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ARFETI Haskell 13 2 2OREEFH-> TV 5, —D0HIE. OFTEDE®R" %
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11 70753 7EENEK%LIL
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NIBHELRE (axiomatic semantics) &, 7075 LDE%E NI L #HRA IS
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FRHIE LRI (denotational semantics) &, £EAXEHN L 5 L BRFWITSE H
WT, 7075 L0B%2RBRLLIETEHETH S,

COEETIE, ZICEZTHERRBIEET 2EMERBNT %,

TOTS IV T EEN B DRI OVTIIERLEEANDLAHIZLY .. BNF
NDESREER yacc BED LAIR /3= H—V 2 2L —9—D L H W —ILpE
AHEIN, AHEOZRCNEBERADEXIIRNERVENDLE LT, BRICESL
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BEEDLEDIVERGRRID L >TWVWE, KEHETEZDL S R"E%
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X5IC, SELUBIE HENTENEINDILIIFE LI, HLVWEENISE
FNEITEEZH, HEWIE BHENTOTS IV ITEEICHLH L WESH,E
AINTWLESZS, L L, HLWTOITSIIEErW-TEH, I-FK
KHLWHRIEN YA LR B VI ZIEHY AT, BHEOEE) LBALE

DT BZYDIELALTHD, TDEH, EROEE - T, L
WEEBIZTRTSEEIZLAMTH S,

1.6 Haskell

Haskell IZ, REWLEAKE 7075 I IJEETHY .. REMICHMREES
HoTWwb, ZORLY IR Y EFOEELRBIIFLEBL TV S,
BMEREHEL. REWT—98 ¥ \W35 OOPLMD 7 S5 R Y IZR%L 5 H DLk
MERFRO>T—IREREL VS, 2<NET. AVvr—REFBELIIEIFTEA
HHLIBBIGE DK ERBL VI 2N TE S,

COEERTIEL )‘y‘v REBLERLIEFEHE2{HFL. P> thDEEITKE
REEEE5 2 TWBEEY LT Haskell #8RY LIF 3,
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fz. #tLWEEEIC Haskell DRBAERY AN SMNBZ X HH N,
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F2F R ZEE Haskell £ 13

Haskell |& YREN, SLTHEERERRL Ler s RERDOERAIC
BRI HEEZEMLEZTO TSIV ITEETH S,

MO TOTSIVITEBLERNELTOEEIE. UTo LS5k 3,

1. (CE&EELHRBY) (garbage collection) 25, 7075~
— AT —DERBIEHLING Z XHR,

2. (JavaScript, Python % K ¥ tbX 5 ) TNTW3B, 2F
Yo TR ULEFIC (RITT 5H0IC) RIS —"REINS,

BB EMOBBNII KL Lz, BAEETERL THOBBORYEX L
=Y, BEE—MROBLLTES 2D TES ( , higher-order
function) .

4. %2487 (polymorphic type) ## T 2 ik Y. SRAKOSVEKEERT
52ehTE 3,

5. BUHEER (type inference) 12L& Y. (IZY AXDIHE) Tus5Lplcil
ELRBIER W, T, BT S5 (typeclass) R &, BV X T LAREL
W53,

6. RE# 7 — 9 & (algebraic data type) L W) 1 —H—EHZNT —IBEE
BETH2nTE5,

7. R T — 9B L T/¥9 — > < v F > 7 (pattern matching) (< & %35
ERNTTREEZERT S TES,

8. A< (side effect) lZ% Ve NEAXREBBNER I LY OHRDE
Y LTERBBINS, 2o, 7a75LnEMERER COMEICET 5
EEN, LYBHIIHR B,

9. 3BIEZT{H (lazy evaluation) X ¥ A L. 75 7 f#9 (graph reduction) (< & -
TEITINS,
—RR BB 3
nrasrsI>s
A=A AN/

IRSNIBISELTVWS, Db 2A, MEKRNEZEsEZHA
CHIAT 52 aEETHS, L, 22T, £
ErEETLE-HDOBEEL L TRBNT S LIZT S,

2.1 Haskell REBZDANF YA X b=

Haskell D4 > X b =5 — LT, T2 TId GHCup 2FAT 52 LIIT 5,
GHCup |3 Haskell &3 % 0 GHC (Glasgow Haskell Compiler, Haskell o038 % 0
BELIOZE (T 777 FRI>F—F) ). Cabal (Haskell /%y —y <%
—Vr—) BEEAVRAM I LTEET S TES, GHCup &
https://www.haskell.org/ghcup/H 64 > A F—ILT 32 HTE 5,
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Windows M3g&. 1 > X b —JLIt PowerShell 538 RINa<> REETT
53 TH 5,

FrLnux BREHBLEDR—LR=ID 5, HBRIHAEA VA I—LT B2
ﬁQ\T\\é 60

22GHCima<w> F

GHCE. %< D707 5 LDEERTHY . gecc DL ICEITHERREZ LA
51Ny Fa22/84F5— (ghe) HBZOHFITEINTVWS, 22T, ZOHT
WEROME R TH S GHCi (ghei) DEREEHAT 5.

GHCi = #&)7 % L.
Prelude>

NEHNRTaAr TR RINSG, (FarTrENA-YarIitd-TRELZ S
BErHB, ) TOTOCT I LARY FEAAT R LITE>T, 774
Ly 7assaka— R, REFET 52 Lo’ TE 5,

GHCIima<w > FIZIZRDELI LD H 5,

aw>y R %F Bk
%
:load file 11 file x0— R¥ 3%,
:also file ra file #&mMo— K3 3,
:reload ir MENca—RFLEZ77a4L%)ao— RT3,
1 type expr it expr DB E £ZRT 5,
sed " FALILY—2LET B,
directory
;! command% 3w > R7a> 7 MIELTETT 5,
command Bl: :1cd, :'dir, :!start. o ¥
expr :: I0 String CRIMNSZ A7 FEETT

:cmd expr 2.
let v =expr ERvEEET 5,
27 ~NILTERTT B,
:main :ma main B EEITT 5
tquit el GHC #8779 5,

o, BILKEANAN TR, ZOXETMMLTZORREZEDNT 5,

Prelude> 1 + 2
3

(COTHFRPFORITHATI, 3DLHIFARIR > TWB LI BNV RT 4
DHAT, TN 2= DANATH B, FRELFLYE EIF Crl-c THETTE
%,)

Haskell D 7’0 7S5 LY — X7 74 ILICIZEE EWHIERFEDIT S,

2.3 Haskell D 70 7’5 L0 &K



Haskell »{t#%ZE |3 https://www.haskell.org/ "5ANFFT 52 LTS
%, MTFTId. Haskell D OEENL ¥ 2 5 28BNT 5,

EHnE

my

Haskell Tidfhn 7075 I > JZERME. ERE*EE L TCREIRICEA %
DB TES, EL. CEENDLIRBLREZELERY, THRII—FE
HETHLZO@EEEABILIITERY (BEIEHRANIITERY) ,

anls

I

EHNEEILROETITR I,
EHa = X
BEOEEZILHDTEETHLIILROERNIIR S,

{

%ﬁ%l = Etl;
g;&%z = Etzr'

THA, - =,
}
2FY, BT "y Ny (FL—XR) TEHA, My (£31aoXy) TRY
3, L, 7L—RevIT0VIEZLLDBEERTE, UTHOTa 754
BITHLRA N L TERT %, BEEOFHMA FHIIIEEFTHIAET 5,

ZEHELIICERBLRALELICTLIZRy b BF. T 4 (7>¥—22

T) BMEAZBIEA, Ty (FPRRbOT4-) BEIIEHSTESL, LT 7
Ny POAXFUENLFIEESNT %, L. BEOERLIINXF (11

TrI—R3AT) oM FEELENHB, AXFHN LT SLHENIE. BTEN
THHERFOLENCAVS,

Tarshn

Haskell D 7’0 7S LIEEY 2 —ILOEET,. 1 20FYV 2 —ILITEKRSYICIZE
BOEHDNDEZ DRI

module £ a1—JLA where

EWIANY TR E OB EBRTH S, 2E). KFOLILAEETH
z,

module Y a1—J)L% where {

%;&%l = -'_f—tlr'
g%&%z = Etz,'
THE, - %,

}

EELEEODEZOMIC, import EEXHNEES. IS AERNEETR LY
ELZUNTESE, INHITHOVWTIFERT 5, BE. 120774121 2D
%yl_}b%gaﬁj—éo
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"module EY 2 —IL%E where) NEHEEWT S ¥ Main YWV ) ZRDEY
A—LDERYLBIRING, 7L—2AX€LI0023L % NIFEEBEINED
T, - HBELIEES,. Haskell D70 7S AIdBISRD LI RFEERXE LTV
52Xt 3,

gﬁ%l = I_l'—tl

Eﬁ%g = J_th

THa, - %,
R ES

MEcERT S . R3IEE =) OEDITENRT,

trivial x
twice x
foo x y =

NN X

* X
*x t+y
NEHTELLZ N TES, E trivial PEA twice DIBEIE. x #°.

