CLASE

Cursor Library for A Structured Editor

Tristan Allwood (tora@zonetora.co.uk)

rom http://www.flickr.com/photos/sarmax/109561164/

Cursor Library for A Structured Editor

Tristan Allwood (tora@zonetora.co.uk)




Motivation

File View Properties Help

ﬁa!!-—r Views
A ¥ d
lili H(—*J@([]@a:))@Booljﬁ 810
([]@aejﬁ
Iif: ¥ ) ((Af (((—=)@ Bool) @ Bool ) =
c{ll=l@(l@a:)) @Bool) —»
Gill@as) -
I{f; (g1 %)) Ads::Bool =

case ([ wild ! Bool@ds. . Bool) of
False + True
True & False ) { a))) (((ra) x) ([Ta))]

Messages
Mo simplification
Mo simplification
Mo simplification
Mo simplification
Mo simplification

Cursor Library for A Structured Editor

[+]

(< Tl

Tristan Allwood (tora@zonetora.co.uk)




Cursor Library for A Structured Editor

Tristan Allwood (tora@zonetora.co.uk)




Preliminary - GADTSs

data Tree a = Leaf | Branch (Tree a) a (Tree a)

data Tree a where
Leaf :: Tree a
Branch :: Tree a » a » Tree a -» Tree a

data Tree a where
Leaf :: Tree a
Branch :: Tree a » a -» Tree a - Tree a
IntLeaf :: Int -» Tree Int

flatten :: Tree a - [a]
flatten (IntLeaf int) = [int]
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Polite Notice

This talk will feature code snippets!

Code that can be
autogenerated with
T.H. scripts

Code a user has
to write

“Blue User” “Generated Orange”

http://www.flickr.com/photos/alkalinezoo/2374201026/ http://www.flickr.com/photos/cambridgelib/2343211287/ http://www.flickr.com/photos/webel/76665500/
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Towards Clase Zippers

data Lam = Lam Exp

data Exp
Abs String Type Exp

| App Exp Exp
| Var Integer

data Type
= Unit
| Arr Type Type
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Towards CLASE Zippers

sample = Lam (
App (Abs “x” (Unit "Arr Unit) (Var 0))
(Abs “y” Unit
(Abs “z” Unit
(App (Var 0)
(Var 1)))))

(AXTHT.X)(AY.T.AZ:T.(2 Y))
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Towards CLASE Zippers

Abs “X”

Arr

Unit

Unit
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Towards CLASE Zippers

Abs “X”

Arr

Unit

Unit

Cursor Library for A Structured Editor

Lam

App

Abs “y”

Var 0

Unit

Abs “Z"

Unit

App

Var 0

Var 1

Tristan Allwood (tora@zonetora.co.uk)




Towards CLASE Zippers

Abs “X”

Arr

Unit

Unit

it

AbS “y”

Var 0

Unit

Abs “Z"

Unit
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Towards CLASE Zippers

Cursor Library for A Structured Editor

context

Lam’

it
App
Abs “X” P Abs'y
Arr Var 0 Unit Abs “Z”
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Var0 | Var1

s
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Towards CLASE Zippers

it

4> AbS “y”

Unit
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Abs “Z"

Unit

App

Var 0

Var 1

context
App*
O
Abs “x”
Arr Var 0
Unit Unit
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Single Contexts

data Exp Abs "y”
= Abs String Type Exp
e o o t e
data ContextI from to where
TypeToAbs :: String - Exp - ContextI Type EXxp
ExpToAbs :: String - Type -» ContextI Exp EXxp
Absltype “y” Abslexp “y”
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QUBR
e

Chaining Contexts

data Path start end where
= Stop
L =-Step

: Path here here

: ContextI start mid -
Path mid end -
Path start end

context

mid (Exp)

App'

v\Lim

Abs “X”

start (Exp)

Arr

Unit

Unit

Var O
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end (Lam)

step (App'? ...) (Step Lam' Stop)
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A Cursor

data Cursor a = Cursor {
it :: a,
ctx :: Path a Lam

}
it context
™ Abs‘y App" Lam'
Unit Abs 7" o :
Unit App Arr Var 0
Var0 | Var 1 Unit ~ Unit
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Rendering Problem

it context
" Abs‘y App'? Lam'
o o
Unit Abs “z" Abs “X"
Unit App Arr Var 0
Var0 | Var1 Unit Unit

