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Programming with effects
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ML-style effects

Implicit effects
# let f = fun x —> let y = ! loc in
loc (= x + vy;;
val f : int — unit = <fun>

# let g = fun i — if (i < 0)
then raise (Failure "neg.”)

else 0;;
val g : int — int = <fun>
Trivially combined
# let h=f(7); g(1);;
val h : int =0
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ML-style effects

Controlling effects: effect systems

val f
val g
val h

Rigid effects

{lookup, update}

int > unit = <fun>
{raise}

int > int = <fun>

int ! {lookup, update, raise}

Fixed collection of effects.
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Haskell effects

Explicit effects

f :: Int —> State Int ()
f=\x-—> do {y<— get;
put (xt+y) }

g :: Int —> ErrorT String ldentity Int
g=\i—> if (i <0)
then throwError "neg.”
else return 0
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Haskell effects

Sophisticated combination

f :: Int — State Int ()
f=\x—> do {y<— get;
put (x+y) }

g :: Monad m => Int —> ErrorT String m Int
g=\1i—> if (i <0)
then throwError "neg.
else return 0

h :: (ErrorT String (State Int)) Int
h=do { lift (f 7);
g 0 }
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Haskell effects

Controlling effects: Monads

f :: Int — State Int ()
g :: Monad m => Int —> ErrorT String m Int

h :: (ErrorT String (State Int)) Int

Manual /semi-inferred, intrinsic.

Fluid effects
User defined effects.
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Semantic synthesis

Layered monads and effect reification
Monads in action, Filinski, POPL'10.

Eff
Programming with algebraic effects and handlers, Bauer and
Pretnar, arXiv draft, 2012.
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Idea
» Operational semantics for an Eff variant.

» Inspired by Filinski.

Contribution
The Aeg-calculus:

» Implicit effects.
» Trivially combined.

» Fluidity.

Non-contribution
Controlling effects: type system, effect system.
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Outline

>

Running example: pipes.

v

Aeft-calculus

v

Pipes: implementation and execution.

v

Summary and further work.
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Running example: pipes

Ml = x < random(2);
if (x =1)
then put('y’)
else put('n’);
put('\n")
M2 = s « readln;
it (s ="y")
then set(loc, 10);

ML | M2

No concurrency!
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Aeff-calculus

Syntax

Vi=x | * | thunk M

M,N ::= return V |x < M;;My| force V|
AX.M|M V] op(V)(Ax.M) |
whatever V| handle M with H

H:= handler {return : My
op; M
op, . N, }
For example, abbreviated as
output(’a’)(A-.return x) put(’a’)
input(x)(Ac.return c) get

raise("neg.")(Az.whatever z) raise("neg.")
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Base case:

handle return ’a’
with handler {return: Xc.put(c)}
—(Ac.put(c)) ’a’ — put(’2a’)

Generally:

handle return V with handler {return: Nge---}
— Npey V
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Operations

H := handler {return: Ax.return x
input : A_.\k.(force k) £’}

handle input(x)(Ac.return c) with H
—(A-.Ak.(force k) "f7)
* (thunk Ac. handle return c with H)
—(Ak.(force k) ’£7)
(thunk Ac. handle return c with H)
—(force (thunk (Ac. handle return c with H)))
Jf)
—handle return ’f’ with H
—vreturn £’
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Operations
Generally, given:

H = handler {return : My
op; 2N

op, N, }

handle op;(V)(Ax.M) with H
— N; V (thunk Ax.handle M with H)
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input output
— —

M1 MZ

Idea

» Parametrise M by a computation producing characters, and

> parametrise M1 by a computation consuming characters,

without touching My, M.
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H, := handler {return: Ax.Aprod. return x
input : A_.Ak.Aprod.
(force prod) * k}

H; :=handler {return: \z.whatever z
output: Ac.Mk.)Acons.
(force cons) c k}

M1’M2 = handle M, with H,
(thunk A_.handle M; with H;)
Run M; | M, for:

M = output(’a’)(A_-.M])
My = input ( x )(Ac.Mj c)
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My | Mo =
handle input (x)(Ac.Mj c)
with handler {return: Ax.Aprod. return x
input : A_.)k.Aprod.
(force prod) * k}
(thunk A_.handle M; with H;)
H
(A-.Ak.Aprod.(force prod) * k})

*
(thunk Ac.handle M) ¢ with H;)
(thunk A_.handle M; with H;)
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,3

(force (thunk A_.handle M; with H;))
*

(thunk (Ac.thunk handle M) ¢ with H,))
—

(A_.handle M; with H;)

*

(thunk (Ac.thunk handle M) ¢ with H,))
—

handle M; with H;

(thunk (Ac.handle M) ¢ with H,))
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handle output(’a’)(A-.Mj)
with handler {return: \z.whatever z
output: Ac.Ak.Acons.
(force cons) c k}
(thunk (Ac.handle M) ¢ with H,))
H
(Ac.Ak.Acons.(force cons) c k)
)a)
(thunk X\_.handle M; with H;)
(thunk (Ac.handle M) ¢ with H,))
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3
(force (thunk (Ac.handle M) c¢ with H,)))
Ja)
(thunk \_.handle M; with H;)
—
(Ac.handle M) ¢ with H,)
7a7
(thunk A_.handle M; with H;)
—

handle M) "2’ with H,
(thunk \_.handle M; with H;)

M| (My 7a”)

Ohad Kammar <ohad.kammar@ed.ac.uk> Handlers in Action



Expected behaviour

output(’a’)(A_. M) | (input ( * )(Ac.Mj c)
N
M| (My 7a”)
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Unhandled effects

H = handler {return : My
op; M
oPn b Ny }
If ¢ {opy,...,op,} then:
handle (Ax.M) with H

—> )\X handle M with H)
i.e., implicit handling:

handler {...

©Ap.Ak. (force k) x)
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v

Type system, type inference.
Effect reification.

v

» Implement as Haskell, ML, Scheme libraries?

v

What is the delta? (e.g., delimited continuations? proof
obligations?)

Ohad Kammar <ohad.kammar@ed.ac.uk> Handlers in Action



Idea
» Operational semantics for an Eff variant.

» Inspired by Filinski.

Contribution
The Aeg-calculus:

» Implicit effects.
» Trivially combined.

» Fluidity.

Non-contribution
Controlling effects: type system, effect system.
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