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What does this program evaluate to?

p = do
  num <- newEmptyMVar
  forkIO $ do putMVar num 3
  forkIO $ do putMVar num 4
  v <- takeMVar num
  return v
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./ivar-example +RTS -N2
ivar-example: multiple put



Deterministic programs that single-assignment forbids
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do
  fork   $ do insert t "0"
  fork   $ do insert t "1100"
  fork   $ do insert t "1111"
  v <- get t
  return v
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LVars: Multiple least-upper-bound writes

do
  fork $ do put num 3 
  fork $ do put num 4

⊥

⊤

0 1 2 ...43

do
  fork $ do put num 4 
  fork $ do put num 4

Raises an error, since 3 ⊔ 4 = ⊤ 

Works fine, since 4 ⊔ 4 = 4 

num



⊥

⊤

(⊥, 0) (⊥, 1) ... (0, ⊥) (1, ⊥) ...

(0, 0) (0, 1) ... (1, 0) ...(1, 1)

getSnd "tripwire"

LVars: Threshold reads

do
  nn <- newPair
  fork $ do putFst nn 0
  fork $ do putSnd nn 1
  v <- getSnd nn
  return v -- returns 1

nn
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The threshold set must be pairwise incompatible

nn



Overlapping writes are no problem

do
  fork   $ do insert t "0"
  fork   $ do insert t "1100"
  fork   $ do insert t "1111"
  v <- get t
  return v
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Monotonicity enables deterministic parallelism

Kahn, 1974
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f is monotonic iff, for a given !,
x ! y ⟹ f(x) ! f(y)
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Challenge problem

In a directed graph:
■ find the connected component of all 

nodes within k hops of a vertex v
■ and compute a  function analyze over 

each vertex in that component
■ making the set of results available 

asynchronously to other 
computations

v



Challenge problem

■ We compared two implementations:
■ Control.Parallel.Strategies

■ Our prototype LVar library 
(tracking visited nodes in an LVar)

■ Level-sync breadth-first traversal, k = 10 
■ Random graph; 320K edges; 40K nodes
■ Varying: 

■ number of cores
■ amount of work done by analyze

v



Challenge problem: Strategies vs. LVars
(lower is better)
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Challenge problem: Strategies vs. LVars

■ Average time from start of program 
to first invocation of analyze:

■ Strategies version: 64.64 ms

■ LVar version: 0.18 ms



Lots more stuff in the paper and TR

■ !LVar, a core calculus for LVars
■ Proof of determinism for !LVar

■ Independence Lemma is a frame property!

■ Details on our Haskell library
■ Proposed extension: quasi-determinism
■ Ask me about our new paper on this!

■ Cool applications: k-CFA, phylogenetics, ...



Photo by kakadu on Flickr.  Thanks!

Thank you!

Email: lkuper@cs.indiana.edu
Research blog: composition.al
Project repo: github.com/iu-parfunc/lvars
Code from this talk: github.com/lkuper/lvar-examples


