L!X�HKQ�J�L!J�J�HrSUT%J Õ
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i�Ij b*� "��{���{�s�����^�f�?¦0Ò+�{�IW·�¨���{���R�
ë?�¦�%�"Ó Õ�[ PMPM|>� %�%ÓX%H�Ò�JMLON�� Õ JMSUc_N�]{LOuyS^N�LOz^L Õ T%LOP Õ
i ��j�Ã V Q^]�Ð^LOP��§Q g drL3Ú0c%drP�HK`CL!X%HKQ7F8N�] [ HrPML!]{P�c%N�L b_N�Q^`�LO£�S^N�Ðs� Ä PML!] [�Õ N�LO| Õ �i�&Q g drL��ÑQ g JO�
[ PMPM|>� %�%�£
£8£ Õ |�Q^]�Ð^LOP�]OQ g drL Õ ]{SU`m�>©Uc%T%L*�R�^� ùxÕ

i ù j$#�%'&)(+*,#�-/.101.324#�-657-/.+89*,.1.1.;:9.�<1=!��Ã /"T%HK�^LON�J�Q^d�ÚYS g HKdrL Z L!drL!]{SU`C`;c%T%HK]OQRP�HrSUT�J } exJ�PML!`CJ
þ;/IÚ Z } ÿ nR� L!T_LON�Q^d V Q^]�Ð^LOP/v8Q^X%HrS } LON��6HK]{L"þ � V v } ÿ nU} LON��6HK]{L=G�L!J�]{N�HK|%P�HrSUT nU} P�QRz^L&�*þ�v
L!dKL!Q^JML
��� ÿ � Ä PML!] [>Õ N�LO| Õ � ù � V=V %Ó~ Z } o � [ PMPM|�� %�%�£
£
£ Õ ù z^|%| Õ S^N�z_�+�R�^�^� Õ

i ®Aj$#�%>&)(?*,#�-@*,.�<4240�-/#�-A.B89*,.1.C5,:9.10�=!��ÃM~�T%X6Ö PMSRÖ L!T%XZ	¬c%Q^dKHrP e\S^u } LON��xHK]{L¬þT	�S } ÿ ]{SUT�]{LO|%P�Q^T%X
QRN�] [ HrPML!]{P�c%N�L²þ�v
L!dKL!Q^JML ý ÿ � Ä PML!] [�Õ N�LO| Õ � ù � V�V %Ó~ Z } o � [ PMPM|>� %�%�£
£8£ Õ ù z^|%| Õ S^N�z_��©Uc%T%L¬�R�^�R® Õ

i ��j)D$E;FHG�IKJ	G�LNMOGPLRQTSU-y�)(	VWEYXZF)Q\[W-p�¬Q^T%X^]`_WacbdG�e�I�fNghQ4Di-y� b*� "��O�M�O�����¨�^�f�Ö¦¢Ò+�{�IW·�¨���{�(�^�
ë/�y����Ó Õ o ~ Z b o TWPMLON�T%LOP8G�N�QRuyPO�sX_N�QRu¦P�ÖfQ^dK`�L!J g LON�z^LONMÖ £§Q ø [ QRÐWÖfX�H�Ò�J�LON��WÖfdpHKTtc.�tÖf�_R�%©Uc�T_L������ Õ

i ý j)D$bdjOL7GCklIYQnmo-y�qprfOLdI�esQt(u-rv)-y�xwTfOFyXzb7Xz{O_dGdQ}|n-y�x[�GPEYG�bd~WfNgWX��uQy�t-n�\-p��]4_dFHVWL�VWb�Q]�-y�1�tVWFHVW~OL�X�I��dbdVWb�Q�]�-W%i-y�6Q^T%X\S��7XZeNXZbOM�Q7��-7Dl-y��ÃMG�exT%Q^`aHK]¤#§Q^T%X_£"HKX_P [ F�dKdrS6]OQRP�HrSUT
F�drz^S^N�HKP [ `CJ;uyS^N² "Hrz [ Ö } |�LOL!XÍGIQRP�Q(¤ HrN�L!dKL!J�J=�8LOP £�S^N�ÐxJO� Ä��I�{�¦��ë>�C©{�k�+���O�W�%�¨���R�y�6�R�6���s�R� �
|�| Õ�ù ���W®C�x��©Wc%dretÖ } LO|%PML!` g LONI��� �xÕ

i � j)D$L7FHXZe;VdMWGdQ�%i-y��Ñ �%�R� ����������Ò+�O�¨W��������y�¢� QnÏ �!�;«=�R��Z·� Õ ÚYQ^]O`CHpdKdKQ^T Z L!] [ T%Hp]OQ^d V c g dKHKJ [ HpT_z_�
o } #�� �Ö � �A�"� �ÓÖ� � ��Ö �x�Ñ�R�^�^� Õ

i � j$p�VObdGPL7��GPGdQ1�l-y��S�_�QCSU-y�cp�VuI�_�QP]�-p�^Q^T%X)wrVOIYQ�(u-C]�-y�wÃMF"T%Q^dKexJ�HpJ>S^u } o�V Ö g Q^JML!X;Ú¢S g HKdKHrP e
Ú0Q^T%QRz^L!`�L!TtP=HKT;® � ¤ HrN�L!dKL!J�J��8LOP £�S^N�Ð6JO� Ä ç �A¥(§s�_�f�{� ç �A¥1¥��6�%�¨���^���¨�R�_� �t�^SUd Õ � � �W|%| Õ^ý � � �� � � ���R�^�R® Õ

ik��j$p�VOL7J	GPL�X�I�QhDl-y�uvHVOIKGPe�eNX�Qxv$-p�Om3VOL,eNXzb�Qh[W-�wi-y�>Q^T%X�m�G�f�Qqmo-y�¬ÃMF } HK`;c%dKQRP�HKSUT } P�c%X%e
S^u�F"X%QR|�P�Hr�^L�Â/SUHp]{L(�,SU`a`�c%T�HK]OQRP�HrSUT%J²SUT o�V �8LOP £�S^N�ÐxJO� Ä ç �A¥(§s�_�f�{� ç �A¥1¥��6�%�����^���¨�R�_� �
�^SUd Õ �Ó®_��|%| ÕX� � � � �Rý"� �>�R�^�_ Õ

