
���������	��

���������������������������! "����#%$����&���������'�(�
)+*-,/.1032 �4���
576 �8#9�&:9��#<; * �>=

?A@7B�CEDGF�H9IKJL@7DNM�D�FEO�PRQTSUFUIVJ�W�XAYZY�[
\^]`_�acbedgf�hjilknmporqts�kns�hjulvZw8x�s�oyils7u�z

{�|�}G~y�G��� o�s��tu ��� spz���h���ilw�mTulo�spz��t� {����j��� zN� }����hjulvZwNhToN����k � �����^� v�m �� ��s7�Nhjuni � s7o�i�mT�Rx�m � ����ilsLu } v � s�o�v�spz��sL��dTs7ulkns � ]�o�k`i � il�Gils�mT��b s�vLw�o�m � mT¡ � z���s7��hju ~ z���d ��¢y{��p� z£� }��A�mTiniL��m�h ~£� oj¤ � i � s�¥��

¦�§©¨�ª�«&¬N­Tªp® b�w�s���hT�£s7ur¥ � knv���knkns�krw�m��°¯©±�� ��� v � i^x�mpo�¡ps�k`i � mTo²�tmTi �´³ v�h&i � mpo
µ ¯¶x���·gv�hjo � sr��kns�¥¸ilm�¥Gs ��� kns^h¹v�mTo�¡ps7k`i � mToºv�mToyinulm �»� s�vLw�hTo � k � �Vmju4ilw�s
]¼o�ilsLulo�s7i�zU��w � vZw � k � mjulsguZhT� � ¥ �´� uls�hTv7i ��� s�hjoN¥�h ��� m���k � s�k`in½¾s7¿UmTuni�ÀNm���k�ilmuZhj� � ¥ �´� hT¥j¤`��k`i�ilm4ÀN��v7il�Nh&i � mpo�k � o¹h � h ��� h ��� s�v�hT��hTv � i �y�EÁ ��u�¯�x��»½ � m�¥^��ulmT½ilmyv�m �U� o � m ��� s�k�k ��� � � s � m�¥ �´³ v�hji � mpo�k�ilmgb�x�Â � s�w�h ��� mTu�hToN¥ � s � sLuZhT¡ps7k � mTulshj¡p¡Tuls7knk ��� s � hju ~�� o�¡j½ � hTkns�¥(ulmp�Gils7u»�Vs�s�¥ � hjv ~£�N}G��� � � h&i � mpo�k»knw�m��ÃilwNh&i�¯¶x��t½� m�¥ � k � sLinils7u�ilwNhjorb�x�ÂÄ��s7��q»s�o�m�s � s�o��Vmju�f�s � ½¼k`i �G� s � o�ilsLu �4� inils7o�i¶inuZhj�Å½³ vÆknmp�Gulv�s�k�z1hToN¥ � h ~ s7k�ilw�s ��� o ~ �Gi ������Ç h&i � mTo�k � ¡po ��³ v�hToyi �´�¹� s7knkAkns7o�k � i ��� sgilmilw�s � h&u � h&i � mpo � orilw�s�o�� ��� s7u�mT�Rhjv7i ��� s�ÀNm���k �U}���� � � h&i � mTo�kth � knm4knw�m��²ilwNhji�z��w ��� s(¯¶x��t½ � m�¥�À�m&��k�m � iZh � o¸h � h&ul¡ps7u��£mTuni � mTo�mT��ilw�s�h � h ��� h ��� s4v�hT��hTv � i �ilw�hTo�v7mpo � s�oyi � mpo�h �©� s�k`in½¾s7¿Umjuni�inuZhjÈ4vpzEilw�s � ¥�m(o�mTi�k`iZh&u � sÆmju�k � ¡To �´³ v�hToyi �´��£s�o�h ����Ç s�kn��vZw^b�x�Â©½ � hTkns�¥rÀNm���k �

É Ê�Ë»Ì£ÍUÎ�Ï�ÐAÑ1ÌUÒlÎ»Ë

P�CUQ�DGO£ÓyD�F�Y�D�ÔGQpJRÕGÖ SEJLIKFUÔ4×�Ø£ÙUÚKIKBjI�YtÛtÕGFEÔGQTJZYLIKÕGFrÜ�ÕGYLIÅÝ BjD�YLIKÕGF�Þ¾×�Û�Ügß�à�á�â7ã�äNY7ÕgÙE@LÕyÓNIVO£Q
SUFED�å	æUIKÔGSUÕ�SEJ^B&ÕGFEÔGQTJZYLIKÕGFÃÖçQjQpO£æEDGB�èeYLÕéDGOUDGÙ£YLIKÓGQêÞ¾PAÛ�ë�ß	ìnF�Y7Qj@7FUQ&Y^Y7@7D�íîB�DG@LQ�ïtQTÚÅÚ
O£Õ£B&SUå^QjF�Y7QTO²IÅFðÚKI�Y7Qj@�DyYLSE@LQ�ñ�òºQGâ»CUÕyïtQTÓGQT@Tâ�æ QTÚÅIKQjÓ�Q�YLCED�YîYLCUQ�ÖçSUÚKÚ�æ1QjFUQjÝUY8Õ�Ö4×�Û�Ü�ó
BjD�Ù D�æUÚKQ9@7ÕGS£Y7Qj@�JîCEDGJ�FUÕ�Y�æ QTQjFôQjõ1QpB�Y7IÅÓ�QjÚKö²@7QTDGÚÅIK÷jQpO©øgùÃú	ûEü�ýðúîþyÿ����Eþ����jÿ���û
	4ù��
�
ÿ������Eþ����������îü�þ������������¾þ��êü�þ����¼ÿ7þ�	���ÿLù�ú �!�»þyÿ�"9ü7ù��$#�� ���!�%�!	Åþ��&���'� �)(�*,+-�.��úîþ/��� 01���)�nþ��� 23�jÿ��!�����¾ù��4�5#������������'�EùGü�"�����ú^ù�ÿ�"������Äù��6�7�EùGü�"��!�8	Åþ����!����ñ�ò CUQjF Ö¾DGBjQTOÄï�I�Y7C @�D�ÙUIVO
Ó�DG@LIVDyY7IÅÕ�FEJ�IÅF�Y7CUQ�D�ÓyD�IKÚKDGæUÚÅQÆæEDGFEO£ï�IVONYLCRâEJZS B�C�Drå^Õ£O£I�Ý QTOºÿLù��6�9��	;:¹ÿ���ùGü!��������ÙE@LÕGYLÕ£B&Õ�Ú
å(SEJZY�Ù Õ�JLJLQTJ7JtYlïtÕîBjÕGF
<EIVB�Y7IÅFEÔ^B�C D�@�DGB�Y7Qj@7IKJZYLIVBjJTø
=?> SE@LIKFUÔ¹BjÕGFUÔ�QTJZYLIKÕGF�âEYLCUQrDGOUDGÙ£YLIKÓGQ@<EÕyï�J�å	SEJlYgæEDGB�è�Õ�õÄ@�D�ÙEIKO£ÚKö¹YLÕ�ÙE@LQTÓGQjF�Yrü�þ���A���������¾þ��ºü�þ�	�	Kù����!�/B= ò CUQjFEQjÓGQT@�DGOUOUI�Y7IÅÕ�FED�Ú©æEDGFEO£ï�IVONYLC�æ1QTBjÕGå^QTJ�D�ÓyD�IKÚVD�æUÚKQGâC<EÕyï�J�JLCUÕGSEÚKO¹@7DGÙUIVO£ÚÅö�IÅF£óB&@7QTD�JZQ»YLCUQTIÅ@�YL@�D�F JZå^IVJLJLIÅÕ�F4@7D�YLQtYLÕgD�ÓGÕGIVO4SUF O£Qj@Ló�SUYLIKÚÅIK÷TD�YLIKÕGF�ÕGÖ D�ÓyD�IKÚKDGæUÚÅQ�BjDGÙEDGBjI�Ylö�ñ
P�CUQ�O£QpJZIKÔGF�Õ�ÖRJLSEB�C�D�F¹×�Û�Ü�ónD�ï�D�@7Q�PAÛ�ë�ó�ÚKIKèGQ�ÙU@7Õ�Y7Õ£B&ÕGÚEÖçÕG@�@7DGÙUIVO8DGOUDGÙ£Y7D�YLIKÕGF^Y7Õ

Ó�DG@LIVD�æEÚÅQ(BTD�ÙED�B&IÅYlö�ï�DGJAÙU@LQpJZQTF�YLQTO�IKFÃà DUâ�E�ä`âEï�CUIVB�CÄJLSUÔGÔ�QTJZYLQTO�Y7CEDyYgå^ÕNOUI�Ý BTDyY7IÅÕ�FEJ�Y7Õ
PAÛ�ë æ1QjC D�Ó�IKÕG@4å	SEJZY�æ Q8O£QpJZIKÔGFEQTO IÅFêY�D�FEO£QTå ï�IÅYLCêåîD�@7èNIÅFUÔ�æ1QjCED�ÓNIKÕG@ÆIKFº@7ÕGSUYLQj@�JTñ
P�CUQ»ÙU@7Õ�Y7Õ£B&ÕGÚ�å^ÕNOUI�Ý BTDyY7IÅÕ�FEJRQjØ£ÙUÚÅÕ�I�Y¶YLCUQ»Ö¾DGB&YRYLC DyY�ÙEDGB�è�Q&Y»úîùyÿ�"����C�ÆÙE@LÕ�æED�æUIKÚKI�Y7IÅQpJRBjDGF
æ QgåîDGO£QgDGJ�CEIÅÔ�C�DGJ�áGF�FCH ï�IÅYLCEÕGS£Y�BjDGSEJZIKFUÔ(DGFNörSEFEO£QTJLIK@7DGæUÚÅQAæ QTCED�ÓNIÅÕ�@�Þ¾D�J»Õ�ÙUÙ1Õ�JLQTO
YLÕîÙED�B�èGQ&Y@�yÿ7þ����6���C��ÙU@7ÕGæ D�æUIKÚÅIÅYLIKQTJ�ï�CEIKB�C�FUQjQpO¹YLÕ^æ Q4@7QTJZYL@7IVB�YLQpO8Y7Õ)I á/FKJ²á%L�H�ñ ß

ìnFðYLCUIVJ8ÙEDGÙ QT@Tâ»ïtQ¸Ý @7JZY8ÙU@7ÕyÓ�IVO£Q9DéæE@LIKQ&Ö4@7QTBjDGÙðÕ�ÖÆÕGSU@�JLSUÔ�ÔGQTJZYLQpONM ×�Û�Ü�ó`årÕ£OPO
ï�IÅFEOUÕyï DGOUDGÙ£Y7D�YLIKÕGFÃDGÚÅÔ�ÕG@7I�Y7CUå�â¶ÙEÚKD�B&IKFUÔ IÅY^IÅF²YLCUQ�B&Õ�F�YLQ&ØNY^Õ�Ö�D ÔGQTFUQj@�D�ÚKIK÷jQTOÃB&ÚVDGJ7J



