T P AL B ) A\ E AR AR R R A — R A e, IR A e
MROABIZR, HRBMFRNFIRIM ., B, FIRFEAR — Rk EE R
BRI . AT S PRSI IR T332 LA S 3R e B 5 S5
SR LA SEfl it — D B M SRS L RE P BT T i

3.1 FIREVE

2 A0 B N B B A R SRR — R BT R, XLk
PR E AN IR I, (R AR, 7 ZHERRE
BRI AT o AT A RSIR KIS T i, BRI 5 R A IE PR
KA ZARYE — D HNRHIE 73— D BIR B R AEE

3.1.1 HiERH

—NRIHIE R E (constructor) ZMIEIZRMM TR INEA B
%o BN, Bool KAHIE KL (0 JGERED A True F False, EAf14 3
i Bool T L%

— N RB A IE PR U 8 SOZ R E AR e B Al . i, e
Bool Ef—Jtf €Iz neg:

neg :: Bool -> Bool
neg True = False
neg False = True

K28 Bool RATMAMHIGE s &, BE IR, B DAE SCH P35 5051
SRS IE PN
B, SHFATEZRAL a Al b, ZJndiRAY (a, b) MIAEREGR ().

Prelude> :t (,)
(,) ::a->b -> (a, b)

@ W EH av by ¢ HRIRFAEE,



Haskell #2 % i+ Bt (RURAR)

SR (a,b) MEMIEE (xy) BRBHE I () BT x Ay A3,
Hobt x Ay RIS o FIZH b M7 E. B,

Prelude> (,) 1.2 34
(1.2,34)

Prelude> (,) "Qiao" 60
("Qiao",60)

R ELE L— AR fst, IZEREUR A uH M — AN, AT LA E X

fst :: (a, b) -> a
fst (x, y) = x

E XA H—ANEXRIT, FA (a,b) B TR EAEREN (x,y)-

H1| R [P HE) 3 R B A A 1) 36 () B AR T v

XTAREEM a, FIRER [a] BI7CE AW 77 XE K.

(D [1 42 [a] WTFIE.

(2) WA x 2R a FIITER, xs AR [a] MFIE, B4 xxs 2RKE [a] BI51FK,
x MNIZIIRINETLR, xs BAGIRPIETIZR.

[ A ) BRORFIRINEERE, XRWVIERI T TR R XA B 2006 Hh
Ko ATATHRAT By AR [1 86# x:xs.

TEfRRESR T AT LR (o) MR,

>:t (:)
()

:a -> [a] > [a]

filtn, [Int] KAEFIE [1,2,3] RAREILEN 1, BIHAGIE [2,3], FLERRA]
PLH 1:(2,3) #ik; [FIRE, 103R [2,3] ATLAA 2:(3) Mk, %03 (3] mTUAH 3: 00 Mi&. &+
Sk, [1,2,3] RAIE 1:(2:(3:[1)) WIfEE, Ry nT LUE FH 513 09 438 R 4L
PG R

(G % [ (3.1)

3: (ET 3RS () (3.2)

2: (3: [T 32MMEREL (1) (3.3)
1:(2: (3: ()T 33MMEREL (1) (3.4)

FIRHX PRI O E HIFR L e F it 1 2tk
flan, & L—ARHE isEmpty, FIWHERESIFRZEE N
isEmpty :: [a] -> Bool

isEmpty [] = True
isEmpty (x:xs) = False




£ 3E JIREFIRIT

KA F R R A PR E,  PR s SO s F R AN 45 2081 HR A vl RE R 1 0L

F1 A& isEmpty R L% AFX b, A@HHATIE x:xs SEEFRT
b, EN AR EA R X AR AKX X isEmpty (x:xs) ¥ &4 H AN EH: isEmpty
BWEMEATREYGE AFNERE C), MBEXERANKERERS, A, H%iE5
J& gk ik XAR % F (isEmpty x):xs, ¥ isEmpty m A T £A a ey F 2L EBHE%,
B iR 2 X, isEmpty RAem A T XA [al] 497 %,

5l 3.1 & XRINAKENHHK length, MARMEEF LA I L, WBLI AP
HLFEANK AANETIFHEARAEX: [ RE xixs. A FaH, ZoiEAHKSNO;
SFE4, TRETHIAR xs 9 AEANK, Rk 1. B, A TFIliEEELC

length :: [a] -> Int
length [] 0
length (x:xs) 1 + length xs

length PRECE XAEH T8, WAEXD BRI 7IBIREAED . R, @D
AL 2 xs AN TAERE RIS xixs. KR RIESIRIE R Ef T30 4
IR HINPS: B

length AARUERE 8L, HARMAW G RMAE a, RIZREAT N H TR 512K

Prelude> length [1.0,3.2,2]

3

Prelude> length [True, True,Falsel
3

Prelude> length ["Hello","Haskell"]
2

KRR R B RN ZER, B2 RUN KRB AZTSEE. ik
FERRE T2 AR B2 &R, B, REIZIREITCEIIEE head, R [FIFFR G
HIEREL tail.

