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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 Ilvalue &variable returns an rvalue
e type
( value(p) *P evalue ———v0 & 4+— .osize
&p v & p rvalue lvalue 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) *p <, T — x| €— e

evalue Ivalue rvalue

\)

T

*

o “A $ t t
¥ S ® type e type
&p p o esize E—T * 4+— ..
e value Ivalue Ivalue e value
*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=4&a;
LHS | = | RHs P9
a, b, p,q :lvalues ...variables ... RW
* inthe LHS, only lvalue can exist *p, *q :lvalues ... variables ... RW
* rvalue can exist only in the RHS &a, &b :rvalues ... constants ... RO

:' '=  lvalue Cop = q ;
' Ivalue = rvalue p = é&a;
! e .= lvalue ' &a = p;
:%}z rvalue & = &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
: gfee 44— * 44— . . either an Ivalue variable
evalue Ivalue rvalue or a rvalue address

*
operand becomes
e type e type

esize * | — e an lvalue variable

e value Ivalue lvalue ¢ 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 Ivalue
returns & always
@ | rvalue &(Ivalue| | takes Ivalue &a, &p, &*p
returns rvalue
rvalue & e & cannot
% take rvalue

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

rvalue lvalue |
o vae returns only an rvalue address
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Variable types

a non-pointer variables lvalue
p pointer variables lvalue
*p dereferenced variables Ivalue
val address values rvalue

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

Young Won Lim
3/5/26



C operators : *, &

C operators : *, &

* \\\\“\‘\\ * l"”A
\\\\\\\\\\\“\u :,':,,,,,,l‘ val ue(g) : *p ‘,%
( value(p) *p ,"'Iullu.f%m\\\\\\\\\ i} ‘E
gp 7, & \\\‘\\\\ P \\\\\\“““‘"",\_"""'II/IA 5:
a ""Im \\\\“\\\ a W S
UTTTITIAN § P W
‘/,"l \\\\\\\\\

* & Ivalue rvalue & p & a_ Ivalue
lvalue p *  p. Ivalue rvalue & p & p. Ivalue
lvalue *p * *p_ Ivalue rvalue &*p & *p Ivalue
Ivalue *val * 'val | rvalue & & rvalue
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Extending C operators with *, & (1)

Extending C operators with Mathematical operators (*, &)

g
\\\“‘“ — ,,
- Q s,
* R '/A

N
iy ~
antt 7
WV ", ( ) *
o ", value(p p <,
-~ ", & W S “

\)

(value(p) » g S

P v, & P A !

&a /"'l/,” “‘\\\\\\ a R * 4A—‘7 \\s$
V/,, 1ty “\\\\\\\\\

* 4 Ivalue rvalue & p & a Ivalue
lvalue p *  p_ Ivalue rvalue &p & p Ivalue
Ivalue *p * *p Ivalue rvalue &*p & *p. Ivalue

* Ivalue *val * val rvalue % Ivalue p & *p Ivalue
Series 0App : Address-of and 11 Young Won Lim
de-reference operators 3/5/26



Extending C operators with *, & (2)

Extending C operators with Mathematical operators (*, &)

* w bae  rale &p = & a lvale
lvalue p * _p  lvalue rvalue & p & p Ivalue
lvalue *p * *p_ lvalue rvalue & *p & *p Ivalue

* *  »al | rvalue & Y&l rvalue

% Ivalue Z % Ivalue

; '''''''''''''' m .......... Ivalue Z )'.'.'.'.'.'.'.}ﬁ.'.'.'.'.'.'.i Ivalue

* %9 Jvalue X lvalue p & *p Ivalue

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

C operators : *, &

\\‘“\\ll 11 """I,,
o ,
* o
QA A
Wiy,
\\\‘ 1y,
\\\\\ I/,, Value(p) *p
\\\ /lA 4\ Il’ ",
R , & = s
N Illll “\\\\ 2
Value(p) *p LT z
‘ \ awiiig, * =
&' p \\\\ p \\\\\‘ ll,, 'y s
" o S ‘A S
(/) \\\ x &
&a ™ a & P W
p ‘\\\

Extending C operators with Mathematical operators (*, &)

un
\\\\\“‘“ it llm,
* \\\\ 'I,A

N\
WIS :
aw 1
o ", value(p) *p
\
R A

\Ik
&

(/
O\ WM 2,
¢ oy, & S %
| * ll’""lllllll\\““‘ - 3 2z
S =
value(p) p & %
] RRCLLLLTITTT = =
N\ N\ n, z
&p v P W —_ 2
4, \\\ |\

%,
II/, o

n, 7,
& “, & W e
a oy umuu\““\ a P \\\‘\\\

&
v AWM
“u, \\\‘\\
\

%, \'
W
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Comparisons (2)

C operators : *, &

* A Ivalue rvalue &a = & a  Ivalue
lvalue p * _p  lvalue rvalue & p & p Ivalue
lvalue *p * *p_ lvalue rvalue & *p & *p Ivalue
lvalue *val * val rvalue & Y rvalue

Extending C operators with Mathematical operators (*, &)

* A value rvalue &a = & a  Ivalue
Ivalue p * l'.'.'.'.'.'.'.'.'.lp'.'.'.'.'.'.'.i Ivalue rvalue & p & l'.'.'.'.'.'.'.'.'...p'.'.'.'.'.'.'.i Ivalue
lvalue *p * *p_ lvalue rvalue & *p & *p_ Ivalue

* Ivalue *val * | val rvalue * Ivalue p & *p Ivalue
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Comparisons (3)

C operators : *, &

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

Extending C operators with Mathematical operators (*, &)

* A Ivalue

Ivalue  p * p .......... lvalue
lvalue  *p * *p Ivalue
* * el | rvalue
* A Ivalue

* 319 Ivalue

* g Ivalue

* Ivalue *val * val | rvalue

Series 0App : Address-of and
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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 ''''''''' lvalue
& %ﬂ ''''''''' rvalue

& A Ivalue

& ¥ Ivalue

%* lvalue p & *p Ivalue
& wal  rvalue
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Ivalue and rvalue with * and & operators

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

returns :

®: Jvalue : * Ivalue | *takes either P, **p
i Ivalue or rvalue
P oretuns i i and returns

®: lvalue : i*irvalueii Ivalue *(&a), * (&p), *val
i returns & al ways

®: 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 Ivalue variable
* can be applied successively.

e type
e size B * < e value
lvalue rvalue

e value

& (an lvalue variable)

e type
ovaue 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 be applied successively.
g 5 & can be applied successively.
@) Ivalue ; - address value ; (&a) w4
: : H .k E E**p _ *p
i Eeereeeeeeneeaes 2Rk — ok —
o & lvalue i non-pointer variable & p E ap=ap=p
® Ivalue : & Ivalue : dereferenced variable: & (*p)
* ype cope * (an Ivalue variable)
® S|ze — ® S|ze
e value ’va/ue * ’value e value * operand: an Ivalue variable
e [ — o value * (an rvalue address) |
o value ’va/ue * rvalue * operand: an Ivalue variable
* type & (an Ivalue variable)
e value 4_ 17 e sSize
rvalue & value o vaie & operand: an rvalue address
° type —_— e type E :
esize < °y & (an dereferenced lvalue variable)
cvave Ivalue | & ’va/ue e & operand: an Ivalue variable
Series 0App : Address-of and 17 Young Won Lim
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Recursive application of the address-of operator

*yl = *yyl v& = vwi&

*
S
=
I
*1
I

* *in two steps: &

& in two steps:
\\““uuuu,,",, first value(), then *
\\

"y, first & then value™()
",

W\ 4, AN
“A »
N

value(p) *p <,

R Y
M
<
D
c
(9]
1~
=
-
*
©

(/)
= - — - -
Seeee v() = value() * See vi() = value() E B
---------------- § ""'-------__~\ §
\I S \l S
/ > / &
Al 7

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() ____-- 4
.;’ _______
value(q) *q value(p) = value(q) = x
then value*(x) =porq?
value(p) *p <,
7
s v() = value() * §

