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

+-,/.103254�6 0/798:,37�.9;=<�>?,3,/@BA-CEDGFEHE;=IJ7�.1F=4ED?.18�<K,LDNMOM1F=7�.

P Q9R�SUT?VXWZY$[U\9]^[_W5W1`X]^[U\ba�[dcfegW1Vih Qj`XkGlnmoa�p:Qj`Oa�VXQ�`rq
sGhK]^lrlgtUWuc?W1`OajvEwi[_lxVX]^VXT?VXW*Qjy{zoW5|O}U[UQjv^Q9\jq
Y~z��n�x�:W5[NVr`XTUR��_�Jv^Q�`X]/a�lxVr`OajlrlrW����
P �g���9�j�����:T_`X]^|O}(�UsGhK]�VX�5W1`Xv�a�[dc

�u�?�j�9�G�j�9�{�����?�����{�f�?�������9�G�9�G�� 9�?�5¡~¢i���{¢��9�9�N£$¢x¤��

¥§¦©¨5ª5«�¬d­9ª9®¯z�}UW!°NTUW1lxVX]�Qj[�Q�y$Q9T_`nlxVXTUc?qb]^lg}_Quh±VXQ²S_`XQ�³G]�lr]^Qj[´a¯c_]�µ=lrW1`X³B¶·c_]�µ=W1`XW1[GVX]�a�VXWucflrW1`X³G]^|5W�¸
]^[GVr`Oa��¹[UW1V!lrW1`X³G]^[U\§VX}_`XW5W²|5v�ajlrlrW5l!Qjy Vr`Oa�º�|9�(]¼» W9»^�o³�Qj]^|5W9�E`XWuajv��·VX]^R�W�cUa�VOa�¶¼W9» \_»(lxVXQN|Ok�°NT_QjVXW5lO¸½�(aj[Uc
p:W5lxVr�¹W1µ=Qj`rV-c_a�VOaG»©Y¾aj|O}¿|5v�a�lrl�Q�y�Vr`Oa�º�|�`XWu°NTU]�`XW5l!a�c?]^µ=W½`XW5[NVZv^W5³�W5v¾QjynÀJQ�sÁ¶¹ÀJTUajv^]�ViqBQjyKs?W1`X³G]^|5W�¸
\9TUa�`Oaj[NVXW5Wj»©tUQ�`-Â~QjwxÃÄVX}UW¯S?`X]�Rba�`rq�ÀJQNs´`XWu°NTU]�`XW5R�W5[NVXlZa�`XWbc_W5v�a5q�aj[dcBv^Q9lrl5Åoy3Qj`!`XWua�v^�·VX]^R�W�c_a�VOa
`XW5lrS:Q9[_lrW1�·VX]^R�W9»U�J]�³9W5[�a-[UW1V�h�Q�`Xk�|5Q9[?Æd\9T?`Oa�VX]^Q9[�aj[Uc�aj[NVX]^|5]^Sda�VXWuc�h�Qj`XkGv^Q�ajc�Qjy©a�p_TUlr]^[UW5lrl
]^[NVr`Oa��
[UW1Vu�uh W�TUlrW~[Ulx�i�
lr]�R�TUv�a�VX]^Qj[UloVXQgc_W1VXW½`XR�]�[_W¾VX}_W R�]^[U]^R�TURÇ|uajSUaj|5]�V�qZ`XWu°NTU]�`XW5R�W5[NVXl(VX}Ua�V©c_Q9R�]^[Ua�VXW
VXQjVOa�v:|5Q9lxV QjyEVX}UWK]^[GVr`Oa��¹[UW1Vu»Gz(Q-W1[UlrT_`XWKVX}da�V ]�V ]�l¾h�Q�`rVX}GhK}_]^v�Wg|5Q9[G³�W½`X\9]^[U\-c_]�µ=W1`XW1[GV~Vr`Oa�º�|n|5v�ajlrlrW1l
Qj`!c?W5SUv^Quq?]^[U\§c_]�µ=lrW1`X³:�dh W�|ua�T_VX]^Q9T_lrv�qÈW1É_ajR�]^[UW!|ua�Sdaj|1]^V�q�`XWu°NTU]�`XW5R�W1[GVXln]^[´VX}_`XW5W-lrW1VXlJQ�y W½É_S:W½`X]^�
R�W5[NVXl5ÊUVX}?`XW5W-Vr`Oa�º�|-|5v�ajlrlrW5lZ]^[È]/¸KVX}_`XW1W²c?Wuc_]^|ua�VXWuc´[UW1V�h�Qj`XkGl5�:]^]/¸gQj[UW-[UW1V�h�Qj`XkfhK]^VX}_Q9T?VZc_]�µ=lrW1`X³
lrTUS_S:Qj`rV*�?a�[dcb]�]^]/¸ Q9[_WJ[_W1Vih Qj`Xk²hK]�VX}�c?]�µ=lrW1`X³¯lrTUS_S:Qj`rVu»NË¿WgÆd[Uc¯VX}da�V yLQj` VX}UWJp_TUlr]^[UW1lrl�]^[GVr`Oa��¹[UW1V
Qjy¾Q9T?`JlxVXTUc?qN�?]^[NVXW5\j`Oa�VX]�Qj[´hK]^VX}_Q9T?V*c?]^µ=lrW½`X³�Rba5q§[UW5Wuc�|1Q9[Ulr]�c?W1`Oajp_v�W-Q�³�W1`r�¹S_`XQ�³G]^lr]^Q9[U]^[_\bc_W5S:W5[Uc?�
]^[U\�Qj[ÌVX}UWfy3`Oaj|½VX]�Qj[ÍQjyJ`XWuajv��·VX]^R�W´cUa�VOa�]^[ÌVX}_W�[UW1V�h�Q�`Xk=»¾w�[Ía9c_c_]�VX]^Q9[E�¾h W´Q9p_lrW1`X³�W�lr]^\9[_]�Æd|ua�[GV
|uajSUaj|5]�V�q�lXau³G]^[U\9lK]^[fVX}_WZc_]�µ=lrW1`X³b|ua�lrW9ÅUVX}GT_l�|5Q9[_|5v^Tdc?W*VX}da�Vnc?W5SUv^Quq?]^[U\¯c?]�µ=lrW1`X³b]�lnajc_³jaj[NVOaj\jW5Q9T_l5»
z�}UWJ`XW1v/a�VX]^Q9[Ul�h WJÆd[Uc�\9]^³�Wg`X]^lrWJVXQ?�_ajl yLa�`najl�h W*kG[UQuhZ�NVX}UWnÆU`XlxV�`XT_v^WJQjy(VX}GTUR²p�Qj[fS?`XQ�³?]^lr]^Q9[_]^[U\
a¯c_]�µ=lrW1`X³§[UW½Vih�Q�`Xk�yLQj`g]^[U|1`XW5ajlr]^[U\¯`XWua�v��¹VX]^R�WZc_a�VOaG»

Î Ï_ÐgÑ:Ò=ÓZÔ-Õ-ÖoÑ=×OÓnÐ

ØrFUM½7jH?.5DNM½03>?F�>GÙ
ÚO7j.½Ûd0L2�79ÚJÙ·>?.ZÛ?>_032�7?;:.17jD?,�ÜiM½03Ý�7¯8EDNM1DE;=DGFE8¿Þo7jÚOMOÜx7�ß©>?.½M!8=DNM5Df>_F�ØX<�03FUM½.5DNÜxF=7�M5Ú*03Ú!>GÙ Ú½ào7j2�0LDG,
03F_M17�.17jÚOMj;*D?ÚB0�M�4ED?ÚÈM½4=7�ào>GM½7jFUM½0LDG,�M½>�Ú1D�Û?7�FE7�MXáJ>?.1âã2jDGàED_2�0/MX@±M14EDNM�8:>?Ý�03FEDNM17jÚ¿2�>_ÚOM1ÚÌä�å�æiç*è�>_.½7j>NÛ?7�.9;
I*DNéODGé§7�MBD?,�ç!ä ê�æ-Ú½C=H?H_7jÚOM½798ÄM½4(DNM´áZ4=7�FëF=7�MXág>_.½âÄC=M½03,/03ìjDGM½03>?Fã03Ú�4=03H?4¾;K4ED�Ûd0/FEHÌÝfC=,�M10/àE,/7ÁÚ½7�.1Ûd032�7�,37�Û_7�,LÚ
Ù·>?.-.½79DG,/Ü�M10/Ý�7¯M½.5DNíÈ2¯Ý´D�@È.17j8:C(2�7¯M½4E7§2�D?àED?2�0�MX@�.½79î_CE0/.17�Ý�7�FUM9ç:ïð4=0/,37§I*DNéODGéJ7�M-DG,içE7�ñ:D?Ý�0/F=798¿Û?>?0L2�7�D?FE8
,3>Náòî_C(DG,30�MX@ëÛd038=7�>±03FóD�8:0/ß©Ú½7�.1ÛðF=7�MXáJ>?.1â©;náJ7ÌD?.½7Ì0/FUM½7j.½79ÚXM17j8ð03FôÛ_>?0L2�7�DGFE8ð7jÝ�7�.1H?03F=HÇM1.1D?FEÚ½D_2uM10/>_F:Ü
>?.1037�FUM½798ãD?à=à=,3032jDNM10/>_FEÚ�çJõdCE254öDGàEà=,/0L2�DGM½03>?FEÚBDG.17�ág7jÞ:ÜiÞ(D?Ú½7j8ãDGFE8ë03FE2�,3CE8:7ÌÚOC=àEà(>_.OMÈÙ·>_.È.17jÚ½à(>_FEÚO7�Ü�M10/Ý�7�Ü
2�.10/M½0L2�DG, îUC=>GM17jÚj;oD?FE8�M½.5DGF(Ú½D_2uM½03>?F(ÚZ>?F÷Ú½7j2�C=.10�M10/79Ú�;oÚXM1>d25â:Új;(D?FE8�Þo>?FE8=ÚjçoïÌ7f7�ñ:à(792uM²M½>B8=7�.10/Û_7bH?C=0L8:7j,/03F=7jÚ
M½>�à=.1>NÛd03Ú½03>?F�D?F�ØX<�03FUM½.5DNÜxF=7�MZáZ0/M½4�Ý§CE,�M10/à=,37�,37�Û?7j,3Ú*>?Ù Ú½7�.1Ûd032�7jÚJÙ·>?.!Ú½CE254�DGà=àE,/0L2�DGM½03>?FEÚjç

øZ792�7�FUM1,/@�ù¯0/Ýú7�M¯D?,�ço7�ÛNDG,3CEDGM½7j8�àE.½>NÛd0LÚO03>?F=03F=H�Ù·>_.�Û_>?0L2�7b>NÛ_7�.!ØX<üû·ý
>?ØX<JþZ03F÷DB8=0�ß{ÚO7j.½Û�F=7�MXág>_.½â�ä ÿGæiç
�*4=7j@�Ù·>_C=FE8fD!.1>?C=H_4=,/@²,30/F=79DG. .½7j,3DGM½03>?FEÚ½4=03à�Þ(7�MXág7j7�F§M½4=7gFUCEÝ§Þo7�. >GÙEý
>_ØX<÷2�>_F=F=792uM½03>?F(Ú¾DGF(8¯M½4=7*2�D?àED?2�0�MX@
.17jîUC=03.½7jÝ�7jFUMjç��*4=7÷Ý§C=,/M½03à=,37�ñ:0/FEHÇH_D?0/Fëá*D?Ú´03FöDGH_.½7j7�Ý�7�FUMÈáZ0/M½4ëM½4E7�M½7j,/792�>?Ý�ÝfC=F=0L2�DNM10/>_Fë7�ñ:à(7j.½037�F(2�7?ç
� ,/M½4E>?C=H_4�M14=7�@B0/FdÛ?79ÚXM10/HUDNM17j8´M14=7�7�ß©7j2�M!>GÙ
2�>_Ý�ào7�M10/FEH�áJ7�Þ�M½.5DNíÈ2²>?F¿ý
>?ØX<ã03F�8:0�ß{Ú½7�.1ÛÈF=7�MXáJ>?.1â:Ú�;UM14=7�@
8:0L8¿F=>GM!Ý�7jD_ÚOCE.½7²à(7j.OÙ·>_.½Ý´D?FE2�7²Ù·>?.!D?Fd@´MX@dà(7¯>GÙ M½.5DNíÈ2²>GM14=7�.*M14EDGF�ý
>_ØX<�ç

ØxMB0LÚBFE>GM�2�,/79DG.È@_7�M�4E>Ná M1>±à=.1>NÛd03Ú½0/>_F±Ù·>_.BáJ7�Þ:Üx,30/â_7÷8=DNM5DÍM½.5DNíÈ2?ç��*4=0LÚÈà=.1>NÛd03Ú½03>?F=03F=HÍà=.1>?Þ=,37�Ý 03Ú
>GÙ§Ú½ào7j2�0LDG,�0/FUM17�.17jÚOMBÞ(792�D?CEÚO7÷0/FðM14=7ÁÙ·C=M½C=.17ÌDÄào>?.½M½03>?Fð>?Ù�M½4=0LÚB8EDNM1DÄM½.5DNíÈ2ÁÝ´D�@±Þo7÷.17jD?,�ÜiM½03Ý�7?ç��*4=03Ú
áJ>?.1âfD?8E8:.½79Ú½Ú½7jÚ
M½4=7²à=.1>?Þ=,37�Ý�>GÙ$à=.1>NÛd03Ú½03>?F=03F=H¯ág7jÞ´M½.5DNíÈ2ZáZ0/M½4B.½79ÚOào>?FEÚ½7�ÜiM½03Ý�7!.17jîUC=03.½7jÝ�7jFUMn>?FÈ8:0/ß{ÚO7j.½Û
F=7�MXág>_.½â:Ú
M14EDNM!2jDG.1.½@_;?03F¿D_8=8:0/M½03>?FÈM1>§.17jD?,�ÜiM½03Ý�7²8=DGM1DE;_ý
>_ØX<�D?FE8È>?M½4=7j.gÞo7jÚOMZ7�ß©>?.½M*8=DGM1DEç���C=.*H_>_DG,(03ÚgM1>
Ý�7jD_ÚOC=.17�áZ0�M14�Ú½0/ÝfC=,LDNM½03>?F(Ú²M½4=7�Þo7�F=7��=Mb>GÙJ0/FUM½7jH?.5DNM10/>_F÷DGFE8�8:0/ßo7j.½7jFUM½0LDNM½03>?F�>GÙ*ÚO7j.½Ûd0L2�79Ú�ç	�*4=7j.½7�Ù·>?.17§áJ7
M½.1@´M1>ÈDGFEÚ½ág7j.j;dáZ4=0L254¿>GÙ M½4=7¯Ù·>_,/,3>NáZ0/FEHfM14=.17�7�2�D_ÚO79Úg.17jîUC=03.17jÚ*,3>Nág7j.*2jDGàED_2�0/MX@?ç
å?çZù¯7j7�à=03F=H�Û?>_032�7?;:.17jDG,/ÜiM½03Ý�7¯8=DGM1D=;(DGFE8�Þ(79ÚXM½Üi7�ßo>_.OM!8=DGM1D�>?F�8:798:0L2�DNM17j8�ØX<ëF=7�MXáJ>?.1â:Ú
ê:ç*ØrFUM½7jH?.5DNM10/F=H¿Û?>_032�7?;©.17jDG,/ÜiM½03Ý�7´8=DGM1DE;©D?FE8�Þ(79ÚXM½Üi7�ßo>_.OMb8=DGM1D�0/FÄD�2�>_FdÛ?7�FUM10/>_FEDG, ØX< F=7�MXáJ>?.1â�áZ0�M14=>?C=M
8:0/ß{ÚO7j.½ÛBÚ½C=à=ào>?.½M

ÿ=ç*ØrFUM½7jH?.5DNM10/F=H�Û?>_032�7?;o.½79DG,/Ü�M10/Ý�7f8EDNM1DE;oD?FE8ÁÞo7jÚOMOÜx7�ß©>?.½M�8=DNM5DÈ03F�DBF=7�MXáJ>?.1â�áZ0�M14Ì8:0/ß©Ú½7�.1ÛÁÚ½C=à=ào>?.½M�Ù·>_.
M14=7¯M½4=.17�7b2�,3D_Ú½Ú½7jÚJ>?Ù¾M½.5DNíÈ2



�~>Ì8:7�M½7�.1Ý�0/FE7BM14=7�Ý�03F=03Ý�D?,Z2�DGà(D?2�0/MX@�.½79î_CE0/.17�Ý�7�FUM9;~áJ7�Ý�79D?Ú½C=.½7�î_C(DG,30�MX@Ä>?Ù!ý
>?ØX<�D?FE8Ç.17jD?,�ÜiM½03Ý�7
8=DGM1D=çU6=>_.ný
>?ØX<�;UÚO03Ý�0/,LDG.KM½>fù¯03Ý�7�MJD?,�çoä ÿGæi;_ág7-Ý�79D?Ú½C=.17!7�FE8:Ü�M1>GÜx7�FE8´8:7j,3D�@�DGFE8�,3>_Ú1Újç_6=>_.n.17jD?,�ÜiM½03Ý�7-8=DNM5D
M½.5DNíÈ2?;:ág7¯Ý�7jD_ÚOC=.17¯.½79ÚOào>?F(ÚO7�Ü�M10/Ý�7jÚJ>?Ù áJ7�Þ�8:>NáZF:Üx,/>UD?8=Újç