Õ�ÖQM Ù Õ�ÚÅöNFUÕ�årIVD�Ú�O�à Lyä�ï�IKFEO£Õyï DGOED�Ù£Y�DyYLIKÕGF D�ÚKÔGÕG@7IÅYLCUåîJTñUìnFÄÙEDG@ZY7IKBjSUÚVD�@pâEï�Q�IÅFNÓ�QTJZYLIKÔ�DyY7Q
YLCUQ¹YL@�DGO£QTÕ�õ©J�@7QTJLSUÚÅYLIKFUÔ9Öç@7ÕGå DÄB�CEÕGIVB&Q�ÕGÖ�YLCUQ�ÓyD�@7IÅÕ�SEJ(BjÕNQ&í8B&IKQjF�Y7J	Õ�Ö�Y7CUQ�Ù Õ�ÚÅöNFUÕGó
årIVD�Ú�ï�IKFEO£Õyï-DGO�RlSEJlY7å^QjF�Y4ÙU@LÕ£BjQTO£SU@7QGñ©òºQ^YLCEQjFê@LQTÙ Õ�@ZY4Õ�FÄY7CUQî@LQpJZSEÚ�Y4Õ�Ö�Q&ØNY7QjFEJLIÅÓ�Q
JZIKå(SUÚVDyY7IÅÕ�F�JZYLS O£IÅQpJ�YLC DyY�IKF�Ó�QTJZYLIKÔ�D�YLQ�YLCUQ4ÙU@7ÕGÙ1Qj@LYLIKQTJ�ÕGÖ¶Õ�SU@�ÙU@7Õ�YLÕ£BjÕGÚ�ñS FUÚKIÅè�QÆÕGSU@�QTDG@LÚKIKQj@�JlY7SEO£IKQTJ�IKFéà EGä�â£ï�CUIVB�C�SEJZQpO�Ù1Qj@�JLIKJZYLQTF�Y�PAÛ�ëðJLÕGSU@�B&QpJjâ�ïtQgÝE@�JZY
SEJZQ(æUSU@�JlYlöUTZòºQjæ£ó`ÚÅIKèGQ/VîPAÛ�ëôJLÕGSU@�B&QpJ�D�FEO�Õ�æEJZQT@LÓ�QÆYLCUQ(Ù QT@ZÖçÕ�@LåîD�F B&Q4Õ�Ö�Õ�SU@WM´×�Û�Ü�ó
årÕ£OPO�ÙU@7Õ�Y7Õ£B&ÕGÚ�ñ�?AJ	ï�I�Y7CÃÕGSE@	QpD�@7ÚÅIKQj@rÕGæEJLQj@7ÓyDyY7IÅÕ�FEJ�ï�IÅYLC²Ù QT@7JLIKJZYLQTF�YrPAÛ�ë JLÕGSE@7BjQTJTâ
ïtQ(JLQjQ(YLCED�Y�IKFÄB&Õ�F�YL@�DGJZY�YLÕ�BjSU@7@LQTF�Yg×�Û�Ü�ónD�ï�D�@7QÆPAÛ�ë Ü�QTï8X�QjFUÕ â ×�Û�Ü�ó`årÕ£OY< Õyï�J
BjD�FeD�B�CUIKQjÓGQîæ1Q&YLYLQT@	ÚKIÅFEè S£Y7IÅÚKIK÷TDyY7IÅÕ�Feï�CUQTFêÖ¾DGB&QpOéï�IÅYLCe@�D�ÙUIVO£ÚKö B�CEDGFUÔGIKFUÔ9D�ÓyD�IKÚVD�æUÚKQ
æED�FEOUï�IKONY7C�ñ�ZAÕyïtQTÓGQT@Tâ�YLCEQ4IÅå^ÙU@7ÕyÓGQTårQTF�Y�IKF�S£YLIKÚKIÅ÷pDyYLIKÕGF�IVJ�FUÕGYADGJ�O£@�D�åîDyY7IKBÆD�J�ï�I�Y7C
Ù QT@7JLIKJZYLQTF�YgPAÛ�ëðY7@7D�íîBGñ S JZIKFUÔ¹DîÖçSU@ZY7CUQj@ÆJLQ&YAÕGÖ»JZIKå(SUÚVDyY7IÅÕ�F9JlY7SEO£IKQTJTâ ï�Q(JLCUÕyï DîÖ¾DG@
årÕ�@LQ¸IKå^Ù Õ�@ZY�D�F�Y�æ1QjFUQjÝUY�ÕGÖgY7CUQ9SEJLQ9ÕGÖgY7CUQ[M´×�Û�Ü�ó�å^Õ£OPO�ÙU@7Õ�Y7Õ£B&ÕGÚ]\ÃIÅY�åîD�èGQpJ^YLCEQ
FUQ&Ylï�ÕG@7è(Ù1Qj@LÖçÕG@7åîD�FEBjQ�å(SEB�CîÚKQTJ7J»JLQjFEJLIÅYLIKÓGQ�YLÕ	ÓyD�@7IKD�YLIKÕGFEJ�IKFîYLCEQ�DGB&YLSEDGÚ£YL@�Dyí8B�ÚKÕ�D�OUJTñ
×�Û�Ü�ó`å^Õ£O5< Õyï�J4ÞçSUFUÚKIKèGQÆYLCEQ(B&SU@7@7QjF�Y�×�Û�Ü�ónD�ï�D�@7Q�PAÛ�ë^<EÕyï�J�ß�D�@7QÆDGæUÚKQÆYLÕîÕGÙ1Qj@�DyY7Q
ïtQTÚÅÚNQjÓ�QjF	ï�CUQjF	YLCUQ�åîD�@7èNIÅFUÔ�@7D�YLQpJ�DG@LQ�DGJ�CUIKÔGCrDGJ_Ia`�F,J7b�FCH5cTÙU@LQTÓNIÅÕ�SEJR@7QTJLQTDG@7B�C8à dUâe ä C DGJ»BjÚÅQpD�@7ÚÅörO£Õ£B&SUå^QTF�Y7QTOîï�CNö^JZS B�C8D�ÔGÔ�@LQpJLJLIKÓGQ�å^DG@LèNIKFUÔ4@�DyYLQpJ�åîD�ö(æ1QAFEQjQTOUQTO^ÖçÕ�@
JLD�YLIVJlÖ¾D�B�YLÕ�@Lö¹@7DGFEO£Õ�årIK÷jQpO�B&ÕGFEÔGQTJZYLIKÕGF�ÖçQTQTO£æED�B�è�SUF O£Qj@�CUQTD�ÓNö¹YL@�Dyí8BÆÚÅÕ�DGOUJTñEòºQ(DGÚKJLÕ
JlY7SEO£ö�YLCUQQM´PAÛ�ë�ó�Öç@7IÅQTFEO£ÚKIÅFUQpJLJGO&ÕGÖNÕ�SU@R×�Û�Ü�ó`årÕ£OÆÙU@7Õ�Y7Õ£B&ÕGÚGæ�ö�ÕGæEJLQj@7ÓNIÅFEÔ�YLCUQ�Ù1Õ�Y7QjF�YLIVD�Ú
SUF£Ö¾D�IK@7FUQTJ7J�IÅF�@7QTJLÕGSU@�B&Qjó`JLCEDG@LIKFUÔ�æ1Q&Ylï�QjQTF�BjÕGFNÓGQTF�Y7IÅÕ�FED�Ú©PAÛ�ëðD�F O�×�Û�Ü�ó`å^ÕNO5<EÕyï�JTñ
f gihRË8hRÍ&jlkZÒnmPh¶ÏpoºÎ»Ë8q_hsrGÌUÒZÎ»Ëto Î»ËtÌ£ÍUÎ�k7j�Ë�Ïvuwo$xiy�z Î�Ï

ÛtÕGFEJLIKOUQj@8D�FðÕ�Ù QT@7D�YLIKFUÔêQjFNÓNIÅ@7ÕGFUå^QTF�Yîï�CUQT@LQ¸DGF�ìlë{<EÕyï DGB�CEIÅQTÓGQTJr@7QjÚKIKDGæUÚKQ¹Y7@7DGFEJZó
årIVJ7JZIKÕGF8æNöîSEJLIKFUÔ	Ù1Qj@Ló`ÙEDGB�è�Q&YtD�B�è�FEÕyï�ÚÅQpO£ÔGå^QjF�YpñGò CUQTFUQjÓ�Qj@�D(@7ÕGS£Y7Qj@�@LQpB&Õ�ÔGFUIK÷jQpJ�YLCEQ
ÕGFEJLQ&Y(ÕGÖ�B&ÕGFEÔGQTJZYLIKÕGFéIKFéIÅY7J	æUS£õ!Qj@pâRIÅYrJLQ&Y7J	DiT�ÛtÕ�FUÔGQpJlY7IÅÕ�Fé×�Ø£Ù QT@LIKQjF B&QTO�VéÞ�Û�×tß4æUI�Y
Þ¾D�ÚVJLÕ�BjD�ÚKÚKQTO�ú^ù�ÿ�"�������Y7CUQ�ÙED�B�èGQjY�ß�IKF^YLCUQ�CEQTDGOUQj@�ÕGÖ©DGÙUÙU@7ÕGÙU@7IVDyYLQ�ÙED�B�èGQjY7JTñ�|�ö(CED�ÓNIKFUÔ
YLCUQ�O£QTJZYLIKFEDyY7IÅÕ�FêQTB�CUÕ¸Y7CUIVJ�æUIÅY	IKFeD�FeD�B�è�FEÕyï�ÚÅQpO£ÔGå^QjF�Y4ÙED�B�èGQ&Ypâ©YLCEQ¹JLÕGSU@�B&Q8BTD�Féæ1Q
IÅF£ÖçÕ�@Lå^QpO¹ÕGÖ�JLSEB�C�FUQ&Ylï�ÕG@7è8B&Õ�FUÔGQpJlY7IÅÕ�F�ñ} ÕG@©ï�IKFEO£Õyï�ó`æED�JZQpOAÙU@7Õ�Y7Õ£B&ÕGÚVJ!ÕGÙ1Qj@�DyY7IÅFEÔ�SUFEO£QT@©YLCUQtPAÛ�ë¹Ù D�@�DGO£IKÔGå�â&JLÕGSU@�B&Q�D�OUD�Ù£ó
Y7DyY7IÅÕ�F(Y7Õ4JZSEB�CrB&Õ�FUÔGQpJlY7IÅÕ�F	BjDGF(æ1Q�O£QTJ7B&@7IÅæ1QTO	æNö4YLCEQtÖçÕ�ÚÅÚKÕyï�IKFUÔ�Ô�QjFUQT@7DGÚÅIK÷jQpO4æ1QjCED�ÓNIKÕG@pø~ ý����6�����&ÿ�ù�� ùGü�"��!þ���	����!�Gú�������ù�ÿ�ÿ����%�����&þ�ÿ�ù��9û
� ú^ù�ÿ�"������Gù��`ùK�Uù�ü�"��!�9�l�çý&�(ü�þ��C�C����A���¾þ��^�l���6�Gþ��{���!ü&ÿ���ù���������ÿLþ�ú������¹ü&û£ÿ�ÿ��!���K�yù�	�û���� #�:)�������£Þ�� ß!B������AýUþ��������jÿ��K�çý&�
ùGü�"��!þ���	����!�Gú �!�������
���¾ü7ù�������� ýEù��Q�çý&�)�Gù��nù��EùGü�"��!��ýEù���#������éúîùyÿ�"����Y���[�çý&�Q�&þ�ÿ��»ùyÿ���Uù�� ý���� ý��	ü�þ��C�C�������¾þ����l���6�Gþ��a�.������ü&ÿ��7ù��!������ÿLþ�ú���#!:@���%���£Þ�� ß!B
Ü�Õ�Y7Q�YLCED�Y»ÕGSE@�Öç@7DGårQTïtÕ�@Lè4IVJ�å	SEB�CîJZIKå^ÙUÚKQj@�Y7CED�FîD�ÚÅYLQT@LF DyYLIKÓGQ�BjÕGFUÔ�QTJZYLIKÕGF^B&ÕGF�Y7@LÕ�Ú

årÕ£O£QTÚKJ»JZSUÔ�ÔGQpJlY7QTO	ÖçÕG@�Y7CUQ�ìnF�YLQT@LFEQ&YAÞçQ�ñ Ô ñÅâ1à `Eâ�byäçß�â�ï�CUIVB�C^DG@LQ�OUIÅ@7QTB&YLÚKö	B&Õ�FEB&QT@LFEQTO	ï�I�Y7C
QjFEJLSU@7IÅFUÔ�Ö¾D�IK@7FUQTJ7J�D�å^ÕGFUÔgB&Õ�årÙ1Q&Y7IÅFEÔ�< Õyï�Jjñ } Õ�@�Q&ØUD�å^ÙUÚKQGâ£à `yäUÙU@7ÕGÙ1Õ�JLQTO�Dg@�DyY7Q&ó`æEDGJLQTO
D�ÚKÔGÕG@7IÅYLCUå�â�ï�CUQj@7QAÚKIÅFEèNJ�QjØNÙEÚÅIVB&IÅYLÚKöîSUÙ!OUDyY7QÆDGFEO8ÙE@LÕ�ÙED�Ô�DyYLQ�YLCUQTIÅ@�JLCEDGO£Õyï BjÕGFUÔ�QTJZYLIKÕGF
B&Õ�JZY7JTâ©D�FEOÄï�CUQj@7Q	D�JLÕGSU@�B&QrO£IÅ@7QTB&YLÚKö9DGO%RlS JlY�J�IÅY7JÆ@�DyY7Q(æED�JZQpO9Õ�FÄIÅY7JgÕyï�F BjÕ�JZYÆJLQjFEJLIÅó
YLIKÓ�IÅYlöGñ�à�á/Fyä�ÙU@LQpJZQTF�YLQTO¹Y7CUQ7X�DGFEO£Õ�å'×tD�@7ÚÅö�HÄD�@7è�IKFUÔ9Þ�X�×»HÄßAD�ÚKÔGÕ�@LIÅYLCUå>ï�CUQj@7Q�JLSEB�C
JZCED�O£ÕyïéB&Õ�JlY�JRB&Õ�SUÚVO4æ Q�B&Õ�å^å(SUFUIVBjD�YLQpO�JZIKå^ÙUÚKögæNöÆIKF�Y7QjÚKÚÅIKÔGQTF�YLÚKögD�O%RlSEJZYLIKFUÔ�Y7CUQtÙ DGB�èGQjY
å^DG@LèNIKFUÔÆÙU@7ÕGæEDGæUIÅÚKIÅYlö(IKF	Y7CUQ�FUQjYlïtÕ�@Lè(æUS£õ!Qj@�J!c�JZÕ�SU@7BjQTJ�IKFrYLCED�YtJLB�CEQjå^QGâ�CEÕyïtQTÓGQj@pâ�DGO£óRlSEJlY�Y7CUQjIK@�B&Õ�FUÔGQpJlY7IÅÕ�F�ï�IKFEO£ÕyïôÕ�FUÚÅö�Ù QT@LIKÕ£O£IKBTD�ÚKÚÅö�ñEX�F�Y7CUQÆÕ�YLCEQj@�CEDGFEO©â©à b�ä�ÙU@7ÕGÙ1Õ�JLQTO
ÛtCED�@7ÔGQjó4�NQTFEJLI�Y7IÅÓ�Q	PAÛ�ë�â!ï�CUQj@7QrQTDGB�C�<EÕyï+FUQTQTOUJgY7Õ�æ QîD�ï�D�@7Q(Õ�ÖtI�Y�JÆIÅFEJZY7DGF�Y7D�FEQjÕGS J
@LÕ�SUFEONó�YL@7IÅÙºO£QjÚVD�öGâ!Y7@7DGFEJLårIVJ7JZIKÕGF @7D�YLQ^D�FEOºB&Õ�FUÔGQpJlY7IÅÕ�FÄï�IKFEO£Õyï JLIK÷jQGâ�DGFEOÄYLCUQTF SEJLQTJ



