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Ob0b6LEHHOE NpOorpamMMIUpoBaHMe TUMOB AAHHbBIX

Anrebpanyeckue Tunsl gavtbix (AT/)

Anrebpavndeckmnii TUN fJaHHbIX — 3TO COCTABHOM TUM, KOTOPbI MOXeT
ObITb NpeacTaBneH B BUAE TUMNA-CyMMbl N3 TUMOB-NPOVN3BEAEHNI.

Twun-npounsseaexne

data StudentStage = Freshman
| Soph data Person
op.omore = Person String Int
| Junior
i -- Name, Age
| Senior

= LInt Int

| LBool Bool
|

|

data Expr

Add Expr Expr
If Expr Expr Expr
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BeepeHue O606LWWEHHOE NporpaMMuUpoBaHmMe C generics-sop

BubnunoTteka generics-sop

generics-sop — bubnnoTteka, noaaepxupeatoasi 0bobLEHHOe
nporpaMMupoBaHme Tunoe aaHHbix B Haskell.

OcobeHHocTH
@ Kaxgblii Tun — N-apHas cymma.
@ KomnoHeHTbl cymmbl — N-apHble npon3BeneHus.

@ llcnonb3oBaHne coBpemeHHbIX paclumpeHunii cuctemsl Tunoe Haskell:
DataKinds, ConstraintKinds, PolyKinds, GADTs, RankNTypes, ...

@ OTpeneHne mMeTafaHHbIX OT OCHOBHOFO CTPYKTYPHOIO NMpeacTaBieHus
Tuna.
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N-apHble npon3BefeHUst N CyMMbl

Mpumep N-apHoro npon3BefeHUs: reTEPOreHHbIA CMNCOK

hlist :: NP I '[Bool, Int, Charl] -- mun
hlist = I False :*x I 3 :* I 'x' :*x Nil -- mepm

Mpumep N-apHoii cymmebl: BbIGOp U3 Cnncka

type HChoice = NS I '[Char, Bool, Int, Bool]l -- mun
c0, c2 :: HChoice

c0 =2 (I 'a") -~ mepmbl
c2 =8 (8 (Z (I 13)))
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ObobuienHoe npeacrtasnerne AT/

Knacc 0bobuigHHo npeactaBuMbIX TUMNOB

type Rep a = NS (NP I) (Code a) -- N-apHaa cymma
-- npoussederull

class Generic (a :: *) where

type Code a :: [[*]]
from :: a -> Rep a
to :: Rep a -> a

Mpumep 060bLWEHHOrO NpeacTaBieHns

type RepExpr = NS (NP I) (

data Expr
'[ ' [Int]
LBool Bool , '"[Bool]

, '[Expr, Expr]
, '[Expr, Expr, Expr]

D

Add Expr Expr

= LInt Int
|

|

| If Expr Expr Expr
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ABTOMaTnyeckast reHepaums obobLIEHHOroO NpeacTaBaeHs

MonHoe onpeaenerue knacca Generic

class (A1l SListI (Code a)) => Generic (a :: *) where
type Code a :: [[*]]
type Code a = GCode a

from 2 a -> Rep a

default from :: (GFrom a, GHC.Generic a,
Rep a ~ NS (NP I) (GCode a))
=> a -> Rep a

from = gfrom

to :: Rep a -> a

default to :: (GTo a, GHC.Generic a,
Rep a ~ NS (NP I) (GCode a))
=> Rep a -> a

to = gto

v
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OBobusénnoe nporpammuposanue ¢ generics-sop
[Mpumep

AT/[]: bunapHoe aepeBo

data BinTree a = Leaf a | Node (BinTree a) (BinTree a)
deriving GHC.Generic

instance Generic (BinTree a)

ABTOMATNYECKU TeHEPUPYEMBI KOZ,

instance Generic (BinTree a) where
type Code (BinTree a) = '[ '[a],
' [BinTree a, BinTree a]

]

from :: BinTree a -> Rep (BinTree a)

from (Leaf x) = 7Z (I x :* Nil)

from (Node 1 r) =S (Z (I 1 :x I r :x Nil))
to :: Rep (BinTree a) -> BinTree a

to (Z (I x :*x Nil)) = Leaf x
to (S (Z (T 1 :xIrx :% Nil))) Node 1 r
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CTpykTypa maHHbIX «3unnepy

3unnep — cTpykTypa AaHHbIX, UCnofb3yemMas aas 3pdeKTUBHOIA,
4nCTO PYHKLMOHANBLHOW HAaBUraumm nNo ApPeBOBUAHON CTPYKTYpE.

