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#E3C (X expression):

type expr
CstI of int
| Var of string

| Prim of string * expr * expr
HE3C (3 statement):

type stmt =

il

PR B

il
oy

Asgn of string * expr

If of expr * stmt * stmt

Block of stmt list

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

Print of expr

2% (UK WREPAH)

Imperative Programming Language
7arg L= Taw] OFl

fa= DIRRE] OZFH, AHIJI etc.

cf. (FfiFeZe, H2 0%, BFHR) = DRI Z2F72200. FHU
FIEUZH LTI, BYEUMEEET.

AR A BROMEDEE.

mE IS RE DB

C, C++, Java, Perl, Python, Ruby, ...

HE: [MRMEENE S 1] OR—X =363 UEHETIEAR.
Lisp/Scheme ® R 7512 & o Tiddnmil.
(set! x (+ x 1)) XWIBEUE, Bz BEBclkzl, REE2ZE
B Hama.
OCaml Ti%, S (ref B) 221X, MPRSFELFAMKLE 0TS
LDFEIT 5.
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micro-C & C DXty

micro-C
X =y + 3; Asgn("x", Prim("+",Var "y",CstI 3))
if el sl else s2 If(el,s1,s2)
{s1 s2 s3} Block([s1;s2;s3])
for (i=el;i<e2;i++) sl For(el,e2,sl)
while (el) si While(el,sl)
printf("%d",el); Print(el)

EE (FUBERT FREPAH)



micro-C 7027 7 A FED R, & X

b int sum, WEREST | @ US
sum = 0; . ) 5
while (x > 0) { AEX: i O 8
}scur: }={ flu;.l-'- " Bgﬁgl:{mnn@mfi
} ’ TEL O (B B DM (BER 2 10—V v 7 E) IS
printf("%d", sum); } 5% D, fHIEEHARE,
Block ([ iy ﬂlE§E§0?¥&ﬂ£ ) )
Asgn("sum",CstI 0); B 2(2B4) 2. A b7 HO5HT (location) IR 17 5 5
While (Prim(">",Var "x",CstI 0), Do fiH 135 A HE.
Block([ A b7 (store): HFr (location) ZAEIZ XSS 1T %6 D, fHIEEH
Asgn("sum",Prim("+",Var "sum",Var "x")); AlRE,
Asgn("x",Prim("-",Var "x",CstI 1)); micro-C 1% C X W IEFITHMZ 720, BRERLUT (A MTDAT) WH %
1)) LTWwa, (Ab7IEd 28, EIZHRMNT 505, EHThRE, )

Print(Var "sum"); 1)

b= = AL
%H!yﬁ (rm+: TR ) VAT ANt | n4rHl S A / mlisEg (R WEHR )

micro-C D Z Ik micro-C @ =k
A D FEifh: XD FEA:
let rec eval ? (store : naivestore) : int = let rec exec stmt (store : naivestore) : naivestore =
match e.w1th. match stmt with
| CstI i -> i | Asgn(x, e) ->
| Var x -> getSto store x setSto store (x, eval e store)
| Prim(ope, el, e2) ->
let il = eval el store in e IV N
let i2 = eval e2 store in AR (exec) 1. XEAFTZBHSH-T, AT ZIKRT,
begin A N7 O OAE I ] 6E,

match ope with

| msn o —> i1 % 12 fil: Asgn("x", Prim("+",Var"x",Cstl 5))

FATRIO A B 7 A [x->10,y->20] DL &,

THOANT D [x->15,y->20] 75,
micro-ML & (AREHNIZ) [H L, FAiT12 [x y 1 L7

BIlsER (RBRT WHmEIAH) Al S / BIlsEE CRBRT WmEA)



micro-C D Xk micro-C D Xk

| Block stmts ->
let rec loop ss sto =
match ss with exec BB L7256,
(N -> sto
| si::sr -> loop sr (exec sl sto)
in loop stmts store

let run stmt =
let _ = exec stmt emptystore in

O

EOARTHHIFUOTHEITT S, (KTHDIHMILRVDT, () ZKL
TWd, 20, Ff7 THEHR] E2 <, ¥R % print LTHDD, )
llchap7.ml OFEFEZ P > TLZE W, (MUIEDLARME £ 728 T
6/17 L LET, )

#5): Block([s1; s2])

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

Il (FUR MR T2 5 I & il n i BILET (LR )

CERTH, MIIREREEME

void foo (int *p, int *q) {

while (+p) { int x int.eger _
x(qt+) = *x(p+); 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
void, int 72 & D HA int >0(<(x)[|1:0]; array of 10 poitners tfo integers
N . int (*x) [10 pointer to an array of integers

