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, )



BIEMERRSR (operational semantics) (&, REBW L HMEMKEERL. 075
LDE%RE ZDHEEMOATRENEMLL LTERARLLI LW HETH
%O

NI E LRSS (axiomatic semantics) &, 7O 7S5 LNEK%E AR Y #GHEE (I
SYVEZLI T BHETH S, F—TiwE (Hoare logic) % LH° T DR EZH
LtnTh3,

FTHELRE (denotational semantics) &, £EAXEEN L I L BRFNTAE A
W, 7075 L0E%R%ZBHRLLIETEHETH 5,

ZOFEETIE. FIERTHERRBICEET 2EMEENT 5,

Ta75 IV ITEENEDRRIIOVTIIERLEANEHIZLY ., BNF
D& D RITEN yace, bison BED LALR/S—H—J 2 2L —F—DLH%RY
—ILHEZHIN, FEOZARCNEBRADMEXIIRINERVLDOL LT, BL
ICEZLTWS,

LAL, BENY 23, 7075 ICIEEN"BER ORRIIOVTIE, "H#EXX”
ICEER THBEW R EER Y — DN EEZ T BITIEE > TV,

ZFNTH, 7O75IVITZENER%RHRIIOVT, TNITEREINLRR
lZ. EICBIF AL 3R TFIIIARTOIS IV IEEOERERIIODOVWTNE
BEFDLLEOIRBRARBRLDL R >T WS, KBEHETWEZDLIR"ER
ROBELY 232 DFHBWV LTI TFETH S,

1.1.2 S LT EHE

FLZEE (M\-calculus) IIERTHES%RGBEERTHADIFHAINSHERRZT
Hb., SLTFHEIBEAE AT L - b BEMREE - kR THY., 1.
LorbBEML TOTSIVITEELEILZZLLTES,

KEZETIE., COSTLIHELTRWT, LYEMLTOTS IV ITEEZBO#ERK
%?@"%U* EEE#LT‘/\< - Zt\-a—%o

ARIIEZTHERGBTIE. SLFHEITMA T, Dy, ¥ Pw LF-IEN 548

(domain) (CET 2BHZEMT S, LoL. ABHETIIEBICET 2EHIC
DSVWTIEAENA W, BN HEZARZATEEXIREZANTERL WV,

FLIHBERY > TLTIULAY MRERTEH S0, TNTIRTEEARL
£IT 2L, BRENLVANALSLRYFICEARL KRS, T2T,. 9469
HEICEDLK T U IS5 IV TEETH HEKE Z3E Haskell 28BN T %,

Haskell IZ. EAWICIES L FTHEITWL 2D DEX LO¥EKR (syntax sugar —
KEHTII R WHERREE) 2BMLAEDDTHSE, TDLH, TORICHE
I, Haskell D 7075 LAIZEEICS LITHENRICETF T AT 5,

1.1.3 ##

TOTSI I EENIITILEABERENER YR T S LETIF L4
REENT BH, LHTHER (EFr V. continuation) DIEE L %S

TS IVIERREIE p.2



- 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



BIFROBEICL 508
MR LIRSS, TS0 EE

THRICL-STEELPENERY, BEROZEZHEVD T EXENH S, F 1.
BEOEZEEm->TWUE, HEEEN) TREELVRER, BINEE B) T
IR TES, LVWIRRICHESIZLDHSE, THLEIL, TFEX IR
WMEICLYATEBTCTO I8 ER LR INIER SR VWELTH, BEEY
FoTWBZItd ) TaT I LDRANBHIREI L H B,

123 1591 LIk 2948

BIZIE, A7V 27 MERERB AR ERR. YH5o3FRIBIELH®
LEzbnrie, ArasrE% %, 7Y x7 MEAEEIR. GUI % CARICHEIL
LET—9RERILOILHE BIALKT—4L-YIal—vary) »RET
H5b, —H. ABRRIERIXFS - VI COAROT —IBERILHILD
B (FIASSERER) »B/ETHS (THD .

OOPL FPL
(W& (HER)

C++, Java, ... (FHRESBELENT) ML, Haskell, ...
BEDT— I BZERSWEN
BE. LWSHRRL

GUIR &
F&ICHRE U TR
935 (F—4

"—YRIERD NADT—5R
EIEOED B (XY B

R: 47>z hg@A vs. R

—h. WEBREER. NV I bIvFIRIZ T4 - a R CERRY
L. 0 Y IREER /X594 LTh %,

1.2.4 B3k 595

—fREICR 7 ) T EECRIINZ TS IV T EERIEFRMATERAL
TWBZ 0%\, BBAMFIFIERTIIICF v 7 2ThbRVO T, Z8®e T
O75IINTETCEHEEMEIEY, —HATOH-FIEbLRVEFREE> L
X2, MOTFEENREIHZL VI LEHY Db, ZD-DEEMENRLE
EENERHFTIEFENDISW (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

Tass5 3 IEES



. (B=) B
=2 SRR L
o (%) BBE=E

DMV TV

B: BlfE B ) vs. BIFEA% L
FHEWEECA TV MEREBRAAOEAEEIHRA TV 2 L TH
oD, MRUEE

[=N=1=]

. FILWATAKEZCAYAE-ST. TNEZITE
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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 M358, 1 > X b —JLId PowerShell A S3ERINAa<> REETT
53 TH 5,

FrLlnux BREBHLEROR—LR=IHD 5, HBRIHATAI A —LT B2
b\\\T\‘é 60

22GHCina<w> K

GHC 3. %< D707 3 LnEERTHY . gecc DL I ITERITHERERNEZEHAD
T35y Fa22/814F5— (ghe) HZOFITEINTVS, 22T}, TOHT
MAFEHORNEER TH % GHCi (ghei) DEREEHAT 5,