3apaya HaBurayum

e 3apaua: npefcTaBeHne APEBOBUAHON CTPYKTYpPbl AaHHbIX
BMeCTe C (POKYCOM Ha TEKYLLEM Y3Ji€, KOTOPbI MOXET
nepemMeLLaTbCs BJIEBO, BNPABO, BHU3 1 BBEPX MO 3TOW CTPYKTYpe.

o PeweHne: dokyc xpaHnT TEKYLLNIA y3eNn U NyTb, BOCXOASLLNT
OT HEro K KOpPHIO AepeBa.
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MoTusupytowmii npumep (Hadano)

AT/[: pepeso

data Tree = Leaf Int
|
I

TNode Tree Tree Int Bool Tree
BNode Bool Tree Tree

[Mpumep aepesa
tree :: Tree
tree / \ \

= TNode (Leaf 13) Lf BNd 25 False Lf
(BNode True VRN

(Leaf 7) 13 True Lf Lf 18
(Leaf 42)) |

25 7 42

False

(Leaf 18)
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MoTusupytowmnii npumep

Twun pepesa Tree

= Leaf Int
| TNode Tree Tree Int Bool Tree
| BNode Bool Tree Tree

data Tree

Twun koHTekcTa anst Tuna Tree

data TreeContext = TNodel Tree Int Bool Tree
| TNode2 Tree Int Bool Tree
| TNode3 Tree Tree Int Bool
| BNodel Bool Tree

I

BNode2 Bool Tree

nyTb — 3TO CMUNCOK KOHTEKCTOB.

data TreeZipper = (Tree, [TreeContext])
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ABTOMaTM3auUsi MOJYYEHUSI KOHTEKCTa — audpdepeHummpoBaHune

Pabota K. Makbpaiiga (2001)

“The Derivative of a Regular Type is its Type of One-Hole Contexts.”

Oz
0, C
0:(F + G)
0:(F x Q)
aﬂc(F|y:G)

MNocTaBneHHas 3agaqa

111117

1

0

0, F +0,G
Fx0,G+0,F x G
0pF|y— + 0y Fly—c % 0 G

ViccnepoBaTh BOSMOXHOCTL MPUMEHEHNS CPEACTB brubnmoTtekn

0b0bLEHHOMO MPOrpaMMUPOBaHUNST ZENEriCS-SOp B 3afade NOCTPOEHUS
3UNMNEPOB ANS aBTOMATM3ALMM NONYYEHNS TUMA KOHTEKCTA.
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MocTpoeHne 0606LwEHHOrO 3unnepa

BeegeHne anrebpanydeckux onepauuii Hag Tunamu

o CnoxeHnune N-aprlX CYMM ﬂpOM3B€,q€HVIﬁ — COOTBETCTBYET
KOHKaTEHaLUUN CMNCKOB N3 CNNCKOB TUMOB.

® VYmHoxeHue Tuna Ha N-apHyto cymmy npoussegeHnii —
nobaBreHve TMNA B HaYaio KaXX4oro BHYTPEHHEro Cnncka
CYyMMBbI.

® VYmHoxeHue N-apHoro npoussegeHusi Ha Cymmy
npon3BefeHni — KOHKAaTeHaLMsa CMUCKa TUMOB C KaXAbIM
BHYTPEHHUM CMUCKOM CYyMMBbl.

13/21



MocTpoeHne 0b6obwEHHOro 3unnepa

Beenerue anrebpauyecknx onepauuii Hag Tunamu (1)

Cnoxerne N-apHbIX cymM npon3BeaeHmii

type family (.++) (xs :: [[*]]1) (ys :: [[*11) :: [[*]]

type instance (x ': xs) .++ ys = x ': (xs .++ ys)
type instance '[] .+t ys = ys

type ExampleSum
= '[ '[Int, Booll]] .++ '[ '[Char, Bool, Int], '[Int]]
-- = '[ "[Int, Bool], '[Char, Bool, Int], '[Int]]
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MocTpoeHne 0b6obwEHHOro 3unnepa

Beenerue anrebpauyecknx onepauuii Hag Tunamu (2)

VMHoXeHne Trna Ha N-apHyto cymmy npousseseHuii

type family (.*) (x :: *) (ys :: [[*]]) :: [[*]]

type instance x .* (ys ': yss) = (x ': ys) ': (x .* yss)
type instance x .x '[] = '[]

type ExampleProd = Int .* '[ '[Int, Bool], '[Char]]
-- = '"[ "[Int, Int, Bool], '[Int, Charl]]

