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Monad DEELWEZ B
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Monad DY S AEE

class Monad m where
return :: a —> m a
(>>=) ma > (a->mb) ->mb

hozA>y—"71x—AEULT, & Monad I return & >>= &3FE&

Monad laws (EEDEMTT - #E&E)) Z/mikcIaL ST !
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Maybe Monad D% & fF

instance Monad Maybe where
return x = Just X
Nothing >>= _ = Nothing
(Just x) >>= f = f x

safeDiv :: Int —> Int —-> Maybe Int
safeDiv _ 0@ = Nothing

safeDiv a b = Just (a “div' b)

example :: Maybe Int

example = do —— XD SBIHESRET Monad WRES
X <— safeDiv 100 5
y <- safeDiv x 4
return (x + vy) —— Just 25
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List Monad DE3% & FIH

instance Monad [] where
return x = [x]
xs >>= f = concat (map f xs)

exampleList :: [Int]

exampleList = do —— XARDSBIHEEET Monad MRES
X <- [11 2; 3]
y <- [4, 5]
return (x + vy) — [5, 6, 6, 7, 7, 8]
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Monad Z%ZZXATW5HD

BEFETFOMRIL ma->CECEED m QEH
BMEEFOIMER Either e #fcWc AY—{k ThT3
RSB UIREDIEEEIR D bind ¥ return ZIEIDH
HEARIE do ¥ <- ZHiMEL T >>= OEHIC

Standard ML TEZFTPNEMNE TN -+
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Standard ML D€y a—IVY AT

signature A V4% —71—X (BEBEONRET B LE)
structure E{fRJREZE (signature H* structure ORI(CRSB)

functor structure Z= (7> T structure %R I B

EE ML @ functor (& Haskell @ Functor &I B | (BRmDZ EIEIENT)
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signature T MONAD %#&fMcER

signature MONAD =

sig
(x IEHTHE x)
type 'a t

val pure : 'a —> 'a t
val bind : 'at —> ('a —> 'b t) —> 'b t
end

type 'a t A Haskell ® m a IC&S (ML [ZEEZEHHIE)
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Option (Maybe) Monad MD3%£%&

structure OptionMonad : MONAD =
struct
type 'a t = 'a option
fun pure x = SOME X
fun bind NONE _ = NONE
| bind (SOME x) f = f X
end

- MONAD & WS signature Z#iD structure & UTEE
> MONAD [CEER S NcBIR U MR LR
. type 'a tIC 'a option ZEID YT
» Standard ML @ : SIG (XFEBRAZDT t [IAEBD option EHiaEH D
» 1> SIG (FNERR) Z{EH RS where type (OCaml @ with type) FE
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Option Monad Z{E>T# %

open OptionMonad
infix 1 >>=
fun m >>=f = bind m f

val a = SOME 1 >>= (fn x =>
SOME 2 >>= (fn y =>
pure (x + vy))) (x SOME 3 x)
val b >>= (fn x =>
NONE >>= (fn y =>
pure (x + vy))) (% NONE x)

I
Q)
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List Monad D33

structure ListMonad : MONAD =
struct
type 'a t = 'a list
fun pure x = [x]
fun bind [] _
| bind (x::xs) f

[]
f x @ bind xs f (x flatMap x*)

end

- MONAD & WS signature Z#2 structure & LT3R
» MONAD [CEEiRE N BR U M AR LWL
- type 'a tlC 'a list ZE|D YT
» Standard ML @ : SIG (XFERRGD T t [FAZBD list &EHHMEH D
» 1> SIG (FNERR) Z{EH RS where type (OCaml @ with type) FE
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List Monad Z{E§>T#H %

open ListMonad
infix 1 >>=
fun m >= f = bind m f

val a = [1, 2, 3] >>= (fn x =>

[4, 5] >>= (fn y =>

pure (x + vy))) (x [5,6,6,7,7,8] %)
val b = [6, 7, 8] >>= (fn x =>

[] >>= (fn y =>

pure (x + vy))) (x [] %)

BB i / @silasolla HKT @7 WE3ET Monad Z &£ S5&RIRY %5H ~ Standard ML DB& A Kansai in Summer 2026 15 /33