B foo MIFEIL x ¥ y 2RI TH %,
INsIE. CR 5L,

int trivial (int x) { return x; }
int twice(int x) { return 2 * x; }
int foo(int x, int y) { return 2 * x + y; }

YWOBBICHYE T 5, (Haskell Tl x, y 2% int Y W HIRIT R WA, CT
2L ITHOFROLVEAREERT S22 TERL VT, BEL int
BIZLTWS, )

mMAPEENEEFIE, CX Java t HBOL DA D WA, BYEBEFERCER S
LN Hb, BL 558308 > -BEATHAT 5,

FAEo#ER (FHL) 1 "“twice 2" X "foo 3 4" DL ) ICEAKRL E3IHK%E.
(MELRLEATREY) - T) ERTELLETFTHS, (ZTOBEEZNZN, 4 &
1012% %) BEOBFENZEL CETERLNDL I IHRICATENE DT Z4E
3%\, bE3AEENIBE*RART 5012 “foo (twice 2) (trivial
3N'DEDICHEMEFEATSILIITES, (ZHEIR 1115, )

Q23.1 RDELHLEAREERL L,

1.342L T 1 %23 <BE¥ bar
2.3 %Y 2 cube

S LR



Haskell Tld. ZRTORVWEEERTDICTILIR LV D T LT HE (M\-calculus)
ICHET 5L ETAV S,

Fy (Ny27225vyva) (EL. BRBEERETRLIELIEA~Y—7 Ty,
IX->TLED) OHLITRIEEEZATRY > TERTES, TOHLIC
Ty 2O THEEERERORNEELS, Flad. "\ xy -—> 2 * x + y"
iE. 2 2D3| 8 x, vy FXITEY, xD2EBL yDFERIERTH S, 545
RIELBAHK (HEHVIIELZEK I,

(ZogatErid, o ofRbYic g 20 T, (EVFF) oY

F>, (T7o—, @) AVSE0ER S, )

YR A S, REIENDERTIZ (Haskell DRI F 2 DFHBANZHE, D EE ¥ &
ZLRWRY) BERICRIZLNTES, FlZIE, "\ xy > 2 * x +y' &
“\ dog cat -> 2 * dog + cat" IR CEEZET., THLDIRERLNL

7B A % a Z# (alpha conversion) L& ),

LHROBEBERIEL. ROFTLIRNEF-LERL I L FHETH 5,

trivial = \ X -> x

twice =\ x -> 2 * x

foo =\ xy -—>2 *x +y
S LT RDH

T\ x > x —ZHExEWVIFEEZITR-T, x2ZXDFFRTD
T, BEEBAEETEL TV S,

C7H 5Id,
int trivial (int x) { return x; }
WO B trivial ITHHET 5,

2\ xy > x— 2HF, x Ly EWVWIHFEERITERY . x RTEKT
H5, CHEETIK
int baz(int x, int y) { return x; }

ERINS 25| 80E M baz ITHET 5,

Haskell IS %3 | 8AK " BBz RIEAR L 2@A—HRT %, 2FY. \ x v —>
xld o\ x> (\y > x) YEAETHS. TnLHI, $5HEAHETHEHE
RIEAE Y LTRBETB2 %, YE95. #')— (Curry) lZ, E&%
32 :mIE & Haskell B. Curry (1900-1982) D& IZER ATV %,

W\ x => (\y -> x) E LTRSFE. TN, x tWHFIEERITERY,
\Vy > x EWOHBAREZRIEAKRTHS., LT\ vy > x tWHEEKE, v
WIS EEZITRY, (INEEEL ) x 2 RTEAKTHS., 2FY. A2
HIIEREREBTH 5.



3\ fx > f (fx) —BAITLT—9x2ZTR->T, £ 2 xIZ2HE
HRAYTEBTH 5.

Q2.3.2 B bar, cube &, "E#H = SLARX"OEATERL L.

ax>rb
Haskell D3 X > MTIZ 2 200 E680H %,
. Wit (—7aX )
. rWwintt EEITAAT)
24 MBAZDT— IR RETF
241 BRN G T-9IBRETF

Haskell TIZEBIE (Bool) . EH (Int, Integer—Int EEZE (HFR) HBE
DEE, Integer IEERE (AT —0HFTRY., W S5TEHEHBEEREILC L
B52eNTES, )OEE) | FEIEEEK (Float, Double) « XF

(Char) BREEHMARAALNDT—IBY LTHEINTWS, Bool BN 75
ILIE True ¥ False Th Y. Integer, Float, Double, Char B ¥'m!) 55
LA CEREBEITITRE (12,3.14, 'x' ®Y) TH3, (0.2m 0134
BRTERWRY, MBS S, )

INLDT—IRIIH L TRBAAAADBARCEET IV DHOHEINTY
%, Lisp DIFGECERY, BHMURAETFO T+5, -1, xR 1 + 2 *
3OEIICBENRERAEATHNS, (Lispld (+ 1 (x 2 3)) LHRHE
TETES )

if ~ then ~ else &
if ~ then ~ else RALMPAALZTAHEINTWV S, ROETHW 5,
if I, then H, else I,

A Bool TR IFNIER 5T, Kyt R3ldRE LR TR IFER 5% 0, K p®
True DL TIIRN,. False DY FFX3X LTEHBEING., H, BTHLLEH
BE 9 %%, if ~ then ~ else N Id. Haskell TISFFFHLTF@IEEZ LB X T 54F
HBREATIERWV, BEOBHE2 T 2RFTOBABEZERT S22 LLTRETH 5,

LEBSEEF T==1, "<y, <=1 HY, HEEEF "sea, "1 12 CXJava
YEICLTH5,

ROBIIFEFE (factorial)



Qg = 1
ap = M- -0y (n > 1)
DEE D Haskell THOEETH %,

fact n = if n == 0 then 1 else n * fact (n - 1)

BEEGER D AP ERENEETF LY D o TN,
fact (n - 1) ld fact n - L ¥ELZ v ETER, BFHIZ

NDEKIC>TLE I, #MIIn * (fact (n - 1)) DIMADIEIMIL L ER
W

RHE. 2oflok 3 IcEHIL EFEHETH2eHETHS, 234, X
NEHLIZATEBE2ERATLINTES, BROERICEN A CE*ERT
L%E (T,

Q24.1 fact 1002HEL THL,

(RR) #i—F

H=RrWwoT, REIIBOLEVDZIC T, 28X, Z0OHLICEFHEREEL S
ek b, A—Feh (7] FEX=FZ, onkt) BERELRSZ e
Hk3, zNFHE. L () OA—FHr S FZEXEFHML. BT > BN
M=) DELEFMET 5, H#—FEFEH) L. LD factDERITRDODL S ICE
ek s,

1
n * fact (n - 1)

fact n | n ==
| otherwise

285, otherwise & TEFMUIMELY L WA BERED, 1ES A TS5 —THIC
True Y EHZINTWVWELEHRTH 5,

Q2.4.2 7 1 K+ v FHF
{% = 1 (n=0,1)

an = apa2+a,1 (n>2)
HETLIEK fib 2 IRZ[UETEMALBRT) 2L, 7L,
fib 0 = 1,fib 1 = 1,fib 2 = 2,fib 3 = 3,fib 4 = 5, fib 5 = 8,
LTHb, (hrTRLHAHEEBYRTZ LR, BEROBVWERZNLEH D
BT 5, )

AR EREE > TRERNSRELALS, BE Crl-c TEHB I EHNTE S,




242 )X b

JRMIBZHEAAADT— IR LTHBIN TV S, YR MIIEEICEAL
ETF—9 DUV THSB, ') X MIEHEIIC Scheme (RF—4) RO Lisp &
NEEHVBRBLTZT—9BTHY. Haskell THEERSA 75" —EA%I A
BINTW3,

JR M, T (KDH) YR B ¥ 2> (cons) L FIENEEEF T 4 55
BRINE, 2D22% ') X bDOHEKTF (constructor) ¥ 3%, #ERFIE. 54
SNESIEETIL—TILT, BT B0 T2:4155,

o YL (1) WXFBRYENYR+TH S,

e AXR (:) BREARTYFY LTEING R FORBFICELTRF R
CLTESNEBRENTIMALY R FERTHETFTH 3,

Fre Ty THd, 2FY, 1:2:[1E1:(2:[]1) D rEET,

JRbDYFTZLoEL LT, BRE T, (2>%) TRYI- TEN,
T THELUEREDARIN TV S,  (Python X JavaScript £ 1ZIXRE Lk
EE-TW5, ) BlAE [1,2,3,4] 3. EBENERI 1, ROBRI 2, ..¥
WAHAY AT, 1:2:3:4:[1 D2 TH5%,

Q243D [1,2,31 ¥ @ [[1,21,13,411 % ":0 & Ty (CAEMCE
BY)FIIL) EFFTEsE L,

JRMBIIRIA -9 =% FHORTHS, 2FY, VIAIDERNWE/IF5 AL
—9—¥T 5%, BENDAI Integer BNIFE, TN A FOBRIL

B, BENOEDY Double BNIFE X BT BMYyEILZINS,
Z M Z M list of integer, list of double ¥ L, BOERLZ2BRIEET S X b
(NFEY=ZFR - YRE) BERTERWV, 2FY. [2,'a",[2]]1 LD
BRIBIS-ri 3,

string® ¥ type EE®

Haskell DX Z% (String) BITERIIXZEN Y A bR L THEINTWS, 0 F
Y.

