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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 —— x| — e

evalue Ivalue rvalue
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e type e type
esize E— * 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
® | /value * | lvalue o *p, **p
returns returns Ivalue
® | lvalue * rvalue *(&a), * (&p), * val
al * | lvalue
val *rvalue
— \. J
* can be applied to
Y A— g — e either an Ivalue variable
ovalue Ivalue rvalue or a rvalue address
* operand becomes
e type e type
osize €7 * . G an lvalue variable
e value e value . .
| value 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 &|lvalue| | takes Ivalue &a &p, &*p
returns rvalue
rvalue & e & cannot
M take rvalue

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

rvalue Ivalue
o value returns only an rvalue address
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Ivalue and rvalue with * and & operators

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

returns :

®: Jvalue : * Jvalue:i *lakeseither — xp * g
i Ivalue or rvalue
P oretuns i and returns

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

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

returns rvalue

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

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

* type 17 17 ° type * (an Ivalue variable)
e size * e size
evale Ivalue value

e value * (an rvalue address)
* operand : an lvalue variable
e type * i i
: Ssifge 17 * 4— . .. can be applied successively.
value rvalue

e value

& (an lvalue variable)

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

& can be applied successively.

...................... returns ..o

 Ivalue | * ?Ivalue? . pointer variable % p * can be applied successively.
Ivalue % | | address value * (&a) w4

: s : &*p ="p
¥ Eeeeeeeeeeeeanes 2ok — ok —
& lvalue i non-pointer variable : & P “TPp=&PP
lvalue & Ivalue : dereferenced variableég (*p)
® type s ype * (an Ivalue variable)
® S|ze L ® S|ze
e value ,va/ue * ,value e value * operand: an lvalue variable
s pe = o valle * (an rvalue address) |
o value ’value * | alue * operand: an Ivalue variable
* type & (an Ivalue variable)
e value 4_ 17 e size
rvalue & value ¢ value & operand: an rvalue address

* type — e type & i
osize  —— oY & (an dereferenced Ivalue variable)
cvave  Ivae | & ’value e & operand: an Ivalue variable

Series 0App : Address-of and
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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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Comparisons (1)

C operators : *, &
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Comparisons (2)

C operators : *, &

X a Ivalue
Ivalue * p  lvalue
Ivalue * *p value
Ivalue * (val | rvalue

augmented operators : *, &

X a Ivalue
Ivalue * p Ivalue
Ivalue * *p lvalue
lvalue * val | rvalue

Series 0App : Address-of and
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rvalue & a lvalue
rvalue ¢m & p_ Ivalue
rvalue ¢m & *p_ Ivalue

X val | rvalue
rvalue ¢m & a  Ivalue
rvalue ¢m & p_ Ivalue
rvalue ¢m & *p  Ivalue
lvalue = & *p_Ivalue

X val rvalue
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C operators : *, &

X a Ivalue rvalue

a lvalue

.......... p Ivalue

lvalue lvalue rvalue

*

lvalue * *p lvalue rvalue

lvalue

val rvalue

X Ro Ro Ro
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Augmented operators : *, &

X _a lIvalue rvalue = & a  Ivalue

Ivalue * p Ivalue rvalue & p Ivalue
Ivalue * *p Ivalue rvalue & *p Ivalue
Ivalue * vaI rvalue Ivalue & *p Ivalue
X val  rvalue
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Recursive application of the address-of operator

U&Q&EDIDIK)  &E(EE[DIDK)

& C operator & mathematical operator
takes only lvalue variable takes a dereferenced lvalue variable
returns rvalue address value returns Ivalue variable

thus, the above expression is not possible

successive application of & is not possible, successive application of & is not possible
Unless intermediate variables and proper
type casting but, *p becomes a Ivalue variable

* operator can be applied successively.
but, *p becomes a Ivalue variable
* operator can be applied successively.
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Recursive application of the address-of operator

"(F(*(cH)+))+k) &(&(&(c[I)LDIk])

“(((e+)+)tk) = &(&(&(c[DINIK) =
“(*(c[i]+))+k) = (&(&(c[iDliD+k) =
“(c[i]li]+k) = ((&(c[i])+))+k) =
cli][i][k] (((c+i)+))+k)
"/,:\ \\\\\\\\\‘\ ”/,,‘ s\\\\\\\\“ "'//,,/‘ \s\\\\\\\‘ 'l//,,‘
&c c o ot clij @ cli*, clillj] ® clilii+k, c[il[j][k]
. » Y., & A ‘
& & & &
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Recursive application of the address-of operator

"(F(*(cH)+))+k) &(&(&(c[I)LDIk])
V(V(eH)+)+K) u&(u&(u&(cihihikl)

* *in two steps:  _ & & in two steps:
first value(), then * i first &, then value()
value(p) p ‘0,,,, (value(p) ) p ",
2 %
______ 0 = value( * Seeoo__ U0 =value( 2 E
------------------ $
‘ 4\\\\\\
p p
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Recursive application of the address-of operator

successive application of & is not possible,
Unless intermediate variables and proper =
type casting V& V ]) [k])

&[0k = &((elilil*+k) = &Cv(elillil+k) = v(c[i]li]+k)
= c[i][j] + k * sizeof(c[0][0][O])

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

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

Series OApp : Address-of and 19 Young Won Lim
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Recursive application of the address-of operator

CEEH)  FVCVeH)H)H
C(eli+)+k)

(el

IO o -em

&(c[i][i) =cli]  +]
&(cli]) =cC +i
clij[ilIk] = *(e[i]i] +k)
cli][] =*(c[i]  +))
c|i| = *$c+iz
Series 0App : Address-of and 20 Young Won Lim
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Two step deferencing in type Il (1) — without skipping