ï�7f>_ÞEÚO7j.½Û_7�M½4(DNM�2�D?Ú½7bMXáJ>¿F=7�798=Ú�Ú½03H?F=0
�(2�D?FUM²>NÛ_7�.½Üià=.1>NÛd03Ú½03>?F=03F=H�2�>?Ý�àED?.½798�M½>�2�D_ÚO7f>?F=7�áZ4=7jFÁM½4E7
Ù·.5D?2uM10/>_Fð>GÙ�.17jDG,/ÜiM½03Ý�7Á8EDNM1DÇ03Ú¿ÚOÝ´D?,/,-M½>ÇÝ�7j8=0/C=Ý�çJØxÙ§DG,3,�8=DGM1D�M1.1DGí´2Á03ÚB.½79DG,/Ü�M10/Ý�7?;nM½4=7�2�D?àED?2�0�MX@�.½7�Ü
îUC=03.½7jÝ�7jFUM1Ú�Ù·>?.b2jD?Ú½7f>_F=7�D?FE8÷MXág>�DG.17fFE>GM�Û?7j.½@�8:0/ßo7j.½7jFUMjç¾6E>?.�2�D_ÚO7fM½4=.17�7_;{ág7��EFE8�D¿,/>NáJ7�.¯2�D?àED?2�0�MX@
.17jîUC=03.½7jÝ�7jFUM-M½4(DGF�M14EDNM¯>GÙn2jD?Ú½7§>?FE7?ç��*4=03Ú²2�D?àED?2�0�MX@�.17jîUC=03.½7jÝ�7�FUM�Ú½4=>Ná!Ú-D?FÌDGàEà=.½>�ñ:03Ý´DNM½7j,/@�,/03F=79DG.².½7�Ü
,LDNM½03>?F(ÚO4=03àÈM1>§M14=7�Ù·.1D_2uM½03>?F�>GÙ¾.17jD?,�ÜiM½03Ý�7�8=DGM1D�
UÝ�>_.½7�.½79DG,/Ü�M10/Ý�7�8EDNM1Df.17jîUC=03.½7�Ý�>_.½7²2�D?àED?2�0�MX@_ç��g>_Ý�à(DG.17j8
M½>Í8:798:032jDNM17j8ÇFE7�MXáJ>?.1âdÚj;$M14=7¿à(7j.12�7�FUM1D?H?7B>?Ù-2�D?àED?2�0�MX@ÄÚ1D�ÛU03F=HUÚ�Ù·>?.�03FUM½7�H_.1DGM½03>?FÄáZ0/M½4ã8:0�ß{Ú½7�.1ÛÄ.½7jÝ�D?0/F(Ú
DGàEà=.½>�ñ:03Ý´DNM½7j,/@Ä2�>?FEÚOM1D?F_M�Ù·>?.´DÍÚ½Ý�D?,/,JM1>�Ý�798:0/CEÝ)Ù·.1D_2uM10/>_F�>?Ù-.½79DG,/Ü�M10/Ý�7�8=DNM5D=ç��*4=79ÚO7¿.17jÚ½C=,�M5Ú�H?03Û?7¿D
H?CE038:7j,/03F=7�>_F�4=>NáôM½>�à=.1>NÛd03Ú½0/>_F�8:0/ß{ÚO7j.½ÛÈFE7�MXáJ>?.1âdÚgÙ·>_.Zág7jÞ�M1.1DGíÈ2�áZ0/M½4�.17jÚ½à(>_FEÚ½7�ÜiM½03Ý�7¯.17jîUC=03.½7jÝ�7�FUM1Újç

�*4=7�.½79ÚXMJ>GÙ$M14=03Úg.17�ào>?.½Mg0LÚg>_.½HUDGF=03ì�798�D?ÚnÙ·>?,3,/>Ná!Ú��dõ:7j2uM10/>_F�êb8=7jÚ12�.10/Þo7jÚnM½4=7¯Ú½0/ÝfC=,3DGM½03>?FÈ7jFdÛU03.1>?F=Ý�7�FUM9;
M½>_à(>_,/>_H?@_;GÚO>_C=.12�7*Ý�>:8:7j,EDGF(8f7�ñ:à=,3D?0/F(Ú
Ý�7jD?Ú½C=.17�Ý�7�FUM
Ý�7�M1.½0L2�Ú�Ù·>_.���>Uõ§.17jîUC=03.½7jÝ�7jFUM1Ú M½>fD?Ú1ÚO79Ú½Ú�2�D?àED?2�0�MX@
à=.1>NÛd03Ú½0/>_F=03F=HEç�ØrFÈõd7j2�M½03>?F´ÿ²ág7Z7�ñ:à=,/>_.½7*2�D?àED?2�0�MX@§à=.½>NÛd0LÚO03>?FE0/F=H�Ù·>?.
Û_>?0L2�7_;N.½79DG,/Ü�M10/Ý�7ZDGFE8�Þo7jÚOMOÜx7�ß©>?.½Mn8=DNM5D
Ú½7�.1ÛU0L2�79Ú*>?F�8:7j8=032jDNM½798¿F=7�MXáJ>?.1â:Ú�ç:ØrFÁõd792uM½03>?F���áJ7�à=.½79ÚO7jFUM*.17jÚ½C=,/M1Ú*>_F¿àE.½>NÛd0LÚO03>?F=03F=H�D�2�>?FdÛ_7�FUM½03>?FED?,{ØX<
F=7�MXág>_.½â¿áZ0�M14=>?C=M¯8:0/ß{ÚO7j.½Û�Ú½C=à=ào>?.½M-Ù·>?.�M½4E7jÚ½7fÚ½7�.1ÛU0L2�79Ú�ç(ØrF�õd792uM10/>_F��´áJ7§03FdÛ?7jÚOM½03H_DGM½7bàE.½>NÛd0LÚO03>?F=03F=HÈD?FE8
2�D?àED?2�0�MX@�Ú½D�Ûd03F=H_Ú�áZ0/M½4�8:0�ß{Ú½7�.1ÛfÚ½C=à=ào>?.½Mjç?ØrFBõ:7j2uM10/>_F���áJ7!8:03Ú12�C(Ú½Ún>?C=.K.17jÚ½C=,/M1Új;G,30/Ý�0/M1DNM10/>_FEÚj;_DGF(8�Ù·C=.OM14=7�.
áJ>?.1âoç

� ���{Ñ=Õ��

�*4=0LÚ�ÚO792uM½03>?F�0/FUM1.½>:8:CE2�7jÚfM½4E7�Ú½03Ý§C=,LDNM10/>_FÇ7�FdÛd0/.1>?FEÝ�7jFUMj; M½>_à(>_,/>_H?@?;�Ú½>?C=.52�7�Ý�>:8:7j,�;KD?FE8ÇÝ�79D?Ú½C=.½7jÝ�7�FUM
Ý�7�M1.½0L2�ÚJÙ·>_.���>UõB.½79î_CE0/.17�Ý�7�FUM5ÚJM½>´D?Ú1ÚO79Ú½Ú*2jDGàED_2�0/MX@Èà=.1>NÛU0LÚ½0/>_F=0/FEHEç

 "!$# %'&$(*),+$-�./&$0214351�6"&879021:(<;=1�.

ï�7�C(ÚO7fM½4=7�FEÚOÜrê÷ä �?æKD?Ú²>?C=.¯Ú½0/ÝfC=,3DGM½03>?FÌ7�FdÛd0/.1>?F=Ý�7jF_M9ç(ï�7�4ED�Û?7�DGC=H_Ý�7jFUM½7j8÷FEÚOÜrêÈáZ0�M14�8:0/ß{ÚO7j.½ÛÁD_8=8:0/Ü
M½03>?F(Ú*ÞU@�è�C=.1à=4d@Áä �Næi;=D?FE8�Ú12�.103à:M1ÚJM14EDNMZ7�ñ:à=,30L2�0/M½,3@BÝ�>:8:7�,©M14=7¯0/FUM½7j.1D_2uM10/>_FEÚJ>GÙ A��>�Z<�?:å?ç3å�ä �Næxç:ïÌ7¯4ED�Û_7
2�C(ÚXM1>?Ý�0/ìj7j8�.½>_C:M½03F=79ÚJÙ·>?.!2�>_,/,37j2�M½03F=H�à(7j.OÙ·>_.½Ý´D?FE2�7�ÚOM1DNM103ÚOM½0L2�Újç

�*4=7¿8:0�ß{Ú½7�.1ÛÍD_8=8:0/M½03>?FEÚfÝ�>:8:7�,Z8:0/ß©Ú½7�.1Û�Ù·C=FE2�M½03>?FED?,/0/MX@?çA@-0/ß{ÚO7j.½ÛöäCB�D�ENægàE.½>NÛd0L8:7jÚf8:0�ß©7�.17�FUM�,/7jÛ?7�,LÚf>GÙ
Ú½7�.1ÛU0L2�7BÞU@ÄD?H?H?.17�HUDNM10/F=HGFE>Ná!Ú§áZ0�M14�Ú½0/Ý�03,3D?.H��>dõÍ.½79îUC=0/.17�Ý�7jF_M5Ú�ç � M§M14=7�FE7�MXáJ>?.1âÌ798:H?79Ú�;~àED?25â_7�M1ÚfDG.17
2�,LD?Ú1Ú½0I�E798fD?FE8fÝ�D?.½â_7j8fáZ0�M14KJML/NPO�QSR�L9TVU�WYXuçGØrFEÚ½038=7*M½4=7ZF=7�MXág>_.½â©;�àED_25â?7�M5Ú�DG.17gÙ·>_.½á*DG.58:798§Ú½>?,37�,3@§8:7�ào7�F(8:0/FEH
>?F�M14=7�03.*2�>:8:7�Üxào>?03F_M5Ú�ç_ïÌ7�2�>?F(ÚO0L8:7�.nM½4=.17�7-,/7jÛ?7�,LÚK>?Ù$ÚO7j.½Ûd0L2�7!ÞED_ÚO798�>?FÈ8:0/ß©7�.17�FUMKÙ·>?.1á*DG.58:0/FEH�Ý�79254EDGFE03Ú½Ý´Ú
D?ÚZÚ½ào7j2�0
�E798�Þd@´M14=7�Ø[Z��Z6Jç

\ OM]^R_O`N9TVWaO`Ncb^Ledgf�h9diNeTVUkj�l$m�n"o
�*4=0LÚ~Ù·>?.1áJD?.18=0/F=H-Ý�79254EDGFE03Ú½Ý 0/Ý�à=,37�Ý�7�FUM5Ú
D!Ûd0/.½M½C(DG,dáZ0/.17�ä/å�pGæiç9ØxM
03Ú~03F_M17�FE8=7j8§Ù·>?.�8:7�,LD�@�ÚO7jFEÚO0/M½03Û?7*DGà=Ü
à=,30L2�DNM10/>_FEÚ�ÚOC(254fD?Ú~03F_M17�.5D?2�M½03Û?7nÛ_>?0L2�7g>?.�Ûd038:7j>Eç9ïÌ.1>:2�,LD�á!ÚOâd0dDGFE8H�g4EDG.1Fd@´ä�å_å�ædà=.½>_à(>UÚO7nM½>²0/Ý�à=,37�Ý�7jF_M
H_CEDG.5DGFUM½7j7j8�ÚO7j.½Ûd0L2�7_ä/å9êNæ{ÞED?Ú½7j8�>?F�Zn6Jç:ï�7�CEÚO7�0/MZM½>�Ù·>_.½á*DG.58ÈÛ_>?0L2�7²M½.5DNíÈ2Gç

\ h9XMXgq�diO`Ncb^L9dgf�h9dMN9TVUkj*l$r�n	o
�*4=0LÚ Ù·>?.1á*DG.58:0/FEH!Ý�7j254ED?F=03Ú½Ý 0LÚ 0/FUM½7jFE8:798bÙ·>_.�8EDNM1D-M½4(DNMKÚO4E>?C=,L8§FE>GM�Þ(7Z8:7j,3D�@_7j8bÞd@�F=7�MXág>_.½âb2�>?F=H_7jÚOÜ
M10/>_F�ä/åjÿGæiçdï�.½>:2�,LD�á!Ú½âU0{D?FE8��g4(DG.1FU@Áä/å?å�æ{à=.½>_à(>UÚO7�M½>�03Ý�àE,/7jÝ�7jFUM-2�>?FUM1.½>_,/,37j8dÜx,3>_D?8BÚO7j.½Ûd0L2�7_ä/å��?æoÞ(D?Ú½7j8
>_F � 6gç(ïÌ7�C(ÚO7 � 6ÇM½>È8:0/ß©7�.17�FUM½0LDNM17².17jD?,�ÜiM½03Ý�7�8=DNM5D§M1.1DGíÈ2-Ù·.1>?Ý Þ(79ÚXM½Üi7�ßo>_.OM-8=DGM1DfM½.5DNíÈ2?ç

\ts O^X`W>OYucL9dgW�l8v�m:o
�*4=0LÚ�Ù·>_.½á*DG.58:03F=H�Ý�7j254ED?F=0LÚOÝ�0/Ý�à=,37�Ý�7jF_M5ÚbÞo7jÚOMOÜx7�ß©>?.½MfÚ½7�.1ÛU0L2�7_ç¾ï�7ÈCEÚ½7B0/MbM½>÷Ù·>?.1áJD?.18ÌÞo7jÚOMOÜx7�ß©>?.½M
8=DGM1DfM½.5DNíÈ2?ç

�*4=7n8=0�ß{ÚO7j.½Û�àED?25âND?H?7
03Ý�àE,/7jÝ�7jFUM1Ú{M14=.17�7nîUC=7jC=7jÚ$M½>!Þ=C=ßo7j.$M½4E7nàED_25â?7�M5Ú©>GÙdM½4E7jÚ½7
M½4=.17�7gÚO7j.½Ûd0L2�7K2�,LD?Ú1Ú½7jÚjç
�*4=7BîUC=7jC=7jÚ§DG.17�Ú½7�.1Ûd032�7j8�áZ0/M½4ÇD�8:7��(2�0/M§.1>?C=FE8:Üi.1>?Þ=03FÍÚ½254=798:C=,37�.9ç$ï�7B8:>�F=>Á2�>?FE8:0/M½03>?FE0/F=HÁDGMb0/FEH?.17jÚ1Ú
DGF(8�2�>?F��EH_C=.17¯D�Ú½0/FEH?,37²,37�Û_7�,{>?Ù�8:.1>?à¿à=.17j2�7j8:7jFE2�79ÚnÙ·>_. � 6J;E0iç 7?ç:áJ7�Ý�D?.½âÈD?,/, � 6ÄM1.1DGíÈ2²D_Ú � 6Jå?å_ç



Cew nt
x
ray l 

Officew

Brancz h1 Brancz h2 Brancz h3
{ Brancz h4

Brancz h5
| Brancz h6

} Brancz h7
~ Brancz h8

�

���S� ®9�U®=wi[NVr`Oa��¹eJW½VnzoQ9S:Qjv�Qj\jq

Bandwidth: 10Mb

variable variable

Bandwidth: 10Mb

Bandwidth: variable

Delay: 0.1ms

Access Links

Delay: 0.1ms

Access Links

Queue Length:Queue Length:

50 Phone Sinks 50 Phone Sinks
50 Phone Sources

5 Web Servers 50 Web Clients

50 Phone Sources

Bottleneck Link

Delay:10ms

���S� ®��E®osG]�R�TUv�a�VX]^Qj[�zoQjS:Q9v^Q9\�q

 "!� ��0���0�+Y0����

6=>_.!>?CE.-ÚO03Ý§CE,3DGM½03>?F�ág7f254=>d>_Ú½7¯D´Ú½03Ý�àE,/7§8=C=Ý§Þ=Þo7�,3,~M½>?ào>?,3>?H_@BD?Ú-8:7�à=0L2uM17j8�03FÁ6 0/H_C=.½7§ê=ç��*4=0LÚ*M1>?ào>?,3>?H?@
Ý´D�@b7?ç HEç?.½7jà=.½79ÚO7jFUM M14=7ZÞo>GMOM1,/7jF=7j25âf,/03F=âf0/F´DGF�03FUM½.5DNÜxF=7�M9;N>?F�áZ4=0L254�2jDGàED_2�0/MX@�03ÚnÚ½2jDG.52�7�û¹Ú½7�7!6 03H?C=.17¯å9þuç?ØxM
Ý´D�@ÈDG,LÚO>�Þo7�ÛU037�áJ7j8B0/F�DfÝ�>?.17�H_7�F=7j.1D?,©Ú½7�F(ÚO7_;=ÚO03FE2�7¯Ý´DGFd@´4ED�Û_7²D?.½H_C=7j8ÈM½4EDGM*M½4=7j.½7¯0LÚZDG,3áJD�@:ÚJD�Ú½03F=H?,37
Þo>GMOM1,/7jF=7j25âB,/03F=âÈ>_F�DGFd@´F=7�MXág>_.½â´à(DNM½4Íä ê�æx;UáZ4E03254féXCEÚOM½0
�E7jÚZ>_C=.Z254=>?0L2�7�M½>�ÚOM1DG.½MZ7�ñ:ào7�.10/Ý�7�FUM5ÚgáZ0/M½4�Ú½CE254
D�F=7�MXáJ>?.1â�M½>_à(>_,/>_H?@_çUï�7b8:0LÚXM1.½03Þ=C:M17bÚO>_C=.52�7jÚJD?ÚZ8=7�à=0L2uM17j8¿0/F�6 03H?C=.17¯ê=ç:ïÌ7�ào>_Ú½0/M½03>?F��ep�à=4=>_F=7jÚZD?FE8G�Pp
áJ7�ÞB2�,/037�FUM1ÚJDNMnM½4=7².½03H?4UMgÚ½0L8:7->?Ù{M½4=7�Þ(>?MOM½,37�FE7j25â´DGFE8��ep�à=4E>?F=79ÚgD?FE8��¯áJ7�ÞBÚ½7�.1Û?7j.1ÚnDNMg,37�Ù¼MZÚ½038:7_ç � 2�2�7jÚ1Ú
,30/F=â:Ú²4ED�Û_7Èå�p_è�Þ÷03FÌ2jDGàED_2�0/MX@�D?FE8KpEç/åjÝ�Ú�03FÌ8:7j,3D�@_ç��*4E7fÞo>GM½M½,37�F=7925â¿,303F=â�4ED?Ú¯DBà=.½>_àEDGHUDNM10/>_FÁ8:7�,LD�@�>GÙ
å�p?Ý´ÚJM½>´Ý�>:8:7�,{M14=7�áJ>?.5ÚXM!2�D_ÚO7²Ù·>_.!D´2�>?FEF=7j2�M½03>?F¿H?>?03F=H�M½4E.½>_C=H?4�DG,3,$>GÙ�ZKCE.½>_à(7_ç_�*4=7�ÛNDG.103D?Þ=,/79Ú*0/F¿M14=03Ú
Ú½0/ÝfC=,3DGM½03>?FÁD?.½7¯M14=7§2�D?àED?2�0�MX@�>GÙ�M½4E7§Þo>GMOM1,/7jF=7j25â¿,30/F=â�DGF(8�0�M5Ú-îUC=7�CE7§ÚO03ì�7_çEØxÙKF=>?M-7�ñ:à=,30L2�0/M½,3@�Ý�7�FUM10/>_F=7j8{;
îUC=7�CE7bÚO03ì�7¯0LÚZÚO7�MZM½>Èêep_ù�I�ç