i�O�+jTpnG�L7bdGPesQl��-p���yV;g,VPe�~OVWLRQ��`-y�)|hfWL7jhQ��t-y�Tp�VO~OGPLRQ�|n-y�T�s�7VWbWMhQ���-y�`(N�PGPGPLRQ�mo-y�pnL�VOjWGPb�Q��`-y��w}VYgOXZGdQ�p$-p�3S�L�fO�NE�V;klIK~WX�Qo[W-y�ËQ^T%X |xGPE,I�e;VdXZbWGdQo¡t-y�µS Ý �M�A¥a� R
«=�^�-Z«�{�^�«�����f�f�^�M�^�f�Ö¦¢Ò+�{�IW·�¨���{�W`_§_�O���^���¨�R�<�AWR�O�cb*� "¬Ò+�{�IW Ï �O�;«=�R��Z·� Õ o ~ Z b�v"bÑ�Ç����� � �
[ PMPM|>� %�%�£
£8£ Õ HrLOPMu Õ S^N�z7%�N�u�]K%�N�u¦]!����� � �p�"S·�^L!` g LONI�R�^�^� Õ

i�^IjTpnG�L,e7IKGP~WVuI�Qdwi-%Q^T�X�%$VWEYEYVdMWGPLRQO�`-y� b;�^� � Ï �O�;«=�R��Z·� Õ V N�L!TtP�HK]{L¬ "Q^dKd � o T%] Õ � o } #Ô�Ï�ÓÖ� ù Ö
�R�^�"�6 ý Ö�R�/���^� Õ

i�!��jTpnEYVW~uGdQ¢(u-y�'pnE�Vd�N~hQ£wi-p�¤vHVWL7E,IKfOb�Q¥mo-y�¦w}VYgOXZG�IYQ¥¡�-p�§S¨VWbWMhQ©�x-p��Q^T%XS�G1XzI�I�QªS«-p�èS � S ���O�W�¦�f���!���6���à�{�R� b\� "��O�M�O�������U�f�Ö¦ Ò+�{�IW·�¨���{� Õ o ~ Z b v"bÑ� �Ó® � �x�
[ PMPM|>� %�%�£
£8£ Õ HrLOPMu Õ S^N�z7%�N�u�]K%�N�u¦]!�Ó® � �x��G�L!]{L!` g LON���� �xÕ

i� ù jTprfuI�Q4�y-
Q^T%X+��G�LNfN¬qQ4(s-p�ZÃ Z S�£,QRN�X Q^T F�dKd�Ö o�V Ö�#§Q^JML!X�/IÚ Z }¥} e6JMPML!`7F8N�] [ HrPML!]{P�c%N�L^� Ä
�®h� Ï �O�;«=�R��Z �%�^SUd Õ !�x�%|%| Õ�ù^ý �W®W�x��©UQ^Txc%QRN�eX%Ób_L g N�c%QRN�em�R�^�_ Õ
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i�{®AjTpnL�VOjWGPb�Q��\-p�C�s�7VWbWMhQN�y-y�,pnGPLdIKfOb�Q7(u-y�,¯)GPLda�fuM�Q7(u-y�WQ^T%X`[1VOFyXzb�Q7(s-p� é8���{�^�x�M���¤é
�9Ò+�O� R° �^�����^� Q �M�^� �!���^� ý é5Ò ° Q þ²± ° �{�����¨�R� YµÝ �6�s�·�����R�+�R�'ÒA§%���O� U����^�����^� Õ o ~ Z b$v"bÑ� �^�R�U�x�
[ PMPM|>� %�%�£
£8£ Õ HrLOPMu Õ S^N�z7%�N�u�]K%�N�u¦]!�^�R�U�x� } LO|�PML!` g LON*��� �tÕ

i�!��jTpnL�V7_db�Q�&4-y�uvHVOIKeNG�EYEY_O�N�	XZV�Qqv)-y�s(Ne;VPe�eNG�bdJ	G�LNMOGPLRQ�%i-y��Q^T%XD)VWj�Qh³K-y�lÃMF"T(F�T%Q^dre6J�HKJ
S^u�P [ L�GIH�Ò } LON���F"|%|%N�SUQ^] [ HKT�Ú¢S g HKdrL8~�TW�6HrN�SUT%`CL!TWP�JO� Ä HKT0Q ���·�KÐH´Y�R��Z·���6�¨§(�R�«� QèÑ �%�R� �¦���
�M�3Ò+�{�IW·�¨�����O�R��´¢�y���{�K�������R�!¦ à �7©{�¦�r� Ï �O�;«=�R��Z·� ý � Ñ ´m� à¶µ�µ þ � � LON�`CQ^Tte(����� Õ

i� ý jTpn_OIKI�GWQh³�-p�Ow$G�·,·CbdG�LRQqp$-y��Q^T%X¸(��N�d_WE;acL�XzbdbdGdQq¯\-y�¤ÃMG�e6T%Q^`CHK]f	�S } �§SUTWPMN�SUd?S^u&Ú0c%drP�H�Ö
`CL!X%HKQaF"|%|�dpHK]OQRP�HrSUT%J¬#§Q^JML!X¹SUT¹v Z V � Ä ç �A¥(§s�_�f�{� ç �A¥1¥��x�������^�����^�_� �>�^SUd Õ �x��|%| Õ ®C�K�x� � �
��� ýxÕ