D�F�QjØ£ÙUÚÅIVB&IÅY�Y7DG@LÔ�Q&Ytï�IKFEO£Õyï JZIK÷jQ�YLÕ^@7QjÔGSEÚKD�YLQ�Y7CUQÆÔG@7Õyï�YLC8ÕGÖ�YLCEQÆBjÕGFUÔ�QTJZYLIKÕGF8ï�IKFEO£Õyï4ñ
ìnF^BjÕGF�YL@�DGJZYTâ�Õ�SU@�Öç@7DGå^Qjï�ÕG@7èÆOUÕ�QpJ�FUÕ�Y»D�JLJLSUå^Q�JZS B�C	IKF�YLQjÚKÚKIÅÔ�QjFEBjQ�D�Y�YLCUQ�PAÛ�ëêJLÕGSU@�B&Q�â
D�FEO8OUÕ�QpJ»FEÕ�YtFEQTB&QpJLJ7D�@7IKÚÅö	@LQ/��SEIÅ@7Q�YLCEQ�FUQjYlïtÕ�@Lè	æUS£õ!Qj@�J�Y7Õ	O£öNFEDGå^IKBTD�ÚKÚÅöîDGO�RlSEJlYtYLCUQTIÅ@
ÙEDGB�è�Q&Y�åîD�@7è�IKFUÔ	ÖçSUFEB&YLIKÕGF�ñ} ÕG@	D9B&Õ�FEJlY�D�F�Y�åîD�@7èNIÅFUÔ¸ÙE@LÕ�æED�æUIKÚKI�Ylö'�RâRYLCUQ�M´O£@7I�Ö Y/O�Þ¾ÕG@(YLCUQ�B�C D�FUÔ�QîIÅFéY7CUQ�QjØNó
Ù QpB�YLQpO�ÓyD�ÚKSUQ4Õ�Ö�YLCUQ�BjÕGFUÔ�QTJZYLIKÕGF�ï�IÅF O£Õyï��w��� M D�Y�YLCUQ¹Þ��5� á�ß4�9�îD�B�èNFUÕyï�ÚÅQpO£ÔGå^QTF�YpâÔGIKÓGQjF¹YLCEQ4ï�IÅFEOUÕyï��w�¹D�Ö YLQj@�Y7CUQW�P�9�îD�B�è�FEÕyï�ÚÅQpO£ÔGå^QjF�Y�ß�IVJ�ÔGIKÓGQTF¹æNö  à �w��� M J¡�w��¢ ���¤£N� ä6£i���%�4¥
¦&Þ��¡§9�!ß�£ ÞláQJ'�1ß�¨ �������£Þ�� ß�J'�,¨ �C�/���NÞ�� ß�£�,¨ �������£Þ�� ß�¨�© áQJ'�� J ���%���£Þ�� ß�������£Þ�� ß�ª ¨ Þlá�ß« Q&Y8¬£Þ�� ß�æ QÆY7CUQÆÖçSUFEB&YLIKÕGF

¬£Þ�� ß_£ ���%���£Þ�� ß�������£Þ�� ß ¨ Þ¼ã�ß

ìnF	Y7CEDyY�BjDGJLQGâyIÅÖ1YLCUQ�åîDG@LèNIKFUÔÆÙU@LÕ�æED�æEIÅÚKI�Ylö3�rIVJ�BjÕGFEJZY7DGF�Ypâ�¬£Þ�� ß�ï�IKÚKÚ&<ESEB&YLSED�YLQ�DG@LÕ�SUFEO
M�­�®® ñ�P�CEQ	ÖçSEFEB�Y7IÅÕ�F¡¬£Þ�� ßgIKJÆ@7QTDGÚÅÚKö�YLCEQ�ÿ������Eþ��&�!����û£ÿ��&ù�ü��ÆÕ�ÖtYLCUQ8JLÕGSU@�B&QpJ�Y7Õ�@LÕ�S£YLQT@
æ QTCED�ÓNIÅÕ�@GcRD�J(D�ÙU@7Õ�Y7Õ£B&ÕGÚtO£QTJLIÅÔ�FUQj@pâRï�Q�BTD�FºYLCNSEJ(ÝE@�JlY	B�CEÕ�Õ�JZQ¤¬£Þ�¨ ß(D�@7æUIÅYL@�D�@7IÅÚKöGâ�DGFEO
YLCUQTF�JZYLIKÚÅÚ�B�CEÕ�Õ�JZQ�æ QjYlïtQTQjF�O£IÅõ1QT@LQTF�Y�ÓyD�ÚKSUQpJtÕGÖ,�������£Þn¨´ß�D�FEO)���%���£Þ�¨ ßÆÞ¼DGJ�ÚÅÕ�FUÔ^DGJtYLCUQTIÅ@
@7D�YLIKÕ9@LQTåîD�IKFEJ�SUF B�CED�FUÔ�QTOEß&ñ¶ìnFeÖ¾DGB�Ypâ�D¸ÚÅQTÔGIÅYLIKåîDyYLQ¹ï�D�öºÕ�ÖAOUQTJLIÅÔ�FUIÅFEÔ D9BjÕGFUÔ�QTJZYLIKÕGF
ÙU@LÕGYLÕ£B&Õ�ÚUIVJ�YLÕ�ÝE@7JZY»B�CUÕNÕ�JLQ�YLCEQ�@LQpJZÙ1ÕGF JZQ�JLSU@LÖ¾DGB&Q8¬£Þ�� ß�DGFEOrYLCUQTF8O£IK@LQpB�YLÚKö^DGOUDGÙ£Y�YLCEQ
ï�IÅFEOUÕyï¯� Öç@7ÕGå-D�F^QTJZYLIKåîDyYLQAÕ�Ö1YLCUQ�å^DG@LèNIKFUÔÆÙU@7ÕGæEDGæUIÅÚKIÅYlö3�Râ�ï�I�Y7CUÕGSUY»QjÓ�QjFîO£Q&Ý FUIÅFEÔ
JZQTÙED�@�DyY7Q��������£Þn¨´ß�DGFEO)�C�%���£Þn¨´ß�ÖçSUFEB&YLIKÕGFEJ(Þ¾D�F�D�ÙEÙU@LÕ�DGB�C¹SEJZQpO�IÅFéàÅáGá&äçß�ñ} ÕG@rÙU@�DGB&YLIVBjD�Ú�@7QTDGJLÕGF Jjâ�ïtQ�@7QTJZYL@7IKB&Y	ÕGSE@7JLQjÚKÓGQpJ4YLÕºY7CUQ�M Ù1ÕGÚKö�FEÕGå^IKDGÚ�O�BjÚKD�JLJ�à Lyä�Õ�Ö
DGOUDGÙ£Y7D�YLIKÕGF�D�ÚKÔGÕG@7IÅYLCUåîJTâ�ï�CEQj@7Q�������£Þ�°�ß�£±� M °�²�§_�C�%���£Þ�°�ß�£i� [ °Q³�¨ Þ9D�ß
PRÕ¹QjFEJLSU@7Q�YLC DyYgYLCUQrï�IÅF O£Õyï+O£ÕNQTJ�FUÕ�YÆÔG@7Õyï ï�I�Y7CUÕGSUYgæ1ÕGSUF O¸ÖçÕG@ÆD�FNö�ÔGIKÓGQTF¸ÙU@7ÕGæED�ó
æUIÅÚKIÅYlöGâ©ï�Q	FUQTQTOw´±µ·¶�ñ } ÕG@gYLCUQ^Ù1ÕGÚKöNFUÕGå^IVD�Ú�B&ÚVDGJ7JAÕGÖ�DGÚÅÔ�ÕG@7I�Y7CUåîJjâ YLCUIVJ4O£@7I�Ö YÆï�ÕGSUÚVO
æ Q F�ï�CEQjF²ÞZá3J��!ß¹¸8� M ¸3� ² £a� ¸3� [ ¸�� ³ ñ!?�BjBjÕG@�O£IÅFEÔGÚKöGâ!D¤<EÕyï Y7@7DGFEJLÙ Õ�@ZY7IÅFUÔ¹DÓGQj@7ö(ÚVD�@7ÔGQ�ÝEÚÅQ�D�FEO8JLSUæ
RlQpB�YtYLÕ(D�BjÕGFEJZY7DGF�Y»åîD�@7è�IKFUÔ�ÙE@LÕ�æED�æUIKÚKI�Ylö���ï�ÕGSUÚVO^ÕGæEJLQj@7ÓGQ�IÅY7J
B&ÕGFEÔGQTJZYLIKÕGF¹ï�IÅF O£Õyïa<ES B�YLS DyYLQ�DG@LÕ�SUFEO�D^B&QjF�Y7@7DGÚ©Ó�DGÚÅSEQº°	Þ;�1ß&âEÔ�IÅÓ�QjF�æ�ö!ø

°(Þ;�!ß�£ © � M� [ áQJ'�� ª¼»½%¾�¿ ¨ Þ�ENß
ÀPÁ�Â Ã7ÄsÅ/Å�Æ�Ç6È�É7Ã7ÊÌË)Æ�Í!Î�Ï
Ç¹ÍGÆ'Ð&Ç¹ÑNÒ�ÄsÅ5ÓWÃ�Ô'Õ�Ö×Ï�ÑUØ5Ù9Ú
Ï�Å%Û9ÈGÜ¹ÖS FEO£QT@4PAÛ�ë8O JgBjSU@7@LQTF�Yîü�þ��C�C�������¾þ���ù��yþ��9�Gù��1ü��4DGÚÅÔ�ÕG@7I�Y7CUå à�á/Dyä`â Y7CUQ^B&ÕGFEÔGQTJZYLIKÕGFÄï�IÅF£ó
O£Õyïa��°8����ÞçQjØ£ÙU@LQpJLJLQTO^IKFîY7Qj@7å^JtÕ�Ö©Y7CUQÆH��&�îÕ�@tH9D�Ø£IÅå	SUåÝ�NQjÔ�årQTF�Y��NIK÷jQ�ß�IKFEB&@7QTD�JZQpJ
á�ÕGFEBjQ�QTÓGQT@Lö�@7ÕGSEFEO	YL@7IÅÙrYLIKå^Q�Þ9X�P�P�ß�IKFrYLCUQADGæEJLQjFEBjQ�ÕGÖ!BjÕGFUÔ�QTJZYLIKÕGF�cyÕ�FîO£Q&Y7QTB�Y7IÅÕ�F^Õ�Ö
D�B&Õ�FUÔGQpJlY7IÅÕ�FrQTÙUIVJZÕ£O£Q�â���°8���rO£QTBj@LQpDGJLQTJ�Öç@7ÕGå I�Y�J»IKFEJZY7DGF�Y�D�FUQTÕGSEJ�Ó�DGÚÅSEQ�� æ�ö×Þ [ ñ�Ü�Q&óÔGÚKQTB�Y7IÅFEÔ�YL@�D�F JZIKQjF�Y7J�JLSEB�C(DGJRÖ¾DGJZY�@LQpB&ÕyÓGQT@LögD�FEO(JZÚKÕyï�ó`JZY7DG@ZYpâTPAÛ�ë3O J�B&Õ�FUÔGQpJlY7IÅÕ�F�B&ÕGF�Y7@LÕ�Ú
årQpB�CED�FEIKJLåcIVJ�YLCNSEJ�Drå^Qjå	æ QT@�Õ�Ö¶YLCUQ4Ù1ÕGÚKöNFUÕGå^IVD�Ú�B&ÚVDGJ7JTâ£ï�I�Y7C¹Y7CUQ4ÙEDG@7DGårQjYLQT@7J

ß�àKá øW� M £ á�§_´$£-J4á�§�� [ £ á
ã §l¶w£ á�¨ Þ�L�ß



XAÖ»B&ÕGSE@7JLQGâ årÕ�JlYgå^ÕNOUQj@7FÄPAÛ�ë ÓGQT@7JLIKÕGFEJTâEJLSEB�CÄDGJgÜ�QTï8X�QjFEÕ8ÕG@ºâ�QjÔ�DGJTâECEDGÚÅÓ�Q4YLCUQTIÅ@
ï�IÅFEOUÕyï Õ�FUÚÅöºÕGF B&Q^ÖçÕG@(å(SUÚÅYLIKÙUÚKQ�ÙED�B�èGQ&Y4ÚKÕ�J7JZQpJ4Õ£BjBjSU@L@7IKFUÔ�ï�I�Y7CUIÅF²D¸JZIKFUÔGÚKQîï�IKFEO£Õyï
Þ¾D�F O�Y7CNSEJ�ÙU@7QTJLSUåîD�æUÚKö�B&Õ�@L@7QTJLÙ1ÕGFEO£IKFUÔ	YLÕîD^JZIKFUÔ�ÚÅQ�BjÕGFUÔ�QTJZYLIKÕGF�QTÓGQTF�Y�ß�ñ
PRÕ^ÙU@7ÕyÓNIKO£QÆDrå^ÕG@7Qg@7QTD�B�Y7IÅÓ�Qg×�Û�Ü�ó`årÕ£O�PAÛ�ë�â£ï�QgS JZQÆYlï�Õ	å^Õ£O£IÅÝ BjD�YLIKÕGFEJTø

