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A concurrent web server

server :: Socket - > IO ()
server sock = 

forever 
( do

acc < - Network.accept sock
forkIO (http acc)

)

create a new thread 
for each new client

the client/server 
protocol is implemented 
in a single-threaded way 



Concurrency = abstraction

ÅThreads let us implement individual 
interactions separately, but have them happen 
άŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜέ

Åwriting this with a single event loop is complex 
and error-prone

ÅConcurrency is for making your program 
cleaner.



More uses for threads

Åfor hiding latency

ïe.g. downloading multiple web pages

Åfor encapsulating state

ïtalk to your state via a channel

Åfor making a responsive GUI

Åfault tolerance, distribution

Å... for making your program faster?

ïare threads a good abstraction for multicore?

Parallelism



Why is concurrent programming hard?

Ånon-determinism
ïthreads interact in different ways depending on the 

scheduler

ïprogrammer has to deal with this somehow: locks, 
messages, transactions

ïhard to think about

ïimpossible to test exhaustively

Åcan we get parallelism without non-
determinism?



What Haskell has to offer

ÅPurely functional by default

ïcomputing pure functions in parallel is deterministic

ÅType system guarantees absence of side-effects

ÅGreat facilities for abstraction

ïHigher-order functions, polymorphism, lazy evaluation

ÅWide range of concurrency paradigms

ÅGreat tools



The rest of the talk

ÅParallel programming in Haskell

ÅConcurrent data structures in Haskell



Parallel programming in Haskell

par :: a - > b - > b

Evaluate the first 
argument in parallel

return the second 
argument



Parallel programming in Haskell

par  :: a - > b - > b
pseq :: a - > b - > b

Evaluate the first 
argument

Return the second 
argument



import Control.Parallel

main =
let 

p = primes !! 3500
q = nqueens 12

in
par p ( pseq q (print ( p,q ))

primes = ...
nqueens = ...

Using par and pseq

This does not 
calculate the value 
of p.  It allocates a 

suspension, or 
thunk, for

(primes !! 3500)

par p $ pseq q $ print ( p,q )

write it like this if you 
want (a $ b = a b)

result: 
Åp is sparkedby par
Åq is evaluated by pseq
Åp is demandedby print
Å(p,q) is printed

pseqevaluates q 
first, then returns 

(print (p,q))

par indicates that p 
could be evaluated 

in parallel with 
(pseqq (print (p,q))



ThreadScope


