B3R R T —IRLBISR

31 RET— R nES

N2 DL I BT -9 L2 0S5 HoIlERTE2EELAEINT

W3, 2OLIRT-IBIIBEROEED (constructor) ##> 2 ¥ AT
%%, ZLTEXOERFIIVL 250D T 1 —IL K (field) 2> e 0T =
5, TOEIeT—98%E (algebraic datatype) ¥ \* 9,

T—IRNDEZD—MLERNDRDELEEY TH 5,
- WRTE, B, . B,
I *gfj?.%%z EEZ,I EL—JZ,nz

(-
| HETE, W, . B,

RERTL BRFLLLIFEASXFRERLNIGELRAL—&EFE. ™,
(7rg=2a7)., Ty, (FRR+OT14—=) —FE5 EEL L5/

»oESUENDHD, TORILBRFE ~ BRTFL, D mEED
T=90 5% B, By, B, R HERTFE DT —LFORTH S, B
By, RS, . BEE 7 —LFOROPIAN) 2BEKTHS, 22T
Tl " md. A

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

rwWiy (BFIZE%ROLE W) T—FBDIFE. Foo Double Integer BII#H 3
DIXRDEL SR TH S, Alice 3.14 [1,2] H3B\ L Bob "Hello" 3 H
%\Md Ccharlie, Y,

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

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

North, South, West, East ® 4 28  Direction 2K L TV 5%, (FED
deriving .. lI2WTIEHERT 5, )

Q311 LR ATAND3IDNDF (J'— (Rock) * F 3 F (Scissors) * /83—
(Paper)) %% Janken YWIBRDT— IR EEEH L, (deriving ... &
DT L TLWY, )




—REGICIIREI T — I RDEBRFIE 7 4 —IL FEHED, ROFIIE=HK
(binary tree) & T 7 — 98 Tree ¥ EHEL T\ 5,

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

ZHF7— Y%L Branch ¥ Empty ® 2 DO F 22, Empty ld7 4 —IL
FEHEET. TNEITT=0KREEKT 5. Branch lZ3 2074 —IL F&H
2, 1HEBY3FBEN Tree a BEDBFLRALEN=FGKRTHY. 2FEBD a
TEEXETHD, 2F Y., Branch RO L IR %2H-> T\ 5,

Branch ::

22T ald THY. ZZI2ld Integer ¥ String B YDA
R BINNS Z DT E S, FlAIL Tree Integer ITEED Integer BT
HELEIVGZAAROBTH S, Tree BRITETIZ % K BEKF (type
constructoNTdh %, 2F Y, BARSA—F—%H5TEILHTRIIR S,

BBy LT, ROL DI BRADHHZ D Tree XA YW B EHD,

treel :: Tree a

treel = Empty

tree2 :: Tree Integer

tree2 = Branch Empty 1 Empty

tree3 :: Tree String

tree3 = Branch (Branch Empty "a" Empty)

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

BIZ L trees DIEEIX, ITRTERDEI IR B,

Tree I T 2L, -2 v FUTERAVT, ROFIDLIICEHRT S
2 TES, 2FY, RIKOMAEBEIERFLEEN LR EAEECZ LY
=53,

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

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



-—— BFRH. BlIRIE treeSize treed (L 4

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

2FY, top I=AARDEENEELIRTEK. isEmpty EEHLEIDNETHE
T 2B, treeSize WEER TR TEABKTH 5.

Q3.1.2 Direction I L T, A, Z. RIF B2 EFTHEEK right,
left, opposite :: Direction -> Direction rERT L, GlIAIE
right North |¥ East. opposite North I& South TH %,

Q3.13 F 15| HHE 2 51K L T, Janken BOBKL - BT - 5| 217D
WITNTHEh ¥ ET 58% judgeJanken :: Janken -> Janken ->
Ordering ¥ E&E L., 72/ L. Janken |2 deriving (Eq, Show, Ord)
BV LT, 2 T==) ® <) Y Janken WITHATER WY
LTEALL,

22T ordering XRDEL I IHAEES A TS —TERZRINLEERTH S,

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

LT A& lF, GT 2B, EQ 43| E4lF, 2F%TENET 3

R3.14 Tree BICH LT, ROL I REHEERL L,

depth :: Tree a -> Integer —-- FE&
preorder :: Tree a -> [a] -- RIEEE
inorder :: Tree a -> [a] -- HEEE
postorder :: Tree a -> [a] -- RIEERE
reflect :: Tree a -> Tree a -- 58

Bl 7213, (Ddepth tree4,®preorder tree4,®inorder tree4,@
postorder tree4, ® reflect treed NFERITZTNZTN., D3, Q
(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% %,

