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OO000O0 micro-C micro-C 0 COO0O

00 (O expression):

type expr =
| CstI of int
| Var of string C micro-C
| Prim of string * expr * expr x =y + 3 Asgn("x", Prim("+",Var "y",CstI 3))
if el sl else s2 If(el,s1,s2)
00 (O statement): {s1 s2 s3} Block([s1;s2;s3])
type stmt = for (i=el;i<e2;i++) sl For(el,e2,sl)
Asgn of string *x expr while (el) si1 While(el,s1)
If of expr * stmt * stmt printf(“%d",el); Print(el)

Block of stmt list

For of string * expr * expr * stmt
While of expr * stmt

Print of expr
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micro-C 0 O OO0 goooobbog;gdad

{ int sum, x;
sum = 0;
while (x > 0) {
sum = sum + X;
x =x - 1;
}
printf("%d", sum); }

Block([
Asgn("sum",CstI 0);
While (Prim(">",Var "x",CstI 0),
Block ([
Asgn("sum" ,Prim("+",Var "sum",Var "x"));
Asgn("x",Prim("-",Var "x",CstI 1));
10;

Print(Var "sum"); 1)
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micro-CO OO

godd:

let rec eval e (store : naivestore) int
match e with
| CstI 1 — i
| Var x — getSto store x
| Prim(ope, el, e2) —
let i1l = eval el store in
let i2 = eval e2 store in
begin
match ope with
[ """ — i1 x i2
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00000000
e 00:00(000)000O00 (00000D0D0000)0000O0
00000000000
00000000
e 00:00(000)000000000 (location)0 000000
000000000
e 00O (store): OO (location) 000000 000000000
000
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micro-CO O 0O

gogd:

let rec exec stmt (store : naivestore) : naivestore =

match stmt with

| Asgn(x, e) —
setSto store (x, eval e store)
oooo:

e J0D (exec) UOODDDOODDODOOODODOODDODOOO
e JODODODODODOD
O: Asgn("x", Prim("+",Var"x",CstI 5))
e JODODODOOO [x->10,y->20] OOOO
e JDOIOODODOD [x->15,y->20] OODODO
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micro-CO O O micro-C O O

| Block stmts —
let rec loop ss sto =
match ss with
| [] — sto
| sl::sr — loop sr (exec sl sto)
in loop stmts store

0O: Block([s1; s21)

loop [s1; s2] storel
-> loop [s2] (exec sl storel)
-> 1loop [s2] store2
-> loop [] (exec s2 store2)
-> loop [] store3
-> store3

0000 (OO0 oDboOoO0) oooooooo

cooodgd

execDODOOOOOO OO

let run stmt =
let _ = exec stmt emptystore in

0
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void foo (int *p, int *q) {
while (*p) {
x(gqt+) = *x(p++);
}

e void,int 00 OOOO

e *OUIUDOODOUD (DO Py()UDOODDOOODO)

e 0D int »p DM pO Ptr(int) DO OOUOOODUOOODO
o p++0 00 Ptr(int) OO x(p++) 000 int0O OO

e U0 foodDOONO (Ptr(int) * Ptr(int)) -> void

C0000000000000000000
e DOOD q++ = *p++; 000D

int x integer
int *x pointer to an integer
int x[10] array of 10 integers

int x[10] [3] | array of 10 arrays of 3 integers

int *x[10] array of 10 pointers to integers

int *(x[10]) | array of 10 poitners to integers

int (*x) [10] | pointer to an array of integers

int **x pointer to a pointer to an integer
0000000000000 00oO00o00ooO(ooUoo)ooooo
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o lvalue O rvalue
e J0U000OOLOOLOULOOOO
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coonog Ivalue to rvalue -CO OO OO
Ivalue (left hand side value, 0 O O):

ex =e¢; 0000 x
gooooooood

e x++ 0000 x
int x, y; int a[100]; int *p; e &x 000 x
X=’1‘0+1°; e 00000000000 D (location) D000
x + = x; ) )
al5] = x + 10: rvalue (right hand side value, 0 O O):
x = a[b] + 10; ex + 10000 x0O0
y++; e U0UIOOODOUOOUOOOOOOOOO
Xx+t+ =y + 10; 0
p=é&y +1; 0 8+200ralue 10 00000 value 000000
p = &(al5]) + 1; ~ .0 OK o NG
wpth = 3 4 10; ex=82;0 OKODOO8+ 2 = x; 0 NGO

e xOOlvalue O rvalue OO OO

ex =x+ 10; O OK.

