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double (2 + 2)

double 4
4+4
= 8
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[1, 2, 3, 4, 5] :: [Int]
["Imadegawa", "Oike", "Sanjo"] :: [String]
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0000000000000 00000000000000000000000
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? [ x+x | x <-[1..10], odd x]

[2, 6, 10, 14, 18]

(138 reductions, 195 cells)

?L0 & ) x<-1[1, 2, 3], vy <- [4, 5]]
[(1,4, (1,5, 2,4, 2,5, (3,4, (3,5]
(107 reductions, 246 cells)
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{x+xxe{l,...,10}, x: odd}

{(xy)Ixe{1,2,3},y € {4,5))
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0000000000000 00000D0O (syntacticsugar) DO 00000
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even, odd :: Int -> Bool
even x = (x ‘rem‘ 2) == 0
odd x = (x ‘rem‘ 2) /=0
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head :: [a] -> a
head (x:xs) =X

tail 1t [al —> [a]
tail (x:xs) = XS

null :: [a] -> Bool
null [] = True

null (x:xs) = False

O0000mll0OO000000000 consO nilODOO0O00OO0O0O0O0O0OOOO
U000 headd tailOO00O0O00O00O0O0O0O0OO0OOOODOOCOCOOO
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length
length []
length (x:xs)

map
map f []
map f (x:xs)

zip

zip (a:as) (b:bs)
zip _ _
filter

filter _ []
filter p (x:xs)

append
append [] ys
append (x:xs) ys

concat
concat []
concat (xs:xss)

[a] -> Int
0
1 + (length xs)

(a => b) > [a] -> [b]
[]
(f x) : (map f xs)

[al] -> [b] -> [(a,b)]
(a, b) : (zip as bs)
[]

: (a -> Bool) -> [a] -> [a]

[]
if p x then x : (filter p xs) else filter p xs

[a]l] -> [a] -> [a]
ys
x : (append xs ys)

[fal]l -> [al

=1

append xs (concat xss)

gboooboobobooogoooboobboooogaoboboboobbdgooad
00000 000000000000 O00Oo0 (wildecard)yDOOOOOOOOO
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? map double [1, 2, 3]

(2, 4, 6]

(17 reductions, 45 cells)

? length [1, 2, 3]

3

(12 reductions, 23 cells)
? zip [1, 2, 3] [4, 5, 6]

(1,4, (2,5, (3,6)]

(19 reductions, 84 cells)
? filter odd [1, 2, 3]

[1, 3]

(24 reductions, 46 cells)

gboboooboooooboboooodoodd -=>b) > [al -> [blODOC -> b) -> ([a]l -> [b])
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? append [1, 2, 3] [4, 5]

[1, 2, 3, 4, 5]

(15 reductions, 58 cells)

? concat [[1, 4, 7], [2, 5, 8], [3, 6, 9]]
[1, 4, 7, 2, 5, 8, 3, 6, 9]

(36 reductions, 125 cells)
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take :: Int -> [a] -> [a]

take 0 _ =[]

take _ [] =[]

take n (x:xs) = x : (take (n-1) xs)

takeWhile :: (a -> Bool) -> [a] -> [a]

takeWhile p [] = []

takeWhile p (x:xs) = if p x then x : (takeWhile p xs)
else []

iterate :: (a > a) > a -> [a]

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

take DO 0OOD0OO00O0 nODDODOOOO0OOOtakewhileO OOODOODOODO
O00000000000000000%0iterate000000000000
oooooooobo

? [1..10]

[1, 2, 3, 4, 5, 6, 7, 8, 9, 10]

(77 reductions, 155 cells)

? take 5 [1..10]

[1, 2, 3, 4, 5]

(44 reductions, 96 cells)

? takeWhile (/=0) [1, 2, 3, 4, 0, 5, 6, 7, 8]
[1, 2, 3, 4]

(34 reductions, 80 cells)

? take 10 (iterate double 1)

[1, 2, 4, 8, 16, 32, 64, 128, 256, 512]
(60 reductions, 155 cells)
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nats = from 1
where from n = n : from (n+l1)
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take 3 nats — take 3 (1l:from (1+1)) — 1:(take 2 (from (1+1))) —
1:(take 2 (2:from (2+1))) —» 1:2:(take 1 (from (2+1))) —» --- >
1:2:3:(take ® (from (3+1))) — 1:2:3:[]1 (=[1, 2, 3])

gbgoougooaoobobboooobooobooboab
[x"2 | x<-[1..],x"2<10] 0000000020 ¥*OOODODOO)

?[x"2 ] x<-[1..], x72 < 10]
[1, 4, 9{Interrupted!}

(61217 reductions, 118082 cells, 1 garbage collection)
?
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04000 2000 1000000000 0ODOOOOOOOODOOOODODO
000000000000 0000 (filter (<18) (map ("2) [1..D)OODO
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? filter (<10) (map (°2) [1..1)
[1, 4, 9{Interrupted!}

(38030 reductions, 64905 cells, 1 garbage collection)
? takelWhile (<10) (map ("2) [1..])