315 DO n oK (FREVEROTEAIAREHEDZ LHTE SAK! rose tree
rH\WI) XTI T — 9B RoseTree ¥ EHZLE L, T nDRDEBEREEK
% %E# roseSize :: RoseTree a -> Integer TEHRTL,

(BRB) 74—ILFSXNL

COBHEARDL SIIREWT —IRDET 4 —ILFIZERT (74 —ILFSR
L) 21352 HETH B, ROLHIT, 74 —ILFBHETL—R (4

£ K

OIS IV IERMEIE .3

auls

il
anl



~1) TH&. T::0 OB 74—ILFESRNILEEL,

data C = F { foo, bar :: Int, baz :: Bool }
deriving (Eq,Ord, Show)

|

il

)] . ROEEZrRENT—IREEERT 3,

data C = F Int Int Bool deriving (Eg,Ord, Show)

TSI, 74— RSRNILEHFLWT—IE2EBET I SICH, Rg—r2y
FUTICHLERTSINERSE, VTR NS 7 9—D1EIC, TL—
AR T74 =L RSRNIL=RK) OA>FREYYDEUVEEL,

vl = F { bar = 5, foo = 12, baz = False }

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

ZOY ¥ hoge vl OfEI (524122 =) 169 1% 3,

FET74—ILERSRILIF, T=905 74— ILFDEEZERY ETEHKYr L TE
AT 52ehdks, Flald, ETEZIMNA v1 I LT, bar vl OfElL
51271 5%,

AN, T74—ILFSRNL =) DACZEYPYDLEVE T L —IAIC
EVWT, EELE714—ILRDEOAHEEELLHILWWT I 2EBRT S =
ICHERTE%, vl { bar = 3 } Df#IZ F { foo = 12, bar = 3,
baz = False } %2 5%,

.

32875k
IS ZADHAICNSRIZET T WL OO DRAEBLZRBNT 5,

RYEILT 4 XL (%48, polymorphism) ¥ IdE% (X Vv F) 2 XHs
EHTIEEVD, THIT BRIV EVWERBDF K ES
L. Lad Jr%E, (ad-hoc —
ZDFBRBY O, L WHEK) ZHE W), (T REYIREMIIHL T, BIC
Lo TRENEDLLBRVWEHENDZ L E/85 4 b)) v 7 (parametric) R %+ L &
Y. FlZIL, length EAEIEY A FDOKRTZRT S, YA FDBEDOTRIZIIK
BLRW, )37V x7 MEAZEDEWEE (dynamic binding) 1&. 75 X1
LoTAVY FDOEENRLG LD, TRRYISHO—ETH %,

7V FMEAZETIE, BITKRYEILTAZTLEWVW) EETHHEENE
Bk (RIZL->TEENEL D) TTELZ2H 5,

BRGLER LGRS LT (P EES,
overloading) 7' %, $EEHEIE—ONELFH I EROE®REESZ L Th 3,
BZIECH T+) == T<y REDARL—9 =13 int (BE) A<D
double (ERESFEV/NIAE) BICLHERTES, L LERLWICIZ, BAT

FUIS IV IEER B3 E, p. 4



NEBL > TR RLIMMEBICEIRING, BINRELRLGIRIE, $E
IFT5L 5T idiTebhizw,

NH=E

FERZIEID/NMIL (BF v 7) BICEREINGUENHD, tWIETHS
£ 9 R

square X

(DZYVHNLRETHD) . RITEICARS Y FOBRIIR L TREZRY 2

SEEIE D2/ ILEFICRA LY BIGEISREINTLE I,

Haskell D & S ICRIMR L /IS A ) w IR SHE2H TS

TRZEETRTEATLEINEETH-BREIEL S, AL RD
X * X

*rEHELEYE,

=

2%, FEERVT IRV ISHORBRELEN—DOTHHLEASH. B

=]

Tl
JXlETER Y, DF Y,

Cod& it
AR LVRICEONSRBERTIIRETFOREEZRET S
x DEDNBEHNFENIRBNRETER VDT,
To) DEZEDVRETERY, 2F Y, CXJava (DEEF) TEHLN TV B &
Y B EERIL. Haskell TIHEA L,
squareInt :: Int -> Int, squareDouble
< =

TCITEZLOSNDNHIL,
HICHZTICEHKEEEA T, ABEERT S22 AH ALY REREMA
BUVEBET B LICHYZIFANDSZ, B)—DDAAHIE, square x

X

* R EWIOEREZNEIIHL., ETEHO x DBIIKL T~ DRELRIRT 3

Double -> Double DL
TrTHB, TNE BARICREREZPES IV TR R B L,
W) ELTRITER< RS, LVWIKRELRELH S,

square "abc" DL RAEFI/NNAIUBFIITIS— (XFEFIIHITETER

=

=

—7%4. Haskell TIE—2OREWT —IRNELRZAVRA IS 79— T

i, RI—=229vFoTIELYT7RRY ISEERAL WS, FlAIL, Tree
B Branch ¥ Empty CIIMAE isEmpty X° treeSize NEENER S, LiC
D square DL I REERDEBELTAREICT 5-OICIIBEHOBICFE 45
TENEHRLLKERT 24E0H S, 2T, Haskell Tl
class) ¥ W) HMAAHIEBANIN T3,

