
���������
	���
��������������
� � ������� ����� ��� 	"!$#&%'����()�+*-,.�/��%'���102	�3
!4�

5 �"	����
	6������3

7�8:9<;>=@?'A
BC?'DFEHG<?I;KJLAFM�;ONC?'AQP�RS9I;UTVJLM�A
B�;L?IDFA
WYX[Z]\V^_\V`I\VaCbdcfe�bdg"h[`I\VaLikjIlU^maUX<lUa/ndX[oqp$h[h[rm^maOoqsHn�\Vt[aLg�n�\V^mlUZ

ukX[^mvwaLiVZx^_\zy�bdcf{�aLiVX<a
|�aL`[}<id~`[lK�IZ]\xiKn�ZxZxa��O�'�Fe��k�z�d�I����{SaLiVX[a���j'�1^_\V�Ua>iVr:n�X�o

�'�����<�'���w��� ���'�����'�'���U�����w�<�������x���

 �¡�¢U£U¤�¥�¦d£�§ Wzg"h[rmaUg"aUX�\Kn�\V^mbdX�n�X�o�¨©vdndrm`�n�\V^ªbdX�bdcFX<aL�«WYX�\VaLiVX<aL\©lUb�g"g�`[X<^ªlUn��
\V^mb�X¬Z]yIZ]\VaUg"Z1c­ndlLa6Zxb�g"a�®�aLX[aLiKn�r�h<iVb�}<rmaUg"ZU¯F°�t[a�^mg"h[rmaUg"aUX�\Kn�\V^ªbdX+bdc�±�`�n�rm�
^_\YyHbdc1j'aLiVv'^mlUa6lUbdX[lUaLh<\VZ�^mX¬�waLiVX<aUr²Zxh�n�lUa�^mZClUbdg"h[rmaL³´n�X�oH\V^mg"a�lLb�X[Zx`<g"^mX[®<�
�1t<^ªrmaq\Vt<a µ[X�n�r�ZxaL\V`[h¶bdc$\Vt[a�aUvdndrm`�n�\V^ªbdX·X<aL\Y��bdiV�'Z6rªn�l>�'Z�\Vt[a�o<aLZx^miVaUo«Zx^m�Ua
n�X�o�¸�aL³I^m}[^mrm^_\Yy�¯f°�t[aq`[Zx`�n�r$ndr_\VaLiVX�n�\V^mvwaHZx^mg6`<r:n�\V^mb�X«lOndX<X[bd\�lLb�h�a��1^_\Vt«\Vt[a
iVaOn�rS��bdiVrªo¹¯²°�t[^mZ/h�ndh�a>i�hIiVaUZxaUX�\VZ�nqlUbdX[lUaUhI\/\VbHlUb�g�}[^mX[a�iVaOndrflUb�g"h�bdX[aUX�\VZ
rm^m�waqt<b�Z]\VZ"n�X�o
iVb�`I\VaLiVZ��1^_\Vt¶Zx^ªg�`[rªn�\VaUo«X<b'o<aUZU¯f°�t<^ªZ6Zx^ªg"h<rm^mµ[aUZ6\Vt<a�ZxaL\V`<h
b�cCt'`[®da \VaUZ]\�ZxlUaUX�n�iV^mb�Z ndX[o¶\Vt<a�^mg"h[rmaUg"aLX'\Kn�\V^mb�X¶bdckX[aL�ºlUb�X<lUaUh<\VZU�©�1t<^ªrma
�waLaUh[^mX[®�\Vt[aCaUvdndrm`[n�\V^mb�XHiVaUZx`<r_\VZ1iVaUndrm^mZ]\V^ªld¯F°�t[^mZ$h�ndh�a>i1h<iVaUZxaUX�\VZ�\Vt[a4lLb�X[lLaUh<\
n�X�o�\Vt<aC^mg"h[rmaUg"aUX�\Kn�\V^mbdXqbdc©v'^_ix\V`�n�r¹iVbd`<\VaLiVZ1}�y ^_\VZkn�h[h<rª^mlOn�\V^mb�X+^mX+n6»C^_¼FaLix�
aUX�\V^ªn�\VaUo+jIaLiVv'^mlUaUZ1|kaL\Y��bdiV�'ZU¯

½ ¾[¿$À�ÁFÂ4Ã�Ä�ÅÆÀFÇVÂ$¿

È GIMdAFM�;U?'8SÉF;L9IÊF8ËM�EÌ=:A«;>M�TKM�?';UÍUÎ�9<A¶AFM�JVÏ�9I;LÐ�=:A¹G+=ËT�J>ÎFMqP�M�E+?IA¹P
ÑÒ9I;6TKM�JKJL=:AFG�DFÉ�JLMdTKJ
ÊQM�PFT69'Ñ$T>D�Ó´Í�=ËM�A[J�T>=ËÔ�M�?IA¹P«Í�9IEHÉF8ËM�Õ�=:JVÖ�JL9�T>ÎF9�ÏºJ>Î¹MqP�M�TK=Ë;LMdP�;LMdT>DF8:JLT/9<;�JL9�É¹;>9�×<M�?
AFM�ÏØÍ�9IAQÍ�M�ÉFJdÙ È 8ªJLM�;LA¹?�JL=:×<M�8ËÖ"AFM�JVÏ�9I;LÐ�TK=ËE D¹8Ë?'J>9I;UT�8:=ËÐIMCA¹T4Ú A¹TKÛF9I;kÜ�É¹Ý�M�J/Ú 9IÉFA�ÛÆÍ�?'AqÊÆM
D¹TKM�P
J>9�ÉF;L9'J>9IJVÖ�ÉQM ?�P�M�×�=@Í�M�9I;�?´ÉF;>9IJ>9�Í�9<8f=ËA�J>Î¹MqT>ÉQM�Í�=@?'8�TK=ËE D¹8Ë?'J>=Ë9IA�M�A�×�=Ë;>9<AFEHM�A[J
?'A¹P¶J>9Þ;>DFA·J>Î¹MqP�M�TK=Ë;LMdP�JLMdTKJLTdÙfß�9�J>ÎFMHTK=ËE D¹8Ë?'J>=Ë9IA«A¹9I;LEH?I8:8ËÖ
ÉF;LMdÍ�M�P�MdT�JLÎFMqT>M�JLDFÉà9'Ñ
J>ÎFM
JLMdTKJ¬T>Í�M�A¹?I;>=Ë9·=ËAá?à8Ë?IÊQ9<;L?'J>9I;LÖIÙ�Ý�M�×IMd;KJLÎFM�8ËMdTLT�J>ÎFMd;>M¶?I;>M
Í�9<DFÉF8ËM�9'Ñ�P�;L?wÏ4ÊQ?IÍUÐ�T
D¹TK=ËAFGqJ>Î¹=ËT/?IÉFÉF;L9<?<ÍUÎ©â

ã RCÎFM¬T>=:E�DF8@?�J>=Ë9IAQT Í�?IAä9'Ñ­JLM�Aä9IA¹8:ÖåÍ�9�×<M�;"9IA¹8:Öå?¶T>=:AFG<8:M�?IT>ÉQM�ÍOJ 9IÑ�JLÎFM´ÉF;L9IÊ¹8:MdEÞæ=:G<AF9I;L=ËAFGqT>=@P�M"M�ç²MdÍ�JLTdÙ
ãéè T>ÉQM�Í�=@?'8Ë8:Ö«ÑÒ9I;q?'ÉFÉF8Ë=@Í�?�JL=:9<Aå9I;L=:MdA<JLMdPå;LMdT>Md?I;LÍUÎåTK=ËE D¹8Ë?'J>9I;UT�8@?IÍUÐåÍ�9IEHÉF8ËM�Õ�=:JVÖIÙSß�9;>M�?'8Ë=ËTKJ>=@Í�J>;U?�Ó´Í�TK9<DF;UÍ�MdT4?IA¹PÞTK=ËAFÐ�T/?';LM�EH=ËTLTK=ËAFG+?ITCÏ�M�8Ë8f?<T�ÑÒDF8:8ËÖ´ÑÒD¹A¹ÍOJL=:9<A¹?'8©É¹;>9Iê
J>9�Í�9<8�=:EHÉF8ËM�EHMdA<JU?�JL=:9<A¹T�Ù

ã È PHÎF9�ÍC=ËEHÉF8:MdEHM�A[JL?'J>=Ë9IA¹T�9<A�;LMd?I8FÉF8@?�J>ÑÒ9I;LEHT�?I;>MC9IÑ­J>M�A+M�Õ�J>;LM�EHM�8ËÖ"J>=ËEHM�Í�9<A¹T>DFEqê=:A¹G¶ë�ì©=ËA�D�Õ¬Ð<M�;LAFM�8�Î¹?<ÍUÐ�=:AFG�íOÙ



ã RCÎFM´Md×w?I8:DQ?�J>=Ë9IAå9IÑ�AFMdÏîÍ�9IEHÉÆ9IAFMdA[JLT�P�MdÉQMdA¹PFT 9IAå;>M�?'8Ë=ËTKJ>=@ÍqJ>;U?�Ó´ÍIÙSß�=ËE DF8@?�JL9I;UTAF9I;LE+?'8Ë8:Ö¶?I8:8Ë9�ÏïJL9
PFM�ð¹AFM+?IAà?IÊ¹TVJL;L?<ÍOJ6J>;U?�Ó´Í�JVÖ�ÉQMH9I;6JL9
T>=ËE DF8@?�JLMq8Ë9<?<P«ÊQ?IT>MdP
9IA
?H;>M�?'8²AFM�JVÏk9<;>Ð²ñ T$JL;L?'Ó´Í�8Ë9IG[T�æ�Ê¹D�J/8Ë?<ÍUÐ´=ËA<JLM�;U?IÍ�J>=Ë×IM6;>M�?'8²J>=ËEHM"M�×�?'8ËD¹?'J>=Ë9IA©Ù

ãéò 9<TKJkT>=:E�DF8@?�J>9<;LT$?';LM/AF9'J�?'ÊF8ËM4J>9qÍ�9<E ÊF=ËAFM/;LMd?I8FAFM�JVÏ�9I;LÐ�Í�9IEHÉÆ9IAFMdA<JUT1Ï4=:J>Î¬T>=ËE�êDF8@?�J>M�P
M�A�×�=:;L9IA¹EqMdA[JLTdæF?qÑÒDFA¹ÍOJL=:9<A¹?'8Ë=:JVÖIæ¹Ï4Î¹=ËÍUÎ�Í�?IA
ÊQM�×<M�;LÖ¬T>DF=ªJU?'ÊF8ËM P�D¹;>=ËAFGHJ>Î¹M
P�M�×<M�8Ë9IÉFEHMdA<J49<;/P�M�ÊFD¹GIGI=ËAFGH9'Ñ�ÉF;L9IGI;U?'E+TdÙ

BkM�Í�?ID¹TKMk9'ÑFJLÎF=@T�æwÏ�MkÉF;L9IÉÆ9<T>Mk?IA ?'É¹ÉF;>9[?IÍUÎ©ædJ>9�Í�9<E ÊF=ËAFMk;>M�?'8Ë=ªJVÖ�Ï4=:J>ÎHTK=ËE DF8@?�JL=:9<A¹Tdæ
D¹TK=ËAFGH;LMd?'8©PFM�×�=ËÍ�MdTdæ�Ï4ÎFM�;LM�×<M�;CAFMdMdP�M�PÞ?IA¹P�M�E D¹8Ë?'J>M�J>Î¹M";>M�TVJ�Ù

