MULTI-DIMENSIONAL ARRAYS
Linear arrays are also called one dimensional array, since each element in the array is referenced by a single subscript.
· Two dimensional arrays are referenced by two subscripts and 
· Three dimensional arrays are referenced by three subscripts.
Some programming languages allow the number of dimensions for an array to be as high as 7.
TWO DIMENSIONAL ARRAYS
A Two-dimensional mxn array A is a collection m.n data elements such that each elements is specified by a pair of integers (such as J, K) called subscripts
1 ( J ( m 

and 

1 ( K ( n

The elements of A first subscript j and second subscript k will be denoted by A J.K or A[J, K]
Two Dimensional arrays are called 
· matrices in mathematics and 
· tables in business application. 
Hence two-Dimensional Arrays are sometimes called Matrix Arrays.
A two- dimensional m x n array A where the elements of A from a rectangular array with m rows and n columns and where the elements A [J,K] appears in row J and column K.
· A row is a horizontal list of elements and 

· A column is a vertical list of elements.
For example:  A has 3 rows and 4 columns, A[3,4] 
Two Dimensional 3 x 4 array A

Columns

 
Rows

A is a two-dimensional m x n array. 

The first dimension of A contains the index set 
1, 2, -----m

Lower Bound =1, and 
Upper Bound = M
The second dimension of A contains the index set 
1, 2, ----n 

Lower Bound =1, and 

Upper Bound = N
The length of a dimension is the number of integers in its index set. 
The pairs of lengths m x n (read by “m by n”) is called the size of array.

The length of a given dimension (i.e., the number of integers in its index set) can be obtained from the formula 

Length = upper bound – lower bound +1
Representation Of Two Dimensional Arrays
Let A be a two dimensional mxn array.

A is pictured as a rectangular of elements with m rows and n columns, the array will be represented in memory by a block of m.n sequential memory locations.
Array A is stored either as 
1. column by columns, is what called column-major order

2. row by row is called row-major order

	A
	Subscript

	
	(1,1)

	
	(2,1)

	
	(3,1)

	
	(1,2)

	
	(2,2)

	
	(3,2)

	
	(1,3)

	
	(2,3)

	
	(3,3)

	
	(1,4)

	
	(2,4)

	
	(3,4)


A is a two - dimensional 3 x 4 array

	A
	Subscript

	
	(1,1)

	
	(1,2)

	
	(1,3)

	
	(1,4)

	
	(2,1)

	
	(2,2)

	
	(2,3)

	
	(2,4)

	
	(3,1)

	
	(3,2)

	
	(3,3)

	
	(3,4)


For any two dimensional m x n array A 

Computer keeps track of Base (A) – the address of the first element A [1, 1] and computes the address LOC (A [J, K]) of A [J, K] using the formula

Column – major order  

LOC (A [J, K]) = Base (A) + w [M (K-1) + (J-1)]

Row – major order  

LOC (A [J, K]) = Base (A) + w [N (J-1) + (K-1)]

W 
denotes the number of words per memory location for the array A. 
Note:
 that the formulas are linear in J and K, and one can find the address LOC ([J, K]) in time independent of J, K.

General N-Dimensional Array
A n-dimensional m1x m2x … mn array A is a collection m1.m2…mn  data elements such that each elements is specified by integers K1, K2,… Kn called subscripts
1 ( K1 ( m1 
….. 

1 ( Kn ( mn
The elements of A will be denoted by A K1, K2,… Kn or A[K1, K2,… Kn]

[image: image1.png]Then the address LOC(CIK,, K, .

- -+ K] of an arbitrary element of C can be obtained from the
formula

Base(C) # wl(C* (Enkonoy + Eyey)lwes) # -+ + EDLy + EDL, + )] “.8
or from the formula
Base(C) + wl(---(E,L; i Ey)Ly+ E)L,+---+ Eq_,)Ly+ Ey} @9

according to whether C is stored in column-major or row-major order. Once again, Base(C) denotes
the address of the first element of C, and w denotes the number of words per memory location.




Example Representation of 3-D Array in Memory
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(a) Column-major order. (b) Row-major order.
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A[1,1] , A[1,2] , A[1,3] , A[1,4]


A[2,1] , A[2,2] , A[2,3] , A[2,4]


A[3,1] , A[3,2] , A[3,3] , A[3,4]


 























