F1E J0I53I V7 EEROWME

KEHTIE. £I2FO 05 32 7 EEE Haskell 4807 5, Haskell DEE4mIIT
HLEANBHIC, Haskell tWH 7075 IV IEED, THEKETHRY - UE%
BT 5.

ABEHE T Haskell 13 2 2DRENEH-> TV 5, THOETREZINS ZIEICHAT
60

ENE% K I

ABHETO Haskell DEED—201E, OSEDER EHAT 20D 1"
TETHS.

ﬂll[l

1.1 7a9753I>7%

TaT5IVIEEOMKEEDS L FINE, TOETENE —2F Y, ¢
NDEIRREDIINELH L TOTSLL LTRIIANNLNEZDH) — L LB,
TDBEDVEREEDILENDH S,

TO75IVITERIIBTIITIREBRERNDH D, FIAIE, FrAYDTO

T7IIV7EBICERBEDE - BYRLZCOFIHEE (CEFETILLE ~
else X, while X, for X, do ~ while X% ¥) #$H 5, C++ ¥ Java IZId,
BISMLIBD =D try ~ catch XbH 5B L. Prolog icid2=T7 47— a >

(B—L) - Ny I b+3vF>7 (BRY) REOHEMREIH S, Java’z LD
797 MEABEICBITR A9 72— YL, RIFIVHFEFEOHLES
DEFET B,

SNLSOBEUBRDERIOVWTE, BAE - RELEDARSTEICL- T,

FAX DY) LD ORITERYVIEBT, OLI ICRAT 509 ERT
H5B, LHrL, BRSHBICLZZRTIE, BHRL RS, PIAERDELHIR
BRI E LA SITKRBICERT 22 UTERL,

o I /IRAS—DEYM — 3> /3145—1F, AYITABEIEDONA
YOEMEE T 2EMN TS 5ERLTWEL?

o FUUSLORMENE — TOTSLDHBENE. (BFLLHRDE
W) BIOFICESELALL I, ESELOMETTO S L40EKIE
AYCEMEH ?

ZNESH, TS5 L0"ER " EFHAMICERT 5012, ST XFTRABEINS
NFETITEZL LN THESE,

111 T E XL E%R
T0T5IVITEEDERMIKNEL DT T, REGERS - NEOERSR -

ETRHEBERBNIDIZHDEINS, (L. TOHBEEIHLIBEEENLRDLD
T, ZNEFNDOERIE-> =Y LTV EhIFTIERY, )



BAERIERRER (operational semantics) 1&. REMLHEMMEzERL. 7075
LDERE ZTDMBHMBOAIRENEILL LTERRLL) L WIBETH
60

NERYELRER (axiomatic semantics) . 7O 7S5 LNEKRE AR ¥ #GRA
SYVEZLI T BHETH S, F—7TiwE (Hoare logic) i £H°Z DRFH
LtoTh 3,

FRHIE LRI (denotational semantics) &, £EAXCEHN L 5 L BF WIS E H
W, a7 5L0B% R LLI T EHETH S,

COEETIE, FICEZTHERRBIEET 2EMERBNT %,

TOTS IV ITEENBDERIIOVTIIBRBREANDEHIZLY., BNF
DL D RITEX yace, bison B ED LALIR/X—H =Tz 2L —F—DLH %Y
—HEZHIN, EROZARCHERNEXIIRINELRVHLDOL LT, BE
ICEZLTWS,

LAaL, BENLZ 3, OS5 ICIEENBER®R ORRIZOVTIE, "#ExX
ICEER THEEW R IEECY — N EEZT BITIEE> TVR,

ZNTH, 7O IVTZBORR%RMBIIOVWT, ITNETEEINLRR
X, BB AL RIFIIIR TSI IEEOBRERIIODOVTNE
BEFEDLEDIKEBERTRELNDER>TWE, KBETIIZnL ) L"En
ROBBERYLIZEDEABVLUTKFETH 5,

1.1.2 S L5EHE

7 LXEE (M-calculus) IIETHWERRBEBHETIDICHASINSAERART
3, SLTHETEAKICETIL- L EMAREE - KETHY ., F /-
Lo LB TOSSIVIEELEZLZLLTE S,

AEETIE, COFLTHEETRWT, LYEMLTOTS I TEEBOEKR
BED'BR EFEAL TN ZXICT S,

AKITERTHBRBTIE. TL7FEITMA T, Dy, X Pw LI 2 LE
(domain) (T T 2EmE*EMT 5, LA L. KEBEHRTIIERICET 2EFIC
DWTIEENA W, BN HEAIEZETESEXBERARTERLLY,

TLTHERY > TILTIULAY M RERTIEH S0, TNTIRTELZRL
LI TEr, BRENLWANASZLKRYFICAIRL RS, 2T, 949
HEICEDSLKTO TSI TR TH 5BEBE =38 Haskell 28BN 5,

Haskell I3, EAXREIZIZS LATHEITWL DA DEX LDHER (syntax sugar —
AEH TR WAERREE) 2 EMLEDBDOTHS, TDEH, TORIIKR
UL, Haskell D70 7S LAIGEREICSLTHEODRICETET 2 LT E %,

1.1.3 #4

TOT5IV I EENIIIILEBREENER DR T 2 LTI IZ4M
REENT B9, LHTHLESR (EFr V. continuation) DIEA L &IEE

J
d
A\
NI
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A\
i
nul
\:IIII
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- FIMNLIE - ZRYRY, SEITILEMESPT SOOI, EERREE
BiEd, FH, BRI/ M5 —DRADBRICERAVWLN S, BEHEOESR
BRETLIZrIE. TSIV IEENESYRTERBIT LI LETRIARTH S,

Fr, ATV MERTENEHHREL COBMIIIOVWTLMNETFET
5,

123X 05378
AFEZETOD Haskell D=2 DRENE, oD T 075> TEEL2<E)BHK

EEHOTOUITSIVIEETHS. LI THS, AH#EHRTIE Haskell D
IE 512 Scheme, Prolog, JavaScript 7 ', FE’? 72 /35 54 L (paradigm) 7’01 7

SIVIEBERNT S, -, 700530 7nIFTIRATALLELE
AT 2,
1.21 7975 3IIEENEE

TSIV IEEOREERYRS Y, TOMISTT LIS, FE2RERK
BZRICADE2 -9 —0EINTI0 FRMICRMOEREEBTIEIN,. TOD
B, 7—0RF—=Ya>-RXYAY - A2F—2v bk - HBREBrV-HL
WIAYE2—F—DRADBENLETSIION, HILVWEENEINTEL,

X REU, B (AB) CRTICEAIRILAGS8aM50

v

1949 (EDSAC) 1967 Simula1980 Smalltalk 2003 5cala

2005 miniKanren
1954 FORTRAN 1970|Pascal 1983 (CH+

2007 Agda
1958 LISP 197D € 1987 perl 2009 Gg
1958 ALGOL 1972 Prolog  1989IRocq 2010 Rust
1990|Haskell 2011 Kotlin
1959 COBOL 1973 ML 1991 Python 2013 Lean

1995|JavaScript 2014 Swift
1975 Scheme 1995|Java

#BHBBE. Wikipedio DRED B, ISEDE TS 1995 Ruby
B: 7uss53I>758E0ESR

bE34. SRLIFLVWEENEINDIEE L LN,
12270 75IV0E&ENHHE

TOTSIVITEENHDEIRVEVERRIENH BN i@bwum5¢4A
2L 20%8, BAICL 598, BIMERDAEICL 2048 = - e
E"J) N 7"d\ Kﬁ %éo

o ST ALIZL BN

FEER 47V MER, BKE. HERD
o BMFIFICL B H%E

BORRE, BORRKRE. fb



BERDARICL 205
MREMBEEE. TAOEE

TEILS>THBEDPHIERY, BHROZEBLEVDTLIXENDH S, 1.
BEROEET > TWNIL, H5SEA) TIIELWLEEZ, B0EE B) Tl
BEICERTES, LVIRAICEESIZLHB, 2L EIC, TFXER
HEICLY ATETTOl 65X LRTNIER SR WY LTH, BEEE:
5o TWBZLICLY T TS LDRANBRILDZZ LD H 5,

1.23 /35914 LK 2948

BlZIE, 7Y x7 MEASECEBRE TR, Y50 b FRIVUSELIER
LELOEY, hasr&i 3, 7Y 27 MEEEEIL, GUI & YRARICHEL
LETFT—9RERILIRLE FAEY -4 - YIal—Yvary) EET
Ho, —H, BHEREZBEIXFT - YA EORADT—9REHRIL IR
F (BIAIIEELER) »"EBETHS (TH)

OOPL FPL
(MEE) )

C++, Java, ... (Fr=BELENT) ML, Haskell, ...
BHOT—5BZR S WEMN

/R CWSRFAL
GUI7TR &
ARICEHEL R —YRZERD NADT—5R
IS5 (T EEPED B (XY B

R: 47>z g vs. B

—h. HEREEER, XV I SV F IR T4 5=V a i CERBHY
L. e YR/ RS54 LTH 5,

1.2.4 BMFiric &k 34548

—BEICR 7)) P REECRIENE SOOI S I T EEISENEMA T EERAL
TWBZ 0%\, BBMITIIETIICF Yy 7 2ThRVOT, R T
075 I TETEEMRIE. —HTOH->LIELRVEFREE-S L
TS, MO TREEPRE 290552 HYHb, TOLHEBEEIVE
EINZHHFTRENISN (TR



EA8

A EEED)
R RIS

JavaScript, PHP, Ruby, C, C++, Java, ML,
erl, Python, ... Haskell, ...

