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W) FEERITRY., (TNEERL O x 2RITEKTHS, 2FY. A&
RIIEFREREETH 5.



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

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

=P
Haskell ® 2 4 > MIZIE 2 2O FE0H 5,
. twiyntt (—f7aA>h)
. rWoinrtt GEEITIAT L)
24 AHABDT—IREERF
241 EAXRNGTF—IMYERT
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DEICERINTWS, 22T,
type & = &

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

EME2F, p. 8

anl
auls

i

Tars53I>7



7 5750,

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

’ == =
Lj‘o

B > 9 — ik
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struct list {

int head;

struct list* tail;
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typedef struct list* list;
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(672 &I Lisp Tld car ¥ cdr Y WH BRI TRMLENT WS, ) 2TDI 5 tail
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T, BYRMICEZETEEE., TR NULL TEIN5S,
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>R) TRY-TER, """ ") THATET, MBI X MDIFGELER Y,
BEEORNR—THBREIFRV, (1,'a') EWIHIRNOBIZ

yars53>7

i
3
£
i
N
t
§S)

>



Y EIZINS, T, (2,'b', [3]) EWIRNEIL
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>,
CITREISZOHAIGEIT T, RRLY DEMAMLLAE BR) TILE
Integer, FEI/NEE) 7 T LIL Double) ERBNAL T3, )

Q2.4.6 ROXDE L fH ?
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O LWIHIEBEENATOBENBEELHS, 2=V F unih e FIEN S, () DEIL ()
¥FiEL L, 2=y MRy INS, CEED voidBNL I REVHET S,

2.4.4 %R

B#Eo®IT T->) tWHES (70—, ¥&HD) %2> 7. Integer —>
Char DL I ITRZINS, 2. SIEDOES Integer TRYENEIH
Char DEEOBTH S, T->, & THs, 2F'Y. Bool -> Bool
-> Bool W) &I YRR %, Haskell Tl
I HEAR T AR ERTEAR C LTRRTS (o2t A —"cw
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Integer ¥ Char DL ICHERDO LR GEANF) IS TAXENLHEE S,
—H. aX® b DEIIXFETHZE 2P FHEOPICHENSZIFE, TNHIE
(type variable) T %, CNLNRERISERT S =i, LY BEAhen
BICESMMABZUHNTES, IR [a] -> [b] -> [(a,b)] EVWHE
*#HOM%IL. [Char] -> [Integer] -> [(Char, Integer)] ¥\ &
FEOBEBRr LU TEALTHERWL, [String] -> [Integer ->
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COLHIREREELRE (polymorphic type) ¥ \» 3, Haskell &
EWHBBLLHIHBMABEHFIRRNRTOIS IV IEETHB, §T2
Z. $BEEZLDTOT T IV TEFEIIRY ANLSNT VS0, ML SAER
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BB, EROBE OIS LBICARLAEVGS Ty %2#E-> T,
THE o B
Y&, Bl trivial ¥ fact DR E2BARL TH I WIHEIE.

trivial :: a -> a
trivial x = x



fact :: Integer -> Integer
fact n = if n ==
{)\
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0 then 1 else n * fact
Haskell REB A A /L T<NB, ZHEEA%E

YA IV

25 X9 =2 2w F 0
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(n - 1)
WA, B, RIS 2FE T2 TCIIREZERLICHR LRV ¥ 2 #iEg

= pal
&%

DNDEHTEL, FELBEE, EHRECEKZORII TS —BRrLAELT
(B4 <BRET B2 EICRY Rk, )

(type inference) &

Haskell Tld. BABEZR DRI B DERD I
Z]

=

fact 0O 1

fact n

n * fact
myLength
myLength

(n - 1)

YWiILnEEWT, 31
[]

FEITRIZEDTETH S, /N9 —>rid, K#EIcE
STEBEER. BRF (T X [ RY) DoNHERINIATH S,
-—— JRFDEZRHH. Prelude M length EIFEFEREL
=0

(x:x8) =

- RRA ML= EZ—=2040
foo []

foo ((x,y) :xys)
EEE S2—>,

1 + myLength xs
MG K8 —>,,

| odd x

= -1
=Y
| otherwise = foo xys
NE—=2n = 3y
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%0
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. =9 (75 R) OIEEIE L
L. v F L OFYEBRFN—HLE) EEOEAITHmINS, Z0HF
72 51 2 ITEARIR T4,

s LBEICIE, BARESO L S TOIEIC, BENOES I HE/N9—> LRE

a8
DIF/A. mylength DIEHEY R b ([]) & 5IETTEMBIRING, %
SATSY—ICAEINTVS, )

AbDETIRIOTHS, —H. ZYRPTEEBLS 1 OREDEEREZHEH DY X b
ifte True

JRMOEBEBRENERE x ICREIN, KYDY R
FAEH xs ITRBINSG, xs DETICT1Z2ELEDLD x:xs DRI TH
(% 6. myLength ¥ITX A L'E LB length

[a]
3% UTOLIICRAFNBET T 5MM ifte EERTHIUNTES,
t e
ifte False t e

CRETH 5.
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BB, GHCIZ/NNI =22 v F o INTRTDFEERL L TWRLLTH, B
BEELHALLWY, A9 RS54 >4 7Y 3> -fuarn-incomplete-
patterns ¥ ET S I L TEEL*HTLIHIITTEZI 9 TE S,