@ al[10] OO Ivalue O rvalue OO OO
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int x, y; int a[100]; int *p; int x, y; int a[100]; int *p;
x = x + 10; x = x + 10; 0K

x + 10 = x; x + 10 = x; Not good
alb] = x + 10; al[b] = x + 10; OK

x = a[5] + 10; x = a[5] + 10; 0K

y++; y++; 0K

x++ =y + 10; x+t+ =y + 10; Not good
p =& + 1; p =&y + 1; 0K

p = &(al5]) + 1; p = &(al5]) + 1; 0K

*p++ = y + 10; *p++ =y + 10; 0K
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000 (ML, Lisp/Scheme):

Odoooooooooooooooa let loop x = loop x in
o OO0 call by value let show x = print x; x in
4 let foo x y = x + x in
e 0000 call by name foo 20 (loop 10);
e 0DO0O call by need foo (show 10) 20;
ddddd0ooooooooooooo foo..O0O0OO0O
e 00O call by value e 00O (actual parameter) 00000000000 OOO
e 0OO0O call by reference e 00 00UO00OUDOULUDOLDOOUOOUIDDODOUD (foo 20

(loop 10) 00D0DODODODO)

e 000 (formal parameter) 0 200000000000000000
00000000000 (foo (show 10)200 1000 print 00 0)

o ... call by value return
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gooo:
let loop x = loop x in
let show x = print x; x in
let foo x y = x + x in
foo 20 (loop 10);
foo (show 10) 20;

foo...0000OO

e U OO (actual parameter) D0ODUJO0OOOOO (DDDOOOOOO
ooo0)oooo

e 000 000000000000000000000O (foo 20 (loop
10)00000)

e OO (formal parameter) 0 2000000000000 0ODOOO 2
0000 (foo (show 10) 20 O 20 print 0 0 0)
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0000 (Haskell):

let loop x = loop x in
let show x = print x; x in
let foo x y = x + x in

foo 20 (loop 10);

foo (show 10) 20;

foo..00O00O0OO

e 000 (actual parameter) OO0 O0O0OOU0O0O (DOOOODOOO
oo0)oooo

e 00 O0O0U00OUDOUUDOULDOOUOOUIDDODOOO (foo 20
(loop10) DO DO DOO)

e 00 UD2000000DOUODDUUODDUUODDOUUDDOO
000 (foo (show 10) 20 0 1000 print000O)

0000 (oooOoO ooooo)

godooobbgooodaoon
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ooo (C Java):

static void swapV (int x, int y) {
int tmp = x; x = y; y = tmp;
}
main () {
int u = 10;
int v = 20;
swapV(u, v);
printf ("%d %d\n", u, v);
}

sawpV(10,20) 0O O OO
e U0 (actual parameter) O rvalue (100 20) 0000
e U OO (formal parameter) x, y OO0 O0OOOOO
oex U yOooouonooobooboboobobobbooboboooo

==> 10 20
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0000 (CH):

static void swapR (ref int x, ref int y) {
int tmp = x; x = y; y = tmp;

}
. swapR(10,20)

sawpR(10,20) DO OO 0O:
e 00O (actual parameter) O Ivalue (OO0 )0 OO0

e 00O (formal parameter) x, y 000000000
oexU yOOooooOooooooboobobOoDboo

oooooooo No. 8: 00D0ODODO
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static void swapR (int *x, int *y) {

int tmp = *x; *x = *y; *y = tmp; Call by value return (FORTRAN, Ada):
iain O 1 e 000 O ralke0000000000000000 lvalue 0000
int u = 10 e 00000DDDO0DO00OD halueJOOODOODOO0ODOO
int v = 20 alue 000000000

swapR(&u, &v); e 00000OswapROO00D0D00O0D00

printf ("%d %d\n", u, v); ==> 20 10
}

coooooooopooOoOoOoOoOopDOoOoUOoOoOoOoDDODOoOoOoOoOooO
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e OO call by value

e 0000 call by reference

o ... call by value return

(Sestoft 00D OODODOODO)

PASCAL | C | C++ | C# | Ada | Java | Fortran
call by value o o o o
call by reference o O o o o ad O
call by value return O O O O O O o

0000 (DO0DO0 o0Oo00) OopDoooooo No. 8: 0O0OODO 27 /27