&Clilk) = &C(elilll+k)  =cliil +k
&(c[ilin = &(*(c[il+)) =clil]  +]
&(cfi]) = &(*(c+i)) =c +i

&[Nk = *&((clilil+k)) *(elili] +k)

*§(C[i]U]) = *g(*(C[i]ﬂ')) =*(c[i] +))
*&(cfi]) = *&(*(c+i)) =*(c +i)
* * * *
,,‘ \\\\\\\\ /) /\ s\\\\\\\ /,,/‘ \\\\\\\\\ I/, ,‘
gc | ¢ e—S i ey i e——SllK [ g
», v, v, & A
& & & &
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Two step deferencing in type Il (1) — without skipping

&elillillkl) = &(*(c[i][il+k)) = value(c[i]li]l +k) =clili] + k*sizeof(c[0][0][O])
&(c[i][il) = &(*(c[i]+))) =value(c[i] +]) =c[i]  +] *sizeof(c[0][0])
&(cli]) = &(*(c+i)) = value(c +i) =c¢ +1 * sizeof(c[0])
&[Nk = *&((*(ci]lil+k)) = *value(c[i][i] +k) =*(c[i]li] + k * sizeof(c[0][0][O]))
*&(c[i]li]) = *&(*(efi]+))) =*value(e[i] +]) =*(c[i] +] *sizeof(c[0][0]))
*&(cli]) = *&(*(c+)) = *value(c +) =*(c + 1 *sizeof(c[0]))
S K\ S K
&c ¢ o—A& T i) oLl T iy eSO g
é: & & &
Series 0App : Address-of and Young Won Lim
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&(E[iiIk) = &((c[i[i]+k)) =cliji] +k
&(c[i][i]) = &(*(c[i]+))) =cli]  +]
&(cfi]) = &(*(cti)) =cC +i
&(elillllkl) = &(*(c[i][i]+k)) =c[i]lil + k* sizeof(c[O][0][0])
&(cfi]bn) = &(*(c[i]+))) =cli]  +] *sizeof(c[0][0])
&(c[i]) = &(*(c+i)) =cC + 1 * sizeof(c[0])
&c c e CH o] e—<y 1 i oK T kg
& & g g
&c ¢ o—AC T i) oLl T iy @S g
"':, \\\\s‘\ "/, \\\‘\\s ‘/"/, \\\‘&\s ""/, o i
& & & &
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&[]k = *&((clilli]+k))

= *(cliJl] +k)

*&(c[ili]) = *&(*(c[i]+))) =*(c[i] +))
*&(c[i]) = *&(*(c+i)) =*(c +i)
“&(ClillIkD)  =*&(*(clilli]*+k)) = *(clill] + k* sizeof(c[0][0][0])
*&(cfi]i]) = *&(*(c[i]*)) =*(c[i] +] *sizeof(c[0][0]))
*&(c[i]) = *&(*(c+i)) =*(c + i * sizeof(c[0]))
"'/,‘ "//,‘ ""/,,‘ s\\\\\\\“ "/,,,‘
&c c o S o] o<y 1 i oK T kg
. ,,," /,,?\ \ 'l,,,,‘ s\\\\\\\\‘ '//,,‘
&c ¢ o—VC T i el T iy @ MCMITT g
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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 25 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 26
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Two step deferencing in type Il (1) — without skipping

&cfijlillk)  =cfili] +k &(c[ijillk]) = value(ce[i]li] + k)
&(c[i]i]) = c[i] +] &(c[i][i]) =value(c[i]  +])
&(c[i]) =cC + i &(c[1]) = value(c + 1)
cli]iMk] =*(c[i]li] +k) cli]i]ik] = *value(c[i][j] + k)
cli][] =*(cli]  +i) c[i][] = *value(c[i] +])
c[i] =*(c +i) c[i] = * value(c +1)

Series 0App : Address-of and 27 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 28 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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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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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
Series 0App : Address-of and 31 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 32 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 33 Young Won Lim
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Inverse operators * and &

\\\“i"""'/, \\““i"""’/
\\\\\\ ‘ Ve N \\\\\\ \ Ve N
rVa/Ue _ IVaIUe r\/a/ue Ivalue
“ 2 da & a P b & S 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 34 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 36 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 37 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 39 Young Won Lim
5/21/25
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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;
(& d z *: ¢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 11 Young Won Lim
5/21/25
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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 OApp : Address-of and A2 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 OApp : Address-of and 43 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
de-reference operators 45

5/21/25



& 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

48

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
5/21/25



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 49 Young Won Lim
de-reference operators 5/21/25



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
5/21/25



Inverse operators of & and *

* |
- |value() P> * ° — _
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) s\\\\\\\\ *p ‘,%
: & g
| — | : 1 | "’I‘ \\\\\
alve 7} | vaue) rvalule 2 ' Ivallie | & rvalule value™() | Iva,ue . W
p P value(p) p '
= *value(p) = & *value(p) &
‘\\uuum,,,”
I/,
e “\\ "/,,’
& * | l
‘ | - .value(p) *p
ﬂ 10— a_’
Ivaluei & rvalue value () Ivalue value() rvalue * i Ivallie "z,,l ‘
| Sy | 7 ; W
*p = *Value(p) p *p — ;Value(p) '/Illl"""“\\\\\\\\
Series 0App : Address-of and 51 Young Won Lim
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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 52 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
de-reference operators
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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 55 Young Won Lim
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