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Overview	  

•  Goal:	  provide	  simple,	  abstracted	  topologies	  to	  
applicaJons	  and	  network	  tools	  for	  beMer	  network	  
and	  applicaJon	  opJmizaJon	  

•  Such	  topologies	  allow	  a	  spectrum	  of	  use	  cases,	  
spanning	  “simple”	  visualizaJon,	  scheduling,	  
diagnosis,	  to	  “complex”	  applicaJon-‐network	  
programming.	  
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Use	  Case	  I:	  Topology	  AdverJsement	  	  
•  Many	  networks	  already	  provide	  public	  views	  
(adverJsement),	  in	  their	  specific	  formats,	  of	  their	  
topology	  infrastructures	  
–  hMp://www.telecomramblings.com/network-‐maps/usa-‐fiber-‐backbone-‐

map-‐resources/	  

	  

•  Goal:	  standard	  format	  for	  consistent	  informaJon	  
disclosure	  
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Use	  Case	  I:	  Example	  Workflow	  

12 

ALTO	  
Client	  

ALTO  
Server	  

ISP	  1 

ALTO  
Server	  

ISP	  2 

ALTO  
Server	  

ISP	  3 

Business 
Analysis	  



13 



Use	  Case	  II:	  Large	  Flow	  Scheduling	  
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Large-‐Flow	  Scheduling	  
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!
1.  obtain transfer tasks {(src, dst, data), …} !

2.  Obtain path for each src-dst!
At least 3 possibilities: (1) trace route; 
(2) CostMap with a “path” metric; (3) 
Topology Service provides computation hint 
(e.g., shortest path of the topology) !

3.  while (tasks not done) !

query available bw!
!
schedule data transfer !



Large-‐Flow	  Scheduling	  
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Use	  Case	  III:	  Two-‐Level	  Traffic	  Engineering	  

•  Traffic	  engineering	  algorithms	  based	  on	  opJmizaJon	  
typically	  cannot	  scale	  to	  fine-‐grained,	  large-‐scale	  
topologies.	  They	  oben	  work	  well	  only	  on	  abstract,	  
small-‐scale	  (e.g.,	  aggregated	  PoP-‐level)	  topologies.	  
	  

•  MulJple	  level	  opJmizaJon	  is	  a	  commonly	  used	  system	  
design	  (e.g.,	  load	  balancing	  design,	  OS	  device	  driver)	  
structure	  
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Use	  Case	  III:	  Two-‐Level	  Traffic	  Engineering	  
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Use	  Case	  III	  Example:	  R3	  TE	  
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Compute (r,p) to minimize MLU (Max Link Utilization) for 
original demand d + rerouted traffic x ∈ XF  
- r carry d, p carry x 
min(r,p) MLU 
[C1] r is a routing, p is a routing; 
[C2] ∀x∈XF, ∀e: 

  [ ∑a,b∈Vdabrab(e) + ∑l∈Exlpl(e) ] / ce ≤ MLU 
 
–  [C2] contains infinite number of constraints, we apply LP 

duality to convert to polynomial number of constraints 
–  r may be given (e.g., as an outcome of OSPF) 

R3: Resilient Routing Reconfiguration, Y. Wang (Yale), H. Wang (Google), Ajay 
Mahimkar (UT Austin), Richard Alimi (Yale), Yin Zhang (UT Austin), Lili Qiu (UT 
Austin), Y. Richard Yang (Yale). In SIGCOMM 2010. 



Use	  Case	  III	  Example:	  R3	  TE	  
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Use	  Case	  III:	  Example	  Workflow	  
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Use	  Case	  IV:	  SDN	  
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https://wiki.opendaylight.org/view/File:SAL_NB_Plugins.jpg 



Use	  Case	  IV:	  SDN	  
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Policy Programming

p.TcpDs
t=22? !

drop !
match:{TcpDst=22} 
action:drop !

send along 
lowest-
weight path 
from !
p.EthSrc to 
p.EthDst!

S1: match:{EthSrc=p.EthSrc, !
EthDst=p.EthDst} 
action:outPort(1) !
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S2 

S2: match:{EthSrc=p.EthSrc, !
EthDst=p.EthDst} 
action:outPort(1) !

S1 S3 S3: match:{EthSrc=p.EthSrc, !
EthDst=p.EthDst} 
action:outPort(1) !src dst 
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Use	  Case	  IV:	  SDN	  
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Policy Programming
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Use	  Case	  IV:	  SDN	  (Maple)	  
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Route f(Packet p, Env e) { !
  if (p.tcpDstIs(22)) !
    return null(); !
  else { !
    Location sloc = e.location(p.ethSrc()); !
    Location dloc = e.location(p.ethDst()); !
    Path path = myPathAlg (e.links(), !
                           sloc, dloc); !
    return unicast(sloc, dloc, path); !
  } !
} !

Maple: Simplifying SDN Programming using Algorithmic Policies, A. 
Voellmy, J. Wang, Y.R. Yang, B. Ford, and P. Hudak, in SIGCOMM’13.  



