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Address-of operator and dereferencing operator

address-of operator & : the address of a variable

a variable has a memory location &variable returns
whose value can be changed the address of a variable
by an assignment

a variable must be an Ivalue &variable returns an rvalue
e type
(value(p) ) *p ovalle — & 4t— .sie
&p v & p rvalue Ivalue e value
&a ,/I/l[, M ““\“\\\\\\\ a
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Address-of operator and dereferencing operator

dereferencing operator * : the content at an address

an address can be an address *address returns
value or a pointer variable that the content value at the address
holds an address value

an address must be an rvalue, or *address returns an lvalue
evaluated to be an rvalue

value(p) *n <+, T 4 g — e

evalue Ivalue rvalue
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e type e type
esize € * 4+— ..

e value Ivalue Ivalue e value
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©

*p = *value(p)
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Ivalue and rvalue in assignments

an assignment statement

Left Hand Side Right Hand Side int a, b=10 :
int *p, *q = &a;
LHS | = | RHS P
a, b, p,q:lvalues ...variables ... RW
* inthe LHS, only Ivalue can exist *p, *q . Ivalues ... variables ... RW
e rvalue can exist only in the RHS &a, &b :rvalues ... constants ... RO

" Ivalue = Ivalue Cp 1= 4q;

' Ivalue |= rvalue o p = &a;

'r = lvalue & = p;

Ly e/:: rvalue ' &a = &b;
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Ivalue and rvalue with * and & operators

returns
* * * %
® | lvalue Ivalue » always p, **p
returns returns lvalue
® | lvalue *rvalue *(&a), * (&p), * val
al * | Jvalue
val *|rvalue
-— N J

* can be applied to

:Effg 4— * 44— . either an Ivalue variable
evalue Ivalue rvalue or a rvalue address

* operand becomes

* type * type
esize € Kk |&— .5z an lvalue variable
e value Ivalue Ivalue e value . )
thus it can be applied
*p = *value(p) successively.
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Ivalue and rvalue with * and & operators

alu & | lvalue
& cannot
alu & M return lvalue
returns & always
@ | rvalue & | lvalue takes lvalue &a, &p,&*p
returns rvalue
rvalue & e & cannot
% take rvalue

o type & can be applied
ovalle —— & 4t— .sie to only an Ivalue variable and

rvalue Ivalue |
o vake returns only an rvalue address
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Variable types

non-pointer variables Ivalue

p pointer variables Ivalue
*p dereferenced variables lvalue
val address values rvalue
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C operators : *, &

C operators : *, &

* \\\\“\‘\\ * l"”A
\\\\\\\\““““ i, ’l"'l',,A value ( p) *p ‘Iw
\\\\\ v'llll & \\\\\\\\ ,2’—
( Value(p) ) \*p "'luu:::u\\‘“ N E
gp 2 & P \\\\\\“‘““ ":""’”"l'A §
a ",'Illll \\\\\“\\\ a W S
‘/,"l \\\\\\\\\

* & Ivalue rvalue & p & a Ivalue
lvalue p * p_ lvalue rvalue & p & p. lvalue
Ivalue *p * *p_ lvalue rvalue &*p & *p Ivalue
lvalue *val * val rvalue & Y& rvalue
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Extending C operators with *, & (1)

Extending C operators with Mathematical operators (*, &)

\\LLIIT)
\\\\\\\\ - 1y, n, ,,'
_— \) (/
* R '/A

N
LTTIT >
antt 7
o ", value(p) *p <,
W A . 7,
- %, & W > “
(/

\)

(value(p) ) P et sk E
&p ‘, \\\\\\‘ p \\\\\\\\\ _ IIII,,', 1,, §
&a /"'lll, & \\\\‘\\\\ a - \ i 4A—‘7 \‘~$

v,/"Il \\\‘\\\\\\\

* & Ivalue rvalue & p & _a_ lvalue
lvalue p *  p Ivalue rvalue & p & p Ivalue
Ivalue *p * *p  Ivalue rvalue & *p & *p Ivalue

* Ivalue *val * | val | rvalue * Ivalue p & *p Ivalue
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Extending C operators with *, & (2)

Extending C operators with Mathematical operators (*, &)

* . Ivalue rvalue & p & a Ivalue
lvalue p * p '''''''''' Ivalue rvalue &p & p '''''''''' Ivalue
lvalue *p * *p ''''''' '''''''' Ivalue rvalue & *p & * '''''' p _________ Ivalue

* * vl | rvalue & vel rvalue

* 4 Ivalue & 4 Ivalue

* X Ivalue & ¥ Ivalue

* vy Ivalue * Ivalue p & *p Ivalue

* Ivalue *val * val  rvalue & val  rvalue
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Comparisons (1)

C operators : *, &
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Extending C operators with Mathematical operators (*, &
)
\\\\lll”l""
= o x
* R ,
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\\\\ \) ,,"l Val U e (p) p ‘I[
4 oy, & T
Illlll’ ‘\\\“ — 2
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Comparisons (2)

C operators : *, &

* A value rvalue &a = & a  Ivalue

Ivalue p * _p  lvalue rvalue & p & p Ivalue

Ivalue *p * *p_ lvalue rvalue &*p & *p Ivalue

lvalue *val * val rvalue & Y rvalue

Extending C operators with Mathematical operators (*, &)

* A Ivalue rvalue &a = & a  Ivalue

Ivalue p * l'.'.'.'.'.'.'.'.'.lp'.'.'.'.'.'.'.i Ivalue rva/ue & p & l'.'.'.'.'.'.'.'.'...P'.'.'.'.'.'.'.i Ivalue

Ivalue *p * *p  lvalue rvalue &*p & *p_Ivalue

* Ivalue *val * | val rvalue * Ivalue p & *p Ivalue
Series 0App : Address-of and 14 Young Won Lim
de-reference operators 11/6/25



Comparisons (3)

C operators : *, &

* & lvalue
lvalue p * p '''''''''' Ivalue
Ivalue *p * *p ''''' '''''''' Ivalue
lvalue *val * val rvalue

Extending C operators with Mathematical operators (*, &)

* M Ivalue

Ivalue  p * p  Ivalue
Ivalue  *p * *p  Ivalue
* * |vel | rvalue
*  Ivalue

* M Ivalue

* %9 Ivalue

* Ivalue *val * | val | rvalue
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rvalue & p & a Ivalue
rvalue & p & p '''''''''' Ivalue
rvalue & *p & * '''''' p ''''''''' Ivalue
& vl rvalue

rvalue &p & a '''''''''' Ivalue
rvalue &p & p '''''''''' Ivalue
rvalue &*p &\l * '''''' p ''''''''' Ivalue
& D&] ''''''''' rvalue

& A Ivalue

1 :]si .......... Tl

* Ivalue p & *p Ivalue
& wal | rvalue

15
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Ivalue and rvalue with * and & operators

-------------------------------------------------

returns :

®: Jvalue * lvalue:: *takes either P, *Pp
¢ lvalue or rvalue
P oretuns i and returns

®  lvalue : *irvalueii ivalue *(&a), * (&p), * val
i returns & alway S

®: rvalue: i& Ivalue; takes Ivalue &a &p,&*p

returns rvalue

..................