Bl: B9 1T vs. BE9RIAT S

125 BIMFRANREICL 2958

FHREROA TV MEAEEIIBER"*SAT 2R H 5, BIERYL
X, 7RIS LFN"R D, TOEUIMEFH > TV BEALHIDERANZ L TH
%5, BB ZEIIEMFAZHEEL WS, VLLOHICEFNIERT S, BIE
RAsH 5. 7075 LORTEFRICERITRREIKET 20T, 7’07540
B RITELAEESICFRHLAWER RS E0H 5, BMEAN R WIS
EITLTHRENTFHLOT VY, TA7SLpEFITVEELNTVS

(THE) &

B
G
#
©
o
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aja VA 75 y&
(%) G&;
(E3=(0))

)
EIfEFI5Y AL
HRUEE () PEEEEE

PRI’

(IEFIEITLTE)
TR TOJ5

DMV IT LN

B: BlIfEAH Y vs. BIFRAZ L
FREBZE

*F 7Y MMER
BT, BB EE

= o an

=5
EE

IIHBFDBEFEESHLL TV I TE
. HILWATRABLEZECACAES T, TNEZITE
L—(\/\< ’f)‘ —\\/\\T\‘%éo

B: FiEsUEEZNERTOAA -V




Bl: FBEEEZENRITNOAA—VH

I5HIC, SEVYUBAIT"BENZEBENIEINS LITF LI, HILWEEIE
INKITBE295, HHWIE, BHENTOTS IV ITEEICHLH L WVESNE
AINTWLESZS, Ll HLWTB TSIV ITEEBELrW-TEH, I-7F
KFHLWERIENY DSR2 VAT YIEHY AT, BENETENLFAERE
HTLBZUNIFLAETH B, DD, ERNOEELZ - TWHIE, #HL
WEEBICHRT R ZICLAMNTH S,

1.2.6 Haskell

Haskell I3, RENLEBE OS5I 7ZETHY . RENICHEMALEEY
FoTWa, TORDLYICRERBLR CEHF O BELRBEIITLERLTWVWS,
BIER*HUEL, REWNT—FR Y\ OOPLD 7 SR Y IZBRR 5 H@DHkE
MEFO>T—IRERML TS, $<OET, AVr—REBELIIEIHE
NHLBBIEDOCERBL W) 2N TE 5,

COBRTR, AV —REBLERIFHMES(HL, HOMBEOTHEICKE
REEREZ TW523E YL LT Haskell #8204 EIF 5%,

Haskell I3 EBNIBR LR L ENEBER/RELT 5, F7/-, BETMEIIMBOEET
T L WO TS LDMAILTHEAEEIT S, Haskell # 2B T 52 i3, BE
MNDBETNDTOITSIDITREADBLEICERIDEEZ SN, T, HLL
=512 Haskell DFFBHIERY AMLSMNSEZ X H S\,

1.3 X5 LMY I=VWADE=HIZ...

COBBREBRTHDIISZICLABBEE 2 2FIF 5, RIS, W
VPHRERINFERH#HETH S,

(hB1982) HBHX= "HEERFAM—av bt -Tor5L8E

w1 BAAZE/E, 1982, ISBN4-254-11413-3

(KB 1994) RTEA (T0sS53I7EE —BKEEY I Y
TRF4, BREE, 1994, ISBN4-00-010344-X






25 BRI E 8 Haskell ¥ &

Haskell 1& CREN, SLTHEERERL Ler s RERDEAIC
BRLERZEBMLAETOISIVITEETH S,

MO TOTSIVITEBLERNELTOEEIE. AT LS5k 3,

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

2. (JavaScript, Python % Y ¥ tbX 3 ) TNTW3B, 2F
Yo 2R LEFIC (RITT 5H0IC) IS5 —2"REINS,

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

4. %487 (polymorphic type) ## T 2 ik Y, SRAKOSVEKEERT
52ehTE 3,

5. B (type inference) 12L& Y. (IZX AXDIFE) Tus5Lplcil:
ELRBIER, T, BT S5 (typeclass) R L. BV X T LAREL
W5,

6. RE# 7T — 9 & (algebraic data type) L W) 2 —H—EHZNT—IBEE
ETH2hTES,

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

8. A< (side effect) lZ7% Ve NEAXREBNERZ LY OHRDE
Y LTERBBINS, 2o, 7alS5LnEMEER COMHEICET 5
EEN, LYBBIIHR B,

9. BIEZTAH (lazy evaluation) %A L. 75 7 f@#9 (graph reduction) |2 & -
TEITIN5,

— BT EEIIRENEBICEL TV, bb534, MEAKREELEHR
NDTaATSIVTIHATELEZELIERETHS, LrL, Lo Tas
TELTER -HATEILONBEEY L ERT 5,

5327

2.1 Haskell IBRDANF YA RA b=l

Haskell D4 > X b =5 —Y LT, T2 TId GHCup 2FIAT 52 ¥LIIT 5,
GHCup |& Haskell &2 % > GHC (Glasgow Haskell Compiler, Haskell o %038 % 0
BELORE (F 777 FRI>F—F) ). Cabal (Haskell /%y —y <%
—Vr—) BEEAVRAM I LTEET S TES, GHCup &
https://www.haskell.org/ghcup/® 64 > A F—ILT 32 HT=E 5,


https://www.haskell.org/ghcup/

Windows M3g&. 1 > X b —JLIt PowerShell " 538RxINa<> REETT
53 TH 5,

FrLnux BEDBLEDR—LR=IUD 5, BRIHAEA VA M—LT B2
ﬁQ\T\\é 60

22GHCina<w> F

GHCE. %< D707 5 LDEERTHY . gecc DL ICEITHERREZEA
51Ny Fa22/314F5— (ghe) HBZOHFITEINTVWS, 22T, ZOHT
WEROME R TH S GHCi (ghei) DEREEHAT 5.

GHCi &7 % k.
ghci>

NEHNRTar TR RINSG, (FarTENA-YarIitd->-TRELZ S
BErHB, ) TOTOCT I LARY FEAATEILITE>T, 774
Ly 7assaka— L, REFET 52 Lo TE 5,

GHCGiha=> RIZIZRD LI RELED2H %,

avwrr ﬁ? Bk
i
:load file 11 file x0— R¥ 3%,
ralso file ra file ¥&Mmo— K3 5,
:reload ir MENca—RFLEZ77a4L%)ao— FF 3,
1 type expr it expr DB E £LRT 5,
sed " FALI MY —2KET B,
directory
2! command% 3w > R7a> 7 MIELTETT 5,
command Bl: :1cd, :'dir, :!start. o ¥
expr :: I0 String CRIMNB 27> FEETT

:cmd expr 3.
let v =expr ERvEEET 5,
17 ~NILTERTT B,
:main ‘ma main B E EITT 5
tquit el GHC #8779 3,

e, BILKEANAN TR, ZOXETMMLTZORREZEDNT 5,

ghci> 1 + 2
3

(COTHFRAPFORITHATIE, 3DLHIFARIRE > TVWB LI BNV RT 4
DHAT, TN 2= DANATH B, FRELFYE FIF, Crl-c THETTE
%,)

Haskell D 7’0 7S5 LYV — X7 74 ILICIZEE EWAHILEFEDIT S,

2.3 Haskell D 70 75 L0 &K



Haskell »{t#Z |3 https://www.haskell.org/ "5ANFFT 52 LTS
%, MTFTId. Haskell DD EEN%L ¥ 2 5 28BNT 5,

il

()

|o}
o)

Haskell Tldfen 7075 3 > JEER#E. T ELTRLEIRICLHTZ
252N TES, =1L, C’ém@i’)ﬁﬁ’é\@aaﬁ't—%@ D, BERIT—E
BETHLZO@EEEABHILIITERY (BEIEHRANIITER W) ,

EHNEEILROETITR I,
THE =
BEOEEZILHDTEETHLIILROERNIIR S,

{

%ﬁ%l = _tll
g;&%z = _tzr

THE, - =,

}
2FY. BiEET Ty Ty (TL=XR) TEA Ty (E3Iaoy) TRY
%5, EL, L= 330 3% DIBEERTE, UTH 70754
BFITHLRA Y L THRYT 5, AROFMLFHIIMEFETHEBT 5,
ZEHELIECERBLRALELICTLIZRy b BF. T 4 (7>9—22
) MEABIELN. Ty (PRAMOT4—) LEIZLHNTES, FILT 7
Ry FOAXFYNXFZIERGT S, L, BEOERLIIIXFE (-1
FUI—2RA7) o8I LUENDH L, AXNEN LT HLME. B THEN
TEERFOLEAWVS

7354

Haskell D 7’0 7S5 L4EEY 2 —IILNEFT YT, 1 20FY 2 —IILIZEAMIZIZ
BEOEBNOEZ DRI

module Y a1—J)L% where

EWANY I =B e EEATHS, (EVa1—-IILEIE BET7MLE
DILFRF ERVAEBDLRLCICTEZ D%, ) 2FY . UToL ) Rdr
5TH5%,

module £ a1—J)LA where {

I?ﬂl%l = _tl’
Eﬁ%z = _tzr
e CIE

}

EELEBOEZOMIC, import EEXCRHNEE. MISXBBRNESR LR
ELZENTES, INLITOVTIRERT S, BE. 1207 74/LICZT DD


https://www.haskell.org/

EVai—-ILERERT S,

52Xl B,

module EY 2 — /L% wherey DL E*EWRT DY Main LWV BRINDEY
2 IILDEZLBRING, 7L—XXtI30 1% DIBEEBINLD
Eﬁ%l = Z_l'—tl

T4, =,

T. bo rLEBEAIES. Haskell D 7O 7S LEBIRDL S EARE L TW
EHE, - %,
M &

Az EET L, R3IEE "= OEBITENRT,
trivial x
twice x

foo x y

]|
NN X
* ok
XX

NDEHTELLZUNTES, B trivial REEK twice NIBEIL, x A"
B foo MIFEIT x ¥ y MR TH 5.
InsiE. CHR5IE,

int trivial (int x)
int twice (int x)

{ return x;
int foo(int x, int vy)

.
}

{ return 2 * x; }
{ return 2 * x + y; }
WO BEBICHE YT S, (Haskell T x, y O int B Y WS FIRRIT R VDY, CT
BZOEHITRHOFROLVEABEERT S LIITELVOT, EL int
BMIZLTWS, )

10 2% 3)

MAPEENDEEFIE, CXJava t H£BO L DHZ WA, B|YEBEBERCER S
L hHhb, B 55 3BTRS BETHBET %,

BEDOEFENREX C

= oa

EHn@EA (FHEL) 1L "twice 2" ¥ “foo 3 4" DL ICHE 3|8 %,
(MEBERLEATRY-> T) EIRTELLEIFTTH 5,

(ZDEIR>RZTNTHN, 4 &
BREBLDIIFIKICALENE DS HLE
BV, b52AFHBDIEEEATY 572012 "foo (twice 2)
N"OEIIHFEMEFERT 52 LITE S,
Q231 RDELHLEAREERL L,
1.51%%E 3ELTT €5V AEERT B bar
2.518% 3FLMETRTEE cube

(trivial
(CofElz 111k 3, )

SLTR




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

Ty (Ny725vy¥va) (L, BRERETIILIELIEA~—7 Ty,

1> TLED) OHLIVRIIBEZATREY > TEXRTEE, TOH LI

a0 ("T7a— D) 290 THAEAEKOREEL, FIAIE, "\ x
y -> 2 * x + y'ld 20058 x vy ERITRY, xD2FL yORERTY
B THE, L9RNITELEE (H 2V IZELEE anonymous function) &

