000000 shift/reset 00O
O00000000000000000000000™d

goboboogogoooo

1 0000

gbooboobooboboooboobooboboo
00000000000 shift/reset (1] 00000
gbooobdoboobooboooobuonboobo
gbooboooboboboboobobuoooobo
000000000000 OchaCaml 5 00000
0000000000000 Oshift/reset 0000
goobbuoooobboobbbooobbooon
000000000000 0oooo0oooo 4 oo
obooobobooobobobooobobooobobog
oboooboboooooboboobooobobonog
goooboooboobgoobobobooboo

Filinski [2, 3] 00000 shift/reset 00000
gbooogoboobobooboboooooboobo
goobbuoooobbuoooobbouoobboon
goobbooobbbooobboouobbbooo
O000OFilinskiOOOOOODOODODOOOOOOOO
oooboobobobouoobobooouooboobo
ooobooobobooboobobbooobbooo
oboobooooboboboobobooobonog
gboooboobooboooobobooobobobo
gbooobooobooboobobooobo

2 shift/reset

shift/reset 0000000000000 O0OOO
gobDboo0obDD shift O00O0ODOreset 0OOO
ugbgboodboboobaboboboooaona
obooooOobooooobooooooon

val shift :
val reset :

((’a -> ans) -> ans) -> ’a
(unit -> ans) -> ans

ans UO00O00O0O0O0O00O0DO0O0ODOOOshift OO
Uooboooooooo0ooonooggn reset 00
OO00DO000DooO0ooboDbO0OO0OdO0shift/reset O
gbooboobogoboboboboboboooobn

tl / ansl -> t2 / ans2

t10 t200000000000000000 anst
UOans2000000000O00O0C0ODOOOCODO
ooooboooo

3 004

oooooooooboooooooooobooooo
gboobooobobooboboobooooboboong
gbooobooobooboooboboobooboo

module type Monad = sig

type ’am (x OOOOOOOO0O %)
val return : ’a -> ’am
val bind : ’am -> (’a -> ’bm) -> ’bmn

end

gboooooboobobobooboboobobo
000000000000 000O000000

goooo

3.1 0O0OO0OOO

gobbo0oodb0b00OOreturn O bind OO OO
gbogoboboobobooobobobobbobooo

1. 0000000000 return 00O0ODO
2.000000000vpind0O0ODOOOO

0000000000000 f(z,y) =g(@)+h(y) O
0000000000000000

let f x y = bind (g x) (fun a ->
bind (h y) (fun b ->
return (a + b)))

3.2 0O0O0O0O0OO00O0

return 0 bind 0000000000000 COO

gboooooboobooobobobonooobo
O0D000OD0operation0 000000000 OOODO
goboobobobooboboooboooboobobonol
gooo

(000 [ 00000 [ 00
1d od -
State oooo get, put
Error ogoooo error
Cont oooooo callcc
Env gooo local, ask

g1 o0oaood

4 0O0OOOOO0OOOOOO

glbooboooobooboobooooboooboo
gboooooooboooboooooooobooon
gbooboobooobobobobobooobobo
ooooooogdbfErorTOOOODOOOOODO
gbogbooboobobobooboboboba
000000000 StateT, ContT OOOOOO

4.1 0O0O0OO0OO

oboooboobOoooobooooboooboo

gboooooboooobooboobooobooon
gboooobodon0 1ift 0000000000 0Base
gbooooobooobooboboooobooon

module type MonadT =
functor (Base : Monad) ->
sig

module M : Monad (x ODOOO0D0DO0ODO %)
val 1lift : ’a Base.m -> ’a M.m
end
4.2 0O0O0O

boooboobOooobooboobooooooog
gbobooboooooboooooboooboooon
gboboooboboooobobodboDO 1ife
gbooboboooboboboobooboobonbod



State 00000000 COODOOO getOd put OO
oooobobooobooboon

let get () = lift (Base.get ())
let put s = lift (Base.put s)

5 Filinski 00O

oobOoo0oooboooobooboooboOooog
oboooooboooooooooobooooooon
shift/reset 0000 0000000000000O0O
O000000o0o0oO0oooooo3.100 f(z,y)
ooooboobooooboooonog

let fxy=gx+hy

Fiinski 000000000 OO0OCOO0ODOOODOO
U00000DOreflect O reify 000000

module Represent (M : Monad) = struct

let reflect m =
shift (fun k -> M.bind m k)
let reify t =
reset (fun () -> M.return (t ()))
end

reflect U shift D00 0O0bind JOODOOOONO
0000000000 DOreify 0 reset OO OO0
Ubod return 00OOOOOOOO0O

6 0OOO0O

gboobagboobooboboobobadan
oboooOobooobooboboooooooon

6.1 0OO0O0OOO0OO

ooboooobooooboobooooooog
tbobobooboobooOmbo0oboOobOonOOooo
gbooboboboo 2000000000000 0
gbooboobobooooobobobuobooobo
gboobooobobobooboboooobobo
ugbodgbugooobobbooboaoboaod

| OO0 [00000000000000000]
unit -> state m
get unit / ’z m -> state / 'z m
state -> unit m
put state / ’z m -> unit / ’z m
unit -> ’am
error unit / ’zm ->’a/ ’znm

0200000000

6.2 0OO00O0OO0OO0OO

Fiinski 0000000000000 OO0DOODOO
uboooboobooooooo

module type DirectMonad = sig
type ’am (x OOOOODOOOO =)
type (’a, ’z) run

val reflect : ’am / ’zm -> ’a / ’zm

val reify : (unit / ’a m ->
’a / ’am) / ’z ->’a/ ’z
val run : (unit / ’am -> ’a / ’am) / ’z

-> (’a, ’z) run / ’z
end

6.3 0O0OOODOOO

oobO0ooboo0oobooooboOobnoo 1ift 00
goboooooboooobooooobooobooboooon
gbobooooooooooooooobooboon
o000 direct_lift DODOOODO

module type DirectMonadT =
functor (Base : DirectMonad) ->
sig
module M : DirectMonad
type ’a lift (x Base.m JOOOODO *)
val direct_lift :
(unit / ’z 1lift Base.m
-> ’a / ’z lift Base.m) / ’z M.m
->’a/ ’z M.m
end

direct_lift UU0OO0OO0OO0OO0OO0OO0OO0OO0OO0O0O0O0OO
gbobooboboboobgobobaoooon
direct_lift 0O OO0O0O0OO0OOOOO0OCOOOOOO

let get O =
direct_lift (fun () -> Base.get ()

v 0Ood

odoooooooooooooooooooog
0oo0oooooooodooooooooood
StateT, ErrorT, StateT 00000000 OODOO0O

(x DO0O00OO0O0 %)
module T1 = StateT (Int) (IdMonad)
module T2 = ErrorT (T1.M)
module T3 = StateT (Int) (T2.M)
module St1 = T3.LiftState(T2.LiftState(T1.0p))
module Err = T3.LiftError(T2.0p)
module St2 = T3.0p
module Monad = T3.M
(x OO0 %)
let £ () = if Stil.get () = St2.get ()
then St2.put (St2.get () + 1)
else Err.error ()
(x OO *)
let testl = Monad.run f 1 1 (* (1, 0k (1, 0)) *)
let test2 = Monad.run f 1 O (* (0, Error) *)

8 Ubhougogooo

dooooooooboooboooooooooo
OO00D0Oshift/reset OOOO0DO0OOOOODODODO
gobooboOobDO0O direct_lift 0DO0OOO0O
gooobbooooooobobobbbooobobon
gbbooboooboooboobooobobboaoboa

gooo
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