CHAPTER 4 VECTOR AND MATRIX MANIPULATIONS

Generating Vectors

A vector may be generated using the following statement:

>>x = starting_value : increment_size : end_value

If the increment_size is not included, MATLAB defaults to ‘1’.

>>x=1:2:7  (vector ends on 7)

x =

     1     3     5     7

>>x=1:4  (increment value assumed to be 1)

x =

     1     2     3     4

>>x=1:3:5  (vector ends at 4)

x =

     1     4

>>x=(1:2:7)'  (proper way to generate a column vector)

x =

     1

     3

     5

     7

>>x=1:2:7'  (will NOT generate a column vector)

x =

     1     3     5     7

>>x=0:0.13:0.6  (increment other than whole number)

x =

         0    0.1300    0.2600    0.3900    0.5200

>>x=0.6:-0.13:0  (negative increment)

x =

    0.6000    0.4700    0.3400    0.2100    0.0800

>>x=0.11:3.4  (floating point incremented by 1)

x =

    0.1100    1.1100    2.1100    3.1100

_______________________________________________________

Generating Vectors with Linspace and Logspace

LINSPACE Linearly spaced vector.

LINSPACE(x1, x2) generates a row vector of 100 linearly equally spaced points between x1 and x2.

LINSPACE(x1, x2, N) generates N points between x1 and x2.

» Ln=linspace(1,5,3)  (whole numbers)

Ln =

     1     3     5

» Ln=linspace(1.1,9.3,4)  (floating point)

Ln =

    1.1000    3.8333    6.5667    9.3000

» Ln=linspace(1,5,3.5)  (non-integer number of points)

Ln =

    1.0000    2.6000    5.0000

LOGSPACE Logarithmically spaced vector.

LOGSPACE(d1, d2) generates a row vector of 50 logarithmically equally spaced points between decades 10^d1 and 10^d2. If d2 is pi, then the points are between 10^d1 and pi.

LOGSPACE(d1, d2, N) generates N points.

» lg=logspace(0,1,4)

lg =

    1.0000    2.1544    4.6416   10.0000

_______________________________________________________

Subscripting

Individual elements or ranges of elements may be accessed, modified, or used without affecting the rest of the matrix.

» M=[11,12,13;21,22,23;31,32,33]

M =

    11    12    13

    21    22    23

    31    32    33

» M(2,2)=99  (change element 2,2 to 99)

M =

    11    12    13

    21    99    23

    31    32    33

» M(1:3,3)=0  (change column 3 to zeros)

M =

    11    12     0

    21    99     0

    31    32     0

Accessing vectors or certain elements of a matrix

» M=[11,12,13;21,22,23;31,32,33]

M =

    11    12    13

    21    22    23

    31    32    33

» M(1:3,2)  (elements 1 thru 3 of column 2)

ans =

    12

    22

    32

» M(:,2)  (all elements of column 2)

ans =

    12

    22

    32

» M(3,:)  (all elements of row 3)

ans =

    31    32    33

» M(3,[1,3])  (elements 1 and 3 of row 3)

ans =

    31    33

» M(:,[3,1])  (all elements of columns 3 and 1)

ans =

    13    11

    23    21

    33    31

The Empty Matrix 0x0

» x=[]  (defining an empty matrix)

x =

     []

» M=[11,12,13;21,22,23;31,32,33];

» M(:,2)=[]  (using an empty matrix to remove a column)

M =

    11    13

    21    23

    31    33

Single Number Indexing

Matrix addressing may be done with a single index number.  When indexing with a single number, start with the 1st column and count top to bottom.  Continue counting from the 2nd column to the Nth top to bottom.

M =

    11    12    13

    21    22    23

    31    32    33

» M(3)  {element M(3,1)}

ans =

    31

» M(6:9)  {elements M(3,2) and M(:,3)}

ans =

    32    13    23    33

Special Utility Matrices EYE, ONES, ZEROS, RAND, RANDN

EYE Identity matrix.

EYE(N) is the N-by-N identity matrix.

EYE(M,N) or EYE([M,N]) is an M-by-N matrix with 1's on the diagonal and zeros elsewhere.

EYE(SIZE(A)) is the same size as A.

» eye(4)

ans =

     1     0     0     0

     0     1     0     0

     0     0     1     0

     0     0     0     1

» eye(2,3)

ans =

     1     0     0

     0     1     0

» eye(size(M))

ans =

     1     0     0

     0     1     0

     0     0     1

ONES   Ones array.

ONES(N) is an N-by-N matrix of ones.

ONES(M,N) or ONES([M,N]) is an M-by-N matrix of ones.

ONES(M,N,P,...) or ONES([M N P ...]) is an M-by-N-by-P-by-... array of ones.

ONES(SIZE(A)) is the same size as A and all ones.

» ones(4)

ans =

     1     1     1     1

     1     1     1     1

     1     1     1     1

     1     1     1     1

» ones(2,3)

ans =

     1     1     1

     1     1     1

» ones(size(M))

ans =

     1     1     1

     1     1     1

     1     1     1

_______________________________________________________

ZEROS  Zeros array.

