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31 REWT—9BNESR

A bDELI BT -9 L2 0S5 HoIlERTE2HELAEINT

W%, 2OLS T IBITERD (constructor) D52 ¥ 9" T % 5%,
ZLTERDERFIENL 29D T 4 —IL K (field) 2FH 520" Tx%, 20
S Tr—98% (algebraic datatype) £\ 5,

T—IRNDEZD—MALENDRDEEY TH 5,
- WRTE, B, . B,
I *%Jﬁ%%z EEZ,I EL—JZ,nz

(-
| HETE, W, . B

RERT L - BRTFL2LLIELASGXFEERENIHELRILEY. BERL L
(3312 Do EBUENDHSB, ORI BRFL ~ BXFL, D m
BENT— 90605, B, ., B RBRTE PFOTA—LFOETH
2. B3I, B3, . BB BT — L FOBORICEN) 2RERTH
5, 22Ty "t v, MlAlE

data Foo x y = Alice x [y] | Bob String y | Charlie

rwWiy (BFIZE%ROLE W) T—FBDIFE. Foo Double Integer BII#H 3
DITRDEL S ARTHS, Alice 3.14 [1,2] HB\ L Bob "Hello" 3 H
% \MJ Charlie, ..o

REET — I BIE TR TOERFITT 4 —IL RO WESIE. C X Java DF|ZE
enum BYRBLLEIBRIDTH S, ROFITIL,

data Direction = North | South | West | East
deriving (Eqg,Ord, Show)

North, South, West, East M 4 23  Direction MK L TV 5,
(deriving .. IC2OWTIXERT 5, )

Q311 LRATAND3IDNDF (J— (Rock) * F 3 F (Scissors) * /83—
(Paper)) %% 97— 9% Janken ¥ ER Y L, (deriving.. lI2F R TL
W, )




—REIIEREE T — YRR TFIZ 71— L R EH>D, ROFlIIZ=HK
(binary tree) # &3 T7—9BEERL T\ 3,

data Tree a = Empty | Branch (Tree a) a (Tree a)
deriving (Eg,Ord, Show)

20T —F RIS Branch ¥ Empty D 2 DDEBRF %#HF >, Empty ld 71 —IL
FEEAT. TNETT29KREEKT 5. Branch lZ3 20714 — L F%H
2, 1HBY 3FBN Tree a FBEDBFLRALHN=2KRTHY. 2HFBD a
SBETHS, 2F Y., Branch lRDLH LB EH-> T35,

Branch ::

22T oald THY. 2212 Integer X String RN E
HERBINNE Z DT ES, FlAIL Tree Integer IFEBED Integer BT
HELIRZDRDBTH S, Tree BRI TIE % < BBRTF (type
constructon TdhH %, 2F Y, BNRSA—I—%#f5TEILHTRIIR B,

BARORHL LT ROLIRADBINZ D Tree DR EHD,

treel :: Tree a

treel = Empty

tree2 :: Tree Integer

tree2 = Branch Empty 1 Empty

tree3d :: Tree String

tree3 = Branch (Branch Empty "a" Empty)

"b" (Branch Empty "c" Empty)
treed4d :: Tree Integer
treed Branch (Branch Empty 1 Empty)
2 (Branch Empty 3 (Branch Empty 4 Empty))

BlZIL treed DIEEIX, RITERTERDLIICH S,

Tree 2T %L, NFd—22vF oI 2RAVT, ROLIHICEET B2 L
DTES, 2F Y, REIIBOMEBEIIERF LEEN S L EXEEL LN TE
%,

top :: Tree a -> a
top (Branch a ) = a

isEmpty :: Tree a —-> Bool
isEmpty Empty = True
isEmpty = False



-—— BRH. HIAIE treeSize treed (L 4

treeSize :: Tree a -> Int
treeSize Empty =0
treeSize (Branch 1 a r) = treeSize 1 + 1 + treeSize r

2FY, top F=ZDANDEBENEEERTAK. isEmpty EENE I ETHE
T 2B, treeSize WEERZRTEAETH %,

Q3.12%., £, REHTA%*ETEE right, left, opposite ::
Direction -> Direction ¥ E&Ht &L,

Q3.13 F 15| HNE 2 51K L T, Janken BOBKL - BT - 5| 217D
WINTHEHh 5 ET 2% judgedanken :: Janken -> Janken ->
Ordering ¥ & L, 72/ L. Janken |2 deriving (Eq, Show, Ord)
BRWHDr LT, 2FY T==) ® <), R¥YE Janken WIHEATER WY
LTELL,

2 27T ordering XRDE FIHABES A TS —TERZRINLEERTH S,

data Ordering = LT | EQ | GT
deriving (Eq,Ord,Bounded, Enum,Read, Show)

LT & F. GT 25, EQ A3 X F, 2ZTHDLT 3

f3.1.4 Tree RIS L T, ROL ) LB ETERL L,

depth :: Tree a -> Integer -- &FES
preorder :: Tree a -> [a] -- RIEEE
inorder :: Tree a -> [a] -- FIEEE
postorder :: Tree a -> [a] -- RIEEE
reflect :: Tree a -> Tree a -- 58