~
~
_______

—————————————

-

-~
~

7,
iy,

©
N,
~
-,
,
2

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

%\ -
* *in two steps:  _
\\“‘““".,,,’" first value(), then *
\\\\\‘\ ,',IlA
\\\
*
value(p) p <,
”
]
\

1
1
1
I
1
1
1
I
<
S
I
<
o
c
o
o
>(.
T

—————————————

-

-~
~

\\ L ’
-
>,
v,
%,
7,
iy,

v() = value()
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& in two steps:
first & then value™()

u
*
©
S

4
\)
W

~L7
%,
‘U

p 4
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When value() is prohibited (2)

* *in two steps:  _ & & in two steps:
awig,, first value(), then * \“‘““"",,"”’I first &, then value™()
- , o n,
\\\\\\\‘ /‘ ‘\ /,,/,,,
rvalue lvalue rvalue lvalue ,
‘ /) Il/
/,,,’ l//,,
0 £ 4
\ v() = value() % £ ‘\‘ v() = value() 2 z
\ s \ =
\ ~ -
N, N \ N
\ & AN S
\‘~~ \\\‘\\\\ \‘~~ 4\\\‘\\
----------- Ivalue ~=--------- lvalue

v() = value() v() = value()
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Equivalence Relations | : * and & operators

*(e+i) = cli] *(eliJ+1) = c[i][] *(eliji]+k) = cli]illk]

o o ,,,‘ \\s&\\\ 2 " R \\\\""u,,%‘ y i, "
Zc c o Syl o) e—<y T o eI T g
z z Z z
(c+i) = &cf] (c[i]+)) = &cfi][] (c[illi]+k) = &c[il[Ik]
equivalence relations |
gl = (c+)  Eclilll = (cli+)  Echiik = (cllli+)
= *(cillil+k)

cfil  =*(c+i cfili] =*(clil+)) c[ilfilk]

—— 00 00v0&©m 0000 0 0 0m0m0m0m 0 B
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Equivalence Relations Il : * and & operators

*v(e+) = cfi] *v(elil+) = elilli] *v(e[il[il+k) = cliliik]

& “& \s“\\\\ "’3\ s‘&\\\\“ "o,,,‘ f\\\\“ 'o,,,‘
& c HCIUEN I e | S g
‘% \\\\‘°§ "’ e \‘“§ "’ gy “\\\‘“\\s "o,,,, R s
& & & &
v(eH) =&cfi]  v(c[i]+]) = &cfi]]

v(elilil+k) = &eli]{i][k]

equivalence relations Il

&clfi] = v(cHi)

] acfillj] =
clil =%v(cH)

v(clil+))  &c[illillk] = v(c[illil+})
c[il{il

*v(elil+)  clillilikl = *v(clillil+k)

Series 0App : Address-of and
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Equivalence Relations (1)

*

iy, iy,
W, W 1,
&y RS
\) \)
& “ ™ ‘
™ ™
W
z C+l [] .
> T
& O
% N N

&

A\ Hl/,
\ 7
N 7,

7, N\
K

\)

& %
)
S \

&C C

%,
%, R
W

&

*

%,
7, QN
W

&

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIf\

*

iy,
\ %,
N %,

cfi+]

cfiji] &

2, S
7, \)
W

&

equivalence relations |

clilli+k,

*

Ay,
W 1,
o “,

\) (/ N)
& " N
S

)

c[i][i](k]

\\\IIIIIIIIIIlIIIIIIlIIIIIIlIIIIIII‘ @IIIIIIIIlIIIIIIlIIIIIIlIIIIIII ‘
2 S

"/,,
‘i

&

S

Q
&

N
\\\“\\

&cli]

(c+i)

&elillil = (clil+j)

&efil[ilk]

(cilil+i)

cli] *(c+) clilil = *(c[i]+)) clilfillk] = *(c[i]fi]+k)
k8 * x
S A S S
v(c+i) . v(elil+) - v(eli]lj]+k -
—> cfi] —  c[ilj] 2l cli]i]k]
"’I, \\\\ss ',"/, \\\\\\ss "’l, \\\\\ss

&

&

equivalence relations Il

&

&ci]
cli]

v(c+i)
*(c+i)

&cfi][i]
c[ilfil

V(c[il+)
"v(clil+)

&cfi]fil[k]
c[ilflk]

_v(clillil+)
*v(cil(j]+k)

Series 0App : Address-of and
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Equivalence Relations (2)

N *(c+i) = cfi] *(e[il+]) = c[i][] *(celijp]+k) = cliillk]
o Tvalie (o) = &eli] (c[i]+]) = &c[i][i] (c[lil+k) = &e[ilk]

-,
N -~
s z
- -
= * =
= =
—= ~
2

\\\\\\
lvalue
W,

e s Ve =cfil v(eli+) = el veelilil+k) = elililik]
V/,,”“cl?ﬁ‘““\\\\\\‘ v(c+i) = &cli] v(c[i]+)) = &c]i][i] v(c[i][i]+k) = &cli][i][K]

lvalue  *(€+i) = C[i] *(eli]+]) = cli]i] *(elij]+k) = cli]illk]
valie *y(e+) = cfi] *v(e[il+) = elilli] *v(elil[il+k) = c[illik]

\\\\\‘
lvalue <~ =

*
*1 =
S S

~ ~

S S
'\\ '¢

W\
rvalue <

Valie N, 7 o MAE T (eH) = Ecll] (c[i]+]) = &cfi][] (c[i]{i]+k) = &c[i][[k]
rvalue : lvalue . ) . N — —
Wi S v(cti) = &cfi] v(c[il+)) = &clillil ~ v(c[i]lil+k) = &c[i][i][k]
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de-reference operators 3/5/26



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 ~
I [ 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]);
| I
| 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 ~——

I [
| 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);
| ~N e~
| | |
| 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);
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Types of sub-arrays (2)

s2.¢: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 e 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);
| N s printf("%d \n", a[0]);

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

s2.¢: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);
I [
| int int* printf("%d \n", &a[0]);
| %ls printf("%d \n", &a[0][0]);
y printf("%d \n", &a[0][0][0]);
}

Series 0App : Address-of and 27 Young Won Lim
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Dual Types and Address Replication

int [2][3][4] int[3][4] int[4] int

int ()[3]4 int ({41 ey c - elo] =eloo] -+{ c[0][0][O]

int [2][3][4] int [3][4] int [4] int c[0][0][1]

c[0][0][2]

equivalence relations | c[O][0][3]

&cli] = (c+i) cli] = *(c+i) c[o][a] -~{ clOlIII0]

gelillil = (clil+) cfilil  =*(clil+) cloliLi1]

&cfilljllk] = (c[ilfi]+k) clillil[k] = *(c[illil+k) c[O][1][2]

__|c[OI](3]

equivalence relations Il C[O][Z] """ -1 €l01[2][0]

c[0][2][1]

&cli] = v(cH) c(i] = *v(c+) c[0][2][2]

&clilli] = v(elil+j) clilil ~ =*v(c[i]+)) c[0][2][3]

&clilfjlik] = v(c[illi]+k)  c[i]f]k] = *v(c[i][]+k) c] —~|clLo] -~ c1oio]

___________________ PO

c[1][0][2]

address replication c[1]0I[3]

g = v(© cl1][1] | cl1][1][0]

&elil = v(c[i]) vieH) = v(c[i]) ClLI[]

&cfillil = v(efilliD v(elil+)) = v(clilll) c[1][1][2]

&cfilljllk] # v(cliflkD  v(e[illil+k) # v(e[i][]k]) c[1][1][3]

c[1][2] | c[L[2][0]

c[1][2][1]

cli], c[i][0] point to the same data c[i][0][0] c[1][2][2]

¢, ¢[0], c[0][0] point to the same data c[0][0][0] cl1]2][3]
Series 0App : Address-of and 28 Young Won Lim
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Dual Types

int ()[3][4]
int [2][3][4]

int (*)[4]
int [3][4]

