Pointers and Reference parameters
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Today’s Lecture

ariable alue Pointers are variables that

0x4520
0x4524 pB 0x4520

store memory addresses

Memory Addressl

Before we learn about

pointers, we must learn  ox4520 B 181
more about addresses T o o —
Pointer Value
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Computer Memory

" Memory is just a long list of
numbers one after the other

My laptop has over 4 Billion of
these numbers

EaCh number iS 8 bitS (BYTE) E:;Ezz;:; E ;; ;:; I;II;I I;II;I I;II;I I:II:I I;II;I I:II;I ::III
We combine them to make “*--="°"== &= =5 &7 28 &5 == 10 =8
. . . Jx0032320C2 10 £fb cc 55 ee 15 05 44
mtegers and floatlng pomt values JwNN2920ES 0L C§ 10 £R 6~ GC £5 20
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Memory 1 - I
COI I IpUter Address: 000582104 - {#} | Columns: Auto

Ox005E2104 15 00 OO0 00 %2 99 51 41 od od cod cd 66 &6 &8 @6 ....#w Alfifssss

Mel | IOry Ox0O05EZ114 &6 46 58 40 54 68 65 73 20 €% 73 20 &1 20 73 74 £O0METhis is = st
Ox00522124 72 €3 €2 &7 00 £4 £d4 fd4 &b &b 2b 2k 2b zb z2b = ring. Fyfesaaasads

Ox005E2134 ee fe ee f£fe 00 00 00 00 00 00 00 00 39 0a 72 63 ipib........ 2. zrc

Ox0O0SE2144 295 90 01 18 00 00 OO0 00 OO0 00 OO0 00 00 00 00 00 3 oeeeoeoeeeeann.

Ox005EZ154 be ba de £fe 44 00 00 00 03 00 00 00 00 00 00 00 .=*0pD...........

Ox0O0SEZ164 £d £d4 £d £4 00 00 00 00 4c 22 58 00 00 00 00 00 §fff....L"%.....

Ox005E2174 00 00 00 00 00 00 00 00 00 00 OO 00 00 00 00 00 .. __________._

Ox0058Z154 00 00 00 00 00 OO0 Q0 00 00 00 00 00 40 22 S8 00  _ . _________._ B

Ox005E21%4 10 22 58 00 00 00 00 00 34 22 58 00 00 00 00 OO0 _"H_____ amsl_

Ox0O0SEZ144 28 22 S8 00 ec 21 58 00 £d £4 £d £4 ab zb ab & ("HLOLVE. §Yiieaas

Ox00SEZ1E4 ab &b zb &b 00 00 00 00 00 00 00 00 3e Oz 72 €4 aeee........ >.xrd

Ox0O0SEZ1C4 19 94 01 18 00 00 00 00 00 00 00 00 00 00 00 00 % . ..o eeeoen..

|Eﬁkutns |a Locals | [Z] Memory 1 ([ Modules |ﬁWatch T |§mFind Symbol Results
int (21) A/I float (18.2) |

Ox00582104 (15 00 00 O00|9a 99 91 4l|cd cd cd od &2 & &e co
Ox005E2114 €2 de 58 40 54 g8 €9 73 20 &9 T3 20 &1 20 73 7
0x00582124 72 &9 6e 67 00 fd £d £d &b =b &b &b &b &b zb =
Ox005B8213 gee fe ee £e 00 OO0 QO OO0 OO OO0 OO0 020 39 0z T ©3
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Memory Addresses

Memory addresses in computers are often 32 bits (or
nowadays, 64-bits) long, e.g.

