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Tenpl at e Haskel |

# Funkce sGitgjici dany poCet argument(
{-# LANGUAGE Tenpl at eHaskel | #-}
i mport Language. Haskel | . TH

sel i n = do

a <- newNane "a"

lanE [if i’==i then varP a else wildP | i’<-[1..n]] (varE a)
Potom$(sel 2 5)je\_a 0 __ _ ->a0:: t—>t1->t2->t3->t4->t1
data Nanme

nkName :: String —> Nane

newNanme :: String -> Q Name
nameBase :: Name —> String
nanmeModul e :: Name -> Maybe String
' funkce vréti Nane od funkce ve scope

"typ  vrdti Nane od typu ve scope

Pomoci $( néco typu ExpQ sevlozi vyraz do kédu

type ExpQ = Q Exp; data Exp = VarE Nane | ConE Name | LitE Lit | AppE Exp Exp |
I nfi xE (Maybe Exp) Exp (Maybe Exp) | LanE [Pat] Exp | TupE [Exp] |
CondE Exp Exp Exp | LetE [Dec] Exp | CaseE Exp [ Match] | E[Stnm] |
|

ConpE [Stnt] | ArithSeqE Range | ListE [Exp] | SigE Exp Type
RecConE Nane [Fi el dExp] | RecUpdE Exp [ Fi el dExp]

Patterny jsou typu Pat Q

type PatQ = Q Pat; data Pat = LitP Lit | VarP Nane | TupP [Pat] |
ConP Nanme [Pat] | InfixP Pat Nanme Pat | TildeP Pat | BangP Pat |
AsP Nanme Pat | WIdP | RecP Nane [FieldPat] | ListP [Pat] |
SigP Pat Type | ViewP Exp Pat

Typ[| ... |] JeExpQ
sum 1 id

= [
sumn = [| \x => $(sum (n-1)) . (+ x) |]
V ghci je:t $(sum 3) typu(Numa) => a -> a —> a —> a.:t sumje(Numt) =>t -> ExpQ

Vghci$ vrati-} $(stringE . pprint =<< sum 3)
\x_0->(\x_1->GHC. Base.id GHC. Base.. (GHC. Num + x_1)) GHC. Base.. (GHC. Num + x_0)

# Druhy pokus
sumn = do
Xs <— replicateM n (newNanme "x")
| anE (map varP xs) $ foldr (\x sum->[]| $(varE x) + $sum|]) [|O]] xs
Vghci $ vrati-} $(stringE . pprint =<< sum 3)
\x 0 x 1 x 2 ->x0GHC Num+ (x_ 1 GHC. Num+ (x_3 GHC. Num + 0))

# Funkce map nai-tou polozku n—tice
tmap i n = do
as <- replicateMn (newNane "a")
[| \f —> $(lanE [tupP (map varP as)] $
tupE [ if i==i" then [| f $a |]
el se a
| (a,i’) <- map varE as ‘zip' [1..] 1)]|]

# Typovany pri nt f
printf str = printf’ str [| [] |]
wher e

printf’ [] a = a

printf’ ("%:'s :ss) a =[] \s —=> $(printf’ ss [| $a ++ s |1) 1]
printf’ ("%:'d :ss) a =[] \d -=> $(printf’ ss [| $a ++ (showd) []) |]
printf’ (c:ss) a =printf’ ss [| $a ++ [c] |]

Kodprintf "Ahoj % %" seexpandujena
\d 0 —>\s_ 1 —>
(((((((CGHC. Types.[] GHC.Base.++ ['A']) GHC. Base.++ ['h']) GHC. Base.++ ['0'])
GHC. Base.++ [']j']) GHC Base.++ [’ ']) GHC Base.++ GHC. Show. show d_0)
GHC. Base. ++ [’ ']) CGHC Base.++ s_1
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ankE vars code
[ =return([] (I [111)
(79 :8s) = do var <- newNane "s"
(vars, code) <- printf’ ss
return (varP var:vars,[|$(varE var) ++ $code|])
printf’ ("%:'d :ss) = do v <- newNane "d"
(vs, code) <— printf’ ss
return(varP v:vs,[|show $(varE v) ++ $code|])
-—— return(sigP (varP v) [t|Int|]:vs,[]|show $(varE v) ++ $code|])
printf’ (c:ss) = do (vars, code) <—- printf’ ss
return (vars, [| ¢ : $code |])

printf str = do (vars, code) <— printf’ str
I
]

where printf’
printf

Kédprintf "Ahoj % %" seexpandujena

\d 0 s 1 ->"a GHC Types.: ('h’" GHC Types.: (’0 GHC Types.: (’j' GHC Types.:
(" ' GHC Types.: (GHC. Show.show d_0 GHC. Base. ++ (' ' GHC. Types.:
(s_1 CGHC. Base. ++ GHC. Types.[1)))))))

