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Outline	
  

•  Why	
  was	
  OpenFlow	
  developed?	
  
•  How	
  does	
  OpenFlow	
  work?	
  
•  StandardisaKon	
  (ONF)	
  
•  Some	
  examples	
  of	
  how	
  OpenFlow	
  is	
  used	
  

– Data	
  Centre	
  
–  Campus	
  Networks	
  
– Google	
  Data	
  Network	
  

•  Some	
  of	
  the	
  OpenFlow	
  Players	
  
•  Conclusions	
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Why	
  OpenFlow?	
  

•  OpenFlow	
  is	
  a	
  form	
  of	
  SoSware	
  Defined	
  
Networking	
  (SDN)	
  

•  Enable	
  network	
  innovaKon	
  (again)	
  
•  Reducing	
  operaKonal	
  costs	
  (OPEX)	
  
•  AlternaKve	
  for	
  “protocol	
  soup”	
  
•  Applying	
  compuKng	
  model	
  to	
  networking	
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Enable	
  Network	
  InnovaKon	
  

•  OpenFlow	
  was	
  developed	
  at	
  Stanford	
  
University	
  as	
  part	
  of	
  Clean	
  Slate	
  program	
  

•  University	
  network	
  needs	
  to	
  have	
  24x7	
  
availability	
  

•  PotenKal	
  disrupKve	
  network	
  tests	
  impossible	
  
•  OpenFlow	
  enables	
  slicing	
  the	
  network	
  in	
  
producKon	
  and	
  experimental	
  part	
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OPEX	
  in	
  Networking	
  

•  Adding	
  routers	
  and	
  switches	
  to	
  your	
  network	
  
increases	
  the	
  operaKonal	
  cost	
  

•  Each	
  new	
  device	
  needs	
  to	
  be	
  configured	
  
manually	
  via	
  the	
  CLI	
  and	
  its	
  neighbours	
  need	
  to	
  
be	
  configured	
  too	
  

•  Firmware	
  updates	
  on	
  routers	
  and	
  switches	
  with	
  
slow	
  CPUs	
  takes	
  a	
  long	
  Kme,	
  but	
  much	
  faster	
  on	
  
a	
  centralised	
  SDN	
  computer	
  cluster	
  

•  Changes	
  usually	
  involves	
  configuraKon	
  acKons	
  on	
  
all	
  devices	
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OPEX	
  in	
  CompuKng	
  

•  Scales	
  much	
  be_er	
  
•  Adding	
  servers	
  to	
  a	
  computer	
  grid	
  or	
  cloud	
  
cluster	
  does	
  not	
  increase	
  the	
  operaKonal	
  cost	
  

•  Middleware	
  soSware	
  with	
  centralized	
  policy	
  
(OpenStack,	
  etc)	
  controls	
  the	
  servers	
  

•  Configure	
  the	
  soSware	
  once	
  and	
  push	
  the	
  
bu_on	
  to	
  apply	
  the	
  changes	
  to	
  all	
  servers	
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OPEX	
  with	
  OpenFlow	
  

•  Run	
  networks	
  similar	
  to	
  compuKng	
  grids	
  and	
  
clouds	
  

•  Individual	
  CLI	
  configuraKon	
  moved	
  to	
  
centralised	
  OpenFlow	
  controller	
  configuraKon	
  

•  ApplicaKon	
  defines	
  policy,	
  translates	
  it	
  to	
  
forwarding	
  entries	
  which	
  are	
  sent	
  via	
  the	
  
OpenFlow	
  protocol	
  to	
  the	
  OpenFlow	
  switches	
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“Protocol	
  Soup”	
  

•  Current	
  way	
  to	
  handle	
  new	
  funcKonality	
  in	
  
networking	
  is	
  to	
  define	
  a	
  new	
  protocol	
  

•  ExponenKal	
  growth	
  in	
  network	
  protocol	
  
standards	
  

•  Standards	
  seem	
  to	
  become	
  larger	
  and	
  more	
  
complex	
  

•  Vendors	
  implement	
  all	
  standards,	
  which	
  
increases	
  costs	
  and	
  decreases	
  stability	
  

•  Do	
  you	
  need	
  all	
  those	
  standards?	
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IETF	
  RFC	
  PublicaKon	
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IEEE	
  802.1Q	
  
•  Simple	
  VLAN	
  standard?	
  