* eV SRR (BH L Pu() e #2227 3) int **x pointer to a pointZ:r to anginteger
518D int *p (&, [p ¥ Prr(int) ITH S| Z L ZFIRT 5. B AT b ] WEHERD TR, KA ¥ X (L EFIE) OSCh®
p++DRLE Ptr(int) T, *(p++) DIIX int TH 5, IR E A,

BA# foo DAYIX,  (Ptr(int) * Ptr(int)) -> void
S, T VA IVEFICHREZ{TR D,
7oL ZIE q++ = xp++; I FT T —

mIlsER RBRT WHmEAE) al i S BIlsEE CRBRT WmEA)
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i =5
Turg L= TTRE) OEEE2E IS [@a] OFl) 5
Ry Ivalue rvalue

A =26 Bis, N
XOREM: DRE) (ANT)DEHEE L TES S EED T DL /i

HE: %,Q\EEKWVEE%&#%H&AZOéé& RkzEzEbALIDZDON
BIZHEL <725,

BilsEg GRBAY: WHHRYHH) VA=A N Rt / BilEE GRBAY: WHEYHH)

= e lvalue to rvalue -C EEED L&

lvalue (left hand side value, 7&341#H):
x=e; ODEIADx

RESCHNIZIEL WA ?
x++ O)EF‘@X
int x, y; int a[100]; int *p; &x DFD x
x =x + 10; Insid, A b7 HOET (location) &7
x + 10 = x; | ht hand side value, #732/
al5] = x + 10; rvalue (right hand side value, ):
x = a[5] + 10: x + 10 DHD x 7R ¥
y++; lﬁ’bli\ A ]\74:‘0:%%. 6%7—:{@%%?0
x++ = y + 10; Hi:
p =& +1; 8+2 1%, rvalue 10 ZFf DA, Ivalue Z 7272\,
p = &(al5]) + 1;

= 8+2; 1X OK 7248, 8+ 2 = x; I NG,
x X, Ivalue & rvalue ££FD,
x = x + 10; & OK.
al[10] &, Ivalue H rvalue HFFD,

BIlsER (RBRT WHmEIAH) Al i S / fmilsEE RBERT WmE)

*p++ = y + 10;
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il
T
O

DX

HEXHIZEL WA ?

int
x =
X +
al5
x =

X, y; int a[100]; int *p;
x + 10;

10 = x;

] =x + 10;

al[5] + 10;

y++;

X++
p =
p

=y + 10;
&y + 1;
&(al5]) + 1;

*p++ = y + 10;

Bl

FE (RBEKRT HREH)
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fEIET call by value
ZHTREY call by name
WEC call by need

RS EE T O EEARBIT O Uk

il

fEIET call by value
S ALY call by reference

. call by value return

EE (BERT FBREPH)

DX

(@)
ull
Ol
(|

ST IE L WK ?

int x, y; int a[100]; int *p;
x = x + 10; 0K

x + 10 = x; Not good
alb] = x + 10; 0K

x = a[b] + 10; 0K

y++; 0K

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

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

*p++ = y + 10; 0K
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MY (C, Java, ML):

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); ==> 10 20
+

sawpV/(10,20) DIFUH L:
FZH L (actual parameter) @ rvalue (10 & 20) 29,

IREIEX (formal parameter) x, y (. TN 6 Z2459,
x &y DEEZEELTSH, OH LILDMEIZZED 5780,

1l (UK R



EIZB IS5 8DEL A

SIRIED (CH):

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

}
. swapR(10,20)

sawpR(10,20) DIFUFH L:
FZH1 % (actual parameter) @ Ivalue ($FT) 249,
IREIEX (formal parameter) x, y (., TN 6 Z2459,
x &y DEEEFETLL, WEHUTOENRED S,

ILET (LR )

BIZHB T L5 DPEL Ji

Call by value return (FORTRAN, Ada):
FELIE D rvalue ZIEFAL 728 LWIEFZED . £ D Ivalue 27,

BEBIEOH U D TEIZ, ZO lvalue 2SN -{EZ. EB[HD
Ivalue DIFFTIZIEANT 5,

FEER L LT, swapR L FRIBRDAER & 725,

il (A HHAES)

EIZB TS5 8DEL A

ST, ZRITOZHLLT 5,

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

}

main () {
int u = 10;
int v = 20;

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

SEEIE. HET MY 245 FA v 2B
ZeNTED,
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RS G5 C O R ERBIBITF O U ik
fEIEC call by value
ZHRAIEC call by reference

.. call by value return

(Sestoft D7 F X b X 0 5[H)

ST LR L

PASCAL | C | C++ | C# | Ada | Java | Fortran
call by value O o] O O | O O O
call by reference O -1 O O] O — —
call by value return — — — - | - — O
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