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MATLAB notes for Math 2T03

MATLAB is started in different ways, depending on the setup (unattached computer or network). Obtain instructions from your consultant or manual.

0.
→   To get out of MATLAB (erasing program’s working memory, too):

 quit  

→ 
 To get help right on the command screen, e.g. about the operation “inverse”:

 help inverse

 help 

itself gives you a list of topics. It may zip through the screen faster than anyone can read, unless you use first the command

 more on   
… instructs displays to be halted after every screenful, until you press the spacebar (and you can disable this feature by   more off   ).

→   To fish around for help on a keyword, e.g. “square” or “squares”, use

 lookfor square 

(In most setups, you can also get separate help windows by clicking the mouse button according to the windowing environment conventions.)

→   To find out what’s in MATLAB’s working memory:

who
returns names of stored variables

whos
returns names, sizes and types of stored variables

what
returns MATLAB programs and functions stored in permanent memory

→ 
 To save screen display (“diary”) into a file, say, 2J6dA1.DIA, give the command

diary 2J6A1.DIA

→
To suspend saving display, give the command

diary off

→  To resume saving the display, give the command

diary on

→ To insert your comments which are to be seen but to cause no action, use the % sign to start each line of comment, for example:

% Final stage – keeping my fingers crossed:

→ To repeat (right away or after editing) a command line from the past:

Press the  ↑  key (repeatedly if necessary).

1.
The name of a (number or a) matrix in MATLAB can be  


a letter, or  

a word starting with a letter which is followed by a few letters or numerals or a connector  _  (underscore) (and other than "reserved" words of the MATLAB vocabulary).

Examples: a, A, x, X1, my_favourite_matrix

Upper and lower cases are distinguished: A1 and a1 are stored in different places.

MATLAB will recognize only the first 16 characters of a name. 

If you do not give a matrix (as a result of previous definitions or operations) a name, MATLAB will store it under the name "ans" (short for answer), until another command overwrites it.  

To save the data called "ans" in a place called, say, AA, before they get overwritten, give the

 command 

 AA=ans;

→  Arithmetic:

The whole expression must be on one line, all operators indicated, and parentheses are required when functions are used; they also help remove ambiguity. For example, the expression
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   looks like

5*x^2 –sin(2*exp(y))/(2+pi)

(
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 has name “pi”, the complex unit i has name i or j, and the base of the Calculus exponential does not have a built-in name or value; if we need it, e=exp(1).)

Some arithmetical functions other than standard elementary functions:

abs (x) for |x|

round (x) for the closest integer to x (integers plus ½ are rounded towards larger absolute value)

and others, such as ceil, floor; use “help” command to learn about them.

→  Entering matrices by listing entries: usually row by row. Start with a "[", separate entries by  spaces or commas, and separate rows by semicolons ";" , conclude with a "]" .

For example,

 [1 3; 2 2; 4 -8]
results in

ans=

  1  3

  2  2

  4 -8

which means    
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Instead of semicolons, one can use new lines.

With a name: the command

 A=[1 2 1 1; 0 0 2 1; 1 2 1 -6.6]

or more neatly,

A=[1 2 1 1

      0 0 2 1

      1 2 1 -6.6]

results in a 3 x 4 matrix 
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, which MATLAB displays as

A=

   1  2  1  1

   0  0  2  1

   1  2  1 -6.600

→  For extra long rows, formulas or composite commands, use three dots like ... to indicate  that  the "logical" line continues on the next "physical" line. 

Entries can be expressions:

 A1=[2*3  3/4  0*pi  1]

comes out as

A1=

 6.000  0.7500 0  1.000

 →  To suppress display , use semicolon at the end of a command:

 B1=[2 7 1; 3 3 4/2];

will store the indicated 
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 matrix under the name B1, without writing it on the screen.

