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Effect Handlers

Syntax Semantics
data Free f a type Alg f a = f a = a
= Var a
eval :: Functor f =
Op (f (Free f a)) (a = b) = Alg f b —

Free f a = b
eval gen alg (Var x) = gen X

data Or k = Or k k eval gen alg (Op op) =
(alg . fmap (eval gen alg)) op

.

Oop (Or (var 3) (var 4)) [3, 4]




Syntax

e features con
e ed as nesded

—

data Or k = Or k k data Stop k = Stop data Void k

Eff (f a) | Sig (sig a)

data (f :+ sig) a

Or

Free (Or :+ Stop :+ Void) Int
Free (Stop :+ Or :+ Void) Int
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Semantics

Cemantics Targ et

individval operations

—

L —

data Or k = Or k k
list Free Or a — [a] once
list = eval gen alg where once =
gen X = [x] gen X = X
alg (Or xs ys) = XS ++ VysS alg (Or xs ys)
list once
N
¢~ ) . BN
3 4
+ el Ll const
1% 1
": \“ — [ 3 , 4 ] ": \“
[3] [4] 3

Free Or a — a
eval gen alg where

const Xs Vs
XS

[
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Chained Handlers
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Nondeterminism

data Or k = Or k k

list :: Functor f = Free (Or :+ f) a — Free f [a]

list = eval gen (embed alg) where
gen x = Var [x]
alg (Or mx my) = do Xs &« mx
yS & my
Var (xs ++ ys)
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Exceptions

data Stop k = Stop

stop :: Functor f = Free (Stop :+ f) a — Free f (Maybe a)
stop = eval gen (embed alg) where

gen x = Var (Just x)

alg :: Alg (Stop) (Free f (Maybe a))

alg Stop = Var (Nothing)

----------------

n
—t
@)
©

-----------------

-----------

Stop L Nothing
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Void
data Void k

run :: Free Void a — a

run = eval gen alg where
gen = 1d
alg = error "unreachable"

-----



Local and Global Exceptions

global :: Functor sig =
global = stop . list

local :: Functor sig =
Free (Stop :+ Or :+ sig) a — Free sig [Maybe a]
local = list . stop

Or

Or 2
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Local and Global Exceptions

global :: Functor sig = |
ers'\ste“" (Or :+ Stop :+ sig) a —> Free sig (Mayb¢@ =&}
v al = stop . list . — S
loc~! y¢: Functor sig =

O\l-\s\oﬂa (Stop :+ Or :+ sig) a — Free si

pf .
cal = list . stop
Or
run . global A A
---------- 9 NOthlng v
Or L2, run . local
---------- =» [Just 4, Nothing, Just 2]

‘----.

-------




Effects Everywhere!

There are lots of algebraic effects, each with various
handlers that deal with them

Effect Handlers
Exceptions catch
Nondeterminism every, once

Reader local
Writer flush
State exec, run
Threads spawn, fork

Co ... did you cpot the fine detaile that lead Efectcmfe Aahd/e‘/ “/?eé/’m'ca//y

to ([’a,/w,e o /bragmat/c programmmg e

s Hand/ekf m/g/nt na?‘ be!




The Fine Print

once :: Functor f = Free (Or :+ f) a = Free f a
once = eval gen (embed alg) where

gen X = Var X
alg (Or x y) = const x vy
= X
const
once a4 % o
----> I' ‘\ —_— : 3 :
: 3 v 4 v 3 -
Or

run . stop . once

-’ .
REPEEP © run . once . stop ———




Scoped Operations




Algebraicity
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Algebraicity
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The or operation is algebraic because
it behaves well with substitution:

or(pl, p2) >= k = or(pl >= k, p2 »>= k)
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Once
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Once

