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AT 7 =«
o PRBGURF B — MM IR T I ik, B SR VR I 2 o O R B P, AR A
L RIiETT

o PRBGURE T BT P (AT B A B TE o, o5 ) ) il 3 B i Wt B T 05
o PRECER TR I BCE SR AT B, T L SR X R B A T R
A5 H WA FH—FFR A Haskell 8 pRE0E 5 R DL E 3 M

1.1 EREMmER
AAKE Al Haskell (20 Fid sk

f::X->Y
BN R, HSHCAE X, RIEEMIEARE Yo il
sin :: Float -> Float
age :: Person -> Int
add :: (Integer,Integer) -> Integer

logBase :: Float -> (Float -> Float)

Float F/NR 3. 14159 97 SBCRAY; Int KA BRI BEERE, WA -2 <
n <2 n; Integer FoRJORTEFREIECKA 1645 3 SWAFF, Haskell 15T
BB _

BoeE E () Tl R B0, W FHS 8 v, B, i sing RER sin(0) . 7£
Haskell HHa] LURAAT £ x Ram¥s £ WHTFSH <. BB N FHERH—A SR, W
RAME S, A 2546 bk e 2 F A T RES IR . latex B2—1 4%, HE
late x /R late NHTFSH %,

#iltn, sin3.14. sin (3.14)8 sin (3.14) BEE sin WA T 3. 14 K3 Fi AL
Fomo

AWMy, logBase 2 10. (logBase 2) 10 8 (logBase 2) (10) #F2ELA 2 MK 10
X B IER R n . (HRE, FER logBase (2 10) RN, XF add (3,4)FR3
Ha4 ZM, WS Rodi e, o add SRS — 8, i BB S
FE 5w o

MAA logBase AR, HBHUE—NIF AL, RIPMEE R PIARKTRE
AP, HFANE WA . XH M logBase 2 fil logBase e A IFFmR T HF R %K log,
Al log, .

e AWM 1og sin x MRER, MTFEFEZEKE, % FHEAR log (sin x),
A4 (log sin) x BA L, HJEFE Haskell H, @206 —A 207 198 S, 17 HL 2004
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ZAFEW log (sin x), A Haskell ¥ 1log sin x f#8H (log sin) x. 7E Haskell
Fik X REN R £ 4461, i A B e 2%, (LS, log J& logBase e i
Haskell RIS )

TS AT fE=f %, sin26 =2sinfcos, 1E Haskell HiZ F5 i

sin (2xtheta) = 2 * sin theta * cos theta

TAIAE B AR TIE, T H B S R & o BT ORI 245
Z, B

sin (2*theta) = 2 * (sin theta) * (cos theta)

B, ZIMEHESARLTEE, B eRBOH IS5 e it S g o

1.2 BBES

BB E 2 Y -> 2 Mg :: X -> v EADERE, ARSI RS R — 1T Y
PR :

f.g::X->1Z

RRRBCR o BT RE X WS, BRIER Yy WER, REHK £ MHTXANER, 85
REIRA 2 AR BATKIRA MR . REGmAS S, BELER, $X L, A

(f .g) x=1£ (g x)

HEWWFRENAEZE, IR RIMICRBE RN RS HAL . FIER “green
pig” WL “green” fEEENPALL, ENM T AWK, HRLWAKIE. YR, EEKE
FHIF ORI o

1.3 flF: BHA

T E e — A AR UL R R A I BB, (RS AE) P B £ 100
AR (ZMREST) B ZH 50 MARA? FEE R — R R
Fo Ak, RERECKRBNGDE —AN 8RBT, HUE, BT RUE 3 2 80 Rk
J R PR BRI B o

BEMMARMN A7 & —AXK, AIIEHFRERN— 1R, X BN RE
AR B R, BAESATFAF (blank character) , QIZSHEAIRITAF (' Al \n'),
HE, BANFRHRSI SRR, B, £ R—NFERF, M £ &—1%. Haskell | Char
FRFRAER, JCEEEN Char WFIFELTA [Char | TR, XFHCEA ERTF4F,
B, [Int] FRREEFIIEK, [Float -> Float]FEmmREI#,