 "!S� %'02)'79�P;���0"�,;=+

ï�7´Ý�>:8:7j,KÛ?>_032�7§M1.1DGíÈ2�D_Ú¯ý
>?ØX<�ç � M17�,37�à=4=>_F=7´0LÚ�D¿Ú½>?CE.12�7�?NÚ½03F=â�àEDG03.¯M½4(DNMbà=.1>:8:CE2�79Ú��JI*ø M1.1DGí´2�DGM
2�D?,/,nM½03Ý�7jÚjç¾ï�7�D?Ú1Ú½C=Ý�7´F=>÷2�>_Ý�à=.½79Ú½Ú½03>?F�>?.fÚ½03,/7jFE2�7BÚ½C=à=àE.½79Ú½Ú½0/>_F"
{M14=7BÚ½>?C=.52�7�M14UC(Úbà=.1>:8:CE2�79Ú§D��P�_ù¯Þ
ÚOM½.17jDGÝ�ç � ÚJàED_25â?7�M10/ì9DNM10/>_F�Ù·>?.Jý
>?ØX<Ç0LÚgF=>GMZÚXM5DGFE8EDG.58:0/ìj7j8{;UáJ7�D?Ú1Ú½C=Ý�7!M½4(DNM*7jD?254BàED?25â_7�Mg2�>?FUM1D?0/FEÚ�å�p?Ý´Ú
>GÙ�ÚOào7�79254$ç:ï�7�M14=03F=â´M½4(DNM*M½4=0LÚZ0LÚ*Df.17jD?,/0LÚOM½0L2!M1.1D_8:7�>?ß�Þo7�MXáJ7�7jF�à(D?25â?7�M½03ìjDGM½03>?FB8:7j,3D�@ÈD?FE8�>NÛ?7�.14=79D?8È8:CE7
M½>�ØX<ðD?FE8�+�@�<ë4E7jD?8=7�.5Ú�ç��*4=7�F=7�M5�JI*øó.5DNM17¯>GÙ D�à=4E>?F=7�0LÚJM½4dCEÚ����=ç �_ù¯Þ$ç

�~>�Ý�>:8:7�,=2jDG,3,=8:C=.5DNM10/>_FfDGF(8§03FUM½7�.½Ür2�DG,3,UM½03Ý�7Zág7JCEÚ½7Jà(DG.5DGÝ�7�M17�.5Ú~D_Ú
8:7�à=0L2uM17j8f0/FH� DGÞ=,37¯å?çNØrF�.½79ÚO0L8:7�F=Ü
M½0LDG,
7jFdÛU03.1>?F=Ý�7�FUM5Ú�;©2�D?,/,K8:CE.1DGM½03>?FEÚ²DG.17�Ú½03Ý�àE,/@Á7�ñ:à(>_F=7�FUM½0LDG,3,3@Á8:03ÚOM½.103Þ=C:M½798÷áZ0/M½4ÍD�Ý�79DGF�>GÙ*ÿBÝ�03FUC=M½7jÚ
ä/å/��æxç©A!>NáJ7�Û?7j.j;=Ù·.½>_Ý >?C=.�àEDG.½M½F=7j.1Ú�áJ7§âdF=>Ná M½4(DNM�DÈÞ=0/ÜiÝ�>:8=D?, 8:0LÚOM½.10/Þ=C=M½03>?FÁÙ·>_.²2jDG,3, 8=C=.1DGM½03>?FEÚj;E.17�àE.½7�Ü
Ú½7�FUM½03F=HÈ,3>?F=H�DGFE8ÁÚ½4=>_.OM�2jDG,3,3Új;EÞo7�M½M½7j.²Ú½C=0/M1ÚZM14=7�ÚO0/M½CEDGM½03>?F�>?ÙnD´Þ=CEÚ½@�4E>?C=.�0/F÷DB,3D?.½H_7�ÞEDGFEâoçoIJ>GM½4÷,/>_F=H



� ¬U¦	�
���d®_�JlrW1`i�js?W5lrlr]^Qj[��gW5v�a�VXWuc�Ã{a�`Oa�R�W1VXW1`Xl
VXQb�JW5[_W1`Oa�VXWZÂ¾Q9]^|5W!zE`Oa�º�|

� �j�N�` U�9�N�j� ¡_��¢����?�^£����?�/¤�� ¥�¦N�9�N�j�N�
§ �������j�N�G�j�?��¤�� ¨_�i =¤j�G��� ��¤��N�±¤9���9��©�ª/«�¬

­ �e¤j��� § ���9��©¯®�«�¬
° ¤���� § ����� ±9²9�e¤��G�j�N�G�9��� ®� :�u�
­ �P¤���� § ����� ±9²9�e¤��G�j�N�G�9��� ³� :�u�

´ �N�N�9�eµ § �������?�i U� ±9²9�e¤��G�j�N�G�9��� ¶^·� :�u�

DGF(8¿Ú½4=>_.OM!2�D?,/,LÚj;=D?Ú*áJ7�,3,¾D?ÚJM14=7�0/FUM17�.½Üx2jDG,3,©M½03Ý�7_;=áJ7�.17².17�àE.½79ÚO7jF_M17j8�Þd@È7�ñ:ào>?F=7jF_M103D?,$8:0LÚXM1.½03Þ=C:M10/>_FEÚ�ç��*4=03Ú
Ý�>:8:7�,$>?ßo7j.1ÚZD�Ý�7jD?F�,3>_D_8B>?ÙA��pPp_ù¯ÞÈ>?F¿M½4E7�Þ(>?MOM½,37�FE7j25âÈ,30/FEâBH?03Û?7jFBM14EDNM��Pp§àE4=>?F=7�à(DG03.1Ú*03FUM½7�.5D?2�Mjç

ï�7ZÝ�>:8:7j,E8=DGM1D²M½.5DNíÈ2*D?ÚKág7jÞfM1.1DGíÈ2GçNï�7!7�ñ:à=,3032�0�M1,/@fÝ�>d8=7�,:M14=7ZM½.5DNíÈ2JH?7jF=7�.5DNM17j8fÞd@§.17jîUC=7jÚOMg?N.½7jà=,3@
03F_M17�.5D?2�M½03>?FEÚ¾>GÙ(A��>�Z<�?då_ç/ånÞ(7�MXág7j7�F§áJ7�ÞfÚO7j.½Û_7�.~D?FE8§2�,/037�FUM5Ú�ç��*4=0LÚ~Ý�>:8:7j,/03F=H²>GÙEAc�>�Z<¸?då_ç/åK03FUM½7j.1D_2uM½03>?F(Ú
03FE2�,3CE8:79ÚZÙ·7jDGM½C=.17jÚ!,/03â?7�ào7�.5ÚO0LÚOM½7�FUM�2�>?F=FE7j2uM10/>_FEÚ!D?FE8�à=03à(7j,/03F=03F=HEç(ïÌ7bâ_7�7jà��c�J<ô2�>?FEF=7j2�M½03>?FEÚ!DGM-ÚO7j.½Û_7�.5Ú
>?ào7�F÷Ù·>?.�Ù·C=.½M½4=7j.¯8=>NáZF:Üi,3>_D_8=Ú!D?FE8Á7j,/03Ý�0/FEDGM½7fM½4=7�F=7j7j8�Ù·>_.²D�2�,30/7jFUM�M1>�á*DG0/M-Ù·>_.-M14=7�Ú½7�.1Û?7j.�¹ Ú!.17jÚ½ào>?FEÚ½7
Þo7�Ù·>?.17bÚ½7�FE8:03F=H�Ù·C=.½M½4=7j.!.17jîUC=7jÚOM1Újç:ï�7�Ý�>:8:7j,¾D�.½79îUC=7jÚOM½798�áJ7�Þ¿àED?H?7�D?ÚZD?F¿03FE8:7�ñ�àED?H?7¯à=,3CEÚ!D�FdC=Ý§Þo7�.
>GÙ�7jÝ§Þo7j8=8:798ð>?Þ=éX7j2uM5Ú�ç��¾>ÇH_7�F=7j.1DGM½7�M14=7Ì2�>?.1.½79ÚOào>?FE8=0/F=H�M1.1DGí´2?;KáJ7ÁF=7�798ëM½4E7÷8:0LÚXM1.½03Þ=C:M10/>_FEÚ´Ù·>_.ÈM½4E7
Ù·>?,3,3>NáZ0/F=H�7jF_M10�M10/79Ú��
å?çZÚ½0/ìj7¯>GÙ�.½79î_CE7jÚOM½7j8�03FE8:7�ñ¿>?Þ:éX792uM5Ú
ê:ç*FdC=ÝfÞ(7j.Z>GÙ�7�Ý§Þo7j8E8:7j8¿>?Þ=éX7j2uM5Ú
ÿ=çZÚ½0/ìj7¯>GÙ�7�Ý§Þo7j8E8:7j8¿>?Þ=éX7j2uM5Ú
�EçZÚ½7�.1Û?7j.*Ú½7�,37j2�M½03>?F
�:çJM14=0/FEâÈM½03Ý�7�Þ(7�MXág7j7�F¿MXáJ>�Ú½CE2j2�7jÚ1Ú½0/Û_7²8:>NáZF=Üi,3>_D_8=Ú�ç

� ¬U¦	�
���E®_�JlrW1`i�js?W5lrlr]^Qj[��gW5v�a�VXWuc�Ã{a�`Oa�R�W1VXW1`Xl
VXQb�JW5[_W1`Oa�VXW*Ë¿W5p�zE`Oa�º�|

� �j�G�` _�9�N�9� ¡?��¢����?�g£��N�?�/¤�� ¥�¦N�9�G���N� ­ �?���G�
­ ��£N�º¤�� ´ �N�N��²<»�£P¼9�N¤��P¢ � �j�N�j�e¤ ®�«�«�«�¨ ¶=¢½ª

­ ��£N�º¤j��±� P£G�9�9�N�9�¾»�£P¼j�G¤��P¢ � �j�N�j�e¤ ¿9«�«�«�¨ ¶=¢À¶
Á �^ P£G�9�¾¤j�Â±� P£G�j���N�9�¾»�£e¼9�G¤��P¢(¢ � �j�N�j�e¤ ª/« ¶=¢½·

Ã �_���9¡ Ã �M U� � �j�N�j�e¤ ³�«º¢j�N¤ ª©¢½·

ï�7KCEÚ½7KàEDG.5DGÝ�7�M½7�.5Ú{D?Ú¾8:7�à=0L2uM17j8�03FÄ� DGÞ=,37gê:ç/@-0LÚOM½.10/Þ=C=M½03>?FEÚ¾>GÙ:>?Þ:éX792uM~Ú½03ì�7jÚ¾DGFE8¯FdC=ÝfÞ(7j.¾>GÙ:7jÝ§Þo7j8=8:798
>?Þ=éX7j2uM5ÚÈáJ7�.17÷8:7�M½7�.1Ý�0/FE7j8ëáZ0/M½4öáJ7�Þö2�.1D�áZ,30/FEHÄ0/FôDÇÞEDGF=â�¹ ÚÈ03FUM½.5DNÜxF=7�MÌä/å��GæiçJè�7jD_ÚOCE.½798ã8=03ÚOM½.10/ÞEC:M½03>?FEÚ
ÞED_ÚO0L2�D?,/,3@ÄDGH?.17�7BáZ0�M14ÇM½4E>_Ú½7�>?Ù�I*DG.½Ù·>?.58Í7�M´DG,içJä/å�B:;�å��Gæiç���C=.�Ý�>d8=7�,Z8:>d7jÚfF=>GM´D?8E8:.½79Ú½ÚbM½4=7�Ý´DNM5254=03F=H
à=.1>?Þ=,37�Ý�;©0iç 7_çoáZ4E03254�.½79îUC=7jÚOM�H_>U79Ú�M½>¿áZ4=03254�ÚO7j.½Û_7�.9ç(ØrF(ÚXM17jD?8÷ág7�.5DGFE8:>_Ý�,/@�254=>UÚO7fM½4=7´Ú½7�.1Û?7j.!Ù·>?.¯79D?254
>?Þ=éX7j2uM9çnõd7�.1Û?7j.�,3DGM½7�F(2�037jÚ�áJ7�.17¿FE>GM´Ý�>d8=7�,37j8{;nD_ÚfM½4=0LÚ´7�ñ=2�7�7j8EÚ�M½4=7ÁÚ12�>_à(7¿>GÙ²M½4=0LÚ´áJ>?.1â©çA�*4E03Ú�Ý�>:8:7�,
à=.1>:8:CE2�79Ú-DBÝ�79DGFÁ,3>_D_8�>GÙ��k�ep?ù¯Þ�>_F�M½4E7§Þo>GMOM1,/7jF=7j25â�,30/FEâ¿03FÌ8=0/.17j2�M½03>?F�Ù·.1>?Ý ÚO7j.½Û_7�.5Ú*M½>¿2�,30/7jFUM1Új;(H_0/Û_7�F
M½4(DNM¸�EÛ?7¯áJ7�Þ¿ÚO7j.½Û_7�.5Ún03FUM½7�.5D?2�MJáZ0/M½4K�Pp§áJ7�Þ¿2�,30/7jF_M5Ú*>?F¿D�8=7j8:0L2�DGM½7j8�F=7�MXág>_.½â�áZ0/M½4Áê:ç �_è�Þ�à=.1>NÛU0LÚ½0/>_F=7j8
DNM¯M14=7´Þ(>?MOM1,/7jF=7j25âÁ,303F=â©ç{ØrF�7�ñ:à(7j.½03Ý�7�FUM1Ú¯áZ0/M½4�0/FUM17�H?.5DNM17j8ÌF=7�MXáJ>?.1â:Ú�;oáJ7�Ý�79D?Ú½C=.½7�Ú½,/03H?4UM½,3@ÁÝ�>?.17´8=DNM5D
M½.5DNíÈ2JM14EDGF´Û_>?0L2�7*M½.5DNíÈ2*>_F�M½4=7!Þo>GM½M½,37�F=7925âf,303F=âfH_0/Û_7�F�M½4E7!FdC=Ý§Þo7�.g>GÙ$ÚO>_C=.52�7jÚ
D?FE8�M½>_à(>_,/>_H?@f0/FÈ6 03H?C=.17
ê:ç

 "!
Å Æ�0�%ÈÇ�;=É	):&$7�;=(<;=1�./Ê
�~>B8:7�M17�.1Ý�0/F=7§M½4=7�2�D?àED?2�0�MX@�.½79î_CE0/.17�Ý�7�FUM!Ù·>_.�D´H_0/Û_7�F�F=7�MXág>_.½â©;EáJ7bF=7j7j8¿M1>�8:7��EF=7¯��>dõ¿.½79î_CE0/.17�Ý�7�FUM5Ú
Ù·>?.g7jD_254�MX@Uào7->?Ù©M½.5DNíÈ2Gç_ïÌ7²254=>_Ú½7ZM½4E7jÚ½7-.17jîUC=03.½7jÝ�7jFUM1ÚKD_ÚK.17jDG,30LÚXM1032jDG,3,/@�D?ÚKào>_Ú1Ú½0/Þ=,37?çd6=>_.KM14=03Ún.½79D?Ú½>?F�áJ7



áJ7�.17-03F�2�>_FUM1D?2�MgáZ0/M½4�Db,LDG.1H?7¯õdáZ03Ú1ÚgÞEDGF=â©ç��*4dCEÚj;?M14=7���>Uõ�.17jîUC=03.½7jÝ�7�FUM1ÚnÙ·>?.JÛ?>_032�7�DGF(8È.17jDG,/ÜiM½03Ý�7²8=DNM5D
DG.17�8:7�.103Û?7j8ÈÙ·.½>_Ý M14=7�à=.5D?2uM1032�7?ç