Abstract
Data type

int (*)[3][4 int [3][4]

Array
Pointer type

int (*)
int [4]

Abstract
Data type

int

int

int [4]

int

c[ilfilo]

Array
Pointer type

clo][o] -~

c[o]J[o][0]

c[O][0][1]

c[0][0][2]

c[O][0][3]

cloJi1] -~

c[O][1][0]

c[O][1][1]

c[O][1][2]

c[O][1][3]

cloj2] -~

c[0](2][0]

c[O][2][1]

c[O][2][2]

c[O][2][3]

c[L][0] >

c[1][o][0]

c[1][0][1]

c[1][0][2]

c[1][0][3]

c[1][1][0]

c[1][1][1]

c[1][1][2]

c[1][1][3]

c[1](2][0]

c[1][2][1]

c[1](2][2]

c[1](2][3]
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Address Replications (1)

&c[o] &c[0][0] &c[o][0][0]
int ¢ [2][3][4] ; c [0 o)) c[ol[0l[0]
| | R *c[o] ................ s
equwalence relations | Pointer Variable Address
ZC[i] = (C+i) .................................. .................................. ..................................
e e SRR RS0 L p—
Address Replication -~ P
equivalence relations Il v(c) \ v(c[0]) 4/ v(c[O][Ob\\
.................................. W‘
&cli] = v(cHi) &c c o5 o] e %O o) e &AL cojoj[o]
gclillij = v(c[il+)
&clilljlk] = v(c[illil+k)
all have the same address value
address replication &c[O0][0][0] -------------------------- > &c[0][0][0] -------------------------- > &c[0][0][0] -------------------------- > c[0][0][0]
&c = v(c)
&cli] = v(c]i]) .
sefili] = v(clill) 2l have the same starting address R
“CUNILY= SN &c[0][0][0] &c[O][0][0] &e[ol[00] scololf0]|  c[ol[ol[0]

Series 0App : Address-of and
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Address Replications (2)

int [2][3][4] int[3][4] int[4] int

int (9[3][4] int (9[4] T R c x| c[0] ~+[c[0][0] | c[O][O][0]
int [2][3][4] int [3][4] int [4] int c[o][o][1]
go P c[0][0][2]
_________ C i Cfl] c[0][0][3]
) &cmm -------------------- &elilfill0] [ c[o][1] -] c[o][1][0]

S(cH) = i [][j] .................................. cijior 1 | | [P
E (jiva)/enc: [ ] -------------------- C[O][l][l]
Rejationship Rv(clil+]) = clilli c[o][1][2]
Equivalence c[O][1][3]

Relationship
R T e c[0](2] -~ c[Ol[2][0]
............................................................. &c[l]h][O] c[O][2][1]
V(c[']ﬂ) CL[[] > ciljlo] c[0][2][2]
T i #:LLUR Ol
Replioation V(Clilli]) = &clilli] _c[1] ={el1][0] -~{ c[1][0][O]
Addrgss_ C[l][O][l]
I G U N e cl1][0][2]
----------------------------------- V(e ¢ &eliJjo] | c[1][0][3]
_______ L] g I 11111 (%) c[1][1]-{ c[1][1][0]
c[1][1][1]
address replication c[1][1][2]
&c = v(c) c[1][1][3]
&cfil = v(ci]) vieH) = v(cli]) oftli2]. -~ clli2l0]
gclilil = velli)  vieli+) = v(cill) clli2]ll]
&elilllk] # v(clillK)  v(clillil+k) # v(c[illk]) cl1if2]i2]
c[1][2][3]
Series 0App : Address-of and Young Won Lim
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Address Replications (3)

int [2][3][4] int[3][4]  int[4] int
S c_r|.clol~>{eloyo] -~ clolol(0]
ointer variaoile ress C[O][O][l]
I I R c[O][0][2]
&c? ________ c ..................... &C[OL _____ c[o] ................. &c[O][OLc[O][O] .......... &c[0][0][0] c[0][0][0] c[o][0l[3]
&cfi] [ — & c['][olc[l][o] ............ &cli][0][0] | c[i][o][0] c[o][1] -] c[O][1][0]
T — - clOJ[A][1]
BRI U R ST ClOI12]
Equivalence Relationship C[O] [1] [3]
R 5 PR 5 P 5 0][2] | c[0][2][0]
I e e U e PO e clOJ[2][1]
vieH) g [|] """ ................ v (c[']J’OLc[,][o] ........... &cfij[o][o] c[i][0][0] c[0][2][2]
"""""""""" P - c[0][2][3]
B T c[l] -[el1]o] ~] cl1lo][0]
Address Replication
c[1][O][1]
v(e) c .................. V(C[O]),c[o] .............. V(C[O][O]Lc[o][o] .......... &c[o][0][] | c[o][0][0] c[1][0][2]
o) vl sl — __{eluo)
T CHIO] o clil[olio] c[1]a] ->| c[AI[1][O0]
V(eI g &) Mos cl]
address replication RaUUN cliiio] c[1][1][2]
— I CREE
&l = vicli) vieH) = v(eli] S e
gelilil = velili)  vielil+) = v(cfilli) el
&clilfillkl # v(clllik)  v(clilil+k) #v(chlllk) clLi2ll2]
c[1][2][3]
Series 0App : Address-of and 32 Young Won Lim
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Address Replications (4)

int [2][3][4] int[3][4] it [4] int
int (*)[3][4] int (*)[4] int (*) c > c[0] -={c[0][0] ->{c[O][0][0]

] o i T i e R SO
c[0][0][2]
by array pointer value c[0][0][3]

S SO S L LS 1 IO 0 X Py c[o][1] -~ c[Ol[L][0]

B e c[i][0][0] c[O][1][2]

R — OJ[1I[3
il oo s

by address replication c[0][2][1]

S e ,, C[0] Eremmmiintind C[O][0] i bt c[0][0][0] c[0][2][2]

O e : c[O][2][3]
v(cli]) - cli] V(c['][O]L c[i][0] &c[l][O][O c[i][0][0] cl] -~ cLI[0] ] c[a][o][0]
v(elili) e &cfil][o

c[|][|] ................................. cli][j][0] z{ﬂ{gﬁg

by equating these c[1][0][3]
c[a]i1] | clL0]
v(c) <« v(c[0]) <« v(c[0][0]) « &c[O][0][0] c[1][1][1]
v(c[i]) <« v(c[i][0]) « &cfi][0][0] c[1][1][2]

v(c[i]li]) <« &c[i][j][0] c[1][1][3]

c[L][2] -~ cl1]i2]o]
c[1][2][1]

c[1](2][2]
c[1]2][3]

Series 0App : Address-of and 33 Young Won Lim
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Address Replications (5)

int ()[3][4] int (*)[4] int (*)
int [2][3][4] int [3][4] int [4] int
(e e S i) e 280 i 28990 e
c, ¢[0], c[O][0] have the same address of ¢[0][0][0]
el ) o 2B i S0 oo

&c[i]fil[o] |

- c[il[j] S

c[ilflo]

cl[i][j] have the same address of c[i][j][0]

Only c[i][jl[k] has a physical location
and its unique address &c[i][j][k]

Series 0App : Address-of and
de-reference operators
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int [4]

int

c[o][0] -+

c[o]J[o][0]

c[O][0][1]

c[0][0][2]

c[O][0][3]

clo][a] -~

c[O][1][0]

c[O][1][1]

c[O][1][2]

c[O][1][3]

c[0](2][0]

c[O][2][1]

c[O][2][2]

c[O][2][3]

c[1][o][0]

c[1][0][1]

c[1][0][2]

c[1][0][3]

c[1][1][0]

c[1][1][1]

c[1][1][2]

c[1][1][3]

c[1](2][0]

c[1][2][1]

c[1](2][2]

c[1](2][3]

