EIE KRBT —IRLBISR

BARBHT—IROER

JZMDLI R F— 9% OIS —2HollERTI2HELAEINT

W3, oL T -9 BIIBHED (constructor) 2> 2 A" Tx 3,
Z L TEZ OBRF IV 29D 7 4 — LK (field) 222 e T3, 20
£y T—98% (algebraic datatype) ¥\,

T—IRNEEZN—MOLEAILRDEEY) TH S,
data BERF4 ﬂglgﬁl ﬂ?y'ﬁz ﬂglﬁk
= *%ﬁk?%l @1,1 gg1,r11
| TR, B, B )

| ..
| T, B L B

HWERTE - BRFLLHIBELLXTREREDBE LA EY, TRE L
231 oteE BBENDH D, OB BRF L, ~ BRFL, O m
BEOT— 90 5% B, Big, ., B, & BRTFE 2 HEO7 1~ L FOBTH
2. B3, BEK, . B 74— FOROBIZENS 2BERTH
2. 22T, 2 ERE LED. BlAld

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

YW TF—9BNIFAE. Foo Double Integer MR ZDIIRDL I HRT
H%5,. Alice 3.14 [1,2] HB\WIL Bob "Hello™ 3 HB\WIL Ccharlie,
REWT — I BRI F I/ A —F =2 WAL, C X Java DF%E
(enum) BYRLCELIRLDTH S, ROFITIL,

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

North, South, West, East ® 4 D%  Direction 2K L TV 5,
(deriving .. 122\ TIX#&kRT 5, )

Q311 LR ATAD3DPNDF (J— (Rock) * F 3 ¥ (Scissors) * /38—
(Paper)) %% 77— 9% Janken ¥ EHEL L,

— AR IIRE T — IR OBRFIE 7 4 — L FEHEH, ROFlIT=9K
(binary tree) &£ T 7 —9BEERL T\ 5,



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

ZNF— 9L Branch ¥ Empty ® 2 DDEKF%HF D, Empty ld 74 —JL
FE#Fd., TNETT=oKRKEHERT 5, Branch 32D 74 —ILF%H
2, 1ZBY3FZBIIEDASLALEN-_2ATHY. 2EBREETH S,
2F Y, Branch lIRDLHHBEHE-> TV 5,

Branch ::

22T, ald THY. Z2ZI2ld Integer ¥ String R YDA
AR BIANENBE 2N TE S, BlAE Tree Integer FEBED Integer B
THELIRZDARDBTH S, Tree BRI TIE % < BBRTF (type
constructon T#H %, 2F Y, BNRSA—F—%2F->TIR LD TRIZR S,

BARBIZIZRDE I RAN I D Tree DEIZHE,

treel :: Tree a

treel = Empty

tree2 :: Tree Integer

tree2 = Branch Empty 1 Empty
treeld :: Tree String

tree3 = Branch (Branch Empty "a" Empty)
"b" (Branch Empty "c" Empty)
treed :: Tree Integer
treed4 = Branch (Branch Empty 1 Empty)
2 (Branch Empty 3 (Branch Empty 4 Empty))

Bl IS trees DIEHEIR, ITERTLRDLI IR S,

Tree I T 2B%IE. X9—2 2 v F o T2AVT. ROLIHICEHET B L
BTES, 2F Y, REIBOMEBEITEBXFLERIO SR ZAETEL I UNTE
%,

top :: Tree a -> a

top (Branch a ) = a

isEmpty :: Tree a -> Bool

isEmpty Empty = True

isEmpty = False

size :: Tree a -> Integer —- BHRH. HIAIL size treed &
size Empty = 0

size (Branch 1 a r) = size 1 + 1 + size r



2FY, top EZDARDEBENER*IRT . isEmpty XENCIHNETHE
T HEH size BERBETRIBERTH S,

Q3.1.2 Z 13| HHE 25|18 LT, Janken BOBEL - &lF - 3| 5TV
TNTH S5 ET 5% judgeJanken :: Janken -> Janken ->
Ordering 2 E&HY L,

22T ordering WRDELHNIBES A TF) —TERINLBTH S,

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

LT A&, GT 2 BB, EQA5|ElF, XTI NLT 3

R 3.1.3 Tree BIIH L T, ROL I REKEZERT L,

depth :: Tree a -> Integer -- &ES
preorder :: Tree a -> [a] -- ANEEE
inorder :: Tree a -> [a] -- BIEEE
postorder :: Tree a -> [a] -- RIEEE
reflect :: Tree a -> Tree a -- &

