RENTVRIEN]

4 BRI R2?

Overview
R ¥ YRIE (functional programming) , B3 FR—FRIZTEI (programming paradigm) .
BAFAABNIESME: @RNE. EBEIRE, BBFHIREE (imperative programming) . Ti—R%
INA BB RIZNE T E A 4RTE (declarative programming) #I—Ff,,
f5IF
1L BT EAEPNRREETRA
&2 (in Python)
def foo(xs):
for i in range(len(xs)):

xs[i] = xs[i] #** 2
return xs

PR EI (in Haskell)
foo xs = map (*2) xs

2. HMREFE (O(nloglogn)iRA)

<2 (in Python)

def primes(n):
P = [True for i in range(n+1)]
for i in range(2, n+1):
if P[i]:
for j in range(i*i, n+1, i):
P[j] = False
return [1i for i in range(2, n+1) if P[i]]

PRERZL (in Haskell)

primes :: Int -> [Int]
primes n = takeWhile (<n) (filterPrime [2..])
where filterPrime (p:xs) =
p : filterPrime [x | x <- xs, X ‘mod” p /= 0

3. KREFABE/NTF23333MFERBNESF(FELEROFERL)

I (in C+4)



int bar()
{
int ans = 0;
int 1 = 9;
while (i++) {
if (i *» i >= 23333) break;
if (1 %1%2==1)ans += i * i * i % 1i;
}

return ans;

}
BRIEZE (in Haskell)
oddSquareSum = (sum . map (*2) takeWhile (<10000) . filter odd) (map (*2) [1..])

iR EE X B A0E?

o WRINFERIINZE "What", BI"HHA", ERIBENERFEMNER, AEX—IEFRER
SOTENNAE. EER);

o FHARIZ, WEEWIL, RHAARFEXEINZ how", EEAM", EHARLBEIENSH(E
XEE), AERXLE"HN", REANEIRNLE;

SUE—THERBENI R LA REEMESERNEN, RS, #ifE, HIAEMERIE. m
RPN REENWESHES AR BL, FAHR, FEHFPNEENIEL (R, TR, A
B)e

x = xt1 5 f(x) = x+1 = BLARFEPEMEEDCZRT), MBRBAREPHLE " THE"

FEJFHIE
o REELZENR (first-class) : BE—HFHKED. RO
S ERES (higer-order function) : VAREUWERSEL, EIRE—REBIREL,

compose :: (a ->b) -> (b ->c¢c) -> (a -> ¢)
compose f g = \x -> f (g x)

flip :: (@ ->b ->¢) -> (b -> a -> ¢)
flip f = \x y -> f y x

o ZBPREY (pure function) © FoiERIEIERRIRER
TMERBFIRS, BARRTIRES,

add1l x = x + 1

x = input()
print(x)

o RO (immutable) : ZB"TE", RBE"GE",



dic = {'a': 1, 'b': 1, 'c': 3}
dic['b'] = b
print(dic)

(let [m {:a 1 :b 1 :c 3}]
(println (assoc m :b 2))
(println m))
e B3 (recursion)
RMAREOELRR SR, BB for , while , repeat ), RE WA,
BLRHES PR ERBI (W Clojure), thEMAZEIIZINMN,
BAMBEAERR LEEENN, ARERMAENEZAR.
fEir: ERNBMERRE, B WERENHREL,
EIABEMANEEIE, 1BVIEBEEMEI, mHEFFMINEMNHE.
Blan: KRniEm@ERI Rk
o fEIA:
def dot(xs, ys):
n = len(xs)
prod = 0
for i in range(n):

prod += xs[i] * ys[i]
return prod

o %&Y3:

dot :: [Double] -> [Double] -> Double
dot [] [] = 0.0
dot (x:xs) (y:ys) = x*y + dot xs ys

Bx b, MARBARETEME, AIUEK:
dot xs ys = sum $ zipWith (*) xs ys

e Laziness
Laziness, FIFZE"BMUKE", MBENY, Lazinesss{FiRIEMRIEN—FESHEM, SXEFR
B AAEENER, HASKEFRAXIE, FEEMITL, FENRAXNBITKREFRERNTFR
HEIERtA A RE).
Python/Xd FLazinessBIfE4E: generator
ST LAV . KA, HNARKEMELRN, BE T LT —11e, FEEEFENES
HITITE,
HIEFENMME: mEERESE, BAXMY, SiEEHIKRE