ó ôCÂ1õLÀ�ö>ÇK¿�÷ùøáú�û/ÇKÅ²ú.ü�¿�ÃÌýþÇVÁFÀ�Ä�ü�ö ÿ Â$Ä/À�úfÁ

RCÎFM"Ê¹?IT>=@Í�=@P�M�?�9IÑ�Í�9IE Ê¹=:AF=ËAFGH;LMd?'8�ÎQ?';UP�Ï�?I;>M�Ï4=ªJLÎ
M�E D¹8Ë?'J>MdP�JL9IÉÆ9I8Ë9IGIÖ+=@T/T>ÎF9�Ï4A¬9<A
ð¹GIDF;LM � Ù�RCÎFM"Í�9<;>M6EHMdÍUÎ¹?IAF=ËT>Eî=@T�J>Î¹?'JC9IÑS?���=Ë;KJLD¹?'8��49<D�J>Md;�ë�����íkM�E D¹8Ë?'J>=ËAFG+? ;LMd?I8
�
	áÉ¹?IÍUÐ<M�J4ÑÒ9<;>ÏC?';UP�M�;�Ù è ?<ÍUÎ���� ?<T/?´Í�9<DFÉF8ËM�9'Ñ�=ËA[J>M�;>Ñ�?IÍ�MdT�?�JKJU?IÍUÎFM�P�æ¹Ï4Î¹=ËÍUÎ¶Íd?'A�ÊÆMÍ�9IA¹AFMdÍ�J>MdP¬J>9H9IJ>ÎFMd;4=:A[J>Md;KÑ�?<Í�M�Tk9IÑ
���/T�ë­JLÎFM�PF?<TKÎFM�P´8Ë=:A¹MdTUí�9I;C×�=Ë?HT>9'Ñ­J>8Ë=ËAFÐ¬P�Md×[=@Í�M6JL9
J>ÎFM"8Ë9�Í�?'8�Î¹9<TKJdÙ è ?<ÍUÎ�Î¹9<TKJCEH=ËGIÎ[J/;LDFA�E�DF8:J>=ËÉF8:M����/TdÙ

eth0

eth0

Host A

eth0

Host C

if0 if1

if2 if4

sol0

Host D

sol0 sol1

et
h0

Host B

network connection

if0

if1 if0 if1 if2

if0 if0

if1 if1

VR A VR B VR C VR D VR E

����� §���§ °�t[a4lLb�g"h�b�X<aUX�\VZ�bdc©n����

RCÎFM�A¹M�JVÏ�9I;LÐ�8@?wÖIMd;�9IÑ1J>ÎFMqÎF9[TVJ"TKÖ�TKJ>MdE TKÎF9<DF8@P¶AF9IJ�P�M�J>M�ÍOJ�?'A�Ö�P�=:çÆMd;>MdA¹Í�M�T�ÊÆM�ê
JVÏkMdM�AäJLÎFM¬;LMd?I8kAFM�JVÏk9<;>Ðà?'A¹P J>ÎFM�M�E�DF8Ë?'J>M�PåJ>9<ÉQ9<8:9<GIÖIÙ�ß�9«=:JH=ËT�ÉQ9[T>T>=ËÊF8:M¬J>9àP�M�ð¹A¹M
?'AäM�E�DF8@?�J>M�PàJ>9<ÉQ9<8:9<GIÖ·Í�9IA¹T>=@TVJL=:AFG�9�×<M�;�E�DF8:J>=ËÉF8:M����/T�P�=@TVJL;>=ËÊFD�JLMdPä9IÑ4T>M�×<M�;U?'81E+?'ê
ÍUÎF=:A¹MdTdÙ²RCÎ¹MqÍ�9IEHE DFA¹=ËÍd?�J>=Ë9IA«ÊQM�JVÏkMdM�A¶JLÎFMq;>M�?'8�Ïk9<;>8@P¶?'AQP
J>ÎFMHMdE DF8@?�JLMdP
JL9IÉÆ9I8Ë9IGIÖ
=ËT�?IÍUÎF=ËM�×<MdPåÊ�Ö«JLÎFM¬T>9'Ñ­JL8:=ËAFÐäP�M�×�=@Í�M�T�Ù�ß�D¹ÍUÎ ?¶T>9'Ñ­JL8:=ËAFÐäP�M�×�=@Í�M¬?<ÍOJUT ?IT�?'Aä=ËA[J>M�;>Ñ�?IÍ�M
ÊQM�JVÏkMdM�A¶JLÎFMH9IÉÆM�;U?�JL=:AFG
T>Ö�TKJ>MdE+T�AFM�JVÏk9<;>Ð
8@?wÖIMd;6?IA¹P«?�×�=:;>J>D¹?I8�;>9<D�J>Md;dÙ�7F9<;�JLÎFM¬Ü�ß
ÐIM�;LAFMd8���D¹TKMd;"TKÉ¹?<Í�M+=:J 8Ë9[9<Ð�T�8:=ËÐIM´?
AF9<;>E+?I8 è JLÎFM�;LAFM�J PFM�×�=ËÍ�MIæ�JL;L?IA¹T>ÉQ9<;KJL=:AFG�PF?'JL?ÞJL9D¹TKMd;�T>É¹?IÍ�M�?IA¹Pä×�=ËÍ�M´×IMd;LTL?FÙ�RCÎFM¬9<AF8ËÖå?<PFP�=:J>=Ë9IA¹?I81ÑÒDFAQÍOJ>=Ë9IAQ?'8Ë=ªJVÖå=@T�JLÎFM´JL;>DFAQÍ�?�JL=:A¹G
9'ÑCJ>ÎFM è J>Î¹M�;LAFM�J Î¹Md?IPFM�;UT�æ©T>9¶;U?wÏ��
	ï=@T�J>;U?'AQTVÑÒMd;>;LMdP·J>9«D¹TKMd; T>É¹?IÍ�MIÙf7¹9I;�8@?�JLM�;�×<M�;>êTK=Ë9IA¹TSJLÎF=ËTSJL;>DFAQÍ�?�JL=:A¹G6T>ÎF9ID¹8ËP ÊQMC9IEH=:JKJLMdP�æ�;LM��[DF=Ë;>=ËAFG�J>ÎFMCÉF;L9�Í�MdTLT>=:AFG�9'Ñ¹;U?wÏ è JLÎFM�;LAFM�JÑÒ;L?IEqM�TC=:AÞD¹T>M�;/T>É¹?IÍ�MIÙFRCÎFMdA¬JLÎFM�JVÖ�ÉQM�9IÑSJLÎFM�M�A¹Íd?'É¹T>DF8@?�J>M�P�P¹?�JL?IGI;U?'EùÍ�9IDF8@P¬ÊÆM�?'AFê
?'8ËÖ[ÔdMdP¶J>9�P�=@TVJL=:AFG<DF=@TKÎ·ÊQM�JVÏkMdM�AåP�=ªç²M�;LM�A[J"ÉF;L9'JL9�Í�9I8@T�Ù²RCÎFMHTK9IÑ­J>8Ë=:A¹Ð«P�M�×�=@Í�MqÎ¹?IT�ÊÆM�MdA
=:EHÉF8ËM�EHM�A[JLMdP
?IT4?Hì©=ËA�D�Õ ��Md;>A¹M�8²EH9�PFDF8:M�ÑÒ9<;4ÐIMd;>AFMd8ËT"!$#�Ù%#�Ù � #FÙ



Host Access/IP Layer 

ho
st

 f
ilt

er NAT

NAT

NAT

NAT ho
st

 f
ilt

er

ICMP UDP TCP

fwd

token
bucket
filter

co
nn

ec
to

r
ud

p/
so

ft
lin

ktoken
bucket
filter

co
nn

ec
to

r
ud

p/
so

ft
lin

k

����� §'&¹§ °�t[a4lLb�g"h�b�X<aUX�\VZ�bdc©n����

(*)�+-,/.1032�4653.7,98'+;:"ë<���/TUí�?';LM�D¹T>MdP�JL9¬;LMd?I8:=ËÔ�M J>ÎFMqAFM�JVÏ�9I;LÐ�J>9IÉÆ9I8Ë9IG<Ö¬JL9¬ÊÆM�MdE D�ê
8Ë?'J>MdP©Ù©7S=ËGID¹;>M=#ÞTKÎ¹9�Ï/T�JLÎFM+ÉF;L=:AQÍ�=ËÉ¹?'81?I;LÍUÎF=:J>M�ÍOJLDF;>Mq9'ÑkJ>ÎFM+É¹;>9<GI;U?'E
ÙÆ7¹9I8Ë8:9�Ï4=ËAFGÞJ>Î¹M
ÉF;>=ËE+?';LÖÞJL?IT>ÐÞJ>ÎFMH?';UÍUÎF=:J>M�ÍOJ>D¹;>M�=ËT�ÑÒ9�Í�D¹T>=ËAFG�9<A>�
	 ;>9<D�J>=ËAFG¹Ù²RCÎFM����é=ËT�Í�9<EHÉF8:M�J>Md8:Ö
=:EHÉF8ËM�EHM�A[JLMdPÞ=:A
ÉF8@?'=ËA@?BA�A�æ�E+?'Ð�=:A¹G JLÎFM�TK9<DF;UÍ�M�M�Õ�J>MdA¹T>=:ÊF8ËM"?'A¹PÞM�?IT>ÖHJ>9+ÉÆ9I;>JdÙ
RCÎFM Í�MdA[J>;U?'8©ÑÒ9<;>ÏC?';UP�=ËAFGHEHMdÍUÎ¹?IAF=ËT>E ë�Í�MdA[J>;U?'8SÍ�=:;UÍ�8ËM�í/?IÍOJUT/9<A¶TVJU?'A¹PF?I;LP
;L9IDFJ>=ËAFG

;>DF8ËMdTdæ$Ê¹D�J�ÏC?IT+M�Õ�J>M�AQP�MdPØJL9 ?'8Ë8:9�Ï ;L9ID�JL=:A¹G P�MdÍ�=ËT>=:9<A¹T´Ê�ÖØTK9<DF;LÍ�M¶?IPFPF;>M�T>T>MdTdæ1ÉÆ9I;>J
A[D¹E ÊÆM�;UT�æ�ÉF;L9'JL9�Í�9I8²ðQM�8@PFT4?'A¹P
R�Ü�ß¬×�?'8ËDFMdTdÙ
È TC?'A´=ËA[J>Md;KÑ�?<Í�M�J>9 É¹;>9<GI;U?'E+T1;LDFAFAF=ËAFGq9IA+JLÎF=@TC×[=Ë;>J>D¹?I8QÎF9[TVJ�æ[J>ÎFM���� Ï4=:8Ë8²=:EHÉF8ËM�ê

EqMdA[J�D¹T>D¹?I8C�
	�TVJU?IÍUÐ�TkÏ4=ªJLÎÞR6?�	�æED6F�	 ?'A¹PG�H? ò 	�Ù È ÍOJLD¹?'8Ë8:Ö+9<AF8ËÖ´? T>=:EHÉF8ËM��H? ò 	TVJU?IÍUÐ�ÑÒ9I;1PFM�ÊFDFG<GI=ËAFG6ÉFDF;LÉQ9[TKM�TS=@T�=ËEqÉ¹8:MdEqMdA[J>MdP©æI?'8Ë8:9�Ï4=ËAFG�?�É¹=:AFG6JL9�JLÎFM4×�=:;>J>DQ?'8�ÎF9<TKJdÙ
RCÎFM�E+?'=ËAáÏk9<;>Ð�;>MdG<?';UP�=ËAFGI�
	îÉF;L9�Í�MdTLTK=ËAFGå=@T¬?ITLT>=:G<AFMdP�J>9åJLÎFM¶=ËA[J>M�;>Ñ�?IÍ�M«Í�9<Eqê

ÉQ9<AFM�A[JLT6DFAQP�M�;L8:Ö�=ËAFG�J>ÎFMH;L9ID�JL=:AFG�EHMdÍUÎ¹?IAF=ËT>E
Ù�7S=ËGID¹;>MG#´T>ÎF9�Ï/T�JVÏk9�9'Ñ1JLÎFM�E
Ù è ?IÍUÎ=:A[J>Md;KÑ�?<Í�M+Í�?IA·ÊÆM+Í�9<AFAFMdÍ�J>M�P«JL9�?ÞT>9'Ñ­JL8:=ËAFÐ«PFM�×�=ËÍ�MIæ©?<ÍOJ>=ËAFG�?IT"?�JL;L?IA¹TK=:J>=Ë9IAàÉÆ9I=ËA<J�JL9
J>ÎFMÞ;>M�?'8kAFM�JVÏ�9I;LÐ·9<; JL9·?IAF9'JLÎFM�;J���Cê]=:A[JLM�;>Ñ�?IÍ�M<Ù�7¹9I;�J>ÎFM
Í�9<AFAFM�ÍOJ>=Ë9IA J>9«9IJ>ÎFMd;J���
=:A[J>Md;KÑ�?<Í�M�TCÏkM�D¹T>M�D6F�	�Ù
�4MdÍ�M�=Ë×IMdP PF?�JU?¶=@T ðQ;LTKJqÉ¹;>9�Í�M�T>T>MdP Ê[Öä?IAK�
	 ?IPFP�;LMdTLT"JL;L?IA¹T>8Ë?'J>=Ë9IA DFA¹=ªJ¶ë�Ý È R/íOÙ