WIfr i B R A? & TR EIE.

the: 154
of: 50
a: 18
and: 12
in: 11

PAE Bl — s, AL Bl R TR
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" the: 154\n of: 50\n a: 18\n and: 12\n in: 11\n"

FRFIRRNG SRR, BEINRMRS WD, TPk, RAOTTEEIT—1RK%,
AWK commonWords, H:ZEHIN

commonWords :: Int -> [Char] -> [Char]

PRI commonWords n RGF—NFRFFIRENHEA , BEHZFIERS n 4 H BB Z 1A
MR $  (FAPERMB4%) , TEIEIH PRSI R, commonWords MIERIEA TGS,
MR ] PUE R

commonWords :: Int -> ([Char] -> [Char])

M ARAVPH MBS - > B, S58MIIUF & B A A, 5 eRE0N 4 & i
JFAERHR. BFt, A -> B -> CERA -> (B -> C), WHRAFEREA A ->B) ->C,
A TS . EEHRCHIRS AR 2 &,

WA T4 AT RS, ARIMAA AR, X S S BAR
R, B, fak—A “377 PRI R B iR 5 & 2 "Hello" \"hello" K
KrHello ! " AR M REZAHFERR? it % H? T Eae it A iR, B2
HEGFREE MR 5%, AL Xt gyt NEmE L, KREHAR
SFUCRTETT R R, AR ARG R S B )R, (B anfar i i3 RS2 B
BAHRR? BEMIZSIER n K, BRI T MR BERZ W, B RA HAE L
T

B e RIS, AR RS — AR A F SRR B R FAF P S . XA
I X ARVFEE I "Hello! " \"3* 4 "Fll" Thelma&Louise " ¥ F/EiH, HEXERXR,
E—Ap, —NaRAZ H AR FMAFS], I Thelma and Louise"fl{% 3
ANl

WATAHERS B WTR— AN SCAR M LA SOoc R (RN EIR) , A e R
A XTI RER R :

words :: [Char] -> [[Char]]

W[ [Char ] 1 XFEA KR B HMELLICIZ, Aid7E Haskell Hp B0 PLG| A £ A F L9
(type synonyms) :

type Text = [Char]

type Word = [Char]

BAE AT LUXFER A KA words :: Text -> [Word], iHTEMFiciZ, MR,
AN SCAA N TF N6, #iT# 0] D& 2 [T, F%‘BIIJ/T\% {HJ Haskell 25 [w] S i)
ARERIRXFP A X B o F3E |, words J& Haskell (R REL, AL HE Lo

FHb—A AR " The " Fl " the " BB R/R A —A . EAT1ER &R —AN0, kX
AR —Fh 07 28 A T R NG, HA A, Ak, #E—A
PRE toLower :: Char -> Char, XEREHAKE FEERB/NG T8, HMFRFRR
AL N TR R B T XA MBS TFAE, 75T 38 R

map :: (a -> b) -> [a] -> [b]
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7% map £ AT —AFIERR, £ QN TIIRIBIITR . XA, KD F i8R/
5 i1 T8 sREGE N -

map toLower :: Text -> Text

T, BAERRE] T SUARFAS /NG F L1 1K) 51 K PR % words . map toLower, F
—AMESS RN B . T ARS8, KA — AR S — K BLE S
E B, ARG BT A B A X B BN 1o A3, 55— B AR B
R XA () 51 bl HR P L B A, S5 R A A B T HEAE T —dkE . A T EREREAR
SORFE, ER I HE AR A B AR s R S R b B A S AR TR, R
WAFLE— 1 BREL:

sortWords :: [Word] -> [Word]

P RRECRE R 1 8 Rl B MU HE Y o AN
sortWords ["to","be","or","not","to","be"]
= ["be","be","not","or","to","to"]
T H B RAA PSR DR ARG B YR (B O A TR R

countRuns :: [Word] -> [(Int,Word)]

ian .