RN gmiz LA



BRI RFZ T B A8 (funtional programming toolbox) , =—HRHARIETEHORE. TH, FERI
%, NNERANBERRICPN—LEETE LML EHR, hE—MEREENHE. FXLE, i)
ZEBEEBRA A DNXA, AR LEERER,

F AR

IEEIRARERRED, HERRE LRI EZA,

1. map
NFIRAPIFABETTENA— T REL
KAEEH:

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

map (+1) [1,2,3] -- [2,3,4]
FIFREBY3SLI -

map _ [] = []
map f (x:xs) = f x : map f xs

2. filter
THIE TS R IERIEL.
EKRIZH
filter (a -> Bool) -> [a] -> [a]
5+

filter even [1,2,3,4,5]
Y33 :

filter _ [] =[]
filter p (x:xs)
| p x = x : filter xs
| otherwise = filter xs

3. fold
EESBI—TRF: reduce ,
SNIRFRIL, BUERIZHRAIMapReduce, HRREETRHMXBE. BIFNAAERE, BARRLRE
ERERZHER,
reduce XTEZFAREEMWY)—LE, XTREERAMEBE—TIIR reduce H—NME, XTI

RBERMIMREENTE, accumulatorflreducer, XE2— &R, B8— &,
accumulator5 3R A — TR EreducerfIER T EfTiYaccumulator, #1T F—31ER .

IrEeskrgefRE S, #HTAMRGIF: A fold STIKF,



fold (+) 0 [1,2,3,4,5]

REMNERELS,

fold BT FEA0T:

+ 0 =>5
+ 5 =>0
+ 9 => 12
+ 12 => 14
+ 14 => 15

= N W b~ o

LFEAIRES, IMSABNEERZES P Maccumulator, INSHZFTIBRIreducer,

FEERA"ELNNARNMIER T XTERE, FXLE, fold WEEESXEIEIIRE MR
PURIATVANIRE, BRI EERGIF, HXREIIRETM T U THRIARN:

(1T+(2+ 3+ (4+ (5+0)))))

MBRIE—TIIR fold FFET—MR. FAAM"REBN"NAERE, UFE fold XTRFE
FNELED

fold FURBIKRE:
fold :: (a->b ->b) ->b ->[a] -> b
ESL b, FEEFIA map 1 filter , #AILAA fold 3ESCIR:

map :: (a -> b) -> [a] -> [b]
map = foldr (\x acc -> f x : acc) []

filter :: (a -> Bool) -> [a] -> [a]
filter f = foldr (\x acc -> if f x then x : acc else acc) []

FTEMNEMMUTEERERFE—S2 23R —— foldr ? foldr EMtAImE)L? A%
2 fold 52

B|SLF, fold HRIBEZIMMAER, B foldl (fold-left) ¥1 foldr (fold-right) FiFd,
B —ME R FiRBR RO X BINE :
NF FEIRZNAEIF fold (+) @ [1,2,3,4,5] , foldr BFHIERN:

(1T+((2+ 3+ (4+(5+9)))))
MM foldl BFMERRN:

(((((8+1) +2) +3) +4) +5)

FRA fold BXL FR—FKBIPRANMR: X—XBIEATIIR, LHFRFGER (1, =K,
B—SMIFNRFNE TR, REEFMERZEITIRORRID .

B—R foldr XMAE, MERBEXTEN:



foldr :: (a -> b ->b) ->b -> [a] -> b
foldr _ z [] = z
foldr f z (x:xs) = f x (foldr f z xs)

R ERAIIE R
HTERYIRER, RYE"XFAR", RABE—iE", sEHEE, BE, 3|MH. MRENSH
S REMERIREL, BRI SR 5(

AR RER, WRHEHTHZRBIFEELEER.

4 compose

compose :: (b ->c¢c) -> (a ->b) -> (a -> c)
compose f g = \x -> f (g x)

RS TFHRERN"ESRE",
(Fog)(z) = flg(x))
A flip : FRAERHBEBNA TSI
flip :: (a ->b ->c¢c) -> (b ->a ->c¢)
flip f = \x y -> f y x
Recursion + Laziness

ZBIBATRE T FriB " Laziness", EIRRIEAANSE, BEARX—HENERIES A RE—1TREAN
&,

*H*E*E', Lazinessﬂ)HEF%ﬁfl‘/A%f)\{, BEEXRRILRBRRBLWA, BFEX L, LazinessA] AR KA TR
FEB", BRI TH "N—KER.
APythonERl, TZIGeneratorfIEFFIRER I LB LE T R,

EMEF, BATIUEXE—RECRRE AN ERLH,

positives :: [Int]
positives = 1 : map (+1) positives

FoRIRI— T X T REEERIEE: EFTXFN—T2EF: B BRNERNFIFTIEHR
LB BRBFT RS EIN—,

SSEIEH!
[1,2,3, ...] ==1 : [1+1, 2+1, 3+1, ...]1 ==1 : [2, 3, 4, ...]