L=

(BROFLIFHETIE. "\J oRbYIZ TN 2. T oRRbYIc T,
(FRy bdHs0EEYFR) 2HVS, )

YAREH S, REIBNDLRTIE (Haskell D F2 DA HEV, EOEE L &
ELRWRY) BHRISEBIZENTES, FlIZAIE "\ xyv > 2 * x + y' ¥
“\ dog cat -> 2 * dog + cat" IR CEAEEZET. THOLILERLOM

1T Z % o i (alpha conversion) ¥ & 5,

LROBBERIE. ROSLIREF>LERELI > E/mTH 5,

trivial = \ x -> x

twice =\ x -> 2 * x

foo =\ xy -—>2 *x +y
SLTARNH

T\ x > x —ZHUExEWVIZEEZITR->T, x2ZDFFRTND
<. BEEBAEETEL TV 5,

C7h5Id,
int trivial (int x) { return x; }
WO B trivial ITHHET 5,

2\ x vy > x— ZHE, x ¥ y EWIBEERITRY ., x 2RTERT
H5, CHzEETIK
int baz(int x, int y) { return x; }

CEINS 25| 8OEK baz ITHYT S,

Haskell I %315 "B RIEAK L *RA—8T 5, 2FY. \ x v —>
x 3\ x > (\y > x) CRAFETHD, 2nLI IS S5 HEEKE Bz
RIEAB Y LTRETSZZ v %, YE9. B')— (Curry) I3, EL%
32 mIE S A Haskell B. Curry (1900-1982) D& IZBER AT W %,

Vx o> (\y -> x) ELTEBEE, A x LI 3IKESHERY.
\Vy > x EWIHIBERERIERTHS, T LT\ v > x LWHEEKIL, v
EWHFIEEZITEIRY ., (INEZEBRL ) x 2RTEAKTHS., 2FY. A2
A BREEBTH S,



3\ £fx >f (£fx) —BAKITrT—9x2ZTR->T, £ % xI22H
HRAYTEHBTH 5.

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

=P
Haskell ® 2 4 > MIZIE 2 2O FE0H 5,
. twiyntt (—f7aA>h)
. rWoinrtt GEEITIAT L)
24 AHABDT—IREERF
241 EAXRNGTF—IMYERT

Haskell TIZEBIE (Bool) . EH (Int, Integer—Int EEZE (HFR) HBE
DEE, Integer IEERE (A X)) —0HTRY. W S5TEHEHBEEREILC L
52eNTES, )OEE) | FEIEEEK (Float, Double)  XF

(Char) BREEHMARAALNDT—IBY LTHEINTWS, Bool BN 75
ILIE True ¥ False Th Y. Integer, Float, Double, Char B ¥m!) 55
LOEEIE CEREBEIZITRE (12,3.14, 'x' Y) TH3, (0.2m 014
BETERWRY, MrVEEIRH S, )

INLDT— IR L TIIEAALZOBERCEEF IV 20ABEIN TV
%, BRUEEFD T+, , T-1, Ty X 1 + 2 » 3OLHIEEOHE
ETHWS, (SHISHLTLsp EWIEEEIE (+ 1 (* 2 3)) DELIRHET
BRETEL, )

if ~ then ~ else &
if ~ then ~ else ALMWAALZTAHEINTWV S, ROETHW 5,
if I, then ®, else I,

A Bool TR IFNIER 5T, Kyt R3ldRA LR TR IFNER 5% 0, X p®
True DY TIIRN,. False DY FIX3X LTEHBEING., H, B THLLEHR
BE9 %%, if ~ then ~ else NId. Haskell TISFFFHLTF@IEEZ LB X T 54F
BREATIERWV, BEOBHE 2T 2RAFTOBABEZERT S LLTETH 5,

LEBCEE T T==,, <y, T<=) Y, HREEET Tssy, "1 X CX Java
YRLTHSB, 7zL T/=) (notequa) I C o Ti=; ¥ E7X 3,

ROBIIFEFE (factorial)



Qg 1
ap = M- -0y (nZl)
DD Haskell TOEETH %,
fact n = if n == 0 then 1 else n * fact (n - 1)
BAHGER IO CARPEREZNVEETLY B . TDIO,
fact (n - 1) d fact n - 1 B ZIETER VY, %HFIL

NERIZ>TLE ), #IZn * (fact (n - 1)) NDIMUDIEIMIZ L ER
W

HE. 2oflok 3 IcEHIL EHZTLHIENFRETHS, 2FY. EE
NEHLIATEBE2ERATLIINTES, BROERICEN A CE*ERT
LSBT,

Q2.4.1fact 100%sE L TH L,

(R) #—F

H=ReW->T RIBOLEVDRIC T, 2FE, TOHLITEFHFAETES
EHVdRS, A—FE (7| FHX =6, onft) IERELXSZ eH
Hkz, z0HE. £ (B) oA — P o FHRN2FMEmL. BT - -EFFD
T=) OAD*FHET %5, H— FEFE L. LD factDEBRILRDL H ITE
L Zeh ks,

1
n * fact (n - 1)

fact n | n ==
| otherwise

5. otherwise & TZMUIML, LW BRSNS, S A TS5 —THIC
otherwise = True¥ EEINTVWEREHKTH 5,

Q2.4.2 7 14 R+ v FE5
{an =1 (TLZO,I)

anp = Qap-2+ an-1 (’I’L > 2)
YEHETAEAK fib ¥ MELZRICETEMALGEBIRT) &L L, =L,
fib 0 = 1,fib 1 = 1,fib 2 = 2, fib 3 = 3,fib 4 = 5, fib 5 = 8,
LTh3, (HrTRALHEZZRYERTZLDORW, HEONBVWEENMLEHD
BT 5, )

EFE ERTE-S TREANRELAES, BE Crl-c TEHSZZ A TE 3,




242 )R b

JRZMRLEAHABZDT — IR LTARAEINTWS, YR MIIBEICEL
WETF—9nIVTHB, L. BEBICIIRR B EIH D, )R NI EHER
IZ Scheme (R¥F—4) 2D Lisp ROEEBENRELT 27— 9THY.
Haskell THLEERSA 75 —BABVCAEINTW 3,

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

o YL (1) WXFRYEDNYR+TH S,

e A2 (1) REARTYFY LTEING R FORBFAICELTRF R
ELTESNEBRENIMALY R ERTHETTH 3,

Fre T THd, 2FY, 1:2:[1E1:(2:[]1) D2 rx2ET,

VR b TFTZLoEL LT, BRE T, (2>%) TRYI- TEN,
T TEUREEDARIN TV S,  (Python X JavaScript £ 1ZIXRE Lk
EE-TW5, ) BlAE [1,2,3,4] 3. EBEOERI 1, ROBRI 2, ..¥
WAHY AT, 1:2:3:4:[1 D2 TH5%,

Q2430 [1,2,31. @D 1[11,21,13,411.® 111 % M0 ¥ T112 (A
MR TFIIL) FIFTESE L,

DA MR RSGA I —2EFEH>RTHZ, 2FY,. YALODBENBEEZ /X5 A
—9—r¥ %, BENEY Integer BNIBE, TN I FORIL

B, BZENEY Double BNDIFE X bOBIT MyEILINSG,
Z M Z A list of integer, list of double ¥ 5L, BOERLZBRIEET S X b
(NFOY=FR )R BERTERY, 2F Y, [2,'a',[2]] DL

BRIBLS-ri s,

string ¥ type EE

Haskell DX F7%| (String) MIEERIXFN YA PR LTHRINTWVS, D F
N

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

IR NG| (type alias) * EE T AHATH 3., LOFINDIFE string LWHE
ZH, [Char] EWHIBDBRZ YR Z, BEBIIAXEN ST /AT TRITN

EME2F, p. 8

anl
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7 5750,

Q2.44 Q@ [False,True] N Y@ ["Kagawa", "University"] DA% &
Lj‘o

= =]

B > 9 — ik

JZbE, FALERENERAWER (FE8KRA > 9 —32k. box-pointer i&i%) T&T
2enH B, BlAE, ROLIIHERINEL) X FDIFE,

xsl = 1:[]
xXs2 = 2:xsl
xs3 = 3:xs2

ROEDL HI1TH B,

xs3 xXs2

I

3

xsl

N

1

120 M) 2 2BENDEFFEDFEIN DR >FEFBORT (A RELIL) NDEREP
TRY. #OPFIE, 1, 2, 3REDE BOBORTAORPLLTH 5,
(FADOFITHBNENIRTHIEIEZTLANZZ RV, BITABALRVNEW)

Crbhhv, YR MDBE, BERTTCRARL, BERTCERT S vIER
W ) EYRMIFHEESIVWTET,

£ wrA > 9 -k

WA | —> 7&' Zﬁ&

V4

« [[1,21,103,411 W) YR DY R MIZ




YWHAHERA I —RFENELDRKVERPTERINS,

Q245 RNDY R NEFERA I —RETE,

1. [0]

2.12,3,5,7]

3. 001]
4.0111,12,41,1]1]
500011, 01, 000117

(BE) VYR 2 CZEZENBERY LTERT DL RDLS 2% S, (Haskell
IR @S HED T, ERIZD IV LEMAE T — I 8EIN S EITR 5h5,
FHEAD-HEELL TV 5, )

struct list {

int head;

struct list* tail;
}i

typedef struct list* list;

D list YWIHEEAKRIE, head ¥ tail ¥V 2 DDA I N—EHD,
(b7 &I Lisp Tld car ¥ cdr EWH BRI TRHRLNTWVS, ) 2DIH B tail
BBEEEZINTVEERAORS > 9 -—BTHB, E7 list LWV IR,
typedef EE12dL > T, struct list* ¥VWHIBDFLY LTERINS,
(BERA VI —@ETRIITE>TWVWBEZEH, CERBTERA>9—r LT
£ZIN5, )

T, EYRMNICEETIIRE., EHNULL TEINS,

CEZTYRMNEHRIIZEIL, malloc TEY Y TAEAT)—%\"D free ¢
A0 ERQEMIFRIFULNIT ARV, Haskell BB EZETIRIIEDH LW
IEMADENITTIHREIIC free LR TH, FREIIR > AT —4EHIE
BEWICERIMNE ZLIZR > T\ 3,

2434

% (tuple) LAAABZDT— IR L THEIN TV S, fIIERE 7,1 (3
>R) TRY-TER, """y " THATET, I3 R +DIFELER Y,
BEEOENR—THBLEITRV, (1,'a') EWIHIRNEIL

B
=]

B

i
aul

Tursivy £2%,p.10



2% %, F=. (2,'b", [3]) EWHIRNEIL
Y& EIMNS (EBD Haskell Tld, 752
(type class) ¥ W) L DOHERT 572D, TNSL5ORNEHID LEMRR L5
2, B2, (1,'a") . AHEIE Num t => (t, Char) tWIHRIEEFH>,
SITWREISROFAIGEIT T, KELY DEMAMELAE (BR)TI1LE
Integer, FEVNEAE) 75 )LIL Double) WML TWSE, BT S5 IF%ED
BETCHLIERT 5, ).

