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Applicative

Applicative D EF D —HRH K

class Functor f => Applicative f where
pure :: a -> f a
(<¥>) :: £f (a->Db) >fa->fhb



Applicative

Applicative D EF D —EBH

class Functor f => Applicative f where
pure :: a > f a
(<¥>) :: £ (a >Db) >fa->fb

Applicative HIl:

-- Identity

pure id <x> v = v

—-— Homomorphism

pure f <*> pure x = pure (f x)

-- Interchange

u <*> pure y = pure ($ y) <*> u

-— Composition

pure (.) <#> u <¥> v <> w = u <> (v <> W)



H 95 —DD Applicative

liftA2 % fif - 7= Applicative DEF& DK
class Functor f => Applicative f where
pure :: a > f a
1liftA2 :: (a ->b >c) >fa->fb->1fc



H 95 —DD Applicative

liftA2 % fif - 7= Applicative DEF& DK
class Functor f => Applicative f where
pure :: a > f a
liftA2 :: (@ > b >c) >fa->fb->fc
Applicative HI| (liftA2 Ver.):
7T



Applicative Bl (LiftA2 Ver.) @ JEHFHZE

» Stack Overflow DFLEH [Stack Overflow: 290b176332]
> RHEXA L

» “What are the applicative functor laws in terms of pure
and liftA27"

> [iftA2 Ver. @ Applicative BIXFE#E L TH - 7225, 7LD
Applicative Bll ¥ [FE?Z & W S FERAD T E 22w or RY725
7214\"'
> [Abel, A. 2024] O preprint
> XA b
» Equivalence of Applicative Functors and Multifunctors
» [iftA2 Tl&7% < MultiFunctor
1liftAn :: (a1l -> a2 -> ... —-> a_n)
->fal >f a2 -> ... ->f a_n
TH> TWBDT, HIFC liftA2 BIRDSMEEHIS Z ¥ 23T
EXZ4N



% ZT. BT Applicative Hl| (LiftA2 Ver) Z{fo B 2 WWE L7 !



H 9 —DD Applicative
Applicative HI| (liftA2 Ver.):
-— Identity
1iftA2 id pure = id
—— Homomorphism
1iftA2 f (pure a) (pure b) = pure (f a b)
—— Homomorphism—Right
1iftA2 f u (pure b) = (\a > f a b) <$> u
-— LiftA2-Fmap-Composition-Left
1iftA2 £ (g <$> w) v = 1iftA2 (\a b > f (g a) b) uv
-— Compostition-Left
1liftA2 £ (liftA2 gu v) w
= 1iftA3 (\abd > f (gab) d uvw
-— Composition-Right
1iftA2 £ w (1iftA2 g u v)
= 1liftA3 (\c ab >fc (gab) wuv
where
1iftA3 :: (a >b >c >d) >fa->fb->fc->fd
1iftA3 f u v w = 1iftA2 id (1iftA2 f u v). w



TEMPE D RIERH D RME 72 5 B

(i) <> B liftA2 NZEH S 2 BA% ap-to-liftA2 & iE %
(ii) NiftA2 2 & <x>~ZH1F 5 BIEL liftA2-to-ap % EFE
(iii) liftA2-to-ap & ap-to-liftA2 DG EERRKIC R 5 Z &
% Applicative Law % fH U GERA
(iv) ap-to-liftA2 & liftA2-to-ap DA KB EHEREIC R 2 Z &
% (liftA2 Ver. ®)Applicative Law % fuEERH
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> Applicative(<*> Ver.) 2> & Applicative(liftA2 Ver.) ~DBIEL
ap-to-liftA2
ap-to-1liftA2 ::
(f (a->b) >fa->fb) —>
(a->b->c) >fa->fb->fc
ap-to-1iftA2 (<*>) f ml m2 =
(pure f <*> ml) <*> m2

» Applicative(liftA2 Ver.) 7> & Applicative(<*> Ver.) NDEI%EL
liftA2-to-ap
liftA2-to-ap ::
(a->b->¢c) >fa->fb->fc)—>
f (a->b) >fa->fb
liftA2-to—ap 1liftA2 f m =
1liftA2 id f m
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MyApplicative D & &

class Functor f => MyApplicative f where
pure :: a > f a
fpair :: f a -> f b -> f (a, b)



MyApplicative D & &

class Functor f => MyApplicative f where
pure :: a > f a
fpair :: f a -> f b -> f (a, b)
MyApplicative HIl
—— Homomorphism
f <$> pure a = pure (f a)
-— Homomorphism-Left
fpair (pure a) v = (\b -> (a, b)) <$> v
—-— Homomorphism—-Right
fpair u (pure b) = (\a -> (a, b)) <$> u
-- Associate
(\((a, b), c) -> (a, (b, c)) <$> (fpair (fpair u v) w)
= fpair u (fpair v w)
—-— FPair-Fmap
A\, y) > (£ x, £ y)) <$> (fpair u v)
= fpair (f <$> w) (g <$> v)



H\ DO Z RS A

» Applicative(<*> Ver.) 2> & MyApplicative(fpair Ver.) N\DZE
ap-to-fpair ::
(f (a->b) >fa->fb) —>
fa->fb->f (a, b)
ap-to—fpair <*> ml m2 =
(pure (\a => \b -> (a, b)) <*> ml) <x> m2
» MyApplicative(fpair Ver.) 2> & Applicative(<*> Ver.) NDZH
fpair-to-ap ::
(fa->fb->f (a, b)) —>
f(a->b) >fa->fb
fpair-to-ap fpair u ml =
(\r a -> r a) <$> (fpair u ml)
FLWIEHIZ B |
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H\ DO Z RS A

» Applicative(LiftA2 Ver.) 2> & MyApplicative(fpair Ver.) ~\®D
24
1ftA2-to—fpair ::
(a->b->¢c) >fa->fb->fc) —>
fa->fb->f (a, b)
liftA2-to-fpair 1iftA2 ml m2 =
1iftA2 (\a b -> (a, b)) ml m2
» MyApplicative(fpair Ver.) 2> & Applicative(LiftA2 Ver.) ~®D
ZEA
fpair-to-liftA2 ::
(fa->fb->f (a, b)) —>
(a->b->c¢c) >fa->fb->fc
fpair-to-1liftA2 fpair f ml m2 =
uncurry f <$> fpair ml m2
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