Either Monad H£%& UL 7=\

(x ZF|FZ either ZFEE *)
datatype ('e, 'a) either = Left of 'e | Right of 'a

RS T % Standard ML & AY—{LTE1L

. BIZTHMN 2 DHBDT type 'a t IcEDLHEWL
- BXLANILT e ZEETERL

Haskell D& ST Either e & ZR4HEHE L7zLy---- !
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functor c &k 351t

(x B3I TIS—BZZ(TES *)
functor EitherMonad (Err : sig type err end) : MONAD =
struct
type 'a t = (Err.err, 'a) either
fun pure x = Right X
fun bind (Left e) _ = Left e
| bind (Right x) f = f x

end

Haskell ® B LANILDERER = €Y a1—ILDiERH TRE

A Kansai in Summer 2026 17 / 33
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IT5—DER5ER

(x 2 TIVICAYyE—2XFF %)
structure StringEither = EitherMonad (struct type err = string end)

(x NUT > bTHEMAGZIS—EE *)

datatype parseErr = UnexpectedEof

| Expected of string

| UnexpectedChar of char

structure ParseEither = EitherMonad (
struct type err = parseErr end)

Io—DFFTElc, ERAD Monad N FICAD-- !
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Either Monad Z{#E>T#H %

datatype calcErr = NotInt of string | DivByZero
structure E = EitherMonad (struct type err = calcErr end)

infix 1 >>=
fun m>>= f = E.bind m f

fun parselnt s = case Int.fromString s of
SOME n => Right n
| NONE => Left (NotInt s)
fun safeDiv a b = if b = 0 then Left DivByZero
else Right (a div b)

fun pipeline s t = parselnt s >>= (fn a =>
parseInt t >>= (fn b =>
safeDiv a b))
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Applicative X7 1Lz DLy

fun add X y = X + vy
val a = add <$> SOME 1 <x> SOME 2 (% SOME 3 %)

fun pair x y = (x, V)
val b = pair <$> [1, 2, 3] <x> [4, 5]
(x [(1,4),(1,5),(2,4),(2,5),(3,4),(3,5)] *)

FItlc Monad (D& W) BB D T functor TEHTES

. Applicative ¥ Functor Z{ERIICfE>TH K L)
.- Functor — Applicative - Monad OB ERTH L L)
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Monad »5 Applicative DEH

functor Monad2Applicative (M : MONAD) = struct
infix 4 <$> <x>
fun f <$> m = M.bind m (fn x => M.pure (f x))
fun mf <k> mx = M.bind mf (fn f =>
M.bind mx (fn x => M.pure (f x)))
end

structure OptionAp = Monad2Applicative (OptionMonad)
structure ListAp = Monad2Applicative (ListMonad)

Haskell @ 1iftM ¥ ap &R U ({@X D Monad [C{&RFEL W)
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Haskell ®7 5 XBEE (#E)

IRED Haskell & Z—IN—I SR #I§) TERS

class Functor f => Applicative f where
pure :: a —> T a
(<x>) :: f (a-—>b) = fa->fFfb

class Applicative m => Monad m where
(>>=) ::ma->(a->mb) =>mb
return :: a ->m a
return = pure

Monad DE% (L Functor OEIZEHFIR
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NAREHZEWTHS

functor MonadUtil (M : MONAD) = struct
(*x sequence :: Monad m => [m a] —> m [a] x*)
fun sequence [] = M.pure []
| sequence (m::ms) = M.bind m (fn x =>
M.bind (sequence ms)
(fn xs => M.pure (x::xs)))

(x mapM :: Monad m => (a —=> m b) —> [a] —> m [b] %)
fun mapM f xs = sequence (List.map f xs)
end

structure OptU = MonadUtil (OptionMonad)
structure LstU = MonadUtil (ListMonad)

OptU.sequence [SOME 1, SOME 2, SOME 31 (% SOME [1,2,3] *)
OptU.sequence [SOME 1, NONE, SOME 3] (% NONE x)
LstU.sequence [[1,2],[3,4]] (x [[1,3],I11,4]1,12,3]1,12,4]] %)
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EVa1—-ILTERBOMRILZEPN

MONAD @ type 'a t THIBEEF x —> x = MRL °=f---- !
functor D EY 1 —J)LERAT BEREZEE c=/k- !