È Ñ­J>Md;�J>Î¹?'J�TKJ>MdÉ É¹?<ÍUÐIM�JUTf?I;>M�P�M�8Ë=:×<M�;LMdP�JL9/JLÎFMCÎF9<TKJfð¹8:J>Md;dÙ�RCÎF=@TSDFAF=:J�=@TSÉF;>9<GI;U?'EHE+?'ÊF8ËM
?'A¹P+?I8:8Ë9�Ï/T�JLÎFM�ÉF;L9�Í�M�T>T>=:A¹G"9'Ñ©TKÉÆMdÍ�=ªðÆÍ�TKJ>;LMd?'E+T1?'JkÎF=ËGIÎ¹M�;$8@?wÖIMd;LTdÙ'RCÎF=@TkT>=ËEqÉ¹8:=:ð¹MdT$J>Î¹M
=:EHÉF8ËM�EHM�A[JU?�J>=Ë9IAq9'ÑÆÍ�M�;>JL?I=:AqPF?'MdEH9IA¹TdæwÊFD�J�=ªJ�?'8@T>96?�GI;LMd?'JfÑ�?IÍ�=:8Ë=:JVÖ�J>9�ÉF;L9�Í�MdTLTSTKJ>;LMd?IE+T
P�DF;L=:AFG�J>;U?'AQTKEH=@T>T>=:9<A«ëÒM<Ù GQÙ�×�=ËP�Md9'ê�9I;C?'DQP�=:9HPF?'JL?<í�Ù È TC?HP�M�Ñ�?IDF8:J�JLÎFM�ÎF9<TKJ�ð¹8ªJLM�;C9IA¹8:Ö
ÍUÎFMdÍUÐ�T�ÑÒ9<;��
	 É¹?IÍUÐ<M�JLTk?IPFPF;>M�T>T>MdP�J>9 J>ÎFM�×�=:;>J>D¹?I8QÎ¹9<TKJ�?'AQPqJ>ÎFM"�49IDFJ>M�; È 8ËM�;>J4Ü�É�JL=:9<A
Ú �"?'JMLON�Û]Ù
È ÍOJL=:A¹G�?ITkTKMdA¹P�Md;dæ�PF?�JU?�=@T$?I8ËT>9�JL;L?IA¹TKÉÆ9I;>J>M�PqJ>ÎF;L9ID¹GIÎ+ÎF9[TVJkð¹8ªJLM�;C?'A¹P¬Ý È R JL9 ÊÆM

ÉFD�J�J>9�JLÎFM"�<D¹M�DFMd=:AFGqTKÖ�TKJ>MdE ÊÆM�ÑÒ9<;>M�J>;U?'A¹T>EH=ªJ>J>M�P´Ê�ÖqJ>ÎFM6TK9IÑ­J>8Ë=:AFÐ´PFM�×�=ËÍ�M�9<;kT>M�A[J�×�=@?
D6F�	�Ù È J>9<ÐIM�A ÊFD¹ÍUÐIM�Jfð¹8:J>Md;SÉ¹;>M�Í�MdPF=:AFG�J>ÎFMCÍ�9<AFAFM�ÍOJ>9<;f=@TfDQTKM�P�J>9�8:=ËEH=ªJ�J>ÎFM�E+?�Õ�=ËE DFE
Ê¹?'A¹PFÏ4=ËP�JLÎ
9'Ñ�J>ÎFM"=ËA[J>M�;>Ñ�?IÍ�MIÙ
BkM�Í�?ID¹TKMH9IÑC=:Jdñ T"P¹M�Õ�=:ÊF=Ë8Ë=ªJVÖ·J>ÎFM��<D¹M�DFMd=:AFG¶T>Ö�TVJLM�E�=ËT�J>ÎFM´EH9[TVJ Í�9IEHÉF8ËM�Õ·ÉQ?';>J�9'Ñ

J>ÎFM�=:A[J>Md;KÑ�?<Í�M<Ù
�]JHÍ�9IAQTK=@TVJUT 9IÑ�?�ÉÆ9[9<8k9IÑ�Í�9<EqÉÆ9IA¹M�A[JLT�8:=ËÐIM��<D¹M�DFM�T�æSð¹8:J>M�;UTdæ�T>Î¹?'ÉÆM�;UTdæ



T>ÍUÎFM�P�DF8ËM�;UT�Ù�RCÎFMC?IÍOJLD¹?'8<=:EHÉF8ËM�EHMdA<JU?�JL=:9<A 9'ç²M�;UT�JLÎFMkÑÒ9I8Ë8:9�Ï4=ËAFG�Í�9IEHÉQ9<AFM�A[JUT�âw?/G<M�AFMd;>=@Í
Í�8@?ITLTK=:ð¹M�;�æQ?�Rf9<ÐIMdA¶BkDQÍUÐIM�J67S=Ë8:J>M�;�æ�?¬P�;L9IÉ
JU?'=Ë8Q�[DFMdDFMIæ²?R��?'A¹P�9<E è ?';L8ËÖ F�M�JLMdÍOJL=:9<A�<D¹M�DFM ëS� è F�í�Ú 7QTOLVU�Û­í�æ$?XW·Md=:G<Î[J>MdP 7Q?'=Ë; Y�DFM�D¹M�=ËAFGáë�W 7QY�í´T>ÍUÎFM�P�DF8ËM�;�æ1?äTK=ËEHÉF8ËM�49IDFAQPZ�/9IÊF=ËAïë<�[��í¬T>ÍUÎ¹MdP�DF8ËM�;´?IA¹P ?\	1;L=:9<;>=:JVÖ]�49<DFA¹P^�49IÊ¹=:Aïë<	_�[��í+TLÍUÎFM�P�DF8ËM�;�Ù
È PFP�=:J>=Ë9IAQ?'8fÍ�9IEHÉQ9<AFM�A[JUT/?';LM"?G� è F`�<D¹M�DFM"Ï4=:J>Î
JLÎF;>MdM�P�;L9IÉÞÉF;>M�Í�M�P�M�A¹Í�MdT�ëzRB�B�>Ü�íOæ?4TKÉÆMdÍ�=Ë?I8IE+?';LÐIMd;QÑÒ9<;SP�=:ç²M�;LM�A[J>=@?�JLMdP�TKMd;>×�=@Í�M�T�?'A¹P"?B	$;>=Ë9I;L=ªJVÖ6W·Md=:G<Î<JLMdP"7Q?'=Ë;QY�DFM�D¹M�=ËAFG
ë<	aW 7bY�í�T>ÍUÎ¹MdP�DF8ËM�;6ÑÒ9<;�J>ÎFM+=ËEHÉF8:MdEHM�A[JL?'J>=Ë9IAå9'Ñ è Õ�ÉQM�P�=:J>MdP Ú T<Ý�	�Ldc�Ûk?'A¹P È T>T>DF;LMdP7F9I;LÏC?';UP�=:A¹G«Ú e�B�WfWgLVc�Û]Ù�RCÎFMHÍ�9IAFð¹GIDF;U?�JL=:9<A¶9'Ñ$J>ÎFMh�[DFM�DF=ËAFG
TKÖ�TKJ>MdE Í�?'A«ÊQM+Í�9<Eqê
ÉF8:M�J>Md8:ÖàP�9IAFM´?'J";>DFA[JL=:EHM+×�=Ë? È 	a��9I;�Í�9<EHEH?IA¹Pà8:=ËAFM+=ËA[J>M�;>Ñ�?IÍ�M�ë/?�ìi�Kí�ÙfRCÎFM+9<Ê7jVMdÍ�J
9I;L=:MdA<JLMdP«=:EHÉF8ËM�EHM�A[JU?�J>=Ë9IAå9IÑ$J>Î¹Mh�[DFMdDFM�=ËAFG�T>Ö�TKJ>MdE ?'AQP«=:Jdñ T"Í�9<EqÉÆ9IA¹M�A[JLT�E+?'Ð<MdT6=:J
Md?IT>Ö+JL9H?<PFPÞ9I;CEH9�P�=ªÑÒÖÞTK=ËAFG<8:M6ÑÒDFA¹Í�J>=Ë9IA¹?I8:=:J>=ËMdTdÙ
7F9I;6JLÎFM´Í�9<A�ð¹GID¹;L?'J>=Ë9IA¶9IÑ$J>Î¹MG��� ?ÞÍ�9IEHE+?'A¹P·8Ë=:AFMH=ËA[J>M�;>Ñ�?IÍ�M+?'A¹Pà?'A È 	���Î¹?<T

ÊQMdM�A =ËEHÉF8:MdEHM�A[J>M�P�Ù�RCÎ¹M È 	���?I8:8Ë9�Ï/T"ÉF;L9IG<;L?IE+T�æ�;LDFAFAF=ËAFG¶9<AåJ>ÎFM�×�=:;>J>D¹?I8$ÎF9[TVJ�æ©JL9
?'8:J>M�;"=ËA[J>Md;KÑ�?<Í�M´T>M�JKJL=:A¹G¹æ©;L9ID�JL=:A¹GÞ;LDF8ËMdT�?IA¹PåTK9
9<A©ÙfRCÎFM´Í�9IEHE+?'A¹P·8:=ËAFM´=ËA[J>Md;KÑ�?<Í�MH=ËT
?IÍ�Í�MdTLTK=ËÊF8ËM�×[=@?HÍ�9<A¹TK9<8:M69I;4M�Õ�J>M�;LA¹?I8�k/J>Md8:A¹M�JdÙ

l m ú�ÀonåÂ1ÁF÷ ôCú�ÀFÄ[p

qirSs tvu]wSx
wSu]y{za|i}O~��*�
�xA"J>ÎFMd9I;LÖ6?IA�Ö6A¹M�JVÏ�9I;LÐ/J>9<ÉQ9<8:9<GIÖ�Í�?IA"ÊQM�;>M�?'8Ë=:ÔdMdP�9<A"9IAF8ËÖ�9IAFM1Î¹9<TKJdÙ�e/9�Ï�M�×IMd;dæ�ÊQM�ÑÒ9I;LM
J>ÎF=ËAFG<T GIM�J Í�9IEHÉF8Ë=@Í�?�JLMdPàÏ�M´Ï4=:8Ë8kPFM�EH9IA¹TKJ>;U?�JLMHJ>ÎFM¬Eq9[TVJ T>=ËEqÉ¹8:M¬T>M�JLDFÉåð¹;UTVJ�æ©D¹T>=:A¹G
9IAF8ËÖ´9IA¹M����"æ¹ÊÆM�=ËAFG+Í�9<AFAFM�ÍOJ>M�P�J>9+?qÎF9<TKJdÙ
RCÎFM4ÎF9<TKJ$G<M�JLT$?'A+?IPFPF=ªJL=:9<A¹?'8F=ËA[J>Md;KÑ�?<Í�M"�V�7�d�"Ï4=ªJLÎHJ>ÎFM[�
	 ?IPFP�;LMdTLT ��� Ù � Ù � Ù � D¹T>=:A¹G

