F18E 70753 T EEROBE

11 707533 7E8BENEKRL I

TOTSIVIEEOMLELEDLEFICIE. FOEEOVHEY —DFY, LD
IARBEDINEL L TOTSLY LTZITFMNMNLNEZDN — BT, F
NDEEZEN"BER"EEEDHELENDH 5,

Jyars 3y

’é‘% RTFTEILEREBENH S, HlAIE FLACHTO
IIRMDIE - BYIR LB YR EEE (CEETIE if ~
else X, while S(, for X,do ~ while X% ¥) #'H 5%, C++ X Java IZId,
BISMNLEE D= H D try ~ catch XHH S L. Prolog Iclda2=7 44— a >
(B—t) - Nw I b5vFx>7 (BRY) RrCOHAEZH S, AR =E
Haskell IZIZBEFME, #7227 MEAERICEI TR - (29 T2 —R7%
. RIEYVHEOEEAEFET %,

INSDBRERNDERIIOVTIE, EEFEO) t25, BRERUEDBAREEIC
LT TERHXDKY IO, XNORTERYIRT ) OLHIERRT B0
DEBETHS, LHL. BREF|ICL SR T, BERLEH/E < FIAIDR
DL BB ECLBFICEEICERT 52 LN TERL,

o I /A S—DEYM — 3> /34 5—F, AYITAHEICEDOSNT-R
YEME* T 2EM TS L5ERLTVWSEN?

o TUTSLORMEN — TUTILDHEENE. (B HHENE
W) BIORBICESELARKIC, ESELOME TR I L0EKITK
LICEMED ?

Z0EH, Ta7SL0"BR EHANICEERT H-0I1, IFTXFTHLEEIZ
NETITEL LN THE,

1.2 X F XL ERH

TO7SIVIEENDEURRIIKNEL DT T, BENE%RS - NBOE%RR -
ETHNENRBNIDIIDEINSG, (L. 2ORBIIHLIEZEEFN LD
T, ZNZFNDERIE->EFY LTV BEhIFTIERY, )

BRIEAIERREA (operational semantics) |3, R LHEMKEERL. 7075
LDEH%RE ZTDHMBMMOATRENE(LL LTRRLLI LW HETH
%,

NEREBRS (axiomatic semantics) . 7O 7S5 LNDEK%RE AT ¥ HRMEAIC
SYVEZLI T EHEETH S, m—T5wE (Hoare logic) % LT DR EH %
LNTH 5,



FRHIE LRI (denotational semantics) &, £EEXEHN L 5 L BFWOITSE H
W, 7075 L0B%ERRLLIETBHETH S,

COBEETIH, ELRTHERRBIEET 2EMERBNT 5,

TSIV ITEENEDERICOVTIIEBRLEANDEAIZLY . BNF
DEAREER yacc BED LALR /S—H =Tz 2L —F—DLHRY—ILn#E
AHIN, HEDOZRCREBEADEXKICINERVWEDLE LT, BTRICEEL
’(\4\60

LHl, BENLZ S, 70753 7 2EN"BR DIBRICHOVTIE, "1
XN TABERH R IER Y — LN EE T BICIEE > TUVARL,

ZNTH, 7075 I TEBOERMIOVT, TNETEREINALRE
X, LI AL RIFITIR TSIV IEENMREREIIOVTINE
BEFDOEEDIUERTRLILDE R > TS, REBHETEZ0L S R"EH%
ROBERY 2" DFHBWVLLTITLKTFETH S,

13 S5 L5 HE

Z LZEE (A-calculus) IIEZTHERBEERTIDICHAINSAEBERART
Hb, FLTHEBELBEAKICEAT I b BEALIEE - KATHY., T/,
Lo YL B TOTS IV IEBYEZBZLLTES,

AEBETE., TOSLTHEZRAVWT, LYBEMRTOTS I TEENEK
BEN'BE) TR L TV 2 XIZT B,

ARIIETHOERBTIE. SLTFHEITMA T, Dy X Pw LT % 4E1

(domain) (CBT 2BHLZEMT S, Lo L. ABHTILEBICET 2EHFIC
SWTIEANA W, EIkDOHBEAIREATEEXEBETARNTAHRL,

TLTHERY > TILTIULAY M RERTIEH S0, TNTIXRTERRL
LI T Er, BRENLWANASZLKARYFICAIRL RS, 2T, 949
HEICEDLCTO TSIV TR TH 5BEE =38 Haskell 28BN T 5,

Haskell IZ. EARICIE S LTHEIIWL 2D DB EDHEK (syntax sugar —
KEWTIZR WHMEFRRIE) 2BMULAELDTHS, TDEH. TORICE
UL, Haskell D70 7S5 LIIBEICS LTHEDRICESIET 2 LA TE 5,

1.4 ##%

TOTSIVIEENIFIIEILBREBENER YR T 2 L TIE I LM
REEANT 29, HTHER (KL V). continuation) OIS HIEE
- BISMNLIE - BRYRY, SEITEIREMEHBAITSLDIC. EELRE %
B, £f-. #3201 5 —0RAOVBICLAVLNS, EEDIHESE
BT 522LlE, 7075 ICTEBNE%REERT I LTTIIRTH %,

Fr. ATV MERASENGHREL COEFRIOVWTLMNETFET
H5%,



TFEXILTOTSIVTEE

AFER TIE Haskell D13 A 12 Scheme, Prolog, JavaScript % ¥, #k < /35 94
L (paradigm) D TR TS IV T EREREBNT S, $. TRISIVINTF
TERATAFLERBNT %,

TORICTT LI, B2 RURKREEZICI>DE2—F—9"EFTNT 10 FHEM
RN EMEENIEIN, TNE. 7T—IJRT—Ya> - A>9—%v b -

MRFBYLW->EHLWVWIYE2—9—DRASHNLEE 51221, FHiLWe

ENEINT S,

¥ L, BE (R ERITICARERILAH Bi56050

v
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775 IVITEREBNDBRINVEIVERLRRENH B, ERDIDIT/NTIA L
L5208 BATICL 208 RITHERICL 298 E0H 5,
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@4l ATV MEl, BEKE, RER
o WMFIFICL ZH%E

BORRE, $HWRRE. B
o EITHARICLEHHE

ARAS—HRAR A>T I—HR

TEIL-THBEIFENIERLY, BERODEELZHEVD T EIXENDH D, F 1.

BEOZET > TWVUL, HEEE A TRELVWAERY, Bl0EEE B) Tl
ISR TES, LVIHIRRICEEIZ D H B, THEFIT, TFIFR
ALY ATETTOISL 2R LRTNIER SR VWELTE, BEES
o> TWBZXICEY TOlSLnRANBRILBZ L H 5,

B Z 18, 7r7“°/“17 FEMZZrEAKBZEIL. Y5534 EELIERL
EFLOEH, ARMNRL S, £ 7V 27 MEAEEIE. GUI R CARICELL
f:r-?iﬂ&oiotﬁ’ﬁﬁ Wi ET =4 - v3Ial—Yay) PEETH
o —H. BAEREEIIXNFS - VRAMN AR T—9BERS LI LHEH
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FE A8

OOPL FPL
(01FE) (D1FE)
C++, Java, ...

ML, Haskell, ...

(LB LERT)
BROT— 9B ER S NFEEH
B/BE. rviIARAL

GUI% ¥

BRI LET
75 (F—9®)

BERS
B0 % Yy R) EEYED

B®: 4 7Y x7 biEE vs. BEE

— BRI ) T EECREINSE SO TS IV T EE TSRS EEAL
TWBZ 0%\, BBMAITIIETINICF oy 7 2THRVOT, R T
Q72 IVINTETEERIE., —HATH->HIELRVEFREE-> Y
FIZ, MO TFREENREINB LWL HY )5, TO-HEEEILE
EINBZRHFTIIENDISW (THED

epicurean? stoic? \
REFH BPRER
ey A
B BF 1S

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

B: EHE BT S vs. BE9TIAS 1T



FR/ERCA TV MERERRBMER' T SRAT 2ER»H S, AR EER

EEREHEEL TV, VL LHICEFNICERT 2, BIERA»HZ L, FO
7S5 LDET

B ICRITHRENIKRET 20T, 70754085 ETE2LEL
FICFHLAEVWRERY L2 E0H 5, BIEAN R W EESIEITL TLHERES
FHLXT WA, TOosSLrEX I nWrEhbntws (TH) ,

728

FEED _ .
El 'flﬁﬁi)t) E!JVEH%’:L lJ

wLBEEE () BB Z 28

Y T N e
H:2ERAHY vs. BIFEA L

HEABEZECA TV 27 MEAZEIEBAOBEEEE TR TV Z L THE
NELH, AR ZEL. FTILWATAMZLAYAE T, TNEZITEL
TWKAA=ITH5,




H: BB EENEITOAA VR

ILIT, SELVYUBEIT"BEN'TENEIND LITEZITLL, HILWEEIE
INEITEE2, HHWIE BHENTO TSIV ITEEICLHLVERNE
AISNTWLESF, Lirl, HILWITBITSIVIEEB LW -TH, IoK
CHLWERIEN YA SRB3r WS ZriddhY) AT, BENEENLBILE
T BZeDIFALTH S, TNH, ERNDEEZ 245> T UL, #HL
WEEBICHRT R =ICLAMTH S,

1.6 Haskell

Haskell 13, R&& % BHKE 70 7‘3 IVIEERTHY ., AEWICHEMLEEY
BoTWwa, ZORLY ICH#RL Y 2HOFELRBIIFTLEHL TV S,
BEREHBEL. REWT— 98 Y\ O0PLMD 7 S RLIZER 2 HEDHkE
MERFO>T—IREREL VS, 2<NET. A Vr—REEBLIFIEIFEA
HNOBRBISADCER/BL V) 2 UNTE B,

COHEBETIE AVY—REBULERIBHESZ(EL, HOMBNBEICKE
REELEZ TWBEEEY LT Haskell 284 LI 3,

Haskell I3/ 3L EENBAL CRSNEE/ELT 5, T/, BEFTMIIMH
NEBTCRIHELWTO TS LDMAILTHETREIILT 5, Haskell EFET 52
tu Bumng@ETorars3Ir7whnatbicbRiI>eEion, &

« #HL\WEEEIC Haskell DREBEAERY AN LNBZ X H N,

1.7 I5ICHFELL Y EEVADEDIC...

COBBRECEBRTEIDIIBEFICLEBREEL 2 2FIT 5, RIS, TN
LRERNFEETH 5,

(b8 1982) 8 K= "HEERFANMA— 2V b - TO0T5LE
.y FHIAEE, 1982, ISBN4-254-11413-3

(RH1994) RBEA P05 7 —BREBEY 7Y
THF4L, BKRERE, 1994, ISBN4-00-010344-X



F2F BB ZEE Haskell & 13

Haskell 1& CREN, SLTHEERERRL Ler 5 REROERAIC
BRI HEEZEMLEZTO TSIV ITEETH S,

MO TOTSIVITEBLERNELTOEEIE. UTo LS5k 3,

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

2. (JavaScript, Python % Y ¥ tbX 5 ) TNTW3B, 2F
Yo 3R ULEFIC (RITT 5H0IC) L5 —2"REINS,

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

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

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

6. R¥#y 7T — 9 & (algebraic data type) L W) 2 —H—EHZNT —IBEE
BETH2nTE5,

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

8. A< (side effect) lZ% Ve NEAXRBBNER I LY OHRDE
Y LTERBEBINS, 2o, 7a75LnEERR COMEICET 5
EEN, LYBHIIR B,

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

IRSNIBISELTVWS, bb2A, MEKRNEZEsEZHA
CHIRAT 52 aEETHS, L, 22T, Eicho
ErEETLE-HDOBEEL L TRBNT S LIZT S,

2.1 Haskell REBZDANF YA X b=

Haskell D4 > X b—=5— LT, T2 TId GHCup 2 FAT 52 ¥LIIT 5,
GHCup |3 Haskell 2432 % o GHC (Glasgow Haskell Compiler, Haskell o038 % 0
BELIORE (T 777 FRI 29— F) ). Cabal (Haskell /Xy —y <%
—Vr—) BEEAVRAM WL TEET S0 TES, GHCup &
https://www.haskell.org/ghcup/H 64 > A F—ILT 32 HTE 5,


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

Windows D38, 1 > X b —JLIt PowerShell " 538RINa<> REEFTT
53 TH 5,

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

22GHCima<> F

GHCE., %< 7u 73 LnEEHRTHY . gecc DL HITEITARERRN LA
51Ny Fa22/34F5— (ghe) HZOHFITEINTVWS, 22T, ZOHT
WEROME R TH S GHCi (ghei) DEREEHAT 5.