5 3.2 ARz B % 3 head Fo tail 89 2 3L,

head :: [a] —> a
head (x:xs) = x

tail :: [a] -> [a]
tail (x:xs) = xs

£ 2 head #o tail XA FHA R IEZT T EH ZL, A, LRI E AN
ANAEEHER o REXAANAZHEE A TEH L, WNEFAFFHR.

B 3.3 &N —ANEH mySum, MAZ—ANEHI K, BB R I ET O LEZA

FF G Z ARSI AT E oL R, e ER R AT, MWERA 0, mEI AR
A e xixs, W EBMTAT LRI A xs 9 AEBmfe, IANFET@ELH
2R AR, B A T



mySum :: [Int] -> Int
mySum [] = 0
mySum (x:xs) = x + mySum xs

5] 3.4 FX—ANEH, MA—NEREH 0 F—ANEH x, B2 oA x MR
W5 k. Blde, Han=3, x=1, #H2s & [1,1,1].

(1) e EH A n=0, FRLHEHLTH A,

(2) 4% n>0, MLERFARFTI A, AT LELx, LEFLZ 01 A x MR
5k, JEHTAREETE,

B g3 T 5 )3 2 L

duplicate :: Int -> Int ->[Int]
duplicate 0 x = []
duplicate n x = x : duplicate (n-1) x

E3 BIANARNFEZHRERINK, AAFXOAMEA T FRG AR IR, #
A R AT XA B )3 Fat 3R 8 (1) KRBT 4RI Ko

JER, BE duplicate 55 — M AW URAEE SRR TTR, BLEE XURER] .
e B TOE SO AN AR, ] — AN SRR AR B AU, W] DUE 2351 duplicate:

duplicate :: Int -> a ->[a]
duplicate 0 x = []
duplicate n x = x : duplicate (n-1) x

3.1.2 FIRHEIE
FFRe—FhAE R EE MR . AL T EHTIFRRFIEEIE, BT (8GR %L
- GRS, W TREET N PIR B R A ABIER . i, WEIREA TR
FRzs, IWIAER T —ASHsE. fi, o F— 0% [1,2,3] A seE N
T, MIMFRIZIE [2,4,6].
Haskell Aixia B4 T —Fp i EZIRMFE I IE 715 IR xs AT RS
#, MEIEA [2%x|x<-xs] ER-H xs DN TTRMGEERSIR. XE x<-xs FRE
XS, Fom x BUE xs AN TTR. Hilln,

Prelude> xs = [1,2,3]
Prelude> [2*x | x <- xs]
[2,4,6]

[=]
HIFRMAE

B, R xs £ AMIIER, MARIEKX e | x <- xs] B IR, Hife
e MRIEA, W LAt e FoR 2%, HE ¢ BE T x, R xs KN TTR x BA
RN e BB TCRRIBIZR .

XL 3&E 1R 7 RO BRI (list comprehension) .

RTINS A FIRMEEA TTR AT IANZ TR, #ERT UL & A I 51 R A



£38 FRBREEIT

5 3.5 & L—/AFHK triplePlusl, #r A2 —/ANEHF) A, il 2 AFGEANTE
%3l B8 &

AHEL IR RGBT Lo B AKX PRI AR A RITR—EHMIT,
B ST AR B RS L

triplePlusl :: [Int] -> [Int]
triplePlusl xs = [3*x + 1 | x <- xs]

51 3.6 X —ANFZA, MARBRLIFR —THI K, Wl RERGI K. Blde,
#r % [("Wang Bin", 20), ("Gao Xin", 18), ("Alice",18)], W4 % [20,18,18],

By b 5 R A AR R B AN B R SAT R — ANE TR, BT VAR B R AR AT A
i 4

getAge :: [(String, Int)] -> [Int]
getAge xs = [snd x |x <- xs]

FIRMAEE A TP x W RARAR R, AT DO, filin, DL EFTH, 513 xs
RN TT R oo, Bt RT BT 5 E X

getAge :: [(String, Int)] -> [Int]
getAge xs = [y |(x,y) <- xs]

F| R BT LLR RS I R R R B AT A, NEAE A RS 2 5 i — AN E
Ty AREIM—AN RN Bool HIFRIA test RnkfF: [e Ix <- xs, test]l, ®xH
¥ xs IR AT test IICER x RARIER e, AR KM test LR AME. B, [x
| x <= [1..10], mod x 2 ==0] Fi& [ [1..10] HHEHE KMIFIE [2,4,6,8,10].