J>ÎFM�T>9'Ñ­JL8:=ËAFÐ�PFM�×�=ËÍ�MIÙ
�9�
�9� �M�S�����/�-�9�/�V�����9�M���9�;���

��� �9�
�9���
�3���
�3�¡ 9¢o�¡ H£����9 3�� 
¤`�S�M�9���9�
�9�V�¦¥/�3§¦¥�§¦¥�§¦¥
¨ �9���/�o��¥/�3§¦¥�§�¥�§�©
�
�«ªH���/�o�¬©
�
��§�©��
��§�©
����§¡�
ª�­9®V�¦¥��
�
�¯ªH�9�
�M�
����¥
®H° ¨
±H²9³9´ ¤ ³�µ ­ ± ®�¶
¶;·/¶�¸B¶ ²9³
± °[ª9®H�
­;·/¤ ³�µ ­
¹ §
§
§¡º

W·M¬ÍUÎ¹9[9[TKMHÎFMd;>M¬AF9IAä;L9ID�JLMdPå?IP¹P�;>M�T>T>MdPà9IÑkJLÎFM´JVÖ�ÉÆM ��� Ù Õ�Ù Õ²Ù Õ�Ù È T�?�AFM�Õ�J�TKJ>MdÉ
ÏkM6TKM�J>DFÉ¬J>ÎFM����"ÙEWàM6Í�9IA�ðQGIDF;LM�?'A¬=:A[J>Md;KÑ�?<Í�MJ»�¼7��Ï4=:J>Î´JLÎFM�?IPFP�;LMdTLT�½���¾'½*¾¿½*¾�À"?IA¹P
Í�9IA¹AFMdÍ�J�=:J�J>9ÞJ>Î¹M��V�7�O�Qæ²T>M�JLDFÉå?�EH=ËAF=ËE DFE ÊQ?IT>Mh�[DFMdDF=ËAFG�TKÖ�TKJ>M�E Í�9IA¹T>=@TVJL=:AFGÞ9IA¹8:Ö
9'Ñ�?qT>=ËAFGI8ËM"P�;>9<É¬JU?'=Ë8i�[DFM�DFM�?IA¹PÞTKM�J4J>ÎFM�?<Í�Í�9<;LPF=:AFGq;L9ID�JL=:AFGH;LDF8ËMdTdÙ

Á
Á ·<���M���
ÂH���
� µ �
­9®H°
Á
�S���H����ÂH���9�6��Â���¥/�3§�¥�§¦¥�§�©6©
�
��§�©��
��§�©
����§¡�
Ã °�t[^mZ²\VaUrmX[a>\©lUb�X<X[aUlL\V^mbdX6^mZ�X[b�\©h<iVb�v'^:oIaOo/}'y�\Vt[ab�_����}<`<\²}�y4\Vt<a�t[bdZ]\©g�nd�'^mX[®$^_\©^ªX[o<aUh�aLX<�
o<aUX�\1cËiVbdg n�X�yqlKt�n�X[®�aLZkg�ndo<aC\Vb�\Vt[a[�_��¯[°�t[^mZ�Zx^mg"h<rª^_µ[aUZ1ZxaL\V`[h+b�c©g6`[r_\V^mh[rma4g�n�l>t<^ªX<aUZ
lLiV`[lL^:n�rmrmy��[}�aUlOn�`[Zxa4X[b6l>t[ndX[®daUZ�\Vb�^mX�\VaLixc­n�lUaUZ$ZxaL\V`[h�bdi_Ä�`[aU`<aU^mX[®6g"aLl>t[ndX[^mZxg"Z�lOn�XHt�n�iVg
\Vt[a4°1ebÅ·lUb�X<X[aUlL\V^mbdXH`[ZxaOo c@bdi1\Vt<aClUb�XIµ�®d`<iKn�\V^mbdX



�S���H����ÂH���9�6��Â����9�/���M���/��Æ
����ÇHÆ��
�
�9�
�S���H����ÂH���9�6��Â�����ÈH���/�H�
�9�H�B�9�H�����H���9�
�S���H����ÂH���9�6��Â�����ÈH���S�M���/���[�H��¥
�S���H����ÂH���9�6��Â�����ÈH���S�M���/��¥��H�[�
Á[±H² ®H­;·S¶�¸B­ ³9¨ �9�
Á
�H�/É��H�6�9�
�"¥��3§¦¥�§¦¥�§¡�6©
�
�3§�©
�
��§¬©
�
��§¡�6��Â��
�H�/É��H�6�9�
�6�o§¡�3§¡�3§����3§¡�o§¡�3§¡����Â��
Ý/9�ÏéÏ�M+Í�?IA·JLMdTKJ"J>ÎFM´TLÍ�MdA¹?';L=Ë9�Ê�Ö«É¹=:AFG<=:A¹G�JL9
J>ÎFMG�H? ò 	ïTVJU?IÍUÐ�9'Ñ�J>Î¹MG���"Ù È

Ê »�Ë7Ì`½���¾'½i¾'½*¾�À�;LMdT>DF8:JLTC=ËA©â
°;·S¶�¸�¥��3§¦¥�§¦¥�§�©JÍ�¥/�o§¦¥�§¦¥�§¬©HÎ��
�
£[�����H�BÏHÐ9�H���
£9 BÏHÐ
�H����Â
�M�/Ñ�¥/�3§�¥�§¦¥�§�©3�Q�
�SÑ
�;Ò��9�9È
Ó��B�
�H�9Ó;¥�Ô
ÕB�3§¬��Ñ;�
£9 BÏHÐ
�H����Â
�M�/Ñ�¥/�3§�¥�§¦¥�§�©3�Q�
�SÑ
�;Ò��9�9È
Ó;¥_�
�H�9Ó;¥�Ô
ÕB�3§¬©�Ñ;�
£9 BÏHÐ
�H����Â
�M�/Ñ�¥/�3§�¥�§¦¥�§�©3�Q�
�SÑ
�;Ò��9�9È
ÓH©Ö�
�H�9Ó;¥�Ô
ÕB�3§¬©�Ñ;�
7F9I8Ë8Ë9�Ï4=:AFG6JLÎFMdT>M/M�ÕF?IEqÉ¹8:M/=:J$=@T1M�?IT>Ö�J>9�TKM�J>DFÉ+ÊF=ËGIG<M�;�JL9IÉÆ9I8Ë9IG<=:M�T�Ù'RS9 Í�9<AFAFM�ÍOJ1JVÏ�9

���/Tk×�=Ë?JD6F�	 9IA¹8:Ö�J>ÎFM�Í�9<EHEH?IA¹P�»�Ë7×7ØdÙ7¼7Ú1ÛoØÜ»3¼7�$ÛV�VËEË{Ø1Û3×ÞÝdßEØdà1Ý{�V�E�O��E�D¹TKJkÊÆM
Eq9�P�=:ð¹M�P�Ù

qir�á tvâJãJäæådy7�by7çQzS}Kè
â��Qx
xQ}Ez<z<wSx
é�ê�|i}O~��
�
RCÎFMHEq=ËAF=ËE+?'8�M�ÕF?IEqÉ¹8:MqÎ¹?IT�T>ÎF9�Ï4A«Î¹9�Ï ?���� Í�?'A·ÊQM´T>M�JLDFÉà8:=ËÐIMH?¬A¹9I;LEH?I8�;>9<D�J>Md;
Í�9IA¹AFMdÍ�J>MdPÞJL9¬9<DF;�ÎF9[TVJ�ÙQB�D�J6M�×IMdA�=ªÑ1Ï�M�Íd?'A�ÉF=ËAFG+JL9´JLÎFMë���"æQ=:J�=@T/A¹9'J�ÉÆ9<TLT>=:ÊF8ËM"JL9
9IÉÆM�Aå?�R6?�	.Í�9<AFAFMdÍ�J>=Ë9IA·ÊQM�JVÏkMdM�Aà9IDF;�ÎF9[TVJ"?'A¹P¶J>ÎFMG���"æ�ÊÆMdÍ�?ID¹T>M�9IÑ1J>ÎFMHEH=@T>T>=:A¹G
R6?�	ï?'A¹P\D�F�	 TKJL?<ÍUÐ�T�ÙSß�9�ÏkM´A¹M�MdPàJVÏ�9�;LMd?'8$ÎF9<TKJLT�?<T�T>9IDF;UÍ�M´?IA¹PåTK=ËAFÐå?'A¹PàJVÏ�9
���/TCJL9qJ>;U?'A¹T>ÉQ9<;KJCJLÎFM�J>;U?�Ó´Í69�×IMd;dÙ
7S=ËGID¹;>M6UqT>ÎF9�Ï/T�JLÎFM�É¹;>=ËA¹Í�=ËÉ¹?I8ÆT>M�JLDFÉ¬9IÑ�J>ÎFM�JVÏk9�ÎF9<TKJLTdÙ�ß�9IDF;UÍ�M6?'A¹P¬TK=ËAFÐ+?';LM�;LMd?I8

EH?<ÍUÎF=ËAFMdTdæ�TK9àÏkM
P�9àAF9'J+AFMdMdP J>9à;>Md8:Öä9<A�?ØëÒEH9I;LMÞ9I;H8:M�T>THÍ�9IEHÉF8ËM�J>MwíqTK=ËE DF8@?�JL=:×<M
R6?�	 =ËEqÉ¹8:MdEqMdA[JL?�JL=:9<A =ËA JLÎFM����/Tdæ�ÊFD�J+Í�?'A�D¹T>M¬Ï4=@P�MÞT>ÉF;LMd?<P�æ�Í�9IEHÉ¹?I;L?IÊF8:MÞR6?�	
=:EHÉF8ËM�EHM�A[JU?�J>=Ë9IAQT 9IÑ/J>ÎFM�ÎF9<TKJqT>Ö�TVJLM�E+TdÙ
WáÎFMdA Ï�M¬9<ÉQMdA�?«R6?�	éÍ�9IA¹AFMdÍ�J>=Ë9IAäÑÒ;L9IE
e/9<TKJ È J>9 ��� Ù � Ù UFÙ � æ�JLÎFM/JL;L?'Ó+Í/=ËT$;>9<D�J>M�PH9�×IM�;Ö�V�7�O��JL9ë��� È æI=@T$J>ÎFMdA´M�A¹Íd?'É¹T>DF8@?�JLMdP
=:A=D�F�	äÉQ?IÍUÐIM�JLT1?IA¹PqJ>;U?'AQTKÉÆ9I;>J>M�P�9�×<M�;1T>9IEHM/Ð�=ËA¹PH9'ÑiD6F�	åJLDFAFAFMd8�ëÒJ>ÎFM�P¹?IT>ÎFMdPH8Ë=:A¹M
=:A+ðQGIDF;LM6U<í�J>9�e/9<TKJkBºë­JL9 ÊÆM�EH9I;LM/M�Õ�?<ÍOJL8:Ö�J>9 � U � Ù LO#�Ù�N � Ù%NIíS?IA¹P+T>9"J>9J��� BØÏ4ÎF=@ÍUÎ
P�MdÍd?'É¹T>DF8@?�J>M�T�J>ÎFM�JL;L?'Ó´Í6?IA¹P¬ÑÒ9I;LÏ�?I;LPFT�=:J4J>9 �V�7�d�q9<Aìe/9<TKJ/B6Ù
�]J�=@T6Md?<TKÖ
JL9ÞT>M�M<æ²J>Î¹?'J6M�?IÍUÎ«Î¹9<TKJ"Íd?'AàTKMd;>×<M�?IT6EH9I;LM�J>Î¹?IAà?ÞTK9<DF;UÍ�M 9<;"?�T>=:A¹ÐÆÙ

