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Example: semigroup append

class Semigroup a where
(<) :: a->a ->a --supposed to be associative

data Foo = Foo [Int] Ordering Text

sappendr,, :: Foo -> Foo -> Foo
sappendr, (Foo isy o7 t1) (Foo is; 0p tp) =
Foo (isy <> isp) (01 <> 07) (1 <> t2)

Foo [1, 2, 3, 4] LT "haskell"

Same idea applies to product types in general ...
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Staging constructs

Quotes
e :: t
[llell] :: Code t

Prevent reduction, build an AST.

Splices
e :: Code t
$$e :: t
Re-enable reduction, insert into an AST.
Top-level splices insert into the current module.

Splices and quotes cancel each other out: $$([||e|[]) ~~ e .
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$$(
sproductTypeFrom [||fooq||] $ \ a ->
spfoductTypeFrom [||fooy ] $ \ 2 ->
sproductTypeTo
(czipWithy (Proxy @(Quoted Semigroup))
(mapece [ (<>)1[1)
a
az)

sproductTypeFrom :: Code Foo -> (NP C '[[Int], Ordering, Text] -> Code r) -> Code r
sproductTypeFrom foo k =
[||case $$foo of { Foo is o t ->

0 $$(c (C [llasll] == ¢ [lold == ¢ [t =+ niD)) 3}

newtype C a = C (Code a)
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$$(
[||case foo; of { Foo is; o t3 ->
case foo, of { Foo is, 0y t, ->
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$$(
[||case foo; of { Foo is; o7 t; —>
case foo, of { Foo is; 0, t, —>
$$(sproductTypeTo
( mapeee [I(<>) I (C Olisi 11D (€ Olisz (11
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[] mapcee :: Code (@ >b ->c) >Ca->Cb->Cc
) mapece op (C %) (Cy) = C [ll$$op $$x $$yll]
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$$(
[||case foo; of { Foo is; o7 t; —>
case foo, of { Foo is; 0, t, —>
$$(sproductTypeTo
( COI() isq isell]
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$$(

[||case foo; of { ===+ = ;
sproductTypeTo :: NP C '[[Int], Ordering, Text] -> Code Foo

case foo, off sproductTypeTo (C is :* C o :* C t :* Nil) = [||Foo $$is $$0 $$t||]
$$(sproductTypeTro
( C () is is,ll]
o+ C[I1(<>) o1 o2ll]
o C[I1(<>) t tall]
:x Nil

) 1}

II]



Staged semigroup append

$$(
[||case foo; of { Foo is; o t3 ->
case foo, of { Foo is, 0y t, ->
Foo

((<>) isy isp)
((<>) 01 07)
((<) t1t2) }}

1]
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case foo; of { Foo is; o7 t —>
case foo, of { Foo is, 0, t, ->

Foo ((<>) isq isp) ((<2) 01 02) ((<>) ty t2) }}

This is obviously equivalent to the hand-written version:
sappendry, :: Foo -> Foo -> Foo
sappendro, (Foo isq o7 t1) (Foo isp o0y tp) =

Foo (isy <> isp) (07 <> 0p) (b1 <> t2)
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» Avariant of generics-sop.

» Canreusethe NS and NP types, because they are already
parameterized over a type constructor.

» Conversion functions use C ratherthan I as the type
constructor.

» Can reuse nearly all of the provided combinators for working with
sums and products.

» Requires proper handling of class constraints in Typed Template
Haskell.
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(<>) :: Semigroup a => a -> a -> a

(1 (<>)I] :: Code (Semigroup a => a -> a -> a)

An option once impredicativity is available, but not first class (does
not allow to decouple the constraint from the quote).
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Quotes and constraints

(<>) :: Semigroup a => a -> a -> a

[l (<>)IIT :: Quoted Semigroup a => Code (a -> a -> a)

Our answer, which reflects that we need the constraint satisfied when
this fragment is spliced, not when it is constructed.

Implemented in a GHC branch; GHC proposal to follow.
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Conclusions

» We can finally write datatype-generic programs at a high level,
with type safety and reliable performance.

» The identified improvements to constraint handling in Typed
Template Haskell are independently useful.

» It is wonderful that we can reuse so much of the original
generics-sop library.

» Nevertheless, staging in this style is also applicable to other
generic programming approaches such as GHC.Generics and SYB.

Try the prototype:
https://github.com/well-typed/generics-sop/tree/staged-sop

(README has instructions on how to build a suitably patched GHC branch.)


https://github.com/well-typed/generics-sop/tree/staged-sop

