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trivial x = x
twice x =2 * x
foo x y =2 * x +y

NDEAHATELZ DN TES, B trivial CEA twice NIFEIE. x #°. B
B foo NIFBEIE x ¥ y WYMRBIETH %,

InsiE, CHR I,

int trivial (int x) { return x; }
int twice(int x) { return 2 * x; }
int foo(int x, int y) { return 2 * x + y; }
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True D ¥ FIIN). False DY T3 L TEHBEINS, H. BTHLLEH

BHY %4, if ~ then ~ else N Id. Haskell TR FIMIEEZ LB X T 2%
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fact n | n ==
| otherwise
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BRAPBIS—ri 3,

String® ¥ type &

Haskell »xX%5%| (String) BIIREIXFNY R MR L TERINTWS, D
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type String = [Char]
DEHITEREINTWVS, 22T,
type 4 = #

3B DBL (typealias) EET AHATH S, LOBFINIFE string WD
REZH. [Char] EWIHRDRL YRS, REBIIANEN LT ZHANF TR
L% 574\,

Q2.44 QO [False,True] DB Y QD ["Kagawa", "University"| DR % &E
Lj‘o

BRI —E

V2 bE, FBEYREERWER (GEKRA > 9 —38ik. box-pointer 383%) T&T
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xs0 = []

xsl = 1:xs0
Xs2 = 2:xsl
Xs3 = 3:xs2

ROEDL HITH B,
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(B2%£) VR 2 CEZEOEBERY LTERTHLRDLH 2% S,  (Haskell
ICIGBIETEAH SN T, ERIEDLIDLEML T —9BENRBEIIR S, )

struct list {

int car;

struct list* cdr;
}i

typedef struct list* list;

0 list EWOHEBERIE, car ¥ cdr LWV 2 DDA UN—FHD, TD
I cdr RBEEZEINTVWEBRHADOKRA VI —BTHB, F/ list LW
A3, typedef EEITL > T, struct list* ¥WHBDFLZY L TEERT



Nz, (BRA>I—BETERPIAS>TWVWBYZ A, CEETIERA>9—
rLT&IN3%, )

Fr, BYRMICEEZTIZIRAE., ERNULL TEINS,

EETYRMEERIFEIT. malloc TEIN YU TAATEY) %\ D free 57
I EREMITRFAUIT T AW, Haskell CHEOBABRZETIEITIEH L W
AN EN T THRAIIZ free LB TH, WHRLC R > XA T —4EI
IEEEFWICERINEZ LIZR>TW5,

#a

%8 (tuple) LHAAADT— IR LTHEIN TV S, AI3ER%E T, (2
) TRYI-TER, (" ")" TEHATERT., HIdV R LDFELELRY.,
BEOENR—THBLEITL W, (1,'a") EWIHIROEIL
YRIEINS, F/. (2,'b',[3]) LWHIRDOEIG

Y £REINS (EED Haskell TIE, BT 5 R
(typeclass) L\ L DAEMRT 270, TNLHORITE I D LEMALREHE
2, FlZIE. (1,'a") d. AYlE Num t => (t, Char) tWIHREHFH->,
CITRBISADFAIIEIT T, ERELY LEMELAR (BR)TILE
Integer, SFE/NEEE' 75 LIE Double) RBNL TS, &H, RIS
ERBILITHREEZOCHICHTLARVWI Y 2#HET2, (BE2BETS2
Y R, ) ),

Q2.4.6 XROXDEIIfAH ?

O) (False, "Hello") ® ('X', ("Aloha", False))

O EWHEENTOENBELH S, 2=V b unihrFIENB, () DBRIE ()
¥r&@ElL, 2=y MR YFIENSE, CEED voidBNL I REVEET 3,

R A

BEORIE T->, xtWHES (T7a—, D) %> T, Integer ->
Char DL I ICFKEINS, T, FIEDOED Integer TRYENRAHY
Char DEROETHS, T->, & <H3%, 2FY. Bool -> Bool -
> Bool ¥\ BIE YRR I %, Haskell Tl

2| BT EAKERTIEAE L LTERRT S (2% "H)—1L" v
I) DT, ZHLHIHRLTELIZINERTH 5,

%R

Integer X’ Char DL I ITREBDLRIESTAXEN SBFE S, —H. a X
b DEHNIXFTHE B2HANFHBOPICHENBIFE., NLHIE (type
variable) Th %, TNSDREIIMERT 28710, LY EARWLBICE S
220 TES, FlZAE. [a] -> [b] -> [(a,b)] EWHIREHFOBEK

I, [Char] -> [Integer] -> [(Char, Integer)] &\ 9B =#HF OB
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rLTEALTHLRWL,. [String] -> [Integer -> Integer] ->
[ (String, Integer -> Integer)] ¥ L TERALTELRL,

CHOIHITREREEDRE (polymorphic type) ¥ \» 5, Haskell &
reHICHHABEHTRENLTOISIVITEETH S,

