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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”
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A Sample Language

module IL.am.Lam where

data Lam
= Lam EXp

data Exp
= Abs String Type Exp
App Exp EXp
Var Integer
NOEXxp

data Type
= Unit
| Arr Type Type
| NoType
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A CLASE Cursor
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A CLASE Cursor
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Generating Boilerplate

{-# LANGUAGE TemplateHaskell #-}

module Lam.Gen where

import Lam.Lam

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

S(languageGen ["Lam", "Language"] ''Lam
[''Lam, ''Exp, ''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 GADTs, TypeFanilies,
{-# OPTIONS GHC -Wall -
- (se0 E
Rodule Lom.Language(
ContextI(..)
JTypeRepT(.)
IMovement(..)
IContext(..)
Iovenent (.
ITyperep(..
) vhere
import. Data.May)
inport Data.Cureer CLASE.UEAL
import. Cont
import. Lan.Len
inpore Data.Cursor . CLASE.Language
instance Language Lan whers
data Context Lam from to = CH (Contextl from to)
data Novement Lam d from to = MY (Hovementl d from to)
data TypeRep Lan t = TH (TypeRepl t)
buildone (CH x) = buildonel x
unbuildone (MW m) a = fmap (first CW) (unbuildonel m a)
invertiovenent (MW x) = WA (invertMovenentT x)
novenentEq (HA x) (MW y) - fmap snd § movementEel X y
eifyDizection (il x) = reifyDirectionT x
(W x) = )
downloves (T ¢) = nap (\(ExistsR x) -> ExistsR (M0 x)) (downNovesT t)
RoveLeft (M m) = fnap (\(ExistsR x) -> ExistsR (MW x)) (ROveLeftT m)
BoveRLGht (Ml m) = fnap (\(EXLStSR X) -> ExiStsR (MW %)) (moveRightl m)

data TypeRept o vhare
ExpT :: TypeRepl Exp
Lan? :: TypeRepl Lem
Typer i: TypeRepT Type
instance Reify Lan Exp where
reify = const § TW ExpT
instance Reify Lam lam where

ify = const § TH LanT

KD P P B
£y = const §

dasa contexts o b une
i = e s
1 string > Tvpe > contentt

0 +: Type > ContextI Type Type
TypeToArrl i1 Type -> Contextl Type Type

contextToNovementI i Context: a b -> Movement Up
contextToNovement (TypeTosbs _ ) - (MUp MABSTOType)
context: €1 (ExpToabs o

contextTotovenent? (TypeTorrrl

buildoner 11 conts

buildoner (1ypeTorrrl x0) h = Arr X0 b

data MovementI d a b vhe:
ibeTorype

HAreTotypes <+ NovementE Dovn Type Type
HArEToTypel :: Movementi Down Type Type

invertuovenentl :: MovementI d a b —> Hovement! (Imvert d) b a
Smme e un
inverthovementl MAbSToType = MUp (ADSTOType)
inverstigvenentT HAbGTOEN. = HUp. (HApsToRxE)
inverthovenentT WADPTOEXDO = MUp (HAPPTOExpO)
xp

invertiovenentl MArrToTypel

movementaar - Hovenanti o x y > Movenents d a b -» Naybe (1yE3 x 3, T¥3a ¥ )
§ movementEal a

mw.,mmm s s = cin () )

Gnbuildonel :: MovementI Down a b > a -> Maybe (Contextl b a, b)
unbuildonel mov here = case mov of

HABsToType -> case here of
(3bs 50 b xi) > Just 5 (SypeTorts x0 xi, 8)

thing
WBsonp > gase hers o
Thbe o 21 h) o> Sest 3 (Expronbs x0 x1, h)
> Noth.
HABpTORXP0 —> case he
(3pp b x0) > suse 3 eestonort x0, n)

ng
HAFPNExpl >case here of
© h) -> Just $ (ExpTomppl x0, h)

%2 Nothing
HEanToExp -> case here of
(Lam n) > Just § (ExpToLam, h)

mmm.e 3 case he:
o) > Tt s (typetoeed x0, by
_ > Nothing
HATzToTypel —> case here of
(Rrz x0 h) -> Just § (TypeToArrl x0, h)

relfyDixectionT :: Novement: d a b -> Directiont d
roifybirectionT d = case d
p _) -> vpT

HAFETOTypel ~> DownT
downitoves: :: TypeRepl a -> [ExistsR Lam (MovementI Down a)]
© tr of