=PE functor (functor Z&-57DIRULED T©E S functor) BHNIFH > ERIHTES

- SML/NJ #558% OCaml B EICH D FT
. BAWAUT functor 2 5EnEd
c (k= %) —> (% => %) AW Transformer Z#&5H1 Y RHWTET

ML OEY 21—V TEEOHMRLEI PN S
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EIa—-ILTPNIER?

BEFETFOMRIL ma->CECEZED mDEH v
BEEFDEEH Either e #7cWZ AY—{t T3 v
RSB UIREDIEEEIR D bind ¥ return ZIEIDH
HEARIE do ¥ <- ZHiMEL T >>= OEHIC

AP EELRNILOYR—NEIEVWSN AR ZRIBTE o |

BB i / @silasolla HKT ®7xWS5E T Monad % £ 5XK¥E 9 %hH ~ Standard ML O5&



FL—KRAZIEDOWVWTDEE




BT 1 RINY FIITEHWL

ListMonad.bind xs f (% SML: &£® Monad @ bind NZBHR *)
letkx x = Xxs in ... (% OCaml: binding operator T% Monad EXE x)
Xs >>= f —— Haskell: {EDEIMSHEER L TER

SML / OCaml |3 B9 TIEE 9% (functor TEULIADHB LSICLED)

Haskell (& B SR S (BT /Ny F)
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do FECIED Y R— M 37

bind ml1 (fn x =>
bind m2 (fn y => pure (x + vy))) (x RA B %)

ml >>= (fn x => m2
>>= (fn y => pure (x + vy))) (x FERETEM *)

do with M;
X <— ml; (x PreML TH#Ef *)
y <— m2;
return (x + vy)

end

ZU 70y PP infix THEE SN S H Monad DEEIFHE -
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BHEFRDLHETE S (e.g. Applicative)

(x HEED <x> : ('a —> 'b) list —> 'a list —> 'b list BHFEF %)
structure CartAp : AP = struct

infix 4 <>

fun fs <> xs = List.concat (map (fn f => map f xs) fs) (x EF *)
end

structure ZipAp : AP = struct

infix 4 <>

fun fs <x> xs = ListPair.map (fn (f, x) => f x) (fs, xs) (x zip *)
end

- SML : functor ZHATRER (RO—791F) = EHEED structure & UTHE
- Haskell : B8 T#ZE L = instance O—E#l#J (newtype + coerce TEWSIT)
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BYOSRAEEI21—ILDOER

Haskell D75 X SML €Y a2—)
A5 —7x—A class Monad m signature MONAD
RDEE instance Monad Maybe structure ... : MONAD
BElEnhrc BHS [BR / —B ICRE &RTHR / S\ HE

BYSAFEY 21—z BEREIDIEEAT 1 RINY F [CRHES BT

cf. Modular Type Classes (Dreyer et al., POPL 2007)
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FEH

signature & structure & functor HHh il
Monad % Type Class HHEDHRH HAILTENS !

Standard ML [ELyLy-Eeeeeee |
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RHHEEOD 2026 THEED T (E1R)

2026 FIcEHED “The Definition of Standard ML”
Standard ML OEEZtikZ RIS XRADEe Y K Z2ESHAM -
BEA#BIE DD 2026 / 7/12 11:30 ~ Track A

FKEDFMIE forteejp ZR T EE LN -eeee !
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smldemonado/

2. Nagashima & O’Connor, Close Encounters of the Higher Kind: Emulating
Constructor Classes in Standard ML, ML Workshop 2016 (arXiv:1608.03350)

3. Shan, Higher-order modules in System F, and Haskell, Web publication https://
homes.luddy.indiana.edu/ccshan/xlate/xlate.pdf

4. Dreyer, Harper, Chakravarty, Keller, Modular Type Classes, POPL 2007

5. Yallop & White, Lightweight Higher-Kinded Polymorphism, FLOPS 2014
(OCaml T® defunctionalize T HKT #fF&1t) https://github.com/yallop/higher
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