011117117171171171171171111101010001100

Another way to represent an address is to use
hexadecimal:

Ox 7ffffa8c
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Hexadecimal (Base-16) 0000=0 1000=38
0001 =1 1001 =9
| have included this 0010=2 1010=10=3
chart on your 0011 =3 1011=11=b
worksheet so you can 0100=4 1100=12=c
refer to it. 0101=5 1101=13=d
0110=6 1110=14=¢
0111 =7 1111=15=f
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Addresses

32-bit address (Binary):
0111111111111111111110101000 1100
7 f f f f a 8 C

32-bit address (Hex): Ox 7ffffa8c
Notes:

— In C “Ox” indicates a Hexadecimal number
— Convert every four bits to a hex digit
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Arithmetic (in Hex) 0000=0  1000=8
0001 =1 1001=9

Sum: 0x 90 0010 = 2 1010=10=a

+ 0x 04 0011 =3 1011=11=b

Ox 94 0100 = 4 1100=12 = ¢

0101=5 1101=13 = d

0110=6 1110=14=e

0111=7 1111=15=f
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Arithmetic (in Hex) 0000 =0 1000=38
0001=1 1001 =9

Sum with carry: Ox 8¢ 0010 = 2 1010 =10 = 3

+ 0Ox 04 0011=3 1011=11=Db

Ox?? |0100=4  1100=12=c

0101 =5 1101 =13=d

0110=6 1110=14=¢

0111 =7 1111 =15=f
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Arithmetic (in Hex)

Sum with carry: Ox 8c
+ Ox 04
Ox ?7?

— Whatis “c+4"?

— In decimal itis “12 + 4 = 16"
which is Hex “10” (0 and carry 1)
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Arithmetic (in Hex)

Sum with carry: Ox 8c
+ Ox 04
Ox ?7?

— Whatis “c+4"?

— In decimal itis “12 + 4 = 16"
which is Hex “10” (0 and carry 1)

~

11
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Arithmetic (in Hex)

Sum with carry: Ox 8¢ \
+ Ox 04

Ox 90

— Whatis “c+4"?

— In decimal itis “12 + 4 = 16"
which is Hex “10” (0 and carry 1)

CSE 251 Dr. Charles B. Owen ll{e]5I [V .N\B YIS
1 H : UNIVERSITY
12 Programming in C
<



Bytes and Words

byt
ye /word

o0 oo oo = 29 51 41 Remember

T—

Ox00582104 |15 |00 0O
Jx00582114 oo de 58 40 54 gB &5 73 .
00582124 72 o9 te o7 00 £4 £4 £d 8 b|t5 - 1 byte

Ox00582134 gee fe ee £fe 00 OO0 OO0 0O 32 bltS =4 bytes - 1 Word.
Memory 1 >~ 1 X
32-bit address machines are
addressed bV thES SO |0x00712050 de bb 21 00 fis!. "

FN54 o1 oo oo o0

consecutive words have = C "
addresses that differ by four |oxco7iz0

00712060 00 00 00 0O

1 7

o0 00 a0 00

- 00 00 00 00

12024 01 00 00 00

712 a0 00 0o o0 [
0007120480 40 27 42 00 @'b.
Jx00712070 00 00 00 00 ...
0x00712074 00 ed ed ed _III
Jx00712078 00 00 00 OO0

0x0071207C 00 00 00 0O
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32-bit Addresses

Here are three consecutive 32-bit addresses (in Hex) of words:

0x00712050
0x00712054
0x00712058

dc bb 21 00

01 00 00 00

00 00 00 00

Memaory 1 > 1 X
.
-
0x00712050 de bb 21 00 Ul -
)x00712054 01 00 00 00
0x00712058 00 00 00 00
171205C 00 00 00 00
1712060 00 00 00 00
1712064 01 00 00 00
177 o nn nr nn
I71Z08C 40 27 €2 00 @'b B
1712070 00 00 00 00 ...
1712074 00 ed ed ed Iff
1712078 00 00 00 00 ...
0x0071207C 00 00 00 00 ...
0x00712080 ac 47 dZ 54 -GOT -

14
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Pointers

Pointers are variables that contain addresses

Just like other variables, they must be declared before
being used

Declaration:
int *p;  /* instead of int p for integers */

int * means p is a pointer variable that stores the address
of an integer variable
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Pointer Initialization

Declaration:

int a = 2; /* a 1s an integer */
int *pA = &a; /* pA is a pointer containing
the address of a */

“&” operator means “address of”
Read it as “at”
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The Address Game

0o

00| «—]

20

0o “*—[p—A

Ox00202104 |0z 00
0x00202108 |04 21
Dx00e0210C8 Sa 899
Dx00202110 00 00
Dx00202114 00 0O

91
ao
ao

41
ao
ao

An Intel processor is called a little endian
processor because it stores values with the least
significant byte first. You read it in reverse order.