T -> [(ExiStsR WAbSTOType), (BxistsR NADSTOEXp), (ExistsR MAPPTOEXpO), (ExistsR WAPPTOEXpl)]
Lan? -> [(ExistsR MLamToExp) |
TypeT > [(ExistsR NArrToType0), (ExistsR NArrTorypel)l

moveLefel
RoveLefe mov v of
HABSTOEXp -> Just $ EXistsR MADSTOType
HABPTOEXD1 > Just § Existsk NADDTOEXDO
HAEETOTypel > Just § ExistsR MAFZToTyped
> Nothing

MovementI Down a x -> Maybe (ExistsR Lan (Novementl Down a))

BOVSRSHET 11 MovementE Dowm & x -> Maybe (BxistaR Lan (HovementI Down &)
BoveRLghT nov.
MAbaToType > Just § Existen MbsToRxp
HABPTOEXPO > Just § ExistsR MABPTOEXDL
HAFETOTYpEO -> Just § ExistsR WArrToTypel
> Nothing

ting Boilerplate

T NIRGGRERATED. (See. Date.Cursor CLASE. Gen . Pezsistence) -

inport qualified Text.arserCombinators.Parsec.Language as 7
import qualified Text.ParserCombinators.Parses.Token as P
< To;

import. Data.Cursor..CLASE.Uti1

instance (ersistencerdapter Lam) => Persistable Lam where

showliovement. (W x) = show' x
where.
Show' ©+ MovementI dir from to -> Sering
(-4 LaNcuace Show' (MUp MASToType) = -MTypeToAbs"
ankNTypes, GADTE, T ) Show (MUp WABSTOEXD) =
(-F OPTIONS_GIC el ~fno-vern-orphans ~Fuo-vasn-nane-sradowing I-) show’ (MUp MAPPTOEXPO)
nodote van- Tdspters whore Show' (MU MADPTOEXP1) =
- e ata.cursor.c: Show’ (MUp MLanToExp) =
Show' (MU MAFIToTypeo) =
inport Lan.Lan Show (MUp MAZrToTypel) - "May)
inport Lan.Language Show MAbaToType = “MABsTOTy
inport Data.Cursor .CLASE. Language Show’ WAbSTOExp = "ABSTOEXP'
inport Data.Cursor .CLASE. Bound Show’ WAPPTOEXPD = “MAPPTOExp
import Data.Cursor .CLASE. Traversal Show! WADTOEXp1 = "MADPTOEX
Show! MLamToExp = "MLamToEx;
B Show! MATETOTyped = "MATITOTyped
si B = Show’ WATZToTypel = "MATrToTypel
Fe iy
visitvar 11 Bxp > ¢ movenentParser UpT = upkovespa
e oD bR e
class LamtcaversalMaptarien ¢ vhere
visiclan 11 Lam

showtypeRep = showTyperep”

where.
class LamtraversaladapterType ¢ where ShovtypeRep: 1 forall o . Typekep Lam o -> Siring
Gt e S ShowTypeRep’ (TH (Lant :: TyperepT a)) e
Shrr t: Type > £ > € >t ShowTypeRep’ (TH (EXpT i TypeRepT a))

hoviyoenes: (T (Fyper 1t FypenerT al) = rrypers
class Lastraversaladsptercursor ¢ uhere
visitcursor 1 typeReprarser = choice § map (uncurry mkparser) ltReps
where

tnstance. (Lantraversaiadaptorian &

StReps = [("Lamt", (3xists (TW LaaT))),
TraversalAdapterBxp t, ("Expr, (Exists (T¥ ExpT)) ),
B (“Typer®, (Exists (TW TypeT)))]
LanTraversaladaptercursor ¢,

Bound Lam €) => Traversal Lam ¢ where nkParser 1: String -> Bxists (TypeRep Lam) -> Parser (Exists (TypeRep Lam))
ry

nkParser s v = try § (synbol s >> return v)
visicstep i rucurss = cuse reity it of
> visitstep' x it recurse typeReptq = typeRepEq"
&5 where
visitstep' :: (LanTraversaladapterixp LYeeReBE’ 11 forall a b . Typekup Lam o -> Typetep Lan b -> Kaybe (TYI4 & b)
LanTraversaladepteriam t,