R =22y F 27T, BATELRWEMIE T, (F>F—237) 21
STERICEEBES, ERT 220 TE S, HlAIE myLength DIFE, x &
AR THERAL TV R VDT,

myLength ( :xs) = 1 + myLength xs
YELZENTE B,

RD case ~of RUH/NI =22 v F 724745, (RIEY. 7L—Rret3
IO VIIBELART S, )
case ito of {
NE—2, —> K,

/{9_>2 -> :_r—tzr'

nNg—>, —> K,
}

RoEFMEL T, L SIEIS/ ST — S EBEL, S92 lcv v FTBH 51
KB 89— TRV F T BR LR DTN TNEMEE N D,

Fzif ®; then H, else X3 L WVIRLIRD case ~ of ANDBEILIE L #F
RT 52 EHEETH 5.

case I ; of { True -> XX ,; False —> X, }
Zoflc, let X (BR) R LFRAREEKRERBEIHL A TH/ 9 —>
EELZLHTES, BHlAW,

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

RETH2, PlilE, BIFRIRTEZITR-T. ZOE1TERYERTEAKTH
%, 2OBEE. NI —IE—RBEOALATHBEDIFIETET, /X9—2itTy
F LW EZ NN S — i B,

Rl 251 ) X bPoEanfo, Ex KD SZEB nySum myProd /89 —> < v F
I EESTEREL, (AFENDEE sum product IIZEES A 75 —ICH
BINTW3, )

f12522 20518 x, xs EXIFERY, VA b xsh b xtFELVWEEE

1. 3> LLEBICENSG —DOOEBERALITERY KRV X FERTEAK
deleteOne

2. T RTERYBRWAY X F%2RTEK deletenll



3. REBICENSG —ONDEERLITRYKRWEY) X b %R T B deletelast
(reverse AW W)

EAINTNEREL, FLVEEN—DLRVEEI, TYRALY R MERT
LAt L,

fd 2.5.3

1. EAENY R b [Bool] ¥ 2HEYBHR LT, WKTH2EK:HET S
A% fromBin :: [Bool] -> Integer ¥ E&HT L. HIAIL,
fromBin [True, True] & 3. fromBin

[True,False, True,False] & 10 2% 5%,
E> b3 EnEE—DOEC L MBEAKIREIIR S,

E> b:R—F—nH%E (Horner'srule) 215, 2% Y. %IER

ax" +a, 12" '+ ... taztag %

(..(apz+a, Jr+...+a)x+agPIETHET 5. FlIAIE
fromBin [True,False,True,False] |&
((1x240)x2+41)x2+4+0. fromBin

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

2.EBEN) R b [Bool] ¥ 2EBE AL LT, WKT2ERLHET S
%X fromBinRev :: [Bool] -> Integer ¥ EHE L., L. %
ORI IIHBICEBEI L SA TV R L REY L, FlAIL,
fromBinRev [True,True,False, True] &

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

BNAPERRFIDIBICEINALZSZEICRR L. 2HEANELZHET S
A% evalPoly :: [Double] -> Double -> Double ¥* E&HE L.
BIZIE [1,2,3,41 WA Y RME L+ 22 +322 +423 v\ %IE
AN RB% L. evalPoly [1,2,3,4] 10 OfEIL
1+2x10+3x10%+4 x 10° = 432112 % 5,

B 254 ZHN') X b xs ERBOSEBNOBEK £ eXITRY, VXA b0
BRICEFTHEALARZREOREZAET 2@ sunf :: [Double] ->
(Double -> Double) -> Double *PERE L,

2.6 JEAREIC &L HEEEA

AEEEZENFEIL. 707 Jo0REYE (FlEk) R EDZRIBEHIR S
EWHe2AihHb, (THUIHLTHIAILCEETIR, BHENES =, ¢
CEEN =) IBE%RIEL S, DF Y, ¢ = getchar(); LWVWIRAXHYH
57 LTH, c DHIR% getchar () TEFTM|ASZZ IETERV, FlAIL,
Fc = getchar(); putchar(c); putchar(c);Js &

foutchar (getchar ()); putchar (getchar());,) IE%R» ER S, —4

Haskell Tld "= 3¥FD =TH 3, )

yars53>7
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22T, ZFOLIBRFEBOFL LT, 220 X MIETIEAHENE[mTH S
CYmIBAERY LTS, ZhOLIRIEBRIIIBMIELHAT S Z L%,

12.61 (E8) #itXag=1a,=2a, ; +1 (n>1) TEEINZHIOD
—HEA a, = 2 1 TEIND 2 L EREHRMEL A TR L,

WUTBILIFMEEZFERL TV 3,
VR M EREET B revo:

—— (++) & Prelude I[ZEHREFH

(++) :: [a] -> [a] -> [a]
[] ++ ys = Vs - (++)_(1)
(x:xs) ++ ys = x : (xs ++ ys) -= (++)-(2)
rev0 :: [a]l -> [a]
rev0 [] = [] -— rev0- (1)
rev0 (x:xs) = (rev0 xs) ++ [x] -- rev0-(2)
T EDEETIE. 3IHKD LIS 2 BERD D DN B D IKD

THB, CE (++) DHEBEBRAARS D FOY X FOEIICHHIT 5, )
ZITRDEINCEEEEL S,

-— shunt [& reverse D#HBIEE%K

shunt :: [a] -> [a] -> [a]

shunt ys [] ys -—- shunt-(1)
shunt ys (z:zs) shunt (z:ys) zs -— shunt-(2)

-- reverse [ Prelude IZEZHRFH

reverse :: [a]l —-> [a] -— reverse- (1)
reverse xs = shunt [] xs -— reverse-(2)
2D reverse ¥\ AL, 3I1HED |2 659 % BFRS