(AX.T>T.X DAY T.AZT.(Z Yy))
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Rendering Problem

it context
ANy:_ . _ (__) _
. 6
ANz: . AX: .
(__) — X
y4 y T T

(AX.T>T.X DAY T.AZT.(Z Yy))
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it

=AY T.AZT.(2Z Y) ()

Rendering Problem

context

AX:

(AX.T>T.X DAY T.AZT.(Z Yy))
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Rendering Problem

it context
= DAYT.AZT.(Z YY) (__) _
o ° o
N X
T T

(AX.T>T.X DAY T.AZT.(Z Yy))
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Rendering Problem

context

D>AY:T.AZ:T.(z y)<

(AX.T>T.X DAY T.AZT.(Z Yy))
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Cursor

Rendering Problem

context

(AX:T>T.X DAY T.AZ.T.(Z Y))
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Cursor

Rendering Problem

(AX:T>T.X DAY T.AZ.T.(Z Y))
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Rendering Problem

it context
™Ay . (__) _
. 6
T ANz: . AX: .
T (__) — X
y4 y T T

(AX.T-TX DAY TAZT.(Z Y))

Z/\X - M String
M String -» M String

renderExp rendercursor o + M String » M String
renderType
renderLam renderCtx
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Rendering...

renderExp :: Exp - M String
renderExp (Abs str ty exp) = do
tys « renderType typ
rhs « addBinding str (renderExp exp)
return (“A “ ++ str ++ “: “ +4+ tys ++ “ . “ ++4+ rhs)

renderCtx :: Context Lam from to - M String - M String
renderCtx (TypeToAbs str exp) rec = do

tys « rec

rhs « addBinding str (renderExp exp)

return (“A “ ++ str ++ “: “ +4+ tys ++ “ . “ ++4+ rhs)
renderCtx (ExpToAbs str ty) rec = do

tys « renderType ty

rhs « addBinding str rec

return (“A “ ++ str ++ “: “ +4+ tys ++ “ . “ ++ rhs)
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Rendering...

renderExp :: Exp - M String
renderExp (Abs str ty exp) = do
tys « renderType typ
rhs « addBinding str (renderExp exp)
return (“A “ ++ str ++ “: “ +4+ tys ++ “ . “ ++4+ rhs)

renderCtx :: Context Lam from to - M String - M String
renderCtx (TypeToAbs str exp) rec = do

tys « rec

rhs « addBinding str (renderExp exp)

return (“A “ ++ str ++ “: “ +4+ tys ++ “ . “ ++4+ rhs)
renderCtx (ExpToAbs str ty) rec = do

tys « renderType ty

rhs <« addBinding str rec

return (“A “ ++ str ++ “: “ +4+ tys ++ “ . “ ++ rhs)
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Rendering...

renderExp :: Exp - M String
renderExp (Abs str ty exp) = do
tys « renderType typ
rhs « addBinding str (renderExp exp)
return (“A “ ++ str ++ “: “ +4+ tys ++ “ . “ ++ rhs)

renderCtx :: Context Lam from to - M String - M String
renderCtx (TypeToAbs str exp) rec = do

tys « rec

rhs « addBinding str (renderExp exp)

return (“A “ ++ str ++ “: “ +4+ tys ++ “ . “ +4+ rhs)
renderCtx (ExpToAbs str ty) rec = do

tys « renderType ty

rhs « addBinding str rec

return (“A “ ++ str ++ “: “ +4+ tys ++ “ . “ ++ rhs)
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Cursor

2 Duplication Problems

o Calculating Traversal < Expressing Binding
Results Transtorms
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CLASE

data Lam ...
data Exp ...
data Type ...
data ContextI from to where
TypeToAbs :: String - Exp -
ContextI Type EXp
ExpToAbs :: String - Type -

ContextI Exp EXxp

instance Language Lam where
data Context Lam from to
= CW (ContextI from to)