Bl 7 1L, (Ddepth tree4,®preorder tree4,@inorder tree4,@
postorder tree4,©reflect treed NFERIT TN T, @3,®
[(2,1,3,41,®11,2,3,41,® [1,4,3,2], ®Branch (Branch (Branch
Empty 4 Empty) 3 Empty) 2 (Branch Empty 1 Empty) ¥ 7% %,

1315 D n oK (FEOBERKOBLOAREF DI LH°TE SAK, rose tree
tH\WI) LT T — 9B RoseTree 2 EHZLE L, T2 nDARDEBEREEK
% 5% roseSize :: RoseTree a -> Integer rERLE L,

(BEB) 74—-ILEFSRL

COBERDLSIIIRENT —IRDNDET 4 —ILFIZERT (74 —ILFSR
L) 2213321 aEETH S, ROLHIT, 74— ILFEBHETL - (4
~ 1) THE#H. T::) OBNIITA—ILFSIRNILEEL,




data C = F { fieldl, field2 :: Int, field3 :: Bool }
deriving (Eqg,Ord, Show)

CHNEER. RNESLRAENT —IBREERT 5,
data C = F Int Int Bool deriving (Eg,Ord, Show)

THIT, TA4—ILRIRNLVIIHLWT— I 2EET L EIZH, RF—27 Y
FUTICHLERT A EKRSE, WTNEIVR NS 9—DiEIC, TL—
ZRIIZ T74—ILERSRIL =R, OAVRYYDIUVEEL,

vl = F { fieldl = 5, field2 = 12, field3 = False }

foo :: C -> Int
foo (F { fieldl = x, field2 =y }) = x * x +y * y

ZOYE foo vl OfE (524122 =) 169 12%k B,

F174-ILRIRNILIE, T—905 74— ILFDEZERY EITEKYL LTE
BAT2ZrddEks, flald, ETEEINA v IIHL T, fieldl v D
fElL 5%k 3,

RNEIZ, T74=ILRSRNIL=R) ODIVZEPYYDNEUZET L —IAIC
EWT, BELAE 74— ILFRDEDAEEELFHF LT — I 5HEKRT S E
ICBERATES, vl { field2 = 3 } DfEIX F { fieldl = 5, field2
= 3, field3 = False } % 5%,

\

32 IS5k
RIS ZOHEBBIZANSRNIZEF T VWL D0 DAELRBNT 5,

RYEILT 4 XL (%48, polymorphism) L IZEAEK (X Vv R) s

EHFTIrEVI, THIT BRIV EIVWERBDS|KESN
L. L N (ad-hoc —
ZDHBRY D, L WIHIEK) ZHL VD, (7 Ry I7RSBIIHL T, BIC
Lo TREBHIEDLLRVEHNI L E/X5 4 1) v 7 (parametric) k%ML =
Y. ) ATV 7 MEATENDEFR R (dynamic binding) 17 KRy 7 %D
—RETH 3,

7V MERAEETIZ, BITKRYELT74 LW EETEHEENE
KEITEL I H B,

BMRELER LSRR LT (PEEZ,
overloading) 7"% %, 2EERIEI—DODOLAIBEROEREF DI L TH 5,
BIZIECH T+ T==) T<;, BREDARL—%—1L int (BE) BIZP
double (EREEZEI/NEEER) BICLBRATES, LY LEREMICIZ, BRAT
NERNIL > TL B 2HMMEICERINSG, BIRBLELS51E. 28
ERIEFID/NAIL BFzv7) BINEBRAINTLEI). LWHIARTHE (0
FYUBNLERETHS) . ETHFICARS D FORIIK L TREERRY 2 5
LRI TV,



2FY. FEERLTFRYISHEORBEAEN—DOTHBHLEASY, #A
EIE D>/ ILEFICRA DO Y BIGEISREINTLE I,

Haskell ® & H IZBIEZR Y /RS A N Y W 7 SHEHFTEETIE, ZHLH ITtho
TR TESEEETHEATCLEIDEETCH-LBENEL S, FlAIE, RD&L
3 7B

square x = x * x

EFERLALEE, AVAMIIEFIEONSRIBERTCTIIREEFOERELTRET S
CrR>TERY, 2F Y. x ORIBENFENEABORETERVDOT,
M) DERBHRETER Y, 2F Y, CXJava (MEETF) TEHLN TS L
Y B EERIL. Haskell TREAL W, TITELLSNBZNA W,
squareInt :: Int -> Int, squareDouble :: Double -> Double D &L
JICHZTYICHAREEEA T, ABEERT S LAY, BLCL ) REKEM
BELERTZI IR YZIFAND WV, HI)—DDLAHIE, square x = x
* R EWIEREZNIIHL, RTHFO x DBITKL T 0REEBIRT S
2 THB, T, RITFICEBEREIEIQRUINIT VTR R S L,
square "abc" NDELIBAEFIT L L THRETERLLSE, YWIKEILR
BHH 5,