TYHVRMN2REBTESZDTHERIIBL,

20 reverse £ revO WNFEMBTHB I —EHEIZE ). IRTOHAR') X b
xs LT

reverse xs = rev0 xs
AERY D2 ¥ REATE 3,
ZDEHITE RDEL ) LB EEEZAARAT IR,
shunt ys xs = (rev0 xs) ++ ys -- %

Ny, HYTHRT S (++) ICETIEEEEHEIUL, KD ys 2 [] 2R
AT ML reverse xs = rev0 xs DEERATE %,

Z DB EE I, ICBY BIRME TR 5 2 ¥ AT E 5,

SEBA:



DR IO ', xs ICET BBMETIEAY L,
(++) - (2), BAEDIREEEAT 20T E L, )

Xs =

z:zs DY =

1. xs ++

(]

xS
2.xs ++

f2.62 T RXRTHARY X b xs I22\WT,

(ys ++ zs)

(xs ++ ys)

++ zs

(E2T (++) - (1),




BlZIE, B LHI%R) XL EBLLTOTSLT, RAIZBALAMICIELWY
B, IRTDIFEEL S5 H DI LICHARS . FEICRAXZNREFRE DD
UBFTERANTIEE W, 3IRAREMN) Yy F—RYEZEN/H>TELWVAY
IS TR WA, BRETEANRIFE TRITS, tWIHIBEIC., BERE
BETHEI2EAATESNL LINEW,

2.7 ARG ) X MRIBRAEX

ROEI R R M T 2EBNLKFAINS, TN 513 Prelude (1RES A
77 -) IKEREFELTH S,

SN0 R NUEEBN S K IIEEEAKTH 5,

S IE, ARSI LAY, BEEZEKRLTEYELT 54 REAK
NDZrTHh5,

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

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

al -> [b] -> [c]

[a]

x y : zipWith f xs ys
]

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

take 0 = [

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

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

filter p [] = []

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

takeWhile :: (a -> Bool) -> [a] —-> [a]
takeWhile p [] = []
takeWhile p (x:xsS) if p x then x : takeWhile p xs

else []
iterate :: (a -> a) -> a -> [a]
iterate £ x = x : iterate £ (f x)
foldr :: (a -=> b -> b) -> b -> [a] -> Db
foldr £ x [] = x
foldr £ x (y:ys) = £ y (foldr £ x ys)
foldl :: (a -=> b -> a) -> a -> [b] -> a
foldl £ x [] = x
foldl £ x (y:ys) = foldl (f x y) ys
concat :: [[a]]l -> [al]
concat [] =[]
concat (xs:xss) = xs ++ concat xss

FlZlEmap I3 R FDREBRICACEKEZERT %,

map £ [x1,x%xp,..] ® [f xq1, f Xp,..]



Z D 2 5|1 BARAS zipWith TH 5,
zipWith £ [x9,%X5,..] [y1,¥Yor] 2 [f X1 yvi, £ X5 yo,..]

THIT, take BV R FPOWK OO DEBENEREZRY EHT., filter YR b
DRENLFHEFHLTLDORITEFIET S, takeWhile FRGFEHATRY &
BENLERETRMY ET. iterate IMIB AL 555 (BRL ISR S5 W
%) BAERT S, foldr ¥ foldl RZTNINELEN LBEAATEKRTH
%,

foldr (\ x y => x ® y) x [Y1,/Y2,Y3r ¥Ypnl
2 y1® (y,® (y3® (.G (y,®x)..)))

foldl (\ x vy => x @ V) X [Y1,Y2,/Y3r Yl
2 (. (((xQy1) Qy,) Oyi) @..) Dy,

5. concat EVRA MDA MDEBBRFHEHETZ2LT7I7v bR B
35,

concat [ [Xl,l,xl’2,...] ’ [X2,l’ X2,2,] ’ [X3,l’x3,2"“] ,]

E:>[X:|_,1,X1’2,..., X2,1,X2’2,...,X3’l, X3,2,...]
RITBEELDIEUTOLI IR S,

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

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

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

filter odd [1,3,2]

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

foldr (\ x y -> x + 10 * y) 0 [2,3,5]
2 4+ 10 * (3 + 10 * (5 + 10 * 0)

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

533 (3 43,8380 |8 |8

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

R 2.7.1 L32D take DRI, VXA FDERMO nBOEEZERY KR < drop
21 Int => [a] -> [a] EWIAITA TS —EESH B0, TNLELCEE
* ¥ 5% nybrop ¥ E&ZE L, BHlAIE. myDrop 2 [7,9,6,5,3] &
[(6,5,3] THh 5,

2.8 ¥ Db ELIEL

Haskell DEA%KIZBE IIRTERREATAVWSA, #AF2 T 4 (Nv o 7+—
fe Z24—b (Try) TRZWVWZXISER) THLZCICL> T, BEERET
ECZUDTES, SN IRICICRABHNERIENNERTHS, FlIA
I, RO &L H 12 Prelude TERI N zip DIFE.

auls

zip :: [a]l -> [b] -> [(a,b)]



zip (a:as) (b:bs)
zip

(a,b) : zip as bs

[]

BEIL zip [1,2] [3,4] OLDICHNICEARLEEY, TNk
[1,2] “zip® [3,4] YSIEOBICEL 2N TES,

PEETAVSEEFICH L T, infixl, infixr, infix EWIF—7—F
2E->T. BAIBMrEaMEsEDHE2EHTES, ¥ L, Prelude