Bl Z 1L @depth tree4,®preorder tree4, @ inorder tree4, @
postorder tree4, ® reflect treed MiEFRITZTNZTN., D3, QD
[2,1,3,41,®[1,2,3,4]1,® [1,4,3,2], ® Branch (Branch (Branch
Empty 4 Empty) 3 Empty) 2 (Branch Empty 1 Empty) ¥ 7% %,

f3.1.4 — D n oK (FENVEBDVBIARERF DI U TESR) 2R T
- 9ﬂ2i§ﬁio

(BE) 714—ILFKFSXNIL
COBERDL I ITREN T —IRDOE T 4 —ILRIZEZRT (74 —ILKFFNIL)
OS2 LAEETHSE, RDLHIT, 74— LFBRETL—2 ({ ~})

THE&, ) OFNIIT74—ILREIRNILEEL,

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

CHEEWR. ROETLRAZENT—IREERT %,
data C = F Int Int Bool deriving (Eg,Ord, Show)

X512, Z24—=ILRSRNILIEFHLWT -9 2EET I EI2H, Ng9—27Y
FOTICHLERT LKL, WVTNHLIACR NS 79—, TL—
AR T74—=ILRSRNIL =R, AR DEUVEEL,



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

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

DY E foo vl DEIL 169 125 5,

FET74—ILESRLIE, T—9H5T14—ILFDEZIRY ETEEKY L TE
BT 5Zrddsks, flald, ETERZINAE v IZHFL T, fieldl vl DE
X szt s,

KRNEIZ, T74—ILEFSRL=X) OA>REYYDLEVETL—IARIZE
WT, BBELAE7A—ILFDENAHEEELLFHFLWT — I 2HERT 5L FIC
LERATES, vl { field2 = 3 } DX F { fieldl = 5, field2 =
3, field3 = False } II% 5%,

32B 7S5 RvIE

RYVEILT 4 XL (B) CIZEAK (AV Y F) Ry %
HFIFZrrWwSH, THIC, BRSOV LEVWELRID|EEZHFL. Lrd
%, (ad-hoc — Z DIHERY N, ¥

WIEKR) ZHEWH., TV 7 MEASENENRE (dynamic binding)
X7 PRy 7%MBO—ETH5,

A7V MEATETIE. BIZRYEL T4 LE WS EETEHHEENE
KFTEL I H 5,

B RE Y TV AR Y LT (P EEZS,
overloading) "% %, 2EERIE— DO DLZRHIEBOEBE®REZHE DI L TH 5,
BIZLCH T+ AL —F—13 int (BEE) B double (BFEEFEN/IEK
BE) BICHLEATES, L LRKEICIE, BAINSBRICL S T2<CER
DAMGEICEIRRIN S, BIMRBrEL 41, SEERITO> /ML (BF
v 7)) BIERINTLES. tWHIEATHD I YVBHNLERETH

%) , EITHFICARS D FOBRIZKS L TREEIRY DT EL IR Z L3 iThb
N,

2%Y, FEEFRLTRRYISHOERAEND—DOTHEHLEALSH, #EA
BEIZO /A LIRS BBEICREINTLE S,

Haskell D & 5 I1cB#R/ Y 2B (7 PRy 7R %ML T, Bk -> TRE
PEDLLRVWEHNDZ L %/85 4 k) v (parametric) R %MHBYEIH. )&

BHTR. A URRONSAEBRRTLERRFOREERET H2 &
ETERV, Bl R L5 2EK

twice X = x + X

EERLULEE, < ORI BEENFER/INEABNORETERVDOT, T+ ORE
VRETERW, 2F Y, CXJava (DEETF) THEPNTVWELIRSEE
#13. Haskell TIIEAL RV, TIE, twice DL I ITREIN, YOLH#%
BWEFRFONEN?



