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Lambda Calculus = - .
(Church, 1932-33) HEOBAWETIL
Lisp . —
(McCartin, 1960) Listes e 2R S5HE
APL . N
(Iverson, 1962) BIEHHMETIRENTOTFI0Y
ISWIM let & where 4]
(Landin, 1966) SR, MM CEARET0ISI0 T O E

ML 3 = =5
(Edinburgh, 1979) RIXEEARAAEE

SASL, KRC, Miranda o
(Turner, 1976-85) BT

Haskell Fl=:E _
(Hudak, Wadler, et al., 1988) | BAREBOKHE

KeexRAWNVELNTOS 5304

WREDR2A)L: EEEBEOREA)L:

fac n =
if n == 0
while n>0 do then 1
begin a:= a*n; else n * fac (n-1)

MK EEDOTOT S LICIFBARMAIREE T,
TRTSAIF, LIS, KOERTHERINTNS.

MEAKETNISLERE

HEBITnTS05:
v’ Program = Algorithms + Data

KBS0 53045

# Program = Functions ° Functions
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1. 2TOI0ISL-FHEEIBEHETHS

2. ECITH ZHORARLGD — HEDIFAH/NTA—4E

721y

3. EZIZ? #BIRL (loops) [F%LY — HAHD EEFwFZIT

4. BEORYVER. NSA—2GIEEOAHKEFLT

¥
5. BRIE F—MBE T TZO) THS

Haskell &(d{alhy?

Haskell (LA MEEKETOS SV EET. TRY I3V

I ERBRONHTORIEDEFDZHARANSNA TN,
Haskell A2t 5D (1. SFEEK. FERDOBELRR. FH%S
HES T, FIREERORBMT— 248 24—V BE R
ODRBREL,EDP1—NWNIRTL EFRIO PRTLTHS.
Ff SBIZRDESBENGET)ITAITT—AEAHEINT
p\éo YR ERG ETEEREYN. BAEEREN. FE/I S
Haskell (LB ME KB EEICETIREDOHAREEMEL
LD THY. F-. TOERICFDO2LDTH 5, .

— The Haskell 98 report

https://www.sampou.org/haskell/report-revised-j/intro.html#sect1 8

HiRFEY®D “Hello World”

hello() = print "Hello World"

EP/Y

& BB vs. iR TOIS305
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Haskell (&, H&2 TRV -BRERZLR T IEUDO A EERAR

LTLV%:
IR8—2: |fac' 0 =1
fac' n = n * fac' (n-1)
-- Ffzl&: fac’ (n+1) = (n+l) * fac’ n
H—FK: fac'' n | n==0 =1
| n>=1 =n* fac'' (n-1)

A+

YRE F TERIETEROVRMND ¥ THS:

v 1—2%ZJRk

vV x:xs — URARTHOT . AYED x, YRLDFERYDER
S xs THHLD

TRDEHEEEANDE KY—BERIZFESENTEDS
v [1,2,3] —1&1:2:3:[ ] DEREX
v [1..n] —I&[1,2,3, ... n] O

MR (£33 34, #: syntactic sugardsBL\[Esyntax sugar) £, FOT 53V J EREICBVT, HABEOL
PIEOIDISHASNEEEHTHY IR TOM IV BSHL2RALERISHDLOE, YLV TNLTHAY 49
PTNFEHATECENTELLONDIETHS.  httpsi//ja.wikipedia.org/wiki/ izl 3T
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YANMI/NE—2T K TES:

head (x:_)

len [ ]
len (_:xs)

prod [ 1]
prod (x:xs)

X

1 + len xs

1

x * prod xs

EP/

& EHE vs. HEBTNT 53 =
& 1RB—2TyFUY b =
& SRBAY i
& BIEETH .
& HIF

& SRR ENY—1b

fac''' n prod [1..n]
SHRERAMY = O 51

B SRBEAM 2R DL ERDELN/SA—2 (B
EOHMEETHIHE THSD.

» £(x)+f(x) |& 2+f (x) [IZFELLVH? CTIX? Haskell TIL?

SBBEAMEMNHSE “equals can be replaced by equals”
(FLLWEDIFFELWEDLEBERZIOND).

HMPBABE ERBITBVTIE. TR TOBEMISREREAHY
HED T ENRFAEFUHEATE LWOLFELEREERT.

%ﬁ’é(ﬁ%iﬁﬂ‘](:)%ﬁﬂﬁ'él:li\ BEMARROFEIBERS I MTESHRR

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) * ..))
—4 * ((4-1) * ((4-1-1) * ((4-1-1-1) * 1)))

— 24

Dk, EROBEHBEBCHVTIE, COLSUEXMWLBERZT
REMNGINDDIFTIEAL ...
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“Lazy GEEE)” F£7=IZ “normal-order (ERIER)” FHEAZTlE. =&
&, ZERICZDENDEICG > OAHFEHSN S, SENEEAZE
(Wadsworth, 1971) # AVNIFER LK EHETEIENTE. F
BELHHEERITHIENTES.

