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1.Introduc2on	
•  Data	  intensive	  compu2ng	  can	  be	  defined	  as	  
computa2on	  involving	  large	  dataset	  and	  
complicated	  I/O	  paRerns.	  
– Data	  mining	  applica2on	  :	  a	  large	  amount	  of	  raw	  data	  
on	  disk	  and	  complex	  data	  that	  make	  paralleliza2on	  
difficult	  

–  Predic2ve	  science	  applica2on	  :	  a	  large	  amount	  of	  
generated	  intermediate	  data	  	  

•  Data	  intensive	  compu2ng	  is	  challenging	  
–  There	  is	  a	  five-‐order-‐of-‐magnitude	  latency	  gap	  
between	  main	  memory	  and	  spinning	  hard	  disk.	  
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1.Introduc2on	

•  They	  designed	  and	  built	  a	  prototype	  data	  
intensive	  supercomputer	  named	  DASH	  
– flash-‐based	  Solid	  State	  Drive	  (SSD)	  technology	  
– virtually	  aggregated	  DRAM	  to	  fill	  the	  latency	  gap	  
– Use	  commodity	  parts	  including	  Intel	  X25-‐E	  flash	  
drives	  and	  distributed	  shared	  memory(DSM)	  
sohware	  called	  vSMP	  from	  ScaleMP	  
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2.System	  Overview	

•  A.	  Storage	  hierarchy	  
– SLC(Single-‐Level	  Cell)	  drive	  of	  1	  TB/supernode	  	  

•  Longer	  life2me,	  lower	  bit	  error	  rate,	  and	  lower	  latency	  
than	  MLC(Mul2-‐Level	  Cell)	  drive.	  

–  local	  DDR3	  DRAM	  memory	  of	  48GB/computenode	  
– Distributed	  shared	  memory	  of	  768GB	  

•  Use	  vSMP	  sohware	  to	  aggregate	  distributed	  into	  a	  
single	  address	  space.	  
•  Can	  use	  all	  that	  memory	  as	  a	  RAM	  disk	  for	  fast	  I/O	  



2.System	  Overview	

•  B.	  Cost	  efficiency	  
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•  C.	  Power	  efficiency	



3.I/O	  System	  Design	  and	  tuning	
•  To	  evaluate	  the	  performance	  of	  storage	  systems,	  bandwidth	  
and	  IOPS	  are	  both	  important	  metrics.	  
–  Bandwidth	  measures	  sequen2al	  performance.	  
–  IOPS	  shows	  the	  throughput	  of	  random	  accesses.	  

•  They	  biased	  towards	  achieving	  high	  IOPS	  
–  Their	  target	  applica2ons	  are	  characterized	  as	  intensive	  random	  
accesses	  

•  To	  pursue	  and	  measure	  the	  peak	  I/O	  performance	  of	  the	  
system,	  they	  adopted	  RAID	  0.	  

•  They	  used	  IOR	  and	  XDD	  
–  The	  most	  accurate,	  reliable,	  and	  well-‐known	  I/O	  benchmarks	  in	  
their	  experience.	  

–  They	  verify	  each	  other	  and	  their	  result	  were	  always	  similar	  in	  our	  
tests.	  
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3.I/O	  System	  Design	  and	  tuning	

•  C.	  Advanced	  tuning	  
–  They	  suspected	  that	  the	  boRleneck	  might	  be	  the	  RAID	  
controller.	  
•  Replace	  the	  RAID	  controller	  with	  the	  state-‐of-‐the-‐art	  RAID	  
controller(Intel	  RS2BL080)	  

•  Use	  simple	  Host	  Bus	  Adapter(HBA)	  without	  embedded	  processors	  
–  Share	  the	  power	  from	  the	  host	  CPU	  

•  They	  connected	  only	  6	  flash	  drives	  to	  compose	  a	  sohware	  RAID	  and	  
achieved	  153,578	  4KB	  IOPS	  
–  Almost	  2x	  of	  the	  hardware	  RAID	  performance	  

–  Their	  motherboard	  has	  on-‐board	  HBA,	  which	  is	  rated	  higher	  
than	  150K	  4KB	  IOPS	  by	  the	  vendor.	  
•  Each	  HBA	  can	  connect	  4	  flash	  drives	  and	  their	  motherboard	  can	  hold	  
4	  HBAs.	  
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3.I/O	  System	  Design	  and	  tuning	

•  D.	  RAM	  drive	



4.Performance	  of	  Real-‐World	  Data-‐
Intensive	  Applica2ons	

•  A.	  External	  memory	  BFS	  
– External	  memory	  BFS	  is	  a	  common	  component	  in	  several	  
predic2ve	  science	  graph-‐based	  applica2ons.	  

