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±=>#�  #"�$&%�'�$)(�*,+.-g³�£@?]���0YX~ZilSVd4i)ilog{zdCk 4 a)rjmFaFd,ncY%W�eV}�S�ac¤�o4��YXnLilSVdA~�·jmFa)��Y%icnlkÀSVYXnlY%ico
Yb�Cd,¤�e�d4icY

ÆwÆ Í�ACB;D;E�F



� � 
  ���� $�
���� 
�� "�*,+C
�� � � '	�
��� "�
1$A'�+C� �@
)'�


 HP RAM

memory bus

NIC

I/O bus

network

Workstation

2

3

4

1 5

� Ï������������������ ��!#"�$

NP RAM

NIC

 HP RAM

memory bus

I/O bus

network

Workstation

1 2

� Ð%�'&�������������� ��!#"�$

(')+*-,�./,�0-132 ��! 4 2 � 2 "3576�5 298 6:!#";5 1327< ���=�����>��!#"�$?� 8@2 � ��5A!B��"DC

SVo4�6WÀeV}�S�}�o0W�yVegildAic��o,~�ilSzYTr|m }Xd,~ÀSVd,~V{g¤�Yw�%Sz��¤�Yw¢0YXYXyV��~z��r|m ��o,nl�TdAn�{g��~V�|y�Ybn¨��o0ncW$d,~V}�Y2a�d,¦�o4�0Y
ilSzo0acYÀo,�w·|m ��o,nl�TdAn�{g��~V�V£�R�o4�TdAn�{zaTicSV��a�Yb~V{¯��YÀSVdC�0YÀ¦zeV��¤�i�d�ac��WZyz¤�Y�WZog{gYb¤�o,�)icSVYÀ��o0nc�TdAn�{g��~z�
o0y�YbnldAic��o,~ZdA~V{��4dA¤���{Vd4icY2{�icSz��a8WZog{gYX¤z�%��icS�d�acoA� i.�TdAnlYwyVnco,icoAi.kPy�YT¦Vd,acYb{�o,~:0¶kPnl��~zYXiBt�E&sjrMdA�Vrjq�)
± 2 F ) � 9@G�4 ³�£
RTSz��a�y�dAy�YXnÀ��a
o0egic¤���~VYb{ d,a���o,¤�¤�o4�|a�(&acYb}�ic��o,~6��yznlYbacYX~:ila�d a¨��WZyz¤�YhW�og{gYb¤Fo,��ilSzY$��o0nc�TdAn�{g��~z�

o0y�YbnldAic��o,~ dA~�{ �,���,Y2aÀaco,WZY�nlYbacez¤°i�aX£LvPYb}�ic��o,~<� {gYbal}�nl��¦�Y2a�o,eVnÀyznloAiloAi.kPy�Yh��WZyz¤�YXWZYX~:i�d4ic��o,~ �%��icS
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~VY�i.��o,nl¢�Â0dA~V{Z¦�Y�i.��YXYb~ZicSzYjrjq�) dA~V{�ilSzYM·jo0a¨iFo4�,Ybnc¤�dAy­± ilnld,~Va¨��YXn�a)dAnlY%yz��y�Yb¤���~zYb{�³B£gRTSzY%��o0¤�¤�o4�%��~V�
YXfgyzncY2acac��o,~h�0���0Yba \_a�d,a%d���ez~V}�ic��o,~­oA��icSVY
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g \ o�p
q i9k m�iAb�j=jF�

´µY<d0acacezWZYDicSVdAi¯icSVY ic��WZYba¶ilo¬nlYb}�Yb���0Yµ��nco0W icSVY6~zY�i.��o,nl¢¬ilo¥icSzY r|q�)�dA~V{ ilo acYX~V{ ��nlo,W
ilSzY­r|q�)
ilo¯icSVY�~zYXi.�wo0nc¢ d,ncY�Y /:eVdA¤=0���Y�~zoAilY�icSV��a�ic��WZYH\np
���B£LRTSPeVabÂ���o,nZd k m-iBb�j « ¦Pk0ilYhyVd0}�¢,YXi
��YµSVdC�,Y�\np
�%� i9k m�iAb�j�j�[ \nb�c%d@i k m-iBb�j�j�[ \io�p
q@i9k m�iAb�j�j�£%´ Y d,¤�aco d0acacezWZY¯ilSVd4i­ilSzY qct,x�¦ze�a­��a
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\nb�c%d@i k m-iBb�j�jwdA~V{�y<{�} iX\
e�c%f=i9k m-iBb�j�jm~�\io�p
q3i9k m�iAb�j=j�j^[ \no	p
q i k m-iBb�j�jB£gRTSz��aTd,ala¨eVW�yzic��o,~���awicnlezY|��o0n�nlY�«
}XYX~:ijm+)wq%¦VeVa|ilYb}�Sz~Vo,¤�o,�,k�dA~V{­�%��¤�¤&nlYXW$dA��~­icnlezY���o0n|~zYXf:i]qct,x���~0ilYXn�}�o0~z~zYb}�i%icY2}�Sz~zo,¤�o,�0��Y2a�±�m*)wq
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��o0n|d bB«@¦Pk:icY�WZYbalacd,�,Y]¦�Y2}�o0W�Y2a�(