type String = [Char]
DEICERINTWS, 22T,
type #HZ = &

IR DFNE (type alias) *EET 53RN TH 5, LOFINIFE string L\ H T
ZHY, [Char] EWIHBDRL YRS, BEZIIAXENSHEF HANFTRITN
7 5750,



Q2.4.4 O [False,True] NE Y@ ["Kagawa", "University"] DI % &
T,

RA > 9 -k

JR2b%E, BEEREERAWVWEE (FBRA > 9 —384. box-pointer 385%) THT
2eH B, BlAEL, ROLHISEERINE) X FDIFE,

[]
1XS

1
2 1
3:xs82

xs1
Xs2
xs3

ROED L H 12 B,

TS3 TSZ Tsl
3 " 2 1

120 M) 2 2@OEAFHDOEN DR >HFEORT (I REIL) ~NDOEER
TEY, HOHEIE, 1, 2, 3LEDE HOBORTADKERRETH 5,

GEOPITMBDEDORTHIFELTLANSEZLIE RV, BICAIALRVEWND

2w, YR bDGE, BERT7TRLVWERTERT S Z Lg%, )

YR MIBHRESIVTERT,

N RA > 9 -8k
D VAN E— * A

v

Fr. [11,21,03,411 EVWIHIYR MDY R MIZ

A 4

1| 17 | 2 3 4

YWHIBKRA > I —ENELDRKVEKERTERINS,



Q245 RN R FERRA I —ETE,

]
7 5,7,11]

(2,3,4],[1]

1. [0
2. 12,3
3. 0011
40111, '
S.00011,03,000110]

]
1
[

(B8#) YR+ 2 CEREOEERY LTEET D LRDE AR B, (Haskell
IR EH DT, BRSO D LEMR T — 9BENRBEITR B0
HEAD = AL L TV 5, )

struct list {
int head;
struct 1list* tail;

}s

typedef struct list* list;

20 list ¥\WOHEERIE, head ¥ tail ¥V ) 2 DDA N—FHD, 2
NDIB tail FREETBRINTVEERADKRA I —BTHSB, F/ list LW
JENI. typedef EEICL > T, struct list* YWIHBDFLZLY L TESR
IND, FERA VI —ETRIPIIR>TWVWBEIEH, CEBRETRKRI>Y
—rlLTHRINS, )

F/, BYIMICEEZETHEE., EHNULL TEINS,

EETYRMERHIBFBEIE, malloc TEIYHTAAE) —% VWD free 27
A EREMITRFAL TRV, Haskell CHENBEABBEZETIITIEDH LW
IR ADEN T THRIIC free LK TH, FEITR > AT — I
BEMICERINS Z LIZR > T\ 5,

243 %8

%8 (tuple) HHAAADT—IBY LTHEIN TV, IdEREE 7, (2
X)) TRY-TENR, "(" )" THATET, ) R MDIFBELELR Y,
BEORNRA—THELEITR V. (1,'a") EWIHIRDOEIL
YREZINS, T (2,'p',[3]) EVWIHIROBIG
Y E£IRIND (D Haskell TlE, BI752
(typeclass) ¥ W) LD EHRT 2728, TNLDORIED I D LEMER
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2, BlZIE. (1,'a") &, AYE Num t => (t, Char) tWIHIBEH-,
CITRE IS ANGEAIGET T, ERLY LEMMELAT (B FILIE
Integer, FEV/NEUEE) T T )LIL Double) EHBAML TS, kH, BIF2
PFETLZEITCIRAEZOCAHICHAR LAV Y 2#HETSE, (BE2BET S
iz Y, ) ),

Q2.4.6 ROXDE L fH ?

D (False,"Hello") @ ('X', ("Aloha",False))

O LWIHIBEENATOBENEELH S, 2=V F unih e FIEN S, () DEIL ()
¥&ELL, 2= FRIYRENS, CEED voidBDL I RGEVLEET S,

2.4.4 ¥R

B#EO®IT > ¥WHES (70—, &) %2> 7. Integer —>
Char DL I ITRZINS, 24, SIEDOES Integer TRYEDEIH
Char DEEOBTH S, T->, & THhs, 2%, Bool -> Bool -
> Bool ¥\ ) REIE YRR SN 5, Haskell Tl
AT EAHERIEAH L LTRRTS (TnZrx ") —ft" v

I) DT, TOLITERELLTHRLTELLIEINENTH %,

E &k

Integer X Char DL I ICREBDLRIEILTAIXFEN ST S, —H, a R
b DEHINIXFTHE 2HANFHOROPICENSIFE. TNHIE (type
variable) ThH %, TNLDRERIIFERAT S =1, LY EEKHLRICE SR
ABTUNTES, HlAE. [a] -> [b] -> [(a,b)] LW REHSEK
¥, [Char] -> [Integer] -> [(Char, Integer)] &\ B %#F OB
*¥LTERLTHLRWL, [String] -> [Integer -> Integer] ->
[(String, Integer -> Integer)] ¥ LTEALTHELV,

COLEHICHEREELE (polymorphic type) ¥ \» 3, Haskell &
rrHICHEMBEHITRENL T OISIIEETHS, 5T %, %8R
%< DNTOTIIDTEEBIIRYAMMLMNT VS5, ML SHEBDEERIT &
BolERTH- T,

BB, EROBE OIS LBICARLAEVGS Ty %2E-5 T,
THe o B

Y&, Flad trivial ¥ fact DR EZBERL TH I WIHEIE.

trivial :: a -> a

trivial x = x

fact :: Integer -> Integer

fact n = if n == 0 then 1 else n * fact (n - 1)
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NEHITEL, FELAER, ZEPEAKOBIEITO IS5 —nBHRLE<T
H. Haskell REZROHRL T<N5B, THtHAL%E (type inference) &
W

25 /19— 2w F> T

Haskell Tld., BEEZDRIBDE 2 I YWIHILDEENT, 31K
DITR L TFBER T EITR I U TETH S (—RIC BB S EIET —
SNFEEIIWEZTICAE (B " HBALLIRIBENBETHY. #7V=
7 MEREREIE. 79 (77 R) OfEENIEA T, LIE (AV Y F) » A
BWELIRIBENWBETH S, ). /N —>rid, REIBIZE-> TER L EE
BT (T X Ty BRE) DODHERTINEZATH S,

fact 0 =1
fact n = n * fact (n - 1)

-- Prelude M length &IFEIEREL
myLength [] 0
myLength (x:xs) 1 + myLength xs

-—— R2A ML= EZ—200
foo []
foo ((x,y):xys) | odd x
| otherwise

-1

y
foo xys

M#a Na—>2, . RNa—2 =K,
M#e a—r,, N8 —v, =K,

8L S2—>_, . 88— = R

P LBFICIE, BABEZRO LY S TOIEIC, BEROEIKE/ Y- rRE

L. Y9 FLAEROEAYTHEEINS, ZDFINIFE. myLength D3I EH°

ZYR L ([1) Z#5IE1TECBIRING, —H, 1 2ULEDBEEHF DY R

P SIT 2 TENBIRIN, VA MOEABEEREN TR < ITREIN. &BY D)

2 SDER xs ITRBINSE, (BH. mylength LT X A LR LA length
[a] -> IntHBESA TS —ICHBEINT WS, )

B L7=L I if ~ then ~ else R | Haskell TIZ4FHERN L L TR I BE
3 UTOLIICRAFNBET T 5MM ifte TERTHIUNTES,

ifte True t e
ifte False t e

(]l
o

B, GHCIZ/RI =22y F U IHNTRTDFEERS LTV TE, BE
BEAEALRWA, A9 RFS5A4 >4 T3> —fuarn-incomplete-
patterns ¥¥ET S TELEL*HTLIHIITTEZ2 9 TES,

NY =22y FrIT EBATELLRVWEICR T, (Fr9—237) %
STERICEBES, BRI 29 TES, Flild mylength DIBE, x &
FATHEALTWRVOT,
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myLength ( :xs) = 1 + myLength xs
tELZENTES,

RD case ~of RH/NI—22vF 72745, (RIEY. 7L—Rrt3
IO VIIBEEART S, )
case :T:to of {
/\°/)'l_>l -> itl;

/{9-?2 -> J_:t2;

nNE—>, > K,
}

RoEMEL T, LA SIEIS/ ST — Y ERBEL, S9—>livy FT 5L 01
KB 89— TRV F T BR LR DTN TNEEE N D,

F7zif ®; then H, else X3 LWV IRLIRD case ~ of ANDBEILIE L
RTSZZeHTRETH S,

case :T:tl of { True -> :T:tz; False -> it3 }

Cofsis, let X (BR) XITLIAREERERET L 25THL /NI — >
EELZLHTES, HlAW,

\ (%x,y) > x
let (xs,ys) = unzip zs in xs ++ ys

RYETH3, 2OFEIE. NI —YIE—BENALATHEEDITIETES, /89—
viIwyF LW BN S Ao LS — i 5,

Bl251 ) X bPoonfo, EErKDSEH nySum myProd /39 —> < v F
VI EESTERE L., (AZENOEE sum product IEES A TS5 —ICH
BXNTW3, )