Cursor Library for A Structured Editor
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The CLASE Solution

Declare your
“language”

Generate
boilerplate

Describe lexical
binding

Implement
traversals

Hook into
application
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Declare your
“language”

The CLASE Solution

Generate
boilerplate

Describe lexical
binding

Implement
traversals

Hook into
application

data Lam = Lam ExXp

data Exp
Abs String Type EXxp

| App Exp Exp
| Var Integer

data Type
= Unit
| Arr Type Type
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The CLASE Solution

Declare your
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{-# LANGUAGE TemplateHaskell #-}
module Lam.Gen where

import Lam.Lam

import Data.Cursor.CLASE.Gen.Language
import Data.Cursor.CLASE.Gen.Adapters
import Data.Cursor.CLASE.Gen.Persistence

S (languageGen ["Lam","Language"] ''Lam
[''Lam, ''ExXp, ''Type])

S (adapterGen ["Lam", "Adapters"] ''Lam
[''Lam, ''Exp, ''Type] "Lam.Language")

$ (persistenceGen ["Lam", "Persistence"] ''Lam
[''Lam, ''Exp, ''Type] "Lam.Language")

main :: IO ()
main = return ()
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{-# LANGUAGE TemplateHaskell #-}
module Lam.Gen where

import Lam.Lam

import Data.Cursor.CLASE.Gen.Language
import Data.Cursor.CLASE.Gen.Adapters
import Data.Cursor.CLASE.Gen.Persistence

S (languageGen ["Lam","Language"] ''Lam
[''Lam, ''ExXp, ''Type])

S (adapterGen ["Lam", "Adapters"] ''Lam
[''Lam, ''Exp, ''Type] "Lam.Language")

S (persistenceGen ["Lam", "Persistence"] ''Lam
[''Lam, ''Exp, ''Type] "Lam.Language")

main :: IO ()
main = return ()
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{-# LANGUAGE TemplateHaskell #-}
module Lam.Gen where

import Lam.Lam

import Data.Cursor.CLASE.Gen.Language
import Data.Cursor.CLASE.Gen.Adapters
import Data.Cursor.CLASE.Gen.Persistence

$(languageGen ["Lam","Language"] ''Lam
[''Lam, ''ExXp, ''Type])

S (adapterGen ["Lam", "Adapters"] ''Lam
[''Lam, ''Exp, ''Type] "Lam.Language")

$ (persistenceGen ["Lam", "Persistence"] ''Lam
[''Lam, ''Exp, ''Type] "Lam.Language")

main :: IO ()
main = return ()
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{-# LANGUAGE TemplateHaskell #-}
module Lam.Gen where

import Lam.Lam

import Data.Cursor.CLASE.Gen.Language
import Data.Cursor.CLASE.Gen.Adapters
import Data.Cursor.CLASE.Gen.Persistence

S (languageGen ["Lam","Language"] ''Lam
[''Lam, ''ExXp, ''Type])

S (adapterGen ["Lam", "Adapters"] ''Lam
[''Lam, ''Exp, ''Type] "Lam.Language")

$ (persistenceGen ["Lam", "Persistence"] ''Lam
[''Lam, ''Exp, ''Type] "Lam.Language")

main :: IO ()
main = return ()
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{-# LANGUAGE TemplateHaskell #-}
module Lam.Gen where

import Lam.Lam

import Data.Cursor.CLASE.Gen.Language
import Data.Cursor.CLASE.Gen.Adapters
import Data.Cursor.CLASE.Gen.Persistence

S (languageGen ["Lam","Language"] ''Lam
[''Lam, ''Exp, ''Type])

S (adapterGen ["Lam", "Adapters"] ''Lam
["'"Lam, ''Exp, ''Type] "Lam.Language")

$ (persistenceGen ["Lam", "Persistence"] ''Lam
[''Lam, ''Exp, ''Type] "Lam.Language")

main :: IO ()
main = return ()
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{-# LANGUAGE TemplateHaskell #-}
module Lam.Gen where

import Lam.Lam

import Data.Cursor.CLASE.Gen.Language
import Data.Cursor.CLASE.Gen.Adapters
import Data.Cursor.CLASE.Gen.Persistence

