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Function Declaration and Definition

1 T
iIncrement :: Int -> Int

function name arg type return type

Int increment ( Int )

increment X =x+1

Int arg Int return

Increment 2
3::Int
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Function Examples

4 | L]
andl :: Bool -> Bool -> Bool
function name argl type arg2 type return type

Bool and1 ( Bool, Bool )

| I |
andl ab=ifa== then a
else False

Bool argl, arg2 Bool return
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Several Function Definitions

1 | 1 1
andl :: Bool -> Bool -> Bool
andl True True|= True Rule (I
andl X y — Fa|Se Rule (1)
1 | | 1
andl :: Bool -> Bool -> Bool
andl True True|l= True Rule (1
andl ~ |=False Rule (Il

wild character
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Where Statement — Local Definition

(] 1
roots :: (Float, Float, Float) -> (Float, Float)
Input tuple Output tuple
roots (a, b,c) | =[(x1,x2) | where

xl=e+sqrtd/(2*a)
X2 =e-sqgrtd/ (2*a)
d = b*b — 4*a*c
e=-Db/(2%)
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Function Call Results

01, p2 :: (Float, Float, Float) Variable declaration
01 = (10, 2.0, 10) pl assignment
02 = (10, 1.0, 10) p2 assignment

? roots pl (-1.0,-1.0) :: (Float, Float)
(94 reductions, 159 cells)

? roots p2

( Program error: {primSqrtFloat (-3.0)}
(61 reductions,183 cells)
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If-then-else Statement

roots :: (Float, Float, Float)

(Float, Float)

Input tuple

Output tuple

roots (a,b,c) = do

ifd<O
then error “sorry”
else (x1, x2)

where
Xx1l=e+sqrtd/(2*a)
X2=e—-sqrtd/ (2*a)
d = b*b — 4*a*c
e=-Db/(2*a)

00000000000
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Simple List Functions

map Data.ChartoUpper "Hello World"

~— A

"HELLO WORLD" the same number of list elements

filter Data.CharisLower "Hello World"

A

fewer number of list elements

"elloorld"
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Simple List Functions — foldr function

foldr (-) 1 [4,8,5]
0

(4 (8 (9)

foldr (-) 1 [4,8,5]

4 - (foldr (-) 1 [8,5])

4 - (8 - foldr (-) 1 [5])
-(8-(5-foldr (-) 11]))
-(8-(5-1))

(8-4)

4

4
4
4
4
0
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Simple List Functions — foldl function

o0 01185 SR

(((4) 8) 5)

foldl (-) 1 [4,8,5]

(foldl (-) 1[4,8]) - 5

((foldl (-) 1 [4]) - 8) = 5 gggﬁg gg gg
(1-4)-8)-5 (((4) 8) 5)
((-3)-8)-5

-11-5

-16
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Simple List Functions — zip and unzip functions

zip  [1,2,3][10,20,30]

I |
/
/
/
/
/
/

[(1,10),(2,20),(3 ,YBO)]

(I1, 2, 31,[10,20,30])

/
/
/
/
/ /

/

unzip  [(1.10).(2.20).(3.30)]
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Simple List Functions — zip and unzip functions

zip "hello" [1,2,3,4,5]
[(h',1),(e’,2),(T,3),(1,4),('0',5)]

unzip [('n",1),('e",2),('l',3),('''4),('0",5)]
("hello", [1,2,3,4,5])
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Simple List Functions — zipWith function

zipWith f [1, 2, 3] [10,20,30]
S N

N\

4
f3 30]

y v
[f110, f2 20,

zipWith (%) [1, 2, 3] [10,20,30]

(*) 110, (%) 220, (*) 3 30]
1%10, 2*20, 3*30]
10, 40, 90]
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Simple List Functions — myZipWith function

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

myZipWith [] =[]

myZipWith [] =[]

myZipWith f  (a:as) (b:bs) = (fab):myZipWith f as bs
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The n-th element in a list

nthListEl L 1 = head L
nthListEl L n = nthListEl (tail L) (n-1)

*Main> nthListE1 [1, 2, 3] 3

’?Main> nthListEl [1, 2, 3] 2

3Main> nthListE1 [1, 2, 3] 1

}Main> nthListEl [1, 2, 3,4, 5, 6] 5
’zl\élain> nthListE1 [11, 22, 33, 44, 55, 66] 5
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Recursion - factorial

fact0 =1
fact n = n * fact (n-1)

