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LISP&IX

LISP (LIST Processing) 1960
- John McCarthylZ&k>T&EE
- 2B/ BICHWIOSSIVSEE

—— 1957 FORTRAN
— 1960 COBOL

—— 1964 BASIC
—— 1966 PL/I

1958 LISP, ALGOL

—— 1069 PASCAL

- —FEHULDIEFORTRAN 1970 B 1070 B B
:_ 1974 ML 1975 Scheme
- — 070 nda
CSLAHEERELEE Sl eyl
. EE?LEEH = o ___1987 - ommon Lisp, Postscrip
FORTRAN [ig&ﬂ_;-l-% IJ_J % 1990 :— 1990 Python, Haskell

1991 Microsoft Visual Basic
—1993 Ruby, Lua

—— 1995 Java, PHP

AI%DﬁEEI’J& PETEHA

_ s _—1997 Javascript
- ZLDAEMNFHE 2000 —f——2000 C#
. MACLiSp —— 2003 Scala
- Common Lisp -
: ——— 2009 Go
- Emacs Lisp 2010 = 5011 Dart
- Scheme 2014 Swift

2020
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- FORTRAN
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- LISP

- WebZO45' 5304
- JavaScript
- PHP

- A9V Tk
- DT)LRO) TR
- perl
- ruby
- python

il

- SNOBOL

- a3l —i 3y

- SIMULA

- HEERAN DR AHAA B

- Java

- HEH

- PASCAL
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- FHr=E (procedural)
- JATSLIEGRT DS
- EMNTULBIEFICNIEZLTLK
- FEAEDTOT ST EENFHEH
s DAV ARV E A —DANTRTATSIV I DREBEES

anh

- B9%gE! (functional)
- 095 LIXEE
- E#EHEAEHLESIETUIEEITS
- SR DIER LB FRLEL
- ETORIERFRIZEL

Lum

- sEEH (logical)
- HEKEECETTOYIIVTETD
- FHAFEZHRBIET
- FRAIDEAIEXBERENCEMNZLY
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- JEFREI R 2L

- [RIGIFMRIBE R CuERRZEMLI=E D

- [RIATmIRiE
- 0l=1
- (n+)!=(n+1)Xn!

- RIBIRIETIEIZTEV G EATRGREABAHY, pERARIDE
« Ack(0,n)=n+1
« Ack(m, 0) = Ack(m -1, 1)
« Ack(m, n) = Ack(m - 1, Ack(m, n - 1))
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-
FLF I
- MFTIIEARICRAZAF T TERL, FRATS
- f(x) =x+ 5
- f3)
- DL ETIERRZEMAITY ICE#ZEER T S
- f=Ax.x + 5
- f3) = (Ax.x + 5)(3)

<AFK> = <EH> | @A <EHH> o <aRK> ) | (¢ <aR> <ak> )

- 1
« (Ax.x)
- ((Ax. (xy))(1z.2))
c ((Ax. (x x))(Ax. (x x))
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- ATERBZESER DA (BE )
- ((Ax.M)N) —> M[N/x]

- 451
© (Ax.x)y =y
© (Ax.xx)(Ay.y) - (Ay.y)(Ay.y) - iy.y

- BAMEAATRY
-0 = Axy.y

-1 = Axy.xy
2 = Axy.x(xy)
- 3 = Axy.x(x(xy))

- MAER VAR TRI ZENTED
- plus = Axyzw. (xz)((yz)w)



LISPA I x5k

- T—RETOT S LDRX ALY
- TS LET—E2THS
c TAVIARVEERE = RANTRTOT35 A

. F—4
- 7 kL (atom)
- 1) Z R(list)
T—3
- VL
- #iE: 0, 123, 3.14 Ak

- X=F5: "abc”, "Hello World!" @
- L k)L x, abe, hello
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<YRF> ::= " ()" | <PRL> | ' (" <YRF> "0 <YRF> )

() IFEDYRE, nil EHELC Q

c YAMIT R LZZEIZHED2H K

- 51

- (a . b)

c(a . (b . c))

(@ . () . 3. ((c . 35) . Db)))
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- A X1zJL (cons cell)

constz)L

<€ car

cdr

- consTILIFAE) EDOFE DAY

- carécdriZ7 R LdH AW LconstIL D EHEREF

(a . b) (a . (b . c))
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| car cdr
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. (3 . ((¢c . 5) . b)))
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- (a b c d)IEXkDSKDBEERS
c(a . (b. (¢. (d. (O))))

c(abcd . e)lFIDOSKDEIH
c(a . (b. (¢. (d. e))))