(Haskell IZIE LoD L3mARAINBIEES A TS —) TIHRDLIICEET
nTW3,

infixr
infixl
infixr
infixl
infixl
infixr
infix

infixr
infixr
infixl
infixr
infixr

AN * %
14

oe
oo

|
~ 14
*x, /, “quot’, ‘rem', ‘div’, ‘mod’,
+ —
++

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

O PN WD U o)y~ o w0

22 Tinfixl & . infixr I ET. FlAlEx + v - z &
(x +y) - z EBBRING, FTlox *»* y ** zld x *»* (y ** z) LEER
IND, LED infix RELLTHERWVWI Y FEEE—BIAIE "<, 3IEES
BDTL < x < 2DEIT<HERTBEBXTI—IIRB) kT, &
oo 2HBDEFEHNAKREVITIYE. BEBELIEGV, FlAIE T+ 37207, 6
D Ty LY BEBEIEMAIE, 2FY 1+ 2 * 31,1 + (2 * 3) LR
TIN5,

Q281 RNDANABRIIEI L EZHN?2FIMEFANL TEEIEZARHIE L,

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

—F TH#S%6e*+. /<=>2@\" |-~:) OFDOXFERAVAEHNFIIRMOSFE
RENEREFE L THRbONS, BIAIE. T BEFIIROLHIICERTE S,
(EBRIZIL Prelude DR TEEINTW S, )

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

Ny 77 F— b HICARR, PEEETHEAINGEETFE (Qr )T »
T 3OIDRBRETAHVSZ U TES, Blald1 + 2% (+) 1 2 &
KTEHTES, TOREELE) CEEFEBAHOIKRL L TET 2 s TE
%, FlAIE, zipwith (+) [3,5,1] [6,2,7] & [9,7,8] Th %,



Q282 RNATEENPERETE S, FBIMITESLITHBE L,

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

29 W ERYEY 7Y a >

Haskell ®E#IE A ) —fbx TV 3, ThbbE, Z3|HOEEKIT TEAKEZRT
%, Yt LTRBINTVS, 3180 —8AF T 2#EAL T, BREOEE nap
DL LREAEOIKIMESI ZLIIRLSH S,

Prelude> map (take 2) [[1,2,31,([4,5,6,71,18,9,10]]
[[1,21,104,51,108,9]]

Prelude> map (zip [8,7,61) [[1,2,31,1[4,5,6,71,18,9]1]

(e, 1), (7,2),(6,3)1,0(8,4),(7,5),(6,6)1,[(8,8),
(7,9)11]

Haskell TIHEHE FICHLEMOBANTEL LI IR > TV S, BEFORADS
RIVFEFEEVCTATEATHD, FlAE 2 -) BEAFRS Y RHERIFTW
50T, 27558 E3I<KEK\ x > 2 - x THY. (/ 2) REARS >
FHARIFTTWBDT, 518% 2 TEIZEH\ x -—> x / 2ThHhb3, 2DLH%
—IEHEEFORSBRAE LI a L\ ),

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

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

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

Q291 RDE 7 a> S LFARNTET,

1. ([1,2] ++)
2. ('r2)

EL T-) BEFIE BIEREFD - bBFETIOTHRIT, £EFX5>
ROSRIFTWS (- 2) BEZYaviciksiw (BOBTHS) . TORD
') subtract £\ B# (subtract x v = v - x) 0"FET BDT,
subtract 2 ¥ L 2 HTE 5,

Q2.9.2 ROKXDEIZEH?

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



Rl293 "THRA%L R MEREE TRNMNL 7 map & EOBEE (¥ THIKETIC
BN L7 length, id R YO 2E-> T, ROLILEK*BFRIHL %
FbhFIcERL L,

1.2720) AN O0OFEBNEZRRL, 1 ZFENDEER L, .. 2thEL. %
LOWEENEHKZRTEE countEg (Y R FDEERHIER 335814,
WIS ITHHE D)

Bl 2L countkEq [1,2,3,5] [2,2,6,5,3] 21, countEqg
["abc", "XyZ", "pqrn] ["abc", "Stu", vqurvv] li 2 L: f'd: %’o

B> b:zipwith {9,

2. XZEHD) R M EZITERY . BXFEIOREZIZ ;) 225 TEELAEX
F%|%3iRT addSemicolon

51 214 addSemicolon ["abc","xyz","123"] | "abc;xyz;123;"
I2i 3,

E > b:concat 195,
2.10 BHFFEYE &

RDLEHITlet YWHAF—T—FEHAVT., BFAWLRERE2EEZET B2 9T
x5,

let ZHNEE in X,

YWIHIETHWS, let L in DEITERZRIN TV EEERIL. 2D let NICHFF
WLREBRTHS,

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

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

Q2.10.1 RN & H WHH % let TRAVWTERY L,

o 27 &Y LM pow27 (Mo X Trx ) SEEF#EHTI)

COBTIE4ET S (powd) 2EHELTWVEY, v * vy OEIVEK v
DAEINEHE ( ) IKBLTWS, RIE, T5IEHNER DAL



2 (ZofITIE,
b\%o

repeat

-- repeat [¥ Prelude IZEEEFH
a —>

repeat x = let xs

2D let XD xs

NER) HRAIA-TITBL TV, THILRDFITH
[a]

X:XS 1n Xs

x:1xs NDAEAD xs lTEAD xs Th 5,

ERICGD, ) COFBRBER < DERY R FEERT 5,
EAEFE S5 F I Ctrl-c THETT %, )
Prelude> repeat 1

