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Expressions and Types

A = X (variable)
| ¢ (defined constant)
| Ax: A).e (abstraction)
| ee (application)
| letx: A=erine (let binding)
| struct {tr=e1;, ...; th =€n} (dependent record)
| et (projection from structure)
| kep...en (constructor expression)
| case e of { (case expression)

(K1 X11+4+ X1m,) = €1;

(Kn Xn1--- Xnmn) - €n}
Set
(x: A1) = Az[X]

ﬁ{fli Ar; O Aglta]; ... Eni Anlliy...sfn-1]}

where n,m; >0

(universe of small types)
(dependent function type)
(dependent record type)
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Definitions

def = ci(Xg: Ar) = (X2: A2[X1]) ... = (Xn: An[X1y..esXn=1]) = AlX15...,Xn]
CXp...Xpn=¢€ (constant definition)
| dataT = kg (x11: A11) ---(leli Alml)

| . (data-type definition)
T kn (s A« Cnmn © Anmn)
| postulate c: (x1: A1) = (X2: Ag[X1]) ... = (Xn: An[X1y.-0s Xn=1]) = AlX1,+e., Xn]
(postulated constants)

where nm >0
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-- Introduction rule for natural numbers
data Nat = zero | succ (n :: Nat)

-- Elimination rule for natural numbers
elimNat :: (P :: Nat -> Set)
-> P zero
-> ((m :: Nat) > Pm -> P (succ m))
-> (n :: Nat) ->Pn
elimNat P p_z p_s n
= case n of
(zero )-> p_z
(succ n’)-> p_s n’ (elimNat P p_z p_s n’)

-- Definition of addition for natural numbers
(+) :: Nat -> Nat -> Nat
m + n = elimNat (\x -> Nat) m (\n’ ih -> succ ih) n
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idata (==) (A :: Set) :: A -> A -> Set where
ref (x :: A) :: (==) x X

subst (A :: Set) :: (P :: A -> Set) > (x, y :: A)
> xX=y >Px >Py
subst P x y p q = case p of (ref x’)-> q
tranId (A :: Set) (x, y, z :: A)
1 X ==y >y ==2 ->X == Z
tranld p g = subst (\a -> x ==a) y z q p
symId (A :: Set) (X, y :: A) :: X ==y ->y ==X
symId p = subst (\a -> a == x) x y p (ref x)
mapId (A, B :: Set) (x, y :: A)
(f ::A->B) >x=y >fx=1fy
mapId f p = subst (\a > £f x == f a) x y p (ref (f x))
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lemma :: (m, n :: Nat) -> succm + n == succ (m + n)
lemma m n = ...
comm :: (m, n :: Nat) ->m+n==n +m
comm m n = elimNat (\X ->m + X == X + m)
(elimNat (\y -> y + zero == zero + y)
(ref zero)
(\m’ ih -> mapId succ ih)
m)
(\m’ ih -> tranId
(mapId succ ih)
(symId (lemma m’ m)))
n
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Higher-Order Abstract Syntax

goboobooooobooboooboboobooboon

data Val = VAbs (Val -> Val) -- AX.e
| VCon String [Val] -- kep ... €
| VStr [(String, Val)] -- struct{f1 =¢€1; ...;{, =€y}
| VType -- (any term of type Set)

apply (VAbs f) v = f v
select (VStr bs) x = fromJust(lookup x bs)

gooooo

AXX X
— VAbs (\x -> apply x x)
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class Monad (M : Set — Set) exports
(>=)(A: set) (B: Set): M A —» (A—> MB)—> MB
return (A: Set): A—»> M A

postulate 10 : Set — Set
postulate (| >=[) (A: Set) (B: Set): 10 A—» (A— 10 B) -» 10 B
postulate ret (A: g) :A->I0 A
instance IOMonad: Monad 10 where
(>=)=(1>=))
return = ret
postulate Unit : Set

postulate putStr: String — 10 Unit
postulate getLine: 10 String

main: 10 Unit
main = getLine >>= putStr
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data Val

-- (value of 10 )
-- (string literal)
-- (value of Unit)

| VIO (IO Vval)

| VString String
| VUnit
deIO0 (VIO m) =
deString (VString s) =
deUnit VUnit = 0O

|
©n =
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postulate D OO O OOO0OO

[postulate putStr: String — 10 Unit]

_ [ x-putStr = VAbs(\v->
- VIO(putStr(deString v) >> return VUnit))

[postulate getLine: 10 String]
=( x_getlLine = VIO(fmap VString getLine) )

[postulate (| >=[) (A: Set) (B: Set) : 10 A — (A = 10 B) - 10 B]

_ [ U>>=]) = VAbs(\a->VAbs (\b->VAbs (\m->VAbs (\f->
- VIO(deIO m >>= deIO . apply £)))))

[postulate ret (A: Set) : A — 10 A]
=( x_ret = VAbs(\a->VAbs(\v->VIO(return v))) )
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data Val = .
| VChar Char
| VList ([Vall)
deChar (VChar c) = c
deList (VList 1) =1

Tchar () = VChar c dchar (V) = deCharv

Ta—>b (f) = VAbs(\v->Tp (f(ia V))) dasp (V) = AX. b (apply \Y (Ta X)
T (1) = VList(fmap T. D) diag (V) = fmap |. (deList V)
T(IO a) (X) = VIO(fmap T. X) l(IO a) (V) = fmap |a. (deIO V)

T() (X) = VUnit .L() (V) = deUnitvVv

T[char]->I0 () PutStr =
VAbs (\v->VIO(putStr(deString v) >> return VUnit))
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GgHCOOOOOOOoOOODO
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fact8 | fact9 | fact 10 | fact 11
GHC (sec) | 0.047 | 0.199 | 1515 | 9.952
Agate (sec) | 0.063 | 0.408 | 3.430 | 29.746
ratio | 1.346 | 2.055 | 2.263 | 2.989

e O ODODLOD

ack38 | ack39 | ack310 | ack311
GHC (sec) 0.177 0.564 1.934 7.508
Agate (sec) 0.672 2.384 9.364 39.239
ratio 3.807 4,228 4.841 5.226
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0oobobobobob zipOd OO zipVecl

zipVec (A,B::Set)
(n::Nat)
-> Vec A n
-> Vec B n
-> Vec (A X B) n
zipVec n as bs
= case n of
(zero )-> unit
(succ n’)-> ((fst as, fst bs),
zipVec n’ (snd as) (snd bs))

>000000d
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Agda
http://agda.sourceforge.net/
Windows XP, MacOSX, Linuxx86 0 0 0D DO OO OO

Agate
http://staff.aist.go.jp/hiroyuki.ozaki/
O0000000GHCe40D OO0

00 OO0 ozaki@ni.aist.go.jp Agda 00 000—AgateD O O0O0O



	Agda
	概要
	コア言語
	Propositions as Types
	例題

	Agate
	概要
	構造
	パフォーマンス
	依存型プログラミング

	ダウンロード