—7%. Haskell TE—2>ORENT— I BNRLZIVR 79 —DRHT
iE. NI =22y FUTILY T REAY ISEBERRL TV 5, AL, Tree
B Branch ¥ Empty T I isEmpty ¥ treeSize NEENEAL S, £
D square DL LREABDEZRETREICT 2-OICIIEROBICE L9 BT R
Ty I7%BE. TENENRIKERT Z28E0H S, T 2T, Haskell T

(type class) L W) EAAHNBANINT WS, BT 5 IV, H
ZEEEFLTHNET Y THS, FlAE. T%FF <y IERECXFEIORL
CICIIERTESY, AHEBICRERTEIRVOT, T¥52E2RXTE58D
BEVEEZLBZUNTE S,

3.3 Haskell D7 S5 X

WUTF TId Haskell DB 7 S R % 3BAT %, Fle LT, Eq W), == (&
) BT AR IS ERY LIF5,

Haskell TH CYRL LI Tl==; (FS) AL —% —Id Integer (BEH)
BIZH Double (BAEESFENV/NMNAED BICH, T5IMBEBOVK 20 DRIILE
ATE%, BMFIILE2ARTCICER S, —A, BAHEBEE ==, THLERTE=
W, BlZIE (AW x > x +x) == (\ x > 2 * x) T5—Th 53, (B8
BORMEM IS ETEEMBATH %, ) Haskell $ZHBEHTERTHEDT. fl
Z L,

False

X ==y || member x ys

member x []
member x (y:ys)

subset xs ys all (\ x -> member x ys) xs



W) B member X subset & == 2> TEXKT 5 L. member 5

[1, 4, 71 DL I [Integer] (BN X L) BOFIEKICH. member
"Kagawa" ["Tokushima", "Ehime", "Kochi"] ®& ) II [String] (x
FID')ZAF) WO KRICHBERATES, LH L. member (\ x -> x + x)
Nx >x+1, \x >2* x]OIHCEAKND) I MNIHEATSZ L
TER,

2 2T member X subset DBIIE, B4 S a3 —> [a] -> Bool ¥ [a] ->
[a] -> Bool TlE%\V, TN TIL, member ¥ subset F¥NDL I L%
L, EOLHITREINTVWEDOTH S 5 ? Scheme X Python O & ) IZEHEY
ISR INEETETIE, §T 94TV 7 b BDOERE SRIEZLT
WBDT, RITEFICRICRL GAYGEBERIRT 529" TE %, Lol,
Haskell D& S 12a > /RA LBFICBIF = v 7 %4TH ) EE T, ETHICIET—
FIIBROEREFEHFL TVRVONERTH 5,

Haskell TlE. TN snEEnBIZaEgWIcHmINS (BHR —7~7<L. T
DHEDFMMIOVWTR AR TIRYIRIEBEEZEA S) , BEROERLITZ
RY Y. member ¥ subsetld)RDL IR EH-> T35,

member ::

subset ::

S2T'Egq a =>"tWHIBDIE. a LWOHOBREENEqrWOHIRNETY (

) KB L TwRIFrIEwiFe v, t W) BICET 3 H1% (type
constraint) %9, (XH%XH. "==) OWH'Eq a => a -> a -> Bool &
WHOBTHS, ) EqeWIHIBRISRIE. == (HFF) "EZINTVSL
IRBNEF YOI THB, —MRITBI SR,

NDZLThH%s,

AISAIBENA TV 27 MEASETNDI TR - AVRIVRLWVIEE
CIIERNRLRZNDTERT 5, BENA TV 27 MEASETR I 51
(PFYR) THBDIIxF L. Haskell DB 7 5 2L
ThHs, (JavanA > 72—2ADHR/NMTWSB (kWHI LY B! B
EsEildJavadA>9 72— ZH  Haskell DB 7 5 TV B, LW D
EIHBEYTH S, ). )

3475 AFBELAVARIVAEE

BISANEHICIE class tWIF—T—REAVS, BlZIE. Eg 752D
FE &L Haskell TIERD L HI2EL, (Prelude ICEHFHo )

class Egq a where
(==), (/=) :: a -> a -> Bool -- 1= THEHEEVLWOTIEE
a /= b = not (a == b) -~ TIHILIEDESE

N, "B apBISAEGICBTS0ICE. a -> a -> Bool ¥\WHH
EEO2O0BK (==), (/=) EEERFNTVITRY) LW ERICR B,



—RREIZ 1L,

class 73R, BEH, where
B, .. &,
%ﬁ2 P ?Igz

NDEAF—T— R class DHYILTISRBLREREES, ¥ —7—
where DZICEHBOUWEZTZLENRS, I BEE "I IR BT 510
IS, B Y WS EE OB, B, rWOIEELOME, . NETHS (B
BTRETHRVOEY, SHARZBRICT S0, IXRTEKLrWwWIZ izl
2o )v EVWIERTH S,

Z LTI Z IEREHBN L 7= Direction ®4AY (deriving 8inted -7/ L
T) Eq 7 7RIZET % (Direction 2 Eq D ThH3) Z%x¥E
9 %4:8I2ld instance Lt WY F—T— FE AW S,

instance Eqg Direction where

North == North = True
South == South = True
West == West = True
FEast == East = True

