00O0O0D (OD)

pooooodo e 0000 (DODDODODOODDOODO)DOODOOODODODOD

oooooo
oooo e (0. Scheme, Lisp (Common Lisp etc.), ML (SML, OCaml), Haskell
e J0IU0DUUO(DDLDUODDUL)D RUByODDOODODO
00000000000000000 oo

e 0. 0000DOO0O, Java O Generics
e JO0ODDOODOODOODOO:DOO

oooo ooooo oo

0000 00000 00

0000 00000 00 1/25

odoboooooooboooooog1 Ooooooooooooooono?2

oooooooo: ooo 0OoO0ooooo00: 000 0oooooO0: 0o
ooooo 0ooooo
int fib (int n) { ( ) ¢
. . int foo (int x let foo x =
int i, tmp; . in
int x=1, y=1; SESDDDD'DD int y; let y = x + goo(x+1) in
for (i=2; i<n; i++) { y = x + goo(x+1); let y = y + hoo(y*y) in
tmp = x; let rec fib n = y *= hoo(y*y); let y = goo(y+2) in
X = y; if n<=2 then 1 v = goo(y+2); :
y += tmp; else fib(n-1) + fib(n-2) : ¥
} return y;
. }
}r“““% DO000O0O0O0O0O00O0O0OCOOO0O00O000000000O0OOOO
ooooo
0000 (Doopooooooooooooo oooo ooooo oo 3/25 10 ( 1j000000o000ot 1jooooo o000 ooooo oo 4 /25

oobooooooobooooooo3 Oooooooooboboooooo 4

oooooooooD

ooooo0: let rec fib n =
map0 0000 0oooooo if n<=1 then (1.1)
let foo a b 1st = let rec goo f n x = else .
List.map if n=0 then x }et (,y) = fib(n-1)
(fun x —-> x*a+b) 1lst else £ (goo f (n-1) x) in (y,x+y)
in . in fib 5
in
foo 10 20 [1; 2; 3; 4; 5] goo (fun x -> x + 10) 5 2 =
==> ==> (5’8>
[30; 40; 50; 60; 70] 52

(al,a2,..,an) D0OnOO (tuple, DOD)DODOODODO
let (x,y) =el ine200el000200(0)00000 10000
OxO00000200000y0000ee«200000000O

D000 (booooooo00O0O000O00 0000 00000 00 5 /25 0000000000000000 0000 00000 00

000 (side effect) Ooooooon

ooooooooooobooo
e JI0OO0OOOODODODOOOOOOOOOOOO

e 01:00000000DO (DOOODO)
e 02 000000000000DO0 (10)

300000000

e 03 0000000000000 (0O00000) e 000DOONOOIONOOIDOONDOONOOOOODOOOO
e 000000DDDODODODODDDODODODDOO e 0000000 OOODOONDOOOOOOOOOODOO
e 00O0DOOODOOOODOODODOOODODOOODODOOODD eDOODOOODDOODODOOODODOOODODO

e JJ0D0DOODDOOD; DO (effect)DO0ODODO

go0ooooooooooOoOOOOOO0ObO0O0O0000o
o flele2) D0ell 20000000 DOOOOODOOO
e eltel =el*20000

0000 00000 00

0000 00000 00 7/25



oooooooooono-1

000 (firstclass) 000D O0O0DO(DODOOO)
e JO0D0ODDOODUODOODOOUDOOO
e COUDDOODDO first-class
e COOO JavaODODDODODODODO firstclass0 0000
)

Javal:lDDDD(DDDDDDDDDDDDD)DDDDDDD
first-classO

e 00ODDOOODODODOO first-classO

0000 00000 00

gooooooooono-3
oo:

let x=1 in
let f=(fun y-> x+y) in
let x=2 in

f3

0000000000 (Cooooooo):
e 0000 Ef300000D000ODDDO (funy—x+y)DDDODODO
goooooopooopbooobooood
frame4: y=3
frame3: x=2
frame2: f=fun y->x+y
framel: x=1
global:

e 000 framed0 00D access link DO OO0 0OOOframe3 0000
framel D000 O00O0OO0O0O

D000 (boooooo000000000 0000 00000 00 11 / 25

ooooooooooooo

let x=1 in
let f=(fun y-> x+y) in
let x=2 in

f3

0000000000 (Cooooooo):

o 0 (funy— x+y) 000D DOOODODOO (funy— x+y, x=10000
oooooo)

e (f3) 00000 DDODDOUDDOOODDOODODODOOODODO

access link 0000

frame4: y=3, access link O framel

frame3: x=2,

frame2: f=(fun y->x+y, framel 0000 0)
framel: x=1

global:

D000 (booooooo00O0O000O00

coopoooooo

go.co00omopoooooooooooooooooonoooo
ooo0o0oO0oo0ooOoooooooo cooooooooo?

