
Using the "Matrices" palette in SMath Studio + Matrix operations
===============================================================
By Gilberto E. Urroz, September 2010

This worksheet shows some examples of matrix creation and manipulation
using the "Matrices" palette in SMath Studio. A picture of the palette
is shown below.

The paletted consists of 6 buttons identified as follows:

(1) Matrix (Cntl+M): enter a matrix specifying number of rows and columns
(2) Determinant: calculate the determinant of a matrix
(3) Matrix Transpose (Cntl+1): obtain the transpose of a matrix
(4) Algebraic addition to matrix: similar to minor
(5) Minor: calculates the determinant of a matrix minor
(6) Cross product: calculates the cross product of two 3-element vectors

Entering Matrices with the "Matrix" button
------------------------------------------

Suppose we want to define two 3-element column
vectors u and v using the "Matrix" button. First,
let's define vector u by clicking in an empty
section of the worksheet and typing "u:". Then,
press the "Matrix" buttonin the "Matrices"
palette to produce the following entry form -> ->
in which, by default, we would enter a matrix
with 3 rows and 3 columns.

Change the number of "Columns" to 1 and press
the [Insert] button. This produces the result ->

The next step is to enter the components of
the vector by clicking on the different
placeholders and typing the corresponding
entries. The vectors u and v, entered this
way, are shown to the right: -> -> -> -> -> 2

5
3

u
7
5

3
v

By using the "Matrix" button, or the command "Cntl+M", we can also define
other matrices such as the 5x4 matrix A and the 6x6 matrix B shown below.

214706
879083
786539
881686
244513
365382

B

9426
5382
5327

3074
8325

A
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Calculating the determinant of matrices
---------------------------------------

To calculate the determinant of a matrix that has been already defined,
such as matrices A or B, above, click in the worksheet, then press the
"Determinant" button in the "Matrices" palette. Type the name of the
matrix in the placeholder and press the equal sign (=) in your keyboard.
Here is an example:

5
106.1881B

Note that an attempt to obtain the determinant of A would fail because
determinants are only defined for square matrices such as B (6x6), but
not for a rectangular matrix such as A (5x4).

Obtaining the transpose of a matrix
-----------------------------------

To obtain the transpose of a matrix that has been already define, click
on the worksheet, then press the "Matrix Transpose" button in the
"Matrices" palette. Type the name of the matrix in the placeholder and
press the equal sign (=) in your keyboard. Here are some examples:

253
T

u 753
T

v

287823
178846

496145
705653

083818
639632

T
B

95538
43303

28272
62745

T
A

Algebraic addition (4) and Minor (5) buttons
--------------------------------------------

The operation of these two buttons is very similar: Click in the
worksheet, press button (4) or button (5), this produces either the
symbol A or the symbol M with two sub-index placeholders and one
placeholder between parentheses. Enter integer numerical values in
the sub-index placeholders, let's call them i and j. Also, enter
the name of a square matrix in the placeholder between parentheses,
say, B. Symbol A produces the absolute value of the determinant of
the minor matrix of B resulting from removing row i and column j.
On, the other hand, symbol M produces the determinant of the same
minor matrix. For example, for the 6x6 matrix B defined above we
have:

22763A 32 B 22763M 32 B

Getting a minor matrix (not in the "Matrices" palette)
-----------------------------------------------------

To see the minor matrix, use the function "vminor()", available
under the "Matrix and vector" category in the function button ->
in the SMath Studio toolbar. This produces a symbol M very
similar to that produced with button (5) in the "Matrices"
palette, but the result is the minor matrix, rather than the
determinant of the matrix, e.g.,
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21406
87983
78639
88186
36582

M 32 B

Calculating a cross-product
---------------------------

A cross product, or vector product, can be performed only on column
vectors of three elements, such as vectors u and v defined above.

To perform a cross product, click somewhere in your worksheet, and press
the "Cross product" button in the "Matrices" palette. This will produce
two placeholders separated by the multiplication symbol (x). Fill the
placeholders with the name of vectors previously defined, or insert
vectors using the "Matrix (Cntl+M)" button in the "Matrices" palette,
and then enter the equal sign (=). Here are some examples:

30
27

25
vu

30
27
25

uv

Other common matrix operations (not in the "Matrices" palette)
-------------------------------------------------------------

1 - Calculating the INVERSE of a square matrix: type the matrix name
and raise it to the power -1, e.g.,

0.0910.07350.08370.01290.00990.0304
0.10710.02710.00120.01220.16230.0058
0.02010.02580.08430.0470.12760.0687
0.01980.04510.06540.09160.03680.0664

