Introduction to
Visual Basic and Visual C++

Lesson 11
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Pointer

Memory Allocation and Management
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Character Constants and Variables

address
character @

constants 145600
................. aChar

variable el
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Pointer Constants

B Pointer constants, drawn from the set of addresses for a
computer, exist by themselves. We cannot change them; we
can only use them.
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Print Character Addresses

E When the ampersand (&) is used as a prefix to a variable
name, it means “address” of variable. When it is used as a
suffix to a type, it means reference parameter.

/I This pragram prints character addresses h
#include <iostream:
using namespace std;

int main ()

( a |:I142300
char a:
char b b |:I142301

cout << &a << &b ;

return O ;
} /1 main
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Integer Constants and Variables

E The address of a variable is the address of the first byte

occupied by that variable
integer
constants
identifiers integer
value
a
234560

bl 145 § 234564

integer
variables
6

Pointer Variable

address of
variable a
a -123

a 234560

. pointer
&a stored in variable
variable p

p

Physical representation Logical representation

1154-1-A @ Peter Lo 2010 7

Multiple Pointers to a Variable
q | 234560

234560




Accessing Variables through Pointers

Before

P — [l
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q_/

o — 2]
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X

q

Statement

X = 4:

RN = .uq + .up:

multiply
operator

X =7p"q;

After

p—o (i
q A '

p ::;; E:%;::]
q

P [l
a X

P — )
q

p—e- 255
. A

Address and Indirection Operators

& ' . inverse , N '
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Pointer Variable Declaration

pointer type

Uninitialized Pointers

int a;
?
int *p;
pointer to unknown
location
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Initializing Pointer Variables

nt X Step 1: Declare variable: int™ p;
int* p = &x; declaration
Step 2: jho
*Initialize Variable, P = &X;
initialization
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Add Two Numbers Using Pointers

aT blf rT
pa pb Pr
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Demonstrate Pointer Flexibility
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Using One Variable with Many Pointers

d
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Example: Exchanging Values

int a 5: Il

int b = 7;

/4 Pass by value
exchange (a, bh);

void exchange (int x, int y)

{

int temp = x:

x =¥

¥ = Lemp:
return;

} /7 exchange

(a) Original values unchanged

no change

>‘I Im

exchanngLi}A

L/

temp

Example: Exchanging Values

int a 5 :.
T

int b

s/ Pass by reference
exchange (a. h):

void exchange (int& x, int& y)

{

int temp X

X = v

¥ = Lemp:
return;

¥ /7 exchange

(b) Original values exchanged

X exchanged y
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Example: Exchanging Values Functions Returning Pointers

e s D a b E Itis aserious error to return a pointer to a local variable.

it b = 7: int* smaller (int*, int*) ; a

S/ Passing pointers
exchange (&a. &b):

void exchange (int* px, int*
{
int temp = *px:
px = *pv:
Py = Llemp:
return,;

} // exchange

Py}

(c) Original values exchanged
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(after exchange)

px Py
5 I
temp
19

int main ()

.
int a;
int b,
int *p;

cin >> a >> b;
p = smaller ( &a, &b );

} // main

p

"IN
—

int* smaller (int* px, int* py)

{
return ( *px < *py 7 px:py) ;
} // smaller

-

PX

W_zi N




Pointers to Pointers

/I Definitions

int a;

int* p;

int** q:

a P q
234560
@ 234560 @ 287650 287870

a=>58;
p=_&a;
q=2&p;
cout << a<< "’
cout << pe<"’
cout << Tge<" ™

Pointer Types must Match

int |a;

int* | pa; int* | pa;
int™* | ppa; int* | ppa;
a = 4;

*pa = 4, pa = &a;
**ppa 4; *ppa = &a;
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int™ |ppa;

ppa = &pa;

22

Common Program Design

E Create local variables when a value parameter will be changed
within a function so that the original value will always be
available for processing.

