
Lecture 18
Arrays II

bigger data

Daily Puzzle

• "My property is exactly a mile square," said 
one landowner to another. 
"Curiously enough, mine is a square mile," 
was the reply.
"Then there is no difference?"
Is this last statement correct?



Daily Puzzle

• SOLUTION

In this case maybe:
1 mile square (1 × 1 miles) = 1 square miles 
but...
20 miles square (20 × 20 miles) 
is equal to 400 square miles

Announcements

• Lab exam 2 next week.  

• everything up to and including arrays (functions, 
pointers (pass by reference), loops, nested loops, etc).



arrays and functions

• In a function definition, a parameter that is 
declared an array is similar to a pointer.

• When an array is passed, its base-address is 
passed to the function.

• The array elements themselves are not 
passed.

arrays and functions

• An entire array can be passed to a function as 
an argument.



arrays and functions

int sum(int x[10], int n)
{
    int i, sumV=0;
    for (i=0; i<n; i=i+1)
        sumV = sumV + x[i];
    return sumV;
}

int y[10]={1,2,3,4,5,6,7,8,9,10};
int sumY;

sumY = sum(y,10);
the array is 

pass-by-reference

arrays and functions

• Hence, if any of the array elements are altered 
within the function then these alterations are 
recognized in the calling portion of the 
program.



arrays and functions

int x[4]={2,4,6,8};
int y;

y = sum(x,4);

int sum(int x[10], int n)

When an array is passed to a 
function, technically what is passed 
is the location of the first element.

x[0]

This is  a pointer - a 
variable containing an 

address

arrays and functions

int sum(int x[], int n)
{
    int i, sumV=0;
    for (i=0; i<n; i=i+1)
        sumV = sumV + x[i];
    return s;
}

Can also be 
written like this.



arrays and functions

int v[100];

Various ways sum() might be calledVarious ways sum() might be called

Functional call What gets computed

sum(v,100) v[0]+v[1]+...+v[99]

sum(v,84) v[0]+v[1]+...+v[83]

sum(&v[7],k-7) v[7]+v[8]+...+v[k-1]

sum(v+7,2*k) v[7]+v[8]+...+v[2*k+6]

arrays with dimensions



arrays with dimensions

• The C language allows arrays of any type 
including arrays of arrays.

• These are sometimes known as 
multidimensional arrays.

arrays of arrays

(0,0)

(1,0)

(0,1) (0,2) (0,3) (0,4)

(1,1) (1,2) (1,4)(1,3)

an array

of arrays



arrays with dimensions

• For example:

 double x[10][20];

is a declaration for an array, x, with 10 
elements, each of which contains an array with 
20 elements.

arrays with dimensions

• A k-dimensional array has a size for each of its 
k dimensions.

 double y[10][10][10][10];



arrays with dimensions

• Arrays need not be restricted to one dimension.

Array dimensionsArray dimensions

Declarations of arrays Notes

int a[100]; a one-dimensional array

int b[4][8]; a two-dimensional array

int c[5][3][2]; a three-dimensional array

arrays with dimensions

• In the preceding example, each element of 
the array is accessed using the expression 

 x[i][j]

• A classic example of an array-of-arrays.



arrays with dimensions

• When the array indices are folded into one 
subscript , e.g. x[i,j] the expression is a 
true multi-dimensional array.

• This cannot be done in C.

2D arrays

• Visualize a 2D array as a matrix.

• A two-dimensional (2D) array has both rows 
and columns.



2D arrays

rows

columns

(0,0)

(1,0)

(2,0)

(3,0)

(4,0)

(0,1) (0,2) (0,3) (0,4)

(1,1) (1,2) (1,4)(1,3)

(2,1) (2,2) (2,4)(2,3)

(3,1) (3,2) (3,4)(3,3)

(4,1) (4,2) (4,4)(4,3)

2D arrays

row 0 →

row 1 →

row 2 →

row 3 →

column 0

column 1

column 2

row and column 
subscripts 

begin with 0

12 3 27

7 34 19

43 -6 24

4 29 -11



2D arrays

• For example, an array declared as:

! ! int a[3][4];

the array elements are arranged as follows:

column1 column2 column3 column4

row1 a[0][0] a[0][1] a[0][2] a[0][3]

row2 a[1][0] a[1][1] a[1][2] a[1][3]

row3 a[2][0] a[2][1] a[2][2] a[2][3]

Array initialization

• 2D arrays can be initialized within a 
declaration.

• An array initializer is a sequence of 
initializing values written as a brace-
enclosed, comma-separated list.

• Each row is contained in braces.