5] 3.7 &L —AF K triplePlus2, #rAst — K7 &, b R As A &
ANFHFE3 1 B A, BEAE L%, Blde, WA [1,2,3], #d [4,10],

P ERINEMARRIN AT AR ITAR—ZHEMAF, BT AR I EE T L

’triplePlus2 xs = [3*x + 1 | x <- xs, mod x 2 == 1] ‘

513.8 fplde, X —ANFI, Br NI L AW T T K, i R T RF
F 18 69 AL 5 A 4o, #r A2 [("Wang Bin", 20), ("Gao Xin", 18), ("Alice",18)],
W 2 ["Gao Xin", "Alice"]. VAR P AMAE A T LR A Ak

getName :: [(String, Int)] -> [Int]
getName xs = [x |(x, y) <- xs, y <= 18]

FI MG —BOB R

[e | x <- xs, test]
Horb, xs MK, e BREBN, x BEBRFBN, test Z5%M, BHONNIK, &
A LU RYTY Bool HEERIARX, #lanv] DLELEA/RIZH (u&) A (1) 55 P4 mT
AHIE 5 BRI 2 A6 3RR, FoRIZ B SRR 57



5 3.9 & SL—AFHK factors, HE—AEEKGHFAE KT 1 9E F.
ZEBAMNR—ANEER, MBERAIANEERGPITAXT 1 8EF, TR 3|
E AT Blhe, 10 89 XF 1 898 F52 [2,5,10]. B b, FAa £ T 0# 2

’factors :: Int -> [Int]

HRERWRI K, MBI RGERTERNINAMER AT KMIE BA 08
HTEkTFsk [2..0], BiHERETZIEAMERTHFIR: 7k [2..0] 8954
AFE L, BF 1 RRE 0 BT W LfF R S AR L

factors :: Int -> [Int]
factors n = [1i | i <- [2..n], n ‘mod‘ i == 0]
4w,

*Main> factors 2020
[2,4,5,10,20,101,202,404,505,1010,2020]
*Main> factors 2021

[43,47,2021]

*Main> factors 2029

[2029]

YRR B P 3SR 45 BT AFIBT, 2029 —FEHK, 2021 KR F
5 3.10 & L —/~ &3 isPrime, F)Bf— AN IE B ¥ 2 2 K.
—ANEHRATFRA 1 A AF O EEH, 40 2. 3. 5 F. TRUAAT—ANZHK
factors, £t HE—ANEEH n HIERXT 1 BT, REhELAFLAERA n £AF,
B LA BB R R R A M. T @2 %4 isPrime 895 L

isPrime :: Int -> Bool
isPrime n = factors n == [n]

XEBEMARTRFT 2. #ldo,

*Main> isPrime 2021
False

*Main> isPrime 2029
True

3.2 EREREE

PIRFEH SRR, Rl 5% S 2 oodl— i i BAT AR R SR RILRE ST . AT LA
— MR E AR D E B 90, B ndl SR PRSI R MR ISR N

W EFEBA THENRIEA, B8 15 I 7 ZUR S A b R OFRAFE B 1518, 3P4l
AN A AE TR o DLAE AT 55 AR IX SR 18] R A5 AR THENL L, FFsc Bl SEpLE 2,
BLFERE N B AN A A B R A5



#£3E FREFLT

3.2.1 fERFHBIELHELXE

PP B R A5 B FEIREE A 5 WR ? AR, R OZIL A& A B4 N T
BRI, B A5 B R R AC X I Edls o S A 1 R B B0 il 2 s A B A A A4
JTCH . EBE B L 7R 8 KR, B0, ("Alice", "A river runs through
it") FIN Alice f&1E T A river runs through it. K, fEF-FIIEHEZREN (String,
String).

TN, T EARE A D R EE, H T nH R KR, KRR [(String, String)].
B, R AN A B R R

exampleData = [("Alice", "Haskell:The Craft of Functional Programming"),
("Alice", "A river rumns through it"),
("Gates", "Haskell Functional Programming"),
("Gates", "Python Programming") ]

NTETHEE, HRET type 48— DREGE LT Sh— D HKBFF -

type Borrower = String

type Book = String

type Card = (Borrower, Book)
type DataBase = [Card]

1% B Borrower 3EF5 A& String 544, DataBase SEFR b & 51138 [(String, String)].
ER, B EDRE TRk

X T X e — N PE DataBase, AT AR B NGB A4S i 1 JLAAS, FFsesl
RSP R $2 TR 2 X LR BRI ge L E X
3.2.2 EREN

AR N AE ] 0 B 45 R AL books,  FaI AR A4 UL BT ORAE T A i b R4 @i

{1 DataBase, 41 £ 4 T BT, FTLL, 0t 2908 Book HIFI% [Book], " fiy
PR3 books HIZETLN