•  Not	
  really,	
  original	
  version	
  amended	
  by	
  at	
  least	
  
14	
  addiKonal	
  standards	
  

•  802.1Q-­‐1998	
  had	
  211	
  pages	
  
•  802.1Q-­‐2011	
  has	
  1365	
  pages,	
  and	
  includes:	
  

–  802.1u,	
  802.1v,	
  802.1s	
  (mulKple	
  spanning	
  trees),	
  
802.1ad	
  (provider	
  bridging),	
  802.1ak	
  (MRP,	
  MVRP,	
  
MMRP),	
  802.1ag	
  (CFM),	
  802.1ah	
  (PBB),	
  802.1ap	
  
(VLAN	
  bridges	
  MIB),	
  802.1Qaw,	
  802.1Qay	
  (PBB-­‐TE),	
  
802.1aj,	
  802.1Qav,	
  802.1Qau	
  (congesKon	
  
management),	
  802.1Qat	
  (SRP)	
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Number	
  of	
  Supported	
  Protocols	
  in	
  a	
  
Modern	
  Ethernet	
  Switch	
  

(random	
  example,	
  but	
  they	
  are	
  all	
  the	
  same)	
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How	
  Does	
  OpenFlow	
  Work?	
  

•  Control	
  Plane	
  moved	
  out	
  of	
  the	
  switch	
  
•  Standardised	
  protocol	
  between	
  Data	
  Plane	
  
and	
  Control	
  Plane	
  à	
  OpenFlow	
  

•  OpenFlow	
  controller	
  typically	
  connects	
  to	
  
many	
  switches	
  	
  

•  Centralised	
  view	
  of	
  the	
  whole	
  network	
  
•  Centralised	
  does	
  not	
  mean	
  a	
  SPOF;	
  The	
  SDN	
  
applicaKon	
  can	
  run	
  on	
  a	
  (distributed)	
  
computer	
  cluster	
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Data	
  and	
  Control	
  Plane	
  SeparaKon	
  

Control Plane

Data Plane

Control Plane

Data Plane

OpenFlow
protocol

Ethernet
Switch

OpenFlow
Switch
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OpenFlow	
  Controlled	
  Network	
  

OpenFlow Application

OpenFlow Protocol

OpenFlow Controller
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OpenFlow	
  Protocol	
  

•  Insert	
  flow	
  forwarding	
  entries	
  in	
  switches	
  
•  Send	
  packets	
  to	
  OpenFlow	
  switch	
  
•  Receive	
  packets	
  from	
  OpenFlow	
  switch	
  
•  Receive	
  traffic	
  staKsKcs	
  from	
  OpenFlow	
  switch	
  
•  Retrieve	
  flow	
  tables	
  from	
  OpenFlow	
  switch	
  
•  Retrieve	
  parameters	
  from	
  OpenFlow	
  switch	
  

– E.g.	
  number	
  of	
  ports	
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OpenFlow	
  Components	
  

OpenFlow Switch

OpenFlow Controller

Flow Table

OpenFlow
Protocol

TCP
SSL
TLS

OpenFlow API
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Flow	
  Table	
  

•  Header	
  Fields:	
  match	
  against	
  packets	
  
•  Counters:	
  count	
  matching	
  packets	
  
•  Ac:ons:	
  AcKons	
  to	
  take	
  when	
  packet	
  matches	
  

Header Fields Counters Actions

UWDC,	
  Utrecht,	
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Header	
  Matching	
  (OF	
  1.0)	
  