BB, BROBETOTSLRIHRLAVESE 1) LV IRTEES T,
ERE o I

YEL, Bl trivial X fact DR EARL TH EALVIFEIE,

trivial :: a -> a

trivial x = x

fact :: Integer -> Integer

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

NDEIEL, EELBEE., ZHECHAKOBII TS erBHRLAELT
t. Haskell RERZHIHH/L T<NB, TnEEA% (type inference) &
\’\ 50

25 X9 =2 2w F T

Haskell Tld. BABERDRSIENE LIS YwWHaIbLmEEWT, 3|1

DR L THERQ T EITRIBNITETH S (—MRWIC AR SEIIT -7

DOFERIIEZTICRIE () 1AL IRBENIBETHY., #7927
PEEZEIR. 7—F (J5R) OFEENIEA T, RE (XYY F) ¥k

WL RIBEVBETH S, )o /89— rid. RHIBICE-> TERER. #
BKF (T T[] RE) DoNHERINEATH S,

1
n * fact (n - 1)

fact 0
fact n

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

BHg a—>2, 8= = &K,
B#e 84—y N8 —2, = &K,

BME 48—, . RE—v = =,

i LEFICIE. BARERO LA STOIEIC, BBOEIIHE/ Y- LRE

L. Y FLEEZEOEANFEEINS, ZOFDIHBE. nyLength D5 EH"

ZYZb ([ RS TTEVRBRING, —H, 1 DUENDBERERH SR

P SIE 2 TENRIRIN, VA MOABEEN TR < ITREIN, BYD)

2 MO ER xs ICRBEINS, (H. myLength ¥IT ¥ A YR LEE length
[a] -> Int 02 ESA TS5 —ICABIN TV S, )
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B, GHC RN =22 v F U IHNTRTNFEERL LTV TH, AE
BELHALL WA, A9 RS54 >4 7Y 3> —fwarn-incomplete-
patterns ¥ET B2 TEE*HIT LT H2 e TE S,

N =22y FrIT GATELBWVERIE T 3 (FYF—237) 2{E
STERICKRBLT, ERT 229 TES, HlZAIE myLength DIFE, x &
ATLTERL TV VDT,

myLength ( :xs) = 1 + myLength xs

YELZHTE 3,

RD case ~of RB/NRNI—22vFoI%2T505, (RlEY, T7L—Rrt3
J0VISEBEEERT S, )

case Eto of {
/f’;‘l—‘/l -> Etl;
/€9_>2 -> Etz;
KE—> > K
}
RoZdHl L T, L SIEIC/ NI —2 Y BREL, /N —qIie vy F T3R5
DS R =2 ey F T B 5 I XX 0T NENFE N5,
Froif K| then K, else 3 LWIRLIRD case ~ of ADEELE LR
RET B2 TH %,
case ®; of { True -> T ,; False -> I3 }
ol let X (RRR) XRILIAREERKRERET B 25 THL /19—
EELZLTES, BIAW,

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

RYETH2, TOBEIE. RI—YIE—BEOLTHEEDITIETET, /N9 —
Iy FLEWSIENSZ o NIET S - i B,

M 251" R b Ofo, FEr KD SEE mySum, myProd /89 —> 2w F
T EESTERY L, (BHFEDOBEE sum product II1E#S 1 75 —ICH
BEINTWVWS, )

fd 2.5.2

1. EBED) A b [Bool] # 2#BL AR LT, WRNT2EKEHAET S
%X fromBin :: [Bool] -> Integer *E&HE L., fBlAIL,
fromBin [True, True] I& 3. fromBin

[True,False, True,False] £ 1012% 3%,

E> b 30T —DOHEC L AEBEAENSREIIR S,
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B> b R—F—DA% (Horer'srule) 2189, 23 Y., %$ER

apT” + ap_ 12" 1+ ... +ax+ag &
(..(anz+an1)z+...+a1)z+ag PIETHET 5. HIAIL
fromBin [True,False,True,False] &
((1x2+0)x2+1)x2+0. fromBin
[True, True, False, True] & ((1 X 2+ 1) X 2+ 0) x2+1¥&#i 5%
LIIEET 5,

2.EBENY X b [Bool]l ¥ 2EKB Y AL LT, WRT 2ERLHAET S
A% fromBinRev :: [Bool] -> Integer ¥ E&HEE L, /=L, &
DR IZHIEICERBEL S ATV S LREE L, FlAIL.
fromBinRev [True,True,False,True] &

1+2x (1+2x (0+2x 1)) =1l4pt% 3,

3VRMERERFOIAICEINALZSERNCRL L, $EADNELHET S
£k evalPoly :: [Double] -> Double -> Double PERTL,
Bl [1,2,3,4] LWH YR M1+ 22+ 322 + 423 ¥\ SER
¥B#% L. evalbPoly [1,2,3,4] 10 DfAlE
14+2x 1043 x 10244 x 10° = 432112 % 3,