0x00602104 in memory will be: 04 21 60 00

17
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Example Program

int a = 21;
int *pA = &a;

printf("%d\n",
printf("%x\n",
printf("%x\n",
printf("%x\n",
printf("%d\n",
printf("%x\n",

a);
a);
&a);
pA);
*pA);
&pA);

“%x” prints the hexadecimal value

Operators:

&

*

“address of”
“dereference”

Output

21
15
bfee861c
bfee861c
21
bfee8618

18
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#include<stdio.h>

int main()

{
inta =15, b =38;
int *c = &a;
printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, c, *c);

a=49;

printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, c, *c);

c = &b;

printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, c, *c);

19
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#include<stdio.h>

int main()

{
inta =15, b=38§;
int *c = &a;
printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, c, *c);

a=49;

printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, c, *c);

c = &b;

printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, c, *c);
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First Section

Declares a and b as integers

address of a (“points to a”)

. Address
inta=15, b =38;
int *c = &a; Oxeffffa94
printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b); OxeTTTTad0
printf("%x : %x : %d\n", &c, c, *c);

Oxeffffa8c

Memory

15

38

Oxeffffa94

21
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] ] Declares a and b as integers
First Section Declares c as a pointer that contains the
address of a (“points to a”)

. Address
inta=15, b =38;
int *c = &a; Oxeffffa94
printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b); OxeTTTTad0
printf("%x : %x : %d\n", &c, c, *c);

Oxeffffa8c

Output:

effffa94 15
effffa90 38
effffa8c effffa94 15

Memory Name
15 a
38 b
Oxeffffao4 C
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Declares a and b as integers

First Section Declares c as a pointer that contains the

address of a (“points to a”)

inta=15,b =38; Note the difference between

—

int *c = &a; ~ *Cin variable declaration
printf("%x : %d\n", &a, a); and *Ciin printf
printf("%x : %d\n", &b ,b);

printf("%x : %x : %d\n", &c, c, *c);

Output:

effffa94 15
effffa90 38
effffa8c effffa94 15

23
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#include<stdio.h>

int main()

{
inta =15, b =38;
int *c = &a;
printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, c, *c);

a=49;

printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, c, *c);

c = &b;

printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, c, *c);
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Second Section

Address Memory Name
a =49;
printf("%x : %d\n", &a, a); OxeftTfad4 ><49 A
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, ¢, *c); OxefFFFa90 38 B
oxeffffasc Oxeffffad4 C
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Second Example
Address

a =49;

printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, ¢, *c); OxefFFFa90

Oxeffffa9o4

Oxeffffa8c

Output:

effffa94 49

effffa90 38

effffa8c effffa94 49

Memory Name
><49 A

38 B
Oxeffffa94 C

26
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#include<stdio.h>

int main()

{
inta =15, b =38;
int *c = &a;
printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, c, *c);

a=49;

printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, c, *c);

c = &b;

printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, c, *c);
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Third Section

c = &b; /* c now points to b */
printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, ¢, *c);

Address

Oxeffffa9o4

Oxeffffa90

Oxeffffa8c

Memory

49

38

Oxeffffa9o

28
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Third Section

c = &b; /* c now points to b */
printf("%x : %d\n", &a, a);
printf("%x : %d\n", &b ,b);
printf("%x : %x : %d\n", &c, ¢, *c);

Output:

effffa94 49

effffa90 38

effffa8c effffa90 38

Address

Oxeffffa9o4

Oxeffffa90

Oxeffffa8c

Memory

49

38

Oxeffffa9o

29
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Reference parameters

A valuable use for pointers:
Passing addresses to a function
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Argument & Returned Value

Consider a function call y=f(x).
— The value x is passed to the function f
— A value is returned and assigned toy.