(B, TRTCOBIHLTEZEINTWBLIEIRLAW) P RERY IS4 %,

(type
ISR IIBRINIE. HEJGERLIR0ET) THS, BlAIE. T%

Ty BEEPCXEINOBAELICIIEETE 24, AHEICRERZRTER VD
T FESERETEANOET YEEL L LA TES,
3.3 Haskell D# 7 5 2

MUT T Haskell 0B 7 5 R %38 T %, Bl LT, Egqe o, == (#F
5) AT AR IS A% LIF 3,

Haskell T3 CX Java Yt RAIL L 12 T==; (%Z) AL — % —Id Integer
(B30 BITH Double (BREESFENVNIAE) BICHL. I5IXMBOVE2DD
BICHBATES, B$MEIILE3ARTVICELR S, — A, AEEE ==, T

bR TER W, B (\ x -> x + x)

(\ x —>2 *x)I5—ThHh



%, (—RECEABORMEMIISEREMBETH S, ) Haskell X ZHBEHTEE
TH5DT. BlAIL.

member x [] = False
member x (y:ys) = x ==y || member x ys

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

X\ B3 member ¥ subset % ==, %> TE&ET 5 Y. member 5

(1, 4, 71 ®&L I [Integer] (BEN'Y R b)) BO3|EIZH. member
"Kagawa" ["Tokushima", "Ehime", "Kochi"] nL Iz [String] (X
FHNY)R L) BRI HICHBERATES, LHL, member (\ x -> x + x)
N\ x =>x+ 1, \ x =>2 * x] DLHICEABN )R MBERAT S
TER,

2% ') member X subset NDHII, X35 3 -> [a] -> Bool ¥ [a] ->
[a] -> Bool TRV, BEK a YL IRBTHLRVEVWIbIFTIER
WL THbB, TNTIE, member X° subset T DL HIRBEHEL, rYodk
FNICHREINTWSEDTH S ) 5 ? Scheme X° Python D & H ICENYICERIMIF
NEETETIR. 87— 947V 27 bHBROBERE DNRIEFL TVWEDT,
ETRFICRICRSC TR BB EBIRT 229" TE S, LA L. Haskell d &
AN IUBFICBRF v 75T D EETCIE. RTHICET - IBNE
WERFLTVWRVONERTH 5,

ZN%E Haskell TIRED LS IZEZ B0 355 ? Haskell T, TN 5D
BoRIasmicHmINs (B#R — <720, TOAEDFHMIOVTIER
BTRYBRIGBHEEBAS) , BEROERAZITEFT L. member £ subset
RDE I B EF > TV 5,

member ::

subset ::

STZT'Eq a =>"tWIHITEDIE, a EWIHAREHAEqrVWIRNETY (

) KB LTWwWRIFHIEW IRV, WS BICET 25159 (type
constraint) %9, (ZH%H. == OW®HIEq a => a -> a -> Bool &
WABRTH S, ) EqrWVWIBISRIE, T==; (HS) "EEINTVSL
IRBOEF YN THS, —RICE T 5T,

NZrTH5,

AISAIBENAF TV 27 MEATETNDI TR - AVRIVREWVWIEE
YIZBERNSERLZNDTERT %, BENA TV 27 MEASETIZIZ SR
(PFYHR) THEHDITH L., Haskell DB 7 5 21
THb, (JavanA > 72— ZADBRIMUT WS, tWHILYDb, B
BHbEAlL JavadA > F 7 —XH  Haskell DRI 7 S5 2T WS, YWD
I B TH 5, )

|

1]

37S5RBEYAVARI VR

N
O
A\
N|
111
\I
N,
il
3
3
i

3%, p.6



BMISANDERICIEI class tWIHIF—T7—FEAWVWS, BlAIE. Eg7FTAD
E & IT Haskell TIRDLHIZEL, (Prelude ITERFZATH 5, )

class Eg a where
(==), (/=) :: a -> a -> Bool -— = TEBEWNWDOTIEE
a /= b = not (a == b) — TI7HILIFDESE

A, TR a BTSSR EGIET SEHITIE. a -> a -> Bool LW HE

EHO2 OB (==), (/=) EHELELFNEVTR V) L WHEBKIIR S,
—AREY IS,
class V3R, BZEH, where
Fﬁ%&l M ggl