3 o k3 v
---------------------------------------------

* type 17 * ’7 ° type * (an Ivalue variable)
® S|ze ® S|ze
evalle Ivalue value

e value * (an rvalue address)
* operand : an lvalue variable
e type * i i
’ Ssifge ’7 * t— ... can be applied successively.
value rvalue

e value

& (an lvalue variable)

e type
ovalue d—— & 17 o size & operand : an rvalue address,
rvalue value o value : :
& cannot be applied successively.
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Ivalue and rvalue with * and & operators

....................... FOMUMNS ..o,
® lvalue * Ivalue§ pointer variable * p :‘& can bbe applilgddsuccessiyel)ll.
: - 1 : can be applied successively.
@) Ivalue ; i address value ’_‘ (&a) w4y
o : - N : g**p _ *p
¥ A 2ok — ok —
o :& lvalue i non-pointer variable : & P : & Tp=&P=P
[ Ivalue Elvalue  dereferenced variable: & (*p)
* bpe coee * (an Ivalue variable)
® S|ze L ® S|ze
e value ’va/ue * ’value e value * operand: an Ivalue variable
s ope = o value * (an rvalue address)
o value ’value * | alue * operand: an Ivalue variable
1 * type & (an lvalue variable)
e value 4_ °
rvalue & value \S/Zlie & operand: an rvalue address
° type _ e type E .
oesize <« *y & (an dereferenced Ivalue variable)
cvave Ivale | & ’va/ue e & operand: an Ivalue variable
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Recursive application of the address-of operator

& = v1i&

v& = Wl&

V= V& = &
* *in two steps: & & in two steps:
awtg, first value(), then * g, first & then value™()
\ %, W 2,
W “ W ‘,,
\\\\\\ A ‘ ,l/,,
value(p) * < value(p) * m,
p p “, p '/,,,
Z % ! %
Seae v() = value() * E S v() = value’() E _E
------------ § T ———— :5

v() = value() v1() = value?()
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When two pointers point to the same location

When two pointers p and q

point to the same memory location
value(p) = value(q)

value(*p) = p or

value'(*q) = q

Cannot determine

v =value) ___-- ’
.;’ _______
value(q) *q value(p) = value(q) = x
then valuet(x) =porq?
value(p) *p <,
7
s v() = value() * §

~
~
_______

—————————————

-

-~
~

7,
iy,

©
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,
2

v() = value()
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When value?() is prohibited (1)

*\ -
* *in two steps:
awig,, first value(), then *
\\\ v ,',,l
\\\\\\ A
A\
value(p) *p <,
” 2
! =
M v() = value() % =

—————————————

-

-~
~

\\ L ’
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>,
v,
%,
7,
iy,

v() = value()
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& in two steps:
first &, then value™()
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When value™() is prohibited (2)

* *in two steps.  _ & & in two steps:
\““uuuu,,,” first value(), then * \\“‘““""""’l/ first &, then value™()
\\\\\\\\\\\“ , ) 'A ‘\\\\\ ”””"'/,
rvalue lvalue <, rvalue lvalue ",
A % 4 %
‘\\ v() = value() * 55 ‘\‘\ v() = value() 2 ‘E
\ S Y S
\ S “ S
oo \\\‘ \\\ o
------------ lvalue ** ~iecceeeee- lvalue 4
v() = value() v() = value()
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Inverse relationship between * and & operators

*(e+i) = c[]] *(eli]+)) = elili] *(eli]lil+k) = c[i]i][k]

* * * *
Ay, iy, iy
W, W, g, awwilie,
» l,, \\\\\\ I,' &\\\ 4, ,,, §\\ I,,'
\)
Q S S S
— c+i : cli]+] - cli][jl+k -
&c c o > cli] ® » | c[i][j] @ — | c[i][j][K]
S ». S A S ». S
%, \\‘\\ %, \\‘\\ ,"/, O “u, N
"’lun\\\‘\\ "’Inu\\\‘\\ T U

(c+i) = &cfi] (c[il+]) = &c[i][i] (cli]+k) = &elilIk]
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Inverse relationship between * and & operators

*v(e+) = cfi] vielil+) = elillil ~ *v(elillil+k) = c[i[ilk]

\*m *u * *
[ A
\\\\\\ n, /,,, \\\\\\\\\ n, ,,,' \\\\\\\\\l 1y, I,,,, \\\\\\\\\\l 1 lII/,',,'
: 4 $ b SA S
v(cti) : v(c[i]+]) o V(C[i][i]+k2 o
&c c —  ci] —  c[i][j] cli][j][k]
NS NS
‘/ s\‘\s ‘/ s\\\s "’/ \\‘\\s "’/ >
,,"’Illu\\\\\\\ ,,"Imu\\\\‘\\ U "’llm\\“\\
& & & &

vie+i) = &cfi]  v(c[il+)) = &elili]  v(elillil+k) = &c[i]{i][k]
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Inverse relationship (1)

* * * *
) i
\\\\\\ I/,,', \\\\\ ,, \\\‘\\\m,,,’ \\\\\“"I,,,
$ S S 4, S 4
n LT T I S
— C+i ] cli]+] - cli][j]+k e
&c c e > cli] @ » c[i]j] ® —>  c[i][j][K]
& I ST S S
& & N &
%, \‘\\\ % \‘\\\ “, \\\‘\ “ ¥
%, » %, » %, \ %, \
1w U W U 71w
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Wiy, RUUIA
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Inverse relationship (2)

TN (er)=cll e+ = el (el = el
Ve N, & o Ve () = &el]  (elil+) = &elill]  (elillil+k) = &e[ifillk]
e A(es =l el =elill]l (el = el

\ R vieH) = &clil  v(eli+) = &clilil  V(C[IliI+K) = &cliIfllK]
Wale *“““I\:%:_:Z": pae  HeH)=cll  A(Cl+) = el *(elillil+k) = clInliK
rvalue « * A paje

*y(c+i) = c[i]

*v(e[il+) = cfili]

*v(e[il[il+k) = c[illilk]

lvalue
rvalue

$| S
~ ~

R R

S 3

S S

= =
=Q° :20|
= =

-

2

o Ivalue

w

' . Ivalue
\)

(c+i) = &c[i]
v(c+) = &c]i]

(c[i]+]) = &e[i][]
v(eli]+)) = &cli][i]

(cli]lil+k) = &c[iik]
v(c[i]lil+k) = &c[i]i]k]
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Types of sub-arrays (1)

s2.c: In function ‘main’: #include <stdio.h>
s2.c:7:12: warning: format ‘%d’ expects argument of type ‘int’, but argument 2 has type ‘int (*)[3][4] [-Wformat=]
7| printf("%d \n", a); int main(void) {
| ~N ~
| [ int a[2][3][4];
| int int (*)[3][4]
s2.¢:8:12: warning: format ‘%d’ expects argument of type ‘int’, but argument 2 has type ‘int (*)[4]’ [-Wformat=] printf("%d \n", a);
8| printf("%d \n", a[0]); printf("%d \n", a[0]);
| ~N e printf("%d \n", a[0][0]);
| [
| int int (*)[4] printf("%d \n", a+1);
s2.¢:9:12: warning: format ‘%d’ expects argument of type ‘int’, but argument 2 has type ‘int * [-Wformat=] printf("%d \n", a[0]+1);
9| printf("%d \n", a[0][0]); printf("%d \n", a[0][0]+1);
| AN e~
| | | printf("%d \n", &a[0]);
| int int * printf("%d \n", &a[0][0]);
| %ls printf("%d \n", &a[0][0][0]);
s2.c:11:12: warning: format ‘%d’ expects argument of type ‘int’, but argument 2 has type ‘int (*)[3][4]’ [-Wformat=] }
11| printf("%d \n", a+1);