6=>_.gý
>_ØX<ÇM1.1D?FEÚ½Ý�0LÚ1ÚO03>?F$;_ág7²Ý�7jD_ÚOC=.17-7jFE8dÜiM½>?Üi7jFE8B8:7j,3D�@´D?FE8ÈàED_25â?7�Mg,3>_Ú1Ú�çdï�7²8:7��EF=7²M½4E.½7j7-.17jîUC=03.½7�Ü
Ý�7�FUM1Ú��?>_F=7ZÙ·>_.KM½4E7-7�F(8dÜ�M1>GÜx7�FE8�8:7j,3D�@�DGF(8�M½4=7�>GM½4E7�.
MXáJ>�Ù·>?.gàED?25â_7�MK,3>_Ú1Ú�ç�ZKFE8dÜiM½>?Üi7jFE8�àED_25â?7�Mn8=7�,LD�@§Ù·>_.
ý
>?ØX<ô2�>?F(ÚO0LÚXM5Ú!>?Ùn2�>:8:03F=H�D?FE8�àED?25â_7�M10/ì9DNM½03>?FÁ8=7�,LD�@¿D_Ú!áJ7�,3, D_Ú!F=7�MXág>_.½â¿8:7�,LD�@?ç"�g>:8:0/FEHBDGFE8ÁàED?25â_7�M½03ìjDGÜ
M½03>?FÌ8:7�,LD�@:Ú-2�D?F�Þ(7fC=à�M1>�ÿPp?Ý´Ú�ç©õUM½7j0/F=Ý�7�M½ì�DGFE8�Ë�DG4=.5ÚXM17j8dM�ä�å/ENæ�ÚXM5DNM½7§M½4EDGM�>_F=7�ÜxáJD�@�,/03à:ÜiM½>?Üi79DG.-8:7j,3D�@
Ú½4=>?C=,L8ÇFE>GMf7�ñ=2�7�798öå/pPp�D=êep�pGÝ´Ú¯ÞED?Ú½7j8Ç>?FÇM17jÚOM½03F=H÷áZ0/M½4ã4dC=Ý´DGFÇ7�ñ:à(7j.OM5Ú�ç�ØrF�2�>?FdÛ?7jFUM½03>?FED?,
M½7j,/7jà=4=>?Fd@
F=7�MXág>_.½â:Új;(CEÚ½7�.5Ú²DG.17§7�Û_7�F�D?2�2�CEÚOM½>?Ý�798�M½>¿Ý§CE254Ì,/>NáJ7�.¯8:7j,3D�@:Újço6E>?.²M½4=79ÚO7�.17jD?Ú½>?F(Ú!áJ7�8:7��EF=7��ep?Ý´Ú�D_Ú
DGFÌC=à=ào7�.¯,30/Ý�0/M²Ù·>_.�7jFE8dÜiM½>?Üi7jFE8ÁF=7�MXág>_.½â�8:7j,3D�@_ç��*4E7f03Ý�àED?2�M²>?Ùn,/>UÚ½Ú-M½>¿ý
>?ØX< 8:7jà(7jFE8=Ú²>?F÷M½4=7�ÚOào7�79254
2�>:8:7j.jç�ï�7ZD?Ú1ÚOC=Ý�7nM½4=7*Ø[�Z+ZÜa�¾Ì�çÍBdå_åg2�>:8:7j.Zä êPpNæx;9áZ4E03254f03Ú áZ0L8:7�,3@§8:7jà=,/>N@_7j8�03F�2�>?FdÛ_7�FUM½03>?FED?,GM17�,37�à=4=>_F=7jÚ
03FÂZKC=.1>?ào7?ç2�¾>�î_C(DGFUM½0/Ù·@¿M½4=7f0/Ý�àED_2uM�>?ÙKàED?25â_7�M!,3>_Ú1ÚZM1>BàED_25â?7�M10/ìj7j8�Ú½à(7j7j254Á2�>d8=7j8�áZ0/M½4�M14=0LÚ�2�>d8=7�.9;EáJ7
H?.1>?CEàÌÚ½CE2�2�7jÚ1ÚO03Û?7�,/>UÚ½Ú½7jÚ¯>?Ùgý
>_ØX<óà(D?25â?7�M1Ú²03F_M1><L9q�Wah�jkOgXuç'�*4=7´FE>GM½03>?F�>GÙJ>?C:M5DGH_7jÚ¯2�>_Ý�79Ú²Ù·.½>_Ý <
DNñ=Ú½>?F
áZ4=>f0/FdÛ?79ÚXM10/HUDNM17j8�>?FB7�FE8dÜiM½>?Üi7jFE8�ØrFUM½7j.½F=7�MgàED_25â?7�MJ8:@dFED?Ý�0L2�Ú�ä ê=å�æxçdõ:CE254È>?C=M1DGH_7jÚgDG.17!CEÚ½CEDG,3,/@�ào7�.52�7j0/Û_7j8
D?ÚnD�2�.5D?25âd,/03F=H�Ú½>?C=FE8�áZ4E7�F�à=,LD�@?7j8�>_C:MgDNM
M14=7!.17j2�7�03Û?7�./¹ Ú
ÚO0L8:7?ç_ïÌ7!M½4=03F=âfM½4EDGMnFdC=Ý§Þo7�.JDGFE8�8:C=.5DNM10/>_F�>GÙ
>?C=M1DGH_7jÚZÝ´D�@¿254EDG.5D?2�M½7�.103ì�7²M½4=7f0/Ý�àED_2uM->?Ù
,/>UÚ½ÚZ.17jD_ÚO>_FEDGÞE,/@ÈáJ7�,3,$Ù·>_.!M14=03Ú�2�>:8:7j.!0/FÌÚO0/M½CEDGM½03>?FEÚ!>GÙK,3>Náó>_.
Ý�>:8:7�.5DNM17Z,/>UÚ½Újç?õd03FE2�7*M14=7�.17Z03ÚKF=>bÚXM5DGFE8EDG.58§>_F�4E>Ná±M1>bD?Ú1ÚO79Ú½Ú�4dC=Ý´DGF�ào7�.52�7jà:M½03>?F�>GÙ©ý
>?ØX<ÌM1.1D?FEÚOÝ�0LÚ½Ú½03>?F
áZ0/M½4�M½4=0LÚK2�>d8=7�.9;Nág7Z2�>_FE8:CE2�M½798bM1.½0LDG,LÚ�0/F�>_C=.�,3D?Þ$;G03FfáZ4=0L254�ág7*Ý´DGàEà(798fàE.½7�Üi.17j2�>?.58:7j8bÚ½ào7�7j254�>?F�>?C=M1DGH_7
àEDGMOM½7j.½F(Ú*>GÙ�>?C=.!Ú½0/ÝfC=,LDNM½03>?F(Ú�ç=6E.½>_Ý M½4=79ÚO7²M1.½0LDG,LÚ�;:áJ7b8:7��EF=7²M½4=7�.17jîUC=03.17�Ý�7�FUM1Ú*>_F�>_C:M1D?H?79ÚJÙ·>?.Zý
>?ØX<ëD_Ú
Ù·>?,3,3>Ná!Ú��_�*4=7�FdC=ÝfÞ(7j.!>GÙ�>?C=M1DGH_7jÚ*ÝfCEÚXM!FE>GM!7�ñ=2�7�7j8���ào7�.!Ý�03FdC:M½7_ç���C:M5DGH?7�8:CE.1DGM½03>?F¿Ý§CEÚOM!F=>GM!7�ñ=2�7�798
�ep?Ý´Ú�ç_�*4=0LÚZDGàEà=.½>UD?254�03ÚZÚ½0/Ý�03,3D?.*M½>�M14=7�>?F=7¯CEÚ½7j8�Þd@�ù¯03Ý 7�M-D?,�ç$ä ÿNæxç

6=>_.g.17jD?,�ÜiM½03Ý�7²8EDNM1DfáJ7�Ý�7jD_ÚOCE.½7�M½4=7²Ù·.5D?2�M½03>?FB>?Ù¾.17jÚ½à(>_FEÚO7�Ü�M10/Ý�79Ún>?Ù~áJ7�ÞBà(DGH?7¯8:>NáZF:Üx,3>_D?8EÚ
M½4(DNM!DG.17
Þo7�,3>NáÎ�EÛ?7�Ú½7j2�>_FE8=Újç©ïÌ7´8:7��EF=7fM½4=0LÚ²Ù·.1D_2uM10/>_FÌD?Ú�M14=75Ï�Ð�O�X�OMJ`LeU2N�X¯diO^XYR�L9U�X�O�W½TVÑHO�Ò�q�h9U�WYTVÓSO�ç{ï�7´8:7^�EFE7
M½4E7�diO^X½R_LeU_X�O�QaWYTVÑ�O²D?ÚnM½4=7�M½03Ý�7!M½4(DNM*4ED?Úg7�,LDGàEÚ½7j8�Þo7�MXáJ7�7jF�Ú½7�FE8=0/F=Hf>?C:MgM½4=7c�E.5ÚXM¸�c�J<4Ô�Õ=Ö�àED?25â_7�MgD?FE8
.17j2�7j0/Ûd03F=H�M½4=7�,LD?ÚOMc�c�J<ëàED_25â?7�M!2�>?FUM1D?0/F=03F=H�.17�,37�ÛNDGFUM!8=DNM5D=ç��~>È2�>_FUM½.1>?,'��>UõBÙ·>?.*M14=0LÚZMX@dà(7�>?Ù .17jD?,�ÜiM½03Ý�7
8=DGM1D�M½.5DNíÈ2?;=ÞEDGFEâdÚ!Ý�79D?Ú½C=.17�M14=7bào7�.52�7jF_M5DGH_7²>?Ù�8EDNM1D�M14EDNM�03ÚZ.17j2�7�03Û?798B03F��EÛ?7bÚ½7j2�>?FE8EÚ�çEI*D?F=â:Ú*.½79î_CE0/.17
M½4E03Ú*îUCEDGFUM10/,37!M1>§7�ñ=2�7�7j8BÚO>_Ý�7�,/03Ý�0�MZ03F´M½4E7�Û_7�.1@�4E0/H_4ÈF=03F=7�M10/79Ú�ç � Ù¼M17�.Z8:0LÚ½2�CEÚ1ÚO03>?FÈáZ0/M½4�àEDG.½M½FE7�.5Ú�;_ág7²ÚO7�M
M½4E03ÚZ,303Ý�0/MZM½>�E�Ek×Bç

Ø ÙÚ�¾Ô-×½Ö�Û Ñ=�~ÔÝÜÞ�{ÑeßÍÓKÒ_à>á

ï�7¿03FdÛ?79ÚXM10/HUDNM½7�M½4E7¿àE.½>NÛd0LÚO03>?F=03F=H÷Ù·>?.´8:7j8=032jDNM½798±FE7�MXáJ>?.1âdÚ§Ù·>?.�ý
>_ØX<üD?FE8±áJ7�Þ�M½.5DNíÈ2BM½>ÍÞo7�D?Þ=,37BM1>
D?Ú1Ú½7jÚ1Ú�M½4E7�Þo7�F=7��=M´0/F±M½7j.½Ý´Ú�>GÙ�2jDGàED_2�0/MX@�Ú1D�Ûd0/FEH_ÚbáZ4E7�F±03FUM½7jH?.5DNM½03F=H÷M½4=79ÚO7¿F=7�MXáJ>?.1â:Ú�ç~ïÌ7�8:7�M½7�.1Ý�0/FE7
à=.1>NÛd03Ú½0/>_F=03F=HfÞd@BD_Ú½Ú½7jÚ1Ú½0/F=H���>Uõ´Ù·>?.!79D?254BMX@Uào7�>GÙ M½.5DNíÈ2?ç

�'!$# âã02&$��;
6=>_.´ý
>?ØX<�M1.1DGí´2�áJ7�Ý�7jD?Ú½C=.17¿M½4=7÷2jDGàED_2�0/MX@ÇF=7j7j8:798±M1>ÇD?2j2�>?Ý�Ý�>:8=DNM17¿M½4=7�M1.1DGíÈ2�H_7�F=7j.1DGM½798±Þd@È�Pp
à=4=>_F=7jÚjç
ï�7�Ý�79D?Ú½C=.17�7jFE8dÜiM½>GÜx7�F(8�8:7j,3D�@_;KDGFE8�FdC=Ý§Þo7�.ÈD?FE8ë8:C=.5DNM10/>_F±>GÙ¯>?C=M1DGH_7jÚ�DNM´03FE2�.17jD_ÚO03F=H�,/03F=â
2�D?àED?2�0�MX@_ç

6 0/H_C=.17*ÿ´û·M½>_à(þK8:7jà=0L2uM1ÚKÝ�DGñ:0/ÝfC=Ýü7jFE8dÜiM½>?Üi7jFE8�8:7�,LD�@b>GÙ{ý
>_ØX<ÍàED?25â_7�M1ÚjçNï�7>�EFE8�M14EDNM
M14=7!Ý´DNñ:03Ý§C=Ý
8:7j,3D�@Ä8:792�.17jD?Ú½7jÚ§Ù·.1>?Ý å��=�NÝ´ÚfDGM¿å_ç ê?è�ÞÄM1>�å_å�Ý´ÚfDGM¿å_ç E_è�Þ$ç��*4=7K��>UõÍ.17jîUC=03.17�Ý�7�FUM§Ù·>_.�7�FE8dÜiM½>?Üi7jFE8
àED_25â?7�M�8:7�,LD�@?;¾M½>÷Þo7B,37jÚ1Ú§M½4ED?F4�ep?Ý�Új;¾0LÚb.17jD_254=7j8ÄDGM�å_ç �_è�Þ$ç~6E>?.�2�DGà(D?2�0/M½037jÚ§,3D?.½H_7�.�M14EDGFôå?ç �?è�Þ$;~M½4E7
7�F(8dÜ�M1>GÜx7�FE8±8:7�,LD�@Í7jîUCEDG,LÚ§M½4=7¿à=4d@:ÚO0L2�D?,nà=.1>?àED?H_DGM½03>?FÇ8:7j,3D�@_ç,�*4=0LÚfÝ�79DGFEÚ§M½4(DNM´î_CE7�C=79Úf03FÄM14=7¿Ú½@:ÚXM17�Ý
DG.17²7�Ý�à:MX@BDGMZM½4=0LÚZ2�D?àED?2�0�MX@_çd6 03H?C=.17�ÿ�û·Þo>GMOM1>?ÝÈþ*8:7jÝ�>_FEÚOM½.5DNM½79ÚgM½4=7¯FdC=Ý§Þo7�.Z>?Ù~>_C:M1D?H?7jÚgÙ·>_.Zý
>?ØX<ã>?F¿D
8:798:032jDNM17j8ÈFE7�MXáJ>?.1â�8:792�.17jD_ÚO79Ú
Ù·.1>?Ý êP�§DNM¯å?ç�êGè�Þ´M1>§ìj7�.1>fDNM²å?ç �?è�Þ¾çd6E>?.J,3D?.½H_7�.n2jDGàED_2�0/M½037jÚnM½4=7²FdC=Ý§Þo7�.
>GÙ >?C:M5DGH_7jÚg.½7jÝ�D?0/F(Úgìj7�.1>Eç��*4=7���>UõÈ.½79îUC=0/.17�Ý�7jF_MJÙ·>?.*M14=7¯FdC=Ý§Þo7�.Z>?Ù~>?C=M1DGH_7jÚj;?M1>�Þ(7¯,37jÚ1ÚJM½4ED?F��EÛ_7�ào7�.
Ý�0/FdC:M17?;(03Ú-Ý�7�M�DNMbå_ç �?è�Þ$ç � Mfå?ç �?è�Þ�>?C=M1DGH_7jÚZ8:0LÚ1DGà=ào7jD?.-D?Ú!îUC=7jC=7jÚ!Þ(792�>?Ý�7b7jÝ�à:MX@?ço6~03H?CE.½7ã�È8:7jà=0L2uM1Ú
M½4E7²Ý´DGñd03Ý§CEÝ >?C:M5DGH_7²8:CE.1DGM½03>?FEÚjç=èÁDNñ:03Ý§C=Ý >_C:M1D?H?7¯8:C=.5DNM10/>_F¿Ú½4EDG.1à=,3@È8:.1>?àEÚ*DNM�å_ç �Uè�Þ¿D?FE8ÈÞo7j2�>?Ý�7jÚ
ì�7j.½>ÈDGMbå?ç �?è�Þ¾ç��*4=7���>dõB.17jîUC=03.17�Ý�7�FUMZÙ·>?.-M½4=7§Ý�DGñ:0/ÝfC=Ý >_C:M1D?H?7b8:C=.5DNM10/>_F$;:M1>ÈÞ(7§,/79Ú½Ú*M14EDGFÂ�PpGÝ´Új;=03Ú
.17jD?254E7j8ÁDGM�å_ç �?è�Þ$ç{øZ7�Ûd037�áZ03F=H�D?,/,���>dõ�.17jîUC=03.½7jÝ�7jFUM1Ú²DNM�DÈM10/Ý�7?;{áJ7Ä�(FE8ÁM14EDNM¯M14=7f7jFE8dÜiM½>?Üi7jFE8÷8:7j,3D�@
.17jîUC=03.½7jÝ�7jFUM²0LÚ²Ý�7�MbDNM´å?ç �?è�Þ¾;oáZ4E7�.17jD?Ú-M½4E7�.17jîUC=03.17�Ý�7�FUM1Ú�>?F÷M½4=7�FdC=ÝfÞ(7j.bDGFE8Ì8:C=.5DNM½03>?FÌ>GÙn>_C:M1D?H?79Ú
DG.17¯Þ(>?M½4�Ý�7�M-DGM¯å_ç �?è�Þ$ç

ï�7bÚOC=Ý�Ý´DG.103ì�7²>?C=.¸�EF(8:0/FEH_ÚZ>_F�à=.1>NÛd03Ú½03>?F=03F=Hf8=7j8:0L2�DGM½7j8¿F=7�MXág>_.½â�Ù·>_.Zý
>?ØX<c�



0

20

40

60

80

100

120

140

1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9

D
el

ay
 [m

s]
ä

Link Capacity [Mb]

Delay vs. Link Capacity

Maximum
QoS requirement

0

5

10

15

20

25

30

1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9

N
um

be
r

å

Link Capacity [Mb]

Number of Outages per minute vs. Link Capacity

Maximum
QoS Requirement

���S� ®�æ=®EÃ{aj|Ok�W1V�ç*W5v�a5q�a�[dc¯èJT_VOaj\jW!t_`XWu°NTUW1[U|1q�y3Qj`nÂ~QjwxÃ÷Q9[�a�ç*Wuc_]^|ua�VXWuc�egW1Vih Qj`Xk

0

100

200

300

400

500

600

700

800

900

1.3 1.4 1.5 1.6 1.7 1.8 1.9

O
ut

ag
e 

[m
s]

Link Capacity [Mb]

VoIP Outage Duration vs. Link Capacity

Maximum
QoS requirement

���
� ®^éo®�èJT_VOa�\9W>ç*T?`Oa�VX]^Q9[§yLQ�`JÂ¾Q9wiÃ÷Qj[´a5ç*Wuc?]^|ua�VXWuc§eJW1V�h�Q�`Xk

