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— 1957 FORTRAN

1958 LISP, ALGOL
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- FHr=E (procedural)
- TR SLITGEDE
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- [RIGIEMRIRE I CUERRZEMLIZ2D

- [RIRImINE
- 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
- f(3)

- SLAETETIEARIZTIT T ICEA#EE R TS
cf=2Ax.x+ 5

" fB) = Ax.x +5)(3)
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- 151
- (Ax.x)y =y
© (Ax.xx)(dy.y) - (Ay.y)(Ay.y) — Ay.y
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0 = Axy.y
1 = Axy.xy
- 2 = Axy.x(xy)
3 = Axy.x(x(xy))

- MAPEREIAKTRI CENTES
« plus = Axyzw. (xz)((yz)w)

plus12 = (Axyzw. (xz)((yz)w)) (Axy.xy)(Axy. x(xy)) > -+ > Axy. x(x(xy))
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- Cons cell
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© (plus 1 2)
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(Plus 1 2) m) 3

(times (plus 1 2) (plus 2 3)) » (times 3 (plus 2 3))
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- quote: 5T DL DHE
(quote (a b)) => (a b)
- ABREEETldquoted’ TR
"(a b) => (quote (a b)) => (a b)

- atom: PR ATHOIMEDIMFTHAN, t £f=[Tnil Z1RT
(atom "abc) => t
(atom ' (a b)) => nil

ceq BILAT VO TRLFERIZVRRMN ZHELTRIMEFHARNS
(eg 'a 'a) => t
(e "a '"b) => nil
(eg "(a b) "(a b)) => nil
- BfIIZAE) EDOBEHD LLER
- ThLABLUREILEIZZZ=Z—Y
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- cons: AVAYILZEES
(cons "a 'b) => (a . b)
(cons 'a "(b c)) => (a b c)

s car: AVAEILDEZERY

(car ' (a b)) => a

ccdr: AVAEILDEEIRT
(cdr ' (a b)) => (b)
(cdr "(a b ¢c)) => (b c)

- cond: FHIZLEA>TELBEFIRT
(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 ' ()))

- BSE A
((lambda (x y) (cons x (cons y "()))) 1 2)
=> (1 2)
- BIBICEZRELTRIAD K ZFE

‘ % HIJ{T'I-H- (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 (lan(&czg: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)))))))
¥
(* 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))))))))

6qm(x32) @(*3 (x21)) @(*3 (x2 (*x11)))
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- BAEH A AHER) OHE

- Bl ZEEHELTIEICT B
- BAREBERTIS

=% ST 4 carz=E1T
(car expr) =) (car |valug) mmm=) car of|value
. (define fact
- A—YEZDEMDEE (lambda (x)
_ (cond ((= x 0) 1)
- 5l EEEMEL TEIZT S ("t (* x (fact (- x 1)))))))

- ARBIBDERINEZ/NA VL THEBARAFRZETET S

7 54 Y. = i
fact |[exXpr) =) (fact |value mmmm) (cond ((=x 0) 1)
( E ( ) ("t (* x (fact (- x 1)))))))
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LISPA A2 —1)& 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)& 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))))))
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SEnRE ar, Y
- consMNAVAEILEHE ‘ l ________ i N

- SEINALZNVIVREILIETS
- (car (cons 'a ’'b))
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- dSZEIURT BHELNH S
- A—ARTaLvi a3 (THEUR, GC)

BARIGH—ARDALII Iy
- mark and sweep

- compaction GC

- copy GC

- reference GC

- realtime GC



Mark and Sweep GC g

- fEFHS>TUWSEILIZENZTIT5 g/ >
- FIDFTLNTULNVE L)L Z[E] 4R

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; i < N; i++) {
if ('cell[i] .marked) {
cell[i] .car = free;
free = &cell[i];
}
}
}

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




Copying GC

AFOTWBEILERIDECAIZOE—T S
- fEE 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 = 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

I\
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- Compaction GC
c A2EHST=AR—REFFEHTLK
- BRI D

- Reference Count
s ENENDEIVIZSEAD A% F1T5
- BEBAYUANEOIZES=EEF (AU
c HAOILDHAH) AEEURTELZLY

- Realtime GC
- GC FIZAEA L FESEWNKSIZT S
- INYDTS5HUKRTGC #L3E
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