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sum :: [Int] — Int ZVALDIZEDIE
sum|[] =0 consDi5E NIEZ.
ve) — headD{E&. tailllZxfLT

sum (x:xs) = B E BRI RS

X + sum Xs oy
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ength :: [a] — Int fo[X]—=Y

ength [] = 1 f[]=n

ength (x:xs) = f (x:xs) = ¢ x (f xs)

1 + length xs
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f[] = sum = foldr (+) 0
f (x:xs) = c x (f xs) length =

foldr (A _n—n)0
%B%I%é&tbf %'“3' XS ++ yS =

foldr :: (a—b—b) — b foldr (:) ys xs
—[a]—Db map f = foldr
foldrcn[]=n (Axxs—fx:xs)]]

foldr c n (x:xs) =
c X (foldr c n xs)
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foldrc n (XCDOMHE—D D HERFEY
foldr :: (a—b—b) — b — ([a]—Db)

foldrcn[]=n

foldrc n (x : xs) = c x (foldr ¢ n xs)
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AR DT —2E iterz{E>=FEZHI:
data Nat = Zero plus :: Nat—Nat—Nat
Succ Nat plus n = iter n Succ
= A A A FHDORI%L mult :: Nat—Nat—Nat
mult n =

iter :: a—(a—a)

iter Zero (plus n)

— (Nat—a) s
iter zs Zero =z NatD DT
iter z s (Succ n) = (Nat, Zero, Succ) &
s (iter z s n) (X, Z::X, S::Xx—X) DHT
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The Evolution of a Haskell Programmer

http://www.willamette.edu/~fruehr/haskell/
evolution.htm|

Categorical Programming [ZE8{& 9 5ED

Beginning graduate Haskell programmer
Origamist Haskell programmer
Cartesianally-inclined Haskell programmer
Ph.D. Haskell programmer

Post-doc Haskell programmer




Beginning graduate Haskell programmer

(graduate education tends to liberate one from petty concerns about,
e.qg., the efficiency of hardware-based integers)

-- Nat, plus, mult W& -- two versions of

factorial
-~ primitive recursion fac' :: Nat — Nat
primrec :: a — (Nat — a fac’ = primrec one (mult .
— a) — Nat — a Succ)

primreczs Zero Z

primrec zs (Succn) =  (2€ro :one : two
s n (primrec z s n) three : four : five : )=

iterate Succ Zero
mmﬁﬂ@
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primreczs Zero =z

primrec z s (Succ n) =s n (primrec z s n)

fac' = primrec one (mult . Succ)
CNOTARGICFEEICIEH>TS?

fac’ Zero = primrec one (mult . Succ) Zero = one

fac’ (Succ n)

= primrec one (mult . Succ) (Succ n)

(mult . Succ) n (primrec one (mult . Succ) n)
(mult . Succ) n (fac’ n) = mult (Succ n) (fac’ n)
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primrec
primrec ;. a — (Nat > a —a) — Nat — a
primreczs Zero =2z
primrec z s (Succ n) =s n (primrec z s n)

E(LiterTRIFTES

primrec’z s = snd .
iter (Zero, z) (A (a,b) — (Succ a, s a b))
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Origamist Haskell programmer
Cartesianally-inclined Haskell programmer
') ARIZB89 % Hylomorphism
Ph.D. Haskell programmer
Polytypic 7& Hylomorphism
Post-doc Haskell programmer
Polytypic 7% Paramosphirm, Zygomorphism
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CPL (Categorical Programming Language)
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#2332 (terminal object)

23 (terminal object) 1

right object 1 with !
end object;

RV 912017 % Bamlly] J¥ix
FEOEREMNDEMMN-—DFET ST
XD DI~NDOHE—DRE#Z | - X—1 &K




B AN

left object nat with pris
zero: 1 -> nat
succ: nat -> nat

end object;

EEDEX L z:
1—X, s : X=X [ZxF
L.
UTZiml=d
pr(z,s) : nat—X H\HE
— D
pr(z,s) .zero=z
pr(z,s).succ=s.
pr(z, s)
ENEDEFTHZ
R EATET
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right object prod(a,b) with
pair is
pil: prod -> a
pi2: prod -> b
end object;

-- B
right object exp(a,b) with
Curry is
ev: prod(exp,a) -> b
end object;

-- BA

left object nat with pr is
zero: 1 -> nat
succ: nat -> nat

end object;

-- B0 (Either)

left object coprod(a,b) with
case is

In1: a -> coprod
In2: b -> coprod
end object;
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