(oY) Blawe

(Zofln LS
r1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, ..
COYRME ROFERA I —EETEINS,
XS

1

(LI mERIE, Haskell TIR"IEE 57\ - RICHALRVWR'TREL B
BROHBALR B, ZDZLid. H LT Haskell DFEEER 2 BNT 5 L ZIE]
B9 %, )
Q2102 RDOLHITER IS repeat' ¥ repeat L HIEIHN?
repeat' :: a -> [a]
repeat' x = x repeat' x
Q2.10.3 myCycle ,
myCycle ::
ThHs,

[2,5]1 % 12,5,2,5,2,5,2,5,2,5,..]«

myCycle
[1,2,31%%(1,2,3,1,2,3,1,2,3, J X WIHIERY X M 5L 5 LEAK

2

la] —> [a] 2EHT L, 6. FIHDI) X NOBRKIIAEE
myCycle [2,5] WWRDELILERA VI —BETEINS,

(AZE DA Prelude 123 cycle EWIHI BRI TEEINT WS, )

»

EXb: (++) TERAEL,




Bl12104 VR EEARLLRR LT, ZTORTES (MoEENES) 2R
¥ powerset* EHT L,

B Z & powerset [1,2,31 W& [[1,[11,(21,131,11,21,12,31,[1 31,
[1,2,3]11 2% %, (=L, IBHBEEIZ0RY THRLTHLEW, )

EVbh:tIva iEE)LBRICERTE S,

EHFYUKRERYZIINTRART Y, KEBICAT) —%HEL (M 9 %, B
EH10<5VWETICL YD THEL 2 Y,

(%RB) whereff

wherer W) F—7—F%2FE5 v, BRERNELTERINSEE - B %%
LZICBFIICERT B2 TES,

EH%Z F—onHU = &
where (B#HD) THOES

YWHATRTRHWS, (ZOERATIHTIINTWER WD, where THEFIER S
NEEROEROA— REBICE 20> TERINTWTH L) LD powds,
head IXIRDELIICERT S22 TE S,

powd x =y * vy

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

where (x:xs) = ys

= L. where L BB ERIIERDO NI -2y F o TI2F 152
ETERY

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

Z0BIT bar BB NDIL foo-(2) DIEFIETTH 5,

2.11 Haskell o) :F{HERES

Haskell DX D@L, (A x -> M) NEYWIELY>AEZ, BHORYEMOE
ORI x D"BBHLE " HRERSIRNICESB|AANICES RIS, 22
T'BEZCE, REIN TR, 2FYFDON x > L EWIAIFOD ..
DFIEINTVWR WL EE%RT S5, IN% B (beta reduction) &\
Yo BlAIE. "(\ x —> x +2) 3"%3 + 2ICBEMA S, COEFFH|AN
BATEERESRAD 2 ¥ % B (beta redex) ¥ .33,



CHUE BB TELRVRK, 2FY (A x > M) NEWHIFE (BELVI)
DR VWREERFE L),

FBIER 2 EDH @ IFUL. —DORITKEY b BN TRER 2 L1'H 5,

Bl: (\ x ->x *x) ((\x >x+1) 2) TOrE BudBHELR
SNy, FHEOERNBIORIEsr L TLES,  (Fl:

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

M
B%// \\\B
M; M,

L l. I ELAENGBEHNEITRIE. CORDHINLAEZLDEBUVERT
EoNBZ N MENTWVS, (Fr—F - OvH—nEE)

M; M,
B\ /‘*
)

CHIRREFIZ, HARICEREIBEET SR 51E, TNIE— LAV (R3]
BOLRMIFICLZEBEVERLS) tWH 2 EFRIELTWS,

RUVENLIELESZBEEZBATOVITIE. ERFOGFEET 20 51X STIE

MILICEZET 52 UDTHETHZ LV T 5N TV S, 2 DOFEEEE %
(leftmost strategy) ¥ \> 5.

Haskell O FH@#EKER 13, BRI OREBBICL Z2TFEHETH S, 2FWIE

HMEEH ORNOFMIILTIEE 5, /2720, AEAICIORICHAT 5L 91
(graph reduction) T AA\} 5% ,

BlZIE, RDLIITEEIN square L WIBEAREE L 5,
square x = X * x
REBBE Tldsquare (3 + 4) Y WHORITRDELIIHET B2 itk B,

square (3+4) = (3+4)*(3+4)
=T7*x7
=49



TIZEITT 5L,

BElLRwEHlzLTw3,

2% Y., square DI TH S (3 + 4) WHBEINAR VT F, FT square D
3+ AZEHEINTLE D,

EFEHBICLEN > TRAIEBHEAINS, TL T, AYITKEIZTR T (ZHBEIE +
NEEENLBBYHHIS) ILHT3 + 42 HEINSE, ZOHARETA—
75 78 TIE.

square

|

*

CHEIARHEE TS TORTEHELT, 3 + 4 #—FELAE

T
/S N\

ATV EICL ST TCHEEZELSEINT
=Ehib, L, TursIvy
RO TH 5,

=zi

I=R=-1=}

(lazy evaluation) ¥ &
TCEETMEE AV 53581
RIEFTHNOBVY 2 3 IIMRIWICERNIAETINT—IEEL2HOIRA L L TR
AB2ETH5, BlAERDL I REKEE LS,
from ::
from n n