(a b c d) | | 2 g

v ¥ v v

a b c d
(abcd. e) | > | > | > | |
v ¥ v v
a b c d e
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- LISP m7O49 5L
- Bz on-SHETET D&
- if3XPwhile X 7% E D XX T4
- WIFBE#ESI#EF) AL D

- (plus 1 2)
* (times (plus 1 2) (plus 2 3))

(= [ (] (=] (=] (=] - D

hEwEE 1 + 2

f(x) (f x)

BIEEC/E
o LISP i—sorms * 1 2

RERE
wr—srmm L 2
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- LISP 70495 L
- Bz oni-SRXETHTHIE
- kEBEHMIELTL

(Plus 1 2) W) 3

(times (plus 1 2) (plus 2 3)) » (times 3 (plus 2 3))

¢

(times 3 5) » 15



EARER(1)

- quote: 5T DL DHE
(quote (a b)) => (a b)
- BABREEETldquoted’ TR
"(a b) => (quote (a b)) => (a b)

- atom: PRLTHIEIMEOIMZFRN, t £f=ldnil Z1RT
(atom "abec) => t
(atom ' (a b)) => nil

ceq LA TVzIMNTRLFERIFIVRRN ZIELRI NERRD
(eg 'a 'a) => t
(e "a 'b) => nil
(e "(a b) ’"(a b)) => nil
- BHZAE) EDFERD LLER
- TEABFUVRIERFEICA=—S



EAREE(2)

- cons: AVAYILZEES
(cons "a 'b) => (a . b)
(cons 'a "(b c)) => (a b c)

- car: AVAEILDEHZIRT
(car " (a b)) => a

s edr: AVAEILDEEIRT
(cdr " (a b)) => (b)
(cdr "(a b ¢c)) => (b c)

- cond: FHICLI=A>TELGSEZRT
(cond ((eq x 'a) 'yes)
((eg x "b) ’"no)
("t "unknown))
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(lambda (x y) (cons x (cons y ’"())))
- 518 %,y K{K: (cons x (cons y ' ()))

- BEEE
((lambda (x y) (cons x (cons y "()))) 1 2)
=> (1 2)
- BRI EZREBL THRAED K251

- BRI
(define fact
(lambda (x)
(cond ((= x 0) 1)
("t (* x (fact (- x 1)))))))
- BIRMFUOHLUIZCKYEREYRLZEIR



(define fact

[ 28 D & i e T 1 0 1

("t (* x (fact (- x 1)))))))

fact 3 » (cond ((= 3 0) 1)('t (* 3 (fact (- 3 1)))))

(cond (nil 1) ('t (* 3 (fact (- 3 1)))))» (* 3 (fact (- 3 1)))
(* 3 (cond ((= 2 0) 1)('t (* 2 (fact (- 2 1)))))) « (* 3 (fact 2))

¥
(* 3 (cond (nil 1) ('t (* 2 (fact (- 2 1))))))
)
(* 3 (* 2 (fact (- 2 1)))) B (* 3 (* 2 (fact 1)))
9
(* 3 (* 2 (cond ((=10) 1)('t (*1 (fact (-1 1)))))))
¥
(* 3 (* 2 (cond (nil 1) ('t (* 1 (fact (- 1 1)))))))
@
(* 3 (*x 2 (* 1 (fact (- 1 1)))) By (* 3 (* 2 (* 1 (fact 0)))

g

(*3 (*2 (*1 (cond ((=00) 1)('t (* 0 (fact (- 0 1))))))))

(*3 (*2 (*1 (cond ('t 1)('t (* 0 (fact (- 0 1))))))))

cq@(*32)@*3 (*21))@(*3 (x2 (*11)))

@
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AN,

BERREELT

- AR (A AABEE) DIEE
- 5|#ZFFE ML TIEIZT 5
- AAXRBEMEETITS

=i carg®1T
(car ﬂ ) (car |[H) =) | {E®Dcar

(define fact

- A—YEEDODEBHMDIZE (ambde GO
- 58 ZzEHmLTIEICT % ("t (* x (fact (- x 1)))))))
- ARBIBMDERIEZE /NI L TEABAAKREZETEMT 5
A& AAKE ST
(fact @ ) (fact E)— (T??._d(i(; ::fg)ctl)(_ C Do)

X — (B




L f{Ax @E ﬁlj

- NEFHHT OB, BREDENENIT/NAAURSNTULSIE
ERATHEWENDD
- EEERIEFATS

- association list
\4 \4 \4 \4
VooV VooV VoV Voo
B, B, %, B, ZTH, E, L, &,
- 451
. . . « xMDEIX1
” ~ ~ - yDI{EIX1
N N v N « afEIE (3 . 5)
| | | | / « xyzMDIEIL (a z)
\l/ \l/ \4 \l’ \l/ \/ \ \4
x 1 y 8 a yz| | 1 L7
L] v v
Voo a .
3 5