| ~N ~——

| [
| int int (*)[3][4]
s2.c:12:12: warning: format ‘%d’ expects argument of type ‘int’, but argument 2 has type ‘int (*)[4]’ [-Wformat=]
12| printf("%d \n", a[0]+1);

| AN e

| | I
| int int (*)[4]
s2.¢:13:12: warning: format ‘%d’ expects argument of type ‘int’, but argument 2 has type ‘int * [-Wformat=]
13| printf("%d \n", a[0][0]+1);

|
| int int *
| %ls
Series 0App : Address-of and 26 Young Won Lim
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Types of sub-arrays (2)

s2.c:15:12: warning: format ‘%d’ expects argument of type ‘int’, but argument 2 has type ‘int (*)[3][4]’ [-Wformat=] #include <stdio.h>
15| printf("%d \n", &a[0]);
| N s int main(void) {
| [
| int int (*)[3][4] int a[2][3][4];
s2.¢:16:12: warning: format ‘%d’ expects argument of type ‘int’, but argument 2 has type ‘int (*)[4]' [-Wformat=]
16| printf("%d \n", &a[0][0]); printf("%d \n", a);

| A printf("%d \n", a[0]);
| | printf("%d \n", a[0][0]);
| int int (*)[4]

s2.c:17:12: warning: format ‘%d’ expects argument of type ‘int’, but argument 2 has type ‘int *' [-Wformat=] printf("%d \n", a+1);
17| printf("%d \n", &a[0][0][0]); printf("%d \n", a[0]+1);
| N printf("%d \n", a[0][0]+1);
| [
| int int* printf("%d \n", &a[0]);
| %ls printf("%d \n", &a[0][0]);
y printf("%d \n", &a[0][0][O]);
}
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Types of sub-arrays (3)

int c[2][3][4];

c - int (%) [3][4]

cli] = *(c+i) int (%) [4] &cli] = (c+i) - int (%) [3][4]

clili] ~ =*(cli]+j)) :int * &elili] = (c[i]+))  :int (*) [4]

clijillk] = *(c[i]li]*k) ::int &cli]]k] = (e[i]lil+k) ::int (*)

int (*) [3][4] int () [4] int * int
&c c CH L o] e—<MHy 1 iy e——<MUK T kg
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Dimensional Parentheses (1)

int c[2][3][4];

(c+i) =7 £ CHi

((c+i)+)) =7 £ CHit]

(((ct+i)+))+k) =7 Zz  cHi+j+k
dimensional parentheses

(C+i) — (C+i) s not a simple parenthesis, but associated

. _[ 1 . with the dimensions of an array defined

((cti)+)) = ((C+)eat])e

(((C+i)+j)+k) = (((C+i)[31[41+j)[41+k) mathematical expressions obtained by
mathematical operator &

int (*) [3][4] int (*) [4] int * int
&c c o e o) e——y [ i oK T g
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Dimensional Parentheses (2)

int c[2][3][4];
(c+i) = (C+1)u
((c+i)+)) = ((cH+1)ep+])e
(((c+i)+))+k) = (((c+D)gut])utk)
type(c+i) = int (*) [3][4] v(c+i) =v(c) + 1 * sizeof(3*4)
type((c+i)t]))  =int (*) [4] v((c+i)t)) = v(c+i) + ] * sizeof(4)
type(((c+i)+j)+k) =int* v(((e+i)+)+k) = v((c+i)+)) + k
int (*) [3][4] int (*) [4] int * int
&c c CH L o] e—<MHy 1 iy e——<MUK T kg
Series 0App : Address-of and 30 Young Won Lim
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Dimensional Parentheses (3)

int c[2][3][4];
type(c+i) = int (*) [3][4] v(c+i) =v(c) + 1 * sizeof(3*4)
type((c+i)+j))  =int (*) [4] v((c+i)+)) = v(c+i) + ] * sizeof(4)
type(((c+i)+))+k) =int* v(((e+i)+)+k) = v((c+i)+)) + k
equivalences address- r-eplication - V(C+i) — V(C[I])
clillil = &clillj value(c[i]fj]) = value(&eli]j]) . i
ol 2 el alue(oi) = value(aef v(c[il+) = v(cil[)
¢ =) e = velliFk) = v(elnlK)
int (*) [4] int * int
&c c CH L o] e—<MHy 1 iy e——<MUK T kg
Series 0App : Address-of and 31 Young Won Lim
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Address replications in a multi-dimensional array

int c [2][3][4]; g o &0l o0l &cOjo] cofo] &clololol|  clojojol
R ¢ = &c[0] o= &cfo]io]  c[0][0] = &efo][ol(0]

cli] = &cli][0] — — S —

c = &c[0] c . .......................... , c[0] . ......................... , c[0][0] . .......................... > c[0][0][0]
address replication TN RN N
value(cli][j]) = value(&c[i][j]) ‘4 ‘4 ‘4
Value(C[i]) — Value(&C[i]) ................................ T :‘ ................................ 1:
value(c) = value(&c) &c C @ = c[0] @ > C[O][0] @ > c[0][0][0]

c. [0}, c[o][0]: &c[O][o][0] - &elojolfo] = &elOJO][0] | cloolo

these virtual pointers have = el B
the same address value

a physical location

e s nAue A gefoolio) aclol[olo] aclolpolfo] &clolofo)|  clolfol[l
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Referencing sub-arrays

int [2[3][4] int[3][4] int[4] int
int (3114 int ()14 O R ¢+ clo] ->{elol[o0] | clOl[0][0]
int [2][3][4] int [3][4] int [4] int c[0][0][1]
R R R c[0][0][2]
&c? ________ c ..................... &C[OL _____ c[o] ................. &C[O][OLC[O][O] .......... &c[O][O][OL c[0][0][0] c[0][0][3]
el [ o B . 45U ol N T
= gy .40 [ ol
I COTEE
cloji2]-+{ cloll2l(O]
equivalence relations c[0][2][1]
- o . o _ _ c[0][2][2]
clili] =*(lil+)  &clili] =(clil+)  &efil[0] = cfi SOI213]
cli] =*(cHi) &cli] = (c+i) &c[0] =c T T EEO
oot R ol Lt T
address replication c[1][0][2]
- - o o c[1][0][3]
value(cli][j]) = value(&cli][j]) = value(c[i]tj) = *value(c]i]+j) c[1][2] | c[1][1][O]
value(c[i]) =value(&c[i]) =value(c+i) =*value(c+H) cl1][1]
c[1][1][2]
cli], c[il[0] point to the same data ¢[i][0][0] c[1][1][3]
¢, ¢[0], c[0][0] point to the same data ¢[0][0][O] c[1][2] ----- »| c[1][2][O]
c[1][2][1]
c[1][2][2]
c[1][2][3]
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Types, sizes, and values of sub-arrays