[t] ... |] vytv&i TypeQ

[d] ... |] wvytvafi DecQ

& Zkoumani datovych typd pomoci r ei f y
reify :: Name —> Q Info
data Info = Cassl Dec [Oasslnstance] | CassOpl Nane Type Nane Fixity |
TyConl Dec | PrinTyConl Nanme Int Bool | DataConl Nane Type Nanme Fixity |
Varl Nane Type (Maybe Dec) Fixity | TyVarl Name Type
reify '’ Maybe = TyConl (DataD [] Data. Maybe. Maybe [Pl ai nTV a]
[ Nor mal C Dat a. Maybe. Not hing [],
Nor mal C Dat a. Maybe. Just [(NotStrict,VarT a)]] [])

reify "foldr = Varl GHC Base.foldr (Forall T [PlainTV a,PlainTV b] [] (AppT (AppT
ArrowTl (AppT (AppT Arrowl (VarT a)) (AppT (AppT ArrowTl (VarT b)) (VarT b)))) (A
ppT (AppT Arrowl (VarT b)) (AppT (AppT Arrowl (AppT ListT (VarT a))) (VarT b))))
) Nothing (Fixity 9 InfixL)

# Automatické generovani instanci

cl ass Json a where
toJson :: a —> String
fromlson :: ReadS a

i nstance Json Int where ...

i nstance Json String where ...

get RecFi el ds (TyConl (DataD [RecC _ fields] 1)) =
[nane | (name, _, ) <- fields]

toJsonT typ = do
typdesc <- reify typ
let fields = getRecFields typdesc
[| \a —> intercalate "," $(listE[ [|$(stringE $ naneBase f) ++ ":" ++ toJson
($(varE f) a)|] | f <= fields]) |]

data A=A{ a:: Int, b:: String, ¢ :: String } deriving (Typeable, Data)
i nstance Json A where toJson = $(toJsonT ''A)

Jiny pristup ke generickénu progranovani

data Conpany = C [ Dept] data Salary = S Fl oat

data Dept = D Nanme Manager [ SubUnit] type Manager = Enpl oyee

data SubUnit = PU Enpl oyee | DU Dept type Nane = String

data Enpl oyee = E Person Sal ary type Address = String

data Person = P Name Address

i ncrease :: Float —-> Conpany —-> Conpany incU :: Float -> SubUnit -> SubUnit

increase k (Cds) = C (map (incD k) ds) incUk (PUe) = PU (incE k e)
incU k (DU d) = DU (incD k d)

incD :: Float -> Dept —-> Dept
incD k (D nmngr us) = inck :: Float -> Enpl oyee —> Enpl oyee
D nm(incE k mgr) (map (incU k) us) incEk (Eps) =Ep (incS k s)
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incS :: Float —> Salary -> Sal ary —-—"Tohl e je jediny zajimvy kod
incSk (Ss) =S (s * (1+k))

i ncrease :: Float —-> Conpany —-> Conpany
increase k = everywhere (nkT (incS k))

nkT :: (Typeable a, Typeable b) => (b -> b) -> a -> a
nkT f = case cast f of Just g > g
Nothing -> id

cl ass Typeable a => Data a where

gnmapT :: (forall b. Data b => b -> b) -> a -> a

gmapQ :: (forall b. Data b =>Db ->r) ->a -> [r]
i nstance Data Conpany where

gnmapT f (C depts) = C (f depts)

gmapQ f (C depts) = [f depts]
nst ance Data Dept where
gmapT f (D nane man subs)
gmapQ f (D name man subs)
nstance Data SubUnit where
gmapT f (PU enp) = PU (f enp)
gmapT f (DU dept) = DU (f dept)
gmapQ f (PU enp) = [f enp]
gmapQ f (DU dept) = [f dept]
nst ance Data Enpl oyee where

gmapT f (E per sal) = E (f per) (f sal)
gmapQ f (E per sal) = [f per, f sal]
nst ance Data Person where

gmapT f p = p

gmapQ f p =[]
nstance Data Sal ary where

gmapT f s s

gmapQ f s = []