’books :: DataBase -> Borrower -> [Book] ‘

LGB AE DataBase B4R A 8 058 — N ER A REE N EE, JFilxn
JSEFR) B AN Gy € CRRE books, PRI TT DA #1 SR MEHE & S

books :: DataBase -> Borrower -> [Book]
books db person = [b |(p,b) <- db, p == person]

Bilhn, ArLAFEMRRE & N IsAT:

*Main> books exampleData "Alice"
["Haskell:The Craft of Functional Programming",
"A river runs through it"]




*Main> books exampleData "Bob"

]

*Main>

A7~ Bob HIfERIZE RN [1, Fix Bob A EHAEMEF.
3.2.3 ERER

5 R B IUE PALE PR . B e e TR iRAE .

& Hi K% makeLoan [JZRALRATAWE? A 15N 75 ZOR B B 45 b < s i m 230 A
HIEE 2, T DL ek B i N RE SRS D A 4, WAFE S i B & . 2Rl
SEVRIL T 15 1) 56 OIS (03 508 2, RIPE I A H5Him e iR 17 3 i 18 5 = 500 1) 3 508
B, Kk, &1 R% makeLoan HIZRTN

makeLoan :: DataBase -> Borrower -> Book -> DataBase

T, XRBEEEMEMA R, %> DataBase RontE TSI E, &5 —
/> DataBase 71558 U5 AOEUE % -

TR B S R B R 2, RIFER A EE R b dsin 1 8 i b — o H s i
FIF, R R] LE S G R (o) Rongi /IR

makeLoan :: DataBase -> Borrower -> Book -> DataBase
makeLoan db person book = (person, book) : db

B, 1E24H I EPEE exampleData # Alice f&# T Python Programming:

*Main> makeLoan exampleData "Alice" "Python Programming"
[("Alice","Python Programming"),
("Alice","Haskell:The Craft of Functional Programming"),
("Alice","A river runs through it"),
("Gates","Haskell Functional Programming"),
("Gates","Python Programming")]

S5 RIRPIFEJR exampleData EVSINT —2581id3K ("Alice","Python Programming")
755 .

E 4 & makeLoan #)25 RFALT A I A& K ++ Mk, CHAANIEEIFR
— ANk

makeLoan :: DataBase -> Borrower -> Book -> DataBase
makeLoan db person book = db ++ [(person, book)]

RIS B4 BLZ A AE B AR e A L AR 52 A Pl R MR 45 SR8 (B
P, Rl LRI [F) A4S B B SR AR A

FATRT LAk [ 512 p g — S A R Hde, A Z TR I T A A F
1 —ocdl, WRAMEE, WMERZooR; SNRE. Kk, arDHSIRBE LR



£ 3E JIRBEFIRIT

returnloan :: DataBase -> Borrower -> Book -> DataBase
returnloan db person book = [(p,b) |(p,b) <- db,
(p,b) /= (person,book)]

B, 75481 FEdEE exampleData H Gates JHiL T Python Porgramming:

*Main> returnlLoan exampleData "Gates" "Python Programming"
[("Alice","Haskell:The Craft of Functional Programming"),
("Alice","A river runs through it"),
("Gates","Haskell Functional Programming")]

g5 B I/RTE exampleData HFMIF% 7 — o4 ("Gates","Python Programming") HI%K
I o

A5 EAANLARMBKELRLZHGE ARLET 512, W RERERA G,
AR 4 returnLoan &9 £ 2

returnLoan :: DataBase -> String -> String -> DataBase

X E Ao AN E R String, TAREBARANERTiEE, RARTE L,
3.3 HEHYEE

AN VR T A0S BT BN ) R B LR B D SR A R R A B BCRANE A
B — WA W SR 2.5k, FAT 5.99 g/ AT, WSKIHA M, #A4r 3.50 T8/
T 7 BN T B 3. 1B R T DA A B

Name Quantity  Price Amount
Apple 2.50 5.90 14.97
Bread 2.00 3.50 7.00
Total  ...... ... ... 21.97

3.1 BHuYER

AN ST S s, IR B 3.1 R 5 STE b LATED.
3.3.1 HUEEBAEIT

JE 2 ) S TR 7 o T B — A = ond L RoR, W GRS, 2.5k, BN 5.99 JT/ AT,
ik, ATRAE R R A RN 4 B A A



type Name = String - Bms
type Quantity = Float -- #H&
type Price = Float - ¥4

FROERT ST P R R, B Tom Fom—(ERTRA ISR, MBI K )
FAT 78 T Teem (B 7

type Item = (Name, Quantity, Price) -- —H @&
type Items = [Item] -~ ZHE &

o, e W S A T b o B R -

customerl :: Items
customerl = [("Apple", 2.5, 5.99), ("Bread", 2, 3.5)]

AATHHES R — AR KRN Ttems FIEFETT ENAE b L
3.3.2 FEEITENRE
B R R R L, TR

putStrLn :: String -> I0 ()

A BRBU AR 7T String, HTHIZRAN 10 (), RTPXFPRADRAES 7 Fift
—Lirig. B,

Prelude> putStrLn "Hello World!"
Hello World!