S (languageGen ["Lam","Language"] ''Lam
[''Lam, ''ExXp, ''Type])

S (adapterGen ["Lam", "Adapters"] ''Lam
[''Lam, ''Exp, ''Type] "Lam.Language")

$ (persistenceGen ["Lam", "Persistence"] ''Lam
[''Lam, ''Exp, ''Type] "Lam.Language")

main :: IO ()
main = return ()
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Declare your
‘language”

(- LANGUAGE GADTs, 2

0 oprions ke a1 )
- oo 5
Sodule Lam. r.,nww
conte:
roperept(s )
IMovenent1 (.
IContext(..)
THovenens (. .)
ITypeRep(. )
) where

inport. Data.Maybe

inport. Data.Cursor .CLASE.UE41
import Control.Ar

import Data.Cursor.CLASE.Language

instance Language Lam where
data Context Lam from to = Ci (Contextl from to)
data Novement Lam d from to = M (Novementl d from to)
data TypeRep Lam & = T4 (TypeRepl t)

buildone (CW x) = buildonel
unbuildone (Ml m) o = fmap (first CW) (unbuildonel m a)
{nverthovement (M x) =

sovenentia (0 ) (W y) * feap

sigyirection (m x) * reiypirectiont
(¥ x) =m0 )

dounkoves (TH ) = map (\(EXistsR x) -> ExistsR (i %)) (downMovesT €)

RoveLefe (N m) = fmap (\(ExSEsR %) -> ExistsR (N0 %)) (RoveLeftl m)

RoveRLght (MW m) = fmap (\(EXLSLSR %) -> ExIStsR (M0 %)) (MoveRightl m)

daca Typenept a where
Lot 11 ypenert ian
TypeT i1 Typeept Type

instance Reify Lam Exp where
roity = const § TH ExpT
instance Reify Lam Lan where

reify = const § TW Lant

reity - const § TH Typ:

data contexcs o b uhe
TypeToabs :: String -> Exp -> Contextl Type Exp
Evgronbe 11 Sering > Tyoe. > Contenti Exp Ex

Areo
TypeToArr1 i1 Type -> Contextl Type Type

contextToNovementI :: Contextl a b -> Movement:

Generate
oilerplate

scribe lexical
binding

Implement
traversals

Hook into
application

(uup MareTOTYRRO)

buildoner (TypeToarri x0) h = Arr x0 b
data NovementI d a b vhere

—> Hoveent1 Up a b
Movement Down Exp Type

Lam Exp
oun Type Type
el i: Movementl bown Type Type

Movenentl d a b -> MovementI (Invert d) b a
) = dun

b (MAbsTOType)

invertMovenentl MABSTOEXD = MUp (AbSTOEXD)

Snvertdovesentl MADDTOEXPO = MUp (HAPDTOEXDO)

Snvertovesentl MADDToExpl = MUD (HAPDTOEXDL)

imvertiovement! MiasTotxp = Wip (Mamtotp)
MarrToTypen

3
invertovementl MATrToTypel = MU (MArToTypel)

sovementaar o Novenent d x y > Hovement d a b > aybe (FyB3 x 8, TY5a ¥ %)
movementEgl (MUp a) (WUp b) = fmap (\(x,y) -> (y,x)) § movementEgl a
movementEql Mab: Just (xq, Eq)

mover: Just (kq, Bq)

RovementEql MADDTOEXDO MAPTOEXPO = Just (Fg, Ea)

sovene Suse (xq, Eq)

sover (5q, Ba)

o ust’ (xq, Eq)

e rToType0 MArrTo
movementEql MArrToTypel WArrToTypel = Just (Ea, Eq)
movementEqY _ _ = Nothing

unbuildonel : MovementI Down a b > a -> Mayhe (Context b a, b)
buildone! mov here = case mov of

nabetonyge > case here of
& x1) -> Just § (TypeTonbs x0 xl, h)

ng
hAbs'anxp > case here
ks 50 5L b) > Suec's (Bxpronss x0 xi, h)