int [2][3][4] int[3][4]  int[4] int
: : - - c | clo] ~~c[oo] | clo]o][0]
int ¢ [2][3][4] ; static allocation T
c[0][0][2]
c[0][0][3]
value(c) = value(c[Q]) = value(c[0][0]) = &c[0][0][O] c[0][1] »{ c[O][1][0]
value(c[0][1]) = &c[O0][1][0] c[O][1][1]
value(c[o][2]) = &c[0][2][0] c[0][1][2]
value(c[1]) = value(c[1][0]) = &c[1][0][O] c[0][1][3]
value(c[1][1]) = &c[1][1][0] c[0][2] -] c[0][2][0]
value(e[1][2]) = &e[1](2o; | | | c[o][2][1]
c[0][2][2]
sizeof(c) = 2*3*4 * sizeof(int) c[0][2][3]
sizeof(c[i]) = 3*4 * sizeof(int) c[1] -+{c[1][0] -~ c[1][0][0]
sizeof(c[i][j]) = 4 * sizeof(int) c[1][0][1]
c[1][0][2]
type(e) = int[2][3][4] __{clHIOli3]
int (4)[3][4] c[1][1]-~{ c[1][1][0]
type(e[i) = int[3][4] ClLIL]i1]
int (*)[4] c[1][1][2]
type(eli]fi]) = int [4] CLLILII3]
int (¥ c[1](2] - cl12][0]
c[1][2][1]
. c[1][2][2]
pOInterS to arrays c[1][2][3]
Series 0App : Address-of and 34 Young Won Lim
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Dimensional Parentheses

int c[2][3][4];
(c+i) 2 int (%) [3][4] v(c+i) =v(c) + 1 * sizeof(3*4)
((cti)t)) it (%) [4] v((c+i)+]) = v(c+i) +] * sizeof(4)
(((ct+)+))+k) int (%) v(((cti)+))+k) = v((e+i)]) + k
dimensional parentheses
(C+i) — (C+i) + C+li not a simple parenthesis, but associated
((C+i)+j) _ ((C+i[)3][4] +]) ” C+i+j with the dimensions of an array defined
- R )2
(((C+i)+j)+k) — (((C+i)[3][4]+j)[4]+k) + C+i+j+k mathematical expressions obtained by
mathematical operator &
int (*) [3][4] int (*) [4] int * int
&c c o CH L o] e—<MHy 1 iy e——<MUK T kg
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Types of sub-arrays (2)

int ¢[2][3][4];
(c+i) 2 int (%) [3][4] v(c+i) = v(c) + 1 * sizeof(3*4)
((c+i)+j) :int (*) [4] v((c+i)+]) = v(c+i) + | * sizeof(4)
(((c+i)+))+k) :int (%) v(((e+i)+))+k) = v((cHi)+)) + k
(C+i) — (C+i)[3][4] + C+i \rllvci)t a simpi)le parienthesis, but associiated
((C+i)+j) _ ((C+i)[3][4]+j)[4] " C+i+j th the dimensions of an array defined
(((c+i)+])+k) = (((c+1)at])utk) % cHi+j+k a0 obtained by
int (%) [3][4] int (%) [4] int * int
&c c o cH o] o=y i eSS T g
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Types of sub-arrays (2)

int c[2][3][4];
(c+i) = &c[i] v(c+i) =v(c) + i * sizeof(3*4)
((c+i)+) = &ci] v((c+)+)) = v(c+) + ] * sizeof(4)
(((c+i)+))+k) = &ci] v(((eti)t))tk) = v((cti)+]) + k
int c[2][3][4];
&cli] :int (%) [3][4] v(c+i) = v(c) + 1 * sizeof(3*4)
((c+i)+j) :int (*) [4] v((c+i)+)) = v(c+i) + | * sizeof(4)
(((c+i)+))+k) :int () v(((c+i)+))+k) = v((c+i)+]) + k
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Types of sub-arrays (2)

int ¢[2][3][4];
(c+i) = &c[i] v(c+i) =v(c) + 1 * sizeof(3*4)
((c+i)+j) = &cli] v((c+i)+]) = v(c+i) + | * sizeof(4)
(((c+i)+j)+k) = &cli] v(((c+i)+j)+k) = v((c+i)+]) + k
int c[2][3][4];
&cli] :int (%) [3][4] v(c+i) = v(c) + 1 * sizeof(3*4)
((c+i)+j) :int (*) [4] v((c+i)+)) = v(c+i) + | * sizeof(4)
(((c+i)+))+k) :int () v(((c+i)+))+k) = v((c+i)+]) + k
Series 0App : Address-of and 38 Young Won Lim
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Recursive applications of * and & are possible

-«
*(*("(c+i)+))+K)] &(&(&(c[ihulk])
C(t(eri)H)+k) = &(&(&(c[IDINIK) =
*(*(clil+))+k) = (&(&(c[iDliD+k) =
*(cli]lil+k) = ((&(c[iD+)+k) =
cli]illk] (((c+i)+))+k)
L N— K S — § qQ
&c c e ofii ey e o—EK T ik
L T W oS ‘ ™" » ¥
& & & &
Series 0App : Address-of and 39 Young Won Lim
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Outward and Inward Recursive applications of * and &

*(*(*(c+i)+))+K)] &(&(&(c[I)DDIK])
*C(f(eti)+))tk) = &(&(&(C[MIDIK) =
*(*(elil+))+k) = &(&((e+liDIK]) =
*(cli]il+k) = J &(((c+)+)[kD) =
cli]i]lk] (((ct+i)+))+k)

*(*(*(cti)+))+K)] &(&(&(c[iI)DDIK])
C((eti)t)tk) = &(&(&(C[MIDIK]) =
C((cti)+)[k] = (&(&(c[i)lD+k) =
(il = (E(cliDH)rk) = A
C[I][]][k] (((C+i)+j)+k) | expressions

Series 0App : Address-of and 40 Young Wﬂr}sblzrg
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Recursive applications of * and & are not possible (2)

not allowed not allowed
even in mathematical expressions in C expressions
* * * *
\\\\\\\l 1, ,',, \\\\\\\\ I "l,,"’ \\\\\\l 1y, 1) \\\\\\l 1, u,
v(c+i) . v(cli]+j) - V(C[i][i]+kz -
&c c —>  cfi] —  c[i]i] c[i]i1[k]
,,,"lmm\\‘\\\\\ ,,/"Imn\\\\‘\\\\ ,,"’Ium\\‘\\\ ""'Iun\\\‘\\\\
& & & &
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Recursive applications of * and &

legal C exp legal math. exp
*((F(e+i)+))+k) : (((c+i)+))+k)
legal C exp legal math. exp
&,&,&

cli]D]lk] o &(&(&(e[NIDIKD)

Series OApp : Address-of and A2 Young Won Lim
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Recursive applications of * and &

legal math exp legal math. exp
VOVCV(EH)H)HR) v(v(v(eH)H)+K)
legal C exp legal math. exp

c[il[i][k] S & (&(&(C[NK)

Series OApp : Address-of and 43 Young Won Lim
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Recursive applications of * and & are not possible (3)

legal C expression
*("(*(et)+))+k)]
legal math. expression

V(v (eH)+H)+)

illegal math. expression

Series 0App : Address-of and
de-reference operators

legal math. expression

&(&(&(c[i)iDIk])

illegal math. expression
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Recursive applications of * and & are not possible (3)

legal C expression

*C((c+)+))+K)]

legal math. expression

Series 0App : Address-of and
de-reference operators

legal math. expression

&(&(&(c[i)iDIk])

legal math. expression

(& (&(ClDNIK)

45 Young Won Lim
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Recursive applications of * and & are not possible (2)

legal math. expression

c[ili][k] = *v(c[i](i] + k)
= *v(*v(c[i] +]j) + K)

=W £+ )+ K &(&(&(c[i)iDIk])