Q2.4.6 ROXDE L H?

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

() EWIBENEOEOMRLH S, 2=y b unihtFIEN3, () DERE ()
v&wl, 2=y FREFENS, CEED voidBOLIRFEVAET 3,

2.4.4 FA¥ER

BABORIL T->, tWwWHEeS (70—, r5®D) %> T, Integer —>
Char DL I ITHREINS, T, FIEDEIY Integer TRYENRIH®
Char DEAHKOBTH S, >, & Ths, 2FY. Bool -> Bool
-> Bool ¥\ HBIL YERIRE M5, Haskell Tl

LI BEREEARERIEABC LTERERETS (e "A!)—fL" cv
D) DT, 2OEIHITERKELLTHRLTELIEINERTH 3,

%248% (polymorphic type)

Integer ¥ Char DL ITHERD LR GEANF) ST AIXENLHEE S,
—H. aX® b DEIIXFETHZE 2P FHEOPICHENSZIFE, TIN5

(type variable) T %, CNLNRERISERT S Tic, LY BEAhEyn
RICEIHMALZETES, Bl [a] -> [b] -> [(a,b)] LWHH
*#HFOM%EIL. [Char] -> [Integer] -> [(Char, Integer)] &\ &
FEOBEKR L TEALTHEWVWL, [String] -> [[Integer]] ->
[(String, [Integer])] ¥ LTERALTH R,

DEHREREEDUE (polymorphic type) ¥ \* 9, Haskell &

VIERBLEBIEABEHAIRENL OIS IV IEETH S, 5T

%*EiLiJava BUE<NTOT T IVITEBIIRY AL T VS5
ZHBNERIT LR >EETHH- 1=,

l®
%
BH EREORE OIS LBICEARLAEVES T 2E-> T,
THE - B

Y&, Bl trivial ¥ fact DR EZBARL TH I WIHEIE.

trivial :: a -> a
trivial x = x



fact ::
fact n

Integer -> Integer

if n == 0 then 1 else n * fact
EIN

%O

DEHITEL, FELBEIX, ZECARKOBII 0I5 —0BlRLE< T
Haskell REBZ O #H/L T<NB, ZOtEAE
(B4 <RET B EICRY Rk, )

W, FIZ, ISR EFET LI TIRBEZOCAHICHATRLE W
259 =22y F>T

(n - 1)
(type inference) ¢
C X EHRY
Haskell Tlx, BAEEZENRIIBNE SIS (pattern) L W LD EE W
T, FIEOFTITR L THBERITETR ) JENTRETH S, /89— rid. K
MRICE > TERCER BT (T X T BY) »5NHERINDN
T“%%O
fact 0 = 1
fact n = n * fact (n - 1)
-— DR FDEZHH. Prelude M length &EIFIFREL
myLength [] =0
myLength (x:xs) = 1 + myLength xs
-—— FALLENREZ—=200
foo []
foo ((x,y):xys) | odd x

HEE NE—v;
Fﬁﬁ% /€9_>21

-1
| otherwise

Y
fo
ML Ra—>

O Xys
NE—2 =,
l€9_>2m 1.2
lﬁg_ynm = itn
— R R S 3
H5,

ZLIWIBENBETHS, TNIIHLTH TV 7 bEE

=zh

[=N=1=]

3. 77—

L. 9y FLE OFTYEXFH»P—EKLE
%,

]
(75R) OFEEHIMEZ T, LB (AV Y R) AR VWL I RIZEENEERT
i LBFICIE, BABERO LY S TOIEIS
72 51E 2 ITEARIR T,

) ERDEAHNFTMING, Z DA
SATSY)—ICABRINTVS, )

. BEROESBEENNI—ERE
DIFE. myLength DF|EHE ) XA b ([1) B oI 1TEMNBRINSG, =)
FAE xs ICRBINS, xs DRIICTZELEDD x:xs DRI TH

ArDEIIFOTHE, —H. Z)VRITIEAEL T ODUEDEEEZHE DY X b

(726, myLength ¥ 1T ¥ A X' CE% length

YA FDEBEEENEH x ICREIN, BYDY R
ifte True

[al]
t e

E% <, UTOLIICAZENBH ST 2T 2EH ifte 2 ERTHIUNTE 5,
ifte False t e

-> Int HV12%#
e

Tars

BrEb L7=& )12 if ~ then ~ else R | Haskell TI34FHEN L L TR BE
t

I~
N4
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HrTHPT B LS IC, BEIMEOL Y T ZOEEKIE if ~ then ~ else &K
rEETHS,

(%8, GHC /39 —> 2y F o IHTRTDBEERLLTVAL, KDL
3 BEBTY
head (x:xs) = X
BMEELEL L ALV, I RSA > T3> —fwarn-
incomplete-patterns ¥ ET AL TELEZHT LT HZ TS
%,

WY =22y F 7T, GATEbLRWVEBRICE T, (7>9—22a7) 21{E
STERICEBET, BRTE2e0TE%, Hlild mylength DIBE, x &
HEIATHERAL TV ERVDT,

myLength ( :xs) = 1 + myLength xs
YELZUEDTES,

RD case ~of RPN =22V F>I%iTRH, (RlEY, T7L—Rrt3
JO0VIIREERT 5, )

case Ny of {
/\09_\/1 -> itl’.
/\09_>2 -> Etz;
;.\°’5'—>n -> #®
}
RoFFHEL T EHSIEIC/S9—2 L BAEL, /X9 —Iie vy FT 5L 518
RpS 9= KTV FT R LR D ZNTNEFEESND, CEHED
switch SUATV 395, HRE% BT — FBIFBIIRS &L,

F7zif ®; then H, else X3 L WVIRLIRD case ~ of ANDBEILIE L
RTSLZeHTRETH S,

case :T:tl of { True -> :T:tz; False -> Et3 }

Cofsic, let X (BR) ®XITLIAREERERET L 25THL /N9 — >
EELZHTES, BHlAW,

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

RETH2, PlIE, BIFIIRTEZITR->T. ZOE1TEYERTEKTH
%5, TOFBER., NI—DII—BEOALATHBEDIFIEITES, Rg—2it2vy
FLEWS IS AN S — i B,

Bl251 ") 2 bdhofonfn, Fx KD 2B nySum, myProd /89 —> < v F
VI EESTEREL., (AZENOEE sum product IIEES A TS5 —ICH
BEXNTW3, )



Rl 252 EROSEZBANOBEK £ L EHDOY A b xs 2FITRY, YR +DZ
BRI HEALEEROMEZHET 5 sunf :: (Double ->
Double) -> [Double] -> Double *PERT L,

B12532 2038 x, xs 2ZIFRY., YA M xsHh b x tELVWERY%

1. H-> LHEBICENSG —DOOEERALITRY BV R M ERTEK
deleteOne

2. RTEYBWAY X FE2RTEA deletenll

3.0 BRIKHNE—OOERLFRYKBV ALY R L BIETHEK
deletelast (B b:#HEBIER*ZEET 28E0H S, F /- reverse
IERWRWZ Y, )

FEINTNERSTL, FLVWEENS—BRVESIE, TYRALCYRMERT
IIHlcE L,

f& 2.5.4

1.EBEN ') X b [Bool] # 2B REL LT, URKT 2EH-HET 5
A% fromBin :: [Bool] -> Integer ¥*E&HE L., FlA I,
fromBin [True, True] & 3. fromBin

[True, False, True,False] & 10 1272 %,
EY b EOEKE—DOHEC L AHBIEAKINSEIIR B,

E> b R—F—D%% (Hormer'srule) 2135, 23 Y. $ER
A"+ an_12" '+ ... fax+ao %
(..(az+ap1)z+...4+a1)z+a PIETHET 5, FlAIE
fromBin [True,False,True,False] I

((1 ><2+0) ><2+1) X 24+ 0. fromBin

[True, True,False, True] & ((1 X 2+ 1) X 2+ 0) x2+1¥r#i3
LIICEHET S,

2.EBEN') R b [Bool] # 2L AR LT, WRTIEHLAET S
%X fromBinRev :: [Bool] -> Integer #E&HT L, H=E L. &
DR ISHIBICEBEN R SATWS LREE L, Bl IL,
fromBinRev [True,True,False, True] I

1+2x (142x(042x1)) =11tk %,

B3RP EARFDIRICKINEZSHERN LR L, 2HANEZHHET S
%X evalPoly :: [Double] -> Double -> Double * EHE L,
BZIE, [1,2,3,4] EWIHIYRMET+22+322+423 v\ %E
AN B%E L. evalPoly [1,2,3,4] 10 OfElL
14+2x10+3 x 10244 x 10° = 432112% 3,

2.6 FHIEMIEIC L 5318

yars53>7

i
3
£
i
N
t
§S)

I



%O

TR75 IV T EEOERE T LT HECHK
(TrusLTHlAIk C
ROVRG B, 2F Y. ¢

RI=z8
=i
I=N-1=]

== o op

TRIETEZ AL
&, 7075 L0RMEYE (FEHE) R EDEROBERIIRIZLEWVWHI LI 3ILH

getchar () ;
HIR% getchar () TEIMWMA B2 LITTERV, HIAIL

=DIHNIEERANTRETH 5, )

EWVWHIRAXDH->7ze LTH, cD
getchar () ; putchar(c); putchar(c);1 ¥ |-putchar(qetchar()),

Tt BFENES =, t CEEN =, BE
r

c =

induction) ¥ T % 2 L4 %\

putchar (getchar ()) ;1 EE%RHIEAR S, —4H Haskell TIE T=5 1$. ED
End;|

22T, ZOLILRFEBOBIL LT, 220 XA MIET 2EABIFHBTH S
YDA ERY EIFE, 2k I LIRAILEEAIEMIE (mathematical

261 (BE) #tXay=1a,=2a, 1+1 (n>1) TEEINZHEIID

—fRIEA q, = 2" — 1 TERINDZ L 2 RFENRBMEE RV TEIRAL L,
(£38) ag=15> (H@) 2" —1=1TKY >,

n=knr% a=2'_19KYIO>LRET 3.

n=k+1nr =,

(E‘ﬂ) Ap+1 =

(&im) 2D+ _q

THRY L.