Array initialization

• For instance:

 int j[2][2] = {{1,2},{3,4}};

declares j to be a 2×2, 4-element, integer 
array whose elements have the initial values 

 j[0][0]=1!  j[0][1]=2

! j[1][0]=3!  j[1][1]=4

Array initialization

• The following three initializations are 
equivalent:

int a[2][3] = {1, 2, 3, 4, 5, 6};
int a[2][3] = {{1, 2, 3}, {4, 5, 6}};
int a[ ][3] = {{1, 2, 3}, {4, 5, 6}};



2D arrays

row subscript

int x[4][3];

x[2][1]=10;

column subscript

each subscript 
has its own set 

of brackets

12 3 27

7 34 19

43 10 24

4 29 -11

2D arrays
#define M 4
#define N 5

int main(void)
{
    int a[M][N];
    int sum;

    for (i=0; i<M; i++)
        for (j=0; j<N; j++)
            sum = sum + a[i][j];
    printf(“%d\n", sum);
    return 0;
}



2D arrays

• Where are 2D arrays used?

• 2D datasets, 
e.g. grayscale images with 
256 shades of gray.

2D arrays

141 136

148 141

intensity



2D arrays

image with noise image “cleaned” using median filter

2D arrays

20 x 20 section of the image

5 x 5 region to be filtered

image with noise



2D arrays

23 27 100 104 105

11 23 105 108 109

21 45 104 103 104

23 34 106 112 110

9 46 87 90 98

9 11 21 23 23 23 27 34 45 46 87 90 98 100 103 104 104 104 105 105 106 108 109 110 112

98

median value

2D arrays

for (i=2; i<n-2; i=i+1)
    for (j=2; j<n-2; j=j+1)
    {
        k = 0;
        for (u=-2; u<=2; u=u+1)
            for (v=-2; v<=2; v=v+1)
            {
                mask[k] = image[i+u][j+v];
                k = k + 1;
            }
        med = find_median(mask,25);
        newImage[i][j] = med;
    }

int image[500][500], newImage[500][500];
int mask[25];
int i, j, k, u, v, med, n=500;

code to “clean” image



Array errors

• Common errors in array references include 
using parentheses instead of brackets, as in 
x(2)(3), or using only one set of brackets, 
as in x[2,3].

Accessing elements

#define N 100

// Define a 2D array called image
int image[N][N];
int i, j;

// Set all the elements in the array equal to 
0.
for (i=0; i<N; i++)
    for (j=0; j<N; j++)
        image[i][j] = 0;



Array and matrices

• A matrix can be represented using a 2D array.

• Be careful when translating equations in 
matrix notation into C statements because of 
the difference in subscripting.

Array and matrices

• Matrix notation assumes that the row and 
column numbers begin with the value 1, 
whereas C assumes that the row and column 
numbers begin with the value 0.



Higher dimensions

• C allows arrays to be defined with more than 
two subscripts.

• A three-dimensional (3D) array is really a 
series of two-dimensional arrays.

Higher dimensions

• For example, to declare a 3D array volume:

 int volume[10][10][10];

• Declares a 10×10×10 array containing 1000 
elements: essentially 10 2D arrays, each 
containing 100 elements.



Higher dimensions

• 3D arrays are often used to specify 3D 
information. 

• For example in a 3D image, the first two 
subscripts could be used to indicate the x 
and y coordinates, whilst the third is used to 
specify the z (depth) coordinate.

3D arrays

x

y

z

e.g. 3D medical images, monochromatic movies



3D arrays

181

136

55

174

132

48

189

143

58

180

136

49

R

G

B

3D arrays

RGB = Red Green Blue



Higher dimensions

• 4D arrays are often used to specify time-series 
data.

• For example, in a 4D image, the first three 
coordinates are used to specify a 3D 
images, whereas the fourth coordinate is 
used to specify a specific time.

4D arrays

e.g. time-series 3D images, colour movies



Accessing 3D arrays

#define N 10

// Define a 3D array called volume
int volume[N][N][N];
int i, j, k;

// Set all the elements in the array equal to 0.
for (i=0; i<N; i++)
    for (j=0; j<N; j++)
        for (k=0; k<N; k++)
            image[i][j][k] = 0;

Initializing 2D arrays

int a[3][4] = {{0, 1, 2, 3},
               {4, 5, 6, 7}, 
               {8, 9, 10, 11}};

row 1

int a[3][4] = {0,1,2,3,4,5,6,7,8,9,10,11};

this is equivalent to...



2D arrays and functions

int magic(int x[][], int m, int n)
{
    int j, sumV=0;
    for (j=0; j<n; j=j+1)
        sumV = sumV + x[0][j] * x[1][j];
    return sumV;
}

int y[2][5]={{1,2,3,4,5},{6,7,8,9,10}};
int sumY;

sumY = magic(y,10);
this will 

not work!

Functions and elements

• It is also possible to pass individual elements 
to a function.

• Consider the function swap.



Functions and elements

void swap(int *x, int *y)
{
    int temp;
    temp = *x;
    *x = *y;
    *y = temp;
}

int y[5]={1,2,3,4,5};

swap(&y[1],&y[4]);

this swaps 
the 2nd 
and 5th 

elements 