Young Won Lim
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Types, sizes, and values of sub-arrays (1)

int ¢ [2][3][4] ;

value(c) = value(c[0]) =

value(c[1]) =

static allocation

value(c[0][0]) = &c[0][0][O]
value(c[0][1]) = &c[O][1][O]
value(c[0][2]) = &c[0][2][0]
value(c[1][0]) = &c[1][0][0]
value(c[1][1]) = &c[1][1][O]
value(c[1][2]) = &c[1][2][0]

sizeof(c) = 2*3*4 * sizeof(int)
sizeof(c[i]) = 3*4 * sizeof(int)
sizeof(c[i][j]) = 4 * sizeof(int)

type(c)

type(cfi])

=int [2][3][4]
int (*)[3][4]

= int [3][4]
int (*)[4]

type(cfili) =int[4]

Series 0App : Address-of and

de-reference operators

int (*)
pointers to arrays

35

int [4]

int

clo][o] -

>

c[o][o][0]

c[O][0][1]

c[O][0][2]

c[O][0][3]

>

c[O][1][0]

c[OJ[1][1]

c[O][1][2]

c[O][1][3]

>

c[O][2][0]

c[O][2][1]

c[0]i2][2]

c[0][2]3]

>

c[1][][0]

c[1][0][1]

c[1][0][2]

c[1][0][3]

>

c[1][1][0]

c[1][1][1]

c[1][1][2]

c[1][1][3]

c[1](2][0]

c[1]{2][1]

c[1]i2][2]

c[1](2][3]

Young Won Lim
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Types, sizes, and values of sub-arrays (2)

int [2][3][4] int[3][4]  int[4] int
i . i i c > c[0] -»|c[0][0]:->]c[O][0][O]
int ¢ [2][3][4] ; static allocation eI
c[0][0][2]
c[0][0][3]
type(c)  =int ()[3][4] type(elil) = int[3][4] c[o][] - clOlL][0]
type(cfil) = int (*)[4] type(c[il[jl) = int [4] c[O]J[L][1]
type(e[illijl) =int (*) type(cli][jl[k]) = int c[0][1][2]
c[0][1][3]
Ci . c[0][2] -~ c[0]i2][0]
c o > cfi] cl0]2[1]
c[0][2][2]
: c[i]+i — . : c[0][2][3]
chii o > cliil c[1] >{e[[0] | cl1][0][0]
c[1][0][1]
s c[1][0][2]
cli]lj] .—M cli][jl[K] c[1][0][3]
c[a](1] | c[1I[1][0]
c[1][1][1]
c[1][1][2]
value(c)- = &c[_O][O][O] s?zeof(c)_ = 2*3*4 * sizegf(int) 3]
value(c[!])_ :&c[!][f)][O] 5fzeof(c[!])- : 3*:1*-5|ze(?f(|nt) ol 1][215 _____ I el210]
value(c[!][!]) = &(.:[I][j][O] 3fzeof(c[!][j_]) = 4. S|z§of(|nt) ------------------- 2]
value(cli][j][k]) = int data sizeof(c]i][j][k]) = sizeof(int) CL2I2]
c[1][2][3]
Series 0App : Address-of and 36 Young Won Lim
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Types, sizes, and values of sub-arrays (3)

Int ¢ [2][3][4] ; static allocation
c o Sl i)
cli] ® LI ——
i e—U | ey

3 virtual array pointer

i T

abstract array data

4

value(c) = &c[0][0][0] type(c) = int (*)[3][4] type(cli]) =int [3][4] sizeof(eli]) = 3*4 * sizeof(int)

value(cli]) = &c[i][0][0] type(elil) = int (*)[4] type(cfillil) = int [4] sizeof(cli]lil) = 4 * sizeof(int)

value(cli][j]) = &c[i][j1[0] type(c[i]j) =int (*) type(c[i][jlI[K]) = int sizeof(c[i][j][K]) = sizeof(int)
Series 0App : Address-of and 37 Young Won Lim
de-reference operators 3/5/26



Types of sub-arrays (3)

int ¢[2][3][4];
c o int [2] [3][4]
cli] = *(c+i) ;o int [3] [4] gc[i] = (c+i) - int (*) [3][4]
cfilil ~ =*(c[il+))  :int[4] &ell] = (c[il+))  int (") [4]
clilillk] = *(c[i]li]+k) ::int &eli]i]lk] = (e[i]li]+k) :int (*)
array pointer int (*) [3][4] int (*) [4] int * int
Zc c o Sty | ] ey iy e——2UEKS T g
abstract data int [3] [4] int [4] int
Zc c S o] ey i) e—I s ik
& & & &
Series 0App : Address-of and Young Won Lim
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Dimensional Parentheses (1)

int ¢[2][3][4];
v(c+i) =7 £z v(c)+i
v((cti)+)) =7 Z  v(C)tit]
v(((c+i)+))+k) =7 Z v(c)titj+k
dimensional parentheses
V(C+i) — V(C+i) - not a simple parenthesis, but associated
. _[ 1 . with the dimensions of an array defined
v((cti)+)) = V((CHi)ept])e
V(((e+)+)k) = v(((CH)t)ath) e obtained by
* * * *
s | ¢ L, i ey S ik
- D S D Srmmm— : D S smm— ‘
& & & &
Series 0App : Address-of and Young Won Lim
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Dimensional Parentheses (2)

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

v(c+i) = V(CHi)
v((c+i)+)) = V((CHi)ewt])s
v(((e+)+)+k) = v(((CH)eut])utk)

type(c+i) = int (*) [3][4] v(c+i) =v(c) + 1 * sizeof(3*4)
type((c+i)+) =int (*) [4] V((c+i)+)) = v(c+i) + | * sizeof(4)
type(((cti)+j)+k) =int* v(((cti)+j)tk)  =v((cti)t)) + k
o ', * P e, \ “““ pens e, \ ““‘,“‘ """"u, *
&c c v(cH) cli] v(cli]+j) c[illi] v(c[i][i]+kl ClilllK]
- i - D Z—— : D — :
& & & &
Series 0App : Address-of and 40 Young Won Lim
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Dimensional Parentheses (3)

int ¢[2][3][4];

&cli] = v(&cli]) = v(c+i) = v(cli]) &cli] = v(cli])
&elilil ~ =v(&e[ili) = v(c[i]+)) = v(cli]i]) &eli][i] = v(cli]i])
&cli]lillk] = v(&e[i]lil[k]) = v(c[i]li]+k) = v(c[i][i][k]) &elillillk] = v(c[i]i]k])

Equivalence address replication

&c[iJljlik] = (c[illil+k) &cfi]lillk] # value(c[i][i][k]) real
&clillil = (c[i]+)) &clilljl = value(c[i][j]) virtual
&cli] = (c+Hi) &cli] = value(cli]) virtual

*I

-:§>(-I
*1
*I

B u,"~ R ':,,'\ ““““- '.,"\ “““‘n' “"""'"\

v(c+i i v(c[i]+j rre vci'+kl pe

"'., ..n“““ ":.,,"""".“““‘ D DLy * D DL *
& & & &

Series 0App : Address-of and 41 Young Won Lim
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Dimensional Parentheses (4)

int [2[3][4] int [3][4] int[4] int

Array Pointer Approach o> o> e
. BN I
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, c cli] cfillil “eliilk]
3 skip i * sizeof(int [3][4]) ) ) ii
=i*34*4bytesfrome | (C+Dsas = cfi .