BT A E A 2 LazinesshF MR JavaScript (BFIE, ™H&3Ki%, BIBEPromisefLazinessBLLiBE 2
) HRSEH— X RN



positives = () =>
[1].concat

(

positives().map(x => x+1)

)
Rz, fEJavascriptdh, RE(RMEMANER positives , #ESFR—TIEEIF,

9F0B, HCHaskellthiF AT 24, WR{RTEHaskellFIXEIE positives BIERITENL R, {RE

A=,

FHER: HMNB—TRERINEM positives FIREEE:
take 1@ positives -- [1,2,3,4,5,6,7,8,9,16]

HER X

let squares = map (%2) positives
take 3 squares -- [1,4,9]

HIFIRE LR EI T LazinesshIEL S FRTE!
BN EIRS —THPNRE, M take T AER:

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

take _ [] = []

take 9 _ = []

take n (x:xs) = x : take (n-1) xs

ETFREKR—T take fEAZRI positives LRITTE, RATBUEX M ERRERARIAN R
&

take 10 positives -- note: positives = 1 : map (+1) positives

= take 10 (1:map (+1) positives)

1 : take 9 (map (+1) positives)

1 : take 9 (map (+1) (1 : map (+1) positives))
1 : take 9 (2 : map (+2) positives)
1

: 2 : take 8 (map (+2) positives)

1:2:3:4:5:6:7:8:9:10: take @ (map (+10) positives)
[11213141516171819110]

S, LTARTNEIENEEENERE, fEHaskell PLFRRITIEEHE L,

Notes:

o take HIthZLazyll
e BN map (+2) positives /AN TENE

More

SR, RBAFEEFNEBETZA XL,

XES

Faod



SERFRIACRHO S

i35
e immutable => HFXRHNLEM, E/ D Hbug
e pure function => ZERRER, EFIEIH
e EX R —MESMTHNREETE

MREALspIES, BEILFERTEZE? MULispFCHIEEER NG, HIFEINAZHIREECHK
BAREZLisplI7TERI105 . B2&KIA, New ArchitectZE EB—RNRITATE/AEIHIX
&, BEmii"—1TLispRBBHEST201TcREB", FALXEESIMTASHNNE, FIMUFEX
THFREITANRIESLE, MRERXMF, BABATFILMBERXGIE, ITARRY, TMXUE
ALispiEs, TR AEEACHCH, FTAXZMAINZIIA.

BER—EE (RES5EXR)

h
&

o FRAIHITIAE (immutable)
o "(AREI" (FTRITEFAERH BHBIERARS)

One Step Further

FUZEREIN, HEMS, REXEELT ", BAMm%, MBXLE, RRXRENEERE
ERZIHFIEL, IEEZRBRFEZIRITHRER, L2 RHXNHORERE,

Lambda Calculus & Y-Combinator

RBR I RBIZIRIL, —ESIRFINFLE Lambda Calculus , 2B NEE",

BEINA, "VEE"ZERBARECARBAVIEICEM, RANVER"H581F T RENEEMM, (X
£, EAERNNEE "R, TR AERE. )

Lambda CalculusZ{t4

H A HEEELambda Calculustft AR

Az.x+1
Az.z+1)1
Aa.(Ab.a+Db)
(Aa.(Ab.a+b))12



2. BRTRHERRL, RER
3. EXT—TEE, XTRHRE—T2E, RE—TEH,
4. BXTRBEMEILL, RE—TREY, KFRENRHKERERLE, B33

BB 3%, Lambda Calculus2—FfhitE1EE!

HEREZRHA? EE—MENAZOTERENAZFIEE R, BN, TEEREE— AT
ITIHERRERE, thEXT—ANS, UER—HBHNN, NFSRBIUNHTEN, MBXLHTTIT
grodis.