entroverssiadaptertyve )
TypeRepl & > & > (forall b

Reify Lam b => Movement Lam Down & b -> £) > t

typer ypeRapI 3)) (TH (TypeT :: TypeRepl b)) = Just £
typeRepEg! othing
visitstep: o7 e recurse - case it
P2 D . (et (P PSR (R () ) upovesparser ¢ a . (Reify Lam a) => Parser ((Existsk Lam (Hovement Lam Up a)))
e vuAtApy it (rocurse (MW MAPPTOEXp)) (recurse (MW MAPPTOEXP1)) upovespazser T (FEAYay (i o
ax visiev wher,
visitstep Lant it recurse = case Alpnnves?arler foral Reify Lan typeRep Lam a
Tan - o> visitien it (recurse (MW WiamFobsp)) or ((Existsn Lan (Hovenent Lan Up on
visitstep: Typer it recurse = case it of upnoven’axner‘ x ot
nse situnit it w Iyperept a) - uee (]

Are _ _ -> visithrs it (recurse (MW MAFIToType0)) (recurse (N MATrToTypel)) TypeRept a) -> use options

visitrareial (cH ctx) = visitrartial® ctx

whe proabs
visitartial’ :: (Lamrraversaladapteriam ¢, “MEXpOTOADE" )
LanTraversaladapterixp ¢, “MExp1ToADD" )
LanTzaversaladsptertype )

ContextI a b > b -> t -> (forall o . xany Lam ¢ => Movement Lam bown b ¢ > &) > t
visitartial’ ctx it hole recurse - case ctx

Typeroabs _ _ —> visitabs it hole (recurse (Hil NADSToExp))

ExpToabs > visitabs it (recurse (M MAbsToType)) hole (o iy, oo
ExpToAppO_-> visithpp it hole (recurse (MW MADPTOEXpl)) /(e § (MUp MArrToTypeO ype0Toar
prsronsei  -» visienop v (recurse (m mappronese)) hole © (S 3 (hup Marerorypel), “HTypelTohrin)
preroien T visitian it ho 1

BT P e A e (s ()

EvpeToRiel T > visltner b (reuree () NARETOTDRO)) hole 0 D = At O o (s ) R
o i: forall a b . (Reify Lam b) = 4o

o ratura - meieen . B

mkparser p s = try (symbol 8 >> B)

wementl Up a b -> Parser (ExistsR Lam (ovement Lam Up a)

downovesparser ¢+ forall a 650 0 5 T (R o (T SR
s C (o (aea (et of o)
where

dountiovesarse:

r i forall a . (Reify Lam a) => TypeRep Lam a ->
Parser (L!xls(sx e (et B e 2
downtovesParser' (10 x) = case x of

e

{ (e s Miamomxp, "MLanrobxp")

TypeRept a) -> use options

7 (¢ § MADPTOExpL, “MApPToEXP1®)

TypeRep a) -> use options

(e MarrTonypen, “WarrTotypen*)
/(¢ § WArTToTypel, "MArrToTypel®)

use options = choice § map (uncurry mkParser) options
forall a b . (Reify Lam b)

HovemontI Down a b —> Parser (Existsk Lam (ovement Lam Down
roturn . Existr
Eofrarie B 0 2 o (i 555 1)

haskellParser
haskellParser

Tokenparser st
PR R I Doy

symbol ++ Charparser s¢ String
L e ey
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Rendering...

class LamTraversalAdapterExp t where

visitAbs :: Exp - t - t - t
visitApp :: Exp - t - t - t
visitVar :: Exp =» t

class LamTraversalAdapterLam t where
visitLam :: Lam -» t - t

class LamTraversalAdapterType t where
visitUnit :: Type - t
visitArr :: Type » t » t » t

class LamTraversalAdapterCursor t where
visitCursor :: Lam -» t - t

Cursor Library for A Structured Editor Tristan Allwood,

Susan Eisenbach




Rendering...
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Rendering...

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

Bound Lam t) = Traversal Lam t where
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Rendering...

instance LamTraversalAdapterLam (LRM ()) where
visitLam _ hole = hole

instance LamTraversalAdapterExp (LRM ()) where
visitAbs (Abs name ) ty exp
= out ("A " ++ name ++ "::") >> ty >> out " . " >> exp
visitApp 1 r
= out "(" >> 1 >> out "o" >> r >> out ")"
visitVar (Var i)

= (out . fromMaybe "Variable free!" =<< lookupBinding i) >>
(out . subscript $ 1)
visitNoExp @ = out "?2"

instance LamTraversalAdapterType (LRM ()) where

visitUnit _ = out "T"
visitArr _ lhs rhs = out "(" >> lhs >> out " -» " >> rhs >> out ")"
visitNoType @ = out "2"

instance LamTraversalAdapterCursor (LRM ()) where
visitCursor child = out "[[" >> child >> out "]"
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Rendering...