ZEROS(N) is an N-by-N matrix of zeros. 

ZEROS(M,N) or ZEROS([M,N]) is an M-by-N matrix of zeros.

ZEROS(M,N,P,...) or ZEROS([M N P ...]) is an M-by-N-by--by-... array of zeros.

ZEROS(SIZE(A)) is the same size as A and all zeros

RAND   Uniformly distributed random numbers.

RAND(N) is an N-by-N matrix with random entries, chosen from a uniform distribution on the interval (0.0,1.0).

RAND(M,N) and RAND([M,N]) are M-by-N matrices with random entries.

RAND(M,N,P,...) or RAND([M,N,P,...]) generate random arrays.

RAND with no arguments is a scalar whose value changes each time it is referenced. RAND(SIZE(A)) is the same size as A.  

» rand(3)

ans =

    0.5226    0.9797    0.8757

    0.8801    0.2714    0.7373

    0.1730    0.2523    0.1365

» rand(3,5)

ans =

    0.4235    0.4329    0.7604    0.2091    0.6808

    0.5155    0.2259    0.5298    0.3798    0.4611

    0.3340    0.5798    0.6405    0.7833    0.5678

_______________________________________________________

RANDN  Normally distributed random numbers.

RANDN(N) is an N-by-N matrix with random entries, chosen from a normal distribution with mean zero and variance one.

RANDN(M,N) and RANDN([M,N]) are M-by-N matrices with random entries.

RANDN(M,N,P,...) or RANDN([M,N,P...]) generate random arrays.

RANDN with no arguments is a scalar whose value changes each time it is referenced. RANDN(SIZE(A)) is the same size as A.  

Creating Larger Matrices with Special Utility Matrices

» A=[1,2,3;4,5,6;7,8,9];

» M=[11,12,13;21,22,23;31,32,33];

» C=[M,zeros(size(M));eye(3),A^2]

C =

    11    12    13     0     0     0

    21    22    23     0     0     0

    31    32    33     0     0     0

     1     0     0    30    36    42

     0     1     0    66    81    96

     0     0     1   102   126   150

» V=[zeros(1,4),1:2:7,ones(1,4)]

V =

  
0
0
0
0
1
3
5
7
1
1
1
1

Matrix Manipulation

rot90
Rotation

fliplr
Flip matrix left-to-right

flipud
Flip matrix up-and-down

reshape
Reshape a matrix

» N=[11,12,13;21,22,23;31,32,33;41,42,43]

N =

    11    12    13

    21    22    23

    31    32    33

    41    42    43

_______________________________________________________

ROT90  Rotate matrix 90 degrees.

ROT90(A) is the 90 degree counterclockwise rotation of matrix A.

ROT90(A,K) is the K*90 degree rotation of A, K = +-1,+-2,...

» rot90(N,1)

ans =

    13    23    33    43

    12    22    32    42

    11    21    31    41

N =

    11    12    13

    21    22    23

    31    32    33

    41    42    43

_______________________________________________________

FLIPLR Flip matrix in left/right direction.

FLIPLR(X) returns X with row preserved and columns flipped in the left/right direction.

» fliplr(N)

ans =

    13    12    11

    23    22    21

    33    32    31

    43    42    41

_______________________________________________________

FLIPUD Flip matrix in up/down direction.

FLIPUD(X) returns X with columns preserved and rows flipped in the up/down direction.

» flipud(N)

ans =

    41    42    43

    31    32    33

    21    22    23

    11    12    13

N =

    11    12    13

    21    22    23

    31    32    33

    41    42    43

_______________________________________________________

RESHAPE Change size.

RESHAPE(X,M,N) returns the M-by-N matrix whose elements    are taken columnwise from X.  An error results if X does not have M*N elements.

» R=reshape(N,2,6)

R =

    11    31    12    32    13    33

    21    41    22    42    23    43

_______________________________________________________

LENGTH   Length of vector.

LENGTH(X) returns the length of vector X.  It is equivalent to MAX(SIZE(X)) for non-empty arrays and 0 for empty ones.

» length(R)

ans =

     6

» S=reshape(R,1,12);

» length(S)

ans =

    12

N =

    11    12    13

    21    22    23

    31    32    33

    41    42    43

_______________________________________________________

SIZE   Size of matrix. 

D = SIZE(X), for M-by-N matrix X, returns the two-element row vector D = [M, N] containing the number of rows and columns in the matrix.  For N-D arrays, SIZE(X) returns a 1-by-N vector of dimension lengths.  Trailing singleton dimensions are ignored.

[M,N] = SIZE(X) returns the number of rows and columns in separate output variables. [M1,M2,M3,...,MN] = SIZE(X) returns the length of the first N dimensions of X.

M = SIZE(X,DIM) returns the length of the dimension specified by the scalar DIM.  For example, SIZE(X,1) returns the number of rows.

» size(N)

ans =

4 3

» [r,c]=size(N)

r =

     4

c =

     3

» size(N,3) (What is the length of ‘z’ axis?)

ans =

     1