R ELR BE SR AT EnfE f e b, BB TR show RECKAUE S String, 2R
JEEHTEL. B,

Prelude> show 5.99

"5.99"

Prelude> putStrLn (show 5.99)
5.99

W B — A = e HITENAE b b, TR = u oA — AT, R EFTER.
Bilan, #=Jcdl ("Apple", 2.5, 5.99) FEHA—NTFLFER, SRIGFEI:

Prelude> "Apple" ++" " ++ show 2.5 ++" " ++ show 5.99

"Apple 2.5 5.99"

Prelude> putStrLn ("Apple"++" "++ show 2.5 ++" "++ show 5.99)
Apple 2.5 5.99

R, ERIOVTRARREN TP B Rs s (++), IENN IR Z R T
THE
B2 EBRRIERFEART, 752K unlines, K77 HVIREHA—AF
Frep o fldn,



#£3E FREFLT

Prelude> :t unlines

unlines :: [String] -> String

Prelude> unlines ["Hello World!", "Hello China!"]

"Hello World!\nHello China!\n"

Prelude> putStrLn (unlines ["Hello World!", "Hello China!"])

Hello World!
Hello China!

FERL unlines ££74F H SR KA RSN 7 HATHR (*\n*), FEREAERE M
—

3.3.3 ITENBEREH

RS I ) AT iR o AT . B, K6 =Judl ("Apple", 2.5, 5.99) 1T
ENAE e %e Lo PP e Ik

(1) ¥ =Ju4l ("Apple", 2.5, 5.99) ¥ N—FFFfi"Apple 2.5 5.99",

(2) H putStrLn #FFFH "Apple 2.5 5.99" FJEI{E 4+ L.

FRAN Ttems MEHIRFTENAESF R b, 3 2B T. LA customerl i, 4 HAFT
EPAE B Fs L AT LA T SRR 5E e

(1) Bk — 5 b B # 3 String, 000 B0 @ B A 10 R ks
("Apple", 2.5, 5.99) ¥#iJy"Apple 2.5 5.99 14.97".

(2) B BRHECRE 27 W SR T i 91 R B4 Xt L HS B3R, 40k [("Apple”, 2.5,
5.99), ("Bread", 2, 3.5)] il ["Apple 2.5 5.99 14.97", "Bread 2 3.5 7.0"].
SV IIES PR AP0

(3) fE L PA R LR IR RAMR AR, B R 2% sUE SR 1 R 51K,
U ["Haskell Store", "Name Price Quantity Amount", "Apple 2.5 5.99 14.97"

"Bread 2 3.5 7.0", "Total .......... 21.97"]. VERE, XETFERII—A %St
SENINITEA

(4) F5PR% unlines :: [String] -> String MH T LA LHEMGIER, HEH—A
REE T EIRS BRI 745 £

(5) #Ji Ml putStrLn KL L2 E R 4 .

N SE RS B S

BRom R =7t (n, a, p) FeH TR, WA A
formatItem :: Item -> String

formatItem (n, a, p) = n ++ spaces ++ showPre a ++ spaces ++

showPre p ++ spaces ++ showPre (a * p)

where spaces =

TR, REMEMH TREE XL, M spaces Fond A KEMEMKE . 5i5h, T RKE R
ORISR E PN, X B TR Printf (9 PREL printf®, fR B PO/

@ i printf 752 S A\ Text.Printf: import Text.Printf.




Haskell #2 % i+ Bt (RURAR)

showPre :: Float -> String
showPre x = printf "%.2f" x

B,

*HaskellStore> formatItem ("Apple", 2.5, 5.99)
"Apple 2.50 5.99 14.97"

V47 T SE T b B R ¥ A R B HIER, T LA SR MG R RN [formatItem x
| x <- xs]. i,

*HaskellStore> [formatItem x | X <- customeril]
["Apple 2.50 5.99 14.97","Bread 2.00 3.50 7.00"]

TN ORGE CEBLE (3) WIIRREL (ERT DA H FIR BN Sk A AR

formatItems :: Items -> [String]
formatItems xs = header ++ [formatItem x | x <- xs] ++ [taill]
where
header = ["Haskell Store",
"Name Quantity Price Amount"]
tail = "Total .......... " ++ showPre (total xs)

Hrp, total THE R ST

total :: Items -> Float
total [] =0
total ((n, a, p) : is) = a * p + total is

e, KRREL unlines A1 putStrLn KU TR AL 10745 £ BT 58 57T ED -

printItems :: Items -> I0 ()
printItems is = putStrLn (unlines (formatItems is))

