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Abstract: Asymmetric coroutines are the utility that many languages have. Not only async/await or itera-
tor can be implemented with asymmetric coroutines, but also the qualities of the expressive power between
asymmetric coroutines and symmetric one, and asymmetric coroutines and cal/lcc is known. On the other
hand, asymmetric coroutine has the problem that it is less composability.

Algebraic effects can conduct highly composable and modular programming thanks to the separation be-
tween effects and handlers. And it is known that there are conversions from algebraic effects to delimited
continuations, and from algebraic effects to free monad.

We define the conversion from one-shot algebraic effects to asymmetric coroutines. Implementing algebraic
effects using asymmetric coroutines based on the conversion, we can gain more composable control abstrac-
tion. We have implemented algebraic effects library in Lua language, which has asymmetric coroutines as a
standard library. We have used the library to implement the existing programs containing algebraic effects,

tested them, and confirmed the library satisfies the right behavior of algebraic effects.
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local logger = coroutine.yield

local task = function()

local log_handler = function(task)
local logs = {}

local co = coroutine.create(task)

while true do
local resumable, msg =

coroutine.resume(co)

if not resumable then
break

end

table.insert(logs, msg)
end
return logs
end
log_handler(task)
-- returns {"hello", "world"}

1 AL —Frizirul—0EE
Fig. 1 an implementation of a logger with asymmetric corou-

tines
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local task = function()

local ok, file = file_open(path_to_config)

if not ok then

coroutine.yield(false, "failed to read config")
else

loadconfig(file)

logger("loaded config")

end

2 task OHEIR
Fig. 2 the extension of task
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effect Choice : (int * int) -> int
let £ O =

let x =5 in

let y = perform (Choice (8, 6)) in

Xty

3 Choice T7=xZ b
Fig. 3 Choice effect
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let min = handler
| effect (Choice (x, y)) k ->
if x < y then k x
else k y

| x -> print x
with min handle £ () (% prints 11 *)
let ave = handler
| effect (Choice (x, y)) k ->
k (x+y)/2)

| x -> print x

with ave handle f () (* prints 12 *)

4 Choice T7 =2 FDNY RIDESH
Fig. 4 the definition of the handler for Choice effect
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effect Flip :
effect Exit

unit -> bool

: unit -> int

let g O) =
if perform (Flip ()) then
let x = perform (Choice (3, 10)) in
x +5
else

perform (Exit ())

let h = handler
| effect (Flip (O) k -> k false
| effect (Exit ()) _ -> O

| x => print x

with h handle
with min handle g ()
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Fig. 5 multiple effects
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effect Logger : string -> unit

effect LoadError : string -> unit
let task () =
let ok, file = file_open path_to_config in
let O =
if not ok then
perform (LoadError "failed to read config")
else
let () = loadconfig file in

perform (Logger "loaded config")

let log_handler task =
let logs = ref [] in
let h = handler
| effect (Logger msg) k —>

ref := msg :: !ref;
kO
| x => !logs

in

with h handle task ()

let load_error_handler = handler
| effect (LoadError msg) _ ->
print_stderr msg

| x > x

with load_error_handler handle

log_handler task

6 REBIRIZ & B task DFEL

Fig. 6 the reimplementation of task with algebraic effects
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Variables
Effects
z | h| Az.e | perform eff v
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v|ivv|letx=eine

inst () | with v handle e

handler v (valz —e) ((z,k) — €)

T Ao OWES
Fig. 7 the syntax of A g

Variables
{Eff, Resend}
Effects

z | Ax.e

=
i mmm

v]ee|let z=eine| inst ()
match e with cas

create e | resume e e | yield e
KT —e|KZvwhene=ec—e
letrec = let rec f 7 = e mutrec

and fZ =eline

case

mutrec

8 Ao DX
Fig. 8 the syntax of A,
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Mzlln = n (z)
MeffTn = eff

MAz.elln = Xz’ .[[eTn [z — z']
et z =e in €'Tn = let 2’ = [[e]ln in [[e'Tn [z — ']

Tvr valln = (TviTln) (Tv2Tin)

Tinst ()] = inst ()
perform eff vln = yield (Eff ([TeffTn) (TvTn))

with h handle €]y = [Alln (A-elln)

[handler eff (val z — e,) ((z,k) = ecqr)lIn =

let rec handler eff vh effh th =
let co = create th in
let rec handle r =

match r with

(1) | Eff eff’ v

() |Ef -

(3) | Resend (Eff eff’ v) k
(4) | Resend effv k

) |-

in
let eff = [[effn in

let vh = A2’ .le,In [z — 2'] in

handler eff vh effh

when eff’ = eff — effh v continue

when eff’ = eff — effh v (rehandle k)

and continue arg = handle (resume co arg)
and rehandle k arg = handler eff continue effh (A_.k arg)

in continue c¢ // ¢ is anything to run coroutine at first, like nil, (), etc.

let effh = Az’ k' .JleegTn [z — o',k — k'] in

— yield (Resend r continue)

— yield (Resend effv (rehandle k))
— vhr

9 Aoy D5 Moo ~NOZLHR

Fig. 9 the conversion from A,z terms to A,c ones
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handler(Choose,

function(v) return v end,

function(k, x, y)

return k((x + y) / 2)
end)
10 BEHOFEER LNV F T
Fig. 10 handler with multiple arguments
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handlers({
function(v) return v end,
[Flip] = function(k)
return k(false)
end,
[Exit] = function()
return
end

b

11 #oz7z7 bV RV

Fig. 11 single handler for multiple effects

local Logger = inst()

local LoadError = inst()
local task = function()

local ok, file = file_open(path_to_config)

if not ok then

perform(LoadError("failed to read config"))
else

loadconfig(file)

perform(Logger("loaded config"))

end

local log_handler = function(task)

local logs = {}

local h = handlers({
function(x) return x end,
[Logger] = function(k, msg)
table.insert(logs, msg)
return k()

end

b

return h(task)
end
local load_error_handler = handlers({
function(x) return x end,
[LoadError] = function(k, msg)
return

end

b

load_error_handler(log_handler (task))

12 RI14T77VICkBH 6 DEE
Fig. 12 the reimplementation of X 6 with the library
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