Integer ->
-- from n

ZNnLD
from

TS 7O LA ebE T, ALHENBYVRLERITZLIICT 205 —

iterate

[Integer]
(n + 1)
A LTAHWTWS take 3

(\ x —> x + 1)
¥$5Y from 11E [1,2,3,..] EWOHHER' R bEH
take 3

(from 1)
1: (take 2
1:(
1:2

(=

n THEREL
CHER') R b ERY
(from 1) £\WIHRKIE
— take 3 (l:from
(from (1 + 1)))
take 2 ((1 + 1):from
:(take 1 (from
1:2:3: (take 0
1:2:3:[]

(from

(L + 1))

(1L +1 + 1)))
(L +1 + 1)))

(1 +1 + 1 + 1)))
[1,2,31)
DELHIEAREBETHETES, HlAl take NDEEZT S0, £ 1518
. RIRICEBICHEREEZTT 72012,
BT 2%EN DS,
% if then else

O TRVWESI}, BBHNE)VR Y ZITRWH TELENH S,

(1 + 1), (L +1+ 1) %

WURTICABAN Lz ifte BAEUCOW TR, ifte K XK, K3 VW HIRDBFE
R ODEB/NEFZZET. Ry ¥ Ry WIHEINEV, TOLD. BHEERATH

LEESKBALL D ICREED,



H, from TERINSE LI LREZERINOWTIE T, . - 88E% (BE
KEX) PV ODLABINT WS,

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

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

%4

(E) “.." 0%

TN SIEEIZ Prelude TEEZEINABEAEOTE LICERINS,

[ e .. ] = enumFrom e;

[ &1, €p.. 1 = enumFromThen e e,

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

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

BEFTFMERAVLZEWVWERWE YHEKEWNTOTS I VIR S, $#X
#R (Hughes 1989) |3, BIEFMEFA LT O 75 LDBBILDFEEF#LL
SEAL TV 5,

—4. BEFHEZAVZ Y TO7SLDBEANEDL I RIBFTEITINS
D, BRNCHERAT 22 C0# LV, BMERIIRITINSIERICL > THRED
BR 5%, BEFMEEAVEEHI101E. BIEANGFELR W Y9 AFHRT
Hd, Ff-, BEIMETIE, AT —OFEREIODVWTRBELEZrH#L<
% BIGEHH N,

B2111 71K+ F#311,1,2,3,5 .. . DER') X Y LT £fib ::
[Integer] *EHET L,

EVM74FRFYFESIRLE TS LTCELET S ..

B2 b: B zipwith 29,

M2M2B2RICEENLRVWRIBICHAL2ONDY A M E2—T LT, RIIVE
B LORIENY) A b2 E£KT B8 merge ¥ ERE L. BlA 1L nerge
[2,4,6,8] [3,6,9]1 1L 1(2,3,4,6,8,9] l% 5%,

ﬁzns{}?-yﬁk@jkuouim§ﬁ>m%f%ﬁé%ﬁma%i
B LICHIEICEANR/AY X b hamming 2 E&E L, BlAIL take 14
hamming & [1,2,3,4,5,6,8,9,10,12,15,16,18,20] Th %, 2NV R
FD BN FBNEER (LELEME 0FEBLEALBE) . 2% Y hamming
11 699h%5898240 TH % Z ¥ t HERE &L,

yars53>7
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E b B8 map . UBTDOBD merge 21E 5,

2.12 ') R b DB %S (List Comprehension)

Haskellld, Y X ko (list comprehension) ¥ \\ Y #EREX (L H\W2H
JRA) (syntax sugar) EHD, CHIIBFTEDLONIEENRESERETITMEE
ThHs,

i
Prelude>[ (x,y) | x <= [1,2,3,41, y <= [5,6,7]]
[(1,5),(1,6),(1,7),(2,5),(2,6),(2,7),(3,5),(3,6),
(3,7),(4,5), (4, 6) ( 7)1
Prelude> [X * X | x <— [1. 0], odd x]

[1,9,25,49,81]

==L [1..10] & [21,2,3,4,5,6,7,8,9,10] DEEEETH %,

DX FOARBEREZIDROLILBENLDTH 5,

[ X | BEX, ., BERX )
ZZTRERIE. Bool X (H—K) 2 RO (EKRN)

TH <- R
DVWITNHITHD, ZHLE<-NHEAORIZ, YAMNETHS, £HAD
M) DEFTIZIENRI =22 ELLZYLHETHS, £ERANDEDIZENSE
BORI-—T1d, TNLYVEORERTH S, £RATERIHEDNR & 2TH

TEHELNBRAIDEEZIBIZRAL. A—FTErAR32L0DAiE L
T, IRTOBALELEEINET S,

Q2.12.1 ROABEITDEILEH?

1[ x * Y | X <= [112]1 y <- [513771 ]
2[ (le) | x <= [4111711 Y <= [21815]1 x < Yy ]
3.0 (x,y) | x <= [1..3], y <- [x..4] ]

Q2122 FEANEKHn 2TITRY, 0<zc<y<nRaIRNTHz,ynfl
FEMKT M8 foo :: Integer -> [(Integer, Integer)] *WNEXKIC
TRAVTERY L

Ebk: Toy 2ES,

M 2123 EENER N 2 ZURY., 1<z<y<z<nO#BET
2+ =2eRBETRTD 2,y 2 DREERT 2% chokkaku ::
Integer -> [(Integer, Integer, Integer)] *ARABXIZTAVTER

TSIV ERME2E, p. 27



&, BlAE. chokkaku 20 D&ElEX. [(3,4,5),(6,8,10), (5,12,13),
(9,12,15), (8,15,17), (12,16,20)] t% 5%, (EHBIZZOH B4 ->T
WTHREW, )