i� � j`v�VWFyVOL�XZEYE,f�Q²%�-p��¡HL�XZ~sIKI�fWb�Q�%i-y�¹¯$fOEYE;GPLRQ¸[W-p�¢Q^T�XU(7�	�W_dE;acL�XzbdbdGdQ3¯l-p� �,�M�R��§ R
�¦�t� �M� à �?¦R�¨�¼ë?�¦�+���¢�¦�Þ�¦�6�uÒ+�{�������R�vb��{�{�O���ÿ§+�����^� Q �M�^� �!���^� ý Ò@b Q þ Õ o ~ Z bÂv"bÑ� ù^ù���� �
[ PMPM|>� %�%�£
£8£ Õ HrLOPMu Õ S^N�z7%�N�u�]K%�N�u¦] ù^ù���� ��G�L!]{L!` g LON¬�R�^�U� Õ

i� � j`v�VWFyVOL�XZEYE,f�Qr%i-y�h]TVObde7fWEYV�Qy�\-p�/Q^T%X²(��N�d_dE,acL�XZbWbdGdQy¯l-y��ÃM~��RQ^dKc%QRP�HrSUTËS^u Z N�Q^T%JM|�S^N�P
V N�S^PMS6]{SUdKJ«uyS^N«P [ L } L!J�J�HrSUT o T%HKP�HKQRP�HrSUT V N�S^PMS6]{SUd¨� Ä¥�®h� Ï �O�;«=�^�-Z �8�^SUd Õ  � ��|%| Õ ®U���W® ý �
} LO|%PML!` g LON"�R�^� ùxÕ

i���j`v�VWFyVOL�XZEYE,f�Qº%i-y�»m3VOLdI��7VWE;E�Q>SU-y�ÏQ^T�X¼�rfuI�GPbWJ	GPL�MhQª[d-y� �����f�f�^�M�^�����^�3���Fé
� R
�O�R�6����� à �R�s�·�t�9¥a�O���.�R��¦öÒ+�{�������R�B���%�������U�����R� Q �M�^� �!���R� ý Òx� Q þ Õ o ~ Z b'v"bÑ� ù^ù !�x�
[ PMPM|>� %�%�£
£8£ Õ HrLOPMu Õ S^N�z7%�N�u�]K%�N�u¦] ù^ù !�x��¡I]{PMS g LONI�R�^�U� Õ

i �R�+j`v�VWFyVOL�XZEYE,f�QR%i-sQ^T%X�m¨fWbWL�VWj�QdDi-y�!à �I§"§s�¦�t�«��� à �Ö¦^���)Ò��������A¥;��� �1é
���O�R�6������é
���!�{�IWÓ� R
���¨�R� Ý �r�A«?� Õ o ~ Z b9v8bÑ� ù �^�Ó®_� [ PMPM|>� %�%�£
£
£ Õ HKLOPMu Õ S^N�z7%�N�u¦]K%�N�u�] ù �^�Ó®_��F8|�N�HKd��R�^� ùxÕ

i �6Ij`vn�7VWEYF�GPLdIYQqwi-ÑQ^T%X3(NE,fWFHVWb�Qqmo-p�(ÃMF } c%N��^LOeYS^ul	Ic%Q^dKHrP eYS^u } LON��6HK]{L�HKT(Ú¢S g HpdrLa�,SU`�Ö
|sc_P�HKT_z�~=Tt�6HrN�SUT%`�L!TtP�JO� Äa�®h� ç �A¥1¥��x�������^�����^�_��Ò%�6�IWR�O��� � } L!]{SUT%Xo	Ic%QRN�PMLON*����� Õ

i �^��j`vn�dGPb�QR[d-�:½v)-y��m¨�ND}_WEYGC¬hQuDi-y�7vHVWL�f�QsDi-y��p�VWJ	V�Q�(u-y�7¾$�WJ�V�QO��-y��Q^T%X?�tVWFHVWb7VPe��7VWb�Q��-y��Ñ ��Ò S �M�{�W���f���·���x���)�"�R�O�Ö¦0�R�(b*� "��{���{�����¨�^�f�?¦$Ò+�O�¨W����������O�R� Ï �?ÓU�\�
�O�+�{�M�^���¨�R��´m�¦���{�K�����
� Q Ï �O�;«=�^�-Z�� Õ o ~ Z b o TWPMLON�T_LOP8G�N�QRu¦PO��X_N�QRu¦P�ÖfHrP�J�c%`CSRÖ £8HrN�L!drL!J�J�ÖfX%H�Ò�JMLON��tÖf�^�6�6©Wc%dre«�R�^�^� Õ

i � ù j`vn�7XZF�GPbde7fhQ»�t-ØQ^T�X§&}GPXZe�GPEYJ	V7_dF)Q¿p$-p�FÑ ©��R�+�À���R�!¦�«/�;¦^�¦�Á�
�M��ZU�{� S �M�{�t�¦�f���!���6�M� Õ
[ PMPM|>� %�%Ów g SUT_L Õ HKTtPMLON�T_LOP�� Õ L!X%c!% g�g % g%g SUc_P�dKHKT%L·� ÕÜ[ P�`Cd �_�R�^�^� Õ

i �Ó®Aj`vn�Wf�Q�(u-y�N%TfO_dE�VOL,esQdDi-y�_Q^T%X�D$~d¬OXZEYjWXza1QO³K-u|n-p��ÃMF�X%QR|%P�Hr�^L\b?~§� u¦S^N
v
L!Q^drÖ Z HK`�L Z N�QR×a]
HpTf��~§¡ } QRPML!dKdKHKPML��"LOPf£,S^N�Ð6JO� Ä HKT)Q �M�!��Ð+�®h�9� çlç � S Î\Î�YR��þ� 8L!dpJ�HKT_Ð6H¨�Ub?HKT%dKQ^T�X ÿ �W©Uc%T%L8�R�^�_ Õ

i �^��j`vrfWF�GPLRQswi-u¡�-+Q^T%XB(Ne�GCgOG�bWI�QWwi-R�y-p� ���s�f�{���+�O�;«=�R��Z��¦�t��«/���¦�Ë� ç Q �6� QxÂ ° �R��Ð��M�M� Â ç � � �{��� RÒ��{�IWR�{� Q �M���^�M�A¥1¥��y�t�0�R�!¦ S §"§s� �����^���¨�R�_� Õ V N�L!TtP�HK]{L* �Q^dKd¨� o } #����ÓÖ� ù Ö � ý �"� ý ��Ö ª��=��� ýxÕ
i � ý j`vrfOIKeNG�EYE;fhQnwi-�[W-p�x¯tVdMOGPb7V7_dGPLRQn[d-y�h³ÃFyVWX�Qr¯l-p�,Q^T%X�S¿Xz�N~uGPLRQt(u-y�3ÃMF8|�|�dKHK]OQRP�HrSUT�J�S^u

