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Original	  focus	  on	  Rou-ng	  Scalability	  

•  Mo$va$on:	  Internet	  Architecture	  Board	  stated	  (in	  RFC	  4984):	  “rou-ng	  scalability	  
is	  the	  most	  important	  problem	  facing	  the	  Internet	  today	  and	  must	  be	  solved”	  

•  This	  resulted	  into	  related	  ac$vi$es	  in	  the	  IETF	  and	  IRTF.	  
•  	  Our	  rou$ng	  scalability	  work	  sought	  answers	  to	  following	  research	  ques$ons:	  

–  How	  would	  the	  rou$ng	  system	  of	  the	  Future	  Internet	  servicing	  several	  billions	  of	  mobile	  
users	  running	  real	  $me	  applica$ons	  look	  like?	  	  	  

–  What	  are	  the	  rou$ng	  objects	  and	  related	  addressing	  structures?	  	  
–  How	  is	  the	  aggrega$on	  to	  be	  arranged,	  how	  are	  the	  routes	  created	  and	  propagated,	  

Root	  of	  the	  rou$ng	  scalability	  
concern:	  increasing	  size	  of	  RIB	  
and	  FIB	  combined	  with	  the	  
number	  of	  updates	  to	  
synchronize	  the	  global	  rou$ng	  
table.	  	  Stability	  of	  rou$ng	  
system!	  	  
	  



Original	  focus	  on	  Rou-ng	  Scalability	  (cont.)	  

•  Several	  rou$ng	  scalability	  proposals	  were	  developed	  and	  analyzed	  
with	  close	  rela$onship	  to	  the	  IETF/IRTF	  work:	  
–  Six/One	  -‐-‐	  a	  host-‐based	  method	  that	  supports	  mul$-‐homing	  and	  network-‐

controlled	  traffic	  engineering	  in	  a	  scalable	  fashion	  	  
–  Six/One	  Router	  -‐-‐	  a	  router-‐based	  method	  that	  enables	  mul$-‐homing,	  

network-‐controlled	  traffic	  engineering,	  and	  provider-‐independent	  edge	  
network	  addressing	  

–  Name	  based	  sockets	  -‐-‐	  a	  fundamental,	  yet	  backwards-‐compa$ble	  re-‐design	  of	  
the	  exis$ng	  host	  stack	  architecture.	  

–  Renumbering	  (RFC	  5887)	  
–  Compact	  rou$ng	  based	  mapping	  system	  for	  locator	  iden$fier	  separa$on	  
–  Improvements	  and	  analysis	  of	  Virtual	  	  Aggrega$on	  	  
	  
	  
Also	  worked	  on	  related	  topics:	  
	  
–  Home	  Agent	  Assisted	  Route	  Op$miza$on	  (HAARO,	  RFC	  6521)	  =>	  Mul$-‐access	  

work	  
–  Mul$-‐homed	  HIP,	  	  HIP	  version	  2	  	  
–  IPv6	  	  transi$on	  schemes	  and	  tools	  for	  IETF	  and	  3GPP	  

	  

	  



Original	  focus	  on	  Rou-ng	  Scalability	  (cont.)	  
	  
Long	  	  term	  	  ac$vi$es	  beyond	  IETF:	  
	  
•  New	  innova$ve	  rou$ng	  schemes	  based	  on	  

Compact	  Rou$ng	  schemes	  	  (powernet)	  
	  

•  L2	  Customer	  Edge	  Switching	  
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Impact	  of	  rou-ng	  scalability	  studies	  

•  Rou$ng	  scalability	  work	  in	  the	  IRTF	  	  concluded	  into	  
“Recommenda$ons	  for	  a	  Rou$ng	  Architecture”	  (RFC	  6115)	  

	  
•  	  WP1	  contributed	  into	  this	  work	  substan$ally	  (with	  four	  

proposals	  that	  are	  referred	  in	  RFC6115)	  
	  
•  The	  IRTF	  conclusion	  of	  rou$ng	  scalability:	  
	  

–  Evolu$on	  based	  approaches	  (FIB/RIB	  compression)	  	  
–  Iden$fier	  –	  Locator	  Network	  Protocol	  	  
–  Renumbering	  

•  IPv6	  transi$on	  work	  resulted	  into:	  
–  Guidelines	  for	  Using	  IPv6	  Transi$on	  Mechanisms	  during	  IPv6	  

Deployment,	  RFC	  	  6180	  
–  IPv6	  in	  3GPP	  Evolved	  Packet	  System:	  drak-‐korhonen-‐v6ops-‐3gpp-‐

eps	  	  



Change	  of	  focus	  from	  rou-ng	  scalability	  to	  mul--‐
access	  and	  mul--‐path	  environment	  	  

Enterprise	  -‐	  WLAN	  

LTE/4G	  

MPTCP,	  Shim6,	  Haaro,	  MIF	  WG	  
Boarder	  gateways	  (BGP,LISP,	  ..)	  
NAT66,	  NAT	  

Improved	  TE	  without	  
scalability	  limita$ons	  

• 	  Mul$-‐access	  capable	  terminals	  (WLAN,	  xG,	  etc)	  
• 	  Site-‐mul$homing	  
• 	  Path	  diversity	  (i.e.	  mul$ple	  alterna$ve	  paths)	  with	  a	  network	  



Research	  ques-ons	  of	  mul--‐access	  and	  mul--‐
pathing	  

•  What	  are	  the	  performance	  impacts	  
mul$-‐access	  and	  mul$-‐path?	  	  	  