—7%. Haskell TIE—D2 0 REHT — I RDERZICA+S79—DRHT
X, =22y FITICLY T RRY 7S ERRL WS, FlAIE, Tree
B Branch ¥ Empty CILEE isEmpty X° size DEENEL S, LD
twice DL I LEABDOEER T TEEICT 2DITITEROBICE LS T KRy
7% ERRT 24BN H S, 2T, Haskell TIE DAY
FAINTW S,

3.3 Haskell & 7 5 X

WUTTld Haskell DB 7 5 2 € 3BAY %, Bl LT, EqtWHIR TSI EERY
tiF3,

Haskell TH CYRL&LHIC == (FF) #RXL—%—d Integer (B

BIZH Double (FEAREFENIAE) RICHLHBERATE S, —4H. BEERITLE
TERV, FlZIE (A x > x + x) == (\ x > 2 * x) I=5—ThH 5%,
Haskell 3% %2 TEETHZNT, HlAIL

False
x == vy || member x ys

member x []
member x (y:ys)

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

Y\ ) B member X° subset ¥ E&HT S ¥Y. member 5 [1, 4, 7] DL
|2 [Integer] (BEnY X L) Bn3|EKIH. member "Kagawa"
["Tokushima", "Ehime", "Kochi"] ®& 3 1I [String] (XFF|N ') R
P Bo3I8ICLBRATES, L L. member (\ x -> x + x) [\ x ->
x+ 1, \ x > 2 * x] DLHIEBENY A MCHEATEZIETERW,

2 2T member X° subset DEIL, BE% 2% a3 -> [a] -> Bool ¥ [a] ->
[a] -> Bool Tld%k W, TN TIL, member Xsubset IHENL ) LB %5
L, EDEHITEEINTWBDTHS ) H? Scheme O & 5 ITENEYICBIAFIF X
NBERETCR. BT 94727 bHBOBERE DAICERFELTVWSENT,
EITRFICRISRC THEVGERERBIRT 220" TE %, LoL. Haskell &
NCA/NNAIEICRF oy 7274 IR, BTHFICIET—FIERDE
REFBHELTVWRVONERTH S,

Haskell Tld. TN S5 nBEBOBRIIBSICHRGINS (Bfm— 7L, %
DHEFEDHMIIOWTIIABTRY BRI GBEZEL ) , BifmOERAL T %
AT ¥, member ¥ subsetldRDOL I LR E2H-> T35,

member ::

subset ::

22T"Eq a ="V, a EWOREENEqrWIRNETY (
) ICBLTWRFAIEW TRV, Y WHBRICET 585 (type
constraint) &%, Eq tWOHOBISRIE, ==, (HF2) »EHEINTV3S
EIRBOEFYDNI L THS, —BRITBRI SR LIE,
NZrTH5,



BMISRIBENA TV MEAETETNDI SR - AYRIVRALWHIEE
CIZBRHRN©ERRDZNDTEET %, BENA T Y27 MEAEETR ISR
(PFYHR) THEHDITHF L, Haskell DB 7 5 21
ThHs, (JavadDA > 72—2ADFRIMTVWS (WS LY B, B
FEHsE il JavadA > 9 72— RH  Haskell DB 7S5 2TV S, LW )
EIBEYTH S, ). )

347 S5 RFT LA RIVRAEE

MISANDEHICIE class LWIHIF—T7—FEAWVS, HlAIE. Eq7TRD
E# L Haskell TIZRD L 5 12EL, (Prelude ICEHEF &0 )

class Eg a where
(==), (/=) :: a -> a -> Bool -— I=CHEGBVLDOTEE
a /= b = not (a == D) -— TIHILEDEE

D, TR AR IS EGIBT SO, a -> a -> Bool EWHHE

O 2 O0BEK (==), (/=) EELZFENTRV, LW EKRIIR B,
—RREGICI.
class 7 7R, BEH, where
BEg, :: B,

gL, :: B,

DEITF—T—Fclass DHUICTFRBLBEREES, £—7—F
where DEZICHABOUEZT2ANS, NI, WERKG 7 T XBT 570
KU, B v WS R E SO, B, Y WIEEL OB, L O SMETH S (B
BTRETHLRVOEDY, HAXMEICT 520, TRTEAKrWI Z il
2o )v EWVWIEKRTH S,

Z U THIZIEABIBN U 7z Direction WAV Eq 7 5 RICBT % (Direction

HNEqD ThH3) 8T 5=HI2IE, instance Y \\ ) F
—7—FzRAW5,
instance Eqgq Direction where
North == North = True
South == South = True
West == West = True
East == East = True
== = False