~=N�N�S^N��,SUTtPMN�SUd��,S6X%HKT%z_� Ä*�®����%���R�%�{�U�·�����R�%���R�a���!�O�R�¨¥C�^���¨�R�Ë���6���R��� �x�^SUd Õ ®^®_�W|�| Õ �^� ù Ã�
�^� ý �6�>¡I]{PMS g LON*��� �xÕ

i � � j`vnLNfu�N~OGPLRQOwi-�Q^T%X�¾rgOGPL7GPE;E�Q7��-p�!S �^�"¥a�{���f�?¦t� Ï(Ý �O�R��Ò%�R��� �ÓZÒA§_���O� U����U�����R�%�T� S � Ï(Ý Õ
o ~ Z bÍv"bÑ�Þ�^� ù ®_� [ PMPM|�� %�%�£
£
£ Õ HrLOPMu Õ S^N�z7%�N�u�]K%�N�u�]!�^� ù ®_�p�8S��^L!` g LON���� �tÕ

i � � j`vnLNfNk¹Qsp$-s��-p�	S¿XZjO�ÃVO�ÃVhQW³K-y�N]4XZF)QR[d-�%i-y��Q^T%XB(NVW~WVWX�Qu�t-s&4-y��Ã o ~=~=~ � �U� Õ ^�¤¥HrN�L!drL!J�J
��Sx]OQ^d�F"N�L!Qh�"LOPf£,S^N�Ð6JO� Ä �®�� ç �A¥1¥��6�%�¨���^���¨�R�_� à �!�t�Kâ{�¦�+� �
|%| Õ ^ ý �s!� ý � } LO|�PML!` g LON
��� �tÕ
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i ����jTw}VWE;MWXz�uQh³K->Q^T�X¹|	VWbWMhQh¯l-y�ÔÃ��§SU`�|�QRN�HKJ�SUT¢S^u=  Õ ù � ù Q^T%X } oÀV u¦S^N o�V Z L!drLO| [ SUTWe } HrzUT%Q^d�Ö
HpT_z_� Ä HKT
Q ���!��Ð���� Q �x�^� �R�����O�n
�Ó�{� � } LO|%PML!` g LON\����� Õ

i ù �+jTw}VOI�Qt(u-H]�-y�h[1VC¬PVWL�VOF�Q��`-y�h]TVO�7VWb7X�Q��l-y]�-p��Q^T�X²(�GPb�Q}(u-y]�-y�3ÃMF)�§Q^dKd=F�X%`CHpJ�J�HrSUT
Q^T�X¥�,SUTtPMN�SUd } ] [ L!`�L¢u¦S^N�	¬c%Q^dKHrP eWÖ S^uyÖ } LON��6HK]{LkþT	�S } ÿ�V N�S��xHKJ�HrSUT%HKT_z(HKTµ�"L9�6P � L!T_LON�QRP�HrSUT
¤ HrN�L!dKL!J�J¬�"LOPf£,S^N�ÐxJ!� Ä²´m�¦�M�O�r�{��� Ï �O�;«=�R��Z·� ���^SUd Õ�ý ��|%| Õ  � �x���x��b_L g N�c%QRN�e«�R�^�^� Õ

i ù Ij$jOGBvHVOL7F�fhQW��-y��Ã o TtPMLON�T_LOP Z L!drLO| [ SUTte V N�S^PMSx]{SUdKJ!� Ähb*�xÐ8b;�C©�©»� �H�_�R�6���s�^� �6|%| Õ6ù ��� ù �x�s©Uc�dre
����� Õ

i ù ��jTw)XzGPL7~sI�Q &4- Q^T%X D$EYEYG�b�Q v)-y� ���_� �pë�Ò Q ���^� �·���R� Õ o ~ Z b v8b�� �^�Ó® ý �
[ PMPM|>� %�%�£
£8£ Õ HrLOPMu Õ S^N�z7%�N�u�]K%�N�u¦]!�^�Ó® ý �>©WQ^Ttc%QRN�e¹����� Õ

i ù^ù jTw)XZÄdXZesQ`(u-y��%$_WfhQr��-y�&Q^T%XÅD$bde7fOb7XzfO_�QT�q-y�1ÃMv8L!JMSUc_N�]{LÔÚYQ^T�QRz^L!`�L!TWP«Q^T%X�	Ic%Q^dKHrP eËS^u
} LON��xHp]{LaHKT Z
[ HrN�X6Ö � L!T%LON�QRP�HrSUTÔ¤ HrN�L!drL!J�J'�8LOP £�S^N�Ð6JO� ÄØ�®�h ç �A¥1¥;�6�%�¨���U�����R�%� à �!�W�KâO�y��� �
�^SUd Õsù �x��|%| Õ !�^�K�s ù^ù ��b_L g N�c%QRN�em�R�^�_ Õ