\ ��C:M5DGH_7jÚ*DGFE8�îUC=7jC=0/FEH�8=7�,LD�@´M½>?M1DG,3,3@B8:0LÚ½D?à=à(79DG.!DGM¯å_ç �_è�Þ$ç
\ �*4=7bÚOM½.103F=H?7jF_MZ7jFE8dÜiM½>GÜx7�F(8¿8=7�,LD�@È.½79îUC=0/.17�Ý�7jF_MZ>?Ù��PpGÝ´Ú*03ÚZM½4=7b8:>_Ý�0/FED?FUMZÙ¹D?2uM1>?.*M14EDNM!,30/Ý�0/M1Ú-à=.½>NÛd0/Ü
Ú½0/>_F=03F=H�Ù·>?.Zý
>?ØX<ã03F�D�8=7j8:0L2�DGM½7j8¿F=7�MXág>_.½â�M1>�å?ç �?è�Þ$ç



�'!� Ç�;=-_+Vê`�Ä&$(<;�ëG-�.�-

ØrFãM½4=0LÚÈÚ½7j2�M½03>?F$;KáJ7�Ý�7jD?Ú½C=.17¿M½4=7Á2jDGàED_2�0/MX@Ç.½79îUC=0/.17�Ý�7jF_M�Ù·>_.´.½79DG,/Ü�M10/Ý�7�8=DNM5D�M½.5DNíÈ2¿>?FðDÍ8:7j8=032jDNM½798
F=7�MXág>_.½â©çdïÌ7�Ý�>:8:7j,$.½79DG,/Ü�M10/Ý�7�8=DGM1D�D?Ú*áJ7�Þ�M½.5DNíÈ2²áZ0�M14�D�.½79ÚOào>?FEÚ½7�ÜiM½03Ý�7�.17jîUC=03.17�Ý�7�FUMjç

90

92

94

96

98

100

1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

R
es

po
ns

e 
T

im
e 

Q
ua

nt
ile

 [%
]

å

Link Capacity [Mb]

Response Time Quantile vs. Link Capacity

Five Seconds Response Time Quantile
QoS Requirement

���S� ®�ì=®Et©]�³9W-s?W5|5Qj[dc?l��gW5lrS:Qj[UlrW!z�]^R�W-ÀJTda�[NVX]�v^WJy3Qj`nË�W5p�z(`Oa�º¯|ZQ9[´a5çJWuc_]^|ua�VXWucfegW1Vih Qj`Xk

ï�7JÚOM1D?.OM áZ0�M14�D?,/,:8=DGM1DZM1.1DGíÈ2n03F§>_C=.~7�ñ:à(7j.½03Ý�7�FUM Þo7�03F=H².½79DG,/Ü�M10/Ý�7_;j0iç 7_çGDG,3,=�Pp!áJ7�Þ�2�,30/7jF_M5Ú .½79î_CE7jÚOM½03F=H
áJ7�Þ§à(DGH?79Ú$áZ0/M½4�D!.17jÚ½à(>_FEÚ½7�ÜiM½03Ý�7g.½79îUC=0/.17�Ý�7jF_M9ç96 03H?C=.17>�!8:7jà=032�M1Ú~M½4E7nÙ·.5D?2�M½03>?F§>?ÙEáJ7�ÞbàED?H?79Ú$M14EDNM
2�D?F§Þo7
8:>NáZF:Üx,3>_D?8=7j8báZ0/M½4E0/FH�EÛ_7!ÚO792�>_FE8=Ú
DNMK03FE2�.½79D?Ú½0/F=H¯2�D?àED?2�0�M10/79Ú�çe�*4E03Ú�Ù·.5D?2�M½03>?F�H?.1>Ná!Ú~Ù·.½>_ÝíE?ÿEç �k× DNM!å_ç ê?è�Þ
M½>HEPEEç ÿ=×�DNM!ê:ç �?è�Þ¾ç=�*4E7²2�C=.½Û_7�0LÚ*2�>_FE2�D�Û_7ZÙ·.½>_Ý DGÞo>NÛ?7_;UáZ4E03254�Ý�79DGFEÚgM14EDNMZD?8=8=0�M10/>_FEDG,{2�D?àED?2�0�MX@´4(D?ÚJD
ÚOM½.1>?F=H_7�.!03Ý�àED?2�M�>?F÷.½79ÚOào>?FEÚ½7�ÜiM½03Ý�7jÚ�DNM�,3>NáJ7�.-2jDGàED_2�0/M½037jÚ-D?FE8ÁD�ÚOÝ´DG,3,37�.-03Ý�àED?2�M²DGM�4=03H?4=7j.�2jDGàED_2�0/M½037jÚjç
�*4=7���>UõÁ.½79î_CE0/.17�Ý�7�FUM²Ù·>?.¯.17jDG,/ÜiM½03Ý�7�8=DNM5D=;oM½4(DNMÄEPE=× >GÙKM14=7�ág7jÞ÷àED?H?7jÚ²2�D?F÷Þo7´8:>NáZF:Üx,/>UD?8:798�0/F�,37jÚ1Ú
M½4(DGFG�EÛ?7�Ú½7j2�>?FE8=Új;:0LÚ*Ý�7�M-DNM�ê=ç �Uè�Þ$ç

�*4=79ÚO7Á.17jÚ½ào>?FEÚ½7�ÜiM½03Ý�7÷îUCEDGFUM½03,37jÚ¿DG.17�Ý�79D?Ú½C=.17j8öDGM�D±îUC=7jC=7ÌÚ½0/ìj7Á>GÙfêPp?ù�I�DNM¿Þ(>?M½4ö7jFE8=Ú�>GÙ�M½4E7
Þo>GMOM1,/7jF=7j25â�,30/FEâoç:õd03FE2�7²îUC=7�C=7²ÚO03ì�7¯êep_ù�IÇ0LÚgD?,/.17jD_8:@f,LDG.1H?7j.
M½4(DGF´M14=7-ÞED?FE8:áZ0L8dM½4¿8:7�,LD�@�à=.½>:8:C(2uMj;UáZ4=0L254
0LÚ¯.½79î_CE0/.17j8÷M½>�Ý´DGâ_7¯�c�J< ào7�.½Ù·>?.1Ý DGM¯0/M1ÚbÝ�DGñ:0/ÝfC=Ý�;{Û�D?.½@d03F=H�îUC=7�C=7´Ú½0/ìj7´4ED?Ú¯FE>GM�Ý§CE254Í03Ý�àED?2�M¯>_F
.17jÚ½à(>_FEÚO7�Ü�M10/Ý�79Ú�ç

0

0.5

1

1.5

2

2.5

0 5 10 15 20 25 30 35 40 45 50

C
ap

ac
ity

 P
ro

vi
si

on
in

g 
[M

b]

î

Number of Web Clients

Capacity Requirement for Real-Time Data

Capacity Requirement

���
� ®�ïE®�ð�TUv�VX]^SUv^W1É?]^[U\�yLQj`��nWuajv���z�]^R�W¸çZa�VOa²z(`Oa�º�|



� ÚKág7Zá*DGFUM�M½>�7�ñdào7�.103Ý�7jFUMKáZ0�M14´Û�D?.½03>?C(Ú Ù·.1D_2uM½03>?F(Ú�>GÙ{8=DNM5D²M½.5DNíÈ2*4ED�Ûd0/FEH¯D¯.17jD?,�ÜiM½03Ý�7*.½79î_CE0/.17�Ý�7�FUM9;
áJ7§03FUÛ_7jÚOM½03H_DGM½7bM14=7�2�DGà(D?2�0/MX@¿.½79î_CE0/.17�Ý�7�FUM²>GÙnDGFÌ0/F(2�.17jD?Ú½03F=HÈFdC=Ý§Þo7�.²>GÙgág7jÞ÷2�,30/7jFUM1Ú².½79îUC=7jÚOM½03F=HÈàED?H?79Ú
áZ0/M½4ÍD�.17jÚ½ào>?FEÚ½7�ÜiM½03Ý�7f.17jîUC=03.½7jÝ�7�FUMjç{6 0/H_C=.17¯�¿ÚO4E>Ná!Ú-M14EDNM¯M14=7´2�DGà(D?2�0/MX@�.17jîUC=03.½7jÝ�7jFUM²H_.½>Ná!Ú�,/79Ú½Ú¯D?FE8
,37jÚ1ÚgáZ0/M½4�03FE2�.17jD_ÚO03F=HfFUCEÝ§Þo7�.*>GÙ�2�,30/7jF_M5Ú�ç:ØxMZH_.½>Ná!ÚnÙ·.½>_Ýñp=ç E?è�ÞBÙ·>?.c�§ág7jÞ¿2�,/037�FUM5ÚnM1>Èê:ç �_è�ÞBÙ·>?.��epfág7jÞ
2�,3037�FUM1Újç

ï�7bÚOC=Ý�Ý´DG.103ì�7²>?C=.¸�EF(8:0/FEH_ÚZ>_F�à=.1>NÛd03Ú½03>?F=03F=Hf8=7j8:0L2�DGM½7j8¿F=7�MXág>_.½â:ÚgÙ·>?.Z.17jD?,�ÜiM½03Ý�7�8=DNM5D_�

\ �*4=7¯2�D?àED?2�0�MX@�.17jîUC=03.½7jÝ�7jFUMKÙ·>?.>�ep§ág7jÞB2�,30/7jFUM1Úg.½79î_CE7jÚOM½03F=H§áJ7�ÞÈà(DGH?79ÚKáZ0/M½4�.½79ÚOào>?FEÚ½7�ÜiM½03Ý�7!.17jîUC=03.½7�Ü
Ý�7�FUM!0LÚ*Ý�7�M�DGM!ê=ç �Uè�Þ$ç

�'!S� ��ò'79;=;ÂëG;=�:&Y�P-�./;k�Úó�;k.`ô�0�7�õ"Ê
ï�7B8:7�M17�.1Ý�0/F=7ÈM½4=7B2jDGàED_2�0/MX@÷.17jîUC=03.½7jÝ�7�FUM¯Ù·>?.fD�Ú½7�Mf>GÙZ8:7j8:0L2�DGM½798ÍF=7�MXáJ>?.1â:Ú�D?Ú¯Ù·>_,/,3>Ná!Ú�ç � 8:7j8=032jDNM½798
F=7�MXág>_.½â§Ù·>?.Ký
>_ØX<Í4ED?ÚgDb2�D?àED?2�0�MX@b.17jîUC=03.17�Ý�7�FUMn>?Ù�å_ç �_è�Þ$çP�~>§D_2�2�>_Ý�Ý�>:8=DGM½7*M14=7!.17jDG,/ÜiM½03Ý�7!8EDNM1D�M½.5DNíÈ2
>?F�D÷8:798:032jDNM17j8ÄF=7�MXág>_.½â©;~ág7�F=7�798ÄÞ(7�MXág7j7�F�ì�7�.1>÷D?FE8±ê:ç �_èÁÞ±8:7�ào7�F(8:0/FEH÷>?FÇM½4=7¿FdC=Ý§Þo7�.�>GÙ-2�,/037�FUM1Ú
.17jîUC=7jÚOM½03F=H�ág7jÞ�à(DGH?79ÚJáZ0�M14¿.17jÚ½ào>?FEÚ½7�ÜiM½03Ý�7�.17jîUC=03.½7jÝ�7�FUMjç��*4=7�.17�Ý´DG03F=03F=H�Þ(79ÚXM½Üi7�ßo>_.OM*M½.5DNíÈ2²>?F¿D�8:7j8dÜ
0L2�DNM17j8�FE7�MXáJ>?.1âBF=7j7j8=Ú�Ý´DG.1H?03FEDG,¾2jDGàED_2�0/MX@�D_Ú!0/M²4ED_Ú!F=>���>Uõ¿.17jîUC=03.½7jÝ�7jFUM1ÚZM1>BÝ�7�7�MjçoïÌ7�D?Ú1ÚOCEÝ�7bM½4EDGM
M½4E03Ú¯2�D?àED?2�0�MX@�Ù·>?.²Þo7jÚOMOÜx7�ß©>?.½M-M½.5DNíÈ2§>?F÷DBÞ(79ÚXM½Üi7�ßo>_.OM²F=7�MXáJ>?.1â�0LÚ²ì�7j.½>(;EáZ4=0L254Á0LÚ�03F�Ù¹D�Û_>?.->?Ù
M½4=7�8:798:0�Ü
2�DGM½798�FE7�MXáJ>?.1âdÚ*2jD?Ú½7?çEõdC=Ý�Ý�03F=HÈC=à¿M½4E7jÚ½7�.½79î_CE0/.17�Ý�7�FUM5Ú�;:áJ7b2�>_FE2�,3CE8:7²M½4(DNM�8:798:0L2�DNM17j8¿F=7�MXág>_.½â:ÚJF=7�798
Þo7�MXáJ7�7�FÍå_ç �_è�Þ¿D?FE8��Eç p?è�Þ¿à=.1>NÛU0LÚ½0/>_F=0/FEHf8:7jà(7jFE8:03F=H´>?F¿M½4E7¯Ù·.1D_2uM½03>?F¿>GÙ .½79DG,/Ü�M10/Ý�7²M½.5DNíÈ2?ç

ö Ï_ÐgÑ��"÷KÒ_Û Ñ��¾ÔøÜù�$Ñeß�ÓnÒ_à>á

0

10

20

30

40

50

60

70

3.6 3.8 4 4.2 4.4

M
ax

. D
el

ay
 [m

s]

ú

Link Capacity [Mb]

Max. Delay vs. Link Capacity

No DiffServ Support
QoS Requirement

���
� ®/û=®�ð�a�É?]^RbajvEW5[Uc?�·VXQj�¹W5[Uc�ç*W1v/a5q§hK]�VX}UQ9T?V�ç*]�µ=lrW1`X³�s?TUS_S:Qj`rV

ØrF�M½4=0LÚnÚ½7j2�M½03>?F$;?ág7Z03FdÛ?7jÚOM½03H_DGM½7!2jDGàED_2�0/MX@b.½79îUC=0/.17�Ý�7jF_M5Ú�Ù·>?.gDGF�0/FUM17�H?.5DNM17j8fF=7�MXáJ>?.1âbáZ0/M½4=>_C:Mg8:0/ß{ÚO7j.½Û
Ú½C=à=ào>?.½Mjç � F=7�MXág>_.½â�áZ0/M½4=>_C:Mn8:0/ß©Ú½7�.1ÛfÚ½C=à=ào>?.½MK2�D?F=F=>GMK8:0/ß©7�.17�FUM½0LDNM17ZÞ(7�MXág7j7�F�Þ(79ÚXM½Üi7�ßo>_.OMnD?FE8§.17jD?,�ÜiM½03Ý�7
8=DGM1D=çe�*4E7�.17�Ù·>?.17?;�áJ7Z4ED�Û?7gM½>¯>NÛ_7�.½Üià=.1>NÛd03Ú½03>?F¯M½4E7ZF=7�MXáJ>?.1âbÚOC(254§M14EDNMKý
>_ØX<ÌÝ�7j7�M1ÚK0�M5Ú���>Uõ§.½79î_CE0/.17�Ý�7�FUM5Ú
DGF(8�D?,/,$áJ7�Þ�M½.5DNíÈ2?;:Þ(79ÚXM½Üi7�ßo>_.OM-D?FE8B.17jD?,�ÜiM½03Ý�7?;:Ý�7�7�MZM½4=7�.17jÚ½ào>?FEÚ½7�ÜiM½03Ý�7�.17jîUC=03.½7jÝ�7�FUMjç

6=>_.§ý
>_ØX< àED?25â_7�M5Ú�ág7BÝ�79D?Ú½C=.17BD�Ý´DNñ:03Ý§C=Ý�7�FE8:Ü�M1>GÜx7�FE8Ç8=7�,LD�@÷>GÙ��P�GÝ´Ú§DGMfÿ=çC�GèÁÞÍM½4EDGMf,30/F=79DG.1,/@
8:792�.17jD?Ú½7jÚ�áZ0/M½4ð03FE2�.½79D?Ú½0/F=HÄ2jDGàED_2�0/MX@ÇM½>º�=�NÝ´ÚÈDGM��Eç �_è�Þ û¹6 03H?C=.17�BGþ�çnØrFð2�>_FUM½.5D?ÚOM´M½>ÍM½4E7÷8:7j8=032jDNM½798
F=7�MXág>_.½â:ÚJ2�D?Ú½7?;UM14=7jÚ½7¯Û�D?,/CE7jÚJ.½7jÝ´DG03F¿2�>?FEÚ½038=7�.5DGÞ=,3@�4=0/H_4$ç_�~>fÝ�7jD_ÚOCE.½7�M½4=7¯03Ý�àED?2�M*>?Ù~,3>_Ú1ÚgÙ·>?.*ý
>?ØX<�;dáJ7
8:7jà=032�M-FdC=Ý§Þo7�.�DGFE8�8:CE.1DGM½03>?F¿>GÙ
>?C:M5DGH_7jÚZDNM�0/FE2�.½79D?Ú½0/FEH�2jDGàED_2�0/MX@?ç=6 03H?C=.17Ä��û¼M1>?à(þZÚ½4=>Ná!Ú*M14EDNM!>_C:M1D?H?79Ú
ÚOM1DG.½MBDNM��=ç �Ìào7�.ÈÝ�03FdC:M½7�Ù·>_.Bÿ=çC�GèÁÞãD?FE8ëÚO,3>NáZ,/@ã8:7j2�.½79D?Ú½7BM1>±ê:ç �Íà(7j.ÈÝ�0/FdC:M17÷DNM��(ç �?è�Þ$ç��*4=7ü��>Uõ
.17jîUC=03.½7jÝ�7jFUM§>GÙ-D÷Ý�DGñ:0/ÝfC=Ý >GÙ>�EÛ_7È>?C:M5DGH_7jÚbào7�.�Ý�0/FdC:M17B0LÚ§Ý�7�M�DGM�ÿ=ç �?èÁÞ$çA��C:M5DGH_7B8:C=.5DNM10/>_FEÚBû�ÚO7j7



0

1

2

3

4

5

6

7

3.6 3.8 4 4.2 4.4

N
um

be
r

å

Link Capacity [Mb]

Number of Outages per minute vs. Link Capacity

No DiffServ Support
QoS requirement

0

10

20

30

40

50

60

3.6 3.8 4 4.2 4.4

M
ax

im
um

 O
ut

ag
e 

D
ur

at
io

n 
[m

s]

