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data Shape = Rectangle Side Side
| Ellipse Radius Radius
| RtTriangle Side Side
| Polygon [Vertex]
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data Region = Shape Shape
—-- primitive shape
| Translate Vector Region
-- translated region
| Scale Vector Region
-— scaled region
| Complement Region
-- inverse of region
| Region 'Union' Region
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| Region ‘Intersect' Region
-- intersection of regions
-— empty region
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oneCircle = Shape (Ellipse 1 1)
manyCircles = [Translate (x, 0) oneCircle |
- [0, 2 1]
threeCircles = fold Union Empty
(take 3 manyCircles)
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data Picture = Region Color Region
| Picture 'Over' Picture
| EmptyPic
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drawPic @ Window -> Picture -> 10 ()
drawPic w (Region ¢ r) =
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drawPic w (pl 'Over' p2) =
do drawPic w p2; drawPic w pl
drawPic w EmptyPic = return()
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conCircles = map circle [2.4, 2.1..0.3]
circle r = Ellipse r r

coloredCircles = zip [Black, Blue, Green,
Cyan, Red, Magenta, Yellow, White]
conCircles
circle> 9& ElY Fe2 LS Ao

o} [24, 2.1. 03]-:;'_ F Y J2EE 03 (=
21 - 24) Y Aol whEolA=
U4 [24, 21, 1.8, 15, ..., 03], & A Fo]
2490 A 55 0.321 87H9] 1S 9v g} zip
S zip = [a]l -> [b] -> [(a, b)]EA,
coloredCirles= [(Black 2.4), (Blue, 2.1),
(White, 0.3)]¢] ¥t} 7k e WA E ‘r
S Ve AL 9t

(2) segeunce_

UA doE o] &3l
Bt dlE &Y do A
ol folAFE olefiFon RIS &
MAow gt PEFEol oA o]
FAFEE 71% S 8h sequence.  ¥F7F 3
t}. sequence_ = YEYE B AE
o] YJAEE ¢go= ”‘01-*1 IES =AY
oy dEete] Ak Ve Sk
b ool A sequence_ = actionListel Sl
T EFYEES T

2[0al->10 ()
[putStr "Hello World\n”,
writeFile "test” "Hello”,
putStr "file written.”]
sequence_ actionlList
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drawShapes :: Window -> [(Color, Shape)]

-> 10 ()
drawShapes w css
= sequence_ (map aux css)
aux (c, s) = draw w (withColor ¢
(ShapeToGraphic s))

drawShapesi= €159} 213} Shape®] ¥
F JHE Foi3 QIFE WolA o5 3}
Wol| &3l 7]eg ) gl Hogd 4
%  coloredCircles& drawShapesell 2] &l 4]
3o ZZEEl drawShapesol A & 7l 9
‘Shdpe—- shHo| A7) A& draw ¢

(olm] Aelgh)7F @93k, (map aux css)v
A3} Shape® &
ga]7)7] 91k AR ES
sequence_3= ©] ol
Hrl o] o] (YEHY %9]) HHNES =
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(3) fold
g7t HEESle] H g5 75 S e
224 oA =ol%E map Eﬂzc"l fold7}
t}. map¥} fold:e= 2 71A =
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fold 2 (a ->b ->b) ->b ->[al > b
fold op init [ ] = init



fold op init (xixs) = op x (fold op init xs)

fold op init (x1 : x2: ... :xn:[]
==> op x1 (op x2 ( ... (op xn nit) ..))

e Aeol® & fold= oA &
e Al liste] 3709 RleE Wt of ]’\1
init Z} el wekA] Gt CdE B

A2l (x + init = x)7F ¥& init
2 00]H, (x * init = x)7} ¥ init2 19]
tl. & gdtr1ek wskr] Egeel oig inite
Zbzy 03} 1otk 919 o8 =¥ ES HHE
| ez 967 9138 manyCircles &
Gl 4] AF-&% 3= Union®l 4] (x ‘Union' init
= x)7} ¥+ init& Emptye]th.

2
>
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fold (+) 0 [1, 2, 3]
=1+ @2+@3+0)=6

fold (+) 1 [1, 2, 3]
=1+@2*@*1) =6
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ol g3ttt = 1&o 201A 307 Aweo]
#<e (frame)s PFAFFOZHN IS ‘A%
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Animation> 55 A aol tisA A4 gk
° % ¥ Timeel vt} Wsh= A a= A9
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type Animation a = Time -> a
type Time = Float

4714 at B WEEA el )
89 vlole] eiglow Az Hr

revolvingBall :: Animation Region
revolvingBall t =
let ball = Shape (Ellipse 0.2 0.2)
in Translate (sin t, cos t) ball

o) L FEHW B

0.2 inch ¢! B9 (5, 0.2 inch ¥4 &9 €)
S #3i (sin t, cos t)oll YA ZITE A7F ¢t

o) WAFO B

7F Aol el (sin t, cos t)¢] a2 (0,
1ol Al AlESFe] x 32 " S7kskat y @
& o vlEsle] ZAEA ol (1, 02 ¥
g2 Hok = (0, 1), (1, 0, (0, -1), (-1, 0),
0, D& W&o FHstes d&5S A
Zh=
4.2. ofool€

el A7lE F efydel A 3= ey
o] S 21 doly ks whEA Rk o] &yt

o ofyuo] o] o] FojA A= =t} ©
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&4 animated}i= §57F Aol ¥l

animate @ String —-> Animation Graphic
-> 10 ()

animatev= A% (String)®  Animation
Graphic EF91e] dolHE svlow Zg
th 9kA] 270¥l Shapes, Region, Pictures}
&) Graphic E}g}e] $lel wtEolx F d
©]E]+=  Animation Shape®  Animation
Region E}YS zta emeg ol& 77