•  Ingress	
  port	
  
•  Ethernet	
  source/desKnaKon	
  address	
  
•  Ethernet	
  type	
  
•  VLAN	
  ID	
  
•  VLAN	
  priority	
  
•  IPv4	
  source/desKnaKon	
  address	
  
•  IPv4	
  protocol	
  number	
  
•  IPv4	
  type	
  of	
  service	
  
•  TCP/UDP	
  source/desKnaKon	
  port	
  
•  ICMP	
  type/code	
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Counters	
  (1/3)	
  

•  Per	
  table:	
  
–  AcKve	
  entries	
  (32	
  bits)	
  
–  Packet	
  lookups	
  (64bits)	
  
–  Packet	
  matches	
  (64	
  bits)	
  

•  Per	
  flow:	
  
–  Received	
  packets	
  (64	
  bits)	
  
–  Received	
  bytes	
  (64	
  bits)	
  
–  DuraKon	
  <seconds>	
  (32	
  bits)	
  
–  DuraKon	
  <nanoseconds>	
  (32	
  bits)	
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Counters	
  (2/3)	
  

•  Per	
  port:	
  
–  Received/Transmi_ed	
  	
  packets	
  (64	
  bits)	
  
–  Received/Transmi_ed	
  bytes	
  (64	
  bits)	
  
–  Receive/Transmit	
  drops	
  (64	
  bits)	
  
–  Receive/Transmit	
  errors	
  (64	
  bits)	
  
–  Receive	
  frame	
  alignment	
  errors	
  (64	
  bits)	
  
–  Receive	
  overrun	
  errors	
  (64	
  bits)	
  
–  Receive	
  CRC	
  errors	
  (64	
  bits)	
  
–  Collisions	
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Counters	
  (3/3)	
  

•  Per	
  queue:	
  
– Transmit	
  packets	
  (64	
  bits)	
  
– Transmit	
  bytes	
  (64	
  bits)	
  
– Transmit	
  overrun	
  errors	
  (64	
  bits)	
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AcKons	
  

•  Forward	
  
– Required:	
  All,	
  Controller,	
  Local,	
  Table,	
  IN_PORT	
  
– OpKonal:	
  Normal,	
  Flood	
  

•  Enqueue	
  (OpKonal)	
  	
  
•  Drop	
  (Required)	
  
•  Modify	
  Field	
  (OpKonal)	
  

UWDC,	
  Utrecht,	
  6	
  maart	
  2013	
  



26/55	
  

Required	
  Forward	
  AcKons	
  

•  All	
  
–  Sent	
  packet	
  out	
  on	
  all	
  interfaces,	
  not	
  including	
  incoming	
  interface	
  

•  Controller	
  
–  Encapsulate	
  and	
  send	
  the	
  packet	
  to	
  the	
  controller	
  

•  Local	
  
–  Send	
  the	
  packet	
  to	
  the	
  switch	
  local	
  network	
  stack	
  

•  Table	
  
–  Perform	
  acKon	
  in	
  flow	
  table	
  (for	
  packet_out)	
  

•  IN_PORT	
  
–  Send	
  the	
  packet	
  out	
  to	
  the	
  input	
  port	
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OpKonal	
  Forward	
  AcKons	
  

•  Normal	
  
– Process	
  the	
  packet	
  using	
  the	
  tradiKonal	
  
forwarding	
  path	
  supported	
  by	
  the	
  switch	
  

•  Flood	
  
– Flood	
  the	
  packet	
  along	
  the	
  spanning	
  tree,	
  not	
  
including	
  the	
  incoming	
  interface	
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OpKonal	
  Modify	
  Field	
  AcKon	
  

•  Set	
  VLAN	
  ID	
  (or	
  add	
  VLAN	
  tag)	
  
•  Set	
  VLAN	
  priority	
  
•  Strip	
  VLAN	
  header	
  
•  Modify	
  Ethernet	
  source/desKnaKon	
  address	
  
•  Modify	
  IPv4	
  source/desKnaKon	
  address	
  
•  Modify	
  IPv4	
  type	
  of	
  service	
  bits	
  
•  Modify	
  TCP/UDP	
  source/desKnaKon	
  port	
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Flow	
  InserKon	
  