M 253 ZHN) R b xs UEBDSERNOBARK £ 2XITRY., VR IDORE
ZICr 2 BRALAKRNOTEHET 2B E sunf :: [Double] -> (Double
-> Double) -> Double *EHEE L,

12542 DN3|# x, xs *ITRY., YA b xsh b5 x tELVWEERY

1L Lo HABICHENZ —DOOBRLITIRYKRWAY X b ERTEK
deleteOne

2. RIZICBENE—DODERLITIRYKR WY R b %RTEE deletelast
3T RTERYBWEY R %IRRT deletenrll

EANTHERLL,
2.6 JEANIEIC & % 3EER

TRITIIVIERNERE I LIHBECEAREZTETRRET 52 LoRA
Z. TR7SL0REN (FME) 2 LDOBBIBTRICRILWVILITEICH
%5, (THIZHFLTHAILCEETIE. ¢ = getchar(); LWIRAXDH
57 LTH, c DHIR% getchar () TESWABZZ XIITERV, FlAIL,
Mc = getchar () ; putchar(c); putchar(c);Js &
Toutchar (getchar () ); putchar (getchar());s IB%» ELR S, D F
V. BENES "=, ¥ CEED "= EE%RIELR S, ) 22T, TndkH
RBROBIE LT, 220 R MIEAT BB EETHS 2 L DEAEZERY £
1T5%, COLIRAAIBIFWELHRATZZ L%\,

P 2.6.1 (188) #tRao=1a,=2a, ,+1 (n>1) TEEINZKID
—ARIEA a, = 2] — 1 TERINS 2 L ERFRBMEE AV TR L,
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UTFILIRMEEFERL TV S,
)R b % RE:Y B E# reverse:

| —— (++) |¥ Prelude IZEHEFH

20 (++) [a] -> [a] -> [al

3 [1 ++ ys = ys -— (++)-(1)

4 (x:xs) ++ ys = x (xs ++ ys) —— (++)=(2)

6 -- reverse |& Prelude IZEHEFH

7 reverse [a] -> [a]

8 reverse [] =[] -— reverse- (1)
9 reverse (x:xs) = (reverse xs) ++ [x] -—- reverse-(2)

X EnEHETIE. 31HKD
EHNEBE,

ZITROEIALEREEL S,

1 -- shunt (& rev®#HBIEI%K

2 shunt [a] -> [a]
3 shunt ys [] = ys

4 shunt ys (x:xs) = shunt (x:ys)
6 rev [a] -> [a]

7 rev xs = shunt [] xs

20 rev ¥\ EEIL. 3IED
A NERETESZDOTHRIRL,

->

IZEEBId BEEREA D 0 B 7= I%h

shunt-(1)

XS shunt-(2)

rev-(1)
rev-(2)

ICEEBIY BEFRATY

2D rev ¥ reverse VEFEMTHSEI L —EHICE )Y, IRTHAR'Y X+

xs 2L T

| rev xs reverse xs

DY ILDOZ X AT E B,

ZDEHICIE, ROL D RBHEENEERFAATIILIR,

‘ shunt ys xs (reverse xs) ++ ys

%

N, HLTCGIRTYT 5 (++) IKET SEEESHENL,

reverse xs DEIBATCE %,
Z DB EREIL,

sEBA:

rev Xs

BT 2 RAECHET 52 L TE B,

-14



xs = z:zs DY E;

R 2.6.2 TRXRTHAER') R b x5 I22WT,

1.xs ++ [] = xs

2.x%s ++ (ys ++ zs) = (xs ++ ys) ++ zs

DRYILDZ2 %, xs ST 21405 CEIAE &,

(Y2 TRIMEDIRE 2 1E
AT 3HhBAREL, )

BlZIE., FEHnLIR) XX EBLTOT7SLT. FAHIRBELNIZELW

D EEICERN DS S BIRFRELWHACIHNBELHTR WY, BETH
5, ¥\WHIBEIL, MENRMETHL I L EMBATES 0L LG,

2.7 BRAR ) X ~AIEEEK

-15



RDEAG) A MET BB L KHAINS, TN5 S Prelude (RS A
725 -) KEREHTH S,

INS5DY X NUEEKNZ L IIEBERTH S,

SR L. BT R LAY, EREEXRLTEYELT 5L 5 2EK
NZErThHs,

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

map £ [] =[]

map f (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 :: Integer -> [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 filte
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] -> [a]

concat [] =[]

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

BlZIEmap ) R OB ERICACEARELEAT 5,
map f [x1,X9,..] = [f %1, £ x5,..]
Z N 2 5| EERA zipWith TH %,

zipWith £ [x1,%x9,..]1 [V1,V2,] = [f %1 vi, £ X5 yo,..]