== = False

22T (/=) BEFIIOWTER, 79 RBENOPTCT 74 FOEENVAE
TNTVWEDNT, A VRAIVRAEETCIREREZART LI N TES,

F 7z, Tree BDI5E (deriving @inved -7z LT) . ROLIICEET
%O

instance Eq a => Eg (Tree a) where

Empty == Empty = True
Branch 11 nl rl == Branch 12 n2 r2
=11 == 12 && nl == n2 && rl == r2
== = False

"Eq a =>" DD Tree a IIHFTEZEET DL, BREORTHS a (2
EENEZINTVRITNIEN TRV EVWIFIHNERT, Tree DL HIT/I5 X
— I —%FEOBDNIFE. TIHIWVIEHANRBBERIBENS L,

—RRE9 I,
instance #l#, => 73X, B, where
E‘gﬁl = Z_l'-tl

Egﬁz = Z_I'—tz

NELAITF—7—F instance NDHEIHFHNE ISR L, BEES yhere ¢
WHAF—T7—FOHhYITHENERZLENS, 21, #l¥ynb T &)
3. 7310 DAVRARIVATHY . 55#(1\ Eﬁ&z m;%ti%ﬂ%ﬂﬁp iﬁz



Thbs. tLWIBRTH S, L —MRIC (VSR BEH,, V53X, B
aﬂkﬁz, L) ew SHRTH B,

EBrACo® (Hlz13) R b0M) REq 7 RIBT 24 BHEEIZOWT

. — RS2 DOBBOFMTHE0EIDEHET S 2 LR ICTTEE
DT, Eq 7 2 RIIBIR W,

Q3.4.1 f8iA& D Bool W ¥ Hifite 5 — & &:

] data MyBool = MyTrue | MyFalse

FEQ77ADNDAYRIVAL LTEEY L, (BB Bool MIIHT S Eq 7
ANAYRYI RIBESATZ) —RTESINTVENT, EE: 707
TLPIZELSSBEEE R, )

Q3.4.2 UETD Quiz TERZ L L »ATA (Janken) BE EqQ7T7RDA VR
g Rr LTEEE L, BlAIE Rock == Rock l& True. Scissors ==
Paper |d False ThH 5%,

Q3.43"size :: a > Int"¥WVWIAYYREHFHE DI S5 R Sizable 757 R
*EHEE L, FlAIL.

instance Sizable [a] where
size xs = length xs

N+

instance Sizable (Tree a) where
size t = treeSize t

NDEINTAVRIVRAEEETSBY, size [1,5,2] 13312, size treed
lZ 4 12% 5,

3.5 TNMBNBEENLR I SR



Eq DMEICERALEEZRR IS5 LT, 0rd Show, Num 2 ¥0H 5, (XATD
A I— FTREETLRWAY Y FIZABLTWS, )

class Eq a => Ord a where -- ord [X order (JEF) @
&

(<), (<:)/ (>=), (>) :: a -> a -> Bool

max, min it a —> a —> a

class Show a where

show :: a —> String
class (Eg a, Show a) => Num a where

), (=), (%) tra > a -> a

fromInteger :: Integer -> a

class Num a => Fractional a where
(/) i a -> a -> a

ord IIF% S, Show IEXZFEFANDEH, Num ¥ Fractional ISHALEE D A
VY REEHELTWEARISITHS,

ISRAEEDN T=>) OEQIIH B I FRIE, RA—/—7 5N 35,

BlZIE, Eqld ord DR —/X=T7 SR TH%, 2, FlAlEord 75 ADA
YRIVREBZRIE, ST EGQIIRADA RIRATHRIFNIER S5\,
Y¥WIHIZrEE%RYT 3,

PULRRICG BN, WISRAEEOXNEECRDBLEIIR—/I=I SR %RT
KEPIIHEE =T (DF Y class Eq a <= Ord a where .. NL 1) T3
RELoF, LWIHIRB»H S, 2HIEord 1 LW HIKDL, Eqg 1 WD
FHNEEEL WSRO THS, BEL, TDLIICEDHBIEHINT YL
TWEDEE P, 6 —ERI-EERIEL SN,

\ J

ElZ, NI TN TV SED, 1 X 3.14 R EDEEY) T LIL,
Haskell Tl Z#MNZF M.

1 :: Num t => t
3.14 :: Fractional t => t

YOI EESTWSE, 005, FlAZIE 1L L WVWIBIE) 75 LIE, Int LT
H. Double ¥ LTHEATE 5,

Show,Eq, 0rd 7 2 AR CIIHTEA V> RIVREEIE., T AYDT—FRT
SBBIZRY, LPALRALEIRERIILZNT, T—9BNOEEH deriving
/drravin/ ¥\ F—7 — R &> TV L, Haskell DREBEAZNS DA >
RIVRABEEEFEHFICERLTNEZ LIZR>TWS, FlAIE Tree 2
WTIRD L FITEL,



data Tree a = Empty | Branch (Tree a) a (Tree a)
deriving (Eqg,Ord, Show)

