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The Pr oblem

� Thor ough net work exper iment at ion is 
dif f icult

– Simulat ion is usef ul but  not  convincing on it s own

– Small scale t est beds r ely on synt het ic t r af f ic

– Lar ge scale t est beds lack r epr oducabilit y

� I deally want  a cont r ollable, r epr oducable 
envir onment  wit h r ealist ic condit ions and 
t r af f ic
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Ent er  VI NI
� VI r t ual Net work I nf r ast r uct ur e

� Goals:

– Run r eal r out er  sof t war e

– Expose r ealist ic net wor k condit ions

– Cont r ol net wor k event s

– Car r y r eal t r af f ic

� Connect s t o NLR and Abilene backbones as 
well as neighbor ing I SP domains
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VI NI  Usage

� Two t ypes of  exper iment s

– Cont r olled t est s
� Explicit  cont rol of  net wor k and event s

– Long-t er m deployment  st udies
� Realist ic net wor k condit ions t hat  closely r esemble 

act ual deployment

� I deally VI NI  pr ovides a low r esist ance pat h 
f r om init ial cont r olled t est s t o deployment
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Design
� Flexible t opology

– Dist inct  int er f aces f or  each exper iment

� Vir t ual net wor k devices

– Logical point -t o-point  connect ivit y

� Tunnels and encapsulat ion

– Exposur e t o physical t opology changes

� Upcalls t o vir t ual nodes

� Flexible f or war ding and rout ing

– Dist inct  f orwarding t ables per  vir t ual node

� One inst ance of  f or war ding agent  per  node

– Dist inct  r out ing per  vir t ual node

� One inst ance of  r out ing agent  per  node
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Mor e Design
� Connect ivit y t o ex t er nal end host s

– Dir ect ing t r af f ic f r om end host s t hr ough VI NI

� VPN

– Dir ect ing r et ur n t r af f ic t hr ough VI NI

� NAT

� Simult aneous exper iment s

– Resour ce I solat ion

� Vir t ual ser vers (plus some)

– Dist inct  ext er nal r out ing communicat ion per  vir t ual node

� BGP mult iplexing
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      Planet Lab I mplement at ion

� Pr ot ot ype f or  VI NI  on Planet Lab nodes in 
t he Abilene backbone (PL-VI NI )

– No dedicat ed bandwidt h

– No upst r eam connect ions t o commer cial I SPs

– Const r ained t o most ly user  space sof t war e

– Get  t he benef it s of  Planet Lab mat ur it y, cont r ol, 
har dwar e, et c

� Enables I nt er net  I n A Slice (I I AS)
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I I AS

� One example net wor k 
ar chit ect ur e on PL-VI NI

– Synt hesis of  many exist ing 
component s

– Conduct  cont r olled 
exper iment s f or  exist ing I P 
mechanisms

– Ref er ence t hat  can be 
modif ied
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I I AS:  Lif e of  a Packet
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Micr obenchmar ks

� Demonst r at e per f or mance of  I I AS 
compar ed t o nat ive net wor k

– Bandwidt h

– Lat ency

– J it t er

� Goal:  Show t hat  I I AS will be able t o oper at e 
at  r easonable capacit y and exhibit  nor mal 
net wor k behavior al char act er ist ics



 Charlie Wiseman 11

User  Space Ef f iciency

N etw or k topology

I IAS topology

TCP thr oughput

Ping latency
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      Shar ed Plat f or m Ef f iciency

PlanetLab topology

TCP thr oughput

Ping latency

CBR ji t t er
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Example Exper iment

� PL-VI NI  on nodes co-locat ed wit h Abilene 
backbone

� I I AS conf igur ed t o mat ch t he under lying 
t opology

� Simulat e link f ailur e

� Goal:  Show I I AS (over  PL-VI NI ) is a viable 
t ool f or  r esear ching pr ot ocol behavior
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Link Failur e
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Conclusion
� VI NI  pr ovides an inf r ast r uct ur e f or :

– Cont rollable exper iment s

– Real wor ld t r af f ic

– Real wor ld condit ions

– Migr at ing f r om init ial exper iment s t o deployment

� Planet Lab implement at ion of f er s pr oof -of -concept

– Mor e work t o be done

– Had t o cheat  a bit  (does it  mat t er ?)

� Lessons lear ned f or  GENI ?  What  else?