6 * fact(5)
5 * fact(4)
4 * fact(3)
3 * fact(2)
2 * fact(1)
1 * fact(0)
1*1
2*1
3*2*1
4*3*2*1
5%4*3*2*1
6*5*4*3*2*1
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Construct

1 | 1 1
() = a -> [a > [q]
Any type List of any type  List of any type

[1, 2, 3]
1:2:3: [] takes an element and combines it with the rest of the list
1:(2:@3:[])

cons 1 (cons 2 (cons 3 Nil)))

L

[ ] .. [a] the empty list takes zero arguments
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Functions using the list constructor

sumList :: [Int] -> Int
sumList[] =0

sumList (x:xs) = x + sumList xs

NthListEl' (L, Ls) 1 =L
NthListEl (L, Ls) n = NthListEl' Ls (n-1)
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Map Function using the list constructor

map: (a -> b) -=> [a] ->[b]
Function List of  List of
param: a type atype Dbtype

return: b type

map f ] =]
mapf (x:xs) =fx:mapfxs

code :: String -> [Int]

code x = map ord X

code “Hugs”
[72, 117, 103, 115)
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Function as an argument (1)

Function f
param. a type List of List of
return: b type a type b type

map: (@ -> b) -> [a] -> [D]

map f [] = []
map f (X:XS) = fx:mapfxs
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Function as an argument (2)

myfilter :: (a -> Bool) -> [a] -> [a]
myfilter f [ ] = []
myfilter f (x:xs) = iff xthen [x: myfilter f xs “

else |myfilter f xs
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Solving a list of quadratic equations

roots :: (Float, Float, Float) -> (Float, Float)
roots (a,b,c) = if d < 0 then error "sorry" else (x1, x2)
where xl1l=e+sqrtd/(2*a)
X2=e-sqrtd/(2*a)
d=b*b-4*a*c
=-b/(2*a)

real .. (Float, Float, Float) -> Bool
real (a,b,c) = (b*b - 4*a*c) >=0

pl=(1.0,2.0,1.0) :: (Float, Float, Float)
p2 =(1.0,1.0,1.0) :: (Float, Float, Float)
ps = [p1,p2]

newPs = filter real ps

rootsOfPs = map roots newPs
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Tuple Functions

fst::(a, b)->a

snd::(a,b)->Db

curry s ((a,b)->c)->a->b->c

uncurry :: (@a->b->c)->(a,b)->c

swap :: (a, b) -> (b, a)
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Gauss Area Formula

n—1 n—1
A= %‘ E TiYiv1 + Tal — E Lig1lYi — T1Yn

i=1 i=1

1
= §|3’ly2 + @oys + -+ Tp1Yn + Taln — Ty — T3Y2 — 7 — TpYn-1 — T1Yn|

y
1 (5,11)
A=§|3x11+5x8+12x5+9x6+5x4 11
10
—4x5—-11x12—-8x9—-5x5—6 x 3 ol
60 °r
=— =30 7+
2 6L
5_
a4+
sk (3.4) P4
2_
1_
| | | | | | | | | | | | X
1 2 3 4 5 6 7 8 9 1011 12
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Shoelace Area Formula

n—1 n—1
A= %‘ Z TiYir1 + Tuly — E Liv1¥i — T1Un

i=1 i=1

1
= E|$1y2 + Zays + -+ Tpo1Yn + Tl — Tayy — T3Pz — 0 — TplYn—1 — T1Yn)|
Shoelace Area Formula Another Form
X y X y ;
1\ ' 1/ ' 2A:Z(Xi_xi+1)(.yi+yi+1)
Xz\Y2 Xz/J’2 =1
n
X Yy X Yy _
1 3\ . . ,3/ : — (Xiyi_xi+1yi+1_Xi+1yi+xi.yi+1)
- . i=1
2
Xn \yn Xn/.yn
X4 Y1 X4 Y1
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Shoelace Area Formula

y
/N
12 P2
(5,11)
11+ 1
10 P3 ; 1+1 + y1+1)
N (12,8)
8 T Z; XY= X Vit = Xt Y1+ X Yia)
7+ i=
6_
- Z Xiyi+1 i+1y1')
5F (5,6) i=1
Al P1 ps (9,5)
3L (3.4) P4
2 L
1L (X, + Xy, + -+ x,y,)
T T T L Ny —(X2y2+"'+Xnyn+X1y1)
1 2 3 4 5 6 7 8 9 1011 12f
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Simple Verification of Gauss Area Formula

