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More Using Pass-by-Reference Parameters

In the previous section of notes, we introduced the pass-by-
reference mechanism for parameter passing and how this is
simulated in C.

Pass-by-value causes a copy of the value of the actual
parameter to be copied (sent) to the formal parameter in the
called function.

Pass-by-reference essentially passes the address of the actual
parameter to the formal parameter in the called function. In
the called function, the formal parameter must be a pointer
variable. When the address of the actual parameter is loaded
Into the formal parameter, the formal parameter now “points
to” the same address in memory referenced by the actual

arameter. -
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Green filled locations not initialized or available

A pass-by-value example
[ The memory ] [ The memory ] [ The memory
_ a ? a 3 ~— a 3
[ A called function ]
. . . . b ? b 6 b 6
int aFunction (int a, int b) ]
{ y 6 y 6 y 6
int result;
return a+b; Z ? VA ? V4 9
}
X 3 X 3 X 3
[ Somewhere in a calling function ]
int x = 3, y = 6, z; B
. resulll 2 resultft o9 result 9
z = aFunction (x, Vy);
printf (“%d %d %d\n”, x, vy, z);
\ _ Initial state After call After return
return _
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A pass-by-reference example

[ A called function ]

void aFunction (int *a, int *b)
{
*a = 4; //de-ref ptr var
*b = 8; //de-ref ptr var
return;

[ Somewhere in a calling function ]

int x = 3, y = 6;
aFunction (&x, &y);
printf (“&d %d\n”, x, vy);

T~

Prints “4 8”

Green filled locations not initialized or available

[ The memory ]

a ?
b ?
y 6
X 3
Initial state

[ The memory ]

Address
of x
b Address

ofy

y 8

a

After call
but before
return

[ The memory
a ?
b ?
y 8
X 4

After return
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More With Pass-By-Reference Parameters

Let’s write another simple program that uses a function
whose parameters are passed-by-reference.

Will write a function that simply swaps the values of two
parameters sent to it. We’ll then later on use the same
function in another program that will allow us to sort a set
of numbers into ascending order.

Basically, the swap function will take two parameters x
and y and interchange their values. If before calling swap
the value of x 1s 4 and the value of v Is 6, after the call
the value of x will be 6 and the value of v will be 4.
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zwap values using pazs by reference.c

L #include <stdio.h>
8
Y S Ffunction swvap interchanges the

B void swap (int #*wvalue=sl,

int *wvaluesel)

Notice that the formal
parameters are pointer
{ variables

? {
1A int tempval: S temporary place holder
11
12 cempVal = #*valuel; S save walusl 1 Eempial
13 #=valuel = *values2; SAset valuel to valusZ
i4 #=yalue? = tempWVal: AAset wvalu=sZ2 ¢ criginal wvalu=sl
15 retarn:
16 }//=nd swvap function
L5 Notice that the actual
ig :“t main () parameters are addresses
28 int numberl, numberz:; Us=Sr ralues
21
22 princf("“nPlease enter two in wvalue=z: ") »
23 scanft [("Ed42d4d", s&numberl, a&numbexrZ)
24 princf("W"nThe wvalueses vou entered are:\n"):
25 printf ("numberl = %d and numberZ = Td\nh\n" numberl, numberz)
26 awap (&numberl, &numberZ) Focall swap function
27 princf("“nThe wvalues after the call to swap are:n"):
28 printcf ("numberl = %d and number?Z = 4dWnywn", numberl, number2) ;
29
38 printf ("\oh\o™) ;
31 syvstem ("FATUSE"™) ;
32 retorn O
33 }//=nd main function
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BN C\Courses\COP 3223 - C Programming'\Spring l = | B [

numberld = 2 and number2 =

numberld = 2 and number2 =

The values you entered are:

7

2

Pressz any key to continue . . .

Pleasze enter two integer values: 2 2

The values after the call to swap are:
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Passing Arrays As Arguments

In a function definition in C, a formal parameter that Is
declared as an array Is, by default, a pointer to the array.

More specifically, It is the address of the first location in
the array. Thus, the name of the array Is equivalent to
&arrayName [0] .