V(V(V(C + i) + l) + k) — (&(C[i]) + j) + k legal math. expression
= (&(&(ciiD) + k (— —— ———
e AVEFVECVE(CTIDIKD
aji] =&cipp
b{i][j] = (&(&(chniD) illegal C expression
eeeee FeCafeei)
\\\\\\\\\“““”""",,‘ \s\\\\\“““m""/,:\ \s\\\\\\\“‘"' ! '/,,,,‘ \“‘""’",,,‘
e | o s o | s (—W’] I
eere perarane o4 "



Recursive applications of * and & are not possible (1)

VEVCVEHHH)  VRVEVR(EIDIDIK)

WEVEV(CH)H)HK) = &(& HODIK])
“v(*v(c[i]+))+k) =
“v(c[i][i]+k) =
c[i]illk]
\\_\llll \\%llll ; ;
C+i il+i illil+k
| ¢ L, e ey M e
& & & &
Series 0App : Address-of and A7 Young Won Lim
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Recursive applications of * and & are not possible (2)

R— V&(VE(VE(CDID

&(&(&(C[DINIK]) = &(&(C[DIDK] = &(c[iDlllk] =
v&(&(&(c[i))liDIk])= v&(&(e[iDiDIk] = v&(c[iDilk] =
v(&(&(e[iliD+k) = v((&(e[iD+Dlk] = v((c+)[il[k]
v((&(e[iD+i)+k) = v((c+i)+))[K]
v(((cti)+))+k)
. ' ""'/‘ f&\\\“ ""o,‘ s\&\\\““"""'z,,:\ \s‘“\\\\\\“""%’?\
gc c . e (LT — gL ——
"”/ \\\\\\\‘\\ "’// \\\‘\\\s ‘0"/, \\\‘\\\s\\ "'"/ \\\\\s“\
& & & &
Series 0App : Address-of and 48 Young V\g_(i?GI;Ing
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Recursive applications of * and & are not possible (3)

&(&(&(CTDIDIK) &(&(&(e[IDINIKI)

& takes only Ivalue variable & takes a dereferenced Ivalue variable
returns rvalue address value returns lvalue variable
successive application of & is not possible, successive application of & is possible

unless intermediate variables and proper
type casting
but, *p becomes a Ivalue variable
* must be applied to an rvalue address * gperator can be applied successively.
value, * operator cannot be
applied successively.

*

WUy
W 1, Wiy,
o %, RN %,

§ * ‘ IlIIIIIIIIIIIIIIIIIllIllIIIIIIﬂ"\\\ ‘
rvalue
Ivalue Ilvalue @ > Ivalue
‘ \\\\ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘ \\\\\
“ 01§.L|\\\\‘ s “ ’llm\\“\\\\
&

Series 0App : Address-of and 49 Young Won Lim
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Inverse Relations between * and &

cli]{][k] = *(cli](] + k) cli][jl[k] = *(cli](] + k)

clili ="(cli] +1)) ="(*(cli] +)) + k)

cli] =*(c+1) =*(*("(c +1i) +]) + k)

&(Clililk) = c[illi] + k ((c +1i) +]) + k= (&(cli]) +]) + k

&(cli]fi]) =cfi] +] = (&(&(e[ihhD) + k

&(cfi]) =c+i = &(&(&(c[iDODIKD)

o "/‘"""I"I""""“I"""""" s\\‘\\‘\ "/,‘ """III"""""m""l""{?\&\\“ I,’,"‘"""I"I"I""""""I"""\\\\\‘\\\\\ "/,,‘
Zc c o o) e—y | i oM T g
3 3 & &

Series 0App : Address-of and Young Won Lim
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Inverse Relations between * and &

cli][jl[k] = *v(clil[j] + k) c[i][j][k] = *v(ci][j] + k)

cli][i] =*v(c[i] +j) = *v(*v(c[i] + ) + k)

cli] =*v(c + 1) =*v(*v(*v(c + 1) +]) + k)

&(cfilbllkl) = v(c[i][j] + k) v(v(v(c +1) +]) + k) = (&(c[i]) +j) + k

&(c[i]ll) = v(c[i] +]) = (&(&(c[iDhD) + k

&(cfi]) =v(c +1i) = &(&(&(c[i)DIK])

,"/,‘ \s\\\\\\‘ ",?\ \s\\\\\\\‘“"" "/,,,‘ s\“\\\\\“ "",,,‘
2 c v(cH) o[ v(c[i]+)) e[l v(c[i][j]+k= C[illi]IK]
& & & &

Series 0App : Address-of and Young Won Lim
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Inverse Relations between * and &

cli][il[k] = *v(c[il[i] + k)
ci][] =*v(cli] +j)
cli] =*v(c +1)

&(cfilillkl) = v(c[i]l] + k)
&(cfiln = v(c[i] +J)
&(cfi]) =v(c+1)

Series 0App : Address-of and

de-reference operators

ci]i](k] “V(e[i]li] + k)
*v(rv(cli] +J) + k)

=ACvCve + D) +) + K)

v(v(v(c +1) +]) + k) = (&(cli]) +)) + k
= (&(&(c[ihOD) + k
= &(&(&(clipinlkl)

v(v(v(c +1i) +]) + k) = &(v(v(c + i) + J)[K]
= &(&(v(c + HiDLk]
= &(&(&(cli))IDIK]
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cli]fjllk] =*(c[i]i] + k)

cli]fj] =*(c[i] +])

cli] =*(c+1i)

c[i][jl[k] = fV(C[i][i] + K) = f(value(C[i][i]) + k * sizeof(c[0][0][0]))

c[i](j] =*v(cli] +]) =*(value(c[i]) +] *sizeof(c[0][0]))

cli] = *y(c + i) =*(value(c)  +i *sizeof(c[0]))
\\\\\‘\\\ ,,"IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII \\\\\\\\\ ”,‘ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII{‘\\\&\\\ ,',,,‘llllIIIIIIIIIIIIIIIIIIIIIIIIIIII\\\\\\\\\\ ',”,‘
&c c o e o) e——y [ i oK T i
§°\\\\ 'o‘ §\\\ "/?\ \\s‘\ N "'z,,:\ \s‘\\\\\“ "',,:\
2 c v(cHi) c[i] v(cl[i]+)) c[i][j] v(c[i][j]+k= c[i][i][k]

Series 0App : Address-of and
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&(clilllkD = clill] + k

&(c[il(i]) = cfi] +]
&(cfi]) =C+i
&(c[illillkl) = v(c[i]li] + k) = (value(c[i][i]) + k * sizeof(c[0][0][0]))
&(c[i]fi = v(c[i] +]) = (value(c[i])  +] * sizeof(c[0][0]))
&(c[i]) =v(c+1) = (value(c) +1 * sizeof(c[0]))
&c c e CH o] e—<y 1 i oK T kg
‘,', \\\\\\\\\ TR ",, \\\\\\\\\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘,'/,I \\\\\\\\,ﬁllllllllllllllllllIIIIIIIIIIII ",,,l \\\ N\
& & & &
e | o LU e | S i S g
"/, \\\‘s\\ "/, \\s‘s\\ ""z, \\“\\s\\ ""// W i
& & & &
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Two step deferencing in type Il (1) — without skipping

&ClIilk) = &C(Clilll+k)  =clii] +k
&(c[i]b) = &(*(e[il+)) =cli]  +]
&(cfi]) = &(*(c+i)) =c +i