D nanme (f man) (f subs)
[f man, f subs]

>
(7]
—
Q
>
(@)
(9]

§=fx:fxs
§=[fx,fxs]

Aplikuj transformaci vSude, odspoda nahoru
everywhere :: Data a => (forall b. Data b =>b ->b) ->a -> a
everywhere f x = f (gmapT (everywhere f) x)

Aplikuj transformaci vSude, odshora dolu
everywhereR :: Data a => (forall b. Data b =>b ->b) ->a -> a
everywhereR f x = gmapT (everywhereR f) (f x)

% Jiny pfiklad
flatten :: Nane -> Conpany —> Conpany
flatten d = everywhere (nkT (flatD d))

flatD :: Name->Dept —>Dept
flatDd (Dn mus) = Dn m(concat Map unw ap us)
wher e
unwap (DU (Dd mus)) | d ==d =PUm: us
unwap u = [u]

# Dotazy: kolik utratime za platy?
total Sal ary :: Conpany -> Fl oat
total Sal ary = everything (+) (0 ‘nkQ getSalary)

getSalary :: Salary —-> Fl oat
getSalary (S s) = s

nkQ :: (Typeable a, Typeable b) =>r -> (b->r) ->a —>r
nkQr q a = case cast a of Just b -=> g b
Nothing —> r
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everything :: Data a => (r -=>r ->r) —-> (forall a. Dataa =>a ->r) ->a —->r
everything k f x = foldl k (f x) (gmapQ (everything k f) x)

type GenericT = forall a. Terma => a -> a
everywhere :: CenericT —> GenericT

type GenericQr = forall a. Terma =>a ->r
everything :: (r =>r ->7r) —> CerericQr —> CerericQr

gmapM :: Monad m=> (forall b. Termb => b ->mb) ->a -> ma

gfoldl :: (forall ab. Terma =>w(a ->b) ->a -> wb)-—>
(forall g. g > wg) ->
a->wa
gmapT f (Ep s) = E (f p) (f s)
gmapQf (Eps) =f p: (f s: [])
gnmapMf (Eps) =do{ p <-f p; s <= f s; return (Ep s’) }
gfoldl k z (Eps) =(z E k" p) "k' s
gmapT f = gfoldl k id where k ¢ x = ¢ (f Xx)
newtype ID x = 1ID {unlD :: x}
gmapT f x = unID (gfoldl k ID x) where k (IDc) x = 1D (c (f x))

gmapM f = gfoldl k return where k ¢ x = do ¢’ <- ¢
X' <=f X
return (¢’ x’)
gmapQ f = gfoldl k (const id) [] where k ¢c x rs =c¢c (f x : rs)
newmtype Qr a = Q (unQ:: [r]->[r])
gmapQ f x = unQ (gfoldl k (const (Qid)) x) [] where k (Qc) x = Q(\rs —> ¢ (f
X 1 rs))

& |nspekee typl
cl ass Typeable a => Data a where

dat aTypeOf :: a —> DataType

toConstr :: a —> Constr

gunfold :: (forall br. Data b =c¢ (b ->r) ->cr) —>
(forall r. r =>cr) —>
Constr —> c a

dat aTypeNane :: DataType —> String

dat aTypeConstrs :: DataType —> [Constr]
maxConstrl ndex :: DataType —> Conl ndex

i ndexConstr :: DataType —-> Conlndex —-> Constr
type Conlndex = Int —— Starts at 1

constrType :: Constr -> DataType
showConstr :: Constr —> String

constrindex :: Constr —-> Conl ndex
constrFixity :: Constr -> Fixity
constrFields :: Constr —> [String]
data Fixity = ... —— Details onitted
gshow :: Data a => a —> String
gshowt = "(" ++ showConstr (toConstr t)
++ intercalate " " (gmapQ gshowt) ++ ")"
toJsonG :: Data a => a —> String
toJsonG a | Just i <- cast a :: Maybe Int = show i
toJsonG a | Just s <- cast a :: Maybe String = show s
toJsonG a | maxConstrlndex (dataTypeO a) == =
intercalate "," [field ++ ":" ++ value | field <- constrFields $ toConstr a

| value <- gmapQ toJsonG a ]