F%ﬁ%lz N EEZ

NDEINIF—T—Rclass DHYIZITISRBEYRERE*ESE, £—7—F
where DZICEHBOUEZTEZLENRS, ZHIE. BEK "I T XIBT 580
I B W RE L OB, B, t WO REL OB, L W ETHS (M
BTHETHLBRBVOESD, 22 CIISBEEERICTIENH. TRNTEHKEWD
Trlilre ) EVIBRTH S, By B, oRIIZBE, BEH 15N
%,

ZLT, 53N HE7TAEBT S22 *EET 50I2IE instance £ W
IF—T7—FEAWVS, FlZIEUERBNL = Direction A (deriving #
D> LT) Eq 7 FRIET S (Direction ¥ Eq D <
H3) TrEESTTHLOITE. RDLIITEL,

instance Eg Direction where

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

== = False

22T (/=) SREFIIOVWTIE, 75 REENPTT74ILEDERNAE
INTVWBENT, A YRIVRAEETREREERT 52U TE 5,

T, BICENGBNASA -9 —ICHINEDITZ 20 TE 5%, HlAIL Tree
BNIFBE (deriving B s > LT) . RDLIHICEET 5,

instance Egq a => Eg (Tree a) where

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

"Bq a =>" DWDIL Tree a ICEFBTE*ERT S57-DICE. BREOBETHS a lC
EENEZINTVRITFNUIEN TRV EVWIFINERT, Tree DL H /5 A
— 9 —%FHEOBNIFE. THIWVIEINNBBERIBENS W,

TSIV IEEREIEP.T



—ARE9IZ IS,

instance #l#y, => 23X, B, where
E‘gﬁl = :_l'—tl
@ﬁz = Z_I'-tz

NDEHF—7— K instance DHYICHWr 754, BEEE yhere ¢
WHOF—T—FOHLICHABOERTIENS, THIE, ¥, b T, B
3. 75 RgDAYRIVRATHY, By BE, nEEIZTNITNX. R,
TH5B. EWHBKRTHS, #lE. —M&ic (V7R BEH, V773X, &
EH,, JDEVWHIERXTHS,

IFrALo® (FlzIE) 2 b)) LEq 75 RICBT %4, BEEIIOWT
&, — RS2 DOBBOEFEBMTHEOEIDEHET 52 L ISREMNICTITEE
DT, Eq 7 ZRITEI R,

Q3.4.1 fBiIAAH D Bool B ¥ Hilte 5 — & &:

\ data MyBool = MyTrue | MyFalse

TEqQ77ANDA LRIV RA LTEEY L, (EBool WITWT B Eq 7T
ZADAVRIRAIIZESATS) B TEEINTVWENT, E55707
SLPITELSCSLEIT R, )

Q3.42 X B D Quiz TEZ L L»ATA (Janken) BE EQ7TRDA VR
IR LTEEY L, FlAld Rock == Rock |& True. Scissors ==
Paper Id False TH %,

Q3.4.3"size :: a -> Int"¥WVWIAY Y REEHE DI S5 R HasSize 7T R
rEHET L, FlAIL,

1 instance HasSize [a] where
2 size xs = length xs

4 instance HasSize (Tree a) where
5 size t = treeSize t



NEHITAVRIVRAEEET DY, size [1,5,2] & 312,
(= I Y

size tree4

3.5 ZDNMOEENLR ISR

Eq DMICERLEER, #5475 —ICABRINTVWER ISR LT,
ord, Show, Num 2 ¥#%H 5%, (ATHOHBAAI— FTIIEBETHEWAY Y KR
TI74ILEDEEIZEEL TS, )

class Eq a => Ord a where -- Ord I order (JEF) D&
(<)I (<=)l (>:)I (>) ::a —-> a —-> Bool
max, min s a -> a -> a

class Show a where
show 11 a —-> String

class (Eg a, Show a) => Num a where
(), (=), (*) i a -> a -> a
fromInteger :: Integer -> a

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

ord |3NER (order) 2F Y. %2, Show IXFFIANDEH, Num ¥
Fractional JWEASEENA YV Y FE2EHL TWERISITH 3,

ISRAEEDN T=>) OEQIIH B IS5 RIE, RA—/3—7 5N 3,

Bz, Eqld ord DR —/R—=I7 SR TH5, 2L 0ord 77 RXADA >R T >
2R BHE, $TEGQITADA VR VATHERIFAULR SRV, Y \WH 2
tEE%RT %,

-

PULRRICG DD, WISRAEEDOXEECRDBLEIIRA—/I=TI S5 %RT
KEQIHE =EIC (9F Y (class Eq a <= 0rd a where ..)H BV
(class Ord a => Eq a where .. )DL IID) TEIREL > YW IHEK
WNH B, ZHUL ord t EWVIHKD, Eq t LWOHINEEATVWSD
ThHs, o<, TOLHIZEDHBIEINTHoZY LTWENEKEE S, &
b—ERIE S HEREZ SN,

.