#€-T:

sgr n = n *n

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

BEFMERANSE, B =0, GHEAY) FIELBLKES %I
FoTWM &L T, B DA TES:

ifTrue True x y = X

ifTrue False x y =y

|ifTrue True 1 (5/0) - 1| 18
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BIEYZRE (T BREOT—HEE THY. BEITIELTERENDID
Thb:

fromn = n : from (n+l)

[£rom 100 - [100,101,102,103, ... ]

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

take 2 (from 100) ‘ ‘—) take 2 (100:from 101) ‘

| > 100: (take 1 (from 101)) |

‘HIOO:(take 1 (101:from 102)) ‘
|~1oo:101: (take 0 (from 102)) |

[ 200:202: 0 | [= 7200, 2017

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

EBEYROTOYSIUY

= URIE, BRIZ, BEURARLTEESN DI LD S
NB by FH UM DEEHARRAIL:

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 DEEHE (a+b) D—ELOFNGULIICEERANS/ZE557

19 20
== ~=— Nl R Y » ~,
BEEMGETATSIIVITREIAIL =P

primes = primesFrom 2 " = ~
Eidll O AT =° .

primesFrom n = p : primesFrom (p+1) \ 4 Bgﬂ:t VS. Dﬂﬂg;jn77\/7 15‘5-.:_:

where p = nextPrime n ® /{9_\/7‘)9—'\/7‘ EI -
nextP?fime‘ n @& %Eﬁiﬁﬁﬂ'ﬁ b

| isPrime n =n . _ |

| otherwise = nextPrime (n+1) \ 4 Eﬂﬁqqﬁ —-—
isPrime 2 = True * ﬁ’ﬁ
isPrime n = notDivisible primes n -

= 1)—

notDivisible (k:ps) n ¢ 'E'[%Ia*ﬁﬁtjj) ﬂ:

| (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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XEHBIF (Tail Recursion)

BIRERIE. BYBRLIVENEREAELGYSS. JRED/N—FIIT T,
FHEFVHLOIRMEL HETHD.

BIRN. REOEETHY. LHLBEHD XEFIR FUHELEASTLY
BIGRIZIE. TOBIRFUHLIE. ZRIAEOIV /(5 TIE, ZBIEIZKY
JHZ (optimized away) LTLV5. RITEHRZVIN—2HNIELN DS
Thb:

‘ fact 5 - ‘ fact 5 ‘ fact 4 - ‘ fact 5 ‘ fact 4 ‘ fact 3

‘ sfac 5 - ‘ sfac 4 - ‘ sfac 3

23

REHIF...

BREARE. HEORDEBE. BARMIC, SIMETHILITLY. KE
BIRICEBRTHIENTES:

sfac s n = if n ==20

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

srrel ey

N
¥ e

24
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BRELKBATICHESE TREGBIHEESH2LICHS

fib 1 =1
fib 2 =1
fib (n+2) = fib n + fib (n+1)

HMERLIITETHS: ZRFBEATHUICRITERL TS

fib' 1 =1
fib' n = a where (a,_) = fibPair n
fibPair 1 = (1,0)
fibPair (n+2) = (a+b,a)
where (a,b) = fibPair (n+1)
> TI&. Fibonacci &I KEBIFICTESTHDIN? 25
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E?fﬁﬁﬁ!d:ﬂﬁwﬁﬁﬁ’é B—RA Tz ol ELTRD. HILLOBEHRE SR

map £ [ ]
map f (x:xs)

[1
f x : map £ xs

map fac [1..5]
— [1, 2, 6, 24, 120]

NB: map fac B TUAMIBERATES LD THS:

mfac [1..3]
- [1, 2, 6]
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B2EH

A BARIE "MAIZR (lambda abstractions)” EL TELZENTES.
B (¥x -> x * x) & sqr LRABDEBEET S:

BERHE)\YVIRSYS1TRY
Sqr X = x * x JWIASYS 1IN OED
sqr 10
— 100
(¥x -> x * x) 10
— 100

REEBLE—RATOINTHS:

map (¥x -> x * x) [1..10]
— [1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
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A)—1t

H)—eSh-Ba% [FEFE H.B. Curry ISHBL] & 518E—FIC—
BLHEBTHY, TDBREMEMELTRYIRZS.

‘plusxy =X +Yy |
plus 1 2
=3

plus’ (x,y) =X+ Y

plus’ (1,2)

=3

29

N)—lEEn-EE#EDEZH

plus x v = x + y| [F&EEAL: [plus x = ¥y -> x+y]

EWVEZELE, plus (HIERELTEBEERT15IHOEH THS.

[FHEERL: (plus 5) 6

SWEZSE, (plus 5) ZFEENITEHE, ROBEEAELN,

ZNIE5I8 6 Z5I1FELT. HRELT 11 2155

30




A)—feEn-EA%ZRALT

) —ESN-EBIEER THS. SIBEDLT ORAETHIENTES

MoTHD

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 (FHEELE) BRIT25IMEHES I KEL. Theh—fksh

B ELTRY:

curry £ a b

plus(x,y)
inc

sfac (s, n)

f (a, b)

X + Yy
(curry plus)

ifn ==
then s

1

else sfac (s*n, n-1)

fac = (curry sfac) 1
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