GHCi 2#&#3 5 ¢,

Prelude>
DL AR Ta TP ERING, (ForTriENN—Yasicsd->-TELR S
BELHB, ) 2T T S5aA9R T REANATE2ILE->T, 774
s 7arssta— L, XEFETH2 L TE S,

GHCima<w> RIZIZRDE S b H 3,

aw>y R %\? Bk
/i

:load file 11 file z0— K3 3%,
ralso file ra file ¥i8Mmo— K3 3,
:reload ir Uenza—RFLEZ77A/4 L) )a— KT 3%,
1 type expr it expr DB E LR 5,
od e | FALINI—EEET B,
directory

commandz 3= > R0 > MELTEFTT
: | command %,

Bl: :1cd, :'dir, :!start. B Y
2 ~NVTEETRT B,
:main :ma main AL EITT 3
tquit 1q GHCi #8277 %,

T, BIZKEANNT B, 20X eFMLTZOREREEHT 5,

Prelude> 1 + 2
3

(COTEFRLFORITHTIE, 3OLIITBHRIL>TVWB L IBD Y RT AL
DHEAT, TN 2=HFDONATH B, FELALL EIE, Ctrl-c THEFTTE
%O )

Haskell D 7’0 7S LY — X7 7 A ILICIZEE EWHHERFEDOIT B,

2.3 Haskell n 7’0 7’5 LXK




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

EHnE

my

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

anls

I

EHNEEILROETITR I,
EHa = X
BEOEEZILHDTEETHLIILROERNIIR S,

{

%ﬁ%l = Etl;
g;&%z = Etzr'

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

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

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

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

Tarsh

Haskell D 7’0 7S5 LIEEY 2 —ILOEEST,. 1 20FV 2 —ILITEKRNYICIZE
BOEHDNDEZ DRI

module £ a1—JLA where

EWINY TR E OB EBRTH S, 2F). KFOLILAEETH
3,

module Y a1—JL% where {

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

}

EELEEODEZOMIC, import EEXHNES. IS AEBRNEETR LY
ELZUNTES, INHITHOVWTIFERT 5, BE. 120774121 2D
%yl_}b%gaﬁj—éo
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module €Y 2 —IL%E wherey DWLEEHT 5L Main LWV I ELRTIDEY
A LDEBRLBRING, 7L—RXt€IT02L 4 DBEERINGD
T, Lot HLEERIES. Haskell D 7O 7S ALAIGEITROD LI RFEERE LTV
3Zrith 3,

A, = X,

8L, = X,

x84, = R,

RBE &
MEcERT S . R3IEKE =) OEDITERT,

trivial x
twice x
foo x y =

NN X

*ox
*x t+y

NEHTELLZ N TES, A trivial PEA twice DIFBEIE. x #°.
B foo MIFEIE x ¥ y BRI TH %,

TNz, CHe s Ild,

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

YWOBBICHYE T 5, (Haskell Tl x, y 2% int Y W HIRIT R WA, CT
2L BHOFROLVEAREERZRT H22LETERL VT, BEL int
BIZLTWS, )

mAPEENEEFIE, CX Java t HBOLDOH D WA, BYEBEFERLCER S
LNV Hb, BL 5583088 >R THAT 5,

BA#o#ER (FHL) 1 "“twice 2" X “foo 3 4" DL ) ICEAKRL E3IHK%E.
(BERSTEATRY) > T) IRTELETTH S, (Z0EIFZNZTN, 4 &
1012% %) BEOBFENREC CETERLNDL I IHRICATEINE DT Z4E
3%V, bE3ALEENIBE*RATRT 5012 "foo (twice 2) (trivial
N"DEIICAEREERATZILIETES, (ZHfEIR 11 IR S, )

Q231 RDEHLEAREERL L,

1.342LT1 %23 <B¥ bar
2.3 %Y 2 cube

SLTR



Haskell Tld. ZRTORVWEEERTDICTILIR LV D T LT HE (M\-calculus)
ICHET 55T AV S,

Fy (Ny27225vyva) (L. BRBEERETRLIELIEA~Y—7 Ty,
IZ->TLED) OHLITRIEEEZATRY > TERTES, TOHLIC
Ty 2O THEEERERORNEELS, 2. "\ xy -> 2 * x + y"
X, 2 2D3| ¥ x, vy #XITERY, xD2EBL y DR RIERTH S, 545
RIELEAHK (HEHVIIELZEK v,

(ZLgstBErid. o oRbYic g 20 T, (EVFF) oY

F>, (T7o—, @) AVSE0ER S, )

YR H S, RSIENDERTIZ (Haskell MR F 2 DFHBRANZHE, DT ¥ &
ZLRWRY) BERICRIZENTES, FlZIE, "\ xy > 2 * x + y' &
“\ dog cat -> 2 * dog + cat" IR CEEEZET., THLDIBRERLONL

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

LHROBBERIL. ROFTLIRNEF-LERLEI L FHETH 5,

trivial = \ X -> x

twice =\ x -> 2 * x

foo =\ xy -—>2 *x +y
S LT RDH

T\ x > x —ZHExEWVIZEEZITR->T, x2ZXDFEFFRTND
<. BEEBAEETEL TV S,

C7H5Id,
int trivial (int x) { return x; }
WO trivial ITHET 5,

2\ xy > x— 2, x Ly EWIHFEERITERY . x LRTEKT
H5, CHzELETIK
int baz(int x, int y) { return x; }

ERINS 25| 80E M baz ITHET 5,

Haskell IS %3 | 8AK " BBz RIEAR L 2/A—HRT %, 2FY. \ x v —>
xld N x> (\y > x) YEAETHS., THLHI, $3|HEAHLT K%
RIEAE Y LTRBETB2 %, YE95. #')— (Curry) lI, E&%
32 :mIE & Haskell B. Curry (1900-1982) D& IZER ATV %,

\x => (\y => x) E LTRSFE. TN, x L WHFIEERITERY,
\y > x EWOHBAKEZRIEAKRTHS., LT\ vy > x tWHEEKE, v
WIS EEZITRY., (INEEEL) x 2 RTEAKTHS., 2FY. A2
HIIEFREREBTH 5.



3\ fx >f (fx) —BAKITLrT—9x%ZTR->T, £ % xI122H
HRAYT2EETH 5.

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

axrb
Haskell D3 X > MZIZ 2 200 E60H %,
. Wizt (=742 )
. tWwintt EEITAAT)
24 ABAZDT— IR U RETF
241 BRN G T-IBURETF

Haskell TIZEBIE (Bool) . EH (Int, Integer—Int EEZE (HFR) HBE
DEH, Integer IEERE (AT —0HFTRY., W S5TEHEHBEEREILC L
52eNTES, )OEEK) | FEIEEEK (Float, Double)  XF

(Char) B EIIMAALDT—IRY LTRHEINTW S, Bool B ) 575
ILIE True ¥ False THhH'Y . Integer, Float, Double, Char B ¥'m!) 55
LOEIE CEEBEIZITRKE (12,3.14, 'x' ®Y) TH3., (0.2m 0134
BETER0RY, M VREIRH S, )

INLDT— IR L TIIBEAALZOBERCEEF IV 20AEINTW
%, Lisp DIGECERY, BHMURETFO T+y, -1, Ty G 1 + 2 *
3OEIICBENRERAETHNS, (Lspld (+ 1 (x 2 3)) LHRHE
HETEL )

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

A Bool TR IFNIER 5, Kyt R3lRA LR TR IFNER 5% 0, X p®
True D ¥ TIIRN,. False DY FFX3X LTEHMBEING., H, B THLLEHR
BE 9 %%, if ~ then ~ else RN Id. Haskell TISFFFH L TFBIEEZ LB X T 54F
BREATIERWV, BEOBHE2 T 2RFTOBABEERT S LLTRETH 5,

HBRETF T==1, "<y, T<=) Y, WERETF "cey, "1y ECX Java
YRLCTH 5,

ROBLPEFE (factorial) DA D Haskell THOEETH 5,



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

BEGER IO A RTEREZNEETLY D o TN,
fact (n - 1) W fact n - L¥ELZYIITER W, BHIZ

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

BB, ZoFloL S ICEEKIZ ERTH2UDTHETHZ, 2FY., ER
NEDICEDEE2ERATEINTES, BIZNERICEN AR ERERT
L0E(T W,

Q2.4.1fact 100%sE L TH L,

(R) #—F

H—=ReW->T RIBDIEVDREZIC T, 2FE, TOHLITEFHFAETEL
ek b, H— KR (7] FHEX=F3T, ovkt) BERELERSZ o
Hk3, znigaE. £ () OHA—FHr o FZHEX2FMEL. BT > BN
=) DADEFEBET 5, H— FEFED ¥, LD factDERITRDL S ITE
ek,

1
n * fact (n - 1)

fact n | n ==
| otherwise

8. otherwise & TZMNUIML, LW BEREDS, 1S A TS5 —THIC
True Y EHZINTVWEERTH S,

Q24.2 7 1R+ FE5
{an =1 (n =0, 1)

ap = Qap-2+ An-1 (’I’L > 2)
SHETAME fip & GHEERIETEMAERT) BREL, L.
fib 0 = 1, fib 1 = 1, fib 2 = 2, fib 3 = 3,fib 4 = 5, fib 5 = 8,
wTH%, (HhYTRLHAELZBRYRTZLDRW, EORVERNLEL D
BT 5, )

FE EHRETE-> TREANRELAES, BE Crl-c TEHBZ 2 TE 3,

242 ') R b

VA MRHEAALZDT— IR LTHEINTWS, YR MEIZBEICER
ETF—9 DV THSB, ') R MIEHHEIIC Scheme (RF—4) XD Lisp &



MGECTET—9B-THY., Haskel| THEERTA 775" —BEIHA
[

NDE/H
BEXNTW5S,

JR M, T (KH) YR B ¥ 2R (cons) L HENEEEF T 4 55
BRINE, 2D22% ') R bDOEKTF (constructor) £ .38, #ERFIE. 54
LN HEITIL—TILLT, BT BN T 24T 5,

o YRk ([]) RXFBYWENDYRAMNTH S,

e I¥2 (1) WEARTYFELTEINS )R PORBRICELFRT >
LLTESNBBRENIMALY X P ERTEETTHS,

Free Ty & THsd, 2FY, 1:2:[1E1:(2:[1) D rxET,

JDRAMD)TFIILDEFELLT, BRE T, (3>7) TRY - TAENR,
T TEUEADABRINTW S,  (Python X JavaScript £ 1T R Lk
EE-TWS, ) BlAIE [1,2,3,4] &, BBEOBERHI 1. ROBEH 2, ..X
WIHYRMT, 1:2:3:4:[1] D2 TH5,

Q243D [1,2,31 ¥ @ [[1,21,13,41]1 % T:0 & Ty (CABMCE
B)FIL) K TRREEL,

VR MR RIA I —2EFO>RTHS, 2FY. YALOBENTEZ /X5 A
—9—rT 5%, BENES Integer BNIFGE, TD A bOBRIL

B BZENAEY Double BDIFE X RIS MYyEI£IN5S,
ZNZ A list ofmteger list of double ¥ #d. BNEGZBERINBEET SR
(NFOY=ZFR )R BEXRTERY, 2FY. [2,'a", (211 DLHD
&ﬁuﬂli—tQ%O

String® ¥ type EE

Haskell DX F%| (String) MIIERIXFN ) X WL LTHRINTWS, O F
N

type String = [Char]
DEIITERZRINTWS, 22T,
type 4% = #

IR NG| (type alias) * EE T 5HATH S, LDOFIDIFE string LW HE
£0%, [Char] EWAHBDFL LR B, WEBEIAXFHNSHBE BHAFTRIFN
72 572\,

Q2.4.4Q [False,True] DB ¥ QD ["Kagawa", "University"| DB &
"j’o



wRA>9—8%

JZ %, FALERENERAWER (FEKRA > 9 —32h. box-pointer ii%) T&T

e H B, BFlAIE ROLH IERINE) R FDIFE,

X
X
X
X

s0 = T[]

sl = 1:xs0
s2 = 2:xsl
s3 = 3:xs2

ROEDL T B,

TS3 TSZ Tsl
3 " 2 1

120 Ty 22FEOEAFHOEN DRI SEHORT (AR EIL) NDOKEP
TEY. HOFHIE, 1, 2, 3B LOHK OBEORTADRIRETH S,
GEOPITHBOBORTIEBZTEAE I EIER W, FICADBALRVEWND

i,

E A > 9 —ek

A i&’ AAX

[] ///

Fr. [11,21,03,411 EWHIY R R MIL
v

1| 1| 2

\ 4

A4

EWHHKRA > I —BEDELDAVKEPTERINS,

Q245 RNDY R NEFKRA > I —ETET,

3

VYR L0FE BERTTRBVEBRTEAT 22 Lid%\, )
ZYRXMIRREFIVTERT,
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,5,7,11]

[2,3,4]
L1 TLE

(1]

vk wn =
—,—_—— N O

[ESE
— e W

o~
o~
fa—
fa—

(B#) YR 2 CEBOBERLLTEERTSLRODELHIIH S, (Haskell
ISR MmN HE0 T, BRI SID LEMR T — IHBENREICR S, )

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

}s

typedef struct list* list;

0 list ¥WOHEEMRIL, head ¥ tail YWY 2 DODA/N—FHED, T
NDIB tail FREETRINTVERADOKRA VI —BTHSB, F/ list LW
JENI, typedef EEICL > T, struct list* YWIHBDFLZLY L TESR
IND, FERAVI—ETRIPIIE>TWVWBYEZIEH, CEETRKRI>Y
—rLTHRING, )

Fr. EYRMICEEZETIZA EHNULL TEINS,

EETYRMERHIBEIE, malloc TEIY HTAAE) %\ free 27
EHEREM TR ITALN TRV, Haskell RHENBBBZE TR I IEDH LW
IEMADENIT TR free LR TH, REIIR > AT —SEHIE
BEMICERINS Z LIZ > T\ 5,

2434

#8 (tuple) HHAAALDT— IR LTHEIN TV, IdEREE 7, (2
X)) TR TENR, "(" )" THATET, M) R MDIFBELER Y.
BEOBENR—THELEIETR W, (1,'a") L WIHIRNENL
Y&R@EINB, T2 (2,'b',[3]) LWIHIROEIZ

Y REIND (EED Haskell TIE, 752
(type class) ¥ WD L DHERT 572D, TNHLORIEEHI D LEMEB 25
2, FlZIE. (1,'a") d. AL Num t => (t, Char) ¥WIHIEEHE,
CITRBISADBAIGEIF T, EELY LEMUELATR (B TILIE
Integer, FE/ AL 75 )LIL Double) 28BNLTWV3S, b, BTS2
PFBRIT LI TCREZOCHICAFRLAV r 2 #RT S, (BERET S
ISR Y Haaiev, ) e

2 p.10



Q2.4.6 ROXDE L fH ?