UToBlbEMEEERL TV 5,

VR b EREET B revo:
(++)

(++) [a]
[] ++ ys

(x:xs) ++ ys

rev0

[& Prelude [CEEFH
e ->
Vs

[a]
X
rev0 []
rev0

->

-> [a]
[]
(X:x8)

[a]
(xs ++ ys) _
al
(rev0 xs)

++ [X]
EEnERETIL, 31D
HE,
ZZTRDEOIBEREEL S,
shunt

rev0- (1)

rev0-(2)

GE: (++) DHEBRAARS D FDY R LRI ICLHIT 5, )
shunt ys

—— shunt I reverse D#BIREE%K
:: [a]
(z:

->
ySs

LIS BB DD B 1= KD
[]
shunt ys

zs)
reverse

[a] -> [a]
shunt (z:ys) zs -
—— reverse |& Prelude ICEHEFH
: [a]l -> [al]
reverse xs = shunt [] xs

shunt-(1)
shunt-(2)

reverse- (1)

reverse- (2)



2D reverse ¥\ EEIE. 31D (2 ELfB 9 % B3RS
TYHVRMNEREBETELZDOTHERIB,

20 reverse ¥ revO DYHFEBTHBIE—FHEIZE I, IXRTOFER!Y X b
xs 2L T

’ reverse xs = rev(0 xs

DY IO X REBATE 5,

ZNEHITIE, ROL D REBHEE X FARATIULRL,

[ shunt ys xs = (rev0 xs) ++ ys

Ny, HYTHART S (++) ICEHTIEEB*EbLENIL. KD ys T [] 2R
AT UL reverse xs = rev0 xs HZEBATCE %,

Z DB EEE L, BT 3RMETIHRAT 52 e TE S, I 0EER
I AL RILCLIRRYFETH S, RMITEY A bD L FITKY LD
Y EMEAL., xs lIOWTHYIDERETNIEL, BEERE—iEML 7 x:xs
NDEYZFITHHYIDPZEETRT,

SEBA:

xs = [J]DYE:

Xs = z:zs DY E:

262 3T RXRTHER') XA k xs IZ2WT,

1.xs ++ [] = xs



2.xs ++ (ys ++ zs) = (xXs ++ ys) ++ zs

DERYIIDOZI Y%, xs BT BRBMETIHRE L, (X2T (+4+)-(1),
(++) - (2), BWEDIREZERAT 20 BBRE L, )

Blaid, BHBOLIR) RILEBRL TOTS LT, KHEALMELY
B, TRTDBEE LS HOINUIHEARS 0, FHEICKFHREER DD
VBEFTERANTIRAE WV, 29K BE M) vF—REZZ0H>TELLLY
IDPLHTRVA, BETEANLCHMTRITSE, LV I%EIL BEIR
BETHZZLRHATE S5 LK,

2.7 ARG ) X MRIBRAEX

RDOEHR ) A MIHT 2EBOLCHATINS, 2N 51 Prelude (BRES A
75 -) KEREATH S,

N6 R MNREEABNS S ISREABRTHS, aREKrId. BEE3IK
rLizY), BBEZEERLTRIVBEET 2L REBNDIETH S,

1l map :: (a -> b) -> [a] -> [Db]
2 map £ [] =[]
S map £ (x:xs) = £ x : map f xs
4
5 zipWith :: (a -> b -> ¢) -> [a] -> [b] -> [c]
6 zipWith f (x:xs) (y:ys) = f x y : zipWith f xs ys
7 zipWith £ _ = T[]
9 zip :: [a]l -> [b] -> [(a,b)]
10 zip (x:xs8) (y:ys) = (x,y) : zip xs ys
11 zip _ =[]
13 take :: Int -> [a] -> [a]
14 take 0 = [l
15 take _ [] = [



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

filter :: (a -> Bool) -> [a] -> [a]
filter p [] = []
filter p (x:xs) = if p x then x : filter p xs

else filter p xs

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

takeWhile p [] =[]

takeWhile p (x:xs) = if p x then x : takeWhile p xs
else []

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

iterate £ x = x : iterate f (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

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

scanl f x [] = [x]

scanl f x (y:ys) = x : scanl £ (f x y) vys

concat :: [[a]]l] -> [a]

concat [] =[]

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

BlZlEmap ) XA OB BERICE CEAKEERT 3,

map f [xq,%Xp,..] & [f x1, f x,,..]
Z D 25| EARD zipWith TH %,

zipWith £ [x7,%5,..] [V1,Vo,=] 2 [£ X1 v, £ Xp Vo, ..]
zipld 2 20X FOXRT H5EREZHMICL TR,

zip [xq,Xp,..] [Y1/Yor]l @2 L(X,¥1) 7 (X5,¥2) 4]

THIT. take @Y R POV OO DEBENEREZRY HT, filter EY R b
DENSEHE BT LDLEITEFET 5, takeWhile IEHEHLTRY &
BENLBERTIRYET. iterate IFMBUHERL SEF (BLILRS %W
BY.) BAERT S, foldr ¥ foldl RZTNINELENLBAATERTH
%,

foldr (\ x v => x ® y) x [V1,Y2,Y3r ¥Ypl
2 y1®(v,® (v3® (.G (y,®x)..)))

foldl (\ x y > x @ y) x [Y1,/Y2srY3re ¥Ypl
2 (.. (((xQy71) Qy,) Oys) @..) Dy,



scanl If foldl ¥RIL LI ICENSEHIADH, BRPFDOERD ) X b L TR
K

scanl (\ x vy -> x @ ¥) x [V1/Y2/Y3r Ypl<= [x,x @ vy,
(x @ y1) @ yy,..]

F7. concat lFVRMDYRMNDEBEBER®*BHET S22 TI7I7v b)) R MIC
-a—éo

concat [ [Xlll,xllz,...] ’ [X2’1,X2,2,...] ’ [X3,1,X3,2,...] ,]

Q[Xl,l'xl,Zf“"XZ,l’X2,2’“"X3,1’X3,2"“]
ETHELILHBEUTOLI IR B,

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

zipWith (\ x y -> x * y) [3,2,4] [1,7,5]

take 3 [9, 2, 7, 3, 0]
filter odd [1,3,2,5,7]

takeWhile odd [1,3,2,5,7]

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

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

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

313 83(83(3 /83|88 (g |8 |8

scanl (\ xy ->x +vy) 0 [1,2,3,4]

concat [[2,3,5],1[0],[1,3]]

R 2.7.1 L32D take DRIFIZ, YA MDRERMO nBNEEEERY KL drop
2 Int => [a] -> [a] EWIATA TS —EBIH B0, TNLRELCEE
* 4 5B mybrop 2 EHZE L, BHlAIE. myDrop 2 [7,9,6,5,3] &
[6,5,3] THb.

f27.2R 252 ? sunf % map E%1E-> T (BEEBRE2EHLTIO) THL
;O

R 2.73R1254® fromBin % foldl 713 foldr £%#-> T (BEEHF%
EHTII) EEEL,

2.8 ¥ Db ELiEL

Haskell BASIIBE IIAERE TRV SA, #HFE T 5 (Nv 7 7%—
be Z2—b (7)) TRAEWVWZXISER) THOZLICL-> T, BERET
ELZUDTES, SHIINIRIVICRABHVERIENMNBHTH S, FlA
(£ RO &L I Prelude TEZE Iz zip DIFE.



zip (a:as) (b:bs) = (a,b) : zip as bs
zip = 1]

BEIL zip [1,2] [3,4] OLHICHNICEAKLEELY, TNk
[1,2] “zip® [3,4] YSIEOMICEL 2D TE 3,

~EESD, PEBERETHAVSEEFICNL T, infixl, infixr, infix £\
IXF—T—FEMST BRABMLEEREEDSH L TE S, (OEE
TIEYB N HEATH D, ) 7=t 213, Prelude (Haskell 12, 1Z L&
DOEFEANINDIEBES A TS =) TRRDLIICEEINTWV S,

infixr
infixl
infixr
infixl
infixl
infixr
infix

infixr
infixr
infixl
infixr
infixr

AN * *
4

r
, /, ‘quot’, ‘rem', ‘div’, ‘mod’, :%, %
4
14

‘elem”, "notElem’

ORFR FNW®RD U Oy ~J W
Il
Il
~
Il
~
A
~
A
Il
~
v
I
~
\4
~

22T infixl & . infixr (& &Y. BlAildx +y - zId
T, ¢ ") IIACERELMAT. Y553 EEE%NDT. (x + vy) - z LfR
MRIEINSB, Frx *x* y ** z & Trr) @ERERNDT, x ** (y ** z)
BIRINS, D infixldELTERWVWI Y FEEE—BIAIL "<, I1TFE
EELDNDT1L < x < 2DEIIT<HERTZLBXTI—I1IRB) 2%7,

T, 25 BORFENAKREVITYL. BEIEMLI GV, FlAIE T L7 20T,

6D M+; LY BLEEBEMLIE. 2FY 1 + 2 * 3.1+ (2 * 3) LR
RINs,

Q281 ROAXDERIIL I BB, ?7HFEIMeHFAL TERIBEZATHICE L,

1. x ‘rem> 3 /=1
2. xs ! 9 : ys ++ zs

—H T1#8%6%+ . /<=>20\"|-~:] DHOXZERAVEHBINFIIEZWHILBE
EAEDEEFL L THRLNS, FlAE, T REFIROLHIICEETE 3,
(ERRIZIL Prelude DHRTEZINT WS, )

(™) : Integer -> Integer -> Integer
x~0 =1
Xx*n =x* (x”* (n-1))

Ry 74— brilAk BERETEAING T+ X T+ RYORET
£ (O ()T~ T 3O I ORMBRATAVNEZ LA TES, FIAK +

wa=7

~
~
~
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2% (4) 1 2 ELZEDNTESE, ZOELEZEI) CEEF BN KL
TET e TES, HlAIE, zipwith (+) [3,5,1] [6,2,7]1 & ([3+6,
5+2, 1+7] =) [9,7,8] T&% %,

Q282 RNOXNEBEBHENPERETET, FIMITELLITEBRE L,

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

29 By@ALLtEIVa Yy

Haskell DBEIE A ) — (XN TV 5, Thbb, Z3HOMEEKIE "FHAEKERY
L t LTRAINTVWS, 3IRO—BLITREAL T, F£ROEEKZE nap
DL REAKENIIEIFED ZvIZRLH S,

ghci> map (take 2)
[((1,21,04,51,108,9]]
ghCi> map (le [8,7,61) [[1,2,3]1,1[4,5,6,7]

r
(0e8,1),(7,2),(6,3)1,0(8,4),(7,5),(6,6)],1[(8
(7,9)1]

(r1,2,31,104,5,6,71,108,9,10]]

8,91]
’8)’

Haskell TIXHEHEFICHEIDBAITES LR ->TW S, EEFORAHDS
RIVFEFEEVCTARFEATHD, FlAE 2 -) BEFRST Y FHORIFTW
ZNT, 29565 8E3I<KEE\ x > 2 - xTHY. (/ 2) FEARS>
FAOSRIFTWABDT, 318E 2 TEZEE\ x > x / 2TH53, 2nLH%
—IEEEFOBPERE LIV a e\,

ghci> map (2 *) [1,2,3]

[2,4,6]

ghci> map (/ 2) [1,2,3]

[0.5,1.0,1.5]

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

ghci > map (" zip~ [1,2,3]) [[4,5,6],17,8]]
[[(4,1),(5,2),(6,3)1,0[(7,1),(8,2)]1

Q291 RDE 7> a>i S LIARNTET,

1. (01,21 ++)
2. (11 2)

L T BEFR, BIEREHETFO - 8 FET 20 THBT, £4X5 >
FAOARIFTWS (- 2) ldE7¥aricide sy (ADBTHS) . ToRD
') subtract ¥\ B% (subtract x vy =y - x) 0"BFETHDT,
subtract 2 ¥ EL 2 TE S,



Q2.9.2 ROANDEIL[H?

