Automatically Escaping Monads

Ben Lippmeier
laskellZ 2017/02/08




data Color where
Red : Color
Blue : Color



one : Bool -> Color
one X
= case X of
True -> Red
False -> Blue



two : Ref Bool -> Color
two X
= case readRef x of
True -> Red
False -> Blue

readRef : Ref a -> a



two : Ref Bool -> IO Color
two X
= case readRef x of
True -=-> Red'
False -> Blue

readRef : Ref a -> IO a



three : Ref Bool -> IO Color
three x
= do X' <- readRef x
return $ case x' of
True -> Red
False -> Blue

readRef : Ref a -> IO a



four : (Nat, Color) -> Color
four (n, c)

| n > 5

, Red <- c

= Blue

| otherwise
Red



five : (Nat, Ref Color) -> IO Color
five (n, c)
| n > 5
, Red <- readRef c
= Blue

| otherwise
Red

readRef : Ref a -> IO a



Run and

BOX



two : Ref Bool -> Color
two X
= case readRef x of
True -> Red
False -> Blue



si1Xx : Ref Bool -> S Read Color
S1X X
= box (case (run (readRef x)) of
True -> Red
False -> Blue)



six : Ref Bool ->
S1X X
= box (case (run
True -=->
False ->
readRef

S Read Color

(readRef x)) of
Red
Blue)

Ref a -> S Read a



six : Ref Bool ->
S1X X
= box (case (run
True -=->
False ->
readRef :

S Read Color

(readRef x)) of
Red
Blue)
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Ref a -> S Read a



s1x : Ref Bool ->
S1X X
= box (case (run
True -=->
False ->
readRef :

S Read Color

(readRef x)) of
Red
Blue)

Ref a -> S Read a



s1x : Ref Bool ->

S1X X

= box (case (run
True -=->
False ->

S Read Color

(readRef x)) of
Red
Blue)
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Color ; Read
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readRef : Ref a -> S Read a



si1Xx : Ref Bool -> S Read Color
S1X X
= box (case (run (readRef x)) of
True -> Red
False -> Blue)
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S Read Color ; Pure

readRef : Ref a -> S Read a



run ~ safePerformIO

s1x : Ref Bool ->

S1X X

= box (case (run
True -=->
False ->

S Read Color

(readRef x)) of
Red
Blue)

*
*
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S Read Color ; Pure

readRef : Ref a -> S Read a
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X T e[

[ - x : T ; Pure
[, X:T: W M : T, ; Pure

[+ (>\X3T1- M) ¢ T1 » T2 ; Pure

[ W My ¢ T1 » T2 ; O [ - M,
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X T e[

[ - x : T ; Pure
[, X:T: W M : T, ; Pure

[+ (>\X3T1- M) ¢ T1 » T2 ; Pure

[ W My ¢ T1 > T2; O1 T - My, : T1 ;3 O3

[ - M; My : T» s 01 + O
[ = M : S O1 T ; Oy [ supports O
[ m run M : T s 01 + O
[ - M e T y O3

| - box M : S O1 T ; Pure



e
f : T » T

L atent effects = Bad

f ¢+ T » S e T

—ffect iIndexed computation types = Good




e
f : T » T

L atent effects = Bad

f ¢+ T » S e T

—ffect iIndexed computation types = Good
(and are not monads)




Automatic Insert of run and box



six : Ref Bool ->
S1X X
= box (case (run
True -=->
False ->
readRef

S Read Color

(readRef x)) of
Red
Blue)

Ref a -> S Read a



six : Ref Bool -> S Read Color
S1X X
= box (case readRef x of

True -> Red

False -> Blue)

readRef : Ref a -> S Read a



s1x : Ref Bool -> S Read Color
S1X X
= case readRef x of

True -> Red

False -> Blue

readRef : Ref a -> S Read a



add (readRef x) (readRef y)

add : Nat -> Nat -> Nat



add (readRef X) (readRef vy)

S Read Nat ; Pure

add : Nat -> Nat -> Nat



add (run readRef X) (readRef vy)

Nat ; Read

add : Nat -> Nat -> Nat



add (run readRef x) (run readRef vy)
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Nat ; Read

add : Nat -> Nat -> Nat
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[, X:T1 W M <= T

X

Tel

[ - x => T ; Pure

; Pure
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Show Desugared Code



Regions and Capabillities



private r with {Read r; Alloc r} in
do refl = run allocRef [r] 5

run readRef refl



private r with {Read r; Alloc r} in
do refl = run allocRef [r] 5

run readRef refl

allocRef : a -=> S (Alloc r) (Ref r a)
readRef : Ref r a -> S (Read r) a

writeRef : Ref r a -> a -> S (Write r) a



private r with {Read r; Alloc r} in
do refl = run allocRef [r] 5

ref2

run moar [rl] ()

run readRef refl

moar = /\(rl : Region). \(x : Unit).

rl

r2

extend rl using r2 {Write r2; Alloc r2} in

do ref2 = run allocRef [r2] 5

run writeRef [r2] ref 42
ref2




private r with {Read r; Alloc r} in rl
do refl = run allocRef [r] 5

ref2

run moar [rl] () 2

run readRef refl

moar = /\(rl : Region). \(x : Unit).
extend rl using r2 {Write r2; Alloc r2} in
do ref2 = run allocRef [r2] 5
run writeRef [r2] ref 42
ref?
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Ref r2 Nat ; Alloc r2 + Write r2




private r with {Read r; Alloc r} in rl
do refl = run allocRef [r] 5

ref?

run moar [rl] ()

run readRef refl

moar = /\(rl : Region). \(x : Unit).
extend rl using r2 {Write r2; Alloc r2} in
do ref2 = run allocRef [r2] 5
run writeRef [r2] ref 42
ref?
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Ref rl Nat ; Alloc ril




extend ~ safeFreezeArray

private r with {Read r; Alloc r} in rl
do refl = run allocRef [r] 5
ref2 = run moar [rl] ()

run readRef refl

moar = /\(rl : Region). \(x : Unit).
extend rl using r2 {Write r2; Alloc r2} in
do ref2 = run allocRef [r2] 5
run writeRef [r2] ref 42
ref?
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Ref rl Nat ; Alloc ril
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DG
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Questions?



Active Contexts
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