\_aa[�� gSh�iAb�j�] \Up>�%��i9k m�iAb�j�j g � \�e�c%f�i9k m�iAb�j=j g \ih�j�kml=a#�

� o,nFrjm ��o,nl��d,nl{z��~z�Mi.��o�}Xd,acYbaLW�eVa¨iF¦�YM}�o,~�a¨��{gYXnlYb{Q£,RTSzYT¹Vn�a.i�}Xd,acYT��aF�%SzYX~ZilSzYjrjq�) nlYb}XYX���,Yba
ilSzY�Yb~0il��nlY�WZYbalaldA�,Y
��~¯��ilajW�YbWZo,nlk�¦�Y���o0ncY�acYX~V{z��~z�h�°i]¦Vd,}�¢�ico$ilSzY�~zYXi.�wo0nc¢µ± ��� "�$�
�� '�+ (��  #"�$&%�'@$A(
}bd,acY2³�£ � o0n|Y�fzdAWZyz¤�Y,ÂzicSz��aj}bd,acY]og}b}�ezn�a%�%SzYb~­icSzYÀ}�SVYb}�¢ga¨eVW�oA�LicSVY�WZYbalacd,�,Y�WÀeVa¨ij¦�YÀ}Xd,¤�}Xez¤�d4icY2{
d,~V{���~�a¨Ybn¨ilYb{���~­ilSzY�WZYbalaldA�,Y�SzY2d,{gYbnb£�RTSzYÀacYb}�o0~V{­}Xd0a¨Y���a|�%SzYb~­icSzY
¦�YX�0��~z~V��~z�hoA��icSzY�WZY2acaldA�0Y
}bdA~¯¦�YZa¨Yb~0i]¦Vd,}�¢�ilohilSzY�~VY�i.��o,nl¢�¦�Y���o0ncYÀicSzY�WZYbalacd,�,Y�SVd0aj¦�YXYb~ Yb~0il��nlYX¤�k­ncY2}�Yb���0Yb{¶��~¯ilSzY�rjq�)
WZYbW�o0nck¯± ��
���� � �B$A"�
?-5�­}bd,acY2³�£ � o,nTilSzY�a¨ico,nlY�«®dA~�{P« ��o0nc�TdAn�{$}Xd0a¨Y0Â%\ ^ ��aT�0���0YX~�¦:kC(

\e^ [�� gSh	iBb�jA]H\np
��� i k m-iBb�j�j g \nhFj�kml�^?�

� o,nTilSzY�}�egic« ilSznlo,ez�0S�}Xd0a¨Y0Âg�°i|��a%�0���0YX~h¦PkC(
\_^a[ iXgSh	iAb�j g _ j�] \np
�%��i k�m�iAb�j=j g \ih�j kFl=^?�
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iX\_a wf\_^ j
��a�ilSzY�/:eVd,~:ic��i.k ilSVd4iZdA¤�¤�o4�|aÀeVaÀico {zY�icYbncWZ��~zYh�%SVY�icSVYXn��°i���a�¦�Yb~zY�¹�}���dA¤wico {zo r|m
��o0nc�TdAn�{g��~z�ho0n
~zoAi2£Qq � iB\_a w \_^ j]��a
y�o0ac�°il���0Y�ilSzYX~ rjm ��o0nc�TdAn�{g��~z��y�Ybn¨��o0ncW$a]¦�YXi¨ilYXn
ilSVdA~ ·|m
��o0nc�TdAn�{g��~z�VÂ:oAilSzYXnl�%��a¨Y
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\ a w�\ ^ [ \ h�j�kml=a g � \ eJc%f i9k m�iAb�j�jRw�\ h�j�kml=^ �

q iZileznc~�a$o,egiZilSVd4i$ilSzY¶a.ilo,nlY�«®dA~V{P«@��o,nl�TdAn�{ }Xd,acY���aZ~zo,i��,YbnckD�²dC�0o,n�dA¦z¤�Y�ilo ilSzY¯r|m ��o0nc�TdAn�{g��~z�
a¨icn�d4ilYX�0k$(AicSzY|y�d,}�¢,YXiwac� nbY,Â3k m�iAb�j�Â,¦�YX��~z�ÀacWZd,¤�¤@ÂAilSzY /:eVd,~:ic��i.k?\�e�c%f�i9k m�iAb�j=j8��aFdA¤�aco�a¨W$dA¤�¤@£0RTSzYbncYX��o,nlY
��Yb�6SzY2d,{gnloPo,W"ncYbW$dA��~Va���o,n�icSzY�Y�fgY2}�egil��o0~ÀoA��icSzYTdA¤��,o0nc��icSVW�£	E&Y�i
�%icSVY9/:eVd,~0il�°i.k \ih�j kFl=^zw \ih�j�kml=aÀ£
´µY�}Xd,~�{zYb{geV}XY�icSzY�����o,n%�%Sz��}�S­�wY�SVdC�0Y \ a [`\ ^ Âz��Y�~zoAilY��°i����,£

\ea w \_^a[�� ��� � � [�� \�eJc%f=i9k m�iAb�j�jm�

q ��ilSzYMd,¤��0o,nl�°ilSzW���aFaceV}�S$ilSVd4i \ hFj�kml�^ wH\ h�j�kml�a�� ���TicSzYb~h·|m<��o,nl��d,nl{g��~z��y�YXnc��o,nlWZaF¦�YXi¨ilYXnwicSVd,~
rjm ��o,nl��d,nl{g��~z��Â:o,icSzYbnc�%��acYjilSzY
¤�dAi¨ilYXn%y�YXnc��o,nlWZaT¦�Y�icicYbnb£
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\ea w \_^ [ \nhFj�kml�a
g � \�eJc%f=i9k m�iAb�j�j
g iBgSh	iBb�jRw _�j�]H\np
����i9k m-iBb�j�j
w�\ h�j�kml�� �
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� o,nTilSzY�}�egic« ilSznlo,ez�0S�icY2}�Sz~z� /:ezY����4ÂV��~:icnlog{geV}XYb{�yzncYb�P��o0eVa¨¤�k,ÂP��a%�,���,Yb~�¦PkC(

\_a w�\e^ [�� ��� � � [�� \�e�c%f�i k�m�iAb�j=j g iXgSh	iAb�jRwx_ j_\Up>�%� i9k m-iBb�j�jm�

���Z��~DilSzY�}�egic« ilSznlo,ez�0Sµ}bd,acY$��a
�0ncY2d4ilYXn]icSVd,~DyzncYb�P��o0eVa¨¤�k¶��o0n
icSzY�a¨ico0ncYX« d,~V{P«@��o,nl��d,nl{ }Xd,acY,£QRTSV��a
nlYbacez¤�i]acSzo4�|a%ilSVd4i]icSVY�}Xegi¨«@icSznlo,eV�,S }bd,acYÀ��ajW�eV}�S WZo,nlY
�²dC�0o,n�dA¦z¤�Y
ico�r|m ��o,nl��d,nl{g��~z�$ilSVdA~ icSzY
a¨ico0ncYX« d,~V{P«@��o,nl��d,nl{$}bd,acY,£
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´µY$yznlYbacYX~:i�SzYbncY�icSVY�ncY2a¨eV¤°i�a�oA�To,ezn�ac��WZyz¤�Y�WZog{gYX¤)��o,n
WZYbalacd,�,Y2a�oA��83_�9 ��¦Pk:icY2a�0&�wYZ�%��¤�¤w¤�dAicYXn
± a¨Y2}Bil��o0~­�V£ �P³�}�o,WZyVd,ncY]ilSzYbacY
ncY2a¨eV¤°i�aTicoZilSzo0acY
oA��icSzY
YXfgy�Ybnc��WZYX~:ild,¤&a.ileV{gk0£VR�d,¦z¤�YÀ�Za¨ezWZW$dAnl�+nXYba
ilSzY$�4dA¤�ezYba�eVa¨Y2{ ��o,n�icSVY���~VyzegiÀyVd,nld,WZY�icYbnlab£Vk m-iBb�j�dA~V{ gSh	iAb�j�{zYXy�YX~V{zaÀo,~ icSzY�}�o,WZW�ez~z��}Xd4il��o0~
ackga.ilYXW 0zilSzYÀ�4d,¤�ezY2ajo,� k m-iBb�j%dA~V{]gSh�iAb�j%�0���0YX~¶��~¶ild,¦z¤�Y���d,ncY�ilSzo0acYÀo,�8icSzY�Fwq®m }�o,WZW�ez~z��}Xd4il��o0~
ackga.ilYXW ± 2 mwR�9 :;4�³BÂV�wY
�%��¤�¤�acdCk�WZo0ncY
dA¦�o,ezi:F�q®m¡��~¶a¨Y2}Bic��o,~­�z£%\ e�c%f i9k m-iBb�j�j�dA~�{H\ p
��� i k m-iBb�j�j�SVdC�0Y
¦�YXYb~$WZYbd,aceznlYb{�o,~$d�mLYX~:ic��ezW q¨qcq�m*) ±;:�� �?0¶SDnC³��%�°ilS�d E&sjrMdA� 9z£ �Z± �����?0¯SDn2³�0¶kPnl��~zYXiwr|q�)<dA~�{
d<:�=,¦z��ilaBt>:?:?0¶SDnMm+)wq�¦zeVab£