HaxRILOFR

JZMORBERLZTITROL D LEARERAWVTEERT 522 L9 TE 5%,

unit :: a -> [a] - BRH 1 OJVARAMERTY
unit a = a : []

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

bind [] []

bind (x:xs) f = (f x) ++ (bind xs f)
2N bind i map ¥ (++) FEBEALLILEEKTH S,

Bz bind [1,7,5] (\ x -> [x, x - 11) &L [1,0,7,6,5,4] \2%
%,

BRAMNIRDOEEY) TH 5B, (THIICERAAZBZOISEAL TV
<o)

[t |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 | Pl

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

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

= bind [1..3] (\ x ->

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

REaELZTAVEY, 7497V — MIROLHITHBICERINS,

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

(L. BRALBFETE2ERTEH S0, DENICIREORMILH
%, )

yars53>7

i
3
L
i
N
t
§S)

%



R 2124 RN BRI E LOBERBAE AT, unit, bind ZRAVEFEIZE
o

1[ (le) | X <- [11213/4]/ Yy <- [51617] ]
2.0 x * x | x <= [1..10], odd x ]

R 2.12.5 %3 (2,3,5,7,11,..] DER)V A b 5L 512 primes ::
[Integer] ¥ E&HETL, (HBXRZETAVTH, AVECTHRV, )

EiH:

"5 b X7 2R (Eratosthenes, 275 BC— 194 BC) M35\ 'Y\ H 7T Y X L
PEETL, ZOBRLAZDTILTYILETETERT LI LRDLS Ik
%O

1.2 UL BAREKELENRS,

.ABENHERYKRE, TOEBERBFICE YRS, (ZOLEE 35
W (sieve) Yt AT WS, ) b, BIVENRY 2KDB121E "mod” &
EFE*AWVS, 2, 11 "mod> 31k 2 TH 3,

3.2. ¥ YR,

CORFICABICHENEZBEZIBERICERALZDLDONERBDINTH S, BRPTER)
2 FDER) R SHBELNSH, BEFFHEDOH 0T TRIB> R,

CHLHTLT, EHEERYVRA M LTERRT ST, TFXIRBERE
BN T BN TESE, CRETEELLI LT S, 1000 F THOEEK
YWHNIIEIERAVCTHEIZKRKDO S Z A TE S0, R0 100 BOEK %
KDHEDIEIWLDDERIE*AETNERV DO OO SRVDOTERICH LA
%,




i 2.12.6 @ LD sieve #EIYE (div ¥ mod ¥ rem) 2EHTICER
&, (EX b #BEKEY LT, 2O0FIEN') X b xs, ys #ZIFERY . xs
IZEENBD, ysIIBINARVEELRIENY R b L GRIBEKEERT
%, )

B 2.12.7 Haskell ASPDEE T, ERV R b2V IaL— T 554 %#HAES
FIIEELL, FAFORELTRAVT. TOEETEEINE ERE L.

213 T4 b (8) 7214 — > DRRE

YDA bORBERZZAWVT, B2V ERNTHESBZILIZT S,

IA @ I7A4A—>DREIRSENIA—>%, BEWIIRAZ N TER VL
I, FzREOLITEK L WHRBETH S, 74— 3t - # - fooT X
TOAEIC, AR TELEBRBTES, FHORBELAZRNLLOILHETH
%, CORMBEDTELRBIIV 2D BET S, COTRLBOEFYE )R+
¥ UTHRET S, TTTIRER) X MMEIAREWICIZER LRV, BIETfHIL
MBEOETKIRRE*RT,

IJA4—>DEREIR., Z2TREDIVRNTET, [4,6,1,5,2,8,3,7] lERD
SILBEEEERT. 2FY. [(1,4),(2,6),(3,1),(4,5),(5,2),(6,8),
(7,3),(8,7)] EWHEEZEBEEZL TWVWEEYWVNIZErThHh5,

%

FTENKFIETIA—VEBEVICERNRWE I ITREL T, Ek+ 1501
TLHINTIA—CEBRETESHNEINHERL TV, RIIFT safe ld safe p
n#' (length p) FIFTHI7A —>DEENp L WI YR MTEZONL
T, % (length p + 1) BIDEnTICIA -5 BL 2N TESHEIH
ERTEERTH 5,



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

SN

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

J O Ul

22T, oallld

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

CEBINLBESATS)—OBEBTHS, /. [1..]11E11,2,3,..]1 &
W ER) R hDBEIEETH S, 23 Y. check B LIIMO TR LRLIC
FoTWRVWILEFzvILTWS, (BRonErlLAIZLY., BTR CBR
ICESZ IR, )

Q2.13.1
1.all odd [1,3,5] DIEIZEIH?

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

1 > safe [1,3] 5
2 True

3 > safe [1,3] 2
4 False

Q2.13.2
1.safe [1,4] 2 DEIIH?

