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ATy 72 BEOBERD, HEZERICHOBREEDD.
BE7O077 L0145 —7 11— (AEH) £KT.

middleNumber :: Int — Int — Int — Int

BERRIER -
o B FDEAREEH (eg., Int LOLKSEHERE
o BEOBE S 7> max, min, ...
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EDESBREEDNHBNIECDHEZR T DN EEZRBNS, [

Bz <.
middleNumber x y z
| between x y z = x
| between y x z = y
| otherwise = z
_|_

mhn & p DFEEDRFIC True 7RI B
between m n p Z5t9 3.
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EREEH x ENSWVEelcHLT
sqrt x > 0 A |(sqrt x)? — x)| < e.

Zmfcd sqrt B EED fz L.
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BB ZRD, HEZHELTCODBERZEDS.
sqrt :: Float — Float — Float
A x  INEWHe FER

BRRBER
o Float EDEA¥ | e.g., square, abs
o BIFDEEE  Newton ’&
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5hHE.
oy, & x DEARDIAMEE TS &
Ynt1 = (Yo +x/yn)/2
IEKD ypi1 i E y, EDBHKIVIEBUETH B.
o il : 2 DFEAIRDETH :

Yo = 2
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oy, & x DEARDIAMEE TS &

Yn+1 = (Yn + X/yn)/2
IEKD ypi1 i E y, EDBHKIVIEBUETH B.
ol : 2 DIFEARDEHE :
2
(2+2/2)/2

Yo
1

1.5
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oy, & x DEARDIAMEE TS &

Ynt1 = (Yn + X/yn)/2

ICE B ynr 1 yn DB EVIELUETH B,
ol : 2 DIFEARDEHE :

Yo = 2
no= (2+2/2)/2 — 15
yo = (15+2/15)/2 = 1.4167
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Ynt1 = (Yn + X/yn)/2

ICE B ynr 1 yn DB EVIELUETH B,
ol : 2 DIFEARDEHE :

Yo = 2

no= (2+2/2)/2 — 15

yo = (15+2/15)/2 = 1.4167
y3 = (14167 +2/1.4167)/2 = 1.4142157
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ol : 2 DIFEARDEHE :

Yo = 2
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sqrt x € = until satisfy improve x

22T, /I\ERED., until. satisfy & imrpove ZXD K S ICHEL

until 2 (a—Bool)—»(a—a)—a—a
until p f x = if p x then x else until p f (f x)
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Bl : FAIBDETE

EMEEZBREGEEICOE L TEL,

sqrt x € = until satisfy improve x

22T, /I\ERED., until. satisfy & imrpove ZXD K S ICHEL

until 2 (a—Bool)—»(a—a)—a—a

until p f x = if p x then x else until p f (f x)
satisfy y = abs(square y — x) <€
improve y = (y +x/y)/2
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BRO7O9 72 A

sqrt ;. Float — Float — Float
sqrt x € = until satisfy improve x
where

satisfy y = abs(square y — x) < €
improve y = (y + x/y)/2
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@ 308,000 = three hundred and eight thousand

@ 369,027=- three hundred and sixty-nine thousand and
twenty-seven
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hundred and one
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® n < 100 DEFZEXIRIC
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units = ["one"," two"," three",” four”," five",
" SI'XH , " Seven” , " eight” , ” nine”]
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YA KNCKBEHEDORR

units

teens

"one"," two"," three” " four" " five"

'six"'," seven” " eight" " nine"

["ten”," eleven"," twelve" " thirteen" " fourteen” " fifteen”
"sixteen" " seventeen" " eighteen” " nineteen’ |
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YA KNCKBEHEDORR

units = ["one"," two three”,”four”,”f/ve,

six"," seven" " eight” ," nine"

teens = ['ten",”eleven” " twelve”," thirteen"," fourteen" " fifteen”
"sixteen" " seventeen" " eighteen” " nineteen’ |

tens = ["twenty”," thirty” " forty”," fifty"

s" sixty” " seventy” " eighty” ," ninety” |
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0<n< 100 DFE

convert?2 o Int — String
convert2 n = combine2 (digits2 n)
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0<n< 100 DFE

convert?2 o Int — String

convert2 n = combine2 (digits2 n)
digits2 2 Int — (Int, Int)

digits2 n = (n'div' 10,n ‘mod" 10)

A IRT E#%70O7 5 LADKRE



pt =

0<n< 100 DFE

convert?2

convert2 n

digits2
digits2 n

combine2
combine2
combine2
combine2
combine2

—~ N~

O,u+1)
1,u)
t+2,0)
t+2,u+1)

A IRT

Int — String
combine2 (digits2 n)

Int — (Int, Int)
(n ‘div' 10, n ‘mod" 10)

(Int, Int) — String

units 'l u
teens !l u
tens !l t
tens !l t ++" —" - units ! u
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convert3 = Int — String
convert3 n = combine3 (digits3 n)
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0 < n< 1000 DZE

convert3 = Int — String

convert3 n = combine3 (digits3 n)
digits3 . Int — (Int, Int)

digits3 n = (n'div' 100, n ‘mod' 100)
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0 < n< 1000 DZE

convert3
convert3 n

digits3
digits3 n

combine3 (0,t + 1)
combine3 (h+1,0)
combine3 (h+1,t+1)

= Int — String
= combine3 (digits3 n)

0 Int — (Int, Int)
= (n'div' 100, n ‘mod' 100)

= convert2 (t+1)

= units !l h++" hundred"

= units !l h 44" hundred and " ++
convert2 (t + 1)
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convert6 o Int — String
convert6 n = combineb (digits6 n)
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0 < n < 1000, 000 DIZH

convert6 o Int — String

convert6 n = combineb (digits6 n)
digits6 0 Int — (Int, Int)

digits6 n = (n'div' 1000, n ‘mod" 1000)
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0 < n < 1000, 000 DIZH

convert6
converté n

digits6
digits6 n

combineb

combine6 (0, h+ 1)
combine6 (m + 1,0)
combine6 (m—+1,h+1)

A IRT

Int — String
combine6 (digits6 n)

Int — (Int, Int)
(n ‘div' 1000, n ‘mod" 1000)

(Int, Int) — String

convert3 (h+1)

convert3 (m + 1) ++ " thousand"

convert3 (m + 1) ++ " thousand” ++
link (h+ 1) ++ convert3 (h+ 1)
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0 < n < 1000, 000 DIZH

convert6 o Int — String
convert6 n = combineb (digits6 n)
digits6 0 Int — (Int, Int)
digits6 n = (n 'div' 1000, n ‘mod' 1000)
combineb 2 (Int,Int) — String
combine6 (0, h+ 1) = convert3 (h+1)
combine6 (m + 1,0) = convert3 (m+ 1) + " thousand"
combine6 (m+1,h+1) = convert3 (m+ 1) ++" thousand” ++
link (h+ 1) ++ convert3 (h+ 1)
where
link h | h <100 = " and"
| otherwise = ""
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Convert> convert6 308000
"three hundred and eight thousand"
(985 reductions, 1350 cells)

Convert> convert6 369027

"three hundred and sixty-nine thousand and twenty-seven"
(1837 reductions, 2547 cells)

Convert> convert6 369401

"three hundred and sixty-nine thousand four hundred and one
(1851 reductions, 2548 cells)
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Reference

@ Simon Thompson, Haskell: The Craft of Functional
Programming (Second Edition), Addison-Wesley, ISBN
0-201-34275-8, 1999.

Chapter 4: Designing and Writing Programs.

o HRIE :215,41,5.1
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