[pumep 2: yMHOXEHUNE HA eQUHULY
type ProdUnit = Char .*x '[ '[]1] -- = '[ '"[Char]]

[Npumep 3: yMHOXeHME Ha HONb
type ProdZero = Bool .* '[] -- = "'[]
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MocTpoeHne 0b6obwEHHOro 3unnepa

Beenerue anrebpauyecknx onepauuii Hag Tunamu (3)

VMHoxeHne N-apHoro nponsBefeHUst Ha CyMMY NpOU3BeAEeHNI
type family (.**) (x :: [*]) (ys :: [[*11) :: [[*]]

(x ': xs) .** yss = x .*x (Xs .** yss)
! k% ySS = ysSS

type ExamplePProd
= '[Int, Bool] .*x '[ '[Bool], '[Bool, Char]l]
-- = '[ "[Int, Bool, Bool], '[Int, Bool, Bool, Char]]

BeeaeHne npuopuTeTa onepauuii

infixr 6 .++
infixr 7 .*
infixr 7 %%
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MocTpoeHne 0b6obwEHHOro 3unnepa

I'Ionyqume TUMNa KOHTEKCTA

Oudbdeperumnposarune N-apHoro npovssegaeHus

type family DiffProd (a :: *) (xs :: [*]) :: [[*]] where
DiffProd a '[] = '[]
DiffProd a '[a] = '[ '[]]
DiffProd a '[x] = '[]
DiffProd a (x ': xs)
= xs .*x* DiffProd a '[x] .++ x .* DiffProd a xs

[eHepaumst Tvna KOHTEKCTA

type family ToContext (a :: *) (code :: [[*]]) :: [[*]]

type instance ToContext a (xs ': xss)
= DiffProd a xs .++ ToContext a xss
type instance ToContext a '[] = '[]
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[Mpumep paboTbi

Twun pepesa
data Tree = Leaf Int
| TNode Tree Tree Int Bool Tree
| BNode Bool Tree Tree
deriving GHC.Generic

instance Generic Tree

Oﬂpe,ﬂ,e}'IEHVle TnMNa O606L1_|,éHHOrO NPEACTABNIEHNA KOHTEKCTA
type RepTreeContext = NS (NP I) (ToContext Tree (Code Tree))

ABTOMATNYECKU FeHepUpYeEMbIi Kog,

type RepTreeContext = NS (NP I)
('[ '[Tree, Int, Bool, Tree]

' [Tree, Int, Bool, Tree]

, '[Tree, Tree, Int, Booll]

, '[Bool, Tree]

, '[Bool, Treel] 1)

>
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3akso4yeHne

PesynbTathl

PaspaboTtaH mMexaHn3M, nNo3BoAstOWMI aBTOMAaTM3NMPOBATL NPOLIECC
NoCTpoeHnsi 0DOBLLEHHOrO NPeaCcTaBAEHUSI KOHTEKCTA, OCHOBAHHBbIA Ha
CTPYKTYPHOM NpeAcTaBieHnn TUna B generics-sop:

type family ToContext (a :: *) (code :: [[*]]) :: [[*]]J

Ob60buEHHOE NpeAcTaBAEHNE KOHTEKCTA

type RepTreeContext = NS (NP I) (
'[ '[Tree, Int, Bool, Tree]
, '[Tree, Int, Bool, Tree]
, '[Tree, Tree, Int, Bool]
, '[Bool, Tree]
j)'[Bool, Tree]

type RepTreeContext'
= NS (NP I) (ToContext Tree (Code Tree))

RepTreeContext ~ RepTreeContext’ 19/21



3akso4yeHne

[MpogomkeHne paboTbl: OYHKLMN HABUTALMY

[lBr>xeHne BHU3 ansa gepesa

type TreeZipper = (Tree, [RepTreeContext])

goDown :: TreeZipper -> Maybe TreeZipper
goDown (Leaf _, _) = Nothing
goDown (t, cs) = Just (toFirst t, toCtxFirst t

cs)

Peannzauns 0bobwérHoii dpyHkummn toFirst

toFirst :: Generic a => a -> a
toFirst t = toFirstNS (Proxy :: Proxy a) (from t)
toFirstNS :: proxy a -> NS (NP I) xss -> a

toFirstNS p (S ns) = toFirstNS p ns
toFirstNS p (Z np) = toFirstNP p np

toFirstNP :: proxy a -> NP I xs -> a
toFirstNP p (I x :* xs)
toFirstNP _ Nil

error "impossible"

? -- Henbssa evleecmu mun x
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@ VicxoaHbiii kon goctynen B Git-penosutopun:
https://github.com/Maryann13/Zipper
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