ý

Link Capacity [Mb]

Maximum Outage Duration vs. Link Capacity

No DiffServ Support
QoS Requirement

���
� ®�þE®EeJT_R²p:W1` Qjy:èJT?VOaj\9W1lga�[dc¯èJT_VOaj\jW>ç*T_`Oa�VX]^Q9[�hK]�VX}UQjT_V�ç*]�µ(sGW1`X³fs?TUS_S:Qj`rV

98

98.5

99

99.5

100

3.6 3.8 4 4.2 4.4

R
es

po
ns

e 
T

im
e 

Q
ua

nt
ile

 [s
]

å

Link Capacity [Mb]

Five Seconds Response Time Quantile vs. Link Capacity

No DiffServ Support
QoS requirement

���S� ®�ÿE®(t©]^³�W!sGW5|5Qj[dc_l��nW5lrS:Q9[_lrW!z�]^R�W!ÀJTda�[GVX]^v^W*hK]�VX}UQjT_V�ç*]�µ(s?W1`X³§sGTUS_S:Qj`rV

6 0/H_C=.17��=; Þ(>?MOM1>?ÝÈþbÚ½4=>Ná F=>÷2�,/79DG.§M½.17�FE8{çA�*4=7j@�F(CE2uM1CEDNM17BÞo7�MXáJ7�7�F�ÿPpGÝ´ÚfDGFE8º�kpGÝ´Úb03FÄM14=7¿ÚOM½C(8:0/798
03F_M17�.1ÛNDG,
Þo7�MXáJ7�7�FÇÿEç �?è�ÞÍDGFE8*�EçC�GèÁÞ$ç"�*4=0LÚ�03ÚbÞ(7j,/>NáüM½4=7���>dõÌ.½79î_CE0/.17�Ý�7�FUM�>GÙ��ep?Ý´Ú�ç:�-M14=7�.�M14EDGFÍ03F
M½4E7b8:7j8:0L2�DGM½798�FE7�MXáJ>?.1âdÚ*2jD?Ú½7?;dM½4E7�.17²0LÚZF=>´2jDGàED_2�0/MX@ÈDNM!áZ4=0L254�ý
>?ØX<ë8:7�,LD�@BÚ½4EDG.1à=,3@È8:.1>?àEÚZD?FE8B>_C:M1D?H?79Ú



8:0LÚ½D?à=ào7jDG.9ç$ï�7Èà=.17jÚ½C=Ý�7�M½4EDGMbM½4E03Ú§7�ß©7j2uM�2�>?Ý�79Ú¯Ù·.½>_ÝòM14=7BÞ=CE.1ÚOMX@÷FEDGM½C=.17´>GÙZ2�>_Ý�à(7�M½03F=HÁáJ7�ÞÍM½.5DNíÈ2?;
áZ4=0L254�2�DGFEF=>GMZÞo7bDG,3,/7jÛU0LDNM17j8�0/F�M½4E7bÚXM1CE8:037j8¿.1D?F=H?7¯>?Ù 2�D?àED?2�0�M10/79Ú�ç

6=>_.!8=DNM5D�M½.5DNíÈ2G;:áJ7�Ý�>?F=0/M½>_.*M½4=7§.½79ÚOào>?FEÚ½7�ÜiM½03Ý�7¯>GÙ
DG,3,$ág7jÞ�àEDGH_7jÚj;=D?ÚZD�F=7�MXág>_.½âÈáZ0/M½4E>?C:M-8:0/ß{ÚO7j.½Û
Ú½C=à=ào>?.½M-2�DGFEF=>GM-8:0/ß©7�.17�FUM½0LDNM17�Þ(7�MXág7j7�F�.½79DG,/Ü�M10/Ý�7�DGF(8�Þo7jÚOMOÜx7�ß©>?.½M-8=DGM1D=ç(6~03H?CE.½7ãE´8:7jà=032�M1Ú*M14=7�Ù·.5D?2�M½03>?F
>GÙ*DG,3,
8:>NáZF:Üx,/>UD?8=Ú-Þ(7j,/>Ná �EÛ?7�ÚO792�>_FE8=Újç��*4E03Ú�Ù·.5D?2uM10/>_F÷03FE2�.17jD_ÚO79Ú!Ù·.1>?Ý E�E=ç�ê�× Ù·>_.¯ÿEç �_è�ÞÁM1>GE�E=ç �k× Ù·>_.
�EçC�GèÁÞ$ç2�*4E7H��>Uõ�.½79î_CE0/.17�Ý�7�FUM9;=M½4(DNMãEPEk× >GÙ
M14=7�ág7jÞÁàEDGH_7jÚ�2�DGF÷Þ(7�8:>NáZF:Üx,/>UD?8:798¿0/FÂ�EÛ?7�ÚO792�>?F(8=Ú�;(03Ú
Ù·C=,
�E,3,/798�Ù·>?.²DG,3, ÚOM½C(8:0/798÷2jDGàED_2�0/M½037jÚjçEï�7§à=.17jÚ½C=Ý�7bM14EDNM�M½4=7�.½79D?Ú½>?F¿Ù·>?.�M½4E03Ú�7�ñ=2�7j,/,37�FUM²à(7j.OÙ·>_.½Ý´DGF(2�7�Ù·>_.
.17jDG,/ÜiM½03Ý�7�8=DGM1D�0LÚJM½4=7�C=FE,/03Ý�0�M17j8�CEÚ½7¯>GÙ M½4=7¯M1>GM1D?,$2�D?àED?2�0�MX@BDGM*M½4=7�Þo>GM½M½,37�F=7925âB,30/F=â©ç

�~>f8:7�M½7�.1Ý�0/FE7-M14=7�2�DGà(D?2�0/MX@�.½79îUC=0/.17�Ý�7jF_MgÙ·>?.*D§FE7�MXáJ>?.1â�áZ0/M½4E>?C:MZ8:0/ß©Ú½7�.1ÛÈÚOCEà=à(>_.OM9;dág7².½7jÛd0/7jáÞ��>Uõ
.17jîUC=03.½7jÝ�7jFUM1Ú²Ù·>?.§ý
>?ØX< DGFE8Í8=DGM1D¿M1.1DGí´2?ç$ý
>?ØX< � Ú�8=7�,LD�@Á03ÚbM½4=7È8=>?Ý�0/F(DGFUMb.½79îUC=0/.17�Ý�7jF_M¯M14EDNMfÚ½7�M5Ú¯M½4E7
2�D?àED?2�0�MX@´.17jîUC=03.17�Ý�7�FUM*M½>��(ç ê?è�Þ$ç

ï�7bÚOC=Ý�Ý´DG.103ì�7²>?C=.Z.17jÚ½C=,/M1ÚJÙ·>?.ZàE.½>NÛd0LÚO03>?F=03F=H�DGF¿0/FUM17�H?.5DNM17j8�F=7�MXáJ>?.1â´áZ0/M½4=>_C:M-8:0/ß©Ú½7�.1ÛBÚ½C=à=ào>?.½M��

\ � Fã03FUM½7jH?.5DNM½798ÇF=7�MXág>_.½â±áZ0�M14=>?C:MÈ8:0/ß{ÚO7j.½ÛãÚOC=àEà(>_.OMÈ2�D?F=F=>?M´8=0�ß©7�.17�FUM½0LDNM17�ÚO7j.½Ûd0L2�7jÚjç��*4=7�.17�Ù·>_.½7¿áJ7
4ED�Û_7ZM½>f>NÛ?7j.OÜxà=.1>NÛU0LÚ½0/>_FfÚ½CE254�M½4EDGM*D?,/,o8=DNM5D�M1.1DGí´2!Ý�7j7�M5ÚKM14=7ã��>dõ�.½79îUC=0/.17�Ý�7jF_MnÙ·>?.n.17jD?,�ÜiM½03Ý�7�8=DGM1DEç

\ �*4=7�ÚXM1.½03F=H?7jFUM�.17jîUC=03.17�Ý�7�FUMK>?F�ý
>_ØX<�¹ ÚK8:7�,LD�@b0LÚ
M14=7!8:>?Ý�03FEDGFUM
Ù¹D_2uM½>_.nÚ½7�MOM10/FEH¯M½4=7-2jDGàED_2�0/MX@b.17jîUC=03.½7�Ü
Ý�7�FUMZÙ·>_.!DGF¿0/FUM½7jH?.5DNM17j8�F=7�MXáJ>?.1â´áZ0�M14=>?C=M-8:0�ß{Ú½7�.1ÛBÚOCEà=à(>_.OMZM1>H�Eç�êGè�Þ$ç

� Ùö×��H�¸�$Ò�� �ZÕ��c��ÓnÒ:Ñ

0

20

40

60

80

100

120

140

2.2 2.4 2.6 2.8 3

M
ax

. D
el

ay
 [m

s]

ú

Link Capacity [Mb]

Max. Delay vs. Link Capacity

With DiffServ Support
QoS Requirement

���S� ®9���(®�ð�a�É?]^RbajvEW5[dcG�·VXQj�¹W5[dcÄç*W5v�a5q§hK]^VX}¯ç*]�µ(s?W1`X³fs?T_SUS:Q�`rV

ØrF�M½4E03ÚJÚO792uM10/>_F´ág7!03FdÛ?79ÚXM10/HUDNM½7ZàE.½>NÛd0LÚO03>?F=03F=H�DGF´03FUM½7jH?.5DNM½798�F=7�MXáJ>?.1âbÙ·>_.nÛ_>?0L2�7?;?.½79DG,/Ü�M10/Ý�7?;UDGFE8�Þo7jÚOMOÜ
7�ß©>?.½Mf8=DGM1D�áZ0/M½4ã8:0/ß©Ú½7�.1Û�Ú½C=à=ào>?.½Mjç,�¾>�8:0/ßo7j.½7jF_M103DGM½7´M14=.17�7B,37�Û_7�,LÚ�>GÙ-Ú½7�.1Ûd032�7?;~ág7ÈÝ´D?.½âÌM½4=7BM½.5DNíÈ2ÈD_Ú
Ù·>?,3,3>Ná!Ú��

å?ç*ý
>_032�7¯M½.5DNíÈ2¯D?Ú*7�ñ:ào7j8:0/M½798�Ù·>?.1áJD?.18:03F=H¿û$Zn6
þ�ç
ê:çZøZ79DG,/Ü�M10/Ý�7b8=DGM1DfM½.5DNíÈ2¯D?ÚZD_Ú½Ú½C=.17j8ÈÙ·>?.1áJD?.18:03F=H�û � 6�þ�ç
ÿ=ç>�*4=7�.17�Ý´D?0/F=03F=HfM½.5DNíÈ2�D?ÚJÞo7jÚOM-7�ß©>?.½Mbû¹I¸Zgþ�ç

� Ù¼M17�.bÚ½>?Ý�7��E.1ÚOM¯M½.103D?,3Új;©0/F�áZ4=0L254ÌáJ7�4ED�Û?7�>?Þ(ÚO7j.½Û_7j8�,LDG.1H?7j.²2jDGàED_2�0/MX@�.½79î_CE0/.17�Ý�7�FUM5Ú!Ù·>_.bD�8:0/ß{ÚO7j.½Û
F=7�MXág>_.½â�M½4ED?FÁÙ·>_.�D�F=7�MXáJ>?.1â�áZ0/M½4E>?C:M¯8:0�ß{Ú½7�.1Û�Ú½C=à=ào>?.½Mj;©áJ7§.17jD?,/03ì�798�DÈào7�.½Ù·>?.1Ý�D?FE2�7fà=.1>?Þ=,37�Ý 2�D?CEÚ½7j8
Þd@ÍM½4=7�8:7��(2�0/MÈ.1>?C=FE8:Üi.1>?Þ=03FôûY@�ø!ø�þ�Ú½254=798:C=,37�.�0/Fëè�C=.1à=4d@�¹ Ú�8:0/ß{ÚO7j.½ÛÇà(D?25âNDGH_7?çA�*4=7�@�ø!ø�Ú1254=7j8:CE,/7j.
03Ý�àE,/7jÝ�7jFUM1Ú§D�îUC=7jC=7�Ù·>?.b79D?254Í,37�Û?7j,
>GÙZÚO7j.½Ûd0L2�7ÈD?FE8ÍD?Ú1ÚO03H?FEÚ¯DG�=ñ:798ÌFdC=ÝfÞ(7j.b>GÙ*Þd@UM½7�Ür2�.17j8=0�M5Ú¯M½>�79D?254
îUC=7�CE7Z>?F´D¯à(7j.OÜx.1>?C=FE8fÞED_ÚO0LÚ�ç��*4=7jÚ½7ZÞd@_M17�Ür2�.17j8:0/M1Ú
2jDGF�M½4E7�F´Þo7!CEÚ½7j8fM½>¯Ù·>_.½á*DG.58bàED_25â?7�M1Ú�>GÙ{ÞED_25âUÜi,3>?H_H?7j8



0

1

2

3

4

5

6

7

8

9

2.2 2.4 2.6 2.8 3

N
um

be
r

å

Link Capacity [Mb]

Number of Outages per minute vs. Link Capacity

With DiffServ Support
QoS requirement

0

10

20

30

40

50

60

2.2 2.4 2.6 2.8 3

M
ax

. O
ut

ag
e 

D
ur

at
io

n 
[m

s]

Link Capacity [Mb]

Max. Outage Duration vs. Link Capacity

With DiffServ Support
QoS requirement

���S� ®9�=�U®=eJTUR�p:W1`
Q�y'èJT_VOa�\9W5lnaj[Uc�èJT_VOa�\9W>ç*T?`Oa�VX]^Q9[§hK]�VX}Hç*]�µ(s?W1`X³fsGTUSUS:Q�`rV

90

92

94

96

98

100

2.2 2.4 2.6 2.8 3

R
es

po
ns

e 
T

im
e 

Q
ua

nt
ile

 [s
]

å

Link Capacity [Mb]

Five Seconds Response Time Quantile vs. Link Capacity

Real-Time Data
Best-Effort Data

QoS requirement

���S� ®/�P�E®(t©]^³�W-s?W5|1Q9[dc?l��gW1lrS:Q9[UlrW!z�]^R�W-ÀJTUaj[NVX]^v�W1l�hK]^VX}¯ç*]�µ(s?W1`X³fs?T_SUS:Q�`rV

îUC=7�CE7jÚjçUØxÙ DfîUC=7jC=7�0LÚJF=>GM*ÞED_25â_Üx,3>?H?H_7j8{;GM½4=7²Þd@_M17�Ür2�.17j8:0/M1Ú*2jDGFÈÞo7¯C=F=,30/Ý�0/M½7j8=,/@ÈD_2�2�CEÝ§C=,LDNM17j8´M1>fÞo7²CEÚO798
áZ4=7jFÇàED?25â_7�M5Ú§DG.1.10/Û_7�>_FÄM½4E03Ú�îUC=7�C=7_;~áZ4E03254ÄM14=7�F�2�DGC(ÚO79Úb4=03H?4ÇîUC=7jC=0/FEHÌ8:7j,3D�@:Ú�Ù·>_.§àED_25â?7�M1Úb03FÇ>?M½4=7j.
îUC=7�CE7jÚjçnï�7÷4ED�Û_7�Ù·>?C=FE8ë03Fö>_C=.BÚ½0/ÝfC=,3DGM½03>?FEÚÈM½4EDGMBÞ=C=.5ÚOMX@�.17jD?,�ÜiM½03Ý�7�M½.5DNíÈ2�4ED_Ú´,/798ëM½4E7 � 6 îUC=7�CE7



M½>�D_2�2�CEÝ§C=,LDNM17f7jF=>?C=H_4÷Þd@UM½7�Üx2�.½798:0�M5Ú�M½>�2�D?CEÚO7�,LDG.1H?7�8:7�,LD�@ÁDGFE8÷>?C:M5DGH_7jÚ�Ù·>?.¯ý
>?ØX<óM1.1DGí´2f03F*Zg6gç"�*4E7
ào7�.½Ù·>?.1Ý�D?FE2�7´àE.½>_Þ=,/7jÝ 0LÚbFE>Ná D?,3Ú½>�.17�ào>?.½M½7j8Í>_FÍM½4=7�ág7jÞÄàEDGH_7È>GÙ*M14=7�8:0/ß{ÚO7j.½Û�àED?25âND?H?7_ä ��æxç{ï�7ÈM½4dCEÚ
.17�Ûd03Ú½7j8fM14=7�Ú1254=7j8=C=,/7j.nDGF(8�Ý�>:8:0
�E798´0�Mg0/FUM½>fD�ág7j0/H_4UM½7j8�.1>?CEFE8dÜx.½>_Þ=0/F�û·ïöø-ø-þKÞ(D?Ú½7j8�>?F´àED_25â?7�Mg2�>_C=FUM1Újç
�*4=0LÚ
ïöø!øðÚ1254=7j8=C=,/7j.
4ED?Ú
M½4=7-D_8:ÛNDGFUM1D?H?7gM½4EDGMnáJ7*2jDGF�H?03Û?7*M10/H_4UMn8:7�,LD�@bÞo>?C=FE8EÚ�Ù·>?.K7jÛ?7j.½@§îUC=7jC=7?ç?ïð0�M14
M½4E03Ú²Ý�>:8:0I�o2�DNM10/>_F$;©ág7fág7j.½7�DGÞ=,37fM½>BÝ�79D?Ú½C=.½7�ÚO03H?FE0I�(2jDGFUM½,3@�,/>NáJ7�.²2�D?àED?2�0�MX@�.17jîUC=03.½7jÝ�7jFUM1Ú-M½4ED?F÷03FÁM½4E7
03F_M17�H_.1DGM½03>?FBáZ0/M½4E>?C:M-8:0/ß{ÚO7j.½Û¿2�D?Ú½7?ç