2522 2N3| 8 x, xs TZITERY., VA b xsH b6 x tHELWVWER%

1. 3> L HEBICHENSE —DDBRLITIRY RV Y R M ERTEK
deleteOne

2. T RTERYBRWAY X b %IRTEE deletenll

3. RFBICHENSZ —DODEBELITIRYBRWAY X %IRTEE deletelast
(reverse AW W)

EZNFTNESEL, ZLVWEEN— LRV EE. TYRALCY X FERT
LIl L,

fE 2.5.3

1.EAEDN'Y) X b [Bool] 2 2#HKrELR LT, WRTHEK:HET S
B fromBin :: [Bool] -> Integer ¥ E&HE L, HlAIL,
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fromBin [True, True] & 3. fromBin

[True, False, True,False] £ 101272 %,
E> b3 EnEE—DOEC L AMBEAKIREIILR S,

E> b:iR—F =DA% (Hormer'srule) 215, 23 Y. %IER
a4+ ap 12" '+ ... daztao %

(coi(anz+an 1)z + ... +a1)z+a) PIETHET 5, FIZIE
fromBin [True,False,True,False] |&
((1x240)x2+41)x2+4+0. fromBin

[True, True, False,True] & (1 x2+1)x240)x2+1¥r%3%
LIIEET 3,

2. BBfEN') R b [Bool] E 2HHY R LT, WY 2EHEHET S
BA%{ fromBinRev :: [Bool] -> Integer ¥ EHZE L., =L, %
DR ITHBICEBEI L SA TV R EREY L, AL,
fromBinRev [True,True,False, True] &

1+2x (142x(0+2x1)) =110 %% 3,

3NRMERRFOIAICEINASZEAN LR L, 2HEANELHET S
A% evalPoly :: [Double] -> Double -> Double ¥* E&HE L.
BlZE. [1,2,3,4] EWA YR MI 1422+ 322 +42° £\ ) %A
AL B% L. evalPoly [1,2,3,4] 10 DfEIL
1+2x10+3x10%+4 x 10° = 432112 % 5,

254 ZHD) A b xs LRV SEBNOBEK £ X ITRY. VXA b0
BRICFTHEALAZREOREZAET 2@ sunf :: [Double] ->
(Double -> Double) -> Double rPERT L,

2.6 @A L BEEHH

AHAZENF AR, 7075 LnRENE (FEE) 2 CNRROBZICR S
EWHEZBIIHB, (TNISHLTHARL CERTCIE. BHENES =,
CEEN =) IBE%RIEL S, DF Y, ¢ = getchar(); YWVWIRAXHYDH
57 LTH, c DHIR% getchar () TETRASZZIETERV, FlAIL,
Fc = getchar(); putchar(c); putchar(c);s &

foutchar (getchar ()); putchar (getchar());J IE%RN» ER S, )

22T, ZDLIREBOFL LT, 220 ) R MIETIEABIEMTH S
CYmIEERERY LIF5, 2oL RARAIBIBMELHRAT S Z L%,

P26 (EB) #ftRag=1a,=2a, ;+1 (n>1) TEEINBEIIOD
—HREA a, — 2 — 1 TEING T ¢ R EFHRMEE AV CHEB L,

UTFILIRMEEFERL TV 3,
YR MERERT BEEK revo:

—— (++) & Prelude [CEZEFH
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20 (++) :: [a] -> [a] -—> [a]
3 [] ++ ys = ys -— (++)-(1)
4 (x:x8) ++ ys = x (xs ++ ys) -= (++)-(2)
5
6 rev0 i [al -> [a]
7 rev0 [] = [] -— rev0-(1)
8 rev0 (x:xs) = (rev0 xs) ++ [Xx] -—- rev0-(2)
I EnERTIE, 3|1 ED ICEEBI o BRI D D B = D ITKD

ZHB, CE: (++) DHEBIIAEARS Y FOY I ORI ICHAIT 3, )

ZIZTRDELINEREEL D,

1 -- shunt [& reverse MDFHBIEE%L
2 shunt :: [a] -> [a] -> [a]
3 shunt ys [] = vys -— shunt-(1)
4 shunt ys (z:zs) = shunt (z:ys) zs -— shunt-(2)
5
6 -- reverse [ Prelude IZEZHRFH
7 reverse c: [a] -> [a] -—- reverse-(1)
8 reverse xs = shunt [] xs -— reverse-(2)
2 M reverse £\ EEIE. 3 ED 2 LB ¥ % B

TR ERBTESZDTHRIRL,

2D reverse ¥ revO DN FEMTHLHI—EEIZEH I, IRTOHOAERY X b
xs 2L T

’ reverse xs = rev0 xs

DY IO X REEATE B,

ZNEOITIR, ROL S RIEBHEE L IAAT LR,

| shunt ys xs = (rev0 xs) ++ ys -- %

Ny, HYTHART S (++) ICETEIEBE*EhENIL. ys T[] ERNT
UL reverse xs = rev0 xs EBAT = 5,

OB ERIL, ICBT B IBHECIIERT 2 2 ¥ AT E B,
SEHA:

xs = [] DY E:

XS = z:zs DY =E:
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1262 T RXTHOAMR) X k xs 122WT,
1.xs ++ [] = xs
2.xs ++ (ys ++ zs) = (xs ++ ys) ++ zs

BRY IO E, xs AT BRMETHAL L, (LT (+4)-(1),
(++) = (2), RIEDREEERT 20 ATE L, )

BlIZE, BROLHR) RXXLEBLSTOT 54T, RARBLSHICELWY
B, IRNTDGFEE L 5EHDOILICEANS 0. SHRICKXFNREFR D D
DBEFTERANTERZW, LHXRBAREMN)I v F—REZIE0H>TELWVAY
IDNRALATRWVY, GETEANLEM TR S, LVWIGEI, @EIRE
BETHBIEEAATESDH LR,

2.7 AR R b OIERGE

ROEI YR MHT 2B L CHAINS, 21512 Prelude (BES A
751 =) KERFAZTH S,
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NS0 R NUEEBN S K IEEEAKRTH S,

S IE, ALK LAY, BEEZEKRLTREYELT 524 REAK
NDZrTH5,

map :: (a -> b) -> [a] -> [Db]
map £ [] = [
map f (x:xs) = f x : map f xs

zipWith :: (a -> b -> ¢) ->
zipWith f (x:xs) (y:ys) = f
zipWith £ =1

-> [b] -> [c]

al
y : zipWith f xs ys

[
X
]
take :: Int -> [a] -> [a]
take 0 =[]

take  [] = [
take n (x:xs) = x : take (n - 1) xs

filter :: (a -> Bool) -> [a] -> [a]

filter p [] = []

filter p (x:xs) = 1if p x then x : filter p xs
else filter p xs

iterate :: (a -> a) -> a -> [a]

iterate £ x = x : iterate £ (f x)

foldr :: (a -=> b -> b) -> b -> [a] -> Db
foldr £ x [] = X

foldr £ x (y:ys) = £ y (foldr £ x ys)
foldl :: (a -=> b -> a) -> a -> [b] -> a
foldl £ x [] = x

foldl £ x (y:ys) = foldl (f x y) ys
concat :: [[al] -> [a]

concat [] = []

concat (xs:xss) = xs ++ concat xss

FlZ L map 1) R FPORBERICECEABLERT %,
map f [xy,%X5,..] = [f xq, f x5,..]
Z D 2 5|1 EARDY zipWith TH 5,

zipWith £ [xq,%x5,..] [y1,¥or] = [£f X1 v1, £ X5 yo,..]

THIT, take FY R POWK DD DEBNERTIRY ET. filter TR b
DENSEHEFLTLDEITEINET 5, iterate (THIE L HLAH 555
(B IERSZWAY.) 2EKT 5. foldr ¥ foldl BXTNITNELENLE
HADBEBTH 5,

foldr (\ x vy => x ® y) x [V1,Y2,/Y3s ¥Ypnl
= y1® (vo® (v3® (.0 (y,®x)..)))

foldl (\ x y -> x @ y) x [Y1,Y2,/Y3r Ypnl
= (.. (((xQy) Qy,) Qy3) D) Oy,
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7. concat IR MDY R MNDBBRZBEBHET LI TI75y bR RMIC
—¢-6°

concat [ [X1,1'X1,2'-"] ’ [lel, X2’2,...] ’ [X3’1,X3,2,...] ,]
':>[Xl,1, X1,2,..., X2’1,X2,2,..., X3,1,X3,2,...]

