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Simon	  Marlow’s	  landscape	  for	  parallel	  
Haskell	  Landscape&

•  Parallel&
–  par/pseq&
–  Strategies&
–  Par&Monad&
–  Repa&
–  Accelerate&
–  DPH&

•  Concurrent&
–  forkIO&
–  MVar&
–  STM&
–  async&
–  Cloud&Haskell&
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Using	  par	  

You	  must	  

pass	  an	  unevaluated	  computa+on	  to	  par	  

ensure	  that	  its	  value	  will	  not	  be	  required	  by	  the	  enclosing	  computa+on	  for	  a	  while	  
	  
ensure	  that	  the	  result	  is	  shared	  by	  the	  rest	  of	  the	  program	  
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You	  must	  

pass	  an	  unevaluated	  computa+on	  to	  par	  

ensure	  that	  its	  value	  will	  not	  be	  required	  by	  the	  enclosing	  computa+on	  for	  a	  while	  
	  
ensure	  that	  the	  result	  is	  shared	  by	  the	  rest	  of	  the	  program	  

Demands	  an	  opera+onal	  understanding	  of	  program	  execu+on	  



Eval	  monad	  plus	  Strategies	  

Eval	  monad	  enables	  expressing	  ordering	  between	  
instances	  of	  par	  and	  pseq	  
	  
Strategies	  separate	  algorithm	  from	  parallelisa+on	  
Provide	  useful	  higher	  level	  abstrac+ons	  
But	  s+ll	  demand	  an	  understanding	  of	  laziness	  



Haskell’11	  



Builds	  on	  this	  idea	  
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the	  Par	  Monad	  

Our	  goal	  with	  this	  work	  is	  to	  find	  a	  parallel	  programming	  model	  
that	  is	  expressive	  enough	  to	  subsume	  Strategies,	  robust	  enough	  to	  
reliably	  express	  parallelism,	  and	  accessible	  enough	  that	  non-‐expert	  
programmers	  can	  achieve	  parallelism	  with	  li@le	  effort.	  
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IVar	  

	  a	  write-‐once	  mutable	  reference	  cell	  
	  
supports	  two	  opera+ons:	  put	  and	  get	  	  
	  
put	  assigns	  a	  value	  to	  the	  IVar,	  and	  may	  only	  be	  executed	  
once	  per	  Ivar	  	  	  	  	  	  	  	  	  Subsequent	  puts	  are	  an	  error	  
	  
get	  waits	  un+l	  the	  IVar	  has	  been	  assigned	  a	  value,	  and	  then	  
returns	  the	  value	  



the	  Par	  Monad	  

Implemented	  as	  a	  Haskell	  library	  
	  surprisingly	  li@le	  code!	  
	  includes	  a	  work	  stealing	  scheduler	  
	  You	  get	  to	  roll	  your	  own	  schedulers!	  

Programmer	  has	  more	  control	  than	  with	  Strategies	  
	  =>	  less	  error	  prone?	  

Good	  performance	  (comparable	  to	  Strategies)	  
	  par+cularly	  if	  granularity	  is	  not	  too	  small	  
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spawn :: NFData a => Par a -> Par (IVar a) 
spawn p = do 

 i <- new 
 fork (do x <- p; put i x) 
 return i 



parMapM :: NFData b => (a -> Par b) -> [a] -> Par [b] 
parMapM f as = do 
   ibs <- mapM (spawn . f) as 
   mapM get ibs 



parfib :: Int -> Int -> Par Int 
parfib n t 
  | n <= 2  =  return 1 
  | n <= t  =  return $ sfib n 
  | otherwise = do 
      x <- spawn $ parfib (n-1) t 
      y <- spawn $ parfib (n-2) t 
      x' <- get x 
      y' <- get y 
      return (x' + y’) 
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parInfer :: [(Var,Expr)] -> [(Var,Type)] 
 
parInfer bindings = runPar $ do 
  let binders = map fst bindings 
  ivars <- replicateM (length binders) new 
  let env = Map.fromList (zip binders ivars) 
  mapM_ (fork . infer env) bindings 
  types <- mapM_ get ivars 
  return (zip binders types) 



parInfer :: [(Var,Expr)] -> [(Var,Type)] 
 
parInfer bindings = runPar $ do 
  let binders = map fst bindings 
  ivars <- replicateM (length binders) new 
  let env = Map.fromList (zip binders ivars) 
  mapM_ (fork . infer env) bindings 
  types <- mapM_ get ivars 
  return (zip binders types) 