2.safe [1,5] 3 DMEIZ[EAH?

vi=D HE2E p 31
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S
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N,
i
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B, RO mFIDITRTDRERBEEBLRANTVL, TDEHIZ, TDLH
RIRTHOERE(D') R F)%IRT queens E WOHEREZEERT %,

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

2FY, BUMDOFNDEELREEBEIZ1 2H->T. FHNIXEYR b+ T[]y TET
N3, m- 17BFTHOLELREBEL KD SNNIL, safe BKEE->T. B
nINBNRELREEETKDHE I LHTE S,

Bl 7 \E

> queens 1
(111, 21,031,141, [5]
> queens 2

~
[e)}
-
~
—
~J
~
—
[ee)
s
-
—

(1,31,11,41,11,5],(1,6],(2,7],11,8],12,4],12,5],
(2,6l],12,7],12,8],13,1],13,5],13,6],[3,7]1, (3,81, [4,1],
(4,2],104,6],14,7],14,8],15,1],1[5,2], (5,31, [5,71,[5,8],
(6,11, 6,2],[6,3],1[6,4]1,106,81,(7,11,[7,2],(7,31,17,41,
(7,5],18,1],18,2],18,3],18,4],18,5],18,6]]

BIEFBEANTNWEIDT, RVMDOBERKDZ7-DICIIERLICLBEREISORM
rinfalebiaw, 2FY, Lo [1,5,8,6,3,7,2,4] ERHBZDIZ,
queens 7T NHEEITRTUITR->TVWEHIFTTIREL, ZORMOBERD S
DIZKEBERETOBDOFHEEZ L T\ 5, 24U, queens 7 2 ZLIFHET
3% ¥ head (queens 8) &Y LEEIHEI S rH bbb 5,
(GHCi T :set +s ¥WIH) IV RERITT S L. UK, sHEICH D - 7B
CAE) —ENERIND LIRS, )

SITR I 2ETREKRDSABE IR TOBRERD Bt E LRI < I12RT 5
SEIFRL, Lrd, 12ETBERO 501213, TNITKRERLITOHEL
MIe bW, 2F Y, BEFMIL PrologTW I X ZE5DERY (Xv I FS5v
7. backtrack) tEIC L IR E*ERL WS,

57 &2 queens 8 RXEtETE S L,

> queens 8
(11,5,8,6,3,7,2,41,11,6,8,3,7,4,2,5],
(H&)
,18,3,1,6,2,5,7,41,18,4,1,3,6,2,7,5]]

RIIITRTTREHZZ 0D B,

Rl2133tNEET,. 8 71— 52REL L, TR LI, KRV EVIaL
—rLT. — 0, IRTOBE2ERLTOTSLTHRBLRDODLNS L
Sz &,



& 2.13.4

(F4 FKED) F4 biE HOROFROTZIH 5 -%) ®)
ORNTANBHTELFANIAYTHB, 5x5

< 20F BT, HBvR B £rm@) » O 0O
SHHTTRTNTRETRTOHNLRBE KD
7075 LEERE L, )

©) O

o O

R 2.13.5 (7A V¥ E)

1. VY= bFINEEBBEDO) A MDRHT, 3 2BV, 320RLCEK. 22
DR LEERDIFTTY R 7Y 7T B3B8 shuntsu (IBF) . kotsu
(ZF) . toitsu (FF) 2ZxNITNERE L,

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]
[13,31,17,71]

2 TABENEREHF H>ERD Y - FINEY RN —V v onFE—8 (F
A=Y =) DTHYVFEIIR>TWEHNEHET L chinitsu ¥ F
BEL, L. TAHAIRCE BEF G2V FHEZF 3
SORLE) #4202 FF QHOORLE) 2512 TE53-FETH
%,

HA DRk
\ Y J \ Y ) \_Y_l \ Y ) \ Y )
- JIE ¥ xfF JIE -7 A+

214 X5 (12E L <Y =WADE=DHIC...

Sk (Haskell) (&, Haskell ICBAT 28> L EBRBEHRETH 5. X#k (W
T) FBARETO Haskell DEERFERIRTH S, X#k (Peyton Jones et al.
1999) & Haskell DE#E T, Haskell #F AT 2 L THOERFF 24> b ThH
%, X#K (Jonesetal. 1999) (&, Haskell DD TH A Y v — 2RI R Hugs
NA—H—%=27LTH%, X#k (Peyton Jones & Lester 1992) (1,
Haskell DEEII DWW THY WAICE#SH T 5. X#k (Hughes 1989) 1, B
FBEEEN IO TS LTENDEL ) ITAVE O E@HRL TV S, XEk
(Wadler 1987) 13 R bR B FILZEMHEL T\ 5%, i@k (Peyton Jones
2003) & Haskell Z2%&t L /=AM D — AIZ £ % Haskell D&t E
B (Y'BE) Ths, Xk (Bird2014) REAKTOI7 51> 71T 5, &
BRHAAEICLDIRETHS, Xk (AH 2006) | BAREDOMMRE @ T ORES
ETH5,

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

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

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

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

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

(Hughes 1989) John Hughes, “Why Functional Programming Matters”
1989 £,
https://www.cse.chalmers.se/~rjmh/Papers/whyfp.html
WTF kiR BT s53I > T IEERSD
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%
DT E)

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

retrospective-haskell-2003/, 2003 &

(Bird 2014) Richard Bird, “Thinking Functionally with Haskell”
Cambridge University Press, 2014 £,
LTk 3R "Haskell ICL 2EHT0 75 I TDRER,
KADOKAWA, 2017 & 2 A, ISBN978-4048930536

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

(LT &EFEAK2006) LT ik (BE) FARER () 3250
Haskell 7’8275 3> 7 325070750 BB EENM V
TRy 7Y A547,2006 F 6 B, ISBN4-7973-3602-1

(Hutton 2007) Graham Hutton, “Programming in Haskell” Cambridge
University Press, 2007 4,


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

ISBN978-4-274-66781-5

WA FZ R 7075 3> 7 Haskelly 4 — 4%, 2009 & 11 A,
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