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A Client-Server Protocol
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  send(request, Server) 
  y := recv(Server)



A Client-Server Protocol

Client Server
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  send(request, Server) 
  y := recv(Server)

  request := recv(Client); 
  response := handle(request); 
  send(response, Client)



There can be deadlocks!

Client Server
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x := recv(Server)

y := recv(Client)



Choreographic Programming 
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Choreography



Choreographic Programming 
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The Client-Server Protocol as a Choreography
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Client.request  Server.x; 
Server.{ response := handle(x) }; 
Server.response  Client.y

↝

↝
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Client.request  Server.x; 
Server.{ response := handle(x) }; 
Server.response  Client.y

↝

↝

An operator for both send and receive

The Client-Server Protocol as a Choreography



Endpoint Projection
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send(request, Server) 
y := recv(Server)

request := recv(Client); 
response := handle(request); 
send(response, Client)

Client.request  Server.x; 

Server.{ response := handle(x) }; 
Server.response  Client.y

↝

↝

Project to
 Client

Project to Server



This Paper
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• We present HasChor, an embedded domain-specific language for 
choreographic programming in Haskell. 

• HasChor provides a monadic interface for choreographic programming 
and integrate well with the existing Haskell ecosystem. 

• Our embedding makes heavy use of freer monads, which leads to a 
natural realization of endpoint projection.



A Tour of HasChor

13



14

The Bookseller Protocol
Buyer Seller

title

price

decision

date
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The Bookseller Protocol as a Choreography

bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = …
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The Bookseller Protocol as a Choreography

bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = …

The monad for choreographies.
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The Bookseller Protocol as a Choreography

bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = …

Located values: a @ l.
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The Bookseller Protocol as a Choreography

bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = …

The monad for local computation.
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller

Buyer Seller

title
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller

Buyer Seller

title
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locally :: (l :: Loc) -> (Unwrap l -> m a) -> Choreo m (a @ l) 

type Unwrap l = forall a. a @ l -> a

bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller

Buyer Seller

title
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller

Buyer Seller

title
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller

(~>) :: (l :: Loc, a @ l) -> (l' :: Loc) -> Choreo m (a @ l')

Buyer Seller

title
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller

Buyer Seller

title
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller 

  price <- seller `locally` \un -> return $ priceOf (un title') 
  price' <- (seller, price) ~> buyer

Buyer Seller

title

price
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller 

  price <- seller `locally` \un -> return $ priceOf (un title') 
  price' <- (seller, price) ~> buyer

Buyer Seller

title

price
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller 

  price <- seller `locally` \un -> return $ priceOf (un title') 
  price' <- (seller, price) ~> buyer

Buyer Seller

title

price
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller 

  price <- seller `locally` \un -> return $ priceOf (un title') 
  price' <- (seller, price) ~> buyer 

  decision <- buyer `locally` \un -> return $ (un price') < budget 
  cond (buyer, decision) \case 
    True -> do 
      date <- seller `locally` \un -> return $ deliveryDateOf (un title') 
      date' <- (seller, deliveryDate) ~> buyer 
      buyer `locally` \un -> return $ Just (un date') 
    False -> do 
      buyer `locally` \un -> return Nothing

Buyer Seller

title

price

decision

date
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller 
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title

price

decision

date
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller 

  price <- seller `locally` \un -> return $ priceOf (un title') 
  price' <- (seller, price) ~> buyer 

  decision <- buyer `locally` \un -> return $ (un price') < budget 
  cond (buyer, decision) \case 
    True -> do 
      date <- seller `locally` \un -> return $ deliveryDateOf (un title') 
      date' <- (seller, deliveryDate) ~> buyer 
      buyer `locally` \un -> return $ Just (un date') 
    False -> do 
      buyer `locally` \un -> return Nothing