•  ProacKve	
  
– Flow	
  entries	
  are	
  inserted	
  in	
  the	
  OpenFlow	
  
switches	
  before	
  packets	
  arrive	
  

•  ReacKve	
  
– Packets	
  arriving	
  at	
  an	
  OpenFlow	
  switch	
  without	
  a	
  
matching	
  flow	
  entry	
  are	
  sent	
  to	
  OpenFlow	
  
controller.	
  They	
  examined	
  by	
  the	
  controller	
  aSer	
  
which	
  flow	
  entries	
  are	
  inserted	
  in	
  the	
  switches	
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Example	
  of	
  ProacKve	
  Flow	
  Entries	
  

•  Forward	
  all	
  packets	
  between	
  port	
  1	
  and	
  2	
  
–  ovs-­‐ofctl	
  add-­‐flow	
  br0	
  in_port=1,acKons=output:2	
  
–  ovs-­‐ofctl	
  add-­‐flow	
  br0	
  in_port=2,acKons=output:1	
  

•  Forward	
  all	
  packets	
  between	
  access	
  port	
  4	
  and	
  trunk	
  
port	
  6	
  using	
  VLAN	
  ID	
  42	
  
–  ovs-­‐ofctl	
  add-­‐flow	
  br0	
  in_port=4,acKons=output:6,mod_vlan_id:42	
  
–  ovs-­‐ofctl	
  add-­‐flow	
  br0	
  in_port=6,acKons=output:4,strip_vlan	
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OpenFlow	
  StandardisaKon	
  

•  Open	
  Networking	
  FoundaKon	
  (ONF)	
  
•  Non-­‐Profit	
  consorKum	
  
•  Founded	
  in	
  March	
  2011	
  by	
  Deutsche	
  Telecom,	
  
Facebook,	
  Google,	
  MicrosoS,	
  Verizon	
  and	
  
Yahoo!	
  

•  Mission:	
  promoKon	
  of	
  SoSware	
  Defined	
  
Networking	
  (SDN)	
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OpenFlow	
  Switch	
  SpecificaKon	
  
•  Defines	
  OpenFlow	
  protocol	
  
•  OpenFlow	
  Switch	
  SpecificaKon	
  1.0.0	
  (Dec	
  31,	
  2009)	
  

– Most	
  widely	
  used	
  version	
  today	
  
•  OpenFlow	
  Switch	
  SpecificaKon	
  1.1.0	
  (Feb	
  28,	
  2011)	
  

–  QinQ	
  and	
  MPLS	
  support	
  
–  Skipped	
  by	
  most	
  vendors	
  

•  OpenFlow	
  Switch	
  SpecificaKon	
  1.2	
  (Dec	
  2011)	
  
–  IPv6	
  support,	
  extensible	
  matches	
  

•  OpenFlow	
  1.3.0	
  (Jun	
  25,	
  2012)	
  
–  Flexible	
  table	
  miss,	
  per	
  flow	
  meters,	
  PBB	
  support	
  

•  OpenFlow	
  1.3.1	
  (Sep	
  6,	
  2012)	
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OF-­‐Config	
  

•  ConfiguraKon	
  protocol	
  for	
  sevng	
  up	
  ports,	
  
controller	
  IP	
  address,	
  etc.	
  

•  Netconf	
  based	
  
•  OF-­‐Config	
  1.0	
  (Sep	
  2012)	
  
•  OF-­‐Config	
  1.1	
  (Jun	
  25,	
  2012)	
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OpenFlow	
  in	
  Data	
  Centres	
  

•  Cloud	
  middleware	
  (OpenStack,	
  etc)	
  handles	
  
compute	
  &	
  storage	
  resources	
  (VMs,	
  disks)	
  

•  Now	
  also	
  including	
  network	
  resources	
  
(OpenStack	
  Quantum)	
  

•  SDN	
  and	
  OpenFlow	
  perfect	
  match	
  in	
  this	
  
ecosystem	
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Fat	
  Tree	
  Data	
  Centre	
  Network	
  