EITFI eI LHBLUTOLI IR S,

map (\ x -> x * x) [1,3,2]

leWlth (\ XYy -> x * y) [31214] [21715]

filter odd [1,3,2]

take 4 (iterate (\ x -> x * x) 2)

foldr (\ x y -> x + 10 * y) 0 [2,3,5]

foldl (\ x y -> 10 * x + y) 0 [2,3,5]

IR U R R U R R

concat [[2,3,51,[01,1[1,31]

B 2.7.1 L&D take DRI, YR FORMDO nBOERXREERY K< drop
: Int => [a] -> [a] EWIFTA TS —EBIH B0, TNLELCEME
* ¥ 5B mybrop FEHEE L, FlAIEL. myDrop 2 [7,9,6,5,3] &
[6,5,3] Th b,

2.8 BB ELEL

Haskell DEEUIIBE ISRIEZETHAWSSS, #HAFE T 4 (Nv I 7+—
fe Z24—b5 (Try) TRZVWZXISER) THLZCICL-> T, REERET
ELZNTES, THIINIRICICRABDNRIIBIMNEMTH S, Fl
X, RO &L H 1T Prelude TEZ M7 zip DIFE,

zip :: [a]l -> [b] -> [(a,b)]
zip (a:as) (b:bs) = (a,b) : zip as bs
zip _ = T[]

BEIL zip [1,2] [3,4] DL ICHNCEABKELE2ELA, 2N%E [1,2]
‘zip® [3,4] CLEIBOBIZEL ZeHNTES,

FEIRETCAVSEEFICHL T, infixl, infixr, infix ¥WIHIF—7—F
PE->C, BEIBLMLEEHETEDEIENTES, =¥ 214, Prelude

(Haskell IZIE OO LmARNINEGZESTA TS —) TIHRDLHIICEST
N5,

infixr
infixl
infixr
infixl
infixl
infixr
infix

infixr
infixr

AN * %
4

o©
o©

/, “quot’, ‘rem', ‘div’, ‘mod’,

++

e 4 k> e— e

>, ‘elem’, "notElem’

N W Ul oy -1 © WO W
— 2 |
— 2 N~~~
<
~
Il
~
AN
~
AN
Il
~
\4
I
~
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infixl 1 >>, >>=
infixr 1 =<K
infixr 0 $, $!, “seq’

2T infixl & . infixr & 5&T, D infixldb 5
THRWZ Y GEEE—PIAIE "<y 3ERERNDTIL < x < 2 IBXTF—
I 3) 2%T. 2 2FBOEFVREVIIL, BEIEMA» &V, FIZIE
T, 72D T, 60 T+ LY BLEEAHE,

Q281 RNDANMRIIE I B0 ?#EIMeHEANL TRREIEZHTROICE L,

1. x ‘rem’ 3 /=1
2. xs !'! 9 : ys ++ zs

— 7 T1#8%e%+. /<=>2@\"|-~:) DHFDOXE*AVEHNFIIRMWNSTHE
WEDEEF L L THRbNS, BlAE, T BEFRROLIHIICERTE S,
(EBRIZIL Prelude DB TEEINT WS, )

(™)

x ~ 0

x ' n

:: Integer -> Integer -> Integer
1
x* (x " (n- 1))

Ny 7 74— b EHITARK, PEREATERAINSGEETE "("L")"TLLK>
T 3OO DREBRETAHAWVSZ U TES, HlAE1 + 2% (+) 1 2E
2D TES, HHWVWIEEFLEROI KL L TET I TES, fla
&, zipwWith (+) [3,5,1] [6,2,7] & [9,7,8] ThH 5,

Q282 ROXNEBEHENPERETET, BRI TELLITEBRE L,

1. (=) (/) 2 %) 1
2. (++) xs ((:) y ys)

29 BRIV a >

Haskell OBEIE A ) —(bINTW 3, ThbE, Z3HOMBEILE "AREERT
L t LTERAINTVWS, 3IRO—BLITREAL T, F£REOEEKZE nap
DL LEABDIIEIEI T LIIRLSH S,

Prelude> map (take 2) [[1,2,31,14,5,6,7]1,18,9,10]]
[[1,21,[4,51,18,9]]

Prelude> map (21p [8,7
[0(8,1),(7,2),(6,3)1, I
(7,9)11

61) [[1,2,3],14,5,6,7]1,[8,9]]

(8,4),(7,5),(6,06)1,[(8,8),

Haskell TIEEFICHLMABANTET S LI >TW S, BEEFORADA
RSVFEF*EVTATERTHEHD, FIAEL (2 *) 2T\ x -> 2
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* xTHY. (/2) 32 TEZEE x > x / 2ThHb, 2OLHINW=IB
BEFOBpBEAT LIV a I,

Prelude> map (2 *) [1,2,3]
[2,4,6]

Prelude> map (/ 2) [1,2,3]
[0.5,1.0,1.5]

Prelude> map (1 /) [1,2,3]
[1.0,0.5,0.3333333333333333]

Q291 kDL 7 a> S LFARNTET,

EL T-) BETE, BIBEETD -, 3FEETZOTC. (- 2) IdEI7V 3
Vil sy (A THZ) . TORHY subtract ¥\ I EEK

(subtract x y =y - x) B’BFET BN T, subtract 2 ¥ FL ZUHNTE
%,

f129.2 TARA% ) 2 BB, TRNL 7KL map & COEE (X THURETIC

BN L7z length, id R EOBAE) %2F-> T, ROLILEHBZBEIRTHL %
FEhTICERL L,

1.220) A MDD 0FBNERAL. 1 FENEREAL., .. &KL, &
LWEENERZRTEL countEg (VA FNDEBREHNEL 235814,
BFWIHIIhhED)

5z E countEq [1,2,3,5] [2,2,6,5,3]1 2% 5,

2. XFHD) X b EZITRY ., BXFIIOREZIC T, 225 TEELAX
F5|%3RF addSemicolon

5] 21 addSemicolon ["abc", "xyz","123"] & "abc;xyz;123;"
27 %,

2.10 BFFEH

ROL I Let LWIF—T— FERWT, BFANAZREERT 52 LHT
53,

let ZHOEE in =,

EWAHETHAWS, let £ in DEITERINTWVWAEEIE. 2D let RIZHFR
HREHTH 5,

powéd x

let y = x * x iny * vy
foo xs

let

ys = filter (> 0) xs
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(z:zs) = ys
in z

BRETHD, 2OLEyR ys Xz zs IR T—THROENEZDT, let XD
HATRREBNDEHENI I TH S,
Q2.10.1 RO & S XA E let TAVWTERE L,

1.27 &3 588 pow27 (M) X Txx ) SHEEFEEHTIT)

COBITIE4FET H2HE (pows) FERLTWVWEA, v * yOBLHIERy
DEFhEHE ( ) ILBLTW3, B, ISIEROER" OALDER
2 (ZoFTE. DED) HLRA-TIZBLTWS, ZHNILRDHITH
"5,

-- repeat [ Prelude IZEHEFH

t:a —> [a]
= x:xs 1in xs

repeat
repeat x = let xs

x:xs NDEIADN xs AN xs THh b, ZOEKIIER x
(ZOBIDLHIcEAD»EF 5> =L

2O let XD xs =
DERY)ZAFEEKT 5,

Ctrl-c THE¥FT %, )

Prelude> repeat 1
f1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,..

ZOY R, ROFERA I —ETERINS,

XS

]. ]

(LI ESHIE, Haskell TIZ"lbF 5820 - BICiR WK TlRERL, B
KOHBAER D, 2D . H YT Haskell DERMEES % 481 S BFIZEER

¥%,)
Q2102 RNDELHITEHRIMND repeat' ¥ repeat L HIEIN?

:a > [a]

repeat'
= x : repeat' x

repeat' x
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Q2.10.3 repeatlList [2,5] #%[2,5,2,5,2,5,2,5,2,5,..].
repeatlist [1,2,3]%%[1,2,3,1,2,3,1,2,3, . J EVWIERY X btk
54 5B repeatlist :: [a] -> [a] REHET L, &H. | HEN X
FPOBEKIIEETH 5,

B> b (++) 2EREL,

2104 ) RMN2EELLARLT, TORXTEES FoEENES) #RT
¥ powersetF EHZ T L,

7 L powerset [1,2,31 & [[1,[11,(2],131,101,21,12,3]1,11 31,
[1,2,3]11 %%, (=L, IBHBIEIZNBY THSTHERW, )
Eb:E7ya % E) LBRICERTE 5,
EHFIYRSRYIITRT YL, ABITAT) —%2HE L TREB» "9 3, B
EH10<50WETICLEYDHTHEL 2,

(%E) whereff

wheret WHF—7—F%2E5 v, BARERNDELTHERINSGEEK - %%
LICRFMICERT B2 ENTES,
e NF—CiEUY = K
where (BH#H®D) ZHOEE
EWHARTRHWS, (ZORATIERINTWE WS, where TRFINEERY
NEEBEDEBROA— RBICE L2 > TERINTWTEH L W) E22D pows,
head IIRDEIHICERTHZIrHTES,

powd x =y * vy

where y = x * x
-- head & Prelude IZEEREFH
head ys = x

where (x:xs) = ys

7= L, where ICL ZBFNERIIERERND/ NI -2y FIZEF B2 T
KRS

foo [] = .. —— foo-(1)
foo (x:xs) = .. —— foo-(2)
where bar = ..