THIT, take @Y RFOWLK DD DEBENEEEZRY HT. filter &) X b
DRDLFRBETHLTLDNEITEFNET S, iterate [IMIA LEMERD 5 EK T
(BB 5%VeS.) $ERT S, foldr ¥ foldl BZNTNELENLE
HALEAKTH 5,

-16



foldr (®) x [V1,Y2/¥3r~ Yn]l @ V1® (y2® (y3(.® (y,®X)..)))
foldl (®) x [Vi,Y2,/Y3r Ynl = (..
(((x®y1) By2) ®y3) ®...) By,

5. concat TV RMDYRAMNDEBEBERTEETEILTI7Iv M) RMIC
¥3,

EITPIZZEDHBEUATOLH IR B,

f12.7.1 £32OD take DRI, YR FORMDO nANDERFERY MR < B
myDrop :: Integer -> [a] -> [a] rPERTL,

2.8 Mt EL AL

Haskell DB B E IIRESTEZTAVWSA, #FaF&2 T 4 (Nw I 71—
be Z2—F (T1)) TREWZXITER) THDZYICE> T, RERET
ELZUNTES, ZHIINIRZLICRASHNEIEIMNERMTH S, B2
I, RO & 312 Prelude TEZ Sz zip DIHFE.

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

BEI zip [1,2] [3,4] DEHITELH, ITN%E [1,2] “zip® [3,4] &
ZEVTHRLW,

hEETAVSEEFICN L T, infixl, infixr, infix ¥ W F—7—F
2E-C, BEABEM Y EEaMEEDEIENTES, ¥ 1L, Prelude

(Haskell IZIZ LD SmARAINZBES AT —) TRROLIICEET
nT\W3,

1 infixr
2 infixl
3 infixr
4 infixl
5 infixl
infixr
infix
8 infixr
9 infixr
10 infixl
11 infixr

AN * %
14

o
o°

/, ‘quot’, ‘rem', ‘div’, ‘mod’,
++
==, /=, <, <=, >=, >, ‘elem , ‘notElem’

P PR NDWS OO oYy J 0w o

=17



infixr 0 $, $!, “seq’

227Tinfixl & . infixr & 2ERT, =D infixld¥L 5
THRWZ Y GEEEa—BIAIE T<y BER/ELRNDTL < x < 2 IEXTS—
2% %) %%F, 7. 2FBOERFIARFTWVITIY, BEIBEL»EV. FlAIE
T ) Z7HDT, 6D T+ LY BLESHHTRL,

Q281 RDADAERIIL I G ZH0 ?HIMeFNL TREIEZHTHICE L,

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

Ny 77— bCHICARPERETHEASNIERETE "("L")"TL< >
T 3OIDFBERETAVSI LY TES, BIAEL + 2% (+) 1 2¢E
KTEp'TE3, HHVIREARDZIBKL L TETILHTE 5, Hlald.
zipwith (+) [3, 5, 1] [6, 2, 71k [9, 7, 8] Th 5,

Q282 ROXNEBENPERETE T, HMNITE SR ITEBE L,

1. (+) ((*) 2 x) 1
2. (++) xs ((++) ys zs)

29 WMo BRYE7 > 3 >

Haskell AL A ) —(bX N TV 3, Thbb, 3| HOBAEKIIE TEAKERY
%L Y LTERBEINTVS, 51 HO—EAIT2ERAL T, BRENEKE nap
DEARBEBDOSIEIEI T LITBL H B,

Prelude> map (take 2) [[1,2,3]1,[4,5,6,7]1,(8,9,10]]
[C1,21,04,5]1,C8,9]1]

Prelude> map (zip [8,7,61) [[1,2,3],[4,5,6,7]1,[8,9]]
cces,mn,a,2),6,3)1,0(8,4),(7,5),(6,6)1,0(8,8),(7,91]

Haskell TIXSEEFICHEHOBANTES L IR ->TWS, BEFORHFDOL
RSV REFEECTEIMTHD, BlAIE (2 *) 28T 208%\ x —> 2 *
xTHY. (/ 2) X2 TEZEK\ x > x / 2ThbB, ZOLHIRIEE

BFnWRHyERELIa>rwn,

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]

-18



Q291 RNDELIVa>rSLITRNTE,

=L T-) BHEFIE, BIBEEFD - 3BET DT, (-2) ldtE7va
Vil sk v, TR Y subtract ¥ BE (subtract x v = y -
x) DNEET SN T, subtract 2 ¥ EL 2P TE 5,

1292 "THA%L YR FNUEEH TN L7 map R EDEE (X THUXETIC
BN L7z length, id R EOEE) %{E->T. ROLHILEAREBIZFIEHEL 216
bTIcERT L,

1.220) RN 0OFBBNEERAL. 1 ZBBNERRAL. .. #EL. L
WEZOEEKZRTEK countEqg

Bz countEq [1,2,3,5] [2,2,6,5,3] &2k 3,

2. XFFDY R+ ERITRY ., BXFIOREZIC T, 2210 TEELAX
F3|%3iRF addSemicolon

Bl Z 1¥ addSemicolon ["abc","xyz","123"] &
"abc;xyz;123;" 7 5,

2.10 BFFE &

RDEH T let EWHIF—T—FEAVT, BFAWREREEERT 52T
%%O

let (B#®D) ZHOEE in X
YWIHETAWS,

powd x = let y =x * x iny * y

myHead ys = let (z:zs) = ys in z

-- AEDOMH head I& Prelude I[CEHEFH
-- myHead (x:xs) = x EEEITHEELETED

BRETHDB, COLEyR 2 2z2s ERA-—THROENZNT, ABOEED
S TREAEBENERNDEF I TH S,
Q2.10.1 RN & S 2% let 2AVTERE L,

1.27T &Y 2% pow27 ( ") BEF2EHTI)