IHNT. Tree I L THEARFES Y D (==), (>), show REDA Yy RHPNERI
M’%O

Q35.1AAHN ) X MR &l T — 7R
data MyList a = MyNil | MyCons a (MyList a)

%, deriving #AWVTII. Eq7F5RY 0rd 75 ANDA Y RAY > A¥X LTE
EEL, Ord 723 ADAY Y RIZIEVWhD 2BEXDIEFR % AV L,

FHENEF LI, A2 NDY a=aaaz - -a, £ b =bbbs---b, DIER %
BCHUENEE BIZIL. ar1¥ by, as £ by, ...) BET, Bid SIEFICEN
TWE,

e HBEJHH-Ti<jURBIRTDGIIHFLT ai:biﬁ‘?aj<bj
slda<b
e Mm<NTi<MmEBRLZTIRTDIIHLTa;=b%5a<b

YRB3EIRBOTH S,

(V5 2ADEZRPICT IALFDEENERZINTNVNENT, Eq 7 TAD ==
AVY R 0ord 75 AND <= XYy FEIF*EETNEL. oAV Y FOEH
ESICERINSG, )

EYbhRDELI R, YRS S MyList NOEBRETHIBAEEERL T,

toMyList :: [a] -> MyList a
toMyList [] = MyNil
toMyList (x:xs) = MyCons x (toMyList xs)

WO DT—RETAMEL,

toMyList "abc" <= toMyList "abd" -- True
toMyList "ab" <= toMyList "abc" -- True
toMyList "ab" <= toMyList "a" -- False
toMyList "ab" <= toMyList "ba" -- True

36 47V x7 ERMLNBER

NI TIBNLE, REWT—IRIPR ISRy, #7277 bEAEET
FRINSGIZ AR OB DBEEIZOWTREN S,

3 plo



7V z7 MEAEREBOT X —7— Fr L T#HHFEE (dynamic binding) -
(inheritance) - (encapsulation) D32 L K EIF 515,

Q3.6.1 ZNEDNERE WY 5B DB LR THEN,

IS RANEXEDHMEMD IS ANSLEBTIENTESZ

B RAE - g
fak K . cHUOEINDEAY Y ROREN ATV FOETHNR
’ ThREB2Y

ATel c 7 SRDAY Y ROEEETMI S ATBARATE S
1t 2y

AT EIAL LA, R EILT 4 L EEBINFEENH > T2 FE%RDL H 515
BTHB, RVELTAXLHEH0 5, REOHEMENNBATLEI >N
ANEFICOI—RFERTTE2UTES, T/, BNRENH L0 5, MK
LEAYY FOB®RNIZRIGLCTAFBNICEDLY, ACLELIBAVYY FE
AIELERTERENRLRE, ZTOEH, 7075 IVITEEBENELE LV
BarsRANE RYVEILT7A XL, HFICBHHNREZ ZFT TV 27 MEAD
KETHBrEz->THEL,

3.7A7V7 MERANDIS A REMT—91

Haskell X ML ¥ \ > 7=EAKEZETIL. EEOBKTF (constructond™ 5 7% 34X,
¥H7 — 98 (algebraic datatype) s EHE T X %, RENT — IR LEBXT 5%
BRFE, A7Vx7 MERARIENI SRXIHYT L BeEE BEEE
BLT7 PRy 7 SAAREHNRGITHY T 2B LF-> TV 5, BRI, T
FRBRFOSNEEZITRY ., FAFVEINEZI— RS9 -2y F T
KLY, A7V 7 FORITHOBRF TEE %, FlIAIE. Tree O
isEmpty ¥ M9 B%US Branch ¥ Empty TEITINS 21— FHEDH S,

A7V 7 MEAEREN I SR EARUTEOREN T — IR OBRFDEN
X, RN ETH S, KRBT — 9B, BEIEKFICTNES LT
2 LVEAEEEML TV DIEITEEL D, BEOEEICH LWEKF %2iEM
T52rl3TERY, (BlIASHEAAZORENT— 9B THS ) X pRIICE
JRABM [T AR () OO LW TF 2EH05EBMTEZ LIETER
W ) B SRIBENEAK (AVY R) 2HLVWT—98 (J5R) IIE
K£THICIITRELD, BENT -8 (75 2) IZHLVWEEK (X Vv F)
2T B TERY, (FIAI, Java DRAABENDISATH S
String 7RIS, HLWA Y Y FEZHSBMT B2 LIETER, #H
(static) e A Vv R 53B8MIMTE 54", BNRELFEHLE L2 IE TR,
Kotlin D¥LIEBEAE D EA Tld 7 < FREYICERRIN S, )

3 pll



REE7—9 8

G A X BIPIRE
N
N
N

NERXERS A AKX

e

@ @

R F O HT 0521 S
REWT— 9 (F 7Yz MEREEN) 752

BISRE, ABESEIA TV 27 MeRERELR L HAOHERE (DFY
REOREBICH LWRES R L TGERY 3) e/ 5T 54MH. HE0EA
7V MEREEOHMRE LA SE TR 2B EELE2 D
TE 35,