B When several values need to be sent back to the calling
function, use address parameters for all of them. Do not return
one value and use address parameters for the others.

program I

getData I compute I printResuItsI
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Using Pointers as Parameters

a b [= rootl rootz numRoots

pa pb pe

(a) Calling getbData

i b [S roostl rootz numRoots

printResult

(c) Calling printResults

24




Pointers to Arrays

alol ) e—a
al11 [ ]
a[21 [ ]
[
[

The
name of an array is a
a[31 [ ] pointer constant to its
first element
al41 [ ]
a
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Dereference of Array Name

- : int main ()
This element is called
al0] or *a {

int a[5]=

a[0] 2 - a {2, 4,8, 822 %

al1] 4 Cout << "8 << << al0];
return 0;

al 2] 6 }// main

a[3] 8

al4] 22
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Array Names as Pointers

E To access an array, any pointer to the first element can be used
instead of the name of the array.

a P int main () u
{
l int al6] ={2.4,6.8 22}
int *p = a
a[0] 2 int i = 0
a[ 1 ] 4 i-:-(.]LJ[ << a[i]<<" "ee "p;
al2] 6
return O;
ars] 8 }// main
al 4] 22
a
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Multiple Array Pointers

@ int main ()
/ a {

al0] :::*2F5]:{2,4,6,8,22};
al1] R
p=2&a[1]

cout<<al0]<<""<< p[-1];
cout<<a[1]<<""<< p[O];

};.//./.main

BN
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Pointer Arithmetic

B Given pointer, p, p £ nis a pointer to the value n elements

a—e [ 2 ] e—p2]

away

> [T ] <>
2— [ 6 Je—p 1
3— > [ 8 Je—p 2

Dereferencing Array Pointers

a

a[O] or =(a+0) 2 +— 3
al[1] or =(a+1) 4 +—— 3
al[2] o x(@+2) 6 +— 3d
al[3] or *x(a+3) 8 —— 3
al4] or x(a+4) 22 <« 3

U N

« (@ + n) is identical to a[n]

pSm = pWalk ;

Print table

a+ 4—sp <+—p + 3
a
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ary—e| 32 4—- pSm table
] N R
N pSm is Smallest. |pWalk lker.
Cmin husds | Rmowsto \
22 the smallest. find smallest.
20 '_‘-met table+1 table [0] or *(table +0)
After initialization \
e  —— ——
] 8
14 ‘\.p\u'.falk 14 dprnlk tables 2 table[1] or *(table + 1)
22 22
20 ‘__“- plast 20 “—- plast \
Alter first iteration After second iteration
ary—e| 32 /- pPSM  ary—w| 32 ‘/- pSm table(2] or *(table +2)
a ]
4 /. pfalk 14 pwalk int table[3][4] ;
22 22
20 ‘——.pLas-. 20 4_.p|_‘_lsl for (inti=0;i<3;i++)
After third iteration After fourth iteration { for (intj = 0: < 4 )
or (intj=0;:j<4; j++
Last - p . intcout << setw(B)
K)rat?nt_:éyrr:zagy.h;{;\:alklz ary +1; << *((table + i) +]);
pWalk <= plast; cout << endl ;
pWwalk++ ) } i fori
if (“pWalk < “pSm ) 31 32




Variables for Multiplying Array Elements

main
-+ ary
A
\
‘\
3 b\
l‘ \
‘I
multiply 3 \
pAry pWalk  plast size
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Memory Allocation

Memory Allocation

Static

Using declarations
and definitions

Dynamic
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Using

predefined operators

34

Memory Management Functions

Memory
Management
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A Conceptual View of Memory

E You can refer to dynamic memory only through a pointer

main

stan

called and
dard functions

PROGRAM MEMORY

global

program heap

system stack

DATA MEMORY

MEMORY




New Memory Allocation for a Single Data

Memory Allocation for an Array

Item
tr
ptr P
int* ptr = new int; NN int* ptr = new int[200]; I
200 integers
one integer
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Freeing Memory A Ragged Array
E Memory allocated by new must be released with delete, and whle N y|32 [18 |12 [ 24]
memory allocated by new][...] must be released table [0 {22
Wlth delete[] table [ 1] __———vl 13 ‘ 11 ‘ 16| 12 l 42 ‘ 19 l 14 ]
table [ 2 ] '---.________“.
BEFORE AFTER table [ 3] x\
g table [ 4] (B 1313 14
I{-’I:l !-.. table [ [ ] ---
otr
delete ptr; n
BEFORE AFTER int" table: N
; 3 f ble = new int™ [rowMNum + 1] ;
B-C T 7T T 7] Erii
ptr 200 integers ptr 200 integers table[0] = new int[4];
table[1] = new int[7];
delete[ ] ptr; table[2] = new int[1];
table[3] = new int[3];
table[4] = new int[2]; 40
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table[5] = NULL ;