→  To find the dimensions of a matrix:  the command is 

 size(A)  
...MATLAB responds with

ans=

  3 4

meaning 3 rows, 4 columns. The answer itself is a 
[image: image6.wmf]12

´

 matrix.

Special matrices:
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is created in MATLAB by   zeros(p,q)  ,
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is created by   ones(p, q)  ,
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is created by   eye(p, q)  ... if  p=q, just write eye(p)  .

Empty matrix is created by  [ ]  .

→  Random  
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  matrix:

 rand(p,q)  or if square, also  rand(p)  .

 The entries are uniformly distributed over the interval [0,1].  

 Random 
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 matrix, entries distributed normally around 0, standard deviation 1:

 randn(p,q)

 Special rows:

 1:n    
returns the row vector [1 2 ... n] ; more generally, 

 r:h:s    
returns a row with an arithmetic progression starting with r with increment h as

 long as the terms are not past s. If  (s-r) and h have different signs, the answer is [ ].

 If  h  is not mentioned, it is assumed to be 1.

 Special classes and selections of matrices:

 triu(A)    
returns the upper triangular part of a previously defined matrix A

 tril(A)   
returns the lower triangular part

 diag(A)   
works in two ways:

 

if A is a row,  D=diag(A)  returns the diagonal matrix D with entries  
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if A is a matrix,  diag(A)  returns a row formed from the diagonal entries of A


(So,  diag(diag(A))  returns the diagonal part of A.)

 
Finer points of the "diag" command can be found from onscreen help.

 
Remember how?…   help diag
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is created by  A(j,k)
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is created by  A(j, :)
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colA


is created by  A(:, j)

Extended uses:

 

Indices may be row vectors of integers, so for example

A(1:3, [5 2])  extracts  [A(1,5), A(1,2);

 
 A(2,5),A(2,2);

 
 A(3,5), A(3,2)]

→  Overwriting:  Suppose I start with

M=ones(2,3)   
and want to alter M(2,1) to 4. The command is

M(2,1)=4  
... MATLAB responds with

M=

  1 1 1

  4 1 1
 
If the index is out of range, the missing entries are assumed to be 0, so

M(3,3)=1  
... MATLAB responds with

M=

  1  1  1

  4  1  1

  0  0 -1

Gluing (concatenation, augmentation) of matrices:

→   Horizontally: if A, B have the same number of rows (or at least one of them is empty),  the        matrix C=[A B] is formed by  

C=[A, B]   (comma is optional, a space will do).


(If you build a matrix column by column, you might start with [ ].)

→   Vertically: if A, B have the same number of columns, the matrix 
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 is formed by

C=[A; B]

Multiplication:

MATLAB is straightforward: to multiply A by B in this order, give a command

A*B   (optional: give it a name by, say,  R=A*B , and suppress display by a ";")

Addition, subtraction:  A+B  or  A-B ;  multiplication by a scalar  s: s*B , same as  B*s
 
Also: addition of a scalar:  s+A   is short for  s*ones(size(A))+A

→   Transpose:  the transpose of a real matrix M is created by  M'
Warning: For complex matrices, M' is actually the complex conjugate of the transpose of M (see Sec. 3.4). 

→   To obtain the true transpose of a complex matrix M:

 conj(M')   or  (conj(M))’ will perform the task.

 
(The function   conj   just turns every entry into its conjugate.)

More commands written on a line:  separate by a comma (if display is required), or 


separate by a semicolon (display suppressed) 

(See examples below.)

 2. 
Elementary matrices, if needed, can be created by overwriting in the identity matrix:

→    To create E1=Est(c):


(First, specify p, s, t, and c, or enter their values below)

 E1=eye(p); E1(s,t)=c;

→    To create E2=Es(a):  


(First, specify p, s, a)

 E2=eye(p); E2(s,s)=a;

→    To create Pst :  


(First, specify p, s, t)

 P=eye(p); P([s t],[s t])=P([s t], [t s]);

3. Inverse of A is created (possibly with some rounding errors) by  

inv(A)   or   A^(1)  (the latter may take more time).  

If the matrix is not invertible (even with integer entries), MATLAB may get "confused" and return a matrix with unduly large magnitudes, with a warning. In the better case, it  returns a matrix with "inf" entries (machine infinity), again with a warning.

→    Symbolic inverse (e.g. entries which are fractions where possible):

 inverse(A)

4.
To obtain solutions of  Ac = 0 , MATLAB uses techniques related to Chapter 4 (Singular Value Decomposition). The command is

null(A)  
... MATLAB responds with a matrix whose columns are "orthonormal"  solutions of the homogeneous system (again, SVD) 


(What it finds is a basis of the nullspace – covered in Chapter 3.)

→    Symbolic solutions (rational entries if the original matrix had "simple" rational entries)  are obtained using the command 

nullspace(A)  
... (the solutions are the columns of the answer)

→    To find the rank of a matrix X:

 rank(X)

→    To find a basis of the  column space  of X: Two commands exist,

orth(X)  
... returns a matrix Q whose columns form a basis of colsp(X), with the  additional property  Q'Q=I (orthonormality). Rounding errors are likely.

 colspace(X)  
... symbolic calculation; e.g. the column entries are integers where possible.

→   To find the  nullspace  of X: look back at 1.4,  null  and nullspace .

  2.  The reduced row echelon form of X:

 rref(X)  ... unfortunately, the procedure forgets the left factor.

 5.
The P'LU decomposition of X (a square matrix only, and into square factors with L unit lower triangular, U upper triangular, P permutation matrix) is performed by

[L, U, P]=lu(X)
... L, U, P (or you supply your choice of names) will be calculated and  displayed in this order, unless you suppress display.

 [L,U]=lu(X)  
... U as above, L is actually P'L from the previous format.  


MATLAB will not perform the "unpivoted" LU-decomposition of §1.
 6.
→    To calculate the Euclidean norm of a vector:

 norm(X) 
 ... returns the Euclidean norm of X. There are other norms, too; use onscreen  help to find out.

7.
→    Least squares: the operation symbol is backslash "\", so  
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 is solved by

x=A\b  
Warning: MATLAB will not calculate x  if A is not left invertible. (Reason:   x is not unique.) To fool the program into accepting rank-deficient problems, we use pseudoinverses (§9.6)or play around with SVD (§9.5).
 
If A is invertible then A\b is the same as A-1b (within rounding errors).

8.
→    QR decomposition in MATLAB takes a matrix, say A, and returns two matrices, say Q and

[Q, R]=qr(A)  
R. Q is orthogonal but R is merely upper triangular (rather than upper echelon); no attempt is made to put R into echelon form or to make the  leading entries positive.

9.  
→    Finding all eigenpairs of A:

 [V D]=eig(A)   The answer consists of two matrices, V whose columns are eigenvectors of A, and a diagonal matrix D whose diagonal entries are the eigenvalues.

Warning: If some of the eigenvalues of A are repeated, A may not have a  basis of eigenvectors. MATLAB's eigenvector matrix V may then be  rank-deficient.

→    To find eigenvalues of A alone:

E=eig(A)  
E will be a column consisting of eigenvalues of A.

→    To find eigenvectors of A corresponding to a given eigenvalue called  lam: they form the nullspace of the matrix (A-lam*eye(size(A))); create the command on your own.

10.→  How to find the minimal polynomial of a column vector with respect to a matrix transformation: we form the sequence  v, Av, A2v, … , one vector at a time, and each time use the  null  command to find out if they are dependent (and when they are, what combination turns them to 0). Work out the details.

→    To find the roots of a polynomial: The notation is  C(1)xn+…+C(n)x+C(n+1)=p(x),

and the column of roots RC is obtained by

RC=roots(C)

→    To divide a polynomial A into a polynomial B, so that B(x)=Q(x)*A(x)+R(x):

[Q, R]=deconv(B,A)  B, A, Q, R are stored as in  roots . (Short for "deconvolution".)

11.  Triangularization A=ERE-1   is more accurate if done by Schur decomposition (§4.5):

 [E,R]=schur(A)  finds the required E invertible (actually, unitary) and a triangular R.

12.
Yes, there is a command for obtaining Jordan Canonical Form:

[V,J]=jordan(A)  but with serious caveats:

 (1) The entries must be known exactly (preferably integer, for symbolic  calculation). If you try matrices where some entries are created using a  random number generator, you may get a message about exceeding assigned  memory capacity.

 (2) In the presence of repeated eigenvalues, JCF is highly sensitive even to  minute changes in coefficients of A.

 (3) The results are symbolic, nice to look at and copy but require extra manipulation to look like ordinary MATLAB matrices:

 numeric(V) and numeric(J)  convert symbolic matrices into numerical ones, provided that  the symbolic matrices did not contain names of variables.

13.
→    The n-th power of a matrix A is found by

B=A^n  Of course, if we are interested in Anx, we need not store An:

y=A^n*x

14.
→    The exponential of a matrix A is found by

 B=expm(A)  
... not to be confused with B=exp(A) (entrywise exponential).

15.
→    Hermitian conjugate of AH of  A is A' in MATLAB language:

 B=A'

→    The norm function extends to complex vectors (see 5.1).

16.
→    Schur decomposition of A is realized by

[U, R]=schur(A)  ... U will be unitary, R a Schur matrix, A=URUH.

 If A is stored as complex, R will be upper triangular.

 If A is real, U and R will be real, R upper block-triangular with blocks of size 
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, the latter if A has complex (conjugate pairs of) eigenvalues.

→    To convert real Schur form to complex Schur form:

[U,R]=rsf2csf(U,R)  ... the new R will be upper triangular, and both U and R may be complex.

17.
→    To find singular values of A alone:

svd(A)  
returns a column vector of singular values of A.

→    To find the whole decomposition:

 [U, S, V]=svd(A)  ... returns U and V unitary and S diagonal with singular values in descending  order. 

There is another, "economical" SVD command; see the help file.

18.
Instead of  A=LDLT  ,  MATLAB is programmed to compute an  RTR  decomposition,

where  R  is upper triangular with  positive diagonal entries (and refuses to do so if  A  fails to be positive definite). This is called the Cholesky decomposition. The command is

 R=chol(A)

For finer points of Cholesky decomposition, consult the help facility.

19. Defining your own functions: suppose you want to define a function called “xlog” which calculates x*ln(x) if x>0 and 0 if x=0. Separately from MATLAB, using a text editor, you create a fiel called xlog.m which will look like this (the comment lines are for humans, and the top comment appears if you ask “help xlog”) – and don’t forget a “carriage return” at the end of the file:


Once you stored this in a directory which MATLAB can access, you can use it:

>>a=xlog(pi)

a=

   3.5963

>>

Note that the letters x,y in the function file need not appear when the function is used. In fact, the argument can be an expression.

Scripts: These are file like the function files, except they do not contain the line “function …” in the beginning of its definition, and they access variables under their actual names. We create scripts when we have a clear idea what commands we want to give the machine, and in what order. The fine points of writing efficient scripts (logical decisions, loops) can be found in a larger manual. A simple logical decision is seen in the “xlog” example.

***************************

20.
Use the help to find out the details about using:

· Plot, subplot, plot3, mesh, surf
· Loop structures: if, while, for
· Logical expressions – AND, OR, NOT, XOR, ==, ~=, <, <=, >, >=.

%xlog.m	calculates x*log(x) where 0*log(0) is declared 0


function y=xlog(x)


if x==0


   y=0;


else


   y=x*log(x)


end;


%end of the function file xlog
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