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My	
  thesis	
  

•  SoBware	
  Defined	
  Networking	
  (SDN)	
  was	
  just	
  an	
  
opening	
  act	
  

•  A	
  major	
  transformaKon	
  of	
  the	
  Internet	
  has	
  begun	
  .	
  .	
  .	
  

•  Research	
  planning	
  is	
  underway	
  in	
  the	
  US	
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Where	
  I	
  am	
  coming	
  from	
  -­‐	
  GENI	
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We’ve	
  built	
  out	
  GENI	
  through	
  50+	
  universiKes	
  across	
  the	
  US	
  

Funds	
  
in	
  hand	
  

Need	
  
funding	
  

As	
  of	
  2/2014	
  

Self	
  
funding	
  



Slices	
  and	
  deep	
  programmability	
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Install	
  the	
  soBware	
  I	
  want	
  throughout	
  my	
  network	
  slice	
  
(into	
  firewalls,	
  routers,	
  clouds,	
  …)	
  

And	
  keep	
  my	
  slice	
  isolated	
  from	
  your	
  slice,	
  
so	
  we	
  don’t	
  interfere	
  with	
  each	
  other	
  

We	
  can	
  run	
  many	
  different	
  “future	
  internets”	
  in	
  parallel	
  



Agile,	
  deeply	
  programmable	
  infrastructure	
  

•  Emerging	
  technologies	
  that	
  enable	
  coherent	
  network	
  /	
  
processor	
  /	
  storage	
  virtualizaKon	
  provide	
  a	
  great	
  basis	
  
for	
  agile	
  cyber	
  infrastructure.	
  

5	
  

GENI	
  Rack	
  –	
  OpenFlow	
  switch	
  
with	
  sliced	
  compute	
  and	
  storage	
  

GENI	
  Rack	
  providers	
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Slices	
  span	
  many	
  organizaKonal	
  boundaries	
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Goals:	
  avoid	
  technology	
  “lock	
  in,”	
  add	
  new	
  technologies	
  as	
  they	
  mature,	
  and	
  potenKally	
  grow	
  
quickly	
  by	
  incorporaKng	
  exisKng	
  infrastructure	
  into	
  the	
  overall	
  “GENI	
  ecosystem”	
  

NSF	
  parts	
  of	
  GENI	
  

Backbone	
  #1	
  

Backbone	
  #2	
  

Campus	
  
#3	
  

Campus	
  
#2	
  

Access	
  
#1	
  

Commercial	
  
Clouds	
  

Corporate	
  
GENI	
  suites	
  

Other-­‐NaKon	
  
Projects	
  

Research	
  
Testbed	
  

Campus	
  

My	
  experiment	
  runs	
  across	
  
the	
  evolving	
  GENI	
  federa;on.	
  

My	
  GENI	
  Slice	
  

This	
  approach	
  looks	
  
remarkably	
  familiar	
  .	
  .	
  .	
  



And	
  it	
  works!	
  GENI	
  is	
  seeing	
  heavy	
  use	
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Over	
  4,500	
  GENI	
  
researchers	
  as	
  
of	
  6/2015	
  

CumulaKve	
  unique	
  users	
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Macro-­‐scale:	
  the	
  Rise	
  of	
  Global	
  Interoperability	
  



Now	
  underway	
  –	
  NSF	
  Future	
  Cloud	
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Kate	
  Keahey	
  Rob	
  Ricci	
  



And	
  ramping	
  up	
  in	
  ci;es	
  –	
  US	
  Ignite	
  	
  

•  September	
  14,	
  2015:	
  	
  $6	
  Million	
  in	
  
funding	
  from	
  NaKonal	
  Science	
  
FoundaKon	
  Project	
  to	
  jumpstart	
  a	
  
criKcal	
  mass	
  of	
  smart	
  city	
  gigabit	
  
applicaKons	
  in	
  15	
  communiKes	
  
	
  

•  ParKcipaKng	
  communiKes	
  include:	
  
	
  
Burlington,	
  VT;	
  Cha:anooga,	
  TN;	
  
Cleveland,	
  OH;	
  Flint,	
  MI;	
  Kansas	
  
City,	
  KS	
  MO;	
  Madison,	
  WI;	
  the	
  
North	
  Carolina	
  Next	
  GeneraKon	
  
Network	
  (NCNGN);	
  Richardson,	
  TX;	
  
Utah	
  Wasatch	
  Front	
  ciKes	
  including	
  
Salt	
  Lake	
  City	
  and	
  Provo,	
  UT;	
  
Lafaye:e,	
  LA;	
  Urbana-­‐Champaign,	
  
IL;	
  and	
  AusKn,	
  TX.	
  	
  

Glenn	
  Ricart	
  



My	
  thesis	
  

•  SDN	
  is	
  just	
  an	
  opening	
  act	
  

•  A	
  major	
  transformaKon	
  of	
  the	
  Internet	
  has	
  begun	
  .	
  .	
  .	
  