1,2,3,4

3,41,2

1 4

1,2

1,2,3,4

3,4

2 3

Insert	
  flow	
  entries	
  to	
  use	
  mulKple	
  path	
  through	
  network	
  
Support	
  mulKple	
  virtual	
  networks	
  (mulKple	
  tenants)	
  
Adjust	
  flow	
  entries	
  when	
  VMs	
  migrate	
  (move	
  network	
  with	
  VMs)	
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Fat	
  Tree	
  Topologies	
  

•  Three	
  stage	
  fat	
  tree	
  with	
  k-­‐port	
  switches	
  
– Non-­‐blocking	
  forwarding	
  between	
  k^3/4	
  servers	
  
– 5K^2/4	
  switches	
  need	
  with	
  k	
  ports	
  

•  E.g.	
  4-­‐port	
  switches:	
  
– 16	
  servers	
  
– 20	
  switches	
  

•  128-­‐port	
  switches:	
  
– 524,288	
  servers	
  
– 20,480	
  switches	
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Forwarding	
  in	
  Campus	
  Networks	
  
•  VLAN	
  configuraKon	
  and	
  maintenance	
  complex	
  and	
  
error	
  prone	
  

•  Spanning	
  Tree	
  Protocol	
  (STP)	
  results	
  in	
  sub-­‐opKmal	
  link	
  
usage	
  

•  Link	
  usage	
  difficult	
  to	
  control	
  with	
  STP	
  
•  Related	
  data	
  centre	
  fabric	
  technologies:	
  

–  Cisco	
  FabricPath	
  
–  Juniper	
  Qfabric	
  
–  IETF	
  TRILL	
  
–  Brocade	
  Virtual	
  Cluster	
  Switching	
  (VCS)	
  
–  IEEE	
  802.1aq	
  Shortest	
  Path	
  Bridging	
  (SPB)	
  
–  NVGRE,	
  VXLAN	
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Security	
  in	
  Campus	
  Networks	
  
•  Complex	
  and	
  difficult	
  to	
  maintain	
  firewalling	
  

–  Hard	
  to	
  get	
  an	
  overview	
  of	
  what	
  traffic	
  is	
  allowed/blocked	
  
–  Difficult	
  to	
  get	
  consistent	
  policy	
  when	
  mulKple	
  ACL/firewalls	
  are	
  
used	
  

•  Traffic	
  is	
  someKmes	
  forwarded	
  inside	
  campus	
  and	
  dropped	
  
at	
  faculty	
  edge	
  

•  SDN/OpenFlow	
  has	
  several	
  advantages	
  
–  Only	
  forward	
  allowed	
  traffic	
  
–  Centralised	
  policy	
  that	
  is	
  compiled	
  and	
  pushed	
  to	
  the	
  switches	
  
–  Central	
  SDN	
  applicaKon	
  can	
  be	
  combined	
  with	
  other	
  policy	
  
databases	
  (AcKve	
  Directory,	
  LDAP,	
  radius,	
  user	
  database,	
  etc)	
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Google	
  Data	
  Network	
  
•  Google	
  has	
  two	
  networks:	
  

–  I-­‐Scale:	
  User	
  facing	
  services	
  (search,	
  YouTube,	
  Gmail,	
  
etc),	
  high	
  SLA	
  

– G-­‐Scale:	
  Data	
  centre	
  traffic	
  (intra	
  and	
  inter),	
  lower	
  
SLA,	
  perfect	
  for	
  OpenFlow	
  tesKng	
  

•  Google	
  uses	
  custom	
  built	
  switches	
  with	
  merchant	
  
chip	
  sets	
  (128	
  ports	
  of	
  10GE)	
  
–  Custom	
  build	
  just	
  because	
  such	
  switches	
  were	
  not	
  
commercially	
  available	
  yet	
  

– Next	
  (commercial)	
  switch	
  will	
  probably	
  have	
  1000+	
  
ports	
  of	
  40GE	
  (2013)	
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Google	
  Data	
  Network	
  

Slide	
  by	
  Google	
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Google	
  Data	
  Network	
  
•  Goal:	
  