ng
m,,.,%n,,n > case here of
(App b x0) > Just $ (2xptong0 0, )

ng
HApPTnExpl > case here of
PP X0 h) -> Just § (ExpToAppl X0, h)
= Nothing
wiaatogxp -> case here of
(Lam b) —> Just § (ExpToLam, )

ng
nmmmn -> case hore

i o) 2o st s (xyeTonzrd 20, h)
MaZcrotypel o case

Thce Fo n) > Jest § (RypeTaneel x0, B

_ 5> tothing
_ > vothing
reiyDirectionT i Movementl d & b -> Direction? d
reifyDirection d = case d
(p ) -> vpT
HABSTOType -> DownT

downitoves :: TypeRepT a -> (ExistsR Lam (MovementI Down a)]
dounitovesI tx = case tr of
ExpT -> [(ExistoR MAbSToType), (ExistsR MAbSTOEXp), (BxistsR NAPPTOExpD), (ExistsR MAPPTOExpl)]
LanT —> [(ExistsR MLanToExp) |
TypeT > [ (BxistsR NAFToTypeO), (EXistsR MAFrToTypel)l

HovenentI Down a x -> Maybe (ExistsR Lam (MovenentI Down a))

HACFTOTypel > Just § ExistsR MAFTTOTypeO

RoVeRIGheI 11 ovementl Down a x -> Maybe (ExistsR Lam (NovementI Down a))
RoveRLghe nov = case mov of

HAbSTOType > Just $ ExisteR MAbSTOEXD

HAPPTOEXDO > Just § Existsk MABPTOEXDL

HATETOType0 > Just § ExistsR WAFrToTypel

\SE Solution

(~+ racuace

UndecidableInstances, RankiiTypes, GADTs, TypePanilios #-)

(-4 OPTIONS_GHC -Wall -fno-warn-orphans ~£no-varn-name-shadowing 4~}
module Lan.Adapters where

o (see

inport Lan.L
inport Lan. Language

inport Data.Cursor .CLASE. Language
inport Data.Cursor .CLASE. Bound
import Data.Cursor.CLASE. Traversal

ciass Lantraverssisdapcoraip ¢ uhors
bs 13 Bxp > € > € >t

visitver 11 Exp o> €

Class Lantraversaladapterlan ¢ whore
mtrLam o> € > £

class Lammraverssiadaptercorsor ¢ whare
Ssitcursor 11 Lam > ¢

tnatance (LanTraversalrdapterian ¢,

Bound Lam t) -> Traversal Lam ¢ where

visitstep it recurse = case reify it of
T x > visiestep' x it recurse
visitstep' :: (LamTraversaladapterExp ¢,
LanTraversaladapterian ¢,
LanTraversaladapterType ©)

TypeRepT & > & > (forall b . Reify Lam b => Movement Lam Down a b > ) ->

visitstep' Exp it recurse = case it of
Abs _ _ _ -> visitabs it (recurse (MW MAbsTOType)) (recurse (MW MABSTOEXP))
App _ T T> visitapp it (recurse (MW MADPTOEXpO)) (recurse (N MAPPTOEXPl))
visiestep: Lamt it recurse = case it of
> visitian it (recurse (HA MLamToEXp))
se it of

Arr _ _ -> visithrr it (recurse (NW MATToType0)) (recurse (Mi MAFrToTypel))
visitrareial (cw ctx) = visitpareial' ctx

visitrareial' 1 (Lamrraversaladapteriam ¢,
Lamtraversaindaptartype ) >

ContextT a b -> b -> & -> (forall c . Reify Lam ¢ => Movement Lam Down b ¢ -> £) -> ¢
AT oR (T 5 (oot Bt o o 603

Typetoabs _ _ -> visitabs it hole (recurss (Mi MADSToExp))
Exproabs __ -> visleabs it (recurse (M0 NABSToType)) hole
EXpToADpO _ -> visithpp it hole (recurse (M WAPDTOExpl))
DreTenpl > visieasp it (recurae (m mppnossco)) ole
ExpToLan > visitiam it ho

oetoazol > wisitacs o ein (racures (40 Mhsrorypai))
TypeToarrl | -> visithrr it (recurse (M0 MAFEToTyped)) hole
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(GUAGE TypeFamilics i}