– They	  used	  the	  external	  memory	  package	  0.39	  
implemented	  by	  Deepak	  Ajwani	  et	  al.	  in	  their	  
experiments.	  
•  They	  use	  one	  of	  the	  algorithms,	  MR-‐BFS.	  
•  They	  ran	  a	  range	  of	  tests	  on	  a	  dataset	  size	  of	  200GB	  and	  
compared	  the	  performance	  of	  three	  different	  storage	  media	  
with	  similar	  and	  comparable	  configura2ons.	  
–  RAM	  drive,	  flash	  drives,	  and	  spinning	  disks	  
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•  B.	  Palomar	  Transient	  Factory	  
– Palomar	  Transient	  Factory	  is	  a	  data	  base	  applica2on	  
used	  to	  discover	  2me-‐variable	  phenomena	  in	  astronomy	  
data.	  

– The	  response	  2mes	  of	  the	  forward	  query	  and	  the	  
backward	  query	  are	  crucial	  for	  PTF.	  

– They	  measured	  these	  query	  response	  2mes	  on	  DASH	  
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4.Performance	  of	  Real-‐World	  Data-‐
Intensive	  Applica2ons	

•  C.	  Biological	  pathways	  analysis	  
– Biological	  pathway	  analysis	  are	  an	  integrated	  data-‐
mining	  of	  heterogeneous	  biological	  data	  framework.	  

– BiologicalNetworks	  is	  a	  Systems	  Biology	  sohware	  
planorm	  for	  analysis	  and	  visualiza2on	  of	  biological	  
pathways,	  gene	  regula2on	  and	  protein	  interac2on	  
network.	  

– They	  ran	  some	  popular	  queries	  of	  BiologicalNetworks	  on	  
three	  different	  media	  on	  SDSC	  DASH	  including	  hard	  
disks,	  SSDs	  and	  memory(using	  vSMP)	
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5.Related	  Work	

•  A.ccNUMA	  machines	  
–  ccNUMA	  machines	  have	  single	  shared	  memory	  space	  by	  
special	  hardware.	  
•  SGI	  Al2x	  4000	  series,	  HP	  Superdome,	  and	  Bull	  NovaScale	  5000	  series	  

– With	  these	  machines,	  people	  can	  program	  across	  all	  the	  
nodes	  in	  shared-‐memory	  model.	  

– However,	  these	  products	  usually	  adopt	  proprietary	  
technology	  based	  on	  customized	  hardware,	  and	  need	  a	  long	  
development	  period,	  which	  makes	  their	  ra2os	  of	  
performance	  to	  price	  preRy	  low.	  

–  vSMP	  is	  a	  sohware	  implementa2on	  of	  ccNUMA	  and	  is	  much	  
more	  cost	  efficient.	  



5.Related	  Work	

•  B.Distributed	  Shared	  Memory	  (DSM)	  
– People	  try	  to	  achieve	  ccNUMA’s	  func2on	  with	  a	  
sohware	  implementa2on	  called	  DSM,	  such	  as	  
vSMP.	  
•  Data	  intensive	  applica2ons	  are	  becoming	  dominant	  and	  
the	  requirement	  for	  large	  shared	  memory	  is	  becoming	  
stronger.	  
•  Most	  of	  the	  new	  system	  exploit	  the	  virtual	  machine	  
technology	  and	  implement	  the	  DSM	  layer	  under	  the	  
opera2ng	  system	  and	  right	  above	  the	  hardware.	  
•  It	  provides	  a	  single	  system	  image	  to	  the	  opera2ng	  
system	  and	  eases	  the	  management	  burden.	



6.Conclusion	

•  They	  designed	  and	  built	  a	  new	  prototype	  system	  
called	  DASH,	  exploi2ng	  flash	  drives	  and	  remote	  
memory	  to	  fill	  the	  gap.	  

•  They	  tuned	  the	  system	  and	  achieved	  ~560K	  4KB	  
IOPS	  with	  16	  flash	  drives	  and	  ~4.5M	  4KB	  IOPS	  with	  
650GB	  RAM	  drive.	  

•  With	  3	  real	  applica2ons	  from	  graph	  theory,	  biology,	  
and	  astronomy,	  we	  aRained	  up	  to	  two-‐order-‐of-‐
magnitude	  speedup	  with	  RAM	  drives	  compared	  
with	  tradi2onal	  spinning	  disks.	  



Comment	

•  Strong	  point	  
– Experiment	  environment	  is	  suitable.	  

•  Weak	  point	  
–  I	  don’t	  know	  which	  benchmark	  do	  they	  use	  in	  
sec2on	  3	  


