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Effect handlers offer an attractive way of abstracting over effectful computation. Moreover, languages with
effect handlers usually statically track effects, which ensures the user is aware of all side effects different parts
of a program might have. Similarly to exception handlers, effect handlers discharge effects by locally defining
their behavior. In contrast to exception handlers, they allow for resuming computation, possibly later and
possibly multiple times. In this paper we present a design, formalization, and implementation for a variant of
dynamic wind that integrates well with lexical effect handlers. It has well-defined semantics in the presence of
arbitrary control effects in arbitrary places. Specifically, the behavior of capturing and resuming continuations
in the pre- or postlude is well-defined and respects resource bracketing. We demonstrate how these features
can be used to express backtracking of external state and finalization of external resources.

CCS Concepts: « Software and its engineering — Control structures; Compilers; « Theory of computa-
tion — Type theory; Control primitives.
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Context

» Lexical Effect Handlers
> Multi-Shot continuations
> Complex user-controlled control flow:
async, non-determinism, probabilistic
programming, ...
» Practical implementation as a fork of the
Effekt compiler

-
= Effekt Language
—

Effekt Language

A language with lexical effect handlers
and lightweight effect polymorphism

it yourself!

Home Playground Language Tour

A

}
}

Full example on github

Contributing Research Papers

def eager[R] { p: => R / { flip, fail, error } } =
try { Success(p()) }
with flip {
resume(true) match {
case Failure(msg) => resume(false)
case Success(res) => Success(res)
case ParseError(msg) => ParseError(msg)

with fail { msg => Failure(msg) }
with error { msg => ParseError(msg) }

GitHub  Documentation

Effekt is a research-level language — use at your own risk! While we are heavily working on it, there are probably many bugs and

many things will change in the future. Of course, we are happy if you try it out and report your experience with it.

Have fun!

&

Lexical Effect Handlers

(Algebraic) effect handlers let you
define advanced control-flow
structures like generators as user
libraries. Those libraries can be
seamlessly composed.

https:/ [effekt-lang

D)

Effect Safety

Atype- and effect system that
does not get into your way. Rely
on a simple, yet powerful effect

system that guarantees all effects
to be handled.

A

Lightweight Effect
Polymorphism

No need to understand effect
polymorphic functions or
annotate them. Just use what is in
scope.

Learn More

.org



https://effekt-lang.org

Example

def main() = {
with handleFlip
val msg = ref("hello")
if (do flip()) {
msg.set(msg.get + ", world"!)
} else {
msg.set(msg.get ++ ", singapore!")
}
println(msg.get)



Example

def main() = { def handleFlip[A] { prog: = A }: A =
with handleFlip try prog()
val msg = ref("hello") with flip {
if (do flip()) { resume(true)
msg.set(msg.get + ", world"!) resume(false)
} else { }
msg.set(msg.get ++ ", singapore!")
}
println(msg.get)



Example

def main() = { def main() = {
with handleFlip with handleFlip
val msg = ref("hello") var msg = "hello"
if (do flip()) { if (do flip()) {
msg.set(msg.get + ", world"!) msg = "hello" + ", world!"
} else { } else {
msg.set(msg.get + ", singapore!") msg = "hello" + ", singapore!"
} i
println(msg.get) println(msg)



Example

def main() = {
with handleFlip hello, world!

val msg = ref("hello") hello, world!, singapore!
if (do flip()) {

msg.set(msg.get + ", world"!)
} else {

msg.set(msg.get + ", singapore!")
t
println(msg.get)
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Problem

» Allow backtracking or finalization of external or global resources
> E.g. database connections, file handles, global mutable state

» Even in the presence of complex control-flow (multi-shot delimited
continuations)

Solution
» Make the process of suspending and resuming a
computation observable

> on suspend runs when suspending
. on resume { x = s }
> 0N resume runs when resuming

try { s }
on suspend { s }



Example - Resumed

def main() = {
with handleFlip
val msg = ref("hello")
with backtrack(msg)
if (do flip()) {
msg.set(msg.get ++ ", world")
} else {
msg.set(msg.get ++ ", singapore")
}
println(msg.get)
}

def backtrack[A](
r: Ref[String]
) { prog: = A }: A



Example - Resumed

def main() = {

with handleFlip

val msg = ref("hello")

with backtrack(msg)

if (do flip()) {
msg.set(msg.get + ", world")

b elee { on resume { ... }
msg.set(msg.get + ", singapore")

}

println(msg.get)

def backtrack[A](
r: Ref[String]

) { prog: = A }: A =
try prog()

on suspend { ... }



Example - Resumed

def main() = { def backtrack[A](
with handleFlip r: Ref[String]
val msg = ref("hello") ) { prog: = A }: A =
with backtrack(msg) try prog()

if (do flip()) {
msg.set(msg.get ++ ", world")
} else {
msg.set(msg.get ++ ", singapore")
}
println(msg.get)

on suspend { r.get }

on resume { ... }



Example - Resumed

def main() = { def backtrack[A](

with handleFlip r: Ref[String]

val msg = ref("hello") ) { prog: = A }: A =

with backtrack(msg) try prog()

if (do flip()) { on suspend { r.get }
msg.set(msg.get + ", world") on resume { (s => r.set(s) }