Create	  nodes	  and	  edges	  and	  let	  the	  scheduler	  do	  the	  work	  
No	  dependency	  analysis	  required!	  
Maximum	  parallelism	  for	  li@le	  programmer	  effort	  	  	  	  	  	  	  Dynamic	  parallelism	  
Very	  nice	  J	  
	  



Divide	  and	  Conquer	  skeleton	  
divConq :: NFData sol => (prob -> Bool) -- indivisible?!

!  -> (prob -> [prob]) -- split into subproblems!
!  -> ([sol] -> sol) -- join solutions!
!  -> (prob -> sol) -- solve a subproblem!
!  -> (prob -> sol)!

divConq indiv split join f prob!
   = runPar $ go prob!

!where!
!  go prob!
!    | indiv prob = return (f prob)!
!    | otherwise = do!

               sols <- parMapM go (split prob)!
               return (join sols)!



Another	  D&C	  skeleton	  
divConq :: NFData sol 
             => (prob -> Bool)        -- indivisible? 
             -> (prob -> (prob,prob)) -- split into subproblems 
             -> (sol -> sol -> sol)   -- join solutions 
             -> (prob -> sol)         -- solve a subproblem 
             -> (prob -> sol) 
divConq indiv split join f prob 
  = runPar $ go prob 
      where 
        go prob 
          | indiv prob = return (f prob) 
          | otherwise = do 
              let (a,b) = split prob 
              i <- spawn $ go a 
              j <- spawn $ go b 
              a <- get i 
              b <- get j 
              return (join a b) 



parallel	  sort	  

parsort :: Int -> [Int] -> [Int] 
parsort thresh xs 
  = divConq indiv divide merge (List.sort . snd) (thresh,xs) 
     where 
       indiv (n,xs) = n == 0 
 
       divide (n,xs) = ((n-1, as), (n-1, bs)) 
         where (as,bs) = halve xs 
 
 
halve xs = splitAt n2 xs 
  where 
    n2 = div (length xs) 
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Par	  monad	  compared	  to	  Strategies	  

Separa+on	  of	  func+on	  and	  parallelisa+on	  done	  
differently	  
Eval	  monad	  and	  Strategies	  are	  advisory	  
Par	  monad	  does	  not	  support	  specula+ve	  parallelism	  
as	  Stategies	  do	  
Par	  monad	  supports	  stream	  processing	  pipelines	  
well	  
	  
Note:	  Par	  monad	  and	  Strategies	  can	  be	  combined…	  



Par	  Monad	  easier	  to	  use	  than	  par?	  

fork	  creates	  one	  parallel	  task	  
Dependencies	  between	  tasks	  represented	  by	  Ivars	  
No	  need	  to	  reason	  about	  laziness	  

	  put	  is	  hyperstrict	  by	  default	  
	  
	  
Final	  sugges+on	  in	  Par	  Monad	  paper	  is	  that	  maybe	  par	  
is	  suitable	  for	  automa+c	  parallelisa+on	  
	  
	  
	  
	  

	  
	  



Sor+ng	  speedups	  

For	  those	  curious	  about	  the	  Sort	  Challenge	  
(from	  2012),	  the	  results	  are	  
presented	  in	  this	  gzipped	  file,	  including	  slides	  





In	  the	  mean+me	  

Do	  exercise	  1	  (not	  graded)	  
Read	  papers	  and	  PCPH	  
Con+nue	  working	  on	  Lab	  A	  (due	  midnight	  April	  6)	  
Note	  Nick’s	  office	  hours	  	  

	  (room	  5461,	  wed	  13-‐14	  and	  fri	  13-‐14)	  
Extra	  office	  hours	  today	  from	  15.00	  
	  Use	  him!	  He	  is	  your	  best	  resource.	  