= H9D�è�Q8�������£Þ�� ß»å^ÕG@7QAD�Ô�ÔG@7QTJ7JZIKÓGQ�YLC D�F�PAÛ�ë�â�JZÕ4Y7CEDyY�I�Y�BjDGFî@7DGÙUIVO£ÚÅörIKFEB&@7QTD�JZQ�IÅY7J��°8���îIKF�YLCUQ�DGæEJLQjFEBjQgÕGÖ�åîDG@LèNIKFUÔEñ= H9D�è�Qã�C�%���£Þ�� ßgå^IKÚKO£QT@Tâ�JLÕ¹YLCED�Y(D�F ×�Û�Ü�ó`å^ÕNOºJLÕGSU@�B&QrBjD�Fº@7QTO£SEBjQ	IÅY7J4JLQjF O£IÅFEÔ@7D�YLQÆIKF�Drå	SEB�C¹å^Õ�@LQÆÔG@�DGOUSED�Ú!åîD�FUFEQj@pñä �gü�þyû£ÿ��!�����nþ��çýNÿ7þ�����	����jþ�û£ÿLü�����ÿLù��
�9��	]:����)��ûEü�ý�ù��������G� ÿ7þ��Eú��!�����s�çý&�Æúîùyÿ�"����C�3�!ÿLþ�#!A
ù�#!��	;����:8�&þ�ÿ�åº*�æWAnúîþG� �&þ�û£ÿLü����º�LýUþ�û
	��¤#��(ü�þyÿ�ÿ������Eþ��
�����C�^ý��]��ý&�jÿ�ç»úîþyÿ����1ÿ���ü!�.���!	;:%���çý&�#&û�23�jÿ��3�LýEþyû
	��(ýEù����	ù�ý
�]�pý��&ÿK��	Åþ��&�@����� ý��4úîùyÿ�"����C�3��û
�1ü!���¾þ��
B£H¸Õ�@LQTÕyÓGQT@Tâ�Õ�SU@�×�Û�Ü�ó
årÕ£OÆÙU@7Õ�Y7Õ£B&ÕGÚyIVJRD�JLJLSUå^QTOAYLÕA@LQpJZÙ1ÕGFEO�Y7Õ(ù�	�	j×�Û�Ü�ó`å^DG@Lè�QTO�ÙEDGB�è�Q&Y�Jjâ�QTÓGQjFÆIÅÖ£I�YRÚKQTD�OUJ!Y7Õ
å(SUÚÅYLIKÙUÚKQ�@LQpO£SEB�Y7IÅÕ�FEJ�ï�I�Y7CUIKFrDÆJLIÅFUÔ�ÚÅQ�ï�IKFEO£ÕyïÃï�ÕG@LYLC	Õ�Ö1ÙEDGB�è�Q&Y7JTñ�P�CUQ�O£Q&Y�D�IKÚÅQpO	DGFED�ÚKö�ó
JZIVJ©ÖçÕ�@�YLCEQ»JZÙ1QTBjI�Ý1B»B�CUÕ�IKBjQTJ!ÖçÕ�@,¶_§�´�§�� M DGFEOW� [ ï�DGJ�ÙU@LQpJZQTF�YLQTOgIKF�à DUâ�EGä�âTï�CUIVB�C�D�ÚVJZÕ�@7QTB&óÕGå^å^QjFEO£QpO�D�F�IÅå^ÙUÚKQjå^QjF�Y�DyYLIKÕGFUó¼Öç@7IÅQTFEO£ÚKö8ÓGQT@7JLIKÕGF�ÕGÖ�×�Û�Ü�ó`å^ÕNO¹ï�IÅYLCY¶w£ á�§�´w£±FUñ�NIÅF B&Q�� M D�FEOi� [ D�@7Q9J7BjD�ÚKIKFUÔÃB&Õ�FEJZY7D�F�Y�Jjâ»YLCUQTIÅ@�B�CUÕGIVB&Q9ï�DGJ8årÕ�@LQ DéåîDyYZY7Qj@¹Õ�ÖÙU@LÕ�Ù QT@�QTFUÔGIKFUQTQj@7IÅFUÔ�O£QTJLIKÔGF�ñ1ò Qrå^Qj@7QjÚKö�@LQ/��SEIÅ@7Q7� [ YLÕ�æ1QrJLåîD�ÚKÚÅQT@AY7CED�F M[ Þ¼B&SU@7@7QjF�YPAÛ�ë9ÙU@�DGB&YLIVB&Qpß©YLÕÆDGB�CUIKQjÓ�Q�å^IÅÚVO£QT@�æ DGB�èGÕGõrDGFEO@� [ YLÕgæ Q�B&Õ�@L@7QTJLÙ1ÕGFEO£IKFUÔ�JLåîD�ÚKÚ�Y7ÕACED�Ó�Q@LQpDGJLÕGFEDGæUÚÅQÆÓyD�ÚKSUQpJ�ÖçÕG@�Y7CUQ�M´D�ÓGQT@7DGÔGQ�O�ï�IKFEO£Õyï JZIK÷jQ�Þ9°(Þ;�!ß�IKF¸QG��SEDyY7IÅÕ�FéÞ�E�ßLß�ÖçÕG@AårÕ£ONó
Qj@�DyYLQTÚÅöîJLåîD�ÚKÚ��¶ñ�òºQ�C D�ÓGQ�Y7C�S J»QjØNÙ1Qj@7IKårQTF�Y7D�ÚKÚKö^JZYLS O£IÅQpO�D(Ó�DG@LIKQ&Ylö	YLCEQAY7CUQAÖçÕ�ÚÅÚKÕyï�IKFUÔ
årQTå(æ1Qj@�J�Õ�Ö�YLCUQ�×�Û�Ü�ó`å^ÕNO�Ö¾D�å^IKÚÅö¹Õ�Ö�D�ÚKÔGÕG@7IÅYLCUåîJ

 �àKè J$é'ê���øW� M £·ë%F&¨ d�ã�L
§�F�¨ F�ã�L
ì�§�´w£±F&§l� [ £ á` §l¶�£+á�§ Þ9d�ß
ï�CUIKB�CrQjF JZSU@7Q�YLCED�YTâ�ÖçÕ�@�JZåîD�ÚKÚ%�Râ�Y7CUQ�Q&Ø£Ù1QTB�Y7QTO	FNSUå(æ1Qj@�ÕGÖ åîD�@7èGQpO�ÙED�B�èGQ&Y�J�Ù QT@_X�P�PÆâ
ÚÅIKQTJ�IKF�YLCUQ4@�D�FUÔ�QîÞ Mí §�LGß&ñ
î ï�Ò�z+Ð�knj�ÌUÒlÎ»Ëñð'j�Í&jlzòh©Ì
h�Í�r×j�Ë�Ïóo$ô�ÎtÒZÑ6h,r
X�SU@�JZIKå(SUÚVDyY7IÅÕ�F�JZYLSEO£IKQTJ�DG@LQ�Ù QT@ZÖçÕ�@Lå^QpO8SEJLIÅFEÔ(Y7CUQ�F Jlólã�àÅá!EGä!JLIKå(SUÚVDyY7ÕG@pñ�P¶ÕrJLIKå(SUÚVDyY7Q
D8ÓyD�@7IKDGæUÚKQ&ó`æED�FEOUï�IKONY7C9QjFNÓNIK@LÕ�FUå^QjF�Y�ÖçÕG@gæ1QTJZYZó`Q&õ!ÕG@LY�Y7@7D�íîBGâ ï�Q(S JZQpO�â�ÕGIVB&Qjó�ÕyÓ�Qj@Ló�ìlë
Þ�â�ÕGìlë�ß�JLÕGSU@�B&QpJ�DGJACUIKÔGCUQT@�ÙU@7IÅÕ�@LIÅYlö�Y7@7D�í8B�ñEò CEIÅÚKQ(QpDGB�C�â�ÕGìlë^< Õyï�ï�DGJAå^ÕNOUQjÚKQTO9D�J
Ù QT@�Y7CUQ^JZÙ1QTBjI�Ý BTDyY7IÅÕ�FEJAÕGÖ�YLCUQ�õrñ e áGárB&Õ£O£QpB(DGJgD�F Q&Ø£Ù1ÕGFUQTF�Y7IKDGÚÅÚKö�å^ÕNOUSUÚKD�YLQpO9ÕGFUó�ÕGõ
ÙU@LÕ£BjQTJ7Jjâ1YLCEQ^YLÕ�Y�D�Ú�FNSUå	æ QT@4Õ�ÖtIKFEJZY7DGF�Y�D�FUQTÕGSEJÆBTD�ÚKÚKJgï�DGJgå^ÕNOUQjÚKQTOêDGJÆD�æUIK@ZY7C£ó`OUQTDyY7C
ÙU@LÕ£BjQTJ7Jjâ�ï�IÅYLCîBjDGÚÅÚUDG@L@7IÅÓyDGÚ�@�DyY7Q8öîD�FEO	Q&Ø£Ù1ÕGFUQTF�YLIVD�ÚKÚÅö(OUIKJZYL@7IÅæES£YLQpO	CEÕGÚVO£IÅFEÔ�Y7IÅå^QpJ�ï�I�Y7C
årQpD�F M÷ ñ} ÕG@�Y7CUQ4ÔG@�D�ÙECEJ�ÙUÚÅÕGYZY7QTO�CUQj@7QGâNY7CUQ4æ1QTJZYZó`Q&õ!ÕG@LY�< Õyï�J�ïtQT@LQÆQjIÅYLCEQj@
= TL×�Û�Ü�ónD�ï�DG@LQîÜ�QTï8X�QjFEÕ�VUâ�ï�CUIVB�CeIKårÙEÚÅQTårQTF�Y7J(YLCUQ�B&SU@7@7QjF�Y	PAÛ�ë DGÚÅÔ�ÕG@7I�Y7CUå Õ�Ö
CED�ÚKÓNIÅFEÔ	Y7CUQ4ï�IKFEO£Õyï IKF�@LQpJZÙ1ÕGF JZQgYLÕ^æ1Õ�Y7C�OU@LÕ�ÙUÙ QpO¹DGFEO�åîD�@7èGQTO�ÙEDGB�è�Q&Y�Jjñ= TL×�Û�Ü�ó`årÕ£O&V¹ÞçÕ�@�å^Õ£O£IÅÝEQTO�×�Û�Ügß�â£ï�CUQT@LQ�YLCEQÆJLÕGSE@7BjQA@7QTDGB&Y7JtYLÕråîD�@7èGQpOîÙEDGB�è�Q&Y�JDGJ�IKF¸JZQpB�YLIKÕGF�ìZì�ñ | DGFEO�YLÕ8O£@7ÕGÙUÙ1QTO¹ÙED�B�èGQ&Y�J�DGJ�IKF�PAÛ�ë ÜAQjï8X�QTFUÕEñ

ò Q�SEJZQpOîæ1Õ�YLC�D�ß�Ù QT@7JLIKJZYLQTF�Y�PAÛ�ëeJLÕGSU@�B&QpJjâ�ï�CUIVB�C8IÅFNÓ�ÕGÚKÓGQTO	Y7CUQAY7@7DGFEJZÖçQj@»ÕGÖ�IÅFUÝEFUIÅYLQ&ó
JZIK÷jQpO�ÝEÚKQTJTâ�D�F O(æ ß�òºQjæUó`PAÛ�ëêJLÕGSU@�B&QpJ�Þ¾SEJLIÅFUÔÆÙEDG@7DGå^Q&YLQT@7J�@7QjÙ1ÕG@LYLQpO�IKF�àÅá/Lyä ß&âyï�CUQj@7Q�D



JZIKFUÔGÚKQ8< ÕyïôD�ÚÅYLQj@7FED�YLQTJtæ1Q&Ylï�QjQjF¹D�ù�ü������%�@�¼ÿ7ù��&�����jÿ�ÙUCED�JZQrÞ¾O£SU@7IKFUÔ	ï�CEIKB�C�D�FUQTï PAÛ�ë
B&ÕGFEFUQTB&YLIKÕGFîIVJ»SEJLQTOrY7Õ�Y7@7DGFEJlÖçQT@»DÆÝEFEI�Y7Q&ónJZIK÷jQpO^ÝEÚKQpß�DGFEOîD�F����1ùGü!�����%�tÙUCED�JZQAï�CUQj@7Q�YLCEQ
JZÕ�SU@7BjQ�@7QjåîDGIÅFEJ�IKF¸D�F�IKOUÚÅQ�JZY7D�YLQGñ

ø�Á�Â Ë)Ï�ÄsÈGÆCÅ¤ùúÐ
Å%û�Û�ÇsÚPü&ý)Å�Ï�Î¹Î�Û9Ç¹Ú$þãÆ�ÜsÐ�ÿ�Û9Ï�ÅX�D�FEOUÕGå'ÙEDGB�è�Q&Y�åîD�@7èNIÅFUÔ8DGFEO¸O£@7ÕGÙUÙEIÅFUÔîï�DGJ�IÅå^ÙUÚKQjå^QjF�Y7QTO¸æNö�D�X�× > à�á�ã�äs��SUQTSUQGñ
P�CUQ�å^DG@LèNIKFUÔ�ÖçSEFEB�Y7IÅÕ�F�ÞçÖçÕG@�×�Û�Ü�Ü�QTï8X�QjFEÕ�< Õyï�J7ß&â���Þ���ß&âyï�D�J�æEDGJLQTO(ÕGF�Y7CUQºM Ô�QjF�YLÚKQ�O
Ó�DG@LIVD�F�Y�à�á/dyäNÕ�Ö�X�× > DGFEO4IVJ�O£QjFUÕGYLQpO(DGJ��¶Þ���ß�âpï�IÅYLC�Y7CUQ�å^DG@LèNIKFUÔAÙE@LÕ�æED�æUIKÚKI�Ylö4D�ÚKIKFUQTDG@ÖçSUFEB�Y7IÅÕ�F9Õ�Ö�Y7CUQ7��SUQTSUQ�Õ£BjBjSUÙEDGFEB&ö��^ñ } ÕG@g×�Û�Ü�ó�å^Õ£O'<EÕyï�JTâUYLCEQ(åîD�@7èNIÅFUÔ^ÖçSEFEB�Y7IÅÕ�F
ï�D�J�å^ÕNOUI�ÝEQpO�YLÕ8æ1Q(å^Õ�@LQ�DGÔGÔG@7QTJ7JLIÅÓ�QGâ£JZS B�C�YLCED�YTø
���������eù��&û��jû��^þTü�üjû/�Uù��1ü!:��ã���çý&�
ù����&ÿLùG���Æü�þ������������¾þ��5�l���6�Gþ��×�����/�¹�&þyÿAù7#�������A��92Aþ�ÿ��
	�þ��[�»ù%�Q� ý��Q�jù�ú �s�&þyÿ�ù�	�	 ü�ýUþ��¾ü����
þn�W�çý&�^ü�þ������������¾þ��w�l���6�Gþ��×�1ÿLþ��`þpü�þ�	�B1?�BjB&Õ�@7OUIÅFUÔ�ÚÅö�â£YLCEQ�åîD�@7è�IKFUÔrÖçSUFEB&YLIKÕGF�ÖçÕ�@A×�Û�Ü�ó
årÕ£O�ÙED�B�èGQ&Y�Jjâ%����
���Þ���ß�IVJjø

� ��
�� Þ���ß_£���á1� � [� M ¸�� ã8¸gÞláQJ'�¶Þ��(ß�¶Þ���ß � ­�M § Þ e ß
ï�CUQj@7Q��¶Þ��(ß�IKJ�Y7CUQ4æEDGJLIVBºXA× > åîD�@7èNIÅFEÔ(ÖçSUF B�YLIKÕGFRñ

...