WáÎF=ËÍUÎØMd?<ÍUÎ�T>9'Ñ­JL8:=ËAFÐ P�Md×�=ËÍ�MÞ?<PFP�MdP J>9·J>Î¹M�ÎF9<TKJH?IA¹P J>ÎFM����)ÖI9<D G[?'=ËA�?àTK9<DF;LÍ�M
;>M�TKÉÆMdÍ�J>=Ë×IM�8ËÖ«?�T>=:A¹ÐÆÙ�Ü�ÑCÍ�9IDF;UTKM�J>Î¹M´A�DFE ÊÆM�;"9IÑ����/T�=@T�8:=ËEH=ªJLMdPåÊ�Ö¶JLÎFM+A�DFE ÊÆM�; 9'Ñ
J>DFAFA¹M�8@T©JLÎFM$ÉFÎ�Ö�T>=ËÍd?'8IÍ�9IAFAFM�ÍOJL=:9<A"ÊQM�JVÏkMdM�A"JLÎFM1ÎF9[TVJUTfÍ�?IA"E+?'A¹?IGIMIÙ�B�D�JS?ITf8:9<AFG�?<T�J>Î¹M
Í�9IAFð¹GIDF;LMdPÞÊ¹?IA¹P�Ï4=@P�J>Î�9IÑ�J>ÎFMí���/Tdñ¹=ËA<JLM�;>Ñ�?IÍ�MdT4=@T�T>E+?'8Ë8SÍ�9<EHÉ¹?';LMdP¬J>9+JLÎFM ?w×�?'=Ë8@?'ÊF8ËM
Ê¹?'A¹PFÏ4=ËP�JLÎ
9'Ñ�J>ÎFM"ÎF9[TVJCJLÎFM�;LM"?';LM6A¹9qÉ¹;>9<ÊF8:MdE+T�J>9+ÊÆM"M�Õ�ÉQM�ÍOJLMdP�Ù
Á
Á ·<���M���
ÂH���
� µ �
­9®H°
Á
�S���H����ÂH���9�6��Â���¥/�3§�¥�§¦¥�§¦¥B©
�
��§�©��
��§�©
����§¡�
�S���H����ÂH���9�6��Â����9�/���M���/��Æ
����ÇHÆ��
�
�9�



Host A Host B

130.92.70.1 10.1.1.1 130.92.70.710.1.3.1

eth0 eth0

sol0

VR B

sol0

VR A

�a�¬� §¿î¹§ pØ°1ebÅàlOn�h�n�}[rma�jIaL\V`<h��1^_\Vt�\z��b�t<b�Z]\VZkndX[o \Y��b"���$Z

�S���H����ÂH���9�6��Â�����ÈH���/�H�
�9�H�B�9�H�����H���9�
�S���H����ÂH���9�6��Â�����ÈH���S�M���/���[�H��¥
�S���H����ÂH���9�6��Â�����ÈH���S�M���/��¥��H�[�
Á
�S���H����ÂH���9�6��Â;¥[¥/�3§�¥�§�©�§¦¥B©
�
��§�©��
��§�©
����§¡�
�S���H����ÂH���9�6��Â;¥B�9�/���M���/�"¥9�9�3§�ï
©3§�Õ9�3§�Õ3��Ô9�
 �©BÔ
�
 M¥
�S���H����ÂH���9�6��Â;¥B��ÈH���/�H�
�9�H�B�9�H�����H���9�
�S���H����ÂH���9�6��Â;¥B��ÈH���S�M���/���[�H��¥
�S���H����ÂH���9�6��Â;¥B��ÈH���S�M���/��¥��H�[�
Á
Á[±H² ®H­;·S¶�¸B­ ³9¨ �9�
Á
�H�/É��H�6�9�
�"¥��3§¦¥�§¦¥�§¡�6©
�
�3§�©
�
��§¬©
�
��§¡�ð�/Â��
�H�/É��H�6�9�
�"¥��3§¦¥�§�©3§¡�6©
�
�3§�©
�
��§¬©
�
��§�©��
�[�/Â;¥
�H�/É��H�6�9�
�"¥��3§¦¥�§��3§¡�6©
�
�3§�©
�
��§¬©
�
��§�©��
�[�/Â;¥
�H�/É��H�6�9�
�6�o§¡�3§¡�3§����3§¡�o§¡�3§¡����Â��
RCÎFMàTLÍ�;L=ËÉ�J
T>ÎF9�Ï/T¬J>ÎFMäT>M�JLDFÉ 9IÑë��� È ÙB����B ÎQ?IT�J>9ØÊQMäÍ�9IA�ð¹G<DF;LMdP =ËA ?IA

?'A¹?I8:9<GI9IDQT�ÏC?wÖIÙ���� È ÎQ?IT�=:Jdñ T"=:A[JLM�;>Ñ�?IÍ�MH=:Ñ � Í�9IA¹AFMdÍ�J>MdP·JL9�JLÎFM´T>9'Ñ­J>8Ë=ËAFÐ·P�Md×�=ËÍ�Mq9<A
e/9<TKJ È ?'AQP
J>ÎFMq=ËA<JLM�;>Ñ�?IÍ�M =:Ñ � ×�=Ë?�D6F�	áJLDFAFAFMd8SJL9¬JLÎFM�?<Í�Í�9I;UP�=:A¹G´=:A[JLM�;>Ñ�?IÍ�M 9IA@���
B�Ù

qir¦q ñ ò�wSx
éXt�ó
ó
ô3}Oò�òhâ�ô3y{xQò�z<y7~�w<õCxfö/õ÷ôRøì}O~;ùëõ÷ô�úg|*}d~��*�
Ü�A¶?H8:9<AFGHJ>Md;>EÌ=ªJ6=ËT/AF9'J�TL?�JL=ËTKÑÒÖ�=:A¹G¹æFJLÎ¹?�J�ÑÒ9I;4JLÎFM�D¹T>M�9'Ñ�ÎF=ËGIÎ¹M�;/ÉF;L9'JL9�Í�9I8@T/?'J/8:M�?ITKJ
JVÏk9åE+?IÍUÎF=ËAFM�T+Î¹?w×IMÞJL9äÊQM�D¹T>MdP©Ù è ×<M�A =ªÑ�Ï4=:J>ÎÞû6=ËG<?'Ê¹=ªJ è J>ÎFMd;>AFM�J+J>ÎFM�É¹Î[Ö�T>=ËÍd?'8Ë8:Ö?w×w?I=:8@?'Ê¹8:M�Ê¹?'A¹PFÏ4=ËP�JLÎ�=@TqAF9åT>Íd?';UÍ�M´;LMdT>9IDF;UÍ�M¬J>ÎF=@TqÉF;L9IÊF8ËM�E 8Ë=:EH=:JLTqJLÎFM�DQT>?IÊF=:8Ë=:JVÖä9'Ñ
���/TdÙ È J�JLÎFM+EH9IEHM�A[J�JLÎFM=��� Î¹?IT"A¹9¶R6?�	º9I;íD6F�	 TKJL?<ÍUÐÆæf;>M��<D¹=:;L=:A¹GÞ;LMd?I81ÎF9[TVJUT
?IT4MdA¹P
TKÖ�TKJ>M�E+TdÙQß�9´?'J4ÑÒ9I;�?HEH=ËA[D¹E DFE TKM�J>DFÉ�?'J/8:M�?ITKJ4JVÏk9´T>Ö�TVJLM�E+T4?';LM"AFMdÍ�MdTLT>?I;>Ö<Ù
RCÎF=ËT�Ï�?<T6J>ÎFM+;LMd?<TK9<A«Ï4Î�Ö¶JLÎFM´?'8Ë;>M�?IP�Ö«EqMdA[J>=Ë9IAFM�P·Ý�M�JVÏ�9I;LÐ È PFPF;>M�T>T"RS;L?IA¹T>8Ë?'J>=Ë9IA
DFAF=:J�ÏC?ITk?IPFP�M�PHJ>9�J>ÎFM6=:A[JLM�;>Ñ�?IÍ�M�TVJL;>D¹Í�J>DF;LM�ëzTKMdM�7�=:G<DF;LM�#Ií�Ùd�xA´J>ÎFM�ÑÒ9I8Ë8:9�Ï4=ËAFG�Ï�M�Ï4=Ë8:8
GI=Ë×IM"?HTKÎF9<;KJ4M�Õ�?IEHÉF8:M�ÎF9�ÏþJ>9HD¹T>M�Ý È RþJ>9+;L9ID�JLM"�
	�ÉQ?IÍUÐIM�JLTkJ>Î¹;>9<DFGIÎ
?����"Ù



Host

if0 NAT in
VR

VR
if1 NAT out

Host

Host

VR
if0 NAT out

VR
if1 NAT in

Host

Source

Sink

10.1.2.1 10.1.1.1

10.1.2.1 10.1.2.42

10.1.1.42 10.1.1.110.1.1.1 10.1.1.42

10.1.1.1 10.1.2.1

10.1.2.42 10.1.2.1

�a�¬� §¿üÆ§ p j'aL\V`[h�`[Zx^mX[®�|kaL\Y��bdiV� p�o<oIiVaUZxZ$°QiKn�X[Zxrªn�\V^mbdXHc@aOn�\V`<iVaUZ

7S=ËGID¹;>Mbý/T>ÎF9�Ï/T²J>Î¹Mþ�
	�?IPFP�;LMdTLTÆJ>;U?'AQTK8@?�JL=:9<A¹T²9�Í�Í�D¹;>;L=:A¹GCPFDF;>=ËAFGCÑÒ9<;>ÏC?';UP�=ËAFG$JLÎF;L9IDFG<Î
J>ÎFM/;L9IDFJ>M�;�Ù è ?IÍUÎH?IPFPF;>M�T>T�ÉQ?'=Ë;1;>MdÉF;LMdT>M�A[JLT�JLÎFM�T>9IDF;UÍ�M/?IA¹P+P�M�TVJL=:A¹?'J>=Ë9IAG�
	 ?<PFP�;LMdTLTKM�T9'Ñ©JLÎFM��H? ò 	 ÉF=ËAFGqÉ¹?IÍUÐ<M�J�?'JkM�?IÍUÎ¬TKJL?'J>M6=:A¬J>ÎFM����"Ù�RCÎFM6=ËA<JLM�;>Ñ�?IÍ�M�Í�9<EHMdTkÏ4=ªJLÎ¬JVÏ�9Ý È Réð¹8ªJLM�;UT�æ²9<AFMqÑÒ9I;�=:AQÍ�9IEH=ËAFGÞÉ¹?IÍUÐ<M�JLT�?IA¹P¶JLÎFM+P�MdTKJ>=ËA¹?'J>=Ë9IAå?IPFP�;LMdTLT6?'A¹P·9IAFMqÑÒ9<;
9ID�JLGI9I=ËAFGqÉ¹?IÍUÐ<M�JUT4?'A¹P¬J>ÎFM�T>9ID¹;LÍ�M6?<PFP�;LMdTLT�Ù
�]J4T>ÎF9<DF8ËP¬ÊQM�EHM�A[JL=:9<AFMdP�æ�JLÎ¹?�JCJLÎFM"TK9<DF;LÍ�M�ÎF9[TVJ/?IA¹P+JLÎFM"TK=ËAFÐ´ÎF9[TVJ4?';LM�J>ÎFM"TL?'EHM