When an array Is being passed to a function, its base
address Is passed-by-value to the function. The array
elements themselves are not copied. Thus, through the
base address (address of the first element of the array)
access to all other locations in the array is available to the
function. Thus, the array locations have been passed by
reference and any changes made by the function to those
array locations are made in the one and only copy of the
array.

’
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Passing Arrays As Arguments

Standard C compilers allow array bracket notation to be
Included In the function parameter list for any array
parameter, although it is not required that the brackets be
Included in the formal parameter description.

From a program/code readability point of view, It Is wise
to include the brackets so that It Is obvious to the reader
that an array Is being used as an argument to the function.

Thus, If we have declared int a[10];, then In a
function header int a[] Isequivalentto int *a.

Let’s write a program that passes a 1-d array to a function
and the function sums the values in the array and returns
the result to the calling function.

Notice the difference in the function declaration and the
function call in the two versions of the program.

’
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passing arrays - =um of an array.c

3 //March 3, 2003 Fritfen byv: Mark Lliewvellvn

!

L #include <=tdioc.h>»

b #define SIZE 10

7

8 //function sumdrrs sums the valuss 1n an array pass=ed Lo 16

7 ‘note that in addition to the array, the si1i=2= of the array must also be passed

18 int sumirray (int anfrray[], int =size)

11 {

12 int sum = 0; running som of wvalue SFFay

13 int i; //1oop control

14

15 for (i = 0: i < size: /In the call, it is implied that N

16 sum += anArray[i]: the address of

1? }//end for stmt myNumbers[0] is being

ig - return sumi passed to the function and

SSend sumArray function . . .

on i the function is accepting an

21 int main() \ array as the first parameter. /

22 |

23 int myNumbers[3IZE] = {1, 2, 3, 4, &5, &,

24

25 printf ("“nThe sum of the numbers ip LB array is: ") :

26 printf (":d\n\n", sumiArray (mylumbers, 5IZE) ) :

27 EA C\Courses\COP 3223 - C Programming\5pring @@g

28 printf ("\n\n") ; =

20 system ("FAUSE"™) ; he zum of the numbersz in the array is: 56 =

38 return 0;

31 }//=nd main function ress any key to continue . . .
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J pazzing arays - zum of an aray.c

array

r passed Lo 1.
= e - —- - - =1 T -
O LCe SFXray MUST S50 De passsed

S L Ladl

/In the call a direct address is\
passed using the address
operator and in the function
declaration a pointer variable
Is the corresponding
\_Pparameter. Y,

iz: ")

ER C\Courses\COP 3223 - C Programming\Spring @Elg

FY

The sum of the numbers in the array is: 55

3 //March 2, 2009 Fritten by: Mark Llevellvn
4

5 #include <stdio.h>

b #define SIEZE 10

7

8 //function sumldrray sums the values in an arra
? //note that in addition to the array, the size
18 int sumfirray (int *anbrray, int =size)

11 ¢

12 int sum = O; Jrunning s wf wvalue

13 int i; loop control

14

15 for (1 = 0; i < =ize:

16 sum += anfrrav[i]:

17 Y/ /end for stmt

18 retorn sum;

1? }//end sumArray function

20

21 int main{()

22 {

23 int myMumber=[5IZE] = {1, 2, 3, 4, 5, &,
24

25 printf (""nThe sum of the numbers ig &

26 printf (":d\nn", sumlirray (émyMumbers, SIZE)):
2%

28 printcf ("wn\n™) ;

29 system ("FAUSE™) ;

3n retorn O;

31 }//=nd main function

Press any key to continue . . .
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Sorting An Array Of Integer Values

Let’s combine both parameter passing techniques and
reuse the swap function we wrote on page 6 and develop
a program that will sort an array of integer values.

There are many different sorting algorithms available. The
one we will use for this program is called a bubble sort.
The technique it uses is to bubble the smallest value in the
array to the first position in the array on the first pass
through the array, bubble the second smallest value in the
array to the second position in the array on the second pass
through the array, and so on.

We’ll write a function called bubblesort that performs
the sort and calls the function swap to change the order of
any two elements in the array that are out of order
according to the sort.