y (XZ_Xl)y2 (X3_X2)Y2 y (X1_X5)Y1 (Xs_x4)Y4 (X4_X3)}’4 y
1ok P2 1ok p2 19k P2
(5,11) (5,11) (5.11)
11 11+ 11+
1or P3 0 P3 101 x\\\\\“x\\ P3
El (12,8) 9 (12,8) 9 (12,8)
8r s ' 8+ T 8 T .
7+ 7+ 7
61 61 6
sk (5.6) sk (5.6) sk />~/
Al P1 ps5 (9,5) al P1 p5 (9,5) AL P1 p5 (9,5)
sk (3.8) P4 sk (3.4) P4 3 (3,4) P4
2+ 2+ 2+
s P P A —| — | — A
1 1 | | 1 | | 1 | 1 X 1 | | | | | 1 | | X | 1 1 | | 1 | 1 | | 1 1
123456 7 8 9 1011 12 123456 7 8 9 1011 12 123456 7 8 9 1011 12
y y y
19k p2 12k P2 19k p2
(5,11) (5,11) (5,11)
11 11F 11
or P3 101 P3 1or P3
9 (12,8) 9r- (12,8) 9 (12,8)
8_ T B_ T 8_ T
7+ 7 7+
6 6 6
5 (5.6) 5F (5.6) 5 Z;/ﬁim
al P1 p5 (9,5) al P1 p5 (9,5) al P1 | p5 (9,5)
sk (3.4) P4 sk (3.4) P4 sk (3.4) P4
2+ 2+ 2+
1 1 | | 1 | | 1 | 1 X | 1 Il | i i X 1 1 | | 1 1 | | 1 | | |
1 ( ) 7 ( ) 2 ( ) ( ) ( ) 123456 7 8 9 1011 12
Xo=X1) V1 X37X5) Y3 X17X5)Ys (Xs7=Xy)Ys (Xy4—X3) Y3
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Making Lists

p = [(100.0,100.0),(100.0,200.0),(200.0,200.0),(200.0,100.0)] :: [(Float,Float)]

p=[(x1,vyl), (x2,y2), (X3, y3), (x4, y4) ] :: [ (Float, Float) ]

listl — [x1, x2, x3, x4] listl = map fst p

list2 — [x2, x3, x4, x1] list2 = tail listl ++ [head list1]

list3 — [yl,y2,y3, y4] list3 = map snd p

list4 - [y2, y3, y4, y1] list4 = tail list3 ++ [head list3]
pS

1
A=— Z (Xi - Xi+1>(yi + yi+1>
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Calculating area

listl - [x1, x2, x3, x4] zipWith (=) listl list2 — [x1-x2, x2—x3, x3—x4, x4—x1]
list2 — [x2, X3, x4, x1]
list3 - [y1,y2, y3, y4] zipWith (+) list3 listd — [yl+y2, y2+y3, y3+y4, y4+yl]

listd - [y2, y3, y4, y1]

[(X1-x2)(y1+y2),
(x2—x3)(y2+y3),
(x3—x4)(y3+y4),
(x4—x1)(y4+y1)]

zipWith (*)
zipWith (=) listl list2 =
ZipWith (+) list3 list4

foldl (+) O
ZipWith (*)
zipWith () listL listz > 2« (%1 = Xt (yi+ Y
zipWith (+) list3 list4

=

~

n

1
5 (Xi - Xi+1><y1‘ + yi+1>

i=1
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Area function

area .. [(Float,Float)] -> Float

area[] = error "not a polygon"

area [x] = error "points do not have an area"
area [x,y] = error "lines do not have an area"

area ps = abs ((foldl (+) 0.0 parts) / 2) where

parts = zipWith (*) (zipWith (-) I1 12) (zipWith (+) I3 14)

|1 = map fst ps

12 =tail 11 ++ [head I1]
13 = map snd ps

14 = tail I3 ++ [head I3]

Haskell Overview I
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listl — [x1, X2, x3, x4]
list2 - [x2, X3, x4, x1]
list3 — [y1, y2, y3, y4]
list4 - [y2, y3, y4, y1]
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