2T (/o)) BEFIIOWTE, 7S5 REENHRTT 74 MOEZVAE
INTVWEDNT, A VRAIVRATETREREEART L2 TES,

Fr. Tree BNIFE (1BRD deriving 9 Ve E) | ROLIICEET
60
instance Eg a => Eq (Tree a) where

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



=11 == 12 && nl == n2 && rl == r.
== = False

"BEq a =>" OB Tree a ICHETEERT H7-DICIE. BEOBTHS a <
ZENEREINTVR TNV TRV EWIFHNELRT,

Tree DL DI/ FTA—F =% FHORDIFE. 2 VI HKNIGERIFBENS
Vo —RREDICIE,
instance #l#Jg => 73Xy B, where
F?gﬁl = :_Ct]_
E#, = K,

NDEINTF—7— K instance DH Y ICHINYE 754, BE2EE where ¥
WIE—T— FOHLICEROEREELENS, 4L, 8,0t T, B,
X, 79 R9DAYRIIATHY . By B nEEIZNINNX. )
THbs. CWHB%RTHS, #ld. —&ic (V53R BEH, /75X, &
EH,, HDrVWHIERXNTHS,

FrAro® (FlIZIEY) R MRME) I Eq 7 5 RICBT %4, BEEIIOWT
E, —fRIC2ODOEBY»EMTHEHNEINEHET S 2 L ISREBOICTTHE
BNT, Eq7 TRICBIRW,

Q3.4.1 fAIAH D Bool B ¥ Hffide 7 — F &
data MyBool = MyTrue | MyFalse

HEqQ77ANDAVRI VR LTEEREL, (BB Bool BIIHT B Eq 7
ADA VRIVRIIMEES A TS - TEEINTVWENT, EE:2 707
FLPIZELSLEILR G, )

Q342480 Quiz TEHKZLA LR AITA (Janken) B% Eq 75 XADA >R
F§RA LTEEE L,

Q3.43"size :: a -> Int" EWIAYY REHFHE DI SR Sizable 75 R
rEHRET L,




3.5 TDMDIRENLT T 5 R

EqDMICERALEELRR IS5 2 LT, Ord, Show, Num & 9% %5, (AT
HEAAI-—RFTIREETHE VAV Y FIZEBRLTWS, )

class Eq a => Ord a where -- ord & order (EFF) D
(<), (=), (>=), (>) :: a -> a -> Bool
max, min tra -> a -> a

class Show a where

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

), (=), (%) :ra ->a -> a

fromInteger :: Integer -> a

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

ord IEARE S, Show IEXFEFANNEH, Num ¥ Fractional I JWBLEHE D A
VY REEELTVWBRRISITH 5,

IS5RBED T=>) OEPIZHZI7S5RIE, R—/X—TJ7 S5 FiEN 3,

BlZIE. EqlE ord DR —/R=T7 52 TH 5, N, BlAlford 75 ADA
SRI DA BRII, BT EQIFTADA PRI ATHRIFNIER S5\, &
W ZEEERT 5,

PULRRICR BN, BISRAEEOXEERDDE EICR—/R=TJ FR%ERT

KEMEHEE =1 (0F Y class Eq a <= Ord a where . NDLIHIT) T353R
TSk EWIRBH B, 2T ord T EWVWIHHEIFIH, Eq T WO HIK

FEEBELTVWEREHTH S, o, ZOLHITEDHBIEFEH>NT>=Y LTW

DESHIN, 5L —ERE SCEREZ SN,

EiZ, TNE TN TR LD, 1X 3. 14 EDEME) T5ILIE,
Haskell TlEZ 141,

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

YWHBEZE S TWE, 95 BIZIF 1T EWIHIEE) TS5LIE. Int LT
H. Double ¥ LTHEATE 5,

Show, Eq, 0rd 7 AR YEIIHTHA4 > RIVRAEEIR., FrAYDT—98T
SBIZRY, LABRALCLIRERIILEZNT, T—9BNDEEH deriving



/drravin/ ¥ W) F—7 — RE#H > TV, Haskell DRBEREANAZ NS DA >
2 RAEEEAFHNICERL TNEZIZR>TWES, HIZAIE Tree 127
WTIRD L HIZEL,

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

INT. Tree IS LTHEAHFLE YD (==), (>), show R EDA YV W RHPEHRI
néo
Q35.14ALDY X MR & TF— 58

data MyList a = MyNil | MyCons a (MyList a)