GHCi 287 % k.
ghci>

NEIRTALTIPERTING, (FO>TPEIN-—VasIld->TELR S
BEn BB, ) TOTALTIALIARY FEAATEILILE>T, 774
Lo sTarsaea— L, REFMHE T2 L0TE S,

GHCIima<w > FIZIXRDE I REDNHDH 5,

aeyp | A% B
i
:load file 11 file x0— F3 5%,
:also file ta file #i6mo— F¥ 3%,
:reload ir MYETica—RFLAE77a4L%2)a— RT3,
itypeexpr | :t expr DA% KXY 5,
cd e | FALIRNY—EZET S,
directory
2! command® A= > R0 > MIEL TEITT 5,
command fBl: :1cd, :'dir, :!start. Y
expr :: I0 String CRIMNZIATY FEERTT

:cmd expr 2.
let v =expr ERvEEET 5,
:? ~NILTERTT B,
:main :ma main A EEITT 5
tquit el GHC 28T ¥ 5%,

. BILKEAANT B, 20X ETMMLTZORREEDT 5,

ghci> 1 + 2
3

(CHOTHFZAPFORTHTIE, 3DLIITRERITR>TWBEZ ANV RT A
DHAT, TN 2= DANATH B, RELRL L EIE, Crl-c TPEFTE
%, )

Haskell D 7’0 75 L4V — 7 74 ILICIZAE EWIRFE DT 5,

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/

:E:/‘\J-_}I/%gaiiﬁ—a— 60

"module EY a2 — /L% wherey NDED*EWET H¥ Main YW ZEDEY

2 ILDEBRELBRRING, TL—XtId0 12 DBEEBRINED
T, b-o rLEBEAIES, Haskell D a7 S L 3BIRDL S RERE LTW
52l %,

gﬁ%l = Z_Etl
gﬁ'@l2 = Z_Et2

£#Ha, = X,
R E &
BMBEERT S LTI RIIEE "=y OAEDICENRT,

trivial x
twice x
foo x y

[l
NN X
* ok
XX

DEAIELLZUNTES, B trivial REEK twice NIBEIE. x #°, E
¥ foo MIFEIT x ¥ y DRI TH 5,

INsE. CR S,

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

YW BAEICHYE T B, (Haskell Tt x, y A int B WAHAIRIZAR WA, CT
WEZDEHITRDOFRDLVEREEETAI2LETER VDT, FEL int
BIZLTWS, )

MASEEDEEFIZ, CX° Java e HBOL DAL WY, EY) EfELZ YRR S
Lt hs, B 2530 EB I > -BaTHAT 5,

B#HOFER (FHL) I "twice 2" X "foo 3 4" DL H AL EI #H%E.
(MEBELRSTEATRY > T) ERTELLETTHS, (XOEIZZNZN, 4 L
10127% %) BEOBENZER CERLRLEDL I ISFIEICHATENE DT ELE
37w, bEBZAEEDIBELATT 57-MHIC "foo (twice 2) (trivial
3N'DENTAREMEFEATEILIITES, (TOEIR11II%5, )

Q231 RDELH BB ETERE L,

1.3 8% 3B LT 1%25|WAEEZRTEAK bar
2.518 % 3 FLAEZRTEE cube

LT



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) —BAITEYT—9x2ZTR->T, £ % xI220E
HATLEKTH S,

Q2.3.2 ¥ bar, cube %, "E#H = SLAX"OEATEEL L,

=
Haskell D2 A > MIZIE 2 D29 Fb5H 5,

. rwistst (—f7aA2h)

. twintt BEEITIAZH)
24 MBABDTF— IH Y KEF

241 AN LT — IR EEF

Haskell TIZEAIE (Bool) . ## (Int, Integer—Int IEEZE (HFR) RE
DEH, Integer IEERE (AT —»HFTRY. W 5THHEEARSLK L
B52UDTES, )OEE) | FEIEEE (Float, Double) « XF

(Char) B EIIMAALDT—IRY LTHEINT WS, Bool B 575
JLIE True ¥ False ThY. Integer, Float, Double, Char B ¥'m!) 55
LOEEIR CERCITITRK (12,3.14, 'x' BY) Thb. (0.2001d%
BETERVWRY, M WEERH S, )

INLDT—FRIIH L TIIEARALZOBERCEETF IV 20ABEINTY
%, BRUEETFD T+y, "0, Ty RYIE. 1 + 2 » 3DLHIGEEOHE
EETHWS, (SHUSH L TLisp LWIEREI (+ 1 (x 2 3)) DL RHET
BiETEL )

if ~ then ~ else &
if ~ then ~ else ALMWARALTHEINT VS, ROETHW S,
if ®; then ®, else I,

A1 Bool TR IFNIER 5T, Ry BRI CRTRIFNER 520, K2
True DL TIIRX,. False DY FFX3X LTEHMEINS, 0H. B THLLER
BE9 %%%, if ~ then ~ else N Id. Haskell TISFFFHLFFBIEEZ LB L T 54F
BEATE RV, BEOBE2T2RAFOEABEZERT S LLTRETH 5,

LEESEETF T==, , <y, <=, Y, HEEETF Tgsy, "1 1L C¥ Java
YRLTHSB, 7zL /=1 (notequal) I C D Ti=; ¥ ER 3,

ROBIISPEFE (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

JRZMRELEEAALDOT— IR LTAHAEINTV S, VR MCEBEICER
ETF—9 DNV TH 5, =0, BICIZIER B H S, ) R MIEHED
IZ Scheme (RF—L4) D Lisp RNEENBELTZT—9RTHY.
Haskell TLEERSA 75 —BABKVCAEINTWV 3,

JRMIE, T (D) Y RE ¥ 2> Z (cons) Y FIENEEEF T 4 95
BRINDE, 2022% ") 2 FDOHEKRF (constructor) ¥ .33, ERFIE. 54
LN HEITIL—TILLT, RUT EE009 T 5+41F 5,

o EYZbL (1) BXFBYENYZ+TH S,

¢ VR () WEXRFYRLLTEING YR FORBIEL T K
LLTESNBEREMUMAAY R N ERTHEFCh 3.