WRIFMBITEER, M—ESRA"FEXEN", REIFERAEX, MESHIAFERATIZEE
2, XLEHEH2HREBNORA, BininBH TIHENTEEZI, BXMEBNEZEAINT B—
_FO

Lambdai@8&E A IARBRAIZRHEIA AU T

BiENLambdaFRIAR B IXE i

e \Variable z
e Lambda Abstraction A z. z
e Lambda Application (A z.z) y

LambdaZRIATLREE NN EEG TP

o Bt Nz3r+1 - Ay 3y+1
e BRI (ANz3z+1)m—3nr+1

2L

B —1RMNE, Lambda)BEFREKIZRBFR—1SH, ZSMRBOIIESIENNSE LIS
T

Xa.(Ab.a+b)

XFM T IXAFEAIER £ (in JavaScript):
(a, b) =>a+b

X AP LA B (in JavaScript):
a=>(b=>a+b)

BB EWIRAELN (Currying) , XA ZITRE" BT L RXFTIN: KR TRE, BRE—
TS, RRERE—TREEKE_TSH.

NS B EAR LR RS BINERAFNRE, XERSIESHISEILPEIRN "1EEH
@"O

Y Combinator

Y Combinator, thFiRYHESF, ZlLambda CalculusPHREBTREEENED Z—,



BARRBARETRERNEAZ—, BHIFRAIT, Lambda CalculusFFHi2H EARRIEIIE
JANTTE, BREXTERF, FREME"HE", UMERIRTEEXEM:

let factorial n = if n == @ then 1 else n * factorial (n-1)
FRLA, FAIFTZEY-Combinator, fhilE—TEARE, BE—1%F, HIIAREFEEHETR—BTRE.
. R B XA -
Y:=Af.Oz.fzz) e fzz)

AT ABEEXFNENR? ABAVAESFREEXFNMER:

Yi=f{¥/)
fth 5L KT RERIT IR,
BBt 27 A R ER B T = BT AR IE H 28 Y3 BR £ /e 2
EF) EERE)E: KRSk, FATRI AKE X FE— M 4EBIR 2

metaFact fact n = if n == @ then 1 else n * fact (n-1)

Hep, fact BEANRELRIBEESTINEIFRIREL.

XA e AL AIERE, BRBARETRYAGME—1E, XELERREMEX LR R
2" — fact 2—1ARME, MBNNIEKREM. X5WMDHERLEMNER,

B, BATTARIXMENESL: metaFact fact FLEIFHNTVEEMID fact !

e metaFact fact Bt4ABRR? FICENINIHAIM B/ 157

o FFHEEMNENRE: WFEB—ARENEAN, BRMmEE—,
ERLA, FHATBER fact Figf metaFact Aois,
E£E, TR, RAIRXHENE, Y Combinatorf@axE T 1 18?

FRBA, Y metaFact , YHEFRIETHHES.,

Type System

Type System, XKERE, ENEHEBIESTNERENE. #HS. BEER. P ESPONE UL
SMOER——KE, XBRARARETENBNZEBRbug.

Type SystemfJ & fG2Type Theory, AP, XEIPHWAREREEE, HESEGIL. L. BEF
Z BB EBNERR,

1. BXF, RIBERM Curry-Howard-Lambek correspondence (B EISEMIFR), £H
58 ZBFENNKR, 10T AR 1SR ER#H1TIER

2. REZBRBLBERGHNRBAESHNNEERENIZE, B3 SchemeB T #EHIREIF BT 8E
038, SchemeB—LEyi4F74b—— call/cc, call/cc XM FHEPE, MERENIZIHE
FAREINHEPE,




PRI TR ~ F5RE
HFERSANNRE, KBS - BARIES, ZHTTRER, SRBLPARKINGITIES.

FELE, Widris, HaskellFEAE — T2 ANRFSERERS, BANTEFRMAAENRERS, 7
MEARFZEHRBEREME H5RLBRE, XL, X—RRBAREIESRERAELCHZ AT
ERNIES, EXREES ECHIIATERDE, [@nEfE S EAITIEEE.

Monad

—PEF (Monad) AT AIMEERFEHE LN—TLAEEHME,
A monad is just a monoid in the category of endofunctors, what's the problem?

by James Iry in Brief, Incomplete and Mostly Wrong History of Programming Languages

*kFMonad, INFXTEAREZERERE, JLFEEM T HaskellersBiELiE S (KE),

BEX b, XTUERBHIME SRR MEBERIEER (B E Brief, Incomplete and Mostly Wrong
History of Programming Languages ).

