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Mo1va1on	
  –	
  user	
  examples	
  

•  Who?	
  
–  Instagram	
  run	
  on	
  Amazon	
  EC2	
  before	
  purchased	
  
by	
  Facebook	
  	
  

– Zynga	
  (up	
  to	
  12K	
  VMs,	
  largest	
  Facebook	
  game	
  
app,	
  e.g.,	
  Farmville)	
  ini1ally	
  run	
  on	
  Amazon	
  EC2	
  

– DropBox,	
  Reddit,	
  NetFlix,	
  and	
  etc.	
  
•  Why?	
  
–  fast	
  provisioning,	
  easy	
  to	
  deploy	
  and	
  administer,	
  
scale	
  up/down,	
  reliable,	
  cheap	
  compute	
  resource,	
  
and	
  etc.	
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Example	
  topology:	
  Fat	
  tree	
  

3-­‐level	
  fat-­‐tree	
  
432	
  servers	
  
180	
  switches	
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Mo1va1on:	
  how?	
  

s1	
   s2	
   s3	
   s5	
   s6	
  

sw1	
   sw2	
  

s4	
   s7	
  

vm1	
   vm2	
   vm3	
  Virtual	
  Network	
  (VN)	
  

Physical	
  Network	
  (PN)	
  

vm2	
   vm3	
  vm1	
  

Cores:	
  4,	
  RAM:	
  32GB,	
  Bandwidth:	
  1Gbps	
  

200	
  Mbps	
   400	
  Mbps	
  

Core:	
  2	
  
RAM:	
  4GB	
  

Core:	
  1	
  
RAM:	
  2GB	
  

Core:	
  4	
  
RAM:	
  8GB	
  

Cores:	
  8,	
  RAM:	
  64GB,	
  Bandwidth:	
  10Gbps	
  

10Gbps	
  1Gbps	
  

40Gbps	
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Content	
  

•  Mo1va1on	
  

•  Different	
  approaches	
  
•  My	
  implementa1on	
  	
  
– SMT	
  solver:	
  MSR	
  Z3	
  

– Demo	
  

•  Future	
  work	
  and	
  conclusion	
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Different	
  approaches	
  

•  Naïve:	
  bin	
  packing	
  (e.g.,	
  greedy)	
  
•  Mixed-­‐Integer	
  Linear	
  Problem	
  solvers:	
  e.g.,	
  IBM	
  CPLEX	
  
•  Constraint	
  solver:	
  SOCC’11	
  
•  SMT	
  solvers:	
  FMCAD’13,	
  paper	
  drag	
  from	
  UBC	
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Implementa1on:	
  constraints	
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Implementa1on:	
  constraints	
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Demo	
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Limita1ons	
  

•  My	
  implementa1on	
  does	
  not	
  support	
  rou1ng	
  
direc1on	
  

•  Assumes	
  bandwidth	
  is	
  unlimited	
  when	
  deployed	
  
to	
  the	
  same	
  server	
  

•  Handles	
  only	
  one	
  level	
  of	
  switch	
  connec1on	
  
–  one-­‐level	
  fat	
  tree	
  

•  Did	
  not	
  check	
  for	
  larger	
  PN	
  and	
  VNs	
  
– Worst	
  case	
  might	
  be	
  too	
  slow	
  
–  Should	
  be	
  able	
  to	
  terminate	
  within	
  some	
  deadline,	
  
and	
  get	
  the	
  rela1ve	
  best	
  solu1on	
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Future	
  work	
  

•  Implement	
  abstrac1on	
  
•  Implement	
  with	
  SMMT	
  
•  See	
  how	
  MILP	
  works	
  
•  Compare	
  different	
  approaches	
  to	
  recommend	
  
the	
  best	
  one	
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Take	
  aways	
  

•  SMT	
  solvers	
  can	
  be	
  used	
  to	
  solve	
  wide	
  range	
  
of	
  problems	
  
– especially	
  when	
  tool	
  is	
  mature	
  

•  Specialized	
  solvers	
  can	
  bring	
  huge	
  
performance	
  win	
  (SMMT)	
  

•  SMT	
  solvers	
  (FM	
  in	
  general)	
  guarantee	
  
correctness	
  

•  Bridge	
  systems	
  research	
  to	
  FM	
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Backup	
  slides	
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Discussion:	
  challenges	
  
•  Do	
  not	
  confuse	
  Z3	
  and	
  Python	
  variables	
  (Int,	
  Bool,	
  IntVal,	
  

BoolVal)	
  
•  If	
  possible,	
  assign	
  value	
  to	
  Z3	
  matrices	
  only	
  once	
  
•  Z3	
  primi1ves	
  used	
  

–  return_value	
  =	
  If(condi1on,	
  true,	
  false)	
  
–  Implies(condi1on1,	
  condi1on2)	
  
–  And(condi1on1,	
  condi1on2,	
  …)	
  	
  

•  Or(	
  …	
  ),	
  Not(	
  …	
  )	
  
–  Possible	
  to	
  nest	
  these	
  statements	
  
–  solver.add(constraints)	
  

•  Only	
  use	
  primi1ves	
  you	
  are	
  sure	
  about	
  
–  common	
  sense	
  programming	
  approach	
  might	
  not	
  be	
  the	
  same	
  
–  slightly	
  misused	
  primi1ve	
  gives	
  lots	
  of	
  trouble	
  (silently!)	
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Different	
  approaches	
  

•  Naïve:	
  bin	
  packing	
  (e.g.,	
  greedy)	
  
•  Constraint	
  solver:	
  SOCC’11	
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Different	
  approaches	
  

•  Naïve:	
  bin	
  packing	
  (e.g.,	
  greedy)	
  
•  Constraint	
  solver:	
  SOCC’11	
  
•  Mixed-­‐Integer	
  Linear	
  Problem	
  solvers:	
  e.g.,	
  IBM	
  CPLEX	
  
–  NSDI	
  2012,	
  CMU	
  tech	
  report	
  2013	
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Implementa1on:	
  nota1ons	
  

•  X(v,s): VM v is mapped to server s 
•  Y(l,e): physical link l is reserved bandwidth virtual link e 
•  R(l,e,k): physical link l is the k-th edge on the routing path for 

virtual link e 
•  Server capacity: 

–  ∑v X(v,s) < c(s), for every server s 
•  Link capacity: 

–  ∑e Y(l,e) < b(l), for every physical link l 
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