


-2^31, …, -2, -1, 0, 1, 2, …, 2^31-1  ::  Int

2+3 5

2*3 6

2^3 8

div 7 2 3

mod 7 2 1

Some operations:



Ⅴ

1.5, 0.425, 3.14159… :: Float

2.5 + 1.5 4.0

3 - 1.2 1.8

1.4142^2 1.99996

1 / 3 0.333333

sin (pi/4) 0.707107

Some operations:



•

^
* / div mod
+ -

–
•  3 ^ 4 * 5
• 3 * 7 + 4.1
• square 3 * 4

 
 5-4-3
 5^4^3
 5+4+3



•
(+) :: Int  Int  Int
(+) x y = x + y

•  
(x⊕) y = x ⊕ y
(⊕x) y = y ⊕ x

(*2): 
  (1/):
  (/2): 2
  (+1):



•
True
– (==9) . (2+) . (7*)

•
– (*) x = (*x)
– (+) x = (x+)
– (-) x = (-x)



ゝ sqrt

•

sqrt

x
sqrt x >=0 abs((sqrt x)^2-x) <= ε



ゝ sqrt (cont)
• Newton

Y(n) x
y(n+1) = (y(n) + x / y(n)) / 2

y(n+1) y(n)

ゝ

y(0) = 2
y(1) = (2+2/2)/2 = 1.5
y(2) = (1.5+2/1.5)/2 = 1.4167
y(3) = (1.4167+2/1.4167)/2 = 1.4142157
…

improve

satisfy



ゝ sqrt (cont)

•

sqrt x = until (satisfy x) (improve x) x

y(0)

y(n)  y(n+1)

abs(y^2-x)<eps

┷



improve
• y

         improve :: Float  Float  Float

         improve x y = (y + x/y) / 2

improve :: Float  (Float  Float)

         (improve x) y = (y + x/y) / 2



satisfy 

•

satisfy x y = abs (y^2 – x) < eps

Q: 



until

• p ┷ f

until p f x | p x = x

               | otherwise = until p f (f x)

until



sqrt.hs

sqrt1 x = until (satisfy x) (improve x) x
 where

      improve x y = (y + x/y) / 2
      satisfy x y = abs (y^2 – x) < eps
      eps = 0.0001



 p.24,  2.1.7



Newton よ

• f(x) = 0

   y
     y – f(y) / f’(y)



newton f x = until satis improve x
          where satis y = abs(f y) < eps
                     improve y = y – (f y / deriv f y)
               deriv f x = (f(x+dx) – f x) / dx
                     dx = 0.00001
                     eps = 0.0001

       sqrt x = newton f x
             where f y = y^2-x



 Bool
                    True, False  Bool

• E.g.  even :: Int  Bool
•

==    1==1
/= True /= False
<
>
<=
>=

•
&&
||
not 



• 4 100
400

leap y = y `mod` 4 == 0     &&
  (y `mod` 100 /= 0 || y `mod` 400 == 0)

     

leap y | y `mod` 100 == 0   = y `mod` 400 == 0
         | otherwise                 = y `mod` 4 == 0



analysis a b c
  | a+b<=c     = 0 -- み

  | a==b && b==c     = 1 -- み

  | a/=c && (a==b || b==c)                = 2 -- ㎰ み

  | a<b && b<c                  = 3 -- み

a
b

c

a<=b<=c



               ‘a’  ‘7’  ‘ ‘ :: Char

•
– ord :: Char  Int
– chr :: Int  Char

ord ‘b’   98
       chr 98    ‘b’
       chr (ord ‘b’ + 1)    ‘c’



•
isDigit x = ‘0’ <= x && x <= ‘9’

•
capitalise x
  | isLower x = chr (offset + ord x)
  | otherwise   = x
 where offset = ord ‘A’ – ord ‘a’



“a”  “hello”  String

•
“hello” > “hallo”
“Jo” < “Joanna”

•
– show :: a  String

show 100  “100”
show True  “True”
show (show 100)  “”100””

–  ++
“hello” ++ “ “ ++ “world”  “hello world”



• (T1,T2,…,Tn)
– (17.3,’+’) :: (Float,Char)
– (3,6) :: (Int,Int)

•
– (“s”,4) < (“s”,5)

•
– fst (x,y) = x
– snd (x,y) = y



1

•

a x^2 + b x + c = 0                    (a,b,c)

let d = b^2 – 4ac.
If d >=0 then                             (r1,r2)
    r1 = (-b + sqrt d) / 2a
    r2 = (-b – sqrt d) / 2a



roots :: (Float,Float,Float)  (Float,Float)
roots (a,b,c) | d>=0  = (r1,r2)
   where
         r1 = (-b+r) / (2*a)
         r2 = (-b-r) / (2*a)
         r  = sqrt d
         d  = b^2 - 4*a*c



