
Energy-­‐Efficient	
  Graph	
  Traversal	
  on	
  Integrated	
  CPU-­‐GPU	
  Architecture

• Energy	
  become	
  a	
  key	
  challenge	
  recently.	
  To	
  deal	
  with	
  it,	
  integrated	
  CPU-­‐
GPU	
  architecture	
  is	
  designed	
  to	
  reduce	
  the	
  data	
  transfer	
  cost	
  between	
  
CPUs	
  and	
  GPUs.

• Graph	
  applications	
  are	
  becoming	
  increasingly	
  important	
  for	
  big	
  data	
  
analysis,	
  Breadth-­‐First	
  Search(BFS)	
  is	
  the	
  most	
  representative	
  one.

• Despite	
  previous	
  efforts,	
  it	
  remains	
  an	
  important	
  problem	
  to	
  get	
  optimal	
  
performance	
  for	
  BFS	
  on	
  integrated	
  architectures.

• GPU	
  can	
  use	
  the	
  whole	
  main	
  memory,	
  which	
  is	
  much	
  larger	
  than	
  
conventional	
  discrete	
  GPU
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• Implement	
  state-­‐of-­‐the-­‐art	
  algorithm	
  both	
  for	
  CPU	
  and	
  GPU.
• Find	
  an	
  adaptive	
  algorithm	
  to	
  atomically	
  find	
  the	
  optimal	
  combination	
  of	
  

search	
  algorithm	
  and	
  executing	
  device	
  for	
  each	
  level	
  of	
  BFS.

Key	
  Ideas

1. Graph	
  layout.	
  There	
  are	
  special	
  treatments	
  for	
  zero-­‐degree	
  vertex	
  and	
  
high-­‐degree	
  vertex.[1]

2. Direction	
  optimization.	
  Using	
  bottom-­‐up	
  direction	
  aside	
  conventional	
  top-­‐
down	
  direction.[2]

3. Software	
  cache	
  for	
  auxiliary	
  data	
  structure.
4. Devices	
  choice.	
  

Selected	
  Methods

• GCC	
  4.8.2,	
  OpenCL 2.0
• AMD	
  A10-­‐7850K	
  Radeon	
  R7,	
  4	
  CPU	
  cores(3.7GHz),	
  8	
  GPU	
  cores(0.7GHz)
• 32GB	
  memory
• Graph	
  generator	
  is	
  kronerker and	
  edge_factor is	
  set	
  to	
  16.

Environment

Architecture	
  of	
  AMD	
  A10-­‐7850K	
   An	
  comparison	
  of	
  different	
  implementation.	
  In	
  this	
  
example,	
  best	
  combination	
  	
  	
  	
  can	
  outperform	
  simple	
  
topdown_cpu plus	
  bottomup_gpu about	
  20%

Candidate	
  implementation	
  for	
  choice,	
  
some	
  other	
  combinations	
  are	
  omit	
  
because	
  of	
  performance.

Switch	
  policy	
  for	
  candidate	
  implementation.	
  mf	
  is	
  edge	
  number	
  in	
  frontier,	
  ml is	
  edge	
  number	
  left	
  to	
  
visit,	
  ma is	
  total	
  edge	
  number,	
  na is	
  total	
  vertex	
  number,	
  and	
  nf is	
  vertex	
  in	
  frontier.	
  In	
  our	
  
environment,	
  we	
  choose	
  α =	
  100,	
  α1 =	
  40,	
  α2	
  =	
  5,	
  β =100,	
  γ =	
  1000.

The	
  appearance	
  of	
  APU	
  gives	
  us	
  an	
  opportunity	
  to	
  use	
  CPU	
  and	
  GPU	
  
concurrently	
  without	
  data	
  transfer	
  overhead.	
  This	
  paper	
  discusses	
  various	
  
BFS	
  optimization	
  methods	
  and	
  implements	
  it	
  efficiently	
  in	
  APU.	
  We	
  raise	
  a	
  
switch	
  policy	
  to	
  automatically	
  choose	
  the	
  best	
  implementation	
  at	
  runtime.	
  
At	
  last,	
  the	
  algorithm	
  is	
  tested	
  both	
  in	
  synthesized	
  and	
  real	
  world	
  datasets	
  
to	
  show	
  the	
  efficiency	
  in	
  time	
  and	
  energy,	
  finally	
  get	
  1.6X	
  speedup	
  
compared	
  to	
  previous	
  state-­‐of-­‐the-­‐art	
  algorithms	
  in	
  	
  energy	
  consumption.

In	
  the	
  future,	
  we	
  will	
  explore	
  how	
  different	
  methods	
  affect	
  the	
  BFS	
  and	
  try	
  
to	
  optimize	
  more	
  application	
  under	
  this	
  guide.

Conclusion	
  and	
  Future	
  Work
Our	
  algorithm	
  is	
  weak	
  scaled	
  and	
  better	
  than	
  Daga's[3]	
  
or	
  Yasuai's[2].	
  Our	
  algorithm	
  is3.1X	
  compare	
  to	
  Daga's
and	
  1.2X	
  compare	
  to	
  Yasuai's as	
  largest	
  runnable	
  scale.	
  
Note	
  at	
  scale	
  26	
  the	
  algorithm	
  doesn't	
  follow	
  the	
  
former	
  scalability	
  because	
  one	
  of	
  associatedata
structure	
  exceeds	
  last	
  level	
  cache	
  in	
  CPU.
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In	
  terms	
  of	
  energy,	
  which	
  measured	
  by	
  TESP/Watt,	
  Our	
  
method	
  is	
  even	
  more	
  efficient	
  because	
  GPU	
  is	
  more	
  
energy	
  efficiency	
  than	
  CPU.	
  Our	
  algorithm	
  yields	
  a	
  
speedup	
  of	
  3.1X	
  compare	
  to	
  Daga's and	
  1.6X	
  compare	
  to	
  
Yasuai's.

Experiments	
  in	
  various	
  dataset	
  including	
  synthesized	
  and	
  real	
  world	
  datasets.