...

...

...

C1= 128 Kbps

C=10 Mbps

VoIP Rx

Best
-Effo

rt R
x 

C2= 10 Mbps

W
FQ

ECN-RED

DropTail

VoIP Senders

Best-Effort (ECN-mod/ ECN-NewReno Tx)} IKÔGSU@7Q	á�ø }G��� � � hji � mporb1mp�£m � mp¡ � �Vmju»f����ð¯©±��£sLu ��� s7o�ilk
� u��@hRÑ1ÌUÒ��1hRË8h,r�r[j�Ë�Ï ðYj�Í�j�zòh©Ì
h�Í²Ê�Ë�r�h¶Ë3rNÒnÌUÒ���ÒlÌ��°Î! 5uwo$xay%z Î�Ï

ò Q�FEÕyï @7QjÙ1ÕG@LY�ÕGF¸JZIKå(SEÚKD�YLIKÕGF�JlY7SEO£IKQTJ�Y7CEDyYAIKFNÓGQpJlY7IÅÔ�DyYLQÆCUÕyï�×�Û�Ü�ó�å^Õ£O)<EÕyï�J�Ù QT@Zó
ÖçÕG@7å @7QjÚVDyYLIKÓGQºY7Õô×�Û�Ü�ónÜ�QTï8X�QjFEÕ¯<EÕyï�Jjâ�DGFEO�CUÕyï/YLCUQTIÅ@9SUYLIKÚÅIK÷TD�YLIKÕGF ÓyD�@7IÅQpJ�ï�I�Y7C
B�CED�FUÔ�QTJ^IKFðYLCUQÄÕ�õ!Qj@7QTO�ÚÅÕ�DGOðD�F O²åîDG@LèNIKFUÔéÙU@7ÕGæEDGæUIÅÚKIÅYLIKQTJTñ»P�CUQ9JLIÅå	SUÚKD�YLIKÕGF�YLÕ�Ù Õ�Ú�ó
ÕGÔGö¹IKJ�DGJ�JZCUÕyï�F¸IKF } IÅÔ�SU@7Q8áGâ ï�I�Y7C9CUIKÔGCUQT@Zó`ÙU@7IÅÕ�@LIÅYlö9Þ�â�Õ�ìlëtß�DGFEO�æ1QTJZYZó`Q&õ!ÕG@LY	Þ¾PAÛ�ë�ß
YL@�Dyí8B�æUSUõ1QT@LQpO¸IÅFÄYlïtÕ�JZQTÙED�@�DyY7Q���SUQjSEQTJTâ1DGFEO¸òºQjIKÔGC�YLQpO } DGIÅ@#"�SUQjSEIÅFUÔºÞçå^ÕG@7Q(ÙE@LQjó
B&IVJZQTÚÅö�â,�EÛ } "Æß�SEJLQTOÄYLÕ�IVJZÕ�ÚKD�YLQ	YLCUQ^Ylï�Õ�BjÚKD�JLJLQTJTñ©PRÕ�ÙU@7ÕyÓNIKOUQ	Ó�ÕGIVB&QrCUIÅÔ�CUQj@ÆÙU@7IKÕG@7I�Ylö�â
YLCUQ8â�Õ�ìlëéB&ÚVDGJ7J�CEDGO^DÆï�QjIKÔGC�Y�Õ�Ö�FEñ `Eâ�B&ÕGå^ÙEDG@LQpO	YLÕ@FUñ´ãAÖçÕG@»PAÛ�ëºY7@7D�í8B�â�QTÓGQjFrY7CUÕGSUÔ�C
YLCUQ�Õ�õ!Qj@7QTOéÚKÕ�D�OéÕ�Ö8â�Õ�ìlë Y7@7D�íîB�ï�D�J(ÕGÖ YLQTFeå(SEB�C²ÚÅÕyï�Qj@(YLCEDGFéYLC DyY^Õ�Ö�PAÛ�ë�ñ�?AONó
årIVJ7JZIKÕGF¸B&Õ�F�YL@7ÕGÚ©IVJ�Ù QT@ZÖçÕ�@Lå^QpO8ÖçÕ�@8â�ÕGìlë²YL@�Dyí8BÆæNö�C D�Ó�IKFUÔrYLCEQ4FUQ&Ylï�ÕG@7è8æUÚKÕ£B�è�å^ÕG@7Q
YLCEDGF�$&%
's¨ (�ê*) á JZIKå(SEÚ�Y�D�FUQTÕGSEJÆÓ�ÕGIVB&QîJZQpJLJLIKÕGFEJTñ } ÕG@�YLCUQîÙUÚKÕ�Y�JÆÙU@7ÕyÓ�IVO£QpOÄCUQT@LQ�â©YLCEQ