2. VR FORE GEEEZRVWAEEY) * KD 5B nyTail

-19



COBITIE4FET B (powd) TERL TS, v * yOEHHVEEKyD

AxEE ( ) IKBLTW3, R, T5IEHOER" DEDADERY
(2 ofITia, OFD) LRIA-TIIBL TV S, ZALROFITHH
%O

-- repeat [& Prelude [CEZEFEH

repeat :: a -> [a]

repeat x = let xs = x:xs in xs

COBBIRER < DER XM EERT B,

Prelude> repeat 1
[1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, - (Ctrl-c THHET 5, )

CHDYRME, ROFERA I —mETERINS,

XS

1 ]

(L5 EHKIE, Haskell TIr"iEF 54w - FBlIuARVWR"TIERL, B
KOHERER B, THZrid, YT Haskell DELHELRE % 4211 2 BF 2 EiEA
T3, )

Q2.10.2 repeatlList [2,5] #%[2,5,2,5,2,5,2,5,2,5,..1«
repeatList [1,2,3]4%(1,2,3,1,2,3,1,2,3, .0 EWHIERY R MICR
54 ) B% repeatlist :: [a] -> [a] FEHRE L, BB, FHENY R
POBEBIIERTH S,

B> b (+4) 2ERAEL,

M2103 VR EEEHLLRRLT, TORFES FBoEENES) ¥R
B powerset ¥ EHT L,

%17\ powerset [1,2,3]1 W& [[1,(11,121,1(3],[1,2],12,3],[1 31,
[1,2,311 2% %, (L. IBFEEZ0RY TLHRITHRY, )

E>b:vwIya i rEILBERIIERETE S,



FEHEYVRERVIAMTAT . EEICKEIOD B, BERI10KS5VET
e rHhTHELL 2T X,

(#E) wherefh

wheret W HF—7— F%F5 v, BAREZRNDELTHEAINSGEE - Kz &
LICBPFMIICERT 52 Lok 5,

E#g N2 —CHy = K
where (BEH#®D) ZHOEE

YWHETAVS, (ZOBRATRFIINTWEREWSY, BFFNERINLEEK
DEBDOA— FEICFEF 0> TERAINTWTH L) EZED pows, head 1FR
NDEHIIERTHIHHEEKS,

powd x =y *y

where y = x * x
-- head [¥ Prelude IZE&EEH
head ys = x

where (x:xs) = ys

772U, where IZL 2RBFANERIIBERND/ Y-y FIZE L2 2ZLIET
W

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

2 OBIT bar BEHR DI foo-(2) DIFILHTH .

2.11 Haskell o) z1{fh #k B8

Haskell DX DFEIE. (\ x -> M) NEWIHIBIRE, BRORYE MDA
ORI x DEELEREEIBNICESRAALNICESRLIS, INEP
5% (beta reduction) ¥\ 9, BlAIE, "(\ x -=> x + 2) 3"% 3 + 2IEE
Wz 5,

ML BERSTERVREERF LV,

SHENERF £ £ % AL, —DORICKEBY Lo f Y TEER 2 LHH 2.
B\ x —>x+1) ((\x->x*x) 2)20rE BuspHEHE
BIY, FHMBEOREIBOHIEIOLNLTLES. Bl (\ x -> x * x)
2) + 1% (\ x ->x+ 1) 4)



M M

Lo L. Y ELAEI»BREANETRO L, 2ORDINLELDEBUERT
Eo5NEZ e moNTVWSE, (Fy—F - -avH—nEiE)

M; M,
>\ / ’
o

CHIRREEIC, HEARNICERENIBTET SR 61, THIE—D LA (RE]
BOZRMTIFICLBEBVERCS) Y\WHZEERIEL TV 3,

RUVENLIILEZPELBATVHIR., ERBOBET 2R 5E STE
HZICEET S22 TETHE V) 2o NT WS, 2 OFMEEKEE %
W,

Haskell s H@#RER 1L, EAICZ NDREBBEICL 3B AEETH S, 2F Y IE
B EEORNDOTMILTEE B, =750, ATEICITRICEBAT 5L 1
*AWS,

BlzIE, ROLIITERBEINSE square L WIHBEEEE L 5,

square x = X * x

REBBE Tldsquare (3 + 4) EWVWIHIRITRDEL D ICHET 52 itk 5,

square (3+4) = (3+4)*(3+4)
=Tx*7
=49

2F Y. square DK THS (3 + 4) FFEINLE VT E. T square D
ERICLED S TROVEBAINS, T LT, RYIKEIIL > TS DFEIE +
DIBENSHBENILH T3 + 4DHEINS, COHREFA—TITETT
¥, 3+ 4an_EFEINTLE D,