ZOBIT bar BB DI foo-(2) DIEFFEITTH 5,

2.11 Haskell o) 3 ExBE
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Haskell DX D@L, (A x -> M) NEYWIHIELY>AEZ, BHORYEMOE
ORI xD'BEREREEFIBNICESBALNICESHRAIS, TNz
B %9 (beta reduction) L \V . FIAIEL. “(\ x -> x + 2) 3"%3 + 2II&
AL, COEIHANCBEATRLEIAND 2 L % B & (beta redex) ¥ o

\«3\\\0
DAL BEMATERVREERB L VS,

EIER * EH R FHE, —DORICLRBY L BEKNTEER Z L H S,

Bl (\ x> x *x) ((\x->x+1)2) 2Ors BELh3plinst
BIr., ORI FNOFIEIANLTLED., Bl (A x > x * x)
3) ¥ (W x =>x + 1) 2) * ((\ x =>x + 1) 2))

Lol I ELAEL BEKNEITRI L. CORDPHINLAEZBDEBUERT
¥ToNnsZrhmontvia, (Fr—F -0vH—nEE)

M; M,
B\ /B
v

CHIZERFIC, HAXNICEREIBEET 2L 561E, ZHE— Lo (R3]
BOZEMFICLZEEVERLS) YWIHZ L ERIELTWVS,

BRULENLIELESBELZBATVITIE, ERFEOGET 52X 561 %TE
MEICEIET B2 UNTRETH BV 2N moNTWS, 2 DFEKE T
(leftmost strategy) ¥ \* 9,

Haskell M EKER 1L, EARMICZ NDREBKICL ZFEHETHS, 2FYIE
FEEEHEOSRADTMITLTIELT B, =L, REHOIIIRICEHBEAT S L 5 12
(graph reduction) * A\ 5 ,

BlZIE, RDOLIICEZRINT square L WIHEKEE Z 5,
square x = x * x

BREEKE Tldsquare (3 + 4) Y WHRIDRDLSICHET S Z vtk 5,
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square (3+4) = (3+4)*(3+4)
=Tx*x7
=49

2% Y, square DI TH S (3 + 4) RFAEINHB VT E, FT square D
ERICLAED>TRVERAINSG, T LT, RBITREITR->T (ZHIFEIT *
DEBEDSHBLHHS) ELHT3 + 405EINS, COERETA—
TICEfTT 5L, 3 + anEHHEINTLE S,

TS5 TIE. COLIREELZ TS 7O TELT, 3 + 4 2—EL»E
BElLRwkHITLTWS,

square * * 49

| () ()
SN N

BEHBBIIVEIIR I CHMMEEELEEINT (lazy evaluation) ¥ %
TN, LKL, OS5I T ERTCRETEEAVIIEEIE. TDLD
IS5 7K BBELE T ARLHAEDRYRLEBRITSLDICT Z200—
RETH %,

BEFFEOBVYL 2 AIIHBANICEROATINDT—IEE LI L TR
A58 THb, PlaroLHILEKEE L 5,

from :: Integer -> [Integer]
fromn =n : from (n + 1)
-— from n = iterate (\ x -> x + 1) n THEAL

¥ 5Y from 14 [1,2,3,..] EWIHERY A MY, ZHOER) X FEBY
A LTAHAWTWS take 3 (from 1) ¥ W9 R

take 3 (from 1) - take 3 (l:from (1 + 1))
1:(take 2 (from (1 + 1)))

l:(take 2 ((1 + 1):from (1 + 1 + 1)))
1:2:(take 1 (from (1 + 1 + 1)))

1:2
1:2:

R

(from (1 + 1 + 1 + 1)))

0
: 01 (= [1,2,3])

DESIHABERTHETE S, A take DHEETEEDIT. E£131K
NOTHRWVESIE, B2 BO0E R T I TRV 504N HS, F
. BEICEBICHERERTTAEOHIC, (1 + 1), (1L + 1 + 1) REEEF
09 288HH 5,
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BHE, from TERINE LI REZRINIHOWTIE ..y 2{F-> 8L E (BE
KEX) BV ODPHBEINT WS,

Prelude> [1..]
[1,2,3,4,5,6,7,8,9,10,11, ..
Prelude> [2,4..]
[2,4,6,8,10,12,14,16,18,20,22, ..
Prelude> [1..10]
[1,2,3,4,5,6,7,8,9,10]

Prelude> [1,4..20]
[1,4,7,10,13,16,19]

%l

B “.." ¥l

ZHNSIEEIZ Prelude TEEINABAEOTE LICERINS,

[ e .. 1] = enumFrom e;

[ e1, ep.. 1 = enumFromThen e, e,

[ e .. ey ] = enumFromTo e; e,

[ e1, ey .. e3 ] = enumFromThenTo e; e, ej

BIEFMERAVDILWARWRYBIKENTOT S IV I HEEICR S, 8EX
#k (Hughes 1989) |3, BEFMEFA LT OIS LDERILDFEEFH#LL
FEAL TV 5,

—4., BEFMEAVZ L TOTSLOZWHN DL I RIBEF TEITINS
DY BRICHEAIT 22 Lo BEL WV, BIFRIEEITINBIERICEL > THRED
B L6, BRIMEAVSEDHICIE. BMEANBELAE W L9 KEMHET
H5, F1-, BEFMTIZ, AT —DFEAREIIDVWTREBELSZZrHELL
% BIGEDE N,

B211.1 748+ Yy F%53511,1,2,3,5 ... DER') XX LT fib ::
[Integer] rERT L

EYh 74Ky FBIIRLET S LTELET S ..

B> b: B zipWith 21,

212 ZRICEHENLRVWRIBICYAL2ODY R 22—V LT, REIYE
B LORIENY R FEEKT 58 nerge s EHRE L. BHlAIE merge
[2,4,6,8] [3,6,9] 1% [2,3,4,6,8,9] %5,

M 2.11.3 @ 20.30.5F (4,5, kIS0 LEDER) DRTELLIERNLEE
B LUICRIBICENRAZY X b hamming ¥ & E L, BlAIE take 14
hamming & (1,2,3,4,5,6,8,9,10,12,15,16,18,20] Thb, ZN' R
FPDBPFENEER (LELEME 0FBBYEAKLIBE) . 2% Y hamming
11 699h%5898240 TH % Z ¥ + HERE L,
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B b: B map £, UBTDORBID merge 5,

2.12 ') 2 F »A‘B%KEE (List Comprehension)

Haskelll&, ") X ko (list comprehension) ¥ \\ I #EREX (L H\WZH
BA) (syntax sugar) EH D, THEIBFTELNIEESORBEREIMEEE
ThHs,

Bl

Prelude>[(x,y) | x <- [1,
[(1,5),(1,6),(1,7),(2,5),
(3,7),(4,5),(4,6),(4,7)]
Prelude> [x * x | X <— [
[1,9,25,49,81]

==L [1..101 4 [1,2,3,4,5,6,7,8,9,10] OBEETH 5,
JZAPOABEZRIIRDLILHEOLDOTH 5,

[ X | BERK, ., BEX ]
ZZTRERIE. Bool WX (A—F) p RO (EKRRA) :
ZH <~ A

DVWFTNHOTHS, THLE <- DERIORIE, VXM ETHZ, EXAD
Ty DETITWENY -2 5EL L LTETH D, ERANDETICHENSGE
BORI-TI3, #NLVEORERXNTH S, ERATEHICELOR 2 E
THBONE )X MDBEXIBICRANL. A—FTELRZLODOAME L
T, IRTOMAEDLEEFIET 5,

Q2.12.1 ROABERELDEIIEH?

. x*y | x<=1[1,2], y <= [5,3,7] 1]
2[ (le) | x <= [41117]1 y <= [21815]1 x <y ]
300 (x,y) | x <= [1..3], y <- [x..4] ]

Q2122 FENEHn *RITERY., 0<z<y<n¥R3IXRTHz,yni
AT B8 foo :: Integer -> [(Integer, Integer)] *RNE%XKIC
TAVTERE L,

BExb: Ty %265,

2123 FEDEHn 2ZURY., 1<z <y<z<nhO&HET
P2+ P =2 RBIRTD 2,y z PEEERT 5MH chokkaku ::
Integer -> [(Integer, Integer, Integer)] *RABEHRIZTAVTESR
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&, FlAlE, chokkaku 20 D&EIX. [(3,4,5), (6,8,10), (5,12,13),
(9,12,15), (8,15,17), (12,16,20)] £ %, (BHBEIZOHIrEL-T
WTHELV, )

AERELHOER

JZFOABRITIDRDL S REAKERVTEHRT 520" TE 5,

unit :: a -> [a] — BEH 1 OURMERT
unit a = a : []

bind :: [a] -> (a -> [b]) -> [b]

bind [] []

bind (x:xs) f (f x) ++ (bind xs f)

B 7z 1L bind [1,7,5] (\ x -> [x, x - 1]1) & [1,0,7,6,5,4] %
%,

BRBRAIIRD L BY Ths., (THREICEIRMRAEBROICERLTY
<o)

(e 1] = unit t

[t | x <- u, P] = bind u (\ x -> [t |_P])
(t | b, Pl = if b then [t |_P] else []
[t | let decls, P] = let decls in [t _|_P]l.

