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Lambda Calculus

(Church, 1932-33) HEOBXMETIL
Lisp . o
(McCarthy, 1960) ListZ45 L9 B F5atH
APL J Lt
(Iverson, 1962) BIAEHHMETIREMTOTFIVY
ISWIM let & where A]
(Landin, 1966) SR MM AERET0I 530 O E
ML

(Edinburgh, 1979)
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SASL, KRC, Miranda
(Turner, 1976-85)
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Haskell
(Hudak, Wadler, et al., 1988)

BERREEDORHE—

ﬂhuéﬁmamjnﬁ‘ =24

WREDREA)L: EEEREORESM)L:
fac n =
if n == 0
while n>0 do then 1
begin a:= a*n; else n * fac (n-1)
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v Program = Algorithms + Data
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1. £TO70IS4-FHEEEHTHD

2. ETITH EHORAEELN — HDDIFAH/ISA—4

=iF

EZIZH #RL (loops) (4L — HE D FE RS

4. BEBHORVIEIEL. "SA—Z(BIF)EDHIIKELT
RV

5. B¥E F—MRALE (A TZIr) THS
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Haskell &(d{alhy?

Haskell [ZRAOMMEHRETOIS3JEET. TRV
JEBZONBHTOREDEFDEHARMANLNA TN,
Haskell M2t 2D (1. BFERER. EERDELRER. F%Z
HEFT. FIREEROR BT — 248 \2—CBE URE
DREBRE,EV1—IWIRATLEFF O VRTLTHS,
Ff SBITRDESGENGT)ITAITT—AEAREEINT
;;zéo YR ERG EEBREN. AEERENR. FE/I S
Haskell (LB ME KR EEICBETHIREDHREEMEL
LD THY. F-. TOERICFD2LDTH 5, .

— The Haskell 98 report

7 https://www.sampou.org/haskell/report-revised-j/intro.html#sect1 8
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hello() = print "Hello World" ® SBBEANE kﬁv
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Haskell [, &2 T2 AV -BHBEREZERTHERDOHEERE
LTLS:

/88— |fac' 0
fac' n

n * fac' (n-1)

-- Ffzl&: fac’ (n+1) = (n+l) * fac’ n

H—K: fac'' n

=1

0
1 =n * fac'' (n-1)
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[ 1 —ZFEYRk

x:xs — JARTHO>T. AYRD x, URFDFZEYDER
NH xs THHED

v
v

TRDEwEREANDSE KY—BERIZFESIENTED
vi[1,2,3] —I&1:2:3:[ 1 OEKREX
v [1..n] — (X [1,2,3, ... n] DO

HERHX (E31023 54 3 syntactic sugards 3L [Esyntax sugar) (£, 7055325 ERI=HT, HABEOL
CTEDLDITHASNBEEH THY R THI XV EEHELALERITBHLDE, SYLTNTHRY 1)
CFTVEEHTECENTESLDDETHS.  hitps:/jawikipedia.orgwiki/ 3
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JANF/NE—2T K TES:

head (x:_) =X
len [ ] =0
len (_:xs) =1 + len xs
prod [ ] =1
prod (x:xs) = x * prod xs
fac''' n = prod [1..n]
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ZREAK

S BB 215 oL (S BEROEAY S A—5 (315D
BB EES HBE <55,

» £ (x)+f (x) |& 2+f (x) ITFELLH? CTIX? Haskell TIE?

SBBEAMEMNH S E “equals can be replaced by equals”
(FLLWEDIFELWEDEBERAOND).

HMEABE EREICEVTIE. IR THOEMISREREAHY
HEDT ENFAEFTHENTE DWOLRLERERT.
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Eéﬁé (BRI FHES 21213, ABAKRPORSIBERFI M TEEHRT

fac 4

—if 4 == 0 then 1 else 4 * fac (4-1)

—4 * fac (4-1)

—4 * (if (4-1) == 0 then 1 else (4-1) * fac (4-1-1))
—4 * (if 3 == 0 then 1 else (4-1) * fac (4-1-1))
—4 * ((4-1) * fac (4-1-1))

—4 * ((4-1) * (if (4-1-1) == 0 then 1 else (4-1-1) * ..))
D

—4 * ((4-1) * ((4-1-1) * ((4-1-1-1) * 1)))
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Dk, EROBEHEEBICHVTIE, COLSUEXMLBERZT
REMNGINDDIFTIEAGL .
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“Lazy GEIE)” Ff=IZ “normal-order (IEBIERE)” @A ETIE. X
&, ERICZDENBEICE>BOATISND. SENRERE
(Wadsworth, 1971) # VNIFER LK EHETEIENTE. T
ELFHEERITLIENTES.