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

O LWIHIEBEENATOBENBELHS, 2=V F unih e FIEN S, () DEIL ()
¥FiEL L, 2=y MRy INg, CEED void L I REVHET S,

2.4.4 ¥R

B#EO®IT T->) tWHES (70—, &) %2> 7. Integer —>
Char DL I ITRZINS, 2. SIEDOES Integer TRYENEIH
Char DEEOBTH S, T->, & THhs, 2%, Bool -> Bool -
> Bool W) REIL YRR SN 5, Haskell Tl
AT EARERIEAH L LTRRTS (TnZr:"AY—ft" v

I) DT, TOLIERELLTHRLTELIEHINENTH %,

E &k

Integer X Char DL I ICREBDO LRI LTAXFEN SBF S, —H, a R

b DENNTNIXFTHE ZHNFHIUOPICHENSIHE, TNLHIE (type
variable) TH %, TNLNDREHIIFERT 5 T2, LY EKRYLEIE SH#H

ABTLHTE S, BIZAE, [a]l -> [b] -> [(a,b)] EWIBELFHOEALK

. [Char] -> [Integer] -> [(Char, Integer)] ¥\ B EHOEK
*¥ULTERLTHLRWL, [String] -> [Integer -> Integer] ->

[ (String, Integer -> Integer)] ¥ LTEALTHELV,

CHLHITREREELRE (polymorphic type) ¥ \» 3, Haskell &
rrHICHEMBEHTRENLTO TSI IETETHS, 5T %, %
%< NTOT5IVITEBIIBRYAMMOENT VS, MLOSHEBIDEERIT &
"o REETH- I

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

YE<L, FlAE trivial X fact DBERARTL THE T WVIHFEIE,

trivial :: a -> a

trivial x = x

fact :: Integer -> Integer

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

NDELITEL, FELBEIR, ZHECEFOBIITO /S v—0BHRLELT
Y. Haskell LR HImL T<N5B, COEEL%E (type inference) &
W

25 /89 —>=2wF >0
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Haskell Tld. BABEZR DRI DERD I EWHIBDEENT, 3|1
DI C TBED T EITR I U TETH S (—ROIC AR SEIET —
IOIEFEIIE A TICNIE (BAE) »"EASLIRIBENBETHY., £ 7V
7 MEETEIZ. T—F (75 R) OFFEENIEA T, LB (AV Y F) »"H¥Ei
BWEIRIFBENRETH S, ). /NI —2rld, REBIIE > TERLER
BT (T X Ty BRE) DONHBERTINEZATH S,

fact 0
fact n

1
n * fact (n - 1)

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

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

-1
Yy
£

00 XVS

E#%e a—>, o RE—2 = K
M#e a—>,, R —r, = 3K,

BsME Sa—>_, . 88— = R

i LBFICIE, BARERO LY S TOIEIC, AROES I HKE/ Y- rRE
L. 9YFLEEROEANFMINS, ZDFINHE. myLength DT EH
Z)RbE (1) 5T TTENMBRING, —FH, 1 ODULDEREH DR
P SIT 2 TEBIRIN, VA FMOEBEERENER < ITREIN., &BY D)
2 SDER xs ITRBINS, (H. mylength ¥ITX A LE CEE length
:: [a] —> Int D2ESA TS —ICABIN TV S, )

AR L 7L J 1T if ~ then ~ else X & Haskell TIZHFFHER L L TR I LE
< UTOLI ICRFENBE T M ifte TERT HIUHTE S,

ifte True t e
ifte False t e

(]l
ot

BHE. GHC IR =22 v F o INTRTDIFEERL L TWERLTE,
ZBELHALRWY, AR R54A4 >4 7Y 3> -fwarn-incomplete-

patterns EHE TSI TEELTHTLIICT BN TE 5,

NI —22yFr 7T, GATEDLRWVERPICE T, (Y9 —2a7) 21{&
STEBICRMBET, ERTE2 0 TE%, Hlild mylength DIJBAE, x &
EATERL TR VDT,

myLength ( :xs) = 1 + myLength xs
YELZ2ENTES,

RD case ~of RI/NNI =22y F o I%2T745, (RlEY, 7L—Re+ 3
JO0VITRELEET S, )

2 p.12



case ito of {
KE—, -> =
/QQ_QZ -> :_r—t2;

nNg—>, —> K,
}

RoEFMEL T, LA SIEI/ ST — Y EBEL, S92 lcv vy FTEL 51
KB 8T = STy FT B SR, B TNTNIESI NS,

F72if ®; then H, else X3 L WVIRLIRD case ~ of ANDBEILIE L #F
RT 22 EHEAETH 5.

case I; of { True -> XX ,; False -> I, }

Tz, let X (BR) COLIRREYERERETSZ 25 TH/ 9 —>
2ELZrILTES, Blald.

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

RYTH3, TOFEIE. RNI—2IE—BEONLTHEEDFIETES, /89—
viZwyFLEBEWIIEN S Ao NN S — i b,

251 ) R FPo#EnFo, BEKDSEE nysum myProd /39 —> <y F
VI EESTEREL., (AZENOBEE sum product IIEES A TS5 —ICH
BINTW3, )

2522 2038 x, xs FXITERY., VA b xsh 6 x tELVWEER%

1L Lo LEBEICHENE —DDBERALITRYKRWA Y X M ERTEK
deleteOne

2. RTERYBRWAEY R P %ERTEE deletenll

3. BRBICENSG—DERLITIRYKBRWE) X b %RTHEE deletelast
(reverse XA W)

FINTNERELL, ELVEERNS—BRVE I, TYRLCY R M%EERT
Lot L,

f 2.5.3

1. BEAEN Y X b [Bool] 2 2EKRLRL LT, WRT2EREHETS
%X fromBin :: [Bool] -> Integer *E&ZHE L, BlAIL,
fromBin [True, True] X 3. fromBin
[True,False, True,False] £ 10 (l7% 5%,

Ex b3 E DB L HBIEESBEIILR B,

E> b:R—F—nH% (Homer'srule) 295, 2 Y. %ER
an” +ap 12" 4+ ...+ ax+ag %

2 p.13



(...(anz+ap-1)z+...4+a1)z+a PIETHET 5, Bl
fromBin [True,False,True,False] I

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

[True, True,False, True] & ((1 X 2+ 1) X 2+ 0) x2+1¥r#i3
LIHIEHET 5,

2. BAEN') R b [Bool] ¥ 2EBYRL LT, WK 2EKLHET S
%X fromBinRev :: [Bool] -> Integer ¥ E&HT L., =E L. &
DR IZHIBICEBEIR LA TWS LREE L, BHIAIL
fromBinRev [True,True,False,True] I

1+2x(1+2x(0+2x1))=1135¥% %,

BYRAMNERRZIDIBICEINAZZEALRL L, 2EANDEZZET S
%X evalPoly :: [Double] -> Double -> Double * E&HE L,
BlaE, [1,2,3,4] ¥V YR M2 1422 +32%+42® v\ %A
N RBA L, evalbPoly [1,2,3,4] 10 OEIL
14+2x10+3 x 10244 x 10° = 432112 7% 3,

B 254 FZHNDY R b xs EEBODSEBRANOBEK £ 22FRY., VA 0L
BRICFFHERALAZERORZAE T 5@ sunf :: [Double] ->
(Double -> Double) -> Double ¥*EH T L,

2.6 FMEIC L BHEERA

BMEAZENHRIE. 7077 L0REE (FEE) R EDERIBEHIRS
EWIEZBIHB, (TNITHLTHAILCERTR, BFNES =) &
EEN =) IE%RIELR S, DF Y, ¢ = getchar(); EWIRAIDH
572 LTH, c DHIR% getchar () TEERALZIZTERV, BlAIE,
e = getchar () ; putchar(c); putchar(c) ;i et

Mputchar (getchar()); putchar (getchar());s IB®RIER S, )

22T, ZFOLIRERBOFL LT, 250 X MIET IEABIEMTH S
CYDIERRERY LIF5, LD RIEIRIIBHELHAT S A%\,

1261 (EB) #itRao=1an=2an1+1 (n>1) TEEINZEID
—BTEN e, = 2" 1 TEIND 2 Y ERFNRMET AV TIHREY L,

UTOFILIFMEEZERL TV 3,
YR b EREET B revo:

—— (++) I& Prelude [CEEFH

(++) 1 [al -> [a] —> [al

[ ++ ys = ys - (+4) = (1)
(x:xs) ++ ys = x : (xs ++ ys) -— (++)-(2)
rev0 c: [a] -> [a]

rev0 [] = [] -- rev0-(1)
revl) (x:xs) = (rev0 xs) ++ [x] -—- rev0-(2)
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EEtnzEHETIE. 3|HD BT 2R DS 7= 1%h
ZHB, CE (++) DHEBIRIAEARS D FOY I ORI ICHHIT 3, )

ZITRDLIBREREELD,

1 -- shunt [& reverse DB

2 shunt :: [a]l -> [a] -> [al]

3 shunt ys [] = ys -- shunt- (1)

4 shunt ys (z:zs) = shunt (z:ys) zs —-— shunt-(2)

5

6 -- reverse [ Prelude IZEZHEFH

7 reverse :: [a] -> [a] -—- reverse- (1)

8 reverse xs = shunt [] xs -—- reverse-(2)
20 reverse ¥\ AL, FIED IZEef 5 % iR

TYRMERBTEDDTHERIRL,

20 reverse ¥ rev0 OYEMTHZ I E—EHEICES Y, IXRTHOAR') X b
xs LT

| reverse xs = rev0 xs

DY IO X REEATE B,

ZNEOITIE, ROL SR EEFAATIILR,

’ shunt ys xs = (rev0 xs) ++ ys -— %

Y, HYTART S (++) ICEHTEIEBE*EhEMNIL. ys T[] ERNT
UL reverse xs = rev0 xs EEBATE 5,

ZOHEBNERIL, IZBAY 2IRMMETHIBAT 2 2 LN TE 5,
ZEEA:

xs = [] DY E:

xs = z:zs DY E:
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1262 TXTHAMR) X k xs 122WT,
1.xs ++ [] = xs

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

Y IO Y%, xs ICEATBRMETIHAEL, (Y2 T (++)-(1),
(++) = (2), BIWEDNREZERT 30 ARE L, )

BlZIE, BIHEnLIR) XL EBRL TOTS5LT, RAIZALHNIZELW
. TRTDBEELLAHONLIZTEARS 6. HEICRXFHRER» 9
YBEFTERSTER WY, BIFFEIMN) yF—REZENH->TELVOHNY
IDVASH TR WY, BETEAWLREHITRITS, Y WHFBEII, @EH» R
BETHEIFHATESZHE LNV,

2.7 AR R b OIERGE

ROLHI BV RAMIHTZEENLLFAINS, 2T 51L Prelude (RS A
T3) =) ILEREBEATH 5,

NS R NUEEAKN S K IERBEAKTH S,

SFEREE L IE. TR LAY, BETERLTRYEL T 5L ) LA
NDZrTH5,

I map :: (a -> b) -> [a] -> [b]



map f [] = []

map £ (x:xs) = £ x : map f xs

zipWith :: (a -> b -> ¢) -> [a] -> [b] -> [c]

zipWith f (x:xs) (y:ys) = f x y : zipWith f xs ys

zipWith £ _ =[]

take :: Int -> [a] -> [a]

take 0 _ =[]

take  [] =[]

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

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

filter p [] = []

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

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

concat [] =[]

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

BlZE map 1) R FORBRICEICEA#BEERT 5,
map f [x7,%p,..] = [f xq, £ x5,..]
Z D 2 5|1 EARDY zipWith TH 5.

zipWith £ [xq,%5,..] [y1,Vor] = [£f X1 v1, £ X5 yo,..]

