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Simple Examples

Creating a Matrix
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Solving Linear Equation (aumsiBaduegluzivesax=b)
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Octave: 7> a\b

Integrating Differential Equation
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x(t = t0) = x0
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octave:8> function xdot = f (x, t)

>

> r=0.25;



> xdot(1) = r*x(1)*(1 - x(1)/K) - a*x(1)*x(2)/(1 + b*x(1));
> xdot(2) = c*a*x(1)*x(2)/(1 + b*x(1)) - d*x(2);
>

> endfunction

I luizudunily

x0 = [15 2];
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t = linspace (0, 50, 200)';

MM 3 Integrat 18UY 91N Iset differential Equation

x = Isode ("'f", x0, t);
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2.Evaluation notation
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rot90 ([1, 2; 3, 4], -1)

rot90 ([1, 2; 3, 4], 3)

rot90 ([1, 2; 3, 4], 7)

Printing notation
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printf ("foo %s\n", "bar")
-| foo bar
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Error Message
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struct_elements ([1, 2; 3, 4])

error: struct_elements: wrong type argument ‘matrix'



Format of Descriptions
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A sample function description

Function: foo (x, y, ...)
The function foo subtracts x from y, then adds the remaining arguments to the result. If y is not
supplied, then the number 19 is used by default.
foo (1, [3,5],3,9)
=>[14,16]
foo (5)
=14

More generally,
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1. A Sample Command Description
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Command: cd dir

Command: chdir dir



2. A Sample Variable Description
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Getting Started
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1.1 Command line option
#19819318%8 Command line option

--debug
-d

--echo-commands

-X
--exec-path path

--help

-h

-?

--info-file filename
--info-program program

--interactive

-1



--no-history

--no-init-file

--no-line-editing

--no-site-file

--norc

--path path

-p path

--silent
--quiet

-q

--traditional

--braindead

PS1 =">>"

PS2 ="

beep on_error = true

crash dumps_octave core = false
default save format = "mat-binary"

fixed point_format = true



page screen_output = false
print_empty dimensions = false
warn_function_name clash = false

--verbose

-V

Turn on verbose output.

--version

-V

1.2 Startup Files
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1.3  Quitting Octave
9219/ 2 0619 fip exit, quit A3 status

uaz 1y atexit dmTuilandu
Command for Gatting help

o A A o ' o ¥ LA
ANVANYINYDINTAIND AB1/52 Tow1191n Octave prompt KIUATAN help —i 1o Tu

']
v A

Foya dmsummzauiiBen Wadsu uazdaus Ao Uss TemiTiru help command fidad
wldlumseduie mse1w vesdasile uazdeyadmsulduazals

Command: help

Octave's help command can be used to print brief usage-style messages, or to display information
directly from an on-line version of the printed manual, using the GNU Info browser. If invoked
without any arguments, help prints a list of all the available operators, functions, and built-in
variables. If the first argument is -i, the help command searches the index of the on-line version of
this manual for the given topics.
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Built-in Variable: INFO_FILE



The variable INFO_FILE names the location of the Octave info file. The default value is "octave-

home/info/octave.info", in which octave-home is the directory where all of Octave is installed.

Built-in Variable: MAKEINFO_PROGRAM

The variable MAKEINFO PROGRAM names the makeinfo program that Octave runs to format
help text that contains Texinfo markup commands. Its default initial value is "makeinfo".
Command Line Editing
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1. Cursor Motion
Frodremdan1Flunisdredumia cursor
C-b
Move back one character.
C-f
Move forward one character.
DEL
Delete the character to the left of the cursor.
C-d
Delete the character underneath the cursor.
M-f
Move forward a word.
M-b
Move backward a word.
C-a
Move to the start of the line.
C-e
Move to the end of the line.

C-1



Clear the screen, reprinting the current line at the top.

C-_

C-/

Undo the last thing that you did. You can undo all the way back to an empty line.

M-r

Undo all changes made to this line. This is like typing the "undo' command enough times to get

back to the beginning.
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3. Commands For Changing Text
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C-q
C-v

N154NN character



M-TAB
019 Insert tab character
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4. Letting Readline Type For You
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Built-in Variable: completion_append_char

The value of completion _append_char is used as the character to append to successful command-

line completion attempts. The default value is " " (a single space).

Built-in Function: completion_matches (hint)

Generate possible completions given Aint.

5. Commands For Manipulating The History
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Cp
Move ‘up' through the history list.
C-n
Move “down' through the history list.
M-<
Move to the first line in the history.
M->
Move to the end of the input history, i.e., the line you are entering!

C-r



Search backward starting at the current line and moving “up' through the history as necessary.
This is an incremental search.
C-s

Search forward starting at the current line and moving “down' through the history as necessary.

6. Customizing readline

Built-in Function: read_readline_init file (file)

Read the readline library initialiazation file file. If file is omitted, read the default initialization file

(normally *~/.inputrc'.

7. Customizing the Prompt
\t'

The time.

\d'

The date.

“\n'

Begins a new line by printing the equivalent of a carriage return followed by a line feed.
\s'

The name of the program (usually just “octave').

W

The current working directory.

W

The basename of the current working directory.
'

The username of the current user.
W'

The hostname, up to the first *.".
|

The hostname.

W



The command number of this command, counting from when Octave starts.

\r

The history number of this command. This differs from "\#' by the number of commands in the
history list when Octave starts.

g

If the effective UID is 0, a '#', otherwise a '$'.

“\nnn'

The character whose character code in octal is nnn.

W

A backslash.
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1. Built-in Data Types
1.1 Numeric Objects
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1.2 Missing Data

Built-in Variable: NA
Missing value.
Mapping Function: isna (x)

A 1 o [ oA g‘/ I
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is NA ([13, Inf, NA, NaN])

=>[0,0,1,0]

Mapping Function: is nan_or_na (x)
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is NAN_or NA ([13, Inf, NA, NaN])
=>[0,0,1,1]

1.3 String Objects
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1.4 Data Structure Objects
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Function File: columns (a)
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AUAT 31UIU columns (a)

Function File: rows (a)
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AUAT DT1UIU rows (a)

Built-in Function: length (a)
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AUAT length 14D length AD ITUIU columns IO rows
Built-in Function: size (a, n)
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Numeric Data Types
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1. Matrices
1.1 Empty Matrices
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Empty Matrices 92 He14'1831 matrix 1% 1 %90 2 dimensions 1Y 0 tagduiumsuy
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nno 81141 scalar s matrix M(mxn) , matrix[ ](mxn) g lan

s * [I(mxn) = [J(mxn) * s = [](mxn)
[J(mxn) + [[(mxn) = [1(mxn)
[1(0xm) * M(mxn) = [](0xn)
M(mxn) * [](nx0) = [(mx0)

[J(mx0) * [1(0xn) = O(mxn)
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zeros (3, 0)

ans = [](3x0)
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4. Predicates for Numeric Objects

Built-in Function: isnumeric (x)

o Y Y < . .
@115 return nonzero 01 x 11 numeric object

Built-in Function: isreal (x)

) v ' I 1 A
#1131 return A1 true igh x 11U 1934

Built-in Function: iscomplex (x)
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Built-in Function: ismatrix (a)
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@15 return 1 91 a 111 matrix DU 1B 0.

Function File: isvector (a)
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Function File: isscalar (a)

[} o Y < A [
A5 return 1 91 a 10U scalar DU 1BU 0

Function File: issquare (x)
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Function File: issymmetric (x, tol)
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Built-in Functio: isbool (x) Return true &1 x 1lu boolean
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The if statement
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if (condition)



then-body
endif
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if (condition)
then-body
else
else-body
endif
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#1901 10Tl 1934, then-body AoLaAd 1 else-body 1)1 0

suvwn 3

if (condition)
then-body

elseif (condition)
elseif-body

else
else-body

endif
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The switch statement
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JUMUDY0IAIA switch Ao

switch expression
case label
command_list
case label

command_list

otherwise
command_list

endswitch

N1SMIYUA switch , case , otherwise LAY endswitch Ao keyword
Label 0199¢U1iae expresstion

@150 case label , command_list Iavanesu

A1v04 label 3¢ liaunsansawy'ld 151RIND command_list
Otherwise command list A® option

Built-in Variable: warn_variable switch_label
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3 The while Statement
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while (condition)
body

endwhile

Body ABMEIHIONEMIVBIMETI
.. A . = o A g o 2 Ao & . o
Condition A® expression FIAIVAUIIUIU loop Manulumsiauausninaids while 929

.. .. < ? ' Aa ° '
A® NATOU condition 81 condition 1YY false AILAAY body 3INANIT loop M3 liay

fib = ones (1, 10);

i=3;

while (i <= 10)
fib (i) = fib (i-1) + fib (i-2);
i+t

endwhile

4.The do-until Statement
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do
body
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fib = ones (1, 10);
i=2;
do

i+t



fib (i) = fib (i-1) + fib (i-2);

until (i ==10)

5 The for Statement

M4 for 9LALAINVINAIMIVNIHITIUIY loop JUMVVAAfor Wraregun

for var = expression
body
endfor
o % o & A o . A Y =\
BOdy AINIUATINIDINYNITUBDIANEN expression D 1‘511!ﬂ”|3llﬁﬂ\1 LAY var 91341aY

gun

fib = ones (1, 10);
fori=3:10
fib (1) = fib (i-1) + fib (i-2);

endfor

C-Style 1/0 Functions
J v ' l ' o ] A~ {
WINFUVDY Octave muslmymmﬂmm C %m@ﬂmmuﬁmﬂmw input ﬁi’jauvfﬁ
T uTsunsu
' dal S Y a Y a A . <
a91nH 11la 81989910 file name LAz fid 819947 integer file name 13U reture

Ty fopen
[ 3file always available

Built-in Variable: stdin

The standard input stream (file id 0). When Octave is used interactively, this is filtered through

the command line editing functions.



Built-in Variable: stdout

The standard output stream (file id 1). Data written to the standard output is normally filtered

through the pager.

Built-in Variable: stderr

The standard error stream (file id 2). Even if paging is turned on, the standard error is not sent to

the pager. It is useful for error messages and prompts.

Opening and Closing Files

Built-in Function: [fid, msg] = fopen (name, mode, arch)

Built-in Function: fid list = fopen ("all")

Built-in Function: file = fopen (fid)

sUunDUTAURY fopen WarTu vzidla¥e lWd 137y Tuuaiiay wiourumlannuvmneuas

'
IS v

reture AN integer 1919921131 14019990 nd

= v
gﬂgmumﬁm fopen WINTU 9 reture vector field

{ % 4 o
sUuUNE W fopen WaNFU FoU04 currently IHnUTOYA

U

Built-in Function: fclose (fid)

Y
Ha'lvdmmz 1vhdusa felose a8 0 wonanuaziu 1

Simple Output

Y
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Built-in Function: fputs (fid, string)
Wou string 191 1111 Taefag lifigiuuy

Built-in Function: puts (string)

Wy string 79119 output Taefivz Tifigiuuy



Line-Oriented Input

Built-in Function: fgetl (fid, len)
1 [ s @ g o 1 = @ Ao o
gunmanyuzn A tazngananniuussialuil TasszlinuanyuzNding

mynzaeidulalg

Built-in Function: fgets (fid, len)
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Formatted Output
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Built-in Function: printf (fid, template, ...)

1 I
msudaaIlsznenveurgranelanisaiuan DY string szna1eilu stdout

Built-in Function: fprintf (fid, template, ...)

]
=

d o 1 o 1 { 2 {
WINFuNMAOUNY printf 921ANA1NATIN output NYN@suTL 32 Tva T umui stdout.

Built-in Function: sprintf (femplate, ...)

Jd o { [ 1 {
WanFungmilouny printf WUANANATIN output 3¢ reture milou string
Output Conversion for Matrices
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printf ("%4.2f %10.2¢e %8.4g\n", hilb (3));

-| 1.00 5.00e-01 0.3333
- 0.50 3.33e-01 0.25
-10.33 2.50e-01 0.2
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Output Conversion Syntax
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% flags width [ . precision ] type conversion
&

Table of Output Conversions

A19819904 different conversions
“%d', "%’

Print an integer as a signed decimal number. See section Integer Conversions, for details. *%d'

and "%i' are synonymous for output, but are different when used with scanf for input (see section

Table of Input Conversions).

%0’

Print an integer as an unsigned octal number. See section Integer Conversions, for details.
“You'

Print an integer as an unsigned decimal number. See section Integer Conversions, for details.

“%x', %X


http://www.octave.org/doc/octave_17.html#SEC122
http://www.octave.org/doc/octave_17.html#SEC127
http://www.octave.org/doc/octave_17.html#SEC127
http://www.octave.org/doc/octave_17.html#SEC122
http://www.octave.org/doc/octave_17.html#SEC122

Print an integer as an unsigned hexadecimal number. *%x' uses lower-case letters and "%X' uses

upper-case. See section Integer Conversions, for details.

Y%t

Print a floating-point number in normal (fixed-point) notation. See section Floating-Point
Conversions, for details.

“%e', "%E'

Print a floating-point number in exponential notation. "%e' uses lower-case letters and "%E' uses

upper-case. See section Floating-Point Conversions, for details.

%g', "%G'

Print a floating-point number in either normal (fixed-point) or exponential notation, whichever is
more appropriate for its magnitude. %g' uses lower-case letters and "%G' uses upper-case. See

section Floating-Point Conversions, for details.

"Y'

Print a single character. See section Other Output Conversions.

%s'

Print a string. See section Other Output Conversions.

%%

Print a literal "%' character. See section Other Output Conversions.

Integer Conversions

DB LNENEINUAINUILNBUVB “%d", "%i', %0', %u', "%x', a2 %X' asunelaaal

The "%d' and "%i' conversion specifications both print an numeric argument as a signed
decimal number; while *%0', "%u', and "%x' print the argument as an unsigned octal, decimal, or
hexadecimal number (respectively). The *%X' conversion specification is just like *%x' except

that it uses the characters "ABCDEF" as digits instead of "abcdef'.

The following flags are meaningful:

Left-justify the result in the field (instead of the normal right-justification).
"

For the signed "%d' and "%i' conversions, print a plus sign if the value is positive.


http://www.octave.org/doc/octave_17.html#SEC122
http://www.octave.org/doc/octave_17.html#SEC123
http://www.octave.org/doc/octave_17.html#SEC123
http://www.octave.org/doc/octave_17.html#SEC123
http://www.octave.org/doc/octave_17.html#SEC123
http://www.octave.org/doc/octave_17.html#SEC124
http://www.octave.org/doc/octave_17.html#SEC124
http://www.octave.org/doc/octave_17.html#SEC124

For the signed "%d' and "%i' conversions, if the result doesn't start with a plus or minus sign,
prefix it with a space character instead. Since the "+' flag ensures that the result includes a sign,
this flag is ignored if you supply both of them.

"

For the "%o0' conversion, this forces the leading digit to be *0', as if by increasing the precision.
For "%x' or *%X', this prefixes a leading '0x' or "0X' (respectively) to the result. This doesn't do
anything useful for the “%d', "%i', or *%u' conversions.

0"

Pad the field with zeros instead of spaces. The zeros are placed after any indication of sign or

base. This flag is ignored if the *-' flag is also specified, or if a precision is specified.

Floating-Point Conversions

DBUNEDIANUNIAY VD floating-point numbers( " %f", *%e', "%E', *%g', and “%G")

I
f  dwilugdunuves  [-lddd.ddd
I
“%e'  321ugUunVVOI  exponential [-]d.ddde[+-1dd
< Y [ = Y < 9 o Y
%E' ARUNY ¢ Fauasanausalsununula
N0/ ! N Y ot R Yy 3 LYY ' A \
vog' MAT %G AMENU %e' or “%E' 011U exponential 011N — 4 HIDWINAN

W30 AU 1y %

[l Y
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A ]

Left-justify the result in the field. Normally the result is right-justified.

"

Always include a plus or minus sign in the result.

If the result doesn't start with a plus or minus sign, prefix it with a space instead. Since the *+' flag
ensures that the result includes a sign, this flag is ignored if you supply both of them.

”



Specifies that the result should always include a decimal point, even if no digits follow it. For the
“%g' and "%G' conversions, this also forces trailing zeros after the decimal point to be left in
place where they would otherwise be removed.

0"

Pad the field with zeros instead of spaces; the zeros are placed after any sign. This flag is ignored

if the *-' flag is also specified.

Other Output Conversions

a3Ued U9 N1F 1Y printf
. I o ~
%c'  1uanyuziag)

printf ("%c%c%co/oco/ocﬂ, "h", "e", "l", "l"’ "0");

"%s'  string (ﬁ?@c‘/ﬂ“}gﬁ)

printf (" %3s%-6s", "no", "where");

Formatted Input

L]
Octave U1 scanf, fscanf i0g sscanf

Built-in Function: [val, count] = fscanf (fid, template, size)

Built-in Function: [v/, v2, ..., count] = fscanf (fid, template, ""C")
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Inf

Read as much as possible, returning a column vector.
nr

Read up to nr elements, returning a column vector.

[nr, Inf]

Read as much as possible, returning a matrix with nr rows. If the number of elements read is not
an exact multiple of nr, the last column is padded with zeros.

[nr, ncl

Read up to nr * nc elements, returning a matrix with nr rows. If the number of elements read is

not an exact multiple of nr, the last column is padded with zeros.

Built-in Function: [val, count] = sscanf (string, template, size)

Built-in Function: [v/, v2, ..., count] = sscanf (string, template, "C")

Input Conversion Syntax
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String Input Conversions
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Binary I/O
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Built-in Function: [val, count] = fread (fid, size, precision, skip, arch)

Read binary data of type precision from the specified file ID fid.

The optional argument size specifies the amount of data to read and may be one of

Inf

Read as much as possible, returning a column vector.

nr

Read up to nr elements, returning a column vector.

[nr, Inf]

Read as much as possible, returning a matrix with nr rows. If the number of elements read is not

an exact multiple of nr, the last column is padded with zeros.



[nr, ncl
Read up to nr * nc elements, returning a matrix with nr rows. If the number of elements read is

not an exact multiple of nr, the last column is padded with zeros.

If size is omitted, a value of Inf is assumed.

The optional argument precision is a string specifying the type of data to read and may

be one of

"char"

"char*1"
"integer*1"

"int8"

Single character.
"signed char"
"schar"

Signed character.
"unsigned char"
"uchar"

"uint8"

Unsigned character.
"short"

Short integer.
"unsigned short"
"ushort"
Unsigned short integer.
"int"

Integer.
"unsigned int"
"uint"

Unsigned integer.
"long"

Long integer.



"unsigned long"

"ulong"

Unsigned long integer.
"float"

"float32"

"real*4"

Single precision float.
"double"

"float64"

"real*8"

Double precision float.
"integer*2"

"int16"

Two byte signed integer.
"integer*4"

"int32"

Four byte signed integer.
"uint16"

Two byte unsigned integer.
"uint32"

Four byte unsigned integer.

The default precision is "uchar".

The optional argument skip specifies the number of bytes to skip after each element is

read. If it is not specified, a value of 0 is assumed.

The optional argument arch is a string specifying the data format for the file. Valid

values are

"native"
The format of the current machine.

"ieee-be"



IEEE big endian.
"ieee-le"

IEEE little endian.
"vaxd"

VAX D floating format.
"vaxg"

VAX G floating format.
"cray"

Cray floating format.

Conversions are currently only supported for "ieee-be'" and "ieee-le" formats.

The data read from the file is returned in va/, and the number of values read is returned in

count

Built-in Function: count = fwrite (fid, data, precision, skip, arch)
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End-of-file and Error

Built-in Function: feof (fid)

4 g \ S <
ﬁﬁﬁau"lﬂuﬂmmu end-of-file ﬂzﬁum 1 u’ﬁ)ﬂﬂ1ﬂuuﬂ5lﬂu 0

Built-in Function: ferror (fid)
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Built-in Function: freport ()
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freport ()
-| number mode name

-| 0 r stdin
-| 1 w stdout
-| 2w stderr

-| 3 r myfile

File Positioning
Jd v { o o ) o ¥ o o ' o 1 9 ) o 9| {
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I

Built-in Function: ftell (fid)

2
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Built-in Function: fseek (fid, offset, origin)

v Y Y [l
m3nedniluiaslan nmeluuily fid AFgna e offset FavINgaiuiia
I YA o o ! .. . .
il 1anaausenagnimuauine SEEK_CUR (current position), SEEK_SET (beginning),

or SEEK_END (end of file)

Built-in Variable: SEEK_SET
Built-in Variable: SEEK CUR

Built-in Variable: SEEK _END
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fseek



Plotting
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Generate a 2-dimensional plot
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[x lo:x up][y lo:y up]

Function File: plot (args)
This function produces two-dimensional plots. Many different combinations of arguments are

possible. The simplest form is

plot ()

where the argument is taken as the set of y coordinates and the x coordinates are taken to

be the indices of the elements, starting with 1.

If more than one argument is given, they are interpreted as

plot (x, y, fmt ...)

where y and fint are optional, and any number of argument sets may appear. The x and y

values are interpreted as follows:

If a single data argument is supplied, it is taken as the set of y coordinates and the x

coordinates are taken to be the indices of the elements, starting with 1.



If the first argument is a vector and the second is a matrix, the the vector is plotted versus the
columns (or rows) of the matrix. (using whichever combination matches, with columns tried
first.)

If the first argument is a matrix and the second is a vector, the the columns (or rows) of the
matrix are plotted versus the vector. (using whichever combination matches, with columns
tried first.)

If both arguments are vectors, the elements of y are plotted versus the elements of x.

If both arguments are matrices, the columns of y are plotted versus the columns of x. In this
case, both matrices must have the same number of rows and columns and no attempt is

made to transpose the arguments to make the number of rows match.

If both arguments are scalars, a single point is plotted.

If the fint argument is supplied, it is interpreted as follows. If fint is missing, the default

gnuplot line style is assumed.

A}

Set lines plot style (default).

Set dots plot style.

@

Set points plot style.

@

Set linespoints plot style.

Al

Set impulses plot style.

L

Set steps plot style.

"

Interpreted as the plot color if n is an integer in the range 1 to 6.
‘nm'

If nm is a two digit integer and m is an integer in the range 1 to 6, m is interpreted as the point

style. This is only valid in combination with the @ or -@ specifiers.



N

c

m"nn

If ¢ is one of "r",

" on.n

g","b", "m", "c", or "w", it is interpreted as the plot color (red, green, blue,
magenta, cyan, or white).
title;™

Here "title" is the label for the key.

Used in combination with the points or linespoints styles, set the point style.

The color line styles have the following meanings on terminals that support color.

Number Gnuplot colors (lines)points style

1 red *

2 green +

3 blue 0

4 magenta X

5 cyan house

6  brown there exists

The fint argument can also be used to assign key titles. To do so, include the desired title

between semi-colons after the formatting sequence described above, e.g. "+3;Key Title;

Note that the last semi-colon is required and will generate an error if it is left out.

Here are some plot examples:

plOt (X’ y’ ”@12"5 X, y25 X, y3a "4"; X, y4, "+")

This command will plot y with points of type 2 (displayed as *+') and color 1 (red), y2

with lines, y3 with lines of color 4 (magenta) and y4 with points displayed as *+'.

plOt (b, n*n)



This command will plot the data in the variable b will be plotted with points displayed as

(T

t=0:0.1:6.3;

plot (t, cos(t), "-;cos(t);", t, sin(t), "+3;sin(t);");

This will plot the cosine and sine functions and label them accordingly in the key.

Function File: axis (limits)
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axis ([1, 2, 3, 4], "square");
forces a square aspect ratio, and
axis ("labely", "tic");
turns tic marks on for all axes and tic mark labels on for the y-axis only.

The following options control the aspect ratio of the axes.

"square"

Force a square aspect ratio.

"equal”

Force x distance to equal y-distance.
"normal"

Restore the balance.



The following options control the way axis limits are interpreted.

"auto"

Set the specified axes to have nice limits around the data or all if no axes are specified.
"manual"

Fix the current axes limits.

"tight"

Fix axes to the limits of the data (not implemented).

The option "image" is equivalent to "tight" and "equal”.

The following options affect the appearance of tic marks.

on
Turn tic marks and labels on for all axes.

"off"

Turn tic marks off for all axes.

"tic[xyz]"

Turn tic marks on for all axes, or turn them on for the specified axes and off for the remainder.
"label[xyz]"

Turn tic labels on for all axes, or turn them on for the specified axes and off for the remainder.
"nolabel"

Turn tic labels off for all axes.

Note, if there are no tic marks for an axis, there can be no labels.

The following options affect the direction of increasing values on the axes.

Y
Reverse y-axis, so lower values are nearer the top.

Xy

Restore y-axis, so higher values are nearer the top.

Specialized Two-Dimention Plots

Function File: contour (z, n)



Function File: contour (x, y, z, n)
Make a contour plot of the three-dimensional surface described by z. Someone needs to improve

gnuplot's contour routines before this will be very useful.

Function File: loglog (args)

Make a two-dimensional plot using log scales for both axes. See the description of plot for a
description of the arguments that loglog will accept.

Function File: polar (theta, rho, fmt)

Make a two-dimensional plot given polar the coordinates theta and rho.

The optional third argument specifies the line type

Function File: semilogx (args)

Make a two-dimensional plot using a log scale for the x axis. See the description of plot for a
description of the arguments that semilogx will accept.

Function File: semilogy (args)

Make a two-dimensional plot using a log scale for the y axis. See the description of plot for a

description of the arguments that semilogy will accept.

Plot Annotations

Function File: grid (arg)

For two-dimensional plotting, force the display of a grid on the plot. The argument may be either
"on" or "off". If it is omitted, "on" is assumed.

Function File: title (string)

Specify a title for a plot. If you already have a plot displayed, use the command replot to redisplay
it with the new title.

Function File: bottom _title (string)

See top _title.

Function File: xlabel (string)

Function File: ylabel (string)

Function File: zlabel (string)



Specify X, y, and z axis labels for the plot. If you already have a plot displayed, use the command

replot to redisplay it with the new labels.

Multiple Plots on One Page

do 2 9 o A o o ~ Y 1
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Function File: mplot (x, )

Function File: mplot (x, y, fint)

Function File: oneplot ()

If in multiplot mode, switches to single plot mode.
Function File: plot border (...)

Multiple arguments allowed to specify the sides on which the border is shown. Allowed
arguments include:

"blank"

No borders displayed.

"all"

All borders displayed

"north"

North Border

"south"

South Border

"east"

East Border

"west"

West Border

Function File: subplot (rows, cols, index)
Function File: subplot (rcn)

MyuAA gnuplot 11 multiplot 1uAL@L plots ﬂéiuﬁgﬁiﬁiﬂ8ﬁ%ﬁﬁlllﬂiﬂiﬂuﬂqu

o . I 1 g [ . Y A Y .
Vl?imultlplotiscalej]‘éﬁlﬂu vector 2111 ﬂiﬂlliﬂiﬁl‘ﬂmﬂ xsize 1AZATIN 2 1N ysize

Input:



rows

Number of rows in subplot grid.

columns

Number of columns in subplot grid.

index

Index of subplot where to make the next plot.

= = A o A o oA o I (% I I @ I
anaINaHUa YU WoNuNmvesaaudu 3 van Tﬂt’J 1w uon 2 uvan uag 310U

[

Y
Alums plot  1¥UAIBE19 92 plot LU 4 LAz 2 A3A 9 laaall
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[ 112]3]4]

Function File: top_title (string)
Function File: bottom _title (string)

Makes a title with text string at the top (bottom) of the plot.

Interaction with gnuplot

Built-in Variable: gnuplot_binary
tﬂ' o o o ! d‘Q A
%@Iﬂil!ﬂii] WWiWUﬂWiI@ﬂ‘ﬂ']ffN plot MNAANDIAND gnuplot

Built-in Variable: gnuplot_has frames

Y @ [ Y] a %) dy Y o ) o

oaveeaantls laiminy o Octave szarunAguneifi) gnuplot laaiuayudmsy
vanelsuigniudaeglugui 3.6 beta

A 2 o oA . 1w 3 = ' a J

1101579 1 sfuAeA TN determined Tasud luuasiuansmilunlasuegluansldnis

A 9 A o & A A A Y A a ¥
Limlml’ﬂﬁﬂu?ﬁ@ ﬂqﬁﬂ‘luﬂimﬂllfgﬂ“ll Wj@ﬂwﬂmlﬂaﬂu gnuplot bluﬂ’]ﬁ@]ﬂﬁ\i

Built-in Function: graw (string)

Send string directly to gnuplot subprocess.



Built-in Variable: gnuplot_command_plot

Built-in Variable: gnuplot command_replot

Built-in Variable: gnuplot command_splot
Built-in Variable: gnuplot_command_using

Built-in Variable: gnuplot command_with

Built-in Variable: gnuplot command_axes

Built-in Variable: gnuplot_command_title

Built-in Variable: gnuplot command_end

= v %
ﬂ]’iﬂuﬂ1ﬂﬂi}ﬂ1ﬂl®@ seed

Loadable Function: randn (x)

Loadable Function: randn (n, m)

Loadable Function: randn ("seed”, x)

Y J a o 1% o 1A d g @
Matrixdznauau lasmsguuuuilnd arvzgniamsmieunuamimiy luaeuilguaunsoda
seed AmSuiiuuTaomsguananIaoldguuuy

randn ("seed", x)
A 3 1w A qu
e x Wumdauiely

randn ("seed")

A 1 v
randn 9£AUATI9 UV seed

3 ]

rand ag randnitlumsutiauen lng

rand ("seed", 13);
randn ("seed", 13);
u=rand (100, 1);

n =randn (100, 1);
and

rand ("seed", 13);

randn ("seed", 13);



u = zeros (100, 1);
n = zeros (100, 1);
fori=1:100
u(i) =rand ();
n(i) = randn ();
end
o d | Y
NAANTIZININY
A141nA rand 1Az randn 9LTUAT seed INTTUVHIAN DNHANMINNUNIVDITIUIU TR S
[ [~ A @ 1 & 9 F) o ) ] Ao
qﬂmﬂummmuauﬂmmaznawmm run octave a7 ﬂ'lﬂﬂ!ﬂ’)'llﬁ]'llﬂuﬁ'lﬂ5ULW®%'I'€YENWEI
NAWAUNIVOITILIUNDA AUAINITDIAscedADAIFIUIIZI.
Y o =] = v o @ ~ = ~ @
1 u@jﬂliﬂﬂ]lllll argument, rand tl@Zrandn ﬁﬁ]ﬂﬂﬁ'lﬂiglﬂﬂ?ﬂ?iﬂﬁﬂﬂumﬁ]ﬂWﬁ‘ﬂ@?llﬂu&l’liﬂﬂ
MIFU.

Function File: randperm (n)

J (% : o w 1 ° s & 1
L’Jﬂ!@]@illﬂ’Jf‘l"liﬂﬁﬂﬁuﬂWilﬂﬁﬂuﬁTﬂUIﬂﬂﬂﬁquﬂl@ﬂ%WH’JumM@ﬂlm 1 5an.

Built-in Function: diag (v, k)
] ~ o 14 A A Y o 4
HULUUNNHEIYUNVINIABD TV VUUDINLYIKk .argument‘i/]ﬁf]\iﬁluﬂTim@ﬂ. ammﬂuﬂiﬂwu
14 v Ad o [
,L’Jﬂm@‘igﬂ’ﬂiﬂuk-th Super-diagonal . ﬁ/mumﬂuau,uugmnuu-k-th Sub-diagonal . N9

a [

: @ I J R o o ) o W ]
Wﬂﬁigﬂ]u’llﬁﬂjﬂﬂk Lﬂu 0 ,Llagﬁnﬂl@@i@jﬂ'J'NUULLﬂ'JT]LLENG?Na']ﬂiH. A1MITIUAIVYN,.
diag ([1,2,3], 1)
=0100
0020
0003
0000
Y A . o W i ' A 9 J Y ' = A
iU N linspace Liaglogspace NMUUBDYINYUINIWDT I IINADIAIYDYWNINULIIVYITD

logarithmical .

Built-in Function: linspace (base, limit, n)




14 @ [ 1 v o w 1 o @
NAMBIUDINMINAUAUNN linearly Husoslatodianszninguuazvoua. S1uautlato
d1Any,n Aolngini1 1 grunezveuaswegudr luveuaiue. d1gussluanveua

v o w a3 o v o ] '

Avsedaggninulumsaamds. . S1swaugalignizy.aves 100 gnld.

. Y A 4 v A

linspace HHNINNOIUDININAUAUIANO.
Function File: logspace (base, limit, n)

FY =K o 1 . Yy K 1 d . . 9 [ H 1 =2 ..
AAYARINUABIlInspace fJﬂL’JuG]NﬂMﬂulogarlthmlcally FIUBDIANLA 1 0base DN10]imit .

Y 1w . 1 1 . ] . A I Y o 9 v
DU VIAININ Ui ,9A0Y52N11410base Hazpi , 1i10base taz 10pi Lozl lany

= o Y

MATLAB#4A390 U N,

Built-in Variable: warn_neg_dim_as_zero

1 { @ < ° . 9 o A A @
‘5}1ﬂ1!,?183ﬂ‘iJwarn_neg_dim_as_zero Lﬂum!ﬁau nonzero ,print mmumﬁmﬁauﬂumﬁ
LUHAPNDDN.

eye (-1)

andluo .

Built-in Variable: warn_imag_to_real
¥ 1A o . < o A a Jdo o A =X q9a
D1AUNYINUwarn_imag_to_real 1Y Unonzero . AudpUgNWNHAMTUMIlasunilasda iy

° @ 1o a 4 13
Gummuauclmcff}mmamu’m%id Lﬁ’e‘)mtﬂu 0

Arithmetic

1. Utility Functions

'
Y A

X I ) @ o v o a ' ] a
wumc?ﬁG\mmtﬂuw%’aummumimamﬂummmﬂm%u. Lmi]%ﬂ'lﬂ?]'llﬂ‘llargument!ﬂﬂ’) .

'
o o

Mda dszandvihfizaen i1 3reudas Tasuddauotmatrix

Mapping Function: ceil (x)

Auduaudnga lideoniix. fudnaddudou. return ceil (real (x)) + ceil (imag (x)) * 1.
Mapping Function: exp (x)

finl I exponential UDIX. LﬁﬂﬂcTH’Jmmatrixexponential .

Mapping Function: fix (x)

1ﬁlgﬂ°§1ﬂ§4ﬁu§. 5}1L§ﬂ“§‘§ﬂ¢]¥@u return fix (real (x)) + fix (imag (x)) * L.

. Mapping Function: floor (x)

Ausudulnajgalugslvandix. dudnsiusuiudadon., retumn floor (real (x)) + floor
(imag (x)) * L

Mapping Function: ged (x, ...)



° @ o X ] v o w <} 4 o 1
ﬂ']u']ﬂ!ﬂ')ﬁ']ﬁﬁ']iJﬂJu“?NGlﬁﬂJu?qfﬂﬂl’é]\?ﬂ‘ﬂ‘ﬂ‘t’Jﬁ']ﬂﬂJGllfNL’é]ﬂ“ﬁ,ﬁ%ﬂi']ﬂﬂ"li‘ll@Qﬂﬂﬁuﬂargument. (YU

A20819
ged (al, ..., ak)
A (%
ITUDUND
ged ([al, ..., ak])

' o A X A a & A & oo <
ﬂ’]ﬂaUﬁﬁ@\iﬁ'\‘]ﬁﬂ‘ﬁiﬂﬂﬁlﬁlaaﬂﬂ UTTFIUUTIUUNINADTITUIUAN.

g=v(1) *a(k) + ... + v(k) * a(k)

Mapping Function: lem (X, ...)

[

° o . ' ' v o w o w <] 4 e
ﬂ']u'JiL!WZ‘IﬂmﬁTNﬂJfﬁﬁﬁ'}uﬂlﬁﬂJﬂlﬂﬂﬂﬂﬂﬂﬁ'?ﬂﬂ]ﬂﬁ]ﬁ]ﬂﬁ? ﬂJu‘ll@\iLﬂﬂ%,ﬁ%@i?ﬂﬂWiﬂlﬂﬂﬂﬂﬁﬂJﬂ

g

argument. [YUAIDY
lem (al, ..., ak)

Mapping Function: log (x)

o o A

ﬁWUDmLaﬂJaﬂﬂGQiﬁﬂJTﬂﬂ‘ﬁiih%?ﬁt‘hﬂ%ﬂl!@iazﬂﬂ%ﬂﬁ"lﬂillﬂ]@ﬁx. INOA UM matrixlaVaonos

]

=
Nny,.

Mapping Function: log10 (x)
Mudbase-10 VAN ud M vudazTadsd Ay voudns.
Mapping Function: log2 (x)
Mapping Function: [f; ¢] log2 (x)
fUIBbase-2 1AVABNBI MUNEITLX. Aoutput returns fand e such that 1/2 <= abs(f) < 1 and x
={*2%e.
Mapping Function: max (x, y)
Mapping Function: [w, iw] = max (x)
dmSunnmosargument Aumgaiiqa. d 15 Umatrix argument. AuAgefiganAudazan
Lsﬁunﬂma%um. A5V 9Imatrices (Vidi’ﬂmatrixuazscalar ),ﬁupair-wise mg’fﬂfjﬂ. ﬁdf!iu,.
max (max (x))
Authivddnlvagaveudnd uay.
max (2:5, pi)

=> 3.1416 3.1416 4.0000 5.0000

o v [ 4

nisuisunaazadedAyueue g 2 - 5 AUpi LAZNININDTLDIMINAUAUYBIAIGINTS.

g Q



[

MIUTIUIUFIFOU argument, yuIaveatasodvygnlddmsumaSeuiion.

'
= v A =1 (=

iFennuBUNNHaezmMs TdNesaesdinosnyl,max AUAYTILTNVDIAIGIGAY 720,

f)e Do

[x, ix] =max ([1, 3, 5, 2, 5])
= x=5
ix=3
Function File: nextpow2 (x)

Yy 2 o A o < s A
DuonHiuscalar LAUNUIUAULULT DN UHUFIUU. 27n >= abs (x).
9 I Y
01 x 111U AAAY, return nextpow? (length (x)).

Mapping Function: pow2 (x)

Mapping Function: pow2 (f, e)

'
9 _ )

Y ! o < Jd o [ 1 o @ o
@]’Jﬂargumentﬂﬁﬂ,mujm 2. 1Ny mmmmazﬂmﬂmﬂiymﬂ'mm. NUTDJargument. returns
f.* (2. e).

Mapping Function: rem (X, y)

A ]

A A o o w 9
ﬁUﬁQﬁLWﬁ@@QﬂJ@Q x/y ,mu’;mmaﬂ%mmamaaﬂ.

x-y. *fix(x./y)
TonnuAagniiutiinvesargument i ude wiodufivavesargumentiusnuFadon.
Mapping Function: round (x)

Ausnudnlnddex. dudndius1uBIFDU. return round (real (x)) + round (imag (x)) * L.
Mapping Function: sign (x)
AUV signum
-1, x<0;
sign (x)= 0,x=0;

1,x>0.

Mapping Function: sqrt (x)

J A o

° 3 oA G ° a o A {
ATHIUIINADIVDIX. ﬁjuaﬂmﬁl,ﬂuau,mmwwi’fauwaawmgﬂﬂu. ﬂ1'§ﬂ1u’3ﬂ‘lmatrlx‘i1ﬂ‘ﬁ
woN.
2 . Complex Arithmetic

Y AR 3 9 [ [ o v o a 9 ° 1 oA
wummmummuwsammmmimqmﬂummuwwaummu. UOasAUAY
Mapping Function: abs (z)

T9vvu1alae | defined as |z| = sqrt (x*2 + y*2). 13U



abs (3 + 4i)
=5
Mapping Function: arg (3)
Mapping Function: angle (z)
TévayuTag as theta = atan (v/x). 15U
arg (3 + 41)

=>0.92730

Mapping Function: conj (3)

T3 Jconjugate conj (z) = x - iy.

Mapping Function: imag (z)

s mauiuanimile z misusuauesa
Mapping Function: real (z)

9 1 a
1¥11A1939904 z

3. Trigonometry
Mapping Function: sin (x)
1441171 sine x

Mapping Function: cos (x)
1941181 cosine x.

Mapping Function: tan ()
Elslgf}‘m?h tanget x.

Mapping Function: sec (x)
‘15191)1(?1?‘;1 secant x.
Mapping Function: csc (x)
141171 cosecant x.
Mapping Function: cot (x)
1911 cotangent x.
Mapping Function: asin (x)
Tdva sine x.

Mapping Function: acos (x)



Gl%’magu cosine x.

Mapping Function: atan (x)
Gl"]gfj‘lfingll tangent Xx.
Mapping Function: asec (x)
61"]?‘1’(13411 secant x.

Mapping Function: acsc (x)
v 14U cosecant x.
Mapping Function: acot (x)
ﬂl‘;]gfj‘l/ﬂigm cotangent Xx.
Mapping Function: sinh (x)
AT hyperbolic sin x.
Mapping Function: cosh (x)
T4 hyperbolic cosine x.
Mapping Function: tanh (x)
T4 hyperbolic tangent x.
Mapping Function: sech (x)
T hyperbolic secant x.
Mapping Function: csch (x)
T hyperbolic cosecant x.
Mapping Function: coth (x)
T hyperbolic cotangent x.
Mapping Function: asinh (x)
Glffs"magu hyperbolic sine x.
Mapping Function: acosh (x)

Glffs"magu hyperbolic cosine x.

Mapping Function: atanh (x)
Glffs"magu hyperbolic tanget x.
Mapping Function: asech (x)

T 1344 hyperbolic secant x.



Mapping Function: acsch (x)
1"]95)‘1413411 hyperbolic cosecant x.
Mapping Function: acoth (x)
1"]95)‘1413411 hyperbolic cotangent x.
19.5 Special Functions

Mapping Function: bincoeff (n, k)

EAYEER binomial coefficient of n and £, Tag

/N
[n| n(-1)({®2)..(nk+1)

k| k!

Mapping Function: erf (3)
194171 error function z

/

erf (z) = (2/sqrt (pi)) | eN(-t"2) dt
/

t=0

Function File: cross (x, y)

1941 cross product Y94 vector
cross ([1,1,0], [0,1,1])
=[1;-1;1]

Coordinate Transformations
Function File: [theta, r] = cart2pol (x, y)
Function File: [theta, r, 7] = cart2pol (x, y, 7)

o o ' a o o
1%141?131%?(%‘1/‘!1!‘5531431\1 NNANITINTSUDNNULNU X,y



Function File: [x, y] = pol2cart (theta, r)

Function File: [x, y, z] = pol2cart (theta, r, 7)
T4ANNFUIHT TEN WA X,y AAANTINTZUBN
Function File: [theta, phi, ¥] = cart2sph (x, y, 7)
THmanuduiuiszring Ainanseanszueniuiinansanay
Function File: [x, y, z] = sph2cart (theta, phi, r)

T manuduiuisennainansanausuinansanszuen
Mathematical Constants

Built-in Variable: I

Built-in Variable: J

Built-in Variable: i

Built-in Variable: j
I 1 ~
Lﬂuﬂ'li1ﬂ1fl’ﬁ’0<l"ll’0\°| -1

Built-in Variable: pi

[ 1 1 ] 4 v o
@mwmummzéf'ui@mwmNﬂamméf'umquﬂﬂmwmuu. ﬂWEJGLLl,pi Qﬂﬂﬂ!’)ﬂﬂﬂﬂ
4.0 * atan (1.0)".

Built-in Variable: e

A1 log JIUFTTUIA log(e) = 1

Linear Algebra

1. Basic Matrix Functions

Loadable Function: aa = balance (a, opt)

Loadable Function: [dd, aa] = balance (a, opt)

Loadable Function: [cc, dd, aa, bb] = balance (a, b, opt)

d Q \J % 1
[dd, aa] = balance (a) returns aa = dd \ a * dd. aatl) Umatrix VB0 AT HANINMIN WD IUVLIA.
= o w . [ . A o w ~ a
g dd=p *d, ﬂ1§!ﬂaﬂuﬂ1ﬂﬂmatrlxlm$d Lﬂumatrlxﬂﬂllﬂﬂyh"lj@ﬁfﬂﬂ\‘iﬁﬂ\i HIYWIA
e . A o 1= v P [ . o o Sldd%l
equilibration LWE]gﬂmu’JmulﬂJllroundoff. WaanningINUeigenvalue mimmmgﬂmﬂwﬂmu
v @ [] I [
Glﬂélﬁllﬂﬁ’éluﬂﬂlLiﬂ@ElN!f]JUlL“]J“]J@EIN .
[cc, dd, aa, bb] = balance (a, b) returns aa = cc*a*dd and bb = cc*b*dd)
d‘ = Y o w ' Y é = [
Naa LLAZbb Unon-zero ﬁ%ﬁ]Elﬂ'1ﬂi}Jﬂl’fN’fJElNGlﬂaLﬂENGUUWWB\‘lLﬁiJfJuﬂH. iagce lagdd an

FoId 1A U0 INUBImatrices 15U Tudd dmTuIReINDNYAMAeigenvalue VayHn.



igenvalue Maaih ldmadenaugaopt Qmﬁaﬂathﬁﬁﬂmu:

N

lufimasduan;argumentanaon,msudlsaninis YSuduenanyer.
. "P", p"

Boad i Dargument(s )iilouenooneigenvalues 71 w114,

ngn_ g

anaiter anuisiudavuveafadeigenvalues .

"B

=} o w

£ A o & ] =
) ﬂﬁﬁ1ﬂﬂllﬁgﬁlﬂﬁ,GLHGBQTIE]E]ﬂﬂ'Iﬁ{I. Rows/columns U83(Liagb )“K\igﬂuﬂﬂﬁ]ﬁ)ﬂjﬂﬂﬂﬁlﬂﬁﬁlu

A a a ]
mluanulsznganmsradyan.

o

{ (% a . o Y o
Lﬁﬂ?ﬂﬂﬁ%ﬂm@lelgenvalue ‘V]'IGlWW’Jﬂli'lﬁllﬁ]ﬁLAPACKﬂJ'l@5ﬁ1uﬂ1uﬂ5$ﬂ1.

Function File: cond (a)

o 0 4 0 . < .
AUIU(two-norm )mwum%u"lmmmumamx. cond ()L‘ﬂunorm (a) * norm (inv (a)),

Loadable Function: [d, rcond] = det (a)
THAUIUN det

Function File: dot (x, y)

o 4
Gl“]?ﬂ'lujiﬂ/i'l dot product UB24IALADT

Loadable Function: [x, rcond] = inv (a)

Loadable Function: [x, rcond] = inverse (a)

%% inverse Yo Imatrix 2 matrix

2. Matrix Factorizations

Loadable Function: chol (a)

f119BCholesky factor,r ,¥8Isymmetric matrixFuriuouduiinutss Towl
r'*r=a.

Loadable Function: 4 = hess (a)

Loadable Function: [p, ] = hess (a)

fin I Hessenberg U9Imatrix.

3. Functions of a Matrix

Loadable Function: expm (a)



a 1 @ J
exponential Gll’t'Nmatrix,uEJWﬂﬁﬂﬂlgﬂ’iu@uuﬂ‘llm taylor
expm(a) = +a+a™2/2! +ar3/3! + ...

Function File: logm (a)

AUV MatrixtAVAONO I NUUDIMatrix 9 3¢,
1. Nonlinear Equations

o [
octave a3 0uA Tanduesaums ldluduasald

Fx)=0

T¥landussolve 1A Iage o ug1UMINPACK subroutine hybrd .

Loadable Function: [x, info, msg] = fsolve (fcn, x0)
4 o < < A A
Itfen FovoslantuvesgUuuuf (9nF)uazgamsis s nisuxo .
v 4 A 2 2
fsolve LA 1UN1IIAAIUDNIUFITUANMNIF (DT )= 0 .
9 I A v o Z'Jd' d o A v o o A
D1fen 1 Utwo-element VUIWFON, JavsdiAnusnaraNanTu. tazyotlatediAynaoa
¢ v 3 4 4 o . .
Wanduueaguuyj (19n) oA 1uIBJacobian matrix@I0element.
df i
jac(ij) = ----
dx j
9 Y . d‘ [ v o é a a A o [
Aarasn lsandufsolve options tiednaifavemvuagsans lumsendriiutsolve .

Loadable Function: fsolve options (opt, val)

A ~ o J o dy a o o = o Y o o

e lsiFonnuaetargument Handuiloygnatidomruanumuaeniuuaud d1msy
d o . ' [ o

WanFu. fsolve 1 argument11$14, fsolve_options ALAIVBINIUADAHIATINU.
A vy

maqendsznounie.

"tolerance"

A o s 1 Y

niludrednauysal. aeudynivesduns.

-2x"2 +3xy +4sin(y) =6

3x"2 - 2xy"2 + 3 cos(x) = -4

v

aususuusni s Fsuilsduiemuamuvesiaddugaend 13 dmiudeda:
function y = f (x)

y(1) = -2*x(1)"2 + 3*x(1)*x(2) + 4*sin(x(2)) - 6;

y(2) = 3*x(1)"2 - 2*x(1)*x(2)"2 + 3*cos(x(1)) + 4;

endfunction



g A ) A

wﬂuu,L’iEJﬂfsolve ﬂ?ﬂﬁzul\‘]@uuléllllﬁﬂl:%iJLﬁﬂWUﬁ'lﬂsUfJ\ﬁgiJ‘Uﬂl@\iﬁllﬂWi
o (% % 1 < v

dmsudreas, Iinensur

[x, info] = fsolve ("f", [1; 2])

[ -L Y
Haawn lumsunilyn,

0.57983

2.54621
info=1

' ) 2 & A v )
ﬂWsll@\ieU’f]iJ“QZ l%ﬂ@ﬂ%\?ﬂﬂ’lﬂ!ﬂﬁigWWQﬁﬂ.

Y a Jd o [] [ o w 9 @ . a
ﬁﬁﬂ“]fu[)error l,ﬂ‘(’JWiJWiWﬁ"U’I'Jﬁ’Ii’E—NﬂQHﬂ1ﬁ\3ﬁﬂ@ﬂﬁ@\3ﬂﬂnumerlc AITUNA.
FUAIOYT
perror ("fsolve", 1)

-| solution converged to requested tolerance

Differential Equations
= 9 d' "9 o (% & 1 [

Octavenamwmmmagmammummﬁ"’lmanmicml,mﬂ@mﬂu.
Ordinary Differential Equations

¢ o Y
Wandulsode aunsang 1Ny ODEsyeaguI.
dx
—-=f(x,1)

dt

Loadable Function: [x, istate, msg] Isode (fcn, x_0, t, t_crit)

IHuderums differential equation



dx
- =1(x, t)

dt

x(t 0)=x 0
9 A . <3 d o 1 o w 9 o v o w 4
Msunayringnau I umatrix @0, AuugazuaImataeanasinuiladedAgveaInnost .
o o 1 [ I [ A
Tadodnnusnnedrnut AsilutesnisaeandoInUENINUTNITUVDITLUUX 0 .
A 4 4 4 <
NONUDWTNUDITIN0ONNUYUX 0.
I Y] ) g‘/ A d o A o o
argumenti!5n, fen UUONHIUUAITOWINFUNOMUINNNADS
d v
Wandudoaiigunuy.
xdot =1 (x, ?)
: 3 ¢4 o 3
Tudamsxdot tazdnFilunnaesuazt Wuscalar .
I @ v o g}/ 4 v
. afen iutwo-element 1028nu 5, Tavod s nasFolansy

v
9 v A

A 9 dou A o . = o . o Y A
wazrorfadediAnyNaeINanFUINDAIUIMJacobian (ABIN. Jacobian WanFUADAN. 31t

1
IU

jac =] (x, 1)

o

X N . d A U
Glu“]NJac LﬂumatrlxﬂlaﬁalgwuﬁlwEN“]JN?{’J‘LJ.



|df 1 df 1 df 1]

|dx 1 dx 2 dx N|

| |
|df 2 df 2 df 2|

df i |dx 1 dx 2 dx N|
jac=-—-=| |
d<j . . . .|
..
..

| |
|df N df N df N|

|[dx 1 dx 2 dx N|

argumentNe0IAS A INITLYintial TNNVDITSVY, Az NTUNINUAI)5DeTe.
Loadable Function: Isode _options (opt, val)
A =1 o J o dy a o o = o Y o o
e l5iFonnuaedargument, TanFuiloygnatitemruanunuaeniuaudId 11y
7o : . , .
WanFulso HargumentHiia,Isode_options ANAIUBINIAADATIATINY.
Y = o A A & Y g}/ oA
o liiflargumentgndan, Fovesmudengaamsn 14 ldnamuanazmiiudas.
A v
maaendsznounie.
.. "absolute tolerance"

A3 Atolerance . PIIVLINADT NBINT Bscalar . S1INADT FudounIz auifvoLNANDT

G

Y
(A

IR

Lo

"relative tolerance"
o o oA ¢ v o 2 & v Y
tolerance ﬁi]i]tlm‘ﬁu@. l’IJJ!fl”illf)‘L!t’fll”]all’it‘l‘ltolerance ,ﬂi]i]EJmﬁuﬂumi]ﬂmﬂuscalar IMUU.

MINATDUANVAANAIAYBINTDOUNINTAND



abs (local error in x(i)) <= rtol * abs (y(i)) + atol(i)

AA g o 1 A [ Y] g’/ = 1 v o w 9. Y
“I/I‘LJL“]JL!GI’JfJfJNLﬂfJ'Jﬂ‘Uﬂ']ﬁl!falmléllﬂ']'i‘ﬂﬂﬂ\‘léllfJ\‘]ﬁHJﬁiJﬂWﬁ“]NLLﬂﬂﬂNﬂuﬂTﬁ\‘lﬁlclflsode . Gh’i

function xdot = f (x, t)
xdot = zeros (3,1);

xdot(1) =77.27 * (x(2) - x(1)*x(2) + x(1) \
- 8.375e-06*x(1)"2);

xdot(2) = (x(3) - x(1)*x(2) - x(2)) / 77.27,

xdot(3) = 0.161*(x(1) - x(3));

endfunction

v ] v
pazRouluusnisuxo=[ 4;1. 1;4] msvansvesaumsgminIdsaunuamnsomasly

A9

t = linspace (0, 500, 1000);

y = Isode ("f", X0, t);
Y A = 1 A [ o A [ [ v J 1
f]']?;lﬂ!WfJ']fJ']ﬂJu,ﬂm%$W‘]J“If\1ﬂ'lalli’)\1ﬂ'lilﬂafJ‘LlLﬁJaQWﬁaWV]LﬂfJ'Jﬂ‘]Jﬂ'J']NﬁiJWHTiﬁgTT'NQt .= 0

9 Y ] v v
Hae 5 .,1ag3aut= 305 8NAIN. ﬂ'l‘ii]@Gl\‘]%\?ﬂ‘igfff‘VIﬁﬂ'lWlWiJmaJﬂ')'lﬂl@\ﬁ}@ﬁdﬁ’f]@ﬂﬂ'l@'ﬁﬁw

ﬁ‘l‘u.

t = [0, logspace (-1, log10(303), 150), \
logspace (log10(304), log10(500), 150)];
Loadable Function: [x, sx, istate, msg] odessa (fcn, x 0, p, sx _0,t,t crif)
19411 set ¥4 differential equation
dx
—-=1(x,t;p)
dt



x(t 0)=x 0
° 9 o 1A 9 Y, 9
uazfum Inewiounufirst-order tavgauay haodanszquliing. Tag

s'(t) = j(t)*s(t) + df/dp

s(t) = dx(t)/dp (sensitivity functions)
s'(t) = d(dx(t)/dp)/dt
j®) = dfix,t;p)/dx(t) (Jacobian matrix)
df/dp = df(x,t;p)/dp (inhomogeneity matrix)
Y A . I J o 1 o w F) o v o o
mmﬂﬂmumgﬂﬂuclumatnx L@ﬂclf,ﬂllLlﬁﬁgllﬂﬂﬂWﬁ\?aﬂﬂﬂﬁﬁNﬂﬂﬁﬁ]ﬂﬂﬁ'lﬂiyellﬁ]\iﬂﬂm@it .
v o w { o I o 2
ﬁi]ﬁ]flﬁ'lﬂmulliﬂlﬁﬂﬂﬂﬂt ﬂ?iLﬂULlﬁgﬂﬂiﬁﬁ]ﬂﬂgﬁNﬂ‘]JﬁﬂWWLl.iﬂLf!'iJsU'ENigllllX_O -
A A A o <
LW@VILLQ'JLLSﬂ‘ll@\?ﬁ\‘]‘ﬂ't’)@ﬂﬂ'llﬂux_o .
- anw'haedenszdugnanlusienisueimatrices sx ..
1 @ o @ o w [ v o w 14
ﬁjﬂﬂlmazﬂ%fﬂflﬁ"]ﬂflluell'E)\‘]ﬁ']fJﬂ']iﬂTﬁQﬁ@ﬂﬂéjﬂﬂﬂﬂﬂ%ﬁ]fJﬁ']ﬂﬂJuéU't’)\‘]L'JﬂLﬂﬂit .
3 A 4 YA o A ° 7 A
.. rgumentts3 N, fen ,Lﬂul‘b’@ﬂuu@]\‘]sﬁﬂﬁﬁﬂslfu!ﬂ/‘l'f)ﬁ'lﬂ']uﬁmmﬂm@31/]1\1511'31“'3511@\1 set FUNIT
d o
Wandudoaiigunuy.
xdot = f (x, t, p)
: 3 <4 7 3
ﬂlué}?ﬂmﬁxdot Lgaztaﬂmﬂunﬂmamazt L’]J‘Llscalar .
@ I 4 v o
autlsp Wunnwesvestfavemmiua.
I o
fcn argument’e)”lﬁ]%mﬂulm%@ﬂﬂﬁﬁ}?ﬂ.
[”fl; "j"; ”b"]
= @ o W gJ/ A d v A A v o w A J o o
ﬂlu‘ﬂ)'\‘]‘ﬂ{ﬂ%ﬂﬁ?ﬂﬂgllﬁﬂﬁﬁ%@ﬁﬁﬂ%uﬂﬁﬁﬂ?ﬂlﬁu@,G])'@ﬂi]ﬂﬂﬁ?ﬂmﬂﬁﬂﬁﬁﬁﬂ%u.ﬂ?iﬂ?u?m
o QJ d'

Jacobian Lﬁmﬁ'u,Lmz%@ﬂm‘”ﬂmﬂﬂmﬁmﬁaﬁsﬁ’ugﬁaﬁwmminhomogeneity . matrix
Jacobian WarFudeaiigauny,
jac=j(x,t,p)
“l,w?'mﬁﬂcﬁ,t Magp ﬁmmm18«§qmﬁauﬁ’uLsﬁumﬁ@ﬁm%uﬂqﬁ'&]}”uf,uazjac Fumatrixvo4
GIRTTS FATRNITANG BT
df i
jac=----
dx j

Jd o
Wangub doaligiuu.



dfdp =1 (x, 1, p, c)

Control Theory

tf format variables
num

numerator lAUAB(1INADT ).
den

o 4
RUAUAINIT(INADT).
zp format variables

zer

szuv 151U o (vector)
Pole

seuu pole (vector)
k

mMyvuavg(scalar ).

29.1.4 ss format variables

2 0 A

I ° . Y = @ . ' 1
Lﬂuﬂi$%1state-space matrices . D13 VVNMNAADIUDINULLAZ discrete TNIWWINIVIHNLUINGN

U

= ' g

INONANINFINDILDINUNIO UM N, A1 Udiscrete ANTN.
=3 Y A < . ' o Y g . ' A [
unnuKIN(e. g. 1 UUa19,hinfsyn )i]z”lmam‘uizuumﬂm@dlscrete HAZADIUDINUUDY

state output.

stname



Foveaszuu(Sh 1 9).

System Construction and Interface Functions

Finite impulse response system interface functions
Function File: fir2sys (num, tsam, inname, outname)

TnseasdoyaszuuIINFIR
Inputs:

num

Lgﬂlﬁagﬂlﬂﬂlaﬂlﬂmﬂ]@\i SISO FIRﬂ’]ifjl'lfJﬂ\ifT(’ﬁu.
C(z) =c0 + cl*zM{-1} + c2*z7{-2} + ... + znz"{-n}

tsam
sampling time (default: 1)

inname

a

A [ 3 o A Y 9y
FOUBD ﬂJﬂJTiH'EJUWVI;'f)'lﬁ]ﬁ]gLl]1!@ﬂ]el5W5@518ﬂ15ﬂ'3811/n\1!,611']mﬂ'3.

outname
Outputs sys (system data structure)

Example

octave:1> sys = fir2sys([1 -1 2 4],0.342,"A/D input","filter output");
octave:2> sysout(sys)
Input(s)

1: A/D input

Output(s):

1: filter output (discrete)

Sampling interval: 0.342
transfer function form:

1%z73 - 1*%2"2 + 2%z + 4



1*2"3 + 0%¥z"2 + 0*z"1 + 0
Function File: [c, tsam, input, output] = sys2fir (sys)

?NﬁﬁwaﬂFIRﬂ’l'mgamﬂTﬂNﬁ%’N%’ayaﬁzw;wuﬁrzsys dmsumsnssanademvua.
State space system interface functions

Function File: ss2sys (a, b, c, d, tsam, n, nz, stname, inname, outname, outlist)
a¥19Tns9a¥ 1952 DNAstate-space Yo3A. 019915 ]Ucontinous discrete , W3 DHE(sampeled-

data ).
Inputs

a
b
c

d

usual state space matrices.
default: d = zero matrix

tsam

sampling rate. Default: (continuous system)
n

nz

number of continuous, discrete states in the system
If tsam is O, , .
If tsam is greater than zero, ,
see below for system partitioning

Stname



list of strings of state signal names

default (stname=[] on input): x_n for continuous states, xd n for discrete states

inname

list of strings of input signal names
default (inname = [] on input): u_n

outname

list of strings of input signal names
default (outname = [] on input): y n
outlist
list of indices of outputs y that are sampled
If tsam is O, .
If tsam is greater than O, .

lumiloudniw,discrete/continous F94NvanuI19zUTINY Tudiddu

¢ v A A . v A & A o g
Note sys2ss INABINITNAUAUYd T]ll“riuyd (outlist )= 1 ;NNVIDUNINUALNYINUyd 1wy 0.

Outputs outsys = system data structure

System partitioning

o v @ = ' . =2 A A o 3 A Y A o
ANAASIUTTHITUUUANULT U outlist 53’;1{!"]5\1ﬂﬁawﬂﬁ\itﬂ@@ﬂll’]il'iﬂlﬂu.@@iu@ﬂﬂullagﬁ\ﬁﬂ
@ 1 a3 o ¥ v g ] 1
@@ﬂmmﬂglﬂudiscrete . ﬂﬂuuﬁgﬂﬂgﬂllﬂﬂﬂu@ﬂ'mﬁ.
~x=[xc] (nx1)

[ xd] (nz x 1 discrete states)



a=[accacd] b=[bc]
[adcadd] [bd]

c=[cecced] d=[dc]
[cdcedd] [dd]

(cdc = c(outlist,1:n), etc.)

with dynamic equations:

Signal partitions

| continuous | discrete

states | stname(1l:n,:) |stname((n+1):(n+nz),:) |

outputs | outname(cout,:) | outname(outlist,:) |

sremsveslu 1 duii lnunnap)Fa lignusigluoutlist .

(Discrete/continuous a4790nu10199zgn ladn TusasduTaed149). .

Example

octave:1>a=[123;456;7810];
octave:2>b=[00;01;10];
octave:3> ¢ = eye(3);

nn "o

octave:4> sys = ss2sys(a,b,c,[1,0,3,0,list("volts","amps","joules"));
octave:5> sysout(sys);
Input(s)

l:u 1

2:u 2



Output(s):
l:y 1
2y 2

3:y 3

state-space form:
3 continuous states, 0 discrete states
State(s):

1: volts

2: amps

3: joules

A matrix: 3 x 3
1 23
456
7 810

B matrix: 3 x 2
00
01
10
C matrix: 3x 3
100
010
001
D matrix: 3 x 3
00
00
00

9 o = . ] 9 a o ' 9 o = . 9
Yo dUngFImatrixiuai g IagmsHa Ty e dUNAdImatrixgneas 19 laed .
Function File: [a, b, c, d, tsam, n, nz, stname, inname, outname, yd| = sys2ss (sys)

' ' Y AL A= Yy 9
ﬂﬁllﬁﬂ\i‘lﬂ@\ﬂﬁﬁﬂ?ﬂﬁ\iﬂﬂ\i@@ﬂ%?ﬂiﬂﬁ\iﬁﬁNsUﬂﬂal‘ﬁﬁ$°]J°]J.



Inputs sys system data structure

Outputs

c

d

state space matrices for sys

tsam

sampling time of sys (0 if continuous)

n

nz

number of continuous, discrete states (discrete states come last in state vector x)
stname

inname

outname

signal names (lists of strings); names of states, inputs, and outputs, respectively
vd

binary vector; yd(ii) is 1 if output y(if)$ is discrete (sampled); otherwise yd(ii) 0.

o A a < Y I 1 A @ .
mmaugﬂwnwmiwmﬂummmﬂum’fm’mquazdlscrete

Example

octave: 1> sys=tf2sys([1 2],[3 4 5]);
octave:2> [a,b,c,d] = sys2ss(sys)
a=

0.00000 1.00000

-1.66667 -1.33333

c=0.66667 0.33333



d=0
Transfer function system interface functions

Function File: tf2sys (num, den, tsam, inname, outname)

Jd o
a1 lassadedoyaszuuanndoyamsdreiandugiuuy.
Inputs

num
den

coefficients of numerator/denominator polynomials
tsam

sampling interval. default: 0 (continuous time)
inname

outname

input/output signal names; may be a string or list with a single string entry.
Outputs sys = system data structure

Example

octave: 1> sys=tf2sys([2 1],[1 2 1],0.1);
octave:2> sysout(sys)
Input(s)
l:u 1
Output(s):
1:y 1 (discrete)
Sampling interval: 0.1
transfer function form:
2%z + 1
1*¥z/2 + 2¥z° + 1

2%z + 1



1*%2"2 + 2%z + 1

Function File: [num, den, tsam, inname, outname] = sys2tf (sys)

v
A A

9 = Jo 9 9 9
NYd Wﬂi@@ﬂﬁﬂﬂ%uﬂ]QHQMﬂIﬂN’e’fi']iﬂlﬁ]ﬂgﬁizﬂﬂ.

Wutf2sys d1sumInssantdatemviua.

Example

octave: 1> sys=ss2sys([1 -2; -1.1,-2.11,[0;1],[1 1]);
octave:2> [num,den] = sys2tf(sys)

num = 1.0000 -3.0000

den =1.0000 1.1000 -4.3000

Zero-pole system interface functions
Function File: zp2sys (zer, pol, k, tsam, inname, outname)

Y Y 9 9
’s’fiNIﬂiﬂﬁiN"U@yjﬁ5$°U‘]Ji]1ﬂzero-pole VYaiya.
Inputs

zer

vector of system zeros

pol

vector of system poles

k

scalar leading coefficient

tsam

sampling period. default: 0 (continuous system)
inname

outname

input/output signal names (lists of strings)
Outputs sys: system data structure

Example



octave: 1> sys=zp2sys([1 -11,[-2 -2 0],1);
octave:2> sysout(sys)
Input(s)
liu 1
Output(s):
Ly 1
zero-pole form:
I(s-1)(s+1)

s(s+2)(s+2)

Function File: [zer, pol, k, tsam, inname, outname] = sys2zp (sys)

A A . ' Yy 9
’L’N‘ﬁﬁﬂ@@ﬂzero/pole/leadlng leT)ﬁﬁLﬁﬂlﬂmmﬂiﬂiﬂﬁiNﬂlﬂyﬁizUU.

.. Example

octave:1> sys=ss2sys([1 -2; -1.1,-2.11,[0;11,[1 1]);
octave:2> [zer,pol,k] = sys2zp(sys)
zer = 3.0000
pol =
-2.6953

1.5953

Data structure access functions

Function File: syschnames (sys, opt, list, names)

ununla gsyssetsignals .



Function File: syschtsam (sys, tsam)
Jd v dy A 1 o 1 o a 9 I A 1
‘1/1@ﬂﬂmmﬂaEJuL’JaWﬂﬁQ’iJG]’J’E]EJN(tsam JUBNTEUU. NNDINNUAINNANISYS Wuxess

4
a a

UTGN3.

Function File: [n, nz, m, p, yd] = sysdimensions (sys, opt)

AUTIUANIN,BUNN and/or FaNooNINTUTZDUsYs
Inputs

sys
system data structure

opt

String indicating which dimensions are desired. Values:

"all"

(default) return all parameters as specified under Outputs below.
"cst"

return n= number of continuous states

"dst"

return n= number of discrete states

"

return n= number of inputs

lloutll

return n= number of outputs
Outputs

n
number of continuous states (or individual requested dimension as specified by op?).
nz

number of discrete states

m

number of system inputs

p

number of system outputs



vd
binary vector; yd(ii) is nonzero if output /i is discrete. if output ii is continous
Function File: [stname, inname, outname, yd] = sysgetsignals (sys)

@deftypefnx{Function File}: siglist = sysgetsignals (sys, sigid)

@deftypefnx{Function File}: signame = sysgetsignals (sys, sigid, signum, strflg)

Get signal names from a system

Inputs

sys
system data structure for the state space system
sigid

signal id. String. Must be one of

"
input signals

"out"

output signals

ngth

stage signals

"y

value of logical vector yd

signum

index(indices) or name(s) or signals; see sysidx

strflg

flag to return a string instead of a list; Values:

0

(default) return a list (even if signum specifies an individual signal)

1

return a string. Exits with an error if signum does not specify an individual signal.

Outputs

names @bullet{If sigid is not specified}



stname

inname

outname

signal names (lists of strings); names of states, inputs, and outputs, respectively
vd

binary vector; yd(ii) is nonzero if output /i is discrete.
@bullet{If sigid is specified but signum is not specified, then}
sigid="in"

siglist is set to the list of input names

sigid="out"

siglist is set to the list of output

sigid="st"

siglist is set to the list of state names

stage signals

sigid="yd"

siglist is set to logical vector indicating discrete outputs; siglist(if) = 0 indicates that output ii is
continuous (unsampled), otherwise it is discrete.

@bullet{if the first three input arguments are specified, then signame is}

a list of the specified signal names (sigid is "in", "out", or "st"), or else the logical flag indicating

whether output(s) signum is(are) discrete (sigval=1) or continuous (sigva/=0).

Examples (From sysrepdemo)

octave> sys=ss2sys(rand(4),rand(4,2),rand(3,4));

octave> [Ast,Ain,Aout,Ayd] = sysgetsignals(sys) i # get all signal names

Ast=

(
[1]=x_1
[2]=x 2
[3]=x 3

[4]=x 4



000
octave> Ain = sysgetsignals(sys,"in") # get only input signal names
Ain =
(
[1]=u 1
[2]=u 2
)
octave> Aout = sysgetsignals(sys,"out",2) # get name of output 2 (in list)
Aout =
(
[1]=y_2
)

octave> Aout = sysgetsignals(sys,"out",2,1) # get name of output 2 (as string)

Aout=y 2

Function File: sysgettype (sys)

AU TLANT LUV N UVDITLUL.



Inputs sys: system data structure

Y H 9 Y
Outputs systype: ONHIFUONIDTN 1ATIAZTWYNAS NALAAUAN:

nn

: values: "ss", "zp", or "tf"
) AR o A
Tia  FIRAIAINMINEUAUITZUUsystype= "tf".

Function File: syssetsignals (sys, opt, names, sig_idx)

S A a = A Yy A A
Lﬂﬁﬂu‘lﬂ@ﬂl’ﬂﬁ@u‘l@ﬂ“}f\igﬂla@ﬂllﬁﬂ,ﬁ\iﬂ@f)ﬂiﬂllagﬁﬂTW.
. Inputs
sys
system data structure
opt
change default name (output)

Iloutll
change selected output names

"
change selected input names

ngth

change selected state names

"yd"

change selected outputs from discrete to continuous or from continuous to discrete.

names

opt ="out", "in", or "st"

string or string array containing desired signal names or values.

opt ="yd"

To desired output continuous/discrete flag. Set name to 0 for continuous, or 1 for discrete.
sig_idx

indices or names of outputs, yd, inputs, or states whose respective names/values should be

changed.

Default: replace entire list of names/entire yd vector.



Outputs retsys=sys with appropriate signal names changed (or yd values, where appropriate)

Example

octave: 1> sys=ss2sys([1 2; 3 41,[5;61,[7 8]);
octave:2> sys = syssetsignals(sys,"st",str2mat("Posx","Velx"));
octave:3> sysout(sys)
Input(s)
liu 1
Output(s):
l:y 1
state-space form:
2 continuous states, 0 discrete states
State(s):
1: Posx
2: Velx
A matrix: 2 x 2
12
34
B matrix: 2 x 1
5
6
C matrix: 1 x 2
78
D matrix: 1 x 1

0

Function File: sysupdate (sys, opt)

Psuilgamsuaaameluvesszu.
Inputs

AN



system data structure
opt

string:

nepr

update transfer function form

update zero-pole form

ss
update state space form
llallﬂ
all of the above

Y ¥ 9 Y v &y FY '
Outputs retsys “]Jiiii]ﬁ‘ﬂﬂ?WSU'ﬂx‘]"lJ@is!ﬁclusys HagIoNUdUDya. ﬂ1ﬂl®3J”ﬁCBQi®QﬂJE]LLﬁ'JGLUSyS (324}

9 [ gjj

VULAT. ANUHUretsys=sys .

msulasunilasaett H3ozp N9OONNUANNAAG1TZUUYNHE Ncontinuous/digital .
function [systype, nout, nin, ncstates, ndstates] = minfo(inmat)

v a . < A o A~
MINFO:Aa a1 191521aMU0952 U Umatrix. INMATHumsulasuuilas* )55 00,9113ua99,
AWITOuAT matrix 191 an.

= d’ o ~ o Y 1 3

Returns: systype 8101501 He:Madasunilas,szuou,9uauaei,uazyi1inadainout . 1u
° A . . 3 o a I o a
DUIUTINDDNNIVOITZ U Unin HUTIUIUBUNNVDITE D Uncstates (DU, TIUIUDUNNVOA

I ) & 1 A v A [ & 1 A o I
52U Uncstates 1 UTUIUTNINFIADLIUOINUINYINU. AN INFIADIUBINUVDITL L Undstates 11U
UIUdiscrete TNINVDITSUL
Function File: sysgettsam (sys)

nav Tdamsquate1ue sz uusys .

System display functions.
Function File: sysout (sys, opt)
zero-pole form
Y 9 Ay
mall" A Iasaainveyasz vy lugluunndeans

Sys



system data structure
opt

Display option

[

primary system form (default)

ss
state space form

Htf'

transfer function form
"Zp"

all of the above

Function File: tfout (num, denom, x)

[

9 d o 1 9 <3 4 a o
paaagduuumselandunerinee. AFMIHATYYIADBNHI"s ",
Function File: zpout (zer, pol, k, x)

] Y 3 4 a o T W
aaagiunuzero-pole JUUBVADNUIND. IDNFMIHATYYINOONHT"s .
Block Diagram Manipulations
Function File: bddemo (inputs)
J A A @ @ <]
1A TUNABAUATOIUBOctaveNIAIUAN:IA TNMTIANTUNURIUADN
Function File: buildssic (cIst, ulst, olst, ilst, s1, s2, s3, s4, 55, s6, 57, s8)

° a v & A A & A Y
sUuuUEIFe s Tagnams(ilasonniagratanad)se vy lustate-space 191N
GRIEEATAIN

. . 1 ] Y1 v I a B R o ) Y 9 o 9 ~
buildssic "0819918A 18I NI UFUUNNFIAD W 1HENIesINAUHEININ
TuTFoU.

o & - v A 7 A . o
pHURUaen luszuReInUNIeEen. Wenduiihuilss el laammizodasadmsuns
asutlamsiFounoseIenugd M DH_infinity tagH2 m3oenuuunie.dmsumsilagny

Y
AINIVANKAI.
Maseiualsznoudie 4 S1emsdeuIseredsioanuInsFouas deioonuazdunm

HAZUUAD 8 TZUUs1-sS . gﬂlL‘]J‘]Jlef’J\ﬁ”IEJﬂﬁ:

clst

a 1

18MINIIFONAD,UTTOTYYIUDUNNVOWAAZ TZ L.



H 9
ﬂ']gNQ’ﬂﬁ']l!’]l!klﬂ’)kﬁﬂ’)ﬂﬂClSt IMNUAATINUVDIDUNNTINTNAVDIST-s8 .

Example: [12-1;2 1 0] ==> new input 1 is old inpout 1 + output 2 - output 1, new input 2 is old

input 2 + output 1. The order of rows is arbitrary.

ulst
9 [ " Aa 1 1 14 2 a v A A
i]']uliJ’JNHJa']f)HV!VILﬂ'I/L!ﬂGluL’JﬂLﬂfJiUlst CYNNUANADTINDDNN.

o & Ay Y = a
ﬂﬂl%WLﬂHUQWﬂﬂ!ﬂ@Qfniﬂzﬂg"ﬂ@u@ﬂﬂ"ﬂuwwﬂl@ﬂﬁxﬂ‘U.

olst
. A A <

output31813,specifiy d9noonuvesseuuiluwa.

v o I o o 3 4 I a
Yadednailuoutputiausi-ss . Sruvilualowed iortlumsdfasuazornvzising lu

I
lasnla.
ilst

Aa . a I o I A I a

FIIMIDUNN,specifiy DUNNVOITZVUT UK. T1uUi)ualowed o umsirarsuazervas

o Q'J d’ 1 1 g.’/ a
Y319 lum1daeu. matrixnwtlamanualuduwn.

. Example: Very simple closed loop system.

The closed loop system GW can be optained by

GW = buildssic([12; 2 -11, 2, [1 2 3], 2, G, K);

clst



(1. row) connect input 1 (G) with output 2 (K). (2. row) connect input 2 (K) with neg. output 1
(G).

ulst

append input of (2) K to the number of outputs.

olst

Outputs are output of 1 (G), 2 (K) and appended output 3 (from Ulst).

ilst

the only input is 2 (K).

Here is a real example:

S E— + IGW || =>min.

| | vz infty

*oe>| G [-=>0--*->| W2 [ v2

| -t | At

The closed loop system GW from [z; u]' to [v1; v2; y]' can be obtained by (all SISO

systems):

GW = buildssic([1, 4; 2, 4; 3, 1], 3, [2, 3, 5],

[3, 4], G, W1, W2, One);

]
=1

I A [ o v o @ .
"one"L‘]J‘Llunity ﬁﬂﬂllﬁii‘u(auxillary YWINFUNUAIFI 0 . (e. g. one=ugain ( 1));.

Function File: jet707 ()

a§linearized JUuDUFDINININNVDIBoeing 707-321 aircraft v=80m/s. (M = 0.26, Ga0 = -3

deg, alpha0 = 4 deg, kappa = 50 deg) System inputs: (1) thrust and (2) elevator angle System



outputs: (1) airspeed and (2) pitch angle Ref: R. Brockhaus: Flugregelung (Flight Control),
Springer, 1994
Function File: ord2 (nfreq, damp, gain)

a3 aoiipanu2nd szuumdnutlasesivua:

Inputs

nfreq

natural frequency [Hz]. (not in rad/s)

damp

damping coefficient

gain

dc-gain This is steady state value only for damp > 0. gain is assumed to be 1.0 if ommitted.

Outputs outsys system data structure has representation with :

/ \
|/ 2w*damp -w \ / w\ |
G=1| LI [0 gain], 0]

N w  0/\0/ |

\ /
See also jet707 (MIMO example, Boeing 707-321 aircraft model)
Function File: sysadd (gsys, hsys)
returns sys = gsys + hsys.
-ExitsnUAW ﬁﬂigﬁgsys iaghsys hlli!fldJ“Llcompatibly dimensioned .
Aoammzifounafifiuanmszuuiomiousu. duplicate Fognlisuaduioio a1
milounla

.sys input/output FOYNIO1NNgsys .



Function File: sysappend (sys, b, ¢, d, outname, inname, yd)

AN UNN Iviand/or AINDONUIADIZUL.
Inputs

sys

system data structure

b

matrix to be appended to sys "B" matrix (empty if none)
c

matrix to be appended to sys "C" matrix (empty if none)
d

revised sys d matrix (can be passed as [] if the revised d is all zeros)
outname

list of names for new outputs

inname

list of names for new inputs

yd

binary vector; indicates a continuous output; indicates a discrete output.

Outputs sys

sys.b :=[sys.b, b]
sys.c ;= [sys.c ]

[c ]
sys.d :=[sys.d | D12 ]

[D21 |D22]

I <3 ) a
L‘]JuLWiJ1$ﬁ1Jdimensioned Uﬁ@ﬂm@ﬁﬁﬂﬂﬂﬂWﬁuﬂ@uﬂﬂd .
< = o w a [
..Uaﬂﬂ%QﬁWﬂﬂJulﬂEJ’JﬂUd Qﬂﬁ%!ﬁﬂ.
Y. Y 1A a 1 g 3 A
..Dlinname LA outname Qﬂi‘ﬁ@ﬁlwﬂargument. auwﬂwmmzmmwmﬂugﬂuauwmwemi

[

HATYY.



yd Lﬂul’)ﬂlﬂ@%mﬂlfjﬂl@%m3ﬂ31uﬂ13(%)$@§ﬂ@ﬂcontinuous/sampled output. AEHTY yd i1
sys = continuous or mixed yd = zeros(1,rows(c))

sys = discrete yd = ones(1,rows(c))

Function File: sysconnect (sys, out_idx, in_idx, order, tol)

Y
ﬂﬂloopﬁﬂlmS%‘Ljoutputﬁﬂﬂl’i]ﬂ!,mazﬂuvm.
Inputs

sys
system data structure

out_idx

in_idx

names or indices of signals to connect (see sysidx). The output specified by is connected to the
input specified by .

order

logical flag (default = 0)

0

leave inputs and outputs in their original order

1

permute inputs and outputs to the order shown in the diagram below

tol

tolerance for singularities in algebraic loops default: 200eps

Outputs sys: resulting closed loop system.

'
o W A =

A5 Mi3sysconnect iFe4d1AUBUNNFIgNIEENIEIN18TU. outputituLdAsiINI, Tnloop.

q

9 J
Fead1AUBUNNATUIAMAZ outputnaIADAAA.




=<

BUNNFINMIIFOUADI MEOANMANT U, * INUAUADUILUDIFOBUNN.

Function File: [csys, acd, ccd] = syscont (sys)

ANATZUVIOTIADIHOINUYDITZVUDUNN.
Inputs sys is a system data structure
Outputs

csys
is the purely continuous input/output connections of sys

acd

ced

connections from discrete states to continuous states, discrete states to continuous outputs,

respectively.

returns csys empty if no continuous/continous path exists
Function File: [dsys, adc, cdc] = sysdisc (sys)

Inputs sys = system data structure

Outputs

dsys
discrete FIUHUUNGINUsys .

A o q Y1 oy ¥y 1a =
Aurilinalainidiscrete NAWADUNNDIoutput).
adc

cdc



' ] v il
MIIFOUABAILATNINFIABLTDINUDdiscrete NN discrete output, ANNEIAL.

Function File: sysdup (asys, out idx, in_idx)

ﬁ1lu1‘§$u‘input/0utput MIFOUADUDITL L.

Inputs

asys
system data structure

out_idx

in_idx

indices or names of desired signals (see sigidx). duplicates are made of y(out_idx(ii)) and

u(in_idx(ii)).

Outputs retsys: resulting closed loop system: duplicated i/0 names are appended with a

"+" suffix.

an Y o a & A ) . A <
I5N13sysdup ﬁﬁ’]\‘lﬁ’]!u’]m@ﬂ@uwcﬂqﬁgﬂlﬁﬂﬂllﬁ'Jllﬁgoutput. ULFAIUUDIAN. ul/yl !TJL!ﬂ']i

9
v

. I v ¥ o 2 . o v
SEWNGIJﬂﬁmﬂﬂllﬁlnputs/output agu2 y2 Lﬂuﬂﬁ%ﬂ@ﬂﬂl@ﬂ‘im“]ﬂmputs/outputs “lummszu”lu

in_idx ,out_idx ,. RETS R

ul > >yl
| asys |

u2 ------ > |- >y2

(in_idx) -------=-=--------- | (out_idx)

Function File: sysgroup (asys, bsys)

SIN25TVVVDITSUUIAY

Inputs asys, bsys: system data structures



Outputs

Ksys
Function File: sysmult (asys, bsys)

AMUIUNTIABUVLUDYNTY

u

--->| bsys |---->| asys |--->

Function File: sysprune (asys, out_idx, in_idx)

J a 14
WINTUDNDUNNLUAZIDINNNUDITS UL
Inputs

asys
system data structure
out idx
in_idx
retsys = sysprune(Asys,[1:3,4],"u_1");

retsys = sysprune(Asys, list("tx","ty","tz"), 4);

Outputs retsys: resulting system




TR >yl
(in_idx) |  Asys | (out_idx)
2 > - y2

(deleted)---------=---------- (deleted)

Function File: sysreorder (vien, list)
Inputs vien=vector length, list= a subset of [1:vlen],

Outputs pv: a permutation vector to order elements of [1:vlen] in list to the end of a

vector.

Function File: sysscale (sys, outscale, inscale, outname, inname)
WIANADUNNUALIOTIWNUDITLUY

input sys 251952 U outscale ,inscale . UIUAINImatrices YDINAFUHUL T,

Outputs sys: resulting open loop system:

u --->| inscale |--->| sys |--->| outscale |--->y

Function File: syssub (gsys, hsys)
asy d’ 1 4 o Yya A’ 1 1 g’; 1
I5N13:gsys Lazhsys gﬂwamanﬂmas“lumﬂmuwmumgﬂwamammﬂszuu. outputf)f

A & A v v & A o
AUDDN. YOITUUBIAUUAUURATUUNYINUESYS .

| A=es +
| +
u--+ (O)-—->y
| |
| A=es +

Function File: parallel (asys, bsys)



9 A J I [
ﬁ'ﬁNﬂ']ﬁL“IflelﬁfJLHJTJSUu']uHJugﬂﬁNﬂJfJ\‘]ﬁ@\iﬁ%‘U‘U

| [ >l asys [ y L || -1l

| |-=->|---=> | bsys |--->|--->y2 | \ ksys

System Analysis-Properties

Function File: analdemo ()System Analysis-Properties
1 d‘ A
NABDIATBINDUDN octave

Function File: [n, m, p] = abeddim (a, b, ¢, d)

MIaTaaUdmsunNUI1nuL 1dve A upamatrices M1AIDINAANUITZUUMTLHZET.

dx/dt=ax+bu
y=cx+du
Function File: ctrb (sys, b)
Function File: ctrb (a, b)
t’f%}Nﬂ’NiJ’ﬁﬁJTiﬂﬂ’)“lJﬁ]iJmatrix.
2 n-1
Qs=[BABAB..A B]
Function File: obsv (sys, ¢)
o %}Nobservability matrix.
Ic
|CA |
Qb=|CA™2 |
[ ]
| CANn-1) |
o3 IATead1doyasz NI o).
Function File: [zer, pol]= pzmap (sys)
MHUAzeros Lazpole¥odsz UL I MIUTITOUTZAL.

Inputs sys 105905 1900ya 52 VL.



Outputs §102131 polestiazzeros gnimuauuniiive. finziiu. pol zer gAMITUsZUpoles
tlaezeros .

Function File: [retval, u] =is_controllable (sys, tol)

Function File: [retval, u] = is_controllable (a, b, tol)

: 1 I ) [
ﬂTﬁ@]'ﬁ’J‘D’dﬂﬂﬁ'\‘lﬁﬂ’ﬂlllﬂﬂmﬂuﬁTﬁiUﬂ’NNﬁ'liﬂiﬂﬂ’J‘UﬂiJ'i%“]J‘U
Inputs

sys
system data structure

a

b

n by n, n by m matrices, respectively
tol

optional roundoff paramter. default value: 10*eps
Outputs

retval
a ' I [ 3 ] [ {
Logical flag:AuAIM33( 1)M138uUsys W3og(b nduaruauld,oulvufmmgaiuedieh
input .
U
I v o w Y

Utiluorthogonal nandifgynrunu lAsubspace .
Function File: [retval, dgkf struct | =is_dgkf (asys, nu, ny, tol )
dadulaliinszuuvesnamhiinadreiiosnunumsduiiuguveIDGKF
@ AR Ia o
ganoany. szuuwsadulu:

[dx/dt] =[A | Bw Bu ][w]

[z ] [Cz|Dzw Dzu ][u]

[y 1 [Cy|Dyw Dyu]
Inputs

asys



system data structure

nu

number of controlled inputs

ny

number of measured outputs

tol

threshhold for 0. Default: 200eps

Outputs

retval

true(1) if system passes check, false(0) otherwise
dgkf struct

data structure of is_dgkf results. Entries:

nw

nz

dimensions of w, z

a

system matrix

bw

(n x nw) gw-transformed disturbance input matrix
bu

(n x nu) ru-transformed controlled input matrix;

Note

cz
(nz x n) Qz-transformed error output matrix
cy

(ny x n) ry-transformed measured output matrix

Note

dzu

dyw



off-diagonal blocks of transformed system matrix that enter z, y from u, w respectively
ru

controlled input transformation matrix
ry

observed output transformation matrix
dyu nz

nonzero if the dyu block is nonzero.
dyu

untransformed dyu block

dflg

nonzero if the system is discrete-time

is_dgkf exits with an error if the system is mixed discrete/continuous

References

[1]

Doyle, Glover, Khargonekar, Francis, "State Space Solutions to Standard H2 and Hinf Control
Problems," IEEE TAC August 1989

[2]

Maciejowksi, J.M.: "Multivariable feedback design,"

Function File: is_stable (a, 70l, dflg)

Function File: is_stable (sys, tol)

v A 9 . A A A 9 '
NINAUAU 1 D ImatrixHIDISUUsys ULADYTHNIN, IO 0 814,
Inputs

tol

is a roundoff paramter, set to 200*eps if omitted.

dflg
Digital system flag (not required for system data structure):
dflg'=0

stable if eig(a) in unit circle

dflg ==



stable if eig(a) in open LHP (default)

System Analysis-Time Domain
Function File: c2d (sys, opt, ?)

Function File: c2d (sys, )
Inputs

sys
system data structure (may have both continuous time and discrete time subsystems)
opt

string argument; conversion option (optional argument; may be omitted as shown above)

n n

ex
use the matrix exponential (default)
llbill

use the bilinear transformation

2(z-1)

T(z+1)
A dy (% a 9 [N} d' (%
FIXME:N1900nN1980nHAuANUAAsys Iiaoiiioany
9 1 3 A v a 2 A < o Aa @
Note ©112nd argumenthlmﬂumf@ﬂ,czd FUUHIIULIN20d argumentl,‘ﬂut HAaZAUUUNITIATTT
13voamsnsiaaey argument
Outputs dsys discrete VUNAFAINMINUAIUZero-order DB, NAABILADLE IUN.

= Yy 9 o w
Lﬂaﬂuiﬂiﬂﬁﬂﬁ]ﬂyﬁi%‘ﬂﬂfﬂﬁ\i‘ﬂiifﬂﬂ.

x=Acx+Bcu
discrete VUIAFUUBUIMIAY,
x[n+1] = Ad x[n] + Bd u[n]
Function File: d2c (sys, tol)
Function File: d2c (sys, op?)

= . o 1 = 1 A o Y I
L'ﬂaﬂudlscrete (MAUWNU)ITZUVAD TS UUFINDLUDINY, Glflf.!,ﬂu



sysgettsam(sys)
Inputs

sys
system data structure with discrete components

tol

Scalar value. tolerance for convergence of default "log" option (see below)

opt

conversion option. Choose from:

"og"

AutiumsogrIUmatrixtavasnes Ny, Mz NuNTymnumsinnuiugnaanulageans

a é d' % é 1 d' [ d' 9}@' d‘d 1 ] 9
3 nm*mﬂmmmqqqmwmmmmnawmmuamu,b ,Lwallﬂmmﬂmmmzﬁmamauya

e S

L,
llbill

{ o A 1 . { . {3 o w
msfasunasgaduiiumssiubilinear Wasugdn lvundluszuumamaassa.

Outputs csys continuous time system (same dimensions and signal names as in sys).

Function File: [dsys, fidx] = dmr2d (sys, idx, sprefix, ts2, cuflg)

AJasuni/asmultirate 52UVFIRTNOAROANNIZVUTIAINOAOAT UABITZY TABidX . sprefix
A Bld' g’/ v A A
2ANAABINHDUNINUALS2 ,AAUHYTIUNAADIN.

ts1 = sysgettsam (sys).
Inputs

sys
discrete time system; dmr2d exits with an error if sys is not discrete

idx

indices or names of states with sampling time sysgettsam(sys) (may be empty); see listidx
sprefix

list of string prefixes of states with sampling time sysgettsam(sys) (may be empty)

ts2



sampling time of states not specified by idx, sprefix must be an integer multiple of
sysgettsam(sys)

cuflg
Y < v & a ¥ A S o A A
"constant u flag"f1cuflg 11/unonzero ﬂmuawgmzuugnauuwmﬂummmmmuami

Y 9 v

m’muﬁ’m qma@ﬂu",mzuu,mgmaumlmmmﬂ15nJE8uuﬂmizmmamizmm1u,
o ¥ A X a g v ' ) LA A4 =t

miwmmmmmeuwmﬂu.ﬂszﬂ@umaagiumsmammB matrixiNDNTIUH AU

intersample auiﬁmmiﬁlzS’Jll@Ejuéjﬂujszsingle—rate . default cuflg = 1.

Outputs

dsys

equivalent discrete time system with sampling time #s2.
The sampling time of sys is updated to zs2.

if cuflg=0 then a set of additional inputs is added to the system with suffixes dl, ..., dn
to indicate their delay from the starting time k #s2,i.e.u=[u 1;u 1 dl;..,u 1 dn]
where u_1_dk is the input k*ts1 units of time after u_1 is sampled. (#s1 is the original

sampling time of the discrete time system and 52 = (n+1)*ts1)

fidx

indices of "formerly fast" states specified by idx and sprefix; these states are updated to the new
(slower) sampling interval #s2.

Function File: damp (p, tsam)

Li@Adeigenvalues ,ANA 1ABTTTNMALAZMTH 11 OAT 18 IUdampingtNEINVeigenvalues YD
matrix p .

Y < . . a ) v a < .

21p (I Umatrixtiag tsam 9N3¥1),eigenvalues (NYINUP Qﬂﬁuuyg1uLﬂu1uz-domaln .
Function File: dcgain (sys, tol)

|Qs’ 1 ]
M3NAUAUdc-gain matrix. §1dc-gain INFAUFAmatrix w1,

Function File: [y, f] = impulse (sys, inp, tstop, n)

MR UM TUIZVUAINITLOZE1. T3 VVA M0 discrete W§®ﬁ1ﬂ13ﬂmultivariable Ulf’?lj



iSﬁulﬂﬁoutput argumentgﬂ’i3‘14,LLNL!PTQWaﬁ%ﬁ]‘lal}’f)u"aﬁ1s¥l6uuﬁ1ﬁgﬂsystem
Inputs

sys
System data structure.

inp

Index of input being excited

tstop

The argument zstop (scalar value) denotes the time when the simulation should end.
n

the number of data values.

Both parameters tsfop and n can be omitted and will be computed from the eigenvalues

of the A-Matrix.

Outputs y, . impulse response
Function File: [y, f] = step (sys, inp, tstop, n)

ﬁ”l@]’e)ﬂstepfhﬁ%ﬂiz‘umé’juﬂﬂ. sTUVANNTDdiscrete HIDANWITDmultivariable 141,
Inputs

sys
System data structure.

inp

Index of input being excited

tstop

The argument zstop (scalar value) denotes the time when the simulation should end.
n

the number of data values.

Both parameters sfop and n can be omitted and will be computed from the eigenvalues

of the A-Matrix.

Outputs y, #: impulse response



System Analysis-Frequency Domain

Function File: frdemo ()

. NABUATBINUBVDY octave VDI freg.response
Function File: [mag, phase, w] = bode (sys, w, out_idx, in_idx)

Jd1n31mue4 bode
Inputs

sys
a system data structure (must be either purely continuous or discrete; see is_digital)
w

frequency values for evaluation.

fsys ﬁJu@imﬁmﬁu,ﬁ’qﬁ’ubodeﬂ'imﬁumﬁ”lwuﬁ!,ﬂumiﬁ'wswu

& 1sys L‘IdJudiscrete ,ﬁjﬁﬂjubodeﬂi LINUMG (exp GwT )). G(exp(GwT))

...Lﬂuszuuﬁﬁwmamm.
lumsédheszuuitaddu.
Function File: [wmin, wmax] = bode_bounds (zer, pol, dflg, tsam)
"lﬁ’mamﬂmmiﬁﬂﬁﬂgﬂgwmmmﬁmiﬁ@aaﬂé?'idmﬁaﬁugmuﬁ’ammﬁmmiwupolesuaz
ZEros .
GIJE]ULBIIGI?]’J13J%L§‘JUL’J€HE$W’J'N[1mein ,10wmax] .
Function File: Itifr (a, b, w)
Function File: Itifr (sys, w)
mmzﬂzmﬁunmﬁmaummﬁﬂaﬁﬂ?‘muuﬂawmszw@uwm’ﬁm.
Inputs
a
b
coefficient matrices of
Sys
system data structure
w

vector of frequencies



Outputs out
-1

G(s)=(wI-A) B
Function File: [realp, imagp, w] = nyquist (sys, w, out_idx, in_idx, atol)
Function File: nyquist (sys, w, out_idx, in_idx, atol)
Nyquist plot tHUAIY8952 ;31 1siTloutput argumentgn1¥ Nyquist inuisgiiumiae.
Function File: tzero (a, b, ¢, d, opt)
Function File: tzero (sys, opt)

AUIUNT AU Zeros VDIADIIBIN,

x=Ax+ Bu
y=Cx+Du
A
1o
x(k+1) = A x(k) + B u(k)
y(k) =C x(k)+Du(k)
Outputs

zer
A5 EIN1Zeros VOITLUL.
.. gain

o F) I o v A . 9y I
ﬂ”l'iu”llﬁsllﬂﬂ!(pole-zero ETJLL‘U‘U)GM’NSISOﬂTifﬂfJﬁ\iﬂﬂﬂlﬂﬁﬂaﬂﬂugaln=0 mszumﬂu
multivariable
Function File: tzero2 (a, b, c, d, bal)

ATUIUNITAIN1Zeros VB a,b ,c.d .

Controller Design
H_infinity N1590nLUUdemos FMTUSISOFIABLpIRULATMIMOT ULLa discrete T2UU

o & 1o q U & ¥ A A
SISOi%']J']JEJ”Iﬂf"I’JTJﬂiJLWi”I%TJ”I?JuL’]Jull?JVIﬂWL']J‘L!GU‘L!GIE’JIJ‘L!ﬂﬂﬂ@(ﬂlm%llmﬁﬂﬂi.



SISO plant

s-2
G(s) = ===
(s+2)s-1
ot
-------------------- S| W1 |-->v1
zZ | -t
S + IT | =>min.

| | vz infty
| ++ v y +—F
u *--->| G |--->0--*-->| W2 |---> v2

| -t | At

I < o o o A o J v
W1 und W2 L“lJL!ﬂ’JHJL!flJQL!,Nl,mxmiﬂi$1/nﬂ1ml,wnﬂ’3mﬁ1ﬂmuﬁﬁﬂﬂfu.
MIMO plant
w

1



| --mmmmeee +
| ot
: > W1 |--->z1
woo| L
2 :

| v 4+ v A+t

Ho-*-->0->| G |-->0--*-->| W2 |---> 22

| ot | At
| |
A v
u (from y (to K)
controller
K)
+ + + +
|z | |w |
| 1] | T
|z [=[P]*|w |
| 2] | 2]
ly | [u |
+ + + +

Function File: hinfdemo ()

DISCRETE SYSTEM

~ 1 & a . o Yo & o A o ~
. ullm‘ﬂl!ﬂil"llﬁ]iﬁdlscrete ﬂ”li@@ﬂLL”LI”]J.ﬂﬁ?)’f)ﬂLL“]J”]JQﬂ‘ﬂﬂ‘ﬁﬁ%iﬁﬂunfﬂ“]ﬁ@’t’)m@ﬁﬂuﬂlﬂ!%ﬂ
' o o '
Naﬂ’igVliJLﬁEJ’Jﬂ”LIﬂﬁ‘ﬂﬂa@%‘ﬂu.Uiiﬂ?ﬂjﬂﬂbilinear ﬂ"l'iLL‘]JiE‘Tﬂ"IWEUE’Ni%J‘]J‘]Jé]?QTIﬂaE’N.
an dyd = ] 3 kY
TSN"I‘L!’J‘ﬁﬂﬁ‘LW]LﬂEJ’J”]J@‘L!"Iﬂ"I.

Y [ o 1 I A adg =1 v A <
ﬂ153fl$L']aTﬂTﬁqu@]ﬁﬂﬂTﬂLﬂu"ﬁﬂﬂlaﬂ"L']_r%fJTJWIEJTJﬂ']JWGJﬁJUﬂQL']al



The continuous plant

k (s+2)(s+1)

is discretised with a ZOH (Sampling period = Ts = 1 second):

0.199788z + 0.073498
G(s) =

(z-0.36788)(z - 0.13534)

e + [T || =>min.
| | vz infty
| +-—+ v At
#-->| G |-->0--*-->| W2 |---> v2

| -t | At

Function File: [/, m, p, e] = dlqe (a, g, ¢, sigw, sigv, z)
a319m Uz 8Te1Iquadratic estimator (Kalman #30589) @115 Udiscrete 520U
x[k+1]= A x[k] + B u[k] + G w[k]

ylk] = C x[k] + D u[k] + v[k]

A I @ ' @
Nw ,v lﬂuﬂ‘i%ﬂﬁuﬂWizero-meam gaussian L%ﬂxﬁ°Uﬂﬁuﬂﬂﬂﬁ?ﬂlﬂj}ﬂ{l}uﬂlﬂﬁllﬁﬁgﬁﬂ

sigw = cov (w, w) and sigv = cov (v, v).

v ) . .
01 specified, z is cov (w, v). Otherwise cov (w, v) = 0.



The observer structure is

z[klk] = z[k]k-1] + L (y[k] - C z[k|k-1] - D u[k])
z[k+1]k] = A z[k[k] + B u[k]

The following values are returned:

/
The observer gain, (a - alc). is stable.
m

The Riccati equation solution.

p

The estimate error covariance after the measurement update.
e
The closed loop poles of (a - alc).

Function File: [k, p, el =dlqr (a, b, g, 7, z)

'
A v o

9
t’f%ﬁﬂ@niﬁ&l%fﬂ’{]quadratic NUNAVUITIM T Udiscrete TEVULINT.

x[k+1]= A x[k] + B u[k]

to minimize the cost functional
J=Sum (x' Qx+u'Ru)

z omitted or
J=Sum(x'Qx+u'Ru+2x'Zu)

z included.

The following values are returned:

k
The state feedback gain, (a - bk) is stable.

p

The solution of algebraic Riccati equation.



e
The closed loop poles of (a - bk).
Function File: [Lp, Lf, P, Z] = dkalman (4, G, C, Ow, Rv, S)
adeauszey #12quadratic estimator (Kalman predictor )& MiUdiscrete 32UUIAN.
x[k+1] = A x[k] + B u[k] + G w[k]
ylk] = C x[k] + D u[k] + v[k]
ﬁw vV Lﬂﬂﬂi%ﬂ’mmizero—mean gaussian L%ﬂﬂ‘JiJﬂ’J‘LlfTTJﬂDWNL%}M%}uﬂJGQLLﬁazﬁ’J
Ow = cov (w, w) and Rv = cov (v, v).

,’5}1 S'is cov (w, v). Otherwise cov (w, v) = 0..

The observer structure is

x[k+1k] = A x[k|k-1] + B u[k] + LP (y[k] - C x[k|k-1] - D u[k])
x[k|k] = x[k|k-1] + LF (y[k] - C x[k|k-1] - D u[k])

The following values are returned:

Lp
The predictor gain, (4 - Lp C) is stable.

Lf
The filter gain.
P

The Riccati solution.
P =E [(x - x[n|n-1])(x - x[n|n-1])']

Z

The updated error covariance matrix.

Z =E [(x - x[n|n])(x - x[n[n])']

Function File: {[K}, gain, kc, kf, pc, pfl = h2syn (asys, nu, ny, tol)



MI00NUUUH2 AIAIUANANGAADUUIUNI TUDoyle ,Glover ,Khargonekar ,Francis ,.
Inputs input system is passed as either

asys
system data structure (see ss2sys, sys2ss)

controller is implemented for continuous time systems
controller is NOT implemented for discrete time systems
nu

number of controlled inputs

ny

number of measured outputs

tol

threshhold for 0. Default: 200*eps
Outputs

k

system controller

gain

optimal closed loop gain

ke

full information control (packed)

kf

state estimator (packed)

pc

ARE solution matrix for regulator subproblem
pf

ARE solution matrix for filter subproblem
Function File: hinf _ctr (dgs, f, h, z, g)

D . A o . (J aa
liﬂﬂiﬂﬂhll’lfsyl’l LWmeu’JmH_mf @’Jﬂ’)‘ﬂﬂnﬂ‘ﬂq@.

Inputs



dgs

data structure returned by is_dgkf

S

h

feedback and filter gain (not partitioned)

g

final gamma value

Outputs controller (system data structure)

Naimero AT iflargumentidsnsvaeuduiums.

Function File: [k, g, gw, xinf, yinf] = hinfsyn (asys, nu, ny, gmin, gmax, gtol, ptol, tol)
Inputs input system is passed as either

asys
system data structure (see ss2sys, sys2ss)

controller gl d S s Uz UNAFIRoLHRAY.

controller (HUNOTIM WA T v d S discrete s71UNAN.

nu

number of controlled inputs

ny

number of measured outputs

gmin

initial lower bound on H-infinity optimal gain

gmax

initial upper bound on H-infinity optimal gain

gtol

gain threshhold. Routine quits when gmax/gmin < 1+tol

ptol

poles with abs(real(pole)) < ptol*|[H|| (H is appropriate Hamiltonian) are considered to be on the
imaginary axis. Default: 1e-9

tol

threshhold for 0. Default: 200*eps



gmax, min, tol, and fol must all be postive scalars.

Outputs
k
system controller

g

designed gain value

g&w

closed loop system

xinf

ARE solution matrix for regulator subproblem

yinf

ARE solution matrix for filter subproblem

Function File: [retval, pc, pf] = hinfsyn_chk (a, b1, b2, cl, c2,d12, d21, g, ptol)
SenTashinfsyn iNenuddaii 185ug i ldien lunelalunguiun 3 Tuboyle Glover
,Khargonekar ,.

Y U \ Y tﬂ' 1 .
mmnﬂtyﬁwmmwumﬂammgmHz uagHinf ‘ﬂiy‘?ﬂﬂ]iﬂ?ﬂﬂu.
Inputs as returned by is_dgkf, except for:

g

candidate gain level
ptol

as in hinfsyn
Outputs

retval

Function File: [xinf, x_ha_err] = hinfsyn_ric (a, bb, c1, d1dot, r, ptol)



Forms
xx = ([BB; -C1'*d1dot]/R) * [d1dot"*C1 BB'];
Ha=[A 0*A; -C1'*C1 -A'] - xx;

wazud JnIIMRiceati ANNNS. ﬁﬁﬁﬂ31mﬁﬂx_ha_err %Uﬁ)ﬂﬁﬁﬂué}aﬂmucondition

0

successful

1

xinf has imaginary eigenvalues

2

hx not Hamiltonian

3

xinf has infinite eigenvalues (numerical overflow)

4

xinf not symmetric

5

xinf not positive definite

6

r is singular

Function File: [k, p, e] =lqe (a, g, c, sigw, sigv, 7)
Function File: [k, p, e] =lqe (a, g, c, sigw, sigv, 7)

9 . . @ o [ X 1 4 [
AINMINTLYLY1Iquadratic estimator (Kalman G]’Jﬂiﬂﬂ)ﬁ1ﬁiﬂi$ﬂm’m1é§ﬂﬁfJLﬁfNﬂu.

dx
-=ax+tbu

dt

y=cx+du



{ < . @ '
ﬁw Lagv Lﬂuﬂizuaumizero—mean gausslan L%ﬂ\?TUﬂTLlﬂ‘]Jﬂ'JnJlslaljiJ‘lsl}usUfNLmagﬂu.
sigw = cov (w, w)
sigv = cov (v, v)

R a a A I . Y o Y
argument%ﬂﬁ‘lfl‘ﬁﬁlumﬁlaﬂﬂz 1Y cross-covariance cov (w,v). DIWUYNAZNIU,cov (W,v )= 0

ﬁJu .
Observer structure is dz/dt=Az+Bu+k (y-Cz-Du)
The following values are returned:

k

The observer gain, (a - kc) is stable.

p

The solution of algebraic Riccati equation.

e

The vector of closed loop poles of (a - kc).

Function File: [k, q1, p1, ee, er] =1qg (sys, sigw, sigv, q, r, in_idx)
N390NLUlinear-quadratic-gaussian ﬁammmaﬁqﬂﬁm%’mzuu.

dx/dt=Ax+Bu+Gw [w]=N(0,[Sigw 0 1)

y=Cx+v [vl ( 0 Sigv]
ED)
x(k+1) = A x(k) + B u(k) + G w(k) [w]=N(0,[Sigw 0 1)
y(k) = C x(k) + v(k) [vl ( 0 Sigv])
Inputs
sys

system data structure

sigw

sigv

intensities of independent Gaussian noise processes (as above)

q



p
state, control weighting respectively. Control ARE is
in_idx

names or indices of controlled inputs (see sysidx, listidx)

default: last dim(R) inputs are assumed to be controlled inputs, all others are assumed to

be noise inputs.

Outputs

k

system data structure format LQG optimal controller (Obtain A,B,C matrices with sys2ss, sys2tf,
or sys2zp as appropriate)

pl

Solution of control (state feedback) algebraic Riccati equation
ql

Solution of estimation algebraic Riccati equation

ee

estimator poles

es

controller poles

Function File: [k, p, e] =1qr (a, b, q, 1, 3)

v o

¥ 19nuITETaIquadratic AU AWMUz UUNMTedeiiioaty.
dx
--=Ax+Bu
dt
A nToenigaau.
infinity
/
J=]x'Qx+uRu
/
t=0

P ~
AU z 1199



infinity
/
J=1x'Qx+uRu+2x'Zu
/
t=0
zUsenoudne.
MBI
.k
AR5 umadounduni. - bk )ﬁmﬁﬂsmwuazﬁﬂﬁ’mﬁaﬂﬁqmm.
p
msuddaniaaesveafeatuRsndiamng duRiceati aun3.
e
nm@m%mmbw poleséﬂﬂmlﬁjﬂlm(— bk ).
Function File: Isim (sys, u, ¢, x0)
WaRoutputd 1IMTUNMIMAIUIE U linear.

Function File: place (sys, p)

v v
v a A v

o . 4 A < o o .

MudamatrixK Hudaiuhanwunadoundunvuaan IaTUK Aativeigenvalues . Yodloop
U 9 [ 1 g’; 4

Falaudr3zun(n). e. A-BK maniuszylunnaeip .

Miscellaneous Functions (Not yet properly filed/documented)

@deftypefn {Function File}: axis2dlim (axdata)

(3

a 4 ) @ J o o
aadulavouadugudnasdmivz-d deyainaeswan); 1%10% Y0UTOUIKURA.

Y = o Y a o & A a
DAVDULUVUNYINU+/- 0. 1 mmauﬁam&mummﬂﬁm(ma%qmﬂfn).
Inputs axdata nx2 matrix of data [x,y]

Outputs axvec vector of axis limits appropriate for call to axis() function

Function File: rlocus (inputs)



[rldata, k] = rlocus(sys[,increment,min_k,max_k])

Displays root locus plot of the specified SISO system.

inputs: sys = system data structure
min_k, max_k,increment: minimum, maximum values of k and
the increment used in computing gain values
Outputs: plots the root locus to the screen.
rldata: Data points plotted column 1: real values, column 2: imaginary
values)
k: gains for real axis break points.
Function File: sortcom (inputs)
[yy.idx] = sortcom(xx[,opt]): sort a complex vector
xx: complex vector
opt: sorting option:
"re": real part (default)
"mag": by magnitude

"im": by imaginary part

if opt !="im" then complex conjugate pairs are grouped together,
a - jb followed by a + jb.
yy: sorted values

idx: permutation vector: yy = xx(idx)

Function File: ss2tf (inputs)



[num,den] = ss2tf(a,b,c,d)
Conversion from tranfer function to state-space.

The state space system

x=Ax+Bu

y=Cx+Du

is converted to a transfer function

num(s)

used internally in system data structure format manipulations

Function File: ss2zp (inputs)

Converts a state space representation to a set of poles and zeros.

[pol,zer,k] = ss2zp(a,b,c,d) returns the poles and zeros of the state space

system (a,b,c,d). K is a gain associated with the zeros.

used internally in system data structure format manipulations

Function File: starp (P, K, ny, nu)

Redheffer star product or upper/lower LFT, respectively.




| At
+--->| |-=---- +nu
| K|
> | >
+-mmme- +

If ny and nu "consume" all inputs and outputs of K then the result
is a lower fractional transformation. If ny and nu "consume" all
inputs and outputs of P then the result is an upper fractional

transformation.

ny and/or nu may be negative (= negative feedback)

Function File: tf2ss (inputs)

Conversion from tranfer function to state-space.

The state space system

x=Ax +Bu

y=Cx+Du

is obtained from a transfer function

num(s)

via the function call [a,b,c,d] = tf2ss(num,den).

The vector 'den' must contain only one row, whereas the vector num'



may contain as many rows as there are outputs of the system 'y'.
The state space system matrices obtained from this function will be
in controllable canonical form as described in "Modern Control Theory",

[Brogan, 1991].

Function File: tf2zp (inputs)
A . 3
11/ transfer functions 11y poles / zeros.

[zer,pol.k] = tf2zp(num,den)

Function File: [a, b, ¢, d] = zp2ss (zer, pol, k)

4 <
11884 from zero / pole 11 state space

Function File: [num, den] = zp2tf (zer, pol, k)

Lﬂéﬂu zeros / poles 1314 a transfer function.

Inputs

zer

pol

vectors of (possibly complex) poles and zeros of a transfer function. Complex values should
appear in conjugate pairs

k

real scalar (leading coefficient)

[num,den] = zp2tf(zer,pol,k) forms the transfer function num/den from the vectors of poles and

ZEros.