EiE, THETHNTVRL S, 1R 3. 14 R EDEIE!) 75 LI,
Haskell TlE Z N Z #1.



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

LVWIBRERESTWS, £9b, FlAIE 1 L WHIEEY Tk, Int ¥ LT
t. Double ¥ LTHHERATE 5,

Show, Eq, 0rd 7 Z AR CICHT AV RIVREEIR, FrAYDT—98T
SEIZRY, LYrBRALELIBERIILEZDT, 7T—9BNDEE4 deriving
Jdi'ravin/ €\ F— 7 — F&HF-> TS, Haskell DREBRAN NS DA >
RIABEEAEBICERL TNEZ LI >TWS, AL Tree I22
WTIRD L HIZEL,

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

T, Tree ICHLTHEARFLEEY D (==), (>), showREDA Y Y RHPNEHRT
%, 12#EMIC deriving #FHHR— b LTVWSER IS5 21, 12 Enum, Ix,
Bounded, code>Read #'% 5%,

Q35.14ALND) X MRy EiH T — 5B

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

%, deriving 2AWVTII, Eq75RX 0rd 75RANDA Y RAI VA EEEH
Lo 0rd 752D AV RIZIZVWHW 2HERXDIEF AV L,

-

HEAER CIL, A9 D% a=ajasas---am, £ b = bibsbs---b, DIEF %
BLCHENEE (AL, a1 ¥ bi. as ¥ b L) BET, B SIEEICHAN
TWE,

e HBEJHIH-o-TIi<jrRBIRTDGIIFLT ai:bib")aj<bj
whHida<b
e m<nTi<MmUEBREZTIRTDIIHLTa;=b;%5lda<b

Y¥R3L9%L0THS,

(79 2ADERPICT 74N FORENERINTVENDT, Eq 7 TAD ==
AVY R ord 75 AND <= AV FEIFEEZTNL, oAV Y FOES
TBEEICERTNS, )

EVhRDELS ", VA MDD S MyList NOEBREITOBAEEERL T,

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

WO DT—R e TR ML,

toMyList "abc" <= toMyList "abd" -- True



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

3.6 7Yz 7 MEmXDEF

INETITBNLE, REWT—9RIPBRI ISRy, #7V27 MERAEET
FRAINE I SRR EDBRIL DEEITOWTHRNS,

* 7Yy MEAEEHIOITSF—7— Fr L TEHHEME (dynamic binding) -
(inheritance) - (encapsulation) M3 L K EIF 515,

Q3.6.1 ZNEANERYENIRT G DHP LR TN,

c IS ANEREDHMEMBD I SANLEBT I N TESZ

B RE . v

o CFUHINBA Y Y FORENA TV 27 PORITHOR
’ ’ THRIBHZL

ATEIL NI SRDAY Y FOEE*TAI SRATHEANATES
1t ’ 2y

AT EILCAIZ, R EILT 4 XL LEWRENH > T ZTE%RD H B8
RBTHB, RVELTAXLDHEH0 5, REOHEMBENNEBZTLEI N
ANEFICOA—RE2RTTEI2UNTES, 06, ATEIEIEES, £
f-. BINRENH D05, MALEXAV Y FOE%RN I SR L TAEHIC
ZbY, BLELIRAYY FEAELERT 2XEN GRS, TR, 7
O75IVIEENEREYVWIBENLRIE. K ELT 4 XL, HIZEHY
FEZ XA TV MEADKETHELE->THLRL,

3.747V27 FMEAD ISR REMT—98

Haskell X ML ¥ \\ > =EABBEETIE. HEOERF (constructond™ & 7% 34X
ey 7 — ¥ & (algebraic datatype) E EHTE %5, KRBT IR EEBRT 5%
MRTE. A7V 7 MEARZEN I SAITHET 2 L Retid, KRS
BLT7RERY 7SR RGIHYT 2HMBLR-> TV 5, BHIE, T3
FRBRTFOIINEEZITRY., FAFUVHEHINSZ - 9 -2y F T
&Y, A7V 7 POERTEOERTFTEE %, BFIAIE, Tree 8D
isEmpty ¥\ B Branch ¥ Empty TETINS2— FHEDb 5,

A7V 7 MEAEEN I SR LEARUTEIREN T — IR OBRFDEN
X, MEMEN TR THS, RENT—9RIE. BEOERFICZTNES KT
2% L WEEEEML TV DIETEEL S, BEHEOEEKICH L WEKT 238/
T52rlETERV, (FIASHAALZORBYT — 9B THS ) X bRIICE



