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Graph	
  Processing	
  
Challenging	
  due	
  to	
  ever-­‐growing	
  graph	
  sizes	
  
Out-­‐of-­‐core	
  processing	
  on	
  a	
  single	
  machine	
  
Cheap,	
  feasible	
  &	
  competitive	
  
GraphChi	
  [OSDI’12],	
  X-­‐Stream	
  [SOSP’13],	
  etc.	
  

Disk	
  friendly	
  static	
  partitions	
  
Carefully	
  orchestrate	
  reads	
  from	
  disk	
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Out-­of-­core	
  Graph	
  Processing	
  
GraphChi	
  [OSDI’12]	
  
Graph	
  is	
  split	
  across	
  multiple	
  shards	
  
Created	
  during	
  pre-­‐processing	
  
Remain	
  static	
  throughout	
  processing	
  

Process	
  by	
  loading	
  an	
  entire	
  shard	
  one	
  at	
  a	
  time	
  
Iterative	
  processing	
  
Each	
  shard	
  is	
  loaded	
  multiple	
  times	
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Loading	
  static	
  partitions	
  is	
  expensive	
  
GraphChi	
  spends	
  73-­‐88%	
  of	
  the	
  time	
  in	
  loading	
  
X-­‐Stream	
  spends	
  73-­‐80%	
  of	
  the	
  time	
  in	
  loading	
  

I/O	
  Bound	
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Not	
  all	
  edges	
  are	
  always	
  required	
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  to	
  create	
  
dynamic	
  partitions	
  

on	
  the	
  'ly?	
  

How	
  to	
  process	
  
dynamic	
  
partitions?	
  

Different	
  algorithms	
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Need	
  dynamic	
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  to	
  capture	
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Outline	
  
Dynamic	
  Shards	
  
Creating	
  Dynamic	
  Shards	
  
Processing	
  Dynamic	
  Shards	
  
Accumulation	
  based	
  Computation	
  
Evaluation	
  
Conclusion	
  



Shards	
  
Maintain	
  locality	
  while	
  processing	
  

08	
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How	
  to	
  efPiciently	
  
create	
  dynamic	
  
shards	
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  the	
  'ly?	
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Evaluation	
  Setup	
  
Dell	
  8-­‐core,	
  8	
  GB	
  main	
  memory	
  
Dell	
  500GB	
  7.2K	
  RPM	
  HDD,	
  Dell	
  400GB	
  SSD	
  
Ubuntu	
  14.04	
  
File	
  system	
  caches	
  flushed	
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Benchmark	
  &	
  Inputs	
  
5	
  graph	
  algorithms	
  
PageRank,	
  Belief	
  Propagation,	
  Heat	
  Simulation,	
  	
  
Multiple	
  Source	
  Shortest	
  Paths,	
  Connected	
  Components	
  

6	
  real-­‐world	
  input	
  graphs	
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Performance	
  
1.8x	
  average	
  speedup	
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Reads	
  &	
  Writes	
  
Up	
  to	
  64%	
  reduction	
  in	
  data	
  read	
  
Up	
  to	
  54%	
  reduction	
  in	
  data	
  written	
  
Shadow	
  iterations	
  are	
  I/O	
  intensive	
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More	
  Results	
  
All	
  benchmarks	
  &	
  inputs	
  
Performance	
  on	
  SSD	
  
Speedups	
  per	
  iteration	
  
Disk	
  space	
  utilization	
  
Edge	
  utilization	
  efficiency	
  
Comparison	
  with	
  X-­‐Stream	
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Conclusion	
  
Dynamic	
  partitions	
  accelerate	
  out-­‐of-­‐core	
  
processing	
  
Light-­‐weight	
  creation	
  strategy	
  
Accumulation	
  based	
  processing	
  with	
  delays	
  

Up	
  to	
  76%	
  reduction	
  in	
  data	
  read	
  
Accelerate	
  performance	
  by	
  up	
  to	
  2.8x	
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