TH5IT, take @Y RFOWK DO DEBENERETRY HT. filter Y X b
DHEPSFHE[/ETELDNEITEINET S, iterate IWMIEB LHERD 5T

(BB 52 \WVDS.) EMRT 5. foldr ¥ foldl BENITNELENLE
HATEBHTH 5,

foldr (\ x v => x ® y) x [V1,Y2sY3r- ¥Ypl
= y1® (yo® (v3® (.0 (y,®x)..) )

foldl (\ x y -> x @ y) x [Y1,Y2,/Y3r Ypl
= (. (((xQyq) Qy,) Dy3) D) Oy,

. concat Y RAMD) A MNDEZRBERFEETZ2LTTI TV bR AR
¥ 3,

concat [[xl,l,xllz,m],[x2,1,x212,m],[x3ll,x3,2,m],nj

:>[Xl,l’xl,2’""X2,1’X2,2""’X3,1’ X3’2,...]
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ETHEI OB EUTOLI IR B,

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

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

filter odd [1,3,2]

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

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

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

S R L L B AR R L

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

B 2.7.1 L&D take DRI, Y X FOREWMDO nBNDBERXREZERY K< drop

Int -> [a] -> [a]l EWITA TS —EEsH S5, ZH LR CEE
* ¥ 5% nybrop ¥ E&ZE L, HlAIE. myDrop 2 [7,9,6,5,3] &
[6,5,3] Th b,

2.8 b ELEL

Haskell DEA%KIIBE IIRTERREATAVWSA, #AF2 T 4 (Nv o 7+—
be Z2—b (7)) TRAEWVWZYISER) THOZYICL-> T, BERET
ELZUNTES, THIINIRICICARZAZHVRIEIINERTH S, FlA
£, RO &L HI2 Prelude TEE I zip DIFE.

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

BEIL zip [1,2] [3,4) DL ICHTICEABEEE<H, TN%E [1,2]
‘zip® [3,4] YIIHBOBICEL I TES,

PEIRETAVSEEFICH L T, infixl, infixr, infix EWHIF—7—F
FE-T, BEIBMALEEMETEDEIUNTES, 2 21d. Prelude

(Haskell IZIE LoD L3 ARAINBIFEES A TS —) TIRRODIIICEEY
nNTW3,

infixr
infixl
infixr
infixl
infixl
infixr
infix

infixr
infixr
infixl
infixr
infixr

AN * %
4

/, “quot’, ‘rem', ‘div’, ‘mod’, :%, %

++
==, /=, <, <=, >=, >, ‘elem’, ‘notElem’

ORFR EFEPNWPD U oyJ oW

22T infixl & . infixr I 2%£T, 12720 infix 365
THRWZ ¥ GEREE—MHAI <y WEFEELNDTL < x < 2 I IBXTF—
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e B) BT, £ 2FEBOBFENKRETVIIY, BEIBUS GV, HIAE
T, B7R0T, 60 M+ LY ILEEHLR,

Q281 ROADERIZL I G BHh ?7HEINEHANL TREBEZTATHICE L,

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

—F T1H#s%6%+. /<=>2@\" |-~:) OFDOXFEXRAVAEZHNFIRZMOSFE
RENEREFE L THRONS, FIZIE. T BEFIRRDLIICERTE S,
(ZI2IZ Prelude DR TEZEINT W3S, )
)
x ~ 0
x ~ n

: Integer -> Integer -> Integer

1

x * (x* (n - 1))

Ny I T4 — Pl ARK, PERETERAINSGEFETFZ "("")"T< <>
T 3OIDEEXETRAVWSZ N TES, Flaidl + 2% (+) 1 2 &
2eTES, HHIVIEEF*EROIBKRL L TET I TES, fla
&, zipWith (+) [3,5,1] [6,2,7]1 & [9,7,8] TH 5,

Q282 RNXNEBENPERETES, FMITELLITERE L,

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

29 MoBERYL LIV a >

Haskell dBEUIA ) — LI NTW 5%, Thbbt, 3| HOBEHKIT "B ERYT
%L Y LTERBRINTWS, SIRO—FALIT2ERAL T, BREOBEE% nap
DL LREBOIIBIEIZLIIBRLSH B,

Prelude> map (take 2) [[1,2,31,14,5,6,7]1,18,9,10]]
[([1,21,104,51,18,911

Prelude> map (21p [8,7,61) I[[1,2,31,104,5,6,7]1,18,91]
[(re8,1),(7,2),(6,3)1,0(8,4),(7,5),(6,6)1,1[(8,8),
(7,911

mwauﬁﬁ%L%W‘ﬁ%b?*%ijlﬂoTv . SEEFORBOA
RSVRETZ2ECTARELNTED ., FlAIE ( ) 12T ZEE\ x > 2
* x ThHY. Uz)mzfaéﬁﬁ\x—>x/2f%%°:m;i@:ﬁ
FEFOmHBERE LI a eV,

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

[2,4,6]
Prelude> map (/ 2) [1,2,3]
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[0.5,1.0,1.5]
Prelude> map (1 /) [1,2,3]
[1.0,0.5,0.3333333333333333]

Q291 8RNt I7>a>ieES5LIXNTELT,

frl T-, RETR BERETO -, 3BFET SN (-2) BE7va
it s (ANETHS) « TORHY subtract ¥\ ) EEK
(subtract x y =y - x) D'FET BN T, subtract 2 LFEL ZUHTE
%O

f29.2 "TERA% Y X FNCIEBEAK, THNL 7K map & OB (¥ ZAUARE]IC
BAL 7 length, id B ECOEE) %E-> T, ROLHILEBEEFRTIEL %
FbHFIcEELL,

1220 2D 0BFBNERRAL, 1 HFBNERRL. . B L. F
LWEROERZRTEK countEg () R FDERBHER 5358 1.
BWISIIHHES)

Bz 1L countEq [1,2,3,5] [2,2,6,5,3]1 1&21c% 5%,

2. XFHN) R M EZITRY, BXFIIOREZKIT T, 225 TEBELAX
F3|%3iRT addSemicolon

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

2.10 BFFY E &

RKDOEAHIT let LWAHAF—T—F2AWVT., BAWLRERE2EET 22 0T
3,

let (BHOD) ZHOEZE in R
LWABHTRV S,

powd x = let y =x * x iny * y
myHead ys = let (z:zs) = ys in z

-—— FAZEDOBE# head [X Prelude IZTEEFH
-- myHead (x:xs) = x EEEITDH_ELEHLTED

RETHD, COLEy Rz zs BRIA-THROENZD T, EEDEED
S TRIEAEBOEBNEIETH S,

Q2.10.1 RN &L 5 LB % 1let 2AVTERE L,
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1.27T &’T 28 % pow27 (( Ty X Trx ) BEEF2EHTID)

2. VA FDREER (BREERVEIRY) RO BEM myTail

COBITIH4RT B (powd) EERLTWVBD y * y OWOHIEH y

NEEE ( ) IKBLTWS, Rk, I5IEHROER" OELDE
2 (ZofITIE. NFR) bRAI-TIBL TV 3, THILRDOHITH
"5,

-- repeat [¥ Prelude IZEEREH

repeat :: a -> [a]

repeat x = let xs = x:xs in xs

CORBIIERxNER) A E2ERT S, (ZofloLHIcEh» LT 5%
{57 X %L Ctrl-c Tht¥rv %, )

Prelude> repeat 1
r.,1,1,1,1,1,12,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,..

TR ML, RDFERA VI —BETERINS,

XS

1 ]

(oL IHRERHIL, Haskell TIR"EF 52V - BICLAERVWR" TIHEL, B
KOHBIRER D, 2D L, H YT Haskell DERMEES % 4813 2 BFIZEHEA

?%O )

Q2.10.2 repeatlList [2,5] #%[2,5,2,5,2,5,2,5,2,5,..]x
repeatlist [1,2,3] %%[1,2,3,1,2,3,1,2,3,. 18 WYER X MITH
%54 )R repeatlist :: [a] -> [a] 2EHRLE L, BH. | ENY R
FOEBEERIIEETH %,

B> b (++) 2EAEL,
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2103 YR MNE2EELF YRR LT, TORTES (HoEENES) 2K
B powerset* EHR T L,

ﬁUilipowerSet [1/213] Li [[]I [1]/ [2] ’ [3]1 [112]1 [213]1 [1 3]/
[1,2,3]11 %%, (L, IEFRZ0BY) TR THR, )

EXbh:E7va iE LRABICERTE S,

FHIYREIRYIPMTHT Y, EBICATRY) —%2HE L (ER D5, &
EH10LK5VWETICEHTHL T Y,

(%EB) whereff

wheret WHF—7—F%2E5 v, BRERNDEDLTHERINSGEE - %%
SICRPFMICERT 52 LNTE 5,
BE#E N4 —City = K
where (E#H®D) ZHOER
YWHAETAHWS, (ZOEATIRFIIN TR WD, where TRFINER T
NEEEDEBROAT— RBICEFL» > TERIN TV TE L) E3ZD pows,
head IIRDEIHICERZT B2 rHTES,

powd x =y * vy

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

where (x:xs) = ys

L. where ICL 3BFMMNERIIERD /NI -2y FICE LB LT
KA

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

ZOBIT var BEBE O foo- (2) DIEI LY TH S,

2.11 Haskell o) i EkBE

Haskell DX DF@EIZ. (\ x -> M) NYWHIESR%E, BHRORVEMOL
HDORIE x DBl HBEEFEIRNICESRAALNICESTRLIS, IN%E
B %9 (beta reduction) £\ D, BFlAIE, “(\ x -> x + 2) 3"% 3 + 2(I&
M5,

CHMAE BN TERVRETERE L VI,

FEEFREESHRIFNIL, —DOORNICKRBY Lo BREANITEERZ L1°H 5,

B\ x > x*x) ((\x-—>x+1)2) 20r: Bz pHEN%:
BIY, BRI FNOBIESANLTLE ). (Bl (A x —> x * x)

3) ¥ (N x => x + 1) 2) * ((\ x =>x + 1) 2))
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L L. D ELAEIBEANETRIL. CORDPHINLEDLDEBUERT
E¥oNBZZ Mo nTWE, (Fr—F - -ayvH—nEiE)

M; M,
B\ /B
o

CHIIZEREIC, HARNICEREIBEET 2L 51E, ZHE— LW (R3]
BOZEAFICLEEBVERLS) tWIZ L EHRIELTWS,

RLVENSLIELEELEEBRATVITIE. ERFEOFET 25, STIE
HEICBET S UOTARETHH LWV 20 OENT VNS, ZOFEERE
(leftmost strategy) ¥ \* 9,

Haskell DZH@EES 1L, BRI OREZBEICL 2FMmHETH S, 2V IE
B EHF O >ROFMIILTEE 5, /AL, AEAICIORICHIAT 2L 91
(graph reduction) = A\ 5 ,

BlIZIE, ROLHICEZEIN square EWHIBEAREE L 5,
square x = x * X
BREBE CTldsquare (3 + 4) EWIHIRIIRDLHICEHET 52 LItk B,

square (3+4) = (3+4)*(3+4)
=T%T7
=49

2% Y., square DIV TH S (3 + 4) WHABEINALWFFE, FT square D
ERICULAED > TRV ERHAING, T LT, RBIKEIIRST (ZOBEIE *
DEEENLKBYLHND) EILHT3 + 40HEINS, TOHFREFTA1—
TICETTHYL. 3 + A =EHEINTLE S,

TSI TIE. COLIRHEEZ TS T7ORTELT, 3 + 4 E—ELHE
BLrWwEHITLTW3,
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square * * 49

1 0 U
SN SN

BEBKRIISLBICL L THMEE2RESEEDT (lazy evaluation) ¥ &
EhNb, L, 7075V ERTCREFEEAVSIHEIE. T0LHD
LTS 7B eAaEHE T, BLAENRYRLEBITSLIICT 00—
REITH %,

BIEFFEOBRVWYE 2 A IIBANICEROREINDT —IEEL2RAZ2LTH
%, BlZIERO LS EAKEE L S,

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

F5¢ from 11& [1,2,3,..] EWHIERY X MEH, THER') R b2
A LTAWVWTWS take 3 (from 1) ¥\WIHIRKIZE

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)))

:(take 0 (from (1 + 1 + 1 + 1)))
:[1 (= [1,2,3])

A

1:2:
1:2
DEHICERIFETEHETT %, HlAI take DEEEZT 2HIT. F 15|18
O THVWEEIZ, BE238HP TR D ZTHITRWHEZLENH S, £
o, RECICEREICHERESEZRT SOOI, (1 + 1), (1 +1 + 1) "%
B9 5 8EHNH 5,

B, from TERINSLIRFEZEHINHDWVWTIE T, ., 2{E-> KL E (B
KiE) WK OHABIN TV S,

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

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

B “.." %

%{
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TN 5ITEIZ Prelude TERINABEKOFE LICEIRINS,

[ e .. 1] = enumFrom e;

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

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

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

BUEFMEAVDI L VWEWE Y BIEENTOTS I Il 3, 8F
Bk (Hughes 1989) I&. BEFMMmEFAA LT 75 L0WRBILOFEEZFHL <
HEAL TV 5,

—F. BEFHELRAVZ L TO0T S5 L08BHON DL I RIBFETEITINS
Dh, BRNHERT 22 eHE LV, BIFRAIEETINSIERFICL > THEHES
Bh sz, BEFMErAVSLOICIE, BERANBEE LR W EAKEERT
H5, T, BEFMTE, AT —DEFERAEIODVWTRELS I HELL
R BIEEN SN,

2111 74 R+ F%511,1,2,3,5 ... DEFRY X, LT fib ::
[Integer] *EHE L,
EXh: 74RFYFEIELEE2TSLLTCELET S ..