LANGUAGE GADTs #-)

E Undocidablelnstances 4-)
)

T NROGINERATED (5o Dete.Cursor CLASE.Gen. Pers stence)

inport Lan.Lan

import Data.Cursor . CLASE . Persist
import qualified Text.ParserCombinators.Parsec.Language &s B
import qualified Text.ParserCombinators.Parsec.Token as B
import. Text .ParserCombinators. Parse:

import Data.Cursor .CLASE .Ut

instance (Persistencerdapter Lam) => Persistable Lam where

showllovenent (MW x) = show’ x

Show' 11 Movementl dir from to -> String

show WAFrToTypel = “WArrToTypel

RovementParser UpT = upNovesparser
novementParser DownT = downMovesparser

showryperep = shovryperep®

shouTyperep' :: forall a . TypeRep Lam a -> String
ShowTypeRep® (TH (LasT :: TypeRepl a)) = “Lame"
ShowTypeRep® (TH (EXPT 1+ TypeRepl a)) = "Expr

showTyperep® (TH (rypeT “ryper-

typeRepparser = choice § map (uncurry mkParser) LtReps
where
itReps = [(*LamT", (Exists (10 Lamm))),
(“Expr", (Exists (@ Expr))),
(*Typert, (Exists (1 Typem))))

Srarser 1 steing o> Boists (ypetep 1w o> erser (Suists (Typenep Lom))
mkParser s v = try 3 (symbol s >> retu:

typeReptq = typerepEq

€ypeRepBq’ :: forall a b . TypeRep lam a -> TypeRep Lam b > Maybe (TyEq a b)
++ Typerept a)) = gust 5q
perept a)) Just =g
ypeRepT a)) (TH (TypeT i1 b)) = qust Bq
typere Nothing
uptovesparser 1a . (Reify Lam a) => Parser ((ExistsR Lam (Movement Lam Up a)))

uptovesparser = uplioveszarser’ (reify (undefined i+ a))
where

uplovesparser :: forall a . (Reify Lam a) => TypeRep Lam a —>
Parser ((ExistsR Lem (Kovement Lam Up a)))

upMovespazser: (T x) = case X of
Lant 1 TyperepI a) —> use [

1
TypeRept a) —> use options

options =
[ (e 3 (MUp HABSTOEXp), "MExpToAbs"
L (e3 (MUP MAPPTOEXPO), “HEXPOTORPD®)
L (cs (MUp MAPPTOEXP1), "MEXPIToRDD")

o (e s (uUp MiamToExp), "MExpTolam')
)
(3ype7 i1 TypeRept a) -> use options
where

options
[ (c § (Up ADsToType), “MEypsTonbs®)
+ (c§ (MUp MArCToType0), MIypeoTohrr)
L (c§ (MUp MArCToTypel), “MIypelTohrr*)
1

D T = G () o (e ) oy
o1 forallab . (Reify Lan b) = Novemanti Up a b -> Parser (Existak Lan (Hovesent Lan Up

e o 6 5 B (A 555 )

dounovesparser all a . (Reify Lam a) ((Existen Lam (Hovement Lam Down a)))
s O e o Ty (e o 91
where
downliovesparser’ :: forall a . (Reify lam a) => TypeRep Lam a -
Parser ((ExistsR Lam (Movement Lam Down a)))
S e ()5 = P o

TypeRept a) -> use options

(e s wLantosxp, "MLantorxp)

(Exp? :: TypeRepl a) -> uss options
s

( w e, TR

o 5 ‘MabsiToE

L (€ 3 MapmTomrpo, ~HapproRasd)

© (c § MADPTOEXp1, "MAPTOExp1®)
)

(TypeT :: TypeRepl a) -> use options

whare

options
1o O oo ey
(¢ § MATTToTypel, "WArToT

)

use options = choice § map (uncurry mkParser) options
Forall a b . (Reify Lam b) => Movementl Down a b -> Parser (EisteR Lam (Novement Lam Down