(C + |)3.4.4 O——
skip j * sizeof(int [4]) o . ]
=iraabyesfomei] (1 + e = clill] i:

-, |
skip k * sizeof(int) | - - Y
=k*4bytes fromefiljj] (Il + K)a = cli][i][k] F
v
—>» ol
* subarray partitioning o o - sapl |
. add licati cfillil = *v(c[ill) v(efil+)) = v(c[ilj]) (©[i] + J)
a ress rep ication C[l] — *V(C'H) V(C+i) — V(C[i]) J)aa
ol
skipk I
|
size information | (EE]T]-TTSK)M B
sizeof(c[i][jl[k]) = sizeof(int) = 4 . _,v1
- sizeof(c[i][j]) = sizeof(int [4]) = 4*4 ]
sizeof(c[i]) = sizeof(int [3][4]) = 3*4*4
A 4 A 4 f

Series 1App.A: 42 Young Won Lim
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&cli]jj]k] = v(v(v(c+)+))+k)

Int ¢ [2][3][4] ; static allocation
v(v(eliliD+k) v(clilliltk) = &clilillkl]  *(c[il]+k) = c[il[][k]
V(X +y) = V(V(X) + v(y)) Equivalence Relationship ;V(C[i] I'J] + k)
eclillil = viclili) = &cfillllo
v(cli]+))
v(v(v(cli])+))+k) v(cli]+]) = &cfi]fi] *(clij+)) = cli]l]
V(X +y) = V(v(x) + v(y) Equivalence Relationship ;V(C[i]+ i)
&efi] = v(cfi) = &cli][0])
v(c+i)
v(v(v(e+i)+))+k) v(cti) &cli]
V(X +y) = V(V(X) + V(y))
Series 0App : Address-of and 43 Young Won Lim
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v(((c+i)+j)+K) = v(c) + i-sizeof(3-4) + j-sizeof(4) + k

Int ¢ [2][3][4] ; static allocation
v(((cti)+j)+k)  =v(v(v(c +1i) +]) + k) (CH+i)o
= (vivie++]) + k) ((C+1)ewsti)e
= ((v(e +1) + J'sizeof(4)) + k) (((c+)uut)tk)

= (((v(c) + i*sizeof(3*4)) + j*sizeof(4)) + k)
= v(c) + i*sizeof(3*4) + j*sizeof(4) + k

v(c+i) =v(c) + 1 * sizeof(3*4)

v((c+i)+)) =v(c) + i * sizeof(3*4) + | * sizeof(4)

V(((c+i)+))+k) =v(c) + 1 * sizeof(3*4) + | * sizeof(4) + k
Series 0App : Address-of and A4 Young Won Lim
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&ciji]ik] = v(((c+)+))+k) = v(v(v(c+1)+])+k)

int ¢[2][3][4];
v(cti) = V(CH ) type(c+i) = int (*) [3][4]
v((cti)t)) = V((CH)ut])e type((c+i)+j) = int (*) [4]
v(((eti)t)+k) = v(((CHi)awt])utk) type(((ct+i)+))+k) =int*
v(c+i) = v(c) + 1 * sizeof(3*4)
v((c+i)+)) =v(c) + 1 * sizeof(3*4) + | * sizeof(4)
V(((c+i)+))+k) =v(c) +1* sizeof(3*4) + | * sizeof(4) + k
““‘ e, * - sanniee ".,'\ ““““ COLLLL ".,'\ ““““- “""""'\
&c c v(cH) cli] v(cli]+j) c[illi] v(c[i][i]+kl ClilllK]
- . D Cr—— : D I :
& & & &
Series 0App : Address-of and 45 Young Won Lim
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Types, sizes, and values of sub-arrays

Int ¢ [2][3][4] ; static allocation
reduced information : full information :
value only value and type

Address Replication

e . S
aclili] = vEli) = &cilo] = cfili] = *v(elili) # cHO

4 V(:[,]m)\ clillil = *(clillil) = *v(c[ilil+0) = c[i{l[0]  type mismatch

D W .. &clilli
e e @ LemBIOL

----------------------------------- address replication must be
performed as the final step

reduced information : _ _
value only full information :

Address Replication value and type

&cli] :”v(c[i])ﬂ: &clijlo] s clii = *v(ci]) ¢ c[i][0)

TR clil =%(cfi) = *v(cfi*0) —=cfill0]  type mismatch
B -
o ey e Setlo)

address replication must be
performed as the final step

Series 0App : Address-of and 46 Young Won Lim
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Types, sizes, and values of sub-arrays

Int ¢ [2][3][4] ; static allocation

acfilli]l = Vlili) = &cfilfiio]

&cfilil = v(elli)  clil = (el = *lili+0) = clilfio]  type mismatch

Address Replication applying * (Equivalence)

address replication must be
performed as the final step

&cfil = v(eli]) clil =%*(cli) = *v(c[i+*0) =c[if0]  type mismatch address replication must be
- h performed as the final step
Address Replication applying * (Equivalence)
Series 0App : Address-of and 47 Young Won Lim
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Types, sizes, and values of sub-arrays

Int ¢ [2][3][4] ; static allocation

value(c) = value(c[0]) = value(c[0][0]) = &c[0][0][0]
value(c[0][1]) = &c[0][1][0]

value(c[0][2]) = &c[0][2][0]

value(c[1]) = value(c[1][0]) = &c[1][0][O]
value(c[1][1]) = &c[1][1][0]

value(c[1][2]) = &c[1][2][0]

value(c) = value(c[0]) = value(c[0][0]) = &c[0][0][O]
value(c[1]) = value(c[1][0]) = &c[1][0][O]

c[i], cJi][0] point to the same data c[i][0][0]
¢, ¢[0], c[0][0] point to the same data ¢[0][0][0]

Address Replication

&elili] = vielill) = &ehjilo]

v

S W I, S
NS e O

Address Replication

&cli] = v(cfi) = &efij[0])

&cli] clij @ -

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

Young Won Lim
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Address Replications (4)

int [2][3][4] int[3][4]  int[4] int

int ()[3][4] int ({41 ey ¢ = cl0] -+{c[o][0] | c[O0][0][O0]

int [2][3][4] int [3][4] int [4] int c[0][0][1]

- - c[0][0][2]

LD e o) o)

o c.&c[0]> _____ c[0] . ................... &cfolio] : c[O][O]- ....... &clolioNo] »| c[0][0][0] c[O][l] """" " z{g}{ﬂ{ﬂ

I e

c[O][l]o ............................... »| c[0][0][0] c[0][2] ...... 012101

e N clo]2][1]

VAL AN cctEIo clo][2][2]

o2 gy clo]2]3]

ey TR _cl1] +{clL0] ->] el1]0][0]

o VN o VD . c[L][0][1]

&c[1] c[l]O ..................... [][] _____ [1][0] ........... & [1][0][0] »| c[0][0][0] c[1][0][2]

. vlelt) T

A e c[1][a] | c[1][1][0]

0 e e | | [ T

) - c[1][1][2]

Q ez CLULIS]

Replicaion ® e ST e ] | | femr H clizio]

c[1][2][1]

c[1](2][2]

c[1]2][3]
Series 0App : Address-of and 49 Young Won Lim
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Outward and Inward Recursive applications of * and &

“(*(*(c+i)+))+k)] &(&(&(c[i)UDIk])
“(f(eHi)Htk) = g@(g(c[i])[i])[k]) =
“(*(c[i]+))+k) = &(&((e+)IDIkD) =
*“(c[i]i]+k) = &(((c+)+)k]) =
c[i][i1[k] (((c+i)+))+k)
*(*(*(cHi)+))+k)] &(&(&(c[i)UDIK])
((eHi)H)+k) = E_(E_(E(C[i])[i])[k]) =
(“((e+i)+plk] = (&(&(e[DID+k) =
(*(c+)DlK] = (&(c[iD+N+k) =
c[i][l[k] | (((c+i)+))+k)
mathematical
% % % % expressions
Zc c o S o] ey i) e—I s ik
& & & &
Series 0App : Address-of and 50 Young Won Lim
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Recursive applications of * and & are not possible (2)

(Clery k) ST

not allowed not allowed
even in mathematical expressions in C expressions
V(v (rv(ci)+))tk) v(v(v(e[i)UDIK])
allowed allowed
in mathematical expressions in mathematical expressions

*(C((e+)+)+k) &(&(&(c[INIKD

- - * -
* * *
V(C+I . V(C|I|+ - V(C|I||]]+ ' N
"'.,,“""".‘\““‘ ":,,."""".‘\““‘ ‘ ................ * ".,,""“““‘u“"
& & & &
Series 0App : Address-of and 51 Young Won Lim
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Recursive applications of * and &

(C((eti)ti)tk) e (((cHi)+)tk)

legal C exp ‘ ‘ legal math. exp ‘

cli]D]lk]

ol
]
ol

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

|
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Recursive applications of *and &

legal math exp legal math. exp
* % *

VEVCV(eH)H)HK) == v(v(v(cH)+)+k)
legal C exp ‘ ‘ legal math. exp ‘

cli]D]lk] == &(&(&(c[MINIK])

v(v(v(c[i)UDIK])

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

equivalence

&clillilk] = (c[illjl+k)

address replication
&c[i[jlk] # value(c[i][jITk])

&efillil = (clil+) &efillil = value(e[illi) s e S

Bl  =(c+) &cl] = value(eli) v(c[i]lil+k) = &elilillk] = v(e[i]b1Ik])
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Recursive applications of * and & are not possible (3)

legal C expression

*(F((e+)+))+K)]

legal math. expression

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

legal math. expression

&(&(&(c[DIDIK])

legal math. expression

&(aCaeliDID
o4 Young o e



Recursive applications of * and & are not possible (3)

&(&(&(CIDIDIK) &(&(&(C[IDIDIKD

& 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 lvalue variable
* must be applied to an rvalue address * operator can be applied successively.
value, * operator cannot be
applied successively.