–  Improve	
  backbone	
  performance	
  
–  Reduce	
  complexity	
  and	
  cost	
  
–  Cost	
  per	
  bit/s	
  should	
  go	
  down	
  when	
  scaling	
  up	
  

•  Today	
  there	
  is	
  a	
  quadraKc	
  increase	
  (N	
  nodes	
  talking	
  to	
  each	
  
other)	
  

•  ConfiguraKon	
  cost	
  of	
  adding	
  a	
  node	
  
•  Broadcast	
  traffic	
  required	
  more	
  expensive	
  hardware	
  

–  Control	
  Plane	
  on	
  commodity	
  hardware	
  
–  Faster	
  and	
  be_er	
  TE	
  decisions	
  

•  TE	
  decisions	
  with	
  global	
  knowledge	
  about	
  network	
  instead	
  
of	
  local	
  knowledge	
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Google	
  Data	
  Network	
  

•  Issues	
  with	
  current	
  equipment	
  
–  Internet	
  protocols	
  are	
  box	
  centric,	
  not	
  fabric	
  
centric	
  

– Monitoring	
  added	
  as	
  an	
  aSerthought	
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Google	
  Data	
  Network	
  

•  MulKple	
  controllers	
  
– 3,	
  5,	
  7	
  with	
  Paxos	
  majority	
  voKng	
  (my	
  assumpKon)	
  

•  The	
  whole	
  network	
  can	
  be	
  emulated	
  in	
  a	
  
simulator	
  
– New	
  soSware	
  revisions	
  can	
  be	
  tested	
  in	
  the	
  
simulator	
  

– Network	
  events	
  (e.g.	
  link	
  down)	
  are	
  sent	
  to	
  
producKon	
  servers	
  +	
  testbed	
  

– TesKng	
  in	
  simulator	
  but	
  with	
  real	
  network	
  events	
  

UWDC,	
  Utrecht,	
  6	
  maart	
  2013	
  



44/55	
  

Google	
  Data	
  Network	
  

Slide	
  by	
  Google	
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Google	
  Data	
  Network	
  

•  Experience/benefits:	
  
– SoSware	
  development	
  for	
  a	
  high	
  performance	
  
server	
  with	
  modern	
  soSware	
  tools	
  (debuggers,	
  
etc)	
  much	
  easier	
  and	
  faster	
  and	
  produces	
  higher	
  
quality	
  soSware	
  than	
  development	
  for	
  an	
  
embedded	
  system	
  (router/switch)	
  with	
  slow	
  CPU	
  
and	
  li_le	
  memory	
  

– Centralised	
  Traffic	
  Engineering	
  much	
  faster	
  on	
  a	
  
32	
  core	
  server	
  (25-­‐50	
  Kmes	
  as	
  fast)	
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Some	
  OpenFlow	
  Players	
  

•  Startups	
  
– Big	
  Switch	
  Networks	
  
– Nicira	
  (aquired	
  by	
  VMware	
  for	
  1	
  Billion	
  USD	
  in	
  
2012)	
  

– Pica8	
  
•  ONRC	
  
•  ON.LAB	
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Stanford	
  University	
  Startups	
  

•  Big	
  Switch	
  Networks	
  
–  FloodLight	
  (open	
  source	
  OpenFlow	
  controller)	
  
–  Guido	
  Appenzeller	
  (CEO/Co-­‐Founder)	
  

•  Former	
  head	
  of	
  Stanford	
  University	
  Clean	
  Slate	
  program	
  
–  Kyle	
  Forster	
  (Co-­‐Founder,	
  ex-­‐Cisco,	
  ex-­‐Joost)	
  

•  Nicira	
  
–  Open	
  vSwitch	
  (open	
  source	
  soSware	
  switch)	
  
–  Steve	
  Mullaney	
  (CEO)	
  
–  MarKn	
  Casado	
  (CTO,	
  Co-­‐Founder)	
  

•  SDN	
  was	
  graduate	
  work	
  at	
  Stanford	
  University,	
  supervised	
  by	
  	