YR M [1E3YR (:) RIPDFHTLWEBRFEEHNSEBMT ZZIITELR
W, ) HIZTSRIBEENER (AVYR) 25 LVWT—98 (75R) ITE
BT HZLIITEELD, BENT—IH (75) IHLVEK (A VY F)
EMTEZI>TERY, (FIAIE Java DEARABNDI S A TH S
String 77 RIT, FILWAY Y FEHZEHNGEMTEZ I TERV, #H
(static) A Vv R 53BMTE 30, SRBEZHELE L2 LIETER,
Kotlin DIL3RAA%K £ B89 Tld 7% < BEROICARIR I N S, )

= b3

5 <

o g

REMF— R lig 552 z

\<> : m

o 5

ot

ot

ERFHEPERL HTISRFHEVES

REWT—9 R (F7Yx7 MEAEED) 75 R

BISRF ABBEEEIAT V27 MERASELRALA@ANHERE (DF Y
BREOBBIH LWREZI| R L TERYT 3) e45T 5484 HEVIEAL
7V MMERERNSHHRE LRV ERTERRT 2MHMBLLEALSZZ LY
TE 5,

EEL A7V 27 MMEAEERHLVWT I8 (V5R) 2EHTHE =IC
LA $ILVWEE (AV Y R) 2BMT S22 3TERY, ZHUIRHL TR
FRIIEENRIHLVEEK (A VYR 2ZRT B2 TES, 7V
7 MEMBETINIABET 222 1E BENIZ S RITH LW (ava
D) A>F—T7x2—ANEK%EBMT 52 LITHET 3,

3.8 (B#) ISR HT94E>T

3.81%4794€E>7

A7V MEREETIR, HBER—/1— I 525 AT S (HB\\L Java D
A29—T72—REEEST3) ISAIBTEA TV blE, R—/8—705
APA 29— Tz —ZOBIHERICF v X bINT, —DOEBUITRALE
D, —2naA>FTF+—IcF DY T5ZehTES, La L. Haskell Tld,
5l Z1E Integer ¥ Char ¥ [Integer] ETXT show 75 RIIBT %4, %
NEE—DNYRAPMIFrHBZ2Z2IFTERY, 2FY, ROLILEHKNB
EEOBREAD ) R MIBMAIFTER L,

-— ERIZEHRSKD [(1,'a',[1,4,7]] DEFIFTFRALZDT
-— 2{K® impossible HEfFIFARTA]

impossible :: [String] —— ElFLvAAEL
impossible = map show [1,'a',[1,4,7]]



— I, BLRISIICBELTWTL, AB—Da>F+—Icd 32 &
TERWY, 2F Y, RIS HTIAMELT (Fv A LTEZHEHD)
OB ETH %,

LA L. Show MIFE. String ICEBULEBERE OO NIEBRVDEDN S, JRD
LI R IR SHEKT BT ENTE S,

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

2FY, 7SR LBYLREBREFFERTIUL, —DOBRIZEHBL T, B—
DIAVTF—ITPRDEZ N TEBZHRELH S,

3.8.2 —fizfk
LD LBl LT, ROLIBBISREEZ B,

class C a where

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

ZHUISH LT, ROL S LBy FREREE LS 2 LA TS 5,

data T = T (Int -> Bool) -- foo D&%t
T -- bar D&
(Char -> T) -- baz OEIZXIG
instance C T where
foo (T £f gh) n=1fn
bar (T £ g h) =g
baz (T £ g h) ¢ =h ¢
toT :: C a =>a —> T
toT a = T (foo a) (toT (bar a)) (\ ¢ -> toT (baz a c))

BT TO3 2OEKRERNE, Int -> Bool ¥ T X Char -> Tk, TH
Z#M foo :: Ca =>a -> Int => Bool ¥ bar :: Ca =>a -> at
baz :: C a => a -> Char -> a iR LTWVW5, THRIFEOBRDOFORE
BatBHNRTICESHZ S,

ZOLE x i XBCHDAYRIVADEEHED (instance C X ) &5
I, x ¥ toT x :: TId, foo, bar, baz I LT, ENBLREAL LIRS E
Vo TBHIT, X, v, z2BTRTCDA PRI VRAED, B BB v, 72, ICBL
TWiLTH, toT x,toT y,toT z X ENBL TRTHY., —D' X IS
FrHaHIEDTE S,