B,

*HaskellStore> printItems customerl
Haskell Store

Name Quantity Price Amount
Apple 2.50 5.99 14.97

Bread 2.00 3.50 7.00

Total ............... 21.97

3.4 —ERERE

ARATEI— AR B O RIS, S EIR A E L. IR PR
g E Lo

@ A7 KR HE John Hughes #HEZH “ A EFE P BEiHFEAE " AR,




%35 FREBFET

FRBEATFREAREIE (ASCII Art), & 320K, XA EJEAT LA 2475
FEERRIRRIANER o X T IXAE R, T RABEAT NS, A, PN ER A R HE
oE WAL B R IR SRR . Qi 3.33 s I 3.2/ ARl e IR B

H H k 1 1
H H k k 1 1
H H 5458 EE k k BeEE 1 1
H H = 8 5 k k g g 1 1
HIHHEH a a E kk B e 1 1
H H a a 5 k k S S |
H H a 8 s k k ) 1 1
H H 8 5 88 E s k k 2 1 1
B H 85 EEE k k eeee 1 1
3.2 —/fEEH) Haskell F&E
1 1 k H H
1 1 k k H H
1 1 BEEE k k 555 8888 H H
1 1 e e k k 5 s & a H H
1 1 & e kk 5 a & HHHHHEEH
1 1 eeeeeeseeee k k 55 8 8 H H
1 1 & k k = a a H H
1 1 e k k s 5 88 & & H H
1 1 epeee k k EEE a8 H H
3.3 Haskell ZFFEN AL AL
3.4.1 ERHAE 7

P A FBCR. ORI T 4 B BB SR B, BRI e S
Lo KRR T, W R R, [ 3.4 Rk AR E
R AR, BERE AT UEAE 6 17 0 JIBE RO, Wi, T 6 4
FRERAOR, S BIRBLEIGN 6 17BN, SRR AT ¢ R, AT

TR o
== -

g R

SEmmmET "owmbERER ",

prudesndstusatnsad e

B4 o]

==

(a) HRIRE (b) BRI

3.4 EIRRERT

H1 M SCEITE SR RO 745 3 1 5126

type Line = [Char]
- —AFHEEHLITFHEMK

type Picture = [Line]

EE, TR string RTFFFHIRRKM [Char] HIHIA .



3.4.2 [EFEHER

3.4(a) B E AR LIER, TTE 3.4 () 22— REB AN TERR. N
b, TWEB AR RN BRI LR RSO Z R B 4 A printPicture,
2K Z BN T — B AT FEERAR R DR LSRN E . 6,

*MyPicture> printPicture tree
##
Lz
RS
HHHH AR
##
##

X H tree ZE 34T W IR

tree :: Picture

tree = [" ## ",
" RS ",
"ORHHERHE "
“HHHESSHEE "
n ## n s
" ## II]

Rk, %L printPicture IZEAY 5FT EIHE AT B 4L printTtems (I 3.3.3717) F¥BL:

’printPicture :: Picture -> I0 () ‘

FoRBERMZRBEIERS, GRS N EER 17, KX 5 55 ROZAK KT
ENTERR%E b, M—7frd 47 DRk, iZ R A SeBLR R 2L printltems, 75 20K R %L
unlines B FH T8 5158, SAEEH putStrLn FTE7:

printPicture :: Picture -> I0 ()
printPicture pic = putStr (unlines pic)

3.4.3 EFELWEEHE

AU R B A e 2 BN RIEE . AR BT PR A PEHE.
3.5 R BRI S BRI SR I RCR
H AipV Ko SEELAA 3.5 (K B s A T eR B0 A A B 1 22974 Picture:

flipV :: Picture -> Picture

WK fipv MATFE 3.5 (a) BIRR, MEERRCAKE 3.5 (b) MRR, WE 3.6/R.

—ANETE LIRS, B ETE R AT R R E R RS 1T, B AT R EETER
IR AT, DAURSEHE, 23 BRI 2R B Rm 2 B FI R 1, Rt e X
N R



£ 3E JIRBEFIRIT

B# ==
Ragad BH
Ragafas aiagsdatauistaze
ReggRass Reagsaas
B RHSEH
B B#

(a) —HRHf (b) b B R
3.5 EMRLTE#

tree = [II ## n R [ll ## n s
n #it### n s n ## n s
RE:2:2020 20 "HEHHHAHHSE ",
"HEHSEHE ", R 130222122 2N
n #i# n s n HiH#H n S
n ## ||] " # n]
(a) — R L Rtree (b) flipV tree: b FEIFE G IR &R

3.6 [EfRRHETER

flipV :: Picture -> Picture
flipV pic = reverse pic

Hrr, reverse :: [a] -> [al] R&Wiw LeR%L, HIXSFIREGY ., Fla,

Prelude> reverse [1,2,3]

[3,2,1]

Prelude> reverse ["Hello","Haskell"]
["Haskell","Hello"]

Prelude> reverse "Haskell"

"lleksaH"

3.TRIRTHT BT B OR M R

MTUE . —ANERAAEE R, BN AT R RE T, 5
AT RS —ATRIE, DL, TR, AT DU A\ 513 B 47 J AR R
SEBLE A B o XA ERAE T DUTSIRMEE R, Bt 22 A v DAE LT

flipH :: Picture -> Picture
flipH pic = [reverse line | line <- pic]

JERE, reverse & — N2 &RE, AN EERKIIE. 7E fipV & XH, reverse M
TR FIER, X reverse M AT /78, (H2&, FRBIRLSIZER, A String
/& [Char] 4 .