co.lmtR-uns [Ilbell p Ilbell 5 Ilnotll s llorll N Iltoll " ||t°"]
= [(2,"be"), (1,"not"), (1, "or"), (2, "t0")]

LA SRR ST HES 1 ] St BB 81 3%

PAEAR RGN B AL A BB IR Y Hh BLOCBON R BNHES i AS 4% 1 3] 1Y)
FHFHES . ATUAE L, SR R, TR sa SRR B 5k . WnRTaTIe, HEF
A SRR B AR A I ik . Ik, BUEC A R

sortRuns :: [(Int,Word)] -> [(Int,Word)]

R HOKE ) B S B IR BB (BT R A — ANt sty . Bl

sortRuns [(2,"be"),(1,"not"),(1,"0or"),(2,"to")]
= [(2,"be"), (2,"t0"),(1,"not"), (1,"or")]

BT ok RGN S5 R IR IHT n AI0R . Nk, W R R

take :: Int —> [a]l -> [a]

R BE take n B DHIRIIAT n DIGE. B take HFARLIR P IITREAT
2B X take WRBB L P HILT a, AR (Int, word) MEHE, 5 2 Tk #
R AR,

G BB . B A O R R — A, B, (2, "ber) §
Hhrve 2 \n" o KELREFR N

showRun :: (Int,Word) -> String

KM string Ji Haskell fTi5E AL, SEBR FJE [Char ) (28U S, [, 31 pR%L
W] B BN et g R AR -
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map showRun :: [(Int,Word)] -> [String]

fieJr— i B T 51 PR %L

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

ZRECK T R ISR I LB DL, FFE, R concat JFA LK HLHRER )2
fla “R”, FURFBP B a BN,
T E SRR

commonWords :: Int -> Text -> String

commonWords n = concat . map showRun . take n .
sortRuns . countRuns . sortWords .
words . map toLower

PREI commonWords & UM T 8 NreR%l, HAHREBE SR e g B ARk, I
JEAEAN ) BB AT LA AE B M N — R A I, (RO, WR eI S, G MR R
JEMRIE . BT HA R0 .

e BT T 2 o fife I AL oo R G o] A6 B R B B B B T ETTIN. SR AR
(F—TEKRERBEANEZN) &, e — 1 RBUH AR R BNZ R BEEE XS
—#,

AT ) H Bk i A [ SRR Y o S5 RS R A B R 45t T common-
Words MYRREGE S, XEekl B sR Bk T DL E i X, 8% H1 HEA> Haskell pRECPEFR AL,
B (script) JE—80E LR, FrLA, RATER B T — M4, A b R BUE X
BN AT E , A% commonWords [ X 5¢ 4 Al LABCAE S AT 1T, $R 5 P SCH BY oRi
¥, s e U Bh R A, RE s EERBNE X, #5522, BT R LATEA B A
AP ORI K A R an o] B AS A 71158

1.4 BIF: BFERAR

ANBHE S AT, IR SRR XA TR TSR IR 5 — AN SR AR D5 T
Bk — AN AR IR 4 53k, W e R AR RS, R 5 25 0l i oA B f] B PR
A7 I BT S A . Bl
What is functional programming?

convert 308000 = "three hundred and eight thousand"

convert 369027 = "three hundred and sixty-nine thousand and
twenty-seven"

convert 369401 = "three hundred and sixty-nine thousand
four hundred and one"

FeAT6 B AR R B XA — > R R

convert :: Int -> String
B — A 45 5 i A 5 100 J7 9 AF 7 %k, R BGR 1] A R OR B B0 B TR,
String f Haskell iz L HZEH (Char ] 9[R] i)

XA EH SN — RO H RS RFREN]:

> units, teens, tens :: [String]
> units = ["zero","one","two","three","four","five",



> llsixll . "seven“ i "eight“ i llninell]

> teens = ["ten","eleven","twelve","thirteen","fourteen",
> "fifteen","sixteen","seventeen","eighteen",