LISPA A2 —J1)& in LISP(1)

(define null (lambda (x) (eq x nil)))

(define and (lambda (x y) (cond (x (cond (y 't) ('t nil))) ('t nil))))
(define not (lambda (x) (cond (x nil) ('t ’'t))))

(define append (lambda (x y)
(cond ((null x) y)
("t (cons (car x) (append (cdr x) y))))))

(define list (lambda (x y) (cons x (cons y nil)))

(define pair (lambda (x y)
(cond ((and (null x) (null y)) nil)
((and (not (atom x)) (not (atom y)))
(cons (list (car x) (car y)) (pair (cdr x) (cdr y)))))))

(define assoc (lambda (x y)
(cond ((eq (caar y) x) (cadar y))
("t (assoc x (cdr y))))))

(define caar (lambda (x) (car (car x))))
(define cadr (lambda (x) (car (cdr x))))
(define cadar (lambda (x) (cadr (car x))))
(define caddr (lambda (x) (cadr (cdr x))))
(define caddar (lambda (x) (caddr (car x))))




LISPA>A2—J1)A& in LISP(2)

(define evcon (lambda (c a)
(cond ((eval (caar c) a) (eval (cadar c) a))
("t (evcon (cdr c) a)))))

(define evlis (lambda (m a)
(cond ((null m) nil)
("t (cons (eval (car m) a) (evlis (cdr m) a))))))

(define eval (lambda (e a)
(cond ((atom e) (assoc e a))

((atom (car e))

(cond ((eq (car e) ’"quote) (cadr e))
((eq (car e) "atom) (atom (eval (cadr e) a)))
((eq (car e) 'eq) (eq (eval (cadr e) a) (eval (caddr e) a)))
((eq (car e) ’'car) (car (eval (cadr e) a)))
((eq (car e) ’"cdr) (cdr (eval (cadr e) a)))
((eq (car e) 'cons) (cons (eval (cadr e) a) (eval (caddr e) a)))
((eq (car e) ’"cond) (evcon (cdr e) a))
("t (eval (cons (assoc (car e) a) (cdr e)) a))))

((eqg (caar e) ’'label) (eval (cons (caddar e) (cdr e))

(cons (list (cadar e) (car e)) a)))
((eg (caar e) ’lambda)
(eval (caddar e) (append (pair (cadar e) (evlis (cdr e) a)) a))))))




LISP In LISP L

- LISPO{L#AZLISPTERAA -
- eval W FIiI 9 HE%K LISPCE It
- (eval e a): REEa(EHADNAUR)TRaZFEHEm  Lisproa—T14

CTRIZV [L - wm| NEETELAL . _ | L |nEEcEsne
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L L
cesEcEmnt | M| mmEcnc v M
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- AZDEE car T
- conshWhaAVREIILFEHE
- BBEINGEVLIVRAEILIETS
- (car (cons 'a b))
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- dZZEIIRT HHELNH D
- A—ARTaLHi a3 (THEUR, GC)

- BRET—ARTaLyay
- mark and sweep
- compaction GC
- copy GC
- reference GC
- realtime GC



Mark and Sweep GC e

cAFOTWBEILIZENZEfTITS <
- IO TULVE WL ILEEYR

Markl
struct cons {

struct cons *car;
struct cons *cdr; car cdr

int marked;
} cell[N], *free; <

mark (struct cons *x) { -~
if (x->marked) return; I
x->marked = 1;
mark (x->car) ;
mark (x->cdr) ;
}
sweek () {
free = 0;
for (i = 0; 1 < N; i++) {
if ('cell[i] .marked) {
cell[i] .car = free;
free = &cell[i];
}
}
}




Copying GC

AFOTWSEILERIDECAIZOE—T S
- SR 2{ENE

struct cons {
struct cons *car;
struct cons *cdr;
int copied;
}i < —
N <$% >
copy (struct cons *x) { — » <L
struct cons *y, *car, *cdr; <§’ A \\ =
if (x->copied) return x->car;
car = x->car;
cdr = x->cdr;
x->car =y = new();
x->copied = 1;
y->car = copy (car) ;

y->cdr = copy (cdr) ;
return y;

car cdr car cdr
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- Compaction GC
c A2EHST=AR—REFFEHTLK
- BRI D

- Reference Count
s ENENDEIVIZSEAD A% F1TH
- SEADUANEOIZEST=EE (2R
- HAOIILDHA) AMEEULTEEL

- Realtime GC
- GC H[ZAEBANIEFSHEWNEKIIZTS
- NV G 59U KRTGC Z0E
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- LISP

- BB
CSLEH

- LISP /2 52—TJ1)4
- F—ARTaLsviay