© = roturn . ExistsR . M
nkParser p & = try (sysbol & >> p)

haskellParser
haskellParser

P.makeTokenparser ?.haskellbef

synbol t: String -> CharParser st String




Binding

Declare your
“language” Lam

2
Generate App

boilerplate

Abs “X” Abs'® fy”

IDescribe lexicall
binding

Arr Var 0 Unit AbS “Z" <

Unit Unit Unit

Implement
traversals

VarO  Var 1

Hook into
application

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)




Binding

Declare your
“language” Lam
|

App'

Generate
boilerplate

Abs “X” Abs'® fy”

|Descnjibe_ lexicall Arr Var 0 Unit
blndlng —

Unit  Unit

Abs “Z”

Implement
traversals S

Hook into - p—

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)
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Var0 - “z

k., N

Var1 ey




Binding

Declare your
UG e class (Language 1) => Bound 1 t where
bindingHook :: Context 1 from to -> t -> t
Generate
boilerplate
instance Bound Lam (M a) where
IDescribe lexicall bindingHook (ExpToAbs str ) hole
binding = addBinding str hole
bindingHook _ hole = hole
Implement
traversals Abs'®® “y”  + result—» addBinding "y” result
Hook into ty
application

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)




The CLASE Solution

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)




Traversal Adapters...

class LamTraversalAdapterExp t where
visitAbs Exp -t -t -t

Declare your visitApp :: Exp - t - t - t
“language” visitvVar :: Exp - t
Generate class LamTraversalAdapterLam t where
boilerplate visitLam :: Lam » t -» t

: : class LamTraversalAdapterType t where
Describe lexical visitUnit :: Type - t

binding visitArr :: Type » t » t - t
Implement class LamTraversalAdapterCursor t where
traversals visitCursor :: Lam - t - t
Hook into
application

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)




Traversal Adapters...

Declare your
“language”

class LamTraversalAdapterExp t where

visitAbs ::

Exp - t » t

- t

Generate
boilerplate

Describe lexical
binding

Implement
traversals

Hook into
application

Abslexp uyu

Abs 2" 4

Unit

+ ToT + X —» AXX.T—-T.X

Lam'
App*
Amf;:
Arr Var0 | Unit
Unit = | Unit
visitAbs |Abs “X’
Arr Var 0
Unit | Unit

Cursor Library for A Structured Editor

Tristan Allwood (tora@zonetora.co.uk)




Traversal Adapters...

class LamTraversalAdapterExp t where
visitAbs :: Exp - t - t » t

Declare your cee
“language”
Lam’
|
Generate App?
boilerplate
AbS “Xu k\bslexp uya
Describe lexical Arr Var0! | Unit Abs “7”
binding e
Implement
traversals var0l [vart
Hookinto | ..itaps Absy +T+ BAZIT.(ZY)] —» Ay T.BAZIT.(Z Y)<
application
Unit Abs “Z”
Unit App
Var0 Var1

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)




Declare your
“language”

Rendering...

Generate
boilerplate

Describe lexical
binding

Implement
traversals

Hook into
application

instance LamTraversalAdapterExp (M String) where
visitAbs (Abs str ) ty exp = do
tys « ty
exps « exp
return (“A “ ++ str ++ “ : “
++ tys ++ “ . “ ++ exps)

instance LamTraversalAdapterCursor (M String) where
visitCursor _ ins = do

str « ins
return (“PB" ++ str ++ “<4")

Cursor Library for A Structured Editor

Tristan Allwood (tora@zonetora.co.uk)



The CLASE Solution

Declare your
“language”

completeTraversal
:: V1txa. (Traversal 1 t) = Cursor 1 x a = t

Generate
boilerplate

Describe lexical
binding

instance (LamTraversalAdapterLam t,
LamTraversalAdapterExp t,
LamTraversalAdapterType t,
LamTraversalAdapterCursor t,

Bound Lam t) = Traversal Lam t where

Implement
traversals

Hook into
application

instance LamTraversalAdapterExp (M String) where ...
instance LamTraversalAdapterLam (M String) where ...
instance LamTraversalAdapterType (M String) where ..
instance Bound Lam (M a) where ...