LU, A7V 7 MEAEERHLVWT—IB (I5R) 2EHT B =IC
Loy rLWLWEBEE (XYY R) 28BMTEZ2rETERY, ZHISHL TR
FRIBEEORICH LVEKR (A VY R) 2EHTH2e0TES, £ 7V
J MEEEETINIIRAZER I 2L, BEFEN 7 S RIZEH LW (Java
D) AVI—T7x2—ANEL%EBMTSE2Z Y ICHYET 3,

38WISRHTI94EE>T

7V MERAEETIE. HHR—/1RX—IJS5X2MKT S (H5\ L Java D
A9 —72—R%FET2) VISRIBTEATVI M. R—/3—75
ANA I —Tz—ZADBITHRICF Yy A PINT, —DOERIRALE
D, —2naA>F5TF+—1lF YT 52 TES, LH L. Haskell Tld,
Bl Integer ¥ Char ¥ [Integer] dFTXT show 7T RICET 50, %
NEE—DNDYRMIFEHBEZLIITERY, 2F Y, ROLILEHOR
AEOBEE AL YR MEIRMIFTER W,

- ERICEEBAIRXD [(1,'a',[1,4,7]] BDEFIFFALZOT
-— £/KD impossible HLEFFIFART

impossible :: [String] = =4 AV )Y~ A
impossible = map show [1,'a',[1,4,7]]

—fRE9ICiE, AR ISRICBLTWTL, A—DIa>F+— I3 52 &
BRTERWG, 23Y, BISZRLHTIAEYT (FvRFTEBHEIH)
RS TH %,

L5 L. Show DIFE. String ICEHLAKERIDIONIERVDEL S, RD
LIV RAM R OEBRTSHZI N TE 5,

possible :: [String]

3 pl2



possible = [show 1, show 'a', show [1,4,7]]

2FY, ISRIRLEBYLREBREFFERTIUL, —DORIZEBL T, B—
NDAVTF—IZRDBEZENTE L5801 H 5,

LD L—MBRBIE LT, ROLIRBISIAEHEZ B,

class C a where

foo :: a -> Int -> Bool
bar :: a -> a
baz :: a -> Char -> a

AU LT RDE I R TMBEAKEFE L 52 LT E 5,

data T = T (Int -> Bool) -- foo D[R
T -- bar O&ZHIG
(Char -> T) -- baz DI
instance C T where
foo (T £f g h) n=f£fn
bar (T £ g h) =g
baz (T £ g h) ¢ =h c
toT :: C a=>a —-—> T
toT a = T (foo a) (toT (bar a)) (\ ¢ —-> toT (baz a c))

HWRFTO3I OOEKEERENE, Int -> Bool ¥ T ¥ Char -> T, M
Z# foo :: Ca =>a -> Int -> Bool ¥ bar :: Ca =>a -> akt
baz :: C a => a -> Char —> a @KL TWVW5, THRIENROFORE
KatBEORTICESH]A 3,

CHLE x 1 XBCHDAYRIVADBEHED (instance C X ) R
I, x ¥ toT x :: TIld. foo, bar,baz XL T, ¥NLREAL LIRS E
Yo IHIT, %y, zDBFTRTCHDARIVRED, B BB X Y, 2 ICEL
TWiErLTH, toT %, toT y,toT z X ENBL TRTHY, —D' X hIC
FrHzZ e TES,

— MR ISR

class C a where

m; I -> T1
my, i -> T2
ms 1 X -> T3

NEAYY FORYEOE 1), 1,, 1515, HEOREK o 13 KOBOME
(2FY > &[N ITBN L VDR SIE—RYVENHOMEICIENSDIIHE
biWw—Z#EnBo 7R

data T = T o7 Oy O3

(Lo, R 1, PO NERETTEEHMALRTHSB, ) ¥ toT :: C
a=>a > TOLIREBBAREERT Z2NTES, Bl AEATVT
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PETEDA TV 27 FERALHKRSEVEL, B—0BLGOT—ona YT+ —
ICEFLDHBEIULHNTES, 2OFEHITOVTIE, SEER (Odersky 1991) 123
LWt H %, COFEIIA VY FfEE (2F Y. foo, bar,baz) EZ1
ULEZGWH, SNS5DAY Y FEFOE (XY, 7,.) BEATW v
IRRICEEHTH %,

—h. BlAIERD & 5 e RET— 7R
data U = ConX X | ConY Y | ConZ 2

instance C U where

foo (ConX x) n = foo x n
foo (ConY y) n = foo y n
foo (ConZ z) n = foo z n
bar (ConX x) = ConX (bar x)

baz (ConX x) ¢ = ConX (baz x c)

tERELT RALREISRICETS (ALAYVY FEHD) WER—Da2>T
FT—ICRMT 2, CWOHIFELHY D%, CHFEI. ERBOFELHITAY
v RnfE$E (DF Y. foo, bar, baz, ..) EHNLELT Z v IIHELH, B
(x,v,2) &, TNAULEEXT e TERLR 5,