==
BhigH
andadagedutn
SERSEIEES

==
SEEEE
SEEEEEE
SEEEEEEEE

==
==

(a) 55 Eltree

==
Bt

(b) KFRIES 5 (1275 E tree

tree = [" ## ", " ##t ",
Nopmmee v, N g
"opEEEEEE OV " g
N ey
"o ", " PP
n ## II] n ## |I]
(c) treef K (D) AR 27~ lipH tree
3.7 FHEKFHEYIRERESRR
S M gor s — > e —
PRSI Pt H . B 3.8 RN LR IR .
*k
*k
.............. *
.............. ok
* Fok * sk ek ok
* ok * sk ok ok
feskekekekeskeokeokeokeokokokokok Aok Aok ok
ok sokokokokokokokokokokokokok
* *
*k
ek
(a) FHFRE “H” (b) FHFE “1ly”
zhong = [" *x ", shan = [" "
n *% l|’ n * |l’
11 skok ok ok ok ok sk ok ok ok ok ok k 5k ", " k% "’
"ox *% * " "ok ** *k M
"% * % * ", "okok k% k% ",
oskokskokskokkkkokokkokok M "ok ** *k M
" * % ", "1 skok ok ok ok ok ok ok %k ok ok ok K K "’
" . ", - .
n *k l|] " |l]
(c) “H” R Rzhong (d) “1i” K% Rshan
3.8 ANMFHERHERKRT

A above KA IANEIE B RPHEM R, N above HA LU F 4.

above :: Picture -> Picture -> Picture ‘

3.9E /RPN EH zhong Fl shan N HFHEERIRUR &k KR,
AL, PANETE R R PHE R BRI ETE, U AN BITE R IR 5138 5§ kR,
A,
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[ll Kk " )
sk " %k ",
sk " skokskskokkkokkokokokkok !

selokskekekokskekokokskekok "ok *k * "
* sk * "% *k * "
* sk * "osskokokokokokkokkokokokk !
sefelelelekokokekokokokekok " *k ",
sk n *% n s

sk n *k " s

sk " "

n * ll:

* n ET 3 n .

*k "okx *% *x

sk sk sk ’
"ok *k *k M

I: :: ::: "ok *ok *x )
Sokskkskskk koK :: ook ko ok ok ok ok ok K ok ok K ::,
* * * * "
n "]

(a) “Hp” A “1L” ERPHERIIEIE

(b) _EFHfEabove zhong shan &R

3.9 BWMERHLETHESREAERR

above ::
above p q = p ++ q

Picture -> Picture -> Picture

3. 10 I BRI A BHERCR KRR .

*k "ot M

ok *ok "ot *

ok * oskokokokokokkokokkokokokk 1 4 1 *%
soolkkoloololookokok ok
* ok * ok ok o "ok *k * 4+ N ok *k *x M
* ok * ok ok ok "ox *k * Mo ok *k sk M
sekkokkokkokiokiokdok ok *k *ok Wokkkkkkkkkkkkkk 1+ 1 okok *k *xx M

ok sekckokkolokokokokokokokok *k Mo M srokokskokokskokokskokokok 1

ok * * *k "o Mok * 1,

* *k "oy "

(a) “Hp” R “WL” Fefiibee

P B2 A BRI T, H5S

3.10

(b)) FAHHHERIRIR:
ElMZ A HHE

= Ah

FH

BJa—ATH %, TEMH —ARE zip ::
R0 BT R ECR, R e e HmIBIRR . B,

sideBySide zhong shan

—ATRWNEERE TR, BTN
KIS AT, DLRSHE. N TR PHEEIEME—1THE, B T8, 5E
[al -> [b] -> [(a, B)I1, EHEHMIIE

Prelude> zip [1,2,3] [4,5,6]
[(1,4),(2,5),(3,6)]

Prelude> 21p [||11||’||22u’u33u] ["44","55","66"]
[(||11u,||44u),(||22||’||55u)’(u33n’u66u)]