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

VR MDY FZILnEEL LT, BRE 7,1 (327) TRY- TEN,
T THEURZADABRIN TV S, (Python X° JavaScript £ I XA Uik
EE-TW5, ) BlAE [1,2,3,4] &, EBEOER 1. ROBEH 2, ..X
WHAYRABRT, 1:2:3:4:[1]D2LTH5,

Q243® [1,2,31. @ [[1,21,13,411. ® (111 % "0 ¥ T1a (&
EIYBH) FIIL) FITESEE L,

JRMBINRGA =G —2FHOTHE, 2FY, JRAIDBROBE % /X5 4
—9—r¥%, BRNODAS Integer BDIFE, TN A FDEIL

B BENEY Double BDIFE X bORIL MrEILEINS,
Z N Z 1 list of integer, list of double ¥ 358, BOELZ2BEIEET S X b
(NFay=7R )R IERTERN, 2F Y, [2,'a',[2]] DL
BRIBIS-ri s,

StringB ¥ type BT

Haskell DX F7%| (String) WIERIIXFNY XA PR L THRINTWS, D F
N

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

B DF|L (type alias) . EET (AN TH 5, LOFINIFE string LW H T
&%, [Char] EWIHBDFB LR 2, RBEIAXNFEN LT 2HAINFTRIFN

TSIV EERE2E .8



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




YWAHARERA VI —RENELOKRVEERTEINS,

Q245 RN R FEHRA 29 —RETET,

1. [0]

2.12,3,5,7]

3. [[1]
4.0111,12,41,1]1)
S5.00011,03, 0000111

(BE) VYR 2 CEZEZENBERY LTERTDLRDEHIZH S,  (Haskell
IIGBEET@E»H SN T, ERIEDID LEMLE T — IEBENBEIIR B
HEAD - OEELL T3, )

struct _list {

int head;

struct 1list* tail;
}i

typedef struct list* list;

2D list EWIHEERIE, head ¥ tail ¥V 2 2D A N EFD,
(67 &I Lisp Tld car ¥ cdr EWIH BB THRLENTWS, ) THDIH b tail
BREEZEINTVERAORS > 9 —BTHB, E/z list LWV IR,
typedef EE 1L > T, struct 1list* YWHRDHBY LTERINS,
(FaRA > —AETREIIAR>TWVWB LTS, CERBTRIRI>I9—r LT
xINs, )

Fre, BYRAMICEETIIAE, ERNULL TEHINS,

TETYRAMERIGFEIE., malloc TEYHTEAE) —% VD free 27
ZNEREMATRIFAULITR WV, Haskell BB BZEZTEITIEH LW
I ADEN T THEHTRAIC free LK TH, RBIIR S AT ) —4EEIL
BEICEIRINE ZXIZh > T3,

243 %

%8 (tuple) LMAAABZNDT— IR LTRHEIN TV S, fIIBRE 7, (2
>%) TRY- TENR, (") " THATET, RIZVRXIDIBELERY.
BENARNR—THBLEILR, (1,'a') EWVWIRANRIL

Jag

NI
/111
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A\
i
B
£
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o
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o



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

NDEHITEL, FELBEIR., ZHECEKOBII TS —9BHARLAEL T
H. Haskell REB RN HR/L T<NB, ZOLMEAE (type inference) &
W, IS, RIS FBT LI TRBEZOCHICHHRLAVT L 2 #RT
%, (B%BIBET S LITRHY 1R, )

25 X9 =2 2w Fo T

Haskell Tld, BEAREZNRSIEDE 2 I (pattern) £ W LD EE W
T, SIBOFTISKC TIBEDT TR I 2P TAETH S, /39— rid. K
MIBICE->TERCER. BT (T:0 X T YY) D5DRERINEN
T‘\% %O

1
n * fact (n - 1)

fact 0
fact n

-— DA PFDEFREH. Prelude M length EIFIFAL
myLength [] 0
myLength (x:xs) 1 + myLength xs

-— RA ML= —2D 0
foo []
foo ((x,y):xys) | odd x
| otherwise

-1

y
foo xys

F%Elﬁ% /\og_’ll /\og_’lm = :_Ltl
B#He a—>, o Ra—r, ==,

BHE K8 —> . KE—>, = =,

—HREOICERBZEII T — Y DIEE ERTF) IEATICRE (B »1E1
585 RBEIBETHS, TUIHLTATY 27 MEREER, 77

(75 R) OFEEHIEA T, LB (AV Y R) AR VWL I RIFGENEER

H5,

<

i LBEICIE, BAREBENO LS TOMEIC, BROESIKRE/I—CrBE
L. 9y F L OEYEBXRFI—HLE) EROGLYTFEEINS, 2 DA
DIBE. myLength DFEHE Y X b ([1) B oHIT1TENRRINSG, &)
2ZLORIBOTHS, —H. BYRPTRELIODRENDERERHF DY R b
BHIE2MTEMNBIRIN, VA POABERENER < ITREIN. BYDY R
FEH xs ITRBIND, xs DRIICT1EZRBLEZDLD x:xs DREITH
%, (8§, mylength YLITX A LB CEE length :: [a] -> Int »E#
Z4 72 —ICABRINTV S, )