39 (%) BMISADBEL

BB 7 PR Y 7%2MEIICEILERISIEDN, WO DRESD
o> TW5,

b VWIS —SAyte-Y

BISAEZS—Avt—IUbhnYicd\w, RIS ->TIELVWD
DBZHLZTHI T ISRV, LWIRENH B, BEHK (Heeren & Hage
2005) ISW L D29 FIHEIF 5N TN 5,

BB ¥ (ambiguity)

BIZIE RDEIRISRAEZEVHB LT B, TNIEERRD Show, Read 7 7 X
P LEMEL TV S,

class Show a where
show :: a -> String

class Read a where
read :: String -> a

CHOEZNDTTC. ROLILEBEERT 5,
foo x = show (read x)

COBENENL, foo :: (Show a, Read a) => String -> String ¥
05, WEH a2 0BG, => 0EDITLHARENLVOT, BB TRETER

3 pl4



Vo (ThHhDHLEEERTHS, ) THLROTOTSLDL I,

foo x = show (read x :: Integer)

a DEFRKLREI-HHPRART LR TNIEERIEL SR B>TLEI, (T
07 7LNDERNBEZIRET S LIIRY. [FLEHNEL, )
3.10 (£%) Dictionary-Passing Style Zif
22 b, Haskell 587 525 KDL S ICEE LTV B0 EHAT 2, (%

L. 2D RERELED Haskell DARRIZED SN TWEbITTIERV, H
CETHRLELNSGEEFEN—FITH S, )

JSREE A VRIVRAEERHMINAER (= ) =2H >8I, 1>
WNALEFIZZN S EFRAVEVCEBOBERSC T —INERICESBRIOLNS,

I, ISREERAVY RE2ERIEDEORBOEE L7 I —DES
BRI S, BlAIE Eq 7 5 ADIBE.

type Egq' a =
eq' :: Eq' a -> (a -> a -> Bool)
eq' =\ (e, ) —> e -— (==) [ZXfIET B
ne' :: Egq' a -> (a -> a -> Bool)
ne' =\ (, n) ->n -— (/=) [T B
ZHEQ aBLIRATILT MT—HRIC (method dictionary)

iEns,

AVRIVRAEEREMRNLGREFE DAY Y FEEOERICERINS, Fla
IE. instance Eg Direction RN &L H 12 Eq' Direction®o#4 7=
7 hDERIIR B,

egDirectionDic :: Eg' Direction
egDirectionDic = (egDirection,
\ a b -> not (a “egDirection’ b))
where North “egDirection” North = True
South “egDirection” South = True
West “egDirection” West = True
East ‘“egDirection’™ East = True
_ ‘egDirection” = False
eqgTreeDic :: Eg' a -> Egq' (Tree a)
eqTreeDic (eghA, ) = (eqgT, \ a b -> not (eqT a b))
where
Empty ‘eqT’ Empty = True
Branch 11 nl rl ‘eqT’ Branch 12 n2 r2
=11 "eqT 12 && nl “egA” n2 && rl “eqT «r2
‘eqT” = False

ZLTRISZEFE->TVWS (L => rWHIREED) ERozERIE. 2>/
AIWEFITRDLHITA Yy FEE (Eq' a®) 2EMO3IKR T 2RO ER
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ICEERZONTVWS, AV y FEEIZIZ, BEEEErSININT. 2N
50T SR S,

member' :: -> a -> [a] -> Bool

member' d x [] = False

member' d x (y:ys) = eq' d x y || member' d x ys
subset' :: -> [a] -> [a] -> Bool

subset' d xs ys = all (\ x -> member' d x ys) xs

CHNSOBEKOEE LIZROLHIZHRIZKS U TEARBN T AV Y RBEEZELEIN
ZICESH;A LN,

member North [North, South, West]

» member' North [North, South, West]
subset [North, South] [North, South, West]
» subset' [North, South]

[North, South, West]

Cn& ) mEEHZ (Dictionary-Passing Style Z#) |3 Haskell Tlda > /31 L
FORMBEEICBBNIITeDNE, 2FEY, TFRY 7 SHNOETREN IR
b, HEAF 7V bodHhoBRERYE L. TNERET HL TR
%5, B 512, TRFRY 7 SHBEEREAKRTERTES (L LaRBEAKIIL S
DT, RBEILHVEHELL<R->TLE)ITREMIEH S, ). BIWIC (DF Y EITEE
1) AVY FEBHRLTWSEIICRAT, ERICIIERNIC (22731 LBFID)
TLAEDSEGRNIEIEAL TN S,

R3.10.1 RN &L S IEF TN TV BEE Lookup:

data Maybe a = Just a | Nothing

lookup :: Eq a => a -> [(a, b)] -> Maybe b
lookup x ((n,v):rest)

= if n == x then Just v else lookup x rest
lookup x [] = Nothing

(lookup IBES A TS5 —ICEREADERTH %, ) O Dictionary-
Passing Style Z#21£ O A2 lookup’:

lookup’ :: Eq' a -> a -> [(a, b)] -> Maybe b

#rt, BlAE. lookup 1 [(1,2),(4,7)] ¥ lookup’ eqIntDic 1
[(1,2), (4,7)] OEHD, HB\WIE lookup 1.1 [(1.4,0.1),(4.2,6.9)]
¥ lookup’ eqDoubleDic 1.1 [(1.4,0.1),(4.2,6.9)] OfEAR L{&IC
%%, (eqIntDic, eqDoubleDic IZBTHEEERT %, )

lookup' :: Eq' a -> a -> [(a, b)] -> Maybe b
lookup' d x ((n,vVv):rest)