Our goal is to treat once like an operation:
once : LA

N

or : b X k: X - FA

/ N W s

or: KX ' X o R e
/ \ More realicticall r
° 2 i % 006(/0/ é
r: X fail : £ X an iffthen/else construct o

a try/eatch bipch

T —

I —

XeE?¥
EA~ A + S(EA) + / T(EX) x (EA)X



Scoped Free

The coend equation for our explicit substitution is:
Xe€
FA=Z A + X(FA) + / ['(EX) X (EA)X

it can be reduced to:
EA~ A + Y(EA) + I(E(EA))

and this has an easy implementation:

data Prog f g a = Var a
| Op (f (Prog f g a))
| Scope (g (Prog f g¢ (Prog f g a)))

—

However, the algebras are problematic:

[once |
\_r
[ or
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. E iy i alg = g (Prog f g a) 2 frEe
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Indexed Carriers

THISs & T

COOKIES & CANDY
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Once Again

Consider this example:

once(or(return 1, return 5)) >= Az. or(return x, return (x + 1))

As a tree, this becomes:

the ctructure
| Once | once < ie (l'/atfehed ot the

| Va/(,(e /6!/8/ |

—

|12

e —

or
. / \ . Lype indexee

y Ly ' mamtain the

: x ; | | structare

5 : or or IR
R R / N\ / \

|‘|~-_’, |~__'l'. I‘|~-_’, ‘~--'l'| 1 2 5 6

----------------------



Once Again

Starting from the bottom, step-by-step:

once <
| once <
| once <
N . or | once <
~> / \ ~ry or A | «Cﬁl-> [1 2]
| | > > 7N [1,2], 15, 6]
or or | | [1,2]] [[5,6]]
/ \ / N\ 1, 2] 5, 6] d D | /Zi/ceie/f/vz/,g |
S The type changes after QA | =0 07 ¢

We can interpret the tree with these three algebras

data Nat = Z | S Nat
data Alg f ¢ a = Alg { a :: forall n . an)—an

f (
, p :: foralln . an — a (S n)
, d :x forall n . g (a (Sn)) > an

(A,a:ZA—->A,d:T<A—->Ap:D>A—-A)
T+T<a+>: N - g

— |



Indexed Carriers

We are working in an indexed category: CglN‘

These endofunctors provide a way of
moving between levels:

(<]A)/L — Ai_|_1
(DA)Q =0 (DA)H—l — Az

We can lift the signatures easily enough:



Lifting to &

Our computations are in the underlying category

%‘N‘%Cg 6 — €N
A= Ag (1X)o=X  (IX)up1=0

| F
mrcy, 1L N 1 (X+Ta+p)-Alg
) U

M =UF
=(Z+T<x+0p)"



Implementation

in Haskell we implement this as follows, where the carrier is indexed:

data Nat = Zero | Succ Nat

data Algf ga=A{a::Vn.f (an) —an
,d::Vn.g (a (Succn)) —an
,pVn.an — a (Succ n)}

the fold for this is as expected, using p and d where required:

fold :: (Functor f, Functor g) = Alg f g a — Prog f g (an) = an
fold alg (Var x) ==«

fold alg (Op op) = a alg (fmap (fold alg) op)
fold alg (Scope sc) = d alg (fmap (fold alg o fmap (p alg o fold alg)) sc)



Once Implementation

data Carrieryp a n = ND [Carrieryp’ a n]

data Carrieryp’ a:: Nat — xwhere
CZnp :: a — Carriernp’ a Zero

CSnp :: [Carriernp’ a n] — Carriernp’ a (Succ n)

gennp :: a — Carrieryp a Zero
genyp * = ND [CZnp x]

algnp :: Alg Choice Once (Carriernp a)

algnp = A {..} where
a::Vn a. Choice (Carriernp a n) — Carriernp a n
a Fail = ND []
a (Or (ND 1) (ND r)) = ND (Il H# 1)

d::Vn a. Once (Carriernp a (Succ n)) — Carriernp a n
d (Once (ND |])) = ND []
d (Once (ND (CSyp l: _))) = ND I

p::Vn a. Carriernp a n — Carrieryp a (Succ n)
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