%, deriving #AVWTII, Eq7FRE0rd 79 ANA AT >R LTESE
B, 0rd 75 Z2DA VY RIZIZWHD EHEXDIEF 2 AV L,

(V2 RADEEFRICT 74 FDRENEREINTNENT, Eg 7 TRAD ==
AYY RY0rd 725 AD <= AYy REFEERETNL. oX VY FOES
EEEICERI NS, )

E>bhRDLI %, YRS S MyList NOEBREITIEKZEREL T

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

\4\<’)7§\0)’7-—Z§5_Z I\‘d'cto

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

3.6 F 7Y 27 hEME ¥ DA
F7Yx7 MEREETEAINDEE L OBLEII OV TRIILS,

A7V MEAEEHOIFSF—7— KX L TEHERE (dynamic binding) -
(inheritance) - (encapsulation) ?322°L < EIF 5415,

Q3.6.1 ZNEBHANDEREMTIRT GNP LR THREN,

VS ANERENHMEMD I S AN LEBT 2N TES2

e R4 - v



A . U INBEAY Y FORENA TV FDEITHOER

TREIZZX
ATEIL I SADAY Y FOREEZTMI SATHMNATES
1t Zr

AT I LA, R EBILT 4 TLEBRENH> T2 FE%RIH B4
BTHD, RVEILITA XL HDEHS, REOFHMENNEZTCHLHI >N
ANEFICA—RFERTTEIUNTES, T/, BRENHEH 5. XK
LAY Y FOBKRNSIZ SRR TEFHNICEDLY., ARLLI AV Y N E
AIELEETEILEN LR LS, ZOLH, TOT5ILITEENEEYL V)
BENSRNIEL RYELT A XL, HICEWRBZ 20T TV 27 MEAD
AETHBLE->THLRL,

3747V 7 bERYREBW T — 91

Haskell ® ML ¥ \\ > =BAERIZETld. BEERDHEKF (constructon s 5% 548
¥H7 — 9 8 (algebraic data type) s EET X %, KRBT — IR EERT 5%
BRTE2 A7V27 MEARZEN 7 I RIHYT 2 ReEd. KRS
EBL7RRY 7 SHECHOFREIHLYT 2HBEEE > TS, BiIE, *¥
IREXTFOINEEZITRY ., FAFUEHINSZI— RPN —C2vF T
&Y, ATV PORITEDERF TEL %, HlAIE Tree B

isEmpty ¥\ B#d Branch ¥ Empty TETINSI— FHZEh 5,

A7V MEATEN I SALERBEZENRKN T — I BOBRF DEWN
X, RMENFEATH S, REHT—IRIE, BEOEKFICH L VEKEZE
MU TWL DIETREL D, BREORAKIH L WERF2EMT S22 I3 TER
Vo (BIAZITHEAAZDREN T — IR THS ) A MR [ ¥ (1) KRSbDF
LWHEKFE2E05BMT S22 I3 TER Y, ) #IT7 5 AIIBEHENEE (X
Yy R) 23 LWT—98 (75R) ICEET B2 LIZTRELD. BHENF—
R (7SR) IHLVEAK (AVYR) 28MT 52 3TERN, (FlA
£, Java DEAAAZND T S A TH S String 7 7RI, FHILWA YV Yy FEEH
LiBMT B2 rETER\, B9 (static) e AV w R 5iBHITE 4%, R
BEEHLESLZLIITERV, Kotlin OILEEEL BB RETITR WV, )

BISRE, ABESHEICAT V27 MEREE LR L HBOLERYE (BBFN
REIcH LWL R L TEMY %) e/ 5T 2484 HE5VEF TV
7 MERERNHNREEHARBSETHRRY 2HBA2LEAL L TE
%,

EEL A7V 27 MEAEERHLVWT IR (I5R) 2EFHET B L =IC
Lo, ILWEE (AV Y R) 28T 523 TRV, ZHIIHLTRS
SRAIEENRIHLVEK (AVYR) 2EFRTH20TES, #7V
JMERASETINICAERZ L2 21E BHENIZ S RIH LW (Java
D) A>F—Tz—ANDRE*EMT S LITHYET 5,