— IR IS5 2

class C o where
ml oo —=> Tl



m2::oc—> )
m3::0(—> T3

0)%)( Y V PO)EL) {l‘émﬁtlzj. T1, Toy T3 L:\ jﬁ?ﬁmﬂg\‘ﬁu ﬁ*\glﬁmﬁém{ﬁ%
(2FY > EAID) ITBN VDR SIE—RYVENRHOMEICIENSDIZHE
biw—Z#EnBo 78

data T = T o, Oy O3

(FzZLo, 3 1; PO aDEBRETTESHVALBTHS, ) ¥ toT :: C

o => a > TOLIREBREABRE*ERT SN TES, BH]LAEF TV T
PETTOF TV 27 PERLIRSZEVEL, B—0BLOT—oNI>TF—

ICFEHHILHTESE, 2OFEITOVWTIE, BF# (Odersky 1991) 123#

LWERBAAH B, ZHOFEIEIAY Y FofESE (DF Y., foo, bar, baz) XN
UEHZRWH, STNEDAY Y FERFIH (XY, 2 ..) BEATVW £w

IRRICIIEHTH %,

3.83 JloFik
—F. PR & 5w REM 7 — 9 B

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)

EEELTC BLRISRIETS (ALAVY FEHD) WEE—0a>T
FT—ICRMT B, WO FELHY IS, TOIFBEIE. EROFFHELIHITAY
w RniE$E (2 F Y. foo, bar, baz, ..) #ENLERT Z L ISR, B
(X,Y,2) &, THRAEHEPT Z e TEhiR 3B,

22FITEILHBr, —EDHRODBETEH S, HHRISRIIET S
AEFXF v 2PLT 2T —IRMT AL ETRETH S, TOXY HITE2
BYHY. R, HERENFEIGEVYH S, L SHADIRRE FBITE T
FUS W F R WZ Eh, 22IEE->TLE S,

39 (%) BISRADBES

BB T FRYI7%MBEIILBILLAEBISIEN, WHOHDBELD
o> T\W5,

bhick WIS —Ayvt—-Y



MISREITT—AvE—IUdhhrY)Iic< v, FLEII—IIR->TIEILWD
DHZHZ LTI —IIRERWN YWIRRIH S, £FX#ER (Heeren & Hage
2005) I2W LK D9 IR EIF SN TV B,

BEBRY (ambiguity)

BlZIE, ROL IR ISREEZNHDHET S, ZHIETEERD Show, Read 7 T R
FHLEBEMELTWS,

class Show a where
show :: a —-> String

class Read a where
read :: String -> a

CHEBNDTTC. ROLIREABREERT 5,

foo x = show (read x)

COBEORIL. foo :: (Show a, Read a) => String -> String &
5, BEH 2 0BIE, => AT ULHRENGVOT, BHRTRETER
Vo (TROLLEBHRTHZ, ) THLRNDTOATSLDLS I,

foo x = show (read x :: Integer)

a DEFRWLA L A —FHBARLRTNIEE®RIEFE 5 < ->TLEI, (¥
Q75 LNERVBEZIRET S LICRY, [IFE0BVEE L S AHW
60 )

3.10 (#%) Dictionary-Passing Style £

225513, Haskell 5B IS 25 YD EHICEHEL TV B9 EHBT 2, (-
L. 2OLIRRELZED Haskell DERRICED 5N TWEhIT TRV, H
CEFTHRLELNEZEELZO—FITH S, )

JS5REE  AVRAIVAEERHKMINER (L => ) H- BRI, 2>
WNALEFIZZN L EFRAVEVCEBOBERSC T —YDERICESBRIONS,

I ISREERAVY RE2ERIEDELORBOEE L7 I —DESE
IZERRRIN S, BlA L Egq 75 ADIFE,

type Eq' a =

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

eq' =\ (e, ) > e -— (==) [ZHIET B

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

ne' =\ (, n) ->n - (/=) IZ®IET B
ZHEQ aBLIRATILT MET—HRIC (method dictionary)
rgiEn s,



AVRIVRAEEREMRNLGREFE DAYV Y FEEOERICERINS, Fli
IE. instance Eg Direction RN & 312 Eq' Direction®oA4 7V =
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
FEast ‘“egDirection’ East = True
_ ‘egDirection” = False
eqgTreeDic :: Egq' a -> Egq' (Tree a)
eqTreeDic (eghA, ) = (eqT, \ 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 1r2
‘eqT” = False

ZLTRISZEFES>TVWSE (L => rWHIREED) AKoE&IE, 2>/
AIWBFITRDEL A ITA Yy FE#EE (Eq' a®) %EMOIIK T 2@EHENER
IKESBMAON TV S, XV y FHEICIZ, BEREEIEINGOT, TH
5 OB HEREEICR B,

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

member' d x [] = False

mempber' 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

CHNSOBEBOEE LIRDL HICRICIKCTEERH R A Yy NEHELEI N
ZICESHE 5N 5B,

member North [North, South, West]

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

[North, South, West]