7z=L. bl Bool fENRK. P QUERERNIUVTH S, HlAlL
[(x,y) | x <= [1..3], v <= [2..4], odd (x + vy) 1

IRD L S ICEIRIN S,

= bind [1..3] (\ x -> [(x,y) |y <= [2..4], odd (x + y) 1)
= bind [1..3] (\ x ->
bind [2..4] (\ yv -> [(x,y)_|_odd (x + y) 1))
= bind [1..3] (\ x ->
bind [2..4] (\ y ->
if odd (x + y) then [(x,y) |] else []))
= bind [1..3] (\ x ->
bind [2..4] (\ y ->
if odd (x + y) then unit (x,y) else []))
AaxEDERF

REBEREEZAVIY, 7497V —MIROLHIEHBIZEINS,

gsort []
gsort (x:xs)

[]
gsort [y | v <= xs, y < Xx]
++ x : gsort [y | y <- xs, y >= X]

(7L, BRAYBETEERTEH 55 MENITIXEORMLITH
60 )
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R 2.124 RO AEEEE LOEREA AV T, unit, bind FAVWERIZE
&£

1[ (le) | x <- [1121314]1 y<_ [51617] ]
2. x * x | x <= [1..10], odd x ]

R 2.12.5 %3 (2,3,5,7,11,..] ODERY R b 3L 312 primes ::
[Integer] ¥ E&E T L, (AEBXRZETAVTIH, AVWERCTHERLY, )

EZiA:

"I h RT % R (Eratosthenes, 275 BC - 194 BC) N3 B\ ¥ W) 7L T ) X4
EPEETL, COBRLADTILTV X LEEETERTDZLRDLI IR
60

1.2 ELnBEARKELERS,

.EBEOHEBMYKRE, TOEBEZREIZCE YKL, (ZOEE"35
W (sieve) Y ATV, ) kb, BlYEORY # KO BI2IE "mod” JE
EF*AVS, Flild, 11 "mod> 32 TH 5,

3.2 B Y IRTY,

COBFICEBICHENEZBEZIBRICERLZDLDOHNERBDINTH S, BRPTER)
2 FDER') R MY BEHONSHY, BEFTEOEH T TREI R,

THEIIITLT, EREERYI P LTRBETSIr T, TEXERERE
BN T B2 eNTESL, CRETEELLIELT SL, 1000 F THOEK
YWAHANIIEIZRAVTHEHEIZKRKD S Z e TESD, RN 100 BNEEKE
KRKODZDIENVLHODEIEABETNERV DL OO LR VDOTAICH LR
%,
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R 2.12.6 @ LD sieve #EYE (div X mod X rem) 2EHTICER
&, (B> b #BEAKY LT, 2O0FIEN') X b ks, ys #ZIFERY . xs
IZEBINBD, ysICBINRVEERLXRIEN) R b L GRIBAEEZERT
%, )

R 2.12.7 Haskell ASPDEE T, ERV X b2V IalL— T 354 %HAES
FIIEELL, FEEFOFETRVT. TOEETEEI 2 ERE L.

213 14 ~ (8) 714 — > DORIE
J2AMOABERRZEZAVWT, AELE/NRIILERBVNTALZIYIZT S,

IA @ 74— >OREIRSENIA—2%, BEWIIRSAZ N TER VL
I, FRBOLICEC L WHRIBETHS, 74— I3t - # - flonT X
TOABIC, AYRXATELBRETE S, JEORELAZTRNLLOILBETH
%, COMBEDAREGRIEIN >0BEAET S, COAELRBOELTY L)Xt
¥ UTHRET S, TZTIIER) X MIREWICIZER LR \WAS, BRI
MEBEDETRKESRZREE*RLT,

IJA4—>DEREIR. 22TREDYRAMNTEY. [4,6,1,5,2,8,3,7] l3RD
ii@mﬁ%%? 2FY,. [(1,4),(2,6),(3,1), (4,5),(5,2), (6,8),
(7 (8,7)] EWIHEREERIZL TWVWEHEWVNIZETH 5,

/ W,

ETEDKINETIA -V EBEVICBNG WL S ICEREL T, Fk+ 15161
THICTIA—EBREBETESHNEINBERL TV, RITTKT safe ld safe p
n A length pAETHDIA — > DEREN p LW YR FTER LNFE &
length p + 1FOEnfTIC7 A —2FBEL 2D TESHDE I 02T EAK
Th s,
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]

1 check (i,3) (m,n) = j == n

2 [l (1 + J == m + n)

3 Il (1 -3 ==m - n)

4

5 safe pn =

6 all not [ check (i,]J) (1 + length p, n)
| (

i,3) <= zip [1..] p ]

22T, oallld

1 all :: (a -> Bool) -> [a] -> Bool
2 all p [1 = True
3 all p (x:xs) = 1f p x then all p xs else False

YERZRINEEBESA TS —0BAKTHS, £/, [1..11d1[1,2,3,..]1 ¢
WHEIRY X PDBEEEETH D, DF Y. check BT AIHO TR LELIC
FoTWHEWIZEYEF v I LTWES,

Q2.13.1
1.all odd [1,3,5] D{EIZfEAH?

2.all (> 1) [2,0,3] OMEIEfREIH?

1 > safe [1,3] 5
2 True

3 > safe [1,3] 2
4 False

¥R 5,
Q2.13.2

1.safe [1,4] 2 OEIZAA?

2.safe [1,5] 3 DEIZMEH?
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IEIZ, RO nFINTRTHRLBREELANTVL, ZT0EHII. TDLH
BRIXRTOEE(D ') X M)%ERT queens L WHBEREERT %,

queens 0 = [[]]
queens m = [ p +t [n]
| p <- queens (m - 1), n <- [1..8],
safe p n ]

2FY, BMD 0 NEEREEIX1 2H->T. THIIZEY R+ T, TEX
N3, m - 13BFTHLEREEZ KO SNNIL, safe BREE->T, F
mINBNRLLEEEKRKDHDZ I LHNTE S,

Bl 721

> queens 1
(11,121,131, 1041, 5]
> queens 2

31, 11,

~
—
[e)}
[
~
~J
[
~
—
[ee)
[
—

BIEFBEANTNEZDT, RMDBERDZ-DICIEERLICLELRBLOMB
HMLiTebiew, 2FY. ko [1,5,8,6,3,7,2,4] ERKDB DI,
queens 7 DHEZFITRTUTHR->TWVWEHITTIIRL, TOEMOBERD S
DITKERETOBDOFHEE LTV 5, 2L, queens 7 ¥ ZLRIEHEY
% ¥ head (queens 8) LY HLEEICHMI D22 5L bh 5,
(GHCi T :set +s £V AT FEEITT 5 . U, FMICEH BRI
AE)—BHOETRINE LIRS, )

2 2 TIE, BEFHEIL PrologTW I L 2 ZDBEY (VSv 7 bIw 7T,
backtrack) Y B L L SRR 2ERT 5, 2F Y. 1 2L TBRE*KROLEHEL
FTRTOBERDLHE LN ICHRART R8BI RL, Lrrd, 12K IF@ER
HEEHICIE, THIIRERETOFELIMTRbi W

57 A2 queens 8 RXEtETIE S L,

> gueens 8
(r1,5,8,6,3,7,2,41,11,6,8,3,7,4,2,5],
(B&)
,18,3,1,6,2,5,7,41,18,4,1,3,6,2,7,5]11

BIIITNTTREHZZ 0D B,

2133 thNEET. 8 71— RELL, TR SIE, KRV EVIa L
—FLT, — DR, TRTOBEERLTOISLTHERBEL RO LENS L
NIk i
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i 2.13.4

(F4 FKED) 4 ME, EOEOFRDTRA DS O
OFFNTAANBETESZF 2 2NDITTH 5, 5x5

v 20F BT, HrvR HlAE, £r@8) » O Q
LD TTRTNDCREIETOHNLBERERD S
FOTS LEERYE &, A

e
o O

f2.13.5 (74 HE)

1.VY—bENEERED) X MORHMT, 32TV, 320RLCEK. 22
DELCEEZRSTFTYR 7Y 7T 388 shuntsu (BF) . kotsu
(ZF) . toitsu (HFF) 2ZxNTNERL L,

Prelude> shuntsu [1,3,3,4,5,7,8,9]
[(3,4,51,17,8,9]1

Prelude> toitsu [1,3,3,4,5,7,7,9]
[13,31,07,711

24 ENBEREZE >EROY - FINLN R MYy onFE—8B (F
A=V =) DTHVFEIZE > TV ENEHET S chinitsu 2 F
gL, L. TAHIRCE, BEF G2EUV0H) FERF 3
DORLCE) 742, FF QOOELE) 12, Z53-EETH

%
Peg| 22| [@o0|ece|ese
ee|oe | (098|068 0
esloec] @29 ece eee
J \ )