Buyer Seller

title

price

decision

date
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  price' <- (seller, price) ~> buyer 

  decision <- buyer `locally` \un -> return $ (un price') < budget 
  cond (buyer, decision) \case 
    True -> do 
      date <- seller `locally` \un -> return $ deliveryDateOf (un title') 
      date' <- (seller, deliveryDate) ~> buyer 
      buyer `locally` \un -> return $ Just (un date') 
    False -> do 
      buyer `locally` \un -> return Nothing

cond :: (l :: Loc, a @ l) -> (a -> Choreo m b) -> Choreo m b

Buyer Seller

title

price

decision

date
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller 

  price <- seller `locally` \un -> return $ priceOf (un title') 
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    True -> do 
      date <- seller `locally` \un -> return $ deliveryDateOf (un title') 
      date' <- (seller, deliveryDate) ~> buyer 
      buyer `locally` \un -> return $ Just (un date') 
    False -> do 
      buyer `locally` \un -> return Nothing
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title

price
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date
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
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bookseller :: Choreo IO (Maybe Day @ "buyer") 
bookseller = do 
  title <- buyer `locally` \un -> getLine 
  title' <- (buyer, title) ~> seller 

  price <- seller `locally` \un -> return $ priceOf (un title') 
  price' <- (seller, price) ~> buyer 

  decision <- buyer `locally` \un -> return $ (un price') < budget 
  cond (buyer, decision) \case 
    True -> do 
      date <- seller `locally` \un -> return $ deliveryDateOf (un title') 
      date' <- (seller, deliveryDate) ~> buyer 
      buyer `locally` \un -> return $ Just (un date') 
    False -> do 
      buyer `locally` \un -> return Nothing

The Complete Choreography
Buyer Seller

title

price

decision

date



HasChor Internals
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Choreo m
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✦ locally 
✦ ( ) 
✦ cond

↝

The Monad for Choreographies
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Network m
✦ send 
✦ recv 
✦ broadcast 
✦ run

The Monad for Network Programs

Choreo m
✦ locally 
✦ ( ) 
✦ cond

↝
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Endpoint Projection Links Them Up

epp :: Choreo m a  Loc  Network m a→ →
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Endpoint Projection Links Them Up

epp ::    Choreo m a          Loc          Network m a→ →
✦ locally 
✦ ( ) 
✦ cond

↝

✦ send 
✦ recv 
✦ broadcast 
✦ run
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Endpoint Projection Links Them Up

epp ::    Choreo m a          Loc          Network m a→ →
✦ locally 
✦ ( ) 
✦ cond

↝

✦ send 
✦ recv 
✦ broadcast 
✦ run

Interprets to
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Endpoint Projection Links Them Up

epp ::    Choreo m a          Loc          Network m a→ →
✦ locally 
✦ ( ) 
✦ cond

↝

✦ send 
✦ recv 
✦ broadcast 
✦ run

no-op
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Endpoint Projection Links Them Up

epp ::    Choreo m a          Loc          Network m a→ →
✦ locally 
✦ ( ) 
✦ cond

↝

✦ send 
✦ recv 
✦ broadcast 
✦ run

no-op
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Endpoint Projection Links Them Up

epp ::    Choreo m a          Loc          Network m a→ →
✦ locally 
✦ ( ) 
✦ cond

↝

✦ send 
✦ recv 
✦ broadcast 
✦ run

recurse
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How do we interpret effects in a monad?
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How do we interpret effects in a monad?

Freer Monads!
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[Kiselyov and Ishii 2015]
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Freer Monads

data Freer f a where 
  Return :: a -> Freer f a 
  Do :: f b -> (b -> Freer f a) -> Freer f a
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Freer Monads

data Freer f a where 
  Return :: a -> Freer f a 
  Do :: f b -> (b -> Freer f a) -> Freer f a

An effect signature that defines the allowed effects.
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Freer Monads

data Freer f a where 
  Return :: a -> Freer f a 
  Do :: f b -> (b -> Freer f a) -> Freer f a

A pure computation.

