


– [1..]  [1,2,3,4,5,…]
– take n [1..]  [1..n]
– [m..] !! n   m+n
– map factorial [0..]  scan (*) 1 [1..]
– [x^2 | x <- [1..], odd x]  [1,9,25,…]
– [[m^n | m <-[1..]] | n<-[2..]]
     [[1,4,9,16,…],
         [1,8,27,64,…],…]



• f^n 
power f 0 = id

  power f (n+1) = f . power f n
• iterate

  iterate f x = [x, f x, f^2 x, …]
  iterate f x = x : iterate f (f x)
  

iterate (+1) 1 = [1,2,3,4,…]
iterate (*2) 1 = [1,2,4,8,…]
[m..] = iterate (+1) m
[m..n] = takewhile (<=n) (iterate (+1) m)



•
digits 2718  [2,7,1,8]

digits = reverse .                [2,7,1,8]
            map (mod 10) .      [8,1,7,2]
            takeWhile (/=0) .    [2718,271,27,2]
            iterate (div 10) [2718,271,27,2,0,…]



• n
group 2 [1,2,3,4,5,6]  [[1,2],[3,4],[5,6]]

group n = map (take n) .
               takeWhile (/=[]) .
               iterate (drop n)



Unfold:

group n = map (take n) .
               takeWhile (/=[]) .
               iterate (drop n)

unfold h p t = map h . takeWhile p . iterate t
group n = unfold (take n) (/=[]) (drop n)

head (unfold h p t x) = h x

tail (unfold h p t x) = unfold h p t (t x)

(/=[]) (unfold h p t x) = p x

Unfold ㈻



Eratosthenes
,3,…

さ p
p



primes = map head (iterate sieve [2..])

  sieve (p:xs) = [x | x<-xs, x `mod` p /= 0]

2  3  4  5  6  7  8  9  10  11  12  13  14  15 …

    3     5      7      9        11       13        15 …

           5      7               11       13             …



• limit)
–
– π = 3.14159265358979323846…

3
3.1
3.14
3.141
3.1415

   …



•
–
– 1..]

⊥
1 : ⊥
1 : 2 : ⊥
1 : 2 : 3 : ⊥

  …
– ⊥

x1 : x2 : … : xn : ⊥



•
         xs1, xs2, xs3 , …
  xs 
• f ゝ (computable function)

•
 xs1, f xs2, f xs3, …

   f xs 



• map (*2) [1..] ゝ

map (*2) ⊥ = ⊥
map (*2) (1 : ⊥) = 2 : ⊥
map (*2) (1 : 2 : ⊥) = 2 : 4 : ⊥

   …
                 [2,4,6,8,10,…]



• filter even [1..] ゝ

filter even ⊥ = ⊥
filter even (1: ⊥) = ⊥
filter even (1:2:⊥) = 2: ⊥

   filter even (1:2:3: ⊥) = 2: ⊥
filter even (1:2:3:4: ⊥) = 2:4: ⊥
…

 [2,4,6,…]



• filter (<10) (map (*2) [1..]
 2:4:6:8: ⊥

– Why?

• takeWhile (<10) (map (*2) [1..])
 2:4:6:8:[]

– Why?



xs p(xs)

• p(⊥)
• p(xs)  p(x:xs)



xs ++ ys = xs (xs:

ッ
– ⊥

 ⊥++ys = ⊥     OK                <++.0>

– x:xs
(x:xs) ++ ys = x : (xs++ys)      <++.2>

                     = x : xs                 <



take

• ッ

   iterate f x = x : map f (iterate f x)

• take
xs == ys

            
         ↓ n

    take n xs == take n ys
         



iterate f (f x) = map f (iterate f x)

take n (iterate f (f x))
     = take n (map f (iterate f x)
- 0 take 0 xs = []   
- n+1

take (n+1) (iterate f (f x))
  = take (n+1) (f x : iterate f (f (f x))))        <iterate.1>
  = f x : take n (iterate f (f (f x)))               <take.3>
  = f x : take n (map f (iterate f (f x)))        <
  = take (n+1) (f x : map f (iterate f (f x)))
  = take (n+1) (map f (x : iterate f (f x)))   <map.2>
  = take (n+1) (map f (iterate f x))            <iterate.1>



nats = [0..]

nats = 0 : map (1+) nats
take n nats = [0..n-1] ッ

take (n+1) nats
  = take (n+1) (0 : map (1+) nats)
  = 0 : take n (map (1+) nats))
  = 0 : map (1+) (take n nats)   -- さッ
  = 0 : map (1+) [0..n-1]
  = 0 : [1..n]
  = [0..n]



  

ones = 1 : ones 1 : 

more = “More ” ++ addmore
  where andmore = “and more” ++ andmore



forever

ゝ

forever x = [x,x,…]
•

forever x = x : forever x
•

forever x = xs
          where xs = x : xs



iterative 
iterate1 f x = x : map f (iterate1 f x)
iterate2 f x = zs

          where zs = x : map f zs

n ゝ

iterate1: O(n^2)
   iterate2: O(n) Why?



Hamming

スゝ

1. 々

2.
3.  x  2*x,

3*x, 5*x
4.



hamming = 1 : merge3
                          (map (2*) hamming)
                          (map (3*) hamming)
                          (map (5*) hamming)

merge3 x y z = merge (x (merge y z))

merge (x:xs) (y:ys) | x==y = x : merge xs ys
   | x<y   = x : merge xs (y:ys)

| y<x   = y : merge (x:xs) ys    