R�dA¦z¤�Y����,���,Yba|icSzY�ncY2a¨eV¤°i�a|oA�8ilSzYÀWZog{gYb¤&��o0n|icSVY�a¨ico,nlY�«®dA~�{P« ��o0nc�TdAn�{hd,~V{¯}Xegi¨«@icSznlo,eV�,S¯}Xd0a¨Y2aX£
RTSVY�i.�woZ�4dA¤�ezYbajdAnlY�}bdA¤�}�ez¤�d4ilYb{�eVac��~V�ZicSzY�YXfgyzncY2acac��o,~Va�oA�
���
{zYXnl���0Yb{�yzncYb�P��o0eVa¨¤�k,£ � o,n%ilSzY�a¨ico,nlY�«
d,~V{P«@��o,nl��d,nl{�icY2}�Sz~z� /0eVY,Â4ilSzY|a¨��WZyz¤�Y|WZoP{zYX¤ValdCkga�icSVdAi)�°� ��± icSVYj{g��©�YbncYb~V}�Y%¦�Y�i.��YXYb~�ilSzY%Y�fgY2}�egil��o0~
il��WZY�oA�)ilSzY���o,nl��d,nl{g��~z��d,¤��0o,nl�°ilSzWª�%SzYX~ Y�fgYb}XegicY2{¯o,~¯icSzYZr|m"dA~V{¶icSzY�Y�fgYb}Xegic��o,~ ic��WZY�o,�)icSzY
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algo

NIC NIC NIC

source PC forwarding PC destination PC

bip_recv()

(route: source PC
id: BIPID) network

bip_send()

(route: forwarding PC
id: BIPID)
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algo

bip_send_forward()

NIC NIC NIC

source PC forwarding PC destination PC

bip_recv()