B L7ALIICif ~ then ~ else & & Haskell TIZEHFER L L TR BB
3, UTOLIICRAENE T2 T LM ifte 2EHRT BN TES,

ifte True t e
ifte False t e

I
o+
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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, )



fl 252 ZEH S EZHANOEAK £ tEZHD ) A b xs EXITRY. YR IFDZ
BRICIF*HERALARZROMEZAET 2@ sunf :: (Double ->
Double) -> [Double] -> Double *EHRT L,

f12532 020518 %, xs EXTEIRY, VA b xshb5xtFELVWEEE

1. 3> LLEBICENSG—DOEBRALITERYKBRWE ) R FERTEAK
deleteOne

2. RTERYBWAY X FE2RTEAM deletenll

3.0 BRICHANS—ONERLFRYKRV ALY R L EIRTEK
deletelast (B b:#WBIER*EET 28ENH S, F /- reverse
EAWRWZ Y, )

FEINTNERZRLL, FLVWEEN—ERVEIE, TEEBLY R MERT
Bl Rl c i R

f& 2.5.4

1. EBEN' R b [Bool] # 2#KYBERLT. WRT 2EK:HET S
%X fromBin :: [Bool] -> Integer ¥ E&HE L, HlAIL,
fromBin [True, True] £ 3. fromBin

[True, False, True, False] 13 10 I27%2 %,
B> bSO E —DEC LAHMBIERNSEIIR B,

E> b:R—F =DA% (Horner'srule) 215, 2% Y. $ER
A"+ an 12" '+ .. dax+ao %k
(...(@nz+an1)z+...+a1)z+a PIETHET 5, FlAIL
fromBin [True,False,True,False] &

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

[True, True,False, True] & ((1 X 2+ 1) X 2—|—O) Xx24+1¥t#% 5
LIHICEHET 5,

2. BAEN ') R b [Bool] ¥ 2HEBE AL LT, WRT2BKLHET S
B# fromBinRev :: [Bool] -> Integer *E&Ht L, =7 L. &
DRI IIHIBICERBE? R SATWS LIREE L, FIA L
fromBinRev [True, True,False, True] &

1+2x(142x(04+2x1)) =11t %k %,

3VRMERERXDIBICEINALSZEA LR L, 2TEANERET S
% evalPoly :: [Double] -> Double -> Double rEET L,
BAE. [1,2,3,41 ¥WSH YR ME 1422+ 322+ 422 £\ %A
N B%A L. evalPoly [1,2,3,4] 10 OfEL
1+2x10+3 x 10244 x 10° = 432112% 3,

2.6 BUFRYIEMIEIC K BELEA



%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, 3|1 HD IZELf o % B
TR ERETELZDTHERIRL,

2D reverse ¥ revO DFEBTHEIE—FEHEIZE I, IRTOHOAR!Y) X b
xs X LT

\ reverse xs = rev(0 Xs

DY IO X REEATE B,

ZNEOHOITIE, ROL S RIEBIEE X FABETIULRL,

’ shunt ys xs = (rev0 xs) ++ ys

Ny, HYTHART S (++) ICETIEEE*EbLEAUL. KD ys T [] 2R
AT IS reverse xs = rev0 xs EERATE 5,

Z DB EE IS, BT 3RMETIHBHT A2 e TE S, BIDELR
IS T AL RALCL I RCYFTH S5, RMICEY A bD L FIIKY LD
Y EHMEAAL, xsIIOWTHRYIDEYRETNIE. BEEE*—iEML < x:xs
NDEFIZHHRYIOI L ERT,

ENL:

xs = [] DY E;

xs = z:zsDY =

262 3 RXTHER' R b+ xs IZT2WT,

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) = 1if 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 f 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 £ x [] = [x]

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

concat :: [[al] -> [a]

concat [] =[]

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

FlZldmap 13 R FORBERICE CEKETHERT 5,

map £ [xq,%Xy,..] 2 [f %1, £ %5,..]
Z D 2 5| BIRY zipWith TH %,

zipWith £ [x9,%9,..] [V1,V9,w] @ [£ X1 v, £ Xp Vo, ..]
zipld 2 2D R FORIT 2 EREHMICL TRY,

le [x]_lx2l'-~] [y]_ry2r~--] = [(X]_IY]_)/ (X2ry2>/]

THIT, take YR POWK DO DEBENERETRY ET. filter TR b
DENSEHEFLTELDEITEINET 5, takeWhile EFEHFEHATRY L
BENLBEYIRYET. iterate IWMBUHERD SEE (L IERS %W
B.) HAERT S, foldr ¥ foldl RZNITNALEN LBEHATERTH
%,

foldr (\ x vy -> x ® y) x [V1,Y2,/Y3s ¥Ypnl
2 y1®(v,® (v3® (.G (y,®x)..)))

foldl (\ x vy > x @ y) x [Y1/Y2/Y3r ¥pl
2 (. (((xQy71) Qy,) Qy3) @..) Dy,

W HE2%E, p. 18
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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 =[]

BEIL zip [1,2] [3,4] OLHICHNICEARLEEL L, TNk
[1,2] “zip® [3,4] Y3IEOMICEL 2" TE 5,

~cER AL, PBIEETAVWSEEFICNL T, infixl, infixr, infix £W
IF—T—FEFE-T BEBMLBEEEETEDZ 2L TES, (BDEEE
TREVOR SN WRBEAHTH S, ) =¥ 2. Prelude (Haskell 12, 13 L&
DoMAANINEGBESATT) ) TIHRODLIICEEIN TV S,

infixr
infixl
infixr
infixl
infixl
infixr
infix

infixr
infixr
infixl
infixr
infixr

14 r
, /, “quot’, ‘rem', ‘div’, ‘mod’, :%, %
++
== =, <, <=, >=, >, \elem\, ‘notElem’