æ ÕGYZYLÚKQjFEQTB�èrÚÅIKFUèîBjDGÙEDGBjI�Ylö à IVJ�á/F�H¸æUÙ J!cGYLCUQ�â�ÕGìlë[��SUQjSEQAï�DGJ�JLIÅ÷TQTOrY7Õ�CED�ÓGQ�D�å^D�ØNó
IÅå	SUå°O£@7DGIÅF^Y7IÅå^Q�Õ�Ö¶ã�F�å^JLQTBTJjñ�P�CUQ�XA× > ÙED�@�D�å^Q&Y7Qj@�J�ÖçÕG@»YLCUQ�æ QpJlYLó�Qjõ1Õ�@ZY���SUQjSUQ	ÞçIKFÙEDGB�è�Q&Y7J�ß�CEDGOwé'��� �9� £°ã�L£âPé+%,' �9� £ e L�D�F OÄæUSUõ1QT@(JZIK÷jQ.- £'á/L�F ÞçÖçÕGÚKÚÅÕyï�IKFUÔ�YLCEQ
@LQpB&ÕGå^å^QjF OUDyY7IÅÕ�FEJ�IKFÄà�á/dyäçß�ñ�P�CUQ3X�P�PðÕ�Ö!YLCEQAæ1QTJZYZó`Q&õ!ÕG@LYtB&Õ�FUFUQTB&YLIKÕGFEJtD�@7Q�SUFUIÅÖçÕG@7å^ÚÅö
JZÙED�B&QpO�Õ�S£Y�ÕyÓGQT@»Y7CUQ4IÅF�Y7Qj@7Ó�DGÚ�Þ¼ã�L
§!¨G¨!¨�§�ã�L�F�ßtåîJZQpBjJTñ
/,Á�Â Ê�Æ�Å*0�Ï�Å%Ö Ð&Ç21�Æ�3�Ö[Î¹Å�Ï�ÿ�Æ�Ö×Æ�Ç6È54�Û9ÈGÜ76?Æ
8aÉ7Ã7ÊñÉ1Å�Ð:9;1
P�CUQ»Qjõ1QpB�Y�Õ�Ö ×�Û�Ü�ó`årÕ£OÆIKF(IKFEB&@7QTD�JZIKFUÔ�Y7CUQ�ÚÅIKFUèÆS£YLIKÚKIÅ÷pDyYLIKÕGF	D�FEO	PAÛ�ë�YLCU@7ÕGSEÔGCUÙUSUY¶ÖçÕ�@
Ù QT@7JLIKJZYLQTF�Y�PAÛ�ë²Y7@7D�íîBgï�DGJ�ÙU@7QTJLQjF�YLQpO8IKFéà EGä�ñ£ìnF¹YLCUIVJ�JLSUæEJLQTB&YLIKÕGF�â£ï�QgYLCNSEJ�ÖçÕ£B&SEJ�Õ�F
YLCUQ�FEQ&Ylï�ÕG@7è�Ù QT@ZÖçÕ�@LåîDGFEB&Q�ï�CUQTFÆYLCUQtJZÕ�SU@7BjQTJ©DG@LQ�FUÕGYRÙ1Qj@�JZIVJlY7QjF�Y�æUS£Y�@7D�YLCUQT@©@LQTÙU@7QTJLQjF�Y
ÝEFUIÅYLQ&ónJLIÅ÷TQTOîòºQjæ£ó`æED�JZQpO^ÝEÚKQ�YL@�D�F JlÖçQT@7J�Þ¾SEJLIÅFUÔ(YLCUQK|�D�@LÖçÕG@�ONóZÛt@LÕyÓ�QjÚKÚKDAårÕ£O£QTÚVß&ñ } IKÔGSE@LQpJ
ã�D�FEOKD�ÙUÚKÕ�Y�Y7CUQ»JLIÅå	SUÚVDyYLIKÕGFÆ@7QTJLSUÚÅY7J�Þ¼D�ÓGQj@�D�Ô�QTOAÕyÓGQj@�á/F�@LSUF J7ß1ï�CUQTF è â�Y7CUQ�FNSUå(æ1Qj@RÕ�Ö
ò QTæ�PAÛ�ëðJLÕGSU@�B&QpJjâ�QG��SEDGÚKJgá/L�F	DGFEO7� �=<?> £aF�¨ ãUñ } IKÔGSE@LQ4ã	ÙUÚÅÕGY7JtYLCEQÆYLÕ�Y�D�Ú!ÔGÕNÕ£O£ÙUSUY
Þ�â�ÕGìlë�� PAÛ�ë�ß�â»D�J^ïtQTÚÅÚ�DGJ^Y7CUQÄPAÛ�ë-ÔGÕNÕ£O£ÙUSUY�D�ÚKÕGFUQ¸DGJîYLCUQÄD�Ó�Qj@�D�Ô�Q�FNSUå(æ1Qj@�Õ�Ö
JZIKå(SUÚÅY7DGFUQjÕ�SEJ@â�Õ�ìlë BTD�ÚKÚKJ	IKJ	ÓyD�@7IÅQpO ÞçæNöêÓyD�@7ö�IKFUÔwö1ß�ñ�ì`Y^IKJ	QTD�JZö YLÕºJZQTQ8Y7CEDyYî×�Û�Ü�ó
årÕ£OºD�FEOº×�Û�Ü�ó`ÜAQjï8X�QTFUÕ�O£Õ¹FEÕ�Y4Q&Ø£CUIKæUIÅY(JZIKÔGFUIÅÝ BTD�F�YÆOUI�õ!Qj@7QjFEBjQTJTâ©D�ÚÅYLCUÕ�SUÔGCê×�Û�Ü�ó
årÕ£O�Þ ÖçÕ�@4ïtQTÚÅÚÅó`B�CEÕ�JLQjFÄÓyDGÚÅSUQpJÆÕ�Ö�� M ßÆO£ÕNQpJ4DGB�CUIKQjÓ�Q	JLÚÅIKÔGC�YLÚKö9æ1Q&YLYLQj@(S£YLIKÚÅIK÷TD�YLIKÕGF YLCEDGF×�Û�Ü�ónÜ�QTï8X�QjFEÕEñRP�CUQ�@LQpDGJLÕGFºÖçÕG@4Y7CUIVJ�IVJ�QTD�JZöÄYLÕ9SEFEO£Qj@�JZY7D�F O©øRï�CUIKÚKQîYLCUQ¹O£öNFED�å^IVB
Ó�DG@LIVDyY7IÅÕ�FîIÅF8YLCUQ�F�SEå(æ1Qj@�Õ�Ö�DGB&YLIKÓGQ�PAÛ�ëéYL@�D�FEJ7DGB&YLIKÕGFEJ�ï�IKÚKÚ1BTD�SEJLQ�YL@�D�F JZIKQjF�Y»FUQjYlïtÕ�@Lè
B&ÕGFEÔGQTJZYLIKÕGFRâyYLCUQAÚÅÕ�FUÔ�ó�YLQT@Lå PAÛ�ëºYLCU@7ÕGSUÔ�CUÙUS£Y�O£ÕNQTJ�FEÕ�Y»B�CEDGFUÔGQ�JLIÅF B&Q�Y7CUQ�æ1QTJZYZó`Q&õ!ÕG@LY
YL@�Dyí8BgIKJ�QpJLJLQjF�Y7IKDGÚÅÚKö�JLÕGSU@�B&Qjó`BjÕGFEJZYL@�D�IKFUQTO�ñ�H¸Õ�@LQÆIKå^Ù Õ�@ZY�D�F�YLÚKöGâ£SUFEÚÅIKèGQ4QpD�@7ÚÅIKQj@�JZYLSEO£IKQTJ
ï�I�Y7C�Ù1Qj@�JLIKJZYLQTF�YîPAÛ�ë YL@�Dyí8B�â�JLQ&YLYLIKFUÔ[� M £tF&¨Kápã�L¸IKFð×�Û�Ü�ó`å^ÕNOÃÙ QT@ZÖçÕ�@LåîJ^æ1Q&YLYLQj@YLCEDGF^� M £tF�¨ F�d�ã�L£ñl�NIÅF B&Q�å^Õ�JZY^òºQjæ²ÝEÚKQ�YL@�D�FEJZÖçQj@�J	SEJZS D�ÚKÚÅöÃBjÕGå^ÙUÚKQ&Y7Q�OUSU@LIKFUÔºYLCEQIÅFUIÅYLIVD�Ú JZÚKÕyï�ó`JZY7DG@ZY�YL@�D�F JZIKQjF�Y�Þçæ1Q&ÖçÕG@7Q�B&Õ�FUÔGQpJlY7IÅÕ�F�ÖçQTQTO£æED�B�è�IVJ�QjÓ�QjF^DGB�Y7IÅÓyD�YLQTO ß�âGDgå^ÕG@7Q
D�ÔGÔ�@LQpJLJLIKÓGQ�B�CUÕ�IKBjQ»Õ�ÖEYLCUQ�ï�IÅF O£ÕyïeIKFEB&@7QTD�JZQ»BjÕNQ&í8B&IKQjF�Y�Ylö�ÙEIKBTD�ÚKÚÅöÆÚKQTDGOEJRY7ÕACUIKÔGCEQj@�PAÛ�ë
ÔGÕNÕ£O£ÙUS£YpñtXAÖÆBjÕGSU@�JZQ�â�DGJrIÅF à E�ä`â�D�F�ÕyÓGQT@ZónD�Ô�ÔG@7QTJ7JZIKÓGQ^ÓyD�ÚKSUQ�Õ�ÖK� M BjDGF²IKFEB&@7QTD�JZQ¹YLCEQ��SEQjSUQ8ÓyDG@LIVD�æUIKÚKI�YlöºJZIKÔGFUIÅÝ BTD�F�YLÚKöGâ�ÚKQTD�O£IKFUÔ�YLÕ9æES£õ1QT@(SUF O£Qj@�<EÕyï°D�FEOºÚKÕ�J7J4Õ�Ö�FUQjYlïtÕ�@Lè
S£YLIKÚÅIK÷TD�YLIKÕGF1Myñ} IKÔGSE@LQ�DéÙEÚÅÕGY7JîY7CUQÄÙ DGB�èGQjY8åîD�@7è�IKFUÔé@�DyY7QTJîÖçÕ�@îYLCEQÄæ1QTJZYZó`Q&õ!ÕG@LY¤<EÕyï�J8DGFEOðYLCEQ
B&ÕNQ&í8B&IKQjF�Y�ÕGÖ�ÓyDG@LIVDyY7IÅÕ�F�Þ¼O£Q&ÝEFEQTOeD�JA@ � �CB DFE�G?HI< � HI
��J EK<�� ßÆÕGÖ�YLCUQ8æ1QTJZYZó`Q&õ!ÕG@LY���SUQjSEQ8Õ£BjB&SUó
ÙED�FEBjöGñN?AJ�Q&Ø£Ù1QTB&YLQTO�â�Y7CUQgå^DG@LèNIKFUÔ�@�DyY7QTJ»YLSU@7F8ÕGSUYtY7Õ(æ1Q�CUIKÔGCEQj@tÖçÕG@�×�Û�Ü�ó`å^Õ£O^YLCEDGF
×�Û�Ü�ónÜ�QTï8X�QjFEÕ�\9ÕGSU@	B&ÕGFEÔGQTJZYLIKÕGFêB&Õ�F�YL@7ÕGÚ�Öç@�D�å^Qjï�ÕG@7è9IVJ4æEDGJLQTOºÕ�FêD�å^Õ�@LQ8DGÔGÔG@7QTJZó
JZIKÓGQ�BjÕGFUÔ�QTJZYLIKÕGF�FUÕ�Y7I�Ý1BjDyY7IÅÕ�F9D�æUIKÚKI�Ylö�IÅF¸ìnF�Y7Qj@7FUQ&YA@7ÕGSUYLQj@�JTñRÞ¾P�CUQ	ÙEDGB�è�Q&Y�ÚKÕ�J7J�@�DyYLQ4Õ�F
D�ÚKÚ!YLCUQpJZQ4@7SUFEJ�ï�DGJ�QpJLJLQjF�YLIVD�ÚKÚKö¤FUâUIKFEO£IVBjD�YLIKFUÔrYLCED�YAB&ÕGFEÔGQTJZYLIKÕGF�B&Õ�F�Y7@LÕ�Ú©ï�D�J�DGB�CUIKQjÓ�QTO
JZÕ�ÚÅQTÚÅö²Ó�IVDêÙED�B�èGQ&Y8åîDG@LèNIKFUÔ�ß&ñ»H¸ÕG@7Q¸IKårÙ1ÕG@LY7DGF�YLÚKöGâ�Y7CUQÄBjÕ�Qjí8B&IKQjF�Y�Õ�Ö4ÓyD�@7IVDyYLIKÕGF�ÖçÕ�@
×�Û�Ü�ó`å^Õ£O×<EÕyï�JrIVJrÚÅÕyï�Qj@¸Þ¾JLÕGå^QjYLIKårQpJræ�ö²DGJrå(SEB�CðDGJ D�FCHrß(YLCEDGFÃY7CEDyYîÕ�ÖÆ×�Û�Ü�ó
Ü�Qjï8X�QjFUÕ7<EÕyï�JTñ��NIKFEBjQg×�Û�Ü�ó`årÕ£O¤<EÕyï�J»QjØ£CUIÅæEI�Y�D�å	SEB�C�å^IKÚKOUQj@�æEDGB�è�Õ�õ�YLCEDGF¹×�Û�Ü
Ü�Qjï8X�QjFUÕ âtY7CUQêÕ£BjB&SEÙED�FEBjö Õ�Ö�Y7CUQ[X�× > ��SUQTSUQ Þ ÖçÕG@�Ô�Õ�Õ£O B�CUÕGIVB&QpJ�ÕGÖ	×�Û�Ü�ó�å^Õ£O
ÙED�@�D�å^Q&Y7Qj@�J7ßl<ESEB&YLSED�YLQTJ�IKF¹D(å(SEB�C�JZå^ÕNÕ�Y7CUQj@tÖ¾DGJLCUIKÕGF�âNÚKQTDGOUIÅFUÔ(YLÕrå(SEB�C�JZåîDGÚÅÚKQj@�B&ÕGó
Q&í8B&IKQjF�Y7J�ÕGÖ�Ó�DG@LIVDyY7IÅÕ�FîYLC D�F8Y7CEDyY�ï�IÅYLC¹×�Û�Ü�ónÜ�QTï8X�QjFUÕ ñ�?�BjBjÕG@�O£IÅFEÔGÚKöGâ�ï�CUIÅÚKQ�YLCUQgSEJLQ
Õ�Ö�YLCUQ8×�Û�Ü�ó`årÕ£O ï�IÅF O£Õyï D�O%RlSEJZYLå^QjF�Y�ÙU@7Õ�Y7Õ£B&ÕGÚ�åîD�ö9FEÕ�Y�IKårÙE@LÕyÓ�Q(Y7CUQîÚÅÕ�FUÔ�ó�YLQT@Lå
\ b�w � k1uls�kn� � i!kn��¡T¡ps�k`ilk!hTo � o�ilsLuls�k`i � o�¡��£mpknk ��������� i � mj��w�h �G� o�¡ML \ ¥G��u � o�¡�ilw�s � o � i � h � k � m���½¾k`iZhjuniinuZhTo�k � s7o�i�¥ � ¿Us7uls7o�i��Åulm � ilw�s�kn� � kns?Ny��s7o�i � h � ��s�mT�OL \ ¥��Gu � o�¡gilw�s�v�mpo�¡ps�k`i � mpo�h � m � ¥�hTo�v�s��w�hTknsQPG��s�¥GmÆo�mji�z�w�m&��s � s7u�z�s7±G� � mjuls�ilw � k � ¥�s�h��K��unilw�s7u � o	ilw � k��Nhj�£s7u �



FUQ&Ylï�ÕG@7è^S£YLIKÚÅIK÷TD�YLIKÕGF�JZIKÔGFUIÅÝ BTD�F�YLÚKö¸Þ¾JLIÅFEBjQAY7CUQgò QTæ�Y7@7D�íîBAÚÅÕ�DGO�IKJ�QTJ7JLQjF�YLIVD�ÚKÚÅöîJLÕGSU@�B&Qjó
B&ÕGF JlY7@7DGIÅFUQpOEß�â!IÅY�O£ÕNQTJgÚÅQpDGO9YLÕ�æ QjYZYLQT@ÆYLCUQ^FUQjYlïtÕ�@Lè¸O£öNFEDGå^IKBTJjâ©JLSEB�C D�JgD�JLårÕNÕGYLCUQT@��SEQjSUQ4QTÓGÕGÚKS£Y7IÅÕ�F¹D�F O¹ÚKÕyï�Qj@�ÙEDGB�è�Q&Y¹RlI�YLYLQT@Tñ

8.4

8.6

8.8

9

9.2

9.4

9.6

9.8

10

10.2

140 160 180 200 220 240 260 280 300

T
ot

al
 G

oo
dp

ut
 (

M
bp

s)R
Avg. Number of VoIP Sources

Total (Web TCP + VoIP) Goodput

Bottleneck B/W= 10Mbps, Max. VoIP=300,
N=300, mu=0.01

ECN-modified (c1=0.25)
ECN-modified (c1=0.125)

ECN-modified (c1=0.0625)
ECN New Reno

1.8

2

2.2

2.4

2.6

2.8

3

3.2

140 160 180 200 220 240 260 280 300

T
C

P
 G

oo
dp

ut
 (

M
bp

s)

Avg. Number of VoIP Sources

Web TCP Goodput

Bottleneck B/W= 10Mbps, Max. VoIP=300,
N=150, mu=0.01

ECN-modified (c1=0.25)
ECN-modified (c1=0.125)

ECN-modified (c1=0.0625)
ECN New Reno

} IKÔGSE@LQ�ã£ø x�m � �Nh&uZhji ��� sAx�hj�NhTv � i � �»i ������Ç h&i � mpo^�Vmjutf�s �î} mp�Gulv�s�k

0

5

10

15

20

25

140 160 180 200 220 240 260 280

W
eb

 T
C

P
 E

C
N

-M
ar

ki
ng

 R
at

e 
(%

)

S

Avg. Number of VoIP Sources

Web TCP Pkt Marking Rate

Bottleneck B/W= 10Mbps, Max. VoIP=300,
N=150, mu=0.01

ECN-modified (c1=0.25)
ECN-modified (c1=0.125)

ECN-modified (c1=0.0625)
ECN New Reno

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

140 160 180 200 220 240 260 280 300

C
oe

ff.
 o

f V
ar

ia
tio

n 
of

 E
C

N
-R

E
D

 Q
ue

ue
 O

cc
up

an
cy

T
Avg. Number of VoIP Sources

Std. Deviation/ Mean of Web TCP Queue Occupancy

Bottleneck B/W= 10Mbps, Max. VoIP= 300, 
N=150, mu=0.01

ECN-modified (c1=0.25)
ECN-modified (c1=0.125)

ECN-modified (c1=0.0625)
ECN New Reno

} IÅÔ�SU@7QKDEø b�x�Âéa^h&u ~�� o�¡Æqthjils�k»hTo�¥U����s���s�V¶hju � h ������� i � �KmTu»f�s �^} mT��ulv�s�k
/,Á�À W,Æ�ÇsÍ/Û�È/Û�ÿ�Û�ÈYX×È/Ï[Z�Ï
Ð&Ñ]\WÐ
Å�Û9Ð
È/Û9Ï
Ç
ò QtFUÕyïéB&ÕGF JZIVO£Qj@�YLCUQtÙ QT@ZÖçÕ�@LåîD�F B&Q�Õ�ÖE×�Û�Ü�ó`å^ÕNOÆÓ£JTñT×�Û�Ü�ónÜ�Qjï8X�QjFUÕAD�J!YLCEQ»FNSUå(æ1Qj@
Õ�ÖW���&ÿ����.���4�����8æ QpJlYLó�Qjõ1Õ�@ZY'<EÕyï�J¹IKJ¹ÓyD�@7IÅQpO©ñ4Þ9X�QpJZSEÚ�Y�J¹ï�IÅYLC ò QTæ PAÛ�ë'JZÕ�SU@�B&QTJ¹D�@7Q��S D�ÚKI�Y�DyYLIKÓGQTÚÅöºJZIKå^IÅÚVD�@rD�FEOêÕ�å^I�YLYLQTOéOUSUQ8Y7ÕÄJZÙ DGB&Q8BjÕGFEJZYL@�D�IKF�Y7JTñ ß } ÕG@(YLCUQpJZQ�JZYLS O£IÅQpJjâ
YLCUQ�D�Ó�Qj@�D�ÔGQAF�SEå(æ1Qj@�Õ�Ö¹â�ÕGìlëU<EÕyï�J�ï�DGJ�èGQTÙ£Y�B&Õ�FEJlY�D�F�Y�DyYAã�F�FUâNæNö�JZQjYZY7IÅFUÔ5ö)£ ã&¨ FEñ
ò QîÓyD�@7IKQTO¸Y7CUQîFNSUå(æ1Qj@4ÕGÖtæ1QTJZYZó`Q&õ!ÕG@LY8ÞçÙ1Qj@�JZIVJlY7QjF�Y�ß3<EÕyï�JTâ è â!Öç@7ÕGå á/F�J²ã�F�FEñ!P�CEQ
ÔG@�D�ÙUCEJ�JZYLSEOUö8Ylï�ÕrIKF�YLQT@LQpJlY7IÅFUÔîJLQ&YLYLIKFUÔ�J�ÕGÖ
����<^>£âUFEDGårQTÚÅö)F&¨´ã	DGFEO á�¨ FUñ