> "nineteen"]

> tens = ["twenty","thirty","forty","fifty","sixty",

> s "seventy","eighty", "ninety"]

VA EBAT IR AT > Rt a7 BRE, E—-NAAY, EFFFERR 17 Haskell
RS, MAZER. H. lhs 89" & 4 1Y) Haskell X4 FR A Haskell ST % By A ( Literate
Haskell Seript) , I FIIA M 78RR, BRIFELBMS >, ZF SRR MG
Haskell {4317, Haskell A SRiFRESAT FIERE B4R, BrLMRUEAT fERZ 8l 2200z —
I He FEE, WRIEERBEMA TR —MEIEN . 1hs U, 5880 LUEZSUFRA
Haskell R4 HigdT. ES SR ME T A ELE XG5 (BRivzsh, A8 A
[ i) 48 Fn — A BRI AS A SL) , B, AT IR I8 3C2F S A Ao VF 8 FRAE T I 3+ i 0
BE KB E X o

X T HTAESS, RS AR R — AN D5 i R S e — A SR B [ R, 3 )R
e TR B B0 R 20 2 BT RA — L8, Bl 0<n <10, &M convertl ffPiX R A Hts
o BAED) FATRARE L :

> convertl :: Int -> String
> convertl n = units!!n

XAE XA THIRRIERE (11). MFLHAEMINE xs MTFHrn, RiEKX xs!iniRH
xs POALE R n TR, HPOEMNO FHITRE. i, unitst10 = "zero", MiH,
units! 110 WL LEX, FHRHunits HA 10 MEE, FThrg0~9, —ih, E— 1l
A E X REER > AR T4 R, BIFEENSEOR B E LSS R
XA T — R RS R T n REABWAL, B 0<n <100, fRE
convert2 FFALEXFES . BATEEME BT R4 A, FrbliE e L.

> digits2 :: Int -> (Int,Int)
> digits2 n = (div n 10, mod n 10)

BF div n k& n B k BRGEERT, mod n k BARE. MATLIER

digits2 n = (n “div’ 10, n “mod™ 10)

HAz® div' Ml 'mod ' J& div Ml mod WHERIERX, MEEEHEEHEW PR, mMAR
BEEBRZ A . XFERAERE TREE Tt flin, BeER S « divy flx mod y
gk, R, K515 () ARFRRBENMFRANBEIS (1),

BUAE ] ARE

> convert2 :: Int -> String
> convert2 = combine2 . digits2

PR combine?2 ME XAdF Haskell () &4+ % X, (guarded equation) ;

> combine2 :: (Int,Int) -> String
> combine2 (t,u)

> | t==0 = units!!u

> | t==1 = teens!!u

> | 2<=t && u==0 = temns!!(t-2)

> | 2<=t &% u/=0 = temns!!(t-2) ++ "-" ++ units!!u
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ARERARIBE AT, 77T Haskell 35801 L B AG 10 F A2
== (%4F)

- (F%F)

<= (MF%TF)

XEE R EA VIR, BOBTERY S iR,
FAATER/EMNNAA A B es Fn. FHk, R a # b & True, 4 a
&& b REIF/RE True, HMRE False, L L, &

(&&) :: Bool -> Bool -> Bool

%2 WA —F A GIA Bool,
BIE, (++) RRMANFIRBIKWZBHE ., RBEARLIIRKTERER, LA
(++) :: [a]l -> [a] -> [al]

Bilan, THERREBARE (BREERIYN Float -> Float) FIFEHE.