1. take 3 (iterate (* 2) 1)
2. takeWhile (< 0) [-1,-3,2,-2,7]

Rl293 "THRA%'Y R MCEBEE THRNL KL nap & COBEE (L ZTHUIKETIC
AL length, id R EOEEK) %2E->T. ROLHILEBLBREIHL %
EbTIcERL L,

1.27NY R D O0FEBNERREL. 1 BEBOERRE. .. 2L, %
LWERNERKZRTEL countEg (VX FDEBEREHNEL 235814,
BNMISIIHHED)

5z 1E countEq [1,2,3,5] [2,2,6,5,3] ld 21, countEqg
["abc", nyzl', "pqr"l ["abc", "StU.", "pqrn] Li 2 |z fd: %0

B b:zipwith %19,

2. XFFD') X b EZITRY ., EXFFIOREZIC T, 203 TEBELAEX
F3%|%3R¥ addSemicolon

5l 21 addSemicolon ["abc","xyz","123"] | "abc;xyz;123;"
272 %,

B> b:concat 219,

2.10 BHFFE &

ROEAIT let LWAHAF—T—FERAWVT, BFWLRERE2ERT 22 0T
%60

let ZROEE in =,

YWHETHWS, EHoEHR, 3§23 TRNLEETHS, let ¥ in D
BTEZEINTVWEEHRIE. 2O let RICBFANLERTH %,

pow4d x = let vy = x * x in y * y
foo xs = let ys = filter (> 0) xs
(z: ) = ys
in z

RETHSB, 2OLEyXRys Xz zs 3R 3—7 (AREE) »*FBE5NZD
T et ADHTEHAEBZNDERNT L TH 5,

Q2101 RO & 5 A E let ZAVWTERE L,

o 27 &Y ZMB pow27 (T~ X Trx ) SHEEFHEHTIC, T+, BEF
Y6EE->-TERT S)




COBITIH4RT B (powd) EERLTWVBD y * y OWOHIEH y

nEzEE ( ) IKBLTWS, RiF, I5IT"EHOER" DAADE
2 (2T, DED) HLRIA-TITBLTWVWS, THILROHFITH
"5,

-- repeat [ Prelude IZEHEFH
repeat :: a -> [a]
repeat x = let xs = x:xs in xs

2N let RN xs = x:xs NDHEAN xs $EFAD xs Th b, (2FY) BIgW%
EHRICKRD, ) COERBRIBRExNDER) XM EKRT S, (TOETHOL
SITHEAHIEF 5B FiE Ctrl-c THEFT 5, )

ghci> repeat 1
f.,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

1 ]

(&S5 REHIE, Haskell TIREE SRV - BICHTERVWR'TIERL, B
KOHIARER D, 2D . H YT Haskell DEREEEE 24BN T % L X128
B9 %, )

Q2102 RDL I ITERINS repeat' ¥ repeat TEIEIH?

repeat' :: a -> [a]
repeat' x = x : repeat' x

Q2.10.3 myCycle [2,5] %' [2,5,2,5,2,5,2,5,2,5,..]. myCycle

(1,2,31%%01,2,3,1,2,3,1,2,3, ] EVWOHER) R MR 5 L) LEK
myCycle :: [a] -> [a] 2 EEE L. &b, SIBNDY A MODERKIIEE
Thb, (AHFEDOEEKS Prelude I2H cycle L WHI BRI TEERZINTWVW S, )

myCycle [2,5] WRDLIRERA DI —ETEINS,



2 > 5 —

B> b: (++) ZERAYL,

2104 VA +2EEEFLRARLT. TORTES (MOEENES) %iRT
B powerset* EHR T L,

517\ powerset [1,2,31 4 [[1,(11,02]1,131,11,21,12,31,11 31,
[1,2,3]11 2% %, (=L, IBBEZ0RY THLTHLRY, )

EXb 7Y a e CBRICERTE S,

EHIYKRERYIAMDIKTHAT L, KEIZAT) —%2HE L TERE DD
5, BEH10LKLWETIZrrHTHL 2,

(%E) wherefp

wheret WHF—7—F%2E5 v, BRERDEDLTHERINSGEE - %%
LICBFMNICERT B2 TE S,

BE#E NE—CitUy = K
where (BH#H®D) ZHOEE

YWHOETRHAWS, (ZOEATEFINTWERWAS, where TRFIER T
NEEBSEROH — FEICE 9> THERAIN TV TEL L) E22D powds,
head IWRDELIICEHZT B2 TES,

powd x =y * vy

where y = x * x
-- head | Prelude ICEEFH
head ys = x

where (x:xs) = ys

==L, where 2L 3B ERIIERN /NI -2y F o TIN5 2 )
ITERW

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

2 OPIT pax BEIE DU foo- (2) DIEI K TH S,

yars53>7
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2.11 Haskell o :F{HERES

Haskell DX 0l (DX YEHHE) . (\ x -—> M) NEWHITELRAZE, BHED
RYMBEMOLHIDIRIB x D"BEBHL"ERE RSB NICESRAALRNICESR
A%, 2ZT'EER"CIE. REINTVWERW, 2F YD\ x -> W)
AHIFD . DPIZEINTVWERWI L EERT S, IN%E B HEK (beta
reduction) ¥\ 9, BlZIE, “(\ x -> x + 2) 3" %3 + 2ICBEX#Z 3,
CHOETHMANERATRERENBIN (\ x -> M) NDZ ¥ % BE (beta
redex) ¥ i¢.3%,

SHUE BN TERVR, 2FY (\ x > M) NEWIESRVWRETEHR
v,

THEIEF 2 D@ FUL, —DOXICKBY Lo BN ETRER 2 L H S,
Bl (\ x > x *x) ((\x ->x+1) 2) ZOrs BLR3BE%%
N, HEDERSFIORIELNLTLE S, (F:

(\ x => x * x) (2 + 1)) ¥ ((\ x —>x+ 1) 2) * ((\ x -> x +
1) 2))

M
ﬁ/ \ﬁ
My M,

L L. DELLAEIBEANETRIL. CORDPHINLELDEBUERT
Eo5NEZrmonNTWE, (Fvy—F - avH—nEE Church-Rosser
theorem)

M; M,
B\ /B
v

CHIIRFIC, HARICEREIBEET S 5L, THE— Lo (R3]
BOZEAFICLEEBVERLS) YWIZ L EHRIELTWS,

RUVENLIELCESBLEZBATOTIE, ERFEOGFET 2R 56I1E STIE
HEICBET S UOTRETHHEWVN) 2L OENT VNS, ZOFEEKRE
(leftmost strategy) ¥ \> 9,

Haskell DH@EES 1L, BRI OREZBEICL 2FMmAETH S, 2F VI
B EHF O >ROFMIILTEE 2, /2L, AEAICITORICHIAT 2L 91
(graph reduction) = A\ 5 ,

Tus S5 SEER B2 E, p. 25



BlZIE, RDLIITEEZEINS: square E WIHIBEEEE L 5,

square x = xXx * x

REEBE Tldsquare (3 + 4) Y WIARIRDE I ICEHET B2 vit#h 5,

square (3+4) = (Axz — z*z)(3 4+ 4)
=(3+4)%(3+4)
=T*7
=49

2F Y., square DI THS (3 + 4) YHEBEINL VT E. T square D
ERICLAEY > TRPEBRINSG, T LT, KYITKRBEITR ST (Z0FEIE *
DENEENLSRBYHH D) IILHT3 + 40HEINSE, COAREFT A —
TICEITT 5L, 3 + 4 EFEINTLE Y,

TSTEHTIE, COLIRHELZ IS TORTELT, 3 + 4 2—FELHE
BElLRWwElcLTWwW3,

square *

| O
SN SN

BEHKIIVBICR I THELEELELZNDT (lazy evaluation) £ %
EhNb, L, 7075 IVTERTCRETEEAVSIGEIE. T0LHD
272 7K cAEhbE T, ALAENKRYRLEEITZLHICT 09—
RTH %,

BIEFMORNE 2 S IR RBRROKITNT—I@ELTIIA L L TR
A52rTH53, PIZITROL S LEABKEEZ 5,
from :: Integer -> [Integer]

fromn =n : from (n + 1)
-— from n = iterate (\ x -> x + 1) n THEL

T3¢ from 11E [1,2,3,..] EWHIERY X FEH, ZHER') X MY
R LTHWTWS take 3 (from 1) ¥\WIHIKI

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

A

1:2:3:(take 0 (from (1 + 1 + 1 + 1)))

h
=]

yars53>7

B

i
aul

$2%E, p.26



- 1:2:3:[] (= [1,2,31)

DEHICAMBFBTHATES, HlIAE take DEEETT 500 B 151K

O TRVWETI}, BBHIE) R Y ZITRWH TELENH S,

foo BEICEEICEREETR TSI, (1 + 1), (1 +1 + 1) REEF
By 2%E»H 5,

WRTICABN L7z ifte BEK (§2.5) I\ TH, ifte &y R, X3 rvwIRo
Be. N DEBRNEZISE T ) ¥ 3 FFEING VY, TDEH, fHA
HDEXTHS if .. then .. else .. YT RALLIIIKRSES,

H. from TERINSLIRFZRIIZHDWTIE T, ) 2{E->7-BLEHE (B
KIE) WK OHOABIN TV S,

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

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

(ER) “.." o8R

N 5ITEIC Prelude TEH I M7 enunFrom & Y OEEOPE L ICEIR I
%O

[ e .. 1] = enumFrom e,

[ e1, ep.. ] = enumFromThen e; e,

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

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

BEFHEEAVI Y VWEWE YBKENTOTS IV IHHEEILR S, BEX
#R (Hughes 1989) &, BEFMEFA LT OIS LDBRILDFEEFHLL
SEAL TV 5,

—%h, BEIMEAVLI L TO TS LDZEON DL IRIBEFTEITINS
Dh, BENHRT 22 CHEE LV, BIFRAIEEITINSIERICL > THED
Bh bz, BEFMEAVSLOICIE, BIMERANBEELE VW YA KEMHET
Hb, Fr, BEFETIZ, AT —DEREIODVWTIRELSILHELL
R BBENS N,

2111 748+ F%311,1,2,3,5 ... DER') XA X LT fib ::
[Integer] rERT L

EVbh: 74RFYFEIIEL 2T S LTCELET S ..

