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LT, #7GEE applet
ED#EHI7EE L GameApplet

’Applet myApplet = new GameApplet () ;

EEDOEIMZEE (X GameApplet
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® BOESHE o emon: in applicatd
_— ERROR : rror in a i ion
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BIEDEEN?
viint = { ... -2, -1, 0, 1, 2, 3, ...}
v bool = { True, False }
v point = { [x=0,y=0], [x=1,y=0], [x=0,y=1] ... }
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v n:int = n := 1 [EELWLAY, n := “hello world” [T .
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HHEBEIHMICEHHEN TR EG, EEOR D (FrI%) BAL,
TOYSLOFEET T, BISRETESILEES.

HAHEEN BMICHET ShTWdE EEFAEEL-EERFD
CEEED. BHENTA—EURBIB) AEITHICEDRIL, BgoT
B(EDL>TH) LU\ FEONDHIZ, ELISFIvITILELNHD.

HBHEFEMN ROEMT THHEE. AT D IMNIHT B R BEIE
HERIE) DITRANIEZELD.

Bo—EHUEERTIOK

= #r L aAVIAILEDRFIVY,
TLTLEN L . BUHETE (type inference), F1=(E
7 m B FIvY. 8
i sl
5Ly, 550y, EREY, BhRY Boiass
EDTOTSLEREL. HAABERAELTLS.
v ZEZAE (Primitive types): booleans, integers, floats,
Ly Bhia chars ...
| v # &% (Composite types): functions, lists, tuples ...
[::{A) Java, Pascal Smalltalk, Ruby
HROEWETTEETIE. ZLDHE. -V EREN
EE[A) C Assembler BOSNTND.
v A—YE &R (User-defined types): enumerations,
recursive types, generic types, objects ...
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~, == s,
B R BoxeH
® BTl R &= BT RE:
@ BOTEMH g TEDZZEL Tk, FNICHTEBEDLILEE (£
® Haskell 128155 Eﬁ' 1E) &, ZBERIICHIREA TILL T 7L
@ HELLEE
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— Watt
E—HROME (& FHEich, SIEELTESN. EEEDESR
ELTHLLNS.
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BHAEANSE. ROBE, FHETHI LK EET S
ENTES:

fact :: Int -> Int

42 :: Int = fact 42 :: Int

H)—8L:
Int -> Int -> Int

ZLT
plus 5 6

HiE-T:

plus::Int->Int->Int = plus 5::Int->Int

Int -> (Int -> Int)

((plus 5) 6)
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Bl a DEDYRAEDE [a]:
[ 1] :: [ Int ]

NB: $H5ADERIET A TRILE!

[‘a’, 2, False]

27 )L HY

®xl, %25 oy xn OB -FREN, t1, 2,
., tn THBHE, 2Tl (x1, %2, ..., xn) O
I£ (¢1, t2, ..., tn) THS:

(1, [2], 3) :: (Int, [Int], Int)
('a', False) :: (Char, Bool)
((1,2),(3,4)) :: ((Int, Int), (Int, Int))

aA=yhEIE () EEON.ERKRIC () EEMNDI=VE
BEHT 5.
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FLOWT—2BE LTOLDERET HILICKYBEATED
[
n INTA—EBIEE ZLT
m ZOEDOERICHT S aVRANSI%2

|data DatatypeName al ... an = constrl | ... constrm

LEMNAVARRSVAERONT I
1. av RS2 ‘Name typel ... typekl

2. PER2E) VRSV (e, V" TIHFEDLD):

typel BINOP type2

{51 B|ZEEY

N

T—ERELEVN YT 2R THENETILIETES:
‘data Day = Sun | Mon | Tue | Wed | Thu | Fri | Sat|

mARA BAHEIVRANSIVEBEANFETIHD DB ENHD

A—4 748 ETERSNDSEML, 5IBELBEL. VANV —E
[2DEV T —REGRDHEDTELE T NIEESELN:

whatShallIDo Sun = ‘“relax”
whatShallIDo Sat = “go dating”
whatShallIDo _ = “guess I'll go back to school”
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15']: E 1 (Union) &4

data Temp = Centigrade Float | Fahrenheit Float

Bl: BJ% (Recursive) &
| EREBICEY. BEKO EICEET VRN AR END:

data Tree a = Lf a | Tree a :*: Tree a

freezing :: Temp -> Bool
freezing (Centigrade temp) = temp <= 0.0
freezing (Fahrenheit temp) = temp <= 32.0

mytree = (Lf 12 :”*: (LEf 23 :*: Lf 13)) :*: Lf 10
? :t mytree
> mytree :: Tree Int
b
I A o 10
mytree = PNy
Lf 12 ~AZ
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BREOEAR

leaves, leaves' :: Tree a -> [a]
leaves (Lf 1) = [1]
leaves (1 :*: r) = leaves 1 ++ leaves r
leaves' t = leavesAcc t [ ]
where leavesAcc (LEf 1) = (1:)
leavesAcc (1 :*: r) = leavesAcc 1 . leavesAcc r