} else {
msg.set(msg.get + ", singapore")

}

println(msg.get)



Example - Resumed

def main() = { def backtrack[A](

with handleFlip r: Ref[String]

val msg = ref("hello") ) { prog: = A }: A =

with backtrack(msg) try prog()

if (do flip()) { on suspend { r.get }
msg.set(msg.get + ", world") on resume { s = r.set(s) }

} else {
msg.set(msg.get + ", singapore")

}

println(msg.get)



How does It work semantically?
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Suspending

( #, flip() )
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:={ 0 } on suspend { r.get } on resume { x = r.set(x) }

@=:try{|:|}with<>



Suspending

(r.get )

. )
%6 -

| Ol | Ol

E K

@ = try { o } with flip { _ = resume(true); resume(false) }
:= {0} on suspend { r.get } on resume { x = r.set(x) }

(4) = try { o } with ¢

(@ = #, unwind((), K)



Suspending

( return "hello" )
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@ = try { o } with flip { _ = resume(true); resume(false) }
:={ 0 } on suspend { r.get } on resume { x = r.set(x) }

(4) = try { o } with ¢

(@ := #;, unwind((), K)
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Suspending
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@ = try { o } with flip { _ = resume(true); resume(false) }
:= {0 } on suspend { r.get } on resume { x = r.set(x) }

@=:try{|:|}with<>



What about the other direction? What about resuming?



Resuming

( return true )
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2 = try { o } with flip { _ = resume(true); resume(false) }
:={ 0 } on suspend { r.get } on resume { x = r.set(x) }
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Resuming

( return true )
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:={ 0 } on suspend { r.get } on resume { x = r.set(x) }
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( r.set("hello") )
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Resuming
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( return true )

!
%0 a4,
| o | 9]
E K

@ := try { o } with flip { _ = resume(true); resume(false) }
:={ 0 } on suspend { r.get } on resume { x = r.set(x) }

@==try{|:|}with<>



Resuming

( return true )

! |

!
%0 a4,
| o | 9]
E K

@ := try { o } with flip { _ = resume(true); resume(false) }
:={ 0 } on suspend { r.get } on resume { x = r.set(x) }

@==try{|:|}with<>



Resuming

( return true )

!

78 =
L

| Ol | Ol

E K

@ := try { o } with flip { _ = resume(true); resume(false) }
:={ 0 } on suspend { r.get } on resume { x = r.set(x) }

@==try{|:|}with<>



Resuming

( return true )

!
7e
76

| Ol | Ol

E K

@ := try { o } with flip { _ = resume(true); resume(false) }
:={ 0 } on suspend { r.get } on resume { x = r.set(x) }

@==try{|:|}with<>



Resuming

( return true )

!

®
7e
76
@

E K
@ = try { o } with flip { _ = resume(true); resume(false) }
:={ 0 } on suspend { r.get } on resume { x = r.set(x) }

@==try{|:|}with<>



Resuming

( return true )

®
7e
76
@

E
@ := try { o } with flip { _ = resume(true); resume(false) }

:={ 0 } on suspend { r.get } on resume { x = r.set(x) }

@==try{|:|}with<>



Theoretical Results

Theorem (Progress). If -, M : 7, then there either exists a value v such that M =
(returnv |+ ) or a machine M’ with M — M.



Theoretical Results

Theorem (Progress). If -, M : 7, then there either exists a value v such that M =
(returnv |+ ) or a machine M’ with M — M.

Theorem (Preservation). If -,, M : r and there exists M — M’, then +,, M’ : 1.



Theoretical Results

Theorem (Progress). If -, M : 7, then there either exists a value v such that M =
(returnv |+ ) or a machine M’ with M — M.

Theorem (Preservation). If -,, M : r and there exists M — M’, then +,, M’ : 1.

Theorem (Soundness). If -, M : t, then there exists a step M — M and there
exists no further step M" — M”, then +,, M’ : r and such that M’ = ( return v | - ).
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ActiveOpen(M') and InactiveClosed(M").
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Theorem (Resource Safety). If ActiveOpen(M), InactiveClosed(M), and M — M’, then
ActiveOpen(M') and InactiveClosed(M").

val file = ref(open(path))

try { ... read(file) ... }
on suspend { close(file); ... }
on resume { ...; file.set(open(path)) }

on return { x = close(file); ... }



Theoretical Results

Theorem (Resource Safety). If ActiveOpen(M), InactiveClosed(M), and M — M’, then
ActiveOpen(M') and InactiveClosed(M").

val file = ref(open(path))

try { ... read(file) ... }

on suspend { close(file); ... }

on resume { ...; file.set(open(path)) }
on return { x = close(file); ... }

» All resources on the stack are open / available

» All other resources - potentially captured in continuations - are closed /
finalized
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Summary

» Multi-shot delimited continuations require
special care when adding dynamic finalization
to (lexical) effect handlers

» We added new finalization clauses: on
suspend, on resume and on return

» Notably, calling effect operations is well-
behaved in the finalization clauses

In the Paper

» Full formalization of Z,, including operational
semantics and a declarative type system
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Expression Typing.