7S5 7B TIE. COLIREHELZ IS TR TELT, 3 + 4 x—ELHE
BLiwEIHITLTWS,



square * * 49

1 00
SN N

REBBIINEIIR I THEEESLLZNT (lazy evaluation) ¥
LEbLNE, L, TRI75IVTEETCREFMEAVSHBEIE. 2ok
ST 7N A EDLE T, ALAENBRYERLERITSZLHICT 00
—RHTH 5,

BEFMOBWVYE 23 IBANICEROATINT—91EBE2RI 22 TH
5, PlZIERDEL I LEKEEZ S,

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

FT5Y from 11& [1,2,3,..] EWOERY R MEH, ZHERY R b ERT
THRWTWS take 3 (from 1) £WIH R

=~
i S )

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

:(take 2 ((1 + D:from (1 + 1 + 1))
:2:(take 1 (from (1 + 1 + 1)))

:2:3:(take @ (from (1 + 1 + 1 + 1))
1:2:3:[1 (= [1,2,3D)

A Y

DEHIERBBTHETE %, FlAlL take DEFEE T B0, F 151
RO THRVWESIE, E23BHNIEY AN Z I TR WH 2B 8ENH S, £
e BROICERICHEREZEZTTAEHDIC. (1 + 1), (1L +1 + 1) Y%
BT 2%EHNH S,

B, from TERINS LI RFEEZHINHDVWTIL T, . %2{F -8B E (B
KIEX) "W OHPRABEINT 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]

(BE) ".." D8R



IHNSIZEIC Prelude TERZINABAKOTE LICEARINS,

[ e1 .. ] = enumFrom eq

[ e1, ex.. ] = enumFromThen e ej
[ e1 .. ey ] = enumFromTo e ey

[ e1, ep .. e3 ] = enumFromThenTo e
ey €3

BIEFBEEAVE Y VWEWE Y BKENTOT S I IHHEEIcR 5, 3EX
#k (Hughes 1989) (&, BEFBEAAL AT OIS LDWMRELDOFEEZFHL
{EHEAL TW5,

—h. BEFMmEZAVL OS5 LDERONEDLIRIBEFTEITINS
DH, BENHERT 522 eHhEELW, BMERAIIERITINBIERICL > THED
BRD-0, BEFMEAVSHICIE, 8MEFANBAELAE W ¥ KAHET
Hb, T, BEFTMETIE. AT —DFEABIIODVWTRELS I rb#L<
2 BIGENH W,

2111 74 KR+ v FEIIDERY) A b LT fib :: [Integer] ¥ E&H Y
J:o

Exb: 748y FBIIRLETSLTRLET ..

B> b: B zipwith 25,

212 ERICEHOLVWRIBICYALE2ODY A 22 —I LT, RIIYE
BRLORIBED') A b EEKT 2B merge 2 EEE L. BHlA L merge
[2,4,6,8] [3,6,9]11%1(2,3,4,6,8,9] 2% 35,

i 2.11.3 ()

20.37.5F (4,5, kI3 0 MRLDOER) OHMTELIEROAEER L LICHIEIC
¥R7) XA b hamming # R L, HAIL take 14 hamming I
(1,2,3,4,5,6,8,9,10,12,15,16,18,20] TH b, ZN'Y A +D 699 FH
NEER (FELEME 0EZB LEATIGE) 555898240 TH % 2 ¥ * HERE
£,

E> b B map ¥ UBTDORID merge %19,

212 ) 2 toR&E%k:i (List Comprehension)

HaskelllZ. ') X b (list comprehension) ¥\ S ¥EREX (X 5w
293 A) (syntaxsugar) 22, ZHNEKFETELNIEEORBEIEITM
EETH %,

il



Prelude>[(x,y) |
[c1,s,0,6),0,7
(4,5),(4,6),(4,7)
Prelude> [x * x |
[1,9,25,49,81]

x <- [1,2,3,41, y <- [5,6,7]]
),(2,5),(2,6),(2,7,(3,5),(3,6),(3,7), ¢
]

x <= [1..10], odd x]

7=7~L [1..1011x11,2,3,4,5,6,7,8,9,10] OB ETH S, T, v
X, AHFITLRW (7)) > FOBOFETHITLTWVWS) ZrExrLTW
%,

JRFOABEREZRDEILEOLDOTH 5,

(X | BEKX, .., BREX ]
ZZTRERIE. Bool X (F—F) o RO (EKX)
T8 <- R

DUNTNHTHS, ERAD M<-) DEDITW/ I — >+ E 2L HARTH
2, HRADEDIZBENLZTHENORI—T1Z, TNLYVEORERTH 2, &£
RATEBIERLNOREHEL THONS ) X POBREMERAL, #—F
TErR2L0NDAMEL T, IRXNTHMAELEDLEEINET 3,

Q2.12.1 ROAB KL DEIZ@H?