ORFRrEFPNWS U oy J WO O
~

22T infixl & . infixr & &Y. Blildx +y - z &
Fv; ¢ Ty BWRAICELZIBLT, Y553 EBERNDT. (x +vy) - z LB
MRING, Frx ** y ** zld o) BEF/EELRDT, x ** (y ** z) &
BIRIND, D infix 3EL5THRWVWI Y (FEEE—BIAIL "<y 133
BERDTL < x < 2DLHT<HEHETHLEXTITI—IIRB) 2%£F,

T 25 BOEFEHNKREVITY, BEIBMAI GV, FIAIE T+, E7820T,

6D T+ LY LBEBEUIEG . 2FY 1 + 2 * 31d. 1 + (2 * 3) L
RN 3,

Q281 ROADERIIL I L HH?7HEIMcHFAL TREIEZATICE L,

1. x "rem® 3 /=1
2. xs !l 9 : ys ++ zs

—H Trgssext. /<=>2@\" | -~:1] OFOXFEEFRAVLHENFIIRMA,SPE
SBEOEET L LTRANS, FIAIE. T~ FEFREAOL S CEETE 3,
(EFEIZIL Prelude DB TERIN TV S, )

(™) Integer -> Integer -> Integer
x~0 =1
X *n =x* (x " (n-1))

Ny 74— b EEICAR, REEEATEAING (1) ¥ T+ REOEET
£ (D ()T ~>T. 3O OMBRATAVB LA TES, HIAIEL +



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 ROKXDEIL ] 5 ?

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

293 THA% X PRIBEAEK, TRNMNL 7K map 2 COBE (L T AURETIC
AL length, id R EOEE) 2> T, ROLHIEKEZBRERIELZ
FbhTIcEEL L,

1.2720) RO O0OBBNERRELE, 1 HBBNDEXRR L. .. ZthEL., %
LWEENEK LRI countEg (V) A FDEEKINIER 53581,
BWNMISIIHHE D)

Bz L countkEq [1,2,3,5] [2,2,6,5,3] ld 212, countEg
["abc", "XyZ", "pqr"] ["abc", "StU", "pqr"] Li 2 |z 7‘; %o

B> b:zipwith 219,

2.XFHDY A EZITERY ., BXFINOREZIC T, 2203 TEHELAEAX
F3|%3iRT addSemicolon

Bl 2 1¥ addSemicolon ["abc","xyz","123"] | "abc;xyz;123;"
12 %,

E> bF:concat 219,

2.10 BHFFtY E &

KDL 1let LWIF—T—FERVWT, BFANLRERE*ERT 220" T
x5,

let ZHOEE in =,

YWHETHWS, "ZEHOER, 3§23 TRNLEETHS, let ¥ in D
MTEEINTVEERE. 20 let RICBAANLERTH 3,

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

BRETHDB, 2OLEy R ys Xz zs 3R I—7 (AHEHE) »FBRE5NZD
T et ADH TR KRERNDELRNZ ZITH 5,

Q2101 RO & H %A E let ZRAVWTERE L,

o 27 FET HMB pow27 (T X Trx, BEF R EHLTIC. M+, BETF
*6EE->-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 —

Exb: (++) 2ERE L,

2104 VR M 2EEALLRABLT, TORFES MoEENES) ¥R
B powerset* EHR T L,

7\ powerset [1,2,31 4 ([1,[11,(2]1,131,101,21,12,31,11 31,
[1,2,311 2% %, (=L, IBBEZnRAY THLTHRLV, )

EXbr: eI a2 e E) CBRICERTE S,

FHIYKREIRYIAMNDIETHT Y, KEBITATY —%2HE L TR D
5, BEE10LKH6VETICEYHTHEL 2 X,

(3%RB) wherefp

wheret WHF—7—F%2FES5 v, ARERNDELTHERINSEE - AEK%%
ZICRFICERT 52 L TE 5,

E#Ha Nd—riy = KX
where (B D) ZHOEE

YWHATRTHWS, (TORATIITRINTWER WY, where TRFFER T
NEEEIEROHT — REICE A0 TERAINTWTEH LW) LD pows,
head IWRDLIHITERT B2 HTE 3,

powd x =y * vy

where y = x * x
-- head [ Prelude ICEERH
head ys = x

where (x:xs) = ys

==L, where L 2B ERIIERND /NI -2 v F o TI2F 152k
ETERWw

foo [] . == foo-(1)
foo (x:x8) . —— foo-(2)
where bar = ..

2 OBIT bar BEMR DI foo- (2) DEIEFTH S,



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



BIZIE, RDOLIIZEZEINT square L WIHEKEE L 5,

square x = x * x

REHBE Tldsquare (3 + 4) EWVWIARIBRDELSICHET B2 iR 5,

square (3+4) = (Az = z*z)(3+4)
=3+4)x(3+4)
=T7x7
=49

2ZF Y. square DK TH S (3 + 4) WHEINLVWEE, 7 square d
ERICLAEG > TROBHAINS, T LT, RABITKEBITHR ST (ZDIFBEIE +
DEEENLSKBYELHLHND) ELHT3 + 40HEINS, COHFREFT A —
TICETT 5L, 3 + 4 EAEINTLE I,

TS57HTIR. TOLIRHEEZ IS T7OWTHELT, 3 + 4 2 —EL2E
BlLhwEHIIZLTW S,

square *

1 O
SN SN

BEABEIISNBEIIR T THMEELSELINT (lazy evaluation) ¥ %
TN, L, TSIV T ERTCREMEEZAVSEEIE. 2HLD
IS5 7 EBABEDLE T, ALHENBRYERLEEBITSLIICT 509 —
RTH 5,