i ù ®AjTw$_WL7�7VWF)Qowi-y�3prf�¬OEYGdQo[d-y��vnfO�dGPb�Qo�\-y�¶¯�G�Lda�fOMhQ^(u-y�¸�}VO�ÃVOb�QÆ�\-y�(Q^T%X�(	VOI�:e�L;¬hQTDi-y� ���6� ç ` Q Ò ý ç ��¥�¥C�R� `_§_�{� Q �R� ���!�hÒ��{�IW·�¨����þ Q �M�^� �!���^� Õ o ~ Z bÂv8b��)� � ® � �
[ PMPM|>� %�%�£
£8£ Õ HrLOPMu Õ S^N�z7%�N�u�]K%�N�u¦]!� � ® � �>©WQ^Ttc%QRN�e«�R�^�^� Õ

i ù ��j$¡H&)(N³T&)(ÈÇ�.�ÇB#�*,É;:Ê#�ghÇ1-�Ç1-�Çx�lÃM~=T%X6Ö PMSRÖf~�T%X¼	Ic%Q^dKHKPfemS^u } LON��xHK]{L;HKT Z oÀV  I¡�� } exJ�PML!`CJ n
V QRN�P ù � } HKzUT%Q^dKHKT_z¢Q^T�X9�,SUTtPMN�SUd�S^u8~=T�X6Ö PMSRÖf~=T%XÅ	Ic%Q^dKHKPfe(S^u } LON��xHK]{L^� Ä PML!] [�Õ N�LO| Õ �/~ Z } o
Z L!drL!]{SU`C`;c%T%Hp]OQRP�HrSUT%J�Q^T�X o TWPMLON�T%LOP V N�S^PMS6]{SUdx "QRN�`CSUT%H��!QRP�HrSUT�¡��^LON_�"LOPf£,S^N�Ð6J§þ Z oÀV  I¡�� ÿ �
�R�^�_ Õ

i ù^ý j$¡�g,VObWI�QRp$-�%i-�Q^T%XBp�V7_WMW�dVWb�Qs]�-y��ÃVÂIHKJ�HrSUT%J
S^u�® � � Äl§�K���·�����^�%���O���R��¦ ç �A¥1¥;�6�%�¨���U�����R�&�t�^�¦�+���{���y�t�l�_�R�6���s�R� �%�^SUd Õ !�x�%|�| Õ ��� ù � ù � ù ��G"L!]{L!` g LON��R�^�^� Õ
i ù"� jT|	Vd���	XZb�QW(u-Nmo-p�1�RVWEÃknVWbdGC¬qQ��t-y�xQ^T%X4�uVPe	XzE�Q7p$-y�_Ã o�V Ú0c%drP�HK`CL!X%HKQ } LON��6HK]{L!JO�ÑF�T%Q^dre6J�HKJ?S^u

ÚYS g HKdKL oÀV Q^T%X } o�V o TtPMLON�Q^]{P�HrSUT%J�HKT ù � �"LOPf£,S^N�ÐxJ!� ÄY�®�� ç ��¥�¥��6�%�¨���^���¨�R�_� à �!�W�KâO�y��� �
�^SUd Õ ®W�x��|%| Õ ^ ù �s!�R�6�>©WQ^Ttc%QRN�e«�R�^�R® Õ

i ù�� jT|qXzbdGPJNGPL�M�Q�2�-y��ÃMF V N�Q^]{P�Hp]OQ^d=F"N�] [ HKPML!]{P�c_N�Lau¦S^N o `�|sdrL!`�L!TtP�HKT_z¢~=T�X6Ö PMSRÖf~=T%X�	�S } HpTØQ^T
o�V �"LOPf£,S^N�Ð+� Ä«�®h� ç �A¥1¥��x�������^�����^�_� à �!�W�KâO�y��� �%�^SUd Õ ®U�6�%|%| Õ !�^�K�s ù �6�>©UQ^Txc%QRN�em�R�^�U� Õ

i ù ��jT|xL�VObd~uIYQT[d-y�n¯�VWE;E�VWFy:9p�VW~OG�LRQ)��-y�r¯$fuI�e�GPe�EYGPLRQ$[d-y�r�RV;k\L7GPbW�NGdQ`(u-y����G1Vd�	��QT�t-y���_WfOe�fObdGPb�QuDi-y��Q^T%X�(�eNG1k�VWLCesQR��-y�dË �&� QóS �_�¦�6�O�����¨���^���¨�R���r���Ó���¨�a�^�!¦Ñb*���x���{� S ���������
S �6�¦�_�{�����¨���^���¨�R� Õ o ~ Z b9v8bÑ�Ï� ý  � � [ PMPM|>� %�%�£
£
£ Õ HrLOPMu Õ S^N�z7%�N�u¦]K%�N�u¦]!� ý  � �>©Uc�T_L������ Õ

i ®U�+jT|xL�fuI�esQx2�-H(u-?Q^T%X3m�G�E�VWF�GPj�Q�p$-y��Ã Z N�QR×²]�ÚYSxX%L!dKdKHKT_z«u¦S^N Z L!drL!]{SU`C`;c%T%HK]OQRP�HKSUT%J'�"LOP�Ö
£,S^N�Ð6JO� Ä²�®h� ç �A¥1¥��x�������^�����^�_� à �!�W�KâO�y��� �%|%| ÕX� ��� � R��Ú0QRN�] [ ���Ó® Õ

i ®%Ij`%$VWF�FyV�QH¡t-y��¯)GPEYF)Qy�\-p��[	fW�dbOIKfOb�Q��`-y�/Q^T%X¸2$EYXzI�IÌXZjOG�I�QH[d-y� b��{���r�^� Q �^�¨�f�O���%� R &�r� R
¥a�O���¦�²����é
�O�x�{�C©O�r�m`¤©�Í!���·� R `§��� �{���f�?¦mÒs�M���;«=�R��� Õ F�X%X%HKJMSUT¹¤(L!J�dKLOe V c g dKHpJ [ HKT_zm�,SU`�|�Q^Tte^�
o T%] Õ � o } #����ÓÖ �R�_�Ö ý^ù^ù^ý �Ö �x�=���Ó® Õ