•  Research	
  planning	
  is	
  underway	
  in	
  the	
  US	
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Major	
  trends	
  are	
  converging	
  

Distributed	
  Datacenters	
  Network	
  FuncKons	
  VirtualizaKon	
  (NFV)	
  

So4ware	
  
Defined	
  

Infrastructure	
  

MulK-­‐tenant	
  Datacenters	
   SoBware	
  Defined	
  Networks	
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Network	
  FuncKons	
  VirtualizaKon	
  (NFV)	
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Cloud	
  Radio	
  Access	
  Networks	
  (C-­‐RANs)	
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InstanKaKng	
  services	
  into	
  slices	
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• 	
  	
  Soon	
  each	
  switching	
  point	
  will	
  be	
  
	
  able	
  to	
  sustain	
  10,000	
  –	
  100,000	
  slices	
  

• 	
  	
  Can	
  run	
  arbitrary	
  soBware	
  in	
  each	
  slice	
  

• 	
  	
  Decoupling	
  of	
  “service”	
  from	
  infrastructure	
  

Thousands	
  of	
  
parallel	
  slices	
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So4ware	
  Defined	
  Infrastructure	
  
We’re	
  all	
  heading	
  to	
  the	
  same	
  place	
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Distributed	
  Clouds	
  
Network	
  funcKons	
  

virtualizaKon	
  

Vnode	
  

Wivi	
  
FLARE	
  

US	
  Ignite	
  

GENI	
  

SoBware	
  defined	
  
networks	
  

Ofelia	
  Grid	
  

Rapidly	
  create	
  enKre	
  “sliced”	
  
cyberinfrastructure	
  /	
  networks	
  on	
  demand	
  

Fast	
  spin	
  new	
  protocols,	
  switching	
  
strategies,	
  virtual	
  machines	
  

Clouds	
  



SoBware	
  Defined	
  Infrastructure	
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MulKple,	
  federated	
  sites	
  with	
  interconnected	
  SoBware	
  Defined	
  Infrastructure	
  

Federated,	
  authenKcated	
  control	
  plane	
  (soBware)	
  

Good	
  
old	
  

Internet	
  

So
Bw

ar
e	
  
De

fin
ed

	
  In
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SD
I	
  a
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My	
  thesis	
  

•  SDN	
  is	
  just	
  an	
  opening	
  act	
  

•  A	
  major	
  transformaKon	
  of	
  the	
  Internet	
  has	
  begun	
  .	
  .	
  .	
  

•  Research	
  planning	
  is	
  underway	
  in	
  the	
  US	
  

Looking	
  Beyond	
  the	
  Internet	
   18	
  Chip	
  Ellio:	
  	
  <cellio:@bbn.com>	
  



A	
  vision	
  for	
  NSF	
  CISE	
  
Experimental	
  Midscale	
  Infrastructure	
  

“Midscale	
  infrastructure	
  investments	
  to	
  support	
  compuKng	
  research”,	
  2013.	
  
Commi:ee	
  chaired	
  by	
  Jim	
  Kurose,	
  this	
  slide	
  by	
  Steve	
  Corbató	
  et	
  al.	
  



c.	
  2010	
  

GENI 
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c.	
  2013	
  

GENI 

Campus 
CC-IIE 

etc 

Interoperable	
  systems	
  supporKng	
  end-­‐to-­‐end	
  slices	
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US Ignite 
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c.	
  2015	
  

US Ignite 

CloudLab 

Campus 
CC-IIE 

etc 

GENI 

Interoperable	
  systems	
  supporKng	
  end-­‐to-­‐end	
  slices	
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Chameleon 
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c.	
  2018	
  ?	
  

SDX, 
City Wireless 

? 
US Ignite 

Campus 
CC-IIE 

etc 

GENI 

Interoperable	
  systems	
  supporKng	
  end-­‐to-­‐end	
  slices	
  

Looking	
  Beyond	
  the	
  Internet	
   23	
  

CloudLab 

Chameleon 
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c.	
  2018	
  -­‐	
  other	
  good	
  ideas	
  ?	
  

??? 

US Ignite 

Campus 
CC-IIE 

etc 

GENI 

Interoperable	
  systems	
  supporKng	
  end-­‐to-­‐end	
  slices	
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CloudLab 

Chameleon 

SDX, 
City Wireless 

? 



NSF	
  Planning	
  Group	
  for	
  Mid-­‐Scale	
  Infrastructure	
  

•  Suman	
  Banerjee	
  
•  Terry	
  Benzel	
  	
  
•  Jim	
  Bo:um	
  
•  Prasad	
  Calyam	
  (*)	
  
•  Jeff	
  Chase	
  
•  Tracy	
  Futhey	
  
•  Kate	
  Keahey	
  
•  Ray	
  Raychaudhuri	
  (*)	
  
•  Jenn	
  Rexford	
  
•  Rob	
  Ricci	
  (*)	
  
•  Glenn	
  Ricart	
  
•  Peter	
  Steenkiste	
  

(*)	
  Workshop	
  chair	
  

•  SDI	
  /	
  SDX	
  (Ricci)	
  
•  Wireless	
  CiKes	
  

(Raychaudhuri)	
  
•  Future	
  Apps	
  (Calyam)	
  

Planning	
  Group	
  Members	
   Workshops	
  

Organizers	
  

•  Chip	
  Ellio:	
  
•  Dave	
  Farber	
  
•  Larry	
  Landweber	
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Interested	
  ?	
  

•  Please	
  parKcipate	
  !	
  
	
  

•  Stay	
  tuned	
  for	
  workshop	
  announcements	
  
	
  

•  These	
  are	
  very	
  fun	
  &	
  interesKng	
  Kmes	
  for	
  
	
  	
  	
  	
  	
  computer	
  science	
  systems	
  research	
  !	
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