1 1 2 3 5 8.
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B2 b B zipwith &5,

212 ZRICEENRVWRIBICHALE2ONDY R b E<w—I LT, RI>YE
B LORIENY) Z b £KT 2B merge ¥ EHRE L, HlA 1L nerge
[2,4,6,8] [3,6,91131[2,3,4,6,8,9] %5,

R1211.3@2.37.5" (4,5, ki O LDER) OBMTEEIERNALEER
@ LICHMEICEANRF) R b hamming 2 €& L. FIAIL take 14 hamming
\$11,2,3,4,5,6,8,9,10,12,15,16,18,20] TH%, D' X b 699
ZFBNEE (FELBME0EZBBLEAMLIES) . 2FY hamming !! 699
AY 5898240 THh 5 2 ¥ kR &,

E2b: B8 map . UETOBD merge 2E 5,

2.12 ') R O A‘B%3EE (List Comprehension)

HaskelllZ, ") X b (list comprehension) ¥ \\ I #EREX (L H\WZH
BA) (syntax sugar) EHD, THIIBFTELNIEESOARBEREIMEEE
ThHs,

1

ghCl>[(X y) | x <= [1,2,3,4], yv <= [5,6,7]]
[(1,5),(1,6),(1,7),(2,5),(2,6),(2,7),(3,5),(3,6),
(3 ),( ) (4,6),(4,7)]1]

gh01> [x * x | x <= [1..10], odd x]
[1,9,25,49,81]

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

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

DVWTNHTHSB, DL E<-DEBRIORNIZ. VR MRTHS, £RAD
T<—) MEDBITII/NY =2 EELZLBARTH S, £EXANDELICENSE
BHoZRa—T1E, aNLYEORERYL ") ORORTH S, ERATERIC
EANDXETIML THESNS )X MOEERZIAICRANL. A—FTELR5E
DNHIME L T, TRTDBALAEDHEEINES S,

Q2.12.1 ROA BRI DEISAH?

. x*y | x<=-1[1,2], v <= [5/3,7] ]
2. [ (x,y) | x <= [4,1,7], v <= [2,8,5], x <y ]
3.0 (x,y) | x <= [1..3], y <- [x..4] ]

yars53>7
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EVMAIZE3ECEENTOTS LA

for (int x =
for (int y X;

TOEAIHIST B,

Q2122 FENEHn 2 RITRY., 0<z<y<n¥RsIXTHz yni
FEKT 58 foo :: Integer -> [(Integer, Integer)] *NEXI
TAVTERE L,

Eb: T[0..njyo DEIRYVRMNEFES,

f 2123 FENEH N 2RITRY., 1<z<y<z<nO#HET

PP =2 RBTRTOER 2, vy, 2 D EERT 2% chokkaku ::
Integer -> [ (Integer, Integer, Integer)] *ARAEBXIZLTAVTER
&, BIAIE. chokkaku 20 Of&ElE. [(3,4,5), (6,8,10),(5,12,13),
(9,12,15), (8,15,17), (12,16,20)] ¥ 5%, (EFIIZOHItEL->T
WTHRWV, )

AaRITOER
JZMOREBZRRZIIROLILEAKZAVT, REBZRLE2EHE VRICERT

22 TES, WTHND prelude ISIIERZRINTW R VDT, B TEET
SUENH S,

unit :: a -> [a] — BFRH 1 ODVAMERT
unit a = a : []

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

bind [] =[]

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

2N bind i map ¥ (++) EBEALLILEETHS, 2% Y. bind xs £ =
concat (map f xs) C# 5%, BHlZld bind [1,7,5] (\ x -> [x, x -
11) & [1,0,7,6,5,4] <% %, (map (\ x -> [x, x - 11) [1,7,5]
& [[1,0],[7,6]1,105,4]1]1 TH 5, )

BRRALRD e EY TH 5, (THBICEERRAZBRAICERAL TV
<o)

[t 11 = unit ¢t

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



==L, bld Bool fENR. PIEREANEUVTH 5, B4,
[(x,y) | x <= [1..3], v <= [2..4], odd (x + vy) 1
RO &L H ICERRRIN B,

= bind [1..3] (\ x -> [(x,y) |_y <= [2..4], odd
1)
= bind [1..3] (\ x ->

(x + vy)

bind [2..4] (\ yv -> [{x,y)_l_odd (x + y) 1))
= bind [l..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 []))
AaRIZDERF

RNEaEZTAVEY, 7497V — MIROLHIHBICERINS,

gsort [] = [l
gsort (x:xs) = gsort [y | y <- xs, y < x]
++ x : gsort [ v | v <- xs, y >= x]

(FzZL. BRABETE2ERTEH B, AT —OBENMEINT, C

nnu’(@aﬂi’{iﬂ’(i%?ﬂé7’f v 7N — I\ tﬁ]%t‘i%ifﬁk\o )

[ 2124 RORNBETL T LOERMA AWV T, unit, bind ZAWVWEFICE
Lo

1[ (le) ‘ x <- [1/21314]r y<_ [51617] ]
2. x * x| x <= [1..10], odd x ]

M 2.125 %3 (2,3,5,7,11,..] DER) A bR 5L5I2 primes ::
[Integer] ¥ E&E T L, (AEBXRZETAVTH, AVWERCTHELY, )

ik
"7 b X7 %R (Eratosthenes, 275 BC - 194 BC) D35 W' W) 7L T X4
YRET L, COBRLADTLINILETETERTZERNDLI IR
60

1.2REDBRB LN S,

2.EABEOHEBMYKRE, TOEBEZREIZCE YKL, (ZOEE"35
W (sieve) Y FATWS, ) BB, EVEORY 2KHSI21E "mod” &
EF*AWVS, Flild, 11 "mod> 32 TH5,

yars53>7
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3.2. ## Y RY,

COBICEBICENABEZIERICEREZLONERNITH S, RPTER)
2 bDER') R BN SHY, BETENO S TRREIL RV,

CHEHITLT, RHEERYV R M LTERET ST, TETEILEBRE
HIIRHRT B2 TESE, CRETEELLI LT BL, 1000 F THOEEK
YWHINIEEI ERAVTHEICRO S Z LA TESH, BN 100 BoEHE
KHEDIEIVWLHDERINE*ABETNIERV OO OO SRVDTAICH LA
3,

[ 2.12.6 @ L3 sieve 2EYE (div X mod ¥ rem) 2 EHTICEERE
Lo (B b #HBEAKLY LT, 2O0FIEN') R b xs, ys FRIFERY ., xs
IZBEINBD, ysICBEINRVEELZRIENY R Y L TGRIEHREZESRT
%, )

B 2.12.7 Haskel| ASPDEET, ERV X b2V IalL— T 354 %HES
FIEEBEL, TAAZOHEEZRAVT., TOEETERIN £/ L,

213 A b + 74 — > (eight queens) DERE
JRrOARBERZEAWT, BLR/IRXILEBNTHSLZLICT 5,

IA L@ 74— >OREIRSENIA—>%, BEWIIRSAZ N TER VL
I, FRBOLICEC LWHRIBETH S, 74— I3t - # - flonT X
TOABIC, AR TELRBTE S, REORELAITEHRALL I REET
H3, COMBOTRERERE (BR) W< D0 BFET S, COTELRROES
DEYRAP ULTERRET S, ZZTIFER) X MIREHITIZER LG VDY,

BIETFBIIHED A TKRKERZREERLT,

74— DEREIZ. 2ITEEN)RMTET. [4,6,1,5,2,8,3,7] lLRD
LI BREEES. 2FY. (zip [1..] [4,6,1,5,2,8,3,7] =)
[(1,4),(2,6),(3,1),(4,5),(5,2),(6,8),(7,3),(8,7)] £\)EE%
BiEZ L TWbrWwW52erThs,



Gy

%

/ 2
- ”%@’/
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FTENDKFNFEFTIA—EBEVICENBE VLI ICEREL T, Ek+1F70IC
IHINTA -V ERMEBTESNLINEERL TV, RITTKTY safe YW IHH
I safe p n A" (length p) FIFTHIA —>DEEHN p Lt WIY AT
526Nz E & (length p + 1) SIDEnfTIZIA—>FBL 2 ed°T
ELEHEIDETT,

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

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

3 [l (1 - J ==m - n)
4

5 safe pn =

6 all not [ check (i,j) (1 + length p, n)
7 I (1,3) <= zip [1..] p ]

227Tallld

1 all :: (a -> Bool) -> [a] -> Bool
2 all p [1] = True
3 all p (x:xs) =p x && all p xs

CEBEINLBESATS)—0EBTHS, /. (1..11&1(1,2,3,..1 ¢
WHERY R MDBEITETH S, 2F Y. check IHEFAIEIRHTRLEMRL
IKE->TWRWIXEF v I L TW5S, (BROEZLAICLY., #TRALE
BIRICES Z Xl )

Q2.13.1
1.all odd [1,3,5] ¥ all odd [1,3,6] OEIZZNZTAETH?

2.all (> 1) [2,0,3] ¥all (> 1) [2,5,3] OEIFZTNZTNMEH?

TSIV IE:

nu\
o
a‘3>
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Bz L safe DEITHRITRDL SR 5,

1 > safe [1,3] 5
2 True

3 > safe [1,3] 2
4 False

s
'Qf

ri 5,
Q2.13.2
1.safe [1,4] 2 OEIIH?

2.safe [1,5] 3 DMEIZAEH?