instance LamTraversalAdapterExp (LRM ()) where
visitAbs (Abs name ) ty exp
= out ("A " ++ name ++ "::") >> ty >> out " . " >> exp
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Ul Edited Highlights - State

data CursorHolder where
CH :: Cursor Lam a a - CursorHolder

data GuiState

= GS { cursorBuffer :: TextBuffer
, variableNameEntry :: Entry
, variableNameDialog :: Dialog
, whichVariableModel :: New.ListStore (Integer,
String)
, whichVariableDialog :: Dialog

, cursorH :: IORef CursorHolder
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Ul Edited Highlights: Movement

cursorKeyPress :: GuiState - Event - IO Bool
cursorKeyPress gs (Key { eventKeyChar = Just char,
eventModifier = modifiers })
char == 'h' = moveCursor [gml, gmu]
char == '3J" = moveCursor [gmd, gmr]
char == 'k' = moveCursor [gmu, gml]
char == '1' = moveCursor [gmr, gmd]
where

ref = cursorH gs

gmd = fmap (\(CWM c ) - ExistsR c).genericMoveDown
gnu = fmap (\(CWM c ) - ExistsR c).genericMoveUp
gml = genericMovelLeft

gmr = genericMoveRight
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Ul Edited Highlights: Movement

moveCursor :: ([Jx a . [Cursor Lam x a -
Maybe (ExistsR Lam (Cursor Lam x))]) - IO Bool

moveCursor movs = do
CH (theCursor @ Cursor {}) « readIORef ref

maybe (return True)
(\ (ExistsR cursor') - do
writeIORef ref $ CH (resetlLog cursor')
refreshAll gs
return True

)

(msum $ map ($ theCursor) movs)
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moveCursor :: (VX a . [Cursor Lam X a -
Maybe (ExistsR Lam (Cursor Lam x))]) - IO Bool

moveCursor movs = do
CH (theCursor @ Cursor {}) « readIORef ref

maybe (return True)
(\ (ExistsR cursor') - do
writeIORef ref $S CH (resetlLog cursor')
refreshAll gs
return True

)

(msum $ map ($ theCursor) movs)

Cursor Library for A Structured Editor Tristan Allwood, Susan Eisenbach




Ul Edited Highlights: Rendering

refreshAll :: GuiState - IO ()
refreshAll gs = do
CH cursor@Cursor {} « readIORef (cursorH gs)
let cursorText = render cursor
(cursorBuffer gs) " textBufferSetText cursorText
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Ul Edited Highlights: Editing

insertAppOrArr
insertAppOrArr
insertAppOrArr
insertAppOrArr
insertAppOrArr
insertAppOrArr
insertAppOrArr

:: Bool - TypeRepIl a » a - a

True
False
True
False
True
False

ExpT e
ExpT e
LamT (Lam e)
LamT (Lam e)
TypeT t
TypeT t

App NoExp e
App e NoExp
Lam (App NOExXp e)
Lam (App e NoOExp)
Arr NoType t
Arr t NoType
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Ul Edited Highlights: Editing
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insertAppOrArr
insertAppOrArr
insertAppOrArr
insertAppOrArr
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:: Bool - TypeRepIl a » a - a

True
False
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False
True
False

ExpT e
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TypeT t
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Ul Edited Highlights: Editing

insertAppOrArr
insertAppOrArr
insertAppOrArr
insertAppOrArr
insertAppOrArr
insertAppOrArr
insertAppOrArr

:: Bool -» TypeRepI a » a - a

True ExpT e = App NOExp e
False ExpT e = App e NoOExp

True LamT (Lam e) = Lam (App NOExp e)
False LamT (Lam e) = Lam (App e NOExp)
True TypeT t = Arr NOType t
False TypeT t = Arr t NoType

Cursor Library for A Structured Editor

data TypeRepl a where
ExpT :: TypeRepl EXxp
LamT :: TypeRepl Lam
TypeT :: TypeRepl Type
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Ul Edited Highlights: Editing
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ExpT :: TypeRepl EXxp
LamT :: TypeRepl Lam
TypeT :: TypeRepl Type
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Other Features

e Abstraction of Binding
 Routes

« Bookmarks

* Persistence
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Cursor

Thank you for listening

For more see
wWww.zZonetora.co.uk/clase
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