0.08340.03260.0080.00150.05050.0943
0.16940.06450.04820.08190.10420.0225

1
B

2 - Matrix addition, subtraction, product: simply use the same
arithmetic operators (+,-,*) as used with scalars, e.g.,

4711129
714178129

1117126114
1861233
2121325
9914354

T
BB

0931523
901843
310474

15840139
24713011

3349110

B
T

B

106417126965
41267105452341
71105264126710

2451262654099
692371407115
654109915147

T
BB

100000
010000
001000
000100
000010
000001

1
BB
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T
B5B3C

4432361103
29141340421
1211210292

592422124933
6282755249
2133039394

C

, or,

3 - Creating specific types of matrices: use the following functions
in the "Matrix and vector" option under the functions button:->->

diag(v): produces a matrix whose main diagonal elements are the
components of column vector v, while all off-diagonal
elements are zero, e.g.,

200
050
003

diag u
700
050
003

diag v

identity(n): produces an identity matrix of order nxn, e.g.,

1000
0100
0010
0001

identity 4
100
010
001

identity 3

matrix(n,m): produces a matrix of n rows and m columns with all
its elements equal to zero, e.g.,

0000
0000
0000
0000

matrix , 44
0000
0000
0000

matrix , 43

reverse(matrix): reverses the order of rows in matrices or
vectors, e.g.,

2
5
3

u
3
5
2

reverse u

214706
879083
786539
881686
244513
365382

B

365382
244513
881686
786539
879083
214706

reverse B
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submatrix(matrix,is,ie,js,je):extracts a submatrix of "matrix"
including rows is to ie, and
columns js to je, e.g.,

865
816
445

submatrix , , , , 5342B ,i.e.,

col(matrix,j): extracts column j of "matrix" as a column
vector, e.g.,

0
8
3

8
1
8

col , 2B

4
3
3
0
3

col , 3A

row(matrix,i): extracts row i of "matrix" as a row vector,
e.g.,

3074row , 2A 881686row , 3B

augment(m1,m2): creates a new matrix by juxtapositioning matrices
m1 and m2 by columns. Matrices m1 and m2 must have
the same number of rows, e.g.,

2
5
3

u
7
5

3
v

72
55

33
augment , vu

stack(m1,m2): creates a new matrix by juxtapositioning matrices
m1 and m2 by rows. Matrices m1 and m2 must have
the same number of columns, e.g.

253
T

u 753
T

v
753
253

stack ,
T

v
T

u

4 - Functions that characterize matrices: these are functions that produce
numbers that represent some characteristics of a matrix. One such
number is the determinant of a matrix, which can be calculated using
button (2) in the "Matrices" palette, or using function "det."

The following are functions of interest, available under the "Matrix
and vector" option under the function button in the SMath Studio toolbar:
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* cols(matrix): determines the number of columns in a matrix
* det(matrix): calculates the determinant of "matrix"
* el(matrix,i,j): extracts element i,j from "matrix"
* length(matrix): determines the number of elements in "matrix"

(or vector)
* max(matrix): determines the maximum value in a matrix (or vector)
* min(matrix): determines the minimum value in a matrix (or vector)
* norm1(matrix): determines the L1 norm of "matrix"
* norme(matrix): determines the Euclidean norm of "matrix"
* normi(matrix): determines the infinite norm of "matrix"
* rank(matrix): determines the rank of "matrix"
* rows(matrix): determines the number of rows of "matrix
* trace(matrix): determines the trace (sum of diagonal elements)

of a square "matrix"

Examples of these functions are shown below:

4cols A 5rows A 532B <-- this is "el(B,2,3)"

36length B 9max B 8min B

30norm1 A 22.4054norme A 21normi A

4rank A 2tr B

5- Operations that involve sorting by columns, rows, or
sorting a vector: These operations are also available under
the "Matrix and vector" option of the function button -> ->

csort(matrix,j): sorts elements of column j in ascending order
while dragging along the elements in the other
columns, e.g., sorting by column 3 in matrix B:

214706
879083
786539
881686
244513
365382

B

881686
879083
365382
786539
244513
214706

csort , 3B

rsort(matrix,i): sorts elements of rown i in ascending order
while dragging along the elements in the other
rows, e.g., sorting by row 4 in matrix B:

612074
378809

987356
688861
342154
263835

rsort , 4B

214706
879083
786539
881686
244513
365382

B

27 Sep 2010 10:43:33 - UsingTheMatricesPaletteInSMathStudio.sm

6 / 7



sort(vector): sorts elements of a column vector in ascending
order, e.g.,

7
5

3
v

7
3
5

sort v
2

5
3

u
5
3
2

sort u
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