ò QrÝE@�JlY�BjÕGFEJLIKOUQj@gYLCUQîBjÕGå^å^ÕGFUÚKö¸SEJLQTO$X�× > JLQ&YLYLIKFUÔ�Õ�Ös� �=<?> £òF�¨ ãUñ } IKÔGSU@7QãE
JZCUÕyï�J4YLCUQ¹Ó�DG@LIVDyY7IÅÕ�FêIÅFêY7CUQ8Y7Õ�Y7DGÚ�Þ9â�ÕGìlë���æ1QTJZYZó`Q&õ!ÕG@LY�ß&âRDGJ(ïtQTÚÅÚ�DGJ�YLCUQ8æ1QTJZYZó`Q&õ!ÕG@LYTâ
ÔGÕNÕ£O£ÙUS£Y�DGJ è IKJ�ÓyDG@LIKQTO8Öç@LÕ�å áGF(YLÕ8ã�F�FUñNòºQÆJLQjQ�YLC DyYTâEï�CUQjF è IVJ�@7QjÚVDyYLIKÓGQTÚÅö^ÚVD�@7ÔGQ�â
æ ÕGYLC^×�Û�Ü�ó`å^Õ£O	DGFEO(×�Û�Ü�ónÜ�Qjï8X�QjFUÕgÕGæ£Y�D�IKFrBjÕGå^ÙEDG@7DGæUÚÅQtÔGÕNÕ£O£ÙUS£Ypñ�Z�Õyï�QjÓ�Qj@pâTï�CUQTF



è IVJ4JZåîD�ÚKÚ�â!×�Û�Ü�ó`å^ÕNO²Þ9� M £òF&¨ F�d�ã�LGß�B&ÚKQTD�@7ÚKö¸ÕGS£Y7Ù QT@ZÖçÕ�@LåîJg×�Û�Ü�ónÜ�QTï8X�QjFEÕEâ©JZIKFEBjQ×�Û�Ü�ó`å^Õ£OêIKJ	D�æUÚKQîYLÕÄS£YLIKÚÅIK÷jQ�YLCUQ¹D�Ó�DGIÅÚVD�æEÚÅQîæEDGFEO£ï�IVONYLCÃårÕ�@LQ8DGÔGÔ�@LQpJLJLIÅÓ�QjÚKöGñ } IKÔGSU@7QLÄJLCUÕyï�J	YLCUQ�ÓyD�@7IVDyYLIKÕGFÃIÅF²YLCUQ�ÙED�B�èGQjY^O£@7ÕGÙEÙUIÅFEÔºDGFEOÃåîDG@LèNIKFUÔÄ@�DyY7QTJr@LQpJZÙ1QTB&YLIKÓGQTÚÅö�ñ
ò Q�JZQTQ8YLC DyYTâ�DGJ	ÜcIKFEB&@7QTD�JZQpJjâ�YLCUQ¹ÙEDGB�è�Q&Y(ÚKÕ�J7J�@�DyY7QTJ�æ1QTBjÕGå^Q�Ó�Qj@7öÄCUIKÔGC Þ¾DGJ(ÚKDG@LÔ�Q
DGJ)I á/FCH ÖçÕ�@ è £ ã�F�F�ß&ñ»P�CUIVJîIKFEO£IVBjDyY7QTJ^Y7CEDyY�DY���=<?>éJZQjYZY7IÅFUÔéÕGÖ@F&¨´ã OUÕ�QpJîFUÕGY
ÙU@LÕyÓNIVO£Q^JZS£í8BjIÅQTF�Y7ÚÅöºJlY7@LÕ�FUÔ¹ÖçQjQTOUæEDGB�è¸Y7Õ�ÙU@LQTÓGQTF�Y4SUF O£QTJLIÅ@�D�æEÚÅQrÙEDGB�è�Q&Y4ÚKÕ�J7JZQpJ�SEFEO£Qj@
CUIÅÔ�C�ÚÅÕ�DGOUJn\îDrÚVD�@7ÔGQT@�ÓyDGÚÅSUQÆÕGÖ
����<^>	IVJ�ÙU@7Q&ÖçQT@L@7QTO©ñ

9.7

9.75

9.8

9.85

9.9

9.95

10

0 50 100 150 200

T
ot

al
 G

oo
dp

ut
 (

M
bp

s)R
Number of Best-Effort Flows (N)

Total (TCP + VoIP) Goodput

Bottleneck B/W= 10Mbps, Mean VoIP=200, 
 VoIP Wt.=0.8,TCP Wt.=0.2,
 pmax=0.2

ECN-mod (c1=0.25,pmax=0.2)
ECN-mod (c1=0.125,pmax=0.2)

ECN-mod (c1=0.0625,pmax=0.2)
ECN NewReno (pmax=0.2)

2.5

2.55

2.6

2.65

2.7

2.75

2.8

0 50 100 150 200

T
C

P
 G

oo
dp

ut
 (

M
bp

s)

Number of Best-Effort Flows (N)

TCP Goodput

Bottleneck B/W= 10Mbps, Mean VoIP=200, 
 VoIP Wt.=0.8,TCP Wt.=0.2, pmax=0.2

ECN-mod (c1=0.25,pmax=0.2)
ECN-mod (c1=0.125,pmax=0.2)

ECN-mod (c1=0.0625,pmax=0.2)
ECN NewReno (pmax=0.2)

} IKÔGSE@LQKEEø x�m � �Nh&uZhji ��� s`_�mym�¥G����i µba:c2d?egf �ih � ·

0

1

2

3

4

5

6

7

8

9

10

0 50 100 150 200

T
C

P
 L

os
s 

R
at

e 
(%

)j
Number of Best-Effort Flows (N)

TCP Pkt Loss Rate

Bottleneck B/W= 10Mbps, Mean VoIP=200, 
 VoIP Wt.=0.8,TCP Wt.=0.2,pmax=0.2

ECN-mod (c1=0.25,pmax=0.2)
ECN-mod (c1=0.125,pmax=0.2)

ECN-mod (c1=0.0625,pmax=0.2)
ECN NewReno (pmax=0.2)

0

5

10

15

20

25

30

35

40

45

0 50 100 150 200

T
C

P
 E

C
N

-M
ar

ki
ng

 R
at

e 
(%

)

k
Number of Best-Effort Flows (N)

TCP Pkt Marking Rate

Bottleneck B/W= 10Mbps, Mean VoIP=200, 
 VoIP Wt.=0.8,TCP Wt.=0.2,
 pmax=0.2

ECN-mod (c1=0.25,pmax=0.2)
ECN-mod (c1=0.125,pmax=0.2)

ECN-mod (c1=0.0625,pmax=0.2)
ECN NewReno (pmax=0.2)

} IÅÔ�SU@7QWLUø x�m � ��hjuZh&i ��� s���ulmp�mlpa^h&u ~G� o�¡4q�h&ils�k µba cnd?e f �ih � ·
ìnF } IKÔGSE@LQpJ�d�DGFEO e â�ïtQ�IKFNÓGQpJlY7IÅÔ�DyYLQ�ÙE@LQpB&IVJZQTÚÅö^JZS B�C8D�F8D�Ô�ÔG@7QTJ7JZIKÓGQ�JLQ&YZY7IÅFEÔEâ�ï�CUQj@7Q�o�=<?>�£ á�ñ } IÅÔ�SU@LQQdÆJLCUÕyï�J¶YLCUQ�Y7Õ�Y7DGÚUD�FEO	æ1QTJZYZó`Q&õ!ÕG@LY�Y7@7D�í8BtÔ�ÕNÕNOUÙUS£Y�DGJ è IKJ�Ó�DG@LIKQTO�ñ

?AJ�æ1Q&ÖçÕ�@LQ�âEï�Q(JLQjQ4Y7CEDyY�×�Û�Ü�ó`å^ÕNO�IVJ�æ1Q&YLYLQT@AY7CED�F9×�Û�Ü�ónÜ�Qjï8X�QjFUÕ8IKF¸S£Y7IÅÚKIÅ÷TIÅFEÔ8YLCEQ
D�Ó�DGIÅÚVD�æEÚÅQ�æEDGFEO£ï�IVONYLC�ñtH¸ÕG@7Q�IÅå^Ù1ÕG@LY7D�F�Y7ÚÅö�â�DGJ è IKJ8IÅFEBj@LQpDGJLQTO²æ QTöGÕ�FEO^L�FUâ�ï�Q¸JZQTQ
YLCED�YTâEï�CEIÅÚKQÆYLCUQ	×�Û�Ü�ó`å^Õ£O5< Õyï�J4Þ9� M £±F�¨ F�d�ã�LGßtD�ÚKï�D�ö£J�DGB�CUIKQjÓ�QÆCUIÅÔ�C�ÔGÕNÕ£O£ÙUS£YpâUYLCEQ×�Û�Ü�ónÜ�QTï8X�QjFEÕ¸ÔGÕNÕ£O£ÙUS£Y(D�B�YLS D�ÚKÚÅöÄOUQTB&@7QTD�JZQpJjñ�P�CEIKJ4Õ£BTB&SU@�J4æ1QTBjDGSEJLQ8PAÛ�ë8O JÆÙ Õ�ÚÅIVB&ö
Õ�Ö�CEDGÚÅÓNIKFUÔ¸YLCEQ¹ï�IKFEO£Õyï°JLIÅ÷TQ¹O£ÕNQTJ	FUÕGY	ï�ÕG@7èÄï�QjÚKÚ�D�Y(YLCEQ¹@7QjÚVDyY7IÅÓ�QjÚKöÄCUIKÔGCeåîDG@LèNIKFUÔ
@7D�YLQTJ�Þ¾JLQjQ } IKÔGSU@7Q e ß�ÕGæ£Y�D�IKFUQTO8ï�CUQjFW� ��<^> £ á�¨ F4DGFEO è IVJ�ÚVD�@7ÔGQGñ�P�CNSEJjâ�� ý��4ü&û£ÿ�ÿ������



ÿ������Eþ������^þ��'(�*,+-�nþãåK*Pæ úîùyÿ�"����C���Gþ/�����1þ���ù�	�	Åþ��-#�������A��92Aþ�ÿ���	�þ����@�`þ�þ����&ÿ7ù��4�ã��������G� ÿLþ��Eú������9�K�¶ý&�jÿ��	ÿLþ�û
���jÿ��W��pyý��9#!����ù!�/��ÿ����������%�	úîùyÿ�"����C�'#���ýUù��G�¾þ�ÿ!B
P�CUQîÝE@�JlY	ÔG@�D�ÙUCéIKF } IÅÔ�SU@LQ e ÙUÚKÕ�Y7J�YLCUQ�D�ÓGQT@7DGÔGQ^åîD�@7è�IKFUÔ¸@�DyY7QTJÆÖçÕ�@(æ1QTJZYZó`Q&õ!ÕG@LY