Voigt, Schuster, and Brachthauser

TF e =1 TITAIEF
= b (

TIAIEFr b:o TIAf:iolEr s T

s [Der]
TIAIEF deff =bs :1
TIAf: Tt IEl:Ti—rkF s:1
TIAIZEF h:Ti—o1l 1713
[Try- LizE|
TIAIEFr try{f=s}withh : 13
Handler Typing. TIAIEF h - =
Lyl AkingorIEF s riA s
T,xt:71 1 A Fosy @ Unit T, 1A s3 3
— — [Try ]
r {Gi =5} T > =713
suspend { s; }
me { x; = s, }
{x=s}

Fig. 5. Typing of System Zs..



Summary

» Multi-shot delimited continuations require
special care when adding dynamic finalization
to (lexical) effect handlers

» We added new finalization clauses: on
suspend, on resume and on return

» Notably, calling effect operations is well-
behaved in the finalization clauses

In the Paper

» Full formalization of Z,, including operational
semantics and a declarative type system

Dynamic Wind for Effect Handlers

Reduction without context:

(def)
(app)

deff = w;s — s[fw]

G D =sNEL W) — o o

Machine reductions:
Standard Machine Reductions

(cong)
(pop)
(push)
(return)
(return’)

(sIE)

(returnv i valx = ;s = E )
(valx = s;;8 | E)
(returnv | # {0} with { (X, k) = s} = E)
(returnv | {O}F = E)

(s 1E)

Ll

Installing Effect Handlers

(try)

Finalization

(cap)

(unwind)

(unwind’)

(suspend)

(suspend’)

(resume)

(resume’)

(rewind)

(rewind’)

(handle)

(cont)

(stop)

(try{f=s}withh | E) —

ifs— ¢

(slx—v] 1E)
(sitvalx =052 E)
(returnv | E )

( return(F)[x— v] 1 E )

(s[fr>#cap] 1 # {0} with { (X, k) =s} = F(h) = E) wherefresh

( #cap(V) 1 E )

(#1cap(V) 1 Ed> o )

(#cap(V) | F = E&+K )

(#cap(V) 1 E>F = K )

(#rcap(V) 1 #7 {0} with { (X, k)= s} = E:K )

(#cap(V) | Es#7 {0} with { (X, b =s} = K )
where | # I

(#eap(V) 1 F = EK )

( F.suspend | # unwind(Vv, ¥, K) = E )

( return v | # unwind(v, ¥, K) = E )

(#cap(V) 1 ES (F, v) = K )

(returnv | E<P (F, V) = K )

{ F.resume[x— V'] | #rewind(v, ¥, K) = E )

( return v | # rewind(v, 7, K) = E )

(returnv' | F : E<PK)

(returnv | E<PF : K )

(returnv | F = E<PK )

(returnv | E<p# {0} with { (X, k) =s} = K )

(returnv | # {0} with { (X, k) =s} = E<PK )

(#rcap(V) 1 #y {0} with { (X, k)= s} = E:K )

( s[xi v, k> #resume(l, {0} with { (X, k) = s}, K)] 1 E )
where [ = I

( #resume(l, { O} with { (X, k)= s}, K)(v) 1 E)

(returnv | # {0} with { (X, k) =s} : EPK )

(returnv | E<f o )

(returnv | E )

Fig. 7. Abstract machine semantics of System Ee..
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—

—
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Summary

» Multi-shot delimited continuations require
special care when adding dynamic finalization
to (lexical) effect handlers

» We added new finalization clauses: on
suspend, on resume and on return

» Notably, calling effect operations is well-
behaved in the finalization clauses
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» Full formalization of Z., including operational
semantics and a declarative type system

» Progress and Preservation theorems & proofs

» Resource Safety theorem & proof

Link to the complete paper



Effect Parametricity

Parametricity can be understood as interpreting a syntactic universal type as
meta-level universal quantification over a given universe of semantic types
(Vilhena and Pottier 2023).

effect Raise(msg: String): Nothing
def catchAll[R] { prog: = R / {} }: R / { Raise } =
try { prog() } on suspend { do Raise("not handling effect") }

» In Effekt: no means of universally abstracting over effects due to Contextual
Effect Polymorphism

» catchAll behaves the same for all possibly occuring effects

» We leave it to future work what Effect Parametricity means w.r.t. Contextual
Effect Polymorphism compared to parametric quantification over effects



Tail-Resumption Optimization

» Optimization for removing continuation capturing if the handler removes exactly
once in tail position:

try { def log(msg: String): Unit =
try { log("hello") } println(msg)
on suspend { try { log("hello") }
println("suspending") on suspend {
} on resume { _ = println("suspending")
println("resuming") } on resume { _ =
} println("resuming")
} with log { msg = }
println(msg)
}

» Replaces effect operation call with normal function call — no explicit unwinding
and rewinding

» on suspend and on resume are not executed — non-semantics preserving!
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