38 ISR HTH9AL4ET
7V MERAZETIE. HEIR—/IN—TJS5R42WEARKTBIS5ARBT 55

TV ME, —OOERKIZRALEY, —DoarTFF—IltFrHrY T3
2eHm»TES, LH L. Haskell Tld, #H1Z I Integer ¥ Char ¥ [Integer]

-10



IETRT Show 7 RICET %5, TNLE—DNYIMZFrHBZrIET
ERW, DF Y, O RDEIILBEHOBELEFEHDEEZLZSL ) R MIRMITTER
(A

-- ERICEHIKXD [(1,'a',[1,4,7]1]
-—— £AD impossible HLEAFITART
impossible :: [String] = =4 AV AV A
impossible = map show [1,'a’',[1,4,7]]

MNEFIFRE LD T

L L. Show DIFE. String ILEBLABERIDOINERVDEN L, RD
£33 YR N SHERT B2 L TE 3,

possible ::
possible =

[String]

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

$Y Rl LT, ROLILBBISIEEZ 5,

class C a where

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

CHUTH LT, ROEI G EREAREE LS L TE 5,

data T = T (Int -> Bool) -- foo DE[Z%tin
T -— bar Q&%
(Char -> T) -- baz ORI
instance C T where
foo (T £f g h) n=fn
bar (T £ g h) =g
baz (T £ g h) ¢ =h ¢
toT :: Ca=>a > T
toT a = (foo a) (toT (bar a)) (\ ¢ -> toT (baz a c))

BRFTOIODOEKRBEEZNE,

Int -> Bool ¥ T ¥ Char -> T I, &1

Z# foo :: C a =>a -> Int -> Bool ¥bar :: Ca =>a -> at
baz :: C a => a -> Char -> ali®RLTW3%, THFOROFORE

BatBENRTICESRA S,

SNLE AN CHDAVRIVANDBERE DR SIE, a ¥ toT a :: T

foo,bar,baz KK LT, YNBHALLIIHRAES. T 510 a,b ch TR
TCHDAYRI VALY, BRBBICELTWARY LT, toT a toT b,

toT clENB THRTHY., —2DYRMIFLHEILHTES,

—MREIB I S RDZAY Y FOBRIZ, WROBEEK a 05518 L T1EEF
BN, 2EREEFENLVORSIT—RYENR Y L THENSDIEEHLEV—2
OBID THRY coT BN L S REBMENR Y RIBEAKEERT 5 2 L9 TE,
LA TV MITOA TV e RLCIRSEVE L, E—nRA 0

-11



’(‘\_’)o)j\/%ﬂ——t:i Z&)%):Kﬁ\“’(“a;%o :m‘#‘ifl:’)\,\’(Li‘ %%‘Xﬁk
(Odersky 1991) 1235 L \\EiERA S .

39 (%) WISIROBES

BB T RRY I7ZBE2ITAILILERISIELN, WHOrDRELD
o> T\ 3,

L AUN R GRS S R A
BMISARFITI—AvE—Ipbh )i\ FEEZHIZLISI—IIR6R
W, EWIRENH B, BEHE (Heeren & Hage 2005) 12\ 29 FlHs 2 (F
LTV 5B,

BBk X (ambiguity)

BlZIE, ROLIRISREENH B LT 5,

class Show a where
show :: a -> String

class Read a where
read :: String -> a
CHOERNDTLT, ROLICEABREEET %,
foo x = show (read x)

COBEORIL, foo :: (Show a, Read a) => String -> String &
5, BEH aDBIE, => 0EDIZLHLBENL VDT, BB TRETER
Vo (TRbLEEKRTHS, ) TrROTOTIILnLHI

foo x = show (read x :: Integer)

a DEKRNLREZ - RLEITNIEESRNET SR ->TLEH, (7
Q7S LNDEBERIBEZICRKETSZIIRY, [LEBHEL, )

B AH M HIFR (monomorphism restriction)

Yz, (RieicE41)) "TEAREFE TR ULADEROLENEZ LN T
RWERRETIE, => DEDICENSZBERII—MRLLEL W, TV, wWIX
NTERLGHEBNDZrTH S,

BIZIE, ROLHILEABEE AL S,

genericlLength :: Num a => [b] -> a

genericLength [] =0

genericLength ( :xs) = 1 + genericLength xs
genericLength BAEIZ S 4 75 ") —BA#®D length :: [b] -> Int Bk