X B IEFTAERAVARAE, Monad RE—TERFICFAVERE, FENERRIZEWSINBIRBNREER. 5
— T BRFEEAAMonad 5 B ER TV fRiE < [ BX RV A BT BEALR F K Eugenio Moggi,

EXE, MEEREREREMonadE@+ 0 FRERN, ERBARED, Monadll Y 7T —TEUMER
MHEBES: A5 A" ZENXR,

ZBHRE, ERIRHMIRES, EXLEERBE NS SN, —THRY, FEFAREBRM, R
BSUATE, BARINER—ESBFN, BNTEME, TEEERE", BRERNRE",

EBRITNFRFFERS, ERREMAFTERS, FERNBFEERS, URTERFRENEE, B
ARSI BT ST,

T2, B2 7T Monad RIFEFAMIEHE, MonadiIA R, BX ER—M"GERR", & 7T6IF, MREA]
EES—TREITEN Hello, world", FEANHABEZRERNPIMXHEFENE, MBI LXTREURE—
Monad——" Mz &R, BEEE: "HEITE Hello, world™, X#¥, FHAIHREUNAZR 4Ry, FRLE
BRSBTS, EEN X TMonad KERIMRTEA .

ERERNMF:

main :: I0 ()

main = do
putStrLn "What is your name?"
name <- getlLine
putStrLn "Hello, " ++ name

AUEE, main BRBEZZAIRER 10 () FlE—MMonad, tENIO Monad, M do FRE—THIK
PREL, MEERZIEZ MMonadEiRiE R, UM EIE/L M ZEHER"BEHR—1.

PRABATRT A AF IR, BAINREFEME—TKAKEIMonad, BTHNEFAMMEIBBEME T X T
MonadsK1E, tFTEA T MonadPiERRIZE ., MH(IRIHaskellVEBNAR "L R, MHEIEBREIR
BT MERTE.



HaskellFRRG RIS ER
RTLAEHENRRE, BEREXFN—RIE? BAXGESBEENES IR,

HaskellZ —EH T BRI ZIRICHELIRITEY, iR RERSINMAENREIIES, FANUE
FERHARIPIEICT RIARAOEML,

FRBA, WET, HaskelititAWIRMEB—TIA, —Miluts, EE T AMRERMAAETIESE
B, MEHFEIL,
EXtE, AHTFENRRZE, EEREMAZINERDELHFHEAEEENKRIDBE,

Lambda Calculus & Currying

FXL b, &K, Haskel FEIRBERIEZ— 1S, MBI EMHRE, EICFHaske R LR
KRV RNG?

add :: Int -> Int -> Int
add x y = x +vy

PTIABATT AT DA A9 S5 :

addOne :: Int -> Int
addOne = add 1

EXF, add 1 MENTF:
addy =1 +y
FRUA, KBV RHESLEFMN T

add :: Int -> (Int -> Int)

Type System

HaskellF(R BN TEIRE RS,

WAFEE A EEARRAEEIESE R (Algebraic data type)
REEIRRE P RIS N, XFREIEREZARBIZEME L HRY:

e Sum:
e Product:: R

B (8 SR A1 F -
1. Mz&
data Boolean = True | False

MOWEBHEHSSEMF ", XBEA True Ml False MNEEEFNIERT Boolean B,

f

il

2. iz



data Point = P Double Double

XEM P Double Double MIRIMEGHE., "IR"NEXEMTH. RzEMELRIREETERM
AU, TR EATARARNTGI, el P 1.6 1.0 ,

HARBATTUAHEZEMEBBNEIF:
TE XA RHER

data List a = EmptyList | Cons a (List a)
TE XA Z XA :

data Tree a = EmptyTree | Node a (Tree a) (Tree a)

EXLE, Haskel WKZHAREKIEEN, WIIR, MRE. 2 —MHREIELE, RFAIZEX
N BEMIER RS ZBAFHMERNE (built-in) 3.

EX b, Haskell EZRI AR AEEISHSHNT R,

Monad

HaskellfOAT/EERFISLEL T Monad Type Class, IMRRZBAEXRAIRI., BXL L, IEAMZHIFREIR,
Haskell 5 MLt SR APRPIRTITRENEZRZFEZ Monad ,

BHIZER.
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