1 1 2 3 5 8.
5 ..
+) 1 2 3 5 8 13 ..

i
i
N
w

B> b:BEE zipWith 215,

B2112 ZRICEENRVWRIBICYAL2ODDY R 22—V LT, REIVYE
B LORIENY R FEEKT 58 nerge 2 EHRE L. HlAIE merge
[2,4,6,8] [3,6,9] 1% 1[2,3,4,6,8,9] Il 5%,

R 2.11.3 @ 20.30.5F (4,5, kIS 0ORLEDER) ORTELLIERNLEE
HFRLUICHRIEICENRZY X b hamming # E&E L, BlAIE take 14
hamming & (1,2,3,4,5,6,8,9,10,12,15,16,18,20] Thb, ZN') R
FD BN FENEER (LELEME 0FBBYEALBE) . 2% Y hamming
11 699%%5898240 Th % Z X 2 BERE &,

B b: B8 map ¥, UBIDORBD merge 21E 5,

2.12 ') R F »A‘E %L (List Comprehension)

HaskelllZ. ") X b (list comprehension) & \\ ) #ER#ESL (L H\W2H
JA) (syntax sugar) 2. JHIEIBFTELNIEENATRETIMULEE
<h3,

Bl

Prelude>[ (x,y) | x <- [1,2,3,4], y <- [5,6,7]]
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[(1,5),(1,6),(1,7),(2,5),(2,6),(2,7),(3,5),(3,6),
(3,7),(4,5),(4,6),(4,7)]

Prelude> [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] OBIEETH 5,
JRZAPOABEZRIIRDLILHEOLDOTH 5,
[ X | BERK, ., BEX ]
I TRERIE. Bool AKX (H—F) o R (EKR) :
EH <- K

DUTNHTH S, EBRD T<-) QLD -V EEL L LTHTH
5, ERRAOEDHNZEROR I T, ThE YV EOBRERTH S, &
BATERIEROREHMEL TRSNS Y R FOBREIEIRAL, #1— K
THYR2HDODHHE LT, TRTOMAEDEEFIET 5,

Q2.12.1 ROA BRI DEISAH?

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

Q2122 FENEKEn 2XITRY.,. 0<zc<y<n B3I RTH g,y N
AR T % foo :: Integer -> [(Integer, Integer)] ¥*RNE%X:E
TRAVTERE L,

BExb: Ty %265,

2123 FEDEHn 2ZURY., 1 <z<y<z<nO&EHET

PP =2 rRBEITRTD ez, y, 2 DHEERT B chokkaku ::
Integer -> [ (Integer, Integer, Integer)] *RNEBEXRZTAVTESR
&, FIAIEL. chokkaku 20 DfEIL. [(3,4,5),(6,8,10),(5,12,13),
(9,12,15), (8,15,17), (12,16,20)] €% 3%, (EHBIIZOHLrELR->T
WTHERW, )

HNERENER

YR FOABRITIGRDOL S REAKERVTERT S L0 TE %,

unit :: a -> [a] — BFREH 1 OYVARMERT
unit a = a : []

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

bind [] []

bind (x:xs) f (f x) ++ (bind xs f)
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Bz bind [1,7,5] (\ x -> [x, x - 11) |&[1,0,7,6,5,4] |27
3,

BRRANLRD e EY TH 5, (THBICEERRAANZBRAICERL TV
<o)

(e |1 = unit t

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

f:f:“b\ bli Bool 'flﬁo)-it\ P{D Qtipaiiﬁmjtzﬁ—(“%éo Wﬂilf\
[(x,y) | x <= [1..3], v <= [2..4], odd (x + vy) 1

RO LS ICERRIN B,

= bind [1..3] (\ x > [(x,y) |y <= [2..4], odd (x + y) ])
= bind [1..3] (\ x ->
bind [2..4] (\ vy —> [(x,y)_|_odd (x + y) 1))
= bind [1..3] (\ x ->
bind [2..4] (\ y ->
if odd (x + y) then [(x,y) |] else []))
= bind [1..3] (\ x ->
bind [2..4] (\ y ->
if odd (x + y) then unit (x,y) else []))
Aa &I DERA

RNEBERZEAVIY, 7497V — FMEIROLSIEEICEINS,

gsort []
gsort (x:xs)

[]
gsort [ yv | v <= xs, y < x]
++ x : gsort [y | yv <= xs, Yy >= Xx]

(L. BRAYBETHERTEH 55 HEROITIIXEORMLITH
%O )

2124 ROALEEE LOERBEA = AV T, unit, bind FAVEFRIZYE
Lo

X <- [1121314]1 y <- [51617] ]
x <= [1..10], odd x ]

M 2.12.5 %3 (2,3,5,7,11,..] DER)V A br#i 5L 52 primes ::
[Integer] ¥ EHEL, (RBXRZETAVTH, AVWERSTHERW, )

EZH:

2 p.27



"I h RT % R (Eratosthenes, 275 BC - 194 BC) N3 B W'Y W 7L T XL
EEETL, COBRLADTILIT XL EETERTZLRDLH IR
%O

1.2 UL BARKELERS,

QEABEOHEIMYKRE, TOEBEZRBEICEYKRL, (ZOEE"35
W (sieve) Y FATWS, ) BB, EVEORY 2KHSI2I1E "mod” &
EF*AVS, Flild, 11 "mod> 32 TH5,

3.2 B Y IRTY,

COBFICABICHENEZBEIBRICERZDLDOHNERBDINTH S, BRPTER
2 FDER) R FHBEONSHY, BEFTEDOE 0T TREI> R,

COLHTLT, BEHEERYVRA M LTERRT ST, TFXIRBERE
BN T B2 TES, CRETERLLI LTS L. 1000 FTHEEK
YWAHANIIEIZRAVTHEHEIZKRKD S Z AN TESD, RN 100 BNEEKE
KRKOLZDIENWLHDDEINEABETNERV DL OO LR VDOTAICH LR
%,

R 2.12.6 @ 22D sieve 2EIYE (div ® mod ¥ rem) 2EHTICESR
&, (E> b #BEKYLT, 2O0FIEN') X b xs, ys #ZIFERY . xs
IZEEINDD, ys ITEFINARVWERLXRIEN) R b L CGRYTEAREERT
%, )

R 2.12.7 Haskell M9rDEE T, B A M2V IaL— N 555 %AE S
IEEEBEL, I LEZ0HEZRAVT, TOZETEBRIN T ERKT L,

213 T4 F (8) 74 —> D&
JZAMORBERRZEZAWVWT, ALLENRIILEBVNTASZXICT 5,

IA M@ I7A4A—ORBEEESENIA—> %, BEWIIERAZ AN TER WL
I, FRBOLICBK Y WAHARETHS, 74—t - # - g
THOHBI, AT TELBHTES, GHORBLATZFNRALOILREEITH
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%5, ZCOBBOTRERBIIW ONEET %, ZOERERBNEF Y EY) R b
Y¥LTHRETS, T2TIRERY X MMIAREWICIZER LR WD, BETMEIE
MBOETKERZREEZERLT,

IA4—>DEREIR., 22TREDY R MNTERY. [4,6,1,5,2,8,3,7] RD
SORBEEET. 2FY. [(1,4),(2,6),(3,1),(4,5),(5,2), (6,8),
(7 (8,7)] ¥ WHEEXEITL TWVWEHEWVWIZErTH5,

%g 5

FTEDKINEFTIA—EBEVICERNBE VLS ICEREL T, Fk+150IC
THICTIA—CEBETESHDEIHNBERL TV, RITTKT safe ld safe p
n#tlength pFEFTHIA—DEREH» p tWH) ) A MTEL N, &F
length p + 19DEnITICIA -2 BL 2N TESH I ERTEARK
ThHs,

1 safe p n

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

4

5 check (i,j) (m,n) = j == n

: Il (i + 3 ==m+n)

7 [l (1 - 3J ==m - n)
22T, a1l g

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

2 all p []
3 all p (x:xs)

True
if p x then all p xs else False

YERZRINEEBESA TS —0BEKTHS, /. [1..]11&[1,2,3,.] ¢
WHERY X FNDBEERETH D, 2% Y. check 3T IIROTRLAELIC
FoTWHEWIEYEFvILTWES,
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Q2.13.1
1.all odd [1,3,5] OMEIZEA?

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

1 > safe [1,3] 5
2 True

3 > safe [1,3] 2
4 False

v

i 5,
Q2.13.2
1.safe [1,4] 2 OfEILEH?

2.safe [1,5] 3 DEIXAH?

IS, RO mFIDITRTHDREREEZANTNL, TDEHIT, TDLHD
BRINRTOEREBEB(®D') XA M)ERT queens t WHIEKEERT %,

I queens 0 = [[]]

2 queens m = [ p t+ [n]

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

2%Y, BYDO0FORLREBIZ1 D2H->T. FNIEEYR b T[], TEX
N3, m- 13BIFTHORELRBE* RO SNNIE, safe AEEFE-T. &F
nINBNEELEEE KDL LN TES,

Bl Z &

1 > queens 1

2 [[11,12]1,031,1[41,1[5],061,[7]1,1811}
3 > queens 2
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(c1,331,101,43,(01,5],(1,6],1(1,7],(1,8],12,4],12,5],
(2,e1,12,7],12,8],13,11,(3,5),(3,6],(3,7],13,8],[4,1],
(4,2],04,0],104,7],14,8],15,1],15,2],15,3],1[5,7], (5,81,
(6,11,16,2],106,3],106,4],106,8],17,1],1(7,2],1(7,31,1(7,41,
t7,51,108,1]1,18,2],18,3]1,108,41,[8,5],[8,6]]

BEFMERAVNTVENT, BMOBERDSHITIEERYLICLELRIRY DM
HBLhiTeblw, 2FY, ko [1,5,8,6,3,7,2,4] EKDBNIT,
queens 7T NFHEEIRTITRS>TVWEhITTIHEL, ZORMDEE*RD S
DIZKERETOBDOFHEE LTV 5, 2L, queens 7 ¥ ZLRIEHEY
% ¢ head (queens 8) &Y LETRICEFHEI DS H5EbD 5,
(GHCi T :set +s ¥WIH) AR Y FEEITT 5, K&, FHEICEHN AR
AE)—BHOETRINELHIIL S, )

22 TIE, BEFEIL PrologTW I L 2 ZDBEY (Sv 7 bFw 7T,
backtrack) Yt B L L IR *ERT 3, 2F Y. 1 2L B KD S:E L
TRTOBERDBFE LR~ IRART Z2H8E X R, Lrd, 12 FEEK
HEEOICIF. TNIIREBELRETOFE LT RbHRW

574 A2 queens 8 REtETIE S L,

> gueens 8
[[11518I6I3I7I214]I[1I6I8I3I7I4I215]I
(B&)
7[873111612151714]1[814711316721715]]

BIIITNTTREHBZ 05,

RI2.133 M0 ZET. 8 /A —>hERE L, ThERSIE BRYES Ial
—FLT, — DR, TRTOBEERLTOISLTHERBES RO LNS L
L,

R 2.13.4

(F4 FKE) FA Fd, EORDFLRDVRH 5 O ‘O
OFD VAN TESLFzANAYTH 5, 5x5

220Fz2BT. HBvR Wk 218 » O 0O

LEDTIRTHOTRAZIBTOHNERBERD S
Ta7S5 L EERE L, m

o
o 0

f2135 (74" H7E)

1.V=bFINEEBED) I RN T, 32XV, 3>ORLEK 2>
NEILEZRBSTTYR 7Yy 7T 5% shuntsu (IBF) . kotsu
(ZF) . toitsu (FF) zxNITNERE L,
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Prelude> shuntsu [1,3,3,4,5,7,8,9]
[[3,4,5]1,[7,8,9]]

Prelude> toitsu [1,3,3,4,5,7,7,9]
[03,31,17,7]1]

24 BENEBEREHD>ERDY - bINEL) A MDY=V v nFE—B (F
SA=V=) DTHVFEIZE > TV ENEHET S chinitsu 2 &
gL, EL. TAHIRLIE BEF GOV FAIIRF 3
SORLE) 4D TFF QOORALE) 12, TE-EETH

%
Peg| 22| [@o0|ecs|ese
ee|oe| (298|008 0
ealoec] @29 eeg eee
) \ )

Y
g+ JIE -+ xf £ I+

N

IS

214 5 ICE LY WA EDIC...