[1, 4, 9]

(84 reductions, 162 cells)

?
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primes = map head (iterate sieve [2..])
sieve (p:xs) =[x | x <- xs, x ‘mod‘ p /= 0]
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? take 20 primes

[2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59,

61, 67, 71]

(1592 reductions, 2572 cells)

? takelWhile (< 1000) primes

[2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61,
67, 71, 73, 79, 83, 89, 97, 101, 1603, 107, 109, 113, 127, 131, 137,
139, 149, 151, 157, 163, 167, 173, 179, 181, 191, 193, 197, 199, 211,
223, 227, 229, 233, 239, 241, 251, 257, 263, 269, 271, 277, 281, 283,
293, 307, 311, 313, 317, 331, 337, 347, 349, 353, 359, 367, 373, 379,
383, 389, 397, 401, 409, 419, 421, 431, 433, 439, 443, 449, 457, 461,
463, 467, 479, 487, 491, 499, 503, 509, 521, 523, 541, 547, 557, 563,
569, 571, 577, 587, 593, 599, 601, 607, 613, 617, 619, 631, 641, 643,
647, 653, 659, 661, 673, 677, 683, 691, 701, 709, 719, 727, 733, 739,
743, 751, 757, 761, 769, 773, 787, 797, 809, 811, 821, 823, 827, 829,
839, 853, 857, 859, 863, 877, 881, 883, 887, 907, 911, 919, 929, 937,
941, 947, 953, 967, 971, 977, 983, 991, 997]

(83278 reductions, 132044 cells, 1 garbage collection)
?
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safe p n = all not [ check (i,j) (m,n) | (i,j) <- zip [1..]1 p ]
where m = 1 + length p

check (i,3j) (m,n) = j==n || (i+j==m+n) || (i-j==m-n)

gooag

all :: (a -> Bool) -> [a] -> Bool

all p [] = True

all p (x:xs) = if p x then all p xs else False
oooooo o

? safe [1, 3] 5

True

(53 reductions, 114 cells)
? safe [1, 3] 2

False
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(45 reductions, 107 cells)
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queens 0 = [[]]
queens m = [ append p [n] | p<-queens (m-1), n<-[1..8], safe p n ]
ooad

? queens 1

[ri11, 21, (31, [41, [51, [61, [71, [8]1]

(172 reductions, 387 cells)

? queens 2

rray, 31, [1, 41, 1, 51, [1, 61, [1, 71, [1, 81, [2, 41, [2, 5],
(2, el1, 12, 71, (2, 81, [3, 11, [3, 51, [3, 61, [3, 71, [3, &1,
(4, 11, [4, 21, [4, 61, [4, 7], [4, 8], [5, 11, [5, 21, [5, 31,
(5, 71, [5, 81, [e, 11, [e6, 21, [6, 31, [6, 41, [6, 81, [7, 11,
tz, 21, (7, 31, [7, 41, [7, 51, [8, 11, [8, 21, [8, 31, [8, 41,
(8, 51, [8, 6]]

(2683 reductions, 5767 cells)

U0O000000000 head (queens 8) U0 UOOOOODOOOODOOOOOO

? head (queens 8)
[11 5’ 8’ 6’ 3! 7! 2’ 4]
(65105 reductions, 127798 cells, 1 garbage collection)
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? queens 7

[ry, 3, 5,7, 2, 4, 61, [1, 3, 5, 8, 2, 4, 6], [1, 3, 8, 6, 4, 2, 5],
ad

[8, 6, 1, 3, 5, 7, 4], [8, 6, 4, 1, 7, 5, 31, [8, 6, 4, 2, 7, 5, 3]1]
(999888 reductions, 1975221 cells, 21 garbage collections)
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? queens 8

rcy, s, 8, 6, 3, 7, 2, 41, [1, 6, 8, 3, 7, 4, 2, 5],

ad

, [8, 3,1, 6, 2,5, 7, 4], [8, 4, 1, 3, 6, 2, 7, 511
(1230216 reductions, 2416480 cells, 25 garbage collections)
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(OOO0OOstring00[Char] D000 O0)000O00O0O0OOOODOO
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