YL@�Dyí8B�âTï�CUQjF8���=<?>�£ á�¨ FEñ�X�æEJLQj@7ÓGQ�Y7CEDyY¶YLCUQtåîD�@7è�IKFUÔ�@�DyY7QTJ©ÖçÕ�@¶×�Û�Ü�ó`årÕ£OÆY7@7D�í8B�D�@7Q
DGJ�CUIKÔGC^DGJ�I±`�LCH¤cyö�Q&Ypâ } IKÔGSE@LQQdÆJZCEÕyï�J¶FEÕÆOUQjÔG@�DGOEDyYLIKÕGF	IÅFî×�Û�Ü�ó`årÕ£O	Ù QT@ZÖçÕ�@LåîDGFEB&Q�ñ
P�CUQgJLQTBjÕGFEO^Ô�@7DGÙUC8ÙUÚKÕ�Y�J�Y7CUQÆB&ÕNQ&í8B&IKQjF�Y�Õ�ÖRÓyD�@7IVDyYLIKÕGFîÕGÖ©YLCUQK��SUQjSEQ�Õ£BjBjSUÙEDGFEB&ö^DGJ è
IKJ�IKFEB&@7QTD�JZQpO©ñyò CUIKÚÅQ�×�Û�Ü�ó`å^ÕNOrD�ÚKï�D�öNJ¶@7QTJLSUÚ�Y�J�IÅFîDgÚKÕyïtQT@���SUQTSUQ�ÓyD�@7IKDGæUIÅÚKIÅYlö�Þ¾JLåîD�ÚKÚÅQT@
B&ÕNQ&í8B&IKQjF�Y�Õ�Ö�ÓyD�@7IKD�YLIKÕGF ß�YLC D�F¸×�Û�Ü�ó`ÜAQjï8X�QTFUÕEâ�YLCEQ�O£I�õ!Qj@7QjF B&QÆIKJ�å^Õ�@LQÆÙU@7ÕGFUÕ�SUFEBjQTO
ÖçÕG@�ÚVD�@7ÔGQ è â ï�CUQj@7Q�×�Û�Ü�ó`ÜAQjï8X�QTFUÕ8BjDGFUFUÕ�YABjÕGÙ1Q4ï�I�Y7C�YLCUQ(CUIÅÔ�C¸åîD�@7è�IKFUÔ^@�DyYLQpJjñEì`Y
IKJ�ï�QjÚKÚ�ó`èNFUÕyï�F�Y7CEDyY�XA× > O J�IKFED�æEIÅÚKI�Ylö�YLÕ4DGOUDGÙ£YLIKÓGQTÚÅö(Ó�DG@LöQ� �=<?> ÚÅQpDGOUJ�Y7ÕgÙ1Qj@LÖçÕG@7åîD�FEBjQO£QjÔ�@7D�OUDyY7IÅÕ�F9DGJAYLCUQrFNSUå(æ1Qj@gÕ�ÖtPAÛ�ëa<EÕyï�J�IKJgÓyD�@7IÅQpO©ñ!?ABjBjÕG@�O£IKFUÔGÚKöGâ1×�Û�Ü�ó`å^Õ£OÄD�ÙUó
Ù QpD�@�JAY7Õ¹ÙE@LÕyÓNIVO£Q�Y7CUQîJZIKÔGFUIÅÝ BTD�F�YÆD�O£ÓyD�F�Y7DGÔGQ	Õ�Ö»åîD�èNIKFUÔ¹YLCUQ^æ1QTJZYZó`Q&õ!ÕG@LYgS£Y7IÅÚKIK÷TDyY7IÅÕ�F
ÚKDG@LÔ�QjÚKöºIKFEO£QTÙ QTFEO£QTF�Y8ÕGÖ�YLCEQ�FNSUå	æ QT@^Õ�ÖgD�B�Y7IÅÓ�Q5<EÕyï�JGc�æ�ö²JZQjYZYLIKFUÔ'� �=<?> YLÕéD CUIÅÔ�C
Ó�DGÚÅSEQ	D�F O9SEJLIÅFEÔ8YLCEQr×�Û�Ü�ó`årÕ£O9DGÚÅÔ�ÕG@7I�Y7CUå�âEï�Q	BTD�F9åîD�è�Q�Y7CUQ	FEQ&Ylï�ÕG@7è¹S£Y7IÅÚKIK÷TDyY7IÅÕ�F
SUFUIÅÖçÕG@7årÚKö8CUIKÔGC�ÖçÕ�@�D	Ó�Qj@7ö8ï�IVO£QÆ@7DGFUÔGQÆÕ�Ö è D�FEO�D�ÓGÕ�IKO�SUFEO£QpJZIK@7DGæUÚKQgÙ DGB�èGQjY�O£@LÕ�ÙEJTñ

9.3

9.4

9.5

9.6

9.7

9.8

9.9

10

0 50 100 150 200

T
ot

al
 G

oo
dp

ut
 (

M
bp

s)R
Number of Best-Effort Flows (N)

Total (TCP + VoIP) Goodput

Bottleneck B/W= 10Mbps, Mean VoIP=200, 
 VoIP Wt.=0.8,TCP Wt.=0.2,
 pmax=1.0

ECN-mod (c1=0.25)
ECN-mod (c1=0.125)

ECN-mod (c1=0.0625)
ECN New Reno 

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

0 50 100 150 200

T
C

P
 G

oo
dp

ut
 (

M
bp

s)

Number of Best-Effort Flows (N)

TCP Goodput

Bottleneck B/W= 10Mbps, Mean VoIP=200, 
 VoIP Wt.=0.8,TCP Wt.=0.2,
 pmax=1.0

ECN-mod (c1=0.25)
ECN-mod (c1=0.125)

ECN-mod (c1=0.0625)
ECN New Reno 

} IÅÔ�SU@7QKdEø x�m � ��hjuZh&i ��� sg_�mym�¥�����i µba cnd?e^q \�r s ·

0

10

20

30

40

50

60

70

80

90

0 50 100 150 200

T
C

P
 E

C
N

-M
ar

ki
ng

 R
at

e 
(%

)

k
Number of Best-Effort Flows (N)

TCP Pkt Marking Rate

Bottleneck B/W= 10Mbps, Mean VoIP=200, 
 VoIP Wt.=0.8,TCP Wt.=0.2,
 pmax=1.0

ECN-mod (c1=0.25)
ECN-mod (c1=0.125)

ECN-mod (c1=0.0625)
ECN New Reno 

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

0 50 100 150 200

C
oe

ff.
 o

f V
ar

ia
tio

n 
of

 E
C

N
-R

E
D

 Q
ue

ue
 O

cc
up

an
cy

T
Number of Best-Effort Flows (N)

Std. Deviation/ Mean of TCP Queue Occupancy

Bottleneck B/W= 10Mbps, Mean VoIP=200, 
 VoIP Wt.=0.8,TCP Wt.=0.2,
 pmax=1.0

ECN-mod (c1=0.25)
ECN-mod (c1=0.125)

ECN-mod (c1=0.0625)
ECN New Reno 

} IÅÔ�SU@7Q e ø x�m � �NhjuZh&i ��� s�a^hju ~�� o�¡tlQ����s���sgV¶hju � hji � mpo µba cnd?e^q \�r s ·



u vQj�ÒZÍEË8h,r�rxwWh©Ì�y¡h�hRËvuwo$xay%z Î�Ïñj�ËAÏ{z[owð xNh|yx}¯hRË�Î
�NIÅF B&Q�IÅY�IKJRIÅå^ÙU@�DGB&YLIVBjDGÚ�YLÕ�Q&Ø£Ù1QTB&Y�YLCED�Y¶D�ÚKÚGJLÕGSU@�B&QpJ1YLÕ�B�CEDGFUÔGQ�Y7CUQjIK@Rï�IKFEO£Õyï�ónDGO%RlS JlY7årQTF�Y
æ QTCED�ÓNIÅÕ�@�ÕyÓGQT@LFUIKÔGC�Ypâ�ïtQ�CED�ÓGQ8DGÚKJLÕ9JlY7SEO£IKQTOêY7CUQ T7PAÛ�ë�ó�Öç@LIKQjF O£ÚÅIKFUQpJLJ�V�Õ�Ö�×�Û�Ü�ó�å^Õ£O
YL@�Dyí8B�âNI�ñ Q�ñÅâ�YLCEQg@7QjÚVDyY7IÅÓ�Q�JLCED�@7IKFUÔ(ÕGÖ�YLCUQgæ1QTJZYZó`Q&õ!ÕG@LY�æEDGFEO£ï�IVONYLC�æ1Q&Ylï�QjQjF�B&Õ�årÙ1Q&Y7IÅFEÔ
×�Û�Ü�ó`å^Õ£O¸D�FEO9BjÕGFNÓGQTF�YLIKÕGFEDGÚRPAÛ�ë¯<EÕyï�JTñ P¶Õ8Y7CUIKJ�QjF O©â ï�Q�Ù1Qj@LÖçÕG@7å^QTO9JLIÅå	SUÚVDyYLIKÕGF J
ï�CUQj@7Q4YLCEQ	@7ÕGS£Y7Qj@�Ù Õ�@ZYAS JZQpJ�D8JLIKFUÔGÚKQ } ì } X æUSUõ1QT@Tâ!D�FEO¸YLCUQ	æ QpJlYLó�Qjõ1Õ�@ZY�<EÕyï�J�ï�Qj@7Q
QjIÅYLCUQT@tD�ÚKÚEÜAQjï8X�QTFUÕ�ÕG@t×�Û�Ü�ó`å^Õ£O	Õ�@»D�F^Q/��S D�ÚUå^IÅØrÕGÖ!æ1Õ�Y7C�ñ�P�CEQ�FUQ&Ylï�ÕG@7è4Y7ÕGÙ1ÕGÚKÕGÔGö
IKJ�Y7CNSEJ�JLIÅå^IKÚKDG@�YLÕ^Y7CEDyY�ÕGÖ } IKÔGSU@7QîáGâ£QjØ£BjQjÙ£Y�Y7CEDyY�â�ÕGìlë�FUÕîÚKÕGFUÔ�Qj@�CED�J�Q&Ø£ÙUÚKIKBjI�Y�ÙE@LÕGó
YLQTB&YLIKÕGF YLCU@7ÕGSEÔGC9Y7CUQ¹ÛtÚVDGJ7Jº|�D�JZQpO9ò } "-årQpB�CED�FEIKJLå�ñ } ÕG@gY7CUQTJLQ^Q&Ø£Ù QT@LIKå^QjF�Y7JTâ!YLCEQ
ÚÅIKFUèÄBTD�ÙED�B&IÅYlö à £>á/F�H¸æEÙEJjâPé'��� �9� £-ã�F9âPé+%,' �9� £{d�FUâ�� �=<?> £òF�¨ ã�D�FEO æUS£õ!Qj@JZIK÷jQg-?£+ápã�FUñ�?AJ»æ QjÖçÕG@7QGâGOUSUQ�YLÕ(JLÙED�B&Q�ÚÅIKå^I�Y�DyY7IÅÕ�FEJjâ�ïtQ�@7QjÙ1ÕG@LY�ÕGFUÚKö(Õ�F^Q&Ø£Ù QT@LIKå^QjF�Y7J
ï�I�Y7C�Ù1Qj@�JLIKJZYLQTF�YAPAÛ�ëðJLÕGSU@�B&QpJjñ} IKÔGSE@LQK`	JLCUÕyï�J»YLCUQÆÓyD�@7IVDyYLIKÕGF�IÅF¹YLCUQgY7Õ�Y7DGÚ!ÔGÕNÕ£O£ÙUS£YpâUDGJ�ïtQTÚÅÚ©D�J»Y7CUQ4PAÛ�ëÃÔ�ÕNÕNO£ó
ÙUS£YTâNÖçÕ�@�YLCUQgÓyD�@7IÅÕ�SEJtPAÛ�ë�DGOED�Ù£Y�DyYLIKÕGF�D�ÚKÔGÕ�@LIÅYLCUåîJ»ï�CUQjF¹YLCUQgY7Õ�Y7DGÚ!F�SEå(æ1Qj@�Õ�ÖRæ1QTJZYZó
Q&õ!ÕG@LY�JLÕGSU@�B&QpJjâ è â�QG��SEDGÚKJ�ã�FEñTòºQ�BjDGF	B&ÚKQTDG@LÚKö4JZQTQ�Y7CEDyY�×�Û�Ü�ó�å^Õ£O©â�ï�IÅYLC7� M £iF�¨ F�d�ã�LUâÕGS£Y7Ù QT@ZÖçÕ�@LåîJ�Y7CUQ�BjSU@L@7QjF�Y»×�Û�Ü�ónÜ�Qjï8X�QjFUÕ�ÙE@LÕ£B&QpO£SU@7QGñ�X�F B&QADGÔ�D�IKF�â�ï�Q�ÕGæ JZQT@LÓ�Q�YLCED�Y
×�Û�Ü�ó`å^Õ£O ï�IÅYLC[� M £ÝF&¨´ã�L�Ù QT@ZÖçÕ�@LåîJ4ï�ÕG@�JLQ(Y7CED�FêY7CUQ8B&SU@7@7QjF�Y�×�Û�Ü�ónÜ�QTï8X�QjFEÕ9D�ÚÅóÔGÕG@7IÅYLCUå�â�IÅF O£IKBTDyY7IÅFUÔºY7CEDyY8D�F�ÕyÓGQT@LÚKöéD�Ô�ÔG@7QTJ7JZIKÓGQ�B�CEÕGIVB&Q�Õ�Ö�Ù D�@�D�å^Q&Y7Qj@�J(åîD�öéIKFEB&SU@
JZQTÓGQj@7Q(Ù1Qj@LÖçÕG@7åîD�FEBjQ�Ù1QjFEDGÚ�Y7IÅQpJjñ©òºQrDGÚKJLÕ�Õ�æEJLQj@7ÓGQTO�Y7CEDyYgYLCEQãâ�Õ�ìlë Y7CU@LÕ�SUÔGCEÙUS£YÆï�D�J
QTJ7JZQTF�Y7IKDGÚÅÚKöÆSUFED�õ1QpB�YLQpO�æNöÆYLCEQ�æ1QTJZYZó`Q&õ!ÕG@LYRY7@7D�í8B�âyJZIKFEBjQ»Y7CUQtFEÕGF£ónDGOUDGÙ£YLIKÓGQ S > ë�< Õyï�JO£Õ^FUÕ�Y�@7QTD�B�Y�YLÕrYLCEQ M åîD�@7èNIÅFEÔ�O£Õ�Ö�ÙEDGB�è�Q&Y�J�DyY�YLCUQ4æES£õ1QT@Tñ

8.6

8.8

9

9.2

9.4

9.6

9.8

10

40 60 80 100 120 140 160

T
ot

al
 G

oo
dp

ut
 (

M
bp

s)R
Avg. Number of VoIP Sources

Total (TCP + VoIP) Goodput

Bottleneck B/W= 10Mbps, Max. VoIP=200

50% ECN-modified (c1=0.25)
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Total TCP Goodput

Bottleneck B/W= 10Mbps, Max. VoIP=200
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50% ECN-modified (c1=0.0625)
100% ECN-modified (c1=0.25)

100% ECN-modified (c1=0.125)
100% ECN-modified (c1=0.0625)

100% ECN New Reno
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Comparative TCP Goodput  (50% ECN-mod, 50% ECN-Newreno)

Bottleneck B/W= 10Mbps, Max. VoIP=200
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TCP Goodput (for 10 ECN-Newreno Sources)

Bottleneck B/W= 10Mbps, Max. VoIP=200

50% ECN-modified (c1=0.25)
50% ECN-modified (c1=0.125)

50% ECN-modified (c1=0.0625)
100% ECN New Reno
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