[sin,cos] ++ [tan] = [sin,cos,tan]

AT LR BRI AN A5 3R

"sin cos" ++ " tan" = "sin cos tan"

A% combine2 MXE RAEAFAI5 B T FrA Wl BRI TS OLE B B/ . R J8% f5 v LA
Ail, XHA 3 MEREL, MR, 1 REKRT 1 #3 FEM. X TRIPREL,
BEREEEN, (HRF 3 FERTER D AWAEL, BIMIEOR 0 EFAE 0, XLELFA
WHELREITY, WX RFXNRFIFIEAER, FHAXEEAETLAME (F
MERA SRR, I BB T AR

AT LASE

combine2 :: (Int,Int) -> String
combine2 (t,u)

| t==0 = units!!u

| t==1 = teens!!u

| u==0 = tens!! (t-2)

| otherwise = tems!!(t-2) ++ "-" ++ units!!u

B2, XERFEEXWFREE, ZEMHTERZE LT TH, HEE—TERN True
R 2 %o L 1 56 XA S R BUE U ZE R . #RR4F otherwise f& True W XA, FF
B T A HA 5

FE X convert2 (A —FEk.

convert2 :: Int -> String
convert2 n

| t==0 = units!!u

| t==1 = teens!!u

| u==0 = tens!!(t-2)

| otherwise = tens!!(t-2) ++ "-" ++ units!!u

where (t,u) = (n “div" 10, n “mod"~ 10)

XEMHT where T4, XFFABIATAHRZTL, HETXHEEE convert2 EX
A S XGRS . MR E XA FE XNHSHFEE X Em R EEE



B o XFAFDRGL, where FallEt 1 i A% digits2,
DA b5 SCAHX R B, PRAE % B R convert3, HEH n Wi 0<n <1000, Hin %
A3 HoE LanE .

> convert3 :: Int -> String

> convert3 n

> | h==0 = convert2 t

> | t==0 = units!'!'h ++ " hundred"

> | otherwise = units!'!'h ++ " hundred and " ++ convert2 t
> where (h,t) = (n “div™ 100, n “mod~ 100)

ﬁﬁﬁﬁ#ﬂ@ﬁﬁ%’ﬁ%’:ﬁﬁg, JEH AT U convert2 ARHL/NF 100 %Y,
BAEMRE n WAL 0<n <1000000, B n ol A4 6 V%0, WAL LR, wl A% H
TREX:

> convert6 :: Int -> String
> convert6 n
> | m==0 convert3 h

> | t==0 convert3d m ++ " thousand"

> | otherwise convert3 m ++ " thousand" ++ link h ++
> convert3 h

> where (m,h) = (n “div’ 1000,n “mod> 1000)

nmonon

X0 <m HO<h<100, Fx m W5 3R b 512 [0 75 88— i “and”, fi
PARE X -

> link :: Int -> String

> link h = if h < 100 then " and " else " "

R U T AP

if <test> then <exprl> else <expr2>

AT AGE 245K

link h | h < 100 =" and "
| otherwise = " "

ARG, A0 —Fpak X nT et gk, AR —Fhrl P B, X HM it
then fll else, LI HAhMK—2i6], FRA Haskell 4298 5, XWEWE)TF AT LA A
Xl At A S 2 R

R B converte J& WAl {f H fa] %8 1% PR % convert3 K& X iy, [FB) &
convert 3 J& Q] 5 R BN PR convert2 R LY. X PREE LI — Tk, TEA
B, R B EARUR b T Y, R RS eR A s SO TR B s S

FHb—, TR E R4 0 converte, [HEFFIRMNFRIZRECN convert, &
KA, ATLAE X

> convert :: Int -> String
> convert = convert6

T B B PR K convert W TSI ASEL (EAMIE?

1.5 Haskell £&

715 5T www. haskell. org AJ A7 £ 414 F 4% Haskell & (Haskell Platform) . % &
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JERFTi217 Haskell AR TEMBMES . F 604 ZHKF Windows, Mac Fl Linux ) 3
FipiAs, A A48 Windows JiiAs, R HAtARUAS ) PRI AEBL o

SEE I T H RS 5 RS, BN GHCGi, B )& Glasgow Haskell Compiler Inter-
preter [ FK, THAEEA Windows ffi4s, Fik WinGHCi, 1 DR FEZTIIFEL:

GHCi, version 7.6.3: http://www.haskell.org/ghc/ :7 for help

Loading package ghc-prim ... linking ... dome.
Loading package integer-gmp ... linking ... done.
Loading package base ... linking ... dome.
Prelude>

X H PR Prelude > RN HUE LI BRI, B (E A bR B 23
F4t, BAE GHCI a] US4 -

Prelude> 375

243

Prelude> import Data.Char

Prelude Data.Char> map toLower "HELLO WORLD!"
"hello world!"

