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Sta$c	
  Single	
  Assignment	
  Form	
  

•  A	
  program	
  is	
  defined	
  to	
  be	
  in	
  SSA	
  form	
  if	
  each	
  
variable	
  is	
  a	
  target	
  of	
  exactly	
  one	
  assignment	
  
statement	
  in	
  the	
  program	
  text.	
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x := 1 
y := 2 
x := y 



x1 := 1 
y1 := 2 
x2 := y1 



x := 1 x := 2 

y := x+1 



x1 := 1 x2 := 2 

y := x?+1 



x1 := 1 x2 := 2 

x3 := φ(x1,x2) 
y := x3+1 



SSA	
  Construc$on	
  Algorithm	
  

•  start	
  with	
  control	
  flow	
  graph	
  derived	
  from	
  
program	
  

•  Variable	
  names	
  from	
  orig	
  program,	
  and	
  
compiler-­‐generated	
  temporaries	
  

•  produce	
  control	
  flow	
  graph	
  with	
  SSA	
  property	
  



Two	
  phases	
  for	
  construc$on	
  

1.  insert	
  φ-­‐func$ons	
  
2.  rename	
  variables	
  



High-­‐level	
  φ-­‐func$on	
  inser$on	
  

•  for	
  each	
  variable	
  x	
  
– for	
  each	
  defini$on	
  of	
  x	
  

– follow	
  control	
  flow	
  paths	
  from	
  def,	
  

– at	
  each	
  merge	
  point	
  where	
  def	
  is	
  no	
  
longer	
  the	
  only	
  defini$on	
  	
  of	
  x	
  in	
  
scope,	
  insert	
  a	
  φ-­‐func$on	
  for	
  x	
  



Actual	
  φ-­‐func$on	
  inser$on	
  algorithm	
  



Actual	
  φ-­‐func$on	
  inser$on	
  algorithm	
  

DOALL	
  

ENDDO	
  

priva-ze	
  W	
  

synchronize	
  updates	
  to	
  CFG	
  

parallel	
  



High-­‐level	
  renaming	
  algorithm	
  

•  have	
  an	
  int	
  counter	
  for	
  each	
  orig	
  var:	
  Count(v)	
  
•  have	
  a	
  stack	
  of	
  new	
  vars	
  for	
  each	
  orig	
  var:	
  Stack
(v)	
  

•  go	
  through	
  program	
  statements	
  in	
  order	
  

•  At	
  def	
  of	
  x,	
  increment	
  Count(x),	
  push	
  xcount(x)	
  onto	
  
Stack(x),	
  rename	
  x	
  to	
  Stack(x)	
  

•  At	
  use	
  of	
  x,	
  rename	
  x	
  to	
  Stack(x)	
  
•  When	
  defs	
  go	
  out	
  of	
  scope,	
  pop	
  them	
  off	
  Stack(x)	
  



Actual	
  renaming	
  algorithm	
  





doall	
  

enddo	
   priva-ze	
  S	
  

synchronize	
  Count	
  



Implementa$on	
  Details	
  

•  Algorithms	
  implemented	
  in	
  Soot	
  
– a	
  Java	
  bytecode	
  compiler	
  framework	
  

•  Parallelism	
  via	
  Java	
  fork/join	
  framework	
  
–  thread	
  pool	
  
–  lightweight	
  tasks	
  
– work-­‐stealing	
  queues	
  

•  Thread-­‐safe	
  data	
  structures	
  
–  java.util.concurrent.ConcurrentHashMap 
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Evalua$on	
  

•  Use	
  standard	
  Java	
  benchmark	
  programs	
  
– DaCapo,	
  Java	
  Grande	
  

•  Problem	
  –	
  some	
  methods	
  are	
  so	
  small	
  that	
  the	
  
parallel	
  algorithm	
  performs	
  worse	
  that	
  the	
  
sequen$al	
  one	
  

•  Solu$on	
  –	
  have	
  a	
  method	
  size	
  threshold,	
  
below	
  which	
  we	
  always	
  use	
  sequen$al	
  
algorithm,	
  above	
  which	
  we	
  use	
  parallel	
  



Evalua$on	
  Pla<orm	
  

•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Core	
  i7-­‐920	
  
•  4	
  cores	
  x	
  2	
  contexts	
  

•  JVM	
  –	
  1.6,	
  Hotspot	
  v14.0-­‐b16	
  

•  Soot	
  –	
  v2.4.0	
  
•  Linux	
  –	
  x86_64	
  v2.6.31	
  



SSA	
  Speedup	
  on	
  DaCapo	
  



SSA	
  Speedup	
  on	
  Java	
  Grande	
  



Explain	
  with	
  Method	
  Size	
  Stats	
  





Effects	
  of	
  Method	
  Inlining	
  



Throw	
  roden	
  fruit	
  now	
  

•  Most	
  methods	
  are	
  too	
  short	
  for	
  parallel	
  
algorithm.	
  

•  SSA	
  construc$on	
  $me	
  is	
  insignificant	
  in	
  overall	
  
compila$on	
  process.	
  

•  Why	
  not	
  parallelize	
  SSA	
  construc$on	
  for	
  
mul$ple	
  methods	
  at	
  once?	
  



Concluding	
  Remarks	
  

•  We	
  have	
  presented	
  one	
  technique	
  for	
  
paralleliza$on	
  of	
  data	
  flow	
  analysis,	
  to	
  take	
  
advantage	
  of	
  mul$core	
  resources.	
  

•  We	
  see	
  overhead	
  of	
  fork/join	
  parallelism	
  
versus	
  saving	
  of	
  parallel	
  execu$on	
  –	
  need	
  to	
  
find	
  threshold.	
  


