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
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|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
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/111
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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)

F4 b (knight) . EOEOHPRDOTIH 50D %) ()
RANBE}TELF 220X THS, (FHTE

il NFETHS, ) 5x5VvRADF = 2BT. H O -
272 (Flald, £LME) »LBHTIRTHTR ' 2
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


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