K, SZEL zhong A1 shan WA A BHE, AT P& — o4l %3 zip zhong shan, P&
Ja B EZ AR e AR EH (+4) BN AR S, AP
FHFRAEHE & LR



sideBySide :: Picture -> Picture -> Picture
sideBySide p q = [linel ++ line2 | (linel, line2) <- zip p ql

w 3.4.4 EREREHNA

4 Ha UL B 7 B R 52 SR B AL B s Bt e — I, B B — 1
% o B FR AT (AR P s ) B R U -

module Pictures(
Picture,
printPicture, -- :: Picture -> I0 ()
flipV, -- :: Picture -> Picture
flipH, -- :: Picture -> Picture
above, —- :: Picture -> Picture -> Picture
sideBySide, -- :: Picture -> Picture -> Picture
tree, zhong, shan -- :: Picture
) where

type Line = [Char]
type Picture = [[Char]]
- UTEBHWEN, XEBE

VER, IZBEHRBEEL A A Pictures, A G5 H 2 A B SRR ek . T Ab,
NI T EEAEE A Pictures.hs 1.

WAE R ol AR LR Pictures H#EAT BUE AN B BCE MIE B L. Hlan, AP
PAFIH Pictures % B tree i — > ZARBFATH R B threeTrees (LA 3.11):
module MyPicture where

import Pictures
threeTrees :: Picture

threeTrees = tree ‘sideBySide‘ (tree ‘sideBySide‘ tree)

et ## Bt
Bagag preagisgs Baeng
HHSHEHE  HHOHOHE  HHHHH84
HEHHHH8HE SHERGHERE HHORHHHHS
#t ## ##
Bt ## B4

3.11 FIFER Pictures HIEFHETFE

P& W] AT Pictures Wia B AR B R ia & . Flan, BT — B pic #iG
—/NPFEEE: fEEE pic FIAMPHEE pic AL EE, 78 FHa g eiin L
TERIFEEE . B, $iZiaFHdar 44N square, 4K square N T tree W] LIS 340
A2 R R . square HE SUEHIE ST,
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B B
hadudntate hadugntate
e Z=mIEEs
BEHEHEREE HERORORHY
B B
o= =z
== ==
based B
HEHEHEREE HERORHRHE
RegagRs TZEzZIIE
adagnate adagnage
B B

3.12 =H square NAT tree HIEF

3.5 >SJ@R

1 L —AR K isln, F—MaAZEH x, FAMAWMAZELI R ys, W
RRE—ANTRAL: do R x £ ys PHEIL, NLERE True, F N4 EEZ False,

2. N —A & sumSquare, AT —ANERI A, Mk M AT AP TR A
a6 A R 2l B B89 183 5 SUFe B AR L

3. EN—ANFH, MAR—ANAEEHn, mBR212+224+ .-+

R TRATFIA (L], AEHAR—A M7 L8 & 4 K o

4. BREFEEK n, KR8 n 9 A &4

5. FIRMAET AR S A F £ KXo h 3 A T ) 5] R A & & X A9

(1) [(x, v) | x <= [1..n], y<= [1..n]]

(2) [, v | x <= [1..n], y<- [x..n]]

(3) [(x, vy, z) | x <= [1..n], y<- [x..n], z<- [y..n]]

6. —AEH =M (1,y,2) e BH 2 22 +y% =22, WK (2,y,2) AEXFEH=

A KR — R H

’triads :: Int -> [(Int, Int, Int)]

s FAEEEEHY n, triads n BT A

AR

T [1..n] RE#gReisailr = U8, #lde,

> triads 5
[(3,4,5), (4,3,5)]

7. #0 3.4.47 prif & 4 square 89 7 o



8. f& 3.4.4% #:3 Pictures Wi — A4 B R 84T 5645 90° 4935 5,
9. HE—ATFRKRFHEORAE. BLFHEHFE (ab,.2) B&K, FET
S RANF . T RS A

sayit :: String -> I0 O

Blde, BAF

>sayit "Hello"

B R e B 31307 49 B AR

H H EEEEE L L 000
H H E L L

HHHHH EEEEE L L 0 0
H H E L L

H H EEEEE LLLLL LLLLL 000
3.13 "Hello" HUMIARISR

A ¥, WEHEA ISR T 5L
(1) ZHEBEAFFNAE, Flde, FHH 5’0 YABATwR 3147, &
EHE—ANFHREF G I L, FEBFHIRFHET:

pic_a2z = [pic_a, pic_b, ..., pic_z]

A2E, XE T FEERAMSAMCFEYAK L.

pic.h = [" H H",
" H H" s
" HHHHH",
" H H" s
] H H"]

3.14 Ff’H’ Ch’) BEFERTR

(2) Mk 5] 3ot B W69 % 5K

’1etter2pic :: Char -> Picture

)4 letter2pic ’h’ HE letter2pic ’H’ 35433 pich, T7: TUAE B A F
F AR 3T R 5 BRAF ) A AR A B L F . B3k Data.Char 288 X % #.
(3) #5445 % 3] b m B 69 7] 0% 4

string2pics :: String -> [Picture] ‘