B CEEEZROEKLL, RYENRILY —BRIELINTWV S,

-12



COBBEAMRAL T ROLHILXNEERT 5,

let v = genericlength [1,2,3,4]
in (v, V)

HARMHIPRA % 1F41IE.  Dictionary-Passing Style £#t (153#) %4745 k. L
DRILRD L S ITEH|IN S,

\ dl d2 -> let v' d = genericLength' d [1,2,3,4]
in (v' d1, v' d2)

T 5% X genericLength (0 DPS BHZNEAE) "2 EFUEHIN, ALY R
FPOBRINDHEL 2ETR>TLISLWAHALER T AT 5, BEMHIRO
Hr T, RDOLIIZDPS EBING,

\ d -> let v = genericLength' d [1,2,3,4]
in (v, Vv)

LorL, 20BE 220 vOEREFORTHERT 52 LI TERL,

3.10 (%) Dictionary-Passing Style Z i

2H 5L, Haskell B2 S22 L HICEELTWE2 28T 5, (&
7‘: L. 2O &) REREFED Haskell DEARICED SN TV ST TIERV, H
CETHLRLEONBZEERZD—HBITH S, )

JISREE A VAIRABERHAINALE (. => ) #HBEHKL. 2>
/vr/I/E#L NS EFRAVEVWERBOBEARCT —INERICESHTRI ONS,

IF. ISREBEEEAVY RF2BRIE LI RBOET L7 78— DESR
ICBIRRIN S, BlAIE Eq 7 5 ADIGFE.

type Eq' a =

eq' :: Egq' a -> (a -> a —-> Bool)

eq' =\ (e, ) -> e -— (==) IZHIET B

ne' :: Eq' a -> (a -> a -> Bool)

ne' =\ (, n) ->n -— (/=) ITHET S
CHEQ aBoLS5kA TV bME—#RIC (method

dictionary) Y™ It 3,

AR VAEEREARNGREFOHEA 7V 7 FOERICEIRINS,
Bl 1L, instance Eq Direction &JRMD &L 512 Eq' Direction By #+ 7
V7 bDERIIE S,

egDirectionDic :: Eqg' Direction
egDirectionDic = (egDirection, \ a b -> not (a “egDirect
where North ‘egDirection’ North = True
South “egDirection” South = True
West “egDirection” West = True
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East ‘“egDirection’ East = True

_ ‘egDirection” = False
eqgTreeDic :: Eg' a -> Eg' (Tree a)
eqTreeDic (egA, ) = (eqTree, \ a b -> not (eqgTree a b)),
where Empty “egTree’ Empty = True

Branch 11 nl rl “egTree’ Branch 12 n2 r2
= 11 "egTree’ 12 && nl “egA” n2 && rl "eqgTree
‘eqTree” = False

ZLTRISZAEFES>TVWS (L => rtWIHIREED) BEoE&RIL. 32X
AIBFIORDESICHEEA TV 27 b (Bq' a®) 2EMOSI KL T 2E8EKD
ERICEIHRIONTVWS, 2F Y, BEISEEARKICE 5,

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

INSOEBOFH LITRDL S ICRISK L TERNAEEL T V7 b EE
INBHICESRAOND,

member North [North, South, West]

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

&) wESHA (Dictionary-Passing Style Z#2) 1 Haskell Tlda>/31 L
FORWREFICBENIITRDONS, 2F Y. TREYVISHEOERTEHENIR
I, BEA 7 V27 bOBHr SEBETRY E L. TNERET B 1FI1I7%
5, B3I, 7RV I72BIIERBEAKTHERTES (L LaREAKICR S
DT, RBEOVELLR>TLED TREKIEH S, ). BT (DF Y EITHE
12) AVY REHBLTWSELSICRA T, ERICIIENIC (T >/ 31 LEFIC)
T ALCDSGEZRIBIVEA T S,

M 3.10.1 RO L S IZEHZEIN TV BB Lookup:

data Maybe a = Just a | Nothing

lookup :: Eqg a => a -> [(a, b)] -> Maybe b
lookup x ((n,v):rest) = if n == x then Just v else lookt
lookup x [] = Nothing