Use	  Case	  IV:	  Example	  Workflow	  
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Use	  Case	  V:	  e2e	  Joint	  App/Net	  RouJng	  

•  Instead	  of	  a	  design	  that	  Network	  Path	  
ComputaJon	  Element	  understands	  every	  single	  
possible	  applicaJon	  path	  selecJon	  
consideraJon,	  a	  higher	  level	  orchestrator	  
computes	  both	  network	  rouJng,	  and	  app-‐level	  
load	  balancing,	  considering	  network	  resource	  
availability/constraints,	  compute/storage	  
resource	  availability/constraints,	  and	  other	  
policies	  (e.g.,	  geo	  restricJons).	  
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Use	  Case	  V:	  Example	  
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Use	  Case	  V:	  Example	  
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Use	  Case	  V:	  Example	  Workflow	  
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Basic	  Requirements:	  	  
Extend	  the	  Base	  ALTO	  “Single	  Switch”	  AbstracJon	  
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Basic	  Requirements:	  	  
Extend	  the	  Base	  ALTO	  “Single	  Switch”	  AbstracJon	  
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Req	  3:	  Annotate	  ProperJes	  on	  Links	  and	  Nodes	  

•  ProperJes	  depend	  on	  applicaJon	  desire	  
•  Example	  properJes	  

–  Typical	  link	  performance	  metrics	  such	  as	  BW,	  cost,	  
latency,	  jiMer,	  …	  

–  Typical	  node	  properJes	  such	  as	  geo	  locaJon	  
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Req	  4:	  InformaJon	  AbstracJon	  

•  SimplificaJon	  of	  applicaJon	  programming	  
–  Present	  as	  simple	  a	  representaJon	  of	  a	  network	  to	  an	  
applicaJon	  as	  possible,	  but	  not	  simpler	  

•  InformaJon	  hiding	  for	  network	  privacy	  
– Allow	  network	  layer	  to	  hide	  as	  much	  informaJon	  as	  
desired	  
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Req	  5:	  Policy	  Preserving	  RouJng	  

•  Real	  network	  topology	  T	  
•  ApplicaJon	  is	  given	  abstract	  topology	  Ta	  derived	  from	  T	  
•  ApplicaJon	  computes	  route	  Ra	  from	  Ta	  
•  Network	  converts	  Ra	  expressed	  in	  Ta	  to	  real	  route	  R	  in	  
real	  topology	  T	  

•  An	  example	  of	  non-‐preserving	  representaJon:	  
–  T	  =	  Ta	  
–  ApplicaJon	  uses	  arbitrary	  rouJng,	  but	  real	  network	  can	  use	  
only	  shortest	  path	  (OSPF)	  

•  An	  example	  of	  non-‐preserving	  realizaJon	  
–  ApplicaJon	  chooses	  path	  avoiding	  region	  X,	  but	  realizaJon	  
uses	  a	  path	  that	  visits	  region	  X	  
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Summary	  of	  Key	  Requirements	  

•  Add	  links	  
•  Add	  nodes	  
•  Allow	  link/node	  properJes	  
•  InformaJon	  abstracJon	  
•  Policy	  preservaJon	  
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Related	  Work	  

•  GMPLS	  RouJng	  
–  Not	  intended	  for	  applicaJon	  use.	  Does	  not	  provide	  network	  
informaJon	  abstracJon/hiding	  

•  I2RS	  

•  OGF	  NML	  
–  General	  framework	  for	  mulJ-‐layer	  network	  modeling	  in	  XML/
RDF	  based	  on	  ITU-‐T	  G.800.	  Very	  detailed.	  Could	  be	  useful	  as	  a	  
starJng	  point.	  Does	  not	  include	  a	  JSON	  representaJon	  
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ALTO	  Topology	  Framework	  
•  Sources	  of	  raw	  topology	  informaJon	  	  

–  From	  management	  systems,	  to	  proprietary	  interfaces	  to	  rouJng	  
systems,	  to	  i2rs...	  (how	  to	  transport	  to	  ALTO	  server	  is	  out	  of	  
scope)	  

•  Abstract	  topology	  representaJon	  
–  [I-‐D.lee-‐alto-‐app-‐net-‐info-‐exchange]	  &	  [I-‐D.yang-‐alto-‐topology]	  
provide	  tentaJve	  models	  and	  encodings	  for	  abstract	  topology	  
representaJon.	  

•  Service/client	  specific	  topology	  transformaJon	  
–  [I-‐D.lee-‐alto-‐app-‐net-‐info-‐exchange]	  and	  [I-‐D.yang-‐alto-‐
topology]	  

•  Network	  Service	  Interface	  compaJbility	  
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Next	  Step	  
•  Specify	  a	  complete	  ALTO	  Topology	  Services	  Resource	  

•  Propose	  WG	  re-‐chartering	  to	  include	  Topology	  Service	  
and	  go	  beyond	  P2P	  
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Requirements	  Wish	  List	  
•  Topology	  RepresentaJon	  

–  Paths	  or	  Graphs	  
–  Bandwidth	  constraint	  informaJon	  
– Metrics:	  cost,	  latency,	  jiMer,	  SRLG,	  …	  
–  LocaJon	  informaJon	  

•  Incremental	  Updates…	  
•  CompaJbility	  

– With	  “reservaJon	  interfaces”	  
–  Route	  computaJon	  system,	  i.e.,	  for	  process	  of	  
transforming	  a	  “loose	  route”	  provided	  by	  applicaJon	  
to	  detailed	  route	  implemented	  in	  the	  network.	  42 