  	
  Nick	
  KcKeown	
  
&	
  Sco_	
  Shenker	
  

–  Nick	
  McKeown	
  (Co-­‐Founder)	
  
•  Former	
  faculty	
  director	
  of	
  Stanford	
  University	
  Clean	
  Slate	
  program	
  

–  Sco_	
  Shenker	
  (Chief	
  Scientest,	
  Co-­‐Founder)	
  
•  University	
  of	
  California	
  at	
  Berkeley	
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Pica8	
  

•  Founded	
  in	
  2008	
  
•  Open	
  the	
  switch	
  and	
  router	
  plazorms	
  
•  High	
  quality	
  soSware	
  with	
  commodiKsed	
  
switches	
  

•  PicOS	
  based	
  on:	
  
– XORP	
  (open	
  source	
  rouKng	
  project)	
  
– Open	
  vSwitch	
  (open	
  source	
  OpenFlow	
  switch)	
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Pica8	
  (Pronto)	
  Switches	
  

•  Pica8	
  3290	
  
– 48x	
  10/100/1000	
  BASE-­‐T	
  RJ45	
  &	
  4x	
  10GE	
  SFP+	
  
– USD	
  2,750	
  

•  Pica8	
  3780	
  
– 48x	
  10GE	
  SFP+	
  
– USD	
  9,950	
  

•  Pica8	
  3920	
  
– 48x	
  10GE	
  SFP+	
  &	
  4x	
  40GE	
  QSFP	
  
– USD	
  13,500	
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•  Located	
  at	
  Stanford	
  University	
  &	
  UC	
  Berkeley	
  
•  Sponsors:	
  CableLabs,	
  Cisco,	
  Ericsson,	
  Google,	
  
Hewle_	
  Packard,	
  Huawei,	
  Intel,	
  Juniper,	
  NEC,	
  
NTT	
  Docomo,	
  Texas	
  Instruments,	
  Vmware	
  

•  People:	
  
– Nick	
  McKeown	
  @	
  Stanford	
  University	
  
– Sco_	
  Shenker	
  @	
  UC	
  Berkeley	
  

Open	
  Networking	
  Research	
  Center	
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ON.LAB	
  

•  Headed	
  by	
  Guru	
  Parulkar	
  
– Professor	
  at	
  Stanford	
  University	
  

•  Build	
  open	
  source	
  OpenFlow	
  tools	
  and	
  
plazorms	
  
– Beacon,	
  NOX,	
  FlowVisor,	
  Mininet	
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Conclusions	
  
•  OpenFlow	
  has	
  got	
  a	
  lot	
  of	
  a_enKon	
  in	
  2011/2012	
  
•  Centralised	
  programmable	
  control	
  makes	
  
network	
  management	
  easier	
  (write	
  policy	
  instead	
  
of	
  detailed	
  switch/router	
  configuraKons)	
  

•  Possible	
  disrupKve	
  (network)	
  technology	
  (Kme	
  
will	
  tell)	
  

•  Very	
  likely	
  it	
  will	
  be	
  used	
  within	
  data	
  centres	
  
combined	
  with	
  cloud	
  middleware	
  

•  Could	
  be	
  the	
  start	
  of	
  an	
  open	
  hardware/open	
  
soSware	
  network	
  ecosystem	
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CompuKng	
  vs	
  Networking	
  

Closed	
  Systems	
  

Closed	
  hardware	
  
WorkstaKons	
  +	
  UNIX	
  
UNIX	
  System	
  Call	
  API	
  
Start	
  of	
  Open	
  Source	
  SoSware	
  
Portable	
  applicaKons	
  

Open	
  Hardware	
  
Hypervisor	
  API	
  
Portable	
  VMs	
  

1970	
   1980	
   1990	
   2000	
   2010	
  

Closed	
  Systems	
  

Closed	
  hardware	
  
OpenFlow	
  API	
  
Open	
  Source	
  ApplicaKons	
  
Portable	
  applicaKons	
  

cl
os
ed

	
  
op

en
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Thank	
  You	
  

Ronald.vanderPol@SURFnet.nl	
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