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, )




—REI IR T — I ROERTFIZ 71— L REH>D, ROFlIIZ=HK
(binary tree) ¥ & T 7 — 98 Tree ¥ E&HL T\ 5,

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

20T — 9IS Branch ¥ Empty ® 2 DDERF 5>, Empty ld 71— L
FEEAT. TNEFT_0KREEKT 5. Branch lZ3 20714 —IL F%H
2, 1HEBY3FBN Tree a FADBFLRALBO=2ARTHY. 2FEBD a
EBEETHS, 2F Y., Branch lTROL I LR EH > T\ 3,

Branch ::

22T, ald ThHY. ZZI2ld Integer ¥ String R E¥DE
FRERRINND Z DT E S, BlAL Tree Integer IFBEH Integer BT
HBELEINGZRAROBTH S, Tree BRITETIZ % < REKF (type
constructonNTdh %, 2F Y, BNRSA—9—%#5TEILHTRIIR B,

BARLHYLE LT ROLSRADBINZ D Tree O, L WHIBEHD,

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

BlZ IS treed OEEIL, ITETERDL D IIH B,

Tree I T 28%IE. -2 v FUITE2RANT, ROFIOLHICEERT S
Z¥TES, DY, RIBOMUBIEBRFEEEN LR EZANEELZ LY
%3,

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



—\,}) TH&. T::) OB 74—ILRESIRNILEEL,

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

CHNEER. RNDESLRENT —IREERT 5,

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

TSI, TA—IERSRNILEEHFLWT—I2BET I EI2E, -2y
FOTICHLERTEZeNERSE, WVTNLAVR NS 79 —DIEIZ, TL—
ZRIIZT74—=ILFSRIL =K, ODA>EYY DL UEEL,

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

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

ZDY E hoge v1 OfEIE (524122 =) 169 12k 3,

FETA4=ILESRNILEE, T—90574—ILFRDELZERY ETEHKr LTE
AT 32 ehdks, flialE, ETERZRIMNAE v1 I LT, bar vl DEI
512712 5%,

RADEIZ, "T7T4—ILRSRNIL =) DAVEYYDEUE2 T L —IRAIC
EWT BELE74—LRDEDHEZEELHILWT — I 5BRT B L=
ICHERATE%, vl { bar = 3 } D{EIZ F { foo = 12, bar = 3,
baz = False } II% 5,

\

32875k
RIS ZDHEBBIZANSRNZET T VWL D00 AELRBNT %,

R EILT 4 XL (%48, polymorphism) Y IZEE (X Vv ) &2

EHT LRV, THI BRIV ERWE LRt
L. L2t N (ad-hoc —
ZDBRY D, LWIHIEBK) FHrWDI., (T FRRYyIZ74SMEICHLT. BIC
Lo TRENEDLLBVEHENDZ L ®/XF A M) v 7 (parametric) # 1 L &
Yo BlZIE length FARIBY A bOKRIERTH. VR FDBEROBITIIMK
BLEW, ) F 77 MEAEENEN R (dynamic binding) &, 7 5 R
LoTAYY FORENRL DD, TREVISHO—FETH 5,

A7V MEREETIE, BIKYELI74ZLEVWI EETHHWEBOE
Bk (RICL > TEENERERZ) TEL2 2 H 5,

BWRELERA LIS RBEL LT (ZEEZR,
overloading) #'$» %, $EEHII—DODELHHIEROE®REFE DI L TH 3,
BlIZIECH T+y T==; T<y REDARL—F—1F int (B BID
double (fEREEEFEI/NEH) RICHLEATE S, L LEMARWICIE, BAT

A‘

J
d
A\
NI
17/
\/
A\
i
nul
\:IIII
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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



%, (—ROIEABORMEMIIHETERERBETH S, ) Haskell RSB EHTSE
THHDT, FlIAIE,

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

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

W) B8 member X subset % T==; 2> TE&KT 5 L. member 5

[1, 4, 71 DL [Integer] (BENY R F) BD3|EIZH. member
"Kagawa" ["Tokushima", "Ehime", "Kochi"] nL Iz [String] (X
FHNY R L) B KICHBERTES, LA L, member (\ x -> x + x)
N x =>x+ 1, \ x > 2 * x] DLHEABD )R MEATSZ I
TER,