Animation Graphic HElZ WH A #AoF k),
Graphic 3t 3o Q75+ AAE AR
55 9 9t

picToGraphic @ Picture -> Graphic +
Picture del2 A% dl¢e]eE Graphicl
2 WEA7= golth. Picture @ H €]
planets @ Animation Picture o]z} o um
o]2 animate €49 picToGraphicS ©]
g3t thg el stde ¥ & 9l
animate "Animated Picture” (picToGraphic
. planets)

animate title anim
= runGraphics $$
do w <- openWindowEx title
(Just (0,0)) (Just (xWin,yWin))
drawBufferedGraphic (Just 30)
t0 <- timeGetTime
let loop =
do t <- timeGetTime
let ft = intToFloat
(word32ToInt (t-t0)) / 1000
setGraphic w (anim ft)
getWindowTick w
loop
loop

(1) openWindowEx - Fo]#]= dle]Eel u}
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(2) drawBufferedGraphic - 594 t]~=Z ¢
ol 14 e JyEE A F AE gx
glo] sfoF glc} o 7]o) = exclusive-or ¥+
A]—%b’]—-\: W M E AFSSHeE WY
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(3) getWindowTick :: Window -> 10 ( )
- 9kA displayE 30 millisecond wvit} 28l
712 stoerme =gl Al AlAe )&
el el “tick”S 30o2 AHolxEl Aolr} o]
S shdel f2aEde] &2 &S v
tickutth YA 7|= 98-S drt
(4) timeGetTime = I0 Word32 - &t=¢] o
Al z=glol] Q)= AlAlCl 9B A] FolA = AIZE
< Ho =0

(5) setGraphic @ Window -> Graphic ->

I0 () - 3tdel]l 2" gy o|v|A&
set A7l 9eks jir) o] ¢ A g
Hol J¢l & HolHE floji NEF o

WA e FHET.
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newtype Behavior a = Beh (Time -> a)

A4 Aolsl animateE ©]&3t7] 9%
AE| o]~ 4 animateB7} v ol
A oldt

animateB :: String -> Behavior Picture
-> 10 0
animateB s (Beh pf)
= animate s (picToGraphic . pf)

g Tl as Ul (T a)o.2 W3k

715 AL “lifting”olgk gtk ok of ¥ g

‘T‘“E—% Behavior® liftdl= Zlo] = &3}

Lifting ¢H4=¢] A4=9] & (arity)el ule}
S o] HoJg & drh

lift0 :: a -> Behavior a

lift0 x = Beh (\t -> x)

liftl = (@ -> b) -

(Behavior a -> Behavior b)

liftl f (Beh a) = Beh (\t —> f (a t))

lift2 = (a -> b -> ¢) -> (Behavior a
-> Behavior b -> Behavior c¢)

lift2 g (Beh a) (Beh b) = Beh (\t -> g
(at) (bt)

FrASE Wl o g2 37 1 o] Ake] 9l
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Ao gloemg  ol5e zhzh lift2e} lift3el]
oaA liftd 4 Atk ol lift FFES o) &
3to] Num, Fractional, Floating =& 2=l tof
¢t Behavior 1 =B1 25 Aeojd 4 Qi)

instance Num a => Num (Behavior a)
where
(+) = 1ft2 (+)

(%) = lift2 (%)
negate = liftl negate
abs = liftl abs

Floatingel AelH o 345 T3 vl

I 322 overloading S ©|-83F] lifte ol

instance Floating a
=> Floating (Behavior a) where
pi = lift0 pi

saqrt = liftl sqrt
exp = liftl exp
log = liftl log
sin = liftl sin
cos = liftl cos

Lifting> overel disiAe: H&d & 9]
t}h. o714, over?lel empty @57t 2N
= ol o8] <A Pictureol A Empty =
Aol o] Zrl. Combineol th 34
oe] FHe AdxwlxEo] Aogd F vk

class Combine a where
empty = a
over i+ a->a->a

instance Combine Picture where
empty = EmptyPic
over = Over

instance Combine a
=> Combine (Behavior a) where
empty = lift0 empty
over = lift2 over

overMany+i= ©]1¥] Behavior Picture &%

&l gt

overMany :: Combine a => [a] -> a
overMany = foldr over empty
]_. 3"_01 \_g).uj,r} H_H}?]-}J]OF' @-li]—o]

AA HslEHA d¥orw fFol= gt
saebv]E 28l ¢4 flashingBall
Behavior Picture ©] Fo1#& w, ¢]71& 8
Mel Fiepu 7l gulolw A g o= e
2 BAA7E AS overManyE o] 8319
HA A F U
revolvingBalls :: Behavior Picture
revolvingBalls

= overMany [timeTrans (lift0 (t#pi/4) +
time) flashingBall | t <- [0..7]]
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