SC#k (Haskell) (2. Haskell ICBAT 24> L EBRBEHRETH S, Xak (W
T) ZBARETO Haskell D EER TR TH %, Xk (Peyton Jones et al.
1999) |3 Haskell D{#¢E T, Haskell ##IAT 2 LTHOEARAR X2 A2 FTH
%, ik (Jones etal. 1999) (&, Haskell DA 2T DAY v — 7 AFE FA Hugs
NA—H—2=27ILTH%, Xk (Peyton Jones & Lester 1992) |3,
Haskell DZEZEII>WTHY WAICEEH T %5, Xk (Hughes 1989) &, B
HFMERBO AT S LTENDL I ITAVE O EM@HEL TV 5, XEk
(Wadler 1987) 13') R bR B FLZEMFEL T\ 5%, ik (Peyton Jones
2003) & Haskell % 2%&t L 7z H S A D — ALZ £ % Haskell DE&Etn"El
B (Y'BE) Ths, Xk (Bird2014) GEAKTOI7 5 I 71T 5, &
BRHAREICLDRETH S, Xk (BH 2006) | BAREBOMBRE @ T ORI
EThH5,

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

(WTF) LT Mk T{EE|HLLORG) https://www.sampou.org/

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

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

(Peyton Jones & Lester 1992) Simon Peyton Jones, and David Lester,
“Implementing Functional Languages”

https://www.microsoft.com/en—
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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 eI S I SILEERD
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 THaskell & 2B¥ T 075 3> TnREE,
KADOKAWA, 2017 £ 2 A, ISBN978-4048930536

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

(LT &EFA2006) LT ok (B) FAREER (F) 3250
Haskell 7’275 3> 7 32307075200 0EKMEENM 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 T35 3> 7 Haskelly #+ — 4%, 2009 £ 11 B,
ISBN978-4-274-66781-5
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AT Haskell DL A 79 hIL—IL

ZMF THaskell DL A 79 bIL—ILIZODWTIZBAREIZIRR T Wi H - 7=,
Haskell IZZ T (A >F > ) orFIcLY . ZO8@BIT - BXBEAH»HEL Z
IT2EETHS, (FL—RRELITIOVERERNIE-S THELSITRW L
T BZHIARETH S, )

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

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

YBIRING, LAT7I9ML—LIEZnL R TL—XXEIaarsrok
IRIBEIEANININEED S,

UT OFTIFES L Haskell D1E4kE T# % "Haskell 2010 Language Report”d§
QIS DHBTH S, (bdH. AEN §103 1, LY FMLERNITBHINT
W3, )

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

HaskelllZ. RHFDEREFOLAT7I R EFEI 2 LITL->T, WL
HOSCERATELN TS T L —RLIdn 2 ERTHI L %
FLTWE,

(HEg)

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 layout insensitive.

LA 72 ko Haskell 7075 LICHT 20RIE. LAT7TMIEST
REINDZIBFAICTL—RrELIaorremy 32 ricd ) Relc
RRTEIUNTES, T5L, TNEBMOBRNTO TS LDEK®
FLAT7IMIERELRLS RS,

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

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



LAT77 8 (HBWE"F7H 4 RK") IL—ILIL where, let, do, of ¢
WAF—T—RFDETHT L —IXNERINEL XTI, AR S,

let
f xvy =

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 £ 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. GHLWTICH DI DIEDLLT) ROFEADFET
TESEEIN, BBINEHETL —INEBAINS (F TXFILRD
8NREEXFEITHEAXFLMRINS, Windows DT T« 7L
9 TXFHRD A DEBXFEETHOEAXFLBRINS L DS
WOTERTS2Y), (FOUOROZEARIAC IDOBELHS (B
F R EDLAXFTH Haskell DB RIZY > THEKFLRIL—
XFRDOT, AV LATY MIERT 2561FET 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 vy 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).

ZNICEELSBITICOVWT, L. TMHZEADELEEUH. LY%<
DETHFNINTWER 5L, BEROBEEIREINS (DT Y RIC
LEAINLEW) . L, ABLATFETEINTWSER S5, $LWIE
B FEsrsLdT (L3202 FAING) . L LETITE»D
BRWRLIELATI )R MDY tAeIND (A7 L —X0'HE
AIN3B) ,

let
{t 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 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—RRBLATIOM) R EBOEXATITIHIRT T BHL EIC
LEAINS, 23Y. ATL-ZRAPBENTHLRVE SITTRERFTH
DN E, ATL—AEAINS,

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, BF
THRHATL—X0H- Tld, BROLHATL - 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.
COLIRATHLEATL - Z0RHTIR, TOTL—2DIMIDHE
REZRICHL T, HEAHBITOKRBNIIH > BEROBEATL —2 &
DY ENLIEF > 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 4lztIaar 7L —A5fEAE L,

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

31 REWT—9BNESR

NZMDELI BT -9 L2 0S5 HoIlERTE2HELAEINT

W%, 2OLD T IBITERD (constructor) D52 ¥ 9" T % 5%,
ZLTRERDERFIENL 29D T 4 —IL K (field) 2520 TX%, 20
S Tr—98% (algebraic datatype) £\ 5,

T—IRNDEZD—MLENDRDEEY TH 5,
- WRTE, B, B,
I *%Jﬁ%%z EEZ,I EL—JZ,nz

(-
| HETE, W, B

BERTFL - BRFLLLIFEASXFEERLZNIGE LR L LD, BRE L
(3312 "o BUENDHSB, ORI BRFL ~ BXFL, D m
BENT— 90605, B, ., B BBRTE SFHOT74 L FORTH
%, BEIE, B, L BB R T4 — L ROROBISEND ZRERTH
5, 22Ty "t vamd, MlAlE

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

rwiy (BFIZE%ROLE W) T—FBDIFE. Foo Double Integer BII#H 3
DITRDE S ARTHS, Alice 3.14 [1,2] HB\ L Bob "Hello" 3 H
% \MJ Charlie, ..o

REHT— I BIE TR TOERFITT 1 —IL RO WESIE. C X Java DFZE
enum BYRBLLEIBRIBDTH S, ROFITIL,

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

North, South, West, East M 4 23  Direction MK L TV 5,
(deriving .. ICOWTIX%ERT 5, )

Q3.1 1 LRATAND3IDNDF (J'— (Rock) * F 3 F (Scissors) * /83—
(Paper)) %% 9T 7 — 9% Janken ¥ ER T L, (deriving.. lI2F R TL
W, )




—REI IR T — YRR TFIZ 71— L REH>D, ROBIIZ=HK
(binary tree) # &3 T —9BEERL T\ 3,

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

20T — 9IS Branch ¥ Empty D 2 DDERF %>, Empty ld 71 —JL
FEELT. TNETT29KREEKT 5. Branch lZ3 2074 —IL P
2, 1HBY 3FBN Tree a FEDBFLRALHN=2KRTHY. 2HFBD a
SBETHS, 2F Y., Branch lRDLH B EH-> T35,

Branch ::

22T, oalk THY. 2212 Integer X String RN E
HERBINNE Z DT ES, FlAIL Tree Integer IIEBED Integer BT
HELIRZDRDBTH S, Tree BRIIBTIZ % < BBRTF (type
constructon TdhH %, 2F Y, BNRSA—I—%#f5TILHTRIIR B,

BARLHL LT ROLILHDBINZ D Tree DR EH D,

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))

BlZIL treed DIEEIX, RITERTERDLIICH S,

Tree I T 2E%IE. N —2 v F U IT2RAWVT, ROLIHICEET B2 L
BTES, 2F Y, REIIBOMEBITERF LEEN SR EXEEL LN TE
%,

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

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



-—— BRH. HIAIE treeSize treed (L 4

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

2FY, top FZDANDEBENEEERTAK. isEmpty EENE I THE
T 2B, treeSize WEERFRTEAEKTH %,

Q3.12%., £, REHTA%*ETEE right, left, opposite ::
Direction -> Direction ¥ E&Ht &,

Q3.13 F 15| HHE 2 51K L T, Janken BOBSL - &lF - 5| 217D
WINTH B9 5 ET 2% judgedanken :: Janken -> Janken ->
Ordering ¥ E&E L, 72/ L. Janken |2 deriving (Eq, Show, Ord)
BRWHDr LT, 2FY T==) ® <) ¥ Janken WITHEATER WY
LTELL,

2 27T ordering XRDE I IHAEES A TS —TERZRINLEERTH S,

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

LT A& F. GT 2L, EQ A3 X F, 2&ZTHDYLT 3

f3.1.4 Tree RIS L T, ROL ) LB ETERL L,

depth :: Tree a -> Integer -- &FES
preorder :: Tree a -> [a] -- RIEEE
inorder :: Tree a -> [a] -- FIEEE
postorder :: Tree a -> [a] -- RIEEE
reflect :: Tree a -> Tree a -- 58

Bl 7 1L, (Ddepth tree4,®preorder tree4,@inorder tree4,@
postorder tree4,©reflect treed NFERIT TN T, @3,®
[(2,1,3,41,®11,2,3,41,® [1,4,3,2], ®Branch (Branch (Branch
Empty 4 Empty) 3 Empty) 2 (Branch Empty 1 Empty) ¥ 7% %,

1315 D n oK (FEOBERKOBLOAREHF DI LH°TE S, rose tree
tH\WI) LT T — 98 RoseTree 2 EHZLE L, T/ nD2ARDEBERKEK
& 5% roseSize :: RoseTree a -> Integer rERLE L,

(BEB) 74—-ILEFSRL

COBERDLSIIIRENT —IRDET 4 —ILFIZERT (74 —ILFSR
L) 2213321 aEETH S, ROLHIT, 74— ILFEBHETL - (4
~ 1) THE#H. T::) OBIITA—ILFSIRNILEEL,




data C = F { fieldl, field2 :: Int, field3 :: Bool }
deriving (Eqg,Ord, Show)

CHNEER. RNDESLRENT —IREERT 5,
data C = F Int Int Bool deriving (Eg,Ord, Show)

TLIC, TA4—=LERSRNILFLWT—I2BET L EICH, /9—27y
FoTICHLERT A YRS, WTNEIVRA NS 79 —DiEIC, TL—
ZRIIZ T74—=ILERSRIL =R, OA>VRYYDIUVEEL,

vl = F { fieldl = 5, field2 = 12, field3 = False }

foo :: C -> Int
foo (F { fieldl = x, field2 =y }) = x * x +y * y

ZOYE foo vl OfEE (524122 =) 169 1%k B,

F174-ILREIRNILIEE, T—905 74— ILFDELZERY ETEKYL LTE
AT2ZrddEks, Flald, ETEEINA v IIHL T, fieldl v D
fElL 5 12%k 3,

ADEIC, T74—ILESRL =R ODA>VIREYYDLEVE T L —RAIC
EWT, BELE74—LROEDHEZEELIEHILWT — I 2BRT B LS
ICHERATES, vl { field2 = 3 } DfEIL F { fieldl = 5, field2
= 3, field3 = False } % 5%,

\

3275k
RIS ZOBEBBIZANSRIZEF T WD DOAELRBNT 5,

RYEILT 4 XL (%48, polymorphism) Y IZEAEK (X Vv R) %o

EHFTIrEVI, THIT BRIV EIVWERBOF|KESN
L. L2 N (ad-hoc —
ZDOHBRY D, LWIHIEBK) FHL VD, (F Ry I7RSBIIHL T, BIC
Lo TREBHIEDLLRVEHNI L E/85 4 1) v 7 (parametric) k%ML =
Y. ) ATV 7 MMEAZEDHH R (dynamic binding) 17 KA v 7 %D
—RETH 3,

7V MERAEETIE, BITKRYELT7A LW EETEHHEENE
KEITEL L H B,

BMREER LSRR LT (P EEZ,
overloading) "% %, 2EERIE— DDLU BEROEREF DI L TH 5,
BZIECH T+ T==; T<, BREDARXL—%—1L int (BE) BIcP
double (EREEFE/ AL RICLBERATES, LA LRKWICIE, BAT
NERNIL > TL B 2HMMEICERINSG, BIRBLELS81E. 28
ERIFID/NAIL BFzv7) BINEBAINTLEI. tWHIRTHE (0