An effectful computation.
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Interpreting Freer Monads

interpFreer :: Monad g => ( a. f a -> g a) -> Freer f a -> g a 
interpFreer h (Return r) = return r 
interpFreer h (Do eff k) = h eff >>= interpFreer h . k

∀
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Interpreting Freer Monads

interpFreer :: Monad g => ( a. f a -> g a) -> Freer f a -> g a 
interpFreer h (Return r) = return r 
interpFreer h (Do eff k) = h eff >>= interpFreer h . k

∀

An effect handler.
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Interpreting Freer Monads

interpFreer :: Monad g => ( a. f a -> g a) -> Freer f a -> g a 
interpFreer h (Return r) = return r 
interpFreer h (Do eff k) = h eff >>= interpFreer h . k

∀

Handle the effect, bind the result to the continuation, and recurse.
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Choreo and Network are Freer Monads

type Choreo m = Freer (ChoreoSig m) 
type Network m = Freer (NetworkSig m)
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Endpoint Projection = Interpreting Effects, Finally
epp :: Choreo m a -> Loc -> Network m a 
epp c l' = interpFreer handler c 
  where 
    handler :: ChoreoSig m a -> Network m a 
    handler (Local l m) 
      | l == l'   = wrap <$> run (m unwrap) 
      | otherwise = return Empty 
    handler (Comm s a r) 
      | s == l'   = send (unwrap a) r >> return Empty 
      | r == l'   = wrap <$> recv s 
      | otherwise = return Empty 
    handler (Cond l a c) 
      | l == l'   = broadcast (unwrap a) >> epp (c (unwrap a)) l' 
      | otherwise = recv l >>= \x -> epp (c x) l'
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epp :: Choreo m a -> Loc -> Network m a 
epp c l' = interpFreer handler c 
  where 
    handler :: ChoreoSig m a -> Network m a 
    handler (Local l m) 
      | l == l'   = wrap <$> run (m unwrap) 
      | otherwise = return Empty 
    handler (Comm s a r) 
      | s == l'   = send (unwrap a) r >> return Empty 
      | r == l'   = wrap <$> recv s 
      | otherwise = return Empty 
    handler (Cond l a c) 
      | l == l'   = broadcast (unwrap a) >> epp (c (unwrap a)) l' 
      | otherwise = recv l >>= \x -> epp (c x) l'

Endpoint Projection = Interpreting Effects, Finally



More in the Paper :-)
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•  Swappable message transport backends for the Network monad 

• HTTP, Threads and MVars 

• Some type shenanigans 

• Approximate dependent types using Proxy and DataKinds GHC extension 

• Advanced choreographic programming features for free 

• Higher-order choreographies, location polymorphism 

• Case study on replicated in-memory key-value stores



Conclusion
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• We present HasChor, the first embedded domain-specific language for 
choreographic programming. 

• We show freer monads can be used to implement endpoint projection in 
a natural way.
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“Hi, 
I tried out HasChor yesterday, made the world's laziest rsync clone. You 
guys made something really special. I've never used freer monads 
and didn't fully grasp what's happening in the type system but it's 
kind of intuitive anyway. ~> moves things. locally does stuff well... 
locally and if the compiler stops you then your value probably isn't on 
the right machine. 
I don't mean to call your stuff simple or obvious. It's not. What I mean 
to say is HasChor itself is super accessible.” 

— Jack Wines

Email from a User



Thank you!
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HasChor is available at https://github.com/gshen42/HasChor.
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epp :: Choreo m a -> Loc -> Network m a 
epp c l' = interpFreer handler c 
  where 
    handler :: ChoreoSig m a -> Network m a 
    handler (Local l m) 
      | l == l'   = wrap <$> run (m unwrap) 
      | otherwise = return Empty 
    handler (Comm s a r) 
      | s == l'   = send (unwrap a) r >> return Empty 
      | r == l'   = wrap <$> recv s 
      | otherwise = return Empty 
    handler (Cond l a c) 
      | l == l'   = broadcast (unwrap a) >> epp (c (unwrap a)) l' 
      | otherwise = recv l >>= \x -> epp (c x) l'

Endpoint Projection = Interpreting Effects, Finally



Choreographic Programming 
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• A single program—a choreography—that describes the complete 
behavior of an entire distributed system 

• Send and receive are combined into one operator that guarantees 
match-up 

• A compilation process for generating individual programs to be 
deployed on each node
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Freer Monads

data Freer f a where 
  Return :: a -> Freer f a 
  Do :: f b -> (b -> Freer f a) -> Freer f a

An effectful computation that returns a result of type a.