— By passed we mean that the value of argument x is
copied to the parameter in the function. Some
calculation is performed and the result is returned and
assigned toy.
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Example

int x, y;
X = 5; Address Memory Name
y = Square(x);

Oxeffffao4 . X
int Square(int t)
{ Oxeffffa98 . y

return t*t
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Example

int x, y;
X = 3; Address Memory Name
y = Square(x);

Oxeffffa94 5 X
int Square(int t)
{ Oxeffffaos8 y

return t*t
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Example

int x, y;

The call Square(x) :

creates a variable t
copies the value of xto t

X = 5;
Square(x);

<
|

int Square(int t)
{

return t*t

Address Memory Name
Oxeffffao4 5 X
Oxeffffa98 . y

}
OxeffFffc8c 5 t

34
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The call Square(x) :
Example creates a variable t
copies the value of xto t
int x, y; calculates t * t
X = 5; returns t
y = Square(x); Address Memory Name

Oxeffffao4 5 X

int Square{int t)
Oxeffffaos8 y

return t*t

Oxeffffc8s

OxeffFFfco0 25 temp
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y=f(x)

Only one valued returned
What if we want to return more than one value?

— Solution is to use pointers to variables in the calling
function
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How to do this in C

The approach is to pass the address (using the &
operator) of the value to be modified.

We call such a parameter a reference parameter.

Use the * operator to change the reference parameter
value
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Function Reference Params

int val = 10;

’ val Oxeffffag0 10

MyFun(&val);
printf(“%d”,val);

void MyFun(int *param)
{

*param = 27;
}
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Function Reference Params

int val = 10;

val Oxeffffa90 10

MyFun(&val);
printf(“%d”,val);

volid MyFun(int *param
Name Address Value old yru ( t para )
aram | Oxefffea88 Oxefffa90

P *param = 27;
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Function Reference Params

int val = 10;

val Oxeffffa90 27

MyFun(&val);
printf(“%d”,val);

. ] "

Name Address Value vold MyFun(lnt param)
aram | Oxefffea88 Oxefffa90

P " " *param = 27;
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Function Reference Params

int val = 10;
MyFun(&val);
printf(“%d”,val);

Prints: 27

The memory used by
the function is
destroyed when it
returns.

val Oxeffffa90 27

void MyFun(int *param)

{

*param = 27;

41
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What will this do different?

int val = 10;

val Oxeffffa90 10

MyFun2(val);
printf(“%d”,val);

void MyFun2(int param)
{

param = 27;
}
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Cards program

/* Create a random card and suit */
/* This will compute a random
suitl = rand() % 4;

This program repeats code. We don’t
like to do that. But, we could not put

/* This will compute a random the card draw into a function because
cardl = rand() % 13 + 1; a function can only return one value,

or so we thought!

do
{

/* Create a random card and suit */
/* This will compute a random number from © to 3 */
suit2 = rand() % 4,

/* This will compute a random number from 1 to 13 */
card2 = rand() % 13 + 1;

} while(cardl == card2 && suitl == suit2);

43
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Solution, pass by reference using pointers

/* Create a random card and suit */
DrawCard(&cardl, &suitl);

do

{
DrawCard(&card2, &suit2);

} while(cardl == card2 && suitl == suit2);

Don’t forget: void DrawCard(int *card, int *suit)

' {

/* This will compute a
*suit < to set the value random number from @ to 3 */
&cardl < to get the address *suit = rand() % 4;
_ /* This will compute a random
Pass with & number from 1 to 13 */
et wi card = ran % 13 + 1;
Set with * *card d() %
}
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