FYBNLREETHS) , BITEFICARS Y FOBRIIKLE TRELIRY 23 5
LA i fThbhi W,

2FY. FEERLTFRYISHEORBEAEN—DOTHBHLEASY, #EA
SEEII 2 2/ ILEFICRA LY BIGEISREINTLE I,

Haskell D & H IR Y /NS A MY w I SHEHITEETE., THLH o
TR TESEEETEATCLEIDEETCH-LBENEL S, HlAIE, RD&L
3 7B

square x = x * x

EERLALE D2/ M LEBIIEONIRERTIERETFTORKERET S
JrRETERY, 23 x ORHIERENFENRABHORETERVDT,
Tx) DEZEDVRETERY, 2F Y, CXJava (DEEF) TELNTWVB &
Y B EERIL. Haskell TREZAL W, TITELLSNBZNA W,
squareInt :: Int -> Int, squareDouble :: Double -> Double D &L
JIRBIZTVICHABRLEEA T, ABEERT S0 BLL)CEKER
BELERT 2R YZIFAND WV, HI)—DODLHIE, square x = x
* x EWHEREZNETIHL, BTHO x ORI L T~ DEETIEIRT S
C¥THB, TNIE, BTRFICHBEREZTESIRIFNEVIFRGS L,
square "abc" NDLIBRREIST— Y L THRETIRR S, tWIKRELER
BHH 5,

—7%. Haskell TE—2>ORENT—IBNRLZIVR 79 —DRHT
. R =22yFUTICLY T RRYISEMERRL TS, BIAIE Tree
B Branch ¥ Empty T I isEmpty ¥ treeSize NEENEAL S, £
D square DL I REBOERZTARICT 272DICITEROBICEFAH»Z TR
Ty I7%MBE. TENENRIKERT Z8E0H S, T 2T, Haskell T

EWHEAEANBBANINTWS, BTSSR HICIE. HERELH
ETROEFYTH S,

3.3 Haskell D 7 5 X

VAT T3 Haskell B 7 5 R (type class) €3BT %, Hl¥ LT, Eq ¥ WH R Y
ZRERY LT 5,

Haskell TH C YR L &L HIT T==) (HFS) XL —9 —Id Integer (B¥)
BZ3 Double (FBHEESFENNEAED BICH, TSIV 29 DRITLE
ATE%, B8MEIILE3ARTCICER S, —A, BAHEBEE ==, THERTE=
BV, BlAIE (W x > x+x) == (\x >2*x)I3T5—THhs, (H
BORMEM I ETEEMBATH %, ) Haskell SZBEHTERTHEZDT. fl
Z L,

False

X ==y || member x ys

member x []
member x (y:ys)



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

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

(1, 4, 7] DL 1T [Integer] (BEEN' R L) BD3|EKIZH. member
"Kagawa" ["Tokushima", "Ehime", "Kochi"] nLHIc [String] (X
FHNYZ L) o3| BICHBERTES, LA L, member (\ x -> x + x)
N\ x >x+1, \ x > 2 * x] OLHIICEAKND) X MHEATSZ XL
TER,

2 2T member ¥ subset NBIL, 843 3 -> [a] -> Bool ¥ [a] ->
[a] -> Bool Tld# v, M TIE. member X subset lF¥ DL I LB %
B, EDELHNITEEINTWBDTH S H? Scheme X Python O &£ 3 ITENHY
KB INEEETE. T 947V 27 bHBDBERE DRIEFLT
WBNT, ETRFICRIISC CEYZEBEBIRT S22’ TES, L,
Haskell DL 122>/ RA LBFICBIF = v 7 %474 ) EE T, BARFICET—
FIEROBERERFL VRV ONEBETH S,

Haskell Tld. 2N S5 DEBKOB A ICHRZINS (Bliftss — 7L, %
DEEDFHMIIOVWTIIARBTRYBRIGBEEEAS) , BEROBERL T %
AT Y. member ¥ subsetldRNDL IR ELEFE ST WS,

member ::

subset ::

T2T'Eg a =>"LWIHIBDIE. a EWIHIBREENEqrWIRNETY (

) IKBLTWAFIEWIFR W, WO BRICET 24514 (type
constraint) &3, EqtWIHIR IS L, T==, (HFS) "ERXRINTV3 L
IRBOEZTYNZILTHS, —RITBI ST XL,

DZEThH53,

AISAIBENA TV MEASETNDI TR - AVRIVRLWVIEE
YIRBE®RVRALZDTERET %, BENF TV 27 MEAZEETIRI S5 XL
(PFYHR) THHDITXF L., Haskell DB 7 5 21
ThHb, (JavadA>9 72— ZOBRMTWVS (rWHILY B, B
Fh 58 Al Java DA > ¥ 72— Haskell DB 7 5 2T WS, L\
EIHBEYTH S, ). )

3475 REELAVRIVAEE

BMISZANDEHICIE class LWIF—T—FERWVS, Blald., Eq 752D
F &L Haskell TIRD L 5 12EL, (Prelude IZEHFH. )
class Egq a where

(==), (/=) :: a -> a -> Bool -— = TlEHZVLDTEE
a /=b = not (a == b) -— TIAHILEFDESE



DY, TR a BRI SIEqIIET SHICIE. a -> a -> Bool E\WHE

EEO2O0BE (==), (/=) EEHLELRFAEVCITR V) YW EKRITR S,
—ARE9IC IS,
class 73R, BEH, where
%, .. &,

Eﬁ%@ e 522

DEHITF—T—FRclass DHEICISRABrREREZEE, £—7—F
where DEICHMOBEE E B, A, BEH, 75 RGBT B8
I, B e WO BE O, B, t WO BELOBK, R ETHS (F
BTHRLCTOHRVDED, HPEZHBEICIT 520, IRTEHK I ZrIZL
<o )i EWOEKRTH S,

Z LTI Z IEREBN LU 7 Direction B A% (deriving 8inted -7/ L
T) Eq 7 7ARIXBT % (Direction #¥Eq M ThH3) %8
9 %%:8I213 instance Lt WY F—T— FEHAW5S,

instance Eg Direction where

North == North = True
South == South = True
West == West = True
Fast == East = True

== = False

22T T(/=) ) SREFIIOVWTIR, 75 REENPTT74ILEDERNAE
INTVWEDNDT, AVRAIVREETREES*EART S22 TE 5,

F/z. Tree BDIFE (deriving #in s -7z LT) . ROLIICEEST
%,

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

"'Eq a =>" DRI Tree a IIHFETE2EET SLHICE. BENRTHS a 2
ZEENERZINTOVRITVIENITRVEVIENEET., Tree DL HIT/IF5 A
— I —EFHOBNIFGE, ZTIHIWVIHEINIGERIBEISL W,

—ARE9 1T,
instance #l#1, => 73X, #, where
F*ﬁﬁl = :_l'—tl

@ﬁz = Z_I'—tz

NDEIHIZF—T7—F instance DHEIHINEY IS RL, BEEE where ¥
WHAF—T - FOHYICHBNDERZLENS, T, #lHynbr T B



3. 73 RqDAYRIVATHY . B, B, nRERIINITNA,. X,
THhbd, LWHERTHS, M, —RIC (VTR BEH, 753X, B
%%&2/ ) t \’\ :) ﬂZEt—(\\f) %o

IFLALCO® (FlZIEY) 2 b)) I Eq 7T RICBT %49, BEEIIOWT
X, —RIC2DOEABOVEMTHEH0 LI EHET 52 LISREBAICTATRE
DT, Eq 7 FRIIBIR,

Q3.4.1 fAIAH D Bool B r Hflie 57— 9§ &:

] data MyBool = MyTrue | MyFalse

EEQ77ANDAYRIVAL LTEEY L, (BB Bool BIIHT B Eq7 S
ZDAVRIDRAIIEESA TS —PTEEINTVWENT, E5%707
SLBIZELSREIIR G, )

Q342 UBTD Quiz TE&H L L% AITA (Janken) % Eq 75 ANDA >R
9>Re LTEE® L, HlAIE Rock == Rock Id True. Scissors ==
Paper |d False TH 5%,

Q343 "size :: a -> Int" EWVWIAY Y REHFHE DI SR Sizable 75 R
rERTL, HIAIL,

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

4 instance Sizable (Tree a) where
size t = treeSize t

(€}

NEIHITAVRIVRAEEETSBY, size [1,5,2] 312, size treed
13 412% 5,

3.5 TNBNFRENLR I S



Eq DMEICERALEELRR IS5 LT, 0rd Show, Num 2 ¥0H 5, (XATD
A I— FTREETHRWAY Y FIZABLTWS, )

class Eq a => Ord a where -- ord (X order (JEF) @
&

(<), (<:)/ (>=), (>) :: a -> a -> Bool

max, min it a —> a —> a

class Show a where

show :: a —-> String
class (Eg a, Show a) => Num a where

), (=), (%) :ra > a -> a

fromInteger :: Integer -> a

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

ord IIF%E S, Show IEXZFEFANNDEH, Num ¥ Fractional ISHALEE D A
VY REEHELTWERISITHS,

ISRAEEDN T=>) OEQIIH B IS5 RIE. RA—/—7 5N 35,

BlZIE, Eqld ord DR—/X—=T7 SR TH%, 2, FlAlEord 77 ADA
YRIVRIE BRI, BT EGQIIRADA PRI RATHRIFNIER S5\,
YW ZrEE%RYT 3,

PULRRICG DD, WISAEEDOXNEECRDB L EIIR—/I=I S5 %RT
KEPIIHEB=IC (DF Y class Eq a <= Ord a where .. NL 1) T3
RELoF, LWIHIRBH S, 2HIEord 1 LW HIKDL, Eqg 1 WD
FHNEEEL WSRO THS, BEL, TDLIICEDHBIEINT>EY L
TWEDEE P, I 6 —ERI-EERIEL SN,

\ J

ElZ, NI THMN TV KD, 1 X 3.14 R EDEEY) T LIE,
Haskell Tl Z#MNZF M.

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

YOI BREESTWSE, 095, FlAZE 1L L WVWIBIE) 75 LIE. Int LT
H. Double ¥ LTHEATE 5,

Show,Eq, 0rd 7 AR T B4 > RIVREEIE, T AYDT—FRT
SBBIZRY, LPALRALEIRERIILZNT, T—9BNOEEY deriving
Jdrravin/ ¥\ F—7 — R &> TV UL, Haskell DREBEAZNS DA >
RIVRAEEEFEHFICERLTNEZ LIZR>TWS, FlAIE Tree 2
WTIRD L FITEL,



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

IHNT. Tree I L THEARFES Y D (==), (>), show REDA Y Y RHPVERI
1’"%0

Q351 AALN ) X M &l T — 7R
data MyList a = MyNil | MyCons a (MyList a)

%, deriving #AWVTII. Eq7F5R¥Y 0rd 75 ANDA Y RI A LTE
EEL, 0rd 72T ADAYV Y RIZIEWhD 2HEXNDIEF 2 AV L,

FHENEF LI, A2 DY a=aaaz - -a, £ b =bbbs---b, DIER %

BCUENEE (flA L, ar ¥ bl\ as ¢ b2\ L) BET, sip SIEHICHEN
TWE,

e HBEJHH-Ti<jURBIRTDGIIHFLT ai:biﬁ\ﬁa]’<b]’
slda<b
e Mm<NTi<MmEBRLZIRTDIIHLTa;=b%5a<b

YRB53L3BOTH S,

(VS5 2ADEZRPICT IALFDERENERZINTNVNENT, Eq7 TAD ==

AVYY RY0ord 792D <=AYy FEFE2EETNL, oAV Y FOES

TESIIICER IS, )

EYhRDE IR, VRIS MyList NOEBRETIBAKEEEL T,
toMyList :: [a] -> MyList a

toMyList [] MyNil
toMyList (x:xs) MyCons x (toMyList xs)

W2 DT—RETAMEL,

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

36 47Yx7 ERLDEIR

F7YVz27 MMERERETHERAINGBIL OBEIIOW TN S,

3 p.10



F7Vz7 MEAEEB O SF—7— Fr L T#HHFEE (dynamic binding) -
(inheritance) - (encapsulation) D32 L K BIF 515,

Q3.6.1 ZNEDNDEREWNICT 5B NP ERTHEN,

IS RANEXEDHMEMD IS ANSLEBTIENTESZ

BRI - .
QK . CWUHINEAY Y FORENFT TV FOETHOR
’ TREDHZ X

ATeN CEISRDAY Y FOEEETH 75 R TENATE 5
ft zv

ATEIAL LA, R EILT 4 XL EEBINFEENH > T2 FE%RDL H 51
BTHB, RVELTAXLDHE0 5, REOHEMENNBATLEI >N
ANEFICaA—REETTZ2LH0TES, 3. BNERENH LD 5, MK
LAY Y ROBE®RY 7 IRIRCTAEBWICEDLY ., ALLIBAVY RE
AIELERTELENRLRE, ZTOEH, 707 5IVITEEBENELE LV
BarsANE RYVEILT A XL, HFICBHHNREZ Z1F TV 27 MEAD
KETHBrEz->THEL,