BEFMORNYE 2 3 IS ERBROXETTNT—I#BELT LA L L TR
AB2rTH5, BlARRODEL I LEAKEEZ %,
from :: Integer -> [Integer]

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

¥ 5% from 11& [1,2,3,..] EWIHERY X FEH, ZHER') I L EBY
A LTHWTWS take 3 (from 1) ¥\WIHIRIE

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)))

Ll

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



- 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.

i
i
N
w
u



B b BE zipWwith 219,

2212 ERICEENLVWRIBICHEAL2ODY A bE2~w—Y LT, RIIYVE
ELRLORIED) A b £KT B8 merge ¥ ERE L, BHlA 1L merge
[2,4,6,8] [3,6,911%1(2,3,4,6,8,9] |2% 5,

R12.11.3@2.37.5% (4,5, kIR OMULDER) OBTEELIERNALEER
R UICHRNEICEANRA Y R b hamming ¥ E&EE L. FlAIL take 14 hamming
\*(1,2,3,4,5,6,8,9,10,12,15,16,18,20] TH %, ZN') X bD 699
ZBNEE (FELEMEZOEZBLEAMLISS) . 2% Y hamming !! 699
H¥ 5898240 TH % 2 ¥ ¥ AL L,

B2 b B8 map £. UBTOBD merge 21E 5,

2.12 ') R b AAFEKEE (List Comprehension)

Haskellld, Y X ko (list comprehension) ¥ W\ J#EREX (L I\ 2 H
JA) (syntax sugar) EFHFD, CHIIBFETEDONIEEORESERETITMEE
ThHs,

Bl

thl>[(le) | X <= [1127314]1 Y <- [5/617]]
[(1,5),(,6),(1,7),(2,5),(2,6),(2,7),(3,5),(3,6),
(3,7),(4,5),(4,6),(4,7)]

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

==L [1..10] 4 [1,2,3,4,5,6,7,8,9,10] OBEETH 5,
VA POABERZIERDLILHEOLDOTH S,

(X | BREX, ., BERX )
ZZTRERIE., Bool AR (H—F) b RO (EKR)
TH <- R

DNWFTNHITHB, 2HLE <-DERAORNIZ. VR METHS, ERAD
F<ey DEDBINI -2 ELLZLHTRTH S, EFRANDELICENZE
BHHOZ2-T13, 2NLYVBZORERYL "1 ORIOXTH 2, ERNTEHRKIC
EANDXNEFIML BN VXA IDERZIBICRKANL. A—FTEER 3D
NDOHIME L T, TRTDPAEEHE EIET 5,

Q2.12.1 ROA BRI DEILAH?

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




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



f:fg L/\ bli Bool 'flao)-it\ PliFEiiﬁmjﬁUT\‘%éo W'JZ:H:\
[(x,y) | x <= [1..3], v <= [2..4], odd (x + vy) 1
RN L H IZEIERIN S,

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

-
h
~

= bind [1..3]

(\ x -—>
bind [2..4] (\ v -> [(x,y)_l_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 []))
AaREDEAS

ABRILEAWVR YL, 7497V — FMEIRODLSICHERIZERINS,

gsort [] = 1]
gsort (x:xs) gsort [ v | yv <= xs, y < x]
++ x : gsort [y | v <- x5, Yy >= X]

(L, BRAYEETE2ERZTEHSH. AT —DBEIEIDNT,. C
=5

ERTERINEFE>TERINE AV IV - PERFLIZEALR, )

M 2.124 R0 ABEILE LOERMBEA AV T, unit, bind TAWVWERIZE
Lo

<- [1121314]1 Yy <- [51617] 1
<- [1..10], odd x ]

R 2.12.5 %3 (2,3,5,7,11,..] ODER)V A b 5L 512 primes ::
[Integer] 2 E&HELE L, (REBXZTAVTH, AVELTERW, )

Eih:
"7 kX7 %2R (Eratosthenes, 275 BC - 194 BC) D35 W' W) 7L T X4
PRETL, TOBRLAEDOTLIT)ILETETERTZLRNDLI IR
%O

12REDBREETLNRS,

2. AN EBMYKRE, TORKEREICYYKRL, (ZOMNEE"3S
W (sieve) Yt AT WS, ) b, BIVENRY 2KDBI121E "mod” &
BEF+*AWVS, 2., 11 "mod> 31k 2 TH3,

TOTS IV I EERE2E, p. 30



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,



FTEDKFNFEFTIA—EBEVICERNBE VLS ICEREL T, Ek+170I1C
IS TIA—VERETESNEIHNHERL TV, RISKRT safe ¥V )

#lt safe p n ' (length p) FIFTHIA—>DEEHNp L WI I +T

575Nk E, & (length p + 1) FIOEnTICIA —2FEL 20T

EEHEIDETRT,

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

7 [ (i,3) <= zip [1..] p ]
2ZTallld

1 all :: (a -> Bool) -> [a] -> Bool

2 all p [] = True

5 all p (x:xs) = p x && all p xs

CEBINBESATS)—0BEBTHS, /. [1..11&11,2,3,.1 ¢
WIHEFR! R FMOBEEEETH S, 2F Y. check SHEF AL ERHOTRLERL
ICFE->TWRWZ R EFzvI LT3, (BRNELAICLY, MTRLCE
BIRICES Z X3V, )

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

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

4

urss I IE

Ei]

a

il
B

Ji

E2% p. 32



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



een

(queens 8)
1 6,3,7,2,4

]