Prelude Data.Char>

PR toLower FE Data.Char HE . RHZEM A, F/ AT DAEE PEH e X
R T . EEERFNAL, BER TELHMANE, XENERFRRESEHERK,
EE, P AR BB R v A SO R 4

Prelude> :set prompt ghci>
ghci>

SRR O, AR R e R SRR RS o
P DI A— A, A0S pR%T convert E X Numbers2Words:

ghci> :load "Numbers2Words.lhs"

[1 of 1] Compiling Main ( Numbers2Words.lhs, interpreted )
Ok, modules loaded: Main.
ghci>

82 TR AR . BN, BIAERTLABEA .
ghci> convert 301123

"three hundred and one thousand one hundred and twenty-three"
ghci>

AT LA RASE R o 388 > A5 FCAAT R IR, L% A 58 N AR A HILAEL AR
whor. XWIEMTIRLEMRTTT, Frid, RIMEVRAITREIZ XL, i b e,
B SR~ U T

1.6 3@

SIRA IR — RO AR i R

double :: Integer —> Integer
double x = 2*x

FIRBA R A7
map double [1,4,4,3]

map (double . double) [1,4,4,3]
map double []
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fii sum :: [Integer] -> Integer EXf—ERFIFRAM KL, T 5L
Koz ? M4

sum . map double = double . sum
sum . map sum = sum . concat
sum . sort = sum

EH T B R EY concat MITHAE. BEEX sort WF—A B3] 2+ FE 336 18 7 HE T -

S B 1 Haskell o, pREON L ES @ FHMAEMZEE, Bk, double 3 +4
[T (double 3) +4, TMAJE double (3 +4), R T/ sin®9 7E Haskell 111
Fn? (Haskell R “~" FRo)

sin~2 theta sin theta"2 (sin theta) "2

H14n] il Haskell G335 sin260/277
SIFEC WAL, —ANFRF, BI2RAEH char MocE, HHEISERR; —PHRAN
Sl 5FKm. g, HrHello World! " At 2 F 5 2 M fi M F£mx .

[IHlllel,lll'lll’IOI,’ ','W','o','r','l','d','!']

—RFIRAPESHE SRR, (EGRY, NMESEEER, hESEFIEN,
KfES RN Hik, "5 M5 BEARFRMER, E10HEERM4 A7 2001 f
"2001 "X FIREAA?

BH ++ AT RBE, HLE T T

[1,2,3] ++ [3,2,1]
"Hello" ++ " World!"
[1,2,3] ++ 00

IIHelloll ++ "nn ++ Ilworld!ll

D fEEsia g, SN FREEE NG, KRR XAV 5H—
PR, SRR iE, R8N Erh e TR NG By
WAl LAR/R A words . map toLower, TH4 S R EMEMREA,

SIEE WR—NEZEHOWE x ®(y @2) = (x ®y) ®z, MFREIETL A4 (associa-
tive) o CAIITER TGS GG ? SR BPIKALEEG? RBIWE SIS AG? HHH—
G- Rgiok i Gipe - Neo] 7

MR- e Wi: FXx@e=e®x=x XA x /L, WFK e HOH £ T
(identity element) . WML . HBGE R A REE & A ALICE R A7

SIBF RFTAH AP, 54K (EHT CDOORRSSW AAAGMNR ACDIINORTY) ,
PP & T X ARSI

6-letter words

eginor: ignore,region
eginrr: ringer
eginrs: resign,signer,singer

B, XRE—AG AR, B AR TR, R X S g R B T T AR
5Ty R TR DR B 2 PR X e B SRR S SO AR o AR AT e ih— A~ pR K