Y Y
g+ JIE -7 xf 1 JIE 2+

214 T5ICE LS MY VAR EHIC..

S ik (Haskell) (2. Haskell ICBAT 24> L EBRBEHRETH S, Xak (W
T) EBARETH Haskell D EBLEFERFETH 5, X#k (Peyton Jones et al.
1999) & Haskell DA E T, Haskell ##AT 2 L THOERFF 242 b ThH
%, Xk (Jones etal. 1999) (. Haskell DA 2> TH A Y v+ — 7 A FA Hugs
NA—H—2=a27ILTH%, Xk (Peyton Jones & Lester 1992) |3,
Haskell DZEZIZ>WTHY WAILE#H T 5, X#EK (Hughes 1989) (&,
HFMERBO T TS LTENDL I ITAVE O EM@HEL TV 5, XEk
(Wadler 1987) 13') R bR B FLZEMFEL T\ 5%, ik (Peyton Jones
2003) & Haskell % 3%3t L 7= S A D —AIS & B Haskell DE&E 0 E
B (L'BRE) Ths, Xk (Bird2014) A T0I7 5 I 71T 5, &
BUEHREICLZRETH S, XEK (AH 2006) (& B AZDWKRE @IS DR
EThH5,

(Haskell) haskell.org, “Haskell — A Purely Functional Language
featuring static typing, higher-order functions, polymorphism, type classes
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and monadic effects” https://www.haskell.org/
(LWTF) LT Mk T{EA|ELLORG) https://www.sampou.org/

(Peyton Jones et al. 1999) Simon Peyton Jones, John Hughesfts,
“Haskell 98: A Non-strict, Purely Functional Language”
https://www.haskell.org/onlinereport/, 1999 £ 2 A

(Jones et al. 1999) Mark P Jones, Alastair Reidftt, “The Hugs 98 User
Manual”
https://www.haskell.org/hugs/pages/hugsman/index.html

(Peyton Jones & Lester 1992) Simon Peyton Jones, and David Lester,
“Implementing Functional Languages”
https://www.microsoft.com/en-
us/research/publication/implementing-functional-

languages-a-tutorial/, Prentice Hall, 1992 &

(Hughes 1989) John Hughes, “"Why Functional Programming Matters”
1989 £,
https://www.cse.chalmers.se/~rjmh/Papers/whyfp.html
LT kxR TR TSI S ILEERY,
https://www.sampou.org/haskell/article/whyfp.html

(Wadler 1987) Philip Wadler, “List Comprehensions” (Simon Peyton
Jones “The Implementation of Functional Programming Languages”
Prentice Hall, 1987 & https://www.microsoft.com/en-
us/research/uploads/prod/1987/01/slpj-book-1987.pdf D%
HNETE)

(Peyton Jones 2003) Simon Peyton Jones, “Wearing the hair shirt — A
retrospective on Haskell” https://www.microsoft.com/en-
us/research/publication/wearing-hair-shirt-

retrospective-haskell-2003/, 2003 &

(Bird 2014) Richard Bird, “Thinking Functionally with Haskell”
Cambridge University Press, 2014 4,
LTk R "Haskell 1L 2B¥ 7075 3> TnREE,
KADOKAWA, 2017 £ 2 A, ISBN978-4048930536

(% 2006) M2 "AF9 Haskell I Lo THEIEKREE, £02
2=~ —33>X, 2006 %F 3 B, ISBN4-8399-1962-3

(LT &EFA2006) LT ok (B) FAREER (F) 3250
Haskell 7’275 3> 7 323070750 0EKMEENM V
TR T )T A54 77,2006 F 6 B, ISBN4-7973-3602-1

(Hutton 2007) Graham Hutton, “Programming in Haskell” Cambridge
University Press, 2007 4,
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https://www.sampou.org/
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https://www.microsoft.com/en-us/research/publication/wearing-hair-shirt-retrospective-haskell-2003/

LA FoEZ R 17’075 3> 7 Haskelly 4 — 4%, 2009 4 11 A,
ISBN978-4-274-66781-5
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AT Haskell DL A 79 hIL—IL

2NFE THaskell DL A4 79 FIL—ILIZDWTIZBRBEICIRR T\ A 5 =,
Haskell IEZ T (41 >F> b)) oFIcL Y. ZO8HT - BXXBAIEE:
w%%%fbéo(Tb—z%ts:D>%%kaﬁvT%@2%H&v;
T B HETH S, )

Bz 1L,
f x =1let a=1; b =2
gy = exp2
in expl
W RIS,
f x

Il
—
®
purt
-
o)
Il
=
o
Il
N

CRRINS, LAT7TML—LIEZHDLIRTL—IXEI 202D L
VRIGEITHEANINENTED S,

UT OFTIFERS 1 Haskell 0)&*%?’( & % "Haskell 2010 Language Report"?§
QI SDE/HAETH S, (b, BED §103 12, LY FHMUAEIBHINT
W3, )

Haskell permits the omission of the braces and semicolons used in
several grammar productions, by using layout to convey the same
information.

Haskellld. BRIZDBEREFEOLA TV EEI I LITL>T, W<
HDOERBTHEHLNTVWBE T L —RetEIa0>288BIT 52 %
FLTWE,

(Eg)

The effect of layout on the meaning of a Haskell program can be
completely specified by adding braces and semicolons in places
determined by the layout. The meaning of this augmented program is
now Iayout insensitive.

72 b® Haskell 7’075 LIS T 2%RIE, LATIRIIE-T
%i?ﬂ%%%k?b—ZZt:jD/%ﬁmT%ytk;UﬁéL
TRT B TE B, Tét ZOBMOERN T TS LOER
FLAT7TMRELRLR

Informally stated, the braces and semicolons are inserted as follows.
-2t 3130 R@BEBEBLRRDE I IHEATNS,

The layout (or “off-side”) rule takes effect whenever the open brace is
omitted after the keyword where, let, do, or of.



LA7 908 (BHBWIE"F7H A4 K") IL—ILIE where, let, do, of ¥
WAF—T—FDBTHT L —IXNEBINEL T2, AR S,

let

f xvy

case x of
0 -> foo
1 -> bar
3
_ —-> baz

+

case y of 2

2
x 999999
5

X

o B P X

-> qux 9y 1
-> quux y in £ 0 1

When this happens, the indentation of the next lexeme (whether or not
on a new line) is remembered and the omitted open brace is inserted
(the whitespace preceding the lexeme may include comments).
CorEiR>. GFHLWTICH DI DIEDLLST) ROFEADFET
TEAIZEIN, EBINEETL —INFBAINDS (9 TXFILRD
8NREHXFEITHEAXFLMRINS, Windows DT T« 7L
9 TXFHRD A DEBXFEETHOEAXFLBRINS L DS
WOTERETS2Y), (FOUOROZEARRIAC IDBELHS (B
F R REDLAXFH Haskell DRIBRICE > TIIEHF LR L —
XFRNDT, AL ATY MIEAGRTSBEIERET S
Yo )o )

let
{ft xy=
case x of
{0 => foo x 2
1 -> bar 1 x 999999
345
-> baz 6 x
L

case y of{2 -> qux 9 y 1

_->quux y in £ 0 1

For each subsequent line, if it contains only whitespace or is indented
more, then the previous item is continued (nothing is inserted); if it is
indented the same amount, then a new item begins (a semicolon is
inserted); and if it is indented less, then the layout list ends (a close
brace is inserted).

ZHNIEELSBITICOVWT, L. TMHZEADELEEUH. L) %<
DETFNINTWSR 5L, BEROBEEIREINS (DT Y RIC
LEAINLEWY) . L, ABLAETFETFINTWSER 5, $LWIE
BtESrAaRT (CIa0 B AINS) . L LETIFEND
BRWRLIELATI )R MDY tAeIND (A7L -0
AIN3G) ,

let
{ft xy

p.2



case x of

{0 -> foo x 2
1 -> bar 1 x 999999
345
-> baz 6 x
I

case y of{2 -> qux 9 y 1
-> quux y in £ 0 1

A close brace is also inserted whenever the syntactic category
containing the layout list ends; that is, if an illegal lexeme is encountered
at a point where a close brace would be legal, a close brace is inserted.
A7L-RRLATIOM) R E2BOEXATIIHIRT ST BHLEIC
LEAINS, 23Y. ATL-ZRPBENTILRVE SITTRERFTH
DN E, ATL—AFAINS,

let
{f xy-=
case x of
{0 -=> foo x 2
1 -> bar 1 x 999999
345
-> baz 6 x
I

case y of{2 -> qux 9 y 1
-> quux y}l}tin £ 0 1

The layout rule matches only those open braces that it has inserted; an
explicit open brace must be matched by an explicit close brace.
L4779 MREIGET L — X9 BAINAZE FICOBZREINS, B
THRHATL—Z0H-r Tld, BROLHATL I TR ITN
7 570,

Within these explicit open braces, no layout processing is performed for
constructs outside the braces, even if a line is indented to the left of an
earlier implicit open brace.
COLIRATHLEATL - Z0RHTIR. TOTL—2DIMIDHE
REZRICHL T, HEAHBITHOKRBNIIH > HEROBEATL — 2 &
D ENLIEEF > LTH, LATIMIL—ILIZER I N,

let{foo = let {
x=0; y=1;
z = 2}

in x * vy

bar = 99}in foo * bar

QA.0.1 %D Haskell D 7o 7S 4alztIaa>rTL—A5fEANE L,

foo xs = case xs of
[ -> 0
y:ys —-> let z = foo ys
w=y *yinw + z
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37 KRBT —9BrB ISR

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]
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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
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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

3 pl8


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

	AdvProg1
	空白ページ

	AdvProg2
	AdvProgA
	空白ページ

	AdvProg3



