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1 Octavell O OO OO

O000000000GNU Octave 000000000000 DO0OO0OOOOOOOOODOOOOOO
ugbooad

GNU Octave 0 0000000000000 0O0OODOODOOODOODOOOOOOOOOOOOO
oobooOooboboooobooobooooboooooboooooobobo0oobooooobooboooooboOoOon
gboboobOobooooboboboobooboooobooooobooooon

GNU Octave 00000000000 D0OOOO0O0DOOOOOOODDOOFree Software Foun-
dation0 0000000000 GNU General Public License 00 0000000000000 OO
0000000000000 00000000000GPLOOOOOOOOODO OO F[Copying],
0 32900000000a04a

O000000000O0Octave 000000 21x00000000000

1.1 OctaveO OO

O00000000000Octave 00 000000000000 ‘octave’ DO0DODOODOOOO
0000Octave 0000000000000 DDO0O0OODOOODOOODODOOODOOOOODOOO
0000000000000 Octave0 00000000 DO0ODOOOODOOOO

oo00ooboobO0obooob0ooboobo0oboogn Contrel-COOODOODOOO C-cODODO
O000000000000000Octave0 0000000000 0OOC-c00000O0OOO(CTRL)
000000 @ 00000000000000000000Octave0 00000000 DOODOOO
gooo

Octave 00000000 Octave 00000000 quitD 000 exit0O0DO0OOOOO

oooooooooOoo0o0oooooooOo0ooooDOoODbOOD c-zODOOOO SIGTSTPOOO
O0000000000Octave0 D 0OO0OO0O0O0ODOOOODOO

1.2 0000
0000000000O0ctave 00000000000000000000000000000000
0000000000000000000000000

00 Octave 000000000 0Octave 00 000000000000 DO0OOOOOOOO
O00000ctave:13> 0000000000000 0O00O0OOO0OOO0OOOOOOOOOO
O000Octave 0000000000000 OO0OOO

R ERERERERE
gdoboboodouoboooboiooooobodooobobo oo oooOUobLoOooa
gooboooooon

octave:1> a = [1, 1, 2; 3, 5, 8; 13, 21, 34 ]
Octave 00000000000 DOO0O0ODOOOOOOOOOOOODOOOOOOOOODOO
goooodddooobooooooboooooooooooo

octave:2> b = rand (3, 2);

00ooo0o0ogo3no 20000000000000000000O0OO00O0 1l0ODDDODOOODODO
obooobooooboon

obooooocoboobooboboobooooobooboboobobooobOOobobo0on0 pOOO
gboobOoboooobooooboobooooboooonoo

octave:3> b
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gd

Octave 000000000000 O0ODO0OOD0OOD0ODO0OOUOOOOOOOUOD a00OO0OOOO
gboboobobooooboooobooboo

octave:4> 2 * a
000000 ab0bpOdD0OOO0OO0OODOODOOODOODOOOODODODOOO
octave:5> a * b
0a’a,000000000000000000000O0O0OOOCO

octave:6> a’ * a

googoodgono
0000000 ax=b00000000000000 ‘NODDOOoOoO
octave:7> a \ b

000000000 a ', 000000000000000000O0D0O000ODO000ODO000
ubooobooooboooonn

0000000000000 Octave0 00000000 D0O0OOOOODOOOODOOODOO

goboboogn
Octave 00000000000000000000000000O000O0O0000OO

%:f(x,t), x(t=ty) = xo

O0O0Octave 0000000000000 DOOOOODOOOOODOOOOOO f(af,t)[ll][l[ll]l:l
goooooooooooooootoooobooooooooooooooooobooouooon
ogoo0ooooooboOobooooobOobo0oo0ooo0oo0ooobOoooooobOooooobooono
Ofdo0ooooooboobooo0ooboobooo0ooooooo0ooooooooboooooobooon
odooooooooooao

octave:8> function xdot = f (x, t)

>

> r = 0.25;

> k = 1.4;

> a=1.5;

> b 0.16;

> ¢ =0.9;

> d = 0.8;

>

> xdot(1l) = r*xx(1)*x(1 - x(1)/k) - a*xx(1)*x(2)/(1 + b*x(1));
> xdot(2) = cra*x(1)*x(2)/(1 + b*x(1)) - d*x(2);

>
> endfunction

0000000000 0DOOn

x0 = [1; 2];
0000000000000 000000D0000D0000000000000000000000
000000000000 000000MmM
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t = linspace (0, 50, 200)’;
gooooooooooooooooooo
x = 1lsode ("f", x0, t);

0000 1lsede 0000000000 OO Livermore Solver 00000000000 OOOOOOO
0000000000A. C. Hindmarsh, ODEPACK, a Systematized Collection of ODE Solvers,
in: Scientific Computing, R. S. Stepleman et al. (Eds.), North-Holland, Amsterdam, 1983,
pages 55-64.

gooooood
goooooooobboooooobuooooon
plot (t, x)
ogoooooo

00 X Window System 00 000000000Ocatve 000000000 D0O0OOOOOO
obobooboboobobooooooooooooooooboooooooooOooOoooOoobOoon
00000000000000 Octave000000000OD0O0O0O0O0O0OOOOOOOOOOOO
gbobooboobooobobooooboooooboobooog

gset term

Octave 0000000000000 gnuplot 0000000000 Ognuplot 00000000
gboobooboobooboboboobbobon

plot 000 0000000000000 O0O0O00D0OO0O00NUDO0O0ODUODOOOOOO
obooobooooobooooog

gset term postscript
gset output "foo.ps"
replot

000000000000000000000000000Octaved gset000DO00O0O0O00ODO
O gnuplot OUOO0DOO0OO00O0OO0OO0OO0ODOOOO0DODOOOOODOOOOOOOODOOODOO
gboabooaoboaobooboobooboabooboobooboobooboobooong
oooooobooooon

oboooobooooboboooobooooobooooobooboooooboooooon

gset term postscript
gset output "|lpr -Pname_of_your_graphics_printer"
replot

goooooooo

Octave U0 U0OU0O0D0O0OEmMacs0 000 viDOODOOODOOD0OODOODOODOOOOOOOOOO
000000000000000000000000000000000U00Emacs0O00O0oon
000000000000 00D0O000DO0O000000DbOOControl-pd00O0OO0OO C-pUO
ooo0oO0oO0oO0O0OopooOoO0OcCc-pO0000OOOOOCIR) OO0O0OO00 @ OOOO0OOOOO
ooooobooooooobooooboboboooooboboboooobobooogCecnO0DODO
goooooobooooboocec-p0bbobooooboboobboe-fOUobooobboobOoooDOg
obooobOboboooboboooobooboooooboooooon

000000000000000000000000D0D000000 Section 2.4 [Command
Line Editing], 0 15000000
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gooooooooon

Octave 000 000000000000 DO0O0OD0OD0OOOOOOOOOOOODOOOO OctaveO
boboobooboobobooooobooooooobobooooooboboooobOobobn
oooooooo

gbooooooooobooobooooooooboooobooobooboobooobooooooDn
gboboooboobooboobooooboobobobob0obooooooboo0oobooogn help
gboboboopooooooboboobobobobboboobooopoooooobooboon
000000000000 helpO0DO0O00OOOOOOOODOOOOOOOOOUOOOOOOOOOO
obooobOoobooooboon

help plot
O00O0plot O00O0O0O0OO0O0OOOOOOCOOO

Octave 0000000000000 0OO0OOOOlessO more 00 000000000000
1000000 @EDO10000C0OO0OOEPOUOOOOOOOOOD (@OOOODOO

Octave 0000000000000 00000000000Octaved 000000000 0Info
000000000000000000O0Info000000000ctave 0000000000000
000000000000 fo000000000000000000000 Section 2.3 [Getting
Help], 0 140000000000

1.3 000

gboooboobobooboobobooboooobooboobobooooobooobooooobOobobo
bobooboooooboboooooboooobon

1.3.1 JO0dd

Octave 00 00000svd () 0000000000000 O0O0O0OOD0OOO0O0OOOOOOODOO
O00000first-number 00 0000000000000 00000O0DOOO0DOOODOOODOOOO
00000 ‘octave ——no-init-file’ 000000000000 OD0OO0OO0OOOctaved 000
Ub00ob00ob0ooo0oOobodbOfoo --bar --baz U0 O0OOO0ODOOOOOOOOOOOODOODOO
gooOoOoOoOoOoOoOoOoOoOoOO@ANY) DDODODOOODOOO

1.3.2 00O000O4ad
00000000000000000000000000‘=’ 00000000000

sqrt (2)
= 1.4142

000000000 sqgrt (2) 0 141420000000000000
obooooboooobooboooobobooooobobobooboOobooooOoo

[1, 2; 3, 4] == [1, 3; 2, 4]
= [1, 0; 0, 11

gboboobOobooboobooooooboooooon

eye (3)
= 1 0 O
0 1 0
0 0 1
goooboboboooooboboboooooooga
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gboooboboobobobooooobooooobobobooboboboobobon
00000000‘=’000000000000000000000OO0O

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

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

rot90 ([1, 2; 3, 41, 7)

1.3.3 00000

goodoggooooooobobobbbobbbbbbooooooooobobbbobbbobo
000000000000U000oo0oU0oo0 ‘4’0000000000000O00O0OoOo0OoOO
00000000 10000000 ‘=s’00000oo0oo
printf ("foo %s\n", "bar")
- foo bar
=1

1.3.4 ODO0O0O0OO0O0O
0000000000000000000000000000000000000000000000
O0O0O00error: 000000000000

struct_elements ([1, 2; 3, 41)
error: struct_elements: wrong type argument ‘matrix’

1.3.5 Juooooon

oo oo b oo oL oooo
00000000000000000000000000000000D0000000000% The
category—function, variable, or whatever—is printed next to the % right margin. 0 00O
uo—[oboboobodobooobo—-40obobooobobobobooboboobobDoobonag
gooogd

1.3.5.1 JUuooooon

gboooooooboboboooooooboooooooobooboboboooboooboooboboon
gooooboobooobooboboboooooo

oooono fooOODOOOOO

foo (x,y,...) [Function]
00 fooUOOy OO xOOOOOODOOODOODOODOODOOOOO yOOoooooo
000000000000 190000000

foo (1, [3, 5], 3, 9
= [ 14, 16 1]

foo (5)
= 14
go0oooooooooooooo
foo (w, x, y, ...)

x -—wt+ty+ ...
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0000000000000000000 integerOinteger]l D000 matrix0O0 000000
00000000000 0object0 000000000 OODODOOOOUOOOOOOODOOOD
000 new_filetOOOOOOO0OOOODO0OOUO0OOOOODOOOO0ODOOODOOOOODOOOOODO
000000000000 000000000000000

Octave 000000000000 DO0OD0ODOOOOODODOOOOOOOOOOOOODOOOO
gboboobobooobooboooobobooooboboooboobooooobooboobOoobooon

Built-in Function
0000000 OooooC+0oCouono FortranOOOODOQOOODOODOOOOOO
OO Octave DO OOODOOOOO

Loadable Function
00000000000 C++0COo000 FortranO0 OO0 O0O0O0O0O0O00O0O0O0OO
00000000000000000000000000000Octave 000000
000000000000000000000O00Section 13.8 [Dynamically Linked
FunCtiOIlS],D 9%500000Dooogg

Function File
O00000D0000Octave 000000000000 DOODOODOODODOODODO
0000000000 Section 13.6 [Function Files|, 0 920000000000

Mapping Function
gboogooooboooboobooboobooboobooboobooboooba
gooooboobon

1.3.5.2 JU0uooooon

0000000000000 00o00o0U0o000o‘00’D ‘D00D0’'0D00000000O00
0000000000000000000000000000000000000COctaved cd 00
gbooaboooboogboooon

cd dir [Command]

chdir dir [Command]
000000000000 dir000000000000¢c¢d ~“/octave DOOOODOOOO
00000 ““/octave’ 00U UOD0ODOUOOOODOOUDOOUOODOOODDOOUOOOOODO
gboooboobooboboobooboobooobon

1.3.5.3 UUuuuooon

oboooooboooooobooobooobooooobooooooboo0ooboOooon
00000000 Octave0 0000000000000 DOOOODOODOOOOODOOOOOOOO
O built-in variables0 000 0000000000000 00OD0 OD0ODO0D0OO00DO0ODOO0OOOOOOMOM
gboocobOoboooooboooooOoobooooboboooboOobooooobooboooooono

000000000 do_what_i_mean_not_what_i_say. 000OO0O0O0OO0OOO0OOO
do_what_i_mean_not_what_i_say [Built-in Variable]

gbboobooaboaoboobooboabooboaboobooboobooobooong
O00000000000O0Octave 0000000000 DO0O0OOOOODOOOOO

0000000000000 0000000000000‘0000O0D0’0000 ‘00’0000
0000000 ‘00’0000000000
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2 00oogn

O000000Octave 0000000000000 OO0D0O0DOOOOOOO0OOOOctaved 000
gboocooOobobooooOobobooooobobooooobobooooobobooooobOOobn
00000000000000000000 Octave0000O0D00O0OO0OO0O0O0ODOOOOOO

2.1 Octavel OO

0000000000000 ‘octave’ 000D OOOO0OOOctave 00 DODOOODODOOO
0000000000000000000000000000Octave0 00O OOOOOOOOOO
goo

0000000000000000000000000000000Octave00000000O0
oooobooboooboobooboooobooogooo

O00000000000000000000000000O00D0O000O00O00 Octaved O
obooooOobobobooboooooooboooooon

211 00DbOo0oooboobad
Octave 000 0000000000000000000000000O00000O

--debug

-d 0000000000000 00000000000U0000Octavel D0 OOOOO
gooooooooooooooooooooooooooooooOoOooOOOOboo
ocooooooooOoOOOOOOODODODODDDDOO

——echo-commands
-X 000000000000 00o0o0ooOoooooooooo

-—exec-path path
000000000000000000000000000000000000 pathO
0000000 OCTAVE_LEXEC_PATHOOOOOOOOOOOOODOOOODODOO
0000 EXEC_PATHOOOOOOOOOOOOOOOO0OOO0O00DO0O0000O0O
ocooooooooooOoOoOoOoooo

--help
-h
-7 ocoooooooOOOOOOOOOOOOO0b

—--info-file filename
O0000 infod0000O000D0OO0OOO0O0O0OO0DOOOOO0DOOOO00O00O0O filename O
0000000 OCTAVE_INFO_FILEOODODOOOODODOOOODOOODOODOO
0000 INFOFILEOODOOOOOOOOODODOOOOOOODOODODOOoOooooOo
Jodooooooooooooog

--info-program program
00000 info000000000D00000O0D0O0O0O0DO0ODO00O00O0 program
00000000 OCTAVE_INFO_PROGRAM OO OOOOOOOOOODOOOOCOOOO
000000 INFO_PROGRAMOOOOOOOOOOOOOOOOOOOOOOOOOO
O0000oo0o0o0ooo0ooooooooo
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——-interactive

-i Jo000d0do00O0d0oo0oDO0o0ooOooo0oooooooDOoooooooOooooon
Emacs0 00000000000 OctavedOO0OO0OO0O0OO0OOOOOEmacsOO Octave
doodooooooooooooo D[Emacs],D 3190000000000

--no-history
-H Odo0oooooooooobooooonOon
--no-init-file

0000 ““/.octaverc’ D000 ‘.octaverc’ D000 OO0
--no-line-editing

gooooooooooooooon
—--no-site-file

site-wide ‘octaverc’ 00O 0O0O0OODOOOO

--norc

-f ooooooooooOoOoOoOoOoOoOoOoOoOoOoOoOoOOOOOOOObOOOOO--no-
init-filell --no-site-fileJ 00O 0O0OO0DO0OOOO0O0O0OOO0ODODOOC

--path path

-p path 000000000000000000000000000000 pathOOOOOOO
O OCTAVE_PATHOOOUOOOOOOOOOOODDOOOOODOOODO LOADPATH
ugboaboabooabooaboaboaboaboabooabouoabaanoaandgd

ooooooo
--silent
--quiet
-q ocoooooooOoOOOOOOOOOOOOOO00O
--traditional
—--braindead
MaTLABOOOOOOOOOOOODOODOOOOOOOOOOOOOOOOOOOOO
ooo
PS:I. =">> n
PS2 = nn
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 ooooooooDooDoOo
--version
-V ocoooooooOoOoOOOOOOODODODDODDO

file fileDOODDOODOOOODOOO
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Octave 0000000000000 U0DOODOOOODOOOODOOODOOOOOOOODOOOOO
oooooobooooooo

argv [Built-in Variable]
Octave 00 0000000000000 O0O0OO0O0OO0OOOOOOOOOOOOOOOOOO
0000000000 OctaveDOOOOOOOOO

octave --no-line-editing --silent
argvl O --no-line-editingl --silentO0000000O000O0O0O0O

0000000 Octave 0000000000000 0argv0 000000000 DO0OOOO
0000000000 OctaveD 00000000 O0O0O0O0DO0OO Section 2.6 [Executable
Octave Programs], 0 23000000

program_invocation_name [Built-in Variable]

program_name [Built-in Variable]
Octave 000000000000 DOO program_invocation_namel OO Octave 00O O
uboboodboobobooobooboobooboob0o0obO0obdfprogram_named 0000
program_invocation_name0 OO0 O0O0OO00O00O00O0OO0OO0O0OCOO O Octave O
0000000 ‘/usr/local/bin/octave’0 000000000 program_invocation_
name[] "/usr/local/bin/octave" 0000000 Oprogram_namel "octave"O O OO
good

00000000000 bO0000bUObo0obUOU0ObOOoctave foo.mJooooogooono
0000000000000 0000000000000000000000 OctaveO O OO
000000000000 Section 2.6 [Executable Octave Programs|, 0 23000000

00000000Octave00000D0O00O0DDO0OOODOODDOODODOOODOOOO

printf ("%s", program_name);
for i = l:nargin
printf (" %s", nth (argv, i));

endfor

printf ("\n");
Section 10.1 [Index Expressions], 0 61000 Octave 00000000000000000DO0O
0000000000000000000D000Section 13.1 [Defining Functions], 0 870000
O nargin0000000000OO

21.2 00000000000
Octave 00000O0000000000O0000O000O0D0O000O0D0000OO0

octave-home/share/octave/site/m/startup/octaverc
octave-home O 0OOctave 000D 0000 O0DO0ODOOOOOOOOOOOOO
‘/usr/local’0 0000000000000 OOOOOOOOODOOO Octave OO
0000000000000 0000000000000000 OctaveOOO0OO0OOO
doodoooboooboooooooooooboooobooooboooooooon
O0O00Octave 000000000000 OOOOOOOOOOOO

octave-home /share/octave/version/m/startup/octaverc
octave-home 0 0OOctave 0 D 000000 DOO0O0O0OOODDODOODODOOO
‘/usr/local’l 0000000000 OO0OODOOOUDOOOODOOO Octave 00O
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00000000000000000000000000000 OctaveO0OOOOO
oboobo0oooooboboooooooboobobooboooooooooobooobboo
O000Octave 0000000000000 DOOOOOODOOO

~/.octaverc
00000000OoOoboOooOon OctaveD DO OODOODOODOOOOODOOODOOOO

.octaverc
O0000000000000000D00000000 OctaveODODODOOOOODO
O00000000oO00O0Octaved D"/ .octaverc’ 00 0000000000000
000000000000000000000¢/.octaverc’00000 cd0OOOO
OO0000OctaveD ‘.octaverc’0000000000O0COOODOOOOO

0000000000000 Octave0000DOD0O0ODOOOOO “7/.octaverc’ O
gbooobobooobooboooobooon

00 Octave 00000000 --silent0 00 00--verbosel 000D O0OO0OOOOOOO
gbbooboboobooboobooboboooooboobooboOobooooDboon

00000000000000000000 Octave D00 0O0OO0OODOOODODOOOOOOO
goo

2.2 Octavel O I

exit (status) [Built-in Function]

quit (status) [Built-in Function]
000 Octave 00 0000000000000 0ODOOOOOOO status00000000OO
00 Octave D000 ODO0O0OO0O0O0OO0OOOOOOOOOOODOOOOO

atexit (fcn) [Built-in Function]
Octave 000000000000 O0OOOOOOOOOOO

function print_fortune ()
printf ("

%s

", system ("fortune"));
fflush (stdout);

endfunction

atexit ("print_fortune");

O0000O0Octave 00000 0O0ODO0OOOO0DOOODOOOODOODOO

23 D0gouoobobouoada

O000000000000000Octave0 000000 kelp -i000000000O000OOOO
gboboobooobobooboooboboobooboobooobooboboboobboobooOnhelptd
goooooooboboooooobobooooobobooooooobobooobooDOoDbobO
oooobooooboooobooooboooobooboooobooobobooobooooobooooDooon
000000000D000000000000000Section 13.6 [Function Files|, 0 920000
gooooo
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help [Command]
Octave 0 helpO0 OO OOOGNU InfoOODODODOOOOODOOOOOODOODOOOOO
oooobooobooobooboobooboobooboobooboobooboobo
gboogoboooboobooboobooboobooboobuooboobooboobo
O00000000Do0DO0o0 1000000 -i000ooo0ooo00oooooooooon
gooobbbbooooobobbbooooon

O000O0Ohelp helpOOhelpOOOOOOO0O0O0O0O0O0O0O0O0OO0O0COODOOhelp -1 help
000000000000000000000000GNU InfoODOOOOOOODO

000 GNU InfoOOOOOOODOOOOOOUOO C-hOOO0O0OOODOODOOOODOOOOO
gbooobooobooooboobooaooboo

helpgOOoooooooooooOoOOoOoOoOoOoooooooOooOOOO0OO00OOOOODOOOd
oodoooooooooooodooooooodoooooodooooooodoooan help
commall 100 help semicolon 100000000 O0O0O0O0OO0

INFO_FILE [Built-in Variable]
OO0 INFO_FILEO OOctave O info O0O0OODODODOOOOOOOOO"octave-
home/info/octave.info"O0 OO 0000 octave-home D0 Octave 000000000
go00ooooooooo

INFO_PROGRAM [Built-in Variable]
OO0 INFO_PROGRAMOODOODOO infoOODODOOOOODOOOOODOO"octave-
home /libexec/octave/version/exec/arch/info" OO0 OO0 00O octave-home O
Octave 0000 O0ODOO0DODOODOOOOvVersionD Octave 0O O DOOOODOOOO
arch 00 0Q0QOOODOOOODOD i686-pc-linux-gnu0 0000000000000
OCTAVE_INFO_PROGRAMO O ODOOODODOODODOO--info-program NAMEO O OO O
O0000000000O00000 INFO_PROGRAMOOODOOOOOOODOOOOOODODOOO

MAKEINFO_PROGRAM [Built-in Variable]
0 O MAKEINFO_PROGRAMO O Octave 0 Texinfo 0 D0O0OD0D0OO000000000000
000000000000 makeinfo00O0O0O00000000000 "makeinfo"0 000

suppress_verbose_help_message [Built-in Variable]
00 suppress_verbose_help_message0 00000000000 Octave d helpd OO
ocoooooooooooobooooboOoboOOOOOOOOOOOOOOOOOOOOOOOO
ooooooooo

24 00000ooooboO

Octave 00 0000000000000 0DOO0OD0OO0OO0O0OOO0OOODOOGNU readlined 00O
gbbogoboobobobboobboobboobooboabooobbooboobooboog
O000O00GNU Readline0 000000000000 O0OODOOOOO

gobooboboooooooooooboobobooboobooobobbooooooboooon
Octave 00000000000 DODOODOOOOOOD

oboboobooooooobooboboboooboobooboobD0obbbobO0O0n Control-all O
0000O00O00000UUUUoUoUUoCcC-al00 00000 CROUODOOOOO0 @O0
OO00000000000OContrel-a0 00000000 C-a0O0D0O0OO0OOOO
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0000000000000 0000000000O00000D0DO000D0DOMETADDOOO
oooo0wOOoOoOooOoOoOoOM—wwoOoooooooooooooooooMETADOOOOOO
O0ESCO000OUDO 2000000000000000O0O0O0OO0OUOOOODOOOOOOOM-uDO
oooooo00OEOwOOoOoOoOoOoOoOOOOOESCOOOOODOOOOOOOOOOOOOOOO
O000obOobooobodbOMeta—u ODOOOOOoOoOoOoOM—wOODOOOOODO

24.1 0000000
00000000000000000000000

C-b 10000000

C-f 10000000

DEL oooooobooooboooobooogoo

C-d gobooboobooobooboboboooboooo

M-f ooooooobooo

M-b oooooobooo

C-a oboooooooooon

C-e ooooooooooon

C-1 obooobOoboooobobooobOooboooooboon
C-_

c-/ obooboooboooboobooboooboo@moboooobooooooooooo

gboooboobooboobooboobod

M-r gbbooboboobooboobooboobooobooboobbobooboond
0O‘undo’000000000DOOOOOOOOO

obobooooboobooboooooooobooboobbooboooooooooobooooboooonn
ooo0oooooooooboooOo0oooooooooobooo0oogooe-foc-pO00O0O00O00n
gooooooo

C-f0 1000000000DOOM-fO 1000000000000 0DOO0OOODOODOO0OOO
gboboobOobooooboobobooooobobooooobobooooboboooobobo
oooooooo

Octave 00000000 D0O0OOO0OODOOOODOOODOOO

clc () [Built-in Function]
home () [Built-in Function]
gboooOoboooboobooooboooooobooonog

242 000OO0O0O0OOO

O000000000killingDOOO0OO0DO0DOD0O0O00DO0O0O00O00O0O00ODO0O0O0O0DOOO0OOoOn
00000000000000000000000yankingDOODOODOOOOOODDOOODOOOOO
gbooobOobobooooobobooooobobooooobOoboooooboboooOoboDbo
gboboobOobooboobooooboobooooboooonoo

oboooooboooooboboooooboooogo
C-k gbooobOobooboobobooooobooooobooooon
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M-d gboooobgobooboboobobobobooboboboboobobonoo
ooocooobooooono

M-(DEL) ugboboobbooboobooboobooboobobobooboboobobooboond
obooooOobooooobooooo

C-w 0000000000000 00000O0000000 M-EELOODOOOOODOODD
obooobOobooooboobooooga

gboooobooooboooobooobooboooboooboooobObOOoobOOooObOOoOobOOoooon
gboboobobooobobooooboooobobooobooono

C-y gboboobobooobooboooobobooooboooong

M-y oooooo0oooooooboOoooooOooooooo0oooooOoon e-yoo
OM-yDOOODOOOODOOOODOOOOODOO

0000000000000000000000000000000kill-ring0 00000000
obooooooobobooboooboobobooobooboobobobooboooboboboooobobn
oboocooooobobooooobOobooooooboobooboooobOobooooooboobobn
gboooobooboboooobobooooooboboboboooobOobooobooboOobobn
gboboobobooobooboooboobobooooboooong

243 000OO0OO0O0OoOODOOO0On

000000000000000000000000 TABO C-q0000000000000000

000000000000 000000000

C-q

c-v 0000000000000000000000000000000000C-q000
go0ooooooooogoogo

M~(TAB) 00000000000

C-t booooboboooobooooboboobooboobOooboooooboboobooo
O00000O0OD0D0000000000000000 2000000000000

M-t boooboooobobooooboooobobooooboOobooogo

M-u gobooOoooboooboooobooobooobooooooooooOooobooon

ubooobobooooboooo

M-1 gobooooobobooobooobooobooobooooooooobooboOooobooaon
ubooobobooooboooo

M-c gboboooOoboooooobooooooboboooooboboooooboboon
ooooooboooboobooboobobooooo

2.4.4 readline O OJ
000000000Octave 00 0000000000000 OOO0OODOOOO

TAB 000000000000000000000O0Octave0 000000000 DOOOO
goooogo

M-7 obooobOoboobooboooobobooooboobooooboooon
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completion_append_char [Built-in Variable]
completion_append_char0 000000000000 O0O0O0O0CODOOOOODOOOOO
00o00o000o0o0o00ooo0ooooo""0o0oo0o0oooooo

completion_matches (hint) [Built-in Function]
hint 000 0000000000000000O0

OU000O00OEmacsO0000 Octave 0000000000000 O00OOOOOOOOOO
ubboobbobbooboobouooboobooboooboobboobbobboooba
obooobOoboobooboboobooboOoooooboobooonog

245 0000O00O0O0OOOOO

Octave 0000000000000 DOO0OODOOODOOOOOODOOOOOOOOOODOOOOO
00000000000000000000000000Octave 00000000000 DOOO
ubobOoobooooboobobooobooooobOobOhistory_sizeODOOOO0OO0OO0OOODOOO
Octave 0000000000 history_fileDDOODODODODOOODDOOD0ODOODODOODOOOOO
ooooogo

gobobooboobooboobgoobobbobboobooo

LFD

RET oboobooooooobooboooooooboobooooooooooboobooooo
gboocooooobobooobOobobooooooobobobooooboOobobooo
gooooooo

C-p ooooboboomobooboooooobooo

C-n uboboobobooo@mobooooobooooooon

M-< oooobooboooooooooboog

M-> oboboobOoboooboobobooooboooooboooooboobooon

C-r gbooooobooboboooooboobooooooboboooooooboboobooo
ooooooboooooo

C-s oboboobOobooooboooooOoboooooboobooooobooooon

gboooooboobooboooboobooboc-po00 c-.nOO0OOoooOoooooooon
goood

000000000000000000000000000Octave0 0000000 OODOOO
gboboobooboobooboboooooboooobooon

history options [Command]
OO00o000o0o0o0oboboOb0O0OhistoryDO0OO0O0O0OO0O0O0O0DOOOOOOOOOODOOO
ooooboooboobobooboa

-w file 0000000000 fileDODODODOODOODODOOOOOOOOOOOOODOOO
00000000000 “7/.octave_hist’0 000000

-r file 0000 file00D0O0D0000O00O0ODO0O0OOODOOOOOOOOOOOOOO
000000000000000000000 “/.octave_hist’'00O0O0O0O

n obooobOnnO0OO0O0O0O0O00O0OO0
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-q 0000000000000 0000000000000X Window System 0
obooooOoboooboobobooobooboooooboooooboobooon

00000000000 S0000000000000000000O0ORistory -q500
gbooobooooooo

edit_history options [Command]
O00000000000D0D0Oedit_historyDOEDITOROOODOOODODOOODOOO
goooooboboboodooooouobbbbodooooub b bbb bLbo
0000000000000 00000000000000Octave000D0OO0OOOOOOO
000000000000000D000D00 edit_historyDOOOOOOO0OOOOOOOO
gboboobooboobobooooboboboooooboboooooboboboooon
oboooobooobooboooooboobooboooooboooobobooboooboooboaon
googobbbboooobobobobog

edit_history0 0OO0O0OOO0OOO0OOOCOOOOOOOOOOOOOOOOOOOODOO 2
gboboobobooobooboooobooooobooon

edit_history 13
00000000 13000000000000000000000C00O00DOOOO
edit_history 13 169

o0l3000o 1690000 0oodgooooooooooooogooo 2000000
obooobOobooocoooboboooooboooooOobobooooobooooogon
gobobooobooobooooooobooboobooboobobooooooooooooooon

run_history [first] [last] [Command]
edit_historyJOO0OOO0O0O00O0O0DO0O0O0OCOOOO0OOOOOOOODOOOOODOOO
goooo

EDITOR [Built-in Variable]

A string naming the editor to use with the edit_history command. If the envi-
ronment variable EDITOR is set when Octave starts, its value is used as the default.
Otherwise, EDITOR is set to "emacs".

history_file [Built-in Variable]
oobooobooboobbooobobooobooobobDOoboboooboobuoobnoo
"~/.octave_hist"O O OOOOODOO OCTAVE_HISTFILEDO OOOOOOOOOOOO
goo

history_size [Built-in Variable]
00D000b00OO0000O000O00DOOCOO00OO00obOOoOoDOObOODbDOOnO 102400
O0O0O0OD00OD OCTAVE_HISTSIZEDOODODOODOODOOODOOOO

saving_history [Built-in Variable]
0000 saving_historyd 0O 000000000 OOOOOCOODOOOOOOOO
history_fileDOOOOOOOOODOOOOODOOOO
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2.4.6 readlined OO OONO

read_readline_init_file (file) [Built-in Function]
readline0 000000 fileDDOODODOOOO fileODODOODODODOOODOUOOOOOOOOOO
0 °/.inputrc’0000000

247 00DO0O0O0OOODOOO

000000000000000000000000000000000000000000C Octave
gboocoOoboobooobOobobooooobooboboooooobOobooobooboOobobn
gboboobobooobooboooobboooobooooboobooooobooobooonon

‘\t’ ooooo

\d’ ooooo

‘\n’ 00000000000000000000000000000000000000000

‘\s’ O00000000D0 ‘octave’dO OO

Aw’ 0000000000000

AW 000000000000000000o

Au’ 0000o0oooooo

“\h’ 000 0000000000

‘\H’ ooooooo

A# 000000000Octave 0000000000000 OOODODODODODODODOO

AL 000000000000000000Octave000000000O0OODOOO0OO0O
00000000\ DOOoOOoOooooooo

¢’ 00000 UIDO0ODDOD ‘400000000 4’000

‘\nnn’ S0000000000000000 nnnO0O0

AN 00o00oO0O0oooooon

PS1 [Built-in Variable]

0000000000000 0000000000000000Octave0 0 DOODDOOO
obooobOobooooboboooboobooooobooon

PS1O0000O0"\s:\#>"OOOOOOODOOOOOO
octave:13> PS1 = "\\u@\\H> "

000000000000000000000 ‘kremvax.kgb.su’'0000000O0OO
‘boris’0 00 00O ‘boris@kremvax>’'0 00000000000 O00O0200000000
00000000 1000000000000 00000o0ooooooOooOoooooo00g
0 0 Chapter 5 [Strings], 0 350000000

PS2 [Built-in Variable]
0000000000000 000000000O0ctave 000000000 OOOOOOO
goooobbobooodooooooboboobbodooooobbbbbooooooobbobo
O0Octave 0 0200000000000 PSIO00OOCOOOOOOOOOPS200000">
"oooad
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PS4

[Built-in Variable]
00 Octave O --echo-commands0 00 0000000000000 0OO0O0OO0ODOOOO
0000 PS40 000000 O0OPS4000O00ON\n"+ "OOOO--echo-commandsO0 0000
Section 2.1 [Invoking Octave], 0 11000000

2.4.8 U0O0OODOOOOO0O

Octave 000 000000000000 0ODO Octave 0000000000000 OOOOODOO
gbooobooboobgooobooboobooboobooobobbobon

diary options [Command]

gboboobOobooboobooboboooobooboooooobobooooobobooooon
gbobooboooobobooobooooon

on 000000000000 dieary0OO0OO0OO0OO0OOO0OO0OOOOOOODOOODO
oood

off uboooboooobobooood

file fileD0ODODDOODOOOODOOOOOOOOOO

gboboobOoboooobooooboboooooboooooboon

gbooobobobobooooboboboboobooboboboooboobobonboon
gboooobobobooboobooboobobboobooo

echo options [Command]

gboboooooboobooboobooooboooboobobuoooooobOoboobooobonn
gboooboobooooobooon

on gbooobooboobobboobooobooboobobooboobog
off gbobooboboooboobooooboooobooboooobooooona
on all ubgboboboobdobobobobuoboooooboobooboboboba

off all gooooooooobobooboooooooooobooooooooooboobooog

gooobooboobobbooboobooboobobboobooboo

echo_executing_commands [Built-in Variable]

gooobooboooooobobooooobbooooooboooboooooooboooOooooon

1 gboooboobooboboobooboobooobon
2 gboooboooooboobooobooooon
4 gboooboobooboboboobooboobooo

1000000000000 000000000000300000O0echoon allOOOO
ooooooo

echo_executing commandsO0 O O Oecho0 0000000000 OODODODODOOO
--echo-input 000000000
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25 Octavel U0 O0ODOOODDOOOOODODO
Octave 0000000000000 0000020000000000000

00 Octave 00 0000000000000 OO0O0OOOparse error 100000000000
obooooOoboooobooboooogod

octave:13> functon y = £ (x) y = x"2; endfunction
Octave 00000000000 DO0ODOUOODOODOOOOOOOOO

parse error:

functon y = £ (x) y = x72; endfunction

000000000000000O0ctave 000000000 OD0OO0OOOOOOOOODOOOOODO
00000000000000000C'000000000000000 functionDO0OOOOO
00000000000000Octave0000000000O00O “function 7000000000
O0Octave D 20000000000000000O00O0OOODOODOOOOOOOOOOOO
O0yD0OOOOOOODODO0O0O0O0O000O0000O0functon0 00000000000 OO0OOO
gooooobooo

oboooobooboooobooooobooboooooobooooobooobooobooboobbooDbon
oobOoobooooobooooboboooboboobobbooboOoobo0oobO0o0o0oo0O000n rund
O0000O00OOevaluated0 00 000000000000 0O0O0OOO0O0OO0OO0O0OO0OO0OO
oooobob0oooboobooboooboobooooboooboog

octave:13> f ()
Octave 00 O00OD0O0ODOO0ODOODOOO

error: ‘x’ undefined near line 1 column 24

error: evaluating expression near line 1, column 24

error: evaluating assignment expression near line 1, column 22
error: called from ‘f’

oboboooboooobooobooobooboobobobo0ob0obOoooOoobOoobOooDb0oO0Dn
oboo0oooobOooboooooboobobobooooooobobobooobooobooobooon
booobOoboooboobobooobooooon

0000000000000 0X00000000000000000000 102400000
oboboobooobooboooobooobooboooooooboooboobooooobooooooon
goboooooboooboooboobooooboooboboooboobooboOobooobooobooon
oooobooboooobooboooooooooobobooooboobooboboooooo

0000200000 300000000000000O0O0UO0OUOOUOOOUDOUODOOO
o0oooooooooooD f00o0bo0o00000ooooobbooooDbo0 f000000o
000 gD00000000000000000O00000 1000000000000O0

error: called from ‘g’

oboboooooooooboooboooooobooobbooboooboooooooboOoooboOooonn
boboobobooobobooooooboooooboooobooooboboooboOoboon
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2.6 Octavel D OO ODOOOODOOOO

000 Octave 000000000 0D#’000000000000000O000ONO OctaveO OO
0000000000000000000000GNUDOOO0O0O0DOOD0O0 UNIXOoOoOoo'oo
googoo

000000000000000 ‘hello’ 0000000000000 OOOOOOOOOO0O
00 octave-interpreter-name D J 0000 Octave 0000000000000 OOOOOOOO
oom

#! octave-interpreter-name -qf
# a sample Octave program
printf ("Hello, world!\n");

O0O0000OO0Ochmod0O00OO0D0OOOOODOODOOOCOODODOOODODOOOODODOO
hello

000000000000 0000000D00 Octave0 00000000 OO0ODOOOOO
octave hello

‘#’'000000000000000000000O00O0O0O0O0ODO0O00O0UOUO0ODOO0OO0
gooooooboobobooooooboobooooboboooboooobobooobooDOoDbobo
000000000000000000000000000000000000000OctavedO
0000000000000000000000000Octave0 00000000000 OOOOO
00000000000000000000-qf’0000000000000000000O0O00
000000000 ““/.octaverc’ U0 000000 DO0OOODOODOOOOOOOOOOODOODO
000000000000 Octave 0000000000000 OD0OOOODOOOOOSection 2.1
[Invoking Octave], 0 1100000000000000000000O0OCOCOOOO%!’'0000
obooooOobooboooboboooooboooooan

000000 Octave 0000000000 OO0DO Octave0 000000000 DO0OOOOOO
boboobobooobooboooobooooon

00000 Octave 0000000000000000000000000000000000
00000 argv000000000000000000ODODOSection 2.1.1 [Command Line
Options|, 0 1100000000000000O0OOODODOOOO0O0O0OOOOOOODOOOOOD
0000000000000000000

#! /bin/octave -qf
printf ("%s", program_name);
for i = l:nargin

printf (" %s", argv{il});
endfor
printf ("\n");

2.7 Octave DO OOOOOODOO

obocoOoboobooobOobooooboobobooooobobooooobobooooobOoDbn
gboooooobooobooboobobooooooobOobooOooobooboboooobooboOOoboOobn
booooooboboooooboooobobobooooooboobobobooooobOoboDbo
gbooobobo0oobooboboooobooooboboboooobooon

L 41000 Berkeley UnixO System V Release 4000000000 System V Release 3 systems 0 0 0 0
00 UNIXOOODOOOoooooo
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Octave 000000000000 O0OOOODO 4000000000000 40000000
O00000000000O0Octave 00000000000 DO0OODODOODODOODOODOOOODOOO
obooobboooobon fthoboooobooooboobooooobon

function xdot = f (x, t)

# usage: f (x, t)

#

# This function defines the right hand
# side functions for a set of nonlinear
# differential equations.

r = 0.25;

endfunction
helpO OO O Osee Section 2.3 [Getting Help], 0 14000000000000000000
000000000000000000000000000000000000000000 Octave
000000000000000000000000000000000000000000000
0000000000000 000000000 f0000000hRelp fO0000000000O00
0o00o0o0oooooooog

usage: f (x, t)

This function defines the right hand
side functions for a set of nonlinear
differential equations.
000000000000 00D OctaveD00ODO0O0O0OO0DO0ODOOODOOOOOODOO

gboboooOobooboooooboboooooboboooooboboooooboboooonbobn
gboboobobooboobooboobobooooboond
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3 Ut

Octave 0000000000 DO0DODOOOOOOOOOODOOOODOODOOOOOODOOOOOOO
obooooOoboobooboboooboobooooboboboooooo

000 C++0000000000000000ODO0OO00000DOOO0OOOUOOOOOOOO
000000OOctave 00000000000 DO0O0O000O00ODOOOOOOOOOOOOOOO
O000000000000000000000Octave00 0000000000 O0OOOOOOOO
Octave 0000000000 DODODOO0OO Section 13.8 [Dynamically Linked Functions], O 95
0000000000 Section 3.2 [User-defined Data Types], 0 26 000 Octave 000000
ooooboooboobooboobobobobooobooobooboo

typeinfo (expr) [Built-in Function]
Uexpr0000000O0O0OD0DODOO0D0 exprO0000bOO0O0000ooobbooobbog
obooobOoboooboobooooobooon

3.1 Dogooooo

gboboobOobooooboobobooooobobooooobobooooboboooobobo
gbooboooobobobooboooobobooboboboooboboobobooboboboo
gboboabooaboaobooboobooboabooboabooboobooboobooong
00000000000000000 Octave00000000DOO0O0OOOOODODOOOOOOO

3.1.1 0JO0ooooon

Octave 0000000000000 DOOO0OODOOOOOOOOOOOOOOOOOOOOOOO
0000000000000 0000D00000ODIEEEDOOOODOOOODODOOOODOOO
000000000000000 22251 x1073% 00 1.7977 x 103 0ooOoo0ooOoOoooOoOon
000000000000 22204107 0000000000000 000 realmindrealmaxd
O00Oeps 00D0DDOODOODODOOO

gbobooooboobooboobooobooobobooboobooobooooo0oooboOooobooOoonn
gbooooooboboooobooooboboboooboboboooooooboobOoboobn
0 00O Section 10.1 [Index Expressions], 0 610000000000

000000000000 Chapter 4 [Numeric Data Types|, 0 290000000000
3.1.2 0JO0OoOn

NA [Built-in Variable]
goooooo

isna (x) [Mapping Function]
xO0OODODNAODOODODOODOOOD 1000000 o000ooooooooooo
is_NA ([13, Inf, NA, NaN])
j [O’ O’ 1’ O]

is_nan_or_na (x) [Mapping Function]
xO0OO0OONaNOOOONAOOODODOODODOOD 1000000 0000000000000
is_NAN_or_NA ([13, Inf, NA, NaN])
= [0,0, 1, 1]
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3.1.3 Uooooooon

Octave 00 0000000000000 O0OO0O0O0OOOOOOOOOOOOOOOOOOOOO
00000000000000000000000000Octave0 00000000000 DOOOD
goooobooboooboboobooooboooooobooooobooooboboboooooDo

000000000000 Chapter 5 [Strings|, 0 350000000000

3.1.4 00000 O0OO0O0oogag

Octave 00 0000000000000 0DODOOOOODOOOOOOODOOOOOOOOOOO
00000000000000000000000000000U0O000O0 Cooooooooo
gbooobooabooo

000000000000 Chapter 6 [Data Structures], 0 430000000000

3.2 0000oooon

000000000000000000000000000Octave0 0000000 0ODOODOOOO
0000000000000 000000000000000000000000 ‘ov.h’d‘ops.h’0
000 OctaveD ‘src’00000000000O00DODOOOOOOOOOODOOOOOOOOOOO
gooooobooo

3.3 Dogooooon

gboboobooboobbobbooboobooboobooboobooboboooobboboboobo
gbbogbboaobboobbobboobuooboooboobooboboboobbobbooboog
0-100000000000O0ctave00000000000000D00DOO0OO0OODOOO Orows
O columnsO0 0000000000 O0OODO -1000000

columns (a) [Function File]
allO0O0ODOOO

rows (a) [Function File]
allO00O0OD0OOO

length (a) [Built-in Function]
adloobooboboobboobobobooobooobbooobbooobbooboboo
go0oO0oO0oO0oO0oO0OMatlabOOOOOOOOOOOOM

size (a, n) [Built-in Function]
ald00d0dooooon
000 100000001000000000000000O000O000O0O0O0O0OO0O00Og
00o00d00o0doU0oU0oOdoUoDOoDO0bDO00OoU0Oo20000000000O0OOOOOOn
Jooooooooooooooo
size ([1, 2; 3, 4; 5, 6])
= [3, 2]

[ar, nc] = size ([1, 2; 3, 4; 5, 6])
= nr = 3
= nc = 2
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20000000000000size0000000000000O0DOOOOOOO

size ([1, 2; 3, 4; 5, 6], 2)
= 2

uboooboooobobooooooo

isempty (a) [Built-in Function]
al00000000O0OO00D0OOO000OOO00ODOOO0ODOOOOO0OOO 1000000000
ooooooo
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4 Jogood

gboobouooboooboboaobooboobuoobobbooboaboad

gbobooboooboobooboobooooboobooooooboboobobbooooboboooboon
000000000000000000000000000000000Octaved 00000000
obooobooboooobobooooobooooboboboboobobooooobooooDom
obooooOobOooboobobooboobobooooboobooonon

105
1.05e+2
1050e-1

gooobooobooboobobbooboobooboobooboon

3 + 4i
3.0 + 4.01
0.3el + 40e-1i

00000000000000000000D 4'000000000000000000V—-110
ooooboo

Octave 01000000000 0DO0OO0ODOOUOOOOODODO 4'0000000000O00O0O0O
000000000000000000Octave 0000000000000 O0OOOOOOOOO
good

octave:13> 3 + 4 i
parse error:

3+4 1

00000 49’00000090‘T'0000 0000000000000 0 40000000
gboooaogd

4.1 OO

Octave 000000000000 DO00ODOO0DOOODODODOOOOOOODOOOOOOOOO
gooobobooooboobooobooboooooboon

a=[1, 2; 3, 4]
12
13 4

ooooboooooboond
obooooobooooooobooobooboboooboooobooobooobooboooonn
gbobooboobooobooboboooobooooboboooboobooobooboobooonog

[ a, a]
00000000 0oOooooo
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[a, 1]
goooooooood

error: number of rows must match near line 13, column 6
00000000000000000013000000000000000000

00000000000000000O0Octave0 00000000000 OOODOOOOOOO
bobooboboooobooooobooooboboooobooooboobooobog

a=1[12
34]

ooooboooboooboobooboobobboobooobDoobOooboobobooo

[1-1]1]
‘~’000000000000000000D0 0000000000000 O0OO0OOUOOOO

[1-1]
‘000000000000 00ooll, -1]0000000oooooogooooo

[ sin (pi) ]
gbooooboooboobooboooboo

[ sin, (pi) ]
00db0obooooobobooooooodUsindboooooooooooobobobobooog

boboobob0O0Osind0O0boooboo0ooboooooooooooooooobooboonboDbo
gbooooobooooboooooo

[ (sin (pi)) 1]

000000000000 0000000000000000000000000O000O00
obooobooooboboooooboooobon

[1a]
000000o00o0O00o0D0o0O0oO00O00O00oLOUOOoOoOUoo [1,1]0000000D0
o0o0ooooooo

[1a’]
ugboobooobodgboooboooaoga

error: unterminated string constant
gbooobooboobgooboobobbobooon

[ a ’foo’ ]

oo0ooo0oobo0ooo0oooO0o0oOo0ooOo0oOo0oOOo0o0oOo0bO0bOoO0O0oO0000

O00ooo0o0o0bo0o0oo

warn_separator_insert [Built-in Variable]
gogboboooboooobooobbooobooobbuooobboobobbboobo

0000000000000 0000000O0Octave 0000000000 OOODOOOOOO
00000000000000000000000Octave0 0000000 ODDOOOOODOOODO
boooboboobooboooo

output_max_field_width [Built-in Variable]
O0000o0o000oooo00oooo00ooooooDoooOooDooO 100000
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output_precision [Built-in Variable]
oooooooOoOoOoOoOOOOOOOOOOOOOOOOOOOOOOOOOOOOSO
ooo

output_precisionl output_max_field_widthO 2000000000000000COOO
OoO0000000C0O0O0O00000000C0O000000000format0000000O0O0OOCO
000D00000000000O0Section 16.1 [Basic Input and Output], 0 1060000000
ooo

split_long_rows [Built-in Variable]
0000000000Octave 00 000000000000 00D0ODODODOOOODOO
goooodogoboddoooob bbb bbboddUU UL L DD
gogogbobboooobobbobooooouo

split_long rowsOOOOOOD0OO0OO0O0OOctave 0000000000 0ODODOODODOOO
gbooobooboboobobooooboooboooobooboooobooobooooboooan
booobooboooboobooooboooon

octave:13> rand (2,10)
ans =

Columns 1 through 6:

0.75883 0.93290 0.40064 0.43818 0.94958 0.16467
0.75697 0.51942 0.40031 0.61784 0.92309 0.40201

Columns 7 through 10:

0.90174 0.11854 0.72313 0.73326
0.44672 0.94303 0.56564 0.82150

split_long rowsOODOOOODOOOOODOODO

00000000000000000Octave00000000000000DO0OO0OOOOOO
gooooooobobooobooboboobooooooooboooobobooobooDOoDbobO
U00o0o00D000000Db000 fixed_point_formatJ OO O OOOOD0OOOOOOODOO
oooooooboobooboobooboboboooooboboooooooboboooboooboobobn
goo

fixed_point_format [Built-in Variable]
000000000000 000000000Octave0 00000000 OOOOOOOOO
00000000000 Oone leading digit 0000000000000 O000000OOOO
gooooooooobooooooboooa

octave:1> logspace (1, 7, 5)°
ans =

1.0e+07 *

.00000
.00003
.00100
.03162
.00000

= O O O O
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oo0o0o0o0O0O0O00 100000000000000000000000000OO0OOOOO
OO0fixed_point_formatO OO OOOOOO0OOO0OO0O0O0OO0DOOO0OOCOOOOOOOODOAO

fixed_point_format0 0O O0OOODO 00000

4.1.1 OO0

oboodobooobooobooobooboobo0obo0obboobooboobDoobDoooDoo
00000000000 000Carl de Boor, An Empty Exercise, SIGNUM, Volume 25, pages
2-6, 19900C. N. Nett and W. M. Haddad, in A System-Theoretic Appropriate Realization of
the Empty Matrix Concept, IEEE Transactions on Automatic Control, Volume 38, Number
5, May 1993. 0000000000 sOmxnO000 Muy, D000 mXn0000 [Jmxed D
Jooobobobboooooobobobo0ooooobDbboooooobDbboboooo

0000000000000 00000D ‘I’000000000000000 print_empty_
dimensionsO O 0O0O00OO0OOOOOOOOOOO

print_empty_dimensions [Built-in Variable]
print_empty_dimensionsO0 0000000000000 OOODOOOOOOOOCODOO
‘I’0000000000000O0DO0OOO
zeros (3, 0)
gooobobbooooon
ans = [1(3x0)

000000000000000000000000000000000000000000 Sec-
tion 10.6 [Assignment Expressions|, 0 680000000000

warn_empty_list_elements [Built-in Variable]
U0 warn_empty_list_elementsU 0000000000000 O0O0O0O0O0OOOOODOO
gogoobobobbooooobobbbbuoooouoobooboboo

a=1[1, [1, 3, [1, 8]
gooooooooo

Octave 00 000000000000 0OODOOODOOODOOOODOODOOOOOOOOOO
gooooboooooobobobooobooboooooboooobooboobooo

4.2 00O

gboboooOoboboooooboobobooboooobobooboobooboboooooboDbn
obooooooooooooobobOooooboooooooooboobooboboboobobooo
0000000000000 0000000’Y000000000000000000OoO0oOoOn
oo0o0O00000o00oooU0OoooOooOODOO0O0oUUUOCOOO 100000 oooODUoOOgo
goooo
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1:5
oooooo ‘[1,2,3,4,5)000000000000000
1:3:5

O00‘C1,4]1’'00000000000

00000000000000000O0Octave0 000000000 0OOODOODOOOODOOO
0000000000000 :10000000000000000 320000000000000
oog8o,0000 0000000000000 0ODOOOOOOO

ooooooooooooboooooooobooooooobooboooooooobooboboOoOoon
oooboooooooooobooooobooooooooooooooooooboo0ooooon
0000000000000 00DOctave00000D0O0O0ODOOODOOOODOOODOODOO
gboboobooobobobobooboobobooooooboboooooooboboooboooboOobobn
linspaced 000000000 DOOsee Section 18.3 [Special Utility Matrices], 0 148 00O
cooooo

Octave 1000000000000 OODOODOODOOOOOOOOOOOOOOOOOOOOOO
uboobooobogbooobooooga

4.3 OO0

true [Built-in Variable]
goooooobo

false [Built-in Variable]
gooooooo

44 OD0O0OOOOOOOOO

isnumeric (x) [Built-in Function]
U0 xdboooobobooooobooooogo

isreal (x) [Built-in Function]
U xpgbbbbodooooobobobobooooooga

iscomplex (x) [Built-in Function]
U0 xdboooobooooboooobooooooo

ismatrix (a) [Built-in Function]
OO0 xO00000O0 1000000000 00000

isvector (a) [Function File]
00 a000000OO0 1000000000 ODODOOO

isscalar (a) [Function File]
00 xO00O0O0000 100000000000



34 GNU Octave

issquare (x) [Function File]
OO0 x000000000xDO0OO0O000OO0OO0O0O0O0O0 00000

issymmetric (x, tol) [Function File]
00 x00tl00000000000000000000000x000000000000
0000000000 tl000000000000000D0000O0O000OO0OO0

isbool (x) [Built-in Functio]
Ui xdboooobooobooboooboooboooo
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5 o

gboboobOobooobooboobooooboobobooooobobooooobOoboooobobo
oooooobooooobooooooo

"parrot"
’parrot’

‘parrot’000000000Octave 00000000000 DOO0OOOODODOOOOOO

00000000000000D0D0D0D0D0D0D0D0D0D0DDDDOsee Section 10.3 [Arithmetic
Ops,0 640000 000000000000 000Octave0000000O0O00O0DOOOODODO
obooobOooooboobooooobooooobooboooooboooooo

oboooooooobooobooboobooobooobooboobooooooOoooOoooonn
000000000000000000000000000O00O0DO00oOoUoDNUoDoooooOo
goooboobooobogooo

0000000000000 D000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000 000000o00o0o0D \"OO0oOO0o0o0oo0Oo0oooooooooooo
0000000000000 0000DO0ODD0O00000DO0000O0DoDooDoonoo200
Oooooooo “'voo"\"\\"oooo’"\\"'0O0ooooooooooooooo2o0o0o00 <2V
0ooooooo’\’\\>00oo"™\\"OOO0O0o0oDoOooooooooo

gbobobooboooooboboooboboobooobobooobobobooboobOoboooon
gboboobooboboooooobobooboooobobooooooboboooboobOobobn
ooo

Octave 000000000000 O0OOD0OODO0OOOOOOOOOOOODOOODOUDOOCOO
gbooboooboobooboooon

\\ 0ooooooooo \Noooooooooo

\" 000000000 ‘0000000000

\’ 0000000000 0’ 0000000o0gon

\O ASCIIOOO 00 “null”’Ocontrol-e0 000000
\a ASCIIOOD 70 “00070control-g0 000000
\b ASCIIOOD 800 00control-h0 00O OO0

\f ASCIIOOD 12000 0control-l0 000000

\n ASCIIODOD 100000 control-j0 000000

\r ASCIIOOD 1300000000000 control-md 000000
\t ASCIIOODD 9000000 control-i0 000000
\v ASCIIOOD 11 00000dcontrol-kO0 00D OO0

gobooooooboboboboboboboboobobobobobooobobooooooog
[ "fOO" S "bar“ s "baz“ ]

‘foobarbaz’0 000000000 DOODOOOOOODOODOOODODOOOODO See Chapter 4
[Numeric Data Types], 0 29.0000000000
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5.1 oo

blanks (n) [Function File]
nO0000000O0O00OCODOOO

char (x) [Built-in Function]
char (cell_array) [Built-in Function]
char (s1,s2,...) [Built-in Function]

obooobOoooobooboooooboooobobooooboon

000000000000000000000000000 ASCITODO0O0DO00O00D000
gooooo

char ([97, 98, 99])
= "abc"

gboabooabooaboaboaboabaoobaoboobuobooboobggaong
ooooooooo

ubbogbobooboubouobouuoboubaouobouboobooboobobboaoboady
gbooobooboobooboobobbobbobooboobooboobo

int2str (n) [Function File]
num2str (x, precision) [Function File]
num2str (x, format) [Function File]

O00000000000000000000000000000000OMATLABOOOOOOO
00000000D000D00000000000 Osprintf Jsee Section 16.2.4 [Formatted
Output], 0 1150000000

com2str (zz, flg) [Function File]
OOo0o0OO00O0O0O0OD0DODODODOO0O000000 num2str000O00ggd

0000000000000 Inputs
Z7 ooood

fig 000000000000:-1,0,1,1i,1+0.5i1 0zpout000000: -1,
0,+1,+1i, + 1 + 0.5

strcat (s1, s2,...) [Function File]
Ofdo0o0oo0ooooooooooooooooonbon
s = [ "ab"; "cde" ];
strcat (s, s, s)
= "ab ab ab "
"cdecdecde"

string_fill_char [Built-in Variable]
gbobogbooobooaobooboobooboobooboobooboobooboong
oooooboooooobooooboooobooooooooT "cooboooooooobooooon
gooobooogn
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string_fill_char = "X";

[ "these"; "are"; "strings" ]
= "theseXX"
"areXXXX"
"strings"
str2mat (s_1, ..., s_n) [Function File]
O00s.1,...,ssn0000000000000D0O0OCOCOOO0OOOOOO0OOOOOOO0

ubooaboooobooooaboo

O00000OMATLABOOOOOOOOOOOOOctave 00O 0OO0OO00O0OOODOODOOO
O00O0([s_1; ...; s_n]O000000000O0O0OOOOOOOOOOOOOO

ischar (a) [Built-in Function]
all000000 10000000DO O00O0O0OO

isstr (a) [Function File]
00000000000000000000 ischar000O00O0O

5.2 OO0

deblank (s) [Function File]
O00sO0000000000mullO0000000 sO000O00Odeblank0000000O
gboooboboooobooooo

findstr (s, t, overlap) [Function File]
gboooob sgotoobouoboobobobobooboooooboooooboooboooon
OO0 overlapO00O0O0O0O0O0O0O0O0O0O0O0D0O0DO0OO0DO0O0OO0OOOOOO0O0OO0O0O0OOOO
doooboooboo™mooooooboooo

findstr ("ababab", "a")

= [1, 3, 5]

findstr ("abababa", "aba", 0)
= [1, 5]

00000020000 00000000000DOO0O00DOU0OODOO0OOOOOO0OUOOOOOO
oboboobOoboooooboooobooboooooboooooboon

index (s, t) [Function File]
000 sO00000O0 t000Q00O00O00000oOoOOoOOOoOoOoOoOoboooOoOUoDOoO
gooooo
index ("Teststring", "t")
= 4

obooooobooobooboooobooooon

rindex (s, t) [Function File]
000 sO0000000¢t0000000000000000000000000O000O0000
gooooo



38 GNU Octave

rindex ("Teststring", "t")
= 6

gbooobooboobobboobooboon

split (s, t) [Function File]
000 sO0O0¢t0000000000O00O000O00O000O0O000O00O0O00O00b00O000O0O
Ogfdo0o0oo0oooooooooooono
split ("Test string", "t")
= "Tes "
"S "
llringﬂ

strcmp (s1, s2) [Function File]
gbobooboboobooboooobooboooobobooooobooooon

O00OMATLABOOOOOOOOOO0OOctaveD stremp0 000000000000 OO0
0000o00o00o0o0o0dooooooCoU0o0oU0oU0oU0oUoOU0oUoOUDUOoDOOD

strrep (s, x, y) [Function File]
b0 sOO0b0O00b00b00 xgoboob yooboooooooooood

strrep ("This is a test string", "is", "&%$")
= "Th&%$ &%$ a test string"

substr (s, beg, len) [Function File]
000 sO0beg0 0000 len0 0000000000 0OOOOODOOOOOO

00 begOODODDOUOOOODDOODOODDOODOODOD len000000O0OOsOOOO
gbooobooooooon

oooooooo

substr ("This is a test string", 6, 9)
= "is a test"

D00D0D0D0AWKODOOOODDOOOODOO s (beg : (beg + len - 1))0
0000000000

5.3 oo

hex2dec (s) [Function File]
000 sO00000O20000000010000000000000O0O0O00OO

hex2dec ("1110")
= 14

U0 sO0000000000sO000000O0O00O00O0O00O00O0O0O0OO0O00OO0O0O0aO0
O0O0OONaNOOOO

dec2bin (n, len) [Function File]
000 10000 n00O0O0O02000010000000000O0O00O0O0OOOOOO



Chapter 5: 00O 39

dec2bin (14)
= "1110"

OO0 n000000000C00OO00 1000000000000 00DO0O0OODOOOOOO0
goooogo

200000 len00000000O0OCOO0OOOOOOOOOOO

dec2hex (n, len) [Function File]
00000 n0O00OO00 1600000000000D0O00O0OO
dec2hex (2748)
:>"ABCII

OO0 nO0OQCOOOOOOOOOOl0COCOOOODOOOOOOOOOOOOOOOOOO
goooogo

200000 len0000000O0OODOOOOOOOUODOOOOO

hex2dec (s) [Function File]
160000 sO0000000000 nOOOOOOOOOOOO
hex2dec ("12B")
= 299
hex2dec ("12b")
= 299

U0 sOO000000000sO000000000000000O00000O000O0O0O00O0O00A0
O00O0ONaNOOOO

dec2base (n, b, len) [Function File]
00000 n000000bLOODOOODOODOOOOOODOODO30O0ODOO0

dec2base (123, 3)

= "11120"
00 n0000O0DOO0O00ODOOOO 1000000000000 00O0DOOO0O0OODODOOOg0
gooooon
bOOODOOOOObLOOODO nOO0OCOO0DOOOOODOOOOOOOOOO’’DODOOOO
dobbobooooooboboooooooboooooooboooooobooboooa

dec2base (123, "aei")

= "eeeia"
300000 lenO000000COO0OO0OO0ODOOOOODOOOOOO

base2dec (s, b) [Function File]
bOOODODOOUOOOOOO sO0O00OO0OO0OO0O000O00O0DO0OO0OO0OO0O300000000000n
"11120"0 0000000000

base2dec ("11120", 3)

= 123
U0 sbhogbboobbogodsoboooboobboobooobooobooooobag
O000O0ONaNOOODOODOODODOOOOO0OO000000oooooooooooooo

bODDOODOODOODbLOODODODODOsOOOOOODOODOOOODDOODOOOD’’'000O0O0
gbooobooooboon
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base2dec ("yyyzx", "xyz")
= 123

strjust (s, ["left" | "right" | " center"]) [Function File]
obooooOoboboo soobooboooobooboooobooboobo sogoooooon
0000000000000 oldl0000000000000000000000O0OO00
gbooobOoobooooboooooo

str2num (s) [Function File]
odsbbbooooono

toascii (s) [Mapping Function]
000 sOO0ASCIIO0OO0O0O0O000O0O000O0O00OO0O0OOOOOO

toascii ("ASCII")
= [ 65, 83, 67, 73, 73 1]

tolower (s) [Mapping Function]
b0 sOO00obOobooobooboobobooboooobooooobooboooooon
gbooobooooboboooooboooobon

tolower ("MiXeD cAsE 123")
= "mixed case 123"

toupper (s) [Built-in Function]
godsggobbobbbtodoooooboobobobbboobbbooooooobobobo
godobbbbuooooobobbbooooooo

toupper ("MiXeD cAsE 123")
= "MIXED CASE 123"

do_string_escapes (string) [Built-in Function]
000 string000000000O000OO0OOO0O

undo_string_escapes (s) [Built-in Function]
gboboobooboooboboooboboobooboobobobOobobOobO0n bellOO
O0000O00control-g, ASCIIOODO 7000000000

bell = "\a";

googboobooboobooboobooboobooboobooboobooobo
gmooboooboobooobooboooooooobooobooboooobooboooobooooon
oboboooobooobobobooooobobobooboooboobOobooboooooobon

ooooo
octave:13> undo_string_escapes (bell)
ans = \a

gboogobooboobgobooobooboobooboboobooobag
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warn_num_to_str [Built-in Variable]
U0 warn_num_to_str0000000000O0COOO0OCODOO0OOOOOOOOOOOOOO
00000000000000000000 ASCIIO0DO0000000000000000
gooobooogn

[ "f", 111, 111 ]
= "foo"

OO0Owarn_num_to_str000000000O00O000O0O00000OO0O0O 10000

warn_str_to_num [Built-in Variable]
00 warn_str_to_num0 000000000000 00000O0O0O0O0O ASCITOOOOO
gboboobOoboooobooooboobooogooboon

"abc" + 0
= 97 98 99

OO0warn_str_to_numJ 00 0000000000000000000O0O0O00O0O0O

warn_single_quote_string [Built-in Variable]
gbboobodgboogbgoboobobbobboboobooboobooboan

54 DUUO4OoUoood

Octave 00000 COO0DD0OOOOOO0OOOOODOOOOODOOOOOOOOOOOODOO
0000o0ooO0o0oO0o00oOoOo0o00oOOoO0o000oOoOOoOo0oooOD 100DDOOOOUOOO
00000000000000000000000000000DODO0O00000000000000
oooooobooo

isalpha ("!Q@WERT"Y&")
= [0,1,0,1,1,1, 1,0, 1, 01

isalnum (s) [Mapping Function]
0000000000000000000000010000isalpha (s)O0000 isdigit
(s)OOOOOOODOOOMm

isalpha (s) [Mapping Function]

isletter (s) [Mapping Function]
0000000000000000010000 isupper(s) 0000 islower(s)000O0O
gooooo

isascii (s) [Mapping Function]
ASCIIODOOOD10000 000 1270000000000 O0ODOO1000O0O

iscntrl (s) [Mapping Function]
O0oo0000O0O0 10000

isdigit (s) [Mapping Function]
0000000000000 10000
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isgraph (s) [Mapping Function]
gooOoOo0O0O0O00 10000000000 oogd

islower (s) [Mapping Function]
gooooOooooOooooo 1000o

isprint (s) [Mapping Function]
oooOoOoOoO0O0O0 l1000oooooooooO

ispunct (s) [Mapping Function]
Ooooooo 10000

isspace (s) [Mapping Function]
gobboobboogobboooubbbobobobooobboboobbooob oo
Ooo 10000

isupper (s) [Mapping Function]
goooOoOoOoOoOoOoOoOODO 10000

isxdigit (s) [Mapping Function]
6000000000 10000



Chapter 6: 0OO0OOOO 43

6 ooy

Octave 000 0000000000000 DOO0O0DOOOOODOODOODOOOOOODOOOOO
00000000000000000 CO00DO0U0O0DDO0OU00O0D0OUDOOOO0UOctaved OO
ugbodabooooooboobodad

0000000000000 0000000000000000000000O00 3000000
go0oo300o0oO0oO0oOoOoOoOOoDODDODODDDOOO

x.a=1
x.b = [1, 2; 3, 4]
x.c = "string"

gbbooboboooboboooobooooboobooooboobooboOobooon

octave:2> x
X:

{

(@]
I

string

}
Octave 10000000000 DOO0OOOOOODOOOODOOOOOO
obooooobooooooboond

octave:1> y = x

y:
{
a=1
b=
1 2
4
c = string
+

oboooobooboooooooobooboooboooboobooboooooobooobooonn
obooobO0ob xO0b0OO0 pbO0O000D0OO0O0OOCODOOO0O0O0
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octave:1> x.b.d = 3

x.b.d = 3
octave:2> x.b
ans =
{

d =3
}
octave:3> x
x =
{

a=1

b =

{

d =3

}

c = string
}

Octave 0000000000000 O0O0O0O0OOOOOOOOOOOOOOOOOOOOOOO
J0dooooOoo0oooooooooan
octave:1> a.b.c.d.e = 1;
octave:2> a
a =

{

-~

d: 1x1 struct

X
X

boboobOoobobooooboboboooooobboobooboboooooobOobobn
oooooooo

struct_levels_to_print [Built-in Variable]
struct_levels_to_print0 000000000000 Octave 000000 ODOOOODO
000000000000 00000 20000

goboobooboobbooboooboboobbooboobooboobboobooba
oo0o00000 200000000000

octave:1> function y = £ (x)
> y.re = real (x);
> y.im = imag (x);
> endfunction
oooobobbooooobobobboofiooooobbbooooooobDbooUoUU oo
ooo
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octave:2> f (rand (2) + rand (2) * I);

ans =
{
im =
0.26475 0.14828
0.18436 0.83669
re =
0.040239 0.242160
0.238081 0.402523
}

obooooooooobooooooobooobooobooobobooooooobooobooboOoonn
ubooobobooobooboooobooooobobooooboOobooon

octave:1> [ x.u, x.s8(2:3,2:3), x.v ] = svd ([1, 2; 3, 4])
x.u =

-0.40455 -0.91451
-0.91451 0.40455

0.00000 0.00000 0.00000
0.00000 5.46499 0.00000
0.00000 0.00000 0.36597

-0.57605 0.81742
-0.81742 -0.57605

ford000000O0O0ODOOODOODOOOOODODODOODOOOOODOODODODOODOO
00000000000 Osee Section 12.5 [The for Statement], 0 80 000000000 M

goboobooobooboobooobooboobobbobooboobon

isstruct (expr) [Built-in Function]
Oexpr00000000 10000

fieldnames (struct) [Built-in Function]
oobO struct 00000000000 O0OO0OO0OOOOOOOODOOOOOOOOOOOCOO
fieldnamesOD OO OOOOOOOOOOOOOO

isfield (expr, name) [Built-in Function]
Oexpr 00000000 name00000000000O0CO0O 1000000000000
O020000000000000000000
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[ARERERERE

7.1 000

list (a1, a2, ...) [Built-in Function]
00 al0Da20...00000000000000O00O0O0OOOOOOOO

nth (list, n) [Built-in Function]
000 list0 nO0O0O0O0O00O0O0

append (list, al, a2, ...) [Built-in Function]

000 list0 alJa20...0000000000000000000000000000000
0000000000000 00000000000000000000000000

x = list (1, 2);

y = list (3, 4);

append (x, y);
0000040000000000 (1234)'0000030000 (12 (@34))0000
Oooooooon

reverse (list) [Built-in Function]
000 list000000000000000000000O00

splice (1ist_1, offset, length, 1ist_2) [Built-in Function]
000 list_100000offset0000 lengthOOOO0O0Ost_. 2000000000000
lengthDODO0O0O0O0O0OUoffset 00 list_1 0000000000000 DOODOOOOOOO
O000O0OoffsetU list_.1000+10000000lengthD 000 O 0Osplice 000 append
(1ist_1, 1ist_2)0000000O

islist (x) [Built-in Function]
U0 xdbooooobooooooooo

7.2 0000
cell (x) [Built-in Function]
cell (n, m) [Built-in Function]

obooooOoboooobooboboooboobooooboobooooooboobooooon
booooobOobobo0ooooobooooooboboooooobobooooogon
gbobooouobobooobooboboooooobobooooooboboooboooboon
booobOoobooooboooooo

cellstr (string) [Built-in Function]
00000 string00000000000000000O00OOOOOOO

iscell (x) [Built-in Function]
U xpobbotoooooobbotbooooobobobbuooouobboboobooon
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8 1/000000

isstream (x) [Built-in Function]
U0 xOdbooooboooooobooooobobooobooooboooooo
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9 U

gboooboobobooooboobobooooooboboooboooboobobooobooobooboDbo
goooooooboboobooobooooooobobooobooboobobooobooDoDboDbO
00000000000000000000000000000000000Octave0ODOOOOO
o0o00000dopooOo0O0o00OooU0OoooO0o oo ooDooUbOOoDOoOoUOoo
obooobOobooboobobooooobooooooo

X
x15

__foo_bar_baz__
fucnrdthsucngtagdjb

O0000__foo_bar_baz__000000000002000000000000000000COctave
oboocobOoboobooooobobooooobobooooobOoboooooboboooooboOoDbn
000000000000000000000000Octave 0000000 0OOOODOOOOOO
obooobooooboboooooboooobon

0000000000000 0D0O0000a0 ADODODOOOO0DODOO

000000000000 000000000D000000000000000000000004
0000000000000 0O0D0O00000000000000 Section 10.6 [Assignment Ex-
pressions], 0 680000000000

gboogbobooboboboobobooboboobobobboobUansOonogonO
gboooboboooboboobpiib00Ob0OobOOO0OOO0ODOOOODOODOODOODOOOODO
000000000 Section 9.4 [Summary of Built-in Variables], 0 5500000000000
gbboooobooboboooooboboooobooboboooboobooboboobooboobobn
00000000000000000000000000000 Octave0D00D00000DOODO
oboooboooogoboo

Octave 00000000000 O0ODOOOOODO0OOUOOOOOOOOOOOOOOOOOOO
gbobobobobobobdobuoboobobobobobobobobobobOoooboog
gboobOoboobooboooobOobooooboboooboobooooobooboooonn

9.1 L bOoonond

obooooooobobooobooboboobooOoobobooboooobobooooooboobobn
obooobooooobonon

Ubo0O000b0globalOOODOOOO0OOOOOOODOOOOODOOOOODOOOOODOOOODO
uboboobobooboobooooonn

global a

global a b

global c = 2

global d = 3 e f =5

Od0b000000globaldOOOOO0OO0OODOOOOOODOOOOODOOOOODOOOOO
obooobOoooooobooon

global gvar = 1
global gvar = 2

000000000000 gvar0 10000200000000
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gboboooobooboboboboooooboboboboboooobobobobonboon
gbooobOooooobobobooboobooon

global x

function £ ()
x = 1;

endfunction

f O

0000000 x0000100000000000000000x0000000000D00000
ugboobooboobobboaoboaoboobooboboaoo

function £ ()
global x;
x =1;
endfunction

gbobooobooobooboobooobooboobooboobooboobobooobooonn
gboooboobooooooo

function f (x)
x =0
endfunction

gboooboobobobobooboobg xd
global x = 13
gbooobooobooobgon
f (x)

0000000000000 x00 0000000000000 DO0ODO0OOO0ODOx0O0O00O0O0OO
gooobOobo0ooboobooooboboooooboooobooboooDOoDbo

isglobal (name) [Built-in Function]
OO0 name000000O00000000000100000000000000000CO0O
goo

global x
isglobal ("x")
=1

9.2 OOOO

gboogooooboobooboobooboobooboobooboobooboobooobo
gbboobobgooboobuoobuoobooboobooboobbooboobbobbobog
gbboobOobo0oobOoboooooboooobOobooobooboooooonn

Ubb000D00Opersistent0 0000000000000 O0OO0OOOO0OOO0OOOOOOOO
oooobooboooooobooon

persistent a
persistent a
persistent c = 2
persistent d

]
w
[0}
Hh

]
[¢)]
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000000000 CO0000000000000Octave 00 staticOO0OODOO0O0OOODO
persistent0 0 0000000000000 O0O0COOO0O0OOO0OOO0O0OOO0O0OOO0OO
oooooOooO00oooooooooo

persistent pvar = 1
persistent pvar = 2

0000000000000 pvar000 2000000

9.3 Lo

clear [-x] pattern ... [Command]
gooooboboboooooooobbbbodoodoubb bbb bbbo

gbooobooboobobooboo
? 0001000000000
* obooooOoboboooooooon

[list ] Ilist00000000000000OO0OOO0OOO0O0OO0OOODOOOOOOOOD
I000°"000006LIst000000000000000000000O0000
O0000000‘[a-zA-Z]’'00000000000OOO0O0ODOOOOUDOODO
ooooooboooooo

oooooooooooo
clear foo bx*r
OOfeolOOOOOODPOOOOODODODOO rDO0OO00O0OOODODODOOOOODOO

Uooo0bogboobO cleardgngnoooooooboobooooboboobonbog
o00o0booo0o0D0oboboobobo0boogD clearidoooooooooOoOO
oobooobooOoooobooooooooooooboooobooooooboOoOobfeonn
OO000D000D0foo=2000000000000000000000 clear fooOOODO
0000000000000 000000000 foolOOODODOOOO2000 clear foo
gboooboobooboboboobooboon

-xO0O00Ooo0oooobooooooobooooboooobooooon
goooobooboooboobooboooboobooogoo

who options pattern . . . [Command]

whos options pattern . . . [Command]
goooobboboodoooooobbbbodoooob b bbb bobo
O00000000ooDoO000DoO00 100000 0oDooUo0oDooooooOoon
obooooooboooogon

-all obooobOoboooobooboooooboooo

-builtins
0000000000 0000000000O0O000000000000000
0000000000000 0O000O0OLOADPATHO OO OOOOODOOOOO
ooooo

—-functions
O00o000000ooobooooa
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-long oo0o0oo0o0O0O0O0O00000000000000000000O000O0O 100
obooooOoboooooobobooooobobooooobobooooooo
oboooboooooogon

-variables
00000000oobooooa

O0000000000000 clear0000000O0O00O0O0DOOCOOODOCOOOODOOOO
gbboobOobooboobooboboooooboooooobobooooobobooooon
bobooboboooboboooobooooobooboooag

whos OO UODOUOwho -Iongd OOOOODO

whos options pattern . . . [Command]
wvhoOOOOOO
whos_line_format [Built-in Variable]
Oo0oo0oooooooooboooo0ooooooooooooooooooboooboouoono
%b goooooooooooooooooooo
%e go0ooo0oooooooooonoooo
%n oo0oooOooon
%p gooooooooooooooo
hs 0ooo0o0ooooooo
%t 0o0o0o00ooooooo
goooooooooooooooooooo
1 goooooo
r goooooooooo
C ooooooooooo0%s 000000
000000000000000000%[modifier|[<command>[:size_of_parameter|:center-
specific[:print_dims[:balance]]|];
IZIIZIIZIIZIIZIDIZIIZIDDDDDDDDDDDDDDDDD[Isize-of-parameterl]l]EIEIIZIIZII]
DDDDDDDDDDDDDDDDprint_dimSDDDDDDDDDDDDDDDDDDDD
oo print_dimSDDDDDDDDDDD X—DDDDDDDDDDDCGnter—SpeCiﬁCDDD
print_dimSDDDDDD%SDDDDDDDDDDDDDDprint_dimSDDDDDDDDD
0000000000000 DO0O0ObOO0ObOOOoDOObalance0 00 0OO0OOOOOoOoOoO
gooooooooo
0oooooooooooo" %p:4; %ln:6; %cs:16:6:8:1; %rb:12; %lt:-1; " 0000
exist (name, type) [Built-in Function]

name 00000000000 100ctaved LOADPATHOOOOOOOOOO named “.m’0
O0000000000 200ctaved LOADPATHO OO ‘.oct’D 0000000 300000
000000 5000000000000 700000000000 1010000ODOOODOO
01020000000000000000000000000D00000O00O00O 1030000
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gooooooooo

O00000Oname000000000000O0O0OO Octaved LOADPATHOOODOOOOO
200000000000000000000C0DODODODODOOOO00000 file_in_pathO
U0 statODO0O0OOO0O0O0O0O0OOOOOOOO

oobooooboonD gyypeOODOODOOODOOOOOOODOOODOOODOOODOOOOO
O0typeO0O0O0O0O00OO0O0OOODOOO

“yvar"’ goooboobooooooaon

“"puiltin"’
gooooooooooooouuouooo

‘"file" goooboooboobobobooa
‘Mdir"’ gooobbbooooobboooboo
document (symbol, text) [Built-in Function]

symbol 00 D000 textOOODOOO

type options name . . . [Command]
000000000 named0OOO0ODOOODOO

O0O00OnameO0000000C0O0O0O0DOOOOCOOODOODOOOOOOODOODOOOOOO
Ob0-q@Oobooooooon

O00O0Octave 0000000 ODO0O0ODOOODOOODOOODOOODOODOOODOOOOOOO
obooobOoboooobooooboobooooobooon

0000000000000000000Octave0 00000 ODODOOOODOOOOOOOO
obooOoobooocobOoboboooooboooooobobooooobobooooon
gooood

which name ... [Command]
00 name 0000000000 name0 000000 O0O0O0OODODOO0O0O0ODODOOO
ggoobbbbogoobon

94 JLOOoonooon

Octave 00000000 0ODODOU0ODODOOODOOOODOUOODODOOODOOOOOOOOODOO
0000000000000 0octave-homed Octave 00 0000000000000 O00OOOO
000000 “Yusr/local’0D0 000 versiond Octave 0000000000000 2.1.x000
OO0archO Octave 0000000000000 000D00OODOO i586-pc-linux-gnull 00
gooo

DEFAULT_LOADPATH
Section 13.6 [Function Files], 0 920000000000

OO00O: ".:octave-home/lib/version"

EDITOR Section 2.4.5 [Commands For History], 0 180000000000

O000: "emacs"



56 GNU Octave

EXEC_PATH
Section 34.3 [Controlling Subprocesses], 0 2930000000000

ooog: ":$PATH"
INFO_FILE
Section 2.3 [Getting Help], 0 140000000000
000: "octave-home/info/octave.info"
INFO_PROGRAM
Section 2.3 [Getting Help], 0 140000000000

O00O: "octave-home/libexec/octave/version/exec/arch/info"

LOADPATH Section 13.6 [Function Files|, 0 920000000000
OO0: ":"O 0D0D0O0000O000 DEFAULT_LOADPATHO O OO OODOOODDO
00000000000 OctaveD 0O OOO

OCTAVE_HOME
ooo0: "/usr/local"

PAGER Chapter 16 [Input and Output], 0 1050000000000
O0d0d: "less", or "more"

PS1 Section 2.4.7 [Customizing the Prompt], 0 200000000000
OO00: "\s:\# "

Ps2 Section 2.4.7 [Customizing the Prompt], 0 200000000000
oog: ">

PS4 Section 2.4.7 [Customizing the Prompt], 0 200000000000
Dog: "+

automatic_replot
Section 17.1 [Two-Dimensional Plotting], 0 1290000000000

ooo:o0

beep_on_error
Chapter 14 [Error Handling], 0 1010000000000
ooo0:o0

completion_append_char
Section 2.4.4 [Commands For Completion|, 0 170000000000
ocoog: ™"

default_save_format
Section 16.1.3 [Simple File I/O], 0 1100000000000
oo0d: "ascii"

crash_dumps_octave_core
Section 16.1.3 [Simple File I/O], 0 1100000000000
ooo:1
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fixed_point_format
Section 4.1 [Matrices|, 0 290000000000

ooo:o0

gnuplot_binary
Section 17.3 [Three-Dimensional Plotting], 0 1350000000000
OO00: "gnuplot"

history_file
Section 2.4.5 [Commands For History], 0 180000000000
ooOd: "/.octave_hist"

history_size
Section 2.4.5 [Commands For History], 0 180000000000
o0o0: 1024

ignore_function_time_stamp
Section 13.6 [Function Files|, 0 920000000000
OO0: "system"

max_recursion_depth
Section 10.2.2 [Recursion], 0 640000000000
0o00: 256

output_max_field_width
Section 4.1 [Matrices], 0 290000000000
oo0: 10

output_precision
Section 4.1 [Matrices|, 0 290000000000
oo0: 5

page_screen_output
Chapter 16 [Input and Output], 0 100000000000
ooo:1

print_answer_id_name
Section 16.1.1 [Terminal Output], 0 1060000000000
oooO:1

print_empty_dimensions
Section 4.1.1 [Empty Matrices], 0 320000000000
oo0:1

return_last_computed_value
Section 13.5 [Returning From a Function|, 0 910000000000
ooo:o0

save_precision
Section 16.1.3 [Simple File I/O], 0 1100000000000
ooo: 17
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saving_history
Section 2.4.5 [Commands For History|, 0 180000000000

ooo:1

sighup_dumps_octave_core
Section 16.1.3 [Simple File I/O], 0 1100000000000
ooo:1

sigterm_dumps_octave_core
Section 16.1.3 [Simple File I/O], 0 1100000000000
ooo:1

silent_functions
Section 13.1 [Defining Functions], 0 870000000000
ooo:o0

split_long_rows
Section 4.1 [Matrices|, 0 290000000000
ooo:1

struct_levels_to_print
Chapter 6 [Data Structures], 0 430000000000
oo0g: 2

suppress_verbose_help_message
Section 2.3 [Getting Help], 0 140000000000
oo0:1

warn_assign_as_truth_value
Section 12.1 [The if Statement], 0 750000000000
oooO:1

warn_comma_in_global_decl
Section 9.1 [Global Variables|, 0 510000000000
ooo:1

warn_divide_by_zero
Section 10.3 [Arithmetic Ops], 0 640000000000
ooo:1

warn_empty_list_elements
Section 4.1.1 [Empty Matrices], 0 320000000000
ooo:o0

warn_fortran_indexing
Section 10.1 [Index Expressions], 0 610000000000
ooo:o0

warn_function_name_clash
Section 13.6 [Function Files], 0 920000000000
ooo:1
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warn_imag_to_real
Section 18.3 [Special Utility Matrices|, 0 1480000000000

ogg: o

warn_missing_semicolon
Section 13.1 [Defining Functions], 0 870000000000
ogd: o0

warn_neg_dim_as_zero
Section 18.3 [Special Utility Matrices|, 0 1480000000000
oogag: o0

warn_num_to_str
Section 5.3 [String Conversions|, 0 380000000000
ooo: 1

warn_reload_forces_clear
Section 13.8 [Dynamically Linked Functions], 0 950000000000
oogd: 1

warn_resize_on_range_error
Section 10.1 [Index Expressions], 0 610000000000
ogg: o

warn_separator_insert
Section 4.1 [Matrices|, 0 290000000000
ogd: o

warn_single_quote_string
Section 5.3 [String Conversions|, 0 380000000000
aoo: 0

warn_str_to_num
Section 5.3 [String Conversions|, 0 380000000000
ooo: 0

warn_undefined_return_values
Section 13.2 [Multiple Return Values|, 0 890000000000
ogg: o

warn_variable_switch_label
Section 12.2 [The switch Statement], 0 770000000000
ogg: o

9.5 DOgoooobn

Octave 0000000000000 ODODOOOO0OOOOODOOOOOOOOOOOOOOOOOO
000000000000000000000000000000000000See Section 2.1.1
[Command Line Options|, 0 11. 0000000000
EDITOR Section 2.4.5 [Commands For History], 0 180000000000

OO0O0O00OOd: EDITOR



60 GNU Octave

OCTAVE_EXEC_PATH
Section 34.3 [Controlling Subprocesses], 0 2930000000000

O00000: EXEC_.PATHODOUOOOODODO: --exec-path
OCTAVE_PATH

Section 13.6 [Function Files|, 0 920000000000

OO0O0O000: LOADPATHOODOODOOOOO: --path
OCTAVE_INFO_FILE

Section 2.3 [Getting Help], 0 140000000000

OO00000: INFO_LFILEOODOOOODODO: --info-file
OCTAVE_INFO_PROGRAM

Section 2.3 [Getting Help], 0 140000000000

OO00000D0: INFO_PROGRAM ODODOUOOODODOO: ——info-program
OCTAVE_HISTSIZE

Section 2.4.5 [Commands For History], 0 180000000000

OO00000O0: history_size
OCTAVE_HISTFILE

Section 2.4.5 [Commands For History], 0 180000000000

OO0O0000: history_file
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10 O

Octave 000000000000 DOO0O0O0ODOOOOOOOUOOOOUOOODOOUOODOOODOO
boooobooboboooooooboboboooooobobobooooooooboobOoboon
goooboooobobooog

gogboboooboooobbooobbooobbooobboooobbooobobooon
0o00000o0ooooo0U00ooooo0U00O0 10000oooooOoU0UOoooooUooDoDoo
Octave 0000000000000 OOO0OO0OO0OOOOOOOODOODOODOOOOOOODOO
obooobooooooon

101 DOgoooo
000000000000000000000000000000000000000000000
oooooo

0000000000000 0000o0o0oo0ooooooon ‘0000000000000
oboobOoooobOobooooobooooobooboooooboooogoo

0o0d00opooooo0U0Ooooo0oU00OooooOOoOUOoUUDOoDOoOUOUUOoDl1OoOoDOD 20
gboobOoboooobOobobooobOobobooob0obo0o0o0b0bO0d warn_fortran_
indexingDd 0O 0O0O0OO0O0O0OOOD1000000000OOOOOOOOOOOOOOOO

warn_fortran_indexing [Built-in Variable]
00 warn_fortran_indexingD 000 0000000000000 O0OOOODOO 200
dod0ooOOo0OoO00o0ooooOoOoo0oooooooOoobooooOoo oooo

gooooooooo
a=[1, 2; 3, 4]
goooooooooooooooo

a (1, [1, 2])

a (1, 1:2)

a (1, )
go0ooo0ooooooobooonooonoo

0000000000000 000O0000O00O0O00O0bO00O0O0O0OOUOOObOOOOoOO
oooooobooooobooooooboobooooboobooobooobooooboooog

a = 13;
a([ls 1, 1’ 1])
400000000 130000000000000O

00001000 200000000000000000O0O0000OOOO0DOOOOOOOOOO
goooooouobooo
a = 13;
a ([1, 11, [1, 1, 11D
0000000 130000020 300000000000
000000000O00O000b000o000o0o0o0ooO0000o00 10000000 bOo0Ooon

Ub0O0b0OO0b0O00 onesOOO0OODOOO0OODOODOODOODOODOODOOOOOOOOODOODOODO
0 OO Section 18.3 [Special Utility Matrices], 0 1480000000000
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warn_resize_on_range_error [Built-in Variable]
00 warn_resize_on_range error0 00 0000000000000 O0O0OO0OO0OO
000000000000 00000000000000000000O000 00000

gboobodbobooooobooooboboboobobobooobobooboaonon
obboobOobo0oobooboooobobooooobooooboooon

a = sqrt (1:10);
gboboooooooooouoooooboboboboboboboboobobobuoboobg
goodoooobbbboboodooooooobobobobobbbododooooobbboboboog

gbobobobooboboobooboobooboobooboobbobbobobbooboond
al00OO0O0o0oooboooog

[nr, nc] = size (a);

x = zeros (nr, n * nc);

for i = 1:n
x(:,(i-1)*nc+1:i*nc) = a;

endfor

oboboobOobooobOoboooobobooobooboooonbon

X = a;

for i = 1:n-1
x = [x, al;

endfor

O000000Octave 00000000000 DO0ODOOODODOOOOOOODO

10.2 OOOO0O0OOO

gbooobooobboobbobbooboooboobooboobobobobobboobobobobo
oboooO0obO0o0oooboboboooboboOsqrt0000onooooooobooooon

00000000000000000000000000000000 Octave0 0000000
0000000000000000O00sqrt 0000000000000000000000000
00000000000000000000000000000000000dChapter 13 [Functions
and Scripts], 0 870000000000

gbuoobodobogboooaoboooboboobooboboobobogoboboboboan
gboooOobooboobooobooboboooooboboooboobOobobooooooboobobn
00000000000l o0o0o0o0U0oOOoO0O000oOoOO0OODU0DO0OOOOOOOoDOUOoOoO
googooobooboobooboobboobboobbooobboobobobooboobooond
gbooobooboobgooboooobboobobbobboboobood

sqrt (x"2 + y~2) # 10000
ones (n, m) # 20000
rand () # 0000

0000000000000 00O0O000O0O0O0O0000OO0O00 sqrt 00001000000
gooobobooooboooboooboobooooobooo

sqrt (argument)

obooooboobooobooboobooobooobooooooooooboooboooboooooooonn
obobooboboooboobooooboooon
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goooobooooooooboooobooboobooboooobooboobooboooDbOooDbOoOoDo
000000000000 0000Osqrt (argument)000000000000000DO0OOO
gboboobOobooobobooboooooboooobOobooooboooo

O00000000000Octave 000000000000 DOODOODOODOODOOODOOO
[u, s, v] = svd (a)
0000000 a00D000000D0D0D03000000b0b0DOwWwsO0oD vOoooooo

gooobooboobboobooboooooobooboooboooooboboonDoo
0000000 Section 10.1 [Index Expressions], 0 61 000 Section 10.6 [Assignment Ops],
0680000000000

10.2.1 ODOOOO0OOoO

Octave OO OFortran0 000 0000000000000 0OOODOODOOOOOOOOOOOOO
obocooOobooboooooboobobobooobOobobooobooboobooboooooOobobn
gboboobOobooooboobooooooboboooooboboooobobooooboDbo
gbobooboobdobooooboobobooboooobobobooobooboboooboobOobobn
goooboobo0ooboobooobooboooobooooobooooo

function f (x, n)
while (n-- > 0)
disp (x);
endwhile
endfunction

000000100000000 n00000000000000D000D0DOO0OD0ODO0O0O0 nOO
boboobooboooboooooboooooooOoobooboooboobOoobOOoobOoobOon
goooboooobobooooobobooboooooobooboooboooobooDOoDbobO
obooobOobooobooboooooboooooboobooog

gbobooobooooboobobooboobooobooobobooooboooboooboobooboOoooDn
boboobooboboooobooboboooooboboooooboobobooooobOobobn
ooo

foo = "bar";
fcn (foo0)

obobooobo0foolODOODOOODOOOODOODOODDLOODUODLDOODOOODOODO "bar"
obooooOoboooobooboooogoa

Octave 00 000000000000 ODODODOODOODOOOOODODOOOODODOOOOO
oooono

x = rand (1000);
f (x);

0000000000 f{000000000000000000D0200 10000 1000000000
0000000000000 0000000O0Octave0 00 f000000000000OO00OOO0
obooobOooboooooooboboooooboboooooboboooooboboooooboobn
gboboobOoboobooboooon
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10.2.2 OO

0U000000'0000000000000000000000000000000o0oUo0oog
0000000000000 0000000000000000o0Uo00ooo0ooo?0000
ooo
function retval = fact (n)
if (n > 0)
retval = n * fact (n-1);
else
retval = 1;
endif
endfunction

gboooooooobobobobooooooooboboobooooooooboOobOobooboon
O0000O0O0O0O0O0O0ODODODOD 10000000000000000000000000000O
ubodabougboggbogbooaoboaoboobuooboobuoobobbobooon

000000 max_recursion_depthD 00000000 DO00OOOOctave 0D ODOOOO
ooooooooooooo

max_recursion_depth [Built-in Variable]
gobobooooouobobobobobooooobooobobobobobobobooboobog
gooobbbboooobobooboboon

goOooo 260000

10.3 JO0O0gn
00000000000000000000000000000

x+y gbooooooboooooooboobobooooobooboobobooooboOoboboon
gboboooobooooooboooooobobooooobobooooobooboon
gbobooboobooon

X .ty gbooobOobooobOobooooo+0000n0n

X-y gbooooooboooooooboobobooooobooboobobooooboOoboboon
ooooboooo

X .-y oboobOobOoboobOobooooo-00000n
X *xy gbbodobuddxbuodbodyuboodabuoabooboooaboan

X .xy gboboobobooobooobooboobooboboobbobobooobooboobd
gbooaboooouodgoadabdd

x/y gboooboobobboboooboobooboobod

! Octave 000000000000 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
O0OO0OODEOOO 1sede O ODO0OOOODODOOOOODODOOO FortranO0OODO0O0OOOOODO
000000000 O1sedel 000000000 OOOOOODOOOODOOOOOOODOOOODOOOOO
obodoobooobooooboboOoobooobooobobooOoooOoooon

2 On0000000000000000000000O0prod (1:n)000 gamma (n+1)000000O000O0O
goooo
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(inverse (y’) * x’)°
0000000000 y000000000000000000O00OO0O0O0
gdoobodobooooubooboobouoobooobouobobooobuooboooa

x./y oooooooboog
x\y uboboobbooooboooboobooooboboog

inverse (x) * y
0000000000 x’0000000000000000000000O0
ooobooobobobooooobobobobDooboobobnooboUoboboog

x . \y ubbodbuobudodybboobbouobidxgboobobooboobooa

X k* y oobo0oobooboo0 xb youooooooooboooooooo xb yooo
oob0oboOxO0O000ooo0OyOOOoOoOobOOoOoooOoOoobooooobooooon
00000000 x000000000yO00O000000O repeated multiplication
ubboobOyoooobOobooooboboooobooooooboxo youoooo
goooboooobobooog

gbooobOobooooobooooboooooon

X .kky ugbboobobooboobouoobooboobboobbobooobooboondgd
obooobOooooobooboooog

-X ooood
+x gboooobobbooboobooboobonobo
x’ goobooboooboooboooboobooboooboobooboboooobd

gooooooooobooooon
conj (x.”)
gooooo
x.’ agoood
Octave 00000000 OOO.’) 000000000000 OOOOOOOOOOOOOOOO
goopooooooobooo
1./m

gboboobooboobboobbobbooboobooboobooboobooboobbobobo
O0000000000Octave 0000000 D0O0DDO0ODOODOOODOOOOOODOO

(1) ./ m
ooooo
(1.) / m

00000000000 Octave0 00000 DO0O0O0O0DOOOOODOOOODOOOOOOOO
gbooobOobooboobOobooooooboboooooboboooooboboooobobn
ubooobobooobooboooono

warn_divide_by_zero [Built-in Variable]
00 warn_divide_by_zerod 00000000 Octave 00000000 OO0DOOODODOO
000000000 o00o0O0000o0o0o00ooooooo 10000
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104 ODOOOO
000000000000000000000000000000000000000000000
0O0ooooooo

Octave 0000000000000 DO0ODOOOO 10000000 O000DO0ODOOOOOOO
oboboobOobooooboooooobooobOobooooboOobooooobon

[1, 2; 3, 4] == [1, 3; 2, 4]
= 1 0
0 1
0000000000000 0000000000000000000000000000000
000000000000000000000000
x<y x0yOOODOOOOOOOOOO
x <=y x0y0OOOOOOO0OOOO0OOOOO0000O
x==y x0y0OOOOODOOOODOO

xX>=y xOyuoboboobooobooooooo

x>y xO0ydOOODODOODODODOOOOO
x!l=y
x "=y

x <>y xOyOOuooOooooooooo

gboooobooooboboocooboobobODstrempO 00000000 O0OOOOOCOO
Chapter 5 [Strings], 0 350000000000

10.5 DOO4Qggg

10.5.1 DO0OOOOOoooaag

0000000000000 00000000 “r’01’00 “and’0€’0000 “not”’0‘V’0000
gboboobooboboooooboobobooboooooboboobooobobooboboooboobobo
oooooooobobobooboooooooboboooboooboboboobooooDboboO
ooooooboooooo

oooDO0O00o00oboOoDboboOobObOO0O00oooOoDObDODO0O00b0000004if000 while
oobo0ooboOobobooobooobboooboooboobD ifdbb whileDOOODOOODOODOOO
ubodabuoobooobgbooobooboobooboobooobobbobooon

00000000000 0O00ooO0O0ooO0o00o0o0oOoOOo0OoO0ooOOooODOOU0D 1ID00Oo
0000000000000 00000000O0O0O0000000000000000000O0OO
gooo

gboooooboooobooboooooboooo

booleanl & boolean2
00 booleanl O boolean2 0000000 DO0ODODODODODODODOOODOOODOO
ogo

booleanl | boolean2
00 booleanl O boolean2 00000000000 0ODODODODOOOOOOOOOO
ooOooo
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! boolean
~ boolean
OO0 boolean00O0D0000ODOO0OOCOOODOOOODOD

gbobobooobodobouooboobobobobboboobooboooboaonda
(1, 0; 0, 1] & [1, 0O; 2, 3]
goooo20 2000000000000

obobooobooooboooobooboobooobooobobooooboooboooobo0ooobo0ooonn
gbooooobobooooboobobooooobobooooooobOoboooooboOobobn
ubooobooooboon

0000000000000 000000 booleanl U boolean2000000000000O0ODO
gbooboobooobooboobboobooboobooboboboboobooboobobbo
good

a & b++
O00000000D0 a00O00000OO0bOOOODOOOOOOOOO
000000000 bOO00bO00o0o0o0bO0o0bOO0o0bO0o0o0ob0o0o0DbOOo0obOOo0ooOoooon

10.5.2 DO0OOOOOOO0

if000 whileOOOOOOOOOODOOOO0OODDOO0OOOO0OO0O0OOOctave0 00000000
gboooboobobooooboobobooboooobobooooobOoboooboobOobobo
0000000000000000000000000000000000000000COctaved O
gooooobooogoboboooogoobooo

booleanl && boolean2
all(all (boolean1))0ODDO0ODOOOOOOOO booleanl OOOOOOODOOO
0000000000000 00000b000 00o0bD0oo0DOo0oDOooooooog
O0000all (all (boolean2))0 00000000 OOOO boolean2000000
00o0000000000000O00oo00oo0odooo00oO0 1gooogoooooon
oooooooooooooooo

booleanl || boolean2
all (all (boolean1))DODODOODODODODOO booleanl OOODOODOODOO
000000000000 oO0o0b000b0o0 10000000 oUUooDOoOo
O000all (all (boolean2))0 000000 OODOOODO boolecan20 00000
JooooooobOoboOooObOo0O000oooooooOoobOobOO0o00 1o0obooOooooo
ooooooooooooooon

oboboooobooooboobooboooooboobobooobooobooobooboboobobooboboobooboOon
obooooobooooon
a && b++
0000000 bOOODOUOD a000D0O0O0DOOOO0ODOOOODOOODOOO
gboooobooooboboooooboooooboobooooan

function f (a, b, )
if (nargin > 2 && isstr (c))
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0000000000000 o0oo0oO0U0ooooU0oOoooOD200 ifo0o0O0ooOooog
Jooooooobbbooooooobooooobobobooboo0ooooooooobobooogo
oooobooboooooo
function f (a, b, c)
if (nargin > 2)
if (isstr (c))

gooood

function f (a, b, c)
if (nargin > 2 & isstr (c))

O00f0 10000 2000000000000000000000000000O00Octaved OO
00 ‘%0000 2000000000000000000000O0O00O00OO

10.6 0O OO

go0000oQoOo0O0O00000oOoOoOO0O0O00OU0O0OOOO0OOOlOoOoOUOoOD z00
goood

z =1
00odOoobOO0O0O000 z00 1000000z0000O0O0OOOOOO0oOoOoOooooooog
O0000000000000 <'000000000000000000

O0000DO0O00000000000000000D000000 message O "this food is
good"UODODOOOOODOOOODODODO

thing = "food"

predicate = "good"

message = [ "this " , thing , " is " , predicate ]
ugboobouoooboooogbobooboanod

gbOooooboobooboobooooobooboooboobooboobooobOobooooonoon
gbooooooobooboboooooooobooboooooboboboooboooboooboon
oooooboooooooooooooboobooboooboooboooboDOooboobobooboboOoo
ooooboobooooobooon

0000000000000 00see Chapter 9 [Variables], 0 5100000000000000
0000000000 see Section 10.1 [Index Expressions], 0 610000000000000 see
Section 10.2 [Calling Functions], 0 620000000000000000000 IvaluesO0ODO
gogodtboooooooobobobbobbobtbddDbbbbbbooU U
ooodobooboboboobuoobooboobOoobobbobDoobOoobUoobUobobooo

gbobooooooooooboobooboobooboobooboooOobbOoobOoooboOooDbn
oooooo0oooo0oooboo0oooboO0o0ooooooO0o0ooDoO0o0o0oDO00000gd foo
gboooboooobooboooooboooooboon

1

octave:13> foo

foo =1
octave:13> foo = "bar"
foo = bar

2000000000 foolOOOOOODODODODOOODOODOOOOOOODODODODODOOOOOOO
gooo
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gobooobobooobboooobobooobboobooobbooobobooobboon
0000000000000 00 a00000D 2000000000000000

a(:, 2) =5
O00d0O0a0d 20000000000 bb000000O0DOO0

OOo0 ‘[I’00000000000000000000000000000000000000
0000000000000 Section 4.1.1 [Empty Matrices|, 0 320000000000000
0040 50000 AODOODOOOOOO

A (3, ) =1]
0000000AD0 3000000000000

A (:, 1:2:5) =[]
Od000oO0odlooo200000 b000000O0oDooO0

0000000000000 00000000O00000 z=1000 10000000000
oboooOoboobooboboooooboooobooboon

x=y=2=0

000000000 3000000000000 0D0O0DO0OUO0OUOO0Oz=000000000O0
O0y0OOOODOOOOy=z=00000x000000000OOO

godoooooouoooooobooobooooooooooboooboooooooon
[a, b, c] = [u, s, v] = svd (a)
gfdoo0ooooooooooonoo

[u, s, vl = svd (a)
=u

o o

)]

c=v
gdoboodouoooouooboooobooouoboouobooooooooo
[a, b, ¢, d] = [u, s, v] = svd (a)
0000000 ‘9000000000000 000D000000O000O0OODOO00
[a, b] = [u, s, v] = svd (a)
Jooooboooooooooo

[u, s, vl = svd (a)
a=u
b==s

O00000O000oO0O00ooO00oo0o0oOoOo0ooOo0ooooOOoOoOoOyO 100000
000 x0 10000000000000000D0O0x !'=(y=10O0000O0O0D0O0OOO0OOOO
oboooooooboboooboobOobobooooboboobooooboboobooboobobn
gboboobOoboooooboboooboboooobooooboobooooobooonoog

print_rhs_assign_val [Built-in Variable]
000000000000000000Octave0 0000000 DO0O0OODOOOOOOOOO
obooooobooooobobooooooo
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10.7 Uooouooogn

goooooooOoOoOoOoOOoOOOO0O0 1000000000000 OOOCOOCODOOODODODO
000010000000000000 ++00000000000000000000000OO0O0
boboobooooboboooooboooboobon

0000000 x0O0O0O0OU00O0O0O000O0O000D0OD0O0O0++x 000000 00O0OO0Ox0O 10
o00oo0oO0o000oDoO000 xbo0o0oo0oDOoO0oU000oo0Dbo0 x=x+100000000

O0xO00O0ODO0OO00OO0O0000000o00o00U0x++00000000D0O0DOO0O0OO0OO x0O1
0000000x00000000000000000D000000000 xO0200000000
O0x++0000 20000x000000 3000

0000000000000 0000000000000000O0O0O0001l 000000000
gbooobooboobooboobood

gobobooboobooboobooobobbobooboog

++x obooob0obO0OxO0OO0oOoOOoboobOoooooobooOxoobooooooooo
x=x+1000000

-—X gbobobdxbDooboboboboobobobOxgobooobooobbobdbx
=x-1000000

X++ ubboobdob xoboooobobooooboboobdxobOooboog

x-- gbooobo0 xgoboboobooobooboobxoooboboon

gbobobobooobooboobooooboooobOobooooboobOooOooooboooDbn
v(4)++0 00000 vO400000000000000000000000O0000OOO0OO0O0
000000000000 000000000O0ctavel 000000000 OOOOOOOOOOOO

10.8 DOOOOOOO

gooooogoooolooooooOoOOOO0OO0U0U0UU0UODODODODOoOooDODODODODODOOO
000000000000 000000000% 0O+0000000000000000 a+b*
cO00b0 cO00D0000D0 a0 0000000000000 000a+ (b * )M

oobooboobOooooobobooobOooboooboooboooobobOOooboOooooOoonn
gboobOoobobooobOoboooooobobooooobobooooobobooooboDbn
gboboobooboboboooobooboboooboooobobooboooboobOooobooboOobobo
goooooooboooboooboobobooooooobobooobooooobooooboooDOoDbobO
obooooooobobooooobobboooobooboboooooboobobooooooDOobobo
ooooogo

oboooboobooooooooboooboooobooobooboooooooooooobooooDn
0000000000000000000000000000000000000 a-b+cO0O(a
-b) +c000000000000000a=b=cl00a=(b=c)000000000000O0

boooooooooobooboobooooooooobooboboooooooboooboooboon
-x"20-(x"2)0000000000000O0O0O~’0 0000000000000

Octave 0000000000000 ODOO0DOOOOODOOOOOODOOOOODOOOOO
ooooboooogo

[ A
PRI

oo ‘=", 00000000000000000O00oDOO
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OO0 “‘or’’ 000 “‘and’’

‘ll,, L&&7.
00000 “‘or’’ OO ‘‘and’’
C|7 6&7
, .
|:| D 4<7’ 4<=7’ £==7, £>=77 ¢>7, (!=7’ (~=7’ L<>7.
oono RN

ooooo 4, -

DDDDD 4*7’ 4/7’ C\?’C.\77£.*774./7'

I:l[l (;7’(.;7

0000000000000 00000O000o0o0oooog “‘not??

€10 60 Gy G__3 ) i~
T e .

|:| D D 4*7’ 4**7’ £"~77 ﬁ.**7'
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11 OO0

O000Octave 0000000000 O0O0OOOOOOOODOOOOOODOOOOOOOOOOOOOO
0000000000000 000000000 OctaveDOOD0O0OOOODOOOODOOOOOO
gooooo

oboboooobooboobooboooooooobooobooobooooboooboo0oobOooDoooDn
0000000000000 000000000b000O0evalldnnO fevalDOOOOOOOOOO
gbbooooobooboobooboobobooooooobOobooboooobOoboooooboOoboOobn
boooboboooboobooooboooooon

eval (try, catch) [Built-in Function]
O00 try0DOODOOOO Octave 000000000000 DOO0OOOOOOOOOOO
000000000 catchOOOODOOOO0O0O try 00000000000 0OOO0O evald
oooobooobooboboboboooboooo

feval (name, ...) [Built-in Function]
name100000000O0COCOOOODO1IO00000O0OO0OOOODOOOOOOOOOOO
ooooooooogon

feval ("acos", -1)
= 3.1416

0000000 -1’'000000 acosOOOODODO

00 fevalOOOOOODOOODOODOOOODOODOOOODOOODOOOODOOD
O0000000000O0Octave00COOOD0OO0OODODOOOOOOODOOODOOFortran
O EXTERNALOOOOOODOOOOO0ODOOOO0O0ODOOOoO0oooooooooooooooo
O00o0ooO0o0o0ooooDoOo00ooDoO0o000ooObO0000ooObO000n0Dn feval
oooooooooooon

fevalOOOOOOOOOOOOOOOOODOOOOOOOOOODOOOOOOOOODODOD
oooo
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function result = newtroot (fname, x)
000 : newtroot (fname, x)

#
#
# fname : 00 £(x) OOOODOOOOO
# X . goao

delta = tol = sqrt (eps);
maxit 200;
fx = feval (fname, x);
for i = 1:maxit
if (abs (fx) < tol)
result = x;
return;
else
fx_new = feval (fname, x + delta);
deriv = (fx_new - fx) / delta;
x = x - fx / deriv;
fx = fx_new;
endif
endfor

result = x;

endfunction

gboobobgbuobobogboboboooboboboobooboboboobooobobobon
gobooOoobooOooooboooobooobooooooooobooooooooooOooobooOoooon
goboooboooboooobooooooobooooboooboooboooooOooooooooon
00000000000000000000000000000000D000000000 Section 4.4
[Predicates for Numeric Objects], O 330 0exist0 0000000000 Section 9.3 [Status
of Variables|, 0 530000000000
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12 JoO0googn

oboocoOobobooooOobooooooboboooooboboooooboboooobobn
gooo

if0 whileOOOOODOOOOOOOOOO0OOOOOctave 000000000000 OOOOOO
ooobOo0O0o0oooDbOoo00ooooooobo0o0oooDbObDifd whileOOODDOOOOO
gboobooboooboboobobooboboooboboobobooboboooboboo
if00000b0oo0oooobo0oooooobobooobobooooobooboooDoOoboon

gbboaoobgdgbobooobuooobobooobbuooobbooobboobboan
Ub0obOOobOoo00obOobObOobO0bOendif DOOOO0OO0O0OO0ODifO0000O00O0C0OODOO
UO0O00O0Oendwhiled whileOOOOOOOOOOOOOOODOOOOOOOO endd 00000
gobogboobooboboobooboobuoobooboobooboobboobboooobooobo
000000000000000000000000000000000000000000COctave
00000000 endD0000D0OO0OODOOODDOOODOOOOD

if0 whileDOOOOOOOODOOOOOOODOODOODOOOOODOODOOOOOOODOODOO
00000000000 bodyDOOOOOODO

12.1 if0 000000

if000000000Octave 000000000 DODODOODOOOif000ODOODODO30O
Jdd0OoOO0O0OO00000boOoo00oooOobOoOo0o0ooooooooo0ooooonoo
if (condition)
then-body
endif

condition0 00 000000000000 0O00O00O0OOOOUO0UODODODO then-body 00O
condition0 0000000000 OOOOO

ifl00000000000000oDooooooooooooooOoOoooOoOo0ooo0oon
0dodooooooon ifiddooboooobooooobooooobooooDooooooa
Jooobobobbooooooboobooooooo
if0 0000000 2000000000000000000
if (condition)
then-body
else
else-body
endif
00 condition0 0000 Othen-body 000000000000 OODOOelse-body 0000000
gooooon
if (rem (x, 2) == 0)
printf ("x is even\n");
else
printf ("x is odd\n");
endif
O000000000O0rem (x, 2) ==000000000000x0 200000000000
OO0 printf0 00000CCOO000000OOODODODO 2000 printf00000O0OCODO
goooon
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if000000000300000000000000D0DODODODOOOOOODODODOOO0O0OO
obooooOobooooboboooobobooobooboooooooo

if (condition)
then-body
elseif (condition)
elseif-body
else
else-body
endif

O0000 elseif0000000O0O0OOOOODO0ODODOOOOOOOOODOODODODODO
00000000000000 bodyDOOUDOOUOODDOODUOOOODOOOOOelseDOOOOODO
0000000000000 Oelse00 100000000000 0OCOODOODOOOOOOOOO
gbooobOobooooobooon

0000000000 0000000000O000O0O000000 x000 200000000
000000 printf0 000000000000 OOOOOOOOOOO 200000000000
000000000000 x0003000000000002000 printf000000CDOO
00000000000 00o0oo300b printf00000OO0OOOOOOOOO

if (rem (x, 2) == 0)
printf ("x is even\n");
elseif (rem (x, 3) == 0)
printf ("x is odd and divisible by 3\n");
else
printf ("x is odd\n");
endif

elseif 000000000 0Fortran0 00000000000 else if000000O00O00O0O
000000000 0elsed if000000O00O0Octave0 000 if00000 if000000
obooobOobooooboobooooobooooboobooonog

if (c1)
body-1
else if (c2)
body-2
endif
Octave O0O00OD0 if0000000O0O0COCOOO00000CCOOO0OO0O0O0O0O0O0O0O00O Octave
O0000000000000000000000000000000000000000000 Octave
000000000000 00000000000end0 00000000 OOOOOOOOOOO
0000000000000l end0D 0000000 endifldendfor
0000000000000 0000D000D000DO00D00000000000o0OooDoOoooDOg
ooooooo

JoddooOoOoOO0000o0ooDoOoOO00d0o00oDobOoO0o00ooooDoOooDo0o0oOoooDoo
if (c1)
body-1
else
if (c2)
body-2
endif
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Octave 000 000000000000 OD0OO0O0OO00OO0O0O0OO0O0OOO0O0O0OO0OOOOOOChap-
ter 13 [Functions and Scripts], 0 870000000000

warn_assign_as_truth_value [Built-in Variable]
U0 warn_assign_as_truth_valueODOOOOO0OO0OO0O0OO0OO0OO0O0OO0OOODOODOOOOO
00o0o0ooooooon

if (s = t)

bbooboobobooooooboobobooooooboboboooobobooooooboon
goooboboooboooonog

if (s == t)

whileOOOO if0000000000000CO0DO0O0OO0O0O0OOOOODOOODOOOO
000000000000 O0o0ooooCOoUo0oooooUooooouo

while (c = getc())

warn_assign_as_truth_valued 000000000000 00C00OO0OOOOOOOOO
gboooboooboobooboobooboobooboobooboobooboobo
oboooooboooooboooobooooon

if (x = 1) # intended to test (x == 1)!

obooooOobooocooobobooooobooooboobobo0oooobobooooon
obooobOobooooboooobOoboooooboooobOooooonoOoDbn

while ((c = getc()))

oboooboooboooooooboooooooboooobooobooooobooooooaoon
gboboobobooboobooooobooboooobooboooooboon

warn_assign_as_truth_valueJOOOO 10000

12.2 switchO OO OQOOg

switchOODOOOODOOOOOctave000OO0O0 2050000000000000000000D
000000000D00000000 Octave000DO0OO0OODDODOOODODOOODODOODDOOOD
Oo0000000o0o0o0ooooooooooooooooooooooooOOoOoOoOoO0O000aO0
U000000000000000Omaintainers@octave.orgl 000000000O0O0O0O0O
oooOoOooOO0O0O00000000000ObugGoctave.org UOOOOOOODOMM

switchODOOOOOOOOOOOOO0OOO0O0OO0O00OO0000000
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switch expression
case label

command_list
case label

command_1list

otherwise
command_1list
endswitch

e 00O switchlcaselotherwise OO endswitch OOOOOOOOOOO0OOOO
labelDODOO0OODO0OO0OODOOOODODOOO

0000 labelD0DOO0O0O0O0O000O000OOOO label000O0OO command_list 01000
gooo

00000 100 case label command_listO000000O0OOOODO
otherwise command_listO0 00000000000 OO0OO0O0OO

00000 endd 0000000000 Oendswitch endd 0000000000 OOOOO
OOendswitchOOOOOOOOOOOOOOOOOOOOOOOOOO
000000000000 COD0O0 switchOOOODODOOOOOODOODOODOOOOO
odoooooooood
e command_list 0000000000000 O0DODODODOOOOLOOODODOOOODODOOD
Ogfddo0ooboooooooobooboo0obooooooooooooooooooboooooo
ooooa

switch (foo)

case (1) -2

000000 CO00000000000000000000000000000000000
goood

switch (foo)
case (1)
case (2)

doit );

e 0000000 OODODOODDOOODOOOOOifO0DODOODOODOOOODOODOODDOOO
gbooboooboobooboboobooboobobooboobooboobbooDbo
ubogboabodgboboooobobobaobuoobooboooobobooboboang
oboooooboooooo

warn_variable_switch_label [Built-in Variable]
If the value of this variable is nonzero, Octave will print a warning if a switch label
is not a constant or constant expression

12.3 whileOl OO O OOO

gooOoOoOoOoOoOOO0OOOODOOOOOO 20000000000000000000ODOOO
gbooobooooboboooooboooobon
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whileOOOOOOOOOOctave 00000000 0D0O0ODDOOOOOOOOOOOOOOOO
obooobOooooobooboooboobooobooboooooboboifogboooooobooboooonoo
U0O00OwhileDOOODOOOOOOODODOOOOODOODOOOOODOODOOOOOODOODAO
ool whileDOOOOOOOOODOOOOODOOOOOOODOOOOODOOOOOOOODOO
ooooooo0ooboboooooobooooooboon

Octave 0 whileO OO OOOOOOOOODOOOOOOO

while (condition)
body
endwhile

O00O0Obody00DOD0DODDOUDOD0ODOOOOUOODOODOODOOOOOODOOOO conditionOO
gboboobOobooobooboooobobooooboooboooooo

whileOOODOOODOOOOODOOODOOOeceondition0O0O000O0D0O0OOO0OOO conditionO
O0000Obody0ODODOOOOOObodyO0OOOOOOcondition000000000O0OODO
000000 bodyUODODUOOODOODODOOOOOcondition0 00000000000 OOOOO
O condition0 0000000000 DODOOODOOODOODOODO
O00Odo0Oo0o00O00bO00b0o 1000b000b0o0bOoo0oo fivOboooog
fib = ones (1, 10);
i= 3;
while (i <= 10)
fib (i) = fib (i-1) + fib (i-2);
i++;

endwhile
00000oo0oDbOoO000o0o2000000000000000

0000000000000 00000000i000 300000000000 O0whileOOino
0000000000000 000000O0O0O0OD 10 30000000fivO I0D0D0O0O0O0ODOO
000000000 2000000000000000i++0 i000000D0ODOOOOOOOOOO
o00o0O0O000oOooOoOig llooooooooooooo

gbooooboboobooboboooobbobooboboboobobobooobobon
gbooboodgbooboobogooon

00 warn_assign_as_truth_valued 000000 OO Section 12.1 [The if Statement],
070000000000

12.4 do—untilU OO OOOO

do—untilO OO O0O0O0O0OOO0OODOOD0OODOODOODOODODOODOODOODOODOODOODbOODbDOD
O0whileDOOOOOOODOOOOOODOODOOOOOOOOODOODOOOOOOODOODOODO
Ub00if0000000000000000DO0de—until 00 000000000000 O0O0O0DO0O
gbobobobobobobobobuobOddo—untilOOOOO0OOOOOODODODODO
gbbooboboooboobooooobooooboboooboobooooboooobOooboon

Octave 0 do—untilO0 0000000 OCOOODOOOOODOO
do
body
until (condition)
body D0DDO0OO0UOO0OU0OOOO0OOOOOOOOOOOOOOODOOOOC conditionO0O0000O0O
odoooo0ooboooooooboooooa
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gooooOOoOOOODODODODO 1000000000000 D fivODODDODOOOO

fib = ones (1, 10);

i =

do
i++;

fib (i) = fib (i-1) + fib (i-2);
until (i == 10)

gboobodboobooboobobooooobobobooboboboobobobooobobon
obooobooooobooboooooon

2;

00 warn_assign_as_truth_valueD 0000000 0O Section 12.1 [The if Statement],
070000000000

12,5 for gy

for0000000000000O0DODOO0O0000DODO0O0O000000ODOOfer0DOODO
gooobooboooboobooooooboooon

for var = expression
body
endfor

000 body 0DDDOODDODDOOOODDOODDOODODODDODDODOODOOODOexpressiond0000
uoboobooobbOvar0O00000D0OO0O0O0O0OO0O0DOOODOOOOOOOOODOOODOOO0O0OO0
0000000000000 00000 expression0000000000var000000O00OOO
000 Section 12.5.1 [Looping Over Structure Elements], 0 810000000000

for00000000000000OO0OOOctave0 000000000000 OO0OOOOOODO
bbooooooooobooboobooboboboobobog vvardoboooOoOoOoOOOoOg
expression 1000 00000000000000000O0var000000000000000O0O
gboogboooboboobobob0vvarbdboooboOoOobDOOoObDbOO00Ovar00n0ooooaonOn
obooooOoboooooboobooboooooo

O000o0o0oo0o0oOo00oo 100000000 oOooUoOoOooooOOoOooooOoooo
oooobooboodbDferODO0OO0O0ODOODODOOOO

fib = ones (1, 10);

for i = 3:10
fib (i) = fib (i-1) + fib (i-2);
endfor

0000000300 1000000000000 0ODO00DOUOOO 3:10000000O00OO
uobooboobobiboooooooboobooboooooboooboooooooboooonoo
gboooooooooooogooboooboobobo iboboboboooooobobooobboDbo
obooobOoboooboobobooobobooooboon

0000 for00000whileDOOOODO00D0O00000000000Octave 000000
oo0oobo0oo0oob0oboboobooobodbfeor bbb obobOobDobobOOobDOobbODO
gbbooboboobbooboobbuoobooboobooboobbobboobbobbonbog
oboooooobooboboobooboboooooobobobobooooboboooboooobobn
obooobooooooon
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12.5.1 00000 OO0gooaogda

foru0000O00D0O0DOO0DOOODOOOOOOOOOOOOOOOOOOOOOOOOODOnn
obooooooboo

for [ val, key ] = expression
body
endfor

for000000000000O0O000ODexpression0 0000000000000 OOOOOO
0000000000000000000000key 0 valJOOOOOOO0OO0O0OOOOOOOOO
gboobogbooobobogbooboobobboboobooon

x.a=1
x.b [1, 2; 3, 4]
x.c = "string"
for [val, key] = x
key
val
endfor

key = a
val
key
val

I
o

key = ¢
val string

N
[are
N

gbooboogboboogboboboobobooooboboobooobooboobobon
00000000000 0D0Ostruct_elements OO0 00O000000OO0O0O0O0O0O0O0OOO0O
gooooooo

keyDDODO0DDO0O0O0DOO0OO0DOOOOOOODOOODOOOOOOOD [JOODDOODOOOOO
obboobobooobooboooobooooboboooooboooobOoooooboOooboon

12.6 break1 DO OOOO

breakD 0000000000 ODOO0DOOODOO for000 whileOODOODODOODOOODOODODODO
breakD 00000000000 OO0OOOOOOOOOODOOOOOCOOODOOOOOOODOODO
gbboobOoboooobooboooobobooooboobooooboboooonoOoo
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num = 103;
div = 2;
while (div*div <= num)
if (rem (num, div) == 0)
break;
endif
div++;
endwhile
if (rem (num, div) == 0)
printf ("Smallest divisor of J%d is %d\n", num, div)
else
printf ("%d is prime\n", num);
endif

000 whileOOOOODOOOODOOOOODODOOOO0OOOctave0O0OO0O0ODO0OOOODOOO

O0000Octave 00000000000 DOO0OO0OO00OO0OOOOOOOOOOOOOOOOOOOOO
O00exitO0O0OODDOODOODDOODDOODOODODOOexitOOOctave 00000000 OODOODOMI

00000000000000000000000000OwhileDOOOOOOO conditionO O

if0000 break0 00000000 0OOO0O0OCOOOOO0OOODOO

num = 103;
div = 2;
while (1)
if (rem (num, div) == 0)
printf ("Smallest divisor of J%d is %d\n", num, div);
break;
endif
div++;
if (div*div > num)
printf ("%d is prime\n", num);
break;
endif
endwhile

12.7 continuel OO OONO

continuel 0000000 Obreakd D00 Ofor0 00 whileO OO OOODODOODODOODOODOO
oboobooobOobooobOobooobOo0oboobOoooobooobO0obonbOOn preakDOO0OO
gbooooOoboobooboboooobobooonboon
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# print elements of a vector of random
# integers that are even.

# first, create a row vector of 10 random
# integers with values between 0 and 100:

vec = round (rand (1, 10) * 100);
# print what we’re interested in:

for x = vec
if (rem (x, 2) !'= 0)
continue;
endif
printf ("%d\n", x);
endfor

veeUDOOOOOOUOOOOoOOoOOOObOOooOobOobobOo0boobobooobabobgd
oboobO0obo0o0obOoboooobooooboobooonn

O00OO0Ocontinued 000000000000 O0OOOOODOOOCOODOODOOODOOOODO
gbooobooboboooobooboobobooobooboobOoooooboobobooooobOoboOobo
oooo

for x = vec
if (rem (x, 2) == 0)
printf ("%d\n", x);
endif
endfor

12.8 unwind_protectU U U 00O O
Octave 0 0 Lisp O unwind-protect 1000 0000000000000 0000000000

unwind_protectU 00O OD0O0OO0OO0OO0OO0DOOO0OOOOOOCOOOOOO

unwind_protect
body
unwind_protect_cleanup
cleanup
end_unwind_protect

000 bodyO cleanup0 0000000000000 000O Octave 0000000000000
O00000Ocleanup000000000000000 bodyOUDDOODOODOOOOOOOOOO
gbooobooobooo

cooooooooOooOooooooOOO0o0oO0ooooOoOOoooooOoDOObOO0OooooODOO00O
O000000000000000000000O0O0O0O0O0O0O0O0O0OOOOOOOOOO0O0O0O0AO0
000000000 warn_fortran_indexing U0 OOO0OOO0O0O0OO0OO0O0O0O0O0O
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save_warn_fortran_indexing = warn_fortran_indexing;
unwind_protect
warn_fortran_indexing
elt = a (idx)
unwind_protect_cleanup
warn_fortran_indexing
end_unwind_protect

unwind_protectU 00O O0DO0OODOOODOOODOOODOOODOOOOODOOODOOODOOODOO
000000 warn_fortran_indexingd O OO0OO0OO0OO0OOOO0OOOOOOODOOCOODOOO
00000000000 0000000000000b0 0000000000000 oOob0OoOoOn

1;

save_warn_fortran_indexing;

129 txryO Do

unwind_protect 000 0Octave 0 0000000000000 0000O0O0DDOOOOOOOOO
tryDOO0O0O0000O0O0D000C0O0O00000000O0O0

try

body
catch

cleanup
end_try_catch

000 bodyO cleanup 00 000000000000 O00OO Octave DO0OO0D0OOOOO
O0000000O00Ocleanup000000000000O0body 000000000 OOOOOODO
goooooon

body 0000000000000 O0O0O0OOODODOO0O000000O0O0O0Obody 0000
0000000000O0ceanup0000000000000000000O0O0O0OOOOOOOO
0000 lasterr0000000000000000Oeval (try, catch)D000000000
00000000000000000000000000000¢ty000 catchD00000000O
000000000000000Olasterr000000000000000 Chapter 14 [Error
Handling], 0 101 0000000000

Octave O try 00000 0LispO condition-case 00 000000000000 0O0OOOOOO
0000000000000 000000000000000M 0000000000000 QOctave
0000000000000 00000000000000try-catchO0OLisp O condition-case O
gbooooooboobobbooboan

12,10 00O O

Octave 0000000000000 ODO0OO0OOODOOOODOOODOOOOOOOOODOOOOOOO
0000000000000000000000000 Octaved0ODO0OO0OO0OOOOOOODOO...
O000\O0DDODO0OO0OO00D00O0Octave0 0000000000000 0OOOOOOOOOOODO
gboooobooooboooobooobooon

x = long_variable_name
+ longer_variable_name \
- 42

go0o0l000ooOo0O02000000000000000000000ODOOODOOOOOLO
gboooooon
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gbobooobobobobooooboboboooboboboboooobooboboon
oboocoooboooobooboooooobon

x = long_variable_name ... # 0000 1
+ longer_variable_name \ # 0000 2
- 42 # 0000000

gbbobobobobooboobooboobobobboboboobooboobooboond
obooooOobooooobooon

JdddooopooooooOo0dddd0d0doooooooooo0dd0oooooOoooo
Jodd0ooOoOoO00d0ddooDoO00oooOoDOo000oooooDo00oooooooo
if (fine_dining_destination == on_a_boat
|| fine_dining destination == on_a_train)
seuss (i, will, not, eat, them, sam, i, am, i,
will, not, eat, green, eggs, and, ham);
endif
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13 oo oooooood

00000 Octave 000000000 0DO00DOO0OOOODODOOOOODOOOOOOODOOOOO
0000000 Octave 0000000 0DDOO0O0O0OO0DOOOOODOOOOODOOOOOOOO
gboboobOobooboobobooobOoboobooboooboonn

13.1 OD0OO0O04d
00000000000000name000000000000000000000000

function name
body
endfunction

gobogobooboobooboobooboobuoobooobooboobooboobbobobooboobo
gbooobooboobobbooboobobobooboobooboobobooon

00000 bodyOOOctave 000 0000000000000 0DOOODOOOOOODOOOO
goobobooobooobooboobobbobooboobooboobobooon

gbboooooooooboobooboooooobooobooboobooooooooboooDoOom

function beep
printf ("\a");
endfunction
printf0 00000 00see Chapter 16 [Input and Output], 0 10500000000 Octave
O00O"\a"OOOOOOOOOOOOODOOOO™"\a"O0OOOOoOOoOoOoOoooooo 70000
000 See Chapter 5 [Strings], 0 35.0000000000

000000000000000000000000000Octave0 D000 ODOOOODOOO
gbooobooood

00000000000000000000000000000000000Octave0 0000
oooooboboooobooobooog

function name (arg-list)
body
endfunction

000000000 arg-list 0000000000000 000O00O0OO0OOO0OOOOOOOO0
gboogbooboobobobobooboobuooboobooboobooboobobobobboobobo
gooobbobbtooooobobbbbodoooobbbboooooobbbboo
Ubo0o0oooobOoboooobOobOoboOObeepdO0oooooooooboOoOoOn
gooogd
function wakeup (message)
printf ("\als\n", message);
endfunction
goboboooboobooboboboboooboobuoobo
wakeup ("Rise and shine!");

Octave 000000000000 ‘Rise and shine!’'0 0000000000000 0OOprintf0

000000000000000 \nOOO0OOO
oboooobooboooboobooboooboooboooooooooooooooooboooboooon

01000000000000000000000O0UOoOOOOn
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function ret-var = name (arg-list)
body
endfunction

ret-var 000000000000 OO0O0OOO0O0DOOOOO0O0O0OO00O000O0O0O0OOO0O0O000
gooobooboobooboooooboboooobobobooboboooooo

0000000000000 00000000000000000000000 arg-list000
ret-var 0000000000 DOO0OCOO0OOOODOOOOOOOOOOOO0OOOOOO0O00000a0
00D00000000D00000000D0000 See Section 9.1 [Global Variables], O 51. 00
gboooogooo

obooooOobooboooboboooboobooooobobooooon

function retval = avg (v)
retval = sum (v) / length (v);
endfunction

obooooobooooboo avgOOOOOOO

function retval = avg (v)
if (isvector (v))
retval = sum (v) / length (v);
endif
endfunction

00000000000000000000000000000000000COctave000000
oboooboooooboboooooobooooDboon

error: ‘retval’ undefined near line 1 column 10
error: evaluating index expression near line 7, column 1

O00000if0000000000000000D00O0O0retval DOODODOODOO0OOOOOOO
gbobobooooboobobobobobobobobobooboobobobobobobobo
bodbdbdbobobdbooooooobooboobdbdobdodboobdbavgdoonod
obooobOobooooobooooonn

function retval = avg (v)
retval = 0;
if (isvector (v))
retval = sum (v) / length (v);
else
error ("avg: expecting vector argument");
endif
endfunction

gbobooboooboooboooobooboooboooboooboOobooobooboOoooOooDooOon
0000000000000000000000000000 Octave000000O0O0O0O0DOOODO
ooooooboobobooooooboboooboooobOobooooooboboboooobDOoDo
0000000000000000Octave 000000000000 nargin0 000000000
Uo0o0o0ooboo0oboOo0obo0b0obO0b0bOO0OOnargin0 00000000000 O0OOCOOOOOOO
ubboob0ooo0ooob0avg0OO0OO0OoOOobOOO0OOODOOOOO
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function retval = avg (v)
retval = 0;
if (nargin != 1)
usage ("avg (vector)");
endif
if (isvector (v))
retval = sum (v) / length (v);
else
error ("avg: expecting vector argument");
endif
endfunction

0000000000000000000000000000Octave000000OO0O0ODOOO
0000000000000000000D0000000000000000000COctaved 000
gobooooboboooooboboooooboboooooboboooooobobobooobooDo
gboooobobooooboobooooboboboobOoboooobobooobooboobooboooOooboon
obooobOoboooooboooconboobon

nargin () [Built-in Function]

nargin (fcn_name) [Built-in Function]
0000000000000 0000000000000000000000Octaved OO
00000000000000000000000000 fencnameOOODOO0OOO0OOO0OOOO
gboboooobobooooooboboooooobboooooboobOoboooooonoon
O000DoO0o0-1000cC

silent_functions [Built-in Variable]
00 silent_functionsUUOODOOOODOOODOOODODOOODOOODODODOOOOOODOO
obooooOobooocoboobooooboobooooooboboooooboboooogon
O00oo0oooo

gooooooooooo
function f ()
2+ 2
endfunction

O00O000O000Octaved silent_functionsOOOO0OOD0OO‘ans =4'0000000
O00000000o0obooa

warn_missing_semicolon [Built-in Variable]
goooobobobooodooooouobbbbodooooob b bbb bb Lo
OO000ooooooDooooooooooooDooo

13.2 0DOOoo0n

0000000000000000D000Octave000100000000000O0OO0DOOOOO
gbobooboooooboboboobobooooboooobOoboooboobooon

function [ret-list] = name (arg-list)
body
endfunction
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000 nameOarg-list 000 body 0000000000000 DOOret-list0 000000000
oo000o0oO0oO00ooOo0o0doOoO0oOo0oUdoooOoooooOoDOoUOooobODOoO 10O
0000000000000000000 ret-list0 10000000000000000 function
gboboobOobooboobobooooboobooooboobooon

000000000000 000O00oo0o0bO0ooOo0o0obOOo0OOo0obOobOOoDOoooOoOooD2000
ooooOoooooooono
function [max, idx] = wvmax (v)
idx = 1;
max = v (idx);
for i = 2:length (v)
if (v (1) > max)
max = v (i);
idx = i;
endif
endfor
endfunction
oo0o0bOO0o0oo0o0ooD2000000000000000DLOOOOO0OODOOOODOODbDOOOn
odobo0oo0ooooooooooooooooboooooooboooooooooooooon
go0oooooooooooobooooooooooooobooooo0ooooooooboonoog
gooooooooo narginl:lDDDDDDDDDDDOCtaveDDnargoutDDDDDDDD
goooooooooooooooooooooooooboooooooooooboonooooon
O0o0o0o0oooobooo0ooooboobooooobobo0ooo0non ansiO00ooooooa
gbboobOobooboobobobooboboo0odbDOnargoutd D000 0OO0OO0OO
svdd luO0O0O0Onargout0 00 0000000000000 O0O0OOO0OOO0O
O0obo0oo0ooooooooooooooooooooooooobooooono

function [x, y, z] = £ ()

x =1;
z = 2;
endfunction

gooooooooooooooooooo
[a, b, c] = O
ogoooon

a=1

b = [1(0x0)

c =2
0000000000 warn_undefined_return_valuesO OO OO0O0O00O0O0O0O0O0OOOOO

nargout () [Built-in Function]

nargout (fcn_name) [Built-in Function]
gobogoboboooogoobooboboobbooobooob bbb boooogono
fen.name 00 0000000000000 ODO0OO0OO0OO0ODOOOOODOOOOOOOOOOO
O0000000000000000000-10000

goooo
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f 0O
0000 f00000 nargoutd 0O OOOOOO
[s, t] =€ O
0000 f00000O0nargoutd 20000
bb0ob0000Onargoutd0oooonOog

warn_undefined_return_values [Built-in Variable]
U0 warn_undefined_return_valuesOOUOOO0O0O0OO0OOOOOOOOOODOOOO
00000000 l00o000ooogooooooooooooooog

nargchk (nargin_min, nargin_max, n) [Function File]
00 n0O nargin.min00 nargin max 0000000000000 CO0OO0OQCOOOOO
obOOnOO0O0O00O0O0OO0CODOOOOCOOODOOOOODOOOOOO0

gboboobOoboobooboboooobooboooobooboooooobobooooon
goooo

13.3 Doooooon
134 ODOOO0OOOOOOO

135 oo ooood

gbgboobdbubdreturnD0000oooooooboobooooboobooboobobogd
00 Octave 0000000000000 0OO0ODOO0OOOOOODOODOOOODOOO

return

COO0D0000 return000000Octaved return0 0000000000000 O0O0O0
gboboboboooboobobo0ooboo0bOfunction 00000 OooOOoOOoDODODO
gbgbooobabobuoboboobobuobdreturnpd0gooooooboooooooanoo
oboobOobooobooboooooboooobooboooooboooobOobooooboOooboon

gboobooboooboooobooboboobooboobooboobOoboOobooboboOobon
ooo

function retval = any_nonzero (v)
retval = 0;
for i = 1:length (v)
if (v (1) !'= 0)
retval = 1;
return;
endif
endfor
printf ("no nonzero elements found\n");
endfunction
gbgooooboboooobobobuoboobobobooooboooobobobon
00o00o0o00o0o0o0o0oo0o0o0o0o0o0o0ooo0o0oUo0ooUooooooOoo
O0break 00 0000000000000 OOODOOOODOOO
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return [Keyword]
Octave 0000000000 D0O0OODDOOO return00000000O00O0OOOODO
ooboOb0oooobobboobo0b0ooobbbreturn U0 00O OOOO0OOoOoOOOO
return 000000000000 OOO0OOO0OOOOOOOOO

13.6 OO QO4dg

000 100000000000000000000OO0O00O0O00DOOOOOoDOoOOoULOoOO
gboogobooobooboobooboobooboobooboobooboobooboobo
gbgbguobogbooobooobobooboboboboooobobuooooboboobay

Octave 00 000000000000 O0O00OO0ODOO0O0OODOOOOOOctaved OO0
gbooobooboobgoooboooboobbobooboobooboobod

Octave 000000000000 00O0O00DOO0DOO0ODOOOOOOOOOOOOOOOOO
0000000000000000000000000000000000000000000000
00000000000 0000000“.w0000000000000000 LOADPATHOOOO
00000000000000000000000'00 Octaved 00000000000 O0OO0OO
00000000000000000000D00000 10000000000000000000
000000000000000000000000000000D0000000000000000
00000000000 Section 13.7 [Seript Files|, 0 940000000000

Octave 000 0000000000000 OO0DOOOOODOOOOOOOOOOOOOOO
googoooboooboobooobuoobooboobooboobbobbobobobboooboobo
gboboaboboboobobooboooboobboobooobooboboobobooobog
O0000000Octave 00000000 DOO0O0OOOOODOO

00000000000000000000Octave 000000000 D0OOOOOOOOOO
O00000000Octave 0000000000 DO0O0OOOOOOOOODOOOOOOOOOODO
gboooooooooooooooooboobooboboooooboobooboOoboOobooboOobooOoon
gboboobobooobooboooobooon

gddooooooooobooooooboooboobooooobooboboooooooooobooon
00000000O0OctaveD00O000O0DO0O ‘octave-home/share/octave/version/m’ 000
Odob0oooooobooboooooobooooooboooooooooooooobooooon
0000000000000 00000000000000000D000DoOo0o0n0Octaved OO
gooooooooooooooobooooooooooooooonog

OO0 Octave 00 0000000000000 0DODODODOOOOOOOODDOOOOOOOOOO
OO0O0O00 ignore_function_time_stampl "all" O00O0O0O0OOO0OOOO0O0OO0OOCCOCOOOO
OO000000oooooO0o0oo0oggd"system" 0000000000000 O0O0ODOOOOOO
O0000000000000000Octave0 00000000000 OOOOODOOOOOOOO
ooooooooooo

DEFAULT_LOADPATH [Built-in Variable]
gboboobOobooooboobooooboobooooboobobooooboobobooooon
O0O00OD0 LOADPATHD OO DO ODOOOODOOOOODOODOOOODOOOOODOODO

l wDO0OO0ODOOOMATLABOOOOOOOOOOOOOOOOOO
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LOADPATH [Built-in Variable]
0000000000000 0000000000000000D0O0O0O0000 Chapter 13
[Functions and Scripts], 0 87 00000 OLOADPATHO 000000 O OCTAVE_PATHO O
D00D0000000000 C [Installation], 0 3130000000

LOADPATHO O TEX U TEXINPUTSO OO OOOUODOOOOOOODOOOLOADPATHO OO O
U00oo0oo0oobOO0O000O00000ODEFAULT_LOADPATHO O OO OO DO OO O OLOADPATH
OO0O0O0O0":"DOOOOOOODEFAULT_LOADPATHO OO O OOOODOOODOOOOOO
0000 Octave 00 DO0O0D0OOOODO

0000o0o0o0oo0o0ooOoUo //000000000000000O0D00O0O0O0OO00
0000000000000 00000000000000000000000000Octave
0000000000000 00LOADPATHO O OO ODOOOODOOODOOODOOOOOOOO
00000000000000000Octave 0000000000000 0O0OOOOODOOO
gboooboobooooobooon

goooboooboooobooboobooooboobooboooobobooooobobooooo
oboooOoobooocooobooboooooboboooooboooooobobooooon
oboooooboooooao

Octave 0000000000 000000D00DOODDOODO0OSection 13.10 [Organization
of Functions], 0 99000000

rehash () [Built-in Function]
Octave 000 ODO0O0OO0OO0O0DOOOOOOOOOO

file_in_loadpath (file) [Built-in Function]

file_in_loadpath (file, "all") [Built-in Function]
LOADPATHO OO OOOUOOOOO0OO0U0O0OO0ODO0ODOOOfile0 00000000 fileOO
gooobooobbbboooouobbbbuooooobobboon

obooo0Oobo0ooobO0ob0ob0ooob0oboooboobO00OOoO0n0 LoOADPATHDODOOODO
gbooobOooooboboooooboooobon

00 20000000000"11"000000000000000000000O00OODOODO
uboabooobobobboobooboooboobooobooboboobbobobooobg
oooooo

ignore_function_time_stamp [Built-in Variable]
0000000000000 0000000000U00o00OOOctavel0ODOOODODO stat
0000O000bO0O00o0000000000 ignore_function_time_stampl "system"
00000Octave O ‘octave-home/lib/version’0 0000000000 OO0OOOO0O
oo0o0oooo0ooooooooooooooo0ooooooOo0ooooo0o0oobooOoonoooo
O000000000000000000C00LOADPATHO OO OOODOOODOOOOO0OOO
OO00oO0O0000O00oO0O0oO00"l1"0000000000000 clear00000O
O000Octave 0000000000000 DO0OOO0ODOUO0OOOO ignore_function_
time_stampU0 0000000000000 OOctaveI00000ODOO0OOOODDOOOOO
Oo000000000000000000000000004ignore_function_time_stamp
Ooo000"system" 0000
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warn_function_name_clash [Built-in Variable]
00 warn_function_name_clashO OO OOOOO0OO0OO0OO0OO0O0O0OO0OO0OOO0OOOOOOOOO
Jodd0ooOooOoOo00d00doobooOoOoO0o0d000oobDoOoObOOo00o0oooooDooOon
0000000000000 o0oo0oo0oo0oo00@Ooooooo 0oooooooono
oo0o0oooo 1oo0aon

warn_future_time_stamp [Built-in Variable]
gboooboooboobooboobooboobooboobooboobooboobo
oooooobooog

13.7 oo ooon

0000000000000 000000 Octave0 00000000000 DOO0OOOOOOO
00000000 Octave 0000000 0D0O0O0O0ODOO0ODOOOO0O0OOOOOOOOOOOODO
boboobOobooboobobooooboboboooooboboooooboboooobobn
ooo

obooooobooobbobOobooobouobO0oOfunctionO00OO0O0O0O0O0O0OOOOOO
O00000000Octave 000000000000 OD0O0OO0O0OO0OOOOOUOOOOOD 100
uboboobobooooboooooga

oboooooooboooobooobooboobOoooOooooboooboOobOobOOoOoOoobOoonn
ooooooOooooobOoobO0oobO0oobO0ooobO0oobOoobOoobOOo0oobOOoooOOo0ooobOOon

000000000000 functionOOOODODODO0O0O0O0O0OO0OOOOOOOO10O0O0O0OO0OO
gboooooboooooboobooooooboooooobobooooobobobooooDboDbo
obooooobooboooboobobobooobooboboobooooobobooooooboOobobn
Ub0OO00OfunctionDOOOO0O0OO0O0O0O0O0O0DOO0ODOODOODOODOODOODOODOODOODODOODO
gbobooboboobooboooobobooooboooobooboooo

# Octave U0 OODOO0OOODOOOODOOOODO
# 00000

1
# 00O one OOO:

function one ()

000 Octave 00 000000000000 O0D0O0OOOOOOOODOOOODOOO Octave
O LOADPATHO DO OODOOOOODOOODOOODOOOODDOOOOODOOODOOOODOO
0000000000000 Octave0 0000000000000 O0OO0OOOOOODOOOOOO
gbooobooboooooo

0000000000000000000000000 functionDOOOOctave 000000
gbooooOoboboooooboboooooboboooooboboooooboboooonbobn
gboooboooobooood

O000000000000Octave0 00000000000 OODOODOODOODOOOODOOO

oboocoOobooboobooboboooooboboooooboOobooooobobooooobOobn
O000000000Octave 00000000 0D0OODOODOOODOOOO
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# 0000000000000

1

function foo ()
do_something ();

endfunction

function do_something ()
do_something_else ();

endfunction

000000 fooOODOODOODODO do_somethingD ODOODODODOOOODOOOOODOODOO
00000000000000O0Octave 000000000000 DODOODOODOOOOODOOOO
obooooOoboboooboooooooboooooon

Octave 000000000000 OO0O0OO0O0OOODOOODDOOOOOOOOOOOOOOOOO
booobOoboboobooboboboooboobooboboooooboboobooobooobooOobn
‘par =30 0000000000000 Octave 0 LOADPATHO ‘bar.w’'0 00000000000
obooooOoboooobooboooogoa

eval ("bar = 3");
bar

gbgooobdobobobooodoboobobooooobobobooboobobobon
O0000000O0Octave 000000000000 DOO0ODOO0ODOOODOOODOODOOODOO Octave
ubhobOoooobooboobobobobooobbobobOobOobonoin eval0OOODOO
gboboobOobooooboobooooboobooooooboboooooboboooobobn
gbhobooooobooobobooboboboooobobooboobooboboonooboboo
ubodgbouogooobgboboobboobooboobooboobobboboobodaa

0000O0OctaveD ‘file.’00000000000O000O0OOOOOOOOOODOOOOO
gbooboboobOoboooobdbOdsourcel000oonooooooonOnO

source (file) [Built-in Function]
fleOOOO0DOO0DO0DOO0O0DO0DO0DO0DOO0O0OO0OO0OO0DOOO0OO0OOOOOOO0OOODOOOOOOOOO
O0o0000000000 ‘filew’OOOOOOOO0O0O0O0O0OO

13.8 oo

O00000000O0Octave 00C+000000000000O0OOO0OOOOOOOOOOOO
O00Octave 0 C++0000000000000000O0D0O0DOOOOOODOOODOOOODOOO
0000ooC++000000000000000000D000000000O0O0OODOOUoOOO

Octave 000 O00OODOO0OO0OOOO0 C++000000000O0OOODODOOOOOOOOOOO
00000000000 0Octave 00000000 0OODO ‘examples/oregonator.cc’00 000
0000000000 Section 23.1 [Ordinary Differential Equations], 0 17700000000
goooogoobboobbobotodooooooobo bbb bbb UUUU U
gogoggoobooobboodoooooboobbbodoogoooobbbuooouooboboobbbugda
oono

‘oregonator.cc’ 00000000000 OOSUOUUOOOODOOUOOOOOOOOD M-
00000000 Octave 00000 ‘examples/oregonator.m’ D0 0000000000000
ugboobogoboobobboaoboabaooboooab

‘oregonator.cc’0 0000000 OO:
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#include <octave/oct.h>

DEFUN_DLD (oregonator, args, ,
"The ‘oregonator’.")

{
ColumnVector dx (3);

ColumnVector x (args(0).vector_value ());

dx(0) = 77.27 * (x(1) - x(0)*x(1) + x(0)

- 8.375e-06*pow (x(0), 2));
dx(1) = (x(2) - x(0)*x(1) - x(1)) / 77.27;
dx(2) = 0.161*%(x(0) - x(2));

return octave_value (dx);

}
Oooooooooooo
#include <octave/oct.h>

O00000000000o0U0dOctave 0000000 0D0ODO0OOD0OO0OOOOOOOOOOOOOO
000 C+0000 CO00000D000OD0O0O0D00D0000D00OD00DoD0o0oooDooOon
ooooooooon

0oo200
DEFUN_DLD (oregonator, args, ,
"The ‘oregonator’.")

O000000000000O00000 DEFUN_DIDOOOOOOOOOOOOOOOOOOOOOO
O ‘defun-dld.h’0O‘defun.h’'000 ‘defun-int.h’'0 0000000000 ‘octave/oct.h’'00
goo0ooooooooooooooooooon

DEFUN_DLDO OO0 3000000nargout0 0000000000000 0OC0OOODOOOO
ubodgecUbubboboobouoabuoobooboboaboada

oooo
ColumnVector dx (3);

obooooooobobooooobOoboboooooooboobobooooboobobobooboOobobn
oo

ColumnVector x (args(0).vector_value ());

0000100000000 000000D0D0O0ODOOvector_value JO0O00OOOODODOOCOODO
oboobOo0oooboooobooboobOobooobo0obooobooboOdColumnVectord 0
0000000000000 0D0o0ODEODODOONDODONDONODNONONONOONOO argsOO
DEFUN_DLDO octave_value_listO0O 0000000000 O0O0O0OO0O0OO0O0O0O0O0O0O00C0OO
goooooboooobooboooogobobooooobooboooooo

00000000000 00000000000000000000000000000Octave
gbobooboboboboboboboboboobOoboooooobobOooboobooobooon
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goboobboobooooboooboobobooboobboobooboobobooboo
ooo

gboobooboabood

dx(0) = 77.27 * (x(1) - x(0)*x(1) + x(0)

- 8.375e-06*pow (x(0), 2));
dx(1) = (x(2) - x(0)*x(1) - x(1)) / 77.27;
dx(2) = 0.161*(x(0) - x(2));

000000000 0O000o0ooO0obo0o00bodaxbooonoo
return octave_value (dx);

0000000 octave_value_listOOOO0OOO0OO0O0OOOO octave_valueOOODOOOODOO
O00000000O000OOoctave_valuel OOOOOOOOOODOOOOOOOODOOOOOOO
0000000000 000000000O0O0O0O0000000O0000oOoOoO0o0obObOOoOoOoOoan

00000000000000000000 Octave0 0000000000 DOODOOOOOOO
0000000000000000000COctave0 00000 octave_config info ("d1d")O
0000000000000 O0o0o00oO00 10000000 oOo0o0DoooOo0oooOoooo
oooo

O0000000000000000000000000o00o0oO0o0OO ‘mkoctfile
oregonator.cc’0 00000000 OmkoctfileD O DD DDDO0OOctave 00O O OODO
00000000000000000000000000Octave 0000000 O0DO0OOOOOO
‘oregonator.oct’ 00000000000 DOOOOOODDOO ‘oregonator.oct’d OO0
O0000Octave 00000000 D0O0OO0O0ODOOOOOOOODOOOOO

oregonator ([1, 2, 3], 0)
Octave 00000000000 ODOOOOOOOOOOOOOO

ans =

77.269353
-0.012942
-0.322000

ugboogboboobouobd0dubdd0Udoregonator.m00O O0OODOOOAO
‘oregonator.oct’'D00000000OO0OODOOO

Linux 0000000 133MHz O Pentium 00 0000 Octave O Section 23.1 [Ordinary
Differential Equations], 0 17700000000M-000000000ODO 19000000000
00oOoooooO0ooo 1400000000000000O00O000O0DOOO00ODOOO0OODOO
Uo0000Db0o00o0Db0b0b00obDOobOon 1sedelDO00OODOOOOODOODODO

M-OOODOOOO0OO0O00000000000000000000000000000000000
0000000000000Octave 0000000000000 DOODOOOOOOODO 100 “.oct’
oboooOobooooooobobooooobobooooobobooooooboobooooobobn
0000000000000000000000000 ‘.ect’'D0000D0ODUDUDOODOODOOD
000000000Octave 00000 ‘.oct’000000000OOODO0O

warn_reload_forces_clear [Built-in Variable]
dod0oOoOObO0O0o0oo0oooOooO00o0o0oooobOoo0oooooooooOo 1oooooo
000000000000 00000000000O0000warn_reload_forces_clearl
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gbooobooobooobooboobooboobooboobooboobooboobo
oooooooono

variables_can_hide_functions [Built-in Variable]
gboboobOobooocobOooboboooboobooooooboooooobobooooon
gbobooboboobooboooboobooboooobooooboOoboooobOoobn

000000000000000000000Octave0 0000000 ‘src’ 00000000
ubboobobooobobooboobobooooboboooboboooboobooon

balance.cc  fft2.cc inv.cc gzval.cc
chol.cc filter.cc log.cc schur.cc
colloc.cc find.cc lsode.cc sort.cc
dassl.cc fsolve.cc lu.cc svd.cc
det.cc givens.cc minmax.cc syl.cc
eig.cc hess.cc pinv.cc

expm.cc ifft.cc qr.cc

fft.cc ifft2.cc quad.cc

U0O00000C00OD0ODEFUN_DLDO OO OO DEFUN_DLD_BUILTIN OO OO0OO0OO0OO0O0OO0O0O0O0OO
02000000000000000000000D000000O0O0DOO0OO00OOOO0O0ODEFUN_
DLD_BUILTINOOOOOOOODOOOOOOODOOOOOOOOOOOOOOO0ObOObOOOOOO0

gboooobboboboooobobobobooboboboboooooboboboon
000000000000000000Octave 00000000000 DOO0ODOOOODOO

13.9 DO00ooooobooood
000000000000000000000000000000000000

13.9.1 0D0O0O0O4gn

functions (fcn_handle) [Built-in Function]
000000 fen-handle 0000000000 O0ODOOOO

func2str (fcn_handle) [Built-in Function]
000000 fen_handle D0 00000000000 O0O0O0OO0OOOOO

str2func (fcn_name) [Built-in Function]
000 fencname 000000000000 0O0OOOO

13.9.2 OD0O0OO0ODOOO

inline (str) [Built-in Function]
inline (str, argl, ...) [Built-in Function]
inline (str, n) [Built-in Function]

000 str 0000000000000 000ODO 100000000000O000000ODO0O0
goooooobooobooobooboboooooboobooooboboboooobobooooo
gooo0oO0ooO0o0o00oUOOOO0O0O0 i000 jO0000000O0DO0DODODDODODOODODOO
obooOoooooobobooooooooobooboboooboobOoboboooooobon
gboooboboooboobooooboooooboobo
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00 20000000000000000000000000000000O00O00OOOOO
00200000000 pOOOOOOOOOO"x", "P1", ..., "PN"OO0OO

argnames (fun) [Built-in Function]
0000000 fun0000000000O00D00OOOO0OOOOO

formula (fun) [Built-in Function]
0000000 fun000000000OOCchar (fun)O Oformula (Fun)00O0O00DO0O0O
good

argnames (fun) [Built-in Function]

00000000 /0000 .%,0./000000000000000000000 fun0OO
gboooboobooooobooon

13.10 Octave OO OOOODOOOOOO

Octave 000000000 OODOODOO0OODODDDOODODODOOOODODOOOO ‘octave-
home/lib/octave/version/m’'0 00000000000 DOO0OD0OO0O0ODOOOODOODOOO
gooooooooooonobooo

gbooooobobboooboooooooobobboobobobobooooboboboon
gboogaon

‘audio’ gboogboooboobooobuooboog
‘control’ automatic control systems 000 0000000000000 0O0O0OOOOO
‘elfun’ googoogd

‘general’ flipudOrot900triv0 00000000000 O0OOOO ismatrix0 nargchkO
ocooooooooOOoOOOOO0n

‘image’ O000000000000000000 X Windows System 000000
‘io’ gooooooo

‘linear-algebra’
gboooooobooooon

‘miscellaneous’
goooooooooooooonooo

‘plot’ MaTLABOOOOOOOOOODOOOOOOOOOOO

‘polynomial’
gboogoooobooobooooboo

‘set’ obooooooboobuoobuoobobobobooo
‘signal’  signal processing applications 000000000
‘specfun’ 0O0O0O0OOOO

‘special-matrix’
gooobooobooboobooobno
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‘startup’ Octave 000000000000 DOO0OOOOOOOO

‘statistics’
goooooo

‘strings’ 0000000000000
‘time’ gboobooobodobodd
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14 OO0 Oog

Octave 00 0000000000000 ODOO0OO0OOOOOOOOODOODOOOODOOOOOO
gboboobOobooooboobobooooobobooooobobooooboboooobobo
ooooooboobogobooooo

error (template, ...) [Built-in Function]
error000 Oprintf0 000000000000 ection 16.2.4 [Formatted Output],
0 115000000000000000000 template000000000000O0O0OO
O000000000000000000000 ‘error: ’000000stderr0 000000
gooano

error000000000O00O0O0O0OCODOO0DOOOOOOOOOOOOOODOODOOOO0OO
O000O0Octave 0000000000 DO0OD0ODOO0OOOOOODOOOOOOOOOODO
gboooboooobooon

0000000000000 000000000000O0Octaved 000000 OOOOOO

gbboobooaobooaoboaoboobooobooboobooboobooboobooong
oboooooboooogn

function £ () g () end

function g O h () end

function h () nargin == 1 || error ("nargin != 1"); end
o0 f000000bo0ob0obooobooooooooboobobobobobooooooDoon
ooooboooono

f O

error: nargin != 1
error: evaluating index expression near line 1, column 30
error: evaluating binary operator ‘||’ near line 1, column 27

error: called from ‘h’
error: called from ‘g’
error: called from ‘f’

00000000000000000000000000Octave0 00000000 DOOOO
obooooOoboooooboobobooooobobooooobobooooobobooooon
0000000000000000000000000000O0Octave0 000D 0OOOOO
gooobooogn

function h () nargin == 1 || error ("nargin != 1\n"); end
£ 0O
error: nargin != 1
beep_on_error [Built-in Variable]

00 beep_on_error0000000000Octave 00000000000 OOOOOOO
gooooooOooOODODOOOOOOOOOO

warning (msg) [Built-in Function]
000 ‘warning: ‘00000000000 msg0O0O00D0OOO0O0D0OOO0ODOOOOO
Octave 0000000000 ODOO0O0OO0OO0OO0ODOOOOOOOOOOOOOOOOOOO
gooobbobbooooobobobbodooooobbbooooobbLbbooooob b
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usage (msg) [Built-in Function]
000 ‘wsage: ‘000000000 msg00O0D0OO0O0OO0OODOODOOOODOODOODOOO
0000000000000000Octave0 000000000000 OOOOOOOOOO
gooooogoboooa

usage0 0 000000Octave 000 000000000000 0OOODOODOOOOOOOO
gboooboooobobooobooooon

JooooooobobbboddooooooooooboObo00ooooooooobooOoo
gooooooooooooobobbbbbobbbooooddooooogoooo
00000Octave 00 0000000000000 0O0O0O0OOO0OOOOOOOOOOO
oo
if (nargin '= 2)
usage ("foo (a, b)");
endif

gboooboobooboboobboobooboao

lasterr () [Built-in Function]

lasterr (msg) [Built-in Function]
O00000DoO00oDo0ooDooooo0oDooooolooooooooooooon
ooooboodb0 msgOOOnooono

lastwarn () [Built-in Function]

lastwarn (msg) [Built-in Function]
00000000000 0oOO0O000oOoO0O000oO0looooooooooooooO
gbooob00 msgOO0O0oonOg

0000000000000 000000000Octave0 00000000 OOOOOODOOO
gbooaod

perror (name, num) [Function File]
Ubudb numOUOO000000 nameO 000000000000 OO0OOOOOOO0OO
obooooOobooocooobobooooobobooooobobooooobobooooon
gbooobooooboon

strerror (name, num) [Function File]
U0 name0000000000 numOOO0OOO0O0O0OCOOODOOOODOODOODOOOOO
goooobboboodoooooobobbbodooubb bbb b bo
gooobbbooooobobbog
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15 0o

rline = dbstop (func, line) [Loadable Function]
0000000000000 00breakpoint0 000000

func gooobooobooobooobooboobooboobooboobooba
oboooboooooobooboooog

line ugboobouoobooobooboaoboabaan
0000 rline0 000000000000 0OOOOOOOOOO0O

dbclear (func, line) [Loadable Function]
oooobooobooboboboboooboooo

func obooooobobooooobobooooobobooooobobooooooo
obooobooooboobooood

line gboocoooboooobooboooooobooo

ubgboboooooobogbobobobobobooooboboooobooobobaon
oboocooOoboooooooooon

1st = dbstatus ([func]) [Loadable Function]
gooooooooboboooooooooooooobooon

func gboboobOoboooboooobobooooobobooooobobooooooDo
oooooooo

dbwhere () [Loadable Function]
ooooboooboobooboobooo

dbtype () [Loadable Function]
gooobbbboooobobbbooogo

debug_on_interrupt [Built-in Variable]
00 debug_on_interrupt0 00 0000000Octave 00000000000 DOOO
oobooob0o c-cOO0b0b00oobOo0oboobOo0obDOoobDOooboobobooooo
00000000000 20000000000000000000000O00C0O00O000O00O0O
ooooooooo

debug_on_warning [Built-in Variable]
00 debug_on_warningD OO0 O00O00000Octave 00000000000 DO0OOOOO
ooooooooooooooo

debug_on_error [Built-in Variable]
00 debug_on_error0000000000Octave0000000000O0OOOO0O0ODO
ODo0000oo0O000boo0o00ooo000obO000oo0000oo000000o000
0000000000 00000000000000mMOo0o0O0 00000
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16 U0

0000000000 200000000010000MATLABOOOO0OOOOOOOOOOOOO
20000CO0000000000001/O00000000000000ND0OOODDDOOO
oooooobooooono

0000000000000 Octave D00 D0O0ODO 1000000000000 0OO0 lessO
more(0 0000000010000 0000O00O0OCOCOO0O0O0O0OODOOOOOODOOOOOOODO
gboooobOobo0obooboobO0bOob0b0DbDlesstibO00OO0Omorel000O00OO0OOO0OOODOO
gbooobobo0oobooboooooboooobooooobooooo

O000Octave 00 0000000000000 D0DOODOOODDOODOODOODOODOOOOO
O00000 fscanfl scanfO0 0000000000 0ODOOOOODO0ODOOOOODOOOOODO
gooooOo0O0O0O0O0D0 10000000000000000000000000OOOODDO
obocooOoboobobooooobOobooooooboboobobooooboboooooooonoDbn
U fflushO0O0O0OO0O0OO0DOO0DOO0OO0O0O0O0O0O0C00000000O00O0O000O0O0OO0O0O0OO0
ooooogoo

OO0 PAGEROOODOOODOOOOOOODOOODOOOOOODOOOOOODOOOOOO
00000000000 page_screen_output0 00 0000000000000 00O0O0OO0OO
gboaobooaobooabooo

more [Command]

more on [Command]

more off [Command]
goooobbbooodooooooboboobbodooooobbbbboooooobobobo
ooooooo

PAGER [Built-in Variable]

obooo0O0oobogdO"less"O"more"OOOO"pg" DDOOOOOOOOOOODOOOOOO
0000000000000 0D000000000000000 C [Installation], O 3130
ooooo

0000000000000O0ctave00000 1000000000000000O0O0O PAGER
ooooooboooooooooon

page_screen_output [Built-in Variable]
00 page_screen_output0 00000000010 00000000000C000O00OOOO
O00000000ooo0 100000000000 0D0O000oDoOoOOoooOooOoOoon
Oless0O0O0O0—00 C [Installation], 0 313 0000000000000000000OD0O
O0000000000000 10000

page_output_immediately [Built-in Variable]
00 page_output_immediately0 0000000 O0OOOctave 00000 ODODOODO
0000000000000 000000Octave0 00000000000 OOOOOOOO
gbooobooboobobbooboobooboooboboon

fflush (fid) [Built-in Function]
000 fid000000000000000000000000000000O0O0O0o0O00
obooooobooboooooboobobobooboobOob0bOinputO00O0OO0OOOOOOOO
gboooboboooooboooobooooobooo
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fflushD0 0000 000000000 OSO000000D0O00OUNIXOO —100000

16.1 OO gg

16.1.1 DO OQ

Octave 000000000000 OOOOOOOOOOOOOOOOOOI/ODOOOOODOOO
gbobooboboobooboooooboooobobo pibbO0ObOOOOODOO

pi
-4 pi = 3.1416

000000000000000000 ‘ans’000000000OCOOOOOOOODOOOO0O
ooooO0oobooobooboobO0oobOoobooboboOoooobooobooOobooOoOn dispd
oooobooooo

format0 00O 00OOctave D 0disp0 000000000000 DOOOOOOOODOOODO
obooobooooobooooog

ans [Built-in Variable]
goooobboboodoooooobbbbodoooubb bbb bbbo
gogooboboboooonon

372 + 472
ansd0 00 250000

fdisp (fid, x) [Built-in Function]
xO0O0OO0OO00O0O0 AdO000O00Oooooo

fdisp (stdout, "The value of pi is:"), fdisp (stdout, pi)

- the value of pi is:
- 3.1416

fdispO00O00O00O0O00CODOOOO0OOOOO000

disp (x) [Built-in Function]
xgooobobooooooobobo

disp ("The value of pi is:"), disp (pi)

- the value of pi is:
- 3.1416

dispOUOODOO0OOOO0OODOOOOODOOOODOOO

gboboob0oooboobooboooodgdispgO0oooooooooboobooooon
gooo

format options [Command]|
disp000 Octave 0000000000000 D0ODOODOODOOOOOOOOOOOODO
oboooboooboobobboobooboobooo
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short

long

long e
short e

long E
short E

long g
short g

long G
short G

Octave 0000 10000000000000OOO0OO0DOOOODOOOOO
goooOoOoOo0O0ODODOOOOOOO SO0U0O0OOOOOOOOOOO

00 Octave 000 0000000000000 ODOODOOOOOOOOOD
0000000000000000000000000e’0000000000
goo

Octave 000D 20000000000000000O0O0O0O0O0OOOOOO
gooooOoOooOOOOOOODOOO IbOoOo0oOoOoOOoOOoOoOoOooDoOoOo

‘short’'0000000000DO0OO Octave 0O DODOODOODOOOODODO
gboboobOoboboboooooboboobooboobobooooooonbo
O00‘e’0000000000000

‘format long’0 000 ‘format short’D 00 0000DO0OO ‘e’ 00000
0000000000000000O0short 00000000 0O0O0OPpi0O
3.14e+0000000O0OO

‘format long e’'0 000 ‘format short '0 00000000 OOOOO ‘E’
0000000000000 000000000 long P 00000000 OPL
O 3.14159265358979E+000 0 00O OO

000000000000000 ‘long0 0000 ‘short’'00 ‘long €000
00 ‘short 00000000000 000000O short g0000000O
DO0pi .~ [2; 4; 8; 16; 321 0000000000000

ans =
3.1416
9.8696
97.409
9488.5
9.0032e+07
8.1058e+15

‘format long g’'0 00 ‘format short g0 00000000 OOO ‘E'ODOO
0000000000000 O0‘short GUOOODOOOOOPL .~ [2; 4; 8;
16; 32]0 000000000000

ans =
3.1416
9.8696
97.409
9488.5
9.0032E+07

8.1058E+15



108

free
none

bank

+
+ chars
plus

plus chars

native—hex

hex

native-bit

bit
compact
loose

gooooo
ooooo

OO Octave
gooooo

GNU Octave

oooooooooooooobooboobboooooooooboooooboboooo
000000000'0.60419 +0.607091'00000000000(0.604194,
0.607083)'00000000O0O0OOOO

00000 2000000000000000000

00000000000 +000000000000000000000DOOOO0O
gboboobOobooooboooobobooooboooono

0000000 chars0 0000000000000 O0DOOOOOOOOOOO
0000000000000003000000000000000 4 "+=."
ooooooooofi,o,-1;-1,0,1]000000000000DO0O0OO

ans =

0000000000000000001600000000000O0ODO0O00O0
0000000 IEEED 8000000000000 0O0D0OOOOOOOO
O0pilOD0 hexODODOODOODOODOOODODO400921£b544424180 0000
gbooobooooboooobooooon

native-hexO O OODUODOUOOOODODOOODOODODOOODOO

0000000000000 0OO00C020000000000000pi0OOODO
oooobooooo

01000000000010010010000111111011
01010100010001000010110100011000

000oo00oo0o0ooO0oo0oOoo320000000 2000000000
0000000000000 00 IEEED 800000000000 0000OO
gbboabooobooaboaboaoboaoboobooboobooboondg
ooooood

native-bin O O0O0OOOOO0OOOOOOOO0OOODOOOCOODOO
obooobooooobooboooooooon
gbobooboboobooboooobobooooboooon

O0Octave 00D 100000000000000000 5000000000

gobooboobboooboobobooboobooobooobooon
0000000000000’ ioonooooooooo

U0 formatO0 00000000 DOOO0OOODOOOOOOODOOOODODOOOO
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print_answer_id_name [Built-in Variable]
00 print_answer_id namel 00 000000000000 O0O0O0OOOOOODOOOOO
000000000000000000000000 10000

16.1.2 DO0OO0O4OO

Octave 00000000000 DODOOODOODOD 300000000000 inputd menud 000
UbOo00ob00ob0O0ob0OobOobOOobOOobOobOobOobODbDkeypoard0 0 ODOOOOOOOOOOO
gooobooboooboooo

input (prompt) [Built-in Function]
input (prompt, "s") [Built-in Function]
gbooobOoboobooboboooboobooogon
input ("Pick a number, any number! ")
gboooboobooobooboooooboo
Pick a number, any number!

googbooboobooboobooboobooboobooboobooboobo
gboooboobooboobooboobobbobooboobooboon

O00Oinput0 0000000000 OOOOO0DOOOOOOOOOOODOOOODO 1000
googooo

gooo0ooo0oU00ooUoOoOoOooU0OooUooo200oo0U0ooOOoOoogooTs"ocooDo
inputd 0000000000000 O0O0OO0O0OO0O0OO0O0O00OO0bOOO0O0O0O0n
0 Octave 000D ODO

goooooobooobooOooOoOoO000000000dddinput 00000000 £ff1lush
(stdout)0 0000000000000 O0OOOODOOODOOODOODOOOODOOOOO
gbobooboboooobooooboboooooboon

menu (title, optl, ...) [Function File]
gboooOooboooooobooboooobobooooobobooooobobooooon
gboboobOoboooboobobobooobooboooobooboboooooboobooooon
0000000000000 Oo0o00oO0o0OooOOo00oOOOoOoOoOO0 10000000
gogoobobobbooooobobooboobod

keyboard (prompt) [Built-in Function]
0000000000000000000000000Okeyboard0d 0000000 OOOctave
goooobboooooooooobbobbodooooobbbbbooooooubbobo
goodooboboobbobobobbbtbodoodoobbbbbboooooobobobbobo
O000000000O0keyboard0 00000000000 OODOOOD ‘quit’ 000 ‘exit’
gbooobOooooboobooobooobooon

keyboardD DD UOOODO0OODOODOODOOOODOODOOOOD ‘debug>’000000O0O

inputld keyboardD OO 0OOO0O0OO0OO0OO0OOOO0DOOOOOOO0ODOOOOOOODOOOO
goooogo

Octave 00000000000 DO0OOOOOODODOODODOOOOOD 10000000000
oboooooboooooo
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kbhit () [Built-in Function]
goooo0o0o0ooooooooooooolooooooooooooooooOoooo
gooobooogn

x = kbhit ();
xO0OOOoooooooooooooooooobooooooooboooooooo

x = kbhit (1);
gdoboboooodouobobooodooboooooooboboobooobobnoon
goooo

16.1.3 OO OOOOn

savel loadJ0 000000000 OOO0OOOOOOOOOOOOOOOOOOOOOOOOOO
O000000000O00save 000000000 OO0O0OOOOOOOOOOOOOOOOOOO
U000 default_save_formatll save_precision0 000000000000 OOOOOO

Octave 000 000000000000 0000OO0O0OOOsave00000000load0000O0
goooboobooooboobooooboo

save options file vl v2 ... [Command]
000000 fileODOOO vl v2,...0000000000000C0O0 ‘000000000
O000000000000000000000O0ctave0 0000000000 OOOOOOO
U00O0Osave OO DODOOOOOO0ODOOO0ODDDOOOODODDLDDODOOOODLDOOOOO
000000000000 0000bUOn default_save_formatl OOOOOOOOOOO
ooooboooboobon

-ascii Octave 00000000000 OO0DOOOOOOODOOOO
O0: 000000000000MATLABOOOOOOOOO Octave 0000
gbobooboooboooboooboobooboobooboobooboong
obooo0OobobooObD-textO0OOO0OO0OOOODOOO

-text Octave 0000000000000 DOOOOOOODOOOO
-binary Octave 0000000000000 DOOOOODOODOOOO

-float-binary
Octave D00 0OUOO0OOOO0OO0OOODOOOUOOUOODOODOODOODOOOO
ocoo0ooooooOooOoO0OO0oOoOoOoooooOoOOOOOoOoOoooObOOOOoOoOonon
ogoooooooOoOoOOOOODOOO

-mat
-mat-binary
MaroABOOOOOOOOOOODOOOODOOOOODOOOOO

-mat4-binary
MATLAB version 400000000000000000O00O00O0O0O0OO

-hdf5 HDF5000000000000000MmMHDFE5 00 University of Illinois O
National Center for Supercomputing Applications 00000000000
oboooboooboobobobooboooog
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Octave 000000 HDF5ODOOUOODODODOODODODODOODODOUOOOHDEO
obooooobooooooboooon

-float-hdf5
HDF500000000000000000O00O0O00OOOUOOoooooo
gboboobOobooobooooboboooooboboooooboboooooono
oooopooogo

-save-builtins
0000000000000 000000000DOOctave0 OO ODOODOO

oooooo
obooooOobooocobooboooooobooooooboboooooboboooogon
good
7 000 10000000oo
* (00000ooOoOoooooOo

[1ist ] list00000O000000000O0O00OO0O0OOOOO0OO0O0OOOO!O00O0
"0000lst0000000000000000000000000¢[a-zA-Z]’
gooobobooobobooooobooooobooon

MAaTLABOOOOOOOOOOOOOOOOOOOOO0OO0O0O0O0O0O0O0O0OOO0OOOOOO
000000000000000000000000000 ‘lead’ 000000 ODOODOODOO
gboocooOobooooobooooooooboo

ooooooo
save -binary data a bx*

0000 2’0 Y000000000000ctave00000000000D0O0ODODOO ‘data’
ooooogd

savel 0000000000 3000000O0ctave0 000000000 0OOOOOODOOO
gooooOoOoOoOOOOODODODOOOO 30000000000

crash_dumps_octave_core [Built-in Variable]
000000000000000000000000Octave0 00000000 ODODOOOO
00000000000 00DOoOOo0O0o0DOOoO0OOOgn"octave-core"DOODODOODO
O000oo0o0oooooo 1000

sighup_dumps_octave_core [Built-in Variable]
UboboboobooobOobobogbdibdcrash_dumps_octave_corel 0 O0O0OOONO
O0Octave 0000000000000 0DODOODODOO0OO0ODDODOO "octave-core"O
0000000000000 0O000o0o0O0 10000

sigterm_dumps_octave_core [Built-in Variable]
0000000000000 00000000000Octave0 0000000 O0OOOOOO
0000000000 "ctave-core"0 0 DOOD0OD00000O0ODODOOOOOOO 10000

default_save_format [Built-in Variable]
ooO0O000saveOOOOOOOOOOOOOOOOOOOOOCOOCOODODOOOOBOOO
10000000000 "ascii"O "pinary"O float-binaryd 000 "mat-binary"d O
00000000000 00O0Octave 00000 0OOODOODOOOOO
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save_precision [Built-in Variable]

This variable specifies the number of digits to keep when saving data in text format.
The default value is 17.

save_header_format_string [Built-in Variable]

O00000O0Octave 00D 000O0O0O0O0OO0ODO0ODOOOOOOOOOOOOOOOOOOO
oooooooOoOoOoOoDDDDODDODOOOOOO0O00000O0strftimed 00000000
‘#00000000000000000000000000 save_header_format_string
gbooooOobooooboobobooooobooooobooboboooooboboooooon
oooooooono

"# Created by Octave VERSION, %a %b %d %H:%M:%S %Y %Z <USER@HOST>"

load options file v1 v2 . .. [Command]

0000 fileDODO0DO0O0OD0O0DO0O0D0OD0O0DO0ODOO0OOOOOsave 000000000000
Ub0b00b00odbOO0OleadDOOO0OOOODOOODOOODOOOOODOOOOOOOOOOOO
‘data’000000000000O00O0O0OO0OO0DOO0UOOOOOOO

load data

gboooboooboobooboobooboobooboobooboobooboobo
vbobuboogboobabaobobbooooobdobobobobooboabobaobabodg
gboooooboooooobooboboooooobOobooooooboboooooogon
gboboobOoboobooboboboooobooboooooobobooooboobobooooon
googobooobooboobooboobooboobooboobooboobooobo
gboooboood

10000000000000000Octave 00000000000D000O0O0DOO0OOO0
gboooboobobooboobooboobooboobooboobboobobobboobo
ob00oo0bO0oo0o0ooboooobob0ooob0obO0obo0obobbodbDleadd0OODOOODO
gbooobOobooooobooooobooon

load0000O0OO0OOctave 000000000 D0OOOOOMATLABOOOOODODOOOO
obooobOoboooocooobobooboobooooboobobooooobobooooon
O00OO0O0OO0COOolIEEE0OO00OOO0OO0COO0OO0OOO0O0O0O0OOOo0ooouoooon
gbooobooooboobooooooboo

lcad0OOO0OOOOOOOOOODOOOOODOO

-force ‘~force’0I000000DDOOIDOOODDOOODDOOODDODOO Octave
gboobOobooboooobobooooobooooooboboooooono
goooo

-ascii 0000000 Octave 000000000 O0O0ODOOOOODOOODO

O0: 000000000000MATLABOOOOOOOOOOctave D000
gboobOobobobooooboboooooboboooooboboooooono
gbooobOobobobodbD-textO0OOOO0OOOODOOO

-binary 0000000 Octave 000000000000 D0ODOOOOD

-mat
-mat-binary
0000000 MATLAB version 6000000000000000000O000
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-mat4-binary
0000000 MATLAB version 400000000000000000OO0O0O

-hdf5 0000000 HDFSOOOOODODOOOO0OO0O0OO000mM HDEFS OO University
of Illinois O National Center for Supercomputing Applications 0 00 00O
0000000000000 000000000000O0Octaved 0O OOQoO
00000000 HDFSOOODOOOOO0O0O0O0000000ooo0ooooo
gbooobouoobooboooooo

Octave 000000 HDFOOODOODODOODODOODOODODOOOOHDEO
goooooboooooobooon

—-import ‘—import’0 000000000 DO0OOODOODOOODOODOOctave 0000
HDFOOODODOODOODODOODOODOOOctave0OOODODDODOOOOOOOOOO
obooooobooooobooon

-text 0000000 Octave 00000000000 DOOOOODOOOD

16.2 COUOOUOODOOOOO

Octave 0 COOD0OO0ODOOUOOCOOODOOODDOOOOOOODOOODOODOOOOOOOO
0000000000000 000000000000000000D0000D0000COctaved O
gbooooOobooobooboooooooo

000000000 fileOODDOODOO0OO0ODOOO£id0 fopen D00 0O0OOO0OOOOOOODO
goooboooo

0000000 30000000000 o0ooo0oo0oooO0ooooooooooooUoo
gbooboobooboobbooboobooboobooboobooboobooboobboooobo
gboboobuodgbuoobgbbooooboobobbobooboobood

stdin [Built-in Variable]
O0000000000000000000 0MOctaveDODODODDOODOODOOODOOOOO
obooobOobo0oooobooooobooooooon

stdout [Built-in Variable]
000000000 0000o0o0o0oooC loooooo0oU0ooooooUoooooooo
obooooooo

stderr [Built-in Variable]
00000000000 000000000 2000000000000 DOO0O00O0O0Oo
gbocobOoboooooboboobooboobooooobooooboOobooooobooonoog

16.2.1 D0O0OODOOOOOOO0OO0OOO

[fid, msg] = fopen (name, mode, arch) [Built-in Function]
fid_list = fopen ("all") [Built-in Function]
file = fopen (fid) [Built-in Function]

fopenO0 0000000000000 OODOODOOOOODOODOOOOOOODOODOOOOO
OUOOOOIEEEODDOOOOOUOOUOO IEEEDDO0OOOOUOOOOO0OOOOOOoooo
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0000000000000 0000000000000000000D000O00O0000fid
0-10000000msg00000000000000O00O00O0O0Omode0 00000
gboboobOoboobooboobooooboobooooboobobooooobobooooon
00000 100020000000000

fopend 200000000fopenI 0000000000 OOOOOOOOOOOOO stdinO
stdoutO 00 stderr0 00000000000 O0COOOOO IDOOOOOOODOO

fopend 300000000 fopen0 00000000000 IDOOOOOODOOOOODO
ubooobooooboobooooooo

ooooo
myfile = fopen ("splat.dat", "r", "ieee-le");
0000000000000000 ‘splat.dat’000000000O000OOOOOOOOO

00000000000000000000 IEEE0DO000OOOOOOONOOOOoooon
gbooobooobooboboobooboobooobo

00000000000000000000000o00o0ooooooooouooo IDO
O00o00o0ooooo IDOD0D0O0O0O0O0O00D0O0O0O0D0U00DODO0O0O0O0D0OooOoOoOO00
ugbodgbuooboobobbooboabaoobuoobobbooboan

‘mode’0 00000 OOON0

‘r’ gbooboobooobgboaoboan

‘W’ oboobOobooooobobobooboobooooobobooobooboooom
‘a’ gbooooooooooboboboobobooooboooooooooobooobooboooo
‘r+’ gbobooboobooboobooooooboooooo

w+’ gbooooboobooobooboooogobooooboboooooomm

a+’ oboooooooooooooooooobooooooooooooooooo

00000000o0oo"t"00o0o0o0o0ooo"b"OODODO0OODO0DO0OO00O00O0000Win-
dows 000 Macintosh 0O 0O O00000O0O0O0O0O0O0OOLF;linefeed000O0OO0ODO
0000000000000 WindowsO0OOOOO CR-LFOMacintoshO OO0 CROO
goboobooboooobooboobooobobooooobooooboo

00 arch000000000000000O00000O0000O000O00OarchOO0O0O0O
goooooood

‘native’ 0000000 00OC0O000O0OCOOO0OOOOOOO

‘ieee-be’ IEEEOOOOOOOOO

‘ieee-le’ IEEEOOOODDODOOOO

‘vaxd’ VAX D floating0 OO0 QOO0

‘vaxg’ VAX G floating0 00000

‘cray’ Cray floating 000000

0000000000000 0D0O00D ‘native’d‘ieee-be’ 00O ‘ieee-1le’d00 00O
goooooooooao

fclose (fid) [Built-in Function]

0000000000000 00000000O0fclosel 0ODOOOOOOODDODO —-10
ooo
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16.2.2 O 0O0OUO

fputs (fid, string) [Built-in Function]
boboobobooboobooooboboooooboon
00000000000 oooooo EOFODOOOD

puts (string) [Built-in Function]
gooobbbboooobobobboboooooboobon

00000000000000000 EOFOO000
16.2.3 UOOOOO

fgetl (fid, len) [Built-in Function]
0000000000000 00000o00Do0o00 EOFO0DO0OODO len0000000O
gooobbbbooooobobobbbodooubbbboooooobbbobo

len0000000fgetl0O0D0O0OOO0DO0O0OOOOOO
0000000000000 000000004fgetld —10000

fgets (fid, len) [Built-in Function]
0000000000000 0000000o0o00 EOFOO0OO0OOO0 lenO000000O0O
gooobbobbooooobobobobtbdoooobbbboooooobbbobo

len000000O0fgetl00O00D0O00OO0DO0OOOOOOO
Oo0o0O0O0O0O0ODO0ODODODODODODOOOOOOfgetld —10000O

16.2.4 DO OOOOOODOO
O000O0printf0000000000000000O00000O000O0O

0000000000000 00000000000000OO00OU0O0oOO0D CODUoDUOO
googbooobooboobooboobooboobooboobooboobooboobo
gbooobooobooboobooboobo

printf (template, ...) [Built-in Function]
000000000 template0000000000000 stdoutOD OO OO0

oooooooooon

fprintf (fid, template, ...) [Built-in Function]
000000000 stdoutD 000000 DO0OD AdODODOODDOODOOOOprintf000
oood

sprintf (template, ...) [Built-in Function]

oobo0oobobOooboobooobooboo0ob0bDbOprintf000000O0O0OODOOODODO
O0000000000000000000 COODOO000O0O0O0O000Octaved sprintf
gboboobOoboooobobooobobooooboobooboOobooooboobooog
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printf0 00000000000 0OO0OOOODOOOOODOOOOODOO0OOOODOOOOD
obooooooobobooooobOooboooooobooboobobooooboobooboooOobobn
gboboobOoboobooboooobobooooboobooooboooo

obooooobobooooobobooobobobooobOobOobDoobOoboooobOooo
0000000 “%00000000000 conversion specifications0 0000000000000
000000000000 b0ooo0ooDooooboooon
pct = 37;
filename = "foo.txt";
printf ("Processing of ‘s’ is %d%) finished.\nPlease be patient.\n",
filename, pct);

obooooOoboooobooboooogod

Processing of ‘foo.txt’ is 37}, finished.
Please be patient.

000000000000 1000000000000000 %’ 000000000oo0oong
00000000 %s’000000000 ‘000000000000 %)Y00000000000
oooQg

0000000000800 D010000000 1600000000000000000O00O00OO0
00000 %’0% 0000 %' MO0000000000% 000000000

000000000000% £’ 0000000000000000000% e’ 000000000
0000000000000000%g’ 000000000000000000000000000
O0%e’0 Y% f’00000000000000

0000000000000 00000000000000000000000000ooOo
0000000000000 00000000000000000000000000000000
000000000000000000000000000000000000000000000
ooooo

00000000000000000000000000000000000O00O0000000
00000000000000000

16.2.5 DO0OUOOOO

0000000000000 Octave 00D O0OOD0O0D0OOD0OODOOOOOODODOODOOOOOODO
oboobOoboooooboboboobOoboooooboooooboooooobonoo

printf ("%4.2f %10.2e %8.4g\n", hilb (3));

-4 1.00 5.00e-01 0.3333
-+ 0.50 3.33e-01 0.25
-+ 0.33 2.50e-01 0.2
od

oooog 0000o0O0O0000ooo0O0o0Uooolooooo0oooooooooooooo
ooboooboooobooboboooboooobooobooooobobooooboobooooooboOog
gboboooOoboboooooboooooobobooooobobooooobOobooooOoboDbn
boooOoboooobooooboo

printf ("%4.2f %10.2e %8.4g\n", [1, 2], [3, 4]1);

-4 1.00 2.00e+00 3
-+ 4.00
go0o0O0O00000o0ooolooOoo0oOoUoOUoooooOODOoUOOooDooOODOOoOOg
goooo
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16.2.6 OO OLOOOO

UobooobobodUprintf00000000O00O0DOOODOOCOOOOODOOODOOOOOOODOO
gboooboooobooboon

gbobobooooboobobobobobooooooboboboboboboboooobn
printf00000000O00O0O0O0OO0O0COOOOOCOOO0DOOOOOOOOO0OOO00OO0

% flags width [ . precision | type conversion
0% 0000 .00 )0 000O0OD

0000000000 9%-10.81d’00000-00000000Y10D00O0OOOOOOOO
000 ‘80000Y’000000000000000d0000000000000000000
goooooOoOoOOOD100000000 0000000000000 8SO000000O0OOOOO
oooooobooon

00o0o0oo0ooU0ooooUoooooUooo 00000000 oooooooooo
oooo

e JOI0OOODOOOLOOODOODOOOOODODLOOODOODOODOO

e I0I0DODDOODODDOUD 100D LDOOOOUODmMUICOOOOOOLUOOODOOODOOO
bobooboooboooboboooooooobooooooobooooboooboobooooon
goboobooboooooooooooooobooboooobobobooboooobooboboOoo
oboooOoooobooboooooboooooobooboobooon

0000000 4000000000000000000000000000DO00O000O0
gbobooboobooobooooboooboooooooboooobooboobooooooon
0000000000 “00000000000000000000000000000O0OO
ooooboooogon

e JIOOODOOODOOOOOOODOOOLODOOUDOODODOOODDODODWOOODOOODOOOD
000l00000ooU0oo.’ 000000000 ooUooDooUoom
0000 4000000000000000000000000000000O00000OoOO0
obooooOoboooobobooobOoboooobobooooboooooboobooonog

e I0DUIDODDODOODODODmMOUOOUDOD OctaveD printf000000000OODOCOOO
printf0 0000000000000 0O0O0O00ODO0O0O0O0ODO0

e JOOOOODOOLODOODODO
gboboooboooboooboooobooboobooooooboboobooboobooboonn

boboobOoboooobooboboooboobooooooboooooboobobooooobobn
ooo

16.2.7 DOOOOO

gboooboobooboobobobobbooboobooo

‘%d’, ‘%17 0000000 1000000000000000 Section 16.2.8 [Integer Conver-
sions|, 0 118 0000000000 %d'0 4i’'00000000000000000
00000 scanf000000000000D0D000DO0ODSection 16.2.13 [Table
of Input Conversions|, 0 1210000000000

‘%o’ 0000000800000000D000000 Section 16.2.8 [Integer Conversions],
O 1180000000000
o’ 0000000 1000000000000000 Section 16.2.8 [Integer Conver-

sions|, 0 118 0000000OODO
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4%X7’ t%x?

C%f?

4%67’ C%E7

¢%g>’ ‘%G’

4%(:7

6%s7

4%%7

GNU Octave

0000000 l600000000000DYX’'000000% X 00000000000
000 Section 16.2.8 [Integer Conversions], 0 1180000000000

0000000000000 0000000000000000 Section 16.2.9
[Floating-Point Conversions|, 0 1190000000000

0000000000000 00000% e’ 000000 E00000noooooon
00 Section 16.2.9 [Floating-Point Conversions|, 0 1190000000000

gbooboooboobooboooboooboboobboboboobooboobooo
00000000000000000000000%g 000000% 60000000
0000000 Section 16.2.9 [Floating-Point Conversions], 0 119000000
gogd

1000000000 Section 16.2.10 [Other Output Conversions], 0 1190000
gooooo

0000000000 Section 16.2.10 [Other Output Conversions], 0 119000
goooooo

‘%00000000000000D0Section 16.2.10 [Other Output Conversions,
0 1190000000000

ooboooboooobooooboooboooboooooobbooboobobooooooooDoOoDo
obooooOoooooooboobobooooooOobobooboooooboboooooboobobn
gbooooooobobooooobOoboooooobooboooboooobobooboooboOobobn
gbobooboboobooboooobooboooobooooboboooobobooobooono

16.2.8 OO OO

O000000%’'0%1’0%’0%u’'0 %x’'000 %X000000000000000000000
gbooobobooobooboooobooooboobooobooono

‘%d’0 %1’0000000000000000 10000000000000000%0’0%u’0
00 9%x’000000000000000 800010000160 0000000000OY%X' 000
O0000%x’' 00000000000 ‘abedef’0 0000 ‘ABCDEFFO D 0OO0DOODOOODOODO
ooooogo

gboooboooooooboog

gbooobOoboooooboooooboooooobooon

00000 ‘%d’'000 %1’000000000000000000000000000
gooo

00000 ‘%d'000 9%i’'000000000000000000000000000
0000000000000 0000000000O00D+000000oOo0oOooo
gboboooobooooooboooooobobooooobobooooobooboo
gooo

%o’ 000000000000000000000000000000O0OoO0oUO ‘o
0000000000%x’'000 9% X’0000000000000000000000
‘0x’000 0X’00000000000%’0%i’'0000 “W0000000000o0
gbooooobooog
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‘0’ gooooooboobobooooobobooooooboobooboooboboboo
000000000000 000000000o00o0oO0OoOoooonoooOoOo
gooooobooo

gboooobobooooboboooooboboboobobobooboboooobobooon
gbobooboboobobooboobuooboobooboobooboboboboobbobobonbobo
gooooO0Oogooooo ooooooOoOoOOOOOOOOOOOOOOOOO

16.2.9 OO OOODOOO

O00000000000000000000000000 “%f'0%’0%E'D%’'000 %6 000
gooooo

“%£’'00000000000[-]ddd.ddd 0000000000000 00000000O000O0
gboboobOobooboobobooooobooooboooon

“%e’00000000000[-]d.ddde[+|-]dd 00000000000 DOOO0OOOODOOOD
00000000000000000000000000000000000000 2000000
O0%E' 000000000D000D 00000 ‘EE000000000000

%g’000 %G'0000000000-400000000000000000D00000 ‘%e’0
00 %E'000000o000o0ooooooooYf’'00oo00o0nonoooooooooonoono
gbobooboboooobooooboboooooboooooboon

oooooobooooobooooooboooooobooog
=’ obobocobOobooooobobooboobooooobooboooooo
‘4 obooooOobooooboooooooboooooon

< gboooooboooooobooooooboboooooboboooooobooboon
00000000+000000000000000000000D000000O0O00
gbobooboobooooboooooooo

‘@ 000000000000000000000000000000O0U0000 ‘%0
00 %G 00000000000000000000000000D00000O0O00UO
ubooaooad

‘0’ ugbboobboobooboboboobuooboooboooboboobboboboond

000000000000 0000000000000oO0oO0DooooOOoOOoOo
goooooboog

000000 %’0%e’'000 ‘YE0000000000000000000000ooooon
oboboobooooobooobooooboe0oboooooooobooobooobobobobobo
0000000%e’'000 46’ 00000000000000000000000D00000oOO00
000000000000 0000000000O00000O00O00Y%g 000 %G0000oon
gooooooouooboooibooboobooooooboboboobooooooboobooboooDo
gbooobooboobooboboboboobooboobooobn

16.2.10 J0OO0Ooog

OO0000D0printf0 00000000000 OCO0OOOOOOO

“%c’00001000000000-0000000000000000000O0O00OooooOon
obooooobooboboooboobOoboooooboboobobooooboobobobooooobOOoDbn
good
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print:f ("%C%C%C%C%C'I, "h", nen, "1", "l", "O");

000 ‘hello’'D00 00000
%s’0000000000000000000000000000O0O00O00O0OO0O00O0

00000000000000000000000000DO00OU0DoUD nllOOOO0OO0O0

O00Onull0000000000000000000O00UO0O0-0000000000000O00

gbobogoboobooboboobooboobuooboobooboobbooboobbobobonoobo
gboabooooooboboan

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

O0‘nowhere '0 00000000000 0OOOODOOOOOOO

16.2.11 JO00O0O0OOO000

Octave 00 0000000000000 0O00OOOscanf0fscanfd000 sscanfO000000
000000000o000o0U0O0020000000000001000000DOOOOOOOOO
000000000000000000000CO0D000000000

[val, count] = fscanf (fid, template, size) [Built-in Function]
[vi, v2, ..., count] = fscanf (fid, template, "C") [Built-in Function]
10000000000 template 00000 id00O0OO00O0O0O0O0O valOOOOOOOOO

0000000 size00000000O00O0OOO0OOOO0OODOOUOOOOUOODOOO1

goooo
Inf gbooooobooooobooboobooogo
nr nrJ00000000000000OO00000

[nr, Inf] O00O0O0O0OO0O00OO0nr00000000O0O0OO0OOOOOODOOOOO nar
gboboobobooobobooooboooooboobooonoag

[or, nc] nrxncO00000000000nr0000000000COO0OOOOOOOO
b0 nr000b0oobooobonobobbooboobooobonoobo

size0000000InfO0O0O0OOOOOO
00 template 00 000000000000 00OO0OOOO
oo00ooobooooodbcecount0on

2000000000000000000000000 template0 0000000000 tem-
plate 00000 id00000000000000O0O0COO0O00O0O00OOOctaved OO
oboooboo0oobobboooobouoogbdbceount0gogn

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

[vi, v2, ..., count] = sscanf (string, template, "C")  [Built-in Function]
000 fscanfOOOOODOOODODODOOOODOODOOOODOOOOOOO string00000
00000000000000000000000000000000Oend-of-filedO0O0O
goooboooboon

scanf0 0000000000 0O0OOODOOOOCO0ODOODOODOO0OODbOODOOOOOO
Uboobooobooooobo0d printf0000000O0OOOODOODOODODOODOODODODO
U0000 printf0 0000000 OO0OOOOODOOOODOOOOOOOOOOODOODOODOO
gooooooobooboobooboooboobooooobobOoobo0o0obnog scanfd0ogn
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gobooobooooboboobooooboobooooomooobooobooooobooboobooboOoDDbo
oboocoOobobooooOoboboooooboboooooboboooooobOoboooooboobn
gboboobobooboobooooboboooooboooobOoboooooboooobOoooon

O0000oooDboo0o0oObscanf0 000000000000 DODOODOOOOOOOOO
gbooobooboobboob0oboooboobooboobDon scanfO000O0OO0OOOODOODOO
gooo

gobooooboooboboobobooooboooobooobooboobooboobooboOoonn
gboboooOoboboooobooboboooooooboobooooboobOooobooooooboOoDbo
gooooobooooboobooboooooo

16.2.12 JO0O0OOO4OQUg

scanf0 00000000 00O0OY 0000000000000000O0O0O0OOOOOO0

oboboooboooboooooobooboobobooobooooobooboobooboooob0oooDn
gbooooooboboooobOoboooooobobooboboooobobooooooboOobobn
gboboobOobooooboobobooooobobooooobobooooboboooboobobo
00000000o00o0ooOoUoO0ooooo ‘,’'00000oUoo

obobooobooooboooboooooooboooboooooobooobooO0oobOOoo0oDooDn
ooooooobooooooboooobooobooobobooboooboooooboooobooooboOooboon

scanfO0 000000000000 COOO0OOOOOOO0O0O0O0OO0OO00ODOO00OO0O0

% flags width type conversion

000o00oo0oo00oo0ooU0oLO0ooU0oLO 000000000 0ooUoooooOoo
gooo

e I0IDODXDODIUODUDMODUDUOODUDOODUOODOODDODOODODOODOODODDOOOOO
Ub00000OscanfO0 00000000 0ODOOOOODOOOODOOOOODOOOODOOO
gbooobooooOobooobooooboobooobooooboooboOoboooboooooon
gbooobOoboooboobobooobooboooogon

e 1I00UDDODOODDOUD I00DDDOODOODMODDODDODODDOODODOODODOO
gboooboobooobobooboboboobobooboobobooboboboono
obooooobooooboobooobooobooobooobooobooooboooboooooobooon
gboboobOobooooboooboobobooooobooooboOoboooooboooooboan

e J00DDDDDDDODMOUODOOODOctaveld scanf0 000000 0O000COOO scant
gboooboooboobobooboobooboobo

e IOOOOODOOOODOOO

gbobooobooobooooboooobobooboobooooooboobooboboobooboonDn
gboogobooobooboobooboobooboobooboobooboobooboobo
goo

16.2.13 J0O0O0O0OO
000000000000 0000000

“hd’ 100000000000000000000000000000000OSection 16.2.14
[Numeric Input Conversions], 0 1220000000000
hi’ COo0U0o0U0UoOo00oOo00UoOo0o0oDOo0o0UOoOo0oOooOoooooOoOn

00000000000 00OSection 16.2.14 [Numeric Input Conversions|, O 122
gooobooogn
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‘%o’ 000000000000 D0D0000N0NO0U00O0000ODOOSection 16.2.14
[Numeric Input Conversions|, 0 1220000000000

AN 100000000000000000D0DDOD00OSection 16.2.14 [Numeric Input
Conversions|, 0 1220000000000

Y%x’, %X’ 1600000000000000000D0DO00Section 16.2.14 [Numeric Input
Conversions|, 0 1220000000000

4%e7’ co/of7’ a%gv’ 4%}377 ‘%G’
0000000000000 000000D000D000D0O0Section 16.2.14 [Numeric
Input Conversions], 0 1220000000000

‘hs’ |:|D[l[l[ll:ll]DD|:||:|DDDDDDDDDDDDDDDDDDSQCHOD16.2.15[String
Input Conversions|, 0 1220000000000

‘e’ l00000000000000000000000O00o00ooOOoooOOoooOoOooooOg
00000000D00000DDO0O0 Section 16.2.15 [String Input Conversions],
0 1220000000000

Ut 0000000o0oO00o0ooD %00000000000000000O0000Uo00O0
ooo

bbooooboooboobooboooboobooboobooboobooboobOOooboonn
gboboobOoboooobooboooooobooooooboboooooboboooobobo
goooooobooooooobooooooboooooobOoboooobobooooDboDbo
oooobooooooo

16.2.14 JUO0OO0OODOOO

ob0oo0O0b00ob0O0obon scanfO0000OO0OOOOOOO
%d’000001000000000000000000O00oUOooOoUono

COO0000000000000000000DO0000O0DO0OUODOD0O0OOoOOOO0
gbooobooobon

00000% i’ 000000000910 00x2’'0 000 ‘012’0000000000000000O
oo0o0o0O0O0O0000000 1000 toOOOOODDODODODO

%o’0R'000 %x’000000 80001000000 160000000000 0O0OOOOOO
YX0000 9%X’0000000000000000000000000000O000O0
CO00 scanf000000Octaved ‘W’'0°1’000 ‘L’O000000000O0

16.2.15 O goooog

00000000000000000000 scanfO000000%s’ 0 % c’'0000000000
ooo

% c’000000000000000000000000000000000UO000oDoOO0Oo
gooOo0oO0O0Q00O0O0O0000000000D00O0O0O0O0O0OO0DO 10000000 DOOODObODO
gboobOooooboobooobooboooobOooboooboooboooobo0obob0 nobooooboooo
obooobooooboon

%c’00000000000000000000000O0000O0OO00000DOUOUOO
boboobobooboobooooboboooboobooooboboooooboooobOoooon

gboooooboooooboooooo
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hello, world

000 “%10c’'0000000" hello, wo"OUDOOOODOODDOODOOODODOOODO 10’0000
"hello,"O0ODOOOOOO

16.2.16 JUOOOOOO

Octave 0 freadll fwrite0 0000000000000 O0OOOOOOOOOOODOOODODOO
00000000000 Co0obo0o0oU0oO0oo0o00oo00o00oO0oo0DoOoooOoooooo
gbooooOoboboooooboboooooboboooooboboooobOoboooobobn
gooooooboo

[val, count] = fread (fid, size, precision, skip, arch) [Built-in Function]
00000000 IDAdOOOO precision0 0000000000000

0000000 size00O0OQOOOODOOOOOOOOOOOOOOOOODOOODODOD 1OO

ooo
Inf gboooboobooooboobooooga
nr nrd000000000000000O000000d0

[nr, Inf] 0000000000 nr00000000O0O0OO0OOOOOODOOOOO nr
gboboobooobooobobooooboooobooboooa

[or, nc] nr *nc00000000000nr000000O0O0000O0OOOOODOOO
b0 nrO0b0O0O0OO00O00O0O0O0DOOOCODOODOOOOODOOOn

size 000 0000InfO00000000O0ODO

00000 precision0 0000000000000 O0OODOOOOO0O0O0OOODOOOOO1
goooo

"schar"
"signed char"
oooooo

"uchar"
"unsigned char"
oooooo

llint8||
"integerx*1"
§0O00oUoooo

"int16"
"integerx2"
le0oooOoOoooo

"int32"
"integerx4"
32000000000

"int64"
"integer*8"
64000000000
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"uint8" 000000000

"uintl16" 16000000000
"uint32" 32000000000
"uint64" 64000000000

"single"
"float32"
"real*4" 32000000000

"double"
"float64"
"real*8" 64000000000

"Char"
"charx1" 0O000O

"short" gbobooboboooobooooboboo

"int" oodooooOoooooooooog
"long" 00000000000 00o0oo0oooooao
"ushort"

"unsigned short"
O0000o0o000oo0o0oooOooooooooooo

lluintll
"unsigned int"
000000000000 000000o0000

llulongﬂ
"unsigned long"
00000000000 00000000000000

"float" gbooobobooobooboooobooooobooo

oo0ooo0O0ob0O00d"uchar"0OQOO

oo preCiSiOHDDDDDDDDDDDDDDDDDDDDDDDDDDDD‘BQ*Single’D
320000000000000000DLOODLOOOOLOODODOOOOOOOOOODOOOOODOO
OskipOOOOOOOOOOOOOO
00 precision000000000000000000000OO ‘dnt16=>int32’'0 16000
000000000 3200000000000000000000fread00000O0ODOO
0000000 ¢TYPE’'DO ‘TYPE=>TYPE'O D OOOOOODODOO
DDDDDDDDDDDDDl:ll]Dl:ll]DDDD|:|DDD‘32*Single=>single7DDDDl:l
godoooooboooobooootoooooooooboooooooboouoooooouon
00000 skipO0OOO0OODODODOOO0OO0OO0OO0OO0DO0O0DO0OO0O000000000000000O0
ddoooooooooOoOoOooOo0ooO0o0o0od0oo0ooooooooooooooooooon
ofdo0o0oo0doboooooboooooooooobooooooooooooooooao
fread (£, 10, "3*single=>single", 8)
doodOooboObo8UOO00O0OoUoOoOoOoOooOObOOO0o0o0oooooooooooo3000
OdooO0oooooooooooooo
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0000000 arch000000D0D00O0O0O0O0OO0O0O0O0OOOOOODOOODOOOOOO
obooobooooooooon

"native" 0O0OO0O0O0OO0ODOOODOODO

"ieee-be"
IEEE000O0O0Ooog
"ieee-le"
IEEECO00O0O0OoOoon
"vaxd" VAX D floating 000000
"vaxg" VAX G floatingO0 00000
"cray" Cray floating 00000 0O
000000000000 ‘native’d ‘deee-be’0 00 ‘ieee-le’ DD OODDOODDOOO
oood
0000000000000 0000Oval000000000000O00O0O0O00O countd
ooooo
count = fwrite (fid, data, precision, skip, arch) [Built-in Function]

O precision 00 0000000000000 0OO IDAdOOOOOOOOOOOOOOO
ugboabooaboodd

00 data0 0000000000000 0O0O0O0O0OOO0OOOOOOOOOOOOOOOO
0000000000000 000Fortran00O 00 M

00000 precisiondskipO0 OO arch 00000000000 fread0000000OO0O
ooooo

00 data0 00 0000000000000 0000D0000O0OfwriteDO0O0O0OO0OO
agoo

16.2.17 JO0O0OOOOO0OO

[fid, name, msg] = mkstemp (template, delete) [Built-in Function]
template 0000000000000 0O0O0O0OOO0O0OOOO0OOOOUOOOOUOOOO ID
O00O0template 0000 6000 XXXXXO0OOODOODOODOODODOOOoOOooooooO
gbooobOobooboooobobooooobooooboobobooooobobooooon
O000D0D00000O0GNU/Linux0000000glibc2.0.7000000 06000000
oooooobooobooboooo_EXCLOooooooooooooo

000000000 delete 0000000000000 0O0O0O0O00O0 OctaveO0OO0O00
U000 purge_tmp_filesUOUODOOOOODOOOOOOODOOOOO

00000000000fdO0DO00O0000 IDOname0 000000000 msgOOOO
0000000000000 fidO —10name0000000 msgOOOO0OOO0O0DOOO
ooooooooo

[fid, msg] = tmpfile () [Built-in Function]
0o0oo0oooooooooooooooooooooooo Iboooooooooooo
obooooobooboooooo"w+b"OOOOOOOOOOOO0ODbOO0OO0O0O0OOO0bO0O000On
0O Octave 0000000 D0OOOOOOODOOO
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00000000000fAdO0O0O0O0O00O0 IDOmsg000000000000O00OOO0
fidl —10msg 0000000000000 O0OOODOOO

tmpnam (dir, prefix) [Built-in Function]
oboocobOoboooooboboooboobooooon
prefix 0000000 "ct-"00000000000dir0000000000000O00O0
000000000000000000000000000dir00000o00oooooo
goboobooboobobooboobooooooboboooboobOodDO tmpnam
gboboobOobooboobobooooboboooobooboooobooboboooogon
gboooboooboobooboobooboobooboobooboobooboobo
oooomm

16.2.18 JUUUUuooooon

feof (fid) [Built-in Function]
0000000000000 000000000Oend-of-filed 0000 100000000
0o00o0ooooOoOooOoOOOOO0O0OOOOOOOOOOOOOOOOOOOO1On
gboboobOooooobobooobooboooobobooobooboooooboooooan

ferror (fid) [Built-in Function]
0000000000000 00O000UO00 1000000000 0ooUOooDooUoo
0000000000000 1000000000000 00oooo0oOoooooooo
gooobbbbooooono

freport () [Built-in Function]
goooobobooooooooobbbbodooduobb bbb bobo
guooobbbbuoooooboobo

freport ()
-4 number mode name
_|
= 0 r stdin
= 1 w stdout
= 2 w stderr
- 3 r myfile

16.2.19 JUU0Uoooooooboon

0000000000000 O0oO0000O000ooO0UOO0O0DOOoOo0ULOOOoOO 300OO
ooooooog

ftell (fid) [Built-in Function]
00000000000000000 AdOODDO0OOODO0O0ODOO0OOO0

fseek (fid, offset, origin) [Built-in Function]
00000000000000 id00000oo0oooooo

O000000Oorigin00 offset 00000000 0origin 00000000000O00O0
SEEK_CURODODOODOOOOSEEK_SETOUOOOOOOOOOSEEK_ENDO OO0 O0000D0DOOO
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Ooooog cof"O"bof"O"eof"U0DDO0O 1000000000O0DOOOOOODOOOOO
000000000000 ftellDOOOOOO0OO0OOOOOOOOOOorigin 0 SEEK_SET
gooooobooon

goooooooooopoob —1oooo

SEEK_SET [Built-in Variable]
SEEK_CUR [Built-in Variable]
SEEK_END [Built-in Variable]

0000000000 fseekD 3000000000000 OOODODOOO
SEEK_SET 0O0000O00OO0O0O0O0ODODOOOO0ODO

SEEK_CUR O0000O0O00O0O0000000O0

SEEK_END 0O000000O0O00DOOOO0O0DOO0O0O00

frewind (fid) [Built-in Function]
0000 id000000000000000000000000 0OD00DO0OO0OoOoOooOOo
—10000000 fseek (fid, 0, SEEK_SET)0 000000

gbooboooboboboobobdbOmarker0000000O0O00O0O0OOO0OO0OOO
00004000000000000000000000

marker = ftell (myfile);

frewind (myfile);

fourch = fgets (myfile, 4);
fseek (myfile, marker, SEEK_SET);
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17 0000

Octave 00 0000000000000 00D0O0U0ODO0OOOOOO gnuplot DOODOO0OOOOO
000000000000000000000000000000000 MATLABOOOOOOO
gbobooboobooboboobooboobboobboobooboobooobobobobo
ob0oobO0ob0ooobO0b0o0oooooobodbDOgnuploti D 00OO0OO0O0O0OOOOODOODOOODOO
00000000000000000000000Octaved 200000000 gplotd gsplot
UbooobooobbobOOoo0o0o0oobodn gnuplotd OO plotd splotOO0OOODOOOOOODOO
00000000000000000000 MATLABOOOOOOOO handle-graphics 0000
gboooboobooboboobooboobon

17.1 2000000

MAaTLABOOOOO 200000000000000000000O0O00

plot (args) [Function File]

0000002000000000000000000000O0O0O0O0DODOO0OOOO0OOOO
goooooo
plot (y)

0000000000000 yOOOOUOOOOOOOOOOOUOOxOOOOOOOO1O
bobooboobooooboboooooboooooaon

l00000000oooOOoOOOOOODODODODODODOOOOOOO
plot (x, y, fmt ...)

000 yUO fmtO000000000000000D00O0000O000O000OO0x0O yOoooo
oooopoooooogo

e I010000D0DOUIODOOOUDOOULUD yOOODODUDODOODODDODDOODOOOX
goooOoOoODOlo0OOOOOOODODODODODODOOOOOOOOOOOOO

e I 10000U0U0DDODOUIOOOI2000000OUDOOODOODUODOODODOOOODO
gbooobobooboobooooobooobooboooobouoboooobooboon
oooooom

e I 10000C0COCOOODODOUI200000000L0ULUUIODOOOOOOODOOOOO
gboobOooooboooboooboooboooobooooooboooooboooobooon
gooooo

o IJ0DODOODOUODOOyDLOODxUDOODOODDODODODO

e IOIDOODOODODLODLyUDOUO xOOODODODOODOOOOOOOOODOOOOOOO
gboooboobooboooboooobooboboobooooboooboooooboon
gooobooogn

gooooOoOoOoOOOOODOOl1OOOOOOOODODOOO

00 fmmtO000000000000000000000000 fmt 000000000000
0O gnuplot 000000000000

=’ gbooobooooboobooooooooomm
© oooobooboooobooobooog
‘@’ gbooobooooboobooooooo
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hold
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‘~@’ gooooooooooooooooooooo

e goooooooooooooonooonoo

‘v go0ooo0ooooooooooooon

‘n’ O0n0O 100 600000000000000ODODOOOOO

‘nm’ 00 nm0O 200000000m0O 100 600000000mMmOOOOOOO
go0o0oooo0oooo0oobobeb00bo-c000oooOoOooooooobon
ooooo

‘c’ odcOOo"r"O0"g"O"p"O0"m"O"c"0"w"ODDOOO 1000000gooo
Ooo00oo00o0ooO0oooo0ooo0oocooobooooom

etitle; ™
"title"OOOOOOOOOOOOOOO

L+7

4*7

(o7

‘x’ gooooooooooooooooooooooooooooooooooo

gbooooood
gbooobooboobgooboobobbobboboobooboobooboboon

Number Gnuplot colors (lines)points style

1 red *

2 green +

3 blue o

4 magenta X

5 cyan house

6 brown there exists

00 fmt000000000000000000000D0000000000000000
goobooooooboooooobobooooobo0ooooDbo0oooDoO0o0o0oDoO0g"+3;Key
Title;"O0OODOOO0OO0ODOOOOOOODOOOOODODOOOOODOOOOODOODOO

oooooobooooooon

plot (x, y, "@i12", x, y2, x, y3, "4", x, y4, "+")
O00000000yDOoOO0O 20400000000000 1 00000y200000y300
400000000y40 400000000000 DOO0OO

plot (b, "*")
000000000000 bPOOOO0O00 000000000000000

t = 0:0.1:6.3;

plot (t, cos(t), "—;cos(t);", t, sin(t), "+3;sin(t);");
oboooOoboooooboboooboobooooobobooooOoobooon

args [Built-in Function]
goooobbbboodoooooobbobbodoodoubb bbb obbobo
00 Octave OO0 O0U0OO0O0OO0OODOO0OO0OOOOOOOOOOODOOOOODOOOOO
ooboobobooboboobooobooobooboobOooboobooboobooboobo
ooooboooboobobobobooboon
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hold on

goboo0oboboobooboobboobbUboff bbb O0OoobboooboooboboOon
00000000 holdDOOODOOOOODOOOOOOODOOO

ishold [Built-in Function]
gooooOoOoQoOoOoO0OO0OO0O0OO0OO0O0OO0O0UU0OUO0OU 10000000000 DODODODOOOO
o00ooOo0oooooooooooooo

clearplot [Built-in Function]

clg [Built-in Function]
0000000000000 0000000000000OO0clgdOMATLABOOOOOOO
OO00Oclearplotd000OO0O0O0OO0

gplot clearl] gsplot clearll1 00U replot clear00 00000 clearplotDOOOOO
OO00Ogplot clearl0000000O0Oclear0 000000000000 O0O0O0O0OCO
ooooooooobond

shg [Function File]
oboobooobooboooboboobooooooooboooooooooooboooobooOoon

closeplot [Built-in Function]
gnuplot0 00000000000 OOO0OOOOOOODO X11O0OOOOoOooOooooo
gboooboobooboboobooboon

purge_tmp_files [Built-in Function]
gbooobooooboobooooboooobobooboOobooon

Octave U gnuplot0 0000000000000 DO0ODO0OO0OOOOOOODOO gnuplotO
00000000Octave 0000000000000 00D00DDOOOOODOOOOOO
goooooboooobooboooooboobooboobobooboobooboooDo

Octave 0000000000000 O00OO0OOOOOOO0OOOOOOOOOOOOOOOOO
gbooobooobooobooon

axis (limits) [Function File]
goooobbbboooooboboobooboog

00 Iimits0 0204000 6000000000000000000001000 2000
0000x00D00000000000300040000000y000000000O0O0O0O
005000 6000z00000000000

0000000000000 xisODOOOO0OOOOOO0OO0OOO0OO0

00000 1000000000x=axis0 000000000000 0OOOOODOOOOO
oooooom

obooooboobobooooobOobooooobooboooooobooboooooon
oboboobOoboooobooooonog

axis ([1, 2, 3, 4], "square");
gdooO0oooooooooooooo
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axis ("labely", "tic");
gbooobooboobgooboboodyobuoobooboobooboo
bobooboboooboboooobooooobooboooo

"square" O0O0OO0OO0OO0OOO0OODOOO

"equal" xO00O0OO0 yODOOOODOOO

"normal" 00000000
ocoooooooOoOOOOOOOOOOOOOOOOO0OOO0O0O0000O0

"auto" googoboooboobooobooboobooboobooboobooona
gboobouooboobobboaoboaobaooboooab

"manual" 0O000000COO0ODOOO
"tight" gboooobobooobooboobooobobooooobom

O0O000"image"OO"tight"OOO "equal" OOO0OO00O00O
oboooooboooooboooobooooon

"on" gbooobooboobobobooboooboo

"off" gooobbbboooobobbbooogo

"tic[xyz]"
googoooboooboooboobooboobooboobooboonba
gooooo

"label [xyz]"
goooboooboooboooboobooboobooboobooboooba
googood

"nolabel"

0000000oO0ooobooooa
00000000000 0000O0o0o00o0o0o0ooOooobooooao
00000000000 0000O0O0000O0O0o0b0o0o0oaa

"ij" yoooooooooooooooo
"xy" yOoooooooboooooaoo

172 JO000 2000000

bar (x,y) [Function File]
x-y0OOO2000000000000000000000

00 10000000000000000y00O0D0D0OO0OOODOOOOOOxDODOODOOOO
ugboaboooooobabod

002000000000000000000000000DODO0O00DODO0OOOODOOOOO0
bar (x, y);

ggd
[xb, yb] = bar (x, y);
plot (xb, yb);

0200000000
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contour (z, n) [Function File]

contour (x,y, z, n) [Function File]
z0OOOOOOUOO 3000000000000 000OO0O0DUOOOOUOODOOOOOD
UO0OgnuplotOODOO0OO0OO0OO0OOOOOOODOOO

hist (y, x, norm) [Function File]
gooobbbbooooobobbboooooo

000000 10000000000001000 binODOOO0OO0ODOO0O0OODO0OO0OO0O0OOD0OO
00000000 binOOODODOOODODDOOOODOOODOOOO

2000000000000000bINOO0ODOOOOOOO

20000000000000000bINO0O0OO0OOOOOOO0OO0OOO0OOOOOOD
00000000000 binOOOOOOODO

003000000000000000000000000000000 normO000000O
gboooboooogn

0000000000000 binOODDODOOOO
2000000000000bar (xx, nn)0000000000000 nn0O xxO0O0O0O

loglog (args) [Function File]
000000000000 00000 200000000010glog0 0000000000
UbO0OplotODOOO0OODOOOO

polar (theta, rho, fmt) [Function File]
000 thetal rhoOO0O0O 20000000000

000000 3000000000000 000000Oooo

semilogx (args) [Function File]
xO00O0OOOOO0O0O0O0O20000000000semilogx 00 000000O0OOOOOO0O
plotODODOOO0OOODOO

semilogy (args) [Function File]
xO0O0ODO0O0O0O00O0OO0 2000000000 0senilogy 00000000000 OOOO
plotDOD0OOO0OOODOO

stairs (x, y) [Function File]
x-yO0OOO200000000000C00000000O00

00 1000000000000 0ooooOy0D0DOoOoOoOoOoOOOOOOOOxDODOODODODOO
obooooOoooooobooon

0020000000000000000O000O00DLOOOOODOOOOOOOOOOOOODOO
stairs (x, y);
goog

[xs, ys] = stairs (x, y);
plot (xs, ys);

0200000000
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errorbar (args) [Function File]

0000000000000 0 20000000000000O0000O0DODOOOODOO0OOO
Odo0oooooooooobooooonoa

errorbar (y, ey)
000000000 yOOOOOODOOOODOOD200000 ey 00y000000O00O0O
000000 0Ox0O00001000000000000O0O00000
00 200000000000000000O0O0O000000O0O0O0O0000

errorbar (x, y, ..., fmt ...)
000 x0O0yOO0OOOOOeyOexOlyDuyOOOOOOOOOODOO0OOOOOOOO400
gooooooooobooooooooooboooooooooooooooooooooa
gooooooooooooood
U0 yooooobdOxUobboobobooboboobbooobbooboooboooobg
yooOOxOOoOoobooooooboboboobooboobooobooooboobo
oodooooooo
oo fmtDDDDDDDDDDDDyDDDDDD ("~")DDDDDDDDDDDDDDDD
fmtDDDDDDDDDDDDDDDDDDDD[IDI:]DDDD__pltOpt__DDDD:IDDDD
Ofdo0o0oo0ooooooobooboooooooooaon

e yerrorbars 0000000

>’ xerrorbars 00 00000

> xyerrorbars 0000000

‘@ boxerrorbars 0 000000
‘@ boxerrorbars 0 000000
> boxxyerrorbars 0 000000
O:

errorbar(x, y, ex, ">")

xexO0O x+ex00O0O0O00O x0O00000000 x0O yOOOO xerrorthar0 000000
errorbar(x, y1, ey, """, x, y2, ly, uy)

x0OylOy20000 200 yerrorhar 0000000yl DO0OO0OO0OO0OO0O0OO0OOyl-ey

00 yl+ey 0000O000y200000 y2ly00 y2+uy 00000000
errorbar(x, y, 1x, ux, ly, uy, "">")

xO0000000Oxx00 x+tux 0000000y OO00O0000y-Ily00O y+uy0OOOO
O0x0 yO0OO0O xyerrorbar D00 0000

loglogerr (args) [Function File]
gooooOoOoOoOOOOOODOOOOOOOOOO0O 2000000000000000O0O0O
gbooobOoboooboobooboobOooboooobooooboobooooobooon

loglogerr (x, y, ey, fmt)

O000Oey 000000 yUOOOOODODODOOOOfmMOOOOOODOOODOOOOOOOO
ubbodbdxOydubodoboobooboboobooboboaobooboboaonoda
obooobOooooobooboooog
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semilogxerr (args) [Function File]
gooooOoOoOoOOOOOOOOOOOOOO0OOO0O 2000000000000000O0O0O
gbooobOobooooboobooboboooobooooboobooooobooon

semilogxerr (x, y, ey, fmt)
O000Oey 000000 yOOOOOOOOOfmMOOOOOODOOOODOOOOOOOO
gboodbdxbOydbOooboobooboboobooboboobooboboooba
goooobobobboooooobon

semilogyerr (args) [Function File]
gooooOoOoOoOoOoOoOOODOOOOOOOOOO 20000000000000000O0O
gbooobOoboooboobooboobOooboooobooooboobooooobooon

semilogyerr (x, y, ey, fmt)
O000Oey 000000 yOOOOODOOOOfmMOOOOOODOOODOOOOOOOOO
gboodbdxbOydobOooboooboobobooboobobooboobobooong
goooobobobboooooobon

17.3 3000000
MATLABOOOOO 3000000000000000000000000

mesh (x, y, z) [Function File]
meshdomO OO0 x0O ydOOOOOOOO x0O yO0OoOOooOO0OO0OO z000OO0O0O00OO
0000000000 x0y00000000000000000(x(), y(@), z3G,j)0000
UbbodzO0oOO0Oo0DOO0O0OD x0O0OO0OO0O0z00000O0O00 yOOuoooooo

[xx, yy] = meshgrid (x, y) [Function File]

[xx, yy] meshgrid (x) [Function File]
xO000yOoOOooOOOoOO0O0OO0O0OO0000 xO0O0O yoolooooo 200000000
xxUOOxOOOOOoooObOyyOOO youooooooag

meshdom (x, y) [Function File]
xO000 y0ODOODODODODODODODOOOODOOOOOO xO0OO0 yO0OOooooo200000000

O0: 00000 MATLABOOOOOODOOOOOOOOOOOOO0OOOO0O0OO0O0OOO0OO
000 meshgridDOOOD0OOOO0OO

174 JO0O0O04Ooon

grid (arg) [Function File]
2000 0000000000000 000000000000C0COO"on"0O0O"eff"00
oo0oooo0ooooo0oooooO0o0"en"ODOOooooQooo

title (string) [Function File]
gboogoooboobobood
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xlabel (string) [Function File]
ylabel (string) [Function File]
zlabel (string) [Function File]

boboobOxO0ybOoOOz0OOODODOOOOOOOODODOOOOOOOODbOOOOOO
bbooboboobobdbooobobotubdlreplot D00O00OOOOOO

top_title (string) [Function File]
bottom_title (string) [Function File]
000000000000 string00000000000000O0O

175 1000000 ooogd
0000000000000000000000000 gouplot0000000000000000

mplot (x, y) [Function File]
mplot (x, y, fmt) [Function File]
mplot (x1, y1, x2, y2) [Function File]

0000100000000 0000000000000 gnuplotDOOOOOOOOOODO
goooo plotDOOO0OO0OO0O0OO0OODOODOOOOODOODOOOOODOOOOOOOOODOOn
gbobooboooobooboooooboo

0000000000000 0O0plet00DOO0OOOOOOODO

multiplot (xn, yn) [Function File]
oboocoOoobooobooboboooooboooogn

U000000000000Omultiplotl xOOO yOUOOOD xnO0O0 ynOOODOO
obooooooooooooboobooO0oobOoobooobo0oob0o0oboO000Omultiplot
obooobOoooooobooooooboon

oneplot () [Function File]
gbooobOoboooboobooooobooooboobooooOobooooobooonoo

plot_border (...) [Function File]
obooooOoboooocooobobooooobobooooobobooooobobooooon
gooooo

"blank" gooooooog

"all" 00000000000 Al borders displayed
"north" gooobbobbdoga

"south" ooooooobooo

"east" gooooooobooo

"west" gooobbobbogo

000000100000000000000000000000O0plot_border0 OO0
oooono
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subplot (rows, cols, index) [Function File]

subplot (rcn) [Function File]
gnuplot0 00000000 OCODOOO0OOO0OCOOOODOOOOODOOOOODOOODOOO
OOcolsx rows0 000000000000

subplotD 0O OOOOOODOODNO __gnuplot_set__ size xsize, ysize DO O0OOO
00000000000 -_multiplot_scale._ 0000000

__multiplot_scale._0000200000000000000000000000000O xsize
000002000 ysizeOOOOOOOOOOOO

oono

rows obooooOoboooboobooooog

columns gbobooboobooboobooooog

index uboboobooboooobooboooooboooooaon

001000000000000300000000000000000O010DODO0O0O0O20
gooOoOo30o0oopoooooooooooooooo

gboogoboooboobooboobooboobooboobooboobooboobo
gboooboooogn

0000040 20000000000000000000O000O000O0O0OODOOO0ODOOO

subwindow (xn, yn) [Function File]
obobo0ooooboboboooooooooboobobobooboooboobOobobooon
Uo0b00bo0b00o0b00 mltiplotDO000000O00O0DOO0ODOCOOOOOOOODOOO
Ubo0000 multiplot OOOO0OO0OOOOO

176 JU0U0O00oooooOboO

figure (n) [Function File]
0000000000000 000000 n00000000000000000000X11
0000000000000 000 gnuplot0 0000000000000 0 nOOOOOO
oooobooboobobobobouooboobon

177 U0oooobooogg

gplot ranges expression using title style [Command]
2000000000000

rangesO using0 title 00 0 style 000000000000 usingO title 0 00O style 0 O
oobooboobooboooboboobooboobooobDbooboobooboobo
001000000000000000000000000000000000o0ooOooOoOo0On
goooooooooo

obooob000 rangesOO0OO0OOOOOOOOO
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[ x.1o : xup] [ y_lo : y_up ]
gooooooooooo0ooooooooboooooooooooooooooooooa
gboobdybobooboboooboobooobobooboboobooboobo [:]O0D
Ogdoo0oooooobooooooobooboooooo0ooooooooooboooooono
O0oooooooooooao

OUo0o00000Do0o0Oo0oooOoooooooooo [1,2; 3,4 ]l00000000000
oooobooobooboobooboobobobOoboo0obDoobooboobooboon
OO00oO00O000o0obO0o0o00o0oOo000b000UgnuplotdOO0OOOOO0OOO
00000000gplotD 0000000 1000 2000000000000000000
0010000000000 000y00000O00DDOO00OD0ODODO0ODOxOOOOOOO
oooobooboobobobobooobooo

gplot rand (100,1) with linespoints
000000001000 00000000000000000000Ogplot0OOOOOOO
googdbbuoooboboobbuooboobbooooob oL xoobboobboooo
00 200000000000000wsing0000000000O0O0ODOODODOOODODOO
gooobbobbdooooobobobboooooobobbooooa

x = (-10:0.1:10);

data = [x, sin(x), cos(x)];
goooo

gplot [-11:11] [-1.1:1.1] \

data with lines, data using 1:3 with impulses

000000002000000000000000000000data with lines00O0O0O
000000000000 -1000 100000000000000D0O0DODODO0O0O0O0O00
0000000000 2000000000000000000000000O00O00O0 using O
googobbbooooobobbog
0000000 200000000000 using 1:30000 datald 1000 300000
gooobbbbooooobbobboooooboobo
gobobobooboobbooogdbbuooobbooobboobbboobbboobo
gooobbobbtooooobobbobbooogouobooboooo

gsplot ranges expression using title style [Command]
3000000000000

rangesO using0 title 00 0 style 000000000000 usingO title D00 styleO O
goooooobboobbbotoddooooooooboobbbbooouooooobo
go0loooooooooooOoOoCOOOOOO00U0UUUooUooooooooooooo
obooooobooog

0000000 rangesO00OO0O0ODOO0ODOOODOO

[ x 1o :xup ] [ylo:y_up ]l [ z_1lo : z_up ]
goooobbobooodoooooobbobbodoooobb bbb bobo
gododddydu zoooooooobbbbbboooooobbbbbboboda
[:l0oO000O0O00O0000O0000000O000000O0O0O0000DO0O0O0OO00OOOO
oooobooobooboooooo

00000o00oooooOoooooooooooooo [1, 2;3,4]100000000000
gboboobOobooboobooooboobooooboboooooboooooboobooonoag
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0000000000000 0o00o00000b0Ugnuploti0OO0OO0OOO0OOO

UbobdbOdO0OgsplotDO 00000000000 x0D0O0O000O0O0O0OO0O yOOGO
00000000000 z00ODODODODODODODODODODODODODOODODODO1OOOOODODOODO
gboaoooooon

gsplot rand (5, 2)

gboooboobooooobooboobooboboooxoboboybobooobooobooo
oooobooooo

UboobooooboobOoboobOoboon0gngset parametric00000000O
O00O0O0O0gsplotd 30000000000 OOO0ODOOxOyOOO zOOOOOOOO
03000000000000000000000000000x0yO00O0O0OOOOOO
Ub0000o0bD0b0b00Oparametric 0000000000000 OD0O0ODOOOOOO
oooobooooo

113 2 16 3 19
1 2 2 2 2 5 3 2 8
1 312 3 4 3 3 7
0000 rand (5, 30000000
gset options [Command]
gshow options [Command]
replot options [Command]

oooooooooooODDOO0OD0DgnuplotDOOODODODO gsetd gshowD ODODODOO
replot000O00O0ODOOOOODOODO

Octave 2.0000set0 showD DD OO0 0O00O0Ogsetd gshowDOODOOODOOODODO
O00O0Octave 0000000000000 OMATLABOOOOOODOO GUIODOODOOO
oooboobOobDOobooooooboobo0obo0o0b00o00n0Dn set show OOOODOODO
U0000000000O0O0gsetd gshowDOOOOOOOOOOOOOOOOOOOOOO
gooooo

gsetl gshow O OO OOgnuplotOD OOOOODOOOOOOOOOOOOOOOOOOO
O0Ogsetd gshowI DO OOOOO0O0OO00OO0O0O0O0O0O0O0OOgnuplotD 00000000
00 set 0 showDOODOOO0OUOO0OOOOctave 0000000000 gnuplotd OO
oooobooboooboobooooobooooom

replotU 0000000000000 O0O0DOOOOOOODOOOOOOOOOOOOOOOO
UdboobooboooboobooooboobboOb0replotd0O00O0Ogplotd gsplot
gobooboooooooboooobooooboooomooboooobobooboooooboooboOoo
ooooooboooog

googo

gset term tek40

gset output "/dev/plotter"

gset title "sine with lines and cosine with impulses"
replot "sin (x) w 1"

goooooobooooooboobooooooboobooooboboboooobobooooo
00000000000000O0sin(z) 00000000000000000000000OO
obooooOobooocoooboboooooboooobOobobooooobobooooon
boooobooboobobooobooboooooboooboobooboooooboboooboaon
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000000000000000000000000000gnuplot0 0000000000
obooooOoboooocoboobobooooobobooooobobooooobobooooon
gbooobOooooboobooooboooon

U000 shgDOOOOOOOODOO replot000000000OO0OOOOO

gnuplot 000000000 0U0O0OO0O0O0ODOO NaNOOOOODOOODOODOInfODOODOOODO
oboooooooooon

17.8 gnuplotU U U

gnuplot_binary [Built-in Variable]
oooO0ooDoDoOoODOO000000000b0ooODODOO0O0O0000000"gnuplot"ODDODODO
00 C [Installation], 0 313000000

gnuplot_has_frames [Built-in Variable]
000000000000000000OvtaveO0O0OOOODOO gnuplotDO0O0OOO0OO
0000000000000 0000000O00 36betal 000000000 OOOOOO
0000 configure 000 0000000000000 0OO0O0OOO0OOOOOOOO gnuplot
gboooboooboobooboobooboobooboobuooboobooboobo
gooobooooboo

Built-in Variable
Built-in Variable

gnuplot_command_plot

gnuplot_command_replot
gnuplot_command_splot Built-in Variable
gnuplot_command_using Built-in Variable
gnuplot_command_axes Built-in Variable
Built-in Variable

Built-in Variable

[ ]

[ ]

[ ]

[ ]

gnuplot_command_with [Built-in Variable]
[ ]

gnuplot_command_title [ |
[ ]

gnuplot_command_end
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18 oo

gboobooboooooboobooboobobobobboobobobboboooOobbooOobbObobOo
0000000000000000000Octave0 000000 D0ODO0OODOODOODODOODOOOO
00000000000000000000000000000Octave0 00000 ODOODOOOO
gboooobooooboboooooboboooobooboobOobooooboon

18.1 DOobooobooooon

anyl allO0OOO0OOOO0O0OOOOOOOOO0OOO0OOOOOOOOCOOOOO0OO0O0OO0O0O00000
gbboobooobooodfindd0O00000000b00000000000000bO00DbO0000
gooo

any (x, dim) [Built-in Function]
0000000 00DoOo00oooOo000oDoo000ooOoO0oDooOoDOoo0O0 10000

00000o0000oOo0o0ooo0 100000000000 ODOOOOo0DULOOOUOOoOOO
gooobooboobooboobooooboooobobobooooboooo

any (eye (2, 4))
= [1,1,0,0]

0000000 dimO00000000dimO00000000000O000O0000O0O0O0O0

any (eye (2, 4), 2)
= [1; 1]

all (x, dim) [Built-in Function]
00 all00any00O00D0O00O0O000O00O0O0OD0O0O0O0O0O0O0O0O0O0O0OO dimO0O
gooobbbobooooobobbbooooobbbbooooobo

000 D00 Section 10.4 [Comparison Ops], 0 6600000010 00000000000
gbobooooboobobooooobobooooboobOobooobooobobooobooboOobobn
gboooooboooboobooobooboboo

all (all (rand (5) < 0.9))
= 0

00000 sS050000000000DODOOOOOOOY90ODDOOOODODOOOODOOOODODO
goooogo

0000if0 whileOOOOOOOODOOODOOO00OOOctave 00all (all (condition))
gbooobooboobooboooooboooo

xor (x,y) [Mapping Function]
xOydooboooooOooboobobxOo yboobhobDOoOOoOD xO0OobO yobhOoooo
xOOyoboOoooooooooooboooo

is_duplicate_entry (x) [Function File]
U0 xdbooooboboooobooooboobobooobooon
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diff (x, k, dim) [Function File]
00 x000n0O000000D0O4ifE (x)0 1000000 first difference0 00000
odd: o —x1,...,Tp — Tp_1-
00 x0000000diff (x)0O first non-singleton dimension 00000000000
ggd

200000000000000000000000D000O0Od4iff (x,k)0000000 kO
000000000000000kDO00O00O0Ok-th differences00000k00O00DO0O0O
non-singleton dimension 000 0000000000000 00O00OO0O0OOO4ifEf00
O non-singleton dimension 0 000000000000 O00O0O

00000000000000000dimO000000000000000000000O00O0
koD0ooO0ooOO0O0ODO0O0DO0OU0ODO0O000000kO size (x, dim)000000O0OO0O0O
oooooo

isinf (x) [Mapping Function]
xO000ODO0Onf0OOO0OODO0O 10000000000 0000000000000
isinf ([13, Inf, NA, NaN])
= [0,1, 0, 0]

isnan (x) [Mapping Function]
xOOOONaNOOOO 1000000 00000ooooooooo
isnan ([13, Inf, NA, NaNJ])
j [ 0’ O’ o, 1 ]

finite (x) [Mapping Function]
000000 x0O0O0O0O0O00 100000000000 o00O00DoOoOooooOooo
finite ([13, Inf, NA, NaN])
:> [1’ O, O,O]

find (x) [Loadable Function]
O00000000oooo0oooooooooooooo0oooooooooooD 1000
000000000000 Octave0O0O0O0OOO0OOFortran0 0000000 O0ODOOOO1
gooobooboobobboobooboobooboboboooo
find (eye (2))
= [1; 4]
00200000000000000find0000000O0O0O0OOOOOODODOOOO0O0O
goooooobuooooao
[i, j] = find (2 * eye (2))
= i=10[1; 2]
= j [1; 2]
0030000000000 0D000find0D 00000000 DO0ODOODODODOO
[i, j, v] = find (3 * eye (2))

= i=10[1; 2]
= j=101; 2]
= v=1[3; 3]
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lerr, y1, ...] = common_size (x1, ...) [Function File]
cobooooocooocoooobocoOoocOooboOooooOoooooOoOoooooOoOoOooDoog err
O000000yiOOOU0DOO0O0OO0O0O0O0O0O0O0O0O0 xiD0OOOUOO0O0OOoUooooooo
0000000 xi00000000000O0O00O000o0O0CoOOooO0OooO0O 10000yi
O0xi0000O000000o0ooo

[errorcode, a, b] = common_size ([1 2; 3 4], 5)
= errorcode = 0

= a=10[1, 2; 3, 4]

= b=1[5, 5; 5, 51

oboboooOoboooboobooooobobooooboobooooboooooono

18.2 0O 0UOO

fliplr (x) [Function File]
gooobbbbuoxgdooobobobbobooooon

fliplr ([1, 2; 3, 41)
= 2 1
4 3

fliplr0 200000000000000OONOOOOOOOOOOUOUOOOOOOOO
flipdimO0 OO ODO0O

flipud (x) [Function File]
000000000 xoooooooooooboooooo
flipud ([1, 2; 3, 41)
= 3 4
1 2

0000000000000 00000000000O0f1ipudD 200000000000
OONOOOOOODO0O0O00O000000000 flipdimO0 00000

flipdim (x, dim) [Function File]
Return a copy of x flipped about the dimension dim. For example
flipdim ([1, 2; 3, 41, 2)
= 2 1
4 3

rot90 (x, n) [Function File]
xO0000000000900000000000002000000000000000090
0000000000 0o0oooooo 1000@n00000O0D00OOO0OO0OOOO0
gogooboboboooonon
rot90 ([1, 2; 3, 4], -1)
= 3 1
4 2

oo000ooOO0o0o00oooooOoOoOoY0UoooOoOoUOooOoOOoOOoODOOUOOOO
goooooo
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rot90 ([1, 2; 3, 4], -1)

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

rot90 ([1, 2; 3, 41, 7)

000000000000 000000000O00O0Oroto00 2000000000 O0OODO
NOOUOOOOOODO0OUOO0OO0Oo00O0000 rotdim00 0000

rotdim (x, n, plane) [Function File]
xO0OO0OO0O0O00o 0000000000000 2000000000000000090
O00000000oO0o0ooOo0oO0O0ooO 1l1000@30oUooooooooooooooo
O000000O0OOplane0 000000 20000000000000020000000

000000 plane0 000000000000 200 non-singleton dimensions 000 0
ooo

nd0o0o0b0o0obOo0obOobDbOOobo0obooboobonbon

rotdim ([1, 2; 3, 4], -1, [1, 21)
= 3 1
4 2

0000000 00O00oO00ooO0oO0Oo 900 Oo0oOOOOoUOOoODoooOOoUbooULooO
goooooo

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

rot90 ([1, 2; 3, 41, 3, [1, 21)

rot90 ([1, 2; 3, 4], 7, [1, 21D

cat (dim, arrayl, array?2, ..., arrayN) [Built-in Function]
NOODODOOOOOOOarraylDarray20...0arrayN 000 dim0000000000
gooo
A = ones (2, 2);
B = zeros (2, 2);
cat (2, A, B)
= ans =
1100
1100
goooooooo

00002000000000 AD BOODOODODOOOODOOO
(A, B]

dmO NOODOOOODOODOOOOOOOODODOO0DO0ODODO000000000000000000
O00dimO0O00000O
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cat (4, ones(2, 2), zeros (2, 2))
= ans =

ans(:,:,1,1)

e
N

ans(:,:,1,2)
00
00

horzcat (arrayl, array2, ..., arrayN) [Built-in Function]
NOOOOOOOOOOOarraylOarray20 .. .0arrayN 000 200000000000
gooooooo

vertcat (arrayl, array2, ..., arrayN) [Built-in Function]
NOOODOOOoOOoOOOOarraylOarray20 ... OarrayN 000 100000000000
goooooobo

permute (a, perm) [Built-in Function]
NOODODOODODOOOO ad0000 generalized transpose 01000000000 perm 00
1:ndims(2)0 0000000000000 DO0OO0O0OO0OOOOOOOOOOOOO 100
ooooooooooon

ipermute (a, iperm) [Built-in Function]
permutell 000000000000

ipermute (permute (a, perm), perm)

oboooog abgonOn

reshape (a, m, n, ...) [Function File]

reshape (a, siz) [Function File]
i abbbbO00ooooobbbbbooooobbbbobbbbbooooobLbbo
00000000column-majordFortran 00 0000000000000 O00OOOOO
gooooo

ugbooaboaoog

reshape ([1, 2, 3, 4], 2, 2)
= 1 3
2 4
gooooooooooooooooooooooooboobooooouooouooo

0000000 10000000000000000000C0CC000O0O0O0ODODOOOODOODOOD
ugoo
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y = circshift (x, n) [Function File]
U0 xO000000000n0O0x000000000COOO0ODOOOO0OOODOOO0O0OO0
U00OnbO0OO0O0DOODOCODOOO0OOO0OO00O0O0O0O0 xOOOOoOOOooooooooao
U0 nO0000000O0O0O0O0D0O0 xO0DOOOOOOOOOODOODOOOOOODOOO
goo

x=1[1,2,3; 4,5, 6, 7, 8, 91;
circshift (x, 1)
= 7,8, 9
1, 2, 3
4, 5, 6
circshift (x, -2)
= 7,8, 9
1, 2, 3
4, 5, 6
circshift (x, [0,1])
= 3,1, 2
6, 4, 5
9, 7, 8

y = shiftdim (x, n) [Function File]
[y, ns] = shiftdim (x) [Function File]
xOUOoOOOnODODUOOUOOOODUOO0ODMOODUO nOOU0D0O0OU00oooo0oooboobDnd
O00000x0O0000000000000ooOo0oooooooooo0 nOOOoOoood
xO0OOOOO0OO0OOO0O0OO0OOnOOO0O singleton dimensions 00000
gdobooooouooboood
x = ones (1, 2, 3);
size (shiftdim (x, -1))
= [2, 3, 1]
size (shiftdim (x, 1))
= [1, 1, 2, 3]

[b, ns] = shiftdim (x);

= b= [1,1, 1; 1, 1, 1]

= ns =1
shift (x, b) [Function File]
shift (x, b, dim) [Function File]

00 xO000000000Ox0O0000O bOOOOOODOOO

00 x0000000x00000D000O000D0000000000000dimOO00OO0oOn
oooobooboooooobooon

[s, i] = sort (x) [Loadable Function]
[s, i] = sort (x, dim) [Loadable Function]
[s, i] = sort (x, mode) [Loadable Function]
[s, i] = sort (x, dim, mode) [Loadable Function]

xO0OOOOoOooOoooOooooobooooboobooboooboOsort00000ooooooon
gooo
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goooooooo
sort ([1, 2; 2, 3; 3, 1]1)
= 1 1
2 2
3 3
sortUO 0000000000000 0O00O0O0O0O000000O00000000000O000O000
gooooooooooboooooooooooo
[s, i] = sort ([1, 2; 2, 3; 3, 1])
= s =1 1

-

I
WN PR WN
N = W wN

0000000 dmO00O0O0OO0OO0OUO0OD0ODODO0D dimO0O0O0O0OQOUOOOoDOODOOOOOOOOg
0000000000 mede0 OO0 0000000000000 O0O0Omode0O0OOO0OO
‘ascend’ 0000 ‘descend’ 00 00O
goooo0ooooooooooooooooOo0ooooooooboooboooooooon

sort00 0000000000000 0OO000O0DOO0OO00bO0b0bOO0bOOobO0bOan
obooobooooooooon

sort00 0000000000000 0O0000000O00DLOOOOO0O0bO0ObOO0ObO00bOan
gboaoooooon

sort0 0000000000000 0000000000l0o00O0OUUOUOODOoDDODODODOO
000000000000 00000000000000000000'0000200000000
000000000000b000o0bO0obO0obO0oO00o0oo0oo0o0obOO0obOO0obOO0obOOoOOoOooooo20
Odo0o0oo0oobooooobOooooooooooooon
a=1[1, 2; 2, 3; 3, 1];
[s, i] = sort (a (:, 2));
a (i, )

= 3 1

1 2

2 3
tril (a, k) [Function File]
triu (a, k) [Function File]

O0 a00000tril00000000Otriv0000000O00O0CO0O0OOOOOOOO0
000000000 00oooooO0o0O0000DO2000000000000000D0DODO0OO
gboooboooboobobbooboobooboooboboa

kODOOoO0oO0OU0O0O0000000 trivd tril0000O000O0O0OO0OO0O0OOOO0O0
oood
00 kDO0O00O0000000000+ril0000000trivn0000000000

kO0D0OoO0O0DO0O0O0O0D0OO00O000000O0000D00O00Oo0UoOO0oOO

! DooOO0O0O0OD10000000000000000000000000000020000000000
goboooooooobooo
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gooano

tril (omes (3), -1)
= 0 0 O
1 0 O
1 1 0
oog
tril (ones (3), 1)
= 1 1 0

good

vec (x) [Function File]
OO0 x0O0O0OO0Ol0o0o00o0OOOoOoOoOoOoOoOoDDOO

ElDDDDDI:IDDDDI:IElDDDDDI:IDDDDI:IElDDDMagnusandNeudecker(1988)
gbooaod

vech (x) [Function File]
0000 x000000000000000D0O0O00 1000000000 0000O0O000

000000000000000000000000000O0Magnus and Neudecker (1988)

gooooo
prepad (x, 1, c) [Function File]
postpad (x, 1, ¢) [Function File]
postpad (x, 1, ¢, dim) [Function File]

000 cO00000 x0O0O0OO 1000000000000 0O0OO0OO0O0O0O0O 30000
O00000000ooOo00oUoooOoOoooood

00 length (x) > 10000x000000000000DO0O0OOODO 100000000
ubooabouodaogad

U0 xdbooooboooobooboooooboboooboobooon
000000000 dimO000O0000O00000O0O00OO0OOO0OOO0

183 UUUUuUbooogoo

eye (x) [Built-in Function]
eye (n, m) [Built-in Function]
eye (..., class) [Built-in Function]

O000000010000000000000000Oeye 00 0O0O0OODOOOOOOO

00000 2000000000000000D0D000O0DOO0OOOOOOO20000000

goobobooooboobobbooobobboooobboooobobooooDbobooboog
gooooboooo

eye (3)

= 1

0

0

O = O
= O O
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goooobobbboooooooboo
eye (2)

eye (2, 2)

eye (size ([1, 2; 3, 41)
O00000D0 classO0 0000000000 ODOOOODOODOO
val = zeros (n,m, "uint8")

MATLABOOOOOOOOOOO0OOD0OOD0OOO eyeDODODODOODO100000000O0O
oooooobooog

ones (x) [Built-in Function]
ones (n, m) [Built-in Function]
ones (n, m k, ...) [Built-in Function]
ones (..., class) [Built-in Function]

0000000 100000000000 NOODOODO0OO0O0O0O00OOeye 0000
oooobooooon

gdo0o0oo0obooooooooooooooooobooooooooon
val_matrix = val * ones (n, m)
0000000 classO0000D0O0O0ODODOOODOOODOODOO

val = ones (n,m, "uint8")

zeros (x) [Built-in Function]
zeros (n, m) [Built-in Function]
zeros (n, m, k, ...) [Built-in Function]
zeros (..., class) [Built-in Function]

0000000 000000000000NOOOOODOOOO0OOO0O0OOOeyeDOQOQooO
ooooboooogon
0000000 classO0 00000000000 OODOOOOOOO

val = zeros (n,m, "uint8")

repmat (4, m, n) [Function File]

repmat (4, [m n]) [Function File]
00 AD0DD0OO0D mOOODOOO0OO0O n00000000000000000 nO00O0O00OO
Ubb0Omx mOOOO0OOOOOOOO

rand (x) [Loadable Function]
rand (n, m) [Loadable Function]
rand ("seed", x) [Loadable Function]

00 (0,1) 0000000000000 0OO0ODDO0O0O00000OOOeye0000O0O0OO
gobogoboboooboboboobooboobooboobooobooboboobobooobo
gboooboogogoood

rand ("seed", x)
000 xOOOooooooooooo
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rand ("seed")
000000000 rand000O00O0OOOOOOO

randn (x) [Loadable Function]
randn (n, m) [Loadable Function]
randn ("seed", x) [Loadable Function]

gbobobobobobobOobobOoobobOobUeyelOOOOooooooooOOO
googbobooobobbooboobooboooboobooboboboboobooobo
gooood

randn ("seed", x)
U0 xdodoooodoobood

randn ("seed")
Uddbo0o0do0Ub0dlrandd 00000000 DOO0O

randJ 00 randn0 0000000000000 0O00O0O00O00O00O0O00O0OO0O00OOOOO0OO
gboogd

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

goo

rand ("seed", 13);
randn ("seed", 13);
u = zeros (100, 1);
n = zeros (100, 1);
for i = 1:100

u(i) = rand O;
n(i) = randn ();
end

gdoooouoooooao

O00Orand00O0 randn0 000000000 DO0OOOOOOODODOOOOODOOODODODOOO
000 Octave 0000000000000 OOOOOOOOOOOOOOOOOOOOOOOO
gddbooodoooooouooooooonooouonbo

0000000000 Orandd randnD 1000000000O

rand0 randn0 O OO RANLIBO OO Fortran 0000000000000 0O Department of
Biomathematics at The University of Texas, M.D. Anderson Cancer Center, Houston, TX
77030. O Barry W. Brown O James LovatoD 0000000000000 0O0O00O0OO Fortran
gooooobboooooo

randperm (n) [Function File]
100 n0000000C0O0O0O0OOO0OO0OOOO0OOO0OO

diag (v, k) [Built-in Function]
0000 vOOO0O kODODOOODOOOOODOO020000000000000000000
0000000000000000 kOUOOOOOOsuper-diagonald0 000000000
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O0000000k0O0OO0OODO0O0OOsub-diagonal 000000k OOO0OOOO0O0OOOO
gooooddooooboooooobooooooobooooaao
dlag ([1: 21 3]’ 1)
= 0

O O O O
O O O -
O O N O

0
3
0

00 linspacell logspacel D00 O0O0OOOOO0DOOOOOOOOOOODOOOODOOOOO
00000000000 Section 4.2 [Ranges|, 0 320000000000

linspace (base, limit, n) [Built-in Function]
base U limit 00000000 n0000000O0D00OU00OO0O0OD0OOOO0OOO nO0O1
0000000000000 0baseD limit0000000000000000 baseO limit
O0000000Do00o0o0o00o0oDoO00o0oOoo00oooooOooDoOooooOoo10000O
oooooooo

linspacel 00000000 OOOODOO

logspace (base, 1imit, n) [Function File]
linspace0 00000000000 10 00 104 00000000000 00000
gooooooo

00 limit0 7 000000000000 10%%€ and 10" 0000010°°¢ and # 000 O
000000 MATLABOOOOOOODOODOOODOOOOOOOOOO0OO

warn_neg_dim_as_zero [Built-in Variable]
00 warn_neg_dim_as_zeroOUOOUOOOOO0OOOD0OO0OOO0OOOO0OOOOOOOOOO
oo:
eye (-1)

Oooooo00ooo

warn_imag_to_real [Built-in Variable]
U0 warn_imag_to_realU0 000000000 OOOCOOOOO0O0ODOODOOOOOOO
Oo0oooooooooDoooog

18.4 O OOUO

The following functions return famous matrix forms.

hankel (c, r) [Function File]
Return the Hankel matrix constructed given the first column ¢, and (optionally) the
last row r. If the last element of ¢ is not the same as the first element of r, the last
element of ¢ is used. If the second argument is omitted, it is assumed to be a vector
of zeros with the same size as c.

A Hankel matrix formed from an m-vector ¢, and an n-vector r, has the elements

c oo [ G, iRy =1 <mg
H(i,j) = {ri+jm) otherwise.
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hilb (n) [Function File]
Return the Hilbert matrix of order n. The ¢, j element of a Hilbert matrix is defined
as
H(i, j) 1
L)) = %
Do i-
invhilb (n) [Function File]

Return the inverse of a Hilbert matrix of order n. This can be computed computed
exactly using

i n+i—1\(n+j—1\(i+j—2\"
o=y () (1) (13)

p(1)p(j)
(i+7—1)

sy =1 (* 1) (7)

The validity of this formula can easily be checked by expanding the binomial coeffi-
cients in both formulas as factorials. It can be derived more directly via the theory
of Cauchy matrices: see J. W. Demmel, Applied Numerical Linear Algebra, page 92.

where

Compare this with the numerical calculation of inverse (hilb (n)), which suffers
from the ill-conditioning of the Hilbert matrix, and the finite precision of your com-
puter’s floating point arithmetic.

sylvester_matrix (k) [Function File]
Return the Sylvester matrix of order n = 2.

toeplitz (c, r) [Function File]
Return the Toeplitz matrix constructed given the first column ¢, and (optionally) the
first row r. If the first element of ¢ is not the same as the first element of r, the first
element of ¢ is used. If the second argument is omitted, the first row is taken to be
the same as the first column.

A square Toeplitz matrix has the form:

Co (A1 T2 te Tn
C1 Co ™ o Ti—a
&) C1 Co o Tp—2
Ch Cp—1 Cp—2 ... Co
vander (c) [Function File]

Return the Vandermonde matrix whose next to last column is c.

A Vandermonde matrix has the form:

—1

ct A o 1
-1

N AR
n—1 2

cr R |
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19 00O

gboboobOoboooooobobooooobobooooobobooooboboooboobobo
gboboobooboooobooooooboooooon

191 ODOoooood

00o0oo000000ooooooooooOoOOO00O0U0UU0DoDoDOooooOoOOoOogloooooo
0000000000000 00000000000000000mapping function0 000000
gboboooOobobooobOoboooobooboboooooboboooooboboooobobn

gooo

ceil (x) [Mapping Function]
xO0000D0000000000000x00000000Oceil (real (x)) + ceil (imag
(x)) »I0000

exp (x) [Mapping Function]
x00000000000000000000000000000Chapter 20 [Linear Alge-
bra], 0 16500000000

fix (x) [Mapping Function]
xO000O00O00O00000x000000000fix (real (x)) + fix (imag (x)) * I
goog

floor (x) [Mapping Function]

x0000O0DO000000000000x000000000floor (real (x)) + floor
(imag (x)) * I0DO0ODO

g = gcd (ai, ...) [Loadable Function]
g, v1, ...] = gcd (a1, ...) [Loadable Function]
000000000000 ooOO0o000ooOo0o0D200000000000000000O
gooooboboboboooooooobobobboddoouobb bbb bbo
obooooOoboooocooobobooooobobooooobobooooobobooooon
gooo
ged ([15, 20]1)
= 5

googoboobooooooboboobood
ged ([15, 91, [20 181)
= 5 9
vl 0O0OD0OOO0000OOoo0oooooooooooooooooooo
g = 0101 + V2Qg + -+

000 Octave 00 000000000000 O0OD0OOO0ODOOOOOOODOOOOOO
00000 vlOoOOOOoOoOoOvl, ..000000000ooo0o0o
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lem (x, ...) [Mapping Function]
xO0OOoOoooooobooooooooooobooooboooboooo
lcm (al, ..., ak)
u
lcm ([al, ..., ak]).

gbbooboobogbgoboobobbobboboobooboobooong

log (x) [Mapping Function]
x000O0O00O00O00000000000000000000000Chapter 20 [Linear
Algebral, 0 165000000000

logl0O (x) [Mapping Function]
xO0O0OoOOoOol0ooooooooooooooo

log2 (x) [Mapping Function]

[f, e] = log2 (x) [Mapping Function]
x00000200000000000000000200000001/2<=|f|<100
0Ox=f-2°

0000 fOeOOOO

max (x, y, dim) [Mapping Function]
[w, iw] = max (x) [Mapping Function]
goodobobbobobbbodoooooubbobboobbbboooooooooboboobo
0000000000000 0000dimO00000000000000000000000
200 000000000000000D00000O000DO00ODO0ODOOO0ODOOOOOOO
max (max (x))
goooddxO0boooooooooooooad
max (2:5, pi)
= 3.1416 3.1416 4.0000 5.0000
oboooz2:50000000000 pi0O0O0O0OOODOOOOCOOODOOOOODOO
goboboooooobbooooooboooooog
100000000 2000000000000 0max0000000000OO0ODOODOOO
Joodooooooobooooa
[x, ix] = max ([1, 3, 5, 2, 5])
= x=25
ix = 3

min (x, y, dim) [Mapping Function]
[w, iw] = min (x) [Mapping Function]
gbboobbobobooboobooboobooboboobooboboobbobbooba
00000000000000000dimO0000000000000O000000O0O0O0
20000000000000000O00C0DO0ODOO0OOO0UODOOOOODOOODODOO

min (min (x))
go00o00OxO0O000000o0oooonooboo
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min (2:5, pi)
= 2.0000 3.0000 3.1416 3.1416
ooooz2:50000000000 pib0D0O0O0OO0OODOOOODODOODOODO
gbooobooooboboooooboooobon

100000000 2000000000000 0min000000O0OOODODLOOOOOO
goo0oooooooobooooo
[x, ix] = min ([1, 3, 0, 2, 5])
= x =0
ix = 3

mod (x, y) [Mapping Function]
oboocooOoboooobooboooboobooooooon
x -y .x floor (x ./ y)
0000000000000000000000O0mod (-1, 3)000020000-1000
OOrem (-1, 3)0000-10000000mod (x, 0)O0x0O000O

gboboobOobooboooobooooooboooooobobooooobobooooon
goo

nextpow2 (x) [Function File]
x0000000002" > |z

ubodabodobd ngnogyd
x0000000000Onextpow2 (length (x))0000

pow2 (x) [Mapping Function]

pow2 (£, e) [Mapping Function]
000 1000000000000x00000000 2*000000200000000
oof-2c. 000000

rem (x, y) [Mapping Function]
000o00o0ox /yooooooooo
x -y .x fix (x ./ y)
goobooobbdooobobobuooobbooobobooboboooboobobboobo

round (x) [Mapping Function]
x000D00000000x000000000Oround (real (x)) + round (imag (x))
* 10000

sign (x) [Mapping Function]
O0000Osignum functionD 00 0000000000000 O0O0OOOOOOOO

1, x> 0;
sign(x) =< 0, z=0;
-1, =<O0.

000000000x ./ abs (x)OOOO
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sqrt (x) [Mapping Function]
xOOooOoboooooooooooOxboobooooooooooooobooboobooooo
0 O Chapter 20 [Linear Algebral, 0 165000000

19.2 OOOgg

00o0o0ooO00oOo0oU0Oo00ooO0o0oO0oO0O0O0O0OO0DO00oOoDOOoOODlOooooOoo
gbobooboobooobooboobooboobooboobbobboobooboobobbo
0000000000000 z+w0000:000000+-10000

abs (z) [Mapping Function]
zO0OOOOO|z|=+v224+y%2 0000000
gooooooo

abs (3 + 4i)
= 5

conj (z2) [Mapping Function]
z000OO0OO0OO0 z=2—4 OOOO

imag (2) [Mapping Function]
zOOOOOOOOoOoo

real (z) [Mapping Function]
zOOOODOOO

19.3 OO0O0O0

Octave 000000000 DO0OU0DOOUDOOOOOOOOOOOOODOOOOOOOdegreed 00O
0000000000D0000 #/18000000000000000sin (30 * pi/180)00300
obooobooooobom

sin (x) [Mapping Function]
xgooobbobooooooboboboooooo

cos (x) [Mapping Function]
xO0oOOoOoobooooobooobooooobooooo

tan (z) [Mapping Function]
xO0OOOooOooooooboooooboooooooo

sec (x) [Mapping Function]
xgoobobobooooobobboooooooo

csc (x) [Mapping Function]
xO0oOooOoobooooboooobooooooobo

cot (x) [Mapping Function]
xO0OOoOooboooobooooooboooooooo
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asin (x) [Mapping Function]
xO0OOOooOoooooooooooboooooooo

acos (x) [Mapping Function]
xO0OOOooOooooboooooooooooboooo

atan (x) [Mapping Function]
xOOOoOoobooooboooooobooooboboooo

asec (x) [Mapping Function]
xOoOooOooboooooboooooboooooooboooo

acsc (x) [Mapping Function]
xOooboooooobooooboooooboobooobooo

acot (x) [Mapping Function]
xgooobboboooooobbbooooooobobboood

sinh (x) [Mapping Function]
xgoooobboboooooobobbbooooooobbbooooobo

cosh (x) [Mapping Function]
xgooobobooooooboboobbooooouobbbbooooobo

tanh (x) [Mapping Function]
xgoooobobooooooobooboooooobobbboooobboboboa

sech (x) [Mapping Function]
xOOoooobooboobobobooboooboobooboooooo

csch (x) [Mapping Function]
xO0OOoOoooooobooooobooobooooobooooboooooo

coth (x) [Mapping Function]
xOoOooOoboooooboooooooboooooboboooboobooooooobo

asinh (x) [Mapping Function]
xOoooOoooooobooooboobooooobooooboooooo

acosh (x) [Mapping Function]
xOoOoooOobooooboobooooobooooobooboooobooooo

atanh (x) [Mapping Function]
xgooobooboooooobobodooooubbbboouooobboboboga
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asech (x) [Mapping Function]
xOOOoooobooboobooboboooboobuoobuooboooooo

acsch (x) [Mapping Function]
xbOooboodooboooobooooboaoboobooboooboobooboaoda

acoth (x) [Mapping Function]
xgoooboboooooobobbouooooobbbbooooubbbbooo

0000000000 l00oo0bO000b0Db0o00DLDDO0O0o0b0bLO0o0oULDbOooUobDOoooog
go0ooo0oooooooooonooo
sin ([1, 2; 3, 4]1)
= 0.84147 0.90930
0.14112 -0.75680

atan2 (y, x) [Mapping Function]
xO0yOOOOOOOOOOOOy /xOOOOOOO0O0OO0OOOODODODODOOOOODODOOO
—r00 70000000

194 OO0

sum (x, dim) [Built-in Function]
O0dmOO000000000dimO00O0OOOOOO0OO01000000000000O00O0O0AO0
goood

O00000x000000dimO000000000000O0O0OO0

prod (x, dim) [Built-in Function]
00 dimO000000000dimO000000000O01l000000000O0O00O0O0OO
gooogd

000000x000000dimO00000000x000000000

cumsum (x, dim) [Built-in Function]
00 dmO00O0000000000dimO0O0O0O0O00O00O01000000000O000O000
gooooooboo

000000x000000dimO00D000000x0000000000OO0

cumprod (x, dim) [Built-in Function]
00 dimO000000000O00O0dimO000O000O0O0O01l0000000000000
oooooooboo

000000x000000dimO0000000Ox0000000000OO

sumsq (x, dim) [Built-in Function]
O0dimO00000000000dimO0O0O0O0O0O0O0O00100000000000000
goooooo

000000x000000dimO00000000000O0O0O0OO0O
gboboobOoboooobooooboobooogooboon
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sum (x .* conj (x), dim)

ioboooboobooboobboobooxobodobiod conj0dboobooonoOO
gbooooogno

19.5 0O

[j, ierr] = besselj (alpha, x, opt) [Loadable Function]
[y, ierr] = bessely (alpha, x, opt) [Loadable Function]
[i, ierr] = besseli (alpha, x, opt) [Loadable Function]
[k, ierr] = besselk (alpha, x, opt) [Loadable Function]
[h, ierr] = besselh (alpha, k, x, opt) [Loadable Function]

00000 BesselDOOOO HankelDOOOOOOODO

besselj 0 100 BesselOO

bessely 0 200 BesselODO

besseli 0 10000 BesselOO

besselk 0 20000 Bessel OO

besselh 0O 100k=1000000 200k=200 HankelOO

O0opt0 000000k =10000exp (-Ixx)0k=20000 exp (Ixx)000O0O
gboooboooboooon

alpha0 0000000000 xO0O0D0O0O0D0000x000000O00000OO alphaO
000000000 alphal 000000 xO0UO0DOO0O0D0O0ODO0ODOO0O0OOO length (x)
O length (alpha)0 000000000 0alphal xOODODODOOOOODOODOOOOODO
oooooooo

alpha00000000000000O0x00000000OO

000000 err 000000000000 OOODOOOOODOOOODOOOODOOODOOO
oooooooooogo

oooo

OoOoO0O0O0O0O0 NaNOO OO

Oo0o0O00O0O0D0OD InfO0O00O0O

argument reduction 000 0000000000000 0O0O0OO00OOOOOOOOOO
argument reduction 0 0 0000000000000
Oo0o—-00000ooooooono NaNOODOO

AT ol s S

la, ierr] = airy (k, z, opt) [Loadable Function]
0100000200 Ary0D0ODO0OOO0OOOOOOOOOOOO

K  Function Scale factor (if a third argument is supplied)

0 Ai (2) exp ((2/3) * Z * sqrt (2))
1 dAi(Z)/dZ exp ((2/3) * Z * sqrt (Z))
2 Bi (2) exp (-abs (real ((2/3) * Z *sqrt (Z))))

3 dBi(Z)/dZ exp (-abs (real ((2/3) * Z *sqrt (Z))))
000 airy (z)000O00000O0Oairy (0, z) 00000000 DO0OOOOO
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gboozoOoDoDoOooOoOOooOoO

000000 err 000000000000 OOOOOO0OOOOOOOOOODODOOOOOO
oboooooobooooao

0. OODOO
1. 00000000 NaNOOOO
2. 0000000000 InfOOOO
3. argument reduction 000 0000000000000 0O0O0OO0OOOOOOOOOO
4. argument reduction 00 0000000000000
5. 0O0O0—0OQ0OCOOOOOUUOUUoUOONaNOOOO
beta (a, b) [Mapping Function]
gooooboobon
Bap  T@IO)
I'(a+0)
betainc (x, a, b) [Mapping Function]

gbooabooaobooon

B(z,a,b) = B(a,b)‘l/ t(“_z)(l _ t)(b—l)dt‘

0

xO0O0OO0O0O00D000000Da0 bOUOODODDODOOODOOOODDOODOOOxOOOOOO
O0a0 bOOODDOOODOOOODOOOO

bincoeff (n, k) [Mapping Function]
000000000 nO kOOOOOOOOOOODOODOOO

(n) :n(n—l)(n—2)~-(n—k+1)

k k!
ooooo
bincoeff (5, 2)
= 10
oood
erf (z) [Mapping Function]
gooobbobooo
2 S
erf(z :—/ e "dt
B =
erfc (z) [Mapping Function]

00000 1—erf(z) 000000

erfinv (z) [Mapping Function]
goooooobooobooboo
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gamma (z) [Mapping Function]
oooooobooog

gammainc (x, a) [Mapping Function]
gooobbbbooooboo

al00000000Ogammaine (x, a)0 xO00000000000O0O0OO

xOaOOOOOOOOOOODOOODOOxO abOO0OO0DbOO0OO0ODOOOOOOOODOOOOO
oooopooooooo

lgamma (a, x) [Mapping Function]
gammaln (a, x) [Mapping Function]
gbooobOoboooooboon

cross (x, y, dim) [Function File]
30000000 x0O y0O cross product 000000

cross ([1,1,0], [0,1,1])
= [1; -1; 1]

xO0yO0OOOOOOOOODOOO3000000 crossproduct000000000000O0
0dmO000000dimO0000000O00O cross product 000000

commutation_matrix (m, n) [Function File]
0 0000 commutation matrix0 K,,, D0000000mxn 000 AODODOODK,,, -
vec(A) = vec(AT) 000 mn xmn 0000000

00000 mOOD0OOO0OOO0OOOO0K,,, 0000

0000000000000D00000000000D000O0Magnus and Neudecker (1988)
gooood

duplication_matrix (n) [Function File]
duplication matrix D, 00000000n xn 00000 matricess A 00000 D,, x
vech(A) =vec(A) 00 n?® xn(n+1)/20000000

0000000000000D0000D00000D000000Magnus and Neudecker (1988)
oooood
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19.6 OOO0O
[theta, r] = cart2pol (x, y) [Function File]
[theta, r, z] = cart2pol (%, y, 2) [Function File]

Transform cartesian to polar or cylindrical coordinates. x, y (and z) must be of same
shape. theta describes the angle relative to the x - axis. r is the distance to the z -

axis (0, 0, z).
[x, y] = pol2cart (theta, r) [Function File]
[x, y, z] = pol2cart (theta, r, z) [Function File]

Transform polar or cylindrical to cartesian coordinates. theta, r (and z) must be of
same shape. theta describes the angle relative to the x - axis. r is the distance to the
z - axis (0, 0, z).

[theta, phi, r] = cart2sph (x, y, 2) [Function File]
Transform cartesian to spherical coordinates. x, y and z must be of same shape.
theta describes the angle relative to the x - axis. phi is the angle relative to the xy -
plane. r is the distance to the origin (0, 0, 0).

[x, y, z] = sph2cart (theta, phi, r) [Function File]
Transform spherical to cartesian coordinates. x, y and z must be of same shape. theta
describes the angle relative to the x-axis. phi is the angle relative to the xy-plane. r
is the distance to the origin (0, 0, 0).

19.7 oo

I [Built-in Variable]

J [Built-in Variable]

i [Built-in Variable]

j [Built-in Variable]
00000000+/—-100000000000000000000000000000000
goooobbobobooooooobbobbodooooob b bbb bobo
goooobobooboooooooobbobboddoooob bbb bbbo
0000000000 Section 9.3 [Status of Variables|, 0 530000000

Inf [Built-in Variable]

inf [Built-in Variable]
DDDDDDDDDDDl/ODDDDDDDDDDDDDDDDDDDDDDDDDDDDD
goooo

NaN [Built-in Variable]

nan [Built-in Variable]
000000000D00/000000 co—co0O0D0O0O0 NaNOOOODODODOOODODDOO
ggd

000000000 NaNOOOO NaNOOOOOOoOooooooooooooooo IEEE
0000000000000 00000 NaNOOOOOOOOOOOOisnandOoQoaoOQ
good
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pi [Built-in Variable]
000000000000 0pi0 ‘4.0 *xatan (1.0)’000000000O

e [Built-in Variable]
00000000000000 eO00logle)=1. 00000

eps [Built-in Variable]
bobobOoboobooooboobepsbOO0bOonOoOOoOoOoOoOoOoOoOoOoOOoOOn
00000000000 000O00oOo00oOOo00oO0o0ooO0oUDoOOo0ooDoooOe4
OO0 IEEECO0O0O000OO0O0ODO0O0O00OOO00ODOepsOOOO0O 2.2204 x 10716
good

realmax [Built-in Variable]
oooooboboobobbbbotooddooooobobOoooUogbbbbboogo
006000 IEEE0D0O0O0OCODOOONDOOONOOONOUDOOOOrealmax0 0000
1.7977 x 10°®. 0000

realmin [Built-in Variable]
gooboooobooooboooobbooobb oo bboooobbbooOoo
006000 IEEE0D0O0O0O0OCOO0OO00DO0O0N0O0O0OO0OODOOOrealmax0 0000
2.2251 x 1073, oOOO
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20 0000

O000000Octave 000000000000 OOOOOOOOOOOOOOOOOOODOOO
0000000000000 O0O000000Golub and Van Loan, Matrix Computations, 2nd
Ed., Johns Hopkins, 1989, and in LAPACK Users’ Guide, SIAM, 1992.

201 DOooboooon

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

[dd, aal] = balance (a) returns aa = dd \ a * dd. aa is a matrix whose row and col-
umn norms are roughly equal in magnitude, and dd = p * d, where p is a permutation
matrix and d is a diagonal matrix of powers of two. This allows the equilibration to be
computed without roundoff. Results of eigenvalue calculation are typically improved
by balancing first.

[cc, dd, aa, bb] = balance (a, b) returns aa = cc*a*dd and bb = cc*bx*dd),
where aa and bb have non-zero elements of approximately the same magnitude and
cc and dd are permuted diagonal matrices as in dd for the algebraic eigenvalue
problem.

The eigenvalue balancing option opt is selected as follows:

"N", "n"  No balancing; arguments copied, transformation(s) set to identity.

"P" "p"  Permute argument(s) to isolate eigenvalues where possible.

"S" "s"  Scale to improve accuracy of computed eigenvalues.

"B", "b"  Permute and scale, in that order. Rows/columns of a (and b) that are

isolated by permutation are not scaled. This is the default behavior.

Algebraic eigenvalue balancing uses standard LAPACK routines.

Generalized eigenvalue problem balancing uses Ward’s algorithm (SIAM Journal on
Scientific and Statistical Computing, 1981).

cond (a) [Function File]
000 20000000 condition number0 00 000 O cond (a)d norm (a) * norm
(inv (2))000000000D000O0O0DOOO0OOOO0

[d, rcond] = det (a) [Loadable Function]
LAPACKOUOUOO adO0O0OOdeterminant0 0000000 OOOOOOreciprocal con-
dition number 00000000

dmult (a, b) [Function File]
al00 rows ()ODDOOODOOOOOdiag (a) *p000000OO0OODOOODOOODO
oo
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dot (x, y, dim) [Function File]
20000000000dot producti000000x0 yOOOOOO O Ofirst non-singleton
dimension0 0000000000000 O000O0O0 dimO0000O000O00O00O0O0OOO

gooooood

lambda = eig (a) [Loadable Function]

[v, lambda] = eig (a) [Loadable Function]
000000000000000000000000000000000 Hessenberg 000
O00000000000000 SchurO0OO0OO0O0O0OO00OO0O0O0OO0OOSchwrOOOOOOOOO
gbooooobooboboboobooog

g = givens (x, y) [Loadable Function]
[c, s] = givens (x, y) [Loadable Function]
oo zOyDOOOO

ooooo0o02x200000

goog
oooooooo
givens (1, 1)
= 0.70711 0.70711
-0.70711 0.70711

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

[x, rcond] inverse (a) [Loadable Function]
0000 a00000000000000OOOOreciprocal condition number 000000
0 O O reciprocal condition number 0 0000000000000 00D0O0OOOOOOO

norm (a, p) [Function File]
OO0 a0 p-U0000000O0OCO 2000000000000000p=2000000

allOD0OO0OOO

p=1 1-0000a0000000000
p=2 allO0DOO0OOoO

p = Inf obboobOobabOO0OOO0O0OO0OCODOO

p — ||froll
Frobenius 0 0 0 0 sqrt (sum (diag (a’ * a)))

alld0odoooboboooood

p=Inf max (abs (a)).

p=-Inf min (abs (a)).

ooag al p-0000 (sum (abs (a) .~ p)) ~ (1/p)
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null (a, tol) [Function File]
al00000Onull space0 000000000

O0000000a00000000¢tel0000D00O00OtelO000D0OOOODOOOO
gboaoagoooaoo

max (size (a)) * max (svd (a)) * eps

orth (a, tol) [Function File]
al rangespace OO DO0O0OOOO0

range space 0 000 0al0000000¢tol 00000000 Otel 00000000000
gbooobooboobgob

max (size (a)) * max (svd (a)) * eps

pinv (x, tol) [Loadable Function]
xO00OO0OO0O0O0O00000000000O0tel 00 0000000000000

00 20000000000000000000000000
tol = max (size (x)) * sigma_max (x) * eps,
000 sigma_max (x)00x00000000000

rank (a, tol) [Function File]
0000000000 a0000rank0 00000000000 O0ODOOOO tolOODOOO
0a0000000020000000000000000000000000000O

tol = max (size (a)) * sigma(l) * eps;
O00 eps000000O0D0OOOsigna()0 a0 0000O0DO0OOOO

trace (a) [Function File]
al000 sum (diag (2))000000O

20.2 JOO0oQ

chol (a) [Loadable Function]
Jooobbbbodg abbbooogg ChOlQSkyDDDDDRTRZA

h = hess (a) [Loadable Function]
[p, h] = hess (a) [Loadable Function]
00 al HessenbergO O OO OO

O0OHessenberg0 O OO0 O0O00000000000000O00O00O0O0O0O0O0OOOOO
00000000000 Golub, Nash, and Van Loan, IEEE Transactions on Automatic
Control, 197900000 M Hessenberg 000000000000 DOOO

A= PHP"

000 PO0OOOOODODOOOunitary matrixd 00 00 H O upper Hessenbergh H, ; =
0,Vi>j j+100000
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[1, u, pl = 1lu (a) [Loadable Function]
LapAck OO0 0OO0O00O0O0O0O0O0OO0 a0 LUOOOOOOOOOOOOOOOOOOOOO
OpO0O0permuted 00 0000000000000 a=1[1,2;3,4]00000000
googood

[1, u, pl = 1u (a)
returns
1

[EY

.00000 0.00000
.33333 1.00000

o

3.00000 4.00000
0.00000 0.66667

0 1
1 0

ubobooboboobooboooood

g, r, pl = qr (a) [Loadable Function]
LapAckO0OO0OOOOO0OO0DOO0 a0 QROODOODOOOOOOOOOOODOOOOOO
0 pO00 permuted 0000000000000 0 a=[1, 2;3,4l00000000
goooooo

[q, r] = qr (a)
returns

q:

-0.31623 -0.94868
-0.94868 0.31623

-3.16228 -4.42719
0.00000 -0.63246

qrUdbogboobooboobobbobooboooboooboon
min ||Az — b,
€T

0000000000000 000AOQ tall0thinDODODODODMQROODODODQR=A0O0
00000 QUOD0O0D0D0D0D0ODROODDOOOOOOODO

permuted QR OO [q, r, pl =qr (a)00r00000000O00O0OOOOOOOO
00 QROODODODODOOOOOOUOO0Oa=1[1,2;3,4]000000000000000
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lq, r, p] = qr(a)

returns
q:
-0.44721 -0.89443
-0.89443 0.44721
r =
-4.47214 -3.13050
0.00000 0.44721
p =
0 1
1 0

permuted qri 00 [q, r, p]l =qr (a)O0O0span (2)O00O0000O0O000OO

lambda = qz (a, b) [Loadable Function]
Generalized eigenvalue problem Ax = sBx, QZ decomposition. There are three ways
to call this function:

1. lambda = qz(A,B)

Computes the generalized eigenvalues A of (A — sB).
2. [AA, BB, Q, Z, V, W, lambda] = qz (A, B)

Computes qz decomposition, generalized eigenvectors, and generalized eigenval-

ues of (A — sB)

AV = BVdiag(\)
W' A = diag \)W"'B
AA=Q"AZ,BB=Q"BZ

with Q and Z orthogonal (unitary)= I

3. [AA,BB,Z{, lambda}] = qz(A,B,opt)

As in form [2], but allows ordering of generalized eigenpairs for (e.g.) solution
of discrete time algebraic Riccati equations. Form 3 is not available for com-
plex matrices, and does not compute the generalized eigenvectors V, W, nor the
orthogonal matrix Q.

opt for ordering eigenvalues of the GEP pencil. The leading block of the
revised pencil contains all eigenvalues that satisfy:

"N = unordered (default)
" = small: leading block has all |lambda| <=1
"B" = big: leading block has all |lambda >=1

" = negative real part: leading block has all eigenvalues in
the open left half-plant



170 GNU Octave

" = nonnegative real part: leading block has all eigenval-
ues in the closed right half-plane

Note: qz performs permutation balancing, but not scaling (see balance). Order of
output arguments was selected for compatibility with MATLAB

See also: balance, dare, eig, schur

laa, bb, g, z] = qzhess (a, b) [Function File]
Compute the Hessenberg-triangular decomposition of the matrix pencil (a, b), re-
turning aa = q * a * z, bb = q * b * z, with q and z orthogonal. For example,

[aa, bb, q, z] = gzhess ([1, 2; 3, 4], [5, 6; 7, 8])

= aa = [ -3.02244, -4.41741; 0.92998, 0.69749 ]
= bb = [ -8.60233, -9.99730; 0.00000, -0.23250 ]
= q= [ -0.58124, -0.81373; -0.81373, 0.58124 ]
= z=1[1, 0; 0, 11

The Hessenberg-triangular decomposition is the first step in Moler and Stewart’s QZ
decomposition algorithm.

Algorithm taken from Golub and Van Loan, Matrix Computations, 2nd edition.

s = schur (a) [Loadable Function]

[u, s] = schur (a, opt) [Loadable Function]
The Schur decomposition is used to compute eigenvalues of a square matrix, and
has applications in the solution of algebraic Riccati equations in control (see are
and dare). schur always returns S = U7 AU where U is a unitary matrix (UTU is
identity) and S is upper triangular. The eigenvalues of A (and S) are the diagonal
elements of S If the matrix A is real, then the real Schur decomposition is computed,
in which the matrix U is orthogonal and S is block upper triangular with blocks of
size at most 2 x 2 along the diagonal. The diagonal elements of S (or the eigenvalues
of the 2 x 2 blocks, when appropriate) are the eigenvalues of A and S.

The eigenvalues are optionally ordered along the diagonal according to the value of
opt. opt = "a" indicates that all eigenvalues with negative real parts should be moved
to the leading block of S (used in are), opt = "d" indicates that all eigenvalues with
magnitude less than one should be moved to the leading block of S (used in dare),
and opt = "u", the default, indicates that no ordering of eigenvalues should occur.
The leading k columns of U always span the A-invariant subspace corresponding to
the k leading eigenvalues of S.

s = svd (a) [Loadable Function]
[u, s, v] = svd (a) [Loadable Function]
Compute the singular value decomposition of a

A=Uxv"

The function svd normally returns the vector of singular values. If asked for three
return values, it computes U, S, and V. For example,
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svd (hilb (3))

returns
ans =
1.4083189
0.1223271
0.0026873
and

[u, s, vl = svd (hilb (3))
returns

u =

-0.82704 0.54745 0.12766
-0.45986 -0.52829 -0.71375
-0.32330 -0.64901  0.68867

[

.40832 0.00000 0.00000
.00000 0.12233 0.00000
.00000 0.00000 0.00269

o O

-0.82704 0.54745 0.12766
-0.45986 -0.52829 -0.71375
-0.32330 -0.64901 0.68867

If given a second argument, svd returns an economy-sized decomposition, eliminating
the unnecessary rows or columns of u or v.

[housv, beta, zer] = housh (x, j, z) [Function File]
Computes householder reflection vector housv to reflect x to be jth column of identity,
i.e., (I - beta*housv*housv’)x =e(j) inputs x: vector j: index into vector z: threshold
for zero (usually should be the number 0) outputs: (see Golub and Van Loan) beta: If
beta = 0, then no reflection need be applied (zer set to 0) housv: householder vector

[u, h, nul = krylov (a, v, k, eps1, pflg); [Function File]
construct orthogonal basis U of block Krylov subspace; [v a*v a~2*v ... a~(k+1)*v];
method used: householder reflections to guard against loss of orthogonality epsl:
threshhold for 0 (default: le-12) pflg: flag to use row pivoting (improves numerical
behavior) 0 [default]: no pivoting; prints a warning message if trivial null space is
corrupted 1 : pivoting performed

outputs: u: orthogonal basis of block krylov subspace h: Hessenberg matrix; if v
is a vector then a u = u h otherwise h is meaningless nu: dimension of span of



172 GNU Octave

krylov subspace (based on epsl) if b is a vector and k > m-1, krylov returns h = the
Hessenberg decompostion of a.

Reference: Hodel and Misra, "Partial Pivoting in the Computation of Krylov Sub-
spaces", to be submitted to Linear Algebra and its Applications

203 JO0booooon

expm (a) [Loadable Function]
Return the exponential of a matrix, defined as the infinite Taylor series
A% A3
exp(A):I—l—A—i—a—i-?—i----

The Taylor series is not the way to compute the matrix exponential; see Moler and
Van Loan, Nineteen Dubious Ways to Compute the Exponential of a Matrix, STAM
Review, 1978. This routine uses Ward’s diagonal Padé approximation method with
three step preconditioning (STAM Journal on Numerical Analysis, 1977). Diagonal
Padé approximations are rational polynomials of matrices D, (a) ' N,(a) whose Taylor
series matches the first 2¢ + 1 terms of the Taylor series above; direct evaluation of
the Taylor series (with the same preconditioning steps) may be desirable in lieu of
the Padé approximation when D,(a) is ill-conditioned.

logm (a) [Function File]
Compute the matrix logarithm of the square matrix a. Note that this is currently
implemented in terms of an eigenvalue expansion and needs to be improved to be
more robust.

[result, error_estimate] = sqrtm (a) [Loadable Function]
Compute the matrix square root of the square matrix a.

Ref: Nicholas J. Higham. A new sqrtm for MATLAB. Numerical Analysis Report
No. 336, Manchester Centre for Computational Mathematics, Manchester, England,
January 1999.

kron (a, b) [Function File]
200000 Kronecker 00 0000000000000 0OO0OODOOOOOOOOO
x = [a(i, j) Dbl
gooooooo

kron (1:4, ones (3, 1))
= 1 2 3 4
1 2 3 4
1 2 3 4
x = syl (a, b, ¢) [Loadable Function]

Solve the Sylvester equation
AX+XB+C=0
using standard LAPACK subroutines. For example,

syl ([1, 2; 3, 41, [5, 6; 7, 81, [9, 10; 11, 12])
= [ -0.50000, -0.66667; -0.66667, —-0.50000 ]
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21 Nonlinear Equations

Octave can solve sets of nonlinear equations of the form
flz) =0

using the function fsolve, which is based on the MINPACK subroutine hybrd.

[x, info, msg]l = fsolve (fcn, x0) [Loadable Function]
Given fcn, the name of a function of the form f (x) and an initial starting point x0,
fsolve solves the set of equations such that f(x) ==

If fen is a two-element string array, the first element names the function f described
above, and the second element names a function of the form j (x) to compute the
Jacobian matrix with elements

_Ofi

J

You can use the function fsolve_options to set optional parameters for fsolve.

fsolve_options (opt, val) [Loadable Function]
When called with two arguments, this function allows you set options parameters for
the function fsolve. Given one argument, fsolve_options returns the value of the
corresponding option. If no arguments are supplied, the names of all the available
options and their current values are displayed.

Options include

"tolerance"
Nonnegative relative tolerance.

Here is a complete example. To solve the set of equations

—22% + 37y + 4sin(y) —6 =10
32% — 2xy* + 3cos(x) +4 =0

you first need to write a function to compute the value of the given function. For example:
function y = £ (x)
y(1) = -2xx(1)72 + 3*x(1)*x(2) + 4*xsin(x(2)) - 6;
y(2) 3*x(1)72 - 2*x(1)*x(2)"2 + 3*xcos(x(1)) + 4;
endfunction

Then, call fsolve with a specified initial condition to find the roots of the system of
equations. For example, given the function f defined above,

[x, info] = fsolve ("f", [1; 21)

results in the solution



174 GNU Octave

o

.57983
.54621

N

info =1
A value of info = 1 indicates that the solution has converged.

The function perror may be used to print English messages corresponding to the numeric
error codes. For example,

perror ("fsolve", 1)
-1 solution converged to requested tolerance
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22 Quadrature

22.1 Functions of One Variable

[v, ier, nfun, err] = quad (f, a, b, tol, sing) [Loadable Function]
Integrate a nonlinear function of one variable using Quadpack. The first argument is
the name of the function, the function handle or the inline function to call to compute
the value of the integrand. It must have the form

y=1f (x)
where y and x are scalars.

The second and third arguments are limits of integration. Either or both may be
infinite.

The optional argument tol is a vector that specifies the desired accuracy of the result.
The first element of the vector is the desired absolute tolerance, and the second
element is the desired relative tolerance. To choose a relative test only, set the absolute
tolerance to zero. To choose an absolute test only, set the relative tolerance to zero.

The optional argument sing is a vector of values at which the integrand is known to
be singular.

The result of the integration is returned in v and ier contains an integer error code
(0 indicates a successful integration). The value of nfun indicates how many function
evaluations were required, and err contains an estimate of the error in the solution.

You can use the function quad_options to set optional parameters for quad.

quad_options (opt, val) [Loadable Function]
When called with two arguments, this function allows you set options parameters
for the function quad. Given one argument, quad_options returns the value of the
corresponding option. If no arguments are supplied, the names of all the available
options and their current values are displayed.

Options include

"absolute tolerance"
Absolute tolerance; may be zero for pure relative error test.

"relative tolerance"
Nonnegative relative tolerance. If the absolute tolerance is zero, the rela-
tive tolerance must be greater than or equal to max (50*eps, 0.5e-28).

Here is an example of using quad to integrate the function

f(z) = xsin(1/x)\/|1 — x|

from x =0 to x = 3.

This is a fairly difficult integration (plot the function over the range of integration to see
why).

The first step is to define the function:



176 GNU Octave

function y = £ (x)
y =x .*x sin (1 ./ x) .* sqrt (abs (1 - x));
endfunction
Note the use of the ‘dot’ forms of the operators. This is not necessary for the call to
quad, but it makes it much easier to generate a set of points for plotting (because it makes
it possible to call the function with a vector argument to produce a vector result).
Then we simply call quad:
[v, ier, nfun, err] = quad ("f", 0, 3)
= 1.9819
=1
= 5061
= 1.1522e-07

Although quad returns a nonzero value for ier, the result is reasonably accurate (to see

why, examine what happens to the result if you move the lower bound to 0.1, then 0.01,
then 0.001, etc.).

22.2 Orthogonal Collocation

[r, amat, bmat, q] = colloc (n, "left", "right") [Loadable Function]
Compute derivative and integral weight matrices for orthogonal collocation using
the subroutines given in J. Villadsen and M. L. Michelsen, Solution of Differential
Equation Models by Polynomial Approximation.

Here is an example of using colloc to generate weight matrices for solving the second
order differential equation u'—au” = 0 with the boundary conditions «(0) = 0 and u(1) = 1.

First, we can generate the weight matrices for n points (including the endpoints of the
interval), and incorporate the boundary conditions in the right hand side (for a specific
value of «).

n==r;
alpha = 0.1;
[r, a, bl = colloc (n-2, "left", "right");

at = a(2:n-1,2:n-1);
bt = b(2:n-1,2:n-1);
rhs = alpha * b(2:n-1,n) - a(2:n-1,n);
Then the solution at the roots r is
u= [ 0; (at - alpha * bt) \ rhs; 1]
= [ 0.00; 0.004; 0.01 0.00; 0.12; 0.62; 1.00 ]
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23 Differential Equations

Octave has two built-in functions for solving differential equations. Both are based on
reliable ODE solvers written in Fortran.

23.1 Ordinary Differential Equations

The function 1sode can be used to solve ODEs of the form

dx
S t
= f 1)
using Hindmarsh’s ODE solver LSODE.
[x, istate, msg] lsode (fcm, x_0, t, t_crit) [Loadable Function]
Solve the set of differential equations
dx
P t
" )
with
x(to) = X

The solution is returned in the matrix x, with each row corresponding to an element
of the vector t. The first element of t should be ¢4 and should correspond to the initial
state of the system x_0, so that the first row of the output is x_0.

The first argument, fen, is a string that names the function to call to compute the
vector of right hand sides for the set of equations. The function must have the form

xdot = f (x, t)
in which xdot and x are vectors and ¢t is a scalar.
If fen is a two-element string array, the first element names the function f described
above, and the second element names a function to compute the Jacobian of f. The
Jacobian function must have the form

jac = j (x, t)
in which jac is the matrix of partial derivatives

oHn oh ... Oh

gxl gxg %’CN

8fr Of ... Of2

J= 8fz | 0= Oxa oz N
Oz; ; ; S

Ofs Ofs ... Ofs

Oxq Oxo ox N

The second and third arguments specify the intial state of the system, xq, and the
initial value of the independent variable ¢.

The fourth argument is optional, and may be used to specify a set of times that
the ODE solver should not integrate past. It is useful for avoiding difficulties with
singularities and points where there is a discontinuity in the derivative.

After a successful computation, the value of istate will be 2 (consistent with the
Fortran version of LSODE).

If the computation is not successful, istate will be something other than 2 and msg
will contain additional information.

You can use the function 1sode_options to set optional parameters for 1sode.
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lsode_options (opt, val) [Loadable Function]
When called with two arguments, this function allows you set options parameters for
the function lsode. Given one argument, lsode_options returns the value of the
corresponding option. If no arguments are supplied, the names of all the available
options and their current values are displayed.

Options include

"absolute tolerance"
Absolute tolerance. May be either vector or scalar. If a vector, it must
match the dimension of the state vector.

"relative tolerance"

Relative tolerance parameter. Unlike the absolute tolerance, this param-
eter may only be a scalar.

The local error test applied at each integration step is
abs (local error in x(i)) <= rtol * abs (y(i)) + atol(i)fi

"integration method"

A string specifing the method of integration to use to solve the ODE
system. Valid values are

"adams"
"non-stiff"
No Jacobian used (even if it is available).
llbdf"
"stiff" Use stiff backward differentiation formula (BDF) method. If

a function to compute the Jacobian is not supplied, 1sode
will compute a finite difference approximation of the Jacobian
matrix.

"initial step size"
The step size to be attempted on the first step (default is determined
automatically).

"maximum order"
Restrict the maximum order of the solution method. If using the Adams
method, this option must be between 1 and 12. Otherwise, it must be
between 1 and 5, inclusive.

"maximum step size"
Setting the maximum stepsize will avoid passing over very large regions
(default is not specified).
"minimum step size"
The minimum absolute step size allowed (default is 0).
"step limit"
Maximum number of steps allowed (default is 100000).

Here is an example of solving a set of three differential equations using 1sode. Given
the function
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function xdot = f (x, t)
xdot = zeros (3,1);

xdot (1)

77.27 * (x(2) - x(D)*x(2) + x(1) \
- 8.375e-06*x(1)"2);
xdot(2) = (x(3) - x(D)*x(2) - x(2)) / 77.27;
xdot (3) 0.161*(x(1) - x(3));

endfunction

and the initial condition x0 = [ 4; 1.1; 4 ], the set of equations can be integrated using
the command

t = linspace (0, 500, 1000);

y lsode ("f", x0, t);
If you try this, you will see that the value of the result changes dramatically between t
= 0 and 5, and again around t = 305. A more efficient set of output points might be
t = [0, logspace (-1, 1logl0(303), 150), \
logspace (1logl0(304), 1logl0(500), 150)1;

See Alan C. Hindmarsh, ODEPACK, A Systematized Collection of ODE Solvers, in
Scientific Computing, R. S. Stepleman, editor, (1983) for more information about the inner
workings of 1sode.

23.2 Differential-Algebraic Equations
The function daspk can be used to solve DAEs of the form

0= f(z,z,1), z(t =0) =xo,2(t =0) = &

using Petzold’s DAE solver DASPK.

[x, xdot, istate, msg] = daspk (fcn, x_0, xdot_0, t, [Loadable Function]
t_crit)
Solve the set of differential-algebraic equations

0= f(x,a,t)

with
l‘(to) = l‘o,i?(to) = i?o

The solution is returned in the matrices x and xdot, with each row in the result
matrices corresponding to one of the elements in the vector t. The first element of ¢
should be t; and correspond to the initial state of the system x_0 and its derivative
xdot_0, so that the first row of the output x is x_0 and the first row of the output
xdot is xdot_0.

The first argument, fcn, is a string that names the function to call to compute the
vector of residuals for the set of equations. It must have the form
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res = f (x, xdot, t)
in which x, xdot, and res are vectors, and t is a scalar.

If fen is a two-element string array, the first element names the function f described
above, and the second element names a function to compute the modified Jacobian
_of  of

The modified Jacobian function must have the form
jac = j (x, xdot, t, c)

The second and third arguments to daspk specify the initial condition of the states
and their derivatives, and the fourth argument specifies a vector of output times at
which the solution is desired, including the time corresponding to the initial condition.

The set of initial states and derivatives are not strictly required to be consistent.
If they are not consistent, you must use the daspk_options function to provide
additional information so that daspk can compute a consistent starting point.

The fifth argument is optional, and may be used to specify a set of times that the DAE
solver should not integrate past. It is useful for avoiding difficulties with singularities
and points where there is a discontinuity in the derivative.

After a successful computation, the value of istate will be greater than zero (consistent
with the Fortran version of DASPK).

If the computation is not successful, the value of istate will be less than zero and msg
will contain additional information.

You can use the function daspk_options to set optional parameters for daspk.

daspk_options (opt, val) [Loadable Function]
When called with two arguments, this function allows you set options parameters for
the function daspk. Given one argument, daspk_options returns the value of the
corresponding option. If no arguments are supplied, the names of all the available
options and their current values are displayed.

Options include

"absolute tolerance"
Absolute tolerance. May be either vector or scalar. If a vector, it must
match the dimension of the state vector, and the relative tolerance must
also be a vector of the same length.

"relative tolerance"
Relative tolerance. May be either vector or scalar. If a vector, it must
match the dimension of the state vector, and the absolute tolerance must
also be a vector of the same length.

The local error test applied at each integration step is

abs (local error in x(i))
<= rtol(i) * abs (Y(i)) + atol(i)
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"compute consistent initial condition"
Denoting the differential variables in the state vector by ‘Y_d’ and the
algebraic variables by ‘Y_a’, ddaspk can solve one of two initialization
problems:

1. Given Y_d, calculate Y_a and Y’_d
2. Given Y, calculate Y.

In either case, initial values for the given components are input, and initial
guesses for the unknown components must also be provided as input. Set
this option to 1 to solve the first problem, or 2 to solve the second (the
default default is 0, so you must provide a set of initial conditions that
are consistent).

If this option is set to a nonzero value, you must also set the "algebraic
variables" option to declare which variables in the problem are alge-
braic.

"use initial condition heuristics"
Set to a nonzero value to use the initial condition heuristics options de-
scribed below.

"initial condition heuristics"
A vector of the following parameters that can be used to control the initial
condition calculation.

MXNIT Maximum number of Newton iterations (default is 5).
MXNJ Maximum number of Jacobian evaluations (default is 6).
MXNH Maximum number of values of the artificial stepsize

parameter to be tried if the "compute consistent initial
condition" option has been set to 1 (default is 5).

Note that the maximum number of Newton iterations
allowed in all is MXNIT#MXNJ*MXNH if the "compute
consistent initial condition" option has been set to 1
and MXNIT*MXNJ if it is set to 2.

LSOFF Set to a nonzero value to disable the linesearch algorithm
(default is 0).

STPTOL Minimum scaled step in linesearch algorithm (default is
eps~(2/3)).

EPINIT Swing factor in the Newton iteration convergence test. The

test is applied to the residual vector, premultiplied by the
approximate Jacobian. For convergence, the weighted RMS
norm of this vector (scaled by the error weights) must be less
than EPINIT*EPCON, where EPCON = 0.33 is the analogous
test constant used in the time steps. The default is EPINIT
= 0.01.

"print initial condition info"
Set this option to a nonzero value to display detailed information about
the initial condition calculation (default is 0).
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"exclude algebraic variables from error test"
Set to a nonzero value to exclude algebraic variables from the error test.
You must also set the "algebraic variables" option to declare which
variables in the problem are algebraic (default is 0).

"algebraic variables"
A vector of the same length as the state vector. A nonzero element
indicates that the corresponding element of the state vector is an algebraic
variable (i.e., its derivative does not appear explicitly in the equation set.

This option is required by the compute consistent initial condition"
and "exclude algebraic variables from error test" options.

"enforce inequality constraints"
Set to one of the following values to enforce the inequality constraints
specified by the "inequality constraint types" option (default is 0).

1. To have constraint checking only in the initial condition calculation.
2. To enforce constraint checking during the integration.
3. To enforce both options 1 and 2.
"inequality constraint types"
A vector of the same length as the state specifying the type of inequality

constraint. Each element of the vector corresponds to an element of the
state and should be assigned one of the following codes

-2 Less than zero.

-1 Less than or equal to zero.

0 Not constrained.

1 Greater than or equal to zero.
2 Greater than zero.

This option only has an effect if the "enforce inequality constraints"
option is nonzero.

"initial step size"
Differential-algebraic problems may occaisionally suffer from severe scal-
ing difficulties on the first step. If you know a great deal about the scaling
of your problem, you can help to alleviate this problem by specifying an
initial stepsize (default is computed automatically).

"maximum order"
Restrict the maximum order of the solution method. This option must
be between 1 and 5, inclusive (default is 5).

"maximum step size"
Setting the maximum stepsize will avoid passing over very large regions
(default is not specified).

Octave also includes DASSL, an earlier version of Daspk, and dasrt, which can be used
to solve DAEs with constraints (stopping conditions).
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[x, xdot, t_out, istat, msg] = dasrt (fcn [, g], x_0, [Loadable Function]
xdot_0, t [, t_crit])
Solve the set of differential-algebraic equations

0= f(z,,t)

with
x(ty) = 2o, &(to) = To
with functional stopping criteria (root solving).

The solution is returned in the matrices x and xdot, with each row in the result
matrices corresponding to one of the elements in the vector t_out. The first element
of t should be ty and correspond to the initial state of the system x_0 and its derivative
xdot_0, so that the first row of the output x is x_0 and the first row of the output
xdot is xdot_0.

The vector t provides an upper limit on the length of the integration. If the stopping
condition is met, the vector t_out will be shorter than ¢, and the final element of t_out
will be the point at which the stopping condition was met, and may not correspond
to any element of the vector t.

The first argument, fcn, is a string that names the function to call to compute the
vector of residuals for the set of equations. It must have the form

res = f (x, xdot, t)
in which x, xdot, and res are vectors, and t is a scalar.

If fcn is a two-element string array, the first element names the function f described
above, and the second element names a function to compute the modified Jacobian

_of | of
oz ‘o

The modified Jacobian function must have the form

J +

jac = j (x, xdot, t, c)

The optional second argument names a function that defines the constraint functions
whose roots are desired during the integration. This function must have the form

g_out =g (x, t)
and return a vector of the constraint function values. If the value of any of the

constraint functions changes sign, DASRT will attempt to stop the integration at the
point of the sign change.

If the name of the constraint function is omitted, dasrt solves the same problem as
daspk or dassl.

Note that because of numerical errors in the constraint functions due to roundoff
and integration error, DASRT may return false roots, or return the same root at two
or more nearly equal values of T. If such false roots are suspected, the user should
consider smaller error tolerances or higher precision in the evaluation of the constraint
functions.
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If a root of some constraint function defines the end of the problem, the input to
DASRT should nevertheless allow integration to a point slightly past that root, so
that DASRT can locate the root by interpolation.

The third and fourth arguments to dasrt specify the initial condition of the states
and their derivatives, and the fourth argument specifies a vector of output times at
which the solution is desired, including the time corresponding to the initial condition.

The set of initial states and derivatives are not strictly required to be consistent. In
practice, however, DASSL is not very good at determining a consistent set for you, so
it is best if you ensure that the initial values result in the function evaluating to zero.

The sixth argument is optional, and may be used to specify a set of times that the DAE
solver should not integrate past. It is useful for avoiding difficulties with singularities
and points where there is a discontinuity in the derivative.

After a successful computation, the value of istate will be greater than zero (consistent
with the Fortran version of DASSL).

If the computation is not successful, the value of istate will be less than zero and msg
will contain additional information.

You can use the function dasrt_options to set optional parameters for dasrt.

dasrt_options (opt, val) [Loadable Function]
When called with two arguments, this function allows you set options parameters for
the function dasrt. Given one argument, dasrt_options returns the value of the
corresponding option. If no arguments are supplied, the names of all the available
options and their current values are displayed.

Options include

"absolute tolerance"
Absolute tolerance. May be either vector or scalar. If a vector, it must
match the dimension of the state vector, and the relative tolerance must
also be a vector of the same length.

"relative tolerance"
Relative tolerance. May be either vector or scalar. If a vector, it must
match the dimension of the state vector, and the absolute tolerance must
also be a vector of the same length.

The local error test applied at each integration step is

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

"initial step size"
Differential-algebraic problems may occaisionally suffer from severe scal-
ing difficulties on the first step. If you know a great deal about the scaling
of your problem, you can help to alleviate this problem by specifying an
initial stepsize.

"maximum order"
Restrict the maximum order of the solution method. This option must
be between 1 and 5, inclusive.
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"maximum step size"
Setting the maximum stepsize will avoid passing over very large regions.

"step limit"
Maximum number of integration steps to attempt on a single call to the
underlying Fortran code.

See K. E. Brenan, et al., Numerical Solution of Initial-Value Problems in Differential-
Algebraic Equations, North-Holland (1989) for more information about the implementation
of DAsSL.
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24 OO0

24.1 Linear Programming
24.2 Quadratic Programming
24.3 Nonlinear Programming

244 ODO0O0OO

[beta, v, r] = gls (y, x, 0) [Function File]
000000 y=xb4+e00e=0000 cov(vec(e)) = (s2)o 00DODODODOODOO
O00000000y0D txpO0O00xz0¢tx k00000 kExpOO0OUeOtxpOO
O0000oO tpxtpOOOODOODO

yOxO00ODOODOOOOODODOOO0OO0O0O0D0000000 betaDvOOO r00000000
oooon

beta bOOOODO GLSOOOODOOO

v 200000 GLSOOoOooooo

r GLSOO r=y—xbeta 0000 DO0ODOOOOO

[beta, sigma, r] = ols (y, x) [Function File]
000000000000 000000000000: y=2b+e0000e=00000
cov(vec(e)) = kron (s,1) 0000000 yO txpO0O002x0¢txk0000bO kxp
D000000e0¢txp0000000O
yO0x000OOODOOODOODODOOODOO0O0OO0O

yOx00O0OODDOOOOOOOOOODO0OO0O0OO0O0O000O betaOvOOO r000o0ooonQ

goooo

beta bOODO OLSOOO beta =pinv (x) * y OO00O00OO pinv (x)00x
gboogooooooboooon

sigma 00 sOOLSOOOooon:

sigma = (y-x*beta)’
*x (y-x*beta)
/ (t-rank(x))

r OLSOO r=y—xxbeta 000D 0O0O0OOOO
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25 U0

O000000O0ctave 00 0000000000000 O00OOO0UOOOOOOOOOOOOOOctave
000000000 0000oDob00o0oboDObObugoctave.orgd 00 DOOOOOOOO
good

251 000ooogi

mean (x, dim, opt) [Function File]
xO0OooOoooooxooo

T
mean(x) = = N ;xl

gooobodbxgboobobbobooboobooboobooboobobo
ooooboogoptdoo0ooboooooboooboobbooooboooboooooooon

good

"a" gboobouooboooboboaoboaobaoobooo
g gboooboooon

"h" gboooboooon

000000000 dimO000000000000dimO0000O000O0O

dmO opt 00 0000000000000 00OO00OO0O0O0OOOODOOOOOOOOOO
oono

median (x) [Function File]
b xOobooboobooboboobooboobddx

median(z) = {x("N/2—‘)7 N odd;
-~ L(@(N/2) +2(N/2+1))/2, N even.

b0 xtoboobooboboobooboobobbobooboooboo

std (x) [Function File]
std (x, opt) [Function File]
std (x, opt, dim) [Function File]

U xtdbuoobobbdxbooboooaoboaood

std(z) = o(x)

U xtgbooboobobboboobooboobuoobooboobobbobn
OO0 optO0000O0O0O0O0O0ODOOOOCODOOOOOOOODOOOOODOOODOOOOOO0

oood

0: N-l1O0OOOOoOoOoOoOoOoOoOO0oOoOUUoUUoOooOoOooOoOOoUOUOoUOO
oo

1: NOOOOOOoOOoOooooOoOoUoooOo2000000000000000

03000dim000000O000O0OOOOOOOO0OOOOOOD
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cov (x, ) [Function File]
00 xO00 yOOODOOOODOODOO00D0O000O0cov (x, y)O (4, /)000000
O00x0i000000 yO jOO0O0O0O0O0OOOOOOOOOO1l00D00D0000COCO
OO000corrcoef (x, x) JOOOOO

corrcoef (x,y) [Function File]
00 x00 yOOODOO0O00000000000000corrcoef (x, y)O (4, /) 000
00000O0Ox0 i000000 y0O jO0O000O00O00O00OCOOOO01I000O0O0O0OO
OO00000corrcoef (x, x) JOOOOO

kurtosis (x, dim) [Function File]
00 xO000O NOODOOOOOOOxOOO

kurtosis(z) = No@) Z(a:z —7)" -3

000000 x00O0O000O first non-singleton dimension 0000000000000
00000dimO000000000000O00O0OO0O0OOO0OO

mahalanobis (x, y) [Function File]
0000000 x0yOOOOOOODOOOOUOO D-O00OU0OOOOOOOOOOOOO
obooooOoboooboobooooobooooobooboooobooobooono

skewness (x, dim) [Function File]
xgdddO»nDOOOOOOOOOxODOO

skewness(x) = No(@)? Z(% —z)°

000000 x000000D000 first non-singleton dimension 00000000000
00000000 dimO00000000D00O0OO0OOOOOOOO

values (x) [Function File]
gboooboooboobooboobobbobooo

var (x) [Function File]
xOOoOOoooooOoooooooboOxobobooooooobobooooooboooboo
googooo
U0 optO0000O0O0O0O0OCODOOOOCODOOODOOOOODOOOOODOOODOOOOOO0
good
0: N-10000O0O0o00o0o0ooooooooouooom
1: NOOOOOOOOoOOoOooooooooOo 200000000000

03000dm0O00000O0O0O0O0O0O0O0OO0O0OOOOOOOO
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[t, 1_x] = table (x) [Function File]
[t, 1_x, 1_y] = table (x,y) [Function File]
000000000000 t0000000000 000000000 oo

oo0oO0o0o0D10000 20000000000000000

studentize (x, dim) [Function File]
U0 xdbooooboboooobooooboobooogooo

00 x0000000first non-singleton dimension 00 0000000000000 OO
00000000000 dim0O00000000000 dimO00O0D0O0O0OO

statistics (x) [Function File]
00 xO000O0000x0O0O0OO0OO0O0OO0OO0OO0OO0OO0 3000000000 300000000
gooobobobbbooooobobooboo

U0 xdboooobobooooboooobooboooo

spearman (x, y) [Function File]
0000000000000 000oooo0o00o000o0o0ooooo0dd rhodOOOO

gbooooobooboooooobOoboooooobobooooooboboooooonoon
gboooobooooboboooooboo

spearman (x)0 0 spearman (x,x)0000000
2000000000 x0yOOOOOOODODOOO rhoO xO yOOooooooo

00 x0yOOOOODODODODOOOOODOOODOOOOrho0ODOOOOODOOO 1/ (n-
V0000000000000 ooo

run_count (x, n) [Function File]
Count the upward runs along the first non-singleton dimension of x of length 1, 2,
..., -1 and greater than or equal to n. If the optional argument dim is given operate
along this dimension

ranks (x, dim) [Function File]
OO0 x0O0000O00000ties0 0000000 xOOOODODOOOOOOOOOOODOOOO

00 xO000000Ofirst non-singleton dimension 0000000000000 0O000O0
0000000dim0O00O000000000 dim0O000O00O0O0O0OO

range (x) [Function File]
range (x, dim) [Function File]
U0 xdbOoooobooooooboooooboboooooboooooboooooon

U0 xOdboo0oooOxOoOoooboooooooo
000000000 dimO000000000000 dimO00000O000OO
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[q, s] = qgplot (x, dist, params) [Function File]
QQ-plotD0DO0OO0OOOOOOOOOOO
000000 params 00000 dist0 CDFO FOOOOOOO GUOOOOO nOOO
0000000 x00000QQ-plot000000 s(i)=(x0i0000000)0000
00 q(if) = G((i- 0.5)/n) 00000000
0000000000000 000000000 FOOOOODODDODDODDODODOODOOOOO0OOO
goooooad

dist0000000000000000000000 params 00dist0000000O00O0O
gdooododooood [2,4]DDDD[|D xoooooooooooooooooooo
agoad

qgplot (x, "uniform", 2, 4)
gddboouoboodoboboooboobobobooobooooo

probit (p) [Function File]
pOO000000O0O0pOO0OOODOOOOOOODOOOOODOODOOOO

[p, y] = ppplot (x, dist, params) [Function File]
PP-plot0 0000000000000
000000 params00000 dist0 CDFO FOOOOOO nO0000O0000O00 x
OO0O00O0OPP-plot000000 y(i)=FOx0i0000000000000000O0O
p(i)=(i-05)/n0000000000000000D0FOOOOOOODODOODODOOOD
0O0pooo0Doooo

dist 00 00000000000000000000 params 00dist00000000O0O
0000000000000 24000000 x00000000000D0D0O0OOOOO
goo

ppplot (x, "uniform", 2, 4)
oooobooobooboboboobooobooboobobobooboooboo

moment (x, p, opt, dim) [Function File]
U0 xdbooooboOxbO pgdbooboobobooooao

U0 xOdbooboobob pOobU0oO0obOobObOobO0oOobOoOobOoOoDbo
oobooobogoptidb0O0dDbOO0ObOOO0ODbOODODO0ODbOOODbOOODbDO0On opt
O'"c"ooOo"a"OOoooooooao and/OI‘DDDDDDDDDDDDDDDD

moment (x, 3, "ac")
00000x0 3000000000000000000
000000000 dimO00000O0D00000 dimOO0O0O00O00O0O

meansq (x) [Function File]
meansq (x, dim) [Function File]
goodoobboobbbdoooooubobooboobboobbbbboooooobobboboboD
0000000000000000dimO00000000000000O0000O00O000O0O0

logit (p) [Function File]
pO000D000000pOOODODO log (p / (1-p))0OOO
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kendall (x, y) [Function File]
coobo0oocOooobOoOooooboOooOoOOo0oOob0bOOob0cO00oboOb0dOtaud0bOOOOn

gboooooobobobooooooboboboooooboobobOobooooooon
ooooooboooooooooon

kendall (x)0 kendall (x,x)00000O

00000 2000000000 xUOyOOOOUOOODOOOO tauOOx0O yOQoooOO
0000000000000000000 x0O yO distinct entries0000000

1 ) .
- m ;Slgn(% — g;)sign(r; — ;)

00000000 in whichthe ¢ 000 r, 000000 x0O yOQOQOoOOoOO

00x0yOOOOOOODDOOOOO0OO0OO0ODO0DO00O0O tau0O000D0DODODOO0D
000 (2= (2n+5)) / (9*n * (n-1)) 0O000ODODODODOO

iqr (x, dim) [Function File]
00 xO00000000D00000O00Ointerquartile range00 000000000000 1
gooOooo3000oooooooon

xO00O00000x 0O first non singleton dimension 0000 0000000000000
00000 dimO0O000000O0O0O0O0OOOOOOOOO0OO

cut (x, breaks) [Function File]
goooobbobooodooooooboboobbodooooobb bbb bobo
gooood

00 breaks 00 0000000000000 00O0O0O0OO0O0O0O0O0O0O0OOOOOO breaks O
O0000000000000000000 length (breaks) - 10000000000

ubbodbdxtgbodbbdxboaboobbouoobogbooaobooobaaonoa
00010000000000000000000Obreaks0000000NaNOOODOODO

googoood

cor (x,y) [Function File]
cor (x, y)O (4,j))000000000x0 000000 yO jOO000O0D0OOOOODODO
ggd

obooobooooboooboooooooooobooooobooboboobooboooobooooon
gboboobooboobooboooooa

cor (x)OOcor (x, x)OOOOOOO

cloglog (x) [Function File]
x 0 complementary log-log0 0 0000000000000

- log (- log (x))

center (x) [Function File]

center (x, dim) [Function File]
Jd xbbbooooobbbbooooobbbboooobbobxbboooooboboo
0000000000000 0000000dim00000000000000000000
ooooooo
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25.2 OO

[pval, f, df_b, df_w] = anova (y, g) [Function File]
O000D0000D00ANOVAOOOOUOOOOOODOOO0kOODOOOOOOOOOOOO
gogoobbobbdooooobobobboooooobobobooooa

0000000000000000000000100 kO0D00O0OU0O00O000 gooo
gooooOoOo0oO0O00oOo 1000000 yO0OOOOOOOOOODODOOOOOOOOOO
gbboobOoboobooboooobooboooobooooboOobooogon

yobooboobbOgOhOobOobOobOOobOybhOobOobobooboobooboooooobooooo
00000000000000000000000000 ANOVADOOODOOOOOOODOODO

000000000000000000000 fOOO0O0OO0dEb O diw OO0 FOOD
ooo

00000000000 fO0O0O0DO010000 CDFOOOpvalOOOO
gboooboobooboobooboobobboboobooboobon

[pval, chisq, df] = bartlett_test (x1,...) [Function File]
0000000 x10x20...0xk0k>1000000000000000C Bartlett OODO
goooo

00000000000000000000000 chisqODOOOOODOOdFOODOOO
goood

O0p-0000000D0 chisgOOOODO10000 CDFOOOpval 0000
oboooOoboooooboooOop-000obOOonon

[pval, chisq, df] = chisquare_test_homogeneity (x, y, c) [Function File]
2000000 x0y0000000x0O yOOOOOOOoOooooooooooOoOoOooo
gbobooboboooboobooouo coobobOoOooobooooboboooboOooboooon
goood

0000000000000 chisqODODODOODOO df = length (¢)ODODODOOODOO
ooo

00000000000 chisqDOODOO10000 CDFOOOpval DOODO
gboooboooboobobboobp-00bOobbo

[pval, chisq, df] = chisquare_test_independence (x) [Function File]
000 x000O0O0O0O000O0000000000000000000000000Od - chisq
0000 df0000000oooooooo

00000000000 chisqDOODOO10000 CDFOOOpval DO0ODO
gbogbouooooobgbbodabp-uobobbd

cor_test (x, y, alt, method) [Function File]
2000000 xO0yOOOOOOOODOOODODDODOOOODOOOOOOOOO
00000000000 at00000000oooooogoo"="00g"»>"ooodo

gooo">s'oo0oOOoO0oO0oOoo™"O0OOOOOOOOOOOOOOODOOOOODOOO
goooo
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00000000000 method0ODDODODOODO0O0D0OO0O0OODODO0OO0OOODOOOOOO method
O"pearson"OOO00OOO0O0O0ODODCOCOO0ODOCOO0O0OOOO0OOOOOOOOOOOCOODOC
000000 200000000000000000000000000 200000000
0000000000000000000 methodO "kendall"ODOOOOOOOOOOOO
0 tau0000000method O "spearman"0 0000000000000 rhoOOOOO
gboaboooobooobogboan

gbooobooboobgobooobooboo

pval o000 p-000OOO
stat gooooooobooo
dist goooobobboood

params ugboobouooooobogbobooboabd

alternative
gooooooo

method gooobooooooboooo
obooobOoboooooboooOop-000bOOo0n

[pval, f, df_num, df_den] = f_test_regression (y, x, rr, [Function File]
r)
00000000000 y=X*b+eO0DODOOOODOOO rr*b=r0000FOODO
goooo

00000000000D000 fO0000 dfnumO df-den0 FOOOOOO
00000000000 fOO0O0DO010000 CDFOOOpval 0O0O
gooooOoooOoOoOoDoOOOr=00000
gboooboobooboobobobodp-0b0O0bDOonn

[pval, tsq] = hotelling_test (x, m) [Function File]
0000000000000000000000000000 xO00O0OOOmnean(x) ==m0O
oboooboooooogn

tsq 00 HotellingD T~20000000000000(n—p)T?%/(p(n—1))00000 p
On—pO0O0OFOOOOUOODODODONnUOpO00O0OO0OO0OOUODOOOOOOOOODOO

OO0 p-0O00pval0OO0O
gooobbbboooobobbbp-b0ooonb

[pval, tsql] = hotelling test_2 (x, y) [Function File]
oooobobobobooobooboboooboobobobooboboooboboobOo xOo
O00OOmean(x) ==m 000000000 OOOO

tsq U O HotellingD T-20000000000000
(n_x+n_y-p-1) T°2 / (p(n_x+n_y-2))

oooodpOn,+n,—p—1000FOO000O0O000O0N,0n, 000000000
goooooboooogoooon

00 p-O000pval0000
0000000000000000p-0000000
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[pval, ks] = kolmogorov_smirnov_test (x, dist, params, [Function File]
alt)
0000 x00000dist0000000000000000 Kolmogorov-Smirnov 0 0 O
000000000000 FO GOOOOOODOODODOOOOdist00000 CDFOOOO
00000 F==GOO0OO

0000000 params 00dist 00 0000000000000 000O0O0OO0O0O xO000O
[2,4]DDDI:IElElD[I[I[I[II:II:JI:JDDDDDDDDDDDDDDDDDDDDDDD

kolmogorov_smirnov_test(x, "uniform", 2, 4)

00000000000 at000000000000000000000000000 altO
"I="OJ00"<>"0000000000000000 F!l=GUOOOoO0ooO0ooooooooo
00000 ksO0O0O Kolmogorov-SmirnovO OO O0O0altO">" 0000000000 F
>GUO00000000O0"0000000000O0 F<GUOOOOOODOO0OOOOO0OOO
00 ks 00O Kolmogorov-Smirnov 0 0000000000000 00OOODO

OO0 p-O00Opval0OO0O
oooboooboobuoobobop-oobobobo

[pval, ks, d] = kolmogorov_smirnov_test_2 (x, y, alt) [Function File]
O000x0yO0OOODOO0OOO0DO0O0D0O00000D0000000O00 20000 Kolmogorov-
SmimovO 00000000000 0DO0D FO GOOOOOOOODOODOO distO0OO
OCDFOOODOUOOO0OODF==GO0O00O

00000000000 at000000000000000000000000000 altO
"I="OJO00"<>"0000000000000000 F!l=GUOoOOooooooooooooo
00000 ksO0O0O Kolmogorov-SmirnovO OO 0O0O0altO">" 0000000000 F
>GUO00000000O"™<"O000O0O00O0OO0OO0Oo F<GOOOOOOOOOOOOOO
00 ks 00O Kolmogorov-Smirnov 0 00 000000000000 OOOO

00 p-O000pval 0000
3000000 d000000000002000000000000000000000
0000000000000000p-0000000

[pval, k, df] = kruskal_wallis_test (x1,...) [Function File]
Kruskal-Wallisl 0 0000000000000

O000000k>1000000000000000000000OxI0...0xk00000
oooooobooog

gboboobOoboobooboobobooooboobooooooboooooobobooooon
0000000000 kOOOoOoOodf =k-100000000000000000

00000000000 kOODOOO10000 CDFOOOpval0O0OO
gbooobooboobobboobp-00bOobbOo

manova (y, g) [Function File]
0000000000000 00000000000k0000D0O0OO000O0D0OU0OO0O
goooobbbooooooooobbobbodoooobb bbb bobo
godp-000oooobobbbooooobbbog

obooooOgoyobooboooooooboooobooboooooboboooooboooo g
0000000000000000000100 kODOoO0o0oooooooo

LROODDODOOOWilks’ LambdaDOO0O0OO p-00000000OOOOODO
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[pval, chisq, df] = mcnemar_test (x) [Function File]
0000000000000 000000000000 xOOOO0OOMcNemaroOQOQoQoQ
gbobooboooobooboooobooooboboooboOobooon

000000000chisq0DODOOO0O0OO0DdIO0D00ODOOODOOOO
00000000000 kOODOOO010000 CDFOOOpval0OOO
gboabuoobooobgbbodabp-uobobbd

[pval, z] = prop_test_2 (x1, nl, x2, n2, alt) [Function File]
x1OnlO10000000000000000000000x20 n20 20000000
00000000000000000 pl0 p2000000000000000000O0O0O
gooobbbbuodg zObboobooooooboboooo

00000000000 &t000000000000000000000000000 altn
"1="000"<>"0000000000000000 pll=p20000000000alt0">"
0000000000 pl>p20000000000"0000000O0OOOQO pIkp200
oooooobooooooboooon

00 p-O000pval 0000
0000000000000000p-0000000

[pval, chisq] = run_test (x) [Function File]
xO0OO0O0OOOOupward runs 0000000 6000000000000O0x000000
goooobbbboooooboboobobood

OO0 p-O00Opval0OO0O
ooooboooboobuoobobop-oobOobobo

[pval, b, n] = sign_test (x, y, alt) [Function File]
20000000x0y000000000 PROB (x>y)==PROB (x<y)==1/2
0000000000000D000000000000 bOODDOOOODO n =sun (x!=
y)OOO p=1/20000000000000000

00000000000 at000000000000000000000000000 altD
"I="000"<>"0000000000000000 PROB(x<y)!=1/200000000
ODalt0">"0000000000 PROB (x>y)>1/2Mx0y0000000000m
0000000000""00000000000 PROB (x> y)<1/200x0y0000
00000D0MO00D0000000000000000

00 p-O000pval 0000
0000000000000000p-0000000

[pval, t, df] = t_test (x, m, alt) [Function File]
0000000000000 000000000 xO0ODO0OOO000 mean(x) ==m0 t-0
000000000000000000000 t00000 df =1length (x) -10000
gbooobooooboon

00000000000 at000000000000000000000000000 alt
o"'="O00"<>"00OO000O0000000000O mean (x) '=m0000000000
altO">"OOOUOOOOOOOmean (x) >m000000000O""000OO0OOOO
OO mean (x) <mO000000000O00DO0O0OOOOOO
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00 p-O00pval 01000
0000000000000000p-0000000

[pval, t, df] = t_test_2 (x, y, alt) [Function File]
goooooboboobobooooboboxdyooboboboboobobooboo
0020000 ¢«+0000000000000000000000O ¢t00000 df0000
gooobbobobogoo

00000000000 at000000000000000000000000000 alt
O"'="000"<>"0000000000000000 mean (x) '=m000000000O0O
altO">"O000000O0O0O0Omean (x) >m0000000000O""0000000O0O
O0mean (x) <mO000000000000O0OOOOO

OO0 p-0O00pval0OO0O
oooobooobooboobobop-oobOobobo

[pval, t, df] = t_test_regression (y, x, rr, r, alt) [Function File]
O0ooooooooD y=x*xb+e 000000000 rr*xb=r0000t0000O
dooobooobooboobuoob0o toobUob afd0bob0bUoobooboooo

OO0 r0ooooopopoooooooooo

00000000000 &t000000000000000000000000000 altn
"1="000"<>"0000000000000000 rr xb '=r000000000O&IEO
">"UpoooobodbodbD rrxb>rd0do0oo0goooo"00oo0oooo0on rr
* b<r00000000000000DOO00O0O0

00 p-O000pval 0000
0000000000000000p-0000000

[pval, z] = u_test (x,y, alt) [Function File]
2000000 x0y0000000O0OO PROB (x>y)==1/2==PROB (x<y)
000 Mann-Whitney D UODDODDOOO0ODOO0OODOO0OODOOODOOO z000000
00000000D000000 WilcoxonO0OOOODOODDOOOOO

00000000000 at000000000000000000000000000 alto
"I="000"<>"0000000000000000 PROB (x>y)!=1/20000000
OD0OaltO">"000D000D0O000 PROB (x>y)>1/20000000000""00
000000000 PROB (x>y)<1/20000000000000000000

00 p-O000pval 0000
0000000000000000p-0000000

[pval, f, df_num, df_den] = var_test (x, y, alt) [Function File]
O00000oooooooOoooonD 2000000 xO0yO0OOOoOoOooOoOooooOoO
00 FOOOOOUOOOODOO0O0OO0O0O0O0O00O00000000 dfonum0O df-denO FOO
gooo

00000000000 at000000000000000000000000000 altO
"I="Oo0g">"0000000000000000 var (x) '=var (y)O0000OO0OOO
O0altO">"0000000000 var (x) >var (y)00O0O0OO0OODOOO""OOOOO
000000 var (x) <var (y)000O0O0OO0O0D0O0OOOOOOOOOO
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00 p-O00pval 01000
0000000000000000p-0000000

[pval, t, df] = welch_test (x, y, alt) [Function File]
0000000000000000000000000000000 2000000 x0 y0O
000000000000000000 WelchODOOOOOOOODODODOOODOOODOOOOO
00 t000000df0t000000oooon

00000000000 at000000000000000000000000000 alt
O"'="000"<>"0000000000000000 mean (x) '=m000000000O0O
altO">"O0000000O00Omean (x) >m0000000000O"00000000O0O
O0mean (x) <mO000000000000O0OOOOO

00 p-O000pval 0000
0000000000000000p-0000000

[pval, z] = wilcoxon_test (x, y, alt) [Function File]
2000000 x0y0000000000 PROB (x>y)==1/2000 WilcoxonO0O
000000000000000000D000000 z00000000000000000O
000 Wilcoxon0OOOOODODOOOOOO
00000000000 at000D00000000000D000000000DO000 alto
"I="000">"0000000000000000 PROB (x>y)!=1/20000000
O0DaltO"™>"00DO00000000 PROB (x>y)>1/20000000000""00
000000000 PROB (x>y)<1/20000000000000000000
OO0 p0O00pval00DOO

gbooobOobooooboooop-0b00obOoon

[pval, z] = z_test (x, m, v, alt) [Function File]
00000000000 vOOOOOOOD0O0O0O0O00O0 x0000O000000 mean (x)
==m000 Z-0000000000000000000000 zO0OOOODODOOOOO
00000000000 at 0000000000000 00000D0DO0O00O00O0O00 alt
O"'="000"<>"0000000000000000 mean (x) '=m000000000O0O
altO">"O000O0O0O0OO0OO0O0Omean (x) >m0000000000O""000O00O00OO0O
O0Omean (x) <mO000000O0OOCOOOOOOOOOOO
OO0 p-O00pval0O OO

gboooboobooboboboobp-00bOobboo

[pval, z] = z_test_2 (x,y, v_x, v_y, alt) [Function File]
00000000000 vxUO vy0ODOOOOOOODOD 2000000 xO0 y0OO0OOOO
O0000000000000000 Z-00000000000000000000 zO0OO
gooooooo

00000000000 at000000000000000000000000000 alt
O"="000"<>"0000000000000000 mean (x) '=m0000000000
alt0">"0O0O0OO0O0O000O0O mean (x) >m0000000000""000000000
OO0 mean (x) < m000000000000000000C

00 p-O000pval0000

obooooOobooooboobooOop-00O0bOOonOn
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25.3 OO0

[theta, beta, dev, dl, d21, p] = logistic_regression (y, [Functio File]
X, print, theta, beta)
gbooobOoboooooooboooon

kODOO0O0O0O0O00O000000 yOOOOOgamma_i (x) 00000 xO0OO0OOOOO
yOooooioooooooooooooooooooooooooon

[theta, betal] = logistic_regression (y, x)
goooooooooboooooooboo

logit (gamma_i (x)) = theta_i - beta’ * x, i=1, ..., k-1

00000000 kOOUround (y)0000D00O0OD0OOODOODODOOOO kO 20000
goooyO200000000CCOCOOQOOOOOUOOOOOOOOOOOOO xODODOOO
oooobooooo

yOOOO0OOOOOtheta = logistic_regression (y) U O baseline logit odds 00 O
goooobobbodogda

oboooboooobooboooogd

[theta, beta, dev, dl, d21, gamma]
= logistic_regression (y, x, print, theta, beta)

gboboobobooboobobobo ybouobobooobooboooobooboooo

print0 1000000000000000COCODOOO0OOOOOOODOOOOOOODOOOO
print0 2000000000000000O0OCOCCOOO00000O0OOODODOODOOCOOO
O000000000000000000 thetaODOO betalOtheta O betaDODOOOO
good

000 devOOOOOOOOOODO 20000000000

000 dlO d2100thetal betaOOODOOUDO0OOO0O0OD 1000000000002000
gooooood

pOx0000000 yOOOOOOOOODOOOOOODOOOO

25.4 OO

beta_cdf (x, a, b) [Function File]
xO0O0O00O00O00O000O00O0 al bOOOODOODOOOOxOOOO CDFOOOOO
00000000000 0PROB (beta (a, b) <= x) 0000

beta_inv (x, a, b) [Function File]
x00O00D0O0O000000000 ald hbOOOODOD0ODOOO0DOxOODO0OODODOOOCDFO
goooooobo

beta_pdf (x, a, b) [Function File]
xO0OOOOD0OO0O0O0O0O000O00 al bOOODOODOODODOxO0OO0OOO PDFOOOOODO
gooooo
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beta_rnd (a, b, r, ¢) [Function File]

beta_rnd (a, b, sz) [Function File]
000000 a0 hOOOODODOOOOOOOOOOOO0OO0O0OO0OO0O r0 c00000 size
(sz)UUOOOO0OOOa0 bOOODODODODODOOOOOOOOO rx cO0OD0DDOOOOOOO
agood

O0r0 cO000000000OO0OO00OO0OO0OO00O0OD0Aa000 bOODOOOODOOOOO

binomial_cdf (x, n, p) [Function File]
x00OUOO0O0000O00000 nO0 pO0000O0O00O0Ox0000 CDFOOOOOO
goodgod

binomial_inv (x, n, p) [Function File]
x00O0OOD0OD00O0000000 nO0 pO000000O00O0x0000000O0CDFOO
goooooo

binomial_pdf (x, n, p) [Function File]
xO0OO0O0O000000o0oo00o00 n0 pO000000000x0O000O PDFOOOOOO
gogodgogd

binomial_rnd (m, p, r, c) [Function File]

binomial_rnd (n, p, sz) [Function File]

00000 n0O pOb0OO00O0O0O0CO0OO0ODOOCOOOOODOOO0OD r0O cO00D0O00O size
(sz)0000000a0 bOODODODOODOOOOOOOOODO rx ¢cO0D0OO0OO0O0OO0OOOO
good

b rdcO0dboobooboobobbobbodnbbO pOOob0bOODLOODOO

cauchy_cdf (x, lambda, sigma) [Function File]
x0O00OO00O0U00O000000000 lambda0D0OO0O0O0O0O0OO sigmal00000000
00 x0000 CDFOOUOUOOODOODOOD0DO0000OIlambda=0000 sigma= 10
ggd

cauchy_inv (x, lambda, sigma) [Function File]
x00000000000000000 lambda0D0D0O000000 sigmal0000000
00 xO000D0O0OO0DODO0OCDFOOOOOOOO0OO0O0OO0O0O0Olambda=0000 sigma=1
good

cauchy_pdf (x, lambda, sigma) [Function File]
xO0O0000000000000000 lambdaO0O0O0OO0OOO0O0O sigma> 000000
00000 x0000 PDFOOODOOOOOOOOO0OOOOOOlambda= 0000 sigma

=10000
cauchy_rnd (lambda, sigma, r, c) [Function File]
cauchy_rnd (lambda, sigma, sz) [Function File]

00000000 lambda0O0OO0O0O00O000 sigma>00000000000000000
0000000 r0 c000D00O size (sz)UUOOOO0OlambdaO sigmaO000000
0oopoooboodd rx cOO0O0OO0DOODOOOOOOOOO
O0r0cO00000O000O000O0O0OO0ODOO0OIlambda 000 sigmad0000000O
goo
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chisquare_cdf (x, n) [Function File]
x00O0D0000D000000 n00000 200000x0000 CDFOODOOOOOOO
goo

chisquare_inv (x, n) [Function File]
xO00O00O00O00D00000 n00000200000x00000000CDFOOOOO
gooo

chisquare_pdf (x, n) [Function File]
xO000D00D00D000000 n00000200000x0000 PDFOODOOOOOOO
ggg

chisquare_rnd (n, r, c) [Function File]

chisquare_rnd (n, sz) [Function File]

0000 n00000200000000000000000 rd0 c00000O size (sz)
oboobO00onbOO0OO0O0O0D0OO0OO0O0O0DOO0O0O0O0O0Trx cOoOOOOOOOOOODOOOO

Ubr0cObO0O0O0O0D00O0O0O0OOODOOOOOnOOODOOOOODOOD0

discrete_cdf (x, v, p) [Function File]
xO0OO00O000D0000 p0vOOOOOO0OODDOOODO0ODUDDOO0DOx0OO0O0O CDFOODO
obooooooboo

discrete_inv (x, v, p) [Function File]
xO00OO0O0O0O00O000 pOvOOOOOODOODOOOO0OOO0OO0OOxO0ODOODOOOOCDFE
goooooobon

discrete_pdf (x, v, p) [Function File]
xO0OO0O0O0ooooo0d pOviO0OOO0DO0OO0DO0DO0D0OO0OO0OO0OO0OO0OOxOOO0O PDFOOO
googoooon

discrete_rnd (n, v, p) [Function File]
discrete_rnd (v, p, r, ¢) [Function File]
discrete_rnd (v, p, s2) [Function File]

Ul pdvOooOobooooboboooboboooobooooboboooooboo

rd0cO0000000r0 cO000D00D00D0DO0OO0 szOOOOODOODOOODOODO szO
gbooabooaan

empirical_cdf (x, data) [Function File]
xO00O00OD0D0D00D00D000000 data0 0000000000 OxO0000O CDFOOO
oooooooon

empirical_inv (x, data) [Function File]
x000O0O000O000O0000O00data00 000000000 OxO0O0O0OODOOOCDE
ooooooooo
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empirical_pdf (x, data) [Function File]
xO00O0OD0D0D0O00O0000000 dataD 00000000000 x0O000O PDFOODO
ooooooonoo

empirical_rnd (n, data) [Function File]
empirical_rnd (data, r, c) [Function File]
empirical_rnd (data, sz) [Function File]

0000000 data0 0000000000000 O00DOO0O0OOOODOOOOOOOOO

rd0cO0000000r0 cO000D00OD00OD0ODOO0OD0 szOOOOOOODOODOOD szUO
gbooaooaan

exponential_cdf (x, lambda) [Function File]
x00000D0000000000 lambda0OO0D0O0O0D0O00Ox0O0O0O0O CDFOODOODO
ubooobooooooon

obooooOoboooboobobooobooooooboonoog

exponential_inv (x, lambda) [Function File]
xO00O0OO00OO0OO00O0OO0O00000 lambdaO0OOO0O0O0OO0O00OxOO0OOOO0OOOOCDEO
gooooboboobobooo

exponential_pdf (x, lambda) [Function File]
x000O000000000000 lambda00D0000000x0O000 PDFOOOOOO
goooobooogon

exponential_rnd (lambda, r, c) [Function File]

exponential_rnd (lambda, sz) [Function File]
000000 lambda0ODO0O0D0O00000O0D000ODO0O00OO0O0O r0 c00000 size
(sz)00000O00a0 bOODODDOUOOOOOOOOOUOO rx cO0DO0O0OO0OOOOOO
oood

O0r0c00000000000D000D0OOO0O0Ilambda 00000000000

f_cdf (x, m, n) [Function File]
x0000D000000000 mO nO0OO0FOOOOxO00ODOCDFOOOODODODOO
O0D0DO000O0PROB (F (m, n) <=x)0000

f_inv (x, m, n) [Function File]
x00O00D000D000000 mO n0O00 FOODODOxOOOODOODOOCDFOOOOO
goooobooo

f_pdf (x, m, n) [Function File]
x0000000000000 mUO nO000 FOOOOxOOOO PDFOOOOOOOOO
ooo
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f_rnd (m, n, r, c) [Function File]
f_rnd (m, n, sz) [Function File]
0000 mOnO000FOOOOOOOOOODODO0OO0OO r0 c00000O size (sz)O
UoboddmO nO0D0000000DOCO0O0O0O00O0 rx cOOOOOODOOOOOOODO

ubrdcOdbodboobgobotobobibidmbud nboobgooboaobod

gamma_cdf (x, a, b) [Function File]
x00O0OO00D0O000000000 a0 bOOODODUOODODODODDODOxODOODO CDFOOOODO
goooogo

gamma_inv (x, a, b) [Function File]

xO00O0O0O00D0O00D0000000 a0 bOOODOODODOO0OOxO0ODO0OODDODOODOCDED
oooooooo

gamma_pdf (x, a, b) [Function File]
x000O000000000000 a0 bOOODODOODOODOOxOOODO PDFOOOOOO
gooood

gamma_rnd (a, b, r, ¢) [Function File]

gamma_rnd (a, b, sz) [Function File]

000000 a0 bOODODDDODODOODDOODOOODDOOOODDOO r0 c00000 size
(sz)00000O00a0 bOODODODOOUOODOOOOOOOOODO rx cO00O0OO0O0OO0OOOO
good

00 r0c00000000000DOO0O0OO0O00a000 bOODDODOOODDOOOOO

geometric_cdf (x, p) [Function File]
x00000D0000000000 pO00000000O0x0000 CDFOODOOOOOOO
goo

geometric_inv (x, p) [Function File]
xO00O0ODO0OO00ooooooO0o0 p000000OO00OxO0OO0DOO0DOOOCDFOOOOO
gooo

geometric_pdf (x, p) [Function File]
xO000O00D00D0000oUuo00 p000000D0D00Ox00D0OO0 PDFOODODOOOOOO
goo

geometric_rnd (p, r, ¢) [Function File]

geometric_rnd (p, sz) [Function File]

000000 pO000O0D0O0O0O0ODOUOOODOOOODOOO r0c0000UOOOODAO b
gbooobooboooboobbooobo rx chooooooboooooboao

rO0cO00000D00r0 cO000O0O0DOOO0OOOszOOOOOOODOOOOOO szO
oooooooo
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hypergeometric_cdf (x,m, t, n) [Function File]
xO0OOOO0OO0O0O0000D000 mOtOn0000000000xO00O00 CDFOOOO
ooooboboobooboobdmboboooboobobooobDoob ¢tboboobooo
ogboodbo nOobOooboobobobobbobox0oboobooboobobboooo
goooobooo

0000 mOtOn0OO00000000mO nO0O0¢t000000000O0O00OO

hypergeometric_inv (x, m, t, n) [Function File]
x00OODOD0O00000D0000 mOtOn0000000000x0O0O00DO0O000O00O0CDF
obOooOobOooooooooO0OmOO0OOoOoOobOOobOOooOoooobonO toooooooon
booobOdnO00O0D0O00O0CODOO0OOOCODOODOO0OOxOOOOODOOOOODOOOOOO
oooobooooo

0000 mOtOnDOO0000D0000mO nOO0¢000000O0O00O0O0O0OO

hypergeometric_pdf (x, m, t, n) [Function File]
xOOOOO0OO0O0oO0oooooo0o00 mOtOnOO00000000O0x0000 PDFOOOO
oo dmbdoooboobobooobooobL tbooboobooo
ooodb0 nO0O0O00O0OOO0O0ODOO0OOODOOOOOxODOODOODOODODDOODO
googooogn

gbooobobooobobooooobooooboooooboon

hypergeometric_rnd (n_size, m, t, n) [Function File]
hypergeometric_rnd (m, t, n, r, c) [Function File]
hypergeometric_rnd (m, t, n, sz) [Function File]

000000 mOt0n00000000000000 nsize00000000OOOODOODO
oooooooono

rO0cO00000D00r0O cO00O000DOOOOOszOOOOOOODOOOOOO szO
gooooood

0000 mOtOn0O 00000000 mO nOO0¢000000O00O00O0O0O0OO

kolmogorov_smirnov_cdf (x, tol) [Function File]
Kolmogorov-Smirnov 000D 0Ox 0000 CDFOOOODODOOODOOODOOODOOOOOO
x>00000000000000000

o0

Q@)= 3 (~1)F exp(~2k%?)

k=—o00

0000000 tol000000000000000O000O00O000000000 tol = eps
oood

laplace_cdf (x) [Function File]
xO000OD0000000o00o0ooox0oooo CbFOooooooooooon

laplace_inv (x) [Function File]
xO0000OD000000000000o0x000oooooCbFOOOOoDooooo
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laplace_pdf (x) [Function File]
xO0O0UOO0O0O0O000000000O0x00O00O PDFOOOOOOOOOODOO

laplace_rnd (r, c) [Function File]

laplace_rnd (sz); [Function File]

gboboooooboboboboooobrbcobO0oboobobbOobOszbOOD0OOOO
ugbodabuadszObOoooan

logistic_cdf (x) [Function File]
x000D00000000000000000x0000 CDFOOOOOOO0OO0O0O000

logistic_inv (x) [Function File]
xO000ODO00000000000000o00x00ooooooCbFOoOOooooooo

logistic_pdf (x) [Function File]
xO0000OD0000000000000000x0000 PDFOOODOOOOOOOOO

logistic_rnd (r, c¢) [Function File]

logistic_rnd (sz) [Function File]
oooooobooooobooboooboobooob rocO0bOO0O0ODO0OOO0O0O szOO0O0O
gboooboooob sz0O0000b0O00

lognormal_cdf (x, a, v) [Function File]
x00O0O0O00OD00D00000000 a0 vOOODDOODODOODODO0OOx0O0OO0O CDFOOOO
0000000000000000000000000000000 log (2)O0O0OO vOD
goooogo

O000a=1000v=10000

lognormal_inv (x, a, v) [Function File]
x0O00O0O0OD0000000000 a0 vOOOOODOOODDOODOxO0ODODDODODOOOCDED
000000000000 0000000000D00o00o00O0oO log (2)O0OOO vOD
ooooogo

OoobOa=1000v=10000

lognormal_pdf (x, a, v) [Function File]
xO0OO0O0DO00000000000 al vOoOOOOOOOoOoOoOx0o0oOoO PDFOOOO
000000000000 000000000000O00O0000O log (2)O0OOO vODO
ooooogg

OoobOa=1000v=10000

lognormal_rnd (a, v, r, C) [Function File]

lognormal_rnd (a, v, sz) [Function File]
goobbbabnbbU0b0ooobboooobbbooobbbooub roo coobbg
O00a0 vOOODOOOOODOODOOOOOOrx cOOOOOOOOOOODOOOOOO
U0 szOOOOOOODOOOOODO szOOOODOOO

Ubr0cObOO0O000D00O0COOODOOOODa0O00O vOOODOODOOOOODO
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normal_cdf (x, m, v) [Function File]
xO0O000D00000000D mUOOOO0O vOOODOOOOOOx0OODOOD CDFOOODOOO
gooooo

O000m=1000v=10000

normal_inv (x, m, v) [Function File]
xO000OD0D0D000000 mOO0O0 vOOOODOODO0OOxO0ODO0OODO0OODO0OOCDFOO
goooogo

O000m=1000v=10000

normal_pdf (x, m, v) [Function File]
xO0000000000D0D0D mOOOO vOOOOODOODODOxOOOO PDFOOOOOO
googood

O000Om=1000v=10000

normal_rnd (m, v, r, c) [Function File]

normal_rnd (m, v, sz) [Function File]
oo mO vOOODODDODDODDODODODODDODDODOOODO0O0O0O rO cO0O0O0O0O size
(sz)000D0O0O0D0OmMO vOOOOOODOOOOOOOOOO rx cOOD0OO0OO0OOOOO
goooo

b rdcOdbodboobobobobbobtdmbOob voOooooooooao

pascal_cdf (x, n, p) [Function File]
xgooobbobooooobbbdo nO pOdDbbbO0O0O0O0DDDODOOUOUODDOxbODOO
O CDhFOOoOoooooooooo
1000000000000 pO0O00ODOO0O00ODOO0OnOO0O0OODOOOOOOOOOO
oooooooooo

pascal_inv (x, n, p) [Function File]
xO0O0O0Ooooooboooooobo nd pOO0OOO0CODOO0OO0OOODOOOOOOOOOxOOO
O0oooChbFOOOODOOOOO
1000000000000 pO000D0OO0O0ODOO0OnOO0O0OO0ODOOOOOOOOOO
goooobooobon

pascal_pdf (x, n, p) [Function File]
xgoobbobooooobbobdo nO pOdDbbbO0O0O0O0DDLDDODOOUODDOxbODOO
OPDFOOOOOOOOOOOO

1000000000000 pO0OOOOOOOOOOOOpOOOOOOOODOOOOLOO
gooooobooo

pascal_rnd (n, p, r, ¢) [Function File]

pascal_rnd (n, p, sz) [Function File]
gooobobonO pgbO0oO0bOO0OO0OO0O00DOO0OO0OOCOOOOOOOOOODOODOOODO ro
cbi0oO0oo0oobOOnO pdbO0OO00OCO0OO0O0OD0O0O0O0O0O0 rx cOOOOOOOOODOO
godod

rO0cO00000O00r0 cO000O0O0DOOO0OO0OszOOOOOOODOOOOOO szO
gooooooo
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poisson_cdf (x, lambda) [Function File]
x00000D0000000000 lambda00ODO0O00D0O000O0OxO0O00O CDFOODO
obooooooboo

poisson_inv (x, lambda) [Function File]
xO00O0O0OO00O0O0O000000O0 lambda00O00000000O0Ox0O0OODO0O0O0OOOCDFE
gooooooon

poisson_pdf (x, lambda) [Function File]
x000O000000000000 lambda00000000O00O0Ox0O0O0D0O PDFOOODO
goooooobo

poisson_rnd (lambda, r, c) [Function File]
000000 lambda0O0OO0O0OO0O0O0O0ODO0ODOUOOOOOOOOO r0 000000
gbobooboooobooooboooobooooooobbborx cobboobooooooooooon

O0r0c00000000000O000DOO0O0OO0O0Ilambda 00000000000

stdnormal_cdf (x) [Function File]
xO0O00OO0O000000000o0000x0o0o0oo CDFOOOoOoOoOooooooo

stdnormal_inv (x) [Function File]
xO0000D0000000000000x000o0ooooCDFoOOoooooooo

stdnormal_pdf (x) [Function File]
xOOOOooooooooo0o0o0o00Ox0OO0OO0OO PDFOOOOOOOOOOOO

stdnormal_rnd (r, c) [Function File]
stdnormal_rnd (sz) [Function File]
00000000000000000000 r0 c0O000O0 size (sz)O0ODOOO0OOO

t_cdf (x, n) [Function File]
xO000OD0O00000000 n000t0000x0000 CDFOOODOOOODOOOOO
D0O0O0O0PROB (¢ (n) <=x) 0000

t_inv (x, n) [Function File]
xO00O0OO0ODO00O000o000 n000t000000000000O0x00o0oooooo CDE
gooooooon

t_pdf (x, n) [Function File]
xO00O00O0DO0O00D000U00 n000t0000000000000x0000 PDFOODO
gooooboobon

t_rnd (n, r, c) [Function File]

t_rnd (n, sz) [Function File]
oo nOOD0OtO0OO0OD0OO0OO0OO0O0OOODOODOOOOOOODOODOOO rgocobooon
dbnOd00D0DO0O0O0O0O0ODOO0OD rx cOODOOODOOODDOODODOOOO

Ubr0cObO0O0O0O0O00O0O0O0OO0ODOOOOOnOOODOOOOODOOO0
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uniform_cdf (x, a, b) [Function File]
000 [a, b]]00000000O0x0000 CDFOODOODOOOOOOOOOOOOOPROB
(uniform (a, b) <=x) 0000

O0000a=0000 b=10000

uniform_inv (x, a, b) [Function File]
000 [a b)) 00000000 0x00000000CDF OOOOOO0DODO

O0000a=0000b=10000

uniform_pdf (x, a, b) [Function File]
000 [a, b]] 000000D00O0xO0000 PDFOODOO0OOOO0O0O00O

O000O0a=0000b=10000

uniform_rnd (a, b, r, ¢) [Function File]
uniform_rnd (a, b, sz) [Function File]
000 [a, b] 000000000000000000000 r0 ¢00000 size (sz)O
O00000a0 bOOODODODODOODOUDODOUOOOTrx cOOD0ODOUDOUOOUDOODOO

00 r0c00000000000DOO0O0OO0O0O0Aa000 bOODDODOODODOOOOO

weibull_cdf (x, alpha, sigma) [Function File]
00000000 alphall00000000 sigmal0000000000x000O00 CDF
000000000000 o0o0ooOox>=000000
1 - exp(-(x/sigma) “alpha)
good

weibull_inv (x, lambda, alpha) [Function File]
00000000 alphal00000000 sigmal00000000000x000000O0O
OCDFOOOoOoooooo

weibull_pdf (x, alpha, sigma) [Function File]
00000000 alphal 00000000 sigmal0000000000x0O0000 PDF
gooooOoOoOOoOOO0O0OOOOOgx>=000000

1 - exp(-(x/sigma) alpha)

goad
weibull_rnd (alpha, sigma, r, c) [Function File]
weibull_rnd (alpha, sigma, sz) [Function File]

00000000 alpha0 00000000 sigma000000000000000O00O0OO
goodr0cO0O0O0O0O0OD0DOODO szOODOOODOODOODOO szOOODOOODO

O00r0c¢c000000000D0O0D0OO0O0OO0O0OalphaDO0 sigmal 0000000
ooo
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wiener_rnd (t, d, n) [Function File]
00 1[0,t)0000 dOOO Wiener Process 00000000000 000dOOODOOOO

d=1000000000000010000000000000000 Wiener process 0
goo

gooooOo0O pn0O0OO0OO0 1l10000COCOOOOODOOOOOOOOOOOOOOOOD
summand 000 0000n000000O0ORn=10000000000
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26 Financial Functions

fv (r, n, p, 1, method) [Function File]
Return the future value at the end of period n of an investment which consists of n
payments of p in each period, assuming an interest rate r.
The optional argument I may be used to specify an additional lump-sum payment.

The optional argument method may be used ot specify whether the payments are
made at the end ("e", default) or at the beginning ("b") of each period.

Note that the rate r is specified as a fraction (i.e., 0.05, not 5 percent).

fvl (r,n, 1) [Function File]
Return the future value at the end of n periods of an initial lump sum investment I,
given a per-period interest rate r.

Note that the rate r is specified as a fraction (i.e., 0.05, not 5 percent).

irr (p, 1) [Function File]
Return the internal rate of return of a series of payments p from an initial investment
i (i.e., the solution of npv (r, p) = i. If the second argument is omitted, a value of
0 is used.

nper (r, p, a, 1, method) [Function File]
Return the number of regular payments of p necessary to amortize a loan of amount
a and interest r.

The optional argument I may be used to specify an additional lump-sum payment of
I made at the end of the amortization time.

The optional argument method may be used to specify whether payments are made
at the end ("e", default) or at the beginning ("b") of each period.

Note that the rate r is specified as a fraction (i.e., 0.05, not 5 percent).

npv (r, p, 1) [Function File]
Returns the net present value of a series of irregular (i.e., not necessarily identical)
payments p which occur at the ends of n consecutive periods. r specifies the one-
period interest rates and can either be a scalar (constant rates) or a vector of the
same length as p.

The optional argument i may be used to specify an initial investment.

Note that the rate r is specified as a fraction (i.e., 0.05, not 5 percent).

pmt (r, n, a, 1, method) [Function File]
Return the amount of periodic payment necessary to amortize a loan of amount a
with interest rate r in n periods.
The optional argument I may be used to specify a terminal lump-sum payment.
The optional argument method may be used to specify whether payments are made
at the end ("e", default) or at the beginning ("b") of each period.
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pv (r, n, p, 1, method) [Function File]
Returns the present value of an investment that will pay off p for n consecutive
periods, assuming an interest r.

The optional argument I may be used to specify an additional lump-sum payment
made at the end of n periods.

The optional argument method may be used to specify whether payments are made
at the end ("e", default) or at the beginning ("b") of each period.

Note that the rate r is specified as a fraction (i.e., 0.05, not 5 percent).

pvl (r, n, p) [Function File]
Return the present value of an investment that will pay off p in one lump sum at the
end of n periods, given the interest rate r.

Note that the rate r is specified as a fraction (i.e., 0.05, not 5 percent).

rate (n, p, v, 1, method) [Function File]
Return the rate of return on an investment of present value v which pays p in n
consecutive periods.

The optional argument I may be used to specify an additional lump-sum payment
made at the end of n periods.

The optional string argument method may be used to specify whether payments are
made at the end ("e", default) or at the beginning ("b") of each period.

vol (x,m, n) [Function File]
Return the volatility of each column of the input matrix x. The number of data sets
per period is given by m (e.g. the number of data per year if you want to compute
the volatility per year). The optional parameter n gives the number of past periods
used for computation, if it is omitted, a value of 1 is used. If ¢ is the number of rows
of x, vol returns the volatility from n*m to t.
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27 Sets

Octave has a limited set of functions for managing sets of data, where a set is defined as a
collection unique elements.

create_set (x) [Function File]
Return a row vector containing the unique values in x, sorted in ascending order. For
example,

create_set ([ 1, 2; 3, 4; 4, 2 1)
= [1, 2,3, 4]

union (x, y) [Function File]
Return the set of elements that are in either of the sets x and y. For example,
union ([ 1, 2, 41, [ 2, 3, 51)
: [ 1 b 2 b 3 b 4 ’ 5 ]

intersection (x, y) [Function File]
Return the set of elements that are in both sets x and y. For example,
intersection ([ 1, 2, 31, [ 2, 3, 5 1)
= [2, 3]

complement (x, y) [Function File]
Return the elements of set y that are not in set x. For example,

complement ([ 1, 2, 31, [ 2, 3, 51)
= 5
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28 Polynomial Manipulations

In Octave, a polynomial is represented by its coefficients (arranged in descending order).
For example, a vector of length IV + 1 corresponds to the following polynomial of order N

p(z) =z + ...+ enT + engr

compan (c) [Function File]
Compute the companion matrix corresponding to polynomial coefficient vector c.

The companion matrix is

—cfer —ezfer -+ —ceyfer —enpi/a
1 0 0 0
A= 0 1 0 0
0 0 1 0

The eigenvalues of the companion matrix are equal to the roots of the polynomial.

conv (a, b) [Function File]
Convolve two vectors.

y = conv (a, b) returns a vector of length equal to length (a) + length (b) - 1. If
a and b are polynomial coefficient vectors, conv returns the coefficients of the product
polynomial.

deconv (y, a) [Function File]
Deconvolve two vectors.
[b, r] = deconv (y, a) solves for b and r such that y = conv (a, b) + r.

If y and a are polynomial coefficient vectors, b will contain the coefficients of the
polynomial quotient and r will be a remander polynomial of lowest order.

poly (a) [Function File]
If a is a square N-by-N matrix, poly (a) is the row vector of the coefficients of det
(z * eye (N) - a), the characteristic polynomial of a. If x is a vector, poly (x) is a
vector of coefficients of the polynomial whose roots are the elements of x.

polyderiv (c) [Function File]
Return the coefficients of the derivative of the polynomial whose coefficients are given
by vector c.

[p, s] = polyfit (x, y, n) [Function File]
Return the coefficients of a polynomial p(x) of degree n that minimizes

N

Z(p(xz) - yi)2

i=1
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to best fit the data in the least squares sense.
The polynomial coefficients are returned in a row vector.

If two output arguments are requested, the second is a structure containing the fol-
lowing fields:

R The Cholesky factor of the Vandermonde matrix used to compute the
polynomial coefficients.
X The Vandermonde matrix used to compute the polynomial coefficients.
df The degrees of freedom.
normr The norm of the residuals.
yf The values of the polynomial for each value of x.
polyinteg (c) [Function File]

Return the coefficients of the integral of the polynomial whose coefficients are repre-
sented by the vector c.

The constant of integration is set to zero.

polyreduce (c) [Function File]
Reduces a polynomial coefficient vector to a minimum number of terms by stripping
off any leading zeros.

polyval (c, x) [Function File]
Evaluate a polynomial.

polyval (c, x) will evaluate the polynomial at the specified value of x.

If x is a vector or matrix, the polynomial is evaluated at each of the elements of x.

polyvalm (c, x) [Function File]
Evaluate a polynomial in the matrix sense.
polyvalm (c, x) will evaluate the polynomial in the matrix sense, i.e. matrix multi-
plication is used instead of element by element multiplication as is used in polyval.

The argument x must be a square matrix.

residue (b, a, tol) [Function File]
If b and a are vectors of polynomial coefficients, then residue calculates the partial
fraction expansion corresponding to the ratio of the two polynomials.

The function residue returns r, p, k, and e, where the vector r contains the residue
terms, p contains the pole values, k contains the coefficients of a direct polynomial
term (if it exists) and e is a vector containing the powers of the denominators in the
partial fraction terms.

Assuming b and a represent polynomials P(s) and Q(s) we have:

M
Tm N—i
Qs) —mzjl —i—st

(3_pm
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where M is the number of poles (the length of the r, p, and e vectors) and N is the
length of the k vector.
The argument tol is optional, and if not specified, a default value of 0.001 is assumed.
The tolerance value is used to determine whether poles with small imaginary com-
ponents are declared real. It is also used to determine if two poles are distinct. If
the ratio of the imaginary part of a pole to the real part is less than tol, the imagi-
nary part is discarded. If two poles are farther apart than tol they are distinct. For
example,
b=1[1, 1, 1];
a=1[1, -5, 8, -4];
[r, p, k, e] = residue (b, a);
= r=[-2,7, 3]

= p=[2, 2, 1]
= k = [](0x0)
= e = [1, 23 1]

which implies the following partial fraction expansion

2+ s+1 -2 7 3
= + +
s3—5s2485s—-4 s—2 (s—2)2 s-—1

roots (v) [Function File]
For a vector v with N components, return the roots of the polynomial

vV b Foy_1z o,
polyout (c, x) [Function File]
Write formatted polynomial
c(z) ="+ ...+ cpr+ e

and return it as a string or write it to the screen (if nargout is zero). x defaults to
the string "s".
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29 Control Theory

The Octave Control Systems Toolbox (OCST) was initially developed by Dr. A. Scottedward
Hodel a.s.hodel@eng.auburn.edu with the assistance of his students

e R. Bruce Tenison btenison@dibbs.net,

David C. Clem,

John E. Ingram John.Ingram@sea.siemans.com, and
Kristi McGowan.

This development was supported in part by NASA’s Marshall Space Flight Center as
part of an in-house CACSD environment. Additional important contributions were made
by Dr. Kai Mueller mueller@ifr.ing.tu-bs.de and Jose Daniel Munoz Frias (place.m).

An on-line menu-driven tutorial is available via DEMOcontrol; beginning OCST users
should start with this program.

DEMOcontrol [Function File]
Octave Control Systems Toolbox demo/tutorial program. The demo allows the user
to select among several categories of OCST function:

octave:1> DEMOcontrol
0CTAVE CONTROL SYSTEMS TOOLBOX
Octave Controls System Toolbox Demo

1] System representation
2] Block diagram manipulations
3] Frequency response functions
4] State space analysis functions
5] Root locus functions
6] LQG/H2/Hinfinity functions
[ 7] End
Command examples are interactively run for users to observe the use of OCST func-
tions.

L S s N e A s I o B e |

29.1 System Data Structure

The OCST stores all dynamic systems in a single data structure format that can represent
continuous systems, discrete-systems, and mixed (hybrid) systems in state-space form, and
can also represent purely continuous/discrete systems in either transfer function or pole-
zero form. In order to provide more flexibility in treatment of discrete/hybrid systems, the
OCST also keeps a record of which system outputs are sampled.

Octave structures are accessed with a syntax much like that used by the C programming
language. For consistency in use of the data structure used in the OCST, it is recommended
that the system structure access m-files be used (see Section 29.2 [sysinterface], O 221).
Some elements of the data structure are absent depending on the internal system repre-
sentation(s) used. More than one system representation can be used for SISO systems; the
OCST m-files ensure that all representations used are consistent with one another.

sysrepdemo [Function File]
Tutorial for the use of the system data structure functions.
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29.1.1 Variables common to all OCST system formats

The data structure elements (and variable types) common to all system representations are
listed below; examples of the initialization and use of the system data structures are given
in subsequent sections and in the online demo DEMOcontrol.

n
nz The respective number of continuous and discrete states in the system (scalar)

inname
outname  list of name(s) of the system input, output signal(s). (list of strings)

Sys System status vector. (vector)

This vector indicates both what representation was used to initialize the system
data structure (called the primary system type) and which other representa-
tions are currently up-to-date with the primary system type (see Section 29.2.5
[structaccess|, O 227).

The value of the first element of the vector indicates the primary system type.

0 for tf form (initialized with tf2sys or fir2sys)
1 for zp form (initialized with zp2sys)
2 for ss form (initialized with ss2sys)

The next three elements are boolean flags that indicate whether tf, zp, or ss,
respectively, are “up to date" (whether it is safe to use the variables associated
with these representations). These flags are changed when calls are made to
the sysupdate command.

tsam Discrete time sampling period (nonnegative scalar). tsam is set to 0 for contin-
uous time systems.

yd Discrete-time output list (vector)
indicates which outputs are discrete time (i.e., produced by D/A converters)
and which are continuous time. yd(ii) = 0 if output ii is continuous, = 1 if
discrete.

The remaining variables of the system data structure are only present if the correspond-
ing entry of the sys vector is true (=1).

29.1.2 tf format variables
num numerator coefficients (vector)

den denominator coefficients (vector)
29.1.3 zp format variables
zer system zeros (vector)

pol system poles (vector)

k leading coefficient (scalar)
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29.1.4 ss format variables

a

b

c

d The usual state-space matrices. If a system has both continuous and discrete
states, they are sorted so that continuous states come first, then discrete states
Note some functions (e.g., bode, hinfsyn) will not accept systems with both
discrete and continuous states/outputs

stname names of system states (list of strings)

29.2 System Construction and Interface Functions

Construction and manipulations of the OCST system data structure (see Section 29.1
[sysstruct], O 219) requires attention to many details in order to ensure that data struc-
ture contents remain consistent. Users are strongly encouraged to use the system interface
functions in this section. Functions for the formatted display in of system data structures
are given in Section 29.3 [sysdisp|, O 231.

29.2.1 Finite impulse response system interface functions

fir2sys (num, tsam, inname, outname) [Function File]
construct a system data structure from FIR description
Inputs
num vector of coefficients [cg, ¢1, . .., ¢,] of the SISO FIR transfer function
C(z)=cot+crz7 ' +ez?+ ... +ecz™"
tsam sampling time (default: 1)
inname name of input signal; may be a string or a list with a single entry.

outname name of output signal; may be a string or a list with a single entry.
Output
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
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transfer function form:
1%z"3 - 1*xz"2 + 2%z"1 + 4

1xz"3 + 0xz"2 + 0%z"1 + O

[c, tsam, input, output] = sys2fir (sys) [Function File]
Extract FIR data from system data structure; see fir2sys for parameter descriptions.

29.2.2 State space system interface functions

ss (a, b, ¢, d, tsam, n, nz, stname, inname, outname, outlist) [Function File]
Create system structure from state-space data. May be continous, discrete, or mixed
(sampled data)

Inputs
a
b
c
d usual state space matrices.
default: d = zero matrix
tsam sampling rate. Default: tsam = 0 (continuous system)
n
nz number of continuous, discrete states in the system
If tsam is 0, n = rows(a), nz = 0.
If tsam is greater than zero, n = 0, nz = rows(a)
see below for system partitioning
stname cell array of strings of state signal names
default (stname=|| on input): x_n for continuous states, xd_n for discrete
states
inname cell array of strings of input signal names
default (inname = [| on input): u_n

outname  cell array 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 0, outlist = [].

If tsam is greater than 0, outlist =1 : rows(c).

Unlike states, discrete/continous outputs may appear in any order.
sys2ss returns a vector yd where yd(outlist) = 1; all other entries of yd are 0.
Outputs outsys = system data structure

System partitioning
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Suppose for simplicity that outlist specified that the first several outputs were con-
tinuous and the remaining outputs were discrete. Then the system is partitioned

as
x=[x] (@x1)
[ xd ] (nz x 1 discrete states)
a=[accacd] b=[ bc]
[ adc add ] [ bd ]
c=[ceccced] d=1[dc]
[ cdc cdd 1] [ dd 1]

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

with dynamic equations:

4
dt

Signal partitions

| continuous | discrete |

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

where cout is the list of in l:rows(p) that are not contained in outlist
(Discrete/continuous outputs may be entered in any order desired by the user.)
Example
octave:1> a = [12 3; 45 6; 7 8 10];
octave:2> b =[00 ; 01 ; 1 0];
octave:3> c = eye (3);
octave:4> sys = ss (a, b, ¢, [1, 0, 3, 0, {"volts", "amps", "joules"});|]
octave:5> sysout(sys);

Input (s)
1: u_1
2: u_2
Output(s):
1: y_1
2: y_2
3: y_3

state-space form:
3 continuous states, 0 discrete states
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State(s):
1: volts
2: amps
3: joules

A matrix: 3 x 3
1 2 3
4 5 6
7 8 10
B matrix: 3 x 2
0O O
0 1
1 0
C matrix: 3 x 3
1 0 O
0 1 0
0O 0 1
D matrix: 3 x 3
0O 0
0O 0
0O 0

Notice that the D matrix is constructed by default to the correct dimensions. Default
input and output signals names were assigned since none were given.

la, b, ¢, d, tsam, n, nz, stname, inname, outname, yd] [Function File]
= sys2ss (sys)
Extract state space representation from system data structure.

Input

Sys System data structure.

Outputs

a

b

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, re-
spectively.

vd Binary vector; yd(ii) is 1 if output y(ii) is discrete (sampled); otherwise

yd(ii) is 0.
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A warning massage is printed if the system is a mixed continuous and discrete system.
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
b =
0
1
c = 0.66667 0.33333
d=20

29.2.3 Transfer function system interface functions

tf2sys (num, den, tsam, inname, outname) [Function File]
Build system data structure from transfer function format data.
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 cell array with a single
string entry.

Output
Sys System data structure.

Example

octave:1> sys=tf2sys([2 1],[1 2 1],0.1);
octave:2> sysout(sys)
Input(s)
1: u_1
Output (s):
1: y_1 (discrete)
Sampling interval: 0.1
transfer function form:
2xz"1 + 1

1%z72 + 2xz71 + 1

[num, den, tsam, inname, outname] = sys2tf (sys) [Function File]
Extract transfer function data from a system data structure.

See tf for parameter descriptions.

Example
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octave:1> sys=ss([1 -2; -1.1,-2.1],[0;1],[1 11);
octave:2> [num,den] = sys2tf(sys)

num = 1.0000 -3.0000

den = 1.0000 1.1000 -4.3000

29.2.4 Zero-pole system interface functions

zp2sys (zer, pol, k, tsam, inname, outname)
Create system data structure from zero-pole data.

Inputs

zer Vector of system zeros.

pol Vector of system poles.

k Scalar leading coeflicient.

tsam Sampling period; default: 0 (continuous system).
inname

outname  Input/output signal names (lists of strings).
Output
Sys System data structure.

Example

octave:1> sys=zp2sys([1 -1],[-2 -2 0],1);
octave:2> sysout(sys)

Input(s)

1: u_1
Output(s):

1: y_1

zero-pole form:
1 (s-1) (s +1)

s (s +2) (s +2)

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

GNU Octave

[Function File]

[Function File]

Extract zero/pole/leading coefficient information from a system data structure.

See zp for parameter descriptions.
Example

octave:1> sys=ss([1 -2; -1.1,-2.1],[0;1],[1 11);
octave:2> [zer,pol,k] = sys2zp(sys)
zer = 3.0000
pol =
-2.6953
1.5953
k=1
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29.2.5 Data structure access functions

syschnames (sys, opt, 1ist, names) [Function File]
Superseded by syssetsignals.

syschtsam (sys, tsam) [Function File]
This function changes the sampling time (tsam) of the system. Exits with an error if
sys is purely continuous time.

[n, nz, m, p, yd] = sysdimensions (sys, opt) [Function File]
return the number of states, inputs, and/or outputs in the system sys.
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
"in" return n= number of inputs
"out" return n= number of outputs
Outputs
n number of continuous states (or individual requested dimension as spec-
ified by opt).
nz number of discrete states
m number of system inputs
p number of system outputs
yd binary vector; yd(ii) is nonzero if output ii is discrete. yd(ii) = 0 if
output ii is continous
[stname, inname, outname, yd] = sysgetsignals (sys) [Function File]
siglist = sysgetsignals (sys, sigid) [Function File]
signame = sysgetsignals (sys, sigid, signum, strflg) [Function File]
Get signal names from a system
Inputs
Sys system data structure for the state space system
sigid signal id. String. Must be one of

"in" input signals

"out" output signals
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"st" stage signals
"yd" value of logical vector yd
signum index(indices) or name(s) or signals; see sysidx
strilg flag to return a string instead of a cell array; Values:
0 (default) return a cell array (even if signum specifies an indi-

vidual signal)

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

Outputs

olf sigid is not specified:
stname
inname

outname  signal names (cell array of strings); names of states, inputs,
and outputs, respectively.

yd binary vector; yd(ii) is nonzero if output ii is discrete.

oIf sigid is specified but signum is not specified:
sigid="in"
siglist is set to the cell array of input names.

sigid="out"
siglist is set to the cell array of output names.

sigid="st"
siglist is set to the cell array of state names.

stage signals

sigid="yd"
siglist is set to logical vector indicating discrete outputs;
siglist(ii) = 0 indicates that output ii is continuous (unsam-
pled), otherwise it is discrete.

olIf the first three input arguments are specified:
signame is a cell array 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 (sigval=0).

Examples (From sysrepdemo)
octave> sys=ss(rand(4),rand(4,2),rand(3,4));
octave># get all signal names
octave> [Ast,Ain,Aout,Ayd] = sysgetsignals(sys)
Ast =
(
[1]
[2] =
[3] -

]
MoK M
w N =



Chapter 29: Control Theory 229

[4] = x_4
)
Ain =
(
[1] = u_1
[2] = u_2
)
Aout =
(
[1] = y_1
[2] = y_2
[3] = y_3
)
Ayd =
0O 0 O

octave> # get only input signal names:
octave> Ain = sysgetsignals(sys,"in")
Ain =

(

[1] u_1
[2] = u_2

)
octave> # get name of output 2 (in cell array):
octave> Aout = sysgetsignals(sys,"out",2)
Aout =
(

[1] = y_2
)
octave> # get name of output 2 (as string):
octave> Aout = sysgetsignals(sys,"out",2,1)
Aout = y_2

sysgettype (sys) [Function File]
return the initial system type of the system
Input
sys System data structure.
Output
systype String indicating how the structure was initially constructed. Values:
"ss", "zp", or "tf".
FIR initialized systems return systype="tf".
syssetsignals (sys, opt, names, sig_idx) [Function File]

change the names of selected inputs, outputs and states.

Inputs
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Sys System data structure.
opt Change default name (output).
"out" Change selected output names.
"in" Change selected input names.
"st" Change selected state names.
"yd" Change selected outputs from discrete to continuous or from
continuous to discrete.
names
Opt = ”out", "in”, gt
string or string array containing desired signal names or val-
ues.
opt = Ilydll
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 cell array of names/entire yd vector
Outputs
retsys sys with appropriate signal names changed (or yd values, where appro-
priate).
Example

octave:1> sys=ss([1 2; 3 4],[5;6]1,[7 8]);
octave:2> sys = syssetsignals(sys,"st",str2mat("Posx","Velx"));
octave:3> sysout(sys)

Input (s)

1: u_1
Output(s):

1: y_1

state-space form:
2 continuous states, 0 discrete states

State(s):
1: Posx
2: Velx
A matrix: 2 x 2
1 2
3 4
B matrix: 2 x 1
5
6
C matrix: 1 x 2
7 8

D matrix: 1 x 1
0
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sysupdate (sys, opt) [Function File]
Update the internal representation of a system.
Inputs
sys: system data structure
opt string:
"gf" update transfer function form
"zp" update zero-pole form
"ss" update state space form
"all" all of the above
Outputs
retsys Contains union of data in sys and requested data. If requested data in

sys is already up to date then retsys=sys.

Conversion to tf or zp exits with an error if the system is mixed continuous/digital.

[systype, nout, nin, ncstates, ndstates] = minfo [Function File]
(inmat)
Determines the type of system matrix. inmat can be a varying, a system, a constant,
and an empty matrix.

Outputs

systype Can be one of: varying, system, constant, and empty.
nout The number of outputs of the system.

nin The number of inputs of the system.

ncstates  The number of continuous states of the system.
ndstates ~ The number of discrete states of the system.

sysgettsam (sys) [Function File]
Return the sampling time of the system sys.

29.2.6 Data structure internal functions

29.3 System display functions
sysout (sys, opt) [Function File]
print out a system data structure in desired format
Sys system data structure
opt Display option
(] primary system form (default)

"ss" state space form
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"tf" transfer function form
"zp" zero-pole form
"all" all of the above
tfout (num, denom, x) [Function File]
Print formatted transfer function n(s)/d(s) to the screen. x defaults to the string
llsll
zpout (zer, pol, k, x) [Function File]

print formatted zero-pole form to the screen. x defaults to the string "s"

29.4 Block Diagram Manipulations
See Section 29.7 [systime], O 249.

Unless otherwise noted, all parameters (input,output) are system data structures.

bddemo (inputs) [Function File]
Octave Controls toolbox demo: Block Diagram Manipulations demo.

buildssic (clst, ulst, olst, ilst, si1, s2, s3, s4, s5, s6, s7, s8) [Function File]
Form an arbitrary complex (open or closed loop) system in state-space form from
several systems. buildssic can easily (despite its cryptic syntax) integrate transfer
functions from a complex block diagram into a single system with one call. This
function is especially useful for building open loop interconnections for H., and Hs
designs or for closing loops with these controllers.

Although this function is general purpose, the use of sysgroup sysmult, sysconnect
and the like is recommended for standard operations since they can handle mixed
discrete and continuous systems and also the names of inputs, outputs, and states.

The parameters consist of 4 lists that describe the connections outputs and inputs
and up to 8 systems s1-s8. Format of the lists:

clst connection list, describes the input signal of each system. The maximum
number of rows of Clst is equal to the sum of all inputs of s1-s8.

Example: [1 2 -1; 21 0] means that: new input 1 is old input 1 +
output 2 - output 1, and new input 2 is old input 2 + output 1. The order
of rows is arbitrary.

ulst if not empty the old inputs in vector ulst will be appended to the outputs.
You need this if you want to “pull out” the input of a system. Elements
are input numbers of s1—s8.

olst output list, specifiy the outputs of the resulting systems. Elements are
output numbers of s1-s8. The numbers are allowed to be negative and
may appear in any order. An empty matrix means all outputs.

ilst input list, specifiy the inputs of the resulting systems. Elements are
input numbers of s1-s8. The numbers are allowed to be negative and
may appear in any order. An empty matrix means all inputs.
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Example: Very simple closed loop system.

W e +-———- + u +-—- +
—-—=>0-—*-->| K |-=*-->| G |-—*—-->y
~ +o———= + | o + |
- I I
(. e ma ittt >u
| I
| oo |---> e
I I
Fom +

The closed loop system GW can be optained by
GW = buildssic([1 2; 2 -11, 2, [1 2 3], 2, G, K);

clst 1st row: connect input 1 (G) with output 2 (K).
2nd row: connect input 2 (K) with negative 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
———————————————————— > Wi |--->v1
z | ot
S +
| |
| +-——+ v +-———+
$===>| G |-=—=>0-—%-=>| W2 |--—> v2
| +———+ | +-———+
| |
| v
u y
min||GW,. ||«

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);

where “One” is a unity gain (auxillary) function with order 0. (e.g. One = ugain(1);)

sys = jet707 () [Function File]
Creates a linearized state-space model of a Boeing 707-321 aircraft at v=80 m/s
(M = 0.26, Gao = —3°, ap = 4°, 1 = 50°).
System inputs: (1) thrust and (2) elevator angle.
System outputs: (1) airspeed and (2) pitch angle.
Reference: R. Brockhaus: Flugregelung (Flight Control), Springer, 1994.
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ord2 (nfreq, damp, gain) [Function File]
Creates a continuous 2nd order system with parameters:
Inputs
nfreq natural frequency [Hz|. (not in rad/s)
damp damping coeflicient
gain dc-gain This is steady state value only for damp > 0. gain is assumed to
be 1.0 if ommitted.
Output
outsys system data structure has representation with w = 27 f:
/ \
| / —2wkdamp -w \ / w \ I
G=11 (I |, [0 gain ], O |
I\ w 0/ \No/ |
\ /
See also jet707 (MIMO example, Boeing 707-321 aircraft model)
sysadd (gsys, hsys) [Function File]

sys

returns sys = gsys + hsys.

e Exits with an error if gsys and hsys are not compatibly dimensioned.

e Prints a warning message is system states have identical names; duplicate names
are given a suffix to make them unique.

e sys input/output names are taken from gsys.

-1 geys |-
u | - +]
————— ()-—-—-—>y
________ +]
----| hsys |---
= sysappend (syst, b, ¢, d, outname, inname, yd) [Function File]
appends new inputs and/or outputs to a system
Inputs
syst 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



Chapter 29: Control Theory 235

yd binary vector; yd(ii) = 0 indicates a continuous output; yd(ii) = 1 indi-
cates a discrete output.

Outputs
Sys
sys.b := [syst.b , bl
sys.c := [syst.c ]
[c ]
sys.d := [syst.d | D12 ]
[ D21 | D22 ]
where D12, D21, and D22 are the appropriate dimensioned blocks of the
input parameter d.
e The leading block D11 of d is ignored.
e If inname and outname are not given as arguments, the new inputs
and outputs are be assigned default names.
e yd is a binary vector of length rows(c) that indicates
continuous/sampled outputs. Default value for yd is:
— sys is continuous or mixed yd = zeros(1,rows(c))
— gys is discrete yd = ones(1,rows(c))
clsys = sysconnect (sys, out_idx, in_idx, order, tol) [Function File]
Close the loop from specified outputs to respective specified inputs
Inputs
Sys System data structure.
out_idx
in_idx Names or indices of signals to connect (see sysidx). The output specified
by out;dz(ii) is connected to the input specified by in;dx(i7).
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 dia-
gram below.
tol Tolerance for singularities in algebraic loops, default: 200eps.
Outputs
clsys Resulting closed loop system.
Method

sysconnect internally permutes selected inputs, outputs as shown below, closes the
loop, and then permutes inputs and outputs back to their original order
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ul - >| |-——=> y_1
I sys I
old u_2 | |
u_2% ———=>(+)-—=>| | ————- >y_2
(in_idx) ~ = ——mmmmmmmmmmm———m—- | (out_idx)

The input that has the summing junction added to it has an * added to the end of
the input name.

[csys, acd, ccd] = syscont (sys) [Function File]
Extract the purely continuous subsystem of an input system.
Input
Sys system data structure.
Outputs
csys is the purely continuous input/output connections of sys
acd
ccd connections from discrete states to continuous states, discrete states to
continuous outputs, respectively.
returns csys empty if no continuous/continous path exists
[dsys, adc, cdc] = sysdisc (sys) [Function File]
Input
Sys System data structure.
Outputs
dsys Purely discrete portion of sys (returned empty if there is no purely discrete
path from inputs to outputs).
adc
cdc Connections from continuous states to discrete states and discrete. out-
puts, respectively.
retsys = sysdup (asys, out_idx, in_idx) [Function File]
Duplicate specified input/output connections of a system
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)).
Output
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retsys Resulting closed loop system: duplicated i/o names are appended with a
"+ suffix.

Method

sysdup creates copies of selected inputs and outputs as shown below. ul, yI is the
set of original inputs/outputs, and u2, y2 is the set of duplicated inputs/outputs in
the order specified in in_idx, out_idx, respectively

ul —--—- > |----> y1
I asys |
u2 ------ >| | -———- >y2
(in_idx) - (out_idx)
sys = sysgroup (asys, bsys) [Function File]
Combines two systems into a single system.
Inputs
asys
bsys System data structures.
Output
Sys sys = blockdiag(asys, bsys)
| __ |
ul ————- >|--> | asys |--->|--——--> y1
[ it |
| __ |
u2 ----- >|-=> | bsys |--->|----> y2

Ksys
The function also rearranges the internal state-space realization of sys so that the

continuous states come first and the discrete states come last. If there are duplicate
names, the second name has a unique suffix appended on to the end of the name.

sys = sysmult (Asys, Bsys) [Function File]
Compute sys = Asys * Bsys (series connection):

A warning occurs if there is direct feed-through from an input or a continuous state
of Bsys, through a discrete output of Bsys, to a continuous state or output in Asys
(system data structure does not recognize discrete inputs).

retsys = sysprune (asys, out_idx, in_idx) [Function File]
Extract specified inputs/outputs from a system

Inputs
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asys system data structure
out_idx
in_idx Indices or signal names of the outputs and inputs to be kept in the re-
turned system; remaining connections are “pruned” off. May select as ||
(empty matrix) to specify all outputs/inputs.
retsys = sysprune (Asys, [1:3,4], "u_1");
retsys = sysprune (Asys, {"tx", "ty", "tz"}, 4);
Output
retsys Resulting system.
ul ------- >| [-——-> y1
(in_idx) | Asys | (out_idx)
u2 ------- >| [----1 y2
(deleted)———-—-—————————————- (deleted)
pv = sysreorder (vlen, list) [Function File]
Inputs
vlen Vector length.
list A subset of [1:vlen].
Output
pv A permutation vector to order elements of [1:vlen] in list to the end

of a vector.

Used internally by sysconnect to permute vector elements to their desired locations.

retsys = sysscale (sys, outscale, inscale, outname, inname) [Function File]
scale inputs/outputs of a system.

Inputs

Sys

outscale
inscale

outname
inname

Output

retsys

Structured system.

Constant matrices of appropriate dimension.

Lists of strings with the names of respectively outputs and inputs.

resulting open loop system:
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If the input names and output names (each a list of strings) are not given and the
scaling matrices are not square, then default names will be given to the inputs and /or
outputs.

A warning message is printed if outscale attempts to add continuous system outputs
to discrete system outputs; otherwise yd is set appropriately in the returned value of

Sys.

sys = syssub (Gsys, Hsys) [Function File]
Return sys = Gsys — Hsys.
Method

Gsys and Hsys are connected in parallel. The input vector is connected to both
systems; the outputs are subtracted. Returned system names are those of Gsys.

e +
+-—->| Gsys |-—-+
| Ho—m— - +
| +|
u ——+ (D-—>y
| -1
| Homm—— - +
+--->| Hsys |-—-+
Fomm - +
ugain (n) [Function File]

Creates a system with unity gain, no states. This trivial system is sometimes needed
to create arbitrary complex systems from simple systems with buildssic. Watch out
if you are forming sampled systems since ugain does not contain a sampling period.

W = wgtlo (v1, vh, fc) [Function File]
State space description of a first order weighting function.

Weighting function are needed by the H,/H,, design procedure. These function are
part of the augmented plant P (see hinfdemo for an application example).

Inputs
vl Gain at low frequencies.
vh Gain at high frequencies.
fc Corner frequency (in Hz, not in rad/sec)
Output
w Weighting function, given in form of a system data structure.
ksys = parallel (asys, bsys) [Function File]

Forms the parallel connection of two systems.
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I - |
u - >|---=> | asys |--—>|----> y1
| e |
| e |
|-==>|--==> | bsys |--->|----> y2
I - |
ksys
[retsys, nc, nol] = sysmin (sys, flg) [Function File]
Returns a minimal (or reduced order) system
Inputs
Sys System data structure
flg When equal to 0 (default value), returns minimal system, in which state
names are lost; when equal to 1, returns system with physical states
removed that are either uncontrollable or unobservable (cannot reduce
further without discarding physical meaning of states).
Outputs
retsys Returned system.
nc Number of controllable states in the returned system.
no Number of observable states in the returned system.
cflg is_controllable(retsys).
oflg is_observable(retsys).

29.5 Numerical Functions

x = are (a, b, c, opt) [Function File]
Solve the Algebraic Riccati Equation

ATX + XA—-XBX+C=0

Inputs for identically dimensioned square matrices

opt

Output

n by n matrix;

n by n matrix or n by m matrix; in the latter case b is replaced by
b:=bx;
n by n matrix or p by m matrix; in the latter case c is replaced by

c:=c xc¢

(optional argument; default = "B"): String option passed to balance
prior to ordered Schur decomposition.
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X solution of the ARE.

Method Laub’s Schur method (IEEE Transactions on Automatic Control, 1979) is
applied to the appropriate Hamiltonian matrix.

x = dare (a, b, q, , opt) [Function File]
Return the solution, x of the discrete-time algebraic Riccati equation

ATXA- X+ A"XB(R+B"XB)"'B"XA+Q =0

Inputs
n by n matrix;

b n by m matrix;

q n by n matrix, symmetric positive semidefinite, or a p by n matrix, In
the latter case ¢ := ¢’ * ¢ is used;

r m by m, symmetric positive definite (invertible);

opt (optional argument; default = "B"): String option passed to balance
prior to ordered QZ decomposition.

Output

b'e solution of DARE.

Method Generalized eigenvalue approach (Van Dooren; SIAM J. Sci. Stat. Comput.,
Vol 2) applied to the appropriate symplectic pencil.

See also: Ran and Rodman, Stable Hermitian Solutions of Discrete Algebraic Riccati
Equations, Mathematics of Control, Signals and Systems, Vol 5, no 2 (1992), pp

165-194.
[tvals, plist] = dre (sys, q, r, qf, tO, tf, ptol, maxits) [Function File]
Solve the differential Riccati equation
ap T —1pT

P(ty) = Qy
for the LTI system sys. Solution of standard LTI state feedback optimization
tf
min/ 27 Qx + u" Rudt + z(t;)" Qsx(ty)
to

optimal input is
u=—R'B'P(t)x

Inputs
Sys continuous time system data structure

q state integral penalty
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r input integral penalty

qf state terminal penalty

t0

tf limits on the integral

ptol tolerance (used to select time samples; see below); default = 0.1
maxits number of refinement iterations (default=10)

Outputs

tvals time values at which p(t) is computed

plist list values of p(t); plist { i } is p(tvals(i))

tvals is selected so that:
Iplist; — plist;_|| < ptol

for every i between 2 and length(tvals).

dgram (a, b) [Function File]
Return controllability gramian of discrete time system

Tre1 = axy + buy

Inputs
a n by n matrix
b n by m matrix
Output
m n by n matrix, satisfies
ama” —m +bb" =0
dlyap (a, b) [Function File]
Solve the discrete-time Lyapunov equation
Inputs
a n by n matrix;
b Matrix: n by n, n by m, or p by n.
Output
b's matrix satisfying appropriate discrete time Lyapunov equation.

Options:
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e b is square: solve
ara’ —x+b=0

e b is not square: x satisfies either
ara’ —z +bb" =0
or
a’ra—x+b"b=0,
whichever is appropriate.

Method Uses Schur decomposition method as in Kitagawa, An Algorithm for Solving
the Matrix Equation X = FXF’' + S, International Journal of Control, Volume 25,
Number 5, pages 745-753 (1977).

Column-by-column solution method as suggested in Hammarling, Numerical Solution
of the Stable, Non-Negative Definite Lyapunov Equation, IMA Journal of Numerical
Analysis, Volume 2, pages 303-323 (1982).

gram (a, b) [Function File]
Return controllability gramian m of the continuous time system dx/dt = ax + bu.

m satisfies am + ma’ + bb' = 0.

lyap (a, b, ¢) [Function File]

lyap (a, b) [Function File]
Solve the Lyapunov (or Sylvester) equation via the Bartels-Stewart algorithm (Com-
munications of the ACM, 1972).

If a, b, and c are specified, then 1yap returns the solution of the Sylvester equation
AX+XB+C=0
If only (a, b) are specified, then lyap returns the solution of the Lyapunov equation
ATX+XA+B=0
If b is not square, then lyap returns the solution of either
A"X+XA+B"B=0

or
AX 4+ XA"+BB" =0

whichever is appropriate.

Solves by using the Bartels-Stewart algorithm (1972).

qzval (a, b) [Function File]
Compute generalized eigenvalues of the matrix pencil (A — AB).

a and b must be real matrices.

gzval is obsolete; use qz instead.
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y = zgfmul (a, b, ¢, d, x) [Function File]
Compute product of zgep incidence matrix F' with vector x. Used by zgepbal (in
zgscal) as part of generalized conjugate gradient iteration.

zgfslv (n, m, p, b) [Function File]
Solve system of equations for dense zgep problem.

zz = zginit (a, b, c, d) [Function File]
Construct right hand side vector zz for the zero-computation generalized eigenvalue
problem balancing procedure. Called by zgepbal.

zgreduce (sys, meps) [Function File]
Implementation of procedure REDUCE in (Emami-Naeini and Van Dooren, Auto-
matica, # 1982).

[nonz, zer] = zgrownorm (mat, meps) [Function File]
Return nonz = number of rows of mat whose two norm exceeds meps, and zer =
number of rows of mat whose two norm is less than meps.

x = zgscal (f, z, n,m p) [Function File]
Generalized conjugate gradient iteration to solve zero-computation generalized eigen-
value problem balancing equation fx = z; called by zgepbal.

[a, b] = zgsgiv (c, s, a, b) [Function File]
Apply givens rotation c,s to row vectors a, b. No longer used in zero-balancing
(--zgpbal__); kept for backward compatibility.

x = zgshsr (y) [Function File]
Apply householder vector based on €™ to column vector y. Called by zgfslv.
References
ZGEP Hodel, Computation of Zeros with Balancing, 1992, Linear Algebra and its
Applications

Generalized CG
Golub and Van Loan, Matrix Computations, 2nd ed 1989.

29.6 System Analysis-Properties

analdemo () [Function File]
Octave Controls toolbox demo: State Space analysis demo

[n, m, p] = abcddim (a, b, ¢, d) [Function File]
Check for compatibility of the dimensions of the matrices defining the linear system
[A, B, C, D] corresponding to
d
d—f = Ax + Bu
y=Czx+ Du
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or a similar discrete-time system.

If the matrices are compatibly dimensioned, then abcddim returns

n The number of system states.

m The number of system inputs.

p The number of system outputs.
Otherwise abcddim returns n = m = p = —1.

Note: n = 0 (pure gain block) is returned without warning.

ctrb (sys, b) [Function File]
ctrb (a, b) [Function File]
Build controllability matrix:

Q. =[BABA’B... A""'B]

of a system data structure or the pair (a, b).

ctrb forms the controllability matrix. The numerical properties of is_controllable
are much better for controllability tests.

h2norm (sys) [Function File]
Computes the Hs norm of a system data structure (continuous time only).

Reference: Doyle, Glover, Khargonekar, Francis, State-Space Solutions to Standard
‘H, and H., Control Problems, IEEE TAC August 1989.

lg, gmin, gmax] = hinfnorm (sys, tol, gmin, gmax, ptol) [Function File]
Computes the H,, norm of a system data structure.
Inputs
Sys system data structure
tol H, norm search tolerance (default: 0.001)
gmin minimum value for norm search (default: le-9)
gmax maximum value for norm search (default: le+9)
ptol pole tolerance:
e if sys is continuous, poles with |real(pole)| < ptol||H|| (H is appro-
priate Hamiltonian) are considered to be on the imaginary axis.
e if sys is discrete, poles with |pole — 1| < ptol||[s1s2]|| (appropriate
symplectic pencil) are considered to be on the unit circle.
e Default value: 1e-9
Outputs
g Computed gain, within tol of actual gain. g is returned as Inf if the

system is unstable.
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gmin

gmax Actual system gain lies in the interval [gmin, gmax].

References: Doyle, Glover, Khargonekar, Francis, State-space solutions to standard
‘H, and H,, control problems, ITEEE TAC August 1989; Iglesias and Glover, State-
Space approach to discrete-time H., control, Int. J. Control, vol 54, no. 5, 1991;
Zhou, Doyle, Glover, Robust and Optimal Control, Prentice-Hall, 1996.

obsv (sys, c¢) [Function File]
obsv (a, ¢) [Function File]
Build observability matrix:

C
CA
Q= | CA®
CA"71

of a system data structure or the pair (a, c).

The numerical properties of is_observable are much better for observability tests.

[zer, pol] = pzmap (sys) [Function File]
Plots the zeros and poles of a system in the complex plane.
Input
Sys System data structure.
Outputs
pol
zer if omitted, the poles and zeros are plotted on the screen. otherwise, pol
and zer are returned as the system poles and zeros (see sys2zp for a
preferable function call).
retval = is_abcd (a, b, c, d) [Function File]

Returns retval = 1 if the dimensions of a, b, ¢, d are compatible, otherwise retval =
0 with an appropriate diagnostic message printed to the screen. The matrices b, c,
or d may be omitted.

[retval, ul] = is_controllable (sys, tol) [Function File]
[retval, u] = is_controllable (a, b, tol) [Function File]
Logical check for system controllability.
Inputs
Sys system data structure
a
b n by n, n by m matrices, respectively

tol optional roundoff paramter. default value: 10*eps



Chapter 29: Control Theory 247

Outputs

retval Logical flag; returns true (1) if the system sys or the pair (a, b) is con-
trollable, whichever was passed as input arguments.

u u is an orthogonal basis of the controllable subspace.

Method Controllability is determined by applying Arnoldi iteration with complete
re-orthogonalization to obtain an orthogonal basis of the Krylov subspace
span ([b,ax*b,...,a"{n-1}*b]).

The Arnoldi iteration is executed with krylov if the system has a single input; oth-
erwise a block Arnoldi iteration is performed with krylovb.

retval = is_detectable (a, c, tol, dflg) [Function File]
retval = is_detectable (sys, tol) [Function File]
Test for detactability (observability of unstable modes) of (a, c).

Returns 1 if the system a or the pair (a, c) is detectable, 0 if not, and -1 if the system
has unobservable modes at the imaginary axis (unit circle for discrete-time systems).

See is_stabilizable for detailed description of arguments and computational
method.

[retval, dgkf_struct ] = is_dgkf (asys, nu, ny, tol ) [Function File]
Determine whether a continuous time state space system meets assumptions of DGKF
algorithm. Partitions system into:

[dx/dt] [A | Bw Bu 1[w]

[z 1 = I[Cz | Dzw Dzu ] [u]

Ly 1 [Cy | Dyw Dyu ]
or similar discrete-time system. If necessary, orthogonal transformations qw, gz and
nonsingular transformations ru, ry are applied to respective vectors w, z, u, y in order
to satisfy DGKF assumptions. Loop shifting is used if dyu block is nonzero.

Inputs
asys system data structure
nu number of controlled inputs
ny number of measured outputs
tol threshold for 0; default: 200*eps.
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 A matrix
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bw (n x nw) gw-transformed disturbance input matrix
bu n x nu) ru-transformed controlled input matrix;
B = [BwBu]
cz (nz x n) Qz-transformed error output matrix
cy (ny x n) ry-transformed measured output matrix
C =[CzCy]
dzu
dyw off-diagonal blocks of transformed system D matrix that en-
ter 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
‘H, and H,, Control Problems, IEEE TAC August 1989.
2] Maciejowksi, J.M., Multivariable Feedback Design, Addison-Wesley,
1989.
digital = is_digital (sys, eflg) [Function File]
Return nonzero if system is digital.
Inputs
Sys System data structure.
eflg When equal to 0 (default value), exits with an error if the system is mixed
(continuous and discrete components); when equal to 1, print a warning
if the system is mixed (continuous and discrete); when equal to 2, operate
silently.
Output
digital When equal to 0, the system is purely continuous; when equal to 1,

the system is purely discrete; when equal to -1, the system is mixed
continuous and discrete.

Exits with an error if sys is a mixed (continuous and discrete) system.
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[retval, ul] = is_observable (a, c, tol) [Function File]
[retval, u] is_observable (sys, tol) [Function File]
Logical check for system observability.

Default: tol = tol = 10*norm(a,’fro’)*eps

Returns 1 if the system sys or the pair (a, ¢) is observable, 0 if not.
See is_controllable for detailed description of arguments and default values.

is_sample (ts) [Function File]
Return true if ts is a valid sampling time (real, scalar, > 0).

is_siso (sys) [Function File]
Returns nonzero if the system data structure sys is single-input, single-output.

retval = is_stabilizable (sys, tol) [Function File]

retval = is_stabilizable (a, b, tol, dflg) [Function File]
Logical check for system stabilizability (i.e., all unstable modes are controllable).
Returns 1 if the system is stabilizable, 0 if the the system is not stabilizable, -1 if the
system has non stabilizable modes at the imaginary axis (unit circle for discrete-time
systems.

Test for stabilizability is performed via Hautus Lemma. If dflg#0 assume that
discrete-time matrices (a,b) are supplied.

is_signal_list (mylist) [Function File]
Return true if mylist is a list of individual strings.
is_stable (a, tol, dflg) [Function File]
is_stable (sys, tol) [Function File]
Returns 1 if the matrix a or the system sys is stable, or 0 if not.
Inputs
tol is a roundoff parameter, set to 200*eps if omitted.
dflg Digital system flag (not required for system data structure):

dflg '= 0 stable if eig(a) is in the unit circle
dflg == 0 stable if eig(a) is in the open LHP (default)

29.7 System Analysis-Time Domain

c2d (sys, opt, t) [Function File]
c2d (sys, t) [Function File]
Converts the system data structure describing:
T =A.x+ B.u

into a discrete time equivalent model:
Tnt+1 = Aqzn + Bauy,

via the matrix exponential or bilinear transform.

Inputs
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Sys

opt

Output
dsys

GNU Octave

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

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

"ex" use the matrix exponential (default)
"bi" use the bilinear transformation
2(z—1)
T(z+1)

FIXME: This option exits with an error if sys is not purely
continuous. (The ex option can handle mixed systems.)

"matched"
Use the matched pole/zero equivalent transformation (cur-
rently only works for purely continuous SISO systems).
sampling time; required if sys is purely continuous.
Note: if the second argument is not a string, c2d() assumes that the
second argument is t and performs appropriate argument checks.

Discrete time equivalent via zero-order hold, sample each t sec.

This function adds the suffix _d to the names of the new discrete states.

d2c (sys, tol)
d2c (sys, opt)

[Function File]
[Function File]

Convert a discrete (sub)system into a purely continuous one. The sampling time used
is sysgettsam(sys).

Inputs

Sys
tol

opt

system data structure with discrete components

Scalar value. Tolerance for convergence of default "log" option (see be-
low)

conversion option. Choose from:

"log" (default) Conversion is performed via a matrix logarithm.
Due to some problems with this computation, it is followed
by a steepest descent algorithm to identify continuous time
a, b, to get a better fit to the original data.

If called as d2c (sys, tol), with tol positive scalar, the
"log" option is used. The default value for tol is 1e-8.

"bi" Conversion is performed via bilinear transform z = (1 +
sT/2)/(1 — sT/2) where T is the system sampling time (see
sysgettsam).

FIXME: bilinear option exits with an error if sys is not purely
discrete
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Output
csys continuous time system (same dimensions and signal names as in sys).
[dsys, fidx] = dmr2d (sys, idx, sprefix, ts2, cuflg) [Function File]

convert a multirate digital system to a single rate digital system states specified by
idx, sprefix are sampled at ts2, all others are assumed sampled at tsl = sysgettsam

(sys).
Inputs

Sys
idx

sprefix

ts2

cuflg

Outputs
dsys

fidx

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

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

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

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

"constant u flag" if cuflg is nonzero then the system inputs are assumed
to be constant over the revised sampling interval ts2. Otherwise, since the
inputs can change during the interval ¢t in [kts2, (k+ 1)ts2], an additional
set of inputs is included in the revised B matrix so that these intersample
inputs may be included in the single-rate system. default cuflg = 1.

equivalent discrete time system with sampling time ts2.

The sampling time of sys is updated to ts2.

if cuflg=0 then a set of additional inputs is added to the system with
suffixes _d1, ..., _dn to indicate their delay from the starting time k ts2,
ie. u=[u.l; u_l.dl; ..., u_1_dn] where u_1_dk is the input k*tsl units
of time after u_1 is sampled. (tsl is the original sampling time of the
discrete time system and ts2 = (n+1)*tsl)

indices of "formerly fast" states specified by idx and sprefix; these states
are updated to the new (slower) sampling interval ts2.

WARNING Not thoroughly tested yet; especially when cuflg == 0.

damp (p, tsam)

[Function File]

Displays eigenvalues, natural frequencies and damping ratios of the eigenvalues of a
matrix p or the A matrix of a system p, respectively. If p is a system, tsam must not
be specified. If p is a matrix and tsam is specified, eigenvalues of p are assumed to
be in z-domain.

dcgain (sys, tol) [Function File]
Returns dc-gain matrix. If dc-gain is infinite an empty matrix is returned. The
argument tol is an optional tolerance for the condition number of the A Matrix in sys

(default tol = 1.0e-10)
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[y, t] = impulse (sys, inp, tstop, n) [Function File]
Impulse response for a linear system. The system can be discrete or multivariable (or
both). If no output arguments are specified, impulse produces a plot or the impulse
response data for system sys.

Inputs

Sys System data structure.

inp Index of input being excited

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

n the number of data values.
Both parameters tstop and n can be omitted and will be computed from
the eigenvalues of the A Matrix.

Outputs

y Values of the impulse response.

t Times of the impulse response.

[y, t] = step (sys, inp, tstop, n) [Function File]

Step response for a linear system. The system can be discrete or multivariable (or
both). If no output arguments are specified, step produces a plot or the step response
data for system sys.

Inputs
Sys
inp

tstop

Outputs

Y
t

System data structure.
Index of input being excited

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

the number of data values.

Both parameters tstop and n can be omitted and will be computed from
the eigenvalues of the A Matrix.

Values of the step response.

Times of the step response.

When invoked with the output parameter y the plot is not displayed.
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29.8 System Analysis-Frequency Domain

Demonstration/tutorial script

frdemo ()

[Function File]

Octave Control Toolbox demo: Frequency Response demo.

[mag, phase, w] = bode (sys, w, out_idx, in_idx) [Function File]
If no output arguments are given: produce Bode plots of a system; otherwise, compute
the frequency response of a system data structure

Inputs

Sys

out_idx
in_idx

Outputs

mag
phase

w

a system data structure (must be either purely continuous or discrete; see
is_digital)
frequency values for evaluation.

if sys is continuous, then bode evaluates G(jw) where G(s) is the system
transfer function.

if sys is discrete, then bode evaluates G(exp(jwT)), where

e T is the system sampling time

e (i(z) is the system transfer function.
Default the default frequency range is selected as follows: (These steps
are not performed if w is specified)

1. via routine __bodquist__, isolate all poles and zeros away from w=0
(jw=0 or exp(jwT)=1) and select the frequency range based on the
breakpoint locations of the frequencies.

2. if sys is discrete time, the frequency range is limited to jwT in
[0, 27 /T
3. A "smoothing" routine is used to ensure that the plot phase does

not change excessively from point to point and that singular points
(e.g., crossovers from +/- 180) are accurately shown.

The names or indices of outputs and inputs to be used in the frequency
response. See sysprune.

Example
bode(sys’ [] ,Ily_sll’ {llu_lll’"u_4ll});

the magnitude and phase of the frequency response G(jw) or
G(exp(jwT)) at the selected frequency values.

the vector of frequency values used

1. If no output arguments are given, e.g.,
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bode (sys) ;
bode plots the results to the screen. Descriptive labels are automatically placed.
Failure to include a concluding semicolon will yield some garbage being printed
to the screen (ans = [1).

2. If the requested plot is for an MIMO system, mag is set to ||G(jw)|| or
||G(exp(jwT))|| and phase information is not computed.

[wmin, wmax] = bode_bounds (zer, pol, dflg, tsam) [Function File]
Get default range of frequencies based on cutoff frequencies of system poles and zeros.
Frequency range is the interval [10%min, 10%me=]

Used internally in __freqresp__ (bode, nyquist)

freqchkw (w) [Function File]
Used by __freqresp__ to check that input frequency vector w is valid. Returns
boolean value.

out = 1ltifr (a, b, w) [Function File]
out = ltifr (sys, w) [Function File]

Linear time invariant frequency response of single-input systems.

Inputs

a

b coefficient matrices of dx/dt = Ax + Bu

sys system data structure

W vector of frequencies

Output

out frequency response, that is:

G(jw) = (jwl — A)™'B

for complex frequencies s = jw.

[realp, imagp, w] = nyquist (sys, w, out_idx, in_idx, atol) [Function File]
nyquist (sys, w, out_idx, in_idx, atol) [Function File]
Produce Nyquist plots of a system; if no output arguments are given, Nyquist plot is
printed to the screen.
Compute the frequency response of a system.

Inputs (pass as empty to get default values)

Sys system data structure (must be either purely continuous or discrete; see
is_digital)

W frequency values for evaluation. If sys is continuous, then bode evaluates
G(jw); if sys is discrete, then bode evaluates G(exp(jwT)), where T is
the system sampling time.
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default the default frequency range is selected as follows: (These steps are not
performed if w is specified)

1. viaroutine __bodquist__, isolate all poles and zeros away from w=0
(jw=0 or exp(jwT) = 1) and select the frequency range based on the
breakpoint locations of the frequencies.

2. if sys is discrete time, the frequency range is limited to jwT in [0, 2p7]
3. A “smoothing” routine is used to ensure that the plot phase does

not change excessively from point to point and that singular points
(e.g., crossovers from +/- 180) are accurately shown.

atol for interactive nyquist plots: atol is a change-in-slope tolerance for the of
asymptotes (default = 0; le-2 is a good choice). This allows the user to
“zoom in” on portions of the Nyquist plot too small to be seen with large

asymptotes.

Outputs

realp

imagp the real and imaginary parts of the frequency response G(jw) or
G(exp(jwT')) at the selected frequency values.

w the vector of frequency values used

If no output arguments are given, nyquist plots the results to the screen. If atol =0
and asymptotes are detected then the user is asked interactively if they wish to zoom
in (remove asymptotes) Descriptive labels are automatically placed.

Note: if the requested plot is for an MIMO system, a warning message is presented;
the returned information is of the magnitude ||G(jw)|| or ||G(exp(jwT)|| only; phase
information is not computed.

[zer, gain] = tzero (a, b, ¢, d, opt) [Function File]
[zer, gain] = tzero (sys, opt) [Function File]
Compute transmission zeros of a continuous system:

i = Ax + Bu
y=Cx+ Du

or of a discrete one:
Ty = Axy + Buy,

yr = Cxp + Duy,

Outputs

zer transmission zeros of the system

gain leading coefficient (pole-zero form) of SISO transfer function returns
gain=0 if system is multivariable

References

1. Emami-Naeini and Van Dooren, Automatica, 1982.
2. Hodel, Computation of Zeros with Balancing, 1992 Lin. Alg. Appl.
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zr = tzero2 (a, b, c, d, bal) [Function File]
Compute the transmission zeros of a, b, ¢, d.

bal = balancing option (see balance); default is "B".

Needs to incorporate mvzero algorithm to isolate finite zeros; use tzero instead.

29.9 Controller Design

dgkfdemo () [Function File]
Octave Controls toolbox demo: Hy/H., options demos.

hinfdemo () [Function File]
H, design demos for continuous SISO and MIMO systems and a discrete system. The
SISO system is difficult to control because it is non-minimum-phase and unstable. The
second design example controls the jet707 plant, the linearized state space model of
a Boeing 707-321 aircraft at v=80 m/s (M = 0.26, G,o = —3°, ag = 4°, Kk = 50°).
Inputs: (1) thrust and (2) elevator angle Outputs: (1) airspeed and (2) pitch angle.
The discrete system is a stable and second order.

SISO plant:
s—2
(s) = —
(s+2)(s—1)
+————t
———————————————————— >l Wi |-——> vi
z s
e —— +
| |
| +-———+ v oy -+
u *x——=>| G [-==->0--*-->| W2 |---> v2
| +-——+ | +-———+
| |
| +-——+ |
_____ I K |<_______
et
min||T,. |
W1 und W2 are the robustness and performance weighting functions.
MIMO plant:

The optimal controller minimizes the H,, norm of the augmented plant
P (mixed-sensitivity problem):
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W
1 = +
| +————+
b >| Wi |---=> z1
w | +o—
2 —mm o +
(. I
| v +——— v +———+
#o—k==>0-=>| G |-=>o-—*-->| W2 |---> 22
| +——— | +———
|
- v
u y (to K)

(from controller K)

21
:
Yy
Discrete system:
This is not a true discrete design. The design is carried out in continuous
time while the effect of sampling is described by a bilinear transformation
of the sampled system. This method works quite well if the sampling
period is “small” compared to the plant time constants

wq
Wa
U

=P

The continuous plant:
1
G(s) = ————
() (s+2)(s+1)

is discretised with a ZOH (Sampling period = Ts = 1 second):
0.199788z + 0.073498

G2) = = 0.36788)(2 — 0.13530)
———
———————————————————— S| WL [=--> vi
z | +-——+
S PR — ¥
| |
| ——— v et
xm==>| G |-==>0-—k-=>| W2 |-==> v2
| +———+ | R

| +———+ |
----- | K [<====——-
Fo——t
min|| 7. || s

W1 and W2 are the robustness and performance weighting functions.
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[1, m, p, e] = dlqge (a, g, ¢, sigw, sigv, z) [Function File]
Construct the linear quadratic estimator (Kalman filter) for the discrete time system

Try1 = Axy, + Bug + Guy,

Yk :Cl‘k+Duk+Uk

where w, v are zero-mean gaussian noise processes with respective intensities sigw =
cov (w, w) and sigv = cov (v, v).

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

The observer structure is
2k = Zijk—1 + Uye — Czgp—1 — Duy,)
Zip1e = Az + Bug,

The following values are returned:

1 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).
[k, p, el = dlqr (a, b, q, , 2) [Function File]

Construct the linear quadratic regulator for the discrete time system
Tpp1 = Axy + Buy,
to minimize the cost functional
J = Z 7 Qxz +u' Ru
z omitted or

J=> a2"Qz+u"Ru+ 22" 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).
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[(Lp, Lf, P, Z] = dkalman (4, G, C, Qw, Rv, S) [Function File]
Construct the linear quadratic estimator (Kalman predictor) for the discrete time
system

ZTry1 = Az, + Bug + Guy,
Y = Cxy, + Duy, + vy,
where w, v are zero-mean gaussian noise processes with respective intensities Qw =
cov (w, w) and Rv = cov (v, v).
If specified, S is cov (w, v). Otherwise cov (w, v) = 0.

The observer structure is Ty1jx = Axpp—1 + Bur + Ly(ye — Cxpjp—1 — Dug) Ty =
Tk + Lg(yp — Cxpip—1 — Duy,)

The following values are returned:

Lp The predictor gain, (A — L,C). is stable.
Lf The filter gain.
P The Riccati solution. P = E{(z — pjn-1)(% — Znjn-1)"}
Z The updated error covariance matrix. Z = E{(x — Zpnn)(® — Tpnn)'}
(K, gain, kc, kf, pc, pf] = h2syn (asys, nu, ny, tol) [Function File]

Design H, optimal controller per procedure in Doyle, Glover, Khargonekar, Francis,
State-Space Solutions to Standard H, and H., Control Problems, IEEE TAC August
1989.

Discrete-time control per Zhou, Doyle, and Glover, Robust and optimal control,
Prentice-Hall, 1996.

Inputs

asys system data structure (see ss, sys2ss)
e controller is implemented for continuous time systems
e controller is not implemented for discrete time systems

nu number of controlled inputs

ny number of measured outputs

tol threshold 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
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K = hinf_ctr (dgs, f, h, z, g) [Function File]

Called by hinfsyn to compute the H,, optimal controller.

Inputs

dgs data structure returned by is_dgkf

f

h feedback and filter gain (not partitioned)

g final gamma value

Outputs

K controller (system data structure)

Do not attempt to use this at home; no argument checking performed.

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

asys

nu
ny
gmin
gmax
gtol
ptol

tol

Outputs
k

g

gw

xinf

yinf

References:

system data structure (see ss, sys2ss)
e controller is implemented for continuous time systems

e controller is not implemented for discrete time systems (see bilinear
transforms in c2d, d2c)

number of controlled inputs

number of measured outputs

initial lower bound on H., optimal gain

initial upper bound on H,, Optimal gain.

Gain threshold. Routine quits when gmax/gmin < 1+tol.

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

threshold for 0. Default: 200*eps.

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

System controller.

Designed gain value.

Closed loop system.

ARE solution matrix for regulator subproblem.

ARE solution matrix for filter subproblem.

1. Doyle, Glover, Khargonekar, Francis, State-Space Solutions to Standard H, and
‘H., Control Problems, IEEE TAC August 1989.
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2. Maciejowksi, J.M., Multivariable feedback design, Addison-Wesley, 1989, ISBN
0-201-18243-2.

3. Keith Glover and John C. Doyle, State-space formulae for all stabilizing con-
trollers that satisfy an H.,norm bound and relations to risk sensitivity, Systems
& Control Letters 11, Oct. 1988, pp 167-172.

[retval, pc, pf] = hinfsyn_chk (a, b1, b2, c1, c2, d12, d21, [Function File]

g; ptol)
Called by hinfsyn to see if gain g satisfies conditions in Theorem 3 of Doyle, Glover,

Khargonekar, Francis, State Space Solutions to Standard Hs and H., Control Prob-
lems, IEEE TAC August 1989.

Warning: do not attempt to use this at home; no argument checking performed.
Inputs
As returned by is_dgkf, except for:

g candidate gain level

ptol as in hinfsyn

Outputs

retval 1 if g exceeds optimal Hinf closed loop gain, else 0
pc solution of “regulator” H., ARE

pf solution of “filter” H,, ARE

Do not attempt to use this at home; no argument checking performed.

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

xx = ([bb; -cl1’*didot]/r) * [didot’*cl bb’];
Ha [a O%a; -cl’*cl - a’] - xx;

and solves associated Riccati equation. The error code x_ha_err indicates one of the
following conditions:

0 successful

1 xinf has imaginary eigenvalues

hx not Hamiltonian

xinf has infinite eigenvalues (numerical overflow)
xinf not symmetric

xinf not positive definite

(=2 G R " )

r is singular
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[k, p, el = lqe (a, g, c, sigw, sigv, z) [Function File]
Construct the linear quadratic estimator (Kalman filter) for the continuous time sys-
tem 4
d—j = Ax + Bu
y=Cz+ Du

where w and v are zero-mean gaussian noise processes with respective intensities
sigw = cov (w, w)
sigv = cov (v, v)
The optional argument z is the cross-covariance cov (w, v). If it is omitted, cov (w,
v) = 0 is assumed.
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).
[k, q1, pl, ee, er] = lqg (sys, sigw, sigv, q, r, in_idx) [Function File]
Design a linear-quadratic-gaussian optimal controller for the system
dx/dt =Ax +Bu+ Gw [w]=N(O, [Sigw O D
y=Cx+v vl «( 0 Sigv 1)
or
x(k+1) = A x(k) + B u(k) + G w(k) [w]=N(O, [Sigw O D
y(k) = C x(k) + v(k) vl ( 0 Sigv 1)
Inputs
Sys system data structure
sigw
sigv intensities of independent Gaussian noise processes (as above)
q
r state, control weighting respectively. Control ARE is
in_idx names or indices of controlled inputs (see sysidx, cellidx)

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.
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[k, p, el = 1qgr (a, b, q, I, z) [Function File]
construct the linear quadratic regulator for the continuous time system
dx
— = Ax + Bu
dt +

to minimize the cost functional
0
z omitted or
J = / 2T Qx +u' Ru+ 22" Zu
0

z included.

The following values are returned:

k The state feedback gain, (A — BK) is stable and minimizes the cost
functional

p The stabilizing solution of appropriate algebraic Riccati equation.

e The vector of the closed loop poles of (A — BK).

Reference Anderson and Moore, Optimal control: linear quadratic methods, Prentice-
Hall, 1990, pp. 56-58.

[y, x] = 1sim (sys, u, t, x0) [Function File]
Produce output for a linear simulation of a system; produces a plot for the output of
the system, sys.

u is an array that contains the system’s inputs. Each row in u corresponds to a
different time step. Each column in u corresponds to a different input. t is an array
that contains the time index of the system; t should be regularly spaced. If initial
conditions are required on the system, the x0 vector should be added to the argument
list.

When the Isim function is invoked a plot is not displayed; however, the data is returned
in y (system output) and x (system states).

K = place (sys, p) [Function File]
Computes the matrix K such that if the state is feedback with gain K, then the
eigenvalues of the closed loop system (i.e. A — BK) are those specified in the vector
D
Version: Beta (May-1997): If you have any comments, please let me know. (see the
file place.m for my address)
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29.10 Miscellaneous Functions (Not yet properly
filed/documented)

axis2dlim (axdata) [Function File]
Determine axis limits for 2-D data (column vectors); leaves a 10% margin around the
plots. Inserts margins of +/- 0.1 if data is one-dimensional (or a single point).

Input
axdata n by 2 matrix of data [x, y].
Output
axvec Vector of axis limits appropriate for call to axis function.
moddemo (inputs) [Function File]

Octave Control toolbox demo: Model Manipulations demo.

prompt (str) [Function File]
Prompt user to continue
Input
str Input string. Its default value is:
\n ---- Press a key to continue ---
rldemo (inputs) [Function File]

Octave Control toolbox demo: Root Locus demo.

[rldata, k] = rlocus (sys[, increment, min_k, max_k|) [Function File]
Displays root locus plot of the specified SISO system.

-—=>| + |-—-|k|---->| SISO |--—-=-———-- >
_____ _ P, |
- |
_____________________________ |
Inputs
sys system data structure
min_k Minimum value of k
max_k Maximum value of k

increment The increment used in computing gain values

Outputs

Plots the root locus to the screen.

rldata Data points plotted: in column 1 real values, in column 2 the imaginary
values.

k Gains for real axis break points.
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[yy, idx] = sortcom (xx[, opt]) [Function File]
Sort a complex vector.
Inputs
bo's Complex vector
opt sorting option:
"re" Real part (default);
"mag" By magnitude;
"im" By imaginary part.
if opt is not chosen as "im", then complex conjugate pairs are grouped
together, a — jb followed by a + jb.
Outputs
vy Sorted values
idx Permutation vector: yy = xx(idx)
[num, den] = ss2tf (a, b, ¢, d) [Function File]

Conversion from tranfer function to state-space. The state space system:

¢ = Ax + Bu

y=Cx+ Du

is converted to a transfer function:

Gls) = Zif((:))

used internally in system data structure format manipulations.

[pol, zer, k] = ss2zp (a, b, ¢, d) [Function File]
Converts a state space representation to a set of poles and zeros; k is a gain associated
with the zeros.

Used internally in system data structure format manipulations.

starp (P, K, ny, nu) [Function File]
Redheffer star product or upper/lower LFT, respectively.
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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 (i.e. negative feedback).

la, b, ¢, d] = tf2ss (num, den)

[Function File]

Conversion from tranfer function to state-space. The state space system:

= Ax + Bu

y=Czx+ Du

is obtained from a transfer function:

Gls) = den(s)

num(s)

The vector den must contain only one row, whereas the vector num may contain as
many rows as there are outputs y of the system. The state space system matrices
obtained from this function will be in controllable canonical form as described in

Modern Control Theory, (Brogan, 1991).

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

Converts transfer functions to poles-and-zero representations.

[Function File]

Returns the zeros and poles of the SISO system defined by num/den. k is a gain

associated with the system zeros.

la, b, ¢, d] = zp2ss (zer, pol, k)
Conversion from zero / pole to state space.

Inputs

[Function File]
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zer
pol Vectors of (possibly) complex poles and zeros of a transfer function. Com-
plex values must come in conjugate pairs (i.e., z + jy in zer means that
x — jy is also in zer). The number of zeros must not exceed the number
of poles.
k Real scalar (leading coefficient).
Outputs
a
b
c
d The state space system, in the form:
& = Ax + Bu
y=Czx+ Du
[num, den] = zp2tf (zer, pol, k) [Function File]
Converts zeros / poles to a transfer function.
Inputs
zer
pol Vectors of (possibly complex) poles and zeros of a transfer function. Com-

plex values must appear in conjugate pairs.

k Real scalar (leading coefficient).
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30

Signal Processing

I hope that someday Octave will include more signal processing functions. If you would like
to help improve Octave in this area, please contact bug@octave.org.

detrend (x, p) [Function File]

If x is a vector, detrend (x, p) removes the best fit of a polynomial of order p from
the data x.

If x is a matrix, detrend (x, p) does the same for each column in x.

The second argument is optional. If it is not specified, a value of 1 is assumed. This
corresponds to removing a linear trend.

fft (a, n, dim) [Loadable Function]

ifft

fft2

Compute the FFT of a using subroutines from FFTPACK. The FFT is calculated
along the first non-singleton dimension of the array. Thus if a is a matrix, £ft (a)
computes the FFT for each column of a.

If called with two arguments, n is expected to be an integer specifying the number of
elements of a to use, or an empty matrix to specify that its value should be ignored.
If n is larger than the dimension along which the FFT is calculated, then a is resized
and padded with zeros. Otherwise, ifn is smaller than the dimension along which the
FFT is calculated, then a is truncated.

If called with three agruments, dim is an integer specifying the dimension of the
matrix along which the FFT is performed

(a, n, dim) [Loadable Function]
Compute the inverse FFT of a using subroutines from FFTPACK. The inverse FFT is
calculated along the first non-singleton dimension of the array. Thus if a is a matrix,
fft (a) computes the inverse FFT for each column of a.

If called with two arguments, n is expected to be an integer specifying the number of
elements of a to use, or an empty matrix to specify that its value should be ignored.
If n is larger than the dimension along which the inverse FFT is calculated, then a
is resized and padded with zeros. Otherwise, ifn is smaller than the dimension along
which the inverse FFT is calculated, then a is truncated.

If called with three agruments, dim is an integer specifying the dimension of the
matrix along which the inverse FFT is performed

(a, n, m) [Loadable Function]
Compute the two dimensional FFT of a using subroutines from FFTPACK. The op-
tional arguments n and m may be used specify the number of rows and columns of
a to use. If either of these is larger than the size of a, a is resized and padded with
ZEros.

If a is a multi-dimensional matrix, each two-dimensional sub-matrix of a is treated
seperately
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fft2

fftn

GNU Octave

(a, n, m) [Loadable Function]
Compute the inverse two dimensional FF'T of a using subroutines from FFTPACK. The
optional arguments n and m may be used specify the number of rows and columns of
a to use. If either of these is larger than the size of a, a is resized and padded with
ZETOS.

If a is a multi-dimensional matrix, each two-dimensional sub-matrix of a is treated
seperately

(a, size) [Loadable Function]
Compute the N dimensional FF'T of a using subroutines from FFTPACK. The optional
vector argument size may be used specify the dimensions of the array to be used. If
an element of size is smaller than the corresponding dimension, then the dimension
is truncated prior to performing the FFT. Otherwise if an element of size is larger
than the corresponding dimension a is resized and padded with zeros.

ifftn (a, size) [Loadable Function]

fftc

fftf

y =
Ly,
Ly,
Ly,

Compute the invesre N dimensional FFT of a using subroutines from FFTPACK. The
optional vector argument size may be used specify the dimensions of the array to be
used. If an element of size is smaller than the corresponding dimension, then the
dimension is truncated prior to performing the inverse FFT. Otherwise if an element
of size is larger than the corresponding dimension a is resized and padded with zeros.

onv (a, b, n) [Function File]
Return the convolution of the vectors a and b, as a vector with length equal to the
length (a) + length (b) - 1. If a and b are the coefficient vectors of two polynomi-
als, the returned value is the coefficient vector of the product polynomial.

The computation uses the FFT by calling the function fftfilt. If the optional
argument n is specified, an N-point FFT is used.

ilt (b, x, n) [Function File]
With two arguments, fftfilt filters x with the FIR filter b using the FFT.

Given the optional third argument, n, fftfilt uses the overlap-add method to filter
x with b using an N-point FFT.

If x is a matrix, filter each column of the matrix.

filter (b, a, x) [Loadable Function
sf] = filter (b, a, x, si) [Loadable Function
sf] = filter (b, a, x, [|, dim) [Loadable Function
sfl filter (b, a, x, si, dim) [Loadable Function
Return the solution to the following linear, time-invariant difference equation:

[ i i

N M
Zak+1yn—k = Z bkt 1Tn—k, 1<n<P
k=0 k=0
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where a € RV, b € RM -1 and x € R, over the first non-singleton dimension of x
or over dim if supplied. An equivalent form of this equation is:

N M
Yn = — Z Crt1Yn—k + Z dk+1m7l—k7 I<n< P
k=1 k=0

where ¢ = a/a; and d = b/a,.

If the fourth argument si is provided, it is taken as the initial state of the system and
the final state is returned as sf. The state vector is a column vector whose length is
equal to the length of the longest coefficient vector minus one. If si is not supplied,
the initial state vector is set to all zeros.

In terms of the z-transform, y is the result of passing the discrete- time signal x
through a system characterized by the following rational system function:

M
Z diy127"
H(z) = =0

- N
2 : —k
]. + Ck;+1Z
k+1

(h, w] = freqz (b, a, n, "whole") [Function File]

Return the complex frequency response h of the rational IIR filter whose numerator
and denominator coefficients are b and a, respectively. The response is evaluated at
n angular frequencies between 0 and 2.

The output value w is a vector of the frequencies.

If the fourth argument is omitted, the response is evaluated at frequencies between 0
and .

If n is omitted, a value of 512 is assumed.

If a is omitted, the denominator is assumed to be 1 (this corresponds to a simple FIR
filter).

For fastest computation, n should factor into a small number of small primes.

h = freqz (b, a, w) [Function File]
Evaluate the response at the specific frequencies in the vector w. The values for w
are measured in radians.

[...] = freqz (..., Fs) [Function File]
Return frequencies in Hz instead of radians assuming a sampling rate Fs. If you
are evaluating the response at specific frequencies w, those frequencies should be
requested in Hz rather than radians.

freqz (...) [Function File]
Plot the pass band, stop band and phase response of h rather than returning them.

freqz_plot (w, h) [Function File]

Plot the pass band, stop band and phase response of h.
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sinc (x) [Function File]
Return sin(rz)/(7z).

b = unwrap (a, tol, dim) [Function File]
Unwrap radian phases by adding multiples of 2*pi as appropriate to remove jumps
greater than tol. tol defaults to pi.

Unwrap will unwrap along the first non-singleton dimension of a, unless the optional
argument dim is given, in which case the data will be unwrapped along this dimension

la, b] = arch_fit (y, x, p, iter, gamma, a0, b0) [Function File]
Fit an ARCH regression model to the time series y using the scoring algorithm in
Engle’s original ARCH paper. The model is

y(t) = b(1) * x(t,1) + ... + b(k) * x(t,k) + e(t),

h(t) = a(l) + a(2) * e(t-1)"2 + ... + a(p+l) * e(t-p)~2
in which e(t) is N (0, h(t)), given a time-series vector y up to time ¢t — 1 and a matrix
of (ordinary) regressors x up to t. The order of the regression of the residual variance
is specified by p.

If invoked as arch_fit (y, k, p) with a positive integer k, fit an ARCH(k, p) process,
i.e., do the above with the t-th row of x given by

[1) Y(t‘l), ) Y(t‘k)]

Optionally, one can specify the number of iterations iter, the updating factor gamma,
and initial values a0 and b0 for the scoring algorithm.

arch_rnd (a, b, t) [Function File]
Simulate an ARCH sequence of length t with AR coefficients b and CH coefficients
a. Le., the result y(¢) follows the model

y(t) = b(1) + b(2) * y(t-1) + ... + b(1b) * y(t-1b+1) + e(t),
where e(t), given y up to time t — 1, is N (0, h(t)), with
h(t) = a(l) + a(2) * e(t-1)"2 + ... + a(la) * e(t-latl)"2
[pval, 1m] = arch_test (y, x, p) [Function File]

For a linear regression model
y=X*b+e

perform a Lagrange Multiplier (LM) test of the null hypothesis of no conditional
heteroscedascity against the alternative of CH(p).

Le., the model is

y(t) = b(1) * x(t,1) + ... + b(k) * x(t,k) + e(t),
given y up to t — 1 and x up to ¢, e(t) is N(0, h(t)) with

h(t) = v + a(l) * e(t-1)"2 + ... + a(p) * e(t-p)~2,
and the null is a(1) == ... == a(p) ==

If the second argument is a scalar integer, k, perform the same test in a linear au-
toregression model of order k, i.e., with
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(1, y(t-1), ..., y(t-k)]
as the ¢t-th row of x.

Under the null, LM approximately has a chisquare distribution with p degrees of
freedom and pval is the p-value (1 minus the CDF of this distribution at LM) of the
test.

If no output argument is given, the p-value is displayed.

arma_rnd (a, b, v, t, n) [Function File]
Return a simulation of the ARMA model
x(n) = a(l) * x(n-1) + ... + a(k) * x(n-k)
+ e(n) + b(1) *x e(n-1) + ... + b(Q) * e(n-1)

in which k is the length of vector a, I is the length of vector b and e is gaussian white
noise with variance v. The function returns a vector of length ¢t.

The optional parameter n gives the number of dummy x(i) used for initialization, i.e.,
a sequence of length t+n is generated and x(n+1:t+n) is returned. If n is omitted, n
= 100 is used.

autocor (x, h) [Function File]
Return the autocorrelations from lag 0 to h of vector x. If h is omitted, all auto-
correlations are computed. If x is a matrix, the autocorrelations of each column are
computed.

autocov (x, h) [Function File]
Return the autocovariances from lag 0 to h of vector x. If h is omitted, all auto-
covariances are computed. If x is a matrix, the autocovariances of each column are

computed.

autoreg_matrix (y, k) [Function File]
Given a time series (vector) y, return a matrix with ones in the first column and
the first k lagged values of y in the other columns. Le., for t > k, [1, y(t-1), ...,

y (t-k)] is the t-th row of the result. The resulting matrix may be used as a regressor
matrix in autoregressions.

bartlett (m) [Function File]
Return the filter coefficients of a Bartlett (triangular) window of length m.

For a definition of the Bartlett window, see e.g. A. V. Oppenheim & R. W. Schafer,
"Discrete-Time Signal Processing".

blackman (m) [Function File]
Return the filter coefficients of a Blackman window of length m.

For a definition of the Blackman window, see e.g. A. V. Oppenheim & R. W. Schafer,
"Discrete-Time Signal Processing".
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[d, dd] = diffpara (x, a, b) [Function File]
Return the estimator d for the differencing parameter of an integrated time series.
The frequencies from [2 % pi x a/t,2 % pi x b/T] are used for the estimation. If b is
omitted, the interval [2 % pi/T,2 % pi x a/T] is used. If both b and a are omitted then
a = 0.5 sqrt(T) and b = 1.5 % sqrt(T) is used, where T is the sample size. If x is a
matrix, the differencing parameter of each column is estimated.

The estimators for all frequencies in the intervals described above is returned in dd.
The value of d is simply the mean of dd.

Reference: Brockwell, Peter J. & Davis, Richard A. Time Series: Theory and Methods
Springer 1987.

durbinlevinson (c, oldphi, oldv) [Function File]
Perform one step of the Durbin-Levinson algorithm.
The vector c specifies the autocovariances [gamma_0, ..., gamma_t] from lag O to t,
oldphi specifies the coefficients based on c(t-1) and oldv specifies the corresponding
error.

If oldphi and oldv are omitted, all steps from 1 to t of the algorithm are performed.

fftshift (v) [Function File]

fftshift (v, dim) [Function File]
Perform a shift of the vector v, for use with the £ft and ifft functions, in order the
move the frequency 0 to the center of the vector or matrix.

If v is a vector of N elements corresponding to N time samples spaced of Dt each,
then fftshift (fft (v)) corresponds to frequencies

f = ((1:N) - ceil(N/2)) / N / Dt
If v is a matrix, the same holds for rows and columns. If v is an array, then the same
holds along each dimension.
The optional dim argument can be used to limit the dimension along which the
permutation occurs.

fractdiff (x, d) [Function File]
Compute the fractional differences (1 — L)%z where L denotes the lag-operator and d
is greater than -1.

hamming (m) [Function File]
Return the filter coefficients of a Hamming window of length m.
For a definition of the Hamming window, see e.g. A. V. Oppenheim & R. W. Schafer,
"Discrete-Time Signal Processing".

hanning (m) [Function File]
Return the filter coefficients of a Hanning window of length m.
For a definition of this window type, see e.g. A. V. Oppenheim & R. W. Schafer,
"Discrete-Time Signal Processing".



Chapter 30: Signal Processing 275

hurst (x) [Function File]
Estimate the Hurst parameter of sample x via the rescaled range statistic. If x is a
matrix, the parameter is estimated for every single column.

periodogram (x) [Function File]
For a data matrix x from a sample of size n, return the periodogram.

rectangle_lw (n, b) [Function File]
Rectangular lag window. Subfunction used for spectral density estimation.

rectangle_sw (n, b) [Function File]
Rectangular spectral window. Subfunction used for spectral density estimation.

sinetone (freq, rate, sec, ampl) [Function File]
Return a sinetone of frequency freq with length of sec seconds at sampling rate rate
and with amplitude ampl. The arguments freq and ampl may be vectors of common
size.

Defaults are rate = 8000, sec = 1 and ampl = 64.

sinewave (m, n, d) [Function File]
Return an m-element vector with i-th element given by sin (2 * pi * (i+d-1) / n).

The default value for d is 0 and the default value for n is m.

spectral_adf (c, win, b) [Function File]
Return the spectral density estimator given a vector of autocovariances ¢, window
name win, and bandwidth, b.

The window name, e.g., "triangle" or "rectangle" is used to search for a function
called win_sw.

If win is omitted, the triangle window is used. If b is omitted, 1 / sqrt (length
(x)) is used.

spectral_xdf (x, win, b) [Function File]
Return the spectral density estimator given a data vector x, window name win, and

bandwidth, b.

The window name, e.g., "triangle" or "rectangle" is used to search for a function
called win_sw.

If win is omitted, the triangle window is used. If b is omitted, 1 / sqrt (length
(x)) is used.

spencer (x) [Function File]
Return Spencer’s 15 point moving average of every single column of x.
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Ly, c] = stft (x, win_size, inc, num_coef, w_type) [Function File]
Compute the short-term Fourier transform of the vector x with num_coef coefficients
by applying a window of win_size data points and an increment of inc points.

Before computing the Fourier transform, one of the following windows is applied:
hanning w_type = 1
hamming w_type = 2
rectangle w_type = 3

The window names can be passed as strings or by the w_type number.

If not all arguments are specified, the following defaults are used: win_size = 80, inc
= 24, num_coef = 64, and w_type = 1.

y =stft (x, ...) returns the absolute values of the Fourier coefficients according
to the num_coef positive frequencies.

[y, c] =stft (x, ...) returns the entire STFT-matrix y and a 3-element vector
¢ containing the window size, increment, and window type, which is needed by the
synthesis function.

synthesis (y, c) [Function File]
Compute a signal from its short-time Fourier transform y and a 3-element vector c
specifying window size, increment, and window type.

The values y and ¢ can be derived by
[y, c] = stft (x , ...)

triangle_1lw (n, b) [Function File]
Triangular lag window. Subfunction used for spectral density estimation.

triangle_sw (n, b) [Function File]
Triangular spectral window. Subfunction used for spectral density estimation.

[a, v] = yulewalker (c) [Function File]
Fit an AR (p)-model with Yule-Walker estimates given a vector ¢ of autocovariances
[gamma_O0, ..., gamma_p].

Returns the AR coefficients, a, and the variance of white noise, v.
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31 Image Processing

Octave can display images with the X Window System using the xloadimage program.
You do not need to be running X in order to manipulate images, however, so some of these
functions may be useful even if you are not able to view the results.

Loading images only works with Octave’s image format (a file with a matrix containing
the image data, and a matrix containing the colormap). Contributions of robust, well-
written functions to read other image formats are welcome. If you can provide them, or
would like to improve Octave’s image processing capabilities in other ways, please contact
bug@octave.org.

colormap (map) [Function File]
colormap ("default") [Function File]
Set the current colormap.

colormap (map) sets the current colormap to map. The color map should be an
n row by 3 column matrix. The columns contain red, green, and blue intensities
respectively. All entries should be between 0 and 1 inclusive. The new colormap is
returned.

colormap ("default") restores the default colormap (a gray scale colormap with 64
entries). The default colormap is returned.

With no arguments, colormap returns the current color map.

gray (n) [Function File]
Return a gray colormap with n entries corresponding to values from 0 to n-1. The
argument n should be a scalar. If it is omitted, 64 is assumed.

[img, map] = gray2ind () [Function File]
Convert a gray scale intensity image to an Octave indexed image.

image (x, zoom) [Function File]

image (x, y, 4, zoom) [Function File]
Display a matrix as a color image. The elements of x are indices into the current
colormap and should have values between 1 and the length of the colormap. If zoom
is omitted, the image will be scaled to fit within 600x350 (to a max of 4).

It first tries to use display from ImageMagick then xv and then xloadimage.

The axis values corresponding to the matrix elements are specified in x and y. At
present they are ignored.

imagesc (4) [Function File]
imagesc (x, y, 4) [Function File]
imagesc (..., zoom) [Function File]
imagesc (..., limits) [Function File]

B = imagesc (...) [Function File]

Display a scaled version of the matrix A as a color image. The matrix is scaled so
that its entries are indices into the current colormap. The scaled matrix is returned.
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If zoom is omitted, a comfortable size is chosen. If limits = [lo, hi] are given, then
that range maps into the full range of the colormap rather than the minimum and
maximum values of A.

The axis values corresponding to the matrix elements are specified in x and y, either
as pairs giving the minimum and maximum values for the respective axes, or as values
for each row and column of the matrix A. At present they are ignored.

imshow (1) [Function File]
imshow (x, map) [Function File]
imshow (i, n) [Function File]
imshow (r, g, b) [Function File]
Display an image.
imshow (x) displays an image x. The numerical class of the image determines its
bit-depth: 1 for logical, 8 for uint8 and logical, and 16 for double or uint1i6.
If x has dimensions MxNx3, the three matrices represent the red, green and blue
components of the image.

imshow (x, map) displays an indexed image using the specified colormap.
imshow (i, n) displays a gray scale intensity image of N levels.
imshow (r, g, b) displays an RGB image.

The character string "truesize" can always be used as an optional final argument
to prevent automatic zooming of the image.

ind2gray (x, map) [Function File]
Convert an Octave indexed image to a gray scale intensity image. If map is omitted,
the current colormap is used to determine the intensities.

[r, g, bl = ind2rgb (x, map) [Function File]
Convert an indexed image to red, green, and blue color components. If map is omitted,
the current colormap is used for the conversion.

[x, map] = loadimage (file) [Function File]
Load an image file and it’s associated color map from the specified file. The image
must be stored in Octave’s image format.

rgb2ntsc (rgb) [Function File]
Image format conversion.

ntsc2rgb (yiq) [Function File]
Image format conversion.

rgb_map = hsv2rgb (hsv_map) [Function File]
Transform a colormap from the hsv space to the rgb space.
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hsv_map = rgb2hsv (rgb_map) [Function File]
Transform a colormap from the rgb space to the hsv space.

A color n the RGB space consists of the red, green and blue intensities.

In the HSV space each color is represented by their hue, saturation and value (bright-
ness). Value gives the amount of light in the color. Hue describes the dominant
wavelegth. Saturation is the amount of Hue mixed into the color.

ocean (n) [Function File]
Create color colormap. The argument n should be a scalar. If it is omitted, 64 is
assumed.

[x, map] = rgb2ind (r, g, b) [Function File]

Convert and RGB image to an Octave indexed image.

saveimage (file, x, fmt, map) [Function File]
Save the matrix x to file in image format fmt. Valid values for fmt are

"img" Octave’s image format. The current colormap is also saved in the file.
"ppm" Portable pixmap format.

"ps" PostScript format. Note that images saved in PostScript format can not
be read back into Octave with loadimage.

If the fourth argument is supplied, the specified colormap will also be saved along
with the image.

Note: if the colormap contains only two entries and these entries are black and white,
the bitmap ppm and PostScript formats are used. If the image is a gray scale image
(the entries within each row of the colormap are equal) the gray scale ppm and
PostScript image formats are used, otherwise the full color formats are used.

IMAGEPATH [Built-in Variable]
A colon separated list of directories in which to search for image files.
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32 Audio Processing

Octave provides a few functions for dealing with audio data. An audio ‘sample’ is a single
output value from an A/D converter, i.e., a small integer number (usually 8 or 16 bits), and
audio data is just a series of such samples. It can be characterized by three parameters: the
sampling rate (measured in samples per second or Hz, e.g. 8000 or 44100), the number of
bits per sample (e.g. 8 or 16), and the number of channels (1 for mono, 2 for stereo, etc.).

There are many different formats for representing such data. Currently, only the two
most popular, linear encoding and mu-law encoding, are supported by Octave. There is an
excellent FAQ on audio formats by Guido van Rossum <guido@cwi.nl> which can be found at
any FAQ ftp site, in particular in the directory ‘/pub/usenet/news.answers/audio-fmts’
of the archive site rtfm.mit.edu.

Octave simply treats audio data as vectors of samples (non-mono data are not supported
yet). It is assumed that audio files using linear encoding have one of the extensions ‘lin’
or ‘raw’, and that files holding data in mu-law encoding end in ‘au’, ‘mu’, or ‘snd’.

lin2mu (x, n) [Function File]
Converts audio data from linear to mu-law. Mu-law values use 8-bit unsigned integers.
Linear values use n-bit signed integers or floating point values in the range -1<=x<=1
if nis 0. If n is not specified it defaults to 0, 8 or 16 depending on the range values
in x.

mu2lin (x, bps) [Function File]
Converts audio data from linear to mu-law. Mu-law values are 8-bit unsigned integers.
Linear values use n-bit signed integers or floating point values in the range -1<=y<=1
if nis 0. If n is not specified it defaults to 8.

loadaudio (name, ext, bps) [Function File]
Loads audio data from the file ‘name. ext’ into the vector x.

The extension ext determines how the data in the audio file is interpreted; the exten-
sions ‘1lin’ (default) and ‘raw’ correspond to linear, the extensions ‘au’, ‘mu’, or ‘snd’
to mu-law encoding.

The argument bps can be either 8 (default) or 16, and specifies the number of bits
per sample used in the audio file.

saveaudio (name, x, ext, bps) [Function File]
Saves a vector x of audio data to the file ‘name.ext’. The optional parameters ext
and bps determine the encoding and the number of bits per sample used in the audio
file (see loadaudio); defaults are ‘1in’ and 8, respectively.

The following functions for audio I/O require special A /D hardware and operating system
support. It is assumed that audio data in linear encoding can be played and recorded by
reading from and writing to ‘/dev/dsp’, and that similarly ‘/dev/audio’ is used for mu-law
encoding. These file names are system-dependent. Improvements so that these functions
will work without modification on a wide variety of hardware are welcome.
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playaudio (name, ext) [Function File]
playaudio (x) [Function File]
Plays the audio file ‘name.ext’ or the audio data stored in the vector x.

record (sec, sampling_rate) [Function File]
Records sec seconds of audio input into the vector x. The default value for sam-
pling_rate is 8000 samples per second, or 8kHz. The program waits until the user
types and then immediately starts to record.

setaudio ([w_type [, valuel]) [Function File]
Execute the shell command ‘mixer [w_type [, valuell’
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33 Quaternions

Quaternions are hypercomplex numbers used to represent spatial rotations in three dimen-
sions. This set of routines provides a useful basis for working with quaternions in Octave.
A tutorial is in the Octave source, scripts/quaternion/quaternion.ps.

These functions were written by A. S. Hodel, Associate Professor, Auburn University.

la, b, ¢, d] = quaternion (w) [Function File]

[vv, theta] = quaternion (w) [Function File]

w = quaternion (a, b, ¢, d) [Function File]

w = quaternion (vv, theta) [Function File]
Construct or extract a quaternion

w = a*i + bxj + c*¥k + d

from given data.

qconj (q) [Function File]
Conjugate of a quaternion.

q=[w, x, y, 2] = wxi + x*¥j + y*k + z
gconj (q) = -w*i -xxj -y*k + z

qderiv (omega) [Function File]
Derivative of a quaternion.

Let Q be a quaternion to transform a vector from a fixed frame to a rotating frame.
If the rotating frame is rotating about the [x, y, z] axes at angular rates [wx, wy, wz],
then the derivative of Q is given by

Q’ = qderivmat (omega) * Q
If the passive convention is used (rotate the frame, not the vector), then

Q’ = -qderivmat (omega) * Q

gderivmat (omega) [Function File]
Derivative of a quaternion.

Let Q be a quaternion to transform a vector from a fixed frame to a rotating frame.
If the rotating frame is rotating about the [x, y, z] axes at angular rates [wx, wy, wz],
then the derivative of Q is given by

Q’> = gderivmat (omega) * Q
If the passive convention is used (rotate the frame, not the vector), then

Q> = -qderivmat (omega) * Q.

qinv (q) [Function File]
Return the inverse of a quaternion.
q= [, x, y, z] = wxi + xxj + yxk + z
gmult (g, gqinv (q)) =1 = [0 0 0 1]
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gmult (a, b) [Function File]
Multiply two quaternions.

w, x, y, z] = wxi + x*j + yxk + z

identities:
i"2 = j°2 = k"2 = -1
ij = k jk = i
ki = ] kj = -i
ji = -k ik = -j
qtrans (v, q) [Function File]

Transform the unit quaternion v by the unit quaternion q. Returns v = g*v/q.

qtransv (v, q) [Function File]
Transform the 3-D vector v by the unit quaternion q. Return a column vector.

vi = (2*real(q)”2 - 1)xvb + 2ximag(q)*(imag(q) ’*vb)
+ 2*xreal(q)*cross(imag(q) ,vb)

Where imag(q) is a column vector of length 3.

qtransvmat (qib) [Function File]
Construct a 3x3 transformation matrix from quaternion qib that is equivalent to
rotation of th radians about axis vv, where [vv, th] = quaternion (qib).

gcoordinate_plot (qf, gb, qv) [Function File]
Plot in the current figure a set of coordinate axes as viewed from the orientation
specified by quaternion qv. Inertial axes are also plotted:

qf Quaternion from reference (x,y,z) to inertial.
gb Quaternion from reference to body.

qv Quaternion from reference to view angle.
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34 UUoogoogood

000000Octave 00 000000000000 DO0D0ODOODOODOODOODODODOOOO
gboooboobooboboobbooboobooboobooboobooboobooboboobDbDbo
00000000000000000000000000Octave 000000 OOODOODOOOO
ooooboooooon

34.1 D00 Ooooooag

Octave 10000000000 DOOODOODOOOOODOO COOODOOOODOOOOOOOOO
gboooobooooboboooboobooooboboooboOobooooobooooboOooboon

usec 000000000 (0-999999) 0000

sec 00000 (0-61) 0000000000000 0000000DD 61000000
000

min 00000 (0-59) 0000

hour DOooooo (0-23) 0000

mday 100000 (1-31) 0000

mon 100000 (0-11) 0000

year 1900000000000

wday oooooooo (0-6)000Do

yday 101000000 (0-365) 0000

isdst ODo000ooooDoon

zone 0000000000

oo0oooob0ooboobDOoooonogD tmestruct0O00OOO0O0OODO

time () [Loadable Function]
0000000000000 00000000000019700 10 10 00:00:00 CUTO O
O0000000000000019970 20 1700000 07:15:06 CUT OO0 OO timeld
000000000 856163706 0000

ctime (t) [Function File]
timeO0 0 0O00O0O00O0O0OO00OOOOO0O00O0O0O0O0O000OO00OO0O0O0Oasctimed OO
00000000 ctime (time) O Oasctime (localtime (time))0 000000000
goooo

ctime (time ())
= "Mon Feb 17 01:15:06 1997\n"

gmtime (t) [Loadable Function]
OO0 timeD 000000000000 ODDOOOOOOOOOCUTOOOOOOOOOOOO
oooboooooboo
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gntime (time ())

= {

localtime (t)

usec = 0
year = 97
mon = 1
mday = 17
sec = 6
zone = CST
min = 15
wday = 1
hour =7
isdst = 0
yday = 47

GNU Octave

[Loadable Function]

U0 timeO0O00OO00DOOOOOOO0ODOOODOOOOODOODOOODOOODOOODOOOOO

goooboooooboboobon

localtime (time ())

= {

mktime (tm_struct)

usec = 0
year = 97
mon = 1
mday = 17
sec = 6
zone = CST
min = 15
wday = 1
hour =1
isdst = 0
yday = 47

[Loadable Function]

gbooobooboobgooooboboobooboobooboobobbobooo

mktime (localtime (time ())

= 856163706

asctime (tm_struct)

[Function File]

000500000000000000000000000000O00DO0OODOOO0OO0: Thu

Mar 28 08:40:14 1996 OO O0OO0OOO

asctime (localtime (time ())
= "Mon Feb 17 01:15:06 1997\n"

000 ctime (time ))OOOOOOO
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strftime (tm_struct) [Loadable Function]
O000000printf0 000 %’00000000000000DOOOOOOOOOOOO
oboooobooooooobooboboosboooobooooboooboooooooboon
000000000, 1000000000000000O00000DOO00DOOODOO0OCOOO
000 4000000000000000000000000000000000O0000O0
gbboobooaoboaobooboobooobooboobooboobooboobgooong
oono

strftime ("%r (%Z) %A %e %B %Y", localtime (time ()))
= "01:15:06 AM (CST) Monday 17 February 1997"

Octave O strftime0 0 OOANSICOODOO0DODO0DODOOO0ODOOOOOOOOOOOO
oooooobooog:

% % 00000
n oooo
t oooo

gbooobooboooobooo:

-0ooooo
obooooobooooooon

_ooooboooogo
ooooooboooooon

ooooooOg:
%H 0 (00-23)

%I 0 (01-12)

hk 0 (0-23)

yAl 0 (1-12)

M 0 (00-59)

hp ooooo AMOOO PM

hr 000120000 (hh:mm:ss [AP]M)

%R 000240000 (hh:imm)

s 19700 10 10 00:00:0000000000000000

%S 0 (00-61)

T 000240000 (hh:mm[ ss)

%X DO0ooooDoog (%H:%M:%S)

hz O00000O0EDTOOOOOO00OOO000000000000000
ooooooo:

ha 0000000000 (Sun-Sat)

A 00000000000000D0000000 (Sunday-Saturday)
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b 000000000 (Jan-Dec)
7B 00000000000000000000 (January-December)
e 0000000000 (Sat Nov 04 12:02:33 EST 1989)
%C 00 (00-99)
hd O (01-31)
%he 0 ( 1-31)
%D 00 (mm/dd/yy)
h %bO00O
hi 00000000 (001-366)
%m 0 (01-12)
U 000000000000 000000 (00-53)
A oooooooo (0-6)
Al 000000000000 000000 (00-53)
hx 000000000 (mm/dd/yy)
%y 0oo 20 (00-99)
%Y 0 (1970-)
[tm_struct, nchars] = strptime (str, fmt) [Loadable Function]

000 str00000000 fimt0000000000000OO0OO0

00000000000000000000000000O CoOD0oUoOooUoOooOoOooOoOQ
0000000 MAaTLABOUOUOOOOOOOOOOOOOOOODOOOOOODOOOOOOOOO
oooooooon

clock () [Function File]
ooooOogooi-1200001-31000000-2300000-90000000-610000000
oboooobooooboon
clock O
= [ 1993, 8, 20, 4, 56, 1]
OO0 clockd OgettimeofdayD DO OO 0ODOOO0O0ODOOOOODOOOOO

date () [Function File]
Ooo0o0 DD-MMM-YYOOOOOOooooooooooooo

date ()
= "20-Aug-93"

etime (t1, t2) [Function File]
clockDOOOODOOO2000000000000000000O
t0 = clock O;
many computations later...
elapsed_time = etime (clock (), t0);

OO000000 to000000000000 elapsed_timeJ 000000
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[total, user, system] = cputime (); [Function File]
0000 OctaveDO00OOODDOO0OODOOOOOO CPUDDODODIODOODOODOODOOOO
0000000000000 0oooooo2000 3000000000000000000
0000000000000 0000000000000000O00OO00 CPUOOOOOO
O0000ooooooo CPUOOUOOOOOOODOOOOOOOOOOOOOOOOOOn
0000000000000 Octave 00O O0ODOO CPUDOOOODOOODOOOOOO
O0CPUDODDODDODOODODOODOOODOOODDODOODOOcputime 000000
ooooboooboobobbooboooboobo

is_leap_year (year) [Function File]
000000 year 00000000 100000OO0OQCOOODOODOOOODODOOOOOOO
U0is_leap_yearO OO DOOOOOOODOOOOODOO

is_leap_year (2000)

=1
tic () [Function File]
toc () [Function File]
oooobooboobobobobouooboobuooboboboboobooobooo
tic );

gooooooooo...
elapsed_time = toc ();

ob0o000O000000D0 tic000b0000000000000 elapsed_timeOO0OO

000000000 CPUOODODODODODOODODOODO cputime 0000O0DO0O
oboo00db0OticO tocOOOOOOOODOODOODOODODOODOODOODOOODOO
gbboobodgbogbgoboobobbobboboobooboobooban

tic (); sleep (5); toc O

= 5

t = cputime (); sleep (5); cputime () - t
= 0

oooooocCpUODOUOOUOOODOUOOOODDOUDODOOOM

pause (seconds) [Built-in Function]
0000000000000 00000000000000000OOOctave0 D 0ODOODOO
gboboobOoboooobOoboboooooboooooobobooooobobooooon
0000000000000 00000000000000000000000 S000000

fprintf (stderr, "wait please...
");

pause (5);

clc;

sleep (seconds) [Built-in Function]
gboboobOobooooboboooooboooooan
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usleep (microseconds) [Built-in Function]
000o0o0000o0o0oO0ooOoOol/io0000000000000000O0O0O0O0O0O01000
00000000000000000000000O00usleepd round (microseconds /
le6)000O00O0O0O0ODOOODO

342 JUUO0ooooooobood

Octave 0000000000000 OOOOOODOOOOOOOOOOOOOOOOOOOOOOO
bobooboboooboobooooobooooboobooog

lerr, msg] = rename (old, new) [Built-in Function]
000000 oldO0O new OO QOOOO

O00000err000000msg 0000000000000 O00O000err00000DO
UO00msg000OO0OO0OO0DOO0DOOODOODOODOOO

lerr, msg] = link (old, new) [Built-in Function]
gooobbbboooobbobobbooooobbbooooobbbbuooooo o

O0000O0err000000msg 00000000000 DOOO0O0OOerr0000O0ODO
U00msgO0000O0O0O0O0O0DOOOOODOOOOOOO

lerr, msg] = symlink (old, new) [Built-in Function]
O00odO0000000000O0O newOOooOoOGOO

O0000OUOerr000000Omsg0000000O0OCOOCOCOOOOU0OOOerr00oOOOO
U00msgO00O000O0O0O0O0O0DOOOOODOOOOODOO

[result, err, msg] = readlink (symlink) [Built-in Function]
000000000 symlinkO0O0000OO

O0000OOerr000000msg000000O00O0O0O00OOO0O0OO0Oerr00oonOn
U00msgO00O00O0O0O0O0O0O0DOOOOODOOOOODOO

lerr, msg] = unlink (file) [Built-in Function]
0000 fileODOOOOO

O000O00err000000msg000000000000O0O0O0O0O0err 000000
U00msg0D00OOD0OO0DOO0ODOODOODOOODOO

[files, err, msg] = readdir (dir) [Built-in Function]
000000 dir00000000000000000000 filesOOO0O0OO0OO0OOOO
gooobbbbuooooobobo

O0000OOerr000000msg00000000OCOCOOO0O0OOOerr000OODO
U00msgO0000O0O0O0O0O0DOOO0OOODOOOOOOO

lerr, msg] = mkdir (dir) [Built-in Function]
dir0000000000000D0000O0

OO000U0OOerr0 00000Omsg0000000OO0OCOCOOOOOOOOerr00OOOODO
U00msgO0O000O0O0O0O0O0DOOOOODOOOOOOO



Chapter 34: DOOO0O0ODOOODOOO 291

lerr, msg] = rmdir (dir) [Built-in Function]
dir00000000000O0O0O0O0ODOOD
O0000OOerr000000msg 0000000000 COOO0O0OOOerr000OOOO
U00msgO0O000O0O0O0O0O0DOOO0OOODOOOOOOO

lerr, msg] = mkfifo (name, mode) [Built-in Function]
000000 name000000000 fifoDOOOODOOODO modeOODOOODO
O0000O0err000000msg 00000000000 DOOO0O0OOerr0000O0ODO
UbUOmsgdOobOooboooouobabooaood

umask (mask) [Built-in Function]
0000000000000 0000oooo00 maskOOODODOOO80O0OOODO
O0000000o00o0ooooDoooooo8uUuoooonooooooooooooon
oooobooobooboobobooo

[info, err, msg] = stat (file) [Built-in Function]
[info, err, msg] = lstat (file) [Built-in Function]
0000 fileOODDODOOOOOOODDOOOODO sOO0OO
dev 0000000000000 00000o0ooooooooo ID
ino gboooboooobooon

modestr 000000001s -1000000000000OD0ODOO0O0O01I00000000
oooooooogon

nlink goooo

uid ooooooooooo ID

gid O0ooooooooooo ID

rdev O0000o00U00Oo00ooOooUoooUoooooo ID

size gbooobogooog

atime 000000000time0 000000000 O0OOSection 34.1 [Timing Util-
ities], 0 285000000

mtime O000000time0 0000000 DDODODOOSSection 34.1 [Timing Utili-
ties], 0 285000000

ctime 0000000000000 time0 000000000 OOOSection 34.1 [Tim—

ing Utilities], 0 285000000
blksize 000000000000
blocks 0000000000000

000000000000 0err0 00 msgO0 00000000000 DOO0OODOOOOOOO
0000000000000 0000000sO00000errd —10msg000000O0O0O
ooooooooo

fileDODOODOODODOODODOOOOOOstat000O00O0O0D0O0O0OOOODOOODOOOOOOO
obooooooobObobo0oooobobobooobooboobOobOobOoooooOnlstat
gooood

gooooooo
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[s, err, msgl = stat ("/vmlinuz")

= 5 =
{
atime = 855399756
rdev = 0
ctime = 847219094
uid = 0

size = 389218
blksize = 4096
mtime = 847219094
gid = 6
nlink = 1

blocks = 768

modestr = -rw-r--r--—

ino = 9316

dev = 2049

}

= err
= msg

I
o

glob (pattern) [Built-in Function]
oldtonew 00 0JO000000ODOOOOOOODOOOOOOOODOOOOOODOOOO
ooooobobobobooooboooobOoobooooooobobooooooooooon
oboboobOooooboobooooboooobooond

glob ("/vm*")
= "/vmlinuz"

fnmatch (pattern, string) [Built-in Function]
gboboobooobOoboooboobooboooonooon patternO0O0000O0O0O0O0OOO
00 string 00000000 1000 0000000000000

fnmatch ("axb", ["ab"; "axyzb"; "xyzab"]l)
= [1; 15 0]

file_in_path (path, file) [Built-in Function]

file_in_path (path, file, "all") [Built-in Function]
0000 file0 pathDO0O0DO0D0O00000000O00O0OOOpath0O0O0O0OO0OOOOOO
LOADPATHD OO ODOUOUODOOOUODOOOUOODOUOODUOObObOOUObODbOoUoobuoooboo
obooobOobOobooobOoboooooboooboOoboooonn

file_in_path (LOADPATH, "nargchk.m")
= "/usr/local/share/octave/2.0/m/general/nargchk.m"

0020000000000000000000000O0O0OUODOOODOOOOOODOOO
boboobOobooboobobooooonn

J0000O000oO0O00"ll"dooo00o0ooooooooooooooooooooog
gboboobOoboOooooboboobOobooooboboooboOoboooooboooonDOon
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tilde_expand (string) [Built-in Function]
000 string0000000000000O00 string0 000000’ 0000000000
goooboooboobooboobooboobooboobooboobOooboobo
gboogoboooboobooboobuooboobooboobuoobuoobooboobo
0000000000000 000000000000000 OctaveJO0OO0OOOOOOO
gogoobbbbuooooobobobboooooo

tilde_expand ("~ joeuser/bin")
= "/home/joeuser/bin"
tilde_expand ("~/bin")
= "/home/jwe/bin"

343 JU00ooooooooon

Octave 000 000000000000 Osystemd popen0 000000000000 DOO0OOO
gbobobodgbgboooooooouoouabouboonogobobgbgboboboaoboboooooog
obooooOoboooobooboooogod

Octave 000000000 D UNIXOOODODODODODODOODOOODDODODOOODOOODOOOOO
gbboabooaboaoboobooboaboabooboobooboobooboobooong
ooooooooooon

system (string, return_output, type) [Built-in Function]
000 string 0000000000000 0O00OQOOOOD20000000000000
obo00 typeO"async"OOOOOOOOODOODOOOOOOOOODOODOOOOODOODO
00000 Ib00000o0o0o0o0o0o0o0o0o0o00000000ooooooooDooooo
Octave 00000000 typeO0OOOD0O0OO0O"sync"OOODDOOO

0020000000000 00return_output 0000000000000 00O00OOCO0OO
00000000000 000D0000 systemO 10000000 1000000000
dobboodoobooboodooobouooobobOooo0oobO b0 oooobObooooOoooo
gboboboopboboobooooooooboobobobobobgsystem0oogoogno
gdodboodoooodobooooooooouobooogg:

disp (system (cmd, 1));
or

printf ("s

", system (cmd, 1));
systemOJ00020000000000001000000000O000OO0OODOOUOOO
0000000000000200000000000000000000000O0

[output, status] = system ("echo foo; exit 2");
ooooooo outputDDDl:l‘fooW]DDDl:ll:ll:lD statusO OO0 20000000

fid = popen (command, mode) [Built-in Function]
O0000000000000000000000000000000 command 00000
000000000000 000000000O0IDO0AdOOOOOOOO modeOOOO
ogoogoood

"r" goboooobooboooooobooobooooooobooobooaooonoo
"w' gobooooboooboooooobooobooooobooobooooooonoo
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ogoooon
fid = popen ("ls -1ltr / | tail -3", "r");
while (isstr (s = fgets (fid)))
fputs (stdout, s);

endwhile
- drwxr-xr-x 33 root root 3072 Feb 15 13:28 etc
- drwxr-xr-x 3 root root 1024 Feb 15 13:28 1lib
- drwxrwxrwt 15 root root 2048 Feb 17 14:53 tmp

pclose (fid) [Built-in Function]
popen0 0 0000000000000 IDODOUOOOOODOUDOOOfclosed OO
gooooo

[in, out, pid] = popen2 (command, args) [Function File]

2000000000000000000000000000Ocommand 000000000
argsU0OUOOoOoO0DOOoODOO0obOO0bOOobOo0obOobOoooOobOoboboooboobOoboOon
0000000000000 0in0 out00000000000000000O0piddO0O0O
00000000 Ibo0o00o00O0O0oO000O0Opidd —1 0000
goooobood

[in, out, pid] = popen2 ("sort", "-nr");

fputs (in, "these\nare\nsome\nstrings\n");

fclose (in);

while (isstr (s = fgets (out)))

fputs (stdout, s);

endwhile

fclose (out);
are
some
strings
these

[ e e

EXEC_PATH [Built-in Variable]
00 EXEC_PATHOOOOOOOOOOOOOOOOOOOOOOOO0OOOOOOOOO0O0O0O
0000000000000 000000000000000000 OCTAVE_EXEC_PATHO O
OO PATHDOOOOOOODOOOO0O0O00000000000--exec—-path PATHOODODOO
000000000000 EXEC_PATHOOOODOOOOOOOOOOOOODOOOEXEC_PATH
Odoo0o0oo0ooooooooooooooooono

octave-home/libexec/octave/site/exec/arch
octave-home/libexec/octave/version/exec/arch
OOEXEC_PATHO ODODOOOOOOODO0O0DODD octave-home O Octave 0000 OO
0000000000000 0000bO0bO0Db00000 ‘Yusr/local’D0DODOODO EXEC_
PATHOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOooOoOOooOooono
oooo

0000000000000 00000000000000000000o00 UNIXOooooo
oobooooooooOoobooooboo0oobOoooo0oobo0oobOo00obO0oOobO0n popen2
obooooobooog
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[pid, msg]l = fork () [Built-in Function]
obooooOoobooobooboooooooo

gboooboooboobooboon:

>0 O00000000fork0 00000000000 OO0OOOOIDOOOODO
gboobobobobooboobooboobobbooboobn

0 UbOOo0Oo0oooi0ooO0oo0oobOobOoboonboon execdOOOOOOODOO
UbboobO0b00000exitOD0OOO0OO0OOOOODOO

<0 ooooobodOferkD0D0O0DOOO0DOOODODOOODOODOOODOOODOOO
gboooboobooboobobobobbobmsgd00OOonOOOonOd

lerr, msg]l = exec (file, args) [Built-in Function]
ObOo0obOOoOO000o0o00b0000ob0obOon0OoDOn forkOOODOODOO execOODOODO
Octave 0000000 O0OO0ODOOO fileDOODOOOOODOOOODOODOOOOOOOO

exec (ulsn "—1")
0000 lsO0O00oooooooooooooon

O000O0OO0err000000msg000000000000O00O0O0O0Oerr 000000
U00msg0D00OO0OD0OO0DO0ODOODOODOOODOO

[file_ids, err, msgl = pipe () [Built-in Function]
000000000000 filelidsDO00DO0D0O00D0O00000OO0OODOO0OOOOOOOOOO
oood

O0D000O0err000000msg 00000000000 DOOO0O00OOerr0000O0ODO
UbU0OmsgdoOobOooboooouobogooaood

[fid, msg] = dup2 (old, new) [Built-in Function]
oboooboooooooon

O0000OUOerr000000msg 000000000 OCOOO0O0OOOerr000OOO
U00msgO0O000O0O0O0O0O0DOOOOODOOOOOOO

[pid, msg] = waitpid (pid, options) [Built-in Function]
0000 pid00000O00O00OOO0O pdO00O0OOOOOOOOOOO:
—1 oooobooobooboa
0 D000 IDO Octave0O00DO0O0OD0OO0OO0OODOOO0OOOOOOOOOOOOO
>0 IDO pid0000000000O0OOOOOO

00 options0 0000000 OOOOO:

0 0000000000000 000000O000O0O0UO0O0O0OO options 00O
gbooobOobooboobooooboooad

1 gooobobooobobooooobooooobooo

2 oobooOoooboooobooooobooooobboooboobooooboobooooboo

oboooboooobobooood
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1020000000000000

00 pid00000 0000000000000 0O0O0OO0OOO0OUOOOOOODOIDOOOO
O000000000000pid0 000000000 mMsg00000000000DO0DO0O0

goooo

lerr, msg]l =

fcntl (fid, request, arg) [Built-in Function]

0000000000 id00000000000000000 request000000000

go:

F_DUPFD
F_GETFD
F_SETFD
F_GETFL

F_SETFL

gbooobooobooobooon
fid0000D00000000000oDoOo0
fid0000D00000D00000000O0o0oo

fid000D0000000000000000D0O00O000O00O0DO00OO0O0O0
gboboobOobooooboooobOobooooboooooooo

O_RDONLY OO0OO0OO0OO0O0ODOODOODOOO

O_WRONLY 0OO0OO0OO0O0O0ODOODOODOOO

O_RDWR goooboobooooooo

O_APPEND OD0OOOOODO

O_CREAT ooooboobooooboboooooboooog

0_NONBLOCK
Nonblocking 00O 0O

0_SYNC 0000000000000
0_ASYNC OO0 I/O

fid0000000000000000000arg0 0000000000000
O00000000DDOO0OO0_APPENDO O_NONBLOCKOD OO O

O00000err000000msg 0000000000000 DOO0000err00000DO
Ub00OmsgdOobOooboooouooboboboabooad

344 U00ODOOODODOOODOOID

pgid = getpgrp () [Built-in Function]
000000000000 ooooo Iboooo

pid = getpid () [Built-in Function]
O000oooooooooo Ibooon

pid = getppid () [Built-in Function]
O00ooooUoooIboooo

euid = geteuid () [Built-in Function]
O000oo0oUoooooooIboooo
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uid = getuid () [Built-in Function]
goooooooooooo IDOOOO

egid = getegid () [Built-in Function]
ogooooooooOoooOoOoOoO0IDOOOO

gid = getgid () [Built-in Function]
gooooooooooooOo IDOOOO

34.5 U000

getenv (var) [Built-in Function]
ddddvardgobboooobobo

getenv ("PATH")
goooboooboobooboobo

putenv (var, value) [Built-in Function]
0000 var00 valueOOOOOOO

34.6 OO Ooooood

cd dir [Command|

chdir dir [Command]|
0000000000000 dir000000dir00000000000000O0000
goooobobbooga

cd ~/octave

000000000000000000000 ““/octave’DO0ODO0O0O0ODOO0OOOO
gbooobOobooobOoboooooboooooboobooooobooooooboooo

1s options [Command]
ocooooooooooOoOOOOOODODODODODDDOO
1s -1
- total 12
- -rw-r--r-- 1 jwe wusers 4488 Aug 19 04:02 foo.m
- -rw-r--r-- 1 jwe wusers 1315 Aug 17 23:14 bar.m

dir00 1sO000000000O000O000O00DOO00O000O00O000O00O000000
oboobOobooooobobooobooboooooboooooOoooon

pwd () [Built-in Function]
Jooooobboooooooo
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4.7 U0 ooooooooo

Octave 0000000000000 0DOOOODOOOODOOOOOOOOOOOOOO
name good

passwd ooooooooooooooooooo

uid ooolIbooo
gid ooooIbooo
gecos GECOSOUOOOO
dir gooooboboobo
shell ooooo

oboooOoboo0oobOoboooobobn pwestructOOOOOO0OOOOO

pw_struct = getpwent () [Loadable Function]
goodoobbobobbbodoooooubbobbboboooooobobbbbbooob o
0000000000000 0O0getpwentd 00000

pw_struct = getpwuid (uid). [Loadable Function]
000 IDuid000000000000000D0O0O00000D0O0O0O0UO0O0DOOOOO
00000 IbDo00o00o0U0O0O0O0D0DO0OU0O0O0O0OUOD0UODOO

pw_struct = getpwnam (name) [Loadable Function]
U000 named 0000000000000 O0DOOOOOOOOOOODOOOOOOODOOO
000000000000U0oOo0o0ooooUoooooUOoO

setpwent () [Loadable Function]
gooobbbbooooobobbboooooobboon

endpwent () [Loadable Function]
gboooboooobooboooooboo

348 UUUOoooooon
Octave 00000000000 O0OU0DO0OO0OODODOOUOOOOOODOOOODOOOOOO
name oooo
passwd gboabuoobooobgboaoboan
gid ooOo IboOO
mem ooooooo
ooooooboooobobooooDboon grp-structDO00OO0OOODOOO
grp_struct = getgrent () [Loadable Function]

booooobooboooooobOobooooooboobooobooooobooboooogon
0000000000000 Ogetgrentd 0OOOO
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grp_struct = getgrgid (gid). [Loadable Function]
0000 IDgidD00000O00O0000O0OO0O0O0O0ODOO0O0O0OODOOOOOOOOO0OO
O0ooooo IDO0O0O0O0O0O0O0O0O0O0OO0OOOOOOOO0OOOO

grp_struct = getgrnam (name) [Loadable Function]
Ubdb0dname 000000000 OODOODODOODLODOODODODODODODOO
O0000ooo00o0ooooooooooooooooooonooDooO

setgrent () [Loadable Function]
obooobOoboOooboobooooboooooobooog

endgrent () [Loadable Function]
gbobooboboobooboooooa

34.9 JU0oon

computer () [Function File]
cpu-vendor-os 0000000000000 0Octave 00000 DO0OODOO0OOOOOOO
goodoobobobobobbtodoooooubboobbbotbooboooooob b bo

ooooo

computer ()
- i5686-pc-linux-gnu

x = computer ()
= x = "ib86-pc-linux-gnu"

isieee () [Built-in Function]
0000000000000000000000000000 IEEE0CO000OOOOOOOO
oo 10000

OCTAVE_VERSION [Built-in Variable]

Octave 0000000000 DOOOOOOOOOOO

octave_config_info (option) [Built-in Function]
Octave 00 000000000000 DODOODOODOOO

option0 0000000000 DODOOCOOOOOODODDODODDDDOOO

getrusage () [Loadable Function]
0000 Octave 0D 0DO00O0O0O0O0O0OO0O0O0OOO0OOOOOOOOOOOOOOOODODOOO
0000000000000000000 CPUDODODDODODOOODODOODOOOCPUOODO
0000000000000 0000000 NaNOOODOOOOOgetrusageOOOOO
gogoooboobboooooboboobobodoooobbobboooooobbobobog:

idrss oooobooooo

inblock  Number of block input operations.
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isrss goooooooon

ixrss oooooooo

majflt Number of major page faults.

maxrss Maximum data size.

minflt Number of minor page faults.

msgrcv Number of messages received.

msgsnd Number of messages sent.

nivcsw Number of involuntary context switches.

nsignals Number of signals received.

nswap Number of swaps.

nvcsw Number of voluntary context switches.
oublock  Number of block output operations.

stime 000000000000000 CPUDODODDOOOOODOOOODOOO sec
U000uwsecOUOOOOOOODOOO

utime 0000000000000 0 CPUOODODDOODOOODODOO secOOOO
usecO0OOOOOOOOOO
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00O A Tips and Standards

This chapter describes no additional features of Octave. Instead it gives advice on making
effective use of the features described in the previous chapters.

A.1 Writing Clean Octave Programs

Here are some tips for avoiding common errors in writing Octave code intended for wide-
spread use:

e Since all global variables share the same name space, and all functions share another
name space, you should choose a short word to distinguish your program from other
Octave programs. Then take care to begin the names of all global variables, constants,
and functions with the chosen prefix. This helps avoid name conflicts.

If you write a function that you think ought to be added to Octave under a certain
name, such as fiddle_matrix, don’t call it by that name in your program. Call it
mylib_fiddle_matrix in your program, and send mail to maintainers@octave.org
suggesting that it be added to Octave. If and when it is, the name can be changed
easily enough.

If one prefix is insufficient, your package may use two or three alternative common
prefixes, so long as they make sense.

Separate the prefix from the rest of the symbol name with an underscore ‘_’. This will
be consistent with Octave itself and with most Octave programs.

e When you encounter an error condition, call the function error (or usage). The error
and usage functions do not return. See Section 2.5 [Errors], O 22.

e Please put a copyright notice on the file if you give copies to anyone. Use the same
lines that appear at the top of the function files distributed with Octave. If you have
not signed papers to assign the copyright to anyone else, then place your name in the
copyright notice.

A.2 Tips for Making Code Run Faster.

Here are some ways of improving the execution speed of Octave programs.
e Avoid looping wherever possible.

e Use iteration rather than recursion whenever possible. Function calls are slow in Oc-
tave.

e Avoid resizing matrices unnecessarily. When building a single result matrix from a
series of calculations, set the size of the result matrix first, then insert values into it.
Write

result = zeros (big_n, big_m)
for i = over:and_over

rl = ...

r2 = ...

result (r1l, r2) = new_value ();
endfor

instead of
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result = [];
for i = ever:and_ever

result = [ result, new_value() ];
endfor

Avoid calling eval or feval whenever possible, because they require Octave to parse
input or look up the name of a function in the symbol table.

If you are using eval as an exception handling mechanism and not because you need
to execute some arbitrary text, use the try statement instead. See Section 12.9 [The
try Statement], 0 84.

If you are calling lots of functions but none of them will need to change during your
run, set the variable ignore_function_time_stamp to "all" so that Octave doesn’t
waste a lot of time checking to see if you have updated your function files.

A.3 Tips for Documentation Strings

Here are some tips for the writing of documentation strings.

Every command, function, or variable intended for users to know about should have a
documentation string.

An internal variable or subroutine of an Octave program might as well have a docu-
mentation string.

The first line of the documentation string should consist of one or two complete sen-
tences that stand on their own as a summary.

The documentation string can have additional lines that expand on the details of how
to use the function or variable. The additional lines should also be made up of complete
sentences.

For consistency, phrase the verb in the first sentence of a documentation string as
an infinitive with “to” omitted. For instance, use “Return the frob of A and B.” in
preference to “Returns the frob of A and B.” Usually it looks good to do likewise for
the rest of the first paragraph. Subsequent paragraphs usually look better if they have
proper subjects.

Write documentation strings in the active voice, not the passive, and in the present
tense, not the future. For instance, use “Return a list containing A and B.” instead of
“A list containing A and B will be returned.”

Avoid using the word “cause” (or its equivalents) unnecessarily. Instead of, “Cause
Octave to display text in boldface,” write just “Display text in boldface.”

Do not start or end a documentation string with whitespace.

Format the documentation string so that it fits in an Emacs window on an 80-column
screen. It is a good idea for most lines to be no wider than 60 characters.

However, rather than simply filling the entire documentation string, you can make it
much more readable by choosing line breaks with care. Use blank lines between topics
if the documentation string is long.

Do not indent subsequent lines of a documentation string so that the text is lined up
in the source code with the text of the first line. This looks nice in the source code,
but looks bizarre when users view the documentation. Remember that the indentation
before the starting double-quote is not part of the string!
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e The documentation string for a variable that is a yes-or-no flag should start with words
such as “Nonzero means. ..”, to make it clear that all nonzero values are equivalent
and indicate explicitly what zero and nonzero mean.

e When a function’s documentation string mentions the value of an argument of the
function, use the argument name in capital letters as if it were a name for that value.
Thus, the documentation string of the operator / refers to its second argument as
‘DIVISOR’, because the actual argument name is divisor.

Also use all caps for meta-syntactic variables, such as when you show the decomposition
of a list or vector into subunits, some of which may vary.

A.4 Tips on Writing Comments

Here are the conventions to follow when writing comments.

‘# Comments that start with a single sharp-sign, ‘#’, should all be aligned to the
same column on the right of the source code. Such comments usually explain
how the code on the same line does its job. In the Emacs mode for Octave, the
M-; (indent-for-comment) command automatically inserts such a ‘#’ in the
right place, or aligns such a comment if it is already present.

‘#H Comments that start with two semicolons, ‘##’, should be aligned to the same
level of indentation as the code. Such comments usually describe the purpose
of the following lines or the state of the program at that point.

The indentation commands of the Octave mode in Emacs, such as M-; (indent-for-
comment) and TAB (octave-indent-line) automatically indent comments according to
these conventions, depending on the number of semicolons. See section “Manipulating
Comments” in The GNU Emacs Manual.

A.5 Conventional Headers for Octave Functions

Octave has conventions for using special comments in function files to give information such
as who wrote them. This section explains these conventions.

The top of the file should contain a copyright notice, followed by a block of comments
that can be used as the help text for the function. Here is an example:

## Copyright (C) 1996, 1997 John W. Eaton

##

## This file is part of Octave.

##

## Octave is free software; you can redistribute it and/or
## modify it under the terms of the GNU General Public

## License as published by the Free Software Foundation;

## either version 2, or (at your option) any later version.
##

## Octave is distributed in the hope that it will be useful,
## but WITHOUT ANY WARRANTY; without even the implied

## warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR
## PURPOSE. See the GNU General Public License for more
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## details.

#i#

## You should have received a copy of the GNU General Public

## License along with Octave; see the file COPYING. If not,

## write to the Free Software Foundation, Inc., 51 Franklin Street,
## Fifth Floor, Boston, MA 02110-1301, USA.

## usage: [IN, OUT, PID] = popen2 (COMMAND, ARGS)

##

## Start a subprocess with two-way communication. COMMAND

## specifies the name of the command to start. ARGS is an

## array of strings containing options for COMMAND. IN and
## OUT are the file ids of the input and streams for the

## subprocess, and PID is the process id of the subprocess,
## or -1 if COMMAND could not be executed.

#i

## Example:

##

## [in, out, pid] = popen2 ("sort", "-nr");

## fputs (in, "these\nare\nsome\nstrings\n");
## fclose (in);

## while (isstr (s = fgets (out)))

## fputs (stdout, s);

## endwhile

## fclose (out);

Octave uses the first block of comments in a function file that do not appear to be a
copyright notice as the help text for the file. For Octave to recognize the first comment
block as a copyright notice, it must match the regular expression

~ Copyright (C).*\n\n This file is part of Octave.
or

~ Copyright (C).*\n\n This program is free softwar
(after stripping the leading comment characters). This is a fairly strict requirement, and
may be relaxed somewhat in the future.

After the copyright notice and help text come several header comment lines, each be-
ginning with ‘## header—-name :’. For example,

## Author: jwe
## Keywords: subprocesses input-output
## Maintainer: jwe

Here is a table of the conventional possibilities for header-name:

‘Author’  This line states the name and net address of at least the principal author of the
library.

## Author: John W. Eaton <jwe@bevo.che.wisc.edu>

‘Maintainer’
This line should contain a single name/address as in the Author line, or an
address only, or the string ‘jwe’. If there is no maintainer line, the person(s)
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in the Author field are presumed to be the maintainers. The example above is
mildly bogus because the maintainer line is redundant.

The idea behind the ‘Author’ and ‘Maintainer’ lines is to make possible a
function to “send mail to the maintainer” without having to mine the name
out by hand.

Be sure to surround the network address with ‘<. ..>’ if you include the person’s
full name as well as the network address.

‘Created’ This optional line gives the original creation date of the file. For historical
interest only.

‘Version’ If you wish to record version numbers for the individual Octave program, put
them in this line.

‘Adapted-By’
In this header line, place the name of the person who adapted the library for
installation (to make it fit the style conventions, for example).

‘Keywords’

This line lists keywords. Eventually, it will be used by an apropos command
to allow people will find your package when they’re looking for things by topic
area. To separate the keywords, you can use spaces, commas, or both.

Just about every Octave function ought to have the ‘Author’ and ‘Keywords’ header
comment lines. Use the others if they are appropriate. You can also put in header lines
with other header names—they have no standard meanings, so they can’t do any harm.
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(10 B Known Causes of Trouble

This section describes known problems that affect users of Octave. Most of these are not
Octave bugs per se—if they were, we would fix them. But the result for a user may be like
the result of a bug.

Some of these problems are due to bugs in other software, some are missing features that
are too much work to add, and some are places where people’s opinions differ as to what is
best.

B.1 Actual Bugs We Haven’t Fixed Yet

e Output that comes directly from Fortran functions is not sent through the pager and
may appear out of sequence with other output that is sent through the pager. One way
to avoid this is to force pending output to be flushed before calling a function that will
produce output from within Fortran functions. To do this, use the command

fflush (stdout)
Another possible workaround is to use the command
page_screen_output = "false"
to turn the pager off.
o If you get messages like
Input line too long

when trying to plot many lines on one graph, you have probably generated a plot
command that is too large for gnuplot’s fixed-length buffer for commands. Splitting
up the plot command doesn’t help because replot is implemented in gnuplot by simply
appending the new plotting commands to the old command line and then evaluating
it again.

You can demonstrate this ‘feature’ by running gnuplot and doing something like

plot sin (x), sin (x), sin (x), ... lots more ..., sin (x)
and then
replot sin (x), sin (x), sin (x), ... lots more ..., sin (x)

after repeating the replot command a few times, gnuplot will give you an error.

Also, it doesn’t help to use backslashes to enter a plot command over several lines,
because the limit is on the overall command line length, once the backslashed lines are
all pasted together.

Because of this, Octave tries to use as little of the command-line length as possible
by using the shortest possible abbreviations for all the plot commands and options.
Unfortunately, the length of the temporary file names is probably what is taking up
the most space on the command line.

You can buy a little bit of command line space by setting the environment variable
TMPDIR to be "." before starting Octave, or you can increase the maximum command
line length in gnuplot by changing the following limits in the file plot.h in the gnuplot
distribution and recompiling gnuplot.

#define MAX_LINE_LEN 32768 /* originally 1024 x*/
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#define MAX_TOKENS 8192 /* originally 400 */

Of course, this doesn’t really fix the problem, but it does make it much less likely that
you will run into trouble unless you are putting a very large number of lines on a given
plot.

A list of ideas for future enhancements is distributed with Octave. See the file ‘PROJECTS’
in the top level directory in the source distribution.

B.2 Reporting Bugs

Your bug reports play an essential role in making Octave reliable.

When you encounter a problem, the first thing to do is to see if it is already known. See
00 B [Trouble], O 307. If it isn’t known, then you should report the problem.

Reporting a bug may help you by bringing a solution to your problem, or it may not.
In any case, the principal function of a bug report is to help the entire community by
making the next version of Octave work better. Bug reports are your contribution to the
maintenance of Octave.

In order for a bug report to serve its purpose, you must include the information that
makes it possible to fix the bug.

If you have Octave working at all, the easiest way to prepare a complete bug report
is to use the Octave function bug_report. When you execute this function, Octave will
prompt you for a subject and then invoke the editor on a file that already contains all the
configuration information. When you exit the editor, Octave will mail the bug report for
you.

B.3 Have You Found a Bug?

If you are not sure whether you have found a bug, here are some guidelines:

o If Octave gets a fatal signal, for any input whatever, that is a bug. Reliable interpreters
never crash.

e If Octave produces incorrect results, for any input whatever, that is a bug.

e Some output may appear to be incorrect when it is in fact due to a program whose
behavior is undefined, which happened by chance to give the desired results on another
system. For example, the range operator may produce different results because of
differences in the way floating point arithmetic is handled on various systems.

e If Octave produces an error message for valid input, that is a bug.

e If Octave does not produce an error message for invalid input, that is a bug. However,
you should note that your idea of “invalid input” might be my idea of “an extension”
or “support for traditional practice”.

e If you are an experienced user of programs like Octave, your suggestions for improve-
ment are welcome in any case.

B.4 Where to Report Bugs

If you have Octave working at all, the easiest way to prepare a complete bug report is to use
the Octave function bug_report. When you execute this function, Octave will prompt you
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for a subject and then invoke the editor on a file that already contains all the configuration
information. When you exit the editor, Octave will mail the bug report for you.

If for some reason you cannot use Octave’s bug_report function, send bug reports for
Octave to bug@octave.org.

Do not send bug reports to ‘help-octave’. Most users of Octave do not want to receive
bug reports. Those that do have asked to be on the mailing list.

As a last resort, send bug reports on paper to:

Octave Bugs c/o John W. Eaton
University of Wisconsin-Madison
Department of Chemical Engineering
1415 Engineering Drive

Madison, Wisconsin 53706 USA

B.5 How to Report Bugs

Send bug reports for Octave to one of the addresses listed in Section B.4 [Bug Lists|, O 308.

The fundamental principle of reporting bugs usefully is this: report all the facts. If you
are not sure whether to state a fact or leave it out, state it!

Often people omit facts because they think they know what causes the problem and
they conclude that some details don’t matter. Thus, you might assume that the name of
the variable you use in an example does not matter. Well, probably it doesn’t, but one
cannot be sure. Perhaps the bug is a stray memory reference which happens to fetch from
the location where that name is stored in memory; perhaps, if the name were different, the
contents of that location would fool the interpreter into doing the right thing despite the
bug. Play it safe and give a specific, complete example.

Keep in mind that the purpose of a bug report is to enable someone to fix the bug if it
is not known. Always write your bug reports on the assumption that the bug is not known.

Sometimes people give a few sketchy facts and ask, “Does this ring a bell?” This cannot
help us fix a bug. It is better to send a complete bug report to begin with.

Try to make your bug report self-contained. If we have to ask you for more information, it
is best if you include all the previous information in your response, as well as the information
that was missing.

To enable someone to investigate the bug, you should include all these things:

e The version of Octave. You can get this by noting the version number that is printed
when Octave starts, or running it with the ‘-v’ option.

e A complete input file that will reproduce the bug.

A single statement may not be enough of an example—the bug might depend on other
details that are missing from the single statement where the error finally occurs.

e The command arguments you gave Octave to execute that example and observe the
bug. To guarantee you won’t omit something important, list all the options.

If we were to try to guess the arguments, we would probably guess wrong and then we
would not encounter the bug.

e The type of machine you are using, and the operating system name and version number.
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The command-line arguments you gave to the configure command when you installed
the interpreter.

A complete list of any modifications you have made to the interpreter source.

Be precise about these changes—show a context diff for them.

Details of any other deviations from the standard procedure for installing Octave.

A description of what behavior you observe that you believe is incorrect. For example,
"The interpreter gets a fatal signal," or, "The output produced at line 208 is incorrect."

Of course, if the bug is that the interpreter gets a fatal signal, then one can’t miss it.
But if the bug is incorrect output, we might not notice unless it is glaringly wrong.

Even if the problem you experience is a fatal signal, you should still say so explicitly.
Suppose something strange is going on, such as, your copy of the interpreter is out
of synch, or you have encountered a bug in the C library on your system. Your copy
might crash and the copy here would not. If you said to expect a crash, then when the
interpreter here fails to crash, we would know that the bug was not happening. If you
don’t say to expect a crash, then we would not know whether the bug was happening.
We would not be able to draw any conclusion from our observations.

Often the observed symptom is incorrect output when your program is run. Unfortu-
nately, this is not enough information unless the program is short and simple. It is very
helpful if you can include an explanation of the expected output, and why the actual
output is incorrect.

e If you wish to suggest changes to the Octave source, send them as context diffs. If you
even discuss something in the Octave source, refer to it by context, not by line number,
because the line numbers in the development sources probably won’t match those in
your sources.

Here are some things that are not necessary:
e A description of the envelope of the bug.

Often people who encounter a bug spend a lot of time investigating which changes to
the input file will make the bug go away and which changes will not affect it. Such
information is usually not necessary to enable us to fix bugs in Octave, but if you can
find a simpler example to report instead of the original one, that is a convenience.
Errors in the output will be easier to spot, running under the debugger will take less
time, etc. Most Octave bugs involve just one function, so the most straightforward way
to simplify an example is to delete all the function definitions except the one in which
the bug occurs.

However, simplification is not vital; if you don’t want to do this, report the bug anyway
and send the entire test case you used.

e A patch for the bug. Patches can be helpful, but if you find a bug, you should report
it, even if you cannot send a fix for the problem.

B.6 Sending Patches for Octave

If you would like to write bug fixes or improvements for Octave, that is very helpful. When
you send your changes, please follow these guidelines to avoid causing extra work for us in
studying the patches.
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If you don’t follow these guidelines, your information might still be useful, but using it

will take extra work. Maintaining Octave is a lot of work in the best of circumstances, and

we

B.

can’t keep up unless you do your best to help.

Send an explanation with your changes of what problem they fix or what improvement
they bring about. For a bug fix, just include a copy of the bug report, and explain why
the change fixes the bug.

Always include a proper bug report for the problem you think you have fixed. We need
to convince ourselves that the change is right before installing it. Even if it is right, we
might have trouble judging it if we don’t have a way to reproduce the problem.

Include all the comments that are appropriate to help people reading the source in the
future understand why this change was needed.

Don’t mix together changes made for different reasons. Send them individually.

If you make two changes for separate reasons, then we might not want to install them
both. We might want to install just one.

Use ‘diff -c’ to make your diffs. Diffs without context are hard for us to install
reliably. More than that, they make it hard for us to study the diffs to decide whether
we want to install them. Unidiff format is better than contextless diffs, but not as easy
to read as ‘-c¢’ format.

If you have GNU diff, use ‘diff -cp’, which shows the name of the function that each
change occurs in.

Write the change log entries for your changes.

Read the ‘Changelog’ file to see what sorts of information to put in, and to learn the
style that we use. The purpose of the change log is to show people where to find what
was changed. So you need to be specific about what functions you changed; in large
functions, it’s often helpful to indicate where within the function the change was made.

On the other hand, once you have shown people where to find the change, you need
not explain its purpose. Thus, if you add a new function, all you need to say about it
is that it is new. If you feel that the purpose needs explaining, it probably does—but
the explanation will be much more useful if you put it in comments in the code.

If you would like your name to appear in the header line for who made the change,
send us the header line.

7 How To Get Help with Octave

The mailing list help@octave.org exists for the discussion of matters related to using and
installing Octave. If would like to join the discussion, please send a short note to help-
requestQoctave.org.

Please do not send requests to be added or removed from the mailing list, or other

administrative trivia to the list itself.

If you think you have found a bug in the installation procedure, however, you should

send a complete bug report for the problem to bug@octave.org. See Section B.5 [Bug
Reporting], O 309, for information that will help you to submit a useful report.
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00 C Installing Octave

UNIXOOOOODOOODOOOOOOO0O0O0 Octave000000000000D00OO0DOOOOOO

e 10000DOD ‘configure’0 000000000 DOOOOOOOOOOOOOODOOOOO
00000000000 ‘Makefile.in’0000000000000000 ‘Makefile’D OO
gbooobooobooobodd

Octave 0000000000000 OOOOOOO configure00000000O0O0OOOO

--prefix=prefix
prefix D0 00000000 DDO Octave D0 OO0OO0OO0ODODOOprefix 0000
0 ‘/usr/local’l 00

—--srcdir=dir
000000 dir00 OctaveOOOOO0OODOOO

—--with-f2c
Fortran 0O O ODOOOOOOOOOOODOOf2c0000000

--with-£77
Fortran00OOO0OO0OOO0OOOOOOO f7700000000000O0OO0OOO
O00o00dooo0o0o0oooooooooDoOobobobO0o00dd-—with-£77=g77
OO0OFortran000000O0O gr70 0000000

-—enable-shared
000000000000 0000--enable-lite-kernel0 00000000
000000000000 00D00000D00D000D0000O0oo0oooDoOoonog
00000000 oct’ 0000000 DOOO0OODOODOOOOOODOO
0000000000000 000b0bO00000o00oO0o0bOoboOo0ooboOoonog
oooooog

000000000 libstde++OD O 0OOD0OODDODOO0ODOODOOODOOOODOO
000000000 0HP-PADODOOODOO 1ibstde++ 0D O0OODO 2.7.2
oboboboobooboboobooooooboooooooooooobooogon
O000oo0oUOoo URLOOOOOOOO:

ftp://ftp.cygnus.com/pub/g++/libg++-2.7.2-hppa-gcc-fix

——enable-dl
dlopen0 00000000 DOOOOODOODOODODDOOODOOOOO Octave
0000000000000 000000000000000000o00o00ooag
0000000000000 000o0oo0ooooOooDoooDOooDoOoonooog
OO00O0O‘%ect’D00000000O0O0OO00O0O--enable-sharedd 00000
ooo

—-—enable-shl
shl_locad0O0O0OO0OO00OO0O0O0OOOOOOOOOOOOOOOOOOOOO Oc-
tave 0000000000 O0OOO0OOOOOO0O0OOO0OOOOOOOOOOOOO0O
O00O0D0O0OHP-UXDOOODODOOOODOOOOODOOOOoDOOOooOoDoooo
O00000000000O0D.oct’'D0D00DOO0O0OOOOOOOOO--enable-
sharedD 00O O0O0O0O0OA4
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——-enable-lite-kernel
000000000000 0000000000000000O000o0oDOooag
00000 dlopend 00 shl_loadd 0O OOOOODOOOOOOOOOOOO
0000000000000 0D0ooooDoOoooooooon

--without-blas

Octave 0000000 BLASO LAPACKOOOOOOOOOOODOOOOO
000000000000 Oconfigure 1000000000000 BLASOODO
LAPACKOOOOOOOOOOOOOOOOOOOOOODOOOOOOOO0OO0OO
0000 ATRAS3.00000000000 BLASOOOOOOOOOOOOO
OMO00 BLASOOOOOOOOOOOOOOOOOOOOOOOO0OO0O0mO
goooogao BLAS/LAPACKDDDDDDDDDDDDDDDDDDDDDD
000000000000 000000000000000 BLASOOOODOO
0000O000--with-blas=1ib00000 configure 10 O0O0O0OOOOO
Jodd-llibO000oooooooooo

--help configure 00 0000000000000 0ODOOOODOOODOOOOO

configure 00 000000000000 OD0OOOODOOOODOOOOOOODOOOOOOOOO
OO0 ‘INSTALL)OOOOO0OO0DO0DOO0O0O0O00O000000000000o0ooooooooo
gbobooboooobobooooboooobon

e makeOOODOOOO

GNUmakeO0DODDDODODOODODOO0O0O0O0D000O makeDOOOOO0000O0O0OO Octave
0000000000000 00000000000000000000 GNU makeO OO0
gboboobooobooboodgbodad

000000000000000000 gnuplot00000000000O0O0O0OOO0OOOO
O0gnuplot 000 0000000000000 0O0O0O00O0O000O0O00OOgnuplot000O0O
000000000000000000000000O0gnuplotd ‘gni’00000000O0O
O00—000GNUDOODOODOOOOoDOooooooooooo FSFooooooooooo

Octave 00 000000000000 DO0OODODO0ODO GNU MakeDOOODODOODODOg++
2720000000000000 2800000 eges1.0x0000000000000O0O0O
0000000000000 000C++ 0000000000000 0O0DO0O0O0O00O0
obooobooooboon

000 libg++00000000000D000O0OLibstde++0 GNUDDOODODODOOODOO
O000g++2.72000000001ibstde++0 libg++0 0000000000 OODOOOO
U0ooooooooo000Olibstde++0 00000000000 Oeges 0000 O1ibstdc++
gboooboboooobooboooogo

0000000000000 000000GNU bisond00O0O flexOOOOODOODOOOOO
O000000000000000Octave 00000000000 makeinfolOODOOOOO
00000000 Gnu TexinfoOOO DO OO

GNU MakeO gceO 1ibstdc++0 gnuplotO bisond flexO OO Texinfo O OO OO OO0
000 ftp0 000000000000 D0O0O0O0O0O0OO0OO0OON ftp.gnu.orgl0OO0O
gbOboooboooboobobDftp.gnu.orgl 000000 DOO0ODOO0OODOOODOOOOOO
ftp://ftp.gnu.org/pub/gnu/GNUinfo/FTPOOOOO fip0 000000000

00 FortranODOOOOOOOOOOOOOO0OO0OOO0OO0OO FortranOOOOOOOOOO UNIX
frrO0000000000000O0Fortran0 COOODOO f2c00000000000000
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0000000 ftp00000 f2c00000000000f2c000000netlib.att.com
oboooooboooooo

Linux000O00000000000 Pentium 133MHzOOOOOODOOODOOODOOOOO
000000oo0o0O0O00000ooOoO0O00U0O0ooDOOUlooDOoOo 300000 oooOon
gooOoOooi10ocoooO0o0O0OoooOoOOO0O0o0UOoODOoODOoOoUobooooooOoOoOog
0000000000000 00000M 000000000000 000000 ‘make’d0
gbobooboboooboboooobooooobooon

make CFLAGS=-0 CXXFLAGS=-0 LDFLAGS=

e 00 Octave 000 DIODIDOODDDDOUDODODOODOODOOOOOOOODOODOODOO
oboboooOoboooobOoboboooboobooooboOoboboboooooboooboooogon
000D000000D0000000000D0000 B [Troublel, 0 3070000000000

e 000 Octave 0D D0DDO0OOODOU ‘make install’0 000000

O00000000Octave0 0000000000 DOOO0OOOOOOOOOOOOOOOOO
0000000000000 000000000000Octave0 00O 0ODOODODOODOO
0000000000000 000Uprefix00000 ‘/usr/local’d OO0 version 00O
000000000000 DDO0O0O0000archD OctaveD0O00O0DDODOOOOOOOOD
0000000 ‘i686-unknown-gnu’0l O OO

‘prefix/bin’
O000000000000000 Octaved0OO0ODOOOO

‘prefix/1ib’
liberuft.a O liboctave.aD OO OODOOOO

‘prefix/share’
gogoobobobboooooboboboobod

‘prefix/include/octave’
Octave 00000000000 ODOOOOODOOOO

‘prefix/man/manl’
Octave 0000000 UNIX OO man page

‘prefix/info’
Octave DO OO0 infoO OO0

‘prefix/share/octave/version/m’
Octave 0000000000000 O0OO0O; 0000 OctaveOdO0OOOO0O0O
000000000000 oooO00 Octave0000D0O0O0OODOOOOOOO

‘prefix/lib/octave/version/exec/arch’
0000000 OctaveD0OOOO0OO0OO0ODOO0OOOOOOOOOOO

‘prefix/lib/octave/version/oct/arch’
gooobbobboooooboboboobood

‘prefix/share/octave/version/imagelib’
Octave 000000 DOOOODOOODOOO
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Cl i000ooooooog

O00000O0Octave 1000000000 0D0OO0DOOO0DOOODOOOOOOOOOOOOOOO
obooobOobooooobooooo

e SCOODDODDDODODOHAVE_TERMIOS_HO ‘config.h’000000000O0O0O0info
0000000000000 ‘info/config.h’ 000000000000 DO0OOOO0OOOO
gboobooabooaon

e configurell dlopenldlsymUOdlclosel 00 dlerroxr0 000000000 O0O0OO
‘dlfen.h’000000000000O000OO0OOOOOODOOUOOODOOOOOOOOOOD
0 ‘usr/include’0 0000000000 OOOOOO

e ‘oct’'ID0IO0DODOUDODOOOD

0000 libstde++0 00000000000 O000O0HP-PAOODODOOODDOD libstde++
000000 27200000000000000000000000C00O00OO00OOO URL
ooooooboooooo

ftp://ftp.cygnus.com/pub/g++/1libg++-2.7.2-hppa-gcc-fix
e Alpha UUDODO00O0O0libdxmlJ DD ODO0O0O0O0D0DO0OOO0OOO0OO0OOOOOOOOOO
O00O0OOctave 0000000 OOOOOOOOOOOOODOOOOOOOOOOOOO

segmentation faults 0000 0000000000000 O00O00OOconfigure0 000000
SPECTAL_MATH_LIBO-1dxmlO0O0OO0O000O0O0OO00DOOOODOO

e FreeBSDOOOUOOUOUODODODOODDOODOOOUOOOODOOOOOOctave 0O OOOOOO
0000000000000 000kernel configuration filessD OO0 00 ‘/sys/i386/conf’
ggoobobobbooooobobooboobod

options MATH_EMULATE
gooooo
options GPL_MATH_EMULATE

ocooooooooo
goooooOoOoOOOOODOOOOOOO0OO0O0O0O0000000000000000000O0
e ‘sighandlers.cc’U000000O000OOO0ODOOOOO

passing ‘void (%) ()’ as argument 2 of
‘octave_set_signal_handler(int, void (%) (int))’

oood

warning: ANSI C++ prohibits conversion from ‘(int)’ to “(...)’

obooboooooooooboooooooooogbouobodgecOobooooogon
000000000000000000000000000000000000Ultrix 4200
‘signal.h’0 signalJ 000000000000 ODOOO SIG.IGNODDOODOOOOOODO
goood

000000000SIG IGNDDDDDONONONONononooog:
#define SIG_IGN (void (¥) ()1

signalJ 0000000000000 00D0000D00000O00000000NOoNOoon
#define SIG_IGN (void (*)(int))1

OO00O0O0O0OSIGLDFLO OO SIGGERRODOOODOOO0ODODO0OO0OO0ODOOO0OObOODOO0OO0
‘sys/signal . W’'000000000O00O00O0OOOOOOOOOO
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gccUOOOOOOOOOODOOOOOODDOOOOOODODOOOgee fixincludesOODO
fixprotoU OO OOOOOOOOOOOOOOOODODOOOOODOODOOOOOOODOODOO
gooood

‘/usr/include’0 0 0000000000000 0OOOOOOOOOOOOOOOOOOOO
bbO0geccOODOOOOOOODOOOODOOOOOOODOOOOODOOO

gcc -print-libgcc-file—name

gcc00D0U0ODOUO0ODOODO0OODOODOOODOOO 14ibgec. 2’00 000D0O0ODOOODOOO
obooobOobooooobooooo

Fortran0OOOOOOO0OOOOSunO FortranOOOOOOODO0OOOOOOOOOOOOOO
0000000000000000000000000 ‘libecruft’0 00 FortranOO O OO
obooobooooobooobooboobooboooboooobooboooboobooboOobooon
gbooobOoboooobobooooobooooobooo

zgemm.f:

zgemm:

warning: unexpected parent of complex expression subtree

zgemm.f, line 245: warning: unexpected parent of complex
expression subtree

warning: unexpected parent of complex expression subtree

zgemm.f, line 304: warning: unexpected parent of complex
expression subtree

warning: unexpected parent of complex expression subtree

zgemm.f, line 327: warning: unexpected parent of complex
expression subtree

pcc_binval: missing IR_CONV in complex op

make [2] : *** [zgemm.o] Error 1

NeXTOOOOOOOOOArray.cc’'000 ‘Matrix.cc’O0000000O0O0OO0OO0OO
gboboobdoboobd-ggoboobooboobooboboooboboooooboooooaon

/usr/tmp/cc007458.s:unknown:Undefined local symbol LBB7656
/usr/tmp/cc007458.s:unknown:Undefined local symbol LBE7656

SunOSOO00000O0shell.emd 0000000000000 O0O0OOOOOOODOOOOOO
00000000000 D1ibg++0 000000000 OOG_HAVE_SYS_WAITO 10000
00000000000 O0OO0O0O0

NeXTOOOOOOOlibsys_s. 2’0 0000000000000 O resolve 00 0OO0DOOO
gboooboooogan

_tcgetattr
_tcsetattr
_tcflow

0000 ‘1libposix.2’ 0000000000 O-posix0 00 Octave OO OO OOODOOO
gboooboooobooood

.destructors_used
.constructors_used
_objc_msgSend
_NXGetDefaultValue
_NXRegisterDefaults
.objc_class_name_NXStringTable
.objc_class_name_NXBundle
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One kluge around this problem 0 O ‘libposix.a’0 0 ‘termios.o’ 00000000 Oc-
taved ‘src’0000000000Omakefile000000000000000O0OOOOOO0
ooodoobobooobooobooboobobboboooboobooo

00 Octave 000000000000 0DO0DO0DOOOOOOOOO NaNOOOO IEEED
obooobOobooooboooooooboooooon

0000000000000 000 IEEE000OOOOO00OO0O0OO0OO0O0Octavedd OO0
infinity 0 NaNOOOOOOOODOOOOO ‘lo-ieee.cc’ 0000 octave_ieee_initO
gooobooobooobooobuooboobobboobooobo

O00000000O0O0O0OIEEEDDOUOODOODOOODDOOctaved configure 00000
OO000000000000DOCOO000OHAVE_ISINFOHAVE_FINITEO OO HAVE_ISNANO
0000000000000 ‘config.h’000000DOOO0OOOOOOOOOOODODOO
oooo

bobooboooboooooboobooooooobooooboobooobooooboooooon
000000000000000Octaved configure 0000000000000 OOOOO
uboogabooaod

Octave 00000000000 0OD0ODOO0DDOOODOODDOODOOOOEmacs O
run-octavel 0 0 O 0O 0 O O O 0O O UOEmacs O inferior-octave-startupl
accept-process-outputd 00000000

O000comint 0000000000000 0000000O0O0O0O00ODO0O0O0O0OODODOO0OO
0000000000000 0000000000000000000Octave0 000000
0000000000000 00000000000000D0O0000000D0OO00 Octave
gboboobooobooboobooooboobooboooboobOoooboOoboooboooon
0000000000000 00000000O0Octave0 0000000 OOOOOOOOOO
0000000000000 00000000 Octave0000O00OO0O0OO0DOODOOOOOO
O000000000000000000 ‘octave.bin’d ‘octave’0I 00000000 OOOO
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00 D Emacs Octave Support

The development of Octave code can greatly be facilitated using Emacs with Octave mode,
a major mode for editing Octave files which can e.g. automatically indent the code, do some
of the typing (with Abbrev mode) and show keywords, comments, strings, etc. in different
faces (with Font-lock mode on devices that support it).

It is also possible to run Octave from within Emacs, either by directly entering commands
at the prompt in a buffer in Inferior Octave mode, or by interacting with Octave from within
a file with Octave code. This is useful in particular for debugging Octave code.

Finally, you can convince Octave to use the Emacs info reader for help -i.

All functionality is provided by the Emacs Lisp package EOS (for “Emacs Octave Sup-
port”). This chapter describes how to set up and use this package.

Please contact <Kurt.Hornik@ci.tuwien.ac.at> if you have any questions or suggestions
on using EOS.

D.1 Installing EOS

The Emacs package EOS consists of the three files ‘octave-mod.el’, ‘octave-inf.el’,
and ‘octave-hlp.el’. These files, or better yet their byte-compiled versions, should be
somewhere in your Emacs load-path.

If you have GNU Emacs with a version number at least as high as 19.35, you are all set
up, because EOS is respectively will be part of GNU Emacs as of version 19.35.

Otherwise, copy the three files from the ‘emacs’ subdirectory of the Octave distribution
to a place where Emacs can find them (this depends on how your Emacs was installed).
Byte-compile them for speed if you want.

D.2 Using Octave Mode

If you are lucky, your sysadmins have already arranged everything so that Emacs automat-
ically goes into Octave mode whenever you visit an Octave code file as characterized by its
extension ‘.m’. If not, proceed as follows.

1. To begin using Octave mode for all ‘.m’ files you visit, add the following lines to a file
loaded by Emacs at startup time, typically your ‘~/.emacs’ file:

(autoload ’octave-mode "octave-mod" nil t)
(setq auto-mode-alist
(cons >("\\.m$" . octave-mode) auto-mode-alist))

2. Finally, to turn on the abbrevs, auto-fill and font-lock features automatically, also add
the following lines to one of the Emacs startup files:

(add-hook ’octave-mode-hook
(lambda ()
(abbrev-mode 1)
(auto-fill-mode 1)
(if (eq window-system ’x)
(font-lock-mode 1))))

See the Emacs manual for more information about how to customize Font-lock mode.
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In Octave mode, the following special Emacs commands can be used in addition to the
standard Emacs commands.

C-h m
LFD

TAB

M-LFD

M-TAB

C-c :
C-c C-p

Describe the features of Octave mode.

Reindent the current Octave line, insert a newline and indent the new line
(octave-reindent-then-newline-and-indent). An abbrev before point is
expanded if abbrev-mode is non-nil.

Indents current Octave line based on its contents and on previous lines (indent-
according-to-mode).

Insert an “electric” semicolon (octave-electric-semi). If octave-auto-
indent is non-nil, reindent the current line. If octave-auto-newline is
non-nil, automagically insert a newline and indent the new line.

Start entering an abbreviation (octave-abbrev-start). If Abbrev mode is
turned on, typing ‘C-h or ‘7 lists all abbrevs. Any other key combination is
executed normally. Note that all Octave abbrevs start with a grave accent.

Break line at point and insert continuation marker and alignment (octave-
split-line).

Perform completion on Octave symbol preceding point, comparing that sym-
bol against Octave’s reserved words and builtin variables (octave-complete-
symbol).

Move backward to the beginning of a function (octave-beginning-of-defun).
With prefix argument N, do it that many times if N is positive; otherwise, move
forward to the N-th following beginning of a function.

Move forward to the end of a function (octave-end-of-defun). With prefix
argument N, do it that many times if N is positive; otherwise, move back to
the N-th preceding end of a function.

Puts point at beginning and mark at the end of the current Octave function,
i.e., the one containing point or following point (octave-mark-defun).

Properly indents the Octave function which contains point (octave-indent-
defun).

If there is no comment already on this line, create a code-level comment (started
by two comment characters) if the line is empty, or an in-line comment (started
by one comment character) otherwise (octave-indent-for-comment). Point
is left after the start of the comment which is properly aligned.

Puts the comment character ‘4’ (more precisely, the string value of octave-
comment-start) at the beginning of every line in the region (octave-comment-
region). With just C-u prefix argument, uncomment each line in the region.
A numeric prefix argument N means use N comment characters.

Uncomments every line in the region (octave-uncomment-region).

Move one line of Octave code backward, skipping empty and comment lines
(octave-previous-code-line). With numeric prefix argument N, move that
many code lines backward (forward if N is negative).
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C-c C-n Move one line of Octave code forward, skipping empty and comment lines
(octave-next-code-line). With numeric prefix argument N, move that many
code lines forward (backward if N is negative).

C-c C-a  Move to the ‘real’ beginning of the current line (octave-beginning-of-1line).
If point is in an empty or comment line, simply go to its beginning; otherwise,
move backwards to the beginning of the first code line which is not inside a
continuation statement, i.e., which does not follow a code line ending in ‘...’
or ‘\’, or is inside an open parenthesis list.

C-c C-e  Move to the ‘real’ end of the current line (octave-end-of-1line). If point is in
a code line, move forward to the end of the first Octave code line which does
not end in ‘...” or ‘\’ or is inside an open parenthesis list. Otherwise, simply
go to the end of the current line.

C-c M-C-n Move forward across one balanced begin-end block of Octave code (octave-
forward-block). With numeric prefix argument N, move forward across n
such blocks (backward if N is negative).

C-c M-C-p Move back across one balanced begin-end block of Octave code (octave-
backward-block). With numeric prefix argument N, move backward across N
such blocks (forward if N is negative).

C-c M-C-d Move forward down one begin-end block level of Octave code (octave-down-
block). With numeric prefix argument, do it that many times; a negative
argument means move backward, but still go down one level.

C-c M-C-u Move backward out of one begin-end block level of Octave code (octave-
backward-up-block). With numeric prefix argument, do it that many times;
a negative argument means move forward, but still to a less deep spot.

C-c M-C-h Put point at the beginning of this block, mark at the end (octave-mark-block).
The block marked is the one that contains point or follows point.

C-c] Close the current block on a separate line (octave-close-block). An error is
signaled if no block to close is found.

C-cf Insert a function skeleton, prompting for the function’s name, arguments and
return values which have to be entered without parens (octave-insert-defun).

C-c C-h  Search the function, operator and variable indices of all info files with docu-
mentation for Octave for entries (octave-help). If used interactively, the entry
is prompted for with completion. If multiple matches are found, one can cycle
through them using the standard ‘,” (Info-index-next) command of the Info
reader.

The variable octave-help-files is a list of files to search through and defaults
to > ("octave"). If there is also an Octave Local Guide with corresponding info
file, say, ‘octave-LG’, you can have octave-help search both files by

(setq octave-help-files ’("octave" "octave-LG"))
in one of your Emacs startup files.

A common problem is that the key does not indent the line to where the new
text should go after inserting the newline. This is because the standard Emacs convention
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is that (aka C-m) just adds a newline, whereas (aka C-j) adds a newline and
indents it. This is particularly inconvenient for users with keyboards which do not have a
special key at all; in such cases, it is typically more convenient to use as the
key (rather than typing C-j).

You can make do this by adding

(define-key octave-mode-map "\C-m"
’octave-reindent-then-newline-and-indent)

to one of your Emacs startup files. Another, more generally applicable solution is

(defun RET-behaves-as-LFD ()
(let ((x (key-binding "\C-j")))
(local-set-key "\C-m" x)))
(add-hook ’octave-mode-hook ’RET-behaves-as-LFD)
(this works for all modes by adding to the startup hooks, without having to know the
particular binding of in that mode!). Similar considerations apply for using
as (M-LFD). As Barry A. Warsaw <bwarsaw@cnri.reston.va.us> says in the documentation

for his cc-mode, “This is a very common question. :-) If you want this to be the default
behavior, don’t lobby me, lobby RMS!”

The following variables can be used to customize Octave mode.

octave-auto-indent
Non-nil means auto-indent the current line after a semicolon or space. Default
is nil.

octave—auto-newline

Non-nil means auto-insert a newline and indent after semicolons are typed.
The default value is nil.

octave-blink-matching-block
Non-nil means show matching begin of block when inserting a space, newline
or ‘;’ after an else or end keyword. Default is t. This is an extremely useful
feature for automatically verifying that the keywords match—if they don’t, an

error message is displayed.

octave-block-offset
Extra indentation applied to statements in block structures. Default is 2.

octave-continuation-offset
Extra indentation applied to Octave continuation lines. Default is 4.

octave-continuation-string
String used for Octave continuation lines. Normally ‘\’.

octave-mode-startup-message
If t (default), a startup message is displayed when Octave mode is called.
If Font Lock mode is enabled, Octave mode will display
e strings in font-lock-string-face
e comments in font-lock-comment-face

e the Octave reserved words (such as all block keywords) and the text functions (such as
‘cd’ or ‘who’) which are also reserved using font-lock-keyword-face
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e the builtin operators (‘&&’, ‘<>’, ...) using font-lock-reference-face

e the builtin variables (such as ‘warn_fortran_indexing’, ‘NaN’ or ‘LOADPATH’) in font-
lock-variable-name-face

e and the function names in function declarations in font-lock-function-name-face.

There is also rudimentary support for Imenu (currently, function names can be indexed).

You can generate TAGS files for Emacs from Octave ‘.m’ files using the shell script otags
that is installed alongside your copy of Octave.

Customization of Octave mode can be performed by modification of the variable octave-
mode-hook. If the value of this variable is non-nil, turning on Octave mode calls its value.

If you discover a problem with Octave mode, you can conveniently send a bug report
using C-c C-b (octave-submit-bug-report). This automatically sets up a mail buffer
with version information already added. You just need to add a description of the problem,
including a reproducible test case and send the message.

D.3 Running Octave From Within Emacs

The package ‘octave’ provides commands for running an inferior Octave process in a special
Emacs buffer. Use

M-x run-octave

to directly start an inferior Octave process. If Emacs does not know about this command,
add the line

(autoload ’run-octave "octave-inf" nil t)
to your ‘.emacs’ file.

This will start Octave in a special buffer the name of which is specified by the variable
inferior-octave-buffer and defaults to "*Inferior Octave*". From within this buffer,
you can interact with the inferior Octave process ‘as usual’, i.e., by entering Octave com-
mands at the prompt. The buffer is in Inferior Octave mode, which is derived from the
standard Comint mode, a major mode for interacting with an inferior interpreter. See the
documentation for comint-mode for more details, and use C-h b to find out about available
special keybindings.

You can also communicate with an inferior Octave process from within files with Octave
code (i.e., buffers in Octave mode), using the following commands.

C-cil Send the current line to the inferior Octave process (octave-send-line). With
positive prefix argument N, send that many lines. If octave-send-line-auto-
forward is non-nil, go to the next unsent code line.

C-cib Send the current block to the inferior Octave process (octave-send-block).

C-cif Send the current function to the inferior Octave process (octave-send-defun).

C-cir Send the region to the inferior Octave process (octave-send-region).

C-cis Make sure that ‘inferior-octave-buffer’ is displayed (octave-show-process-
buffer).

C-cih Delete all windows that display the inferior Octave buffer (octave-hide-
process-buffer).
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C-cik Kill the inferior Octave process and its buffer (octave-kill-process).

The effect of the commands which send code to the Octave process can be customized
by the following variables.

octave-send-echo-input
Non-nil means echo input sent to the inferior Octave process. Default is t.

octave-send-show-buffer
Non-nil means display the buffer running the Octave process after sending a
command (but without selecting it). Default is t.

If you send code and there is no inferior Octave process yet, it will be started automat-
ically.

The startup of the inferior Octave process is highly customizable. The variable
inferior-octave-startup-args can be used for specifying command lines arguments
to be passed to Octave on startup as a list of strings. For example, to suppress the
startup message and use ‘traditional’ mode, set this to ’("-q" "--traditional"). You
can also specify a startup file of Octave commands to be loaded on startup; note that
these commands will not produce any visible output in the process buffer. Which file to
use is controlled by the variable inferior-octave-startup-file. If this is nil, the file
‘~/.emacs-octave’ is used if it exists.

And finally, inferior-octave-mode-hook is run after starting the process and putting
its buffer into Inferior Octave mode. Hence, if you like the up and down arrow keys to
behave in the interaction buffer as in the shell, and you want this buffer to use nice colors,
add

(add-hook ’inferior-octave-mode-hook
(lambda (O
(turn-on-font-lock)
(define-key inferior-octave-mode-map [up]
’comint-previous-input)
(define-key inferior-octave-mode-map [down]
’comint-next-input)))
to your ‘.emacs’ file. You could also swap the roles of C-a (beginning-of-1line) and C-c
C-a (comint-bol) using this hook.
Note: If you set your Octave prompts to something different from the defaults,
make sure that inferior-octave-prompt matches them. Otherwise, nothing
will work, because Emacs will have no idea when Octave is waiting for input,
or done sending output.

D.4 Using the Emacs Info Reader for Octave

You can also set up the Emacs Info reader for dealing with the results of
Octave’s ‘help -i’. For this, the package ‘gnuserv’ needs to be installed,
which unfortunately still does not come with GNU Emacs (it does with
XEmacs). It can be retrieved from any GNU Emacs Lisp Code Directory
archive, e.g. ftp://ftp.cis.ohio-state.edu/pub/gnu/emacs/elisp-archive,
in the ‘packages’ subdirectory. A recent version of gnuserv is available from
http://www.meltin.net/hacks/emacs/src/gnuserv-3.12.2.tar.gz.
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If ‘gnuserv’ is installed, add the lines

(autoload ’octave-help "octave-hlp" nil t)
(require ’gnuserv)
(gnuserv-start)

to your ‘.emacs’ file.

You can use either ‘plain’ Emacs Info or the function octave-help as your Octave
info reader (for ‘help -i’). In the former case, set the Octave variable INFO_PROGRAM to
"info-emacs-info". The latter is perhaps more attractive because it allows to look up
keys in the indices of several info files related to Octave (provided that the Emacs variable

octave-help-files is set correctly). In this case, set INFO_PROGRAM to "info-emacs-
octave-help".

If you use Octave from within Emacs, these settings are best done in the

‘~/.emacs-octave’ startup file (or the file pointed to by the Emacs variable
inferior-octave-startup-file).
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00 E Grammar

Someday I hope to expand this to include a semi-formal description of Octave’s language.

E.1 Keywords

The following identifiers are keywords, and may not be used as variable or function names:

all_va_args endwhile

break for

case function

catch global
continue gplot

else gsplot

elseif if

end otherwise
end_try_catch return
end_unwind_protect switch

endfor try
endfunction unwind_protect
endif unwind_protect_cleanup
endswitch while

The following command-like functions are also speical. They may be used as simple
variable names, but not as formal parameters for functions, or as the names of structure
variables. Failed assignments leave them undefined (you can recover the orginal definition
as a function using clear).

casesen echo load show
cd edit_history 1s type
chdir format more which
clear help run_history  who
diary history save whos

dir hold set
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00 F GNU GENERAL PUBLIC LICENSE

Version 2, June 1991

Copyright (©) 1989, 1991 Free Software Foundation, Inc.
51 Franklin Street, Fifth Floor, Boston, MA 02110-1301, USA

Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

The licenses for most software are designed to take away your freedom to share and change
it. By contrast, the GNU General Public License is intended to guarantee your freedom
to share and change free software—to make sure the software is free for all its users. This
General Public License applies to most of the Free Software Foundation’s software and to
any other program whose authors commit to using it. (Some other Free Software Foundation
software is covered by the GNU Lesser General Public License instead.) You can apply it
to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General
Public Licenses are designed to make sure that you have the freedom to distribute copies
of free software (and charge for this service if you wish), that you receive source code or
can get it if you want it, that you can change the software or use pieces of it in new free
programs; and that you know you can do these things.

To protect your rights, we need to make restrictions that forbid anyone to deny you
these rights or to ask you to surrender the rights. These restrictions translate to certain
responsibilities for you if you distribute copies of the software, or if you modify it.

For example, if you distribute copies of such a program, whether gratis or for a fee, you
must give the recipients all the rights that you have. You must make sure that they, too,
receive or can get the source code. And you must show them these terms so they know
their rights.

We protect your rights with two steps: (1) copyright the software, and (2) offer you this
license which gives you legal permission to copy, distribute and/or modify the software.

Also, for each author’s protection and ours, we want to make certain that everyone
understands that there is no warranty for this free software. If the software is modified by
someone else and passed on, we want its recipients to know that what they have is not the
original, so that any problems introduced by others will not reflect on the original authors’
reputations.

Finally, any free program is threatened constantly by software patents. We wish to avoid
the danger that redistributors of a free program will individually obtain patent licenses, in
effect making the program proprietary. To prevent this, we have made it clear that any
patent must be licensed for everyone’s free use or not licensed at all.

The precise terms and conditions for copying, distribution and modification follow.
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TERMS AND CONDITIONS FOR COPYING,
DISTRIBUTION AND MODIFICATION

0. This License applies to any program or other work which contains a notice placed
by the copyright holder saying it may be distributed under the terms of this General
Public License. The “Program”, below, refers to any such program or work, and a
“work based on the Program” means either the Program or any derivative work under
copyright law: that is to say, a work containing the Program or a portion of it, either
verbatim or with modifications and/or translated into another language. (Hereinafter,
translation is included without limitation in the term “modification”.) Each licensee is
addressed as “you”.

Activities other than copying, distribution and modification are not covered by this
License; they are outside its scope. The act of running the Program is not restricted,
and the output from the Program is covered only if its contents constitute a work based
on the Program (independent of having been made by running the Program). Whether
that is true depends on what the Program does.

1. You may copy and distribute verbatim copies of the Program’s source code as you
receive it, in any medium, provided that you conspicuously and appropriately publish
on each copy an appropriate copyright notice and disclaimer of warranty; keep intact
all the notices that refer to this License and to the absence of any warranty; and give
any other recipients of the Program a copy of this License along with the Program.

You may charge a fee for the physical act of transferring a copy, and you may at your
option offer warranty protection in exchange for a fee.

2. You may modify your copy or copies of the Program or any portion of it, thus forming a
work based on the Program, and copy and distribute such modifications or work under
the terms of Section 1 above, provided that you also meet all of these conditions:

a. You must cause the modified files to carry prominent notices stating that you
changed the files and the date of any change.

b. You must cause any work that you distribute or publish, that in whole or in part
contains or is derived from the Program or any part thereof, to be licensed as a
whole at no charge to all third parties under the terms of this License.

c. If the modified program normally reads commands interactively when run, you
must cause it, when started running for such interactive use in the most ordinary
way, to print or display an announcement including an appropriate copyright notice
and a notice that there is no warranty (or else, saying that you provide a warranty)
and that users may redistribute the program under these conditions, and telling
the user how to view a copy of this License. (Exception: if the Program itself is
interactive but does not normally print such an announcement, your work based
on the Program is not required to print an announcement.)

These requirements apply to the modified work as a whole. If identifiable sections
of that work are not derived from the Program, and can be reasonably considered
independent and separate works in themselves, then this License, and its terms, do not
apply to those sections when you distribute them as separate works. But when you
distribute the same sections as part of a whole which is a work based on the Program,
the distribution of the whole must be on the terms of this License, whose permissions
for other licensees extend to the entire whole, and thus to each and every part regardless
of who wrote it.
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Thus, it is not the intent of this section to claim rights or contest your rights to
work written entirely by you; rather, the intent is to exercise the right to control the
distribution of derivative or collective works based on the Program.

In addition, mere aggregation of another work not based on the Program with the
Program (or with a work based on the Program) on a volume of a storage or distribution
medium does not bring the other work under the scope of this License.

3. You may copy and distribute the Program (or a work based on it, under Section 2)
in object code or executable form under the terms of Sections 1 and 2 above provided
that you also do one of the following:

a. Accompany it with the complete corresponding machine-readable source code,
which must be distributed under the terms of Sections 1 and 2 above on a medium
customarily used for software interchange; or,

b. Accompany it with a written offer, valid for at least three years, to give any third
party, for a charge no more than your cost of physically performing source distri-
bution, a complete machine-readable copy of the corresponding source code, to be
distributed under the terms of Sections 1 and 2 above on a medium customarily
used for software interchange; or,

¢. Accompany it with the information you received as to the offer to distribute cor-
responding source code. (This alternative is allowed only for noncommercial dis-
tribution and only if you received the program in object code or executable form
with such an offer, in accord with Subsection b above.)

The source code for a work means the preferred form of the work for making modifi-
cations to it. For an executable work, complete source code means all the source code
for all modules it contains, plus any associated interface definition files, plus the scripts
used to control compilation and installation of the executable. However, as a spe-
cial exception, the source code distributed need not include anything that is normally
distributed (in either source or binary form) with the major components (compiler,
kernel, and so on) of the operating system on which the executable runs, unless that
component itself accompanies the executable.

If distribution of executable or object code is made by offering access to copy from
a designated place, then offering equivalent access to copy the source code from the
same place counts as distribution of the source code, even though third parties are not
compelled to copy the source along with the object code.

4. You may not copy, modify, sublicense, or distribute the Program except as expressly
provided under this License. Any attempt otherwise to copy, modify, sublicense or
distribute the Program is void, and will automatically terminate your rights under this
License. However, parties who have received copies, or rights, from you under this
License will not have their licenses terminated so long as such parties remain in full
compliance.

5. You are not required to accept this License, since you have not signed it. However,
nothing else grants you permission to modify or distribute the Program or its derivative
works. These actions are prohibited by law if you do not accept this License. Therefore,
by modifying or distributing the Program (or any work based on the Program), you
indicate your acceptance of this License to do so, and all its terms and conditions for
copying, distributing or modifying the Program or works based on it.
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Each time you redistribute the Program (or any work based on the Program), the
recipient automatically receives a license from the original licensor to copy, distribute
or modify the Program subject to these terms and conditions. You may not impose
any further restrictions on the recipients’ exercise of the rights granted herein. You are
not responsible for enforcing compliance by third parties to this License.

If, as a consequence of a court judgment or allegation of patent infringement or for any
other reason (not limited to patent issues), conditions are imposed on you (whether by
court order, agreement or otherwise) that contradict the conditions of this License, they
do not excuse you from the conditions of this License. If you cannot distribute so as
to satisfy simultaneously your obligations under this License and any other pertinent
obligations, then as a consequence you may not distribute the Program at all. For
example, if a patent license would not permit royalty-free redistribution of the Program
by all those who receive copies directly or indirectly through you, then the only way
you could satisfy both it and this License would be to refrain entirely from distribution
of the Program.

If any portion of this section is held invalid or unenforceable under any particular
circumstance, the balance of the section is intended to apply and the section as a
whole is intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any patents or other
property right claims or to contest validity of any such claims; this section has the
sole purpose of protecting the integrity of the free software distribution system, which
is implemented by public license practices. Many people have made generous contri-
butions to the wide range of software distributed through that system in reliance on
consistent application of that system; it is up to the author/donor to decide if he or
she is willing to distribute software through any other system and a licensee cannot
impose that choice.

This section is intended to make thoroughly clear what is believed to be a consequence
of the rest of this License.

If the distribution and/or use of the Program is restricted in certain countries either
by patents or by copyrighted interfaces, the original copyright holder who places the
Program under this License may add an explicit geographical distribution limitation
excluding those countries, so that distribution is permitted only in or among countries
not thus excluded. In such case, this License incorporates the limitation as if written
in the body of this License.

The Free Software Foundation may publish revised and/or new versions of the General
Public License from time to time. Such new versions will be similar in spirit to the
present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies a
version number of this License which applies to it and “any later version”, you have
the option of following the terms and conditions either of that version or of any later
version published by the Free Software Foundation. If the Program does not specify a
version number of this License, you may choose any version ever published by the Free
Software Foundation.

If you wish to incorporate parts of the Program into other free programs whose distri-
bution conditions are different, write to the author to ask for permission. For software
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which is copyrighted by the Free Software Foundation, write to the Free Software Foun-
dation; we sometimes make exceptions for this. Our decision will be guided by the two
goals of preserving the free status of all derivatives of our free software and of promoting
the sharing and reuse of software generally.

NO WARRANTY

11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO
WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLI-
CABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPY-
RIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM “AS
IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MER-
CHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE
RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH
YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST
OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN
WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO
MAY MODIFY AND/OR REDISTRIBUTE THE PROGRAM AS PERMITTED
ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL,
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF
THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT
LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR
LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE
PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH
HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES.

END OF TERMS AND CONDITIONS
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Appendix: How to Apply These Terms to Your New
Programs

If you develop a new program, and you want it to be of the greatest possible use to the public,
the best way to achieve this is to make it free software which everyone can redistribute and
change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the
start of each source file to most effectively convey the exclusion of warranty; and each file
should have at least the “copyright” line and a pointer to where the full notice is found.

one line to give the program’s name and a brief idea of what it does.
Copyright (C) yyyy name of author

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation; either version 2 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program; if not, write to the Free Software
Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 02110-1301, USA.

Also add information on how to contact you by electronic and paper mail.

If the program is interactive, make it output a short notice like this when it starts in an
interactive mode:
Gnomovision version 69, Copyright (C) 19yy name of author
Gnomovision comes with ABSOLUTELY NO WARRANTY; for details type ‘show w’.
This is free software, and you are welcome to redistribute it
under certain conditions; type ‘show c’ for details.

The hypothetical commands ‘show w” and ‘show ¢’ should show the appropriate parts of
the General Public License. Of course, the commands you use may be called something
other than ‘show w’ and ‘show c¢’; they could even be mouse-clicks or menu items—whatever
suits your program.

You should also get your employer (if you work as a programmer) or your school, if any,
to sign a “copyright disclaimer” for the program, if necessary. Here is a sample; alter the
names:

Yoyodyne, Inc., hereby disclaims all copyright interest in the program
‘Gnomovision’ (which makes passes at compilers) written by James Hacker.

signature of Ty Coon, 1 April 1989
Ty Coon, President of Vice

This General Public License does not permit incorporating your program into proprietary
programs. If your program is a subroutine library, you may consider it more useful to permit
linking proprietary applications with the library. If this is what you want to do, use the
GNU Lesser General Public License instead of this License.
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