3.7A7V7 MERANDISAREMT—91

Haskell X ML ¥ \ > 7B ZETIL. EEOBEBKTF (constructond™ 5 7% 34X,
¥H 7 — 98 (algebraic datatype) s EHE T X %, RENT —IRLEBRT 5%
BRTFE2. 27V 7 MEARTEN I SAIHYET 2 LRI, AKREE
BLT7 PR Y 7SR RGITHY T 2B LF-> TV 5, BRIE. T
FRBRFOSNEEZITRY ., FAFVEINLZI— NI -2y F 2T
KLY, A7V 7 FORITHOBRF TEE %, FlIAIE. Tree O
isEmpty ¥ M9 B%US Branch ¥ Empty TEITINS 21— FHEDH S,

7327 MERAZENI SR LKV TEZNRBN T — IR OEBRFNEN
X, EMENDTETH S, RET— 9ﬂm BEDERFICTNES ISR
2 LVEAREEEML TV DI DS, BEFENBEEIC %ﬁu\ﬂrﬁﬁx%%z&ﬂu
T%meTﬁﬁwo(mluﬁﬁLﬁmﬁﬂmT IRTHSB) A PRI |
tu)u%wﬁbw%ﬁ%%%#gﬁmtézzuf%@wo)ﬁua%zu
BHEOBE (XYY R) 233 LWTF—98 (J5R) ICEEHT S YILTEeE~
P, BENT—IR (75R) IZHLVEAK (AVy R) 288MT52213T
R0, (BIAIE Java DEARABN I S A THS String 7 5 R, #FHLW
AV REENLEBMTEILIETER, 88 (static) W XA Vv R 538mMT
FLH, BMREEEDLE L2 LIEITER Y, Kotlin DIEEMEE L BN RET
A v, )

BIS5RE, ABBESEICAT V27 MERERLR L H@AOHERE (D%
BEGFEOREBICH LWREI R L TERY 3) e/ 5T 54MA. HE0 TS
7V MEREENHHRELHABEZEZTHRRY 2B ELZZ LD
TE 5%,

3 p.11



EEL, #7927 bEMBERHLVWT 98 (F5R) 2EHETH L XIC
LA, #ILWEE (XYY R) 28BMTHZ2 I3 TERY, ZHISHLTRY
FRSBEFEORICH LVEK (A VY R) 2EHRTZ2e0TES, £ 7V
JMERAZETCINIIRAZE R I E 2L BHRENZ 5 RIH LW (Java
D) A>F—Tx2—ANEELEBMT S LIHET 3,

38WISReH 7947

#7Vx7 MEATETE., HER—/— ISR %WAKTEI75 BT SA
TV b, —ODEBIRALEY, —D0a T F—IFeHiY TS
2¥HTES, LH L. Haskell Tit. AL Integer ¥ Char ¥ [Integer]
ETRT show 7 7 RICBT %4, TNHE—DOD)AMITFLHBZLIET
ERWV, DF Y ROLIBEBOREFOEREEL YA MIBFFTER
N,

- ERIZEEAIKD [1,'a',[1,4,7]] AEFHFFRALDT

-— 2{K® impossible HE{FIFAT

impossible :: [String] —— T
impossible = map show [1,'a',[1,4,7]]

—fRE9IZIE, AICZSRICBLTWTEH, RI—a>TF+H—I2RMT52Z it
TERW,

L5 L. Show DIFE. String ICEHLAKERIDOLNIERVDELN L, RD
LAV RAMROEBRTSEIENTE 5,

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

2%, 7ZRRLEBEYREREFBRATNEL, —DORICEBRL T, BA—
DAVTF—ITRDHB I LD TEBIHELH 5,

LOIPL—MRBIE LT, ROLIABRBISIAEEZL S,

class C a where

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

AU LT ROLHD R THBEAREEL S22 L0 TE 5,

data T = T (Int -> Bool) -- foo MDEIZHE
T -- bar DI
(Char -> T) -- baz DX
instance C T where
foo (T £ g h) n=fn
bar (T £ g h) =g
baz (T £ g h) ¢ =h ¢
toT :: C a=>a -> T
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toT a = T (foo a) (toT (bar a)) (\ ¢ -> toT (baz a c))

BT TD3I 2OBKEENE, Int -> Bool ¥ T ¥ Char -> Tld, TH
Z#M foo :: Ca =>a -> Int —> Bool ¥bar :: Ca=>a ->akt
baz :: C a => a -> Char -> a iR LTWVW5%, THRIFOBEOFHORE
BatBHFORTICESHRR S,

COLE AN CHDAPRIVADBEFE DR LIE, a ¥ toT a :: T I,
foo, bar, baz IZX LT, ¥NBRALLDIHRSEE D, THII. a,b cdhTAXN
TCHDAVRYIVRED, BRBBICELTWAELTH, toT a toT b,
toT clRENL TRTHY., —DDYRAMIFZLHEIENTE S,

—fMREICE I S R

class C a where

mp; i -> T
my 1 & -> o
m3 11 -> T3

NEAYY FORYEOE 1, 1,, 151, HEOBREH o 43I HOBOME
(2FY —>nEAI) ITBNE VDR SIE—RYENHOMEICIENSDIZHE
biw—Z#ENRD 78

data T = T o1 O, O3

(FzFZLo, 1, PO NERETTCEEMALBTHS, ) ¥ toT :: C

o => o > TOLIREBREABRETERT SN TES, LT TVT
MEITHA TV 27 b rRLKRZEVEL, BE—nRAGnT—ona> T+ —

ICELHBEZLHTES, 2OFKRITOVTIE, BFHR (Odersky 1991) 123
L WEERD S B,

39 (%) BISANBEL

BB 7 RRY I7%BEII<KALLAER I SIEN, WO DRELED
o TW3,

bh ik wIs—Ayt—-Y

BISAETS—AvE—IUhnYIicd\w, FHRIEEIS—IIR->TELVD
DOBZTHLZTHI TR LRV, LWIRENH S, BF#K (Heeren & Hage
2005) IZW L 20VFIHEIF SN TV B,

B¥BR ¥ (ambiguity)

BIZIE ROELARISRAERENGHB LT S, ZHNIEZEMED Show, Read 7 7 R
Y LEMLELTVS,

class Show a where
show :: a -> String
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class Read a where
read :: String -> a

CHOEENDTT, ROLHILEABREERT %,
foo x = show (read x)

COBENENL, foo :: (Show a, Read a) => String -> String ¥
5, BEH 2 0BIE, = AT ULHAIENLVOT, BB TRETER
Vo (TROLBHRTHS. ) THLROTOATILDLS I,

foo x = show (read x :: Integer)
a DEARNLE Y I -H1BARLRFNIEE®RIEL SR << E>TLES, (7
075 LNERNHEZITRET 22 IIRY. [LFL1BLV, )

3.10 (£%) Dictionary-Passing Style Zif

225 51E, Haskell 7SR 2 DL HIICEEL TWEH%2EHBAT S, (=
L. 2L REELESI Haskell DEREICED SN TV EhIFTIER WY, H
CETHRLEDNSGEEREZND—BITH 2, )

JSRAEE - AYAIRAEERHHINALE (L => ) 2H 8K, 2>
NRALEIZZN L EFRAVEVWEBOBEARC T —INERICEEHRIL LN,

FT. ISREERAVY FE2BERIEDIORBOEEL 778 H—DESR
IZERRING, BlAIL Eq 7T ADGE.

type Egq' a =

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

eq' =\ (e, ) > e -— (==) IZHET B

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

ne' =\ (, n) ->n -— (/=) [T B
ZNHEQ aBLHIRATII MT—HRIC (method dictionary)
rgEn s,

AVRIAEEIREMRW LB LT OAY Y FHEZEOERICBIRINS, flA
I$. instance Eg Direction RN & 312 Eq' Direction®oA 7o x
7 bDERIIR 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
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egTreeDic :: 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’ r2
‘eqT” = False

ZLTRISREFE-S>TWS (L= W HREED) BHEoERIZ. 22N
AIBFITRDELHITAY Y FEE (Eq' a®) 2EMOSIKRLT 2B ER
ICESBRAONTVWS, AV y FEZEICIZ. BERBEE»EINIHT. 2N
5 DOBEEIEEREEEICR 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

CHNSOBEBOTH LIDRDL S ICRIZISCTEERI R A Yy FEHELEI N
LHIEESRZ SN S,

member North [North, South, West]

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

[North, South, West]

Ly REEHA (Dictionary-Passing Style Z#:) & Haskell TlEa > /34 L
B ORHREFICAESNISITEPNS, 23 Y. PRERYIZSHOETHNIR
M, BEA 7Yz 7 bOPHSEKERYE L. TNEREET L IFICR
%5, B9 3I12, TRRY 7 2HIIEREAKRTHERTES (L LERERICR S
NT, RBUHVHLLL->TLEITERIEIH S, ). BWIC (D F Y RITH
12) AV REELTWSEHICRA T, RBRICIZENIC (3> /31 ILEFID)
FLACDSGERNIEIEL TN S,

B 3.10.1 ROL I ITEHRIN TV BB 1ookup:

data Maybe a = Just a | Nothing

lookup :: Eqg 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 IBESA TF ) —ICERBEADEBHTH S, ) O Dictionary-
Passing Style Z#:12 D 1lookup’:

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

., FlAlE, lookup 1 [(1,2), (4,7)] ¥ lookup’ egIntDic 1
[(1,2),(4,7)] OEA. HSB\L lookup 1.1 [(1.4,0.1), (4.2,6.9)]

3 p.15



¥ lookup’ egDoubleDic 1.1 [(1.4,0.1), (4.2,6.9)] OEHLE CIEIS
%%, (eqIntDic, eqDoubleDic IZRBTHEEEZT %, )

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

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

311 (8%) oA 7V 7 FMEAEEIIHOWT

—RE ATV 27 MMEREETDH, VTV AV Yy FEEIIHRT 5T —
FHEFZLIILT, HWRBERRL TWBELLNSE, 2F Y, "BNL"EM
A THD, LirrL, EROBILASIKRELTTIRRL, £ 7Y 27 b
M3 5S> TWEIZ NSV ERDLNSE, 2FY, 4TV 7975
2R BT —IRBENDKRA I —%F->TWT, 7 RIHKET 57—
IHEEN AV Y FOHEEZEATVS L WVWIIBEIS, Smalltalk DAY v R
L DEREDFHEIL, FAIESEHER (Guzdial & Rose 2003) N 6 FEIZEHEA
INTW3

—h. REWT— 9B DIEEIE. AV Yy FFEZITHYT 20T EEKIIRE
LTWaEHh7=bIlhk 5,

JavaScript I3, 75 2 Tl3#% < (prototype) £ W HIERITE DA
TV MERAERALTWS, (BR&HIITOMIATHRERMIILD
TEIZSelf Lt WHIEETH S, ) JavaScript DX Vv Rifd LOMHEEAIESE
Sk (A% 2001) DE 6 BEICEBIHI H S, =72 L. &AM JavaScript 1E7 5 X

LRI ANTWS

Common Lisp®D % 7Y = 7 h AL (CLOS) IE% E A Vv I (multi-method) &
2o DS DA TV MEASELER Y. 2OUED/XSA—9—D
B (JF5R) ITL->TEBIIEET AV Y FORELTRET 2HMALEHE ST
W5,

Bl 3.111 EBnA 7Y 27 rEMEE (Smalltalk (Guzdial & Rose 2003) ,
CLOS, JavaScript (X% 2001) , C++, Java (Lindholm & Yellin 2001) , Python,
Ruby 72 ¥) TEIMIERECHMAN LD L I ITEEINTVEHHANL,

312 F &

B 75 R1F, Haskell T7 Ry 7%+ TEEICT 5 HDDLERATH S, Bl
OEBEHLWT — IR T 2-ONHBAETEH S, T2 /M ILEICE
REBANDOEEN TR ONEZDT, BITEOIXMIFI LA LRV, L
NL. HDHYITK WIS Ay E—IhE, W ONDREBEILE-> TV 5,

313 TS ICHFELC Y EVADESHIC...
X @k (Wadler & Blott 1988) &, B IS RO T7A T 7 2 BMIBNLI=HXT

H3, Xk (Halletal. 1996) (&, IRIED Haskell DT 7 S5 X %3 L <AL T
W%, X#Ek (Jones 2000) . Haskell ® (7 S RICEAT 28H2aL) B
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#WE. BERHIC Haskell D 7’0 75 4% AVWTEHBAL T\ 5%, X#k (Odersky
1991) W, A7V x7 MEAZENY 7914 T LRAKNOHREL. BAREEZED
A TEBL-ODFERREL TV 5, Xk (Heeren & Hage 2005) 13, &
J2ANLTS—AyE—VNRBARLRAREIIOVTHLLARNTWS,

(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 #&. #L&#8 R
FSqueak NP BEMNSRAKRFENT OIS I TRIE, 200353 A £

T
(X% 2001) X% 5 " A\P9JavaScripts; 2001 £ 8 A ASCII

(Lindholm & Yellin 2001) Tim Lindholm and Frank Yellin &. At 3
F R Nava R~V 4% $E2hR, 2001 FE5 B 7Y > - 272y —

~

varv
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