id: FORWARDID)
(route: forwarding PC (route: source PC

id: BIPID) network
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ilSzYX~ o,~z¤�khilSzYÀa¨ico0ncYX« d,~V{P«@��o,nl��d,nl{�icYb}�SV~z� /:ezY�dAyzyz¤���Ybab£�RTSz��a|ilYb}�Sz~V� /:ezYÀ}Xo,~Vac��a.i�a|��~¶ncY2}�YX���P��~V�$icSzY
Yb~:ic��ncY%WZYbalaldA�,Y%¦�Y���o0ncY|a¨ild,n¨il��~V�
ncYX« acYX~V{z��~z�
��i)ilo
icSzYj~zY�i.��o,nl¢>£ARTSzYj}�ezi¨«@icSznlo,ez�0S�icYb}�SV~z� /:ezYj�,���,Yba
W�eV}�SD¦�YXi¨ilYXn�y�YXnc��o,nlW$dA~V}XYba]icS�dA~DicSVY�a.ilo,nlY�«®dA~V{P«@��o,nl�TdAn�{­icY2}�Sz~z� /0eVY,ÂQY2a¨y�Yb}X��d,¤�¤�k¯��o0n�¤�d,nc�0Y�WZY2a.«
aldA�0Ybab£ � o,n _ � �>=,«@¦Pk:icYMW�Y2acaldA�0YbabÂ0¦�oAilShilYb}�Sz~V� /:ezY2aTy�Ybn¨��o0ncW ¦�Y�icicYXnTilSVdA~���o,nl�TdAn�{g��~V��{zdAild�d4iTicSzY
SVo0a¨iF¤�Yb�,Yb¤V�%SzYb~$icSzY]{g��©�YbncYb~V}�YM¦�YXi.�wYbYX~ZicSVYMYXfPY2}�egil��o0~Zic��WZYjoA��ilSzY|��o0nc�TdAn�{g��~z�
dA¤��,o0nc��icSzW �%SzYb~
YXfgYb}�ezicYb{�o0~­icSzYÀrjm¬dA~V{�ilSzY�YXfPY2}�egil��o0~�ic��W�YÀoA�LicSzY���o,nl��d,nl{g��~z�ZdA¤��,o0nc��icSzW �%SzYX~¶YXfgYb}�ezicYb{�o0~
ilSzY�r|m ± �A³]��a�¤�o4�wYbn]icSVd,~µo0n�Y�/:eVdA¤Lilo�_ �!@Sk0£VF�YXk0o,~V{¯icSz��a�ilSzncY2a¨SVo,¤�{ ·jm ��o0nc�TdAn�{g��~z�h¤�Ybd0{za]ico
¦�Y�icicYbnjy�YXnc��o,nlWZd,~V}�Y�nlYbacez¤�ilab£ � o0n583_�9 �C« ¦Pk:icY]W�Y2acaldA�0YbabÂg�%�°ilS­icSzY�}Xegi¨«@icSVnco0ez�,S�icY2}�Sz~z� /:ezY,Âz��� ����a
¤�o4��YXn
ilSVdA~6o0nÀY /0e�dA¤)ilo : �>@Sk�icSzYb~<��i���aÀ��o,ncicS y�YXnc��o,nlWZ��~z�¯icSzYh��o,nl��d,nl{g��~z�¶o0y�YbnldAic��o,~6d4i�icSzY
rjq�) ¤�YX�0YX¤@£ � o0nFd
ac��WZyz¤�YT��o,nl��d,nl{z��~z��dA¤��,o0nc��icSVW�r|mD��o0nc�TdAn�{g��~z�M�%��icSZilSzYj}Xegi¨«@icSznlo,eV�,S�icYb}�SV~z� /:ezY
�0���0Yba = ��� oA�L��W�yVnco4�0YXWZYX~:ib£

´¡SzYb~ rjm���o,nl��d,nl{z��~z�¶��a�e�a¨Y2{DicSzY�·|o:a.i�m)ncog}XYbala¨o0nÀ{goPYbaÀ~zoAi�yVdAncic��}���yVd4ilY���~ icSzYh��o,nl��d,nl{g«
��~z�Zo,y�YXn�d4il��o0~�dAi|dA¤�¤ ÂgilSzYXnlY���o0ncY0ÂgdAyzyz¤���}Xd4il��o0~VaTnlez~z~z��~z�Zo,~�icSVY�·|m¡}Xd,~�¦�YX~VY�¹zi%��nlo,W�WZo0ncY�)wm A
nlYbaco,eVnl}XYbab£�RTSzYZy�o0ala¨��¦z¤�Y�y�YXnc��o,nlW$dA~V}XYÀ�0d,��~ o,¦gi�dA��~zYb{ ¦Pk¶o��$o0d0{g��~V��aco,WZY�SVo0a¨i]W$d,}�SV��~zY74 a]~zYXi¨«
��o,nl¢P��~V��i�d,ac¢gaTo,~:icoZilSzYÀr|m¡��a|~VoAijY2d,ack$ico�WZY2d,acezncY�0g~zoAiMo,~z¤�k�d,ncY
aldC�,Yb{ )wm A�}�kg}�¤�Yba%¦VegiMdA¤�aco
}Xo,~:icYXfPi]ac�%�°i�}�SzYba]dA~V{¯y�o:acac��¦V¤�k¶}Xd0}�SzY�d,~V{¯R:E�F WZ��acacYbab£0A|~:ic��¤L~zo4�
Â���YÀS�dC�,Y�~zo,i�a¨ice�{g��Y2{¯yznlY�«
}X��acYX¤�k�icSz��a|o��Zo:d,{�Y�©>Yb}�ib£�´ YÀyz¤�d,~­ico�a.ileV{gk�icSVdAij��~ ncY2dA¤�«@¤��°��Y�}Xo,~:icYXfPilajd,~V{�icSVY�~zY�fPi�a.ilYXy¶��a%ico
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