i ®W��j`%$VC¬ObWfOLRQ�mo-y�'Ã �ÑHKT_Ð6HKT_zÔÚYQRN�Ð^LOPf/�T%]{LON�P�Q^HpTWP ekPMSoÂ/S oÀV } LON��6HK]{L²F"N�] [ HrPML!]{P�c_N�L!J!� ÄÍ�®�h
���s�f�{���+�O� ç �A¥(§s�_���y�x� ���^SUd Õ�� �%|%| Õ  ý �x�^�x��©Uc%dKe��R�^� ùxÕ

i ® ù j`%$XZJ�IKfOb�Q7mo-WQ^T�Xlv�LNf�k4�NL�fW·CesQ	[W-y�RÎ �!�"�M�¬Òx� Q �{�^�8�¦�6��é
���!�{�IWÓ�^���¨�R�Y��� Ñ �AÒÔ�,�%�R�M�R���f���Ö¦
Q �^�¦�U� Õ o ~ Z b o TWPMLON�T%LOP8G�N�QRuyPO�sX_N�QRu¦P�Ö zUH g JMSUT6ÖfJ�Hr|_ÖfwtSUJ�Ö N�L!JM�tÖf�^�6�s¡I]{PMS g LON������ Õ
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i ®^®Aj`%TE�XzeN�Of�Qd�\-7¯\-y��ÃMF"X_�RQ^T%]{L!X } LON��6HK]{L!J=F"N�] [ HrPML!]{P�c_N�L!J=uyS^N o TtPMLON�T_LOP Z L!drLO| [ SUTWe+�/F �§N�HrP�HK]OQ^d
¡I�^LON��xHKLO£\� Ä²�®�h Ï �O�;«=�^�-Z ��|%| Õ%ù�� �W®^®_��©Uc%dKe.%ÓF�c_zUc%JMP
�R�^�^� Õ

i ®W��j`%4fW_WE�VWLCesQRDi-p�ÔÃMF"] [ HrLO�6HKT_z�~=T%X6Ö PMSRÖf~�T%Xu	IS } Z
[ N�SUc_z [ P [ L;F8|�|�dKHK]OQRP�HrSUTYS^u�Q^T o TtPMLON�T_LOP
v8L!JMSUc_N�]{L*Ú0Q^T%QRz^L!`�L!TtP"ÚYSxX%L!d�PMS�® �Â} e6JMPML!`CJO� Ä HKTmQ ���!��Ð
���6� Q �^�¦�¢� ����� à �C©{�¦�K� ��þ o�o v
ÖÔ/ Õ a Õ ÿ � } LO|%PML!` g LON��R�^�_ Õ

i ® ý j`%4fW_WE�VWLCesQhDi-�Q^T%X�D$JNEYGPLRQx�`-h&4-y�(Ã o TWPMLON�Q^]{P�HrSUT(S^u } L!J�J�HrSUT o T%HrP�HKQRP�HKSUT V N�S^PMS6]{SUd8þ } o�V,ÿ
Q^T�X=	¬c%Q^dKHrP e�S^u } LON��6HK]{LIþT	IS } ÿ u¦S^N o TtPMLON�T_LOP/Ú0c%drP�HK`�L!X�HKQ } L!J�J�HrSUT%JO� Ä HKT=Q �M�!�KÐ%�����f�O���+�^�����^�s�R�
ç �^�!�O�O�M�O�s���a�R� ç �A¥(§s�_�f�{� Â ç �A¥1¥��x�������^�����^�_���^�!¦ ç �R�����M�R� ý çlçlç �y� ÎA\ þ �?þ ¡IN�dKQ^T%X_S_�sb�� ÿ �
�R�^� ùxÕ

i ® � j`%4fW_WE�VWLCesQdDi-+Q^T%X�D)JNEYG�LRQW�`-O&4-y��Ã�¡ITY¡��^LON�dpQR|%|�HKT_z;v
L!JMSUc%N�]{L*ÚYQ^T�QRz^L!`�L!TWP"Q^T%X¢�§Q^dKd
} LOP�c_| } HrzUT�Q^dKHKT_z_�IQ$�8LO£ } HrzUT%Q^dpHKT_z²F"|%|%N�SUQ^] [ u¦S^N o TWPMLON�T_LOP*ÚYc�drP�HK`�L!X%HpQ²F"|%|�dKHp]OQRP�HrSUT%JO� Ä
ç ��¥¤§+�6�f�O� ç �A¥1¥��6�%�¨���^���¨�R�_� ���R�^�U� Õ o T«|�N�L!J�J Õ

i ® � j`%4fN¬PVWE	Q��t-y�?%$L7GPGPbWJ	GPL�MhQ�Di-p��]TVWE;FyVObdGP~qQ¸v)-y��m3VWLdIK�7VWE;E�Q¹SU-y�im3X�I��dL�V�Q¶�t-y��$fOLCe�aPQywi-y��Q^T%X��}VOFyVW~uL�XzIK�db7VWb�Q�]�-y�5Ã o TtPMLOz^N�QRP�HrSUTËS^u"�§Q^dKd } HKzUT%Q^dKHKT_zmQ^T%XËv
L!JMSUc%N�]{L
Ú0Q^T%QRz^L!`�L!TtP�uyS^N o�V Z L!drLO| [ SUTWe^� Ä²�®h� Ï �!�;«=�R��Z ��|�| Õ �Ó®�� ù �x��Ú0Q!eX%R©Uc%T%La����� Õ

i ®C��j`%T_7VWL7jWXZb7X�Q�³K-y�uwiÏ/Ð)LdIKfhQ��t-y�ÑQ^T%X¶|	VOI�VWbWfhQh��-y�(Ã Z
[ LCv8SUdrL�S^u o TtPMLON�T_LOP Z L!] [ T_SUdrS^z^e(HKT
b�c_P�c_N�L�Ú¢S g HpdrL�GIQRP�Q } exJ�PML!`CJO� Äm�®�� ç ��¥�¥��6�%�¨���^���¨�R�_� à �!�W�KâO�y��� ���^SUd Õ�ù�� �+|%| Õsý�� � � �x��"S·�^L!` g LONI�R�^�^� Õ