IA bk 74=>TE, B, BMDO nI0TRTHOREREEZRANTV
. ZDEDHIZ, TDOEIRITRXTOEE(D ') R M) %3RT queens ¥\ ) B
FEET 5,

1 queens 0
2 gueens m

[Tl
—
—
o
L

o N

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

2FY. BMDOFNELLREEIX1 2H->T. THNIFEYR b T[], TEY
N3, m - 15BFTHLREREEE2 KO SNNIL, safe BREE->T. B
mINBNRLLEEERKDHZ I LHITE S,

Bl Z 1L

1 > queens 1

2 [[11,02],1(3]1,141,[5],[6],[7]1,[8]]}

> queens 2

S W

(01,31,01,4],[1 (1 (1 (1 2 vl
(2, ] [2 ] (2, J [3, ] [3, ] [3, ] [3, ] [3
(4,2],[4,6],04,7],104,8],1[5,1],105,2],105,3],1[5



%%, 9T %Y head (queens 8) TRUMDBEKDH S LHTE 3,

(queens 8)
,6,3,7,2,4]
BEFMmEAVTVEDT, BMOBRERDB-HICIIERYICLERIRH DM
HLiTebiw, 2FY, ko (1,5,8,6,3,7,2,4] EKRDHBDIC,
queens 7 DFEHEEITRTUTR->TWVWEhITTIERL, ZORMNDEEKRD S
DIZKEBRETOBDOFHEEL L T\W5, ZHIE. queens 7 2 ZTRIFHET
% ¥ head (queens 8) &Y LEEICKENI OB 5D 5,
(GHCi T :set +s ¥ WD AT FERTT 5. KB, FEIH D > 7 BFRE
AT —ENERRIIND LIRS, )

SITR I 2R KRDLAE L TR TOBERD SAE LR~ ICERT S
SEIIRL, Lrdb, 1 2EITBERDEEHICIE. THIIREREITOHEL
TR bR, BIESFHEIL Prolog TWI X 2 3DHERY Ny I b35w 7,
backtrack) Yt EI L L SR BRE*EBWL V5, 2F Y, HEICKKT S, <
HDIF-> THDTRER R T,

574 AHI2 queens 8 R¥EtETHE S L,

> queens 8

[[115’81613’77214]1 [116187317147215]1
(&)

4 [813111612151714]1 [814111316121715]]

REIIRTTREHZZ r1vhh 5,

R12.13.3 © Haskell XD EET, T4 b - 74— 2 EEL L, THELRS
I, BERYEYIaL— LT, —D0E, IRTOBEERLTOISLT
HERCKDONSZ LS ITE L,

F2.13.4 (F1 hxKE)

F4 b (knight) 3. EOEOHERD < 2 50NN o O
CAANBETELZF 2029 THS, (FHTE
i@\Aﬁﬁf%60)5x57X®%11%Ti&M£> Cl
272 (Blald, £LB) HoBHTIRTHOTR '
YIETOHNSBBEERDZ 0TS L ERY ﬁ

o EK) Cﬁ
o O

M2.13.5Q (74 HE)

1.V—bItz (BEEWRHY) BEO)IbORHT, 32XHTUVDEK, 3
DORLE. 2 2ORLEER2FTY R b7y 7T 5% shuntsu
(JEF, ¥2>V) . kotsu (ZF. 2—V) . toitsu (FF. ~A
V) EExnTnERL L,

yars53>7

i

B
B
i
N
jﬂh
©
w
N



ghci> shuntsu [1,3,3,4,5,7,8,9]
[13,4,51,17,8,91]

ghci> toitsu [1,3,3,4,5,7,7,9]
[[3,31,17,7]1]

24 ENBEE*H OERDY — bINEL) R MYV r>0FE—B (F
SA=V=) DTAIVEIIR > TWEAEHET 5B chinitsu 2 E
gL, L. THYRLIE BEF GOEUV0HK) FAIERF G
SORLE) 17420, /HF QONRLE) 5120 Z5-EHTH
L, tHF (F—FAY) WZIZITEELR,

!!!i@i i!€%®® anlon 4
\ Y ) \ Y ) \_Y_l \ Y ) \ v )

7+ g7 xf 1 JE-7- 2+

Bg)

214 T 5ICEFHE LS MY I=WADE=HIC...

S @k (Haskell) (&, Haskell ICBAT 26>t L EBRBEHRETH 5. X#k (W
T) EBARETOH Haskell D EB L ERFETH 5, X#k (Peyton Jones et al.
1999) |3 Haskell DA#E T, Haskell #IAT 2 L THOER RN X2 4> +TH
%, X#k (Jones etal. 1999) (&, Haskell D92 TH A Y v — 72 JLIE F Hugs
NA—H—<v=27LTH%, X#k (Peyton Jones & Lester 1992) |1,
Haskell DRI\ THaY VWAILEE®O T %, @k (Hughes 1989) (3. #
EFBEEBNTO TS LTENDEL S ITAVE O EMHL TV S, X#k
(Wadler 1987) 13 R bR B £ EMHEL T\ 5%, X#k (Peyton Jones
2003) |3 Haskell #2%3t L /= F S A D — AT L % Haskell DRt "EEE" (k
"BE") Ths., X#k (Bird 2014) ZEAKTO IS5 I > 7ICHT %, EL%GH
FEICLZRETH S, XK (AH 2006) 12 AKRBOMBRER T ORHEETH
%,

(Haskell) haskell.org, “Haskell — A Purely Functional Language
featuring static typing, higher-order functions, polymorphism, type classes
and monadic effects” https://www.haskell.org/

(LTF) LTk T{EZEIHEHEORG) 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 Reidfts, “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-


https://www.haskell.org/
https://www.sampou.org/

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 kiR BT 53> T IEERD
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%
HhDE T E)

(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 £,
WT K 3R THaskell Ic& 2B 7075 3> T nBEE,
KADOKAWA, 2017 & 2 A, ISBN978-4048930536

(f# 2006) M# 5= "AF9 Haskell IE Lo THEIEKREE, A2
Ia2a=-#~—33>X,2006 % 3 B, ISBN4-8399-1962-3

(LT &EFEAK2006) LT ik (BE) FARER () 3250
Haskell 7’78275 3> 7 325070750 OEAKMEENM V
TRy 7Y A547,2006 F 6 B, ISBN4-7973-3602-1

(Hutton 2007) Graham Hutton, “Programming in Haskell” Cambridge
University Press, 2007 4,
WA FoZ R T707 5 3> 7 Haskelly +— 4%, 2009 & 11 A,
ISBN978-4-274-66781-5


https://www.microsoft.com/en-us/research/publication/wearing-hair-shirt-retrospective-haskell-2003/
https://www.microsoft.com/en-us/research/publication/wearing-hair-shirt-retrospective-haskell-2003/
https://www.microsoft.com/en-us/research/publication/wearing-hair-shirt-retrospective-haskell-2003/

$£AE Haskel DL 179 bIL—IL

2T THaskell DL A 79 FIL—ILIZDWTIZBAREISIRR T WD 5 7=,
Haskell I@ZF T (4 >F> k) otFlcL Y., ZO@T - BXBRIVEEEZ
F2EETHD, L, TL—Z2X°ELIT0 > 2BATHIE-ST, 12T >
MCREEZIFTARVWEIICTEZrLHE8ETH S,

Bl Z 1L,
f x =1let a=1; b =2
gy = exp2
in expl
v R,

f x = let {a=1; b = 2

YRING, LAT7I9ML—ILIEZDL R TL—XXEIaarsrok
IRIGEIEAINSENEEDH S,

UT OFTIFES L Haskell D 14ZE T & % "Haskell 2010 Language Report” ®
§27T D LD TH S, (BHBE. AEDN §103 13, LY FHML I BER TN
T3, )

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

Haskellld. RIHDEREZFHFOLA TV FEFEI I LITE>T, WL
DOGERBTHEHLPNTVWE T L —R e300 2 E8BIT 52 %
FLTWS,

(HE)

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.

77 b Haskell 7075 ADBKRICHT 2%RIE. LA T b
iﬁT& INBJPFAICT L —RrEIaorkimy b2 ricLY
TRICERTSHIUNTES, T %) Y. ZOBMOKERNTOT S 4
DERIILATI MKRELRLR S,

Informally stated, the braces and semicolons are inserted as follows.
TL—RrEIaorEsbURRDLIIEAINS,

The layout (or “off-side”) rule takes effect whenever the open brace is
omitted after the keyword where, let, do, or of.
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LA7 908 (BHBWE"FT7H A4 K") IL—ILIZ where, let, do, of ¥
WAF—T—FDBTHT L —IXNEBINELr TI2, AR S,

let

f xvy-=
case x of
0 -> foo x 2
1 -> bar 1 x 999999
345
_ -> baz 6 x

n

case y of 2 -> qux 9 y 1

_ —>quux y in f 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).
CorER>. GFHLWTICH DI DIEDLLT) ROFEADFET
TEAIZEIN, ABINEETL—INFBAINDS (9 TXFILRD
8NEHXFEEITHEAXFLMIRINS, Windows DIT 1 9 —
E9 TXFHRD 4 DEBXFEETHOEAXFLBRINS LD
SVWOTIEETS2Y), (FHOROZEARIALIDIGFELHS
CEF - R LDLAXFED Haskell DREBAIZY > THRKF LR
C—XFHnNT, IAYILATI MIEGRTSHEITERET 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 vy 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).

ZHNICEELSBITICOWT, L. TMHZEADLETEUH. LY%<
DETFNINTWSR 5L, EROBEEIREINS (DY EHD
BAINGW) , L, ACLETFETIFINTWSR 5, $LWIEE
DHEFESLART (LI20VHPEANIND) . L LETIFHEN D%
WERLIELI TR MERDY LHRING (AT L —R0HEA
TNz,



case x of

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

case y of{2 -> qux 9 y 1
-> quux y in f 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-RRBLATIM) R E2BUCEXATIIHIRT ST HL EIC
LEAINS, 23Y. ATL-ZRDPBENTILRVE SITTRERFTH
DN E ATL-ANEAINS,

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 -0 H-- Tld, BROLHATL I TRSITN
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.
COLIBATRHOLETL A0 Hh TR, TDOTL—R0IMIADKE
REZRICHL T, HEAHBITORENIIH > HEROBEATL —2 L

D ENLIEEF > LTH, LATIMIL—ILIZER TN,

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 4lztIaa>rTL—A5fEANE L,

foo xs = case xs of
[] -> 0
y:ys —-> let z = foo ys
w=y *yinw + z
TSIV ERREAE p.3






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
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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/
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A\
i
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\: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

X *
PERLEYE,

SEEIE D2/ ILEFICRA LY BIGEISREINTLE I,
ERTRZEERTHEATLENRAETH-LBENIEL S, HIAE. RD
X

Haskell D& H ICBIHES/Y XS54 L) v 7% SHEHTE

=

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
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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
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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
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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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