= if then Just v else
lookup' d x [] = Nothing

3.11 (%) A7V 27 FMERAEEICHOWT
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— Mg A TV MEATETH, VW TWE" A Yy FEHE RT3 57—
FEFZIZILT, HNREEERL VWBrEL6NE, 2F Y, "Bk B
AHTHZ, L, BEOMILLASIRL LTTIIRL, £7Y 27 Mt

BT 2> TWB ISV EBbNE, 2FY, FF TV 005

2T BT —IBEANDKRA VI —5FHE->TVWT, 75T 57—

FREENAY Y FOEEZSATVS Y WVWIEEHNS VY, Smalltalk DAYV v K
gL DEREDHEIL. FIA LS E B (Guzdial & Rose 2003) N EE 6 EIZEHEA
INT\W 5,

—h. REWT - RDIFEIE. AV Y FEZIHAYT 2L 0T ZBEINHE
LTWah7ibIlk 3,

JavaScript I3, 7 3R T3 < (prototype) & WA BERITE S A
7Yz MEAEHALTWS, (BR&IITO NI THRERMIILD T

ZEIX Self Lt WHEETH S, ) JavaScript DAV v Rt L o4 IE5E
SR (A% 2001) DE 6 BICEHNI H S, 7272 L. &AM JavaScript 1£7 T X
HLIEY AN TV B,

Common Lisp®# 7Y = 7 ~igM@¥ESKR (CLOS) &% E A Vv N (multi-method) &
EoT NS DA TV T MEASELERY., 2 OULED/IIFTA -9 -0
B (J5R) ICL->TERBICFHET AV Y FOEEERET 25T
\’\%O

B 3.11.1 EB0A 7Y =7 bEAMEEE (Smalltalk (Guzdial & Rose 2003)
CLOS, JavaScript (XEF 2001) , C++, Java (Lindholm & Yellin 2001) , Python,
Ruby 72 ¥7) TENRIRBOMAN LD L I ICEEIN TV EHHANL,

312 £ &

B 7S5 213, Haskell T7 Ry 7% aA8EICT 50N EMATH S, BF
DEEEHLWT—IBRIIRT 200 MEBATELH B, T2/ 1 ILEILE
FERABANDERNITR N LD T, BETHOIRMIIFEACH LRV, L
L. HHYITK WIS Ay E—IRY, WO DREEIZFE-> T3,

313 XS ICHLL MY VAN,

(K (Wadler & Blott 1988) &, B 7 S XD T7A T 7 & RMIBMNLAHXT
H %, Xk (Halletal 1996) &, FED Haskell DB 7 5 2 % L <AL T
W3, X#ER (Jones 2000) &, Haskell ® (B07 S RICET 2o ad) B
WE. BEARBIC Haskell D 7075 45 AVWTEHBAL T\ 5, @k (Odersky
1991) E. A 7Y 27 MEAEENH TI94A4 TLRBOMHEEL, BAEBEEZEN
MBATELODFERREL T\ 5, X#ER (Heeren & Hage 2005) |, %
T2ANDITFT—AvE—VDRBBRLARZEIIODVWTHLARTW S,

(Wadler & Blott 1988) Philip Wadler and Stephen Blott, “"How to make
ad-hoc polymorphism less ad-hoc” Conference Record of the Sixteenth
Annual ACM Symposium on Principles of Programming Languages, pp.
60-73, 1988 & 10 A
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(Hall et al. 1996) Cordelia Hall, Kevin Hammond, Simon Peyton Jones
and Philip Wadler, “Type Classes in Haskell” ACM Transactions on
Programming Languages and Systems 18 & 2 5, pp. 109-138, 1996 &

(Jones 2000) Mark P. Jones, “Typing Haskell in Haskell”
https://web.cecs.pdx.edu/~mpj/thih/, 2000 & 11 A

(Odersky 1991) Martin Ordersky, “Objects and Subtyping in a
Functional Perspective” IBM Research Report RC 16423, 1991 £ 1 A

(Heeren & Hage 2005) Bastiaan Heeren and Jurriaan Hage, “Type
Class Directives” Seventh International Symposium on Practical Aspects of
Declarative Languages (LNCS 3350), pp.253-267, 2005 % 1 A

(Guzdial & Rose 2003) Mark Guzdial and Kim Rose #&. #HL5#8 R
FSqueak NP BENSEAKXFZNTO TSI THRIE, 200353 A &

Ei
(X¥F 2001) A% &5 " A\P9JavaScripty 2001 £ 8 B ASCII

(Lindholm & Yellin 2001) Tim Lindholm and Frank Yellin &, #fL %
& R Nava R~ > 114k $2kRy 2001 FE5 A E7Y > - 272y —
var
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