’
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How The Bubble Sort Works

Pass 2

Pass 1
713|564
713|546
713|456
713|456
3| 7|45 |6

Smallest number in
position O

Smallest two values in
positions 0 and 1
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How The Bubble Sort Works

Pass 3 Pass 4

314 | 7| 5|6 314 |15| 7|6
I

314 |15| 7|6

\ Entire array sorted in 4t
Smallest three values in (n-1) pass
positions 0, 1, and 2
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I bubblesart. o

L #include <stdio.h>

6 #define MORX 10

7

8 //function swap - interchanges valuss of two parameters
? void swap (int *valuel, int *valuel)

18 ¢

11 int tempVal;: //temporary placeholder

12

13 tempVal = *valuel;

14 *yaluel = *valusl:

15 *wvalue?Z = tempVal:

16 retorn:

17 }//=end swap functicn

18

19 //function bubblescort - sorts an array using the bubblesort technigues
28 void bubblesort( int anfirray([], int size)

21 {

22 int i, jr; S/loop control wvarizsbles

23

24 for (1 = 0; 1 <« =size; +4+1i) {

25 for (1 = size - 1; 3 = i; —-3) 4

26 if (anArray[j-1] > anfArray[il)

27 swap (&anbhrray[j-1], &anhrrav[il):
28 Y/ /end for stmt

29 Y/ /Send for stmt

38 retorn:

21 }//=end kbukklesort function
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] | — |

[¥] bubblesort. ¢

48 int main()

41 {

42 int i; //loop contrel wvariable

43 int numbers[MAX] = {9,4,5,6,1,2,7,8,3,10}; //an array of numbers
44

45 printf (" \nThe unszorted array i=z: ‘\n");

46 for (i = 0; 1 < MAX; ++41) {

47 printf ("number[%d] = %d\n", i, numbers[i]):
48 }//end for stmt

49 printf ("\n\nThe sorted array is:\n");

LA bubblesort (numbers, MAX):

01 for (i = 0; 1 < MAX; ++41) {

L printf ("number[%d] = %d\n", i, numbers[i]):
53 }//end for stmt

L4

55 printf ("\n\n");

Lo gystem("FLUSE") ;

57 return 0;

%8 }//end main function
)
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K:\COP 3223 - Spring 2009\COP ... [B[=] [

he unﬂurted ary»ay 1is:= -
uwmbex»L[H1
wmbex»L[1 1
uwmbex»L2 1
uwmbex»L[3 1
uwmbex»L[41
uwmbex»[5 1
uwmbex»L[6 1
umbex» L[]
umbex»[H 1
umbex»L[? 1

| | T |
P ol 20 = D =k G P o 0

he smorxrted avyay is:=
uwmbex»L[HI1
uwmbex»L[1 1
uwmbex»L[2Z 1
uwmbex»L[3 1
uwmbex»L[41
umbex»[5 1
umbex»[G 1
uwmbex» L[]
umbex»[H 1
uwmbex»L? 1

| | 1
e o G2 =] O O G B

=3
:
\z
o
=
0
=
-
ot
.
-
=
:

Press angy

< |

COP 3223: C Programming (Functions —Part 4) Page 17 © Dr. Mark J. Llewellyn




Practice Problems

1. Trace the execution of the bubble sort program
on pages 15 & 16 assuming that the array
initially contains the values 4, 12, 2, 5, 1.
Assume that MAX Is also changed to have a
value of 5.

#
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Practice Problems

Write a C program that uses a function to multiply every value
In an array which is passed to the function by some constant
amount. Then write a second function that prints the values that
appear Iin the array whenever it is called. Have the main
function read the values into the array from an input file named
input.dat, where it is unknown in advance how many values
will appear in the file (assume it will be less than 100 values).
Once the values are read into the array have the main function
call the array print function and print out the contents of the
array. Then the main function should call the function that will
modify the array values and finally have the main function once

again call the array print function to print out the values after
they have been modified.

¢
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Practice Problems

Re-write the bubble sort program so that rather than producing
an ascending sort order in the array it produces a descending
sort order (i.e., the largest number in the array will be in the 0
position). Hint: Think for a minute, this is much easier than it
might seem.

#
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