[ x *y | x<=11,2], yv <= [3,5,7] ]
( ) X <= [11417]1 y <- [21518]/ x < YJ

1. |
2. [ X,y |

Bl 2122 FENEHEn 2ZITRY ., 0<z<y<n i3I XRTHz ynil
AT 5% foo :: Integer -> [(Integer, Integer)] *AEEXIC
TRAVWTERE L,

Exb: Moy &fES,

12123 FEDER R 2ZITRY. 1<z <y<z<nO&EEAT 22+ = 22
YRB5IRTD x,y, z DI EEKT 588 chokkaku :: Integer ->

[ (Integer, Integer, Integer)] *HWEBXRITFAVTIEET L, FlAIL,
chokkaku 20 D&, [(3,4,5),(6,8,10), (5,12,13), (9,12,15),
(8,15,17),(12,16,20)]1 ¥%% %, (BFEZOFICELZ>TVWTHLR, )

AN aFRENER

N2 FOREBERZIRRROL I LEARERVCTERT 2208 TE 5,

unit :: a -> [a] - B 1 OVRMERY
unit a = a : []

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

bind [] []

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



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

BIRMANLRDEBEY TH B, (THRIEVICHRRM EHIRFOIERL TV
<o)

(e |1 = unit ¢t

[t | x <= u, Pl = bind u (\ x -> [t |_P])
(t | b, P] = if b then [t |_P] else []
[t | let decls, Q] = let decls in [t |_0]

7=72L. bld Bool BN, PIIREANDNDIEUVTH S, FlAIL.
[(x,y) | x <= [1..3], v <= [2..4], odd (x + vy) 1

RO LD ICEIRRIN S,

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

RNEaEREAVEY, 724y 7YV —MEIROL S ICHBIZEINS,

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

(770, B2 A BT BRERTIEH 50, MEGICIIXEORMITH
%O )

R 2124 RORBLEF LOERMERA Z AV T, unit, bind FAWVWEEIZE
cto

1.[ (x,y) | x <= [1,2,3,4], v <= [5,6,7] ]
2. x * x | x <= [1..10], odd x ]

M 2.12.5 £85I (2,3,5,7,11,..] DERY A bR 5L primes ::
[Integer] *EHT L, (RHEBEXZTAVTEHE, AVWECTILRLY, )

Eih:

"I 5 b A5 % R (Eratosthenes, 275 BC - 194 BC) N3 B W'Y WH 7L T Y XL
2EETE, TOBRLADTILTYILEEETRRT I RDL S IR



3,
1.2 L0 BREEFLEXRS,

2. RBENHERYKRE, TOEBERIFICE YR, (ZOREE"3.5\
(sieve) Y ' LA TW 5, )

3.2. x#YiRY,

COBFICEBEICRNABETIBRICEREZLDOHNEBDIITH S, &P TER'
2 FDER X FOBEbNSH, BEFMED H 0T TR R,

THLEIIITLT, EHEERVRA MY LTRBTSZ2T, JFIFRBERE
HIHRTEHI2ENTES, CRETEELLILT SL, 1000 FTHOERKL
WA DIIEFNERAVTHEICKDHSZZ LA TE LSS, KRMD 100 BHOEREE K
HEZDITEICHLL R 5,

R 2.12.6 LZ2D sieve #EIY E (div X mod ¥ rem) 2EHLTICERZLE L,

f 2.12.7 Haskell AShDEE T, BRIV A M2 Ia L - M55 EEEFEY
Lo TLEZXDHETAVT, TOTETEREGITEREL L,

213 =14~ (8) 714 — > DRRE

JZAPORBERZTEAWVWT, BELG/IRILEBNTHB I LIIT 5,

IA @) I7A—NREBEESHENIA—>%, BEWIIERSZ AN TER WL
I, FRBOLICBEKC L WHIRBETHS, 74— 3t - # - fHoT X
ToOAEI, ATXTELEBRHTES, WHORELALTHFNLLILREBEITH
%5, COMBOTRELBIIV OOHFEET 5, COTRELBONEEY T I b
¥ LTERBET S, 2ZTIRER) X MIREWICIZER LR VA, BETHIL
HEDRTRKERRENERALT,

IJA4A—>DEEIZ, 22TIIHNY X +NTET., [4,6,1,5,2,8,3,7] lERD
SO RBEETERT. 2F Y. [(1,4),(2,6),(3,1),(4,5),(5,2),(6,8),
(7,3),(8,7)] EWOHOEEERELTVWELWVWIZLTHS,