EH?<ÍUÎF=ËAFMIæ�ÊFDFJH9<A JVÏ�9äP�=ªç²M�;LM�A[J+TK9IÑ­J>8Ë=:A¹Ð =:A[JLM�;>Ñ�?IÍ�M�T�Ù4ë ��� Ù � Ù � Ù � ?IA¹P ��� Ù � Ù%#�Ù � í�Ù�RCÎ¹M
TK9<DF;LÍ�M/Í�9<AFAFMdÍ�JLT1J>9�? P�DFEHE Ö+?IP¹P�;>M�T>T ��� Ù � Ù � Ù ýO#Fæ�ÊQMd=:A¹G�;>9<D�J>M�PH9�×IMd;�J>ÎFM����"æ[Ï4ÎF=@ÍUÎ
Í�9IA�×<M�;>JLT�P�DF;L=:AFG6JL;L?IA¹TKEH=@T>T>=Ë9IA"JLÎFM4É¹?IÍUÐ<M�J�ñ T�P�M�TVJL=:A¹?'J>=Ë9IAq?IPFP�;LMdTLTSJ>9 ��� Ù � Ù #FÙ � ?'A¹P J>Î¹M
TK9<DF;LÍ�M"?IPFP�;LMdTLTCJL9 ��� Ù � Ù%#�Ù ýO#FÙ È A�Ö�;LMdT>ÉÆ9IA¹T>M"TKMdA<J�J>9 ��� Ù � Ù #FÙ ýE#�Ï4=Ë8Ë8fÊÆM Í�9<A[×<M�;>J>M�P¬=ËA
?'A
?'A¹?I8:9<GI9IDQTkÏC?wÖIÙ
Á
Á ·<���M���
ÂH���
� µ �
­9®H°
Á
�S���H����ÂH���9�6��Â���¥/�3§�¥�§¦¥�§�©6©
�
��§�©��
��§�©
����§¡�
�S���H����ÂH���9�6��Â����9�/���M���/��Æ
����ÇHÆ��
�
�9�
�S���H����ÂH���9�6��Â;¥[¥/�3§�¥�§�©�§�©6©
�
��§�©��
��§�©
����§¡�
�S���H����ÂH���9�6��Â;¥B�9�/���M���/��Æ
����ÇHÆ��
�
�H¥
Á
Á ª ³ °�·S° ³�´�´�± � µ
µ � µ
Á
�S���H����ÂH���9�6��Â��B�9ÑHÈ��9�
��¥��3§¦¥�§¦¥�§¡ �©[©
����§�©
�
�3§�©
�
��§¬©
�
�6¥/�3§�¥�§�©�§¦¥
�S���H����ÂH���9�6��Â;¥B�SÑHÈ��9�
��¥��3§¦¥�§¦¥�§¦¥«©
����§�©
�
�3§�©
�
��§¬©
�
�6¥/�3§�¥�§�©�§¡ H©
Á
�S���H����ÂH���9�6��Â;¥_�9ÑHÈ��9�
��¥��3§¦¥�§�©3§¡ �©[©
����§�©
�
�3§�©
�
��§¬©
�
�6¥/�3§�¥�§¦¥�§¦¥
�S���H����ÂH���9�6��Â����SÑHÈ��9�
��¥��3§¦¥�§�©3§¦¥«©
����§�©
�
�3§�©
�
��§¬©
�
�6¥/�3§�¥�§¦¥�§¡ H©
Á
¹ §
§
§ µ ���9É
����Â�ÿ/ÉM��ÉM���S��� µ ÐH�/�H��Ñ;��§
§
§�º
Á



Á[±H² ®H­;·S¶�¸B­ ³9¨ �9�
Á
�H�/É��H�6�9�
�"¥��3§¦¥�§¦¥�§¡�6©
�
�3§�©
�
��§¬©
�
��§¡�6��Â��
�H�/É��H�6�9�
�"¥��3§¦¥�§�©3§¡�6©
�
�3§�©
�
��§¬©
�
��§¡�6��Â;¥
�H�/É��H�6�9�
�6�o§¡�3§¡�3§����3§¡�o§¡�3§¡����Â��

Ý/9�Ï Ï�MCÏ4=:8Ë8¹?'É¹ÉF8:Ö�?�T>=:EHÉF8ËM[�[DFM�D¹M�=ËAFG"TKÖ�TKJ>M�E J>96J>ÎFMC=ËA[J>M�;>Ñ�?IÍ�MdTdÙ'7�=:G<DF;>M��6TKÎ¹9�Ï/T
J>ÎFM�T>M�JLDFÉHÑÒ9I;$Ê¹?'A¹PFÏ4=ËP�JLÎ+;>M�TKMd;>×�?'J>=Ë9IA©Ù'RCÎFM�Í�8@?ITLTK=:ð¹M�;_? ÑÒ9<;>ÏC?';UPFT�É¹?IÍUÐ<M�JUT1?IÍdÍ�9I;UP�=ËAFG
J>9�J>ÎFMd=:;�ÎFM�?IP�Md;�P¹?�JL?´J>9�P�=:çÆMd;>MdA[J"�[DFMdDFMdTHë�� k ?IA¹P�����í�Ï4=ªJLÎ«JLÎFM�Ê¹;L?IA¹ÍUÎ«9�×<M�;	� kÊQMd=:AFG+8Ë=ËEq=:J>M�P
Ê�Ö�?qJ>9<ÐIMdAÞÊ¹D¹ÍUÐIM�J4ð¹8ªJLM�;�Ù È T�T>ÍUÎFM�P�DF8ËM�;�?HTKJL?IA¹PF?';UP��49ID¹A¹P��49IÊF=ËA
=ËT
D¹TKM�PÞ8:=ËEH=ªJL=:AFG´?I8:8�A¹9IA
R6?�	 JL;L?'Ó´Í6J>9+?qEH?'Õ�=:E�DFE 9IÑb# ò ÊFÉ¹TdÙ7S=ËGID¹;>M�
�T>ÎF9�Ï/Tf?�TK=ËEHÉF8:M�M�×�?I8:D¹?'J>=Ë9IA�9IÑ�J>ÎF=@Tb�[DFM�DFMd=:A¹G�T>Ö�TKJ>MdEïÏ4=ªJLÎ�?IA ?'G<GI;LMdTLTK=Ë×IM
D6F�	«?'AQP"?�R6?�	�P¹9�Ï"Ù�RCÎFM$R6?�	·PF?�JU?'GI;U?'E+T�?I;>M�ÑÒ9<;>ÏC?';UP�M�P�9�×<M�;��
��æ�D�F�	«9�×IMd;�� k ÙRCÎFMCJ>9<ÐIM�A�ÊFD¹ÍUÐ<M�J�ð¹8:J>M�;�� =@T1TKM�J�J>9"?6Ê¹?'A¹PFÏ4=ËP�JLÎH9'Ñi# ò ÊFÉ¹TdÙ'RCÎFMB���Ø=ËA<JLM�;>Ñ�?IÍ�MdT�?';LM8:=ËEH=ªJLMdP�J>9Gý ò ÊFÉQT�ÙFRCÎFMíD�F�	 T>9IDF;UÍ�M"T>M�A¹P¹TC=:A
=ËA<JLM�;L×�?'8@T�æ[J>9+×�=@TKDQ?'8Ë=:ÔdM�JLÎFM";>M�?IÍ�J>=Ë9IA9'Ñ�R6?�	Ø?IA¹P¬J>ÎFMí�[DFMdDFM�=ËAFG+TKÖ�TKJ>MdEùJ>9HE+?ITLT>=:×<M�D�F�	 ÊFD¹;LTKJLTdÙ
Ü�AFM«Í�?IA Í�8ËMd?I;>8ËÖ 9<Ê¹TKMd;>×<MIæ�ÎF9�ÏÌJLÎFM·R6?�	îÊQ?'A¹P�Ï4=@P�JLÎþP�MdÍ�;>M�?IT>MdTqÑÒ;L9IE ýäJ>9Z#

ò ÊFÉ¹Tdæ©Ï4ÎFMdAID�F�	ºD¹T>MdT6JLÎFM´?w×�?'=Ë8Ë?IÊF8ËM�Ê¹?IA¹P�Ï4=@P�J>Îå9IÑB# ò ÊFÉQT�ÙfRCÎ¹MHT>ÎF9<;KJ"ÉÆMd?'Ð«9'ÑJ>ÎFM
R6?�	¯PQ9�ÏîÊQMd8:9�ÏîJLÎFMÞGID¹?I;L?IA<JLM�M�PåÊ¹?'A¹PFÏ4=ËP�JLÎ�=@THÍ�?ID¹TKM�PäÊ�Ö R6?�	éÍ�9IAFG<MdTKJ>=Ë9IA
Í�9IA[JL;>9<8zÙ�RCÎFMHGI;U?'É¹Î«ÏC?IT69IÊ�JU?'=ËAFMdP·Ê�Ö¶?
TKM�J>DFÉàD¹T>=:AFG
9<AFMh��� Ï4=ªJLÎ·JVÏ�9Þ=:A[J>Md;KÑ�?<Í�M�T
?'A¹PHAFM�JVÏk9<;>Ð�?IPFP�;LMdTLT�J>;U?'AQTK8@?�JL=:9<A
ëzÝ È R/í$?IT1T>ÎF9�Ï4AH9IAqð¹G<DF;>MBýQæ<T>9�J>ÎFM�R6?�	äTK9<DF;LÍ�M
?'A¹P¬J>ÎFM�R6?�	áT>=ËAFÐ´Ï4ÎFMd;>M�ÎF9[TVJLMdP�9IAÞJ>ÎFM�TL?'EHM�E+?IÍUÎF=ËAFM<Ù

C S

Q

Q2

1 T

����� §��¹§ p�g"^mX<^ªg�`[gÜÄ�`[aU`<aU^mX[®6Z]yIZ]\VaUgïZxa>\V`[h�cËbdik}�n�X�oI�1^ªo'\VtHndrmrmb�lOn�\V^ªbdX

RCÎF=ËT�T>Í�M�A¹?I;>=Ë9H=ËT�Í�9<EqÉQ?';U?'ÊF8ËM"Ï4=ªJLÎ«?H;LMd?'8�TKM�J>DFÉ�9IÑ�J>ÎF;LM�M�E+?<ÍUÎF=:A¹MdTdæ¹9IA¹M ?IÍ�J>=ËAFG
?IT4T>=:AFÐ²æ�9<AFM�?ITC=ËA[J>M�;LEHMdP�=@?�JLM�;>9<D�J>Md;C?IA¹PÞ9IAFM"?<T4TK9<DF;LÍ�MIÙ

� ø Ç���ú©ÁFúf¿kÀFÇVü�À�úfÃ ô�ú©ÁFû4Ç>Å²ú��ØôCú�ÀFÄ[p n�ÇVÀ��)ýþÇKÁ�ÀFÄ/ü�ö�ÿ Â$Ä/À�úfÁ��

�xA�JLÎF=@T4TKM�ÍOJ>=Ë9IAÞÏ�M�T>ÎF9�Ï ÎF9�Ï ?�JVÖ�ÉF=@Í�?'8iF�=:çÆMd;>MdA<JL=Ë?'J>M�PÞß�Md;>×�=@Í�M�M�×�?I8:D¹?'J>=Ë9IA
T>Í�M�A¹?I;>=Ë9
Í�?'AàÊÆMHT>M�JLDFÉåD¹T>=:AFG���=:;>J>D¹?I8a�49IDFJ>M�;UTdÙ©Ü�ÑCÍ�9[?';UTKMH?'A�Ö�EH=ªÕ�JLDF;>MH9IÑk;LMd?'81?IA¹P·×[=Ë;>J>D¹?I8
Í�9IEHÉÆ9IAFMdA[JLTH=@THÉQ9[T>T>=:Ê¹8:M<æ1TK9X����THEq=ËGIÎ[J´ÉF8@?wÖ ?à;>9<8:M�P�D¹;>=ËAFGåP�M�×<M�8Ë9IÉF=ËAFGå;>M�?'8C=ËE�ê
ÉF8:MdEHM�A[JL?'J>=Ë9IA¹T�ÑÒ9<; P�MdÊFDFGI=ËAFG�ÉFD¹;>ÉÆ9<T>MdTdæ�Ï4=ªJLÎF9IDFJ 9�Í�Í�D¹É[Ö�=ËAFG�?
Ï4ÎF9I8ËM+ÉÆ9[9<8$9IÑ�DFA¹=ªÕ
Ïk9<;>Ð�TKJL?�JL=:9<A¹T�?'A¹PÞ;L9ID�JLM�;UT�Ù



0

1

2

3

4

[M
b

p
s]

0 5 10 15 20 25 30 [sec]

TCP flow  
UDP flow 

����� §��¹§ {�n�X�oI�1^ªo'\Vt+ndrmrmb�lOn�\V^mbdX´\Vb6Zxh�aUlU^_µ�l/n�°1ebÅ¶¸�bO�

�*rSs |*}O~��
�^õCö[y���w ��|*}dô"!$#G�Q}O�Q}Ew<xQé]|&%iò�~�}Eu

7S=ËGID¹;>M�N�TKÎ¹9�Ï/T$?"ÉÆ9<TLTK=ËÊF8ËM�Í�9IA�ð¹G<DF;U?�J>=Ë9IAH9IÑf?'A=���/T_�[DFMdDFM�=ËAFGqTKÖ�TKJ>M�E ÑÒ9I;ÖF�=ªç²M�;LM�A�ê
J>=@?�J>M�P�ß�M�;L×�=ËÍ�MdTdÙ