NB: (f . g) x = £ (g x)

> o DB EEE?
> FYUBHEHICTEDDIE?
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BRI (RAEM)

Pascal ¥ C D LS EEDE AT AL BiEE: T
DEH, TH, 515, BARIER =—D D& EHFD.
® BFoylIT[E kL
® BREFELAEWTOY T LEETF RGN
= f5l: Pascal Tl BICIKFELEVESTOS S LIFE T
« integerBEIANTOY S L, real B OBIIADTAT S L,
© BRICERT AL RINELDEICRITOISLIBE
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91; l|‘ 22 g
2 (ZREHE)

ZHEEH O5IHMOBFRLES>TEHLLY:

length :: [al -> Int

length [ ] =0

length (x:xs) = 1 + length xs

map :: (a -> b) -> [a] -> [b]
map £ [ ] =[]

map f (x:xs) = f x : map £ xs

(.) :: (b ->c¢) -> (a ->Db) -> (a -> ¢)
(f . g) x = f (g x)
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HXDBF, ZLDGEE. BITZORDEEERD1TT #R 952¢
MNTES. HIZIL:

length [ ] 0
length (x:xs) = 1 + length xs

oA
length :: a -> b

51, b [FBALGMIC int THY, a 1F 1ist THB, #-T:
length :: [c] -> int

LWL, B OF#MIEEINL EEDH DT EETERL,
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ZHEDERK

XOBDELH (L, HEZANT, BICHEKEZEANLGE
[SREUDFBHZITTTES.

Bz (F:
length :: [a]l -> Int
map :: (a -> b) -> [a] -> [b]
ETBE:
map length :: [[all -> [Int]
[ “Hello”, “World” ] :: [[Char]]
map length [ “Hello”, “World” ] :: [Int]
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Hindley-Milner B #:mTlE. BEIMIZ, 2<LADZERDOE
BOEMNEHR/TES.

map
map
map
map

map

CHLEES RT LE ML Haskelz &4 . R OBEHEEE
THLLIRTWS.
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ORI

ZHRNEMIC, SYBKREREIYMHITHILLTES:

idInt :: Int -> Int
idInt x = x

EavUR ct ZAVDE HHFEDR D, Haskell BN EE S 55 %
RRTHIENTES:

? :t \x -> [x]
> \x -> [x] :: a -> [al]

? :t (\x -> [x]) :: Char -> String
> \x -> [x] :: Char -> String
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® 1= \—H LIRS
s /AT AR Haskell CIE %48 map BE%%; Pascal/C IZ&(F5
nil/void R4 > &%
= AEM(inclusion): #BHE (subtyping) — EATES. B D
EEHIRT D J5T7199FTOorE

® FRRYIEZEME:
n F—=A—0—F: fIZIE + [FEHICEERICLERTED
s O7—T3: RPMNMERTEDLIAHEL, BELHERTESI.
%L T vise versa.
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a7—o3y vs A—/N—aO—K

@+ DESA—N—O—FShBEEFHLHS
n + SOOI DAEELR A H .
FZIE: int +(int,int), float +(float, float)
&5(2 float* +(float*, int), intx +(int, intx)
s ThEN, BEF " ZEREIRELLD
» EOREFZAVDIMNEEEBORIZLD
& FIsad (coercion): int&float 2V +” AEASINS.
» AREGTRTOBII+ ZERTHDTIILL, 51 8E B
ICRIEHT B
» BEBHICETATSLNBRELLDZIENHD (e.g. int hD
float ~DE! 75 H#2)
o BT EE, JY—MRAERICERT S ie. 5+0.5 (&

float B[ (&LV5D% float > int)
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a7—o3y vs A—/\n—O—K

aA7—ay F¥ld A—nN\—0—F — RFITEET H?

+ o+ o+ o+
IFNFNENS

W W W w

» LD DA—/N\—O—KLT= "+" BN HLOD, £
nEX—21E1FH>T, ENBEBRICEEBREINDEDA?
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® UNU. BUEE<ERD
» VOCRTENRRD
= BRCHIBHINELD ECREL TS

® ERITEOELD
. EENRND
. SEXEUNERD
. EITROMENRRD
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e

\EE?U (array)

# RZAF (index) TFIER
® RAF(IH2EFDEEEL
» EFEICIOT. FRRIE 0THoRh. 1THORD.
n 3IB(CE BORIFNFEINDTS
s DFD FEOERYEFENIEERILEHD
® T L., EiRiEE GHD
® BT -HOKEEHEU
® 7O TER
n J\=RUTT7 (CPUPDXEY) DHR—K&HD
® T-ADBAVHIBRE. IZXNS
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® R4 (PRUR) ZAVTRVE (L3CRZX3) 1#iE
® THADBUE, —RRIC, LBLBHOTEL
® XEY L, BBELTEN
® [SEERIENRIZAVTII7EX
® TUERG. (83075EFE) EW
» FESEOTIZIINBNE BAPDEL
® B0, HIPREHEND
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