BEFHEEAVTVE0T, RNOBERDSHITIARBITKERTD DM
HLriThebiew, 29, Lo [1,5,8,6,3,7,2,4] ERKDH DI,
queens 7T DNFHEEZITRTUUTLE>TWVWEDHITTERL, ZORMNDEEKDH S
DITKEBERETOBYOFHELZ L T\W5E, ZHIE. queens 7 2 ZTRIETETY
% ¥ head (queens 8) &Y LEEIEFMIIHBZ LH 5L bhH 5,
(GHCi T :set +s ¥V AR FEEITT 5. U, IO D > 7 BFRE
RAXY) —EPRTINDE LIRS, )

ST I 2EURBERDLAE L ITRTOBEKRKDZAE LR~ ICERT S
SEIZRL, Lab, 1 2ETBERDSHICTIE. TNIIKLEREITOHEL
DT bR, BIESFHEIE Prolog TWI X 2 3DERY (NwI7 +b3v 7,
backtrack) Y EIL LSRR E2EHEL T3S, 2FY, HEICKKITZY, ¥
HDIE->THOTRER %R T,

574 A2 queens 8 REETIE S L,

> queens 8
(r1,5,8,6,3,7,2,41,11,¢6,8,3,7,4,2,51,
(B&)

14 [813111612151714]1 [814111316721715]]

BIZITNTTREHSBZrH0h 5,

R 2.13.3 © Haskell XA DEET, A b - 74 — >k RS L, ThER S
X, BRYEYIaL—bLT, —D0f, IRTOBEERLTOIILT
MERCKDOLNS LI ITE L,

12134 (F4 hKE)

T4 b (knight) &, ZEORDFRDT A 5OCERD %D ()
RANBE}TELF 220X THS, (FHTE

A N\BETH B, ) 5x572ANDF 2 2BT. O .
572 (BIAIE. ELB) »SBHTINTHOTR ' §
IETOBNEREBERD ST TS L EFRY ‘3)_

£, O O

o 0

R2.135© (74 ¥%E)

1.V—bX (BEERHY) BEOIV R ORHT, 32HTVDEK. 3
DORLE 2ODORLEER2FTY R b7y 7T 28 shuntsu
(JBF, ¥2>V) . kotsu (ZF. 2—VY) . toitsu FF. bA
V) R NTNERLE L,



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 kxR TedERT0 S IV TILEERD,
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

(f# 2006) M# 5= "AF9 Haskell IE Lo THEIEKEEE, 82
2=~ —33>X,2006%F 3 B, ISBN4-8399-1962-3

(LT &&FEAR2006) LT fx (B) FAREER () 3250
Haskell 7’8275 3> 7 3230707520 0EAKMEENM, V
TR T )T A547,2006 F 6 B, ISBN4-7973-3602-1

(Hutton 2007) Graham Hutton, “Programming in Haskell” Cambridge
University Press, 2007 £,
WA foZ 3R "0 75 3> 7 Haskelly + — 4%, 2009 £ 11 B,
ISBN978-4-274-66781-5
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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.

N
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LAT77 b (HBWNE"F 74 F") IL—ILIL where, let, do, of ¥
WAHAF—T—FDETHT L —ZANEBINELY T2, AR S,

let
f xy =

case x of
0 -> foo x 2
1 -> bar 1 x 999999

345

_ —> baz 6 x

+

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).
ZorEid. FHLWMTICHZH I DIEDLST) ROFZEADFET
IFEARIN, BEINALEATL—IXPFAINS (F TXFEILRD
8NERXFEHITHEAXFUBRINS, Windows DT T 15—
9 TXFHRD 4 DEBXFEE THOEAXFLBRINS LD
ZVWDTEETS2Y), (ZONOMOEBIIIAL I DIFELH S
CEZE - B RBYDEANFED Haskell DRIBRIZY > TIIEKF LR
C—XFRNT, AAY I LAT7Y MIEGRT 25EEET S
o )o )

let
{t 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).
TN BITIOWVWT, B L. TNMDZEADAEELH. LY %L
DFETIFNINTWER 5L, BEROEEI M #MEINSE (DF YD
BAINLW) . L, ALAETFFETIFINTWSR 5, K LWER
D9 F 5L AT (L1320 EANING) . L LET TSR
WRLIELATI MY RMIRDY EHREINE (FATL—EAN
TN3),



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, )




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

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

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

Branch ::

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

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

treel :: Tree a

treel = Empty

tree2 :: Tree Integer

tree2 = Branch Empty 1 Empty

tree3 :: Tree String

tree3 = Branch (Branch Empty "a" Empty)

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

BIZ L trees DIEEIX, ITRTERDEI IR B,

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

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

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



-—— BFRH. BlIRIE treeSize treed (L 4

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

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

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

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

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

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

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

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

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

Bl 7213, (Ddepth tree4,®preorder tree4,®inorder tree4,@
postorder tree4, ® reflect treed NFERITZTNZTN., D3, Q
(2,1,3,41,®11,2,3,41,® [1,4,3,2], ®Branch (Branch (Branch
Empty 4 Empty) 3 Empty) 2 (Branch Empty 1 Empty) ¥ 7% %,

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

(BRB) 74—ILFSXNL

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

£ K

OIS IV IERMEIE .3

auls

il
anl



~1) TH&. T::0 OB 74—ILFESRNILEEL,

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

|

il

)] . ROEEZrRENT—IREEERT 3,

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

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

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

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

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

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

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

.