C SDM

AF

BE

EF

�a�¬� §('F§ p�»C^_¼FaLiVaUX�\V^ªn�\VaUo´jIaLiVv'^mlUaUZk±�`[aL`[aU^mX[®"j'yIZ]\VaUgº�1^_\Vt+ndXH{�aUZ]\�¨©¼Fb�ix\O��ndXH¨©³Ih�aOoI^m\VaUo
)<bdix��n�iKo<^mX[®�n�X�o�n"±�`[aU`<a�c@b�i$b�X[a/p$ZxZx`<iVaOo*)[bdix��n�iKo<^mX<®�lUrªndZxZ

RCÎFMHð¹;UTVJ Í�9IEHÉQ9<AFM�A[J,+*- =@T�?
GIMdAFM�;L=@ÍGF6ßàE+?';LÐIMd;dæ²EHMd?<TKD¹;>=ËAFG P¹9�Ï/T�?IA¹Pà;>M�ê
Í�8@?ITLTK=:ÑÒÖ�=:AFG´J>ÎFMdE ?IÍ�Í�9I;UP�=ËAFGHJ>9¬J>ÎFMd=:;�ß�Md;>×�=@Í�M ìfM�×IMd8 È GI;LM�MdEqMdA[JdÙ/.î=ËT�J>ÎFMqÍ�8@?ITLTK=:ð¹Md;
ÑÒ9I;LÏ�?I;LP�=ËAFG6J>Î¹M/É¹?IÍUÐ<M�JUT�J>9"JLÎFM�?IÍdÍ�9<;LP�=ËAFG��[DFM�D¹MdTdÙIRCÎFM6�[DFMdDFMdT1ÑÒ9I; è Õ�ÉÆMdPF=ËP�JLMdP+7¹9I;>êÏ�?I;LP�=ËAFG ë è 7�í ?IA¹PàÑÒ9I;qB�MdTKJ è ç²9I;>J�RS;L?'Ó´Í¶ë�B è í ?';LM¬TKJL?'AQPF?';UPåP�;>9<ÉåJL?I=:8Ö�[DFM�DFM�T�ÙÈ TLTKDF;LMdPØ7F9<;>ÏC?';UP�=ËAFG�ë È 7�í�J>;U?�Ó´Í�=ËT+T>M�A[JHJ>9ä?åRB�B�>Ü �[DFMdDFMäë�RCÎF;LM�M�TKJL?'J>Mì� è FÏ4=ªJLÎä=:A ?IA¹Pà9ID�J¬Ú 7bTdLdUwÛ­í�æSP�;L9IÉ¹ÉF=:A¹GÞÉQ?IÍUÐIM�JLT"?<Í�Í�9<;LPF=:AFGÞJL9
J>ÎFMd=:;qRf9�ß¶ðQM�8@P·×�?I8:DFM�T�Ù
RCÎFM"T>ÍUÎFM�P�DF8ËM�;10 =ËT4?h	$;>=Ë9I;L=ªJVÖhWàM�=ËGIÎ[J>M�P�7Q?'=Ë;�Y�DFM�D¹M�=ËAFGÞëS	aW 7bY�íCT>ÍUÎFM�P�DF8ËM�;�Ù�RCÎF=ËT
T>ÍUÎFM�P�DF8ËM�;CÎ¹?<TkÊÆM�MdAÞT>ÉÆMdÍ�=@?'8Ë8ËÖ´P�MdT>=:G<AFMdP�?�J49ID¹;�=ËA¹TKJ>=:J>D�JLM6ÑÒ9I;�J>ÎFM�=ËEHÉF8:MdEHM�A[JL?'J>=Ë9IAÞ9'Ñ
F�=:çÆMd;>MdA[J>=@?�J>M�P ß�Md;>×�=@Í�MdTq?'AQP ?'8Ë8:9�Ï/T"J>9¶Ñ�?w×<9IDF;qTK9<EHMR�[DFM�DFM�T�?<T É¹;>=Ë9I;L=ªJVÖI�[DFM�DFMd=:A¹G
?'A¹P
JL9Þ?I8:8Ë9�Í�?'J>M ?�TKÎ¹?I;>M�9'Ñ�JLÎFMq?w×�?I=:8@?'ÊF8ËM�;LM�9[TK9<DF;LÍ�MdTCJL9¬JLÎFM 9IJ>ÎFMd;LT6?IT�W 7QY PF9[M�T�Ù
ß�9 è 7«É¹?IÍUÐ<M�JUT�GIM�J�J>ÎFM6?'Ê¹T>9I8ËD�J>M4É¹;>=Ë9I;L=ªJVÖ Ï4ÎF=:8ËM4JLÎFM/9'JLÎFM�;��[DFM�DFM�T�GIM�Jk?"T>Î¹?';LM49'Ñ²J>Î¹M



Ê¹?'A¹PFÏ4=ËP�JLÎ ?IÍdÍ�9<;LP�=ËAFG
JL9�J>ÎFMd=:;qÏ�M�=ËGIÎ[JdÙ�Rf9¶É¹;>Md×IM�A[J è 7 JL;L?'Ó´ÍHJ>9¶Ê¹8:9�ÍUÐå?'8Ë8k9IJ>ÎFMd;P¹9�Ï/T�æ è 7ä=@T48:=ËEH=ªJLMdPÞÊ�Ö¬?qJ>9<ÐIMdA�ÊFDQÍUÐIM�JCð¹8:J>Md;dÙ

�*r�á |*}O~��
�^õCöB~(2
}435!{y{zS�
y7~�w<õCx^â_õ÷��õCz<õCé�%

�xA¶J>Î¹=ËT6TKM�ÍOJL=:9<A¶ÏkMqP�MdTLÍ�;L=ËÊQMH?¬T>M�JLDFÉ�ÑÒ9I;�?RF�=:çÆMd;>MdA<JL=Ë?'J>M�P·ß�Md;>×�=@Í�MdT�M�×�?'8ËD¹?'J>=Ë9IA«?IA¹P
=ªJ�ñ T ÉQ9<;KJ�JL9«?'A\���î?';UÍUÎF=:J>MdÍ�J>DF;LMIÙ È T ?¶Ê¹?IT>=ËT"ÑÒ9I;"JLÎFM¬AFM�JVÏk9<;>Ð«8Ë?wÖ<9ID�J�Ï�M´D¹T>M+J>Î¹M
J>9IÉÆ9I8Ë9IG<Ö�9'ÑkJ>ÎFM¬ßEWf�VR6?�e A¹M�JVÏ�9I;LÐ�=:Aäß�Ï4=:J>Ô�Md;>8@?'AQP�Ù©7�=:G<DF;>MGc
T>ÎF9�Ï/T�J>ÎFMHM�Õ�=@TVJL=:A¹G
AFM�JVÏ�9I;LÐä?'A¹PåJLÎFM
;>MdÉF;LMdT>M�A[JL?'J>=Ë9IAäÏ4=:J>ÎK��=:;>J>DQ?'8B�49IDFJ>M�;UTdÙ è ?IÍUÎ ?<Í�Í�M�T>T�AFM�JVÏk9<;>Ðà=ËT;>M�?'8Ë=ËT>MdPåÊ�Öà9IAFM¬T>9'Ñ­JL8:=ËAFÐäP�Md×[=@Í�M<Ù�Ü�Ñ/Í�9IDF;UTKM�?�EH9I;LM¬Í�9<EqÉ¹8:M�ÕåT>M�JLDFÉ 9'Ñ4JLÎFM�?<Í�Í�MdTLT
AFM�JVÏ�9I;LÐ Í�9<DF8ËP ?I8ËT>9·ÊÆM�=ËEqÉ¹8:MdEqMdA[J>MdP©ÙkRCÎFM
AF9�P�M�T+9'Ñ�J>ÎFM«ßEWf�VR6?�e AFM�JVÏ�9I;LÐ ?';LM
M�E D¹8Ë?'J>MdP�9IAÞJLÎF;>MdM�ÎF9<TKJLTdæ�Md?<ÍUÎ�;LDFAFAF=ËAFG+T>M�×IMd;L?I8²=:A¹TKJL?IA¹Í�M�TC9'Ñb��=Ë;KJLD¹?'8i�/9ID�JLM�;UT�Ù

6 ô4Ä1787 ü�Á:9 ü�¿�Ã<; Ä4ÀFöKÂ�Â$÷

RCÎFMk=@P�M�?�9IÑ1��=Ë;KJLD¹?'8E�49<D�J>Md;LT�?'AQP�TK9IÑ­J>8Ë=:A¹Ð�P�M�×�=@Í�MdT�ÉF;LMdT>M�A[JLMdP"ÎFMd;>M�Î¹?<TfÉF;L9�×IMdA�D¹T>M�ÑÒDF8
ÑÒ9I;�J>Î¹M6�[DF=ËÍUÐ�P�M�×<M�8Ë9IÉÆM�EHM�A[J1?'A¹PqMd×w?I8:DQ?�J>=Ë9IAq9'Ñ²AFMdÏ JL;L?'Ó+ÍCÍ�9IA¹P�=:J>=Ë9IA¹=:AFG"M��[DF=:É¹EqMdA[J
?'A¹P¬ÑÒ9I;/MdE DF8@?�JL=:A¹GqÊ¹=:G<GIM�;�JLMdTKJ>ÊÆMdPFTCÑÒ9<;CJ>ÎFM�PFM�ÊFDFG<GI=ËAFGH9'Ñ�ñ ;LMd?I8zñ�ÉF;L9IG<;L?IE+T�Ù
RCÎFM�;LMdT>DF8:JLT�?w×�?'=Ë8Ë?IÊF8ËM�T>9¬Ñ�?I;�Í�9I;L;>M�TKÉÆ9IAQP�EHMd?IT>DF;LM�EHM�A[JUT�9<A«;LMd?'8�Î¹?I;LPFÏ�?I;>M<Ù²Ü�Ñ

Í�9ID¹;LT>MG��=Ë;KJLD¹?'8Ö�49<D�J>Md;LT�?';LM+AF9'JHÍ�?'ÉQ?'ÊF8ËMHJ>9·M�E D¹8Ë?'J>M´M�Õ�?<ÍOJL8:Öå?�;LMd?'8kAFM�JVÏ�9I;LÐ«ÊÆM�ê
Î¹?w×�=:9<DF;�?'A¹PàÏ4=Ë8:8kAFM�×<M�;�ÊÆMIÙ è T>ÉQM�Í�=@?'8Ë8:Ö«ÉFÎ�Ö�T>=@Í�?'8$M�ç²MdÍOJUT�8Ë=:Ð<M+8:=ËAFÐåP�M�8@?wÖ�T"?';LM+Î¹?';UPJ>9«MdE DF8@?�JLMIÙ�7F9I;>J>D¹A¹?�JLM�8ËÖ«JLÎFMdT>M¬M�çÆM�ÍOJLTq?';LM¬T>E+?'8Ë8$=ËAäÑ�?ITKJ�ÑÒDF8Ë84TKÏ4=:JLÍUÎFM�På8:9�Íd?'8k?I;>M�?
AFM�JVÏ�9I;LÐ�T�?w×�?I=:8@?'ÊF8ËM�J>9�PF?wÖIÙ
7FD�JLDF;>M�M�Õ�J>MdA¹T>=:9<A¹T1Ï4=Ë8:8ÆÑÒ9�Í�DQT$9<AHJVÏk9�9IÊ7jVM�ÍOJ>=Ë×IM�T�â<E+?'A¹?IG<?'Ê¹=:8Ë=ªJVÖH?'AQPHÉQ9<;KJU?'ÊF=Ë8:=:JVÖIÙ

