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[Abstract]

In this paper, we extend a generic library framework based on the state monad to exploit

deterministic parallelism in a purely functional language Haskell and provide benchmarks for the

extended features on a multicore machine. Although purely functional programs are known to be

well-suited to exploit parallelism, unintended squential

data dependencies could prohibit effective

parallelism. Symbolic execution programs usually implement fresh name generation in order to prevent

confusion between variables in different scope with the

same name. Such implementations are often

based on squential state management, working against parallelism. We provide reusable primitives to

help developing parallel symbolic execution programs with unbound-genercis, a generic name-binding

library for Haskell, avoiding sequential dependencies in

fresh name generation. Our parallel extension

does not modify the internal implementation of the unbound-generics library, having zero possibility of

degrading existing serial implementations of symbolic execution based on unbound-genecrics. Therefore,

our extension can be applied only to the parts of source

code that need parallel speedup.
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II. Preliminaries

1. Styles of parallelism supported in Haskell
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2. Monadic code and deterministic parallelism
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3. Unbound-generics Library
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| Lam (Bind Nm Expr) -- (Ax. e)
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type Nm = Name Expr -- Expr& UEj+= o]&

data Expr
= Var Nm - - X
| Lit Integer --n
| Lam (Bind Nm Expr) -- (A\x. e)
| App Expr Expr -- (el €2)
| Add Expr Expr --el +e2
| AddP Expr Expr -—el |+ e2

| If Expr Expr Expr -- if e then el else e0
deriving (Show, Generic, Typeable)

Fig. 1. Syntax of the A—calculus extended with addition (+),
parallel addition (|+]), and conditional expressions, defined
as a Haskell datatype using the unbound—generics library.
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III. Supporting parallelism in a
name-freshness monad
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1. beta (App (Lam b) e2) = do

2. (x,e) <- unbind b

3. return $ subst x €2 e

4. beta _ = empty

5.

6. redN :: Bool -> Expr -> FreshMT Maybe Expr
7. redN _ e@Var _) = pure e

8. redN _ e@(Lit _) = pure e

9. redN intoLam e@(Lam b)

10. | intoLam = do (x,el) <- unbind b

11. lam x <$> red el

12. | otherwise = pure e

13.  where red = redN intoLam

14. redN intoLam e@(App el e2)

15. | isLam el = beta e >>= red

16. | hasRed el = App <$> eval el <*> pure e2
17. >>= red

18. | hasRed e2 = App <$> pure el <*> red e2
19. | otherwise = pure e

20. where eval = redN False

21. red = redN intoLam

22. redN intoLam e@(Add el e2) = do

23. el' <- red el

24. e2' <- red e2

25. case (el',e2") of

26. (Lit n1, Lit n2) -> pure $ Lit (nl + n2)
27. _ -> pure $ Add el' e2'
28. where red = redN intoLam

29. redN intoLam e@(AddP el e2) = do

30. [el',e2'] <- forkFreshMT rpar fromjust
3L [red el, red e2]
32. case (el',e2") of

33. (Lit n1, Lit n2) -> pure $ Lit (nl + n2)
34, _ -> pure $ Add el' e2'
35. where red = redN intoLam

36. redN intoLam e@(If eb el e0) = do

37. eb' <- red eb

38. case eb' of Lit 0 -> red e0

39. Lit _ -> red el

40. _ -> pure $ If eb' el e0
41. where eval = redN False

42. red = redN intoLam

43,

44. reduceN = redN True

Fig. 2. Symbolic evaluator/reducer for the A—calculus with
addition, parallel addition, and conditional expressions.
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forkFreshMT :: (Monad ml, Monad m2) =>
Strategy b ->
(ml a > b) >
[FreshMT m1l a] -> FreshMT m2 [b]
forkFreshMT strat runm ms =
splitFreshMT strat runm $ zip (repeat 0) ms

splitFreshMT :: (Monad ml, Monad m2) =>
Strategy b ->
(ml a > b) >
[(Integer, FreshMT ml a)] -> FreshMT m2 [b]
splitFreshMT strat runm ps = do
s <- FreshMT $ get
let (ks,ms) = unzip ps
ss = scaln (+) s ks
ps = zip ss ms
FreshMT $ modify (+ last ss)
return . runEval $ parList strat
[runm $ contFreshMT m s’ | (s',m)<-ps’]

Fig. 3. Definitions of primitives for deterministic
parallelism in the name—freshness monad from
unbound—generics library.
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(fib
NUS S83 AR U ARFS S5 Fejsict.

fu

Y =(AM((Ax f(xx) (Ax. f(x X))

fibo = Y (Af.Ax. if x then ( if x -1 then
f(x-1)+f(x-2)
else 1 )else 1)

fibo' = Ax. if x then ( if x 1 then
fibo (x —1) |+| fibo (x -2)
else 1 )else 1)

fibo” = Ax. if x then ( if x -1 then

fibo' (x —1) |+| fibo' (x -2)
else 1 )else 1)

Fig. 4. Fibonacci function (in Expr pseudo—code format)
parallelized up to recursion depth 0, 1, 2

==fibo -M1

fibo' -NZ2=e=fiba" -N4

Fig. 5. Benchmark result demonstrating the effect on
symbolic execution times of the Fibonacci functions from
Fig. 4 due to their varying degrees of parallelism.
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