render :: Cursor Lam X a -> String
render = runM . completeTraversal

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora

.co.uk)




The CLASE Solution

Declare your
“language”

Generate
boilerplate

Describe lexical

binding Quick Demo

Implement
traversals

Hook into
application

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)




Moving around

data Exp Abs "y’

= Abs String Type Exp

data Up
R data Down
data MovementI direction from to where
MAbsToType :: MovementI Down Exp Type
MAbsToExp :: MovementI Down Exp Exp
MUp :: MovementI Down to from - MovementI Up from to
Abs “y”

MA ype MADLSNQEXpP

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)




Moving Up

buildOnelI :: ContextI a b -> a -> Db

buildOnel (TypeToAbs x0 x1) h = Abs x0 h x1
buildOnel (ExpToAbs x0 x1) h = Abs x0 x1 h

Abs'® “y” | + ‘a Abs “y”

ty ty exp

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)




Moving Down

unbuildOneI :: MovementI Down a b -» a -
Maybe (ContextI b a, b)

unbuildOneI mov here = case mov of
MAbsToType - case here of
(Abs x0 h x1) - Just (TypeToAbs x0 x1, h)
__ = Nothing
MAbsToExp - case here of
(Abs x0 x1 h) - Just (ExpToAbs x0 x1, h)
- Nothing

Abs “y” Abs'® *y” +
e T

ty exp ty

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)




Bookmarks

Lam

App*

Abs “X” AbS “y” <

Arr Var 0 Unit Abs “Z”

Unit Unit Unit

App

VarO Var1
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Bookmarks

Lam'
|

App*
—

Abs “X” AbS “y” <
Arr Var 0 Unit Abs “Z”
Unit Unit Unit /\pF)
Var0 | | Var 1
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Bookmarks

Lam'
|
App*
;\
Abs “X” AbS “y” <
e
Arr Var 0 Unit Abs “Z”
Unit Unit Unit /\pF)
Var0 | | Var 1
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Bookmarks

Lam

App*
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Bookmarks

Lam

App*

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)




Bookmarks

Lam

App*
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Cursors with Bookmarks

Lam'
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Cursors with Bookmarks

Lam Lam

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)




Cursor

Summary

» Heterogeneous underlying “Language”

 Scripts to autogenerate the boilerplate

« Simply specify lexical binding

* Complete (and other) traversals made easy

« Bookmarks

Library for A Structured Editor

Tristan Allwood (tora@zonetora.co.

uk)




Thank you for listening!

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)




Preliminary - GADTSs
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Moving around

applyMovement :: MovementI dir from to -
Cursor from - Maybe (Cursor to)
applyMovement mov (Cursor it ctx)
= case (reifyDirectionI mov) of
UpT -» case ctx of
Step up ups -> case (up contextMovementEq mov) of
Just Eq -> Just $ Cursor (buildOne up it) ups
Nothing -> Nothing
Stop -> Nothing
DownT -> case (unbuildOne mov it) of
Just (ctx', it') - Cursor it' (Step ctx' ctx)
Nothing - Nothing

buildOneI :: ContextI a b » a - b data DlreCthQT dl? where
UpT :: DirectionT Up
unbuildOneI :: MovementI Down a b -» a - DowndT :: Directiond Down
Maybe (ContextI b a, b)
reifyDirectionI :: MovementI dir a b - DirectionT dir

contextMovementEq :: ContextI a b -» MovementI Up a c¢c - Maybe (TyEq b c)



Generalizing




Generalizing

instance Language Lam where
data Context Lam from to = CW (ContextI from to)
data Movement Lam d from to = MW (MovementI d from to)

buildOne (CW x) = buildOneI x

unbuildOne (MW m) a = fmap (first CW) (unbuildOneI m a)
reifyDirection (MW x) = reifyDirectionI x

movementEqg (MW x) (MW y) = movementEqIl X y

contextToMovement (CW x) = MW (contextToMovementI X)

Cursor Library for A Structured Editor Tristan Allwood (tora@zonetora.co.uk)
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