(lookup II1BES A TS5 —ICERFADERKTH S, ) O Dictionary-
Passing Style Z#Z DR Lookup’:

lookup’ :: Eq' a -> a -> [(a, b)] -> Maybe b
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., FlAlE. lookup 1 [(1,2), (4,7)] ¥ lookup’ egIntDic 1
[(1,2), (4,7)] OMED. HS\E lookup 1.1 [(1.4,0.1), (4.2,6.9)]
¥ lookup’ egDoubleDic 1.1 [(1.4,0.1),(4.2,6.9)] OfEHE CIEIC
%%, (eqIntDic, eqDoubleDic IIBRBATHEEET %, )

lookup' :: Eq' a -> a -> [(a, b)] -> Maybe Db
lookup' d x ((n,v):rest) = if then Just v else
lookup' d x [] Nothing

311 (%) b A7V 27 FEAZEIZHOWVWT

— e A TV 7 MMERAZETH., VW TWE" XYy FEZIIHKRT 57 —
FEWJRIZET, BRBEERL TS LELOLNS, 2F Y, "BNL"EGRE
BAETHZ, LHivL, BEOMILASI B L TTERL, A7V x27 b

BT WIS >TWE2 %W EBbNE, 2FY, ATV I 075

2T BT — IHBEADKRA > 5 — %ﬁvTvT 75zuﬁm¢%?—

FRENAY Y FOBHEEEALTVE LW )I5EHS Smalltalk ® £ Vv K
L nEREDHEIL. Bl AITSESER (GuzdlaI&Rose2003) NE 6 EITH
BAIMNTW3S

—h5. RENT—9BNIHGEIE. AV Y FEHEZEIHYT 2L DI SBEINHE
LTWasH kb6l 3,

JavaScript I, 7 5 X Tl3#%: < (prototype) W HERICEDL
7V MEARKERALTWS, (bR&IITObIA THARERMILED
cEELSelf tEITETH 5, ) JavaScript DAYV v RiFd L DA I3 5%
ik (A% 2001) NE 6 BRI H S, <7< L. &AM JavaScript 1E7 T R
LEYAMNTWS

Common Lisp® % 7Y = 7 ME@EYEKR (CLOS) EZEA Y v F (multi-
method) ¥ E->T. DS DA TV =27 MERAZELERY., 2 DU LN/
FGA=F =D (75R) ITL->TERICFHT AV Y FOEREERET 54
MAEF->TW5,

R 3.11.1 EBOA 7Y 27 hg@EE (Smalltalk (Guzdial & Rose 2003)
CLOS, JavaScript (A 2001) , C++, Java (Lindholm & Yellin 2001) , Python,
Ruby 7% &) TEIHIRGEOMAN LD L I ITEEIN TV EHHARL,

312 F ¥ &

#7513, Haskell T7 FEv 7 %% aAEEICT 20D EMEATH S, BT
DEEEHLWT—IRIHERT 2-DNHEAETEH S, 22/ ILEFICE
FEBANDEOI T HONED T, TN IR FRIFLAEON LN, L
"L, PHYIZKWIS—AyvE—IURYOEILE-> TV 5,

3A3 XS ICEF LK) WAL DT
X @k (Wadler & Blott 1988) &, B IS XD T7A T 7 2 BMIBNLEHRIT

H5, X@h (Hall etal. 1996) &, RAED Haskell DB 7S5 X %2 L < #HBAL T
W3, X@Ek (Jones 2000) &, Haskell ® (7S RICEAT 2o 240) B
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WE. BARWIC Haskell D 7’0 75 62 AWV TEBAL TV %, @k (Odersky

1991) . A7 Y27 MEABSENY 794 TLRAKOHMER. AHEEZED
ML TELODFELREL TS, X#k (Heeren & Hage 2005) |, &
TIANDIIT— AV EL—VORBRLERBRZEIIOVWTHLLARTWS,

(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

(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 #&. #ELE#H R
FSqueak NFIBEN SRALKXKNTO IS5 I THRIE, 2003F3 A

Eit
(X% 2001) A ¥ AP JavaScripty 2001 & 8 A ASCII

(Lindholm & Yellin 2001) Tim Lindholm and Frank Yellin &. #fLt #
&R Nava REB< > L4k 820k 2000 F5 A E7Y > - 2572y —
varv
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