-4
W

-4

FTENDKINETIA—VEBEVICBRNGWE I ICEREL T, Ek+ 1581
TLHINT7A—VEBRETESHNEI)NHERL TV, RIIKRT safe ld safe
p n?'length pBIEFTHIA—>DEEHN p L) )R MTEZ SHFEE
Zlength p + 1DEnITICIA—25BL 2N TESDEINETTH
BTH5s,

safe p n

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

check (i,j) (m,n) = j == n
[l (1 + 3 == m + n)
[| (1 -3 ==m - n)
22T, oallld
all :: (a => Bool) -> [a] -> Bool

True
if p x then all p xs else False

all p []
all p (x:xs)

YEBZBINEEESA TS —0BBETHS, /. [1..11F1[1,2,3,.] ¢
WHERY X FDBEERETH S, 2F Y. check T IIROTR LB LIC
Fo5TWRWVWZIEEFVvILTWS,

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

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



> safe [1,3] 5
True
> safe [1,3] 2

False

X
W

X5, é

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

2.safe [1,5] 3 D{EIXfAH?

JBl2, RO nFINITRTOREREEEANTVL, TDEDHIZ, TDLH
BRINRTHOERE(D') X M)EIRT queens E WHYBAREERT 5,

queens 0
queens m

[1]

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

I
—_— —

]
p
p

2FY, BMOOINDLRELLREBEIZ1 2H->T. TNEEY R T[], TE™
Nb, m - 1FINBEITCHLELREELRD SNNIL. safe BEEFE->T. &
nINBNLEREE*RKDZZ N TE 3,

Bl Z 1L

> queens 1

(C11,021,031,041,051,061,071,08113

> queens 2
ct1,31,01,41,01,51,01,61,01,71,01,81,[2,4]1,[2,51,[2,6]1,[2,7],¢
(2,81,r3,11,(3,51,(3,61,[3,71,(3,81,[4,11,[4,2]1,[4,61,[4,71, <
(4,81,05,11,(5,21,(5,3],[5,71,(5,81,(6,11,[6,21,[6,31,[6,41, v
(e,81,(7,11,(7,21,(7,31,(7,4]1,(7,5]1,(8,1],[8,21,[8,31,[8,4], v

£8,51,08,61]

¥’ %, 99 %Y head (queens 8) THRMDBEEERDHBE I LHTE 5,



> head (queens 8)
(1,5,8,6,3,7,2,4]

BRFMERAVTVEDT, RMDBRERDSDITIIAREITBEREY DM
HrLriThebew, 249, ko [1,5,8,6,3,7,2,4] ERDBDIC,
queens 7 NFHEEZIRTUUTR->TWVWEDITTIELL, TORMDEE KD S
DIZHBRETOBDOFEEZ LTS, 24, queens 7T *EEIHET
%Y head (queens 8) &Y LEHEICEHRI S22 s5bhh 5,
(GHCI T :set +s ¥WH AR FEEITT B L, U, HMEICEHNBFREXC
AE)—ENPERRINE LIRS, )

22T, BEFEIL PrologTW I EZEDERY (Nv 7 Sy T,
backtrack) Y R L & I R R 2 EHRT 2, 2F Y. 1 2ETBE* RO SHEYL
TRTOBERDBHELR 2R T 28 EITRL, Lrd, 1 2EITEEK
HEEHITIE, THNITRBELREZITOHAELMMT bRV

57 #&#I2 queens 8 XETHEIE S L,

> queens 8
ch1,s,8,6,3,7,2,41,01,6,8,3,7,4,2,5],
(B

,[8,3,1,6,2,5,7,41,08,4,1,3,6,2,7,51]
BIZTRTTREHSZ hHh 3,

2133 MNEET. 8 71— 2 FEELL, TaERLIE, BRYEVIaL
—rLT, =08, IRTOBEERLTOITSLTHRBSRDOLNS L
Sz &,

R 2.13.4

(F4 PKE) +4 Fld, HOREDOHR
DRANLOEPNDTRANBHTESLF R O O
DAY TH 5, 5x5VADF = 2ET,

HBT2 (BlAlE. £LFB) 2 omBHT O
TRTHDVREFIETOHNEBEERD

277075 L5 ERE L, m

O O
O O

1.V=—bFINEEED) A bRHT, 32TV 3>ORLEK 2
ORLEEZRSITTYR 7Y 7T 58 shuntsu (IBF) . kotsu
ZF) . toitsu (FF) 2ZTNITNEELE L,

R 2.13.5 (74 #=E)

Prelude> shuntsu [1,3,3,4,5,7,8,9]
[rs,4,51,07,8,91]

Prelude> toitsu [1,3,3,4,5,7,7,9]
(rs,s31,r7,711



2 TABDBEESHFEOERHD Y — bINELY R DY —Vr > nFE—8 (F
A=Y =) OTHIVFIZR>TWEHNZHET SEE chinitsu 2 F
B, L. THIRLE, IBF G2 U0 FAERF G-
DRLHE) 4>, FF Q20RALEK) 4512, T35 TH 5,
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