2% ') member X° subset WL, BE#R B a -> [a] -> Bool ¥ [a] ->

[a] -> Bool TRV, BEH a0 rDLILRBTELRVEWIDIFTIER
WL THbB, TNTIE. member X subset T XDNLHILBEHFEL, Yok
FTEREINTWBDTH S S 5 ? Scheme X° Python D &£ 5 ICENRYICERIFIF
NEEETR, BT 947V 27 b BROBEREDRIEFTLTVSDT,

EATEFICRICR L CGEAY AR ERIRT 220" TE 5%, Lo L, Haskell o &
AR AIIBFICRF Y 75T I EETIR, ETHFICIRT IR NIE
WERBFLTVWRVONERTH S,

ZNIHE Haskell TIEED L HITEZ B0/ 3 ) H 7 Haskell TlE. T 5D
BOBIIAHOIHRINS (BfG— 7L, TOHEOFHEMIIOVWTIER
BTRYBRIGBHEEEBAS) . BEROBERAZITETFT L. member £ subset
BRDE I BB ER-> TV S,

member ::

subset ::

22ZT'Eq a ="t WIHATEDIE, a LWIHIREHENEqrVWIRNETY (

) IKBLTWRIFNIEWIFR W, W) BICEET 5 H4 (type
constraint) %9, (ZH%H. "==) OWH'Eq a => a -> a -> Bool &
WHOBTH S, ) EqEWHIBISRIE, T=) (FS) "EREINTVSL
IRBNEF YD THB, —MRICBI SR,

NDZLThs,

BMISRIBENA TV 7 MEASETNDI TR A VRIVALWIEE
YIIBERNPBELZNDTERT %, BENA 7Y z7 MEASETIRIZ T RIG
PFYHR) THHDITXF L., Haskell DB 7 5 214
THsd, (JavanA>9 72 —RADFRBIIM TS, tWwH LY B, IE
FEh b ildlava DA > 9 72— Haskell DB 7 5 ZITAT WS, L\ H
EIEYTH S, )

|

[l

347S5RBEYAVARI VR

N
d
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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



—HRETLZ I,

instance #l#, => 23X, B, where
Fﬁﬁl = :_l'—tl
@%‘[2 = I_I'-tz

NDEITF—7— K instance DHYLIHIPNYL 757 R%, BEES, where ¥
WAF—T—FOHLICHABOERELENS, 2N, FlF,0b T, B,
3. 79 RX9gDAYRIATHY ., By BE, nEZR>ZNITNN R,
THb. LVWHIBRTH S, #HIE, — R (VR BEH, V7R, B
EH,, )EVWHIEXTHS,

FrAro® Bz 2 beME) HEqg 75 RIBT 200, BEEIIOVWT

. —fRIC2 DOBEBVFEMTHE20CINEFHRET 22 LISREHICTTEE
DT, Eq 7 2 RIIBIRW,

Q3.4.1 fHIA A D Bool B ¥ Hilhife 7 — ¥ BY:

] data MyBool = MyTrue | MyFalse

TEQ7I7ANDARIVRA LTEEY L, (EBool WICHT B Eq 7T
ANAVRIVRIMEES A TZ) —PTEEINTVENT, Eg5 707
FLPICELSSEITG G, )

Q3.4.2 UETD Quiz TERZ L L»A A (Janken) BE EqQ7T7RADA >R
9 R¥ LTEEE L, BlAIE Rock == Rock l& True. Scissors ==
Paper |d False ThH %,

Q3.43"size :: a —> Int"¥WIAY Y RF%E2EFEDJ 5 X HasSize 77 R
rEHEE L, FlAIL.

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

N

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

(€2 BTSN OV)



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 => t
3.14 :: Fractional t => t

LVWAHBERESTWE, £9b, FlAIE 1 L VWHIEEY T, nt £ LT
t. Double ¥ LTHERTE 5,

Show,Eq, 0rd 7 AR IZHT 54> RIVREEIG. IFAYDT—9RT
SEIZRY, LOGrBRALEIRERIILEZDT, T—9B-NDEEH deriving
/di'ravin/ £\ F— 7 — FEHF-> TWWiE, Haskell DREBRAHANSNZN LD A >
RIABEEEFAEIICERL TNEZ LI >TWS, AL Tree I2
WTIRD LI IZEL,

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

T, Tree IZH L THARFEE Y D (==), (>), show RENDA Y Y RHRNERT
%, Z2EMIC deriving EHR— P LTVWERZ S5 2, M1 Enum, Ix,
Bounded, code>Read 7% %,