Sk HEEHA (Dictionary-Passing Style Z#2) & Haskell Tlda > /31 L
P ORHBEFICAEBNIITE NS, 2FY. PREYI7SHOERTENIR
ME, HEA 7 V27 FOPHSLEAREIRY H L, TNERET S/1FI1C%

5, Y512, TFRYI7%HBEEREAKTRRTES (- LaRBEAKILS
DT, HBEEOVELLR->TLE)TREKEH S, ). BIWIC (DT Y EITH
1) AVY FEFELTVWSEDITRA T, ERICIEFOIC (22731 LBFID)
FEALDREBERRLEHIFEL TV B,

M 3.10.1 ROLHITERIMN TV ZEE Lookup:

data Maybe a = Just a | Nothing

lookup :: Eg 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 IIBESA TS5 —ICERBEADERKTH %, ) O Dictionary-
Passing Style Z#1£ DR 1ookup’:

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

. Bl lookup 1 [(1,2),(4,7)] Y lookup’ egIntDic 1
[(1,2), (4,7)] OEH. H S\ lookup 1.1 [(1.4,0.1),(4.2,6.9)]
¥ lookup’ egDoubleDic 1.1 [(1.4,0.1), (4.2,6.9)] OEHIRE CIEIS
%%, (eqIntDic, eqDoubleDic IZBTHEERT %, )

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 (%) oA 7V 7 MEASEIOWT

—fRE A TV 7 MEAEETH., VTV A VY REEITHRT 57 —
FEFZIZLT, VKRB EERL VWBEL6NE, 2F Y, "Bk &
BAETHS, LHrL, BROBILASI K LTTIERL, 7Y 7 b
BT 2> TWB ISV EBbNE, 2FY, BTV 005
2T BT —IBEANDKRA VI —5FHE->TVWT, 75T 57—
IHENAY Y ROBEEZEATVS L WVWIBEEI SV, Smalltalk DXV v R
gL DEEDHEIEL. FIA LS E B (Guzdial & Rose 2003) N EE 6 FIZEHEA
INTW5S

JavaScript . 7 9 X2 Tld% < (prototype) £ W I RICE DS F
7Yz MEAEHALTWS, (BR&IITO NI THRERMIILD T
Sl Self L WIEETH S, ) JavaScript DAV vy Fufdi L DL A IE 5 E
B (RF 2001) DE 6 EIEHEIH S, =7~ L. RKFD JavaScript 1IT7 523
HUANTW S

Common Lisp®# 7Y = 7 ~igM@¥ESR (CLOS) &% E A Vv F (multi-method) &
o MNELLNA TV MEATELERY, 2ORED/SA -5 —D
B (75R) ICL->TERBRICFHEHT AV Y FORELRET 24BAEEH-T
\’\%O

R 3.11.1 EBo+ 7Y =7 bEEEE (Smalltalk (Guzdial & Rose 2003) ,
CLOS, JavaScript (X 2001) , C++, Java (Lindholm & Yellin 2001) , Python,
Ruby 2 ¥) TEIMIRECHMANLDL S ITEEIN TV EHTANL,

312 F &

B 7S5 2L, Haskell T7 Ry 7% M2 agEIcT 57-00NEEALATH B, BT
DEEEHLWT—IRIIRT 200 MEBALETILH B, T2/ ILEILE



FEBEBADEBOI TN ED T, BRITHEOIZI MIIF LA SRV, L
L. POYITKWIT—Avtbe—IR Y, W OHhDORIEEIZE> T\ 5,

313 X5ICEHELLmY =VWADEHIC...

(i (Wadler & Blott 1988) &, B 7 S XD T7A T 7 & JMIBM LA/ T
5, X#ER (Hall etal. 1996) &, TRED Haskell DB 7 5 X %3 L<EBAL T
W%, X#k (Jones 2000) &, Haskell ® (B 7 S5 RT3 E0) B
#WE. BRMIC Haskell D 7’0 75 4% AWTEHBAL T\ 5%, X#k (Odersky
1991) E. A7V 27 MEAEENH TI9A4 TLRBOMHEEL, BAEVEEZEN
MBATELEODFERREL T\ 5, X#ER (Heeren & Hage 2005) |, %
JTZ2ANITZ7— Ay EL—YVDMBARLRABAEICOVTHLIARRTWS,

(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 #&. #L3&#8 R
FSqueak NP BEMNSKAKXKNTO TS IV THBIE, 20034F3 A B

Eit
(X% 2001) X% ¥ " AP9JavaScripts; 2001 £ 8 B ASCII

(Lindholm & Yellin 2001) Tim Lindholm and Frank Yellin &, #f_L %
E R Nava R~ itk E20Ry 2001 F 58 E7Y > - 727 —
var


https://web.cecs.pdx.edu/~mpj/thih/
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