“&(ClIlIK) = *&((clilil+k)
B(CI) = *&((clil+)
*&(cli]) = *&(*(c+i))

(e[l +k)
e[l +))
e +)

&(e[i]ilk) = &((elili]+k) — =c[illi] + k*sizeof(c[O][0][O])

&(c[i]ll) = &(*(c[i]+))) = c[i] +j * sizeof(c[0][0])

&(c[i]) = &(*(c+i)) =cC +1 * sizeof(c[0])

c[i][i][k] = *&(*(c[illil+k)) = *(c[i][i] + k * sizeof(c[0][0][O])

c[i][i] = *&(*(c[i]+))) =*(c[i] +] *sizeof(c[0][0]))

cl[i] = *&(*(c+1)) =*(c + 1 * sizeof(c[0]))
Series 0App : Address-of and 55 Young Won Lim
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de-reference operators

&Ik =clili] +k

&(c[ilbn =c[i]  +]

&(cli]) =cC + i

cli][lrk] =*(c[i]i] +k)

cli][] =*(c[l]  +))

cli] =*c  +i)

&(c[ijillkl)  =e[illil + k* sizeof(c[0][0][O])

&(c[i][n) =c[i]  +] *sizeoi(c[O][0])

&(c[i]) =cC + 1 * sizeof(c[0])

cli[llk] = *(c[i][i] + k * sizeof(c[0][0][0])

cli][] =*(c[i] +] *sizeof(c[O][0]))

c[i] =*(c + 1 * sizeof(c[0]))
Series 0App : Address-of and 56
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Two step deferencing in type Il (1) — without skipping

&(lilk)  =clillil +k &(clijilik) = value(c[i]i] + k)

&(c[i]i]) = cfi] + ] &(c[ilil) =value(c[i] +])

&(c[i]) =cC +1i &(c[1]) = value(c + 1)

cli][lk] =*(c[i]i] +k) c[i]]k] = * value(c[i][j] + k)

c[i][i] =*(c[i] +)) c[i][i] = *value(c[i] +])

c[i] =*(c +i) c[i] = * value(c +1)
Series 0App : Address-of and 57 Young Won Lim
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Address-of & and dereference * C operators (1)

Primitive Data Type Pointer Data Type int a:
int* p;
* * .
Wy, iy, int ** q ;
address data address data
&a {__a |
rvalue &a = |value a rvalue &q == lvalue q
constant variable constant double pointer &p A p *
Ilvalue p < Ivalue *p Ilvalue q = lvalue *q g&q | q 7
pointer variable double pointer pointer
\\\\\““”"’/’//’ \\\\\\““”“l’l’/, * *% 0
p p, a
address data address data q- *q 7
rvalue &a 485 Ivalue a rvalue &q 485 Ivalue q &q | q 7]
constant variable constant double pointer
M o Ivalue *p Iv}lue<q & Ivalue *q
pointer variable double pointer pointer
Series 0App : Address-of and 58 Young Won Lim
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& and * operators in pointer de-referecing

Two step De-reference * operation

rvalue

&p

rvalue

Ivalue

P

D -

Ivalue

p must be evaluated to an address
value(p) before de-referencing *p

>

think a new operator :

* is a mathematical operator

* takes rvalue and returns lvalue

Two step Address-of & operation

rvalue *

&p

rvalue

Ivalue

P

D -

Ivalue

assume that it is possible
to recover the variable p from value(p)

think a new operator :
& is a mathematical operator
& takes lvalue and returns Ivalue

Series 0App : Address-of and
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&

S
__________

= *in two steps:
i, first value(), then *
o ',"'/.
\\\\\\
* ‘
value(p) P “,
- Z
' =
Mee value() * g
----------------- :
==L $
1 &
7 \)
P

& in two steps:

first &, then value™()

177 ,,,,
/)

———————
-
-
-~

/ N\
(/) N\
\
‘U

4“\
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Type, Size, and Value attributes of an Ivalue

&p

rvalue

lvalue

lvalue
a

lvalue

*rvalue
*&a

*rvalue
*&p

Ivalue is associated with a memory location

Ivalue has the following attributes
* Type
» Size
* Value

rvalue has the only attribute
e Value

assume the function value()

value(lvalue) returns
the Value attribute of lvalue

value(rvalue) returns
the Value attribute of rvalue

Series 0App : Address-of and
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Young Won Lim
11/6/25



Address-of & and dereference * C operators (1)

* *
rvalue Ivalue rvalue Ivalue
&a a &a = a = P &p ) p
N J
& &
\\\\\uln,,,,' \\\\\\um,,,/,
S K3 - ~ 3 K3 ( h
’ <& rvalue Ivalue r “ rvalue Ivalue
& &
&a a &a &= a &p p &p = p
*&a=a &pP=p
- /0
Series 0App : Address-of and 61 Young Won Lim
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Address-of & and dereference * C operators (2)

~ N
2 Ivalue = Ivalue
a
<, “p P <, *q
. E 1 . A
¢§ Ivalue s‘S Ilvalue
&p &q
| P | Q
o / o /
rvalue Ivalue rvalue Ivalue
& &
&a &= *p &p &= *q
LS S
rvalue Ivalue rvalue Ivalue
& &
& = p & = q
*&p=p *&q =
&*p=p value(p) &*gq=0q value(q)
Series 0App : Address-of and 62 Young Won Lim
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Introducing mathematical operators : & and *

[mathematical * } [mathematical * }
O '/,' _ \\\\ 7, _
S *sa=a SR *&p=p
&a a &p p
' \\\\\ & ' & \\\\\
% o a 2, o &
& p
valu e(g}\\\\ *p <, *p value( qg\\ ) *q <, *q
[mathematical E} * E [mathematical EJ * E
,,"l, \\‘\\s — %" \\\\s ry
&p b P ‘/\\\\‘ &*p=p &q g q J w &*q=q
Series 0App : Address-of and 63 Young Won Lim
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Inverse operators * and &

\\\“i"""'/, \\““i"""’/
\\\\\\ ‘ Ve N \\\\\\ \ Ve N
rVa/Ue IVaIUe r\/a/ue Ivalue
&a a * & *
fa = a P P & & p
& &
’ — | rvalue lvalue | ’ < J rvalue Ivalue |
&
&a a 2a & a &p p gp D
*ta=a *Sp=p
&*&a=&a &*&p = &p
*and & are *and & are
inverse operators inverse operators
to each other to each other
Series 0App : Address-of and 64 Young Won Lim
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Inverse operators & and *

N\ =\
(\if/} (\\z{/'}
\\\\\\‘““ . "’I"& . \\\\\“““ " """\ . ~
\\ / \\ / \
N rvalue = Ivalue . rvalue < Ivalue
Value(p) a (_ p) ',/, Va'ue(p) - *p Value(q) p (_ q) '/,,’ Va'ue(q) ‘ *q
%) *= a1 (%) *= d |
N - N -
gy, 5 awailiny, s
\\\\\\\\ I[A § \\\\\\\‘ II[& \\s
/ S rvalue < Ivalue / & rvalue _ lvalue
[ N — \ *
Sz Dl * &p = p . q=é&p &q = q
\ \ 4
& &
\\\\\\ iy, ,,,,,, p \\\\\u Wiy, '/,,, - ~
( e Y,
ue(p) rvalue Ivalue - rvalue Ivalue
value(p a(=* P & value =* &
E 2
/:\F: — /:\\:: —
LT ‘\\&/E & l \§fu (\&/‘ E & 1
R\ y,, s, - § W ty,, s, — g
i $ 2 s
& rvalue Ivalue $ rvalue Ivalue
&p p =&a o/ 4 & & &q g=&p / & & &
p &= p q = q
A A _/
* - * -
&p=p &q=q
* — * -
&p=p &*q=q