•  How	  to	  select	  accesses	  and	  
upstream	  ISPs	  from	  alterna$ves?	  

•  How	  to	  create	  paths	  across	  the	  
network?	  Which	  paths	  to	  use?	  	  

•  How	  would	  mul$-‐path	  impact	  real	  
$me	  communica$ons?	  E.g.	  how	  
would	  mul$-‐RTP	  look	  like?	  

•  How	  would	  mul$-‐path	  support	  	  
impact	  	  rou$ng	  protocols	  and	  their	  
algorithms?	  

•  What	  are	  the	  business	  model	  
impacts?	  

•  Research	  approach:	  show	  case	  
driven	  

Servers (Either emulated by Spirent Reflector or real) reachable by multiple paths

End-user systems (simulated by Spirent Avalanche in demo)

Router running path-selection algorithm



Mul--‐access	  show	  case:	  U-liza-on	  of	  Wi-‐Fi	  with	  
cellular	  networks	  	  
•  Wi-‐Fi	  offload	  has	  amracted	  high	  interest	  

from	  the	  operators	  as	  a	  mean	  to	  extend	  
the	  overall	  network	  capacity	  to	  manage	  
with	  the	  mobile	  data	  traffic	  explosion	  

•  Developed	  and	  implemented	  novel	  access	  
selec$on	  steering	  mechanisms,	  which	  
enable	  cellular	  operator	  to	  loadbalance	  
between	  3GPP	  and	  Wi-‐Fi	  access	  network	  
usage.	  	  

•  Improves	  Quality	  of	  Experience	  especially	  
in-‐doors	  where	  60	  –	  70%	  of	  traffic	  is	  
consumed.	  

•  Enables	  mul$ple	  high	  bit	  rate	  sessions	  
with	  easy	  of	  use	  to	  a	  single	  terminal.	  

•  Operator	  benefits:	  less	  conges$on,	  higher	  
ARPU,	  re-‐use	  of	  exis$ng	  infrastructure	  .	  

•  Business	  poten$al:	  Network	  vendors	  need	  
to	  provide	  this	  kind	  of	  solu$ons	  to	  have	  
future	  network-‐deals.	  
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High-‐performance	  SW	  directed	  packet	  rou-ng	  	  

•  Performance	  evalua$on	  of	  
sokware	  switching	  using	  
commodity	  hardware	  

•  Hardware-‐accelerated	  Click	  using	  
Octeon	  

•  The	  results	  promise	  that	  these	  
plaporms	  are	  good	  for	  rapid	  
tes$ng	  of	  new	  protocols	  and	  
adding	  new	  func$ons	  for	  network	  
opera$on.	  	  

•  The	  borderline	  between	  tes$ng	  
environment	  and	  commercial	  
product	  will	  be	  diminished	  
because	  the	  same	  plaporm	  can	  
be	  used	  in	  both	  phases.	  	  

•  A	  toolchain	  that	  compiles	  a	  Click	  
soOware	  router	  to	  a	  hardware	  
design	  loadable	  into	  a	  NetFPGA	  
card.	  

•  Demonstrates	  that	  it	  is	  possible	  
to	  compile	  exis$ng	  sokware	  
router	  to	  hardware.	  

•  Allows	  for	  faster	  prototyping	  of	  
hardware	  routers	  in	  future	  
research	  and	  these	  techniques	  
may	  also	  be	  used	  to	  fasten	  
product	  development	  



Conclusions	  
•  New	  rou$ng	  architectures	  will	  be	  based	  on	  

locator	  –	  iden$fier	  separa$on,	  but	  
evolu$on	  of	  the	  tradi$onal	  rou$ng	  will	  s$ll	  
meet	  the	  current	  needs	  

•  Mul$-‐access	  and	  mul$-‐path	  improves	  
performance	  and	  reliability.	  Business	  model	  
impact	  requires	  more	  elabora$on	  	  

•  SW	  routers	  are	  matching	  low	  end	  HW	  
routers.	  They	  enable	  rapid	  	  development	  
and	  commercial	  deployment	  of	  new	  
protocols	  

•  Many	  	  contribu$ons	  to	  standardiza$on:	  
–  Recommenda$ons	  for	  a	  Rou$ng	  

Architecture	  	  
–  LISP,	  renum,	  v6ops	  
–  Mul$-‐homing	  and	  Mul$-‐path	  support:	  RTP,	  

HIP,	  HAARO	  
–  IPv6	  migra$on	  guidelines	  to	  3GPP	  as	  well	  as	  

to	  IETF	  	  



Thank	  you	  

www.futureinternet.fi	  