32875k
IS ZADHAICNSRIZET T WL OO DRAEBLZRBNT 5,

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

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

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

FUIS IV IEER B3 E, p. 4



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

NH=E

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

square X

(DZYVHNLRETHD) . RITEICARS Y FOBRIIR L TREZRY 2

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



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

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

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

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

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

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

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

member ::

subset ::

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

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

NZrTH5,

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

|

1]

37S5RBEYAVARI VR
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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



—ARE9IZ IS,

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

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

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

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

\ data MyBool = MyTrue | MyFalse

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

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

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

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

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



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

size tree4

3.5 ZDNMOEENLR ISR

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

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

class Show a where
show 11 a —-> String

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

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

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

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

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

-

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

.

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



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

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

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

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

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

Q35.14ALND) X MRy EiH T — 5B

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

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

-

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

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

Y¥R3L9%L0THS,

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

EVhRDELS ", VA MDD S MyList NOEBREITOBAEEERL T,

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

WO DT—R e TR ML,

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



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

3.6 7Yz 7 MEmXDEF

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

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

Q3.6.1 ZNEANERYENIRT G DHP LR TN,

c IS ANEREDHMEMBD I SANLEBT I N TESZ

B RE . v

o CFUHINBA Y Y FORENA TV 27 PORITHOR
’ ’ THRIBHZL

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

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

3.747V27 FMEAD ISR REMT—98

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

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



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

= b3

5 <

o g

REMF— R lig 552 z

\<> : m

o 5

ot

ot

ERFHEPERL HTISRFHEVES

REWT—9 R (F7Yx7 MEAEED) 75 R

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

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

3.8 (B#) ISR HT94E>T

3.81%4794€E>7

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

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

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



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

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

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

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

3.8.2 —fizfk
LD LBl LT, ROLIBBISREEZ B,

class C a where

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

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

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

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

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

— IR IS5 2

class C o where
ml oo —=> Tl



m2::oc—> )
m3::0(—> T3

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

data T = T o, Oy O3

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

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

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

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

IRRICIIEHTH %,

3.83 JloFik
—F. PR & 5w REM 7 — 9 B

data U = ConX X | ConY Y | ConZ 2%

instance C U where

foo (ConX x) n = foo x n
foo (ConY y) n = foo y n
foo (ConZ z) n = foo z n
bar (ConX x) = ConX (bar x)

baz (ConX x) ¢ = ConX (baz x c)

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

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

39 (%) BISRADBES

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

bhick WIS —Ayvt—-Y



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

BEBRY (ambiguity)

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

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

class Read a where
read :: String -> a

CHEBNDTTC. ROLIREABREERT 5,

foo x = show (read x)

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

foo x = show (read x :: Integer)

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

3.10 (#%) Dictionary-Passing Style £

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

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

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

type Eq' a =

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

eq' =\ (e, ) > e -— (==) [ZHIET B

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

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



AVRIVRAEEREMRNLGREFE DAYV Y FEEOERICERINS, Fli
IE. instance Eg Direction RN & 312 Eq' Direction®oA4 7V =
7 hDERIIR B,

egDirectionDic :: Eg' Direction
egDirectionDic = (egDirection,
\ a b -> not (a ‘egDirection’ b))
where North “egDirection’ North = True

South “egDirection” South = True
West “egDirection’ West = True
FEast ‘“egDirection’ East = True
_ ‘egDirection” = False
eqgTreeDic :: Egq' a -> Egq' (Tree a)
eqTreeDic (eghA, ) = (eqT, \ a b -> not (eqT a b))
where
Empty ‘eqT’ Empty = True

Branch 11 nl rl ‘eqT’ Branch 12 n2 r2
=11 "eqT’ 12 && nl “egA” n2 && rl “eqT 1r2
‘eqT” = False

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

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

member' d x [] = False

mempber' d x (y:ys) = eq' d x y || member' d x ys
subset' :: -> [a] -> [a] -> Bool

subset' d xs ys = all (\ x -> member' d x ys) xs

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

member North [North, South, West]

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

[North, South, West]

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

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

M 3.10.1 ROLHITERIMN TV ZEE Lookup:

data Maybe a = Just a | Nothing

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



lookup x ((n,v):rest)
= if n == x then Just v else lookup x rest
lookup x [] = Nothing

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

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

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

lookup' :: Eq' a -> a -> [(a, b)] -> Maybe b
lookup' d x ((n,vVv):rest)

= if then Just v else
lookup' d x [] = Nothing

3.11 (%) oA 7V 7 MEASEIOWT

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

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

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

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

312 F &

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



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

313 X5ICEHELLmY =VWADEHIC...

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

(Wadler & Blott 1988) Philip Wadler and Stephen Blott, “"How to make
ad-hoc polymorphism less ad-hoc” Conference Record of the Sixteenth

Annual ACM Symposium on Principles of Programming Languages, pp.
60-73, 1988 & 10 A

(Hall et al. 1996) Cordelia Hall, Kevin Hammond, Simon Peyton Jones
and Philip Wadler, “Type Classes in Haskell” ACM Transactions on
Programming Languages and Systems 18 % 2 5, pp. 109-138, 1996 &

(Jones 2000) Mark P. Jones, “Typing Haskell in Haskell”
https://web.cecs.pdx.edu/~mpj/thih/, 2000 & 11 A

(Odersky 1991) Martin Ordersky, “Objects and Subtyping in a
Functional Perspective” IBM Research Report RC 16423, 1991 £ 1 A

(Heeren & Hage 2005) Bastiaan Heeren and Jurriaan Hage, “Type
Class Directives” Seventh International Symposium on Practical Aspects of
Declarative Languages (LNCS 3350), pp.253-267, 2005 & 1 A

(Guzdial & Rose 2003) Mark Guzdial and Kim Rose #&. #L3&#8 R
FSqueak NP BEMNSKAKXKNTO TS IV THBIE, 20034F3 A B

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

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


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