•
x/y  (x,y)

•
– ぞ (18,16)    (9,8)
–
–
–



ぞ

|)||,gcd(|
||

|)||,gcd(|
||

)*(

yx
y

yx
x

yxsign
y

x
=



norm (x,y)
       | y /= 0  =  (s * (u `div` d), v `div` d)
  where u = abs x
        v = abs y
        d = gcd u v
             s = sign (x*y)

sign x | x>0  = 1
         | x==0 = 0
         | x<0  = -1

|)||,gcd(|
||

|)||,gcd(|
||

)*(

yx
y

yx
x

yxsign
y

x
=



radd (x,y) (u,v) = norm (x*v+u*y,y*v)
rsub (x,y) (u,v) = norm (x*v-u*y,y*v)
rmul (x,y) (u,v) = norm (x*u,y*v)
rdiv (x,y) (u,v) = norm (x*v,y*u)



compare' op (x,y) (u,v) = op (x*v) (y*u)

requals  = compare' (==)
rless    = compare' (<)
rgreater = compare' (>)



showrat (x,y)
= if v==1 then show u

        else show u ++ "/" ++ show v
  where (u,v) = norm (x,y)



•

–
cond True x y = x
cond False x y = y

cond p x y | p == True   = x
                | p == False   = y



– ↓

pred 0 = 0
pred (n+1) = n

count 0 = 0
count 1 = 1
count (n+2) = 2



•

–
•
•

–
–

㈻



•  .
(.) :: (bc)(ab)(ac)
(f . g) x = f (g x)

•
(f . g) . h = f . (g . h)



• Ⅴ

⊗ ⊕ ♣ ♦ ♥ ♠

–   
2 + 3    (+) 2 3   (2+) 3   (+3) 2

–   
div 5 3  5 `div` 3



•
– ∀x,y :: A. f x = f y  x=y

•
– ∀y in B, ∃x in A. f x = y

•
– f  (f x) = x
–   f x = (sign x, abs x)
        f   (s,a) = s*a



•
– f ⊥ = ⊥
– square (1/0) = ⊥

•
–  three x = 3
          > three (1/0)
          3



Ⅴ

• ┞
 2 + three x = 5



•

cond p x y | p             = x
                 | otherwise = y
recip x = cond (x==0) 0 (1/x)

    recip 0 = ⊥
   recip 0 = 0



f x1 x2 … xn フ

• フ

– フ
X1,x2,…,xn フ f フ

• フ

– フ
f フ



• み み

 move
move :: FloatFloat(Float,Float) (Float,Float)
move d a (x,y) = (x+d*cos a,y+d*sin a)

type Position = (Float,Float)
type Angle = Float
type Distance = Float

move :: DistanceAnglePositionPosition

a
d

(x,y)



• ぞ
         f x :: t

∃t’. x :: t’, f :: t’t

• ┞ ぞ
x::t, x::t’

     t=t’

• ぞ
tu = t’u’

    t=t’, u=u’



 (.) f g x = f (g x)

f :: t1

g :: t2

x :: t3

f (g x) :: t4

(.) ::t1t2t3t4

g x :: t5

f :: t5t4

ぞ

x :: t6

g :: t6t5

ぞ

t1 = t5t4

t2 = t6t5

t3 = t6

┞ ぞ

(.) :: (t5t4)(t6t5)t6t4



f x y = fst x + fst y

fst :: (a,b)a

(+) :: IntIntInt

x :: t1

y :: t2

fst1 x + fst2 y :: t3

f :: t1t2t3

fst2 y :: t4

(+) (fst1 x) :: t4t3

y :: t5

fst2 :: t5t3

fst1 x :: t6

(+) :: t6t4t3

x :: t7

fst1 :: t7t6

┞ ぞ ぞ  …

f :: (Int,u1)  (Int,u2)  Int



fix f = f (fix f)

f :: t1

f (fix f) :: t2

fix :: t1t2

fix f :: t3

f :: t3 t2

f :: t4

fix :: t4t3

t1 = t3t2 = t4

t1 = t4

t2 = t3

fix :: (t2t2)t2



selfapply f = f f

f :: t1

f f : t2

Selfapply :: t1 t2

f :: t3

f :: t3t2

t3 = t3  t2

t3 よ