IJ7�Ù·>_.½7*ÛNDG.1@d0/F=H¯M14=7ZÙ·.5D?2�M½03>?F´>GÙ$8=DGM1D²M1.1DGí´2JM14EDNMg03Ún.½79DG,/Ü�M10/Ý�7?;?ág7!4(D�Û?7JM½4=>_.½>_C=H?4E,/@�ÚXM1CE8:037j8´DbÚ½7�M1C=à
03FÌáZ4=0L254Çêep=× >GÙnM14=7´áJ7�ÞÍ2�,30/7jF_M5Ú¯4ED�Û?7�.17jîUC=7jÚOM½798Á.17jD?,�ÜiM½03Ý�7�8EDNM1D¿DGF(8���pk×�>?ÙnM½4E7�áJ7�ÞÍ2�,3037�FUM1Ú¯4ED�Û_7
.17jîUC=7jÚOM½798bÞo7jÚOMOÜx7�ß©>?.½M�8EDNM1DEç�ïÌ7*4ED�Û_7KÙ·>?CEFE8bM14EDNM�M14=7J2jDGàED_2�0/MX@�.½79îUC=0/.17�Ý�7jF_M 03Ú Ý�03F=0/Ý�03ì�798fáZ4E7�FfÚ½7�.1Ûd032�7
.5DNM½79ÚZÙ·>_.!M½4E7�îUC=7jC=7jÚ-0/F�M14=7�ïöø!ø Ú1254=7j8:CE,/7j.�DG.17§2�>?F��EH_C=.17j8�Ú½CE254�M½4(DNMã��>dõ�Ù·>?.�Û?>?0L2�7fDGFE8�.17jD?,�ÜiM½03Ý�7
8=DGM1D�03Ú´Ú½03Ý§C=,/M1D?F=7�>_CEÚO,3@ÇDNM�M14=7�à(7j.OÙ·>_.½Ý´D?FE2�7¿,/03Ý�0�M9çKï�7ÁÚO4=>Náñ�EH?C=.17jÚ�M14EDNMÈ8:7jà=0L2uMG��>UõÇÝ�7�M½.10L2�Ú�Û:Ú�ç
2�D?àED?2�0�MX@ÁÙ·>?.bÚ½CE254�D�2�>?F��EH_C=.5DNM½03>?F¾ç©6E>?.�ý
>_ØX<�;$6~03H?CE.½7�å�p�Ú½4=>Ná!Ú²M½4(DNMb7�F(8dÜ�M1>GÜx7�FE8�8:7j,3D�@Á,3>NáJ7�.5Ú!Ù·.1>?Ý
å��kpGÝ´ÚbDGM�ê:ç3åjè�Þ�M1>Ìêep?Ý�Ú§DNMfÿEç/å9è�Þ$ç:�*4E7G��>UõÌ.17jîUC=03.½7jÝ�7jFUMb>GÙc�ep?Ý�Úb03ÚbÙ·C=,I�(,/,37j8ÇDGM�ê:ç �_èÁÞ$ç~6 03H?C=.17
å?åÌû¼M½>_à(þbÚ½4=>Ná!ÚbM½4EDGM§M½4E7BFdC=Ý§Þo7�.f>GÙ!>_C:M1D?H?7jÚbÙ·>?.fý
>?ØX< 8:.1>?à(Ú�Ù·.1>?Ý�7�03H?4UMfào7�.fÝ�03FdC:M½7¿DNM´ê:ç3åjè�ÞÍM1>
ì�7j.½>´DGM�ê:ç �?è�Þ�DGF(8�.17�Ý´D?0/FEÚ!ì�7�.1>�Ù·>?.-2jDGàED_2�0/M½037jÚ*,LDG.1H?7j.gM14EDGF÷ê=ç �_è�Þ$ç=6 03H?C=.17´å?å´û·Þo>GM½M½>_Ý´þ-ÚO4E>Ná!ÚJM½4EDGM
M½4E7§Ý´DNñ:03Ý�D?,¾>_C:M1D?H?7b8:C=.5DNM10/>_F�Ù·>?.�ý
>?ØX<ö8:.1>?à(Ú*Ù·.½>_Ý å��NÝ´Ú-DGM²ê:ç3åjèÁÞ�M½>Èìj7�.1>BDNM²ê=ç �_è�ÞÁDGF(8�.½7jÝ�D?0/F(Ú
ì�7j.½>BÙ·>?.�2�D?àED?2�0�M10/79Ú-,LDG.1H?7j.!M14EDGFÍê:ç �?è�Þ$ç	�*4=7���>Uõ�.½79î_CE0/.17�Ý�7�FUM²Ù·>?.²>?C:M5DGH_7f8:C=.5DNM10/>_FEÚj;(F=>?M�M1>�7�ñ=2�7�798
�ep?Ý´Ú�;$0LÚbÝ�7�MbÙ·>?.�DG,3,n2�D?àED?2�0�M10/79Ú�0/FÍM14=7B03FUM½7j.½ÛNDG,gÚXM1CE8:037j8{ç ïÌ7�ÚO7j7�M½4EDGM�DG,3,���>dõ÷Ý�7�M½.1032jÚ�Ù·>?.§ý
>?ØX< 03F
DGF¿03F_M17�H_.1DGM½7j8�F=7�MXág>_.½â´áZ0/M½4Á8:0/ß{ÚO7j.½ÛBÚ½C=à=ào>?.½M!7�Û_>?,3Û?7¯ÚO03Ý�0/,LDG.*M1>�M½4=7b2�>?.1.½79ÚOào>?FE8=0/F=H���>UõBÝ�7�M1.½0L2�ÚZ03F�D
8:798:032jDNM17j8�F=7�MXág>_.½â©çe@�7�,LD�@?;?D?FE8fM½4=7!FdC=ÝfÞ(7j.gD?FE8�8:C=.5DNM½03>?F�>?Ù©>_C:M1D?H?79Ú
ÚO4ED?.½àE,/@�8:.½>_à�DGMgÚ½>?Ý�7!ÚOC=í´2�0/7jFUM
2�D?àED?2�0�MX@ÈD?.½>_C=FE8�ê:ç �_è�Þ¾ç_�*4=7b8:7�,LD�@È.17jîUC=03.½7jÝ�7�FUM*8=7�M½7j.½Ý�03F=7jÚZM½4=7�à=.1>NÛd03Ú½03>?F=03F=HbÙ·.1>?Ý M½4=7�ý
>_ØX<ãÚ½0L8:7?ç

6=>_.�.½79DG,/Ü�M10/Ý�7È8=DGM1DE;{M½4=7�Ù·.5D?2�M½03>?FÍ>GÙ*áJ7�ÞÄàED?H?7jÚ²M14EDNM§2jDGFÍÞo7B8:>NáZF:Üx,/>UD?8:798÷03FÍ,/79Ú½Ú�M½4ED?Fü�EÛ?7ÈÚ½7j2�Ü
>?F(8=Ú¯0/F(2�.17jD?Ú½7jÚ-Ù·.1>?Ý E��=çÍBP×�DNM§ê=ç/å9è�ÞÁM1>�E�E=çÍBP×�DGM�ÿEç/å9è�Þ�û�6 0/H_C=.½7�å�ê:ç	�*4=7�EPE=× ��>UõÁ.½79î_CE0/.17�Ý�7�FUM9;
8:7�M½7�.1Ý�0/FE0/F=HBà=.½>NÛd0LÚO03>?FE0/F=H�Ù·.1>?Ý�M½4E7b.½79DG,/Ü�M10/Ý�7§8EDNM1DBÚO0L8:7?;(03Ú-Ý�7�M²DGM²ê:ç ÿ?èÁÞ$ç(6E>?.-Þo7jÚOMOÜx7�ß©>?.½M�8=DGM1DE;=M½4E7
Ù·.5D?2uM10/>_FÌ>?ÙJà(DGH?79Ú¯áZ0�M14Ç8:>NáZF:Üx,/>UD?8=Ú�M10/Ý�7jÚb>GÙ*,/79Ú½Ú¯M14EDGF*�EÛ_7ÈÚO792�>_FE8=Ú¯03FE2�.17jD_ÚO79Ú-Ù·.1>?Ý�DG.1>?C=F(8���pk×úDGM
ê:ç3åjèÁÞëû¹F=>GM�ÚO4=>NáZFoþ²M½>ÂE=Bdç �k×úDGMfÿ=ç3åjèÁÞ$ç:�*4=0LÚ�0LÚ§DÁ2�,/79DG.§Ú½7�.1Ûd032�7´8:0�ß©7�.17�FUM103DGM½03>?FÄÞo7�MXáJ7�7�FÄ.17jD?,�ÜiM½03Ý�7
M½.5DNíÈ2¯DGF(8�Þo7jÚOMOÜx7�ß©>?.½M*M½.5DNíÈ2Gç

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 5 10 15 20 25 30 35 40 45 50

C
ap

ac
ity

 P
ro

vi
si

on
in

g 
[M

b]

î

Fraction of Real-Time Data Traffic [%]

Capacity Provisioning vs. Fraction of Real-Time Data Traffic

DiffServ Support
No DiffServ Support
Separated Networks

���S� ®9�PæE®EÃ{`XQ�³G]�lr]^Qj[U]^[U\ã�nWu°NTU]�`XW5R�W5[NV
³9W1`XlrTUlKt_`Oa�|1VX]^Q9[�Q�y"�gW5ajv���z�]�R�W�çZa�VOa¯zE`Oa�º�|

Ë!7�ñdMj;�áJ7KÛNDG.1@�M½4=7nÙ·.1D_2uM½03>?F¯>?ÙE8=DNM5DJM½.5DNíÈ2�M½4(DNM~0LÚ$.17jD?,�ÜiM½03Ý�7
M½>-0/FdÛ?79ÚXM10/HUDNM17�M½4=7g.½7j,3DGM½03>?FEÚ½4=03à²Þo7�MXáJ7�7jF
à=.1>NÛd03Ú½0/>_F=03F=Hg.17jîUC=03.17�Ý�7�FUM1Ú¾DGFE8�M½4E7
Ù·.1D_2uM10/>_F�>?Ùd.17jD?,�ÜiM½03Ý�7
8=DNM5DJM½.5DNíÈ2Gç�ï�7��EF(8�DGF�DGà=àE.½>�ñ:03Ý�DGM½7j,/@!,303F=7jD?.
2�>_.½.17�,LDNM10/>_F²Ù·>?.~Ú½Ý´DG,3,GM1>!Ý�7j8:03C=Ý Ù·.1D_2uM10/>_FEÚ$>?Ù:8EDNM1DZM½.5DNíÈ2
Þo7�03F=H-.17jD?,�ÜiM½03Ý�7P
�Ý�>_.½7K.17jD?,�ÜiM½03Ý�7�M½.5DNíÈ2
F=7j7j8=Ú
Ý�>?.17�2�DGà(D?2�0/MX@Áû¹6 03H?C=.17�åjÿUþuç��g>?Ý�àED?.½798´M1>fM14=7b8:798:032jDNM17j8�F=7�MXáJ>?.1â:ÚJ2jD?Ú½7?;dM14=7�Ú½D�Ûd03F=H_ÚJ03F�2jDGàED_2�0/MX@ÈDG.17
DGàEà=.½>�ñ:03Ý´DNM½7j,/@�å/�k×úÙ·>_.bM½4E7Bïöø!ø Ú1254=798:C=,37�.§áZ0/M½4�>?C=.fÚO>_C=.12�7ÈÝ�>:8:7�,gM½4EDGMfà=.1>:8:CE2�7jÚ§Ú½,30/H_4_M1,/@�Ý�>?.17
8=DGM1D§M½.5DNíÈ2!M14EDGF¿Û?>_032�7!M1.1DGí´2?ç:6~03.5ÚXMZÝ�7jD_ÚOC=.17�Ý�7jF_M5ÚnáZ0/M½4�Dfág7j0/H_4_M17j8ÈÙ¹DG03.*îUC=7jC=03F=H�Ú1254=798:C=,37�.ZÚO7j7�Ý M1>



Ú½4=>NáðÚO,30/H_4UM½,3@�4E0/H_4=7�.JÚ½D�Ûd03F=H_ÚjçGØrF�D_8=8:0/M½03>?F$;UáJ7-ÚO7j7!M14EDNM*DbF=7�MXág>_.½â�áZ0�M14=>?C=MJ8:0/ß©Ú½7�.1Û´ÚOCEà=à(>_.OMJF=7�798=ÚgC=à
M½>���pk×�>NÛ_7�.½Üià=.1>NÛd03Ú½03>?F=03F=HEç

ï�7�D?8E8:0�M10/>_FEDG,3,3@�7�ñ:à(7j.½03Ý�7�FUM½798ÈáZ0/M½4�2�>?FE8=0�M10/>_F=0/FEHbM½4E7�.17jD?,�ÜiM½03Ý�7-8=DNM5D�M1.1DGí´2-áZ0�M14�D§M½>_â?7�F´ÞECE25â?7�M
DGF(8ÈÙ·>_C=FE8�M½4EDGM-2�>_F��EH?CE.1DGM½03>?FB>?Ù .5DNM17�DGFE8¿8:7�à=M½4�4ED?8¿F=>´Ú½0/H_F=0
�(2�D?F_MZ7�ßo792uM!>?F¿à=.1>NÛd03Ú½0/>_F=03F=HEç

	 
ÌÓnÐ-Ö��½Õcád×XÓgÐ

ØrFÇM14=0LÚ�ÚOM½C(8:@?;�áJ7B03FUÛ_7jÚOM½03H_DGM½7���>dõÍà=.1>NÛd03Ú½0/>_F=03F=H�>GÙ-03FUM½.5DNÜxF=7�M5ÚfÚ½7�.1Ûd0/FEH�M½4=.17�7�2�,LD?Ú1Ú½7jÚb>?Ù!M½.5DNíÈ2?;~0iç 7_ç/;
Û?>_032�7?;:.17jD?,�ÜiM½03Ý�7²8=DGM1D�DGF(8�Þo7jÚOMOÜx7�ß©>?.½M!8=DNM5D=ç:ï�7 �EFE8�M½4(DNM!03F_M17�H_.1DGM½03>?FB>_F¿D�F=7�MXág>_.½â´áZ0/M½4E>?C:M-8:0/ß{ÚO7j.½Û
Ú½C=à=ào>?.½M F=7j7j8=Ú�Ú½0/H_F=0
�(2�D?F_M >NÛ?7j.OÜxà=.1>NÛU0LÚ½0/>_F=0/FEHJ0/ÙoD�ÚOÝ´D?,/,UM½>²Ý�7j8:03C=Ý Ù·.5D?2�M½03>?Ff>GÙ(8=DGM1D!M½.5DNíÈ2n0LÚ .½79DG,/Ü�M10/Ý�7_ç
ØxÙJD?,/,K8EDNM1D�M1.1DGí´2f0LÚ¯.½79DG,/Ü�M10/Ý�7?;©à=.1>NÛd03Ú½03>?F=03F=HÈÙ·>_.b8:7j8=032jDNM½798÷FE7�MXáJ>?.1âdÚ²DGF(8÷03FUM½7�H_.1DGM½798ÁF=7�MXág>_.½â:Ú²áZ0�M14
>?.-áZ0�M14=>?C:M²8:0�ß{Ú½7�.1Û�Ú½C=à=ào>?.½M-03Ú!F=>GM-ÝfCE254Á8:0/ßo7j.½7jFUMjç(6E>?.-D?,/,¾>GM½4E7�.ZM1.1DGí´2�2�>?Ý�ào>_Ú½0�M10/>_FEÚZáJ7ã�EFE8�,3>Nág7j.
2�D?àED?2�0�MX@´.17jîUC=03.17�Ý�7�FUM1ÚJÙ·>_.ZF=7�MXáJ>?.1â:ÚJáZ0�M14�8=0�ß{ÚO7j.½Û�ÚOC=àEà(>_.OM*M½4(DGF¿Ù·>?.!8:798:0L2�DNM17j8�F=7�MXáJ>?.1â:Ú�ç��g>_Ý�à(DG.17j8
M½>�8:7j8=032jDNM½798´F=7�MXág>_.½â:Új;NM½4=7�à(7j.12�7�FUM1D?H?7!>?Ù¾Ú½D�Ûd03F=H_Ú
Ù·>?.n03FUM½7jH?.5DNM½03>?F´áZ0/M½4�8:0�ß{Ú½7�.1Ûf.17�Ý´DG03FEÚg2�>?F(ÚXM5DGFUMnÙ·>_.
D¯ÚOÝ´D?,/,:M1>¯Ý�798:03C=Ý�Ù·.5D?2�M½03>?F�>GÙo.½79DG,/Ü�M10/Ý�7Z8=DNM5D=ç���C=.
.17jÚ½C=,/M1Ú
àE.½>NÛd0L8:7JD².1C=,37Z>GÙEM14dC=Ý§Þ�M½>Ná*DG.58=Ú�2�D?àED?2�0�MX@
à=,LDGF=03F=H�Ù·>?.Z.17jD?,�ÜiM½03Ý�7�8=DNM5D=ç

6=>_.
M½4E7!F=7�MXáJ>?.1â:Ú�áZ0�M14B8:0/ß©Ú½7�.1Û�ÚOC=àEà(>_.OM9;Gág7��EFE8�M½4(DNMJ254E>?0L2�7!DGF(8f03Ý�à=,37�Ý�7�FUM1DGM½03>?F´>?ÙoM14=7�Ú1254=798:C=,/Ü
03F=H�D?,/H_>?.10�M14=Ý 4ED?8öÚ½03H?F=0
�(2�D?FUM�03Ý�à(D?2uM¿>?Fô2jDGàED_2�0/MX@ë.½79î_CE0/.17�Ý�7�FUM5Ú�çgïÌ7ÍDG.17÷D�á*DG.17�M½4EDGM�M14=7÷ïöø-ø
Ú1254=7j8:CE,/7j.j; áZ4=0L254±áJ7BCEÚ½7j8±0/Fëõd7j2�M½03>?FÈ�÷8:>d7jÚ�F=>?M�,37jD_8ÍM½>ÌM½4=7¿>?à=M½03Ý�D?,*à(7j.OÙ·>_.½Ý´DGF(2�7?ç�A!>NáJ7�Û_7�.9;$áJ7
2�D?F�H?03Û?7²M½03H?4UM-8:7j,3D�@ÈÞo>?CEFE8=Ú*Ù·>_.*M½4=0LÚ!Ú1254=7j8:CE,/7j.j;=áZ4E03254�áJ7�M14=03F=â�0LÚZ2�.1CE2�03D?,¾D?ÚZ8:7j,3D�@�ÚO7j7�Ý´ÚJM½>´Þo7�M½4E7
,30/Ý�0/M½03F=H�Ù¹D?2�M½>?.9ç_�~>�2�,3D?.½0/Ù·@�M½4E03ÚZ0LÚ1ÚOC=7_;:ág7bD?.½7¯2�CE.½.17�FUM½,3@´7�ñ:ào7�.10/Ý�7jF_M10/FEH´áZ0�M14¿D�áJ7�03H?4UM½798´Ù¹D?0/.!îUC=7jC=0/FEH
Ú1254=7j8:CE,/7j.9ä ê?êNæiç