i �R�+jT¯�VdVOL,e7IKGPb�Q�[d-Wv)-y��Ã Z8[ L(#§dKc_LOPMSxS^P [ v"Q^X%HrS } exJMPML!`¢� Ä��®h� Q �O���O�R�s�R� ç �A¥1¥��6�%�����^���¨�R�_� �
|�| Õ � � � ù^ý �+b%L g N�c%QRN�em�R�^�^� Õ

i �6IjT¯�VWbWjWEYG1¬hQqmo-ÑQ^T%X¶[PV7��fOJNI�fWb�Q�2�-y� Ò@b Q ��Ò+�������¨�R��b;�{�{�!���ÿ§+���¨�R� Q �M�^� �!���^� Õ o ~ Z b v"bÑ�
� ù � � � [ PMPM|>� %�%�£
£
£ Õ HKLOPMu Õ S^N�z7%�N�u¦]K%�N�u�]!� ù � � ��F8|�N�HKd?��� �xÕ

i �^��jT¯�VWbWjWEYG1¬hQ�mo-y�C(��N�d_dE,acL�XZbdbWGdQP¯l-p�C(7�	�OfOfOEYGPLRQ1¡�-y�UQ^T%X4�rfOIKGPbdJNGPLNMhQP[d-y� Òx� Q �XÒ����������^�
�����¦���¨�^���¨�R� Q �M�^� �!���R� Õ o ~ Z b9v8b��Þ�^�Ó® ù � [ PMPM|>� %�%�£
£8£ Õ HrLOPMu Õ S^N�z7%�N�u�]K%�N�u¦]!�^�Ó® ù �>Ú0QRN�] [ ����� Õ

i � ù jT¯�VWbWbd_�QP¯l-y� Ò%�r�^�+�R� �¦�t� ç �A¥(§s�M�{�������R� ý Ò%�r� ç ��¥¤§7þ¬é
�?êO�6�¦�M�x¥C�O���¦�§�^�!¦ S �����L¥(§+���¨�R�_� Õ o ~ Z b
v"bÑ� ù^ù �^�x� [ PMPM|�� %�%�£
£
£ Õ HrLOPMu Õ S^N�z7%�N�u�]K%�N�u�] ù^ù �^�x�>©UQ^Txc%QRN�em�R�^� ùxÕ
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i�^ � j��HVYgCVPe�~WVWLRQ��\-y���HGPbdj�VWL�VO~WX�I�Q�wi-y��Q^T%X�%T_dGPL�Xzb�Qh�\-y�pSFÝ �M�A¥a�9«=�R��Z\�{�^� Q �R� �¨�O� R ���Ó�O�?¦
S ¦A¥��y�����¨�R� ç �R�s�����R� Õ o ~ Z b9v8bÑ�Ï� � � ù � [ PMPM|>� %�%�£
£
£ Õ HKLOPMu Õ S^N�z7%�N�u¦]K%�N�u�]!� � � ù �>©Uc%T%L*�R�^�U� Õ

i�^��j`�s�d_7VWbWMhQhSU-y�O%$VWb�Q���-p�O�hfW��Qq]�-p��Q^T%X3vn�d_7V�Qq]�-y�¬Ã V SUdKHK]{etÖ�#,Q^J�L!Xh	�S } F"N�] [ HKPML!]{P�c_N�L
HpT«P [ L o�V Ú0c%drP�HK`�L!X�HKQ } c g JMe6JMPML!` S^u�/�Ú Z } � Ä��®�� Ï �O�;«=�R��Z ���^SUd Õ  � �%|%| Õ �6Ã�x� � ��Ú0Q!e
�R�^� ùxÕ

i�!�R�+j`�s�d_7VWbWMhQRSU-y�O%)VWb�QR��-y�7�hfW��Qq]�-y��Q^T%X�vn�d_7V�Q�]�-y��Ã V SUdKHp]{eWÖ�#§Q^JML!X¼	�S } Ú0Q^T%QRz^L!`�L!TtP
F"N�] [ HrPML!]{P�c_N�L;HKT¢Q^T o TtPMLOz^N�QRPML!Xu/�Ú Z } Q^T�Xm¤O�ÑF(�<~�TW�6HrN�SUT�`�L!TWPO� Ä��®�� ç �A¥1¥��6�%�¨��� R
���¨�R�_� à �!�t�Kâ{�¦�+� �_�^SUd Õ ®%R�sT_S Õ ^R�s|%| Õ ^ � �s!�^�x�>�R�^� ùxÕ

i�!�6Ij`�RfWLda�X�Qumo-sQ^T%X��tVdf�Qs�`-u�`-y��Ã V LON�JM|�L!]{P�Hr�^L!J
SUTmP [ L o `�|�Q^]{P&S^u?~�N�N�S^N } P�QRP�HKJMP�HK]OJ§SUT V N�SRÖ
PMS6]{SUdKJ�u¦S^N�¤ HrN�L!dKL!J�J(�"LOPf£,S^N�Ð6JO� ÄY�®�h Q �O���O�R�s�R� ç �A¥1¥��6�%�¨���^���¨�R�_� �>|%| Õ�ù �K�W®U�6��¡I]{PMS g LON
����� Õ
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F�T%Q¢~=dpHKJ�Q V Õ � SUc%dpQRN�P\N�L!]{L!Hr�^L!XËP [ L)# Õ } Õ X_LOz^N�LOLaHpTØ~=drL!]{PMN�HK]OQ^d�~=T%zUHKT_LOLON�HKT%zmuyN�SU`BP [ L²b_L!X%LON�Q^d
} ] [ StSUdÑS^u�~=T%zUHKT_LOLON�HKT%zCQRP o P�Q ø c g QÓÖ§Ú � þ;#�N�QA�!HKd ÿ Õ } [ L [ Q^J�Q²Ú Õ } Õ X_LOz^N�LOL�HpT¹�,SU`�|sc_PMLON�~�T_zUH�Ö
T_LOLON�HpT_z�uyN�SU`Ù�8S^N�P [ �§QRN�SUdKHpT%Q } P�QRPML'/�T%Hr�^LON�J�HKPfe Õ

