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- 0l=1
« (n+t1l)!=(n+1)Xn!

- RIBIEETIEET RV ETRGRAMLAHY, fEARN DR
« Ack(O,n)=n+1
« Ack(m, 0) = Ack(m -1, 1)
« Ack(m, n) = Ack(m - 1, Ack(m, n - 1))
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- f(x) =x+5
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- f(3) = (Ax.x + 5)(3)
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c (Ax.x)y =y
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0 = Axy.y
1 = Axy.xy
- 2 = Axy.x(xy)
3 = Axy.x(x(xy))
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- if 3 Xowhile X7 E D3 IF7ELY
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* (plus 1 2)
 (times (plus 1 2) (plus 2 3))
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(Plus 1 2) W) 3

(times (plus 1 2) (plus 2 3)) » (times 3 (plus 2 3))
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- quote: 5IZTDHLDMME
(quote (a b)) => (a b)
- ABREEETldquoted’ TR
"(a b) => (quote (a b)) => (a b)

-atom: PhATHOAMEDIDNFTHN, t £f=[Enil Z1RT
(atom "abc) => t
(atom ' (a b)) => nil

ceq RILA TV OMTRLFERIZURAN ZHLRI N ERAND
(eg 'a 'a) => t
(e "a '"b) => nil
(e "(a b) '"(a b)) => nil
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- cons: AVAEILZFES
(cons "a 'b) => (a . b)
(cons 'a "(b c)) => (a b c)

- car: AVAEILDEZIRT

(car ' (a b)) => a

- edr: AV AEILDEEIRT
(cdr ' (a b)) => (b)
(cdr "(a b ¢c)) => (b c)

- cond: FHIZLI=N>TELAEZIRT
(cond ((eq x "a) 'yes)
((eqg x "b) ’"no)
("t "unknown))
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(lambda (x y) (cons x (cons y "())))
- 58 x, y RIF: (cons x (cons y ' ()))

- BEEE
((lambda (x y) (cons x (cons y "()))) 1 2)
=> (1 2)
- BIBUZEZRBEL THRAD K 251

- BREITIT (defun fact (x)
(define fact (cond ((= x 0) 1)
(lambda (x) ("t (* x (fact (- x 1))))))

(cond ((= x 0) 1)
\ ("t (* x (fact (- x 1)))))))
- BIRMFUHLUICKYEYRLEZER



(define fact

Fﬁ%&d)gzlz1 (lal?zg:d()(()(= x 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 ((=20) 1)('t (* 2 (fact (- 2 1)))))) « (* 3 (fact 2))

¥
(* 3 (cond (nil 1) ('t (* 2 (fact (- 2 1))))))
9
(* 3 (* 2 (fact (- 2 1)))) B) (* 3 (* 2 (fact 1)))
¥
(* 3 (* 2 (cond ((=10) 1)('t (*1 (fact (-1 1)))))))
)
(* 3 (* 2 (cond (nil 1) ('t (* 1 (fact (- 1 1)))))))
9
(* 3 (* 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))))))))
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i carzE1T
(car expr) =) (car |valug) mm=) car of|value
. (define fact
cA—YEZEDEBDEE (Lambda (x)
_ (cond ((= x 0) 1)
- 5I#FEF ML TEIZT 5 ("t (* x (fact (- x 1)))))))
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fact |expr) =) (fact alue mmmmm) (cond (= x 0) 1)
( E ( ) (‘t (* x (fact (- x 1)))))))
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LISPA >3 —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>2—271)4 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))))

((eg (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 - M _EE‘ET%ﬁ‘_’I’LT’ L NEZCTEZHMhT-
o TIX ;T;t N S Bl EEM N | EBLOAE—T4
ADAVINAT
- LISPOHHIAZELISPTEEA .
- eval Wil I SR L

- (eval e a):fkEEa(ZHA~AD/ ML) THaZ 5 LISPTEM N 1=

LISPA > A2—T1)%

L L L L L - C L —» C
L™ clc ol ™ L L{L - c]lc = M| M
L M
cEEcEMNS: LM L
LISPA>8—T1)4 M L
M
LISPA 32— 3% Hi5R
LISPTEM =

LISPMBCADIAV /IS



H—RsaLyiay

______
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- consMNAVAEILEHE ‘ l ________ i N

- SEINLZNIVREILIETS
- (car (cons 'a ’'b))

w1
O«

- dSZFEINTEIHELH D
- A—ARTaL v a3 (THEIUR, GC)

- BRGH—ARTaLYiay
- mark and sweep
- compaction GC
- copy GC
- reference GC
- realtime GC



Mark and Sweep GC =

cAfEFEHS>TWASEILIZENZF(T5 g/ >
- D FFLNTULNVEL )L Z[E]UR

Markl
struct cons {

struct cons *car;
struct cons *cdr; car cdr
int marked;

} cell[N], *free;

if (x->marked) return;
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];
}
}
}

mark (struct cons *x) { <::
<




Copying GC

AFOTWBEILERIDECAIZOE—T S
- SR M 2B E

struct cons {
struct cons *car;
struct cons *cdr;
int copied;

}i <

copy (struct cons *x) { » <<
struct cons *y, *car, *cdr; <J ./ \\‘ “

if (x->copied) return x->car; copy
car = xX->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

I\
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- Compaction GC
c AZEHHAR—REFFEHTLK
- AL MID

- Reference Count
s ENENDEIVIZSEAD A% 115
- BEBAYUANEOIZES=EEF (AU
- HAIILDHA) AMIEURTELLY

- Realtime GC
- GC HRIZAEA L ESLEWNKSIZT S
c INVDTSHURTGC £ EE
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