Q351 /AANY X MRy EfM T — 9T

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

%, deriving BAWVWTII, Eq 7 TR 0rd 7 9RANDA Y RY VR EEEH
Lo 0rd 752D AV RIZIRVWHW 2HERDIEF * AV L,

-

FHENEF LI, A2 DF a=aaaz - -a, £ b =bbbs---b, DIERF %
BCUENEE (flAIL, a1 ¢ bi. asz ¥ b L) BET, aip SIEEHICHEN
TWE,

¢ HBHjHH->Ti<FrRBIRTDIIHLTa;=b 0D a; <b;
slifa<b
e m<nTi<MUBBZIRTDIIHLTa;=b;k5lda<b

YR53L9 %30 TH S,

(79 2ADERPICT 74N FDRENPEEINTNENDT, Eq7 TAD ==
AVYY RY0ord 792D <= AV Yy FEFE2EETNL, HOXA VY FOESE
SEEFWICERTINS, )

EVbRDEI %, VRO S MyList NOBBRETHOBAKEERL T,

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

W29 DT7—R e TR ML,

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

yars53>7

S

i
aul
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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



JRE (1 ETVR (1) RSIDFHLWERFEENSEMTHICIITER
W, ) HIZZSRSBEHFENEEK (A VY R) 2HLVWTF—98 (J5R) IE
HT D LIITELDY, BENT I8 (75) IHLVEKR (A VY F)
23BMT S5 rIETERY, (FlAIL, Java DEAAZND I SATH S
String 77 RII, FILWAY Y FEHHNLEBMTSEI I TERV, #H
(static) e A Vv R 5BMTE 39, BNRELHFEHLE LI LIETER L,
Kotlin D¥L5RAA%E B9 Tl % < ERROICARSR SN 5, )

e b3

] <

o g

REHF— R rE:g 952 z

\Q : :

o 5

Ind

oF

WA FHECERN HTOSRFEOES

REHHT—9R (F7Yz7 MeAEED) 75

BISR3, ABESEIAT V27 MERSELR L AAOHERE (DFY
BRAEOREBICHLWEES R L TEMT 3) 25T 5484 HEVIEAL
7V MEREENHHRE LBV EETERT 2HMALELSZ 2D
TE 5,

EEL A7V 7 MMEAZEERHFLVWT 98 (V5R) 2EBHETHYL =IC
Loy HLVEK (AV Y R) 26BMT S22 LI3TERY, ZHIIHLTRY
FRAIEENRIH LVEKR (AVYR) 28RT B2 TES, A7V
7 MEBEETIAICHEET L2 2F 2 0E BBENZ S5 RICH LW (ava
D) A>I—Tz—ANE¥E%EMT 52 LITHEHHET 5,

3.8 (B#) ISR HT94E>T

381479427

A7V bMMEAEETH, HERA—/1—IJ 5% AT S (H5\ L Java D
A2 —T2—RE2EXEET3) JSRIBT BTV bE, R—/3=75
ANA I —T7z—ZADBITERICF v A PINT, —DDERIIRALE
D, —2na>FTF+—I2F YT 52 TES, LH L, Haskell Tl
5121 Integer ¥ Char ¥ [Integer] T RXT show 7 7 RIIBT %5%. %
NEE—DONYZAMIFEHBZIIITERY, 2F Y, ROLILEHNTY
EREOBEEESD YR MIBRMIFTER W,

- ERICEEBIRAD [1,'a',[1,4,7]] BDEFFFALZDOT
-- 2{K® impossible HE{FIFA T

impossible :: [String] AV )\ YA A
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::0(—> )
IZ’Z32!O(—> T3

DEAVY FORYEDE 11, 1,, 155 HROBEK o 051 KOEDME
(2FY > 0EAND) ITENBEVOLRSIE—RYEORHOMBICENSDITE
blWw—ZE#ENR o 7R

data T = T o1 Oy O3

(Lo, R 1; PO nEBEETTESHRALRTH S, ) Y toT :: C

o => o > TOLIREBREREERT S22 TE%, ERL ATV 7
PEITEDA TV FERALKRSEVEL, B—0BLGOT—ona YT+ —

ICEFLOBIUHNTES, 2OFEHITOVTIE, SEHR (Odersky 1991) 123
LWEBANH B, ZHOFRIIAY Y FnfEsE (0F Y. foo, bar, baz) N
ULHEZGWH, SNS5DAY Y FEFOE (XY, 7,..) BEATW v