ß�9�Ï�9I;LÐ�9<A ?4GI;U?'É¹ÎF=ËÍd?'8<D¹TKMd;f=ËA[J>M�;>Ñ�?IÍ�M�ÑÒ9I;SJ>Î¹MkT>M�J>D¹É ?'A¹P Í�9IA[JL;>9<8I9'ÑFE�DF8:J>=ËÉF8:M_��=Ë;KJLD¹?'8
�49ID�JLM�;UTfP�=@TKJ>;L=:ÊFDFJ>MdP�9�×<M�;©E�DF8:J>=ËÉF8:M$ÎF9<TKJLTfÎ¹?IT{jVD¹TVJ�TVJU?';>J>MdP"?IA¹P�M�×<M�A�P�=Ë;LMdÍOJS=:A[J>Md;KÑ�?<Í�M�T
J>9HJ>9<ÉQ9<8:9<GIÖ´G<M�AFMd;L?'J>9<;LTk8:=ËÐIM�RC=ËM�;UT"Ú%?�F>= L?
wÛS?I;>M�ÉF8@?'AFA¹MdP�Ù¹RCÎ¹M"GI9<?I8�=ËT4J>9´?'8Ë8Ë9�Ï J>Î¹M
TKM�J>DFÉå9'Ñ�M�×�?'8ËD¹?'J>=Ë9IAåT>Í�M�A¹?I;>=Ë9<T�Ï4=ªJLÎäP�9IÔdM�A¹T�9IÑk;L9ID�JLM�;UT6PF=ËTKJ>;L=:Ê¹D�J>M�P·9�×<M�;"?ÞÉQ9�9<8�9'Ñ
Ïk9<;>Ð�TKJL?�JL=:9<A¹Tk=:A�?qJ>=ËEHM"ÖI9<D¬D¹T>D¹?'8Ë8ËÖ¬AFMdMdP¬J>9´Í�9<A�ð¹G<DF;>M69IA¹M�PFM�×�=ËÍ�MIÙ
BkM�Í�?ID¹TKM69'Ñ�ÊQM�JKJLM�;/ÉÆ9I;>JL?IÊF=:8Ë=:JVÖ+ÊQM�JVÏkMdM�A���=Ë;KJLD¹?'8i�/9ID�JLM�;UT�?IA¹P�;>M�?'8�E+?IÍUÎF=ËAFM�T�?IA

ÉQ9<;KJ19IÑ�B�Md;>Ð<M�8ËM�Ö�ß�9�ÍUÐ<M�JLT�JL9�J>ÎFM6��� ÉF8@?�J>ÑÒ9I;LEé=@T�ÉF8@?'AFM�P�æ<?I8:8Ë9�Ï4=:A¹G�JL9";>D¹AqÉ¹;>9<GI;U?'E+T
DFA¹P�Md;C?ë��� M�A�×�=:;L9IA¹EqMdA[JkD¹T>=:A¹G�J>Î¹M�TL?'EHM�J>MdÍUÎ¹AF=¬�[DFM�TkJ>9�?<Í�Í�MdTLT1JLÎFM�AFM�JVÏ�9I;LÐq?<T$9<A
;>M�?'8²DFAF=:Õ¬ÎF9[TVJUT�Ù�RCÎFM�TKM6M�A�ÑÒ9<8ËP¹T4?'8@TK9 J>ÎFM�=ËEqÉ¹8:MdEqMdA[JL?�JL=:9<A�9IÑ�?IA È Í�J>=Ë×IM"Ý/M�JVÏk9<;>Ð�=ËAFG
M�A�×�=:;L9IAFEHMdA<JUTf?IA¹P�J>Î¹M�?<Í�Í�9<;LPF=:AFG4É¹;>9IJ>9�Í�9<8ËTf8:=ËÐIM$J>ÎFM È ÍOJL=:×<MkÝ�M�JVÏ�9I;LÐ è A¹Í�?IÉ¹TKD¹8Ë?'J>=Ë9IA	1;L9'J>9�Í�9I8$ë È Ý è 	kí Ú È BÖû>@þLENdÛ]æQÉF;L9�×�=ËPF=:AFG´?¬ÉF8@?�JKÑÒ9<;>E)ÑÒ9I;�J>ÎFM�M�×�?'8ËD¹?'J>=Ë9IA�9'Ñ È ÍOJL=:×<M
Ý/M�JVÏ�9I;LÐ�=:A¹Gq?IA¹P´JL;L?'Ó´Í"Í�9IA[JL;>9<8²Í�9�9IÉÆM�;U?�J>=Ë9IAfÙ

A BáÅ¹÷C¿�Â*nØöVúfÃ1C1ú�7 úf¿kÀ

RCÎFM�Ïk9<;>Ð´P�M�T>Í�;>=ËÊÆMdPÞ=:A�J>Î¹=ËT4ÉQ?'ÉÆM�;4=@TCÉ¹?';>J49'ÑfJLÎFM"Ï�9I;LÐ´P�9IAFM�=ËAÞJ>ÎFM�ÉF;L9ojVM�ÍOJ"ñ%Y�DQ?'8:ê
=ªJVÖ�9IÑCß�Md;>×�=@Í�MHTKDFÉ¹ÉQ9<;KJ6ÑÒ9I;6J>Î¹M��xA[JLM�;LAFM�J"BC?IT>MdP¶9<A@�xA[J>Md8:8Ë=ËGIM�A[J"Ý/M�JVÏk9<;>Ð è 8ËM�EHMdA<JUT�ñÑÒDFA¹P�M�P Ê�Ö6J>ÎFM/ß�Ï4=@TLTSÝ�?�J>=Ë9IAQ?'8�ß�Í�=ËM�A¹Í�M�7¹9IDFAQPF?�JL=:9<A�ëÒÉ¹;>9VjVMdÍOJ�AF9�# ���d� ê � �?�dN3cdLFÙ LVcE� � í�Ù
	�?';>JLTk9'ÑfJLÎFM�=:EHÉF8ËM�EHMdA<JU?�JL=:9<A¬ÉF8@?�J>ÑÒ9I;LEùÏkMd;>M�ÑÒDFA¹P�M�PÞÊ[ÖHJLÎFM�ß�Ý�7 � è �<D¹=:ÉÞÉF;L9ojVMdÍ�JAF9¹Ù1# � 
 � êD�VUd#VLVLFÙ LVcE� � Ù



 

 

UniNE

CERN

PSI

UniFR

UniBAS

UniSGUniZH

UniGE

ETHZ

UniBE

EPFL

UniL

CSCS /
UNISIJRC

SNL

NAZ

diAx POPs ZH/GE/BE

Leased line

ATM STM-1

US-Link New York
UUNET (56 Mbps)

Europe
TEN-155

UniNE
Interface to Host OS (Softline Device)

Interface between VRs

UniGE

CERN

UniL EPFL

UniFR

SNL UniBE

NAZ

PSI UniSG

JRC

UniBAS

UNISI
CSCS

ETHZH UniZH

Host B

Host C

Host A

�a�¬� §�E¹§ °�t<a�jGFäW]°1e��¶X<aL\Y��bdiV�>H@c:iVb�g t'\x\Vh�I J(J������4¯ Z]�1^_\VlKtQ¯ l>tKJ�rªndXKJ�X[n�\V^mb�X[ndr­¯ t'\Vg"rML©ndX[oC^m\ON Z
iVaLh<iVaUZxaUX�\Kn�\V^ªbdXq�1^_\Vth��^_ix\V`[ndr1�kbd`<\VaLiVZ



ÿØúfõLúfÁFúf¿�Å²ú��

P pk{RQ�S&T"UWVº»6¯[jIlUb�\x\1pkrmaL³<ndX[o<aLiO�I{Sb�}�{SiKn�oIaUXQ�[e�n�iVr¹p/¯?Q�`[X�\VaLiO�IpkrªoIaUX,FØ¯YXwndlK�'Zxb�XQ�<p$X<�
®�aUrmb�Zf»6¯�Z4aLiVbdg�y'\V^mZU�"QCn�ixy5X<¯�sq^mX[o<aUX¹��n�X�o�»4nOvI^ªo[F
aL\Vt<aLiKndrmr­¯�p$lL\V^mvwa�X<aL\Y��bdiV�
aUX[lOn�h[Zx`<r:n�\V^mb�X+h<iVb�\Vb�lUb�r­¯
��)ÆeåoIiKn�cË\O��Xd`[r_y´�OT(T(U'¯

P e�»[\:T(]WV Z�¯�e�n�rmvwaLix\O��s�¯ {$¯�»Cb�n�iO��ndX[o·¨�¯ F ¯R\�aU®d`<iKnI¯äsqb'o<aUrm^mX[®Þ^ªX�\VaLiVX<aL\"\Vb�h�bdrmb�®dy�¯
^`_�_�_baRced"f�g(c1h:ijckiDl�d�m	m5nporqsl�g�tuqsd�orvxw�d�ozyOi�{�i�oKl�i}|~a�������_�wR����� �G�����/d�oK�"d�o[�
|�b�vwaUg�}�aLiC�OT�T(]'¯

P )&X"Td��V j<ndrmr_y�)²rmb�y<o ndX[oí�SndX�Xwn�lUb�}<Zxb�XQ¯ ��n�X�o<bdg aUn�iVr_y�o<aL\VaUl>\V^ªbdX�®�n�\VaL��nUy<Z�cËbdi1lUbdX<�
®�aUZ]\V^mb�X nOvwbd^:o<ndX<lUa�¯�^`_�_�_�|Y�1w/��hr{`g�orv�g"ljtuqsd�orv�d�o>�1i�tu��d�{D��q�op�d��pk`[®d`[Z]\1�OT�T��'¯

P ��{�F�F�T���V
X�`<t�n��kaU^mX�n�X[aUX¹�()IiVaOo6{�n��waLiO��F�ndr_\VaLi�FÞaU^mZxZU�wn�X�o>X�bdt[X	F�iVb�lUrªnU�1Zx�I^­¯�pkZxZx`<iVaUo
c@bdix��n�iKoI^ªX<®+h[t'}¬®diVb�`<hQ¯6WYX�\VaLiVX[a>\4»�iKn�c:\[� �'�����p���d���(�p� � ���(�Y�d���"�G�w���p�(�"�²�z�"�w� �
� lL\Vb�}�aLi/�zT(T(�'¯S��bdiV� ^mXHh<iVbd®diVaUZxZU¯

P W]jIW`�'�jV u�X[^mvwa>iVZx^m\zy bdc©j'b�`I\Vt[aLiVXHe�ndrm^_c@bdiVX<^ªn�WYX<cËbdiVg�n�\V^ªbdX+j'lU^maUX[lUaLZ$WzX[Z]\V^_\V`<\Vad¯�WYX�\VaLiVX<aL\
h<iVbd\Vb�lLb�r­¯Q��)²e�U�TI����jIaUhI\VaUg6}�a>iC�OT��I��¯

P X�|�Å�T���V ��n�X XwndlUbd}[ZxbdXQ�:Z�¯�|k^ml>t<b�rmZU�¹ndX[o¡Z�¯7Å²b'o<`IiV^­¯�p$XHaL³Ih�aOoI^m\VaUoqc@bdix��n�iKoI^ªX<®�h<t'}Q¯
WYX�\VaLiVX[a>\4»�iKn�c:\[� �'�����p���d���(�p� � ���(�Y�d���"�G�w���p�(�"�²�z�"�w� � � lL\Vbd}�aLi��zT(T(�'¯6��bdiV�´^mX
h<iVb�®�iVaUZxZU¯

P Z/n�\¢T"UWV »6¯rZ/n�\V��¯fWYh iVb�`<\Va>i$ndrmaLix\kb�h<\V^mbdXQ¯i��)²e �'�d�O�I�K)[aU}IiV`�n�ixy´�zT(T"U�¯
P X<Z`V u�lU}KJ�rm}[X<r£J�v'^ªX�\+X<aL\Y��bdiV�äZx^mg6`<rªn�\Vbdi+��X<Z¤H­vwaLiVZx^mbdXá�(L>¯éu_��¥�I1t'\x\Vh�I J(J��������

g�ndZxtQ¯ e�j�¯ {SaLiV�waUrmaLy�¯ ¨©»Cu�J�X[Z¢J'¯
P bdh[X?V � h[X[a>\1g"b'o<aUrmaLiO¯©u_��¥�I<t�\x\Vh�I J�J������4¯ g"^mrª�I¯ lUb�gH¯