*
\\\\\\\l 1, ",' \\\\\\l 1y, ’l,
§ * ‘ IIIIIIIIIIIIIIIIIIIllIllIIIIIIﬂ"\\\ ‘
rvalue
Ivalue Ilvalue @ > Ivalue
‘,, & \\\\\\\ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘Q/ \\\x\\\\\
"lun\\‘\\\ U
&
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Inverse Relations between * and &

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

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

c(i] =*c+1) =*(*((e +i) +)) + k)

E(clilllk) = clilli] + k ((c+1i)+]) + k= &(cli) +J) + k

&(clilli]) = cfi] + ] = (&&(CiDD) + k

&(cfi]) =C+i = &(&(&(c[i)DIK])

\\\ "/,‘""IIIII"""""""""""" \\\\\‘\\\\ "/,‘ ""IIIIIII""""""""""{?\é\\\\‘ "I,,"""IIIIIII"""""""I"""\\\\\‘\\\\\ "/,,‘
Zc c o o] e—<Hy T i oMK T kg
g ) B g
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Inverse Relations between * and &

clililikl  =*v(c[ill] + k) clil[ilk] = *v(cil[j] + k)

cfilil ~ =%v(cli] +j) = (v(eli] +j) + k)

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

&(cliljllk) = v(c[illi] + k) v(v(v(c +1) +J) + k) = (&(c[i]) +]) + k

&(c[ill) = v(c[i] +J) = (&(&(cihh]) + k

&(cli]) =v(c +1i) = &(&(&(c[i)iDIk])

,"/,‘ \s\\\\\\‘ ",?\ \s\\\\\\\‘“"" "/,,,‘ s\“\\\\\“ "",,,‘
2 c v(cH) ] v(cl[i]+j) [l v(c[i][i]+k= C[illIK]
& & & &
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Inverse Relations between * and &

cliilkl  =7v(clillil + K) clillilik] = *(cfil[j] + k)

clilil  =%v(elil + ) = v(v(ci] + ) + K)

cli] =*(c +1) = (v(v(c + i) +) + K)
&(clililk) = v(c[illi] + k) v(v(v(e + i) + ) + K) = (&(ci]) + ) + K
&lili) = v(clil+ ) = (&(&(ClDfD) + k
&(cfil) = v(c +i) = &(&(&(C[NK)

v(v(v(c +1) +]) + k) = &(v(v(c +1) + j)[K]
= &(&(v(c + DiDIK]
= &(&(&(c[i)DIK]
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clilil(k]

cli][i]
cli]

c[illilk]

cli]li]
cli]

i "I[
\\\ (/
N %,

Q
&
)

&C

Wiy,
\\\\\ /,,

\)
S
N

&C

pY

=*(c{ih] + k)

=*(cli] +1)

=*(c + i)

= *v(c[i]li] + k)

= *v(c[i] + )

C

4

C

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

= *(value(ci])

+ ] *sizeof(c[0][0]))

= *y(c + i) = *(value(c)  +i *sizeof(c[Q]))
it . "
T s\\\\\‘\ ",‘ "I"""IIII"""I"""I""{?&\\“‘ ,"l,,,‘""I""IIII"""""""""x\\\“\ "’z,,‘
o— 0 o) o—y [ iy oMU T g
e TR R 0T

Series 0App : Address-of and
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&(clilllk) = cfilli] + k

&(clilli] =c[i] +]
&(c[i]) =c+i
&(c[iilkl) = v(eli]li] + k) = (value(e[i][j]) + k * sizeof(c[O][0][0]))
&(c[i]0n = v(c[i] + ) = (value(e[i])  +] * sizeof(c[0][0]))
&(c[1]) =v(c +1) = (value(c) +1 * sizeof(c[0]))
Zc c o o) e—<My T i oMK T kg
‘,', \\\\\\\\\ TR ‘,,, \\\\\\\\\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘,'/,I \\\\\\\\QIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ",,,l \\\ &>
& & & &
e | o s i TS ol
"/, \\\‘s\\ "/, \\s‘s\\ ""z, \\“\\s\\ ""// W i
& & & &
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Two step deferencing in type Il (1) — without skipping

&ellillk)  =&C(ellil+k)  =cflll +k
&(c[iliD = &(*(cli]+))) = cli]+]
&(cfi]) = &(*(c+)) =c +i

*&(eliIllk) = *&((elilli]+k) *(eli]il +k)
*&(c[i][il) = *&(*(c[i+1)) el +i)
*&(cli]) = *&(*(c+)) =*c  +)

&eliillk) = &((clillil+k)) ~ =cli]i] + k*sizeof(c[0][0][0])

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

&(cli]) = &(*(c+i)) =cC + 1 * sizeof(c[0])
clilllkl  =7*&C(clilil+k))  =*(elilli] + k * sizeof(c[0][0][O])
clilil  =*&(*(c[i]+))) =*(c[i]  +] *sizeof(c[0][0]))

c[i] = *&(*(c+i)) =*(c + 1 *sizeof(c[0]))
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Two step deferencing in type Il (1) — without skipping

&ellillk)  =clillil +k

&(cfilli) = c[i]+ ]

&(cli]) =c +1

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

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

cli] =*(c +i)

&(cfijlillk)  =c[ilil + k* sizeof(c[O][O][0])
&(c[i]fl) = c[i]+ ] * sizeof(c[0][0])

&(cli]) =c +1 *sizeof(c[0])
clillllkl  =*cli]l] + k*sizeof(c[0][0][O])
c[i][i] =*(c[i]  +] *sizeof(c[0][0]))

c[i] =*(c +1 * sizeof(c[0]))
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Two step deferencing in type Il (1) — without skipping

&(clililk)  =eclilil +k &(clilillkl) = value(c[ili] + k)

&(efiil) = c[i]+] &(c[ilin = value(e[i]  +])

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

c[i]0k] =*(c[ili] +k) c[i]ilk] = * value(c[i][i] + k)

cfilpl ~ =x(clil  +i) cfilol ~ =*value(c[i] +1])

c[i] =*(c +i) c[i] = * value(c +1)
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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 *]
lvalue p &= Ivalue *p lvalue q & Ivalue *q gq | q 7
pointer variable double pointer pointer a
’\‘\ /,,'",, ’\‘\ "/,,,/, q J
address data address data q- *q 7
rvalue &a 485 lvalue a rvalue &q 485 lvalue q & | q 7]
constant variable constant double pointer
@De<o & Ivalue *p @D@<q & Ivalue *q
pointer variable double pointer pointer
Series 0App : Address-of and 64 Young Won Lim
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& and * operators in pointer de-referecing

Two step De-reference * operation

* *in two steps:  _
\““““..,,,,"' first value(), then *
\\\‘\\\ ""/,A
M
rvalue Ivalue -
*
*p p must be evaluated to an a_ddrfss —> value(p) p ﬂ,,,,,’
value(p) before de-referencing *p ] 2
! =
M value() * =
— think a new operator : N