Series 0App : Address-of and
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C operators and mathematical operators

Address-of operation

- ° type — e type
o ® size ® size
&X Value(&X) e value Ivalue &. Iva/ue e value
C Expressions Mixed Expressions e type
® size —> & >
evalue Jvalue rvalue  evalue

De-reference operation

_ — e type
* — * —> —> ® size
P val ue(p) e value rvalue * lvalue * value
C Expressions Mixed Expressions e type ® type
e size —> * —P  osize
e value Ivalue Ivalue e value
Series 0App : Address-of and 66 Young Won Lim
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Ivalue and rvalue with * and & operators

-------------------------------------------------------------------------------------------------------------------------

® Ivalue i Ivalue ® lalue =i Ivalue *q

* always
.1 returns lvalue P f_
® : lvalue : :*irvalue; ® : lvalue : * irvaluei * (&a)

0
Q

.....................
....................

.
----------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------

......................................................

® Ivalue Elvalue E (* p) =p

i &always
® : rvalue :&:lvalue:;  takes Ivalue ® : rvalue :& : lvalue:; & (*p)ii
i returns rvalue

...........................................................

. .
----------------------------------------------------------------------------------------------------------------------

a, p,q - lvalues ... variables ... RW
*P, *q, **q : lvalues ... variables ... RW
&a, &p, &q : rvalues ... constants ... RO

Series 0App : Address-of and 67 Young Won Lim
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Examples of inverse operators

*&a
* &p

*&q

*value(p)
*value(q)
*value(*q)

&*p
&*q
E**q

*&a
*&p
*&q

&*p
&*q
&**q

&a

Extended Operators

C Operators

int a;
int* p=&a;
int*q=&p;

value(p)
&p

&q

value(*q)

value(@)_*q *|
&q | q 7

Series 0App : Address-of and
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Operands of mathematical operators : & and *

* | address value & * value(P) value(P)
* | & variable * &X X
& | * pointer &*P P
dereferenced pointer
& | pointer *&Q Q
must be a dereferenced pointer Q must be a dereferenced pointer
not considering .e,Q=*p &Q =p
simultaneous pointing
Series 0App : Address-of and 69 Young Won Lim
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& and mathematical *

* * int a;
\\\\\\\\\uu,,/,/,, \\\\\\\\\Hu/,,,/,’ int * p= & a :
S 4 S 4 int*q=&p;
value(X) *X &Y Y
"//, \‘\\\\\\ "’/ \\‘\\\\\\ &a “
&  g*X =X &  *gY=Y &p A p
&q | q <
& *value(a) = value(a) *Qa=a
& *value(p) = value(p) *&p=p value(p)
& *value(q) = value(q) *&q=q &p
&q
& *a = value(a) *Qa=a *&a=a
& *p = value(p) *ap=p *&p=p value(*q)
& *q = value(q) *&q=q  *&q=q value(a){_*q
C expressions
&q | q 7
Series 0App : Address-of and Young Won Lim
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* and mathematical &

int a;
int* p=&a;
H ** -_— .
value(P) *P <, value(&Q) Q <, int*q=&p;
P& J & : ¢a 2]
up p /o “py &Q &p p
&a [ q
*D — if not considering _
E P=P simultaneous pointing 7ZQ_ Q
value(p)
E*p:p *E*p=*p &p
&*q:q *&*q:*q &q
& *p = value(p) *&*p=*p *&*p=*p
& *q = value(q) sgrq=q  t&rq=tq  Aveta)
C operators value(q) En
¢ | q 7
Series 0App : Address-of and 71 Young Won Lim
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Requirements of address and data

. *
= *p : a dereferenced variable s,

A\ ‘4 4,

A\ /,
g, N lA
\\‘\ ’I'I/ \\\\

\\‘\\\ 0,
N A value(p) *p
; \\\
@ \A '/", & \\\\\\\\

" \
LT

lll’ll & W - .
i Pointer Dereferencing

A : an address value - a number

value(p), &p, &x _ _ *
p : a pointer variable g,

AN
.l \\\
/"'lll \\\‘\\\
MW
* Pointer Data
R “‘““"”"'"’,
X 7
- A
\\\\\ _
X . a primitive variabl i
4 a:.a prlmltlve variable " Iy,
v \\\ \\\\ &7
“, \\\‘\\\ \\\\\\ /A

X : avariable *P, p, a

Non-pointer Data

Series 0App : Address-of and 79 Young Won Lim
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Inverse relations of & and * operators

. * -
*p : a dereferenced variable iy, * value(p) = *

n ‘&* value(p) = & *p = value(p)
o *& *value(p) *p = *value(p) = *

p : a pointer variable \\\\\\\\\\\uuluu,'n,,,,,,lA *&p=p
\\\\\\\

, \)
LT L

*
a : a primitive variable e, *ga=a

-m a &* &a=&a

Series 0App : Address-of and 73 Young Won Lim
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Requirements of pointed address and data

value(p) &* value(p) = value(p) kg kp =k T w *

p
&p - &Fep =¢&p P =p
2 . &*&a = &a a =a

Series 0App : Address-of and

Young Won Lim
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& and * operators in pointer de-referecing (1)

Two step De-reference * operation

* *_in two steps: .
\\\\\“‘muuu,,,l",', first value(), then
N\ (/)
rvalue * Ivalue \\\\\‘\\ Y\
*p *P - *value(p) A= (value(p)) *A= *p <,
” B
'\,_ value() * E
C Expressions Mixed Expressions ~ TTTTTmmmmmmeeeee 5=
S S
: &
&p [P . Al
rvalue Ivalue *A - *Val u e -1 (A)
Two step Address-of & operation & &n two steps:
g, irst &, then value()
o "ll,
rvalue * Ivalue ‘\ ,,"'z/,
P &X = value(&X) &x=(vale®) X=[_p ],
! 2z
\,_______\_/alue() — :E
C Expressions Mixed Expressions o TTTTETEE=—L N & :5
1 S
@ [p s P
rvalue Ivalue EX = |V al u e'l ( &X)

Series 0App : Address-of and

Young Won Lim
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& and * operators in pointer de-referecing (2)

Two step De-reference * operation

* *in two steps:  _
g, first value(), then *
— \\\\\‘\ ,"//A
*p =  *value(p)
A= (value(p)) *A= *p <,
ﬂ Z
! =
”””””””””””””””””” \,__ value() * ::'
* — | > T §
lvalue ™ val er * I Ivalue 7 \\ss
L e || p 7l
p value(p) *value(p) = *p
Two step Address-of & operation
&int t N
S o elie )
\\\\\\\\ llll, 'I,
\) (/
&X = value(&X) »
&X =(value(p) X= *p ",
] %
! Z
& :777777777777777777777777777777771‘ e value() E —é
Ivalue l | & Ivalue I Val er ; rvalu-eI : A \\s\s
S = P ¥
X &X value(&X)
*p &p=p value(p)

Series 0App : Address-of and
de-reference operators
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& and * operators in pointer de-referecing (3)