#€-T:

sgqr n = n * n

[sar (245) o (245) * (2¢5) > 7 * 7 > 49 |

BIEFMEANSE, B =0, GHEAY) FELBEWKZES %I
FoTW el T, BHDEHEATES:

ifTrue True x y = x

ifTrue False x y =y

|if'1‘rue True 1 (5/0) - l| Is
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EIEYRE (& EREOT—HHEE THY. REICHLTERSINSLD
THb:
fromn = n : from (n+l) ‘
[£rom 100 - (100,101,102, 103, ... ]

take 0 _ =11
take _ [ 1] =11
take (n+1) (x:xs) = x : take n xs

take 2 (from 100)‘ ‘a take 2 (100:from 101)‘
| > 100: (take 1 (from 101)) |

|~ 100: (take 1 (101:from 102)) |

|—>100:1o1; (take 0 (from 102)) |

NB: CDEHE!YR, (from n) IZFFFIDEXFHVTLE: [n..]
19

SEEYRMOTOTSEY

D—rURIE BR

BEYRRELTRESNDLEONZ N
NB by FH UM DEEHRRAIL:

fibs = 1 : 1 : fibsFollowing 1 1
where fibsFollowing a b =
(a+b) : fibsFollowing b (a+b)

take 10 fibs
—-[1, 1, 2, 3, 5, 8, 13, 21, 34, 55 ]

> fibs DEHEZ (a+b) H—FELDBEAGLIIZESBEINEE557
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primes = primesFrom 2
primesFrom n = p : primesFrom (p+1)

where p = nextPrime n
nextPrime n
| isPrime n =n
| otherwise = nextPrime (n+1)

isPrime 2 True

isPrime n notDivisible primes n

oo

notDivisible (k:ps)
| (k*k) > n True
| (mod n k) == 0 = False
| otherwise = notDivisible ps n
|take 100 primes — [ 2, 3, 5, 7, 11, 13, ... 523, 541 ]
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/EEJ%@J% (Tail Recursion)

EIRERIE. BYVIRL LY EEIMECGYSS. TaED/N—RITT T,
FHEFVHLOIARMEL HETHD.

BiEM. REOEETHY., LMEBHS O KREFR WUHELEA>TL
HIHEITE, ZOBIFRFUHELIE. REDOIV /(T T, &BIEIT&Y
JHZ (optimized away) LTL\%. RITHRZVIN—DHNIELNHDS
TH5:

l fact 5 - l fact 5 [ fact 4 - l fact 5 [ fact 4 [ fact 3

l sfac 5 - l sfac 4 - l sfac 3
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BRI, FEOERPERE. BARMIC, SIETHLITRY. KB

BIRICEBRSHIENTES:

sfac s n = if n ==20

then s

else sfac (s*n) (n-1)

sfac 1 4 > sfac (1*4) (4-1)
sfac 4 3

sfac (4*3) (3-1)
sfac 12 2

sfac (12*%2) (2-1)
sfac 24 1
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fib 1 =1
fib 2 =1
fib (n+2) = fib n + fib (n+1)

MERLIITETHS: ZPFBEATMYICRITELE SN
fib' 1
fib' n a where (a,_) = fibPair n
fibPair 1 (1,0)
fibPair (n+2) = (a+b,a)

where (a,b) = fibPair (n+1)

1

> Tl Fibonacci E#IIKEBIFICTEDTHAIH? 25
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map £ [ ]
map £ (

X:XS)

[1
f x : map £ xs

map fac [1..5]
— [1, 2, 6, 24, 120]

NB: map fac B TUAMIERTES LD THS:

mfac [1..3]
- [1, 2, 6]
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A BAHIE "MAIZR (lambda abstractions)” EL TELZENTES.
B (¥x -> x * x) | sqr ERBOBEET S

BAMASE)\YIRS5Y21TRY
sqr x = X * x NYIZASY22FEADDIED
sqr 10
— 100
(¥x -> x * x) 10
— 100

BEBABLE-RATOIMTHS:

map (¥x -> x * x) [1..10]
— [1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
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H)—eSh-Ba% [EZFE H.B. Curry ITHEL] & 518E—BIC—
BERBEHTHY, TNREREMEEHELTRYERAS.

‘plusxy =X +Yy |
plus 1 2
—

plus’ (x,y) =X+ Yy

plus’ (1,2)

=3
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MERSE/\YIZTYS1TRY
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plus x v = x + y| [FHEERLC: ‘plus X = ¥y -> x+y|

SWMEZDE, plus FFERELTHEMERT 151 8O THS.

[FHEERL: (plus 5) 6

SWEZSE, (plus 5) ZFEENTLHE, ROEHEAELN,

ZThIT5I% 6 Z5IEELT. HERELT 11 2515

30




H— S EHERLT

) —LSh BRI ER THS. SIBEDLT OREETHIENTES
MHETHD

inc

= plus 1

inc 2

—3

fac

= sfac 1
where sfac s n

n 0
| n>=1 = sfac (s*n) (n-1)

= S
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LUTO (FHEERLE) BRIT25IHEHES I HEL. Theh—iksh

=RERELTRY:

curry £ a b = £ (a, b)

plus(x,y) =X+ Yy

inc = (curry plus)

sfac (s, n) = ifn ==
then s

fac = (curry sfac) 1

1

else sfac (s*n, n-1)
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