(/
II/, o

2
2,
%,

N
1
/
7 | p’
is a mathematical operator
rvalue Ivalue

* takes rvalue and returns Ivalue

-
2

Two step Address-of & operation

& & in two steps:
\\\‘““""""’II, first &, then value™()
‘\\\\\ ,,,'I,
rvalue * Ivalue “,
*p assume that it is possible —"> value(p) *p ",
. ) (/
to recover the variable p from value(p) G 2
‘\~ value™() —
think a new operator :

-~
-
———————————————
-~
-~

Ro

%,
‘U

./ - .
&p P & is a mathematical operator

N
/ Q
: p “|a
rvalue Ivalue & takes Ivalue and returns lvalue

”,
2,

Series 0App : Address-of and

Young Won Lim
de-reference operators 65 3/5/26



Type, Size, and Value attributes of an Ivalue

rvalue

&p

rvalue

lvalue

Ilvalue

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
* 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

de-reference operators

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

* *
rvalue Ivalue rvalue Ivalue
&a a & "» a &p P &p " p
NG J
& &
\\\\\uln,,,,' \\\\\\um,,,/,
S K3 - ~ 3 K3 ( h
’ 2 rvalue Ivalue ’ = rvalue Ivalue
& &
&a a . &a = a &p P - &p = P
*%a=a qP=p
—— 00 00v0&©m 0000 0 0 0m0m0m0m 0 B
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Address-of & and dereference * C operators (2)

N N
Ivalue Ivalue
&a &
<, *p P <, *q
.k 1 . q
¢§ Ivalue s‘S lvalue
&p &q
| P | qQ
o / o /
rvalue Ivalue rvalue Ivalue
& &
& &= *p &p &= *q
¥ S
rvalue Ivalue rvalue Ivalue
& &
- &p = p - &q = q
*&p=p *&q =
&*p=p_ value(p) &*q=0q value(q)
Series 0App : Address-of and 68 Young Won Lim
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Introducing mathematical operators : & and *

[mathematical * } [mathematical * }
Q) 7, - Q) %), _
& ! *ga=a & ! *&p=p
&a a &p p
v, S &a v, & &
W ””§‘L‘\\\\\\‘ %, ity “\\\\\ p
\ * P \ * *
value(g}\\\ p <, P Va|Ue((12\\\\\‘ q -, '
[mathematical E} * E [mathematical &} * E
&p > p 7z *P=p &q > a <z *q=¢

—— 00 00v0&©m 0000 0 0 0m0m0m0m 0 B
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Inverse operators * and &

\\\“i"""'/, \\““i"""’/
\\\\\\ ‘ Ve ™~ \\\\\\ \ /' “\\
&a a * & -
&a = a p p &p N
& &
’ Z | rvalue lvalue | ’ < J rvalue Ivalue |
&
&a a 2a & a | &p p gp D
*fa=a &p=p
&*&a=&a &*&p = &p
*and & are *and & are
inverse operators inverse operators
to each other to each other
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Inverse operators & and *

/’;‘\ /’;\
(\t/‘ (\!{/')
\\\\\\“‘“"""I”& 4 N\ \\\\““““""""\ 4 R
N\ N\
. rvalue = Ivalue . rvalue = Ivalue
Va|ue(p) a (_ p) '/// Va'ue(p) - *p Value(q) p (_ q) '/,,’ Va'ue(q) ‘ *q
1 1
\\\\\\\‘“ﬂi ! "’I,A 55 \\\\\\‘““Tl ! "’I”& 55
. / $ rvalue _  Ivalue * 4 S rvalue Ivalue
— > —_ W *
&p p=&a ¢ &p = p &q q=é&p ° 1 &g = q
o % o %
& &
\\\\\\H ] IIII, /l,,,, / \ \\\\\\I m lllll,l,,,, / \
(4 (4
rvalue Ivalue rvalue Ivalue
value =* & =* &
2 2
/:\=: — /;\\a: -
ALY K\8‘/)5 &l \\cl%m (\v E &1
W Iy, ), H W n, , ]
% g 2 5
S rvalue Ilvalue $ rvalue Ilvalue
&p p =&a ./ & &p & 0 &q g=&p /A¢ 89 & q
o — o %
&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 — ° type
&X = value(&x) cvae  Ivalue & Ivalue e value
C Expressions Mixed Expressions : ts}lfgg I & >
evalue Jvalue rvalue e value
De-reference operation
_ — ® type
* — * —> ® size
Y - value (p) e value rvalue * Ivalue e value
C Expressions Mixed Expressions : ts)llgee ) * ) : tslllgg
e value lvalue Ivalue e value
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Ivalue and rvalue with * and & operators

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

® Ivalue i Ivalue ® lalue =i Ivalue *q

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

0
Q

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

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

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

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

o lvalue Elvalue Z (* p) =p

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

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

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

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

a, pq :lvalues ... variables ... RW
*P, *q, **q :lvalues ... variables ... RW
&a, &p, &q : rvalues ... constants ... RO
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Examples of inverse operators

*&a
* &p

*&q

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

&*p
&*q
E**q

*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(a)_*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 l.e,Q=*p &Q=p
simultaneous pointing
Series 0App : Address-of and 7 Young Won Lim
S 3/5/26
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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
&  g*X =X &  *FYzY &pl p
&q | q *
& *value(a) = value(a) *Qa=a
& *value(p) = value(p) F&p=p value(p)
& *value(q) = value(q) *&g=q &p
&q
& *a = value(a) *Qa=a *&a=a
& *p = value(p) *ap=p *&p=p value(*q)
& *q = value(q) Féq=q r&q=q value(q){ *q 7
C expressions
&q | q 7
Series 0App : Address-of and Young Won Lim
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* and mathematical &

int a;
int* p=&a;
1 ** - .
Value(P) \\‘\\ *P ‘// Value(ZQ)\\\\\ Q ‘//,, Int q & p ’
& d 2 ' ¢a 2]
KN p | EQ ] &p A p 7
&q [ q 7
*[) — if not considering _
E P=P simultaneous pointing #EQ_ Q
value(p)
E*p:p *E*p=*p &p
&*q=q “&rq="q &q
& *p = value(p) FerpEp r&pEp
& *q = value(q) Terq=*q  *&*q=+rq  AueCa)
C operators value(q) m
&q | q 7
Series 0App : Address-of and 77 Young Won Lim
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Requirements of address and data

. *
- *p : a dereferenced variable sy,
\\\ I,,,
\\\\“‘“"”""I[,, \\\\\\ /A
N

\\\\\\ 0,
4 value(p) *p
* N

vl/ 'I[ & \\\\\\\\\\\ llll "'" " ““‘\\\\
(/ \ . .
R Pointer Dereferencing
A : an address value - a number
value(p), &p, &x _ _ *
p : a pointer variable g,
\\\\ l/,l
\\‘\\ A

Q
v N
(/ \\\
/"'lll \\\‘\\\
MW
- .
* Pointer Data
R “‘““"”"'"’,
X 7
o A
\\\\\
-
X . a primitive variabl i
4 a:.a prlmltlve variable R Iy,
v \\\ \\\\ &7
“u, \\“\\\ - A

X : avariable *p, p,a

Non-pointer Data

Series 0App : Address-of and 78 Young Won Lim
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Inverse relations of & and * operators

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

D & value(p) = & *p = value(p)
o *& *value(p) = *& *p = *value(p) = *p

p : a pointer variable ‘\\\\““““"""""""'A Fep=p

, \)
LT L

*

a : a primitive variable o, a -a
\\\ %,
\\\\\\\ A -
W™
v'/,' \\\\\\\\\

Series 0App : Address-of and 79 Young Won Lim
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Requirements of pointed address and data

value(p) \\ &* value(p) = value(p) X

p
- &p } &% &p =&p p =p
= . & ga = &a a =a

3 2,
Q 2, & 2
Q 2, 7
s 2 5 2
= - = =
- - I~ -
= —_ Z = —_ 2
: * & % P x g :
- - - =
z s E §
Z S 2 $
% S 7, S
K > %, S
%, N\ ) W
g < ° ‘
oy p p