IRRIIIBEHNTH 5,

3.8.3 Ml Fi%
—h. BlAIRD & 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)

*EHELT ALREISRETS (ALAVY REHED) BEiR—na>T

FILRMT 5. LWOHIFELHY 5%, THJFEIR. ERBOFHELIHEITAY
v FofEfE (DF Y. foo, bar, baz, ..) %% 6T I L ISHERLH, B
(X,Y,2) ld. TNULEER T e TERLAL S,

22FTCEFrHEr, —ENHIRBNLETEH B0, HEBISRIET S
BEFXF I MLT, VT F—IIRMT A2 L ETRETH S, TOXY HITlE2
BYHY., R, HEREOFEIGEVNSDH S, CLOSHADILREERITR T
UL TR VT A, 2ZICE->TLE D,

39 (%) BISADOMES

BB T FRY I7%HEIEILLMILLABISIEDN, WO DREELED
o> T\W5,

el AUN SR S Rl A



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,



AVRIVAEEREARY LB ETF OAYV Y FHEEODERICERINS, fla
|&. instance Eg Direction RN & 312 Eq' Direction®oA 7y
7 bDEERIIR 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)
eqgTreeDic (eghA, ) = (eqT, \ a b -> not (eqT a b))
where
Empty "eqT’ Empty = True

Branch 11 nl rl “egT’ Branch 12 n2 r2
= 11 "eqT 12 && nl “eqA” n2 && rl “eqT 12
‘eqT” = False

ZLTRISZREFE->TVWS (L => . rWHIREE-D) EHRoERIZ, 2>/%
AIBEISROEHITAY Y FEE (Bq' a®) 2EM0O3I KT 2@BHENER
IKEFHMAON TV S, XYy FEEICE. BEREARIrEININT, TN
5 0BT ZHRERERICL 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

CHNSOBEBOTE LIZRDL I ITRISIKSC TERE A Yy FHELEIN
LICESHRIONS,

member North [North, South, West]

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

[North, South, West]

CokHEE#A (Dictionary-Passing Style Z#2) |3 Haskell Tlda > /31 )L
PORHREFICABNIITR NS, 2F Y. 7REY I7SHOETRNIR
i, BEA 7V todroERERY YL, TNEREIT S/21FIC%
5, 295, TRRY 7 5BESREEAKTHRTES (- LaREKIRS
DT, RBIAHVELSG->TLE ) TREERH S, ). BT (DT Y BITH
1) XV FERLTWSELSITRA T, ERRICIIFEIC (32731 LEFID)
LA EDSERREIFALT NS,

B 3.10.1 ROLHITERIN TV SHE 1ookup:

data Maybe a = Just a | Nothing

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

B
=]

2

i
aul

rass3I>yg 3% p. 16



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



FERAEIAN DTN TR N EZD T, ETEOIXMIIFLACI D LRV, L
L. HDOYITKWIS—XAyE—=—IRY, WOHrDBEITE-> TV 5,

313 XSICHELC Y =VWAD=HIC...

X #k (Wadler & Blott 1988) &, I S 207 A T 7 ¥ RMIBNL 3w T
H %, XEK (Hall etal. 1996) (&, TRED Haskell DB 7 5 X #3# L<FBAL T
W5, X#ER (Jones 2000) &, Haskell » (B7 S RICET 2o s ad) B
#wE. BEARWIC Haskell D 70 75 4% AWVWTEEAL T\ 5%, X#k (Odersky
1991) 3. A7V 7 MEAZEDNH T IA TLRAKOMES, EBEEED
BEALTELLODFEEREL TS, X#R (Heeren & Hage 2005) |3,
ITZ2ANDIZT—AyE—IVDMBARLAREIIODVWTHLCHRRTW 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

(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 R

(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 #@m. #L&#8 R
FSqueak NFIBEMSKAKXKNTO TSI ITH,IE, 200353 A E

Tit
(A% 2001) A EF & " AF9JavaScripts 2001 & 8 B ASCII

(Lindholm & Yellin 2001) Tim Lindholm and Frank Yellin &. #t_Lt #
E R Nava R~ 1tk #20Ry 2001 5B E7Y > - 2727 —
varv


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