e No. COOODODMODOODDODODOO(MOD)OOODDO

e JJ00DOODODDOUDDDOODDO(MODOODOD)DOO
gooooo
let fun f x = (fun y -> x + y)

o (00)DD0O0OOCOODDDDODDOOOOODODDDODDDD
(0oooooo)ooooooooo

0000 00000 00 15 / 25

ooooocooooon-2

goboooonooOooooooooOoobooooooonon
0000000 (OO0 Lisp, emacs-lisp)

e x.eOJUIODOOOUDOOOMNeOOOOOOOO
0000000 (Doooooooon)

o MxeDOODOODOOOOMN.eOODOODODOODOODO

e CODODODODUODODODaccess link DODOOODOO

0000000 (00O 0O function closure)

e J00O0DO0DODODODODODOODODODOODOODOODO
00000 (0)00o0oDo0oooOoOooo

e 000000000000 0000D0(000000)00000
0000: (funx->e, 0). 00000000 (000000)00
000000000000000 access linkO000

e 00000000000000000000000000000
ooo

O0:closure 0000000000000 fun x->x+y 0000 y0O
oobo0oooOo0ooboOo0ooOo0o0ob0000b00000000000
0000000 (0000010000000000000O0O0o0o
closed term 0O 0 DO)

100000000000¢ 100000 0000 00000 00

ooooocooooooooon

let £ =
let foo x =
fun y-> x+y
in
foo 10
in
f 20

e J000OOOODDOCOODDDDDDDOOODODOOOOO(DD
0)yoooooo

e J000OCOCOCOCOCOCOCOCOODCOCOCOODCOOOOOOO(MMOODDODO
0000000000000000000000000000)

e JODOOOOOOOOOOOOODDOD

0000000000000000

ooooocoon

cooooo

int* mk_pair (int x, int y) {

int *p;

p=(int*)malloc(sizeof (int)*2);

*p = X; OCamlDOOODO
*(p+l) = y;

return p; let q = (10,20) in

q = mk_pair (10, 20);

free(q);




oooooon

coooooood
e J000O0(DDDO0OOOOstruct0OO)O
e JOOOOODOODODODDOODODODODOD
e D0ODDOOOOOOOOOOOODBOD
OCamlODODOO0ODOD

e J00000OLUOOLUOUL (DOUOOLOLOUOOOOOOODOOD
Doooooooo)

e JOIOOOOOODODODOO

e JIOIOOOOOOOOODODO

0O cO00oUooUoUoUoUoooUoooUuoooCamionQg
00000000 (0oo0)00oooooooon

let 1imit=10000000 in
let rec f x =
if x=limit then "ok"
else let _ = (x,x+1) in f (x+1)
in £ 0

00000000 OCamlOOOOOODoverflow 0000000000
00:000 (x,x+1)0OheapO00O0O00OQO
goooobooooooboooooao

e J00OOOOO (x,x+1)ODODDODODDODODDDDO(OOOOO
0000000000)00000@OoD0o0o0ooDOooooDooo
gooo

e J0J00O0DDO_OO0DDUOOODDOUOODDOO (DOODO
pooobooooooo)o

D000 (boooooo000000000 0000 00000 00 19 / 25

oooooooooono-1

let rec f x =

if ... then ...
else f (x+1)
in £ 0
x=2
x=1 x=1

D000 (booooooo0o0O000O00

oooooo

o 00 fOODOODDOOD (ge) D00O0ND(ge) D0OOD
000000 f00D00000000000000000000
(tail call) DO OO

o JII0DDMMDUIODODDDUUOfOLODODDDOUODOODODf(O
0000D00)0000 stackframe 0000000000 DO (while
0o0ooooooo)

goooooooo:

let rec f x = if x=0 then 1 else x * f (x-1)

let rec £ x = if x=0 then 0 else f (x-1) + 0
ooooooo:

let rec £ x = if x=0 then 1 else f x

let rec £ x y = if x=0 then y else f (x-1) (x*y)

0000 00000 00

ooooocoon

00000000000000000(@O)0D000000000D000
000000D0000000000 (000000000000 000)
oooo

oooo(@oo)

e 0000 heap 000D ODODODONOOOOOOOOOOOOOOOO
0J0000000Ostack 00000 stack frame 000000000
00 100000000000 stackoverflow DO OOOODO

e JO0OOUOOOOUOOOOOOOOOODOODOO

100000000000¢ 100000 0000 00000 00

ooooocooooon-2

let rec f x =

if ... then ...
else f (x+1)
in £ O

0000000000000000

Oooooooooood

e CODODO0ODODODOODOOODOOOOOOOOMOOOO
goooooooooo

e J00ID0OOOOOOOOOOOOOOOODOOOODOOOOOO
0000 (stack O stack frame 00000000000 0D0D0DO)

e J000O0O0ODODOOOOODOOOOOO(DDOODDODODDODO
00000000000 0) 00000000 o0oooooooo
gooboobooooooooooooooo

e J00000DO0DODODODOODODOODODODBDOD
(Scheme, SML/NJ, OCaml ..I0000 COOO0OO0OO0O0O0ODODOOD
0o0o0o0o0o0o0o0o00)




gooooog

000000000:00000000000000000000
ooo

e JOODOOODODOODOOD

e J00DOOOODOOOOOODOOOO
°

°

gooOoooooo
oooooooooo

0O0:.: 0000000000

0000 00000 00 25 /25
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