Series 0App : Address-of and

Young Won Lim
de-reference operators 80 3/5/26



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

Two step De-reference * operation

* *. in two steps: .
\\\“\“uum,,"", first value(), then
\\\\\\\\ ',IlA
rvalue * lvalue o
*p *p - *value(p) A= (value(p)) *A= P ‘o,,,,
” Z
el value() *
C Expressions Mixed Expressions ~ TTTTTmmmmmemeeee 5=
S S
! S
ep [p e : ar
rvalue Ivalue *A = *Val u e-l (A)
Two step Address-of & operation & & in o steps:
Wiy, irst &, then value()
\\\‘““ , 7,
y “,
rvalue * Ivalue (2
*P &X = value(&X) &X =(value(p) X = *p
- 2
\,_______\_/alue() T~ :E
C Expressions Mixed Expressions o TTEEEEEEm=~l . & :5
1 $
&p [ p 7 p a4
rvalue Ivalue EX - V al u e -1 (&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:  _
\\‘“““"”"'n,, first value(), then *
— Q&“ OZa‘k
* = S
p = *value(p) _
A= (value(p) ) *A= *p <,
” 2
S '\,_ value() * E
* — 1 T
Ivalue ! value() rvalue * I Ivalue

T
|
|
|
|
|
|
|
|
|
|
|
|
< |
Q
c |
@D |
’\‘
T
\/‘
|
|
|
|
|
|
|
|
|
|
|
|
<
L/
-
>,
2
“,
(/
tny,

*value(p) = *p

Two step Address-of & operation

““§|L| 1y, ;‘S/"rgt7 gv?hsefﬂ\)/sa:lue'l 0
‘\\\\\\\\ lllm,,,,,
— 2,
&X = | value(&X :
( ) &X =(value(p) X= *p iy,
,
& T _ "‘~~~-----Y§'Eei(l _________ & %
Ivalue l\ & Ivalue I value() ; rvalu:el : A \s\s
;L 77777777777777777777777777777777 p ’ \
X &X value(&X)
*p &p=p value(p)
Series 0App : Address-of and g2
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& and * operators in pointer de-referecing (3)

Two step De-reference * operation

* *in two steps:  _
\\\\“‘“"""'"ll,, first value(), then *
\\\\‘\\ "’I‘
; — _1 \\\\
= = p ,,”
—_ N value() % =
* T e §
I | 1 I | \\l s
rvalue ! value () Ivalue * } Ivalue| p ‘; W 3
A valuel(A) *valuel(A)
value(p) value?i(value(p)) = p

*p

Two step Address-of & operation

& & in two steps:
‘\\\\\\\\\““|Il|"ll"l[, ", first & then value™()
— "/,'
&X = valuei(&X) -
&X =(value(p) X= *p "o,,,,,
7 3
4 2
E T ‘\\ value() E z
» -1 : ’ ------------- ~ 5
lvalue ™ &. rva/u-eI value () ! lvalue p ‘/" ‘\\\¢°
x ex value(&X)
*p &*p = value(p)

value?i(value(p)) = p

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

*n a dereferenced variable
for &X, X can be *p p,a p a pointer variable
7 M

a a primitive variable

& X

&X - Value(&X) & *p = value(p)

= value(p)
C Expressions &p
&a

*n a dereferenced variable

for &X = p, X must be *p

&X = value?(&X)

Series 0App : Address-of and 84
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Two step de-referece * and * operators

value(p) value of a pointer variable *
B &p address of a pointer variable LT,
*
for *A, A can be value(p), &p, &a &a address of a primitive variable \\\\\\\““ "III""/‘
\
\\\\\
‘/ A "‘\\] : A

B A N J/

*
>
1

*value(A)

* value(p) = *
=p
*ta=a

- value(p) value of a pointer variable * *in two steps.  _
for *A = *p, A must be value(p) &p—addr intervari g, first value(), then *
&a—address-of-a-primitive-variable- \\\\\‘\ "’l,,,
\\\\\\ ‘
* - | % K 2
p = Value(p) * p = ;Value(p) ‘\N ________ \iaﬂu_e-()_ * E
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Inverse operators : & and * in pointer de-referencing

&i————
‘ & —Pvaue)—P *
Ivalue Ivalue rvalue Ivalue
*p p = &*p value(p) *value(p)=*p
R ——
—P> % & —Pvalue() |-
rvalue Ivalue'! Ivalue ! Ivalue
value(p) *P p=&* value(p)
C—————— * —  —]
b R —Pvalue() P> |valuet) — P k|-
Ivalue ! Ivalue 'rvalue ! Ivalue lIvalue
*p p=&Pp  value(p) p *p
| e
—P valuel)—P * - 1 & —P value() —P>
rvalue ' Ivalue ! lvalue'! Ivalue rvalue
value(p) p *P p =&*p value(p)

*value(p) = *p

value(p) = & *p = value(p)
F& Fvalue(p) = *& *p = *value(p) = *p

\ *
value(p) o <
\)

- \\\\ p I,/,,
$ %2
s _ Z
= & *
E s

&

W\
R ,
‘\ "’/
(/2
value *
p p
%,
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“u, Q
4, 7 \\\

'y, % N
™
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Inverse operators of & and *

* | |
- valueO)—P»> x* —P» & —» :
lvalue 0 rvalue * ' Ivalue & Ivalue *value(p) =*p
P _ P __P &*p= = & *value
= *value(p) = & *value(p) P=P P )
*&*p=*p value(p) =& *value(p)
Xi——
& value() P x|
Ivalue Ivalue rvalue I lvalue
* *
p p _p
= *alue(p) value(p) §‘\\\\‘ *p ‘,%
. | fam— | : 1 | "’I‘ \\\\
Ivalue | VELLIE, rvalule & ' Ivalle | & rvalule value™() | Iva'ue - o
p _*p e p |
= *value(p) = & *value(p) &
g,
%,
— “\\ "/,,’
& * x
e : L (awep) p
Ivalue & [ralf|value (r @ \value() =2 @) * Ivallie “u, v
on ;L"[ 777777777777777777777777777777777777777777777777777777 - l""l:,,,,:\' “““\\\“\\
p =*value(p) p *p = *value(p) m
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Inverse operators in pointer referencing (1)

e
*p = *p | 1 *p —
p =p *Q b &* v Tp =p
a =a .
value(p) = value(p) — value(p) —
&F&p =&p &* gp *& *p HZp =*p
&% &a =&a Y = )
Math expressions
*
\\\\\\\\\\\ //,A
(value(p) P value) ) [ e,
&p ‘// \\\\\\ \ p ss ’,2‘
&x ,',ll"’luulu\\“\ W a S E * E
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Inverse operators in pointer referencing (2)

x//
*p =*p * . “ *p
|
e - &
a =—a
Value(p) = Va|Ue(p) *************** Va|ue(p)
Ililillgil) = égL‘) % <§E§:!-}ka j;z‘)
&a = &a 9 L X
C expressions
*
\\\\\\‘\\\\ "/,A
value(p) *n
&p ' \\\\\\\\\\\ p

&X /"'ll W
LTI

a
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Inverse operators in pointer referencing (3)

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

| _______

P value(p) *p

ﬁ
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|

rvalue

value(p) P p

Ivalue

*p, P,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

rvalue Ivalue

a p

value(p), &p, &x

—> i —> & —»

rvalue

value(p), &p, &x

Ivalue rvalue

*p, p, a

*
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\ (/
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N
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S 2
/ $ %
/ S - ]
% : & *
\ Z §
\ %, S
\ %, >
N I/,. p » W
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-
*
RRCLLLLLITTTP
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\\\ %,
™
*
(value(p) ) P
N
W
&p 'I \\\\ p
/"I[ \\\\\ a
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Inverse operators in pointer referencing (3)

77777777777777777777777777777

Ivalue
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Ivalue
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rvalue
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Ivalue
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