ØrFÇD?8E8:0�M10/>_F$;¾áJ7Èà=,LDGFÍM1>�Ù·C=.½M½4=7j.§ÛNDG.1@ÁM1.1DGíÈ2È2�>_Ý�ào>_Ú½0/M½03>?FEÚj;$àED?.OM1032�C=,3D?.½,3@ÁM1>÷ÚOM½CE8:@�ÛNDG.103DGM½03>?FEÚb>GÙ
>Gß©7�.17j8�,3>_D_8�Ù·>?.gÛ?>?0L2�7!D?FE8´8=DGM1D=;UDGFE8È0/FdÛ?79ÚXM10/HUDNM17ZÝ�>_.½7�2�>?Ý�à=,37�ñ�M½>_à(>_,/>_H?037jÚjçP�~>bH?7jF=7�.5DG,30/ìj7Z>?C=.g.½79ÚOCE,�M5Ú
Ù·>?.bM½4=7ÈØrFUM17�.1F=7�M9;$ág7´àE,3D?FÍM½>�03FUÛ_7jÚOM½03H_DGM½7´2�D?àED?2�0�MX@ÁàE.½>NÛd0LÚO03>?F=03F=H�>?FÍ.5DGFE8=>?Ý�,/@÷H?7�FE7�.5DNM½798ÁM1>?ào>?,3>?H_0/79Ú
áZ0/M½4�
©0/à:Ù�¹ Ú¯,LD�á 2�>_F=F=7j2�M½03Ûd0�MX@Ää êGÿNæxç©6~03FED?,/,3@?;©áJ7§áJ>?C=,L8�,30/â_7§M1>�ÚOM½.17jÚ1Ú!M14EDNM9;o03FÌD_8=8:0/M½03>?F÷M½>ÈM14=7�.½79ÚOCE,�M5Ú
.17�ào>?.½M½7j8Ç0/FÄM14=0LÚfà(DGào7�.9;~>_C=.fÚ½0/ÝfC=,LDNM½03>?F±àED?25âNDGH_7È0LÚ§à=CEÞ=,/0L2�,3@ÇD�ÛNDG03,3D?Þ=,37?ç¾ØxM�áZ03,/,J7�FED?Þ=,37ÈM½4E7�.17jÚ½7jD?.1254
2�>_Ý�Ý§C=F=0/MX@?; F=7�MXág>_.½âÄÚ½7�.1ÛU0L2�7Bà=.½>NÛd0L8:7�.5Új;¾ÞED?F=â:ÚfD?FE8Ä>GM14=7�.�,LDG.1H?7B7jFUM½7�.1à=.103Ú½7jÚbM½>�8:7�.10/Û_7Bà=.1>NÛd03Ú½03>?F=03F=H
H?CE038:7j,/03F=79ÚJÙ·>?.*M½4E7�03.!F=7�MXáJ>?.1â:Ú�ç

� � Ö_àZÐ!Ó:ß��[�~Ô�÷���� �¾ÐgÑ_á

ï�7�áJ>?CE,38÷,/03â?7fM½>¿M½4(DGF=â�Ý´DGFd@�ào7�>_à=,/7�Ù·>_.²4E7�,3à:Ù·C=,K8:0LÚ½2�CEÚ1ÚO03>?FEÚ²àED?.OM1032�C=,LDG.1,/@�èÁD?.12�7�,�@�D_ÚO7jF$;	�*4=>?Ý´D_Ú
ZK.1,37�ÞED_254$;PÌ²7�>_.½H_7*6(DGF=âd4ED?CEÚ½7�.9;?6=7j,/0/ñHÌ¯D?7�.½M½F=7j.j;?è÷DNMOM14=0LD?Ú�Ì².10/79Ú�; � ,3Þ(7j.OMgù¯CE7�FE8:03HE;dõd7jD?F´è�C=.1à=4d@?;?D?FE8
IJC=.1âU4(DG.58�õUM10/,3,/7j.jç

� ���`�$Ò_�¾Ð�Ö��'á

� »��-»_ð�»�è*c?v�q_�1k�Q_���iz�}UW²]^[NVXW1`X[_W1V!aj[Uc´QjVX}UW½`Z[UW1V�h�Q�`Xk?l5Ê��nVX]�v^]^�ua�VX]�Qj[�`Oa�VXW5l!aj[Uc´VX}_W5]�`Z]^R�SUv^]^|ua�VX]^Qj[Ul5� ��� �"!$#&%$'
(*),+.- #&�0/21 #,��# (3- 1$4 ) ��5362#87 - 1$9��_³9Q9v¼» � �G�USUS(»_�,: �<; �8=9�G�(�j�j�9�G»

�N»-s=»?>�a"@ra"@JW1Vu»:ajv¼»^�A�iwilglrW1`X³G]^|5W!S_`X]^Qj`X]�Viq�TUlrW1y3TUv©]^[´[_W1Vih Qj`XkGl B9� �÷]^[C6D%E#"1 F F�5 - �HG&4I#E! +KJ F�LNMPORQ - G ( F + % - 1$4CS TVUj�
ð�a9c?]^lrQ9[(�_ËÄ]^lr|5Q9[_lr]^[H�ZsW�-�YX9TU[_W � �j�9�?»

�G»-��»HZZ]^R W1Vu»?a�v¼»��[�rÀJQjl�S_`XQ�³G]^lr]�Qj[U]^[U\-yLQ�`
³�Q9]^S§]^[§pUaj[Uc?hK]�c?VX}bp_`XQjk�W1`Ka�`X|½}_]�VXW5|1VXT_`XWjÊW�Çlr]^R�TUv�a�VX]^Q9[fajS_S_`XQ9aj|O}(� �
]^[C6D%E#"1 F F�5 - �HG&4I#E! +KJ F\1]# (3(I^ � - 1 ),+.- #&�_��F +.` #&%]a,4 ) �?5b5 - 4 + % -dc$^H+ F]5e4]9,4 + F ( 4 ( #"5�F$7 - ��G ) �?504 -f(I^ 7 )&+.- #,�g1]#&�h'
!"F<%�F<��1 FAi]MPjlkmQVnoS p8q��:Ã$}UQNW5[_]�ÉE�h�n`X]^�5Qj[daG�k�*sY�-�YX�a�[(»:�j�9� � »

:?»!m¾»h>~`XW5lrv�a�T�W1Vu»Uajv¼»^�I�r�Jc_³jaj[_|5W5l
]^[�[_W1Vih Qj`Xkblr]^R²TUv�a�VX]�Qj[Ul5� �s�E/�/�/�M�# ([th^W+ F<%O��ð�a5q��j�j�9�?»
�N»-s=»Äð�T_`XSU}NqN� �½çJ]^µ=lrW½`X³ Sda�|½kjaj\jW�yLQ�`Ä[Ulx�i�N� � au³jaj]^v�ajp_v�Wãa�VÄ}NVrVXSEÊ ����h
h
hZ» VXW5v�VXW5|9» c?|5T(» ]^W^�óR�T_`XSU}Nq?lÀ��[_lx�
h�Q�`Xk��jc_]�µ=lrW1`X³���]�[Uc_W1É=» }NVXR�v¼»

=G»>�!»�t©]^W5v�c_]^[_\�W1Vu»
a�v·»^�u���gq?S:W1`rVXW1ÉGV�Vr`Oa�[UlxyLW½`�S_`XQ�VXQN|5Q9v2v }NVrVXS�� � » � � � �gt©P �&= � =?�Kw�[NVXW1`X[UW1VÄ�nWu°NTUW1lxV�t_Qj`
P Q9R�R�W1[GVXl5�WXjTU[UW � �9�j�?»

w »-s=»h> v�ajk9W-W½Vu»:ajv¼»^�*�r�g[´a�`X|½}_]^VXW1|1VXT_`XWZyLQ�`*c?]�µ=W1`XW5[NVX]�a�VXWuc�lrW1`X³G]^|5W5l5� �K�gt©PÇ�,: w �G�=w�[NVXW1`X[UW1V��nWu°NTUW1lxVJt_Qj`*P Q9R¯�
R�W5[NVXl5�eç*W5|j» � �9�9�G»

�G»�X_» Ë¿`XQN|1v/a�lrkG]2ç²»dP v�a�`Xk:�N�E�g[�ajS_S_`XQ�a�|½}fVXQ¯lrW1`X³G]^|5W!ajv^v^QN|ua�VX]^Qj[B]^[�VX}_W*]^[NVXW1`X[UW1Vu� �BwxY¾z
t�çJ`Oa�y/Vu��X9T_v^q � �9� w »



�G»!m¾»o�:}da�[U\xZ¯»(eg]^|½}_Q9v^l5�oÂ-»yX�aj|1Q9pUlrQj[(�z�r�ôV�h�Qj�¹p_]^VZc_]�µ=W1`XW5[NVX]�a�VXWucBlrW1`X³G]^|5W5l-a�`X|O}U]�VXW5|1VXT?`XW²yLQ�`ZVX}UW¯]^[NVXW1`X[_W1Vu� �
wxY¾z
t�çJ`Oa�y/Vu�?�nS_`u» � �j�9�G»

� �G»ZÂ�»hX�a�|5Q9p_lrQ9[ÈW1Vu»:a�v¼»��A�r�g[´Y{É?S:Wuc_]�VXWuc�tUQj`rh�a�`Oc_]^[_\fÃ$�{>n� �K�gt©P±�9���9�?�=w�[NVXW1`X[UW1V��nWu°NTUW1lxVJt_Qj`*P Q9R�R�W5[NVXl5�
X9T_[UW � �9�9�G»

�8� »��-»:P }da�`X[Gq|X_»dË¿`XQN|1v/a5hKlrkG]¼�|�iw�[NVXW5\j`Oa�VXWuc´lrW1`X³G]�|1W�Rba�SUSU]^[_\9lgy3Qj`*c_]�µ=W1`XW5[NVX]�a�VXWuc´lrW1`X³G]^|5W5lJ[UW1V�h�Qj`XkGl5� �ÍwiY~z
t
çJ`Oa�y3Vu�UtUW5p(»U���9� � »

� �N»-s=»=s?}UW1[Uk�W1`JW1V!a�v·»^�C�rsGS:W5|5]�Æd|5a�VX]^Q9[�Qjy~\9Tda�`Oaj[NVXW5WucB°NTda�v�]�V�qÈQjy~lrW1`X³G]�|1W9� �È�gt©Pë�j� � �N�ow�[NVXW1`X[UW1V��gW5°GT_W5lxVZt_Qj`
P Q9R�R�W1[GVXl5�_sGW5S_Vu» � �j� w »

� �G»�X_»?�JW1]�[Uaj[_W5[�W1Vu»_a�v·»^���r�glrlrT_`XW5c�tUQ�`rh
a�`Oc?]^[U\¯Ã$�{>Í�g`XQ9TUSE� ���gt©PÄ�j�j� w �Uw�[NVXW1`X[UW1VA�gWu°NT_W5lxVKtUQ�`gP Q9R�R�W5[NVXl5�
X9T_[UW � �9�9�G»

� :?»�X_»EË¿`XQN|5v�a5hKlrkG]¼���rsGS:W5|5]�Æd|5a�VX]^Q9[�Q�y
VX}UW�|5Qj[GVr`XQjv^v�W5c?�¹v^Q�a9c�[_W1Vih Qj`XkBW5v^W5R�W5[NV!lrW1`X³G]^|5W9� � �gt©Pö�9� �8� �{wi[NVXW1`X[_W1V
�nWu°NTUW5lxVKt_Qj`JP Q9R�R�W5[NVXl5�Us?W1S_Vu» � �j� w »

� �N»-s?]^W5R�W1[Ul5�x}oF$7~F tYJ #,�oF + % )E� 1 +KJ F�#&%<9 +�)Vc 7~F<4 ) ��5b1 JW) % + 4X�-sG]^W5R�W5[Ul��gkNVX]^W5[_\9W5lrW5v^v^lr|O}da�y/Vu��> W1`Xv^]^[B��ð�TUW5[_|½}_W5[(�
�JW1`XRba�[GqN� � �9� � � ��`Oc�Wuc?]�VX]�Qj[(»

� =G»cð�»:çZajlrW5[E���½�gS_�·VXQj��c_a�VXW�]^[_y3Qj`XRba�VX]�Qj[Í]^[Ìh W5pÄaj|1|5W5lrlr]^pUv^WÈ]^[_yLQ�`XRba�VX]^Q9[Ì`XW5lrQ9T?`X|5W5l5� � Ã$}(» cE»¾VX}UW1lr]�l ; VX]^kN�
lr|O}_`X]�y3VXW5[?`XW5]^}UWZ[?`u»h:��G�UY~z��ö�:T_`X]^|O}(�hX9TU[_W!�j�j� � »

� w »!Ã©»Y>�a�`ry3Qj`Oc�W1Vu»_ajv¼»^�N�rP }Uaj[U\jW5ln]�[fh�W5pf|5v^]�W1[GVga�|5|5W5lrlKSda�VrVXW1`X[Ul5ÊdP }da�`Oaj|1VXW½`X]�lxVX]^|5lJaj[Ucf|ua�|½}_]�[_\¯]^R�SUv^]^|ua�VX]^Qj[Ul5� �
� #&%$7�5 � - 5VF � F c$� Q t F�1 -d) 7�� 4]4 ^ Fx#,��M JY) % ) 1 + F<% -���),+.- #&� ) ��5x6lF<%f!$#&% (\) ��1 FN/D� ) 7 ^h),+.- #&�U�(³�Qjv·»(�N�o[_Q_»(�N�(S_S(»
� � ; ���?� � �9�9�G»

� �G»!Ã©»�>�a�`ryLQj`Oc÷aj[UcÂð�»¾YK»~P~`XQ�³�W5v^v�a?���r�JW5[_W1`Oa�VX]^[U\È`XW5S?`XW5lrW5[NVOa�VX]^³�Wbh�W5pÁh�Q�`XkGv�Q9a9c?l²yLQ�`�[UW1V�h�Q�`Xk�aj[UcÁlrW½`X³�W1`
S:W1`ry3Qj`XRbaj[_|5W*W5³jajv^TUa�VX]^Q9[E� �¿]�[b6D%E#"1���#r!�6lF<%K!�#&% (*) �?1<FhS TVU$�WLNMPO�QW�,��Oe/m}��2�,M�Q�S T8Uj� � �9� w »

� �G»>�!»_sGVXW5]^[UR�W½VX�*aj[Uc0Z¯»?e*a�}_`XlxVXWucGVu��O ^ 7 +.-f( F�5 -d)�� M�# (�t?^H+.- �HG � M�# (3(I^ � - 1 ),+.- #&�h4���L tVt 7 - 1 )&+.- #&�Y4O�¾Ã{`XW5[NVX]^|5W1�
�*a�v^v·� � �j���N»

�j�G»Zwi[NVXW1`X[Ua�VX]^Q9[Uajv zoW5v^W5|5QjR�R²TU[_]^|ua�VX]^Q9[��g[U]^Q9[�zoW5v^W5|5QjR sGVOa�[dc_a�`Oc_]^�ua�VX]^Q9[÷s?W1|1VXQj`u����w�VXT_�·V�\_» w �&� �gSUT_v^lrWf|5QGc?W
R�QGc_T_v�a�VX]^Q9[3�?�$�üQjy$³�Qj]�|1W*y3`XWu°NTUW1[U|5]^W5l5� ��au³jaj]^v�ajp_v�W-a�Vg}NVrVXSEÊ ����h
h
hZ» ]�VXT(» ]^[NVu�deJQ�³:» � �9�j�?»

� � »ZÂ�»?Ã{a�É?lrQ9[(�[�xY$[dcG�¹VXQ��¹W5[dc�]^[NVXW1`X[UW1V�Sdaj|Ok�W1V�c?q?[da�R�]^|5l5� �C�E/�/�/��WLNMPO�}h% ) �h4 ) 1 +.- #&�Y4�#&�ej�F +.` #&%]a - �HGj�_³�Q9v¼» w �
[UQ?»d�G�US_S(»U� w&w ; �j���N�yX9TU[_W � �j�9�G»

�9�N»-Pg»EÃ{a�`rVr`X]�c?\9W9���¹Ë�W5]^\9}NVXWuc´y¼a�]�`-°GT_W5TUW1]�[_\_� �Ç]^[�� - G )Vc$-f+ j�F +.` #,%]a - ��Gj» � �9�,:_�ES(»(� w =?���gcUc_]^lrQj[_�·Ë�W5lrv^W1q´Ã¾T_p_�
v^]^lr}U]^[U\?»

�j�G»!tda�v�QjT_VXlrQjlfW1Vu»~a�v·»^���aèJ[ÌS:Q�h W1`r�¹v�auh�`XW5v�a�VX]^Qj[Ulr}U]^S_lfQ�y*VX}UW�]^[NVXW1`X[_W1V�VXQ9S:Qjv�Qj\jqN� � ]^[�6�%�#"1 F]F�5 - ��G&4C#E!xLNMPO
QW�,�[MD��ObOÈ�UsGVXQN|OkG}UQjv�R��UsNh�Wuc?W5[(�Y�gT_\_» � �j�9�?»