Two step De-reference * operation

* *in two steps:
i first value(), then *
\\\\\\\“‘““ ""’lllm/"
— - \\\\\\
*A = *value?(A) _

A= (value(p)) *A= *p <,

7 2

! z

- N value() % =

* LT e §

—> 1) —P» — S s
rvalue ! value () Ivalue * | Ivalue v

A value'l(A)

p »
*valuel(A)
value(p)

-
Z
%2,
()

valuel(value(p)) = p

P

Two step Address-of & operation

& & in two steps:
\\\\\\\\\\“II"""I/,l/,l, first & then value™(
‘\ ""'/
&X = valuel(&X) ’
&X =(value(p) X= *p n,
e ‘\~ value() E %
> blaet) —» T ¢
lvalue ™ &. rvalu value () ! lvalue p ‘/" A\\\¢°
X &x value(&X)
*p &*p = value(p)

valuel(value(p)) = p

Series 0App : Address-of and
de-reference operators
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Two step address-of & and & operators

for &X, X can be *p, p, a

&X

C Expressions

value(&X)

for &X = p, X must be *p

value*(&X)

Series 0App : Address-of and
de-reference operators

*n a dereferenced variable
P a pointer variable
a a primitive variable

& X

&*p =va|ue(p)
= value(p)

&p

&a

*n a dereferenced variable

/8

A

~
~
—————

i,
\\ ,I/,,
I,','
& & in two steps:
first &, then value™()
I[,,
X /,’,
%
2
Z
value?() E T‘:
""""""""""" - :E
’ S
/ N
p * 4

Young Won Lim
11/6/25



Two step de-referece * and * operators

value(p) value of a pointer variable *
B &p address of a pointer variable
for *A, A can be value(p), &p, &a &a address of a primitive variable o \‘“““""“"Il”""/‘
\\\\\\
) A A
* A -
*A = *valuel(A) .
*value(p) =*p
=p
*&a=a
= value(p) value of a pointer variable * *in two steps:
for *A = *p, A must be value(p) —&p ; Hhater-vara aw,, first value(), then *
- | | | \\\\\‘\\\\\ Il,l/,‘
* — * _ ’ ’:
p - Value(p) * p= *Value(p) “~ ________ \ia-lu-e-() * E
C Expressions A = : o] (] \\\\\e
Series 0App : Address-of and 79 Young Won Lim
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Inverse operators : & and * in pointer de-referencing

b & —Pvalue)—P %
Ivalue Ivalue 'rvalue Ivalue
*n p = &*p value(p) *value(p)= *p
— & T
—P & —Pvalue() |-
rvalue Ivalue' Ivalue ! lvalue
value(p) *p p =&*p value(p)
& —— T — * —
b 8 —Pvalue() P |valuet) —P K |-
Ivalue ! Ivalue 'rvalue ! Ivalue 'lvalue
*p p =&*p value(p) p *p
* — &I ———
—P valuel)—P * - 1 & —P value() —P>
rvalue ! Ivalue ! lvalue'! Ivalue ! rvalue
value(p) p *p p =&*p value(p)

Series 0App : Address-of and
de-reference operators

*value(p) = *p

value(p) = & *p = value(p)
*& *value(p) = *& *p = *value(p) = *p

value(p) o

"’/

\\‘\

gy
N\ 1y,
|
T

(/
II/, o

\\‘\\““ L1 ""’Il[
\\\\\ ,
J
7,
value *
p
%,
Il,'l, \‘
I/, \\\

'y, X N
W

Young Won Lim
11/6/25



Inverse operators of & and *

* |
|\value) —P» x* F o — _
lvalue 0 rvalue * ' Ivalue & Ivalue *value(p) =*p
p _'p __b &*p= = & *value
= *value(p) = & *value(p) P=P P )
*&*p=+*p value(p) = & *value(p)
— ki
& - value() —P» %
Ivalue Ivalue rvalue Ivalue
* *
p p P
= *value(p) value(p) §‘\\\\‘ *p ‘,%
| — | : 1 | "’I‘ \\\\\
Ivalue = | value() rvalule * ' Ivallie | & rvalule value() | Iva,ue P W
p _*p value(p) p
= *value(p) = & *value(p) &
‘\\\\ awity, n,
‘ | | - .value(p) *p
Ivalue'| & [radl value™() ' Ivalue | vallieq rvalue * ' Ivallie “u, v
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 7, T \\
. _ ; I . _ ; 'III[”'“?:I““‘“\\\\\\
p = *value(p) p p = *value(p)
Series 0App : Address-of and g1 Young Won Lim
11/6/25
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Inverse operators in pointer referencing (1)

x// \\
*p =*p —_— *p —_—
p =p * & p &* p p =p
*€ a =a 2
value(p) = value(p) —_ value(p) —_—
&% &p = &p &* gp *& *p H&p =*p
&a = &a Y 4 )
Math expressions
*
\\\\\‘\\\\\ ',,lA
( value(p) P value(p) o *p <,
&p ‘// \\\\\\\\\ p §$ ’,2‘
&X '/Il,”“""““‘“\\\\\\ a E E * E
o p
Series 0App : Address-of and g2 Young Won Lim
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Inverse operators in pointer referencing (2)

x//
*&*p =*p *& P
b=P T&oe
a =—a
Value(p) = Va|Ue(p) *************** Va|ue(p)
&a = &a 9 L X
C expressions
*
\\\\\\\\\\\\ '/,,A
value(p) *n
&p '/ \\\\\\\\\ p
&X "llll’ i u\\\\“\\\\ a

Series 0App : Address-of and

de-reference operators
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Inverse operators in pointer referencing (3)

—»

g —Pvalue) P> %
; Ivalue 'rvalue Ivalue

| _______

P value(p) *p

* |
Ro|

rvalue Ivalue i Ivalue irvalue
value(p) *p p value(p)
& —P» *
Ivalue rvalue Ivalue
*P, P, @ P value(p), &p, &x

—> x —> & —»

rvalue

value(p), &

Ivalue rvalue

p, &x *p, p, a

*
. \‘\\\Illllll""'l
\\\\\\ ,'I‘
\\
N
W *
value(p)) P |,
S %,
y; S 2
/ N =
] - =
% : & *
\ Z §
\ 2, S
(/ N
N "’I ‘ \\\\
N Q
SN N 9/’ w
value()  Ts~o - -
*
. \“\uumn,,,,
\\\\\ l/,l
\\\‘\ A
*
(value(p) ) P
\\\
&p o p
7 \
o >t a
&X KT

Series 0App : Address-of and
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Inverse operators in pointer referencing (3)

S — *
‘ | () —> - | ' —_ awwiing, 1,
value * ] ’ \\\\ "l
Ivalue ' rvalue ' Ivalue & Ivalue o 4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, \
value . D = value(p) &\\\\\ *n <,
p p p p=p - $ .
/ N %
/ s _ Z
-( 2 & * £
\ z 5
\ A S
* 77777777777777777777777777777 \\ ,,"I s
: : \\\ I‘ R’ ‘\\\\\
—_— | — | |er \‘s a”
' lvalue)—Pp * H e
Ivalue & lvalue | O rvalue I lvalue
*p p value(p) *value(p)=*p

Ivalue rvalue Ivalue value(p) \\\\\\\\\ *p <,

* N
p P p
2 &

\\‘\

s

*

’/,,,l
Il, n

—> 5 —> x —>

rvalue Ivalue rvalue

*p p *p

Series 0App : Address-of and 85 Young Won Lim
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