} [ L [ Q^J [ L!dKX�|�SUJ�HrP�HrSUT%J,Q^J
Q� �QRN�X_£§QRN�L¬G�LO�^L!drS^|�`�L!TtP8~=T%zUHKT_LOLON&Q^T%XmQ^J
QC�,SU`C`;c%T%Hp]OQRP�HrSUT%J
F�T%Q^dre6JMP�QRP o #&Ú #,N�Q^J�Hpd�Q^T%X²QRP&�,SU`C|�Q^wa�,SU`�|�c%PMLON!�WN�L!J�|+L!]{P�HK�^L!dre Õ F§P o #&ÚØ�6J [ L"£,Q^J,Q�`CL!` g LON
S^u;P [ LØF } o �ÙX_L!J�HKzUT z^N�SUc_|>�"£ [ LON�LØJ [ L¹£,S^N�Ð^L!XÞHpT.P [ LØX_LO�^L!drS^|�`�L!TtPmS^u�T_LOPf£,S^N�Ð¥|%N�S6X%c%]{P�J Õ
F§P��,SU`C|�Q^w��§J [ Lm£§Q^JCN�L!JM|�SUT%J�H g dKLau¦S^NaX%QRP�QØQ^T%X �^SUHK]{LY]{SU`C`;c%T%HK]OQRP�HKSUT%J Õ ¤ [ HKdrLm£,S^N�Ð6HKT_z(HKT
P [ L;HKT%X%c%J�PMN�e^�%J [ L;]{SU`�|�drLOPML!X [ LON�Ú0Q^JMPMLON�J�HKT o T_u¦S^N�`CQRP�HKSUT } ]OHrL!T�]{L*QRP"P [ L V SUTWP�HKq�]OHKQ^d��&QRP [ SUdKHK]
/�T%Hr�^LON�J�HKPfe«QRP��§Q^`�|�HpT%Q^J�Ö } V þ;#,N�QA�!HKd ÿ Õ

F�T%Q6ÛÜJ?N�L!JML!QRN�] [�[ Q^J�u¦Sx]Oc%J�L!X*SUT�]{SU`C`;c%T%Hp]OQRP�HrSUT�T%LOPf£,S^N�ÐxJ/Q^T�X�|�N�S^PMSx]{SUdpJO�UHKT%]OdKc�X%HKT_z&£8HKN�L!drL!J�J
T_LOP £�S^N�Ð6J;Q^T%XØJ�HrzUT�Q^dKHKT_z«u¦S^N o TtPMLON�T_LOP�PML!drLO| [ SUTte Õ o TØJM|�L!]OHKQ^d �>P [ LaN�L!JML!QRN�] [ SUTØP [ L²HKTWPMLON�Q^]{P�HrSUT
S^uÑ]OQ^dpd+J�HrzUT%Q^dKHKT%z*Q^T%X«N�L!JMSUc%N�]{L�`aQ^T%QRz^L!`�L!TtP
£,Q^J&`CS^P�Hr�ÓQRPML!X g eCP [ L¬T_LOL!X«PMS�HK`C|%N�S·�^LIP [ L¬wxc%Q^d�Ö
HrP eËS^uIHKTtPMLON�Q^]{P�Hr�^LY`;c%drP�HK`CL!X%HKQ¹QR|%|�dKHK]OQRP�HKSUT%J�HKT9P [ L¢QRN�L!Q(S^u¬X%HpJMP�Q^T%]{LmdrL!QRN�T%HpT_z Õ o T9P [ HpJ�QRN�L!Q6�
J [ L [ Q^J\£,S^N�Ð^L!XÍ£8HrP [ P [ L } L!J�J�HrSUT o T%HrP�HpQRP�HrSUT V N�S^PMSx]{SUdIþ } o�V,ÿ Q^T�XkHK`�|sdrL!`�L!TtPML!XØQ¢PML!JMP g L!XËPMS
L9�6|+LON�HK`�L!TtP�Q^dKdreCLO�RQ^dKc%QRPML\P [ L*]OQ^dKd>J�HKzUT%Q^dKHKT_z;|%N�S6]{L!X%c_N�L!J&HKTW�^SUdK�^L!Xm£8HrP [ 	�S } Õ

 "LONmN�L!JML!QRN�] [ HKTtPMLON�L!JMP�J«HKT%]OdKc�X_Lu	Ic%Q^dpHrPfe S^u } LON��6HK]{L0HKT [ LOPMLON�S^z^L!T%LOSUc%Jm£8HrN�L!X!%�£8HrN�L!dKL!J�J o�V
T_LOP £�S^N�Ð6J Õ�Z
[ L;LO×a]OHrL!TtP\c%JML�S^u=P [ LCQ!�RQ^HKdKQ g drL�]{SU`C`;c%T%HK]OQRP�HKSUT(T_LOPf£,S^N�Ð6J¬HKT_u¦N�Q^JMPMN�c%]{P�c%N�L^��zUHr�^L!T
dKHK`aHrP�QRP�HrSUT%J&J�c�] [ Q^J�c%JMLON"drSx]OQRP�HKSUT���P et|�L\S^u�Q^]O]{L!J�J�X_LO�6HK]{L^�sQ^T�XY`�S g HpdKHrPfe�QRN�L*P [ L�`CQ^HKT¢z^SUQ^dKJ8S^u
[ LON
£,S^N�Ð Õ

^!�


