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Chapter 1

Introduction and Getting Started

1.1 INSTALL Installing FreeMat

1.1.1 General Instructions

Here are the general instructions for installing FreeMat. First, follow the instructions listed below
for the platform of interest. Then, run the

-->pathtool

which brings up the path setup tool. More documentation on the GUI elements (and how to use
them) will be forthcoming.

1.1.2 Linux

For Linux, FreeMat is now provided as a binary installation. To install it simply download the
binary using your web browser, and then unpack it

tar xvfz FreeMat-<VERSION_NUMBER>-Linux-Binary.tar.gz
You can then run FreeMat directly without any additional effort
FreeMat-<VERSION_NUMBER>-Linux-Binary/Contents/bin/FreeMat

will start up FreeMat as an X application. If you want to run it as a command line application (to
run from within an xterm), use the nogui flag

FreeMat-<VERSION_NUMBER>-Linux-Binary/Contents/bin/FreeMat -nogui
If you do not want FreeMat to use X at all (no graphics at all), use the noX flag
FreeMat-<VERSION_NUMBER>-Linux-Binary/Contents/bin/FreeMat -noX

For convenience, you may want to add FreeMat to your path. The exact mechanism for doing this de-
pends on your shell. Assume that you have unpacked FreeMat-<VERSION_NUMBER>-Linux-Binary.tar.gz
into the directory /home/myname. Then if you use csh or its derivatives (like tcsh) you should add

the following line to your .cshrc file:
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set path=($path /home/myname/FreeMat-<VERSION_NUMBER>-Linux/Binary/Contents/bin)
If you use bash, then add the following line to your .bash_profile
PATH=$PATH: /home/myname/FreeMat-<VERSION_NUMBER>-Linux/Binary/Contents/bin

If the prebuilt binary package does not work for your Linux distribution, you will need to build
FreeMat from source (see the source section below). When you have FreeMat running, you can
setup your path using the pathtool. Note that the FREEMAT_PATH is no longer used by FreeMat.
You must use the pathtool to adjust the path.

1.1.3 Windows

For Windows, FreeMat is installed via a binary installer program. To use it, simply download the
setup program FreeMat-<VERSION_NUMBER>-Setup.exe, and double click it. Follow the instructions
to do the installation, then setup your path using pathtool.

1.1.4 Mac OS X

For Mac OS X, FreeMat is distributed as an application bundle. To install it, simply download
the compressed disk image file FreeMat-<VERSION_NUMBER>.dmg, double click to mount the disk
image, and then copy the application FreeMat-<VERSION_NUMBER> to some convenient place. To
run FreeMat, simply double click on the application. Run pathtool to setup your FreeMat path.

1.1.5 Source Code

The source code build is a little more complicated than previous versions of FreeMat. Here are the
current build instructions for all platforms.

1. Build and install Qt 4.3 or later - http://trolltech.com/developer/downloads/opensource
2. Install g77 or gfortran (use fink for Mac OS X, use gcc-g77 package for MinGW)
Download the source code FreeMat-<VERSION_NUMBER>-src.tar.gz.

Unpack the source code: tar xvfz FreeMat-<VERSION_NUMBER>-src.tar.gz.

orok W

For Windows, you will need to install MSYS as well as MINGW to build FreeMat. You will
also need unzip to unpack the enclosed matio.zip archive. Alternately, you can cross-build the
Windows version of FreeMat under Linux (this is how I build it now).

6. If you are extraordinarily lucky (or prepared), you can issue the usual ./configure, then the
make and make install. This is not likely to work because of the somewhat esoteric dependen-
cies of FreeMat. The configure step will probably fail and indicate what external dependencies
are still needed.

7. T assume that you are familiar with the process of installing dependencies if you are trying to
build FreeMat from source.

To build a binary distributable (app bundle on the Mac, setup installer on win32, and a binary
distribution on Linux), you will need to run make package instead of make install.



Chapter 2

Variables and Arrays

2.1 CELL Cell Array Definitions

2.1.1 Usage

The cell array is a fairly powerful array type that is available in FreeMat. Generally speaking, a
cell array is a heterogenous array type, meaning that different elements in the array can contain
variables of different type (including other cell arrays). For those of you familiar with C, it is the
equivalent to the void * array. The general syntax for their construction is

A = {row_defl;row_def2;...;row_defN}
where each row consists of one or more elements, seperated by commas
row_defi = element_il,element_i2,...,element_iM

Each element can be any type of FreeMat variable, including matrices, arrays, cell-arrays, structures,
strings, etc. The restriction on the definition is that each row must have the same number of elements
in it.

2.1.2 Examples

Here is an example of a cell-array that contains a number, a string, and an array

--> A = {14,’hello’,[1:10]}

A=
[14] [hello] [1 10 double array]

Note that in the output, the number and string are explicitly printed, but the array is summarized.
We can create a 2-dimensional cell-array by adding another row definition

--> B = {pi,i;e,-1}
B =
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[3.14159] [0+1i]
[2.71828] [-1]

Finally, we create a new cell array by placing A and B together

--> C = {A,B}

C =
[1 3 cell array] [2 2 cell array]

2.2 Function Handles

2.2.1 Usage

Starting with version 1.11, FreeMat now supports function handles, or function pointers. A
function handle is an alias for a function or script that is stored in a variable. First, the way to
assign a function handle is to use the notation

handle = @func

where func is the name to point to. The function func must exist at the time we make the call. It
can be a local function (i.e., a subfunction). To use the handle, we can either pass it to feval via

[x,y] = feval(handle,argl,arg2).
Alternately, you can the function directly using the notation

[x,y] = handle(argl,arg2)

2.3 GLOBAL Global Variables

2.3.1 Usage

Global variables are shared variables that can be seen and modified from any function or script that
declares them. The syntax for the global statement is

global variable_1 variable_2 ...

The global statement must occur before the variables appear.

2.3.2 Example

Here is an example of two functions that use a global variable to communicate an array between
them. The first function sets the global variable.

set_global.m
function set_global(x)
global common_array
common_array = X;
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The second function retrieves the value from the global variable

get_global.m
function x = get_global
global common_array
X = common_array;

Here we exercise the two functions

--> set_global(’Hello’)
--> get_global

ans =
Hello

2.4 INDEXING Indexing Expressions

2.4.1 Usage

There are three classes of indexing expressions available in FreeMat: (), {}, and . Each is explained
below in some detail, and with its own example section.

2.4.2 Array Indexing

We start with array indexing (), which is the most general indexing expression, and can be used on
any array. There are two general forms for the indexing expression - the N-dimensional form, for
which the general syntax is

variable(index_1,index_2,...,index_n)
and the vector form, for which the general syntax is
variable(index)

Here each index expression is either a scalar, a range of integer values, or the special token :, which
is shorthand for 1:end. The keyword end, when included in an indexing expression, is assigned the
length of the array in that dimension. The concept is easier to demonstrate than explain. Consider
the following examples:

--> A = zeros(4)

A =

0000
0000
0000
0000

--> B = float(randn(2))
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B =
0.6869 -0.0908
1.2610 -1.6104

--> A(2:3,2:3) =B

A =

0 0
0.6869 -0.0908
1.2610 -1.6104

0 0

O O O O
O O O O

Here the array indexing was used on the left hand side only. It can also be used for right hand side
indexing, as in

--> C = A(2:3,1:end)
C =

0 0.6869 -0.0908 0
0 1.2610 -1.6104 0

Note that we used the end keyword to avoid having to know that A has 4 columns. Of course, we
could also use the : token instead:

--> C = A(2:3,:)
C =

0 0.6869 -0.0908 0
0 1.2610 -1.6104 0

An extremely useful example of : with array indexing is for slicing. Suppose we have a 3-D array,
that is 2 x 2 x 3, and we want to set the middle slice:

--> D = zeros(2,2,3)
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00

--> D(:,:,2) = int32(10*rand(2,2))

D =
(:,:,1) =
00
00
(:,:,2) =
5 4
2 6
(:,:,3) =
00
00

In another level of nuance, the assignment expression will automatically fill in the indexed rectangle
on the left using data from the right hand side, as long as the lengths match. So we can take a
vector and roll it into a matrix using this approach:

--> A = zeros(4)

A =

0000
0000
0000
0000
--> v = [1;2;3;4]
v=

1

2

3

4

--> A(2:3,2:3) = v
A =

0000
0130
0240
0000

The N-dimensional form of the variable index is limited to accessing only (hyper-) rectangular
regions of the array. You cannot, for example, use it to access only the diagonal elements of the
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array. To do that, you use the second form of the array access (or a loop). The vector form treats
an arbitrary N-dimensional array as though it were a column vector. You can then access arbitrary
subsets of the arrays elements (for example, through a find expression) efficiently. Note that in
vector form, the end keyword takes the meaning of the total length of the array (defined as the
product of its dimensions), as opposed to the size along the first dimension.

2.4.3 Cell Indexing

The second form of indexing operates, to a large extent, in the same manner as the array indexing,
but it is by no means interchangable. As the name implies, cell-indexing applies only to cell
arrays. For those familiar with C, cell- indexing is equivalent to pointer derefencing in C. First, the
syntax:

variable{index_1,index_2,...,index_n}
and the vector form, for which the general syntax is
variable{index}

The rules and interpretation for N-dimensional and vector indexing are identical to (), so we will
describe only the differences. In simple terms, applying () to a cell-array returns another cell array
that is a subset of the original array. On the other hand, applying {} to a cell-array returns the
contents of that cell array. A simple example makes the difference quite clear:

--> A = {1, ’hello’, [1:4]%}

A =
[1] [hello] [1 4 double array]

-—> A(1:2)

ans =
[1] [hello]

--=> A{1:2}
ans =

1 of 2:

2 of 2:
hello

You may be surprised by the response to the last line. The output is multiple assignments to ans!.
The output of a cell-array dereference can be used anywhere a list of expressions is required. This
includes arguments and returns for function calls, matrix construction, etc. Here is an example of
using cell-arrays to pass parameters to a function:
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--> A = {[1,3,0],[5,2,71}

A =
[1 3 double array] [1 3 double array]

--> max(A{1:end})
ans =
537
And here, cell-arrays are used to capture the return.

--> [K{1:2}] = max(randn(1,4))
K =
[1.06943] [4]

Here, cell-arrays are used in the matrix construction process:

-—> C = [A{1};A{2}]

C =
130
527
Note that this form of indexing is used to implement variable length arguments to function. See
varargin and varargout for more details.

2.4.4 Structure Indexing

The third form of indexing is structure indexing. It can only be applied to structure arrays, and has
the general syntax

variable.fieldname

where fieldname is one of the fields on the structure. Note that in FreeMat, fields are allocated
dynamically, so if you reference a field that does not exist in an assignment, it is created automatically
for you. If variable is an array, then the result of the . reference is an expression list, exactly like
the {} operator. Hence, we can use structure indexing in a simple fashion:

-=> clear A
--> A.color = ’blue’

A =
color: blue
--> B = A.color

B =
blue

Or in more complicated ways using expression lists for function arguments
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-=> clear A
--> A(1) .maxargs = [1,6,7,3]

A=
maxargs: 1 4 double array
--> A(2) .maxargs = [5,2,9,0]

A=
Fields

maxargs
--> max (A.maxargs)

ans =
5693

or to store function outputs

--> clear A
--> A(1) .maxreturn = [];
--=> A(2) .maxreturn = [];

--> [A.maxreturn] = max(randn(1,4))

Fields
maxreturn

FreeMat now also supports the so called dynamic-field indexing expressions. In this mode, the
fieldname is supplied through an expression instead of being explicitly provided. For example
suppose we have a set of structure indexed by color,

--> x.red = 430;
--> x.green = 240;
--> x.blue = 53;
--> x.yello = 105

red: 430
green: 240
blue: 53
yello: 105

Then we can index into the structure x using a dynamic field reference:

--> y = ’green’
y:

green

-=> a = x.(y)
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a:
240

Note that the indexing expression has to resolve to a string for dynamic field indexing to work.

2.4.5 Complex Indexing

The indexing expressions described above can be freely combined to affect complicated indexing
expressions. Here is an example that exercises all three indexing expressions in one assignment.

-=> Z{3}.fo0(2) = pi
7 =
[0] [0] [1 1 struct array]

From this statement, FreeMat infers that Z is a cell-array of length 3, that the third element is a
structure array (with one element), and that this structure array contains a field named ’foo’ with
two double elements, the second of which is assigned a value of pi.

2.5 MATRIX Matrix Definitions

2.5.1 Usage

The matrix is the basic datatype of FreeMat. Matrices can be defined using the following syntax
A = [row_defl;row_def2;...,row_defN]

where each row consists of one or more elements, seperated by commas
row_defi = element_il,element_i2,...,element_iM

Each element can either be a scalar value or another matrix, provided that the resulting matrix
definition makes sense. In general this means that all of the elements belonging to a row have the
same number of rows themselves, and that all of the row definitions have the same number of columns.
Matrices are actually special cases of N-dimensional arrays where N<=2. Higher dimensional arrays
cannot be constructed using the bracket notation described above. The type of a matrix defined in
this way (using the bracket notation) is determined by examining the types of the elements. The
resulting type is chosen so no information is lost on any of the elements (or equivalently, by choosing
the highest order type from those present in the elements).

2.5.2 Examples

Here is an example of a matrix of int32 elements (note that untyped integer constants default to
type int32).

--> A = [1,2;5,8]
A =

12
58
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Now we define a new matrix by adding a column to the right of A, and using float constants.

--> B = [A,[3.2f;5.1£]]

B =
1.0000 2.0000 3.2000
5.0000 8.0000 5.1000

Next, we add extend B by adding a row at the bottom. Note how the use of an untyped floating
point constant forces the result to be of type double

--> C = [B;5.2,1.0,0.0]

C =
1.0000 2.0000 3.2000
5.0000 8.0000 5.1000
5.2000 1.0000 0

If we instead add a row of complex values (recall that i is a complex constant, not a dcomplex
constant)

--> D = [B;2.0£f+3.0f*i,i,0.0f]

D =
1.0000 + 0.0000i 2.0000 + 0.0000i 3.2000 + 0.0000i
5.0000 + 0.00001i 8.0000 + 0.0000i 5.1000 + 0.00001
2.0000 + 3.0000i 0.0000 + 1.00001 0

Likewise, but using dcomplex constants

--> E = [B;2.0+3.0%1,i,0.0]

E =
1.0000 + 0.0000i 2.0000 + 0.0000i 3.2000 + 0.0000i
5.0000 + 0.00001 8.0000 + 0.00001 5.1000 + 0.00001
2.0000 + 3.00001i 0.0000 + 1.00001 0

Finally, in FreeMat, you can construct matrices with strings as contents, but you have to make sure
that if the matrix has more than one row, that all the strings have the same length.

--> F = [’hello’;’there’]
F =

hello
there
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2.6 PERSISTENT Persistent Variables
2.6.1 Usage

Persistent variables are variables whose value persists between calls to a function or script. The
general syntax for its use is

persistent variablel variable2 ... variableN

The persistent statement must occur before the variable is the tagged as persistent. Per the
MATLAB API documentation an empty variable is created when the persistent statement is
called.

2.6.2 Example
Here is an example of a function that counts how many times it has been called.

count_calls.m
function count_calls
persistent ccount
if (Texist(’ccount’)) ccount = 0; end;
ccount = ccount + 1;
printf (’Function has been called %d times\n’,ccount);

We now call the function several times:

--> for i=1:10; count_calls; end
Function has been called O times
Function has been called O times
Function has been called O times
Function has been called O times
Function has been called O times
Function has been called O times
Function has been called O times
Function has been called O times
Function has been called O times
0

Function has been called times

2.7 STRUCT Structure Array Constructor
2.7.1 Usage

Creates an array of structures from a set of field, value pairs. The syntax is
y = struct(n_1,v_1,n_2,v_2,...)

where n_i are the names of the fields in the structure array, and v_i are the values. The values v_i
must either all be scalars, or be cell-arrays of all the same dimensions. In the latter case, the output
structure array will have dimensions dictated by this common size. Scalar entries for the v_i are
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replicated to fill out their dimensions. An error is raised if the inputs are not properly matched (i.e.,
are not pairs of field names and values), or if the size of any two non-scalar values cell-arrays are
different.

Another use of the struct function is to convert a class into a structure. This allows you to
access the members of the class, directly but removes the class information from the object.

2.7.2 Example

This example creates a 3-element structure array with three fields, foo bar and key, where the
contents of foo and bar are provided explicitly as cell arrays of the same size, and the contents of
bar are replicated from a scalar.

--> y = struct(’foo’,{1,3,4}, ’bar’,{’cheese’,’cola’, ’beer’}, *key’,508)

y =
Fields
foo
bar
key
-—> y(1)
ans =
foo: 1
bar: cheese
key: 508
-—> y(2)
ans =
foo: 3
bar: cola
key: 508
-—> y(3)
ans =
foo: 4
bar: beer
key: 508

An alternate way to create a structure array is to initialize the last element of each field of the
structure

--> Test(2,3).Type = ’Beer’;

--> Test(2,3) .0unces = 12;

--> Test(2,3) .Container = ’Can’;
--> Test(2,3)

ans =
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Type: Beer

Ounces: 12

Container: Can
--> Test(1,1)

ans =
Type: O
Ounces: O
Container: O
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Chapter 3

Functions and Scripts

3.1 ANONYMOUS Anonymous Functions

3.1.1 Usage

Anonymous functions are simple, nameless functions that can be defined anywhere (in a script,
function, or at the prompt). They are intended to supplant inline functions. The syntax for an
anonymous function is simple:

y = @(argl,arg2,...,argn) expression

where argl,arg2,...,argn is a list of valid identifiers that define the arguments to the function,
and expression is the expression to compute in the function. The returned value y is a function
handle for the anonymous function that can then be used to evaluate the expression. Note that y
will capture the value of variables that are not indicated in the argument list from the current scope
or workspace at the time it is defined. So, for example, consider the simple anonymous function
definition

y = @(x) ax(x+b)

In order for this definition to work, the variables a and b need to be defined in the current workspace.
Whatever value they have is captured in the function handle y. To change the values of a and b in
the anonymous function, you must recreate the handle using another call. See the examples section
for more information. In order to use the anonymous function, you can use it just like any other
function handle. For example,

p =y
p=y0
p = feval(y,3)

are all examples of using the y anonymous function to perform a calculation.

3.1.2 Examples

Here are some examples of using an anonymous function

55
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-=> a =2; b = 4; % define a and b (slope and intercept)
-=> y = @(x) a*x+tb % create the anonymous function

y =

@(x) a*x+b % create the anonymous function

-—> y(2) % evaluate it for x = 2

ans =

8

% change a and b
% the value did not change!

-=> y = @(x) a*x+b % recreate the function

because a=2,b=4 are captured in y

y =

@(x) axx+b % recreate the function

-=> y(2) % now the new values are used
ans =

17

3.2 FUNCTION Function Declarations

3.2.1 Usage

There are several forms for function declarations in FreeMat. The most general syntax for a function

declaration is the following;:

function [out_1,...,out_M,varargout] = fname(in_1,...,in_N,varargin)

where out_i are the output parameters, in_i are the input parameters, and varargout and
varargin are special keywords used for functions that have variable inputs or outputs. For functions
with a fixed number of input or output parameters, the syntax is somewhat simpler:

function [out_1,...

,out_M] = fname(in_1,...,in_N)

Note that functions that have no return arguments can omit the return argument list (of out_i)

and the equals sign:

function fname(in_1,...,in_N)

Likewise, a function with no arguments can eliminate the list of parameters in the declaration:

function [out_1,...,out_M] = fname
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Functions that return only a single value can omit the brackets
function out_1 = fname(in_1,...,in_N)

In the body of the function in_i are initialized with the values passed when the function is
called. Also, the function must assign values for out_i to pass values to the caller. Note that by
default, FreeMat passes arguments by value, meaning that if we modify the contents of in_i inside
the function, it has no effect on any variables used by the caller. Arguments can be passed by
reference by prepending an ampersand & before the name of the input, e.g.

function [outl,...,out_M] = fname(in_1,&in_2,in_3,...,in_N)

in which case in_2 is passed by reference and not by value. Also, FreeMat works like C in that the
caller does not have to supply the full list of arguments. Also, when keywords (see help keywords)
are used, an arbitrary subset of the parameters may be unspecified. To assist in deciphering the exact
parameters that were passed, FreeMat also defines two variables inside the function context: nargin
and nargout, which provide the number of input and output parameters of the caller, respectively.
See help for nargin and nargout for more details. In some circumstances, it is necessary to have
functions that take a variable number of arguments, or that return a variable number of results. In
these cases, the last argument to the parameter list is the special argument varargin. Inside the
function, varargin is a cell-array that contains all arguments passed to the function that have not
already been accounted for. Similarly, the function can create a cell array named varargout for
variable length output lists. See help varargin and varargout for more details.

The function name fname can be any legal FreeMat identifier. Functions are stored in files with
the .m extension. Note that the name of the file (and not the function name fname used in the
declaration) is how the function appears in FreeMat. So, for example, if the file is named foo.m,
but the declaration uses bar for the name of the function, in FreeMat, it will still appear as function
foo. Note that this is only true for the first function that appears in a .m file. Additional functions
that appear after the first function are known as helper functions or local functions. These are
functions that can only be called by other functions in the same .m file. Furthermore the names of
these helper functions are determined by their declaration and not by the name of the .m file. An
example of using helper functions is included in the examples.

Another important feature of functions, as opposed to, say scripts, is that they have their own
scope. That means that variables defined or modified inside a function do not affect the scope of
the caller. That means that a function can freely define and use variables without unintentionally
using a variable name reserved elsewhere. The flip side of this fact is that functions are harder to
debug than scripts without using the keyboard function, because the intermediate calculations used
in the function are not available once the function exits.

3.2.2 Examples

Here is an example of a trivial function that adds its first argument to twice its second argument:

addtest.m
function c¢ = addtest(a,b)
c = a + 2%xb;
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--> addtest(1,3)

--> addtest(3,0)

Suppose, however, we want to replace the value of the first argument by the computed sum. A first
attempt at doing so has no effect:

addtest2.m
function addtest2(a,b)
a = a + 2xb;

--> argl =1
argl =

1
--> arg2 = 3
arg2 =

3

--> addtest2(argl,arg?)
--> argl

The values of argl and arg?2 are unchanged, because they are passed by value, so that any changes
to a and b inside the function do not affect argl and arg2. We can change that by passing the first
argument by reference:

addtest3.m
function addtest3(&a,b)
a =a + 2*xb

Note that it is now illegal to pass a literal value for a when calling addtest3:



3.2. FUNCTION FUNCTION DECLARATIONS 59

--> addtest3(3,4)

11

Error: Must have lvalue in argument passed by reference
--> addtest3(argl,arg2)

The first example fails because we cannot pass a literal like the number 3 by reference. However, the
second call succeeds, and note that argl has now changed. Note: please be careful when passing by
reference - this feature is not available in MATLAB and you must be clear that you are using it.

As variable argument and return functions are covered elsewhere, as are keywords, we include
one final example that demonstrates the use of helper functions, or local functions, where multiple
function declarations occur in the same file.

euclidlength.m
function y = foo(x,y)
square_me (x) ;
square_me(y) ;
y = sqrt(x+y);

function square_me(&t)
t = t72;

--> euclidlength(3,4)

--> euclidlength(2,0)
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3.3 KEYWORDS Function Keywords

3.3.1 Usage

A feature of IDL that FreeMat has adopted is a modified form of keywords. The purpose of keywords
is to allow you to call a function with the arguments to the function specified in an arbitrary order.
To specify the syntax of keywords, suppose there is a function with prototype

function [out_1,...,out_M] = foo(in_1,...,in_N)

Then the general syntax for calling function foo using keywords is
foo(val_1, val_2, /in_k=3)

which is exactly equivalent to
foo(val_1, val_2, [1, [1, ..., [1, 3),

where the 3 is passed as the k-th argument, or alternately,
foo(val_1, val_2, /in_k)

which is exactly equivalent to
foo(val_1, val_2, [], [1, ..., [1, logical(l)),

Note that you can even pass reference arguments using keywords.

3.3.2 Example

The most common use of keywords is in controlling options for functions. For example, the following
function takes a number of binary options that control its behavior. For example, consider the
following function with two arguments and two options. The function has been written to properly
use and handle keywords. The result is much cleaner than the MATLAB approach involving testing
all possible values of nargin, and forcing explicit empty brackets for don’t care parameters.

keyfunc.m
function ¢ = keyfunc(a,b,operation,printit)
if (Tisset(’a’) | ~“isset(’b’))

error (’keyfunc requires at least the first two 2 arguments’);
end;
if (“isset(’operation’))
% user did not define the operation, default to ’+’
operation = ’+’;
end
if (Tisset(’printit’))
% user did not specify the printit flag, default is false
printit = 0O;
end
% simple operation...
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eval([’c = a ’ operation ’ b;’]);
if (printit)

printf (%L %s %f = %f\n’,a,operation,b,c);
end

Now some examples of how this function can be called using keywords.

--> keyfunc(1,3) % specify a and b, defaults for the others
ans =

4

--> keyfunc(1,3,/printit) % specify printit is true

1.000000 + 3.000000 = 4.000000

--> keyfunc(/operation=’-’,2,3) % assigns a=2, b=3

--> keyfunc(4,/operation="%’,/printit) % error as b is unspecified
In /home/basu/dev/branches/FreeMat4/help/tmp/keyfunc.m(keyfunc) at line 3
In scratch() at line 1
In base(base)
In base()
In global()
Error: keyfunc requires at least the first two 2 arguments

3.4 NARGIN Number of Input Arguments

3.4.1 Usage

The nargin function returns the number of arguments passed to a function when it was called. The
general syntax for its use is

y = nargin

FreeMat allows for fewer arguments to be passed to a function than were declared, and nargin,
along with isset can be used to determine exactly what subset of the arguments were defined.

3.4.2 Example

Here is a function that is declared to take five arguments, and that simply prints the value of nargin
each time it is called.
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nargintest.m
function nargintest(al,a2,a3,a4,ab)
printf (’nargin = %d\n’,nargin);

--> nargintest(3);

nargin = 1

--> nargintest(3,’h’);

nargin = 2

--> nargintest(3,’h’,1.34);
nargin = 3

--> nargintest(3,’h’,1.34,pi,e);
nargin = 5

3.5 NARGOUT Number of Output Arguments

3.5.1 Usage

The nargout function computes the number of return values requested from a function when it was
called. The general syntax for its use

y = mnargout

FreeMat allows for fewer return values to be requested from a function than were declared, and
nargout can be used to determine exactly what subset of the functions outputs are required.

3.5.2 Example

Here is a function that is declared to return five values, and that simply prints the value of nargout
each time it is called.

nargouttest.m
function [al,a2,a3,a4,ab] = nargouttest
printf (’nargout = %d\n’,nargout) ;
al = 1; a2 = 2; a3 = 3; a4 = 4; ab = b5;

--> al = nargouttest
nargout = 1

al =
1

--> [al,a2] = nargouttest
nargout = 2

al =

1

a2 =
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--> [al,a2,a3] = nargouttest
nargout = 3

al =

1

a2
2

a3
3

--> [al,a2,a3,a4,ab] = nargouttest
nargout = 5

al =

1

a2
2

a3
3

a4
4

ab
5

3.6 SCRIPT Script Files
3.6.1 Usage

A script is a sequence of FreeMat commands contained in a .m file. When the script is called (via
the name of the file), the effect is the same as if the commands inside the script file were issued one
at a time from the keyboard. Unlike function files (which have the same extension, but have a
function declaration), script files share the same environment as their callers. Hence, assignments,
etc, made inside a script are visible to the caller (which is not the case for functions.

3.6.2 Example

Here is an example of a script that makes some simple assignments and printf statements.

tscript.m
a = 13;
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printf(’a is %d\n’,a);
b=a+ 32

If we execute the script and then look at the defined variables

--> tscript
a is 13
b =
45
-—> who
Variable Name Type Flags Size
a double [1 1]
ans double [0 0]
b double [1 1]

we see that a and b are defined appropriately.

3.7 SPECIAL Special Calling Syntax

3.7.1 Usage

To reduce the effort to call certain functions, FreeMat supports a special calling syntax for functions
that take string arguments. In particular, the three following syntaxes are equivalent, with one
caveat:

functionname(’argl’,’arg2’,...,’argn’)

or the parenthesis and commas can be removed
functionname ’argl’ ’arg2’ ... ’argn’

The quotes are also optional (providing, of course, that the argument strings have no spaces in them)
functionname argl arg2 ... argn

This special syntax enables you to type hold on instead of the more cumbersome hold(’on’). The
caveat is that FreeMat currently only recognizes the special calling syntax as the first statement on
a line of input. Thus, the following construction

for i=1:10; plot(vec(i)); hold on; end

would not work. This limitation may be removed in a future version.

3.7.2 Example

Here is a function that takes two string arguments and returns the concatenation of them.
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strcattest.m
function strcattest(strl,str2)
str3 = [strl,str2];
printf(’strl = Ys, str2 = %s, str3 = ¥s\n’,strl,str2,str3);

We call strcattest using all three syntaxes.

--> strcattest(’hi’,’ho?)

strl = hi, str2 = ho, str3 = hiho
--> strcattest ’hi’ ’ho’

strl = hi, str2 = ho, str3 = hiho
—--> strcattest hi ho

strl = hi, str2 = ho, str3 = hiho

3.8 VARARGIN Variable Input Arguments

3.8.1 Usage

FreeMat functions can take a variable number of input arguments by setting the last argument in
the argument list to varargin. This special keyword indicates that all arguments to the function
(beyond the last non-varargin keyword) are assigned to a cell array named varargin available
to the function. Variable argument functions are usually used when writing driver functions, i.e.,
functions that need to pass arguments to another function. The general syntax for a function that
takes a variable number of arguments is

function [out_1,...,out_M] = fname(in_1,..,in_M,varargin)

Inside the function body, varargin collects the arguments to fname that are not assigned to the
in_k.

3.8.2 Example

Here is a simple wrapper to feval that demonstrates the use of variable arguments functions.
wrapcall.m
function wrapcall(fname,varargin)
feval (fname,varargin{:});

Now we show a call of the wrapcall function with a number of arguments

-=> wrapcall(Cprintf’,’%f...%f\n’,pi,e)
3.141593...2.718282

A more serious driver routine could, for example, optimize a one dimensional function that takes a
number of auxilliary parameters that are passed through varargin.
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3.9 VARARGOUT Variable Output Arguments
3.9.1 Usage

FreeMat functions can return a variable number of output arguments by setting the last argument
in the argument list to varargout. This special keyword indicates that the number of return values
is variable. The general syntax for a function that returns a variable number of outputs is

function [out_1,...,out_M,varargout] = fname(in_1,...,in_M)

The function is responsible for ensuring that varargout is a cell array that contains the values to
assign to the outputs beyond out_M. Generally, variable output functions use nargout to figure out
how many outputs have been requested.

3.9.2 Example
This is a function that returns a varying number of values depending on the value of the argument.

varoutfunc.m
function [varargout] = varoutfunc
switch(nargout)
case 1
varargout = {’one of one’};
case 2
varargout = {’one of two’,’two of two’};
case 3
varargout = {’one of three’,’two of three’,’three of three’};

end
Here are some examples of exercising varoutfunc:

--> [c1] = varoutfunc

cl =

one of one

-=> [c1,c2] = varoutfunc
cl =

one of two

c2 =

two of two

-=> [c1,c2,c3] = varoutfunc
cl =

one of three

c2 =

two of three

c3 =

three of three



Chapter 4

Mathematical Operators

4.1 COLON Index Generation Operator

4.1.1 Usage

There are two distinct syntaxes for the colon : operator - the two argument form
y=a:c
and the three argument form
y=a:b:c
The two argument form is exactly equivalent to a:1:c. The output y is the vector
y=la,a+b,a+2b,...,a+ nbl

where a+nb <= c. There is a third form of the colon operator, the no-argument form used in indexing
(see indexing for more details).

4.1.2 Function Internals

The colon operator turns out to be trickier to implement than one might believe at first, primarily
because the floating point versions should do the right thing, which is not the obvious behavior. For
example, suppose the user issues a three point colon command

y=a:b:c
The first question that one might need to answer is: how many points in this vector? If you answered

cC—a

b

n= +1

then you would be doing the straighforward, but not correct thing. because a, b, and c are all
floating point values, there are errors associated with each of the quantities that can lead to n not

67
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being an integer. A better way (and the way FreeMat currently does the calculation) is to compute
the bounding values (for b positive)

(c—a)—0 (c—a)— 0
1
"l T oo T bo0 T

where

r—1Y

means we replace x by the floating point number that is closest to it in the direction of y. Once we
have determined the number of points we have to compute the intermediate values

[a,a+b,a+2%b,...,a+nx*b
but one can readily verify for themselves that this may not be the same as the vector
fliplrfe,c — b,c — 2% b,...,c —n*b)

even for the case where
c=a+nx*b

for some n. The reason is that the roundoff in the calculations may be different depending on the
nature of the sum. FreeMat uses the following strategy to compute the double-colon vector:

1. The value n is computed by taking the floor of the larger value in the interval defined above.

2. Ifn falls inside the interval defined above, then it is assumed that the user intended ¢ = a + n*b,
and the symmetric algorithm is used. Otherwise, the nonsymmetric algorithm is used.

3. The symmetric algorithm computes the vector via
[a,a+b,a+2b,...,c—2b,c—b,(]

working symmetrically from both ends of the vector (hence the nomenclature), while the
nonsymmetric algorithm computes

[a,a+b,a+2b,...,a+ nbl

In practice, the entries are computed by repeated accumulation instead of multiplying the step
size by an integer.

4. The real interval calculation is modified so that we get the exact same result with a:b:c and
c:-b:a (which basically means that instead of moving towards infinity, we move towards the
signed infinity where the sign is inherited from b).

If you think this is all very obscure, it is. But without it, you will be confronted by mysterious
vectors where the last entry is dropped, or where the values show progressively larger amounts of
accumulated roundoff error.
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4.1.3 Examples
Some simple examples of index generation.
-—>y =1:4
y =
1234
Now by half-steps:
-->y =1:.5:4
y =
1.0000 1.5000 2.0000 2.5000 3.0000 3.5000 4.0000
Now going backwards (negative steps)
-->y =4:-.5:1
y =
4.0000 3.5000 3.0000 2.5000 2.0000 1.5000 1.0000
If the endpoints are the same, one point is generated, regardless of the step size (middle argument)
-=>y =4:1:4
y =
4
If the endpoints define an empty interval, the output is an empty matrix:
-->y =5:4

y =
Empty array 1 0

4.2 COMPARISONOPS Array Comparison Operators

4.2.1 Usage

There are a total of six comparison operators available in FreeMat, all of which are binary operators
with the following syntax

<b
<=b
>b
b
=D
== b

<K <Y< <
o
Moo PP
\4
]
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where a and b are numerical arrays or scalars, and y is a logical array of the appropriate size.
Each of the operators has three modes of operation, summarized in the following list:

1. ais a scalar, b is an n-dimensional array - the output is then the same size as b, and contains
the result of comparing each element in b to the scalar a.

2. a is an n-dimensional array, b is a scalar - the output is the same size as a, and contains the
result of comparing each element in a to the scalar b.

3. a and b are both n-dimensional arrays of the same size - the output is then the same size as
both a and b, and contains the result of an element-wise comparison between a and b.

The operators behave the same way as in C, with unequal types being promoted using the standard

type promotion rules prior to comparisons. The only difference is that in FreeMat, the not-equals
operator is ~= instead of !=.

4.2.2 Examples

Some simple examples of comparison operations. First a comparison with a scalar:
--> a = randn(1,5)

a=
-0.1760 0.0212 0.0095 2.0556 -1.1627

--> a>0

ans =
01110

Next, we construct two vectors, and test for equality:
-->a=[1,2,5,7,3]

a:
12573

--> b = [2,2,5,9,4]

b =
22594

__>C:a=:

01100
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4.3 DOTLEFTDIVIDE Element-wise Left-Division Opera-
tor

4.3.1 Usage

Divides two numerical arrays (elementwise) - gets its name from the fact that the divisor is on the
left. There are two forms for its use, both with the same general syntax:

y=a.\b

where a and b are n-dimensional arrays of numerical type. In the first case, the two arguments are
the same size, in which case, the output y is the same size as the inputs, and is the element-wise
division of b by a. In the second case, either a or b is a scalar, in which case y is the same size as
the larger argument, and is the division of the scalar with each element of the other argument.
The rules for manipulating types has changed in FreeMat 4.0. See typerules for more details.

4.3.2 Function Internals

There are three formulae for the dot-left-divide operator, depending on the sizes of the three ar-
guments. In the most general case, in which the two arguments are the same size, the output is
computed via:

b(mi,...,mq
y(ma,...,mq) = ( )
a{may, 7md)
If a is a scalar, then the output is computed via
b(my,...,myq
y(ma, ..., mq) = %

On the other hand, if b is a scalar, then the output is computed via

b

Miyeen,My) = ———————.
y(m ) a(my,...,mq)

4.3.3 Examples

Here are some examples of using the dot-left-divide operator. First, a straight-forward usage of the
A\ operator. The first example is straightforward:

--> 3 .\ 8

ans =
2.6667

We can also divide complex arguments:

-=> a = 3 + 4%i

a =
3.0000 + 4.0000i
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> b =5 + 8%i

b =
5.0000 + 8.0000i

-—>c=Db .\ a

C=
0.5281 - 0.0449i1

We can also demonstrate the three forms of the dot-left-divide operator. First the element-wise
version:

--> a = [1,2;3,4]
a -

12

3 4

-->b = [2,3;6,7]
b =

2 3

6 7
-->c=a.\b

C =

2.0000 1.5000
2.0000 1.7500

Then the scalar versions

-—>c=a .\ 3

3.0000 1.5000

1.0000 0.7500

0.3333 0.6667
1.0000 1.3333
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4.4 DOTPOWER Element-wise Power Operator
4.4.1 Usage

Raises one numerical array to another array (elementwise). There are three operators all with the
same general syntax:

y=a."b
The result y depends on which of the following three situations applies to the arguments a and b:

1. a is a scalar, b is an arbitrary n-dimensional numerical array, in which case the output is a
raised to the power of each element of b, and the output is the same size as b.

2. ais an n-dimensional numerical array, and b is a scalar, then the output is the same size as a,
and is defined by each element of a raised to the power b.

3. a and b are both n-dimensional numerical arrays of the same size. In this case, each element of
the output is the corresponding element of a raised to the power defined by the corresponding
element of b.

The rules for manipulating types has changed in FreeMat 4.0. See typerules for more details.

4.4.2 Function Internals

There are three formulae for this operator. For the first form

y(m17 s amd) = a’b(mhm’md)a
and the second form
y(mla amd) - a(mla 7md)b7
and in the third form
y(ma,...,mq) = almy,... ,md)b(ml"“’md)

4.4.3 Examples

We demonstrate the three forms of the dot-power operator using some simple examples. First, the
case of a scalar raised to a series of values.

--> a =2

-—> b = 1:4
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-->c =a.’b

c =
2 4 816

The second case shows a vector raised to a scalar.

--> ¢ =Db."a

c =
1 4 9 16

The third case shows the most general use of the dot-power operator.

--> A = [1,2;3,2]

A =
12
32
-->B = [2,1.5;0.5,0.6]
B =
2.0000 1.5000
0.5000 0.6000
--> C =A."B
C =

1.0000 2.8284
1.7321 1.5157

4.5 DOTRIGHTDIVIDE Element-wise Right-Division Op-
erator

4.5.1 Usage

Divides two numerical arrays (elementwise). There are two forms for its use, both with the same
general syntax:

y=a./b

where a and b are n-dimensional arrays of numerical type. In the first case, the two arguments are
the same size, in which case, the output y is the same size as the inputs, and is the element-wise
division of b by a. In the second case, either a or b is a scalar, in which case y is the same size as
the larger argument, and is the division of the scalar with each element of the other argument.
The rules for manipulating types has changed in FreeMat 4.0. See typerules for more details.
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4.5.2 Function Internals

There are three formulae for the dot-right-divide operator, depending on the sizes of the three
arguments. In the most general case, in which the two arguments are the same size, the output is
computed via:

y(mi,...,mq) = —a(ml, SRLL)
b(mlv s 7md)
If a is a scalar, then the output is computed via
B a
Y ) i ma)

On the other hand, if b is a scalar, then the output is computed via

a(mla"'amd)

b

y(my,...,mg) =

4.5.3 Examples

Here are some examples of using the dot-right-divide operator. First, a straight-forward usage of
the ./ operator. The first example is straightforward:

-->3 ./ 8

ans =
0.3750

We can also divide complex arguments:

-=> a =3 + 4x%i

a =
3.0000 + 4.0000i

> b =5 + 8%i

b =
5.0000 + 8.0000i

-->c=a./b

C =
0.5281 - 0.0449i

We can also demonstrate the three forms of the dot-right-divide operator. First the element-wise
version:

--> a = [1,2;3,4]
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a:

12

34

-->b = [2,3;6,7]
b:

23

6 7
-->c=a./b
c =

0.5000 0.6667
0.5000 0.5714

Then the scalar versions

-->c=a ./ 3
0.3333 0.6667
1.0000 1.3333

-->c¢=3./ a

3.0000 1.5000
1.0000 0.7500

4.6 DOTTIMES Element-wise Multiplication Operator

4.6.1 Usage

Multiplies two numerical arrays (elementwise). There are two forms for its use, both with the same
general syntax:

y=a.*xb

where a and b are n-dimensional arrays of numerical type. In the first case, the two arguments are
the same size, in which case, the output y is the same size as the inputs, and is the element-wise
product of a and b. In the second case, either a or b is a scalar, in which case y is the same size as
the larger argument, and is the product of the scalar with each element of the other argument.
The rules for manipulating types has changed in FreeMat 4.0. See typerules for more details.
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4.6.2 Function Internals

There are three formulae for the dot-times operator, depending on the sizes of the three arguments.
In the most general case, in which the two arguments are the same size, the output is computed via:

y(ma,...,mq) = a(my,...,mq) X b(m,...,mg)
If a is a scalar, then the output is computed via
y(ma,...,mq) = a x b(my,...,mgy).
On the other hand, if b is a scalar, then the output is computed via

y(my,...,mq) = almy,...,mg) X b.

4.6.3 Examples

Here are some examples of using the dottimes operator. First, a straight-forward usage of the .*
operator. The first example is straightforward:

-->3 .%x 8

ans =
24

Next, we multiply a scalar by a vector of values:

--> 3.1 .% [2,4,5,6,7]

ans =
6.2000 12.4000 15.5000 18.6000 21.7000

With complex values

-=> a = 3 + 4xi

a:
3.0000 + 4.00001

-——>b=a .x 2

b =
6.0000 + 8.00001

Finally, the element-wise version:

-—> a = [1,2;3,4]

a:
12



78 CHAPTER 4. MATHEMATICAL OPERATORS

3 4
-—> b = [2,3;6,7]
b =
23
67
-=>c=a .xb
c:
2 6
18 28

4.7 HERMITIAN Matrix Hermitian (Conjugate Transpose)
Operator

4.7.1 Usage
Computes the Hermitian of the argument (a 2D matrix). The syntax for its use is
y=a’;

where a is a M x N numerical matrix. The output y is a numerical matrix of the same type of size
N x M. This operator is the conjugating transpose, which is different from the transpose operator .’
(which does not conjugate complex values).

4.7.2 Function Internals
The Hermitian operator is defined simply as
Yij = @i
where y_ij is the element in the ith row and jth column of the output matrix y.
4.7.3 Examples

A simple transpose example:

--> A = [1,2,0;4,1,-1]

A

S
= N
= O

-_> A)
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ans =
1 4
2 1
0 -1

Here, we use a complex matrix to demonstrate how the Hermitian operator conjugates the entries.
-=> A = [1+i,2-i]

A =
1.0000 + 1.00001i 2.0000 - 1.00001i

-=> A’

ans =
1.0000 + 1.00001
2.0000 - 1.00001

4.8 LEFTDIVIDE Matrix Equation Solver/Divide Operator

4.8.1 Usage

The divide operator \ is really a combination of three operators, all of which have the same general
syntax:

Y=A\B

where A and B are arrays of numerical type. The result Y depends on which of the following three
situations applies to the arguments A and B:

1. A is a scalar, B is an arbitrary n-dimensional numerical array, in which case the output is each
element of B divided by the scalar A.

2. A,B are matrices with the same number of rows, i.e., A is of size M x K, and B is of size M x L,
in which case the output is of size K x L.

The output follows the standard type promotion rules, although in the first two cases, if A and B are
integers, the output is an integer also, while in the third case if A and B are integers, the output is
of type double.

A few additional words about the third version, in which A and B are matrices. Very loosely
speaking, Y is the matrix that satisfies A * Y = B. In cases where such a matrix exists. If such a
matrix does not exist, then a matrix Y is returned that approximates A * Y \approx B.

4.8.2 Function Internals

There are three formulae for the times operator. For the first form

B(ml,...7md)
—A .

Y(mq,...,mq) =
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In the second form, the calculation of the output depends on the size of A. Because each column of
B is treated independantly, we can rewrite the equation A Y = B as

A[yl7y27"'ayl] = [blabQ;-"abl}

where y_i are the columns of Y, and b_i are the columns of the matrix B. If A is a square matrix,
then the LAPACK routine *gesvx (where the * is replaced with sdcz depending on the type of
the arguments) is used, which uses an LU decomposition of A to solve the sequence of equations
sequentially. If A is singular, then a warning is emitted.

On the other hand, if A is rectangular, then the LAPACK routine *gelsy is used. Note that
these routines are designed to work with matrices A that are full rank - either full column rank or full
row rank. If A fails to satisfy this assumption, a warning is emitted. If A has full column rank (and
thus necessarily has more rows than columns), then theoretically, this operator finds the columns
y_i that satisfy:

yi = argmin [[Ay — bil2

and each column is thus the Least Squares solution of A y = b_i. On the other hand, if A has full
row rank (and thus necessarily has more columns than rows), then theoretically, this operator finds
the columns y_i that satisfy

yi = arg min l[yll2

and each column is thus the Minimum Norm vector y_i that satisfies A y_i = b_i. In the event
that the matrix A is neither full row rank nor full column rank, a solution is returned, that is the
minimum norm least squares solution. The solution is computed using an orthogonal factorization
technique that is documented in the LAPACK User’s Guide (see the References section for details).

4.8.3 Examples

Here are some simple examples of the divide operator. We start with a simple example of a full
rank, square matrix:

-—> A = [1,1;0,1]
A =
11
01

Suppose we wish to solve

(which by inspection has the solution y_1 = 1, y_2 = 2). Thus we compute:

--> B = [3;2]
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Suppose we wish to solve a trivial Least Squares (LS) problem. We want to find a simple scaling
of the vector [1;1] that is closest to the point [2,1]. This is equivalent to solving

o=l

in a least squares sense. For fun, we can calculate the solution using calculus by hand. The error
we wish to minimize is

ely) = (y—27°+(y— 1>~
Taking a derivative with respect to y, and setting to zero (which we must have for an extrema when

y is unconstrained)
2y—2)+2(y—1)=0

which we can simplify to 4y = 6 or y = 3/2 (we must, technically, check to make sure this is a
minimum, and not a maximum or an inflection point). Here is the same calculation performed using
FreeMat:

-=> A = [1;1]

--> A\B

ans =
1.5000

which is the same solution.

4.9 LOGICALOPS Logical Array Operators

4.9.1 Usage

There are three Boolean operators available in FreeMat. The syntax for their use is:
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y="x
y=aé&b
alb

<
1]

where x, a and b are logical arrays. The operators are

e NOT (7) - output y is true if the corresponding element of x is false, and ouput y is false if
the corresponding element of x is true.

e OR (—) - output y is true if corresponding element of a is true or if corresponding element of
b is true (or if both are true).

e AND (\&) - output y is true only if both the corresponding elements of a and b are both true.

The binary operators AND and OR can take scalar arguments as well as vector arguments, in which
case, the scalar is operated on with each element of the vector. As of version 1.10, FreeMat supports
shortcut evaluation. This means that if we have two expressions

if (exprl & expr2)
then if expril evaluates to false, then expr2 is not evaluated at all. Similarly, for the expression
if (exprl | expr2)

then if expr1 evaluates to true, then expr2 is not evaluated at all. Shortcut evaluation is useful for
doing a sequence of tests, each of which is not valid unless the prior test is successful. For example,

if isa(p,’string’) & strcmp(p,’fro’)

is not valid without shortcut evaluation (if p is an integer, for example, the first test returns false,
and an attempt to evaluate the second expression would lead to an error). Note that shortcut
evaluation only works with scalar expressions.

4.9.2 Examples

Some simple examples of logical operators. Suppose we want to calculate the exclusive-or (XOR) of
two vectors of logical variables. First, we create a pair of vectors to perform the XOR operation on:

--> a = (randn(1,6)>0)

a:
011101

--> b = (randn(1,6)>0)

b =
010010

Next, we can compute the OR of a and b:
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-->c=alb

C=
06011111

However, the XOR and OR operations differ on the fifth entry - the XOR would be false, since it is
true if and only if exactly one of the two inputs is true. To isolate this case, we can AND the two
vectors, to find exactly those entries that appear as true in both a and b:

-->d=aé&b

d =
010000

At this point, we can modify the contents of ¢ in two ways — the Boolean way is to AND \sim d
with c, like so

--> xor = ¢ & (7d)

xor =
001111

The other way to do this is simply force c(d) = 0, which uses the logical indexing mode of FreeMat
(see the chapter on indexing for more details). This, however, will cause ¢ to become an int32 type,
as opposed to a logical type.

-=> c(d) =0

C=
001111

4.10 MATRIXPOWER Matrix Power Operator

4.10.1 Usage

The power operator for scalars and square matrices. This operator is really a combination of two
operators, both of which have the same general syntax:

y=a’b

The exact action taken by this operator, and the size and type of the output, depends on which of
the two configurations of a and b is present:

1. ais a scalar, b is a square matrix

2. ais a square matrix, b is a scalar
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4.10.2 Function Internals

In the first case that a is a scalar, and b is a square matrix, the matrix power is defined in terms
of the eigenvalue decomposition of b. Let b have the following eigen-decomposition (problems arise
with non-symmetric matrices b, so let us assume that b is symmetric):

M 0 - 0
b=p |0 N E!
: 0
0 0 M
Then a raised to the power b is defined as
a0 0
dop| 0 0 E
SO
0 0 a

Similarly, if a is a square matrix, then a has the following eigen-decomposition (again, suppose a is
symmetric):

MO0 - 0
a=pg|9 M E~1

0

0 0 A

Then a raised to the power b is defined as
Ao 0
b

=p|0 % B

) 0

0 0 X

4.10.3 Examples

We first define a simple 2 x 2 symmetric matrix

-->A=1.5

A =
1.5000

-->B = [1,.2;.2,1]

1.0000 0.2000
0.2000 1.0000
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First, we raise B to the (scalar power) A:
--> C = B"A

1.0150 0.2995

0.2995 1.0150
Next, we raise A to the matrix power B:
--> C = A"B

1.5049 0.1218
0.1218 1.5049

4.11 MINUS Subtraction Operator

4.11.1 Usage

Subtracts two numerical arrays (elementwise). There are two forms for its use, both with the same
general syntax:

y=a-b>
where a and b are n-dimensional arrays of numerical type. In the first case, the two arguments are
the same size, in which case, the output y is the same size as the inputs, and is the element-wise
difference of a and b. In the second case, either a or b is a scalar, in which case y is the same size

as the larger argument, and is the difference of the scalar to each element of the other argument.
The rules for manipulating types has changed in FreeMat 4.0. See typerules for more details.

4.11.2 Function Internals

There are three formulae for the subtraction operator, depending on the sizes of the three arguments.
In the most general case, in which the two arguments are the same size, the output is computed via:

y(ma,...,mq) = almy,...,mg) —b(m,...,mg)
If a is a scalar, then the output is computed via
y(my,...,mq) =a—>b(my,...,mg).
On the other hand, if b is a scalar, then the output is computed via

y(mla"'amd) :a(mla"'amd)ib'
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4.11.3 Examples

Here are some examples of using the subtraction operator. First, a straight-forward usage of the
minus operator. The first example is straightforward:

-->3-38

Next, we subtract a vector of values from a scalar:

--> 3.1 - [2,4,5,6,7]

1.1000 -0.9000 -1.9000 -2.9000 -3.9000
With complex values

-—> a = 3 - 4xi

a =

3.0000 - 4.0000i
-=>b=a-2
b =

1.0000 - 4.0000i

Finally, the element-wise version:

--> a = [1,2;3,4]

|

|
A\
o

|

= [2,3;6,7]
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4.12 PLUS Addition Operator

4.12.1 Usage

Adds two numerical arrays (elementwise) together. There are two forms for its use, both with the
same general syntax:

y=a+b

where a and b are n-dimensional arrays of numerical type. In the first case, the two arguments are
the same size, in which case, the output y is the same size as the inputs, and is the element-wise the
sum of a and b. In the second case, either a or b is a scalar, in which case y is the same size as the
larger argument, and is the sum of the scalar added to each element of the other argument.

The rules for manipulating types has changed in FreeMat 4.0. See typerules for more details.

4.12.2 Function Internals

There are three formulae for the addition operator, depending on the sizes of the three arguments.
In the most general case, in which the two arguments are the same size, the output is computed via:

y(my,...,mq) = almy,...,mg) +b(my,...,mq)
If a is a scalar, then the output is computed via
y(ma,...,mq) = a+b(m,...,my).
On the other hand, if b is a scalar, then the output is computed via

y(m17"'amd) :a(mla"'vmd)+b'

4.12.3 Examples

Here are some examples of using the addition operator. First, a straight-forward usage of the plus
operator. The first example is straightforward:

--> 3+ 8

ans =
11

Next, we add a scalar to a vector of values:

--> 3.1 + [2,4,5,6,7]

ans =
5.1000 7.1000 8.1000 9.1000 10.1000

With complex values
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> a =3 + 4xi

a =
3.0000 + 4.0000i

-=>b=a+ 2

b =
5.0000 + 4.0000i

Finally, the element-wise version:

--> a = [1,2;3,4]

a:

12

34
-->b = [2,3;6,7]
b =

23

67
-—->c=a+b
C=

3 b5

9 11

CHAPTER 4. MATHEMATICAL OPERATORS

4.13 RIGHTDIVIDE Matrix Equation Solver/Divide Oper-

ator

4.13.1 Usage

The divide operator / is really a combination of three operators, all of which have the same general

syntax:

Y=A/B

where A and B are arrays of numerical type. The result Y depends on which of the following three

situations applies to the arguments A and B:

1. A is a scalar, B is an arbitrary n-dimensional numerical array, in which case the output is the

scalar A divided into each element of B.

2. Bis a scalar, A is an arbitrary n-dimensional numerical array, in which case the output is each

element of A divided by the scalar B.
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3. A,B are matrices with the same number of columns, i.e., A is of size K x M, and B is of size
L x M, in which case the output is of size K x L.

The output follows the standard type promotion rules, although in the first two cases, if A and B are
integers, the output is an integer also, while in the third case if A and B are integers, the output is
of type double.

4.13.2 Function Internals

There are three formulae for the times operator. For the first form
Y(imy,...,mg) = ———,
and the second form
Y(mi,...,mq) =
In the third form, the output is defined as:
Y — (B/\A/),

and is used in the equation Y B = A.

4.13.3 Examples

The right-divide operator is much less frequently used than the left-divide operator, but the concepts
are similar. It can be used to find least-squares and minimum norm solutions. It can also be used
to solve systems of equations in much the same way. Here’s a simple example:

-—> B = [1:1;0’1])
--> A = [4,5]

A =

4 5

--> A/B

ans =

41

4.14 TIMES Matrix Multiply Operator

4.14.1 Usage

Multiplies two numerical arrays. This operator is really a combination of three operators, all of
which have the same general syntax:

y=axb
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where a and b are arrays of numerical type. The result y depends on which of the following three
situations applies to the arguments a and b:

1. a is a scalar, b is an arbitrary n-dimensional numerical array, in which case the output is the
element-wise product of b with the scalar a.

2. b is a scalar, a is an arbitrary n-dimensional numerical array, in which case the output is the
element-wise product of a with the scalar b.

3. a,b are conformant matrices, i.e., a is of size M x K, and b is of size K x N, in which case the
output is of size M x N and is the matrix product of a, and b.

Matrix multiplication is only defined for matrices of type double and single.

4.14.2 Function Internals

There are three formulae for the times operator. For the first form
y(m17"'amd) =axXx b(mla"'7md)7

and the second form
y(ma,...,mq) = a(mq,...,mg) X b.

In the third form, the output is the matrix product of the arguments

K
y(m,n) = Z a(m, k)b(k,n)

k=1

4.14.3 Examples

Here are some examples of using the matrix multiplication operator. First, the scalar examples
(types 1 and 2 from the list above):

--> a = [1,3,4;0,2,1]

a =

268

042

The matrix form, where the first argument is 2 x 3, and the second argument is 3 x 1, so that the
product is size 2 x 1.
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--> a = [1,2,0;4,2,3]

|

|
\4
o

]

[5;3;1]

-=> c = axb

Note that the output is double precision.

4.15 TRANSPOSE Matrix Transpose Operator
4.15.1 Usage

Performs a transpose of the argument (a 2D matrix). The syntax for its use is

y=a.’;

where a is a M x N numerical matrix. The output y is a numerical matrix of the same type of
size N x M. This operator is the non-conjugating transpose, which is different from the Hermitian
operator ’ (which conjugates complex values).

4.15.2 Function Internals

The transpose operator is defined simply as
Yij = Aji

where y_1ij is the element in the ith row and jth column of the output matrix y.

4.15.3 Examples

A simple transpose example:

--> A = [1,2,0;4,1,-1]

A =
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1 2 0

4 1 -1
-=> A’
ans =

1 4

2 1

0 -1

Here, we use a complex matrix to demonstrate how the transpose does not conjugate the entries.
-—> A = [1+i,2-1]

A =
1.0000 + 1.00001i 2.0000 - 1.00001i

-=> A’

ans =
1.0000 + 1.00001
2.0000 - 1.00001

4.16 TYPERULES Type Rules for Operators

4.16.1 Usage

Starting with FreeMat 4.0, the type of y is determined according to the same rules as Matlab. These
are the rules:

1. Integer types of the same class can be combined. The answer is the same type as the inputs,
and the operation is performed using saturating arithmetic. Integer types can also be combined
with double precision values (again, the result is of the integer type).

2. Single precision floating point values can be combined with double precision, logical and char-
acter array classes. The result is of class single.

3. Double precision floating point values can be combined with all other types. Except as noted
above, the output is of double precision.

These rules look strange, and they are. In general, computations are done in double precision in
almost all cases. When single precision values are involved, the computations take place in single
precision.
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Flow Control

5.1 BREAK Exit Execution In Loop

5.1.1 Usage

The break statement is used to exit a loop prematurely. It can be used inside a for loop or a while
loop. The syntax for its use is

break

inside the body of the loop. The break statement forces execution to exit the loop immediately.

5.1.2 Example

Here is a simple example of how break exits the loop. We have a loop that sums integers from 1 to
10, but that stops prematurely at 5 using a break. We will use a while loop.

break_ex.m
function accum = break_ex
accum = 0;
i=1;
while (i<=10)
accum = accum + i;
if (i == b)
break;
end

The function is exercised here:

-=> break_ex
ans =

93
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15
--> sum(1:5)

ans =
15

5.2 CONTINUE Continue Execution In Loop

5.2.1 Usage

The continue statement is used to change the order of execution within a loop. The continue
statement can be used inside a for loop or a while loop. The syntax for its use is

continue

inside the body of the loop. The continue statement forces execution to start at the top of the loop
with the next iteration. The examples section shows how the continue statement works.

5.2.2 Example

Here is a simple example of using a continue statement. We want to sum the integers from 1 to
10, but not the number 5. We will use a for loop and a continue statement.

continue_ex.m
function accum = continue_ex
accum = 0;
for i=1:10
if (i==b)
continue;
end
accum = accum + 1; Y%skipped if i == 5!
end

The function is exercised here:

--> continue_ex

--> sum([1:4,6:10])

50
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5.3 ERROR Causes an Error Condition Raised

5.3.1 Usage

The error function causes an error condition (exception to be raised). The general syntax for its
use is

error(s),

where s is the string message describing the error. The error function is usually used in conjunction
with try and catch to provide error handling. If the string s, then (to conform to the MATLAB
API), error does nothing.

5.3.2 Example

Here is a simple example of an error being issued by a function evenoddtest:

evenoddtest.m
function evenoddtest(n)
if (n==0)
error(’zero is neither even nor odd’);
elseif ( n ~= fix(n) )
error (’expecting integer argument’);
end;
if (n==int32(n/2)*2)
printf(’%d is even\n’,n);
else
printf(°%d is odd\n’,n);
end

The normal command line prompt —-> simply prints the error that occured.

--> evenoddtest(4)
4 is even
--> evenoddtest(5)
5 is odd
--> evenoddtest (0)
In /home/basu/dev/branches/FreeMat4/help/tmp/evenoddtest.m(evenoddtest) at line 3
In scratch() at line 1
In base(base)
In base()
In global()
Error: zero is neither even nor odd
--> evenoddtest (pi)
In /home/basu/dev/branches/FreeMat4/help/tmp/evenoddtest.m(evenoddtest) at line 5
In scratch() at line 1
In base(base)
In base()
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In global()
Error: expecting integer argument

5.4 FOR For Loop

5.4.1 Usage

The for loop executes a set of statements with an index variable looping through each element in
a vector. The syntax of a for loop is one of the following:

for (variable=expression)
statements
end

Alternately, the parenthesis can be eliminated

for variable=expression
statements
end

or alternately, the index variable can be pre-initialized with the vector of values it is going to take:

for variable
statements
end

The third form is essentially equivalent to for variable=variable, where variable is both the
index variable and the set of values over which the for loop executes. See the examples section for
an example of this form of the for loop.

5.4.2 Examples

Here we write for loops to add all the integers from 1 to 100. We will use all three forms of the for
statement.

-=> accum = 0;
--> for (i=1:100); accum = accum + i; end
--> accum

ans =
5050
The second form is functionally the same, without the extra parenthesis

--> accum = 0;
—--> for i=1:100; accum = accum + i; end
--> accum

ans =
5050



5.5. IF-ELSEIF-ELSE CONDITIONAL STATEMENTS 97

In the third example, we pre-initialize the loop variable with the values it is to take

5.5 IF-ELSEIF-ELSE Conditional Statements

5.5.1 Usage

The if and else statements form a control structure for conditional execution. The general syntax
involves an if test, followed by zero or more elseif clauses, and finally an optional else clause:

if conditional_expression_1
statements_1

elseif conditional_expression_2
statements_2

elseif conditional_expresiion_3
statements_3

else
statements_N

end

Note that a conditional expression is considered true if the real part of the result of the expression

contains any non-zero elements (this strange convention is adopted for compatibility with MATLAB).

5.5.2 Examples

Here is an example of a function that uses an if statement

if_test.m
function ¢ = if_test(a)
if (a == 1)
c = ’one’;
elseif (a==2)
c = ’two’;
elseif (a==3)
c = ’three’;
else
c = ’something else’;

end
Some examples of if_test in action:

--> if_test (1)

-—> if_test(2)
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ans =
two
-—> if_test(3)

ans =
three
--> if_test(pi)

ans =
something else

5.6 KEYBOARD Initiate Interactive Debug Session

5.6.1 Usage

The keyboard statement is used to initiate an interactive session at a specific point in a function.
The general syntax for the keyboard statement is

keyboard

A keyboard statement can be issued in a script, in a function, or from within another keyboard
session. The result of a keyboard statement is that execution of the program is halted, and you are
given a prompt of the form:

[scope,n] -->

where scope is the current scope of execution (either the name of the function we are executing, or
base otherwise). And n is the depth of the keyboard session. If, for example, we are in a keyboard
session, and we call a function that issues another keyboard session, the depth of that second session
will be one higher. Put another way, n is the number of return statements you have to issue to
get back to the base workspace. Incidentally, a return is how you exit the keyboard session and
resume execution of the program from where it left off. A retall can be used to shortcut execution
and return to the base workspace.

The keyboard statement is an excellent tool for debugging FreeMat code, and along with eval
provide a unique set of capabilities not usually found in compiled environments. Indeed, the
keyboard statement is equivalent to a debugger breakpoint in more traditional environments, but
with significantly more inspection power.

5.6.2 Example

Here we demonstrate a two-level keyboard situation. We have a simple function that calls keyboard
internally:

key_one.m
function ¢ = key_one(a,b)
c =a+b;
keyboard
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Now, we execute the function from the base workspace, and at the keyboard prompt, we call it
again. This action puts us at depth 2. We can confirm that we are in the second invocation of the
function by examining the arguments. We then issue two return statements to return to the base
workspace.

--> key_one(1,2)

[key_one,3]--> key_one(5,7)

[key_one,3]--> a

ans =
5

[key_one,3]--> b

ans =
7

[key_one,3]--> ¢

ans =
12

[key_one,3]--> return

ans =
12

[key_one,3]--> a

ans =
1

[key_one,3]--> b

ans =
2

[key_one,3]--> ¢

ans =
3

[key_one,3]--> return

ans =
3
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5.7 LASTERR Retrieve Last Error Message

5.7.1 Usage

Either returns or sets the last error message. The general syntax for its use is either
msg = lasterr

which returns the last error message that occured, or
lasterr (msg)

which sets the contents of the last error message.

5.7.2 Example

Here is an example of using the error function to set the last error, and then retrieving it using
lasterr.

-=> try; error(’Test error message’); catch; end;
--> lasterr

ans =
Test error message

Or equivalently, using the second form:

--> lasterr(’Test message’);
-=> lasterr

ans =
Test message

5.8 RETALL Return From All Keyboard Sessions

5.8.1 Usage

The retall statement is used to return to the base workspace from a nested keyboard session. It
is equivalent to forcing execution to return to the main prompt, regardless of the level of nesting of
keyboard sessions, or which functions are running. The syntax is simple

retall

The retall is a convenient way to stop debugging. In the process of debugging a complex program
or set of functions, you may find yourself 5 function calls down into the program only to discover
the problem. After fixing it, issueing a retall effectively forces FreeMat to exit your program and
return to the interactive prompt.
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5.8.2 Example

Here we demonstrate an extreme example of retall. We are debugging a recursive function self to
calculate the sum of the first N integers. When the function is called, a keyboard session is initiated
after the function has called itself N times. At this keyboard prompt, we issue another call to self
and get another keyboard prompt, this time with a depth of 2. A retall statement returns us to
the top level without executing the remainder of either the first or second call to self:

self.m
function y = self(n)

if (n>1)
y =n + self(n-1);
printf(’y is %d\n’,y);

else
y=1
printf(’y is initialized to one\n’);
keyboard

end

--> self(4)

y is initialized to omne
[self,8]--> self(6)

y is initialized to omne
[self,8]--> retall

5.9 RETURN Return From Function

5.9.1 Usage

The return statement is used to immediately return from a function, or to return from a keyboard
session. The syntax for its use is

return

Inside a function, a return statement causes FreeMat to exit the function immediately. When a
keyboard session is active, the return statement causes execution to resume where the keyboard
session started.

5.9.2 Example

In the first example, we define a function that uses a return to exit the function if a certain test
condition is satisfied.

return_func.m
function ret = return_func(a,b)
ret = ’a is greater’;
if (a > b)
return;
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end
ret = ’b is greater’;
printf (’finishing up...\n’);

Next we exercise the function with a few simple test cases:

--> return_func(1,3)
finishing up...

ans =
b is greater
--> return_func(5,2)

ans =
a is greater

In the second example, we take the function and rewrite it to use a keyboard statement inside the
if statement.

return_func2.m
function ret = return_func2(a,b)
if (a > b)
ret = ’a is greater’;
keyboard;
else
ret = ’b is greater’;
end
printf (’finishing up...\n’);

Now, we call the function with a larger first argument, which triggers the keyboard session. After
verifying a few values inside the keyboard session, we issue a return statement to resume execution.

--> return_func2(2,4)
finishing up...

ans =

b is greater

--> return_func2(5,1)
[return_func2,4]--> ret

ans =
a is greater

[return_func2,4]--> a

ans =
5

[return_func2,4]--> b
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ans =

[return_func2,4]--> return
finishing up...

ans =
a is greater

5.10 SWITCH Switch statement
5.10.1 Usage

The switch statement is used to selective execute code based on the value of either scalar value or
a string. The general syntax for a switch statement is

switch(expression)
case test_expression_1
statements
case test_expression_2
statements
otherwise
statements
end

The otherwise clause is optional. Note that each test expression can either be a scalar value, a
string to test against (if the switch expression is a string), or a cell-array of expressions to test
against. Note that unlike C switch statements, the FreeMat switch does not have fall-through,
meaning that the statements associated with the first matching case are executed, and then the
switch ends. Also, if the switch expression matches multiple case expressions, only the first one
is executed.

5.10.2 Examples

Here is an example of a switch expression that tests against a string input:

switch_test.m
function ¢ = switch_test(a)
switch(a)
case {’lima beans’,’root beer’}
c = ’food’;
case {’red’,’green’,’blue’}
c = ’color’;
otherwise
c = ’not sure’;
end
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Now we exercise the switch statements

--> switch_test(’root beer’)

ans =
food
--> switch_test(’red’)

ans =
color
--> switch_test(’carpet’)

ans =
not sure

CHAPTER 5. FLOW CONTROL

5.11 TRY-CATCH Try and Catch Statement

5.11.1 Usage

The try and catch statements are used for error handling and control. A concept present in C++,
the try and catch statements are used with two statement blocks as follows

try
statements_1
catch
statements_2
end

The meaning of this construction is: try to execute statements_1, and if any errors occur during
the execution, then execute the code in statements_2. An error can either be a FreeMat generated
error (such as a syntax error in the use of a built in function), or an error raised with the error

command.

5.11.2 Examples

Here is an example of a function that uses error control via try and catch to check for failures in

fopen.

read_file.m
function ¢ = read_file(filename)
try

fp = fopen(filename,’r’);

c = fgetline(fp);

fclose(fp);
catch

¢ = [’could not open file because of error

end

:? lasterr]
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Now we try it on an example file - first one that does not exist, and then on one that we create (so
that we know it exists).

--> read_file(’this_filename_is_invalid’)

C =
could not open file because of error :Access mode r requires file to exist

ans =
could not open file because of error :Access mode r requires file to exist
--> fp = fopen(’test_text.txt’,’w’);

--> fprintf(fp,’a line of text\n’);

--> fclose(fp);

--> read_file(’test_text.txt’)

ans =
a line of text

5.12 WARNING Emits a Warning Message

5.12.1 Usage

The warning function causes a warning message to be sent to the user. The general syntax for its
use is

warning(s)

where s is the string message containing the warning.

5.13 WHILE While Loop

5.13.1 Usage

The while loop executes a set of statements as long as a the test condition remains true. The
syntax of a while loop is

while test_expression
statements
end

Note that a conditional expression is considered true if the real part of the result of the expression
contains any non-zero elements (this strange convention is adopted for compatibility with MATLAB).

5.13.2 Examples

Here is a while loop that adds the integers from 1 to 100:
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-=> accum = O;

-=> k=1;

--> while (k<100), accum = accum + k; k = k + 1; end
--> accum

ans =
4950

testeq.m
function x = testeq(a,b)
if (size(a,1) ~= size(b,1) || size(a,2) ~= size(b,2))

x = 0;
return;
end

d = full(a)-full(d);

if (strcmp(typeof(d),’double’) | strcmp(typeof(d),’dcomplex’))
x = isempty(find(abs(d)>10%eps));

else
x = isempty(find(abs(d)>10*feps));

end
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FreeMat Functions

6.1 ADDPATH Add

6.1.1 Usage

The addpath routine adds a set of directories to the current path. The first form takes a single
directory and adds it to the beginning or top of the path:

addpath(’directory’)

The second form add several directories to the top of the path:
addpath(’dirl’,’dir2’,...,’dirn’)

Finally, you can provide a flag to control where the directories get added to the path
addpath(’dir1’,’dir2’,...,’dirn’,’-flag’)

where if flag is either >0’ or ’-begin’, the directories are added to the top of the path, and if
the flag is either -1’ or ’-end’ the directories are added to the bottom (or end) of the path.

6.2 ASSIGNIN Assign Variable in Workspace

6.2.1 Usage

The assignin function allows you to assign a value to a variable in either the callers work space or
the base work space. The syntax for assignin is

assignin(workspace,variablename,value)

The argument workspace must be either 'caller’ or ’base’. If it is 'caller’ then the variable is assigned
in the caller’s work space. That does not mean the caller of assignin, but the caller of the current
function or script. On the other hand if the argument is ’base’, then the assignment is done in the
base work space. Note that the variable is created if it does not already exist.

107
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6.3 BLASLIB Select BLAS library
6.3.1 Usage

The blaslib function allows you to select the FreeMat blas library. It has two modes of operation.
The first is to select blas library:

blaslib LIB_NAME
If you want to see current blas library selected issue a blaslib command with no arguments.
blaslib

the returned list of libraries will include an asterix next to the library currently selected. If no
library is selected, FreeMat will use its internal (reference) BLAS implementation, which is slow,
but portable.

6.4 BUILTIN Evaulate Builtin Function
6.4.1 Usage

The builtin function evaluates a built in function with the given name, bypassing any overloaded
functions. The syntax of builtin is

[yl,y2,...,yn] = builtin(fname,x1,x2,...,xm)

where fname is the name of the function to call. Apart from the fact that fname must be a string,
and that builtin always calls the non-overloaded method, it operates exactly like feval. Note
that unlike MATLAB, builtin does not force evaluation to an actual compiled function. It simply
subverts the activation of overloaded method calls.

6.5 CLC Clear Dislplay

6.5.1 Usage
The clc function clears the current display. The syntax for its use is

clc

6.6 CLOCK Get Current Time

6.6.1 Usage

Returns the current date and time as a vector. The syntax for its use is
y = clock

where y has the following format:

y = [year month day hour minute seconds]
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6.6.2 Example

Here is the time that this manual was last built:

--> clock
ans =

1.0e+03 *
2.0090 0.0100 0.0040 0.0220 0.0260 0.0321

6.7 CLOCKTOTIME Convert Clock Vector to Epoch Time

6.7.1 Usage

Given the output of the clock command, this function computes the epoch time, i.e, the time in
seconds since January 1,1970 at 00:00:00 UTC. This function is most useful for calculating elapsed
times using the clock, and should be accurate to less than a millisecond (although the true accuracy
depends on accuracy of the argument vector). The usage for clocktotime is

y = clocktotime(x)
where x must be in the form of the output of clock, that is

x = [year month day hour minute seconds]

6.7.2 Example

Here is an example of using clocktotime to time a delay of 1 second

--> x = clock

1.0e+03 *
2.0090 0.0100 0.0040 0.0220 0.0260 0.0322

--> sleep(1)
--> y = clock

y:

1.0e+03 *
2.0090 0.0100 0.0040 0.0220 0.0260 0.0332

--> clocktotime(y) - clocktotime(x)

ans =
1.0010
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6.8 COMPUTER Computer System FreeMat is Running On
6.8.1 Usage

Returns a string describing the name of the system FreeMat is running on. The exact value of this
string is subject to change, although the *MAC’> and *PCWIN’ values are probably fixed.

str = computer

Currently, the following return values are defined
e ’PCWIN’ - MS Windows
e ’MAC’ - Mac OS X

e ’UNIX’ - All others

6.9 DIARY Create a Log File of Console
6.9.1 Usage

The diary function controls the creation of a log file that duplicates the text that would normally
appear on the console. The simplest syntax for the command is simply:

diary

which toggles the current state of the diary command. You can also explicitly set the state of the
diary command via the syntax

diary off
or
diary on
To specify a filename for the log (other than the default of diary), you can use the form:
diary filename
or
diary(’filename’)

which activates the diary with an output filename of filename. Note that the diary command is
thread specific, but that the output is appended to a given file. That means that if you call diary
with the same filename on multiple threads, their outputs will be intermingled in the log file (just
as on the console). Because the diary state is tied to individual threads, you cannot retrieve the
current diary state using the get (0, ’Diary’) syntax from MATLAB. Instead, you must call the
diary function with no inputs and one output:

state = diary

which returns a logical 1 if the output of the current thread is currently going to a diary, and a
logical 0 if not.
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6.10 DOCLI Start a Command Line Interface

6.10.1 Usage

The docli function is the main function that you interact with when you run FreeMat. I am not
sure why you would want to use it, but hey - its there if you want to use it.

6.11 EDIT Open Editor Window

6.11.1 Usage

Brings up the editor window. The arguments of edit function are names of files for editing:

edit filel file2 file3

6.12 EDITOR Open Editor Window

6.12.1 Usage

Brings up the editor window. The editor function takes no arguments:

editor

6.13 ERRORCOUNT Retrieve the Error Counter for the In-
terpreter

6.13.1 Usage

This routine retrieves the internal counter for the interpreter, and resets it to zero. The general
syntax for its use is

count = errorcount

6.14 ETIME Elapsed Time Function

6.14.1 Usage

The etime calculates the elapsed time between two clock vectors x1 and x2. The syntax for its use
is

y = etime(x1,x2)
where x1 and x2 are in the clock output format

x = [year month day hour minute seconds]
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6.14.2 Example

Here we use etime as a substitute for tic and toc
--> x1 = clock;
--> sleep(1);

--> x2 = clock;
--> etime(x2,x1);

6.15 EVAL Evaluate a String

6.15.1 Usage

The eval function evaluates a string. The general syntax for its use is
eval(s)

where s is the string to evaluate. If s is an expression (instead of a set of statements), you can assign
the output of the eval call to one or more variables, via

x = eval(s)
[x,y,z] = eval(s)

Another form of eval allows you to specify an expression or set of statements to execute if an
error occurs. In this form, the syntax for eval is

eval(try_clause,catch_clause),
or with return values,

x = eval(try_clause,catch_clause)
[x,y,2z] = eval(try_clause,catch_clause)

These later forms are useful for specifying defaults. Note that both the try_clause and catch_clause
must be expressions, as the equivalent code is

try

[x,y,2z] = try_clause
catch

[x,y,2z] = catch_clause
end

so that the assignment must make sense in both cases.

6.15.2 Example

Here are some examples of eval being used.
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-—> eval(’a = 327)

a:
32

--> b = eval(’a’)

b =

32

The primary use of the eval statement is to enable construction of expressions at run time.
-——> g = [’b=a’ )+2)]

s =

b=a+2
--> eval(s)

b =
34

Here we demonstrate the use of the catch-clause to provide a default value

--> a = 32
a =
32
--> b = eval(’a’,’1’)
b =
32
-—> b = eval(’z’,’a+1’)
b =
33

Note that in the second case, b takes the value of 33, indicating that the evaluation of the first
expression failed (because z is not defined).

6.16 EVALIN Evaluate a String in Workspace
6.16.1 Usage

The evalin function is similar to the eval function, with an additional argument up front that
indicates the workspace that the expressions are to be evaluated in. The various syntaxes for
evalin are:
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evalin(workspace,expression)

x = evalin(workspace,expression)

[x,y,z] = evalin(workspace,expression)
evalin(workspace,try_clause,catch_clause)

x = evalin(workspace,try_clause,catch_clause)
[x,y,2z] = evalin(workspace,try_clause,catch_clause)

The argument workspace must be either ’caller’ or 'base’. If it is ’caller’, then the expression is
evaluated in the caller’s work space. That does not mean the caller of evalin, but the caller of
the current function or script. On the other hand if the argument is ’base’, then the expression is
evaluated in the base work space. See eval for details on the use of each variation.

6.17 EXIT Exit Program
6.17.1 Usage

The usage is
exit

Quits FreeMat. This script is a simple synonym for quit.

6.18 FEVAL Evaluate a Function

6.18.1 Usage
The feval function executes a function using its name. The syntax of feval is
[yi,y2,...,yn] = feval(f,x1,x2,...,xm)

where f is the name of the function to evaluate, and xi are the arguments to the function, and yi
are the return values.

Alternately, £ can be a function handle to a function (see the section on function handles for
more information).

Finally, FreeMat also supports f being a user defined class in which case it will atttempt to
invoke the subsref method of the class.

6.18.2 Example

Here is an example of using feval to call the cos function indirectly.

--> feval(’cos’,pi/4)

ans =
0.7071

Now, we call it through a function handle
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-=> ¢ = Qcos

c =
Qcos
--> feval(c,pi/4)

ans =
0.7071

Here we construct an inline object (which is a user-defined class) and use feval to call it

-—> afunc = inline(’cos(t)+sin(t)’,’t’)

afunc =
inline function object
f(t) = cos(t)+sin(t)
--> feval(afunc,pi)

ans =
-1.0000

--> afunc(pi)

ans =
-1.0000

In both cases, (the feval call and the direct invokation), FreeMat calls the subsref method of the
class, which computes the requested function.

6.19 FILESEP Directory Separation Character

6.19.1 Usage

The filesep routine returns the character used to separate directory names on the current platform
(basically, a forward slash for Windows, and a backward slash for all other OSes). The syntax is
simple:

x = filesep

6.20 HELP Help

6.20.1 Usage

Displays help on a function available in FreeMat. The help function takes one argument:

help topic
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where topic is the topic to look for help on. For scripts, the result of running help is the contents
of the comments at the top of the file. If FreeMat finds no comments, then it simply displays the
function declaration.

6.21 HELPWIN Online Help Window

6.21.1 Usage

Brings up the online help window with the FreeMat manual. The helpwin function takes no argu-
ments:

helpwin
helpwin FunctionName

6.22 JITCONTROL Control the Just In Time Compiler

6.22.1 Usage

The jitcontrol functionality in FreeMat allows you to control the use of the Just In Time (JIT)
compiler. Starting in FreeMat version 4, the JIT compiler is enabled by default on all platforms
where it is successfully built. The JIT compiler should significantly improve the performance of
loop intensive, scalar code. As development progresses, more and more functionality will be enabled
under the JIT. In the mean time (if you use the GUI version of FreeMat) you can use the JIT chat
window to get information on why your code was JIT compiled (or not).

do_jit_test.m

function test_val = do_jit_test(test_name)
printf (’Running %s without JIT...’,test_name);
jitcontrol off
tic; Al = feval(test_name); nojit = toc;
jitcontrol on
% Run it twice to remove the compile time
tic; A2 = feval(test_name); wjit = toc;
tic; A2 = feval(test_name); wjit = toc;
printf (’Speedup is %g...’,nojit/wjit);
test_val = issame(A1,A2);
if (test_val)

printf (’PASS\n’);
else

printf (’FAIL\n’);
end

jit_test001.m
function A = jit_test001
A = zeros(1,100000);
for i=1:100000; A(i) = i; end;
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jit_test002.m
function A = jit_test002
A = zeros(512);
for i=1:512;
for j=1:512;
A(i,j) = i-j;
end
end

jit_test003.m
function A = jit_test003
A = zeros(512);
for i=1:512
for j=1